®EJIEPAJTBHOE I'OCYJAPCTBEHHOE BIOJI)KETHOE OFPA30OBATEJILHOE
YUYPEXJIEHUE BBICIIEI'O OBPA3OBAHUSI
«OPEHBYPI'CKH TOCYJIAPCTBEHHBIN ATPAPHBII YHUBEPCUTET»

METOAUYECKHUE YKA3ZAHUA IJI1 OB YYAIOIIUXCA
11O OCBOEHMIO TN CHUTIJIMHBI

9J'ICKTpOTCXHI/IKa 1 DJICKTPOHHKA

HanpasiieHue noaroroBku (cneuuaabHocThb) 35.03.06 «ArpouHKEHEpUs»
IIpoduas odpa3oBaTenbHOil mporpammsel TexHnueckuii cepsuc B AIIK

®opma o0yuyeHHus] OYHAs



COJEP)KAHUE

1. KOHCHEKT JICKIIMI. ........iiitiititi it 4
1.1 JlexknuaNel, 20rexkmpuueckue yenu nOCMOAHHO20 MOKA ... ... ceevee veevee veevveveevvennn
1.2 Jlexkuuss Ne 3 Ananus nunetinvix s1eKmpudeckux yeneu NOCMosHH020 MOKA.............. 11
1.3 Jlekuust Ne 4 DeKMPOMACHEMUSM ... . vev e vee eee e e eee eee et e eeee aee e e eee eeeevee e eee 1D
1.4 Jlexknus Ne § CunycoudanvbHulti nepemenHbvlll JNeKMPUYECKUU TNOK ... ... .c. cevveevvv v 25
1.5 Jleknus Ne 6 Pacuém yeneii nepemennozo moka. Pe3onanc Hanpsoicenuil.. ... ... ... ....33
1.6 Jlexuust Ne7 Pacuém yeneu nepemenno2o moka. Pe3onanc mokos... ... ................... 33
1.7 Jlexkumst Ne 8 Tpexchaznviii nepemeHHbll INEKMPULECKUN TOK ... .vvvvv s verven ven aen 2eeena 38
1.8 Jlexuus Ne 9 Agaputitbie pescumvl 8 MPEXPAZHBIX YCHIAX .....uveeeeveevaeeeeee e e 45
1.9 Jlexkuusi Ne 10 TpaHCEhOPMAMOPDBL ... ... ... oovvee ettt it ee aee e e et e e eee aee eee 200 D3
1.10 Jleknus Ne 11 Onexkmpuueckue MauiuHbl NOCMOAHHO20 MOKA ... ... .. vee vee vevvvvaee 2. 99
1.11 Jleknus Ne 12 Acunxponnvie Mawiunvl NePeMeHHOS0 MOKA ... ... ... .ev e veeveeveeeen van. 10
1.12 Jlekuust Ne 13 OcHo8bi 91€KMPONPUBOOQ... ... ... cee veeveeaee e e eee e e e e e ve 0. 80
1.13 Jlekuust Ne 14 DieKmpOCHADIHCEHUE ... ... ... ceceee vt et e aee e aee e et e e aen 20 88

1.14 Jleknusi Ne 15 Ocnoswr snexkmponuxu. Ilonynposoonukosvie npudopvi, npuHyun
OCUCIMBUSL U KOHCIIPDVKYUSL. v cev ae aen een aee aee aee vae vae vae vae sve as snssnn en aen aee aee aee aee vae vaeeeees D3

1.15 Jleknus  Ne 16  Ocnosvl  snekmponuxku  HMcmounHuku — 6mopuunozo

ONEKIMPOIUNMIAHUSL ...« cev e e et e et s ean een eee aee aee aee tee tee vee aee tae ae as aas san sen sn een nae seeens D3

1.16 Jlekmus Ne 17 Onexmponnsie ycmpoucmea. Inemenmol A6MOMAMUKU... ... ... ... 102

1.17 Jlekuust Ne 18 DneKmPOUSMEDEHUS .....oouueeeeie e 127
2. Meroanyeckue MaTepuaJibl 0 BHINOJHEHUIO J1a00paTOPHBIX pador..............139

2.1 JIaGoparopHasi padora Ne JIP-1 Onexmpobezonacnocmo. Texumuxa 6Oezonacnocmu
npU IKCHIYAMAYUY ITEKINPOVCTIAHOBOK ..« e s s et et et eee aae aas ae e et it e e eee eans

2.2 JlabopaTopHasi padora Ne JIP-2 Dnexmpuueckue usmepenus u npubopul... ....... ... 149

2.3 JlaGoparopHasi padora Ne JIP-3 Mccreoosanue 3axonos Kupxeogpa u npunyuna
HAN0JICEHUS 8 CTIOINCHOU ITIEKMPUYECKOU Yenu NOCIOSHHO20 MOKA ... ... ... .. ve.ceve ... 159

2.4 JlabopaTropnasi padora Ne JIP-4 Jccredosanue yenu nocmosimHo20 moKa ¢
nOCNe008amenbHbIM U NAPAJLIETbHBIM BKAIOUEHUECM ILEMEHMOB. .. ... ... e e e e eee oo 162

2.5 JIabopatopHas padora Ne JIP-5 Mccredosanue cnoochoii yenu nocmosiHHO20 moxa
CO CMEULAHHBIM COCOUHCHUCM DTIEMEHIMORB ... ... . v e et e aeeeee e et e e e aen eee e 164

2.6 Jlabopatopuast padota Ne JIP-6 Vccnenosanue uenu nepeMeHHOro TOKa ¢ MOCIIEN0BATENBHBIM
BKITEOUCHHEM DIIEMEHTOB ... etetttiteeeeeetit e e e e et ette e e e et et et e e e ettt a e e e et e ettt e e e e et ettt e e et e ebieaeeeeees 166

2.7 JlaGopatopHas paGora Ne JIP-7 Hccrnedosanue pesonancHuix seneHuil 6 yenu

NePEeMEeHHO20 MOKA Pe30HAHC HANPANCOHUS ... ... c.. e ve eee ees aee aee aee eae vee vee vve vve vve veeeeee ee 109

2



2.8J1aboparopunasi padora Ne JIP-8 Mccreoosanue pesonancuvlx senenuti 6 yenu
NEPEeMEHHO20 MOKA. PEe30HAHC MOKA ... ... ... cc. e ee e e e et e e e e e e LT3
2.9J1ab6opaTopHas padora Ne JIP-9 /Mccrnedosanue yenu nepemennoco moxa... ... ...... 176
2.10J1a6opaTopHas padora Ne JIP-10 /ccreoosanue mpexghasnoii snekmpuyeckou yenu
NepPemMeHH020 MOKA C OOHOPAZHBIM NPUCMHUKOM ... ... .vv v ver ven ve aes aee aeeaaeaeeaaeveeveevnnnens 118
2.11JIa6opatopnas  padora Ne JIP-11 Hccredosanue  mpexgasnou  yenu
CUHYCOUOANbHO20 NEPEMEHHO20 MOKA NPU COeOUHeHUU nompeoumeell 36e3001... ...... 180
2.12J1a6opatopHass  pabdora Ne JIP-12  Mccreoosanue  mpexghasnoii  yenu
CUHYCOUOANbHO20 nepemMeHH020 moxa npu coeouHeHuu nompeoumenet
TPEYLOTIDHUKOM......oeeeeeneeeaeeee et e et e eaeeeeateeeeast e e et e e eabeeeenbeeeenbeeeenseeeenseeeenseeennseeennseeens 182
2.13JIa6opatopuas padora Ne JIP-13 Mccreoosanue mpexghaznoii anekmpuueckoii yenu
NePemMeHH020 MOKA C MPEXPAZHBIM NPUCMHUKOM ... ... cev vee ves aee aeeaaevae veevvevee veevveveneeas 180
2.14)1a6opaTopHass padora Ne JIP-14 Brurouenue mpexgaznoeo acunxponHoco
INEKMPOOBULAMENS 8 MPEXPAZHYIO CUCTIEMY .. e vve e vee aes aen e e cee ae vee vee aen een eenenvneees 188
2.15J1a6opatopuas padora Ne JIP-15 Brurouenue mpexgaznozo mpancgopmamopa 6
MPEXPAZHYIO CUCTIEMY ... .o v et et e aen aee aee aee aee vae vae vae vee vae vs vssansnnsen een aes ven aee aee aeeveaes 190
2.16J1a6opaTopuas padora Ne JIP-16 lccreoosanue u pacuem napamempog cxembvi
3ameueHusi B030YULHO20 MPAHCHOPMAMOPA ... ... ... .evveeveeeesee e e e e vve aae aes een e aennnn 192
2.17J1abopatopuass padora Ne JIP-17 Heynpasnaemvie 08YXNOYNepuoOHbvle
BOIIPDSMUIMEGTU ... e vev s aen aee eee e aes aee vee an eee vee ae s see vee see sen eee vee sanann aee veesennen aee seesven nee 1 94

2.18J1a6opaTopuas padora Ne JIP-18 Vcurumens nocmosinnoco moxa... ... ... ..........198



1. KOHCIEKT JEKIIUA
1. 1 Jleknus Ne 1,2 (4 gaca).

Tema: «JJeKTpUUYeCKHe LEeNH MOCTOSTHHOI0 TOKA)
1.1.1 Bonpochl JieKum:

1. OcHOBHBIE Onpe/eseHUs] M TOMOJOTMYeCKHe MapaMeTPhl JJIeKTPUYECKUX Herei.
2. 3akon Oma. 3akonbl Kupxroga.
3. PacdeT npocThIX 1IETei MpH MOCIeI0BaTEIbHOM, NTapalIeIbHOM U CMEILIAaHHOM
BKJIHOYCHUH DJIEMECHTOB.

1.1.2 KpaTkoe conep:kaHue BOIPOCOB.

1. OcHOBHBIE ONpeeIeHUs U TOMOJOTHYeCKHe MapaMeTPbl JJIeKTPUYECKUX Hernei.

DNEeKTPOTEXHUKA — HAyKa O MPAKTHUYECKOM IPUMEHEHUH JIEKTPUUECKUX U MarHUTHBIX
saBieHUH. icTopust cTaHOBIIEHUS 3JIEKTPOTEXHUKH KaKk HAyKu OepeT Havajao C MOMEHTA
OTKPBITUSL HEKOTOPBIX NEKTPHUUECKUX U MATHUTHBIX SIBJIEHUI. [[peBHErpeuecKkre peMeCcIeHHUKN
npu 00paboTKe SHTAPs (JIEKTPOH) HAOIIOJANH SIBICHHS] MarHETU3Ma M UCKPEHHUS, U HAa3BaJIH
JTAHHBIE SBJICHUS JIEKTPUUECKHMH.

Cpenu Bcero MHOT00oOpas3usi CyIIECTBYIOUINX B PUpPoe GOpM SHEPTHH (XUMUYECKas,
MeXaHU4ecKasi, TEIIOBasi, CBETOBAs ), JIEKTPUUECKasi SJHEPrus sABIIeTCs Hanbosee
pacnpocTpaHEeHHBIM BHJIOM, TaK KakK 00J1aaeT HEKOTOPBIMHU MPEUMYILECTBAMH:

- JIETKO, B OOIIMX KOJMYECTBAX M MAJIBIMM [TOTEPSIMU NIEPEAAETCS Ha OOJIbIINE
paccTosiHus;

- JIETKO Npeodpasyercs B ApYyrue BUIbl SHEPTUY;

- yoOHO pacIpeaenseTcss MeXay MOTPEeOUTEIIMU Pa3TUUYHBIMU IO MOUTHOCTH U
XapaxkTepy moTpeOaeHusI.

DnekTpruyeckas 1enb

JIro0yto peasbHYIO 3JIEKTPUUECKYIO YCTAHOBKY MO>KHO 3aMEHUTh MaTeMaTH4eCKON
MOJIEIIBIO — NEKTPHUUECKON IETbI0, KOTOpast MPECTaBIseT COO0H COBOKYITHOCTh YCTPONCTB U
00BEKTOB, 00pa3yIOIUX MYTh AJIS 3JIEKTPUYECKOTI0 TOKA, 3JIEKTPOMAarHUTHBIE MPOLIECCHI, B
KOTOPBIX MOTYT OBITh ONKCAHBI C TOMOIIBIO MMOHATUH 00 IEKTPUUIECKOM TOKE,
NEKTPOJBIKYILEH CUJIE U DJIEKTPUYECKOM HANPSKEHUH.

DNEeKTPUYECKHUIN TOK

DNEeKTPUYECKUM TOKOM ITPOBOJIMMOCTH Ha3bIBACTCS SIBJICHNUE HANPABIEHHOIO JIBUKECHHUS
CBOOOJHBIX HOCHUTEJIEH SIIEKTPUYECKOr0 3aps/a B BEIECTBE WU B IIyCTOTE, KOJINYECTBEHHO
XapaKkTepU3yeMoe CKaIsipHOM BEJIMYMHOM, paBHOM TPOU3BOIHOM 110 BPEMEHU OT
AIIEKTPUUYECKOTO 3apsi/ia, IEPEHOCUMOT0 CBOOOIHBIMU HOCUTEISIMU 3apsijia CKBO3b
paccMaTpUBaeMylo OBEPXHOCTb:
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[Ton cBOOGOAHBIMU HOCUTENSIMU 3apsi/ia HOHUMAIOT: B IPOBOJHUKAX IIEPBOT0 pojia
(MeTaax) — cBOOOIHBIE ANEKTPOHBI, @ B IPOBOIHUKAX BTOPOTO poja (pacIulaBiIeHHbIE COJIH,
pacTBOPHI KUCIIOT, IIeJI0Uei) — HOHBI.

DNEeKTpUUECKUH TOK HEM3MEHHBIN 110 HAIIPABJICHUIO U BEJIMYNHE Ha3bIBACTCA
MOCTOSTHHBIM.

Enunnnel naMepeHus 3JeKTpUUECKOro ToKa MPOBOJUMOCTH SBIsETCS AMIiep.
DIIEKTPUUECKHUI TOK H3MEPSAETCS TPUOOPOM, KOTOPBIN HA3bIBACTCS aMIIEPMETP. AMIIEpMETP
BKJTIOYAETCS MOCIIEA0BATENBHO B JIEKTPUUYECKYIO ETIb, U IOJKEH 00J1aJaTh MUHIUMAaJIbHBIM
COTIPOTUBIIEHUEM, YTOOBI HE OKA3bIBaTh BIUSHUE HA PEXKUM paOOTHI LIETIH.



OpHOI M3 OCHOBHBIX BEJIMYMH IIPU PacueTe CEUEHUS IPOBOIOB NIEKTPUUECKUX JTUHUM,
00OMOTOK MAIlIMH U allapaToB sBIAETCS IUIOTHOCTh TOKA: BEIMYMHA TOKA, IPUXOIAIIAACA HA
€UHULLY ILIOIIAIN [TONIEPEYHOIO CEYEHUs IPOBOIHUKA!
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DNEeKTpOABMKYIIAsl CUila

PaccmoTpum Takoit mpumep, Kak 3aMKHYyTasi cucTeMa BojjocHaOkeHus. Boma Teder mo
TpyOe O6maronapst pa3HOCTH YPOBHEH, CO3/IaBAEMBbIX HACOCOM.

AHaJIOTUYHO, B 3aMKHYTOMN AJIEKTPUIECKON CHUCTEME 3apsabl IBMKYTCS OT TOYEK ¢ Oojee
BBICOKUM IOTEHLIMAJIIOM K TOUKaM C 00Jiee HU3KUM TOTEHIIMATIOM.

Pa3HOCTB 351eKTpUUYECKUX YPOBHEM, T.€. pa3HOCTh MNOTCHIIMAIOB HA 3AKUMAaX
AIIEKTPUYIECKOM CHCTEMBI TIOIIEPKUBaALT dMeKkTpoaBrxkymas cuia (31C). Dto ckansipHas
BEJIMUYMHA, XapaKTEePU3YIOIasi CHOCOOHOCTh CTOPOHHET0 M MHIYKTUPOBAHHOTO T10JIeH BBI3bIBATh
anexTpuueckuit Tok. D/IC ompenensercst Kak OTHOIIEHUE paboThI, COBEpIIAEMON CTOPOHHUMHU
CUJIaMU IIPU MEPEHOCE 3apPsSHKEHHON YaCTUIIbI BHYTPH UCTOYHHUKA K €€ 3apsfy.
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DJIEKTPUYECKOE HANPSIKEHUE U DJICKTPUUECKUI TOTEHIIHAIT

[Tpu nepemenieHNH 3apsiaa gy B SIEKTPUYECKOM T10JI€ BAOIb HEKOTOPOTO IyTH /,
NEICTBYIOIIME Ha HETO CUJIbI COBEPUIAIOT padoTy.

OtHomeHue paboThI K BETUYMHE 3apsA/a ¢y XapaKTepu3yeT CBOWCTBA I0JIs BIOJIb
JAHHOTO MYTHU U Ha3bIBa€TCA ANEKTPUUYECKUM HaNpPsIKEHUEM:

v, =4 jE dl, [B]
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DeKTpUUecKoe HaNpsHKeHHe MPpeACTaBIseT co0oi (pU3nUecKyro BeITUUHHY,
XapaKTEPU3YIOLIYIO AIEKTPUUECKOE M0JIE€ BJIOJIb PACCMATPUBAEMOTO Iy TH.

['oBopst 06 37IEKTPUUECKOM HANIPSKEHUH BIOJIb HEKOTOPOTO Y4acTKa MyTH, YacTO
YIOTPEOISIOT TEPMUH RAOEHUE INEKMPUULECKO20 HANPANCEHUA BIOTH STOTO IyTH.

JIrob6as Touka D11 MoxkeT OBITh OXapakTepHu30BaHa TakKe pPaboTO#, KOTOPYIO
HE00XO0/IMMO 3aTPAaTUTh MMPOTUB CUJI MOJIA JJIs TIEpeHOca 3apsaaa B 3TY TOUKY U3 TOUKH, 1€ TI0JIe
MPAKTUYECKH OTCYTCTBYET. JTa paboTa OyJeT paBHA NOTEHUUATbHON SHEPTHH, KOTOPYIO
MOJIYUYUT 3apsiji, IEPEHECEHHBIN B JaHHYIO TOUKY I0JIs. BennunHa noTeHalbHON 3Heprun
3aBHCUT TOJIbKO OT MOJIO’KEHHUSI TOYKU U HE 3aBUCHUT OT ITYTH MepeMelIeHus 3apsaaa. Takum
o0pazom, mo0yto Touky D11 MOXKHO OXapaKTepHU30BaTh CKAJISPHOM BETMUYMHON , HA3bIBAEMOM
JNEKTPUYECKUM OTEHIIUAIOM.

b
2 jEdla [B]
0

B mexaHnueckoil cuctemMe BhICOTY MOKHO OTCUMTATh IO OTHOILICHUIO K YPOBHIO MOpsi. B
SJICKTPOTCXHUKC HYJICBBIM MMOTCHIUAIIOM IMPUHATO CHUTATHh NOTCHI AL 3GMJII/I, TaK KaK 3eMHOH
nIap SBJASETCSl TPOMAHBIM TPOBOAHUKOM.

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

Pa3zHOCTB 35IeKTpUUYECKUX MOTEHIMANIOB ABYX ToueKk D1 uncienHo paBHa paboTe mosis
U NEepEMEILIEHUH 3apsiia U3 OJHON TOUYKHU B APYTYIO.

0. — o, =TEd1—jEdl=jEdl=Uab
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N3mepenune D/IC u HanpsKeHUs



Enununeit uamepenus 3/1C u 351eKTpUYecKOro HaNpsHKEHUs SIBISETCS BOJIBT, a pHOop,
M3MEPSIIONIUI 3TH BEJIMYMHBI — BOJBTMETP. BOIbTMETp BKIIFOYAETCS MapasljIesIbHO B
AIIEKTPUYECKYIO [IETlb, ¥ JIOJDKEH 001a/1aTh OYEHB OOJIBIITUM COIIPOTUBICHUEM, YTOOBI OH HE
BIIWSIT HA peKuUM padoThl 1ienu. Benununna 3/1C uzmepsieTcst B peKUMeE X0JIO0CTOTO X0/1a, IPH
Pa30MKHYTOH 3JIEKTPUIECKOU I[EMH, HAMIPSHKEHHUE Ha JIF0OOM yJacTKe B paboyeM pexkuMme.

DJIEMEHTBI CXEMBbI 3aMEILICHUS

I'padmueckoe n300pakeHUE MEKTPHUUECKON IIETTH, COJIepIKallee YCIOBHbIE 0003HAUCHUS
€€ DJIEMEHTOB M IMOKa3bIBAIOIIEE COEAMHEHUS ITUX 3JIEMEHTOB HA3bIBAECTCSA CXEMOM 3aMEILICHHUS.

Bce aiieMeHThI cxeMbl 3aMeIeHUS IESATCS Ha aKTUBHBIE (MCTOYHUKH D)) U MaCCUBHBIC
(motpedbutenu 29).

Hctounuk D1C

Ha pucynke npezacrasieHo ycioBHoe rpaduueckoe nzodpaxenue ucrounnka 3/1C.
OcHoBHbIMU NTapaMmeTpamu uctounuka IJIC apnstorcs: BennunHa J/{C E; BHyTpeHHEe
COIIPOTHUBIICHUEY) BobTamrepHas xapakrepuctuka U = f(1).

Toxk, D/1C, BHyTpeHHEE CONPOTUBIICHUE U HANIPSHKEHUE HA 3QKMMax MCTOYHUKA, CBA3aHbI
00001eHHBIM 3aK0HOM OMa:
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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 BenununHe DJ{C, mpu yBeIHMueHUU TOKa —
HaNpsDKEHUE YyMEeHbIaeTcs. Tak Kak BhIpaKEeHUE SBISIETCS YPaBHEHUEM MPSMOU TUHUH, TO U
BAX nuneitna. )Kecrokocts BAX (HakjI0H JIMHUK) 3aBUCUT OT BEJIMYMHBI BHYTPEHHETO
conpoTuBlieHUs. Eciu BeMYnHA COMPOTUBIICHHSI BHEIITHEH HATPY3KU MHOTO OOJIBbIIIE
BHYTPEHHETO COIPOTUBIIEHUS UCTOYHHKA, TO UM MOKHO IIpeHeOpeyb, KOTJa HaNpsiKeHHe He
3aBUCHT OT BEIMYMHBI TOKA. TaKoil HCTOYHHUK HA3BIBACTCS UICATU3UPOBAHHBIM.

I'paduaeckoe n300parkeHNe AMEKTPUIECCKON IIETH, COACpIKaIee YCIOBHBIE 0003HAUYEHUS
€€ 2JIEMEHTOB U ITOKA3bIBAIOLIEE COEAMHEHNS ITUX DJIEMEHTOB HAa3bIBAETCS CXEMOM 3aMEIICHMS.

Bce anieMeHThI cxembl 3aMeleHHs IEISATCs Ha aKTUBHbIE (MCTOYHUKH D) U MaCCUBHBIE
(motpeburenu I32).

DJIeMEeHTBhI CXeMbI 3aMelleHHs.
Ha pucynke npencraBieHo ycioBHoe rpaduaeckoe nzodpaxenue ucrounuka I/C.

OcHoBHBIMU NTapaMmeTpamu uctounuka JJIC apmstores: BennunHa J/]C E. BHYTPEHHEE

i U = ( )
comporuBneHue 'V 1 BOIbTaMIIepHAs XapaKTEPUCTHKA f .

Tok, DJIC, BHyTpeHHEE CONIPOTUBIIEHUE U HANIPSDKEHNE Ha 32)KMMaX UCTOYHMKA, CBSI3aHBI
0000111eHHBIM 3aKk0HOM OMa:
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Bripazum HanpsioxeHue

U == E - I . }”O

[Tpoananu3upyeM 3aBUCUMOCTb HAaNpsDKEHUS OT ToKa. [Ipu Toke paBHOM HyIIIO,
HaIpsDKEHUE UMEET MaKCUMAJIbHOE 3HaueHue U paBHO BenndnHe DJ{C, pyu yBEIMUEHUHN TOKA —
HalnpspKeHHue yMeHblaeTcs. Tak Kak BbIpaXKEHUE SBISIETCS] YPABHEHUEM NIPSIMOM JIMHUM, TO U
BAX nuneitna. XXectkocts BAX (HakJIOH JTMHUM) 3aBUCUT OT BETMYUHBI BHYTPEHHET O
comnpoTuBieHus. Ecin BelmyrHa CONPOTUBIICHNSI BHEIIHEH HArpy3Ku MHOTO OoJIbLIe



BHYTPEHHET0 CONPOTHUBIICHHS HCTOYHHUKA, TO UM MOXKHO ITpeHeOpeyb, TOT1a HaNpsDKEHUE He
3aBHCHT OT BEJIMYMHBI TOKA. Takol HCTOYHUK Ha3bIBACTCS UACATU3NPOBAHHBIM.

Pe3ucTuBHBII 3JIEMEHT.

Pesucrop — anement D1, npenqHa3zHaueHHBIN ISl UCTIOIB30BAHUS €0 JIEKTPUUECKOTO
CONPOTHUBIICHHUS.

Ha pe3ucTuBHOM 3J1€eMeHTE MPOUCXOAUT HeoOpaTuMoe rmpeodpazoBanne I3 B SHEPTHUIO
KaKoTo-JIM00 APYroro BHjA.

OcHOBHBIMU nTapamMeTpaMu PO ABISIIOTCS: 3JEKTPUUECKOE CONTPOTUBIICHUE,
3JIEKTpUYECKasi IPOBOAUMOCTh U BAX.

DNEeKTPUYECKOE COMPOTUBIICHUE - CKaJISIpHAsl BEJIMYMHA, paBHAsI OTHOIICHUIO
MIOCTOSIHHOT'O 3JIEKTPUYECKOIO HAIPSKEHUS MEKy BBIBOJIAMHU [TACCUBHOTO JIBYXITOJIFOCHUKA K
IOCTOSIHHOMY TOKY.

Toxk maccuBHOTrO IBYXIOJIFOCHUKA, HAIIPSKEHUE HA €r0 3a)KUMax, COMPOTUBIICHUE U
MIPOBOJIMMOCTH CBSI3aHbI 3aKOHOM OMa.

[Ipoananm3supoBas 3ak0oH OMa BUAHO, YTO IIPU TOKE PABHOM HYJIIO, HAIIPSIKEHUE TaKKe
paBHO HyIO, 1 BAX nmpoxoauT uepe3 Hayano koopauHar. [Ipu yBenuueHnn Toka HanpsKeHue
TOXE YBEJINUUBAETCS.

ConpoTHBiieHHE XapaKTePU3yeT CIIOCOOHOCTh MaTepraia MPOBOJHUKA COTIPOTUBIISATHCS
MPOBEACHUIO IEKTPUUECKOro ToKa. OHO 3aBUCHUT OT YAEJIIBHOIO COMPOTUBIICHHE MaTepraa
MPOBOJHMKA, UTMHBI POBOIHUKA U TUIOIIAIU TONEPEUYHOTO CEUEHUSI.

S
TemnepaTypa NpoBOJIHUKA TAK)KE BIMSET HA €I0 CONPOTUBIIEHUE, YBEIUUEHUE
TeMIIepaTypbl METAIUIMYECKUX IPOBOJHUKOB, IPUBOIUT K YBEJIMYEHUIO CONTPOTUBIICHUS.
M3MepsIoT CONPOTUBIICHUE C TOMOILBIO TPUOOpPa, KOTOPBI HAa3bIBACTCS — OMMETD.
OpnHako, yalle BCero, UCIob3ys OIBIT BOJbTMETPa-aMIIEpMETPa, CONPOTUBIICHHUE
paccuuThIBaIOT O 3aKoHy Oma.

KaTymka nHIYyKTMBHOCTH — 3JIEMEHT 3JIEKTPUUYECKOMN LIeNH, MpeIHa3HAYCHHBIN JJIs
HCIOJIL30BaHUS €r0 MAarHUTHOI'O MOJIA.

OcHoOBHBIE TapaMeTPhl: HHAYKTUBHOCTH, BeOep-aMIiepHast XxapakTepucTuka. Tok
KaTYIIKH, HAIIPSDKEHNE Ha €r0 3AKUMaX W MHIYKTUBHOCTD CBsI3aHbBI 3aKOHOM OMa B
nuddepeHmaIbHoN GpopMe 3anHcH.

ML = L . ﬂ

dt

Tok, mpoxoaamuii yepe3 KaTylKy HHIYKTHBHOCTH, BBI3BIBACT MOSBICHHE MATHUTHOTO
nosist. I3MeHeHne Toka MpUBOAUT K U3MEHEHUIO0 MAarHUTHOTO MIOTOKA U HABEICHUIO TaK
HazbpiBaeMoid, DJIC caMOMHIYKIINH, CTPEMSIIEHCS TPENATCTBOBATh M3MEHEHUIO TOKA. TakuM
o0pa3om, KaryImika paboTaeT KakK JIEeMEHT TOJIbKO B IIETH MEPEMEHHOTO TOKA, B LIEMH
MOCTOSTHHOTO TOKa KaTYIIKa SBJISETCS MPOCTO MTPOBOTHUKOM.

NHayKTUBHOCTE, TapaMeTp, XapaKTePU3 YOI CIOCOOHOCTh KaTyIIKA HHAYKTUPOBATh

SIC.

EMKOCTHBII 3JIEMEHT — 3JIEMEHT JICKTPUUYECKOM 1eNHU, TPeHa3HAYE€HHbIN JJIs1
HCIIOJIb30BAHUS €T0 3JIEKTPUUYECKON EMKOCTH.
OcCHOBHBIE TApaMETPHI: JIEKTPUIECKasi EMKOCTb, KYJIOH-BOJIbTHAS XapaKTEPUCTHKA.

) du



CHOCO6HOCTB 9JICMCHTA HAKAIJIMBATB 3JICKTPUYICCKUC 3apAabl C OJHOBPCMCHHBIM
MIOBBIIIIEHUEM MTOTEHITHAJIA IO OTPE/ICIICHHOTO YPOBHS HAa3bIBACTCS DIIEKTPUUECKON €MKOCTBIO.
PaCCMOTpI/IM IMPUHIMIT ﬂeﬁCTBHH CMKOCTHOTI'O 3JICMCHTA HAa NPUMCPE IIJIOCKOT'O

KoHzeHcaTtopa. OH COCTOUT W3 JIBYX TUIACTHH U IUAJIEKTpUKA. [IIaCTHHBI H3rOTaBIMBAIOT U3

TBEPJOT0 MaTepHalia Uil MeTaIUTMYeCKor (onbru. B kauecTBe TUAIEKTPUKA UCTIONB3YIOT
napaduHOBYIO Oymary, CJIIOAy, KepaMUKy WU TTPOCTO BO3YX.

Ecnu 3apsauTh OHY INIACTUHY ITOJIOKUTENBHO, & APYTYIO - OTPULATENIBHO, TO
pa3HOMMEHHBIE 3aps/Ibl, IPUTIATHBASICH APYT K APYTY, OYIYT yIEpKUBAThCS HA TUIACTUHAX —
HaKaIlJInBaThCA.

2. 3akon Oma. 3akonbl Kupxroga.

3akoH OMa JIl N1aCCUBHOM BETBH.

BetBbto Ha3bpiBaeTcs yuacTok JL B0 KOTOPOro T€YET TOK OJJTHOTO 3HAYEHUS.

BeTBs MOXeT ObITh TACCUBHOM, COJIEPKAIICH TOIHKO MOTPEOUTETN SHEPTHUU U aKTHUBHOM,
cojiepkalieil OJJMH WU HECKOJIbBKO UICTOYHUKOB SHEPIHH.

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

U=R-1I

HanpsokeHnue Ha 3a)kMMax BETBU IMPSIMO MPONOPIMOHATIBHO TOKY BETBH, TJIE
KOX((UITMEHT MPOMOPIIHOHATBHOCTH HA3bIBACTCS DIEKTPUICCKUM COMTPOTUBIICHUEM.

OpHako, BETBb MOXKET COJIEP’KaTh HECKOJIKO MACCUBHBIX 3JIEMEHTOB. Takoe coeIMHEeHNE
Ha3bIBACTCA IMOCICAOBATCIIbHBIM. HaHpH)KCHI/Ie MCKAY BbIBOJAaMU a U b npeaAcTaBysACT C060ﬁ
CYMMY HanpspKEHUH Ha OT/EIbHBIX 3JIEMEHTAaX BETBU:

Uyp=U,+U,+..+U,

Hcnonb3ys 3akon Oma, npeoOpa3yeM JaHHOE BbIpa)KEHUE: MOJCTaBUM IPOU3BEICHHE
TOKa Ha CONPOTUBIIEHUE COOTBETCTBYIOIIETO JIEMEHTA.

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

Tax kak TOK OJTHOTO 3HAYEHUsI, BEBIHECEM €T'0 3a 3HaK CKOOKHU, TOT/Ia B CKOOKaxX OCTaHeTcs
CyMMa COMMPOTHUBIICHUC. Takum 06pa30M, MBI MOXEM 3aMCHUTH IMOCJICA0BATCIBHOC COCIUHCHUEC

HECKOJIBKHX 3JIEMCHTOB OAHUM 3JICMCHTOM C COIMPOTHUBIICHUEM, KOTOPOC HA3bIBACTCA
9KBHBAJICHTHBIM.

n
RBKB = ZRk
k=1

3akoH OMa il AKTHBHOH BETBH.
PaccmoTpuM nprMep akTUBHOM BETBH, COJIEpKaLIE HECKOIbKO HCTOYHUKOB DJ[C.
O0600menHbIi 3akoH OMa JIJ1s1 JAHHOTO Y4YacTKa LETH 3aIUIIETCs CICTYIONUM 00pa3oM:

;B +E, —E3)+U
R

B ckobkax anrebpanueckas cymma IJIC nctouHuKoB nipeactasisieT coboit AC
SKBUBAJICHTHOT'O UCTOYHHKA. Takum 06pa30M, HUCXOJHAasa CXEMa MOXKET 6I>ITI> HpGI[CTaB.HeHa
SKBHUBaJIEHTHOU cxeMoi. [Ipu nmocnenoBarenbHoM coeauHeHnr ncToUHUKOB D J(C, D/1C
HKBHUBAJICHTHOTO UCTOYHUKA OTPEEIIACTCS Kak anredpandeckas Cymma.

n
EBKB = ZiEk
k=1




3akonbl Kupxroga.

ITepBrlii 3axon Kupxroda.

[Tepsrrit 3akon Kupxroda npumenum ist yana. Y3mom D1 Ha3eBalOT MECTO COSTMHEHUS
BeTBei DL, kak MUHUMYM Tpex. PopMyIHpyeTcs CIenyIoIUM 00pa3oM: ajaredpandecKkas
CyMMa TOKOB y3J1a paBHa HYJ0. TOKM, HallpaBJIEHHbIE K Y31y (BXOJAIIUE B Y3€7), B
anreOpanyecKoil CyMMe YUUTBIBAIOTCS C OJIHUM 3HAKOM, HalpaBJIEHHBIE OT y371a (BBIXOAIINE) -
C MPOTUBOMNOIOKHBIM. CyIIIecTBYET enie oaHa (GopMyIHpPOBKa: CyMMa BXOJSIIUX B Y3€J TOKOB
paBHA CyMME€ BBIXOZSIINUX TOKOB.

Hcnons3ys nepssiii 3akoH Kupxroda MokHO BbIBECTH (HOPMYITY SKBUBAJICHTHOTO
npeoOpa3oBaHus MapajuIeIbHOIO COSIUHEHHS SJIEMEHTOB cXeMbl 3amerneHus. [lapamiensHoe
COEIMHEHHUE XapaKTepU3yeTcsl OOIIKUM HANPSKEHUEM, T.€. BCE BETBH, BKIIOUEHHBIE MEXKIY
OJTHOM M TOM e Mapoi y370B, HAXOIATCS 101 OOIIKUM HaNpsHKEHUEM.

Tok B 1ienu 10 pa3BeTBIEHUS, COTJIaCHO NepBoMy 3akoHy Kupxroda, paBeH cyMMe TOKOB
BETBEH, COEMHEHHBIX MTapaJIJIENIbHO!

I=I+1,+.+1,

Hpe,Z[CTaBI/IM TOKH BETBEH KaK OTHOIIICHUE HaIps’KCHUA K COITPOTUBIICHUIO
COOTBETCTBYIOIIETO YYaCTKa:

u U U
[=—+—+. . +—=
R Ry R,
U - L+L+...+L =U-G,,
Rl RZ n

B o01iem ciiydae S5KBUBaJIGHTHOE COMPOTHUBIICHHE ITPU MapaJljIeIbHOM COSAMHEHUN
AJIEMEHTOB OIpeeNsIeTCs] KaKk BeIMYMHA, 00paTHasi dKBUBAJICHTHON TPOBOJUMOCTH.

JKBHBaJeHTHbIC IPpeo0pa3oBaHus (MapajielbHOe COeIMHEHNE).
Ecnu anemMeHTa TOJIBKO /1Ba, TO SKBUBAJIEHTHOE CONPOTUBIIEHUE ONIPEAESIIUTCS 110
dbopmye:
_ Rl ) RZ
9KB
R, +R,
Ecan COMMPOTHUBJICHHUA BCCX 3JICMCHTOB, BKIIFOUCHHBIX MMapaJlJICIbHO, PABHLL

R
n

7', TO B 3TOM CJIy4ae 3KBUBAJICHTHOE COIIPOTHUBIICHUE OIIPEACIUTCS:

OKB

O06e dopMyItbl OTYYEHBI B pe3ylbTaTe Mpeodpa3zoBanus (GOpMyIIbl ONPeaeIICHUS
9KBHUBAJEHTHON IPOBOJUMOCTH.

[Tpu napannensHOM COCIMHEHUH BETBEH C aKTUBHBIMHU 3JIEMEHTaMH, KPOMeE
COIIPOTHUBIIEHUS SKBUBAJICHTHOI'O TACCUBHOI'O 3JIEMEHTA, HEOOXOAUMO OINPENIEIUTh BEINUUHY
3J1C skBUBalIeHTHOTO HcTouHMKA. OHa onpezensercs mo Gopmyie:



JKBHBAJICHTHBIE Pe00pa3oBaHus (3Be3/1a-TPEyroJdbHHUK).

TpexmyueBas 3Be31a. Takoe coequHeHne, TP KOTOPOM MO OAHOMY U3 BBIBOJIOB
00BeIMHEHBI B OOIINIA y3€I, a IPYTrue BBIBOBI COSIUHEHHI C PYTUMHU ydacTKaMu cxeMbl. Takoe
COEIMHEHUE MOXHO MPeoOpa3oBaTh TOJBKO B SKBUBAJICHTHBIN TPEYTrOJbHUK COMPOTUBICHUN.
[Ipu 5TOM CONPOTHUBIIEHUS] CTOPOH TPEYTOJIbHUKA HE PABHBI CONPOTUBIICHUSM Jyuei 3B€3/Ibl, U
OTIPEACIATHCSA MO CIAEAYIOUIM (opMyIam:

Rl * R3 ¢ R3

R -R R
Ry =R + Ry + = Ry=R+Ry+—— R23=R2+R3+2—
3. Ry . R

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

Ri; - Ry3 R. = Ry5 - Rys R. — Ri3 - Rys
? Ry +Ri3 + Ry3 : ’ Ry + Rz +Ry3

1:
Ryy + Ry3 + Ry; :

Bropoii 3akon Kupxrodga.

Bropoii 3akon Kupxroda npumenum mis kourypa OL1. [TocnenoBarensHocTh BeTBei DL,
o0pasyrolias 3aMKHYTBIH ITyTh, B KOTOPOM OJMH U3 y3JIOB OJTHOBPEMEHHO SIBJIETCS] HAYAJIOM U
KOHIIOM IIyTH, & OCTaJIbHbIE BCTPEUYAIOTCS TOJIBKO OJUH Pa3.

®opmynupoBka BToporo 3akoHa Kupxroda cienyromas: anrebpanueckas cymma
HaIpsDKEHUHM Ha y4acTKaX 3aMKHYTOTO KOHTypa paBHa HYJIIO:

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 yJacTKax BeTBel. i yuera 3Haka B
anreOpanveckoil CcyMMe HEOOX0IMMO yKa3aTh HaMpaBJIeHHEe 00X0/1a KoHTypa. Ecin
HaIlpaBJIeHUE HANIPSDKEHHSI COBIAAeT C HallpaBlieHHeM 00X0/a KOHTYpa, TO B aJredpanydecKyro
CYMMY OHO BXOJUT CO 3HAKOM ILIIOC.

_Uba +ch_Udc +Uda :O_

HarnpsixkeHus Ha CII0KHBIX Y4aCTKax MIPEACTABUM KaK CYMMY HaIIpSDKEHUN HA KaKJIOM
OTZIEJILHOM DJIEMEHTE, YUUTHIBAs TAKXKE, UYTO HAIPSKEHUS HA PE3UCTUBHBIX 3JIEMEHTAX PABHO
MPOU3BEJICHUIO COMPOTUBIICHUS HA TOK COOTBETCTBYIOILIETO YUacTKa, a HAPsKEHUs Ha
UJIealIbHBIX UCTOYHUKAX paBHbIX BenuunHe DJIC nanHoro ucroynuka. Torga ypaBHeHHe
3amuUIIeTCs:

Crpynnupyem ypaBHEHHE, T.€. IEPEHECEM U3BECTHBIC YWICHBI YPABHEHUS B MIPABYIO
yacTh. [lomyqaem ypaBHEHHE, 110 KOTOpOMY BTOpO# 3akoH Kupxroda MoxkHO chopMynrpoBaTh
cieayonmmM o0pa3oM: anredpandeckas CyMMa MaleHUH HanpsyKeHUH Ha MTACCUBHBIX JIEMEHTAxX
3aMKHYTOTO KOHTYypa paBHa anredpandeckoit cymme DJIC HCTOYHUKOB, ICHCTBYIOIINX B TAHHOM
KOHTYpe. B anreOpanueckyro CyMMYy CO 3HAKOM «-+» BOZIST MPOU3BEICHMUS, €CITH HAIIPABJICHUE
toka 1 HOK coBnagaroT, aHaTIOTHYHO YYMTHIBAETCS 3HAK B anreopandeckoit cymme DJ[C.
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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.

ITpumem notenuuan ogHou u3 rouek DLIIT paBHBIM HyIIIO Po =0 . Torna moxxem
HaWTH NOTEHIUAJIBI OCTAJIbHBIX TOUEK CXEMbI IIPU U3BECTHBIX 3HaueHUsAX Toka [, DJIC E, E», Es
U CONPOTUBIIEHUN R}, Ry, R3:

Up=¢1—9o=E = ¢ =9, +E1;

Up=01—0=11 RRUp =0, —3 =E, U3 =04 —3=1, - R,

Q=0 — 1R Q3 =0, —E, Py =03+, R,
Uy =@s —p4s =E3 = @5 =@, +E;
Uso =@s =@y =13 Ry = @y =¢s+13-R;

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

Bonpocs! Jexknun:
1. Meto KOHTYpHBIX TOKOB. METO/ y3JIOBBIX TOTEHIINAJIOB.
2. MoniHoCTh 1€ MOCTOSHHOTO ToKa. banaHc MoIHOCTeH
3. Pacuyer HEIMHENHEIX IIENEN MOCTOSIHHOTO TOKA

1.2.2 KpaTtkoe coaep:kaHue BONPOCOB:

1. MeTo KOHTYPHBIX TOKOB. MeT0/1 Y3JI0BbIX OTEHUNAJIOB.
3ajaya cuHTE3a — MIPOCKTUPOBAHUS YCTPOMCTB C 3aJJaHHBIMU NTapaMeTpaMH, 3aa4a aHaInu3a —
ONpeJleJICHUE TapaMEeTPOB CYIIECTBYIOIIEH YCTAHOBKH, B YACTHOCTH PacyeT TOKOB BETBEU U
HaIpsOKEHUN Ha y4acTKaXx.
B ocHoBe MeToma - mepBsIii 3akon Kupxroda.
Kak cBsi3aH 3aKOH OTHOCHUTEIBHO TOKOB y3J1a U TOTEHIMAN JJAaHHOTO y3i1a. PaccMoTpuM Takoit
MIPUMEP: YaCTH JIEKTPUUYECKOM IENH, COCTOSIEH U3 TPEX BETBEU. 3aMuIleM ypaBHEHUE JJIst
y3ia.
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:E1+ch El+¢b_§0c

1 R 47, R +1, 101 TP U =0 -y
U PP
], =—¢¢ _Tc¢ =0. - G,—@,;, -G
2 R, R, @Gy =Py 2’
E.+U E.+q@. —
Iy = 3R == j:c ¢a2E3‘G3+¢c'G3—¢a'G3
3 3

[ToncTaBUM NOSTy4EHHBIE BEIPAYKEHUS TOKOB B [IEPBOE YpaBHEHUE:

—E,-G -9, G +¢. G +¢.-Gy, =9, -Gy +E; -Gy +¢, -Gy —¢,-G3=0

2

CrpynnupyeMm ypaBHEHHUE:
9. (G +Gy+G3)-0, -G~y -Gy, -Gy =E -G - E3 -G,

[TpumeHnseTcsa mpu pacdere LN, KOTopas COAEPKUT NapajuIeIbHO COCINHEHHBIC BETBU
ITopsnok pacuera.

[Tpumem noTteHuman ysna d paBHbIM HYJIt0. /11 onpeneneHns NOTEHIMAIOB OCTAIBHBIX Y3JI0B
3aIULIEM CUCTEMY YPaBHEHUN:

?, ‘(G6 +G3+G5)—(0b Gg =@, -Gy = Ej; 'G3’

— ¢, G+ @y '(G6+G1 +G4)—(ﬂc -Gy =-E, 'Gl’

— 0, G3 =9, -G+, '(Gl +G, +G3):E1 -Gy — E5 -Gy
BrIpa3um TOkM B BETBsIX 110 3aKoHY OMma:

7 2 B 2 5 I Py,  — @, I _ Dy =P,
* R, R " R. R 67 R
4 4 5 5 6

5 5

Metoa ABYX y3JI0B
PaccmoTpuM yacTHBIN ciydail METOa y3J0BbIX MOTEHIIUAIOB — METO/I ABYX Y3JIOB.

Uab =0, —Pp =Pg

MeToa KOHTYPHBIX TOKOB

Metona ocHOoBaH Ha BTopoM 3akoHe Kupxroda. BBoasT Takoe nmoHsaTre kak KOHTYPHBIA TOK —
TOK, MMPOTEKAIOIINI BO BCEX BETBSIX, 00Pa3yIOIIMX JaHHBIN KOHTYp. KonndecTBo ypaBHEHUI pH
3TOM cokpamaercs. [IpeacTaBuM TOKH B BETBSX 4epe3 KOHTYPHBIE.

I '(R3 + R +7y +R6)_1K2 Ry —I3-Rg = E, + E;
— I Ry + 1o -(Rs+ Ry + Ry)— 1,5+ Rs = —E;
— 1L Rg— L - Rs + I3 '(R6 +R4+R5):0

Metoa 3KBHBaJICHTHBIX IPe00pa30BaHUM
[TpeoOpa3oBaHus CUNTAIOTCS YKBUBAJIEHTHBIMH, €CJIM TOKOPACIPEEICHUE B HE
npeoOpa30BaHHON YaCTH CXEMbI HE U3MEHHIIOCh.

]1 '(Rl +R3KB):E1 iE:~)1<B
El iEBKB

b (Rl +R3KB)
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[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:

= s6 =
R4+R5+R6; R4+R5+R6; Ry +Rs+Rg
Tak kak qBa y371a HE 00pa3yloT y3ja, TO B Pe3ybTaTe MPeoOpa3oBaHUs CXEMbI ITOTYYUITH

napaujiebHOe COeIMHEHUE IBYX BeTBel. [IpeoOpasyem ero u onpeaenum napaMeTpsl
9KBUBAJIECHTHBIX 3JIEMEHTOB!

45 =

E, /
R +R
_ (Ry +Rys)-(Rs + Rsg) 5 + Ryo)
" Ry Rys + Ry + Ry /R2+R45 /R3+R56
Toxk mepBoil BETBU ONPEACIIUTHCA:
E| +E;

11 -

Rl + 701 +R3KB +R46 .
2.MouHoOCTEL B IIeNMH MOCTOSHHOI0 TOKa bajanc MomHocTei.

[TocrynarensHOoe MBMKEHHWE CBOOOJHBIX DSJEKTPOHOB B MPOBOJHHUKE, CO3JAIONICE
ANEKTPUYECKUIN TOK, BBI3BIBAET JOMOIHUTEIbHBIE CTOJIKHOBEHHUSI 3JIEKTPOHOB C aTOMaMU BHYTPHU
npoBoAHMKA. [Ipy TakuWX CTONKHOBEHUSX AJIEKTPOHBI COOOIIAIOT aTOMaM JOMOJHUTEIBHYIO
SHEPrUI0 U YCUJIMBAIOT UX OecropsAo4YHbIe KoyeOaHHs, YTO MPOSBISAETCS B BUIE BbIACICHUS
TEIJ1a IPOBOJHUKOM.

3akoH Jlxoynsg-JleHna riacur, 4To KOJWYECTBO TEIIA, BBIACIMUBIIETOCS 3a BpeMs [ B
NPOBOJHUKE C COMPOTHBICHHEM R TNpH MPOXOXKAECHHH dYepe3 Hero Toka [, mpsMo
MPONOPIUOHAIBHO KBAJPATY TOKA, COMPOTUBIECHUIO IPOBOJHUKA U BPEMEHH IIPOXOKICHUS TOKA
yepe3 MPOBOJHUK

0=024-R-1*-¢
rze 0,24 — TernnoBoit Ko PUIHEHT.

[TpoBozaa 3MEKTPUUECKUX JIUHUHN U SJIEKTPOTEXHUUYECKUX YCTPOIMCTB JIOJKHBI OBITH
3alllMILEHbI OT MEepPerpeBa Npu JIUTENbHBIX MePerpy3Kax U KOPOTKOM 3aMbikaHuU. KopoTkum
3aMbIKaHUEM MPUHATO HA3bIBATh TAKOH PEXHUM, IPH KOTOPOM COIIPOTUBIICHHE HArPy3KH
CTPEMUTHLCS K HYITIO, @ TOK, COOTBETCTBEHHO, K 0eCKOHEUHOCTH. KOpoTKOe 3aMbIKaHUE SIBIISIETCS
aBapUIHBIM PEKUMOM, BOZHUKAIOIIUM BCIIEACTBUE CITYYalHOTO COETMHEHUS! TOKOBETYIITUX
yacTel 0e3 U30JISIIUH, WIH Ke BCIEACTBHE Mpo0os u3osuu. [Ipocreiimum criocobom
OTKJIIOUEHHS TOKOB KOPOTKOTO 3aMbIKAHHUS ABIISETCS UCIOJIb30BaHUE MPUOOPOB 3aIluTh. B
KaueCcTBE MPUMEpPA TAKOro MprOOpa MOKHO PACCMOTPETH IUIABKHIA MPeIOXpaHUTeNb. Jlis
HanpsoxeHus 10 250 B u Toka 10 60 A ucnonb3yroT TpoOOYHbBIE TPEIOXPAHUTEIH.

KomuuectBo 3JI€KTpH‘-I€CKOﬁ SHECPTrUun BBI,Z[GJIPIBH.IGﬁC?I B BUAC TCILJIA MOXKCT OBITE
MMPEACTABJIICHO CICAYIOIMINUM BBIPAXXKCHUEM

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

2
p:Z:u:ﬂ.R
t t
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MoMHOCTh WCTOYHUKOB (TIOJHAs MOIIHOCTH) OMpeleNsieTcs Kak ainredpanmdeckas
cymMma npousBenenuss 3JIC UCTOUHMKA HA TOK, IPOXOASIIUN Yepe3 TaHHbIM UCTOYHUK.

n
P =>+E -1, +ecm E,TT1I,.
k=1
MomHocTh moTpeOuTeneil (moyie3Has) omnpenensercs Kak apupMeTHyecKas CcymMma
IPOM3BEICHNUS KBa[paTa TOKAa Ha COOTBETCTBYIOIIEE CONPOTHUBIICHHE:

n
2
PHOTp = zln ‘R
k=1

CornacHo 3aKOHY COXpaHEHUS U MPEBpaIlleHUs] YHEPTUH SHEPTUs He UCUe3aeT U He
MOSIBJISIETCS BHOBB, OHA TOJIBKO MEPEXOIUT U3 OJJHOTO BUJA B Apyroi. [10CKoIbKYy MOIIHOCTh
€CTh KOJIMYECTBO YHEPTHH B €AUHUILY BPEMEHH, TO 110 aHAJIOTUU MOKHO C(POPMYIHPOBAThH
3aKOH COXpaHEHHS MOIIHOCTEH MM OalaHC MOIITHOCTEH: BCS MOIITHOCTh, BhIpabaThIBacMast
MCTOYHUKAMU SHEPTUH paBHA MOLTHOCTH, MOTPeOIsieMON HAarpy3Koi.

P P

moTp -~ * HCT*®

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

OTHOILIIEHUE TTOJIE3HOM MOITHOCTH K TTOJIHOM MOIIIHOCTH, pa3BUBAEMON HCTOUHUKAMM,
Ha3bIBaeTCs KOA((PUIIMEHTOM MOJIE3HOTO ACUCTBHSL.

P

n=—=2 (o1a).

HCT

3. Pacuer HeITMHEHHBIX [eNe MOCTOAHHOI0 TOKA.

B teopun nuneiinbix D11 mpeamnonaraercs, 4To HapaMeTpbl BCEX AJIEMEHTOB (JIEKTPHUECKOE
COTIPOTHUBIICHUE, HHIYKTUBHOCTh, EMKOCTb) HE 3aBHCST OT HAIIPSDHKEHUS U TOKA. ITO
MIPEAIIONO0KHUE SABIIAETCS Ucann3aluei. B 1eiCTBUTENRHOCTH MapAMETPBI JIEMEHTOB B KaKOM-
TO CTEMEHU 3aBUCAT OT TOKa U HanpsbKeHus. [103ToMy X TOMyCTUMO CUYUTATh HEU3MEHHBIMU
JUIIb B OTPAaHUYEHHBIX IIpe/iesiaX U3MEHEHHS TOKOB U HanpsbkeHuid. OJTHAaKO CyIIeCTBYET
MHO>KECTBO 3JIEMEHTOB U YCTPOMCTB, MapaMeTPbl KOTOPHIX CYIIECTBEHHO 3aBUCAT OT TOKOB U
HanpspkeHui. Takue 2J1eMeHTHI Ha3bIBaIOT HETUHEHHBIMU, a [eTlb, COJIEp KaIasi XOTs Obl OJIMH
HEITUHEHHBIN 2JIEMEHT, Ha3hIBACTCS HEJITUHCHHOM.

Henunelinple nenu mupoKo NPUMEHSIOTCS B JJIEKTPOTEXHUKE, IIEKTPOHUKE, ABTOMATHKE.
AHanu3 MpoeccoB B HETMHEHMHBIX LETNSAX 3HAYUTEIBHO CIOKHEE, YEM B JINHEHHBIX.

Xapakrepuctuxku HD.

CBoiicTBa HENMHEHHBIX IIEMEHTOB YA00HO aHAIM3HPOBATh ¢ momotibio BAX. Ouu 00b19HO
3anmaroTcs Tabnuuen nnu rpaduxom. [lo Buny BAX otHocuTensHO koopauHat, HD
MOAPA3ACAI0T HA CAMMETPUYHBIE U HECUMMETPUYHBIE.

CUMMETpUYHBIMU Ha3bIBAOTCS 1eMEHThI, BAX KOTOpBIX HE 3aBUCAT OT HAIPABIICHUS B HUX
TOKa U HamnpspkeHus. K uuciay Takux 37€MEeHTOB OTHOCATCS JIaMITbl HaKaJTuBaHUS,
TEPMOPE3UCTOPBHI.

OneMeHTbl, BAX KOTOPBIX 3aBUCAT OT HAMPABJICHUS TOKA U HAMIPSKEHUS, Ha3bIBAIOTCS
HecuMMeTpuyHbIMU. K HecummeTpuuHbiM HD MOKHO OTHECTH TMO/IbI, CTAOUIUTPOHBI
(OombIIIast YaCTh 3JTEMEHTOB JIEKTPOHUKH).

CgoiictBa HO kpome BAX xapakTepu3yroTcsi Tak)Ke CTaTUYECKUM H TU(depeHITnaTbHBIM
CONPOTHUBIICHUSIMHU.
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Jomyctum pabounii pesxkxum pe3uctopa 3aiad Toukoiid Ha BAX. OTHoIeHHe HANPsDKEHUs Ha
pe3ucTope K MpOTEeKaoIeMy TOKY Ha3bIBalOT CTATUYECKUM COIIPOTUBICHUEM:

U
]A

W3 pucyHKa BUJIHO, YTO 3TO COMPOTHBIIEHUE MPOMOPIHOHAIEHO TaHTeHcy yria & mexmy
IPSIMOM, COEUHSIONIEN TOUKYA C HayalIoM KOOpAHMHAT.

AU 43

Roup = Al 4p

IHocaexoBaTteabHoe coequnenue HO.

Jlnst aHanM3a HEMMHEHHOM 1eTH Yalle UCTOb3YI0T TrpadoaHaTuTHICCKU MeTo 1, koraa BAX
JTUHEHHON YacTy eNH 3a/I1aHa aHAIUTUYECKH, 2 HeTMHEHHOH - rpaduuecku. AHAITN3 CBOAUTCS K
ONPEACIICHUIO TOKOB U HAMPSHKEHUI HA OTJEIbHBIX YY4aCTKaX MJIM BO BCEH IIEIH.

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

[TocnenoBarenbHOE COCTUHEHHUE XapaKTEPU3YETCsl OOIUM TOKOM. A HalpsiKEHUE Ha BXOJIHBIX
3aKMMax, COTJIaCHO BTOpoMy 3akony Kupxroda, mpencrasisier co60ii cyMMy HampsiKeHH Ha
otaenbHbIx HO.

U=U,+U,
3aMeHseM TI0CIe0BATEILHOE COCAMHECHNE OJJHUM 3JIEMEHTOM C dKBHBajdeHTHONM BAX. Jlns

MIPOU3BOJIBHOIO 3HAYEHHS TOKA 1) CTPOHUM IIPSAMYIO, IIAPAJUIEIbHYIO OCU HAIIPSKEHUS,
nepecedeHre KoTopoit ¢ BAX anemMeHTOB, 1aeT 3HaUYCHUs HANPsDKEHUH Ha HUX. [ padudeckum
CKJIaAbIBACM, 1 MOJYYAaCM HAIIPAKCHHUC B LCIIU IIPU JAHHOM 3HAUYCHUU TOKaA. AHaJI0ru4HO
MOJTy4yaeM 3HAYeHHsI HAMPSHKEHUS LIETIU TIPU Pa3IMYHbIX 3HAYEHHSIX TOKA, U CTPOMM CYMMAapHYIO
BAX.

IHapaJjutesibHOE cOeTUHEHHE.

[MapannensHOe COETMHEHNE XapaKTepU3yeTcs 00IUM HampspKeHueM. TOK B IETH 110
pa3BETBJIEHUS, COTIIACHO MepBOMY 3akoHY Kupxroda, siBIsIETCS CyMMOM TOKOB MapauIeIbHBIX
BETBEH.

OmnpenensieM TOKU B BETBAX IPU PA3IMUHBIX 3HAUECHUSX HANPSHKEHUS U cyMMHUpyeM UX. Takum
obpazom, morydaeM BA X 3KBUBaJICHTHOM 1IETIH.

1.3.JIexnus Ne 4 (2 yaca)
Tema: «JeKTPOMArHEeTU3M))
1.3.1 Bomnpocsl Jekunu:
1. OcHOBHBIE XapaKTEPUCTUKN MAarHUTHOTO MOJIA. 3aKOH 3JIEKTPOMAarHUTHOW UHAYKIUH.
Camounnykuus. BzaumoeiicTBre nos ¢ 3JIeKTPUUECKUM TOKOM.

2. XapakTepucCTUKH (GeppOMarHUTHBIX MaTEPHAIIOB.
3. Pacder MarHUTHBIX 11eTei. 3aKOH MOJIHOTO TOKA.

1.3.2 Kpartkoe coaepxxaHue BONPOCOB:
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1. OcHOBHBIE XaPAKTEPUCTUKHA MATHUTHOIO MOJIfl. 3AKOH JIEKTPOMATHUTHOMH MHIYKIHMH.
Camounaykuusi. BzaumoneiicTeue moJisi ¢ 3JieKTPHIECKHM TOKOM.

Bokpyr npoBoiHNKA, 10 KOTOPOMY MPOXOAUT IEKTPUIECKUI TOK, BO30YkKTA€TCSI MATHUTHOE
noJsie. PaccmoTpum npumep, eciiv NepreHIuKyIIpHO K MPOBOJIHUKY IIOMECTUTH IJIEKCUTIIAC C
METaJUIMYECKUMU OMWJIKAMU, TO MO BO3JEHCTBUEM MAarHUTHOTO MOJISI POBOJAHUKA OMUIIKU
PacmoJIoKaTCs M0 KOHIEHTPUYECKUM OKPYKHOCTSAM. Takum 00pazoM, MOKHO CKa3aTh, YTO B
MarHUTHOM TIOJI€ IEHCTBYIOT MarHUTHBIE CHIIBI, & TOK BO30YK/1a€T MarHUTHOE T0JIe Oyiaroaapst
CBOEH HaMarHW4YMBAIOIIEH CUJIE UM MAarHUTOJBIKYIIEH CHIIE.

J1st HAarNsAIHOCTH, MPOCTPAHCTBO, IA€ HAXOAUTCS MAarHUTHOE T0JI€, MOYKHO MPEICTABUTD
3aIMOJIHEHHBIM CUJIOBBIMU JIMHUAMU. HanpaBieHnue cuinoBbIX JIMHUHN ONpeAesseTcs M0 IpaBUily
IIPaBOX0/I0BOT0 BUHTA (TIpaBUIIO OypaBUMKa).

MarnauTtoasmwxkyiias cuia (MJIC) cozmaeT B KaK10i TOUKE OIS ONPEACTICHHYIO

HaIPSKEHHOCTh H U3MEPIEMYIO B AM . Harpsi>keHHOCTB XapakTepu3yeT HHTEHCUBHOCTD
MII, HO HE YYHUTHIBACT BIHUAHUA CPENBI, B KOTOPOM OHO HAXOIUTCS.

B Bakyyme u He(heppOMarHuTHOM cpejie BeIMUMHA HAPSHYKEHHOCTH OTIPEIeNsIeTCs
BBIPAKCHUEM:

H="2

Ho

)
rne B - marnurnas WHIYKIINS, [TH];

Ho =47 -10 ! [FH/ M] - MarHUTHAs MPOHUIIAEMOCTh BaKyyMa.

MarnuTHas UHIYKIKS BeJIMUMHA BeKTOpHAast. HanpaBnenue BeKTopa MarHUTHOM MHAYKIIMHU
SIBJISICTCS KacaTeIbHOMN K CHIOBBIM TUHUSIM MII B KaXk0i MX TOUKE.

[TocpencTBOM MarHUTHBIX JIMHUM MOYKHO MarHUTHYIO HHIYKIIMIO BBIPA3UTh YUCIOM JIMHUMH,
MIPOXOJISIIMX Yepe3 TUIOMIAIKY, PAaBHYIO €IUHHUIIC TOBEPXHOCTH, TOCTABICHHYIO
NEepPHEHANKYISIPHO HAITPaBJICHUIO CUJIOBBIX TUHUHN TOJIA.

[ToTok BeKTOpa MarHUTHOW MHIYKIIMH CKBO3b KaKyIO-THOO MOBEPXHOCTH IIOMIA/IBI0 \)
Ha3bIBACTCA MarHUTHBIM ITOTOKOM
@ =[BdS
s [Bo]
, :

IIposiBjieHUs1 MATHUTHOIO MOJISI: MEXaHUYeCKoe.

PaccmoTpum MarauTHoe 1osie, 00pa3oBaHHOE MOCTOSIHHBIM MaruuToMm. Hampasnenue
CUJIOBBIX JIMHUI MarHMTHOTO TOJISl BCET/Ia OT CEBEPHOTO MOJIA K 10)KHOMY. BekTop MarHuTHoM
WHAYKIHUH, B K&KIOW TOYKE MOJIs, BCETJa HAMpaBJIeH OT CEBEPHOTO0 MOJs K 10xkHOMY. Eciu
MOMECTUTH B 00J1aCTh JEHCTBUS OIS POBOJIHUK C TOKOM, TO OH HCIIBITHIBAET CO CTOPOHBI

BHEIIHETO JIJIS1 HETO IOJIsI MEXaHUYECKYIO CUILY F, CTPEMSIILYIOCS BBITOJIKHYTh €T0 U3 00J1aCTH
JercTBys nois. [t onpeneneHus HalpaBiIeHNs OTOM CUIIBL CILYKUT IIPABUIIO JIEBOM PYKH:
JaJIOHb HYXHO IIOCTaBUTh TaK, YTOObl MArHUTHBIE JTMHUU B HEE€ BXOAMIIH, NAJIbIbI BEITAHYTh IO
HaIpaBJICHUIO TOKA BIOJb IPOBOJIHUKA, OTOTHYTHIN OOJIBIION Majel JeBOil pyKH MOKaKeT
HalnpapJIeHUE JEHCTBYIOIIECH Ha MPOBOJHUK MEXAHUYECKOW CHIIBI. JTa CHJia Ha3bIBACTCS
JIEKTPOMATrHUTHOM, TaK KaK OHA SIBJISIETCS CJIEACTBUEM B3aUMOIEHUCTBHS TOKA U MAarHUTHOTO
OJIA.

CBs13b MEX1y TOKOM, MArHUTHOW MHIYKIIMEN U AJIEKTPOMAarHuTHOW CUIJION yCTaHOBHII
AMIIEp: 2JIEKTPOMAarHuTHas CUja MPsIMO NMPONOPLMOHAIBHA BETUYHHE MArHUTHON MHIYKIUHY,
CUJIE TOKA aKTUBHOM JUIMHE IIPOBOJHUKA U CUHYCY YIJIa MEKy HAIPABICHUEM I10JIS U
HaIpPaBJICHUEM TOKA.
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F=B-1-1-sina [H]

[IprumenuM 3akoH AMIiepa Juisl pacyeTa CUJIbl B3aMMOAEHCTBUS MMPOBOJOB JBYXITPOBOAHOM
mmanu. Ha PacCToOAHNU a OT OCH IPpOBOJAA 1 HAIMpsS’KCHHOCTh MArHUTHOTO I1OJIA,
B030Yy>KIaeMOro TOKOM 3TOT0 MPOBOJIa paBHa!

1
H=——
2-1w-a :
CJICAOBATCIbHO, MAarHUTHAaA I/IHI[yKI_II/IH I10JI

!
B =, H =*0 2-w-a

CuioBble TMHAYA MarHUTHOTO T10JIS IIEPBOTO MPOBOIA PACIIONAralOTCs IIEPIICHUKYIIIPHO TOKY
BTOPOTO IIPOBOAA, CIEAOBATEIBHO, HA BTOPOU MIPOBOJ AEHCTBYET 3JIEKTPOMAarHUTHas CUJIA!
F = u, .#.].[:ﬂo .;.]2
2-7w-a 2-7m-a

Taxkas »xe cuia, HO IPOTUBOIIOJIOKHASI 110 HAIIPABJIEHUIO, CO3AETCS BO3AEHCTBUEM TIOJIS
BTOPOTO MPOBOJHUKA Ha IpoBoA 1. M Ta, u nqpyras 371eKTpOMarHUTHBIE CUJIBI IPONOPLIUOHAIBHEI
KBaJpary TOKa, II03TOMY IIPU KOPOTKHUX 3aMBIKaHUAX, KOI'Ja TOKH YBEJIMYMBAIOTCSA B COTHH pas,
CHJIBI B3aMOJICHCTBHS BO3PACTAIOT B IECATKH THICAY Pa3 U MOTYT HapyIIUTh MEXaHUYECKYIO
L[EJIOCTHOCTb YCTPOMCTBA.
MexaHn4yecKoe MPOSIBICHNE MarHATHOTO 1101 HCIIONIB3YIOT BO BCEX DIEKTPOABUTATENSAX IS
MOJIY4YCHH A BpallaromnuX MOMCHTOB, B USMCPHUTCIIbHBIX HpI/I60an, a TAaKXKXC B TIOABCMHBIX
JNIEKTPOMAarHUTax U 3JIEKTPOMAarHUTHBIX Pelle.

IIposiBJIeHUSI MATHUTHOI'O IOJIS: 3JIEKTPOMATHUTHOE.

B npoBonHuKe, NBHKYIIEMCS B MArHUTHOM T10JI€, BO30YXKIaeTCA JIEKTPHUUECKOE TOJIE,
MPONOPUUOHAIBHOE MAarHUTHOM MHAYKIIMU M CKOPOCTH JABUKEHUS IPOBOJHUKA. B mpoBOHUKE
IIPOUCXOIUT CMELIEHHUE 3aps10B IPOTUB HANIPABJICHUS CUJI DJIEKTPUUECKOTO TOJIs, KaK 3TO
MMEET MECTO BHYTPH BCSIKOI'O HCTOYHHUKA NEKTpodHEepruu. Ciaea0BaTenbHo, 31eCh AEHCTBYET
DJIC, Ha3pIBacMas MHAYKTUPOBAHHOM. Eciu IpoBoaHUK ABMKeTCs 101 yriaom & k
HaIpaBJICHUIO MAarHUTHOTO 1M0Ji4, TO BesinunHa J/[C npsMo mponopluroHaibHa CKOPOCTH
HepeMELIeHMs, JUIMHE TPOBOAHUKA, MATHUTHOW MHAYKIIMU U CUHYCY YIJIa MEX]ly HallpaBICHUEM
MarHUTHOTO TOJI ¥ HAIIPaBJIEHUIO NepEMENICHUS TPOBOIHHKA!

E=-v-B-l-sina

Hanpasnenue nunaykrupoBannoit 3/[C onpenensercs no npaBuiy npaBoi pyku. Eciu
JaJIOHb MIPABOI PYKH PACIIONIOKUTH TAK, YTOOBI CUJIOBBIC IMHUH BXOHMIIU B Hee, a OONbIION
najiel] HaIpaBJIeH 110 HAIIPaBJICHUIO JBUKEHUSI IPOBOJIHMKA, TO BBITSAHYTHIE MMAJBLIBI TOKAXYT
HalpaBJieHUs AeUCTBUs HHAYyKTHpoBaHHOU DJIC.
3Hak «-» B ypaBHeHuHu DJIC Bolpaxaer npuniun Jlenua, T.e. unaykrupoanHas 3/[C ctpemutcs
IIPOTUBOJICUCTBOBATH IIPUUNHE, €€ BBI3BIBAOILICH.

Eciu 3aMKHYTB TPOBOIHUK HA CONTPOTUBIEHUE U MEPEMEIIATE €ro COo CKOpocTh U, To

uraykrupoanHas DJIC BEI30BET B CO3JAHHOM KOHTYpeE TOK ! . BzanMoeiicTBIE KOTOPOTO C
MarHUTHBIM TIOJIEM CO3/acT AIEKTPOMArHUTHYIO CHITY, TPOTUBOACHCTBYIOLIYIO IBUKEHUIO
POBOJHUKA, T.€. IpUYMHE Bo30yxaatomeit D/(C.

3aK0H JIEKTPOMAarHUTHON MHIYKIIMH MOKET OBITh BBIpaXXEeH Apyrou ¢hopmysoit. CKOpocTh

dt

X o
ABWIKCHUS MIPOBOJHUKA MOXKET OBITE BbIpa’XCHaA 4CpC3 MMYTh , IPOXOAUMBIN UM 3a BPCMsL
T.C.
2

_dx

U=——
dt
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[Ipown3Benenne MarHUTHOM MHAYKUIMH HA TUIOLIA/Ib €CTh MArHUTHBIN IMOTOK, IIEPECEUEHHBIN

¢
ITPOBOAHUKOM 3a BPEMsL , CJICAOBATCIIbLHO:

_Bl-dx _B-dS  d®

di di _dt'

Nunyktupoannas 3/]C paBHa CKOPOCTH U3MEHEHHSI MArHUTHOTO TTOTOKA.

