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1. KOHCHEKT JEKOUH
1. 1 Jleknus Ne 1,2 (4 gaca).

Tema: «JJaeKTpUUecKHe HeNH MOCTOSTHHOT0 TOKAa»
1.1.1 Bonpocsl JieKum:

1.0OcHOBHBIE OMpCACIICHUA U TOIIOJOTUYCCKUC MAPpaAMETPhI JJICKTPUUICCKHUX I.[el’[efl.

2.3akon Oma. 3akonbl Kupxroda.

3. Pacuer MMPOCTBIX Heﬂeﬁ IIpU MOCJICA0BATCIIbHOM, MMapalJICJIbHOM U CMCIIIAHHOM
BKITIOYCHUU DJIEMECHTOB.

1.1.2 KpaTtkoe cogep:xaHue BOPOCOB

1. OcHOBHBIE oNpe/iesIeHUs] M TOMOJIOTHYeCKHe MapaMeTpPhbl JJIeKTPHYEeCKHUX Lene.

DIEKTPOTEXHHUKA — HAYKa O MPAKTUYECKOM MPUMEHEHHUH YJICKTPUUECKUX U MATHUTHBIX
aBieHui. MlcTopust cTaHOBIIEHUS JIEKTPOTEXHUKU KaK HAyKH OepeT Hayaio ¢ MOMEHTa
OTKPBITHS HEKOTOPBIX IEKTPUUECKUX U MATHUTHBIX sIBIICHUH. [[peBHEerpeuecKkrne peMecIeHHIKN
npu 00paboTKe sTHTaps (IIEKTPOH) HAOIIOJAIH SIBJICHHUS MarHETHU3Ma U UCKPEHHUsI, U Ha3BaJIu
JAaHHBIC SBJICHUS SJICKTPHUECKUMHU.

Cpenu Bcero MHOT000pa3us CyIIECTBYIOIIMX B MpUpoie GopM dHEpruu (XUMHIecKas,
MEXaHHYECKasi, TETIOBAs, CBETOBAs ), SJICKTPUUECKAst SHEPTHUS SBISETCS HanOoee
pacnpocTpaHEeHHBIM BHJIOM, TaK KaK 00J1a/1aeT HEKOTOPBIMU MPEUMYILIECTBAMHU:

- IETKO, B OOMIMX KOJMYECTBAX U MAIBIMU MIOTEPSIMH MEepeIaeTcs Ha OObIITNe
paccTosHus;

- JIETKO TIpeo0paszyeTcs B APyrue BUIbI YHEPTUH;

- yI100HO pacrpeaensieTcss MexKy MOTPeOUTENIMU Pa3IMYHBIMU 10 MOITHOCTH U
XapakTepy notTpeOieHusl.

DJIeKTpUYecKas 1enb

J100yr0 peabHYIO JIEKTPUIECKYI0 YCTAaHOBKY MOYKHO 3aMEHUTh MaTeMaTUYECKOM
MOJICIIBIO — AJICKTPUUECKOM IIENBI0, KOTOPas MPEICTaBIsAET COO0H COBOKYITHOCTh YCTPOMCTB U
00BEKTOB, 00PA3YIONIUX MYTh IS STEKTPHUECKOTO TOKA, AIEKTPOMArHUTHBIC TIPOIIECCHI, B
KOTOPBIX MOTYT OBITh ONKCAHBI C TOMOIIbIO TOHATUN 00 AIEKTPUYECKOM TOKE,
AIEKTPOJIBIKYIICH CHIIE U AIEKTPUUECKOM HAIPSHDKEHHH.

DJIEKTPUUYECKUI TOK

DNEKTPUUECKUM TOKOM MPOBOJUMOCTH HA3BIBACTCS SIBIICHUE HATIPABICHHOTO JIBUKCHHUS
CBOOOJHBIX HOCUTENEH 3JIEKTPUUECKOro 3apsia B BEIIECTBE WU B TyCTOTE, KOJIMUYECTBEHHO
XapaKTepU3yeMoe CKaIsIpPHOU BEJIMUMHOM, paBHOW IIPOU3BOHOM 10 BPEMEHHU OT
ANEKTPUYECKOTO 3apsi/ia, IEPEHOCUMOro CBOOOHBIMU HOCUTENSIMU 3apsiia CKBO3b
paccMaTpuBaeMylo MOBEPXHOCTh:

i= % L4

dt

[Tox cBOOOAHBIMU HOCHUTEISIMU 3apsi/ia TOHUMAIOT: B IPOBOJTHUKAX IIEPBOTO PO
(MeTanmax) — CBOOOHBIC SJIEKTPOHBI, & B POBOIHUKAX BTOPOTO Poja (pacIiyiaBIeHHbIE COJIH,
pacTBOPHI KUCIIOT, IIEJI0UEH ) — HOHBI.

DNEeKTpUYECKUI TOK HEM3MEHHBIN 110 HAPABJICHUIO U BEJTMYMHE HA3bIBACTCS
MOCTOSIHHBIM.

Enununei nusmepeHust 3JIeKTpUYECKOro TOKa MPOBOJUMOCTH SIBIIAETCS AMIIED.
DNEKTPUUECKHUIA TOK U3MEPSIETCS TPUOOPOM, KOTOPHIN HA3bIBACTCSA aMIIEPMETP. AMIIEPMETP



BKJTIOYAETCS MOCIIEA0BATENBHO B JIEKTPUUYECKYIO IETb, U IOJKEH 001aJaTh MUHUMAaJIbHBIM
COIIPOTHUBIIEHUEM, YTOOBI HE OKa3bIBaTh BIUSHUE HA PEXKUM PaOOTHI LIETIH.

OpHOl U3 OCHOBHBIX BEJIMYMH IIPHU PacueTe CEUEHUs IPOBOIOB MIEKTPUUECKUX JTUHHMH,
00OMOTOK MAIIMH U allaparoB sBIAETCS IUIOTHOCTh TOKA: BEIMYMHA TOKA, IPUXOIAIIAACA HA
€UHULLY ILIOIIAIN [TONIEPEYHOIO CEYEHUs IPOBOIHUKA!

I A
0=— ’
S | em?

DNEeKTpOABMKYIIAs CUila

PaccmoTrpum Takoit mpumep, Kak 3aMKHYyTasi cucTeMa BojjocHaOkeHus. Boma Teder mo
TpyOe O6maronapst pa3HOCTH YPOBHEH, CO3/1aBAEMBIX HACOCOM.

AHaJIOTUYHO, B 3aMKHYTOM AJIEKTPUIECKON CHUCTEME 3apsabl IBMKYTCS OT TOUYEK ¢ Oojee
BBICOKUM IOTEHLIMAJIIOM K TOUKaM C 00Jiee HU3KUM MOTEHIIMATIOM.

Pa3sHOCTB 351eKTpUUYECKUX YPOBHEM, T.€. pa3HOCTh MNOTEHIIMAIOB HA 3KUMaX
AIIEKTPUYECKOM CHCTEMBI TIOIIEPKUBaET dekTpoaBmxkymas cuia (31C). Dto ckansipHas
BEJIMUMHA, XapaKTEePU3YIOIasi CHOCOOHOCTh CTOPOHHET0 M MHIYKTUPOBAHHOTO TOJIeH BBI3bIBATh
anexTpuueckuit Tok. D/IC ompenensercst Kak OTHOIIEHHE paboThI, COBEPIIAEMO CTOPOHHUMHU
CUJIaMU IIPU MEPEHOCE 3aPSIKEHHOM YaCTUIIBI BHYTPH UCTOYHHUKA K €€ 3apsfy.

=2 ]
q

DNEKTPUUECKOE HAMPSIKEHUE U AIEKTPUYECKUI TTOTEHIUAI

ITpu nepemerieHny 3apsiaa gy B SIEKTPUUECKOM M0JI€ BAOJIb HEKOTOPOT'O MyTH /,
JICMCTBYIOIIME HAa HETO CUJIBI COBEPIIAIOT padoTy.

OtHoeHue paboThI K BEJIMYMHE 3apsaa ¢y XapaKTepu3yeT CBOWCTBA M0JIs BAOJb
JTAHHOTO MYTH U Ha3bIBAE€TCA ANEKTPUUYECKUM HaNPSKECHUEM:

v, =4 jE dl, [B]

ab - n"o
40 %

DNeKTpuYecKoe HapsKeHHUEe NPEeACTaBiIsieT COO0H GU3NYECKYIO BETUYHHY,
XapaKTEPU3YIOLIYIO AIEKTPUUECKOE MOJIE€ BJIOJIb PACCMATPUBAEMOTO Iy TH.

I"oBOps 00 371EKTPUUECKOM HANPSYKEHUH BJIOJIb HEKOTOPOT'O Y4acTKa IIyTH, 4acTo
YIOTPEOISIOT TEPMUH RAOEHUE INEKMPUUECKO20 HANPANCEHUA BIIOTH STOTO IyTH.

JIro6as Touka D11 MoxkeT OBITh OXapakTepHu30BaHa TakKe pPaboTOM, KOTOPYIO
HE00XO0/IMMO 3aTPAaTUTh MMPOTUB CUJI MOJIA JJIs TIEpeHOca 3apsaa B 3TY TOUKY U3 TOUKH, TJI€ TI0JIe
IPaKTUYECKH OTCYTCTBYET. DTa paboTa OyneT paBHa MOTEHLUUAIBHOW SHEPTUHU, KOTOPYIO
IOJIYUYUT 3apsiji, HIEPEHECEHHBIN B JaHHYIO TOUKY 0JIs1. BennunHa noTeHualbHON 3Heprun
3aBHCHT TOJIBKO OT IIOJIO’KEHUS TOYKH U HE 3aBUCHUT OT IIyTH NEpEMEIICHNA 3apsaa. Takum
o0pazom, mo0yto Touky 11 MOXKHO OXapaKTepHU30BaTh CKAJSIPHOM BETMUYMHON , HA3bIBAEMOM
JNEKTPUYECKUM IOTCHIIUAJIOM.

b
2 jEdla [B]
0

B mexaHnueckoil cuctemMe BhICOTY MOKHO OTCUMTATh IO OTHOILICHUIO K YPOBHIO MOpsi. B
SJICKTPOTCXHUKC HYJICBBIM MMOTCHIUAIIOM IMPUHATO CHUTATHh NOTCHIUAJL 3GMJII/I, TaK KaK 3eMHOU
nIap SBJISETCSI TPOMAIHBIM TPOBOAHUKOM.

Opnako, B OOJBIIMHCTBE CITYYaeB MPAKTUYECKOE 3HAUCHNE UMEET He TTOTCHITUAT KaKOH-
a100 TOYKH, a pa3HOCTh IMOTEHIIMANIOB, KOTOpasl HE 3aBUCUT OT BbIOOpA HYJIA.

Pa3zHOCTB 35IeKTpUUYECKUX MOTEHIMANIOB ABYX Touek D1 uncieHHo paBHa paboTe mosis
IpU MEepEMEILIEHUH 3apsiia U3 OJAHON TOUYKHU B APYTYIO.

.~ 0, ::‘[Edl—jEdl:iEdl:Uab
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N3amepenne 3/IC u HanpsokeHUs

Enununeii uamepenus 3/1C 1 351eKTpUYecKOro HaNpsHKEHUs SIBISETCS BOJIBT, a IPHOop,
M3MEPSIIONIUI 3TH BEJIMYMHBI — BOJBTMETP. BOIbTMETp BKIIFOYAETCS MapaJJIeIbHO B
AIIEKTPUYECKYIO LIETlb, ¥ JIOJDKEH 001a/1aTh OYeHB OOJIBIITUM COMIPOTUBICHUEM, YTOOBI OH HE
BIIWSIT HA peKuUM padoThl 1ienu. Benununna 3/1C uzmepsieTcst B peKUMeE X0JIO0CTOTO X0/1a, TIPH
Pa30MKHYTOH 3JIEKTPUIECKON I[EMH, HAMIPSHKEHHUE Ha JIF0OOM yJacTKe B paboyeM pexkuMme.

DJIEeMEHTBI CXEMBbI 3aMEILICHUS

I'padmyueckoe n300pakeHUE MEKTPHUUECKOH IIETIH, COJIepIKalee YCIOBHbIE 0003HAUCHUS
€€ DJIEMEHTOB M IOKa3bIBAIOIIEE COEAMHEHUS ITUX FJIEMEHTOB HA3bIBAECTCSA CXEMOM 3aMEILIECHHUS.

Bce arieMeHThI cXeMbl 3aMeIeHUS IEISTCS Ha aKTUBHBIE (MCTOYHUKH D) U MaCCUBHBIC
(motpedbutenu 29).

Hctounuk DJ1C

Ha pucynke npezacraieHo ycioBHoe rpaduueckoe nzodpaxenue ucrounnka 3/1C.
OcHoBHbIMU NTapaMmeTpamu uctounuka IJIC apmstorcs: BennunHa J/{C E; BHyTpeHHEe
COIIPOTHUBIIEHUEY) BoJbTamMIepHast xapakrepuctuka U = f(1).

Toxk, DJ1C, BHyTpeHHEE COMPOTUBIICHUE U HANIPSHKEHUE HA 3aKMMax MCTOYHUKA, CBA3aHbI
00001eHHBIM 3aK0HOM OMa:

+E+
,_tExU
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BsIpazum HanpskeHHe

U=FE-1I-r,

[Ipoananu3upyem 3aBUCUMOCTH HAMPSKEHHsSI OT TOKa. [Ipu Toke paBHOM HYIIIO,
HaNpsDKEHUE UMeeT MaKCUMallbHOE 3HaueHue U paBHO BenuuuHe DJ{C, nmpH yBelHMueHUU TOKa —
HaNpsDKEHUE YyMEeHbIaeTcs. Tak Kak BhIpaKeHUE SBISICTCS YPaBHEHUEM MPSMOU TUHUH, TO U
BAX nuneitna. )Kecrokocts BAX (HakjI0H JIMHUH) 3aBUCUT OT BEJIMYMHBI BHYTPEHHETO
conpoTuBlieHUs. Eciu BeMunHA COMPOTUBIICHHSI BHEITHEH HATPY3KU MHOTO OOJIBIIIE
BHYTPEHHETO COIPOTUBIIEHUSI UCTOYHHUKA, TO UM MOKHO IIPeHeOpeyb, KOTja HaNpsiKeHHe He
3aBUCHT OT BEIMYMHBI TOKA. TaKoil HCTOYHUK HA3BIBACTCS UICATU3UPOBAHHBIM.

I'padpuaeckoe n300parkeHNe HMEKTPUIESCKON IIETH, COACpIKaIee YCIOBHBIE 0003HAUCHUS
€€ 2JIEMEHTOB U ITOKA3bIBAIOLIEE COEAMHEHNS ITUX DJIEMEHTOB HAa3bIBAETCS CXEMOM 3aMEIICHMS.

Bce arieMeHThI cxeMbl 3aMelIeHHs IEISATCs Ha aKTUBHbIE (MCTOUHUKH D3) U MacCUBHBIE
(motpedurenu I32).

DJIeMEeHTBhI CXeMbI 3aMelleHusl
Ha pucynke npencraBieHo ycioBHoe rpadudeckoe n3obpaxenue ucrounuka I/C.

OcHoBHbIMU NTapaMmeTpamu uctounuka JJIC apmstores: BenuunHa J/]C E. BHYTPEHHEE

17 U= ( )
cornporuBieHre O M BOJIbTaMIICpPHAsS XapaKTEPHCTUKA / .

Toxk, D/1C, BHyTpeHHEE COMPOTUBIICHUE U HANIPSKEHUE HA 3aKMMax MCTOYHUKA, CBA3aHbI
00001eHHBIM 3aK0HOM OMa:

+E+
;_tExU

"o

Bripazum HanpsioxeHue

U=E-I-1,

[Ipoananuzupyem 3aBUCUMOCTb HaIpsDKEHUA OT ToKa. [Ipu Toke paBHOM HYIIIO,
HaNpsDKEHUE MMEeeT MaKCUMallbHOE 3HaueHue U paBHO BenunuuHe DJ{C, mpu yBeIMueHUU TOKa —
HalpsDKEHUE yMEeHbIIAeTCs. Tak KaKk BIPaKEHUE ABJISIETCS YPABHEHUEM MPSAMOU JIMHUU, TO U
BAX nuneitna. )Kectkocts BAX (HaKJIOH JTMHUM) 3aBUCUT OT BEJIMYMHBI BHYTPEHHETO



conpoTuBlieHUs. Eciiu BeIMYMHA COMPOTUBIICHHSI BHEIITHEH HATPY3KU MHOTO OOJIBIIIE
BHYTPEHHETO COIPOTUBIIECHUS UICTOYHHUKA, TO UM MO>KHO IIpeHEeOpeyb, TOT1a HaNpsKEHUE He
3aBUCHUT OT BEJIMYUHBI TOKA. Takoil HICTOUHUK HA3bIBAETCS UCATM3UPOBAHHBIM.

Pe3ucTUBHBIN 3J1€MEHT

Pesucrop — anement D1, npegHa3HaYEHHBIN 1Sl UCIIOIB30BAHUS €0 AIEKTPUUECKOTO
CONPOTHUBIICHUS.

Ha pe3uctuBHOM 351€MEHTE TPOUCXOAUT HEOOpaTrMoe rpeodpazoBanure 3D B SHEPTHIO
KaKoro-1u0o JApyroro BUJA.

OCHOBHBIMU TTapaMeTpamMu PO ABISIIOTCS: AIEKTPUUECKOE COTPOTUBIIEHHUE,
aJIeKTpuYecKas npoBoauMocTs 1 BAX.

DNeKTpUYECKOe CONPOTUBIIEHUE - CKaJsIpHAs BEJIMYMHA, pPABHASI OTHOLIEHUIO
MOCTOSIHHOTO 3JIEKTPUUYECKOT0 HAIPSYKEHUS MEK/Y BBIBOJIAMHU MMACCUBHOTO IBYXITOJIIOCHUKA K
IIOCTOSITHHOMY TOKY.

Tok macCUBHOIO JBYXIMOJIOCHUKA, HAIPSHKEHUE Ha €0 3aKUMax, COPOTUBIICHUE U
IIPOBOJIMMOCTB CBSI3aHbI 3aKOHOM OMa.

[IpoananuzupoBaB 3akoH OMa BUAHO, YTO MIPU TOKE PABHOM HYJIIO, HAMIPSIKEHUE TaKKe
paBHO HYJI0, 1 BAX mpoxoaut yepe3 Hayasio koopauHar. [Ipu yBernueHnu Toka HanpsidKEHNE
TOXE YBEJIMYMBAETCS.

ComnpoTuBieHNE XapaKTEPU3yeT CIIOCOOHOCTh MaTepralla MPOBOAHUKA COTIPOTUBIATHCS
MIPOBEJICHUIO AJIEKTPUUECKOro Toka. OHO 3aBUCHUT OT yJEIbHOIO CONPOTHUBIIEHUE MaTepralla
IIPOBOAHMKA, JUIMHBI IPOBOIHUKA U IUIOIIAIU IIONIEPEUYHOTO CEUEHUS.

R=p é

TemnepaTypa NpoBOIHUKA TaK)Ke BIUSET Ha €ro CONPOTUBIICHUE, YBEIUUECHUE
TEMIICPATYPbl MCTANIMYCCKUX ITPOBOAHUKOB, IPUBOJAUT K YBCIUYCHHUIO COIIPOTUBJICHUS.

W3MepstoT COnpOTHUBIIEHUE C TIOMOIIBIO TPUOOPA, KOTOPBI HAa3bIBAETCS — OMMETP.
Opnnaxo, yaiie BCero, UCIojb3ysl ONBIT BOIbTMETPa-aMIIEPMETPA, COITPOTUBIIEHUE
paccuuTHIBAIOT MO 3aKOHY OMma.

Karymka HHIYKTHBHOCTH — JIEMEHT JJIEKTPUYECKON LIENH, TPEAHA3HAYEHHBIA JUIs
MCII0JIb30BAaHUs €0 MarHUTHOTO TOJISL.

OcHOBHBIE TapaMeTpbl: THAYKTUBHOCTb, BeOep-aMIlepHas XapakTepucTuka. Tok
KaTYyILKH, HAlIPSDKEHNE Ha €ro 3aKMMax U MHIYKTUBHOCTD CBA3aHbl 3akoHOM OMa B
nuddeperranbHoN popme 3armcH.

uL — L . ﬂ

dt

Tok, mpoxoasaUIuii uepes3 KaTylIKy UHYKTUBHOCTH, BbI3bIBAET MOSIBJIEHHE MAarHUTHOI'O
noJis1. MI3MeHenune Toka mpuBOIUT K M3MEHEHUIO MArHUTHOTO ITOTOKA M HABEJCHUIO TaK
HazbiBaeMoi, DJIC caMOMHIYKIIMH, CTPEMSIILENCS TIPENATCTBOBATh U3MEHEHUIO TOKa. TakuM
00pa3oM, KaTyIka paboTaeT Kak 3J€MEHT TOJIBKO B LIENU IIEPEMEHHOT0 TOKa, B LIENH
IIOCTOSIHHOT'O TOKA KaTYILKa SBISAETCS IPOCTO IIPOBOJIHUKOM.

WNHAYyKTUBHOCTB, TapaMeTp, XapaKTePU3YyIOUINH CIOCOOHOCTh KaTYIIKH UHAYKTUPOBATh
SMC.

EMKOCTHBII 3JIEMEHT — 3JIEMEHT JIEKTPUUYECKOM LENHU, TPEAHA3HAYECHHBIN JJI5
HCIIOJIb30BAHMS €0 JIEKTPHUUYECKON EMKOCTH.
OcHOBHbBIE TapAMETPBI: JIEKTPUUECKasi EMKOCTb, KYJIOH-BOJIbTHAS XapaKTePUCTHUKA.



i —c.9u
dt

CHOCO6HOCTB 9JICMCHTA HAKAIJIMBATh 3JICKTPUYICCKUC 3apdabl C OJHOBPCMCHHBIM
MIOBBIIIIEHUEM MTOTEHITHAJIA IO OTPE/ICIICHHOTO YPOBHS Ha3bIBACTCS DIIEKTPUUECKON EMKOCTBIO.

PaCCMOTpI/IM MMPUHIMIT ﬂeﬁCTBHH CMKOCTHOTI'O 3JICMCHTA HAa IPUMCPC IIJIOCKOT'O
KoHeHcaTtopa. OH COCTOUT W3 IBYX TUIACTHH U IUAJIEKTpUKA. [IIaCTHHBI M3rOTaBIMBAIOT U3
TBEPJOT0 MaTepHala Uil MeTaIUTMYECKor (onbru. B kauecTBe TUAIEKTPUKA UCTIONB3YIOT
napaduHOBYIO Oymary, CJIIOAy, KepaMUKy WU TTPOCTO BO3YX.

Ecnu 3apsaauTh OHY IUIACTUHY MOJIOKUTENBHO, a APYTYIO - OTPULIATENIBHO, TO
pa3HOMMEHHBIE 3aps/Ibl, IPUTIATHBASICH APYT K APYTY, OYIYT yIEpKUBAThCS HA TUIACTHHAX —
HaKaIlJInBaThCA.

2. 3akon Oma. 3akonbl Kupxroga.

3akoH OMa 1Jil NIaCCHBHOM BETBH

BetBbto Ha3piBaeTcs yyacTok OL BOJIb KOTOPOTo T€YET TOK OJTHOTO 3HAYEHUS.

BeTBs MOXXeT OBITH TACCUBHOM, COJIEPIKAIICH TOIHKO MOTPEOUTEN SHEPTUU U aKTUBHOM,
cojiepkKalieil OJJMH WU HECKOJIBKO UICTOYHUKOB SHEPIHHU.

[Ipumep maccuBHOM BETBU C OJJHUM 3JIEMEHTOM MBI pacCMaTPUBAIIH, KOT/1a TOBOPUIIU O
PE3UCTUBHOM 3JIEMEHTE.

U=R-1I

HanpsokeHnne Ha 3a)kMMax BETBU IMPSIMO MPONOPIMOHATIBHO TOKY BETBH, T]IE
KOA((UITMEHT MPOMOPIIHOHATBHOCTH HA3bIBACTCS MIEKTPUICCKUM COMTPOTUBIICHUEM.

OpHako, BETBb MOXKET COJIEP’KaTh HECKOJIBKO MACCUBHBIX 3JIEMEHTOB. Takoe coeIMHEeHNE
Ha3bIBACTCA IMOCICAOBATCIIbHBIM. HanpﬁxceHHe MCKAY BbIBOJaMU a U b npeaAcCTaBsACT C060ﬁ
CyMMY HanpspKEHUH Ha OTAEIbHBIX 3JIEMEHTAaX BETBU:

U,=U+U,+..+U,
Hcnons3ys 3akoH Oma, mpeobpa3yeM TaHHOE BRIPAKEHHE: TIOJICTABUM MPOU3BEACHUE
TOKa Ha CONPOTUBJICHUEC COOTBCTCTBYIOLICTO 3JICMCHTA.

Up=1-R+I1-Ry+.+1-R, =

=I-(Rg+R, +..+R,)=1-R,,

Tak kak TOK OJHOTI'O 3HAYCHHUA, BBIHCCEM €TI0 3a 3HAK CKO6KI/I, TOTrAa B CKOOKax OCTaHETCS
CyMMa COIIPOTHUBJICHUC. Taxnm 06p330M, MBI MOKEM 3aMEHUTH ITIOCIIEJOBATCIBHOEC COCANHCHUEC

HCCKOJIBKHX 3JICMCHTOB OJHUM 3JICMCHTOM C COIMMPOTUBIICHUECM, KOTOPOC HA3BIBACTCA
OKBUBAJICHTHBIM.

n
R3KB = ZRk
k=1

3akon OMa /11 aKTUBHOH BeTBH
PaccmoTpuM nipuMep akTUBHOM BETBH, COAEPIKAIIECH HECKOJIBbKO MCTOYHUKOB D /[C.
O0600611eHHbIH 3akoH OMa AJ1s JaHHOTO y4yacTKa LENH 3aluiIeTcsl CIeAYIOUM 00pa3oM:

I:(E1+E2—E3)+U
R

B ckobkax anredpanueckas cymma 3JIC nctouHuKOB mipeacTaBisieT coboit C
SKBUBAJICHTHOT'O UCTOYHUKA. Takum 06pa30M, HNCXOJHAasa CXEMa MOXKET 6I>ITI> HpGI[CTaB.HeHa
SKBHUBaJIEHTHOU cxeMoi. [Ipu nmocnenoBarenbHoM coeanHeHnr ncTouHUKOB D/(C, D/1C
HKBHUBAJICHTHOTO UCTOYHUKA OMPEIEIIICTCS Kak anredpandeckas Cymma.




n
E3KB = ZiEk
k=1

3akonbl Kupxrodga

Ilepsbiii 3axkon Kupxroga

I[TepBoiii 3akon Kupxroda npumenum 1i1s y3ina. Y3nom D1 Ha3bIBalOT MECTO COSAMHEHUS
BeTBel DL, kak MUHUMYM Tpex. PopMyIHpPYETCs CISAYIOMUM 00pa3oM: airedpandeckas
CyMMa TOKOB y3Jia paBHa HYI0. TOKH, HAIIPaBJICHHBIE K Y31y (BXOJSIIUE B y3€), B
anredpanvdeckoil CyMMe yUUTHIBAIOTCS C OJJHUM 3HAKOM, HaIllPaBJICHHbIE OT y3J1a (BBIXOSIINE) -
C MPOTUBOMOIOKHBIM. CyIIIECTBYET erie oaHa (GopMyIHpOBKa: CyMMa BXOSIIUX B Y3€7 TOKOB
paBHAa CyMMe€ BBIXOJAIINX TOKOB.

Hcnonb3ys nepoiit 3akoH Kupxroda MokHO BbIBeCTH (POPMYITY IKBUBAJIEHTHOTO
npeoOpa3oBaHus MapajuIeTbHOTO COSAMHEHUS AIEMEHTOB cXeMbl 3ameleHus. [lapannensHoe
COCTMHEHUE XapaKTEPU3YETCs OOIIUM HAMPSDKEHHUEM, T.€. BCE BETBH, BKIIOUYCHHBIC MEXKTY
OJTHOM W TOM K€ MapoM y3JIOB, HAXOIATCS MO OOIITUM HaIPSKECHUEM.

Tok B menu 0 pa3BeTBICHMS, COTTIACHO TIEpBOMY 3akoHY Kupxroda, paBeH cyMMe TOKOB
BETBEU, COEJUHEHHBIX MMAPAJLIEIBHO:

I=1L+1,+..+1,

HpeI[CTaBI/IM TOKH BETBEH KaK OTHOIIICHHE HAIpsXKCHUA K COITPOTUBIICHUIO
COOTBCTCTBYIOIIICTO YUAaCTKaA:

u U U
I=—+—+. . +—=
Rl R2 Rn
U- L+L+...+L =U -G,
RI R2 Rn

B O6H_I€M CJIydac 3KBUBAJICHTHOC COIMMPOTUBJICHUC NTPU NAaPAJJICIIBHOM COCAUHCHUN
OJIEMCHTOB ONPEACTIACTCA KaK BEJIMYHNHA, O6paTHaﬂ SKBUBAJICHTHOM IMPOBOAUMOCTH.

JKBHBaJIeHTHbIC IPpeo0pa3oBaHus (MapajiebHOe COeIMHEHNE)
Ecnu anemMeHTa TOJIBKO /1Ba, TO SKBUBAJIEHTHOE CONPOTUBIIEHHUE ONIPEAESIIUTCS 110

dbopmye:
— R, - R,
3KB
R +R,
Ecnu conpoTuBieHus BceX AIEMEHTOB, BKIIFOUESHHBIX TApalICIbHO, PABHBI

R
n

. TO B 3TOM CJIydac€ SKBUBAJICHTHOC COIMPOTUBIICHUEC ONIPCACIUTCA:

R3KB =

O06e dopmMyIIbI TOTYUYEHBI B pe3yJibTare mpeoOpazoBanus (OPMYIbl OTIPEaCTICHUS
DKBUBAJICHTHOMI MMpOBOANMOCTH.

[Ipu mapannenbHOM COEMHEHUH BETBEH C aKTUBHBIMH 3JIEMEHTaMHU, KpoMe
COIIPOTUBJICHU 5KBUBAJICHTHOI'O ITACCUBHOT'O 3JICMCHTA, H€O6XOI[I/IMO OMpPCACIIUTL BCIINYHUHY
O]J1C sxBHUBasieHTHOTO HCTOYHUKA. OHA ompeaensercs 1o Gopmyse:



JKBHBaJeHTHbIE IPpeo0pa3oBaHus (3Be31a-TPeyroJbHUK)

TpexnyueBas 3Be31a. Takoe coeguHEHUE, IPU KOTOPOM 110 OAHOMY U3 BBIBOJIOB
00BbEeTMHEHBI B OOLIHI y3€l1, a IPyrue BHIBOJIBI COSTUHEHBI C APYTUMH YYaCTKaMH CXeMbl. Takoe
COEMHEHNE MOXKHO NTPeoOpa3oBaTh TOJIbKO B SKBUBAJIEHTHBIN TPEYrOJIbHUK CONPOTUBIICHUN.
IIpu 5TOM CONPOTUBIIEHNS CTOPOH TPEYTOJIbHUKA HE PABHBI COIIPOTUBIICHUSM JIy4ei 3BE3/Ibl, U
OIIPENENAThCSA 0 CIEAYIOUMM (hOopMyIam:

R, =R, +R, PRI R;=R +R, IR Ry =R, + Ry RECEC

Ry, . R, . R,

U ecnu 3Be31y MOKHO MPeoOpa3oBaTh TOJIBKO B TPEYTOIBHUK, CIIEOBATEIBHO,
TPEYTroJIbHUK MOKHO MPeoOpa3oBaTh TOJNBKO B TPEXIYUEBYIO 3BE31Y.

Ry - Ry3 R = Ry5 - Ry3 R. — Ry3 - Rys
2 = 3=
Ry + Rz + Ry : Riy + Ri3 + Ry3

Rl =
Ry + Rj3 + Ry :

Bropoii 3akon Kupxroga

Bropoii 3akon Kupxroda npumenum mis koutypa OL1. [TocnenoBarensHocTh BeTBel DL,
o0pasyromias 3aMKHYTBIH ITyTh, B KOTOPOM OJIMH U3 Y3JIOB OJTHOBPEMEHHO SIBJIETCS] HAYaJIOM U
KOHIIOM IIyTH, & OCTaJIbHbIE BCTPEUYAIOTCS TOJIBKO OJUH pa3.

®opmynupoBka BToporo 3akoHa Kupxroda cienyromas: anredpanueckas cymma
HaIpsDKEHUHM Ha y4acTKaX 3aMKHYTOTO KOHTYpa paBHa HYJIIO:

2.U, =0
k=1

PaccmoTpuM npuMep KOHTYpa, COCTOSAILETO U3 YEThIPEX BETBEU. TOKH B TACCUBHBIX
BETBSIX HAMPAaBUM MPOU3BOJIBHO, TOKH B AKTUBHBIX BETBSIX HAIIPABUM I10 HAIIPABJIECHUIO
neiicreus DJIC. Taxxe HanpaBUM HaIlpsDKEHMSI HAa ydacTKax BeTBel. i yuera 3Haka B
anreOpanveckoil CcyMMe HEOOX0IMMO yKa3aTh HampaBlIeHHe 00X0/1a KoHTypa. Ecim
HarpaBJICHUE HAIIPSDKEHHSI COBIAAeT C HallpaBleHHeM 00X0/a KOHTYpa, TO B aJredpanydecKyro
CyMMY OHO BXOJIUT CO 3HAKOM ILJIIOC.

_Uba +ch _Udc +Uda :O_

HanpspkeHns Ha CIIOKHBIX y4acTKax INPEACTaBUM KaK CyMMY HalPsDKEHUN Ha KaKIOM
OTZEJILHOM JJIEMEHTE, YYUTBIBAs TAKXKE, YTO HAIIPSKCHUS HA PE3UCTUBHBIX DJIEMEHTAX PABHO
IIPOU3BENICHUIO COMPOTHUBIICHUS HA TOK COOTBETCTBYIOIIETO Y4aCTKA, a HAIPSYKEHUS Ha
UJCAIbHBIX UCTOYHUKAX paBHbIX BenuuuHe DJIC naHHOro McTOYHMKA. Torjga ypaBHEHHE
3aMAIIETCS:

Crpynnupyem ypaBHEHHE, T.€. IEPCHECEM U3BECTHBIE YICHBI YPABHEHUS B IIPABYIO
yacTk. [lonydaem ypaBHeHUE, 10 KOTOPOMY BTopoi 3akoH Kupxroda MoxkHO chopMynupoBaTh
cieayomuM oopas3oM: anredpandeckas CyMMa MaJleHUH HaNpsyKeHUH Ha MACCUBHBIX AJIEMEHTaX
3aMKHYTOT'O KOHTYypa paBHa airedpaunueckoii cymme 3/[C HCTOYHHKOB, AEUCTBYIONINX B JAHHOM
KOHTYype. B anreGpandeckyro cyMMy cO 3HAKOM «+» BOJSAT IPOU3BEIEHUS, €CIIN HAIIPaBJICHUE
toka 1 HOK coBnaziaior, aHaTOruyHoO yYUTHIBAeTCs 3HAK B anredpandeckoit cymme J/1C.



3. Pacuer mpocThIX Henel Npy Mocjaeg0BaTeJbHOM, NAPA/LIeIbHOM U CMEIIAHHOM
BKJIIOUEHHH 3JIEMEHTOB.

Kak MBI y’xe TOBOpPHIIH, BOJIBTMETP MOKA3bIBACT 3HAYCHUE HANIPSDKEHUS Ha KaKOM-TTH00
yaactke DIl. UToOsl pacyeTHBIM IMyTEeM ONPEICTUTh MTOKa3aHUs BOJIBTMETPA, MOKHO
BOCIIOJIB30BAaThCsA 3aKOHOM OMa, €CJIn BOHBTMeTp BKJIFOUCH HaA 3aKUMbI ITACCUBHOT'O DJICMCHTA.
O600meHHbIM 3aKk0HOM OMa, €CTi BOJIBTMETP BKJIIOUEH Ha 3a)KMMBI aKTUBHOM BeTBU. Kak
paCC‘-II/ITaTB IIOKAa3aHUue BOJII:TMGTpa, €CJIM OH BKJIFOUYCH MG)K,Z[y TOYKaMH paanqulx BCTBeﬁ. B
ATOM CJIy4ae MOKHO BOCIIOJIb30BaThCs 3aKk0HOM Kupxroda. [TpousBonpHO yKa3siBaeM
HanpaBneHHe HaHpH)KeHI/Ie, IIOKa3bIBACMOC BOHBTMeTpOM. 3aT€M 3alIiuChIBacM ypaBHeHHe 10
BTOpOMY 3akoHY Kupxroda, oTkyza BeIpakaeM HaIpspKEHUE.

[ToreHmanpHas nuarpamMma

[Tox moTeHIMANBHOM qUarpaMMoii MOHUMAIOT rpaduK pacrpeieneHus NoTeHInana
BJI0JIb KaKOT'0-JIN0OO ydacTKa LENH WK KOHTypa. Ecnu B paccmMaTpuBaeMOM KOHTYpE NMPHHSTh
NOTEHIIMAJ OJHOTO U3 YJIOB (IIPOM3BOJIEHO) PaBHBIM HYIIO, TO UCHOIB3Ys 3aKOHBI OMa,
BO3MO>KHO PaCCYUTATH TOTCHIIMAIIBI TOCIEAYIOIUX Y3JI0B.

[Tpumem notenuman oguou u3 Touek DT paBHBIM HYITIO Po = . Torma MmoxeM
HaWTH NOTEHIUAJIBI OCTAJIbHBIX TOUEK CXEMbI IIPU U3BECTHBIX 3HaueHUsAX Toka [, DJIC Ey, E», Es
U CONPOTUBIIEHUN R}, Ry, R3:

Up=01—py=E = (01=(00+E1;

Up=0i=0 =1 RiUp =0 —p3 =E, Uy =04 =3 =1, - Ry
Py =0 —1 Ry P =0, —E, Py =@3+1 Ry

Usy =05 =0y = E3 = @5 =4 + E3

Uso =@s—@o =13 Ry = @y =5 +13- Ry

1.2 Jleknus Ne 3 (2 yaca)
Tema: «AHAJIU3 JIMHEHHBIX JJIEKTPUYECKHUX LeNneid MOCTOSHHOI0 TOKA.

Bonpocs! Jexknun:
1. Metoa KOHTYpHBIX TOKOB. MeTO/T y3JI0BBIX TOTEHIINAJIOB.
2. MonHOCTh 1€ MOCTOSHHOTO ToKa. banaHc MoIHOCTEeH
3. Pacuyer HEIMHENHEIX IIENEN MOCTOSIHHOTO TOKA

1.2.2 KpaTtkoe cojep:kaHue BOINPOCOB:

1. MeTo KOHTYPHBIX TOKOB. MeT0/1 Y3JI0BbIX OTEHUHAJIOB.
3ajaya cuHTE3a — MPOCKTUPOBAHUS YCTPOMCTB C 3aJJaHHBIMU ITapaMeTpaMH, 3aa4a aHaInu3a —
ONpeJIeJICHUE NapaMEeTPOB CYIIECTBYIOIIEH YCTAaHOBKH, B YACTHOCTH PacyeT TOKOB BETBEU U
HaIPsHKEHUHN Ha y4acTKaXx.
B ocHoBe MeToma - mepBsIii 3akon Kupxroda.
Kak cBsi3aH 3aKOH OTHOCHUTEIBHO TOKOB y3J1a U IOTEHIMAN JJAaHHOTO y3i1a. PaccMoTpuM Takoit
MIPUMeEP: YaCTH JIEKTPUUYECKOM IENH, COCTOSIEH U3 TPEX BETBEU. 3anuIleM ypaBHEHUE JJIsI
y3ia.
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I = =F -G +o,-G, —-0¢. -G
1 R, +7, R +7, 1°U1 0 U =@ Uy
U P.—Pq4
I=—ft==¢ =0. Gy~ -G,
R, R, ‘ ,
E,+U E:+op. —
Iy = 3R @ =3 ZC ¢a=E3‘G3+(Pc'G3_¢a'G3
3 3

[ToncTaBUM NOSTy4EHHBIE BEIPAYKEHUSI TOKOB B [IEPBOE YpaBHEHUE:

—E -G -0, Gi+0. G+, Gy—0; -Gy +E5-G3 + .-Gy — @, - Gy :O’

CrpynnupyeMm ypaBHEHHUE:
9. (G +Gy+G3)-9, -G~y -Gy —9, -Gy =E -G - E3 -G,

[IpuMenseTcs npu pacdere LEenu, KOTOpasi COAEPKUT NapajuIesIbHO COCAMHEHHBIE BETBU
[Topsimok pacuera.

[Tpumem noTeHnMaN y3na d paBHBIM HYIO. J{J1s1 onpeieNieHust MOTEHIINATOB OCTAIbHBIX y3JI0B
3aMUIIEM CUCTEMY YPaBHEHMIA:

@, '(G6 +G3+G5)—€0b'G6 —@. Gy = Ej ‘G3,
— @, G+ @ '(G6+G1 +G4)—(0c -Gy =-E, 'Gl’
— 0, Gy =@, -G+ @, '(Gl +G2+G3):E1 -Gy —E5 - Gy

Bripa3uM TOkM B BETBAX 10 3aKOHY OMa:

14:(0d_(0b:_¢b ISZ(Dd_(Da:_(Da 16:(0b_(0a

R, R, R; Rs R

b b

Metoa ABYX y3JI0B
PaccmoTpuM yacTHBIN ciydail MEeTOa y3J0BbIX MOTEHIIUAJIOB — METO/JI ABYX Y3JIOB.

Up =Ps—Pp =@,

MeToa KOHTYPHBIX TOKOB

Metona ocHOBaH Ha BTOpoM 3akoHe Kupxroda. BBoasT Takoe moHaTHe Kak KOHTYPHBIA TOK —
TOK, IMMPOTEKAIOIINI BO BCEX BETBIX, 00Pa3yIOMIMX JaHHBIN KOHTYp. KonndecTBo ypaBHEHUI pu
3TOM cokpamaercs. [IpeacTaBuM TOKM B BETBSAX 4epe3 KOHTYPHBIE.

Iy '(R3 + R, +7y +R6)_]K2 "Ry =13 Rg = E + E5
—lg-Ry+1, ‘(Rs + R +R2)_1K3 ‘Rs =—E4
—1q-Rg =1 - Rs+13-(Rs + Ry +Rs)=0

MeToa 3KBHBAJIEHTHBIX Pe00pa3oBaHuil
[IpeoOpazoBaHus CAUTAIOTCS SKBUBAJICHTHBIMU, €CIIM TOKOPACIIPEICTICHIE B HE
peoOpa30BaHHOI YaCTH CXEMbl HE U3MEHUIIOCH.

]1 '(Rl +R3KB):E1 iEBKB
I = El iEst
b (Rl +R3KB)



[lepepucyem cxemy i ynoOcTBa uteHus. UeTBepTas, IaTas U 1I€CTas BETBU 00pa3yroT
NIACCHUBHBIN TPEYTrOJbHUK CONPOTHUBIICHH, KOTOPBIH peodpa3yeM B SKBHBAJIICHTHYIO 3BE31TY.
ConpoTUBICHUSA JTy4€il 3B€3/1bl ONIPEACIISITCS:
__ R4y-Rs R. = Ry - Rg R.. — Rs - R¢
¥ R,+Rs+R “ R, +R;+R R, +Rs+R
4 5 6 : 4 5 6 : 4 5 6

Taxk kak J1Ba y31a He 00pa3yIoT y371a, TO B pe3yibTaTre MPeoOpa3oBaHUs CXeMbl TIOTYYHIN
napaujenbHOe COeMHEHUE IBYX BeTBel. [IpeoOpasyem ero u onpeaenum napaMeTpsl
SKBUBAJICHTHBIX 3JIEMEHTOB:

Ey

R +R
_(R2+R45)'(R3 +R56) E,, = : ( 3 156)
3KB "
Ry +Rys + Ry + Rsg %R2+R45) %R3+R56)

Toxk mepBoil BETBU ONPEACIIUTHCA:
I = E, +E;
Ry + 7y + Ryy + Ry

2.MoIIHOCTE B 1€ MOCTOSHHOI0 TOKa bamanc MOIHOCTEN.

[TocrynarensHOoe MBHMKEHHWE CBOOOJHBIX OSJEKTPOHOB B MPOBOJHHUKE, CO3JAIONICe
ANEKTPUYECKUIN TOK, BBI3BIBAET JOMOIHUTEIbHBIE CTOJIKHOBEHHUSI 3JIEKTPOHOB C aTOMaMU BHYTPH
npoBoAHMKA. [Ipy TakuX CTONKHOBEHHUSX AJIEKTPOHBI COOOIIAIOT aTOMaM JOMOJHUTEIBHYIO
SHEPrUI0 U YCUJIMBAIOT UX OeCropsAo4YHbIe KoyeOaHHs, YTO MPOSBISAETCS B BUIE BbIACICHUS
TEIJIa TPOBOJHUKOM.

3akoH Jlxoyns-JleHna riacur, 4To KOJWYECTBO TEIUIA, BBIACIMUBIIETOCS 3a BpeMs [ B
NPOBOJHUKE C COMPOTHBICHHEM R NpW MPOXOXKAECHHH dYepe3 Hero Toka [, mpsMo
MPOMOPIUOHAIBHO KBAJPATY TOKA, COMPOTUBIECHUIO IPOBOJHUKA U BPEMEHH IIPOXOKIECHUS TOKA
yepe3 MPOBOJTHUK

0=024-R-1*-¢
rae 0,24 — TermnoBoii Ko HUIIUEHT.

[TpoBoaa 3MEKTPUUECKUX JTUHUHN U SJEKTPOTEXHUYECKUX YCTPOICTB JIOJKHBI OBITH
3alllMILEHbI OT MEepPerpeBa Npu JIUTENbHBIX MePerpy3Kax U KOPOTKOM 3aMblkaHuU. KopoTkum
3aMbIKaHUEM MPUHATO HAa3bIBATh TAKOH PEXHUM, IPH KOTOPOM COIIPOTUBIICHHE HArPY3KH
CTPEMUTHLCS K HYITIO, & TOK, COOTBETCTBEHHO, K 0eCKOHEUHOCTH. KOpoTKOe 3aMbIKaHUE SIBIISIETCS
aBapHUIHBIM PEKUMOM, BOZHUKAIOIIUM BCIIEACTBUE CITYYalHOTO COETMHEHUS! TOKOBETYLITUX
yacTel 0e3 U30JISIIUH, WIH ke BCIIEACTBHE Mpo0os u3osuu. [Ipocreiimum criocobom
OTKJIIOUEHHS TOKOB KOPOTKOTO 3aMbIKAHHUS ABIISETCS UCIOJIb30BaHUE MPUOOPOB 3aIuTh. B
KaueCcTBE MPUMEpPA TAKOro MprOOpa MOKHO PACCMOTPETH IUIABKHM MPeA0XpaHuTeNb. Jlis
HanpsoxeHus 10 250 B u Toka 10 60 A ucnonb3yroT TpoOOYHbBIE TPEIOXPAHUTEIH.

KomuuecrBo 3JI€KTpH‘-I€CKOﬁ SHECPTrrUun BBI,Z[GJIPIBH.IGﬁC?I B BUAC TCILJIA MOXKCT OBITE
MMPEACTABJIICHO CICAYIOIMIUM BBIPAXKCHUEM

W=U-I-t=R-I-1-t=R-1*-t, [Br-cex]
Pabota, coBepiaemas 3JEKTPUYECKUM TOKOM B CEKYHAY, HAa3bIBACTCS AJIEKTPHUUECKOM
MOIITHOCTBIO.

W _I*tR
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MOMHOCTh HMCTOYHUKOB (TIOJIHAsE MOIIHOCTH) OINpEAeNsieTcsl Kak airedpandeckas
cymma npousBeneHns DJ]C ucTouHrKa Ha TOK, MPOXOAAIIUI Yepe3 JaHHbIM UCTOUYHHUK.
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MomHocTh moTpeOuTeneil (moyie3Has) omnpeaensercs Kak apupMeTHyecKkas CymMma
IPOM3BEICHNUS KBapaTa TOKAa Ha COOTBETCTBYIOIIEE CONPOTHUBIICHUE:

PHOTp = Zli ‘R
k=1

CornacHo 3aKOHY COXpaHEHUS U MPEBpAILEHUs] YHEPI U HEPIUsl HE UCUE3AET U HE
MOSIBISIETCS BHOBB, OHA TOJIBKO MEPEXOINUT U3 OJJHOTO BUJA B ApYroi. [I0CKoIpKy MOIIHOCTH
€CTb KOJIMYECTBO SHEPTHH B €AMHUILY BPEMEHH, TO [0 aHAIOTUU MOXKHO C(hOpMyITUPOBAThH
3aKOH COXPaHEHMsI MOIIIHOCTEH Uiu OajJaHC MOIIHOCTEH: BCSI MOIITHOCTh, BhIpabaTbIiBacMast
UCTOYHHKAMU SHEPTUH paBHA MOIITHOCTH, MOTPEOISIEMOM HAarpy3KOM.

P P

moTp -~ ~ HCT*

E -1, —E, I, +Ey Iy =17 (R, + Ry )+ I ‘R,.

OTHOILIIEHUE TTOJIE3HOM MOITHOCTH K TTOJIHOM MOIIIHOCTH, Pa3BUBAEMON HCTOUHUKAMM,
Ha3bIBaeTCs KO (PUIIMEHTOM MOJIE3HOTO ACUCTBHSL.

A moTp

n= P— (9Ta).

HUCT

3. Pacuer HeIMHEHHEBIX IeNed MOCTOSAHHOIO TOKA

B teopun nmuneitHpIx D11 npeamnonaraeTcs, 4To mapaMeTphbl BCEX JIEMEHTOB (JIEKTPUIECKOE
CONPOTHUBIIEHUE, UHIYKTUBHOCTh, EMKOCTb) HE 3aBHUCST OT HAIIPSKEHUS U TOKA. ITO
MIPEIIONIOKHUE SIBJISIETCS Meanu3anueil. B 1eicTBUTEIbHOCTH MapaMeTPhl SJIEMEHTOB B KaKOM-
TO CTETNIEHU 3aBUCST OT TOKA U HampsikeHus. [103ToMy X JOMyCTUMO CUUTATh HEU3MEHHBIMU
JIMIIb B OTPAHUYEHHBIX MpeJeIaX U3MEHEHHS TOKOB U HanpsyKeHUd. OTHAKO CYIIECTBYET
MHOKECTBO 3JIEMEHTOB U YCTPONCTB, MapaMeTPbl KOTOPBIX CYHIECTBEHHO 3aBUCAT OT TOKOB U
HanpspkeHuH. Takue 371eMeHThI Ha3bIBalOT HEJTMHEHHBIMHU, a IIeTh, COJIepIKaIas XoTs Obl OJIUH
HEJIMHEWHBIN 3JIEMEHT, Ha3bIBACTCSA HEIUHEHHOM.

HenuHeitnple nenu mupoKo MPUMEHSIOTCS B 2JIEKTPOTEXHUKE, JIEKTPOHUKE, aBTOMATHKE.
AHanum3 NporeccoB B HEIUHEHHBIX LETSIX 3HAUUTEIbHO CII0OKHEE, UYEM B TUHEHUHBIX.

Xapakrepucruku HD

CBoiicTBa HENMMHEHHBIX AIEMEHTOB YI00HO aHATM3UPOBATh ¢ ToMoIlbio BAX. OHu 00619HO
3agaroTcs Tabnunei uiu rpadguxom. ITo Buny BAX otHocutensHo koopaunar, HO

NOAPa3 eS0T Ha CAMMETPUYHBIE U HECUMMETPUYHBIE.

CHUMMETPUYHBIMH Ha3bIBAIOTCS 371€MEHTHI, BAX KOTOPBIX HE 3aBUCST OT HAIIPaBJIEHUS B HUX
TOKa M HanpspDKeHus. K 4ucity Takux 371€MEHTOB OTHOCSTCS JIaMIIbl HAKAJIUBaHUS,
TEPMOPE3UCTOPBHI.

OnemenTbl, BAX KOTOPBIX 3aBUCST OT HAIllPABJICHUS TOKA W HANIPSKEHU S, HA3bIBAIOTCS
HecuMMeTpudHbIMH. K HecuMMeTpuuHbiM HD MOYKHO OTHECTH JHObI, CTAOUIUTPOHBI
(OompIIast 4acTh AJEMEHTOB MIEKTPOHHUKH ).

CgoiictBa HD xpome BAX xapakTepu3yroTcs TakKe CTaTHUECKUM U AU(PepeHInaTbHBIM
CONIPOTHUBIICHUSIMH.

Jonyctum pabounii pexxuM pe3rcropa 3a1aH Toukoiid Ha BAX. OTHolIeHne HanpspKeHus Ha
PE3UCTOpE K MPOTEKAIOIIEMY TOKY Ha3bIBAIOT CTATUYECKUM COIIPOTUBICHUEM:
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U3 pucyHKa BUJIHO, YTO 3TO COMPOTHBIIEHUE MPONOPIMOHAIEHO TaHTeHcy yria & mexmy
IPSIMOM, COEUHSIONIEN TOUKYA C HaYalIoM KOOpAMHAT.

Al g
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Rdugb =

IHocaexoBarenabHoe coeqnHenue HI

Jlnst aHanM3a HENMMHEHHOM 1EeTH Yalle UCTOb3YIOT TrpadoaHaTuTHICCKU MeTo I, koraa BAX
JTUHEHHON YacT ey 3a/1aHa aHAIUTUYECKH, a HeTMHEHHOH - rpaduuecku. AHAIN3 CBOAUTCS K
ONPEACIICHUIO TOKOB U HAMPSHKEHUI HA OTJEIbHBIX YU4aCTKaX MJIM BO BCEH IIEIIH.

Paccmotpum mpumep nocnegoBatesibHOro coequuenus 1Byx HO, BAX koTopbIX 3a1aHbl
rpadukamu. Heo0xonuMo onpeaenuTs TOK B 1MW TPU U3BECTHON BETMUMHE TIPHIIOKEHHOTO
HaIpsKEHUSL.

[TocnenoBarenbHOE COCTUHEHUE XapaKTEPU3YETCsl OOIUM TOKOM. A HalpsiKEHUE Ha BXOJIHBIX
3aKMMax, COTJIaCHO BTOpoMy 3akony Kupxroda, mpencrasisier cob0oii cyMMy HampsiKeHH Ha
otaenbHbIx HO.

3aMeHseM T10CIe0BATEILHOE COCAMHCHNE OJJHUM 3JIEMEHTOM C dKBHBajdeHTHONM BAX. Jlns

MPOM3BOJIBLHOTO 3HAYEHUS TOKA L, CTPOMM MPSMYIO, TapaIeIbHYIO0 OCH HAIPSKEHHUS,
nepecedeHre KoTopoit ¢ BAX anemMeHTOB, 1aeT 3HaUYCHMs HANPsDKEHUH Ha HUX. [ padudeckum
CKJIaAbIBACM, 1 MOJYUACM HAIIPAKCHHUC B LCIIU I[IPU JAHHOM 3HAUYCHUU TOKaA. AHaJIOru4HO
MOJTy4yaeM 3HAYeHUsI HAMIPSHKEHUS LIETIH IPU Pa3IMYHBIX 3HAYEHHSIX TOKA, U CTPOMM CYMMAapHYIO
BAX.

I[MapanneabHoe coefuHeHNE

[TapamenpHOE COSTMHEHNUE XapaKTEPU3YEeTCsl OOIUM HaIpspDKeHHeM. TOK B IIETH 710
pa3BeTBIICHUS, COTIIACHO MepBOMY 3akoHY Kupxrodga, sBiseTcss CyMMOil TOKOB MapajuielbHbIX
BETBEH.

OrnpenernseM TOKM B BETBSIX IIPU PA3JIMYHBIX 3HAUCHUSAX HANPSIKEHUSI 1 CYMMUpPYEM UX. Takum
obpa3om, nmosrygaeM BAX SKBHUBaJICHTHOM LIETIH.

1.3.Jlexkuus Ne 4 (2 yaca)
Tema: «jeKTpOMarHeTu3Mm»
1.3.1 Bomnpocsl JieKuuu:
1. OcHOBHbIE XapaKTEPUCTUKA MArHUTHOT'O TOJIS. 3aKOH 3JIEKTPOMAarHUTHON MHAYKLIUU.
CamouHaykuus. BzaumoneicTBre nosis ¢ 3IeKTPUIECKUM TOKOM.

2. XapakTepuCTHKU (HeppOMAarHUTHBIX MATEPHAIIOB.
3. Pacyer MarHUTHBIX LIEHEN. 3aKOH IMOJIHOTO TOKA.

1.3.2 Kpatkoe conep:xxaHue BOIPOCOB:



1 OcHOBHbBIE XaPAKTEePUCTUKHN MATHUTHOIO MOJIsl. 3AKOH 3JIEKTPOMATHUTHOMH MHAYKIIVH.
Camounaykuus. B3aumoaeicreue moJisi ¢ 3JIeKTPUIECKUM TOKOM.

Boxkpyr npoBo/iHHKa, 10 KOTOPOMY MPOXOJIUT 3JIEKTPUUECKUM TOK, BO30YK/1a€TCsI MarHUTHOE
nosie. PaccMoTpum nmpumep, €ciu NeprneHAnKYIIpHO K MPOBOJIHUKY TOMECTUTD MJIEKCUTIIAC C
METAJUIMYECKUMU OMWIKAMH, TO MO BO3JEHCTBUEM MarHUTHOT'O MOJISI IPOBOJAHUKA OIUIIKH
PaCTIONIOKATCS IO KOHIIEHTPUYECKUM OKPYKHOCTSAM. Takum 00pazoM, MOXKHO CKa3aTh, YTO B
MarHUTHOM TOJI€ IeHCTBYIOT MarHUTHBIE CHJIbI, @ TOK BO30Y)K/1aeT MarHUTHOE 1oJie Oyarogapst
CBOEH HaMarHW4YMBAaIOLIECH CUJIE UM MAarHUTOJABHXKYILIEH CHIIE.

JIns HarmsAIHOCTH, MPOCTPAHCTBO, A€ HAXOAUTCS MarHUTHOE T10JI€, MOYKHO MPEICTaBUTh
3al0JIHEHHBIM CUJIOBBIMU JTMHUAMH. HanpapiieHne CUTTIOBBIX JTUHUMN ONMPEEISIETCs 10 MPABUITY
MPaBOXOI0OBOTO BUHTA (TIPaBUIIO OypaBUHKa).

Marnutoasuxymas cuia (M/IC) coznaer B Kax10i TOUKE MOJIsL OMPEIEICHHYIO

HaIPSKEHHOCTh H , U3MEpSEMYIO B [A/ M] HanpsiskeHHOCTh XapaKkTepu3yeT HHTEHCUBHOCTD
MII, HO HE YYUTBIBACT BIUSHUA CPEABI, B KOTOPOM OHO HAXOIUTCS.

B Bakyyme 1 HedeppOMarHuTHON cpesie BEUYMHA HANPSKEHHOCTHU OIPEeIIseTCs
BBIPAKCHUEM:

H="

Ho

)
rie B - maruurnas WHIYKIINS, [TH];

Ho =47 -10 ! [FH/ M] - MAarHUTHAsI TIPOHUIIAEMOCTh BaKyyMa.

MarnuTHas UHIYKUKS BeJIMUMHA BeKTOpHAast. HanpaBnenue BeKTopa MarHUTHOM MHAYKIIMHU
SIBJISICTCS KacaTeNbHOM K CHIOBBIM JTUHUSIM MII B KaXk0M UX TOUKE.

[TocpencTBOM MarHUTHBIX JIMHUM MOYKHO MarHUTHYIO HHIYKIIMIO BBIPA3UTh YUCIOM JIMHUH,
MPOXOJISIIMNX Yepe3 TUIOMIAIKY, PAaBHYIO €IUHUIIC TOBEPXHOCTH, TOCTABICHHYIO
NEepPHEHANKYISIPHO HAITPABJICHUIO CUJIOBBIX JTUHUM TOJIA.

[ToTok BeKTOpa MarHUTHOW MHIYKIIMH CKBO3b KaKyIO-THOO MOBEPXHOCTH IIOMIABI0 \)
Ha3bIBACTCS MArHUTHBIM [I0TOKOM

@:des
S

[B6]
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HpOﬂBJIeHI/IH MAardMTHOIO IoJid: MEXaHHYIE€CKOC

PaCCMOTpI/IM MAar"gsuTHOC II0JIC, O6pa30BaHHOG IMOCTOAHHBIM MarHuTOM. HaHpaBHGHHG
CHJIOBBIX JIMHUI MarHUTHOTO TIOJIA BCCTrJa OT CEBCPHOIO MOJIA K FO)KHOMY. BCKTOp MarHuTHOM
WHAYKIOWH, B KaXX10l TOUKe IoJIs1, BCCraa HarpasJICH OT CCBCPHOTO IMOJIA K FO’JKHOMY. Eciu
IIOMECTHUTE B 00J1aCTh ,I[CﬁCTBHH IIOJIA IMMPOBOAHUK C TOKOM, TO OH MCIIBITBIBA€T CO CTOPOHBIL

BHEIITHETO /IS HErO MOJI MEXaHHYeCKyIo cuty [ | cTpeMsIyiocs BBITONKHYTH €ro 3 0671aCTH
JAercTBys nois. i onpeneneHus HalpaBiIeHUs TOM CUIIbL CILYKUT IIPABUIIO JIEBOM PYKH:
JaJIOHb HYXHO IIOCTaBUTh TaK, YTOOBl MArHUTHBIE JTMHUU B HEE€ BXOIMIIH, AJIbIbI BEITAHYTh IO
HaIlpaBJICHUIO TOKA BIOJIb MPOBOJIHUKA, OTOTHYTHIN OOJIBIION Majel JeBOil pyKH MOKaKeT
HalpapJIeHUE JEHCTBYIOIIECH Ha MPOBOJIHUK MEXAHUYECKOW CHJIBI. DTa CUJia Ha3bIBACTCS
AJIEKTPOMATrHUTHOM, TaK KaK OHA SIBJISIETCS CJIIEACTBUEM B3aMMOEHUCTBHA TOKA U MAarHUTHOTO
OJIA.

CBs13bp MEX1y TOKOM, MArHUTHOM MHIYKIIMEN U AJIEKTPOMAarHuTHOW CUJION yCTaHOBHII
AMIIEp: 2JIEKTPOMAarHuTHAs CUja MPsIMO NMPONOPLMOHAIBHA BETUYHHE MArHUTHON UHIYKIUHY,
CUJIE TOKA AKTUBHOM JUIMHE IPOBOJHUKA U CUHYCY yIJIa MEKIy HAIPABICHUEM I10JIS U
HaIIpaBJICHUEM TOKA.

F=B-1-l-sina [H]



[Ipumenum 3akoH Amrepa s pacdeTa CUibl B3aUMOAECUCTBHSI IPOBOJOB JIBYXIIPOBOIHOM
nunun. Ha paccrosanu @ ot ocu nmpoBoja 1 HanpssKEHHOCTh MATHUTHOTO TIOJS,
B030Y>K1a€MOT'0 TOKOM 3TOT'0 IIPOBO/Ia PaBHA:

go_ 1
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CJICOOBATCIIbHO, MarHUTHAA MHAYKIUS ITIOJIA
I
_ _Ho
B=py-H="" 2.7.4
CunoBble TMHUYA MarHUTHOTO TOJIS IEPBOTO MPOBO/IA PACIIONArAKOTCS EPIIEHIUKYIISIPHO TOKY
BTOPOTO MPOBO/JIA, CIEAOBATEIbHO, HA BTOPOW MPOBOJ ACHCTBYET JIEKTPOMArHuTHAS CUJIa:

F=u, '#'l'l:ﬂo .#.]2
2-7-a 2-w-a .

Takas e cuina, HO IPOTUBOIOJIOXKHAS 10 HAIPABJICHUIO, CO34AEeTCsl BO3AECHCTBHEM OIS
BTOPOT'O MPOBOJHUKA Ha IpoBoA 1. M Ta, u qpyras 371eKTpOMarHUTHBIE CUJIBI IPONOPLIHUOHAIIBHEI
KBaJpary TOKa, II03TOMY IIPU KOPOTKHUX 3aMBIKaHUAX, KOI'Ja TOKH YBEJIMYMBAIOTCSA B COTHH pas,
CHJIBI B3aHMOJICHCTBHS BO3PACTAIOT B IECATKH THICAY Pa3 U MOTYT HapyIIUTh MEXaHUYECKYIO
L[EJIOCTHOCTb YCTPOMCTBA.

MexaHn4yecKkoe MPOSIBICHNE MarHATHOTO 11OJIsI HCIIONIB3YIOT BO BCEX IEKTPOABUTATENAX IS
MOJIYYCHH A BpallaromnuX MOMCHTOB, B USMCPHUTCIIbHBIX HpI/I60an, a TAaKXKXC B IOABCMHBIX
JNEKTPOMAarHUTax U 3JIEKTPOMAarHUTHBIX Pelle.

IIposiBiIeHUs MATHUTHOT'O MOJISA: JJIEKTPOMArHUTHOE

B nmpoBonHuKe, NBHKYIIEMCS B MArHUTHOM T10JI€, BO30YXKIaeTCs JIEKTPHUUECKOE TOJIE,
IIPONOPLUUOHAIIEHOE MArHUTHOM MHAYKIIUY U CKOPOCTH JBMKCHMSI IPOBOJHMKA. B IpoBONHUKE
IIPOUCXOIUT CMELIEHHUE 3aps10B IPOTUB HANIPABJICHUS CUJI DJIEKTPUUECKOTO IO, KaK 9TO
MMEET MECTO BHYTPH BCSIKOTO MCTOYHMKA JIEKTPOIHEpruu. Cle0BaTebHO, 31€Ch AEUCTBYET
DJIC, Ha3pIBacMas MHAYKTUPOBAHHOM. Eciu IpoBoHUK ABHMKETCS 10 yriaom & k
HAIpPaBJIEHUIO MarHUTHOTO 10JIs, TO BennunHa JJ[C npsMo nponopruoHaibHa CKOPOCTH
NEpPEMELICHMS, [JUTMHE TPOBOJHUKA, MATHUTHOW MHAYKIIMH U CUHYCY YIJIa MKy HAallpaBICHUEM
MarHUTHOTO TOJIS1 ¥ HAIIPaBJICHUIO NIEPEMEILIEHUS IPOBOIHUKA:
E=-v-B-l-sina

Hanpasnenue nnaykrupoannoit J/1C omnpenenseTcs no npaBuily npaBoi pyku. Eciu
JaJI0OHb IIPABOI PYKH PACIIOIOKUTH TAK, YTOOBI CUJIOBBIE IMHUM BXOJMIIN B HEe, a OONIbIION
naJiell HaIlpaBJIEH 110 HAIIPABJICHUIO JBUKEHUS IPOBOJHUKA, TO BBITSIHYThIE MBIl OKAXKYT
HalnpaBJIeHUA NeUCTBUS HHAYKTUpOoBaHHOU D/C.
3Hak «-» B ypaBHeHuu D/1C BoipaxaeT npuniun Jlenna, T.e. unayktupoBanHas JJC crpemutcs
MIPOTUBOJICUCTBOBATH IPUYMHE, €€ BBI3HIBAIOIIICH.

Eciu 3aMKHYTh IPOBOJHMK Ha CONPOTHBIICHUE U IIEpeMeMaTh €ro co ckopocth U, To

uaaykTupoBanHas DJ[C BbI30BET B CO3IaHHOM KOHTYpe TOK ! . B3aumoeiicTBie KOTOPOro ¢
MarHUTHBIM I10JIEM CO3JACT 3JIEKTPOMArHUTHYIO CUITY, IPOTUBOAEHCTBYIOLIYIO ABHKEHUIO
POBOJHUKA, T.€. IpU4YMHE Bo30yxaatomeit D/(C.

3aK0H JIEKTPOMAarHUTHON MHIYKIIMH MOKET OBITh BBIpaXXEeH Ipyrou dhopmysoit. CKOpocTh

X o
JOBUXKCHUA HpOBO,Z[HI/IKa MOXKET GBITB BBIpa)KeHa qepe3 IIyThb 5 HpOXO,Z[I/IMBII/I UM 3a BperI
, T.€.

dx
v=—
dt



[Ipown3Benenne MarHUTHOM MHAYKUIMH HA TUIOLIA/Ib €CTh MArHUTHBIN IMOTOK, IIEPECEUEHHBIN

ITPOBOAHUKOM 3a BPEMsL £ , CJICAOBATCIIbLHO:
B-l-dx  B-dS  d®
di di d1

Nunyktuposannas 3/1C paBHa CKOPOCTH U3MEHEHHUSI MArHUTHOTO ITOTOKA.

B pa3nuuHbIX 371€KTPOMAarHUTHBIX YCTPOICTBax — TpaHc(hopMaTopax, MalIMHAX
U3MEPUTENBHBIX MPUOOPAX — MArHUTHBIX MOTOK MPOHHU3BIBAET KATYIIKY YCTPOMCTBA, CLEILIAACH
C OTACJIBHBIMU €€ BUTKaMHU. [IprdeM, 3TOT MOTOK MOXKET MO-Pa3HOMY, CUEIUIATHCS C BUTKAMM.

Hanpumep, 4acTh HOTOKA | CIIEMISETCS CO BCEMHM BUTKAMH OHOTO IHMAMETPa, a APYyras 4acTh

MOTOKA ?, IIPOHU3BIBAET HECKOJIBKO BUTKOB OoJbIlero Auamerpa. Kak Toapko kaTyika
Ha4YHET MEePEeMEIAThCs 10 OTHOIIEHUIO K TOTOKAaM, WJIA TOTOK HAYHET U3MEHATHCSI BO BPEMEHH,
TaK B KQXJIOM OTJEIbHOM BUTKe OyneT nunaykrupoBathest D/1C, BenmuunHa KOTOpoit
ONPEETUTCS BEIPAKEHUEM:

do,
dt

Tak Kak KaTyIlIKa MpeacTaBiseT co0oil mocuenoBaTeabHOe coefnHeHre BUTKoB, To D/1C Bcei
KaTYIIKHA OyeT MPeACTaBIATh cO00H cyMMy HHIYKTUPOBaHHBIX DJIC KaXI0TO OTIAETHEHOTO
BUTKA
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Bennunna B CKOOKax SIBIISIETCS CYMMOﬁ MAariuMTHBIX ITOTOKOB OTACIBbHBIX BUTKOB KaTyIIKH, 1
Ha3bIBACTCA IMTOTOKOCHCIIIICHUEM SU , IBMCPACTCA KaK U MAarduTHBIN IOTOK B [B6] .

Ecau ske MaruuTHBIN TTIOTOK MMPOHU3BIBACT BUTKU OJUHAKOBOI'O IUaMCTpa, TO UMCCT MECTO
ITOJIHOC IMOTOKOCHECIIJIICHHUE!:

DNEKTPOABUKYIIAs CUJIa, MHAYKTUPYeMas B KaTyIIKe MPHU MOJTHOM MOTOKOCIETNIEHUH, OyieT
paBHa:

d¥
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2 XapakTepucTukH ()eppOMAarHNTHBIX MATEPHAJIOB.

Jlnst ucnonb3oBanus siBnieHus OMU B paboduem ooveme DTY cosznmaercs MarHUTHBIN
MOTOK 33/IaHHON KOH(UTYypaluu U nHTeHCUBHOCTH. [Ipruem 3anauy ycunenust MII u npunanus
eMy HeoO0X0IMMOH KOH(PUTypalluyi MOXKHO PELINTh, UCIIOJIb3Ys] MArHUTHBIE MaTEPHAIIbI C
Pa3IUYHBIMU CBOWCTBaMU U T€OMETPUUYECKUMH pa3MepaMH.

Bce MarauTHBIE MaTepHallbl MOAPA3AEIAIOTCS HA TUAMarHETUKH, OTHOCUTEIIBHAS
MarHuTHas MPOHHUIIAEMOCTh KOTOPHIX MEeHbIIE |, TapaMarHeTHKU U (peppoMarHeTuku, K
HOCJIETHUM OTHOCSTCSA: XKEeJIe30, HUKEIb, KOOAJIBT U UX CIUIABBI.

Ecnu B MaruuTHoOE 1ose, HanpuMep B I0JI€ KaTYLIKH, TOMECTUTh CTEP)KEHb U3
(eppOMarHuTHOrO MaTepuasia, TO €ro MArHUTHbIE CBOMCTBA YCUJIMBAOTCS: Ha KOHIIE CTEPKHH,
U3 KOTOPOTO MOTOK BBIXOJUT, BOSHUKAET CEBEPHBIN MOJIIOC, APYTOil MOIIOC CTEPKHS ABIIAETCS
10)KHBIM. HaMarHW4YeHHBIN CTEPKEHD, YAAIEHHBI U3 MArHUTHOTO I0JISA, B HEKOTOPOU CTETIICHH
COXpaHsIET CBOM MarHUTHBIE CBOICTBA, Ha3bIBAEMbIE OCTATOYHBIM HaMarHnuuBanueM. OHO
0COOEHHO CHJIBHO BBIPAXKEHO Y (DEppOMArHETUKOB, M HE3HAYUTEJIBHO Y Napa- U JUaMarHeTUKOB.
JI1 5IEeKTPOTEXHUYECKUX PAacUu€TOB UMEET 3HAYEHHUE, YTO OTHOLIEHHE MarHUTHON MHIYKIIUH K

e



HaNpsHKEHHOCTU MarHUTHOTO IOJIs 1711 peppOMarHeTUKOB, Ha3bIBAEMOE MArHUTHOM
IIPOHUIIAEMOCTBI0 MaTEPUIIA CEPACUHUKA H | nmeer GorbIIIOE 3HAYCHHE H HEITOCTOSHHO.
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Taxum 00pa3oM, 3aBUCUMOCTb B=j (H) y (heppOMarHeTUKOB HE MOXKET OBITh

BBIpa)KE€HA AHATMTUYECKH, @ MOKET OBITh IIPECTaBIeHa TpapruecKoi in TabanuHON
3aBUCHUMOCTBI0. PaccMOTpuM npumep KpuBO HaMarHuuuBaHus JIuctoBoit ctanu O4. HuxHss
BETBb KPUBOI COOTBETCTBYET HEHACHIIIEHHOMY COCTOSIHUIO CTaJIM, B 3TON 4aCTH 3aBUCUMOCTb
IIPAKTUYECKH JIMHEMHA. 3aT€M BCJIEACTBHE SIBJICHUS MATHUTHOI'O HACHIILICHUS UMEET MECTO
neperu6 KpUBoOil, Tak Ha3pIBAEMOE KOJICHO KPUBOW HAMAarHWYMBaHUA. B ycnoBusx,
COOTBETCTBYIOLMX YaCTH KPUBOIL, JIeKalllel BbIIIE ATOr0 KOJIEHA, (peppOMarHeTHK HACBIIIEH,
T.€. MAarHUTHAasi UHIYKIUS YBEINYUBAECTCS HE3HAUNTENIBHO IIPY 3HAYUTEIBHOM YBEIMUYEHUN
HaIPSKEHHOCTH.

Ecnu tpeOyercsi, uToObI KOJIeOaHUs TOKa HAMarHUYMBAHUS MAJIO BIIUSUIA HA MAarHUTHBIN
HIOTOK, TO BEIOMPAETCS] MHAYKIIHS COOTBETCTBYIOIIAs YCIOBHUAM HACBIIEHUS (T€HEPATOPbI
MOCTOSIHHOTO TOKa MapajuIeIbHOTO BO30YXKIEHUS), €CIIU JK€ HYKHO, YTOOBI MHTYKIIHUS WIH
MarHUTHBIN TOTOK U3MEHSUIUCH IPOIOPLIUOHAIBHO TOKY HAMarHUYMBaHMsl, TO BBIOUPAIOT
UHIYKIMIO, COOTBETCTBYIOIIYIO HHKHEH 4acTH KpUBOil (B IpuOOpax aBTOMAaTHYECKOTO
YIPaBJICHUS, U3MEPUTEIBHBIX TPHOOPax).

JlaHHbIe KPUBOW HAMAarHUYUBAHUS [TOJTyYalOT SKCIIEPUMEHTAIFHO IO 00pa3ily MaTepuania.
B paboumnx ke ycaoBUsAX MarHUTHas MHAYKLUS (GeppoOMarHeTHKa ONpeaesseTcs He TOJIbKO
JTAHHOW HAIPSKEHHOCTHIO MOJISI, HO U MTPEABIAYIIUM MAarHUTHBIM COCTOSIHUEM, YTO SIBIISIETCS
CJIEICTBMEM MAarHUTHOTIO rucrepesuca. Ilpu neppoHayabHOM HAMATHUYMBAHUM CEPACYHUKA
KpUBasi HAMarHUYMBaHUs BO3PACTaeT OT HYJEBOI0O 3HAUEHHUs 110 KPUBOU. 3aTeM, Ipu
YMEHBIIEHUN HAMarHN4YMBaIOUIET0 TOKA, MAarHUTHAs MHAYKLIUS YMEHbBILIAETCS, HO HU 110 KPUBOU
[IEPBOHAYAJILHOIO HAMATHUYUBAHMS, A [10 KPUBOMH, JIEIKALEN HECKOIBKO BhIe. [Ipu
HaAIPSKEHHOCTH MarHUTHOTO TI0JIS, PABHOM HYIJIIO, B CEPACYHUKE COXPAHIETCS HEKOTOpas

ocrarouHas HHAYKIHsA 0 . UTOOBI HOMHOCTHIO Pa3MArHUTUTh CEPACUYHUK, HEOOX0qUMa

HaNpsHKEHHOCTD TOJIs1 00paTHOro HampaBiIeHUs €, Ha3bIBaeMas KOOPIUTHBHOMN CHUIIOH, [T
BO30Y)KJICHHSI KOTOPOH, 10 KaTyIIKe HYKHO IPOIYCTUTh TOK 00paTHOTO HapaBJICHUSI.
JlanpHeiimee yBelTnYeHNE HATPSDKEHHOCTH MMPUBOANT K BOSHUKHOBEHUIO MATHUTHOW WHIYKITUU
O6paTHOFO HaIlpaBJICHHA. Ecmu YMCHBIIATH HaMaFHI/I‘-II/IBaIOH_[I/Iﬁ TOK, TO MarnHuTHass UHAYKIUA
OyJIeT yMEHBIIAThCS TT0 KPUBOM PaCIIOI0KEHHON HUXKE OCH a0CITMCC, HO TaKOM ke 1Mo ¢hopme,
YTO M KpUBasi YObIBAaHMSI HHAYKLUH TPH MOJIOKUTEFHO HANPABICHUH HAMIPSHKEHHOCTH
MarHUTHOTO TIOJISL. JTa KpUBasi HAMarHUYMBAHUS IPU IIUKINYSCKOM TepeMarHiuYnBaHUH
CepJIeYHHNKA HAa3bIBACTCS METJICH THUCcTepe3nca. B yCIOBHIX TaKOTO IUKIHYECKOTO
nepeMarHu4rMBaHus paboOTAIOT SKOPSI MAIIWH TIOCTOSTHHOTO TOKA M CEPICYHUKH MAIlIUH H
afrapaToB MalllMH ICPEMCHHOI'O TOKaA.

[Tnomanp meTim rucTepesnca MPoMoOPIHOHAIBHA 3aTpaTe YHEPTHH Ha OJIUH ITHKIT
nepeMarHu4rMBaHus eIMHUIBI 00beMa peppomarHeTrka. YToOBl yMEHBIINTH MOTEPH SHEPTHH HA
THECTEPE3NC, B MAIIMHAX C IIUKIMYECKUM MTepeMarHnIrBaHueM (eppoMarHeTHKa UCTIOIb3yIOT
MaTepuaibl C Y3KOU meTiei rucrepesuca. K TakuMm mMatepuanaM OTHOCUTCS dJIEKTPOTEXHUYECKAsT
CTab.

Takke K MAarHUTHBIM MMOTCPAM OTHOCHAT IMOTCPH, CBA3AHHBIC C BUXPCBBIMU TOKAMMU.
BuxpeBbIMU Ha3BIBAIOT DJIEKTPUICCKHE TOKH, BO3HUKAIOIINE BCIIEACTBUE dJICKTPOMArHUTHOM
UHAYKIMH B IPOBOJAIICH cpeze (0OBIYHO B METaJIe) IPU U3MEHEHNUHU IIPOHU3BIBAIOIIETO ¢
MarHUTHOTO TIOTOKA. B kadecTBe mprMepa pacCMOTPUM MACCHBHBIH IIEIbHBIN CEpCUHUK, HA
KOTOPBII ITOMECTUM KATYLIKY C [IEPEMEHHBIM TOKOM. [IepeMeHHOe MarHuTHOE 10JIe
WUHIYKTHPYET TOKH, KOTOPBIC 3aMBIKAIOTCSI B CAMOM CEPJICYHHKE IO TIIOCKOCTSIM,
NEPNCHAUKYJIAPHBIM HAITPABJICHUIO MArHUTHOI'O ITIOTOKA, BBI3bIBAIOT: BO-IICPBBLIX, HAI'PCB



CepJIeYHHKa, BO-BTOPBIX, BUXPEBbIE TOKM 00J1a/1al0T pa3MarHUYUBaIOLIUM IEHCTBUEM, T.€. UX
COOCTBEHHOE MAarHUTHOE TIOJIE, YMEHBIIIAET BETMUYNHY MAarHUTHOTO MTOTOKA, UX
UHAYKTUpYIOIero. Jlyisi yMeHbIIEHUS! IOTEPh OT BUXPEBBIX TOKOB, MOKHO JINOO YBEIUYUTH
COINPOTHUBIICHUE CEPACUHUKA, THOO0 YMEHBIINUTH TUIOMIAIb KOHTYPOB, OXBATHIBAEMBIX BUXPEBBIMHU
TOKaMu. J{J1s1 3TOro cep/IeuHrK U3TOTaBIMBAIOT HE LEIbHBIM, @ COOPHBIM U3 IITAMIIOBAHHBIX,
M30JIMPOBAHHBIX APYT OT APyra U30JISLIMOHHBIM JaKOM JIMCTOB 3JIEKTPOTEXHUUECKOU CTaJIH.

3 Pacyer MAarHUTHBIX Iieneid. 3AaKO0H MOJTHOI0 TOKA

PacueT MarHuTHBIX 11eTIeH. 3aKOH MOJHOI'0 TOKA.
MaruuTHEIe LIenu

Besikuii a3neKTpoMarHiuT COCTOUT U3 CTAIbHOTO CEpJIEYHUKA — MAarHUTONPOBOAA U
HAMOTAHHOM Ha HETO KATYIIKW C BUTKAMH U30JIMPOBAHHOW MPOBOJIOKH, 110 KOTOPOI TPOXOIUT
JIEKTPUYECKUN TOK.

COBOKYITHOCTh HECKOJIBKMX YYaCTKOB: (DeppOMArHUTHBIX (CTab) U HeeppOMarHUTHBIX
(BO31yX), MO KOTOPBIM 3aMBIKAIOTCSI INHUA MATHUTHOT'O MTOTOKA, COCTABIIAIOT MAarHUTHYIO 1IETIb.

3aKOH ITOJIHOTO TOKa

B ocHOBe pacyeTa MarHUTHBIX LENEN JEKUT 3aKOH ITOJHOTO TOKA

}de;chosadL:ZI

rae: H — HanpsykKeHHOCTh MAarHUTHOTO TTOJISA B JAHHOW TOYKE IMIPOCTPAHCTBA;
dL — snemMeHT AMUHBI 3aMKHYTOTO KOHTYpa L;

0 — YTOJI MEXIY HalpaBICHUSIMU BEKTOPOB Hy dL ;
'] 1— anrebpanyeckas cyMMa TOKOB, TPOHU3BIBAIOIINUX KOHTYp L.

3aKOH IMOJIHOTO TOKA

Toxk I, npoHH3BIBaIOMUN KOHTYpP L CUMTAETCS NOJIOKUTENBHBIM, €CIIU IIPUHATOE
HarnpasjieHue 00X0/1a KOHTypa U HalpaBJIeHUE 3TOr0 TOKa CBA3AaHbI IPABUIIOM IIPaBOXO10BOTO
BUHTA (OypaBUHKa).
IIpuMeHeHne 3aK0HA MTOJIHOTO TOKA JUI pacdyeTa MarHUTHBIX LIeTIeH
PaccMoTpuM npocTeiiyro MarHUTHYIO LIETIb, BHIIIOJHEHHYIO B BUJIE KOJIbLIA TOPOUJIA U3
OJIHOpoAHOrO Matepuana (puc. 4.4).

KonpueBas MmarHuTHas 1eb
O6Mmotka nmeer W BUTKOB U 0OTekaeTcst TokoM I. MarHUTHbIE TMHUK BHYTPU KOJIbLIA
MPEACTABIISIIOT COO0M KOHIIEHTPUYECKUE OKPYKHOCTH ¢ IIeHTpoB Touke O. [Ipumennum k



KOHTYpY Cx, COBIAJAIONIEMY C OJTHOM M3 MarHUTHBIX JTUHUH, IPOXOIAIINX B MAarHUTOIIPOBO/IE,
3aKOH MOJIHOTO TOKa. [Ipu 3TOM Oynem cuuTats:

1. Hy dL COBIAJAIOT, ClIeAOBaTENIbHO o = (;

2. BennmunHa HX BO Bcex TOUKax KOHTypa OJIMHAKOBA;

3. cymMa TOKOB, IPOHU3BIBAIOLINX KOHTYp, paBHa IW.
Tornma

fH cosadL=H, fdL=H,L, =TIW

Orcrona
g o W_ W
L, 2nr, [A/M],

rae Ly — JimmHa KOHTYypa, BJI0JIb KOTOPOTO BEIOCHh HHTETPUPOBAHNCE;
Ix — PaInyC OKPY>KHOCTH.

Bexrop H BHYTPH KOJIBIIA 3aBUCHUT OT PACCTOSIHUSA Ix. Eciiu o — mmpuHa konbia << d, To
9Ta pa3HuLa Mexay 3HaueHussMu H B nipeaenax cepreunuka He Benuka. [Ipu 3ToMm B pacuer
JOMYCTUMO TPUHSTH ISl BCETO MOMEPEYHOT0 CEYEHUSI MAarHUTONPOBOAA OJHO 3HAUCHHUE
HaIpsSYKEHHOCTH MarHUTHOIO MOJIS:

Hyp,=IW/L,

rae L — niuHa cpenHeil MarHuTHOW JIMHKM.

3akon OMa 1J11 MarHUTHOH 1ienu. JINHEelHHbIE U HENMHEWHbIE MArHUTHBIE CONTPOTUBIIEHUS

B Kkosb11eBOM MarHUTOIIPOBOIE C PABHOMEPHON OOMOTKOM BCE MOJI€ KOHIIEHTPUPYETCS BHYTPH
KOJIbLIA.

Ornpenenum B 3TOM CITydae MarHUTHBIA MIOTOK B MarHUTOIIPOBO/IE C PACIIPEACICHHOW 0OMOTKOM.
Hcxons n3 cootnomenuit @ = B, S n Bep = py Hep mommyunm

O=B;p S=pa Hep S

*)
IwW IW F
@: S — —
T
S

MaruutHsiii notok @ 3aBucut ot npousseaeHus IW = F, koTopoe mosyunsio Ha3BaHue
MarHutoaBmxkyme cuist (MZC).

Benuuuny L / (1, S) = Ry, — IpuHATO Ha3BaTh MAarHUTHBIM CONIPOTHUBIICHUEM MAarHUTOIPOBO/IA
(TI0 aHANOTHU C 3IEKTPUUECKUM conpoTBieHrueM r =L /y S).

MarsuTHoOE CONPOTHRICHUE BO3/IyXa (3a30pOB) JIMHEHHOE, T.K. [, = L, = const. MarauTHOE
CONPOTUBJICHHUE CEPJICUHNKA HEIMHENHO — [, 3aBUCUT OT B.

