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Llenp 1 3a1a4un U3ydeHUs TUCITATUTHHBI

O6opynoBaHue U MaTepUabl

HaunmenoBanue nabopatopHbsix padboT

Copneprxanue 1a00paTOPHBIX pabOT

JlaGopaTtopnas pa6ota Ne 1. OcHOBHBIC TOHATUSA U onipeereHust. OCHOBHBIC 3a-
KOHBI 2JIeKTpoTeXHUKHU. CorliacoBaHNe UCTOYHUKA U HATPY3KH 110 HAIIPSHKEHHUIO,
TOKY ¥ MOIIIHOCTH.

Jlaboparopnas padora Ne 2. MeTo bl pacuera IEKTPUIECKUX e MOCTOsH-
HOTO TOKa. MccnenoBanne CIIOKHBIX HETei MOCTOSHHOTO TOKA.

JlaGopartopnast pabora Ne3. DiekTpoMarauTHas WHAyKuus. MccnenoBanue 1ie-
neil CHHYCOUJJATbHOTO TOKA ¢ KaTyIIKaMU MHyKTUBHOCTH.

Jlaboparopnass padora Ned. Dnekrpudeckue 0IHOPA3HOTO CHUHYCOUAAIBLHOTO
Toka. MccnemoBanue neneil CHHyCOMAaTbHOTO TOKA C KOHACHCATOPAMH.
Jlaboparopnas pabora Ne5. Dnekrtpuueckue oJHO(PA3HOTO CUHYCOUAATHLHOTO
Toka. [TocrnegoBarenbHOE COeAMHEHNE AKTUBHOTO, HHTyKTUBHOTO U @MKOCTHOTO
COIIPOTHUBJICHUI. Pe30HaHC HaNpsKeHU .

JlaGopatopnast pabora Ne6. Dnekrpuyeckre 0aHO(DA3ZHOTO CHHYCOMIAIBHOTO
TOKa. DJEKTpUYECcKas IIeTb CHHYCOUAAIHLHOTO TOKa TPH MapajuIeTbHOM BKITFO-
YEHUH aKTUBHOTO U PEAKTHUBHBIX COMPOTUBICHU.

JlaGopatopHnas pabora Ne7. Tpéxdasznsle nienu. MccnenoBanue tpexdasHoit cu-
CTEMBI IIPU COEIMHEHUU NOTpeOUTENEN 3BE30M.

JlaGopaTtopnas pabota Ne8. Tpéxdaszusie niernu. Tpexdasznas 1iens npu coeTuHE-
HUU MOTPEeOUTENEH MO CXEME TPEYTOJIbHUK.

JlaGopatopHas pabora Ne9. I'paduueckuit (rpago — aHATUTHUECKHUIT) METOJ
orpenieNieHus: TapMOHUK psifa @ypbe. YacTOTHBIE XapaKTEPUCTHKH TOCIEI0BA-
TEJIHOTO PE30HAHCHOTO KOHTYpA.

JlaGopartopnas pabora Nel(. I'padumueckmii (rpado — aHATUTHUECKUIA) METOJ
ompezeneHus: rapMoHuK psajga Oypbe. YUacToOTHBIE XapaKTEPUCTUKU Tapalieib-

HOI'0 p€30HAaHCHOI'O KOHTYpa.
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JlaGopatopnast paborta Nell. Ilepuonuyeckue HECMHYCOMIATbHBIE TOKU B JIH-
HEWHBIX AJIEKTPUUECKUX LersX. MccnenoBanre TMHEMHOM 3JIEKTPUYECKON enn
MIPU NIEPHUOTUIECKOM HECUHYCOUIATFHOM HaIPSHKCHUU.

Jlaboparopuas padora Nel2. [leproandeckne HECUHYCOUIAIBHBIE TOKU B JU-
HEWHBIX JICKTPUIECKUX METsIX. BoapTaMIiepHbie XapakTepUCTUKN HEJTUHEHHBIX
COIPOTHUBIICHUI.

Jlaboparopnas pabora Nel3. @eppopezoHaHC B dnekTpuueckux uemnsx. deppo-
PE30HAHC B [IOCJIEOBATEIBLHON LIEH.

JlaGopartopnast pa6ota Nel4. IlepexomHbpie poOLECCH B JTUHEHHBIX dJICKTpUYEC-
CKHUX 1ersX. MccnenoBanrue nepexoIHbIX MPOIECCOB B LEMU C EMKOCTHIO.
Jlaboparopnas pabota Nel5. IlepexoaHbie MpOIECCHl B TUHEHHBIX dJIEKTpUYE-
CKHX 1ensiX. VMccienoBanue nepexoaHbIX MPOLIECCOB B LIETIH C UHAYKTUBHOCTBIO.
JlaGopaTtopnas pabota Nel6. [TocTostHHAs pacipoCTpaHEeHHsI K BOJIHOBOE COIIPO-
TuBjeHue. VccnenoBanue pexxuMOB LU C pacpeeIEHHBIMU TapaMeTpaMu.
Jlaboparopnas pabota Nel7. DnekTpocTaTuueckoe noje. MoaenupoBaHue io-
CKOIapaJlIeTbHBIX AJIEKTPOCTATUYECKUX U MATHUTHBIX MOJIEH TOKOM B ITPOBO/ISI-
IIEM JIUCTE.

JlaGopaTopnas pabora Nel8. MarauTHOe 1oJie MOCTOSTHHOTO ToKa. MccnemnoBa-
HUE TOCTOSSHHOTO MAarHUTHOTO TOJII Ha OCH KaTyUIeK C TMOMOIIbIO JaTyuKa
XoJna.

Jlaboparopuas pabora Nel9. MarautHoe 1moJie MOCTOSTHHOTO ToKa. Mccnenona-
HUE B3aMMHOUW MHYKTUBHOCTH KOJIBIIEBBIX KATYIICK.

JlaGopaTopnas pa6ora Ne2(0. MarHuTHOE T0JIe TIOCTOSIHHOTO TOKa. M3Mepenue
MarHUTOABHMKYIIMX CHII U pPa3HOCTH MAarHUTHBIX MOTEHITAIIOB.

JlabopaTtopnast pabota Ne21. PacrnpoctpaneHue 371eKTPOMarHuTHBIX BOJIH B OJ1-
HOPOJHOM U U30TPOITHOM JMAJIEKTPUKE U B MOJYTPOBOISIINX U THPOTPOITHBIX
cpenax. MccnenoBanue noisipu3alliOHHON KPUBOI CETHETOANEKTPHUKA.
Jlaboparopnas pabota Ne2?2. 3ama3apIBaroiue MOTEHIIMAIBI IEPEMEHHOTO dJICK-
TPOMarHUTHOTO TIOJIA ¥ U3JTyYEHHUE DJIEKTPOMarHuTHoM sHepruu. Mccnenosanue
AJIEKTPOMATHUTHBIX CHJI B IOCTOSTHHOM MarHUTHOM ITOJIE.

JlaGopatopnast pabora Ne23. PacmnpocTpaHeHHE IIIOCKON 3JEKTPOMArHUTHOM
BOJIHBI B OJTHOPOJTHOM MOJIYIIPOBOASILIEM pOocTpaHcTBe. MccaenoBanue noBepx-
HOCTHOTO 3 dexTa u 3pdexra 61m30CTH.

YuebHo-MeToan4YecKoe M HHPOPMAIIMOHHOE 00€CTIeUYeHNE TUCITUTITMHBI
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[lepeyeHb OCHOBHOM U JOTIOIHUTEIBHON JIUTEPATYPhI, HEOOXOIUMOM ISl OCBO-
€HUS JUCLUIIINHBI

[lepeuenp y4eOHO-METOAMYECKOTO OOECIEUEHUS CaMOCTOSTEIbHONH pPabOTHI
00yyaromuxcs 1no JUCUUIUINHE

[lepeuenr pecypcoB HHPOPMAIMOHHO-TEIEKOMMYHUKAIIMOHHOW cetu MHTep-
HET, HEOOXOIUMBIX AJI1 OCBOCHUS AUCIUILIIMHBI

IIpunoxenus



Bgenenne

Henbto paboThl B 1abopaTopuu sBIsETCS YIIIyOJeHHE M 3aKpeljieHHe NMPHOOpPEeTEeHHBIX
TEOPETUYECKUX 3HAHUU IIyTeM JKCIEPUMEHTAIbHOU IPOBEPKU TECOPETUYECKUX IIOJIOKECHHUM, a
TaK)Ke 3HAKOMCTBO C JIEKTPOHHBIMU KOMIIOHEHTaMH, 000pY10BaHUEM, U3MEPUTEIIbHBIMU ITPHOO-
paMH U anmnapaTypoi, UCII0JIb3yEeMbIMH B J1a00paToOpUu.

B pe3ynbraTe BhINOIHEHHS 1a00PaTOPHBIX pabOT CTYAEHTHI IOJHKHBI IPUOOPECTH YMEHUS
¥ HaBBIKH 110 COOPKE U MCCIIEIOBAHUIO SJIEKTPOHHBIX CXEM U IPUOOPOB, U3MEPEHUSAM IIEKTpUYE-
CKUX BelIMuuH. TemaTuka J1abopaTopHbIX pabOT MOJHOCTBIO COOTBETCTBYET COAEPKAHUIO OCHOB-
HBIX Pa3/JelIOB Kypca, U3y4yaeMOoro B BBICIIMX TEXHUYECKHX y4eOHbIX 3aBelleHUsX. B mpearae-
MOM y4eOHOM MOCOOMH ONMCaHO OAMHHAALATH Ja00paTOpHbIX paboT. B onucanum kaxoit nabdo-
paTopHOil paboThl chopMyIHpOBaHa €€ LENb, U3JI0KEHBI OCHOBHBIC TEOPETUUECKUE TIOJIOKEHHUS,
OIMCaHa CX€Ma YCTAHOBKH JUIsl IPOBEACHUS dKCIEPUMEHTAIBHOIO MCCIENOBAHMS, JaHbl PEKO-
MEH/Ial[H 110 IPOBEJICHUIO OIBITOB U 00pabOTKe Pe3yIbTaTOB U3MEPEHUH, a TAK)KE KOHTPOJIbHBIE

BOIIPOCHI.



1. I]enw u 3a0auu uzyuenun OuCyUNIUHbL

Henpro quctumuiHbl « TeopeTuuecKre OCHOBBI AJICKTPOTEXHUKI SIBJSIETCS U3yUYCHUE CTY-
JEHTaMH OCHOBHBIX 3aKOHOMEPHOCTEH MPOIECCOB MPOTEKAIOUINX B ANEKTPOTEXHUUECKUX IETISIX
¥ METOJIOB OTPECIICHUS AICKTPUUECKUX BEIIMUNH, XapaKTePU3YIOIINE 3TH MPOLIECCHI, MPUOOpe-
TEHHUE TEOPETUUYCCKUX U MPAKTHUYECCKUX 3HAHUM TI0 TECOPETUIECKUM OCHOBAM AJICKTPOTEXHUKH, HE-
00XOMMBIX JIJIS YCIEITHOTO OCBOCHHUS IMOCISAYIOMNX JUCITUIUTHH CTICITHATBHOCTH.

3ajaun JUCHUIUIMHBI COCTOSIT B OCBOCHHUH CTYAEHTaMU:

— MPUHIUIIOB COCTABJICHUS U 3aIIUCU YPAaBHEHUH, OMUCHIBAIOLIUX MPOIECCHI B LIEMH B CO-
oTBeTCTBUU ¢ 3akoHamMu Kupxroda, Oma, @apazes - Makcsemna - Jlenna;

— OCHOBHBIX IPHUHIMIIOB aHAJIM3a MPOIIECCOB IO JIMHEHHBIM CXE€MaM 3aMEIICHUS IeTeH:
HaJIOKEHUSI, TMHEHHOCTH, KOMIIEHCAIIMH, B3AUMHOCTH;

— OCHOBHBIX METOJIOB aHAJIM3a JIMHEUHBIX CXeM (METObl KOHTYPHBIX TOKOB, Y3JIOBBIX I10-
TEHIIMAJIOB, SKBUBAJICHTHOTO UCTOYHUKA) U TIOTyYCHUH HAYAJIbHBIX CBEJICHUI O BO3MOKHOCTH HC-
nons3oBanus OBM mipu pacuerax;

— KOMITJIEKCHOTO METOJIa ONPEIEICHHUS aMIUIUTY1 U HAa4allbHBIX (pa3 rapMOHUYECKHUX TO-
KOB U HAaIPSHKEHUN B YCTAHOBUBIIUXCS PEKUMAX;

— KJITACCUYECKOT0, OTIEPATOPHOTO U MHTETPATHLHOTO METO/Ia aHAIN3a MTEPEXOIHBIX MTPOIIeC-
COB TIO JIMHEWHBIM CXEMaM 3aMEIICHHs IeTIeH, a TaKKe MPUHIIMIIOB COCTABIICHUS YPaBHEHUN U
MOATOTOBKY MH(OPMAIIUK VIS pacyeTa MepexoHbIX MpolieccoB Ha DBM MeTo10M nepeMeHHBIX
COCTOSIHHUIM;

— METO/IOB pacyeTa 3JIEKTPOMArHUTHBIX IIPOLIECCOB BO B3aUMOCBSI3aHHBIX KOHTYPAX;

— OCHOB T€OPHH YETHIPEXITOTIOCHUKOB;

— METOOOB IMMOCTPOCHHA (bI/IJ'ILTpOB " UX pacyucTa B IJICKTPOTCXHUUCCKUX U SJICKTPOHHBIX

CXeMax;
— OCHOB aHaJIn3a MPOLIECCOB B LIETISX C pacIpeIeICHHBIMU TapaMeTPaMu;
— OCHOB TE€OPHSI MOJIS;
— METOJIOB 3JIEKTPHUUECKUX U3MEPEHUH C UCTIOIb30BAaHUEM U3MEPHUTEIbHBIX TPUOOPOB;
— OCHOBHBIX MPOIIECCOB, MPOTEKAIOIINX B JIEKTPUUECKUX LEMAX C HErapMOHUYECKUMH TO-
KaMH.

2. Obopyooeanue u mamepuavt

JlaGopaTopusi TEOPETHUECKUX OCHOB AJIEKTPOTEXHUKHU, PEIICHHON 3aIlIUTHI B 3JIEKTPOOe3-
OMACHOCTH C MHTEPAKTUBHBIM MYJIbTUMENA 000PYI0BaHHEM

AHHapaTHBIe cpeacrBa:



— Kommutekt TumoBoro nadoparopHoro ooopyaoBanus «TeopeTrnueckue OCHOBBI AJIEKTPO-
TEXHUKHN.

VYuebHast ayauTopus Ui NMPOBEJCHUs Y4eOHBIX 3aHATHUH, OCHAIleHAa 000pylIOBaHUEM U
TEXHUYECKUMU cpelcTBaMH o0y4yeHus. [lepeHocHoi HOyTOYK, POEKTOp, T0CKa MarHUTHO-Map-

KepHasl.

3. Haumenoeanue 1abopamopHuwvix paoom

Jist 3a09HO# hopMBI 00YUESHHS TPETyCMOTPEHBI clieAytomue 1aboparopHeie padboTsr: Jla-
O6opartopnast paborta Ne 2. MeTonpl pacdeTa 3JIEKTpUUECKUX IIETIel mocTostTHHOTO ToKa. Mccmeno-
BaHUE CJIOKHBIX LIETIEH MMOCTOSHHOTO TOKa — 1,5 yaca, mpakTuuyeckas noarotoBka — 1,5 gaca; Jla-
Oopatopnas pabota Ne5. Dnekrpudeckue 0aHO(HAa3HOTO CHHYCOUJANBHOTO ToKa. [lociaenoBaTenn-
HOE COEIMHEHHE AKTUBHOTO, MHYKTUBHOI'O U €MKOCTHOTO CONPOTUBIIEHUN. Pe3oHanc Hanpsike-
Huii — 1,5 gaca; JlaGoparopnas pabora Ne7. Tpéxdazusie nenu. McciaenoBanue TpexdazHou cu-
CTEMBI ITPU COSMHEHUH MMOTpeduTeNnel 38e310i — 1,5 yaca, mpakTuueckas moArotToska — 1,5 gaca;
Jlaboparopnas padota Nel4. [TepexoiHbIe TPOLIECCHI B IMHEHHBIX dNEKTPUUECKUX memnsax. Mcce-
JIOBaHME MEPEXOIHBIX MPOIECCOB B Henu ¢ EMKOCThIO — 1,5 yaca; JlaGopaTopHas padora Nel6.
[TocTostHHAsT pacTipOCTpaHEHHUSI M BOJHOBOE COIpOTHBICHHUE. VcciemoBanne pekKMMOB ILIETH C
pacnpeeIéHHBIMU MTapameTpaMu — 1,5 yaca, mpakTuyeckas moarotoBka — 1,5 waca; Jlaboparop-
Has paborta Nel7. DnekTpoctatuyeckoe mose. MoaenupoBaHue MIOCKOMapaIeNbHbBIX JIEKTPO-

CTaTUYECKUX U MAarHUTHBIX MOJIEH TOKOM B MpoBOAAIICM JIUCTC — 1,5 qgaca.

Ne Tembl W3 Hux npakru-
HaumeHoBaHMe TeM JUCHUIUIMHBL, UX KpaTkoe co- | O0beM
JUCILIH- 4yecKas IoAro-
JepyKaHue 4acoB
TIJTMHBI TOBKA, 4aCOB
3 cemectp

JlaGoparopnas padora Ne 1. OcCHOBHbBIE MOHSI-
TUSA U onpenegeHusas. OCHOBHbIE 3aKOHBI JJIEK-
Tporexunkn. CorjmacoBaHue HUCTOYHHMKA U
Harpys3kKu 1o Hanps>KCHUI0, TOKY 1 MOITHOCTH.
[Tomy4uTh MpakTUYECKHE HABBIKH COOPKH CXEM
JJIsA 3KCHepI/IMeHTaJ'H)HOI71 IMPOBEPKHU COITIaCOBAHUA
HMCTOYHHMKA M HArpy3KH IO HANPSIKEHUIO, TOKY U
MOIITHOCTH.

1,5

JlaGoparopunas padora Ne 2. Metoabl pacuera
3JIeKTPUYECKHUX Lerneil MOCTOSAHHOro Toka. Vc-
CJIeZIOBaHUE CIOXKHBIX I[eTel TOCTOSHHOTO TOKA.
2 [ToryunTh HpakTHYECKHE HABBIKM COOPKH CXEM 3 1,5
JUISL SKCIICPUMEHTAIBHON MPOBEPKU U pacyera Iie-
e MOCTOSTHHOTO TOKA € UCIOJIb30BaHUEM 3aKOHA
Owma, nepBoro u Broporo 3akoHoB Kupxroga.

JlabopaTopnasi padora Ne3. DjieKTPOMAarHur-
3 Hasi MHAYKUMA. ViccnenoBanue terneil CHHYCOH- 15
JAJTbHOT'O TOKA C KaTYIIKAMH WHTYKTHBHOCTH.




[TproOpecTn npakTHYecKre HaBBIKK COOPKH U aHa-
JM3a Lenen NEPeEMEHHOI0 CUHYCOUIAIBHOIO TOKa
C KaTylIKaMH WHJYKTHBHOCTH.

JlaGopatopuas pabora Ned. DjekTpuueckue
01HO(a3HOT0 CMHYCOMAATBLHOTO0 TOKA. Vccieno-
BaHUE LieNel CUHYCOUJAIbHOTO TOKA C KOHJEHCa-
TOpaMHU.

[TproOpecTu npakTHYeCKUe HaBBIKK COOPKH U aHa-
JM3a 1ernel nepeMeHHOro CHHYCOMIaIbHOIO TOKa
C KOHJIEHCATOPaAMH.

1,5

JlabopaTtopHass padora NeS. DjekTpuyeckue
0oaHO(}a3HOro CHHycOMAaJbLHOro Toka. Ilocie-
JIOBaTEJIbHOE COEJAMHEHHE aKTHUBHOI'O, UHIYKTHB-
HOI'O U E€MKOCTHOI'O COIIPOTUBIICHHI. Pe3oHaHC
HanpsHKEHUH.

OnpITHas NpoBEpKa OCHOBHBIX COOTHOLIEHUH ISt
II0CJIEI0BATENIbHOM 1IeNn MEePEMEHHOI0 TOKa, 00-
Jajalell akTUBHBIM, UHIYKTHUBHBIM U €MKOCT-
HBIM COIIPOTHUBJICHHUSIMH.

1,5

JlaGopaTopHas pabora Ne6. DjekTpuueckue
01HO()a3HOT0 CHHYCOMAAJTBHOT0 TOKA. DJICKTPHU-
Yyeckas 1elb CUHYCOUJAIBHOTO TOKA MpPH Mapa-
JIEIbHOM BKJIFOUEHHWU AKTUBHOTO U PEAKTUBHBIX
COITPOTHUBJICHHIA.

DKCrepuMeHTalbHasi IPOBEpKa 3aBUCHUMOCTU aK-
TUBHOI'O0O W PCAKTUBHBIX COHpOTI/IBJIeHI/Iﬁ OT 4a-
CTOTBI, @ TAKXE€ COOTHOIICHHN MEXJy Hampshke-
HUCM, COIIPOTUBJICHUAMU, TPOBOAUMOCTAMHU U TO-
KaMH B LIENH C MapajuieIbHO BKIIOYEHHBIMU aK-
TUBHBIM COIIPOTUBJICHHUEM, KaTyIHKOfI HUHAYKTHUB-
HOCTH M KOHJICHCATOPOM.

Hroro 3a 3 cemectp:

13,5

4 cemectp

JlabopaTopHas paGora Ne7. Tpéxdasubie nenu.
HccnenoBanue TpexdasHON CHCTEMBI IIPU COEIU-
HEHUM NMOoTpeduTeneit 38e3/10H.

O3HaKOMMTBCS ONBITHBIM ITyTEM C OCOOCHHOCTSIMU
COEIMHEHUS 3B€3/101 IPUEMHHUKOB JJIEKTPUUECKON
SHEPruu B 1enu Tpex(azHoro Toka. Mccnenosarsb
pPEXUMBI PABHOMEPHON M HEPAaBHOMEPHOM Harpy-
30K, a TaKke paboTy cHCTeMBbI ITPU 0OpBIBE OJTHON
u3 (a3. [Tonyuuts npakTUyecKkue HaBBIKK pacyeTra
Y UCTIBITaHUS TpeX(a3HbIX LIETeil, a Tak’kKe IOCTPo-
€HUS BEKTOPHBIX AHArPaMM.

1,5

1,5

Jlaboparopnasi padora Ne8. Tpéxdaszubie nenmu.
Tpexda3znas 1iens npu COeAMHEHUN TTOTPEOUTENICH
10 CXE€M€E TPEYTOIbHUK.

HccnenoBath ocobeHHOCTH pabOTHI TpexdazHou
Lenu mnpu COCAMHCHNU CUMMCTPUYIHOTO U HCCUM-
METPUYHOTO  TOTpeOUuTenael  TPeyroIbHUKOM,
YCBOUTH MOCTPOCHUC BEKTOPHLIX JHUATr'PAMM I10 PC-
3yJbTaTaM IKCIEPUMEHTA.

1,5




JlabopaTtopnas padora Ne9. I'padpmueckuii
(rpago — aHATMTHYECKUIT) MEeTO ONpeeIeHus
rapMoHHUK psina ®@ypse. YacToTHBIE XapaKTepH-
CTHUKU IIOCJIEN0BATEIbHOIO PE30OHAHCHOTO KOH-
Typa.

HccnenoBaTh 4aCTOTHBIE XapaKTEPUCTUKHU MOCIIE-
JIOBATEJIBbHOIO PE30HAHCHOIO KOHTYpa.

1,5

10

Jlabopatopuass pabora Nel(. I'paduueckmii
(rpado — aHaNUTHYECKNIT) MeTO ONpeaeIeHHUs
rapMoHuk psina ®ypse. YactoTHsle XapakTepu-
CTUKM [1ApaJUIEIBHOIO PE30HAHCHOIO KOHTYpA.
HccnenoBaTh 4aCTOTHBIE XapaKTEPUCTUKHU Mapai-
JIENIBHOTO PE30HAHCHOIO KOHTYpA.

1,5

11

Jlabopatopnas padora Nell. Ilepuoamueckue
HECHHYCOUJAIbHbIE TOKM B JIMHEHHBIX JJIEK-
TpHYecKHX Hensx. lccnenoBanue mnuHENHON
JNEKTPUYECKON LENHU IPU MEPUOJUYECKOM HECH-
HYCOMJIAJIbHOM HaIlPsKCHUHU.

[TproOpectu npakTH4YecKre HaBbIKK COOPKH U aHa-
JI13a JIMHEMHBIX JJIEKTPUYECKUX LIETIeH IIPU Nepu-
OJIMYECKOM HECHHYCOUJAIIBHOM HANPSIKEHUH.

1,5

12

JlaGoparopnas padora Nel2. Ilepuoamueckue
HECHHYCOUJAJbHbIE TOKM B JIMHEHHBIX JJIeK-
TPUYECKHX HensAX. BoapTamrepHsie xapakTepu-
CTUKHU HEJIMHEWHBIX COMPOTUBIICHU.

Nsyuenue crygeHTaMu BOJIbTAMIEPHBIX XapaKTe-
PUCTHUK JTMOJOB M OUTIOJISIPHBIX TPAH3UCTOPOB.

1,5

13

JlaGopaTtopnas pabora Nel3. @eppope3oHaHC B
3JIEKTPUYEeCKHX Hensax. Peppope3oHaHC B MOCIe-
JIOBATEJIbHOM LEIH.

N3yueHune cTyaeHTaMu BOJIBTAMIIEPHBIX XapaKTe-
PHUCTHK H TpUTTEPHOTO 3P PeKTa B MOCIICIOBATEIIh-
HOH (heppope30HaHCHOM IIETIH.

1,5

14

JlabGopaTtopnas padora Nel4. Ilepexoanbie npo-
mecchbl B JIMHEHHBIX JIeKTPUYeCKuX mensx. Mc-
CJIeIOBaHME MEPEXOIHBIX MPOIECCOB B LIETIH C EM-
KOCTEIO.

3akperieHue METOAMKUA pacyéTa MepexoIHbIX
MIPOIIECCOB KJIACCHYECKUM METOJIOM B IIEMSX, CO-
Jepxamux EMKOCTb, IIPAaKTUYECKast IPOBEPKA pe-
3yJBTaTOB pacuéra.

1,5

1,5

15

JlabopaTopHas paGora NelS. Ilepexoanbie npo-
Hecchbl B JIMHEHMHBIX JIEKTPUYecKuX uensx. Mc-
CJIEIOBAaHHE NIEPEXOIHBIX MTPOLECCOB B LEIH C UH-
JIYKTUBHOCTBIO.

3akperieHue METOAMKUA pacuyéTa MepexoIHbIX
MIPOLIECCOB KJIACCUYECKUM METOJIOM B LEMSX, CO-
JepKaIUX HHAYKTUBHOCTB, IPAKTHUYECKas IPO-
BEpKa pe3yJbTaTOB pacuéra.

1,5

HToro 3a 4 cemectp:

13,5

5 ceMectp
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JlabopaTopHas pabora Nel6. Ilocrosinnas pac-
NPOCTPAHEHUs] M BOJIHOBOE CONPOTHBJIEHHE.
HccnenoBanue pexuMOB LENU C paclpeneicH-
HBIMU ITapaMeTpaMH.

HccnenoBaTh yCTaHOBUBIIMECS 3JIEKTPOMArHUT-
HbIE MPOLIECCHI B JIIMHHOM JIUHUU 0€3 MOTeph B pe-
KUMaX XOJIOCTOI'O X0/1a U KOPOTKOTO 3aMbIKAHUS;
U3y4YMThb BJIMSHME BEIUMYMHBI U  XapakTepa
Harpy3KH Ha peuM paboThl JIUHUH.

1,5

1,5

17

JlabopaTopnasi pa6ora Nel7. DjexkTpocraTuye-
ckoe moJsie. MojenupoBaHue IMIOCKOMapalieib-
HBIX 3JIEKTPOCTATUYECKUX U MATHUTHBIX MOJIEH TO-
KOM B IPOBOJISIIIIEM JIUCTE.

[TonmyuyeHue KapTUHBI CUJIOBBIX JTUHUN, MOJIEIIUPY-
CMBIX INUIOCKOIIAPAICIIBHBIM 3JICKTPOMAroHuTHBIM
U 3JIEKTPOCTATUYECKUM IIOJIEM HAa TOKOIPOBOJS-
IIeM JINCTE W OINPEACIICHHE €r0 HANpsHKEHHOCTH
WM UHAYKTUBHOCTH B OTJI€JIbHBIX TOUKaX.