B pa3nu4HbIX 37IeKTPOMAarHUTHBIX YCTPOMCTBAaX — TpaHc(opMaTopax, MalIMHAX
U3MEPUTENIbHBIX TPUOOpaX — MArHUTHBIX OTOK MPOHU3BIBAET KATYIIKY YCTPOHCTBA, CLEIUISSICH
C OTACJIIBHBIMHU €€ BUTKaMU. Hpnqu, 9TOT HOTOK MOKCT MMO-Pa3HOMY, CHCTIIATLCA C BUTKAMU.

()
Hanpumep, gacTh MOTOKA | CHEIUISETCS CO BCEMH BUTKAMH OJIHOTO THAMETPA, a Ipyrast 4acTh

IMOTOKA P, MIPOHM3BIBAET HECKOJIBKO BUTKOB O0JbIIero nuaMerpa. Kak TombKo KaTyika
HAYHECT HepeMGH_IaTI:CH 10 OTHOIICHUIO K ITOTOKAaM, UJIH ITOTOK HAYHCT U3MCHATHCA BO BpeMeHI/I,
TaK B Ka)KJIOM OTJEIHHOM BUTKE OyneT nHaykTupoBaThes DJ]C, BenmnunHa KOTOPOM
OIIPENEIIUTCS BEIPAKEHUEM

en = —

0 dt
Tak kak KaTyIka npeacTaBiIseT co00i mocieaoBaTeIbHOE coequHeHne BUTkoB, To DJ[C Bceit
KaTyIIKU OyJIeT MpeCTaBIATh CO00H cyMMy HHIYKTUPOBaHHBIX DJ]C KaXX10T0 OTAEIHHOTO
BUTKA

d(®@, + Dy +..+D,)

e =—

K dt Y =(D,+Dy+.+D,)

Bennunna B cKOOKax sIBIIIETCSA CyMMOﬁ MAariuMTHBIX ITOTOKOB OTACJIBHBIX BUTKOB KAaTyIIKH, U

Ha3bIBACTCSA ITOTOKOCHCIIJIICHUEM ¥ , IBMECPACTCA KaK U MarHHUTHBIM ITIOTOK B [B6] .
Ecnu ’xe MarauTHBIN ITOTOK IMPOHU3BIBACT BUTKHW OJMHAKOBOI'O AUaMETpa, TO UMECT MECTO
IMOJITHOC IMMOTOKOCHCIIJIICHHUC!

DIEeKTPOBUKYINAs CHIIA, UHAYKTUPYeMas B KaTyIIKe IPHU TOJTHOM ITOTOKOCLEIUIEHUH, OyIeT
paBHa:

. ” dy¥
) dt
2. Xapakrepuctuku eppoMarHuTHbBIX MaTepHAaJIoOB.

Jnis ucnonb3oBanus sineHust OMU B pabouem oopeme DTY co3gaeTcss MarHUTHBIN
MOTOK 33/IaHHON KOH(UTYypaluu 1 HHTeHCUBHOCTH. [Ipruem 3anauy ycunenuss MII u npunanus
eMy HeoOX0IMMOI KOH(PUTypalluu MOYKHO PEIIUTh, UCTIOIb3YsI MATHUTHBIE MaTepUAIIbI C
pa3IMYHBIMU CBOMCTBAMH U T€OMETPHUUYECKUMH PA3MEPAMH.

Bce marHuTHBIE MaTEepHaIbl OAPA3IEIAIOTCS HA TUAMATHETUKH, OTHOCUTEIbHAS
MarHUTHas IPOHUIIAEMOCTh KOTOPHIX MEHBIIIE 1, TapaMarHeTHKU U GeppOMarHeTHKH, K
MOCIIEAHUM OTHOCATCS: ’KeJle30, HUKENb, KOOAIbT U UX CIUIABbI.

Ecnu B MarauTHOE 110J1€, HAIPUMED B I10JI€ KaTYIIKH, [IOMECTUTh CTEPKEHD U3
dbeppoMarHuTHOro0 MaTepuana, To €ro MarHUTHbIE CBOMCTBA YCHIIMBAIOTCS: HA KOHIIE CTEPIKHS,
13 KOTOPOI'O MOTOK BBIXOAUT, BOSHUKAET CEBEPHBIN MOJIIOC, APYTOU MOIIOC CTEPIKHS SIBISAETCS
10’)KHBIM. HaMarHn4eHHsbli cTepKeHb, YJAIEHHbl U3 MAarHUTHOTO I10JI5, B HEKOTOPOM CTENEHU
COXpaHsET CBOM MarHUTHbIE CBOMCTBA, HA3bIBAEMbIE OCTATOYHBIM HaMarHnuruBaHueM. OHO
0COOEHHO CHJIBHO BBIPAXXEHO Y (heppOMarHeTUKOB, U HE3HAUUTEIHHO Y Mapa- U AUaMarHeTHKOB.
JIns 3NEKTPOTEXHUUECKUX PACYETOB UMEET 3HAYCHHUE, YTO OTHOLIEHUE MArHUTHOM MHIYKIIUU K
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HaNpsHKEHHOCTU MarHUTHOTO IOJIs 1711 peppOMarHeTUKOB, Ha3bIBAEMOE MArHUTHOM
IIPOHUIIAEMOCTBI0 MaTEPUIIA CEPACUHUKA H | nmeer GorbIIIOE 3HAYCHHE H HEITOCTOSHHO.

B
U=—

H

Takum 06pa3om, 3aBUCUMOCTD B=7 (H) y ¢peppoOMarHeTUKOB HE MOXKET ObITh

BhIpa)KE€HA AHATMUTUYECKH, @ MOKET OBITh IIPECTaBIeHa ITpa@ruecKoi nin TabaInuHON
3aBUCHUMOCTBI0. PaccMOTpyM npumep KpuBO HaMarHuuuBaHus JIuctoBoit ctanu O4. HuxHss
BETBb KPUBOI COOTBETCTBYET HEHACHIIIEHHOMY COCTOSIHUIO CTaJIM, B 3TON 4aCTH 3aBUCUMOCTb
MIPaKTUYECKH JIMHEWHA. 3aTEM BCIIEICTBUE SIBJICHUS MarHUTHOTO HACBIIIEHHUS] UMEET MECTO
neperu6 KpUBoOil, Tak Ha3pIBaEMOE KOJICHO KPUBOW HAMAarHWYMBaHUA. B ycnoBusx,
COOTBETCTBYIOIIMX YaCTU KPUBOM, JI€KaIlleH BIIIE 3TOTO KoJeHa, (heppoMarHeTHK HACHIILIEH,
T.€. MarHUTHasi UHIYKIUS YBEIUYUBAECTCS HE3HAUNTENIBHO IIPY 3HAYUTEIBHOM YBEIMUYEHUN
HaIPSKEHHOCTH.

Ecnu tpeOyercs, 4ToOb! KoneOaHusi TOKa HAMarHMYMBaHUS MaJlo BIMSUIA HA MAarHUTHBIN
MOTOK, TO BEIOMPAETCS MHAYKIIMS COOTBETCTBYIOIAS YCIOBHUSIM HACHIIICHUS (T€HEpaTOPhI
MOCTOSTHHOTO TOKa MapasuieIbHOTO BO30YKIEHUS), €CITH K€ HYKHO, YTOObI MHAYKLINS UITH
MarHUTHBIN TOTOK U3MEHSUIUCH MPOITOPIIMOHANBHO TOKY HAMarHUYMBaHUS, TO BEIOUPAIOT
MHAYKIIHIO, COOTBETCTBYIONIYIO HUKHEH YacTH KpUBOH (B Mpubopax aBTOMaTHYECKOTO
yIIpaBJICHUS, U3MEPHUTEIBHBIX TPUOOpPAX).

JlanHble KpUBOM HAMarHMYMBAHUS MTOJIY4alOT SKCIIEPUMEHTAIILHO 110 00pa3ily MaTepuaia.
B paboumnx ke ycaoBUsSX MarHUTHAs MHAYKLUS (eppoMarHeTHKa ONpeaesieTcs He TOJIBKO
JAHHOM HaNpsHKEHHOCTBIO TOJISA, HO U MPEBITYIIIMM MarHUTHBIM COCTOSIHUEM, UTO SIBIISIETCA
CJIEICTBMEM MarHUTHOTrO rucrepesuca. Ilpu nepBoHayalbHOM HaMarHMYMBaHUM CEPIECYHUKA
KpHBasi HAMarHU4MBaHUs BO3PACTAET OT HYJIEBOIO 3HAYEHUs 110 KPUBOU. 3aTeM, MpU
YMEHBIIEHUN HaMarHW4YMBaIOLIETr0 TOKA, MarHUTHAs MHAYKLNS YMEHbBILAETCS, HO HU 110 KPUBOU
MEPBOHAYAJIBHOTO HAMArHUYMBAHMS, a IO KPUBOM, JIeXkKalIel HECKOIbKO Bhiie. [Ipu
HaIpPsKEHHOCTH MarHUTHOT'O TI0JIS, PAaBHOM HYIIIO, B CEPICUHUKE COXPaHIETCS HEKOTopas

B
ocrarouHas HHAYKIUs — O . UToObI HOJHOCTBIO pa3MarHUTUTh CEPACYHUK, HE0OX0aUMa

HaINpsKEHHOCTD T0JIs1 0OPaTHOTO HAINPABICHUS HC, Ha3bIBacMasi KO3PLUUTUBHON CUJION, AJIs
BO30YKICHUSI KOTOPOH, 10 KaTyIIKe HY>KHO MPOIYCTUTh TOK 00paTHOTO HAIpaBIEHUSI.
JlanpHelinee yBenuueHUE HANPSKEHHOCTU IPUBOAUT K BOSHUKHOBEHHIO MATHUTHOW MHAYKIIUU
oOpatHOro HampasiieHus. Eciy ymeHbI1aTh HAMarHMUMBAaIOIUN TOK, TO MArHUTHASI UHYKIUS
OyZeT yMEHBIIAThCs 110 KPUBOH pacioyiokeHHON HIKE OCH abcumcc, HO TaKoH e 1o Gopme,
YTO U KpUBask yObIBAHUS UHIYKIIMH MPU MOJOKUTEIbHO HANPABICHUH HAMPSKEHHOCTH
MarHMTHOT'O NOJIs. DTa KpHBas HAMarHMUMBAaHUA IIPU LIUKJINYECKOM IT€peMarHnYMBaHUU
Cep/IeYHMKa Ha3bIBAETCs METIEH THCTEpe3uca. B ycmoBUsAX TaKOro HUKIMYECKOTO
nepeMarHu4rMBaHus paboTaloOT SKOPSI MAIIMH MTOCTOSHHOTO TOKA M CEPICYHUKH MAIIUH U
arnmapaToB MalllMH IEPEMEHHOIO TOKA.

[Inomanp neTnu rucrepe3rca NpoONOpLUUOHAIBHA 3aTPATe YHEPTUU HAa OIUH LUK
nepeMarHu4ruBaHus eqUHUIBI 00beMa peppoMarHeTuka. UToObl yMEHBIIUTh OTEPU SHEPTUU HA
THCTEPE3NC, B MAIMHAX C IIUKINYECKUM MIepeMarHnYuBaHueM (peppoMarHeTuKa CIOIb3yIOT
MaTepualibl ¢ y3KOH netiel rucrepesuca. K Takum matepuanaM OTHOCUTCS 3JIEKTPOTEXHUYECKAs
CTaJlb.

Taxke K MarHUTHBIM NIOTEPSIM OTHOCST IOTEPHU, CBA3AHHBIE C BUXPEBBIMU TOKAMHM.
BuxpeBbIMU Ha3bIBAIOT JIEKTPUYECKUE TOKH, BOSHUKAIOUIUE BCIEICTBUE 3JIEKTPOMAarHUTHOM
UHAYKIMH B IPOBOJAIICH cpee (0OBIYHO B METaJIe) IPU U3MEHEHNUHU IIPOHU3BIBAIOIIETO ¢
MarHuTHOTO NOTOKa. B kauecTBe mpumepa pacCMOTPUM MacCCUBHBIN LEIbHBIN CEPACYHUK, HA
KOTOpPBIM MOMECTUM KaTyIIKy C IEPEMEHHBIM TOKOM. [lepeMeHHOEe MarHUTHOE 10J1e
WHIYKTUPYET TOKH, KOTOPHIE 3aMBIKAIOTCSI B CAMOM CEPACYHHKE MO IIOCKOCTSM,
NEPIEHIUKYIJIIPHBIM HaIlPaBJICHUIO MAarHUTHOTO ITOTOKA, BBI3BIBAIOT: BO-IIEPBBIX, HATPEB
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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. Pacuer MArHUTHBIX IieNei. 3AKO0H MOJHOI0 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
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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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7 .,S,‘,,,

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
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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
TOJIIIHUHBI JTUCTA deKTpoTexHnueckoi cramu (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.
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Henunelinpiii xapakTep 3aBUCUMOCTH MexTy @ U 1 IPUBOJUT K TOMY, YTO HHAYKTHBHOCTh
karymku L =W @ /i nepectaet ObITh BETUYMHON TOCTOSIHHON M 3aBUCUT OT BEJIMUUHBI
HaMarHW4YMBaOIIEro TOKa.

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

dd
= _W_——
MIEPEMEHHBIM TOKOM 1 CIIEZyeT ONpeaesaTh o Gopmyre dt
B m
1.6
15
14
13
1.2 e
~ a/M
1 1 ! 4 4 -n.\( -
10f—244 8 B 2 2426 25 30107

0o
038
0.7
0.6
05
04
03
02
0.1

~ 1/
I,M

0 3 6 S I0I2I4 1618 20 22 24 26 28 30410

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).
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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: «CuHycoOMIaIbHBIN NepeMEeHHbIN JIeKTPUYECKUI TOKY.

1.4.1 Bonpocsl Jekuum:

1.Cnioco0bI npeacraBjieHusi CHHYyCOUAAIbHON pyHKIMHU. [TosryyeHne mepeMeHHOro
TOKA.

2. AMIUTUTY/IHOE, 1eHCTBYIOIIIEE U CPeHee 3HAYeHHEe CHHYCOUIAJIbHOI0 TOKA U
HANPSIKEHUsI.

3.MeToamnka pacuera ely MepeMeHHOr0 TOKa ¢ MOMOIIbI0 KOMIJIEKCHBIX YHCeJl.

4. IlpocTeiilmmue menu NepeMeHHOro0 TOKa ¢ HAeaJIbHbIM AKTHBHBIM, HHAYKTHBHBIM H
€MKOCTHBIM 3JIEeMEHTOM. AKTHBHAsl, peAKTUBHAS M MOJIHAS MOLIHOCTH.
Ko3ppunuent mommuocTn

1.4.2 KpaTtkoe coaep:kaHue BONPOCOB:

1 Cnoco0bI npeacTasiieHUsi CHHYCOUAanbHOM (pyHKkuuu. Ilonyyenune nepemeHHOro
TOKA

B nacrosmee BpeMst noutH Besi O3 BeIpaOaThIBACTCS B BUJIE SHEPTHH
NEPEMEHHOI'0 TOKA, T.€. TOK, U3MEHSIOLMH Bo BpeMeHU. OH 001a1aeT IPEenMyILIeCTBOM
10 CPAaBHEHUIO C IIOCTOSIHHBIM: IIPOCTO U C MUHMMAJIbHBIMU ITOTEPSIMU IEPEMEHHOE
HanpspKeHue npeodpaszyeTcs Npu nepeaade SHEPruu. Y cTpoiCcTBa NEPEMEHHOT0 TOKa
UMEIOT 00JIee MPOCTOE KOHCTPYKTHUBHOE UCIIOTHEHHE, YAOOHBI U HA/ICXKHBI B
JKCILTyaTaluu.

Eciin MrHOBEHHbIE 3HaU€HUs IEPEMEHHBIX BEJIMUNH NOBTOPSIIOTCS YEPE3 PABHbBIE
IIPOMEXXYTKH BPEMEHH, TO OHU SIBISIOTCS NEPEMEHHBIMU NIEPUOJUYECKUMU. B ToM
cllydae, KOra 3aKOH U3MEHEHUS IEPEMEHHBIX BEJIMUYNH MOKHO OIIUCATh C TOMOLIBIO
CHUHYCOMJIbI, OHU SIBJISIFOTCS IEPEMEHHBIMU IEPUOANYECKAMH CUHYCOUIAIBHBIMH.
[TepemeHHBII TOK IPOMBIIIIIEHHON 9acTOTHI (50 ['11) Ha ANEKTPOCTAHIIUAX CO3/IAI0T
3JIEKTPOMAIIMHHBIE CHHXPOHHBIE T€HEPATOPBI TPEX(Pa3HOIO TOKA.
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ITycTh B OTHOPOTHOM MArHUTHOM IOJIE C PABHOMEPHOM YTIII0BOii ckopocThio Y
BpalllaeTCsl 3aMKHYTBIA BUTOK ¢ TOKOM. COIJIacHO 3aKOHY 3JIEKTPOMAarHUTHON MHIYKIINH,
MIPU BpaIlleHHH BUTKAa B MArHUTHOM TioJie OyneT HaBoauThesa DJIC, BenmrmanHa KOTOPOM
OIPEAEINTHCS BEIPAKEHUEM:
e=Blvsina = Blsinwt = E,, sin wt
rae B — marHuTHas UHAYKIUS;
/ — akTUBHAsI YIMHA TPOBOAHUKA;
U - ckopocTh IBMKEHHS IPOBOIHUKA;
& _ yron MexIy HalpaBIeHUEM JBMKEHHS IPOBOJHMKA M MATHUTHON MHIYKIIHEH.
B HauanbHbIIH MOMEHT BpeMeHH, koraa yron & pasen 0, cuHYC HYIIIO paBeH HYJIIO,
BennunHa J/]C COOTBETCTBEHHO TOKE paBHA HYJIIO. 3aT€M MPHU MOBOPOTE BUTKA HA yroJl,
OTJIMYHBIN OT HYJIA, yBEIHUUBaeTCs CUHYC yria u BennunHa J/1C. Haubonbmee
(makcumanbHoe) 3HaueHue DJ[C mocturaercs, Korja paMmka moBepHyTa 1moj yriom 90
rpagycoB. 3aTeM yMeHblIeHue yria (moBopot 10 180 rpagycoB) NpuBOAUT K
YMEHBIIEHUIO BETMYMHBI UHAYKTUpOoBaHHOU DJIC o Hysl.
3areM HauMHAeTCs OTpULaTeNbHbIN nonynepuon J/1C. D10 3HaYUT, YTO HANPABJICHHUE
OJ1C u3MeHMI0Ch, a BEIMUYNHA OCTallach TaKas JKe.
ITpu noBopore BuTka Ha 360 rpamxycos win Ha 270 Hasenennas DJIC MPOXOAUT MOIHBIH
LUKJI ©3MEHEHUI1, a BpeMsi, COOTBETCTBYIOIIEE OJHOMY 000pOTY, OyIET paBHO OJTHOMY
nepuony. Ecinu BUTOK enaeT # 000pOTOB B MUHYTY, TO YHCIIO IIEPUOJOB B CEKYHIY
OyzeT paBHO:

n

/= 60’ [

[Ipu 3TOM yrioBast CKOpOCTb (4acToTa) o =27 .

2 AMILIMTY/IHOE, IeiiCTBYIOLIEE U CPeHee 3HAUYEHHE CHHYCONAAIbHOI0 TOKA U
HanpsizKeHUsl.

Bcesikas cunyconganpHas BeTUYMHA MOXKET OBITh MPECTaBICHA BEKTOPOM,
BpAILAIOIIUMCS C MOCTOSIHHOW YIJIOBOW YaCTOTOM.

Ecnu Ha niiockocTy o yriom Yi or ocn abcuuce OTIOXKUTH BEKTOP UTMHOMN Ly u
BpAILATh €ro ¢ YrIIoBoii yacToToil @ npoTHB 4acoBOi CTPENIKH, TO, 10 3aKOHY CHHYCA,
IPOEKIIMs BEKTOpa Ha OCh OPJMHAT Oy/eT paBHA MTHOBEHHOMY 3HaY€HUIO (DYHKIIMU B
JaHHBIA MOMEHT BPEMEHH.

CuHyconaibHOMY TOKY COOTBETCTBYET HETIPEPHIBHOE BpAIllEHUE BEKTOpA

JUIAHOHN Im .

D710 rpadguueckoe IpeaCTaBICHHe CHHYCOIALHOTO TOKA WM BpEMEHHAs TharpaMma,
AHAJTMTUIECKOE TMPEJICTABIICHNE CHHYCOMIATbHON (YHKIIMH (3aKOH U3MCHCHHS )
3aMUIIeTCs B CIEAYIOIIEM BHIE:

i=1, sin(wt+y,), A,

AQHAJIOTUYHBIM 00Pa30M MOKHO 3aIHCATh BBIPAKCHHS TSI CHHYCOUAATBHBIX
HanpspkeHui u JJ1C:

u=U0, sin(a)t+t//u), B
E=E, sin(wt+vy,) B

I, ue .
rae - MTHOBEHHOE 3HAYEHHUE;
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Im ’ Um ’ Em - aMIUIUTYIHOE 3HAYCHUC,
Vi Vur Ve _yavanpuas ¢aza.

HavanpHas (aza xapakTepuszyeT MTHOBEHHOE 3HaYCHHE CHHYCOUIAIbHOMN
BEJINYUHBI B MOMEHT BPEMEHHU, PaBHBIN HYII0. Ha BpeMeHHO# quarpamme 3T0 OTPE30K
OT MOMEHTA BpEMEHH, KOT/Ia CHHyCcOUAalbHasl (DYHKIIMS PaBHA HYIIIO, TIPH MEPEXOE OT
OTPULIATENIbHBIX MTHOBEHHBIX 3HAYEHUH K MOJIOKUTEIBHBIM 10 Hayasla KoopauHat. Eciu
CHUHYCOM/Ia CABUHYTA BJIEBO OT HaYaJia KOOPJMHAT, TO €€ HadajabHas (a3a CAUTACTCS
MOJIOKUTENBHOM, B IPOTUBHOM CJIy4ae, OTPHUIATEIbHOM.

Cpennee u aeiicTByIOIIee 3HAYECHUSI CHHYCOMIATbHO BeJIUYMHBI.
HyCTB 3aKOH U3MCHCHUS TOKA UMECT BU.

i=1,sinot
ITon cpeaHUM 3HaYE€HHE CUHYCOMAAIBHO U3MEHSAIONIEr0Cs TOKA MOHUMAIOT CPEJIHEE €€

3HAYCHHE 32 MOJINEPUOA.
Bennunny cpegHero 3HaueHUs IEPEMEHHOTO TOKa MOYKHO OTIPEAEIUTh, €CIIU Pa3/IeIUTh

77
IUTOINAIb ITOJT TIOJI0XKHUTEIBHBIM ITOJT TIEPHOIOM Ha 2

T2
1722
I == [idt="1,
T
20
0,6381
T.C. CPCAHCC 3HAUYCHUC CUHYCONJAJIBHOT'O TOKAa COCTABJISICT m, Cpe;[Hee 3HA4YCHHUC

NIEPEMEHHOTO TOKA 32 IEPHOJ PABHO HYIIO, T.K. IJIONIAIH, OTPAHUYCHHBIC KPUBOW TOKA U
OCBIO a0CIIMCC, B TEUCHHE KAXKIOTO MOTYIEPHOa PABHBI, HO IPOTHBOIIOJIOKHEI TI0
3HaKY.

OdeHb MUPOKO MPUMEHSIETCS TIOHATHE ACHCTBYIOMIETO (3 (PEKTUBHOTO) 3HAYCHUS
CHUHYCOUIAITbHO U3MEHSIOIICHCS BETUINHBIL.

JleiicTBytoliee 3HaYCHHE CHHYCOUAALHOTO TOKA YHCIEHHO PAaBHO 3HAUEHUIO TAaKOTO
MIOCTOSTHHOTO TOKa, KOTOPBIH 32 BpeMs, paBHOE MEPHOIY CHHYCOUIATBHOTO TOKA
BBIJICTISIET TAKOE K€ KOJMYECTBO TEIJIa, YTO U CUHYCOHIaTIbHBIN.

[Tpy IpOXOKICHUN TIEPEMEHHOTO TOKA I10 MPOBOJIHUKY C DIIEKTPUYECKIM
comporuBierreM R, 3a OMH mepro| BBIAEISIETCS OMPEACIeHHOE KOTHYECTBO TEIIOBO
SHEPIHH.

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

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

conporusienreM R 3a Bpemst, paBHOE OIHOMY IEPHOLY MEPEMEHHOTO TOKA, MOXKHO
OTIpeNIeNUTh 0 popMyIie:

Q; =024RI’T

[TpupaBHSET 3T BBIPAKEHUSI:

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

Y HallIeM JAENCTBYIONIEE 3HAUEHUE CUHYCOUIAJIbHOTO TOKA:
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lT

I= —ji2 dt
TO
YcTaHOBUM CBSI3b MEXKY JEHCTBYIOIIUM U AMIUTUTYAHBIM 3HAUCHUEM:
1z 1 71=cos?2 1(T1 g I
I= —J.(Imsina)t)z dt =1, —J.MWZI,,, — J.—dt—I—COSZa)tdt = —
o T T\p2 32 .

3 Metoamnka pacuera Henu nepeMeHHOro TOKa ¢ NOMOIbI KOMILIEKCHBIX YHCeJI.
JI10601#i BEKTOp MOXKET OBITh MPE/ICTABICH KOMITJIEKCHBIM YHCIIOM:

— JVi
Ly, =1,-e""

I = mod(]

Tae M m ) - MOAYyJb K.4.;

ej Vi
- oTIepaTop MOBOPOTAa,

=arg\l
Vi 8\m) . ApPryMEHT K.4.
[Ipoekuus BekTOpa Ha OCh IEWCTBUTENIBHBIX BEJIMYMH HA3bIBAETCA NEUCTBUTEIBHON HIIU
peanbHoOi yacTthio KY., onpenensiercs yepe3 KOCHHYC yria ICu:
a= Re(lm)zlm -cosy;
[Ipoekius BeKTOpa Ha OChb MHUMBIX BEJIMYMH Ha3bIBA€TCSI MHUMOM YacThio KY.,
ONpEIETSETCS Yepe3 CUHYC YIJia MCH:
b =Jm(1m)=lm -siny;
[Tepenuiiem noka3aTelbHYIO GOPMY 3aITUCH:

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

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

l,=a+b
Ecnu tpebyercs nepelitu oT aniredpandeckoi (GopMbl 3aITUCH, TO HEOOXOTUMO

OnpeaACIMTL MOAYJIb KOMIIJICKCHOTO YHCJIa U apr'yMCHT. MOI[y.HB KOMIIJICKCHOT'O YHCJia
omnpenenutcs o Teopeme [Iudaropa:

I, =a® +b?

Onpenenenne aprymenta KU.

b
Y, =arctg—
a.

Onepanum ¢ KOMILUIEKCHBIMU YucaamMu. CiioxeHue.
CJIO)KeHI/Ie W BbIUUTAHHC. Hpe,Z[HO.HO)KI/IM, YTO ABA TOKA 3a4aHbI BBIpa)KeHI/ISIMI/I JUIA
MI'HOBCHHBIX BCJINYHH:

iy =10-sinfar +45°) .
iy = 5-sin(a) —1350), A

Hepeix'u[eM OT BBIPpAXXCHUA OJIsI MTHOBCHHBIX 3HAYCHUH K KOMIIICKCHBIM AMIUIUTyJaM
TOKOB:
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i, =10 =10-cos45° + j-10- 5in 45° :10-%+j-10-g:5\/§+j5\/§

.I'2m =5.¢13 :5-cos(—1350)+j-5-sin(—1350)

=—5-%—j-5-%=—2,5\5—j2,5ﬁ

CroxeHue IByX KOMIUIEKCHBIX YHCEI yI0OHEee MPOU3BOANTH B airedpandeckoit popme
3aIHCH:

T + 1 = (582 + j532)+ (- 2,542 - j2,542) =
(5v2 = 2,5v2 )+ j(5v2 - 2.542)
=2,5v2(2-1)+ j2,5/2(2-1)=

ja rctg[mJ
225V 4 2532 =52 ) + s ) e 2
—\/(2 5\/_) (1+1)-e Jaretg(l) _
=25V242 /4 = 5.0/

O6paTHBII/I nepexona K MTrHOBCHHBIM 3HAUCHUSAM:

iy = 5-sinlor +45°)

Onepaunn ¢ KOMILUIEKCHBIMM YHcJIaMU. BblyuTanue.

T =Ty = (582 + j532)= (- 2,5v2 - j2,542 )=
(5\/_+2,5\/_)+](5\/_+2,5\/§):
=25V2(2+1)+ j25V2(2+1)=

7,52
Jja rctg[’]
752+ 152 =152 + (152 ) e )
s ) e
=7,5V242 e/ =15.6/%"

OOpatHbIii epexo]] K MTHOBEHHBIM 3HAUECHUSIM:

iy =15 -sinlor +45°)

Onepanum ¢ KOMILUIEKCHBIMHU YucaaMu. [lejienne.
[lycTh 3aaH ABYXIMOIIOCHUK, TOK M HANPSKEHUE, HA 3aKUMAaX KOTOPOTO
WU3MEHSIOTCS TI0 3aKOHY CHHYCA!
JlenuTh KOMIUIEKCHBIE Yncia YA00Hee B MOKa3aTenbHO popme 3amucu
KOMHJ‘ICKCHBIC aAMILTUTY B HaprbKeHI/I}I Y TOKA UMEIOT CIEAYIOIINI BU/;

U =U,, I—I

7

B pesynbrare nenenus, cornacHo 3akoHy Oma, 1osty4aeM BEJITUYUHY PaBHYIO
COIIPOTHUBIICHHUIO.
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U
=Z-cosp+ jZ-sing I, .,i¢

B LCIIAX MTEPEMCHHOTI'O TOKA OHO HA3bIBACTCA IMOJIHBIM COITPOTUBJIICHUEM U 0003HayaeTcs

m

6ykBoit Z . PasHocTh HauanbHBIX (a3 TOKA W HATPSHKEHHS 0003HadaeTCs GYKBOH ((n) ¢
M Ha3bIBAaeTCS YIJIOM cIBUTA (a3.

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

PeanbHast 4acTh KOMIUIEKCA TIOJTHOTO COMPOTHUBIICHHS HA3bIBAECTCS AKTUBHBIM
CONPOTHBIICHHEM ¥ 0003Hauaetcss K . MHIMMas 4acTh KOMILIEKCA [TOIHOTO
COTPOTHBIICHHS HA3bIBACTCS PEAKTHBHBIM COIPOTHBICHHEM M 0003HauaeTcst OykBoi X .
RT /X =z

_— 790°
U, =100-¢""

; —j135°
1, =10-e77

. .an0
U . 790

/m _ 100-e g :@'ej(900+1350):10'6j2250 .

Ln 10-e77/% 10 =10-¢7/1%
BeJII/I‘II/IHa, 06paTHa5I IMOJIHOMY KOMILJICKCHOMY COITPOTHUBJICHUIO HA3BIBACTCA MMOJTHOM
KOMIIJIEKCHOH MMPOBOAUMOCTBIO!:

1 R-jX  R-jX
T Z R+jx (R+jX)(R-jX) R*+X’
R X

“Rax? TR+ x?

[lepBas npoOk (peanpHas YacTh) Ha3bIBACTCS AKTUBHAS MPOBOAMMOCTD U 0003HAYAETCS

OyKBOIi g,

4.IIpocreiimme Heny NepeMeHHOro TOKa ¢ HaeaJlbHbIM AKTHBHBIM, HHAYKTHBHBIM U
€MKOCTHBIM 3J1eMEHTOM. AKTHBHAs1, pEaKTUBHAS M IOJHAS MOIIHOCTH.
Koa¢dpununent momuocrw.

Pe3ucrop.
JIBYXTIOTIOCHUK COJIEPAKHUT PE3UCTUBHBIN 3JIeMEHT. TOK JBYXIIOJIIOCHUKA
M3MEHSETCS 110 3aKOHY CHUHYCA!
i=1, sinowt
OHpGI[eJII/IM 3aKOH U3MCHCHUS HAIIPSKCHUS HA €TO 3aKUMaAX:
up=R-i=R-1, sinwt =U,, sin ot
TakuMm oOpa3om, HaNPsDKEHUE Ha 3aKUMaX JIBYXIIOJIIOCHUKA U TOK, TPOXOISAIINIA Yepes

PE3UCTOP, UMEIOT OJTMHAKOBYIO HaYaJIbHYIO a3y (l//i =Y , o=y, ~y; =0 ), WA
coBmaaroT o ¢aze. OHU OJHOBPEMEHHO JOCTUTAIOT CBOETO MAKCUMAIILHOTO 3HAYCHUS
U COOTBETCTBEHHO OJIHOBPEMEHHO MPOXOIAT uepe3 HoJIb. Kak moka3zaHo Ha BpEMEHHOM
nuarpammMe. Ha BeKTOpHO# uarpaMMe BEKTOpPhI TOKA M HATIPSHKEHHS HA PE3UCTOPE
COHaIIpaBJICHBI.

NHIyKTUBHBINA 3JIEMEHT.
[TycTh B 11€1Ib MEPEMEHHOIO TOKA BKJIIOUEHA KAaTyIIKa C MaJIbIM COMPOTUBIECHUEM
npoBoJia (uaeanbHas kaTyiika). HenmpepslBHOE U3MEHEHHUE TOKA B BUTKAX KaTYIIKU
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BbI3bIBAET MosiBNieHne DJ{C caMOMHAYKIINH, KOTOPOE B COOTBETCTBUH C MTpaBUioM JleHia
MIPOTUBOJICUCTBYET U3BMEHEHUIO TOKA. JIOMyCTUM, TOK KATYIIKH U3MEHSETCSA 110 3aKOHY:

i=1, sinwt
Tornma Bennunna IJIC caMOMHAYKIINUH:

dt dt =-wll,, cos wt
=—F, sin| ot +§

O/1C caMOMHIyKIIMY BCET1a HAPABIEHO HABCTPEUY HAIIPSHKEHUIO, a 3HAYUT:
. 0
u, =—e; =U,, szn(a)t+90 )
HavanpHas daza HanpsoKeHHs OTAUYACTCS OT HaYalbHOM (pa3bl TOKA Ha Yol 90°, T.c.

0
, OTKYZIa CIIEJTYET, 4TO o=y, ~y; =9 . ['oBOpSAT, 4TO HANIPSHKECHUE
Ha UHAYKTUBHOCTH OMEPEKAECT TOK UIIM TOK OTCTAECT OT HAMPSIKEHUS HA YTOJ 90" [Ipu
TCX 3HAUCHU A, KOrJa HAIIPAKCHHUC JOCTUTACT CBOCTO MAKCUMYMaA, TOK PABCH HYJIIO. Ha
BEKTOPHOM AMarpamMMe BEKTOP HaIPsKEHUS TOBEPHYT Ha yroJl 90° rpajycoB IPOTUB
YaCOBOM CTPEIKU OTHOCUTEIIBHO BEKTOpPA TOKA.

Vu=V; +9OO

EMKOCTHBIH DJIeMEHT.
[1ycTh B 11€1Ib MEPEMEHHOTO TOKA BKJIIOUEH KaTYIIIKa €MKOCTHBIA 3JIEMEHT,
HaIpsHKEHUE HA 3aKUMAaX KOTOPOTO U3MEHSIETCS 110 3aKOHY CUHYCA:

uc-=U,, sinwt
Tok u HanpspkeHue cBa3aHbl 3akoHOM OMa B tuddepeHIanbHoi popme 3arucH:
duc _ c d(U,, sinot)

i=C dt dt =wCU,, cos wt

, 7
=b-U,, sin a)t+5 =

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

o 0
Hauanpnas ¢aza Toka oTanyaercs oT HaualbHOM (ha3bl HanpspKkeHust Ha yroa 907, T.e.

0
, otkyza cnenyer, aro ¢ =~ Vu ~Vi = —907, ToBopsT, 4TO
HATIPSDKCHHE HAa EMKOCTH OTCTAET WM TOK onepexaet Hanpsokenne Ha yron 90°. TTpu Tex
3HAYEHUs], KOT/Ia HAIPSKEHUE TOCTHTAET CBOETO MaKCMMyMa, TOK paBeH Hy 0. Ha
BEKTOPHOI1 HarpaMMe BEKTOp HATPsDKEHHMs oBepHyT Ha yrox 90° rpaxycos B
HAINPABJIEHNH 10 YaCOBOM CTPENKE OTHOCHTENBHO BEKTOPA TOKA.

(//i :(//u +900

AKTHBHAasi, peaKTUBHAs U NMOJHAasE MOIHOCTH. KoaddpuumeHT MOIIIHOCTH.

PaCCMOTpI/IM IMaCCHUBHBIN ABYXITIOJIIOCHHK, TOK U HAIIPAXKCHUEC, HA 3a’)KNMax
KOTOPOro, UBMCHAKOTCA 110 CUHYCOUJAJIIbHOMY 3aKOHY:
u=U, sinot i=1I,sin(ot+y,)=1, sin(wt+ep)

b

MrHOBeHHAas MOIIHOCTb, TPOU3BOIUMAsT HCTOYHHKOM SHEPTUHU U MOTpedisieMast
JBYXITOJIFOCHUKOM, PaBHa CKOPOCTU COBEPIIEHHs paOOThI B JTaHHBI MOMEHT BPEMEHH U
paBHA MPOU3BEACHUI0 MTHOBEHHOTO HANPsKEHUSI HA MTHOBEHHBIN TOK:
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p=u-i=U, sinot-1, sin(ot+@)=U, I, sinotsin(ot + @)

U, NJ2UA2T
= Zmom [ ]:T

cos Q— cos(2a)t + (/)) [cos @ — cos (2ot + ¢)]

Ul cos ¢ —UI cos(Zwt + ¢)

TakxuMm 0Opa3oM, MTHOBEHHAs MOIIIHOCTh MMEET TTOCTOSTHHYIO COCTABJISIOIIYIO U
TapMOHHMYECKYIO COCTaBIISIONIYIO, YTJIOBAst 4acTOTa KOTOPOil B 2 pasza OoJibiie, 4emM
YIJIOBasl YaCTOTA HAIPSKEHUS U TOKA.

MrHoBeHHas MOIIHOCTh JIBYXITOJIOCHUKA MOJIOKUTENIbHA, KOTAa HAIIPSIAKEHUE U TOK
OJIMHAKOBBI 110 3HAKY, U OTPULIATENbHA, KOTJA HAIIPSYKEHUE U TOK MPOTHUBOIIOI0KHBI T10
3HaKy.

Korga MruoBeHHast MOIIHOCTh MOJIOKUTENbHA 110 3HAKY, 3HAYUT, OHA MTOCTYIAET OT
HMCTOYHUKA SHEPIUU K JIBYXIIOJIOCHUKY, U B ClIy4ae, KOrjla MTHOBEHHAas: MOIIHOCTh
OTpHUILIATENIbHA, YHEPTUS BO3BPAIIAECTCS B HICTOYHUK. DTO 3HAYUT, YTO SHEPIHUs,
HAKOIJICHHAs B MATHUTHBIX M 3JIEKTPUUYECKUX TOJIAX IEMEHTOB (KaTyIIKa K €eMKOCTh )
npeoOpasyeTcs B 91 U BO3BpAIIaeTcsi B UCTOYHUK.

MOIHOCTH B eNH € Pe3UCTUBHBIM 3J1€MEHTOM.

Ecnu qByXMOMIOCHUK COAEPKUT TONBKO PE3UCTUBHBIN AJIEMEHT, 001 a0t
AKTUBHBIM COMPOTHUBJIEHUEM, TO SHEPIUs HAKAIUIMBATLCS B HEM HE MOKeT. Tok u
HaIpsHKEHUE BCETIa OJHOTO 3HAKa, CJIEI0BATENbHO, MTHOBEHHAs! MOITHOCTh BCET/1A 10
3HAKY MOJOKHUTEIbHA.

Cpennee 3HaUYe€HHE MTHOBEHHOM MOIIHOCTH 32 MEPUO/I Ha3bIBACTCSl aKTUBHOU
MOIIHOCTBIO U ONPEAEIISIETCS BBIPAKCHUEM:

1 T
P=— I p dt

T, =Ul cosp =UI
MomHOCTS B Ny ¢ HHAYKTHBHBIM 3JIEMEHTOM.

PaccMoTpuM IBYXITOMIOCHUK, B KOTOPBIA BKJIFOYEH UHIYKTHUBHBIN 3J1€MEHT. TOK
MHIyKTHBHOCTH OTCTAeT OT HampsukeHust Ha yron 90°. TakuM 06pa3oM, MrHOBEHHAS
MOIIIHOCTh Ha NHIYKTUBHOCTH UMEET TOJIBKO TAPMOHUYECKYIO COCTABJISIOLYIO,
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
BO3BpAILAETCS HA3aJ] B UICTOYHHUK.

B Teuenne BTOpoi 4eTBEPTH MEPHO/ia MTHOBEHHAs! MOIIIHOCTh OTPULIATENIbHA, TaK
KAaK MHAYKTUBHOCTB HE MOTJIOIIAET YHEPTHUIO, a4 CaMa CTAHOBUTCSI HCTOYHUKOM SHEPIHH.
Taxkum 006pa3oM, TOK B IIeTIH ¢ MHAYKTUBHOCTBIO HE COBEpIIAET paboTy, OH
00yCIIOBIMBAETCS JUIIb KOJeOaHUAMU SHEPTrUuu. Takol TOK UMeHyeTcs peakTUBHbIM. OH
0ecIone3Ho 3arpykaeT UCTOYHHK M MTPOBOJIA JIMHUH 3JIEKTpoIepe/iay, cae10BaTeIbHo,
JUTSL JIEKTPOIHEPTETUKU OH SBJISIETCS] BPEIHBIM.

CpenHee 3HaUE€HNE MTHOBEHHOI MOIIIHOCTH 32 NIEPHOJ] (AKTUBHAsI MOIIIHOCTh) paBHA
Hy10. B ienu npoucxoaar koneOaHus SJHEPTHUH MEXAY UICTOYHUKOM SHEPTUU U
MarHUTHBIM T10JIEM MOTPEOUTENsI. AMIUTUTYAY KOJIeOaHU MTHOBEHHOW MOITHOCTH B
LU ¢ UHAYKTUBHOCTBIO HA3bIBAIOT PEAKTUBHOW WHIYKTUBHOM.

0 :IZ'XL’ [Bap]

MouHOCTh B leNH ¢ eMKOCTHBIM 3JIEMEHTOM.

B nienu ¢ eMKOCTHBIM 3JIEMEHTOM TOK ONEPEXKAET HAMPSHKEHUE HA 90°. Kak u B
CJIydac ¢ HACaJIbHbIM MHAYKTUBHBIM 3JICMCHTOM, MTHOBCHHAAd MOITHOCTH Ha
FapMOHUYECKYIO COCTABJISIONIYIO, H3MEHSIONIYIOCA C IBOMHOM yacToToi. O1HAKO
HAKOILUIEHUE YHEPTUHU, 3aps]l KOHJIEHCATOPA, IPOUCXOIUT, KOTJ]a BO3PACTAET HU TOK, a
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HanpsDKEHUE, U KOHIEHCATOp pa3pshKaeTcst Koria HanpsbkeHue ymenbiaercs. M, takxe
KakK ¥ B IIETIN C MHIYKTUBHOCTHIO, TOK B IIEMH C EMKOCTHBIM 3JIEMEHTOM HE COBEpIIACT
paboThI.

Cpennee 3HaYeHNE MTHOBEHHOW MOIIHOCTH 32 TEPHOJ (aKTUBHASI MOIIHOCTH) PaBHA
Hy/T10. B 11enu npoucxoaar KonebaHust 3HEPrud MEX 1y HCTOYHUKOM SHEPTUU U
MarHUTHBIM TI0JIEM MOTPEOUTENS. AMIUTUTYY KOJIeOaHHMI MTHOBEHHOI MOIITHOCTH B
[eNH ¢ MHAYKTUBHOCTBHIO HA3bIBAIOT PEAKTUBHOW UHIYKTHBHOM.

Oc=1"Xc, [sap]

1.5  Jlekuus Ne 6,7 (4 yaca)

Tema:»Pacuér JuHeHHbIX Hemneil mepeMeHHoro Toka. Pe3oHanc HanpsiKeHW .
Pe3onaHc TOKOBY.

1.5.1 Bomnpocsl Jeknum:

1./IuHeliHasi nenb NePEeMEHHOr0 TOKA.
2. TpeyrojibHUK HANIPSAKEHUI, CONMPOTHUBJIEHUH U MOIIHOCTe. Pe3oHaHc HanpsKeHuid.
3. Pa3BeTBJICHHBIE LIeNIH IIePEMEHHOr0 Toka MeToa NpoBogUMOCTel H
JKBHMBAJIECHTHBIX MPeo0pa3oBaHUM.
4. Pe3oHaHc TOKOB. YacTOTHBIC XapaKTepPHUCTHKH.

1.5.2 KpaTtkoe coaep:xkaHue BONPOCOB:

1 JInHeiiHasi Henb MEePEMEHHOI0 TOKA.

Ecau x 3axxumam LCIIH MMPUTIOKUTH CUHYCOUAAJIbHOC HANIPSAXKCHUC, TO B Heilt MMPpOTCKACT

CUHYCOUJIAJIbHBIN TOK:
i=1sinot.

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

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

U=uc+u, +u, y
- AJI1 MTHOBCHHBIX 3HAYCHHH,

NI

U=Uc+Ur+U.L . JUIS1 KOMIUJIEKCOB JIEMCTBYIOIIUX 3HAYCHU M.

BexkTopHasi fuarpamma.

[TocTponM BEKTOpPHYIO THarpaMmy HanpsKeHH 11 nanHoi nenu. [loctpoenue
HA4YMHAEM C BEKTOpa ACHCTBYIOLIETO 3HaUeHMsI TOKa. CTPOUM BEKTOPHI HANPSKEHUI Ha
AJIEMEHTaX ¢ y4yeToM U3 (a3oBBIX COOTHOIICHMA. HanpsbkeHne Ha eMKOCTH OTCTaeT OT TOKa, T.€.

BEKTOP MOBEPHYT HA yroJj 90° B HaIpaBJICHUH 10 YaCOBOM cTpenke. BekTop HanpsiKeHus Ha
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pe3UCTOpe COBMAIaeT C BEKTOPOM TOKA. 3aTEM CTPOUM BEKTOp HANpPSKEHUS HA EMKOCTH,
OIIEPEKAIOIINM BEKTOP TOKA HA YOl 90°. CkmagsiBacm BEKTOPBI 10 MIPaBUIly [1apajuIesIorpaMMma,
Y TIOJIy4aeM BEKTOP HANpsHKEHHS Ha 3aKUMax Iemu.

[IpuuemM, ecnu peakTHBHOE EMKOCTHOE CONPOTUBIIEHUE OO0JIbIIE PEaKTUBHOTO
UHAYKTUBHOTO: X¢>X;MMeEeT MECTO aKTUBHO-EMKOCTHBIN Xapaktep Harpy3ku. U1 torna,
HaANpsDKEHUE B IIETH OTCTaeT OT Toka. B cimyuae, korna X¢<X;( akTUBHO-MHIYKTUBHBIH
XapakTep Harpy3KkH) HalpsbKEHUE ONEPekaeT TOK Ha yrodl ¢.

Pa3HoCTh BEKTOPOB HANPSHKEHHU HA €MKOCTH M HHAYKTUBHOCTH MPEJICTABIIsIET COOOH, B
00IIEM clTydae, peaKTHBHOE HalpsKEHHeE: Up=Uc-U..
2 TpeyrojibHUK HaNpsKeHUil, CONPOTHBJICHUI U MOIIHOCTel. Pe3oHaHc HanpsikeHHI.

CoBnazieHre YacTOTHI BEIHYKACHHBIX KOJICOaHU, COOOIAeMBIX (PU3UUYECKON crcTeMe
W3BHE, C YaCTOTOW COOCTBEHHBIX CBOOOAHBIX KOJICOAHUI Ha3bIBACTCS PE30OHAHCOM.

B D11 nepemeHHOro TOKa pe30HAHC BOZHUKAET IIPU COBIIAJICHUU YaCTOT UICTOYHUKA U
COOCTBEHHBIX CBOOOIHBIX KOJIeOaHUH KONIeOaTeIbHOTO KOHTYpa, T.€. Kornaa B Ol npoucxoaut
pa3psl eMKOCTH Ha UHYKTUBHOCTb. A 3TO 3HAYUT, YTO HAMPSKEHUE HA EMKOCTH U
WHAYKTUBHOCTH JIOJKHBI OBITH PaBHBIL:

Up=Uc,umul -X; =1 -Xc.
VYcnoBuem pezoHaHca HAPsHKEHUH MOYKHO CUMTATh PABEHCTBO PEAKTHUBHBIX

COHpOTI/IBHeHI/Iﬁ 9JICMCHTOB IICTIN.
1
X, =X, wmoL=——-:.
wC

Bekropnas nuarpamma pe30HaHCHOM IETH BRITJISAUT CICTYIOIIMM oOpa3oM: BekTop
HaIpsKEHUsI HAa PE3UCTOPE COBIAAET C BEKTOPOM TOKA, & BEKTOPHI HANIPSIKEHUN HA EMKOCTH U
WHAYKTUBHOCTU CABUHYTLI, OTHOCHUTCIIbLHO BCKTOPA TOKA HA 900, JJIMHBI UX paBHBI.

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

IIeTH paBHA 0 BENMYMHE M COBIAMAET 10 (ase ¢ HANpsDKeHHeM Ha pesuctope = U

Tak kak MTHOBEHHAs! MOIIIHOCTb €CTh MIPOM3BEACHNE MTHOBEHHOTO HANPSHKEHUS Ha
MTHOBEHHBIH TOK, TO, OYEBHIHO, MTHOBEHHBIC 3HAYCHUS MOIITHOCTEN HAa MHIYKTHBHOCTHU H
€MKOCTH OyIIyT paBHBI 110 BEJIMYMHE W MPOTHUBOIIOJIOKHEI IO 3HAKY.

DHeprust MEKTPUUECKOTro MO KOHJEHCATOopa MPH €ro paspsijie IepexoauT B SHEPTHIO
MarHUTHOTO TOJIS KaTyIIKu U Ha000poT. Takum 06pa3om, MpOUCXOAAT KoJIeOaHusl SHEPTuu

MEX1y KaTyIIKOM 1 eMKOCTHBIM 3JIEMEHTOM 0€3 ydacTus SHEpruu reueparopa. I'eneparop xe
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COOOLIMB NEepBOHAYAIbHBIN 3apsa KOHAEHCATOPY, BIIOCIEACTBUN KOMIIEHCUPYET TOJIBKO IIOTEpU
SHEPIrUU B AKTUBHOM COIPOTUBIICHUU.

[TonHOE conpoTHUBIIEHHE LIETIH, COACPKALLEH PE3UCTUBHBINA, EMKOCTHBIN U
UHAYKTUBHBIN 3JIEMEHTHI, onpenenutcs no treopeme Iugaropa. Tak kak B pe30HaHCHOM pexXHUMe
PEaKTUBHBIE COIPOTUBJICHMSI PABHBI, TO HX Pa3HOCTb paBHA HY10. CIe10BaTENbHO, IOJIHOE
COIPOTUBIICHUE LIETIA PABHO AaKTUBHOMY COIIPOTUBIICHUIO PE3UCTUBHOIO JIEMEHTA.

Toxk B LCIU OMMPECACIIUTCA BBIPAKCHUCM!

R 1 UMCCT MaKCUMaJIbHOC 3HAYCHUC

3amnuiieM ypaBHEHHUE 110 BTOpoMY 3akoHy Kupxroda 11t JTaHHOH 1emnu ¢ yueTom (2):

U U . U . Lo X X
U=—R+—jX, —— jX,.=U+,jU—L—-jU—*X
R R R R R
Us cirydae, €CJIM PEaKTUBHBIC COIIPOTUBJIICHUA KaTyIIKXU U EMKOCTH MHOT'O 60.]‘[1)].[16, 4yeM
X, =X,>R,;
AKTUBHOC COIMPOTUBIICHUC PC3UCTOPA TO 4YaCTUYHbIC

HaINpsDKEHUS Ha KaTyIIKe ¥ eMKOCTH OyAyT OoJibIlle, UeM HalpsbKeHHE Ha BXOJIE 1eTH

Ur=Uc>>U. B yroum ciy4ae, 0OJIBIIIOE YaCTUYHOE HANPSDKEHNE Ha eMKOCTH MOXKET
IPUBECTH K MPOOOIO CIIOSI TUAIIEKTPUKA, a Ha KaTyIIKe — K po0oto nzonauuu. [1o sToit npuunne
K TEXHUKE CUIIbHBIX TOKOB PE30HAHC HANPSIKEHUN CUUTAETCS HeXKeNaTeIbHbIM SIBJICHUEM, a B
TEXHHKE CJIa0bIX TOKOB HallleJ IIMPOKOe MPUMEHEHHE.

OTHOIIEHNE PEaKTUBHOMN COCTABIISIONICH HANPSHKEHNS K HANPSDKCHUIO, TIPHIIOKEHHOMY K IIETIH,
Ha3bIBAETCS TOOPOTHOCTHIO KOHTYpa, WK K03 duureHToM pe3oHanca. OH MOKa3bIBAET, BO

CKOJIBKO pa3 HalIPSAKCHUC Ha KATYIIKC UJIIN CMKOCTHU 60.HBLHC, YCM HAIIPSIPKCHUC HA BXOJC LICIIN.

UL_UC_
U_U_Q

YciaoBus pe3oHanca.
Kak HacTpOUTh Lienb B PEXXUM pE30HaAHCA.
1. TlIpu u3BectHbIX 3HaUeHUAX L UC, m0J00paTh pe30HAHCHYIO YacToTy. Mcnonb3ys

PaBEHCTBO PEAKTUBHBIX COIIPOTUBIICHUN, BBIPA3UM PE30HAHCHYIO YaCTOTY:

a)L:La)ZLC:I o, = !

wC JLC

2. Jlns 3aJaHHOTO 3HAYCHUS YacTOThI U3MEHTh 3HaUeHus L uC.
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MBI ye TOBOPHIM, YTO MHAYKTUBHOCTb KaTYILIKH YBEJINYUBAETCS, €CJIU IOMECTUTh BHYTPb
KaTyUIKU (peppUMarHUTHBIN cepieYHUK. B aBTOMOOMIIBHBIX IPUEMHHUKAX HACTPAUBAIOT
KoJIeOaTeNbHbIN KOHTYD, U3MEHSS MHAYKTUBHOCTh. MI3MEHATh eMKOCTh KOHJICHCATOPa MOKHO,

YBCIWYHMBAA MJIOIAAb IIJIACTHUH.

1 1
Lp:a)zC; C”:a)zL

YacToTHBIE XapaKTEePUCTHKH.

3aBHCHMMOCTH MOJIHOIO CONPOTUBJIEHHUS OT YACTOTHI.

PaccMoTpuM 3aBUCUMOCTD COMTPOTUBIICHHH 3JIEMEHTOB OT 4acTOThl. Ha Benmnuuny
AKTUBHOT'O COIPOTHBIICHHS PE3UCTUBHOTO JIEMEHTA YacTOTa He BIUSET, IOITOMY Ipaduk
IpEeCTaBIsieT COOON MPAMYIO JIMHHIO, APAIICIBbHYIO OCH YaCTOTHI.

PeakTuBHOE MHAYKTUBHOE CONPOTUBIIEHUE MPSIMO MPONOPLMOHAIBHO YaCTOTE, [I03TOMY IPU
YBEJIMYEHUH YACTOThI YBEJIMYUBACTCS U CONPOTUBIIEHHE. PEaKTUBHOE EMKOCTHOE K€
COIIPOTHUBIIEHUE OOPATHO MPOIMOPIHOHAIBHO YacTOTe, T.€. IPH YacTOTe, CTPeMSIIEHCs K HYJIIO,
COIIPOTHUBIIEHUE CTPEMUTCS K OECKOHEUHOCTH, M, HAOOOPOT, MPH YBETUUEHUHN YaCTOTHI
CONPOTHUBIIEHUE CTPEMUTCS K HYJIO. DKBUBAJIEHTHOE PEAKTUBHOE CONPOTUBIIEHUE ONPEIEIAETCS
KAaK PaBHOCTb PEAKTUBHOI'O MHAYKTUBHOI'O U PEAKTUBHOI'O EMKOCTHOTO, IO3TOMY, IIPH YaCTOTE,
MEHbIIIEH Pe30HaHCHOM, SKBUBAJICHTHOE OY/I€T MEHbIIE HYJIS, a IPU YaCTOTE, OOJIbIIIEe
pe30HaHCHOHN — Oosble Hy . M COOTBETCTBEHHO NPU YaCTOTE, PABHOI pE30HAHCHON —
SKBHUBAJIEHTHOE OyJET paBHO HYIIIO.

[Tpoananusupyem, Kak 3aBUCUT BXOJIHOE (IIOJIHOE) COTPOTUBIIEHUE, KOTOPOE
OIIpEAEIIAETCS KaK FEOMETPUUECKAsi CyMMa aKTUBHOT'O U PEAKTUBHOTO CONPOTUBIEHUHN. [Tpn
4acToTe, paBHOU HYJIIO, ITOJIHOE COIPOTHBIIEHUE PABHO OECKOHEYHOCTH, IPU PE30HAHCHOM
4acTOTE, PEAKTUBHAs COCTABJISIIOLIAS PaBHA HYJIIO, CIEJOBATEIBHO, ITIOJIHOE CONPOTUBIICHHUE
OyZIeT paBHBIM TOJIbKO aKTUBHOMY COMPOTHUBIICHUIO pe3ucTopy. U npu nanpHelmem

YBCIMUCHUHN YaCTOTHI, ITOJIHOC COIMMPOTUBJIICHUC 6y,Z[GT YBCINYNBATHCA.

®a30-4aCTOTHAs XapaKTepUCTHKA.

3aBucuMocCTh (hasswl (yria caBura ¢gas) oT 4aCTOTHI:

@ = ().

HyCTB ABYXIIOJIFOCHUK COCTOUT TOJIBKO U3 3JICMCHTOB, O6J'Ia,Z[aIOH_II/IX PCAKTUBHBIM

COIIPOTUBJICHUEM, TOrJa IMMOJTHOE COIMMPOTHUBJICHUC ILICIIU aBHO:
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B uHTEpBalie 4aCTOT OT HYJIIO O PE30HAHCHOMU, XapaKTep Harpy3KU EMKOCTHBIN, YTOJI CIBUra
(ha3z Mex1y HanpsHKCHUEM U TOKOM paBeH -90°. Mocie pPE30HAHCHOM YacTOTHI XapakTep
Harpy3Kd WHIYKTUBHBIN, @ 3HAYUT, YroJl cABUra ¢a3 paBeH 90°. Takum 00paszoM, B YUCTO
PEaKTUBHOM JIBYXIIOTFOCHUKE (h)a30BbI CIBUT MEHSETCS OT 90° 10 +90°. Eciu B
JBYXTOJIFOCHUK BKJIIOYUTH aKTHBHOE COMPOTUBIIEHUE, TO rpaduk OUX Oyner He CTyneHYaThIM,
a TUTAaBHO BO3PACTAIOMINM, IIPUYEM, YeM OO0JIbIIIe T0OPOTHOCTH KOHTYpa, ueM DUX Onmxe K

CTYIIEHYATOM.

AMIUINTYTHO-4ACTOTHASI XapaKTEePUCTHKA.

CHauasna pacCMOTPHUM IIETIb MPU 9acTOTe OJIM3KON K HYII0. PeakTHBHOE €eMKOCTHOE
COIIPOTHBIIEHUE CTPEMUTCS K OECKOHEYHOCTH, a 3HaYMT, TOK B IIENIH PaBeH HY0. PeakTuBHOE
UHIYKTUBHOE CONPOTUBIIEHUE NMPSMO MPONOPLHUOHATIBHO YaCTOTE U PAaBHO HYJIIO, HAIIPSIKEHUE
Ha 3TOM BJIEMEHTE TOXe OyJeT PaBHBIM HYIIIO.

IIpu TOKe, paBHOM HYJIIO, HANPSDKEHUE HA aKTHBHOM COIIPOTUBIICHUH PaBHO Hy0. M3 Bcero
BBIIIECKA3aHHOTO CIENYET, YTO BCE HANPSHKEHUE HCTOYHUKA IIPUIIOKEHO K EMKOCTH.

IIpu pe3oHaHCHOI 4acTOTE pEaKTUBHBIE COIPOTUBIICHUN PABHBI, @ UX CYMMa paBHA HYJIIO.
XapakTep Harpy3Ky YUCTO aKTUBHBIN, TOK MMEET MAaKCUMaJIbHOE 3HaueHue. Hampsokenus Ha
MHAYKTUBHOCTH U €MKOCTH PaBHBI, @ UX BEJIMUYUHA 3aBUCUT OT 10OPOTHOCTH KOHTYpa. Takum
00pa3oM, HapsKEHUE Ha aKTHBHOM CONPOTUBJIEHUH PABHO HANPSKEHUIO UCTOUYHUKA.

[Tpu nanbpHelieM yBeTUYeHUH YaCTOTHI 10 OECKOHEYHOCTH PEAKTHBHOE HHAYKTHBHOE
COIIPOTHUBIIEHUE CTPEMUTCS K OECKOHEUHOCTH, YTO COOTBETCTBYET OOPBIBY LIEMH, TOK CTPEMHUTCS
K HyIo. HanpsbkeHne Ha pe3ucrope paBHO Hy0. HanpsbkeHus Ha eMKOCTH M MHAYKTUBHOCTH

TaK)Xe CTPEMUTCS K HYJIIO.

3. Pa3BeTBiIeHHbIE €N EPEeMEHHOr0 TOKa MeToa NpOBOAUMOCTEH M IKBMBAJIEHTHBIX
npeodpa3oBaHuil.
B nenu ¢ mapaymiensHbpIM cOeTMHEHHEM 3JIeMEHTOB R, L, C(napajuieabHbIi Koyie0aTeIbHbIN

KOHTYpP BO3HUKAET PE30HAHC MOKO8.
Kommnekcuas BXOJHas NpOBOAUMOCTDL LCITN
4 — V 7 J - _ ‘D _ <
Ypx = Yr+Y, +Y;=G - j(BL-Bc)=G - jB=yel?
VYcnoBue pe3oHaHca — PAaBEHCTBO HYJIKO BXOJIHOM PEAKTUBHOM MPOBOJUMOCTH 1IEIH:

B=B;-B.=0; =

=wWC; Wg=——

1
wlL JLC
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X

Puc

Ha puc. mnpuBeneHbl 4acTOTHBIE XapaKTEPUCTUKU UIEATBHOTO KOHTYpa, A KoToporo G = I/R
= Q. llpu yrioBbIX yacToTax M < g I UMEET WHIYKTUBHBIN XapakTep, a IpHh o > Mg —
€MKOCTHBIN.

4.Pe3oHaHC TOKOB. YacTOTHBIE XapaKTepPHCTHKH.

[TokaszaHa BEKTOpHAS Juarpamma e rnpu pesonance. OOmmii Tok /) B MOMEHT pe30HaHca
MUHHMAJICH U OTpeeNseTcs HalpsHKeHHEM Ha BXOJIe IIETH U €€ aKTUBHOM MPOBOTUMOCTBIO:
Ip=1Iro= UG = UR
B 3asucumocmu om coomuouienusi mexcoy G u B (Br = Bc), pagHvie medwcdy coboii npu

pezonarce moka Iy = Icpmoeym npesviuams 0bwuii mox Iy = Iy

| %
o l, ! / /BL IB[
Ip L lo Be =
—
U l 0 W S
AL Pan s
o Bv
L
G = I/R; P=c

1.6 Jlexmusi Ne 8 (2 uaca)

Tema: «Tpexda3zHblii mepeMeHHbIH YTeKTPHYECKUI TOK».

1.6.1 Bomnpocsl Jieknuu:



1.IToayyenne Tpex¢a3HOro Toka.

2.0CHOBHBIC XaPAKTePUCTHKH TPex(a3HOM Lemnu.

3.Cnoco0bI coequHeHus (a3 reHeparopa u Harpy3ku. MeToauka pacyera nemnu
Tpex(a3HOro NepeMeHHOro TOKa NP COeJMHEHUH HAIPY3KH 3Be3/10H ¢ HEHTPAJIbHbIM
MPOBOIOM, 3B€3/10i1 0€3 HeHTPAJIBLHOI0 NMPOBO/A.

4.MeTtoauka pacuyera nenu Tpex¢a3sHoro nepeMeHHOro TOKa NpH CoeMHEHNHU
HArpy3KH TPeyroJbHUKOM.

1.6.2 KpaTtkoe coaep:xkaHue BONPOCOB:

1. ITonyyenue Tpex¢a3sHOro TOKAa.
B 80-x romax XIX Beka TanaHTIMBbIA pycckuil urmxenep [lomnuso-JloOpoBosbekuii pazpadboTan

cucTeMy Tpexga3zHoro Toka, H300pen TpexdasHblii TeHepaTop, U TpexX(a3HbIi ACHHXPOHHBII
nsuratenb. OH BIIEPBbIE OCYILECTBUII Iepeady IHEPIUu Tpex(ha3HbIM TOKOM Ha 3HAYUTEIbHOE
115t Toro BpeMmeHu paccrosiaue. (170 xkm, 15 kB)

Tpexda3Hblil TOK UIMEET CIeIyIONIUe PEUMYILECTBa:

- BKOHOMHUS J10 25 % IIBETHBIX METAJIOB HA COOPYXEHHE JIMHUHN IIEKTPOTIepe1aun;

- BO3MOKHOCTb IIPUMEHEHUS TpeX(ha3HbIX aCUHXPOHHBIX JBUraTesIel, IPOCThIX 110
KOHCTPYKLIUH, YIOOHBIX M HAJ€KHBIX B SKCIUTyaTalluy;

- HAJIMYUE JBYX JKCIUIYyaTallHOHHBIX PEXKUMOB HAIIPSKCHUH.

[IpencraBum cebe HEMOIBMIKHBIN KOJBIIEBON ITUIMHAP U3 CTaNU (CTaTOp), HA BHYTPEHHEH
CTOPOHE KOTOPOTO pa3MeLIeHbI TPU OT/IEIbHbIE OOMOTKH C OAMHAKOBBIM YHCIIOM BUTKOB U3
U30JIMPOBAaHHOM MPOBOJIOKH. [1710CcKOCTH OOMOTOK pacronaraiT moJi yriom 120° Ipyr
OTHOCHUTEIBHO Jpyra. Hauana o6MoTok o60o3Hauator OykBamu A, B u C, a xon1ws! X, Y, Z.
BHyTpu cTaTopa moMecTUM BpaIIaroIIHICs JIEKTPOMArHuT (POTop), 0OMOTKY KOTOPOTO Oy1eM
MUTATh MOCTOSHHBIM TOKOM. [Ipu BpalieHuu poTopa ¢ MOMOUIbIO TEMIOBOTO WU
TUAPABIMYECKOTO ABUTATENS €T0 MATHUTHBIE CHIIOBBIC JIMHH OYIyT MepeceKaTh MPOBOIHUKH
00MOTOK cTaTopa, BCIEACTBUE UYEro B HUX, COTIIACHO 3aKOHY AJIEKTPOMArHUTHOW WHTYKIIHH,

Ooynyt naayktupoBatbes DJIC.

2.0CHOBHBIC XapaKTePHUCTHKH TPex(a3HOH 1emnH.
Tak kak MarHUTHOE TOJIE POTOpa MepecekaeT 0OMOTKU He oHOoBpeMeHHo, D/1C
0OMOTOK JIOCTUTAIOT CBOEI'0 MAaKCUMAaJIbHOI'O 3HAYEHUS TAK)KE HE OJTHOBpEMEHHO. B 00MOTKe
B unayktupoBanHas IJ[C 1OCTUTHET CBOErO0 MakKCUMyMa TOT/1a, KOTJla pOTOp MOBEPHETCS HA

1/3 o6opora, T.e. DJIC o6bMotku B orcraer ot DJIC 06MoTkH A Ha 1/3 meproga mu Ha 120°.
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Amnanornuno B oomotke C 3/]C mocTuraer MakcuMyma, KOTia poTop moBepHeTcs emie Ha 1/3
obopota, a 3HaunT, DJIC 3T0it 06MOTKH O0TCcTaeT oT J/IC oOMoTkHM B Ha 1/3 mepuona, a oT
3J1C oomoTku A Ha 2/3 nepuoaa. [Ipu cunycon1anbHOM U3MEHEHHH MAarHUTHON MHIYKIIUU B
BO3JIYIITHOM 3a30pe reneparopa, nHayktupopanabie DJIC Takke OyyT H3MEHSTHCS 10
3akoHy cuHyca. [loaromy 3/1C MoryT OBITH MpEICTABICHBI TPEMSI CHHYCOHUIAMH,
CMELICHHBIMH JAPYT OTHOCUTENIBHO Ipyra Ha yroJl 120° o ¢aze unu Ha 1/3 nepuoxaa no
BPEMEHU.

[TockonbKy KOHCTPYKIUS TPEX OOMOTOK UMEIOT OJJUHAKOBYIO KOHCTPYKIIHIO, T.€. KOJIMYECTBO

BUTKOB, JMAMETP MPOBOJIA, PACCTOSHUE MEX/y BUTKaMH, TO aMIUIUTYyiHbIe 3HaueHus JJ[C

OyZAyT OIMHAKOBBI U MPECTABIATE COO0M cuMMeTpuuHyto cuctemy DJC, KOTOPYIO MOXKHO

AHAIIUTUYCCKU NPCACTABUTDH BBIPAKCHUAMU JJIsI MTHOBCHHBIX 3HAYCHUI:

e,=FE, sinwt.

2

ey = E,, sin(ot —120°)

ec = E, sinlor -240° )= £, sin{or +120°)

WM TpaduKaMy MTHOBEHHBIX 3HaUYeHM. OCHOBHOE ypaBHEHHE cuMMeTpuaHOr cucteMbl DJ1C -

cymma MrHOBeHHBIX 3HaueHui DJIC B 11000i1 MOMEHT BPEMEHH paBHA HYJIIO:

ITo BbIpakeHUsAM 111 MTHOBEHHBIX 3HAYECHHM 3aMHILEM KOMIUIEKCHI JEHCTBYIOIIMX 3HAYCHU N
OJ1C. IlpencraBum cummeTpuunyto cucreMy J/]C BekTopaMu Ha KOMIUIEKCHOM TJIOCKOCTH.
KommekcHast iiocKocTh IpU 3TOM MOBEPHYTA Ha 90 u game Bcero He n3o0paxaercs. Takum
obOpasom, BekTop AeicTByromero 3HaueHus IJ]C 0OMOTKH A pacmojiaraeTcsi BEpTHKAILHO

BBEpPX, BEKTOp AeiicTByroero 3HaueHus 9J{C oOmotku B moBepHyTa Ha yron 120° 110 gacoBoi
E, y
CTpeJIKE, OTHOCUTEIIEHO BEKTOpa . M, cOOTBETCTBEHHO, BEKTOP IEHCTBYIOLIETO 3HAYEHUS

21C k¢ IIOBEPHYT HA yIroi 120° 8 HaIIPaBJICHUU IIPOTUB XO/a YaCOBOU CTPEIIKH.
[IpencraBnser co00if COBOKYMHOCTh TPEX OJMHAKOBBIX 110 aMILIUTY/IE€ M YACTOTE UCTOYHHKA,
OJIC KOTOpBIX CABUHYTA APYT OTHOCUTENIBHO Jpyra Ha yroi 120 rpamaycos.