Ecnu namaranauBarontyro cuny F, ymogoouts neiicteuto DJ1C, OyaeT moaydeHo
COOTHOLIEHHE, [T0X0KEE HA BbIpakeHHE 3aKoHa OMa /171 LIeNH OCTOSIHHOTO TOKa. B ¢BA3M ¢
atuM opmyny (*) mpunsaTO Ha3BaTh 3aKkoHOM OMma nJ1st MarHuTHOM nenu. Ciaemxyer
OTOBOPHUTKCS, YTO 3TA aHAJOTHUA — (popManbHas, a pu3nyecKast CyIHOCTh MPOLIECCOB B
9JEKTPUYECKUX U MArHUTHBIX LIENAX pa3InyHa.

B pacderax MarHUTHBIX HETICH PA3IMYAIOT MPSIMYIO U OOpaTHYIO 3aJauu.
[Ipsamas 3amaua
3amano: 1) reomeTpudecke pa3mMepbl MarHUTHOM 1emnu; 2) xapakrepuctuka B = f(H) (kpusas
HaMarHMYUBaHUs1) GEeppOMarHUTHBIX MAaTEPHAIIOB, U3 KOTOPHIX BBIOJIHEHA MAarHUTHAS 11€TIb;
3) MarHUTHBIA TOTOK @, KOTOPKIH HAO CO37aTh B MArHUTHOM Lenu. TpebyeTcst HaluTH
HaMarHu4yuBawIyto cuity ooMoTku F = IW. Pemenue 3amaun paccMarpuBaeTcsi IpUMEHUTEIBHO
K MarHUTOIIPOBOAY, IPEJCTABIEHHOMY Ha puc. 4.7.
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MarnutHas nenb
1. MarauTtHas uens pa3ouBaercs Ha psJl y4aCTKOB C OJMHAKOBBIM MOTIEPEUYHBIM CEUYECHUEM S,
BBITIOJIHECHHOM U3 OJTHOPOJHOTO MaTepHara.
2. Hamedaercst myTh MPOXOXKACHUS CPETHEH MAarHUTHOMN JIMHUH (
3. T.x. MarHUTHBIN MOTOK HA BCEX y4acTKaX LIEMH OCTAETCS MOCTOSIHHBIM, TO MarHUTHAsI
uHaykusg B = @ / S Ha Ka)X710M U3 y4acTKOB M HAMPSDKEHHOCTh MarHuTHOTO ot H

fHAL
HEHU3MEHHBI. DTO MMO3BOJIIET CPABHUTEIBHO MPOCTO ONMPEACIIUTH 3HAUCHUE JUISL KOHTYpa,
00pa30BaHHOIO CpeIHEN MarHUTHOM JIMHUEH, a ClIe0BAaTeNIbHO, HANTH HCKOMYIO BEJTHUUHY

) F = fHdL
HaMaron4umBarouiCu CUJIbl, IIOCKOJIBKY .
jHAL
3anuieM uHTerpa B BUJ€ CYMMbI HHTEIPAJIOB C I'paHUIIAMU MHTETPUPOBAHMS,
COBIMAJAOIIMMU C HAYaJIOM U KOHIIOM KaKA0Tr0 y4aCTKa LCIIN. Torna

b c a
§HAL = [H,dL+ [H,dL+ [H,dL=HL, + H,L, + H, 8= TW
a b c

rne: Ly u Ly — nmnHbl peppOMarHUTHRIX Y4aCcTKOB IIETH [M].

0 — MUpHHA BO3AYIIHOTO 3a30pa, [M].

4. 3nauenust H; u H, onpeaenstoT no u3BeCTHHIM BEIMYMHAM MarHUTHOM UHIYKUIUU B ¢
MOMOMUIbIO0 KPUBBIX HAMarHW4YMBaHUs, COOTBETCTBYIONINX (heppOMArHUTHBIX MaTepUaoB.
A 117151 BO3JIYIIIHOTO 3a30pa

H_ = Bi __ Bu —=8x10"B,_,
i, 4nx10

EO3

A/m.
OOparnas 3a1a4a
3anaHo:
1. T'eomerpuueckue pazmepbl MArHUTHOM LIETIH;
2. XapakTepucTuku (eppOMArHUTHBIX MAaTEPUAIIOB;
3. HamaramumBaromas cuna oomMoTku F.
Tpebyercst onpeaenuTs MarHUTHBIN MOTOK .

IW IwW F

(D: S_=_=_

P L L R,
1S

HenocpeactBerHoe UCoab30BaHUE POPMYITBI I OTPECIHAS MATHUTHOTO TTOTOKa D
OKa3bIBAETCSI HEBO3MOKHBIM, TOCKOJIbKY MAarHUTHOE COMTPOTUBIICHHE 1IENTU TIEPEMEHHOE U CaMO
3aBUCHUT OT BEJIMUYMHBI MAarHUTHOTO MOTOKA. Takue 3a/1aun pemarTcsi METO10M
MOCJIEI0BATEILHOTO MTPUOJIMIKEHUS B CIICYIOIIEM TOPSJIKE. 3aal0TCs PSAIOM MPOU3BOJIBHBIX
3HAQYEHMI MarHUTHOTO MOTOKA B LEMHU U ISl KAXKI0T0 U3 3TUX 3HAUCHUM ONPEeAeIsatOT



HE00XO0AMMYIO0 HaMarHM4MBAaIOLIYI0 CHITy OOMOTKH TaK, KaK 3TO JIe1aeTcsl IPU PELICHUH IPAMOi
3a/1a4H.

[To monmy4yeHHBIM JaHHBIM CTpOAT KpuByto O(F) — BeOep-aMiepHyIo XapakTepUCTHKY.
Wmes 3Ty 3aBUCHMOCTbB, HETPYAHO IS 3alaHHOT0 3HAY€HUs1 HAMarHUYMBAIOLIEH CUIIbI HAUTH
BEJIMYHMHY MATHUTHOTO ITOTOKA.

Jist oneHKH HE0OX0auMOoro 3HaueHus1 @ MOXKHO peHeOpeyb CONMPOTUBICHUEM
(eppOMarHuTHOrO y4acTKa U MOCUYUTATh MOTOK, KOTOPBIN MOJIYYUTCS MOA JeHCTBUEM
HaMarHW4yuBaroleil cuiiel F Ipy conpoTUBIEHUH BO3IYIIHOTO y4acTKa. JDTO 3HaueHue @
3aBeJIOMO 0OJIbILIE PACUETHOTO.

OcTanbHble 3Ha4€HUs1 MOKHO J1aBaTh MEHBIIIE.

F F
@ — — b
RMEO! —?
Sx4nx10
Oco0eHHOCTH pacyeTa MarHUTHBIX IIETICH ¢ TIEPEMEHHON MarHUTOIBIKYIIICH
CUJION

duznyecKue MpoIecchl B LIEMIX NEPEMEHHOT0 TOKa, COAEPKAIINX KaTyIIKY CO CTAIbHBIM
CepJCYHUKOM, UMEIOT PSJl OCOOCHHOCTEH 10 CPaBHEHHUIO C MIPOIECCAMH B LETISIX TTOCTOSTHHOTO
TOKa. T 0COOEHHOCTH OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE HA KOHCTPYKTUBHOE BBIIOJIHEHHE U
TEXHUYECKUE XapaKTEPUCTUKH SJEKTPUUYECKUX alllapaToB U MAIIMH IEPEMEHHOI0 TOKA.
deppoMarHUTHbBIE JIEMEHTHI B LEMAX IEPEMEHHOTI0 TOKa UMEIOT JIOTIOTHUTEIbHbIE TOTEPU
B CEpACUYHMKE HA TUCTEPE3UC U BUXPEBBIC TOKU. JJIsl CHH>KEHHS IOTEPh CTAIbHOM CepIeUHUK
BBITIOJHSIOT MIMXTOBAHHBIM M3 TOHKMX U30JIMPOBAHHBIX JIPYT OT JpYra MJIaCTHH.
ITorepu B cepaeynuke
[Torepu B cepaeuHrKe, Ha3bIBaEMble IOTEPSIMU B CTANH P, yBeTUUMBAIOTCS MPU
MOBBILLIEHUHU YaCTOTHI MUTAIOLIETO HaNpsKeHUs. [lepeMeHHbI MarHUTHBIN NOTOK P
UHIYKTUPYET B CTAILHOM CepJIeUHUKE BUXpEBbIe TOKHU (TOKU DYKO), 3aMbIKAIOIIHUECS B
MIJIOCKOCTSIX,, IEPIEHIUKYIISIPHBIX K OCH TIOTOKA. DTH TOKH BBI3BIBAIOT HAIPEB CTAJIM, CHUXKAs
TEM CaMbIM K.I1.J. U OTPAaHUYMBasi HAarPy30YHYIO CIIOCOOHOCTH 3JIEKTPOMAarHUTHBIX YCTPOUCTB.
[ToTepu sHEepruu B CTAILHOM MarHUTOIPOBO/I€ 3HAUUTEILHO CHUKAIOTCA MPU YMEHBIIICHUU
TOJIIIUHBI JTUCTA deKTpoTexHnueckoi cranu (0,1 + 0,5 mm)
P,=k, B, d*/p,
riae k; — koadurmenT, onpeaenseMplii SKCIIEPUMEHTAIIBHO;
f — gacToTa mepeMarHUYMBaHUS CTAJIH;
B — MakcuManbHasi MarHUTHAs WHYKIIHS;
d — TonmuHa KcTa NMEKTPOTEXHIUYECKOH CTallu CepACUHUKA;
p — YAeJIbHOE COPOTUBJICHHE MaTepHalia cepeuHuKa.
[ToMuMO TOTEPH OT BUXPEBBIX TOKOB, B CTAJIbHOM MarHUTOIIPOBOJIE IIPU IEPEMEHHOM
MarHMTHOM MOTOKE BO3HUKAIOT MOTEPH, O0YCIOBIECHHbBIE SIBJICHHUEM TUCTepe3nca
P.=k fBw G,
riae k; — moctossHHbIN KOAhDUITHEHT;
G — Bec cepaeyHMKa B KWJIOTpaMMax.
CymMmmapHblie TOTEPH OT BUXPEBBIX MOTOKOB U rucrepesuca P, = P; + P [BT] Ha3bIBatoT
MarHUTHBIMU MOTEPSIMH WU MOTEPSIMHU B CTAIIH.
BekTopHas nuarpaMma M cxema 3aMelIeHHs] KaTYIIKU C CEPACYHUKOM
[Tpu pacuere 1eneii ¢ heppoOMarHUTHBIME JIEMEHTAMU C CHHYCOUJATbHBIMU UCTOYHHKAMU
MUTAaHUS UHIYKTUBHOCTH L HeNb3s1 cCUUTaTh MOCTOSIHHOM, M TIO3TOMY HEOOXO0IMMO HUCIIONIb30BaTh
3aBucuUMOcCTh Mexay DJIC u nmorokocuenieHneM mim norokoM. dopma KpuBoi 3aBUCUMOCTH
MEXy MoTokoM @ ¥ HaMarHMYUBAIOITUM TOKOM 1 (puc. 4.8) mogobHa popmMe OCHOBHOM KPHUBOM
namaranuuBanus B(H), k. ® =B S,aH=IW /L.



Henunelinpiii xapakTep 3aBUCUMOCTH MexTy @ U 1 IPUBOJUT K TOMY, YTO HHAYKTHBHOCTh
karymku L =W @ /i nepectaet ObITh BETUYMHON OCTOSIHHON U 3aBUCUT OT BEIMUUHBI
HaMarHW4YMBaOIIEro TOKa.

ITpu HenoctosaHcTBEe MHAYKTUBHOCTH L D/]C caMOMHAYKIIMY €, HABOAUMYIO B KaTyIIKe

dd
= _W_——
MIEPEMEHHBIM TOKOM 1 CIIEZyeT ONpeaesaTh o Gopmyre dt
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3aBucumocts B(H)
Ecnu k xaTylke moJiBeICHO CUHYCcOHIanbHOe HanpspkeHue u = Uy, sin(ot + /2), a akTUBHOE
cornpoTtusieHue ooMoTku R = 0, TO mpusIokKeHHOE HAPSKEHUE YPaBHOBEILIMBAETCS TOJIBKO
O/C camOuHIyKIIUH:
u=-e,
Up sin(ot +1/2) = W dd / dt.
WNHTterpupys 3T0 BeIpa)XeHUE, NOJy4UM
@ =U,, /(2 n f) W sin(ot) = @y, sin(ot).
W3 nomy4eHHOro COOTHOILIEHHUS CIEAYET:
1. Ilpu cuHycOMJaIbHOM HaNpsKEHUH HA 3aKMMax KaTYIIKM MarHUTHBIM TOTOK @, BI3BaHHBIN
MPOTEKAIOIINM TI0 LIENMX TOKOM [, TOKEe CHHYCOUabHbIN.
2. 3agaHHOMY JEHCTBYIOIIEMY 3HaUCHUIO HanpsbkeHus: U Ha 3aKMMax KaTyIIKd COOTBETCTBYET
onpeereHHas aMIUIUTy1a MarHUTHOTO NoToka @y, He3aBUCHMO OT TOr0, UMEETCS JIM 'y KaTyIIKH
CTaJIbHOW CEPJICYHUK MJIM K€ MArHUTHBIN MOTOK LETUKOM 3aMbIKAETCS MO BO3AyXy. MarHUTHBIN
MMOTOK MHAYKTUPYET B 00MOTKe KaTtymku DJ[C caMOMHIYKIIMH €, paBHYIO 110 BETUYHHE
MPUIOKEHHOMY HANPSKEHUIO U IPOTUBOIIOJIOXKHYIO €EMY 110 HaIlPaBIEHUIO
e =-W dd/dt =-W &, o cos(wt) =2 n f W Dy, sin(owt - 1/2),
En=2nfW @,

E=Ln_ 2T oo - 444 tWo_

N2A2 .
[Ipu sTrom nnayktupyemas IJIC E oTcTaer 0T MAarHUTHOTO MOTOKA HA YETBEPTh MEPHUOJIA.

Bripaxxenue ams neiicrytomeit uanykrupoantoit 9/1C E = 4,44 £ W @ uacto
UCIIOJIb3YETCs NP aHalIn3e paboThl U B IPAKTHUECKUX pacyeTax M Ha3bIBaeTCs
tpanchopmatopnoit I/IC.

[Ipouecc HaMarHWYMBaHUS U pa3MarHUUMBAaHUS CTAIBHOTO CEPJICYHUKA MPOTEKAET IO
HECOBIIAIAIOLINM BETBSAM NETIH rucrepesuca. I paduk 3apucumoct O(i) npu MUKINYECKOM
nepemaranuuBanuu (puc. 4.9 a) umeet Takyto xe hopmy, kak u netis rucrepesuca B(H). Ha
puc. 4.9 6 uzobpaxkeH rpaduK CHHYCOUAATBLHOTO H3MEHEHHUSI MAaTHUTHOTO ITOTOKA BO BPEMECHH

D).



a)

Kpusas nepemaranurBanus (a) u kpusbie O(t) u D(1) A7 KATYIIKH CO CTATBHBIM CEPACYHUKOM

~Y

0)

1.4 Jlexkmus Ne 5, (2 yaca)

Tema: «CuHycOMIaJIbHBIN MEepeMEeHHbIN JIeKTPUYECKUN TOK»

1.4.1 Bonpocsl Jekuum:

1.Cnioco0bI npeacraBjieHusi CMUHycouaadbHON pyHkuu. [losydyenne
MepeMEeHHOr0 TOKa.

2. AMIUTUTY/IHOE, 1eHCTBYIOIIEE U CPeHee 3HAUYEeHHEe CHHYCOUIAJIbHOI0 TOKA U
HANPSIKEHUsl.

3.MeToanka pacuera Henu MepeMeHHOr0 TOKa ¢ MOMOIIbI0 KOMIJIEKCHBIX YHCeJl.
4. IlpocTeiilmmue menyu NepeMeHHOro0 TOKA ¢ HAeaJbHbIM AKTHBHBIM,
HHIYKTHBHBIM H €MKOCTHBIM 3J1IeMEHTOM. AKTHBHAasl, peAKTUBHAS M MOJIHASA
MomHocTH. .Ko3pdunueHT momuocTn

1.4.2 KpaTkoe coaep:xkaHue BONPOCOB:

1 Cnoco0bI npeacTaBiieHUsi CHHYCOUAanbHON (pyHKkuuu. Ilonyyenune nepemeHHOro
TOKA

B nacrosmee BpeMst noutu Besi O3 BeIpaOaThIBACTCS B BUJIE SHEPTHH
NEPEMEHHOI'0 TOKA, T.€. TOK, U3MEHAOLMH Bo BpeMeHU. OH 0011a1aeT PEenMyIIeCTBOM
10 CPAaBHEHUIO C MIOCTOSIHHBIM: IIPOCTO U C MUHMMAJIbHBIMU ITOTEPSIMU IEPEMEHHOE
HanpspKeHue npeodpaszyeTcs Npu nepeaade SHEPruu. Y CTpoiCTBa NEPEMEHHOT0 TOKa
UMEIOT 00JIee MPOCTOE KOHCTPYKTHUBHOE UCIIOTHEHHE, YAOOHBI U HA/ICXKHBI B
JKCILTyaTaluu.

Ecin MrHOBEHHBIE 3HaU€HUsI IEPEMEHHBIX BEJIMUNH OBTOPSIOTCS YEPE3 PABHbBIE
IIPOMEXXYTKH BPEMEHH, TO OHU SIBIISIOTCS NEPEMEHHBIMU NIEPUOJUYECKUMU. B ToM
cllydae, KOTJ1a 3aKOH U3MEHEHUS IEPEMEHHBIX BEJIMYNH MOKHO OIIMCATh C TOMOLIBIO
CHUHYCOMJIbI, OHH SIBJISIFOTCS IEPEMEHHBIMU NIEPUOANYECKAMH CUHYCOUIAIBHBIMH.
[TepemeHHBI TOK IPOMBITIIIIEHHON 9acTOTHI (50 ['11) Ha AMEKTPOCTAHIIUAX CO3/IAI0T
3JIEKTPOMAIIMHHBIE CHHXPOHHBIE T€HEPATOPBI TPEX(Pa3HOIO TOKA.



ITycTh B OJHOPOJHOM MAarHUTHOM II0JIE C PABHOMEPHOM yTIIOBOM cKopocThio &
BpAILAeTCs 3aMKHYTBIA BUTOK ¢ TOKOM. COIIaCHO 3aKOHY 2JIEKTPOMAarHUTHOM MHIYKIINH,
IpY BpAlLlleHUH BUTKA B MAarHUTHOM TioJie Oyzaet HaBoauThes D/1C, BenmuunHa KOTOpon
OIIPEACINUTHCS BEIPAKCHUEM:
e=Blvsina =Blsinawt = E,, sinat
rae B — MarHuTHas HHIYKIMS;

[ — aKTUBHasI JUIMHA IPOBOIHUKA;

U ckopocTh IBMKEHHS IPOBOIHUKA;

O - yron Mex1y HaNpaBIEHUEM JIBUKEHHUS IPOBOJHNKA U MATHUTHOW HHIYKIIMEH.

B HauanbHBIIH MOMEHT BpeMeHH, koraa yron & pasen 0, cHHYC HYIIIO paBeH HYJIIO,
BennunHa J/]C COOTBETCTBEHHO TOKE paBHA HYJIIO. 3aT€M MPHU MOBOPOTE BUTKA HA yroJl,
OTJIMYHBIN OT HYJIA, yBEIHMUUBAeTCs CUHYC yria u Bennunaa J/1C. Haubonbmee
(makcumanbHoe) 3HaueHue DJ[C mocturaercs, Korja paMmka moBepHyTa 1moj yriom 90
rpagycoB. 3aTeM yMeHbleHHue yria (moBopotT 10 180 rpaaycoB) NpuBOAUT K
YMEHBIIEHUIO BETMYMHBI UHAYKTUpOoBaHHOU DJIC o Hysl.

3areM HauMHAaeTCs OTpULaTeNbHbI nonynepuon D/1C. D10 3HaYUT, YTO HANIPABJICHHUE
OJ1C u3MeHUI0Ch, a BEIMUNHA OCTallach TaKas Ke.

ITpu noBopore BuTKa Ha 360 rpamxycos win Ha 270 Hasenennas DJIC MPOXOAUT MOIHBIH
IIUKJT U3MEHEHHIA, a BpEMsl, COOTBETCTBYIOIIEE OAHOMY 000pOTY, OYAET PaBHO OAHOMY
nepuony. Ecinu BUTOK ienaer n 000pOTOB B MUHYTY, TO YHCIIO MEPHOOB B CEKYHAY

OyZIeT paBHO:
n
-~ Ir
f =g [l

[Ipu 3TOM yriIoBasi CKOPOCTh (4acToTa) o =21 .

2 AMILUTUTY/IHOE, IeifiCTBYIOIee U CPpeHee 3HAYeHHe CHHYCOMIATBHOI0 TOKA U
HaNpsIZKeHUsl.

Bcsaxkas CHUHYCOHJaJIbHasA BCIIMUNHA MOXKCT GBITB mpeacTaBjicHa BEKTOPOM,
BpAILAIOIIUMCS C MOCTOSIHHOW YTJIOBOW YaCTOTOM.

Ecnu Ha miiockocTy o yriom Yi or ocn abcuuce OTIOXKUTH BEKTOP JUTMHOMN Ly, u
BpAILATh €ro ¢ YIIIoBoii yacToToil @ npoTHB 4acoBOi CTPENIKH, TO, 10 3aKOHY CHHYCA,
IPOEKIIUs BEKTOpa Ha OCh OpJMHAT Oy/IeT paBHA MTHOBEHHOMY 3HaY€HUIO (DYHKIIMU B
JTAaHHBIA MOMEHT BPEMEHH.

CuHycongaibHOMY TOKY COOTBETCTBYET HETIPEPHIBHOE BpPAIlIEHUE BEKTOpA

JUIMHOM Im .

D10 rpadguueckoe IpeaCTaBICHHe CHHYCOUIALHOTO TOKA WM BpEMEHHAs TharpaMma,
AHAJTMTUIECKOE TMPEJICTABIICHNE CHHYCOMTAIbHON (YHKIIMH (3aKOH N3MCHCHHS )
3aIHIIETCS B CIEAYIONIEM BUJIC:

i=1, szn(a)t +; ) A

b
AHaJIOTUYHbIM 06pa30M MOZKHO 3allCaThb BBIPAKCHUA IJIsI CUHYCOUJAJIbHBIX
HanpspkeHui u DJ1C:

U=U, sinlat+y,) B
E=E,sinflw+y,) B

I, u, e .
rac - MTHOBCHHOC 3HAUYCHHUC,

1,,U,. E

m - aMININTYAHOE 3HAYCHHUE,



Vi Yur» Ve _ yavansmas daza.

HavanpHas (aza xapakTepuzyeT MTHOBEHHOE 3HaYCHHE CHHYCOUIAIBHOMN
BEJINYUHBI B MOMEHT BPEMEHHU, PaBHBIN HYI10. Ha BpeMeHHOM quarpamme 3T0 OTPE30K
OT MOMEHTa BPEMEHH, KOT/1a CHHYCOUAaIbHAas (DYHKIHS paBHA HYJIIO, IPH MIEPEX0E OT
OTpHUIATENIbHBIX MTHOBEHHBIX 3HaYEHHH K MOJ0XKHUTENbHBIM 10 Hayasla koopauHat. Eciu
CUHYyCOHa CABUHYTA BJICBO OT Ha4adJla KOOpAUHAT, TO €€ HaYaJIbHaA (1)21321 CHUHUTACTCsA
MOJIOKUTENBHOM, B IPOTUBHOM CIIy4ae, OTPUIIATEIbHOM.

CpenHee u aeiicTByOIIee 3HAYEHHSI CHHYCOMIATBHON BeJTMYMHBI
HyCTB 3aKOH U3MCHCHUS TOKA UMECT BU.

i=1,sinat

HOI[ CpCAHUM 3HAYCHUC CUHYCOUAAJIbHO U3MCHAIOMICTOCA TOKA TIOHUMAIOT CPCAHCE €€
3HaA4YCHUEC 3a MOJIIEpruoaa.
BGHI/I‘-II/IHy CpCAHCTO 3HAUCHUSA TICPECMCHHOI'O TOKa MOXXHO OMMPCACIINUTD, CCJIU PA3ACIUTD

77
I1omaab ImoJ IMOJOXKHUTCIIBHBIM I10J1 HepI/IO,Z[OM Ha 2 .

T2
1 7¢# 2
ly=m Jidi=21,
T
2 0
0,6381,,
T.€. CpeIHEE 3HAYEHNE CUHYCOUJAIIBHOI'O TOKA COCTABIIAET . Cpennee

3HA4YEHHUE MIEPEMEHHOTO TOKA 3a NMEPUOJT PABHO HYITIO, T.K. TUIOIIA/IH, OTpaHHYCHHBIE
KPUBOH TOKa U OChIO a0CITUCC, B TEYCHHUE KAXKIOTO MOJIYIIEPHO/1a PaBHBI, HO
MPOTHBOIIOJIOKHBI TI0 3HAKY.

OdeHpb MUPOKO MPUMEHSIETCS TIOHATHE ACHCTBYIOMETO (3 (PEKTUBHOTO) 3HAYCHUS
CHHYCOUIAITbHO U3MEHSIOIICHCS BETUIHHBI.

JleiicTBytollee 3HaYCHHE CHHYCOUAALHOTO TOKA YHCIEHHO PAaBHO 3HAUYEHUIO TAaKOTO
MIOCTOSTHHOTO TOKa, KOTOPBIH 32 BpeMs, paBHOE MEPHOTY CHHYCOUIAITBHOTO TOKA
BBIJICTISIET TAKOE K€ KOJMYECTBO TEILJIa, YTO U CUHYCOHIaTbHBIM.

[Tpy IpOX0KICHUN TIEPEMEHHOTO TOKA I10 MPOBOJIHUKY C DJIEKTPHYECKIM
comporuBierreM R | 3a OMH Mepro/| BBIASISIETCS OMPEIETeHHOE KOTHYECTBO TEIIOBOM
SHEPTHH.

T
0, =[024-i*-Rdt
0

KommaectBo TEIJ1a, BBIACJICHHOI'O ITIOCTOSIHHBIM TOKOM 1 B IIPOBOAHHUKE C

comporusnerreM R 3a Bpemsi, paBHOE 0HOMY ITEPHOTY IIEPEMEHHOTO TOKA, MOYKHO
OTIPENIeTUTH TI0 (opMyIIe:

Q; =024RI’T

[TpupaBHSET 3T BBIPAKEHUSI:

T
0, =[024-i* - Rdt )
0 _Q, =024RI*T

Y HallIeM JAENCTBYIONIEE 3HAUEHUE CUHYCOUIAJIbHOTO TOKA:

T

YcTaHOBHUM CBS3b MCKOY I[GﬁCTByIOH.IHM " aMIUIUTYJHBIM 3HAUYCHUCM!

17,
= —Iz dt
0



l}l—cos2a)t

17 I(rr Tl I
J.I sinot) dt:Im — dt =1, |— J.—dt—.f—cos2a)tdt = —
T T T\,2 2

0 0 0 v

3 Metoaunka pacuyera 1Heny nepeMeHHOro TOKa ¢ NOMOIbI KOMILIEKCHBIX YHCeJI.
JI10001i BEKTOp MOXKET OBITh MPE/ICTABICH KOMITJIEKCHBIM YHCIIOM:

jm =1, -ej'//"'
1 :mod(jm)

Toe M - MOAYyJb K.4.;

ej Vi
- oTIepaTop MOBOPOTa,

- =areg\l
Vi E\Um) . ApPryMEHT K.4.
[Ipoekuus BekTOpa Ha OCh IEWCTBUTENIBHBIX BEJIMYMH HA3bIBAETCA NEUCTBUTEIBHON WIIU
peanbHoOi yacTteio KY., onpenensercs yepe3 KOCHHYC yria ICHu:

a :Re(fm)zlm -cosy;

[Ipoekius BeKTOpa Ha OCh MHUMBIX BEJIMYMH HA3bIBAE€TCSI MHUMOM YacThio KY.,
ONpEIETAETCS Yepe3 CUHYC YyIJia MCH:

b= Jm(jm)z 1, -siny;
[Nepenuiiem nokaszarenbHyo GpopMy 3amucu:

I, =1, -cosy,+j-I, -siny,

Ora ¢opMa 3arrcy Ha3bIBaeTCs TPUrOHOMETpHUeckas (hopMyiia mepexoia ot
MOKa3aTeIbHOU K aJireOpandeckon).

I.m:a+b.

Ecnu Tpebyercs nepelitu oT anredpandeckoi (GopMbl 3aITUCH, TO HEOOXOTUMO
OnpeaACIMTbL MOAYJIb KOMIIJICKCHOTO YHCJIa U apr'yMCHT. MOI[y.HB KOMIIJICKCHOT'O YHCJia
omnpenenutcs mo Teopeme [Iudaropa:

I, :\/a2+b2'

Onpenenenne aprymenta KU.

b
Y, =arctg—
a .

Onepanum ¢ KOMILUIEKCHBIMU yucaamu. CiioxeHue.
Cnoxenue u Beruutanue. [Ipeanonoxum, 4To ABa TOKa 3a7aHbl BBIPAXKEHUSIMU TSI
MI'HOBEHHBIX BEJINYUH:

iy =10-sinloor +45°)
iy = 5-sin(a) —1350) A

2

Hepeﬁ/:[eM OT BBIPaXCHUA IJIsI MTHOBCHHBIX 3HAYCHUH K KOMIUICKCHBIM AMIININTyJaM

TOKOB:
) <0 2 2
I, =10-¢/* =10-cos45° + j-10- sin45° =10-§+j-10-§=5\/§+j5x/§



I, —5.07/13" :5-cos(—1350)+j-5-sin(—1350)

:_5,%_]-.5.%:_2,5&—]'2,5\/5

CrnoxeHue IByX KOMIUIEKCHBIX YHCeN yA0OHee MPOU3BOIUTH B anredbpanyeckon popme
3aIHCH:

fim + oy = (5382 + j532)+ (- 2,542 - j2,542) =
(52 - 2,5v2)+ j(5v2 - 2.5v2 )=
=2,5v2(2-1)+ j25/2(2-1)=

2,5V2
Jja rctg[’]
S25V2 4 252 =2 sVa) + sV f e 2o
—J25V2) - (141)- erorerst) -
=2,5242 e =5.0/%

OOpatHBIi Mepexo]1 K MTHOBEHHBIM 3HAUYCHUSIM:

ip =5 sin(a)t +45° )

Onepaulm ¢ KOMILIEKCHBIMHY YucJIaMu. Beruuranue.

Ty =T = (532 + j532)- (- 2,5v2 - j2,542) =
(5v2 +2,5\/_ )+ j(5v2 +2,542)=
=2,5v2(2+1)+ j2,5v2(2+1)=

7,5v2
ja rctg[’J
75V 4 1532 =152 + (152 ) e )
— \/ (7,5\/5 ) (1+1)- pJarcig(l) _
= 7,5\/5\/5-ej450 ~15.6/%

OOpatHbIi epexo]1 K MTHOBEHHBIM 3HAUYCHUSIM:

i, =15 -sin(a)t+450)'

Onepanum ¢ KOMILUIEKCHBIMH Yucaamu. [lesenue.
[lycThb 3a1aH ABYXIOMIOCHUK, TOK M HANPSKEHHE, Ha 3a)KHUMaxX KOTOPOTrO
M3MEHSIOTCS 110 3aKOHY CHUHYCA!
JlenuTh KOMIUIEKCHBIE Yncia yAo0Hee B MoKa3aTeabHoM popme 3anucu
KoMIIekcHbIe aMIUTUTYABI HAPSKEHUS ¥ TOKA UMEIOT CIICAYIOIINI BU/I:
Up=Uy-e. I,=1I,-"

B pesynbraTe nenenus, coriaacHo 3akoHy OMa, ojydyaeM BEIMUUHY PaBHYIO
CONPOTHUBIICHHUIO.
YUn

=Z-cosp+ jZ-sing I, .o/?



B LCIIAX MEPEMCHHOTI'O TOKA OHO HA3bIBACTCA IMOJIHBIM COITPOTUBJICHUEM U 0003HayaeTcs

6ykBoit Z . PasHocTh HaYanbHBIX (a3 TOKA W HATIPSHKEHHs 0003HadaeTcs GYKBOi ((n) ¢
Y Ha3bIBAaeTCS YIJIOM cIBUTA (a3.

Hcnonp3ys TpuroHoMeTpuyeckyio Gopmy 3amucH, nepeiaeM Kk anredpanyeckon popme
3annen K.Y.

PeanbHast 4acTh KOMIUIEKCA TIOJTHOTO CONPOTHUBIICHHS HA3bIBAECTCS AKTUBHBIM

COHpOTI/IBJIeHI/IeM n 0603HaqaeTc;1 R . MHI/IMaSI qaCcTh KOMIIJICKCA ITOJIHOI'O
COIIPOTHUBIICHUS HA3bIBACTCS PEAKTUBHBIM COITPOTUBIICHUEM U 0003HaYaeTcs: OyKBOM X
RT J'X =z

. -900
U, =100-¢’ o

; —j135°
1, =10-e77

Un _100-e :m.ej(900+1350) 100725
L 10-e7" 710 =10~/

Bennuuna, oOpatHas MoJIHOMY KOMIIJIEKCHOMY COIIPOTHBIICHUIO Ha3bIBACTCS MOTHON
KOMIUIEKCHOW ITPOBOAMMOCTBIO:

11 R-jX _ R-jX
~ Z R+jX (R+jX)-(R-jX) R*+X>
R . X
“R2ix? TR ix?

[lepBas npoOk (peanpHas YacTh) Ha3bIBACTCA AKTUBHAS MPOBOAMMOCTD U 0003HAYAETCS

OyKBOIi g,

S.JIpocreiilue Henu NePeMEeHHOr0 TOKA ¢ HaeaJbHbIM AKTUBHBIM,
HHAYKTHBHBIM H €MKOCTHBIM 3JIECMEHTOM. AKTUBHAsl, PEAKTUBHAS U MOJIHAS
MomHocTH. KoadgpuuuenT MouHocTH

Pe3ucrop
JIBYXTIOTIOCHUK COJIEPAKHUT PE3UCTUBHBIN 3JIeMEHT. TOK JBYXITOJIOCHUKA
M3MEHSETCS 110 3aKOHY CUHYCa:

i=1, sinwt
OHp@I[eJII/IM 3aKOH U3MCHCHUS HAIIPSKCHUS HA €TO 3aKUMaAX:
up=R-i=R-1, sinwt =U,, sinwt

TakxuMm oOpa3om, HanpsKEHUE Ha 3aKUMax JBYXIOJIIOCHUKA U TOK, TPOXOIAIINNA yepes

PE3UCTOP, UMEIOT OJUHAKOBYIO HaYaIbHYIO (pasy (l//i =V , P=YV.~Vi= O), Wi
coBnanaror 1o (ase. OHU OJHOBPEMEHHO JOCTUTAKOT CBOETO MAKCHUMAILHOTO 3HAYEHUS
¥ COOTBETCTBEHHO OJHOBPEMEHHO IPOXOAAT Yepe3 HOMb. Kak moka3aHo Ha BpEMEHHOM
nuarpamme. Ha BEKTOpHOM auarpaMMe BEKTOPHI TOKA M HATIPSIKEHHUS HA PE3UCTOPE
COHaIIpaBJICHBI.

NHIyKTUBHBIH 3JIeMEHT

[TycTh B 11€1Ib MEPEMEHHOTO TOKA BKJIIOUEHA KAaTyIIKa C MaJIbIM COMPOTUBIECHUEM
npoBoJia (uaeanbHas katyiika). HempepslBHOE H3MEHEHHUE TOKA B BUTKAX KaTYIIKU
BbI3bIBaET nosieHue IJIC caMOMHAYKIIUK, KOTOPOE B COOTBETCTBUHM C MpaBuiioM JleHna
MPOTUBOJICUCTBYET U3MEHEHUIO TOKA. JIOMyCTUM, TOK KaTYIIKU U3MEHSETCS 110 3aKOHY:

i=1, sinwt



Torpa BennunHa 31C caMOMHIYKIINU:
. . . pe
e; :_Lﬂ:_ —d(lm szna)t) =-X,1, sin| of +—
dt dt =-wlLl,, cos wt 2

, T
=-FE,  sin| ot +—

OJIC caMOMHAYKIIUK BCETAa HAITPABICHO HABCTPEUY HANPSKEHUIO, & 3HAUMT:
. 0
u, =—e; =U, Sln(a)t+90 )
HauanbHas ¢daza HanpspKeHUs: OTIIMYAETCsl OT Ha4albHOU (ha3bl TOKA HA YTroJ 900, T.€.

(//u :(//i +9OO

0
, OTKy/J1a CIEAYET, 4TO P=V.—V:= 90 . ['oBopAT, 4TO HaMpsIKEHUE
Ha MHAYKTUBHOCTH OIIEpeKaeT TOK MJIM TOK OTCTAcT OT HAIPSLKECHUS Ha Yroj 90°, IIpu
TEX 3HAYEHUs, KOT/1a HANpsHKEHUE IOCTUTAET CBOETO MAKCUMYyMa, TOK paBeH Hyit0. Ha
BEKTOPHOM AMarpaMMe BEKTOP HaIIPsKEHUs IOBEPHYT HA YOl 90° rpaaycoB IIPOTHUB
YaCOBOM CTPEJIKM OTHOCUTEIBHO BEKTOPa TOKA.
EMKOCTHBIH 3j1eMeHT
[1ycTh B 11€11b MEPEMEHHOTO TOKA BKJIIOUEH KaTyIIKa €MKOCTHBINA 3JIEMEHT, HAIIPS>KEHUE
Ha 3aKUMaxX KOTOPOT'0 U3MEHSIETCS 10 3aKOHY CUHYCA:

uc =U,, sinawt
Tok u HanpspkeHue cBa3aHbl 3akoHOM OMa B tuddepeHIanbHoi popme 3arucH:

i:CduC :Cd(Um sin at )
dt dt =wCU,, coswt

, 7
=bcU,, sin a)t+5 =

=1, Sin(a)t+900) Xc :E

o 0
Hauanpnas ¢aza Toka oTanyaercs oT HaualbHOM (has3bl HanpspKkeHus Ha yroa 907, T.e.

0 0
Vi=w,+90 , oTkyza cnenyer, aro ¢~ Vu ~Vi = —907, ToBopsT, 4TO
HanpsHKEHUE Ha eMKOCTH OTCTAeT WK TOK OMEPEKaeT HAPSKEHHUE Ha yroj 90°. [Ipu Tex
3HAa4YEeHUs, KOTJa HalpsDKeHNE JOCTUTAaeT CBOET0 MaKCUMYyMa, TOK paBeH Hy:to. Ha
BEKTOPHOI1 MarpaMMe BEKTOp HATPSDKEHHMs oBepHyT Ha yrox 90° rpaxycos B
HAIpPAaBJIEHUU 110 YaCOBOIl CTpEJIKE OTHOCUTEIHHO BEKTOPA TOKA.

AKTHBHAasl, peaKTUBHAs M NOJHAsE MOIIHOCTH. KoaddpuumeHT MomHocTn

PaCCMOTpI/IM IMACCHUBHBIM ABYXITIOJIIOCHHK, TOK W HAIIPAKCHUC, HA 3a’)KNMax
KOTOPOro, UBMCHAKOTCA 10 CUHYCOUJAJIIbHOMY 3aKOHY:

u=U,sinat  i=1,sin(et+y;)=1, sin(at+p)

MrHoBeHHasi MOIITHOCTb, IPOU3BOAMMAs HCTOUHUKOM SHEPTUH U NMOTpediiseMas
JBYXITOJIFOCHUKOM, PaBHa CKOPOCTH COBEPIIEHHs paOOThI B JTaHHBI MOMEHT BPEMEHH U
paBHA MPOU3BEACHUI0 MTHOBEHHOTO HANIPSKEHUSI HA MTHOBEHHBIN TOK:

p=u-i=U, sinwt-1, sin(a)t+(o)= u,l, sina)tsin(a)t+(p)

_Undm 2UN21
= Zmim] ]:T

cos p—cos(20t + @) [cos @ — cos(2at + )]

Ul cosp—UI cos(2a)t + gp)

Takum 06pa30M, MIHOBCHHAsi MOITHOCTb UMECT NMMOCTOAHHYIO COCTABJIAIOIIYIO U
TapMOHUYECKYIO COCTABIISIONIYIO, YIIIOBasi 4aCTOTa KOTOPOH B 2 pa3a OoJiblie, 4eM
yrijioBasg 4aCToTa HAIIPSPKCHUA U TOKA.



MI‘HOBeHHaSI MOIITHOCTH ,Z[BYXHO.HIOCHI/IKa IIOJIOKUTCIJIbHA, KOrJa HaHpH)KGHI/Ie " TOK
OJIMHAKOBHI 110 3HAKY, U OTPHUIIATEIbHA, KOTJ]a HAIPSHKEHUE M TOK MPOTHUBOTIOJIOKHBI 10
3HaKy.

Korga MrHOBeHHas1 MOIITHOCTH TIOJIOKHUTENBHA 110 3HAKY, 3HAYHUT, OHA TTOCTYIAaeT OT
NUCTOYHHUKA 3H€pI‘I/II/I K ,Z[ByXHO.HIOCHI/IKy, U B cnyqae, Koraga MrHOBC€HHaAsA MOIITHOCTb
OTpHUIIATENIbHA, YHEPTUS BO3BPAIIAECTCS B HCTOYHUK. DTO 3HAYHT, YTO SHEPIHS,
HAKOIIJICHHAs B MAarHUTHBIX U BHGKTpI/I‘IeCKHX II0JIAAX DJIEMCHTOB (KaTYIHKa 148 eMKOCTb)
npeoOpazyercsi B O3 U BO3BPAIIAETCS B UCTOYHUK.

MouHoCTh B leNH ¢ Pe3UCTUBHBIM 3JIEMEHTOM.

Ecnm nByXTmOJIFOCHUK COJEPIKUT TOJIBKO PE3UCTUBHBIN JJIEMEHT, 00J1a aloInii
AKTUBHBIM COHpOTI/IB.HeHI/IeM, TO BHGPFI/I}I HaKarlJInBAaThHCSI B HEM HE MOXKCET. TOK 148
HaIpsHKEHUE BCET/Ia OJTHOTO 3HAKa, CIIeI0BATEIbHO, MTHOBEHHAsI MOIITHOCTh BCET/Ia MO
3Ha1<y IIOJIOKUTCIIbHA.

CpenHee 3HaU€HNE MTHOBEHHOM MOIIIHOCTH 3a MEPUO/] Ha3bIBAECTCS AKTUBHOMN
MOIIIHOCTBIO ¥ ONPEACIISIETCS BBIPAXKEHUEM:

1 T
P=— _[ p dt

Ty =Ulcosp=UlI
MomHOCTS B ienU ¢ HHAYKTHBHBIM 3JIEMEHTOM.

PaccMoTpuM IBYXITOTIOCHUK, B KOTOPBIA BKJIFOYEH UHIYKTUBHBIN 3J1€EMEHT. TOK
MHTyKTHBHOCTH OTCTAeT OT HanpsukeHust Ha yron 90°. TakuM 06pa3oM, MrHOBEHHAS
MOIIIHOCTh Ha NHIYKTUBHOCTH UMEET TOJIBKO TAPMOHUYECKYIO COCTABJISIOILYIO,
M3MEHSIOIYIOCS C IBOMHOM yacToToil. Korma Tok Bo3pacraeT, IpoUCXOIUT HAKOIIIEHUE
SHEPruu B MarHUTHOM I10JIe UHAYKTUBHOCTH. Koria Tok yObIBaeT, ero MarHuTHOE IoJie B
MHAYKTUBHOCTH pacnajaercs, a SHeprus, npu nocpeacrse 3J{C caMOMHAYKIIMH BCs
BO3BpAIllaeTCs Ha3a] B HICTOYHHUK.

B Teuenue BTOpoO 4e€TBEPTU NEPHO/Ia MTHOBEHHAsI MOIIIHOCTh OTPUIIATENIbHA, TaK
KaK MHJYKTUBHOCTb HE IIOIJIOIIAET PHEPTHIO, a CaMa CTAHOBUTCS UCTOYHUKOM SHEPTUH.
Takum oOpa3om, TOK B IIeNH ¢ UHAYKTUBHOCTBIO HE COBEpIIAET paboTy, OH
00yCJIOBIMBAETCS JIMIIb KOJIeOaHUAMHU SHEPTUu. Takoil TOK UMeHyeTCsl peakTUBHBIM. OH
0ecroe3Ho 3arpy»aeT HCTOUYHUK U MTPOBOJa JIMHUH JIEKTpoIiepeiad, CIe10BaTeNbHO,
JUISL 3JIEKTPOIHEPTETUKYU OH SIBJISIETCSI BPEIHBIM.

CpenHee 3HaYeHNE MTHOBEHHON MOIIIHOCTH 3a MEPHOJ] (aKTUBHASI MOIIIHOCTh) paBHA
Hy/T10. B 11enu npoucxoaar KonebaHust 3HEPrud MEX1y HCTOYHUKOM SHEPTUU U
MarHUTHBIM MOJIEM MOTpeOuTeNss. AMIUIUTYY KoJieOaHU MTHOBEHHON MOIIHOCTH B
LENHU C UHAYKTUBHOCTBIO Ha3bIBAIOT PEAKTUBHOW MHIYKTUBHOM.

O =1"-X,, [ap]

MoIHOCTS B LieNH ¢ eMKOCTHBIM 3JIEMEHTOM.

B nenu ¢ eMKOCTHBIM 3JIEMEHTOM TOK OIIEpEkKACT HAPSKEHHUE HA 90°. Kak u B
ClIy4ae ¢ UACAIbHBIM HHIYKTHBHBIM 3JIEMEHTOM, MTHOBEHHAsI MOIIIHOCTh Ha
rapMOHHMYECKYIO COCTABIIAIOIIYIO, U3MEHSIOLIYIOCS C JBOMHON YacToTol. OHaKo
HAKOIUICHNE DHEPIHH, 3aps]] KOHIEHCATOpa, IPOUCXOIUT, KOTAa BO3pacTacT HU TOK, a
HaNpsDKEHUE, U KOHJEHCATOp pa3psbKaeTcsl Koraa HanpskeHue ymenbiiaercs. M, taxoke
KaK Y B LIENIN C MHAYKTUBHOCTBIO, TOK B LIEIIM C EMKOCTHBIM JJIEMEHTOM HE COBEPIIACT
paboThI.

CpenHee 3HaUCHHE MTHOBEHHOM MOIIHOCTH 3a NEepHOJ (aKTUBHAs MOLIHOCTh) PaBHA
Hy/T10. B 11enu npoucxoaar konebanust 3HEprud MeX1y HCTOYHUKOM SHEPTUU U
MarHUTHBIM I10JIEM NOTPEOUTENSI. AMIUIUTYAY KOJIeOaHUH MTHOBEHHOW MOLIHOCTH B
LN C UHAYKTUBHOCTBIO Ha3bIBAIOT PEAKTUBHOW MHIYKTUBHOM.

Oc=1"Xc, [pap]



1.5  Jleknus Ne 6,7 (4 yaca)

Tema:»Pacuér TMHEHHBIX Leneil NepeMeHHoro Toka. Pe3oHaHc HANPAXKEHUH.
Pe3onanc ToxoB»

1.5.1 Bomnpocsl Jeknum:

1.J/IuHeiiHast nuenb MepeMeHHOro TOKa.
2. TpeyrojibHUK HaNps:KeHUi, CONPOTHBJICHNI U MolHOCcTel. Pe3oHaHc
HaNPSAKEHUI.
3. Pa3BeTBJ/ICHHBIE LeNIH NIePEeMEHHOro Toka MeToa NpoBoguMoCTel U
IKBUBAJICHTHBIX
npeodpasoBaHMil.
4. Pe3oHaHc TOKOB. YacTOTHbIE XapaKTEePHCTUKH.
1.5.2 KpaTtkoe coaep:xaHue BONPOCOB:
1 JInHeiiHasi Henb MEePEMEHHOI0 TOKA.
Ecnm x 3axuMam 1ienu NpuiioxkuTh CHHYCOMAAIBHOE HAIIPSKEHUE, TO B HEM MPOTEKAET

CUHYCOUJIaJIbHBIN TOK:
i=1 smat.

CornacHo Bropomy 3akoHy Kupxroda, HanpsipkeHrne Ha BXOAHBIX 3aKHMax OMpPeIeuTCs

KaK CymMMa HaHpH)I(eHI/Iﬁ Ha KaXXIA0M OTACJIIbHOM 3JICMCHTC!:

U=u.+uy +u, y
- AJI1 MTHOBCHHBIX 3HAYCHHH,

NI

U=Uc+Ur+U.L . JUJIs1 KOMIUJIEKCOB JICCTBYIOIIMX 3HAYCHUH.

BekTopHas nuarpamma

[TocTponM BEKTOpPHYIO THarpaMmy HanpspKEeHH 11 nanHoi nenu. [loctpoenue
HA4YMHAEM C BEKTOpa ACHCTBYIOLIETO 3Ha4eHMsI TOKa. CTPOUM BEKTOPHI HANPSKEHUI Ha
3IIEMEHTAaX C y4eToM U3 (pa30BbIX COOTHOIIEHHH. HanpspkeHne Ha eMKOCTH OTCTaeT OT TOKa, T.€.
BEKTOP MOBEPHYT HA yroJj 90° B HaIpaBJICHUH 10 YaCOBOM cTpenke. BekTop HanpsiKeHUs Ha
pe3UcTOpe COBMAIaeT C BEKTOPOM TOKA. 3aTEM CTPOUM BEKTOp HANpPSKEHUS Ha EMKOCTH,
OIIEPEIKAIOIINM BEKTOP TOKA HA YOl 90°. CkmagsiBacm BEKTOPBI 10 MIPaBUILy [1apajuIesIorpaMMma,
Y TIOJIy4aeM BEKTOP HANpsHKEHHS Ha 3aKUMax Iemu.

[Tpuyem, ecu peakTUBHOE €eMKOCTHOE COIPOTHUBIICHHE OOJIbIIE PEAKTHBHOTO

UHAYKTUBHOTO: X¢>X;MMeeT MECTO aKTUBHO-EMKOCTHBIN Xapaktep Harpy3ku. U torna,



HalpsDKEHUE B LIENIN OTCTaeT OT ToKa. B ciydae, koraa X¢<Xi( akTHBHO-MHIyKTHBHBIH
XapakTep Harpy3kH) HalpspDKEHUE ONepekaeT TOK Ha yroil ¢.

PazHOCTH BEKTOPOB HANPSHKEHUN HA EMKOCTHU M MHYKTUBHOCTH MPEACTABISIET COOOH, B
00IIIeM clydae, peakTHBHOE HaIpsDKEHHE: Up=Uc=U..
2 TpeyrojibHUK HaNpsKeHUi, CONPOTHUBJICHUI U MOIIHOCTel. Pe3oHaHc HanpsiKeHUI.

CoBmaieHre 4acTOThI BEIHY)KICHHBIX KOJIeOaHU, COOOIaeMbIX (PU3NUECKON CHCTEME
W3BHE, C YaCTOTOM COOCTBEHHBIX CBOOOIHBIX KOJICOaHUI Ha3bIBACTCS PE30OHAHCOM.

B DI nepeMeHHOr0 TOKa pe30HaHC BO3HUKAET MPU COBIAJICHUH YaCTOT UCTOYHUKA U
COOCTBEHHBIX CBOOOHBIX KOJIeOaHUH KONIeOaTeIbHOTO KOHTYpa, T.€. Korna B O] npoucxoaut
pa3psil EeMKOCTH Ha UHIYKTUBHOCTb. A 3TO 3HAYMT, YTO HAIPSYKECHUE HA EMKOCTH U
UHAYKTUBHOCTH JOJDKHBI OBITh PaBHBI:

UL = Uc, I/I.HI/II'XL =I'Xc.
YcnoBreM pe3oHaHca HaMpsHKEHUH MOXKHO CUMTATh PABEHCTBO PEAKTUBHBIX

COHpOTI/IBJ'IeHI/Iﬁ DJICMCHTOB LICTIN.

X, =X,nmolL =——.
L c
wC
Bekropnast nuarpamma pe30HaHCHOM IETH BRITJISAUT CICTYIOIIMM oOpazoM: BekTop
HaIpsKEHUS. HAa PE3UCTOPE COBIAAET C BEKTOPOM TOKA, & BEKTOPHI HANIPSIKEHUN HA EMKOCTHU U

0
WHAYKTUBHOCTU CABUHYTLI, OTHOCHUTCIIbLHO BCKTOPA TOKA HA 90 , JJIMHBI UX PABHBI.

CJ'ICI[OB&TCJ'II)HO, HUX TCOMETPUUCCKaA CyMMa paBHa HYJIIO, a HAIIPSAXKCHUC HAa BXOAHBIX 3aKMMax

LIENH paBHA IO BEIMUMHE U COBIAJAET 10 (pa3e ¢ HANpsHKEHUEM Ha PEe3UCTOpe = U.

Tak kaKk MTHOBEHHAs1 MOLIIHOCTb €CTh IIPOU3BEICHUE MTHOBEHHOI'O HAIIPSKEHUS HA
MI'HOBEHHBIN TOK, TO, OYEBHUIHO, MTHOBEHHBIEC 3HAYECHHS MOILIIHOCTEN HA UHAYKTUBHOCTH U
€MKOCTH OyJlyT PaBHBI 110 BETMYNHE U IPOTUBOIOJIOMKHBI 110 3HAKY.

OHeprus MEeKTPUYECKOTO MO KOHAEHCATOPA IIPH €T0 pa3psac NEPEXOANUT B SHEPTHUIO
MarHUTHOTO TOJI KaTyIIKu U Hao0opoT. Takum 06pa3om, MPOUCXOAAT KOJIeOaHus! SHEPTUU
MEXy KaTyIIKOW U eMKOCTHBIM 3JIeMEHTOM 0€3 yuacTHsl SHEepruH reneparopa. ['eneparop xe
COOOLIMB NEepBOHAYAIbHBIH 3apsa KOHAEHCATOPY, BIIOCIEACTBUU KOMIIEHCUPYET TOJIBKO IOTEpU
SHEPrUU B aKTUBHOM CONPOTHBIICHHU.

[TonHOE conpoTHUBIICHHE LIETIH, COACPKALEN PE3UCTUBHBIN, EMKOCTHBIN U
UHIYKTHBHBIN 3JIeMEHTHI, onpeaenuTcs rno reopeme [Tugaropa. Tak kak B pe30HAHCHOM pEXUME
PEaKTUBHBIE COIPOTUBJICHMSI PABHBI, TO UX Pa3HOCTb paBHA HY10. CIe10BaTENbHO, IOIHOE

COIIPOTUBJICHUEC LICTIM PABHO AKTUBHOMY COIIPOTHUBJICHUIO PE3UCTHUBHOT'O 3JICMCHTA.



Tox B 1ienu onpenenuTcs: BRIPOKCHHEM:

R

3anuiieM ypaBHEHHE 110 BTOpoMy 3akoHy Kupxroda nmst qanHOM nenu ¢ yuetom (2):

N UMECT MaKCUMAJIBHOC 3HAYCHUC

U U . U . X, X
U=—R+—jX, —— jX,.=U+ UL - jU—*<
R R R R R
U B cnyuae, eciiu peaKTUBHBIC CONPOTHUBIICHHSI KATYIIKA M eMKOCTH MHOTO OOJIbIIIE, YeM
X, =X.>>R;
AKTUBHOC COITPOTHUBIICHUC PE3UCTOPA TO YaCTUYHbIC

HaNpsDKEHUS Ha KaTyIIKe ¥ eMKOCTH OyAyT OoJIbIlle, UeM HalpspKeHHE Ha BXOJIE IeTH

UL=Uc>>U. Byoum cirydae, 00JIbII0E YACTUYHOE HAPSIKEHNE HA EMKOCTH MOXKET
MPUBECTH K MPOOOIO CIIOS THUANEKTPUKA, a Ha KaTylIKe — K po0oto u3onauuu. [1o sToi mpuunne
K TEXHHKE CUJIbHBIX TOKOB PE30HAHC HANPSKEHUN CUMTAETCS HEXKENaTeIbHBIM SBJICHUEM, a B
TEXHUKE CJIA0BIX TOKOB HaIllEll IUPOKOE IPUMEHEHHE.
OTHOIIEHNE PEaKTUBHOM COCTABIISIONIEH HANPSHKEHUS K HANPSDKEHUIO, IPHIIOKEHHOMY K IIeTIH,
Ha3bIBACTCSI IOOPOTHOCTHIO KOHTYPA, UK KoddduimeHToM pe3onanca. OH MOKa3bIBAET, BO
CKOJIBKO pa3 HalpsHKEHUE Ha KaTyIIKE WM eMKOCTH OOJIbIIe, YeM HANpsKEHHE Ha BXOJIE IIeTH.
U, UC
“L=—f=0

U U
YciaoBus pesoHanca
Kak HacTpouTh 1iens B pexUM pe3oHaHca.

1. TIlpum m3BecTHBIX 3HaueHUAX L uC, mogoOpaTh pe30HAHCHYIO YacTOTy. Mcrmonb3ys

PaBEHCTBO PEAKTUBHBIX COIIPOTUBIICHUN, BBIPA3UM PE30HAHCHYIO YaCTOTY:

1 1
ol=—o’'LC=1 0w =———
wC P JJLC

2. Jlns 3aJaHHOTO 3HAYCHUS YacTOThI U3MEHTh 3HaUeHus L uC.
MBI yKe TOBOPHIIH, YTO MHAYKTUBHOCTH KaTYIIKH YBEIMYUBACTCS, €CJIU TIOMECTUTh BHYTPb
KaTyIIKU (peppUMarHUTHBIN cepieYHUK. B aBTOMOOMIIBHBIX IPUEMHHUKAX HACTPAUBAIOT
KOHGG&T@HBHBII’I KOHTyp, N3MCHSAS I/IHI[yKTI/IBHOCTI:. HSMGH;ITB E€MKOCTH KOHI[GHC&TOpa MOKHO,

YBCIWYHMBAA MJIOIaAb IIJIACTHUH.

1 1
Lp:cazC; sza)zL

YacToTHbIE XapaKTePUCTHKH




3aBHCHMMOCTD MOJIHOTO CONMPOTUBJIEHHUS OT YACTOTHI

PaccMoTpuM 3aBHCUMOCTD CONPOTUBIIEHUH JIEMEHTOB OT YacTOThl. Ha Benuuuny
AKTHBHOI'O CONPOTUBIIEHUS PE3UCTUBHOIO AJIEMEHTA YaCTOTa HE BIUSET, IOATOMY Tpaduk
npescTaBisieT co00i MPSAMYIO JIMHUIO, TapajlIeIbHYI0 OCH YaCTOTHI.
PeakTnBHOE MHIYKTUBHOE COMPOTUBIIEHUE MPSIMO MPOMOPLMOHATIBLHO YaCTOTE, IO3TOMY MPHU
YBEJIMYEHUH YaCTOThl YBEITMUMBAETCS U CONPOTUBIIEHHE. PEaKTHBHOE EMKOCTHOE K€
COTIPOTUBIIEHNE OOPATHO MPOMOPIIMOHATIBHO YaCTOTE, T.€. IPH YaCTOTE, CTPEMSIIEHCS K HYIIIO,
COTIPOTUBIIEHUE CTPEMUTCS K OECKOHEYHOCTH, U, HA00OPOT, MPH YBEIMUYEHUHU YaCTOThI
COMNPOTHUBIICHUE CTPEMUTCS K HYJIO. DKBUBAJIEHTHOE PEAKTUBHOE COMPOTUBIIEHUE ONPEIEIAETCS
KaK PaBHOCTh PEaKTUBHOI'O MHIYKTUBHOI'O U PEAKTUBHOTO €MKOCTHOTO, IIO3TOMY, IIPU YaCTOTE,
MEHBIIIeH Pe30HAHCHOH, SKBUBAJIEHTHOE Oy/IeT MEHbIIIE HYJIS, a IPH YacToTe, O0JbIle
pe30HaHCHOU — 60JbIIe HYIS. M1 COOTBETCTBEHHO MPHU YacTOTE, PAaBHOW pE30HAHCHOU —
AKBHUBAJIEHTHOE OYJET PaBHO HYIIIO.

[Ipoananu3upyem, Kak 3aBUCHT BXOJHOE (ITOJIHOE) COMPOTHUBIIEHUE, KOTOPOE
ONpeNENsAeTCs KaK TeOMETPUYECKas CyMMa aKTUBHOTO M PEAKTUBHOIO conpoTuBiieHui. [Ipu
4acTOTE, paBHOM HYIIIO, TOJIHOE COMPOTUBJICHHE PABHO OECKOHEUYHOCTH, IPU PE3OHAHCHOM
4acTOTE, pEaKTUBHAsI COCTABJISIIOLIAS PaBHA HYJIIO, CJIE0BATEIbHO, ITOJIHOE COMPOTUBIICHUE
OyZeT paBHBIM TOJILKO aKTUBHOMY COTIPOTHBIICHHIO pe3ucTopy. U mpu nanbHenem

YBCIUWYCHUHN YaCTOTHI, ITIOJTHOC COIMPOTHUBIICHUC 6y,I[CT YBCINYNBATHCA.

®a30-yacTOTHASI XapaKTEPUCTHKA.

3aBucumocTh a3l (yraa casura ¢a3) OT 4aCTOTHI:

¢ = ().

[TycTh OBYXMOIIOCHUK COCTOUT TOJBKO U3 JIEMEHTOB, 00J1a/1al0IINX PEaKTUBHBIM
COIPOTHBIIEHUEM, TOI'/Ia TIOJTHOE CONPOTUBIIEHUE LIENH aBHO:
Z=X
B unTEpBalie 4acTOT OT HYJIIO 1O PE30HAHCHOU, XapaKTep HArpy3KH eMKOCTHBIN, YIrOJI CIBUra
a3 Mex Iy HapsHDKEHHEM M TOKOM PaBeH -90°. Moce PE30HAHCHOW YaCTOTHI XapaKTep
Harpy3Ku WHIYKTUBHBIN, a 3HAYUT, YTOJI CABUTA (a3 paBeH 90°. Takum 00pa3zoM, B YUCTO
PEaKTUBHOM JIBYXIIOTIOCHUKE ()a30BbIi CIBUT MEHSIETCS OT -90° 10 +90°. Ecim B
JBYXITOJIFOCHUK BKIIOYUTHh aKTHBHOE COMPOTUBIIEHUE, TO rpaduk OUX Oyner He CTyNeHYaThIM,
a TUTAaBHO BO3PACTAIOIIUM, IIpHYEM, YeM OO0JIbIle T00pOTHOCTh KOHTYpa, yeM DUX Ommxke k

CTYIICHYATOM.



AMILINTY/IHO-4ACTOTHASI XapAKTEePHCTHKA.

CHauvazna paccMOTPHUM L€k IPH YacTOTe OJIM3KOHN K HyNI0. PeakTHBHOE eMKOCTHOE
COIPOTHUBIIEHUE CTPEMUTCS K OECKOHEYHOCTH, a 3HAYUT, TOK B LEMH PaBeH HyII0. PeakTuBHOE
WHIYKTHBHOE COIPOTHBIIEHUE MPSMO NMPONOPIIMOHATIBHO YaCTOTE U PABHO HYJIIO, HAIPSIKEHUE
Ha 9TOM 3JIEMEHTE TOXe OyJeT PaBHBIM HYIIIO.

IIpu ToKe, paBHOM HYJIIO, HANIPSKEHUE Ha aKTHBHOM COIIPOTHBIIEHUH paBHO HyIt0. M3 Bcero
BBIIIIECKA3aHHOIO CJIEJIYET, YTO BCE HANPSKEHUE UCTOUHUKA IIPUIIOKEHO K EMKOCTH.

ITpu pe30HaHCHOH YacTOTe peaKTUBHBIE CONTPOTUBIEHUH PaBHBI, @ UX CyMMa paBHa HYJIIO.
XapakTep Harpy3Kd YMCTO aKTHBHBIH, TOK KMEET MaKCUMallbHOE 3HaueHue. Hanpskenus Ha
MHJIYKTUBHOCTU M €MKOCTH PaBHBI, a UX BEJIMYMHA 3aBUCUT OT IOOPOTHOCTH KOHTYypa. Takum
00pa3oM, HalpsKEHNE Ha aKTUBHOM CONPOTUBJIEHUH PABHO HANPSKEHHUIO UCTOUHHUKA.

IIpu jnanbHeHeM yBeJIn4eHUH 4acTOThI JI0 OECKOHEUHOCTU PEAKTUBHOE MH/IYKTUBHOE
COIIPOTHUBJIEHHE CTPEMUTCS] K OECKOHEYHOCTH, YTO COOTBETCTBYET OOPBIBY IIEIIH, TOK CTPEMUTCS
K HyJro. HanpskeHue Ha pe3ucTope paBHO HyJ 0. HanpspkeHus Ha éeMKOCTU M UHAYKTUBHOCTH

TaK¥XKE CTPEMUTCA K HYJITHO.

3. Pa3BeTBIICHHBIE IeNN MepeMEHHOT0 TOKa MeToa npoBoauMocTeii u
IKBHBAJCHTHBIX
npeodopa3oBaHMii.
B nenu ¢ napamiensHBIM coeqUHEHUEM 3eMeHTOB R, L, C(mapamiensHbIi KoeOaTeTbHbIH

KOHTYP BO3HHUKACT PE3OHAHC MOKOE.
KOMHJ’ICKCH&H BXOOHas IPOBOJAMMOCTD LCIIN
7 Vv 4 ' S - _ ) » SN
Yox = Ya+Y, +¥c=G - j(BL-Bc)=G - jB = ye s
yCHOBHe PE30HAHCA — pABCHCTBO HYJIIO BXOHHOﬁ peaKTHBHOﬁ IIPOBOAMMOCTH LCIIH:
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Ha puc. mpuBecHBI 9aCTOTHBIC XapaKTEPUCTUKH UICATHHOTO KOHTYpA, Uit KoToporo G = I/R
= Q. llpu yrioBbIX yacToTax M < g I UMEET WHIYKTUBHBIN XapakTep, a IpHh o > Mg —
€MKOCTHBIH.

4.Pe3onanc TOKOB. YacTOTHBIE XaPAKTEPHCTHKH.

[TokazaHa BeKTOpHas Juarpamma Lenu rnpu pesoHance. O0mmii Tok /) B MOMEHT pe30HaHca
MUHUMAJIEH U OTIpeAeNseTCs HapshKeHHeM Ha BXO/JIe IeNH U €€ aKTUBHOM MPOBOJUMOCTHIO:
Iy=Izg= UG = UR

B 3asucumocmu om coomnowenus mexcoy G u B (B, = Bc), pastvie medxcoy coboii npu

pesonarnce moxa Iy = Icopmoeym npesviuams oowuti mox Iy = Ipg

ie,=jUB¢
1) F /BL 8| A )
I ylp +lc 5 ~a= = e
= P

G=1R . C

1.6  Jlekmusa Ne 8 (2 yaca)

Tema: «Tpexda3Hblii nepeMeHHbIH JIEKTPHYECKHH TOK»

1.6.1 Bomnpocsl Jexknun:

1.IToay4enne TpexgazHOro TokKa.

2.0cHOBHBIE XapPAKTEPUCTHKH TPpex(a3HOH 1menm.

3.Cnoco0n1 coerunenusi a3 reseparopa u Harpy3ku. MeTtojuka pacyera nenu
Tpex(a3HoOro NepeMeHnHoro TOKa MpPH COeTHHEHNH HATPY3KH 3Be3/10i ¢
HEeHTpaJbHBIM NPOBOAOM, 3Be3/10ii 6e3 HelTPaJILHOr0 MPoBoOAA.

4.MeTtoaunka pacuera nend Tpex¢a3sHoro nepeMeHHOro TOKa MpH COeAMHEHUH
HATPY3KH TPEYTroJbHHKOM.



1.6.2 KpaTkoe coaep:xkaHue BONPOCOB:

1. IToanyyenune Tpex¢azHOro Toka.
B 80-x romax XIX Beka TamaHTIHMBBIN pycckuii nrkeHep JlomnBo-J{o6poBoabsckuil pa3padoTait

cucteMy Tpex(ha3zHoro Toka, n300pen Tpexda3Hblil reHepaTop, u Tpexda3Hbli ACHHXPOHHBIN
neurarens. OH BIepBbIE OCYIIECTBIII Mepeiady YHEPruu Tpexpa3HbIM TOKOM Ha 3HAYUTEIILHOE
Juis TOro BpeMeHu paccrosiaue. (170 kM, 15 kB)

Tpexda3zHblil TOK UIMEET CIICYIONTHE TPEUMYIIECTBA:

- B3KOHOMHS J10 25 % LIBETHBIX METAJUIOB HA COOPYKEHHE JIMHUN 3JIEKTPONepeIauH;

- BO3MOXHOCTb MIPUMEHEHUS TPeX(a3HbIX aCHHXPOHHBIX JIBUTATEIEH, MPOCTHIX O
KOHCTPYKIIUH, YAOOHBIX ¥ HAJISKHBIX B KCILTyaTalllu;

- HaJIM4Ke JBYX SKCIUTYaTallMOHHBIX PEKUMOB HAMPSKEHHI.

[IpencraBum ceOe HETTOABMKHBIN KOJBIIEBOM LIUIMHJP U3 CTAH (CTaTOp), HA BHYTPEHHEH
CTOPOHE KOTOPOTO Pa3MEUICHbI TPH OT/IEIbHBIE OOMOTKH C OJMHAKOBBIM YHCJIOM BHUTKOB U3
M30JIUPOBAHHOM MPOBOJIOKH. [[ITOCKOCTH 0OMOTOK pacmojiararoT Mo yriioMm 120° JIpyr
OTHOCHUTEINbHO Apyra. Hauama o6MoTok o6o3Hauatot OykBamu A, B u C, a xonue! X, Y, Z.
BHyTpH cTaTOopa mOMeCTHM BpaIAIOMIMKACS JIEKTPOMArHUT (POTOP), 0OMOTKY KOTOPOTo OyaemM
MUTATh MOCTOSIHHBIM TOKOM. [Ipu BpailieHnu poTopa ¢ HOMOUIBIO TETLIOBOTO MIIH
TUAPABIMYECKOro ABUTATENs €r0 MarHUTHBIE CHJIOBBIE JIMHU OyIyT MepeceKaTh MPOBOJIHUKH
00MOTOK cTaTopa, BCIEACTBUE YEro B HUX, COTJIACHO 3aKOHY AJIEKTPOMArHUTHOM UHIYKIIUH,

Oyayt ungykrupoBathest DJ1C.

2.0CHOBHBbIE XapaKTePUCTUKH TPex(da3Hoil menu.

Tak kak MarHUTHOE TI0JIe POTOpPa MepecekacT OOMOTKH He oqHOBpeMeHHO, DJ[C
00OMOTOK JIOCTUTAIOT CBOET'O MaKCUMAaJIbHOTO 3HAUEHUS TAK)Ke HE OTHOBpEMEHHO. B 00MOTKe
B unnykrupoBannas 3J1C 1OCTUTHET CBOETO MAKCMMYyMa TOTJ1a, KOT/1a POTOP MOBEPHETCS HA
1/3 o6opora, T.e. DJIC obMotku B orcraer ot DJIC 06MoTkH A Ha 1/3 meproga mu Ha 120°.
Amnanornuno B oomoTtke C 3/]C mocturaer MakcuMyma, KOTia poTop moBepHeTcs eme Ha 1/3
obopota, a 3HaunT, DJIC 3T0it 06MOTKHM O0TCcTaeT oT I/IC oOMoTKHM B Ha 1/3 mepuona, a oT
3J1C oomoTku A Ha 2/3 nepuoaa. [Ipu cuHycon1anbHOM U3MEHEHHH MarHUTHON MHIYKIIUU B
BO3JIYIITHOM 3a30pe reHeparopa, nHayktupopanabie DJIC Takke OyayT H3MEHSTHCS 110
3akoHy cuHyca. [Tloatomy 3/1C MoryT OBITH MpEICTABIICHBI TPEMSI CHHYCOHUIAMH,
CMELICHHBIMH JAPYT OTHOCUTENIBHO Ipyra Ha yroJl 120° 1o ¢aze unm Ha 1/3 nepuoxaa no

BpPEMEHH.



[TockonbKy KOHCTPYKLUS TpeX OOMOTOK UMEIOT OJJMHAKOBYIO KOHCTPYKIIHIO, T.€. KOJIMYECTBO
BUTKOB, IMAMETP MPOBOJIA, PACCTOSHUE MEXy BUTKAMH, TO aMIUIUTYyAHble 3HaueHus J/[C
OyAyT OMHAKOBBI U MPEJCTABIATE COO0M cuMMeTpuuHyto cuctemy DC, KOTOPYIO MOXKHO

AHAIIUTUYCCKU MMPCACTABUTE BBIPAXKCHUAMM JJIs1 MTHOBCHHBIX 3HAYCHUI:

e,=FE, sinawt

2

eg =E, Sin(a)t—IZOO)

ec = E, Sin(a)t —2400)= E, Si”(a)t +1200),

WK TpadKaMi MIHOBEHHBIX 3HaueHnH. OCHOBHOE ypaBHEHHE cuMMeTpuuHoi cuctemsl D/1C -

cyMmma MrHOBeHHbIX 3HaueHui DJIC B 11000i1 MOMEHT BpeMEHHU paBHA HYIIO:
e, +ep+te-=0

1o BeIpaXk€HUSAM J1JI1 MTHOBEHHBIX 3HAYEHHUM 3aIIUIIEM KOMIUJIEKCHI IEUCTBYIOIINX 3HAUCHU I
OJ1C. IlpencraBum cummeTpuunyto cucreMy 3/]C BekTopamu Ha KOMIUIEKCHOM TJIOCKOCTH.
KomMInekcHas i1ocKocTh pU 3TOM ITOBEPHYTA Ha 90° i game Bcero He n3zobpaxaercs. Takum
obOpazom, BekTop AeicTByromiero 3HaueHus 3J1C 0OMOTKH A pacmojiaraeTcsi BEpTHKAILHO

BBEPX, BEKTOP JeicTByromiero 3nauenus JIC ooMoTku B moBepHyTa Ha yron 120° o wacoBoi
E, )
CTpeJIKe, OTHOCUTEIHLHO BEKTOpa . !, cOOTBETCTBEHHO, BEKTOP ACHCTBYIOLIETO 3HAUECHHUS

21C k¢ IIOBEPHYT HA yIroji 120° 8 HaIIPaBJICHUU IIPOTUB XO/a YaCOBOU CTPEIIKH.
[IpencraBnser co00if COBOKYMHOCTh TPEX OJMHAKOBBIX 110 aMILIUTY/IE€ M YaCTOTE UCTOYHMKA,
O/1C KOTOpBIX CABUHYTA APYT OTHOCUTEIBHO Apyra Ha yroa 120 rpagycos.

3. Cnoco0Obl coennHenus a3 reHepaTopa u Harpy3ku. Meroauka pacyera uenu
Tpex(a3HOro NepeMeHHOro TOKa NP COeJUHEHNHU HATPY3KH 3Be3/10i ¢
HEHTPaJIbHBIM NIPOBOAOM, 3Be3/10i1 0e3 HelTPaJILHOI0 MPOBO/A.

Ecnu coennHUTh TpH KOHIIA 0OMOTOK TeHepaTopa B 0JIHY OOIIYIO TOUKY, TO MOJTYYUTCS
COCIMHEHME 3BE3/I0M, ITPH ATOM YCIOBUMCS CUMTATh MOJ0XKUTEIbHBIMU HanpasieHus I/1C u
TOKOB B OOMOTKaX, €CJIM OHU OYyAyT HalpaBJeHbl OT KOHIIOB K HadajlaM 0OMOTOK, OOIIIYIO TOUKY
Ha3bIBAIOT HEUTPAJIBIO.

CoBokynHocTh ucTouHMKa DJIC, HArpy3Ku ¥ COEAUHSIOMINX UX IPOBOIOB Ha3bIBAIOT

dazoii. Takum o6pa3om, TepMUH «da3za» B IEKTPOTEXHUKE 0003HAYAET B OJHUX CITydasx

wt +

apryMeHT CHHYCa ( W) , @ B IPYyTUX CIIy4asx — OJIHY U3 0OMOTOK Tpex(ha3HOro reHeparopa
nuiu notpedutens. [IpoBoaa, coenunstomue (ha3sl reHeparTopa ¢ ¢pazamMu Harpy3KH Ha3bIBAIOT
JIMHEUHBIMU, a IPOTEKAKOLIME B HUX TOKH - JIMHEHHBIMU. [IpOBOJI, COEqUHSAIOIINI HEUTPAIU

reHeparopa ¥ Harpy3KHu Ha3bIBaeTCsl HEUTPaIbHBIM WIIN HYJIEBBIM, U, COOTBETCTBEHHO, TOK B HEM



— TokoM HelTpanu. Toku npoTekaronye B hazax Harpy3KH WIN FeHEpaTopa Ha3bIBAIOT
(a3HbIMU.

Hanpspxkenus Mexy HauaiaoM U KOHIIOM KaXI01 (a3bl HA3bIBAIOT (ha3HbIMU U

o6o3Hauaror 6ykeamu: ~ 4, 7 B~ C _remeparopau ~ ¢, ~ b, 7 ¢ - parpysku.
Ecnu akTHUBHBIM CONPOTUBIIEHHEM OOMOTOK ITpeHeOpeyb, TO (a3HbIe HAMPSKEHUS

rereparopa Oynyt paBubl pazabm IJIC:

b

v —j120°
UB—EB—E°€ .

T o _ leOO
Uc—Ec—Ee '

Uab

HanpsixeHus MeKTy TMHEHHBIMI IPOBOIAMH Ha3bIBAIOT JUHEHHbIMU: ~ 4B~ BC = CA

Uy, U

R R ca

ITocTpoeHne BEKTOpHOU quarpaMMsl HanpspkeHud B TOL[ HauMHAIOT ¢ TOCTpOEHUs
BEKTOPOB (ha3HBIX HANpsDKEHUH reHeparopa. [1oaydnuTs BEKTOPHI JIMHEHHBIX HATPSHKCHUI
MO>KHO '€OMETPUYECKIM BBIYMTAHHEM BEKTOPOB (Pa3HBIX HANPSIKEHU, T.€. COEIUHUB KOHIIBI
BEKTOPOB (Da3HBIX HANPSHKEHUH, MOTYYUM BEKTOPbI TMHEHHBIX HANIPSHKEHHUM, IPUYEM, 3TOT
BEKTOp OyZIeT HaIlpaBlieH OT KOHIA BBIYUTAEMOI'0 BEKTOpa K KOHITY YMEHBIIIAeMOTO.
UAB =04~ Pp :UA _UB

PaccMmoTpuM cooTHOIIEHHE MEXTy (Da3HBIMU U IMHEMHBIMH HAPSKCHUSMHU.

PaccMmoTpum TpeyroibHUK, 00pa3oBaHHbBIN BekTOpamu (a3HbIX HanpstkeHui ¢azsl B u C u

y U
BEKTOPOM JIMHEWHOTO HanpspkeHust ~ BC . OnycTuM nepreHauKysIsp U3 Havyaaa KOOpAUHAT Ha
BEKTOD JIMHEHHOI0 HAIPSKEHUS, KOTOPBIN Pa3Ie€IUT BEKTOP Ha JIBE PaBHBIC YaCTU. YTOJI CABUTA
MEXy BEKTOpaMU paBeH 120°, rorna YroJl MEXAY BEKTOPOM (pa3HOTO HATPSIKEHUS U OTPE3KOM

NM Oyaer paBeH 60°. Onpenenum nnuHy oTpe3ka MB:

U 0 V3
L =Uy -5in60° =Uy -~ _
5~ Uy sin b LU, =Uy3

Torn

3

Jlunelinoe HanpspkeHUe B ¥ 2 pa3 Goubiie (ha3Horo.

3anuiieM KOMIUIEKCHI IEMCTBYIONIMX 3HAYCHHI JIMHEHHBIX HAMIPSKEHU TeHepaTopa:



: _ j150°
UCA —Un'e

Paccmorpum TOL] ¢ HENTpaIbHBIM ITPOBOAOM. Ecii conpoTUBIIEHHEM JIMHEWHBIX IIPOBOJOB U

HENTpaJIbHOTO MPOBOJIa peHedpeyb, TO (pa3Hble HANPSHKEHUS TeHepaTopa U Harpy3KU PaBHBI:

Uor =Ugp. UA:U UB:Ub- Uc:Uc

a;
HyneBoii mpoBoJ CIIyXHT Ui BRIpaBHUBAaHUS (DAa3HBIX HAMPSDKEHUH HATPY3KH.
Pacder Takoli nenu cBOgUTCA K pacdyeTy TOKoB. B Takoi T® nenu ToJIbKO ABa y37a — HEUTpasb
reHepaTopa 1 HeUTpallb Harpy3Ku, clieZIoBaTeIbHO, TOK, IPOTEKAIOIINii B (ha3e reHepaTopa 1
Harpy3KkH, a Tak)Ke B JMHEHHOM IIPOBOJIC KIMEET OJHO M TOXKe 3HaueHue. Takum oOpas3omM, B Lierl,
IpY COeAMHEHUH (pa3 reHepaTopa M Harpy3KH 3Be3710H, (pa3HbIe TOKU PaBHBI JIMHEHHBIM.
JIvHeitHbIe TOKK onpeAenstoTcs o 3aKkoHy Oma:

. . jA == U_A IB = IC =

1 o~ 1 I, Za ; Zb . Zc
Tok HeliTpabHOTO MPOBOJIA ONpEeNsieTcs Mo nepBomy 3akoHy Kupxroga:
Iy=Ty+Ig+1ic
BekTopHast tuarpamma HanmpspKEHUH M TOKOB B TpeX()a3HOM Y4eThIPEXITPOBOTHOM IIETH.
[TocTpoum BeKTOPHI (Pa3HBIX HAPSHKEHUN TeHEepaTopa U BEKTOPHI JIMHEHHBIX TOKOB.
[Ipocymmupyem BEKTOpPBI TOKOB, UCIIOIb3Ysl IPAaBUJIO APAJUIETIOTPAMMA, U TIOJTyYUM BEKTOP
TOKa HEUTPaAJIBLHOIO MPOBO/IA.
Ecnu koMIuiekcHbIe COTPOTHUBIIEHUS BceX (pa3 Harpy3KH paBHbI (pPaBHBI aKTUBHBIE U PEAKTUBHBIC

COCTaBJISIIOLINE), HATPY3Ka CYUTAETCS CUMMETPUYHOM.

A :Zb:ZC

—a
B cnydae cuMMmeTpuuHO#N HAarpy3Ku JIMHEWHBIC TOKUA PaBHBI, M MPEJCTABISIOT COOO0M
CUMMETPUYHYIO CUCTEMY TOKOB (YroJ caBura (a3 Mexay TOKaMHu paBeH 120°), Toraa kommiekc

TOKa B HEMTPaIbHOM IIPOBOJIE PABEH HYIIIO.

Pacyer TpexnpoBoaHoil TPLI npu coenuHeHnH 3Be310H

PaccmorpumM tpexnpoBoanyro TOLI, B KOTOpOH OTCYTCTBYET HEUTPaAIbHBIN IPOBOA. B Takon
1eny (a3Hple HANpsHKEHUs Harpy3Ky He paBHBI ()a3HBIM HaNpsKEHUSM IeHepaTopa, BCIEACTBHE
BO3HUKHOBEHMS HANIPSKEHUST CMEIICHUsT HelTpayii. HanpsiokeHne cMenieHrst HenTpainu

OTIpeNieNsIeTCs 10 METOLY BYX Y3JIOB. 3allUIlIEeM ypaBHEHHUE 110 BTOpoMy 3akoHy Kupxroda ams



KOHTYpa, 00pa30BaHHOT0 (pa3HBIMH HAIPSHKEHUSAMU TeHepaTopa, Harpy3KH U HalmpsbKeHUEM
cmenenus Heiitpanu. Torna dasHbie HanpsHYKEHUS HArPY3KH MOKHO OTIPEICIUTh KaK Pa3sHOCTh
(azHOrO HAMPSHKEHUS TEHEPAaTOpa U HANPSHKEHUSI CMEIICHUsT HeUTpaiu sl KXo (assl
COOTBETCTBEHHO.

CrtpouTtcsi cCHMMETpUYHAs CUCTEMa BEKTOPOB (a3HBIX HANPSHKEHUH TeHepaTopa. 3aTemM
CTPOUM BEKTOP HAIPSKEHUSI CMEIIEHUS HEUTPAJIN, COEIMHNUB KOHEL[ 3TOr0 BEKTOPA C KOHIIAMH
BEKTOPOB (pa3HBIX HANpPSHKEHUH reHepaTopa, MOTYYUM BEKTOPHI (Pa3HBIX HAMPSKEHUH HArpy3KH.
B TpexmnpoBoHOM 1enH, TakKe Kak U B YETHIPEXITPOBOIHOM, (ha3HBIC U JIMHEHHBIC TOKA PaBHBI,
u onpenenstorcs mo 3akoHy Oma. CormacHo niepBoMy 3akony Kupxroda, reomerpuueckas
CyMMa BEKTOPOB JIMHENHBIX TOKOB PaBHA HYIIIO.

IIpu cuMMeTpUYHOU Harpy3Ke, HapsHKECHUE CMELICHUS HEUTPaJIM PaBHO HYIIIO.
CnenoBarenbHO, (a3Hble HAMPSHKEHUs TeHepaTopa U Harpy3KH paBHBI, a JIMHEWHbIE TOKHA PaBHBI
10 BEJIMYMHE, U MPECTABIAIOT COO0N CUMMETPUUHYIO cucTeMy. Takum oOpazom,
CUMMETPUYHBINA PEXUM TPEXIIPOBOAHON U YETBIPEXIIPOBOJHOM LIETIM OJUHAKOB. B cirydae, korna
rapaHTHpOBaHA CHMMETpPUYHAsl Harpy3Kka IesnecoodpasHee HCHoIb30BaTh TOIBKO TPU MPOBO/IA,

KakK, HalIlpuMEpP, B BBICOKOBOJIbTHBIX JIMHHUAX 3JICKTPOIIEpCaay.

4. Pacuer T®II npu coefuHEeHUN HATPY3KH TPEYTrOJbHHKOM

Ecnu xoner nepBoit ¢a3bl Harpy3KH COETUHUTH C HAYaJlOM BTOPOH (ha3bl, KOHEIl BTOpO
¢da3bl COETMHUTH C HAYaJIOM TPEThEH, a KOHEIl TPEThel COCTMHUTD ¢ HaYaJIoM IePBOH, TO
MOJIYYUTCS] COSIMHEHHUE TPEYTObHUK. Takum o0pa3om, Tpu (a3bl Harpy3Kku 00pa3yoT
3aMKHYTBII KOHTYp. Eclii cOnmpoTHBICHUSIMH JTMHEHHBIX TPOBOJIOB MPEHEOPEUb, TO MOYKHO
CUNTaTh, YTO NMOTeHIUANBI Touek A, B, C (Hauana ¢a3 renepaTopa) paBHbI HOTEHIMATIAM TOUYEK
a, B ¥ ¢ (Hauana (a3 Harpy3Ku).
¢A:¢a; (2’32%; Pc =P,
Torna nuHeiHbIe HaNPsHKEHUS TeHepaTopa, MPEACTABIAIONINE COO0N pa3HOCTh

COOTBCTCTBYIOIINX IMMOTCHIINAJIOB PaBHLL JIMHEWUHBIM HaIpsKCHUAM HAarpy3KH:
UAB =Q4—Pp :Uab;
UBC =@p —Pc :ch;
UCA = ¢C _¢A = Uca;

Unr :UHH;



Hanpspkenus, Mexx1y HadallaMy M KOHIIAaMH OJHOM (a3bl U HaNPsHKEHUS MEXY JIMHEHHBIMU
IIPOBOIAMH OJIMHAKOBBI, T.€. B HArPY3KE, COEAMHEHHOMN TPEYTOJbHUKOM, OJUH YPOBEHb

HaIpPsKCHUN.
Uon =Unn ,
HO, B OTJINYHME OT Harpy3KH, COSMHEHHON 10 CXeMe 3Be31a, ABa YPOBHS TOKOB, TOKH B (hazax
Harpy3Ku 4, TOKU B JIMHEMHBIX IIPOBOJIAX.
Ig #1g
Pacuer Takoii 1enu CBOAUTCS K ONpeIeIeHUIO ecTH TOKoB. [Ipu u3BecTHOM (hasHoM, nim

JUHEWHOM, HAINPSDKEHUH TeHEepaTopa, MOXKHO OMPEAETIUTh HAaNpsHKeHUs Ha (pa3ax Harpys3Ku.