1,5

1,5

18

JlabopaTopHas paGora Nel8. MaruutHoe moJie
NOCTOSIHHOI'0 TOKA. VcciienoBanyue nocTosTHHOTO
MarHUTHOTO TOJISI HA OCH KaTyLIEK C IOMOIIbIO
JaTyrka XoJja.

W3mepeHue u pacyeT MHAYKTUBHOCTH BJOJb OCU
LWJIMHIPUYECKON U KOJIBLEBbIX KaTyIlIEK.

19

JlabopaTopHas paGora Nel9. MaruutHoe moJie
MOCTOSIHHOI'0 TOKA. VccnenoBanue B3aMMHOM WH-
JTYKTUBHOCTHU KOJIBLIEBBIX KATYIIEK.

OnpeneneHne ONbITHBIM M PacYETHBIM IIyTEM 3a-
BUCUMOCTH B3aMMHOM MHAYKTUBHOCTH JIBYX COOC-
HBIX OJINHAKOBBIX KaTyIIEK OT PACCTOSHUS MEXIY
HUMH.

1,5

20

JlaGopaTtopnas padora Ne2(0. MaruuTHoe moJie
NMOCTOSITHHOTO TOKA. M3MepeHne MarHuTo/IBHXKY-
X CUJI U pa3HOCTU MAarHMTHBIX MOTCHINAJIOB.
[TpoBepka 3aKOHa MOJHOTO TOKA.

1,5

21

JlaGopaTtopnas padora Ne2l. Pacnpocrpane-
HHeE )JIEKTPOMATHUTHBIX BOJIH B OJTHOPOJHOM U
H30TPOITHOM [MIJIEKTPUKE M B MOJYNPOBOIA-
IIMX ¥ THPOTPONHBIX cpeaax. MccienoBanue no-
JAPU3ALUOHHOW KPUBOW CETHETORJIEKTPUKA.
DKCIEepUMEHTAIBHOE MOJYyUYEHHUE HA 3KPAHE OCIIH-
norpada KyJOH-BOJIBTOBOW XapaKTEPUCTHKH He-
JMHENHOTO KOHJIEHCATOpa M pacyeT MoJisIpu3alu-
OHHOM XapaKTEPUCTUKU TUIICKTPHKA.

1,5

22

JlabopaTopnasi padora Ne22. 3ana3abiBaloiiue
NMOTEHIMAJIBI TEePEMEHHOT0 JJIeKTPOMATHUT-
HOTO TOJIsI U W3JIy4YeHHe JJIeKTPOMATHUTHOM
IHEPIruu. I/ICCJ'IGI[OBaHI/Ie SJICKTPOMArHuTHBIX CHUJI
B TIOCTOSIHHOM MarHUTHOM II0JIE.

Onpez[eneHHe OIIBITHBIM M PACUCTHBIM IYTEM 3a-
BUCUMOCTH 3JICKTPOMAarHUTHOM CHJIBI OT TOKA B Ka-
TYLIKE.

1,5

10



JlabopaTopHnas padora Ne23. Pacnpocrpane-
HHUE MJIOCKOW 3JIEKTPOMATHUTHOM BOJIHBI B O]1-
HOPOJAHOM MOJIYNIPOBOASIIIEM MPOCTPAaHCTBeE.

23 HccnenoBanue moBepxHOCTHOTO 3hdexta u 3¢- 1,5
dekra 6JIM30CTH.
HccnenoBanue pacnpeesieHust Toka B MAaCCUBHBIX
IPOBOTHHUKAX.
HToro 3a 5 cemecTp: 13,5
Hroro: 40,5

11




4. Cooepacanue nadbopamophnvix padom
Jlabopamopnan paboma Ne 1. Ocnoenvie nonamusn u onpeoenenus. OcHoOGHbIE 3AaKOHbI
anekmpomexnuxu. Coznacoeanue uCmMoOYHUKA U HAZPY3KU NO HANPAICEHUIO, MOKY U MOUIHO-

cmu.

Llenwv pabomui: [1omydnTh TPaKTUUECKHE HABBIKA COOPKU CXEM ISl SKCIIEPUMEHTAIbHOM

IMPOBEPKHU COITIACOBAHUAA UCTOYHHUKA U HAI'PY3KHU IO HAIIPAKCHUIO, TOKY U MOIITHOCTU

Ocnoevt meopuu:

BoixoHble BeIMYMHBI HATIPSIKEHUSI, TOKA ¥ MOIIHOCTH UCTOYHHUKA HAIPSHKEHUS 3aBUCAT
0T ero nepBoHayanbHOro HanpspkeHus (31C) 1 BHyTpEHHETO COMPOTUBIICHUS, TaK XKe KaK OT IMO/1-
KJIFOYUEHHOU K HEMY Harpys3kKH.

Pexxum Ha3bIBaeTCs COrlacOBaHHBIM, €CJIM COMPOTHUBIIEHUE HArPy3KH PaBHO BHYTPEHHEMY

COHpOTI/IBJ'IeHI/IIO HNCTOYHHKA. HpI/I 9TOM B Harpy31<e HOTpe6J'IHeTC$I MaKCHUuMaJIbHast MOIIIHOCTB.
RBH

F ¥
L ~

0} "

Y
NS

Pucynok 1 — IlpuHuunuanbHas cxema 3JIeKTPUIECKOM CXEMBI

Ykazanue no mexnuxe 6ezonacnocmu:
VYkazaHus 1Mo TeXHUKE Oe30MaCHOCTH MPH BHIMIOJIHEHUH Ja00paTOPHBIX pabOT MPUBEICHBI

B IIPUJIOKEHNE A.

Ykazanua no eévinoanenuro nadbopamopnoit pabomot:

CobepuTe nenp corinacHo cxeme. [10cKonbKy MCIOIb3yeMblii UICTOYHHMK NMUTAHUS caM 10
cebe cTaOMIM3UPOBaHHBIN, YTO o3HavyaeT pakTtudecku R = 0, OH IOTOIHEH MOCIE0BATEIHHO
BKIIIOUEHHBIM pe3uctopoM 22 OMa, IMHUTHPYIOIIUM BHYTPEHHEE COMTPOTUBIICHHE.

3areM cienyeT u3MepuTh HampsbkeHue Un U TOK In Ipu 3HAYEHUSAX CONPOTUBIICHUS
Harpy3ku RH, ykazansabpix B Ta0n. 1. OHM MOTYT OBITH HaOpaHBI ¢ UCIOIH30BAHNUEM IOCTIEIOBA-

TCJIIBHOT'O U MapaljICJIbHOT'O COCANHEHUA PE3UCTOPOB.

12



QDU=SB

6,9 13,2 43 55 65
Ru, Om 0 22 |33 o
(10]|122) | (22]|33) (10+33) (22+33) | (22+33+10)
Un, B
I, MA
P, MBT

MolHOCTh UCTOUHUKA HaIPsDKeHUs paccunThiBaeTces 1o ¢popmysie P = UL unu usmeps-

CTCA HCMMOCPCACTBCHHO BUPTYAJIbHBIM BATTMCTPOM.

3anecure Bce BennyuHbI B Ta0I. 10.1 1 Ha rpaduk (puc. 10.3) s noctpoenus kpusbix [H

= f(RH), UH = f(RH) u P = f(RH).

MBT ]

360 1

300 4

240

180 -

120 1

601

MA ]

240 1

200 1

160

120 -

B0

401

Blu.p

10

30

410

&0

G0

O

13




Cooepoicanue omuema:

OTyer N0JKEeH COIepKaTh:

1. Ha3Banue paGoThI;

2. Llens paboTsr;

3. Kpatkue TeopeTndeckue CBeIeHUS,

4. OnycaHue UCIOJIb3yeMOro 000Py10BaHMsI U MaTEPHUAJIOB;
5. Iopsiiox BBIOJIHEHUSI PaOOTHI;

6. Beruricnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.

KOHmpOJleble 60NpPOCHLL:

1. Korma uMEIOT MECTO COrIacOBaHHE II0 TOKY, COIIaCOBAHUC I10 HAIIPAKCHHUIO U COTJIa-

COBaHHUE 110 MOIIIHOCTH?

14



Jlabopamopuaa paboma Ne 2. Memoowt pacuema neKkmpuieckux yeneii HOCMOAHHO20

moxka. Hccneoosanue cnodcnuix ueneﬁ NROCMOAHHO20 MOKdA.

Ilenv padomor: [1omydauTh TPAKTUUECKUE HABBIKA COOPKU CXEM ISl SKCTIEPUMEHTAILHOM
MIPOBEPKHU M pacyeTa Ienel MOCTOSHHOTO TOKa ¢ MCIOJb30BaHUEM 3akoHa OMa, MepBOro U BTO-

poro 3akoHoB Kupxroda.

OcHoebl meopuu.
CH0XKHOM TIENBI0 TIOCTOSTHHOTO TOKA HA3BIBAIOT AJICKTPUYECKYIO IEIh, COCTOSIIYIO U3 He-
CKOJIbKUX COMPOTHUBIICHUN M MCTOYHUKOB HAMPSIKEHHS, COCIMHEHHBIX MEXIy co00il TeM uin
HHBIM CIIOCOOOM.

Y3110M 3JEKTPUUECKO TN Ha3bIBACTCSI MECTO COSAMHEHUS TpPeX W 0oJee BETBEH IICTIH.
IIpy HaMMYMK B cXeMe N TakuX y3710B MOXKHO cocTaButh (7 —1) ypaBHenwuit cornacro mepsomy
3akoHy Kupxroda. B coOoTBETCTBUHM ¢ 3TUM 3aKOHOM CyMMa TOKOB, MOJIXOSIIUX K Y31y, paBHa
CyMMe TOKOB, OTXOJSIIIUX OT y3Jia, M ajre0panveckas CyMMa BCeX TOKOB B y3JIe paBHA HYJIIO,
1.e. 21 =0. IIpu 3TOM HEOOXOJUMO TOKH, TIOJXOSAIINE K y3I1y, 3alIMCHIBATH B yPaBHEHHE C OJI-
HUM 3HAKOM (HAIpPUMEDP «+»), @ TOKU, OTXOJSIINE OT y3Jia — C IPOTHBOIIOIOKHBIM 3HAKOM.

[Ipu mocnenoBaTenbHOM COEMHEHNH HECKOJIBKUX COMpOoTuBIeHUH (puc. 1.1 a) obmiee co-
IPOTUBJIEHHE yUacTKa PaBHO CYMME BCEX CONPOTHBIECHUN Ha 3TOM ydacTke: R, =R, + R, + R, .
Tok Ha y4acTKe IeMH ¢ HECKOJIBKUMH TOCIeI0BATEbHO COSTMHEHHBIMH COMTPOTUBICHUSIMU OY-

JeT paBeH (1o 3akoHy Oma):

.
R3
.
_I> IO R I0
{1+ —= T
R1 R2 Rs R2

Pucynok 1.1 — IlocnenoBatenpHoe (a) ¥ mapaiienbHoe (0) coeIMHEHNE COTPOTUBIICHUI

[Ipu napannenbHOM COEAMHEHNH ABYX CONPOTUBIIEHUH (puc. 1, 0) SKBUBaJIEHTHOE CONPO-
R, ‘R,

TUBJIEHUE onpezenseTcs no popmyne: Ry, = ———.
R +R,

15



Ecnu usBecteH Tok lo, mpoTekarouuii Mo Hepa3BEeTBICHHON YacTH LIeNH, TO TOKU |1 u |2 B
conpotusieHusix R1 1 R2 MoxHO onpenenuts o Gpopmyiam:
R
"R, +R
1 2

1

Rl
° R, +R,

2

[Ipu Tpex napajiesbHO BKIOYEHHBIX CONPOTUBICHUAX (pUC. 1.2) SKBUBaJIEHTHOE COIPO-
TUBJICHHUE Oy/I€T PaBHO:
_ R, - R, - R,
R -R,+R, R, +R, - R,

R,

BeTBbI0 2JIEKTPUYECKOM LIENU HA3bIBAETCS YYACTOK JIEKTPUUYECKOU LEIH, 3aKIHOUYCHHBIN
MEKIy IBYMS y3i1aMu (Harpumep, KouTyp abefa Ha puc. 1.3).

B kax/10M KOHType MeX/1y JIEeKTPOBIKYILUMH CHIIaMHU (3.11.C.), UMEIOIMMHUCS B LIETH, U
MaJCHUSMH HaIPsOKEHUSA Ha OTACNIBHBIX YYaCTKax CYIIECTBYET CTPOIO OIpENCIICHHAs 3aBUCH-
MOCTB, OnpezieisieMast BTOpbIM 3akoHOM Kupxroda:

XE=2IR,

T.e. ajredpanyeckas CyMMa 3JIEKTPOJBIKYILUX CHUJI B JAHHOM KOHTYpE paBHa anreOpau-
YECKOW CyMMe NaJICHUI HaIPsDKEHUM Ha y4acTKax LEMU 9TOro KOHTYpa.

Jli1g Toro, 94To0B! MpaBUIILHO 3aMlKcaTh ypaBHEHHE 10 BTOpoMy 3akoHy Kupxroda, Heoo-
XOZIMMO 3a/1aThCsl HAaIlpaBJIeHUEM 00X0/1a 3TOr0 KOHTYpa (HarpuMep, M0 X0y YaCOBOM CTPEIIKH).
Ecnu npu 00xo/ie KOHTypa HanpaBiIeHHE 3.]1.C. COBMAAET ¢ HaIllpaBlIeHHEM 00X0/a, TO ee 3amu-
CBIBAIOT B JICBYIO YacCTb YPAaBHEHMS CO 3HAKOM «+», a €CIIM €€ HaIlpaBJICHUE HE COBMANACT C
HamnpaBlieHuEM 00X0/1a, TO €€ CUUTAIOT CO 3HAKOM «—». AHAJIOTMYHO MOCTYMAIOT CO 3HaKaMH Ia-
NeHUi HanpsbkeHuid. Eciin HanpaBieHue Toka Ha y4yacTKe IIeTH COBIAJAeT C HalpaBJIeHUEM 00-
xo7a, To IR Ha 3TOM yyacTKe 3alHChIBAIOT CO 3HAKOM «1», B IPOTUBHOM CIIy4ae — CO 3HAKOM «—
».

[Tokaxxem sT0 Ha mpumepe (puc. 1.3)

1. Jlnst koHTypa abefa, coBepias 06x0/1 10 4aCOBO¥ CTpeENKe, MOTYIHUM:
E =I,R + 1R,
2. Jns xontypa beedb, coBepias 06xox mpoTHB 4aCOBOI CTPEIIKH, TOTYYUM:

E =L,R, + LR,
3. Jns xouTypa abcdefa, coBepiast 06x0/1 10 4acOBO¥ CTPEIKE, MOJYUUM:

El _Ez :IIRI _Isz
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Vkazanue no mexnuke 6ezonacnocmu:

VYkazaHus 10 TeXHUKE O€30MaCHOCTH MPH BBITTOJIHEHUH JIa0OPATOPHBIX padOT MPUBEICHBI

B [IPUJIOKEHUE A.

Ykazanus no evinonnenuio nabopamopnoii pabomoi:

1. [TonoGpaTe prOOPHI, HEOOXOAMMBIC JIJIsi BBITTOJIHEHHS PAOOThI, 03HAKOMUTHCS C
HUMM U 3aIucaTh TEXHUYECKUE JaHHBIE HCTOUYHUKOB 3.11.C., PEOCTATOB, H3MEPUTENIBHBIX MPHOO-
pOB.

2. Cobpatp cxemy ajs poBepku nepBoro 3akona Kupxroda (puc.1.2). YcranoBurtsb
MaKCHMaJbHble 3HAUEHUS COMPOTHUBIIEHUN PEOCTATOB U U3MEPUTH IOCIIE 3aMblKaHUs Kitoda K/

TOKHU B IMApaJlJICJIbHBIX BETBAX U O6H_II/II71 TOK IICIIN 10. PC3y.HLTaTBI I/ISMepeHI/Iﬁ 3aHCCTHU B Ta6J'II/II_Iy
1.1.

L, R
iz R
2 @ i z
CAD 13_’ /_\ { R3
(—
te (n)
K1

[
Il
Pucynok 1.2 — Cxema j1s mpoBepku nepBoro 3akoHa Kupxrodga

B omeite 1.2 cnepyet nepeABUHYTH OI3YHKH PEOCTATOB MPOU3BOJIBHO, HAOIIOAAs, YTOOBI

CTPEJIKH aMIIEPMETPOB HE 3aIlIKATHBAIIH.

Ta6muma 1.1 — Pe3ynpTaThl U3MEpEHUN U BHIYUCICHUN

Ne

PesynbTaThl n3MepeHuit Pe3ynbTaThl BRIUMCIEHUN
n/n

O0603Hay. |o I I, |3 U R, R, R3 Ra Y0

En. uzm. A A A A B Om Om Om Om %

OmriT 1

OmngiT 2

OmeblT 3
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[To 3axkony Oma BBIYHCIUTH CONPOTHBICHUE KAXKOTO PEOCTaTa U SKBUBAJIIEHTHOE COMPO-
TUBJIEHHE cXeMbl Ro. BBIYUCINTE OTHOCUTENBbHYIO OTPEUTHOCTh U3MepeHHit yo % mno gpopmyie:

Iy—(, +1,+1
7/: 0 (1+ 2+ 3)100%\

0

3. Cobpatb cxemy (puc. 1.3) mis mpoBepku Broporo 3akoHa Kupxroda.

Pz
a g s
o) o)
/
A Th;h Ay -"2T A
R«lf RE RE
f 2] o

Pucynok 1.3 — Cxema 1t mpoBepku BToporo 3akona Kupxrodga

[Ipu pazomMkHyTHIX pyOuIbHUKax P11 P2 u3meputh BOIBTMETPOM BEIMYHMHBI 3.7.C. KaXk-
noro akkymyisitopa. Conporusiienust peocratoB Ri, R2 u R3 u3mepurs ommerpom. Toku Ha oOT-
JIeNIbHBIX y4acTKaX LEeMHU U3MEPUTh JIJIsl TPEX CIIy4yaeB:

OmnbIT 1 — pyOunbauk P1 3aMKHYT, P2 — pa3oMKHYT.

Omsit 2 — pyOunsHuk P2 3aMkHYT, P1 — pasoMkHYT.

OmpiT 3 — 06a pyounsHUKa P1 1t P2 3aMKHYTHI.

Pe3yHLTaTBI I/I3MCpCHI/II>'I 1 U3BCCTHLIC BCIIMYUHBI BHYTPCHHUX COHpOTI/IBHGHI/Iﬁ HCTOYHU-

KOB 3.71.C. I01 ¥ F02 3aHECTH B TaOIUILy 2.

Ta6muia 1.2 — Pe3ynpTaTel U3MEpEeHUN U BHIYUCICHUN

W3BecTHEBIE Be-

PesynpraTsl u3Mepenuit Pe3ynbTaThl BEIUKCIEHUIH
Ne JINYUHBI
n/m E1 E; Iy I, I U U, Us Fo1 loz2 R1 Rz Rs | 2IR | 7
B B A A A B B B Om Om Om | Om Om B %
Ormprt 1
OmsrT 2
OmpiT 3
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ITo pe3ylibTaTaM HSMGPGHHfI ¥ BEIUMCIICHUH CACJIaTh BbIBOJ O IPUMEHUMOCTHU BTOPOI'oO 3a-
koHa Kupxroda nst pacdera 1emneii mocTOSTHHOTO TOKA.
BBIYHCIUTE OTHOCUTENIBHYIO MOTPEIIHOCTD AJIST KaXI0T0 U3 TPEX OIBITOB

7o :M.loo%
XE

Jlj11 0IHOTO U3 KOHTYPOB IIPOBEPUTH OAJTaHC MOLIHOCTEH:

SEI =3[R +XI°r,

Cooeporcanue omuema:

OTueT 10IHKEH CoJepXKaTh:

1. HazBanue paboTsr;

2. Llenb paboThI;

3. Kpatkue TeopeTuueckue cBe1eHus;

4. Onycanue UCIOIb3yeMOro 000pyI0BaHHsI U MaTEpPHUAJIOB;
5. [lopsaox BeINONHEHNS PabOTHI;

6. Berarcnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.

Konmponwvuwie sonpocoi:

1. Chopmynupyiite 3akoH OMa AJ1s yyacTKa 3JEeKTPUUECKOH LIeTH, COAepKAIero U HE CO-
JIEpIKaIIero UCTOYHHUK 3.1.C..

2. Chopmynupyiite nepBsiii 3akoH Kupxroda.

3. Kakue KOHTYpBI CXeMBbI 3aMEIICHUS SIBJISIOTCS HE3aBUCUMBIMU?

4. Chopmynupyiite BTOpoii 3akoH Kupxroda.

5. OT uero 3aBUCAT 3HAKM CJAraéMbIX IPH COCTABICHUM YpPAaBHEHMH IO 3aKOHaM
Kupxroga?

6. Kak 1o skcnepuMeHTa IbHBIM TaHHBIM BBIYUCIUTHh BHYTPEHHEE COMPOTUBIIEHUE HCTOY-
HUKa HAPSKEHUS?

7. Kak 1o nojy4eHHbIM B JJaDOpaTOpHON paboTe sKCcIepUMEHTAIbHBIM JaHHBIM BbI mpo-
BEPSUTH CIIpaBeUIMBOCTH 3akoHOB OMa u Kupxroga?

8. Kakoit metox Bwl mpumenunu i pacuéra snekrpudeckoit nenu? [loscaute ero cym-
HOCTb.

9. ITosicHuTe MOPSAZOK COCTAaBJIEHHs ypaBHEHUs OanaHca MOLIHOCTH U MOSICHUTE ero (u-

3MYECKYIO CYIIHOCTb.
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Jlabopamopnaa paboma Ne3. Inekmpomacnummnan undykyusn. Uccnedosanue yeneii

cuuycoudaﬂbnozo MmoOKa ¢ Kamyuwikamu uudykmuenocmu.

Ilenv pabomer: 1lpnoOpecTH MpakTUUECKHE HABBIKM COOPKHU M aHAJIM3a LIeTell nepeMeH-

HOI'0 CHHYCOUJAJIbHOT'O TOKAa C KaTyllIKaM1 HHAYKTHBHOCTHU

Ocnoevt meopuu:

Korpa x xaTymike WHAYKTUBHOCTH IMOJBEICHO CUHYCOUJAIIBHOE HAIPsHKCHHUE, TOK B HEH
OTCTaeT OT CHHYCOMIBI HanpshkeHus Ha Heit Ha 90°. COOTBETCTBEHHO, MTHOBEHHOE 3HAUCHUE TOKA
JOCTUTAET aMIUTUTYHOTO 3HA4YCHUs Ha YETBEPTh NEpHOJa MO3KE, YeM MTHOBEHHOE 3HAUCHUE
HanpspKeHus. B 3ToM paccykieHuu npeHedperaeTcs akTUBHBIM COIIPOTUBICHUEM KaTYIIKH.

u, A

iL /iL

—— goo e —

BriBenuTe Ha AucIuiel BUPTYaJIbHOTO OCIMIUIOrpada KpUBbIE U3MEHEHHS BO BPEMEHHU
MTHOBEHHBIX 3HAUCHUH TOKA 1L ¥ HANPsDKEHUS UL KaTyIIKU MHAYKTHBHOCTH U oIpenenure ¢aso-
BBIIA CIBUT MEKIy HAMHU.

KaTymka MHIyKTUBHOCTH B IIETIM NIEPEMEHHOTO TOKa OKa3bIBAE€T TOKOOTPAHMYMBAIOIIHNA
ekt Onarogaps MHIYKTHUpYeMoi B Hel mpoTuBoD/IC. DTOT TOKOOrpaHWYMBAIONINH (et
NPUHSTO BBIPAXKATh KaK MHIYKTHBHOE PEaKTUBHOE COMPOTUBIICHNE (MHIyKTHBHBIN peakTaHc) XL.

BennunHa MHIYKTUBHOTO peakTaHca XL 3aBHCUT OT BEIWYMHBI WHIYKTHBHOCTH Ka-
TYUIKH, U3MepsieMOi B ['eHpH, ¥ 9aCTOTHI MPHIIOKEHHOTO HANPSDKEHHS IEPEMEHHOT0 ToKa. B ciy-
Yyae CUHYCOUAAIBLHOTO HANPSDKEHUS] UMEEeM
XL = oL =2xfL,

rzae XL - peakTUBHOE HHAYKTUBHOE CONpOTHBIEHHE, OM,

L - MHAYKTUBHOCTH KaTyIIKH, [ H.

Ecnu akTHBHOE CONPOTHUBIICHHE KAaTYIIKK MaJlo U KM MOKHO ITPEHEOpeYb, TO pEaKTUBHOE
(MHIYKTHBHOE) COMPOTHBIICHHE MOXKHO ONPEIEIUTh Yepe3 ACHCTBYIOIINE 3HAYCHUS HITH aMILTHU-
TYJIbl HATIPSDKEHUS M TOKA:

Xe=UL/ It XL =Uim / Ium.
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Korna HeckoabpKo KaTy1Iek CoOeAMHEHbI ocaeA0BaTeNbHO (puc. 5.3.1), sKBUBaleHTHAs UH-
JOYKTUBHOCTb IIETIM PaBHA CyMME MHIYKTUBHOCTEH OT/ENbHBIX KaTylIeK:

Le=Li+ Lo+ Ls+..

| L, L, L,

O L YY) Y YT
U, uw U

U~ TU, -

O

[Ipu mapannenbHOM COeTMHEHUH KaTyIIEK SKBUBAJIEHTHAS MHIYKTUBHOCTD LI€TIH MEHBIIIE
WHAYKTUBHOCTH HaUMEHbIIEH KaTylmKu. Beruucisercs oHa no ¢popmyie:

Uls=1/(1/Li+1/Lo+ 1/Ls+...).

+ 0 I—ZL

L1 L2 L3

Ecnu nocnenoBarenbHO cOeIMHEHBI TOJBKO 2 KaTyIIKH, 001asi MHAYKTUBHOCTh paBHA
Lo =L1-L2/(L1+ L2).

Toku B OTAENBHBIX KaTyIIKaX 00paTHO MPOMOPIHOHAIBHBI COOTBETCTBYIOIIMM UHIYKTHUB-
HOCTSIM, U UX CyMMa paBHa o01ieMy TOKy 1ienu. HampsbkeHue, npuiioskeHHOe K KaXKI0H KaTyIlke,
OJIMHAKOBO U paBHO U.

Korna karymika HHIYKTUBHOCTH MOJKIIIOYEHA K IEPEMEHHOMY CHHYCOMIAIbHOMY HaIlpsi-
JKEHHUI0, B HEW BO3HUKACT CHHYCOUIAIBHBINA TOK, OTCTAIOIIHH 1O (ha3e oT HanpspKkeHus Ha 90°.

W3meneHne Bo BpeMEeH! MIHOBEHHOM MOIIHOCTH, TOTPEOIIeMOi B KaTyIlIKe, MOXKET ObITh
HpPE/ICTaBICHO Ha rpaduKe MyTeM NMePEeMHOKEHHSI MTHOBEHHBIX 3HAUCHHH TOKA | M HANPSKCHUSI
u. IomoxkurenbHasi MOTYBOJHA KPUBOM MOIIHOCTH PaBHO3HAYHA MOJBEICHUIO HEPIHMH K Ka-
Tymike. Bo BpeMs oTpuiaTenbHOM MOTYBOJIHBI KaTyIIKa OT/AAET 3aIIACEHHYIO paHEee SHEPTUI0 Mar-
HUTHOTO 110J151. B naeanbHOM KaTylKe OTepb AKTUBHON MOIIHOCTH HET. B I€HCTBUTEIILHOCTH e
BO3BpalllaeMasi 3HepIus BCeria MeHblIe NOoTpedIsieMoi U3-3a OTEPh SHEPTHUN B aKTUBHOM COIIPO-

TUBJICHHUU KAaTYIIKH.
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B naeanbhoii katymike (mpu R=0) rpadguk momHocTH P(t) npeacTaBnset coO0i CHHYCOHTY
JIBOMHOM YaCTOTHI C aMIUIUTY 10U
QL=ULm ILm/2 = UL IL.
OTO 3HaYEHUE SIBJIAETCS MAaKCUMaJIbHOW MOILIHOCTBIO, MOTPEOIsIeMOl WM OTaaBaeMoi
u/ieabHOM KaTyIIKOW MHAYKTUBHOCTH. OHA Ha3bIBAETCs MHIyKTUBHOMN PEaKTUBHON MOIIHOCTBIO.