3. Cnoco0bl coennHenus (a3 reHepaTopa u Harpy3ku. Meroauka pacyera nenu
Tpex(a3HOro NMepeMeHHOr0 TOKA NMPH COeMHEHNH HArPy3KH 3Be3/10i ¢
HEHTPaJIbHBIM NIPOBOAOM, 3Be3/10i 0e3 HeliTPaJILHOI0 MPOBO/A.

Ecnu coenuuuTh TpU KOHIIAa 0OMOTOK T€HEpaTopa B OJIHY OOIIYIO TOUKY, TO TIOTYyYUTCS

COEIMHEHME 3BE3/I0M, ITPH ATOM YCIOBUMCS CUMTATh MOJ0XKUTEIbHBIMU HanpasieHus J/1C u
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TOKOB B OOMOTKaX, €CJId OHU OYAyT HalpaBJeHbl OT KOHIIOB K HadajlaM 0OMOTOK, OOIIYIO TOUKY
Ha3bIBAIOT HEUTPAJIBIO.
CoBokynHocTh ucTouHMKa JJIC, HArpy3Ku ¥ COEAUHSIOIINX UX IPOBOIOB Ha3bIBAIOT

dazoii. Takum oOpa3om, TepMUH «ha3za» B IEKTPOTEXHUKE 0003HAYAET B OJHUX CITydasx

apryMeHT CUHYycCa (ot +y) , @ B IPYTUX cllydasx — OJIHYy U3 0OMOTOK Tpex(a3HOro reneparopa
i norpeburens. [IpoBona, coenunstomue ¢a3pl reHeparopa ¢ pazaMu Harpy3Kd Ha3bIBaIOT
JIMHEVUHBIMU, a IPOTEKAKOLIME B HUX TOKH - JIMHEHHBIMU. [IpOBOJI, COEAUHSAIOIINI HEUTPAIU
reHeparopa 1 Harpy3ku Ha3bIBa€TCsl HEUTPAIbHBIM WM HYJIEBBIM, U, COOTBETCTBEHHO, TOK B HEM
— TOKOM HelTpanu. Toku npoTekatomye B pazax Harpy3KH WM FreHepaTopa Ha3bIBAIOT
dba3HBIMH.

Hanpspxkenus Mexy HauaiaoM U KOHIIOM K01 (a3bl Ha3bIBAIOT (hazHbIMU U

U, Uy, U v, U, U
o6o3navaror OykBamu: ~ 4, ~ B~ C -renepatopau ~ ¢, ~ b ¢ - Harpy3ku.
Ecnm akTHBHBIM CONTPOTUBIICHHEM OOMOTOK MpeHEOpedb, TO (ha3HbIC HAMIPSIKEHUS

reHeparopa 0yayt paBabl hazHbM D]IC:

2

Uy =Ep=E-e7

3

Yoo j120°
Uc—Ec—Ee .

Hanpsbxkenust Mex 1y JTMHEHHBIMU MPOBOAAMHU HA3bIBAIOT JINHEHHBIMHU: Us , Usgc , Ucu ,
Uab , Uba , Uca .

ITocTpoeHne BEKTOpHOU quarpaMMsl HanpspkeHUud B TOL[ HauMHAIOT ¢ TOCTPOEHUs
BEKTOPOB (ha3HBIX HANpsDKEHUHN reHeparopa. [1oaydnuTs BEKTOPHI JIMHEHHBIX HATPSHKCHUI
MO>KHO '€OMETPHUYECKIM BBIYMTAHHEM BEKTOPOB (Pa3HBIX HANPSIKEHUH, T.€. COEIMHUB KOHIIbI
BEKTOPOB (Da3HBIX HAMPSHKCHUIA, TOTyYUM BEKTOPHI IMHEHHBIX HAMPSHKEHUH, IPUYEM, ITOT
BEKTOp OyJIeT HAMpaBJIeH OT KOHIIA BEIYMTAEMOTO BEKTOPa K KOHILY YMEHBIIIAEMOTO.

UAB =04~ Pp :UA _UB
Paccmotpum cooTHOIIEHNE MEeXAY (a3HBIMU M TUHEHHBIMU HAPSHKCHUSIMHU.

PaccMmoTpum TpeyroibHUK, 00pa3oBaHHBIN BekTOpamu (ha3HbIX HanpshkeHui ¢azsl B u C u

y U
BEKTOPOM JIMHEWHOTO HanpspkeHust ~ BC . OnycTuM nepreHauKysIsp U3 Havyaaa KOOpAUHAT Ha
BEKTOp JIMHENHOT 0 HAIIPSKEHUS!, KOTOPBIM pa3lesIuT BEKTOP Ha JBE PABHBIC YACTU. YTOJ CABUTa
MEX]ly BEKTOpaMHu paBeH 120°, Torma YTOJI MEXTY BEKTOPOM (ha3HOTO HAMPSHKEHUS U OTPE3KOM

NM Oyaer paBeH 60°. Onpenenum nnuHy oTpe3ka MB:
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U 0 V3
—AL=U, -sin60" =U, -— _

2 ¢ ¢ 2 Torna U, U‘b\/g
Jlunelinoe HanpsHKCHUE B \/5 pa3 Oosnbire (azHoro.

3anuiieM KOMIUIEKChI IEMCTBYIONIMX 3HAYCHHI JIMHEHHBIX HAMIPSKEHU TeHepaTopa:

. _ ]300
UAB = UJI e .

2

. _ _]900
UBc—UH'e .

2

: _ j150°
UCA —Un‘e

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

HEUTpabHOTO POBOJIA IPeHEOpeUb, TO (ha3HbIe HANPSKEHUS TeHEpaTopa U Harpy3KH paBHBbIL:

Uor =Uon. UA:U UB:Ub- UC:UC

4
HyneBoii mpoBoJ CIIyHT Ui BRIpaBHUBaHUSA (Da3HBIX HAMPSDKEHUH HATPY3KH.

Pacuer Takoli nenu cBOAUTCSA K pacdeTy TOKOB. B Takoii Td nenu TonbKo 1Ba y3i1a — HEUTpallb
reHepaTopa 1 HeHTpasb Harpy3KH, ClIeZJOBaTeNIbHO, TOK, IPOTeKaroIuil B pa3e reneparopa u
Harpy3kH, a TakKe B JMHEHHOM IIPOBOJIE UMEET OJHO U TOKe 3HaueHue. Takum oOpa3oM, B L€,
IpY COeAMHEHUM (pa3 reHepaTopa 1 Harpy3KH 3Be370, (pa3HbIe TOKU PaBHBI JIMHEHHBIM.

JIunHeiHble TOKM ONpenearoTcs 1o 3akoHy OMa:

Ip =1Ig :
Tox HEHTpaIbHOTO MPOBOJIA OMPEACIIACTCS 10 IepBOMY 3aKoHY Kupxroda:
Iy=T,+Ip+1ic

BekTopHas nuarpamma HanmpspKEHUH M TOKOB B TpeX()a3HOM Y4eThIPEXITPOBOTHOM IIETH.
[TocTporMm BeKTOpHI (ha3HBIX HAIPSHKEHUI TeHEpaTOpa U BEKTOPHI JIMHEHHBIX TOKOB.
[IpocymmupyeM BEKTOpPBI TOKOB, HCIIOJIb3Ys MMPABUIIO MapalljIesiorpaMMa, U MoJIydyuM BEKTOp
TOKa HEUTPAJIbHOTO IIPOBOJA.

Ecnu koMIuiekcHbIe COPOTUBIIEHUS BceX (pa3 Harpy3KH paBHBI (paBHBI aKTUBHBIE U PEAKTUBHBIC
COCTaBJISIIOLINE), HATPY3Ka CYUTAETCS CUMMETPUYHOM.

Z,=2Z,=2L,

B ciydae cuMMeTprUYHON HAarpy3Ku JIMHEHHbBIE TOKU paBHBI, U IPECTABIISIOT OO0
CHMMETPHYHYIO CHCTEMY TOKOB (yrou cBura (a3 Mex 1y Tokamu pasen 120°), Torma kommexc
TOKa B HEUTPAJIbHOM MPOBOJE PABEH HYIIIO.
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Pacuer TpexnpoBoanoii T®II npu coenuHeHun 3Be3/10M.

PaccmoTpum TpexnpoBoanyo TOLI, B KOTOpoil OTCYTCTBYET HEUTpaIbHbIM MPOBOJ. B Takoi
nenu (ha3Hple HAMPSDHKEHUST HArpy3KU HE paBHBI (pa3HBIM HANPSHKEHUSM IeHepaTopa, BCIEACTBHE
BO3HMKHOBEHHUsI HANIPSKEHUsI CMEILLICHUs HelTpanu. HanpspkeHue cMeleHus HenTpaiu
orpezesnseTcs o MEeTOly IByX y3J10B. 3aluIlieM ypaBHEHHUE 10 BTopoMy 3akoHy Kupxroda mis
KOHTYpa, 00pa30BaHHOT0 (pa3HBIMU HAIPSHKEHUSAMU TeHepaTopa, Harpy3KH U HampsbKeHUEM
cmenenus Heiitpanu. Torna ¢asHbie HanpsHKEHUS HArPY3KH MOKHO OTIPEIEIUTh KaK Pa3sHOCTh
(a3zHOrO HAMPSKEHUS TEHEPAaTOpa U HANPSHKEHUSI CMEIICHUsT HeUTpaiu JUIsl KXol (asbl
COOTBETCTBEHHO.

CtpouTtcsi cCHMMETpUYHAs CUCTEMa BEKTOPOB (a3HBIX HANPSHKEHUI TeHepaTopa. 3aTemM
CTPOUM BEKTOP HAIPSKEHUSI CMEIIEHUS HEUTPAJIN, COEIMHUB KOHEL[ 3TOr0 BEKTOPA C KOHIIAMH
BEKTOPOB (pa3HBIX HANPSHKEHUH reHepaTopa, MOTYYUM BEKTOPHI (Pa3HBIX HAMPSKEHUH HArpy3KH.
B TpexmnpoBoHOM ey, TakKe Kak U B YETHIPEXITPOBOIHOM, (ha3HBIC U JIMHEHHBIC TOKU PaBHBI,
U onpenenstorcs mo 3akoHy Oma. CormmacHo niepBoMy 3akony Kupxroda, reomerpuueckas
CyMMa BEKTOPOB JIMHENHBIX TOKOB PaBHA HYIIIO.

IIpu cuMMeTpUYHON Harpy3Ke, HapsHKECHUE CMELICHUS HEUTPAJIM PaBHO HYIIIO.
CnenoBarenbHO, (a3Hble HAMPSHKEHUs TeHepaTopa U Harpy3KH paBHBI, a JIMHEWHbIE TOKH PaBHBI
10 BEJIMYMHE, U MPEJCTABIAIOT COO0N CUMMETPUUHYIO cucTeMy. Takum oOpazom,
CUMMETPUYHBINA PEXUM TPEXIIPOBOAHON U YETBIPEXIIPOBOJHOM LIETIM OJUHAKOB. B cirydae, koraa
rapaHTHpPOBaHA CHMMETPUYHAsl Harpy3Ka IesnecoodpasHee HCHoIb30BaTh TOIBKO TPU MPOBO/IA,

KaK, HalIlpuMEpP, B BBICOKOBOJIbTHBIX JIMHHUAX 3JICKTPOIIECpCaay.

4. Pacuer T®II npu coefuHEeHUN HATPY3KH TPEYTrOJbLHHKOM.

Ecnu xoner nepBoit ¢a3bl Harpy3KH COETUHUTH C HAYaJlOM BTOPOH (ha3bl, KOHEIl BTOPOH
(da3bl COETMHUTH C HAYaJIOM TPEThEH, a KOHEIl TPEThEl COCTMHUTD ¢ HaYaJIoOM MePBOH, TO
MOJIYYUTCS] COSIMHEHHUE TPEYTrONbHUK. Takum o0pa3om, Tpu (a3bl HArpy3Ku 00pa3yoT
3aMKHYTBII KOHTYp. Eclii cOnmpoTHBIEHUSIMH JTMHEHHBIX TPOBOIOB MPEHEOPEUb, TO MOYKHO
CUNTaTh, YTO NMOTeHIMANBI Touek A, B, C (Hauana ¢a3 renepatopa) paBHbI HOTEHIMATIAM TOYEK
a, B ¥ ¢ (Hauana ¢a3 Harpy3Ku).

(PA:%; (bB:(Pb; Pc =P,
Torna nuHEHBIC HANPSHKEHUS TeHEepaTopa, MPEICTaBIIAIONINE COO0M pa3HOCTh

COOTBCTCTBYIOIINX IMMOTCHIINAJIOB PaBHLL JIMHEHHBIM HaIpsKCHUAM HAarpy3KH:
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UAB =Py —(PB:Uab;
UBC = Pp _(PC:ch;

UCA :¢’C—¢’A:Uca~

b
Unr = UJ]H;
Hanpspxenus, Mexxay HauaJlaMi U KOHIIAaMU OJJHOH (ha3bl U HAMIPSKEHUSI MEXKTy THHEHHBIMU
IIPOBOJIAMHU OJIMHAKOBBI, T.€. B HArpy3Ke, COCIMHEHHOU TPEYTOJIbBHUKOM, OJJUH YPOBEHb
HaIPSKCHUN.
Upn =Ujn ,
HO, B OTJIMYME OT HArPy3KH, COCIMHEHHOMN IO CXeMe 3Be3/1a, JIBa YPOBHS TOKOB, TOKU B (pa3zax
Harpy3Ku 4, TOKU B JIMHEMHBIX IIPOBOJIAX.
Iy #1g
Pacuer Takoii 1ienu cBOAUTCS K ONPEAeNICHUIO mecTH TOKOB. [Ipu n3BecTHOM (hazHOM, HIIH
JUHEWHOM, HAINPSHKEHUH TeHepaTopa, MOXKHO ONPEAETUTh HAaNpsHKeHUs Ha (pa3ax Harpys3Ku.
®da3Hble TOKHA PACCUUTHIBAIOTCS MO 3aKOHY OMma:
I‘ _UAB [ _UBC [ _UCA
ab — be — ca —
VA VA VA
—bC ,

“Zab - Z ca

b

ﬂf[f{ OMpeaciICHUA COOTHOUMICHUA MCKIY JIMHENHBIMU U (baSHBIMI/I TOKaMH, 3allUIIIEM
ypaBHEHHS 110 IepBOMY 3akoHY Kupxroga a1 KOMIUIEKCOB IeHCTBYIOIIMX 3HAYEHUI TOKOB B

Y3JIOBBIX TOYKAX IMPUCMHUKA:

jA +jca _jab :OjA :jab _jca;

jB +jab _jbc :OjB :jbc _jab;

]C +1bc _]ca =0 IC :Ica _Ibc_
W3 ypaBHeHHi ciieyer, 4To:

- KaXIbII TUHEHHBINH TOK paBeH T€OMETPHUECKON Pa3HOCTH (Da3HBIX TOKOB;

- YMEHbIIAEMbIM fABJIsIETCA (Da3HBIM TOK, UMEIOIINI OJMHAKOBOE MOJOXKUTEIbHOE HAIIPABICHHE C
JIMHEUHBIM,

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

IIpu cuMMeTpu4HOM HarpysKe
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Zab = Zbc = an
q)a?;HBIe nu HHHeﬁHBIe TOKHU paBHBI I10 BCJIMUHUHEC U CI[BI/IHyTBI ﬂpyr OTHOCHUTCJIIBHO ﬂpyra Ha yFOJI

120°, T.e. IpeACTABISIOT COOOH CHMMETPHUHYIO CHCTEMY (a3HBIX M IHHEHHBIX TOKOB:

N w0 10
]ab—Iq)'e . Ibc—[q)'e - e —[ab‘e .

2 2

P jv 120 _ j j120°
I,=14-€"" -e =1, e

; i 7 i —-j120° 7 —-j120°

b

. . . 0 . . 0
Io=1y-¢" /1?0 =1, Le/1?0

Bekropnas nuarpamma.
CootHorenrne Mexy GpazHbIMHA U THHEHWHBIMH TOKaMU. PacCMOTpHUM TPEyroabHUK,
00pa3oBaHHBIN BEKTOPOM JIMHEHHOTO TOKA M BEKTOpamu (a3HbIX TOKOB. bruccekrpuca yria

JEJIUT BEKTOP JTMHEHHOro HApsUKEHUS Ha JIBE paBHbIEC YaCTH, TAKUM 00pa3oM:

Iy V3

Ty cos30° =1 -~
2 ¢ )

1.7 Jekmust Ne 9 (2 yaca)

Tema: «ABapuiiHbIe pe:KUMBI B TPeX(a3HBIX HEeNsixX».

1.7.1 Bomnpocsl JeKIun:
1. XonocTol X011 1 KOPOTKOE 3aMbIKaHUE MTPU COCTUHEHUU HArpy3KHU MO CXEME «3Be3/1a» U IO
CXEME «TPEYTrOJIbHUK

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

1.7.2 Kpatkoe coaep:xaHue BONPOCOB: (TE3HCHO U3JI0KUTh OCHOBHOE COJICp KaHUE

paccMaTpuBaeMbIX BOIIPOCOB)

1 XoJ10CcTOM X0 U KOPOTKOE 3aMbIKAHNE NP COeIMHEHUHN HATPY3KH 10 cXeMe «3Be31a» M

Mo CX€M€ «KTPEYIroJbHHUK»
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PaccmoTpum mpocTeiimii ciiydai, Korja Harpy3ka COCTOUT U3 aKTUBHBIX COITPOTUBIICHHUH U JBa
HUX 3TUX COHpOTI/IBJIeHI/Iﬁ PaBHBbI, @ TPCThbA UBMCHACTCA OT HYJIA 10 66CKOH€‘IHOCTI/I, T.C. PCKUM

(1)213]:1 HU3MCHACTCA OT KOPOTKOI'O 3aMbIKaHUA (1)33131 A0 XO0JOCTOro xojaa.

KopoTkoe 3aMbIkaHue MPH COeTHHEHUH HATPY3KHU MO CXeMe «3Be31a»

Zb:Zc:R Za_)oga —> 0

- KOPOTKOI'O 3aMbIKaHU A

HanpsixeHne cMeleHnss HEUTpaay B ’TOM CIIydae OIPENeIIUTCS:

UA+UB+UC UAZa+UBZa+UCZa
go-%Zs R R _ Z R R _
" L l+l Z‘1_|_Z‘1_|_Za

Z, R R xZ, Z, R R

=U,
@da3Hble HAIIPSKEHUS! HArPy3KU

Ua :UA _UNn :UA _UA =0

5

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

U =Uc-Up=Uc-Uy=Ugy

Taxum 0Opa3oM, B KOPOTKOTO 3aMbIKaHUs B (paze A, pa3Hoe HampspkeHHe HAarpy3KH B 3TOH ¢asze
OyzeT paBHO HYJIIO, a 1B IPYTUX (a3HBIX HAPSHKEHUS YBETMUYATCS 1O BETMYUHBI JIMHEHHBIX.
BekropHas nuarpamMma HanpsKeHUH.

CTpouM CHMMETPHYHYIO CUCTEMY BEKTOPOB (Pa3HBIX M JIMHEHHBIX HANPSDKCHUH TeHepaTopa.
3areM CTPOUM BEKTODP HANPSHKEHHS CMEILIEHHUs] HEUTpal, COBIIAAAONINI ¢ BEKTOPOM (pazHOTO
HanpspkeHus Gasbl A. TaKUM 00pa3oM MONYYMIIN TOJ0KEHUE TOYKH HEHTpaIy Harpy3KH Ha

BEKTOpHOU Auarpamme. CoeIMHUB TOUKY HEHTpau Harpy3Ku ¢ KOHIIaMU BEKTOPOB (ha3HbIX

HanpsbkeHu# $a3 B u C, momydum BeKTOphI (Pa3HBIX HAMPSDKEHUH HArpy3KH, KOTOPBIE 110

BEJIMYMHE PaBHBI BEKTOPAM JIMHENHBIX HANPSKEHUH M COBIAIAIOT ¢ HUMH 1o hase (¢ ~ — ¢4

Uy = _UAB)_

), 1100 HAXOAATCSA ¢ HUMU B mpotuBodase (b
Jlunetinsle Toku. JIuneiinsie Toku B ¢azax B u C onpenensiorcs no 3akony OMa B KOMITIEKCHOM
dopme:
Uy _ Uyg j U, Uy
= c =2
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M3 49€TOo CICAYCT, YTO IIPU KOPOTKOM 3aMbIKaHUHU JIBa JIMHEHHBIX TOKA YBCIUYUBAIOTCA, U

3

CTaHOBATCA B Y~ pa3 0oIblile, YeM ITH K€ TOKU MPU CUMMETPUIHON HArpy3Ke.

A nuHelnHbIN TOK ¢a3bl A onpenenseTcs o nepBoMy 3akony Kupxroda:

", OYCBUIHO, OH TAaK’KC YBCIIMYNBACTCS B '\/§ pas.

X0J10CTOM X0/ MPH COeIMHEHNH HATPY3KH MO0 CXeMe «3Be3/1a»

PesxxnmM X0510CTOr0 X018 XapakTepU3yeTcs pe3KUM YBEIUYEHUEM CONIPOTUBIICHUS, KOTOPBII
MOYET BO3HUKHYTB JINOO MpU HApYLICHUU U3OJISIHIH, JTUOO TpU 00pbIBE TMHEHHOTO IPOBOIA.
PaccmoTpum npumep, koraa conpoTuBieHUe Gazbl A yBEIMUNBACTCS HEOTPAHUICHHO, a
MIPOBOJIMMOCTh YMEHBIIACTCS 10 HYJIA, T.€. IPOUCXOIUT OOPHIB (ha3hl:

Z,>0g, >0

Onpenenum HanpsKEHUE CMEIIEHNS HEUTpau:

2R L)
1t 1, Us+Uc)__U,
Z, R R R 2 2

[Tomryuaem, 4TO HanpsiKEHHE CMEIICHNUS HEUTpau MO BEJIMYKMHE PAaBHO MOJOBUHE (Pa3HOTO
HaIpsOKEHUS TeHEPaTopa, U OTCTAET OT HETro 1o (a3e Ha yrod 180°..

da3Hble HAIPSDKEHHS B HATpY3Ke MPH 3TOM OyAyT paBHBIL:

. . U 3 .
U,=U,-|-——2|==U
a A 2 7 A
o U, o o
U,=Upg - - :Uq).e—jl20 __Uq).ejlso

1
=Ug ’COS(_1200)+ JUgs -sin(—lZOO)_EU‘D 'COS(ISOO)

1 \/5 1 3 . Ug Ug i
= Ugp = jUq ot —Ug=—jUq o —j-— A= o7
SV JVao 5 THYe JYVao > _ J ) 5
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oo |4 . 0 1 . 0
U,=Ug —Uy e Ly 0

=Up 'cos(1200)+jUCD -sin(lZOO)—%UCD -cos(lSOO)—j%Uq) -sin(lSOO)

1 V31 V3 Ung _Ux oo
= UrjUr —+ U~ = jU - . = .e’
y /Mo Ty Ye = /Me T ST,

Wrak, npu oOpeiBe a3, (hasHOE HAMPSHKEHHUE B 3TOH (ha3e yBETWYUBACTCA B IMOJTOpA pasa, T.c.
Ha BEKTOPHOI IuarpaMMe TOYKa HEeHTpail Harpy3Ku CMEIaeTcsl U3 Hayana KOOpAuHAT Ha
BEKTOp JINHEHHOTO HANpsDKEHMs. A (a3Hble HAPSDKEHUS IBYX IPYTUX (a3 yMEHbIIAIOTCS, U
CTAHOBATCA PaBHBIMHA ITOJIOBUHC JIMHEUHOT O HaIIpAKCHU.

BekropHas nuarpamMma HanpsKeHUH

OueBuHO, YTO MpH 0O0pBIBE (ha3bl UM JTMHEHHOTO IPOBOJIA, TOK B 3TOU (paze OyaeT paBeH

HYJIIO.
]A - O
Jlunelinpie TOKU ABYX Apyrux (a3 ompenensatcs mo 3akony Oma:

_ﬂ_Ucp\/g LU S U, U3 jor
= == . c= = .e
R 2R . R 2R

b 2

I B
H3 9C€To CICAYCT, YTO IIPU XOJIOCTOM XOAC /IBa JIMHEUHBIX TOKAa YMCHBIIAKOTCA, U CABUHYTHI APpYT
OTHOCHUTENBHO Jpyra Ha 77, a X BEKTOPHI HA BEKTOPHOIl IMarpaMMe HaxoaTcsl B POTUBO(A3e.
JlocTonHCcTBA:

- CX€Ma He ABJISETCS aBAPUUHON MPH KOPOTKOM 3aMbIKAHUU;

- UIMEET MaJIoe KOJIMYECTBO MMPOBOJIOB;

Hepocrarkmu:

- HECUMMETpHSI IPUBOJUT K MEpPeKocy (a3HbIX HAPSHKEHUH, MOTYT BO3HUKHYTh HaIlPSHKEHUS B

¢dazax Harpy3Ku, OOJBIITNE, YeM HOMHUHAJIBHBIE M BBIXOJ U3 CTPOST 000PYyI0BaHUS

X0510CTOi1 X011 IPH COCTUHEHUH HATPY3KH 10 CXeMe «TPeyroJbHUK)
CuuTaem, 4YTO CONPOTUBIICHUS JTMHEWHBIX TPOBOJOM MHOTO MEHBIIE CONPOTUBICHHUI HArPy3KH,

TOTrJa MOXKHO CUMTATh, JMHEHHbBIC HAMPSHKEHUS T'€HEepaTopa U Harpy3Ku paBHBIMU.
U AB — U ab.
U BC — U be ;
UCA = Uca ;
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XO0JI0CTOM X0/1 XapaKTEPU3YETCA YBEIIMUCHUEM CONIPOTUBIICHUS, Pa3INYaoT ABa pexkuMa XX:
OOpBIB (ha3bl HArPY3KH U OOPBIB TMHEHHOTO MTPOBOJA.

Paccmotpum pesxxum XX npu oOpsiBe (a3bl, IPEANONoKuM, Gpassl ab.

Zab —> 0, 8ab —0

®da3HbBIN TOK ATOU (pa3bl ONPEACTUTCS:
o UAB

ab — 7

Zab =().

Ecnu conporuBnenus AByX Apyrux (a3 He U3MEHSIIOCh, TO UX (a3Hble TOKU OCTATUCh TAKUMHU
K€, KaK | JI0 YBEJIIMUEHUs CONTPOTUBIICHHS a3kl ab:

o UBC T UCA
I bc — I ca —

R - R
b b

TaKuM 00pa3oM, MOKHO CUUTaTh, YTO JBE Jpyrue ¢a3bl paboTaioT He3aBUCHMO. VI3MeHeHue

COTIPOTHBIICHUSI OJHOW (pa3bl BIMSAET HA PEKUM pabOTHI TOJIBKO JaHHOW (a3bl U Ha JIBa

JIMHEHHBIX TOKA, OHU CTAHYT PaBHBIMHU (pa3HBIM:
]A = Iab _Ica = _]ca;

jB :jbc _jab :].bc,

Bennunna Toka nuHelHOro npoBoja C He U3MEHUTCS MPU U3MEHEHUH CONTPOTUBICHMUS (Pa3sl ab.
I Cc = I ca I be
PaccmoTtpum pexxum XX mpu 0OpbIBe TUHEHHOTO TPOBOIA, TIPEMOT0KUM A.

Tok B 3TOM NpOBOJIE PaBEH HYJIIO:

I,=0

Hauvaino ¢a3sr Harpy3ku To4Ka @ mepecraetr ObITh Y3JI0M, H, CJIEA0BATENbHO, (ha3Hbie TOKH (a3 ab
U ca PaBHBIL:

j ab ~ ] ca

B sTom citydae, mpu paBHBIX KOMIUIEKCHBIX CONTPOTUBIICHUSIX (Da3 an ~%£ab T R , Kaxzoe us3

(a3HBIX HAPSDKEHUI PaBHO MOJIOBUHE JTMHEHHOTO:

_ Ub /
. C_ c
Uca = Uab 2
Torna, ¢a3Hblii TOK, coriaacHo 3akoHy Oma:
o ch
I bc —
Z
BN
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OcraBuiuecs J1Ba JMHEHHBIX TOKA OMPEIAEIATCA:
I B~ 1 bc — 1 ab ;

IC = ]ca _Ibc = ]ab _Ibc = _IB
Bekropnas nuarpamma.

Pexum KOpOoTKOro 3aMbIKaHUS B Harpy3Ke, COETUHEHHON TPEYTOJIbHUKOM, SBIISIETCS

aBApUITHBIM.

2. MomHocTh B Tpexda3HbIX Hensix. U3mepenne MOIIHOCTH B Tpex(a3HBIX LeNsX.
AKTHBHAasi MOITHOCTb WJIM TPOCTO MOIIIHOCTH OMPENEIUTCS KaK IPOU3BeIeHUE

JEMCTBYIONIEro 3HaYeHHs (pa3HOT0 HAMpPsHKEHHs Ha JeiicTByolee 3HaueHne (pa3HOoro Toka U Ha

KOCHHYC yIJIa cABHra (a3 Mexay STUMH IapaMeTpaMu, T.€. B 00IIeM cliyJae:

AKTHBHAasI MOIITHOCTh Harpy3Kd MOKET OBITh OIpe/ieneHa aubo mo Toii xe Gopmyre uepes

(dazHoe HaNpsDKEHNUE HArPY3KU U (ha3HBINA TOK:

P(DH = U(DH ‘[q) ‘COSQ’

100 KaK MOITHOCTh MOTpeOUTENel: MPON3BEICHUE KBapaTa JeHCTBYIONMIETO 3HaYeHUs (ha3HOTO

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

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

COBIIAJATh, T.C.
PA;tPa; PB;th; PC;tPC’
MO3TOMY BBHITIOJTHEHHE OaaHca MOITHOCTEH MPOBEPSIOT MO CyMME MOIITHOCTEH Beex (as:

=P/ +Py+P-Py=P,+P +P

¢ - UIsl COSIMHEHUSI Harpy3KH 3BE3/10H1

PH:Pab+PbC+Pa

ca - i COeIMHEHUS HAarpy3KU TPEYrOJIbHUKOM

[Tpu cummeTpuyHON Harpy3ke Bce (GpasHble HANPsHKEHUS, (Pa3HbIe TOKH U CONTPOTHBIICHHS
(a3 paBHBI, ClleI0BATEIbHO, AKTUBHAS MOLITHOCTh MOXKET OBITH OIpeieieHa CIeAYIOIUM

BBIPAKCHUCM:

Pr :3.U(DF.IQJ.COS¢

PH :3‘U(DH ‘Iq) 'COSQ.
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[Ipu coennHeHnn Harpy3Kku 3Be3101 (ha3HbIe U TUHEHHbBIC HAIIPSDKCHUS CBSA3aHBI
COOTHOLLIEHUEM:

Ug =22

o =——
\/5 , @ TOKH PaBHBI lo =1y
Bblpa)KeHI/Ie MOINHOCTHU IMPUMCT BU:

U
Py :3-—H-1H -cos @

J3 A3=AB3-Uy-I;-cosp

[Ipu coenrHEeHNU HArpy3KU TPEYrOJIbHUKOM (a3HbIe U JMHEHHBIC TOKU CBSI3aHBI
COOTHOUICHUEM:

]H:]q).\/g UQJH:UHH

, @ HATIPSKEHUS] paBHbI

BeIpaxxeHue MOIHOCTY HAarpy3Ku IIPUMET BUL:

1
Py =3-Upy - —%-cos
H JIH \/g (D.\/g:\/g'UnH'IH'COS@_

TakuMm 06pa3om, BHE 3aBUCUMOCTH OT CXEMBI COEIMHEHNSI CHMMETPUYHOM HarpysKH,
dopMya MOIITHOCTH HArpy3KH OJTMHAKOBA.

PeakTuBHAs MOIIHOCTB CO3/1aeTCs KOJICOAHUSIMU SHEPTUH SJIEKTPOMATHUTHBIX MOJIEH
IIENH, €CITU 3TU KoJieOaHus BO BeexX (azax Tpex(asHOH Ienu NPOTEeKa0T OJUHAKOBO, TO
PEaKTUBHON MOIITHOCTBIO TpeX(a3HOHU e MOKHO CYMTATh CyMMY TpeX (ha3HbIX PEaKTHBHBIX

MOIIHOCTEH, OTMHAKOBBIX 10 BEJIUYNHE:
Or =3-Ugr 1o sing.
b
Oy =3-Upy 1o -sing
WY, BBIPa3HB (pa3HbIe BEIMUUHBI Uepe3 JTUHEHHBIE:
QH = \/gUH 'I_]'[ -Sil’l(D
Torpga nmonHas MomHocTs TOL] nenu
S - 3 . U.H . ].H
Cxema coequHeHUs Tpex(Pa3HON HArPY3KH HE 3aBUCHUT OT CXEMBbI COSAMHEHUST 0OMOTOK
reHepaTopa. Bo3MoXHOCTH nepekirodeHust a3 Harpy3Ku ¢ COeTMHEHUS 3Be3/1a Ha COCTUHEHUE
TpeyFO.HBHI/IK qacTo I/ICHO.HB3yeTC$I JUUIA permepOBaHH;{ BCJINYHNHBI TOKA U MOIIIHOCTH, HaHpI/IMep,

JUISL YMEHBIIIEHHUS TYCKOBBIX TOKOB TpeX(a3HbIX JBUTATENEH, ISl U3MEHEHHSI TEMITepaTyphbl

Tpex(}a3HbIX IJTEKTPUUECKUX MeUeH.
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PaccmoTpuM, Kak U3MEHSIIOTCSI TOKM CHMMETPUYHON HAarpy3Ku, MMEIOIIEH MTOCTOSIHHOE

Z
¢aznoe conporusieHre =P, npu nepeKIIOUCHUHN 3BE3/IbI HA TPEYTOIbHUK TPEXITOIFOCHBIM

MCPCKIIOYATCIICM.

i i 1 oL i I JIL
[Tpu coenunenuu 3Be370M (azHbII TOK paBeH JIMHEHHOMY , 1, HA OCHOBaHHUH 3aKOHA

Owma:

3

a Tak, KaK pH1 COeIMHEHUH 3BE3/10H JIMHEHHOE HanpsbkeHue Oosbiie ¢ha3Horo B V- pas, T0 U

BEJIMYMHA JUHEHHOTO TOKA:

I _ U.HJ.
JL —
HpI/I COCAUHCHNU TPCYTrOJIbHUKOM Ha OCHOBAHWU 3dKOHA Owma:
b _ UHA
OA — 7
~Zd

b

HO JIMHEWHBINA TOK OoJibiie ha3HOTO B \/g pas:

\/g'UJIA
Igp =—F—
A

CormocraBum BBIpaXCHUA JIMHEHHBIX TOKOB 3BE3bI U TPCYTI'OJIbHHKA, ITOJIYYHUM, YTO IIPH

OJHOM H TOM XK€ JIMHEHOM HaIMpsKCHUW 1 OJMHAKOBOM COIIPOTUBJICHHUMU !

Uy \/‘ Unan _ Ina 1

—_— = 3.]_HJ_ NS :—'HA

Ly . Zo \/g; NER I \/5; Inpa=31n1
a st ha3HbIX

T :\/g'lcm_

JInHeWHbIN TOK IPH COSIMHEHNN HArPY3KH TPEYTOJbHUKOM OOJIBIIE TIMHEHHOTO TOKA
Harpy3Ku, COCIMHEHHOMU 3BE€3/101 B TPU pa3a.

Eciu momHOCTE 11EOU
P:\/g-UH Iy -cos@

TO, OYCBHUIHO, YTO MPH NCPCKIOUCHUN C TPCYT'OJIbHUKA HAa 3BC3AY, YMCHBIICHHUC JIMHENHOIO
TOKa MPHUBEJIET K YMEHBIICHUIO MOTPEOIsIEMOI MOIIIHOCTH TAaK)Ke B TPH pasa.
YV Hanbosiee pacipoCcTpaHEHHOTO TpeX(Pa3HOro aCHHXPOHHOTO IBUTATENS MTyCKOBOM TOK OOJIBIIIE

€ro HOMHUHAaJIBLHOTO paboyero Toka MpuMepHo B 6 pa3. Eciu Ha BpeMs mycka JABUraTelns
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BPEMEHHO €ro 0OMOTKH COCIMHUTD 3BE3/I0HM, TO IMYCKOBOM TOK OYyJeT O0JIbIIIe HOMHHAIBHOTO
yKe He B 6, a B 2 paza.

CpaBHUM yCIOBHS IS IBYX CIy4aeM, KOT/Ia OJHY H TY ke ()a3HyI0 MOIIHOCTh HYKHO
MOJIYYUTh TIPH OJHOM M TOM K€ JIMTHEHOM HANPsHKCHUH.

UnL=Unp Fp =Ug 1o -cOS @
3

[Ipu coenuuennu 38e37101 pazHOE HANPSHKEHUE B \/_ pa3 MeHbIIE JINHEWHOTO,
CJIEZIOBATENIbHO, YTOOBI MTOJYYUTh TaKyIO K€ MOIIHOCTb IIPU COEAMHEHUH 3Be3/101, (ha3HbIN TOK
IOJKEH OBITH B \/5 pa3 OosbIire.

Beipazum MoIIHOCTB yepe3 azHOe aKTUBHOE COIPOTHUBIICHHE:

Py, =12 R
(OB O ()

Tak kak B 000uX CIIydasix Mbl JOJDKHBI ITOJYYUTh OJHY MOIITHOCTB, TO
2 _ 72

]CDL °RCDL - ]CDA °RCDA’

Tax xax L @A = V3. lo, , TO

: \/_2 2 RcIu:Rq)A
IGDJ_'RCDJ_:( 3) Iy Rop Rp) =3 Rpp 3

2

NOJIy4aeM, YTO aKTUBHOE CONPOTHBIICHUE (Da3bl IPH COCTUHEHNUN 3BE3/I01 JOJKHO OBITh B TPU
pa3a MEHbIIIE AKTUBHOI'O COIIPOTUBIICHHUS], IIPU COCIMHEHUH TPEYTroabHUKOM. [Ipeanonoxum,

YTO TO aKTUBHOE COMPOTUBJICHHE IMPOBOIA, U3 KOTOPOTO HAMOTaHa KaTyIIKa MPHUEMHHKA
sueprud. [Ipu coeHEHNM 3BE3/101 ceUeHNE MTPOBOIA JOIKHO OBITh B 'V 3 pa3 OoutbIie, YTOOBI

3

iui o 7| \/5 A §) \/_ T
pOHyCKaTB TOK, OOJIbIIINU B pa3. JJIMHA €ro J0JI’)KHa OBITh B pa3 MCHBIIIC. 1 aKUM
o0OpasomM, 001as Macca KaTyIek mpyu 000ux crocodax coequHeHus OyIeT OAMHAKOBa, HO JIJIs

3BE3/IbI TOHAIOOUTCS O0JIee TOJICTHIA U KOPOTKUHN MTPOBO/I, YTO JCIICBIIC U MEXaHUUYECKH

npounee. KpoMe Toro, pacuet u3oisuy NpoBOJHUKA OyJeT BECTHCh HAa MEHBIIIEE, B ¥ 3 pas,

(a3HOe HampsKEeHHUE.

1.8  Jlekums Ne 10 (2 yaca)

Tema: «TpanchopmaTopbl. IJIeKTPOMATHUTHBIE YCTPOMCTBAY.
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1.8.1 Bomnpocsl Jeknumn:

1. Ha3znauenwue, ycTpoicTBO M IPUHLUI AeHCTBUS TpaHCPOopMaTopoB. OCHOBBI TEOPHH
onHodaznoro Tpanchopmaropa. Koadunuent tpanchopmammm
2. OnBIT X0JIOCTOTO X04a U KOPOTKOTO 3aMblKaHUs. DHepreTudeckas auarpamma norepb. KIT/]

3. Ocobennoctu Tpexaznpix TpanchopmaTopos. CrenuanbHble TpaHCHOPMATOPHI

1.8.2 KpaTtkoe cojep:kaHue BONPOCOB: (TE3UCHO U3JIOKUTH OCHOBHOE COJIEPKaHNE
paccMaTpuBaeMbIX BOIIPOCOB)

1. HazHa4yeHnue, ycTpOiicTBO M NPUHIMI AelicTBUSA TPaHcGopmaTopoB. OCHOBBI TeOpUH
oaHogasznoro Tpancpopmaropa. Koappuuuent rpanchopmanuu.

TpanchopmaTopoM Ha3bIBaETCS CTATHUYECKUH (0€3 ABMIKYIIUXCS YaCTEH )
3JIEKTPOMArHUTHBIN amnmapar, B KOTOPOM MEPEMEHHBIN TOK OJHOT0 HamlpsHKEHUs mpeodpasyercs
B [IEPEMEHHBIN TOK APYTrOro YpOBHs HAIPSKEHMS, TOU K€ 4aCTOTHI.

Paznuuaior cuioBble, M3MEPUTENbHBIE, CBAPOYHBIE TPAHC(POPMATOPHI, a TAKKE
aBTOTPAHC(HOPMATOPHI.

TpancdopmaTop MpoOCTEHIIIETO THIIA COCTOUT U3 PEPPOMArHUTHOTO CepACYHUKA | M IBYX
00MOTOK, CBSI3aHHBIX MATHUTHOMU CBSI3BI0, HCKIIFOUEHUE COCTABIISIET aBTOTpaHC(HOpMATOP.
O6MoTka TpanchopMaTopa, COeAMHEHHAsI ¢ ICTOYHUKOM 3JIEKTPOIHEPTHHU 2, HAa3bIBACTCS

NEPBUYHOI, U, COOTBETCTBEHHO, IEPBUYHBIMU UMEHYIOTCS BCE MTapaMeTPhl ITOW OOMOTKHU:

I

w U
YKCJIO BUTKOB | MOJBEIEHHOE HAMPSHKEHHE — | ; TOK

OOMOTKa, K KOTOPOM MOKITIOUAETCS Harpy3Ka M, OTHOCSIIUECS K HEH ImapaMeTphl, Ha3bIBACTCS
a2 Wy Uy 1
BTOpHYHOM 3: "2; T 2; 72,
B 3aBHCHMOCTH OT CHCTEMBI TOKa pa3inyaroT ogHOo(a3HbIe U Tpex(asHble
Tpanchopmaropsl. Pabounii mporecc ogqHohazHoro TpanchopmaTopa aHaJIOTH4eH paboyeMy

nporieccy onHou (a3el TpexdaszHoro Tpanchopmaropa. [Toaromy, s ynoOcTBa, mpuHITUTIA

pabotsl TpaHnchopmaropa Oyaem paccMaTpuBaTh Ha IpuMepe 0AHO(a3HOTO.

PaccmarpuBas katymky ¢ (peppOMarHUTHBIM CEpACYHUKOM, MBI BBISICHUIIU, YTO TIPU

U . 1 .
CHHYCOUTAIbHOM U3MEHCHUH HAIIPSHKEHHST — |, TEPEMEHHBIN TOK ~ | MepBUYHON 0OMOTKH,

B0O30Y)X/1aeT MarHUTHBIN TTOTOK D | raxxe cuHyconanbHo hopmel. [locnennnii UHIYKTHPYET
. E, .
B niepBu4HOil 06MoTKe D/IC camounaykiuu 1, a Bo Bropuunoit oomotke — 3/(C

E 2
B3aUMOUHAYKIIUU .
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Benmnunny nHaykTHpoBaHHBIX DJIC MOXKHO ONpeAennTh, BOCIOIb30BABIINCH YPABHEHUEM
Tpancpopmaropnoit D/1C:
Egy =444 f - wgy 'Cpm;

Egyy =444 -wyy - @,
Otnomenne Bennunnbl DJIC camonnaykuuu K BenuuuHe J/]C B3auMOUHIYKIIMY HAa3bIBAE€TCS

K03 unreHTOM TpaHchopMaIuu:

Egy _4’44'f'WBH'¢m _ WBH

Eyy _4’44'f'WHH D, Wyg

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

HanpsbkeHuss oomMotku HH, B pesxnmMe x0510cToro Xo/a.

2. OnBIT X0JIOCTOT0 X012 M KOPOTKOI'0 3aMbIKaHHsl. JHepreTuyeckasi AnarpaMma norepb.
KII{
UcneiTatensHbiil pexxuM, koraa Ha [1O nomaeTcss HoMuHanbHOE Hanpskenue, a BO

0

[, =
Pa3oOMKHYTa, ¥ €€ TOK paBeH HyI0 ~ 2 . B nanHoM omnbite uzmepsitorcs Hanpspkenus [10 u

BO, Tox 110 1 akTUBHYIO MOIIIHOCTb.

Toxk I1O B 3TOM pexxumMe Ha3bIBaeTCsl TOKOM XX M 0003HavaeTcst 110, cocrasiseT 3-10 % ot
TOKAa HOMHHAJIBHOTO PEXUMa, BCIESICTBHE YET0 MOTEPSMH B KaTYIIKEe MOKHO ITpeHeOpedb.
AXTHBHAsI MOIIHOCTH, U3MEPEHHAsI B TOM PEXHMME, COCTABIISICT NOTEPH B CTAIH
MarHuTonpoBosa. [1o moka3zaHusIM BOJIBTMETPOB YTOUHSAIOT KO3 PHUIUEHT TpaHCHOPMALIHH.
OmnbiT XX 00s13aTesieH MpHu 3aBOJICKOM UCIIBITAHUN TOTOBOTO TpaHC(HOpMATOpa, a TaKxKe

MEPUOIUYECKH MPOBOAAT B TIEPHUO]T] IKCILITyaTaIlUH.

Crnenyet paznu4arh pekMM KOPOTKOIO 3aMbIKaHUs (aBapUNHBIM peXUM), BO3SHUKAIOLIUI
BCJICZICTBHE HETIPaBMIILHOM KCIUTyaTaI[lH, IPU ATOM BBIAEISIETCS OOJIBIIOE KOJTUYECTBO Terlia,
YTO MOXKET IPUBECTH K Pa3pyLICHUIO OOMOTOK, ¥ OIBIT KOPOTKOTO 3aMbIKaHHs. ONBIT, IPH

KOTOPOM BTOpHUYHAsi 0OOMOTKA 3aMKHYTa Ha OYE€Hb MaJlO€ COIIPOTHBIICHUE.
UIK I 1K3 I 2K3
N3mepstot Hanpspkenue 110 , TOK KOpOTKOro 3ambikanus 110 u BO, a Takxe

B
MoinHocTh - K3 | Jlns mpoBenenust onbita HanpspkeHue 110 3anmkeno 10 5-10% ot
HOMUHAJIBHOTO 3Ha4eHus1. [Ipy 3TOM TOK MepBUYHON OOMOTKHU JIOCTUTaeT HOMUHAIIBHOTO

3HA4YCHUsI. HOTepI/I MOIITHOCTHU B IIPOBOAHUKAX TAKHC KC, KAK U B HAIPYKCHHOM
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TpaHcopmaTope, a HOTEpPH B CTAJIM HE3HAUUTENbHBI. TakuM 00pa3oM, MOLTHOCTh, U3MEPEHHAS
B pexxnmMe K3, 3arpaunBaercs Ha SJIEKTPHUUECKUE MTOTEPH B TPOBOJIHUKAX OOMOTOK.
OnpIT KOPOTKOI'O 3aMBIKAHUS MOKET CIIY’KUTh TAKKE KOHTPOJIBHBIM OIBITOM ISl OIIPEIETICHHUS

koa(durmenta TpanchopMauu

I
= 213

I3

JHepreruveckas guarpamma norepb. KILJ

B .
MorHocTts * 1, monBeneHHast K IepBUYHON 0OMOTKE TpaHC(HOPMATOpa, YACTHYHO PACXOLYETCs

Ha HarpeBaHue poBoJHUKOB 110, moTepu B MarHUTONpPOBOIE (IOTEPH B CTAJIM), U HATPEB

npoBogHMKoB BO. OcTaBiiascs MOITHOCTb 1§ nepeaaeTcsi OT BTOPUYHOU OOMOTKH BO
BHEUIHIOIO 1[eNb. MOIIHOCTh MOTEPh B TpaHchopMaTope cocTanisiet Jauib 1-2%. KI1/]
TpaHcpopmaTopa npeaAcTapisieT OTHOIIEHHE MOLITHOCTH, TiepejaBaeMOi BO BHEIIHIOKO 1IeTb, K
MOIIIHOCTH, TIOJIBEJICHHOW K TpaHCHopMaTopy.

&: Pl _(PCT +PMG,Z[I>)

R R

77:

3. OcobennoctH Tpex(ga3HbIx TpaHchopMaTopoB. CnienuajJbHbIe TPAHC(POPMATOPHI.

s TpancopmupoBaHus Tpex(hazHoi CUCTEMbI TOKOB, BO3MOXHO HCIIOJIb30BaTh TPH
OJIMHAKOBBIX 0/IHO(A3HBIX TpaHC(HOpPMATOpPA, YTO YACTO UCIIONIB3YIOT Ui TPAaHCPOPMHUPOBAHUS
OOJIBITX HAMPSHKEHUH. BOTBITMHCTBO TpaHCHOPMATOPOB MAJION M CpeTHEH MOIITHOCTH
BBITOJIHAIOT TpeX(ha3HbIMU.

[IpencraBum cebe Tpu ogHO(BA3HBIX TpaHCHOpMATOPa, COSAMHEHHBIX YacThIO CEPACYHHKA,
JIpYTHE e YacTH CepAeUHUKa OCTatoTCs 0€3 U3MEHEHUs. DTO COeAMHEHNE MOKHO CPABHUTH C
Tpex(da3HON IEKTPUUECKON LIENbI0, C HYJIEBBIM IIPOBOIOM, POJIb KOTOPOTO BBIMOJIHSAET CPEIHUI
CTEpKEeHb. B cilydac CMUMMETPUYHON HArpy3Ky HYJIEBOU IIPOBOJ MOXKHO UCKJIIOYUTH, U 3aMEHUTD
CUMMETPUYHBIN CEPACYHUK HECUMMETPUUHBIM. CTEpKHU HECUMMETPUUHOTO MarHUTOIIPOBOAA
pacroiararoT B OJJHOH TIOCKOCTHU. [IepBUYHOM MM BTOPUYHONW OOMOTKOM Ha3bIBACTCS
COBOKYITHOCTH TpeX (ha3HBIX OOMOTOK OJIHOTO YPOBHSI HAPSDKEHHS. 3aKUMBI Tpex(ha3HOTO
TpaHchopMaTopa JOJKHBI pa3MedaThes B MOPSIKE YepeoBaHus (a3: Ha CTOPOHE BBICIIETO
HaNpsOKCHUS 32)KUMbl MAPKUPYIOTCS IPOMUCHBIMU OYKBaMU, Ha CTOPOHE HU3IIETO HAIPSKCHUS

— CTPOYHBIMH OyKBaMH.
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OcCHOBHBIMU CITIOCOOaMU COEAMHEHUST 0OMOTOK TpeX(azHoro TpanchopmaTopa SBISIOTCSI
COGIMHEHUS 110 CXEMe 3Be3/1a U 0 CXeMe TpeyrojibHuK. Hanbosee mpocThIM 1 ACHIEBBIM U3 HUX
SBIISICTCS COETMHEHNE 00enx 0OMOTOK TpaHchopmaropa 3Be3/10i. B aTom ciydae kaxaas u3

00OMOTOK U €€ U30JIALIHS PACCUUTHIBAIOTCS TOJIBKO Ha (ha3HOEe HampsKEHHE.

W3mepurenbHbie TpaHCHOPMATOPHI UCTIOIB3YIOTCS: BO-NIEPBBIX, ISl U30JISALUN
U3MEPUTENBHBIX PUOOPOB U AlMapaToB aBTOMATHYECKON 3aIIUTHI OT LEMH BHICOKOTO
HaANPSDKEHUS; BO-BTOPBIX, JUIS paCIIMPEHUsI IPEAEIOB U3MEPEHUS U3MEPUTENIbHBIX TPHUOOPOB.
[Tpu HemocpeCTBEHHOM BKJIFOUEHUU U3MEPUTEIbHBIX MPUOOPOB B LIE€TIh BHICOKOT'O HANIPSKEHUS
OHHU ObUTH ObI ONTACHBIMU IIPY PUKOCHOBEHHH. BO BTOPUYHBIX IETISIX U3MEPUTEIbHBIX
TpaHnchopMaTopoB HarpsbkeHue He npesbimaet 100 B, a ¢BA3b ¢ 11enbio BEICOKOTO HaIPsDKEHHE
OCYIIIECTBIISIETCS TOJIBKO UYepe3 MarHUTHBIN MOTOK B cepaeuHuke. Kpome Toro, o1uH 3aKum
BTOPUYHOU OOMOTKH M KOpIyc TpaHc(opmaTopa 3a3eMIISIIOTCS, UTO JIENaeTcs Ha ciiydait
HOBPEXKICHUS U30JISLIUH.

[IpumeHeHre n3MEepUTENBbHBIX TpaHC(HOPMATOPOB AAET BO3MOKHOCTD UCTIOIb30BAHUE
OJIHUX U TeX K€ MPUOOPOB CO CTAaHJAPTHHIMHU MpeAeiaMU U3MEPEHUM [Tl U3MEPEHUs
Pa3IUYHBIX HAMPSDKEHUH U TOKOB.

TpanchopmaTopbl HAPSKEHUS] TPUMEHSIOTCS JIs1 BKIIFOUEHUS BOJIbTMETPOB,
4acTOTOMEPOB, U LIETICH HANPSDKEHUS H3MEPHUTEIbHBIX IPUOOPOB (BATTMETPOB, CUCTUNKOB U
dazomerpon). Cxema BKIIIOUCHHS TIOKa3aHa Ha pUCyHKe. Takol TpaHchopMaTop KOHCTPYKTHBHO
MOXO0X Ha CHIIOBOM TpaHchopmarop. Ero mepBuunas 0OMOTKa, ¢ OOJIBIITUM YHCIOM BUTKOB,
SABIISICTCSI OOMOTKOM BBICIIETO HANPSHKEHUS, U BKIIOYAETCS MapajuIeIbHO KaK BOJIBTMETP B LIEIb.
Bropuunast 00MOTKa, C MEHBIIIUM YHCIIOM BUTKOB, SIBJISIETCSI OOMOTKON HU3IIEr0 HANPSDKEHUS, U

3aMbIKAeTCsl Ha BOJIBTMETP WJIM Ha OOMOTKY HampspkeHus BaTTMeTpa. COnpoTHBICHUS

HU3MEPUTEIIbHBIX MPUOOPOB OTHOCUTEILHO BEIUKHU (TTOpsiaKa Thicssd OM) , BCIIEICTBHE

'Zl [2

4ero TpanchopMaTop paboTaer B peKUMe, OIU3KOM K pexuMy XX ([1 "Z; ), 4TO

U, :El,U20 :Ez)_

MO3BOJISIET CYMTATh HAMPSOKEHUs paBHBIMUA UHIYKTUpOoBaHHBIM DJ1C (
Torna BTOpuyHOE HaNpspKEHUE, U3MEPSIEMOE BOJIbTMETPOM, CBSI3aHO C MEPBUYHBIM OCTOSHHBIM
COOTHOILIEHUEM, PaBHBIM KOA(PPHUIUEHTY TpaHCcHopMauu:

Ul _ E I _

Uy E; U =kUy

TpancdopmaTops! TOKa CO CTOPOHBI NEPBUYHON OOMOTKHM BKJIIOYAIOTCS B JIMHUIO, KaK

aMIepMETp, MOCIIE0BATEIBbHO ¢ KOHTPOIUPYEMBIM 00BEKTOM, a €ro BTOPHUUHAs 0OMOTKa
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3aMBIKA€TCs] HEITOCPEICTBEHHO Ha aMIIEpPMETP WIIN LETH TOKA APYTHX U3MEPUTEIIbHBIX
npubopoB (HarpuMep, TOKOBYIO 0OMOTKY BaTTMeTpa). Bee uamepurenbHbie mpuOopsl
BKJTIOYEHBI [TOCIIEI0BATEIBHO, UX CYMMapHOE COIPOTHUBIICHHE MaJIO (MpUOIn3uTenbHo 2 OMm),
II03TOMY TpaHc(hopMaTop ToKa paboTaeT B yCIOBHSIX, OJM3KUX K YCIOBUSAM OIbITa KOPOTKOTO
3aMBbIKaHUs CUII0BOTO TpaHchopmaTopa. TokM MEpBUYHON M BTOPUIHOM OOMOTOK CBSI3aHBI
MIOCTOSIHHBIM COOTHOIIIEHUEM, PaBHBIM KO3 PHUIMEHTY TpaHCHOpMAIIUH, CIEJ0BATEIBHO, IS

OTIpeIeNIeHHUs] TIEPBUYHOTO TOKA BTOPUYHBIM TOK YMHOXKAIOT Ha KO3 (UIIEHT TpaHCPOpMALIUK:
ABTOTpaHcopMaTopbl.

ABToTpanchopMaTOp OTINYAETCS OT OOBIYHOTO TpaHC(hOpMATOpa TEM, YTO MEPBUYHAS
00MOTKa UMEET CO BTOPHUHONW 0OMOTKOI, KpOME MarHUTHOM CBS3H, JJIEKTPHUECKOE
coeauHeHue. TakuMm 06pa3oM, BTOpPHUHAsi OOMOTKA SBJISIETCS YacTbIO NEPBUYHOM.
ABTOoTpanchopmMaTOpbl MOTYT OBITH C IEPEMEHHBIM KO3 HUIIUEHTOM TpaHCHOPMAIIHH, KOTOPBIH
MOYKHO U3MEHHTH C IIOMOIIbIO KOHTAKTHOTO YCTPOMCTBAa H3MEHEHNEM YUCIIa BATKOB BTOPUYHOM
OOMOTKH.

MomHocTs aBTOTpaHchopmaTopa

S=S,+8;

CKJIaJIbIBACTCSI U3 MOIIIHOCTH, MIEPEIaBAEMOM ANEKTPHUUECKUM ITyTEM

Sy =Uy 1 1

U TpaHc(hOpMUPYEMOI MOIITHOCTH

Sy =U, '(12 —11)

Pa3mepsl 1 Bec aBTOTpaHCPOpMAaTOpa ONPEAEIAIOTCS TPaHC(HOPMUPYEMOH MOIIHOCTBIO.

=U,-I,-|1- 1
ST:UZ'([Z_Il) k
Yem O6mmxe ko3 unmeHT Tpanchopmanuu aBToTpanchopmaropa K 1, TeM MeHbIIE
MOITHOCTh TpaHC(HOPMUPOBAHHUS, A, CIEOBATEIILHO, CEUCHHE MarHuTonposoa. [loaromy
aBTOTpaHchopmaTop OyAeT UMETh MEHBIIINE MTOTEPU B CTAIIM CEPICUHNKA M B OOMOTKAX, YeM
CUJIOBOM TpaHchopmaTop Toi ke MorTHocTH. [IpenmytiecTBa aBToTpancpopmaropa
YMEHBIIAIOTCS C YBeIUYeHHeM Ko3(dduumenTa Tpanchopmannu, BCIeICTBUE YETO

aBTOTpaHC(HOPMATOPBI UCHOIB3YIOTCS JIUIIB B TEX CIIydasixX, I1ie TpeOyeTcs CpaBHUTEIBHO

HeOosbIoe TpanchopmupoBaHue — He 6osiee yem B 1,5-2 pasa.

Caapounblii Tpancgopmarop.
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KoHCcTpyKTHBHOE OT/IMYHE CBAPOYHOTO TpaHC(hOpMaTopa OT CUIOBOTO B TOM, YTO BO
BTOPHUYHYIO 0OMOTKY TOCJIEJOBATEIILHO BKJIIOYACTCS JONOJHUTENbHAS KaTyIIKa (APOCCeb).
Omna npencrapnsieT co00 MarHUTOIIPOBOJ C OOMOTKOM, CONPOTUBIICHHE KOTOPOl HAMHOTO
0oJIbIIIe MHIYKTUBHOT'O CONTPOTUBIICHUSI 0OMOTOK Tpancdopmaropa. [Ipu pazomMkHyTOM Henu
CBapKU HaMpsHKEHUE MEXKIY AJIEKTPOIOM M 0OBEKTOM PaBHO HANPSKEHHUIO X0JocToro xoxaa. [Tpu
KacaHHM 00BEKTa MEKTPOIOM B LIETIH BO3HUKAET TOK KOPOTKOT'O 3aMBIKaHUS, 3KUTAETCS JIyTa,
HO HaIlpsDKEHHWE YMEHBILAETCs, BCIEACTBUE MTaJICHUS HaNPSYKEHUS Ha JOIOJIHUTEIbHON
karyiike. [[1aBHBIM perynupoBaHreM BO3IYIIHOTO 3a30pa MarHUTOIPOBO/IA PETYIUPYIOT TOK

CBapKH.

1.9  Jlekumus Ne 11 (2 gaca)

Tema: «JjeKTpUUYeCKHEe MAIIIUHBI NOCTOSTHHOTO TOKa).

1.9.1 Bomnpocsl Jeknum:

1. Ilpynauun geiictBus 1 KOHCTPYKHA. I/C sikopsi M JIEKTPOMATHUTHBII MOMEHT.
Peakuus sikopsi. Kommyranus.

2. Pabora MmammHbI B pexkuMe redieparopa. Padora MammHbl B peskuMe JBUraTes.
XapakTepuCTHKH IBUTaTeJIel ¢ Pa3jJIMYHbIM CIIOCO00M BO30YKICHUS.

3. IIyck aBurartessi ¥ peryJJMpoBaHue YacTOThI BPAIlleHHS.

1.9.2 KpaTtkoe coaep:kaHue BONPOCOB:

1. Ilpuauun geiictBus 1 KOHCTPYKHA. IJC sikopsl M 3JIEKTPOMATHUTHBII MOMEHT.
Peakuus sikopsi. Kommyranus.
Knaccupukanus 3j1eKTpUYeCKUX MAIIUH.

ITo poxy nmotpebisseMoro uinu BelpabaThIBAEMOT0 HANPSKEHUS U TOKA, Pa3InyaroT
AIIEKTPUYECKHE MAIIMHBI TOCTOSIHHOTO U IIepeMEeHHOTro Toka. [1o xapakrepy npeodpa3oBaHus
SHEPTUU U Te, U Apyrue DM KkiaccupuupyroTcs Ha FeHepaTopsbl, BeipadbaTeiBaronue 23, u
JIBUTATENH, MOTpeOIIsronye 39, MaluHbl IEPEeMEHHOTO TOKA Pa3InyaloT CHHXPOHHBIC U
ACHHXPOHHBIE.

PaccmoTpuM ocHOBHBIE pabouue y3ibl MallIiHBI TOCTOSIHHOTO TOKa. Kopryc uim cranuHa
MAaIIUHBI BBIIIOJIHEHA JIMTOU U3 YyTr'yHa WIM CBapHOU U3 cTaiu. Ha BHYyTpeHHEN OBEPXHOCTH
CTAHUHBI, C TIOMOIIIbIO BUHTOB, KPESTCs, COOPHBIE U3 U30JIMPOBAHHBIX JIUCTOB
INEKTPOTEXHUYECKOU CTaJIH, OJIOCHBIE HAKOHEYHUKHU. Ha HakOHEYHHKaX pacroyoKeHbl
KaTYILKH, BHIIIOJHEHHBIE U3 MEAHBIX U30JIMPOBAHHBIX MPOBOIOB. KaTylky COEIUHAIOT MEXIY
co0oit mocienoBaTeNbHO, 00pa3yst 00MOTKY Bo30ykaeHus. Ha pucyHnke nzobpaxeHa oaHa napa

IMOJIFOCOB, CiIy Kallas ajid B036Y)KI[CHI/IH OCHOBHOI'O MarHUTHOI'O IMOTOKA, IMPOMBIINIJICHHOCTDH
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M3TOTABIIMBAET MAILIMHBI C OOJIBIIUM YHCIIOM I1ap MOJIIOCOB (JOMOIHUTEIbHBIE), CIYKAIIUMU
JUISL XOpOLIEed KOMMYTALlUH.

BHyTpu cTaHuHBI C FHIYKTOPOM PacIoJIOkKEHa Bpalllaioias 4acTh MalllMHbI — IKOpb. OH
COCTOHUT U3 Bajla, CEPACUYHHKA C SKOPHOW OOMOTKOM M KOJUIEKTOpa.

Bait kpenurcest mocpeacTBOM MOJIIMITHUKOBBIX Y3JIOB K KpbIIIKam cTaHuHbL. Ha Baimy
SIKOPSI 3aMPECCOBAH HAOOPHBIN CEPJICYHUK, U3TOTOBICHHBIN U3 IITAMIIOBAHHBIX JINCTOB
AIIEKTPOTEXHUYECKOW CTaNIM, B TIa3bl KOTOPOTO yJIOKEHA sIKOpHast 00MoTKa. CeKnu SKOPHOU
0OMOTKH, BBITTOJIHEHHBIE U30JIMPOBAHHBIM MEAHBIM IIPOBO/IOM, MOT'YT COEUHATHCS MEXKITY
c000¥ Kak TocJIeIoBaTeIbHO, TaK M MapauIeIbHO, 00pa3ys METICBYIO UIH BOJHOBYIO OOMOTKH.
Oco0eHHOCThI0 OOMOTKH MAIINH MMOCTOSTHHOTO TOKA SIBIISIETCS. UX 3aMKHYTOCTbh, CO3/]aBacMast
MyTeM MPUCOETUHEHUS Hayal U KOHIIOB CEKLUN K KOJIJIEKTOPY.
Konnekrop npeacrasiser co60i MWIMHIP U3 METHBIX TUIACTUH TpaneueBUAHON (HOPMBI
(Jramernteit), U30JIMPOBAHHBIX APYT OT Apyra u ot Bajna. K miactuHam npunanBaioTcsi Hadasa u
KOHI[bI CEKIIUN IKOPHOH 0OMOTKH. [[JIsl CHATHS TOCTOSTHHOTO HAIIPSKSHUS WM MTOABOJIA
HANPSDKEHUS Ha SIKOPHYIO OOMOTKY CITYXKAaT IIETKU. YTOJIbHBIC HITU MEIHBIC MIETKH,
YCTaHOBJICHHBIE B IIETKOJEPKATEISAX, HAKIIAAbIBAIOTCS HA TIOBEPXHOCTh KOJUIEKTOPA U
MPUKUMAIOTCS TPY>KUHOM.

COBOKYITHOCTh MAarHUTHBIX TIOJIOCOB M OOMOTOK BO30YK/ICHUS HA3BIBACTCS
UHIyKTOpoM. HazHaueHue nHIyKTOpa - Co37aBaTh MarHUTHBIN NOTOK. CTaHMHA MAIIMHBI TAKXKE
CILY’>KMT 4acThI0 MarHUTONPOBO/IA (IPMOM) MalIMHbI, O0eCTIeunBasi 3aMKHYTOCTh MAarHUTHOT'O
MOTOKa.

Hasnauenwue sikopst — cozgaBath 3/1C B 00MOTKaX SIKOPS MPHU €ro BpAIllEHUN B MATHUTHOM I10JIe
MIOJIIOCOB MHAYKTOpPA (TeHEpaTOPHBIN PeXXUM) MITH 3JIEKTPOMArHUTHBIN BPAIIAlONINi MOMEHT
IIPU B3aUMOJICHCTBUU TOKA SKOPSI C MArHUTHBIM TIOJIEM MOJIOCOB (JIBUTATEIbHBIA PEXKUM).
Hasnauenwne koysiekTopa — BRIIPSAMIISATh HHAYKTUPOBaHHYIO B 00MOTKax sikops DJIC, T.e.
obecreunBaTh MOCTOSHHYIO TOJSIPHOCTH HAMPSDKEHUS Ha MIETKAX FeHepaTopa MOCTOSIHHOTO
HaIPSKEHUsI, WM COXPAHSITh HEM3MEHHBIM HAMPABJIEHUE TOKA BO BHEIIHEW Lienu. Takum
00pa3oM, KOJUIEKTOP SIBJIIETCS MEXaHUYECKUM BBINPSMUTENIEM ITepeMeHHOro Toka. [Ipu pabore
MalIUHbI B IBUTATEIILHOM PEKHUME K SKOPIO IMOABOAAT MOCTOSHHBIN TOK U3 ceTU. B aTOM cirydae
POJIb KOJIEKTOpa — 00ECTIeYnBaTh CO3/IaHNE TTOCTOSTHHOTO IO 3HAKY BPAIIAOIIeT0 MOMEHTA
MyTeM U3MEHEHUS HANPaBIICHUS TOKA B MPOBOTHUKAX SIKOPHOW OOMOTKH.

PaccmoTpuM nipuHIMI AEHCTBUS KOJIJIEKTOpA Kak BeIIpsiMuTenia nepemennon DJ1C.
[TycTs MeXay MONFOCAMU PACTIONIOKEH SIKOPb C OHUM BUTKOM. [IpOBOAHMKY MPUCOETUHEHBI K

MPOCTENIIEMY KOJUIEKTOPY, COCTOSIIIIEMY U3 IBYX Noiiykosel. Ha KoJsiekTop HaJlloKEeHBI 1ETKH,
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HOJISIPHOCTh KOTOPBIX 0003HAYEHA 3HAKaMU «+» U «-». BpaljaeM BUTOK ¢ yIJIOBOH CKOPOCTBIO
a) .
B Butke unnykrupyercs 9/1C, paBHas:

e, = 261’

e

rae | - DJIC, uHAYKTHpYEMas B KayKIOM U3 IPOBOJIHUKOB BUTKA.
0

ITpu moBopoTte BuTKa Ha 90", mHAYKTUpYeMast D /C JOCTUTHET CBOEr0 MaKCUMaJIbHOTO
3HaueHus. Bo BHENIHEH ey MOsSBIsIeTCS TOK, HAPaBJICHHE KOTOPOTO K IMIEeTKe, 0003HaYCHHON
3HaKoOM «+». [Ipu moBopoTe BUTKa Ha 180° Bemmumna DJIC Oyner paBHa Hymt0. JlanbHeH M
MOBOPOT BUTKA MPUBOJUT K UHAYKTHpOoBaHUIO B HeM DJIC u nosinenuto Toka. [Ipu stom,
HaIpaBJICHUE TOKA K MIETKE CO 3HAaKOM «+» coxpansiercs. [Ipu moBopoTe BUTKA Ha 360° DJIC B
HEM paBHa HyJt0. TakuMm 00pa3om, MOJIIPHOCTD Ha MIETKAX, MPU BPAIIEHUN BUTKA BCETa

OJWHAaKOBA.

EC/H yBE/IMUHT YHCIO BUTKOB B 1B Pa3a M PACIONOXKUTH UX co caBurom Ha 90°, To aMmmnTya
KoJICOAHUH HANpPsDKEHUS Ha IIETKaX yMeHbLIaeTcs. TakuM o0pazoM, yBeTUUEHUE YUCIIA CEKIIUN

SIKOPHOH OOMOTKH M JlaMeJel KOJIJIEKTOpa MPUBOAUT K yMeHbIeHHIo mynbcanun DJ]C u Toxka.

IJAC sAxops U 3TeKTPOMATHUTHBIH MOMEHT.