®da3Hble TOKA PaCCUYUTHIBAIOTCS MO 3aKOHY Oma:
UAB ] _ UBC ] _ UCA
7 bc — 7 ca — 7
ab ; Zbe ;

— —ca

jab:

Jyist onpeieNieHrst COOTHOIICHUST MEXKTy TUHEHHBIMU U ()a3HBIMHU TOKaMH, 3aMUIIEM
ypaBHEHHUS 110 niepBoMy 3akoHy Kupxroda st KOMITIIEKCOB IEHCTBYIOMIMX 3HAaYCHHU I TOKOB B

Y3JIOBBIX TOYKAaX IMMPUECMHHUKA:

jA +jca _jab :OjA :jab _jca;

jB +jab_jbc :OjB :jbc _jab;

]C +1bc _]ca =0 IC :Ica _Ibc_

W3 ypaBHeHHi ciieyer, 4To:

- K@XIbI TUHEHHBIN TOK paBeH Tr€OMETPUIECKON pa3HOCTH (Pa3HBIX TOKOB;

- YMEHBIIIAeMbIM SIBJIsIeTCsl (pa3HbI TOK, UMEIOIINUN OJIMHAKOBOE MOJIOKHUTEIbHOE HaIlPaBJICHUE C
JIMHEUHBIM;

- IIpH JHOOBIX 3HAYEHUX (Pa3HBIX TOKOB F€OMETpUYECcKas CyMMa JIMHEHHBIX TOKOB paBHA HYIIIO.
Bekropnas nuarpamma.

[Ipy cumMeTpruYHON Harpy3Ke
Zab = Zbc = an
(da3HbIe U TUHEWHBIC TOKH PaBHBI 10 BEIMYMHE U CABUHYTHI IPYT OTHOCUTEIHHO JAPyra Ha yroj

120°, T.e. MPEACTABISIOT COO0H CHMMETPUUYHYIO CUCTEMY (a3HBIX M JIMHEHHBIX TOKOB:



], .l ] eV o 1200 =120
Loy =1y-e’" Ly =14 -e" -e =1, e .

. . . 0 . . 0

ab

. . . . _120 . _120
[ =1 -V dp=I;-¢eV-e/ =] e/

2 b

Bekropnas nuarpamma.
CootHomienue Mexy GpazHbIMHA U TMHEHHBIMH TOKaMU. PaccMOTpUM TpeyrojibHUK,
00pa3oBaHHBIN BEKTOPOM JIMHEHHOTO TOKA M BEKTOpamMu (a3HbIX TOKOB. bruccekrpuca yria

JICTUT BEKTOP JIMHEHHOTO HANpPsHKEHUS Ha JBE PaBHBIC YaCTH, TAKMM 00pa3oM:

Iy V3

Ty -cos30° =1 -~
2 ¢ 2

1.7  Jlekumus Ne 9 (2 yaca)

Tema: «ABapuiiHble pe;KMMbI B TPpeX(a3HbIX Hensix»

1.7.1 Bomnpocsl JieKIIUn:

1. Xomnocroi XO04 U KOPOTKOC 3aMbIKAHUC TTPHU COCANMHCHUUN HATPY3KU IO CXCMC «3BE3a» U I10
CXEME (TPCYTrOJIbHUK

2. MomHocTh B Tpex(ha3HbIX 1emnsix. M3Mepenrne MOIHOCTH B TpeXha3HBIX IEMIX

1.7.2 Kpatkoe coaep:xaHue BOPOCOB: (TE3HCHO U3JI0KUTh OCHOBHOE COJICpKaHUE

paccMaTpHUBaeMBIX BOIIPOCOB)

1 XoJs10cTOM X0 M KOPOTKOE 3aMbIKAHHE IIPH COeIMHEHNH HATPY3KH 10 CXeMe «3Be31a» U

MO0 CX€M€E «KTPEYIroJbHHUK»

PaccmoTpum mpocTeiimii citydai, Korja Harpy3ka COCTOUT M3 aKTUBHBIX COITPOTUBIICHHUH U JBa
HUX 3TUX COHpOTI/IBJIeHI/Iﬁ PaBHBbI, @ TPCThbA UBMCHACTCA OT HYJIA 10 66CKOH€‘IHOCTI/I, T.C. PCKUM

(1)213]31 HU3MCHSACTCA OT KOPOTKOI'O 3aMbIKaHUA (1)33131 A0 XOJOCTOro xojaa.



KopoTkoe 3aMbIkaHHe MPH COeTHHEHUH HATPY3KH MO CXeMe «3Be31a»

ZbZZczR Za _)Oga —>®

- KOPOTKOI'O 3aMbIKaHU A

Hanpspkenue cMeleHus HeMTpaiu B 3TOM CIydae ONpeeanuTCs:

UA-I-UB—I-UC UAZa+UBZa+UCZa
U —Z" R R — Za R R =
W L l_,.l Z‘1-|-Z‘1-|-Z“

Za R R xZa Za R R

=U 4
®da3zHble HANPSHKEHUS HArpy3KU

Ua :UA _UNn :UA _UA =0

5

Upy=Up-Uy, :;_(UA _UB):_UAB

U =Uc~Up, =Uc-U,=Ugy

Taxum 0Opa3oM, B KOPOTKOTO 3aMbIKaHUs B (paze A, pa3Hoe HampspKkeHHe HAarpy3KH B 3TOH ¢asze
OyzeT paBHO HYJIO, & J1BA IPYTUX (a3HBIX HANIPSDKCHUS YBEIUYATCS 10 BEITHMYMHbI TMHEHHBIX.
BekropHas nuarpamMma HanpsKeHUH.

CTpouM CHMMETPUYHYIO CUCTEMY BEKTOPOB (ha3HBIX M JIMHEHHBIX HAPSHKCHUN TeHepaTopa.
3areM CTPOUM BEKTOP HANPSHKEHHS CMEILEHHUs] HEUTpan, COBIAAAIONINI ¢ BEKTOPOM (pazHOTO
HarpspkeHus Gas3sl A. TAKUM 00pa3oM MOTYYHIH HOJI0KEHHE TOYKA HEWTPaIn Harpy3KH Ha

BEeKTOpHOU Auarpamme. CoeIMHUB TOUKY HEHTpaau Harpy3Ku ¢ KOHIIaMU BEKTOPOB (ha3HbBIX

HanpsbkeHui ¢a3 B u C, moixyunm BeKTOpHI (ha3HBIX HAMPSHKEHUH HArpy3KH, KOTOPBIE 110

BEJIMYMHE PaBHBI BEKTOPAM JIMHENHBIX HANPSKEHUH M COBIAIAIOT ¢ HUMU 1o dhaze (¢ ~ — ¢4

), 1100 HAXOAATCS C HUMH B IIPOTUBO(a3e (Ub =-Uus ).

Jlunetinsle Toku. JIuneiinsie Toku B ¢azax B u C onpenensiorcs no 3akony OMa B KOMIIIEKCHOM
dbopwme:
Ub _ UAB ] _ Uc _

Uc
IB:—_ . C_ _—A

R R R R

2

H3 49€To CJICAYCT, YTO IIPU KOPOTKOM 3aMbIKaHUHU JIBa JIMHEWHBIX TOKA YBCIIMUUBAIOTCA, U

3

CTaHOBATCA B V- pa3 0oJiblle, YeM ITH K€ TOKU MPU CUMMETPUYHON HarpyskKe.

A nuHEHbI ToK (a3sl A onpenensiercs 1o nepBomy 3akony Kupxroda:



M, OYCBHJHO, OH TAKXXC YBCIIMYUBACTCA B Y 3 pas.

X0J10CTOM X0/ MPH COeIMHEHNH HATPY3KHU M0 CXeMe «3Be3/1a»

PexxuM X0J10CTOTO X0/1a XapaKTepru3yeTcs PE3KUM YBEITMYCHUEM COITPOTHBIICHUS, KOTOPBII
MOYET BO3HUKHYTBH JINOO TPU HApYLICHUU U3OJISAIHH, JTUOO TpU 00pbIBE TMHEHHOTO IPOBOIA.
PaccmoTpuM npumep, Koraa conpoTHBIEHUE (Pa3bl A yBeTUUYUBACTCS HEOTPAHUYECHHO, a

MIPOBOJIMMOCTh YMEHBIIIACTCS 10 HYJIA, T.€. MPOUCXOIUT OOPHIB (ha3hl:
Z,—>»0g,—>0

Onpenenum HanpsKEHUE CMEIIEHNS HEUTpau:

Uy Ug Ue
+ + ' '
g _Zae R R R(UB+Uc)
nN — = = /. . .
1+l+l lz (UB+UC):_UA
Z, R R R 2 2

[Momyyaem, 4To HapsHKEHUE CMELEHHS HEHTpaIy 10 BEIMYMHE PABHO MOJIOBHHE (DAa3HOTO
HATIPSDKCHHUS TEHEPaTOpa, M OTCTAeT OT Hero 1o dase Ha yrox 180°..

®da3zHble HAMPSHKEHUS B HArpy3Ke P 3TOM OyJIyT paBHBI:

U, =Uy —(—TJ Uy e _%Utb . o180

1
= Uq -cos(-120° 4 jU g -sin-120°) " Ve cos(180°)

1 V31 3 . Un Ug o
= Ug—jUp ot —Ug=—jUqg o —joB =
SV JVao , THYe JVao > _ J ) 5

U.=U, _(_UTAJ _Uy - —%Uq) /180
=Ugp -cos(1200)+ jUg -Sin(1200)—%UCD -cos(lSOO)—j%UCD -Sin(ISOO)

1 \/3 1 \/g . UJ'I UJI i90°
=——UgpjUgp —+-Ugp=jUg- = =—¢/
yre/Ye T Ye =/ e T T,




Wrak, npu oOpeiBe a3, (hasHOE HANPSHKEHHUE B 3TOH (ha3e YBETWUUBACTCA B IMOJTOpA pasa, T.c.
Ha BEKTOPHOI auarpaMme Touka HeHTpanu Harpy3K CMeEIaeTcs U3 Hadaina KOOpAWHAT Ha
BEKTOp JINHEHHOTO HaNpsDKEHMs. A (a3Hble HAPSDKEHUS IBYX IPYTUX (a3 yMEHbIIAIOTCS, U
CTaHOBSTCS PaBHBIMHU MOJIOBUHE JIMHEHHOTO HAIPSKEHUS.

BekropHas nuarpamMma HanpsKeHUH

OueBuIHO, YTO TIPU OOpBIBE (ha3bl MM TUHEHHOTO MPOBOJIA, TOK B 3TOH (haze OyneT paBeH

HYIIIO.
JluHeliHbIe TOKK ABYX Apyrux (a3 omnpexpenstcs no 3akoHy Oma:

_ﬂ_Ucb\/§ -j90° i _Uc_Ucb\/g j90°
= =—¢ c= = ‘e
R 2R . R 2R

b 2

I B
U3 4ero CIeAyeT, 4TO IIPU XOJI0CTOM XO/I€ JBa JIMHEMHBIX TOKA YMEHBIIAKOTCS, U CABUHYTHI APYT
OTHOCHMTENBHO Jpyra Ha 7% | a X BEKTOPBI Ha BEKTOPHOM JMarpaMMe HaxXoaTcs B IPOTUBO(ase.
JlocTonHCcTBA:

- CX€Ma He SABJIACTCS aBapUIUHOMN IPU KOPOTKOM 3aMBIKAHNH;

- UIMEET MaJIOe KOJIMYECTBO IIPOBOJIOB;

HenocraTkm:

- HECUMMETpHSI IPUBOJIUT K MEpPeKocy (a3HbIX HAPSHKEHUH, MOT'YT BO3HUKHYTh HaIlPSHKEHUS B

¢azax Harpy3ku, OObIINE, YeM HOMUHAIBHBIC M BBIXOJ U3 CTPOs 000pyIOBaHUS

Xos10€TOi1 X011 IPU COETUHEHHH HATPY3KH 10 CXeMe «TPeyroJbHUK)
CuuTaem, 4YTO CONPOTUBIICHUS JTMHEWHBIX TPOBOJOM MHOTO MEHBIIE CONPOTUBJICHHUI HArPy3KH,

TOTJ]a MOXHO CUMTATh, JIMHEHHBIE HAMIPSDKEHUS FeHepaTopa U Harpy3KH paBHBIMH.

U AB ~ U ab.

U BC ~ U be ;

U CA~ U ca

XO0JIOCTOM X0/1 XapaKTEPU3YETCA YBEIIMUCHUEM CONIPOTUBIICHUS, Pa3InyaoT ABa pexkumMa XX:

00pBIB (ha3bl HArpPy3KU U OOPBIB JIMHEHHOTO MPOBO/IA.

Paccmotpum pesxxum XX npu o0psiBe (a3bl, IPEANONoKuM, Gassl ab.

Ly >0 gy >0

®da3HBIN TOK ATOU (pa3bl ONPEACTUTCS:



jab = UAB

Zab

Ecnu conpotuBnenus AByX Apyrux (a3 He U3MEHSIIOCh, TO UX (a3Hble TOKH OCTATUCh TAKUMHU

)K€, KaK | JI0 YBEJIMUEHHUs CONPOTUBIICHHS a3kl ab:

TaKUM 00pa3oM, MOKHO CUUTaTh, YTO JBE Jipyrue ¢a3bl paboTaroT He3aBUCHUMO. VI3MeHeHue
COTIPOTHUBIICHUSI OJHOW (pa3bl BIMSIET HA PEKUM pabOTHI TOJIBKO JaHHOW (a3bl U Ha JIBa

JMHEHWHBIX TOKA, OHM CTAHYT PaBHBIMH (Da3HBIM:

]A = Iab _Ica = _]ca;

]B :[bc _]ab :[bc,

Bennunna Toka nuHelHOTo nmpoBoja C He H3MEHUTCS MPU U3MEHEHUH CONPOTUBICHHUS (Pa3sl ab.

Ie =11,

C
PaccmoTpum pexnm XX npu 0OpbIBe TMHEHHOTO MPOBOA, IPEIAIOI0KUM A.

Tok B 3TOM NpOBOJIE PaBEH HYJIIO:

Hauano ¢a3sl Harpy3ku Touka a nepecraert ObITh y3JI0M, U, CIIEI0BaTeIbHO, (pa3Hble TOKU (a3 ab
U Cca PaBHBL:

I ab = I ca

B sTOM ciyuae, mpu paBHBIX KOMITJICKCHBIX CONPOTUBIICHUSX (paz =¢c4 — =a , KaXgoe u3

(a3HBIX HAPSDKEHUI PaBHO MOJIOBUHE JTMHEHHOTO:

~U /
. . — be
Uca = Uab 2
Torna, ¢a3Hblii TOK, coraacHo 3akoHy Oma:
— ch
C
Zbc )

I,
OcraBivecs 1Ba TUHEUHBIX TOKA OMPEACIIATCS:
I B~ I be I ab

jC = jca _jbc = iab _jbc = _jB

BekropHas nuarpamma.



Pexum KOpoTKOro 3aMbIKaHUS B Harpy3Ke, COETUHEHHON TPEYTOJIbHUKOM, SBIISIETCS

ABApUUHBIM.

2. MoumHocTh B Tpexda3Hbix nensix. U3sMepeHue MOIHOCTH B TPeX(a3HbIX HeNsX.

AKTHBHAasi MOITHOCTb WJIM TPOCTO MOIIIHOCTH OMPENEIUTCS KaK IPOU3BeIeHUE
JNEHCTBYIONIEro 3HaYeHUs (pa3HOTO HAMPSHKEHHS Ha JeHCTBYIONee 3HaUeHne (Da3HOTO TOKA U Ha
KOCHHYC yIJIa cABHra (a3 Mexay STUMH IapaMeTpaMu, T.€. B 00IIeM cllyJae:

Por =Uqr 1o -cosp

AKTHBHAsI MOIITHOCTh HAarpy3KH MOKET OBITH OIpejiesieHa JJu00 1Mo Toi ke Ghopmyre yepes

(a3Hoe HanpsHKeHUE Harpy3Ku U (pa3HbIi TOK:
PCDH ZUCDH Iq) 'COS(D,

00 KaK MOITHOCTh IMOTpeOUTENe: MPON3BEICHUE KBapaTa JSHCTBYIONMIETO 3HAaYeHUs (ha3HOTO

TOKA HAa aKTHUBHOC COHpOTI/IB.HeHI/Ie (baSBIZ
P =12 R
oH = 1o o

B HecuMMeTpHUUHON Harpy3Ke MOIIHOCTH OJHOM (ha3bl reHepaTopa U Harpy3KH MOTYT HE

COBITIAJATh, T.C.
PA;tPa; PB;th; PC;tPC,
MI0STOMY BBITIOTHEHUE OalaHca MOIITHOCTEH MPOBEPSIIOT 110 CyMME MOIITHOCTEH BeeX (has:

P =P, +P3+P-By=P,+B +P,

¢ - UIsl COEIMHEHUS Harpy3KH 3BE3/101

Py=P,+hb, +P
a ¢ €ad - N COCAUHEHUs Harpy3Kd TPEYrOJIbHUKOM
ITpu cummeTpuyHOM Harpy3ke Bce (pa3Hble HANpsKEHUs, (Pa3Hble TOKU U CONIPOTHBIICHUS
(a3 paBHBI, ClIeI0BAaTEIbHO, AKTUBHAS MOLITHOCTh MOXKET OBITh OINpeieeHa CIeAYOIINUM

BBIPAKECHUEM:

PF =3°U®F°I®‘COS¢_
PH :3'U®H'I¢)‘COS¢)

[Ipu coenrHeHnn Harpy3Kku 3Be3101 (Da3HbIC U TUHEHHbBIC HANIPSDKCHUS CBSA3aHBI

COOTHOILEHHEM:
Ug =2
o = _
V3 , @ TOKH PaBHBI Lo =1y

BripaxkeHre MOITHOCTH MPUMET BU:



U
P, =3-—2L.1, cos
HEST R Y B=3Uy Iy coso

[Ipu coenrHEHNU HArpy3KU TPEYrOJIbHUKOM (a3HbIe U JTMHEHHBIC TOKU CBS3aHBI

COOTHOIICHUEM

, @ HAIPSDKCHNUS PaBHbI Uon =Unn

BeIpaxxeHue MOIHOCTY Harpy3Ku IIPUMET BUL:

IJ'I
NE]

Taxkum 00pa3oM, BHE 3aBUCUMOCTH OT CXEMbI COSIMHEHHSI CHMMETPHUYHON Harpy3KH,

AN3_AB Uy Iy -cos

(dopMysa MOIITHOCTH HArpy3KH OJTMHAKOBA.

PeaxTrBHast MOIITHOCTH CO3aeTCs KOJICOAHUSIMH SHEPTUH SIEKTPOMATHUTHBIX TTOJIEH
IIENH, €CITU 3TU KoJieOaHus BO BeexX (azax Tpex(asHOH Ienu NPOTEeKa0T OJUHAKOBO, TO
PEaKTHUBHON MOIIHOCTBIO TPpeX(a3HOH e MOXKHO CYUTATh CYMMY TpeX (pa3HBIX PEaKTUBHBIX

MOH_[HOCTGI\/'I, OJWHAKOBBIX ITO BEJINYNHC!
Or =3-Ugr 1o - sing.

On =3-Ugpy 1o -sing
WM, BBIPa3uB (a3HbIC BETUYMHBI Yepe3 JINHEHHBIC:
Torpa nmonHas MomHOCTh T®L Hmenu
S=3-Uy-I

Cxema coequHeHUs Tpex(Pa3HOW HArPY3KH HE 3aBUCHUT OT CXEMBbI COSAMHEHUST 0OMOTOK
reHeparopa. Bo3aMoxHOCTH nepekiodeHust a3 Harpy3Ku ¢ COeTMHEHUS 3Be3/1a Ha COCTUHEHUE
TPEYTOJIbHUK YaCTO UCTIOIB3YETCS ISl pEryJIUPOBaHUs BEIMYUHBI TOKA U MOITHOCTH, HAIIpUMED,
JUISl YMEHBIIICHHS TTyCKOBBIX TOKOB TpeX(a3HbIX BUTATENCH, 111 U3MEHEHHUS TEMIIEPaTyPhI

Tpex(}a3HbIX IJIEKTPUUECKUX MeUeH.

PaccmoTtpuM, Kak U3MEHSIOTCA TOKM CHMMETPUYHON HArpy3ky, UMEIOLIEH TIOCTOSHHOE

dasnoe conporusienre =P, pu nepekIIOUEHNH 3BE3/bI HA TPEYTONBHUK TPEXIIONOCHBIM

MEPCKIOYATCICM.

IIpu coenuuennu 3Be3noi (asupni Tok - PL papen muueitnomy /1L, na ocHOBaHMU 3aK0Ha

Owma:



U(DJ_
Zo

Ip, =1y, =

2

3

a Tak, KaK IpHU COeIMHEHUH 3BE3/10H JIMHEHHOE HanpsbkeHue 0osbiie ¢ha3Horo B V- pas, T0 U

BEJIMYMHA JUHEHHOTO TOKA:

In, = e
V3-Zg
IIpu coenrHeHnn TPEYyTroJbHUKOM Ha OCHOBaHUHU 3akoHa OMa:
] _ UJ'IA
OA — 7
ERo)

b

HO JIMHEWHBINA TOK OoJibiie ha3HOTO B \/g pas:

\/g'UJIA
Igp =———
A

CormocraBum BBIpaXKCHUA JIMHEHHBIX TOKOB 3BE3bI U TPCYI'OJIbHUKA, ITOJIYYHUM, YTO IIPH

OJHOM H TOM XK€ JIMHEMHOM HAIMpsPKCHUW 1 OJMHAKOBOM COITPOTUBJIICHHUU:

Yo zq,  UYm_In N

Zo : Zg \/5; \/E'IJu \/5; ]HA:3'IHJ_’
a st ha3HbBIX

ICDA:\/g'ICDJ__

JInHeWHBIN TOK IPH COSIMHEHNUN HArPY3KH TPEYTOJIbHUKOM OOJIBbIIE TMHEHHOTO TOKA
Harpy3Ku, COCIMHEHHOMU 3BE3/101 B TPU pasa.

Eciu momHOCTE 11€E0U
PZ\/E-UH Iy -cos¢

TO, OYEBH]IHO, YTO MIPH MEPEKITIOUCHUN C TPEYTroJIbHUKA Ha 3BE3/y, YMEHBIICHHE TUHEHHOTO
TOKa MPUBENIET K YMEHBIIEHUIO TOTPEOIIEMOI MOIITHOCTH TaK)Ke B TPH pasa.
YV Hanbosiee pacipoCcTpaHEHHOTO TpeX(Pa3HOro aCHHXPOHHOTO JIBUTATENS MTyCKOBOM TOK OOJIBIIIE
€ro HOMHUHAJIBLHOTO pabovero Toka MpuMepHo B 6 pa3. Eciiu Ha BpeMs mycka JIBUraTelns
BPEMEHHO €ro 0OMOTKH COEIMHUTD 3BE3/10i1, TO MyCKOBOW TOK OyJeT 00bllle HOMHHAIHLHOTO
yKe He B 6, a B 2 pa3za.

CpaBHUM yCIOBHS IS IBYX ClIy4yaeM, KOTJAa OJHY H Ty ke ()a3HyI0 MOIIHOCTh HYKHO

MMOJIYYHUTH IIPpHU OJHOM U TOM K€ JIMHEHHOM HAIps>KCHUH.

UnL=Unp Fp =Ug 1o -cosp



[Ipu coennuennn 3Be3/101 (ha3HOE HAMPSHKEHUE B \/5 pa3 MEHbIIIE JIMHEHHOTO,
CJIEZIOBATENILHO, YTOOBI MOTYYUTh TAKYIO YK€ MOIIHOCTb IPY COSAMHEHUH 3Be3/101, (ha3HbIi TOK
IOJKEH OBITH B \/5 pa3 OosbIire.

Py, =Ug /314 cos . FPopr =Ug - 1g -cose

Bripazum momtHoCTh Yepes (pasHoe akTUBHOE COMTPOTUBIICHUE:

Py =13 R
o~ 1o o

Tak xak B O6OI/IX CJIydadx MbI JOJKHBI ITOJTYYUTh OAHY MOIIHOCTB, TO
2 _ 72

Io, Repy = 1o 'RCDA,

Tax kax LA = V3 Loy , TO

2 v 2 R@L:Kﬂ
ICDJ_'RCDJ_:(\/g) 151 - Roa Ry =3 Rop 3

2

MOJTy4aeM, YTO aKTUBHOE CONPOTUBIIEHUE (a3bl IPU COSAUHEHUHU 3BE3J01 JOKHO OBITh B TPU
pa3a MEeHbIIe aKTUBHOI'O CONIPOTUBIIEHUS, IPU COEAUHEHUH TpeyroabHUKoM. [Ipeanonoxum,

YTO 3TO aKTHUBHOC COMMPOTUBJICHUC ITPOBOAA, U3 KOTOPOIO HAMOTAaHa KaTyllIKa NPpUCMHHUKaA

sHeprud. [Ipu coeHEHNM 3BE3/101 ceUeHHE TPOBOIA JOIKHO OBITh B 'V 3 pa3 OoutbIe, YTOOBI

3

1} 0 5 \/5 A 0 \/_ T
POIIYCKAaTh TOK, OOJILIIINHU B pas. JJIMHA €10 A0JI’KHA OBITH B pa3 MCHBIIC. | aKUM
o0Opa3om, 0011ast Macca KaTymiek mpu 000uX crocodax coeTuHeHus OyIeT OIMHAKOBA, HO IS

3BE3/IbI TOHAIOOUTCS O0JIee TOJICTBHIA U KOPOTKUN MTPOBO/I, YTO JCIICBIIC U MEXaHUYECKH

npouHee. KpoMe Toro, pacuet n3onsuuu NpoBoJHUKA OyAET BECTUCh HAa MEHBIIIEE, B \/5 pas,
(azHOe HampsKEHHUE.

1.8 Jexkmus Ne 10 (2 yaca)

Tema: «TpanchopmaTopsbl. DJIeKTPOMarHUTHbIE YCTPOHCTBA)

1.8.1 Bomnpocsl Jeknumn:

1. Ha3znauenwue, ycTpoicTBO M IPUHLUN JeHCTBUS TpaHCPOpMaTopoB. OCHOBBI TEOPHH

onHo(daznoro Tpanchopmaropa. Koadunuent tpanchopmammu

2. OnBIT X0JIOCTOTO X04a U KOPOTKOTO 3aMbIKaHUs. DHepreTudyeckas auarpamma norepb. KIT/]



3. Ocobennoctu TpexdasHpix Tpanchopmaropos. CreruanbHbIe TpaHCHOPMATOPHI

1.8.2 Kparkoe coaep:xanne BOIPOCOB: (TE3HCHO U3JI0KUTH OCHOBHOE COJIEpIKaHUE
paccMaTpHUBaeMBbIX BOIIPOCOB)
1 HazHauyeHue, yCTPOHCTBO U NPUHLM JelicTBUS TPpaHchopMaTopoB. OCHOBBI TEOPUH
oaHogaszHoro Tpancpopmaropa. Koappuuuent rpanchopmanuu
TpancdopmaTopoM Ha3bIBaETCs CTAaTHUECKUH (0€3 NBUKYIIHUXCS YacTei)

9JIEKTPOMArHUTHBIN anmnapar, B KOTOPOM IIEPEMEHHBIN TOK OHOTO HaIPsKEHMsI Tpeodpa3yeTcs
B IIEPEMEHHBIN TOK JPYTOr0 YPOBHSI HANPSKCHMS, TOM 7K€ 4aCTOTBHI.
Paznuuaior cuioBble, N3MEPUTENbHBIE, CBAPOYHBIE TPAHC(POPMATOPHI, a TAKKE
aBTOTpaHC(HOPMATOPBI.

TpancdopmaTop MpoOCTEHIIIETO THIIA COCTOUT U3 (PEPPOMArHUTHOTO CepACYHUKA | M IBYX
00MOTOK, CBA3aHHBIX MarHUTHOH CBA3bI0, HCKIIOUEHUE COCTABIISIET aBTOTPAHC(HOPMATOP.
O6MoTka TpaHchopMaTopa, COeAMHEHHAsI ¢ ICTOYHUKOM 3JIEKTPOIHEPTHHU 2, Ha3bIBACTCS

HGpBH‘IHOﬁ, H, COOTBCTCTBCHHO, ICPBUYHBIMHU UMCHYIOTCA BCC ITaPpaMCTPhI 3TOI OOMOTKH:

1

w U
YUCII0 BUTKOB  |; IOJBEIEHHOE HANIPKEHHE — 1 TOk

OOMOTKa, K KOTOPOM MOKITIOUAETCS Harpy3Ka M, OTHOCSIIUECS K HEH ImapaMeTphl, Ha3bIBACTCS
AWy Uy 1
BTOpUYHOM 3: ~ 2; ~ 2; "2,
B 3aBUCHMOCTH OT CUCTEMBI TOKA pa3andaloT oJgHO(Ma3HbIe U Tpexda3Hbie
tpanchopmatopsl. Pabouuit mpouecc ogHodazHoro Tpanchopmaropa aHAIOTHYCH paboueMy

nporieccy oaHou (a3wl TpexdaszHoro Tpanchopmaropa. [Toaromy, s ynoOcTBa, mpuHITUTIA

pabotsl TpanchopmaTopa Oyzem paccMaTpuBaTh Ha IpUMepe 0JHO(a3HOTO.

PaccmatpuBas katyuiky ¢ (heppoMarHUTHBIM CEPACYHUKOM, MbI BBISCHUIIU, UTO MPU

CHHYCOMIAJTbHOM U3MCHEHUM HANPSOKEHUs |, IepEMEHHBIN TOK ~ | TIepBUYHON OOMOTKH,

BO30Y)XKJaeT MarHUTHBIN TOTOK D | raxxe cuHycouaanbHou ¢opmbl. [locneanuii MHIYKTUPYET
B nepBUuHOi 06MoTKe DJC caMOMHAYKIMK |, a BO BTOpHuHOi 06MoTke — DJIC

E 2
B3aUMOMHIYKIIUU ~ <.
Benmnunny nnnykrupoBanHbix D/1C MOKHO ONPEACIHTH, BOCIIONB30BABIINCH YPABHEHUEM
Tpancpopmaroproit D/1C:
Egy =444- - wgy ‘(Dm;



Otnomenne Bennunnbl DJIC camonnaykuuu K BenuuuHe 3 /]C B3auMOUHIYKIIMY HAa3bIBAE€TCS
K03 unreHTOM TpaHchopmMaum:

Epn _ 444 f -wpy - D@y, _ "BH

Eyy 444 -f-wyy D, whn .

Koadpduument tpanchopmariin mokassiBaeT BO CKOJIBKO pa3 HanpsbkeHue oMotk BH, 6onbie

HanpsbkeHuss oomMotku HH, B pesxnmMe xos1ocToro xoja.

2 OnbIT X0J10CTOr0 X012 M KOPOTKOI0 3aMbIKAHUS. JHepPreTuyecKasi AuarpaMma norepb.
KIIJ

HcneirarensHsiil pexumM, koraa Ha [10 nogaercst HoMuHanbHOE HanpsbkeHue, a BO

1, =
Pa30OMKHYTa, ¥ €€ TOK PaBeH HYJ0 ~ 2 . B nanHOM omnbITe n3Mepsitorcs HanpsbkeHus 110 u

BO, Tox [1O u akTUBHYIO MOIIIHOCTS.

Toxk I1O B 3TOM pexxumMe Ha3bIBaeTCs TOKOM XX M 0003HavaeTcst ]10, cocrasiset 3-10 % ot
TOKa HOMUHAJIbHOT'O pCXKHMa, BCICACTBUC YCTO MOTCPAMU B KATYIIKC MOKHO HpGHGGpe‘-IB.
AxTHuBHag MOIITHOCTb, USMCPCHHAA B 3TOM PCIKUME, COCTABJISACT IMTOTCPU B CTATIA
MarautonpoBoja. [1o mokazanusm BOJIbTMETPOB YTOUHSIOT KO3 (GUIIUEHT TpaHCHOpMAaIUH.
OnpiT XX 00s3aTeNeH MPY 3aBOJICKOM MCIIBITAHUHA TOTOBOTO TpaHCc(hopMaTopa, a TaKkKe

MNEPpUOANYCCKHU IMMPOBOAAT B IICPUO SKCILITyaTalluH.

Crenyet pa3nmuyaTh PEKHM KOPOTKOTO 3aMbIKaHUs (aBapUHHBIN PEKUM), BOZHUKAIOIINN
BCJIE/ICTBHE HEMPABUIIBLHOM SKCIUTyaTalli, IPU 3TOM BbIIESAETCs 00JIbIIOE KOJTHMYECTBO TEIa,
YTO MOKET MPUBECTU K Pa3pPYIICHUIO OOMOTOK, ¥ OIIBIT KOPOTKOTO 3aMbIKaHusl. OMbIT, TPU

KOTOPOM BTOPHYHAs 0OMOTKA 3aMKHYTa HA O4€Hb MajlO€ CONPOTUBJICHHE.
Usmepsitor Hanpsoxenue [10 1K tok xopoTkoro 3ameikanus 10 “1K3 y “2K3 BO, a Takxe

MOII[HOCTE PK3 . s mpoBenenus onbita HanpsbkeHue [10 3anmxkeno no 5-10% or
HOMHWHAJIBHOT'O 3HAYCHU L. HpI/I 3TOM TOK HGpBH‘-IHOfI O6MOTKI/I JOCTUT'AaCT HOMHUHAJIBHOI'O
3HAYCHUA. HOTepI/I MOIIITHOCTH B HpOBOI[HI/IKaX TaKHC K€, KaK U B HaI‘py)KeHHOM
TpaHchopmaTope, a MOTEPH B CTAIM HE3HAYUTENBHBI. TakuM 00pa3oM, MOIITHOCTh, U3MEpPEHHAas
B pexxume K3, 3aTpaunBaeTcst Ha JIEKTPUYECKUE TTOTEPU B MMPOBOJIHUKAX OOMOTOK.

OHBIT KOpOTKOI‘O 3aMBbIKAHUA MOKET C.Hy)KI/ITb TAKXEC KOHTpOHBHBIM OIIBITOM IJIsA OHpe,Z[G.HeHI/ISI

ko3 duureHTa Tpanchopmanuu



RS

k=
I3

JHepreruveckas guarpamma norepb. KILJ

B y
Mommsocts ~ |, nogsenennas k nepuuHON 00MOTKe TpaHc(hOpMaTopa, YaCTHIHO PACXOLYETCs

Ha HarpeBaHue npoBoJHUKOB 10, moTepu B MarHuTonpoBoie (IOTEPH B CTANIM), U HATPEB

nposoauukoB BO. OcTaBmiasicss MOIHOCTL ~ 2 Tepeaaercs OT BTOPUYHON 0OMOTKH BO
BHEIIHIOKO 11eTb. MOITHOCTH MOTEph B TpaHchopMmaTope cocTasisieT aumb 1-2%. KIT/
TpaHchopMaTopa NpeACTaBIseT OTHOIIECHHE MOLTHOCTH, IEPEAaBaeMoii BO BHELTHIOKO IIETIb, K
MOIIIHOCTH, MOJIBEIEHHON K TpaHChopMaTopy.

& _ Pl _(PCT +PMCI[L)

A A

3 Ocobennoctu TpexgasHbix TpanchopmaTopoB. CniennajbHble TPAHCHOPMATOPDLI

Jns TpancopMupoBaHus Tpex(ha3HOM CUCTEMBI TOKOB, BO3MOXHO MCIIOJIb30BaTh TPU
OJIMHAKOBBIX 0JTHO(A3HBIX TpaHCPOPMATOPA, YTO YACTO HCIIOJIB3YIOT ISl TPAHC(HOPMUPOBAHUS
OonpINX HanpspkeHui. bonbIMHCTBO TpaHchopMaTOpOB MaJlol U cpeiHeil MOIIIHOCTH
BBINOJIHAIOT TpeX(ha3HbIMH.

[IpencraBum cede Tpu ogHO(a3HBIX TpaHCchopMaTOopa, COETMHEHHBIX YacThIO CEP/ICUHUKA,
JPYyTHUE K€ YaCTU CepeUHUKA OCTAIOTCA 0e3 M3MEHEHUS. DTO COeIMHEHNE MOXKHO CPAaBHHUTD C
Tpex(azHOU HEKTPUUYECKOH 1IeTIbI0, C HYJIEBBIM IIPOBOJOM, POJIb KOTOPOTO BHIMOIHSIET CPEAHUN
CTep>KeHb. B ciydae cuMMeTpUuHON Harpy3ku HyJ€BOM MPOBOJ MOXKHO UCKIIFOYNUTh, U 3aMEHUTh
CUMMETPUYHBIN CEpIeYHUK HECUMMETPUUHBIM. CTEp)KHH HECUMMETPUYHOTO MarHUTONIPOBO/IA
pacrosiaraioT B 0JHO! TI0cKoCTH. [IepBUYHOM M BTOPUYHON OOMOTKOW Ha3bIBACTCS
COBOKYITHOCTb TpeX (pa3HbIX 0OMOTOK OJJHOTO YPOBHS HAIpPsDKEHUS. 3aKUMbI Tpex(pa3Horo
TpaHchopMaToOpa JOJKHBI pa3MEUaThCcs B MOPSIKE YepeoBaHUA (a3: Ha CTOPOHE BBICIIETO
HaNpsKEHUs 32KUMbl MAPKUPYIOTCS IPONMCHBIMU OYKBaMHU, Ha CTOPOHE HU3ILIETO HAIPSKEHUS
— CTPOYHBIMH OyKBaMH.

OCHOBHBIMH CTIOCOOaMHU COEAMHEHUSI OOMOTOK Tpex(azHOro TpaHCPOopMaTopa SIBISIOTCS
COEZMHEHUS 110 CXEMeE 3BE3/1a U 0 cXeMe TpeyrojibHuK. Hanbosee mpocThIM 1 AEHIEBBIM U3 HUX
SBJISICTCSI COeTMHEHNE 00enX 00MOTOK TpaHchopmaTopa 3Be3/10i1. B aTOM ciydae kaknas u3

0OMOTOK U €€ H30JIAUA PACCUUTBIBAIOTCS TOJIBKO Ha (1)a3Hoe HAIIps>KCHHUC.



W3mepuTenbHbie TpaHC(HOPMATOPBI UCIIONIB3YIOTCS: BO-TIEPBbIX, AJI U30JSAILNH
U3MEPUTENBHBIX MPUOOPOB U alapaToB aBTOMATHUYECKON 3aIUTHI OT LEMH BBICOKOTO
HaIpsKEHUS; BO-BTOPBIX, U1l paCIIMPEHHUs PEAETIOB U3MEPEHUS U3MEPUTENbHBIX TPHOOPOB.
[Tpu HemocpeCTBEHHOM BKIIFOUEHUU U3MEPUTEIbHBIX MPUOOPOB B LIE€TIh BHICOKOT'O HAIIPSKEHUS
OHHM ObLTH ObI ONTACHBIMU ITPU MPUKOCHOBEHNUHU. BO BTOPUUHBIX EMSAX U3MEPUTEIbHBIX
TpaHnchopMaTopoB HarpsbkeHue He npesbimaet 100 B, a ¢BA3b ¢ 11enbio BEICOKOTO HaIPsDKEHHE
OCYILECTBIISICTCS TOJIBKO Yepe3 MarHUTHBIN MOTOK B cepaeuHuKe. Kpome Toro, oauH 3aKuM
BTOPUYHOU OOMOTKH M KOpITyc TpaHc(opmaTopa 3a3eMIISIIOTCS, UTO JIENaeTcs Ha ciiydait
MOBPEXACHUS U30JSAIIH.

[IpumeHeHre n3MEpUTENBHBIX TpaHC(HOPMATOPOB AAET BO3MOKHOCTD UCIIOIb30BAHUE
OJTHUX U T€X e MPHOOPOB CO CTAHIAPTHBIMU MpeAeTaMUi U3MEPEHU ISl U3MEPEHUs
Pa3IUYHBIX HAMPSDKEHUH U TOKOB.

Tpanchopmarops! HapsKEHUS TPUMEHSIOTCA [T BKIIIOUEHHUS BOJIBTMETPOB,
YacTOTOMEPOB, U LIETICH HANPSDKEHUS U3MEPHUTEIbHBIX TIPUOOPOB (BaATTMETPOB, CUETUUKOB U
¢azomeTrpoB). Cxema BKIIIOUEHHUS MTOKa3aHa Ha puUcyHKe. Takoil TpanchopmMaTop KOHCTPYKTHBHO
MOXO0X Ha CHIIOBOM TpaHchopmarop. Ero mepBuunas o00MOTKa, ¢ OOJIBIITUM YHCIOM BUTKOB,
ABJIIETCS OOMOTKOM BBICIIETO HANPSDKEHUS, U BKIIIOYAeTCs MapajljiesIbHO KaK BOJIBTMETP B LIETIb.
Bropuunast 00MOTKa, C MEHBIIIMM YHCIIOM BUTKOB, SIBIISIETCSI OOMOTKON HU3ILIEr0 HANPSDKEHUS, U

3aMBIKaeTCsl Ha BOJILTMETP WIIM Ha 0OMOTKY HarpspkeHus BarTMeTpa. ConpoTHBIICHUS

Zy —>©

HU3MEPUTEIIbHBIX MPUOOPOB OTHOCUTEILHO BEIUKHU (TTOpsiaKa Thicssd OM)

]1 Zl 12 ZZ), 49TO

, BCIIEICTBHE

4yero TpanchopmaTop paboTaeT B peKUMe, OTM3KOM K pexxuMy XX (

U, =E1’U20 :Ez)_

MO3BOJIIET CUUTATh HANPSKEHUSI paBHBIMU MHAYKTUPOBaHHBIM DJ[C (
Torna BTOpuyHOE HaNpspKEHUE, U3MEPSIEMOE BOJIbTMETPOM, CBSI3aHO C MEPBUYHBIM OCTOSTHHBIM
COOTHONIECHUEM, PaBHBIM KO3 (GUIIMEHTY TpaHCHOPMAIIHH:

U _E

Uy £ U1=k-U20.

TpaHcpopmaTopsl TOKa €O CTOPOHBI IEPBUYHON OOMOTKHU BKJIFOYAIOTCS B IMHUIO, KaK
amIiepMeTp, MocIeI0BaTeIbHO C KOHTPOJIUPYEMBIM 0OBEKTOM, a €r0 BTOPHUUYHAs 0OMOTKA
3aMBIKAeTCsl HETIOCPEACTBEHHO Ha aMIIEPMETP WIIM IETIH TOKA APYTUX U3MEPUTEIbHBIX
npuOOpOB (Hampumep, TOKOBYIO 0OMOTKY BaTTMeTpa). Bce namepurenbHbie TPUOOPHI
BKJIIOYEHBI [TOCIIEI0BATEIbHO, UX CYMMApHOE COIPOTHUBIIEHHE MaJIO (IPUOIN3UTENBHO 2 OM),
03TOMY TpaHc(hopMaTop Toka paboTaeT B yCIOBHSIX, OJM3KUX K YCIOBUSAM OIBITa KOPOTKOTO

3aMbIKaHHsI CUJIOBOTO TpaHChopMmaTopa. TOKHM MepBUYHON U BTOPUYHON OOMOTOK CBSI3aHBI



IOCTOSIHHBIM COOTHOILIEHUEM, PaBHBIM KO3 PUIUEHTY TpaHC(HOpMaIUH, CIEJ0BATENBHO, 1JIs
OTIpeIeNIeHuUs TIEPBUYHOTO TOKA BTOPUYHBIM TOK YMHOXKAIOT Ha KO3 (UIIEHT TpaHCPOpMALIUH:
Ii=k-1,
ABTOTpaHchopMaTopbI

ABTOoTpaHchopMaTOp OTINYAETCS OT OOBIYHOTO TpaHC(hOpMATOpa TEM, UTO MEPBUYHAS
00MOTKa UMEET CO BTOPHYHONW 0OMOTKOI, KpOME MarHUTHOM CBSI3H, HJIEKTPHUECKOE
coeauHeHue. TakuMm 06pa3oM, BTOPHUHAs OOMOTKA SIBJISIETCS YacTbIO NEPBUYHOM.
ABTOTpanchopMaTOpbl MOTYT OBITh C IEPEMEHHBIM KO3 PUITUEHTOM TpaHCHOPMAIIHH, KOTOPBIH
MOYKHO U3MEHHTH C IIOMOIIbIO KOHTAKTHOTO YCTPOMCTBAa M3MEHEHNEM YUCIIa BATKOB BTOPUYHOM
OOMOTKH.

MoruHocTh aBTOTpaHchopMaTopa

S=8,+8;

CKJIaaAbIBACTCA U3 MOIIMHOCTH, nepeﬂaBaeMoﬁ SJICKTPUYCCKUM IIYTEM

53 = U2 . Il ’

U TpaHCHOPMHUPYEMOI MOIITHOCTH

St =U, '(12 _11)

Pa3smepsl 1 Bec aBTOTpaHchopMaTOpa OMpenestoTcs TpaHCHOPMUPYEMOI MOILITHOCTBIO.

1
—U. .1, |1-2
Sp=U,-(I,-1,) %72 k

Uewm Ommxe kordduimeHT Tpanchopmanuu apTorpanchopmaropa K 1, TeM MEHbIIIE
MOITHOCTh TPaHC(HOPMUPOBAHHUS, A, CIIEOBATENILHO, CEUCHHE MarHuTonposoa. [loaromy
aBTOTpaHchopMaTop OyAeT UMETh MEHBIIUE ITOTEPH B CTAJIU CEPICYHHKA U B OOMOTKAX, 4YeM
CUJIOBOM TpaHchopmaTop Toi ke MortHocTH. [IpenmytiecTBa aBToTpancpopmaropa
YMEHBIIAIOTCS ¢ YBeTU4YeHUEM KoddduimenTa TpaHcGpopMaInm, BCICICTBUE YETO
aBTOTpaHC(HOPMATOPHI UCIIOJIB3YIOTCS JIHII B TEX CIyYasX, Il TpeOyeTcs CPaBHUTEIHHO

HebobIIoe TpaHchopMupoBaHue — He O6onee yem B 1,5-2 paza.

CBapounbiii TpancopmarTop

KoHCcTpyKkTHBHOE OTIIMYKE CBAPOYHOTO TpaHC(HOpMaTopa OT CHIIOBOTO B TOM, UTO BO
BTOPUUYHYIO 0OMOTKY TOCJIEJOBATEIILHO BKJIIOYAETCS JONOJHUTENbHAS KaTyIIKa (APOCCeb).
Omna npencrapinsieT co00 MarHUTOIIPOBOJI C OOMOTKOM, CONPOTUBIICHHE KOTOPOl HAMHOTO
0oJIbIIIe MHIYKTUBHOTO CONTPOTUBIICHUSI 0OMOTOK Tpancdopmaropa. [Ipu pazomMkHyTOM Henu

CBapKH HaMNpsHKEHUE MEKIY AJIEKTPOIOM M 0OBEKTOM PaBHO HANPSKEHUIO XoJiocToro xoxaa. [1pu



KacaHUM 00BEKTA MEKTPOOM B LIENIH BO3HUKAET TOK KOPOTKOI'O 3aMbIKAHUS, 3)KUTAETCS JIyTa,
HO HAIpPsKEHUE YMEHBIIAETCs, BCIEACTBUE MTaJCHUs HANIPSHKEHUS HA JOIIOJIHUTEIbHON
Karyuke. [[maBHbIM perynupoBaHueM BO3AYIIHOTO 3a30pa MarHUTOIPOBOJA PETYJIUPYIOT TOK

CBapKH.

1.9  Jlekumus Ne 11 (2 gaca)

Tema: «3.J1eRTpnqec1me MAaIlIMHbI NOCTOAHHOI'O TOKA»

1.9.1 Bomnpocsl Jeknum:

Hpunuun neiictBus U KOHCTPYKUUA. I/1C AKOpA U 3JIEKTPOMATHUTHBIN
MoMeHT. Peaknus sikopsi. Kommyranus.

PaGora mamuHbl B pexxnMe reHeparopa. Padbora MammHbl B pesKuMe IBUTATEJIA.
XapakTepucTHKH ABUTaTeJIel ¢ pa3JIMYHbIM CIIOCO00M BO30YKICHUS.

IIyck nBuraressi u peryJiMpoBaHue YacTOThI BPALLCHHS.

1.9.2 KpaTtkoe coaep:xkaHue BONPOCOB:

1 llpunuoun xeiicteust M KOHCTPYKIUA. IIC AKOpS U IeKTPOMATHUTHBII
MoMmeHT. Peakuns sixops. Kommyranus.
Kinaccupukanus 3J1eKTpHYeCKUX MAIIMH

ITo poxy nmoTpebisieMoro uinu BelpabaThIBA€MOT0 HANPSKEHUS U TOKA, Pa3InyaroT
JIEKTPUUECKUE MAIIMHBI IOCTOSIHHOTO U ITepeMeHHOoro Toka. 1o xapakrepy npeodpazoBaHusl
SHEPTUU U Te, U Apyrue DM kiaccupuupyoTcs Ha FeHepaTopsbl, BeipadaTeiBaronue 23, u
JIBUTATEIH, MOTpedstomue 33. MaluHbl IepeMeHHOr0 TOKa Pa3IuyaloT CHHXPOHHbIE U
ACHHXPOHHBIE.

PaccMoTpuM oCHOBHBIE paboume y3/1bl MAlIMHBI IOCTOSTHHOTO ToKa. Kopmyc uinm craHnHa
MAalIUHBbI BBIIIOJIHEHA JIMTOM U3 YyTr'yHa WIM CBapHOU U3 cTayiu. Ha BHYTpeHHEN OBEPXHOCTH
CTaHUHBI, C TIOMOIIIbIO BUHTOB, KPETATCs, COOPHBIE U3 U30JIMPOBAHHBIX JIUCTOB
INEKTPOTEXHUYECKOW CTaJIH, IIOJIOCHBIE HAKOHEYHUKHU. Ha HakOHEeYHHKaX pacrosoKeHbl
KaTYyILKH, BBIIIOJHEHHBIEC U3 MEAHBIX U30JUPOBAHHBIX MPOBONOB. KaTylnKky COEIUHAIOT MEXIY
co0oit mocieoBaTeNbHO, 00pa3yst 00MOTKY Bo30ykaeHus. Ha pucyHnke nzobpaxeHa oaHa napa
MIOJIFOCOB, CITy>Kallasi s BO30YKICHHsI OCHOBHOI'O MAarHUTHOTO IOTOKA, IIPOMBIIIIEHHOCTh
U3rOTaBJIMBAET MAIIMHBI ¢ OOJIBIIMM YKCIIOM Iap MOJIIOCOB (JIOMOJIHUTENbHBIE), CITYKAIlIUMU
JUUISL XOpOIIed KOMMYTAIlUH.

BHyTpu cTaHMHBI ¢ THAYKTOPOM pacIoJIo’KeHa Bpallarouiasi 4acTh MalllUHbI — IKOpb. OH

COCTOUT M3 BaJla, CEPJICYHUKA C IKOPHOH OOMOTKOM U KOJUIEKTOpA.



Bast kpenurcest mocpeacTBOM MOJIIMITHUKOBBIX Y3JIOB K KpbIILIKam cTaHuHbL. Ha Baimy
SIKOPSI 3aIPECCOBAH HAOOPHBIN CEPJICYHUK, U3TOTOBICHHBIN U3 IITAMIIOBAHHBIX JINCTOB
AIIEKTPOTEXHUYECKOW CTANIM, B TIa3bl KOTOPOTO yJIOKEHA sIKOpHast 00MoTKa. CeKlnu SKOPHOU
0OMOTKH, BBIITOJIHEHHBIE U30JIMPOBAHHBIM MEAHBIM IIPOBO/IOM, MOT'YT COEUHATHCS MEXKITY
c000¥ Kak TocJIeIOBaTeIbHO, TaK M MapauIeIbHO, 00pa3ys METICBYIO UIH BOJHOBYIO OOMOTKH.
Oco0eHHOCTHhI0 OOMOTKH MaIIMH MMOCTOSTHHOTO TOKA SIBIISIETCS X 3aMKHYTOCTbh, CO3/]aBacMast
MyTeM MPUCOETUHEHUS Hayal U KOHIIOB CEKLUN K KOJIJIEKTOPY.

Konnekrop npeacrapiseT co60i MWIMHIP U3 METHBIX TUIACTUH TpaneueBUAHON (HOPMBI
(Jramernieit), U30JMPOBAHHBIX APYT OT Apyra u ot Baja. K miactuHam npunanBaioTcsi Hadasaa u
KOHI[bI CEKIIUN SKOPHOH 0OOMOTKH. [[Jsl CHATHS TOCTOSTHHOTO HAIIPSKSHUS WM MTOABOJIA
HANPSDKEHUS Ha SIKOPHYIO OOMOTKY CITYXKAaT IIETKU. YTOJIbHBIE WU MEIHBIC IIETKH,
YCTaHOBJIEHHBIE B IETKOJEPKATEISAX, HAKIIAAbIBAIOTCS HA TIOBEPXHOCTh KOJUIEKTOPA U
MPUKUMAIOTCS TTPY>KUHOM.

COBOKYITHOCTh MAarHUTHBIX TIOJFOCOB M OOMOTOK BO30YK/ICHUS HA3BIBACTCS
UHIyKTOpoM. HazHaueHue nHIyKTOpa - Co37aBaTh MarHUTHBIN NOTOK. CTaHMHA MAIIMHBI TAKXKE
CILY’>KMT 4acTh0 MarHUTONPOBO/IA (IPMOM) MaIIMHbI, O0eCTeunBasi 3aMKHYTOCTh MAarHUTHOT'O
MOTOKa.

Hasnauenmue sikops — cozgaBath 3/1C B 00MOTKaX SIKOPS MPHU €ro BpaIllEHUU B MATHUTHOM I10JIe
MIOJIFOCOB MHAYKTOpPA (TeHEpaTOPHBIN PEXXUM) MITH 3JIEKTPOMAarHUTHBIN BPAIIAlONIi MOMEHT
IIPU B3aUMOJICHCTBUU TOKA SKOPSI C MArHUTHBIM TIOJIEM MOJIOCOB (JIBUTATEIbHBIA PEXKUM).
Hasnauenwne koyiekTopa — BRIIPSAMIISATh HHAYKTUPOBaHHYIO B 00MOTKax sikops DJIC, T.e.
obecreunBaTh MOCTOSHHYIO TOJSPHOCTh HAPSDKEHUS HA MIETKAX FeHepaTopa MOCTOSIHHOTO
HaIpPsKEHUs1, WM COXPAHATh HEM3MEHHBIM HAMPAaBJIEHUE TOKA BO BHEIIHEW Lienu. Takum
00pa3oM, KOJUIEKTOD SIBJIIETCS MEXaHUYECKUM BBINPSMUTENIEM ITepeMeHHOro Toka. [Ipu pabore
MalInHbI B IBUTATEIILHOM PEKHUME K SIKOPIO MOABOAAT MOCTOSHHBIN TOK U3 ceTU. B aTOM cirydae
POJTb KOJUIEKTOpa — 00eCTIeYnBaTh CO3/IaHNEe TTOCTOSTHHOTO IO 3HAKY BPAIIArOIIer0 MOMEHTA
MyTeM U3MEHEHHUS HANPaBIICHUS TOKA B MPOBOTHUKAX SIKOPHOW OOMOTKH.

PaccmoTpuM nipuHIMI AEHCTBUS KOJIJIEKTOpA Kak BeIpsiMuTenia nepemennon DJ1C.
[IycTs Mexay MONFOCAaMU PACTIONIOKEH SIKOPb C OAHUM BUTKOM. [IpOBOAHMKY MPUCOETUHEHBI K
MpOCTENIIEMY KOJUIEKTOPY, COCTOSIIIEMY M3 ABYX Noiiykosel. Ha KoJsiekTop HalloKEeHBI 1ETKH,
MOJIIPHOCTH KOTOPBIX 0003HAUEHA 3HAKaMH «+» U «-». Bpalaem BUTOK ¢ yTI0BOH CKOPOCTHIO
a) .

B Butke unnykrupyercs 3/1C, paBHas:

e, = 281,



e

rae 1 -DJIC, WHIYKTUPYEMas B KaXKJIOM M3 IPOBOJHUKOB BUTKA.
0

IIpu noBopote BuTka Ha 90", nHAyKTUpYeMas DIC JOCTUTHET CBOETO MAKCUMAJILHOTO
3Ha4yeHus. Bo BHemHel enu nosBisercs TOK, HallpaBJIeHHe KOTOPOro K IeTKe, 0003HaueHHON
3HaKOM «+». [Ipu moBopoTe BUTKa Ha 180° Bemmunna DJIC Oynet paBHa HyJt0. JlanpHenmit
IIOBOPOT BUTKA MPUBOJAUT K MUHAYKTHpOBaHUIO B HEM D/IC u nosiBnenuto toka. [lpu atom,
HaIIpaBJICHUE TOKA K IIETKE CO 3HAKOM «1» coxpaHsercs. [Ipu noBopore BUTKa Ha 360" D/IC B
HEM paBHa HyJ10. TakuM 00pa3oMm, MOJSPHOCTh Ha LIETKaxX, IPH BpaIlleHUH BUTKA BCeraa

OJIMHAKOBA.

0
Ecnu yBenn4YuTh YMCIIO BUTKOB B Ba pa3a U pacloyIoKUTh UX cO cABUroM Ha 90", To ammiuTya
KOJICOAHUH HAINPsDKEHUS Ha IIETKaX yMeHbIaeTcs. TakuM o0pazoM, yBeTUUEHUE YUCIIA CEKIIUN

SKOPHOW OOMOTKH | JIaMeJIeH KOJUIEKTOpa MPUBOAMT K yMEHbIeHHI0 Tynabcanuu IJC u Toxa.

I/1C AKops ¥ IIEKTPOMATHUTHBIH MOMEHT

Jlna Bcex mamuH 1T ocHOBHBIME siBstOTCS ypaBHeHus: D/1C, ”HAYKTUPYEMOM B KOpE; U
3JIEKTPOMarHUTHOIO MOMEHTA B3aUMOJECHCTBUS MAarHUTHOT'O TOJISI MAIIMHBI U TOKA SKOPSI.
Bennuuna 3/]C, "HIYKTUPOBAHHOHN B TPOBOHUKE SIKOPHOU OOMOTKH, PSIMOTIPOTIOPIIMOHATBHA
MarHMTHON MHIYKIUH, [UIMHE IPOBOJHHUKA U OKPYKHOU CKOPOCTH SIKOPSL.

e=Blv

Uto06sI onpeaenuTh cpeqHee 3HaueHue 3toi JJIC moacTaBuM cpeHee 3HaueHUE MarHUTHOM

WHIYKIUY IO/ TIOJIFOCOM B MpeEIeIiax MOJCHOTO AEIEHUS

Elcp = Bcplu.

OKpy’KHYIO CKOPOCTh MOKHO BBIPAa3UTh YEPE3 YACTOTY BpAIICHUSI AKOPS, IIUPUHY TOTIOCHOTO

JACJICHHUA 1 YHUCJIO ITOJIFOCOB!

b 2pm

60

_2p7 _2p
Ele —WI’ZBCPZ = I’lq)()

rac p - YU CJIO ITOJIFOCOB MAllIMHBI,

0 - MarHMUTHBIN IOTOK OJHOTO MOJIOCA, B-cek;
I - ckopocTh Bpalenus AKopst, 00/MUH.
OOMOTKa SIKOpsI JETUTCS IMEeTKaMH, CKOJIB3AIIMMH T10 JIAMEJISIM, Ha napajuieabHbie BeTBU. DJ[C

Ha metkax, ik J/]C mamuusl paBHa 3/]C onHol napannenbHoi BeTBU. ClenoBaTenbHO, A1



onpeneneHus BennuuHbl DJIC MammHbl 10CTaTOYHO onpenenuTs 3HadeHue 3 /[C moboi

NapaJuIeJIbHON BETBH.
Ecnu nonHoe 4ncio npoBOJHUKOB SKOPHON OOMOTKH 0003HAYHUTh N , @ YHCJIO MapaJlJIeIIbHBIX

BETBEH OOMOTKHU SKOPS 2a , To DJIC MaluHbI IpU XOJIOCTOM XOJI€ BBIPA3UTCA:

N pN
Ey = : —n-®y=k, - n-d
0 lep 2 0a 0 e 0'
_ PN
o=
rae 60a _ KOHCTPYKTHMBHAs MOCTOSHHAS JIsl JAHHOW MAIlIUHBI.

Takum oOpa3om, U3 ypaBHEHUS ciienyeT, uro BeaunurHa JJIC MalmmHbl 3aBUCHT OT CKOPOCTH
BpAILEHUs SKOPSI MAIIUHBI, MATHUTHOTO TIOTOKA, UM OT BEJIMYMHBI TOKA OOMOTKH BO30YXKIEHUS,
CO3/Aar0Ilel ATOT MarHUTHBIN oTok. [loaToMy Bennunny 3/1C MOKHO U3MEHSATH 34 CUET
W3MEHEHUS CKOPOCTH BpAIllEHUs POTOpa WJIM TOKa 0OMOTKH BO30ykaeHus. Bropoii crmoco6
MOJTYYHJT ITUPOKOE MPUMEHEHHE KaK 0oJiee ya00HBII.

Jannoe ypaBHenue J/IC cpaBeyIMBO IIPU XOJIOCTOM XOJE€, T.€. KOI'/la TOK SIKOps paBeH
HYJII0, CYHIECTBYET TOJIbKO MarHUTHBIN MOTOK MOMIOCOB. [Ipy 3TOM IIETKH pacioioKeHbl Ha
reOMEeTPUUECKON HeUTpanu, T.e. TMHUH, NEPICHIUKYIIPHON OCH MAarHUTHOT'O MTOTOKAa OCHOBHBIX
nosrocoB (uaust AB).

Taxoke 3Hauenne DJIC 3aBucuUT oT nonoxkenus merok. [lonyyennoe Boipaxkenue 3/C
CIIpaBeUIMBO, €CIIU IIETKU PACIOI0KEHBI HA TEOMETPUUYECKOMN JTMHUH, MIEPIICHIUKYISIPHON OCcH
MarHUTHBIX MOJIIOCOB. [Ipy cMeleHnH MEeTOK OTHOCUTENbHO N'€OMETPUUECKON JTMHUN MAIIUHbI B

npyroe nojoxenue, Harpumep CD, D/IC mammabl Oy1eT yMEHBIIAThCS.
" I, N
[Ipy noAKIIOYEHUH K LENH AKOPs HArpy3KHU, B HEU MIPOXOAUT TOK , CO3Jal0IMN CBOU

MarHUTHBIN NOTOK sikopss ~ “. Bo3elcTBUE MAarHUTHOTO MTOTOKA SKOPSl HA OCHOBHOM
MAarHUTHBIN MOTOK HA3bIBAIOT PEAKIMEHN KOpsl. MarHUTHBIN TOTOK MAIIMHBI SIBJISIETCS

PE3YIBTATOM HAJIOKCHHS ITOTOKOB MAarHUTHBIX ITOJIFOCOB U SIKOPS:
P=0)+0,

TakuMm 00pa3om, peakius SKOps MPH padoTe MAIIUHBI B TEHEPATOPHOM PEKHUME, UCKAKAET
OCHOBHO€ MarHUTHOE T0JIe, U YMEeHbIIaeT nHAyKTupyemyto IJIC. s coxpaHeHUs BETUYMHBI

OJ1C HE00X0IUMO YBEIMYUTH OCHOBHOM MOTOK, T.€. YBEIMYUTh TOK OOMOTKH BO30YKICHHUS.

DJIEKTPOMATHUTHBIIE MOMEHT
[Tpu paboTe MalIMHBI B IBUTATEILHOM PEXXHUME, B3AUMOACHCTBHE TOKA SIKOPS C MATHUTHBIM

ITIOJIEM MalllMHBI CO31acT Bpama}omﬂﬁ MOMCHT.



Ha kaxnpit u3 N axrusnbix MIPOBOJTHUKOB OOMOTKH SIKOPSI IEMCTBYET 3JIEKTPOMAarHUTHAs CHIIA:
F, =BIl

CyMMa 3TUX CHJT CO3[Ia€T BpAIAIOIIUAA 3JIEKTPOMAarHUTHbIA MOMEHT:
D N
M am = E ZF k
k=1

Bocnonp30BaBIIMCh MOHITHEM Cp€aAHCIO 3HAYCHUA MHAYKIWUH 110 I1IOJXOCOM, ITOJTYUUM!

DY D
M, == Y Fy =—NBy,ll
2 2
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KPY>KHOCTB SIKOPSI BBIpPAa3UM 4epe3 MUPUHY ITOIFOCHOIO AEICHUSA , a 3aTeEM

IepernaeM OT MarHUTHOM MHAYKIIMU K MArHUTHOMY ITOTOKY:

M,, = 221'J NBy 1 = £ NID
T T

HaKOHCI_I, BMCECTO TOKa OHOI'0 NPOBOJHHWKA BBCIACM B BBIPAXKCHUC MOMCHTA O6IJ_IYIO CHIIY TOKa

I, =2al

SIKOPSL:

P
Moy = NOL, =C, @1,
arx
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ar . BEJIIMYHHA, IOCTOAHHAaA 4J4 JaHHOUW MAallluHBI.

HJ’IH )IBPIFaTeJ'Ieﬁ ITIOCTOSHHOTI'O TOKA TAKXEC BaH(HOﬁ XapaKTepHCTHKOﬁ ABJISICTCA CKOpOCTb
BparieHus. Tok sSIKOpsi mo1aeTcs B OOMOTKH SIKOPS U3 BHEITHEH 1IN, ¥ €r0 BEJIMYUHA
OIpeEeNsAeTCs OTHOIIEHUEM Pa3HOCTHU IPUIIOKEHHOTO HaIpsbKeHUs ceTu ¥ mpoTuBoD/IC k
COHpOTI/IBJ'ICHI/IIO ﬂKOpHOﬁ O6MOTKI/IZ

U-FE

1, 2

A

BLIpa}KCHI/IC JJIA CKOPOCTH BpalICHUA ABUTATCIIA ITIOCTOAHHOT'O TOKA MOXKET OBITh IMOJIYy4YCHO U3

YpaBHCHUS HAIIPSKCHUSA:
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KommyTanusi Toka v crioco0bl ee yJay4llieHus
ITon xoMmMyTaned NTOHUMAETCS KOMIUIEKC SBJICHUH, IMEIOIUX MECTO IIPU MEPEKII0YCHUN
CEKLUU OOMOTKH SIKOPsI U3 OAHOM MapajiebHON BETBU B APYTYIO.

3OTO sIBJICHHE CBSI3aHO: C U3MEHEHUEM HAIIPABJICHUS TOKA OJHOM CEKIMM OOMOTKH Ha
00paTHOE; KOPOTKUM 3aMbIKaHMEM KOMMYTHPYEMOM CEKIIUH LIETKON Yyepe3 IBE COCeTHUE
KOJUJIEKTOPHBIE IJIACTUHBI B MOMEHT UX NEPEMEILEHUS O] IIETKON U IPYTUMU SIBICHUSIMH.
Tak Kak mporecc KOMMYTAlMHU KaXI0W CEKLIUU IIPOTEKAECT B O4EHb KOPOTKUIN ITPOMEKYTOK
BpEeMeHHU (0J1Ha UM HECKOJIBKO MMJUIUCEKYH]T), TO B CEKIIMM TPOUCXOIUT PE3KOE U3MEHEHHE

TOKa M, ClIeA0BaTe]IbHO, MArHUTHOTO ITOoTOKa. OTCI0/]a — HaBEJICHUE B CEKIIMH 3HAYUTEIILHOMN
er o o
OJ1C camouHayKIIU , KOTOpasi BbI3bIBAET B 3aMKHYTOM uepe3 MIETKY CEKIMH OONBIION MO

BEJTMYMHE J00ABOYHBIN TOK ]a . lo0aBOYHBII TOK, Hajarasch Ha TOK SKOPS, IPOXOIAIINN Yepe3
HIETKY, U3MEHSET INIOTHOCTh TOKA B MOCIEAHEH, UTO MPUBOJIUT K UCKPEHUIO MEXIY HIETKOU U
KOJUIEKTOpOoM. MckpeHnne MOKeT nmepepacTu B KpyroBOW OTOHB 10 KOJJIEKTOPY — OTHEBYIO
neHTy. Mexannyeckas puyuHa UCKPEHUS — YXYAIIEHUE KOHTAKTa MEX/1y JIAMEIIbIO U IETKOM,
BO3HHKAIOIIETO BCJIEJICTBHE HEPOBHOCTU MTOBEPXHOCTH KOJJIEKTOpA MM OCHabIeHUS
OPWKUMHOM NpyKuHbL. VICKpeHe BhI3bIBAET UpE3MEPHOE HarpeBaHUE M 00ropaHue MEeToK U
IJIACTUH KOJUIEKTOpA.

Tak kak OCHOBHOM MpUUNHOMN UCKpeHus aBisgeTcs nodaBounas IC caMOMHIyKIINH,

BO3HHUKaromasa B CCKUUHU IMIpHU €€ KOMMYTAallur, TO IJIA NOJTYUCHUA 663BICKpOBOﬁ pa6OTBI MalllMHbI

HE0OXOMMO BBECTH B cekIuio emie oany 3/1C €k , kotopas komneHncupyet IJ1C

camonHayKuuH. CieacTBE HOPMAIBHONW KOMMYTAlMHU SBJIAETCSA paBeHCTBO ABYX D/JIC:
€, =—€r '

CymectByeT 1Ba criocoba nonxydueHus kommeHncanuonnoi 3/1C:
1 CmenieHue mETOK 3a MoJI0KeHne GU3NYECKON HeHTpau;
2 YcTaHOBKA JI0NOJHUTENBHBIX MOJIIOCOB, CO3/AI0IIUX J00AaBOUHOE MATHUTHOE I10JI€ B 30HE
KOMMYTallUH.
CrnepnoBarenbHO, U3MEHSS BEIMUYNHY MAarHUTHOTO MTOTOKA 32 CYET CMEIICHUSI IETOK Ha OOBIIHIA
WJIM MEHBUIUH YroJl U YCTaHABJIMBAs JOMOJIHUTENbHBIE MTOIK0CAa HA TEOMETPUUYECKON HEUTpaIu
MAaIIUHBI ¥ BKJIIOYast UX 0OMOTKY BO30YKACHHUS ITOCIEI0BATEILHO ¢ 0OMOTKOI SIKOPS, MOKHO,
MO’KHO MOJIYYUTh HOPMAJIbHYIO 0€3bICKPOBYIO KOMMYTALIMIO.

VYros cMeneHns HIETOK OTHOCUTENFHO (PM3NYECKON HEUTPaIM 3aBUCUT OT HArpy3KH BO
BHEILIHEN LIENH, YTO MPEAOCTABIISET ONPEIEIECHHBIE CI0KHOCTH MPHU IKCILTYyaTALMKU MAIIUHBI.

HOSTOMy BTOpOﬁ croco0 sByIseTCS npeaAnOYTUTCIIbHBIM, T.K. IIOCJICA0OBATCIIBHOC COCANHCHUC



00MOTOK B036Y)KI[€HI/I$I JOIMOJIHUTCIIbHDBIX ITOJIFOCOB U AKOPS XapaKTCPpU3yCTCA OJJHUM TOKOM.
N3menenue Harpys3ku BO BHEIITHEH LCIH BJIIMACT HA TOK AKOPA, U KaK CJICACTBUC, HA MArHUTHOC
ITOJIC JOIIOJIHHUTCIIbHBIX ITOJIIOCOB.

HpI/I pa60Te MallhuHbI B TCHCPATOPHOM PCIKUME IMOJIAPHOCTD JOIMOJTHUTCIIBHOI'O ITOJIF0OCAa JOJIKHA
OBITH KaK Yy INIaBHOT'O ITOJITOCA, CIICAYIOUICTO 110 HAITPABJIICHUIO BPAILICHHUA SAKOPAI.

HpI/I pa60Te MallvHbI B ABUTAaTCIIbHOM PEKHUME MOJIAPHOCTb JOMMOJHUTCIIBHOTO IMOJIF0CAa JOJIPKHA

OBITh KaK Y ITIaBHOTO MOJIr0CA, NPCAbLAYIICTO 10 HAIIPABJICHUIO BpallICHUA AKOPA.

JlocTOMHCTBA M HETOCTATKH
Mamunsl nocrostiaoro Toka (MIIT) sBisitorcs 00paTUMBIMU, T. €. OHU MOT'YT padoTaTh B

kauectBe reneparopa (I'I'T) wnu aeurarens (AIIT) 6e3 n3mMeHeHUs: CXEMBI.
HIupokoe npumenenue JAIIT oGycnoBieHo ciaenyomuMi IPUUNHAMHU:

— BO3MOJKHOCTb IUIABHOTO PETyJIMPOBAaHUs YaCTOTHI BPAICHUS Baja;

— XOpOLIME ITyCKOBBIE CBOICTBA: OOJIBILION MYyCKOBOM MOMEHT IPU CPABHUTEIBHO

HEeOOJIBIIOM ITYCKOBOM TOKE.

OcnoBHoii HeoctaTok MIIT - Hanuuue METOYHO-KOIEKTOPHOIO Y3714, KOTOPbIil TpedyeT
TIIATENBHOIO YX0/1a B OKCIUIyaTallMy U CHUXKAET HaJAEKHOCTh ManH. Kpome Toro, [uist nuTaHus
JIIT tpebyrores ncrounuku noctosHuoro Toka (I'II'T wnu Bempamurenu). HanomuuM, uro
OCHOBHBIM BHJIOM JIEKTPOCHA0XKEHUS IPOMBIIIICHHBIX IPEANPUATHI ABISIETCS JICKTPOIHEPTUs
IIEPEMEHHOTI0 TOKa, NepeJaBaeMas o TpéxQasHoii ceTu.
JIIT npuMeHSIOT B 311€KTPOTPAHCIIOPTE, B IPUBOJAX IIPOKATHBIX CTAHOB, B CUCTEMAaxX
aBTomMatuueckoro peryiaupoanus u ap. I'lIT ncnonb3yroT B kKauecTBe BO30yaUTENEH A
IUTAHUSA OOMOTOK BO30YX/I€HUSI MOIIHBIX CHHXPOHHBIX MAalllMH, [IEXOBBIX CETEH NOCTOSHHOTO
TOKa, B yacTHOCTH, 1 mutanus JAIIT, anekTpoMarauTos, i TUTaHUS SIEKTPOIUTHYECKUX

BaHH, 3apAKHU aKKYMYJIATOPOB, CBAPKU, B KAUCCTBC AATYMKOB YaCTOThHI BPpAILICHUA U AP.

2. PaboTra MammHbI B pexxuMe reieparopa. Padora MammHbl B pesxume
JABUTraTe 1. XapaKTePUCTHKM JBUTaTeIell ¢ pa3jii4HbIM CIIOCOO0M
BO30y KIeHHUS.

I'TIT no crioco®y ux Bo30Yy>KAeHUs JEISATCS Ha JIBE OCHOBHBIE TPYIIIBI: T€HEpATOpa ¢

HC3aBUCHUMBIM BO36Y)K,H€HI/ICM 1 ICHCPATOPHLI C CaMOBO36y7KI[CHI/ICM.
Yy T'CHECPATOPOB C HE3aBUCUMbBIM BOSGY)KI[CHI/ICM 00MOTKA B036Y)KI[€HI/IH HUMCCT
QJICKTPHUUICCKOI'0O COCAUHCHUS C 00MOTKOI SAKOPA U IMUTACTCA OT ITIOCTOPOHHETO UCTOYHHKA

IMOCTOAHHOI'O TOKA.



I'enepaTopsl ¢ caMOBO30YKAEHHUEM HE HYX/IAIOTCS B IOCTOPOHHEM MCTOUHUKE
BO30YXKAECHMUSI, [T0JIydasl TOK BO30YXKIAE€HUs OT cBOoero sikops. [IpuHiun caMoBo30yxaeHus
OCHOBaH Ha OCTaTOYHOM MarHeTusMe, T.€. Ha OCTaTOYHON MarHUTHOW MHAYKLMHU B MTOJIFOCAX
MalllMHbl, COXpaHUBIIEHCA B HUX I0CIE PAOOTHI.

BonbT™meTp, MOAKIIOYEHHBIN K AKOPIO (pukcupytoT BeauuuHy I/1C oT ocTaTouHOro
MarHuTHOTIO 1oJjs. B nens Bo30ykaeHUS BKIIOYAIOT peOCcTaT ¢ O0IbIINM conpoTuBiieHueM. [Ipu
BpalLlEHUU SKOPsI IEPBUYHBIM BUraTesieM BeiarnurnHa J/]C yBennuuBaeTcs 10 HOMUHAIbHOIO
3HA4YeHUs, IPH 3TOM PEOCTaT MOCTENEHHO BBIBOASAT U3 LIENH BO30YKCHHs (YMEHBILAIOT
COIIPOTHUBJIEHUE).

Ecnu npu Bpamenuu sxops BenuuuHa JJIC Oyzner yMeHbIIaThCs, HEOOX0AUMO
YBEJIMUUTH COIIPOTUBIIEHUE ITYCKOBOT'O PEOCTAaTa U CMEHUTH NOJISIPHOCTH OOMOTOK
BO30YKJIEHUS, T.K. B JAHHOM CJIy4ae MPOUCXOJUT Pa3MarHMUMBaHHe MalllUHbL. [ eHepaTopsl ¢
CaMOBO30YXI€HHEM HOJTY4YMIIN IIUPOKOE IPUMEHEHHUE.

[To ciocoOy coennHeHns 0OMOTOK BO30YKIE€HUSI ¢ OOMOTKOMN SKOPSI TEHEPATOPSI C
caMOBO30Y>KJIEHUEM JIEJIATCS Ha TPU TUIIA: C apajlIeIbHBIM BO30YXK/1€HUEM (ILIYHTOBBIE); C
[10CJIEI0BATEIbHBIM BO30YK/IeHUEM (CEpUECHBIE); CO CMELIaHHBIM BO30YXKAEHUEM
(koMIayHIHBIC).

B reneparopax co cMemaHHbIM BO30YXI€HUEM UMEIOTCSI IB€ OOMOTKH — IIOCIEA0BaTEIbHAs U

napajiciibHasd, HAJTOXKCHHBIC Ha TJIABHLBIC ITOJIIOCA TCHEpATOpa.

Xapakrepuctuku reseparoposn IIT

OcHoBubiMu xapaktepuctukamu ['TIT sBusroTcs:
— XapaKTepHUCTHKA XOJOCTOI0 X0Aa;
—  BHEIIHAS XapaKTEPUCTUKA;

— PperyjaupoBOYHas XapaKTePUCTHKA.

Xapaxkmepucmuxa XX — 3aBUCUMOCTb HAIIPSDKCHUS HA 3a)KUMax I'eHepaTopa OT TOKa

= £(1,) _
BO30YKICHHS Uo =71 ( 6/ 11pu mocTosHHOM umcie 060poToB sikops 11 = CONSt y

=0

OTKJIIOUEHHOM BHEIIHEH 1enu. Y TeHepaTopoB ¢ HE3aBUCUMBIM BO30YKIeHHEM ~ A .Y

T'CHECPATOPOB C CaMOB036y}KI[€HI/I€M TOK HAarpy3kKku ]H - , CJICOOBATCIILHO ]’q - ]6 , OJHAaKO
TOK BO36y7K,HeHI/ISI cocraBisieT 2-5 % OT HOMHUHAIIBHOTO 3Ha4YCHUA, CJICA0BATCIBbHO, MOXHO
CUNUTATb, YTO OH paBCH HYJIIO. Ora XapaKTCPUCTHUKA JACT BO3MOKHOCTh OLUCHUTH MArHUTHLIC
CBOMCTBA UJIM MAarHUTHOE COCTOSIHUE MAIlIMHBbI. HpI/I XOJIOCTOM XOJC HAIIPSKCHUC PABHO BHC

CAMOMHAYKIMU OT OCTATOYHOI'O HAMAarHM4ruBaHU. HCpBHﬁ Y4aCTOK IHNPAKTUICCKU



IPSAMOJIMHEEH, YTO CBUACTEIBCTBYET O HEHACBILEHHOM COCTOAHMM MalluHbl. [1o Mepe
YBEJIUYECHUS TOKAa MarHUTOIIPOBOJ I'€HEPATOPa HACKIILAETCA - HA XapaKTEPUCTUKE CPEIHSSA 4aCTh
(xoneHo). Ilpu nanpHeleM yBeIMUYEHUHU TOKA IPOUCXOJUT HACBIILIEHUE U XapaKTEPUCTUKU
OIHUCBIBACTCS YPABHEHUEM IIPSIMOM JINHUH.

["'enepaTop 10JKEH ObITh pacCUMTaH TaK, YTOOBI IPH HOPMAJIBHBIX YCIOBHSX KCIUTyaTal[1 €ro
MarHuTHas cucTema Obljla B COCTOSIHMM CPEIHEr0 HACBILIEHUS, T.€. 3HAUEHHE HOMUHAIILHOTO

SHAYCHUA HAIIPAKCHUA JOJKHO HAXOAUTHCA Ha YHAaCTKE KOJICHA XapaKTCPUCTUKHU XX.

Bhewnasn xapakmepucmuka — 3aBUCHUMOCTDb HAIIPSAKCHUA I'CHECPpATOPA OT TOKA AKOPs

U=f(1,) .
f( A IIpU MOCTOAHHOU CKOPOCTH BpalllICHUA U TOCTOSAHHOM 3HAUYCHUHN TOKaA BO36y>K,D;eHI/ISI

1, = const
JUIsl TEHEPAaTOPOB C HE3aBUCUMBIM BO30YxkaeHUEM. [ FeHepaTOpoB ¢

C3MOB036y}K)IeHI/IeM MMOCJICAHCC YCIIOBUC 3aMCHACTCA TpC6OBaHI/ICM IIOCTOAHCTBA

R, = const
COIIPOTUBJICHUS LICIIHU BO36y‘)KI[eHI/ISI

. BHenHss XapakTepucTuKa Mo3BoJsieT
CYIUTh 00 3JIEKTPUIECKHIX CBOMCTBAX T€HEpaTOpa.

[Tpu yBenuueHUU TOKa AKOPS HAMPSHKEHUE YMEHBIIAEeTCs, BO3PACTAET PEaKIIHs SIKOPS, 4TO
npuBOIUT K yMeHblIeHHio DJ{C, MHIYKTUPOBaHHYIO OCHOBHBIM MAarHUTHBIM MIOTOKOM. DTHU JBE
IMPUYMHBI BEI3BIBAIOT YMEHBIIICHUE HAMIPSHKCHHS TEHEPATOpa HE3aBUCUMOTO BO30YKICHUS
(xpuBas 1).

B renepaTtopax ¢ napamuieabHbIM BO30YKIEHHEM K IBYM IPUUHMHAM YMEHBIICHUS
HaNpsDKEHUs J00aBsieTcs elle oaHa: TOK 0OMOTKY BO30YXAeHUs OyIeT YMEHbIIAeTCs, YTO
MPUBOIUT K YMEHBIICHHIO OCHOBHOTO MAarHUTHOTO TIOTOKA, M KaK CJIEICTBUE YMEHBIICHHUIO
D/1C. 3MeHeHne HApsDKEHUS B IYHTOBBIX T€HEPATOPaX MPOUCXOIUT CHIIbHEE, YEM B
reHepaTropax ¢ He3aBUCUMBIM BO30YXKIeHUEM (KpUBas 2).

B renepaTopax co cMemaHHbIM BO30YKJICHHEM U3MEHEHHE HAMPSHKEHUS [IPH U3MEHEHUH
TOKA SIKOPSI 3HAUUTEJIBHO MEHbIIIE, YEM y F€HEPaTOPOB C HE3aBUCHUMBIM U MapaslieIbHbIM
BO30YX/I€HHEM. DTO OOBSICHSAETCS JEHCTBUE MTOCIEI0BATEIbHON OOMOTKH, MATHUTHBIN TTOTOK
KOTOPOW YBEIIMYMBACTCS C YBEIHMUCHUEM TOKA SKOPS M, CYMMHPYETCSI C MArHUTHBIM TTOTOKOM
napajuieIbHOM 0OMOTKH, 00ecrieurBas yBEeIHUEHNE OCHOBHOTO MarHUTHOTO NMOoToKa. [Toaromy B
Hayvaje xapaktepuctuku ysenunuenue J/[C nepekpriBaeT najeHue HaMpsHDKEHUS B LEMH SKOPSL.
[Ipu nanpHEWIIeM yBEeTUYCHHH TOKA HAPSHKEHUE YMEHBIIACTCS, BCICICTBAE HE3HAYUTEILHOTO

BO3pacTaHuA MAarHuTHOIO IOTOKaA.



Pezyﬂupoeotmaﬂ xXapakmepucmuka — 1Jis1 BCCX TUIIOB I'CHCPATOPOB ABJIACTCA 3aBUCHUMOCTBIO

I, =£(1,) ) _
TOKa BO30YXJICHHSI OT TOKA SIKOpst ~ 6 I\ TIPH HOCTOAHHOM ckopoctu /! = CONSL y

nanpsxenun U = CONSt

PerympoBouHas XapakTepUCTHKA MTOKA3bIBAET, KaK CIIEAYET U3MEHATH TOK BO30YKIEHHSA
IIPU Pa3JIMYHBIX HATPY3KAX, T.€. IPH PA3JINYHbIX 3HAYEHHAX TOKA AKOPS, YTOOBI MOTyIUTh
HEM3MEHHOW BEJMYMHY HAIPSIKEHUS TEHEPATOPA.

PCFYHHPOBO‘IHBIC XApaKTCPUCTUKH CHUMAIOT TAKKC KaK H BHCHIHHUC XaPaKTCPUCTUKH.

PaboTra MammHbI B pe:KuMe IBUTaTe/Isl. XapaKTEePUCTUKH BUTaTelell ¢ pa3Tu4HbIM
€rmoco0oM BO30YyKIeHUSA

Jsuratenu [1T, Tak ke Kak U TEHEPATOPHI, IO CIIOCO0Y COSAMHEHUST 0OMOTOK BO3OYKICHUS U
HKOpSI HOI[pa?;,He.H}IIOTC}I Ha 3 TUIIA: C IIOCICA0BATCIIbHBIM, HapaJIJICJIBHBIM 1 CMCIIaHHBIM
BO30YXKICHHUEM.