Cpenusisi (aKkTUBHAs) MOIITHOCTh, OTpeOsieMast TAaKOW KaTYLIKOW, paBHA HYIIO

Ykazanue no mexnuke 6ezonacnocmu:
VkazaHus 1o TeXHUKE 0€30IMacHOCTH IIPpU BLIITOJIHCHHUN Ha60paTOpHBIX pa60T IMPUBCACHBI

B IIpUJIOKEHNUE A.

Ykazanusa no evinonnenuto nabopamopnoit pabomeor:
CobepuTe 11eMb COTTIACHO CXeMe, MOAKIIIOUUTE K €€ BXOy PEeTyJIUPYEMbI UCTOYHHUK CH-

HYCOUJAJIBHOTO Hanpspkenus ¢ napamerpamu: U=5B, f=1 k['1.

U=5B
L
@ f=1ku 100 MMH Q@

- O

Bxuttounrte Buptyansasie npudopsl VO, Al u ocimiiorpad.
«JTonxmrounte» nBa BXxoaa ociuiorpada k mpudopam VO u Al, a ocTambHBIC OTKITIOYUTE.
VYcraHoBuTe mapameTpsl pa3BEPTKU ocHmuuiorpada Tak, 9ToObl Ha dKpaHe ObLIO M300pa-

JKCHHUC PUMCPHO OAHOTO-ABYX IICPHUOJ0B HANIPSAKCHUSA U TOKA.
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[lepenecure naHHbIE OCIMIIIOrpaUpPOBaHUS HANPSHKEHUS U TOKA KaTyIIKU Ha rpaduk,

onpezaenuTe (a3oBbIil CABUT MKy CHHYCOMIaMU HAIIPSDKEHUS M TOKA KaTYIIKU HHTyKTUBHOCTH.

88— 20
6— 15
4— 10
2 — 5
t
0 0
0,2 0,4 0,6 0,8 MC
2— -5
-4— -10
-6— -15
-8— -20
-10—4 -25

Brurounte 0JIOK OTIOTHATEIBHBIX IPUOOPOB, BRIOEPUTE U3 MEHIO TPUOOpP «YTOJ CABUTA
da3» u «noaxmounte» ero k V1 u Al. Yoeaurecr, 4To BBl MPaBWIBHO ONpeAeniin (a30oBbIid
CIIBUT TIO OCITMILIOTpady.

CobepuTe 11€Tb COTJIACHO CXeMe, TTOJICOEIMHUTE K €€ BXOAY PeryIupyeMblii HCTOYHHUK CH-

HYCOUAAIBHOTO HanpspkeHus ¢ napamerpamu U=15B, f=1k['m.

) /—\ )
(a1

U=5B L
F=1kly 100 MIH

O
Bxuttounte Buptyansasie nmpudopst VO, Al u ocimiorpad.
[ToxxmrounTe ABa Bxoaa ocimiuiorpada k mpudopam VO u Al, a octanbHbIE OTKIIIOUHTE.
YcTranoBuTe mapaMeTpsbl pa3BEPTKU ociuniorpada Tak, 4ToObl Ha SKpaHe ObL1O0 U300pa-
KEHHE TIPUMEPHO OJTHOTO-ABYX MEPHOI0B HAMIPSKEHUS U TOKA.
CHuMUTE C OCHMIUIOIPaMMBbl aMIUIUTYAHbIE 3HaUeHUs Um ¥ Im 1151 HHOYKTUBHOCTEH U Ya-

CTOT, YKa3aHHBIX B Ta0JI. ¥ 3aHECHUTE UX B COOTBCTCTBYIOIIINEC STYCHKH Ta6J'II/IHBI.
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f, xI' 0,5 1 1,5
Um., B 100 mI'H
UmL, B 40 MI'u
Um., B 10 M['H
ImL, MA 100 mI'H
ImL, MA 40 mI'un
ImL, MA 10 M['H
XL = 100 mI'un
Um/ Im, 40 M
KOM 10 M['H
100 mI'un
XL = oL,
40 M1
Kom
10 M['H

Boruncnure Bennuunbl XL 1o gopmynam Um/ Im u oL u 3anecute ux B Tad.

[Mepenecute Benmuunnbl XL Ha rpaduk (puc. 5.2.2) ans noctpoenus kpusoi Xi = f(f).

KOm

2,0

1,5

1,0

0,5

0

XL

f

0,5

1,0

1,5 2,0

KMy,

CobepuTe Lemnp coriacHo cxeme (puc. 5.3.2) ¥ NOJCOEIUHUTE PETYINPYEMbIN HCTOUHUK

CHHYCOUIAIBLHOTO HanpsykeHus ¢ mapamerpamu U=5B u f=1 kI'm.

—ac
S

U=5B
f=1«klu

Ll L2 I_3 |
40 100 10
MIH MIH MIH
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N3mepbTe ¢ moMouIbI0 MyJIbTUMETPOB MM BUPTYaibHbIX pubopoB Al u V1 nelicTByto-
M€ 3HAYEHUS TOKAa B LIEIH, NPHJIOKEHHOTO HANPSDKEHUS U HANPSDKEHUs Ha KaKIOM KaTylIlKe.
Pe3ynbTaThl U3MepeHHii 3aHECUTE B Ta0JI.

I, MA U,B UL, B U2, B Uws, B

Paccuwnraiite PCAKTUBHBIC COIMPOTHUBJICHUA U MHAYKTUBHOCTH KAaTYUICK, S9KBUBAJICHTHYIO
HWHAYKTUBHOCTb LCIH 11O JaHHBIM H3M€p€HHI>i.

Brranciaenue HHAYKTHBHBIX PCAKTAHCOB:

X =Uu /I
Xz = U2/ 1L
Xz =Uws/IL
Xo =U/I
Brruucnenue yrioBoi 4aCTOTBI:
o = 2nf
Brluncnenune HAYKTUBHOCTEN:
Li=Xu /o
L2=XL2 /o
L3=Xw /o
Lo=Xws /o

ColepuTe 1enb COrIaCHO CXeMe, MOJICOSAMHUTE PErYIUPYEMbI HCTOYHUK CUHYCOUIATTh-
HOro Hanpspkenus ¢ mapamerpamua U=5Bu f=1 xl'm.

W3mepbTe ¢ MOMOIIBIO MYJIBTUMETPA WM BUPTYalbHBIX TPUOOPOB 001IMiA TOK Len# |,

I
O—FC}O
U=58B
@ f=1«kly

o

g o
|

604.

=
[y

Ly

40 Ml 100 Ml 100 MIH

Yo

Toxu mapamienbHbIX BeTBeH 1, 12, |3 u magenus nanpspxkenue U Ha KaTyikax, 3aHECUTE

JlaHHBIE U3MepeHuit B Ta0i. 5.4.1
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U,B I, MA

I, MA

2, MA

I3, MA

Boruncnure nHaykTUBHBIE peaktaHchl Xuo, Xi1, Xz, Xi3 nmo ¢popmyne X =U/IL.

OHpC)ICJ'II/ITe HHAYKTHUBHOCTU OTHACJIBHBIX KaTyHICK H 06HIYIO WHAYKTUBHOCTH LCIIU 10

dopmyiie L= XL/ .

[IpoBeppTe BBHIYMCICHUSMHU BEIUYMHY WHAYKTMBHOCTH Lo, HaliieHHYIO 3KcrepuMeH-

TaJbHO.

Brraucnenue HHAYKTHBHBIX PCAKTAHCOB:

BrrunciieHue MHIYKTUBHOCTEM:

Xe1=Uu /Il
Xe2=Ur2/ 2
Xwz=Uwz/ I3
Xw=U/I
Li= Xu/o
L2= X2/
L3= X3/
Lo=Xw /o

[IpoBepka 00111eit HHTyKTUBHOCTH PACUETOM:

Ls=1/(1/Li+1/Lo+1/L3) =.

CO6epI/ITC OCIIb COrJIaCHO CXEMCE, ITOJCOCAMHUTEC K Hel pel"y.]'[preMBIfI HCTOYHUK CUHYCO-

UIATBHOTO HanpsbkeHus ¢ napamerpamu: U=5...7B u f = 200 'u. B kayecTBe HHIYKTUBHOCTH C

MaJIbIM aKTUBHBIM COIPOTHUBIIEHUEM UCTIONB3YyHTE KaTymKy Tpanchopmaropa 300 BUTKOB, BCTa-

BUB MEXJy MOJKOBAaMHU Pa3beMHOr0 CepAeYHUKA MOJOCKK Oymaru B OJUH CJIOW (HEMarHUTHBIN

3a30p).

O

~U=5...78B
f=200Tu
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Bxuttounte Buptyansabie mpudopsr VO, Al u ociuniorpad.

«ITonkmrounTtey nBa Bxoaa ocumwiorpada k npudopam VO u Al, a octaabHbIE OTKITIOYHUTE.

YcTaHoBuTe mapaMeTpbl pa3BEPTKU ocuuiuiorpada Tak, 4ToObl Ha IKpaHe ObLIo U300pa-
KEHHE TIPUMEPHO OJTHOTO-ABYX MEPHOI0B HAMPSKEHUS U TOKA.

Bxrounrte 650K TONOJHUTENBHBIX IPUOOPOB, BEIOEPUTE U3 MEHIO MPUOOPHI « AKTHBHAS
MOIIHOCTB» U «PeakTuBHAast MOLTHOCTHY» U nojakiItounTe ux K V1 u Al. 3anumure 3HayeHus pe-
akTUBHOM MoImHOCcTH QL M akTuBHO# P. Y6emurech, uto P <<QL.

3aHecuTe AaHHBIC OCHMILIOrpadUpOBaHMs HANPSHKEHUS U TOKA B Karymike B Tabm. 5.5.1
COOTBETCTBEHHO YKa3aHHBIM B HEi MOMEHTaM BPEMEHH, BBHIIIOJHHUTE BBIYMCICHHS MIHOBEHHBIX

3HAYEHUW PEAKTUBHOU MOIIIHOCTH.

Bpewms t, mc Tok L, MA Hanpspxenue uL, B p=uLiL, MBT

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

[Tepenecure nanubie Taba. 5.5.1 Ha rpaduk.

MBT| B | mA uLidp

40— 8- 80

300-{ 6— 60

200 4-{ 40

100 2—1 20 :
o I 0,2 0,4 0,6 08 |wmc

00 21 20

200 -4— -40

300 -6— -60

400 -8— -80

500 -10- -100
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[Mo rpaduky p(t) onmpenenuTe MaKCHMalIbHYIO BO3BPAIIAEMYI0 MOIIHOCTh (PEaKTHBHYIO

MOIITHOCTB )

QL: (PMaKC - PMHH) /2

CpaBHHTE 3Ty MOIIHOCThH C MOIIIHOCTBIO, U3MEPEHHOU BapMETPOM:

Q=...

Cooeporcanue omuema:

OTuer A0KEH COllepKaTh:

1. Ha3Banue paGoTsl;

2. llens paboTHI;

3. Kpatkue TeopeTuueckue cBe1eHus;

4. Onmcanue UCIob3yeMOTo 000PYI0BaHHS U MAaTEPHAJIOB;
5. [Mopsimok BeIMOTHEHUS PAOOTHI;

6. Beruucinenus u o0paboTka pe3yJbTaToB;

7. BeIBOZIBI.

KOHmPOJleble eonpocol:

1. Kak 3aBucur HHAYKTHBHOC COIIPOTUBJICHUC OT YacTOTHI?

2. Uem oObsicHsieTcs pa3nuuue 3HaueHui XL, BeranciaeHHbIx mo gopmynaam Um/Im u oL?
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Jlabopamopuaa paboma Ned. Inekmpuueckue 00HOPA3HO20 CUHYCOUOATBHO20 MOKA.

Hccneoosanue ueneﬁ CtuC‘Ol/l@aJleOZO moka c Koudeucamopamu.

Ilenv pabomer: 1lpnoOpecTH MpakTUUECKHE HABBIKM COOPKHU M aHAJIM3a LIeTell nepeMeH-

HOI'o CHHyCOUJAJIbHOT'O TOKa C KOHACHCATOpaMHu.

Ocnogwvt meopuu:

Korna x KoHZeHCAaTOPY NPUIIOKEHO CHHYCOHMIAIBHOE HANPSKEHUE, OH TIEPHOANYECKH 3a-
psKaercs U paspsbkaercs. BBuay nepeMeHHoro xapakrepa HalpsKeHHs IEPUOIHYECKU MEHSIETCS
TaKKe MOJSIPHOCTH 3apsijia KoHAeHcaTopa. TOK B KOHIEGHCATOPE iC IOCTHIaeT CBOCTO aMILIUTY II-
HOT'O 3HaYCHMS KaKIbIH pa3, Korja HampshkeHue Uc Ha HeM MPOXOAUT dyepe3 HyJib. Takum obpa-
30M, CHHYCOH/Ia TOKa iC OIepekaeT CHHyCOMILy HanpsikeHus Uc Ha 90°.

®da30BbIl CABUT:

¢® = Wu- yi=-90°

Uc
~

Konnencarop B 1ienu CHHYCOUIATFHOTO TOKA OKa3bIBAET TOKOOTpaHHMYUBArOIMNi 3¢ dekr,
KOTOPBIN BbI3BaH BCTPEYHBIM JEHCTBHEM HANPsLKEHUS IPU M3MEHEHUH 3HaKa 3apsiaa. ITOT TOKO-
OTrpaHUYMBAOIINHN Y3PPEKT TPUHATO BBIPAXKATh KaK EMKOCTHOE PEaKTUBHOE CONPOTUBIIEHUE (eM-
KOCTHOM peaktaHc) Xc.

Bennunna eMKocTHOro peaktanca Xc 3aBUCUT OT BEJTMUYHUHBI EMKOCTH KOHJIeHCATOpa, U3-
Mepsemoit B @apajsiax, ¥ 4aCTOThI MPUIIOKEHHOTO HAIIPSKEHUS IEPEMEHHOT0 ToKa. B ciydae cu-
HYCOUJALHOTO HAMPSHKCHUS UMEEM

Xc =1/(wC) =1/(2rnfC),

Irac Xc- PCAKTUBHOC EMKOCTHOC COIIPOTHUBJICHUC, OM,
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C - emkocTh KOHIeHCaTOpa, D,

® = 2xf - yrioBas yactoTa CHHYCOUIATBHOTO HAMIPSHKCHUS (TOKA).

Korna usBecTHb! eHCTBYIOIME 3HAUEHUS TOKAa B KOHACHCATOPE U MaJICHUS HANPSDKEHUS
Ha HEM OT 3TOr0 TOKAa, PEaKTUBHOE €MKOCTHOE CONPOTHUBICHHE MOXKHO BBIYMCIHMTBH 110 3aKOHY
Owma:

Xc =Ucm/lem i Xc = Uc/ lc.

EMKOCTHOMY peakTaHCy 4acTO IPUCBAUBAIOT 3HAK «-» B OTJIMYME OT HHAYKTHUBHOI'O PEaK-
TaHCa, KOTOPOMY MPUIHUCHIBAIOT 3HAK «1».

Korna Hecko1bK0 KOHAEHCATOPOB COEIMHEHBI II0CIIEJ0BATEIBHO, SKBUBAJICHTHAS! EMKOCTh
LI MEHbIIE eMKOCTH HAaUMEHBLIET0 KOHeHcaTopa. Brraucisercs ona no ¢popmyse:

Co=1/(1/C1+1/C2+1/Cs+...).
Ecnu nocnenoBaTeibHO COETMHEHO TOJIBKO 2 KOHJEHCAaTopa, 0011ast eMKOCTh PaBHA
Co=C1-Cz2 /(C1+Cy).

[Magenus: HanpsOKEHUST HA OTJENIBHBIX KOHJEHCATOpax 0OpaTHO MPOIOPLUOHATIBHBI COOT-
BETCTBYIOIIMM €MKOCTSIM, M UX CyMMa paBHa o0memy HanpspkeHuto ~UC. Tok B ir000if Touke
[I0CJIE0BATEIBHON LIENH C KOHIAEHCATOPAMHU OJIMH U TOT KE.

[Ipn nmapayienbHOM COEAMHEHUH KOHJIEHCATOPOB SKBUBAJICHTHAs €MKOCTb LIENU paBHA

CyYMMC E€MKOCTeH OTACJIbHBIX KOHACHCATOPOB:

Cor=C1+Co+C3 +...

|
{ |1
U~ Cl
O T

Toku B mapamienbHbIX BETBSIX (KOHAEHCATOPAax) MPONOPLHUOHAIBHBI COOTBETCTBYIOIIUM

T C, —

€MKOCTSIM, IPHYEM CyMMa TOKOB BeTBeH paBHa o0OuieMy Toky uenu |. Hampsbkenust Ha Bcex KOH-
JIeHcaTopax OJUHAKOBBI U paBHbI U.
Korna xonaeHcaTop NOAKIIOYEH K IEPEMEHHOMY CHHYCOUJAIbBHOMY HAlPSKEHUIO, B HEM

BO3HUKAET CUHYCOUJAJIBHBIN TOK, ONIEpEKaOUNil HanpshkeHue Ha 90°,
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MrHoBeHHass MOIITHOCTh, OTpedIIsieMasi KOHIEHCAaTOPOM (Kak U JIF0O00H JPYyTroi Iemblo)
ONpeeNsAeTCsl KaK IPOU3BEACHUE HAIIPSKEHUS U TOKa!

p= Ui

I'paduk u3MeHeHus 3TOI MOIIHOCTH MOKHO MTOCTPOUTD, TIEPEMHOKAs IOMAPHO OPAUHATHI
rpadukoB U(t) u i(t), B3aThIC B OJUH U TOT XK€ MOMEHT BpeMeHH. [lojydeHHas TakuM oOpa3om
KpUBasi IpeJICTaBIsIeT cO00M CUHYCOU Ty IBOMHON YacTOTHI C aMILTUTYIOM.

Qc=Ucm- Icm/2 =Uc- lc.

Korna p>0, konaeHncarop 3apsikaercsi, HOTpedJIsis SHEPTUIO U 3aracas €€ B AJIEKTPUIECKOM
nosie. Korga p<0, oH oTnaer ee Apyrum 3JI€MEHTaM 1eNH, SBJSAACh UCTOUHUKOM 3Hepruu. Bemnn-
yrHa QC SBJISIETCS MAKCUMAIIBHOM MOIITHOCTBIO, IIOTPEOIsIEMO UITH OTJaBaEMO KOHJIEHCATOPOM,
Y Ha3bIBA€TCSl EMKOCTHOM PEAKTUBHOM MOIIHOCTBIO.

Cpennsist (aKTUBHAsI) MOIIIHOCTb, OTpeOIIieMas KOHACHCATOPOM, paBHA HYJIIO.

Ykazanue no mexnuxe 6ezonacnocmu:
VYkazaHus 1Mo TeXHUKE Oe30MaCHOCTH MPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPUBEICHBI

B IIPUJIOKEHNE A.

Ykazanua no evinoanenuro nadbopamopnoit pabomot:

CobepuTe 11enb COIJIACHO CXEME U MOJIKIIOUUTE PEryJupyeMblii HCTOUHUK CHHYCOUAIIb-
Horo HanpspkeHus nipu U= 5 B u f = 1 k['u. HanpshkeHue MCTOYHKMKA YCTAHOBUTE C MOMOIIBIO
MYJIETUMETPA.

Bruttounrte Buptyansusiii npudopst VO, Al u octmuiorpad.

«[TonxmrounTe» nBa Bxoaa ociuiorpada k mpudopam VO u Al, a ocTambHBIC OTKITIOYUTE.
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(A
Oo—0— Al O
NOY

U=5B . C
1 kMY 1 MKD

Y

M)
U/

YcranoBHuTe mapaMeTpsl pa3BEPTKU ociuniorpada Tak, YToObl Ha SKpaHe ObUTo U300pa-
YKE€HUE PUMEPHO OJJTHOTO-[IBYX MEPHOOB HAIIPSLKEHUS U TOKA.
[lepenecure kpuBble Ha rpaduK U ONpeAeNnuTe nepro U (pa3oBblid CABUT MEXKIY Hamps-

KeHHeM Ha KoHjeHcatope Uc(t) u Tokom ic(t).

MA B uli
40 — 8
30 6
20 4
10 — 2
t
o — o
0,2 0,4 0,6 0,8 |mc

-10 /] -2
-20 H -4
-30 -6
-40 -8
-50 — -10

W3 ocuumiorpaMMsl:

npepuoa T = MC; (dazoBblif cIBUT @ =

Bruttounte 6510k «IIpubopst |1», Beibepute u3 MeHro npubop «Yron casura ¢as» U «Imoj-
kirounTe» ero k VO u Al. Yoenurech, 4To Bbl IPAaBUIBHO ONPEAETIIN (pa30BbIi CABUT 11O OCIUII-
norpady.

Co0epure Lenb COTIaCHO CXEMe, yCTaHOBUTE CHHYCcoHIaibHOe Hanpsokenne U =5 B u f
= 1 k' Ha BBIXOJE PETYINPYEMOT0 UCTOYHHUKA, 3aTEM NPUCOECTUHUTE UCTOYHUK K BXOJHBIM 3a-

XUMaM ILCIIN.
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Bxuttounte Buptyansabie mpudopsr VO, Al u ociuniorpad.
«ITonkmrounTtey nBa Bxoaa ocumwiorpada k npudopam VO u Al, a octaabHbIE OTKITIOYHUTE.
YcraHoBuTe mapaMeTpbl pa3BEPTKU ocuuiuiorpada Tak, 4To0bl Ha IKpaHe ObLI0 U300pa-

JKEHHE IIPUMEPHO OAHOr0-IBYX IIEPUOJ0B HAIIPSKEHUS U TOKA.

(AL

U=3B S
@ f=0,4...1ky —C @

!

O O

CHuMHTE C ocouJIorpaMm MUK UBMEPLTC BUPTYAJIbHBIMHA an60paMH AMIIIMNTY IHBIC 3HA-
YCHUA HaHpH)KeHI/Iﬁ Umu Toka Im JUUISI EMKOCTEM U 9acCTOT, YKa3aHHBIX B Ta6ﬂ, " 3aHCCHUTC UX B

COOTBETCTBYIOIINE TUCHKU TAOIHIIBI.

f, kI'n 1 0,8 0,6 0,4
Um, B 1,0 MKD
Um, B 0,47 Mmx®D
Unm, B 0,22 mxd
Im, MA 1,0 Mx®D
Im, MA 0,47 mxd
Im, MA 0,22 mx®D
1,0 Mx®D
Xc=
0,47 mxd
Um/|m, kOm
0,22 Mx®D
1,0 Mx®D
Xc=
0,47 mxd
1/(®C), kxOm
0,22 Mx®D

Beranciure Bennunnbl Xc o popmyiam Um/Im u 1/(0C) 3anecure ux B Tadn. CpaBHUTE

pe3yJIbTATHI.
[Mepenecure Benmuunnbl Xc Ha rpaduk (puc.4.2.2) mis noctpoenus kpupoit Xc = f(f).
[IpoBeppTe pacueTHBIM IYTEM BEJIUYMHY peakTaHca Xc KOHAEHcaTtopa eMKocThio C =

0,47 mx® npu gactore f = 600 I'iy HEMOCPEACTBEHHBIM H3MEPEHHEM BHPTYAIbHBIM MTPHOOPOM

«PeakTuBHOE COIIPOTUBJICHUECY .
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KOm

1,8

1,6

1,4

1,2

1,0

0,8

0,6

0,4

0,2
f

0 0,2 0,4 0,6 0,8 Ky

Cobepute LIeNb COIIACHO CXEME M IMOJCOCAMHUTE PEryJUpyeMblii UCTOYHUK CHHYCOU-

JanbHOro HanpspkeHus ¢ napamerpamu U =5 B u f=2 kI'm.

Uc1 Ucz Ucs

— — — > i
O—O @ O P—' }—O—‘ }—O—»

C; C, Cs

U=5B 0.22 0,47 1
= MK®  MKD MKD
@ f=2«kly @D

|

O

H3mephTe ¢ MOMOIIIBIO MyIbTUMETPA WITH BUPTYaITbHBIX IprOopoB Al u V1 aeiicTByronme
3HAQUYEHMS TOKA B LIETIH, TPUIOKEHHOTO HAMPSHKEHUS U HAINPSKEHUS Ha Ka)XXIOM KOHJEHCATOpe.

PesynbpTaTsl n3MepeHuii 3anecure B Ta0II.

I, MA U,B Uci, B Ucz, B Ucs, B

PaccunTaiiTe eMKOCTHBIE peaKTaHChl U EMKOCTH.
[IpoBepbTe 3KBUBAJIEHTHYIO EMKOCTh LIEIH PACUETOM.

Brrunciaerrne eMKOCTHBIX PCaKTaHCOB!
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Xc1 = Uc/lIc

Xc2 =Uc2/lc
Xcs = Ucs/lc
Xs=U/I
Brrunciienue yriioBou 4acTOTHI:
wo=2mx-f

Brpluucnenue eMKocTen:
Ci=1/(» - Xc1)
Ce=1/(» - Xc2)
C3=1/(w -Xc3)
Cr=1/(w- X3)
IIpoBepka SKBUBaJIEHTHOW EMKOCTH LIETIA PACUETOM:
1/C>=1/(1/C1+1/C2+1/Cs)
[IpoBeppTe 3KBHUBAJIEHTHBIE PEAKTAHC U €MKOCTh LIENH HENOCPEICTBEHHBIMU U3MEPEHU-
SIMU C TIOMOIIBIO BUPTYaJbHBIX prOopoB. st aToro Brimtounte 610k «[Ipubopst I1». B nmepom
npubope BeiOepuTe QYHKIUIO «PEaKTUBHOE CONPOTUBIIEHUE X» U «ToAKIrounTe» ero k V1 u Al.
Bo BTOopoMm mpubope BeiOepute QyHkuuio «Hacroromep» u «mojakiarountey ero k V1. Tpetwuii
npubop 3arporpaMMHUpYUTE Ha BHIYMCIIEHUE eMKOCTHU. [1J1s 3TOro BBEAUTE apryMEHTHI pacueTHOU
dopmysel x7 u x8 (1.e. X u f) u camy pacueTHyto Gpopmyy:
y =-1/(2*3,14*x8*X7)
Haxxmute knaBunry «HauaTe cuer» u Bbl momyunte pe3ynpTaT BHIYUCIECHUS — EMKOCTh B
dapanax. [lepeBeaure ee B Mukpodapa sl U 3alMIIUTE PE3yIbTaT:
Co=... MKOD.
Cobepute nens corigacHo cxeme (puc. 4.4.2), NoJICOENUHUTE PETYIUPYEMbIH UCTOUYHHUK
CHHYCOMIAIbHOrO Hampsukenus ¢ nmapamerpamu U = 5 B u f = 1 kI['u. HanpsbkeHre u 4acToTy

HCTOYHHKA YCTAHOBUTC C MIOMOIIBIO MYJIbTUMETpPA.

'
OO . .
& ™
Un=5 B O @ O
f=1 kly,
| |
Ci,— C —— Cs

0.22 Mk®|  0.47 Mk®] 1 MK®]
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N3mepbTe MyJIETUMETPOM WIIM BUPTYAIBHBIM TPHOOPOM OOIIIHIA TOK Ienu |, Toku mapar-
nenpHBIX BeTBeH |1, l2, |3 u HanpspkeHWs Ha kKoHaeHcaTopax U, 3aHecuTe JaHHBIC U3MEPEHH B

TadJI.

U,B I, MA 1, MA I2, MA I3, MA

Brrancnure eMkocTHBIE peakTanchl Xo, Xci, Xcz, Xc3 mo ¢popmyne Xc=U/lc.
Onpenennure eMKOCTH OTACIBHBIX KOHJIEHCATOPOB M SKBHUBAJIECHTHYIO €MKOCTh ILIETIH IO
popmyne C=1/(m - Xc)
[TpoBepbTe BBIYUCICHUSAMH BeITUIUHY eMKOCTH Co, HalICHHYIO SKCIIEPUMEHTAIBHO.
Boruncnenne eMKOCTHBIX PEaKTaHCOB:
Xci1=Uct /et
Xc2=Uc2 /lc2
Xcs= Ucz/lc3
Xo=U/I
Brruncienue eMKoCTeN :
Ci= 1/(® - Xca)
C2=1/(® -Xc2)
Cs=1/(w -Xc3)
Cr=1/(o - ZXc)
IIpoBepka HKBUBaJICHTHOW EMKOCTH PacyeTOM :
Co=Ci1+C2+Cs
Cobepurte 1ensb cornacHo cxeMe (puc. 4.5.2), moICOSAMHUTE K HEH peryIupyeMblid HCTOY-

HHUK CHHYCOUJIQTBHOTO HanpspkeHus ¢ nmapamerpamu: U=5B u f=1 k['1.

o (Ao
<

U=5B . C
f=1«kly T 1wmkd

!