Jlna Bcex mamuH 1T ocHOBHBIME siBstOTCS ypaBHeHus: D/1C, ”HAYKTUpYEMOU B KOpE; U
ANEKTPOMATHUTHOIO MOMEHTA B3aUMOICUCTBUSI MArHUTHOTO TIOJIsSi MALLIMHBI M TOKA SIKOPSL.
Bennuuna 3/]C, "HIYKTUPOBAaHHON B TPOBOIHUKE SIKOPHOU OOMOTKH, PSIMOTIPOTIOPIIMOHATBHA
MarHUTHOM MHAYKIHH, JUTMHE IPOBOJHUKA U OKPYKHOU CKOPOCTH SIKOPSI.

e=Blv

UrtoOsl onipeaenutsh cpearee 3naueHue 3o DJIC moacTaBuM cpeiHee 3HaYeHHEe MarHUTHON
WHIYKIUU IO/ TMOJI0COM B IIPEIeax MOJIOCHOTO JIEICHUS

Elcp = Bcpll)'

OKpyKHYIO CKOPOCTh MOKHO BBIPA3UTh YEPE3 YACTOTY BPAIICHUS AKOPS, IIUPUHY OIIOCHOTO

JACJIICHHUA U YHUCIIO ITOJIFOCOB:

L
60
2pt 2p
Elcp = EI’ZBCPZ = Enq)o

rac p - YUCJIO ITOJIFOCOB MAllIMHBI,
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0 - MarHUTHBIN IOTOK OJHOTO MOJIOCca, B-cek;
I _ ckopocTh BpamieHus SKops, 06/MUH.
OOMOTKa SAKOPS IETUTCS METKaMH, CKOJIB3SIIMMU TI0 JIaMellsiM, Ha mapayienbabie BeTBU. DJ[C
Ha metkax, wik J/]C mamuusl paBHa 3/1C onHol napannenbHoi BeTBU. ClenoBaTenbHO, A1
onpeneneHus BenunuuHbl DJ[C MammHbl 10CTaTOYHO onpenenuTh 3HadeHue 3 /[C moboi

MapasuieIbHON BETBHU.
Ecnu nonHoe 4yuciio NpoBOIHUKOB SKOPHOW OOMOTKH 0003HAUYUTH N , @ YUCJIO MapajuIeIbHbIX

BETBEH 0OMOTKH SAKOPS 2a , To DJIC MalMHBI IPH XOJIOCTOM XOJE BBIPAZUTCSL:

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 cieayeT, uro BeaunurHa JJIC MalmmHbl 3aBUCHT OT CKOPOCTH
BpallleHUs IKOPsI MAIIMHbI, MATHUTHOTO TMOTOKA, UM OT BEJIMYMHBI TOKA OOMOTKH BO30YXIEHUS,
CO3JAar0IlEel ATOT MarHUTHBIN oTok. [loaToMy Bennunny 3/1C MOKHO U3MEHSATH 34 CUET
U3MEHEHHS CKOPOCTH BpAIIEHUS pOTOPA WIIM TOKa OOMOTKHU BO30ykaeHus. BTopoii cioco6
MOJTYYHJT ITUPOKOE MPUMEHEHHE KaK 0oJiee ya00HBIH.

Hannoe ypaBaenue 9/IC crnpaBeyiiBO IPU XOJIOCTOM XOJI€, T.€. KOTJla TOK SIKOPSI paBeH
HYJII0, CYHIECTBYET TOJIbKO MarHUTHBIN MOTOK MOMIOCOB. [Ipy 3TOM IIETKH pacnoioKeHbl Ha
F€OMETPUUYECKON HEUTpaH, T.€. IMHUH, IEPIIEHIUKYIIPHOU OCU MArHUTHOTO MOTOKA OCHOBHBIX
nosrocoB (uaust AB).

Taxxe 3Hauenune DJ]C 3aBUCHT OT MoJ0KeHuUA 1meToK. [lonyyennoe Boipaxenne 3/[C
CIIpaBeUIMBO, €CIIU IIETKU PACOI0KEHBI HA TEOMETPUUYECKON JTMHUH, MIEPIICHIUKYISIPHON OCH
MarHUTHBIX MOMIOCOB. [IpH cMeleHnn MEeTOK OTHOCUTENbHO T€OMETPUYECKOHN JIMHUK MAIllUHbI B

npyroe nojoxenue, Harpumep CD, DJIC mammabl Oy1eT yMEHBIIAThCS.
. I, . .
[Tpu moAKIIOUEHUH K LENU SKOPS Harpy3KH, B HEH MPOXOAUT TOK ~ # , coO3Jatonuii cBOH

o () o o
MarHUTHBIN MOTOK AKOpst ~ # . Bo3nmelcTBrE MAarHUTHOTO MTOTOKA SIKOPSI HA OCHOBHOM
MAarHUTHBIN MOTOK HA3bIBAIOT PEAKIHUEHN KOpsl. MarHUTHBIN MOTOK MAIIMHBI SIBJISIETCS

PE3YJIbTATOM HAJIOKCHHA ITOTOKOB MAIrHUTHBIX ITOJIFOCOB U SIKOP:
D=D)+D,

TakxuMm 00pa3om, peakius SKOps MPH padoTe MAIIMHBI B TEHEPATOPHOM PEKHUME, UCKAKAET
OCHOBHO€ MarHUTHOE T0JIe, U YMEHbIIAeT nHaAyKTupyemyto IJIC. s coxpaHeHUs BETUYHMHBI

OJ1C HE00X0IUMO YBEIMYUTHh OCHOBHOM MOTOK, T.€. YBEIIMYUTh TOK OOMOTKH BO30YKICHHUS.
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DJIEKTPOMAarHUTHBIIi MOMEHT.
[Tpu paGoTe MalIMHBI B IBUTATEIHHOM PEKUME, B3aUMOICHCTBHE TOKA SKOPSI ¢ MATHUTHBIM

ITIOJIEM MalllMHBI CO31acT Bpama}omﬂﬁ MOMCHT.

Ha kaxnpii u3 N axrusnbix MIPOBOJTHUKOB OOMOTKH SIKOPSI ISHCTBYET 3JIEKTPOMAarHUTHAs CHIIA:
Fy, = BII

CyMMa 3TUX CHJT CO3[Ia€T BPAIAIOIINAM 3JIEKTPOMAarHuTHbIA MOMEHT:

D N
M oam = E Z F, k
k=1
BocCI0/1530BaBIINCH MOHATHEM CPEIHETO 3HAUEHMS MHIYKLUH MO IIOJIFOCOM, OTYUHUM:
DN D
Mam =5 ZFk = NBlcle
2 =1 2

7D =2pr
OKPY)KHOCTB HKOpH BI)IpaSI/IM qepes I_HI/IpI/IHy ITIOJJKOCHOT' O ACJIICHUA p , 4 3aTCM

nepeﬁz{eM OT MarHUTHOM HHAYKOUHW K MAIrHUTHOMY IIOTOKY:

2prt
M,, =“LENB, 11 = £ NID
4
2 Vs
HaKOHCH, BMCCTO TOKa OAHOI'O ITPOBOJIHUKA BBEACM B BLIPAXKCHUC MOMCHTA 06]]1}/}0 CUJIy TOKa

I, =2al

SIKOPSL:

p
M.y =2 —NOI, =C, 01,
arx

c PN
M
a7 . genuuuHA, MOCTOSIHHAS AJIS JaHHOW MAlIUHBbI.
Jlns pBUrartesniei moCTOSIHHOTO TOKA TaK)KE BaKHOM XapaKTEPUCTUKOMU ABISETCS CKOPOCTh
BparieHus. Tok SKOps o1aeTcs B OOMOTKH SIKOPSI U3 BHEITHEH 1IN, ¥ €r0 BEJIMYUHA
OonpeAesieTcs OTHOMIEHUEM Pa3HOCTH MPHUIIOKEHHOTO HaNpsKeHus: cetu U npotuBoC k
COTPOTHUBIICHHUIO SIKOPHOU OOMOTKHU:

1
5 R,

BBIpa)KeHI/IC AJId CKOPOCTH BpalllCHUA ABUTATCIIA MOCTOAHHOI'O TOKa MOXKCT OBITH MOJIY4YCHO U3

YPaBHEHUS HAIIPSKEHUS:

U=E+I,R, =k, -n-®y+1,R,
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_U-1,4R,
k, - D

KoMmmyTanusi Toka u cnioco0bl ee yJIyqiieHusl.
HOI[ KOMMYTaI_II/Ief/'I IIOHUMACTCSA KOMIIJIICKC SIBJICHI/If/'I, HMCIOIKUX MECTO IPpU NCPCKIIIOYCHNUU
CEKLUU OOMOTKH SIKOPS U3 OAHOM MapaieIbHONW BETBU B APYTYIO.

OTO sIBIEHUE CBA3aHO: C U3MEHEHUEM HAINpaBJICHHs TOKA OJTHOM CeKIIMM 0OMOTKHU Ha
o0paTHOE; KOPOTKUM 3aMbIKAHUEM KOMMYTUPYEMOM CEKIIMH LIETKOM uepe3 JIBe COCETHUE
KOJUICKTOPHBIC IJIACTUHBI B MOMCHT UX NECPEMCIICHUA 110/ H.[CTKOﬁ U IPYTUMHU SABJICHUAMMU.
Taxk kak npoiecc KOMMYTallUU KaXXA0W CEKIUU MPOTEKAET B OYEHb KOPOTKHIl MPOMEKYTOK
BpeMeHH (OJIHa WJIM HECKOJIbKO MUJUTUCEKYH/), TO B CEKIIMU MTPOUCXOUT PE3KOe U3MEHEHUE

TOKA M, CJI€0BATEIbHO, MATHUTHOTO 1TOTOKa. OTCI0/]a — HaBEIEHUE B CEKLIUU 3HAYUTEIbHOM
e o o
DJC camounaykuuu - L | koTopas BHI3BIBAET B 3AMKHYTOM 4epe3 IIETKY CEeKIUH OONBIION MO

BEITMYMHE J00ABOYHBIN TOK Ly . lo0aBOYHBII TOK, Hajarasich Ha TOK SKOPS, IPOXOIAIINN Yepe3
HIETKY, U3MEHSET INIOTHOCTh TOKA B MOCIEAHEH, UTO MPUBOJIUT K UCKPEHUIO MEXIY LIETKOU U
KOJUIEKTOpOM. VckpeHne MOXKeT nepepacTu B KpyroBOW OTOHb 10 KOJJIEKTOPY — OTHEBYIO
neHTy. Mexannyeckas puYuHa UCKPEHUS — YXYAIIEHUE KOHTAKTa MEX/1y JIAMEJIbIO U IETKOM,
BO3HHKAIOIIIETO BCJIEJICTBHE HEPOBHOCTH MTOBEPXHOCTH KOJJIEKTOPA MM OCHa0IeHUS
OPWKUMHOM NpyKuHbL. VICKpeHe BhI3bIBAET UpE3MEPHOE HarpeBaHUE M 00ropaHue MEeToK U
IJIACTHH KOJUIEKTOpA.

Tak kak OCHOBHOM MpUUYNHOMN UCKpeHus aBisgeTcs nodaBounas IC caMOMHIYKIINH,

BO3HHKaromasa B CCKUUHU IIpU €€ KOMMYTAallun, TO IJI NOJTYUCHUA 663BICKpOBOﬁ pa6OTBI MalllMHbI

HE00XOAMMO BBECTH B cekiuio emie oauy 3/C €k , kotopas komrencupyet IJ1C

caMouHAyKIuu. CaeAcTBUE HOPMAIBHON KOMMYTAIIUU ABJIsieTCA paBeHCTBO ABYyX D/IC:
€ =€ )

CymecTByeT Ba crioco6a noxydeHus komneHcaruonnoi 9/1C:
1 CmelieHue meToK 3a NOoJI0KEeHNEe PU3NIECKON HeHTpanu;
2 YcTaHOBKA JIOTIOTHUTENBHBIX TTOJIFOCOB, CO3/IAI0NINX J100aBOYHOE MAarHUTHOE TI0JI€ B 30HE
KOMMYTAIIHH.
CrnenoBaTenbHO, U3MEHSS BETMYMHY MarHUTHOTO MTOTOKA 33 CYET CMEIICHHS IETOK Ha OOJIbIIHIA
WJIM MEHBIIHNH YroJl HJIM YCTaHABIHMBAsI JOIIOJHUTEIbHBIE TTOI0CAa HA TEOMETPUIECKON HEHTpanu
MAaIIUHBI ¥ BKJIIOYAs KX OOMOTKY BO30YKIEHHS MOCIEA0BATEILHO C OOMOTKOM SKOPSI, MOXKHO,

MO>KHO MOJYYUTh HOPMAJIbHYIO 0€3bICKPOBYIO KOMMYTAIIHIO.
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VYrous cMeleHust HeTOK OTHOCUTENBHO (PU3NYECKON HEUTPaIu 3aBUCUT OT Harpy3KH BO
BHEIIIHEHU LEINH, YTO MPEAOCTABIISAET ONPEACICHHBIE CII0KHOCTH IIPU HKCILTYyaTAllMU MAIlWHBI.
[ToaTomy BTOpO# c1OCOO SABISAETCS NPEAIOYTUTENBHBIM, T.K. IIOCIE10BATEILHOE COEAMHEHHE
00MOTOK BO30YKA€HUS JOMOIHUTENBHBIX ITOIIOCOB U AKOPSI XapaKTepU3yeTCss OJHUM TOKOM.
M3meHeHne Harpy3Ku BO BHELIHEHN LENU BIUAET HA TOK SAKOPS, U KaK CIEACTBUE, HA MAarHUTHOE
10JI€ JOTIOJHUTEIbHBIX MTOJIFOCOB.

[Ipu paboTe MalIMHbBI B TEHEPATOPHOM PEXHUME MOJISIPHOCTD TOMOIHUTEIBHOTO M0JII0Ca JOJIKHA
OBbITh KaK Yy IVIABHOTO I10JII0CA, CIEIYIOIIEro 110 HAllPaBJICHUIO BPAIIEHUs SKOPSI.
ITpu paboTe MalIMHbI B JBUTATEIILHOM PEKUME MOJIAPHOCTD JOMOJHUTEIBHOIO MOII0CA AOJKHA

OBITh KaK Y ITIaBHOTO MOJIT0CA, NPCAbLAYIICTO 10 HAITPABJICHUIO BpalllCHUA AKOPA.

JlocTOMHCTBA M HETOCTATKMH.
Marmunsl nocrosinaoro Toka (MIIT) siBisitoTcst 0OpaTUMBIMHU, T. €. OHU MOTYT paboTaTh B

kauectBe reneparopa (I''T) wnu aeurarens (AIIT) 6e3 n3amMeHeHUs: CXEMBI.
upoxoe npumenenue JAIIT 00ycioBiaeHO ceay0mUMU TPUUUHAMU:

— BO3MOJKHOCTb IIJIABHOT'O PETYJIMPOBAHUS YaCTOTHI BPALCHUS BaJIa;

— XOpOIIKe IMyCKOBBIE CBOICTBA: OOJIBIION MYCKOBOW MOMEHT MPHU CPABHUTEIHHO

HEOOJIBIIIOM ITyCKOBOM TOKE.

Ocnosnoit HepoctaTok MIIT - Hannune mETOYHO-KOIIEKTOPHOTO Y3712, KOTOPBIH TpedyeT
THIATENIBHOrO YX0/1a B 3KCIUTyaTallul U CHUKAeT HaA&KHOCTh MalnH. Kpome Toro, 1j1s nuTaHus
JIIT tpebyrorest ncrounuku noctosHuoro Toka (I'II'T wnu Bempsamurenu). HanomuuM, uro
OCHOBHBIM BHJIOM 3JIEKTPOCHA0KEHUS IPOMBIIIJICHHBIX NPEANPUATUHN SBISIETCS AIEKTPOIHEPT S
MEPEMEHHOT0 TOKa, epeaaBaeMas o Tpéxda3Hol ceTH.
JAIIT npuMeHSIOT B 31€KTPOTPAHCIIOPTE, B IPUBOAX MPOKATHBIX CTAHOB, B CUCTEMAX
aBTomMaTtuueckoro peryiaupoanus u ap. I'IIT ncnonb3yroT B kauecTBe BO30yaUTENEH A
HNUTaHUSI OOMOTOK BO30YX€HHS MOIIHBIX CHHXPOHHBIX MAaIINH, LIEXOBbIX CETEH MOCTOSIHHOIO
TOKa, B yacTHOCTH, s nutanus AT, anekTpoMarauToB, s TUTaHUS SIEKTPOIUTHYECKUX

BaHH, 3apAAKHA aKKYMYJIATOPOB, CBAPKH, B KAYCCTBC JATYHUKOB YaCTOThI BpALICHUA U IP.

2. PaboTa MmamiMHbI B pe:kuMe reseparopa. Padora MamumMHbl B pesKkuMe IBUTaTeIsl.
XapakTepucTHKH ABUTaTeJIel ¢ pa3JINYHbIM CIIOCO00OM BO30YKICHUS.
I'TIT no crioco®y ux Bo30Yy>KIeHUs JEISATCS Ha JIBE OCHOBHBIE TPYIIIBI: T€HEpATOpa ¢

HC3aBUCUMBIM BOSGY)K,HCHI/ICM U IrCHCPATOpPhI C CaMOB036y}K)ICHI/ICM.
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VY reHepaTopoB C HE3aBUCUMBIM BO30YKJ€HHEM 0OMOTKA BO30YKICHUSI HUMEET
JIEKTPUYECKOTO COEIMHEHUS C OOMOTKOM SIKOPSI U MUTAETCSI OT IOCTOPOHHETO NCTOYHUKA
IOCTOSIHHOTO TOKa.

I'enepaTopsl ¢ caMOBO30YKAEHUEM HE HYX/IAIOTCS B IOCTOPOHHEM MCTOUYHUKE
BO30YKJICHMsI, IOTy4ast TOK BO30YyXA€HUS OT CBOero sikops. [IpuHuIun caMoBo30yKIeHUs
OCHOBaH Ha OCTaTOYHOM MarHeTusMe, T.€. Ha OCTaTOYHON MarHUTHOW MHAYKLHMHU B MOJIFOCAX
MaIlIMHbI, COXPAaHUBLIEHCS B HUX MOCJE pabOTHI.

BonbpT™meTp, MOAKIIOYEHHBIN K KOO (pukcupytoT BeauduHy I/1C oT ocTaTouHOro
MarHUTHOro 1nosid. B 1ens Bo30yX1e€HHsI BKJIIOYAIOT peocTar ¢ O0JbIIUM conpoTHBIeHHEeM. [Ipu
BpalllEHUU SKOPsI IEpBUYHBIM BUraTeseM BeianurnHa J/1C yBennuuBaeTcs 10 HOMUHAIbHOIO
3HAUEHUs, IPU ITOM PEOCTAT ITOCTENIEHHO BBIBOJAT U3 LIENH BO30YKIEHUS (YMEHBIIAIOT
COIIPOTHUBJIEHUE).

Ecnu npu Bpamenuu sikops BenuunHa 9J]C 6yaer yMeHbIIaThCs, HE0O0X0AUMO
YBEJIMUUTH COIIPOTUBIIEHHUE ITYCKOBOT'O PEOCTAaTa U CMEHUTH NOJISPHOCTH OOMOTOK
BO30YXKAEHUSI, T.K. B JAHHOM Cllydae MPOUCXOAUT pa3MarHMuMBaHue MalluHbl. ['eHepaTopsl ¢
CaMOBO30YXICHHEM HOJTY4YMIIN IIUPOKOE IPUMEHEHHUE.

ITo ciocoOy coenuHeHns 0OMOTOK BO30YX/AE€HUS C OOMOTKOMN SIKOPsl T€HEPaTOPhI C
caMOBO30Y>KJIEHUEM JIEJIATCS Ha TPU TUIIA: C apajlIeIbHBIM BO30YyXK/1€HUEM (ILIYHTOBBIE); C
[I0CJIE10BATENbHBIM BO30YXKAEHUEM (CEPUECHBIE); CO CMELIaHHBIM BO30YXACHUEM
(koMIayHIHBIC).

B reneparopax co cMelaHHbIM BO30YXK/I€HUEM UMEIOTCS 1B€ OOMOTKHU — IOCJIEJ0BATENIbHAS U

napajujiciibHasd, HAJIOXKCHHBIC Ha TJIABHBIC ITOJITOCA TCHEpAaTOopa.

Xapakrepuctuku reseparoposn IIT

OcnoBHbIMU xapaktepuctukamu ['TIT sBisrorcs:
—  XapaKTEepUCTHKA XOJIOCTOr0 XO/a;
— BHEIIHSS XapaKTepUCTHUKA;

— PpEeryJMpOBOYHAS XapAKTEPUCTHUKA.

Xapaxmepucmul(a XX — 3aBUCHUMOCTh HaIIPAKCHUA HA 3a)KUMaxX IrCHEpATOpa OT TOKaA

BO30YKICHHS Uop =/ (16 ) TIpM HOCTOSHHOM uHciie 060poTOB sikops /1 = CONSt y

=0y

o . 1
OTKJIIOYCHHOMN BHCIIHCH LICIIN. vy TCHEPATOPOB C HC3aBHUCHUMbIM BO36y>KI[eHI/IeM A

I,=0 1, =1,
TCHCPATOPOB C CaMOBO36y>K,HeHI/IeM TOK Harpys3kKu , CJICO0OBATCIIbHO , OJHAKO

TOK BO36y7K,HeHI/ISI cocraBisieT 2-5 % OT HOMHUHAIIBHOTO 3Ha4YCHUs, CJICA0BATCIbHO, MOXKHO
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CUMTaTh, YTO OH PABEH HYJIIO. JTa XapaKTEPUCTHKA AAET BO3MOKHOCTb OLIEHUTh MarHUTHbIE
CBOMCTBA WM MAarHUTHOE COCTOsTHUE MamuHbL. [Ipu xoimoctoMm xone Hanpsikenue pasHo D1C
CaMOMHAYKIMH OT OCTaTOYHOTO HaMarHM4MBaHus. [IepBblii yHaCTOK MPAKTUYECKU
NPSIMOJIMHEEH, YTO CBUAETEIBCTBYET O HEHACBILIEHHOM COCTOSHUM MaluHbl. [1o mepe
YBEJIMYEHUS TOKA MarHUTOIIPOBOJ '€HEPATOPa HACKIILAETCA - HA XapaKTEPUCTUKE CPEIHSSA YacTh
(xoneno). [lpu nanpHeIIEM yBEIMUYEHUH TOKA MMPOUCXOJUT HACBIILEHUE U XapaKTEPUCTHKU
ONMCHIBAECTCS YPABHEHUEM MPAMON JIMHUU.

['enepatop noykeH ObITh pacCUMTaH TaK, YTOOBI MPU HOPMAJIbHBIX YCIOBHIX IKCILTyaTal[id €ro
MarHuTHas cUcTeMa Obljla B COCTOSIHMM CPEIHEr0 HACBILICHUS, T.€. 3HaUeHHe HOMUHAIILHOTO

SHAYCHHUA HAIIPAKCHUA JOJKHO HAXOAUTHCA Ha Y4AaCTKE KOJICHA XapaKTCPUCTUKHU XX.

Bhewnasn xXapakmepucmuka — 3aBUCHUMOCTDb HAIIPSAKCHUA I'CHECPATOPA OT TOKA AKOPSA

U=f(I,) y
f( A IIpH IMOCTOAHHOU CKOPOCTHU BpalllICHUA U ITIOCTOAHHOM 3HAYCHHUU TOKA B036y}KI[eHI/I${

1, = const
JJIA TCHEPATOPOB C HE3AaBUCHMbIM B036y}K)ICHI/ICM. HJ’IH TCHECPATOPOB C

CaMOBO36y7KI[CHI/ICM MOCJICAHEC YCIIOBUC 3aMCHACTCA TpC6OBaHI/ICM IIOCTOAHCTBA

R, = const
COIIPOTUBJICHUS LICIIU BO36Y)KI[6HI/I$I

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

[Tpu yBenuueHUU TOKA AKOPS HANPSHKEHUE YMEHBIIAeTCs, BO3PACTAET PEaKIIHs SIKOPS, YTO
npuBOIUT K yMeHblIeHHio DJ{C, MHIYKTUPOBaHHYIO OCHOBHBIM MAarHUTHBIM MIOTOKOM. DTH JBE
NPUYMHBI BEI3BIBAIOT YMEHBIIICHUE HAMIPSHKCHHS TeHEPATOpa HE3aBUCUMOTO BO30YKICHUS
(xpuBas 1).

B renepaTtopax ¢ napamienbHbIM BO30YKIEHUEM K IBYM IPUUMHAM YMEHBIICHUS
HaANpsDKEHUs J00aBsieTcs elle oAHa: TOK 0OMOTKY BO30YXAeHUs OyaeT YMEHbIIAeTCs, YTO
MPUBOIUT K YMEHBIICHHIO OCHOBHOT'O MAarHUTHOTO TIOTOKA, M KaK CJIEICTBUE YMEHBIICHHUIO
D/1C. 3MeHeHne HAPsDKEHUS B IYHTOBBIX T€HEPATOPAX MPOUCXOIUT CHIIbHEE, YEM B
reHepaTopax ¢ He3aBUCHMBIM BO30YXJIeHueM (Kpusast 2).

B renepaTopax co cMemaHHbIM BO30YKJICHHEM U3MEHEHHE HAMPSHKEHUS [IPH U3MEHEHUH
TOKA SIKOPSI 3HAYUTEIIFHO MEHbIIIE, YeM y T€HEPaTOPOB C HE3aBUCUMBIM U TIapajlIeIbHBIM
BO30YX/I€eHHEM. DTO OOBICHSETCS JEHCTBUE MOCIEI0BATEIbHON OOMOTKH, MATHUTHBIN TTOTOK
KOTOPOM YBEJIIMYMBACTCS C YBEIHMUEHUEM TOKA AKOPS M, CYMMHPYETCSI ¢ MArHUTHBIM TTOTOKOM
napajuieIbHOM 0OMOTKH, 00ecrieurBas yBEeIHUEHHE OCHOBHOTO MarHUTHOTO MOToKa. [Toatomy B
Hayvaje xapaktepuctuku ysennuenue J/[C nepekpriBaeT najeHue HaMpsHDKEHUS B LEMH SKOPSL.
[Ipu nanpHEWIIeM yBEeTUICHHH TOKA HAPSHKEHUE YMEHBIIACTCS, BCICICTBAE HE3HAYUTEIHLHOTO
BO3pacTaHUs MAarHUTHOTO TIOTOKA.

67



Pezynuposounan xapakmepucmura — 115l BCEX THIIOB TCHEPATOPOB SIBISETCS 3aBUCUMOCTBIO

TOKa BO30YXJICHHS OT TOKa SIKOPs ly=f (1"1 ) TIPH HOCTOAHHOM ckopoctu /! = CONSL y

nanpsxerun U = CONSt

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

PCFYHHPOBO‘IHBIC XApaKTCPUCTUKH CHUMAIOT TAKKC KaK U BHCHIHHUC XaPaKTCPUCTUKH.

PaboTra MammHbI B pe:KUMe IBUTaTe/Isl. XapaKTEePUCTUKH IBUTaTeel ¢ pa3Tu4HbIM
€crmoco00M BO30YyKIeHUS.

Jsuratenu [1T, Tak ke Kak U TEHEPATOPHI, IO CIIOCO0Y COSAMHEHUST 0OMOTOK BO3OYKICHUS 1
HKOpSI HOI[pa?;,He.H}IIOTC}I Ha 3 TUIIA: C IIOCICA0BATCIIbHBIM, HapaJIJICJIBHBIM 1 CMCIIaHHBIM
BO30YKICHUEM.

[Tyck neurateneit [1T mpousBoauTCs MpU MOMOIIK MTYCKOBOTO PEOCTATa, BKIFOYAEMOTO
MOCJICIOBATEILHO B IIENb SAKOPs. [1py BKIIFOUEHUH HETIOBHUIYKHOTO JABUTATEIIS TOK SIKOPSI MOYKET
JOOCTUI'aTh 3HAUYCHUSA TOKA KOpOTKOFO 3aMbIKaHHA, npeBHmanmero B OCCATKHAU pa3 BCJ’II/I‘II/IHy
TOKAa HOMHUHAJIBHOTI'O pemHMa, BCJICIACTBHUEC MAJIOT'O COHpOTI/IBJICHI/ISI O6MOTKI/I HKOpSI.
ConpoTHBIICHHE TTYCKOBOTO peOCTaTa OTPaHUYMBACT BETMYHHY ITyCKOBOTO TOKa. [To mepe
pasroHa JABUTATEIIS MPOUCXOIUT yBennueHue 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
M300paxkaroTCs 3aBUCUMOCTH CKOPOCTH BpalleHusl, Bpamatoero momenta u KII/1 or Toka

AKOPSI:

n=f(0,). M=f(,). n=r0,)

2 2 b

— Il =
IPY HEU3MEHHBIX HANPSKEHUH M TOKE BO30Y K ICHHMS: U =const 1¢ const

JIIT c mapanienbHbIM BO30YXICHUEM.

CxopocTHas XapakTepUCTHKa NPECTABIAET COOOM TMHENHYIO 3aBUCUMOCTb, IPU YBETUYEHUU
TOKA SIKOPsI 0 HOMHUHAJIBHOTO 3HAYEHUsI CKOPOCTh BpALLEHUs] yMeHblIaeTcs Ha 2-8%.
MoMeHTHas XapaKTepUCTHUKA IBUTaTelIs TAKXKe JIMHENHA, [TPU YBEJIMYEHUU TOKA

BHCKT];)OMaFHI/ITHHﬁ MOMCHT TAaK>KC BO3PACTACT.
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. 1
Kpusas KII/] pacter cnauana nuneiHo, 3atem npu Toke 0,8 ° AH nocTHraeT MaKkCUMManabHOTO

3HAYCHH, TOCIIC YCro HAYMHACT YMCHBIIIATbLCA.

Xapakrepuctuku JAIIT ¢ mocienoBareibHbIM BO30YyKIeHUEM

B nBurarensix ¢ mocneaoBaTeabHbIM BO30YKICHUEM TOK SIKOPSI paBEH TOKY
BO30YX/ICHHSI, CJIEIOBATEIBHO, IPU YBEJIMUEHUH TOKA MPOUCXOIUT YBEIIMUYEHUE MAarHUTHOTO
noToka. [Ipu HeHACHIIIIEHHOM COCTOSTHUY MAaIlIMHbI, MATHUTHBINA TOTOK OyeT MpONMOpLHOHATICH
TOKY SIKOPSI, U €CJIM YUYECTbh, UTO MOTEPU HAIIPSKEHUS HA CONPOTUBJIEHUU SIKOPSI MaJibl, TOTJa
BbIpaXXCHHE CKOPOCTHU BpallleHus: OyJeT UMETh CIeIyIouii BuI. HemocTosstHCTBO MarHUTHOTO
MOTOKA MPUBOJIUT K TUIIEPOOTNYECKON (hOpME CKOPOCTHOM XapaKTEPUCTUKH, TaKas
XapaKTepUCTHKa Ha3blBaeTca MArkoi. [Ipu Harpyskax nBuratens, MEHbIINX 25 % OT
HOMHHAJIBHOM, CKOPOCTh BO3PACTAET HACTOIBKO, YTO CTAHOBUTCS ONACHOM JJISl MEXaHUYECKOM
nenoctHoctyu asurarens. [Toaromy AT ¢ mocnenoBarenbHbIM BO30YKACHUEM HEIb3s MTyCKaTh
BXOJIOCTYIO WJIU C HEOONBIION Harpy3KOu.
ITo 3ToM e nMpuYrHE MOMEHTHAS XapAKTEPUCTHUKA MPSAMOIIPONIOPLUMOHAIIbBHA KBAAPATy TOKA
SIKOPSI, U TIPEACTABISAET NapadoIMUECKyI0 KPUBYIO.
Paboune xapakTeprUCTUKU JBUTATENS CO CMEIIaHHBIM BO30YXKIEHUEM SIBIISIIOTCS KPUBBIMU,
CPEIHMMH MEXIY COOTBETCTBYIOIIMMU XapaKTEPUCTUKAMU JBYX MPEAbIIYIINX TUIIOB

JIBUTATEIICH.

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

IIOCJIEIOBATEIBHO B LENb AKOps. 1Ipy BKIIFOUEHUH HENTOABUKHOIO ABUTATEIIS TOK SIKOPSI MOYKET
JIOCTUTaTh 3HA4YEHUsI TOKa KOPOTKOTO 3aMbIKAHHS, IPEBBILIAIOIIETO B JECATKU Pa3 BEIIMUUHY
TOKa HOMMHAJIBHOTO PEXUMa, BCIEJCTBUE MAJIOTO COMPOTUBIICHUS OOMOTKHU SKOPA.
ConpoTuBieHHE TyCKOBOIO peocTaTa OrpaHUYMBAET BEIUUYHUHY IyCKOBOro Toka. [lo mepe
pa3roHa ABUrares IPOMCXOAUT yBeaudueHue npotuBo-2/[C, yTo o3BOIISIET, HOCTENIEHHO
YMEHbILIAsl CONPOTHUBIICHUE IIyCKOBOI'O PEOCTATa, BEIBECTH €r0 B KOHIIE IIyCKOBOI'O U3 LIENU
AKOPSL.
Mexannuyeckue xapakrepucruxku JAIIT

[IpaBunbHbIN BBIOOp 3JIEKTPOABUTATENS U1 IPUBOJIA TON WIIM MHOW TEXHOJIOTMYECKON
MallMHbI TPEeOYET COINIACOBAHUS €r0 MEXaHUUYECKUX XapaKTEPHCTHUK.

MexaHu4yeckoum XapaKTCpHCTHKOﬁ ABUTATCJIA HA3bIBACTCA 3aBUCUMOCTD CKOPOCTH BpAllICHUA OT

MOMCHTA Ha Bally n= f(M)
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ﬂJ’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: «KACHHXPOHHbI€ MAIIMHBI IEPEMEHHOT0 TOKA).
1.10.1 Bompocsl Jeknuu:

1. KoHcTpykuus, npuHIMI PadoThl B pe:KMMe IBUTATeJIs.

2. OCHOBHBI€ XapPAKTEPUCTUKH ACHHXPOHHOTO IBUTaTEJsl.

3. IIacnopTHBIEC XapaKTepPHUCTHKH.

4. OCo0EHHOCTH IMYCKA U CNOCO0ObI PeryJupoOBaAHUA YACTOThHI BpPallleHUS.
5. OnHodasHble aCHHXPOHHbIE IBUIaTeNH.

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.
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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..7)1,.

pexume

- HYCKOBOﬁ Bpamafomnﬁ MOMCHT OTHOCHUTCIIbHO MOMCHTA B HOMHUHAJIbHOM PCKUMCE

M, =(12...1,6)M,.

Mai
- 3aTpyIHEHO PETYJIMPOBAHHE CKOPOCTH BPAILCHUS POTOPA.

OCHOBHBIMU KOHCTPYKTUBHBIMH 3JIEMEHTAMU aCUHXPOHHOI'O ABUTaTENs ABJIAIOTCS: CTaTOp U

poTop.

HenonBuxHbINM TUTON KOPITYC, BHYTPU KOTOPOT'O PacloIOKeH, COOPHBII U3 IITaMIIOBaHHBIX

JIMCTOB JIEKTPOTEXHUYECKOM CTANIN, CEPACYHUK WIIM MarHUTONIPOBOJ. B na3sl cepeynuka

yKJ1ajipIBaeTcs Tpexda3zHas craTopHas oOMOTKa, PaBHOMEpHO paciipeiesieHHas 110 ero

OKPYIKXHOCTH. Takum O6p330M, Kaxaas (1)8.33 3aHUMACT HECKOJILKO IMa30B CTAaTOopa. COCI[I/IHCHI/IC

¢ G G

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

C, Cs Cq

¥ KOHIIBI (ha3
B A/l o6moTKkH cTaTopa, 1oJ00HO NepBUYHON 00MOTKE TpaHC(HOpMaTOpa, MOIydatoT SHEPTUIO

oT Tpex(}a3Holl ceTH U BO30YyXAat0T Bpallalolleecsi MarHUTHOE MOJIE.

KopoTrko3aMKkHYTBIil poTop.

Portop A/l — Bpamiaromascst 4aCTb — COCTOMT U3 CTaJIbHOIO Bajla, COOPHOTO CEpACUHUKA POTOPA,
Ha BHEILIHEH NOBEPXHOCTU KOTOPOIO B [1a3aX pa3MEIAEeTCsl pOTOpPHAs 0OMOTKA, 3aMKHYTast
HAKOPOTKO MJIM Ha IMyCKOBOM peocTaT. OHA HE UMEET NEKTPUUYECKOTO COSAMHEHUS C CEThIO WIIN
¢ 0OMOTKOM CTaTOpa, TOKU B HEM MHAYKTHPYIOTCS BPALIAIOIIMMCSI MATHUTHBIM MOJIEM.
B3aumoseiicTBue TOKOB pOTOpa C BpPaLIalOLIIMMCSI MATHUTHBIM I10JIEM CTaTOPA BBIHYXKAAET POTOP
BpAIIATHCS IO HAIPABJICHUIO TTOJIS.

PoTOpB! aCHHXPOHHBIX ABUTaTENeH U3TOTABIUBAIOTCS IBYX BUJOB: KOPOTKO3aMKHYTHIE U C
KOHTakTHBIMH KoJsibiiamu (100-200 kBT).

OOMOTKa KOPOTKO3aMKHYTOT'O pOTOpa MPEACTABIAET COOOH HUIMHIPUUECKYIO KIETKY
(«Oennybe KOJIeCo») U3 MEIHBIX IIMH UM aJIOMUHUEBBIX CTEPXKHEH, 3aMKHYTBIX HAKOPOTKO Ha
Topuax AByMs KosibllaMd. CTep>KHU 3TOH OOMOTKH BCTABIISIOTCS 0€3 U30JSIUH B Ma3bl
MarHuTonpoBoja. TopiieBbie KOHIIbI CTEPIKHEN 3aMBIKAIOTCS KOJIbLIAaMU U3 TAKOTO K€ MaTepuaia

(«Oennube KoJIecoy).
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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.

®Da3HbIii POTOP (C KOHTAKTHBIMHU KOJIBIAMM).

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 Bpamamomerocsi MArHUTHOIO MOJISL.

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, sinwt.

iy =1, -sin(ot—120°)

ic =1, -sinlot+120°)

3TI/I TOKH CO34AaK0T MaFHI/ITOI[BI/DKyH_II/Ie CHUIJIBI
FA:iA-w; FBziB-w; Fe =ic-w

OHpe)ICJ'II/IM BCJIMYHHBI K1 HAITPABJICHUA MAaIrHUTOABHIKYIIUX CUJI B PA3JIMYHBIC MOMCHTBI

BPCMCHH.

pu  =0.

in=1 —ﬁ F __ﬁ.[

B m 2 B — 2 m w
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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 Fp 51 Fe 00pa3yloT paBHOOEAPECHHBIN TPEYTOJbHHUK.

=2 V3 1 \/g——é-] W
Fy =2-Fg-cos30° ™~ 5 “im W= =0 m

B momenT Bpemenn !, mpu kotopom @f =30".

iA:Im-sin300:%-lm. FA:%-Im-w
ip =1, sin30°-120°)=-1,  Fy=-1,-w
ic :Im-sin(300+1200):%-1m' Fe :%-Im-w
Onpesenim reomerputeckyto cymvy MIC 24 u £B:
F,+Fy :2-F-c0360°:2%'1m'Wé:%'lm'w

Cymmapnas MJIC:
m

Fy =(F,+Fg)+F, :%-Im w1, -w:%-l W

3 pacdye€ToOB BUJAHO, YTO BCKTOP CYMMapHOﬁ MaFHI/ITOI[BI/I}KYH_ICﬁ CHJIBI HC U3MCHUMIJICA 110
0
BCJIMYMHEC, HO U3MCHUJI CBOC HAIIPABJICHUC HA 30 , OTHOCHUTCJIBHO ITOJIOKCHU A,

COOTBETCTBYIOILIETO MOMEHTY BPEMEHHU, PABHOMY HYIIIO.
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[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 06p330M, JacToTa BpalllCHUA MAarHuTHOI'O I1OJIsA 6y,Z[CT paBHaA 4aCTOTEC TOKA:

n, = f [06/c]=60-f [06/mun]
[Ipu cranpapTHO# yacToTe nurtatomen cetu 50 'y moste Bpammaercst co ckopoctbio 3000 06/MuH.

MBI paccMOTpenu ABYXIOJIOCHOE UCIIOIIHEHNE (p - 2).
n; = 3000 [06/MuH |

Ecnu e TpeOyercst ckopocTh BpatieHus Menblie, yeM 3000, To HCroib3yt0T MHOTOIIOJIIOCHBIE
oOmoTku. Hanpumep, ecTUNONOCHOE UCIIOJHEHUE CTATOPHOW OOMOTKH COJEPKUT 3 mapsbl
HIOJIIOCOB: CEBEPHBIX M I0XKHBIX. B 1anH0i 00MOTKE 1O TpM BUTKA HA Kaxayro ¢asy. Eciu B
JIBYXITIOJIFOCHOM OOMOTKE CTOPOHBI BUTKA OAHOM (ha3bl pacoIOKEHBI 110 YIIIOM 180°, 10 B
IIECTHIOMIOCHOH BUTKH OZHON (a3l pacIonoKeHbl o yriaoM 60° OTHOCHTEIBHO APYT APYTA.
3a BpeMsi OJJHOTO Ilepuojia KojaeOaHus TOKa, MAarHUTHOE T0JI€ IOBEPHETCS Ha OJIHY TPETh

MepUoaa Uiv Ha 120°, a CKOPOCTH BPAIICHHSI MATHUTHOTO TOJISL OTPEACIATUTCS 110 opMyIie:

_60-f
p

DNEeKTPOMarHUTHOE B3aUMOIEUCTBUE MEX/y CTAaTOPOM M POTOPOM BO3HUKAET TOJBKO IpU

n

HCEPABCHCTBC CKOPOCTU BpallICHUS I10JIA CTATOPA U CKOPOCTH BpAalICHUA pOTOpPA. Paznocth

CKOpOCTCﬁ IMOJII U pOTOpPa XapaKTCPU3YCTCA BEJIMYUHOMN — CKOJIbXKXECHUEM:

OTKYJla, YaCTOTa BpallleHUsl poTopa:
n=n-S-n=n-01-5)
B 3aBHCHMOCTH OT COOTHOILIEHMS MEXKTY CKOPOCTBIO BPAILCHMS T10JI U POTOPA pa3InyaroT TpU

) L N> LM<,
pexuMa paboThl ACHHXPOHHO MAIIIUHBI: TEHEPATOPHBIH ( ); ABUTATENbHBIN ( );

QJICKTPOMArouTHOI'O TOpMO3a.

2.0CHOBHBIE XaPAKTEPUCTHKH ACHHXPOHHOI'0 ABHIaTe/Is
MexaHMuecKOl XapakTepUCTUKOMN IBUraTelIs Ha3bIBAIOT 3aBUCUMOCTb YaCTOTHI BPALICHUS

poTopa OT MOMCHTA Ha Bally

n=f(M)
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M = f(S)
MCX&HI/I‘ICCK}/}O XapaKTepI/ICTI/IKy MOXHO l'IOJ'Iy‘H/ITb N3 3aBUCUMOCTH f . TaK KaK

CKOJIbJKEHHE 00PATHO MPONOPLMOHAIBHO CKOJIBKEHUIO, TO:

- IpH CKOJIb)KCHUU , CKOpPOCTb BpalllCHUA pOTOpa 5

- IIpU CKOJIBKEHUU S = 1, CKOpOCTH BpaieHust poropa 7 = 0.

Kpusas | Ha3pIBaeTCs €CTECTBEHHON MEXaHUYECKON XapAaKTEPUCTUKOM, OHA COOTBETCTBYET
KOPOTKO3aMKHYTON 0OMOTKeE, T.€. 6€3 BBeICHHS J00aBOYHOTO COMPOTHBICHUS. BKiltoueHune
7100aBOYHOI'0 COIIPOTUBIIEHUS B LIENb POTOPA YBEIUUYUBAET IIYCKOBO MOMEHT M YMEHbBIIIAET
IIyCKOBOM TOK (KpuBast 2). JlanbHeiiliee yBeIMueHHE IPUBOAUT K YBEITMUEHHIO TyCKOBOTO
MOMEHTa 10 KpUTHYECKOro 3HaueHus. [locie 4ero yBeanueHne COpoOTUBIECHUE IPUBOAUT

YMCHBIICHUIO ITYCKOBOI'O MOMCHTA.

MarauTtHoe nose craTopa BpalaeTcs 110 4aCOBOU CTPEJIKE, U 110 OTHOIIECHUIO K POTOPY
TO’K€ 110 4acOBOH cTpenke. CKOpOCTh pOTOpa 3aBUCHUT, B TOM YHUCIIE, U OT €r0 Harpy3ku, T.€. OT
CTaTU4YECKOro MomeHTa. IIpu xonocrom xoae, CKOpOCTH BpalleHUs NOJI U POTOPa MPAKTUYECKU
paBHBI, MATHUTHBIN MOTOK, NEpECEKAIOIINI 0OMOTKH POTOpa IPAKTUUECKU HE U3MEHSAETCS, U,
cienoBatenbHo, DJIC ¥ TOKM B pOTOPHON 0OMOTKE HE HHAYKTHPYIOTCA. Bpamaromuii MOMEHT
co3ziaetcs 6s1arosapst 3J1€KTPOMarHUTHOMY B3aMMOJAEHCTBUIO MOJIS M TOKOB, U €CJIM TOKU PaBHBI
HYJII0, TO ¥ BPALIAIOLIMIl MOMEHT paBeH HyJto. TakuM o0pa3oM, aCHHXPOHHAsI MallliHA MOXKET
paboTaTh B IBUTaTEIbHOM PEXHUME, €CIIM CKOPOCTh BpAlllEHUsI POTOpA JIEKUT B NIpeAeIax oT

HYJIA, 10 CKOPOCTHU BpallICHUA MAaIrHUTHOI'O ITOJIA
O<n<m . 0<S<l

[TpeamnonoxuM, 4To cTaTopHasi 0OMOTKA CO3JaeT BPALIAIOIIEecs] MarHUTHOE I0JIe, a Basl
JIBUTATENS JONOJHUTEIBHO IPUBOAUTCS BO BPALLIEHUE CO CKOPOCThIO OO0JIbILIEH, UEM CKOPOCTb
noJisi. CKOJIb)KEHHE B ATOM cilydae OyJeT OTpULaTelbHbIM, HHAYKTUpOBaHHbIe DJIC 1 Toku B
POTOpHOI 0OMOTKE U3MEHAT CBOE HampasieHue. Ml MOMeHT, co3/1aBaeMblii Ha Bajly, CTAHOBUTBLCS
TOPMO3SIIIUM, [T0 OTHOILEHHIO K BPAIIAIOLIEMy MOMEHTY, CO3/1aBa€MOMY IIPH JIBUT'ATEIIHOM
pexxuMe. MexaHndeckasi 3HEpIUsl, 0/IBEICHHAs K POTOPY aCHHXPOHHOW MAaIlIMHBI,
npeodpasyeTcs B 3JEKTPUUECKYIO SHEPTHUIO, M OTAAETCA B ceTh. TakuM 00pa3oM, MallliHA MOXKET

paGOTaTb B PCIKUME I'CHEpaTOpa napajICIbHO € CCThIO B MPCACIIax:
0 —

PaccMmoTrpum npumep, Koraa Bajl poTopa IpUBOAMTCS BO BPalllEeHHUE ITPOTUB HAIIPABJICHUS
MarHuTHOTO II0JIA cTaTopa. B 3TOM ciydae Kk aCHHXPOHHOW MalllMHE OABOIUTCS DHEPIUs C IBYX

CTOPOH: DJICKTPpHUYCCKAA OT CCTU, U MCXAaHUYCCKAaA OT NCPBUYIHOI'O ABUTATCIIA. Takoi PCXKUM
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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.J1acnopTHbIEe 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;
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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.

4.0c00€HHOCTH MMYCKA U CNIOCOObI PeryJIMpoOBAHUA YACTOThHI BPallleHUS 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.

_80-7 (1)
n:nl—S-nlznl-(I—S)_ p =3
N3 gero CJICAYCT, 4YTO PCryJIMpoBaTb CKOPOCTh BPAIICHHA JABUTATCIIA MOKHO, U3MCHAA!
- YU CJIO IIap IOJIOCOB;
- HaCTOThI TOKA MUTAOIICTO CTATOP,
- CKOJIBKCHUC.
Yucao rnap nmoJroCOB MOKHO U3MCHATH, MCHSAS KOJIMYCCTBO U cIoco0 COCAMHCHUA KATYyILICK B

KaXJ10# daze 0OMOTKHU cTaTopa. J[Be CKOPOCTH BpalleHUs IBUTATENSI C OJHOW OOMOTKOM
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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(¢a3HBIH ACHHXPOHHBII IBUraTeb.

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.
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Pucynok 1 . Crarop onHO(pa3HOrO aCHHXPOHHOTO JIBUTATeNs

[Toste cTaTopa HEMOABMKHO OHO Kak OBl mynscupyet. [Ipu atom Gpopmupyrorcs asa
MOMEHTa BpallleH!s HalpaBJIeHHbIE B TPOTUBOMOJIOXKHBIE CTOPOHBI. OJIHA YaCTh CTATOPHOU
O0OMOTKH TSHET POTOP B OJIHY CTOPOHY ApyTrasi k€ B IPOTUBOMOJIO0XKHYI0. Takum 0bpazom, npu
noJjiaue TOKa Ha CTATOPHYI0 0OMOTKY pOTOp Bpamarscs He OyaeT. s aToro HeoOxoaum

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

[Tyck Takoro qBUraTesns MOKHO COBEPIIUTH U BPYUHYIO KpYTHYB Baj. Ho ydamie ni1s mycka
JBUTATENS] IPUMEHSIOT TOTIOJHUTEIbHYI0 0OMOTKY, KOTOpast HAXOAUTCS HA CTaTope U
Ha3bIBaeTCs MycKoBoil. OHA MOJKIIOYAETCA K TOU ke ¢aze uTo u paboyas, HO Yepes
¢azocaBuraromyo 1enb. B kauecTBe Takoi ey MOXKET BBICTYIAaTh EMKOCTh PE3UCTOP UITU

KaTyIlKa.

[Ipu noakIr0YeHUH ITyCKOBOM OOMOTKH K IUTAIOIIEH CETH Yepe3 KOHIEHCATOp TOK B
ycKoBoi oOMoTke capuraercs Ha 90 rpanycoB. Takke Ha 90 rpagycoB cBUraercs u
MarHuTHoe nosie. BooOuie roBops yroi cMelieHus Toka MOXKHO PeryIupoBaTh NoJ00paB

BEIMUYMHY eMKocTu. Taku o6pazom

OyJIeT perynrpoBaThCs MyCKOBOM

MOMCHT.

Pucynox 2. ®azocasuraromias 11ens B BUJI€ yCKOBOT'O KOHJIEHCATOPa

B MoMeHT nycka (asocasuraromias 1enb MoJKI0YaeTcs K IyCKOBO 0OMOTKE, TEM CaMbIM
oOecnieunBast Bpaujaromieecs MarauTHoe nojie. Koropoe, B3auMoIelCTBYsI ¢ KOPOTKO3aMKHYTBIM
pPOTOPOM, HAUMHAET €ro packpyuuBaTb. Bpems B TeueHHH KOTOPOro MycKkoBasi 0OMOTKa
HOJKJII0YEHA K MUTAIOMIEN CeTH 10CTaTOYHO Maslo. OOBIYHO OHO COCTABIISET OKOJIO TPEX CEKYHI.
3a 3TO BpeMs pOTOP BBIXOIUT ITOYTH Ha MOJIHYIO CKOPOCTh BpPAIEHUS U HEOOXO0AUMOCTh B

ycKoBOM 00MOTKe oTnaaaet. IlyckoBast eMKOCTh OTKIJIFOUAETCSl OT OOMOTKH.

Tak kak BpeMms pabOoThl IyCKOBOH OOMOTKH HEBEJIUKO €€, KaK MPaBUIIO, BBIMOIHSIOT
IIPOBOJIOM MEHBIIETO CEYEHUsI U MEHBIIUM YHCIIOM BUTKOB. MIHOT1a MyCKOBYIO OOMOTKY
BBITIOJIHSIOT TEM )K€ IPOBOJOM 4TO U pabouyro. Toraa npu nucnoiab30BaHuu (a3zocIBUTAIOLICH
LENU MOXHO YJIYYIIUTh MEXAHUYECKUE XAPAKTEPUCTUKU ABUrareis. B aTom cirydae
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[apajuleJIbHO YCKOBOW €MKOCTH BKJIIOUYaeTcs padboydast. 9Ta EMKOCTbH 110 BEIMUNHE MEHbIIIE
IIyCKOBOM U, cJIe10BaTeNIbHO, 001a1aeT O0JIbIINM CONpOoTHBIeHHEM. Taku 00pa3oM TOK,

MPOTEKAIOIINI BO BTOPOH 00MOTKeE, Oy/ieT MEHbIIIE TyCKOBOTO.

—
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Pucynok 3 . Ucnions3oBaHue BTOpOi 0OOMOTKH B KadecTBE pabodeit

ITocne oTKIIIOUYEHHS TyCKOBOM €MKOCTH JAOIIEH ITyCKOBOM MOMEHT BpallCHUsI OHA
OTKJIIOYAETCs, a BOT paboyasi eMKOCTb OcTaeTcs, o0ecreyrBast Bpallarolieecs MarHuTHOE 110JIe U
BO BpeMsl paboTBhI.

OCHOBHBIM HEOCTATKOM OAHO()A3HOI0 ACUHXPOHHOI'O ABUTATEINsI SIBJIETCS TO YTO OH HE
o0yaznaeT mycKoBbIM MOMeHTOM. U, ciiegoBarenbHO, HEOOXOAUMO IPUMEHSTH Kakue JIM00 Mephl
1o ero mycky. Taxke B 0JHO(a3HOM JBUTaTelle YacTOTa BpallleHUs] HUXKeE, 4YeM y Tpex (a3Horo.
TaK Kak BCTpEYHOE 1oJie, opMUpyeMoe BTOPOI MOJOBUHON CTATOPHOH OOMOTKH, TOPMO3UT
poTop.

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

TaKoro e rabaputa, kak u Tpex (pa3Hblii MOIIHOCTH OYJET HAa OJIHY TPETh MEHbIIIE.

1.11 Jlekuus Ne 13 (2 yaca)

Tema: «OCHOBBI JIEKTPONIPUBOIA.

1.11.1 Bomnpocs! nekuuu:

1. Knaccupukanus annaparypsl yIpaBJeHUs U 321U THI JJIeKTPOABUTaTeJIel.
MarnuTHbIe ycKaTeJId, aBTOMAaTHYeCKHe BBIKJII0YaTe |, TellJIOBbIe peJie.

2. [IpuBoaHBbIEe XaPAKTEPUCTHUKH PA0OYMX MAIIIUH.

3. lIpuHuMnbI MOA0OPA JIEKTPOABUTATEIS K padoyeil MalIuHe.

1.11.2 KpaTkoe conep:kaHue BOIPOCOB:

1. Knaccupukanus annapatypbl ypaBJeHUs U 321U THI 3JIeKTPOABUTaTeJIel.
Anmnapatrypa ynpaBieHuUs U 3aIIUTHI, SBJISIOIASACA COCTABHOMN YaCThIO AIEKTPOIPUBO/A,

IIpeHa3HAYEHHOTO JUIsl YIPaBJIEHUS 3JIEKTPONPUBOIOM (IIYCK, OCTAHOBKA, PEBEPCUPOBAHUE),

3alIMThI 3J'ICKTp0)IBI/IFaT€J'I€I71 pu aBapHﬁHBIX peKUMax U IJIA obecrieueHus paGOTbI
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JJIEKTPOABHUTATENS B 33/IaHHBIX PEKUMaxX B COOTBETCTBUH C TPEOOBAHHUSIMH TEXHOJIOTUYECKOTO
nporecca.

[To ciocoOy ynpaBiieHUs: €€ MOXHO pa3esuTh Ha annapaTrypy HeaBTOMAaTHYECKOTO
(py4HOTO0) ¥ aBTOMATHYECKOTO yIPaBICHHUS.
MarsuTHsle MycKaTeau, aBTOMaTUYECKUE BBIKJIIOYATEIH, TEIIOBBIE PeJle.
Anmnaparypa HeaBTOMaTHYECKOT'0 yIIPaBJICHHUS.

Anmnaparypa HeaBTOMaTHYECKOT'0 YIIPaBJICHUsI IPUMEHSETCS JIJIs1 OCYLLECTBICHHUS
KOMMYTallUH1 AJIEKTPUYECKUX Lerneil mepeMeHHoro Toka (HampspkenueM 10 S00B) u npuBoautcs
B AeiicTBue BpyuHyto. K Hell oTHOcATCA: pyOMIIbHUKH, TAKETHBIE BHIKIIOYATENN, KOHTPOJIEPHI,
KHOIIOYHBIE CTAHIIMH, aBTOMAThI U T.[.

PyOunbHUKY - IpocTeline anmnapaTsl Py4HOIO YIIPaBICHUS U3rOTAaBIMBAIOTCS OJHO- ABYX- U
TPEXIOJIOCHBIMH, C LIEHTPAIBLHOM 1T OOKOBOM PYUKOil, ¢ OOKOBBIM HIIM HEHTPATbHBIM
PBIYKHBIM IIPUBOJIOM.

PyOunpHuKM ¢ HEeHTpanbHON PYKOSTKON MCIOIb3YIOT JUIsl pa3MbIKaHUsl 00ECTOYEHHBIX LIETIEH, C

OOKOBOM PYYKOH - MOT'YT IPUMEHATHCA U AJIs YIIPABJICHUSI LIETIIMU 101 HAarpy3KOH.
[TpombiniuieHHOCTH BhITyckaeT pyounsauku tuna P, PIT, PIIB, PIIL] (mpuBoa IeHTpaibHBIH),
PB-31 (tpexdaznsrii, 100A)
Anmnaparsl aBTOMaTHYECKOTO YIIPABIICHUS
Anmnaparypa aBTOMaTH4€CKOI'0 yIIpaBIeHUsI IPUMEHSETCS IS IIyCKa, OCTAHOBKH,
TOPMO’KEHHUS U PErYJIMPOBAHUS YACTOThI BPALLEHUS 3JIEKTPOIPUBOIOB, UX 3aLIUTHI IpU

BO3HMKHOBEHHMHU aBapUUHBIX PEIKMMOB, a TAKXKE JJIsI OCYyIICCTBJICHUA JUCTAHIITHOHHOT O

yIIpaBICHUSI.

JJist aBTOMATHYECKOTO YIPABJICHHSI SJICKTPOIIPHUBOAMH B HACTOSIIIEE BPEMSI IIIMPOKO
UCIIOJIB3YIOT KaK KOHTAKTHYIO anmnapaTypy (KOHTaKTOPbl, MArHUTHBIC TyCKATEIH,
POMEKYTOUYHBIC PEJie U T.1.), TAK U OECKOHTAKTHYI0. KOHTaKTOPHI repCUTH3UPOBAHHBIC
(repcukonnl) cuiioBeie KMI'17/18 no 3 xBt, 380B.

MaruuTHbIC IMMYCKATCJIU MPCAHA3HAUCHBI JJIA JUCTAHIIUOHHOI'O YIIPABJICHUA Hany3KOﬁ. Onu

SBIISIOTCSA HanboJee pacpoCTpaHEHHBIMU KOMMYTAllUOHHBIMU YCTPOMCTBAMH.

MarHuTHbIe MycKaTelld OCYIIECTBIISIOT aBTOMAaTHUECKOE YIIPaBJICHUE IEKTPOYCTaHOBKAMH,
CITYXaT JJIS 3aIUTHI AJIEKTPOJIBUTATENIEH OT MEPErpy30K UM CaMOIIPOU3BOJIBHOTO BKIIOUEHUS
MOCJI€ CHATHS HAIPSHKCHHUS.

KoHTakTopbl MOTyT BhINTyCKaThCs Ha Hanpspbkerune 220B u 380B. npuMeHs 0T rabapuThl
KOHTaKTOPOB (MarHUTHBIX ITyCKaTeJel) B 3aBUCHMOCTH OT MOUTHOCTHU JABUTATEIS.

MaruuTHbIH MyCKaTeCJib COCTOUT U3 KHOITOYHOM CTaHIIMH U YCTHIPCXMOJKCHOI'O KOHTAKTOPAa,

OIHa Mapa KOHTAKTOB CIIYKUT IJIA 6JIOKI/IpOBaHI/ISI KHOIIKH1 «HYCK». MarauTHbIe MMyCKaTCJIn
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BBIITYCKAIOT PEBEPCUBHBIMU U HEPEBEPCUBHBIMU. PeBepCcUBHBIE CITYKAT I H3MEHEHUS
HaIpaBJICHUS BpalllEHUs 3JIEKTPONPUBO/a (II0CIE €ro OCTAHOBKH), COCTOSIT U3 JIBYX
HEPEBEPCUBHBIX MAarHUTHBIX ITycKaTeseil, CONOKMPOBaHHBIX MEKIY COOOM.
KHonouHble CTaHIIMM MarHUTHBIX ITyCKaTeJIed MOKHO YCTAHOBUTh HAa 3HAYUTEIIbHOM
PAacCTOSIHUU OT IycKaTells.

MarauTtHble mycKaTenu 00eceurBaroT 3alIUTy OT UICUE3HOBEHUS HAIPSDKEHUS B CETH MIIU
ero cHwkeHus Ha 10-50% ot 1. TennoBsle pene 3amuinao! 3eKTpoBUraTesb oT
nponospkuTenbHbIX neperpysok. (IIME < 10 kBt u I[TA > 10 xBT).

Ammaparypa 3a1uThl JIeKTPOIPUBOIOB

JUis 31U Thl AJIEKTPOABUraTeNIel OT TOKOB KOPOTKOT'O 3aMbIKaHUS -(aBapUHHBIN pPEXUM)

CITyXaT MPEIOXPAHUTENIA U ABTOMATHI, OT NEPETPYy3KH (HEHOPMAJIbHBINA PEXKHUM) - TOBBIILICHHUE
TOKa B OOMOTKaXxX JBUTATENIs - TEIUIOBbIE peJie MArHUTHBIX MTycKaTeNeH.
TenoBble penie BCTpauBarOTCsl B MATHUTHBIN MTyCKaTelb.

OcHoBHO pa0ouHii Oprad TEIIOBOTO pelie - OUMeTaIInYecKas MJIACTUHKA, COCTOSIIIAs
U3 JIBYX CJIOEB ITPOYHO COCIMHEHHBIX MEXIAY COO0N Pa3HOPOIHBIX METAIIIOB, UMEIOIINX
pasnuuHbie K03 PuIMeHTs TuHeitHoTo pacmupenus. [Ipu HarpeBe GumeTaIMYecKast
IUTACTUHKA U3TM0aeTcs U MPH MOMOIIY COOTBETCTBYIOLINX YCTPOMCTB pa3pbiBaeT

SJICKTPUYCCKYIO LCIIb. IIpenoxpanuTenu - mpocTad U Heaoporas 3almura TOKONPpUECMHHUKOB OT

TOKOB KOPOTKOT0 3aMblkaHus. Hanbosee yacTo npuMeHsI0T IpoOOUHbIE U TpyOUuaThie
npenoxpanutenu. [Ipodounsie - [1PC.

TpyOuatsie npenoxpanutenu (I1P) cocrosaT u3 pazdopHoro naTpoHa, miaBKoil BCTaBKU U
KOHTAaKTHBIX cTOeK. JlJI1 yCKOpEeHMsI rallleHns Jyry, BO3SHUKAIOLIEH pU TOPEHNH TIaBKOM
BCTaBKM, BHYTpPb IIaTPOHA 3aChINIAeTCsl HAOJIHUTENb (KBapLEBbIN [1ECOK, MEJIOBAs MbUIb
CMellIaHHas ¢ ac0ecTOM U T.J.). B HEKOTOPBIX MpeoXpaHUTEINsAX yroracuTeNlbHas cpea
CO3/1aeTCs ra30reHepupyoIUM MaTepuanoM (¢pubpoii), U3 KOTOPOH ceIaH NaTpoH
npenoxpanurens. [lnaBkas BcTaBka, KOTOpas pa3MellaeTcs BHYTPU IaTPOHA, UMEET HECKOJIBKO
CY’KEHUH, B KOTOPbIX OHA PacIUIaBJIsAETCS MPU TOKaX, MPEBBILIAIOIINX HOMUHAIbHBIE. Bpems
pacriaBiieHUs IJIaBKOM BCTABKU TEM MEHbIIE, YeM 00JIblle KPaTHOCTh TOKA, T.€. OTHOILIEHHE
IPOTEKAIOIEro TOKa K HOMUHaIbHOMY. [11aBKast BcTaBKa HE 3allMIAET 3JIEKTpoo0oOpyJ0BaHNE
OT TOKOBBIX IEPErpy30K.

HomuHanbHbIM TOK IJIaBKOM BCTaBKU BbIOUPAIOT HA 25% BbIIlIe MAaKCHUMaJIbHOTO
JUIMTEIIBHOTO TOKA Harpy3KHU:
InB > 1.25 Inarp

ABTOMAaTHYECKHUE BO3YIIHBIC BBHIKIIIOUATETU (ABTOMATHI).
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Cinyxat 11 py4HOT 0O BKJIFOUEHHS U OTKJIFOUEHMS SJIEKTPUUYECKHUX LENed U aBTOMAaTUYECKOT O
OTKJIIOUEHUS MTPU KOPOTKUX 3aMBIKAHUAX WM 3HAYUTEIbHBIXIIEPErPy3KaxX TOKOMPHUEMHUKOB. B
HacToslIee BpeMs HauboJsee pacnpocTpaHeHsl aBromarsl Thna A63, AKS50, AIT50, A3 100,
A3700, AE2000 1 T.1.OHH MOTYT M3TOTOBJISATHCS C 3JICKTPOMArHUTHBIMH PaCHENUTEIAMU (115
OTKJIFOUEHHU S TOKOIIPUEMHHUKOB OT TOKOB K.3.), C TEIIJIOBBIMU (7151 3aIIUTHI OT TETIOBBIX
NepPerpy30K, WK C 3JIEKPOMAarHUTHBIMH U TETUIOBBIMH pacuenurensmMu. Kpome Toro, aBromarsl
AII50 MoryT U3roTaBIMBaThHCS C PACHETUTEISIMU MUHUMAIBLHOTO /5 1 MaKCUMaJIBHOTO TOKa B
HYJIEBOM IIPOBO/IE.

DJeKTpOMarHUTHHIE PACIIEMUTENU CpadaThIBalOT MTHOBEHHO MPU TOKaX, O0JIbIle TOKa
ycraBku ly=1.25Inyck u oTkitouaroT Bee Tpu (ha3bl OJHOBPEMEHHO.
JleicTBUS perie 3aKiI04aeTcs B CIEAYIOIEM: KaTyIlIKa, BKIIOYEHHas [1O0CIEI0BaTEIbHO B
cuiIoBYIO 1enb ABurarens npu Toke 200-250% oT HOMUHANIBHOTO MIPUTATUBAET SIKOPb pelie
IIPE0J10JIEBasi COMPOTUBIIEHUE IPYKUHBI. Ha KOHIIE IKOpS HAaXOUTCS WITAHTa, KOTOpast
ynupaercs B pbryar. OTxo/1st BI€BO MO/ ICUCTBUEM IITAHTH, PhIYar pa3pbIBAE€T KOHTAKTHI I[EMU
YIPABJICHUS U KOHTAKTOPA.

[TockoabKy Bce yCTpOMCTBA BILIENIEPEUHUCIEHHBIE SIBIISIOTCS YCTPOMCTBAMU
KOCBEHHOTO JICHCTBUS, OHU HE BCETJa OTPAXKAIOT UCTUHHBIN TeMIepaTypHbIA PeKUM OOMOTKHU
anekTpoaBuratesns. [103ToMy IpOMBIIIIEHHOCTh CTajla BBIITYCKAaTh yCTPOWCTBA BCTPOESHHOM
TemneparypHoil 3amutsl Tuna ¥Y3-1 A, YBT3-1, u ap. B kauecTBe narumnka temmnepaTypsl
CILY’)KMT MO3UCTOP WM TEPMUCTpP, BCTPAUBAEMBbIH B JIOOOBbIE YaCTH OOMOTKH CTaTOpA.

CoBpeMeHHbIE IEKTPOIBUTATEIN PA3IMYAIOT 110 MPUHIUITY IEHCTBUSA U KOHCTPYKIIUH,
MMEIOT B KAY€CTBE BBIXOJHOI'0 JIEMEHTA BaJl, KOTOPBIM BPAILIAETCS C ONPEAECICHHON YaCTOTOM.
Bo MHOruX ciydasx 4acToTy BpallleHUs! ABUTATEIISI MOXXHO PEryJIupoBaTh, HO YACTOTA BPAILCHUS
pabounx MalIMH U3MeHsieTcs B Oojiee IUpPOKOM auana3one. [loaromy Mexy nBurateneM u
paboyeil MalIMHOMN, KaK MPaBUJIO, YCTAHABIMBAIOT MepeAaTOYHbI MEXaHNU3M U TPAHCMHCCHIO.
B xadecTBe TpaHCMUCCUU IPUMEHSIOT PEAYKTOPHI, My(THI, peMEHHBIE MTepeauu U JIp.

B coBpemeHHOM Npou3BOACTBE, paboTa IBUraTelNsl HE MbICIMMA 0€3 PUMEHEHHUS
Pa3IUYHBIX CPENICTB yNpaBJeHHs, 00eCIeYBaIOLIINX €r0 KOMMYTAalUIO, 3alIUTY, H3MEHEHUE
4acTOTHI BPAILlEHUS U PEeKUMa pabOTHI.

COBOKYNHOCTB JABUTaTeNsl, TPAHCMUCCUU U YIIPABJIAIOILIEr0 yCTPOMCTBA MOIy4na
Ha3BaHue npuBoja. [IpuBoja, OCHOBHBIM 3JIEMEHTOM KOTOPOTO SBJISETCS 3JIEKTPUUECKUM

JABUIaTCJIb, HA3bIBAIOT 3JICKTPOIIPHUBOJOM. B 06H1€M CJlIydac 3JICKTPOIIPUBOA, KPOMC YKA3aHHbBIX

3JIEMEHTOB MOXET BKJIIOYATh U IPeoOpa3oBaTeIbHOE YCTPOUCTBO. DIEKTPOIIPUBO/I,
YIPABJISIOLIEE YCTPOMCTBO KOTOPOTO UMEIOT 2JIEMEHTBHI aBTOMATHYECKOTO

YIIpaBJICHUA Ha3bIBAIOT aBTOMATH3UPOBAHHLIM. B KHUBOTHOBOACTBC aBTOMaTI/I3I/IpOBaHHBII7I
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QJICKTPOIIPUBOA ITPUMCHAIOT B TAKUX IIPOLECCAX, KAK ITPHUT'OTOBJICHUC U pa3jiadda KOPMOB,

BO/IOCHa0KeHue, yOOpKa HaB03a, BEHTUIIALUA U JI.D.

2. [IpuBoaHBIE XaPAKTEPUCTUKHU Pad0OUYMX MAIIIHH.

JU1st mpaBUIIBHOTO BBIOOPA 3JIEKTPONPUBOJIA K paboyel MalinHe He00XOAUMO 3HATh €€
IPUHIUI JCHCTBUSA, KOHCTPYKLUIO, IPOMCXOJSAIIUI B HEH TEXHOJIOTHYECKHI pouecc. BaxHo
3HATh XAPAKTEp U3MEHEHUS Harpy3KU Ha Baly pOTOpa MAIIMHBI OT BPEMEHH, CBSI3b MEKIY
MEXAHUYECKUMHU BEJIMYMHAMM.

CoBOKYIHOCTb CBEJICHUH 0 paboueil MamnHe, He0OOXOAUMBIX AJIs pa3pabOTKU ee NPUBOJa,
IPUHSTO O0BENUHATH TEPMUH «IIPUBOJAHBIE XapaKTEPUCTUKU paboueil MamuHb». K HUM

OTHOCATCA TEXHOJOTHMYCCKHUEC, KMHCEMATUYCCKUEC, SHCPICTUYCCKHUEC, MCXAHHUYCCKUC,

HAarpy3o4HbIC U T.J.

TexHOTOrnYSCKue - OIIpCACIIAOT TpC6OBaHI/IH K SJICKTPOIIPHUBOJY CO CTOPOHBI

TEXHOJIOTMYECKOT0 MPOLECCa, T.€. €ro MPOU3BOJIUTEIbHOCTD, KAYECTBA ChIPbS U TOTOBOIO
IIPOJIYKTa, YCIOBUN OKPYKAIOIIEH CPEBL.