[Tyck neuratenei [1T mpousBoauTCs Mpy MOMOIIK MTYCKOBOTO PEOCTATa, BKIFOYAEMOTO
MOCJICIOBATEILHO B IIENb SAKOPs. [Ipy BKIIFOUEHUH HETIOBUIKHOTO JABUTATEIIS TOK SIKOPSI MOYKET
JOOCTUI'aTh 3HAUYCHUSA TOKA KOpOTKOFO 3aMbIKaHHA, npeBHmanmero B OCCATKHU pa3 BCJ’II/I‘II/IHy
TOKA HOMHUHAJIBHOTI'O pemHMa, BCJICACTBUEC MAJIOTO COHpOTI/IBJICHI/ISI O6MOTKI/I HKOpSI.
ConpoTHBIICHHE TTYCKOBOTO peOCTaTa OrpaHUYMBACT BETMYMHY ITyCKOBOTO ToKa. [To mepe
pasroHa JABUTATEIIS MPOUCXOIUT yBelnueHue npotuBo-2/[C, 4To m03BOJISAET, MOCTEIICHHO
YMGHBH_IaSI COHpOTI/IBJIeHI/IC HYCKOBOI‘O pCOCTaTa, BBIBCCTH €I'0 B KOHIIC HYCKOBOI‘O N3 IICIIN

SIKOPSL.

Xapakrepuctuxu JIIT
OcHosuble cBoiictBa JAIIT onpenenstor no pabounM xapakTepuCTHKaM, Ha KOTOPBIX
M300paxkatoTCsl 3aBUCUMOCTH CKOPOCTH BpalleHusl, Bpamatoiero momenta u KII/1 or Toka

SIKOPSL:

n=f(1,). M=f(1,). n=r{,)

2 2 b

[PU HEM3MEHHBIX HANPSUKEHHH U TOKe Bo3Oyxkaenus: U = CONSt lg = const,

JIIT ¢ napamienbHbIM BO30YKIEHUEM.

CKOpOCTHas XapaKTePUCTHKA NPEICTABISET CO00M IMHEHHYIO 3aBUCUMOCTb, [IPH YBEINYEHHUH
TOKa SIKOPSI 10 HOMUHAJILHOTO 3HAYECHHSI CKOPOCTh BPAIIIEHUS yMEHbIIaeTcs Ha 2-8%.
MoMeHTHast XapaKTEPUCTHKA IBUTATENS TAKKE JIMHENHA, IPU yBEJIMYEHUH TOKA

BHCKTpOMaI‘HI/ITHBIf/i MOMCHT TaKXC BO3pacCTacT.



Kpusas KII/] pacteTr cnauana nuneiiHo, 3atem npu Toke 0,8~ AH nocTuraer MakcumManbHOTO

3HAYCHMH, TOCIIC YCro HAYMHACT YMCHBIIIATLCA.

Xapakrepuctuku JAIIT ¢ mociaenoBareibHbIM BO30YyAK/IeHUEM

B nBurarensx c nocieaoBareabHbIM BO30YXIEHUEM TOK SIKOPSI paBEH TOKY
BO30YXKIAECHMUSI, CIIE10BATENIBHO, IPU YBEITUYEHUN TOKA POUCXOANUT YBEINYEHHE MArHUTHOTO
noroka. [Ipy HeHaChIIIEHHOM COCTOSTHMM MalllMHbl, MATHUTHBIM OTOK OyJ1eT MpONnopLUOHaAIEH
TOKY IKOPSI, U €CJIM Y4€CTb, YTO IOTEPH HANIPSKCHUSI Ha CONIPOTUBIICHUU SIKOPS MaJbl, TOr1a
BBIpa)KEHUE CKOPOCTH BpallleHUsl OyJeT UMeTh cieayrouuii Bu1. HemoctossHCTBO MarHUTHOTO
IOTOKA IPUBOJIUT K TUIIEPOOINUECKON popME CKOPOCTHOM XapaKTEpPUCTUKHU, TaKas
XapaKTepUCTHKA Ha3blBaeTca MArkoi. [Ipu Harpyskax nBuratens, MEHbIINX 25 % OT
HOMMHAJIBHOM, CKOPOCTb BO3PACTaeT HACTOJIBKO, YTO CTAHOBUTCS ONACHOM JUIsl MEXaHUYECKOU
nenoctHocty asurarens. [lostomy AT ¢ nocnenoBaTenbHbIM BO30YKIEHUEM HENb3s TyCKAaTh
BXOJIOCTYIO WJIM C HEOOJIBIION HArPy3KOil.
1o 3TOM ke NpU4YMHE MOMEHTHAs XapaKTePUCTUKA NIPAMOIIPOINOPLUOHAIbHA KBAIpaTy TOKA
SKOPsl, ¥ IPE/ICTaBIIAET NapadOINUECKYIO KPUBYIO.
Paboune xapakTepuCTUKU ABUraTeNs CO CMEIIaHHBIM BO30YKICHHEM SBJISIOTCS. KPUBBIMU,
CPEIHMMH MEXIY COOTBETCTBYIOIIMMU XAPAKTEPUCTUKAMU JBYX MPEABIIYIINX TUIIOB

JIBUTATEIICH.

3.Ilyck aBuraresisi 4 peryJiupoBaHHe 4acTOThI BPALLCHHS.
ITyck nBurarenei 11T nponsBoauTCs Npy MOMOIIHK ITYCKOBOI'O PEOCTATA, BKIOYAEMOTO

MIOCJIEIOBATEIBHO B 1eNb AKOps. IIpy BKIIFOUEHUH HETTOABUKHOTO ABUTATEIS TOK SIKOPSI MOYKET
JIOCTUTaTh 3HAYEHUS TOKA KOPOTKOT'O 3aMbIKaHHUsI, IPEBBIIIAOIIETO B JECATKH pa3 BEJIMUNUHY
TOKa HOMUHAJILHOTO PEXXHUMa, BCJICCTBUE MAJIOTO COMPOTUBIICHUSI OOMOTKH SIKOPSI.
CornpoTHBiIeHNE MYCKOBOTO peOCcTaTa OrpaHUYMBACT BEIMUYMHY ITyCKOBOTO TOKa. [1o mepe
pasroHa ABurarelis NpoucXoauT yBenndeHue npotuBo-2/{C, 4To mo3BOJISET, IOCTEIEHHO
yMEHbLIasi COPOTUBIIEHNE ITYCKOBOI'O PEOCTATA, BBIBECTH €T0 B KOHIE ITyCKOBOTO U3 LIETH
SIKOPSAL.
Mexannuyeckue xapakrepucruxku JAIIT

[TpaBUIBHBII BEIOODP JEKTPOABUTATEIS JIJIs IPUBO/IA TOM WIJIM MHOW TEXHOJOTUYECKOU
MAaIIUHBI TPEeOYET COTNIaCOBAaHUS €r0 MEXaHUYECKUX XapaKTEPUCTHK.

MexaHndeckoun XapaKTepI/ICTI/IKOf/'I ABUTATCIIA HA3BIBACTCA 3aBUCUMOCTDL CKOPOCTHU BpallICHUA OT

MOMCHTA Ha Bally n= f(M)



HJ’IH )IBPIFaTeJ'Ieﬁ C MMapaJlsiIiCJIbHbIM B036y}KI[eHI/I€M YpaBHCHHEC MeXaHUYeCKOM
XAPaKTCPUCTHUKU UMCECT BUA!
V__m,, K

n=——— -
ke®o . keCMCD(z)

HpI/I MOCTOAHHBIX 3HAYCHUAX HAIIPAKCHUA, MAIrHUTHOI'O ITIOTOKA U COMTPOTUBJICHUSA
SAKOps, AaHHas 3aBUCUMOCTDb JIMHEHHA. HpI/I YBCJIMYCHHUHU IJICKTPOMArHUTHOI'O MOMCHTA
CKOpPOCTh YMCHBIIACTCH.
B ABUTATCIIAX C ITOCICI0BATCIIbHBIM B036Y)KI[€HI/I€M MCXaHHUYCCKAA XapaKTCPUCTHUKA

MPEICTABIISIET TUIIEPOOIUYECKYIO KPUBYIO.

1.10 Jlekums Ne 12 (2 yaca)
TeMa: «KACMHXPOHHbI€ MAIIMHBI IEPEMEHHOI0 TOKA»
1.10.1 Bomnpocs! Jeknum:

KoncTpykuus, npuHIun padéoTsl B pe:kuMe IBUTaTeIsl.

OcHOBHbIE XapaKTePUCTUKU ACHHXPOHHOI0 ABUTATEJIA.
I[acnopTHbIEe XapaKTePUCTUKH.

Oco0eHHOCTH MyCKa U CIIOCOOBbI PeryJJMPOBAHUS YACTOTHI BPAallleHHUs.
OnHoga3Hble ACHHXPOHHBbIE IBUTATEJIH.

1.10.2 KpaTkoe cojep:kaHue BONPOCOB: (TE3UCHO U3JI0KUTh OCHOBHOE COJICP)KaHUE
paccMaTpuBaeMbIX BOIIPOCOB)
1. KoHcTpykuus, npUHIMI PadoThl B pe:KMMe IBUTATeJIs.
ACHHXPOHHBIM JIBUTATEJIEM HA3bIBAETCS MAILMHA, KOTOPasi MPeoOpa3yeT FIEKTPUUECKYIO
SHEPIHI0 IEPEMEHHOT0 TOKA B MEXaHUYECKYIO U Y KOTOPOM CKOPOCTh BpaIlleHUs! pOTOpa U
MarHUTHOTO TOJIsL CTaTOPA Pa3JINYHBI.
ACUHXpOHHBIE ABUTATENH MOJIYYUIIH IIMPOKOE PACIIPOCTPaHEHHE Oaronapst Caeayonum
JIOCTOMHCTBAM:

- IIPOCTOTE YCTPOUCTBA;

- BBICOKOI Ha/Ie)KHOCTH B JKCILTyaTal1u;

- HHU3KOM CTOMMOCTH.



C MoMoOIIbI0 aCHHXPOHHBIX JIBUTATENICH IPUBOIITCS B ABHKEHUE TIOIbEMHBIE KPaHBbI, JICOSIKH,
U@ THI, 3CKANTATOPBI, HACOCHI, BEHTWJIATOPHI U JPYTHE MEXAHU3MBI.
K HenocTaTkaM aCHHXpPOHHBIX ABUTATENEH OTHOCATCS:

- TOK IIpH IMMYCKEC aCUHXPOHHOI'O JABUIAaTCJIs B 5-7 Ppas3 MpCBbIMIACT TOK B HOMHUHAJIbHOM

1, =(5..7I,.

pexume

- HYCKOBOﬁ Bpamafomnﬁ MOMCHT OTHOCHUTCIIbHO MOMCHTA B HOMHUHAJIbHOM PCIKHUMCE

M, =(12..16)M,,.

Ma
- 3aTPYAHEHO pPeryjIrupoBaHUE CKOPOCTH BpAIICHUS POTOPA.

OCHOBHBIMU KOHCTPYKTUBHBIMH JIEMEHTAMU aCUHXPOHHOTO JIBUTATEIISI SIBIISTFOTCSI: CTATOP U

poTop.

HenonBukHbIi TUTON KOPITYC, BHYTPU KOTOPOTO PACIIOIOKEH, COOPHBII U3 IITaMIOBAaHHBIX

JIMCTOB AJIEKTPOTEXHUUYECKON CTaJIM, CEPJICUHUK UM MarHUTONpPOBO. B ma3sl cepreunmka

yKJaabIBaeTcs TpexdasHasi ctaTopHass 0OMOTKa, PaBHOMEpHO pacripesiesieHHast 1o ero

oKpyxHOcTH. Takum 00pazom, Kaxaas ¢a3a 3aHIMAeT HECKOJIBKO Na30B craropa. CoequHeHne

G G G

0OMOTKH CTaTOpa OCYLIECTBIIETCS B KOPOOKE, B KOTOPYIO BbIBEIEHBI Hauasa (a3

C, Cs Cq

Y KOHIIBI (a3
B A/l o6moTKkH cTaTopa, 1o J00HO NepBUYHON 00MOTKE TpaHC(HOpMaTOpa, MOIydatoT SHEPTUIO

oT Tpex(}a3Holl ceTH U BO30YXAat0T Bpallalolleecsi MarHUTHOE TOJIE.

Koporko3aMkHyTBIil poTOop

Portop AJl — Bpamiaromiasicst 4acTb — COCTOUT U3 CTaJIbHOTO Bajia, COOPHOTO CepACUYHUKA POTOPA,
Ha BHEIIHEH MOBEPXHOCTU KOTOPOTO B Ma3aX pa3MeNaeTcsi pOTOpHAst 0OMOTKA, 3aMKHYTast
HAKOPOTKO HJIM Ha IIyCKOBOW peoctaT. OHa HE UMEET DIIEKTPUUYECKOTO COSAMHEHUS C CEThIO MIIH
¢ 0OMOTKO CTaTopa, TOKH B HEH HHIYKTUPYIOTCS BPAIIAIOLIMMCS MATHUTHBIM ITOJIEM.
B3aumoseiicTBrE TOKOB POTOpa C BPANIAIOIIMMCS MATHUTHBIM TTOJIEM CTaTOPA BEIHYKAAET POTOP
BPAIATHCS 110 HAMIPABJICHUIO TTOJIS.

PoTopbl acCHHXPOHHBIX JBUraTeNei H3rOTABIMBAOTCS ABYX BUJOB: KOPOTKO3aMKHYTHIE H C
KOHTakTHBIMH KoJibiiamu (100-200 kBT).

OOMOTKa KOPOTKO3aMKHYTOT'O POTOPA MPEACTABISAET COOOM MUIMHAPUICCKYIO KIIETKY
(«benmmdbe KOJIECOy») U3 METHBIX IIMH WUJIH aTFOMUHUEBBIX CTEPKHEH, 3aMKHYTBIX HAKOPOTKO Ha
Topuax AByMs KoiibliaMu. CTEp>KHU 3TOH OOMOTKH BCTABIISIOTCS 0€3 U30JISIIIMH B M1a3bI
MarHuTONpoBoia. TopIeBble KOHIBI CTEPKHEH 3aMBIKAIOTCSl KOJIBIIAMH U3 TAKOTO e MaTepralia

(«Oenmube KOIecoy).



HpI/IMCHHCTCH TaK)Ke CIIoco0 3aJIMBKH 1a30B Mar"tuToIIpoBoaa poTopa paciljiaBJICHHbIM
AJIIOMHUHHEM C OHHOBpCMeHHOﬁ OTJINBKOH B 3aMbIKAIOIIUX KOJICII.

Takoil poTOp 3HAUUTENBHO ACLIEBIIE U 00CITYKUBAHUE ABUTATEINS MIPOLLE.

Da3Hblii POTOP (C KOHTAKTHBIMHU KOJIbIIAMM)

O6MmoTKa (ha3HOTO POTOPA BBIMOTHICTCS U30JIMPOBAHHBIM ITPOBOJOM. B OobInHCTBE
CIIy4aeB OHa TpexQa3zHasi, C TEM K€ YUCIIOM KaTyIIeK, 9TO 1 00MOTKa ctaTopa. Tpu (a3Hbie
00OMOTKHM pOTOpa COSAMHSIIOTCS Ha CaMOM POTOPE B 3BE3/1y, @ CBOOOIHBIE KOHIIBI UX
COEUHSIOTCS C TPEeMsl KOHTAaKTHBIMU KOJIbIIAMH, YKPETNIEHHBIMU Ha Bally, HO N30JINPOBAHHBIMU
oT Hero. Ha kosblia HaJl0)KeHbI MIETKU, YCTAHOBIICHHBIEC B HETIOABMKHBIX MIETKOIACPKATEIAX.
Uepes konblia ¥ METKH 0OMOTKA pOTOpa 3aMbIKAaeTCs Ha Tpex(da3Hblid peocTar, 4YTo JaeT
BO3MOXXHOCTh CYIIECTBEHHO YJIYYIIUTh ITyCKOBBIEC YCIOBUS JABUTaTENSI — YMEHBUIUTH ITyCKOBOM
TOK ¥ YBEJIHUYUThH IyCKOBOWH MOMEHT, a TAK)Ke C TIOMOIIBIO PE0CcTaTa MOYKHO IJIaBHO

pPEeryJiMpoBaTh CKOPOCTh JBUTATEIIS.

[TosyyeHne Bpamamoerocsi MArHUTHOIO TOJISI

Haubonbiee pacrpocTpaHeHHe MOIYYUIIN Tpexpa3zHble aCHHXPOHHBIE IBUTaTeNd, paboTa
KOTOPBIX OCHOBaHA Ha MCIIOJIb30BAHUH BPAIAOIIETOCS MATHUTHOTO T1OJIs, TOCTOSIHHOTO 10
BEJIMYMHE ¥ MEHSIOIIETO CBOE HAMPABJICHUE B MPOCTPAHCTBE. [Ipu MOAKIIOUEHUH CTaTOPHOU

00MOTKH K Tpex¢a3Hoil lenu, B UX MOMAET TOK:

iy=1,- -sinot.

iy =1, -sin(ot—120°)

ic =1, -sinlot+120°)

OTH TOKU CO3aal0T MAarHUTOABWIKYIIIUC CUJIBI

FA=1A-W; FleB-w; Fe=ic-w

OHpC)ICJ'II/IM BCJIIMYHHBI X1 HAITPABJICHUA MAalrHUTOABHUIXXYIIUX CUJI B PA3JIMYHBIC MOMCHTBI
BPCMCHHU.

pu  =0.
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Tok B 00MOTKe A paBeH HyJ10. MTHOBEHHOE 3HaU€HUE TOKa B 0OOMOTKE B MMeeT 3HaK MHUHYC,
CJIE0BATENIbHO, €r0 HAIIPaBJIEHUE OT KOHIIa OOMOTKH K Hayaiy, a, B oOMoTke C HanpaBiieHUE
TOKa OT Hayaja — K KoHIly. HanpaBiieHue cui10BbIX JIMHUNA MarHUTHOTO MOJISI CTAaTopa,
00pa30BaHHOI'0 BOKPYT OJJHOI CTOPOHBI BUTKOB OOMOTOK — I10 4YaCOBOM CTPEJIKH, a,
00pa30BaHHOI'0 BOKPYT APYroif CTOPOHBI BUTKOB OOMOTOK — IIPOTHUB YaCOBOW CTPEJIKH, HO
BHYTpb CTaTopa.

BexTopet MJIC neprieH UKy IsspHBI IIOCKOCTH KaTYLIKK U PACIIOJIOKEHBI 110 ee ocu. Bektop

cymmapHoit MJIC onpenenuTcst Kak reOMeTpHYecKasi Cymma.

Bexropet MJIC FB 51 FC 00pa3yloT paBHOOEAPECHHBIN TPEYTOJbHHUK.

=2 V3 I B3
Fy =2-Fp-cos30° ™ = im Wiym =Ty tim T

B momenT Bpemen !, mpu koTopom @ =30°,

1 1
: PN
iy=1, sin30 :E-Im; FAZE'Im'W
ig=1,-sin30° =120°)==1,, . Fpy=—I,-w

1
ic =1m-sin(3o°+120°):5-1m Fy :%-Im-w
Onpenenum reomerpudeckyro cymmy MJIC Fy 1/1 FB:

1 I 1

F 4 Fy=2-Fcos60° =2 53 tm W o= duw

Cymmapnas MJIC:

m W

1
Fy =(F +Fg)+F, = LWt L, -w:%-l

3 pacdyeToOB BUJAHO, YTO BCKTOP CYMMapHOﬁ MaFHHTOHBHH(YIHCﬁ CHJIBI HC U3MCHUIJICA 110
0
BCJIMYUHC, HO U3MCHUJI CBOC HAIIPABJICHUC HA 30 , OTHOCUTCIIBHO ITOJIOXKCHHU,

COOTBETCTBYIOILIEIO MOMEHTY BPEMEHHU, PABHOMY HYIIIO.



[Tponomxkast aHanOru4HbIe TOCTPOCHUS M APYTUX 3HAUEHUN BPEMEHU, MOKHO YOEIUTHCS, UTO
BenuunHa cymmapaoi MJIC Oyner mocTostHHOM, U 3a BpeMsi OJTHOTO Mepro/ia KoJebaHus TOKa,
BEKTOP MarHUTOJBIKYIIEH CHIIBI COBEPIIUT OJMH MOJIHBIN 000pOT.

Takum 00pa3om, yacToTa BpalieHNs] MarHUTHOTO MOJIs OyAET paBHA 4aCTOTE TOKa:
n = f [06/c]=60- f [06/muH]
[Ipu cranpapTHO yacToTe nurtatomen cetu 50 'y moste Bpammaercst co ckopoctbio 3000 06/MuH.

MBI paccMOTpenn ABYXITOTIOCHOE UCIIOTHEHUE (p =2 ).
n; =3000[06/MuH]|

Ecnu xe tpedyercst ckopocThb BpaiieHus Menblie, yeM 3000, To UCTonb3yr0T MHOTOIIOJIFOCHBIE
oOMoTku. Hanpumep, m1eCTUIIONIOCHOE UCIIOJIHEHUE CTATOPHOW OOMOTKHU COJIEPKUT 3 mapbl
IIOJIFOCOB: CEBEPHBIX U I0XKHBIX. B 1aHHOM 00MOTKe IO TpU BUTKA Ha Kaxayto ¢a3y. Eciu B
JIBYXTIOFOCHOI 0GMOTKE CTOPOHBI BUTKA OHO# (ha3bl pacronoxerst mox yriom 180°, o B
IIECTHITONIOCHOH BUTKH OTHON (a3l pacIonoKeHbl o yriaoM 60° OTHOCHTEIBHO APYT APYTa.
3a BpeMs OJJHOT0 NeproJia KosiedaHus TOKAa, MAarHUTHOE I10J1€ TOBEPHETCS Ha OJHY TPETh
neprona win Ha 120°, a CKOPOCTb BPALIEH S MATHATHOTO MOJS OMPEACITHTCS 10 GopMyIIe:

60- f

p

QHCKTpOMaFHI/ITHOC B3aUMOJICHCTBUEC MCKAY CTaTOPOM U POTOPOM BO3HHUKACT TOJIBKO ITPH

n

HCPABCHCTBC CKOPOCTU BpallICHUS I10JIL CTATOPA U CKOPOCTH BPALICHUA pOTOpPA. Paznocth

CKOPOCTEH MOJIsl U pOTOPa XapaKTEPU3YETCsl BETUYUHON — CKOJIbKEHUEM:!

OTKYJla, YaCTOTa BpallleHUsl poTopa:

n=n-S-n=n-(1-5)

B 3aBHCHMMOCTH OT COOTHOIIICHUS MCKAY CKOPOCTBIO BpalllICHUA I10JIA U pOTOpaA Pa3jinvaroT TPpH

, . >N, . n<ny.,
pexrMa paboThl aCHHXPOHHO MalllMHbI: T€HEPATOPHBIN ( ); ABUraTeJIbHbIN ( );

SJICKTPOMArHuTHOI'O TOPMO3a.

2.0CHOBHBIE XaPAKTEPUCTUKH ACHHXPOHHOI'0 JIBUTraTeJIsl
Mexanunueckoi XapaKTepI/ICTI/IKOf/'I ABUTATCIIA HA3BIBAIOT 3aBUCUMOCTD YaCTOThI BpalllCHUA

pOTOpa OT MOMEHTA Ha Bally

n=1(01)



MCXaHI/ILICCKYIO XApaKTCPUCTHUKY MOKHO ITOJTYYUTb U3 3aBUCHUMOCTH - f( ) Tak kak

CKOJIbJKEHUE OOPATHO MPONOPLHOHAIBHO CKOJIBKEHUIO, TO:

S=0 n=np.
- TIPH CKOJIBKEHUH , CKOPOCTB BpAIlleHUS POTOPA ;

- IPX CKOJIbKEHUU S= 1, CKOpOCTH Bpalenust poropa 7 = 0.

Kpusas | Ha3pIBaeTCs €CTECTBEHHONM MEXaHUYECKON XAPAaKTEPUCTUKOM, OHA COOTBETCTBYET
KOPOTKO3aMKHYTOH 0OMOTKE, T.€. 03 BBeIeHUs 100aBOUYHOIO CONPOTUBIIEHUS. BrimtoueHue
N00aBOYHOT'O CONPOTUBIICHUS B IIENb POTOPA YBEINYUBAET IIyCKOBOM MOMEHT U YMEHbILIAET
IIyCKOBOM TOK (KpuBasd 2). JlanpHel1iee yBeINYEHUE IPUBOANT K YBEJIIMYEHHUIO ITyCKOBOTO
MOMEHTA J0 KPUTHYECKOro 3HayeHus. Ilocie 4ero yBenudeHne ConpoTUBICHUE IPUBOJUT

YMCHBUICHUIO ITYCKOBOI'O MOMCHTA.

MarauTtHoe nose craTopa BpallaeTcs 110 YaCOBOM CTPEJIKE, U 10 OTHOIIEHUIO K POTOPY
TO’K€ 110 yacoBo} cTpenke. CKOpOCTh pOTOpa 3aBUCHUT, B TOM YHUCIIE, U OT €r0 Harpy3ku, T.€. OT
CTaTU4YEeCKOro MoMeHTa. [Ipu X010cTOM X0/€, CKOPOCTH BpAIlEHUs MOJIs U pOTOpa NPAKTUYECKU
PaBHbBI, MArHUTHBINA OTOK, [IEPECEKAIOINA OOMOTKH POTOPA MPAKTUYECKH HE U3MEHSETCs, U,
cienosarenbHo, DJ1C 1 TOKM B poTOpHON 0OMOTKE HE MHIYKTHUPYIOTCS. Bpataronii MOMEHT
co3zaercs Oyarogaps 1EKTPOMarHUTHOMY B3aMMOJEHCTBUIO MOJIS U TOKOB, U €CJIM TOKU PABHbI
HYJIIO0, TO U BPALIAIOIUIl MOMEHT paBeH Hym0. Takum 06pa3oM, aCHHXPOHHAs: MallliHa MOKET
paboTaTh B IBUraTeIbHOM PEKUME, €CIIM CKOPOCTh BPALIEHUS POTOPA JIEKUT B IIpeJesax oT

HYJid, 10 CKOPOCTHU BpalICHUA MAIrHUTHOI'O 1TOJIA

O<n<n . 0<S<l1

[IpeamnonoxuM, 4To cTaTopHasi 0OMOTKA CO3JjaeT BPALIAIOIIEeCs] MarHUTHOE MOJIe, a BaJl
JIBUTATeNIs JOMOIHUTEIBHO IPUBOJUTCS BO BPALLIEHHE CO CKOPOCTBIO OOJIbIIEH, YeM CKOPOCTh
noJisi. CKOJIb)KEHHE B ATOM cilydae OyJeT OTpULaTenbHbIM, HHAYKTUpOBaHHbIe DJIC 1 Toku B
pPOTOpPHOI OOMOTKE U3MEHST CBOE HarnpasieHue. I MOMEHT, co3/1aBaeMblil Ha Baly, CTAHOBUTbHCS
TOPMO3SIIUM, [10 OTHOIIEHHUIO K BPAIIAIOIIEMy MOMEHTY, CO34aBaEMOMY IIPU ABUTATEIbHOM
pexxume. Mexannueckasi JHEprusi, OABEIECHHAs K POTOPY aCHHXPOHHOW MAaIlIMHBI,
npeodpasyeTcs B 3JEKTPUUECKYIO SHEPTHUIO, U OTAAETCA B CeTh. TakuM 00pa3oM, MallliHA MOXKET

paboTaTh B peKUMeE reHepaTopa NapajuieNIbHO C CEThIO B Ipeernax:
<n<4o  _
m<n<+o L -0<S<0

PaccMmoTrpum nipumep, Koraa Bajl poTopa IpUBOAMTCS BO BPAlllEHUE TPOTUB HAIIPABJICHUS
MarHuTHOTO II0JIA cTaTopa. B 3TOM ciiyyae Kk aCHHXPOHHOW MalllMHE TOABOIUTCS DHEPIUs C IBYX

CTOPOH: JJICKTPHUYICCKAA OT CCTU, U MCXAaHUYCCKAaA OT ICPBUYIHOI'O ABUTATCIIA. Takoi PCXKUM



HAa3bIBACTCA PCIKUMOM IJICKTPOMAIrHUTHOI'O TOPMO3a. OH JIeKUT B npeaciiax U3MCHCHUA
CKOJIBXXCHHA

I<§ <+

IIpuMepoM NMPaKTUYECKOTO IPUMEHEHUS PEKUMA SJIEKTPOMAarHUTHOTO TOPMO3a SABJISETCS
OIlyCKaHUE I'Py3a B IOJbEMHO-TPAHCIIOPTHBIX YCTPOMCTBAX.
3.I1acniopTHbIEe XapaKTEePUCTUKH

Ka)KI[I;Iﬁ SJICKTPOABHUTATCJIb CHA0’AETCsI TEXHUYECKUM MMaCriopToM B BUJIC HpHKHCHaHHOﬁ

METaJUIMYECKON TaOIMUKH (IIUJIbIMKA), HA KOTOPOM MPUBEIEHBI OCHOBHBIE XapaKTEPUCTUKHI
aNeKTpuueckoil mamuabl. Heo6xoanumMo 0TMETUTh, UTO Cogerckuii 'OCT ne

npeaycMaTpuBall IaclopT dJeKTpoaBuraress B OymaxknoM Buje. Poccutickuit TOCT P 51689-

2000 TpeOyet OT MpoU3BOAUTENS TUITOTpadCKUl TACTIOPT, HO BCE OCHOBHBIE IAHHBIE YKa3aHbI
HA IIUJIBANKE.

B nacnopre ykazan tun asurarens. Hanpumep, anexkrpoasurarens tuna AP 10082V 3:

aCI/IHXpOHHHﬁ dJIEKTpoABHIaTens cepun AP 3aKpPBITOTO UCITIOJIHCHUA C BBICOTOM OCH BpalliCHuA

100 MM, ¢ KOPOTKOH JUTMHOM KOpIlyca, ABYXIOJIIOCHBIN, KITMMAaTH4YE€CKOr0 UCIIOJIHEHUS Y,
Kareropuu 3.

3aBOJCKOI HOMEp J1aeT BO3MOYKHOCTb OTJIMYUTD JIEKTPUUECKYIO MAIIUHY CPEAU
OJTHOTUITHBIX.
Janee npuBeaeHb! HU(PBI 1 CUMBOJIBI, KOTOPbIE paclIM(PpPOBBIBAIOTCS CIEAYIOIIUM 00pa3oM:
3 ~— nBurarens Tpex(pa3HOro NEPeMEHHOro TOKa;
50 Hz — gacroTa nepemenHoro Toka (50 I'ry), mpu KOTOpO# 3JE€KTPUUECKUN JBUTATENb J0JKEH
paboTats;
4,0 KW — HOMMHaIbHAs T0JI€3HAsI MOIHOCTD Ha BaJly 3JIEKTPOJIBUTATENs;
kocuHyc ¢pu = 0,89 — xorppunuent MomHOCTH;
220/380V, 13,6/7,8 A — npu coerHeHUN OOMOTKH CTaToOpa B TPEYTOJIbHUK OHA JO0JDKHA
BKJIIOUAThCS Ha HamnpspkeHue 220 B, a mpu coeauHennu B 3Be31y — Ha HanpspkeHue 380 B. Tlpu
9TOM 3JIEKTpUYecKas MallliHa, paboTarolasi ¢ HOMUHAJILHOW Harpy3koi, notpedsuser 13,6 A
IpY BKJIOYEHUU HA TPEYToJbHUK U 7,8 A — IpU BKJIIOUEHUH Ha 3BE31Y;
S1 — nBurarens npegHa3HadeH JUIsl JUIMTEIbHOTO PEXXUMa paboThl;
2880 00/MuH — yacTOTa BpalLECHUS 3JEKTPOJBUTrATENS IPU HOMUHAIBHOW HAarpy3Ke U 4acToTe
cetu 50 I'.

Ecnu anexTponBurarens paboTaeT BX0JOCTYI0, YaCTOTa BPAIEHUs POTOPA IPUOINKAETCS K
4acTOTE Bpal€HUs] MarHUTHOTO I10JI CTAaTOpa;
K. IL. 1. = 86,5 % — HOMHHATBHBIN KO (UIHECHT OJIE3HOTO ICHCTBHS JBUTATENS,

COOTBCTCTBYIOH_H/Iﬁ HOMMHAaJIbHOM Harpys3kKe Ha €10 Bally;



IP44 — crenens 3amuThl dnekTpuyeckoi MamuHbl 1o FOCT 14254-96 (CteneHu 3amuThl,

obecnieunBaembie obonoukamu. (Kox IP).

F — xutacc narpeBoctoiikoct uzossauuu no FOCT 8865-93. (CucreMsl 31eKTpUUECKOi

u3ossinuu. OneHKka HarpeBOCTOMKOCTH U KITacCHU(pUKALIHS. )
B nacnopte (Ha munpauke) ykazan takxke I'OCT, koTopoMy COOTBETCTBYET

QJICKTPOABUIATCIIb , MACCa MAIlIMHBI U I'O BBIITYCKa.

4.0c00eHHOCTH IMYyCKA U CIIOCOObI PeryJiMpoBaHUs YACTOTHI BPALlEeHUs pOTOpa
[Ipu nmycke AJl B X041 BO3HMKAET BpallalOIIUICs MarHUTHBIM MOTOK, HO POTOP B NEPBbIN

MOMEHT €I111€ HEMOABUKEH. B poTOpe nosBiIseTCs MyCKOBOM TOK, BEJIMYMHA KOTOPOro B 5-7 pa3
00JbI1I€ TOKA HOMUHAIBHOIO pekuMa. [loaToMy npu nmycke nBurateiis HeoOX0IuMO
PEeyCMOTPETh MEPHI AJI1 YMEHbILIEHUS TyCKOBOT'O TOKa. Y JABUTaresei ¢ (hasHbIM pOTOPOM
Ipe1yCMaTpUBalOT BBEJECHUE B LIETIb pOTOpa IIyCKOBOT0 peocraTa. Ilyck aBurarenst MoKHO
IIPOCIEIUTD 10 MEXAHUYECKOU XapaKTEPUCTHUKE.

B nens poropa ¢ KOpOTKO3aMKHYTOH pOTOPHONH 0OMOTKOM HEJNb3sl BKIIOUUTh J00aBOUHOE
conpotusiieHue. [loaTomy 11 mycka qBuraresneil 00ibIIoi MOIIHOCTH HEOOXO0AUMO
PEeAYyCMOTPETh LIIYHTUPOBAHUE U3MEPUTEIBHOM annaparypsl U pa3IM4yHON 3allUTHI,
YCTaHOBJIEHHOM B 1ienu asuratens. OQHON U3 Mep MOHM)KEHUS ITYCKOBOI'O TOKA SIBIISIETCA
MNOHM)KEHUE HANPSKEHUSI B MOMEHT IyCKa. TO BO3MOXHO ITyTEM BBEJIEHUS ITyCKOBOI'O peocTaTa
B Lienb ctaropa. C yMEHbIIEHHEM HANPSHKEHUs, YMEHBIIUTCA U MarHUTHBIN MOTOK, U
uHayktupyemble uM DJ[C u Tok potopa. Eciiu HanpsikeHre yMeHbIIUTCS B 2 pa3a, TO IyCKOBOM
TOK pOTOpa YMEHBUIUTCS TAK)KE B Ba pa3a, a IyCKOBO MOMEHT B 4 pasa. [Ipumenenue
aBTOTpaHc(hOpMAaToOpa, BKIFOUYEHHOTO B IIETIb CTaTOpa, JaeT 0oJiee BHITOAHBIC TyCKOBHIE
ycnoBusi. OiHako HaubobIlIee pacpoCTPAHEHNE MOMYYUIT TYCK ABUTATENs IIyTEM

MECPCKIOIYCHUA 0OMOTKH cTaTopa CO 3BC31bl Ha TPCYIOJIbHUK.
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U3 gero CJICAYCT, YTO PCTYJIUPOBATH CKOPOCTH BpallICHUA ABUTAaTCIISI MOKHO, U3MCHS !
- YU CJIO Iap IMOJIFOCOB;
- HaCTOTHI TOKA MUTAOIICTO CTATOP,
- CKOJIBJXXKCHUC.
Yucio rnap moJroCOB MOKHO U3MCHATH, MCHSAS KOJIMYCCTBO U croco0 COCAMHCHUA KATYyLICK B

Kax a0 (aze 0OMOTKHU cTaTopa. [I[Be CKOPOCTH BpallleHUs JBUTATENs C OAHOH OOMOTKOM



MOJTyYarOT NMEPEKII0YCHNEM KaTyIIKe OHOH (ha3bl 0OOMOTKH C MOCIIEI0BATEIHHOTO HA
napajielIbHOe COEJMHEHNE.

PerynupoBaHue CKOPOCTH BpallleHUs NEPEKII0YEHNEM YUCIIa Map MOJII0COB
IIPOU3BOJUTCS TOJBKO Y IBUraTeslel ¢ KOPOTKO3aMKHYTBIM POTOPOM.

HenocraTkamu Takoro crnoco0a peryjaupoBaHus ABISIOTCS CTYIIEHYaTOe U3MEHEHUE
CKOPOCTH BpAIlIEHUs, HATMYHE IPOMO3JKOI0O MHOTOKOHTAKTHOI'O IEPEeKIIoUaTesi, yBelIn4eHne
rabapuTHBIX pa3MEpOB JIBUTATEIIs.

PerynupoBanue ckopocTH BpallleHUsl U3MEHEHUEM 4acTOThl MOKHO B Cllydae, Korja
CTaTOpHAast 0OMOTKA MUTAETCSI OT OTAEIBHOIO CHHXPOHHOI'O T'€HEPATOPA UM OT
npeoOpa3oaress 4acToThl. Mcnonb3yercs kpaiiHe peslko, B CBA3H C TPOMO3/IKOCTbIO U BBICOKOM
CTOMMOCTBIO.

PerynupoBanue ckopocTH BpallleHUs IyTEM U3MEHEHUSI IPUMEHSIETCSI TOJIBKO IS
ABUTraTenei ¢ (azHeIM POTOPOM, pabOTAIONMX B KPATKOBPEMEHHOM U TIOBTOPHO-
KpaTKOBpEMEHHOM pexkume. CKOIbKeHHE 3aBUCUT OT aKTUBHOT'O CONPOTUBIIEHUS POTOPHOM
0oOMOTKHU. BBeieHue B Lienb poTopa peryJnpoBOUYHOrO PeOCcTara Mo3BoIIeT U3MEHSTh
ckousibkeHue. OJ1HaKo 3ToT crocol peryaupoBanus cHuxaet KIIJ| asuraresns.
5.01H0(¢a3HbBIH ACHHXPOHHBII IBUTraTe/b

OnHoda3Hblil ACHHXPOHHBIN ABUraTelb Kak CIeNyeT U3 Ha3BaHUs, TUTAETCS OT
onHodazHoit cetn. OT Tpex (a3HOro ABUraTess OH OTiIndaercs cratopoM. Ha koTopom B 001iem
cllydyae HaxOAuTcs ogHa ooMoTka. Ha camoM zene ux Kak npaBujio ABE HO MOXKET OBbITbh U TPH.
Potop xe onHoda3sHOro 1BUTaTeNst HUYEM HE OTIMYAETCs OT pOoTopa Tpex (azHOTro ABUTATENS.

DT0 KOPOTKO3aMKHYTast 0OMOTKA.

CraropHast 00MOTKa 0HO(A3HOTO JBUTATENS 3aHUMAET JIBE TPETU OKPY)KHOCTH CTATOPA.
To ects popmupyercs mapa nmomrocoB. [Ipu mpoxoxkaeHUn Yepe3 Hee IePEMEHHOTO
CHUHYCOHIaJIbHOTO TOKa 00pa3yeTcsi HEMOABUKHOE MarHUTHOE 1oJje. CTaTop He 3aIlloJIHAeTCs
O0OMOTKOM MOJIHOCTHIO, TaK KaK 3TO IKOHOMUYECKHU HE BHITOJHO. MOILTHOCTH IPHU 3TOM

YBEJIMUYUTCS Ha 12 MpOLIEHTOB a 3aTpaThl U BEC 3HAUUTEIIBHO.

Pucynok 1 . Cratop ogHO(pa3HOT0 aCHHXPOHHOTO JIBUTATEIIS



[Toste cTaTopa HEMOABMKHO OHO Kak OBl mynscupyet. [Ipu aTrom Gpopmupyrorcs asa
MOMEHTA BpallleHUs] HAIIPaBJICHHBIEC B POTUBOIOJIOKHBIE CTOPOHBI. O/1HA YaCTh CTATOPHOU
O0OMOTKH TSHET POTOP B OJIHY CTOPOHY JApyTrasi k€ B IPOTUBOMOJIOXKHYI0. Takum 06pa3zom, npu
nojiaye ToKa Ha CTaTOPHYI0 OOMOTKY POTOp Bpaarbes He Oyzaer. s aToro HeoObxoaum

HaYaJIbHBIA MOMEHT, KOTOPBIN MTOBEPHET POTOP B KAKYIO-ITHOO CTOPOHY.

[Tyck Takoro qBUraTesns MOKHO COBEPILIUThH U BPYUHYIO KpYTHYB Baj. Ho damie niis mycka
JBUTATENS IPUMEHSIOT JOTIOHUTEIbHYI0O 0OMOTKY, KOTOpas HAXOUTCS Ha CTATOPE U
Ha3bIBaeTCs MyckoBoil. OHA MOJKIIOYAETCs K TOU ke ¢aze uTo u paboyas, HO Yepes
¢dazocaBuraroyio 1nemnb. B kayecTBe TakoW e MOXKET BBICTYIIATh EMKOCTh PE3UCTOP MU

KaTyIlIKa.

[Ipu noaxIr0YeHUH ITyCKOBOM OOMOTKM K MUTAIOIIEN CETH Yepe3 KOHIEHCATOp TOK B
nmyckoBoi oOMoTke cisuraetcst Ha 90 rpagycos. Taxoke Ha 90 rpanycoB ciBUraercs u
MarHuTHoe nosie. BooOue roBops yroi cMelleHns Toka MOYKHO PeryIMpoBaTh NoJ00paB

BEJIMUYMHY eMKocTu. Taku o6pazom

OyJIeT peryinupoBaThCs MyCKOBOM

MOMCHT.

Pucynox 2. ®azocaBuraromias 1enp B BUJI€ yCKOBOT'O KOHJIEHCATOPa

B MoMeHT nycka pasocasuraroas 1enb MoJKI0YaeTCs K IyCKOBOI 0OMOTKE, TEM CaMbIM
obecreunBasi Bpalarouieecss MarHutHoe nosie. Koropoe, B3auMoeicTBys ¢ KOPOTKO3aMKHYTBIM
pPOTOPOM, HAUMHAET €r0 packpy4uBaTb. Bpems B TeueHHH KOTOPOro MycKoBasi 0OMOTKa
HOJIKJIIOUEHA K IUTAIOIIEN CETH 1OCTaTOYHO Maslo. OOBIYHO OHO COCTABIISET OKOJIO TPEX CEKYHI.
3a 3TO BpeMs pOTOP BBIXOJUT ITOYTH Ha MOJIHYIO CKOPOCTh BpPAIEHUS U HEOOXO0AUMOCTh B

HYCKOBOﬁ 00OMOTKE OoTIagacT. HYCKOBaH €MKOCTh OTKJIFOUAETCS OT OOMOTKH.

Tak xak BpeMsi pa0OTbI IyCKOBOM OOMOTKH HEBEJIMKO €€, KaK IIPABUJIO, BBIIIOJIHSIOT
IIPOBOJIOM MEHBIIETO CEYEHUsI U MEHBIIMM YHCIIOM BUTKOB. MIHOT1a MyCKOBYIO OOMOTKY
BBINOJIHAIOT TEM K€ IIPOBOJOM 4TO U pabouyro. Toraa npu ucnoab30BaHUU (a3ocBUTAOLIEH
LENN MOXHO YJIYYIIUTh MEXAHUYECKUE XAPAKTEPUCTUKU ABUrareis. B aTom cirydae

napajuleIbHO MYCKOBOW €MKOCTH BKJIIOYaeTcs paboydas. Ita EMKOCTb 110 BEIMUMHE MEHbILIE



IIyCKOBOH U, ClI€0BaTENbHO, 001a1aeT OONIbIINM COIIPOTUBIEHUEM. Taku 00pa3oM TOK,

MPOTEKAIOIIUI BO BTOPOH 00MOTKeE, Oy/ieT MEHbIIIE MTyCKOBOTO.
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Pucynok 3 . Mcnons3oBaHue BTOpOi 0OMOTKH B KadecTBE paboueit

ITocne oTKIIIOUYEHHS TyCKOBOM €MKOCTH JAOIIEH ITyCKOBOM MOMEHT BpallCHUsI OHA
OTKJIIOYAETCs, a BOT paboyasi EMKOCTb OCTaeTcsl, o0ecneunBasl Bpallarolieecss MarHUTHOE T10JI€ U
BO BpeMsl paboTBhI.

OCHOBHBIM HEIOCTaTKOM OJIHO(a3HOI'0 ACHHXPOHHOT'O JBUTATElIsl ABJISETCS TO UTO OH HE
o0razaeT mycKoBbIM MOMeHTOM. U, ciieqoBarenbHO, HEOOXOIUMO IPUMEHSTH Kakue JIM00 Mephl
10 ero nycky. Takxe B 0oqHO(a3HOM JBUTaTENIE YaCTOTa BpalllEHUsl HUXKE, YEM Y TpeX (pa3Horo.
TaK Kak BCTpEYHOE 1oJie, opMHUpyeMoe BTOPOI MOJOBUHON CTATOPHOH OOMOTKH, TOPMO3UT
potop.

Taxoke u3-3a Topmo3ssiero noist nagaet u KI1/] neurarens. Y ognodasHoro aBuraress

TaKOoro e rabapura, Kak 1 Tpex (pa3Hblii MOIIHOCTb OYJET Ha OJIHY TPETh MEHBbIILIE.

1.11  Jlexkuusi Ne 13 (2 yaca)

Tema: «OCHOBBI 3JIEKTPONIPUBOIA)

1.11.1 Bomnpocsl JieKIIUK:

Knaccupukauus annapatypsl yIpaBJeHUs U 3a1IUTHI JJIeKTPOABUTaTe e,
MarnuTHbIe yCKaTeJId, aBTOMAaTHYeCKHe BBIKJII0YaTe/IH, TellJIOBbIe peJie.
IIpuBoaHBbIE XapaKTEPUCTUKHA PA0OYHUX MALIIMH.

IIpuHuMNBI MOA00PA 3JIEKTPOABUTATEIA K padoyeil MalIuHe.

1.11.2 KpaTkoe coaep:kaHue BONPOCOB:

1. Knaccupukanus annaparypbl ypaBJeHUs U 321U THI 3JIeKTPOABUTaTeJIel.
Anmnaparypa ynpaBieHUs U 3aIIUThI, SBJIAIOIIASACA COCTAaBHOIN YaCThIO AIEKTPONPUBO/IA,
IIpeIHa3HAYEHHOTO JUIsl YIPaBJIEHUS 3JIEKTPONPUBOIOM (IIYCK, OCTAHOBKA, PEBEPCUPOBAHUE),

3aLUTHI AIEKTPOABUraTeNIel IPU aBapUIHBIX peXUMAaxX U 1J1s oOecrieueHus: paboThbl
ANIEKTPOABUraTENS B 33/IaHHBIX PEKMMaX B COOTBETCTBUHU C TPEOOBAHUSIMH TEXHOJIOTHYECKOTO

mponecca.



ITo ciocoOy ynpaBiieHus: €e MOXKHO Pa3/leIUTh Ha anmnapaTypy HeaBTOMaTH4YECKOTo
(py4HOr0) M aBTOMAaTUYECKOTO YIIPABIICHUS.
MarauTHble MyCKaTeld, aBTOMAaTUYECKUE BBIKJIFOUATENH, TEIIOBBIE pElIE.
AnnapaTypa HEaBTOMaTHYECKOI'O YIIPABICHHUSL.

AnnapaTypa HEaBTOMaTHUYECKOI'O YIIPaBJIEHUs IPUMEHSETCS JUIsl OCYIIECTBICHUS
KOMMYTalll1 JIEKTPUYECKUX Lienell nepeMeHHoro Toka (HanpspkenueM 1o S00B) u npuBoautes
B AeiicTBue BpyuHyto. K Hell oTHOcATCA: pyOMIIBHUKY, TAKETHBIE BHIKIIIOYATENN, KOHTPOJIEPHI,
KHOIIOYHbIE CTAHLIUU, AaBTOMATHI U T.].

PyOuibHUKY - TpOCTeHIINe annapaTbl py4yHOIro yIpaBlIeHHs U3rOTaBIMBAIOTCSA OJJHO- IByX- U
TPEXIIOJIOCHBIMH, C LIEHTPAJILHOM NI OOKOBOM PY4KOil, ¢ OOKOBBIM HJIM LEHTPATbHBIM
PBIYaKHBIM IIPUBOIOM.

PY6I/IJ'IBHI/IKI/I C HEHTPAIbLHOU PYKOSITKOM HCIIOJIB3YIOT IJISA pa3MbIKaAHUSA 00€eCTOYEHHBIX ueneﬁ, C

OOKOBOH PYYKOU - MOTYT IPUMEHATHCA U AJIS1 YIIPABJICHUS LIETIIMU [TOJ1 HAarpy3KOi.

[IpombinenHocTs Beimyckaer pyounsHuku tuna P, PII, PIIB, PIIL (mpuBoa nieHTpanbHbIi),
PB-31 (Tpexdasznsrii, 100A)
Anmnaparsl aBTOMaTH4ECKOIO yIIPaBICHUS
Amnmnaparypa aBTOMaTH4€CKOI0 yIIPaBJICHUsI IPUMEHSAETCS IS IIyCKa, OCTAHOBKH,
TOPMOKEHHUS U PEryJIMPOBAHUS YACTOTHI BPALIECHHUS dJIEKTPOIPUBOAOB, UX 3aLIUTHI IIpU

BO3HHUKHOBCHHUH aBaDHﬁHBIX PCKUMOB, a TAKKE JJIS1 OCYIICCTBJICHUA JUCTAHIITMOHHOT'O

yIpaBJICHUS.

J171s aBTOMATHYECKOTO YIPABIICHUS JICKTPONPHBOIAMHU B HACTOSIIIEE BPEMS ITUPOKO
UCTIONIB3YIOT KaK KOHTAKTHYIO anmapaTtypy (KOHTaKTOpPbI, MArHUTHBIE ITyCKATEIH,
MPOMEKYTOUYHBIC PEJie U T.1.), TaK U OECKOHTAKTHYIO. KOHTaKTOPBI TepCUTU3UPOBAHHBIE
(repcukonsl) critoBbie KMI'17/18 no 3 kBt, 380B.

MarauTHbIC MyCKaTEIN npeaHa3Ha4YCHbI AJI1 TUCTAHIIUMOHHOI'O YIIPABJICHUA Hany3KOI>'I. Onn

SIBJIAIOTCSI HanboJiee paclpOCTPAHEHHBIMU KOMMYTALIMOHHBIMU YCTPOHCTBaMH.

MarauTHble yCKaTeNIU OCYLIECTBIISIOT aBTOMAaTHYECKOE YIPABICHHUE 3IEKTPOYCTaHOBKAMH,
CIJIy’KaT JUIsl 3alUThI 3JIEKTPOABUTATENEeH OT IEperpy30K WM CaMOIPOU3BOJIBHOIO BKIFOUEHUS
10CJIE€ CHATHSI HAIPSKEHMUS.

KonTakTops! MoryT Bellmyckarbest Ha HanpspkeHue 220B u 380B. npumenstor radaputsl
KOHTaKTOPOB (MarHUTHBIX ITyCKaTeJIel) B 3aBUCUMOCTH OT MOLTHOCTHU JABUTATEIS.

MarauTHbIN IMyCKaTejib COCTOUT U3 KHOIIOYHOM CTaHIIMHU M YETHIPEXIIOJIOCHOIO KOHTAKTOPA,

OJIHa I1apa KOHTAKTOB CIIY>XXHUT AJIsA 6HOKI/IpOBaHI/I${ KHOIIKHX ((HYCK». MarauTHbIe IMyCKaTeCJIu

BBIIIYCKAIOT PEBEPCUBHBIMY U HEPEBEPCUBHBIMU. PEBEpCUBHBIE CIIyKAT U1 U3MEHEHUS



HalpaBJICHUs BpaIlleHUs 3JIEKTPONPUBOJIA (IIOCIIE €ro OCTAHOBKH), COCTOST U3 JBYX
HEPEBEPCUBHBIX MAarHUTHBIX ITycKaTeseil, CONOKMPOBaHHBIX MEXKIY COOOM.
KHomouHble cTaHIIMM MarHUTHBIX MYCKaTele MOXKHO yCTaHOBUThH Ha 3HAUUTEIIbHOM
PacCTOSIHUU OT IyCKaTellsl.

MarsuTHble IyckaTean 00ecreunBaroT 3alUTy OT MCUE3HOBEHUS HANIPSDKEHUS B CETH MITH
ero cHwxkeHus Ha 10-50% ot 1. TennoBsle pene 3amuinaro! 3;eKTpoBUraTesb OT
nponokuTenbHblx neperpysok. (IIME < 10 kBt u ITA > 10 xBr).

AnmnapaTypa 3alMThl 3JI€KTPOIPUBOIOB

JUis 31U ThI AIEKTPOIBUraTeNIeld OT TOKOB KOPOTKOTO 3aMbIKaHUS -(aBapUHHBIN PEXUM)

CILy’KaT MPEeIOXPAHUTENN U aBTOMATBI, OT NEPErpy3KU (HEHOPMAaJIbHBINA PEKUM) - OBBILICHHE
TOKa B 0OOMOTKaX JIBUTaTENIs - TEIUIOBbIE PEJIe MAarHUTHBIX ITyCKaTeNEH.
TenuioBble pelie BCTPauBarOTCsA B MATHUTHBIN ITyCKATENb.

OcHoBHOM pabo4Mii OpraH TEMJIOBOIo pelie - OMMeTalIIMuecKas MIIACTUHKA, COCTOAIIAs
U3 JIBYX CJIOEB IIPOYHO COEUHEHHBIX MEXKIY CO00M pa3HOPOAHBIX METANIOB, UMEIOILIUX
paznn4Hble KO3 GUIMEHTH JIMHEHHOTO pacmupenus. [Ipu HarpeBe Oumeraminyeckas
IUTACTHHKA U3rM0aeTCs ¥ IPU MOMOIIM COOTBETCTBYIOIIMX YCTPOUCTB pa3pbiBaeT

QJICKTPHUUYCCKYIO IICIIb. IIpegoxpaHuTENH - IMpocCTad U HEAOPpOrasa 3aluTa TOKOIIPUEMHHUKOB OT

TOKOB KOPOTKOT0 3aMblkaHus. Hanbosee yacTo npuMeHsI0T IpoOOUHbIE U TpyOUuaThie
npenoxpanurenu. [Ipodounsie - [TPC.

TpyOuatsie npenoxpanutenu (I1P) cocrosaT u3 pazdopHoro naTpoHa, miaBKoil BCTaBKU U
KOHTAKTHBIX cTOEK. [lJI1 yCKOpeHUs ralieHus 1yrd, BOZHUKAIOLIeH IPYU TOPEHUH II1aBKOH
BCTaBKM, BHYTpb IIaTPOHA 3aChINIAeTCsl HAIOJIHUTENb (KBapLEBbIN 1ECOK, MEJIOBasI MbUIb
CMeIllaHHas ¢ ac0ecTOM U T.J.). B HEKOTOPBIX NpenoXpaHUTENAX AYrOracuTeIbHas cpeaa
CO3/1aeTCs ra30reHepupyoIUM MaTepuanoM (¢pubpoii), U3 KOTOPOH celaH NaTpoH
npenoxpanurens. [InaBkas BctaBka, KOTopas pa3MeIlaeTcsl BHYTPU MaTPOHA, UMEET HECKOJIbKO
CY’KEHUH, B KOTOPbIX OHA PacIUIaBIIsAETCS MPU TOKaX, MPEBBILIAIOIINX HOMUHAIbHBIE. Bpems
pacIuiaBiIeHMs IJIABKOW BCTaBKU TEM MEHbIIIE, YeM 0OJIbIlIe KPaTHOCTh TOKA, T.€. OTHOLIEHUE
IPOTEKAOIEro TOKa K HOMUHAIbHOMY. [11aBkast BcTaBKa HE 3allMIAET 3JIEKTpoo0oOpyJ0BaHNE
OT TOKOBBIX IEPErPy30K.

HomuHanbHbIM TOK IJIaBKOM BCTaBKU BbIOUPAIOT HA 25% BbIllIe MAaKCHUMaJIbHOTO
JUIMTETIBHOTO TOKA Harpy3Ku:
InB > 1.25 Inarp
ABTOMaTHYECKUE BO3YLIHBIC BHIKIOYATENIN (AaBTOMATHI).
CaoyaT 115 py4HOIO BKJIFOUEHHS M OTKIIOUYEHUS SJIEKTPUUECKUX LIeTIed U aBTOMAaTHYECKOTO

OTKIIIOUCHUSA MMPU KOPOTKUX 3aMbIKAHUAX WJIW 3HAYUTCIIbHBIXIICPECTPY3KaAX TOKOIIPHEMHUKOB. B



HacTosIIee BpeMs HanboJiee pacrpocTpaneHsl aBToMathl Trna A63, AKS50, AITS0, A3 100,
A3700, AE2000 1 1.1.OHM MOT'YT U3TOTOBJIATHCS € DJIEKTPOMArHUTHBIMU PACLETIUTEISAMU (151
OTKJIFOUYEHHUS TOKOIIPUEMHHUKOB OT TOKOB K.3.), C TEIJIOBBIMU (JIUIS1 3AILUTHI OT TEIJIOBBIX
Heperpy3okK, Win ¢ 3J1eKPOMarHUTHBIMU M TEIUIOBBIMU pacuenutensiMu. Kpome Toro, aBTomMarsl
AII50 MOryT N3roTaBiIMBATLCSA C PACLEIUTENIMI MUHUMAJIBHOTO /5 1 MaKCUMAaJIbHOT'O TOKA B
HYJIEBOM NIPOBOJIE.

DNEeKTpOMarHUTHbIE PACLIEMUTENN CpadaTbIBalOT MTHOBEHHO IPU TOKaX, O0JIbILIE TOKA
ycraBku ly=1.25Inyck u oTKIII04a0T Bce TpH (ha3bl OAHOBPEMEHHO.
JlelicTBus pere 3aKI04aeTcs B CIeyIOIEeM: KaTyIlKa, BKIIOYEHHAas 0CJIe0BaTEeNIbHO B
CHJIOBYIO 1ienb aBuratens npu Toke 200-250% oT HOMUHAIBHOTO MPUTATUBAET IKOPb peEie
IIPE00JIEBas CONPOTUBIICHUE NPYKUHBL. Ha KOHIIE IKOpsl HAXOAUTCS LITaHra, KOTOpast
ynupaercs B pelyar. OTXo/s BJI€BO M0 AEHCTBUEM LITAHTH, PbIUar pa3pblBa€T KOHTAKTHI LEMH
yIpaBJIeHUs] U KOHTAKTOpA.

ITockonbpKy BCE yCTPOMCTBA BBILIEIIEPEUYHUCICHHBIE SBISIIOTCS YCTPOMCTBAMU
KOCBEHHOT'O JICHCTBUS, OHU HE BCETJa OTPAXKAIOT UCTUHHBIN TEMIIEpATypHBIN PEKUM OOMOTKHU
anekTpoaBuraress. [103ToMy NpOMBINUIEHHOCTh CTajla BBIIYCKAaTh YCTPOWCTBA BCTPOEHHOM
temnepaTypHoi 3auuThl Tuna ¥Y3-1 A, YBT3-1, u ap. B kauecTBe natumka TeMneparypbl
CILY>KMT [TO3UCTOP WJIM TEPMUCTpP, BCTPAUBAEMBIH B JIOOOBbIE YaCTH OOMOTKH CTAaTOpA.

CoBpeMeHHbIE 3JIEKTPOJIBUTATENN PA3INYAIOT 10 IPUHLIUITY IEHCTBUS U KOHCTPYKIIUH,
MMEIOT B Ka4eCTBE BBIXOJHOIO 3JIEMEHTA BaJl, KOTOPBIH BpAIAeTCs C ONPEEeICHHON 4acTOTOM.
Bo MHOrux ciydasix 4yacTOTY BpallleHUs ABUraTelsl MOKHO PEryJIupoBaTh, HO 4aCTOTA BPALCHUs
pabounx MalllMH U3MEHsAETCs B Oosiee LIMPOKOM auara3oHe. [loaToMy Mexay JBUraTenem u
paboueli MalIMHOM, KaK IPaBUJIO, YCTAHABIMBAIOT N1€PEIATOUHbIN MEXaHU3M WIIM TPAHCMUCCHUIO.
B xauecTBe TpaHCMUCCUM IPUMEHSIOT PEAYKTOPBI, My(Thl, pEMEHHbIE NT€pelaun U JIp.

B coBpemMeHHOM ITPOU3BOACTBE, paboTa ABUraTess HE MbICIMMa 0€3 MPUMEHEHHs
pa3IMYHBIX CPEJCTB YIPaBIEHUsI, 00€CIIEUMBAOLINX €0 KOMMYTAIUIO, 3alIUTY, U3MEHEHUE
4acTOThI BpAIllEHUs U PEeKUMa pabOTHI.

CoBOKYIHOCTB JIBUTATEINs, TPAHCMUCCUU U YIIPABIIAIOLIET0 YCTPOUCTBA MOJIyYHIIa
Ha3BaHHe npuBoja. [IpuBoJI, OCHOBHBIM 3JIEMEHTOM KOTOPOTO SBJISIETCS SJIEKTPUUECKUHA

JIBUTATElb, HA3bIBAIOT DIEKTPOIPUBOIOM. B 00111eM citydae 351eKTponpuBOA, KPOME YKa3aHHbIX

AJIEMEHTOB MOKET BKJIIOYATh U MPE0OPa30BaTEIbHOE YCTPONUCTBO. DIEKTPOIPUBO/L,
YIPaBIAIOLIEE YCTPOMCTBO KOTOPOIO UMEIOT 3JIEMEHTHI ABTOMAaTHYECKOT O

YIpaBJICHUSA Ha3bIBarOT aBTOMATU3UPOBAHHLIM. B >XKMBOTHOBOJCTBE aBTOMaTI/ISI/IpOBaHHHﬁ

SJICKTPOIIPUBO/J MPUMCHAIOT B TAKUX IMPOLECCAX, KAK ITPUT'OTOBJICHUC U pa3jada KOpMOB,

BO/IOCHa0KeHue, yOOpKa HaB03a, BEHTUJIALUSA U J1.D.



2. IlpuBoHbIE XapaKTePUCTHKH PA00YHUX MALLMH.

Jljis mpaBHIIBHOTO BBIOOpA AJIEKTPONPUBOAA K paboyeil MalnHe HEOOXOAUMO 3HATh €€
INPUHIUI JeHCTBUS, KOHCTPYKIHMIO, TPOUCXOAALIMNA B HEHM TeXHOJIOrn4eckuil npouecc. BaxHo
3HATh XapakTep N3MEHEHMs Harpy3KH Ha BaJly pOTopa MallUHBl OT BpPEMEHH, CBS3b MEXIY
MEXAHUUYECKUMHU BEJIIMYMHAMM.

CoOBOKYNHOCTh CBEACHUN 0 paboyeil MalnHe, He0OOXOIMMBIX AJIs Pa3pabOTKH €€ IPUBOJIA,
IPUHATO O0BEIUHATh TEPMUH «IIPUBOJIHBIE XapaKTEPUCTUKU paboueil MamuHb». K Hum

OTHOCATCA TCXHOJOTHYCCKHUC, KMHCMATUYCCKUC, SHCPICTUYCCKUC, MCXAHUYCCKUC,

HAarpy3o04HbIC U T.A.

TexHonornyeckue - ONpeaessoT TpeOOBaHUs K AIEKTPOIPUBOY CO CTOPOHBI

TEXHOJOTHYECKOr0 Mpolecca, T.€. €ro MPOU3BOIUTEIBHOCTh, KAUeCTBa ChIPhS U TOTOBOTO
IPOYKTa, YCIOBUI OKpY’KaIOLIEH Cpebl.

Bnaro;:apsl S3HAHUTIO KUHCMATUYCCKHUX CXEM MOKHO COCTAaBUTH NPCACTABJICHUC O HaCTOTC

BpalcHus UJin HOCTyHaTGHBHOﬁ CKOpPOCTH JIF0OOT0 dJIEMEHTA MAIIMHBI HJIA MEXaHHU3Ma.

OHEepreTHYSCKUe XapaKTCPHUCTUKU ITO3BOJIAIOT BIABUTDL PACIIPCACICHUC MOILIHOCTEH MCKIY

OTACIIbHBIMHU Y3JIaMH UJIH pa60LII/IMI/I OpraHaMu MallHUHBI.

MexaHuuYecKHe XapaKTepUCTUKH MPEACTABIAIOT co00H rpaguueckoe n300paxxeHue

3aBUCMMOCTHU MOMCHTOB WJIM CUJI COITPOTUBJICHUA OT YaCTOThI BpallICHUS BaJia pa60qel71
MalIWHBI.

Harpy3ouHble JuarpaMMbl XApaKTCPU3YIOT 3aBUCUMOCTb MOMCHTA HA BaJly paGoqeﬁ MalllMHBbI

Y TIOJIBOAUMOMN K HEM MOIIHOCTH OT BpeMeHU. OHU OTpa)KaroT PEKUM pabOThI 3JIEKTPOABUTATENSA
B AuHaMmuke. Harpyska pabodeil MalmHbl MOKET ObITh IOCTOSIHHON U nepeMeHHon. C
IOCTOSIHHOM Harpy3koi paboTaroT yCTaHOBKH, UMEIOIINE IIOCTOSHHYIO [10/1a4y MaTepuana, ero
paBHOMEpHYIO 3arpy3Ky. [Ipu HepaBHOMepHO# NoJjaue MaTepuana NepeMeHHON OKa3bIBaeTCs U
Harpyska.
[HocTOosHHYIO Harpy3Ky UMEIOT BEHTUJISITOPBL, HACOCHI IPU IIOCTOSTHHON TPOU3BOJUTENBHOCTH U
HAarope, JICHTOYHbIE TPAHCIIOPTEPHI, KOPMOPA3IATUUKH.
C nepeMeHHOH Harpy3Koil paboTalOT HE TOJIbKO MEXaHU3MBbI, KOTOPbIE HE YJaeTCsl 3arpy3UTh
pPaBHOMEPHO, HO U MEXaHU3MBbI, UMEIOIIME clieupuiecKyto kuHeMaTuky. Cro/1a OTHOCSTCS
HNOPUIHEBBIE HACOCHI, KPOIIUITHO-IIATYHHBIE, KYJIauKOBbIE MEXaHU3MBI.
PexxuMbl paboThI 371€KTPONPUBOJIA.
OnHOI U3 BaXHEHIIMX MPUBOJHBIX XapaKTEPUCTHK pabodeil MalHbI SABJISETCS ee

Harpy3o4Has auarpamma. Harpysounas nquarpamma mo3BOJISIET CIE€IaTh IPEABAPUTEIbHbBIN



BBIOOD AJEKTPOABHUTATENS U B IEPBYIO OYEpPEab BHIOPATh PEKUM €ro paboThl, T.K. KOXKIBIN
JBUTATENh PACCYUTAH Ha PabOTy B OMPEACIIEHHOM PEXHUME.

HomuHanbHbIM pexXMOM pabOoThI 3JIEKTPOJIBUTATENSI HA3bIBAIOT PEKUM, HA KOTOPBIM OH

pacCuUuTaH U JJIA KOTOPOTo NpE€AHA3HAYCH 3aBOAOM-U3TOTOBUTCIICM.
HNmerot MECCTO TPpU HOMHUHAJIBHBIX PCKHUMaA BHCKTpOHBHFaTCHCﬁi

IIPOJIOJKUTEIIBHBIN, KPATKOBPEMEHHBIN Y IIOBTOPHO-KPATKOBPEMEHHBIM C YaCThIMU IIyCKaMU.

IIpo10IKUTENBHBIMY Ha3bIBAIOT PEXKUMBI pA0OTHI IIPU IOCTOSIHHON Harpyske,
XapaKTepU3YIOILEHCs TeM, UTO 3a BpeMs €ro paboThl IPEBBILICHUS TEMIIEPATYPhI ABUraTeNs HAJ|
TEMIIepaTypoil OKpy»XKaroleil cpesibl IPAaKTUYECKH JOCTUTAaeT YCTaHOBUBILErocs 3HaueHus (A).
B takomM pexxume paboTaroT LEHTPOOEKHbBIE HACOCHI, BEHTHIIATOPBI, U3MEIbYUTEIN KOpPMA.

KpaTkoBpeMEHHbBIM Ha3bIBAIOT PEXUM pabOThI, IPH KOTOPOM 3a NEPUOJ TOCTOSHHOM HAarpy3Ku

IPEBBILLICHUE TEMIIEPATypPbl JBUTaTEIIs Ha/l TEMIIEPATYPOH OKPYKaIOLIeH cpe/ibl HE TOCTUTraeT
YCTQHOBUBILETOCS 3HAYEHMUS, @ 3a IEPUO/1 OTKIIIOYECHHUS BCE YACTU ABUraTeNs OXJIAXIA0TCS 10
UCXOJHOIO COCTOSIHUA. B KpaTKOBpEMEHHOM pexxuMe paboTaroT ABUraTeId IOBOPOTA JIOTKOB B
MHKY0OaTope, TpaHCIOpTEPOB YOOPKH HAaBO3a, pa3aauu KopMa, coopa sull.

ITpu NOBTOPHO-KPAaTKOBPEMEHHOM PEXUME KPAaTKOBPEMEHHBIE HArPY3KH YEPEAYIOTCS €
KpPaTKOBPEMEHHBIMU IepepbIBaMU B paboTe, IPUUYEM 3a BpeMsl pabOoThl IPEBBIIIEHUE
TEMIEPATypbl HAJl TEMIIEPATYPOH OKPYKAIOLIEH cpebl HE IOCTUraeT YCTaHOBUBILETOCS

3HA4YCHHS, 4 BO BPCM4 I1ay3bl OHO HC CHUIKACTCA N0 HYJIA. IToBTOpHO-KPATKOBPEMEHHEIN PEKUM

XapaKTCPU3yCTCa JINTCIHbHOCTBIO ITHUKJIA U KOS(l)(bI/IHI/ICHTOM OTHOCHUTEIbHOMU

POJO/DKUTEIbHOCTH BKITIoueHHs. B coorBercTBHM ¢ TOCTOM NpOMBINIIEHHOCTh BBITYCKAET
nBuratenu, paccuntanusie Ha [1B 15, 25, 40, 60%.

B IIK pexume paboTaroT ABUIraTeIn MOABEMHO-TPAHCIIOPTHBIX MEXaHU3MOB

3. llpyHIMIBI MOAOOPA JIEKTPOABUIaTEIsl K padodeil MalIuHe.

Bo160p anexTpornpuBoa A paboueii MalllMHbI BKIOYAeT BHIOODP 3JIEKTPOABUTATENS K
paboueli MalIMHe, CUCTEMBI YIIPaBICHUs U TP HEOOXOAUMOCTH npeoOpas3oBarens. Bridop
JIBUTaTellsl BKIOYaeT B ce0s1 BHIOOP HOMUHAJIBHOM 4acTOThI BpallleHHsl, HOMUHAJIBbHOM
MOIIIHOCTH,  KOHCTPYKTUBHOIO  HCIIOJIHECHUS. [Tocnennee onpenensercs ycaoBUIMU
OKpYXKarolllel CpeJibl, a TAKXKE YCIOBUAMHU KPEIUJIEHUsI 3JIEKTPOABUTATENS K padoueil MaluHe.

ITo ycnoBusiM 3aIMTBI OT BO3IECHCTBUS OKPYKAOLIEH CPellbl IPOMBIIIEHHOCTh
BBINTYCKAET AJIEKTPOABUIaTeNH 3allUIIEHHbIE, 3aKPbIThIE 00/IyBaeMble, IPOyBacMbIe,
B3PBIBO3AILMIIEHHBIC. B ABUraTensax 3alUINEHHOrO UCIIOIHEHNS 3aKPBITHl BCE TOKOBEYILUE U
Bpallaromecs 4yactu. TeM caMbIM IIPENOTBPALLAETCS MONaJaHie K HUM Karleb U IIOCTOPOHHUX

MPEJAMETOB U CIydYailHOE MPUKOCHOBEHUE ¢ HUM. BO311yX, HEOOXOAMMBIH JIJ1s1 OXJIAXKACHHUS,



NONaJaeT BHYTPb ABUTATENS UePE3 BEHTWISALIMOHHbBIE OKHA. Y JIBUTaTeNlel 3aKPbITOrO
00/1yBa€MOr0 UCIIOJHEHUS 3TH OKHA OTCYTCTBYIOT, a OXJIAXK/IE€HNUE OCYILECTBISAETCS
BEHTWJIATOPOM, YCTAHOBJICHHBIM CHAPY>KU Ha Bally JIBUTATENIS, U 3aKPBITHIM CIEIIHATbHBIM
KOXYXOM. DTOT BEHTUJISITOP 3aCachlBAE€T BO3AYX YE€pPe3 OTBEPCTHUS B KOKYXE U HAMPABIISIET €T0
BJI0JIb pe0ep cTaTopa, MpeAHa3HaueHHBIX AJIs yAydlleHus oxjaaxaenus. Kpome Toro,
IpelycCMOTPEHA BEHTUISILIMS BHYTPU Koplyca ayiekTpoasuraresns. [Tpu Beioope nurarens
HE00XO0MMO 3HaTh XapaKTep MOMELIEHUs], B KOTOPOM OH Oyzaer ycraHoBieH. CoruacHo [1YD,
MOMEIIEHUS OIPA3/IEISAIOT Ha PAJl KJIACCOB. B CyXHX MOMEIIEHUSIX pEKOMEHIyEeTCsl IPUMEHSTh
anekTpoasurarenu cepuit A, A2, AJI, AJI2.Eciu BnaxkxHocTs He Bbitie 60% - 11eecoo6pa3Ho
IPUMEHSTD IEKTPOABUTATENN HOBOU cepuu 4A, KOTOpBIE 110 CPaBHEHHUIO ¢ cepueil A2 UMeIoT
ellle MEHBIIYI0 MacCy U rabapuThl, MEHbIINH YPOBEHb 1IyMa, OOJIBIINE TYCKOBbIE MOMEHTHI,
6onee Boicokuii KIT/I u HagesxHOCTh. BO BIa)KHBIX MOMEIIEHUSX (OTHOCUTENbHAS BIAXKHOCTD <
75%) npumeHstoT 3akpbIThie 00ayBaeMble neuratenu AO, A02, AO JI u AOJI2. Bricokyro
HaJIe)KHOCTb BO BJIQKHBIX NOMEILLEHUAX [T0Ka3alu U ABuratenu cepuu 4A. B cbipbix
IOMELIEHUAX BJIAXHOCTD > 75% NPUMEHSIOT IBUraTEI 3aKphIThIE, 00 yBacMble, BO
BJIAarocTOMKOM ucrnonHeHuu, Hanpumep A02-CX, a takxe 4AP Oco0o ChIpbI€ - BIAXHOCTb -
100% - A02-CX u 4AP. O1u xe nBUTaTeNy IPUMEHSIOTCS U U1 pabOThl HAa OTKPHITOM BO3IYXE.

B xapxux nomeuenusix (remneparypa 6ossiie 30 rpagycoB) UCIIONIb3YIOT JBUTATENN
3alHIICHHOr0 UcnoHeHu. B nbuibHBIX momenenusax - AO, A02, A02-CX, 4AP u /|
CHeIalbHON MOAU(pHUKAIUY.

[Tpu BBIOOpE NBUTATENS MO YACTOTE HA/I0 CTPEMHUTHCS K TOMY, YTOOBI JBUTATENh UMEI
TaKyIo K€ YaCTOTY BpallleHMs], YTO U pabouas MallllHa, TaK Kak 3TO n30aBiseT OT
IPOMEXKYTOUHOM Nepenayu. B o0uem xe ciayuae 3aaauya BpIOOpa ABUTATENs 110 4aCTOTE
BpalleHUs - 3TO 3aj1a4a 3KoHOMH4YecKasi. C yBEJIMYEHUEM YaCTOThI BPAILIEHUSI IBUTATENS, €TI0
rabapuThl CHIXKAIOTCS, @ 3HAYHT MaJjaeT CTOMMOCTh M CHMYKAeTcs pacxoj marepuanoB. Kpome
TOT'0 BBICOKOCKOPOCTHBIE IBUraTenn umerot oosee Boicokuiit KITJI u cos ¢ no cpaBHeHuU:o ¢
TUXOXOAHBIMU. C Apyroil CTOpOHb!I OOJBLIIMHCTBO PA0OUNX MALIUH TUXOXOJIHBIE, TI03TOMY
MEX]ly IBUTaTesleM U paboueil MalmHoi HeobxonuMa Mexanuyeckas nepegada. C
YBEJIMYEHUEM MEPEAATOYHOI0 YHCIIa CTOUMOCTD Nepeaun pacteT. Takum oOpa3om Juist KaskI0M
KOHKpETHOH pabouell MalllMHbI UMEETCS CBOSI ONITUMAaIbHAsL YacTOTa BpaleHus. Bmecre ¢ Tem
OIPEAEISAIONIMM 3JIEMEHTOM 3aTparT SIBJISETCS BCE-TaKu CTOUMOCTb ABurarens. [loatomy
OCHOBHOE NpUMEHEeHHE UMEroT ABuratenu 1500 oOMuH.

Br16op nBurarens mo MOIIHOCTH.
OT npaBUIBLHOrO BHIOOpPA MOIIHOCTH JIBUraTelIs 3aBUCUT HAJIEKHOCTb €ro padoThl U

IKOHOMHUYECKas 3PPEKTUBHOCT. [Ipu NpoaOIKUTENBHON NIEperpy3Ke ABUTaTeNs €ro U30Js1us



IIeperpeBaeTcs, UTO YCKOPSIET €€ CTapEeHUE U CHUXKAET CPOK CIIY>KOBbI IBUraTEIIsl.
CrnepnoBarenbHO, IPUMEHATh ABUTATEIH 3aHM>KEHHOM MOIIHOCTH Henonyctumo. C npyroi
CTOPOHBI, 3aBBIILIEHUE MOIIHOCTH JIBUTaTEIsl YBEJIMUMBAET KallUTAJIbHbIE 3aTPaThl,
aMOPTU3ALMOHHbIE OTUYUCICHHSI U IOTEPU SHEPTUH, CHIKAET KO3 (PUIIMEHT MOIIHOCTH.

Paznuuaror paboTy ABUraTess Npu MOCTOSIHHOM U epeMeHHOM Harpys3ke. [Ipu
IIOCTOSIHHOM Harpy3Kke MOLIHOCTb JBHUraress PIB noipKHA OnpenensThesa B 3aBUCHMOCTH OT
MOIIIHOCTH Ha Bajly MalluHbl PpM, o popmye:

PnB > PpMm

3HaK > rOBOPUT O TOM, YTO BbIOMpaeTCs ABUraTesb Onukaiiieil Gosblueii craHAapTHOM
MOILIHOCTH.

Ecnu aBurarens paboraet npu remneparype, oTiinyHoi ot 40 C, To OH 10yCKaeT CTENEHb
3arpy3Ku, NpUOIU3UTEIBHO PABHYIO:

ITpu nepeMeHHO Harpy3Ke MOIHOCTb 3JIEKTPOABUraTeNsl BHIOMPAIOT [0 HArpy304HOii
Jyarpamme, KoTopasi MOKeT IIPEJCTaBIATh CO00M rpaduK H3MEHEHHUS BPAIAIOIIErocss MOMEHTA,
MOIIIHOCTH UJIM TOKA B 3aBUCHUMOCTH OT BPEMEHU PabOTBHI.

ITo Harpy304HO# 1HarpaMMe ONpPEAEIAI0T SKBUBAJIEHTHYIO MOIIHOCTD KaK
CPEIHEKBAIPATUYHOE 3HaAUYECHUE. DKBUBAJIEHTHAs! MOUIHOCTD - 3TO TaKasi IOCTOSHHAsA
JUINTEIbHAsI MOLIHOCTh, KOTOPAsl BHI3BIBAET TAKOW e HArpeB, KaK U JIEHCTBUTENIbHAS HArpy3Ka.

Cxema ynpaBiieHUsI BOJOHACOCHBIM arperaToM.

B ’MBOTHOBOACTBE MPUMEHSIOT aBTOMAaTUYECKUE HACOCHBIE CTAHLIMM JBYX THIIOB C
BO3/YIIHBIM BOJSHBIM KOTJIOM U BOJOHANopHOM OamHel. [Ipy HageKHOM 371eKTPOCHA0KEHU U
0OBIUHO MOJIB3YIOTCS 0€30alIeHHBIMU aBTOMAaTHYECKUMU BOIOKauKaMu. [t mogbeMa Boibl
Yale NPUMEHSIOT BOJOCTPYWHBIE HACOCHI, OHAKO B CIIy4ae UCIIOJIB30BAaHUS KOJIOALEB UX
MO>KHO 3aMEHUTbh BUXPEBBIMHU U JIONACTHBIMU HACOCAMHU, a IIPU UCIIOJIb30BAHUM CKBAXKHH -
HOTPYKHBIMU HacocaMu. IIpu oTCyTCTBMM BOJBI B BO3YIIHO-BOASHOM KOTJIE KOHTAKThI pelle
nasnenus P/ 3amkHyTbl. MarHuTHBIN myckarenb Hacoca K Bkirouaer asuraress M, KOTOpbId
nojaeT Boy norpedbuteinto. [Ipu ymeHbI1eHnn pacxoia Bobl - OHa IMOCTYIAET B KOTEN, U
JlaBJICHHE BO3JyXa B HEM IOBbIIIaeTcs. [Ipy 1oCTHKEHNH 3aJaHHOTO 3HA4Y€HUs JaBJICHUS
KOHTaKThI penie P/ pa3MbikatoTcst U ABUraTesb OTKIouaeTcsa. MakcuManbHoe pabouee JaBieHue
B cucteme 150 kIla. Jlns aBToMaTn3anuu GalieHHBIX BOJOKAYEK BBIITYCKAIOT KOMILJIEKTHI
o0opynoBanus [19T. Ilpu BiltoueHNM aBTOMaTUYECKOTO BhIKIIIoUaTens AB HanpspkeHne
nonaercs Ha KOHTakThl MII-«K». O Hannuumn HanpsxkeHus cBUAeTenbcTByeT jtamna JI3. Eciau
BoJla B 0aKe OTCYTCTBYET, TO KOHTAKThI IATYNKOB HIDKHETO M BepxHero ypoBuew JJHY u JIBY
OTKPBITHI, pesie P 06ecToueHo, ero KOHTAKThI B LeNH KaTymkH «K» 3aMKHYTbl. MarHuTHBIM

nyckarenb K BKilouaeTcs, a Hacoc MojiaeT BOly B BOJIOHANOPHYO OaliHio uiau 6ak. O6 3Tom



curHanusupyer 3aropanue kpactoit JI K u noracanue 3enenoit JI3 curnansHoit namimel. [1o mepe
3aroHeHus 0aka cHayvasa 3allyCKaroTCsl KOHTAKThI aTuuka HibkHero yposHs JHY. Ilpu
JaJIbHEHIIEM 3alI0JHEHUH 0aKa 3aMKHYTCSl KOHTAKThl JaTunka HUxkHero yposHsa JIHY, uto
IpUBEJET K cpabdaThIBaHUIO KaTyIIKHU pene P, oTkiIroueHuto MarHuTHoro nyckarens K u
OCTaHOBKeE JIeKTpoaBurarens M Hacoca.

ITpu 3a00pe Boabl U3 Oaka BHa4aje BBIXOJAT U3 BOAbl KOHTAKTHI JIBY. [lanbHelimee
CHI)KEHHE YPOBHS BOJIbI B 0aKe BBI3bIBAECT pa3phlB B Lieny KoHTakToB JJHY, oTkirouaercs
KaTyuika pesie P 1 3aMbIkaHHe €ro KOHTaKTOB B LIENMU 0OMOTKHM MarHuTHoro myckarens K.
JJIEKTPOABUIaTeNnb M BKIIIOUAETCSI BHOBD.

HD - nns nonorpesa 31€KTpoI0B 1aTYMKA YPOBHSL.

1.12  Jlexknus Ne 14 (2 yaca)

Tema: «ekTpocHa0KeHHE»
1.12.1 Bomnpocsl JeKuum:
1. OcnoBHble TUIb A1eKkTpocTaninii. [lonsatue EDC
2. HanexHocTb 35eKkTpocHa0XeHs. KauecTBOo 351eKTposHEpTrUun

3. KauecTBo 31€KTpOIHEPTrUN

1.12.2 KpaTkoe coxep:kaHue BOIPOCOB:
1 OcHoBHbIe THIIBI YJ1eKTpocTaHuMi. [lonsaTne EIC

[ToHsATHS 00 3IMEKTPOCTAHITNH, SHEPTOCHCTEME, TUTAIOIIEH JIMHUN, TPAHCHOPMATOPHOM
MOJICTAHIINH, PACTIPEACIUTENBLHON CETH.

QHCKTpI/I‘ICCKaﬂ OHCPIrusa B OCHOBHOM IIPOU3BOAUTCS HA CICAYIOMUX THUIIAX SJICKTPUYCCKUX

cranusx: TerioBsix (TOC), ruapaBnuueckux (I'9C), atomusix (ADC). B 1983 roay Ha mosnro
I'DC npuxoaunocs 74,2%, I'9C - 19,3%, ADC -6,5% ot 00111e#t MOLTHOCTH 3JIEKTPOCTAHIIUN
Halled CTPaHBL.

TenioBbI€ ANEKTPOCTAHIIMY UCHIOIB3YIOT B KaYECTBE UCXOIHOM SHEPTUIO TOIIMBA: YIJisl, Topda,
IPUPOJIHOTO rasza, HeTH, TOPIOYUX CIAHIIEB. TeIIOBbIe CTAHIIMU MOTYT OBITh
napoTypOMHHBIMU, C IBUTATEIISIMU BHYTPEHHETO CTOPAHUS C IU3CIIbHBIMY IBUTATEIISIMU U
razorypOunamu. HanOouplee pacipocTpaHeHue NOJdyYuiId IapoTypOMHHbBIE CTAHIIMHU, T11€
TEIUIOBasi YHEPTUS, BBIACIAIOMASACS IPH CTOPAHUH TOIUIMBA, CKUTaeMOro B TaHKe, epeaacTcs
BOJIe, HAXOsIIEHCs B KOTJIe, HarpeBaeTcs U MPeBpalaeTcs B rap, KOTOPbIH MepexouT B

TypOuHY 1o napornposojam. [lap, HaripaBieHHbII Ha JONATKU TYpOUHBI, BPALAET COEAMHEHHBII



C HEH POTOP AIEKTPUUYECKOTO TeHEPATOPa, KOTOPBIA Mpeodpa3yeT MEXaHUUYECKYIO SHEPTHIO
BpaIIeHUS! TYpOUHBI B JIEKTPUUECKYIO.

Pa3HOBUIHOCTH TEITOBBIX AJIEKTPOCTAHLIMIA:

- KongeHcanmoHHble - OTpaOOTaHHBIA Tap KOHIEHCUPYETCS B BOAY U UCIOJIB3YETCS s
nutanus kotaa (KI1J1=40%);

- TemynodjekTpoueHTpalu - CHaA0XkalT @apoM U Tropsyed BOJOM NMPOU3BOJICTBEHHBIE

1 KommyHanbHble noTpedurenu (KIIJ=70%)

DJEeKTPOCTaHIMHU C IBUTATENISIMUA BHYTPEHHETO CTOPaHMsI COOPYKAIOTCSI CPAaBHUTEIBHO
HeOoub1I0HM MoIHOCTBIO (10 1000 kBT) 1 ncnosp3yroTes Ass 371€KTPOCHAOKEHUS OTAEIbHbBIX
00BEKTOB, YAAJIEHHBIX OT YHEPIeTUUECKUX CUCTEM, a TAK)KE B KAUECTBE PE3EPBHBIX.