M)
O A

Bxmmounte Buptyansasie mpudopsr VO, Al u ociimsuiorpad.
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«[TonxmrounTe» qBa BXxoaa ociuiorpada k mpudopam VO u Al, a ocTambHBIC OTKITIOYUTE.

VYcranoBuTe mapameTpbl pa3BEPTKU ocHmuuiorpada Tak, 4ToObl Ha dKpaHe ObUIO M300pa-

JKCHHUC IPUMCPHO OAHOTO-ABYX IICPHUOJO0B HANIPSAKCHUSA U TOKA.

Bxuttounte 6ok «IIpu6opsr |1», BIOepuTe U3 MEHIO PYHKLIUU «AKTUBHAS MOITHOCTBY U

«PeakTBHast MOIIHOCTRY, MOAKIIOUNTE X K V1 1 Al, 3anuimvre 3Ha4€HUS PEaKTUBHOM MOIITHO-

CTH QC u }’66I[I/IT€CB, YTO aKTHMBHAas1 MOIIHOCTDb Onu3Ka K HYJIIO.

3aHecuTe JaHHBIC OCL[I/IJIJIOFpa(l)I/IpOBaHI/IH HaIpsKCHUA U TOKa KOHACHCATOpA B TalII. cO-

OTBCTCTBCHHO YKa3aHHbIM MOMCHTAaM BpCMCHHU. BrimmoaUTe BEIYKUCIICHUS MTHOBEHHBIX 3HAUCHUIM

MOIITHOCTH.

Bpewms t, mc

Tok ic, MA

Hanpsoxenue uc, B

p = Uc-ic, MBT

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

[Tepenecure nanneie Tabm1. 4.5.1 Ha rpaduk (puc.4.5.3).

MBT |

200 —
150
100
50 —

0 -
.50 7

-100—
-150—

-200—

-250 —

0,2

B MA | u i
8— 40
6— 30
4— 20
2— 10
0 — 0
2— -10

-4—4 -20
-6— -30
-8— -40

-10— -50
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Mo rpaduky p(t) onpenenure MakCUMaIbHOE 3HAUYCHHE (PEAKTUBHYIO MOIIHOCTh) U CPaB-

HUTE €€ C PEaKTUBHON MOITHOCTBIO, U3BMEPEHHON BAPMETPOM.

Cooepirrcanue omuema:

OTuer AOKEH COJIepKaTh:

1. HazBanue paboTh;

2. llens paboTsr;

3. Kpatkue TeopeTnueckue CBeIeHUS;

4. Onucanue UCroiab3yemMoro 000pyA0BaHus U MaTepUaoB;
5. I[Topsa0K BeIMIOTHEHUS PAOOTHI;

6. Beruncnenus u o0paboTKa pe3yibTaToB;

7. BBIBOIBI.

KOHmp0Jleble eonpocol:

1. Kak 3aBHCUT EMKOCTHOC COIIPOTUBJICHUC OT Y4acTOThI?
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Jlabopamopuaa paboma Ne5. Inekmpuueckue 00HOPaA3HO20 CUHYCOUOATBHO20 MOKA.
Ilocnedosamenvnoe coeOunenue akmueHo20, UHOYKMUGHO20 U EMKOCHIHO20 CONPOmMueéie-

Huil. Pezonanc nanpaxcenuit.

Ilenv padomer: OnbiTHas NPOBEPKAa OCHOBHBIX COOTHOIIEHUN JUIsl MOCJENI0BATEIbHOMN
eI MePEMEHHOTr0 TOKa, 00JIaJatoeil aKTUBHBIM, HHAYKTUBHBIM H €MKOCTHBIM COIPOTHBIICHU-

SIMH.

Ocnoevt meopuu:
[TycTh B 1emb IEPEMEHHOTO TOKa ¢ yactoToi f = 50 [y BKiItoueHa KaTyIlKa, 00Jaaaromiast
WHAYKTUBHOCTBIO L M aKTUBHBIM COMPOTHBIICHUEM I (puc. 2.1).
[Tpu npoTeKaHUU 1O KATYIIKE IEPEMEHHOI0 TOKa IL B MPOCTPAHCTBE, OKPYIKAIOIIIEM BUTKH,
OyzeT co3/1aBaThCsi MATHUTHBIN TOTOK @ M MOTOKOCIICTVICHUE C BUTKAMU KAaTYIIKH:
w=wW-O

rac w — 41CJIO BUTKOB KaTyYIIKH.

o
‘ r
!
U.=Ir
o 3
v
@
L
Y ¥

Pucynok 2.2 — Cxema nocnenoBaTeinbHOro coenquuenust R u L
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OTHo1IEeHNE TOTOKOCIETIEHUS KaTYIIKU K TOKY KaTYIIKH 1L Ha3bIBaeTCs COOCTBEHHOW HH-
TYKTUBHOCTBIO UM UHTyKTUBHOCTBIO:

w-®

L=£==
I I

Ecnu coOcTBeHHOE MOTOKOCILEIJICHUE MPOMOPIHOHAIBHO TOKY (B Cilydae KaTylIku 0e3

CTaJIBHOTO ceplieuHHKa), To L = const. OCHOBHOH eAMHMIIENH U3MEPEHNS UHYKTUBHOCTH SBJIIETCS

I'enpu (I'n):
1B6
WUn=—-/1In-10" =1luln
14

Ecau Tok B KaTyIIKC U3MCHSCTCA (Haan/IMep, 10 CMHYCONJaJIbBHOMY 3aKOHy), TO U IIOTO-
KOCHCIUICHHUC KATYIIKHW U3MCHACTCA U ITIO3TOMY B BUTKAX KAaTYUIKHU 110 3aKOHY 3JICKTpOMaI‘HI/ITHOf/'I

MHAOYKIWHA HABOOUTCA 3.4.C. CAMOMHAYKIMH €L .

T.€. HABOJAMMAs 3.J1.C. €L MPEMITCTBYEeT U3MEHEHHIO ToKa iL. Kpome Toro, katymika o0ia-
JlaeT HEKOTOPHIM aKTHUBHBIM COIIPOTUBIICHHUEM T.
[Ipumensis Bropoit 3akon Kupxroda 1y1st MTHOBEHHBIX 3HAUEHUH 2JIEKTPUYECKUX BEJIIUYHH,

MOKHO 3aIliucCaThb:

u+e, =i-r
OTCIO/Ia HAIPsDKEHKE Ha 32)KUMaXx LENU PaBHO
u=i-r—e, =u,+u,

HaneHHe HaIIpsAKCHHA Ha aKTUBHOM COIIPOTHUBJICHUW HA3bIBAIOT aKTHBHOI COCTaBHHIOHIGﬁ
HaIPsXKCHUA UKW aKTUBHBIM HAIIPSXKCHUEM, a MMAACHUC HAIIPSXKCHUSA HAa HHAYKTUBHOM COIIPOTHUB-
JIEHUH Ha3bIBAIOT UHIYKTUBHOW COCTaBIIsIONIEH HanpsikeHHs. MTHOBEHHBIE 3HAYEHMS TUX Be-
AMYMH 0003HAYaIOT Ua U U, a AeiicTBytomue — coorBeTcTBeHHO Ua n UL. Ilpu cunycounansHoM

3aKOHC U3MCHCHU TOKA HAIIPSPKCHUC HA 3aKUMax LETIN 6YI[CT PaBHO!

u=ir—e_ :rlmsina)t+Ld(|m§ma)t):

rl,sinowt + wll  coswt =
. - 7T
=U_,Sinwt +U _ sin a)t+E :

T.€. MEXJly aKTUBHBIM U WHAYKTUBHBIM MaICHUSMH HAIPSDKEHUS] IMEETCS CIIBUT 10 (aze
Ha 90°.

[Tepexons k KOMIUIEKCHOM (hOpMe MOXKHO 3aICaTh:
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U=U,+jU, =1Ir+ jlx,
rae jlx, = jwll - KOMIIJIEKCHOE CONPOTUBICHNUE UHYKTUBHOI'O 2JIEMEHTA,

U

— ’ L o
U, = \/‘1" n U, = Tm - JEUCTBYIOIME 3HAYECHUS AKTUBHOIO Y HHIAYKTHUBHOTIO
2

HanpsHKeHUH.
Taxkum 06pa3om, HanpshkeHUe Ha 3axkuMax nend U MOMKHO IIPeICTaBUTh B BUIE CyMMEI
nyx cunycount U, u jU , . U3BecTHO, 4TO BCAKYIO CHHYCOUIATLHO M3MEHSIOIIYIOCS BETHUHHY

MOXHO TIPEJICTAaBUTh B BHJIE BEKTOpa (Hampumep, Toka [/ ), BPAIIAlOIIETOCsi B TPOCTPAHCTBE C

YIJIOBOM YacTOTOW @, MPOEKLIHsS KOTOPOr0 HA MHUMYIO OCh U JA€T CHHYCOMJAJIBHYIO BEIUYUHY

(puc. 2.3).
O ¥

I

4

Pucynok 2.3 — M300pakeHne CHHYCOUIAIBHOTO U3MEHSIONICHCS BEJTMYMHBI TOKA B BHUJIC

BCKTOpa

OnpenenyM HanpsHKEHUS Ha 3aKMMax LU ITPU TOMOLIY BEKTOPHOM TuarpaMmel. Bexrop

Toka [ OTI0XKMM B NPOU3BOIBLHOM HANPABJIEHUM, HAPUMEp, FOPU30HTaIbHO (puc. 2.4). Bee

OCTaJIbHBIE BEKTOPHI OY/IyT KECTKO MPUBSI3aHbI K BEKTOPY /[ , T.€. X C/BHT 110 (a3e OyIaeT CTporo

OIIPCACIICHHBIM.

Bexrop axktupHoro Hanpsokerus U, = [ - ¥ Gyzer coBmajaTh 1o HaNmpaBJIEHUIO C BEK-
topom I . Bektop mnaykTuBHOH coctapnstomeii Hanpsokerus U, = j- 1 - X Gyner onepe-

xath Ha 90° BexTop [ . CxmanwiBas reomerpuuecku Bektopsl U, u U, , momyuum BekTop

HAIPSAKCHU A U Ha 3a)xuMax IO CIIN.
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O L] L] 1
U =Ir

Pucynok 2.4 — BekropHas niuarpaMmma npu IocieoBaTebHoM coequHennu R u L

Bemmumna X, =@-L =27 f - L naseaercs unoyxmuenvim conpomuenenuem u us-

MEPSACTCA B Owm. COHpOTI/IBJ'IeHI/Ie XL 3aBHCHUT OT YaCTOTHI U IIPpH BKIIOYCHHUH KAaTYIIKH MHAYKTHUB-

HOCTHU B LI€TIb IOCTOSTHHOTO TOKa ( f =0 ) TOK KaTylKH OyJeT OrpaHUuYEH TOJIbKO €€ aKTHBHBIM

COMPOTHUBIICHUEM U OKaXKETCss HAMHOTO Ooutbie. [103ToMy KaTyIku HHAYKTUBHOCTH, ITPEIHA3HA-
YeHHBIE 7151 paObOThI Ha IEPEMEHHOM TOKE, HEJIb3s BKJIIOYATh B MU MTOCTOSIHHOTO TOKA.
Tpeyronsauk OAB (puc. 4) npsiMOYTOJIbHBIN U HA3bIBAETCS TPEYTOJLHUKOM HAIPSHKCHHUH.

W3 tpeyronpuuka OAB nmeem:
s T,
uv-=U,+U,
72 : 2 ] 2 20,2 2
Us=-r)+{-x) =1°(r" +x;)
W3Bnekas u3 06eux yacteil KOpeHb, NOTYIHM

U=1-Jr2+x?

[2 2
Bennunna r~+ XL , HIMCroIas pa3MCpHOCTb COIIPOTUBJICHHUA, HA3bIBACTCS IMOJIHBIM CO-

IIPOTUBJIEHUEM LIENIU U 0003HAYAETCS Z :

Z=r*+x;

u 3axkoH Oma AJId TSI ICPEMCHHOI'O TOKa UMCCT BU:

|:7I/IU = Iz

Kocunyc yrna casura ¢a3 ¢ mexay TokoM | u Hanpsbkenuem U paBeH:

u, I-r r

COS =
@ U Il -z z
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W3 TpeyronbHuKa MOIHOCTEN, KOTOPBIM MOKHO ITOJIyYUTh U3 TPEYTOIbHUKA HAIPSKECHUI

YMHOKEHHEM €r0 CTOPOH Ha TOK I, TIOTydHM aKTHBHYO MOIIHOCTD:
P=Ir=U-I-cosg
PeakTHBHAs MOIIHOCTb!
O=I°x, =U-1-sing

TlosHag MOLIHOCTH:

S=U-1=+P>+0O?

OTHomIeHNEe aKTUBHOM MOIITHOCTH K ITOJIHOM Ha3bIBACTCS KOB(I)(I)I/II_II/ICHTOM MOIIIHOCTH:

cosp=r ="
?=5 70

Ecnu nenp mepeMeHHOTO TOKa 00J1ajaeT aKTUBHBIM COINPOTHBICHHEM I' M eMKOCThIO C
(puc. 1.5), To mo BropoMy 3akoHy Kupxroda /111 MTHOBEHHBIX 3HaUY€HUN SJIEKTPUIECKUX BEIMYUH

MOXXHO 3a111uCarThb:

u=i-r+u,

rJ¢ U — MrHOBEHHOE 3HAYCHHE IIPHUIIOKECHHOT'O K LENH HAIIPSXKCHU,
| - MTHOBEHHOE 3HAYEHUE TOKA OCIIN,
Uc - MTHOBCHHOC 3HAQUYCHUEC HAIIPSKCHUS, IPUIIOKCHHOTO K 06KJIa,Z[KaM KOHACHCATOpa U

IPECTaBIIAIOIIEro COO0M MaeHNe HANPSKEHUS HA EMKOCTH.
Ec/u TOK U3MEHseTCs BO BPEMEHH 110 CHHYCOMIAIbHOMY 3aKoHy, T.e. I =/, sin at ,

TO MpeAbAylIee ypaBHEHUE Oy1eT UMETh BU/I:
i 1 : T
U=rl,sinot+—1_sin(ot—=).
wC 2
W3 s10it hopMyIel BUAHO, YTO MPHIOKEHHOE K LEMH HANPSIKEHUE COCTOUT U3 JIBYX CO-

CTABISIOIIMX: AKTUBHOM I akTUBHOTO Hanpspkenus U, = rl SIN et cosnanaromeii no pasze

. T
C TOKOM, U PEAKTUBHOMN WM €MKOCTHOM COCTaBIISIFOLIEH U e == | m Sln(a)t — E) , OTCTa-

wC
foret ot Toka Ha 90° (puc. 1.6). Torna
U = U at U c
HOCTpOI/IM BCKTOPHYIO AUarpamMmy il JaHHOI'O Ciiy4das, MOJIb3ysACh TCMHU K€ IMPaBUJIaMHU,

KaK U [PH MOCTPOSHUH TUarpaMMBbl JIsl TOCJIEI0BAaTeNIbHOTO coeAnHeHus r u L (cm. puc. 2.4).
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'y 3
r -
Us=tr
© . x
N U
@
C Uil xe
' Y

Pucynok 2.5 — [locinenoBarensHoe coenuaenne R u C

I

Pucynok 2.6 — BexropHas auarpamMma Juis ocjieJ0BaTeIbHOTO

coenuuennsa R u C

I[Tpu 5TOM HEOOXOAMMO MMETH B BUJLY, 4TO BekTop Hanpsokenus U . orcraer or Toka | Ha
90° (puc 2.6).

U3 tpeyronsarka OAB Ha pucyHke 6 umeem:
U?=UZ?+U¢
17003
U? =(Ir)? + (L)2 =7%(r* + L)2 .
wC C

W3Bnekas kBagpaTHBIM KOPEHb U3 00EUX YacTel, HOTyUnM:

1
U=1-.r>+(+—)*,
\/ (a)C)
OTKyJla
1: =

Jr2+<1>2 Jr? X2

oC

1
Benmnunna Xc = E HAa3bIBACTCS eMKOCHHbIM conpomueieHuem U U3MCPsCTCA B Owm.

EmkoctHOE COIMIPOTUBJICHUEC 3aBUCUT OT YaCTOThBI HAIIPSAKCHUA CETU U OT CMKOCTHU KOHZACHCATOPA.
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[ 2 2
Benuuuna /7~ + X Ha3bpIBaeTCs NOJIHBIM CONMPOTUBICHUEM M 0003HayaeTcs Z. 3akoH Oma npu-

MCHHUTCIIBHO K HaHHOﬁ LETin NMEPpEMCHHOTO TOKa 6YZ[€T HUMCTb BU:

riue Z=wl1"2 +xé .

Ecnu Bce ctoponsl TpeyronbHuka HanpsikeHuit OAB pa3genuts Ha Tok |, TO momydnm
TPEYTOJIbHUK COMPOTUBIICHUN C KATeTaMH I' U XC ¥ TUTIOTEHY30M Z.

[Ipu mocnenoBarenpbHOM coeauaeHud I, L 1 C Oy myT cripaBeITMBBI BCE BBIBOJIBI, TIOTYUYCH-
Hble Juig uenu ¢ I-L u nenu c r-C. IIpu 3ToM BO3MOKHBI CIEAYOLUME KOMOUHAIUH:

a) XL > Xg ;6)X, <Xc ;B)X, =X .

PaccMoTpuM ¢ MOMOIIIBIO BEKTOPHBIX AUArpaMM KaXKIbId U3 3THUX BapUAHTOB.

a) lmeeM 1iens U3 mocae0BaTeNbHO coequHeHHbIX I, L u C, mpuuem

X, > X¢ . Tlo BceM TpeM COMpOTHBIICHHSM OyIeT IPOTEKaTh OMH 1 TOT ke ToK I , Bek-

TOpP KOTOPOTO OTJIOKUM B BRIOPAaHHOM MacmTabe Mpou3BOJILHO, HAIPUMED, TOPU3OHTAIILHO, T.€.
HaIpaBJIeHUE TIEPBOTO BEKTOPa BBIOMPAETCS MPOU3BOILHO (puc. 2.7).

BGKTOp MaJgACHUA HAIIPAKCHUA HAa aKTUBHOM COIIPOTHUBJICHHUHA 6y,I[eT COBIIAAATh C HaIIpaB-

JICHUEM TOKaA, a MaJCHHUEC HAITPSAXKCHUA HAa MHAYKTHUBHOM 3JICMCHTC U UL 6y)1eT OIIEPECKATH BCK-

Top / Ha % [Tanenne HapsKEHUsT HA EMKOCTHOM 271eMeHnTe U . OyJeT 0TCTaBaTh OT BEKTOpa

TOKa Ha % H COI'JIaCHO YCJIOBHIO

Pucynok 2.7 — BekTopHas quarpamma HanpsbkeHui mpu X > Xe

OO1w1ee HanpsKeHKE 1enH OyAeT paBHO CyMMe

U, +U+Uc=U.
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U3 BEeKTOPHOMN JMarpaMMbl BHIHO, YTO MEXKIy TokoM nenu | u nampsokenuem U ectb
yroll ¢ Y TOK UMEET OTCTAIoIUi Xapakrep, a cos ¢ < 1,0.

0) [Ipu X; < X, majeHue HANPSDKCHUS HA MHAYKTHUBHOM CONPOTHBICHUH OyIeT MEHbIIIC
NaJICHUs HAIpPsDKEHUST HA €MKOCTHOM COINPOTHBIIEHUH, I103TOMY BEKTOpHasl quarpamma Oyner

uMeThb BuJ (puc. 2.8):

U,

Pucynok 2.8 — BekTopHas auarpamMma HanpsokeHuit mpu U c> U L

B) [Ipu X, = X uMeeT MecTo pe3oHanc nanpaxcenuii, .e. U o = U 7 W 9TO OyIer mpu

1

oL = _C Ipu stom Bextopst U ; u U . paBHEI 10 MOZIYITIO X IPOTHBOIONOKHO HAMPABIICHBI
0,

(puc. 2.9), no3TOMyY X CyMMa paBHa HyJIf0. TOK IIeny Npy pe30HaHCe HANIPSDKEHUH orpeiensercs
TOJIbKO aKTUBHBIM COIPOTHUBIICHUEM, ITO3TOMY YIoJI C/IBUTa (ha3 MEXIy TOKOM U HaIpsKEHHEM
LIENU PaBEH HYII0, a COS ¢ = 1. Ilpu 3TOM HaJ10 UMETH B BUAY, YTO PE3YJIBTUPYIOLIEE COIIPOTUB-

JICHUC LTI PE3KO YMCHBIIUTCS A0 3HAUYCHHA Z = I' 1 TOK LICTIM IPH PE30HAHCE MOXKET PE3KO BO3-

pacTaTthb.

U, ||Ue

p=() U=U=Ir .

= > |

PucyHok 2.9 — BekTopHas quarpaMMa HanpsKeHHUN MPU Pe30HaHCe
Ykazanue no mexnuxe 6ezonacnocmu:

VYkazaHus 1o TeXHUKE Oe30MaCHOCTH MPH BHIITOJIHEHUH J1a00PAaTOPHBIX paObOT MPHUBEICHBI

B MPUWJIOKEHHE A.
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Ykazanun no eévinonnenuro nabopamopnoit pabomer:

Cobpatb cxemy ¢ ocnenoBaTenbHbIM coequaenneM R, L u C (puc. 2.10). B kauectBe ak-
TUBHOT'O CONPOTHUBIICHUS UCTIOJIb3YETCs PeryJIMpOBOUHBIN peocTar R, a B kauecTBe eMkocTH C —
Oarapest KOH/IEHCATOPOB.

Boastmerpom V1 u3mepsior BxoaHoe (001ee) HanpsKeHUe LeM, a BOJIBTMETpoM V2 ¢
HIOMOIILIBIO IIIyTIOB IOOYEPEHO U3MEPSIOT MaJJICHUE HANPSHKEHUS Ha aKTUBHOM COIIPOTHUBIEHUH R

(B Toukax a u 0), Ha UHAYKTUBHOCTHU L (B Toukax B ¥ T') u eMKOCTH C (B TOUKaX T U J).

NATP

"L 220B

Pucynok 2.10 — Cxema ¢ nocnenoBaTenbHbIM coeinHenrneM R, L u C

N3mepennst He0OX0IMMO BBITIOJHSATH TSI TPEX PEXKUMOB:
1) UL > Ug; 2) UL < Ug; 3) UL = Uc.
JUist KaXKJI0T0 U3 PEKUMOB BBIITOJIHUTH PacyeThl U BMECTE C pe3yJibTaTaMU U3MEpeHuil 3a-
HecTH B Tabnuity 2.1. ITo pe3ynbraram pacueToB AJis KaX/J10T0 U3 PEKUMOB IIOCTPOUTH BEKTOPHYIO
IarpaMMy HarnpspKeHUH, 71 9ero HeOOXOMMO BBIOpAaTh MaclITad HAMpsHKEHUS Mu TaKUM 00-

pa3om, 4ToObI BeKTOp HarpsibkeHus uenu U Obut mpuMepHo paBeH 8 — 12 cm.

Tabmuna 2.1 — Pe3ynbraTsl H3MEpeHU U BEIYUCICHHNA

No HN3MmepeHHEbIe BETNUYNHEI BrruncienHrle BEITHUYHUHEL
onL;Ta U | Ur UL Uc COS ¢ S P Q
B A B B B - BA Bm BAp
1
2
3

Brumanue! 1lpu pe3oHaHce HaNPsSHKEHUH TOK LIENIN ONPEIENSIETCS aKTUBHBIM COIIPOTHUB-
jaeHueM R, mosToMy ammepmeTp MOXKET 3allKajauBaTh. B 3TOM ciydae HeoOxoaumMo moaooparthb
aMIIepMETpP C HECKOJIbKUMHU NpeIelaMi U3MEPEHHH U IIPU PE30HAHCE MEPEKIIIOUUTH €ro Ha 00JIb-

IIUH Tpees 1o TOKY.
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Cooepoicanue omuema:

OTyer N0JKEeH COIepKaTh:

1. Ha3Banue paGoThI;

2. Llens paboTsr;

3. Kpatkue TeopeTndeckue CBeIeHUS,

4. OnycaHue UCIOJIb3yeMOro 000Py10BaHMsI U MaTEPHUAJIOB;
5. Iopsiiox BBIOJIHEHUSI PaOOTHI;

6. Beruricnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.

Konmponvnwie éonpocwi:

1. Yto noHMMAIOT 10 MHAYKTUBHOCTBIO U KaK OHA OIpEAEseTCs?

2. Kak 1 moyemy m3MeHseTCS HHIYKTHBHOCTD IPH BBEACHUU B KaTYIIKY CTAIBHOTO Cep-
neuHuKa?

3. UTO NOHUMAIOT I0J1 EMKOCTBIO M KaK OHa omnpezaensercs?

4. Yro Ha3pIBaIOT YIVIOBOM YacCTOTOMN ®?

5. 1o xakum popmynam onpezenstot 1; XL; XC u z nenu nepeMeHHOro Toka?

6. KakoBbl OCHOBHBIE COOTHOIICHUSI U BEKTOPHBIE JUArpaMMBbl B LIENSAX C aKTUBHOMU, UH-
JIYKTUBHOW U €MKOCTHOW HArpy3Kou?

7. Ilpu KaKuX yCIOBUSAX BO3HUKAET PE30HAHC HAIPSKEHUI?

8. Uemy paBeH K03()(PUIIMEHT MOLITHOCTH COS ( TIPH PA3TMYHBIX YCIOBHIX M KaK OH Ompe-

nesierca?
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Jlabopamopuaa paboma Neb. Inekmpuueckue 00HOPA3HO20 CUHYCOUOATBHO20 MOKA.
dnekmpuueckan yenb CUHYCOUOATbHOZ0 MOKA NPU NAPAIEIbHOM 6KIIOUEHUN AKMUBHO20 U

PEAKMUBHbIX conpomumenuﬁ.

Llens pabomoi: DKcriepuMEHTaIbHAS MPOBEPKA 3aBUCUMOCTH aKTUBHOTO M PEaKTHUBHBIX
COIMPOTUBIICHUHN OT YaCTOTHI, a TAK)KE COOTHOLIECHUI MEXAy HamnpsyKEHHUEM, CONPOTUBIICHUSMU,
MPOBOJAMMOCTSIMU ¥ TOKaMH B LI€TIM C TTApaJUIeTbHO BKIFOUEHHBIMH aKTUBHBIM COTIPOTHBIICHUEM,

KAaTyLIKOM MHIYKTUBHOCTH U KOHACHCATOPOM.

Ocnoevt meopuu:

[Ipu mapannenbHOM BKJIFOYEHUU aKTUBHOTO COTPOTHBIICHUS, KATYIIKH UHIYKTUBHOCTH U
KoHJeHcaTopa (puc. 3.1) Ha Bce TpU 3JIEMEHTA AJIEKTPUUECKOMN Lenu MoAaéTcst OAHO U TO Ke
HarpspKeHue u. MrHOBEHHOE 3HAYCHHE TOKA 1 B HE-PA3BETBIEHHOW YAaCTH LIETIH PAaBHO CyMMe
MT'HOBEHHBIX 3HaYEHHI TOKOB pEe3UCTOpA 1r, KATYIIKH 1x U KOHAEHCATOpA ic:

I=ir+ictic
CooTBeTCTBYIOIIEE PABEHCTBO CIPABEAINBO IJIs1 KOMILJICKCOB TOKOB:
I= I+ L+ I
KOMILIEKCHI TOKOB OMPEIEIsIOTCS KOMIUTEKCOM Hanpsvkerust U 1 KOMITIEKCHBIME COIPO-

TUBJICHHUAMUA COOTBCTCTBYIOIIHUX 3JICMCHTOB LCITNU:

jl‘: lj/r, Lc: ly/ZK, jc: ly/Zc

¢ J,ir Lil lic

u r L _C

: l

PI/ICYHOK 3.1- HapaHJ'ICJIBHOC BKJIFOUCHUC aKTUBHOI'O COIIPOTHUBJICHUA, KaTYIIIKW UHAYK-

TUBHOCTH U KOHACHCATOPA
KommmrexcHoe COIIPOTHUBJICHUE PE3UCTOPA PABHO €TI0 AKTUBHOMY COINPOTHUBJIICHUIO I, KOM-

MJICKCHOC COMPOTUBJIICHUC KAaTYIIKU MHAYKTUBHOCTH YUYUTHIBACT e€ aKTHUBHOC COIIPOTUBJICHUE [«

¥ UHIYKTUBHOCTB L: Zx= rtjol= re+jXL.
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[Ipu pacuére memeil ¢ mapauIeNTbHO BKIIOUEHHBIMU JIEMEHTAMH yI00HEE MOJIb30BATHCS

HE COMPOTUBJIEHUAMH, a IPOBOJUMOCTSIMHU:
Yr=1/r=gr,
Yk=1/Zk=1/( re+jeL)=r/(r?>+x.?)-jxc/( r>+x.%)=gk-jbk

KommiekcHasi mpoBOIMMOCTh KOHACHCATOPA C YUETOM MPOBOAMMOCTH H30JISIIIHUNA MEKIY
oOKmankamu gc:

Yc=gc+jwC=gc+jbe
I= U[(@r+g+ge) +i(be-big] = UY

Tok, mpoTekarmuii yepe3 KaTymKy WHAYKTUBHOCTH, MOJKHO IPEIICTABUTH B BUAE IBYX
COCTABJIAIONIMX: aKTHBHOM ax=UGx, 10 (hase, COBIanaromieii ¢ HAPSKEHUEM, U PEaKTHBHOM [ =-
jUbL, orcraromeit mo dase 0T HanpsikeHus Ha 90°.