Bnaroz{apﬂ S3HAHHUIO KHHCMATHYCCKHUX CXEM MOYXHO COCTABUTDL NPCACTABIICHUC O HaCTOTC

BpalliCHUA Ui HOCTynaTCHBHOﬁ CKOpPOCTH JIF000Tr0 dJIEMEHTa MAIMHEI UM MEXaHU3Ma.

3H€DFCTH‘ICCKH€ XapPaKTCPUCTUKHU IMO3BOJIAIOT BBIABUTL PaCPCACICHUC MOIHHOCTCﬁ MCKOY

OTACJIbHBIMHU Y3JIaMU UJINA pa60‘-II/IMI/I opraHaMiu MallWHBI.

MexaHuyeckue XapakTepUCTUKH MPEACTABISAIOT co00ii rpaduueckoe n3oOpakeHue

3aBUCUMOCTHU MOMCHTOB HJIM CHJI COIIPOTUBJICHUA OT YaCTOTHI BpAallICHUS BaJia pa60qel71

MaIllluHBI.

Harpy3souHble uarpaMMBbl XapakTepU3yIOT 3aBUCUMOCTh MOMEHTA Ha Bally  paboueil MallluHbI
U NMOABOJAMMOM K Hell MOIIHOCTH OT BpeMeHHU. OHU OTPaXkatoT PeXUM padOThl 3JIEKTPOIBUTATEIS
B auHamuke. Harpyska paboueil MalHbl MOXKET ObITh IOCTOSIHHOM 1 niepeMeHHoM. C
IIOCTOSIHHOW Harpys3koi paboTaloT yCTaHOBKH, UMEIOLIUE IOCTOSIHHYIO [I0J1ady MaTepuaia, ero
paBHOMEpPHYIO 3arpy3Ky. IIpu HepaBHOMEpHOH No1aye MaTepHalla IEPEMEHHON OKa3bIBACTCS U
Harpyska.

ITocTOsIHHYIO Harpy3Ky UMEIOT BEHTUJISITOPBI, HACOCHI TP MIOCTOSIHHON NPOU3BOAUTEIBHOCTH U
HaIope, JICHTOYHBIE TPAHCIIOPTEPHI, KOPMOPA3IaTYUKH.

C nepeMeHHOU Harpy3koi paboTarOT HE TOJILKO MEXaHU3Mbl, KOTOPBIE HE YJaeTcs 3arpy3uTh
PaBHOMEPHO, HO U MEXaHU3MBbI, UMeIoLIMe crienuduyeckyto kuHematuky. Croia OTHOCATCS
IOPUIHEBBIE HACOCHI, KPOIIUITHO-IIATYHHBIE, KYJIaUKOBbIE MEXaHU3MBI.

Pexxumbl paboThI 37EKTPONPUBOIA.
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OnHOI U3 BaXXHEHIIMX MPUBOJHBIX XapaKTEPUCTHK pabodeil MallHbI SBJISETCS ee
Harpy3o4Has auarpamma. Harpysounas nquarpamma mo3BOJISIET CIE€IaTh IPEABAPUTEIbHbBIN
BbIOOD AJIEKTPOABUTATENS U B IIEPBYIO OUEPEAb BBIOPATH PEKUM €0 pabOThI, T.K. KaXKIbIN
JIBUTaTellb PACCUUTaH Ha pabOTy B ONPEICIIEHHOM PEXHUME.

HomMmuHanbHBIM PEXKUMOM paGOTH QJICKTPOABUIATCIISA HA3bIBAIOT PCIKHUM, HA KOTOprﬁ OH

paccunuTal U ajid KOTOPOro npeaHa3HaucH 3aBOJOM-U3TOTOBUTCIICM.
HNmeroT MECTO TPpU HOMUHAJIBHBIX PCKHUMaA BHGKTpOHBI/II‘aTGHGf/'II
HpOﬂOHH(HTCHBHbIﬁ, KpaTKOBpCMeHHHﬁ u HOBTOpHO-KpaTKOBpCMeHHHﬁ C 4aCTbIMU ITYCKaMH.

[Ipoa0JKUTEILHBEIMU HA3bIBAIOT PEIKUMBI paGOTH npu MMOCTOSIHHOM Harpyske,

XapaKTEepU3yIOLIEeHCs TeM, UTO 3a BpeMs €ro padoThl IPEBBILIECHHS TEMIIEPATYpPbl ABUTaTENsl HaJ|
TEMIEPATYPOI OKpY’KaroIel Cpebl MPAKTUYECKHU JOCTUTaeT YCTAaHOBUBILETrOCs 3HaUeHU (A).
B TakoMm pexume paboTaroT LEHTPOOEKHbIE HACOCHI, BEHTHIIATOPHI, U3MEIbUYUTEIN KOpMa.

KparkoBpeMEeHHBIM Ha3bIBAIOT PEIKUM paGOTH, IIpHU KOTOPOM 3a IICPHO MMOCTOSIHHOM HarpyskKu

IPEBBILIEHHE TEMIIEPATYPBI ABUraTeINs HaJl TEMIIEPATYPO OKPYXKaroIlel Cpesibl HE JOCTUraeT
YCTaHOBUBIIETOCS 3HAYEHMS], a 32 IEPUOJ] OTKIIOYEHMSI BCE YaCTH JBUTATENS OXJIKIAIOTCS 10
UCXOJHOIO COCTOSIHUA. B KpaTKOBpeMEHHOM peXrMe paboTaroT ABUraTeNId TOBOPOTA JOTKOB B
MHKy0OaTope, TpaHCIOPTEPOB YOOPKH HAaBO3a, pa3faauu KopMa, coopa suil.

ITpu NOBTOPHO-KPAaTKOBPEMEHHOM PEKUME KPATKOBPEMEHHBIE HArPY3KH YEPENLYIOTCS C
KpaTKOBPEMEHHBIMH IIEpEPHIBAMU B paboTe, IpUUEM 3a BpeMsl paObOThI IPEBBILLIEHUE
TEMIIepaTypbl HaJ TEMIEPATYPOU OKPYKAIOLIEH Cpelibl HE TOCTUTAeT YCTaHOBUBILIETOCS

3HAUYCHHU:A, a BO BPEM 11ay3bl OHO HC CHUIKACTCA 10 HYIIA. IIoBTOpHO-KPAaTKOBPEMEHHBIM PEIKUM

XapaKTCPU3yeTCa JINTCIbHOCTHIO ITUKJIA U KOB(I)(bI/II_II/ICHTOM OTHOCHUTEIBHOMN

MPOJIOJDKUTENBbHOCTH BKItoueHus. B coorBerctBuu ¢ 'OCToOM NpOMBINITIEHHOCTH BBIITYCKAET
JnBUTaTenu, paccuntanueie Ha [1B 15, 25, 40, 60%.

B IIK PEIKHUMEC pa60Ta}0T ABUTATCIIN NTOABbEMHO-TPAHCIIOPTHBIX MCXaHHU3MOB

3. lIpuHuMNbI MoA0OPAa JIEeKTPOABUTATeNA K padoyeil MalIuHe.

Br16op anexTponpuBoa uist paboueil MalIMHbI BKJIIOYAEeT BEIOOP 3JIEKTPOABUraTENs K
pabouell MalIMHe, CUCTEMBI YIIPABICHUS U IIPU HEOOXOIUMOCTH ITpeoOpa3oBarensd. Bridop
JABUTaTCIA BKIIIOYACT B ceos BBI60p HOMHWHAJILHON YaCTOTHI BpalicHus, HOMMWHAaJIbHOM
MOIITHOCTH, KOHCTPYKTUBHOT'O HUCIIOJIHCHUA. HOCHGI[HCC OnpeaciIsiICTCs yCJIOBUAMUA
OKpY’Kalollel cpesibl, a TAKXKe YCIOBUAMU KPEIIEHUs 3JIEKTPOABUraTess K paboueil MallnHe.

ITo ycnoBusAM 3aIlUThI OT BO3JEHCTBUS OKpYXKatOIEeH cpe/ibl TPOMBILUIEHHOCTh
BBIITYCKACT 3JICKTPOABUIATCIIN 3AlUIIICHHBIC, 3aKPBITHIC O6HYB3.CMBI€, mpoayBacMEbIC,
B3pPbIBO3AIIHUIIICHHBIC. B ABUTATCIIAX 3AIUIICHHOTIO UCITOJIHCHUA 3aKPBIThI BCC TOKOBCAYIIINEC U
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Bpalarouecs 4acTu. Tem cambIM IIPeAOTBpaIAeTCs MONAJaHue K HUM Kareslb U IOCTOPOHHUX
IIPEIMETOB U CiIydaiiHOE IPUKOCHOBEHHUE C HUM. Bo3ayXx, HE0OOXOIUMBIN ISl OXJIaXKAEHNUS,
IOMAJJaeT BHYTPb JIBUrATENIs YepE3 BEHTUIISLMOHHbIE OKHA. Y IBUTaTeel 3aKPhITOrO
00/1yBa€MOro UCTIOJTHEHHS 3TH OKHA OTCYTCTBYIOT, a OXJIaXK/IEHUE OCYILIECTBISAETCS
BEHTUJIATOPOM, YCTAHOBJICHHBIM CHApY’KU Ha Bajly IBUTATENIsl, U 3aKPBITHIM CIEIUAIbHBIM
KOXKYXOM. DTOT BEHTUJISITOP 3aCachlBAET BO3YX UE€PE3 OTBEPCTHS B KOKYXE U HAIPABIISAET €T0
BJI0JIb pebep cTaTopa, IpeAHa3HAuYEHHBIX AJIs yIydlleHus oxJaxaeHus. Kpome Toro,
IpelyCMOTPEHa BEHTUISIUS BHYTPH Kopiyca anekTpoasurarens. [Ipu Beidope npuratens
HEO0OXOUMO 3HATh XapaKTep MOMEUIeHHs], B KOTOpOM OH Oyzaetr ycranoBieH. Cornacho [1YD,
MOMELIEHUS TOAPA3AEIAI0T Ha Pl KJIaccoB. B CyXux nomemeHusax peKOMeHAYeTCsl IPUMEHSTh
anekTpoasurarenu cepuii A, A2, AJl, AJI2.Ecnu BnaxHocTh He Bbiie 60% - nenecoodpa3Ho
INPUMEHSATH 3JIEKTPOIBUTATEIN HOBOM cepruu 4A, KOTOpBIE 110 CPAaBHEHHUIO C cepueid A2 UMEroT
elle MEHBIIYI0 MacCy U rabapuThl, MEHBIIUN YPOBEHB IIyMa, OOJBIINE MYCKOBbIE MOMEHTHI,
6onee Boicokuit KITJ[ u HagexHOCTh. BO BiIayKHBIX MOMEIIEHUSIX (OTHOCUTEIbHAS BIAXXHOCTH <
75%) npumMeHsI0T 3aKpbIThie 001yBaeMble neuratenu AO, A02, AO JI u AOJI2. Bricokyto
HAJIe)KHOCTh BO BJIXKHBIX MOMELICHUSAX MOKa3alu U ABurarenu cepuu 4A. B cbipbix
MOMEIIEHUAX BIAXHOCTh > 75% MPUMEHSIOT IBUTATENN 3aKPBIThIE, 00 yBaeMble, BO
BJIarocToikoMm ucnoiaHenuu, Hanpumep A02-CX, a takke 4AP Oco0o cbIpbie - BIaXHOCTb -
100% - A02-CX u 4AP. Otu xe nBUraTenu NpUMEHSI0TCS U 1Ji paOOThl Ha OTKPBITOM BO3/1YXE.

B xapkux nomemienusix (remneparypa 6ossiie 30 rpagycoB) UCIONB3YIOT JBUTATENN
3alUINEHHOr0 ucmojiHeHus. B neubHBIX moMenienusx - AO, A02, A02-CX, 4AP u /]
CHeUaTbHON MOAU(PUKALINH.

ITpu BeIOOpE BUTATENS IO YACTOTE HA/I0 CTPEMUTHCS K TOMY, YTOOBI IBUraTENb UMEI
TaKyIo K€ YaCTOTY BpalleHHs, YTO U paboyasi MallllHa, TaK Kak 3To n30aBisieT OT
IIPOMEKYTOUHOM NIepeIayn. B o0miem ke ciydae 3aaya BIOOpa ABUraTelis MO 4acToTe
BpalllEHUs - 3TO 3a/1a4a 3KoHoMu4eckas. C yBEeIMUEHUEM YaCcTOThI BPALLEHUS ABUTATENs], €r0
rabapuThl CHXKAIOTCSI, @ 3HAYUT MaJjaeT CTOMMOCTh M CHUYKAeTCs pacxoj marepuanos. Kpome
TOTO BBICOKOCKOPOCTHBIE IBUTaTeNn uMetoT 6osee Boicokuii KITJI u cos ¢ mo cpaBHeHuUIO ¢
TUXOXOAHBIMU. C Apyroil CTOpOHBI OOJBIIMHCTBO PA0OUNX MAIIUH THXOXOAHBIE, TO3TOMY
MEXIy JBUTATENEM U paboueil MalllMHOW HeoOxoanmMa Mexanudeckas nepenada. C
YBEJIMUEHUEM [1EPEAATOUHOI0 YHCIIa CTOUMOCTD Ilepeaun pacteT. Takum oOpa3oM Juist Kask101
KOHKpETHON paboueil MalllMHbI UMEETCS CBOSI ONTUMANIbHAS YaCTOTa BpalleHus. Bmecte ¢ Tem
ONPENETAIOIIUM 3JIEMEHTOM 3aTpaT SIBJISAETCS BCE-TaKM CTOUMOCTh aBuratesns. [loatomy
OCHOBHO€ NpuMeHeHue uMerot asurarend 1500 oomuH.

Bo160p nBUraTens no MOIIHOCTH.

86



OT npaBUJILHOTO BEIOOpA MOIIHOCTH JIBUTATENsI 3aBUCUT HAJIEKHOCTb €ro paboThl U
skoHOMHYecKas 3 ekTuBHOCTE. [IpH MPOJOIKUTENBEHOM IEeperpy3Ke IBUTATEINS €ro H30IISIHS
HEPErpeBaETCs, YTO YCKOPSIET €€ CTAPEHNUE U CHUYKAET CPOK CIIY>KObI IBUraTEIs.
CrnenoBarenbHO, IPUMEHATD ABUTATEIN 3aHM)KEHHOM MOIIHOCTH Henomyctumo. C npyroi
CTOPOHBI, 3aBBIIIEHUE MOLIHOCTY JBUraTells YBEIMUMBAET KallUTAJIBHBIEC 3aTPATHI,
aMOPTH3AaLMOHHbBIC OTYUCICHHS U TIOTEPU YHEPTUH, CHIXKAET KO (HUIIEHT MOIITHOCTH.
Pa3nnuarot paboTy aBUraTesns npu MOCTOSHHOM U epeMeHHOoM Harpy3ke. [Ipu
IIOCTOSIHHOM Harpy3ke MOIIHOCTb ABHUraTels PIB 10/KHA ONpenenaTbes B 3aBUCUMOCTH OT
MOIIHOCTH Ha BaJly MaiuHbl Ppm, o popmyie:
PnB > Ppm
3HaK > rOBOPUT O TOM, YTO BbIOMpaeTcs ABUraTelb Oanxkaiiieil 0oblel cTaH1apTHON
MOIIIHOCTH.
Ecnu nBurarens paGoraet npu temneparype, oindHoi ot 40 C, To OH 10MYyCKaeT CTeNeHb
3arpy3ku, NpuOJIN3UTEIBHO PaBHYIO:

[Ipu nepemeHHON Harpy3ke MOLIHOCTb 3JIEKTPOABUIATENS BBIOUPAIOT 10 HATPY304HOM
JrarpaMme, KOTopasi MOKeT NPeCTaBIIATh OO0 rpaduk U3MEeHEeHHs! BpaIllaoIerocss MOMEHTa,
MOIIHOCTH WJIM TOKA B 3aBUCUMOCTH OT BPEMEHHU PaOOTHI.

ITo Harpy304HOI [uarpamMme ONpenesitOT YKBUBAJICHTHYIO MOILIHOCTD KaK
CPEIHEKBAIpaTUYHOE 3HaUE€HUE. DKBUBAJIIEHTHAs! MOLIHOCTD - 3TO TaKasl [IOCTOSHHAs
JUINTEIbHAsI MOUIHOCTh, KOTOPAsl BBI3BIBAET TAKOW XK€ HArPEB, KAK U EHCTBUTEIIbHAS HAIPYy3Ka.

Cxema ynpaBiieHUsI BOJOHACOCHBIM arperaToM.

B >XMBOTHOBOJCTBE IPUMEHSAIOT aBTOMaTHYECKUE HACOCHBIE CTAHLIMM JIBYX THIIOB C
BO3/yLIHBIM BOASIHBIM KOTJIOM M BOJOHANoOpHOH OantHel. [Ipu Hage:XHOM 3JIeKTpOCHA0KEHUU
0OBIYHO MOJIB3YIOTCS Oe30aleHHBIMU aBTOMAaTUYECKMMHU BOlOKaukaMu. [l mobeMa BOIbl
yale IPUMEHSAIOT BOJOCTPYHHBIE HACOCHI, OJHAKO B CIy4ae MCIOIb30BaHUS KOJIOALEB UX
MO>KHO 3aMEHUTb BUXPEBBIMU U JIONACTHBIMU HACOCAMM, A IIPU UCIIOJIB30BAHUN CKBAXUH -
NOTPYKHBIMU HacocaMu. [Ipu oTCyTCTBUM BOJBI B BO3AYIIHO-BOASHOM KOTJIE KOHTAKTBI PEJIe
nasnenus P/l 3amkHyThl. MarHuTHBIN nmyckarenb Hacoca K BkitouaeT aBuraresb M, KOTOpbId
nojaet Bojy norpedurento. Ilpu ymeHbIIeHHH pacxoa BObI - OHA IIOCTYIAET B KOTEN, U
JIaBJICHUE BO3/lyXa B HEM NOBbIAETCA. [Ipy 1OCTHKEHNH 3a1aHHOTO 3HAYCHUS JaBICHUS
KOHTaKThI pesie Pl pa3MbIkatoTcs U ABUraTelb OTKIOYaeTca. MakcumanbHoe pabouee 1aBieHue
B cucreme 150 klla. [l aBTomMaTu3anuu GalleHHbIX BOJOKAYEK BBITYCKAIOT KOMIUIEKTHI
o6opynosanus [19T. Ilpu BKItOYEHNN aBTOMATUYECKOT 0 BbIKIIOUaTesss AB HanpsikeHue
noaaercst Ha KOHTaKThl MII-«Ky». O nannuun Hanpsokenus cBuaeTenbeTByet damna JI3. Ecnu
BO/Ia B 0aKe OTCYTCTBYET, TO KOHTAKThl JaTYMKOB HM)KHETO U BepxHero ypoBHeil JIHY u IBY
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OTKpBITHI, pesie P o6ecToueHo, ero KOHTaKkThl B LN KaTyk «K» 3aMKHyTbl. MarHUTHBII
nyckarenb K BKiltouaeTcs, a Hacoc MoaeT BOly B BOJIOHANOPHYO OaliHio uiau 6ak. O6 3Tom
curHanusupyert 3aropanue kpacHoil JI K u noracanue 3enenoit JI3 curnansnoit namnsl. [1o mepe
3al0JIHEHMs 0aka CHayasa 3aIllyCcKaloTCs KOHTAKThl JaTunka HuxkHero yposHs JIHY . Ilpu
JlaibHEeHMIEM 3aroIHeHNH 0aKka 3aMKHYTCsI KOHTaKThl 1aT4MKa HYbKHero ypoBHs JJHY, uro
IpUBEZET K cpabaThIBAHUIO KaTYIIKHU pese P, oTkiaroueHuto MmaruuTHoro myckarens K n
OCTAaHOBKE IeKTpoasurarens M Hacoca.

[Tpu 3a60pe BobI M3 Oaka BHauYase BBIXOAAT U3 BOAbI KOHTAKTHI [IBY. JlanbHeiiiee
CHMIKEHHE YPOBHs BO/IbI B OaKe BbI3bIBA€T pa3phlB B Lienu koHTakToB JIHY, oTkimouaercs
KaTyllka pese P u 3aMplkaHue ero KOHTAaKTOB B LIEMM OOMOTKM MarHUTHOro nmyckarens K.
AJIEKTPOJBUraTeab M BKIIIOUAETCS BHOBb.

HD - nyist mogorpeBa 31eKTpOoI0B JaTYMKA YPOBHS.

1.12  Jleknus Ne 14 (2 yaca)

Tema: «JeKTpocHaAOKEeHH Y.
1.12.1 Bomnpocsl JieKIIUu:
1. OcHOBHBIE THIIBI 3JEKTPOCTAHIINH.
2. Tonstue EDC . HamexXHOCTh 3JIEKTPOCHAOKEHUSI.

3. KadecTBO 371€KTpOIHEpPIUH.

1.12.2 KpaTkoe cogep:kaHne BONPOCOB:
1. OcHoBHbIe THIIBI YJeKTpocTanuuil. [lonaTue EDC.

[ToHsATHS 00 371EKTPOCTAHLINHU, SHEPIrOCUCTEME, TUTAIOIIEN JINHUH, TPaHC(POPMATOPHOH
HOJCTAHLUH, PACIIPEACIUTEILHON CETH.

QHGKTpI/I‘ICCKaSI SHEPIHYsA B OCHOBHOM IMPOU3BOAUTCA HA CIACAYIOMUX TUTIAX IJICKTPUICCKUX

craniuax: TerioBsix (TAC), ruapanuueckux (I'IC), atomusix (ADC). B 1983 roay Ha nomnro
I'S5C npuxonunocs 74,2%, I'9C - 19,3%, ADC -6,5% ot 0011eli MOIITHOCTH JIEKTPOCTAHITUI
HAIllEH CTPaHBI.

TemoBbIe AMEKTPOCTAHIINH UCIIONB3YIOT B KAYECTBE HCXOMHOM SHEPTUIO TOTUINBA: YIiisl, Topda,
MPHUPOJIHOTO Ta3a, He)TH, TOPIOYUX CIAHIICB. TEIUIOBEIC CTAHIIUU MOTYT OBITh
napoTypOMHHBIMY, C JBUTATEISIMU BHYTPEHHETO CTOPAHUs C IU3ENIbHBIMU JBUTATEISAMU U
razorypOunamu. Hanbounblee pacupocTpaneHue Nodydui MapoTypOMHHbIE CTAHIIMH, T/Ie
TEIJIOBAst YHEPTHUS, BBIICISIIONIASCS MIPU CTOPAaHUU TOIUIMBA, CKUTAEMOT0 B TaHKE, IIEpe1aeTcs
BOJI€, HAXOSIICICS B KOTJIE, HATPEBAETCS U MPEBPAIACTCs B Map, KOTOPBIN MEPEXOIUT B
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TypOuHYy 1o napornposoaam. [lap, HarpaBieHHBIH HA JONAaTKU TYPOUHBI, BPALIAET COCAMHEHHBIN
C HEH pOTOp ANEKTPUUYECKOTO IeHEPATOPA, KOTOPBIH IPe0Opa3yeT MEXaHUUYECKYIO SHEPTUIO
BpallleHus1 TYpOUHBI B 3JIEKTPHUUECKYIO.

Pa3HOBHUIHOCTH TEMIOBBIX 3JIEKTPOCTAHIIUI:

- KonnencanuonHbele - oTpaOOTaHHBIM Map KOHACHCUPYETCS B BOAY U MCIONb3YeTCS AJs

nutanus kotna (KI11=40%);

- TemynodjaekTpoueHTpalu - CHA0XkalT @apoM U ropsyed BOJOM NMPOU3BOJICTBEHHBIE
u KommyHanbHble ToTpedutenu (KITI=70%)

DNEKTPOCTaHIUH C JBUTATEISIMU BHYTPEHHETO CrOPAHUS COOPYKAOTCSI CPABHUTENBHO
HeO001b11101 MouTHOCTRIO (10 1000 kBT) 1 cnonb3yroTest U1l 37€KTPOCHA0KEHNS OTAEIbHBIX
00BEKTOB, YAAJIEHHBIX OT YHEPIeTUUECKUX CUCTEM, a TAK)KE B KAUECTBE PE3EPBHBIX.

B KOMIUIEKT pe3epBHOI TEII0BOM 3JIEKTPOCTAHLIMU BXOJUT JBUTrATEIb BHYTPEHHETO CrOPaHus,
reHeparop Tpex(a3Horo Toka u anmapaTtypa ylnpaBJleHHUs C pa3IMYHON CTEIEHbIO
aBTOMaTH3alMu. Pa3mMemaioT B X03scTBax B CHELMAIBHBIX 3JaHUSIX, IOCTPOECHHBIX 110
TUIIOBOMY IIPOEKTY.

I'DC crposr B Mecrax, 6JaronpusATHBIX [JIs UCIIOJIb30BaHUS SHEPIHU PEK. DHEprusl TeKylei
BOJIbl IIEPEAETCS HA JIONACTU THAPOTYPOUHBI, IPUBOJUT BO BpAIllEHUE €€ BaJl U CBSI3aHHBII ¢
HUM BaJl reHepaTtopa 3nekrpudeckoro Toka. KIT[=80%, cebecTonMocTs BbIpabOTKH
AJIEKTPO3HEPIUU B HECKOJIBKO pa3 HUXKE, YEM > TEIUIOBBIX cTaHIMI. OJHAaKO CTOMMOCTh
coopyskeHust 'OC npeBbIlIaeT CTOUMOCTb COOPYKEHHSI TEIUIOBBIX CTAHIIMK U3-3a 00JIBIIOr0o
00beMa 3eMIISIHBIX ¥ CTPOUTEIbHBIX PaloT.

B nameii crpane noctpoens! cambie MolHble B Mupe I'9C. Ha Kpacnosipckoit I'9C
ycTaHoBJI€HO 12 3Hepro6okoB MomHOCThIO 110 500 Thic. KBT (6 MuH. kBT). IlepBas I'2C -
Huenporsc - umena MoutHocTh 558 Thic. KBT. Casno-lllymenckas ['9C umena moutHocts 6,4
MiH. KBT (10 6:10k0B 10 640 ThIC. KBT).

ATOMHBIE 3JIEKTPOCTAHILIMU OTHOCSTCS K TEIIJIOBBIM - TEIUIOBAsi SHEPTUS MOJIYUYaeTCsl B
pe3yJbTaTe LEMHON peaklMy paciajia aTOMHOT0 TOPIOYEro, HalpuMep ypaHa.

ATOMHBIE 3JIEKTPOCTAHIIUM 0a3UPYIOTCS HA peakTopax MOIIHOCThIO 1-1.5 MiH. KBT.

Betpossle anexTpoctaniuu (BOC) npeoOpas3yroT s3HEpPruio ABMKYLIErocs MOTOKa BO3/1yXa,
KOTOpPBIH BpalllaeT BETPOBOE KOJIECO U CBA3AHHBIN C HUM POTOP I'€HEPATOpa, B AIEKTPOIHEPTUIO
U IIYCTBIHHBIX paioHax, a Takxe B pailonax Kpaiinero Cesepa.

Benyrcst paboThl 10 MCIIOJIB30BAaHUIO SHEPIMU COIHIA (TeINO0 U (POTORIEKTPUYECKHE
YCTAHOBKH), 3HEPrUIo reorepMaibHbiX Boja - [EOTOC, npuiuBoB 1 OTIUBOB.

3Ha4YUTENLHBIC ycnexu AOCTUTHYTBI 110 CO3OaHUIO
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MarHUTrOTUAPOAMHAMUYECKUX TEHEPATOPOB AIIEKTPUUECKON IHEPTHH, B KOTOPBIX
OCYIIECTBIISIETCS MPSIMOE MTPeoOpa30BaHKE TEINIOBOM SHEPTUU B AJICKTPUUECKYIO.
BricokokaiopuitHOe TOTUIMBO CKUTAIOT B CHEIIHAIBHBIX KAMEpPax CropaHusi, B KOTOPbIE
nogaercsa kucinopo. B pesynbraTe Harpesa 10 Temneparypsl 2500 - 2700°C npoayKThl
CTOpaHUs HOHU3UPYIOTCS T.€. CTAHOBSTCS 3JEKTPONpoBoAsinMY (Tuia3zma). [lna3zma nuxkeTcs
co ckopocThio 0 100M/c MKy MOTFOCAMH MOIIIHBIX YJICKTPOMArHUTOB U B HEl, KaK B
MPOBOJIHUKE, MHAYIUPYIOTCS TOK, KOTOPBIA CHUMAETCS TOKOChEMHBIMU AJIeKTpoiaMu. B
TaKUX YCTAaHOBKAaX OTHaJaeT HaJIOOHOCTh B KOTJIaX, TypOMHAX U BpalllaloLINXcs FeHepaTopax.
KIII= 60%, VYxe ycnemno pabotator MI'J[-renepatopsl MOIIHOCTBIO B HECKOJIBKO
JIECSTKOB METaBartT.

[Monstue EDC.

DHepreTuyeckue CUCTeMbl. DJHEPTeTUYECKOM CHCTEMON Ha3bIBAETCSl COBOKYITHOCTh
JNEKTPOCTAHIIMNA, TMHUN AJIEKTponepeaay, MOJCTAHIINNA U TETIOBBIX CETEH, CBA3aHHbBIX B €UHOE
1[€J10€ OOIIUMH PEeXUMaMHU MMPOU3BOJICTBA U PACIPEICICHUS HIEKTPUIECKON U TETNIOBOM
sHepruun.lloTpedienre 3MeKTPUIECKO SHEPTUU B TEUEHUH CYTOK U B TEUYEHUHU roJla
HEOJIMHAKOBOE, HO HE JTI00ast 3JIeKTPOCTAHIINS B COCTOSHUU OBICTPO MEHSTh PEXKUM pabOTHI
(TOC myckaetcs B paboty 1-2 uaca). [ToaToMy Bcerja cTtpemMsaTcss 00beIUHUTH HECKOIBKO
AJIEKTPOCTAHIINM, UCTIONB3YIOUIUX Pa3HYIO YHEPTUIO U B PA3HBIX YCIOBUAX B OJIHY -

OHEPreTUYECKYI0 CUCTEMY, BHYTPH KOTOPOM JIETKO OCYLIECTBUTH IIEpEPACIIPEICICHUE HATPY3KHU.

JIuHuM 37eKTponepeiaun, CeTH, NpoBoAKH: IIpumeHsieMble A1 IEKTPOCHA0KEHUS CEITbCKUX
noTpeOUTENEH IMHUY 3JIEKTpoIIepeiadk ObIBAIOT ABYX THUIIOB: BO3YIIHbIEC U KaOENIbHBIE.
Bo3ayniHoii JInHKMEN 2IE€KTpONEpe1add Ha3bIBACTCA COOPYKEHUE, IPEIHA3HAYEHHOE IS
nepeJavy MEKTPUYECKOM SHEPTUU 110 IPOBOAAM, PACIIONIOKEHHBIM Ha OTKPBITOM BO31yX€ U
IPUKPEIJICHHBIM IIPU TOMOLIY U30JIATOPOB M apMaTypsl K oriopam. /s BO3yIIHOM JIMHUN
IPUMEHSIIOT, KaK IpaBuiio, rojisie nposoja (IICO-5 - npoBox 01HONIPOBOJIOYHBIH 5 MM
nuamerpom, A-16, AC-16...).KabenbHast nuHus - THHUS, B KOTOPOH UCHOJIb3YIOTCS KaOemu.
Cenbckue TpaHC(HOPMATOPHBIE OJCTAHIMH.

TpancdopmaropHoOii oACTaHIIMEH HA3bIBAETCS JIEKTPUUECKask yCTAaHOBKA,
npelHa3HayeHHas s npeoOpa3oBaHus U paclpeIesICHUs AIEKTPUIECKON SHEPTrUU
noTpeourens.

Ha cenbckux TpaHc(OpPMATOPHBIX MOJCTAHLUAX BEICOKOE HANPSKEHUE MUTAIOLINX JIMHUIHI
3JIEKTpoIepeauyl MOHMKAeTCs 10 00Jiee HU3KOrO HAMPsKEHUs, P KOTOPOM 3JICKTPO3HEPTUs

pacnpenensercs HoTpeOUTesIM.
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OcHoBHOE 000py/JOBaHUE CEIbCKON MOHU3NUTEIBHON OJCTAHIUY - CUJIOBOI MOHMKAIOIINI
Tpancpopmarop. Kpome Toro B coctaB 11/c BXOJIAT paclpeieuTeNbHbIE YCTPOHCTBA IEPBHYHOIO
Y BTOPUYHOI'O HaPSKEHUS, YCTPOICTBA YIPaBJIEHNs, CUTHAJIN3ALUH, 3aILUTHI.
[Toacraniuu noTpeduTENEH BRIMOIHAIOT Ha HanpspkeHue 6-10 /0.4 kB, 20-35/0.4 kB, a
parionnsie Ha 10-35 / 6-10 kB.
Jnist mutanus TpexazHbIX MoTpeduTenbekre MourHOCThIO 10 100kB*A -otkpsiTeie T1C.

Tpanchopmarop MomHoCTbIO O0s1ee 250 kB*A ycTaHaBiIMBalOT B 3aKphITOM IIOMELICHUH.
Beimyckatorcst KTII - komiuiekcHble TpaHC(OPMATOPHBIE OCTAHIUH.
CuoBsle TpaHC(HOPMATOPHI 3aMOJIHAIOTCS MACIOM, KOTOPOE YBEIMUUBAET IEKTPHUECKYIO
IPOYHOCTh U30JIALUU TpaHC(HOPMATOPA U YIyUIIaeT OXJIaXIeHUE OOMOTOK.
25, 40, 63, 100,160. 250, 400,630, 1000, 1600, 2500, 4000, 6300, kB*A - cepuun TM.

DJEeKTPOCEThIO Ha3bIBACTCS COBOKYITHOCTb MOHMKAIOIIMX U MOBBIIIAIOUINX MOACTAHIIUH,
JVHUN pa3IMUHBIX HANPSDKEHUH, IpeHa3HAYSHHBIX AJIS epe/laul U pacrpeieIeHus
AJIEKTPOIHEPTUU.
CenbCKOXO035MCTBEHHbIE CETU IIPEIHA3HAYEHbI 17151 O0CITY)KMBaHUS CEJIbCKOXO035IIICTBEHHBIX

notpeduTenei u oTIMyaroTcs 60IbIION IPOTSHKEHHOCTBIO IPU CPABHUTEIBHO MaJIoi
nepeaaBaeMoi MOITHOCTh. [103TOMY CTOMMOCTBCENBCKUX IEKTPUUYECKUX CETEH Ha eIMHUILY

nepeﬂaBaeMoﬁ MOIIIHOCTHU BECbMa BbICOKA.

2. HageskHOCTD 3J1eKTPOCHAOKEeHUSI.
[Tonsitue o morpeduTensx I, 11, Il kareropuii B CeIbCKOXO3SIICTBEHHOM TTPOU3BOJICTBE.
PesepBHbIe 351€KTPOCTAaHIUY JUIS 3JIEKTPOCHA0XKEHU ToTpeduTeneil I kareropuu.
ITYD otHOocAT K I KaTeropuu 1o HaAEKHOCTH IEKTPOCHAOKEHUS KPYITHBIX
KUBOTHOBOJUYECKUX (EpM U KOMIUIEKCOB; (pepMbl U KOMIIOHEHTHI 110 POU3BOACTBY
mostoka Ha 800 kopoB u 6onee, CTD -12 thic. 1. Mononuska KPC (BeipamuBanue u otkopm) - 10
TBIC. T., Kyp Ha 25 TbIC. F'0JIOB, MH OLIEK - HAa 10 ThIC. TOJIOB.
[ToTpebutenu nepBoit KaTEropuu JOJKHBI IOJIy4YaTh MUTAHUE OT JBYX HE3aBUCUMBIX
MCTOYHHMKOB IIUTAHUS 10 IBYM JIMHUSM.
[Tpu BBIXOJE U3 CTPOSI IFOOOTO U3 IBYX UCTOUHHUKOB BHEUTHETO 3JIEKTPOCHAOKEHUS
OCTaBIIMICS B paboTe JOJHKEH aBTOMAaTUUECKU IPUHSTH Ha ce0sl Harpy3Ky JIEKTPONPUEMHUKOB
1 u 2 xareropuii npu OBICTPOM OTKJIFOUEHUH JIEKIPOIPUEMHUKOB 3 KaTETOPUH.

l KaTeropui 3JICKTPOIIPHUECMHUKOB - HAPYHICHUC 3J'ICKTpOCH36}K€HI/I${ KOTOPBIX

BJIEUET 3a CO00M MaTepHuaabHbIN yiiepd BCIEACTBUH MOPYU MPOAYKLIHUU U

MOBPEXJIEHUE 000PYI0BAHMUS.
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II KaTeropus - nNepepbiB B JEKTPOCHA0KEHUH BJICYET MACCOBBIN HEJJOBBIITYCK
IPOAYKIMH U €€ YaCTUYHOH MOPYH.
III - Bce ocTaJIbHBIE.

Be10op muomaaku uis CTpOUTENbCTBA KOMITJIEKCA JIOJKEH ObITh COIIACOBAH C
3JIeKTpocHa0Xkaro1ell opranu3anuei.

Ha xpynHbIx hepmax u KoMIuIeKcax yuiep0 onpeaesnseTcss B OCHOBHOM HEIOBBIOOPKOi
IPOAYKIMH B PE3YJIbTAaTE PEAKLIMU KUBOTHOTI'O HA HAPYLIECHUE PEXKUMA COEPIKAHUS
(yBenuueHue MHTEpBala MEXAY 1OMKaMHM, IPOIYCK JOMK. HEMOJHOE 10€HUE CHUKECHHE
IPOAYKTUBHOCTH, BEBIOPOKOBKA KOPOB - IOCJIE AJTUTEIBHOIO OTKIIOUYEHUS, HapyIlIeHUe
BO/IOCHA0KEHUS - CHUXKAET NOTPeOJIeHNE KOPMOB U IPOAYKTUBHOCTb, HApYyLIECHHUE
MUKPOKJIMMAaTa OTPaBJIEHUE KUBOTHBIX Yepe3 1.5 yaca mocie OTKIIOUEHUN BEHTHIISALINN).

Ha 00b1uHBIX epmax, e ecTb BO3MOXKHOCTb IIPUBJICUEHHS JOMOJHUTEIbHBIX PA0OUHX -
YBEJIMUEHHE 3aTPaT TPYAa U 3HAYUTEIbHO MEHBIIE CHUYKEHUE NIPOAYKTUBHOCTH.

[IpaBunbHOE 1 0OOCHOBAaHHOE OTHECEHUE IIPUEMHUKOB K Pa3IMYHbIM KaTErOpUsM IO
HaJIe’)KHOCTH 3JIEKTPOCHA0XKEHUS UTPAeT PEILAIOLIYIO POJIb B BEIOOPE crioco0a pe3epBUPOBAHMUS.
[Tpu nepenaun 31€KTPOIHEPTUU NOTPEOUTENSAM € TIOMOIBIO BO3AYLIHBIX JIUHUHA CO

CpelHEN MPOJOJIKATENBHOCTBIO OTKIIOUEHNH B cyMMe T < 7 4acoB B roJ - JONIOJIHUTEIIbHbBIE
MEpBbI MOBBIIIEHUS HAJIE)KHOCTH 3JIEKTPOCHAOKEHUS HE TPEOYIOTCS.
Cymma T > 14.5 yacoB B ros - HEOOXOAMMO CETEBOE PE3EPBUPOBAHUE BCEX NIEKTPONPUEMHUKOB
KoMmIuiekca 12 teic. ronos. 7 < cymma T < 14.5 - noctaTouHO pe3epBUPOBATH AOUIBHYIO
YCTaHOBKY C IIOMOILBIO TU3€IbHON IEKTPOCTAHLINH.

3. KadecTBO 3JIEKTPOIHEpPIruu.

BnusiHue kadecTBa HalpsKeHUs Ha paboTy celbCKUxX norpedureneil. Kauectso
JIEKTPUUECKON FHEPIUH, 10JIy4aeMOi )KHBOTHOBOJYECKUMHU KOMILJIEKCAMU U (pepMaMH,
XapaKTepU3yeTcs PAIAOM MTOKa3aTesel, OTKIOHEHUE KOTOPhIX OT HOMUHAJIBHBIX BEJTUYHH
Hopmupyetcs I'OCT 13109-67.

Haunbosiee BaskHBIE OKA3aTENIEM KayeCcTBa QJICKTPOSHCPIUHU ABJIACTCA OTKJIOHCHUC HAIIPAXKCHUA,

KOTOpOE Ha 3a)KUMax 3JIEKTPOABUTaTeNel 1 anmnapaToB IyCKa U yIpaBIeHUs HE JOHKHO
npesblmarh -5 + 10% HoMuHaNbHON BenuuuHBL. [Ipy He BBIMOIHEHUH YCTAaHOBICHHBIX HOPM
KauyecTBa 3JIEKTPOIHEPTUH CYIIECTBEHHO BO3pacTaeT yuiepo y norpeduresneil BcieacTBue
OTKJIOHEHHS PEXUMOB pabOThl ANEKTPONPUEMHUKOB OT ONTHUMAaJIbHBIX.

K n3MeHEHHIO HanpsKSHUS 0COOEHHO YYBCTBUTCJIbHBI OCBCTUTCJ/IbHLIC YCTAHOBKHU , HIMPOKO

HCIIOJIb3YEMbBIC HAa )KUBOTHOBOAYCCKHNX KOMIIJICKCAX. YV namibl HaKaJIMBaHUS IIpu CHUIKCHUU

HanpspkeHus Ha 10% cBetoBoit motok nojaet Ha 30%, a npu nossinieHMHHA 10% cpok ciykOb
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cHmkaercs B 4 pa3za. Cpok ciy>kObl TIOMUHECIICHTHBIX JIaMII IPU OTKJIOHEHUH HaNPsDKEHUS Ha
10% cumxaercs na 20-25%.

Becbma 94yBCTBUTENBHBI K OTKJIOHEHUIO HANIPSKEHUS yIbTPA(QHOIETOBBIC U
uH(ppaKpacHble HCTOYHHUKH JIyYUCTOW SHEPTUH, HUCIIOJIb3yEeMbIe B )KHBOTHOBOJICTBE.
YapTpadroneToBbie JJaMITbl HEe 3AKUTAI0TCS P OTKJIOHEHUHW HanpspkeHus - 10°'6 u 6osee

[OTOK JIyYHCTOM 3HEPTUH yIbTPa(UOIETOBBIX M HH(PAKPACHBIX JAMIT U3MEHSIETCS IPUMEPHO

Ha 2% Ha Kaxabli % U3MeHeHUs HanpshkeHus. B pesynbrare uaMeHsercs 103a 00aydeHus npu
UCIIOJIb30BaHUH YIIbTPA(UOJIETOBBIX 3PUTEMHBIX JIAMII U HE BbIJIEpKUBaeTCs Tpedyemast
TemIeparypa npu o0orpeBe MOJIOAHAKA HH(PAKPACHBIMH U3JTy4aTeIIsIMHU.

CHuxenue HAITPSKCHUA YBCINYNBACT MPOAOJDKUTCIILHOCTD Da6OTBI QJIICKTPOHArpeBaTCIAbHBIX

YCTAHOBOK, YTO MOXKCT HAPYIIUTHh PUTM MMOTOYHOT'O ITPOU3BOJACTBA, a IIOBBIIIICHUEC HAITPAKCHU A
CHHMKACT CPOK CJ'Iy}KGI)I HarpeBaTC/IbHBIX 3JICMCHTOB.

Konebanue HalpsAKCHUA Hauboee HeGJ’IaFOHpI/IHTHO BJIMACT HA pa60Ty OCBCTUTCIBbHBIX
YCTAaHOBOK, BbI3bIBad MUT'aHUC JIAMII, KOTOPOC pa3aApaKacT )KUBOTHBIX U CHHUIKACT

MIPOU3BOAUTENBHOCTD TPYya 00CTY>KMBAIOIIETO IEPCOHAA.

1.13  Jlexknus Nel5,16 (4 yaca)

1.1 Tema: «OcHoBbI 3jeKTpoHUKH. IlonynpoBogHukoBbIe NPUHOOPBI, NPHHIMI

AelicTBUSA U KOHCTPYKUMA. UCTOYHNKHM BTOPUYHOTO 3JIeKTPONMUTAHUS.

1.13.1 Bomnpocs! Jeknum:

1. I[TonrynpoBOIHUKOBBIE IPUOOPHI, IPUHLUI AEUCTBUS U KOHCTPYKLUS

2. ICTOYHUKH BTOPUYHOTO AJICKTPOITUTAHUS: BBITPSIMUTENHN, PHIBTPHI, CTA0WIN3aTOPBI
HaIpsHKCHUS

1.13.2 KpaTkoe coaep:kaHne BONPOCOB:

1. ITonynpoBoAHMKOBbIE MPUOOPHI, IPUHIUI AeiiCTBUS U KOHCTPYKIHS.

DJIEeKTPOHUKA — OTpACibh HAYKH M TEXHUKH, U3ydaromiasi GUu3rnuecKue mporecchl,
NPOMCXOISIINE B 3JICKTPOBAKYYMHBIX U IOJIYIIPOBOAHUKOBBIX MPUOOPAX MPH B3aMMOICHCTBHH
3apsKEHHBIX YACTUI] M AIEKTPUUYECKUX MOJIEH, a TAK)Ke 3aHUMAIOILascs pa3paboTKoN u
CO3/1aHUEM JIEKTPOHHBIX IPUOOPOB U YCTPOUCTB U3MEPEHUS, KOHTPOJIsA, 0OpaOOTKU U XpaHEHHUS
uHpopmaruu.

Pa3BuTHe 3JE€KTPOHUKH KaK HAYKH HAYAIOCh C OTKPBITHUS SIBJICHUSI TEPMODJICKTPOHHON

samuccu (1887 r.), coznanus 3yeKTpoBaKyyMHoOro 1uosaa B 1904 r. aHrmuicKuM yuyeHbIM
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OrpomHbIil CKa4eK B pa3BUTUH JIEKTPOHUKH ITPOU30LIEII IIOCIE OTKPHITUA B 1922 1. pycckum
yueHbIM JIoceBbIM SBIEHUS MPOBOJAUMOCTH B ITOJIYIIPOBOJHUKAX, @ TAKXKE Pa3pabOTKHU IPYIIION
POCCUNCKUX (PU3UKOB TEOPUU HOIYINPOBOAHUKOB U UX TEXHUYECKOTO IPUMEHEHHUS.
CoBpeMeHHBIH 3Tall Pa3BUTHUS DJIEKTPOHUKH U HJIEKTPOHHON TEXHUKH XapaKTepU3yeTCs
UCII0JIb30BaHUEM HOBBIX MAaTEPUAIIOB U TEXHOJIOTHH, YTO IIPUBEJIO K CO3/1aHUIO0 UHTETPAIbHON
MHUKpOcXeMbl. MUKpocxemMa — MUHHATIOPHBIN (QYHKIIMOHAIBHBIN y3€J1 3JIEKTPOHHON
anmaparypsl, B KOTOPOM 3JIEMEHTHI M COCIUHUTEIIBLHBIE IIPOBOA U3TOTABIMBAIOTCA B €IMHOM
o0beMe WK Ha MOBEPXHOCTHU MOJIYIPOBOJHUKA U UMEET OOIIYIO FepMETHUHYIO 000JI0UKY.
[TosiBnEeHrEe MUKPOCXEM TO3BOJIMIIO CYIIECTBEHHO CHU3UTh Pa3Mephl U 3HEpronoTpedieHue
YCTPOMCTB, MOBBICUTh UX HAJEKHOCTh U ObICTPOJICHCTBUE.
Crnenyronmm BaXXKHBIM 3TaIlOM Pa3BUTHSI SJIEKTPOHUKH SIBJISETCS CO3/1aHUE MUKPOIIPOLIECCOPOB —
OCHOBHBIX 2JIEMEHTOB COBPEMEHHBIX 3JIEKTPOHHO-BBIYMCIUTEIIBHBIX MALIKH.

K nonynpoBoiHHKaM OTHOCAT TBEPABIE BELECTBA, dJIEKTPOIIPOBOAHOCTD KOTOPBIX, KaK U B
IIPOBOJIHUKAX, CBSI3aHA C NEPEMEILICHUEM JIEKTPOHOB, HO 3HAYUTEIILHO MEHBIIE
AJIEKTPONPOBOAHOCTH ITPOBOIHUKOB.

[TomynpoBoIHUKAMH SBIISIOTCA TAKME XMMHUYECKHE DJIEMEHTBI KaK T€pMaHHi, KpEMHUH,
TEJIIYp, CEJIeH; OKUCIIBI METAJIJIOB; CEPHUCTBIE COEIMHEHUSI (CYb(UIbI); COEAUHEHUS C

CCIICHOM.

JaeMeHThI (PM3UKH MOJYNIPOBOAHHUKOB.

PaccMOTpuM ynpoILeHHYIO CXeMY CTPYKTYpbl KpHCTalja 0JIyIpOBOAHUKA (TepMaHus).
UYeTbIpe 271€KTpOHA BHEIIHEHN 3JIEKTPOHHON 000JI0YKH Ka)KJJOTO aTOMa y4aCTBYIOT B CBA3SIX C
YEeTBIPbMsI COCEAHMMM aTOMaMHU. B BeliecTBe HET CBOOOHBIX 3JIEKTPOHOB, KOTOPHIE MOIUIN OBl
nepemeraTbes g 00pa3oBaHUs TOKA.

JIro6ast noctynuBIas (TEII0Bas, IyducTas, 3JeKTpUUecKas) SHeprust U3BHe, coo0aeT
JIEKTPOHY aTOMa IHEPIHI0, JOCTATOUHYIO AJIs TOT0, YTOOBI TOPBATH NAPHO-3JIEKTPOHHYIO CBS3b.
DNEeKTpPOH, 0CBOOOJUBIINCH, CTAHOBUTCS HOCUTEJIEM 3apsia — IEKTPOHOM ITPOBOAMMOCTH.
«Ilycroe mecTo», oOpasyroleecs B pe3ysibTaTe BbIX0/1a JIEKTPOHA, OJIy4YHBILIEe Ha3BaHUE
«IBIPKH» COOTBETCTBYET IOJIOKUTEIBHOMY 3apsAny. BIPKU MOTYT 3allOIHATHCS dJIEKTPOHAMY,
U3 COCEHEr0 HEUTPAIBbHOIO aTOMA.

IIpy OTCYTCTBHM BHEIIHETO 3JIEKTPUUYECKOTO MOJIS NEPEMEILCHHUE DJIEKTPOHOB U ABIPOK
xaoTtnyHoe. [Ipy Hanuuuy BHEIIHEr0 ANEKTPUYECKOTO MOJIs B IOIYIPOBOAHUKE IBIPKU
IpeidyroT 0 HaNpaBIEHUIO 0I5,  JIEKTPOHBI — B IPOTUBOIOI0KHOM HalpaBJICHUU.
CrnepnoBarenbHO, B IOJIYIPOBOJHUKE UMEIOTCS JABa TUIIAa HOCUTEJIEH TOKA: ABIPKU IPOBOAUMOCTH
Y DJIEKTPOHBI IIPOBOJUMOCTH.
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[Ipu ocBelieHn NPOBOAHUKA SHEPIUsI CBETA, IEPEIABASICh JIEKTPOHAM, BbI3bIBAET
YCWJIEHHO€ BBICBOOOXKIEHHE UX U3 CBSI3€W C aTOMaMU, YTO IIPH HAIMYUU PA3HOCTH MOTECHIIMAJIOB
TaK ke, KaK U IIPH HarpeBaHUMU, BEJIET K MOSABICHUIO TOKA. JTO SIBJICHUE HA3bIBACTCS
($bOoTONPOBOAHOCTHIO.

[TpuHIMI NEHCTBHUSI MHOTHX TOTYIIPOBOJHUKOBBIX TPUOOPOB OCHOBAH HA MOJIYYCHUU B
MOJIYITPOBOTHUKE JIEKTPOMPOBOIHOCTH, CBA3aHHOM C MPUCYTCTBUEM CBOOOIHBIX HOCUTENEH

3JIEKTPUYECKOrO 3apsa KAKOro-IM00 OJHOrO THIA: TOJILKO d1ekTponHas (/! -tuna) niyu Tonsko

JbIpOYHAast (p -tumna). Takas 37eKTPONPOBOJHOCTb MOXKET OBbITh MOTy4eHa J0OABICHUEM B
KPHUCTaJII MOJIYIPOBOJHHUKA TPUMECEH Ipyrux siaeMenToB (MHauii, hocdop, cypsma, 6opa,
amoMuHus). [lonydaemast mpu 3TOM 3J1€KTPOIIPOBOIHOCTh HA3bIBAETCS IPUMECHOM, MOXKET OBbITh
3HAYUTENIBHO OOJIbINE, YEM 3JIEKTPONPOBOJAHOCTD YUCTOIO NOJYIPOBOIHUKA.

DneKTpOHHAs IpUMECHas IPOBOAUMOCTb BO3HUKAET, KOTAa Y aToMa PUMECH OJHUM
BaJICHTHBIM 3JIEKTPOHOM OoJIbllIE (JJOHOPHAS IPUMECH), @ ABIPOYHAs — KOTJa y aToMa IIpUMecu

OJIHUM DJIEKTPOHOM MEHbIIIE (aKLENTOpHAsi IPUMECH).

IMosynpoBOIHUKOBBIE THO/IbI.

[ToryripOBOTHUKOBBIN TUOJ - AJICKTPOHHBINA MTPUOOP C OJTHUM p—n MEepexo0M 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 u3aMenuTh HanpapiieHUE HAMPSHKEHUS Ha 00paTHOE, TO U3MEHUTCS U HAIIPaBJICHUE
JIBIKEHUE HocuTenel 3apsaoB. [Ipu aTom, oHu OyayT IBUTaThCsl HU HABCTPEUy APYT K APYTY, a
B ITPOTHBOTIOJIOKHBIE CTOPOHBI. B pe3ynbTare 4ero B morpaHuyHoOi 001acTH 00Opa3yeTcs CIIOoH,
JUIIICHHBIA CBOOOAHBIX HOCUTEJICH 3apsI0B, TaK HAa3bIBAEMbIN 3aITUPAIOIITUIN CIION.

Takum 006pazom, MOTYNPOBOAHUKOBBIN MO XOPOIIO MPOIMYCKAET TOK OJIHOTO HAINPaBICHUS
(IpsAIMO#1 TOK) M MJIOXO MPOITYCKAET TOK IPOTHUBOIOJI0KHOIO HalpaBiaeHUs (0OpaTHBIN TOK).

HOSTOMy, AUOAbI UCITIOJIB3YIOT, B OCHOBHOM, IJISA BBIIIPAMIICHHSA TOKA. ITo KOHCTPYKTUBHOMY

—n
UCIIOJIHEHUIO PA3JInYaroT TOUEUHBIE U IUIOCKUE AUOBI. Y TOUEUHBIX AUOA0B pa3Mepbl p
Iepexo0/la MEHbIIIE €r0 TOJIIHUHBI, a 3HAYUT, IPIMON TOK UMEET HEOOBIIYIO BEIUUHUHY (MA).
Taxoli auox ucnonb3yeTcs i BBIIPSMIIEHHS TOKa B C1a00TOYHBIX YCTPOMCTBAX CBEPXBBICOKON

HaCTOTHI.
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o —n o
IInockuit A0 UMECT pa3sMCPhbI p nepexona, OOJIBIIIC YEM €TI0 TOJIIMHA, [TO3TOMY IPAMOU

TOK COCTABJIACT OT CAMHHUIL A0 ThICAY aMIICP.

BoabTamnepHasi xapakrepucruka nuoaa. CtadnjauTpoH.

VYcnoBHoe rpaguueckoe 0003HaUEHHUE JUO0A U €r0 Ujcaln3upoBaHHas BOJIbTaMIIEpHas

XapaKTepUCTHKa, IPEJCTaBICHbI claeyomuM ciaaiiiom. BAX uMmeer Tpu ydacTka:

1 — mpsiMasi BeTBb, XapaKTe€PU3yeTCs HE3HAUUTEJIbHBIM 3HAaYEHUEM CONPOTUBIICHHUS;

2 — oOparHas BETBb;

3 — y4acTok cTabuiIn3aLuu, XapakTepu3yeTcs: 00JIbIION BEIMYMHONW COMPOTUBIICHUS.
ITomynpoBOIHUKOBBIE N0/l Y KOTOPHIX PA0OUYMM YYaCTKOM SIBJISIETCS y4aCTOK

cTabWIN3aLuK, Ha3bIBatOTCA cTaOMIuTpoHaMH. CTaOMIMTPOHBI UCTIONB3YIOT TSl CTAOUIN3aLUU

HAIPSDKEHUS B PA3JIMUHBIX 3JIEKTPOHHBIX YCTPONWCTBAX, HaNpUMep, B O0Jokax nutaHus. O1HUM

U3 OCHOBHBIX [1aPAMETPOB, YUUTHIBAEMBIX IPU BEIOOPE CTAOUIIUTPOHA, SIBJIETCS HAIPSKEHUE

crabminzanuu (po6os). B cripaBouHbIX TaHHBIX YKa3bIBA€TCsl HOMMHAIBHOE HAIIPSKEHHE

CTaOWIIN3ALUY [T ONPE/IETICHHOr0 TOKa, MAaKCUMaJIbHbI 1 MUHUMAJIbHBIN TOKU CTaOMIIN3aLIH.

[TapameTpsl cxem co cTaOUIUTPOHAMU BBIOMPAOTCS TaK, YTOOBI IJIUTENBbHBIN CPEAHUN TOK

yepe3 HUX ObUI MEHbIIIE MAKCUMAJIbHO OMYCTUMOro. KpaTKOBpEMEHHO k€ CTaOUIUTPOH

crocoben BbIJICPIKATh TOKH, 0O0bIINE MAKCUMAJIBLHOTO 3HAYEHHUS.

TpaH3ucTopsbl.

Tpan3ucrop — ynpasiisseMblil IOIyIPOBOAHUKOBBIN IPUOOP, CIYKALIUI 17151 YCUIIEHUS
MOITHOCTH 3JIEKTPHUECKUX CUTHAIIOB.
[To mpuHIMMIY AECTBUS TPAH3UCTOPHI JENATCS HA: YIPABISIEMbIE JIEKTPUUYECKUM TOKOM
(bunonsipHBIC), U YIPABIIEMbIC MICKTPUICCKUM T10JIEM (ITOJICBBIC).

bunossApHEIN TPaH3UCTOP UMEET TPEXCIOUHYIO CTPYKTYPY € TpeMs BbIBOJAaMHU. B 3aBucuMocTH

p—n—p n—p-n
0T crioco0a yepeioBaHus CJI0€B Pa3INyaloT WIH THUIA.
Cpennuii cioii Ha3zbIBaeTcst 0a30H, BbIBOA 0003HauaeTcst OykBoi b. OnuH kpaiiHuil cioit —

kostektopoM (K), npyroit — smutrepom (9).

bunoasipublii TpaH3MCTOP.

OnuH U3 KpallHUX CJI0EB TPAH3UCTOPA COSAMHSIETCS Yepe3 CBOM JIEKTPOJ C UCTOUYHUKOM

p— n p—
IMOCTOAHHOT'O HAIIPSAKCHUA. Ecau sto p p -IIepCxoa, TO SMUTTCP COCAHUHACTCA C

IMOJIOKHUTCIIbHBIM BBIBOAOM MCTOYHHKA HAIIPSXKCHUA a baza c OTPHUIATCIIbHBIM BBIBOJIOM 3TOT'O
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&Ke UCTOYHMKA. T.e. K 3aKnuMaM «0a3a-3MUTTEP» NPUIIOKEHO IPSIMOE HAPSKEHUE, ABIPKU p-ni-
nepexojia npuraruBatorcs. HeOosbias 4acTh AbIPOK pEKOMOMHUPYET B 0a3e C €€ AIEKTPOHAMHM.
K 3axxumam «0a3a-KouIeKTOp» MPUII0KEHO 00paTHOE HAIIPSDKEHUE APYTroro MCTOYHMKA
OonblIei BeIMUUHBL. JIBIpKU U3 IPABOro KpaHero ciaos NepeMeniatoTcs 10 HallPaBICHUIO
KOJIJIEKTOPHOT'O BbIX0Aa. [Ipruem 3T0 HanmpaBiIeHHOE JBUKEHUE OCHOBHBIX HOCUTENEH 3apsiia
JAHHOTO €104 (IBIPOK), a TAKKE HOCUTEIIEH 3apsia SMUTTEPA, MPOIIeAIuX yepe3 6azy. UToObl
00Jb111as YacTh JbIPOK JOCTHUIIIA KOJIJIEKTOPA, CJIOW 0a3bl 10JKEH UMETh MATYIO TOJILIUHY.
Taxum 0Opa3oM, uepe3 BbIBOJI KOJUIEKTOPA IPOXOIUT B 0OpaTHOM HaIPaBIEHUHU TOK,
NPECTaBIAIIINN CYMMY TOKa, 00YCIIOBIEHHOIO COOCTBEHHBIMHM HOCUTEIISIMH, U TOKA,

O6YCJIOBJICHHBIMI/I HWHXXCKTUPOBAHHBIMU HOCUTCIIAMU
Ig =l +1

P,HHX

Koadduument nepenaun Toka

o =
Al

€}

IIpH IMMOCTOAHHOM HAITPSAXKCHUH ABJIACTCA OJJHUM U3 OCHOBHBIX ITAPaMETPOB TPAH3UCTOPA.

Ycunianrenu Ha TPaAH3UCTOPAX.

VYcunenue a1eKTpUYecKuX CUTHAJIOB HEOOX0AMMO IIPU IIPUEME PaJlo- U TEJIECUTHAJIOB,
KOHTpPOJIE U aBTOMATU3ALMU TEXHOJIOTUYECKUX IIPOLECCOB. YCUIIEHUE CUTHAJIOB OCYLIECTBIISAETCS
C IIOMOILBIO YCUIIUTEIEH.

Yceunurenu npeaHasHavyeHbl s yBEJIMYEHUS MOIHOCTH CUTHAJIA 33 CYET YHEPIrUU UCTOYHHKA
IIUTaHUA.

B 3aBucumocTy 0T (pOpMbI CUTHAJIA YCUIIUTENH KJIACCU(ULUPYIOTCS HA: YCUIIUTEIN

HEIPEPBIBHBIX CUTHAJIOB, HA3BIBAEMBIE YCHIIMTEIISIMU IIOCTOSIHHOI'O TOKA; YCUIMTEIN CUTHAJIOB C
rapMOHUYECKUM HECYIIUM MPOoLeccoM (YCHIIMTENN IEPEMEHHOI0 TOKA); YCUIUTEIN
MMITYJbCHBIX CUTHAJIOB (MMIYJIbCHBIE YCUIIUTEIN).
[IpocTermmM yCUIUTENEM SIBISETCS YCWIMTEIbHBIN KacKal, COACPKALIUN HEITMHENHBIN
yIpaBJIIeMBbIH 3JIEMEHT, KaK IPAaBUJI0, OUIIOJSPHBINA TPAH3UCTOP, PE3UCTOP U UCTOYHUK
JNEKTPUYECKOM JHEPTHUN.

Ha BxoaHy0 1ienp yCHIIMTEIBHOTO KaCKaa MOABOJUTCS BXOAHOE HAIPSIKEHUE

(ycunuBaeMblil CUTHAI)
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[IpocTedum yCUTATENEM SIBIIETCA YCUIUTEIbHBIN KaCKal, COJCPKAINNA HEJTUHEUHBIN
YIPABIISIEMBIN 3JIEMEHT, KaK MPaBUiI0, OUMOJIIPHBIN TPAH3UCTOP, PE3UCTOP U UCTOUHHUK

IEKTPUYECKOU JHEPIUH.

2. UICTOYHMKHN BTOPUYHOIO 3JIEKTPONMTAHUS: BHINPSAMUTEIH, PUIBTPBI, CTAOUIH3ATOPBI
HaNpsIZKeHUsl.

B kauecTBe nepBUYHBIX UCTOYHUKOB 3JIEKTPONUTAHUS A1 DY U cucTeM OOBIYHO
UCIIONIB3YIOT JINOO MPOMBIIIICHHYIO CETh IEPEMEHHOT0 TOKa, 1100 aBTOHOMHBIE UICTOYHHKHU
MEPEMEHHOTO (T€HEepaTOPbl) UM MOCTOSHHOTO (aKKyMYJISTOPBI, XUMHUECKHUE OaTapeu u T.1.)
TOKa.

Wcrounuku BropuuHoro snekrponutanus (MBOII) — anexkTpoHHble yCTpoiicTBa,
npeIHa3HauYeHHbIE AJIs TPeoOpa3oBaHus YHEPTHH EPBUYHOIO HCTOYHUKA AIIEKTPOIUTAHUS B
INEKTPUYECKYIO SHEPTUIO 3HAUCHHUS YaCTOThI, YPOBHS M CTA0MIIBHOCTH KOTOPOM COTJIAaCOBAHBI C
TpeOOBAHUSAMU, TPEABIBISIEMBIMU K 3THM MapaMeTpaM KOHKPETHBIMU 3JIEKTPOHHBIMH
ycTpoiictBamu (DY) u cucremamu.

1. Bempsamurens — npeodpazoBaTenb dJIEKTPUUECKOI SJHEPTUN; MEXaHUYECKOe,
JJEKTPOBAKYYMHOE HJIM MOJYIPOBOJHUKOBOE YCTPOMCTBO, MpEeIHA3HAYCHHOE IS
peoOpa3oBaHus HEPEMEHHOIO BXOJHOIO AIEKTPUYECKOTO TOKA B HOCTOSIHHBINA BBIXOJAHON

BHCKTpI/I‘-IeCKI/Iﬁ TOK. BOJIBIITHHCTBO BBIHpSIMHTCJICﬁ CO3Ja€T HE IIOCTOSHHBIC, a IIYJIbCHUP VIOIIHNEC

OJIHOHAITPABJICHHBIC HAIPAXKCHUEC U TOK, JJI CTJIAKHBAHHWA nynbcaunﬁ KOTOPBIX HPUMCHAIOT

[hI/IJ'Ian 1.

I\

2. NuBepTop — yCTpOMCTBO IpeoOpa3oBaHUs MOCTOSSHHOTO TOKA B repeMeHHbIi. OOBIYHO

peJcTaBisieT co00l reHepaTop NepruoNUYeCcKOro HaupsbkeHus, o (GopMe NpUOIMKEHHOTO K

CUHYCOHUAC.

—>/\/—>

3. IlpeoOpazoBaTenb YaCTOThI — IPEe0OpPa30BaTENb IEPEMEHHOIO HANPSYKEHUSI OJJTHONW 4acTOTHI B
IIEPEMEHHOE HANPSKEHUE IPYTrOi 4aCTOTHI.
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4. PerynsTopbl IOCTOSSHHOTO HANpPsHKEHUS (KOHBEPTOPHI) — MPE0OPa3yIoT MOCTOSHHOE

HaIpsH>KEHUE OJHOTO YPOBHS B MOCTOSIHHOE HAIIPSKEHHUE APYroro ypoBHS.

U, - U,
— > >

5. Perynstopsl NEpeMEHHOT0 HaNPsKEHUS! — IPE0OPa3yOT IEPEMEHHOE HAIIPSHKEHUE OJTHOTO

YPOBHs B IIEPEMEHHOE HANPS)KEHHUE IPYroro ypoBHS.

U1 U2

I\

6. Tpauncpopmarop (T) — craTuueckoe ycTpoiicTBO, MpeaHa3HAYCHHOE /1715 TpeoOpa3oBaHuUs
MIOCPEJICTBOM JIEKTPOMATHUTHON MHAYKLUU HANIPSKEHUN IEPEMEHHOTO TOKA C OJJHUMHU
napaMeTpaMu B HaIllpsDKCHHE ¢ APpyruMu napamerpamu. C MOMOIIBI0 CHIIOBOTO TpaHchopMaropa
MCTOYHHMKA BTOPUYHOTO AJIEKTPOIUTAHMS OCYIIECTBIISIETCS TallbBAHMYECKasl pa3Bsi3Ka
BBICOKOBOJIBTHBIX, OMACHBIX JUJISl )KU3HU LIETIEH HAINPSKEHUS 3JIEKTPUUECKON CETH U BTOPUUYHBIX
nemnen ycrpoicTs norpedureneii. HuskodactoTHeie TpaHchopMaTopbl MaJIOH MOIIIHOCTH
IPOMBIIIJIEHHOI'O U3rOTOBJIEHUS 00J1a1al0T BBICOKOM HAaI€XKHOCTBIO U SHEPI€TUYECKOM
ap¢pextuBHocThIO (KIIM). C onpeneneHHoi cTenenpo NpuOIMKeHNs TpPaHC(HOPMATOP MOKHO
CUMTATh JIMHEWHBIM YCTPONUCTBOM MPEOOPA30BAHUS FIEKTPUUECKOI SHEPTUH.

BoeinpsimuresnbHoe ycTpoiicTBo (B) ncrounuka nutanus npeaHa3HaAueHO s
peoOpa3oBaHus AEKTPUUECKON IHEPTUU IEPEMEHHOTO TOKA B SHEPIHIO IOCTOSIHHOIO ToKa. B
MCTOYHHMKAX BTOPUYHOTO JIEKTPOMUTAHUS HAXOAST IPUMEHEHHUE HEPETYTUPYEMbIC U PEKE
perynupyemble BBIPSMUTENHN, BBIMOIHIEMbIE Ha MOTYIPOBOAHUKOBBIX MPUOOpax: AU0aaX,
TUPHUCTOPAX WM TPAH3UCTOPaX. B perynupyemMbix BRIIPSIMUTENSIX OJHOBPEMEHHO ¢ (QyHKIMEH
BBITIPSIMJICHUS BBITIOJIHSIETCS PETyJIMPOBAHUE BBIXOJHOTO HANPsKEHUS. BhImpsiMuTens siBiasieTcs
HEJIMHEWHBIM YCTPOICTBOM, KOTOPOE B 001IEM cilyyae 001alaeT ONpeAeIeHHOW S HEPreTHUECKON
3(PEKTUBHOCTHIO.

W cTOYHHMKY MTUTAaHUS BKJIIOYAIOT, KaK IPaBUIIO, HECKOIbKO (uiabTpoB (PHY - hunbtp
HU3KOH 4acTOThI), C TOMOLIbIO KOTOPBIX OCYLLECTBIISETCS 10AABJICHNE Tapa3UTHBIX FAPMOHUK
HaIPSKEHUS U TOKA WM CTJIaKUBAHUE BBIPSIMIICHHOTO HanpsbkeHus. [laccuBubie GuiabTpbI
(BKITIOYAIOIIME EMKOCTH, UHIYKTUBHOCTU U PE3UCTOPHI) ABISAIOTCS JTUHEHHBIMU YCTPOHCTBAMU,
MOCKOJIBKY CTPOSITCS. Ha OCHOBE TOJIBKO JIMHEHHBIX 35ieMeHToB. [lnia dunpTpanuu

HU3KOYaCTOTHBIX Hy.HBC&I_[I/Iﬁ 1 NOJYUCHHUS BECbMA 3HAYUTCIBHOI'O MMOAABJICHUA ITIOMCX
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UCIIONB3YIOT aKTUBHbIE (PUIBTPEL. B OosbIIMHCTBE ciiydaeB MpUMEHEHUs (PUIbTP HCTOUHUKOB
nuTaHus oonagaet Beicokum KIIJI,

BonbIIMHCTBO MCTOUHUKOB BTOPUUYHOTO 3JIEKTPONUTAHMS COAEPKAT B CBOEM COCTaBE
CTa0WJIN3ATOPBI HANPSIKEHUsl M TOKA, KaK NPOCTelIlIne napamempuieckue, Tak U 6osee
CJIO’KHBIE — KoMneHcayuonnvie. CTabUIM3aTOPhl IpeJHA3HAUEHBI AJIs1 aBTOMATUYECKOTO
MoJA/Iep KaHus HATIPsKEHUs (TOKAa) Ha BBIXOJIE € 3a/IaHHOU CTENEHbI0 TOYHOCTH. CTabMIM3aTOPhI
SIBJISIIOTCS CPABHUTEIIBHO CIIOKHBIMU ycTporicTBamu, KIIJ[ KOTOPBIX 3aBUCHUT OT THIIA
cTabmiIn3aropa ¥ NPUHIMIA PETyIUPOBAHUS SHEPTUU.