B xoMmieKkT pe3epBHOM TEMIOBON JIEKTPOCTAHLIMN BXOIUT IBUraTellb BHYTPEHHET O CTOPaHUs,
reHeparop Tpex(a3Horo Toka u anmnapaTtypa ylnpaBJlIeHUs C pa3IMYHON CTENEHbIO
aBTOMaTH3alMU. Pa3MemaioT B X03s5icTBax B CHEIMATIbHBIX 3/JaHUSX, TIOCTPOEHHBIX 10
TUIIOBOMY IIPOEKTY.

I'DC crposdr B MecTax, 6JaronpusTHBIX ISl UCIIOJIB30BAHMSI SHEPTUU PEK. DHEPIUsl TEKYIIeH
BOJIbl IIEPEAETCS HA JIONACTU TMAPOTYPOUHBI, IPUBOJUT BO BpAIllEHUE €€ BaJl U CBSI3aHHBII ¢
HUM BaJjl reHeparopa snekrpuueckoro Toka. KIT[I=80%, cebectoumocTs BbIpabOTKH
AJIEKTPO3HEPIUU B HECKOJIBKO pa3 HUXKE, YEM > TEIUIOBBIX cTaHIMI. OJHAaKO CTOMMOCTh
coopyxkenusi [ DC npeBbIlIaeT CTOMMOCTh COOPYKEHHS TETUIOBBIX CTAHIIMM M3-3a OOJIBIIOTO
00beMa 3eMIISIHBIX ¥ CTPOUTEIbHBIX PaloT.

B nameit ctpane noctpoensl cambie MouiHbie B Mupe '9C. Ha Kpacnosipckoit 'DC
ycTaHoBJI€HO 12 3Hepro6okoB MouHOCTHIO 110 500 Thic. KBT (6 MuH. kBT). IlepBas I'OC -
Juenporac - nmena MoimHocTh 558 Thic. KBT. Casno-Ulymenckas ['9C umena momHocTts 6,4
MiH. KBT (10 6:10k0B 10 640 ThIC. KBT).

ATOMHBIE 3JIEKTPOCTAHLIUN OTHOCSTCS K TEIUIOBBIM - TEMJIOBAask SHEPIUsl MOIY4aeTcs B
pe3yJsbTaTe LEMHOM peaklMy paciajia aTOMHOT0 TOPIOYEro, HalpuMep ypaHa.

ATOMHBIE 3JIEKTPOCTAHIIMU 0a3UPYIOTCS HA peakTOpax MOIIHOCThIO 1-1.5 muH. KBT.
Berpossle anexTpoctaniuu (BOC) npeoOpas3yroT s3HEpruio ABMKYLIErocs MOTOKa BO31yXa,
KOTOPBII BpalllaeT BETPOBOE KOJIECO U CBSI3aHHBIN C HUM POTOP T'€HEpaTopa, B 3JIEKTPOIHEPTUIO
U IIYCTBIHHBIX paiioHax, a Takxe B pailonax Kpaiinero Cesepa.

Benyrcs paboTsl 1O MCTIOJIB30BAaHUIO SHEPTUH COJHIIA (TE€IHO U (POTORIEKTpUYECKHE
YCTAHOBKH), 3HEPrUlo reorepMaibHbiX Boja - [EOTOC, npuiuBoB 1 OTIUBOB.

3Ha4yMTeNbHbIE ycrexu JOCTUTHYTBl I10 CO3JaHUIO
MarHUroruJpoAMHaAMHUYECKUX T€HEPATOPOB JIEKTPUUECKON IHEPIUH, B KOTOPBIX

OCYILIECTBIISIETCS NPSAMOE PeoOpa30BaHUE TEMJIOBON IHEPIUU B SJIEKTPUUECKYIO.



BbICOKOKaIOpUITHOE TOIUIMBO CKUTAlOT B CIELIMAIBHBIX KAMEPAX CTOPAaHHUs, B KOTOPBIE
nojaercs kucinopol. B pesynbrare Harpesa no temnepaTtypsl 2500 - 2700°C npoayKThl
CrOpaHUsI HOHU3UPYIOTCS T.€. CTAHOBSTCS 3JIEKTPONPOBOAAIINMY (Tu1a3ma). [lnasma neuxkercs
co ckopocThio 10 100M/c Mex 1y 1oJII0ocaMy MOILHBIX 3JIEKTPOMAarHUTOB U B HEM, Kak B
IIPOBOJHMKE, HHAYLIUPYIOTCSI TOK, KOTOPBIM CHUMAETCs TOKOChEMHBIMU 3JIEKTpoamu. B
TaKUX YCTAaHOBKAaX OTIAJaeT HaJl0OHOCTh B KOTJIaX, TypOMHAaX M BpallaIOLINXCs FeHepaTopax.
KIT[1= 60%, Vxe ycnemno pabortator MI'JI-reHepatopbl MOIIHOCTBIO B HECKOJIBKO
JECSITKOB METaBarT.

[Tonsitue EDC.

DHepreTu4ecKue CUCTEMbl. DJHEPreTUYECKON CHCTEMON Ha3bIBAETCSl COBOKYITHOCTh
AJIEKTPOCTAHLIMM, IMHUM IEKTpOIIepeay, MOACTAHIUN U TEIUIOBBIX CETEH, CBA3aHHBIX B €IMHOE
1esoe o0MKUMHU PeXUMaMU IPOU3BOJICTBA U PACIIPEAEICHUS IIEKTPUUECKON U TEIIOBOH
sHepruu.Ilorpebnenue 31eKTpUUECKOi SJHEPrUK B TEUCHUH CYTOK U B TEUEHUH rojia
HEOJIMHAKOBOE, HO HE JIH00ast 3JIEKTPOCTAHIIUS B COCTOSIHUU OBICTPO MEHATH PEXKUM PaOOThI
(TOC nyckaercs B paboty 1-2 yaca). [IoaToMy Bcerja crpemMsaTcsi 00beINHUTH HECKOJIBKO
JNEKTPOCTAHLIMN, UCIIOIB3YIOIIMX PA3HYIO SHEPTUIO U B PA3HBIX YCIOBUAX B OJIHY -

JHEPreTHYECKYI0 CUCTEMY, BHYTPU KOTOPOI JIETKO OCYIIECTBUTD MepepacipeieieHle Harpy3KH.

JIuHuM 31€eKTponepesaun, CETH, MpoBOAKU: [IpumMeHsemMble )i ANEKTPOCHAOKEHUS CEbCKUX
noTpeduTeneil TMHUY IEKTpoIiepeiadn ObIBAIOT ABYX THUIIOB: BO3IYIIHbIE U KaOelbHBIE.
Bo3nyniHoii nuHuEN 31eKTponepeiadl Ha3bIBaeTCsl COOPYKEHUE, MPEIHA3HAYEHHOE IS
nepesady MEKTPUYECKON SHEPTruu 10 IPOBOAAM, PACIIONOKEHHBIM Ha OTKPBITOM BO3/1yX€ U
MPUKPEIUICHHBIM MPY MTOMOILU U30JIATOPOB U apMaTyphl K onopaM. JJist BO3AYUITHOM JIMHUH
MPUMEHSIOT, KaK IpaBuiio, rojisie mpoBoja (IICO-5 - mpoBoa 01HONPOBOJIOYHEIH 5 MM
nuamerpom, A-16, AC-16...).KabenbHast TUHUS - THHUS, B KOTOPOH UCIOJIb3YIOTCS KaOemu.
Cenbckue TpaHchOpMaTOPHBIE TIOJCTAHIIH.

TpancdopmaTropHO IOACTAHIIMEH HA3BIBACTCS SJICKTPUIECKAsk yCTAaHOBKA,
npeaHa3HayeHHas J1s mpeoOpa3oBaHus U paclpe/iesieHus AIEKTPUIECKOM S HEPTUU
noTpeOuTes.

Ha cenbckux TpanchopmMaTOpHBIX MOJACTAHIUSAX BRICOKOE HAIPSHKEHUE MUTAIOIINUX JTUHUN
JIEKTpoINepeaaun NOHWKAETCs 10 00Jiee HU3KOIO HAIPSDKEHUS, IIPU KOTOPOM 3JIEKTPOIHEPI s
pacnpenensercs noTpeOUTeNsIM.

OcHoBHOE 000pyI0OBaHUE CENbCKON MOHU3UTENBHOM MOACTAHIIUY - CUIIOBON MOHMKAIOUIHI
Tpancpopmarop. Kpome Toro B coctaB 11/c BXOJIAT paclpeeNuTeNbHbIE YCTPOHCTBA IEPBUYHOIO

Y BTOPUYHOI'O HAIIPSKEHUsI, yCTPOMCTBA YIPABIICHUS, CUTHAJIN3ALMY, 3A1IHUTHI.



[Toacraniuu noTpeduTENel BRIMOIHAIOT Ha Hanpspkenue 6-10 /0.4 kB, 20-35/0.4 kB, a
paiionnslie Ha 10-35/ 6-10 B.
Jnis mutanus Tpex(azHbIX moTpeduTensckre MourHOCThIO 10 100kB*A -otkpsiTeie T1C.
Tpanchopmarop MomHOCThIO 60s1ee 250 kB*A ycTaHaBiIMBaIOT B 3aKPHITOM TTOMEIICHHUH.
Brimyckarotest KTII - kommuiekcHbie TpaHC()OpPMATOPHBIE MOACTAHIINH.
CuiioBbie TpaHCPOPMATOPHI 3AMOTHAIOTCS MAclIOM, KOTOPOE YBEJIIMUUBACT JIEKTPUUECKYIO
MPOYHOCTH U30JSIUU TPaHCPOPMATOPA U YIIYUIIACT OXJIAKIEHUE OOMOTOK.
25, 40, 63, 100,160. 250, 400,630, 1000, 1600, 2500, 4000, 6300, kB*A - cepuun TM.
DJIEKTPOCETHIO HA3bIBAETCS COBOKYITHOCTh MOHMKAIOIIMX U MOBBIIIAIOIIMX [TOACTaHIIUH,

JUHUN pa3IUYHbIX HAPSDKCHUH, MPeIHA3HAYCHHBIX JIs TIepeIaun U pacupeecHus
AJIEKTPOIHEPTUH.

CenbCKOXO03SIICTBEHHBIE CETH IIPEeIHA3HAYCHBI AJIs1 00CTYKHUBAHUS CEIbCKOXO03SHCTBEHHBIX
notpedureneil u OTINYaroTCs OOJIBIION MPOTKEHHOCTHIO MIPH CPABHUTEIBHO MaJIOi
nepenaBaeMoi MOIIHOCTb. [103TOMY CTOMMOCTBCENBCKUX JIEKTPUUECKUX CETEN HA EAUHUILY

nepeﬂaBaeMoﬁ MOIIHOCTHU BECbMa BbICOKA.

2 Hage:kHOCTh 3JIEKTPOCHAOKEHU .
[Tonstue o norpedutensx I, II, Il kareropuii B cebCKOX0351IICTBEHHOM IPOU3BOICTBE.
PesepBHbIe 25€KTpOCTAaHIIUY JUIS 3JIEKTPOCHA0XKEeHN ToTpeduTeneil I kareropuu.
ITYD oTHOCAT K | KaTeropuu 1o HaJeKHOCTHU IEKTPOCHAOXKEHUS KPYITHBIX
KMBOTHOBOAUYECKUX (hepM M KOMIUIEKCOB; ()epMbl U KOMIIOHEHTHI IO IPOU3BOJICTBY
mosioka Ha 800 kopoB u 6omee, CTD -12 toic. 1. Mononusaka KPC (BeipamuBanue 1 otkopm) - 10
TBIC. T., Kyp Ha 25 TbIC. F'0JIOB, UH OLIEK - HAa 10 ThIC. TOJIOB.
[TorpebuTenu nepBoi KaTEropuy JOHKHBI OJIY4YaTh MUTAHUE OT JIByX HE3aBHCHMBIX
MCTOYHUKOB IIUTAHUS 10 IBYM JINHUSIM.
ITpu BbIXOJE U3 CTPOSI IOOOT0 U3 IBYX HCTOUHUKOB BHEUIHETO 3JIEKTPOCHAOKEHUS
OCTaBILIMICS B paboTe JOHKEH aBTOMAaTUUECKU IPUHSTH Ha ce0sl Harpy3Ky JIEKTPONPUEMHUKOB
1 u 2 xaTeropuii npu OBICTPOM OTKJIIOUEHHUH HJIEKIPONPUEMHUKOB 3 KaTEerOpuH.

l KaTeropui 3JICKTPOIIPHUECMHUKOB - HAPYHICHUC BHCKTPOCHaG}I(CHI/IH KOTOPBIX

BJIEUET 3a OO0 MaTepHalbHbIN yiiepO BCIEACTBUM OPUU IPOAYKLIHUU U
MOBPEXICHUE 000PYI0BAHMUS.

I KaTeropus - epepsiB B 3JEKTPOCHAOKEHNUHU BIICUET MacCOBBII HEJIOBBIITYCK
OPOAYKIHMH U €€ YaCTUYHOH MOPYH.

III - Bce ocTajbHEBIE.



Be10op muomaaku uis CTpOUTENbCTBA KOMITJIEKCA JJOJKEH ObITh COINIACOBAH C
JIEKTPOCHA0XKAaKOIIeH opraHu3anuei.

Ha xpynHbIx hepmax u KoMIuIekcax yuiep0 onpeaesnseTcss B OCHOBHOM HEOBBIOOPKOi
IPOAYKIMH B PE3YJIbTATE PEAKLIMK KUBOTHOI'O HA HAPYLICHUE PEKUMA CONEPIKAHUS
(yBenuueHue MHTEpBala MEXAY 1OMKaMHM, IPOIYCK JOMK. HEMOJIHOE TI0€HUE CHUKECHHE
IPOAYKTUBHOCTH, BBIOPOKOBKA KOPOB - IIOCJIE IJIUTEIBHOTO OTKIIIOUEHHS], HApYLIECHHUE
BO/IOCHA0KEHUS - CHUXKAET NOTPeOJIeHNE KOPMOB U IPOAYKTUBHOCTb, HApyLIECHHUE
MHUKPOKJIMMaTa OTpaBJeHUE )KUBOTHBIX yepe3 1.5 yaca nocie OTKI0YEHUN BEHTUIIALINN).

Ha 00b1uHBIX epMmax, e eCTh BO3MOXKHOCTb IIPUBJICUEHHS JOMOJHUTEIbHBIX PA0OUHX -
yBEJIMUEHHE 3aTPaT TPyAa U 3HAYUTEIbHO MEHbIIE CHUYKEHUE IPOAYKTUBHOCTH.

[IpaBunbHOE 1 0OOCHOBAaHHOE OTHECEHUE IIPUEMHUKOB K Pa3IMYHbIM KaTErOpUsM IO
HaJIeXKHOCTH JIEKTPOCHA0KEHNUS UTPAET PELIAOLIYI0 POJIb B BEIOOpE cr1oco0a pe3epBUPOBAHMSL.
[Tpu nepenayn 3M€KTPOIHEPTUU NOTPEOUTENSAM C TIOMOIBIO BO3AYLIHBIX JIUHUHA CO

CpEeIHEN MPOAOIKUTENBHOCTBIO OTKIIOYEHUN B cyMMe T < 7 4acOB B TOJ - TOIIOJIHUTEIIbHBIE
MEpBbI MOBBIIIEHUS HAJIE)KHOCTH 3JIEKTPOCHAOKEHUS HE TPEOYIOTCS.
Cymma T > 14.5 yacoB B roji - HE0OOX0AUMO CETEBOE PE3EPBUPOBAHNE BCEX IEKTPONPUEMHUKOB
kKoMmIuiekca 12 teic. ronos. 7 < cymma T < 14.5 - goctaTouHO pe3epBUPOBATH AOUIBHYIO
YCTaHOBKY C IIOMOILBIO TU3EJIbHON 3IEKTPOCTAHILINH.

3. Ka4ecTBO 3JIECKTPO3HEPIHH.

Bnusinue kadecTBa HanpspKeHUs Ha paboTy cesbckUxX notpedbureneil. Kauectso
JIEKTPUUECKON FHEPIUH, 10JIy4aeMOi )KHBOTHOBOJYECKUMHU KOMILJIEKCAMU U (pepMaMH,
XapaKTEepU3yeTCsl pSAIAOM MTOKa3aTesei, OTKIOHEHUE KOTOPbIX OT HOMUHAJIbHBIX BETUYHUH
HopMmupyetcs I'OCT 13109-67.

Haunbonee BaxxHbIe IOKa3aTeAEM KaueCcTBa SJICKTPOSHCPTHUH ABJIACTCA OTKIOHCHHC HAIIPAXKCHUA,

KOTOPOE Ha 3a)KUMax JJIEKTPOABUIaTENeH U anmapaToB IIyCKa U yIPaBJICHUs HE JOJDKHO
npesblmiarh -5 + 10% HoMuHanbHON BenuuuHbl. [Ipy He BBINOIHEHUH YCTAaHOBIEHHBIX HOPM
KauyecTBa 3JIEKTPOIHEPTUH CYIIECTBEHHO BO3pacTaeT yuiepo y norpeduresneil BcieacTBue
OTKJIOHEHUS PEXKUMOB pabOThI JEKTPONPUEMHUKOB OT ONTUMAJIbHBIX.

K n3MeHEHHIO HanpsKSHUS 0COOEHHO YYBCTBUTCJIbHBI OCBCTUTCJ/IbHLIC YCTAHOBKHU , HIMPOKO

MCIIOJIb3YEMbI€ Ha )KUBOTHOBOAUYECKUX KOMIUICKCAX. Y JaMIbl HAKAJIMBAHUS [IPU CHUKEHUU
HanpsokeHus Ha 10% cBeToBoit motok nogaet Ha 30%, a mpu noseimeHuuHa 10% cpox ciayKObI
cHmkaercs B 4 pa3za. Cpok ciy>kObl TIOMUHECIIEHTHBIX JIaMII IPU OTKJIOHEHUH HaNPsDKEHUS Ha
10% cumxaercs Ha 20-25%.

BecbMa 94yBCTBUTENBHBI K OTKJIOHEHUIO HANIPSKEHUS yIbTPA(PHOIETOBBIC U

uH(ppaKpacHble HICTOYHUKH JIyYUCTOW SHEPTUH, UCIIOJIb3yEMbIE B )KUBOTHOBOJICTBE.



YapTpadroneToBbIe JJaMITbl HEe 3AKUTAI0TCS IPU OTKJIOHSHUHW HanpspkeHus - 10°'6 u Goee

[OTOK JIyYHCTOM 3HEPTUH yIbTPa(hUOIETOBBIX U HH(PAKPACHBIX JIAMIT U3MEHSIETCS IPUMEPHO

Ha 2% Ha Kaxabli % U3MeHeHUs HanpshkeHus. B pesynbrare uaMeHsercs 103a 00ayyeHus npu
UCIIOJIb30BaHUH YIIbTPA(UOIETOBBIX 3PUTEMHBIX JIAMII U HE BbLIEPKUBaeTCs Tpedyemast
TemIeparypa npu o0orpeBe MOJIOAHAKA HH(PAKPACHBIMH U3ITydaTeIIsIMHU.

CHuxenue HAITPsSKCHU S YBCINYNBACT MPOAOJDKUTCIILHOCTD Da6OTBI QJICKTPOHArpeBaTCIAbHBIX

YCTAHOBOK, YTO MOXKCT HAPYUIUTH PUTM MMOTOYHOI'O ITPOU3BOJACTBA, a IIOBBIIIICHUEC HAITPAKCHU A
CHHMIKACT CPOK CJ'Iy}KGI)I HarpeBaTC/IbHBIX 3JICMCHTOB.

Konebanue HallpsAKCHUA Hauboee HeGJ’IaFOHpI/IHTHO BJIMACT HA pa60Ty OCBCTUTCIBbHBIX
YCTAaHOBOK, BbI3bIBad MUT'aHUC JIAMII, KOTOPOC pa3aApaKacT )KUBOTHBIX U CHHUIKACT

MIPOU3BOAUTENBHOCTD TPYa 00CTYKMBAIOIIETO IEPCOHAA.

1.13  Jlexknus Nel5,16 (4 yaca)

1.1 Tema: «OcHoBbI 3jeKTpoHUKH. IlonynpoBogHuKoBbIe NPUHOOPBI, NPHHIMI

AelcTBUSA U KOHCTPYKUMA. UCTOYHNKHM BTOPUYHOTO 3JIeKTPONUTAHUS».

1.13.1 Bomnpocs! Jeknum:
1. IToxynpoBOJHUKOBBIE TPHOOPHI, TPUHIIUIT ACHCTBUS U KOHCTPYKLIUS
2. IcTOYHUKH BTOPUYHOTO 3JIEKTPOIUTAHUSA: BBIIPAMUTENHN, PUIBTPBI, CTAOMIIN3aTOPBI
HalpsHKEHUs
1.13.2 KpaTkoe coaep:kaHne BONPOCOB:
1 ITorynpoBoAHMKOBBIE MPHUOOPHI, IPUHLIMI AefiCTBHS H KOHCTPYKIMSA

DJEeKTPOHUKA — OTpacib HAyKH U TEXHUKH, U3ydarolasi pu3nueckue mpoueccsl,
HPOMCXOJAIINE B 3JIEKTPOBAKYYMHBIX U IOJIYIIPOBOAHUKOBBIX MPUOOpPaAX MPH B3aUMOIEHCTBUU
3apsHKEHHBIX YaCTHIL M AJIEKTPUYECKUX ITOJICH, a TaK)Ke 3aHUMAIOIIasics pa3pabdoTKOM
CO3JIaHMEM JIEKTPOHHBIX MTPHOOPOB U YCTPOMCTB U3MEPEHUs, KOHTPOJISA, 00paOOTKN M XpaHEHHS
uHpopmanuu.

Pa3Butue 371€KTPOHUKH KaK HAyKHU HA4yaloCh C OTKPBITUS SIBIEHUS TEPMOAJIEKTPOHHOM
samuccu (1887 r.), coznanus 3yeKTpoBaKyyMHoOro 1uosaa B 1904 r. aHrmuickuM yuyeHbIM
OrpomHbIii CKa4eK B pa3BUTHH JEKTPOHUKH [TPOU30LIEI ITOCe OTKphITUA B 1922 1. pycckum
yueHbIM JIOCEBBIM BJICHMSI TPOBOJAUMOCTH B IOJIYIIPOBOJAHUKAX, a TAKXKE pa3pabOTKH rpymnnoi
poccuiickux (GU3NKOB TEOPUU MOIYIIPOBOAHUKOB U UX TEXHUUYECKOTO IPUMEHEHHUS.

CoBpeMeHHBIH 3Tan pa3BUTH IEKTPOHUKHU U FJIEKTPOHHON TEXHUKHU XapaKTEPH3yeTCs

HCITOJIb30BAHUECM HOBBIX MaTCpHUaJIOB U TCXHOHOFI/If/'I, 4TO IPHUBCIIO K CO3JAHUTO HHTGFpaHBHOﬁ



MUKpOCXeMbl. MUKpocxeMa — MUHHATIOPHBIN (QYHKIIMOHANBHBIN y3€7 3JIEKTPOHHOMN
amnmnapaTyphbl, B KOTOPOM 3JIEMEHTHI M COETMHUTENbHBIE TPOBOa U3rOTABIUBAIOTCS B €IMHOM
00beMe UK HA TOBEPXHOCTH MOJIYIPOBOJHUKA U UMEET OOIIYI0 TEPMETHUHYIO 000JIOUKY.
[TosiBNeHre MUKPOCXEM MO3BOJIUIIO CYHIECTBEHHO CHU3UThH Pa3MeEpPbl U SHEPronoTpedieHune
YCTPOMCTB, MOBBICUTH UX HAJEKHOCTh U OBICTPOJICHCTBUE.

Crenyronium BaXXHBIM 3TAallOM Pa3BUTHUS AJIEKTPOHUKH SIBIISIETCSA CO3/IaHUE MUKPOIIPOIIECCOPOB —
OCHOBHBIX 3JIEMEHTOB COBPEMEHHBIX 3JIEKTPOHHO-BBIYUCIUTEIBHBIX MAIINH.

K monynpoBoiHHKaM OTHOCAT TBEP/Ible BEIIECTBA, 3JEKTPOIPOBOAHOCTH KOTOPHIX, KaK U B
MPOBOJHMKAX, CBSA3aHA C IIEPEMEIICHUEM AJIEKTPOHOB, HO 3HAUUTEIHHO MEHBIIIE
AJIIEKTPONPOBOAHOCTH MTPOBOITHUKOB.

[TonynpoBogHMKAMHU SBJISIIOTCS TAKME XUMUUECKHUE 3JIEMEHTHI KaK TepMaHuid, KPEeMHHH,
TEJUTyp, CeJIeH; OKUCIIbI METAJIOB; CEPHUCTHIE COeTUHEHUS (CYIb(PUABI); COSAUHEHHUS C

CCIICHOM.

DiieMeHTHI GU3NKH NMOJTYNPOBOAHUKOB

PaccMoTpuM ympoIieHHyYI0 cXeMy CTPYKTYpbI KpHCTaslla MOJyNpOBOIHUKA (TepMaHus).
YeTbIpe 3JIEKTPOHA BHEUTHEH 3JIEKTPOHHOM 000I0YKM Ka)XXA0r0 aTOMa y4acTBYIOT B CBSI3SX C
YEeTBIPbMsI COCEAHUMM aTOMaMHU. B BeliecTBe HET CBOOOHBIX 3JIEKTPOHOB, KOTOPHIE MOIUIN OBl
nepeMenaTbest st 00pa3oBaHUs TOKA.
JIro6as mocTynuBIIas (TEMIoBas, Ty4UCTast, HIEKTPUUYECKas) SJHEPTUs U3BHE, COOOIIaeT
JJEKTPOHY aTOMa SHEPTHI0, TOCTATOYHYIO IS TOTO, YTOOBI MOPBATh MAPHO-3JIEKTPOHHYIO CBS3b.
DNEeKTpPOH, 0CBOOOJUBIINCH, CTAHOBUTCS HOCUTEJIEM 3aps/ia — IEKTPOHOM ITPOBOAMMOCTH.
«IlycToe mecTo», oOpasyrolieecs: B pe3yibTaTe BbIXOJa 3JIEKTPOHA, 1OIY4YHBILIEE HA3BaHNE
«IBIPKH» COOTBETCTBYET MOJIOKUTEIBHOMY 3apsay. IBIPKU MOTYT 3alOIHATHCS 3JIEKTPOHAMH,
U3 COCETHEro HENTpaIbHOro aToMa.

ITpu OTCYTCTBUHU BHEIIHETO 3JIEKTPUUECKOTO MO EPEMEILEHNUE NIEKTPOHOB U ABIPOK
xaoTuyHoe. [Ipy HanMuuy BHEIIHErO ANEKTPUUYECKOTO MOJISI B MOIYIPOBOAHUKE JIBIPKU
IperyroT o HaMPaBJICHHUIO OIS,  YJIEKTPOHBI — B IPOTUBOIMOI0KHOM HAIIPABICHUU.
CrnepnoBarenbHO, B IOTYIPOBOJHUKE UMEIOTCS ABa THUIIa HOCUTEJIEH TOKa: ABIPKU MPOBOJAUMOCTH
Y 3JIEKTPOHBI IPOBOJIUMOCTH.

[Ipu ocBemnieHnH NPOBOJHUKA SHEPTHSI CBETA, IIEPEABasICh JIEKTPOHAM, BbI3bIBACT
YCHJIEHHOE BBHICBOOOK/IEHNE UX U3 CBSI3€H C aTOMaMHM, YTO IIPHU HAJMYUU Pa3HOCTU MOTEHIIUAIOB
TakK e, KaK ¥ Mpu HarpeBaHUU, BeJIeT K MOSIBICHUIO TOKA. JTO SBJIEHUE HAa3bIBACTCS

(OTONPOBOAHOCTBIO.



[TpuHIMI NEHCTBHUSI MHOTHX HOTYIPOBOJHUKOBBIX IPUOOPOB OCHOBAH HA MOJIYYEHUU B
MOJIYITPOBOTHUKE 3JIEKTPONPOBOIHOCTH, CBSA3aHHOM C MPUCYTCTBUEM CBOOOIHBIX HOCUTENEH

3JIEKTPUYECKOrO 3apsia KAKOTr0-IM00 OJHOrO THIA: TOJNLKO d1eKkTpoHHas (/! -tuna) nimym Tonsko

JbIpOYHAast (p -tuna). Takas 37eKTPONPOBOJHOCTb MOKET OBbITh MOTy4eHa J0OABICHUEM B
KPHUCTaJII MOJIYIPOBOAHHUKA TPUMECEH Ipyrux sineMenToB (MHauii, hocdop, cypsma, 6opa,
amoMuHus). [lonydaemast mpu 3TOM 3J1€KTPOIIPOBOIHOCTh HAa3bIBAETCS IPUMECHOM, MOXKET OBbITh
3HAYUTENIBHO OOJIbILE, YEM 3JIEKTPONPOBOJAHOCTD YUCTOTO NOJIYIPOBOIHUKA.

DNeKTpOHHAs IpUMECcHas IPOBOJAUMOCTb BO3HUKAET, KOTAa Y aToMa PUMECH OJHUM
BaJICHTHBIM 3JIEKTPOHOM OoJIbllIE (JJOHOPHAS IPUMECH), @ ABIPOYHAs — KOTJa y aToMa IIpUMecu

OJIHUM DJIEKTPOHOM MEHbIIIE (aKLENTOpHAsi IPUMECH).

IHonynpoBoAHUKOBBIE THOBI

[ToryripOBOTHUKOBBIN TUOJ - AJICKTPOHHBINA MTPUOOP C OJTHUM p—n MEepexXoJ0M U ABYMs
BBIBOJIAMH.

B norpann4HoM ci10€ IBYX MOJTYNPOBOAHUKOB C PA3IUYHBIM XapaKTEPOM
AJIEKTPONPOBOJAHOCTH MIPH OJTHOM HAIPaBICHUU TOKA JABIPKU U 3JEKTPOHBI ABUKYTCS HABCTPEUY
JIPYT APYTY, IPH UX BCTPEYE MPOUCXOIUT peKOMOMHaIus. B 1iernu, Takum oOpa3om, mpoTeKaeT
TOK.

Ecnu n3aMenuTh HanpaBiieHUE HANPSHKEHUS Ha 00paTHOE, TO U3MEHUTCS U HAIIPaBJICHUE
JIBIKEHUE HOcuTenel 3apsaoB. [Ipu aTom, oHU OyayT IBUTaThCsl HU HABCTPEUy APYT K APYTY, a
B IIPOTHBOTIOJIOKHBIE CTOPOHBI. B pe3ynbTare 4ero B morpaHudHoON 001acTH 00pa3yeTcs CIIOH,
JUIIICHHBIA CBOOOAHBIX HOCUTEJICH 3apsI0B, TaK HAa3bIBAEMbIN 3aITUPAIOIIUI CIIOH.

Takum 006pazom, MOTYNPOBOAHUKOBBIN MO XOPOIIO MPOIMYCKAET TOK OJTHOTO HANpPaBICHUS
(IpsAIMO#1 TOK) M MJIOXO MPOITYCKAET TOK IPOTHUBOIOJI0KHOTO HalpaBiaeHUs (0OpaTHBIN TOK).

HOSTOMy, AUOAbI UCITIOJIB3YIOT, B OCHOBHOM, IJIS BBIIIPSAMIICHHA TOKA. ITo KOHCTPYKTUBHOMY

—n
MCIIOJIHEHUIO Pa3JInyaroT TOUEUHBIE U IUIOCKUE AUOBI. Y TOUEUHBIX AUOA0B pa3Mepbl p
IepEeX0/1a MEHbIIIE €r0 TOJIIHUHBI, a 3HAYUT, IPSIMON TOK UMEET HEOObIIYIO BEIUUHUHY (MA).
Taxoli auox ucnonb3yeTcs i BBIIPSIMIICHHS TOKa B C1a00TOYHBIX YCTPOMCTBAX CBEPXBBICOKOH

HaCTOTHI.

o —n o
IInockuit quod UMeeT PasMCphbI p nepexonaa, OOJIbIIIE YEM €T0 TOJINIWHA, ITIO3TOMY IIPAMOU

TOK COCTABJIACT OT CAMHUIL A0 THICAY aMIICP.

BoabTamnepHasi xapakrepucruka nuoaa. Cradnaurpon



VYcnoBHoe rpadguueckoe 0003HaUYCHUE AMO/A U €T0 UA€ATU3UPOBAHHAS BOJIbTaMIIEPHAs

XapaKTEpUCTHKA, PEACTaBIEHBI ClIeyoIuM ciaiinom. BAX umeer Tpu ydacrtka:

1 — npsiMasi BETBb, XapaKTEpPU3yeTCs HE3HAYNTEIbHBIM 3HAUEHUEM COIIPOTUBIICHUS;

2 — oOpatTHas BETBb;

3 — yyacTOK CTaOWIIN3aLUH, XapaKTepU3yeTcs: OONbIIONH BEIUYMHON CONMPOTUBIICHHUS.
[TosynnpoBOIHUKOBBIE TUO/IbI, Y KOTOPBIX pa0OYMM Y4aCTKOM SIBJISIETCS] Y4acTOK

cTabuan3aluy, Ha3pIBAOTCs cTadMINTpoHaMu. CTaOUIUTPOHBI UCIIOIB3YIOT AJIs CTAOUIN3aluU

HaNpsDKEHUsS B Pa3JIMUHBIX 3JEKTPOHHBIX YCTPONWCTBAX, HapuMep, B 6s1okax nutanus. O HUM

U3 OCHOBHBIX IIapaMETPOB, YUUTHIBAEMbIX IIPU BEIOOpE CTAOMIIUTPOHA, SIBIIICTCS HAIIPSKEHUE

crabunuzanuu (mpo0osi). B cripaBoYHBIX JAHHBIX YKa3bIBA€TCSI HOMUHAIbHOE HANPSYKEHUE

cTabuIM3aluu AJis ONPEAEICHHOrO TOKA, MAKCUMAJIbHBIN 1 MUHUMAaJIbHBINA TOKM CTa0MIIN3alUH.

[TapameTpsl cXxeM cO CTaAOMIINTPOHAMU BBIOMPAIOTCS TAK, YTOOBI JJIMTENbHBIN CPEHUIN TOK

4yepe3 HUX ObUI MEHbIIIE MAaKCUMAJIbHO JOMycTUMOro. KpaTkoBpeMeHHO ke CTaOMIUTPOH

crocoben BBIACPIKATH TOKH, 00JIbIIIME MAKCUMAaILHOI'O 3HAYECHUS.

Tpan3ucTopbl

TpaH3uCTOp — YNpaBJsIeMbIid TOJTYIIPOBOAHUKOBBIA IPUOOD, CITYKAIIUN IS YCHIICHHSI
MOIITHOCTH JJICKTPUYCCKUX CUTHAIIOB.
[To mpuHIUTY ACHCTBUS TPAH3UCTOPHI IEISTCS HA: YIIPABISEMBbIC JIEKTPUICCKUM TOKOM
(bunonsipHBIC), U YIPABIIEMbIC MICKTPUIECCKUM T0JIEM (ITOJICBBIC).

bumnonsipHelif TpaH3UCTOP UMEET TPEXCIONHYIO CTPYKTYPY C TpeMs BbiBoJaMu. B 3aBucuMocTu

p—n—p n—p-n
OT croco0a Yyepe0BaHus CIOEB Pa3InyaroT 150305 THUIA.
Cpennuii cioii Ha3pIBaeTCs 0a30ii, BBIBOJI 0003HavaeTcs OykBor b. OnuH kpaitHUi clioi —

kosuiekTopoM (K), npyroii — smurtepom (3).

bunoaspHeIil TpaH3UCTOP

O)II/IH nus3 KpaﬁHHX CJIOCB TPAH3HUCTOpA COCAUHACTCA YCPE3 CBOM QJICKTPOJ ¢ UICTOYHHUKOM

IOCTOSIHHOTO HanpsbkeHus. Ecin aTo p-n=p -1epexo/, TO SMUTTEP COEIUHSAETCS C
IIOJIOKUTEIbHBIM BBIBOJIOM MCTOYHHKA HANPsXKEeHUs a 0a3a ¢ OTpULATEIbHBIM BHIBOJIOM 3TOTO
&Ke UCTOYHMKA. T.e. K 3aKnMaM «0a3a-3MUTTEP» NPUII0KEHO MIPSIMOE HAPSKEHUE, ABIPKU p-ni-
nepexojia npuraruBatorcs. HeOosbias 4acTh AbIPOK pEKOMOMHUPYET B 0a3e C €€ AIEKTPOHAMH.
K 3axxumam «0a3a-KouIeKTOp» IPUII0KEHO 00paTHOE HAIIPSDKEHUE APYTroro HCTOYHMKA
OonblIei BeIMUUHbL. JIpIpKU U3 IPaBOro KpalHero caos NepeMeNiaoTcs 110 HallPaBICHUIO

KOJIJICKTOPHOI'O BbIXO/IA. HpI/ILICM 9TO HAIIPAaBJICHHOC ABUKCHUC OCHOBHBIX HOCHUTEIeH 3apsgaaa



JAHHOTO 10 (ABIPOK), a TAK)Ke HOCUTENEH 3apsaaa SMUTTEpa, Ipoueaumnx yepes 6azy. YToon
0o0JbI11as YacTh JbIPOK JAOCTHUIIIA KOJIJIEKTOPA, CJIOM 0a3bl 10JIKEH UMETh MAIYIO TOJILIUHY.
Taxum oOpa3om, yepe3 BbIBOJ KOJUIEKTOPA IPOXOIUT B OOPAaTHOM HANpaBiIEHUHU TOK,
MPEJCTaBISIIOIINI CyMMY TOKa, 00YCIOBIEHHOTO COOCTBEHHBIMH HOCUTEISIMU, U TOKA,

OGYCJ'IOBJ'ICHHBIMI/I HHXCKTHPOBAHHBIMU HOCUTCIIAIMU

]K = Io6p +Ip,I/IH)K
Koaddumuent nepenaun Toka
Al
o=—2=
Al

2

IIpU MOCTOAHHOM HAIIPSP)KCHUU ABJIACTCA OAHUM U3 OCHOBHBIX ITAPaMETPOB TPAH3UCTOPA.

Yceuwiured Ha TPaH3UCTOPax

VYcunenue aIeKTpUYecKUX CUTHAJIOB HEOOXO0AUMO IIPU IIPUEME PaJlo- U TEJIECUTHAJIOB,
KOHTpPOJIE U aBTOMAaTU3ALMU TEXHOJIOTUYECKUX IIPOLECCOB. YCUJIEHUE CUTHAJIOB OCYLIECTBISAETCS
C IIOMOIIBIO YCUIIUTENIEH.
VYceunurenu npeaHasHavyeHbl s yBEJIMYEHUS MOIIHOCTH CUTHAJIA 33 CYET SHEPIrUU UCTOYHHKA
NUTaHUS.

B 3aBucumocTy 0T (pOpMbI CUTHAJIA YCUIIUTENH KJIACCU(ULUPYIOTCS HA: YCUIIUTEIN
HEIPEPBIBHBIX CUTHAJIOB, HA3bIBAEMBIE YCHIIUTEIISIMU ITIOCTOSIHHOI'O TOKA; YCUJINTEIN CUTHAJIOB C
rapMOHUYECKUM HECYIIUM MPOLeccoM (YCHIIMTENN IEPEMEHHOr0 TOKA); YCUIUTEIN
UMITYJIbCHBIX CUTHAJIOB (MMITYJIbCHBIE YCHIJIUTEIIN).

[IpocTermM yCUIUTENEM SBISETCS YCUIMTEIbHBIN KacKal, COACPKAIUN HEITMHENHBIN
yIpaBJsieMblid 3JIEMEHT, KaK IPaBUII0, OUIIOJISIPHBIA TPAH3UCTOP, PE3UCTOP U UCTOUHUK
JNEKTPUYECKOM JHEPTHUN.

Ha BXOOHYIO LieNb yCHIUTEIBHOIO KacKaa MOJBOJAUTCS BXOIHOE HAIIPSDKEHUE

(ycunuBaeMblil CUTHAI)

[IpocTedum yCUITATENEM SIBIIETCA YCUIUTEIbHBIN KaCKal, COJICPKAINN HEJTUHEUHBIN
yIpaBIsieMBblii 3JIEMEHT, KaK MPaBUiI0, OUMONISIPHBINA TPAH3UCTOP, PE3UCTOP U UICTOUHUK

AIEKTPUYECKON SHEPIUHU.

2 UCTOYHMKHU BTOPUYHOIO 3JIEKTPONUTAHUS: BHINPSAMUTEH, (PUIbLTPHI, CTAOUIU3ATOPBI

HANPSKeHUs!



B kauecTBe mepBUYHBIX UCTOYHUKOB JIEKTPONUTAHUS A DY U cucTeM 0OBIYHO
MCIIOJIB3YIOT JINOO MPOMBIIIJIEHHYIO CETh IEPEMEHHOI0 TOKA, 1100 aBTOHOMHbIE UICTOYHUKHU
NEPEMEHHOT0 (F€HEPaTOPbl) UK MOCTOSIHHOTO (AKKYMYJISTOPBI, XMMUUECKHUE OaTapeu U T.1.)
TOKA.

Hcrounrku BropuaHoro sekrponutanus (MBOIT) — anekTpoHHBIC yCTPOHCTBA,
pelHa3HauYeHHbIE AJI1 IPeoOpa30BaHusl YHEPIUH IEPBUYHOIO HCTOYHUKA AJIEKTPONUTAHUS B
JIEKTPUYECKYIO SHEPTUIO 3HAUEHUS YaCTOThI, YPOBHS U CTAOMJIBHOCTH KOTOPOM COTJIaCOBAHBI C
TpeOOBaHUSMU, IPEABSBIAEMBIMH K 3TUM MapaMeTpaM KOHKPETHBIMH 3JIEKTPOHHBIMH
ycTpoiictBamu (DY) u cucremMamu.

1. Bempsamurens — npeodpazoBaTenb 3JIEKTPUUECKON SJHEPTUN; MEXAHUUYECKOE,
JIEKTPOBAKYYMHO€E UJIU TOJIYIPOBOJHUKOBOE YCTPOMCTBO, MPEHA3HAYEHHOE [
npeoOpa3oBaHus IEPEMEHHOTO BXOJHOTO AIEKTPUUYECKOTO TOKA B HOCTOSHHBIN BBIXOJAHON

SHCKTpI/ILIeCKI/Iﬁ TOK. boJIbIIMHCTBO BLIHpHMPITCJ'ICﬁ CO3/1aéT HE IIOCTOAHHBIC, a IYJABCHPYIOIHMC

OOHOHAITPABJICHHLIC HANIPSIKCHUC U TOK, IJIA CIrJIAXKUBAHUA Hy.HBC&I_II/Iﬁ KOTOPBIX MPUMCHSAIOT

[l!HJ’IBT[!BI.

I\U

2. uBepTOp — ycTpoicTBO MpeoOpa3zoBaHus MOCTOSIHHOTO TOKA B mepeMeHHbIH. OObIYHO

MMpeaACTaBJIACT coboii IreHepaTop NCpruoJUYCCKOro HarpAXCHHuA, 1o (bopMe l'IpI/I6J'II/I}KéHHOFO K

CUHYCOHUJIC.

—>/\/—>

3. IIpeobpazoBaTenb 4aCTOThI — IPeoOpa3oBaTeNlb NEPEMEHHOIO HANPSHKEHUS OHOM YacTOTHI B
IEpPEMEHHOE HaPsXKEHUE APYroi 4acTOTHI.
4. PerynsaTopsl IOCTOSHHOT'O HaNpsKeHUs! (KOHBEPTOPBI) — IPEOOPa3yIOT MOCTOSHHOE

HaIpsH>KEHUE OJHOTO YPOBHS B MOCTOSIHHOE HAIPSKEHHUE APYroro ypoBHS.

U1 _— U2
— —>




5. Perynstopsl HepeMEeHHOTO HaNpsHKEHUS — IPeoOpa3yIoT epeMEeHHOE HaIPSHKEHUE OTHOTO

YPOBHSI B IEPEMEHHOE HANPS)KEHHUE IPYroro ypoBHs.

U1 U2

I\

6. Tpancdopmarop (T) — craruueckoe ycTporUCTBO, MpeAHA3HAYECHHOE JIs1 TPeoOpa30BaHUs
MIOCPEJICTBOM JIEKTPOMATHUTHOW MHAYKIUU HANIPSKEHUN IEPEMEHHOTO TOKA C OJJHUMHU
napaMeTpaMH B HallpshKeHHE ¢ ApyruMu napamerpamu. C MoMoIIsio CUI0OBOro Tpanchopmaropa
MCTOYHUKA BTOPUYHOIO AIEKTPONUTAHUS OCYIIECTBIIAETCS IajibBaHUYECKas pa3Bsi3Ka
BBICOKOBOJIBTHBIX, OMACHBIX JIJISl )KU3HU LIETICH HAMPSHKEHUS SJIEKTPUUCCKON CETH M BTOPUYHBIX
nernen ycrpoicTs norpedureneii. HuskodactoTHeie TpaHchopMaTOpbl MaJIOH MOIIIHOCTH
MPOMBIIIIEHHOT'O U3TOTOBJICHUS 00J1a1at0T BBICOKOM HaJIe)KHOCTBIO U DHEPTeTUYECKOM
sapdextuBHOCTHIO (KII/). C ompeneneHHON CTeneHbI0 MPUOIIKEHHS TPaHC(HOPMATOP MOKHO
CUMTATh JIMHEWHBIM YCTPONUCTBOM NIPEOOPa30BaHUs FIEKTPUUECKOI SHEPTUN.

BoeinpsimuresnbHoe ycTpoiicTBo (B) ncrounuka nutanus npeaHa3HaAueHO s
npeoOpa3oBaHus ANEKTPUUECKON IHEPTUU IEPEMEHHOT0 TOKa B YHEPTHIO MIOCTOSIHHOTO TOKa. B
MCTOYHUKAX BTOPUYHOTO JEKTPOINUTAHUS HAXOAAT IPUMEHEHUE HEPETYIUPYEMbBIE U PeXkKe
peryiaupyeMble BEIIPSIMUTENH, BHITOIHAEMbIE Ha MOTYIPOBOAHMKOBBIX MPUOOpAX: TUOIAX,
TUPHUCTOPAX WM TPAH3UCTOPAX. B perynupyemMbix BRIIPSIMUTENIX OJHOBPEMEHHO ¢ (QyHKIMEH
BBIIIPSIMJIEHUS BBIIIOJIHSETCS PEryJIMPOBAaHUE BBIXOJHOTO HAIPsKEHUS. BeInpsiMuTens sBiaseTcs
HEJIMHEWHBIM YCTPOICTBOM, KOTOPOE B 001EM cilyyae 001alaeT ONpeAeIeHHON S HEPreTHUECKON
3 PEKTUBHOCTHIO.

VM cTOYHMKY MTUTAaHUS BKJIIOYAIOT, KaK IPABUIIO, HECKOIbKO (uiabTpoB (PHY - hunbtp
HU3KOHM 4aCTOThI), C TOMOIIBIO KOTOPBIX OCYLIECTBISAETCA MMOJABICHUE apa3UTHBIX TAPMOHUK
HaIPSKEHUS U TOKA WK CTJIaKUBAaHUE BBIPSIMIICHHOTO HanpsbkeHus. [laccuBhbie GuiabTpbl
(BKJIIOYAIOIINE EMKOCTH, HHIYKTUBHOCTU U PE3UCTOPBHI) ABIAIOTCSA JMHEHHBIMU YCTPONCTBAMU,
MOCKOJIBKY CTPOSITCSI Ha OCHOBE TOJIBKO JIMHEHHBIX 35ieMeHToB. [lnig dunpTpanuu
HU3KOYACTOTHBIX MyJIbCAl[MI U NIOJIyY€HHs] BECbMa 3HAYUTENILHOIO MTOJaBICHUS TOMEX
UCTIOJNIL3YIOT aKTUBHBIC (PUIBTPHI. B OONBIIMHCTBE CllydaeB MPUMEHECHHS (PHIIBTP HCTOYHHUKOB
nuTaHus oonagaet Beicokum KIIJI,

BoapIIMHCTBO UCTOUHUKOB BTOPUUYHOTO JIEKTPOIIUTAHUS COJEPIKAT B CBOEM COCTABE
CTA0MIM3aTOPBI HANPSKEHUS] M TOKA, KaK MPOCTEUIINE napamempuyieckue, Tak u 6osee
CIIOXHBIE — KoMnencayuonHvle. CTaOMIN3aTOPBI IPEIHA3HAYEHBI 11 aBTOMaTHUECKOT 0

NoJIepKaHus HAMIPSKEHUs (TOKA) Ha BBIXOJIE € 3a/IaHHOU CTENEHbI0 TOYHOCTH. CTaOMIM3aTOPhI



SIBISIFOTCSI CPABHUTENBHO CIOXKHBIME ycTporicTBamu, KIT/ KOTOpBIX 3aBUCUT OT THUIIA
cTabuau3aropa U MPUHIUIA PEryTHPOBAHUS YJHEPTHH.

Hocmouncmea TaKko# CXeMBbI: IPOCTOTA, HEAOPOTHUE TUIIOBBIC 3JICKTPOHHBIC
MIOJTYIIPOBOTHUKOBBIE 3JIEMEHTBI U MaJIO€ X KOJIUYECTRBO.

Heoocmamxku: 6onpias Macca U rabapuThl HU3KOYACTOTHOTO TpaHchopmaTopa,
CTIIQXXHUBAIOMIETO (PHIIBTPA, TMHEHHOTO CTAOMIN3aTOpa HAPSDKEHUS, a TAKXKe OOJbIINE TIOTEPH B
crabunuzarope. V3-3a 3THX HEOCTATKOB TaKasi CXeMa IMUTAaHUsI B COBPEMEHHBIX yCTPOHUCTBAX
NPUMEHSIETCS PEIKO.

OaHOMOTYyNepHOAHbIi BHINPSMHUTEb HA MOJYNPOBOTHHKOBBIX THOAAX

HauGonee 4acTo MCTOYHUKH MTOCTOSIHHOTO HAMPSHKCHHS ITOTYYAI0T IyTeM IpeoOpa3oBaHus
CUHYCOMIAJIbHOTO HAIPSHKCHUS B MIOCTOSIHHOE. Y CTPOMCTBA, OCYIIECTBIISFOIINE TAKOE
npeoOpa3oBaHue, HA3bIBAIOTCS BRIIPSIMHUTEISIMA. PAacCCMOTPUM CXeMy OJHOMOIYIIEPHUOTHOTO
BhIpsMHUTENs. OHA COCTOMT M3 MOCJIEIOBATEIBHOTO COCTMHEHHS UCTOYHUKA iepeMenHoit DJIC,
JMoJia M Harpy3o04Horo pesucropa. crounuk DJIC sBnsercs oqHOPa3HBIM, U TOK IIPOXOIUT
4yepe3 Hero B OJIHOM HAIpaBICHUH OIMH pa3 3a Mepuo/ (OJWH TaKT 33 IEPHO).

B Teuenue nonoxurenbHoro nonyneproaa JJ1C HanpspkeHue 1S T1oaa SBISETCS MPSIMbIM,

COIIPOTUBJICHUC €TI0 MaJIO, U ITPOXOAUT TOK, CO3JIaI0IIMK HA Harpy3o4YHoM pe3ucTopC nNaacHue

Up =U
HanpsoKeHus R~ TBBIX

B Teuenne oOpaTHOro MosIynepruoia HaupspKEHUE SIBISETCSl 0OpaTHBIM, TOKA MPAKTUYECKU HET
u3-3a2 OOJIBIIOTO COMPOTUBIICHUS AUOA U HANIPSKEHUE Ha BBIXOJIE PaBHO HYIIIO.

Takum oOpa3om, yepe3 U0, HArpy304YHbIN PE3UCTOP U UCTOYHUK MPOXOJUT MYJIbCUPYIOIUN
TOK B BUJI€ UMITYJIbCOB, JJIAIIMAXCS MOJINEPUOA U Pa3/IETICHHBIX TPOMEXKYTKAMH TaKKe B
noJinepuoa. DTOT TOK Ha3bIBAETCSI BHITPSIMIIEHHBIM, OH CO3/1a€T Ha PE3UCTOPE MYJIbCUPYIOLIEe
HaIpsKEHUE, NOJPHOCTh KOTOPOT0: CO CTOPOHBI KaToO/a MOJy4aeTcs III0C, & CO CTOPOHBI
aHO/1a — MUHYC.

[Tone3no# 4acThiO BHITPSIMIICHHOTO HAPSIKEHUS SIBJISIETCS €TI0 MOCTOSIHHAS COCTABJISIIONIAS, I

cpezHee 3HauYeHKe, KOTOPOE 3a BECh MIEPUOJ] PABHO:
Ucp ~0318-U,,

Bbrunras n3 mynbcupyroIIero HalpspkeHUE CpelHee 3HaYeHUE, II0JyYUM IIEPEMEHHYIO
COCTaBJIAIOLLYIO, KOTOpas UMEET CUHYCOUAAIbHYIO (hopMmy. [lepemenHas cocTaBistoiast
ABJIIETCS BPEIHOM YaCThbIO BBINPSAMIICHHOIO HAIIPSKEHUS, AJIS €€ YMEHBIICHUs B HArPy304HOM
PE3UCTOPE U B BHIXOJJHOM HAIPSDKEHUH, T.€. CrIIaXKUBAHUM MTYJIbCALUN BBIIPSMIIEHHOIO
HaNpsDKCHUS TPUMEHSIOT CriakuBatone GuibTpsl. [IpocTedmmm criaxuBaommm GuibTpom

SIBJIIETCS KOHAEHCATOP OOJIBIION MOILIHOCTH, YePE3 KOTOPBI OTBETBIIAETCS IEPEMEHHAs



coCTaBJArOIIasA TOKa. HpI/I HaJIMYHUU KOHJCHCATOpa CPCAHCC 3HAYCHUC HpI/I6J'II/I}Ka€TC$I K
AMIUIMTYAHOMY 3HAYCHUIO HAIIPAKCHUA UCTOYHHKA.

OCHOBHBIMH SJICKTPUYCCKUMMU IMapaMEeTpaMu OAHOIIOJIYIICPHUOAHOTO BBIIIPAMUTCIIA ABJIAIOTCA:

U

- CpeJIHUE 3HAYCHUS BHIIPSIMIICHHOTO TOKa U Hanpsokenust P, — P

F, :Ucp']cp.

- MOIHOCTh Harpy3ku P

- aMILUIATyda OCHOBHOM TapMOHUKHU BBIIIPAMIICHHOI'O HAIIPSXKCHUA m;

p = —
- KOB(I)(bI/H_[I/ICHT HYJIBCS.I_[I/If/'I BBIHpSIMJIeHHOFO HaHpH)KCHI/ISI p 5

- ICUCTBYIOIIME 3HAYEHHS TOKA U HAIPSKEHUS IEPBUYHON U BTOPUYHON OOMOTOK

1, U I, U,.

TpaHcpopmaTopa

=05-(S,+5,)

- THTIOBAsi MOIIIHOCTh TpaHcdopmartopa P ;
- K114

Py

Py + P+ Py |

n

JABYyX1noJiynepuoaHbIi MOCTOBOM BLINPAMUTE/Ib

HauOonbiiee pacnpocTpaHeHUH MOJTYyYWIT ABYXIIOIYIIEPUOJHBI MOCTOBOM BBINPSMUTEIb,
KOTOPBII COCTOUT U3 TpaHC(POPMATOPA U YEThIPEX AUOAOB, MOAKIIOUEHHBIX K BTOPHUHON
0o0MoTKe TpancdopmaTopa 1mo MmoctoBoi cxeme. K 01HON quaroHainu MocTa MpucoeanHeHa
oOMoTKa TpaHc(hopMaropa, a K Ipyroi - Harpy3o4Hslii pesuctop. Kaxxnas napa padoraer
noouepenHo 1 u 3, 3arem 2 u 4.

[TepBblii ¥ TpeTUil AMOABI OTKPHITHI B MIEPBBII MOTYNEPUO HAMIPSKEHUSI, KOT/1a OTEHLIHA

TOYKH a Oouble MNoTCHIMaJIa TOYKH b .B CIICAYIOIICM ITOJIYIICPHUOAC HAIIPSKCHUC HA 00MOTKE
MCHJACT CBOC HAIIPABJICHUC, TUOJbI JIBa U YCTBIPC OTKPLIThHI, 4 OAWH U TPH 3aKPbITHI. B o6a
MMoJIynepuojia ToOK 4€pe3 Hal"py30LIHBII71 PE3UCTOP UMCET OJHO M TO KC HAIIPABJICHUC.

CpeHHee 3HAYCHUC BBIMIPAMIICHHOTO HAITPAKCHUA:

2.0,

T

Ugp

Takum 06p330M, JOCTOMHCTBOM TaKOM CXEMBbI BBIIIPAMIICHUS SABJISACTCA 60J'IBH_IaH, B /IBa pasa,
BCJIMYMHA CPCAHETO 3HAUYCHUS BBIIIPAMIICHHOTO HAMIPSAKCHUA U TOKA; MyJIbCallusd 3HAYUTCIILHO

MEHBIIIE, YTO YMEHbBIIACT rabapuThl CrIaKUBAIOLIETO (DUIBTpA.



1.14 Jlexkums Ne 17 (2 yaca)

TeMa: «JIeKTPOHHBbIE YCTPOMCTBA. JJIeMEHTbl aBTOMATHKID)
1.17.1 Bomnpocs! JeKuum:

1. DyIeKTpOHHBIE YCTPOMCTBA. Y CUIIMTEN.

2. UmnynbcHbBIE yCTpOMCTBA

3. Jlorndeckue 3€MEHTHI M1 OCHOBBI IM(POBOI SITEKTPOHUKH

4. MuKponpoIeccopHbIe CPEICTBA.

1.17.2 KpaTkoe conep:kaHue BOIPOCOB:

1 DyeKTpoHHBbIE YCTPOHCTBA. Y CHIINTEIHN

I/I3MepI/ITe.]'[]>Hbll7i ycuiauTeab (I/IHa‘IC UHCIMPYMEHMANbHBLI YCUIUMED,

SHCKT];)OMCTpI/I‘ICCKI/Iﬁ BI:I‘II/ITaTCJ'Ib) — OTO THII I[I/Idl)(bCDCHHI/IaHBHOFO YCHUIIUTEIA C

XapaKTEPUCTUKAMM, MOAXOALUIMMU ISl UCIIOJIB30BAHUS B UBMEPEHHUSX U TECTUPYIOLLEM
o0opynoBanuu. OH UCIIONIb3YETCS AJI U3MEPEHUS PA3HOCTH IMOTEHIMAJIOB, T.€. OH SIBJISIETCS
Pa3HOBUIAHOCTHIO AU depeHnanbHoro yeunutenss. OCOOEHHOCTh ero 3aKIIF0YaeTcs B
3HAYUTENIbHOM OCIa0IeHnH CHH(A3HOTO CUTHAJIA U, CIIeI0BATENIbHO, B BBICOKOM CTENEeHU
CUMMETPUYHOCTH BXO/Ia, a TAKXKE CIIOCOOHOCTH YCHIIMBATH C1a0bli qudhepeHanbHbli curHan
IPEUMYILECTBEHHO B (JOpME MEPEMEHHOr0 HaNpsHKeHUs. Takoil ycunurtensb 00s1ajaeT BHICOKUM
BXOJIHBIM U HU3KHM BBIXOJHBIM CONPOTUBIIEHUEM. I3MepUTEIbHBIE YCUIUTENN XOPOLIO
COINPSTalOTCsl C MOCTOBBIMU CXEMaMH, HalIpUMED, ¢ TEMIIEPATypPHO-3aBUCUMBIM 3JIEMEHTOM,
NPUMEHSAEMBIM ISl U3MEPEHUSI TEMIIEPATyphl, U IPYTUMHU CIOKHBIMU BUJIaMU UCTOYHUKOB
CUTHaJA.

PaccmaTpuBaemblil ycunutens o0bIuHO coaepkHUT Tpu OY U ceMb pe3uCcTOpOB, U3 HUX
pesucrop R2 npennasnauen 1uis usmMenenus kospdunrenta ycunenus. C moMoIIpo pe3uctopa
R3 ocymiecTBaseTcst HayanbHast MOACTPOMKA C LEIbI0 CBEACHUS K HYIIO CHH(A3HOTO CUTHAJIA C
YPOBHEM OKOJIO J0JI€i BOJIbTA, 10AaBAEMOI0 HAa COEJMHEHHbIE BMECTE BHIBOABI 1, 2

OTHOCHUTEIIbHO OOIIEro MpoBo/ia.
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Cxema U3MEpUTETBHOTO YCUITUTEINS

Kommnaparopsl Ha ocHOBe OY

Y CTpolCTBO CpaBHEHMSI AaHAJIOTOBBIX CUTHANIOB (KoMnapamop) BHIIOIHAET QYHKIIUIO
CpaBHEHHUs JMOO0 ABYX BXOAHBIX CUTHAJIOB MEXY COOOH, TMOO 0THOr0 BXOAHOI'O CUTHAJIA C
HEKOTOPBIM Halepe]l 3aJaHHbIM TAJIOHHBIM ypoBHEM. IIpu 23TOM Ha BBIXOZAE yCTpOMCTBA
(dbopMHpyeTCs TOJIBKO /1Ba 3HAYEHUs BBIXOJHOT'O CUTHAJIA: €CJIM OJIMH U3 CPaBHUBAEMBIX
CUTHAJIOB 0OJIBLIE IPYrOro, TO BHIXOJHOW CUTHAJ paBEeH Aj,, B IPOTUBHOM CIIy4ae BBIXOJHOMN
CUTHaJ paBeH A,. B 001ieM ciydyae B KauecTBE BXOJIHBIX U BBIXOJHBIX CUTHAJIOB CXEMBI
CPaBHEHMsI MOT'YT BBICTYINATh pa3IMyHble TapaMeTpbl NOoCTOsHHOro Toka. Ho Hanbosnee yacto
nox Ay v A, IoIpa3yMeBarOT HANPSKEHUS.

CnenyeT OTMETHUTB, YTO B 0011eM ciydae HanpsbkeHue Uy u Uy MOTyT OTJIMUYAThCS Kak 110
BEJIMYMHE, TaK U 10 3HaKy. OJHAaKO Ha IPaKTUKE HauOOoJIbIlIEE PACIIPOCTPAHEHHUE MTOJTYUNIIH
yCTpOICTBa, (GOPMUPYIOIIKE HA BBIXO/IE IMOO HANPSIKEHHS! TPOTUBOIIOI0KHON MOISIPHOCTH MIPH
IIPAKTUYECKH PaBHBIX a0COJIIOTHBIX 3HAYCHMSIX, TMO0 HAPsXKEeHUs 0HON nossipHocTu. [lepBblit
CJIy4all XapaKTEepEeH JUIs UCIOJIb30BAHUS B KAUECTBE CXEMbI CPABHEHUS ONIEPALIMOHHOIO
YCUJIMTEIIS, BTOPOU — IIPU MCIOJIb30BAHUM CIELUAIIM3UPOBAHHBIX HHTEIPAIBHBIX cXeM. Bo
BTOPOM CJ1y4ae BbIXOJHBIE HANIPSKEHMSI KOMIIApaTOpa COTJIaCOBAHBI 10 BEIUYHUHE U MOJISIPHOCTH
C CUTHAJIaMHU, MCTI0JIb3YeMbIMH B LIN(POBOM TexHuke. [IoaToMy MOXKHO cKa3aTh, YTO BXOAHOM
CUTHaJI KOMIIapaTopa HOCUT aHAJIOTOBBIN XapaKTep, a BEIXOAHOM — ¢ poBoii. Benencreue
9TOr0 KOMIIapaTOPhl YaCTO BBIMOJIHSAIOT POJIb JIEMEHTOB CBA3U MEXAY aHAJIOTOBBIMU U
UGPOBBIMU YCTPOMCTBAMHU, T.€. BBINOJIHAIOT POJIb IPOCTEHIINX aHAIOTO-LU(POBBIX

npeoOpa3oBaresei.



Komnaparops! npeacTaBiisioT co00i cXeMbl, 00ecIeurBarolIe CPaBHEHUE IBYX
BXOJHBIX HanpspkeHuil. HanpsbkeHue Ha BbIXOI€ KOMIIapaTopa CKaukooOpa3HO U3MEHsIeTC,
KOTI'Jla O1Ha U3 CPAaBHUBAEMBbIX BEJIMYMH CTAHOBUTCA OOJIbIIE IPYTOil.

B perne 3amuThel MUPOKO UCIOIB3YIOTCS KOMIIAPATOPBL, B KOTOPBIX OJHON BXOJHOU BEJIMYUHOU
SBJIIETCS OTIOPHOE HANPSKEHHUE 3a/1aHHOT0 3HAUEHHUS, a IPYyrod — HaIpsDKEHUE,
IIPONOPLIUOHAIBHOE U3MEPAEMOMY HAIIPSKEHUIO UIIU TOKY, KOTOPOE IOCTYIAET OT
COOTBETCTBYIOIIUX J1aTYMKOB.

Komnaparopsl HCIIOIB3YIOTCS TAK)KE B KAUECTBE HYJIb-MHIUKATOPOB. B HUX 0AMH U3
BXO0JI0B KOMIIapaTopa 3a3eMJISIE€TCS U CKauKOOOpa3HOE U3MEHEHHUE BBIXOJHOIO HAIPSHKEHUS
IIPOUCXOJUT NIPU NMEPEXOE U3MEPAEMOT0 CUTHAIA Yepe3 HyleBoe 3HadeHue. OHa U3 TUIIOBBIX
CXEM KoMIlapaTropa nokasasa Ha puc. 20.2, a. Ha Bxon 1 nmomaercst uaMepsieMblii CUTHAJ, a Ha
BX0Jl 2 — onopHoe HanpsbkeHue. [loka n3mepsieMoe HalpsKEHHE MEHBIIIE OIIOPHOT0, Ha BBIXOJIE
OV nepxurcs MaKCUMalbHOE BBIXOAHOE HANPsKEHUE, COBIAAAOIIEE 0 3HAaKY ¢ onopHbIM. Kak
TOJIBKO U3MEpsieMOe HaIpsKEHHE CTaHeT OoJIblile OMIOPHOTO MPUMEPHO Ha BEIUUYUHY, PaBHYIO
CBOMCTBEHHOMY JaHHOMY OV HanpspKeHHIO CyMMUPYIOLIEH TOUYKH, BBIXOJHOE HAIIPSDKEHUE
HEMEAJIEHHO U3MEHUT CBOI 3HAK Ha MPOTUBOIIOJIOXKHbBIN, COXPaHUB MAaKCUMaJIbHOE 3HAYCHHE.
Huonst VDI n VD2 3ammmniaror Bxoasl OY 0oT NOBBIIEHHBIX 3HaYeHUN AuhepeHnnanbHoro
HanpspkeHus. Eciin Hy)KHO OrpaHUYHTh BBIXOJHOE HANPSHKEHUE ONIPEIEIICHHBIM YPOBHEM, TO B

Ja(S20441 06paTHOI71 CBA3U YCTAHABJIMUBAIOT Ba CTa6I/IJ'II/ITp0Ha, BKJIFOUCHHBIX BCTPCYHO.
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KOMHapaTOp OI[HOHOpOI‘OBBIﬁ AJI1 OAHOIIOJIAPHBIX CUTHAJIOB

AKTHBHBbIE QUJILTPHI

VYcunurenu, uMmeroniue n30upaTebHble CBOMCTBA, YCIOBHO MOAPA3ACIAIOT HA GUIBTPHI
HU3KUX U BBICOKHX YaCTOT, a TAKXKE IMOJIOCOBHBIE M PEKEKTOPHBIE (3arpaxaatomiue). OUibTpsel
HU3ZKUX Y 8bICOKUX YaCTOT COOTBETCTBEHHO MPOMYCKAIOT TOJIBKO HU3KHE UITH TOJIBKO BHICOKHE
Y4aCTOTBI, 10J10CO8ble Y pedCceKkmopHble 00eCTIeYnBaIOT MPOITyCKaHUe UM HeMPOIyCKaHue

CHUTHAJIOB OIIPCACIICHHBIX YaCTOT.



Jlnis osydeHus y ycuiauTened n30upaTeabHbIX CBOMCTB B 00JIaCTH HU3KHUX 4acToT (Huxe 20
k[ '11) npeumymecTBeHHO puMeHsIOT RC-11enu nHTErprpyomero uik 1udGepeHIupyonero
tuna. OHM BKJIIOYAIOTCS HA BXOJI€ WJIM BBIXO/I€ YCUIIUTEINS U OXBAThIBAIOT €r0 YaCTOTHO-
3aBUCUMOI 00OpaTHOM CBS3BIO.

B o6mnacTy BBICOKHMX 4acTOT B KauecTBe (PMIIBTPOB HU3KUX YACTOT LIMPOKO MPUMEHSIOT
BBICOKOYAaCTOTHBIE APOCCEIH, a IT0JIOCOBBIE U PEKEKTOPHBIE (PUIBTPHI BBIOJIHSIOT HA OCHOBE
UCIIOJIb30BaHus Karymek HHIyKTUBHOCTH (LC-puibTpsl).

B oTnenpHBIX ciaydasx NPUMEHSIOT deKmpomexanuieckue GUiabTpbl, KOTOPbIE OTHOCATCS K
YHCITy IOJOCOBBIX U MMEIOT PE30HAHCHYIO YacTOTY, PaBHYIO 4YaCTOTE COOCTBEHHBIX
MEXaHUYECKUX KoeOaHuii cucteMsbl. JJoOOpOTHOCTH TakuxX (pUIbTPOB OOBIYHO BBICOKAs (COTHU-
TBHICSIUM €IMHHUIL), HO IEPECTPOKA 4acTOThI 3aTpyaHeHa. [1oaToMy 31eKkTpoMexaHuuecKue
(GWIBTPHI B OCHOBHOM IPUMEHSIIOT B TEXHUKE CBSI3U WJIM PaJIMOBEIAHUHU, TJI€ UMEIOTCS
CTaHJapTHbBIE ONpe/ie/ICHHbIE pabdoune YacTOThI.

Hon akmuenvimu GuabTpamMu 0OBIYHO TOHUMAIOT JIEKTPOHHBIE YCHUIIUTENH, COACPIKAIIIHE
RC-nenu, BKIIIOUEHHBIE TaK, YTO Y YCUIIUTENEH NOABIAIOTCS U30UpaTenbHble cBoiicTBa. [Ipu ux
IPUMEHEHUHU yJaeTcsi 000UTUCH 0€3 T'POMO3AKHX, TOPOTOCTOSALINX U HETEXHOJOTUUHBIX
KaTylleK MHIYKTUBHOCTHU M CO31aTh HU3KOYACTOTHbBIE (PUIBTPBI B MUKPOAJIEKTPOHHOM
MCIIOJIHEHUH, B KOTOPBIX OCHOBHBIE ITapaMeTPbl MOT'YT ObITh U3MEHEHBI C IIOMOILbIO HABECHBIX

PE3UCTOPOB U KOHJIEHCATOPOB.

3.2 UmnyJbCcHBIE YCTPOHCTBA

MyabTHBHOPATOP — pEIaKCalMOHHbIN T'€HepaTop MEKTPUUECKUX KoJeOaHun

MMpAMOYT'OJIBHOTO TUIId C KPYTBIMU (prHTaMI/I. TepMI/IH MPCIJIOKCH I'OJUIAHACKHUM (l)I/ISI/IKOM BaH

nep ITonem, Tak Kak B CIEKTPE MyJIbTUBHOpAaTOpa MPUCYTCTBYET MHOKECTBO T'APMOHUK — B
OTJIMYME OT FEHEPATOpa CUHYCOMIAJIbHBIX KOJIeOaHUH («MOHOBUOpATOpa»).

MynbTuBUOPATOP ABIAETCS OJHUM U3 CaMbIX PACIPOCTPaHEHHBIX T€HEPATOPOB UMITYJIBLCOB
IpSAMOYTOJIBHOM (pOpMBI, IpeCcTaBIAIOINN COO0H IByXKAaCKaHbII PE3UCTUBHbIN YCUIUTEb C

FHYGOKOﬁ MOJ0XKUTEIBHOMN O6D3THOI>1 CBs3bI0. B BHCKTpOHHOﬁ TCXHUKCE UCIIOJIb3YIOTCA CaMbIC

pa3IMyYHbIE BAPUAHTBI CXEM MYJIbTHUBUOPATOPOB, KOTOPBIE PA3IMUAIOTCS MEXY COOOH IO TUITY
UCIIOJIb3YEMBIX 3JIEMEHTOB (JIAMIIOBBIE, TPAH3UCTOPHBIE, THPUCTOPHBIE, MUKPOIJIEKTPOHHBIE U

Tak Jajnee), pexkuMy padoThl (aBTOKOIe0aTENbHbIN, KAy CHHXPOHU3ALIUN ), BUIaM CBS3H

MCXKAY YCUIIUTCIIbHBIMU 3JICMCHTAMU, crocodam PETYIUPOBKU JJIUTCIBHOCTHU U 4YaCTOThHI

TE€HEPUPYEMBIX UMITYJIbCOB U TaK JaJee.
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I'enepaTop rapmMoHnYecKuX (CHHYCOUIAIBHBIX) KOJe0aHui (UKCHPOBAaHHBIX YaCTOT B
Ipezeiax OT HECKOJIBKUX Iepl] 10 AECATKOB U BbILIE KUJIOTEPL HECIOKHO BBINOJIHUTh Ha
oTepalioHHOM ycunutese. B o01ieM ciiyyae reHepaTopoM Ha3bIBaeTCsl aBTOKoJeOaTebHas
CTPYKTYpa, B KOTOPOH 3HEPrusi UCTOYHUKOB MUTAHUS MPE0OPa3yeTCsi B SHEPTHIO ANEKTPUUECKUX
aBTOKOJe0anuii. OCHOBHOM LIETIHIO OJTHOTO U3 BUAOB IMOJ00HOT0 reHeparopa sisisiercs 2T-moct
Ha RC-anemeHTax ¢ KBa3upe30HaHCHOW 4acToTol f,=1/2rCR. 3ToT MocT Haxoautcs B 1ienu OC;
IpoLecc reHepupoBanus oodecrneunBaeT nojaoxutenbHas OC, nenb KOTOPOi COCTOUT U3
nenurens HanpspkeHust R1 R2 R3. [Toactpoeunstii pesuctop R npennaznadeH uist niaaBHOM
PEryJIupOBKU aMILTUTY 1Bl BEIXOHOTO HanpsbkeHus. [IpakTudecku uisi BOSHUKHOBEHUS
coOCTBEHHBIX KOJebaHuii foctaTouno BeiOpaTh Ry+R3=(10...20)R,; u R;=(0,05...0,1)(R,+R3).
Crabunutponsl VD1, VD2 orpaHuuuBarOT pa3Max TeHEpUPYEMbIX KOJIeOaHU U CIIOCOOCTBYIOT

NPUOIMKEHNIO UX (POPMBI K CHHYCOUJAJIbHOM.
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Cxema reHeparopa CUHYCOMAAJIbHBIX KOJIEOaHU

I'enepaTop npsiMoyroJibHbIX HMITYJIBCOB MOKHO MOJYYHUTh € IIOMOILIbIO CTAOMIUTPOHOB VDI,
VD2. Ilens nonoxurensHoi OC y reHeparopa cOCTOUT U3 AenuTelns HanpskeHus R3R4.
YacrorHo-3aBucumas OC obecnieunBaercs anemenTamu C1R2. Jlns orpannyeHus Toka,
noTpedIsieMoro cTabuiIMTpOHaMH, BKIIto4eH pe3uctop RS5. Pesucropsl R1 ¢ conporusiennem
oxos10 100 kOM npesHa3HavyeH AJs MOBBILIEHUS JEHCTBEHHOCTH 3alllUThI BX0/1a, COIEpIKallencs

B OV.




Cxema TCHepaTopa CUMMCTPHUYHBIX

IIPSIMOYTOJIBHBIX UMITYJIBCOB

3 Jlorn4yeckmue 3JieMeHTbI U OCHOBbI U(POBOIi IJIEKTPOHUKH

[udposas a3nexkTpoHUKa B HacTosIIIee BpeMsl Bce Ooiiee 1 00Jiee BBITECHAET TPAIULMOHHYIO
aHanorosyio. Benymme ¢pupmsl, mpon3BoAsIINE CaMyIO Pa3HYIO AJIEKTPOHHYIO amlaparypy, Bce
Yalie 3asBJII0T O MOJHOM Mepexoie Ha HU(POBYIO TeXHOIOruo0. [IpnuemM 310 OTHOCUTCS Kak K
OBITOBOM TeXHUKE (ayano-, BUAEOAIIIApaTypa, CPEACTBA CBA3H), TaK U K MPO(eCcCHOHANBHOI
TEeXHMKE (U3MEpUTENbHAd, yIpaBistolias annaparypa). CTaBuive yxe NpUBbIYHBIMU
HepCOHAIBHBIE KOMIIBIOTEPHI TAK)KE TOTHOCTHIO PEaTM30BaHbI HA OCHOBE IU(POBOIA
TEXHOJIOTHH.

AHAJIOTOBBIH CHTHAJ — 3TO CUTHAJI, KOTOPBI MOXET IPUHUMATD JII00bIe 3HaYEHUs B
OIpeIeNICHHBIX Ipeeiax (HallpuMep, HalpsyKeHUEe MOXKET IIJIaBHO MEHATHCS B IIPEJienax OT
HYJISl 10 IECATH BOJIBT). Y CTpONCTBA, pabOTAIOIKE TOJIBKO C AHAJOTOBBIMU CUTHAJIAMH,
Ha3bIBAIOTCS AaHAJIOTOBBIMU YCTPOHCTBAMH.

ILndposoii cUrHaI — 3TO CUrHaJl, KOTOPBIA MOXET IPUHUMATh TOJIBKO JBa 3HaYeHUsd. [Ipuuem
pa3peleHbl HEKOTOpble OTKIOHEHUS OT ATHX 3HaueHui. Hanpumep, HanpsKeHre MOXKET
npuHUMATh ABa 3HadeHus: oT 0 1o 0,5 B (ypoBenb Hyis) unu ot 2,5 10 5 B (ypoBeHb €1MHULLBI).
YcrpoiicTBa, paboTaroliye HCKIUYUTEIBHO ¢ IU(YPOBBIMY CUTHATAMU, Ha3bIBAIOTCS
U(PPOBBIMU YCTPOHCTBAMM.

B oTiinumne ot aHanoOroBeIX, HM(PPOBBIE CUTHAJIBI, UMEIOLIUE BCETO [1BAa PA3PELICHHBIX 3HAYECHHUS,
3alllMIIEHbl OT AEMCTBUSI IIyMOB, HABOJOK U MIOMeX ropasio jgyuiie. Hebombiine oTKIOHEHUS OT
pa3peLIeHHbIX COCTOSHUI HUKAK He HCKa)KaloT LU(POBOM CUTHAN, TaK KaK BCErAa CYLIECTBYIOT
30HBI IOMYCTUMBIX OTKJIOHEHUH. IMeHHO no3ToMy M(pOBbIe CUTHANIBI TOMYCKAIOT ropa3zio
0oJie€ CI0XKHYIO U MHOTOCTYIIEHUYaTy0 00paboTKy, ropaszio 0oJsiee AIUTENbHOE XpaHEHHE 0e3
HOTEph U ropaszio 0oJiee KaUeCTBEHHYIO Iiepeady, 4ueM aHajiorosble. K Tomy ke noseneHue
U(PPOBBIX YCTPONUCTB BCETAa MOYXKHO a0COJIOTHO TOYHO paccuuTaTh U npejackas3ars. Liudpossie
YCTPOMCTBA ropas3io MEHbIIE OJIBEPKEHBI CTAPEHUIO, TAK KaK HEOOJIbII0e U3MEHEHHE UX
napaMeTpoB HUKAK HE OTpaxkaeTcs Ha UX (GyHKIHOHUpoBaHUU. Kpome Toro, mudpossie
yCTpPOMCTBA MPOLIE NPOEKTUPOBATH U OTIAKUBATb.

Bce undposbie ycTpolicTBa CTpOATCS U3 JIOTHUECKUX MUKPOCXEM, KaXKJasi U3 KOTOPBIX
00513aTeJIbHO UMEET CIIEYIOLINE BHIBOIBL:

- BBIBOJIbI MUTAHUs: OOIINNA (MM «3eMJIS») U HANPsKEHUS! MTUTaHuA (B OOJIBIIMHCTBE cliydaeB +5

B wiu +3,3 B), koTOphie Ha cxeMax 0OBIYHO HE MOKa3bIBAIOTCS;



- BBIBOJIBI JIJISl BXOJTHBIX CHTHAJIOB (MJIA «BXOJBI»), HA KOTOPHIE MOCTYIAIOT BHENITHUE H(PPOBBIC
CUTHAaJIBbI;
- BBIBO/IBI JIJIS1 BBIXOJTHBIX CUTHAJIOB (MJIM «BBIXOBI»), HA KOTOPBIC BBIAAIOTCS U(PPOBHIC

CHTHAJBI U3 caMoit MHKPOCXCMBEIL.
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[Mudposast Mukpocxema

[{udpoBble MUKPOCXEMBI MITH MUKPOCOOPKH, X DJIEMEHTHI WM KOMIIOHEHTHI 0003HAYal0TCs Ha
npuHiunuanbHbeix cxemax YI'O B coorBercTBuu ¢ ['OCT 2.743-91. YT'O Mmukpocxembl UMeeET
dhopmy IPAMOYTOJIbHUKA, K KOTOPOMY MOJABOJAT JTUHUU BBIBOJOB. OHO MOXKET COJEPIKATh TPH

I10JIA: OCHOBHOC U JABa JOIIOJTHUTCIBbHBIX.

O6o3HaueHue GyHKLMU dNEMEHTA

A

JIuHuu BbIBOAA / \ | JInHuM BbIBOAA
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JlonoNHUTENbHbIE NONA OcHOBHOE nosie

YT'O 1udpoBeIX MUKPOCXEM

Kaxxnas mukpocxema rmpeodpasyer TeM WM HHBIM CIIOCOO0M TOCIIeI0BATEIBHOCTh BXOHBIX
CUTHAJIOB B ITOCJICIOBATEIILHOCTh BBIXOJHBIX CHTHAIOB. CIIoco0 mpeoOpa3oBaHus Yalle BCero
OTMCHIBACTCS UM B BUJE TaOJIULIBI (TaK HAa3bIBAEMOW mabd.iuye ucmuHHOCmu) Ui B BUJE
BPEMEHHBIX IHarpaMM, TO €CTh Ipa(KOB 3aBUCUMOCTH OT BPEMEHH BCEX CUTHAJIOB.

Bce mugpoBbie MEKpPOCXeMBbI pa0OTAOT € JIOTHYECKHMH CUTHAJIAMH, IMEIOIIIUMH JBA
pa3pelleHHbIX YPOBHs HanpskeHUs. OJIMH U3 3TUX YPOBHEN HA3bIBACTCS YPOGHEM J102UUECKOU
eOunuybl (WA STUHUYHBIM YPOBHEM), a IPYTOH - yposHem nocuieckoeo Hys (AU HYJICBbIM

ypoBHeM). Yalie Bcero JIOrH4ecKoMy HYJII0 COOTBETCTBYET HU3KUI YPOBEHb HAIPSHKEHUS, a



JIOTMYECKOW €TMHULE — BBICOKHI YPOBEHb HAIPSKEHUS. B 3TOM citydae roBopsIT, 4TO MPUHSTA
«nonoscumenvuas noeukay. OQHAKO MPH Mepeade CUTHAIOB Ha OOIbIINE PACCTOSIHUS U B
CUCTEMHBIX ITMHAX MUKPOIIPOILIECCOPHBIX CUCTEM MOPON UCTIOIB3YIOT U 00paTHOE
MPEJCTaBICHUE, KOTJA JOTHYECKOMY HYJIF0 COOTBETCTBYET BBICOKHI YPOBEHB HAIIPSHKEHUS, a
JIOTMYECKOW €TMHULE — HU3KUI YPOBEHb. B 3TOM ciiydae roBOpAT O «ompuyamenbHou 102UKe.
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N N \ JIOTHYECKOMN €IMHHLbI

HeonpeaenenHoe
U =24 B+ COCTORHUE

YpoBEHb JIOrHUECKOro
Y= 0 M Mmmhm huyysahyh y hy hhh " uyns
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VY pOBHM JIOTHYECKUX CUTHAJIOB HA BBIX0JIE€ IU(DPOBBIX MHUKPOCXEM

Jlocuueckumu snemenmamu (J19) Ha3bIBatoTCs PyHKIMOHANBHBIE YCTPOICTBA, C TOMOILBIO
KOTOPBIX PEATU3YIOTCS dJI€MEHTapHble Jorndeckue GyHKIUU. OHU 0OBIYHO MCTIONIB3YOTCS IS
MOCTPOCHHS CIIOKHBIX IpeoOpa3oBaTeneil In(POBbIX CUTHAIOB KOMOMHALMOHHOTO TUMA. B
KOMOMHAIIMOHHBIX YCTPONCTBAX OTCYTCTBYET BHYTPEHHssI NaMATh. CUTHAJIBI HAa UX BBIXOJaX B
7110001 MOMEHT OJTHO3HAYHO OIPEJEIIAIOTCS COUETaHUSMM CUTHAJIOB HAa BXOJAX M HE 3aBUCST OT
HPEIbIAYIIHUX COCTOSTHUN CUCTEMBI.

[TpakTryecku Bce uQpoBBIe ycTpolicTBa 0€3 mamMsaTH (KOMOMHATOPHBIE YCTPOICTBA) MOTYT
OBITh IOCTPOEHBI HA OCHOBE TPEX MPOCTENUIINX JOIMUECKUX 3JIeMEHTOB. Bee Oosee ciokHble
CHCTEMbI PEATU3YIOTCS U3 3TUX MPOCTEHIINX JIOTHYECKUX JIEMEHTOB KaK U3 KyOUKOB.

OcTaHOBUMCS Ha OIMMCAHUU HpOCTCﬁH.IPIX JJOT'MYCCKHUX 2JICMCHTOB.

Ocnosbi aneebpul nozuxu. Jloeuuweckue GyHKkyuu u 102uteckue 1emMeHmol.
PaGora Bcex nudpoBBIX YCTPONCTB OCHOBaHA Ha aneebpe oeuku. B ee ocHOBe Jexar GyHKIUU
JIOTUYECKOTO OTPULIAHUS, IOTUYECKOTO CIIOKEHUS (IU3BIOHKIUS) U IOTHYECKOTO YMHOXKEHUS

(KOHBIOHKIHS ). AKCHOMBI alIre0pbl JIOTUKH:

1. T =0T

»y x+x=1

3. ¢+ 1 =14 0-1 0+0=0 0-0=0
4 THT =] 1=0 0+1=1 0-1=0
s z+0=ua; 1+0=1 1-0=0

1+1=11-1=1



T*T =

T 0

0;

9 Tx1=umx;

6
7. T* T =T,
8

DyHKUIUA «HE», HTHBEPTOP

HpOCTCﬁIHHM JIOTUYCCKHUM 3JICMCHTOM SABJIACTCA UHBECPTOP, KOTOprﬁ IMPOCTO U3MCHACT

3HAUYCHHEC BXOJHOT'O CUI'HAJIa Ha MPSAMO ITPOTHUBOIIOJIOKHOC 3HAYCHUC. Ero (bYHKI_II/IH

3aIMUCbIBACTCA B CJIICAYIOIICM BHUIC:

F=X

rac 4epTa HaJd BXOAHLIM 3HAYCHUCM 0003HaYaeT H3MCHCHHUE €ro Ha MMPOTUBOIIOJIOKHOC. To xe
caMoc€ HCﬁCTBHG MO’KHO 3alrcCaTh IMpu 1nmoMouun Ta6JII/II_[BI HCTUHHOCTH. Tak Kak BXOI y 3TOro

JJOIT'MYCCKOro 3JICMCHTA JIMIIb OAUH, €TI0 Ta6n1/1ua HCTUHHOCTHU COCTOUT TOJIBKO U3 ABYX CTPOK.