Tok, mporekaronuii uepe3 KOHACHCATOP, TAK)KE MOXKHO MPEJCTaBUTh B BUIEC CYMMBI aK-
THBHO# Lie=U(gc 1 peakTuBHO# Jpc=jUbe COCTABIISIONINX; PEAKTUBHAS COCTABIISIONIAS OIEPEKACT
1o (aze Hanpsokerue Ha 907, CxeMa 3aMeleHus IPU 3aMeHE COMPOTHBIIEHUH POBOAUMOCTAMH
uMeeT Bu, n300pakEHHbIN Ha puc.3.2.

1
—

i - e Vi

u g 2k gc br be

R s o

Pucynok 3.2 — Cxema 3aMelieHus

BI/II[ BCKTOPHBIX AUArpaMM HAIPSKCHUA U TOKOB paCCManHBaGMOfI CXCMBbI 3aBUCHUT OT

COOTHOIIIEHUS mpoBoanMocTei bk u be (puc.3.3).

. . -] I -] I l"':i:.’:":l:l
L,L, U, B S ¢ u
Q I a
a4
I I
Iy
a) b) c)

Pucynok 3.3 — BektopHas quarpamMma
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Eciu bL>bc, To TOk yepe3 MHAYKTHBHOCTH OOJIbIIE, YeM uepe3 EMKOCTh, U TOK B Hepas-
BETBJICHHOW YacTH 1enu 1o ¢asze orctaér ot Hanpsbkenus (puc 4.3a). Eciau bL<bc, To ToK uepes
MH/TyKTUBHOCTH MEHBIIIE, UeM TOK uepe3 EMKOCTb, @ TOK B HEPA3BETBICHHON YacTH LeNH 1o (daze
omepeskaeTt HarnpsbkeHue (puc.3.3c¢).

[Tpu paBeHCTBE MHIYKTUBHON U EMKOCTHOM MTPOBOMMOCTEH BEJIMYNHA TOKA B HEPA3BETB-
JIEHHOM YaCTH LEIH OMPEAEIISIETCS TOJIBKO CyMMOW aKTUBHBIX MIPOBOAUMOCTEH Jr+ gk+ gc= g, Ipu
9TOM TOK 110 (ha3e coBmaaaeT ¢ HanpsykeHueM (puc.4.3b):

I=Uny.

BekropHas auarpamma, u3o0pakénnas Ha pric.4.3b COOTBETCTBYET peKUMY Pe30HaHCa TO-

KOB, B 9TOM PEKHME TOKH Yepe3 HHIYKTUBHOCTh U Yepe3 EMKOCTh PaBHBI [0 BEJIMYMHE M ITPOTH-

BOIIOJIOKHBI I10 (1)3,36, B HGpEBBCTBHéHHOﬁ JaCTH OCr TOK NPUHUMACT MUHUMAJIbHOC 3HAYCHHC.

Ykazanue no mexnuke 6ezonacnocmu:
VkazaHus 1o TeXHUKE OS30IMacHOCTH IIPpU BBIITOJIHCHHUN na6opaTopHHx pa60T IMPUBCACHBI

B IIPWJIOKEHNE A.

Ykazanusa no evinonnenuto nabopamopnoii pabomor:
1. JleTanbHO O3HAKOMUBIIIMCH C OCHOBHBIMH TEOPETUYCCKHMHU IOJIOKEHHUSIMH, CO-

OpaTh cxemy, n300pak€HHYI0 Ha puc.3.4.
W

an
¥ U T2

~10B A0MH  — IME®

1000M

L - *

Pucynok 3.4 — Cxema ¢ nmapamurensHbsiM coenuaennemM R, L u C
YcTaHOBUTH IIpesiesbl u3MepeHuil: BoabTMeTpa — 20B, amnepmerpos — 200MA.

[Monatk HanpsHKEHKME MUTAHUS U YCTAHOBUTD 4acToTy fo, Tpy KOTOPO#i B HEepa3BETBIEHHOM

YacTH IeMH TOK IPUMET MUHUMaIIbHOE 3HaueHue. 3HaueHne 4acTothl fo 3anectn B Tabmuy 3.1.
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2. YOpaTh epeMBIYKH B IIETIM KATYIIKH M KOHIEHCATOpa, MO TOKA3aHUsAM aMIlep-
MeTpa ¥ BOJIbTMETPA WM aMIIEpMETPA U BATTMETPA IPOBEPUTH CONPOTUBJIEHUE U BBIYUCIUTH ITPO-

BOAUMOCTB PE3UCTOpA.

r=U/1=P/12, gr=1/r=I/U=P/U2.

3. PazopBaTh 11enb pe3nucTopa U yCTAaHOBUTH TIEPEMBIYKY B IIEMH KATYIIKH, MO ITOKa-
3aHUSAM MPUOOPOB BHIYMCIUTH COMPOTUBIICHUS M TPOBOIUMOCTH KATYIIIKH.

r=P/12, zi=U/I, xL=N(z*-1?),
g«=P/U2, yi=1/U, bL="(12-gi?).

4, PazopBath 11e11b KaTyIIKH M YCTAHOBHUTH NMEPEMBIUKY B IEMH KOHICHCATOPA, WC-
10JIb3Yst POPMYJIbI, aHATOTHYHBIE (hOpMYyJIaM I1.3, 10 TOKa3aHUSAM MPUOOPOB BHIYHUCIHTE COTPO-
TUBJICHUA U IIPOBOAMMOCTHU KOHACHCATOPA. Brruncnennrle 3Ha4eHUS COHpOTI/IBHeHI/If/’I H IIpOBOU-
MOCTEeH 3aHecTd B Ta0iuiry 3.1.

Tabmuma 3.1

fo, | Pe3uctop Karymka Kongencarop g,

o | o, o, | I, | Ok | X, | b, | L, e, | Gc, | Xe, | be, | C, | Cm
OM | CmMm [OM |[CM |OMm |CMm |TIHm OmM |[CMm |OM |[CMm | MxD

5. YCcTaHOBHUTH BCE MEPEMBIYKH, MTOAKIIOUUTE aMriepMeTp A2, ripu yactoTe fo uame-
PUTH NOTPEOISIEMYIO MOIIIHOCTh, HAIPSDKEHNE, TOK B HEPA3BETBIEHHON YacTH LIETU U TOKU OT-
JeNbHBIX BeTBeW. Pe3ynbTarhl 3aMepoB 3aHecTH B Tabnuiy 3,2.

6. BbluncnuTh 3HaY€HUs1 aKTUBHBIX M PEAKTHUBHBIX COCTABJISIOIINX TOKOB Y€pe3 Ka-
TYIIKY U Yepe3 KOHACHCATOp U KOI(DPHUIIMEHT MOIIIHOCTH, TIONB3YSCh BHIPAKCHHUSIMHU:

lak=gkU, lac=0gcU, la=lak+lac, |L=\/(|k2-|ak2), |pc:\/(|c2-|acz),
cosp=(Ir+lak+lac)/l.
Pe3ynbrarhl BEIUMCIICHUN 3aHECTH B TabuIty 3.2.

Tabnuua 3.2

f, U, |, |r, |k, |c, P, Y, b, |a, |L, |pc, COosQ
I'n B MA MA MA MA | MBT | Cm CMm MA MA MA
f1=
fo=
fo=

7. [Mpu wactorax f1=f0-200 I'y u f2=fo+200 'y mpousBecTH Te K€ U3MEPEHHUS U BbI-

YHCJICHUS, YTO U TpH yactote fo, pe3ynbraThl n3MepeHuii U BEIYUCICHUN 3aHECTH B TaOuIly 4.2.
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[Tpu BbIOSTHEHUU pacyETOB HE ClIEAYEeT 3a0bIBaTh, YTO COMPOTUBICHUS U MPOBOJUMOCTH UHAYK-
TUBHOCTH U EMKOCTH 3aBHUCST OT YaCTOTBHI.
8. ITo pe3ynbpTaraM M3MEpEHUN U BBIUMCICHUH NIOCTPOUTH BEKTOPHBIE IUArpaMMBI,

AHAJIOT'MYHBIC TPCACTABJICHHBIM Ha pI/I023

Cooeporcanue omuema:

OTueT 10IHKEH CoJepXKaTh:

1. Ha3Banue pabotsl;

2. Llenb paboThI;

3. Kpatkue TeopeTuueckue cBeleHus;

4. Onycanue UCIOIb3yeMOro 000pyI0BaHHsI U MaTEPHUAJIOB;
5. Ilopsaok BeINONHEHNS PabOTHI;

6. Berarcnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.

Konmponwvuwvie gonpocwi:

1. Kak onpenenuTh akTUBHYIO M PEAKTUBHYIO MPOBOJAMMOCTH KAaTYIITKU, €CJIM U3BECTHHI €€
AKTHMBHOE U UHJIyKTUBHOE CONIPOTUBIICHHUS?

2. Kak 3aBHCAT peaKTHUBHBIE POBOJIMMOCTH KaTyIIKH HHAYKTUBHOCTH U KOH/IEHCATOPa OT
4acTOTbI?

3. Kak ompenenuth akTHBHYIO MPOBOAMMOCTh KaTYIIKH WHIYKTHBHOCTH WJIM KOHJICHCA-
TOpa, NOJIb3YACh OKAa3aHUSIMU BAaTTMETPA, aMIIEpMeETpa U BOJIbTMETpa?

4. Kak onpeienuTh MOJHYIO MPOBOJIUMOCTD yUacTKa 3JEKTPUUECKOH LIETH 10 MOKa3aHUsIM
AIIEKTPOU3MEPHUTETHHBIX TPUOOPOB?

5. Kak otyiimyarotcs 1o ¢asze npuiioKeHHOE HANPSHKEHUE U TOK, IPOTEKAOIIUH 1O KaTYIITKe
WHJIYKTUBHOCTH? 4Yepe3 KOHIEeHCATOp?

6. [ToueMy 1 KaKk U3MEHUTCS TOK Yepe3 KOHAEHcATop (depe3 KaTyIIKy MHIyKTUBHOCTH)
MIPU YBEJIIMUEHUU YaCTOTHI IPUIIOKEHHOTO HANPSKEHUS?

7. B Kako# 3JIeKTpUUECKOM LeTH MOXET BO3HUKHYTh PEXUM pe3oHaHca TOkoB? KakoBo

yCIIOBHE €ro BO3HUKHOBEeHUA? [losgcHUTE (pU3NYECKy O CYITHOCTh PEKMMa PE30HAHCA TOKOB.
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Jlabopamopuaa paboma Ne7. Tpéxgpaznvie yenu. Hccneooeanue mpexgasnoi cu-

cmembl npU coeOuHeHuu nompedoumereil 36e300iu.

Ilenv pabomur: O3HAKOMUTHCS OTIBITHBIM ITyTEM C OCOOEHHOCTSMU COSAMHECHUS 3BE3/101
IIPUEMHUKOB 3JIEKTPUUECKON SHEPruu B LIenU TpexdazHoro Toka. MccnenoBars pexxuMbl paBHO-
MEpPHOI M HEPaBHOMEPHOW Harpy3o0K, a Takke padoTy CHCTEMbI ITpu 00pbIBe 0HOM u3 (a3. [o-
JYYUTH MIPAKTUYECKHE HABBIKU pacueTa M UCIBbITaHUS Tpex(a3HbIX LereH, a TakkKe MOCTPOCHUs

BCKTOPHBIX JUarpamMm.

Ocnoevt meopuu:

Tpexghasnoul cucmemoui YNEKTPUIECKUX 1IeTIeH HA3BIBACTCS CHCTEMA, COCTOSIIA U3 TPeX
0IHO(A3HBIX IEKTPUYECKUX IIETIeH, B KaXKI0M U3 KOTOPBIX JCUCTBYIOT CHHYCOHUJAIBHBIE 3.11.C.
OJIMHAKOBOM YaCTOTHI, HO CABHHYTHIC IPYT OTHOCHUTEIbHO aApyra Ha 1/3 mepuona (120°) u co3na-
BaeMble 001mnM (Tpex(a3zHbIM) HCTOYHUKOM IJICKTPUIECKON SHEPTHH.

OTnenbHbIE SJEKTPUYECKHE 1IETIH, BXOSIIME B COCTaB TpeX(a3HOH CUCTEMBbI, Ha3bIBAIOT
@azamu. Ecau 3.1.c. Kaxa0i u3 ¢a3 paBHbI 110 BEIMYUHE, a MOJHBIE CONPOTHUBICHHUS HArpy30K
BCEX TpeX (pa3 1o BeIUUMHE U XapaKTepy Harpy3ku (10 BeJIHMYMHE U 3HaKy (a3oBOro CBHUra) Ojiu-
HAKOBBI, TO TAKOI pEeKUM HA3BIBAIOT cumMmempuynbim. HeBbIIOTHEHUE JAaHHBIX YCIOBUM SBIISETCS
MPUYUHON Hecummempuuno2o pexuma. Harpyska tpexda3sHbix nernei peako OplBaeT CHMMETPHY-
HOM, KaK MpaBUJIO, OHA B TOW WJIM WHOW CTENEHU HECUMMETPUYHA W3-3a HAIHUUs OJHO(A3HBIX
norpeoureneil.

TpexdazHble reHepaTOphl CO3AAI0T CUMMETPUYHYIO CUCTEMY 3.]1.C., TO3TOMY HECHMMET-
PHUYHBII pe)KUM BO3HUKAET U3-3a HECUMMETPUYHOM Harpy3ku (a3. Ecnu koHIbI 00MOTOK (ha3 CHH-
XPOHHOT'0 T'€HepaTopa UK TpaHCPOopMaTopa COeTMHUTh BMECTE 3BE3/I0M, a K HayajiaM MPUCOe -
HUTH NIPOBOJIA, UYIIUE K IPUEMHUKAM 3JIEKTPUUECKON SHEPTUU, KOTOPHIE TOKE COETUHUTD 3BE3-
JI0#1, To moayunM Tpexdasznyto cuctemy (puc. 1). [IpoBoa, coequHSIOMNN HYJIEBbIe TOUKH HCTOY-
HUKa U MOTPEeOUTEN HA3bIBAETCS HYJNEBBIM. TaKyl0 CUCTEMY HA3BIBAIOT uemblpexnpogooHou. B
HernsX Tpex(}a3Horo Toka HE3aBUCUMO OT CII0c00a COeIMHEHUSI OOMOTOK reHepaTopa U moTpedu-
TeJNel pa3nuuaroT HanpspkeHus — nuHelHble U u dasaeie Ug, a Takke TOKH — IuHEHHbIe |7 u
¢aznble lo. HanpsxeHne Mex 1y TMHEHHBIM U HYJIEBBIM IIPOBOJ/IOM HA3bIBACTCS (ha3HbIM, & MEKIY
JUHEHHBIMU TIPOBOJAMHU — JUHeliHbIM. TOKH, MPOTEKAIoIIe B TUHEHHBIX MPOBOJAX, HA3BIBAIOT
JUHelHbIMU, @ TIPOTEKarolue B (pa3ax Harpy3KH WM UCTOYHUKA — ¢hasHbimu. B cxeme (puc. 4.1)

JMHENHbIE TOKU paBHbI (a3HbIM, T.€. JUHEHHBIA TOK OJHOBPEMEHHO siBisgercsa U ¢a3HbM. [lpu

paBHOMEpHO# Harpyske U, =~/3U,, €CTH CXeMa COeTHHEHH - 3Be3/1a.

54



Ia

z
Ea Us Us A

Iy

Z: Zs

Pucynok 4.1 — Cxema Tpex¢a3zHoi 4eThIpeXIPOBOIHON IIETIH IPU COSAMHEHUH 3Be3/10i
[Ipu HepaBHOMEpHOH Harpy3ke (a3 B cxeMme ¢ HyJIeBbIM NPOBOIOM (puc. 4.1), B HyJIeBOM

MIPOBO/IE TOSBIISIETCS TOK, BETUYMHA KOTOPOTO OMpeIesieTcs o nepBoMy 3akoHy Kupxroda:

PucyHnok 4.2 — BekTopHas [uarpaMma HanpspKeHHM PU COEAMHEHUH 3BE30U

lo=la+tle+lc
Hamuune Toka B HyJI€BOM IIPOBOE BBHI3BIBAET HE3HAYMTEIILHOE IMaJ€HUE HANPSHKEHHS B
HEM, KOTOPBIM MOKHO IPEHEOPEUYh U CUUTATh, YTO MEKIY HYJIEBOM TOUYKOM HCTOUYHHUKA U TIPHEM-
HHMKA Pa3HOCTH IIOTEHIMAIOB OTCYTCTBYET.
Ha puc. 4.2 nokazaHno rpaduyeckoe omnpee/icHre JIHHEWHBIX HAMPSHKEHHH C TTOMOIIBIO
BEKTOPHOM JuarpaMmbl. OTIOXKHMM JJIsi IPOU3BOJILHOIO MOMEHTA BPEMEHH KOMILIEKCHI (Da3HBIX

HaIpsKEHUH, CABUHYTHIE TI0 (aze Ha 120°.
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Ums =Ur—Us ,
Ugsc =Us—-Uc ,

UCA:UC_UA ’

Jluist ostyyeHus TuHeRHbIX Hanpshkernit Crioxxum reomerpudecku Bekropst U o, U u

U ¢ cBekropamu —U g, —U ¢, —U a, kotopsie pasasl coorserctBenno U s,U c,U a, no mpo-
THBOIIOJIOHO HaIPaBJICHBI.

BekropHast iuarpaMma JMHEHHBIX HANPSIKEHUH TAKKE MOKET OBITh MOJIydYeHa U3 BEKTOP-
HOIi MarpaMMmel (a3HbIX HanpspkeHuit (puc. 3). Takum 06pa3om, 3Be3/1a TMHEWHBIX HAMPSHKCHUI
orepexaet 38e31y (asubix Ha 30°. Haiinem cooTHOmEHHE MeX Ay (ha3HBIMU U TMHEHHBIMU HATIPSI-

KCHHUAMU, YUUTBIBAsA, YTO BCC HAIIPAKCHUA CUMMCTPUYHBL:

Ua=Ug=Uc=U

Ua =Ugsc =Uca =U .

A

C Usc B

Pucynok 4.3 — BexktopHas nuarpaMma HanpspKeHUH TpU COSMHEHUH 3BE3/10M

W3 npsimoyroasHOro TpeyroiabHuka OAJ[ numeem:

UJT UAB

=U, -c0s30° =
2 2 A

=U, -00330°=U®§ ,
U, =3U,
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da3HbIe TOKN MIPUEMHUKOB OIIPEACIIAIOTCA TaK KC, KaK U B OI[HO(baSHI)IX LOCIIAX:

i Ua Ua .

A: = f

Iy Jri+x

. Us Us .

ls = - 2 2’

Zg IS +X:
_Uc Uc

lc (2 2 !
Zc e + X

VYTl cBUTa MEKIY HAPSDKEHUSIMU U TOKaMHU (ha3 MOXKHO ONpeAeuTh U3 GopMyII:

r I
A COS @, =

rC
£ ; COS@. =—<.
ZA

COSQ, = =
ZB ZC

Ecnu nmpuemHukn 001a1af0T YUCTO aKTUBHBIMU CONTPOTUBIICHUSIMH, TO ZA= [A, ZB = IB, ZC
= rc, a yIJIbl CIBUra MEX/1y TOKaMH M HaNpPsSHKEeHUSIMH BO BceX Tpex (azax OyayT HyneBbIMU. Ha
puc. 4 MMpeaACTaBJICHA Tonorpa(bnqecxaﬁ AuarpamMmma HaHp}I)KCHI/Iﬁ " TOKOB IIpH AKTUBHOW HECUM-

METPUYHOW HArpy3Ke.

.
Uzgc

Pucynok 4.4 — BexktopHas nuarpaMma HarpsiKeHUH M TOKOB YETHIPEXIIPOBOIHOM 1ENH

MIPY aKTUBHOW HECUMMETPUYHON Harpyske (a3

Tox HyneBoro nposoga I o= Ia+ I+ Ic

CedeHue HyJIEeBOTO POBO/IA 3aBUCHUT OT CTENICHN HECUMMETPHH Harpy3ku (a3, HO 0OBIYHO
€ro NpUHUMAIOT paBHBIM 50% OT ceyeHHs JIMHEHHOTO MPOBO/IA.

[Tpu Hamuuuu HelTpanu (HyJIEBOTO NMPOBOJA) HANPSHKEHUS Ha (a3ax MPUEMHUKOB OCTa-

I0TCS. HEU3MEHHBIMU U PaBHBIMH (Da3HBIM HANpsHKEHUSIM MCTOYHHKA JaXKe IIPU HEPABHOMEPHOMH
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HarpysKe, eciii MpeHeOpedb CONPOTUBICHUEM MTPOBOJIOB JIMHUH M HYJIEBOTO TpoBoa. [Ipenens-
HBIM CJTy4aeM HEPaBHOMEPHOW HArpy3kH (a3 B UETHIPEXIPOBOJHON cUCTEME TpeX(pa3HOTO MpH-
€MHHKa, BKIIFOUCHHOTO 3BE3JI01, MOKHO CUUTATh OOpBIB OHOM U3 (a3. Hanpumep, eciu daza 4
Oyznet obopBaHa, TO He OyIeT HANPSDKEHHS U TOKA y MOTPeOUTENs, BKIIOUEHHOTO B 3Ty ¢a3y, a B
OCTaBIIMXCS 1O/ HampsokeHHeM (pazax pexxum paboTel HE M3MEHHUTCs. UTo KacaeTcsi HyJeBOTO
TIPOBO/IA, TO €CIIH JI0 OOPHIBA OJHOM M3 (a3 TOK Obli paBeH [ 0= Ia+ Iz+ Ic (puc. 4.4), To Teneps
OH U3MEHHTCA U OYIeT OnpeieNaThes 0 nepBoMy 3akoHy Kupxroda: lo+ fs+ Ic =0, otkyna - [

0 = I+ Ic (puc. 4.5)

. ~
Uszc

Pucynok 4.5 — BektopHas tuarpaMma TOKOB M HallpsDKEHHA Tpu oOpbIBe (as3sl A

HpI/I O6pBIBe HJIN OTCYTCTBHUHU B CXEMEC HYJICBOI'O ITPOBOAA SHEPICTUUCCKUC COOTHOMICHHA

B 3TOH IIEITH U3MEHSTCH.

Iy

Z4

Vil 0/ 4:

Iz

PucyHnoxk 4.6 — Cxema TpeXmpoBOIHOM IeNu TpeX(pa3zHOTro ToKa
[Ipu cuMMeTpUYHOM Harpy3Ke B TPEXIPOBOIHON TpexdazHou cucteme (puc. 4.6) Hamps-

KEHHE MEXIY HYJEeBbIMH TOUKAMHU MCTOYHMKA M MPUEMHHUKA PABHO HYJIO U KaxAyro (asy cu-

CTEMBbI MOKHO paCCMATpUBATDH KaK SaMKHYTHﬁ KOHTYP.
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[Ipu HepaBHOMEPHOI Harpy3Ke U OTCYTCTBUH HYJIEBOTO TPOBO/Ia (ha3HbIC HATIPSHKEHHS OY-
JyT U3MEHSTHCS MPSIMO MPOIOPLIHOHAIEHO CONPOTUBICHUAM (a3. Eciu 061 cuictema Obla 4eThl-
PEXIPOBOTHOM, TO TIO HYJIEBOMY MPOBOAY MPOTEKaa Obl TOK lo 1 TakuM 0Opa3oM MPaKTUYECKU
BbIpaBHUBAJIUCH ObI (hazHble HanpspkeHus. Ha puc. 4.7 nzo0pakeHa BEeKTOpHast Anarpamma Harpsi-
JKCHHI ¥ TOKOB ITPH HEPAaBHOMEPHOH Harpy3ke BceX Tpex (a3 U OTCYTCTBHH HYJIEBOTO IIPOBO/IA.

TpeyroybHUK TMHEHHBIX HANPSDKCHUH OCTACTCSl TAKUM K€, a 3Be3/1a (pa3HbIX HANPSDKECHUH

u Touka O’ MOTYyT OBITh JIETKO MOJIY4YCHBI METOAOM 3aCCYCK U3 BECPIINH JIMHENHBIX HaHpH)KeHI/Iﬁ.

Pucynok 4.7 — BexktopHas iuarpamMma TOKOB M HAIIPSIKEHUM PU HEPAaBHOMEPHOM

Harpyske U OTCYTCTBHUC HYJICBOI'O IIPOBOJa

Ecnu onna u3 ¢as, Hanpumep, A, o6opBeTcs WM Bce MOTpeduTenu 3Toi (aszbl OyAyT BbI-
KJIFOYEHBI, TO MPU OTCYTCTBUU HYJIEBOTO IPOBOJIa OCTaBIIMECs MO HanpspkeHueM ¢assl B u C
OKaKyTCsl BKIIOYEHHBIMU TI0CTIe0BaTenbHO. DasHble Toku I8 u Ic, mporekaromue yepes moce-
JIOBATEJIbHO BKJIIOUEHHBIE CONPOTHUBIICHHUS NMPHEMHHUKA, B 3TOM ciiydae OyJIyT OJMHAKOBBIMH, a
¢dazHbple HampspKeHUs OyIyT NMPOMOPLHUOHANBHBI conpoTuBieHusM a3 (puc. 4.8). IloaTomy Ha
BEKTOpHOHU Auarpamme Touka O’ mepemMecTuTcs Ha BEKTOp JIMHEHoro HanpsbkeHust Usc u Oyaer
JIeNTUTh €ro Ha 4acTu, paBHbIe Ga3HbM HanpspkeHussM UB n UC (B namem ciiyuae UB = UC)

1° 1

L]C ZOB ZEUJI ZE\/§0¢> =0,870<p

Hampsokenue ¢a3bl A Bo3pacTer:

L:'A ZLJ AB‘COS3OO:\/§O¢'§:L50¢

HOE)TOMy B UCTBHIPCXMPOBOAHLIX LCIIAX HaA Hy.]'[GBOﬁ MpoBOA HC CTaBAT NPCAOXPAHUTCIIb,

T.K. €T0 IIeperopaHue U3MEHsET paclpeieiieHne HanpsuKeHui das.
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[Tpu KOpOTKOM 3aMBIKaHWUU Kakoi-m10o0 (azbl, Hanpumep, C, HyneBas Touka O’ mpuodpe-
TaeT MOTEHIMAN JJHHEeHOTo TipoBoaa BC, a ¢a3bl A U B 0Ka3bIBAIOTCS MO TUHEHHBIM HaIpsiKe-
HueM. BekTopHas tuarpamma Juist 3TOro ciryvas npeacrasieHa Ha puc. 4.9. Touka O’ nepemenia-

ercs B Touky C.

Pucynok 4.8 — BekropHasi iuarpaMma TOKOB M HaIlpsDKEHHUM 1Tpu oOpbIBe (as3bl B cxeme

0e3 HyJICBOTO MPOBOAA

Hanpsioxenus ¢a3 A u B ctanoBsiTCst paBHBIMU JTUHEHHBIM (puc. 4.9):
UA :UCA :UJY :U@ '\/g’
Ug =Ug =U,; =U, -\/5,
U, =0.
Tok kopotkoro 3ambikanusi (asel C pacnpenensiercss Ha ¢assl B u A, Te.
I.=1,=—,+1,) . Takum o6pasom, aBe (a3bl IPUEMHUKA OKA3BIBAIOTCA IO JUHEHHBIM

HaIpsAKCHUEM, Ha KOTOPOC OHU HC paCCUUTAHbI, © OHU MOT'YyT BBIATH U3 CTpO4.