Llocmouncmea TakOM cXeMbI: IPOCTOTA, HEAOPOTHE TUIIOBBIE DIIEKTPOHHBIE
HOJIyTIPOBOJHUKOBBIE 3JIEMEHTHI U MAJIO€ UX KOJIUYECTBO.

Heoocmamxku: 601b11asg Macca 1 rabapuThl HU3KOYAaCTOTHOTO TpaHC(hopMaTopa,
CTJIaKUBAIoOIIEro GUIbTPa, JIMHEHHOro CTabMiIn3aTopa HalpsXKEeHUs, a Takxke 00JIbIINe TOTEPH B
crabminzarope. M3-3a 3TUX HEJJOCTATKOB TaKasi CXeMa IUTAHUS B COBPEMEHHBIX YCTPOHCTBaX
IPUMEHSIETCS PENKO.

OnHonoryneproHbIH BHINPAMUTEIb HA MOJTYNIPOBOAHUKOBBIX THOAAX.

HauGosee yacTo MCTOUHMKH ITOCTOSHHOTO HANPSDKEHUS MOJIyYaloT IyTeM IIpeoOpa3oBaHus
CHUHYCOMAJIBbHOTO HAIIPSDKEHUS B IOCTOSIHHOE. Y CTPOMCTBA, OCYLIECTBIIAIOIINE TAKOE
npeoOpa3oBaHue, Ha3bIBAIOTCS BBIIPSIMUTENIAMU. PaccCMOTpUM cXeMy OJHOIOJIYIIEPUOIHOTO
BbIpsAMHUTENs. OHA COCTOUT U3 MOCIIEI0BATENLHOIO COEAMHEHNsI HcTOUHMKA nepeMenHoi J/1C,
nuoza u HarpysouHoro pesucropa. Mictounuk 9/IC sBusiercss oqHO(pa3HBIM, U TOK IPOXOJUT
yepe3 Hero B OJTHOM HalpaBJIEHUH OAMH Pa3 3a nepuosl (OAUH TAKT 3a HEPUON).

B teuenue nonoxurenpHoro nonynepuoaa J/1C HanpskeHue Ui 1101 SIBISIETCS IPSMBIM,

COIIPOTUBJICHHUEC €0 MaJIO, 1 IPOXOAUT TOK, CO3,H3.IOIL[Hﬁ Ha HAarpy3o4HoM pe3ucCTOpC nNaJCHUuc

Up =U
HanpspKeHus R BBIX

B Teuenne oOpaTtHOro nmosrynepuosia HanpspkeHue siBIsieTcsl 0OpaTHBIM, TOKA IPAKTUYECKH HET
13-3a OOJIBLIIOrO CONPOTUBIICHUS IMO/ia U HANIPSDKEHUE Ha BBIXOJIE PABHO HYJIIO.

Taxum oOpa3om, yepe3 101, HAarpy304HbIN PE3UCTOP U UCTOUYHUK IPOXOJUT MYJIbCUPYIOINI
TOK B BUJIC UMITYJIbCOB, JUIALINXCS MOJIIIEPUOAA U Pa3ICICHHBIX IPOMEXKYTKAMH TaKkKe B
HOJIIEpHOAa. DTOT TOK Ha3bIBAETCs BHITPSIMIIEHHBIM, OH CO3/1a€T Ha PE3UCTOPE IYIbCUPYIOLICE
HaIPsDKEHUE, MOISIPHOCTh KOTOPOT'0: CO CTOPOHBI KaTO/1a MOIYYaeTcs IJII0C, @ CO CTOPOHBI
aHO/a — MUHYC.

[Tone3HOM 4acThIO BEIIPSIMIICHHOTO HAPSKEHUS SIBJISIETCS €r0 NOCTOSIHHAS COCTABJIAIONIAs, WIH

Cp€AHECC 3HAUCHHEC, KOTOPOC 3a BECh IICPUO/] PABHO!:

Uy ~0318-U,
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Bbrunras u3 myJabCUpYIOIIEro HaPsKEHUE CpeHEe 3HAYE€HUE, MOIYYUM IIEPEMEHHYIO
COCTaBJISIOLIYI0, KOTOpasi UMEET CUHycouJabHyIo hopmy. [lepemenHas cocrasistomast
SIBJIIETCSL BPEIHOM YacCThIO BBIIPSIMIEHHOTO HAINIPSKEHUS, U1 €€ YMEHBILICHHUS B HArPYy304HOM
PE3UCTOpE U B BBIXOJIHOM HAIIPSDKEHUH, T.€. CIIIaXKMBAaHUU I1YJIbCALIUH BBIIPSIMIEHHOTO
HaINpsDKEHUs IPUMEHSIIOT criaxkuBatonue GpuibTpsl. [IpocTeimm criaxupaommum GuiIbTpom
SIBJIIETCS KOHAEHCATOP OOJIBIION MOILIHOCTH, YEPE3 KOTOPBIN OTBETBIIAETCS IEPEMEHHAs
cocrapistonas Toka. [Ipu HanmuuuK KOHAEHCAaTOpa CpeHee 3HaUeHHEe TPUOIIKaeTCs K
aMIUIMTYIHOMY 3HAYEHUIO HAIPSDKEHUS UCTOYHUKA.

OCHOBHBIMH QJICKTPUUYCCKUMHU IMapaMETpaMu OAHOIIOJIYIICPHOAHOI'O BBIIIPAMUTECIIA ABJIAIOTCAL

U

- CpelHMeE 3HAYEHMs BBIIPSAMIIEHHOTO TOKA U Hanpskenus P, — P ;

:Ucp ']cp.

- MOIIIHOCTb HArpy3ku P

o U
- aMIUIMTyJJa OCHOBHOU IF'ApMOHUKH BBIIPSAMIICHHOT'O HAITPAKCHU A m;

- KO3 GUIHMEHT IyJIbCAINI BRIIPSAMICHHOTO HAPSHKSHUS b,

- IEUCTBYIOIME 3HAYEHHS TOKA U HAIPSKEHUS IEPBUYHON U BTOPUYHON OOMOTOK

LU I, U,

Tpancpopmaropa

=05-(S,+5,)

ST
- THIIOBAsi MOLIIHOCTh TpaHcdopmartopa P ;
- KI1J1
et Pcp
Pcp + PTp + Py '

n

JABYyXnojiynepuoaHbIii MOCTOBOM BLINPAMHUTE/Ib.

Haubonbiiee pacnpocTpaHEeHUH MOJIYUYUI IBYXIIOIYIEPUOAHBIH MOCTOBOM BBHIIPSIMUTEID,
KOTOPBII COCTOUT U3 TpaHC(HOPMATOPA U YEThIpEX AUOAOB, MOAKIIOUEHHBIX K BTOPHUHON
0o0MOTKe TpaHchopMaTopa 1o MOCTOBOM cxeme. K o/jHOI 1uaronanu MocTa npucoeuHeHa
o0MoTKa TpaHc(hopMaropa, a K Ipyroi - Harpy3o4Hslii pesuctop. Kaxxnas napa padoraer
noovepenHo 1 u 3, 3arem 2 u 4.

[TepBblii ¥ TpeTUil AMOABI OTKPHITHI B MEPBBII MOTYNEPUO HAMIPSKEHUSI, KOT/1a MOTEHLIA

TOYKHU a Ooublie INOTCHIIMAaJIa TOYKH b .B CJICAYIOMICM MMOJYIICPUOJAC HAIPAKCHHUEC HA 00MOTKE
MCHJACT CBOC HAIIPABJICHUC, TUOJbI JIBA U YCTBIPC OTKPLIThHI, 4 OAWH U TPH 3aKPbITHI. B o6a
MmoJIynepuojia ToOK 4€pe3 Hal"py30LIHLII71 PE3UCTOP UMCET OJJHO M TO KC HAIIPABJICHUC.

Cpe)mee 3HAYCHUC BBIMIPAMIICHHOTO HAITPAKCHUA:
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Takum 06p330M, JOCTOMHCTBOM TaKOM CXEMBbI BBIIIPAMIICHUS SABJISACTCA 60J'IBH_IaH, B /IBa pasa,

BCJIMYKMHA CPCAHCTO 3HAYCHU S BBIIPAMIICHHOI'O HAIIPSXKCHUA U TOKA,; IMyJIbCallud 3HAYUTCIbHO

MEHBIIIE, YTO YMEHBIIAeT radapuUThl CrIIAKHBAIOMIETO (QHIIBTpA.
1.14 Jlexknus Ne 17 (2 yaca)

Tema: «JJeKTPOHHBIE YCTPOICTBA. DJIeMEHThI ABTOMATHKH.
1.17.1 Bomnpocsl JieKIIUN:

1. DyIeKTpOHHBIE YCTPOMCTBA. DIECKTPOHHBIC YCUITUTEIH.

2. UmnynbcHBIE yCTpoOiicTBa

3. Jlornueckue 351eMeHThl U OCHOBBI IU(PPOBOI 371EKTPOHUKU

4. MuKponpoIecCOpHbIE CPEACTBA.

1.17.2 KpaTkoe coep:kaHne BONPOCOB:

1. DJIeKTpOHHBbIE YCTPOMCTBA. Y CHIIUTEJIH.

N3mepuTenbHbIi yCHIUTENb (MHAYE UHCIPYMEHMATbHBLU YCUIUMEND,

IIEKTPOMETPUICCKHI BBIYUTATEHh) — ATO TUM AU PEPEHIINATHHOTO YCUIUTEIIS C

XapaKTEpUCTUKAMU, MOAXOASIUMU AJIs UCIIOJIb30BaHUS B U3MEPEHUSIX U TECTUPYIOLIEM
ob6opynoBanuu. OH UCNONIB3YyeTCs JI U3MEPEHUs pa3HOCTH IMOTEHLUANIOB, T.€. OH SBISETCA
pa3sHOBUIHOCTBIO AU depeHnanpHoro ycunurens. OCOOEHHOCTb €ro 3aK/Io4yaeTcs B
3HAUUTENBHOM OCIa0JeHUN CUH(]A3HOTO CUTHAJIA U, CIE0BATENIbHO, B BBICOKOM CTENEHU
CUMMETPUYHOCTH BXO0/]I, & TAK)KE CIIOCOOHOCTH YCHIIMBATh CIa0bIi 1u(hepeHnnanbHbIid CUrHA
IPEUMYLIECTBEHHO B (hopMe NepeMEHHOr0 HanpsbkeHus. Takoil ycunurenb 001a1aeT BHICOKUM
BXOJIHBIM U HU3KUM BBIXOJHBIM CONPOTUBICHUEM. MI3MepUTEIbHBIC YCUIIUTEIN XOPOILIO
COIPSATatOTCsl C MOCTOBBIMHU CXEMaMHU, HallpUMED, € TEMIIEPATYPHO-3aBUCUMbIM 3JIEMEHTOM,
IPUMEHSIEMBIM JIJIS1 U3MEPEHMSI TEMIIEPATYPbl, U JPYTUMHU CIOXHBIMU BUJJAMU UCTOYHHUKOB
CHUTHaJIa.

PaccmarpuBaeMslii ycuiauTenb 0ObIUHO coaepkUT Tpu OV U ceMb pe3UCcTOpOB, U3 HUX
pesucrop R2 npennasznaueH st u3MeHeHUs kodpuimenta ycuieHus. C mOMOIIBIO pe3rcTopa

R3 ocymectBisercs HauanbHas MOACTPOMKA C LIEIbIO CBEACHUSI K HYIIO CHH(A3HOr0 CUTHaJIa C
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YPOBHEM OKOJIO HOHeﬁ BOJIbTA, IIOJaBa€MOI'0 Ha COCANMHCHHBIC BMCCTC BbIBO/bI l, 2

OTHOCHUTCJIIBHO O6H_[CFO mpoBoOJa.
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Cxema HU3MCPUTCIIBHOI'O YCUIIUTCIIA

Komnapartops! Ha ocHOBe OY

VY CcTpoiCTBO CpaBHEHUS aHATIOIOBBIX CUTHANIOB (KoMnapamop) BhINONHSIET GYHKLUIO
CpaBHEHMsI JTMOO0 BYX BXOJHBIX CUTHAJIOB MEX]ly OO0, 1160 0JTHOrO BXOAHOI'O CUI'HAJIA C
HEKOTOpBIM Halepe]l 3aJJaHHbIM ATAJIOHHBIM ypoBHEM. [Ipu 3TOM Ha BbIXOz€E ycTpoiicTBa
(bopMHpyeTCs TOJIBKO /IBa 3HAYCHHUSI BBIXOJHOT'O CHUTHAJIA: €CIIM OJWH M3 CPAaBHHUBACMBIX
CUTHAJIOB 0OJIbIIIE APYTOr0, TO BBIXOAHOIN CUT'HAJ paBeH Aj, B IPOTUBHOM CJIy4ae BBIXOIHOU
curHai paBseH A,. B o0meM ciyuae B KauecTBe BXOJHBIX U BBIXOJHBIX CUTHAJIOB CXEMBbI
CpPaBHEHHUS MOTYT BBICTYNATh pa3jMuHbIe TapaMeTphl IOCTOAHHOTO Toka. Ho Hanbonee yacto
nox Ay u A, IoJipa3yMeBarOT HaNPSKEHUS.

Crnenyer oTMETUTB, uTO B 0011eM ciyyae HanpsbkeHue Uy u Uy MOryT oTiiMuaThes Kak 1o
BEJIMYMHE, TaK U 10 3HaKy. OZIHaKO Ha IPAKTUKE HauOoJIblIee PaCIPOCTPaHEHUE MTOTYUHIIH
YCTPOHCTBA, (POPMUPYIOIINE Ha BBIXO/IE JINOO HANIPSHKEHUS IIPOTUBOIIOIOKHOM MOJSIPHOCTH TIPU
IIPaKTUYECKHU PAaBHBIX a0COIIOTHBIX 3HAUYEHUSX, TMO0 HaNpsKEeHUs: 0JHOU nosispHOCTHU. [1epBbIit
cllydyail XapakTepeH JAJIs HCII0JIb30BaHMsI B KAUECTBE CXEMbl CPAaBHEHUS OIIEPAL[HIOHHOTIO
YCUJIMTEINsI, BTOPOH — IIPU UCIIOJIb30BAaHUM CIIELMATM3UPOBAHHBIX HHTErPAIbHBIX cXeM. Bo
BTOPOM CJ1y4ae BbIXO/HbIE HANPSKEHMsI KOMIIapaTopa COIJIaCOBAaHbI M0 BEIMYHUHE U MOJISIPHOCTH
C CUTHAJIAMH, HCTIOJIb3YeMBIMH B IU(POBOH TexHUKe. [103TOMY MOXKHO CKa3aTh, YTO BXOAHOM
CUTHaJI KOMIIapaTopa HOCUT aHAJIOTOBBIN XapakTep, a BIXOAHOH — nudpooil. Beaencraue
3TOr0 KOMIIapaTOphl YaCTO BBIMOIHAIOT POJIb HJIEMEHTOB CBSI3U MEXKJly aHAJIOTOBBIMHU U
U(POBBIMU YCTPOMCTBAMH, T.€. BBIIOJIHSAIOT POJIb MPOCTEHIINX aHAIOTO-IU(POBBIX

npeoOpa3oBareei.
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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

AKTHUBHbIE PUJILTPHI.

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.
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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.

2. UmnyJjbCcHBIE YCTPOMCTBA.

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 F€HEPATOpa 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-anemMeHTax ¢ 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 16l 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.
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Cxema TCHepaTopa CUMMCTPHUYHBIX

IIPSIMOYTOJIBHBIX UMITYJIBCOB

3. Jlorm4yeckue 3jieMeHTbI U OCHOBbI M (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;
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- 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.

1+SB

Bxoanl Brexonaxl

S I
RSN

.L O6mmit

[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
XX kK| NN | X R¥—/—0 —————
Vka3zatenu / \ \YKaaaTenu
Merka /] \Me'rka
| —
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
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JIOTMYECKOW €TMHULE — BBICOKHI YPOBEHb HAIPSKEHUS. B 3TOM citydae roBopsT, 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.

U A

Un=35Bimmm : _ Yposenb
N N \ JIOTHYECKOMN €IMHHLbI

HeonpeaenenHoe
U =24 B+ COCTORHUE

YpoBEHb JIOrHUECKOro
Y= 0 M Mmmhm huyysahyh y hy hhh " uyns

»
>

1

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

» 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 T+0=ux; 1+0=1 1-0=0
1+1=1 1-1=1
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6. T*IT =
7 T*¥XT = T,
g xx0=0;

9 Tx1=umx;

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
caMo¢C I[CﬁCTBPIC MOJKHO 3alucaTb IIpu oMo T36J'II/II_II>I UCTUHHOCTHU. Tak Kak BXOJ Yy 9TOTO

JJOIT'MYCCKOro 3JICMCHTA JINIIb OAMH, €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 HCII0JIb30BATH OOBLIYHBII YCHIIUTCIIb C
TPAaH3UCTOPOM, BKIIFOYCHHOM 110 CXCME C O6H.[I/IM OMUTTCPOM HUJIN UCTOKOM.

+U,

R3

+—< Bbix

R1
Bx >VTI

R2

CXCMa, IMMO3BOJIAOIIAA pCajIn30BaTh

(GYHKIUIO JTOTHYECKOT0 MHBEPTUPOBAHMUS
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Jliist Toro yToOBI 0COOEHHOCTH BKJIFOUEHUS TPAH3UCTOPOB HE 3aTEHSIIN BHITIOJIHIEMYIO
byHKIUIO, 1715 UG POBBIX MUKPOCXEM BBEICHBI CIIEI[HANIbHBIE YCIOBHO-Tpaduueckue

0003HaueHus.

Puc.. YT'O noruueckoro uuBepropa

B oaHOM KOpITyCe MUKPOCXEMBI OOBIYHO OBIBAET IIECTh HHBEPTOPOB. OTEUECTBEHHOE
ob6o3nauenne Mukpocxem naBepTopoB — JIH. [Tpumepsr: KP1533JIH1 (SN74ALS04).

JIBe OCHOBHBIE 00JIACTH MMPUMEHEHHSI HHBEPTOPOB — 3TO U3MEHEHHE MOJISIPHOCTH CUTHAJIA U
M3MEHEHHE NOJSIPHOCTH PpOHTA CUTrHANA. TO €CTh U3 MOJIOKUTEIFHOTO BXOJAHOTO CUTHATIA
WHBEPTOP JIeJaeT OTPULIATENIbHBII BBIXOJHOW CUTHAN M HA000POT, a U3 MOJO0KHUTEILHOTO
(bpoHTa BXOJHOTO CUTHAJIA — OTPULATENIbHBIN (POHT BHIXOJHOTO CUTHANIA U Ha000poT. Emre
OJTHO Ba)XKHOE ITPUMEHEHHE HHBepTOpa — Oydepusarus curaana (C UHBEpCcuei), To ecTh
YBEIUYEHUE HATPY30YHOM CIIOCOOHOCTU CUTHANA. DTO OBIBACT HYXKHO B TOM Clly4ae, Korja

KaKON-TO CUTHAJ HaJl0 MOoJaTh HA MHOTO BXOA0B, a BBIXOJHOM TOK HCTOUYHHKA CUTHAaa

HEOOCTATOYCH.
N N Ny
el L i <+

WuBepcus MOISPHOCTH CUTHAJIA U

MHBEPCHs MOJSPHOCTH (PpOHTA CUTHATIA

DOYHKIHA «H», JOTHYeCKOe YMHOKEHUe

Crnenyonum mpoCcTeUIINM JIOTHYECKUM IJIEMEHTOM SIBIISIETCSI CXEMa, PEaTH3YIOIast OTIePAIUI0
JIOTUYECKOTO YMHOXKEHUS «H»:

F=XAY

I'ne cumBost A 0603HAYaeT PYHKIIMIO JIOTHYECKOTO YMHOXEHUs (KOHBIOHKIINIO). THOT/1a ATa *%Ke
(GyHKIUS 3aMUCHIBACTCS B IPYTOM BHUJIE:

F=XAY=XT=X&Y

To xe camoe elicTBHE MOKHO 3alUCcaTh P MOMOIIU TabIUIbl UCTUHHOCTH. B Gopmyre,
MIPUBEICHHOI BBIIIE, HCIIOJIb30BAHO /Ba apryMeHTa. [103ToMy 31eMeHT, BBIMOIHSIIOUINHI 3Ty
GyHKIUIO, IMEeT Ba BXoja. Takoi anmemeHT o0o3Hauaetcs «2Wy». Jlns anementa «2W1» tabnuna
HUCTUHHOCTHU OYIET COCTOSITh U3 YETHIPEX CTPOK.

X|Y|F
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01010
0110
1100

I |11

Kax BHUJIHO U3 HpHBCI{CHHOﬁ T36J'II/IIH>I HNCTHHHOCTH, aKTHUBHBIN CUTHAII HA BBIXOJ€ 3TOI0
JIOTHYCCKOT'O 3JIEMECHTA NOABJIACTCA TOJIBKO TOraa, Korjga 00oux BXOoJax 6y,HYT MMPpUCYTCTBOBATH

JJOT'MYCCKUEC CAUHUIIBI.

VIO siemMenTa, BEIIOJIHSIIOIIETO

(YHKIHIO JTOTMYECKOTO YMHOKEHUS

ITpoiue Bcero noHsTh, Kak padOTaeT TaKOW JIEMEHT IIPU MOMOILU CXEMbl, IOCTPOEHHON Ha
UJ€aTM3UPOBAHHBIX KIIFOYAX € DJIEKTPOHHBIM YIPABIEHUEM, KaK 3TO MIOKa3aHO 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, pCain3yromias

Joruyeckyro GyHkuio «2M»

DYHKIHA «WIN», JIOTHYECKOE CJI0KeHHe

Crnenyouium npocTeUIuM 3JIEMEHTOM SIBIISIETCS] CXEMa, pealn3yolas Onepanuio JOrH4eckoro
CIIOXKEHUS TN

F=XvY

I'me cumBon vV 0003Ha4YaeT PyHKIUIO TOTUIECKOTO CIOXKEHUS (IU3bIOHKIMS). lHOT 1A 9Ta Ke

(GyHKIUS 3aMUChIBA€TCA B IPYTOM BUJIE:
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F=XvY=X+Y=XY

TaGJmua HUCTHUHHOCTH AJIA JaHHOI'O 3JICMCHTA.

X|Y|F
010

011
1101
1|11

DOKBMBAJICHTHAs CXeMa, pealnu3yromias Tabauily HCTUHHOCTH JUIsl JAaHHOTO 3JIEMEHTA, IIPUBECHA
Ha pucyHke. Kak BUIHO M3 IPUBENCHHOU CXEMBI, YPOBEHbB JIOTMYECKOM €IMHUIIBI TOSIBUTCS HA

€€ BBIXO/I€, KaK TOJBKO Oy/A€T 3aMKHYT JIF000M U3 KIItouei.

+U,

1 S ==X

X2 >._.__._

Bbix

OKBUBaJICHTHAs CXCMa, peajin3yronias

noruueckyro GyHkuto «21UJIN»

VIO siemMenTa, BEIIOJIHSIIOIIETO

(YHKIHIO JTOTHYECKOTO CIIOKEHUS

WuBepcuio TIornyeckoil cyMMBbl IBYX BEIHUWH HA3bIBAIOT cmpenkou [lupca:

F=X+Y yu F=X1Y

a JIOTUYECKOTO MPOU3BEACHUS — wmpuxom Llleghghepa:
F=XY umF=X/Y

B HACTOAIICC BPEMA UCIIOJIB3YCTCA HCCKOJILKO TEXHOJIOTHI CXEMOTEXHHYIECKOTO MMOCTPOCHUMA

JIOTHYCCKHUX DJICMCHTOB:
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- nuogHo-Tpan3uctopHas joruka (ATJI);
- TPaH3UCTOPHO-TpaH3ucTopHas joruka (TTJI);
- IoTHKa Ha ocHOBe komruieMeHTapHbIX MOII-Tpan3ucropos (KMOII);

- JIOTUKA HA OCHOBE codyeTaHus koMmiieMeHTapHbIX MOII u GUIOIsSpHBIX TPAaH3UCTOPOB

(BiCMOS).

JAuoano-rpan3ucropHas joruka (JATJI) - rexHomorus noctpoeHus HudPOBBIX CXEM HAa OCHOBE

6HHOHHDHBIX TpaH3uCTOPOB, AMOJOB U PE3UCTOPOB. CBo€ Ha3BaHUE TEXHOIOT U noJjryauiia

Onmarofaps peanu3anuy Jorudeckux QyHKui (Hanpumep, 21) ¢ moMoIpio JUOIHBIX TIeTei, a
YCWJICHHS 1 HHBEPCUU CUTHAJIa — C TTOMOIIBIO TpaH3ucTopa. Hanbosee nmpocras peanuzamus
JIOTUYECKOTO JIEMEHTA «H» MOJTYYaeTCsl TPH TTOMOIITU JHOJIOB.

+5B

RI

< Bbixon

Bxon 1 >_:.._ :\
Bxoa 2 >—t—— | ["'panuua

e o J MHKPOCXEMbI

HpI/IHHI/IHI/IaHBHaﬂ CcXEeMa JJOIrn4CCKOro 3JJ€MCHTa «21/1)),

BBIIIOJIHCHHOI'O HA JUO0JaX

B a0l cxeme npu nojave HyJIeBOro NOTEHIMANIA Ha 000 13 BX010B (WK Ha 00a cpasy) yepes
pe3ucTop OyAeT MpoTeKaTh TOK M Ha €ro COMPOTHUBIIEHUU BO3HUKHET Ma/IeHNUE HATPSXKEHUSI.
Hanpsixenne Ha BBIX0JI€ CXEMBI B 3TOM cuTyanuu 0yaeT OJ13K0 K MOTeHIHaIy o0uiero
npoBoja. B pe3ynbTaTe e AMHUYHBINA TOTEHIIMAT HA BBIXO/I€ CXEMBbI MOSBUTHCS, TOJIBKO €CIU
MoAaTh €AMHUYHBIN MOTEHIIMA cpa3y Ha 00a BX0/1a JOTUYECKOro 3emMeHTa. To ecTh

aHaJIM3UpyeMasl CXemMa peanu3yer JOrHueckyro GyHKiuo «21y».
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Avb2 /N vpa

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.
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TTJI mony4yunna mMupoKoOe pacnpOCTPAHEHUE B KOMIBIOTEPAX, JIEKTPOHHBIX MY3bIKAJIBHBIX
MHCTPYMEHTAX, a TAK)Ke B KOHTPOJIbHO-U3MEPUTEIbHOM anmnaparype u aBTomatuke (KUITuA).
bnaronaps mupokomy pacnpocrpanenuto TTJI BXoaHble U 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

Boixon

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(POPMAILMOHHBIX BXOJOB 71 M YHCIIOM aJ[PECHBIX BXOJOB MmIEHCTBYET cooTHOLIEH E n=2", TO
TaKOM MYJIBTHIUIEKCODP HAa3bIBAIOT MONHBIM. Ecin n<2", To MyJIbTHILIEKCOpP HA3bIBAIOT

HCIIOJIHBIM.
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PaccMoTpuM GyHKITMOHHPOBAHKE BYXBXOJIOBOTO MYJIbTHILIEKCOpPa (2— 1), KOTOPHIi
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 noka3ansl peajin3zanusi TaKOro ycTpoMcTBa U €ro yCIOBHOE rpaduueckoe
o6o3HaueHne. OCHOBOM TaHHON CXEMBI SIBIISIETCS SBJIAIOTCS JABE CXEMBbl COBIIAJICHUS Ha
asieMeHTax M, KoTopble MpU JTIOTHYECKOM YPOBHE «1» Ha OJTHOM U3 CBOMX BXOJIOB IOBTOPSIOT Ha

BBIXOZI€ TO, UTO €CTh HAa APYIOM BXOZAC.

A, ot ‘&
Xio ' | l X,o MUX
' 11 Y Y
— o )(2° ] : p—
&
L Aot |
X,

Peanuzanus JABYXBXOOOBOI'O MYJIbTUILJICKCOpA

Ha JIOTUYeCKuX diaemMenTax 1

MynbTUIIEKCOPHI SIBISIOTCA YHUBEPCAIBHBIMU JIOTUYECKMMHU YCTPOMCTBAMH, HA OCHOBE
KOTOPBIX CO3AIOT Pa3IMYHbIe KOMOMHAIIMOHHBIC U MTOCIIE0BATEILHOCTHBIC CXEMBI.
MyIbTUIIEKCOPBI MOTYT UCIOJIB30BaTh B ACIUTENSIX YaCTOThI, TPUTTEPHBIX YCTPONUCTBAX,
CABUTAIOLIUX YCTPOUCTBAX, JJIsl MPeoOpa30BaHus MapaieNbHOTO JBOMYHOTO KO/IA B
MOCIEA0BATENbHBIA H JIp.

[emynbmunnexcopom Ha3bIBalOT YCTPONUCTBO, B KOTOPOM CUTHAJIBI C OJJHOTO
MH(POPMAIIMOHHOTO BX0/1a MOCTYIAIOT B )KEJIAEMOM MOCJIEI0BATEILHOCTH 10 HECKOJIBKUM

BbIXOJaM B 3aBUCUMOCTH OT KOJIa HAa aIpCCHBIX MINHAX. Taxum 06pa30M, ACMYJIBTUITIJICKCOP B
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(YHKIIMOHATILHOM OTHOIICHUH MPOTHUBOIIOIOKEH MYJIBTUIUIEKCOPY. JleMyIbTHILIEKCOPBI

o6o3navaT yepe3 DMX i DMS.

A
O = = == Y1
! o AnpecHbii v |y
I I BXoa A ! 2 .
X Y/ 0 X110
1 0 X

CDYHKHI/IOHaJ'IBHaH CXEMa JCMYJIbTUILICKCOpA C JIBYMs BbIXOJaMU

h,.<
N

Ecnu cooTHOLIEHNE MEXKY YMCIOM BBIXOJOB 7 M UHCIIOM aJPECHBIX BXOJOB M
OIIpEIENAETCS 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.
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Cymmamopubi — 370 KOMOMHAIIMOHHBIE YCTPOICTBA JUIs ClI0KeHus yuceln. Pacemorpum
CJIO’KEHHE JIBYX OJHOPA3PSAAHBIX ABOMYHBIX YUCEII, ISl 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.

—O = O |

Lu.—-oo;;
el (oo e} [an ) Ly o
Q== |C |«

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
A 1 ¢A g P=H1 |s=aA®B
o—— B AB| /=
B 1 B & & |P=A'B
—0

Cxema nmoJsrycymmaropa
[Ipu cymmupoBaHuu ABYX MHOTIOpa3psiAHBIX YUCEN AJIs KaKI0ro paspsiaa (KpoMe

M.HaI[H_IeFO) HCO6XOHI/IMO HCIIOJIB30BaTh YCTpOﬁCTBO, HUMCIOIICC ,HOHO.HHI/ITGJIBHBIIZ BXO[

nepeHoca.
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° Iony- o
B | cymma- p
A S TOp
° IToay- 1 P
B cyMMa- o
o—- TOp P

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. MukponpoueccopHbie CpecTBa.
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 — yCTPONCTBA
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
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MOJTy4YaloT WM NepeialoT nH(opmanuio B TaHHbIH MoMeHT. [lluHa yrpaBieHus CIyKuT A7

nepeJadyy CUrHajioB, CHHXPOHU3HpYoIuX Bcto paboty MIIC.

I'naBHAsg 0coOCHHOCTH 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
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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 B3aumoeiicTeum ¢
CHUCTEMaMH BHEIIIHEW MaMsTH BRIUUCIUTEIbHAS CHCTEMA IEPEHOCUT OJI0KU MH(OpMAIIUU U3 Hee
BO BHYTPEHHIOIO MMaMSTh U BEIOUpAET JaHHBIC YKE U3 HEe.
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BHYTpGHH?IfI IHaMATh BHeurHss namMsaTh

[Ipoueccop Kb OcHoBHast JuckoBas| |ApxuBHas

—> —» >
HaMiAThb HaMiAThb HaMiAThb g HaMiAThb

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 6vi0adu (Cuumvl8aHus)
uHghopmayuu, npeocmasieHHOU 080UUHBIM KOOOM.

OCHOBHBIMH XapaKTEPUCTUKAMH 3alIOMUHAIOLIMX YCTPOUCTB (3Y) sABISAIOTCS:

* pH(OPMANMOHHAS eMKOCTb, OTpe/eiseMas MaKCUMaJIbHbIM 00bEMOM XPaHUMOMN

nHpopmanuu B Outax uiu OaiTax;
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= 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
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HCIIOJIb3YCTCA rapBapACKasd apXHUTCKTYypa 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
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MHKpPOCXEME BMECTO 11€JIOr0 Habopa, 3HAUUTEIHO CHUXKAET pa3Mephbl, SHEPronorpedieHue u
CTOMMOCTb IIOCTPOEHHBIX Ha €ro 0a3e ycTpoHcTB. Vcnonb3ytoTcs B yIpaBJIeHUN Pa3InuHbIMU
YCTPOMCTBAMM U UX OTAEIbHBIMU OJIOKaMU:

e B BBIYKCIIUTEIBLHON TEXHUKE: MATEPUHCKUE ILIAThI, KOHTPOJUIEPHI JUCKOBOJOB JKECTKUX

u rubkux auckos, CD u DVD;

e DJIEKTPOHUKE U Pa3HOOOpa3HBIX yCTPOHWCTBAX ObITOBON TEXHUKHU, B KOTOPOH
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,

e CHCTCM VIIPABJICHUACTAHKAMU

1.18JIexnus Nel8 (2 yaca)

Tema: «JaeKkTpousMepeHus».

1.18.1 Bomnpocs! Jeknun:

1. OcHOBHBIE CHCTEMbl MEXaHU3MOB 3JIEKTPOM3MEPUTEIbHBIX NMPHUOOPOB.
IHorpemnocru usmepeHus.

2. Cnoco0bl pacmipeHusi npeaeaoB U3MepeHus.

3. DIeKTpUYeCKHe H3MEPEeHHUsI HedIEKTPHYeCKUX BeJHMYHH.

1.18.2 KpaTkoe conep:kaHue BOIPOCOB:

OcHOBHbBIE CHCTEeMbl MEXaHU3MOB JIEKTPOU3MEPHUTEIbHBIX NMpuOopoB. IlorpemuocTu
H3MepeHusl.

DNEeKTPUUECKHE U3MEPUTENbHBIE MPUOOPHI - HEOOXOIUMBIE AJIEMEHTHI JIEKTPUUECKHUX
Heneil mpu KOHTPOJIE PEKUMOB pabOThI AJIEKTPOOOOPYIOBAHUS, YUETE 3JICKTPOIHEPTHH, MpU
SKCHEPUMEHTAIIBHOM HCCJIEA0BAHUM 3JIEKTPUUYECKUX Lened, NpU IOJYy4EeHUH JIOCTOBEPHOU
uH(pOpMalUU AJI CUCTEM aBTOMATHUECKOT0 yIpaBICHHUS.

DneKTpuuecKkue H3MEpUTeIbHbIe MPUOOPHI HU3MEPSIOT KaK SJICKTPUUECKHUE BETUYHHbI
(TOK, HampsHKEHUE, MOIIHOCTb, COS (), YACTOTY, OJJIEKTPUUECKYIO SHEPTUI0 U T.1.), TaK U
HEIJICKTPUUECKUE BETUUUHBI (TEMIIepaTypy, 1aBI€HUE U Ip.).

DNEeKTPUUECKUE U U3MEPUTEIbHBIE MPUOOPHI OTIMYAIOTCS BBICOKOW YyBCTBUTEIBHOCTHIO,
MPOCTOM KOHCTPYKIMEW M HAACKHOCThIO. I[loKasaHHs JJIEKTPUYECKUX HU3MEPUTEIbHBIX
npuOOpPOB OTHOCUTENBHO MPOCTO MEpeaaBaTh Ha JalbHHE PACCTOSHUS (TeIEeU3MEpeHHs) MpU
aBTOMATHU3allMU U YIIPABJIECHUN TEXHOJOTHYECKUMH IIPOLIECCAMH.
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HenocTaTkom 3JIeKTpUYECKUX M3MEPUTEIBHBIX MPUOOPOB SBIISAETCS HEBO3MOMXKHOCTh UX
IPUMEHEHMsI Ha B3PbIBOOMACHBIX M [10’KAPOONACHBIX TOMELICHHUSX.

1. CucTteMsbl 31€KTPUUECKUX U3MEPUTENbHBIX IPUOOPOB

DNeKTpUYecKuil M3MEpUTENbHBIH NPUOOP COCTOMT W3 IMOJBMKHOM M HENOJBUKHOM
yacreil. [To nepeMerieHnIo NOABMXKHON YaCTH U3MEPSIOT 3HAUCHHSI H3MEPSIEMbIX BEJINYMH.

B 3aBucumocTu OT MpUHUMIA JEHCTBUS pa3inyaroT CUCTEMbI: MarHUTO3JIEKTPUUECKYIO,
AJEKTPOMAarHUTHYIO, 3IEKTPOAMHAMUUYECKYIO, TETJIOBYIO, MHAYKIIMOHHYIO U JIp.

Tabmuma 1. - CucreMbl 3J€KTPUYECKUX H3MEPUTENbHBIX NPUOOPOB M MX YCIOBHBIE

0003Ha4YEHHUS ]
;Sn Cucrtema npubopa O6o03HaucHHEe
1 Maruunroanexrpuueckas A
2 {, OnexrpoMarHMTHas : {
3 JnexrpoaHHaMHyeckas $
4 Tennosas v
5 HHay kiinoHHas Cb

B rtabmuue 1 npuBeneHsl ycioBHble 0003HaueHMs] HauOoJyiee IIMPOKO MPUMEHSIEMBIX
CUCTEM IpUOOpPOB. DT 0003HA4YEHHs] M JpYrMe BaKHEHIIME XapaKTEpUCTUKU MpHOOpOB
YKa3bIBalOTCA Ha JINLIEBON NAHENIN IEKTPUUECKUX U3MEPh TeIbHBIX MpUOOopoB (puc. 1).

PaboTa npubopoB MarHUTOIEKTPUUECKONH CUCTEMbl OCHOBAaHA HA B3aMMOICHCTBUU TOJIS
MIOCTOSIHHOTO MarHuTa U MOJIBUKHOM KaTyILIKH.

Ha pucyHke 2 mnoka3aHa OCHOBHAas 4acTb MAarHUTORJIEKTPUYECKOI'O H3MEPUTEIBHOTO
MEXaHU3Ma; IOABM)KHAs KAaTyIlKa, paclolOXEHHas B CHWJIBHOM PaBHOMEPHOM pPaJuabHOM
MarHMTHOM IIOJI€.
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Karteropns 3alii¥Thi

OT BHELUHHX Pox mamepsaemoti Cuctema

MarHMTHBIX noneH BEJIMYHHBI npuGopa HanpsokeHHe, KOTOPbIM
HUCNLITBIBATAch H30JALKA
npubopa

[Tonoxexnue
npubopa

Knacc
TOYHOCTH

rOCT, 1845-52
3aroackon [Jlara Pon : Homep T'OCT, xoTOpoMy
HOMEP BHIYCKa H3MEPSEMOro  COOTBETCTBYIOT JJICKTpHYECKUE
TOKa xapakTepucTHKH npubopa
— MOCTOSHHBIHA
~ NepeMEeHHBIN
8 Tpexda3Hbii

Pucynoxk 1 - lllkana n3mepurenbHoro npudopa
ITonBukHas KaTyliKa M3 TOHKOTO MEIHOIO MM AJIIOMHUHHEBOIO IIPOBOJAA HAMOTaHA Ha
kapkac (nm 6e3 Hero). Ha ocu noaBv»kHON yacTu npubopa ykperseHa CTpenka, KOHel KOTOpon
HepeMeIaeTcs Mo UIKajie 3IeKTPUYECKOro U3MEPUTENILHOrO pubopa.
IIpy mnpoTekaHuM IO KaTyIIKE 3JEKTPUYECKOI0 TOKa COIJacHO 3aKoHY Amrepa
BO3HUKAIOT CuJbl F, cTpemsuuecss MOBEpHYTh KaTymKy. IIpu paBeHCTBE Bpalaromero
MBpocTaHaBIMBaeTCs U IPOTUBOAEHCTBYIOLIEr0 MIIPMOMEHTOB KaTyIlIKa OCTaHABJIMBAETCS.

-
-

PucyHok 2. noaBm>xHas KaTylllKa B paguaJbHOM MarHUTHOM I10JIe

JUid co3gaHusl NMPOTUBOJCHCTBYIOIIEr0 MOMEHTa MIpH OJHOBPEMEHHO Ul IOABOJA
TOKa B KaTYyILIKY CIIy>KaT JB€ CIIMPAJIH.

OO11ee BelpakxeHUE JUIsl BpallaOIIero MOMEHTa UMEET BUJI:

(1)
Mgp = dW/da

rae W- sHeprus 3JIEKTPOMAarHUTHOTO 10JIsA, COCPEIOTOYEHHAs B U3MEPUTEIbHOM
MEXaHU3ME;

@ - yroJl I0BOPOTa MOJBUKHOW YaCTH.

DHeprust 31eKTPOMarHUTHOro MoJjist WpaBHa paboTe gjrnepeMeleHHI0 aKTUBHON 4acTH
IIPOBOJA KaTYIIKU B IIOCTOSIHHOM MarHMTHOM I0JI€ ¢ UHAYKLIHEH B

Cornacho 3akoHa Amnepa cuna F, nelicTByromas 4acTb IpoBOAa KaTyILIKU IIPU
IIPOTEKAHUU 110 HEH TOKa | paBHBI:

F=1xBxsing (2)
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IZie ¢ - YroJ MEXy HallpaBJIEHUEM TOKa B aKTUBHOW 4acTH IPOBOJAA U MHAYKLHEH
MarHuTHOTIO IOJIS;

| - AMHA aKTUBHON YAaCTH KaTYILKH.

B namewm cinyuae ¢ = n/2 sin ¢ =1. CiiegoBaTtenbHo, paboTa 110 NepeMeIIEeHUI0 IBYX
aKTUBHBIX YacTell MPOBO/A KAaTYyLIKH, EPIEHIUKYISIPHBIX JIOCKOCTH YepTexka (puc. 2), paBHa

A=W=2FxX=2IxBxlIxr, (3)

rae X =rx o - JUIMHA TPAeKTOPUU aKTUBHOM 4acTU IIPOBOJIA;

I - paiuyc TPaeKTOpUH;

a - yron noBopota katymku. [loncrasmnss (3) B (1) momyuaem:

dW

Map = ------- =2IxBxIxr.

da

Tak kak NpPOTUBOJECHCTBYIOIUNA MOMEHT MBp cO31aeTCsl yIPYTMMHU 3J1€MEHTAMHU, TO JUIs
YCTaHOBUBIIETOCS pexXUMa

Mnop=MBpum W o= 2IxBxIxr,

rae W- yaensHbli IPOTUBOACUCTBYIOIIUI MOMEHT, 3aBUCSILMM OT CBOMCTB yIIPYyroro

aneMeHTa. Cle10BaTeNbHO, YIOJI IOBOPOTA KaTYLIKU @ MIPOIOPLUOHANIEH TOKY I:

2B:r

q =

P I =§-1,
- “4)

rze S - 4yBCTBUTEIBHOCTh U3MEPHUTEIHLHOTO MEXaHU3Ma.

Kak Buano u3 (6.4) npu nepemMeHne HanpaBlieHUsI TOKa B KaTYIIKe MEHseTCsl Ha oOpaTHOe
Y HamnpaBlieHUE OTKJIOHEHHUS MOJBHKHOM YacTH U yKa3aTes (CTPEIKH).

Jliis mosydeHus: OTKJIOHEHHS yKa3aTels B Hy>KHYI0 CTOPOHY HE0OX0AUMO Mpu
BKJIIOUEHUU Iprbopa coOuIto1aTh yKa3aHHYIO Ha IPUOOpPE MOJIIPHOCTD

JlocToMHCTBA MPUOOPOB MAarHUTORJIEKTPUUECKON CUCTEMBI: BBICOKAsl YyBCTBUTEIbHOCTD
K U3MEepsieMO# BEJIMYHMHE, BBICOKAst TOYHOCTH (Ki1acc Tounoctu 0,05 manoe nmorpebiaeHue
MOILHOCTH, MaJiasi YyBCTBUTEIbHOCTb K BEIIHUM MarHuTHbHIM nosisiM). Henocrarok -
BO3MOXXHOCTb IIPUMEHEHUS TOJBKO B IIETISIX MOCTOSTHHOTO TOKA.

B npubopax 351eKTpoMarHuTHON CUCTEMBI B HEMOBUKHON KaTYyIIKE, IO KOTOPOi
MIPOTEKaeT U3MEPSIEMBbIN TOK, CO3JAET .1 MArHUTHOE T10JI€, B KOTOPOE BTSATUBAETCH,
MOBOpAYMBasiCh Ha OCH, (hepPOMArHUTHBIN cepeYHUK, HAMATHUYUBACMbIH ITHM K€ TOJIEM.
[TprueM BTATMBAIO € MPOMCXOAUT KAK IPU IMOCTOSIHHOM, TaK U IPU EPEMEHHOM MarHUTHOM
I10JI€, @ YTOJI IOBOPOTA ¢ MPONOPLMOHAJIEH KBaApaTy CUIIbl U3MepsieMoro Toka. [loatomy:

a) npuOOpbI JIEKTPOMArHUTHON CUCTEMbI MOT'Y; IPUMEHSITHCS B LIEISAX IIOCTOSIHHOTO U
IIEPEMEHHOT0 TOKA;

0) mkana npubopa HepaBHOMEPHA, CUJIBHO C)KAaT B HAYaJIbHOM YacTH.

JIOCTOMHCTBA MEKTPUUECKUX U3MEPUTEITHHBIX MPUOOPOB IIEKTPOMArHUTHOM CHCTEMBI:
MIPOCTOTA U HA/IEKHOCTh KOHCTPYKILUHU, HEOOIbIIOE MOTPedIeHnEe MOLTHOCTH.

HenocraTku: HeBbICOKast YyBCTBUTEIBLHOCTD K U3MEPSAEMOi BeTMYMHE, OTHOCUTEIBHO
HU3Kas TOYHOCTH (Ki1acc TouHocTH 70 1.0), Gomnblnast 4yBCTBUTENBHOCTD K BHEIIHUM
MarHUTHBIM MOJISM.

Bpaimaromuii MOMEHT 3JIEKTPOMAarHuTHOTO U3MEPUTEIBHOIO MEXaHU3Ma
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12

dLI
M _dWe_ 2 -,1..12..4_1‘_
Y da da 2 da

-t -

.

Ecan HpOTHBOHCﬁCTBymHIHﬁ MOMCHT CO344aC€TCA C IIOMOIIBIO YIIPYIUX 3JIEMCHTOB, TO
A peKMMa YCTAaHOBHUBUICTOCSA OTKIIOHCHUA

M=Wa wu a-~—l——'12°—(,i--.
2W

da
(5.)
OCHOBHBIE XapaKTEPUCTUKH AIEKTPHUSCKUX U3MEPUTEIBHBIX IPHOOPOB
Craruueckas xapakrepuctika. CTaTudeckas XapaKTeprCTHKa U3MEPUTEIILHOTO pudopa
- 3aBHCUMOCTh BBIXOJJHOTO CHTHAJIA } OT BXOJHOTO CHTHAJIa X B CTATUYECKOM PEXUME pabOThI
YKa3aHHOTO IIpuodopa.

CraTudeckast XapakTEepUCTUKa B OOLIEM CIIyyae ONUCHIBACTCS HETMHEHHBIM ypaBHEHUEM
y = f(x),
Tax, Hanpumep, AJis AEKTPOHHBIX U3MEPUTENBHBIX TPUOOPOB MArHUTOIEKTPUUECKON

CHCTEMBI CTATUYECKOM XapaKTepUCTUKOM OyneT ABIsAThCS ypaBHeHHE (3), B KOTOPOM BXOJHBIM
CUTHAJIOM OYJET SIBIATHCS ICKTPUUECKUN

[Tockonbky

= const

TO CTaTUYECKasi XapaKTEPUCTHUKA IEKTPOUIMEPHUTEIIHLHOTO Mpubopa
MAarHUTO3JIEKTPUYECKOU CUCTEMBI JIMHEHHASL.

[TorpemHocTs. AGCOMIOTHAS NOTPELIHOCTD TPUOOPA B JAHHON TOUKE AHAara3oHa
U3MEPEHUs paBeH:

A=X-X%,

r7ie X- MoKazanue npubopa;

Xy — UICTUHHOE 3HaUY€HUE U3MEPSIEMON BEIMUNHBI.

OpHako B CBA3M C T€M, UTO MCTUHHOE 3HAUYE€HUE Yallle BCETO HEU3BECTHO, BMECTO HETO
UCIOJIb3YETCSl IEHCTBUTENBHOE 3HAUEHHE: Xy, B KAUECTBE KOTOPOr0 MPUMEHSIOT JIM00 cpesiHee
apu(MeTHYECKOE 3HAUCHHUE Psia U3MEPEHUH, 100 moKka3zaHus 00pa3oBoro npuodopa.

OueBHIHO, YTO aOCONIOTHAS MOTPEUTHOCTh TPUOOpa BRIPAXKAETCS B TEX KE eIUHUIAX,
YTO U U3MepsieMasi BeTMYrHa.

AGcConIoTHAs MOTPEIIHOCTh MpuOopa HE XapakTepusyeT B MOJHEH Mepe TOYHOCTh
U3MEpEeHUs, MO3TOMY IPH HU3MEPEHUSIX OMPEICINAeTCS TAKKE OMHOCUMENbHAS NOSPEUHOCMb -

OTHOIIEHHE aOCOJIIOTHOM IOTPEIIHOCTH K HUCTUHHOMY (E€HCTBUTEIBHOMY) 3HAYCHUIO
U3MEPSEMON BETUYUHBI

A a

-“x_——’
X X

(7))

WJIA B IIPOLCHTAX
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5(%) = 2100% .

X
e (8.)
IIpusedennas TOTPEUIHOCTh y DIICKTPUYECKOrO H3MEPUTEIBHOr0 MpuOOpa paBHA
OTHONICHHUIO a0COJNIOTHOW TOTPEIIHOCTH K HOPMHUPYIONIEMY 3HA4CHHIO Xy, KOTOpOe
NPUHUMACTCS PaBHBIM BEPXHEMY Ipenelry M3MEepeHHi (eciu HyleBas OTMETKa HAaXOAWUTCS Ha
Kparo WJIM BHE IIKAJIbI) WJIM JMANa30Hy W3MEPEHHUs (€CIM HyJeBask OTMETKA HAXOAUTCS BHYTPU
JMarna3oHa U3MEPEHHUs)

A
y = —,
XN
)
HJIIN B HpOHCHTaX
A
V(%) = -------
XN )

[TorpeurHocTh 3MEKTPOU3MEPUTEIHLHOTO MNPUOOpPa 3aBUCUT OT YCJIOBUH MPOBEICHUS
u3Mepenuil. Paznuvaior ocnosnyo u 0onoiHumensHyo NOTPerIHOCTH.

OcHOBHAasi TMOTrPEMIHOCTh - ATO MOrPEIIHOCTh, CYIIECTBYIOIIAs TMPU HOPMAIbHBIX
YCIIOBUSIX, KOTOpBIE YyKa3aHbl B HOPMATHBHBIX JIOKYMEHTaxX, pPErJaMEHTHUPYIOIIMX MpaBUiIa
WCHBITaHUS U SKCIUTYaTalluH AIEKTPOU3MEPHUTENbHBIX TPUOOPOB.

[lon HOpMallbHBIMHM YCIOBUSIMM, HAIpUMEp, MOTYT IIOHHUMATbCS: TeMIlepaTypa
okpyxatomei cpeast (+20 +.2) C;

MOJIOKEHUE TMpUOOpa TOPU3OHTAIHHOE, C OTKJIOHEHHMEM OT TOPU3OHTAJIBHOTO HE
npesbimaomuM +2 C; oTHOCHTENbHAs BIaXHOCTh (65 £ 15)%;  mpakTHueckoe OTCYTCTBUE
BHEIIHUX MAarHUTHBIX W AJIEKTPUYECKUX mojiei; . yactora nurtaromieit cetu (50 + 1) I'm u tak
nanee.

JlononHuTeNnbHAs MOrPEIIHOCTh BO3HUKAET IPU OTKIOHEHUM YCIOBUM HUCHBITAaHUS U
SKCIUTyaTaluy Nprudopa OT HOPMaNbHbIX.

Hanpumep, npuBeieHHas MNOTPEIIHOCTh AJIEKTPOHHOU3MEPUTENBHBIX HPUOOPOB MpHU
HOPMaJIbHBIX YCJIOBMAX He npeBblaet 1%. Ecnu ke TeMneparypa OKpyKarollel cpebl JEKUT
BHE YKAa3aHHOI'O B HOPMAaJbHBIX YCJIOBMSX JMANa3oHa, TO MPUBEICHHAs MOIPEIIHOCTbh MOXET
npesbiaTh 1%.

Kiace Tounoctu. Krnacc mounocmu 31€KTPOHHBIX U3MEPUTEIBHBIX TPUOOPOB -
0000111eHHAsT METPOJIOTUYECKAs XapaKTePUCTUKA, OIIpeIelisieMast IpeeIaMu JOIMYCTUMBIX
OCHOBHOW U JIOMOJIHUTEIBHOU MOTPEMTHOCTEN.

Knacc Ttounoctu K CTpenoYyHBIX M CaMONMINYIIUX MPUOOPOB, KakK MPaBUIIoO,
o0o3HavyaeTcs OJHHM YHCIOM, PAaBHBIM MaKCHMAaJbHO JIOMYCTUMOMY 3HAUEHHUIO OCHOBHOM
MIPUBEICHHOMN MOTPEIIHOCTH, BBIPAKEHHOM B ITPOLIEHTAX:

A
K(%) = ------- 100 =y100
XN (10.)
DneKTpOHHbIE U3MEPUTENbHBIEC TPUOOPHI AensATcsa Ha 8 kinaccoB TouHocth: 0.05; 0.1; 0.2;
0.5;1.0; 1.5; 2.5;4.0.
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ITpumep: MunnuBosibT™MeTp co mkanoit 1o 50 MB nmeer knace tounoctu K =0,5.
OnpenenuTs MaKCUMaJIbHYIO a0COIIOTHYIO OTPELIHOCTD 3JIEKTPOHHOTO U3MEPUTEIIBHOTO
npuoopa.

Pemenue:

N3 (10) caenyer, 4To MakcUMajibHas aOCONIOTHAs MOTPELIHOCTh NMPU M3MEPEHHSX BO
BCEM JIMaIa30HE PaBHA

Kx XN 0,5 x 50
A= = =+0,25MB
100 100

Bapuanus. Bapuayusa 1nokazaHuil 3J€KTpOM3MEPUTEIBHOIO Mpubopa - 3T0 HaubobLIast
Pa3HOCTb €ro MOKA3aHUN IIPU OJHOM M TOM K€ 3HAYCHUH U3MEPAEMOM BEINYMHBI.

OcCHOBHOM NPUYMHON BapHalLlUK SIBJISETCSI TPEHUE B OIIOpax MOJBMXKHON 4acTu npuoopa.

Bapuanuio omnpeznensioT, cpaBHMBas I10Ka3aHUS 3IIEKTPOM3MEPUTENBHOrO Mpuodopa,

CUMTAaHHBbIE OJMH Da3 IOCJIE€ YCTaHOBKM TpeOyeMOro 3HA4YEHHUs H3MEPSAEMON BEJINYMHBI
MOAXOJAOM CHHU3Y (CO CTOPOHBI MEHBIIMX 3HAYEHUU), a APYrod pas3 - MOAXOJO0M CBEpxXy (co
CTOPOHBI OOJIBIINX 3HAUEHUH).

Ilena pnenenus. [lena Oenenus >IEKTPOU3MEPUTENIBHBIX NPUOOPOB UHUCIEHHO paBHA
M3MEHEHHMIO M3MEpPsSieMOM BEJIMUYUHBI, BBI3BIBAIOLIEMY IMEpeMELICHUE yKas3aTens (CTpesIKH) Ha
OJTHO JIeTICHHUE.

ITpu paBHOMEpHOH IIKajge I|eHAa JEeJNEeHUs paBHA OTHOLICHUIO Ipejena H3MepeHMs
ANEKTPOU3MEPUTEIBLHOTO IPUOOPA XK UUCITY ACIEHUHN IIKAJIbI 71

C = Xp/n

IIpenen usmepenust llpeden uzmepenusi NEKTPOU3MEPUTEIBLHOIO NPUOOPHI 3HAUEHUE
U3MEpSAEMOM BEJIMYMHBI, IIPU KOTOPOM CTpEJKa IMpUOOpa OTKJIOHSETCS OO0 KOHILA ILIKAJIBI.
ONEeKTPOU3MEPUTENbHbIE  NPUOOPHI  MOTYT HMMETh  HECKOJIBKO  IPENEJIOB  HU3MEpPEHUus
(MHOTrOMpenenbHble Mpubopsl). [Ipy M3MepeHnsax TakuMu NpUOOpaMu Ha Pa3IUYHBIX Mpeaenax
LIeHa JiesieHust OyeT pa3InyHa.

2.7 YyBCTBUTENBHOCTb. Yyscmeumenvnocms S3IEKTPOU3MEPUTENBHOrO Mpubopa - 310
OTHOLICHME M3MEHEHMs] CHUrHajla Ha BBIXOJE DJIEKTpOM3MepuTeNnbHOro mpubopa Ayk
BbI3BABILIEMY €0 U3MEHEHUIO U3MEPAEMOI BEIMUMHBI Ax:

S = Ay/Ax (12)

B o01em citydyae 4yBCTBUTEIBHOCTD

S= lim b

ax—0Ax  dx
’ (13)

CnenoBaTenbHO, NpPU HEIMHEHHOM CTATUYECKOM XapaKTEpPUCTUKE UYYyBCTBUTEIBHOCTH
3aBUCHUT OT X, & IPY JINHEWHON CTaTUYECKON XAPAKTEPUCTHUKE -4yBCTBUTEIBHOCTD ITOCTOSIHHA.

VY 35IeKTpOU3MEpPUTENIbHBIX HPUOOPOB MpPH TMOCTOSHHOW YYBCTBUTEIBHOCTH IIKaja
paBHOMEpHas, TO €CTh JUIMHA BCEX JEICHUI OIMHAKOBA.

H3mepenue Toka, HapsHKEHUST 1 MOLTHOCTH

W3mepenue toka. Jlid M3MepeHUs TOKa CIy)KaT aMIEpPMETPbl, MUJUIMAMIEPMETPbl U
MUKpOaMIIEpMETPbl. DTU NMPUOOPHI BKIKOYAIOTCS MOCJIEJ0BATEIBHO B YYaCTOK 3JIEKTPUYECKON
LEIIH.
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ITpu 3TOM HEOOX0AMMO, UTOOBI BHYTPEHHEE CONPOTUBIIEHUE aMIlepMeTpa ObLIO MaJo 10
CPAaBHEHMIO C CONPOTHUBIEHHEM Y4YacTKa 3JIEKTPUUYECKOM LeNH, B KOTOPOH OH BKIOYEH. P
IIPOTHBHOM Cllyyae BKJIIOYEHHE MPUOOpa BBI30BET CYLIECTBEHHOE M3MEHEHAa COIPOTHUBIICHHS U
TOKa Ha JJaHHOM YyYacTKe 3JIeKTPUYECKOH ILlenu, a Tak K€ U3MEHEHHE pekuma paboThl Beeil
LEH.

ConpoTHuBieHHs KaTylleK (paMOK) 3JE€KTPOU3MEPUTENBHBIX PUOOPOB COCTABIAIOT 1 ...2
kOM paccuuTaHbl Ha MOJHOE OTKJIOHEHHE cTpenku npu Toke 100...500 Mk/[(uTocooTBETCTBYET
najgeHuio HampsbkeHuss Ha npuoope 0,1.-.1 MkA). CrnenoBaTenbHO, HENOCPEICTBEHHOE
BKJIIOUEHHUE AJIEKTPOU3MEPUTEIHLHOTO PHUOOpPa BOZMOXKHO TOJIBKO IPU U3MEPEHUH MAJIbIX TOKOB
10 500 K1 B BHICOKOOMHBIX 3JIEKTPUYECKUX LIETIAX.

2.Cnoco0bl pacmimpeHusi nmpeaeaoB U3MepeHus.

YroObl MCHOIB30BATh JAHHBIA NMPUOOpP A U3MEPEHUs TOKOB OOJIBIIMX 3HAYEHUH U
CHM3MTb €r0 BHYTPEHHEE CONPOTUBIIEHUE IPUMEHSIOT ULYHINb.

[yntr npencrasisger coOOW MaHraHUMHOBBIE IUIACTUHBI WJIM CTEP)KHU, BIIasHHbBIE B
MEIHbIE WM JIaTyHHble HaKOHEYHMKU. CONpOTUBIEHME IIYHTa 3HAYUTEIbHO MEHbILE
COIPOTUBIIEHUS paMKu npubopa. IyHT BKIIIOUaeTCs B 3JEKTPUUECKYIO LIETb [TOCIEA0BATENbHO,
a MapajjiesIbHO €My MOJKJIIOUAeTCsl paMKHU (KaTyllka) npuoopa.

!{u "{4
I, R
et e
I I

1 - myHT; 2 - paMka (kaTymika) npudopa; I - uamepsieMbiit Tok; I, - Tok yepe3 mryHT; I4-
TOK 4epe3 paMKy mpuodopa.
Pucynok 3 - Cxema BkitoueHus npubopa c yHTOM
ITo 1 3akony Kupxroga uzmepsiemblii TOK B 3JIEKTPUUECKOM LIENH
[=1Ia+ Iy

rae I4- Tok uepes pamky npubopa, A;

[y - TOK uepe3 myHT, A.

Tak kak r>>1,,T0 1,<<lI;y, TaK uTO I;7)= L

IIpu napannenbHOM coenuHennu Iy X ry = [y X 1y mom
IA/ Im = I'm/ Ty

Iy
Iy = --—--- s
n-1 (6.14)
I
rjae n = ----- - KO3(QPUIMEHT IyHTUPOBAHUS.
Ia

134



IIpumep: Pamka npubopa MarHUTO3IEKTPUUECKON CUCTEMbBI UMEET COIPOTHUBICHHE I'4=
1500 Om u paccunTaHa Ha MakcUMallbHOE OTKJIOHeHue npu Toke | = 250 mMxA. Onpenenutsb
COINPOTUBIICHUEIIYHTA I, U3MepeHHs TOKOB 10 50 MA. Pemenne:

1. Onpenenum k03O PUIHESHT wyHmMUpoOBaHUAN

I 50x10°
R =200
Ia 250x10°
2. OnpenensieM CONMPOTUBIICHUE IITYHTA
T 1500
Iy = = =17,54 Om

n-1 200 -1

B amnepmerpax, mnpegHazHaueHHbIX JUIsl H3MepeHus TOKoB a0 100 A, myHTHI
BMOHTHPOBAHBI B KOPITYC MprOOpa 1 MPUCOECTUHEHBI K KOHTAKTHBIM BBIBOJIHBIM 32)KHMaM.

B ammnepmerpax, mpenHasHAaueHHBIX i H3MepeHus TOkoB Oonee 100 A, HIyHTHI
JIeNIal0TCA HApY)KHBIMU M MIPUCOSAUHSIOTCS K HUM MPU MOMOIIU CHEIHATbHBIX KaTuOPOBaHHBIX
POBOJHMKOB, TaK KaK HHA4Ye pachpeieleHre TOKOB OyAyT HepaBUIbHBIM.

Jns pacmiMpeHusi NpeAesioB M3MEPEHHUs: aMIepMETPOB B IIEMAX CHHYCOHJIAIBHOTO
(mepeMEeHHOr0) TOKa MPUMEHSIOTCA Mmpanc@opmamopvl moxa, KOTOpble ClyXaT Ul
npeoOpa3oBaHusi OOIBIIMX TOKOB B MaJIbI€.

[lepBuunas oOMOTKa TpaHChOpMaTOpa TOKA, COCTOSIIAS W3 MAJIOTO 4YHCIA BHUTKOB,
BKJIIOUAETCS MOCJIEI0BATENIbHO B IIETIh C U3MEPSEMBIM TOKOM.

Bropuuynas oOMOTKa COCTOMUT M3 OOJBIIOTO YKCIa BUTKOB M B HEE BKIIOYAIOTCS
U3MEpUTENbHbIE MPUOOPHI  (aMIepMeTphl), HM3OJMPOBAHHBIE OT  BBICOKOBOJBTHBIX U
CHJIBHOTOYHBIX MPOBOJIOB.

Ha macnopre B Buae JapoOu  ykasbiBaeTcs KoddduiueHt TpaHchopmanuu
TpaHc(opmaTropa ToKa:

Ile

rae I, - Tok mepBuYHON 0OMOTKH, A

I, - Tok BTOpr4HON 0OMOTKH, A;

W) - 4uCll0 BUTKOB IIEPBUYHOI OOMOTKH;

W~ UUCIIO BUTKOB IEPBUYHON OOMOTKH.

Hanpuwmep, 100/5 A o3Hauaer, 4To naHHBIA TpaHcHOpMATOp TOKA pacCUMTaH Ha
nepBuuHblii Tok 100 A u BropmuHblii TOk - 5 A. Kospdumument tpancdopmamuum 3toro
tpancpopmaropa K =100/5=20.

3vas K W TOJIyyuB  IIOKa3aHuUs  ammepMeTrpa BO  BTOPUYHOM  Lenu
TpaHchopmaTopa Toka I, MOXKHO ONpenesIuTh NePBUUHBINA TOK

I,=KI,

BOJIBIIMHCTBO TpaHc)OpMaTOpOB TOKa BBITYCKAIOTCA C HOMHMHAJIbHBIM BTOPHUYHBIM
TOKOM 5 A.

3.2 W3mepeHue HanpsokeHus. o uU3MepeHMs HaNpsDKEHUs CiIyXaT BOJbTMETphl. OHU
HOJIKJIIOUYAIOTCS NApAJUIETIbHO YYaCTKY, HA KOTOPOM HEOOXOAMMO U3MEPUTDH HAIlPsDKEHHUE.
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BHyTpeHHEe CONMPOTHBIICHHE BOJBTMETPA JIOJDKHO OBITh 3HAYUTEIHHO OOJIBIINEC COMPOTUBICHUS
y4acTKa, K KOTOPOMY OH MOJIKIIOYAeTCs, TaK KaK B IMPOTUBHOM CJIy4ae BOJIBTMETp Oymer
OKa3bIBaTh BIMSHUE HA TOKOpAC MpeJeie HUE B AICKTPUUYCCKON MU U Pe3yIbTaThl H3MEPEHUS
OyIyT coaep:karb OOJBIIYIO MOTPEUTHOCTb.
Jis pacmupeHus MpeAeoB M3MEPEHUU BOJIBTMETPOB MOCIEAOBATEIHHO C HUMH BKJIOYAIOT
000aB80UHbIE CONPOMUBTICHUSL.
B npubopax na Hanpspkenue 10 300 B, 1o6aBouHbIE CONMPOTHUBICHUS BMOHTHPOBAHBI B KOPIYC
PUOOPOB WIIM YKPEIUJICHBI CHAPYKU MTPUOOPOB.
Jns m3mepenust HanpspkeHui cBbime 300 B 100aBoOYHBIE CONMPOTHUBIICHHS MPUCOSAUHSIOT K
OJIHOMY U3 BBIBOJIHBIX 32KUMOB IIpHUOOpa.
JloGaBOYHBIC COMTPOTUBIICHUS PACCYUTHIBAIOT TAK, YTOOBI B LMY C YBEIMUYCHHBIM HAIMPSKCHHEM
1o 0OMOTKe (paMKe) BOJIbTMETPa MPOXOIMII TOT K€ TOK, YTO U NMPU HOMHHAJTHLHOM HAIIPSKCHHH,
Ha KOTOPOE paccyrTaHa 0OMOTKA.
OOMOTKa paccuMTaHa Ha TOK

IV = U/rv,

rae Iy - Tok, IpoTeKaromuil 4yepe3 paMKy BOJIBTMETpPa, A;
U- nanpsokeHue Ha paMke, B;
I'y- COIIPOTUBJIEHUE paMKu, OM.
[Ipu yBenuueHun HanpsHKEHUs B LENH B 71 pa3, TOK / yJIOJIKEH OCTaThCs MPEKHUM

nU
IV Tmmmmmmm -
Iv + T'noel'v
Orcrona
Tos =Ty X (n—1) (14)

IIpumep. BoapTtmMerpom Ha 15 B HeoOxoaumo wusMeputh Hampsbkenue 150 B.
Onpenenutb 100aBOUYHOE CONMPOTHBIIEHUE, €CIM BHYTPEHHEE CONPOTHBIEHUE BoiabTMETpa 900
Owm.

Pemenne:

1.0Onpenenum OTHOIIEHUE U3MEPSIEMOT0 HAIIPSKEHUS K HAIIPSKEHUIO BOJIBTMETpa

n=150/15=10

2. lo6aBOYHOE CONPOTHUBIICHNE

Tos =TvX(M—1)=900x9=8100 Om

JUis  u3MepeHus BBICOKMX HANPSDKEHHMH  CHHYCOMJAIbHOIO TOKAa  IPUMEHSIOT
TpaHc(hOPMATOPbI HATPSIKEHMUSL.

IlepBuuynas oOMoOTka TpaHcopMaTOpa HANpPSDKEHHMs] BKIIOYAeTCA  MapajliesIbHO
HOTPEOUTEIIO U UMEET OOJIbIIOE YUCIO BUTKOB.

B macmopre Tpancdopmaropa HampsOKEHHsS YKa3bIBae€TCS OTHOLICHHWE HAINpsDKEHUM
NepBUYHON © BTOpUYHOM o0OMoTOK. Hampumep 5000/100 o3Hagaer, YTO HOMHHAIBHOE
HanpspkeHue nepsuyHoi oomotku 5000 B, Bropuunoii - 100 B.

136



Koaddumuent tpanchopmannm HanpsKkeHUST
K =5000/100 =50

3Hass K W HamnpsHKeHWE BTOPUYHON OOMOTKHM £/, MOXHO ONPEAETUTH IEPBUYHOE
HaIpsKEHUE:

U1=KU2

BonbmmHcTBO  TpaHC(hOPMAaTOPOB  HAMpSHKEHUS  BBIMYCKAETCA C  HOMHUHAJIBHBIM
BTOpUYHBIM HanpsbkeHueM 100 B.

N3mepeHre MOLIHOCTH 3JEKTPUYECKOro TokKa. Jljisi M3MepeHuss MOIIHOCTH B LEMSX
MNOCTOSIHHOTO M B IENSAX CHUHYCOMUJAJIBHOTO TOKAa MPOMBIIUIEHHON 4YacTOThl INPUMEHSIOTCS
BAaTTMETPHI, 00ECIICUNBAIONINN HETTOCPEACTBEHHBIN OTCYET MOIITHOCTH 10 ILIKAJIE.

BarTmeTp 31eKTpoiMHAMUYECKON CHCTEMBI COCTOUT U3 ABYX KaTyIIEK (PamMoK):

- HENOJBMYKHOW, TOKOBOW M3 TOJCTOTO MPOBOJAA, BKIIOYAEMOMN MOCIEIOBATENBHO C
noTpedurenem;

- TOJBWXHOM OOMOTKM HAamNpsKEHHs, BBIMOJIHEHHON W3 TOHKOrO TpOBOAa H
BKJIIOUAEMOM MapaiebHO MOTPEOUTENIO.