X |F
0|1
110

Tabnuua uctuHHOCTH QYHKIMH «HE» (MHBEPTOP)

B kauecTBe HHBEPTOpAa B HpOCTCfIIHCM ClIydya€ MOXXHO HCIIO0JIb30BATH OOBLIYHBII YCHIIUTCIIb C
TPaH3UCTOPOM, BKIIFOYCHHOM I10 CXEMCE C O6H_II/IM OMUTTCPOM HUJIU HCTOKOM.

+U,

R3

+—< Bbix

R1
Bx >VTI

R2

CXCMa, IMO3BOJIAI0IIasA pCain30BaTh

(GYHKIUIO JTOTHYECKOT0 MHBEPTUPOBAHMUS

Z[JISI TOr0 YTOOBI 0COOCHHOCTH BKIIFOUCHHS TPAH3UCTOPOB HEC 3aTCHAJIN BBIIIOJIHACMYIO

¢byHKuio, 1 tuPOBBIX MUKPOCXEM BBEIECHBI CIICIMATIbHbIE YCIOBHO-TpaduIecKue

0003HaueHus.



Puc.. YI'O noruyeckoro uaBeptropa

B onHOM KOpITyce MUKPOCXeMBbl OOBIYHO ObIBA€T 1IECTh MHBEPTOPOB. OTeueCTBEHHOE
o0o3HaueHne MukpocxeMm uHBeptTopoB — JIH. Ilpumepsr: KP1533JIH1 (SN74ALS04).

JIBe OCHOBHBIE 00J1aCTH IPUMEHEHMSI HTHBEPTOPOB — 3TO U3MEHEHUE MOJISIPHOCTH CUTHAIA U
U3MEHEHHE NOJSIPHOCTU PpOHTA cUrHasa. To eCcTh U3 MOJIOKUTEIBHOTO BXOAHOTO CUTHAJIA
MHBEPTOP JIe1aeT OTPULIATEIbHBIN BBIXOAHOM CUTHAT U HA000POT, a U3 MOJI0XKUTEIBHOTO
(bpoHTa BXOJJHOTO CHTHAJIa — OTPULATENBHBINA (POHT BBIXOTHOTO CUTHAJIA H HaoOopoT. Emre
OJTHO Ba)XKHOE ITpUMEHEHHE HHBepTOpa — Oydepusarus curaaia (C “HBEpCcuei), To ecTh
yBEJIMUYEHUE Harpy304HOH CIOCOOHOCTH CUTHaA. DTO ObIBAE€T HYXKHO B TOM cily4yae, Korja

KaKON-TO CHMTHaJ HaJl0 MoJaTh HA MHOTO BXOA0B, a BBIXOJHOM TOK HCTOYHHKA CUTHAaa

HCOOCTATOYCH.
1 1
—_ — —
| i =

WuBepcus MOJIspHOCTH CUTHANIA U

MHBEPCHs MOJSPHOCTH (PpOHTA CUTHATIA

DOyHKIUA «W, JOTHYECKOE YMHOKEHHE

Crnenyromum NpoCTEHITUM JTIOTHYECKUM 3JIEMEHTOM SIBJISIETCSl CXeMa, peaau3yrolas onepauio
JIOTUYECKOTO YMHOXKEHUS «U»:

F=XAY

I'me cumBon AN 0003HAYaeT (PYHKIIUIO JTOTUIECKOT0 YMHOXKEHHS (KOHBIOHKIHIO). VIHOT 1 9Ta Ke
(GyHKIUS 3aMMCBIBACTCS B IPYTOM BUJIE:

F=XAY=XY=X&Y

To xe camoe elicTBHE MOKHO 3alUCcaTh P MOMOIIU TabIUIBI UCTUHHOCTH. B Gopmyre,
MIPUBEICHHON BBIIIE, MCIIOJIH30BAHO JABa aprymeHTa. [lo3ToMy 351eMeHT, BBITIOJIHSIOUIUHN 3Ty
GyHKIUIO, IMEeT Ba BXoJa. Takoi anmemeHT o0o3Hauaetcs «2W1y». Jlns anementa «2W» Tabnuna

HUCTUHHOCTHU 6y,Z[CT COCTOATDH U3 YCTBIPCX CTPOK.

X|Y|F
0(0/|0
0110
11010




I |11

Kax BHUJIHO U3 HpHBCI{CHHOﬁ T36J'II/IIH>I HNCTHHHOCTH, aKTUBHBIN CUTHAJI HA BBIXOJ€ 3TOI0
JJOTHYCCKOT'O 3JIEMECHTA NOABJIACTCA TOJIBKO TOraa, Korjga 00oux BXOoJdax 6y,HYT MMPpUCYTCTBOBATH

JJOT'MYCCKUEC CAUHUIIBI.

VT'O siemMenTa, BEIIOIHSIIOIIETO

(YHKIHIO JTOTHYECKOTO YMHOKEHUS

ITpoiue Bcero noHsTh, Kak padOTaeT TaKOW JIEMEHT IIPU MOMOILU CXEMbI, IOCTPOEHHON Ha
UJI€aTM3UPOBAHHBIX KJIFOYAX € 3JIEKTPOHHBIM YIPABIEHUEM, KaK 3TO IIOKa3aHO Ha pUCYHKe. B
IIPUBEIECHHON cXeMe TOK OyJeT MpoTeKaTh TOIBKO TOT1a, Korja oba Kiitoua OyAayT 3aMKHYTHI, a
3HAYUT, €AUHUYHBIA YPOBEHb HA BBIXOAE CXEMBI IIOSIBUTCS TOJIBKO IPH ITOAAYE HA €€ BXOX JBYX

JJOT'MYCCKUX CAUHUII.

+U,

J

X >———=

X2 >———m

Boix

R1

OKBHUBaJICHTHAS CXEMa, pCain3yrouias

jJorudeckyro pynkuuio «21»

DYHKIHA «HIN», JIOTHYECKOEe CJI0KeHHe

Crnenyouim npocTeUInM 3JIEMEHTOM SIBIISIETCS] CXEMa, pealn3yolias Onepanuio JOrH4eckoro
CIIOXKEHUS TN

F=XvY

I'me cumBon VvV 0003Ha4aeT (QYHKITUIO JJOTHYECKOTO CIOXKEeHHs (MU3bIoHKIMs ). MTHOTMa ATAa Ke

(GyHKIUS 3aMUChIBACTCA B IPYTOM BUJIE:
F=XvY=X+Y=XY

Ta6J'II/II_[a HUCTUHHOCTH AJId JaHHOI'O 3JICMCHTA.
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DOKBHUBAJIEHTHAs CXEMa, peaIu3yroliasi TabIMIly HCTUHHOCTH ISl IaHHOTO 3JIEMEHTA, IPUBEICHA
Ha pucyHke. Kak BUIHO U3 IPUBENCHHOU CXEMBI, YPOBEHbB JIOTMYECKOM €IHMHUIIBI TOSIBUTCS HA

€€ BbIXO0JEC, KaK TOJIbBKO 6y,Z[CT 3aMKHYT JIF000H U3 KITIOYEA.

+U,

B3 S———

X2 >—___

Bbix

OKBHUBaJICHTHAS CXEMa, pCain3yrouias

noruyeckyro GyHkuto «21UJIN»

VT'O sneMeHTa, BRIIOIHSIOMIETO

(bYHKHI/IIO JJOT'MYCCKOI'0O CIIOKCHHA

WHBepcHIo JIOrM4ecKoil CyMMBI ABYX BEJIMYUH HA3bIBAOT cmpenxou [lupca:

F=X+Y yu F=X1Y

a JIOTHYECKOT0 Npou3BeaeHus — wmpuxom llleghghepa:

F=XY  mF=X/Y

B HacTosimee BpeMst HCIIONIb3yeTCsi HECKOJIBKO TEXHOJIOTHI CXEMOTEXHUYIECKOTO TOCTPOCHHUS
JIOTHYECKUX AJIEMEHTOB:

- nuoaHo-TpaH3uctopHas joruka (ATJI);

- TpaH3ucTopHO-TpaH3ucropHas goruka (TTJI);



- JoruKa Ha ocHOBe KomIuieMeHTapHbIX MOII-Tpan3ucropos (KMOII);
- JJOTMKa Ha OCHOBE coyeTaHusl kommaeMeHTapHbIX MOII 1 OUNOSIpHBIX TPaH3UCTOPOB

(BiCMOS).

JuoaHo-Trpan3ucropHas joruka (ITJI) - rexHonorust mnoctpoeHus HUGPOBEIX CXEM Ha OCHOBE

6I/IHOJ'I$IDHI>IX TPaH3UCTOPOB, AUOJIOB U pe3UCcTOPOB. CBOE Ha3BaHHUE TEXHOJIOT U IoJrydauJia

6nar0nap${ peanu3anuu JOTUYECKUX (byHKuI/Iﬁ (Hal‘IpI/IMep, ZI/I) C IOMOILBIO TUOJHBIX IeNeH, a
YCHJICHHUS U MHBEPCHUH CUTHaja — C IIOMOIIbIO TPaH3UCTOpA. HauOomnee MIpocCTas peajn3anus
JIOTHYCCKOT0 3JIEMEHTA «W» IT0JIy4daeTCs IIpHU NOMOIIN JHMOJO0B.

+5B
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< Bbixon

Bxon 1 >_:.._ :\
Bxon 2 >—1— I pannua

________ J MHWKPOCXEMBbI

[IpuHuunuanbHas cxema JOrHYecKoro nemMeHTa «21y,

BBIIMOJIHCHHOI'O HAa JUOJaX

B aT0ii cxeme npu nojayue HyJIeBOro MOoTeHIMAala Ha JI000i U3 BX0A0B (1K Ha 00a cpa3y) yepes
pe3ucTop OyAeT MPOTeKaTh TOK U Ha €ro CONPOTUBIIEHUN BO3HUKHET 1a/ICHUE HANPSYKEHUS.
HanpspkeHne Ha BbIX0J1€ CXEMBI B 3TOM cuTyauuu 0yaeT OJu3Ko K MOTeHIHady o0Liero
nmpoBoJia. B pe3ynbraTe e AMHUYHBINA TOTEHIMA HA BBIXO/I€ CXEMBbI MIOSBUTHCS, TOJIBKO €CIU
M0/1aTh €AMHUYHBINA MOTEHIIMAJ cpa3y Ha 00a BX0J1a JIOTMUECKOTo 3JieMeHTa. To ecTh

aHAJIM3MpPyEMasl CXeMa peanu3yer JOrHuecKyro QyHKIu0 «21».
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HpI/IHHI/IHI/IaIIbHaH cxema 6a3oBoOro

anemeHTa Mukpocxemst I TJI

Ha pucynke npuBeseHa cxeMa noctpoeHus Jjoruueckoro avementa «21M-HE». B atoii cxeme
Tpan3uctop VT1 uHBepTUpyeT curuain Ha Beixoze 35eMeHTa «M». To ecTh BMeCTO JIOrn4eckoit
€AMHUIBI HA BBIXOJI€ 3TOM CXEeMbI IPUCYTCTBYET JIOTHYECKUN HOMb. M, Ha060poT, BMECTO
JIOTMYECKOT0 HYJIA Ha BBIXOJI€ CXEMbI IPUCYTCTBYET JIOTHYECKas eaquHuIa. B pesynbrare
6a3oBe1il anement [ TJI peanusyeT He mpocTo GyHKIUIO «21», a 6oJiee CI0KHYIO TOTHYECKYIO

bynkuuro «2U-HE».

Tpansucropno-rpansucropHas jgoruka (TTJI, TTL) — pazHoBUAHOCTh HMPPOBBIX

JIOTUYCCKUX MUKPOCXEM, ITIOCTPOCHHLIX Ha OCHOBC 61/IHOJ'IHDHLIX TPaH3HUCTOPOB U PE3UCTOPOB.

HazBanue mpan3sucmopHno-mpan3ucmopHuiii BOSHUKIIO U3-3a TOTO, YTO TPAH3UCTOPbI
HCIOJIb3YIOTCS KaK JUIsl BBIOJIHEHUS Jorndeckux ¢pyHkuuil (Hanpumep, 1, NJIN), tak u ans

YCUJICHUSA BBIXOAHOT'O CUIHaJla (B OTJIMYHE OT PE3UCTOPHO-TPAH3UCTOPHOM 1 JIHOIHO-

TPaH3UCTOPHOM JIOTHKH). XapakTepHoi ocoOeHHOCThI0 TTJI JID sBnsieTcss HaaIu4Kre Ha UX BXOJIC

MHOT'O3MUTTEPHBIX TpaH3UCTOPOB (MOT), ¢ momMolLIbI0 KOTOPBIX peainzyercs Tpedyemast
jJoruyeckast QyHKIIHS.
ITpocreiimmii 6a3oBelii aneMeHT TTJI Beimonusier norudeckyto onepauuto U-HE, B npunuune

noBTopsieT cTpykTrypy ATJIMukpocxem u B TO k€ BpeMs 3a CUET UCTOIb30BaHUS

MHOT'OMHUTTEPHOI0 TPaH3UCTOPa, 0OBEAUHSACT CBOICTBA AMOAA U TPAH3UCTOPHOTO YCUITUTEIS
YTO IO3BOJIAET YBEJIUYUTH ObICTPOJACHCTBUE U SHEProNnoTpeOIeHne, CHU3UTh NOTPEOIIEMYIO

MOIITHOCTb U YCOBCPHICHCTBOBATH TCXHOJIOTUIO U3TrOTOBJICHUA MUKPOCXCMBI.



TTJI mony4yunna mMupoKoOe pacnpOCTPAHEHUE B KOMIBIOTEPAX, JIEKTPOHHBIX MY3bIKAJIBHBIX
MHCTPYMEHTAX, a TAK)Ke B KOHTPOJIbHO-U3MEPUTEIbHOM anmnaparype u aBTomatuke (KUITuA).
bnaronaps mupokomy pacnpocrpanenuto TTJI BXoaHble 1 BBIXOIHBIE LENHU 3JIEKTPOHHOTO
000py/10BaHUS YaCTO BBIIOJIHSIOTCSI COBMECTUMBIMHU 110 3JIEKTPUUECKUM XapaKTEPUCTHKAM C
TTJI. MakcumanbsHoe HanpsikeHue B cxemax ¢ TTJI moxer nocturats 24B, ogHako 310
IPUBOAUT K OOJIBLIIOMY YPOBHIO Napa3UTHOrO CUTHaNA. JJocTaTOYHO Majiblii ypOBEHb
[apa3UTHOTO CUTHAJIA IIPU COXPAHEHUU 10CTaTOYHOM 3(pPEeKTUBHOCTU JOCTUTAETCS TIPU

HanpspkeHuu 5B, moaToMy naHHas nudpa u Bouia B TexHuueckuit pernament TTJI.

+5B

["panuua
MHUKPOCXEMbl
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HpI/IHI_[I/IHI/IaJIBHaSI CcX€Ma THUIIOBOI'O

anemenTa TTJI-mukpocxemsr («2U-HE»)

Mynvmunaexkcopom Ha3bIBalOT KOMOMHAIIMOHHOE YCTPOICTBO, o0ecneunBarollee nepegady B
XKellaeMoM Topsiike nu(poBoii nHGOPMALIKMU, TOCTYMAIOIIEH 0 HECKOIBKUM BX0OJaM Ha OJUH
BBIX0JI. MynbTHILIEKCOpBI 0003HavaroT yepe3 MUX, a Takxe yepe3 MS. OyHKIIMOHAIBHO
MYJIBTUILIEKCOP MOYXKHO M300pa3UTh B BHJI€ KOMMYTaTOpa, 00ECIEUNBAOLIEr0 MOIKIIOUEHUE
OJIHOT'O U3 HECKOJIBKUX BXOJOB (MX Ha3bIBalOT MH(OPMALIMOHHBIMHU) K OJJHOMY BBIXOZY
yctpoiictBa. Kpome nH(pOpMaMOHHBIX BXOJ0B B MYJIBTUILIIEKCOPE UMEIOTCS aipECHbIE BXOJIbI U
paszpematonue (crpodupytomue). CUrHaibl Ha aJpeCHbIX BXOJIaX OMPEIENISIIOT, KaKoi
KOHKpETHO MH(OpMaLlMOHHBIN KaHal MOAKIIOYEH K BbIXOAY. Eciu Mexay unciom
UH(POPMAIMOHHBIX BXOJOB 71 M YHCIIOM aJ[PECHBIX BXOJOB MmIEHCTBYET cooTHOLIEH E n=2", TO
TaKOM MYJIBTHIUIEKCODP HAa3bIBAIOT MONHBIM. Ecin n<2", To MyJIbTHILIEKCOpP HA3bIBAIOT

HCIIOJIHBIM.



PaccMoTpuM GyHKITMOHHPOBAHKE JBYXBXOJIOBOTO MYJIbTHILIEKCOpPa (2— 1), KOTOPHIiA
YCIIOBHO M300pakeH B BUJI€ KOMMYTATOPa, a COCTOSIHUE €ro BX010B X, X, ¥ BbIXxoJa Y

IMpUBCICHO B T36J'II/II_IC

é_ __________ AnpecHbii Bxoa | Boixon Y
| B : 0 X,
o ' 1 X

JIByXBXOJOBBIM MYJIbTHUILIEKCOD

I/ICXOIIH n3 Ta6J'II/IHI>I, MOJHO 3aIllucaThb CJICAYIOUICC YPABHCHHUC!
Y=X,-A+X, A

Ha pucynke nmokasaHsl peanuzaius TaKOro yCTpOHCTBA U €ro YCJIOBHOE rpaduueckoe
o0o3HaueHne. OCHOBOM JaHHOM CXEMBI ABIISETCS SBISIOTCS ABE CXEMBbI COBIAACHUS Ha
anemeHTax M, KOTOpbIE MPH JIOTHYECKOM YPOBHE «1» Ha OJTHOM M3 CBOMX BXOJIOB MTOBTOPSIIOT Ha

BBIXOZI€ TO, UTO €CTh HAa APYIOM BXOZAC.

A, gll &
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Peanmauml ABYXBXOJOBOI'0 MYJbLTHUILJICKCOPA

Ha JIOTUYeCKuX diaemMenTax 1

MyJIbTUILIEKCOPHI SBIAIOTCS YHUBEPCATbHBIMU JIOTHYECKUMH YCTPOMCTBAMM, HA OCHOBE
KOTOPBIX CO3/1a0T Pa3jIMuHble KOMOMHAIIMOHHBIE U TIOCIEJ0BATEIbHOCTHBIE CXEMBI.
MyJIbTUILUIEKCOPBI MOTYT MCIIOJIB30BaTh B ACIIUTEISAX YaCTOThI, TPUITEPHBIX YCTPOMCTBAX,
CABMTAIOLIMX YCTPOMCTBAX, A NpeoOpa3oBaHus NapauleIbHOr0 JBOMYHOIO KO/1a B
[IOCJIEIOBATEIbHBIN U JIp.

Jemynvmuniexcopom Ha3pIBalOT YCTPONCTBO, B KOTOPOM CHUTHAJIBI C OJHOTO
MH(POPMAMOHHOTO BX0/1a IIOCTYHAIOT B KEJIAeMOH IOCIIE0BATEIIEHOCTH 110 HECKOJIBKIM

BbIXOJaM B 3aBUCUMOCTHU OT KOJIa Ha aIPpCCHBIX IINHAaX. Taxum 06pa30M, ACMYJIBTUIIJICKCOP B



(YHKIIMOHATILHOM OTHOIICHUH MPOTHUBOIIOIOKEH MYJIBTUIUIEKCOPY. JleMyIbTHILIEKCOPBI

o6o3navaT yepe3 DMX i DMS.
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CDYHKHI/IOHaJ'IBHaH CXEMa JCMYJIbTUILICKCOpA C JIBYMs BbIXOJaMU

h,.<
N

Ecnu cooTHOLIEHNE MEXKY YMCIOM BBIXOJOB 7 M UHCIIOM aJPECHBIX BXOJOB M
OIPEIENAETCS PABEHCTBOM n=2"", TO TaKOH JEMYJIbTUILIMKATOP HA3bIBAIOT MOJHBIM, Tipu n<2"
JEMYJIbTUILIEKCOP SIBJISETCS HEMOJIHBIM.

PaccmoTpum GyHKIIMOHUPOBAHHE JEMYIbTHILUIMKATOPA C ABYMS BBIXOJaMH, KOTOPBIi

YCIIOBHO U300pakeH B BUAE KOMMYTAaTOpa, a COCTOSIHUE €r0 BXO/10B IIPUBENIEHO B Tabuule (puc.

Y, =X -4; Y,=X-A4

16.8). 13 3T0M TaOauIIBI ClIEAYET: , T.€. peajin30BaTh TaKOE

YCTPOMCTBO MOXKHO TakK, Kak ITOKa3aHo Ha puc. 22.14.

N , &

Peanmaum{ ACMYJIbTUIIJIICKCOpPA C ABYMS BbIXOdaMU

Ha JIOTUYeCKUX diaemMenTax 1

OyHKIMH JeMYIbTUILUIEKCOPOB CXOIHBI ¢ GyHKIUAMU Aemudparopos. Jemmdparop MoxXHO
paccMaTpuBaTh KaK JIEMYIbTUIUIEKCOP, Y KOTOPOro HH()OPMAIIMOHHBINA BXOJ] TIOICPKUBACT
HaIpsHKEHUE BBIXOJ0B B aKTUBHOM COCTOSIHUU, @ a/IpECHBIE BXO/IbI BBIMIOJIHSIOT POJIb BXOI0B
nemudpatopa. [loaToMmy B 0603HaUE€HUY KaK JemIU(PpaTOpOB, Tak U JEeMYIbTHILIEKCOPOB
UCIOJIB3YIOTCS 0JluHaKoBble OykBbl — M /. BeimyckaroT nemmdparops! (1eMyIbTUILIEKCOPHI)

K155U 3, KS31UA7 u np.



Cymmamopubi — 370 KOMOMHAIIMOHHBIE YCTPOICTBA JUIs ClI0KeHus yuceln. Pacemorpum
CJIO’KEHHE JIBYX OJHOPA3PSAAHBIX ABOMYHBIX YUCEI, JUIsl YETO COCTAaBUM TaOJIUILy CIIOKEHUS
(TabyuIly UICTUHHOCTH), B KOTOPOI OTpa3uM 3Hau€HUs BXOJHBIX uKcend A u B, 3HaueHue
pe3ysibTaTa CYMMUPOBAaHHUS S U 3HaUEHHE NepeHoca B crapiunii paspsa P. Pabora ycrpolicTsa,

pean3yrouero Tabauiy HCTUHHOCTH, ONUCBHIBAETCS CIIEAYIOIIMMH YPaBHEHUSIMU:
S=A-B+A4A-B; P=A4-B
OueBHIHO, YTO IO OTHOLIEHUIO K CTOJOLY S peanu3yercs jJoruueckas QyHKIUsI

«uckarouaromiee UJINy», t.e. S=A4 ® B.
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Tadauuma HCTHHHOCTH

YceTpoiicTBo, peanusytoliee Tadinily, Ha3bIBalOT [10JIyCYyMMAaTOPOM, U OHO UMEET
JIOTUYECKYIO CTPYKTYPY, H300pakeHHYIO Ha pucyHke. [IoCKonbKy 10JlyCyMMaTop UMEET TOJIbKO

ABa BX0Jld, OH MOXKCT UCII0JIb30BATHCA )11 CYMMHUPOBAHUA JIMIIb B MJIaJIIEM pa3psac.

N A‘B
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Cxema nmoJsrycymmaropa

[Ipu cymmupoBaHuu ABYX MHOTIOpa3psiAHBIX YUCEN AJIs KaKI0ro paspsiaa (KpoMe
MJIaIIIEr0) He0OX0AMMO HCII0NIb30BaTh YCTPOMCTBO, UMEIOLIEE JOTIOIHUTEIbHBIA BXO

nepeHoca.
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CxeMa IOJIHOro cymmaropa
Taxoe yctpoiicTBo (puc. 22.17) Ha3bIBaIOT MOJIHBIM CYMMaTOPOM U €r0 MOKHO NPEACTaBUTH KaK
0o0BbEIMHEHNE ABYX IOJIyCYMMaToOpoB (P — 1OMONHNUTENBHBIN BXO/] IEPEHOCA).

Cymmarop o6o3Hauarot uepe3 SM.

4 MuxkponpouneccopHbie CpeacTBA.
Muxponpoueccopnasi cucrema (MIIC) npencrasisier co00i pyHKIIMOHAIBHO 3aKOHYEHHOE

n3aCInucC, COCTOAICC M3 OAHOI'O UJIN HECKOJIBKHUX yCTpOﬁCTB, T IaBHBIM 06p330M

MHUKPOIIPOLIECCOPHBIX: MUKPOIIPOLIECCOPA U/WIIN MUKPOKOHTPOJLIEPA.

MuxkponpoueccopHoe ycrpoiicrBo (MIIY) npencrasisier co6oit (yHKIMOHATIBHO U
KOHCTPYKTHUBHO 3aKOHYEHHOE U3/EINE, COCTOALIEE U3 HECKOJIBKUX MUKPOCXEM, B COCTAB
KOTOPBIX BXOJUT MUKPOIIPOLIECCOP; OHO NMPEAHA3HAUYEHO JUJIsl BBIIIOJIHEHUS ONPEAEIEHHOTO
Habopa GyHKIUN: moydeHue, 00paboTka, epeaayda, mpeodpa3zoBaHue HHPOPMALIUH U
yIpaBJeHUE.

I'eHepaTop TAKTOBBIX UMITYJIBCOB 33JaET BPEMEHHON MHTEPBAJI, KOTOPBIN SBIIACTCA CAUHUALIEH
U3MepeHus (KBaHTOM) MPOIOJIKUTEIbHOCTH BBINOJIHEHUS! KOMaH/ibl. YeM BbIlIE 4acToTa, TEM
MIPU IPOYUX PaBHBIX YCIOBUAX Oojee ObicTpoaeiicTBytomei spiusercs MIIC. MII, O3V u [13Y
— 3TO HEOThEMJIEMBIE YacTU cUCTeMbI. MIHTepdelickl BBOJA U BbIBOIA — yCTPONUCTBA
conpsixerust MIIC ¢ 6i1okamu BBoAa 1 BbIBOJIa HHGOpManuu. [{j1s usMEpUTENbHBIX IPUOOPOB
XapaKTepHbl yCTPOUCTBA BBOJA B BHJI€ KHOIIOYHOTO IIYJIbTa U U3MEPHUTEIBHBIX
npeoOpazosareneit (AL, naTunkos, 6;10ku BBoa M poBoi nHGOpMaIuu). Y cTpoiicTBa
BBIBOZIa OOBIYHO MPECTABIAIOT HU(POBbIe TabI0, rpaduyecKuii SKpaH (AUCIUICH ), BHEIIHUE
YCTpOICTBa CONpsKEHUs ¢ u3MepurenbHoi cuctemoit. Bee 6moku MIIC cBsizanbl Mex 1y co0oit
muHamMu nepeaadn nudposoit uadopmanuu. B MIIC ucnonb3ytoT MarucTpaibHbIA MPUHIIKIT
CBSI3U, IPY KOTOPOM OJIOKM 0OMEHUBArOTCs HH(pOpMaLKel 0 eIMHON INHE JaHHbIX.
KonnuecTBo nmuHUH B IIMHE JaHHBIX 00bIYHO cOOTBETCTBYET paspsaaHoctu MIIC (konnyecTBy
Out B cnoBe naHHbIX). [llHa agpeca npuMeHseTcs AJi yKa3aHUs HaIpaBJIEHUs Nepesadn

JIAaHHBIX — T10 HEeM Hepe)laéTCH ajipec SIYSHKH maMsATH Win 0JI0Ka BBOJd-BbIBOJAd, KOTOPBIC



MOJTy4YaloT WM NepeialoT nH(opmanuio B TaHHbIH MoMeHT. [lluHa yrpaBieHus CIyKuT A7

nepeJadyy CUrHajioB, CHHXPOHU3HpYoIuX Bcto paboty MIIC.

I'naBHAsg 0coOOCHHOCTH MUKPOIIPOLCCCOPA — BO3MOKHOCTH HPOIrpaMMUPOBAHUA JIOTUKU pa6OTBI.

[Tosromy MIIC ucnonbs3ytores AJid ynpaBieHHs MPOIecCOM U3MepeHHus (peanusannen

ajropurma PISMCPCHHH), O6p360TKI/I OIBITHBIX JAHHBIX, XPAHCHHA 1 BbIBOJA PE3YJIbTATOB

U3MEpPEHHUs U 1p. PaccMOTpUM OCHOBHBIE IPEUMYILECTBA MUKPOIIPOLECCOPHBIX CPEICTB

U3MEPEHUSL.

MHorogpyHKuMOHAIBHOCTD. 3aMeHa U3MEPUTEIBHOTO KOMIUIEKCA (COBOKYITHOCTH
Pa3IMYHBIX U3MEPUTENBHBIX IPUOOPOB) OAHUM, MHOTO(YHKIIMOHANBHBIM. Takas 3aMeHa
B IPUOOPAX C KECTKON» JOTMKOW HEIKOHOMHUYHA. Tak Kak qo0aBiieHue HOBOW (hyHKIIUU
TpeOyeT BBOJA IONOJHUTENBHOTO O0Ka. [Iporpammupyemast 1oruka no3BoJIsieT CAenaTh
9TO 100aBIeHUEM OJI0Ka IporpaMmMbl. YKCII0 MPOrpaMM OrpaHMuEHO BO3MOXKHOCTSIMU
I3V u 6;10ka ynpaBieHUs.

IHoBbIlIeHNE TOYHOCTH — HauOOJIee BaXXHBIII MOMEHT. Y MEHbBIIICHHE ITOTPEIIHOCTEHN 110
CpaBHEHHIO ¢ OOBIYHBIMU U (PPOBBIMH TPUOOPAMH IPU MPOYUX PABHBIX YCIOBUAX
JIOCTUTAETCA 3a CYET UCKIIIOUEHUS] CUCTEMATUYECKUX MTOIPELIHOCTEN B IpoLiecce
CaMOKaTMOPOBKHU: KOPPEKIIMsI CMEILEeHUs HyJIs, yueT coocTBeHHo AUX npubopa, yuer
HEeJIMHEWHOCTH Ipeodpas3oBareseil. CaMokanuOpoBKa B JAHHOM CIIy4ae — 3TO
U3MEpEHHE MONPABOK UJIM MONPAaBOYHBIX MHOXKUTENEH U 3anioMuHaHue ux B O3Y ¢
LEJIBIO UCTIOIb30BAaHUS Ha ATare 00pabOTKU ONBITHBIX JIAHHBIX.

YMeHb1IeHHe BIANSHUSA CIy4alHBIX NOrPelHocTel (IIyTeM IpoBeAeHUs
MHOTOKPATHBIX H3MEPEHUH C TOCIeayIoIIeil 00paboTKON BHIOOPKH — yCpPEIHEHUEM,
BBIUMCJIEHMEM MaT. 0XKHUIaHUS U 1Ip.). BrisBIeHUe U ycTpaHeHue rpyObIX IOrpeHocTen
(npoMaxoB). Beruncienue U MHAMKALUS OLEHKH MOTPELIHOCTH NPSIMO B IpoLiecce
U3MEpEHHUS.

Komnencanusi BHyTpeHHHMX LIYMOB U [TOBBIIIEHNE YYBCTBUTEIbHOCTH CPEACTBA
u3Mepenus. [Ipocroe ycpenHeHue cursana Ha BXoJie npudopa TpedyeT 10CTaTOuHO
6onb1oro BpeMenu tycp. OJluH U3 BApUaHTOB — MPOBEIEHUE MHOTOKPATHBIX
U3MEPEHUI U yCPEAHEHHE PE3YIbTAaTOB C LENNbI0 KOMIICHCALIUU CIIy4aiiHON
COCTABJISIIOLIEH U3MEPUTENBHOrO curHana. [Ipumep — Muxpomnponeccopusiii BU
BOJILTMETP CPEAHEKBAAPATUUECKOIO 3HAUEHUSI.

Pacmimpenne n3MepHuTEIbHBIX BO3MOKHOCTEH ITyTEM HIMPOKOT0 UCIOIb30BaHUS
KOCBEHHBIX M COBOKYIHBIX U3MEPEHUI, BOCIIPUHUMAEMBIX OIIEPATOPOM B 3TOM Cllydae
KaK MpsIMble (IOCKOJIbKY pe3yibTaT 00paObOTKH MOSBISIETCS Ha MHAMKATOPE cpa3y Mocie

IpoBeJeHUS U3MepeHus). HamoMHuM, 4T0 KOCBEHHbIE U3MEPEHNUS BKIIIOYAIOT B CE0sI



BBIYMCIICHUSI PE3YJIbTATa 110 ONBITHBIM JAHHBIM IO U3BECTHOMY aJIrOpUTMY. COBOKYITHBIE
U3MEPEHUS MPEAIIONATaloT U3MEPEHNE HECKOIBKUX OJTHOMMEHHBIX (PU3MUECKIX BEIUIHH
IyTE€M PELIEHUSI CUCTEMbI YPaBHEHHH, [10JIydaeMbIX [IPU MPSMBIX U3MEPEHUSIX
coyeraHuil atux BenuuuH. (Hampumep, n3mepeHue conpoTuBICHUs Pa3INUHbIX
COYeTaHUll pe3ucTOpoOB — IOCIEA0BaTEIbHOE, TapaLIENbHOE, T0CIIEe10BATEIbHO-
napajuleIbHOE, HO3BOJIAIOT PACCUNTATh COIPOTUBIIEHUE KaKI0T0 U3 HUX). B aTnXx
CIIy4asiX MUKPOIIPOLIECCOP OCYLIECTBIISET yIPABICHHUE ITPOLIECCOM U3MEPEHNUS 10
IIporpaMMe M MpOBOAUT 00pabOTKY ONBITHBIX AaHHBIX. Pe3ynbTaT pacueToB
BOCIIPMHUMAETCS ONEePaToOpoM KakK pe3yJbTaT NPSMbIX U3MEPEHUH, MOCKOIbKY pacyer
nenaetcsi ObICTPO.

e YnpomeHue u odseryeHne ynpasjaeHusi npudopom. Bee ynpasienue npousBoauTcs ¢
KHOIIOYHOM IaHe, BHIHOCHBIE KJIaBUATYPbI UCIIOJIB3YIOT peiko. YeM MeHblIle KHOMOK,
TeM 0oJiee «pa3yMHbBIM» SBJISIETCS MPUOOP. ABTOMAaTHU3alMs yCTaHOBOK MpUOopa
IPUBOJIUT K YIPOLICHUIO €r0 MCIOIb30BaHUS (BBIOODP MPEAEIOB U3MEPEHHUS,
aBTOMAaTHYECKas KaauOpoBKa u 1p.). B psage npubopoB UCHob3yt0 KOHTPOIb 32
OLIMOOYHBIMU AEHCTBUSAMMU OllepaTopa — MHIMKALMS €ro HEBEPHbIX JeicTBUl Ha Tab1o
WIN 3KpaHe. YIpoIlaeT U3MEepPeHUs BU3yalu3alys pe3yabTaToB Ha SKpaHe B yA0OHOM
BUJIE, C JOIOJIHUTENbHBIMY IIKaJIaMu. Psi mpuOOpoB npeycMaTpuBaeT BbIBOJ

pe3yIbTAaTOB Ha IeYaTaoIiee YCTPOUCTBO WIIM OPTATUBHBIA HOCUTENIb HH)OPMAITHH.

MukponpoleccopHble CUCTEMBI UCIIOJIB3YIOT aMATh JIJIs1 XpaHEHUs KOMaH/I, JaHHBIX U JPYron
uHpopmanuu. CucTeMbl NaMATH OTIIMYAIOTCS APYT OT Jpyra Mo crnocodaM J10CTymna K HUM, 110
00beMy aMsITH, YHEPTOHE3aBUCUMOCTH, CTOUMOCTH XPaHEHUsI B pacueTe Ha OUT MHpOpMALINH,
BPEMEHU JOCTYyTIA.

BbrunciauTenbHble CHCTEMBI UCIIOJIB3YIOT OOBIYHO HENYI0 HEPAPXUUYECKYIO CTPYKTYPY CUCTEM
NaMATH Kak 3TO MOKa3aHO Ha pUCyHKe. [[aMATh BBIYMCIUTENBHON CUCTEMBI MOYKHO Pa3Ae/IUTh HA
BHYTPEHHIOIO MaMsTh, €CJIH JII00O0H €€ 3JIEMEHT JOCTYIIEH MPOIECCOPY HEMOCPEACTBEHHO, U
BHEIIIHIONO, €CJIM 3TO HE Tak. [IpsiMo uin mpou3BOIBHO ajpecyeMast maMsTh MPEACTABISIET COOOM
MIOCJIEI0BATEIbHOCTh HYMEPOBAHHBIX SIUEEK, TOCTYI K KOTOPBIM OCYHIECTBIISETCS ¢ TOMOILBIO
aJIpECHBIX CUTHAJIOB, ONPEACIAIONIUX HOMED SYCHKH, U CIIeUATbHBIX CTPOOUPYIOIINX
CUTHAJIOB, ONIPEAEIISIOIINX MOMEHT YTEHUS WJIA 3AITUCH.

CucreMbl BHEIITHEH MTAMSITH UCIIOJIB3YIOTCS IS XpaHeHus: 001X 00beMoB nHpopmanuu. K
HUM OTHOCSITCSl HAKOIIUTEIM HAa MATHUTHBIX IUCKaX, HAKOMMTENIM Ha MarHUTHBIX JIEHTAX,
ontuieckue cucrteMbl Takue kak CDROM, u apyrue npubopsl. [1pu B3aumoaeiicTBum ¢
CHUCTEMaMH BHEIIIHEW MaMsTH BRIUUCIUTEIbHAS CHCTEMA IEPEHOCUT OJI0KU MH(OpMAIIUU U3 Hee

BO BHYTPEHHIOIO IaMATh U BHIOMPAET IaHHBIE YK€ U3 HEE.
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Hepapxuueckasi CTpyKTypa MamsTH

B 5T0i#1 raBe paccMaTpUBAIOTCS IPUHIUIIBI TOCTPOCHUS U (PYHKIIMOHUPOBAHUS BHYTPEeHHel
namMaTH. CucreMbl BTOPUUHOM MaMATH JOCTYIHBI ISl Ipolieccopa Kak nepudepuitnoe
o0opyoBaHue Yepe3 MOPThl BBOA/BBIBOJIA.

C TouKH 3peHHus CUCTEMbl KOMaH/I aMsATh 3TO HA0Op €JI0B, KAX10€ U3 KOTOPHIX UMEET
YHUKAJIBHBIN aJipec, I0KA3bIBAIOIINN PACIIOJIOKEHUE CJIOBA B MaMaTH. KoHuennus agpecos
NaMATH 3KBUBAJIEHTA KOHLENIUH TeJaePOHHbIX HOMepoB. Kaxxaplii TenedoH nmeer cBoit
COOCTBEHHBII HOMEP B HEKOTOPOM I10JIe BO3MOXKHBIX HOMEPOB. [10100H0 3TOMY Kaxaas sueiika
NaMATH UMEET aJIpec KOTOPHBIM ONpeAestsieT MOy b MAMITH U pPacIllolOKEHUE SYEHKHU B 3TOM
MOJyJIE.

Kaxnoe cioBo naMaTu coaepxut oAuH mwin 6oiiee aapecyeMbix 0ait. KomudyecTBo
aZipecyeMbIX 0alT ompenensiercs pa3psAHOCThI0 MUKpornpoleccopa. Hanpumep, BOCbMUOUTHBIE
MUKPOIIPOIIECCOPHI UMEIOT 0aHTOBYIO OpraHU3aLMIO TaMATH. 3a OJTHO oOpalleHue
MHUKpPOIIPOLIECCOP MOKET 00paboTaTh TONBKO OAMH OailT nHdopmaunu. HlectHanuaru-
pa3psiiHbIE MUKPOIIPOLIECCOPBI MOTYT 00palaThCsi K OJHOMY WK ABYM OaliTaM OJHOBPEMEHHO.
CoBpemenHble 32-pa3psgHbl MUKPOIIPOLIECCOPHI MOT'YT padoTaTh ¢ 32-pa3psaHbIMU ciioBaMu 16-
pa3psAAHBIMU CIIOBAaMU U 8-pa3psaaHbiMu Oaiitamu. [ToaToMy mamsTh Ass 3TUX
MUKPOIIPOIIECCOPOB OPraHU30BaHa TAKUM 00pa3oM uTOObI TOMyCKaTh 0OpalleHrne K OAHOMY,
JBYM WJIM YeThlpeM OaiiTaM oJlHOBpeMeHHO. KoanuecTBo aipecyeMbIX sUeeK NaMsITH 3aBUCUT OT
KOJIMYECTBA OUT MIMHBI aJIpeca MUKPOMIPOLIECCOPaA. 8-MU pa3psiAHbIE MUKPOIIPOLIECCOPBI U
MHUKPOKOHTPOJIIIEPHI UMeeT 16 OUTHYIO IIMHY ajpeca Mmo3BoJisisl aapecoBaTh 64-K Oait mamsTu.
16- pa3psaHbIe MUKPOIIPOLIECCOPHI ITO3BOISIIOT a/IpeCOBATh HECKOJIBKO MerabaiT MaMsTH.
Hakonen, coBpeMeHHbIE MUKPOIIPOLIECCOPHI UCIIONB3YIOT 64-paspsiiHyIO LIMHY ajipeca, YTOo
MO3BOJISIET aAPECOBATh (PAKTHUECKH OCCKOHEYHBIH 00BEM IMaMsTH.

1100 namsamoo yupposvIX LIYUCTIUMENLHBIX CUCTEM NOHUMAIOM COB0KYNHOCMb MEXHUYECKUX
cpeocme, npeOHA3HAYEHHbIX 01 npuema (3anucu), XxpaneHus u 6bi0adu (Cuumvl8aHus)
uHghopmayuu, npeocmasieHHOU 080UUHBIM KOOOM.

OCHOBHBIMH XapaKTEPUCTUKAMH 3alIOMUHAIOLIMX YCTPOUCTB (3Y) sABISAIOTCS:

* pH(OPMANMOHHAS eMKOCTb, OTpe/eiseMas MaKCUMaJIbHbIM 00bEMOM XPaHUMOMN

nHpopmanuu B Outax uiu OaiTax;



= ObICTpoaeiicTBHE, XapaKTEPU3yeMOe BpeMeHeM BbIOOPKU nHpopMmanuu u3 3V u
BpEMEHEM LinKJIa oOpatieHus K 3Y ¢ Ipou3BOIbHBIM JOCTYIIOM HJIM BPEMEHEM ITOMCKA U
KOJIMUECTBOM I€pPEaHHOM B equHuIly BpeMeHu uHdopmanuu B 3V (nau u3 3VY) ¢
MOCIIEI0BATEIbHBIM JOCTYIIOM;

" JHepromnorpedJieHHne, ONpereIsieMoe AIEKTPUIECKON MOIIHOCTBIO, moTpedasiemoit 3Y oT
MCTOYHUKOB IUTAHUS B K&KJOM U3 PEXKUMOB pabOThI;

"  CTOMMOCTH XpaHeHHsI HHPOPMALMH B pacueTe Ha OJIUH OUT;

" JIHEProHe3aBHCHUMOCTb, TO €CTh COXpaHsaeTcs 1 nHpopmanus B 3V 1ociie BhIKIIOYSHUS
INEKTPONUTAHMUS,

" 2 Tak)Ke HaJeXKHOCTh, Macca, rabapuTHBIEC pa3Mephl U JIp.

Ipumenenue MII 6 snekmponpusooax. Muxpoxoumponnepol. Ilpumenenue
MUKPOKOHMPOJINIEPOB 8 CUCEMAX AGMOMAMUIAYUU

Muxpoxoutposep (aura. Micro Controller Unit, MCU) — MuKpocxeMa, IpeJHa3HaYeHHAs]

JUISl YIIPABIICHUS DICKTPOHHBIMY YCTPOUCTBAMU. TUIMYHBIA MUKPOKOHTPOJUIEP COYETAET HA

OJIHOM KpHcTajuie (YHKIIUYU Ipolieccopa U nepudepuitHbIX YCTPOUCTB, coaepxkuT O3V unu

[13V. Ilo cyTH, 3TO OJTHOKPUCTATLHBIN KOMIBIOTED, CIOCOOHBII BBIMOJIHATH MTPOCTHIC 3a/1a4H.

C nosiBieHHuEM OJHOKPHUCTAJIBHBIX MI/IKDO-aBM CBA3BIBAIOT HAYaJIO 3Ppbl MACCOBOI'O

MPUMEHEHHUS KOMITBIOTEPHOM aBTOMAaTH3alKU B 00siacTu ynpasinenus. [lo-suaumomy, 310
00CTOSITENECTBO U OMPEEIINIIO0 TEPMHUH «KOHTPOJLIEp» (aHLIL. controller — perynsTop,
YIPaBISIOLIEE YCTPOHUCTBO).

B cBs31 €O crialoM 0T€YECTBEHHOTO MPOU3BOACTBA U BO3POCIIMM UMIIOPTOM TEXHUKH, B
TOM YHCJI€ BBIYUCIUTENbHON, TEpMHUH «MUKpOKOHTpoiep» (MK) BoiTecHUT U3 ynotpeOieHus
paHee UCI0JIb30BaBIINNCS TEPMUH «OJJHOKpPUCTaIbHAs MUKPO-OBM».
[TepBbIii MaTEeHT Ha OJTHOKPUCTATBHYIO MUKPO-OBM Obu1 Beizian B 1971 roay nHkenepam M.

Koupeny u I'. byny, corpyanukam amepukanckor Texas Instruments. IMEHHO OHM TIPEAIIOKAIN

Ha OJIHOM KPUCTAJUIE PA3MECTUTH HE TOJBKO MPOILIECCOP, HO U MAaMATh C YCTPOUCTBAMH BBOJA-
BBIBO/JIA.

[Tpu npoekTHpOBaHMN MUKPOKOHTPOJIIEPOB IPUXOIUTCS COONIOAATH OallaHC MEXKTY
pa3MepaMy U CTOUMOCTBIO C OJHOW CTOPOHBI M THOKOCTBIO U ITPOU3BOJUTEIBHOCTBIO C IPYTOM.
JI1s pa3HBIX TPUIIOKEHUN ONTHMAIBHOE COOTHOLIEHUE ATUX U JPYTUX MapaMETPOB MOKET
pa3nuyaTbcsa OueHb CHIIbHO. [[03TOMY CylliecTBYeT OrpOMHOE KOJTMYECTBO THIIOB
MUKPOKOHTPOJUIEPOB, OTINYAIOIINXCS APXUTEKTYPOH MPOLIECCOPHOTO MOYJIS, pa3MEPOM U

THUIIOM BCTPOCHHOW NaMsITH, Ha0opoM nepupepuitHbIX YCTPOKHCTB, THIOM Kopryca u T. 1I. B

OTJIMYHE OT OOBIYHBIX KOMIIBIOTCPHBIX MUKPOIIPOLECCCOPOB, B MUKPOKOHTPOJIJICpAX 4aCTO



HCIIOJIb3YCTCA rapBapACKasd apXUTCKTYpa IMaMsATHU, TO €CTh pa3CIIbHOC XPAaHCHHUEC TaHHbIX U

komana B O3Y u [13Y coOTBETCTBEHHO.

Kpome O3Y, MUKPOKOHTPOJLIEP MOKET UMETh BCTPOECHHYIO SHEPTOHE3aBUCUMYIO
NaMATh JIJIs1 XpaHESHHsI IPOTPAMMBI M TAaHHBIX. BO MHOTHX KOHTpOJUIEpax BOOOIIE HET IUH IS
MOJAKJIIOUYEHUS BHEIIHeW nmaMati. Hanbonee nemeéppie TUIBI MAMSATH AOMYCKAIOT JIMIIb
OJIHOKPATHYIO 3anuCh. Takue ycTpoicTBa MOAXOIAT AJI1 MaCCOBOTO IMTPOU3BOJICTBA B TEX
CIIy4asix, KOTJa mporpaMmma KOHTpoJuiepa He OyeT 00HOBIAThCA. J[pyrue Mmoaqudukanuu
KOHTPOJIJIEPOB 00J1a1al0T BO3MOXKHOCTBEO MHOTOKPATHOM Tepe3anucy YHEProHe3aBUCUMOI
MaMsATH.

Henonueiii cincok nepudepuu, KOTopast MOKET IPUCYTCTBOBATH B MUKPOKOHTPOJLIEpPaX,
BKJIFOYACT B CeOs:
e  YHUBEpCAJIbHBIE ITU(POBBIC MOPTHI, KOTOPHIC MOKHO HACTPAaUBATh KaK Ha BBOJI, TAK U Ha

BBIBOJI;

e pasnuuHble HHTEpdEiics BBoaa-BeiBoa, Takue kak UART, I2C, SPI, CAN, USB, IEEE

1394, Ethernet;

o aHaJ’IOFO-HI/Id)DOBLIC u I_II/Idl)DO-aHaJ'IOFOBLIC Hp€06p330BaTCJ'II/I;

e KOMIIAPAaTOpPLbI;

e IMHUPOTHO-UMIVYJIBCHBIC MOAVYIATOPHI,

e TaliMEpBHI;

e  KOHTPOJUIEPHI OECKOJIEKTOPHBIX ABUTATEIICH;
e  KOHTPOJUJIEPHI IUCIUIEEB U KJIaBUATYD;

e  PAAMOYACTOTHBIE NPUEMHHKHU U MEPEIATUNKY;

e MAaCCHUBBI BCTpOGHHOfI gl)JICH_I-HaMSITI/I;

e BCTPOCHHBIM TAKTOBBIN F€HEPATOP U CTOPOKEBOU TaMED;

OrpaHu4eHus 10 LIEHE U SHEPronoTpedICHUIO CAEPKUBAIOT TAKXKE POCT TAKTOBOM
4acTOThl KOHTPOJUIEPOB. XOTsI IPOU3BOJAUTENH CTPEMSITCS 00€CIIEUUTh padOTy CBOMX U3AEIUN
Ha BBICOKHX YacCTOTax, OHH, B TO K€ BPEMsI, IPEAOCTABIISIIOT 3aKa3uuKaM BbIOOD, BBIITyCKast
MOJU(UKALMH, PACCUNTAHHbIE HA pa3Hble YaCTOThI U HANpPsDKEHUS nuTaHus. Bo MHoOrnx

MOJICIIAX MUKPOKOHTPOJUICPOB UCITIOJB3YCTCA CTATUYCCKAA TAMATD JIJIA O3VY u BHYTPCHHHX

pPErucTpoB. IT0 AaET KOHTPOJIIIEPY BO3MOXKHOCTh pa0OTaTh Ha MEHBIIMUX YAaCTOTaX U JJaXke HE
TEPATH JaHHBIC IIPU ITOJIHOM OCTAaHOBKE TaKTOBOIO reHeparopa. 4acto npeaycMoTpeHbl

Pa3JIUIHBIC PCIKUMBI 3HCDFOC6CDC}KCHI/IH, B KOTOPbIX OTKJIIOYACTCA 4aCTb HCpH(bCpHﬁHBIX

YCTPOMCTB U BHIYUCTUTENIbHBIN MOTYJIb.

Hcnonw3oBanue B COBPECMCHHOM MUKPOKOHTPOJUICPEC JOCTATOYHOI'O MOIITHOT'O

BbIYUCIUTCIIBHOI'O YCTpOﬁCTBa C IIMPOKUMHU BO3MOKHOCTAMMU, ITIOCTPOCHHOT'O HA OHHOI71



MHUKPOCXEME BMECTO LICTIOTO Ha60pa, SHAYUTCIBbHO CHUKACT pa3sMCPhI, 3HCpFOHOTpC6H€HI/I€ u

CTOMMOCTb IIOCTPOEHHBIX Ha €ro 0a3e ycTpoHcTB. Vcnonb3ytoTcs B yIpaBJIeHUN Pa3InuHbIMU

YCTPOMCTBAMH M MX OTACIbHBIMU OJIOKAMH:

B BBIYHUCIUTEIILHON TEXHUKE: MATCPUHCKUC IJIATbl, KOHTPOJIJICPbI JUCKOBOAOB KCCTKUX

u rubkux auckos, CD u DVD;

JIEKTPOHUKE U Pa3HOOOPA3HBIX YCTPONCTBaX OBITOBOM TEXHUKH, B KOTOPOMH
UCIIOJIB3YETCS DJIEKTPOHHBIE CUCTEMBI YIIPABICHUS — CTUPAJIbHBIX MalIMHAX,
MHUKPOBOJIHOBBIX II€Uax, IOCYJOMOEUHBIX MallIMHAX, TeJle()OHAX U COBPEMEHHBIX

npudopax;

B npomsiieHHOCTH:

YCTpOﬁCTB MIPOMBINIJICHHON aBTOMATHKH — OT IIPOTrPAMMHUPYEMOT0 pele u

BcTpanBaeMbIx cucteM 1o IIJIK,

CHUCTCM VIIPABJICHUA CTAHKaMH

2. METOAUYECKHUE YKA3AHMUA 110 BBIIIOJIHEHHUTO
JIABOPATOPHBIX PABOT

2.1 JlaGoparopHas padora Ne 1 (2 yaca).
Tema: «Onexmpobezonacnocmo. Texnuka 6e3onachocmu npu SIKCHIYamayuu
QJIEKMPOYCMAHOBOK»

2.1.1 Hean padoTbl: O3HaKOMUTHCS C TEXHUKOIN 0€30I1aCHOCTH IIPU IKCILITyaTaluu

3JICKTPOYCTAHOBOK

2.1.2 3axayu padoThI:

OmnacHocTb MOpaAKCHUS SJICKTPUICCKHUM TOKOM

3aII_II/ITa OT MOPAKCHUS IJICKTPUICCKUM TOKOM.

3a3emileHUE U 3aHYJICHHE.

3almuTHOE OTKIIIOYEHUE

HpI/IeMI)I OKa3aHUus HCpBOﬁ IMOMOIIM MOCTPaAaBUIEMY OT JJICKTPUYICCKOI'O TOKaA

D1eKTpo0e301MacHOCTh Ha )KUBOTHOBOTYECKHX (hepMax.

2.1.3 Ilepevyenb npudOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:



1. Mynstumeaua-npoexktop XD26U
2. ®unpM Mo TeXHUKE OE30MaCHOCTH

2.1.4 Onucanue (xox) padorpI:
[Tepemennsbiit Tok yactotoit 50 't u Bemmuunoi 100 MA, nmpoTekast yepes Teo yesioBeKa

Oonee 3 ¢, MOXET Mapalau30BaTh JEATENbHOCTb cepiaua. boiplive TOKM mapaiu3yroT
JESATENBHOCTh CEpALla 3a JOJIM CEKYH[bl. J[pIXxaHue MOoKeT ObITh Mapalu30BaHO YK€ HpPHU
mutensHoM Toke 30 - 80 MA. Toku B 10-25 MA, mporekamomiue MeX1y pykaMu WIH
MEXly PYKOM M HOTaMU; BbI3bIBAIOT CYJOPOTY MBI (HEOTIYCKAIOIIUI TOK).

[Tpu pacuerax 371eKTpOOE30NMACHOCTH MPUHUMAIOT JOIMTYCTUMBIMHU:
TOK, MA ..o, 250 65 6
[1poIOKUTENBHOCTD, C....cccvnneee.. 0,2 1 30

JnutenpHo nonyctuMbiMu Toku MeHee 0,8 - 1 MA. B 3aBUCHUMOCTH OT COCTOSIHUS
KOXHU, IIyTH TOKA U BEJIMYMHBI HANPSYKEHUs CONIPOTUBIIEHHE Tena cocTasisgeT oT 100 kOm
10 1000 - 500 Om.

DNEKTOPOYCTAaHOBKH IO CTENEHH ONIACHOCTHU MOPa)KEHUs TOKOM MOAPA3EISIIOT Ha JIBE
rpynnsl: g0 u Bbie 1000 B. Hanpsiskenue B 36, 24 u 12 B cunTatoT OTHOCUTEIBHO
0e30MmacHbIMH.

B 3aBucumocTH OT XapakTepa OKpy’Karollell cpelbl MOMENICHMs pa3leisioT Ha TpU
KJiacca:

. C  [OBBIIIGHHOW ONACHOCTHbIO, K KOTOPHIM OTHOCST: a) ChIpble C
OTHOCHUTEJIbHON BIAXHOCTHIO BO31YyXa, JIUTENbHO IHpeBblmatomein 75%; 0) c
OPOBOASIIEH NbUIbIO, BBIACIAIOIIEHCS 10  YCIOBUSAM INPOU3BOACTBA B  TaKOM
KOJMYECTBE, YTO OHA MOXET IPOHUKAThb BHYTPb MAIIWH W ammaparoB, OcCeJaTh Ha
HNOBEPXHOCTH M30JIALMU; B) C TOKONPOBOJAIIMMHU 3€MIIIHBIMM, SKEJI€300€TOHHBIMH,
CBIPBIMHU JE€pPEBSHHBIMH T[OJaMH; T) XKapkue ¢ Temmeparypoir ©Oomee 30 C
(nnuTenpHO); J) C BO3MOXHOCTBIO OJHOBPEMEHHOTO IPUKOCHOBEHHUS 4YENOBEKa K
METAJIMYECKUM KOpIycaM JJIEKTPOOOOpYJOBaHUS M K COEJUHEHHBIM C 3eMilel
METAJIOKOHCTPYKLUSM 3/1aHUS WM MEXaHU3MaM.

2.0co00 omnachHble. HMmeromue OIMH M3 MpPU3HAKOB: a) 0co00 ChIpble C
OTHOCHUTEJIbHOW BJIAXHOCTHIO BO3Ayxa, Onu3koi k 100% (mOTOJIOK, CTEHBI, BCE
IpeAMEThl  TMOKpPBITBIE  Bjaroi); ©) €  XUMHYECKH AaKTHMBHOM  pa3pylIaloliei
U30JISIIUMIO CPEeNoi;  B) HMMEIONIME OJHOBpPEMEHHO jaBa (uau OoJsiee) NpHU3HAKa
MOMEIIEHUH C MOBBIIIEHHOW OMaCHOCTBIO.

3. be3 MoBBIIEHHON OMACHOCTHU (KOT/Aa HET MPU3HAKOB, OMpPEAeIIIONUX 1Ba
HEPBBIX KJIacca).

2. 3amuTa oT NopaskeHus FJIEKTPUIECKUM TOKOM.

Baxuelmum  cpeJCcTBOM  3allUTBl  OT INPUKOCHOBEHUS K  4YaCTAM
JIEKTPOYCTAHOBKH, HOPMAJIbHO HAXOASILIMMCS IOJI HANPSIKEHUEM, CIYKUT dJIEKTpUUECKast
u3ossius. Ee conporuBnenue usmepsaotr merommerpom Ha 1000 B He pexe ogHOTO pasa B
2 roga y 3JI€KTPONPOBOAKU B OOBIUHBIX MOMEUIEHUSIX U €KETOJHO B IOMEUIEHUSAX C €IKUMU
napamu, ChIpbIX, 0CO0O0 CBIPBIX, B3pbIBa- U MOXapoomnacHbIX. Eciu compoTuBieHue Mexay
OpoBOJAOM OJHOW u3 ¢a3 u 3emyed uiIM Mexay (a3zaMM Ha YydacTKe MEXAY
MOCJIE0OBATEIbHO BKIIOUYEHHBIMU IUJIAaBKUMH TPEAOXPAHUTEISIMU MM 32 TOCICAHUM



npenoxpanuteneM Menee 0,5 MOM, TO HM30I4L0UI0 HAJO HCHBITaTh B Te4eHHE | MUH
HanpspkeHueM 1000 B nepeMeHHOTo TOKa MM MeroMmerpoMm Ha HamnpsbkeHue 2500 B.
Jns anexkTpoaBuraresneil B X0J10JHOM COCTOSIHUM HOpMa CONPOTUBIIeHUs u3omsinuu 1 MOm.

OroJieHHBIE TOKOBEIYIIHE YAaCTH, KOTOPbIE HEBO3MOXXHO pPAaCIOJIOXKUTh Ha BBICOTE,
HEJOIYCTUMON JJIsi MPUKOCHOBEHMSI, 3alIMINAIOT KOXYXaMH, CILUIOIIHBIMU WJIM CETYaTbIMU
OTpaKACHUSAMHU.

ITon mpoBosaMu BO3YIIHBIX IEKTPUUECKUX JTUHUNA paboTa IKCKaBaTOPOM, CTPEJIOBBIX
KpaHOB U cToromerarenei 3ampemieHa. PaboTy BOMM3M JMHUM pa3pemialoT TOJBKO MpHU
YCIOBHUM, YTO PACCTOSIHUE MEXKJY KpalHEeHl TOYKOM MaIMHBI M OJIMKAaHIIMM NPOBOAOM
cocTaBiisieT HE MeHee 1,5 M np HanpsbkeHuu JuHui 10 1 kB, 2m - npu Hanpsbxenun 1 - 20
kB u 4 M npu 35 n 110 xB. Ilpu nepenBmkeHUH KpPYNHBIX MallUMH I10J HIPOBOAAMHU
BBICOKOBOJIBTHBIX JIMHUHM PACCTOSIHME IO BEPTUKAJIE MEXAY BbICIIEH TOUYKOW MAIIMHBI WU
rpy3a ¥ HU3IIUM IIPOBOJIOM JIMHUM JOJKHO OBbITh HE MeHee | M mpu HampsbkeHuu 10 1 kB, 2
M 1ipu HanpsbkeHuu 1 - 20 kB u 2,5 m nipu 35 - 220 kB.

Jus  3amuTel  OT MNPHUKOCHOBEHUS K HOPMaJbHO HaxXOAAWMMCS IOJ
HaIPSHKEHUEM YacTAM DJIEKTPOYCTAaHOBOK MCIIONB3YIOT 3alIMTHBIE U30JIMPYIOLIUE CPEACTBA
U MHCTPYMEHTHI, YKa3aTelu HaIPsKEHUs, NpeAylnpeauTeabHble muakarsl. [locnennue
NOAPA3ACIIAIOT Ha IPEAOCTEPErarollte, 3apellarolue, pa3pellaroniie, HaIOMUHAOLIUE.

JI1st 3aI0UTHL OT NOPAKEHUS MIEKTPUUECKUM TOKOM IIPU COIPUKOCHOBEHUH C YaCTAMU
3JIEKTPOYCTAHOBOK, KOTOPbIE HOPMAaJIbHO HE HAXOIATCA IOJ HAIPSIKEHHUEM, HO IIPH
HOBPEXKIAEHUU U30JALUN NPUOOPETAOT ONACHBIN NOTEHIMAJ, IPOBOAST MOPO3Hb MU B
COYETAaHHUM CIEAYIOIHUE 3alIUTHbIE MEPOIPHUATHUSA: 3alUTHOE 3a3€MIJICHHE, 3aHYJICHHUC,
3aIUTHOE OTKJIIOYEHHME, a TAaKKe IPUMEHSIOT [BOMHYI0 H3O0JSLMIO, pa3Aensolue
TpaHC(HOPMATOPHI; TOHUKEHHOE HAIPSXKEHNE; BEIpaBHUBAHKE TIOTEHIIUAJIOB.

JBoiiHAsI M30/IALMA 3aKII0YACTCSA B HAJOKCHUHU JIBYX U3O0JISIHUOHHBIX CIOEB,

KaXAbIH U3 KOTOPBIX JUIMTEIBHO U HAJEKHO BBIIEPKHUBACT pabouee HANpsHKEHUE.

Hanpumep, pyKoATKYy py4YHOro II€PEHOCHOTO CBETHJIBHHUKA JEJIAalT U3
JUBJIEKTPUUECKOr0 Marepuana ¢ TaKUM pacdyeToM, 4yToObl oOecneuuBajach HajaeKHas
M30JSIMSL HAa TOT Ciy4al, eclM IpPOU30MIET NOBpEXICHHE pabodel M30JALHUU MPOBOJOB
BHYTpH pYKOATKU. C 1BOMHON M30JSAUEN, H3TOTOBISIOT HEKOTOPBIE TUIIBI 3JIEKTPOCBEPIHIIOK
(I'OCT 8524 - 63). IloaTOMy, XOTS KOPIYC Y HUX METAIJIMYECKUH, 3a3eMIISITh WJIK 3aHYJIATh
ux He Tpelyercs, HO HaAO0 MEpPUOJUYECKH IMpoBepsATh Merommerpom Ha 500. B
CONPOTUBIIEHUH pabodel U30JALUU MeXAYy OOMOTKOW U CepJeYHUKOM CTaTopa, a TakkKe
3alIUTHYIO M30JSIHUI0 MEXIY CTaTOPOM M METAJNIMYECKMMM JeTansiMu Kopmyca. Ilpu
conportusieHuu uzonanuu meee 0,7 MOM monp30BaThCs CBEPIUIKON3ANPELIEHO.

B pasaeasiromem Tpancdopmarope nepsuuHoe HanpsbkeHue - 10 1000 B, BTopuunoe
- o 4000 B. HanmexHOCTh KOHCTPYKIMH H H3OJSLUU TaKoTO TpaHchopmaTropa
noBbllleHHas. Ero 3amurTHOEe NeiicTBME OCHOBAHO Ha OTIEJIEHUU 3JIEKTPONPHUEMHHUKA OT
NEepBUYHOW ceTH 3a3zemieHMs. biaromaps 53ToMy NpPUKOCHOBEHHE K KOpIyCy
JIEKTPONIPUEMHHUKA, Ha KOTOPOH IpOM301Ie] IPpoOOH M30JALUH, IPAKTUYECKH 0€30MacHO.
M30ms1110 UCIBITBIBAIOT B TeueHHe | MMUH HampsbkeHueM B 4 kB mepemenHoro toka 50 I'ng
MEX]Jy IepBUYHON M BTOPUYHOI 0OMOTKaMH, a Takke Mexay oOMoTkaMu U koprycom. Ot
pazzensoero TpaHcGpopMaTopa MOXKHO MUTATh TOJbKO OJUH 3JEKTPONPUEMHUK IO
CPaBHHUTEJIBHO  KOPOTKMM  IIpOBOJaM ¢  HaJexHOM  un3onsnumei. Ecam
JIEKTPONPUEMHUK [IEPEHOCHBIN, IPOBOJ JOJIKEH OBITH HUIAHIOBOIO THUIIA.



MolHoCTH 3JeKTPONPUEMHUKA U CaMOro TpaHcpopMmaTopa JOJKHBI ObITh TaKUMH,
YTOOBI C NMEPBUYHON CTOPOHBI TpaHC(HOPMATOP 3AIMUIIAICS TUIABKUM IPEIOXPAHUTEIIEM C
HOMMHAJIBHBIM TOKOM BCTaBKH He Ooiiee 15 A uim aBTOMaTroM ¢ TakKMM K€ TOKOM YCTaBKH, TO
ectb Tpex(aszHblil TpaHcPopMmaTop ¢ MEPBHYHBIM HOMHUHAIBHBIM HampsokenueM 380 B He
MOJKET UMETh MOIIHOCTh Oosiee 10 kBA.

3ampemaercst 3a3eMJIATh WM 3aHYJISATh BTOPUYHYIO OOMOTKY pa3zeisioIlero
TpaHcdopMaTopa WIM HUTAOMUNACS OT HEro 3JIEKTPONPUEMHHMK, HO KOPILYC CaMoro
TpaHchopMaTopa JI0JIKEH OBbITh 3a3eMJICH WJIM 3aHYJIEH B 3aBUCUMOCTH OT peXHMa paboThl
HEUTpAJIN NMUTAIOLIEHCS CETH.

IHonm:kennoe Hanpsikenne (12 - 36 B) 0ObIYHO MOMYy4arOT OT pa3AESIOLIETO
TpancpopMaropa, Hampumep, IS [UTAHUS PYYHOrO TIEPEHOCHOTO  CBETHJIBHHKA.
[lonmxeHHOe  HampsKEHUE  SABIAETCA  JONOJHUTEIbHOW TrapaHTHEH  Oe30IacHOCTH.
[lonm>xeHHOE HaIpsHKEHHE MOXKHO MPUMEHSATh U KaK CaMOCTOSITEIbHOE 3alllUTHOE
Meponpusatue. IIpy nuTaHUU OT OJHOPOJAHOTO OOIEro NOHUIXKAIOIIEro TpaHchopMaTopa
pa3BeTBIIEHHON ceTH 36 B Ui MECTHOro OCBelleHHUs Ha CTaHKax TpaHc(OpMaTop HElb3s
CUMTATh Pa3JEISIONIMM U HY)KHO 3aHYJISTh HE TOJBKO €ro KOPILYC, HO U HEUTpaJlb WIH OJIUH
U3 BbIBOJIOB BTOPUUHONH OOMOTKH.

3. 3a3zemiieHMe U 3aHyJICHHE.

3a3eMJIeHHMEM  Ha3bIBAlOT  COEJMHEHHE  dYacTed  3JIEeKTPOYCTAHOBKH ¢
3a3eMJISIOIIUM YCTPOHCTBOM (COBOKYNHOCTD 3a3€MJIEHUS U 3a3€MIISIIOLIUX IPOBOJIHUKOB).
3a3eMiIuTeNb - IPOBOJAHUK UJIU I'PyIIa 3JIEKTPUUYECKU COCIUMHEHHBIX NPOBOJHUKOB,
HaXOoJSIUXCS B HENOCPEICTBEHHOM COINPUKOCHOBEHHM C 3eMJEH. 3a3zeMiIsioliue
IPOBOJAHUKH - METAJUIMYECKHE MPOBOJHUKHU, COCJUHSIOIINE 3a3eMJIsgeMble 4YacTH
3JEKTPOYCTAHOBKH C 3a3€MIIUTEIIEM.

3alUTHOE 3a3eMJICHUME IPUMEHSIIOT BO BceX 3jekTpoycTaHoBkax no 1000 B c

HE3a3E€MJICHHON HEUTPAIIBIO.

B cenbckux cersax HanpsbkeHueM 380 B ¢ Harimyxo 3a3eMiIEHHOW HeWTpanbro
OpUMEHAIOT  3aHysneHue. [log  3aHylneHMEeM  NOHMMAKT  COCAMHEHUE  KOPIYCOB
JNEKTPONPUEMHUKOB, KapKacoB paclpeAeNuTEeNbHbBIX HIUTOB U IIKa(OB, CTaJbHBIX TPYyO
JNEKTPONPOBOAKH, METAUIMYECKUX O000JIoueK Kabeneil M MPOBOAOK, CTAHUHBI CTAaHKOB C
3a3eMJICHHOW HEUTpPaJbHOW TOYKOH (HYJIEBOW TOYKOH) reHepaTopa Wik BTOPUIHOM OOMOTKH
TpaHc(opmaTopa, MUTAIOLIETO CETh.

B xadectBe 3aHyNsIOIIMX OOBIYHO MCHONB3YIOT pabouue HysneBble mpoBoaa. K
0JHO(a3HBIM 3JEKTPONPUEMHHUKAM (Hanmpumep, CBETUJIbHUKAM u
NEKTPOUHCTPYMEHTY) MPOKIAABIBAIOT OTAEIbHBIN (TpeTUH) 3aHYIAIOLUUIPOBOAHUK.
[Tpu 3ambikanuu (a3pl Ha 3aHYJICHHBIM KOPIYC SJEKTPONPUEMHHUKAWUIN APYTUe IeTalu
YCTaHOBKHM TPOMCXOAUT OJIHO(A3HOE KOPOTKOE 3aMblkaHHue (K. 3.), KOTOpO€ MJOJIKHO
BBI3BIBaTh JOCTATOYHO OBICTpO€ (HECKOJBKO CEKYHJ WU JOJIU CEKYHJbI) OTKIIOYCHHE
MOBPEXKJAEHHOT0 y4acTKa IEKTPOYCTAHOBKHU MJIU AJIEKTPOIPUEMHHKA.

[Ipumenenue B 2IEKTpOyCTaHOBKax HampsbkeHuem a0 1000 B ¢
IJ1yX03a3€MJICHHOWHENTpaJIbl0 3alllMTHOTO 3a3eMiIeHUsl 0e3 CBSI3U C HYJIEBOW TOUYKOH
UCTOYHMKa 3amnpelnieHo. Ha ciyuail oOpbiBa HyJI€BOro NpoOBOJa Ha BO3AYUIHBIX JUHUAX U
JUISL CHUKEHMS HAIIPSDKEHMSI Ha 3aHYJIEHHOM 00OpYJOBaHUM IPU MOBPEXKIECHUN H30JALUU B
HeM (B TOM 4YHCIIE MPHU LEJIOM HYJIEBOM IPOBOJE) O KOHLIAM JIMHUM WJIHU OTBETBJIECHHOU
nnuHou 6osee 200 M, a Tak)ke B MPOMEXKYTOUHBIX TOYKaX HE pexke uyeM depes 250 m
JeNal0T MOBTOPHBIE 3a3eMJICHHUS HYJIEBOro MmpoBoja. B momemieHusx 6e3 MOBBIINICHHON



OTIAaCHOCTH TOPAKEHHUSI DJICKTPHUUECKUM TOKOM IpHu HampspkeHun 380/220 B, a Takke BO Bcex
noMeleHusAX (KpoMe B3pbIBOONACHBIX) MpU HampskeHuu 36 B m HUKe mepeMeHHOro
Toka win 110 B m HuXe NOCTOSHHOrO TOKAa 3aHYJICHHE M 3allUTHOE 3a3€MJICHUE HE
IPUMEHSIOT.

ConpoTuBiieHHE 3a36MJIEHUH TOBTOPHBIX 3a3€MIIMTENENH HYJIEBOIO NIPOBOAA HE JOJIKHO
npespimate 10 Om. Ecnm ceTh muraeTcs OT NOACTAHIMU MM 3JIEKTPOCTAHIUU C
CyMMapHO# MomHOCThIO arperaroB no 100 xBa, To comnpoTuBieHHE KaxKI0TO
MOBTOPHOI'O 3a3€MJIUTENS MIPU UX KOJIMYECTBE HE MEHEE TPEX Ha JIMHUIO MOXKeT Jocturars 30
Owm.

Haumenpimme nonmycTumble pa3Mepbl CTANbHBIX 3aHYJSIOMIMX MPOBOJHUKOB YKa3aHBbI
B Tabnune. Ha BO3AYWIHBIX JMHHUAX CTalbHbIE OJHOINPOBOJIOYHBICHYJEBbIE IIPOBOAA,
UCTIOJIb3yeMble B KaueCTBE 3aHYJSAIONINX, MOTYT OBITH TOTO XK€ JAWAMeTpa, 4yTo U (ha3HbIe
(HauMeHbIINH - 4 MM Ha JIUHUM ¥ 3 MM Ha OTBETBJICHUH ISl BBOJIA B JIOM).

CranbHble 3J1eMeHTBI 3a3eMJINTe/Ield U 3a3eMIISIOIIMX (3aHYJ/ISIIOIINX)IPOBOHUKOB

[TpoBOAMMOCTS 3aHYJIAIOIUX IPOBOJHUKOB U3 LIBETHBIX METAILIOB - HE MeHee 0,5 oT
HPOBOAMMOCTH (pa3HbIX NPOBOJAHUKOB Ha JaHHOM y4acTKe (KpoMe BO3YLIHBIX JIMHUMH,

Tun npoBoHUKOB B 3mannax B HApYy»KHBIX B 3eMJIE
Haunmenpme pasmepsl
yCTaHOBKaX
Kpyrusle, nuamerp Mmm 5 6 6
[TpsiMoyrosbHBIE:
Ceuenue, MM2 24 48 48
TommmHa, MM 3 4 4
VTrnoBbIe, TONIMHA TOI0K, MM 2 2,5 4
TpyOuarsie (ra30mnpoBOIHEIE), 2,5 2,5 3,5
TOJIIIMHA CTEHOK, MM
1,5 HE JIONyCKaeTcs
TpyOuarsie (TOHKOCTEHHBIE), ’ Aoy
TOJIIIMHA CTEHOK, MM

MUTAIOIIMX KUBOTHOBOIYECKHE (PEPMBI, M X BHYTPEHHHUX POBOJIOK, I/I€ IPOBOIUMOCTH HYJIEBBIX
IPOBOIOB JIOJDKHBI OBITh HE MEHEe TPOBOAMMOCTH (pa3HbIX). HanmMeHbIINEe NOMYyCTUMBIE 11O
MEXaHUYECKOW MPOYHOCTH CCUCHUS 3aHYJIAIONUX MPOBOJIHUKOB U3 I[BETHBIX METAJIIIOB YKa3aHbI B
TadJmnLe.

B kadecTBe 3aHyNAIOMMUX MPOBOJHUKOB B JOMOJIHEHHME K HHUM, a KOTJa JOCTAaTOYHO IO
NPOBOJAUMOCTH, TO MU BMECTO HHUX CIIEAyeT MNPUMEHSITh TaK Ha3bIBa€Mbl€ €CTECTBEHHBIE
3aHYISIONINE TPOBOJAHUKHU: MeTalnuyeckue TpyOonmpoBoAbl (KpoMe TIa3ompoBOJOB U TPYO,
COJIep’KallliX TOpIOYMe KUIKOCTH U ra3bl), a TakKe CTalbHble KOHCTPYKUMHU  3JaHUH,
MOJIKPAHOBBIE IYTH.

Mertannuueckue o6onouku kabeneit ( HO He mpoBoAoB). MckiroueHueMm  SBISIOTCA
B3PBIBOONACHBIE MOMEIIEHUs Kiacca B-1, rae B aJeKTpOnmpoBOJKaX BO BCEX CIydasX IOJIKEH



ObITb OTHENbHBIN 3aHYJAIOIIMNA TPOBOJHUK MM clelnuanbHas KabOenbHas »xuia. beictpoe
aBTOMAaTHYECKOE  OTKJIIUYEHUE IOBPEXKJAEHHOTO  YydyacTKa HJIM  3JIEKTPONPHUEMHHKA
obecneynBaeT TOK METAJIMYECKOro OAHO(PA3HOTO K. 3. TOJNBKO MpH BEIMYMHE HE MEHee
TPEXKPAaTHOTO HOMHHAJIBHOI'O TOKA IUIABKOM BCTABKU IPEAOXPAHUTENS WMIM HOMMHAIBHOTO TOKa
pacuenuresns aBToMaTa ¢ 3aBUCUMOM OT TOKA XapaKTEPUCTUKOM.

Bo B3pbIBOOMACHBIX HapyXHBIX 3JIEKTPOYCTAHOBKAX MJM TOMELIEHUAX HeoOxoaumast
KpaTHOCTb - 4 Ui npenoxpaHutens M 6 Aiusd aBTOMara C 3aBUCHUMOM XapakTepucTukoul. Ilpum
YCTAaHOBKE  aBTOMATOB C  pAacUEHUTENAMM, HMEIOIUMU  HE3aBUCHUMYI0  XapaKTEPUCTUKY
JIEKTPOMArHUTHBIM 0€3 TEeNmJoBOro pejie MM YacOBOIO MEXaHU3Ma), TOK OAHO(A3HOro KOPOTKOIro
3aMbIKaHUs IOJDKEH B -1,4 pa3a mpeBbllIaTh TOK CpadaThIBaHUS PACLENUTENS IPM HOMUHAJIBLHOM TOKE
aBromara 10 100 A, wiu B 1,25 pasa npu 6051b111éM HOMUHAJIBHOM TOKE.

3ammTHOE OTK/II0YeHHe

3alUTHOE OTKJIIOYEHUE MPOUCXOAMUT aBTOMaTuuecku He Oonee uem 3a 0,2 c. Ilpu
MOBPEXKJICHUU H30JIALMH OTHOCUTEIBHO KOpryca OOOpyIOBaHUS M NI YMEHbIICHUS
BEPOSTHOCTU MOPaXKEHUS NPpH OJHOPA3ZHOM NMPUKOCHOBEHUH 4enoBeka K cetu 380/220
B. IlpuMeHsIOT €ero BMECTO 3aHYJE€HHMS HWJIU B JONOJHEHHE K HeMy. 3allUuTHOE
OTKJIIOYEHHE MO TOKY YTEUKH YMEHBIIAET OMACHOCTh MOPAXEHHUS MPU MPUKOCHOBEHUHU K
TOKOBEIYIIIUM YaCTSIM.

3alMTHOE OTKIIOYEHUE [0 HANPSIKCHUIO OCYIIECTBISIOT TMpPU TOMOIIUA  pesie
Hanpsokenuss tuna PH-60 unu DH-500. BecnmomorarenbHoe 3a3emiieHHE, K KOTOPOMY
IpHCcOeIMHEeHa KaTyIIKa aBTOMara, JOJDKHO MMETh COMPOTHUBJIEHHE HE 0ojiee HECKOJIbKHX
cored Om (BMmecTo 10 mim 30 Om, KOTOpPOE AOJKHO OBLTIO OBl UMETh TTOBTOPHOE 3a3eMJICHUE
IpU HCIONB30BaHUS 3aHyneHus). Ecnu kopmyc 3amminaeMoro oOOpyAOBaHUS CBs3aH C
3emJlei, IOMUMO LIETIH Yepe3 KaTyLIKy aBTOMaTa, TO BCIIOMOTaTeIbHOE 3a3€MJICHUE JTOJKHO
OTCTOSITH OT 3aIllMIIaeMOro 000pyI0BaHMs HE MeHee yeM Ha 10 M.

Jng  3alUTHOTO  OTKJIIOYEHUS MO TOKY YT€YKH  CIYXHUT  CHEIUaIbHBIN
aBTOMAaTUYECCKUU BBIKJIIOYATEb, HalpuMmep TUIa F1
KOTOPOM  INPUMEHEH TpaHcHOPMaTOPHBIIA buIbTp TOKOB HYJIEBOM
MOCJIEIOBATEIIBHOCTH C MEPBUYHBIMU OOMOTKaMu AJis BceX 4 MPOBOJOB CETH U C OJIHOU
BTOPUYHOM OOMOTKOH, 3aMKHYTOH Ha OTKJIIOYAIOIIYI0 KaTylmKy aBTomara. lloka B
3alIMIIAEMbIX TOKOINPUEMHHUKAX HET YTEYKM TOKa Yepe3 M3O0JALMI0 Ha 3EeMII0, B
MarHMuTONpPOBOJIE TpaHchopMaTOPHOro GUIBTPA CyMMa MTHOBEHHBIX 3HAYEHUW MarHUTHBIX
IIOTOKOB OT BCEX YeThIpeX KaTylmeKk paBHa Hynwo. I[losBieHne Toka yTedyku
OTpENICNICHHON BEIMYMHBI TPUBOAUT K TOSBICHUIO BO BTOPUYHOW OOMOTKE TOKa,
JOCTATOYHOIO JUIsl OTKJIIOYEHHUs aBTOMara. BmMecTo BCIOMOTaTenbHOro 3a3eMIICHHS 37eCh
MOHO HCHOJB30BaTh U 3aHyJIEHHE, HO MPUCOCAUHATH 3alIUINAEMble METAJUIMYECKUe
npeaMeThl K HYJIEBOMY IMpPOBOAY HAA0 10 aBTOMAara MO XOAY SHEPTHHU, a HE IMOocle
aBToMara. MlHaue TOK yTeuku OyJIeT NPOXOIHUTh uepe3 QUIbTP U K MECTY MOBPEXKICHUS
u o0paTHO, oTUueroaBTomMaT He cpaboTaer. ABTOMAaThl F'/ UMEIOT TOKU cpabaThIBaHUS OT
30 mo 300 MA.

Pa3paboTanbl A CeNbCKOXO3SMCTBEHHBIX YCTAaHOBOK 3allUTHO - OTKJIIOYAIOIIHe
ycrporictBa (30Y) ¢ tokamu cpabarsiBanus 10 u 20 MA. Hago moMHUTB, 4TO UX HENb3s
NPUMEHSTh JJI1 OJHOBPEMEHHOHN 3alIUThl OOJBIION TPYNIBI AIEKTPOINPUEMHHUKOB: B 3TOM
Clly4yae MPOUCXOJAT JOXKHBIE cpadaThIBaHUS M3-3a TOKOB YTEUYKH, KOTOPHIE BCETJa €CTh JIaXe
B MIPAKTUYCCKU MCIPABHOW AIICKTPUUICCKON ceTu (Hampumep, Ha BBOJE (hepMbl OHH HHOTIA



npespimaoT 10 MA). 30Y npuMeHSIOT Uil WHAWBUIYAJIBHOW 3aIlUThI ILEMH OJHOTO
ANEKTPONIPUEMHHUKA MM TPYNIBl U3 JABYX - Tpex MNpuUeMHUKOB. Jlns oOecmedeHus
BBICOKOM  UYBCTBUTEIBHOCTH 3TH  YCTPOMCTBa  CHA0XEHBI  MOJYIMPOBOJHHKOBBIMU
YCWIHTEIAMH MEXIY BTOPUYHON KaTyIIKOM TpaHc()opMaTOpHOro (GuiIbTpa TOKOB HYJIEBOU
MOCJIEIOBATEIbHOCTH M KATYIIKOM MarHUTHOTO ITyCKaTelIs WJIM aBTOMAara, OTKJIIOYAIOIIEro
CETb.

3anuTHO-OTKIIOYAIOIIEE YCTPOUCTBO 30VII-25 il ¢ MepeaBUKHBIX
3JIEKTPOYCTAHOBOK COCTOMT M3 MarHuTHoro myckarens [IME-236 u 61oka 3amuTHOrO
YCTPOWCTBA, BCTPOCHHOI'0 B KOPIYC MYyCKaTeas BMECTO TEPMOOHMMETAUIMYECKHX pele.
OHO NPUMEHUMO M ISl CTAallMOHAPHBIX DJIEKTPONPUEMHUKOB B CETU C 3a3€MJICHHOU
HEUTPAIBIO.

Pene yreukm cepun PVY]/-02 ObBaloT JABYyX MCHOJHEHUH: g OAHOQA3HBIX
IBYXnpoBoHbIX nenet PYJ[-022 (mpuMeHSIOT B KUJIBIX U BCIIOMOTATEIbHBIX MOMEIICHUX;
KOHTaKThl 00Oecne4yrBalOT HEMOCPEJACTBEHHOE OTKJIIOUEHHE U BKIIOUEHHE 3alUIlaeMOn
IEMN); I YETHIPEXMPOBOJAHON CETH C 3a3eMJICHHOW HeuTpanbio - PY[-024 (nmpumeHsOT B
KOMILJIEKTE C IIyCKarejleM WIM aBTOMATOM, YK€ HMMEIOIIUMCS B YCTAHOBKE; KOHTAKTbI
BO3/ICHCTBYIOT Ha KaTYLIKY IycKaTess UJIM He3aBUCUMOTO paclenuTens aBTomara). Pene
PY1-024 nonycTuMO K yCTaHOBKE B IIOMELICHUSX C 3allbUIEHHON WMJIM arpecCUBHON cpenon
TOJIbKO B CIIEIIMAJIbHOM 3alllUTHOM KOXYyXe€ (Hampumep, B annapaTHoM siuuke SATI-1
cOOpHBIX pacHpeneauTeabHbIX ycTpoiicTB cepun PYC).