4

Ie—

Pucynok 4.9 — BekTopHas AuarpaMMa TOKOB U HaIllpsDKEHUN TTPU

3ambikaHuu ($a3el C mpuéMHUKA TPEXTIPOBOIHON CUCTEME
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B nenn Tpexdas3Horo Toka akTHBHAs MOIIHOCTh paBHA CyMM€ aKTHBHBIX MOIITHOCTEH (a3:
P=P +P,+P.=1,-U,-cosp,+1, -Ug-cosp, +1.-U,-cose.

I[.IISI HN3MCPCHUS MOIITHOCTHU B I-IeTprG!XHpOBO,IIHOI‘;I LCIMHU MOXHO HUCTIOJIB30BATh TPU OJHO-
(a3HbIX BaTTMETPA, CYMMUPYS UX [MOKA3aHUS, WIHA UCIIOJIB30BaTh OJHO(a3HbIN BaTTMETp C Mepe-
KJIFOUCHHEM €ro TTOOYEPETHO BO BCE TpH (ha3bl. ITOT METO MOXKET OBITh MCIIOIB30BaH KaK MPHU

CUMMETPUYHOMN, TaK U MPU HECUMMETPUYHOMN Harpys3Ke.

Ykazanue no mexnuxe 6ezonacnocmu:
VYka3zaHus 10 TEXHUKE O€30IIaCHOCTH MPH BBIIIOJIHEHUH JIA0OPATOPHBIX pabOT MPUBEIEHBI

B PUJIOKEHUE A.

Ykazanua no evinoanenuro nadbopamopnoit pabomot:

1. O3HaKOMUTBHCA ¢ TPUOOpPaMH, HEOOXOIUMBIMU ISl BHITTOJTHEHUST paOOThI U 3aIH-
caTh UX TEXHUYECKHUE JIaHHBIC.

2. Cobparts cxemy (puc. 4.10) ans ruccneaoBaHus YETHIPEXIIPOBOIHOMN 1IETIH MPHU CO-
€JIUHEHUN 3BE310M.

3. [Ipon3BecTH UCTIBITAHUS TIPHU CICAYIONMINX YCIOBUAX:

a) ipu paBHOMepHOU Harpy3ke Bcex (a3 (Ra=Rs=Rc), ucnomns3ys B KauecTBe Harpy3Ku
(a3 JaMmoBbIe pEOCTaTHI,

0) Iipu HEpaBHOMEPHOW Harpy3ke (a3 JTaMIIOBBEIMH peocTaTamu (B OJHOU (aze 4 ITaMIIbl,
BO BTOPOU — 3 U B TpETheH — 2 J1aMIibl);

6) ipu oOprIBe hazwl 4 (B 0J1HOM (ha3e Bce JIaMIThl OTKITIOYEHBI, a B IBYX JAPYTHX — BKIIIO-
YEHBI).

4. Co0path cxeMy JUIsl HCCIIEI0BaHUS TPEXIIPOBOIHOM Tpex(ha3HOM 1enH Mpu COeIH-
HeHuu 3Be310# (puc. 4.11).

5. [TpousBecTy UCTIBITAHUS TIPU CIAEAYIOUINX PEKUMaX paOOTHI:

a) paBHOMEpHas Harpy3ka Bcex (a3 TaMImoBBIMU PEOCTaTaMH,

0) HepaBHOMEpHasi Harpy3ka (a3 (aHaaoruvso 4,0)

8) 00OpbIB (ha3bl (B OHOM (haze BCE JIaMIThl OTKITFOUYEHBI, & B IBYX JIPYTHUX — BKIIIOYEHBI);
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Pucynok 4.10 — Cxema 17151 UCCIIeIOBaHUS YETHIPEXIPOBOAHOM Tpex(dazHON HenH Mpu

COCIMHEHNH 3Be3/10H1

. Wj"
I* U | !,f;;\ L4
\__’j r
3 ~ \
& & .z. $
C |* Ul Lo LD
—r

Pucynok 4.11 — Cxema 115t UCCIIEZIOBaHUS TPEXITPOBOAHON TpeXpa3HOH 1eru mpH Co-

€IUHEHUHU 3BE3101

[Toxazanus npubopoB 3anucars B Ta0nuiy 4.1.
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Tabnuna 4.1 Pe3ynabTaThl U3MEpEHUN U BBIYUCICHUN

Pexum paboTsl

Benmmunner Hapamerp C HyJeBbIM

be3 nyneBoro nposoaa
IIPOBOAOM

N3mepenHsbie a 0 B a 0 B r

BEJIMYMHEBL Ia, A

Pa, Bm

Ig, 4

Ps, Bm

Ic, A

Pc, Bm

lo, 4

Ua, B

Usg, B

Uc, B

Uns, B

Usc, B

Uca B

Brruncnenurnie r4,0Om

BEJIINYUHEI rz, Om

rc, Om

P3, Bm

Bennunnsl, lo, A4 - - - -

HaleHHbIE
Uoo', B
W3 IMarpamMmm

ConpoTuBieHue Harpy3ku (a3 BIYUCIATH 10 popmyram:

MoHOCTb LienH onpeAessaTh o GopMynam:
P=1,U,+1,-Uz;+1.-U_,
Po=1,-Uy+1; -Ug
BBuay Toro, 4To B JaHHOH J1TaOOpaTOPHON pabOTEe UCIIONB3YETCS U3MEPUTEIBHBIN KOM-
wieke K505, Bce n3mepeHus 1 BBIYMCIEHUS IPOBOAATCS aHAJOTUYHO YETHIPEXIIPOBOIHOM CXEME.
Ilo pe3ynbraTam M3MepeHHH MOCTPOUTH B MaclITabe BEKTOPHBIE AHArpaMMBbl JUIsl BCEX

PaCCMOTPCHHBIX CIIYYAcCB. OHpe,Z[eJII/ITL Ha BCKTOPHBIX JHUarpamMmax lo m Uoo' 1 3aHecTn pPe3yJiib-

Tathl B Tabnuiy 4.1.

Cooeporcanue omuema:
OT4eT AOMKEH CONIePIKaTh:
1. HazBanue paboTsr;

2. llenb paboThl;
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3. Kpatkue TeopeTndeckne CBeICHUS,

4. OnucaHue UCIOJIb3yeMOoro 000pyA0BaHUS U MaTEPHAIIOB;
5. [Mopsanox BeIMONMHEHUS PabOTHI;

6. Berurcnenus u o0paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.

Konmponwsuwie sonpocoi:

1. Kakoe coearHeHUe Ha3bIBACTCS COEAMHEHUEM 3BE3/10117?

2. Kak ctpouTcsi BeKTOpHas JAMarpaMma TOKOB W HANpSHKCHUH TPH CHUMMETPUYHOM
Harpy3ke?

3. B xakoMm ciy4ae 0OTCyTCTBYET TOK B HyJI€BOM MpoBoze?

4. Ilouemy Ha HyJIEBOM IIPOBOJI HE CTABST NPEAOXPAHUTEIND?

5. KakoBbl 0cOOEHHOCTH pexrMa paboThl OTpEOUTENEH, COeTMHEHHBIX 3BE3/10H, IPU He-
paBHOMEPHOMN Harpyske (a3 CUCTEM C HyJIEBBIM IIPOBOIOM?

6. KakoBbl 0COOEHHOCTH pexkuMa paboThl MOTpeOuTeNeil, COeJMHEHHBIX 3BE3/0H, IpH 00-
pbIBe (a3bl CUCTEM C HYJIEBBIM IPOBOJOM MK 6€3 Hero?

7. Kak U3MepsroT MOIIHOCTh TPEX(Pa3HOro TOKA B UETHIPEXIPOBOIHON cxeme?
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Jlabopamopnaa paboma Ne8. Tpéxgpaznvie yenu. Tpexgpasnan yenv npu coeounenuu

nompeﬁumeﬂeﬁ no cxeme mpey2ojibHUK.

IJenv pabomer: ViccnenoBaTh 0COOCHHOCTH pabOTHl Tpex(azHOM Lenu MpU COSAUHECHUH
CUMMETPUYHOTO ¥ HECUMMETPUYHOTO MOTpEOUTENEH TPEyTrOJIbHUKOM, YCBOUTH TOCTPOCHUE BEK-

TOPHBIX JUAarpaMm I10 pE€3yjibTaTaM 3KCIICPUMCHTA.

OcHoebl meopuu.

[HoTpeburenu 3aeKTpUUECKON SHEPTUU MPU MUTAHUU OT TpeX(a3HOro UCTOYHHKA, KaK U
UCTOYHUKH JIEKTPUYECKON SHEPIUU, MOTYT ObITh COEMHEHBI B TpeyroybHUK (pHc. 5.1). Cnenyer
IOMHUTb, YTO CXeMa BKJIIOUYEHHUS 0OMOTOK Tpex(a3zHOro reHepaTopa He MPeloNpeaesseT CXeMy
coerHeHus Harpy3ku. Tak, npu coeanHeHnu (a3 reHeparopa B 3BE3y Harpys3ka MOXKET OBbITh

COCIMHEHA B 3BE3/ly C HEUTpPaJIbHBIM MPOBOJIOM, B 3B€3/y 0€3 HEUTPaIHLHOTO IPOBOJIA WIIH B TPe-

YI'OJIbHUK.
I,r\ Z
> lag AB

Ao :!j
Bo In Inc  Zac

Ic lea  Zoa
C o——" ——
No

Pucynok 5.1 — Cxema coenuHeHus a3 B «TPEyTOIbHUK
[Ipu coenuHEeHMH B TPEYTOJBHUK CHUMMETPHYHOHN Tpex(da3HOW Harpy3Kd JIHMHEWHBIE

HaTNpsDKEHUS OKa3bIBaIOTCS paBHBIMU (a3HBIM HampspkeHusM Uy = U, a TuHElHbIE TOKU B

J3 pa3 Ooubliie, 4eM TOKH B (pa3ax moTpeOuTes:
1, =+3-1,

[Tpu 5TOM Bce ¢a3HbIe TOKU PAaBHBI IO BETMYHHE U OTJIMYAIOTCS IPYT OT JIpyra 1o ¢as3e Ha
120°. To >xe caMoe OTHOCUTCSA U K JIMHEWHBIM ToKaM (puc. 5.2).

[Ipn HECUMMETPUYHON HArpy3Ke CBA3b MEX]y JIMHEHHBIMU U (Pa3HBIMHU TOKaMU BbIpaXka-
€TCsl ypaBHEHUSIMH, 3aITUCAHHBIMU Ha OCHOBaHUH MIepBOro 3akoHa Kupxroda B KOMIUIEKCHOW HITH

BEKTOpPHOU (hopme:

IA = IAB - ICA' IB ZIBC_IAB' Ic :ICA_IBC
[Ipu coeanHeHUN B TPEYTOIBHHUK HYJIEBOW MPOBOJ] OTCYTCTBYET, HO BCE (ha3HbIe OTPEOH-
TCJINU B OTOM Cﬂyqae TOJI>KHBI 6BITI) paCC‘II/ITaHI)I Ha HOMHUHAJIBHOC J'[I/IHGfIHOG HaprI)KCHI/Ie
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Uc Upc
Iea c Isc

Pucynok 5.2 — BexropHas auarpamma Tpex($a3Horo HanpsKeHus

Ykazanue no mexnuxe 6ezonacnocmu:
YkazaHus 1o TeXHUKe Oe30MaCHOCTH MIPU BHIIOJIHEHUH J1a00paTOPHBIX pabOT MPHUBEICHBI

B IIpUJIOKEHNE A.

Ykazanua no eévinoanenuro nadbopamopnoit pabomot:
1. O3HaKOMUTKCS ¢ Ta0OPATOPHON YCTaHOBKOH (MOIYyIh Tpex(asHoro Tpanchopma-

TOpa, MOJYJIb PE3UCTOPOB, MOJIYJIb aMIIEPMETPOB NIEPEMEHHOT'O TOKA, MOAYJIb BOJIBTMETPOB).

2. BximrounTh MOIyJIb MUTaHHUS MOAYJB Tpex(dazHoro TpaHcdopmarTopa (BBIKIHOYA-
tens QF1).
3. N3MepuTh CTPEIOYHBIM BOJBTMETPOM Ha MOJyJIe Tpexda3zHoro Tpancopmaropa

JTUHEWHbIE HANPSDKCHHS] UCTOYHUKA MUTAHUS Ha XOJIOCTOM X0y (MpH pa3oMKHYTO# menu). Pe-

3yJIbTaThl U3MEPEHUH 3aHeCTH B Ta0. 5.1.

Tabmuma 5.1
Uas, B Usc, B Uca, B
4, B cooTtBercTBHH € puc. 3. coOpaTh CXeMy COeAMHEHUHN OTpeOUTENEH B TPEYTOJIb-

HUK. [IpeapsaBUTE cXeMy I TPOBEPKH.

S. YcTaHoBUTH B (pa3ax moTpedUTeNs M0 yKa3aHUIO MIPETo1aBaTelis OJMHAKOBbIE 3HA-
YEHUSI CONTPOTUBIIEHUH pe3UCTOPOB (CUMMETPUYHYIO HAarpy3Ky). I3MepuTh azHble U JTMHEHHbIE
TOKHU. Pe3ynbraThl 3aHectu B Ta0d. 5.2.

6. Pa3oMKHYTB MmoouepeHo JTMHEHHBIH MPpoBoJ (a3l «A» u (as3sl «B» u mposecTn

u3MepeHus pazHoro M JMHEWHBIX TOKOB. Pe3ynbraTsl 3aHecTH B Ta0I. 2.
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Pucynok 5.3 — Cxema coequHEHUH OTpeOUTEeNel «TPEyTrOIbHUKOM

7. [To ykazanmio mpenojaBaTeis W3MEHHTHh HArpy3ky B (hazax HOTpeOHTENs Tak,
4TOOBI B KaX0M (pa3e ObUIM BKIIFOUCHBI PA3JIMYHbIC 3HAUCHUSI COMPOTUBIICHUH. Pe3ynbTaThl 3a-
nucarh B Taba. 5.2.

Taobmuma 5.2

Toxk Harpysku, A
Pexxum Harpysku

Ia Is Ic laB Isc lca

CuMmMeTpu4Has Harpy3ka

OOpBIB IMHEWHOTO TIPOBOJIA «AY

OOpsIB TMHEHHOTO MTPOBOAA «B»

OO6psIB ¢a3sl moTpedutens «ABy»

HecumMmerpuunas Harpyska

8. J11s BCeX OIBITOB IMOCTPOUTH B MACIITa0€ BEKTOPHBIE TUATPAMMBI.
0. CpaBHUTH pe3yabTaThl U3MEPEHUN TUHEWHBIX U (Pa3HBIX TOKOB IPU COEIMHEHHUH B

TPEYroJbHUK IPU CUMMETPUYHON U HECUMMETPUYHON Harpys3Ke.

10.  IIpoananu3upoBaTh BIUSHHE OOpBIBA JTMHEHHOTO MPOBOJA HA PEXKHUM PabOTHI MO-
TpeOuTenei.
11.  CpaBHuUTH peXUMbI pabOTHI IPHU BKIIOYEHUH OTpeOUTENeH B 3B€3/1y U TPEYIroJib-

HUK [IPU CHMMETPUYHON U HECUMMETPUYHON HArpys3Ke.

Cooepoicanue omuema:
OTuer N0JKEeH COIepKaTh:
1. Ha3Banue paGoThI;

2. Llens paboTsr;
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3. Kpatkue TeopeTndeckne CBeICHUS,

4. OnucaHue UCIOJIb3yeMOoro 000pyA0BaHUS U MaTEPHAIIOB;
5. [Mopsanox BeIMONMHEHUS PabOTHI;

6. Beruricnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.

Konmponsuuie éonpocwi:

1. Kakum o6pa3om Tpu 0JHO(DA3HBIX MOTPEOUTENS COSTUHSIOT B TPEYTOJIbHUK?

2. Kyna crnenyer moakio4arh BOJIBTMETP, YTOOBI U3MEPUTH (pa3sHOE W TMHEHHOE Harpsi-
JKeHUs TpexdaszHoro rnorpedurens?

3. B kakoM COOTHOIIEHUH HAaXOoAATCs (Da3Hble U JTMHEHHbIC HANPSHKEHUS! CUMMETPUYHOTO
NOTPEOUTENS], COETUHEHHOTO B TPEYTOJIbHUK?

4. Kakoe cooTHOIIEHNE MEXTY (Pa3HBIMH M JIMHEHHBIMH TOKaMH CHMMETPUYHOTO TIOTpe-
OwuTens, COeMHEHHOTO B TPEYTOJIbHUK?

5. Bcerna nm CHIpaBCJIMBbI TIpU COCAWMHCHUHW B TPCYTOJIbHUK COOTHOIICHUS:

AZIAB_ICA' IBZIBC_IAB' ICZICA+IBC

6. Bceryia J1i pu COEIMHEHNN B TPEYTOIBHUK CIIPaBeTHBO | AT I g T |C =0

7. Kak otpasutcst OTKIIOUeHHE OAHOH (ha3bl MOTPEOUTENS HA PEKUM pabOThI Ipyrux da3

U Ha peXuM paboThI Beell Tpexda3Hoi 1enu, COSTUHEHHON B TPEYTOJIbHUK?
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Jlabopamopnaa paboma Ne9. I’ papuueckuii (cpagho — ananumuueckuii) memoo onpe-
oenenun 2apmonuk paoa @ypve. Yacmommnovie xapakmepucmuKku noc1e006amesbHo20 pe3o-

HAHCHO20 KOHmYypa.

l[eﬂb paﬂombl: WccnenoBaTh 4aCTOTHBIC XapPaKTCPUCTHUKHU ITOCTIECAOBATCIBLHOI'O PE3OHAHC-

HOT'O KOHTYpa

OcHoebl meopuu:

YacToTHEIMH XapaKTCPUCTHKAMU HA3bIBAIOT 3aBUCHUMOCTHU COHpOTI/IBJ'IeHI/Iﬁ H IIPOBOANMO-
cTeH BHCKTquCCKOfI LOEIKU OT YaCTOTHI IPUIIOKEHHOI'O CUHYCOUAAIbHOT'O HAIIPSAXKCHUSA. K aum
TAaKXC OTHOCAT 3aBUCHUMOCTH OT 4aCTOTbI TOKOB, HaHp}I)KCHI/II\/’I, (ba3OBBIX CABUI'OB 1 MOIITHOCTH. B
MocJICA0BaTCIIbHOM PE30HAHCHOM KOHTYPC, H306pa)KCHHOM Ha pUC, aKTUBHOC COITPOTUBJICHUC HEC
3aBHUCHUT OT 4aCTOThI, @ UHAYKTUBHOC, CMKOCTHOC M PCAKTUBHOC COIIPOTHUBIICHUA HU3MCHAIOTCAI B

COOTBETCTBUH CO CIICAYIOIIMMHA BBIPAXKCHUAMMU:
X (@)=aL, X.(0)=1aC, X(w)=X_(0)-X_.(®).

[lomHOE COmMpOTHBICHHE KOHTYpa, KakK CIEAYeT W3 TpPEyrojlbHUKA COMPOTHUBICHUN
(puc.6.1,6):
2(@)=N(RHX?)

' ]

[Ipu paBeHCTBE MHIYKTUBHOTO U €MKOCTHOTO COIPOTUBJIEHUI UMEET MECTO PEKUM PE30-

HaHCa HaHp)I)KeHI/Iﬁ, IIpU KOTOPOM HAIIPSXKCHUA HA EéMKOCTH U HHAYKTHUBHOCTHU paBHBI IO BCJIU-
YHUHC U IIPOTUBOIIOJIOKHEI 11O (1)8.36. B sTtom PCKUMEC BCJIIMYMHA TOKAa B KOHTYPC paBHAa OTHOILICHUIO
HpI/IJIO)KeHHOFO HaHpH)KeHI/ISI K aKTI/IBHOMy COHpOTI/IBJIeHI/IIO nemnuy, T.K. peaKTI/IBHOG COHpOTI/IBJIG-
HUEC paBHO HYJIIO.
IIaCTOTa, npu KOTOpOﬁ BO3HHKACT PC30HAHC, HA3BIBACTCA pCSOHaHCHOﬁ
»0=1/N(LC),
a COIIPOTUBJICHHUE MIPHU 3TOI 4YacTOTE

XL(®0)=Xc(wo)=\(L/C)=p

69



HAa3bIBACTCA XapaKTCPUCTUICCKHUM COMMPOTUBJICHUEM PE30OHAHCHOI'O KOHTYPA.

OtHomenne conpotuBiieHnid p/R=Q Ha3piBaeTCs HAOOPOTHOCTHIO PE30OHAHCHOTO KOH-

Typa.

2

B

S’
Prvmrsnnnnnn

T, ] B —i— :

Ha puc. noka3ansl rpaduku U3MEHEHUS COTIPOTUBIIEHUH paccMaTpUBAEMOI0 KOHTypa OT
yacTtoThl. Ha puc. npeacrasiensl rpaukyu 3aBUCUMOCTH OT 4acTOThI TOKA, HAIPSDKEHUH Ha 3Jie-
MEHTaX KOHTYpa U yrJia (pa30BOro CIBUra MeX1y TOKOM U IIPUIIOKEHHBIM Halps>KeHUEM, KOTOPOe
OCTa€TCs MOCTOSIHHBIM 10 aMIUIATYJIE€ TIPU BCEX 4ACTOTaX. JTH BEJIUYMHBI U3MEHSIOTCS B COOT-
BETCTBUU C BBIPAKEHUSMU:

l(w)=U/Z(®); UL(w)= oL*l(®); Uc=l(w)/( ®C);
o(w)=arctg[(oL-1/( ®C))/R].

Ecnu noGpotHocTs Q>1, TOo pu pe30HaHCe HANPSKEHUs HA WHAYKTUBHOCTH U

€MKOCTH NPEBBIIIAIOT IPUIOKEHHOE HalpshkeHne B Q pas.

IIpr < ®0  @(®)<0, T.e. TOK MO (a3ze onepexaeT HANPSHKEHUE U 1IeTIb HO-

CUT EMKOCTHBIN Xapakrep, ipu ®> ®0 @(®)>0, T.e. Henb HOCUT UHIYKTUBHBIA XapaKTep.

B pexume pezonanca ¢(w)=0, xko3pdUIHEHT MOIITHOCTH cOoSQ=1.

Ykazanue no mexnuxe 6ezonacnocmu:
VYkazaHus 1Mo TeXHUKE Oe30MaCHOCTH MPH BHIITOJIHEHUH JTa00PaTOPHBIX paObOT MPHUBEICHBI

B MPUWJIOKEHHE A.
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Ykazanus no évinonnenutro nabopamopnoii pabomor:

B nannoi# nabopaTopHoit paboTe HEOOXOIUMO TOTYYHUTh IKCIIEPUMEHTATHHBIM

MyTEM YaCTOTHBIC XapaKTEPUCTUKH MOCIEI0BATEILHOTO PE30HAHCHOTO KOHTYpa!
R(w), X(®), Z(®), I(®), UL(®), Uc(®), o(®).

[Topsox BeinonHEeHNs pabOThI CIETYOLINUMI.

CobepuTe cxemy, H300paXKECHHYIO Ha PUCYHKE

2”7

! \
- -.---------I‘ V :L""""""i

; i
R« L } ¢
g Y Y\ <.
40 ml

o
—=c {V)
1 Mk® :'

o & * ===

Hcnonwsyiite nob6aBounoe comporuBierre 1000M. YcraHoBHTE Tpeneibl U3MEPCHHUS:
Toka — 200MA, Hanpsokenust — 20B.

OmmeTpoM u3MepbTe cymmy conpoTtuBiieHui R=Rk+Roos.

BoruncnuTe pe30HaHCHYIO 4acTOTY U JI0OPOTHOCTh KOHTYPa, COOTBETCTBYIOLIUE H3MEPEH-
HOMY comnpotuBiieHHI0 U C=Iux® u L=0,04In

f0=12mN(LC)= Tu, p=V(LIC)= Om, Q=p/R=

[lonaiite HanpspkeHHE HAa IPUOOPBI U HA TEHEPATOp CMHYCOUAAIBHOTO HanpsbkeHus. W3-
MEHSIsl YaCTOTY HaNpsOKEHUs], [To1aliTe Takoe e€ 3HaueHue, MPU KOTOPOM TOK B IIENH TPUMET MaK-
cuMainbHOe 3HaueHue. CpaBHHUTE BBIYHMCICHHOE M HKCIIEPUMEHTAIbHOE 3HAUEHUS! PE30HAHCHOU
4aCTOTBHI.

Nsmensis yactory ot 0,3 o 1,5 xI'y ¢ unrepanom 0,1 kI, 3anummure B Tabnuiry 6.1 3Ha-
YEHUSI YaCTOThI, MOIIIHOCTH, TOKA, HANPSYKEHUI Ha KOHJIEHCATOPE U Ha KATYIIKE UHyKTUBHOCTH
COBMECTHO C J0OABOYHBIM CONPOTUBJIeHHEM. HanpskeHus: uamepsiiite mooyepEqHO OTHUM U TEM
K€ BOJIbTMETPOM. [Ipu ka0l 4acToTe NpoBepsANTe BEIMYUHY MOJAHHOIO HANpPSHKEHUs!, KOTO-
pO€ TOJKHO paBHATHCA SB.

6.11o 3xciepUMEHTaIbHBIM JIaHHBIM pacCuUHUTanTe

Z=U/l, Zr. = Url/I, XL = \/(ZRLZ-RO, Xc = Ud/l,
X=XL—Xc, UL=TI'X, ¢(w) = arccosP/(Ul).

BrrancnenHpie 3HaUCHNUS BHECUTE B Ta6JII/IL[y.
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[MoctpoiiTe rpaduky 4aCTOTHBIX XapaKTEPUCTUK MO HKCHEPUMEHTAIBHO MOITYYSHHBIM U

BBIYUCJICHHBIM 3HAYCHUAM COHpOTHBJ’IGHHﬁ, HaHpﬂ)KeHHﬁ, TOKa U yrIja q)aSOBOFO cJaBura, aHaJio-

TUYHBIC ITPEACTABJICHHBIM HaA PHUC.

Bxirouurte B 1enb ,Z[O63.BO‘IHO€ COIIPOTUBJICHHUC 220 0m u Y6CI[I/ITCCL, 4YTO PC30HAHCHAA

JaCTOTa HEC U3MCHHJIACh, @ TOK U HAIIPAKCHHA HAa KATYIIKC MHAYKTUBHOCTU M HA KOHACHCATOPC

CTaJIM MEHBIIE. 3alNIINTE UX 3HAUYEHUS.

Cooeporcanue omuema:

OTueT 10MKEH CoJepKaTh:

1. Ha3Banue paGoTsl;

2. Lenb paboThI;

3. Kpatkue TeopeTuueckue cBe1eHus;

4. OnycaHue UCIOb3yeMOTo 000pyI0BaHHS U MaTEPHUAJIOB;
5. [lopsanox BeINONHEHNS PabOTHI;

6. Berarcnenus u 00paboTKa pe3yIbTaToB;

7. BEIBOZIBIL.

Konmponwsnwie sonpocwi:
1. Kak 3aBHCSAT OT 4aCTOThI CONPOTUBIICHHSI KaTYIIKHU MHAYKTUBHOCTH U KOHeHcaTopa?

2. Kaxoso YCJIOBUEC BOSHUKHOBCHUA PE30HAHCA HaHpH)KCHI/Iﬁ B IMOCJICAOBATCIIbHOM PE30-

HAaHCHOM KOHTYpe?

3. [MosicauTe (hU3MUECKYIO CYIIHOCTh PE30HAHCA HAIIPSHKCHU.

4. Kak BBIYUCIUTH PE30HAHCHYIO YacTOTY?
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5. UTo moHUMAIOT MO TOOPOTHOCTHIO PE30HAHCHOTO KOHTYpa?

6. Kak m3meHsieTcsi B MOCIIEIOBATEIILHOM PE30HAHCHOM KOHTYpe yroi ()a30BOrO CIABHTA
MEXy TOKOM M MPHUIOKCHHBIM K KOHTYPY HalpsDKEHUEM MTPH U3MEHEHHH YaCTOThI?

7. Kak BLIYHUCIHUTH 3HAUYEHUSA HHAYKTHUBHOCTU KaTYIIKHU U EMKOCTH KOHACHCATOpa 1o nU3-

MCPCHHBIM 3HAYCHHAM TOKA U HaprDKeHI/Iﬁ " 3aJaHHOMY 3HA4YCHHU 4acTOThI?
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Jlabopamopnan paboma Nel0. I'pagpuueckuii (cpagpo — ananumuueckuii) memoo onpe-
oenenun 2apmonuk paoa Oypve. Yacmommnovie xapaKkmepucmuku napaineibHo20 pe3oHaHc-

HO020 KOHmypa.