[Ipy TOCTOSSHHOM TOKE BpALAIONIMI MOMEHT 3JIEKTPOJMHAMHYECKOro mpubopa
IPOMOPLUOHANIEH MPOU3BECHUIO TOKOB B €10 0OMOTKaxX:

M, = kLI,
rae [H- TOK B HEMOABUKHOM KaTyIlIKe, A;
[;,- TOK B MOABMXKHOM KaTyIIKe, A.
B BarT™MeTpe TOK MOABMKHONH OOMOTKM MPSMO HPONOPLUUOHANIEH MPHIOKEHHOMY
HaIPSIKEHUIO
I,=U/R,

rae Ry- conporuBienre noaBUXHOM KaTymku, OM.

CrnenoBaTenbHO, BpalalOUIMid MOMEHT IPSIMO IPONOPLUOHATIEH MOIIHOCTH. [losTomy
ANEKTPOANHAMUYECKUI BATTMETP UMEET PABHOMEPHYIO IKAILY, TO €CTh.

M,, = kI,U/R, = kP

Bpamaromuii MOMEHT 3JEKTPOAMHAMHUYECKOTO TpuOOpa, BKIOYEHHOTO B LEMb

CHHYCOMJAJIBbHOrO TOKA
My, = klIncose

TO €CTh MOKA3aHMs BaTTMETPa MPONOPLMOHAIBHBI TOKY, HAIPSHKEHUIO U COS(Y, TO €CTh aKTUBHOM
MOIIIHOCTH Lienu P.

BartmeTp umeeT ueTsipe 3akUMa, K ABYM BBIBOJUTCS TOKOBas 0OMOTKA, K APYTUM IBYM
- obOmorka HanpspkeHus. IlepBas mapa 3aXMMOB BKIIOYAETCS B H3MEpSEMyI0 IIelb
MocCJIeI0BaTeIbHO, BTOpast - mapamienbHo. Hauana odmotok obo3Hadaercs 3Be3goukamu (*) u
COEIUHAIOTCA BMECTE. OTO HEOO0XOAMMO, YTOObI TOKM B KaTylIKaX MpPONYCKaJIUCh B
ONPEAECIEHHOM HANPABIEHUH.

Ha mikane BaTT™MeTpa yKa3blBalOTCSl BEpXHHE MPEEibl U3MEPEHHUI TOKA U HANPSIKEHHUSL.
Ecnu, Hanpumep Ha mikane BartMerpa o6o3HavueHo [=5 A u U= 100 B, 310 3HaUUT, 4TO BEpXHUU
npenen uamepenus sartmerpa P = 500 BT, To ecTh UM MOXXHO U3MepsITh MOITHOCTH 10 500 BT.

OueBuHO, YTO LI€HA JI€JICHUS BATTMETPA paBHA

c=Pn=1Un
TE 7 - YUCIIO JCIICHUN IIKAJIbI.
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3.JJeKkTpuYecKHe H3MePeHHs HedJIeKTPHYeCKNX BeJHMYHH.
JlaTauku Temneparypsl, ypoBHs, IJIACHOCTH, JaBJICHHS, CKOPOCTH H JIp.

UToObl U3MEPUTH Ty WU MHYIO HEANEKTPUUYECKYIO BEIMUUHY, €€ HYKHO
IpeBapUTENbHO peo0pa3oBaTh B 3JEKTpUUeCKUil curnai. Takoe npeoOpazoBaHue
OCYILIECTBIISIETCS C MIOMOILBIO IEPBUYHBIX TpeoOpa3oBaresneil. YpoleHHas CTpyKTypHas cxema
M3MEPUTENIBHOTO YCTPONCTBA BKIIIOYAET IEPBUYHBIN peoOpa3oBaTelib, JIEKTPUIECKYIO
U3MEPUTENIbHYIO 1IeTb, BEIXOAHOE YCTPOHCTBO. M3MepseMast HealleKTpuieckas BeIMuruHa X
NOCTYyNAaeT Ha BXOJ] IIEPBUYHOTO Npeol0pa3oBarTess, B KOTOPOM IPpeoOpa3yeTcs B JEKTPUUECKUM
curHai y(x). 3Tot curaai npeodpasyercst B U3MEpUTEIbHON LENH B IPYrOl AIeKTPUYECKUi
CUTHAJI Y U BOCIIPUHUMAETCS BBIXOJHBIM ycTpoiicTBoM. [1kana BbIXOqHOTO ycTpoiicTBa o(X)
rpagyupyercs HEMOCPEACTBEHHO B 3HAYCHUSIX HEINIEKTPUUECKON BETMUUHBI X.

ITo MpUHIUITY ﬂeﬁCTBHH MNCPBUYHLIC Hp€06p330BaTCJ'II/I JACJATCA HAa PC3UCTHBHBIC,
SJICKTPOMAIrHUTHBIC, SJICKTPOCTATUYICCKUEC, TCIIJIOBBIC.

Pe3uctuBHbBIE TPeoOpa3zoBaTeIN MOAPA3ICIAIOT HA PEOCTaTHBIC U
TEH304yBCTBUTENbHBIE. FIX paboTa OCHOBaHA HA U3MEHEHHUH JIEKTPUUECKOTO COMTPOTUBIICHHS B
3aBUCUMOCTH OT MEPEMEIICHUS IBUKKA 10 JICKTPUUECKOMY IIPOBOJHUKY (PEOCTaTHBIC),
HAaMOTaHHOMY Ha KOJIbLIO, HJIM OT MEXaHUYECKOU eopmanuu MpoBOHUKA WIIH
MOJIYITPOBOTHHKA (TEH304YyBCTBUTEIIbHBIC).

Pe3ucTuBHbIE TpeoOpa3zoBaTeI MPUMEHSIOT AJIs U3MEPEHUS NIepEeMEILCHHH, a TaKkKe
JPYTUX BEIMUYUH, KOTOPHIE MOT'YT ObITh IPe0Opa30BaHbl B IMHEHHOE WK YIIIOBOE
[EPEMEILCHU: JaBICHUE, YCUIUE, BPALLAIOIINE MOMEHTBI, YPOBEHb KUIKOCTEH, YCKOPEHHUS U

Ap.

9HeKTpOMaFHI/ITHHC Hp606p330BaT€HI/I moapasaCAr0TCA Ha MHAYKTUBHBIC,
MAarouToynpyruc 1 MHAyKIIMOHHBIC.

WNHaykTHBHBIE TPEOOpa30BaTEIH MPEICTABISAIOT COOOH KAaTYIIKy HHAYKTHBHOCTH 2 C
MarHMTOIPOBOJIOM , TapaMeTPhl KOTOPOH M3MEHSIOTCS MO/ BO3/ICHCTBUEM U3MEPSeMOit
BEJIMUMHBI X IPU NEpPEMELICHUU sIKopsl (3a30p O)

Marnuroynpyrue npeodpa3zoBaTesin IPeICTaBISIOT COO0H pa3HOBUAHOCTh
MHAYKTHBHBIX ITpeoOpa3oBaTeliel ¢ 3aMKHYTHIM MarHUTOIPOBOJIOM, a HHAYKI[MOHHBIE -
KaTyIKY, B KOTOPOH HAaBOJUTCS /IC IIPU €€ NEPEMELIEHUH B IOCTOSSHHOM MarHUTHOM I10JIE.

DJeKTpOMarHuTHbIE PeoOpa30BaTeNu MPUMEHSIOT U1l U3MEPEHUs] CKOPOCTH,
JMHENHOI0 U YIJIOBOrO NEPEMEILEHUS U APYTUX BEJINYHH, IPEABAPUTENIBHO IPpe00Opa3oBaHHbIX B
[EPEMEILICHHUE.

DneKTpocTaTHuecKue Mpeodpa3oBaTeIu MOAPa3AesSIOTCS HA eMKOCTHBIE U
MbE303JIEKTPUYECKUE. Y EMKOCTHBIX Mpeodpa3oBaresiell N3MEHAETCS EMKOCTb MO/ ACHCTBUEM
u3MepsieMoil BenuunHbl. PaboTa nbe3031ekTpuyeckux npeodpasonaresneii OCHOBaHa Ha
BO3HHKHOBEHUH 3JIC B HEKOTOPBIX KPUCTAILIAX MO ACHUCTBUEM MexaHudeckux cui. Kak
U3BECTHO, eMKOCTh C MeX 1y IBYMs apajuieIbHBIMU MPOBOSIIMMH IJIACTUHAMU (TIOJBUKHON
Y HEMOJBMKHOM TIJIOMIABIO § onpeaensercs (opMyoi
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C=¢0erS/9,

rzie O - pacCTOsIHUE MeX Yy racTuHamu; €0 - audneKTpuueckas nocrosiauas (8,85 *10-12 d/m);
€ - OTHOCUTEJIbHAS IUAJIEKTpUYeCKas MPOHUIIAEMOCTh CPebl MEXY IIIACTUHAMH.

BHCKTPOCTQTI/ILICCKI/IC Hp€06pa3OBaT€HI/I HUCIOJIB3YIOTCH ITPH UBMEPCHUU CUJIBI,
AAaBJICHUS, BJIAJKHOCTU ChIITYUUX BCIHICCTB, ICPEMCIICHUSA U KOJIMYCCTBA BCUICCTBA.

JlelicTBUE TEIUIOBBIX NpeoOpa3zoBaTesell OCHOBAHO HA TEIUIOBBIX MPOLeccax: Harpes,
OXJIaXKJEHHUE, TeII000MeH U p. OHM OAPA3AENAIOTCS Ha TEPMOPE3NCTUBHBIE U
TEPMODJIEKTpHUUYECKHE. B TepMope3ncTopax UCIOIb3YIOTCS 3aBUCUMOCTD COIIPOTUBIICHUS
IIPOBOJIHHAKA WJIH MTOITYIPOBOJHMKA OT TeMIeparypsl. I H3MEPEHUS UX COIPOTHBIICHUS
IPUMEHSIOT OOBIYHO MOCTOBBIE CXEMBI.

JleiicTBHE TEPMOIIIEKTPUUECKHX MTpeoOpazoBaresieil OCHOBAaHO Ha BOSHUKHOBEHHH 3]IC
MIPU HarpeBE WJIM OXJIAXKJICHUH CIIasi IBYX pa3HOPOAHBIX TPOBOJHUKOB (TepMmomnapsbl). s
U3MEpPEHHs TepMO-3/1c E MPUMEHSIOT 3JIEKTPOU3MEPUTEIBHBIN MPUOOp (MUIUITMBOJIBTMETP).
Touka coequHEeHUs] KOHIIOB TEPMOAJIEKTPOI0B | Ha3pIBaeTCs paboynM, KOHIIOM TE€PMOIIAPhI,
TOYKH 2 U 2- CBOOOJHBIMH KOHIIaMU. [Ipr u3MepeHusx Heo0X0IMMO TeMIIepaTypy CBOOOTHBIX
KOHIIOB NIOAJAEPKUBATh OJJUHAKOBOW U HEU3MEHHOM.

TenioBble nepBUUHbIE TPpe0Opa30BaTENN IPUMEHSAIOT B OCHOBHOM JJIsl U3MEPEHUS
TEMIEPATYPHI.

CYIJ_IGCTBYIOT SJICKTPOXUMHUYCCKUC, HOHU3AILIMOHHBIC, (I)OTOBJIGKTpI/I‘-IGCKI/IC
Hp€06pa3OBaT€HI/I u ap. Onn CJIy>KaT I UBMCPCHUA COCTABA U KOHLCHTPAILIUN PACTBOPOB U
ra3oB, IPO3PAYHOCTU KUJIKOCTHBIX U I'a30BbIX

2. METOANYECKUE YKA3AHMUS 11O BBINTIOJIHEHUIO
JJABOPATOPHBIX PABOT
2.1 JIaGopatopHas padora Ne 1 (2 yaca).
Tema: «Onexmpobezonacnocmo. Texnuka 6e3onachocmu npu IKCHIYaAmayuu
91EeKMPOYCMAHOBOK.
2.1.1 eanb padoTbi: O3HAKOMUTHCS C TEXHUKON 0€30MaCHOCTH MPH IKCILTyaTaIlu|
3EKTPOYCTAaHOBOK
2.1.2 3agauu padoThI:
OnacHoCTh NOpPaXXEHUsI ITEKTPUUECKUM TOKOM
3aimuTa OT HOPaKEHUS ANEKTPUYECKUM TOKOM.
3azemiieHue U 3aHYJICHHE.
3amuTHOE OTKITIOUEHUE
[Ipuemsl oka3zaHus NEPBON NOMOIIM ITOCTPATABIIEMY OT 3JIEKTPUUYECKOIO TOKA

9HeKTp06€30HaCHOCTB Ha ) XUBOTHOBOJYCCKHX (bepMax.
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2.1.3 Ilepevyenb npundOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a00opaTopHOii padoTe:
1. MynpTumenua-npoexkrop XD26U
2. ®uabpM 10 TEXHUKE O€3011aCHOCTH

2.1.4 Onucanmue (xoa) padoThbI:
[Tepemennsiit Tok yacrotoi 50 I'm m BennunHoilt 100 MA, mpoTtekast yepe3 Telo 4elloBeKa

Ooimee 3 ¢, MOXET Mapalu30BaTh JEATEIbHOCTb cepAla. bonplmime TOKM Mapaau3yroT
NEeSATENbHOCTh CepAlla 3a JNONM CeKyHAbl. JlpixaHWe MOKeT OBbITh Mapaju30BaHO YXKe MpHU
nnutenbHoM Toke 30 - 80 MA. Toku B 10-25 MA, npoTekaronme MexXay pykaMu I MEXIY
PYKOIi U HOTaMU; BBI3BIBAIOT CYI0POT'Y MBIIII] (HEOTITYCKAIOUIHH TOK).

[Ipu pacuerax 3meKTPOOE30NACHOCTH MPUHUMAIOT JOMYCTUMBIMHU:
TOK, MA ..o 250 65 6
[IpoIOIKUTENBHOCTD, C....cocveeeee. 0,2 1 30

JAnutenbHo nonycTuMbiMu Toku MeHee 0,8 - 1 MA. B 3aBUCMMOCTH OT COCTOSIHUS
KOXH, IyTH TOKA U BEJIMYUHBI HANPSXKEHUS CONMPOTUBIIEHUE Tena coctasisieT oT 100 kOm o
1000 - 500 Om.

DNIEKTOPOYCTAaHOBKH IO CTEMEHH ONMACHOCTU MOPaKEHUS TOKOM MOAPA3ICISIOT Ha JIBE
rpynnsl: 10 u Beimie 1000 B. Hanpskenue B 36, 24 u 12 B cuutaroT OTHOCUTENBHO
0e30MacHbIMH.

B 3aBucuMocTH OT XapakTepa OKpY>KarolIei cpebl MOMEIIEHUS Pa3IesioT Ha TPH Kjlacca:

1. C MOBBIIICHHONM  ONACHOCTBIO, K  KOTOPBIM  OTHOCST: a) ChIpple C
OTHOCHUTEJIbHON BJIAXHOCTHbI BO3JyXa, MUIMTENbHO mpeBbimaroued 75%; 06) c
OPOBOASIICH  NbUIbIO,  BBIACJSIONICHCS MO  YCIOBHSM  MPOU3BOJACTBA B  TakoM
KOJMYECTBE, 4YTO OHAa MOXET NPOHHUKATh BHYTPh MAallMH U almapaToB, OceAaTh Ha
MOBEPXHOCTH  H3OJSILIMM; B) C  TOKONPOBOASIIUMH  3€MIISIHBIMH, 5KeJIe300€TOHHBIMH,
CBIPBIMHU  JIEPEBSIHHBIMU TOJIaMHU; T) JKapkue ¢ Temmeparypoii ©6omee 30 C
(mmuTenbHO); 1) € BO3MOXHOCTBIO OJHOBPEMEHHOIO TPUKOCHOBEHHS 4YEJIOBEKa K
METAJIMYECKUM  KOpIycaM 3JIEKTpOOOOpYyAOBaHMS U K COEIAMHEHHBIM C 3eMileil
METAJUIOKOHCTPYKIUAM 3AaHUS WIH MEXaHU3MaM.

2.0cob0 omnacHele. Mmeromue OIMH U3 TNPU3HAKOB: a) o0cobO ChIpplE €
OTHOCUTENIILHON BIIAXXHOCThIO BO3Ayxa, Omnu3koii k 100% (mOTONMOK, CTEHBI, BCeE
OpeaIMeTbl  MOKpBIThIE  Biaroi); ©06) ¢ XUMHYECKM  aKTUBHOW  paspyluaromiei
U30JIAIUI0  CPEeNoii; B) HUMEKIIMEe OJHOBpEeMEHHO JaBa (unu Oojee) mpu3HaKa
MOMEIIEHUH C MOBBIIIEHHOW OMaCHOCTBIO.

3. be3 NoBBIIIEHHON OMACHOCTHU (KOI/a HET MPU3HAKOB, ONPEAEIAIOUIUX JBa
IEPBbIX KJlacca).

2. 3ammTa OT NOpaKeHUs FJIEKTPUIECKUM TOKOM.

BaxxneiimuMm cpeacTBOM 3alIUTHl OT MPUKOCHOBEHUS K YaCTSIM 3JIEKTPOYCTAHOBKH,
HOpMaJbHO HAXOJAUIMMCS TOJ HaNpsOKEHUEM, CIYXHT JJeKTpuueckas wusonsuug. Ee
CONpOTHUBIIEHUE U3MEps0T merommerpoM Ha 1000 B He pexe omHoro paza B 2 rojga y
9JIEKTPONPOBOJKHA B OOBIUYHBIX MOMEIICHUAX M €KEroJHO B MOMELIEHUAX C €IKUMHU MapamH,
CBIPBIX, 0CO00 CBIPBIX, B3pbIBa- U IMOXKAPOOIMACHBIX. ECIM COMpOTUBICHHE MEXKIY MPOBOAOM
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onHOW m3 (a3 u 3emied uaum Mexay (a3zaMM Ha ydacTKe MeEXJy IOCJIed0BaTEIbHO
BKJIIOUEHHBIMH IIJIaBKUMU INPEAOXPAHUTEISAMU WIM 3a MOCIEAHUM IPEJOXPAHUTEIEM MEHee
0,5 MOM, To u30J4LIMI0 Ha/l0 UCHIBITAaTh B TeueHue | MuH HanpspkeHueMm 1000 B nepemeHnHOTr0
TOKa WJIM MerommeTrpoMm Ha HampspbkeHue 2500 B. Jlns snexTpoaBuratenieil B XOJOAHOM
COCTOSIHUM HOpMa CONPOTUBIEHUS n3oisiiuu | MOm.

OroJsieHHBIE TOKOBEAYIIME YacTH, KOTOPHIE HEBO3MOJKHO PACIOJIOKUTH Ha BBICOTE,
HEJOIYCTUMOW NIl IPUKOCHOBEHMs, 3aIMLIAIOT KOXKYXaMH, CIUIOIIHBIMM WM CETYaThIMU
OTpaKJCHUSAMHU.

[Ton npoBomamMu BO3QYLIHBIX 3JEKTPUYECKUX JIMHUKA paboTa 3KCKAaBaTOPOM, CTPEJIOBBIX
KpaHOB U cTOroMeTareneil 3ampemieHa. PaboTy BOJIM3M JIMHUM pa3peliaroT TOJIbKO IpHU
YCIOBHUM, UYTO PACCTOSIHUE MEXAY KpalHEeW TOuYKON MallMHbl KU OJmXKalIliuM HpOBOAOM
cocTaBiisieT He MeHee 1,5 M np HanpsikeHuu auHui 10 1 kB, 2M - npu Hanpspkenun 1 - 20 kB n
4 M nmpu 35 u 110 kB. Ilpu mnepeaBuxeHUU KPYNHBIX MAIIMH MO MPOBOJAMH
BBICOKOBOJIBTHBIX JIMHUM PACCTOSHUE 110 BEPTUKAJIE MEXKIY BBICIIEH TOYKOM MAalIWHBI WIH
rpy3a U HU3LIMM IPOBOJOM JIMHUM JOJIKHO ObITh HEe MeHee | M npu HanpsbkeHuu 10 1 kB, 2 m
npu Hanpsikenuu 1 - 20 kB u 2,5 m npu 35 - 220 kB.

Z[J'IH 3al0UThI OT MPHUKOCHOBCHHUA K HOPMAJIbHO HaAXOAAIIHUMCA IMOA HANPAKCHHCM
YacTAM SJICKTPOYCTAHOBOK UCIOJIB3YIOT 3allIUTHBIC U30JIUPYIOIIUC CPCACTBA U UHCTPYMCHTHI,
YKa3aTcjinu HalpAXKCHHUA, NPCAYHNPCAHUTCIbHBIC IIJIAKATHI. ITocnennue noApasacCiIAr0T Ha
nmpeaocTeperaromuc, 3arnpeuaromue, pa3pCuaromue, HalOMUHArOIIKUE.

Z[J'Iﬂ 3alIUTBI OT IMOPAKCHUA IJICKTPUUCCKHM TOKOM IIPHU COINPHUKOCHOBCHHUU C HACTAMHU
3JICKTPOYCTAHOBOK, KOTOPbIC HOPMAJBbHO HC HaAXOAATCA HOJ HANPAKCHUECM, HO HpHU
MOBPCKACHUU H30JIALUHN HpI/IO6p€TaIOT OIlaCHBIHN MoTCHIOHAJI, IPOBOAAT IMOPO3HL HUJIN B
COYCTAaHHUHN CICAYIOIIUEC 3alIUTHBIC MCEPONPUATHUA: 3aAlMUTHOC 3a3CMJICHUC, 3aHYJIICHUC,
3alMUTHOC OTKJJIIOYCHHUEC, a TaKXKXE MNPUMCHAIOT HBOﬁHym HU30JA0UI0, pPasaAcadrouue
TpaHC(bOpMaTopr; MMOHWKXCHHOC HAIIPAXKCHUC, BBIDABHUBAHUC ITOTCHIUAJIOB.

I[BOﬁHaﬂ H30JAIUSA 3aKJII0YaCTCA B HAJTOKEHNUHN ABYX U3O0JALMOHHBIX CJIOECB, KaXX bl

U3 KOTOPBIX JJIUTEIBHO U HA/IEKHO BbIIEPKUBAET paboyee HaNpsHKEHUE.

Hanpumep, pykosiTKy pydYHOTO IEPEHOCHOIO  CBETUJIbHUKA  JEJAI0T U3
JUBJIEKTPUUECKOI0 MaTepuajla ¢ TakUM pacyeToM, uToObl oOecneuuBajach HajAeKHas
M30JSIIMSL Ha TOT Cllydald, €clM IMPOM30MIET NOBPEXICHHE padouell H30JSLHUKM IPOBOAOB
BHYTpU PYKOSATKH. C NBOMHON M30JIALMEN, U3TOTOBIISIIOT HEKOTOPBIE THUIIBI 3JEKTPOCBEPIUIOK
('OCT 8524 - 63). IToaToMy, XOTSI KOPITYC Y HUX METAJUTMYECKUI, 3a3eMJISITh UJIU 3aHYJIATh UX
He TpeOyeTcs, HO HaJl0 MEepUOIUYECKU MpoBepsATh meromMerpoMm Ha 500. B comporuBnenuun
pabouell M30JSAIUU MEXAYy OOMOTKOW U CEpIEYHUKOM CTaTopa, a TakKe 3allUTHYIO
M30JLUI0 MEXIY CTaTOPOM M METAUIMYECKUMM JeTansiMu Kopryca. [Ipu conpoTuBieHuu
n3onanuu meree 0,7 MOM monb30BaThCsl CBEPIUIKON3ANPEILIEHO.

B paspensiromem Tpancgopmarope nepsuuHoe HampspkeHue - 10 1000 B, BropuuHnoe -
1o 4000 B. Hage)xHOCTh KOHCTPYKIUU M H3O0JSIHH TAKOTO TpaHC(HOpPMATOpa MOBHIIICHHAS.
Ero 3ammrHOE JelicTBUE OCHOBAaHO Ha OTHAEJIEHUHU 3JIEKTPONPHUEMHHUKA OT NMEPBUYHOU CETHU
3a3emuieHMs. biaronaps 3TOMy NPUKOCHOBEHHE K KOPIIYCY 3JEKTPONPUEMHHUKA, HA KOTOPOMH
pou3onies mpodoi U30ALUKHY, TpaKTUYecKu Oe3omacHo. V30110 UCTIBITHIBAIOT B TeueHue 1
MUH HamnpsokeHuemM B 4 kB mepemenHoro toka 50 I'm mMexay mNepBUYHONM W BTOPUYHOM
00MOTKaMH, a Takke Mexay oOMoTkaMu U koprycoM. OT paszensioliero Tpaicgopmaropa
MOXHO TMHUTaTh TOJBKO OJUH DJJIEKTPONPUEMHHUK IO CPaBHUTEIbHO KOPOTKUM
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NpOBOJAM C HAJEKHOU u3oasduuen. Eciin 31eKTponprueMHUK NEPEHOCHBIH, TPOBOJI 1OJKEH
OBITH IIJITAHTOBOT'O THUIIA.

MOMHOCTH JJIEKTPONPUEMHUKAa W camMoro TpaHcopMaropa TOJDKHBI OBITh TaKUMH,
yTOOBl C TEPBUYHOM CTOPOHBI TpaHCHOPMATOP 3aAMIMIIAJICS IUIABKUM MPEIOXPAHUTEIEM C
HOMMHAJIBHBIM TOKOM BCTaBKH He Oojiee 15 A miam aBTOMaToOM C TaKUM K€ TOKOM YCTaBKH, TO
ecTh TpexdasHblil TpaHchopMaTOp C MEPBUYHBIM HOMUHAILHBIM HanpsokeHueM 380 B He mosxer
nUMeTh MOITHOCTE Ooiiee 10 kBA.

3anpemiaercss  3a3eMJIATh  HWJIM  3aHYJISATh BTOPUYHYIO OOMOTKY  pa3felisiollero
TpaHcpopmaTopa UM MHUTAIOIMIMICA OT HEro OJJIEKTPONPUEMHUK, HO KOPIYyC CaMoro
TpaHcopMaTopa MOJDKEH OBITH 3a3eMIICH WU 3aHYyJEH B 3aBHCHMOCTH OT peXuMa padoThI
HEUTpaJIM MUTAXOLICHCS CETH.

IHonm:kennoe HampsikeHue (12 - 36 B) o0OblYHO mMONy4YarOT OT Pa3ACIAIOIIETO
TpaHcpopMaTopa, HampuUMep, JIs MUTaHUS PYYHOTO MEPEHOCHOro cBeTHJIbHUKA. [loHM*kKeHHOe
HaNpsDKEHUE ABIIIETCS NOTMOJHUTENbHON rapanTueil 6e3omacHocTu. [loHMkeHHOE HaIpshKeHHe
MOXXHO IPUMEHSATh M KakK CaMOCTOSITENbHOE 3alluTHOe Mepomnpusatue. [Ipu nurtanum ot
OJHOPOJAHOI0 OO0IIEero MOHMXKAIoIIero TpaHcpopmaTopa pas3BeTBIeHHON cetn 36 B mns
MECTHOT'O OCBELIECHHUS Ha CTaHKaX TpaHC(HOPMATOp HENb3sl CUMTATh Pa3JeNSIONIMM U HYXHO
3aHYJSATh HE TOJIBKO €r0 KOPIYyC, HO U HEUTpasb WIK OJUH U3 BHIBOJOB BTOPUYHON OOMOTKH.

3. 3a3zemiieHMe U 3aHyJICHHE.

3a3eMIeHUEM Ha3bIBAIOT COEAMHEHHE YacTeW DJIEeKTPOYCTAHOBKU C 3a3eMIISIOIIUM
YCTPOMCTBOM (COBOKYMHOCTD 3a3€MJICHUSI M 3a3€MJISIONIMX MPOBOJIHUKOB). 3a3€MIIUTEID -
NPOBOJHUK UM T'PYINa 3JIEKTPUUYECKH COCJMHEHHBIX MPOBOJHUKOB, HAXOASAIIUXCS B
HEMOCPEJACTBEHHOM  CONPUKOCHOBEHMH C 3eMJield. 3a3eMidioniue MpPOBOJHHUKU -
MeTaJUIMYeCcKHe MPOBOJHUKHU, COCIUHSIONIME 3a3eMJIiEeMble YaCTH 3JIEKTPOYCTAHOBKH C
3a3€MIIUTEIIEM.

3ammMTHOE 3a3eMJICHHE TMPUMEHSIOT BO BceX JJekTpoycranoBkax g0 1000 B ¢

HE3a3E€MJICHHON HEUTPAJIBIO.

B cenbekux cetsax HanpsbkeHueM 380 B ¢ Harinyxo 3a3eMiI€HHOM HEHUTPAIbIO IPUMEHSIOT
3anynenue. [lon 3aHyneHnEeM IOHUMAIOT COEJUHEHUE KOPITYCOB 3JIEKTPOIIPUEMHHUKOB, KADKACOB
pacnpeseNnuTeNbHbIX MIUTOB M IIKAa(OB, CTAIBHBIX TPYO 3JIEKTPOIPOBOJKU, METANIMYECKUX
o0Oosiouek kabesnell M NPOBOJOK, CTAaHMHBI CTAHKOB C 3a3€MJIEHHON HENTpaabHOW TOYKOH
(HyneBO# TOYKOI) TeHepaTopa WK BTOPUIHON 0OMOTKH TpaHC(HOpMATOPa, MUTAIOLIETO CETh.

B kaudectBe 3aHynfIOIMX OOBIYHO HCHOJB3YIOT paboune HysneBble ImpoBoja. K
0JHO(a3HbIM 3JIEKTPONPUEMHUKAM (Hanpumep, CBETUJIbHUKAM u
NEKTPOUHCTPYMEHTY) MPOKJIAABIBAIOT OTAEIbHBIN (TpeTuil) 3aHyisrouuinpoBoaHukK. Ilpu
3aMbIKaHUM (Da3bl Ha 3aHYJIEHHBIN KOPILYC 3JIEKTPONPUEMHUKAUIN JPYTHe NeTaal YCTaHOBKU
IPOMCXOIUT OJAHO(A3HOE KOPOTKOE 3aMblkaHue (K. 3.), KOTOpOE€ JOJIKHO BBI3bIBaTh
JIOCTAaTOYHO OBICTPOE (HECKOIbKO CEKYHJ WJIM JIOJU CEKYH[bl) OTKIIOYEHHE MOBPEKAECHHOTO
ydacTKa 3JIE€KTPOYCTAaHOBKH UJIH JIEKTPOIPUEMHUKA.

[Ipumenenue B  3J€KTpoycTaHOBKax  HampsibkeHuem go 10000 B ¢
IJ1yX03a3€MJICHHOMHENTpaIbl0 3alllMTHOTO 3a3eMJIEHMS 0€3 CBS3M C HYJEBOM TOYKOM
MCTOYHMKA 3anpemieHo. Ha ciaydail oOpeiBa HyJ1€BOro IpOBOJA Ha BO3AYLIHBIX JIMHUAX U AJIS
CHMJKEHMsI HaNpsKEHUs Ha 3aHYJIEHHOM 00OpYJOBAHUU MPHU MOBPEXKICHUH U30JSLUMU B HEM (B
TOM 4YHCJIEe NPU LIeJIOM HYJEBOM IPOBOJE) MO KOHIIAM JUHHUM WJIM OTBETBJICHHOW IIMHOU
6omee 200 M, a Takke B NMPOMEXYTOYHBIX TOYKaxXx HE pexe 4yem udepe3 250 M genaroT
IOBTOPHBIE 3a3€MJIEHUS HYJIEBOrO NpoBoja. B momemnieHusx Oe3 HOBBIIMIEHHOW OMAaCHOCTU
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MOPAKEHHUS JIEKTPUUECKUM TOKOM Ipu Hamnpspkenun 380/220 B, a Taxke Bo BCEX MOMEIIEHUSIX
(kpoMe B3pBIBOOMACHBIX) NpHU HanpsikeHuu 36 B u Huke nepemenHoro Toka wiu 110 B u
HUKE TTOCTOSIHHOTO TOKA 3aHyJICHHE U 3alIUTHOE 3a3€MJICHUE HE MPUMEHSIOT.

CornpoTuBiieHHE 3a3€MJICHUN TMOBTOPHBIX 3a3€MIIMTENIEH HYJIEBOrO0 MpPOBOAA HE JTOJIKHO
npesbimath 10 Om. Ecnu ceThb muTaercs OT MOACTAHIMM WM JJIEKTPOCTAHIUH C
cyMMapHO# MomHOCTbi0 arperatoB a0 100 xkBa, To compoTHBiIeHHE KaXkIOTO MOBTOPHOTO
3a3eMJIMTEIS IPU UX KOJIMYECTBE HE MEHEee TPeX Ha JMHHUI0 MOXKeT nocTurats 30 Om.

Haumenspiie nomycTuMble pa3Mephbl CTANbHBIX 3aHYJSIONUX MPOBOJHUKOB yKa3aHbl B
tabnuie. Ha BO3AyIIHBIX JHHUSAX CTajlbHbIE OJHONPOBOJIOYHBICHYJEBbIE MPOBOAA,
UCIIOJIb3YeMbI€ B KauyeCTBE 3aHYJISIONIMX, MOTYT OBITH TOTO € IHWaMeTpa, 4yTo U (azHbIe
(HaMEHBIINH - 4 MM Ha IMHUM ¥ 3 MM Ha OTBETBJICHUH JIJI1 BBOJIA B JIOM).

CrajbHble JIeMeHThI 3a3eMJIUTe/Iel U 3a3eMIISIIOIIMX (3aHYJISIIO N X)IPOBOTHUKOB

[IpoBoauMOCTb 3aHYJISAIOMNX IPOBOJHUKOB U3 IIBETHBIX METAIIOB - HE MeHee 0,5 oT
IPOBOAUMOCTH (a3HBIX NPOBOJHUKOB HAa JJAHHOM ydacTKe (KpOMe BO3IYIIHbIX JIUHUH,

Tun npoBoHUKOB B 3mannax B HApYy»KHBIX B 3eMJIE
Haunmenpme pasmepsl
YCTaHOBKaxX
Kpyrusle, nuamerp Mmm 5 6 6
[TpsiMoyrosbHBIE:
Ceuenue, MM2 24 48 48
TommmHa, MM 3 4 4
VToBbIe, TONIMHA TOI0K, MM 2 2,5 4
TpyOuarsie (ra30mnpoBOIHEIE), 2,5 2,5 3,5
TOJIIIUHA CTEHOK, MM
1,5 HE JI0IyCKaeTcs
TpyOuarsie (TOHKOCTEHHBIE), ’ Aony
TOJIIIUHA CTEHOK, MM

MUTAIOIIMX KUBOTHOBOYECKHE (PEePMbI, 1 X BHYTPEHHHUX MPOBOJIOK, I/I€ IPOBOIUMOCTH HYJIEBBIX
POBOIOB JIOJDKHBI OBITh HE MEHEe TPOBOAMMOCTH (pa3HbIX). HanmMeHbIINEe NOMYyCTUMBIE 11O
MEXaHUYECKOU MPOYHOCTH CCUCHUS 3aHYJIAIONUX MPOBOJIHUKOB U3 I[BETHBIX METAJIIIOB YKa3aHbI B
TadJuIe.

B kauecTBe 3aHyIAIONIMX NPOBOJHUKOB B JIONOJHEHUE K HUM, a KOT/la 10CTATOYHO IO
IPOBOJUMOCTH, TO U BMECTO HMX CIEAYET HNPUMEHSATh TAaK Ha3bIBAEMbIE €CTECTBEHHBIE
3aHyJIAIOUIME NPOBOJAHUKHU: METAJJIMUEeCKHE TPyOOnpoBoAbl (KpOME ra3olpoBOAOB U TpPYO,
COJIepKalllNX FOpIOYNe KUAKOCTU U ra3bl), a TakXKe CTaJbHble KOHCTPYKIHUHM 3/IaHUH,
NOJAKPAHOBBIE IYTH.

Mertamnuueckue o0ojouku Kabenmedl ( HO He MPOBOJNOB). VICKIIOUEHHEM SIBIISIOTCS
B3pbIBOONIACHBIE IOMEIIEHUs Kjacca B-1, rae B 3JeKTponmpoBOJKax BO BCEX Clydasx
JOJKeH OBbIThb OTAENbHBIN 3aHYNSAIOMUNA TPOBOAHHK WM CIHeluanbHas KaOelbHas >Kuia.

BBICTpOC ABTOMATHYCCKOC OTKJIHYCHUC MMOBPCIKACHHOT O ydacCTKa niin
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3JIEKTPONPHEMHHUKA 00eclneuyrBaeT TOK METAJJIMYECKOTo OJHO(A3HOTO K. 3. TOJIBKO MpHU
BEJIMYMHE HE MEHEE TPEXKPATHOIO HOMUHAJIBHOI'O TOKA IJIABKOW BCTABKHU NMPEAOXPAHUTEINS WIH
HOMMHAJIBHOTO TOKAa PACLENIUTENs aBTOMATa C 3aBUCUMOM OT TOKa XapaKTEPUCTUKOM.

Bo B3pbpIBOONACHBIX HApyXKHBIX 3JIEKTPOYCTAaHOBKAX MJIM IOMEIIEHUAX HeoOXoaumas
KpaTHOCTb - 4 JUIs mpepoxpaHuTens U 6 A aBTOMara ¢ 3aBUCUMON XapakTepucTukoil. Ilpu
YCTAaHOBKE aBTOMAaTOB C pacUENUTENsIMHM, HMEIOIMMH HE3aBUCUMYI XapaKTEpUCTUKY
JJIEKTPOMAarHUTHBIA 0€3 TEMIOBOrO pelie MJIM 4YacOBOIO MEXaHHM3Ma), TOK OJIHO(a3HOro
KOPOTKOTO 3aMbIKaHUsl JIOJDKEH B -1,4 pa3a mpeBblIaTh TOK cpaOaThIBaHUS pacIenuTes Ipu
HOMHUHAJIBHOM TOKe aBTomarta 10 100 A, umu B 1,25 pasa npu GoJibiiieM HOMHUHAJILHOM TOKE.

3ammTHOE OTK/II0YeHHE

3allUTHOE OTK/IIOYEHUE INPOUCXOJAMUT aBTOMarhuecku He Oonee ueMm 3a 0,2 c. Ilpu
HNOBPEXKJIECHUH H30JSLUU OTHOCUTENBHO KOpiyca oOOpyAoBaHUS M JUIsl YMEHBIIEHUS
BEPOSATHOCTHU MOPAXECHUS IPU OJHO(A3HOM MPUKOCHOBEHHUHU 4YenoBeka k cetu 380/220 B.
[IpuMeHSI0OT €ro BMECTO 3aHYJICHUS UJIU B JIONOJHEHUE K HEMY. 3allUTHOE OTKJIIOYEHUE
0 TOKY YTEUYKM YMEHBIIAET ONAaCHOCTh MOPAXEHUs IPHU MPUKOCHOBEHUU K TOKOBEAYLIUM
YaCTsIM.

3alUTHOE OTKJIIOUEHHUE 10 HANPSIKEHUIO OCYILECTBISAIOT IPU MOMOIIM Pejie HalpsKEeHUs
tuna PH-60 unu DH-500. BcmomorarenbHOoe 3a3eMiIeHHE, K KOTOPOMY MPUCOEIWHEHA
KaTylllKa aBToMaTa, JI0JKHO UMETh CONPOTHUBIIEHHE HE Oojiee HECKOJbKUX coTeH OM (BMecTo
10 win 30 OMm, KOTOpPOE AOKHO ObUIO OBl UMETH MOBTOPHOE 3a3€MJIEHUE IIPU UCIIOJIb30BAHUS
3anynenus). Eciau kopmyc 3amuniaemMmoro o00pyAoBaHusl CBA3aH C 3eMJIed, TOMUMO LIeTH Yepe3
KAaTyHIIKy aBTOMAaTa, TO BCIIOMOIaTElIbHOE 3a3€MJIEHHUE JOJKHO OTCTOATHh OT 3alUIIaeMOI0
obopynoBaHus He MeHee yeM Ha 10 M.

Jng  3alMTHOrO  OTKJIKUYEHUsS MO  TOKY  YTE€YKH  CIYXHUT  CHELUaJIbHBIN
aBTOMAaTUUYECKUU BBIKJIIOUYATENb, HaIlpumep THIIA F1
KOTOpOM  NpUMEHEH TpaHc(hOpMaTOPHBII ¢buIbTp TOKOB HYJIEBON
IOCJIEZIOBATEIbHOCTH C NEPBUYHBIMM OOMOTKaMM AJii BceX 4 IMpPOBOJOB CETH M C OIHOMU
BTOPUYHOM OOMOTKOH, 3aMKHYTOM Ha OTK/IIOYAIOIIYI Karylmiky asromarta. [loka B
3alIMINAEMbIX TOKOINPHUEMHHMKAX HET YTEUKHM TOKa 4Yepe3 M30IALUI0 Ha 3eMI0, B
MarHMuTONpoBojie TpaHC(HOPMATOPHOTrO (GUIBTPA CyMMa MIHOBEHHBIX 3HAYEHUH MarHUTHBIX
NOTOKOB OT BCEX YEThIpEX KaTylleK paBHa HyI0. [losBIeHHe TOKa yTE€UKH ONpenesIeHHON
BEJIMYMHBI TNPUBOAUT K TMOSBICHUIO BO BTOPHUYHON OOMOTKE TOKa, AOCTATOYHOTO st
OTKJIIOUEHHUsI aBTOMara. BMecTo BCIOMOraTenbHOro 3a3€MJICHHUS 31€Ch MOKHO MCIOJIB30BaTh U
3aHYJIEHHE, HO IPUCOEUHATH 3aIIHUIIAEMble METAIIINYECKUE IPEAMETHI K HYyJIEBOMY IIPOBOAY
HaJo0 A0 aBTOMaTa II0 XOAY SHEpPruu, a He Mnocie aBTomaTta. VHaue TOK yTeuku OyneT
IPOXOJAUTh 4Yepe3 (QUIBTP MU K MECTY MNOBpEXIEeHUs U OoOpaTHO, OTUYErOaBTOMAT HE
cpaboraeTr. ABTomMaThl '/ uMeroT Toku cpadbaTteiBanus oT 30 1o 300 MA.

Pa3paboTanbl 111 CENbCKOXO3SHCTBEHHBIX YCTAaHOBOK 3alIMTHO - OTKJIIOYAIOIIHNe
ycrporictBa (30Y) ¢ Toxkamu cpabarsiBanus 10 m 20 MA. Hamo moOMHHTB, 4TO MX HEIb3s
OPUMEHSATh I OJHOBPEMEHHOU 3aIlUThl OONBIION TPYIIBI 3JIEKTPONPUEMHUKOB: B 3TOM
Clly4ae MPOUCXOJAT JIOKHBIE CpadaThIBaHMsI M3-3a TOKOB yT€YKU, KOTOpPhIE BCETAa €CTh JAaKe B
IPAKTUYECKH HMCIPABHOW 3JIEKTPUUYECKONW ceTH (Hampumep, Ha BBOAE (epMbl OHM HMHOTJA
npesbimaloT 10 MA). 30V npuMeHSIOT IS MHAMBUAYAJIbHOW 3alllUThl LENU OJIHOTO
UIEKTPOIpUEMHUKA WM TPYHIbBl U3 JBYX - TpeXx HNpuUeMHUKOB. [lis obecnedeHus
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BBICOKOM UyBCTBUTEIBHOCTH 3TH YCTPOHCTBA CHAO0XKEHBI MOJIYIPOBOJIHUKOBBIMU YCUIUTEISIMUA
MEXIy  BTOPHUYHOM  KaTymKoW  TpaHcpopMmaropHOro  (GMIBTpa  TOKOB  HYJIEBOU
IIOCJIEI0BATENILHOCTU M KaTYIIKOW MarHUTHOTO ITycKaTesIsl MJIM aBTOMaTa, OTKJIFOYAIOILEr0 CETh.

3amuTHO-oTKI04arIee ycrpoictso 30VII-25 nng nepenBUKHBIX 3JIEKTPOYCTAaHOBOK
coctouT u3 MarHuTHoro mnyckartens IIME-236 u Onoka 3amuTHOTO YCTpOMCTBa,
BCTPOEHHOTO B KOPIYC IycCKaTess BMECTO TepMoOuMeTainueckux pene. OHO MPUMEHHUMO
U U1l CTAllMOHAPHBIX JIEKTPONPUEMHHUKOB B CETH C 3a36MJICHHOW HENUTPAJIBIO.

Pene yreuku cepunt PYJ[-02 ObIBatOT 1BYX MCIOTHEHUMN: I OJHO(A3HBIX JABYXIIPOBOIHBIX
neneid PY/I-022 (npuMeHSIOT B JKWIBIX M BCIOMOraTENIbHBIX IOMEIIEHHSIX; KOHTAKThI
00ecreynBalOT HENOCPEICTBEHHOE OTKIIYEHUWE M BKIIOYEHUE 3allMIAeMOM Lenu); A
YETBIPEXIIPOBOJIHOM CETH C 3a3eMiIeHHOHN HelTpanbio - PYJ(-024 (npuMeHSAIOT B KOMILJIEKTE C
IycKaTeJIeM WM aBTOMAaTOM, YK€ HMMEIOIIMMCS B YCTAHOBKE; KOHTAaKThl BO3JEHCTBYIOT Ha
KaTylIKy IIycKaTesls WM HEe3aBUCUMOro pacuenutens astomara). Pene PVY]1-024
JOIIYCTUMO K YCTaHOBKE B IOMEIICHUAX C 3alblJICHHOW WIM arpeCCUBHON CPENOW TOJIBKO B
CHelMaJbHOM 3alllUTHOM KOXyXe (Hampumep, B anmapatHoM smuke SAII-1 cOGopHbIX
pacmnpeneauTenbHbIX ycTpoicTB cepuu PYC).

4. Ilpuembl Oka3aHHs NePBOH MOMOIIH NOCTPAJABIIEMY OT 3JIEKTPHYECKOI0 TOKA.

HOCTpaI[aBH_IeFO HY>XHO KaK MOHO GBICTpee OCB060)II/ITI: OT AeHCTBUSA TOKA. HJ’ISI 9TOrO

OTKJIIOYAIOT Ty 4acCTh 3JIEKTPOYCTAaHOBKH, KOTOPOH Kacaercs mocTpanaBmuii. [Ipu
HanpsokeHuu 10 400 BT. {15 5TOro M0oXHO BOCHOJNB30BATHCS JTIOOBIMU HE MPOBOIALIUMHU
TOK IIpeIMeTaMH: BCTaTh Ha CBEPTOK CYXOH OAEXKIbl UM Ha JOCKY, 00MOTaTh 1maphom pyky,
KOTOpO#1 3aTeM OTTAIUTh NMocTpaaasiiero. Jlaxe ronoil pykoil MOXHO B3SITh MOCTpaZaBIIEro 3a
CYXYIO OJIeXK/1Y, HO Hellb35l KacaThCsl €ro rojioro Tesa uiiu o0yBU, KOTOPast MOXKET OBITh
BJI&XKHOW WJIM UMEeT MeTaJuinyeckue Aetanu. Ecnu moctpanaBmmii kacaeTcsi OHOTO U3
MIPOBOJIOB, TO MPEPBATh TOK MOXKHO, MOACYHYB MO/ MOCTPAAABIIETO CYXYIO JOCKY HUIIH
OTTSIHYTh HOTH OT 3€MJIM MaJIKOW JIM ¢ TOMOIIbIO CyXoi BepeBkH. MHorma  ObicTpee
nepepyouTh MPOBOAA  HMHCTPYMEHTOM C M30JIMPOBAHHBIMU pyYKaMu (PYyOUTH HX - IO
OJTHOMY, YTOOBI HE MOSIBUJIACH SJIEKTPUUECKas Jyra H3-3a KOPOTKOTO 3aMBIKaHUS).

Ecnu manpsokenue yctanoBku Oonee 400 B u ObicTpoe OTKIIOUYEHHE HEBO3MOXKHO, TO
cienyeT au0O0 OTTAIIUTh MOCTPAZaBUIETO OT YacTeld YCTAaHOBKH IO HANpsDKEHHUEM, MOJIb3YSICh
M30JUPYIOUIMMU 3aUIUTHBIMU CPEICTBAMH, PACCYMTAHHBIMU Ha 3TO HANpsHKEHHE (IITAHTH, KIISHIH
IUIs  TpeloXpaHUTENe, a TakkKe AUdJIEKTpUYecKrue OOThl M TMepuaTkH), JMOO BbHI3BATH
aBTOMAaTHUYECKOE OTKJIIOUEHHE YCTAaHOBKH, YCTPOMCTB B HEHl KOPOTKOE 3aMbIKaHUE Ha 6€30MacHOM
paccTossHUM OT MocTpaaasiiero. Hanpumep, Ha BO3AYUIHOM JTMHUM HAOPaChIBAIOT TOJIBIA MPOBOJ

Ha 2-3 (1)2131)1 JIMHUHU, OPCABAPUTCIIbBHO IMPUCOCAUHUB ITOT IMPOBOJ KaKOMy-J'II/I6O 3a3CMJIUTCIIIO.
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HaGpacsiBaemblii poBOJA TOCIIE€ COMPUKOCHOBEHUSI C MPOBOJAMH JMHUW HE JIOJDKEH KacaTbCs
OpocaBIIero Wiy APYrux Ji0Jed, 1 HUKTO HE JI0JKEH CTOSATh OJIMXKEe 5 METPOB OT 3a3€MIIUTEIIS.

ITocne orkmroueHust nuHUM HanpsbkeHueM Bellie 1000 B Ha Hell MOXeT cOXpaHUThCA
ONACHbIM JUIA JKU3HUM EMKOCTHBIA 3apsa. JIumbe mnociie HageKHOro €€ 3a3eMJICHHS K
MIOCTPaaBIIEMy MOKHO MPUKACAThCs 0€3 U30MPYIOMIUX IITAHT, KJICIIEH U T.II.

[Ipexne Bcero, HaJ0 MOCTApPAThCSA BBI3BATH CKOPYIO MEIMLMHCKYH IOMOLIb, W, HE TEPS
BPEMEHH, OJJTHOBPEMEHHO OKa3aTh MEPBYIO MOMOILb MOCTPAIABIIEMY.

Ecnu mocTpamaBmiuii He ABIIIMT COBCEM WJIM, HAaXOMSCh B OECCO3HATEIHLHOM COCTOSIHUM,
JBIIIUT PEIKO U CYIOPOKHO, TO HYKHO JIeJaTh UCKYCCTBEHHOE AbixaHue. [lepen aTum Hamo
OBICTPO PACCTETHYTh OJICK]Y IMOCTPAJABIIETO, CTECHSIONIYIO JIbIXaHHWe (TajJCTYK, MOsC), HO HE
CIIelyeT pa3feBaTh €ro, TaK KaK 3TO OECIOJIE3HO OTHHUMAET BPEMs, a BEPOSTHOCTHh YCIieXa TeM
MEHbIIIE, YeM II03)K€ HayaTo MCKYCCTBEHHOE JbpixaHue. HyXHO TakXe pacKkpbiTb pOT
MOCTPAIABIIETO M YAAIMTH BCE, YTO MOXKET MEIIATh JBIXaHUIO (CMECTHBIINECS 3yOHBIC TTPOTE3bI
U T.J.).

Haubonee »¢ddexTuBHBIM CcHOCOOOM HCKYCCTBEHHOTO JBIXaHHS SIBISETCS CIEayoIIee:
[TocTpanaBiiero KJaayT Ha CIHMHY, IMOJUIOKHUB O/ JIOMATKH YTO-TMO0 MSATKOE TakK, YTOOBI rOJ0Ba
3aIPOKMHYJACh Ha3aJl KaKk MOYKHO OOJIbIIIE, 3a)KUMAIOT

€My HOC M, ITyOOKO BJIOXHYB, BBIABIXAIOT BO3JyX B POT mocTpanaBmiero. Hazam Bo3myx
BBIXOJIUT CaM.

Ecnu y noctpanaBuiero paciumpensl 3padyky U MyJdbC HE MPOUIYNBIBACTCS JaXKe Ha 1Iee, TO Y
HEro IMapaju30BaHO HE TOJBKO JbIXaHUE, HO M cepiaue. Torga HMCKYCCTBEHHOE JbIXaHUE
YepeayloT C MacCaKeM cep/illa MyTeM HaJaBJIMBaHUS HAa HUXKHIOK TPETh IPYAHOU KIJIETKHU
MOCTpaJaBIIero OBICTPHIMH TOJYKAMHU IIOJOKCHHBIX OJHA Ha JIPYrylo JIaJIOHEH cracaTens
(Tam, TI€ TpyAMHA BBIJAETCS MEYCBUIHBIM OTPOCTKOM B BHUJE yIJla HaJ XHUBOTOM, HO HE «IIOJ
JOKEUYKON»). [lenaroT 4-5 TOTYKOB CO CKOPOCThIO MPUMEPHO pa3 B CEKYHY Tak, 4TOOBI TPyArHA
cCMelllajlach B HaNpaBJIC€HMM K TMO3BOHOYHMKY Ha 4-5 cMm. 3areM JBaXAbl clacaTesb JelacT
IyOOKHMI BIIOX W, 3a)KaB HO3JPH MOCTPaJaBIIEro, BAyBaeT BO3JIyX €My B pOT. 3aTeM ONSATh
nenaet 4-5 HaXKaTui Ha TPYJMHY U T.1.

Korpa mocrpamaBmmii momieBenuT rydoamMu, BEKaMH WM CIENAET TIJI0TAaTEIbHOE JIBHIKCHHE

ropjJioM, HYXHO IIPpOBEpUTb, HC HAYHCT JIK OH JAblIaTb CaAMOCTOATCIBHO KW PABHOMCPHO.
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HCKYCCTBCHHOC ABIXaHUEC MPCKpalarT, HHAYC OHO MOKCT TOJIbKO NOBPCAUTD. Ecau xe mocie
HECKOJIbKMX MTHOBCHHH OXHAaHUA OKaXCETCA, 4YTO HOCTpaI[aBH_II/Iﬁ HC ABIIIUT, UCKYCCTBCHHOC
ABIXaHHUC HEMCIJICHHO BO300HOBIAIOT. JleTaabHBIM HUCXOOA HECHACTHOI'O Cliydasd MOXHO CUHHUTATh
TOJIBKO B TOM CcClIydac, C€CJIHM MOCJIC 4Yaca HCKYCCTBCHHOI'O AbIXaHHWAd B COYCTAHUU C
MaccaXeM COOCTBEHHOE ABIXaHUC Yy MOCTpaAdaBIICTO HE MOABIIACTCA U PE3KO PACHIMPCHHBIC

3payKy HE CYKUBAIOTCS.

5. J1eKTp0o0e30nacHOCTh HA JKWBOTHOBOJYECKHX (hepMmax.

BonbIIMHCTBO NMOMEIIEHUH >KHBOTHOBOJYECKMX ()€pM IO CTENEHH OMACHOCTH IMOpPa)XKECHUS
3JEKTPUUYECKUM TOKOM OTHOCSTCA K 0co00 omacHbIM. B HuX 3ampemieHa pabora Ha
TOKOBEAYIIUX YaCTSIX, HAXOMAIIMUXCA MOJ HANpsDKEHHEM, W 3aMEHA I0J] HANPSIKEHHEM JIaMIL.
CeueHue M Mapka HYJIEBOro NpOBOJAa Ha JHMHHUM, NUTAKOLIEH XUBOTHOBOIYECKHE
MOMEIICHHsS], & TaK)Ke BO BHYTPEHHEH MPOBOJIKE TOJKHBI OBITh TaKUMH K€, KaK U y (Pa3HbIX
MPOBOJIOB. DJIEKTPOJAMIIBI CIEAYET PAaBHOMEPHO pachpeneiauTh 1o (Ga3sHbBIM NpPOBOAAM U
BKJIIOYAaTh UX TPEXIOJIOCHBIMHU BbIKIIOUYATEISIMU. OJHOMONIOCHBIE BBIKIIOYATENN - TOJBKO IS
CBETHJIbHUKOB CyMMapHON MOLIHOCTBIO He Oosee 20% oT o01ieil MOIHOCTH OCBEIIEHUS (PEPMBI.
Bce apyrue omnodasHbie TOKONMPUEMHUKH, KpPOME HMEIOIIMX MOIIHOCTH He Oonee 0,6 kBT,
BKJIIOYATh Ha JIMHEHHOE HANpsDKEHUE, IPUYEM U B ATOM Cllydae UX MOLIHOCTb HE JOJIKHA OBbITH
6onee 1,3 kBt (1Haue Hago npuMeHsTh Tpexdas3Hbie).

BoikitouaTenyu ¥ npeJoXpaHUTENN pa3MELaloT B COCEIHUX C CBIPBIMHM CYXUX MOMELIECHUSX.
KHomnku ynpaBneHus mycKOBOH anmapaTypoil yCTaHaBIUBAIOT y pabOYHX MECT.

TponneiiHble MpoOBOJa MM IIHUHBI JJIS 3JIEKTPOTPAHCHOPTA WUIM ISl O0JydaTelbHBIX U
IPYTUX YCTAaHOBOK B )KMBOTHOBOJYECKHUX MOMEIIEHUIX MOABEIIMBAIOT HA BBICOTE HE MEHEE 3 M.
OT ypoBH# mouis. HampsikeHne Ha HUX TOJAI0T TOJIBKO Ha BpeMs padoThI.

Kopnyca crpuranbHbIX arperatoB, pyOWJBbHHUKOB, YYT'YHHbIE KpBIIIKH BBIKJIIOUaTeneit
3aHYJISI0T. B KadecTBe 3a3eMIIIOIIMX 3JEKTPOJOB MEPEABUKHOIO 3JIEKTPOCTPUTAIBHOTO MMYHKTA
MPUMEHSIOT JIBa OTPE3Ka JABYXAI0IMOBOI TpyObl, 3ar1y0JeHHBIX B 3€MJII0 HE MEHEe YeM Ha
1,5 M. DiuexTpoMOHTEp, OOCITYKHBAIOIIUNA 3JIEKTPOOOOpyIOBaHUE, MobKeH wumerh Il

KBaJ'II/I(bI/IKaHI/IOHHy}O rpymniny; OH MOXCT MCHATH IIJIABKUC IIPCAOXPAHUTCINU, [JCJIAaTb
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NEPEKII0YEHMs Ha IUTaX U cOOpKax. YuyacTue BTOPOro JMia Tpedyercs TOJNbKO Mpu padoTax
Ha BbICOTE Oojiee ABYX METpOB, C JIECTHMI] WJIHM HNOAMOCTEH WiIM Ipu paboTax Oe3 CHATHUS
HanpspKeHUs (B MOMEUIEHUSIX 0€3 MOBBIIIEHHON OMTaCHOCTH).

[Tepconan, oOCHyKUBAIOMIMKA YCTAaHOBKH ISl YJIBTPa(QHOIETOBOTO OOTYyYCHHS KUBOTHBIX
WM NOTHULBI, JOJOKEH HMMeTh KBanudukanuio no I rpynme, mosib30BaTbcsi OYKaMH C
JBIMUYATBIMU WJIK OECLBETHBIMH, HO TOJICTBIMU CTEKJIAMU (HE ME€HEE 3 MM.) U 110 BO3MOXKHOCTHU
HE HAXOJUTCS B 30HE AEHCTBUSA YIbTPa(UOIETOBBIX JIyUEH.

ITpu ncnosib30BaHUM IEKTPOU3TOPOAU 3allpelnaeTcs OpaTbes 3a MPOBOJIOKY, OCMAaTPUBATh U
UCIIPABIISITh €€, KOI/la OHAa HaXOAMTCS MOJ HanpsbkeHueM. He cienyer BKiIrouaTh MysabcaTtop A0
IIPUCOEIMHEHUS K IPOBOJIOKE M3TOPOAM U OTKPBIBATh KPBIIIKY BKJIIOUEHHOIO MyJbcaTopa B
ceipyto noroay. Crporo 3ampemaercs MNOAKIIOYATh OaTapelHyI0 3JIEKTPOM3TOpoab K
anekTpoceTn. Hanbomnee 3 PeKTHBHBIM MEPONPUATHEM IS 00eCIIeUeHHS HIEKTPOOE30MaCHOCTH
KPYIIHOI'O pOraToro CcKoTa, SBJISETCS IPUMEHEHHE BbIPABHUBAHUS [OTEHLMAIOB NyTEM
3aJI0KEHMS B MOJ NOJ NEPEAHUMHU U 3aJHUMM HOraMu KOopoB (Ha pacctosHuu 1,2-1,4 m.)
CTaJIbHON KaTaHKM JuaMeTpoM 6-8 MM., COEIMHEHHOH CO BCEMHU METAIJIOKOHCTPYKUUSIMU U
TpyOonpoBoiaMu, JOCTYIIHBIMU I MPUKOCHOBEHUS XKUBOTHBIX. Pa3 B moarona ueinocthb
BBIPAaBHUBAIOLIUX HNPOBOJHUKOB MPOBEPAETCS U3MEPEHUEM CONPOTHUBIIEHUS METIS U3 JBYX
poBOAHUKOB. OHO 10JKHO OBITH He Oosee 1 OMm.

Ecnu croitnoBoe momemeHue He CONEPKUT METAUIOKOHCTPYKLUMM HJIM TPAHCIOPTEPOB,
BMECTO BbIPaBHUBAHUS MOTEHIMAIOB MOXXHO NMPUMEHATH M3O0JIALIMOHHBIE BCTABKU JJIMHOM HE
MeHee 1 M. MMy OTAenstoT aBTONOMJIKM OT BOJONPOBOJHONW MAarucTpalu, 3JIEKTPUUYECKHU
CBA3aHHOM € KOpHyCcOM DJIEKTpOHAcoca, »3JEKTpoBoAoHarpeBaTens. JlnuHy BcTaBKu
onpeneNisaoT no Homorpamme. M3onupyromyio BcTaBKy JiauHOM 20-25 cM., BKIIOUYAIOT B
BaKyyMIIPOBOJ JOWJbHOM YCTAHOBKHU. OTHUM 3allMIIAIOT KOPOB OT 3aHOCAa OINAaCHOIo
MOTEHLMAA.

DNeKTponpoBOJKY B MOMEIIEHUIX AJI CKOTa MPOKJIAIbIBAIOT HA BBICOTE HE MeHee 2,5 M.
Ecnun 310 TpeboBaHKE BBIMOJHUTH HEBO3MOKHO, IPOBOJIKY MPOKJIAABIBAIOT B CTAJIBHBIX TPyOax
WIM BBIIOJHAIOT 3aIIMUICHHBIMU NpPOBOJaMH. MexXay 3JeKTpOonpoBOAKOH M TpyOOmpoBOAaMH

BHYTPH 3/1aHU BBIJEP/KUBAIOT paccTossHUE He MeHee 10 cm.
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JUTsT M30JISIIAK AJIEKTPOABUTATENICH U SJIEKTPUYECKHUX alllapaToB HAa MAIIMHAX M MEXaHW3Max
JOCTYIHBIX MPUKOCHOBEHUIO >KMBOTHBIX, MEKIY KOPITyCaMHU SJIEKTPOOOOPYIOBAHHS M ITUMHU
MallMHAMH TPUMEHSIOT H30JHPYIOMHUE MYy(PTHI,IIPOKIAIKA HIA 3BEHbS, KOTOPBIC TOJIKHBI
BBIJICP)KMBATh B TeueHWE | MUH., UCOBITaTeNbHOE HampspkeHue 4 kB., mepeMeHHOro Toka
yactoTtou 50 I'r.

DONEeKTpOAHBIC BOJOHATPEBATENH MJOMYCTUMBI K OKCIUIyaTallil TOJBKO C OJIIOKUPOBKOW,
UCKJTIOYAIOIICH OTKPBITHE BOJOPA300PHOIrO KpaHa J0 OTKJIFOYCHHS HArpeBaTelsisl OT JEKTPOCETH.
Kpome Toro, 3J1eKTpoiHbIC BOJAOHAIPEBATEIN JOJKHBI ObITh TpeX(a3HbIMH, C HE3aHYJCHHBIM U
HE3a3eMJICHHBIM KOPITYCOM, KOTOPBIM 3aHYJISIOT. B 3aHY/ISIONIMA TPOBOJ BKIIOYAIOT KaTYIIKY
TOKOBOT'O peJi€ WJIM PacUENUTEeNsi aBTOMara, cpadarpiBaroIiero nmpu Toke B 20% oT HOMHUHAJIBHOTO
TOKa BOJOHarpeBaresis. TpyOOmpoBOABI I SJCKTPONPOBOJAKH M JUIS BOJBI 3aHYJSIOT.
[TocnenHue NTPHCOCAMHSIOT K KOPIYCY BOJOHArpeBaTeNisi dYepe3 H30JUPYIOIIUE BCTaBKH C
CONMpOTHRIICHHEM CToJi0a Boasl He MeHee 2000 OM mpu pacyeTHOM YACILHOM CONPOTHBICHUU
BOJIBI He O0osee 2 OM.

OnekTpuUIMPOBAHHBIC MEPEABHKHBIC MAIIWHBI U anmnaparsl (MM CTAllMOHAPHBIC, HO
C NHTaHWEM Mo THOKOMY KaleJilo), eCliM OHHM He IMepEeMEelalTCs CaMH, Ha BpeMms
NepPeIBMIKCHUS OTKJIIOYAIOT OT MCTOYHHKA MHUTAHHS, a KaOellb OTCOCIUHSIOT OT HEMOABH)KHOIO
mMTKa (U1 IPeIOTBPAICHHS YPE3MEPHOT0 HATSHKEHUS, OTYETO MOKET MOBPEIUTHCS U3OJISLIHS MU
o0opBaThbcs  3aHynsmomas kwia). Jud NpUCOSAMHEHHS TEPEABMIKHBIX W TMEPEHOCHBIX
JJICKTPONMPUEMHHUKOB a TOMEIIeHHAX (epM pa3MemalT IITENCEIbHbIC COCIUHCHUS B

repMeTU3UPOBAHHOM HCIIOJIHEHUH C 3aHYJISIOIIUM KOHTAKTOM.
2.1.3 Ilepevyenn npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YyeMbIX B J1A00paTOPHON padore:

1. KommbroTep, IpOEKTOp , IKpaH

2.1.4 Onucanue (xox) padoTbl:
Ilpocmomp punvma no snexkmpobezonachocmu
Ogopmnenue KoHCneKmMa no 3a0AHHbLIM BONPOCAM

2.2 JlaGopaTropHas padotra Ne 2 ( 2 yaca).
Tema: «Onexmpuueckue uzmepenus u npudOPvL»

2.2.1 Heab padoTbi: O3HAKOMUTHCS U HAYYUTHCS UCIOJB30BATh 3JIEKTPUUECKHUE
u3MepuTeNbHble MPUOopsl. OOYUUTHCS PELIeHUIO 3a/1a4

2.2.2 3agauu padoThI:

149



1.03HaKOMUTBCS € IIEKTPUUECKUMHI U3MEPUTEIBHBIMU TPUOOpaMu
2.2.3 IlepeyeHb NpuOOPOB, MATEPHUAJIOB, HCIOJIb3yeMbIX B J1a00pPaTOPHON padoTe:

1. Ucrounuk nutanus UIT 1 (8 mrT.),
2. ammnepmetp £23A (4 mt.), +20A (4 mrT.)
3. BoapT™eTp £150B (3 mrt.); £300B (5 mit.);
4. nammbl HakanuBanus 250B 150 Bt (4 m.), 250B 100 Bt (10 mrT.);
5. pesucrtop [I1OB25 (4 wt.), [19B 10 (3mT.)
2.2.4 Onucanue (xox) padoTpi:
DJeKTpuuecKue U3MEpUTEIbHbIE MPUOOPHI - HEOOXOIUMBIE JIEMEHTHI JJCKTPUUECKUX

Lenei Mmpu KOHTPOJIE PEXHUMOB pabOThI EKTPOOOOPYNOBAaHUS, yU€Te 3JIEKTPOIHEPTUH, IpU
SKCIIEPUMEHTAILHOM HCCIIEJOBAHUM AJIEKTPUUYECKUX Lenei, Npu MOJy4YeHUU JIOCTOBEPHOU
nH(OPMAIINY JJIS1 CHCTEM aBTOMAaTHYECKOTO YIPABJICHHUS.

DNEeKTpUUECKUE HU3MEPUTENIbHBIE MPUOOPHI HU3MEPSIOT KaK 3JIEKTPUUECKUE BEJIUYMHBI
(TOK, HampspKeHHE, MOILHOCTb, COS (), YacTOTY, DSJEKTPUYECKYI0 SHEPrui0 U T.A.), Tak U
HERJICKTPUYECKHE BETMUMHBI (TEMIIepaTypy, JaBlIeHUE U Ap.).

DNeKTpuYecKue U U3MEpHUTEIbHbIC TPHOOPHI OTINYAIOTCS BBICOKON UyBCTBUTEIBHOCTBIO,
IPOCTON KOHCTpYKIMEH M HaaeKHOCTblO. [loka3aHUs 3JIEKTPUUYECKUX H3MEPUTEIbHBIX
IpuOOPOB OTHOCUTEIBHO NMPOCTO IEPeNaBaTh Ha JAJbHUE PACCTOSIHUS (TE€IECHU3MEpEHMsI) Mpu
aBTOMATH3alMK U yIIPaBICHUH TEXHOJIOIMUYECKUMHU IIPOLIECCAMHU.

HenocTaTkoMm 3JIeKTpUYECKUX M3MEPUTEIBHBIX MPUOOPOB SBIISAETCS HEBO3MOMXKHOCTh UX
IIPUMEHEHHUS Ha B3PHIBOONIACHBIX U [10’KAPOONACHBIX TOMEIIECHUSX.

1. CucTteMsbl 31EKTPUYECKUX U3MEPUTENbHBIX IPUOOPOB

DNeKTpUYecKuil M3MEpUTENbHBIH NPUOOP COCTOMT W3 IMOJBUKHOM M HENOJBUKHOM
yacreil. [To nepeMerieHnIo NOABMKHON YaCTH U3MEPSIOT 3HAUCHHSI H3MEPSIEMbIX BEJINYMH.

B 3aBucuMoCTH OT NpUHLHKIIA JEHCTBUS Pa3Indal0T CUCTEMbl: MarHUTO3JIEKTPUUECKYIO,
3JIEKTPOMArHUTHYIO, 3JIEKTPOIMHAMUYECKYIO, TEIJIOBYIO, HHAYKIIMOHHYIO U Jp.

Tabmuna 1. - CucreMbl 3JE€KTPUYECKUX H3MEPUTENbHBIX NPUOOPOB M HMX YCIOBHBIE

0003HaueHUS ]
‘Sn Cucrtema npubopa O603HaucHHE
| Maruuroanexrpuueckas O
2}, OnexrpoMarHuTHas {
3 AnexTrpoaHHAM HYeCKas $
4 Tennosas v
5 HHay kunoHHas C])

B Ttabmuue 1 mpuBeneHsl ycinoBHble 0003HadeHHs] HauOoyiee MIMPOKO MPUMEHSIEMBIX
CUCTEM IpUOOpPOB. OTH 0003HAYEHMs] M JpYrMe Ba)KHEHIIME XapaKTEpUCTUKU MpHOOpOB
YKa3bIBalOTCA HA JINLIEBON NAHENIN AIEKTPUUECKUX U3MEPH TeIbHBIX NpUOopoB (puc. 1).

PaboTa mpubOpoB MarHUTOZIEKTPUUECKONW CHCTEMbl OCHOBAaHA HAa B3aMMOJICUCTBUH TOJIS

IIOCTOSIHHOT'O MarHuTa U MOABUKHOM KaTYyILIKH.
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Ha PUCYHKC 2 T1OKa3aHa OCHOBHAas 4YacTh MAaruuTO3JICKTPUYCCKOTO HU3MCPUTCIBHOI'O

MCXaHMU3Ma, IIOJBUIKHAA KaTylliKad, PAacCIOJIOKCHHAsA B CHJIIbBHOM PABHOMCPHOM pPaluaJIbHOM
MAarouTHOM IIOJIC.