4. Ilpuembl oKka3aHus MEePBOIl MOMOIIH MOCTPAAABIIEMY OT JIEKTPUYECKOr0 TOKA

ITocTpanaBiiero Hy’HO Kak MOXHO ObICTpee 0CBOOOJIUTh OT AeHcTBUS ToKa. J{Jist aTOrO
OTKJIIOYAIOT Ty YaCTh JJIEKTPOYCTAHOBKH, KOTOPOH KacaeTcs nocrpaaasmuii. [lpu
Hanpsxenuu A0 400 Bt. [Inst 5T0ro MOXHO BOCIIOJIB30BATHCS JIIOOBIMU HE TIPOBOISITUMU
TOK IIpeIMETaMH: BCTaTh HAa CBEPTOK CYXOM OAEK/bl UM HA JOCKY, 00MOTaTh aphoM pyKy,
KOTOPOH 3aT€M OTTalIUTh NOCTpaxaBmero. Jlaxe roiaoi pykou MOKHO B35Th IIOCTPAaBLIEro 3a
CYXYIO OJI€XK/Y, HO HEJIb35l KacaThCsl €r0 IoJI0ro Tejla Ui 00yBHU, KOTOPAst MOXKET OBITh BJIAKHOM
WA MMEET MeTaJUInYecKue JeTanu. Ecin nocrpanaBmuii kacaeTcs OJHOrO U3 POBOJOB, TO
IIpepBaTh TOK MOXHO, IIOJCYHYB I10J IOCTPAJABIIEr0 CYXYI0 TOCKY UJIH OTTAHYTh HOTH OT
3eMJIM MTAJIKOM JIM ¢ MOMOLIbIO CyXOil BepeBku. HMHorma ObicTpee nepepyOuTh  mpoBoAa
UHCTPYMEHTOM C U30JIMPOBAaHHBIMU pydKamH (pyOUTh UX - IO OJHOMY, UTOObI HE MOSBUIIACH
ANEKTpUYECKAs Ayra u3-3a KOPOTKOI'O 3aMbIKAHHU).

Ecnu nanpsxenue ycraHoBku Ooisiee 400 B u OblcTpoe OTKJIIOUEHHE HEBO3MOXHO, TO
cilenyeT JAuM00 OTTAlIMTh MOCTPAJaBIIEro OT YacTed YCTAHOBKM IIOJ HANpPsDKEHHEM, MOJIb3YSICh
M30JIMPYIOLUIMMH 3aLUTHBIMU CPEICTBAMHU, PACCUUTAHHBIMM HA 3TO HaIpsDKEHHE (LITaHTHU, KIIEIIH

UIs  TpeJoXpaHUTeNel, a TakkKe AUdJIeKTpudeckue OOTbl U IepyaTku), JuOO BbBI3BAThH



aBTOMAaTHUYECKOE OTKJIIOUEHHE YCTAaHOBKH, YCTPONCTB B HEM KOPOTKOE 3aMblKaHME Ha OE€30MacHOM
paccTosHUM OT nocTpajasuiero. Hampumep, Ha BO3AYIIHON JIMHUM HAaOpachbIBalOT TOJIBIA MPOBOA
Ha 2-3 (a3pl JMHUM, NPEABAPUTEIBHO MPHUCOSAMHHUB ATOT MPOBOJA KAKOMY-THOO 3a3€MIIMTEINIO.
HalpaceiBaemblii 1POBOJ IOCJIE€ CONPUKOCHOBEHUS C IMPOBOJAMH JIMHMM HE JOJDKEH KacaTbCs
OpoCaBILEro WM APYIUX JIIOAEH, U HUKTO HE JOJKEH CTOATH OJIMKE 5 METPOB OT 3a3€MJIUTEISL.

ITocne otkmroueHus AuHUM HanpsbkeHueM Bbimie 1000 B Ha Hell MOXeET COXpaHUThCS
OIIACHBIN 7151 XKU3HU €MKOCTHBIN 3apsj. JIumib nmocie HaJeKHOTo ee 3a36MIIEHUS K IOCTpaJaBUIEMy
MO>KHO IIpHUKacaThCsl 0€3 N30JIMPYIOIIUX IITAHT, KJIELEH U T.II.

IIpexne Bcero, HaJo IOCTapaThCsl BBI3BATh CKOPYI0 MEIMIIMHCKYIO IOMOIb, M, HE TEpssd
BPEMEHH, OIHOBPEMEHHO OKa3aTh MEPBYIO MOMOLIb 1OCTPaIaBLIEMY.

Ecin nocTtpajaBmuii He IBIIIUT COBCEM MJIM, HAXOsCh B OECCO3HATEIbHOM COCTOSIHUH,
ABIIIUT PEIKO U CYAOPOXKHO, TO HYXKHO JellaThb MCKYCCTBEHHOe JAblxaHue. Ilepen stum Hano
OBICTPO PACCTErHYTh OJEXIYy IOCTPAJaBIIEro, CTECHSAIOUIYIO JbIXaHHE (TaJICTYK, MOAC), HO HE
ClleflyeT pa3jlieBaTh €ro, Tak Kak 3TO OEClOJIe3HO OTHUMAeT BPEMsl, a BEPOSTHOCTb ycIleXa TeM
MEHbIIe, 4YeM II03)KE€ HayaTo MCKYCCTBEHHOe JbIxaHue. HyXHO Takke pacKpbelTb poOT
MOCTPAJIaBLIEro U YAAIUTh BCE, YTO MOXKET MEIaTh AbIXaHUIO (CMECTUBLIMECS 3yOHbIE MPOTE3bl U
T.J.).

Haunbonee »¢¢eKkTuBHbBIM CIOCOOOM MCKYCCTBEHHOI'O [IbIXaHHUS SBJSETCSA CIEAYyollee:
ITocTpanaBiiero KiagyT Ha CIUHY, MOJJIOKUB MOJ JIOMATKU YTO-ITMO0 MTKOe Tak, 4TOObl rojoBa
3alpOKUHYJIACh Ha3a/ Kak MOXHO 0oJblle, 3aKUMat0T

eMy HOC M, IlTyOOKO BJOXHYB, BBIIBIXAIOT BO3JyX B pOT mnocrtpajasmero. Haszan Bosgyx
BBIXOJIUT CaM.

Ecnu y nocrpasiaBiiero paciiupeHbl 3payky U IyJbC HE MPOLIYNbIBAETCSA Jake Ha liee, TO Y
HEro Napajn30BaHO HE TOJIBKO JIbIXaHUE, HO U cepjle. Torna HCKyCCTBEHHOE JbIXaHUE YepeaytoT
C MaccakeM cep/ilia MyTeM HaJaBJIMBaHUS HA HUXKHIOIO TPETh I'PYJHOM KIETKU MOCTpPajaBLIEro
OBICTPBIMU TOJYKAMHU MOJOXKEHHBIX OJHA Ha JPYryro JafoHel cnacarens (Tam, Tae IpyauHa
BBIJIA€TCSl MEYEBUAHBIM OTPOCTKOM B BHUJE YyIJIa HaJ )KMBOTOM, HO HE «I10] JOXKE4KOoi»). Jlenator
4-5 TOJYKOB CO CKOpPOCTBIO MNPHMEPHO pa3 B CEKyHAY TakK, 4TOObI IpyJIuHa CMellajlach B

HaIllpaBJICHUU K IMO3BOHOYHHUKY Ha 4-5 cM. 3arem ABaXbI CIiacarciib ACJIacT FJ'IY6OKI/II71 BJIOX H,



3a)kaB HO3JpU MOCTPAJaBILIEro, BAYBAET BO3JlyX €My B pOT. 3aTeM ONAThH JeinaeT 4-5 HakaTuil Ha
IPYAMHY U T.J.

Korna nocrpanaBumvii nomeBenuT ry0amu, BEKaMH WM CAEIACT IJIOTATEIbHOE JBUKEHHE
ropjoM, HYXXHO IPOBEPUTb, HE HAYHET JIM OH JbIIIATh CAMOCTOSTEIBHO M PaBHOMEPHO.
HckyccTBEHHOE ABIXaHUE MPEKPAIlal0T, HHAYe OHO MOXET TOJIBKO MOoBpeauTh. Ecim ke mocie
HECKOJIBKMX MTHOBEHHUHN OXHJAHMS OKa)XETCsd, 4TO MOCTPAAABIIMM HE IBIIINT, UCKYCCTBEHHOE
JbIXaHWE HEMEAJIEHHO BO300HOBIIAIOT. JIeTaIbHBIM MCXOJ HECYACTHOTO Clydyas MOYKHO CUMTAaTh
TOJIBKO B TOM ClIydae, €CJIH IOCJI€ 4Yaca MCKYCCTBEHHOIO JBIXaHUS B COYETAHUU C
MaccaxeéM COOCTBEHHOE IbIXaHHE Yy IOCTPAAABIIErO0 HE MOSIBISIETCS U PE3KO pPACIIMPEHHbIE

3payKy HE CYKUBAIOTCS.

5. DeKkTpo0e30nacHOCTh HA JKNBOTHOBOJYECKHX (hepMmax.

BosibmMHCTBO TIOMEIIEHUH KHUBOTHOBOAYECKUX (PepM MO CTENEHH OMACHOCTH MOPaKCHUS
3JEKTPUUYECKUM TOKOM OTHOCATCS K 0co00 omacHbIM. B HuX 3ampemena paborta Ha
TOKOBEIYLIUX 4YacTsIX, HAaXOIAIIMXCA IOJ HANpPsDKEHHWEM, M 3aMeHa 10/ HalpsKEHUEM JIaMIl.
CeueHue M Mapka HYJIEBOro INpPOBOJAa Ha JHUHUU, NUTAKOIIEH >KUBOTHOBOAYECKUE
MOMEIICHHS, a TaKKe BO BHYTPEHHEW NMPOBOJKE NOJDKHBI OBITh TAaKUMHU K€, KaKk M y (ha3HBIX
MPOBOJIOB. DJIEKTPOJAMIIBI CIEAYET PABHOMEPHO pacmpeleiauTh 1Mo (Ga3HbIM HpPOBOAAM U
BKJII0YAaTh UX TPEXMOJIOCHBIMU BbIKIOYATENIMU. OQHOIOIIOCHBIE BBIKIKOYATENN - TOJIBKO AJIs
CBETHJIbHUKOB CyMMapHON MOLIHOCTBIO He Oosee 20% oT oOuieil MOIHOCTH OCBELEHUS (PEPMBI.
Bce apyrue oanodasHbie TOKOMPHUEMHUKH, KPOME HMEIOIIMX MOIIHOCTH He Oonee 0,6 kBT,
BKJIIOYATh Ha JIMHEHHOE HANpPsDKEHUE, IPUYEM U B 3TOM CIy4yae UX MOLIHOCTh HE JOJDKHA OBITh
6onee 1,3 kBt (1Haue Hago npuMeHsTH Tpexda3Hbie).

BoikimrouaTenyu v nNpeJoXpaHUTENN pa3MELIaloT B COCEJHUX C CBHIPBIMU CYXMX IOMELICHUSX.
KHonku ynpasieHus yCKOBOM anmnapaTypoil yCTaHaBIMBAIOT y pabOYMX MECT.

TpounneiiHble npoBOJa MIM IIKHBI U1 3JIEKTPOTPAHCIOPTA MIM 1 OO0JydyaTelIbHBIX U
APYrMX YCTAaHOBOK B )KMBOTHOBOJYECKUX MOMEILIEHUAX MOJBEIIMBAIOT HAa BHICOTE HE MEHEE 3 M.

OT YPOBHJ I10JIA. HaHpH)KCHI/Ie Ha HUX IOJAar0T TOJIbKO Ha BpEMs paGOTbI.



Kopnyca crpuranbHbIX arperatoB, pyOUJbHUKOB, YYT'YHHbI€ KpBIIIKH BBIKJIIOUaTENE
3aHyJIAI0T. B KauecTBe 3a3eMIISIIOIIMX JIEKTPOJOB IEPEABMXKHOIO IEKTPOCTPUTAIBHOIO ITYHKTA
IIPUMEHSIOT J1Ba OTPE3Ka ABYXAI0MMOBON TpyObl, 3ar1y0I€HHBIX B 36MJII0 HE MEHEE YEM Ha
1,5 M. DnekTpoMOHTEp, OOCIYXHUBAOWUN 3JIeKTpooOopynoBaHue, aoikeH wuMers Il
KBATM(HUKALMOHHYIO TpYNIy; OH MOXET MEHSATh IUIaBKHE TPEAOXPAHUTEIH, JelaTh
NEPEKII0YEHMs] Ha IUTAaX U cOOpKax. YuyacTue BTOPOro JMIia Tpedyercs TOJNbKO Mpu padoTax
Ha BbICOTE Oojee ABYX METpOB, C JIECTHHMI] WJIHM HNOAMOCTEH WIM Ipu paborax Oe3 CHATHUS
HanpspKeHUs (B MOMEUIEHUIX 0€3 MOBBIIIEHHON OMTAaCHOCTH).

Ilepconan, oOCnyXMBAIOLUIUI YCTAaHOBKU ISl yJIbTPadUOIETOBOrO OOJydeHUsl KUBOTHBIX
WM TTHLB, IOJKEH HUMeTh KBanupukauuio no I rpymnme, momp30BaThCs OYKaMH C
JOBIMYATBIMU WJIM OECLBETHBIMH, HO TOJICTBIMU CTEKJIaMU (HE MEHEE 3 MM.) U 110 BO3MOXHOCTHU
HE HAXOJUTCS B 30HE AEHCTBUSA YIbTPa(UOIETOBBIX JIyUEH.

ITpu ucnosb30BaHUM ANEKTPOU3TOPOAHM 3allpellaeTcs OpaThecs 3a MPOBOJIOKY, OCMAaTPUBATh U
UCIIPABIISITh €€, KOI/la OHAa HaXOAMTCS MoJ HanpsbkeHueM. He cienyer BkitouaTh myjabcaTtop A0
IIPUCOEIMHEHUS K IIPOBOJIOKE M3IOPOAM U OTKPBIBATh KPBIIIKY BKJIIOUEHHOIO IMyJbcaTopa B
celpyto noroay. Crporo 3ampeuiaercs MNOAKIIOYATh OaTapelHyl 3JIEKTPOU3ropoab K
anekrpocetn. Hanbosnee >pPpeKTUBHBIM MEPONPUATHEM ISl 00ECTICUSHHSI AIIEKTPOOE30NaCHOCTH
KPYIIHOI'O pOraToro CcKoTa, SBJSETCS IMPHUMEHEHHE BbIPAaBHMBAHHUS I[OTEHLHUAJIOB MYTEM
3aJI0KEHMS B MOJ NOJ NEPEAHUMU U 3aJHUMHU HOramMu KOpoB (Ha paccrosHuu 1,2-1,4 m.)
CTaJIbHON KaTaHKM JHaMeTpOM 6-8 MM., COEIMHEHHOM CO BCEMHM METAJUIOKOHCTPYKLHUSAMHU U
TpyOonpoBoiaMu, JOCTYIIHBIMU AJs MPUKOCHOBEHMS )XKUBOTHBIX. Pa3 B mosrona nenocts
BBIPABHUBAIOLIMX IPOBOJHUKOB MPOBEPAETCS U3MEPEHUEM CONPOTUBIIEHUS METIA U3 JBYX
poBOAHUKOB. OHO 10JKHO OBITH He Oosee 1 OMm.

Ecnu croitnoBoe moMmemeHue He COIEPKUT METAJUIOKOHCTPYKIMWA WM TPaHCHOPTEPOB,
BMECTO BbIPaBHUBAHUS MOTEHIMAIOB MOXHO NPUMEHATh H30JSLUOHHBIE BCTABKH JJIMHOW HE
MeHee | M. MMM OTAENSAIOT aBTONOWIKM OT BOJOIPOBOJHOM MAarucTpajiv, 3JIEKTPUYECKHU
CBA3aHHOM ¢ KOpIyCOM »3JEKTpoHacoca, »3JEKTpoBojoHarpesarend. JUIMHY BCTaBKHU
ONpeNeNsaloT o HoMorpamMme. M3onupyromyto BcTaBKy anuHoW 20-25 cM., BKIJIIOYAIOT B
BaKyyMIIpOBOJ JOWJbHOM YyCTaHOBKHM. OTHUM 3allMIIAIOT KOPOB OT 3aHOCA OIACHOIro

IIoTCHI M AaJIa.



DJEKTPONpPOBOJKY B MOMELICHUSAX JJI CKOTA MPOKJIAABIBAIOT HAa BHICOTE HE MeHee 2,5 M.
Ecau sTo TpeboBaHme BHIOIHUTH HEBO3MOXKHO, TPOBOJIKY MPOKIAIBIBAIOT B CTABHBIX TPYOax
WIA BBIIOJHSIOT 3alIMIICHHBIMU TPOBOAAMH. MEXIy 3JIEKTPONPOBOAKONW M TPyOONpOBOJAMH
BHYTPH 3/1aHUS BBIJEP/KUBAIOT paccTossHUE He MeHee 10 cm.

Jnist M30JSIMK AIIEKTPOABHUTATEICH U 3JEKTPUUECKUX allapaToB Ha MAIIMHAX U MEXaHHM3Max
JOCTYIHBIX MPUKOCHOBEHHUIO XKMBOTHBIX, MEXIY KOPIYCaMHU 3JIEKTPOOOOPYNOBAHHUS U ITHUMH
MallMHAMU TPUMEHSIOT HW30JUPYIONMe MYQTBLIPOKIAIKA WM 3BEHBS, KOTOPBIE IOJKHEI
BBIIEP)KMBATh B TeUeHHWE | MHH., UCHBITATENbHOE HampspkeHue 4 kB., mepeMeHHOro Toka
gactoToi 50 I'u.

DNeKTpOJHBIE BOJOHATPEBATENH JOMYCTHMBI K OKCIUTyaTalldd TOJBKO C OJIOKHUPOBKOM,
MCKJIIOYAIONIEH OTKPHITHE BOAOPA300PHOrO KpaHa 10 OTKIIOYEHHs HarpeBaTeNsl OT 3JIEKTPOCETH.
Kpome TOro, 31€KTpOIHEIE BOJOHAIPEBATENN JIOJDKHBI OBITh TpeX(a3HBIMHU, C HE3aHYJICHHBIM H
HE3a3€MJICHHBIM KOPIIYCOM, KOTOPBIH 3aHYNSIOT. B 3aHyssromuii mpoBOA BKIIOYAIOT KaTYLIKY
TOKOBOTO peJie WIN paclenuTens aBToMara, cpadaTsiBatomiero npu toke B 20% 0T HOMHUHAJIBHOTO
TOKa BOJOHArpeBaTens. 1pyOOmpoBOABI I DJIEKTPONPOBOAKH M IS BOABI 3aHYJISIOT.
[locnenHue NPUCOCAMHSIOT K KOPIIyCY BOJOHArpeBarTeist 4Yepe3 H30JMPYIONIHEe BCTaBKH C
conpoTuBieHneM crosnba BoAsl He MeHee 2000 OM mpu pacyeTHOM YAEIBHOM CONPOTHBICHUU
BOJIBI He O0osee 2 OM.

DOnekTpuGuUUHUPOBAaHHBIE NEPEIBMKHBIC MAaIIMHBI U annapaTsl (MJIM CTAallMOHAPHBIE, HO
C MHUTaHMEM N0 TruOKOMY Kabenrw), €clIM OHHM HE MEepeMEIIaroTCs CaMH, Ha BpeMsd
HEepeBIKCHUS OTKJIIOYAI0T OT MCTOYHUKA MHUTAHHS, a KaOeldb OTCOCHMHSIOT OT HEMOJBH)KHOTO
IUTKA (U151 TPEOTBPALICHUS YPE3MEPHOTO HATSHKEHUS, OTYETO MOJKET MTOBPEIUTHCS U3OJISIIUS HITH
obopBaThCsl  3aHynstomas okuiaa). Jlns  TpUCOEAMHEHMS TEPEABIKHBIX M NEPEHOCHBIX
3JNEKTPONPUEMHHUKOB a IOMEHNICHUSIX (GepM pa3MEemarT IITEeNCceIbHbIE COCAMHCHHS B

repMeTH3UPOBAHHOM HCIOJIHEHUH C 3aHYJISIOIINUM KOHTAKTOM.
2.1.3 Ilepevyens npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1A00paTOPHO# padore:

1. KommbroTep, IpOEKTOp , IKpaH

2.1.4 Onucanue (xox) padoTsbl:
IIpocmomp punvma no snexkmpobezonachocmu
Ogopmnenue KOHCneKmMa No 3a0AHHbLIM BONPOCAM



2.2 JIaGopatopHas padora Ne 2 ( 2 yaca).
Tema: «Dnexmpuueckue usmepenus u npuOGOPvI»

2.2.1 Hean padoTbl: O3HaAKOMUTBHCS U HAYYUTHCS UCIIOJIB30BATDH AIEKTPUUECKUE
u3MepuTeNbHble Ipuoopbl. O0YUUTHCS PEIICHUIO 3a1a4

2.2.2 3axauyu padoThI:

1.03HaKOMUTBCA € NIEKTPUUECKUMH U3MEPUTEIbHBIMU IIpUOOpaMu

2.2.3 Ilepevyenb npuOOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a00paToOpHOii padoTe:

1. Ucrounuk nutanus UIT 1 (8 mt.),
2. ammepmetp £23A (4 mt.), +20A (4 mT.)
3. BoasT™eTp £150B (3 mrT.); £300B (5 mrT.);
4. nammbl HakanuBaausa 250B 150 Bt (4 mt.), 250B 100 BT (10 mT.);
5. pesucrtop [I13B25 (4 wt.), [19B 10 (3mT.)
2.2.4 Onucanue (xox) padorbI:
DNeKTpUYECKUe U3MEPUTENIbHbBIE TPUOOPHI - HEOOXOJUMbIE HIEMEHTHI SJEKTPUUECKUX IeTei

OpU  KOHTPOJIE PEXKUMOB paboOThl  EKTPOOOOPYNOBAHMSA, YydeTe DIIEKTPOIHEPIuu, IpHU
JKCIIEPUMEHTAIBHOM  HUCCIIEJIOBAHUM DJIEKTPUYECKUX LEeNeH, IpU IOJY4YEHHH JOCTOBEPHOU
uH(pOpMaLUU AJI1 CUCTEM aBTOMAaTHUECKOI0 yIIpaBICHMUSL.

DNEKTpUUECKUE U3MEPUTENbHbIE TPUOOPHI U3MEPSIOT KaK 3JIEKTPUUECKUE BEIUYUHBI (TOK,
HaOpsDKEHUE,  MOIIHOCTh, COS (,  YacTOTy,  QJIEKTPUYECKYIO BSHEPrui0 M T.J1.), TaKk U
HERJIEKTPUYECKHUE BEIMUMHBI (TEMIIEpaTypy, AaBJIECHUE U JIp.).

OJNeKTpUYecKue M U3MEpUTENbHbIE NPUOOPHI OTJIMYAIOTCS BBICOKOH UYBCTBUTENBHOCTHIO,
IPOCTON KOHCTPYKIMEH M HaAeKHOCTbIO. [loKazaHUs 3JIEKTPUYECKUX H3MEpPUTENbHBIX NMPUOOPOB
OTHOCUTEJIBHO MPOCTO NepejaBaTh Ha JaJIbHUE PACCTOSHUS (TeJIEU3MEPEHUs) IPU aBTOMAaTU3aluU U
YIPaBICHUH TEXHOJOTMYECKMMHU MPOLIECCAMHU.

HenocrtaTkoM 3J€KTpUYECKUX HM3MEPHUTEIbHBIX NPHOOPOB SIBIISAETCS HEBO3MOXKHOCTh HX
IPUMEHEHHUS Ha B3PHIBOOMNACHBIX U M10KAPOOIACHBIX TOMEIIECHHUSX.

1. CucreMsl 31EKTPUUECKUX U3MEPUTEIBHBIX IPUOOPOB

ONEKTPUUECKUH U3MEPUTENbHBINA IPUOOP COCTOUT U3 MOJBMKHOM M HEMOABM)KHOMN YacTel.
[lo nepemeniennIo NOABMKHON YaCTH U3MEPSIIOT 3HAUEHUSI U3MEPSAEMBIX BEJIHUNH.

B 3aBucumocTH OT HNpUHIMIA AECHCTBUSA Pa3IM4alOT CUCTEMBI: MarHUTOIEKTPUYECKYIO,
JJIEKTPOMArHUTHYIO, 3JIEKTPOAMHAMUUYECKYIO, TEIJIOBYIO, MHAYKIIMOHHYIO U JIp.

Tabmuuma 1. - CucTeMbl 3JIEKTPUUECKUX H3MEPUTENbHBIX HPUOOPOB M MX YCJIOBHBIE
0003HaueHMs



N CucreMma npubopa Ob6o3naucHHE
n/n

1 Marxsunroanexrpuueckas A

2 1, OnexrpoMarHuTHas {

3 JnexTpoaHHAM HyecKas $

4 Tennosax 28

v
5 HunyxunoHHas CI)

B Tabnune 1 nmpuBeaeHb! yCloBHbIE 0003HaYEHHSI HAanOOJIee NIMPOKO MPUMEHIEMBIX CUCTEM
puOopoB. DTH 0003HAYEHMSI U JAPYrHUe€ Ba)KHEHIIME XapaKTEPUCTUKH MPUOOPOB YKa3bIBAIOTCS Ha
JULEBOM MAaHEH JIEKTPUUECKUX U3MEPDH reJIbHbIX MPUOOpoB (puc. 1).

Pabora nmpuOOpoB MarHUTOZIEKTPUUECKOW CHUCTEMBbl OCHOBAaHAa Ha B3aUMOJEHCTBHUH IO
ITOCTOSIHHOTO MarHuTa U MOABUKHOM KaTYyILKH.

Ha pucynke 2 mnoka3aHa OCHOBHas 4YacTb MAarHUTORJIEKTPUUECKOTO HM3MEPUTEIbHOIO
MEXaHU3Ma; I[OJBU)KHAs KaTylllKa, pacHoJIOKEHHas B CHJIBHOM pPAaBHOMEPHOM paauaibHOM
MarHuTHOM IIOJIE.

KaTteropus 3alii¥Thl
OT BHELUHHX Pon u3mepsemoin
MarHHTHBIX none BeJTHIHHBI npuGopa HanpsokeHne, KOTOPbIM

HCNBITHIBANach H30JALKUA
npubopa

Cucrema

[Tonoxenue
npubopa

Knacc

M320 TOYHOCTH
, @ 4
6993 = 2 xB
4-84r. rOCT, 1845-52
3asoackoit [lara Pon ' Homep I'OCT, xoTOpOMY
HOMep BHIyCKa H3MEPSEMOro  COOTBETCTBYIOT 3JIEKTPHHECKHE
TOKa xapakTepHcTHKH npubopa
— NOCTOSHHLINA
~- nepeMeHHbIH
8 Tpexdasubii

Pucynok 1 - [llkana u3mMeputenbHoro npudopa
ITonBukHasi KaTyllKa W3 TOHKOI'O MEIHOTO WJIM aJIOMHUHUEBOIO IIPOBOJA HAMOTaHa Ha
kapkac (unu 6e3 Hero). Ha ocu moaBmxHON yacTu npubopa yKpersieHa CTpeKa, KOHELl KOTOpOH
HepeMeIaeTcs Mo UIKajie 3IeKTPUYECKOro U3MEPUTENILHOTO pubopa.
ITpy nmpoTekaHUM MO KaTyIIKE 3JEKTPUYECKOr0 TOKA COIVIACHO 3aKOHY AMIIEpa BO3HHMKAIOT
cwibl F, cTpemsinuecs NoBepHyTh Karymiky. [Ipu paBeHcTBe Bpamaroniero MBpocTaHaBIMBAETCS U
IIPOTUBOAECHUCTBYIOIIET0O MIIPMOMEHTOB KaTyILIKa OCTAHABINBAETCSI.



PucyHnok 2. nogBukHas KaTylKa B paJuaibHOM MarHUTHOM I10J1€

Jlnst co3ianusi MpOTUBOAECUCTBYIOIIEr0 MOMEHTa MIIpH OJTHOBPEMEHHO ISl MOJIBOJA TOKA B
KaTYLIKY CIIY’aT JABE CIUPAIH.

Oob1ee BrIpakeHUE U1 BPAIIAIOIIEr0 MOMEHTA UMEET BH/I:

(1)
Mgp = dW/da

rae W- sHeprus 3JeKTPOMArHUTHOTO IOJIs, COCPEAOTOUCHHAS B U3MEPUTEIIBHOM MEXaHU3ME;

@ - yroJ oBOpOTa MOJABUKHOHN YaCTH.

DHeprus MeKTPOMarHuTHOro MoJist WpaBHa paboTe gjuepeMenieHII0 aKTUBHOM YacTH
MIPOBO/Ia KATYUIKH B IOCTOSSHHOM MarHUTHOM I10JI€ C UHAYKLIHEN B

CornacHo 3akoHa Amnepa cuia F, aeiicTByronias 4acTb IpOBOJa KaTyIIKU IPU NPOTEKAHUU
1o Hel Toka [ paBHBI:

F=1xBxsing (2)

/1€ (¢ - YTOJ MEXIY HalpaBJICHUEM TOKA B aKTHBHOM 4acTH MPOBOJIa U MHIAYKIIUEH
MarHuTHOTO TOJIf;

| - IMHA aKTUBHOM YaCTH KATYIIKH.

B namewm cinyuae ¢ = /2 sin ¢ =1. CrienoBarenbHo, padoTa Mo MepeMeIieHuIo IByX
aKTUBHBIX YacTel MPOBOJA KAaTYIIKH, IEPIEHANKYISPHBIX MJIOCKOCTH YepTexa (puc. 2), paBHa

A=W=2FxX=2[xBxlxr, 3)

rae X =rx o - JyIMHa TPaeKTOPUU aKTUBHOM 4acTH MPOBOJIA;

I - paAnyC TPACKTOPHH;

a - yron noBopota katymku. [loncrasmnss (3) B (1) momyuaem:

dW

Msp = ------- =2IxBxlIxr.

do

Tak Kak NpOTUBOAEUCTBYIOIIMI MOMEHT MBp co3/1aeTcsl yIpyruMu JIEMEHTaMU, TO JIs
YCTaHOBUBLIETOCS pexUMa

Mmop=Mepum W ¢ = 2Ix Bx1xr,

rae W- yaenpHbIi TPOTUBOAEHCTBYIOIM MOMEHT, 3aBUCSIINI OT CBOMCTB YIIPYTrOro

anemeHTa. Cie10BaTeNnbHO, Yroll MOBOPOTA KATYIIKUA @ IPOMOPIIMOHANIEH TOKY I:

2B-lr

=

1 =81,
- 4)
rze S - 4yBCTBUTENBHOCTh U3MEPUTEIBLHOTO MEXaHU3MA.
Kak Buano u3 (6.4) npu nepemMeHe HalpaBJIEHUs TOKa B KaTYIIKE MEHSETCsI Ha 00paTHOE U
HanpaBJIeHUe OTKJIOHEHUS MOJIBUKHOM YacTu U yKazaTelis (CTpPeJIKn).
JU1s MoTy4eHus: OTKIIOHEHMsI yKa3aTelsl B HY)KHYI0 CTOPOHY HEOOXOJMMO MPHU BKIIOUEHUH
npubopa coOIr01aTh YKa3aHHYIO Ha IPUOOPE NOISIPHOCTh



JlocTonHcTBa MPUOOPOB MArHUTORIIEKTPUUECKON CUCTEMBI: BHICOKAsl YyBCTBUTEIBHOCTH K
HU3MEPSIEMOU BEJIMUMHE, BRICOKAs TOYHOCTD (Ki1ace TouHoctr 0,05 manoe moTpebaeHne MOIIIHOCTH,
Majiasi YyBCTBUTEIBHOCTh K BEITHUM MarHUTHBIM 10JIsiM). HeocTaTok - BO3MOYKHOCTh TPUMEHEHUS
TOJIBKO B I[EIAX ITOCTOSHHOI'O TOKA.

B npubopax 31eKTpOMarHuTHON CUCTEMBI B HETIOJIB)KHOM KaTYIIIKE, IO KOTOPOU MPOTEKaeT
U3MEPSIEMBIN TOK, CO3/Ia€T .51 MArHUTHOE T10JI€, B KOTOPOE BTATHUBAETCS, TOBOPAYUBASICH HA OCH,
(beppOMarHUTHBIN CEPICYHUK, HAMATHUIMBACMBIN 3THM ke mosieM. [IpraeM BTsATHBaro €
MPOUCXOAUT KaK MPHU MOCTOSTHHOM, TaK U IMPU IEPEMEHHOM MarHUTHOM I10JI€, & YTOJI IIOBOPOTA a
MIPOMOPIMOHAJICH KBApaTy CUJIbI U3MepsieMoro Toka. [loatomy:

a) MPUOOPHI IIEKTPOMArHUTHON CHCTEMBI MOTY; IPUMEHSTHCS B IETSAX MOCTOSHHOTO U
MePEMEHHOTO TOKA;

0) mkana mpubopa HepaBHOMEPHA, CUIILHO C)KAaT B HAYaJIbHOM YacTH.

JIOCTOMHCTBA JEKTPUUYECKUX U3MEPHUTEIBHBIX MPUOOPOB AIEKTPOMATHUTHON CUCTEMBI:
MPOCTOTA U HAZE)KHOCTh KOHCTPYKILIUU, HEOOJIBIIOE MOTPEOICHHE MOLITHOCTH.

Henocratku: HeBbICOKAst YyBCTBUTEIBHOCTh K U3MEPSIEMOM BEIMUYUHE, OTHOCUTEIIBHO HU3KAs
TOYHOCTH (KJ1acc TOUHOCTHU 70 1.0), GoJbiias 4yBCTBUTEIBLHOCTh K BHEITHUM MAarHUTHBIM TOJISIM.

Bpamaromnuii MOMEHT 3JIEKTPOMAarHUTHOTO U3MEPUTEILHOTO MEXaHU3Ma

72
dLI

M _dWe- 2 __1..12..4.1.‘..'
% da da 2 da

- L4 -

Ecnu npoTMBOACUCTBYIOIIMI MOMEHT CO3JA€TCS C IOMOIIBIO YINPYTHX 3JIEMEHTOB, TO UL

peKHMa YCTAHOBUBIIETOCS OTKIIOHCHHS
1 ., dL
M=Wa n a=—*1""-——,
2W da
(5.
2 OCHOBHBIE XapaKTEPUCTHKHU IIEKTPUUECKUX U3MEPHUTEIbHBIX TPUOOPOB

2.1 Cratuueckas xapakTepuctuka. CTaTuueckasi XapakTepuCTHKa U3MEPHUTEIBLHOT0 pudopa
- 3aBUCHUMOCTb BBIXOJHOI'O CUTHaJja y OT BXOJHOI'O CHTHaJja X B CTATHUYECKOM PEXKUME padOThI
YKa3aHHOTO IIpuodopa.

Cratudeckasi XapakTepUCTUKA B 00IIEM CITydae ONMHUCHIBACTCS HETMHEHHBIM ypaBHEHUEM

y=f(x),

Tak, Hanpumep, AJIs AIMEKTPOHHBIX H3MEPUTEIBHBIX MPUOOPOB MATHATOAIEKTPUICCKON
CHCTEMBI CTATUYECKOM XapaKTepUCTUKOM OyneT ABIAThCS ypaBHeHHE (3), B KOTOPOM BXOJHBIM
CUTHAJIOM OYJET SIBIATHCS ICKTPUUECKUN

A =8I,

[Tockonbky

S‘2'B~L'r

= const

TO CTaTUYECKasi XapaKTEPUCTHUKA IEKTPOUIMEPHUTEIHHOTO Mpubopa
MAarHUTO3JIEKTPUYECKOW CUCTEMBI JIMHEHHAS.

2.2. ITorpentHocTh. AGCONIOTHAS MTOTPEUTHOCTh MPUOOPA B TAHHOW TOYKE JHMAra3oHa
WU3MEpPEHUS PABEH:



A=X-X,

r7ie X- MoKazanue npubopa;

X, — UICTUHHOE 3HaUY€HUE U3MEePsIeMON BETMUNHBI.

OpHako B CBSA3M C T€M, UTO HCTUHHOE 3HAUYE€HUE Yallle BCETO HEU3BECTHO, BMECTO HETO
HCIOJIb3YETCS IEHCTBUTENBHOE 3HAUEHHE: Xy, B KAUECTBE KOTOPOro MPUMEHSIOT JIM00 cpesiHee
apu(MeTHYECKOE 3HAUCHHUE psia U3MEPEHUH, 1100 MmoKka3zaHus 00pa3oBoro npuodopa.

OueBHIHO, YTO A0CONTIOTHAS MOIPEUTHOCTh IPUOOpa BEIpAXKAETCA B TEX K€ €AMHULIAX, YTO U
nu3MepsieMasi BeJIMYMHa.

AOcConioTHAs TMOTPEIIHOCTh MpuOopa HE XapakTepu3yeT B IMOJHEH Mepe TOYHOCTh
U3MEpEHUs, MOATOMY MpPH H3MEPEHUSAX ONpPENENSIeTCS TaKKE OMHOCUMENbHAS. NOSPeUHOCb -
OTHOIIIEHHE a0COJIOTHOM MOrPEUIHOCTH K UCTHHHOMY (IEHCTBUTENbHOMY) 3HAUYEHUIO U3MEpPIEeMOit

BCJIMYNHBI

A ya

X X |

(7.)
HNJIN B HpOHCHTaX
o A
5(%) =~ —-100% .
X9
e (8.)

Ilpusedennass TMOTPEIIHOCTb )  AJIEKTPUUYECKOTO H3MEPUTENIBHOIO Ipubopa paBHa
OTHOILIEHHIO A0COIIOTHOW MOTPEIIHOCTH K HOPMHUPYIOILIEMY 3HAYEHHIO Xy, KOTOPOE MPUHUMAETCS
paBHBIM BEpPXHEMY IMpeIeily M3MEpPEHUH (€ciii HyjeBas OTMETKAa HaXOJUTCS Ha Kpal WM BHE
IIKaJbl) MM JMana3oHy H3MepeHMs (eciau HyleBas OTMEeTKa HaxXOIMTCs BHYTPU Juana3oHa

HU3MEPCHHUS)
A
y =,
XN
9)
WJIH B TIPOIICHTaX
A
Y(%) = -oeemee
XN 9)

[TorpentHoCTh  3AEKTPOU3MEPUTEIBLHOTO MPUOOpa 3aBUCUT OT YCIOBUM MPOBEACHHS
u3Mepenuil. Paznuvaior ocnosnyo u 0ononHumensHyo NOTPeIIHOCTH.

OcHOBHAasi MOTPEUIHOCTh - 3TO MOTPEIIHOCTh, CYIIECTBYIOIIAsI TPU HOPMAJIbHBIX YCIOBUSIX,
KOTOpbIE€ YyKa3aHbl B HOPMATHUBHBIX JOKYMEHTAaX, PETJaMEHTUPYIOIIUMX IMpaBWia HUCHbITAHUS U
AKCIUTyaTaIluH AJICKTPOU3ZMEPHUTEIBHBIX MPUOOPOB.

[Ton HOpMaNTbHBIMU YCIIOBUSAMH, HAIPUMEDP, MOTYT TOHUMATHCS: TEMIIEpaTypa OKpYyKarollei
cpensl (+20 £.2) C;

MOJIOKEHHWE Tpubopa TOPU3OHTAIBHOE, C OTKJIOHEHHMEM OT TOPU30HTAJIbHOTO HE
npesbimaomuM +£2 C; oTHOcUTeNbHAs BIaXHOCTH (65 = 15)%; MPAKTUYECKOE OTCYTCTBHUE
BHEIIHUX MAarHUTHBIX U AJIEKTPUUECKUX MOJeH; . vactora nurtawoiei cetu (50 + 1) 'y u Tak nanee.

JlonoysHUTENbHASsT TOTPEUIHOCTh BO3HMKAET MPHU OTKJIOHEHWU YCJIOBUM WCHBITAaHUS |
JKCIUTyaTalluy Tprudopa OT HOPMAJIbHBIX.



Hanpumep, npuBeleHHas MOTPELIHOCTh 3IEKTPOH HO-U3MEPHUTEIbHBIX NPUOOPOB MpHU
HOpMAaJIbHBIX YCJIOBUSX He npeBbimaet 1%. Eciu ke TemnepaTypa oKpyXarolei cpepl JIEKHUT BHE
YKa3aHHOTO B HOPMAJbHBIX YCJIOBHUSAX JMala3oHa, TO IPUBEIACHHAs MOTPEIIHOCTb MOXET
npesblmath 1%.

2.3 Knacc Tounoctu. Kracc mounocmu 31€KTPOHHBIX U3MEPUTENBHBIX IPUOOPOB -
0000111€eHHast METPOJIOTHYECKas XapaKTepUCTHKa, ONpesienseMas peesaaMy JOMyCTUMBIX
OCHOBHOM U JIOIIOJTHUTEIILHON ITOIPELITHOCTEN.

Knacc Tounoctu K CTpenoOYHBIX M CAMOMMIIYIIMX NMPHOOPOB, Kak MpaBMilo, 0003HAYAETCs
OJHAM YHCJIOM, PaBHBIM MaKCHUMaJIbHO JOIYCTUMOMY 3HAU€HUI0 OCHOBHOHW IPUBEICHHON
HOTPELIHOCTH, BBIPAKEHHON B IIPOLIEHTAX:

A
K(%) = ------- 100 =y100
XN (10)
DJNIeKTPOHHBIE H3MEPUTENbHBIC MPUOOPHI AenaTcs Ha 8 kiaaccoB TouHoctH: 0.05; 0.1; 0.2;
0.5;1.0; 1.5;2.5;4.0.
[Ipumep: MumuBoabT™METp co mKanor 10 S0 MB umeer knacc Tounoctu K =0,5.
OnpenenuTb MaKCUMaJIbHYIO a0COJIFOTHYIO IIOTPELIHOCTD 3JIEKTPOHHOTO U3MEPUTENILHOIO IIpubopa.
Pewenue:
N3 (10) caenyer, uto MakcuMasibHas aOCOJIIOTHAs MOTPEIIHOCTh IPU U3MEPEHUSX BO BCEM
Jarna3oHe paBHa
Kx Xy 0,5x 50
A= = =+ 0,25 MB
100 100
2.4 Bapuamus. Bapuayus TOKa3aHUN BJIEKTPOU3MEPHUTENBHOTO Mpubopa - 3TO
HauOoJIbIIas Pa3HOCTh €ro MOoKa3aHUM MPU OJTHOM U TOM K€ 3HAYCHUH U3MEPSEMON BETUUYHUHBI.

OcCHOBHOM IPUUMHON BapUalUK SIBJISETCS TPEHUE B ONOpax MOABUKHOM yacTH puodopa.

Bapuanuio omnpenensior, cpaBHUBas IOKa3aHUs 3JIEKTPOU3IMEPUTENBHOIO Ipudopa,
CUMTaHHbIE OJIMH pa3 IOCJIE YCTAaHOBKMU TPeOyeMOro 3HauY€HUs U3MEpSeMON BEINYMHBI MOIAXO0A0M
CHHU3Y (CO CTOPOHBI MEHBIIUX 3HAYEHMI), a APYroil pa3 - MOJX0J0M CBEPXY (CO CTOPOHBI OOJIBIINX
3HAYCHHM ).

2.5 llena nenenus. Ilena Oenenusi >IEKTPOM3MEPUTENILHBIX NPUOOPOB YHUCIEHHO paBHA
U3MEHEHHIO M3MepsieMOi BEIMUYUHBI, BBI3BIBAIOIIEMY IEpEMEIleHHe yKa3aTens (CTPEeNKH) Ha OJHO
JICJICHHUE.

[Ipn paBHOMEpHON 1mIKane IieHa [EJIEHHWS paBHA OTHOLICHUIO IIpelena HU3MEpPEHUs
JIEKTPOU3MEPUTEIBHOTO IPUOOPA XK UUCITY AETIEHUH ILKAJbI 71

C=Xp/n

2.6 Ilpenen usmepenus Ilpeden uzmepenus >1EKTPOU3MEPUTEIIBHOTO NMPUOOPHI 3HAYEHHE
U3MEpAEeMON BEIMUYMHBI, I[P KOTOPOM CTpellka Hpubopa OTKJIOHSETCS [0 KOHI@A IIKailbl.
OneKTpou3MepUTEIbHbIE  NPUOOPHl  MOTYT  MMETh  HECKOJIbKO  MpPEeNIOB  HU3MEpEHUs
(MHOTOMpeaenbHbIe MpUOOpPH!). [Ipn U3MepeHusIx TakuMu IpudOpaMy Ha pa3IMUYHbIX MIpejiesiax LeHa
NesieHus OyJeT pa3auydHa.

2.7 YyBCTBUTENBHOCTb. YygcmeumenbHocmy SPAEKTPOU3MEPUTEIBHOIO IHpubopa - 3TO
OTHOILIIEHHE M3MEHEHUs CUTHaja Ha BBIXOJE 3JIEKTPOU3MEPHUTENBHOTO Mpudopa AyK BbI3BaBLIEMY
€ro U3MEHEHUIO U3MEPSAEMON BEIUYUHBI Ax:



S = Ay/Ax (12)
B OGIHCM CJIyda€ 4YyBCTBUTCIIbHOCTDb

’ (13)

CrnenoBarenbHO, NpU HEIMHEHHOW CTATHUECKOW XapaKTePUCTUKE UYYBCTBUTEIBHOCTb
3aBUCHUT OT X, a IPU JIMHEHHON CTaTUYECKOM XapaKTEepUCTHKE ~4yBCTBUTEIbHOCTb IOCTOSIHHA.

Y 3IeKTpOM3MEpUTENbHBIX NPHUOOPOB MPH IOCTOSHHOM YYyBCTBUTEIBHOCTH IIKaja
paBHOMEpHas, TO €CTh JUIMHA BCEX JIEJICHUI OAMHAKOBA.

3 U3mepeHnue Toka, HaIpsyKEHUS ¥ MOLTHOCTH

3.1 Usmepenue toka. [l U3MEpeHUs TOKa CIyXKaT aMIEPMETPhl, MIIIHAMIEPMETPbl U
MHUKpOaMIIEpMETPbI. DTH NPUOOPHI BKIIIOUYAIOTCS MOCIEI0BATENBHO B y4aCTOK 3JIEKTPUUECKOM LIETIH.

ITpu 3TOM HE0O6X0AMMO, YTOOBI BHYTPEHHEE COINPOTHBIIEHHE aMmIlepMeTpa ObLIO Majio 1o
CPAaBHEHMIO C COIPOTHBJIEHHEM Y4YacTKa DJIEKTPUYECKOH Lienmu, B KOTOPOH OH BKIKOYEH. P
IIPOTHBHOM CJlydae BKJIIOUEHHE NPHOOpa BBI30BET CYIIECTBEHHOE U3MEHEHA CONPOTUBIICHUS U TOKA
Ha JJAaHHOM Y4aCTKe 3JIEKTPUUYECKOH IIeNH, a TaK )K€ U3MEHEHHE pexHrMa paboThl Beell Lemnu.

ConpoTuBieHus: KaTyllek (pamMoK) 3JeKTPOU3MEPHUTEIbHBIX HPUOOPOB cocTaBisAloT 1 ...2
kOM paccunTaHbl Ha IOJHOE OTKIOHeHue crpenku npu Toke 100..500 Mk/[(urocooTBeTCTBYET
najeHuio HanpspkeHus Ha npubope 0,1.-.1 MkA). CinenoBarenbHO, HEMOCPEACTBEHHOE BKIIIOUEHUE
ANEKTPOU3MEPUTEIBLHOIO0 MpUOOpa BO3MOKHO TOJIBKO IIPU M3MEPEHMM ManbiX TOkoB 10 500 kx B
BBICOKOOMHBIX 3JIEKTPUUECKUX LIETISIX.

YroObl MCII0JIb30BaTh AaHHBINA IPUOOD 711 U3MEPEHHs TOKOB OOJIBIINX 3HAYEHUN U CHU3UTh
€ro BHyTPEHHEE COIIPOTUBIICHUE IPUMEHSIOT ULYHIMb.

Iy npencrasisier co60if MaHraHUMHOBBIE IJIACTUHBI WM CTEP’KHH, BIAsSHHbIE B METHbIE
WIN JIATYHHbIE HAKOHEYHUKU. CONPOTUBIICHUE IIYHTA 3HAYMTEIbHO MEHbIIE COPOTUBIICHHS PAaMKU
npubopa. IIyHT Bkiro4aercs B IEKTPUYECKYIO LENb IOCIEI0BATEIbHO, a MapaJlICIbHO €My
MOAKJTIOYAETCS paMKHu (KaTymika) mpuodopa.

PA
RA
au "{4
I, R
—t e
I I

1 - myHT; 2 - paMka (kaTtymika) npudopa; I - uamepsieMbrit Tok; I, - Tok yepe3 mryHT; I4-
TOK 4epe3 pamMKy mnpuodopa.
Pucynok 3 - Cxema BKJIIIOYEHHS TPUOOpPA C IIYHTOM
ITo 1 3akony Kupxroda nzmepsemMbiii TOK B JIEKTPHUECKOH 1IeTH
[=1Ia+ Iy

rae I4- Tok uepes pamky npubopa, A;
I,y - Tox yepe3 myHT, A.
Tak kak r>>r1,,10 1,<<lI;y, TaK uTO I;7)= L



[Tpu napannensHOM coenuHenuu Iy X ry = Iy X 1y mm
IA/ I,_u = I'u_[/ T4

T4
Iy = === 5
n-1 (6.14)
I
rae n = ----- - KO3(QPUIUEHT ITyHTUPOBAHUS.
Ia

IIpumep: Pamka npubopa MarHUTOAIEKTPUUECKON CUCTEMBI UMEET coNpoTuBiIeHue 4= 1500
OM u paccunTaHa Ha MakKCHUMallbHOE€ OTKJIOHEHHMEe npu Toke | = 250 mkA. Onpenenuthb
COINPOTUBIICHUELIYHTA I, U3MepeHHs TOKOB 10 50 MA. Pemenne:

1. Onpenenum k03pPUIHECHT wyHmuposanusn :

I 50x10°
R =200
Ia 250x10°
2. OnpenensieM CONMPOTUBIICHUE IITYHTA
T 1500
Iy = = =17,54 Om

n-1 200 -1

B amnepmertpax, npeaHa3sHau€HHBIX 11 U3MepeHust TOKOB 10 100 A, m1yHTbl BMOHTUPOBaHbI
B KOpITyC IpuOOpa U MPUCOEAUHEHBI K KOHTAKTHBIM BBIBOJHBIM 3a)KHMaM.

B amnepmerpax, npenHa3zHaueHHBIX JUIsl H3MepeHus TokoB Oosiee 100 A, mIyHTHI JenaroTcs
Hapy>KHbIMU U MIPUCOECTUHSIIOTCS K HUM IPU IOMOILM CIEHaIbHbIX KaTMOPOBaHHBIX MPOBOJHUKOB,
TaK KaKk MHaue pacrnpesie]eHue TOKOB OyyT HelPaBUIIbHbIM.

Jiis  pacuMpeHMsl MpeAeioB H3MEPEHUs aMIepMEeTpOB B IEMSIX CHUHYCOUJAIBHOTO
(mepeMeHHOro) TOKa MNPUMEHSIOTCA  mpaHchopmamopsl  mMoKda, KOTOpblE —CIy)KaT — JaJs
npeoOpa3oBaHus OOIBIIMX TOKOB B MaJIbI€.

[lepBuunas oOMoTKa TpaHchoOpMaTopa TOKa, COCTOSIIAs M3 Majoro YHCIa BUTKOB,
BKJIIOUAETCS M1OCJIEI0BATENBHO B 1IENb C U3MEPSAEMBIM TOKOM.

Bropuunas oOMOTKa COCTOMT M3 OOJBIIOrO 4YHWCIa BUTKOB W B HEE BKIOYAIOTCA
U3MepUTENIbHBIE NPUOOPBI (aMIEPMETPhI), N30JIMPOBAHHBIE OT BBICOKOBOJIBTHBIX M CHJIBHOTOYHBIX
IIPOBOJIOB.

Ha macnopre B Buzae ApoOu ykas3biBaeTcst K03((UIMEHT TpaHchopManuu TpaHchopmaropa
TOKa!

Ile

rae I, - Tok mepBuYHON 0OMOTKH, A;

I, - Tok BTOpr4HON 0OMOTKH, A;

W) - 4ucll0 BUTKOB IIEPBUYHOM OOMOTKH;

W~ UUCIIO BUTKOB IEPBUYHON OOMOTKH.

Hanpuwmep, 100/5 A o3Hauaer, 4TO JaHHBIN TpaHCPOPMATOP TOKA PACCUUTAH HA TEPBUYHBIN
Tok 100 A u Bropuusbli TOK - 5 A. Koaddunuent tpancopmanuu sroro tpanchopmaropa K
=100/5=20.



3nass K W TmOJy4YuB T[IOKa3aHWs aMIlepMeTpa BO BTOPUYHOM IenH TpaHcopmaTtopa

TOKa [, MOYKHO OIpenenuTsh NEPBUYHBIN TOK
I] = KIZ

BOJIbIIMHCTBO TpaHcGOpMATOPOB TOKA BBEITYCKAIOTCS C HOMUHATHHBIM BTOPUYHBIM TOKOM 5
A.
3.2 MUsmepenune HanpspkeHus. Jlis U3MepeHUs HANpsKEHUsl CiykaT BoJbTMETpbl. OHu
MOJIKJIIOYAIOTCS ApaUIeIbHO YUaCTKY, HA KOTOPOM HEOOXOAUMO U3MEPHUTh HaIPsHKEHHUE.
BHyTpeHnHee conpoTHBIEHHE BOJBTMETPA JAOKHO OBITh 3HAYUTENHbHO OOJBIIE CONMPOTHUBIICHUS
y4acTKa, K KOTOPOMY OH MOJKJII0YaeTcs, TaK KaKk B MPOTHBHOM CIIyyae BOJIBTMETpP Oy/leT OKa3bIBaTh
BIMSHUE Ha TOKOpAc Npelele HHUE B IJIEKTPUUYECKOM LeNM M pe3yiapTaTbl HM3MEpeHus OyayT
CoJIepKaTh OOJIBIYIO IOTPELIHOCTb.
Jig  paciiupeHuss NpenesioB H3MEPEHMM BOJIBTMETPOB IOCJIEN0BATENIbHO C HHMMM BKJIHOYAIOT
000a80YHbIE CONPOMUBTEHUS.
B nmpubopax na nanpsikenue no 300 B, moGaBouHble CONPOTHUBIEHUS BMOHTHUPOBAaHBI B KOPILYC
npuOOPOB WM YKPEIIJICHBI CHAPYKU MTPHUOOPOB.
s uzmepenust HanpspxeHui cBeie 300 B 1o6aBoyHble COMPOTUBICHUS MPUCOCIUHSIOT K OJHOMY
U3 BBIBOJIHBIX 3aKUMOB Mpudopa.
JloGaBOUHbIE CONPOTUBIIEHUS PACCUNUTHIBAIOT TaK, YTOOBI B LIENIH C YBEJIIMYEHHBIM HAINPSKEHUEM 10
00MOTKe (pamMKe) BOJIBTMETPA MPOXOAMJI TOT K€ TOK, YTO U MPU HOMHHAJIBHOM HAIpPSKEHUU, HA
KOTOpPOE paccuuTaHa 0OMOTKa.
OO6MoTKa paccunTaHa Ha TOK

IV = U/rv,

rae ly - Tok, mpoTekarouil yepe3 paMKy BOJIbBTMETpA, A;
U- nanpsbxkeHue Ha paMmke, B;
I'y- CONPOTUBIIEHHUE paMKH, OM.
[Ipu yBenuueHun HaNpsHKEHUS B LETH B 7 Pa3, TOK / yIOJHKEH OCTAThCS MPEKHUM

nU
IV T
Iv + T'noel'v
Orcrona
Tos =Ty X (n—1) (14)

IIpumep. BonbrmerpoMm Ha 15 B HeoOxoanmo uzMeputs Hanpspkenue 150 B. Onpenenuts
00aBOYHOE COIIPOTUBIIEHHE, €CIIM BHYTPEHHEE collpoTuBieHue BoabTMeTpa 900 Om.
Pemenne:
1.0Onpenenum OTHOIIEHUE U3MEPSIEMOI0 HAIIPSKEHUS K HAIIPSKEHUIO BOJIBTMETpa
n=150/15=10
2. Jlo6aBOYHOE CONPOTUBIIEHUE
Tos =Ty X (n—1)=900x 9=8100 Om

Jns  u3MepeHHs  BBICOKMX  HANpPsDKEHMM  CMHYCOMJAIBHOTO  TOKAa  NMPUMEHSIOT
TpaHcpOpMaTOPbl HAIPSIKEHUS.



[lepBuuynas  ob6MmoTka  TpaHchopMmaTopa  HampsDKEHHMs — BKJIIOYAeTCsl — HapayljiesbHO
HOTPEOUTENIO U UMEET OOJIBIIOE YNCIIO BUTKOB.

B nmacnopre TtpaHchopMaTopa HampsOKEHUS YKa3blBA€TCS OTHOIIEHHE HANpPSKEHUH
NepBUYHON U BTOpUYHON 0OMoTOoK. Hampumep 5000/100 o3HavaeT, YT0 HOMHHAIBHOE HANpPSKEHNE
nepsuuHoil oomotku 5000 B, Broprunoii - 100 B.

Koaddumuent tpanchopmannm HanpsKkeHUST

K =5000/100 =50

3Has K ¥ HampspDKeHUE BTOPUYHOM OOMOTKHM £/, MOXHO ONPEAEIUTh IEPBHUYHOE
HaInpsKeHue:

U1 = KU2

BonbmnHCcTBO  TpaHC(OPMAaTOpPOB  HANPSKEHUS  BBIIYCKAETCd C  HOMHUHAJIbHBIM
BTOpUYHBIM HanpspkeHuem 100 B.

3.3 M3MmepeHue MOILIHOCTH 3JEKTPUUECKOro Toka. Jlyis U3MEpeHHs MOLIHOCTU B ILEMsX
IIOCTOSIHHOTO M B LEMAX CHHYCOMJAIbHOTO TOKAa IPOMBIIUICHHONM YacTOThl NPUMEHSIOTCS
BaTTMETPbI, 00eCIeunBaIOINNA HEMOCPEACTBEHHBIN OTCUET MOIIHOCTH IO ILKAJe.

BaTtT™meTp 351eKTpoJMHAMUYECKON CUCTEMBI COCTOUT U3 IBYX KaTyIIeK (PaMoK):

- HEMOJABM)KHOM, TOKOBOH W3 TOJICTOTO TNPOBOAA, BKJIIOYAEMOH IOCIEIOBATEIbHO C
noTpedurenem;

- MOABM>KHOM OOMOTKM HAIPSKEHUSI, BHIIOJHEHHOW M3 TOHKOTO IPOBOJA U BKJIIOYAEMOM
HapajuIeIbHO MOTPEOUTEIIIO.

[Ipy 1DOCTOSSHHOM TOKE BpallalOIIMi  MOMEHT AJIEKTPOJAMHAMUYECKOro mpubdopa
IPOMNOPLHMOHAIIEH IPOU3BEACHUIO TOKOB B €T0 0OMOTKAX:

My, = kI,
rae [H- TOK B HEMOJABUKHOM KaTyllKe, A;
[;,- TOK B MOABMIKHOM KaTyIIke, A.
B BarrMerpe TOK MOABHMXHOW OOMOTKHM HpSAMO MNPONOPLUOHAIEH MPUIOKEHHOMY
HaIPSHKEHUIO
I, =U/R,

rae Ry- conporuBinenne noaBuKHON KaTymku, Om.

CrnenoBarenbHO, BpallalOIIMA MOMEHT INPSAMO IPONOPLUOHANEH MOINHOCTH. [losTomMy
INEKTPOAUHAMUYECKUI BATTMETP UMEET PABHOMEPHYIO LIKAIlYy, TO €CTb.

My, = kI, U/R, = kP

Bpamaromuii  MOMEHT  3JIEKTPOJMHAMUYECKOro Ipubopa, BKJIIOYEHHOIO B  IIEMNb

CHUHYCOM/IAJIbHOTO TOKa
M, = kIl cos@

TO €CTh IIOKa3aHUsl BATTMETPA IPONOPLUOHAIBHBI TOKY, HAIIPSKEHUIO U COSP, TO €CTh AKTUBHOU
MOILIHOCTH Lenu P.

BaTtT™meTrp uMmeeT 4yeTbipe 3akuMa, K ABYM BBIBOJUTCS TOKOBas OOMOTKA, K IPYTUM JIBYM
- obmorka HampspbkeHus. [lepBas mapa 3aXMMOB BKIIOYAeTCs B HM3MEpsAEMYIO LElb
II0CJIEI0BATENIbHO, BTOpas - mapauienbHo. Hauana oOMoTOK 0603Havaercst 3Be3noukaMu (*) u
COCAMHAIOTCA BMecTe. OTO Heo0XOAMMO, 4YTOObl TOKM B KaTylIKax MpOIYCKAaIUCh B
OIpeIeIEHHOM HaIlpaBJICHUH.

Ha mixasne BaTT™METpa yKa3bIBalOTCS BEPXHUE IPEIENIbl U3MEPEHUN TOKA U HAIPSDKEHUS.
Ecnu, HanpumMep Ha mikane BartMeTpa o0o3HadeHo [=5 A u U= 100 B, 3To 3HauuT, 4TO BEpXHUI
npenen usmepenus Barrmerpa P = 500 BT, To ecTb UM MOXXHO U3MepsITh MOIIHOCTH 10 500 Br.



OueBUAHO, UTO 1I€HA JIEJICHHUS] BATTMETPa paBHA
c=P/n=1Umn
A€ 71 - YUCIIO JAEJIEHUMN IIIKAJIBL.

2.3 Jlaboparopnasi padota Ne 3 (2 yaca).

Tema: «MccienoBanue 3akoH0B Kupxroga u npyHUMNIA HAJIOKEHUS B CJIOKHOH
IJIEKTPUYECKOM e MOCTOSTHHOT0 TOKA)
2.3.1 ean padoTsl:

DKCTIEepUMEHTAIBHO MPOBEPUTH CIIPABEITMBOCTE 3aKOHOB Kupxroda.

DKCIEPUMEHTAIBHO MPOBEPUTH CIPABEAJINBOCTD IPUHLIUIIA HAJIOKEHHUS.

OcBOUTB pacyeT CI0KHOU 3JIEKTPUUECKOH 1€ TOCTOSHHOIO TOKa METOJ0M KOHTYPHBIX TOKOB.
2.3.2 3agauu padoThI:

l. CobpaTth 35eKTpruecKylo Lienb o pucyHky 1. Ha cxeme B oTueTe ykas3arh HallpaBlIeHHE
TOKOB BCEX BETBEI B COOTBETCTBUU C MOJSPHOCTHIO YCTAHOBIIEHHBIX B IIENN aMIIEPMETPOB.

2. VY cTaHOBUTH MapaMeTphbl 3JIEMEHTOB 1IENU B COOTBETCTBUU C TEXHUUECKUMU
XapaKTEePUCTUKAMHU, BHIMMCAHHBIMU U3 TAOIUIBI | IO BApUAHTY, yKa3aHHOMY IPETOaBaTEIEM.
3. IIpoBecTu n3MepeHre TOKOB BETBEH B pexuMe, Koraa AeicTByroT Bce uctounuku J/1C.
Pe3ynbrarel u3mepeHuii 3anectu B TaOIUILy 2.

4. OtxitounTh aeictBue ucTouHukoB 3¢ E2 u E3, ynanus ux u3 uenu.

5. [IpoBecTn n3mepeHrne TOKOB BETBEHN B pexKUMeE, KOT/1a 1eCcTByeT nCTOUHUK E1.
PesynbTarsl u3smepenuii 3anectu B Tabauy 2.

6. Otkirounts nerictBue uctouyHukoB 3¢ El1 u E3, ynanus ux u3 nenu.

7. [IpoBecTn n3mMepeHre TOKOB BETBEH B peKUMeE, KOT/1a IeMCTBYET UCTOYHUK E2.
Pesynbrarel u3mepeHuii 3anectu B TaOIuUILy 2.

8. Otkirounts nerictBre uctouyHukoB 3¢ El1 u E2, ynanus ux u3 nenw..

9. IIpoBecTu n3MepeHre TOKOB BETBEH B pexUMe, Koraa aeiicTByeT ucTouHUK E3.
Pe3ynbrarel u3mepeHuii 3anectu B TaOIuUILy 2.

10.  Ha ocHOBaHMU MOJYYEHHBIX PE3YJIBTATOB BBIIOJIHUTH IPOBEPKY CIIPABEIMBOCTH
3akoHOB Kupxroga. CoctaBuTh ypaBHEHHUS 17151 K&KJOTO y3J1a LETH 110 IEPBOMY 3aKOHY
Kupxroda, moactaButh B HUX MOJTYYEHHBIE B IEPBOM SKCIIEPUMEHTE TOKH U YOSAUTHCS B
CIpaBeUIMBOCTH ypaBHEHU. COCTaBUTh YPAaBHEHMUS JIs TPEX HE3aBUCUMBIX KOHTYPOB 1€ 110
BTOpOMY 3akoHy Kupxroda, moacTaBuTh B HUX OJyYEHHBIE B IEPBOM IKCIIEPUMEHTE TOKHU U
yOenuThCs B CIIPABEAJIMBOCTUA YPABHEHUH.

11.  BBINOTHUTH MPOBEPKY CHPABEAITUBOCTH MPUHIUIIA HATOXKEHU. [|J1s1 3TOr0 paccuurarhb

TOK KaXXIOM BETBU KaK CYMMY COCTABJAIOIIUX €I'0 TOKOB OT JIEUCTBUS OTACIbHBIX HCTOUHUKOB



OJIC. CocraBisitoniyue TOKM — pe3yabTaThl SKCIEPUMEHTOB 2, 3, 4. [losiydeHHbIE TOKH 3aHECTH B
TabJIMIy 3 ¥ CPaBHUTH C pe3yJibTaTaMu 3KcIepuMeHTa 1 o tabnuue 2.

12.  Hcnons3ys MeTOA KOHTYPHBIX TOKOB, TCOPETUUYECKH PACCUYNTATh TOKH BCEX BETBEU LICTIH.
Pe3ynbrarhl pacueToB 3aHeCTH B TaOIHILy 3 U CPAaBHHUTH C pe3yabTaTaMH SKCIIEpUMeHTa 1 o
Tabnuue 2.

13. CocraButh ypaBHEeHHE OanaHca MOUTHOCTH IIETH, MIOJICTABUTh B HETO PE3yJIbTAThI OIbITA
1 n yGeautbcst B ClipaBeAJIMBOCTH YPABHEHHUS.

2.3.3 Ilepevyenb npudOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOpHOii padoTe:

1. Komnbrorep «llentrnym-4»

2.3.4 Onucanue (xox) padorbI:

O0beKT U cpeacTBa uccjaeJ0BaAHUSA

OOBEKTOM UCCIIETOBAHUS SBIISCTCS CIIOKHAS SJIEKTPUYECKas [EMb MOCTOSIHHOTO TOKA C TPeMs
UCTOYHUKAMU 3JIC U HIECThIO BeTBAMMU. MccienoBanyst BBIMOIHAIOTCSA HAa KOMIIBIOTEPE C
UCII0JIb30BaHuEM nporpammsl Multisim.

3HeKTpl/l‘leCKaﬂ cxemMa

PA1 PA2
R1 R2
OS50
() ey
El E2
0, (D W
R3
PAS R5 PA6
—@—: %—@—
R4 PA4

Puc 1



Ta0ymma 1 I1apameTtpsl 2i1EMEHTOB 1IETIA

Ne Ey, E,, E,, Ry, Ry, R;, Ry, Rs, Rs,

Bap.| BomasT BousT BonbT Om Om OmMm Om Om Om

1 36 10 15 4 8 3 1 2 1,5

2 16 28 15 4 15 3 1 2 1,5
3 26 17 5 4 1 3 1 2 3
4 6 10 4 4 2 3 3 2 3
5 10 25 20 4 4 3 2 2 3
6 18 5 30 8 5 2 3 4 2

Tabnuna 3 Pesynbrarsl pacueTos
L, L, L, L, Ls, I,
Meroauka pacuera Awmriep Awmriiep Awmriep Awmriiep Awmrep Awmnep

MeTO,H HAJIOKCHUA

MGTO,I[ KOHTYPHBIX TOKOB

2.4J1aGopaTopHas padora Ne 4 (2 yaca).
Tema: «McciaenoBanume nend TMOCTOSSHHOTO TOKa €  MOCJAEAOBATEIBHBIM H

nmapamuieJbHbIM BKJINYCHUEM 3JIEMEHTOB

2.4.1 llean padoThI:

1.VscHUTh NpUHIUIBI PaUIECKOro U300paXeHUs HIEKTPUUECKON 1IeTIH.

2.Hayuutbes coOupaTh 3J€KTPUYECKUE LIETIH.

2.4.2 3agauu padoThI:

1.0cBOUTH METO/IBI pacueTa MPOCTHIX ANEKTPUUECKUX LIETIEH.

2.HayuuTtbcs BKIIIOYATh B 1I€Nb 2JIEKTPOU3MEPUTENIbHBIE IPUOOPBI, BHIOUPATh U YCTAHABIMBATh
npezesnsl U3MEpEeHU U MPOU3BOIUTh U3MEPEHHUS.

2.4.3 Ilepevyenb npudOpPOB, MaTEePHAJIOB, HCIOJIb3YyeMbIX B J1a00opaTopHOii padoTe:

1. Ucrounuk nutanust UIT 1 (8 m.),

2. amnepmerp +23A (4 wr.), £20A (4 wr.);

3. BoapT™eTp £150B (3 mt.); £300B (5 mT.);

4. namnbl HakanuBauus 250B 150 Bt (4 m.), 250B 100 BT (10 mt.);
5. pesucrtop [I15B25 (4 mt.), [19B 10 (3mT.).

2.4.4 Onucanmue (xoa) padoThbI:



1. HauepTuTh NpuHIMIHAIBHYIO CXeMY (110 YKa3aHUIO IPEToAaBaTess) U MOJIy4YnuTh 3alaHue.
B cooTBeTcTBHM C MOTYyYEHHBIM 33/JaHUEM JIOTIOJHUTH CXEMY U3MEPUTEIbHBIMH MPUOOPAMH.

CobpaTthb 1enb 10 HauepUEHHOM cxeMme.

el A

HpOI/ISBCCTI/I PacdCT HAIIPAKCHUSA, CUJIbI TOKA U MOIIIHOCTU HA YKA3aHHbIX B 3a/laHUHN

ydacTKax.

e

Bb16paTh 1 ycTaHOBUTH NPEAEIIBI H3MEPUTENBHBIX IPUOOPOB B COOTBETCTBUU C pacue€TaMHu.
6. Ilocne npoBepKH cXeMbl IPENOJABATENIEM U MOIYUYEHHUS pPa3pelIeHUs], BKIIOUUTh UCTOYHHUK
IUTAHUA U CHATh IOKa3aHUs IPHOOPOB.

7. O6paboTraTh pe3yiabTaThl K3MEPEHU U BEIUUCIUTh OTHOCUTEIBHYIO TOTPEIIHOCTbD.

Ta6auna pacyeTHBIX BeJINYHH.

U (BonbT) I (Amnep) P (Barr)

Tabdauua u3sMepeHHbIX BeJIUYHH.
PU PI PW
CU = CI
HemeH. Boabst JleneH. Awmriep HemeH. Bart

Il
Q
I

E4

oOW>

Puc. 1

2,

R1 E5

Q.9,%
R,

E6

Puc. 2



2.5 JIabopatopHas padora Ne 5 (2 yaca).
Tema: «MccaenoBanue CJI0KHOM MeNH MOCTOSTHHOI0 TOKA €O CMeIIaHHbIM
coeMHEHHEM IJIEMEHTOB.)

2.5.1 Hean padoTsI:

1. VYSCHUTH NPUHIMIBI IPAYUIECKOr0 H300paXKEeHUs HIEKTPUUECKON LIeTIH.

2. Hayuutbcs coOupaTh 31€KTpUUECcKUe Lemu.

2.5.2 3agauu padoThI:

l. OcBOUTH METO/IbI pacuyeTa IPOCTHIX JEKTPUUECKUX LIETEH.

2. Hayuutbcs BkmouaTb B LI€Nb  3JEKTPOU3MEPHUTENbHbIE NPUOOPHI, BBIOUPATH
yCTaHaBJIMBATh MPeAEsbl U3MEPEHHUH U IPOU3BOIUTH U3MEPEHUS.

2.5.3 Ilepevyenb npundOpPOB, MaTEePHAJIOB, HCIOJIb3YyeMbIX B J1a00opaTopHOii padoTe:

1. Ucrounuk nutanust UIT 1 (8 mT.),

2.amnepmerp £23A (4 wt.), £20A (4 wr.);

3.BoasT™eTp £150B (3 mt.); £300B (5 mT.);

4. namnbl HakanuBauus 250B 150 Bt (4 mt.), 250B 100 BT (10 mt.);
5. pesucrop [I19B25 (4 mt.), [19B 10 (3 mT.).

2.5.4 Onucanue (xox) padorbI:

1. 1HayepTuTh NpUHIMIHATIBHYIO CXeMY (TI0 YKa3aHHUIO MPENo1aBaTelisl) U MOJYIHTh
3a/laHue.

2. B cooTBeTcTBUU C MOTYYSCHHBIM 33JaHUEM JIOTIOTHUTH CXEMY U3MEPHUTEIbHBIMH
npudopamu.

3. CoOparth 1enb 10 HaYepUEeHHOU CXeMe.

4. [TpousBecTr pacueT HAPsHKEHUS, CHITBI TOKA M MOIITHOCTH HA YKA3aHHBIX B 3aJ[aHUU
y4acTKax.

5. BbIOpath ¥ yCTaHOBUTB MPEEIIbl U3MEPHUTEIBHBIX TPUOOPOB B COOTBETCTBHH C
pacueramu.

6. [Tocne mpoBepKU CXEMBI MPENOIaBATEIEM U TIOTyUSHUS Pa3pelICHHs], BKIIFOUNUTh

HCTOYHHUK INUTAHUA U CHATH ITIOKAa3aHUA HpI/I60pOB.

7. O06paboTaTh pe3yibTaThl K3MEPEHUI U BEIUUCIUTh OTHOCUTENIbHYIO IOTPEIIHOCTD.

O0beKT U cpeAcTBA UCCJIe0BAHUS

u

O0BeKTOM HCCIICAOBAHUS CIIYXXHUT SJICKTPUICCKAA LCIIb, KOTOPYIO co61/1paeT OKCIICPUMCHTATOP B

COOTBETCTBUU C MPUHIUITAAIBHON CXEMO.

TexHuueckas XApPaKTEePUCTUKA 3JICMECHTOB LICIIH:

HarnpsikeHne nCTOYHMKA IUTAHUS: 30 B.

Jlamna HakanuBanus E1: 36 B, 60 Br.
Jlamma HakanuBanus E2: 36 B, 63 Br.
Jlamna HakanuBanus E3: 36 B, 68 Br.

Pesucrop R1: 15 Om.



Tabauna pacyeTHbIX BeJIUYUH.

U (BonabT) I (Amnep) P (Barr)
Ta0uuna u3MepeHHbIX BeJIUYHH.
PU PI PW
CU = CI = CW =
HemeH. Boabst JleneH. Awmriep HemeH. Bart

CxeMbl 3JIEKTPUYECKHX Lienen

G R1 @ El @ E2 ® E3
Puc. 1
1
Rl E2
G
El E3
Puc. 3
1
R1
G E2 E3
El

Puc. 2



2.6 JlaGopatopHas padora Ne 6 (2 yaca).
Tema: «ccienoBanue enu nepeMeHHOr0 TOKa ¢ MOCJAe10BATEJIbHBIM BKJIYEHUEM
3J1eMEHTOB»

Ieanb padoTsi:
2.6.1 Llean padoThl:

1. O3HaKOMI/ITBCSI CcO CBOﬁCTBaMH 3JICMCHTOB BHGKTpH‘ICCKOﬁ enn CI/IHyCOI/I,HaJIBHOI‘O
MEePEMEHHOTO TOKa.

2.6.2 3axayu padoThI:

l. HccnenoBath pexumbl pabOThl HEPA3BETBIEHHOM 1IETIH IEPEMEHHOI0 TOKA ITPU

WHAYKTUBHOM U €EMKOCTHOM XapaKTCPEC HAI'PY3KHU.

2.1.3 Ilepevyenb npudOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:

1. Komnetorep «IlenTym-4»

2.6.4 Onucanmue (xoa) padoThbI:
CobpaTp 3JIEKTPUUECKYIO LIEMb, UCIOIb3Ysl pUC. 1. YCTaHOBUTH MapaMeTphl 3JEMEHTOB LIENU B

COOTBETCTBUM C TEXHUYECKUMU XapaKTEPUCTUKAMH BBIITMCAHHBIMU U3 TaOJUIB! | IO BapUaHTY,
YKa3aHHOMY IIpenojaBaTesieM. AMIIEpMETP U BOJIBTMETPBI IepeBecTh B peskuM AC.

[IpoBectu n3MepeHue Toka U HaNpsHKEHUH B Lieny. Pe3ynbraTel H3MepeHuil 3aHECTH B TaOIHILY
2.

[MoaxnrounTs K nenu ocupuuiorpad. [Ipu s3ToM kaHan A MOAKIIOYUTE NapaylieabHo Beeil nenu (K
Touke 1), a kaHa) B — napanienbHO aKTUBHOMY CONPOTUBIICHUIO (K TOUKE 2). Y CTaHOBUTH
YyBCTBUTEIBHOCTb KaHalla A — YA , 4yBCTBUTENbHOCTb KaHasa B — YB u yacroty pa3sBepTku
XT B coorBercTBUU ¢ Tabnuieit 1. Bkatounts pesxkxum ZOOM Ha ocuusuiorpade.

[Tpu nmoMomy BU3UPHBIX JIMHUHA Ha 9KpaHe ocLuiuiorpaga onpeaesuTh BpeMEHHOM CBUT 1O
(aze Mex 1y HalpsKEHUEM Ha PE3UCTOPE U HANPSKEHUEM Ha Beel 1enu (KpacHYyIo BUSHPHYIO
JMHUIO COBMECTHUTD C TOUKOM MepeceueHns KpUBOH HaNpPsKEHUsS Ha PE3UCTOpe ¢ 0Cho abcLucc,
a CHHIOIO JIMHUIO — C OJMbKaie TOuKol nepeceyeHusl KpUBOW HaIPsDKEHUS Ha BCEH Lienu ¢
ocblo abcmucce). Pesynbrat n3mepenus 3anectu B Tabnuny 2 (AT).

Paccuutath yroia casura ¢a3 Toka U HaIlpspKEHUs Ha BCeH LIENH ¢, CTIOb3Ysl BpEMEHHON CIBUT
1o (aze MeXAy HANPsDKEHUEM Ha PEe3UCTOpe U HanpsbkeHueM Ha Beel nenu (¢ = 360fAT).
Pesynbrar 3anectu B Tabauny 2.

CobpaTh 3JIEKTPUUECKYIO LIEIlb, UCIOIb3YsI pUC. 2. Y CTaHOBUTH IApAMETPhI 3JIEMEHTOB LIENHU B
COOTBETCTBUH C TEXHUYECKUMHU XapaKTEPUCTUKAMHU. AMIIEPMETP U BOJBTMETPHI IEPEBECTU B

pexum AC.



[TpoBecTn n3MepeHue Toka U HampsKeHUH B 1enu. Pe3ynbraTsl H3MEpeHH 3aHeCTH B TaOIHILy
2.

[Ipu moMo1y BU3MPHBIX JIMHUN HA 3KpaHe ocuuiuiorpada onpeaeauTh BpeMEHHOM CIBUT 110
(aze Mex 1y HallpsDKEHUEM Ha PE3UCTOPE U HANpsDKEHUEM Ha Beel 1ienu. Pe3ynbTat uaMepenus
3aHEeCTH B Tabnuuy 2.

PaccunTats yron casura a3z Toka U HaNpsDKEHUS Ha BCEH LENH (9, UCIOIb3Ysl BPEMEHHOW CIBUT
1o (pase Mexkay HaIpsDKEHUEM Ha pe3UCTOpe U HanpshkeHueM Ha Beelt nenu (¢ = 360fAT).
PesynbTar 3anectu B Tabnuny 2.

Hcnonp3ys mapaMeTpsl 3JIEMEHTOB JIEKTPUUECKOH LIETIH, ONPEAEINTh KPYTOBYIO 4YacTOTY O,
MHAYKTHBHOE U EMKOCTHOE COIPOTUBIIEHHE. PaccunTarh yroa ¢ Mexay BEKTOPOM TOKA U
HaIPsKEHUS Ha BCEH LN IS OIIbITA C MHAYKTUBHON U €MKOCTHOM Harpy3kou. Paccunrarts
IIOJIHOE CONPOTHUBIICHUE LIETIEN U, UCTIOIB3Ys 3aKOH OMa, OIPEEeINTh CUITY TOKA LIEMU B KaXA0M
onbiTe. ONpenenuTs HANPSHKEHNUs HA UHAYKTUBHOCTH, EMKOCTH ¥ AKTUBHOM COIIPOTHUBIICHHUU.
Pesynbrar 3anectu B Tabauny 3.

CpaBHUTB pe3yibTaThl paCYETOB C pe3yIbTaTaMU U3MEPEHUH.

I/ICHOHBS}’H PE3YJbTAaThl paCUYCTOB IOCTPOUTHL B Macitade BCKTOPHBIC JHAI'paMMbI Lernei.

O0beKT U cpeAcTBA HCCJIeI0BAHUS

OOBEKTOM UCCIIEJOBAHMSI SIBJIAIOTCS IBE IPOCTHIE AIEKTPUUYECKHUE LIETH IEPEMEHHOI0 TOKa €
UHIYKTHUBHBIM U €MKOCTHBIM XapaKkTepoM Harpysku. VccienoBaHust BBIIOIHSIOTCS Ha
KOMIIBIOTEPE € UCIOJIb30BaHuEM Nporpammsl Multisim

JJIeKTpUYeCcKHe CXeMbl

Puc 1




Tabnuua 2

Pe3yn bTaTbl 3KCNEPUMEHTOB

Pexxum paboThl I, Ug, UL, Uec, AT, ¢, rpaayc
Henu A B B B C
WHayKTHBHAS Harpy3Ka _
EmkocTtHas _
Harpyska
Tabnuua 3 PesynbTathl pacyeTos
Pexxum paboThl , X, Xe, 0, Z, L, UL, Uec, Uk,
enu pan/C Om Om rpagyc Om A B B B
NunyxruBHas . .
Harpyska
Emkocthas _ _
Harpyska
NQ U’ f’ Rs Ly C’ YA’ YB’ XT?
Bap. BoubeT Iepn Om ml'H MKD B/nen B/nen mC/nen

1 220 50 100 500 20 100 100 2

2 220 100 100 200 15 100 100 1

3 127 60 80 300 25 100 50 2

4 127 100 70 150 22 100 50 1

5 380 100 150 350 7 200 100 1

6 380 50 160 450 17 200 200 2

7 220 150 120 180 8 100 100 1

8 110 400 60 30 5 50 50 0,2




2.7 JlabopaTtopHasi padora Ne 7 (2 yaca).

Tema: «MccnenoBanue pe30HAHCHBIX SIBJICHUM B LIEIM IIEPEMEHHOT0 ToKa Pe3onanc
HaIPSKECHUSD)

2.7.1 Hean padoThI:

1. N3y4yeHune pexxrMa pe30HaHCa HaNpsDKCHUH B HEPa3BETBICHHOM LETH IIEPEMEHHOTO
TOKA.

2.7.2 3agauu padoThI:

l. N3yuenne MeTOAMKH pacdeTa mapaMeTpoB HEPAZBETBICHHON LIENIH CHHYCOUAAIBHOIO

MMEPEMCHHOI'O TOKaA.

2.7.3 Ilepevyenb npuOOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a00opaTopHOii padoTe:
1. Komnetorep «IlenTym-4»

2. nmporpamma Multisim

2.7.4 Onucanue (xox) padorpI:

l. CobpaTh 37E€KTPUUECKYIO LIENb 110 PUCYHKY 1.

2. Vcnonb3ys napaMeTpsl 3JIEMEHTOB LIENHU (TEXHUYECKHE XaPaKTEPUCTUKH JIEMEHTOB
BBINKCATh U3 TAOJIMLBI 1 O BapuaHTy, yKa3aHHOMY IIperoiaBaTesieM), paCCUUTaTh
PE30HAHCHYIO YaCTOTY IIEPEMEHHOI0 TOKA B JaHHOW LIeNH . 3allOJIHUTh BTOPYIO KOJIOHKY
TaOIHIIBI 2.

3. VY CTaHOBUTH NTapaMeTPsl EMEHTOB LIENH B COOTBETCTBUU C TEXHUYECKUMU
xapakrepuctukamu. M3amepurensHslie npubopsl nepesectu B pexxum AC.

4. [ToaxrounTs K nenu ocuuiutorpad. Ilpu 3Tom kaHan A NOAKIIOUUTH NapajlieIbHO BCel
nenu (k Touke 1), a kaHan B — napasienbHO aKTUBHOMY COIIPOTUBIIEHUIO (K TOUKE 2).

VY CcTaHOBUTH YyBCTBUTEIBHOCTh KaHana A — YA , 4yBCTBUTEIbHOCTh KaHala B — YB u wacroty
pa3Beptku X T B cooTBeTCTBUU ¢ Tabnuiei 1. Bkimounts pexxum ZOOM Ha ocrimiuiorpade.

5. YcranaBnuBas yactoTy uctouHuka JJ[C B COOTBETCTBUU CO BTOPOU KOJIOHKOW TAOJIHIIBI
2, CHATH IIOKa3aHus NIpUOOPOB B Ka10M onbiTe. [Ipy momoiy BU3MPHBIX IMHUHN Ha dKpaHe
ocumiorpada onpeaenTh BpEMEHHOM CIBUT 1O (aze MKy HaNpsHDKEHUEM Ha PEe3UCTOpe U
HaIPsUKEHUEM Ha BCEH LIENU B KaXA0M OmbITe. [lJIg 3TOro KpacHyr0 BU3UPHYIO JTUHHUIO
COBMECTHTb C TOUKOH MepeceyeHnst KpUBOW HaNpPsHKEHUs Ha Pe3UCTOpe ¢ OChbio abcuuce, a
CHHIOIO JIMHUIO — ¢ OJvpkaiieil TOUKoM nepeceueHus: KpUBOM HaIlpsKEHUS Ha BCEH LIETIH € OChIO

abcuucc. Pe3ynbrarel u3mepeHuil 3anecty B Ta0auLy 2.



6. PaccuuTats yroa casura a3 Toka U HaIlpsDKEHUS Ha BCeH LENH (), UCTIONb3Ys
BPEMEHHOM CABUI IO (pa3e MEXKIy HAPSDKEHUEM Ha PEe3UCTOPE U HANPSIKEHUEM Ha BCel LeNH
(¢ = 360fAT). Pe3ynbrar 3anectu B Tadnuiry 2.

7. Hcnonb3ys napaMeTpsl 2JIEMEHTOB 2JIEKTPUYECKOMN LEMH, Ul KaK0r0 3Ha4EHUs
4acTOTBI ICTOYHUKA ONPEACIUTD: KPYTOBYIO YaCTOTY (0, UHIAYKTUBHOE conpoTusiieHue XL,
eMKoCcTHOe cornpotusiieHue XC, MojaHoe CONpoTUBIeHUE Z, TOK Lienu [, HanpspkeHue Ha
WHJIYKTUBHOCTH, EMKOCTH U aKTUBHOM COIIPOTHUBIICHUH, a TAKXKE YIOJ (0 MEXKIY BEKTOPOM TOKA

W HAIIPSAKCHUA HA BCEH IeMu. PCSYJ'IBTaTBI PacdCTOB 3aHCCTU B Ta6nnuy 3.

8. CpaBHUTB pe3yJIbTaThl PACUETOB C pe3yJbTaTaMU U3MEPEHUH.
9. B oxnoit cucreme koopaunat noctpouTts 3aBucumoct 1, @, UL, UC oT yacToTsI.
10.  Jns yactotsl 0,5fp mocTpouTh B MaciiTabe BEKTOPHYIO JUarpaMmy LEMH.