Ilenws padomui: ViccriienoBath 4aCTOTHBIE XapaKTEPUCTUKH MTAPAIIEIBHOIO PE30HAHCHOTO

KOHTYpa

OcHoebl meopuu.
B mapainenbHOM pe30HAHCHOM KOHTYpPE aKTHBHAsI MPOBOIUMOCTh G HE 3aBHCHT OT Ya-
CTOThI, a UHAYKTUBHAs BL, emkocTHast BC u peakTuBHast B u3MeHs0TCS B COOTBETCTBUU CO ClIe-

JYFOUIAMH BBIPAKEHUSIMU:
1
B (@) = E; B. (@) = oC; B(w) =B, (») - B (®).

]LC -

) 0y ” 6)

—~
~f—
e
G
-—

B=8-B
~U R L c— Y _f
0 &

TTonuas MMPpOBOANMOCTD, KaK CICAYCT U3 TPCYTOJIbHUKA HpOBO,I[I/IMOCTeﬁ pHuc.
Y(w) =V(G?*+B?).

Bun stux 3aBucumocted mnpenctaBieH Ha puc.7.2. Ilpu peszonancnoti vactore wo

=IN (LC) MHIyKTHBHAS U €eMKOCTHAsI IPOBOIUMOCTH PaBHBI APYT APYTY:
BL(wo) =Bc(wo) =V(C/L) = y.

[TpoBOAMMOCTE Y Ha3BIBAIOT XAPAKMEPUCTIULECKOL NPOBOOUMOCTIbIO TIAPATUIEIBHOTO pe-

30HAHCHOI'O KOHTYpPA, @ OTHOIICHUC
YIG=Q

HA3bIBAKOT 605p0mH06‘mb10 PE30HAHCHOT'O KOHTYpaA.

HpI/I PE€30HaHCC B paCcCMATPUBACMOM KOHTYPC TOKH YCPE3 EMKOCTb U 4epe3 MHAYKTHUB-
HOCTb paBHBI npyr L[pyry nu HpOTI/IBOHOJIO)KHBI 10 (pa3e, TOK, HOTpG6JI$I€MbII>i OT UCTOYHHKA, paBeH
TOKy B BCTBHU C aKTHBHOﬁ HpOBOI[I/IMOCTI)IO, 110 (1)3,36 OH COBITagacT C HpI/IJ'IO)KeHHI)IM Hanpsmce-
HHUEM, TOK |LC peaKTHBHOﬁ JaCTH OCIH paBE€H HYJIIIO, YOI ¢ = 0, KOB(l)(bI/II_[I/IeHT MOIITHOCTH COS

@=1. OnuCcaHHBIA PEKUM HA3bIBAIOT PEXKUMOM PE30HAHCA MOKOS.
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a) B (0), 1 (o) Y(0). (o)
G(o), lz(w)
li1]
—>
90°
[0)]
0 ’
-90°

[Ipy n3MeHEHNH YacTOTHI IPUIIOKEHHOTO K LIENTH HAIIPSDKEHUS U HEU3MEHHOM €ro aMILUIN-
TyZA€ TOKH U3MEHSAIOTCS IPOIIOPIIMOHAIIBHO COOTBETCTBYIOIINM MPOBOAUMOCTSIM:
l(w)=U-Y(w), I(w)=Ul(wl), lc(w)=U-wC,
ILc (w)=U-B(w).
VYron ¢a3oBoro caBura Mexay TOKOM B HEPa3BETBIEHHON YacTH LM U MPHIIOKEHHBIM
HaIPSKEHUEM U3MEHSETCS B COOTBETCTBUU C BBIPAKEHHUEM:
o = arctg/(1/(L )- ©C)/G].
I'paduku n3MEHEHUs1 TOKOB, IPOBOJUMOCTEH, COTPOTUBIICHUI KOHTYpa U yria $pa3oBoro

CABUTra NpcaACTAaBJICHBI HAa PUC.
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PeanbHbIe KpuBBIE OYIyT HECKOJIBKO OTIIMYATHCS OT U300paKEHHBIX HA PUCYHKE, T.K. Ka-
TYIIKAa UHIYKTUBHOCTU O0JIaZia€T CONPOTUBICHUEM, KOTOPOE B MPUBEAECHHBIX BBIIIE 3aBUCHMO-
CTSIX HE YUUTBIBAJIOCH.

IIpu @ < wo 1enb HOCUT UHAYKTUBHBIN XapakTep (TOK 1Mo (haze OTCTaéT OT HANPSIKEHUS),
IPU @ = 0 - aKTUBHBIN, IPU @ > w0 — EMKOCTHBIH (TOK O (pa3e onepekaeT HApsKEHHE).

Ecnu no6porHocts Q>1, TO npu pe3oHaHCe TOKU B MHAYKTUBHONM M €MKOCTHOM BETBSIX
IPEBBIIAIOT MOTPEOIAEMbIi OT UCTOYHMKA TOK B Q pas.

Ha puc. npeacraBiieHbl TakKe 3aBUCUMOCTH MIOJIHOTO Z U PEaKTUBHOI'O X COIPOTUBIICHUN
LENH OT 4acToThl. B o0mieM ciryuae

Z(0)=1/Y(w)=1~(G +B 3, X(w)=B/(G ?+B 2.

[lyHKTHpHBIE KpUBBIE Ha PUCYHKE COOTBETCTBYIOT MJI€AJIM3UPOBAHHOMY CIIydaro, KOI/a

aKTHUBHas MPOBOJMMOCTb KOHTYpa paBHa HyJIt0. B 3TOM cilydae npu pe3oHaHCHOM 4acTOTe KpHU-

BbIe Z(w) 1 X(w) UMEIOT pa3phIB.

Ykazanue no mexnuke 6ezonacnocmu:
YkazaHus 1Mo TeXHUKe Oe30MaCHOCTH MIPH BHIIIOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIpUJIOKEHNE A.

Ykazanusa no evinonnenuto nabopamopnoii pabomor:

B nannoii mabopatopHoii paboTe HEOOXOAUMO MOTYYUTh SKCIIEPUMEHTAILHBIM ITyTEM Ya-
CTOTHBIE XapaKTEPUCTUKHU MapaIeIbHOIO PE30HAHCHOTO KOHTYpA:

I(w), IL(®), lc(w), B(w), X(w), Z(w), p(w).

[Topsnox BeimonHEeHNUs pabOTHI CIETYIOIIHA.

CobepuTte cxemy, n300pakeHHYI0 Ha puc. B kauecTBe KaTyIIKi HHIYKTUBHOCTH C MaJIbIM
AKTUBHBIM COTIPOTHBIICHUEM HCIIONB3yiTe 0OMOTKY TpaHchopMaropa ¢ uncioMm BuTkoB W=300.
B 3a30pb1 pa3péMHOTO cepievHIKa BCTABhTE MOJOCKH OyMaru B oAuWH cjoi. Mcrmonp3yiiTe KOH-
neHcatop eMkocTbio 1Mk®. B nienu npegycMoTpuTe IEPEMbIUKH ISl U3MEPEHUS TOKOB MYJIbTH-
METpPOB. Y CTaHOBUTE CJEAYIOINE MPpeIebl U3MEpeHHs: sl BonbT™MeTpa — 20B, 1i1s ammepmeTpa
- 200MA. TluTanue Ha cxemy MoJaiTe OT reHepaTopa MEPEMEHHOT0 CUHYCOUAAIBHOTO HATpsIKe-

HHA.
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OMMeTpOM U3MepbTEe CONPOTUBIEHNE KaTyKH R.

[lonaiite HampsKeHHWE MUTAHHUS HA MPUOOPHI U HA TEHEpaTop. Y CTAHOBUTE HANPSIKEHUE
5B u, u3mensist 4acTory, 100eiTech pe3oHaHCa TOKOB, OPUEHTHPYSICh 110 TOKY B HEPa3BETBIEHHON
YaCcTH LIENU. 3alUIINTe 3HAYCHUS] Pe30HAHCHOW 4acTOThI, MOLTHOCTH U TOKOB.

ITo mokazanusiM mpuOOPOB paccuuTaiTe:

- COIMPOTHUBJICHUA U TPOBOAUMOCTH KaTyIIKN

R X
Zk=UNk, X =+Zg —Rg, Gk =Z—§, By =7 =%
K K

- HHyKTUBHOCTb KaTYIIIKH
L=1/(2zfoBk);
- PE30HAHCHYIO YaCTOTY
fo=1/(2zV(LC));
- TIOJTHOE COTMPOTHUBIJICHUE U aKTUBHYIO MMPOBOIUMOCTb KOHTYpa
Z=Ull, G=R/Z?
- TOOPOTHOCTH KOHTYpa
Q=y/G.
CpaBHUTE pacYETHYIO PE30HAHCHYIO YaCTOTY C (PaKTUIECKOM, a TaKKe TOOPOTHOCTH KOH-
Typa ¢ OTHOIIeHHEM TOKOB Ic/I.
N3menss gactory ot 0,2 10 1kI'11, mpu mocTOSSHHOM HanpspkeHun 5B 3anuimuTe B TaOIuIny

3HayeHus MomHocT P u tokoB |, Ik 1 lc.

(), P, I, IK, | IC, | Y(w), | BL (®), | BC (), B(0), | Z(w), | ¢ (v), X
f, MBr | MA | MA | MA | CM Cm Cm Cm Om rpag | (),
I'x OMm

200

300

7l




10

1000

[To pe3ynpTaTam W3MEpEeHUN BBIYHCIUTE, MPEHEOperass akTUBHBIM COMPOTUBICHUEM Ka-
TYHIKU (KOTOPOE 3HAYUTEIHHO MEHbIIIE UHTyKTUBHOTO):
Y(w)=1/U, BL(w)=Ik/U, Bc(w)=Ic/U, B(w)=BL(w)-Bc(w),
Z(w)=1/Y(w), p(w)=arcos [P/(Ul)], X(w)=Zsing.

[ToctpoiiTe rpauKy 4aCTOTHBIX XapaKTEPUCTHK.

Cooeporcanue omuema:

Otyer 10KEH COlePXKATh:

1. HazBanue paboTsr;

2. Llens paboTsr;

3. Kpatkue TeopeTndeckue CBeICHHUS,

4. Onncanne UCNOIb3yeMoro 00OpyA0BaHUS K MaTEPHAIIOB,;
5. Iopsiiox BBITIOJTHEHUST PAOOTHI;

6. Berurcnenus u 00paboTKa pe3yIbTaToB;

7. BEIBOZIBIL.

Konmponwsnwie eéonpocwi:

1. Kak oT 4acTOTHI 3aBUCST IPOBOJUMOCTH KATYIIKHA WHIYKTUBHOCTU U KOHJEHCaTOpa?

2. KakoBo ycioBre BO3HUKHOBEHHS PE30HAHCA TOKOB B ITAPAJUIETHbHOM PE30HAHCHOM KOH-
Type?

3. [NosicauTte (hrU3MUECKyIO CYyIIHOCTh PE30HAHCA TOKOB.

4. Kak BBIYUCIUTH PE30HAHCHYIO YaCTOTY, €CJIM M3BECTHBI MTapaMEeTPhl AIIEMEHTOB PE30-
HaHCHOTO KOHTypa?

5. Kak BeIyuCINUTH JOOPOTHOCTH MapajuIebHOTO PE30HAHCHOTO KOHTYpa?

6. Kak u3mensieTcs B mapajuieIbHOM PE30HAHCHOM KOHTYpPE YToJ (ha30BOTO CIBUTA MEXKITY
TOKOM B HEPA3BETBJICHHOM YaCTH EMU U HAMIPSKEHUEM MTPU U3MEHEHUH YaCTOTHI?

7. OT 4ero u Kak 3aBUCUT COOTHOILIEHNE TOKOB B PEAKTUBHBIX JIEMEHTaX U B HEPa3BETB-

JICHHOM YacTH 1IETIH IIpu pE€30HaHCC TOKOB?
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8. Kaxk ¢ yLIéTOM AKTUBHOI'O COIMPOTUBJICHHA BBIYHCIIUTL UHAYKTUBHYIO IPOBOAUMOCTDE U
HHAYKTHBHOCTb KaTYIIKHU, €CJIN U3BECTHLI TOK, HpOTeKaIOHlHI;'I 110 KaTyHIKE, a TaAaKXKC BEJIMUMHA U

qacCToTa NPpHUII0KECHHOT'O HaHpH)KeHI/IH?

79



Jlabopamopuaa paboma Nel 1. Ilepuoouueckue necunycouoaibHvle MOKU 6 TUHEUHBIX
anekmpuueckux yenax. Hccneoosanue nuneitnou 31eKmpuiecKoil yenu npu nepuoouteckom

HectuCOleaJleOM HanpAa;icenuu.

Llens pabomur: 1lpuoOpecT MPAKTUIECKUE HABBIKA COOPKM M aHANM3a JTMHEHHBIX DJICK-

TPUUCCKUX ueneﬁ IIpU NIEPUOANYCCKOM HECUHYCOUAAJIBHOM HAIIPSAXKCHHUHU

OcHoebl meopuu.

B nannoit nabopaTopHoii paboTe paccMaTpuUBaeTCs AIEKTPUIECKas IIeTh, TPEACTaBICHHAS
Ha PUC. U COCTOALIAs U3 MOCIEI0BATEIbHO BKIIOYEHHBIX UHIYKTUBHOTO, EMKOCTHOTO U aKTUB-
HOTO CONMPOTUBJICHHA. Ha 3a)KuMbI 11enu mogaéTcst HanpsbKeHUE IPSIMOYTOIbHON (hOPMBI, UMEIO-

mee ammmtyay Um u wacrory o=2n- f=27/T.

f - (-~

[IpencraBneHHas Ha puCyHKe (QYHKIMS HANIPsDKEHUS pas3naraetcs B psg Oypbe
f(wt)=4Um/z*(sin wt+1/3-Sin3 wt+1/5-sin5 wt+...) (8.1)

JleiicTByro1IME 3HAYCHHUS TAPMOHHUK:

U1=4Uw/(N2-7) ;U3=U1/3;U5=U1/5; u T.1. (8.2)

[Ipu cpaBHUTEIIBEHO HEOOJIBITUX 3HAYCHUSIX YACTOTHI ® KOTJa 3PPEKT BHITECHEHUS TOKA
HE3HAYUTEIICH, aKTUBHOE COMPOTHBIICHUE 1SN MOKHO CYHMTATh IMOCTOSHHBIM , B TO BpEMs Kak
WHAYKTUBHOE CONPOTUBIICHUE TIOBHIIIAETCS, @ EMKOCTHOE — CHUKAETCS MPOMOPIIMOHAIBHO KpaT-
HOCTH 9acToT k

Xuk=k wL; Xck=1/(k »C) (8.3)

Ecnu B paccMaTpuBaeMoi 3JIEKTPUYECKON IIETIH MTPH OCHOBHOM YacToTe XL1=Xc1, TO TOK
OCHOBHOI TapMOHUKHU OYJET OMPEeNAThCS TOTbKO aMILTUTY 10N HAMIPSDKEHUS ATONH TapMOHUKH U
AKTUBHBIM COIPOTUBJICHUEM IICTIH:

11=U1/R (8.4)
J171s1 OCTaTbHBIX TAPMOHUK JICHCTBYIOIIME 3HAYCHHUSI TOKOB OTPEICIISIOTCS COOTBETCTBYFO-

IIAMH HAPSKEHUSIMU U TIOJTHBIMHU COTIPOTHBIICHUSMH:
I5=Us/z3=U3/ V{R 2+/3 wL-1/(3 wC)] 2},
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Is=Us/zs=Us/ V{R 2+/5 wL-1/(5 wC)] 2}, (8.5)

Uewm BhbIlIe TapMOHUKA, TEM MEHBIIIE TOK M TeM OOJIbIIE yrodl (a30BOro caBura ok Mexmy
HANpPSHKCHUEM U TOKOM JIaHHOW TapMOHHMKH. YTIIbI ()a30BOTO CIBUTA MOTYT OBITh BBIYHCIICHBI B
COOTBETCTBUU C BBIPAKEHUSMHU:

p3= arc cos(R/z3), @s= arc cos(R/zs), (8.6)

AKTHBHASI MOILHOCTB IIPH PEe30HAHCHOI yactote w=1/V(LC):

P=P1+P3+Ps+...=U1 I1 +U3 I3 cos @ 3+Us Is cos @s+... (8.7)

JelicTBy1oliee 3Ha4€HNE HECUHYCOUIAIBHOTO TOKA

I=JO2+12+12+.) (88)

CrnenyeT OTMETUTh, YTO €CJIM B LENM UMEET MECTO PE30HAHC HAIPSHKEHUH ISl IepBOM
TFapMOHUKHU, TO TOKHU OCTaJIbHBIX TapPMOHUK OyAyT HE3HAUMTEIbHBIMM, IOTOMY HalpsDKEHUE Ha
AKTUBHOM COINPOTUBJICHUU OyJeT OJIM3KUM K CHHYCOMAAIBHOMY, a CyMMa HalpsDKEHUI ocTallb-

HBIX TApMOHUK OyJeT npuioxena Kk LC-puibtpy.

Ykazanue no mexnuke 6ezonacnocmu:
VkazaHus 1o TeXHUKEe OS30IMacHOCTH IIPpU BLIITOJIHCHHUN na6opaTopHHx pa60T IMPUBCACHBI

B IIpUJIOKEHNUE A.

Ykazanusa no evinonnenuto nabopamopnoii pabomor:

CoOpatb cxeMmy, B CXeMe MCIIONb30BaTh B KAUeCTBE KAaTYIIKH MHIYKTUBHOCTH OOMOTKY
Tparcopmaropa ¢ unciaoM BuTkoB W=300, koHneHcaTop éMkocThio 0,47MK®D U cOnpoTHBIICHNE
100 Om. Llenb NOAKIIOYUTE K TEHEPATOPY MEPEMEHHOTO HANIPSDKEHMS. Y CTAHOBUTD IIPENIEI U3Me-
peHus Toka Ha MyJibTuMeTpe 200 MA.

BTOphIM MYyJIBTUMETPOM HU3MEPUTH AKTUBHOE COMPOTUBIICHUE KATYIIKH MHIYKTUBHOCTH
R« u conpoTtuBnenue Harpy3ku Ry, 3aTeM NMEepeKIOUUTh MYJIbTUMETP JUIsl U3MEPEHUs HanpsKe-
HUs, yCTaHOBUB penen usmepenus 20 B.

BxirounTh reHepaTop CMHYCOMAAIBHOTO HAMpSHKEHHUs, YCTaHOBUTH 4actoTy S00I'T m
HanpsokeHue 5 B. U3Meputh TOK B 1IENU U HANPSHKEHUE HA KaTylIKe. BhIUUCINTh HHAYKTUBHOCTh
KaTyIIKH, [10JIb3YSICh BBIPAKEHUSAMU:

Zx=Ul/l,

X, =+Z2-RZ
L=X/(2xf)

4.BbluucIUTh pe30HAHCHYIO YaCTOTY OCHOBHOM (IIepBOif) TapMOHUKHU
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w1=1/V(LC), f1= w1/(2 7).

Yacroty f1 ycTaHOBHUTH Ha IeHEpaTtope, MEPEKIIOYMB €ro Ha CUTHAN MPSAMOYTOJIbHON
dbopMbl. MeneHHO Bpalas pyKOSATKY M3MEHEHHsI 4acTOThI, JOOUTHCS MAaKCUMAlIbHOTO TOKAa B
LIENY, CPAaBHUTH MOJTYUYEHHYIO PE30HAHCHYIO 4acToTy f1'c pacu€éTHOM.

Jlig HanpspkeHus Ha BIxoJie reHeparopa UM = 5 B BBIYMCIIUTD aMIUTUTYIHBIE U IEUCTBY-
IOIIIMe 3HAYCHMSI HANPSDKCHUH 3-H, 5-1 U 7-1 TapMOHUK, MOJIb3ysAch popmymamu 8.1 u 8.2.

Jl1 3KCiepUMEHTaIbHO HaliIEHHOW YacTOThI f 1 BBIYMCINTD JEHCTBYIOIINE 3HAYEHUS TO-
KOB 3-i, 5-i u 7-1 rapMOHUK, TIOJB3YSCh (hopMysiaMu 8.5.

[To ¢popmynam 8.6 BEIMUCIUTH YTibl ()a30BbIX CABUIOB FApMOHUK, a 3aTEM — aKTHBHYIO
MOIIIHOCTb.

Boruncnuts no 8.8 nelicTByroliee 3HaU€HUE HECUHY COMJIAIBHOTO TOKA.

BorunicnienHple 3HaU€HUS TOKA U MOLITHOCTH CPaBHUTH C TIOKa3aHUSIMU aMIIEpMeTpa U BaT-
TMETpa MIPH YCTAHOBJIEHHOM Ha BBIXO0JI€ TeHepaTopa HanpsikeHuu SB.

N3mepuTh HanpsKeHWe Ha aKTUBHOM COITPOTHUBIIEHUH HArPY3KHU U CPABHUTH €T0 C BBIUUC-
JIEHHBIM 110 8.4 NEWCTBYIOLIUM HANPSKEHUEM IIEPBOM rapMOHUKH.

[Monkmouas ocumiorpag mooyepéaHo K BEIXOLY FeHepaTopa, K aKTHBHOMY COTPOTHBIIE-
HUIO U K [10CJIEIOBATENbHO BKJIFOUEHHBIM KOHJICHCATOPY M KaTyIIKe UHTyKTUBHOCTH, 3apHCOBATh
Ha KaJbKe, IPUJI0KEHHOU K IKpaHy, KpUBbIE HAMPsHDKEHUN. Y OeIUThCS, 4TO KpUBask HAPsKEHUs
Ha BBIXOJIE T€HEepaTopa UMEEeT NMPSMOYTOJIbHYI0 (hOpMYy, Ha AKTUBHOM COINIPOTHUBIECHUH — OJIHM3Ka
no ¢opme Kk cuHycouze, a Ha LC-punpTpe KpuBas nMpeacTaBiaseT CyMMY BCeX BBICIIMX TapMOHH-
YECKUX COCTABIISIIOIINX.

Pe3ynbTaThl BRIUMCIIEHUN U U3MEpEHU 3aHecTH B Ta0uiy 8.1.

fl1 flr’ Rk Ru X3 X5 X7 Z3 Z5 Z7
I'n I'm OmMm OmMm OmMm OmMm OmMm OmMm OMm OmMm

Ul | U3 | U5 | U7 11 13 15 I7 | Ipacu. | Iakem. | @3 ¢5 ¢7 | Ppacu | Pakcn

B B B B MA MA MA MA MA MA rpan | rpan | rpag | MBT MBT

CpaBHI/ITB IO OCIIUJIJIOT paq)y AMIUIMTY IHBIC 3HAYCHUS HaHpﬂ)KeHI/Iﬁ Ha BBIXOAC I'CHEpa-

TOpAa U HAa aKTUBHOM COIIPOTHUBJICHWUN HArpy3KH, HaﬁI[HTe HNX OTHOLICHUC W CPABHUTEC C YHCIIOM

4lm = 1.273.

Cooepirrcanue omuema:

OTuer AOKEH CONlepKaTh:
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1. Ha3Banue paGoTsl;

2. llens paboTHI;

3. KpaTtkue TeopeTnueckue CBEICHHUS,

4. Onmcanue UCIOb3yeMOTo 000PYI0BaHHS U MAaTEPHAJIOB;
5. [Mopsimok BeIMOTHEHUS PAOOTHI;

6. Beruucnenus u o6paboTka pe3yJsbTaToB;

7. BeIBOZIBI.

Konmponwvuwvie éonpocwi:

1. Kakue rapMOHHMKYU COJAEP>KUT CUTHAJ, CHMMETPUYHBIA OTHOCUTENLHO Ocu abcuucc?

2. Kak BBIYHCIUTH COMPOTUBIICHIE aKTUBHO-PEAKTUBHON IEMH JIJIs1 OTJEIBbHBIX TAPMOHHK
TOoKa?

3. Kak BBIMUCIIATE YTITBI ()a30BOTO CIIBUTA MEXKYy TOKOM M HANPSDKEHUEM JIJIST OTJICITBHBIX
rapMOHUK?

4. Kak BBIYMCIHTD JEHCTBYIOIIEE 3HAYCHHE MEPHOJUIECKOT0 HECUHYCOMIATBHOTO TOKa?

5. Kak BBIYMCINTH aKTUBHYIO MOIIHOCTH B LIETH MEPUOJUYECKOI0 HECUHYCOUIATIBLHOTO
TOoKa?

6. Kak MOXHO BBIIETUTH OJJHY U3 TAPMOHHUK MEPUOAMUYECKOTO HECHHYCOUIAIBHOTO TOKA

nin HaHpH)KCHI/IH?
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Jlaoopamopunaa paboma Nel2. Ilepuoouueckue necunycouoanbHvle moKu 6 TUHEUHbIX

deKmpudecKux uensx. szbmamnepuble Xapakmepucmuku HeTUHEUHbIX conpomuwzenuﬁ.

Ilenv pabomui: VI3yuenue cTyiIeHTaMU BOJIbTAMIIEPHBIX XapaKTEPUCTUK JUOJOB U OHUIIO-

JSIPHBIX TPAH3UCTOPOB

Ocnoevt meopuu:

[TonynpoBOAHUKOBBIN AMOJI COCTOUT U3 JIBYX CIOEB MOJIYIIPOBOIHUKA, OJIUH U3 KOTOPHIX
00J1a1aeT ABIPOYHON MPOBOAUMOCTHIO (p — CJIOH), BTOPOIl —3JIEKTPOHHOM MPOBOAUMOCTHIO (N —
cioit). Benencreue nuddys3un 21eKTpOHOB U JBIPOK Ha p-N-miepexoje o0pa3yeTcs NOTEeHIUAb-
HBII 6apbep, KOTOPBIH 00YyCIOBIMBACT HEJIMHEHHbBIE CBOMCTBA quoaa. BoapTammepHas xapakTe-

pPHUCTHKA 110/ IIpeicTaBIeHa Ha puc. 9.1.

I.l.

w11

Ecnu nuop BKIIOUUTH B 3JEKTPUUECKYIO IIEMb TaK, YTOObI HANpPSKEHHE OT MCTOYHUKA
9.11.C. OBLIO HAIPABJICHO OT CIOSI P K CIIOI0 N, TO MOTEHIMAIBHBIN 0apbep TUKBUAUPYETCS U 110
1enu notever Tok. [Ipu 3TOM CONPOTUBIIEHHE THO/Ia C YBEIMYEHUEM HAIIPSKEHHUS] YMEHBIIIAETCH,
TaK 4YTO MAJICHUE HANPSKEHUS HA JUOJI€ HE MPEBBIIIAECT I0JIEH BOJIbTA, & BEJIMYMHA TOKA B LIETH
ONpeNIENsAeTCS B OCHOBHOM COIPOTHUBIIEHHEM OCTAJIBHOW YaCTH 1€MW U BEIMYMHOMU 3.1.C. UCTOU-
HUKa (B.a.X. IpaBee TOYKHU «a»). Ecnu ke HanpshKeHne OT UCTOYHUKA 3./1.C. HAIPaBIEHO OT CJIOS
N K CJIOI0 P, TO MOJ IEUCTBUEM MPHUIIOKEHHOTO HANPsHKEHUS MOTEHIMAIBHBIN Oaphep p-N-tmiepe-
X0/1a yBEIMYUBAETCS U TOK, KOTOPBIH B HANIPSKEHUS MOTEHIMANIbHBIN Oaphep p-N — nepexoja yBe-
JMYMUBAETCA U BEIMYMHA TOKA, KOTOPHII B 3TOM cllydyae 00yCJIOBIEH HAIMYNEM HEOCHOBHBIX IO-
JBUKHBIX HOCHUTENEH 3apsioB, OyIeT HUYTOKHO MaJbIM (Y4aCTOK B.d.X. MEXKAY TOYKAMHU «a» U

«B»). [Ipn 1OCTaTOYHON BEIMUUHE OOPATHOTO HANIPSHKCHUS TPOUCXOIUT MTPOOOI Jro/a (YIacTOK
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B.a.X. JIEBEE TOUKU «B»). Paznuuarot Tpu BUJa NpoOosi: TaBUHHBIN, TyHHEJIbHBIN 1 TerioBoi. Jla-
BUHHBIN NPOOOH MPOUCXOAUT B pe3yJbTaTe TOr0, YTO MPH JOBOJIBHO BBICOKOM HaNpsSKEHHOCTU
3JIEKTPUUYECKOTO MOJIsl, CO3/1aBaeMON UICTOUHUKOM 3.]1.C., HEOCHOBHBIE HOCUTEIH 3apsA0B (Terio-
BbI€ CBOOOIHBIE 3JICKTPOHBI) Pa3TOHSIOTCS, MOIyYast SHEPTHIO, TOCTATOYHYIO [Tt HOHU3AIMU aTO-
MOB KpucTajiia kpemHus. OOpa3ytomuecs B pe3yJbTaTe MOHU3ALMU 3apsJibl, B CBOIO OY€pEe/ib,
TOKE€ Pa3rOHAIOTCA U MOHM3HPYIOT Apyrue atomsl. Ilponecc noHuszanum HapacTaer JaBHMHOOO-
pa3HO, B pe3yJIbTaTe Yero CONPOTUBIICHUE P-N —IIEPEX0Aa PE3KO MAJAeT, U BEIIMYUHA TOKA Yepes
JIMOJ1 OIIPENEIIAETCS COPOTUBIICHUEM OCTAJIbHON YaCTH LICTIH.