KaTteropus 3alii¥Thl

OT BHELUHHX Pox mamepsaemoki Cucgcma
MarHMTHBIX nonew BETHIHHB MPHOOP2 panpskeHHe, KOTOPBIM
HCNBITHIBANACH H3OJIALMSA
[MTonoxenue . 150 npu6opa
npubopa
50 200
" KJlacc
><1 & M 320 >/ TOYHOCTH
@) b
" 4.4 roc*r, 1845-52
3aBoackon JIara/ Pon ’ Houep I'OCT, xoTopoMYy
HOMEP BHIIyCKa H3MEPSEMOro  COOTBETCTBYIOT 3JIEKTPUYECKHE
TOKa xapakTepucTHKH npubopa
— IOCTOSHHLIHA
~ NepeMEeHHEIA
R Tpexdasubii

Pucynoxk 1 - llkana n3mepurenbHoro npudopa
ITonBukHast KaTylIKa U3 TOHKOTO MEIHOIO MM AJIIOMHUHHEBOrO IIPOBOJAA HAaMOTaHa Ha
kapkac (unu 0e3 Hero). Ha ocu nmoaBM>XHOM yacTu MpuboOpa yKperuieHa CTpeaka, KOHel KOTOpon
IepEMEIIAETCsI 110 IIKaJIe AIEKTPUYECKOT0 U3MEPUTENBHOIO ITprlopa.
IIpy mnporekaHuM ©O KaTyIIKE >JEKTPUUYECKOrO0 TOKa COIJacHO 3aKoHY Amrepa
BO3HHUKAIOT CHJIbl F, cTpemsluecs IOBEpHYTh KarywmKy. IIpm paBeHCTBE BpalllaoLIero
MBpocTaHaBIMBAETCS U MPOTHUBOJAEHCTBYOMEr0 MIIPMOMEHTOB KaTyIlIKa OCTaHABJIMBAETCS.

14 -~

-
-

PI/ICYHOK 2. IMMOJABHUXKHAA KAaTyIIKa B paludaJIbHOM MArHUTHOM II0JIC

Jns co3maHus MPOTHUBOJAEHMCTBYIOLIEr0 MOMEHTa MIpH OJHOBPEMEHHO ISl IOJBOJA
TOKa B KaTYIIKY CIIY’KaT JIBE CIIUPaJIH.

OO61iee BeIpakeHUE JIs BPALIAIOIEro MOMEHTA UMEET BU/I:
(1)
Mgp = dW/da

rae W- OHCPI'UA JICKTPOMAIrHUTHOI'O I10JIA, COCPEA0TOUYCHHAA B UBMCPUTCIIbHOM
MCXAaHHU3MC,

a - yroJi rioBopoTa MOJBMKHOM YacTH.

DHeprus EeKTPOMarHuTHOro MoJist WpasHa paboTe gjuepeMelieHII0 aKTUBHOM YacTH
IIPOBOJA KaTYIIKU B IOCTOSIHHOM MarHMTHOM I10JI€ ¢ UHAYKLIHENH B
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Cornacho 3akoHa Amnepa cuia F, geiicTByromas 4actTe IpoBoAa KaTyLIKU IpU

MPOTEKAHWH MO HEW TOKa | paBHBI:
F=1IxBxsin¢g 2)

/1€ ¢ - YTOJ MEX/1Y HallpaBJI€HUEM TOKA B aKTUBHOM 4acTH MIPOBOJIa U MHAYKLUEH
MarHuTHOTO MOJIf;

| - IMHA aKTUBHOM YaCTH KATYIIKH.

B namewm cinyyae ¢ = /2 sin ¢ =1. CiiegoBaTtensHo, paboTa 1o MepeMeIIeHuIo IBYX
AaKTUBHBIX YacTeH MpOBOJA KATYIIKH, IEPIEHAUKYISPHBIX IIOCKOCTH YepTexa (puc. 2), paBHa

A=W =2FxX=2IxBxlIxr, 3)

rae X =rx o - JyIMHa TPaeKTOPUHU aKTUBHOM 4acTH MPOBOJIA;

I - pauyc TPAEKTOPUH;

a - yron nmoBopota katymku. [loncrasiss (3) B (1) momyuaem:

dW

Msp = ------- =2[xBxlIxr.

do

Tak kak IPOTUBOIEHCTBYIOIIHUM MOMEHT MBp CO31a€TCsl YIPYTMMU JIEMEHTaMU, TO JUIs
YCTaHOBUBILIETOCS peXUMa

Mop=Mepum W ¢ = 2Ix Bx1xr,

rae W- yaenpHbIi TPOTUBOAEHCTBYIOIMA MOMEHT, 3aBUCSAIINI OT CBOMCTB YIIPYTrOro

anemeHTa. Ce10BaTeNbHO, YToJl IOBOPOTA KATYLIKH @ IPOIOPLIMOHAIEH TOKY :

2B:lr

q =

o [ =S-1,
- “4)

rZie S - 4YyBCTBUTENBHOCTh U3MEPUTEIBLHOIO MEXaHU3MA.

Kak Buano u3 (6.4) npu nepemMeHe HalpaBJIEHUs TOKa B KaTYLIKE MEHSETCsI Ha 00paTHOE
U HalpaBJIeHUE OTKJIOHEHUS OJBUKHOM YacTH U yKa3aTels (CTPEIKH).

Jlid mostydeHus: OTKJIOHEHHS yKa3aTels B Hy)KHYI0 CTOPOHY HEOOX0AUMO Npu
BKJIIOUEHUU Nprbopa coOuIro1aTh yKa3aHHYIO Ha IPUOOpPE MOJIIPHOCTD

JlocTouHCTBa NPUOOPOB MAarHUTOAIEKTPUUECKON CUCTEMBI: BBICOKAsi 4yBCTBUTEIBHOCTh
K U3MepsIeMO BeJIMUUHE, BBICOKasi TOUHOCTS (Kks1acc TouHocTH 0,05 Manoe notpebieHue
MOIIHOCTH, MaJlasi 4YyBCTBUTEIbHOCTh K BETHUM MarHUTHBIM nosisiM). Hepocrarok -
BO3MO>XHOCTb IIPUMEHEHUS TOJIBKO B LIETISIX OCTOSIHHOTO TOKA.

B npubopax 351eKTpOMarHuTHON CUCTEMBI B HEMOJBUKHON KaTYILKE, IO KOTOPOMH
IIPOTEKAET U3MEPSIEMBIN TOK, CO3JAET .1 MAarHUTHOE I10JI€, B KOTOPOE BTSTMBAETCH,
MIOBOPAYMBASICh HA OCH, (DEPPOMArHUTHBIN CEPACYHHUK, HAMAarHUYNBAEMBIH YTUM K€ TIOJIEM.
[TprueM BTATMBAIO € MPOMCXOAUT KAK IPU MOCTOSIHHOM, TaK U IIPU IEPEMEHHOM MarHUTHOM
110JI€, @ YTOJI TOBOPOTA @ MPOIOPLMOHAJIECH KBaApaTy CUIIbI U3MepsiemMoro Toka. [loatomy:

a) MpUOOPHI JTEKTPOMArHUTHONW CUCTEMBI MOTY; IPUMEHSATHCS B LIEISX IOCTOSHHOTO U
IIEPEMEHHOT0 TOKA;

0) mkasna npudopa HepaBHOMEPHA, CHIIBHO CXKAT B HAYaJIbHOM YacTH.

JIOCTOMHCTBA AJIEKTPUUYECKUX U3MEPUTENIbHBIX IPHOOPOB 37IE€KTPOMAarHUTHON CHCTEMBI:
IIPOCTOTA U HA/IEKHOCTb KOHCTPYKLUHU, HEOOJIBIIIOE OTPEOJIEHNE MOLITHOCTH.

HenocraTku: HeBbICOKAsi YyBCTBUTEIBHOCTD K U3MEPSAEMOM BEIMUMHE, OTHOCUTEIILHO
HU3Kasi TOYHOCTB (Ki1ace TouHOCTH 10 1.0), Gosbliast 4yBCTBUTENBHOCT K BHEIIHUM
MarHMTHBIM MOJISM.

Bpamafomnﬁ MOMCHT JJICKTPOMAIrHUTHOI'O UBMEPUTCIIbLHOT'O MEXAaHU3Ma
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12

dLI
M _dWe_ 2 -,1..12..4_1‘_
Y da da 2 da

-t -

.

Ecan HpOTHBOHCﬁCTBymHIHﬁ MOMCHT CO344aC€TCA C IIOMOIIBIO YIIPYIUX 3JIEMCHTOB, TO
A peKMMa YCTAaHOBHUBUICTOCSA OTKIIOHCHUA

M=Wa wu a-~—l——'12°—(,i--.
2W

da
)
2 OCHOBHBIE XapaKTEPUCTUKH TEKTPHUECKUX U3MEPUTENIbHBIX PUOOPOB
2.1 Crartuueckas xapakTepucTuka. CTaTuueckasl XapakTepUCTHKA U3MEPUTEIBHOTIO
npubopa - 3aBUCUMOCTb BBIXOJIHOTO CUTHAJIAa ) OT BXOJJHOI'O CUTHAJIA X B CTATUYECKOM PEXHUMeE
paboThl yKa3aHHOTO Npubdopa.

CraTudeckast XapakTEepUCTUKa B OOLIEM CIIyyae ONUCHIBACTCS HETMHEHHBIM ypaBHEHUEM
y = f(x),
Tax, Hanpumep, AJis AEKTPOHHBIX U3MEPUTENBHBIX TPUOOPOB MArHUTOIEKTPUUECKON

CHCTEMBI CTATUYECKOM XapaKTepUCTUKOM OyneT ABIsAThCS ypaBHeHHE (3), B KOTOPOM BXOJHBIM
CUTHAJIOM OYJET SIBIATHCS ICKTPUUECKUN

[Tockonbky

= const

TO CTaTUYECKasi XapaKTEPUCTHUKA IEKTPOUIMEPHUTEIIHLHOTO Mpubopa
MAarHUTO3JIEKTPUYECKOU CUCTEMBI JIMHEHHASL.

2.2. TlorpemHocTb. AOCOJIIOTHAS MOTPEIHOCTD IPUOOPA B JTAaHHOW TOUKE JUana3zoHa
U3MEPEHUs paBeH:

A=X-X%,

r7ie X- MoKazanue npubopa;

Xy — UICTUHHOE 3HaUY€HUE U3MEPSIEMON BEIMUNHBI.

OpHako B CBA3M C T€M, UTO MCTUHHOE 3HAUYE€HUE Yallle BCETO HEU3BECTHO, BMECTO HETO
UCIOJIb3YETCSl IEHCTBUTENBHOE 3HAUEHHE: Xy, B KAUECTBE KOTOPOr0 MPUMEHSIOT JIM00 cpesiHee
apu(MeTHYECKOE 3HAUCHHUE Psia U3MEPEHUH, 100 moKka3zaHus 00pa3oBoro npuodopa.

OueBHIHO, YTO aOCONIOTHAS MOTPEUTHOCTh TPUOOpa BEIPAXKAETCS B TEX KE eIUHUIAX,
YTO U U3MepsieMasi BeTMYrHa.

AGcConIoTHAs MOTPEIIHOCTh MpuOopa HE XapakTepusyeT B MOJHEH Mepe TOYHOCTh
U3MEpEeHUs, MO3TOMY IPH HU3MEPEHUSIX OMPEICINAeTCS TAKKE OMHOCUMENbHAS NOSPEUHOCMb -

OTHOIIEHHE aOCOJIIOTHOM IOTPEIIHOCTH K HUCTUHHOMY (E€HCTBUTEIBHOMY) 3HAYCHUIO
U3MEPSEMON BETUYUHBI

A a

-“x_——’
X X

(7))

WJIA B IIPOLCHTAX
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5(%) = 2100% .

X
e (8.)
IIpusedennas TOTPEUIHOCTh y DIICKTPUYECKOrO H3MEPUTEIBHOr0 MpuOOpa paBHA
OTHONICHHUIO a0COJNIOTHOW TOTPEIIHOCTH K HOPMHUPYIONIEMY 3HA4CHHIO Xy, KOTOpOe
NPUHUMACTCS PaBHBIM BEPXHEMY Ipenelry M3MEepeHHi (eciu HyleBas OTMETKa HAaXOAWUTCS Ha
Kparo WJIM BHE IIKAJIbI) WJIM JMANa30Hy W3MEPEHHUs (€CIM HyJeBask OTMETKA HAXOAUTCS BHYTPU
JMarna3oHa U3MEPEHHUs)

A
y = —,
XN
)
HJIIN B HpOHCHTaX
A
V(%) = -------
XN )

[TorpeurHocTh 3MEKTPOU3MEPUTEIHLHOTO MNPUOOpPa 3aBUCUT OT YCJIOBUH MPOBEICHUS
n3MepeHuil. Paznuuaror ochosnyo u 0onoanumenbHyo NOTPeIIHOCTH.

OcHOBHAasi TMOTrPEMIHOCTh - ATO MOrPEIIHOCTh, CYIIECTBYIOIIAs TMPU HOPMAIbHBIX
YCIIOBUSIX, KOTOpBIE YyKa3aHbl B HOPMATHBHBIX JIOKYMEHTaxX, pPErJaMEHTHUPYIOIIMX MpaBUiIa
WCHBITaHUS U SKCIUTYaTalluH AIEKTPOU3MEPHUTENbHBIX TPUOOPOB.

[lon HOpMallbHBIMHM YCIOBUSIMM, HAIpUMEp, MOTYT IIOHHUMATbCS: TeMIlepaTypa
okpyxatomei cpeast (+20 +.2) C;

MOJIOKEHUE TMpUOOpa TOPU3OHTAIHHOE, C OTKJIOHEHHMEM OT TOPU3OHTAJIBHOTO HE
npesbimaomuM +2 C; oTHOCHTENbHAs BIaXHOCTh (65 £ 15)%;  mpakTHueckoe OTCYTCTBUE
BHEIIHUX MAarHUTHBIX W AJIEKTPUYECKUX mojiei; . yactora nurtaromieit cetu (50 + 1) I'm u tak
nanee.

JlononHuTeNnbHAs MOrPEIIHOCTh BO3HUKAET IPU OTKIOHEHUM YCIOBUM HUCHBITAaHUS U
SKCIUTyaTaluy Nprudopa OT HOPMaNbHbIX.

Hanpumep, npuBefeHHasi MOTPEIIHOCTh 3JEKTPOH HO-U3MEPHUTENBHBIX MPUOOPOB NpHU
HOPMaJIbHBIX YCJIOBMAX He npeBblaet 1%. Ecnu ke TeMneparypa OKpyKarollel cpebl JEKUT
BHE YKAa3aHHOI'O B HOPMAaJbHBIX YCJIOBMSX JMANa3oHa, TO MPUBEICHHAs MOIPEIIHOCTbh MOXET
npesbiaTh 1%.

2.3 Knacc Ttounoctu. Kracc mounocmu 31€KTPOHHBIX U3MEPUTENIBHBIX TPUOOPOB -
0000111eHHAsT METPOJIOTUYECKAs XapaKTePUCTUKA, OIIpeIelisieMast IpeeIaMu JOIMYCTUMBIX
OCHOBHOW U JIOMOJIHUTEIBHOU MOTPEMTHOCTEN.

Knacc Ttounoctu K CTpenoYyHBIX M CaMONMINYIIUX MPUOOPOB, KakK MPaBUIIoO,
o0o3HavyaeTcs OJHHM YHCIOM, PAaBHBIM MaKCHMAaJbHO JIOMYCTUMOMY 3HAUEHHUIO OCHOBHOM
MIPUBEICHHOMN MOTPEIIHOCTH, BBIPAKEHHOM B ITPOLIEHTAX:

A
K(%) = ------- 100 =y100
XN (10.)
DneKTpOHHbIE U3MEPUTENbHBIEC TPUOOPHI AensATcsa Ha 8 kinaccoB TouHocth: 0.05; 0.1; 0.2;
0.5;1.0; 1.5; 2.5;4.0.
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ITpumep: MunnuBosibT™MeTp co mkanoit 1o 50 MB nmeer knace tounoctu K =0,5.
OnpenenuTs MaKCUMaJIbHYIO a0COIIOTHYIO OTPELIHOCTD 3JIEKTPOHHOTO U3MEPUTEIIBHOTO
npuoopa.

Pemenue:

N3 (10) caenyer, 4To MakcUMajibHas aOCONIOTHAs MOTPELIHOCTh NMPU M3MEPEHHSX BO
BCEM JIMaIa30HE PaBHA

Kx XN 0,5 x 50
A= = =+0,25MB
100 100
2.4 Bapuamus. Bapuayua T10Ka3aHUIl >IEKTPOM3MEpPUTENBHOrO Ipubopa - 3TO

HauOOoJIbIIas PA3HOCTD €ro MOKa3aHUM MPU OJTHOM U TOM K€ 3HaYCHHH U3MEPSEeMOM BETUYHHBI.
OcCHOBHOUM IPUYMHON BapHAallMH SBIISETCS TPEHUE B ONOPAX MOJBHUKHON YacTu mpubdopa.
Bapuanuio onpenensroT, cpaBHHMBas IOKa3aHUs 3JIEKTPOM3MEPHUTENIBHOTO mpubdopa,

CUMTAaHHBbIE OJMH Da3 IOCJIE€ YCTaHOBKM TpeOyeMOro 3HA4YEHHUs H3MEPSAEMON BEJINYMHBI

MOAXOJAOM CHHU3Y (CO CTOPOHBI MEHBIIMX 3HAYEHUU), a APYrod pas3 - MOAXOJO0M CBEpxXy (co

CTOPOHBI OOJIBIINX 3HAUEHUH).

2.5 lena nenenus. Ilena Oenenusi 3IEKTPOM3MEPHUTENBHBIX MPUOOPOB YHCICHHO paBHA
U3MCHEHHUIO M3MEpSeMOi BEJIIMYMHBI, BBI3BIBAIONIEMY IEpEeMELICHUE yKa3aress (CTPEeNKH) Ha
OJTHO JICJICHHE.

[lpn paBHOMEpHOW mIKaje [EHAa JEJNEHHs paBHA OTHOLICHUIO MpEAeia H3MEpeHHs
AJIEKTPOU3MEPUTEIBHOTO TPUOOPA X, K YUCITY JCTECHUH IIKAIIBI 71

C = Xp/n

2.6 Ilpenen uzmepenus [lpeden usmepenus 3MEKTPOUIMEPUTEIBHOIO IPUOOPHI 3HAUECHUE
U3MEpSIeMO BEIMYMHBI, TPU KOTOPOM CTpesika NpuOopa OTKIOHSETCS 1O KOHIA IIKAJbIL.
DNeKTpou3MepHUTEIbHbIE MPUOOPHl MOTYT HMETh  HECKOJNBKO  IPEIENIOB  H3MEPEHHUs
(MHOTONpeEnenbHbIe TPHOOPHI). [Ipy M3MepeHHsIX TakKuMH MPUOOpaMH Ha Pa3IUYHBIX Mpeaenax
IIeHa JIeNIeHHst Oy/IeT pa3sinyHa.

2.7 YyBcTBUTENBHOCTD. YyscmeumenvHocms SANEKTPOU3MEPHUTEIFHOTO MPUOOpa - 3TO
OTHOIIGHHE W3MCHEHUs CUTHAJa Ha BBIXOJE JJIEKTPOM3MEPHUTEIFHOrO Tpubopa Ayk
BBI3BABIIEMY €r0 H3MEHEHUIO U3MEPIEMON BEITMYMHBI AX:

S = Ay/Ax (12)

B o0miem cirydae 4yBCTBUTEIBHOCTD

S= lim b

ax—0Ax  dx
’ (13)

CnenoBaTenbHO, NpPU HEIMHEHHOM CTATUYECKOM XapaKTEpPUCTUKE UYYyBCTBUTEIBHOCTH
3aBUCHUT OT X, & IPY JINHEWHON CTaTUYECKON XAPAKTEPUCTHUKE -4yBCTBUTEIBHOCTD ITOCTOSIHHA.

VY 35IeKTpOU3MEpPUTENIbHBIX HPUOOPOB MpPH TMOCTOSHHOW YYBCTBUTEIBHOCTH IIKaja
paBHOMEpHas, TO €CTh JUIMHA BCEX JEICHUI OIMHAKOBA.

3 U3mepeHue ToKa, HapsyKEHUSI 1 MOLUTHOCTH

3.1 N3mepenune Toka. 1 u3MepeHHs TOKA CIIy>KaT aMIE€PMETPbl, MUJLIIMAMIIEPMETPbI U
MUKpOaMIIEpMETPbl. DTU NMPUOOPHI BKIKOYAIOTCS MOCJIEJ0BATEIBHO B YYaCTOK 3JIEKTPUYECKON
LEIIH.
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ITpu 3TOM HEOOX0AMMO, UTOOBI BHYTPEHHEE CONPOTUBIIEHUE aMIlepMeTpa ObLIO MaJo 10
CPAaBHEHMIO C CONPOTHUBIEHHEM Y4YacTKa 3JIEKTPUUYECKOM LeNH, B KOTOPOH OH BKIOYEH. P
IIPOTHBHOM Cllyyae BKJIIOYEHHE MPUOOpa BBI30BET CYLIECTBEHHOE M3MEHEHAa COIPOTHUBIICHHS U
TOKa Ha JJaHHOM YyYacTKe 3JIeKTPUYECKOH ILlenu, a Tak K€ U3MEHEHHE pekuma paboThl Beeil
LEH.

ConpoTHuBieHHs KaTylleK (paMOK) 3JE€KTPOU3MEPUTENBHBIX PUOOPOB COCTABIAIOT 1 ...2
kOM paccuuTaHbl Ha MOJHOE OTKJIOHEHHE cTpenku npu Toke 100...500 Mk/[(uTocooTBETCTBYET
najgeHuio HampsbkeHuss Ha npuoope 0,1.-.1 MkA). CrnenoBaTenbHO, HENOCPEICTBEHHOE
BKJIIOUEHHUE AJIEKTPOU3MEPUTEIHLHOTO PHUOOpPa BOZMOXKHO TOJIBKO IPU U3MEPEHUH MAJIbIX TOKOB
10 500 K1 B BHICOKOOMHBIX 3JIEKTPUYECKUX LIETIAX.

YroObl MCHOIb30BATh JAHHBIA NMPUOOP A U3MEPEHUs TOKOB OOJIBIIMX 3HAYEHUH U
CHM3MTb €r0 BHYTPEHHEE CONPOTUBIIEHUE IPUMEHSIOT ULYHINb.

HIynT npezacraBisieT co0OM MaHraHWHOBBIC IUIACTMHBI MJIM CTEP)KHH, BIIAsHHBIE B
MEAHbIE WM JIaTyHHble HaKOHEYHMKU. CONpOTHBIEHME IIYHTa 3HAYUTEIbHO MEHbILE
COIPOTHBIIEHUS paMKu npubopa. ILIyHT BKIIOUaeTCs B 3JEKTPUUECKYIO LIETb [TOCAEA0BATENbHO,
a MapajjiesIbHO eMy MOJKJIIOUAeTCsl paMKHU (KaTyllka) npuoopa.

an "{4
I, R
—t e
I I

1 - myHT; 2 - paMka (kaTymika) npudopa; I - uamepsieMbrit Tok; ;7 - Tok yepe3 mryHT; I4-
TOK 4epe3 paMKy rnpuoopa.
Pucynok 3 - Cxema BKJIIOYEHHS TPUOOpPA € IIYHTOM
ITo 1 3akony Kupxroga uzmepsiemblii TOK B 3JIEKTPUUECKOM LIEH
[=1Ia+ Iy

rae 14~ Tok uepes pamky npubopa, A;

I,y - Tox yepes myHT, A.

Tak kak r>>1,,10 1,<<l;y, TaK uTO I;7)= L

IIpu napamnenbHOM coenuHennu Iy X ry = [y X 1y mom
IA/ Im = I'm/ Ty

T4
Iy = -===-- s
n-1 (6.14)
|
rjae n = ----- - KOOQQPUIUEHT IIyHTUPOBAHHUS.
Ia

IIpumep: Pamka npubopa MarHuTOIIEKTPUUECKON CHCTEMbI UMEET CONPOTUBJICHUE I4=
1500 OM u paccunTaHa Ha MakCMMalibHOe OTKJIOHeHue npu Toke I = 250 MxA. Onpenenutb

COMPOTHUBIICHUCLTYHTA T, 11 u3MepeHust TOKoB 70 50 MA. Pemenue:
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1. Onpenenum K03 OUIMESHT WUyHMUPOBAHUAN

I 50x10°
n= = =200
I, 250x10°
2. OnpenensieM CONPOTUBIEHUE LITYHTA
T4 1500
= = =7,54 Om

n-1 200 -1

B amnepmerpax, mnpegHazHaueHHbIX JUIsl HM3MepeHus TOKoB a0 100 A, myHTHI
BMOHTHPOBAHBI B KOPITYC MPUOOPA M IPUCOSTNHEHBI K KOHTAKTHBIM BBIBOJIHBIM 32)KHMAaM.

B amnepmerpax, mnpenHa3HaueHHBIX Ui H3MepeHHUs TOkoB Oosiee 100 A, mIyHTBI
JIeNAIOTCSl HApY>KHBIMU M TIPUCOCIUHSIOTCA K HUM IPH MOMOIIHU CIICIUATbHBIX KaTHOpPOBaHHBIX
IIPOBOJHUKOB, TaK KaK MHa4e paclpejieleHue TOKOB Oy1yT HelpaBUIbHBIM.

Jis pacmiMpeHus NpeAesoB H3MEpPEeHUs aMIepMeTpPOB B IENAX CHHYCOMJIAIbHOTO
(mepeMeHHOro) TOKa NPUMEHSIOTCS mpaHcghopmamopsl moka, KOTOpble CIyXKaT JJis
npeoOpa3oBaHus OOJIBIIMX TOKOB B MaJIbIE.

[lepBuunas oOMOTKa TpaHChOpMAaTOpa TOKA, COCTOSIIAS W3 MAJIOTO 4YHCIA BHUTKOB,
BKJTIOYAETCS MOCIIEA0BATENFHO B IIETIh C U3MEPSEMBIM TOKOM.

Bropuunas oOMOTKa COCTOMT M3 OOJNBIIOrO YHCIa BHUTKOB M B HEE BKIIOYAIOTCA
U3MEpUTENbHBIE TPUOOPHI  (aMIlepMETpPbI), H30JMPOBAHHBIE OT  BBHICOKOBOJBTHBIX H
CHJIBHOTOYHBIX ITPOBOJIOB.

Ha macnopre B Buae apoOu  ykasbiBaeTcs KoddduiueHT TpaHchopmanuu
TpaHchopMaTopa ToKa:

Ile

rae |, - Tok nepBUUHON OOMOTKH, A;

I, - Tox BrOpruHOi 0OMOTKH, A;

W - 4ucio BUTKOB MEPBUYHON OOMOTKH;

W)= YHCIIO BUTKOB MEPBUYHON OOMOTKH.

Hanpumep, 100/5 A o3HauaeT, 4YTO JAaHHBIM TpaHcpopMaTop TOKa paccuuTaH Ha
nepBuyHbli Tok 100 A wu BropuuHbld TOK - 5 A. Koaddumuent tpanchopmamum 3TOrO
tpanchopmaropa K =100/5=20.

3uas K wu MOJIYYUB MOKa3aHus amrepmMeTpa BO BTOPUYHOM Lenu
TpaHcopmaropa Toka [, MOKHO OIpenenuTh NEPBUUYHBIN TOK

I] = KIZ

BOJILIIMHCTBO TpaHcOpMaTOpOB TOKA BBIMYCKAIOTCS C HOMHUHAIBHBIM BTOPUYHBIM
TOKOM 5 A.

3.2 W3mepenue HanpspkeHHs. Jns M3MeEpeHHs HanpsDKeHUs CioyXaT BoJbTMETpbl. OHu
MOJIKJIIOYAIOTCS TApaUIeIbHO YUacTKY, HA KOTOPOM HEOOXOAMMO U3MEPHUTh HaIpsHKEHHUE.
BHyTpenHee comnpoTuBiieHHE BOJIBTMETPA JOKHO OBITh 3HAYUTENHHO OOJbIIE COMPOTHBIICHUS
y4acTKa, K KOTOPOMY OH TIOJKIIOYAETCs, TaK KaK B MPOTHBHOM CIydyae BOJBTMETp Oyaer
OKa3bIBaTh BIUSHUE HA TOKOPAC Mpeleie HUE B AICKTPUUCCKOMN LIENH U PE3yJbTaThl U3MEPEHUS
OyIyT coaep:karh OOJBIIYIO MOTPEUTHOCTb.
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Jlns paciiupeHuss NpeAesaoB U3MEPEHUH BOJIBTMETPOB IOCIENOBATEIbHO C HUMM BKIIIOYAIOT
000a604HbIE CONPOMUBTEHUSL.
B nmpubopax na Hanpspkenue 1o 300 B, no6aBouHble CONPOTUBIIEHUSI BMOHTUPOBAHbI B KOPITYC
npuOOPOB WM YKPEIJIEHBI CHAPY>KU ITPUOOPOB.
Jia m3mepenus HanpspkeHui cBeliie 300 B no0aBouHbIE CONPOTHUBIIEHUS NPUCOEIUHSIOT K
OJTHOMY U3 BBIBOJHBIX 32KMMOB IIpUOOpA.
Jlo6aBOYHbIE COMPOTUBICHUS PACCUMTHIBAIOT TAK, YTOOBI B LIENHU C YBEIMUCHHBIM HAIPSKEHUEM
110 0OMOTKE (paMKe) BOJIbTMETpa IPOXOANI TOT K€ TOK, YTO U IPU HOMHUHAJIBHOM HAIPSDKEHUH,
Ha KOTOpPOE paccuuTaHa 0OMOTKa.
OO6MoTKa paccunTaHa Ha TOK

IV =U/ Iy,

rae Iy - Tok, npoTeKkaroluii uepe3 paMKy BOJIBTMETpPa, A;
U- nanpsbxkeHue Ha paMmke, B;
I'y- COIIPOTUBIIEHUE paMKH, OM.
[Tpu yBenuueHuun HaNpsHKEHMS B LIETIH B 71 pa3, TOK [ yJJOJDKEH OCTAThCS MIPEKHUM

nU
Iy =—--
ry T Iyo6lv
Orcrona
Tos =Ty X (n—1) (14)

IIpumep. Bombrmerpom Ha 15 B HeoOxoaummo wu3MmepuTh HampstbkeHue 150 B.
Onpenenuth 700aBOUYHOE COMPOTHBICHUE, €CIIM BHYTPEHHEE CONpPOTHBIEHUE BoJbTMeTpa 900
Owm.

Pemenue:

1.Onpenenum OTHOLIEHUE U3MEPAEMOr0 HAMPSHKEHUS K HANTPSIKEHUIO BOJIBTMETPA

n=150/15=10

2. lo6aBOYHOE COMPOTHUBIICHUE

Tos =Ty X (n—1)=900x 9=_8100 Om

Jnst  u3MepeHHs BBICOKMX  HAIMpPSOHKEHUHW  CHUHYCOMJAIBHOTO TOKa MPUMEHSIOT
TpanchopMaTOpbl HAPSKEHMUSL.

[lepBuunas oOMoOTKa TpaHchoOpMaTropa HAMPSDKCHHUS BKIIIOYACTCS — IMAPAILICIIBHO
NOTPEOUTEIIO U UMEET OOJIBIIOE YUCIO BUTKOB.

B macnopre TpaHchopmaropa HampsDKEHUs YKa3bIBAeTCS OTHOILIEGHHWE HANpPsKEHUH
NepBUYHOM W BTOpHYHOH oOMoTok. Hampumep 5000/100 o3Hadaer, 4TO HOMHHAJIBHOE
HanpspkeHue nepsuyHoit oomotku 5000 B, BTopuunoii - 100 B.

Koaddumuent tpanchopmannm HanpsKeHUST

K =5000/100 =50

3Hass K W HanpshKeHWe BTOPUYHON OOMOTKHM £/, MOXHO ONPEAETHTH IEPBUYHOEC

HaIpsKEHUE:
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U1 = KU2

BonpmuHaCTBO  TpaHc(hOpMATOpPOB  HANpPSDKEHUS  BBITYCKAETCS C  HOMMHAIBHBIM
BTOpUYHBIM HanpspkeHueMm 100 B.

3.3 3mepeHue MOIIHOCTH JIEKTPUUYECKOro Toka. [l U3MEpeHHs] MOILIHOCTU B LIEIAX
IOCTOSIHHOTO M B LEMSAX CHHYCOMJAIBHOTO TOKA IPOMBIIUICHHOW YacTOTHl HPUMEHSIOTCS
BaTTMETPbI, 00€CIeUNBaIOIINNA HEMOCPEACTBEHHBIN OTCUET MOIIHOCTH IO ILKAJIe.

BaTtT™meTp 351eKTpoJMHAMUYECKON CUCTEMBI COCTOUT U3 BYX KaTyIlIeK (PaMoK):

- HENOJABM)KHOH, TOKOBOM M3 TOJCTOrO IMPOBOJA, BKIIOYAEMON IOCIEAOBATEIBHO C
noTpeduTenem;

- TOABW)KHOM OOMOTKM HANpsDKCHHS, BBIIOJIHEHHOW W3 TOHKOTO TIPOBOAA W
BKJIIOUAEMOM MapajuieIbHO MOTPEOUTEIIO.

[Ipy 1OCTOSHHOM TOKE BpallAlOUMN MOMEHT AJIEKTPOAMHAMUYECKOro mpubdopa
IPONOPLUOHANIEH IPOU3BEICHUIO TOKOB B €r0 0OMOTKaX:

My, = kI,
rae [H- TOK B HEMOJABUKHOM KaTyllKe, A;
[;,- TOK B MOABMIKHOM KaTyIIke, A.
B BarTMeTpe TOK NOABMXKHONM OOMOTKHM MNPSMO HPONOPLUOHAIEH IPHIOKEHHOMY
HaIPSKEHUIO
I, =U/R,

rae Ry- conporuBinenue noaBuxHON KaTymku, Om.

CrnenoBarenbHO, BpAIIAOIIMA MOMEHT IPSAMO IPONOPLUUOHANIEH MOIIHOCTH. [loaToMy
INEKTPOAUHAMUYECKUN BATTMETP UMEET PABHOMEPHYIO LIKAIlYy, TO €CTb.

My, = kI, U/R, = kP

Bpamaromuii  MOMEHT 53JIEKTPOAMHAMHYECKOro NpuOOpa, BKIIOUYEHHOIO B ILEMb

CHHYCOMJAJIBLHOTO TOKa
M, = kI I cos@

TO €CTh IIOKa3aHUsl BATTMETPA IPONOPLUOHAIBHBI TOKY, HAIIPSKEHUIO U COSP, TO €CTh AKTUBHOU
MOILIHOCTH Lenu P.

Barrtmerp umeer yerbipe 3aKMMa, K JBYM BBIBOJUTCSI TOKOBasi 0OOMOTKA, K APYTUM JBYM
- obmorka HampsbkeHus. IlepBas mapa 3aXMMOB BKIIIOYAeTCs B HM3MEpsAEMYIO LElb
[I0CJIEI0BATENIbHO, BTOpas - mapauienbHo. Hauana oOMoTOk 06o03Hawaercs 3Be3noukaMu (*) u
COEAMHAIOTCA BMecTe. OTO Heo0XOAMMO, 4YTOObl TOKM B KaTylIKaxX [pOIYCKAaIUCh B
OIpECICHHOM HaIlPaBJICHUH.

Ha mixasne BaTT™METpa yKa3bIBalOTCS BEPXHUE IPEIEIIbl U3MEPEHUN TOKA U HANPSDKEHUS.
Ecnu, Hanpumep 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.

OueBHIHO, YTO LIEHA JIEJICHUS BaTTMETpa paBHa

c=P/n=1Un
TZI€ 1 - YUCIIO JEJICHUN LIKAJbI.

2.3 JlaGopatopnas padora Ne 3 (2 yaca).
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Tema: «UccnenoBanue 3akoHoB Kupxropa n npuHIuna HajJoKeHUus: B CJI0KHOM
3JIEKTPUYECKOM e MOCTOAHHOI0 TOKA)»
2.3.1 Hean padoThi:

DKcIepUMEHTAbHO IPOBEPUTH CIIPABENIMBOCTH 3aKOHOB Kupxroda.

DKCMEPUMEHTAIBHO MPOBEPUTH CIPABEIIUBOCTD MPUHIIUAIIA HATIOKESHHUSL.

OCBOUTB pacyeT CI0KHOU 3JEKTPUUECKOH 1IENU OCTOSHHOIO TOKa METOJ0M KOHTYPHBIX TOKOB.
2.3.2 3axayu padoThI:

l. CobpaTth 35eKTprUecKylo Lienb o pucyHKy 1. Ha cxeme B oTueTe ykas3aTh HalpaBlIeHUE
TOKOB BCEX BETBEN B COOTBETCTBUU C MOJISIPHOCTHIO YCTAHOBJICHHBIX B LIENHU aMIIEPMETPOB.

2. VY cTaHOBUTH MapaMeTphbl 3JIEMEHTOB 1IENU B COOTBETCTBUU C TEXHUUECKUMU
XapaKTepUCTUKAMU, BBIMTMCAHHBIMU U3 TaONUIBI | IO BapHaHTY, YKa3aHHOMY IPErnojaBaTesIeM.
3. IIpoBecTu n3MepeHre TOKOB BETBEH B pexuMe, Koraa AeicTByroT Bce uctounuku J/1C.
PesynbTarsl u3smepenuii 3anectu B Tabauiy 2.

4. OtxitounTh aeictBue ucTouHuKoB 3¢ E2 u E3, ynanus ux u3 uenu.

5. [IpoBecTn n3mepeHrne TOKOB BETBEH B pexKUMeE, KOT/a 1eMCTByeT nCTOUHUK E1.
PesynbTars! usmepenuii 3anectu B TabauLy 2.

6. Otkirounts nerictBue uctouyHukoB 3¢ El1 u E3, ynanus ux u3 nenu.

7. [IpoBecTn u3mMepeHrne TOKOB BETBEH B peKUMeE, KOT/1a I€MCTBYET NCTOYHUK E2.
Pe3ynbrarel u3mepenuii 3anectu B TaOIUILy 2.

8. Otkirounts nerictBre uctouyHukoB 3¢ El1 u E2, yganus ux u3 uenw..

9. IIpoBecTu n3MepeHre TOKOB BETBEN B pexHUMe, Koraa aeiictByeT ucTouHUK E3.
Pe3ynbrarel u3mepeHuii 3anectu B TaOIUILy 2.

10.  Ha ocHOBaHMU MOJYYEHHBIX PE3YJIBTATOB BBIIOIHUTH IPOBEPKY CIIPABETMBOCTH
3akoHOB Kupxroda. CoctaBuTh ypaBHEHHUS 17151 KAKIOTO y3J1a LETH 110 IEPBOMY 3aKOHY
Kupxroda, moactaButh B HUX MOJTYYEHHBIE B IEPBOM SKCIIEPUMEHTE TOKH U YOSAUTHCS B
CIpaBeUIMBOCTH ypaBHEHU. COCTaBUTh YPaBHEHMUS JIs TPEX HE3aBUCUMBIX KOHTYPOB L€ 110
BTOpOMY 3akoHy Kupxroda, moacTaBuTh B HUX OJyYEHHBIE B IEPBOM IKCIIEPUMEHTE TOKHU U
yOenuThCs B CIIPABEAJIMBOCTU YPABHEHUH.

11.  BBINOTHUTH MPOBEPKY CHPABEAITUBOCTU MIPUHIUIIA HANTOXKEHU. [|J1s1 3TOr0 paccuurarhb
TOK Ka)k/I0M BETBH KaK CyMMY COCTAaBJISIFOLIUX €r0 TOKOB OT JA€HCTBUSA OTAEIbHBIX HCTOUHUKOB
OJIC. CocraBisitoniue TOKU — pe3yabTaThl SKCIEPUMEHTOB 2, 3, 4. [losiydeHHbIE TOKH 3aHECTH B
TabJIMIy 3 ¥ CPaBHUTH C pe3yJibTaTaMu 3KCIepuMeHTa 1 1o tabnuue 2.

12. Hcnonb3ys METOJ KOHTYPHBIX TOKOB, TEOPETUYECKH PACCUUTATh TOKH BCEX BETBEH LIETIH.
Pe3ynbrarhl pacueToB 3aHeCTH B TaOIHILy 3 U CPAaBHHUTH C pe3yabTaTaMH SKCIIepUMeHTa 1 Mo

Tabymue 2.
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13.  CocraBuTh ypaBHeHuUe OanaHca MOIHOCTH LIE€TIH, TOACTaBUTh B HETO Pe3yJIbTaThl OIbITa
1 u yGeautbcst B ClipaBeAJIMBOCTH YPABHEHHUS.

2.3.3 Ilepevyenb npuOOpPoOB, MaTEePHAJIOB, HCIOJIb3YyeMbIX B J1a00paToOpHOii padoTe:

1. Komnbrorep «llentrnym-4»

2.3.4 Onucanmue (xoa) padoThbIi:

OO0beKT U cpeAcTBA UCCJIeI0BAHUS
O6’bCKTOM HUCCICOOBAHUS ABJIACTCA CIIOXHAA BJIGKTpI/I‘-IeCKaSI IC1b IMOCTOAHHOTO TOKA C TpeMSI

UCTOYHUKAMU 3JIC U HIECThIO BETBAMMU. MccnenoBanyst BBIMOMHAIOTCSA HAa KOMIIBIOTEPE C
UCII0JIb30BaHuEM nporpammsl Multisim.

3HeKTpl/l‘leCKaﬂ cxemMa

PA1 PA2
R1 R2
OO
e
El E2
@ P @
R3
PAS R5 PA6
—( = %—@—
R4 PA4
——)
Puc 1
Tabauna 2 PesynpraThl 3KCIIEPUMEHTOB
Pexum paboTsl
uenu (Ne ombiTa) I, A I, A I;, A I4, A Is, A Ie, A

JeicTByIoT BCe
1 HCTOYHUKUDIC




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

mapauicJbHbIM BKJIIYCHUEM 3JIEMECHTOB)

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:
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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.
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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
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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.
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[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

O 3-

Puc 1
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Tabnuua 2

Pe3yn bTaTbl 3KCNEPUMEHTOB

Pexum paboTsl
nenu

—

UR;
B

UL;
B

WuaykTuBHAs Harpy3Ka

EMkocTHas
Harpyska
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JlabopaTopHasi paGora Ne 7 (2 yaca).
Tema: «McciienoBanue pe30HAHCHBIX SIBJICHUI B IeNHU NMepeMeHHoro Toka Pesonanc
HANIPSKEH U
(Yka3pIBaeTcs TeMa J1abopaTopHOM paboThl B COOTBETCTBUU C paboueii
IPOrpaMMOM TUCHUIUIMHBI)
2.7.1 Heab padoThI:
1. N3ydeHune pexxuma pe3oHaHCa HAIPSLKEHUM B HEPAa3BETBICHHOM LENU IEPEMEHHOTO

TOKa.
2. I/I3yquHe MCTOAWKHU pacye€Ta HapameTpOB HCpa3BeTBHeHHOI>'I ey CMHYCOUJaJIbHOT'O
Tabnuua 3 PesynbTaTthl pac4yeToB
Pexum paboTsi o, XL, Xe, 0, Z, I, UL, Ug, Ug,
Lenu pan/C Om Om rpamyc Om A B B B
NunykrtuBHas _ _
Harpy3ka
EmxocTHas . .
Harpyska
Tabnvua 1 MapameTpbl 351EMEHTOB Lienu
Ne U, f, R, L, C, Y a, Y, X,
Bap. BounsT Tepn OmMm 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

2.7.2 3anayu padoThI:

1.

N3yuenne MeTOAMKH pacdeTa apaMeTpoB HEPAZBETBICHHON LIENIH CHHYCOUAAIBHOIO

MNEPEMCHHOTO TOKaA.
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2.7.3 Ilepevyenb NpudOPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:
1. Komnetorep «IlenTym-4»

2. mporpamma Multisim

2.7.4 Onucanue (xox) padorpI:

l. CobpaTh 37E€KTPUUECKYIO LIENb 110 PUCYHKY 1.

2. Hcnonb3ys napaMeTpsl 2JIEMEHTOB LIETIH (TEXHUYECKUE XapaKTEPUCTUKH SIEMEHTOB
BBIMKCATh U3 TaOIULBI 1 IO BapHaHTy, YKa3aHHOMY MPENOJaBaTelIeM), pAaCCUUTATh
PE30HAHCHYIO YaCTOTY IIEPEMEHHOI0 TOKa B JAHHOM LNy . 3allOJIHUTh BTOPYIO KOJIOHKY
TaOIHIIBI 2.

3. VY CTaHOBUTH MMapaMeTpsl JIEMEHTOB LIENU B COOTBETCTBUU C TEXHUYECKUMU
XapakTepucTukamu. MamepurenbHbie IpuOopsl epeBectu B peskuM AC.

4. [TonxmounTs K nenu ocuuuiorpad. [Ipu sTom KaHan A MOJIKIIOYUTH MapajlieIbHO Beel
nenu (k Touke 1), a kaHan B — napasienbsHO aKTUBHOMY COIIPOTUBIIEHUIO (K TOUKE 2).

VY cTaHOBUTH YyBCTBUTEIBHOCTh KaHala A — YA , 4yBCTBUTEIbHOCTh KaHana B — YB u wacroty
pa3Beptku XT B cooTBeTCTBUU ¢ Tabnuiei 1. Bximounts pexxum ZOOM Ha ocrimiuiorpade.

5. YcranaBnuBas yactoTy uctouHuka JJ[C B COOTBETCTBUU CO BTOPOU KOJIOHKOW TAOJIHIIBI
2, CHATH IIOKa3aHUs NpUOOPOB B KaX10M onbiTe. [Ipy momoiy BU3MPHBIX IMHUHN Ha dKpaHe
ocumuiorpaga onpeaeuTh BpEMEHHOH CIBUT 1O (aze MEeKAY HANPsHKEHUEM Ha PE3UCTOpe U
HaIpsKEHUEM Ha BCEW LIENH B KaXJA0M onbITe. [[J1s1 3TOro KpacHy0 BU3UPHYIO JIMHUIO
COBMECTUTH C TOYKOH MepeceueHus KpUBOI HaNpsiKeHHs Ha Pe3UCTOpeE ¢ OChblo abcuucce, a
CHHIOIO JIMHUIO — ¢ OJvpKaiieil TOUKOM nepeceueHus: KpUBOM HaIlpsHKEHUS Ha BCEH LIETIH € OChIO
abcuucc. Pe3ynbrarel u3mepeHuil 3anecty B Ta0auIy 2.

6. Paccuurate yron casura (a3 Toka U HanpsHKEHHs Ha Bced LENH (, UCTIONb3Ys
BPEMEHHOH CABHT 1O (pa3e MeXIy HApsHKEHHUEM Ha pe3UCTOpe U HANpsHKEHHEM Ha BCel 1enu
(¢ = 360fAT). Pe3ynbrar 3anecTu B Tadnuiy 2.

7. Hcnosnb3ys napaMeTpbl 3JIEMEHTOB 3JIEKTPUUYECKOM LEMNH, IS KaXKA0r0 3HAYCHUS
YaCTOThl UCTOUYHUKA ONPEJEINTh: KPYrOBYIO YaCTOTY ®, MHAYKTUBHOE conpoTusieHue XL,
€MKOCTHOE conpoTusieHue XC, MojaHoe conpoTUBIIeHUE Z, TOK 1ienu I, HanpskeHue Ha
WHJIYKTUBHOCTH, EMKOCTH U aKTUBHOM COIIPOTHUBIICHUH, a TAKXKE YIOJ (0 MEKIY BEKTOPOM TOKa

U HanpsDKEHUs Ha Bcel Lenu. Pe3ynpTaThl pacueToB 3aHECTH B TabiauLy 3.

8. CpaBHUTB pe3yabTaThl pACYETOB C pe3yIbTaTaMU U3MEPEHUI.
9. B onHoii cucteMe koopauHat noctpouth 3aBucumMoctu I, @, UL, UC oT 4acTOTHI.
10.  Jns yactotsl 0,5fp mocTpouTs B MaciiTabe BEKTOPHYIO JUarpaMmy LIEMH.
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O0beKT U cpeAcTBA UCCJIeI0BAHUS
O6’bCKTOM HUCCICOOBAHUS ABJIACTCA HpOCTaSI Hepa3BeTBHCHHa$I BHCKTpI/I‘-IeCKaSI ocrb

MMEPEMCHHOI'O TOKaA. HccnenoBaHus BBITIOIHSIIOTCS HA KOMIIBIOTEPC C UCITIOJIb30BAHUCM

nporpammbl Multisim

JylekTpHYeCcKasi cxeMa

(A
N

O 3-

©

Puc 1
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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.
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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

2
©
A
R1 R2
© )
R L1 J—
" 1
Puc 1
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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.
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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°).
/) Nan
N

A
A
-
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Tadauua usMepeHHbIX BeJIUYUH
OngwIT PV PA PW

Ne C= C= C=
Hem. B Hemn. A Jemn. Bt

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.
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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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2.11 JlabopaTopnasi padora Ne 11 (2 gaca).

Tema: UcciienoBanue TpexgasHoil enu CHHYCOHAaIbHOI0 IEPEMEHHOI0 TOKA NPHU
CcoelMHEHUN NMOTpeduTe el 3Be310i

2.11.1 Hean padoThI:
1. W3yueHue pexumMoB paboThl Tpex(a3HOU e MePEMEHHOT0 TOKa MPU COSTUHEHUH

noTpedureneil 38e310M.

2.11.2 3apauum padoThI:

1. V3yueHue METOIAMKHU pacueTa Tpex(a3Hoil enu CHHYCOUJAIbHOIO IEPEMEHHOT0 TOKa MPU
COCIMHEHUH MOTpeOuTENei 3Be3/101

2.11.3 Ilepeyenb npudOpPOB, MATEPHAIOB, HCIOJIb3yEeMBbIX B J1a0opaTOpHOil padoTe:

1. Komnbrorep «llentrnym-4»

2. mporpamma Multisim

2.11.4 Onucanue padoThI
OOBEKT U CpPelICTBA UCCIICTIOBAHMS

OOBEeKTOM UCCIIEIOBAHUS SBIISICTCS TpeX(dazHas MEKTPUIECKas Ielb IIEPEMEHHOTO TOKa, B KOTOPOH
NoTPeOUTENN COSIMHEHBI 3Be3/101. MccieqoBaHus BBIMOIHSIIOTCS Ha KOMITBIOTEPE C
HCIIO0JIb30BaHUEM MporpaMmMbl Multisim

DnekTpuyueckas cxema
Ex La Ra

1
Y'Y 4  —

Ly

Eg Rg

AN —+—

Ec Le Re

O O O

CHCRCR®
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Tabnvua 1 MapameTpbl 9N1eMeHTOB Lenu

Ne Uli)’ f’ LA’ LB? LC? RA’ RB’ RC? YA? YB’ XT’
Bap. | B Ty | Mg | M[H | M[H | OM | OM | O™ | B/nen | B/nen | mC/nen

1 220 | 50 | 100 | 110 | 120 | 20 | 30 | 40 200 100 2
2 220 | 100 | 100 | 150 | 130 | 100 | 90 | 80 200 100 1
3 127 | 60 | 80 70 90 | 30 | 50 | 20 100 50 2

4 127 | 170 | 40 50 30 10 | 15 | 12 100 20 0,5

5 380 | 200 | 150 | 120 | 170 | 200 | 300 | 250 | 200 200 0,5

6 380 | 150 | 160 | 150 | 180 | 100 | 130 | 150 | 200 200 0,5

7 110 | 250 | 20 40 50 | 40 | 20 | 30 50 50 0,5

8 110 | 300 | 30 20 40 | 25 | 45 | 35 50 50 0,5

Tabnuua 2 PesynbTaTthl 3KCNEPUMEHTOB

Pexum paboTsI I, Ig, Ie, Io, AT, ATg, AT,

eI A A A A C C

HecummerpudaHast
Harpyska

CummeTpuyHas
Harpyska

Tabnvua 3 PesynbTaTthl pac4yeToB

Pexxum paboTht Ia, I, Ic, Io, Pa, Pg, P,
enu A A A A Bt Bt Bt

Hecummerpuunas
Harpyska

CummeTpuuHas
Harpyska
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Pa0ouee 3aganue

1.

10.

11.

12.
13.

CoOpatb 2JIeKTPUUYECKYIO LIelb, UCIOIb3Ys PUC. 1. YCTaHOBUTH TapaMeTphl 3JIEMEHTOB
LIENU B COOTBETCTBUM C TEXHUUYECKUMU XapaKTEPUCTUKAMHU 10 BAPUAHTY, YKa3aHHOMY
npenojaBateneM. Da30Bble yIiibl HCTOUHUKOB YCTAHOBUTH paBHbIMU: Ex - 0°, Ep - 240°,
Ec - 120°. Amnepmerpsl nepeBectu B pexum AC.

ITpoBecTn n3mepeHue TokoB. Pe3ynbTaTel H3MepeHUi 3aHECTH B Ta0IUILy 2.
[oaxmounte ocummnorpad k Harpyske ¢assl A. Ilpu 3ToM KaHam A NOAKIIOYUTH
napajujenbHo Bcel Harpyske (assl (k Touke 1), a kaHan B — mapamienbHO akTUBHOMY
COMPOTUBIIEHUIO (K TOYke 4). YCTaHOBUTh UYyBCTBHTEIBHOCTh KaHama A — Yju ,
YyBCTBUTEIbHOCTh KaHasla B — Yp 1 uacToTy pa3BepTku Xt B COOTBETCTBHHM C TabnuLeil
1. Bxirrounts pesxxum ZOOM Ha ocuminiorpade.

ITpu noMoIy BU3UPHBIX JIMHUI Ha SKpaHe ocLuuiorpada onpeaeauTb BpeMEHHOM cIBUT
1o ¢asze MeXAy HalpsHKEHUEM Ha PE3UCTOpPE M HAIpsDKEHHWEM Ha Beel (asze (KpacHYo
BU3UPHYIO JIMHMIO COBMECTHTh C TOYKOH IepecedyeHus KpUBOM HampspKeHus Ha
pPE3UCTOpPE C OChI0 A0CIIUCC, @ CHHIOI JIMHUIO — C OJMkalied TOYKOW MepeceueHus
KpUBOW HampshKeHUs Ha Bceil (ase ¢ ocklo abcuucc). Pe3ynbrar u3MepeHus 3aHecTH B

Tabnuiy 2.
AHaJIOTMYHO NOJKIIOUNTH ocumiiorpad k Harpyske ¢assl B. Kanan A nmoaximounts k
Touke 2, a kaHan B — k Touke 5. Ilpu momomu BU3MPHBIX JMHUN Ha 3KpaHe

ocumiorpaga ONpeaeuTh BPEMEHHOH cIOBUT 1o (aze MexXIy HamnpsHKeHHEeM Ha
pe3ucTope M HanpsHKEHUEM Ha Beel ¢ase. PesynbraT n3mepenus 3aHectu B Tabnumy 2.
BeinmonHuTe u3MepeHue caBura mno (ase MexJIy HamnpspKeHHEM Ha BCell Harpyske |
HanpspkeHueM Ha pesuctope B ¢aze C (kaHan A NOJIKIIOUUTH K TOYke 3, a KaHail B — k
Touke 6). Pe3ynbraT u3mMepeHus 3aHecTH B Tabauiy 2.

YCTaHOBUTh CUMMETPHUYHYIO Harpy3ky. Jlms 3TOro MHIYKTHMBHOCTH BO Bcex (hazax
YCTQHOBUTBH PaBHBIMHM MHJYKTHUBHOCTH B (ha3ze A, a akTUBHOE CONPOTUBJIEHUE Bcex (a3 -
paBHBIM aKTHBHOMY CONPOTHUBIIEHUIO B (paze B.

IlpoBecTn wu3MepeHHe TOKOB B I€MM W BPEMEHHBIX CIBUIOB IO (aze MExXIy
HaIpsDKEHUEM Ha pe3UCTOpe M HamlpsyKeHUEM Ha Bcell (asze. PesynbTarhl n3mepeHuit
3aHECTH B Tabnuny 2.

Paccuurarh yriel ¢ ciBura BEeKTOpa TOKa IO OTHOUIEHUIO K BEKTOPY HANpsKEHUs s
Kax10i Qa3bl, UCMIONb3Ys BPEMEHHOW CIBUT 1O (a3ze MeXAy HamnpsiKeHUeM Ha
pe3ucTope u HanpshKeHneM Ha Beelt dase (¢ = 360fAT).

Hcnonp3ys pe3ynbTaTsl U3MEPEHUH, ONPEACIUTh aKTUBHYIO MOIIHOCTh KaXA0H (as3sl U
BCEH Lenu UId HECUMMETPUYHOM M CHUMMETPUYHOW Harpy3ku. PesympraT pacuera
3aHECTH B TaONHUILy 2.

Hcnonp3ys mapaMeTpbl 2JIEMEHTOB 3JIEKTPUUECKOHN LIEMHU, PACCUNTaTh BCE TOKH, a TAKKe
AKTUBHYIO MOUIIHOCTh KaxJ0i (a3sl M Bcell Lenu MNpu HECUMMETPUUHOM U
CUMMETPUYHOH Harpy3ske. Pe3yibrar 3aHectu B Tabnuny 3.

CpaBHUTB pe3yibTaThl PaCYETOB C pe3yIbTaTaMU U3MEPEHUH.

[TocTpouts B MaciTabe BEKTOPHYIO AMarpaMmy LEeNHu 1Jii HECUMMETPUYHOM Harpy3KH.

2.12 JlabopaTopHasi padora Ne 12 (2 4aca).
Tema: «MccienoBanue TpexdasHoil men CHHYCOUIAJIbHOI0 NEPEMEHHOI0 TOKA NP

COeJUHEHHH NMOTpeduTe el TPeyroabHUKOM»

2.12.1 LHean padoThI:

1. M3ydeHue pe:xuMoB pabOThI Tpexpa3zHOi LeNn NEPEMEHHOT0 TOKa IIPU COEINHEHUHN

NOTpeOUTENEH TPEYrOIbHUKOM.
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2.12.2 3apnaum padoThI:
2. M3yyeHne METOAMKH pacueTa Tpex(pa3zHO! ey CHHYCOUAAIbHOTO IIEPEMEHHOTO TOKA MPH

COEIMHEHUU NOTPeOUTENENH TPEYTOIbHUKOM.

2.12.3 Ilepeyenb NpudOpPOB, MATEPUAJIOB, HCIOJb3yeMbIX B JIa0OpaToOpHOii padore:
1. Komnetorep «IlenTym-4»
2. mporpamMma Multisim

2.12.4 Onucanue (xox) padoThbI:
1. CobpaTp 3J1EKTPUUECKYIO LIEllb, UCMOb3YsI pUC. 1. YCTaHOBUTH MapaMeTphl 3JEMEHTOB LIENU

B COOTBETCTBUU C TEXHUUECKUMM XapaKTEPUCTUKAMU T10 BapHaHTY, YKa3aHHOMY
npenoaaBaresneM. Pa3oBbie yriIbl ICTOYHUKOB yCTaHOBUTH paBHbIMU: EA - 0°, EB - 240°, EC
- 120°. Amniepmetpsl iepeBectu B pexxum AC.

2. IlpoBectu n3MepeHue TOKOB. Pe3ynpTaTshl H3MEpEHUI 3aHECTH B TadIULLy 2.

3. Hoaxmounts ocumsuiorpad k Harpyske ¢azsr AB. [Ipu 5TOM KaHam A MOAKITIOYUTH
napajuiesbHO Beel Harpyske (a3l (k Touke 1), kaHan B — mapannenbHO akTUBHOMY
CONPOTHUBIIEHUIO (K TouKe 4), O0IIYI0 HIMHY MOJIKIIOUYUTE K TOUKE 7. Y CTAaHOBUTH
YyBCTBUTEIBHOCTb KaHalla A — YA , 4yBCTBUTENbHOCTb KaHana B — YB u wacroty pa3sBepTku
XT B coorBercTBUU ¢ Tabnuieit 1. Bkatounts pesxxum ZOOM Ha ocuusuiorpade.

4. Tlpu moMoIy BU3HPHBIX JIMHUN Ha 3KpaHe ocuuiuiorpada onpeaenuTb BpeMEHHOM CIIBUT 11O
daze Mex1y HaNpsHKEHHUEM Ha PE3UCTOPE U HaIlpsKeHUEM Ha Beel (asze (KpacHyro BUBHPHYIO
JIMHUIO COBMECTUTH C TOUKOW IepeceueHusi KpUBOM HaIIPsHKEHUS Ha PE3UCTOPE € OCHIO
abcuucce, a CHHION JIMHUIO — ¢ OiMyKalied TOUKON IepecedeHns KpUBOM HalpsKEHUs Ha
Bcel (paze ¢ ochro abciucce). Pe3ynbrar u3aMepeHus 3aHecT B TabIUIy 2.

5. AHanorunyHo noAKIIOUUTH ocuuiuiorpad k Harpyske ¢assl BC. Kanan A moakmoduTs k
TOUKe 2, kKaHasl B — k Touke 5, o0u1yro MMHY NOAKIIOUUTE K Touke 8. ITpu momoriu
BU3HPHBIX JIMHUI HA SKpaHe OCIIuIorpada onpeaeanTb BpeMEHHOW CABHT 110 (a3e MexIy
HaNpsDKEHUEM Ha pe3ucTope M HalpshKeHHeM Ha Beell ¢aze. Pe3ynbrar uaMepeHus 3aHECTH B
Tadnuiy 2.

6. BBImomHUTH U3MepeHune caBura no ¢ase Mexay HalpspDKeHHEeM Ha BCel Harpyske u
HanpspkeHueM Ha pesucrope B ¢paze CA (kaHan A MOAKIIOUUTH K TOUKe 3, KaHall B — k Touke
6, 001yto mUHYy — K Touke 9). Pesynbrar 3anectu B Tabnuiy 2.

7. YCTaHOBUTh CUMMETPUYHYIO HAarpy3Ky. [[is aToro emMmxocTu Bo Bcex (pa3ax ycTaHOBUTH
pPaBHBIMH €MKOCTH B (a3e AB, a akTHBHOE CONPOTHUBIICHHE BCEX (a3 - paBHBIM aKTUBHOMY

conpotusiieHuto B haze BC.

183



8. IIpoBecTn U3MepeHHE TOKOB B LIENIM U BPEMEHHBIX CIBUIOB IO (haze MEXAy HANPsHKEHUEM Ha
pe3ucTope M HanpsHKEHUEM Ha Beel (ase. PesynbraTsl m3MepeHuii 3aHecT B Tabauiy 2.

9. Paccuurath yrisl [ | cBUra BEKTOpa TOKA [0 OTHOLIEHUIO K BEKTOPY HANPSKEHUS U1
Kax 101 (ha3bl, NCIOJB3Ys. BPEMEHHON CABUT 110 (ha3e MEXJly HapsHXKEHUEM Ha Pe3UCTope U
HanpspkeHueM Ha Beel daze ([ = 360f11T).

10.  Hcmonb3ys pe3ynbTaThl U3MEPEHUH, ONPEICTUTh aKTUBHYIO MOLTHOCTD KaKIOH (ha3bl U
BCEH LIENH JIUI1 HECUMMETPUYHOU M CHMMETPUYHOM HAarpy3ku. Pe3ynbrar pacuera 3aHeCTH B
Tadnuiy 2.

11.  HMcnons3ys nmapamMeTpbl 3JEMEHTOB MIEKTPUYECKON LU, PACCUUTATh BCE TOKH IIPU
HECUMMETPUYHON U CHMMETPUYHON HAarpy3Ke, a TAaKXKe aKTUBHYIO MOIITHOCTh K01 (a3bl U
BCEH 1IeNU NpU HECUMMETPUYHON U CUMMETPUUYHON Harpy3ke. Pe3ynbrar 3aHectu B Tabauiy
3.

12. CpaBHUTB pe3yJIbTaThl PaCUETOB C PE3yJIbTaTaMU U3MEPEHUM.

13.  IloctpouTh B MaciiTabe BEKTOPHYIO JUarpaMMy LIETH JUIsl HECUMMETPUYHOM Harpy3KH.

O0beKT U cpeAcTBA HCCJIe0BAHUS

OObeKTOM ucciieJoBaHUsl SIBIISETCS TpeX(da3Hasl IEKTpUUECKas LENb IEPEMEHHOr0 TOKa, B
KOTOPOH MOTpedUTeNN COeAMHEHBI TPEYTOJIbHUKOM. Mccie10BaHus BBITOJIHAIOTCS HA
KOMIIBIOTEPE C UCIIOJIb30BaHuEM Nporpammsl Multisim

JJeKTpUYECKas 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 Ia, Ig, Ic, IsB, Igc, Ica, AT pp, ATgc, ATca, P,
Lenu A A A A A A C C Br
HecummeTtpuanas
Harpyska
CummeTpuuHas
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
Harpy3ka
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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
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aMIIEpPMETPBI AJIEKTPOMATHUTHOM CUCTEMBI C IIPEJEIIOM U3MEPEHUS 5 amriep. AMIIEpMETpbI
CHa0>KEHbI ITepEeMbIUYKaMH, KOTOPBIMHU 3aKOPAUYMBAIOT aMIIEPMETPHI Ha BpeMs ITycKa
AJIEKTPOJIBUraTElNS JUIsl 3alUThl UX OT Neperpy3ku. MzmMepenue akTHBHONH MOLIIHOCTH
OCYILECTBIISACTCS IBYXJIEMEHTHBIM Tpex(a3HbIM kuitoBarT™MeTpoM tuna BUT ¢ npenenamu
nu3Mepenus 220 BosbT, 5 ammep.

TexHn4eckHne XapaKTepUCTHKH 3JIEMEHTOB IIeNH
TpexdazHas ceTb ¢ HaNpsKEHUEM 220/127 B.

DJIEKTPOABUTaTEb HA HOMUHAJILHOE HAMPSHKEHUE 220/380 B.

TaOnuia u3MEpeHHbIX BEIUYNH

PV1 PA1 PA2 PW1
C=
Awmmnep Awmmnep Barr
Hen. BoasT
PAL(5 A)
£
PW1 (220 B, 5 A) L\/JJ
A [ A
B [ \ Y YL
S .
_ C) PV1 (300 B)
Y Y Y

187



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
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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).
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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.
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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.

A X a X

PV2
. PV1

(V)
N

——© ~220B ©



Ecnn nokazanus BoapTMeTpa PV1 Oonblie mokasanus BoibTMeTpa PV2, To oOMoTka a-x
IPOMapKUpOBaHa BEPHO, €ClIM HaoO0OpoT, Moka3zaHus BosibTMeTpa PV2 OGonblie mnokasaHus
BosbTMeTpa PV1, ToO HEOOXOMMO MTOMEHSATh MECTAMU MAapKHPOBKY BBIBOJIOB a U X (Ha 4epTexXe
KOJIOZKU B oTuere). [lanee coOpaTh aHAJIOTMYHYIO CXE€MY CO BTOPOM, a 3aTeM C TpeTbel mapoi
00OMOTOK, PACHOJIOKEHHBIX HAa OAHOM CTEp)KHE M, BBIIIOJHHB OIIBITHI, CKOPPEKTUPOBATH MpPHU
HE00XO0IMMOCTH MapKUPOBKY BBIBOJIOB OOMOTOK b-y U c-Z.

CoOpatp cxeMy, W300paK€HHYI0 Ha PUCYHKE 6 IUIsl MCHBITaHHUS TpaHc(opMaTopa, BKIIOYHTH
Tpexda3Hyl0 CeTb M NPOM3BECTH HCIbITaHUE. Bce 1aMIbl JOMKHBI TOPETh OJUHAKOBBIM
HaKaJIOM.

MM [ ]

l—l
% o

&

il
E

Puc. 6

2.16 JlabopaTopnasi padora Ne 16 (2 1aca).
Tema: «MccnenoBanme u pacyeT NapaMeTpoB cXeMbl 3aMellleHUs] BO31YLIHOI0
Tpancdopmaropa »

2.16.1 Hean padoThI:

1. UccnenoBath pexxuMbl pabOTHI BO3AYIIHOTO 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. mporpamMma Multisim

2.16.4 Onuncanmue (xox) padoThbI:

O0beKT U cpeAcTBA UCCIeI0BAHUS
OOBEKTOM UCCIICIOBAHMSI SIBJIICTCS ABYXOOMOTOYHBIN BO3YIITHBIA TpaHchopmarop.

HMccnenoBaHus BBITIOIHSIOTCS HA KOMIIBIOTEPC C UCITIOJIB30BAHUEM IIPOTPAMMBI Multisim

l. 3amyctute nporpammy Multisim
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. Otkpoiite ¢aiin lab9 4 var B COOTBETCTBUHU C BAPHAHTOM, YKa3aHHBIM IIpeNoiaBaTesieM
(manmpumep, 1ab9 4 var 01). ®aiinbl HaxoasaTes B nanke Lab09 4.

. BxmrounTh nuTaHue cXembl U 3aIIMCaTh MOKa3aHus TpruOOpoB B Tabiumy 1.

. IloakIr0unTh HUKHUHA IO CXEME BBIBOJI BTOPUUHOM 00MOTKH TpaHchopMmaTopa K od1ueit
muHe. BKiIounTs NuTaHue 1 3anucaTh oKa3zaHus IpruOopoB (IIepeMEHHBIN pe3ucTop
Harpy3ku RH nomxen nmers conportuiienue B 3tom oneite 100%).

. YMeHb1as conporusieHue Harpy3ku RH ¢ nomomero knasumu R, 3anucars nokazanus
nprOOPOB IPU BCEX 3HAUYEHUSAX CONPOTUBIIECHUS (BCETo IECTh 3HAUYCHUM).

. Micnonb3ys pe3yapTaTsl U3BMEPEHUH, ONPEAEIINTD IOTEPH B MEIU IEPBUYHON U BTOPUYHOU
00MoTKH Tpancpopmaropa B kaxaoM onsite (Pm1 u Pm2), conporusnenue narpysku RH,
HanpspbkeHue Ha Harpyske U2, ki Tpancopmaropa U K03 GULIHEHT MOLUTHOCTU B KaXA0M
oneite. Pe3ynbrarel pacyera 3aHecTd B Ta0nuLy 2.

. Ilo nanHBIM TaOaKLBI 2 B OAHOM cucTeMe KOOpAMHAT OCTPOUTH 3aBucuMoctu U2, [1, cos @

OT TOKa Harpy3ku 12.

JylekTpHYeCcKasi cxeMa

. 'W mPAl mPAZ
o/ N N

PV1 TV Ry,

Puc 1
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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: HeynpasJisieMble JABYXIOJIyNepHOAHbIC BBLINPAMHTEIH

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.
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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 MOMEHTAa 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
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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 OOMOTKM TpaHc(opmaTopa. M3MeHsAs yroyl ymnpaBieHUS O, MOXHO PEryJIupoBaTh
CpeJHEee 3HAUEHUE BBINPSMIICHHOIO HAIPSDKEHUS, KOTOPOE ONPEAEIAETCS U3 BBIPAXKECHUS:

Uep =Ucp,*(1+cosa)/?2
rne Ucpy = 2E2m/m= 0,9E2- cpennee 3HaUY€HUE BBIPSMIIEHHOTO TIPU 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.

Ucp = f(Icp)
4. OnpeeTUTh BHYTPEHHEE COMPOTHBIICHUE BHIMPSMHUTENS B HOMHHATIBHOM PEKUME.
Rewvix = AUswix/Algvix
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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
198



.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)
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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.
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