O0beKT U cpeacTBa uccjaeI0BaAHUS
OOBeKTOM UCCIIEIOBaHMSI SBIISICTCS IPOCTAst HEPA3BETBICHHAS DJIEKTPUYECKast LIEb

MNEPEMCHHOTO TOKaA. I/ICCHCHOBaHI/IH BBITIOJIHAIOTCA HaA KOMIBIOTEPEC C UCITOJIB30BAHUCM

nporpammsl Multisim

JJeKTpUYECKas cxeMa

(A
N

O 3-

©

Puc 1



Tabauya 1

HapaMempbl a/Z1eMEeHmMoe yenu

Ne U, L, C, R, Ya, Y, Xr,
Bap. BoubT MI'H MKD Om B/nen B/nen MC/nen
1 100 20 9,8 40 50 50 0,5
2 150 30 53 50 100 100 0,2
3 127 50 12,7 60 100 100 0,5
4 220 40 7 70 100 100 0,2
5 380 100 25,3 150 200 200 1
6 160 60 21,5 55 100 100 1
7 200 35 10,7 90 100 100 0,5
8 110 70 14,1 30 50 50 0,5
Tabauna 2 Pe3y/ibTaThl 3KCIIEPUMEHTOB
« f=kfp, I, U, U, U, AT, o,
Iepx A B B B C rpaayc
0,5
0,75
1
1,25
1,5
Tabauya 3 Pe3ysabmamul pacuemos
f, , X, Xc, z, I, Ug, U, Uc, 0,
Ieput pan/C Om Om Om A B B B rpanyc




2.8 JIabopatopHas padora Ne 8 (2 yaca).

Tema: «McciienoBanue pe30HAHCHBIX SIBJICHU B el NepeMeHHoro Toka Pe3onanc
TOKa»
2.8.1 Llean padoThi:

1. N3yuenue pexxuma pe30HaHCa TOKOB B pa3BETBICHHOM IEMU NMTEPEMEHHOTO TOKa.
2.8.2 3axayu padoThI:
l. N3yueHnne METOAMKH pacdeTa apaMeTpoB Pa3BETBICHHON LENH CHHYCOUIAIBHOIO

MEPEMCHHOTO TOKaA.

2.8.3 Ilepeyenb npudOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:
1. Komnetorep «IlenTym-4»

2. mporpamma Multisim

2.8.4 Onucanmue (xoa) padoThbI:
1. CobpaTh 3JIEKTPUUECKYIO LIEIb IO PUCYHKY 1.

2. Hcnonb3ys mapaMeTpsbl 2JIEMEHTOB LIETH (TEXHUYECKUE XapaKTEPUCTUKU HIEMEHTOB
BBIMKCATh U3 TaOIULBI 1 IO BapHaHTy, YKa3aHHOMY MPENOJaBaTesIeM), paCCUUTATh
PE30HAHCHYIO YaCTOTY IEPEMEHHOTO TOKA B JAHHOM LIETIH.

3anoaHUTh B Ta0IHUIIE 2 BTOPYIO KOJIOHKY.

3. YcraHOBUTH NTapaMeTphl 3JIEMEHTOB LIENU B COOTBETCTBUU C TEXHUYECKUMU
XapakTepucTukamu. MsmepurensHbie IpuOopsl epeBectu B peskum AC.

4. MoaxnrounTk K nenu ocuusuiorpad. [Ipu 3ToM kaHan A MOAKIIOYUTE K TPABOMY 10 CXEMe
BbIBONY pe3zucropa RU (k Touke 1), a kanan B — napannensHo Beelt nienu (k Touke 2). B
pe3ynbTare TaKoro MOAKIIOYEeHUS KaHall A OyleT perucTpupoBaTh KPUBYIO H3MEHEHHUS TOKA
LeMHY, a KaHall B — KpuBYIO HalpsKeHUs Ha 3TOM LienH. Y CTAHOBUTh UyBCTBUTEIBHOCTh
kaHana A — YA , uyBcTBUTENbHOCTh KaHata B — YB u yacroty pa3septku XT B
cOOTBeTCTBUH ¢ Tabnuuel 1. Bxiarounts pexkxum ZOOM Ha ocummiorpade.

5. YcranaBnuBas yactoTy uctouHuka JJ[C B COOTBETCTBUU CO BTOPOU KOJIOHKOW TAOJIHIIBI 2,
CHSITh TIOKa3aHUs MPUOOPOB B KaXKI0M onbITe. [Ipy momMouy BU3UPHBIX TUHUI HA SKpaHe
ocumutorpada ompeaeTuTh BpeMEHHOH CIBHT 110 (ha3e MEXIy TOKOM I[N U HAMPSHKCHUEM
Ha BCEH LENU I KaXI0i 4acTOThl. /{151 3TOr0 KpacHy0 BU3HPHYIO JIMHUIO COBMECTHUTH C
TOUYKOH NepecedeHrsi KpUBOH TOKa ¢ OChIO abCLKCC, a CHHION JIMHUIO — ¢ ONnKaiiiel Toukoi
nepecedeHus] KpUBOW HAIPSDKEHUs € OChlo a0ciuce. Pe3ynbraTel u3MepeHuii 3aHeCTH B

Tabnuiy 2.



6. Paccuurate yron cupura (a3 Toka u HanpsHKEHUS Ha BCEH 1ETH (9, KCTIOIb3Ysl BpEeMEHHOU
cABHT 10 (a3e MEeKIy HaMpsHDKeHHeM Ha pesuctope RU n HanpsbkeHneM Ha Beeid nenu (¢ =
360fAT). PesynbTaT 3anectu B Ta0IuILy 2.

7. Ucnonp3yst mapamMeTphl 2JIEMEHTOB JICKTPUUECKON 1ETH, TSl KaXI0r0 3HAYCHHS 4YaCTOTHI
HMCTOYHHKA OMPEEITUTh: KPYTOBYIO YACTOTY (®, ITOJTHBIC CONPOTUBIICHUSI BeTBeH Z1 1 7.2,
peaKkTHBHBIE TPOBOIUMOCTH BeTBel bl n b2, Toxu Berseit 11 u 12, Tok Beeit nenw I, a Taxoke
YToJa @ MEXAY BEKTOPOM TOKA M HaIPsKEHUsS Ha BCe 1enu. Pe3ynbrarhl pacyeToB 3aHECTH B
Tabnuiy 3.

8. CpaBHUTH Pe3yJbTAaThl PACUETOB C PE3yJIbTATAMH H3MEPEHUH.

9. B oxHolt cuctemMe KOOpJAMHAT MOCTPOUTH 3aBUcUMOCTH I, @, I1, 12 ot gacToTs! TOKA f.

10.  Jlns gacrot 0,5fp moctpouts B MacmiTabe BEKTOPHYIO AMAarpaMMy LIETIH.

O0beKT U cpeAcTBA HCCJIeI0BAHUS
O6’bCKTOM HUCCICOOBAHUS ABJIACTCA HpOCTaSI pa3BeTBJICHHa$I BHCKTpI/I‘-IeCKaSI I crb HCpCMeHHOFO

ToKa. MccaenoBaHusl BRIMTOIHSIOTCS Ha KOMIIBOTEPC C UCITIOJIB30BAHUCM IIPOTPAMMBI Multisim

JylekTpHYeCcKasi cxeMa

(A0
/

R1

C2
L1 —

Puc 1



Tabauya 1

Hapamempbl a/z1eMeHmos yenu

No U, R, L, R,, C, Ry, Y Y, Xr,
Bap. BousbT Om M[H Om MKD Om MB/nen B/nen MC/nen
1 90 20 30 15 30 0,001 1 50 0,5
2 100 30 50 10 20 0,001 1 50 0,5
3 110 10 60 25 50 0,001 1 50 0,5
4 120 15 70 20 18 0,001 1 50 0,5
5 130 25 40 17 35 0,001 1 100 1,0
6 140 35 80 30 15 0,001 1 100 0,5
7 150 27 75 22 24 0,001 2 100 1,0
8 160 23 85 25 16 0,001 2 100 1,0
Tabsuna 2 Pe3ysibTaThl 3KCIIEPUMEHTOB
K f=Kkfp, I, I, I, AT, o,
Tepn A A A C rpaayc
0,5
0,75
1
1,25
1,5
Tabauya 3 Pe3ysabmamul pacuemoes
f, , 7, Z,, b, b, I, I, I, o,
T'epu pan/C Om Om Cm Cm A A A rpanyc




2.9 JIaGopatopHas padora Ne 9 (2 yaca).

Tema: «Mcciaenopanue nenu nepeMeHHOro TOKa»
2.9.1 Lean padoTsI:
1. HccnenoBanue pexxuma paboThl LIEMHU IEPEMEHHOI0 TOKA ¢ AKTUBHBIMH, UHIYKTUBHBIMU
Y €MKOCTHBIMH 3JIEMEHTaMHU.
2.9.2 3agauu padoThI:
l. OcBO€HME METOJIOB pacyeTa MEKTPUUECKON LIeNTH NEPEMEHHOT0 TOKA C aKTUBHBIMH,
UHAYKTUBHBIMH U €MKOCTHBIMU 3JIEMEHTAMH U HKCIIEPUMEHTAIBHOTO ONPEAEICHHs apaMeTPOB

€€ JJICMCHTOB.

2.9.3 Ilepevyenb npudOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a0opaTopHOii padoTe:

. B xauecTBe UCTOYHMKA TOKA UCIOJIb3YETCA CETh IEpeMEHHOro Toka 127 B, BkitouaeMas npu
noMou  Tpex(asHoro aBTOMATUYECKOTO  BBIKJIIOUaTens. PerynupoBka  HampsbKeHUs
BBIINOJIHACTCS MOTEHIUMOMETpPOM. [l M3MEpeHusl 3JIEKTPUYECKMX BEIMYMH HCIHOJB3YIOTCS
WU3MEpPUTEIIbHBIE MPUOOPHI: BOIBTMETP C mpeaenamu usmepenus 150 u 300 B, ammepmerp ¢
npenenaMu u3MepeHust 2,5 u 5 A, BaTTMETp ¢ NpeAesaMu U3MepeHus 1o HanpspkeHuto 75; 150;
300; 600 B, mo Toky 0,25; 0,5 A 1 u3MepuTeNbHBINA TpaHCHOPMATOP TOKA.

2.9.4 Onucanmue (xo0a) padoThbI:
l. CobpaTh 3JIEKTPUUECKYIO LIEIb.

2. Hcnonp3ys TEXHUYECKHE XapaKTEPUCTUKH 3JIEMEHTOB 1IEIH, PACCUNTATh IEHCTBYIOIINE
3HAYEHUs HANpPSHKEHUS M CHJIbI TOKA KayKI0ro MOTpeOuTes.

3. Vcnonb3ys pe3ynbTaThl pacyeToB, OCTPOUTH B MacIiTabe BEKTOPHBIE 1UAarpaMMbl,
COOTBETCTBYIOILIUE PEKUMY PAaOOTHI LIENHU B OIBITAX IO MYHKTY 5.

4. Bb10paTh ¥ yCTaHOBUTH Ha U3MEPUTENBHBIX TPUOOpaX NMpeAesbl U3MEPEHUS B
COOTBETCTBUM C PACUETaMHU U BEKTOPHBIMU AUArpaMMaMHU.

5. IToce mpoBepkH CXeMbI ITPENOAABATENIEM U MOJYyUCHHsI pa3pelleHns BKIOUYNUTh
MCTOYHUK TOKA, IPU OTKIIOYEHHBIX MOTPEOUTENAX OTPETYINPOBATh ONTHUYECKUN yKa3aTelb
BaTT™MeTpa. [Ipy nomMony noTeHIMoOMeTpa YCTAHOBUTD HAIPSKEHUE B COOTBETCTBUHU C
pacueToM. BBINOIHUTE ClleAyIOIIME OMBITHI:

a. C noMo1bI0 BUWIKH T0O0YEPETHO NOIKIIOUUTH JIAMITy HaKaJIMBaHUs, KOHAEHCATOP U
JIpOCCellb, 3allUCaTh MOKa3aHUS U3MEPUTEIbHBIX IPUOOPOB B KaXkJI0M onblTe. Bo Bcex ombiTax
HaIpPsDKEHUE J0JKHO ObITh paBHBIM pacueTHOMY 3HAYEHMIO (yCTaHABIMBAETCS
HOTEHIIMOMETPOM).

b. BxitounTh BUJIKAMU OJJHOBPEMEHHO JPOCCEb U KOHJIEHCATOP, PU HEOOXOAUMOCTH

MOAKOPPCKTUPOBATH HANIPSIXKCHUC, 3al1MCATh ITOKA3aHUA BCCX U3MEPUTCIIbHBIX HpI/I60pOB.



c. BK1104NTE OZTHOBPEMEHHO JIaMIly U KOHIEHCATOP, NOJAKOPPEKTUPOBATh HAIIPSKEHUE,
3anMcarh OKa3aHUs BCEX U3MEPUTENbHBIX TPUOOPOB.

d. Bx1104nTh OTHOBPEMEHHO JIAMILY U JPOCCEIb, IOAKOPPEKTUPOBATh HAIIPSKCHUE,
3amucarh OKa3aHUs BCEX U3MEPUTENIbHBIX IPUOOPOB

6. ITony4yeHnHsle JaHHbIe 00pabOTATh U 3aMIOJHUTH TAOJIHMIYy U3MEPEHHBIX BEIUYHH.

7. Hcnonw3ys pe3ysbTaTsl OIBITOB IO IYHKTY 5.1, paccuuTars MOJHOE, AKTUBHOE,
PEaKTUBHOE CONPOTUBIICHUE M KOAPPHUIIMEHT MOIIHOCTH KaXIOTO MOTPeOUTENs (JIaMITbI,
KOHJIEHCATOpa 1 IPOCCEIIs).

8. B omnbiTe ykazaHHOM IIPENOJABATEIIEM PACCUUTATh CUITy TOKA, AKTUBHYIO MOLIHOCTD,
IIOJIHOE, aKTUBHOE U PEAKTHUBHOE COIIPOTHUBIICHUE LIETIH, UCIIOIb3YS PE3YJIBTATHI OIIBITOB 110
nyHKTY 5.1. PaccuntanHoe 3Hau€HHE TOKAa CPAaBHUTH C IIOKA3aHUEM aMIIEPMETPA, @ MOLTHOCTh —
C MOKa3aHUsAMU BaTTMETPa B YKa3aHHOM OIIBITE.

9. OdopmuTh oTUeT 110 JIaOOPATOPHOU padoTe.

OOBEKTOM HCCIIEI0BAHUS CIIYXKUT 3JIEKTPUUECKasl 1I€Nb, KOTOPYI0 COOUPAET IKCIEPUMEHTATOpP B
COOTBETCTBUH C IPUHIUITHAIBHON CXEMOMN
O0BbeKT U cpeacTBa uccJaeJ0BAHUSA

TexHuueckas XApPaKTEePUCTUKA 3JICMECHTOB LICIIH:

JlamIibl HaKaIMBaHUS u=113sinot; i=0,23 sinmt.
Konnencarop u=113sinot; i=0,4 sin(wt+ 77°).
Hpoccens u=113sinot; i=0,46 sin(ot— 63°).
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Tadauua usMepeHHbIX BeJIUYUH
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2.10 JIabopaTopnasi padora Ne 10 (2 gaca).

Tema: «MccienoBanue TpexdasHoii 3JIeKTPUYECKOH Lenu MepeMeHHOr0 TOKa ¢
0HO(A3ZHBIM TPHUEMHHKOM))
2.10.1 LHean padoThI:
N3yanTh criocoObl coetnHeHMs OAHO(Aa3HBIX MOTpeOuTeNneil B Tpex(a3HbIX CUCTEMAX.
2.10.2 3agaum paboThI:
OCBOUTH METOIBI U3MEPECHUS U pacueTa ICKTPHUUESCKUX BEJIMUYMH B CUCTEMax Tpex(a3zHoro

TOKaA.

2.10.3 Ilepeuyenb npudOPOB, MATEPHAIOB, HCIOJb3yEeMbIX B J1a0opaToOpHOii padoTe:

1. Uctounuk nutanus komOunuposannubii UK 1 (8 mT.);

2.aBToTpanchopmaTop JadbopaTopHbIi (6 mIT.);

3.6arapes konaencaropos 0,25....32 mx®, 500B (2 wr.);

4. npoccenb 1 YBE-40/220B (3mT.);

S.earrmetp 1301 ~1 kBT, 220B, 5A (4 wr.);

6. BobT™MeTp D377 ~ 500 B (8 mit.);

7. amnepmetp 3365 ~ S0A (8 mit.)

2.10.4 Onucanue (xox) padorel: 1. B COOTBETCTBUM C TEXHUYECKUMU XapaKTEPUCTUKAMU
3JIEMEHTOB IIeMH BHIOPATh CXEMY BKJIIOUYCHHsI TOTpeOuTeNell B Tpex(hazHylo CETh.

2. IlepeuepTuth cxemy B OTUET U coOpaTh ee Ha paboueM crose. [Ipu cOopke Lenu amnepMeTpsl
Y BOJITMETPHI B CXEMY HE BKIII0OYATh, BMECTO aMIIEPMETPOB BKIIFOUUThH PO3ETKH,
3aKopouyeHHbIe BUIKaMu. K amnepmeTpy mOIKIIOYUTH MPOBOJIA C BUIIKOM, K BOJIBTMETPY -
npoBoja co mrekepamu. [Ipy TakoM BKIIIOUEHUH OJJHUM aMIIepMETPOM MOXKHO OyeT
BBIINIOJIHUTb U3MEPEHUE BCEX TOKOB, BKJIIOYAsl €0 B COOTBETCTBYIOIINUE PO3ETKH U OAHUM
BOJIETMETPOM MTPOU3BOUTH H3MEPEHHUE HANIPSKEHUS Ha JIFOOBIX y4acTKax [enu. BaTTMerpsr

HE00XO0IUMO BKJIIOUUTh B CXEMY HETOCPEICTBEHHO NPU COOPKE LIETIH.

3. YcranoButh npeaen uzmepenus BoiastMerpa 300 B, amnepmerpa — 2,5 A.



4. YCcTaHOBUTH CUMMETPUUYHYIO Harpy3ky Tpex{asHoil cucTemsl, Ui 3TOro BKIIOUUTh BCE
JamIbl BO Bcex rpynmnax. CHATh OKa3aHUs BCceX MPUOOPOB U 3anucaTh B TAOIHILLY.

5. YcTaHOBUTH HECUMMETPHUHYIO HATPY3Ky TpeX(pa3zHOU CHCTEMBI, UIsl 3TOTO B OJHOU TpyIIe
BBIKJIFOUUTh OJIHY JIaMITy, B ApYroi rpymnme JBe jaMibl. CHATh I0OKa3aHUs BceX NPHOOPOB U
3anucarhb B TaOJIMILY.

6. Ilo naHHBIM OMbITA JIJI1 CAMMETPUYHON Harpy3Ku OINpeAeIuTh MOJTHOE, aKTUBHOE U
PEaKTUBHOE CONPOTHUBIIEHUE, IIOJHYIO, aKTUBHYIO, PEAKTUBHYIO MOILHOCTb U KO3()(PULIHEHT
MOIIHOCTH KaXKaA0H (asbl.

7. 1o naHHBIM OIBITA JIJI1 HECUMMETPUYHOM HArpy3Ku MOCTPOUTH COBMELIEHHYIO BEKTOPHYIO

JUarpaMMy HalpsHKEHUN U TOKOB LEIH.

O0beKT U cpeacTBa uccJaeJ0BAHUSA

Hccnenyemas TpexdaszHas menb cooupaeTcst U3 AEBSITH JaMIl HaAKaJIMBAHUSI, BKIIFOUEHHBIX
B TPHU TPYIIBI 110 TPU Jammbl B Kaxaou. [lapamerpsl mamn u Tpexda3HOW ceTH yKazaHbl B
TEXHUUYECKUX XapaKTepUCTHUKaxX B3JEMEHTOB Ienu. (s u3MepeHus HampsokeHuss Ha paboueM
MECTE MUMEETCS OJMH BOJBTMETP 3JEKTPOMAarHUTHOM CUCTEMBI ¢ Ipenenamu uzMepenuil 150 u
300 BoabT. [l u3MepeHus TOKa MMEETCS OJUH aMIEPMETP AJIEKTPOMATHUTHOM CHUCTEMBI C
nperenamMu u3MepeHus 2,5 m 5 ammep. Jns u3MepeHuss MOUIHOCTH HMMEIOTCS OJHO(a3HbIe
BartMmeTpsl Thna {307 ¢ npeaenamu uzmepenuii 220 BoJbT, 5 amrep.

TexHuuyeckHne XapaKTepUCTHKH 3J1eMEHTOB LeNu
Tpex¢azHas ceTb ¢ HaNpsHKEHUEM 220/127 B.

Jlammibl HakaTMBaHUs (XapakTepUCTUKa oaHoM Jamnbel) 220 B, 100 Br.

DJleKTpUYECKHe CXeMbI
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2.16J1adopaTopHasi padora Ne 11 ( 2 gaca).

2.11 JlabopaTopHasi padora Ne 11 (2 gaca).

Tema: UccienoBanue Tpex@asHoii menu CMHYCOMIAJIBHOI0 IEPEMEHHOr0 TOKA NPH
COeIMHHEHUU NMoTpeduTeIei 3Be310i

2.11.1 Heas padoThI:

1.

N3yuenue pesxxuMoB paboThl Tpex(dazHOH LieNH NEPEMEHHOTO TOKA IIPU COEAMHEHUN

noTpeOuTeNeH 3Be3101M.

2.11.2 3agaum paboThI:

1.

Nzydenune MmeToauku pacdera Tpex($azHOH HEnH CHHYCOUIATbHOTO IEPEMEHHOTO TOKa IPH

COCIMHCHUH TIOTPEOUTEICH 3BE3/101

2.11.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJb3yeMbIX B JIa0OpaTOpHOIi padore:

1. Komnetorep «IlenTym-4»

2. mporpamMma Multisim

2.11.4 Onucanmue (xox) padoThbI:

1.

CobpaTh 3JIEKTPUYECKYIO LIEMb, UCTIOJb3YsI pUC. 1. YCTaHOBUTH apaMeTphl 3JIEMEHTOB
LIENHU B COOTBETCTBUM C TEXHUYECKUMU XapaKTEPUCTUKAMHU 10 BAPUAHTY, YKa3aHHOMY
npenoaasareneM. Pa3oBbIe YIiIbl HCTOYHUKOB YCTaHOBUTH paBHbIMU: EA - 0°, EB - 240°,
EC - 120°. Amnepmerpsl nepeBectr B pexxum AC.

[IpoBectu n3mepeHue TokoB. Pe3ynbraTel H3MepeHui 3aHECTH B TaOuLLy 2.

Honkmounts ocrmorpad k Harpyske ¢assl A. [Ipu 5ToM KaHan A OAKIIOYUTH
napajulesIbHO Beel Harpy3ke (assl (k Touke 1), a kaHan B — mapannenbHO akTHBHOMY
CONpPOTHUBIIEHUIO (K Touke 4). YCTaHOBUTH UyBCTBUTEIBHOCTh KaHama A — YA ,
YyBCTBUTEILHOCTH KaHasia B — YB u wactory pa3septku XT B cooTBeTcTBHM C TaOauIEeH 1.
Brrounts pesxkxum ZOOM Ha ocumimiorpade.

[Ipu momo1y BU3MPHBIX JIMHUN Ha 3KpaHe ocuuiuiorpada onpeaeanTb BpeMEHHOM CIIBUT 110
daze Mex 1y HaNpsHKEHUEM Ha PE3UCTOPE U HaNpsbKeHUeM Ha Beeil (pasze (kpacHyro
BU3UPHYIO JINHUIO COBMECTUTH C TOUKOMW MEepeceyeHus] KpUBON HAIIPSKEHUSI HA PE3UCTOPE C
0CbI0 a0CIIUCC, a CUHIOO JIMHUIO — ¢ OJmKaiiel TOUKOM nepeceueHuss KpUBOM HalpsHKEHUs
Ha Bcel (ase ¢ ochio abcumcc). Pe3ynbraT n3MepeHus 3aHeCTy B TaOIUILy 2.

AHaJIOTMYHO MOJKIIOYUTH ocimuiorpad k Harpyske ¢asel B. Kanan A noakmo4unTs k

TOuKe 2, a KaHan B — k Touke 5. [Ipu moMoru BUSUPHBIX JUHUH Ha 3KpaHe ocuuiuiorpada



OIIpeNIeIUTh BPEMEHHOM CIIBUT 10 (ha3e MEeXy HaNpsKEHUEM Ha Pe3ucTope U
HalnpspKeHUeM Ha Beel (ase. PesynbTar n3mepeHus 3aHecT B Tabnuuy 2.

6. BpmonHUTE U3MepeHue caABHra 1o (aze Mexy HaupsHKCHUEM Ha BCeil Harpys3ke
HarnpsbkeHueM Ha pesucrope B haze C (kaHan A MOAKIIOYMTH K TOUuKe 3, a kaHan B — k
Touke 6). Pe3ynbraT u3mMepeHus 3aHecTH B Tabauiy 2.

7.  YCTaHOBUTH CHMMETPHUYHYIO HArpy3Ky. J{JIsl 3TOr0 MHAYKTHBHOCTH BO BCEX (azax
YCTaHOBUTbH PABHBIMU MHIYKTUBHOCTHU B (pa3e A, a akTUBHOE COIIPOTHBIIEHHE Bcex (a3 -
PpaBHBIM aKTUBHOMY COIIPOTHBIIEHUIO B (hasze B.

8. IIpoBectu n3MepeHue TOKOB B LIEMU U BPEMEHHBIX CIBUTOB 110 (a3e MeXy HapsKeHUEM
Ha pe3UCTOpE U HaNpsKEHUEM Ha Beell (aze. Pe3ynbTaThl U3MepeHuii 3aHeCTH B Ta0IMILy 2.

9. PaccuuTaTh yIJIbl ( CIBUIa BEKTOPA TOKA M0 OTHOLIEHUIO K BEKTOPY HANPSKEHUS IS
Kax /101 (ha3bl, HCIOJB3Ys BPEMEHHON CABMT 110 (ha3e MEXJy HapsXKEHUEM Ha Pe3UCTope U
HarnpsbkeHueM Ha Beel dase (¢ = 360fAT).

10. Vcnonb3yst pe3ynbTaTbl U3MEPEHUMN, ONIPEAEIUTh AKTUBHYIO MOIITHOCTD KaX a0 (a3bl U
BCEH LIENH 11 HECUMMETPUYHOU U CHMMETPUYHOM HAarpy3ku. Pe3ynbrar pacuera 3aHECTH B
Tabnuiy 2.

11. Mcnons3ys napaMeTpbl 3JEMEHTOB MIEKTPUYECKON LIENN, PACCUUTATh BCE TOKH, a TAKKE
AKTUBHYIO MOILTHOCTb KaXKI0H (ha3bl M BCEW LENH NPU HECUMMETPUYHON U CHMMETPUYHON
Harpyske. Pe3ynbrar 3aHectu B Tabnuiy 3.

12. CpaBHUTB pe3yJbTaThl paCU€TOB C PE3YJIbTaTaMU U3MEPEHUIA.

13. IlocTpouTs B MacmiTabe BEKTOPHYIO JUarpaMMy LEMH Ui HECUMMETPUYHON Harpy3KH.

O0beKT U cpeAcTBA HCCIeI0BAHUS

OOBEKTOM UCCIICIOBAHMS ABJSETCS TpeXPa3Hasi JIESKTPUUIECKas 1Elb EPEeMEHHOT0 TOKa, B
KOTOpOﬁ HOTpC6I/ITeJII/I COCINHCHBI TprrOJIBHI/IKOM. I/ICCHCHOBaHI/IH BBIIIOJIHAKOTCA HaA
KOMITBIOTEPE C UCIIOIB30BAaHUEM MpOorpaMmMbl Multisim.

DilIeKTprYecKas cxema E R4
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Tabnvua 1

MapameTpbl 9N1eMeHTOB Lenu

Ne Ucl)y f’ CAB’ CBC’ CCA’ RAB? RBCy RCA? YA? YB’ XT’
Bap. | B Ty | Mk® | MKD | MKD | Om | Om | Om | B/nen | B/nen | mC/nen
1 220 | 60 100 110 120 25 35 45 200 200 2
2 220 | 110 | 40 30 15 50 70 60 200 200 1
3 127 | 50 80 70 90 35 55 25 100 100 2
4 127 | 160 | 40 50 30 13 18 20 100 100 0,5
5 380 | 210 5 10 6 130 | 120 | 140 500 500 0,5
6 380 | 140 10 8 4 120 | 140 | 170 500 200 1
7 110 | 260 | 20 40 25 45 25 35 100 100 0,5
8 110 | 320 15 12 10 35 55 45 100 100 0,5
Tabnuvua 2 PesynbTaTthl 3KCNEPUMEHTOB
Pexum paboTht 14, Is, Ic, IxB, Isc, Ica, AT ap, ATgc, ATca, P,
eI A A A A A A C C C Bt
Hecummerpuunas
Harpyska
CumMeTrpuyHas
Harpyska
Tabnuua 3 PesynbTaTthl pacyeTos
Pexum pa60TbI IA; IB) IC; PAB) PBC; PCA) P)
Henu A A A Bt Bt Bt Bt
Hecummerpuunas
Harpyska
CuMMeTpudHas
Harpyska




2.12 JlabopaTopHasi padora Ne 12 (2 4aca).
Tema: «MccnenoBanue TpexdasHoil Hen CHHYCOUIAJIbHOI0 NEPEMEHHOI0 TOKA NP
COeJUHEHHH NMOTpeduTe el TPeyroabHUKOM»
2.12.1 LHean padoThI:
1. M3ydeHue pesxuMoB pabOThI Tpexpa3zHO LeNn NEPEMEHHOr0 TOKa IIPU COEIMHEHUHN
OTpeOUTENEH TPEYrOIbHUKOM.
2.12.2 3apauu padoThI:
2. N3yueHue METOAMKH pacueTa Tpex(pa3HoU 1Ny CUHYCOUAAIbHOI0 IEPEMEHHOT0 TOKA MPH

COEIMHEHUH NOTPeOUTENEN TPEYTOIbHUKOM.

2.12.3 Ilepeyenb NpudOpPOB, MATEPUAJIOB, HCIOJIb3yeMbIX B JIa0OpaTOpHOii padore:
1. Komnbtorep «llentrnym-4»
2. mporpamma Multisim

2.12.4 Onucanue (xox) padorbi:
1. CoOpaTh 2JIEKTPUYECKYIO 1I€Mb, UCIIOJIB3YS pUC. 1. YCTaHOBUTH MapaMeTphl JIEMEHTOB IEIH

B COOTBETCTBUU C TEXHUUECKUMHM XapaKTEPUCTUKAMU T10 BapHaHTY, YKa3aHHOMY
npenojaBareneM. @a30Bble YIibl HCTOYHUKOB YCTaHOBUTH paBHbIME: EA - 0°, EB - 240°, EC
- 120°. Ammiepmetpsl iepeBectu B pexxum AC.

2. IlpoBectu u3MepeHue TOKOB. Pe3ynbTaTel H3MEepeHU 3aHECTH B Ta0uIy 2.

3. Hoaxmounts ocumsuiorpad k Harpyske ¢azsr AB. [Ipu 5ToM KaHam A MOAKITIOYUTH
napajuleJbHO Beel Harpyske (a3l (k Touke 1), kaHan B — napanienbHO akTHBHOMY
COIIPOTHUBJIEHUIO (K TOUKE 4), 0OLIYyI0 MIMHY MOAKIIOYUTH K TOUKe 7. Y CTaHOBUTh
YyBCTBUTEIBHOCTh KaHalla A — YA , 4yBCTBUTEIBHOCTH KaHana B — YB u yacroTy passepTku
XT B coorBercTBUU ¢ Tabnuieit 1. Bkatounts pesxkxum ZOOM Ha ocuusuiorpade.

4. Ilpu noMoIy BUUPHBIX JIMHUN Ha 3KpaHe ocuuiuiorpada onpeaeanT BpeMEHHOMN CIIBUT 11O
(aze Mex 1y HallpsDKEHUEM Ha PE3UCTOPE U HAINPsKEHUEM Ha Beel (a3e (KpacHYI0 BUBHPHYIO
JIMHHUIO COBMECTUTD C TOUYKOW IepeceueHusi KpMBOW HAIIPSHKEHUS HA PE3UCTOPE € OCHIO
abcuucce, a CHHION JIMHUIO — ¢ OyIMyKalIed TOUKON IepecedeHns KpUBOM HalpsKEHUs Ha
Bcel ¢ase ¢ ockro abcuucc). Pe3ynbrar uamMepeHus 3aHecTy B Tabiuiy 2.

5. AHaJOrMyHO NOJKIIOUUTH ocuutorpad k Harpyske ¢gassl BC. Kanan A noaxkiitouuTs K
TOUKe 2, KaHall B — k Touke 5, 0011yI0 MKUHY NOAKIOYUTE K Touke 8. ITpu nomomuu
BU3HPHBIX JIMHUI HA SKpaHe OCIIuIOrpada onpeaeanTb BpeMEHHOW CIBHT 110 (a3e MeXIy
HaNpsHDKEHUEM Ha PE3UCTOpE U HaNpshKEHHWEM Ha Beel (ase. Pe3ynbTar u3Mepenus 3aHectu B

Tabnuiy 2.



6. BbInoMHUTH U3MepeHue caBUra no ¢ase Mexay HalpsDKeHUEeM Ha Bcel Harpyske u
HanpspkeHueM Ha pesucrope B ¢paze CA (kaHan A MOAKIIOUUTH K TOUKe 3, KaHall B — k Touke
6, 001IyI0 UHY — K Touke 9). Pesynbprar 3anectu B Tabnuiy 2.

7. YcTaHOBUTh CUMMETPUYHYIO Harpy3Ky. s 3Toro eMKocTH Bo Beex (pa3ax yCTaHOBUTH
paBHBIMH €MKOCTH B (aze AB, a akTUBHOE COIIPOTHUBIIEHHE BCeX (Da3 - paBHBIM aKTUBHOMY
conpotusieHuto B haze BC.

8. IlpoBecTu U3MepeHHEe TOKOB B LIETIM U BPEMEHHBIX CIBUTOB 110 (a3ze MEKy HallpsLDKEHUEM Ha
pE3UCTOpE U HAIPsKEHHEM Ha Beell (aze. Pe3ynbraTsl M3MepeHuit 3aHecT B Tabauiy 2.

9. Paccumrtats yriel [ cBUra BEKTOpa TOKa 110 OTHOIIEHHUIO K BEKTOPY HaNpPSKEHUs VIS
KaX10# (ha3pl, NCHOIB3Ys BPEMEHHOW C/ABHT I10 (ha3e MEXKIy HAIpPsHKCHHEM Ha Pe3UCTOpe
HanpspbkeHueM Ha Beer dase (L1 = 360f11T).

10.  HMcnonb3ys pe3ynbTaThl U3MEPEHUH, ONpeAeIUTh aKTUBHYIO MOLTHOCTb KayKI0H (a3bl U
BCEH Lienu JUIsi HeCUMMETPUYHON U CUMMETPUYHON Harpy3ku. Pe3ynbTar pacuera 3aHecTu B
Tabnuiy 2.

11.  Hcnonp3ys mapaMeTpbl 3JIEMEHTOB 3JIEKTPUUECKOH LIETH, PACCUUTATh BCE TOKU IPHU
HECUMMETPUYHOI U CUMMETPUYHOMN HAarpys3Ke, a TakXkKe aKTUBHYIO MOILITHOCTh KaXXJJ0H (a3bl U
BCEH Lleny Npy HECUMMETPUYHON ¥ CUMMETPUYHON Harpy3ke. Pe3ynbTar 3aHecTu B Tabauily
3.

12. CpaBHUTB pe3y/ibTaThl PACUETOB C pe3yIbTaTaMU U3MEPEHUH.

13.  IlocTpouTs B MacmiTabe BEKTOPHYIO TUAarpaMMy LETH JJIsl HECUMMETPUYHOM Harpy3KH.

O0beKT M cpeacTBa HCCJICAOBAHUS

OOBexToM uccieoBaHusl ABIsETCA Tpexpa3Hast JEeKTpHUecKas Lielb IePEMEHHOr0 TOKa, B
KOTOpOH MOTPEOUTENN COEUHEHBI TPEYTOJIbHUKOM. VcciieoBaHyst BBIITOJIHAIOTCS HA
KOMIIBIOTEPE € UCIIOJIb30BaHuEM Nporpammsl Multisim

JJeKTPpUYECKas cxeMa
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Tabnvua 1

MapameTpbl 9N1eMeHTOB Lenu

Ne Uli)’ fy CAB’ CBC’ CCA? RAB? RBC’ RCA’ YA’ YB? XT’
Bap. | B I'uy | Mk® | MKD | MkD | OMm OMm | Om | B/gen | B/gen | mC/nen

1 220 | 60 100 110 120 25 35 45 200 200 2
2 220 | 110 | 40 30 15 50 70 60 200 200 1
3 127 | 50 80 70 90 35 55 25 100 100 2
4 127 | 160 | 40 50 30 13 18 20 100 100 0,5
5 380 | 210 5 10 6 130 | 120 | 140 500 500 0,5
6 380 | 140 10 8 4 120 | 140 | 170 500 200 1
7 110 | 260 | 20 40 25 45 25 35 100 100 0,5
8 110 | 320 15 12 10 35 55 45 100 100 0,5

Tabnuua 2 PeaynbTaTtbl 3KCNEPUMEHTOB

Pexum paboTht 14, Is, Ic, IxB, Isc, Ica, AT pp, ATgc, ATca, P,

nenu A A A A A A C C Br
HecummeTtpuanas
Harpyska
CumMeTrpuuHas
Harpyska
Tabnuua 3 PesynbTaTthl pac4yeToB
Pexum paGoTer I, Ig, Ie, P, Py, Pca, P,
Henu A A A Bt Bt Bt Bt
Hecummerpuunas
Harpy3ka
CuMMeTpuIHas

Harpyska




2.13 JlabopaTopnasi padora Ne 13 (2 gaca).
Tema: «MccienoBanue TpexdasHoii 3JIeKTPUYECKOH Lenu MepeMeHHOr0 TOKA ¢
Tpex(da3HbIM NPUEMHHKOM
2.13.1 Hean padoThI:

1. N3yunth criocoObI coetuHeHusI Tpexda3HbIX TOTpeOUTENeH B Tpex(a3HbIX CUCTEMAX.
2.13.2 3apauu padoThI:
1 OCBOI/ITB METOAbI I/I3MepeHI/I$I nu pvaeTa BJIGKTpI/I‘IeCKI/IX BCJIMYMH B CUCTCMaXx

Tpex¢azHOro TOKA.

2.18.3 Ilepeyenb NpudOpPOB, MATEPUAJIOB, HCIOJb3yeMbIX B JIa00OpaTOpHOIi padore:

. Ucrounuk nuranus komObuauposannbii UK 1 (8 mT.);
. aBTOTpaHchopmarop 1adopaTopHeIii (6 mT.);

. barapest konaeHcatopos 0,25....32 mx®d, 500B (2 mr.);

. apoccens 1 YBE-40/220B (3mr.);

. Barrmetp 1[301 ~1 kBT, 220B, 5A (4 mrT.);

. BompT™eTp 3377 ~ 500 B (8 mit.);

. amriepmetp 3365 ~ S0A (8 mr.)

~N NN W=

2.1.4 Onucanue (xox) padorbI:
1. B cooTBeTCTBUM ¢ TEXHUYECKUMHU XapaKTEPUCTUKAMHU SJIEMEHTOB IIE€MU BHIOPATH CXEMY

BKJIIOUEHUS TOTpeduTens B TpexPa3Hylo CeThb.

2. IlepeuepTuTh CxeMy B OTUET U cOOpaTh €€ Ha paboueM CTOJIE.
3. VY CcTaHOBUTH IIpeieibl U3MEPEHUM MHOTOIIPEIEIbHBIX IPUOOPOB.
4. ITocne mpoBepkH CXeMbl NIPENOAABATENIEM U MTOJyUSHHSI pa3pelleHns Ha BKIIIOYEHHUE,

yOeqUThCs, YTO aMIIEPMETPhI 3aKOPOUEHBI IEPEMBbIYKaMU, BKIIOYUTH CETh, TIOCTIE PACKPYTKH
pOTOpa IIEKTPOABUTATEINS BBIHYTh MTEPEMBIUKHU U CHATH MTOKa3aHUsI aMIIEpPMETPOB. 3anucaTh
MOKa3aHUs BOJIBTMETPA U BATTMETPA. 3aHECTH MOKa3aHUs BCEX MPUOOPOB B TAOTHILY.

5. [To naHHBIM OMBITA ONPEAETUTH MOJTHOE, AKTUBHOE U PEAKTHUBHOE CONPOTUBIICHUE (ha3bl
INEKTPOABUTATENS], MOJIHYIO0 MOLUTHOCTh, PEAaKTHUBHYIO MOIIHOCTH M KO3 (PULIMEHT MOLTHOCTH
AJIEKTPOJIBUTATETIS.

6. [TocTpouTh COBMEIIEHHYIO BEKTOPHYIO TUArPAMMYy HAMPSHKEHUN U TOKOB

QJICKTPOABUIATCIIA.

O0beKT U cpeAcTBA HCCIeI0BAHUS

B kauecTBe TpexdazHoro noTpeOUTENs UCIOIb3YeTCsl ACHHXPOHHBIN TpeX(pa3HbIi
AJEKTPOJIBUTATEh C KOPOTKO 3aMKHYTBIM pOTOpOoM. [lapaMeTpshl a5ieKTpoABUTATENS U
Tpex(da3HON CEeTH yKa3aHbl B TEXHUYECKUX XapaKTePUCTUKAX JIEMEHTOB 1enu. [jig usMepeHus
HaIpsKEHUs Ha paboYeM MECTE UMEETCS BOIBTMETP JEKTPOMArHUTHOM CUCTEMBI C TIpeieIaMu
n3mepenns 150 u 300 BobT. [l m3MepeHus TMHEWHOTO U (Pa3HOTO TOKA UMEIOTCS
aMIIepMETPBI AIEKTPOMATHUTHON CUCTEMBI C MPEEIOM U3MEPEHUs S5 amrep. AMIepMETPhI



CHA0>XEHBI MTePEMbIUKaMU, KOTOPBIMHU 3aKOPAYUBAIOT aMIIEPMETPHI Ha BPEMs ITycKa
ANEKTPOABUTATEIS VISl 3aIIUTHI UX OT eperpy3ku. Mi3mepeHue ak THBHOM MOIIIHOCTH
OCYIIECTBIISIETCS IBYX3JIEMEHTHBIM TpeX(pa3HbiM kusioBarT™MeTpoM tuna BUT ¢ npenenamu
n3mepenus 220 BoJbT, 5 amiep.

TexHu4YecKkHe XapaKTePUCTUKHU YJIEMEHTOB Lenu
Tpexda3znas ceTb ¢ HaNPsHKEHUEM 220/127 B.

DneKTpoABUTaTelb Ha HOMUHAIBHOE HalpsyKEHUE 220/380 B.

TaGJ’IPIHa HU3MCPCHHLIX BCJIMIUH

PV1 PA1 PA2 PWI1
C=
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2.14 JIadopaTopHas padora Ne 14 (2 yaca).
Tema: «BkioueHue Tpex(pa3Horo aCHHXPOHHOI0 YJIEKTPOABUIaTe sl B TPex(a3Hylo
CHCTEMY»

2.14.1 Lean padoThI:

l. N3yunTh KOHCTPYKIHMIO TPeX(ha3HOTO aCHHXPOHHOTO 3JIEKTPOABUTATENS C KOPOTKO
3aMKHYTBIM POTOPOM.

2. HccnenoBath paboTy 31EKTPOABUTATENS B HOPMAJILHOM M aBaApUHHBIX pPeKUMaX.

3. HayuuTbcst MapKupoBaTh BBIBOJBI TPEX(Ha3HOTO aCHHXPOHHOTO 3JIEKTPOIBUTATEIIS.

2.14.2 3apauu padoThI:

Ha pabouem mecte umerorcs Tpexdas3Hblii aCHHXPOHHBIH 3JEKTPOABUTaTENb C KOPOTKO
3aMKHYTBIM pOTOpOM. Ero Texuuueckas XapakTepUCTHKA!

HOMUHAJILHOE HaIpPsKEHUE 220/380 B,
TOK XO0JIOCTOI'0 X0J1a 6,4/22 A,
KpPaTHOCTb IIyCKOBOT'O TOKa (IO OTHOLIEHHIO K TOKY X.X.) 7.5.

2.140.3 Ilepeyenb npudOPOB, MaTEPHAJIOB, HCIOJIb3YeMbIX B J1a0opaTopHoii padoTte:
1. DnexTpoasurarens acuHXpoHHBIM 4AM10062Y3 3~50I', U,380B, P, 4,0kBrT, I, 7,8A, Cosy
0,89,my 0,865, n;=2880 06/mMuH, kacc uzomsuu B, pexxum S1,

2. 14.4 Onucanme (xox) padoThi:

1. B cooTBeTcTBUY ¢ TEXHUYECKUMH XapaKTEPUCTUKAMH JIEKTPOIBUTATENS U TpeX(ha3HOit
CEeTH BBIOPATh CXEMY BKIIOUCHUS JIBUTATEIS B CETh.

2. CaMocTosTeIbHO HAUEPTUTh CXEMY B OTUeTe. B cxeMe mpeaycMoTpeTh aMnepMeTp A
U3MEPEHUS INHEHHOTO TOKA ABUraTeNst. AMIEPMETP BKIIOYUTH C U3MEPUTEIbHBIM
TpaHc(pOpPMaTOPOM TOKa.

3. Cobparb 3EKTPUUYECKYIO 1IeTTh COTIAaCHO CXEMeE.

4. B cooTBeTcTBHU C TEXHUUYECKHMMH XapaKTEPUCTUKAMU AJIEKTPOJIBUTATENs PACCUUTATh €T0
IyCKOBOM TOK M YCTAaHOBUTH IPEENIbl H3MEPEHUI Ha prubopax.

5. BKITIOYHTH HCTOYHUK TOKA U U3MEPUTH ITYCKOBOM TOK 3JIEKTPOABUTATENS (MAKCHMAIbHOE
OTKJIOHEHHUE CTPEJIKU aMIIepMEeTpa B MOMEHT ITycka). [lociie 3amycka sieKTpoaBUraTens, He
BBIKJIIOYAsi UICTOYHUK, YCTAHOBUTH Ha TpaHCPOopMaTOpe TOKA Mpeies, COOTBETCTBYIOIINMA TOKY
XOJIOCTOTO X0/ JUIsl COOpaHHOW CXEeMBbI M 3aIiCcaTh MOKa3aHUs aMIIepMeTpa.

6. V3MeHUTh cXeMy BKIIIOUSHHSI OOMOTOK 3JICKTPOABUTATENS, PACCUUTATH ITYCKOBOM TOK

JUISL JTAaHHOW CXE€Mbl, YCTAaHOBUTD IIPEEIIbl U3MEPEHUS IPUOOPOB U U3MEPUTH IIYCKOBOM TOK



nsuratens. [locie packpyTKH 3J€KTpOABUTaTENsl yCTAaHOBUTh Ha TpaHc(hopMaTope TOKa Mpesel,
COOTBETCTBYIOILUN TOKY XOJIOCTOTO X0/ JUIsl COOpaHHOW CXEMBbI M 3aI1icaTh 10Ka3aHUs
amIepmerpa.

7. OTCcoeauHUTb OAVH JUHEHHBIN IIPOBOJ OT CETU M Ha HECKOJIBKO CEKYHJ BKIIIOUHUTH CETh
(npenen n3MepeHus Ha TpaHc(hopMaTope TOKA JOJKEH COOTBETCTBOBATh IyCKOBOMY TOKY JUIS
coOpaHHO# cxeMbl). I3MepuTh MyCKOBOM TOK JBUTATE.

8. [TonxirounTe 00OPBAHHBIN JTMHEHHBIA IPOBOA U BKIIIOUUTH CETh (IIPEJIEN U3MEPEHUS Ha
TpaHchopMaToOpe TOKA JOKEH COOTBETCTBOBATh IyCKOBOMY TOKY JUIsl COOpaHHOI CXEeMbI).
[Tocne packpyTKH 3JIeKTPOABUraTelsl yCTAHOBUTh Ha TpaHC(OpMaTope ToKa Mpenen,
COOTBETCTBYIOILIUN TOKY XOJIOCTOTO X0/ JUIsl JaHHOW CXEMBbI M cO0JII0/1ast MEPbI
IPEIOCTOPOKHOCTH, IPU pabOTAIOLIEM ABUTaTeNe OTKIYUTh JUHEHHBIN poBoa. M3Meputs
TOK XOJIOCTOTO XOJa.

9. VY MBIIIJICHHO NEPenyTaTh Hauajlo U KOHEll 0JHOW OOMOTKHU 3JIEKTPOABUraTesIs,
BKJIFOYUTH CETh U IPOU3BECTH U3MEPEHHUE ITYCKOBOI'O TOKA U TOKA XOJIOCTOrO X0Aa
anekTpoasurateind. [Ipu 3ToM He0OX0IMMO YUUTHIBATh, YTO paboTa ¢ TAKUM BKJIFOUEHUEM
0OMOTOK SIBJIIETCSI aBapUMHBIM PEKUMOM JJIS IBUTATENsl, U TOK XOJIOCTOTO Xo1a OyJeT B
HECKOJIbKO pa3 Bbllle HOpMbI. [103TOMY BKJIIOUEHHE CETH JOKHO OBITh KPATKOBPEMEHHBIM U
IIPU U3MEPEHUH TOKA XOJIOCTOT0 X0/a IIpesie U3MEPEHHUS Ha U3MEPUTEILHOM TpaHc(opmaTope
TOKA YMEHBIIATh HE CIEIYET.

10.  Pa3o0patb cxeMy, K KJIeMMaM BbIBOJOB OOMOTOK 3JIEKTPOBUTATENS TOJKIOYUTh
IIEPEXOIHYIO KOJIOAKY U IIPOU3BECTH MAaPKUPOBKY BBIBOJOB HA HEU 110 METOJUKE, U3JI0KEHHOU
Ha JIEKIIUH.

11. CoenuHuTh 0OMOTKH 3JIEKTPOABUTATEIISI HA TIEPEXOTHON KOJIOJIKE 110 CXEME «3BE3/1a»,
HOJKJIIOUUTH IBUTaTelb K CETU U MIPOU3BECTH €T0 UCIIBITAHUE.

12.  Odopmurs otuet 006 ucciaenoBaHusX. Pe3ynbraThl Kax/10ro OnbITa JOKHBI ObITh

CBEJICHBI B TAOJIUIlY U3MEPEHHBIX BEIHMYUH (ISl KAXKJI0T0 OMbITa OTAEIbHAs TabIn1IA).



2.15 JlabopaTopnasi padora Ne 15 (2 gaca).
Tema: «Briouenue Tpexgaznoro rpancpopmaropa B TpexgasHyr0 CHCTEMY»

2.15.1 Hean padoThI:

l. N3yunTh KOHCTPYKIHIO TpeX(a3HOro TpanchopmaTopa.

2. HayuuTtbcst MapkupoBaTh BBIBOJIBI Tpex(hazHOro TpaHchopMaTropa 1 BKIIOYATh €ro B
Tpex(da3HyIo CUCTEMY.

2.15.2 3apaum padoThI:

1.ITpousBecTH KCIIEPUMEHT, O3BOISIOLUIUN OMPEACTUTh:

1.1.BbiBOABI, IpHHAIEkKAIIME OOMOTKAM BBICILIEIO U HU3LIETO HANPSKEHUH.
1.2.00MOTKH BBICILIETO ¥ HU3IIETO HAMPSHKEHUH, paclONIOKEHHbIE Ha OJTHOM CTEpIKHE.
1.3.Hauyana u KOHI[bI 0OOMOTOK BBICIIETO HAIPSKEHHUS.

1.4.Havana 1 KOHIIBI 0OOMOTOK HU3IIETO HAIPSKCHHUS.

2 ITpou3BecTH UCHBITAaHUE TPAaHCPOPMATOpPA IO HATPY3KOH.

2.15.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yeMbIX B JIa0OpaTOpPHOIi padore:

1. UcTtounuk nutanus komOuHuposanubiii UIIK 1;

2. aBroTpanchopmaTop 1abopaTopHslii (6 1mIT.);

3. 6arapes konneHcatopos 0,25....32 Mmx®, 500B (2 wrt.);
4. npoccenb 1 YBE-40/220B (3mT.);

2.15.4 Onucanue (xox) padorThi:

[IpucoenquHuTh BHIBOJBI KJIEMMHOM KOJIOAKM K BbIBOJAaM TpaHchopMaTopa Ha CTeHIE (B
MIPOU3BOJIHLHOM TIOPSIJIKE).

HadepTuTh KJI€MMHYIO KOJOJAKY B OTYET (HA MOJIOBUHY CTPAHULBI).

Hcrnonb3yst HCTOYHUK MEPEeMEHHOro HanpspkeHus 220 BOJBT MU KOHTPOJBHYIO JIAMITy Ha TO XKe
HAIlpsoKCHUE, ONpPCACIUTL BbIBOAbI, MNPUHAMICKAIIUC O6MOTKaM BBICIIETO HW HHU3MICTO
HarnpsokeHus. JIJIss 9TOro MOAKIIOYHUTH JIaMITy, KaK IOKa3aHO Ha PUCYHKE 2, U TMOOYEPEITHO
KacaTbCiAa CBO6OHHBIM BBIBOJAOM JIaMIIbI CBO6OI[HBIX BBIBOJIOB KOJOJAKH IIOKa JaMIla HE
3aropuTCs.

@) @) ©) O <—

Ecau namma roput spko, moAkiroueHHas PA@pa BBIBOIOB KOJOIKM HPUHAUICKUT OOMOTKE
HHU31Ier0 HANPSKeHUs, UX MapKUPYIOT CTPOYHbIMU OykBaMHu (Hampumep, a u X). Eciau namna
TOPUT TYCKJIO, NOJKJIIOYEHHAasl Mapa BbIBOJOB KOJOJKM IPUHAAJIEKUT OOMOTKE BbICHIEro
HANPSKeHUs!, UX MapKUPYIOT 3arjJaBHbIMU OykBamu (Harnpumep, A u X). BblBoAbI NOANKCATH
Ha yepTeske KOJOAKH B oT4yeTe. ONbIT OBTOPAThH, U3MEHSS MOJKIOUYEHUE BEPXHETO 10 CXeMe
IPOBO/IA, TOKA HE OyIyT ONPEEIEHbI BCE Naphbl BHIBOIOB.




Omnpenenuts 0OMOTKH BBICHIETO M HU3LIETO HANPSHKEHUS, PACIIONIOKEHHBIC Ha OJJHOM CTEpIKHE.
Jns 3TOro omHy H3 OOMOTOK BbICIIEr0 HAaNpsOKeHUs (Hampumep, ¢ BbBogamMu A-X)
HNOJKJIIOYNTh K MCTOYHHKY HepeMeHHOro HampspkeHus 220 BombT. BoiasTMerpom ¢ mpepenom
U3MepeHus 75 BOJIBT U3MEPUTH HANPsDKEHHE HA BCEX TPEX OOMOTKAX HM3LIETO HampspkeHHs. Ta
0o0MOTKa, HalpsDKEHHE Ha KOTOpOW HamOoibllee, pacloyioKeHa Ha OIHOM CTEpXKHE C
BKJIIOUCHHOH B CeThb OOMOTKOH BbICHIErO HampspkeHHs. IIpm HeoOXOAMMOCTH W3MEHHTh
MapKHPOBKY BBIBOJIOB 3TOW OOMOTKM HM3ILIETO HANPSKEHHS (€€ BBIBOABI JOJDKHBI UMETH TY K€
MapKUpPOBKY, YTO M BBIBOJbI IOJAKIIOYEHHOH K MCTOYHUKY OOMOTKHM BBICIIETO HANPSDKEHHS).
Jlanee, MOAKIIOUUTH BTOPYIO OOMOTKY BBICIIETO HANPSKEHHUS K MCTOUYHUKY M MOBTOPUTH OIIBIT,
IpU HEOOXOIUMOCTH, CKOPPEKTUPOBATh OOO3HAYCHHE BHIBOJAOB BTOPOW M TpPEThbed OOMOTOK
HU3IIETO HANPSHKEHUSI.

OmnpenenuTh Ha4ajI0 W KOHEI KaXI0H OOMOTKHM BBICIIEro HampspkeHus. Jliast atoro coOpath
ek, N300paKEHHYIO Ha pHUCYHKE 3.

~220 B B~ Y

Puc. 3 ®

Ecnu npu BKITIOYEHUM MCTOYHHMKA MUTAHUS KOHTPOJIbHAS JamIla 3aropaercs, BHIBOJbI OOMOTKHU
B-Y npomapkupoBaHbl BEpHO, €CIIM HE 3aropaercs - MOMEHSATh MECTaMH MapKUPOBKY BBIBOJIOB
B u Y (uHa ueprexxe koionku B oruete). Jlanee, cobpaTh 1emnb, H300paKEHHYIO Ha PUCYHKE 4.
Ecnu mpu BKJIIOYEHMH MCTOYHUKA MUTAHUS KOHTPOJIbHAS JlamIla 3aropaercs, BBIBOJbl OOMOTKU
C-Z npoMapKupOoBaHbl BEPHO, €CJIM HE 3aTOPACTCS - IOMEHITh MECTaMU MapKUPOBKY BhIBOJOB C

~220 B

Puc. 4

U Z (Ha 4epTeKe KOJOAKU B OTYETE).

Onpenenuts Hayallo U KOHEL KaXa0i 0OMOTKHM HU3IIEro HalpspkeHus. it aToro coOparhb Liemb,
N300paKEHHYIO Ha PHUCYHKE 5.
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Ecnn nokazanus BoapTMeTpa PV1 Oonblie mokasanus BosibT™MeTpa PV2, To oOMoTKa a-x
IPOMapKUpOBaHa BEPHO, €CIM HaoO0OpoT, Moka3zaHUs BosibTMeTpa PV2 Gonblie mnokasaHus
BonbTMeTpa PV1, ToO HEOOXOIMMO MTOMEHSATh MECTAMU MAapKHPOBKY BBIBOJIOB a U X (Ha 4epTexe
KOJIOZKU B oTuere). [lanee coOpaTh aHAJIOTHYHYIO CXEMY CO BTOPOH, a 3aTeM C TpeTbel mapoi
00OMOTOK, PACHOJIOKEHHBIX HAa OIHOM CTEp)KHE M, BBIIIOJHHB OIIBITHI, CKOPPEKTUPOBATH MpPHU
HE00XO0IMMOCTH MapKUPOBKY BBIBOJIOB OOMOTOK b-y U c-Z.

CoOpatp cxeMy, W300pak€HHYI0 HAa PUCYHKE 6 JUIsl MCHBITaHHUS TpaHc(opMaTopa, BKIIOYHTH
Tpexda3zHyl0 CeTb M NPOM3BECTH HCIbITaHUE. Bce 1aMIbl AOIKHBI TOPETh OJUHAKOBBIM
HaKaJIOM.
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2.16 JlabopaTopnasi padora Ne 16 (2 1aca).
Tema: «MccnenoBanne u pacyeT NapaMeTpoB cXeMbl 3aMellleHUs] BO31YLIHOI0
Tpancdopmaropa

2.16.1 Lean padoThI:

1. UccnenoBarh pexxuMbl paboThl BO3AYIIHOIO TpaHc(opMaTopa Mpu aKTUBHOW Harpyske.

2.16.2 3apauu padoThI:

1. HayuuThcs onpeaensaTs napaMeTpsbl TpaHc(OpMaTopa o pe3yibTaTaM UCIbITaHUM.

2.16.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yeMbIX B JIa0OpaTOpHOii padore:

1. Komnetorep «llenTrym-4»
2. mporpamma Multisim

2.16.4 Onuncanmue (xox) padoThbI:



O0beKT U cpeAcTBA UCCJIeI0BAHUS
OOBEKTOM UCCIICIOBAHMSI SIBJIICTCS ABYXOOMOTOYHBIN BO3YIITHBIA TpaHchopmarop.

HMccnenoBaHus BBITIOIHSIOTCS HA KOMIIBIOTEPC C UCITIOJIB30BAHUCM IIPOTPAMMBI Multisim

1. 3amyctute nporpammy Multisim

2. Otxkpoiite ¢aiin 1ab9 4 var B COOTBETCTBUM C BApMAHTOM, YKa3aHHBIM IIperoaBaTesieM
(manpumep, lab9 4 var 01). Daitnbr HaxoasaTes B manke Lab09 4.

3. Bxi1rouuTh MuTaHME CXEMBI U 3alucaTh OKa3aHus mpuOopoB B Tadmumy 1.

4. TlonkJIIOYUTh HUKHHUM 110 CXEME BBIBOJI BTOPUYHONW 0OMOTKH TpaHcpopMaropa K oOmiei
muHe. BKiIounTe TUTaHKe U 3amucaTh MOKa3aHus MpuOOpOB (IEPEMEHHBIN pe3ucTop
Harpy3ku RH nomxen nmets conportunenue B 3ToM onbite 100%).

5. YMeHnbwas conporusienue Harpy3ku RH ¢ momompro knasumm R, 3anucars nokasanus
npuOOpPOB IIPU BCEX 3HAUYEHHUAX COIPOTUBIIEHUS (BCErO LIECTh 3HAUYEHUI).

6. Wcnonb3ys pe3yiabTaThl H3MEPEHH, ONpeeuTh NOTEPH B MEIU IEPBUYHON U BTOPUYHON
00MOTKH TpaHchopmaropa B kKaxaoM omnbiTe (Pm1 1 PM2), conpotuBnenue narpysku RH,
HanpspkeHue Ha Harpyske U2, ki TpanchopmaTopa u K03)GUIUEHT MOLITHOCTH B KaXKI0M
onbiTe. Pe3ynbpTaTsl pacuera 3aHecTH B TabauLy 2.

7. Ilo naHHBIM TaOIUIBEI 2 B OAHON CUCTEME KOOPAMHAT MOCTPOUTH 3aBucuMoctu U2, [, cos ¢

OT TOKa Harpy3ku 12.

JyleKTpHYeCcKasi cxeMa

PAI PA2

PV1 TV Ry
Q)

O,
O,

Puc 1



Tabnvua 1

Pe3ynbTaTbl 3KCNEPUMEHTOB

Ne ombita Ry, % U.B P,Br I, A L. A
1 e e}
2 100
3 80
4 60
5 40
6 20
7 0
Tabnuua 2 PesynbTaTthl pacyeTos
Ne ombiTa P, BT P,,, BT Ry, Om U, B n cos ¢
1
2
3
4
5
6
7

2.17 JlabopaTopnasi padora Ne 17 (2 4aca).
Tema:Heynpagsiisiemble ABYXIOJYyNEPHOAHbIC BBINPAMHUTE]IH

2.17.1 Heas padoThi: V3ydenne npuHIuna padboTel 01HO(A3HBIX ABYXIIOIYIIEPHOIHBIX CXEM
HEYIPaBIISIEMBIX U YIIPABISEMBIX BBINPSIMUTENCH; HCCIEI0BAHUE OCHOBHBIX XapAKTEPUCTUK
BBIIPSIMUTEIIEH.

2.17.2 3apaum paboThI:

1. M3yunTh npuHOUI pabOTH 0JHO()A3HBIX HEYIPABISIEMBIX M YIIPABISIEMBIX BBIIPSIMHUTEIICH.
2. 3y4uTh NPUHIMII IOCTPOCHMS CXEMBI yIIpaBiaeHus Y B.

3. HapucoBaTb CXeMbI HCCIEAYEMBIX BBIIPSIMUTEICH.

4. O3HaKOMHTHCS C OPSAIKOM COOPKHU CXEM Ha CTEH/IE.



2.17.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yeMbIX B JIa0OpaTOpHOIi padore:
1. Komnetorep «IlenTym-4»

2. mporpamma Multisim

2.17.4 Onucanue (xox) padborpi:

Heynpagsasiemble BINPAMUTEIH.

Beimpsimurenem Ha3blBaeTCsl YCTPOICTBO, NpeoOpasyrollee NEPEMEHHOE HampsKeHUE,
HOJIIPHOCT KOTOPOTO HW3MEHSAETCA, B IIYJbCUPYIOLIEE, IOJIAPHOCT KOTOPOTO OCTaeTCs
IOCTOSIHHOW. J[1s1 mojyuyeHusi MOCTOSIHHOTO HAIpsDKEHMsT M3 IYJIbCHPYIOIErOo Ha BBIXOJE
BBINPSIMUTENS CTAaBAT CriakuBaromiue GpuiabTpbl. TakuM 00pa3oM, BBIIPSIMUTENb COBMECTHO C
(GuIbTPOM SBISETCSI yCTPOWCTBOM, IIPEOOPA3YIOLIUM [IEPEMEHHOE HANPSDKEHUE B IOCTOSIHHOE.
[lpy nutaHuM OT oOAHO(A3HOM CeTH NPUMEHSIOTCS CIEAYIOIIME OCHOBHBIE CXEMbl
BBIIPSIMUTENICH:

OJITHOTIOJIYIIEPUOHBIE;

JBYXIIOJIyTIEPUOIHBIE:

- MocToBas (cxema ['pena),
- ¢ HYJIEBBIM BBIBOZIOM TpaHc(hopmaropa.

OnHononynepuoaHas cxema Haubosee MpocTa U CONEPKUT Bcero oauH nuon V1 (puc.
4.1, a.). B nonoxuTenbHbIN NOMYNEPUO] HAIPSDKEHNUS Ha BTOPUYHOM 00MOTKe TpaHchopmaropa
Juon V1 HaxoguTcst B NMPOBOJSAIIEM COCTOSIHMM M 4€pe3 HEro IPOTEKaeT TOK B HArpy3Ky; a B
OTPULATENIbHBIN - MO 3aKphIT U TOKa B Harpy3ke HeT. CleloBaTelbHO, TOK B Harpyske
IIPOTEKAET B OJHOM HAIIPABJIICHUU U TOJIBKO B OJMH IOJIOKUTEIbHBIN MOTYIEPUO HAIPSKEHUS
BTOpUYHON 00MOTKH TpaHchopmaropa T1.

MocroBas cxema BbipsaMutens (puc. 4.1, 6.) cogepxut uersipe BeHTHI V1 - V4; B
HOJIOKUTENbHBIN TOJIYNEPHO] HaNpsyKEeHUs Ha BTOpUYHOM oOMoTke TpaHcpopmartopa T1
nponyckaer Tok BeHTWwIM V1, V4, a B orpunarensubii - Bentwin V2, V3. Ilpu sTom TOK B
Harpy3ke IpOTEKaeT B OJHOM HaIlpaBICHMM, yYKa3aHHOM cTpesikod. K 3akpbITOMy BEHTHIIIO
NpUKIaabIBaeTcss oOpaTHoe HampspbkeHue Uvd, moBropsitomiee 1Mo (GopMme HampsbKeHHe
BTOPUYHON OOMOTKH TpaHchopmaTopa.

MakcumanbHOe 3HaueHHe 00paTHOro HaIpsKEHUs Ha BEHTUIIE PaBHO E2m,

rae E2m - aMninuTyza HanpspKeHUs BTOPHYHOW 0OMOTKH TpaHCc(opmaropa.

CpeI[HCC 3HAYCHHUC BBIMIPAMIICHHOTO HAITPAKCHUA:

Ucp :LJE2msin otdt =2E2m/x
V4

Ecnu yuecth, yTO AeiicTByrollee 3HAUEHHE HANPSDKEHUS HA BTOPUYHON oOMoTke E2
CBSI3aHO C AMILTUTYIHBIM COOTHOIIIEHUEM:
MOXHO TOJY4YUTh TPOCTOE COOTHOIICHUE J[UIsl ONPENCICHUS CPEAHEro 3HAuYCHHS

E2m = E2-2
Up = 0,9E2

T1 Nvi N vs

T

'&—z R g : Ri
N v2 N va
RS




BBIIPSAMIICHHOI'O HAITPSIKCHU A

a) 0)
Puc. 4.1. CxeMa 0HOTIONYIIEPUOIHOTO (2) ¥ ABYXITOIYIIEPHUOIHOTO MOCTOBOTO (0)
BBIIPSIMUTEIIEN

B wmocrtoBoii cxeme ['pema B mepBUYHON W BTOPUYHOW OOMOTKax npu paboTe Ha
aKTUBHYIO Harpy3Ky IpOTEKaeT CHHycouaaiabHbli TOK. Cxema I'pema xapakrepusyercs
XOpOLIMM HCIIOJIb30BAaHHEM 3JIEMEHTOB BBIIpAMUTENs M TpaHcpopmaropa. Ilostomy B
HACTOSIEE BpEMsl OHA HAXOAWUT HauWOOJbIIee NMPUMEHEHHE ISl BBIIPSMIICHUS OAHO(A3HOTO
TOKa.

Cxema co cpenHeil Toukod copepxut aBa BeHTWiIst V1 u V2 u tpancdopmarop T1,
UMEIOIUI JIBe OJJMHAKOBbIE BTOPHUYHBbIE OOMOTKH, BKJIIOUEHHBIE I1OCIEA0BATENBHO U COIJIACHO.
B nos1okuTeNnsHbIN NOIYIEPUO/ CETEBOI0 HANPSKEHUS OTKPBIT BEHTUIb V1. B oTpunarenbHblii
HOJIYHEepUoJl OTKPHIT BeHTWIb V2. [Ipu 3ToM TOK 000MX BEHTHUJIEH MPOTEKaeT uepe3 Harpys3Ky B
OJIHOM HanpaiieHuu. @opMbl HANPSKEHUS U TOKA TaKHe K€, KaKk U B MOCTOBOM cxeme. OnHako
aMIUTUTYAHOE 3HaueHHe OOpaTHOro HANpsIKEHUs Ha BEHTWIE B JIBa pa3a OoJjblle, YEM B CXEMeE
I'pena. HenoctarkoMm cxembl sBiISETCS IIJIOXOE HCIIOJIB30BAHME TpaHcopmaropa, Tak Kak
UMEIOTCS [1B€ BTOPHUYHBbIE 0OMOTKH, padoTarolye 1o nojimnepuona kaxnas. OcHoBHas o0jacTb
IIPUMEHEHUs JaHHOM CXEMbl — HU3KOBOJIBTHBIC BBIIPAMUTENINA. B HEl IOCIIEN0BaTENbHO C
Harpy3koil BKJIIOYEH TOJBKO OJMH BEHTWIIb, YTO IPU HU3KHUX BBIIPAMIICHHBIX HANPSKCHUIX
MO3BOJIET MOJY4UTh O0JI€€ BHICOKUH K.II.1I.

YHpaBJIﬂeM])Ie BBINPAMUTEC/IH

VYopaBiseMbIM Ha3bIBA€TCA TAKOM BBINPSMUTENb, KOTOPBIM, KpOME BBIIPSIMIICHUS
IIEPEMEHHOIO HANpsDKEHUs, OJHOBPEMEHHO OCYHIECTBIIACT PETyJIUPOBAHUE HANPSHKCHHUS.
VYupasnsgemslil BeinpsMutens (YB) nonydaercsa u3 oObIYHOIO 3aMEHON B HEM HEYNPAaBIISEMBIX
BEHTWJICH  (AMOMOB)  ympaBiseMbIMH BEHTWISIMM - TUpUCTOpaMH. PerymupoBaHue
OCYILIECTBIISIETCS 3aJEPKKON OTHUpPAaHUA OUYEPEIHOTr0 THUPUCTOpa B IIpeneiax IoJylnepuoja
CETEBOT0 HAIIPSDKEHUS. YTOJ 3aJ€pKKU OTIHPaHKs THPUCTOPA, Ha3bIBAEMBIN YIJIOM YIIPABJICHUS
O, OTCUMTBHIBAEMOIO OT MOMEHTA E€CTECTBEHHOI'O OTIHpPAaHMUsI BEHTWIS, T.€. OT MOMEHTa, B
KOTOpPBIM K BEHTWIIO  HayuMHAeT NPUKIAABIBATBCS IOJIOKUTEIbHOE HampsbkeHue. Jlns
BBINIPSIMUTENCH, MUTAOMMXCA OT OAHO(pA3HOW CETH, STOT MOMEHT COBIAJaeT C MOMEHTOM
IIEPEX0/1a CETEBOI0 HANIPSDKEHUS YePEe3 HOJIb.

Cxema YB, coOpaHHOro mo cxeme C HyJIeBOW TOUYKOHM TpaHcdopmaTopa, Mmoka3aHa Ha
puc. 4.2.

cy
-‘ V2

Puc. 4.2. Cxema yrnpaBisieMOro BbIIPSIMUTENS 110 CXEME C HYJIEBOW TOUKON
TpaHcdopmaropa

[IpeumyIecTBO 3TOM CXEMbI COCTOMT B HAJIMYUU OOIICH TOYKU KaTOJAOB TUPUCTOPOB VI
u V2. [Ipu sToM ynpomiaeTcsi MOAKIIOUEHUE CUCTEMbl YIpaBJeHUs K BolpsiMutento. Ha Bxon
BBIMPSMUTENS TIEPEMEHHOE HAMpsDKEHHWE OT JBYX BTOPUYHBIX 00MOTOK T1. DTu HampsbkeHus



caBuHyThl Ha yroi B 180 au. rpagycoB. Cucrema ynpasienus (CY) BelpabaTbIBa€T UMITYJIbCHI
yIpaBJIEHUs,, BPEMEHHOE IOJ0XKEHHE KOTOPbIX MOYKHO M3MEHATh B Ipejenax IOoJIylneproaa
ceTeBOro HampskeHus. Jlo mogauu MMIysibca YIpaBiIeHHUsS TUPUCTOPHI 3aKPBIThI U HAIPSDKEHUE
Ha Harpy3ke paBHO HyJI0. B MOMEHT ©oJauum UMIYJIbCa YIPaBIEHUS OTKPbIBAeTCA
COOTBETCTBYIOILUHA TUPUCTOP U C 3TOI0 MOMEHTA K Harpy3Ke NpUKJIAJbIBAETCS HAIpPSDKEHUE
BTOPUYHOW OOMOTKHM TpaHc(opmaTopa. M3MeHsAs yroy ymnpaBieHUS O, MOXHO PEryJIupoBaTh
CpeJHEee 3HAUEHUE BBINPSMIICHHOIO HAIPSDKEHUS, KOTOPOE ONPEAEIAETCS U3 BBIPAXKECHUS:

Uep =Ucp,*(1+cosa)/?2
rne Ucpyg = 2E2m/m= 0,9E2- cpennee 3Ha4Y€HUE BHIPSMICHHOTO TPU YIJIE YIPABICHUS
o = 0, T.e. BBIIPSIMIIEHHOE HaNPsHKEHUE OOBIYHOTO HEYIPABIISIEMOT'O BBIIPSIMHUTEIIS.

ITocnenHee BbIpakKCHHE OINpPEACIAET PEryJIMPOBOYHYHO XapakTepuctuky YB. M3 Hero
BUJHO, YTO CPEIHEE 3HAUYCHUE BBIIPSIMIICHHOIO HANPSDKEHUS NpU u3MeHeHnu yria ot 0 no 180
rpagycoB IUIaBHO yMeHbInaercss oT 3HaueHus Ucpo 1o 0. Takum obGpasom, npeumyiiectso YB
COCTOMT B BO3MOXXHOCTH IUIABHOM PETyJUPOBKH CPEIHEr0 3HAYEHUS BBINPAMIECHHOTO
HaIPSDKEHUS.

Henocrarku YB cnepytomue:

1. YcnoxHeHue cxembl, TaKk Kak He00X01uMa CUCTEMA yIPaBJICHUSI BHITPSIMUTENS.

2. VBenuueHue ko3¢ (uIueHTa Mmynbcaluil BHIIPIMICHHOIO HANPSKEHUS U YXYALICHHUE
€ro TapMOHHUYECKOT0 COCTaBa. DTO IMPOUCXOJUT 3a CUET MCKaKEHUS (DOPMBI BBIIPSMIEHHOIO
HaIPSDKEHUS U MOSABJICHUS CKAYKOB HANPSHKEHHSI B MOMEHT OTIIUPAHUS TUPUCTOPOB.

3. IlosiBnenue capura no (ase MeXIy TOKOM U HANpsDKEHHEM B NEPBUUYHOM OOMOTKE
TpaHcpopmaropa. Takum oOpa3oM, Aaxe NpPU YUCTO aKTUBHOW Harpyske YB morpeOiser u3
CETU PEAKTUBHYIO MOLIHOCTD.

Ecin Harpy3ska HauMHaeTcs C €MKOCTH U THPUCTOPBI YIPABIAIOTCA KOPOTKHUMH
UMIYJbCaMH, TO M3-3a MOSABJICHUS yIJIa OTCEYKU IPHU MajbIX YIJaX YIpPaBJIEHUS MOTYT OBITh
IPOMYCKH BKJIIOYEHHS THUPHUCTOPOB (HAIpsDKEHHE Ha KOHAEHcaTope Ooibllle, YeM MUTAlollee
HanpspkeHue). [loatomy VB, kak npaBuiio, He IPUMEHSIOT JIJIs1 pa0OThI Ha Harpy3Ky €eMKOCTHOT'O
XapakTepa.

Xona paboTsl

1. U3yunts mnpuHOuMOD paboThl OAHOGA3HBIX HEYNPaBIAEMBIX M  YINPaBIIEMBIX
BBIIPSIMUTENCH.

2. 3y4uTh NpUHIUII IOCTPOEHUS CXEMBI yIipaBiieHus Y B.

3. HapucoBaTbh CX€MbI HCCIEAYEMBIX BBIIPSIMUTENEH.

4. O3HaKOMUTBCS C MOPSAAKOM COOPKH CXEM Ha CTEHJIE.

1. CobOpatb cxeMy OJHOINOJIYIEPHOAHOTO BBIIPSIMUTEINS O0€3 QUIbTpa B COOTBETCTBUHU C
puc. 2.3.

2. Tlomate Ha cxeMy HampsDKEHHE, CHATh W 3apucoBaTh Ul HOMMHAIBHOTO TOKa
Harpy3ku (In =100mA) ocununorpaMMsbl BHIIPSMIICHHOTO HAaNpsKEHUs, HAPSKEHUS HA TUOJE,
aHOJHOT'O TOKa JU0Ja, TOKAa Ha BBIXOJE BBINPSAMUTENS, TOKAa BTOPUYHOM U NEPBUYHONH 0OMOTOK
TpaHcgopmaropa.

OcuusmiorpaMMbel  pUcOoBaThb B COOTBETCTBUM C HUX BPEMEHHBIM IOJIOKEHHUEM JApYT
OTHOCHUTEIIBHO JIpyra JUIsl HOMUHAIBHOT'O 3HaYEHMsI TOKA Harpy3KHu.

3. CHATh M NOCTPOUTH BHEIIHIOI XapaKTEPUCTHKY BBINPSAMHTENS, U3MEHASA BEINUYUHY
Harpy3ku conpotuieHuem R11.

Ucep = f(Icp)

4. OnpeeTUTh BHYTPEHHEE COMPOTHBIICHUE BHIMPSMHUTENS B HOMHHATIBHOM PEKUME.
Rewvix = AUswix/Algvix



5. CoOpatb cxeMy ABYXIOJIYIIEPUOIHOTO MOCTOBOTO BBIIPSIMUTENS COTNIacHO puc. 2.4. u
MIPOBECTH MCCIIEIOBAHNUSA, aHAJOTUYHBIC I.11.2. - 4. (In = 200mA).

6. CoOpaTh Ha CTEHJIE CXEMY YIPaBISEMOT0 BBITPSIMUTENS COTJIACHO puUcC. 2.5.

7. Ilogatp Ha cXeMy HaNpsDKEHHE, CHATh M 3apUCOBATh Ui HOMHUHAIBHOTO TOKA
Harpy3ku (In =100mA) ocuMIIOrpaMMbl BBIIPSIMIEHHOTO HANpsKEHUs, HANpsDKEHUs Ha
TUPUCTOPAX, HAMPSDKEHUS Ha YIPABISIOMNX 3JIEKTPOIaX TUPHUCTOPOB(CHUMAETCSI OTHOCHUTEIBHO
KaTo/I0B TUPUCTOPOB), TOKA HA BBIXOJE BBIIPSAMUTENS], TOKa BTOPUYHON U MEPBUYHON OOMOTOK
TpaHc@opmaropa.

OcmorpaMMbl  pucoBaTh B COOTBETCTBUH C WX BpPEMEHHBIM IOJIOKEHHUEM JApYT
OTHOCHTEIJIBHO JpYyTa JJIsi HOMHHAJIBHOTO 3HAUYCHHSI TOKA HArPy3KH.

8. CHATb M TOCTPOUTH BHEIIHHUE XxapakTepucTuku Ucp = f(Icp)BeipsMuTens s
3aJaHHBIX TPENOoJaBaTe]IeM YIJIOB YIPABICHUS, U3MEHsS BEIMYUHY HArpy3KH CONPOTHUBICHUEM
R2.

9. CHATP M NOCTPOUTH PETYIUPOBOUYHYIO XapakTepuctuky Ucp=f(a)ynpaBiseMoro
BBIMPSAMUTENS UII HOMUHAJIBHOTO TOKAa HArpy3Kd. YTOJ yIpaBiICHHUS W3MEHSIETCS PEe3UCTOPOM
R3, a ero BenmnumHA ONMpEnENSETCS MO OCHUIUIOTPAMME BBIXOAHOTO HANPSHKEHHS C ITOMOIIBIO
ocruuiorpada.

10. OnpenenuTh BHYTPEHHEE COPOTUBIICHUE BHIIPSIMUTEINSI B HOMUHAIIBHOM PEXKHUME.

Revix=AUsvix/Algvix.

2.18/1a0opaTopHas padora Ne 18 (2 gyaca).
Tema: «YcuanTeb NOCTOAHHOTO TOKA
2.18.1 Lean padoThI:

N3y4nTh CXEMBbI U XapaKTEPUCTUKH YCUIIUTENIEH IOCTOSHHOIO TOKA.

2.18.2 3apaum padoThI:

1. DKciepuMEHTAIbHO CHITh aMIIUTYAHBIE M YACTOTHBIE XapaKTEPUCTUKU YCUITUTENS IPH
W3MEHEHUU TITyOuHBI 00paTHOM CBS3H.

1.3 3anucaTh BBIBOABI IO PE3YyJIbTaTaM.

2.18.3 Ilepeyenb NpudOPOB, MAaTEPUAJIOB, HCIOJIb3yeMbIX B JIa00OpaTOpHOIi padore:

1. Komnbtorep «llentrnym-4»

2. mporpamMma Multisim.

2.18.4 Onucanue (xox) padorThi:
1 IToaroroBka k paboTe Ha KOMITBIOTEPE
VYceunurenn NoCTOSHHOTO TOKa- 3JIEKTPOHHBIE YCTPOMCTBA, MpeIHa3HAUCHHBIC ISl YCUIICHUS

ME/UIEHHO U3MEHSIOIINUXCS BO BpEMEHU CUTHAJIOB.
2 Ilo dpopmyne, npuBeaeHHOM B Tabnuuax 1 2, paccyurarh riyOuHy 0OpaTHO CBSI3U yCUTTUTENS
JUIsl TPEX 3HaYEHUI cONpOTHBIIEHUS ( C yUeTOM BapuaHTa — Baiero Homepa B KypHaie

IPYIIIbI).

PesynbTaTel 3anucath B Ta0IUIBI 11 2



.2 Pabota Ha KoMIbIOTEpE

2.1 Iloka3aTh penoaBaTesto MOArOTOBICHHBIN OTYET.

2.2 «Cobpatby» cxemy (PUCYHOK).B KQUeCTBE YCUIJIUTENSI TOCTOSTHHOTO TOKA BHIOpATh

OTIEpPAIIMOHHBIN YCHIIUTEIh MOJeNU 741. Iyisi 3TOrO B OKHE 3JIEMEHTOB (CM. pUCYHOK 1

CHMHCTPYKIUH I10JIb30BATCIIIO nporpaMMoﬁ. . ...)))Ha}KaTB KJIaBHUIY C I/I306pa)KCHI/ICM u us3

OTKPBIBLICTOCS OKHA «MBbIIIbIO» IICPEMCCTUTD B pa60qee OKHO OHCpaHHOHHBIﬁ YCUIINTCIIb, HA

N300paXeHHEM KOTOPOTO MOSBUTCA HAAMUCh «741».

M cTOYHHKOM BXOJIHOTO HAIPSKEHUS BBIOPAaTh HCTOYHUK cuHyconaanbHor DJ[C (220, 50 ' u

HavyaybHOU (pa3oit paBHOI 0).

OneparoHHbIH
Yeunurenb

+ )
3% > - ~
| — R

Cxema YCHIIUTEIIA

pe3yabTaThl 3aKUCaTh B 3TY TaOIHILY.
2.2.4 noovyepeHO ycTaHaBIUBAs INyOUHY 00paTHOM CBSI3U IPU BXOJHOM HAIPsLDKEHUU, PABHOM
1 MB (cM. Tabnuy 2), CHATh CEMEHCTBO YaCTOTHBIX XapaKTEPUCTUK . pE3yJIbTaThl 3alIUCaTh B

)
)

U,

U,

OIPOTHUBIICHUS PE3UCTOPOB B
cxeme , -3aJaHo B Tabnauuax 1 u
2. COIpPOTUBIIEHUS BOJIBTMETPOB

(tuma  «AC») ocTtaBuTh 0e€3
W3MEHCHHI 1 Mowm, a
HaNPSDKEHUS HUCTOYHUKOB

nuTaHus (MMOCTOSTHHOTO TOKA)

2.2.3 TloouepenHo ycraHaBIUBas
IyOMHY O0OpaTHOW CBSI3M IS
3aIaHHBIX BXOJHBIX HaIPsHKEHUN
(cMm. Tabmuny 1) m pesucropa,
CHSITh CEMEWCTBO aMILTUTYIHBIX
XapaKTepUCTUK  YCUJIUTENs

3Ty TaOIuLy.
Tabauua 1.
U, .MB(opu f= 1000 I'mr) 02104061 08| 1,0 1,2 (1,4 1,6
UBI)IX.;B Y =R1/ R1+10'N,KOM
npu (Ri+Ry)

rIyoOrHe R;+30-N,kOm
obOpaTtHo#

CBS3HU R;+50-N,xOm

paccumTarh

K=U,x/Usgx.( iprt R;+30-N, kOm)

Ko.c. :Ku/( 1+ B Ku)




3 Ilo pe3yabTaraM 3aHATHI
3.1 Ilo moka3aHusM BOJBTMETPOB pAaccuuTaTh KOPQUIMEHTHl ycunuss K U KO3(D(PUIUEHTHI

obpaTHOil cBs3u K, (hopmynsl npuseneHsl B Tabnunax 1 u 2). PesynpTarel 3anucaTb B 3TH

TaOIALIBL.

f, k[' (mpu Uz =1MB) 0,01 5 12 15 20 25 30

UBLIX. 5 B pu B: R1:1 0 N,KOM
rIyouHe Ri/(R1+R>)
obpaTtHoI

CBSI3U R;+30-N,xOm

R;+50-N,xOm

paccuntath | K=Upyx/Usx (pu
R;=30-N,xOm)

Ko.c. =Kuo/(1+-B-Ku)

3.2 IloctpouTs (IO JTaHHBIM TaONHUIBI 2) SKCIIEPMMEHTANILHBIE U PACUETHBIE 3aBUCUMOCTH K H
K, oruacrorsl npu , =30-N,kOm.
3.3 3anucarb BBIBOJBI O XapaKTepe MOTYUEHHbIX 3aBUCUMOCTEH.

4 Copep:kaHune oT4eTa
4.1 3anoiHeHUe TaOJIUIBI PE3yJIbTATOB U3MEPEHUH H PACYETOB.
4.2 I'paduku 3aBucumocteit K(f)u K, (f).

4.3 BeIBOJEL.