TyHHENBHBINA MTPOOOM TPOUCXOUT Y TUOJIOB C JOCTATOYHO BBHICOKOW KOHIIEHTpAIUEH MpH-
Mecei, Korja ToJIKuHa 00eAHEHHON 30HbI p-N- nepexoja (JIMIIEHHOW OCHOBHBIX HOCHUTEIEH 3a-
PSIOB — BJIEKTPOHOB M ABIPOK) Mana. B 3ToM citydae moj efcTBHEM BBICOKON HANPSKEHHOCTH
BHEIIIHETO 3JIEKTPUYECKOTO I0JIsA, CO34aBa€MOI0 UCTOYHUKOM 3.11.C., dJIEKTPOHBI IIPEOIOJICBAIOT
MOTCHITHATBHBIN Oaphep.

Ecnu npu npo6oe auosa BelnMYMHA TOKA HACTOJIBKO BEJIMKA, YTO KOJIMYECTBO BbIJEIIsiC-
MOT'0 Ha JUOJI€ TEIUIA IIPEBBIIIAET KOJIMYECTBO OTBOJAUMOI0, TO TEMIIEPATYPa JUO/AA MTOBBILLIACTCS,
IIPOMCXOAMT TEILIOBAsI MOHU3ALMS, B PE3YyJIbTaTe KOTOPOU pa3pyllaeTcs CTPyKTypa IOIYIIPOBOJ-
HUKA, JAaBUHHBIN UM TYHHEJIbHBINA IP000il NEpeXoIuT B TEIJIOBOM, U0 BEIXOAUT U3 cTposi. Eciu
e TeIUIOBOIro Mpo0o0si He MPOUCXOMT, TO BCE CBOMCTBA 1M0/1a COXPAHSIOTCH.

Jl1ozpl, UCIIONb3yeMble B CXeMax BBINPSIMHUTENIEH, TpeoOpa3yolX NepeMeHHbII TOK B
MOCTOSIHHBIN, pabOTal0T Ha y4acTKe BOJIbTAMIIEpPHON XapaKTEPUCTHKH IMIpaBee TOUKU «B». T.e. B
ATUX CXEMaxX HalpsyKEHUE HE JIOJKHO MPEBBIIATh HanpskeHus npodos. Ha yuacTke xapakrepu-
CTHKH JIEBEE TOUKH «B» pabOTAaIOT JAMOABI B CX€Max CTa0MJIN3aTOPOB HANPSDKEHUS. DTH TUOMABI
MMEIOT CHELHUAIBHYI0 KOHCTPYKLHIO, IMPEIOTBPALIAIONIYI0 TEIUIOBYI0 MOHM3ALUI0 IIPU JOCTa-
TOYHO OOJIBIINX TOKaX B pekuMe 1pobosi. Takue 11obl Ha3bIBAIOT CTAOMIIUTPOHAMHU.

Haunbonee mmpoko MCIoNb3yeMbIMU YIPABISEMbIMU HEIMHEHHBIMU CONPOTUBICHUSIMU
ABIISIOTCS TPAH3UCTOPBI, KOTOPBIE MOAPA3AEIAIOTCS Ha OUIONISIpHBIE, YIIPABIIIEMbIE TOKOM, U MO-
JeBbIE, yIIpaBIIsieMble 3JIEKTPUUECKUM 1TosieM. B HacToseit 1abopaTtopHoii paboTe paccMaTpuBa-
IOTCS XapaKTEPUCTUKU OUTIOISIPHOTO TPAH3UCTOPA.

bunossipHbie TPaH3UCTOPBI UMEIOT TPEXCIOUHYIO CTPYKTYPY € ABYMs p-N —IIEpEXOJaMHu.
CymecTByOT TpaH3UCTOPBI N-P-n TN U p-N-p Tuna. Cxema KOHCTPYKIUHU n-P-N — TpaH3UCTOpA
npejcTaBieHa Ha puc. Ha 3ToM e pucyHKe UMeeTcs yCIOBHOe Tpaduueckoe n300pakeHue JaH-

HOT'O TPaH3UCTOpa.
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K 3

JlBa KpaifHUX CIIOSI TPAH3UCTOPA COCTOST U3 MOJYNPOBOAHUKA, 00JIaIAI0IETO IEKTPOH-
HOM POBOAUMOCTBIO, CPEIHUN CIIOW — IBIPOYHOU ITPOBOAUMOCTBIO. Kax bl U3 TpEX CI0EB KOH-
TaKTUPYET C METAUINYECKUMHU JIEKTPOJaMH, KOTOPBIE CITyXaT JUIsl MOAKIIFOUEHUS TPAH3UCTOpa K
AJIeKTpUIeCKUM 1iersiM. CpelHUi CI0i Ha3bIBaOT 030, KpaitHUE — KOJUIEKTOp U AMUTTEp. Ecin
MEXJly KOJUIEKTOPOM M AYMUTTEPOM MOJaTh HANPSKEHUE, KaK 3TO MOKA3aHO HA PUC, TO SMUTTEP-

HBIN nIepexo 1 OyIeT BKIIOUYEH B MPOBOISIIEM HAMPABICHUH, a KOJUIEKTOPHBIN — B HETIPOBOSIIIEM.

K Ix

Uiz CL

IIpu orcytcTBUM TOKa 0a3bl 10 TPAaH3UCTOP MEXKIY KOJJIEKTOPOM M SMHUTTEPOM Oyjaer
HUMETh JIOCTATOYHO OO0JIBIIIOE COMPOTHUBIIEHUE, TOK B IIEMH KOJUIEKTOPA 1K Oy/1eT He3HAUUTEIbHBIM
(9T0 Tak Ha3bIBa€MbIil 0OpATHBIN TOK KOJUIEKTOPA, OTIPEAEIIIEMbIi HEOCHOBHBIMU HOCUTENISIMU 3a-
psnoB). Eciu xke B 1ienu 6a3el co3aTh TOK, MOAKIIOUYUB UCTOYHUK HAMPSDKEHUSI MEKIY SMHUTTE-
poM u 6a30H, TO CONMPOTHBIICHHE KOJUIEKTOPHOTO MEPEX01a YMEHBIIUTCS, B PE3yJIbTaTe Yero Mo-
SIBUTCSI TOK KoJiuIeKkTopa iK. C yBeTHYeHHEM Toka 0a3bl COMPOTUBIICHUE TPAH3UCTOpPA YMEHbIIIA-

CTCA.
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BosbpTamnepHbie XapaKTepUCTHKU TPaH3UCTOpA, MPEACTABISIONUE COOO0H 3aBHCHMOCTH
TOKa KOJUICKTOPA OT HAMPSKCHHUS MEKIY KOJUIEKTOPOM M SMUTTEPOM IPH PA3TUUHBIX 3HAYCHHUSIX
TOKa 6a3bl, N300pakeHbI HA PHC.

OTH XapaKTePUCTHKHU HA3bIBAIOT BHIXOJHBIMH, B OTJIMYHE OT BXOJHBIX, IIPEICTABISIONIUNX

3aBUCHUMOCTB TOKa 0a3bl OT HAIIPSKEHUSI SMUTTEP-0a3a.

Ykazanue no mexnuxe 6ezonacnocmu:
VYkazaHus 1Mo TeXHUKe Oe30MaCHOCTH MPH BIOJIHEHUH J1a00PaTOPHBIX pabOT MPHUBEICHBI

B IIPUJIOKEHNE A.

Ykazanua no evinoanenuro nadbopamopnoit pabomot:

B nannoit nabopaTopHoil paboTe CTYJEHTbl CHUMAIOT BOJIBTAMIIEPHYIO XapaKTEPUCTHKY
CTaOMIMTPOHA M BBIXOAHBIC XapaKTEPUCTUKN OUTIOJIIPHOTO TPAH3UCTOPA.

Cobpath cxemy, MpeCTaBIEHHYIO Ha puc. B KauecTBe UCTOUHMKA HAMPSXKEHUS UCIIOJb-
30BaTh peryaupyembiii ICTOUHUK 0...15 B. YcranoBuTh npeaens uamMepenus Toka 20 MA, Hanpsi-
xenus — 20B.

[TocTenenno yBeanunBas HanpspDKeHNe, 3aUKCUPOBATH TAKOE €ro 3HAYEHUE, TPU KOTOPOM
MOSIBUTCA B LIENM TOK. B panbHeiiiem, noBelas TOK 10 5 MA ¢ uHTepBasioM B 1 MA, 3anucaTh
COOTBETCTBYIOIIHE KAKIOMY TOKY 3HaUCHUS HampspDKeHUs. Pe3ynbraTel 3aMepoB 3anmucaTh B Ta0-
JUILY.

CHU3UTD HampsKEHUE 10 HyJIS M 3aTeM MOMEHSATh ero noisipHocTh. [locTenenHo yBenu-
YHBas HAMPsDKEHUE, 3a(pUKCUPOBATH €r0 3HAUYEHUE, TIPYU KOTOPOM B 1IEMHU MOSIBUTCS TOK (OHO OyAeT
3HAYUTENBHO HIKE MOJIYYCHHOTO B IIPEIBIIYIIEM CiIydae). YBEIHnunBas TOK 10 5 MA ¢ UHTEpBa-

JoM B 1 MA, 3amucarh B TaOJIHIly COOTBETCTBYIOIINE KaXKIOMY TOKY HAIPSKCHHS.
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[HocTpouts rpadpuk BoIbTaMIEPHON XapaKTEPUCTUKH Ha MIJIJIUMETPOBOM Oymare B Mac-

mrra0e.

470 O

JUist CHATHS BBIXOJHBIX XapaKTEPUCTUK TPaH3UCTOpa coOpaTh cxemy, H300paKEHHYIO Ha
puc. Ha norenunomerp 1xOM HampskeHHE MOJATh OT HEPETYJIMPYEMOI0 MCTOYHUKA NMUTAHUS
15B, B nenp kojuiekTOpa — OT peryiaupyemoro ucrounuka 0...15B. Ilpenensr uamepenus npudo-
POB YCTAHOBUTH C y4ETOM TOIrO, YTO TOK B Lienu 0a3bl He Oyzaer npesbiiath 100 MKA, B 1ienu

kosuekropa — 10 MA, Hanpsbkenue — 5 B.

+ 10050 470Mm
15B —

150 0...15B

—l I

VYcranoButh Tok 6a3bl 20MKA. [TocTeneHHO MOBBIIIAs HANPSKEHUE B LIENH KOJUIEKTOP-
SMUTTEP, HANTH €T0 3HAYCHHE, MOCIIE KOTOPOTO TOK KOJUIEKTOpa U3MEHsIETCSl He3HaunuTenpHO. [0
ATOTO 3HAYEHUS CHATH 3 — 4 TOUKH XapaKTEPUCTHUKH, IIOCTIE ITOT0 3HAYCHHS — 2 — 3 TOUKH.

[Iponenars ONBITHI, aHATOTHYHBIE T1.7, IpH Tokax 0a3el 40, 60, 80MKA. 3HaueHus HaMpsI-
JKEHHI U TOKOB 3aHECTH B TAOJIHUIIBI.

[TocTpouts B MacmTabe Ha MUJUIUMETPOBOM OyMare BBIXOTHBIE BOJIbTAMIIEPHBIE XapaKTe-

PHUCTUKU TPAH3UCTOPA.
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Cooepoicanue omuema:

OTyer N0JKEeH COIepKaTh:

1. Ha3Banue paGoThI;

2. Llens paboTsr;

3. Kpatkue TeopeTndeckue CBeIeHUS,

4. OnycaHue UCIOJIb3yeMOro 000Py10BaHMsI U MaTEPHUAJIOB;
5. Iopsiiox BBIOJIHEHUSI PaOOTHI;

6. Beruricnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.

Konmponwsnwie eéonpocwi:

1.0OnumuTe KOHCTPYKIMIO AUO01a U OUMOISPHOTO TPAH3UCTOPA.

2.B pe3ynbTare yero oopasyercs HOTeHIUaNbHbIN Oapbep p-N — nepexoa’?

3.Ilouemy auon obGaagaeT OJHOCTOPOHHEH MPOBOIUMOCTHIO?

4.Yewm ormpenensercs: BeIUUMHA 0OpaTHOTO TOKa uoja?

5.Kakue paznuuator BUIbI Ipo6ost nuona? Onummre GU3nUecKue Mpoueccs Ipu pasind-
HBIX BHJIaX TIPOOOs.

6.3aBUCUMOCTb MEXJy KAaKUMU BEJIMYMHAMH OTPa)KarOT BXOJHBIEC U BBIXOJHBIE XapaKTe-
PUCTHUKU OUTIONIAPHBIX TPAH3UCTOPOB?

7.0nUIUTEe CXEMbI U CIOCOOBI IKCIIEPUMEHTAIBHOTO ONPEIETICHUsT BOJITAMIIEPHBIX Xa-

PaKTEpPUCTUK JINO/I0B ¥ TPAH3UCTOPOB.
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Jlabopamopnana paboma Nel3. @eppopesonanc ¢ 3nekmpuueckux yensax. Peppopeso-

HAHC 8 NOCTIE008AMENBHOIL uenu.

Ilenv pabomui: VI3yueHue cTyi€HTaMU BOJIBTAMIIEPHBIX XapPAKTEPUCTUK U TPUTTEPHOTO

s dexra B mocienoBaTreabHON Geppope30HAHCHOM IIeTIH.

Ocnoevt meopuu:
[MocnenoBarenbHas Gpeppope3oHaHCHAs 1eTIb COCTOUT U3 KAaTYLIKU CO CTAJIIbHBIM CepJiey-

HUKOM M KOHACHCATOpa.

. Y YT | |
|

o g

K 3axxnmam Oenu MnoABCACHO CUHYCOUAAJIbBHO M3MCHAIOMICCC HAIIPSKCHUEC OIPCIACIICH-

HOU 4aCTOTEIL.

/ I
C

[Ipu yBenuyeHun HampspkeHHs Ha KoHjaeHcatope Uc TOK yBeNIWYMBAETCS MPOMOPLIUO-
HaJIbHO HAINPSHKCHUIO, T.K. CONMPOTUBIICHHE KOHAeHcaTtopa Xc=1/(wC) ocTaércsi MOCTOSIHHBIM.

BonpTammepHas xapakTepucTHKa KOHJEHCAaTOpa JuHelHa (kpuBas 1 Ha puc.10.2).
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BOJ'II)TaMHCpHafl XapaKTCPUCTHKA KaTyYIIKHW CO CTAJIbHBIM CCPACHYHUKOM HOCHUT APKO BbIpa-
KEHHBIN HEeTWHEHHbIN xapakTep (kpuBas 2 Ha puc. 10.2). HenmuHeHHOCTh XapaKTepUCTUKHU 00Y-
CJIOBJICHA HEJIMHEWHOW 3aBUCUMOCTHIO MArHUTHOW WHIYKIIUH B CTAILHOM CEpACYHHUKE OT HAPSI-
JKEHHOCTH MarHUTHOTO ITOJIS.

Ecnmu Y4E€CTb aKTUBHOC COIIPOTHUBJICHUC KAaTYHIKHW W IOTECPU B CCPACHHUKE HA TUCTCPE3UC
Y BUXPEBBIC TOKH, TO CXEMa 3aMEICHHS KaTYIIKU BBITJISIIUT TaK, Kak MpecTaBieHo Ha puc. 10.3,
a. ConpoTuBieHue 1 paBHO aKTUBHOMY CONPOTHBIICHUIO OOMOTKHU KAaTYIIKH, COIPOTUBICHHUE I2
YUUTBIBACT NOTCPU MOITHOCTU B MAarHUTOIIPOBOAC.

Il

BBuay Toro, 4To KaTymku MOTalOT 0OBIYHO METHBIM IIPOBOIOM, UX COMPOTHUBIICHUE 1 CY-
HIECTBEHHO MEHbIIE MHAYKTUBHOTO. Kpome TOro, morepu B MarHMTOINPOBOJIE TAK)KE HE OKA3bI-
BArOT MIPpHU HU3KUX YACTOTAX CYHMICCTBCHHOI'O BJIMAHUA HA PCIKUM pa6OTI>I BHCKTqueCKOfI o e1u,
T.K. COMPOTHBIIEHUE 2 0Ka3bIBAETCS HAMHOTO OO0JIbIlIe HHIYKTUBHOTO COMTPOTUBIICHMS KaTyILIKH.
TakuM 06pazoM, ¢ TOCTaTOUHOM I MPAKTUYECKUX I[eJIeld TOYHOCTHI0 MHIYKTUBHOE COIPOTUB-
JIEHUE KaTYyIIKU MOKHO CUATATh PABHBIM €€ MOJIHOMY CONPOTUBIIEHUIO. C yYETOM JaHHOTO JI0MY-
HICHUS CXeMa 3aMEIEHUs KaTYIIKH CO CTATbHBIM CEPJCYHUKOM U300pakeHa Ha puC.

HpI/I MOCJICI0BATCIIBHOM BKIIIOYCHHHU KATYIIKNW U KOHACHCATOPA IO HUM ITPOTCKACT OAWH
U TOT K€ TOK. BBUIYy TOrO, 4TO HampshKeHHe Ha KaTyIlIKe olepe)kaeT TOK Ha Yroil /2 a Ha KOH-
JeHCAaTOpe OTCTAET OT TOKA Ha TaKOM e yroJ, HalpsbKeHHe Ha 3aKUMax paccMaTpUBaeMoil 1ienu
OyJIeT paBHO pa3HOCTH HAMPSHKEHUI HA KaTyIIKe U KoHAeHcaTope (kpuBas 3 Ha puc. 10.2). Ecnu
HAIPsAKCHUE Ha 3aKMMax LCIH YBCINYNBATh, HAUUHAA C HYJIA, TO TOK 6YI[CT IMMOCTCIICHHO paCTH
110 3HaU€HUS, COOTBETCTBYIOIIETO TOUKE «a», 3aTEM OH CKaYKOM YBEJIMYHUTCS 10 3HAUEHUs, COOT-
BETCTBYIOIIETO TOYKE «D», mpu 3TOM pe3ko BO3pacTEéT MOIIHOCTh, MOTpebIiseMast IeMbio, a yro
($a30BOTO cBUTA MEXKAY TOKOM M HalPsHDKEHUEM U3MEHUT CBOM 3HAK: B TOUKE «a» TOK OTCTAET OT
HaIps>KCHUSA, B TOYKEC «b)) - OIICPCIKACT HAIIPSAKCHHUC. HpI/I HaHBHeﬁmCM YBCIIMYUCHUYN HAIPSIIKCHUS
TOK IUIABHO PAcTET MO KPUBOM 3.

[Ipu cHMXEHUH HAMPSHKEHUS TOK YMEHBIIAETCS 10 3HAYEHUS, COOTBETCTBYIOIIETO TOUYKE

«C», 3aTeM YMEHBIIIAETCS CKAYKOM (TOUKa «d») U B JabHEHINIEM IUIABHO YMEHBIIIACTCS 10 HYJISL.
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Ckaukoo0pa3HO€ M3MEHEHHE TOKa MpPU HE3HAYUTEIILHOM H3MEHEHHUU HAIPSKEHHsI Ha3bIBAIOT
TPUTTEPHBIM P HEKTOM.

Touka «c» Ha KpUBOM 3 COOTBETCTBYET PEXXHMMY PE30HAHCA HampsbKeHUi. B 3Tol Touke
HaIpsHKEHUE HAa UHAYKTUBHOCTH 110 BEJIMYMHE PAaBHO HANPSDKCHUIO HA EMKOCTH U HAXOIUTCA C
HUM B nipoTuBoda3ze. HanpskeHne Ha 3akMMax LIETH B 3TOW TOUKE PaBHO MaJCHUIO HAIPSKEHUS
Ha aKTHMBHOM COIIPOTUBJICHMM LiENH. PeXUM pe30oHaHCa BO3HMKAECT BCIECACTBHE HEJIMHEHHOCTU
BOJIbTAMIIEPHOM XapaKTEPUCTUKHU KATYLIKHA CO CTAIbHBIM CEPACYHUKOM, II0OITOMY €r0 Ha3bIBAIOT
deppope3onancuom. Cieqyer HaOMHUTbD, YTO B JTMHEHHBIX IETISIX PE30HAHC BO3HUKAET TOJIBKO
IIPH ONIPEAEIEHHON YaCTOTE U HE 3aBUCUT OT aMIUIATYAbl TOKA WM HAIPSKCHMS.

SIBnenue (eppope3oHaHca UCHONb3YETCsl B HEKOTOPBIX AJIEKTPOTEXHUUECKUX YCTpPOii-
CTBaXx, HallpuUMep, B cCTabMIn3aTopax HanpsokeHust. TpurrepHsiit 3¢ ekt UCHoab3yeTcsi B HEKOTO-

PBIX YCTPOMCTBAaX aBTOMATUKH.

Ykazanue no mexnuke 6ezonacnocmu:
VkazaHus 1o TeXHUKE OS30IMacHOCTH IIPpU BBIITOJIHCHHUN na6opaTopHHx pa60T IMPUBCACHBI

B IIPWJIOKEHNE A.

Ykazanusa no evinonnenuto nabopamopnoii pabomor:
Cobpatb cxeMy, n300pakeHHyt0 Ha puc.10.4. YCcTaHOBUTH CICAYIOIIHNE MTPEACIIB U3MEpe-

Hus: amnepMerpa — 200MA, BosibT™MeTpa — 20B

W

. e
N

~
/
AT (D —c

L - -

[lepen momaueit HanpsKEHUS] YCTaHOBUTH PYKOSATKY aBToTpaHcpopmaTopa AT B kpaiinee
neBoe nosiokeHue. [logate Ha cxeMy HalpsKEHWE MUTaHWs U, OYEHb IUIABHO YBEIMYNBas HaIPs-
YKEHHE TIOBOPOTOM PYKOATKH TpaHc(opmaTopa, HAUTH TaKOe €ro 3HaueHHUe, P KOTOPOM TOK B

[eTTH U3MEHHUTCS CKauKo0o0pa3Ho. 1o HanpspkeHue U, cooTBETCTBYET Touke «a» Ha puc.10.3.
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YMEHBIINTD HAPSKEHUE 10 HYJISI U, YBETTMUMBAst €ro cHoBa 10 3HaueHus Ua, 3aduxcupo-

BaTh Npu 3 — 4 ero 3Ha4YeHUIX TOK B LENH, TOTPEOIIEMYIO MOIITHOCTD U HAIIPSKEHUSI Ha KaTYIIIKe

U« 1 Ha koHAeHcaTope Uc, KOTopble OOYEpETHO 3aMepsTh BOJILTMETPOM V2.

[Tocne npoxoxaeHNs peKrMa Pe30HaHCa, YBEIUUNB HanpsbkeHue Ha 1 — 1,5B, cHaTh 3Ha-

YeHHs 2 — 3 TOYEK BOJIBTAMIIEPHON XapaKTEPUCTHKH, 3aTeM CHH3HUTH HAIPSDKEHUE 10 3HAYCHHS

Ug, ipy KOTOPOM MPOU30IIEN CKAUOK TOKA.

HpO)IOJ'DKa}I CHUXATb HAIPSAKCHUC NUHTCPBAJIAMU 110 0, 1B u 3anuceiBas COOTBCTCTBYHOIIINC

3Ha4YCHUA TOKa, MOIIIHOCTHU 1 HaHpH)KeHI/Iﬁ Ha KaTylIKC U KOHACHCATOPC, HaAWTH TaKOE €ro 3Hade-

HUE, IPU KOTOPOM TOK YMEHBIIUTCS CKauKO0Opa3Ho.

YMeHbI1as TOK A0 HYJISA, CHATH IMOCJICIHUC 2 — 3 ToukH BOJIbTAMIICPHBIX XapaKTCPHUCTHK.

P C€3YyJIbTAaThl 3aMCPOB 3allCaThb B Ta6n1/1uy.

[Ipu yBenvueHUH HaIpsKEHUS

IIpy yMeHbIIEHUH HAIPSKEHUS

U.B

I,MA

Ux,B

Uc,B

P,MBT

¢

3navenus yria ¢asosoro casura g=arctgP/(Ul) BerauciuTh, yauteiBas, 4to ¢>0, eciu

Ux>Uc, u ¢<0, eciu Ur<Uc.

Ha mumimmeTpoBoii Oymare nmocTpouTh rpaduku 3aBUCUMOCTEH

U=Ff(1), Ux=Ff(1), Uc=F(1), p=F(1).

Cooepircanue omuema:

OTuer AOKEH CONIepKaTh:

1. Ha3Banue paGoTsl;

2. llenms paboTHI;

3. Kpatkue TeopeTuueckue cBeIeHUs;

4. Onucanue UCnoiab3yeMoro 000pyA0BaHUs U MaTEpUAIOB;

5. I[Mopsaok BeIMOTHEHUS PAOOTHI;
6. Berancnenus u 06paboTka pe3yIbTaToB;

7. BBIBOIBL.

KOHmPOJleble eonpocol:
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1. To xaKkol MpUYMHE U3MEHSETCS MHIYKTHBHOCTH KaTYIIKH CO CTAJLHBIM CEPJCUHUKOM
MPY U3MEHEHUU TOKA?

2. BcnenctBue uero Bo3HUKAET (hpeppope3oHaHC HANPSHKEHM?

3. Yto Takoe TpUrTepHbIid 3P PEKT B Mocae10BaTeIbHON (eppope30HaHCHOM Lenu?

4. Kak m3MeHsieTcsi yroy $pa3zoBOro CIBUTa MEXIy TOKOM M HANpsHKEHHEM B TIOCIIEI0BA-
TeNBHOH (heppope3oHaHCHO Lenu Ipu TpUrrepHoM 3 dexre?

5. Kak BimseT éMKOCTh KOH/ICHCATOPA HA BEIIMYMHY TOKA U HANPSDKEHUS, TIPH KOTOPBIX
BO3HUKAaET (heppope3oHaHC?

6. Kak BIUsIIOT cedeHrne MarHUTOIPOBOE U YUCIIO BUTKOB KAaTYIIKH Ha TOK, IPU KOTOPOM
BO3HHUKaeT (heppope3oHaHc?

7. Kak Bnusier ¢popMa KpuBOW HaMarHWYMBAHUS MaTepuaia CepJCYHHKA Ha MOJOKECHUE
TOYKH (eppope3oHaHca Ha BOJBTAMIIEPHON XapaKTEPUCTHKE IOCIeAOBAaTEIbHON (eppope3o-

HAHCHOI nenu?
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Jlabopamopunaa paboma Nel4. Ilepexoonvie npoyeccol 6 TUHEUHBIX INEKMPULECKUX

uensx. Hccneoosanue nepexodnblx npoueccoeé 6 uyenu ¢ EMKOCmbIO.

Llens pabomer: 3axperuieHre METOIUKHU pacuy€Ta NePEeXOAHBIX MPOILIECCOB KIACCUYECKUM

METOJIOM B IIETISIX, COACPIKAIIUX EMKOCTb, MPAKTHYECKask TPOBEPKa pe3yJIbTaTOB pacuéra.

Ocnoevt meopuu:

DeKkTpuydeckas 1erb ¢ OJHUM KOHJICHCATOPOM U CONPOTUBIICHUSMHU ONHCHIBACTCS IUQ-
(depeHLraIbHbIM ypaBHEHUEM IIEPBOrO MOPSJIKA, T03TOMY CBOOOHBIE COCTABIISAIONINE TOKOB B
BETBAX M HANPSOKEHUH MMEIOT OJIHO cilaraeMoe Buja Aeft, rjae p — KopeHb XapaKTepUCTHIECKOTO
YPaBHEHHUs, A — [IOCTOSIHHAs! UHTETPUPOBAHUS.

XapakTepUCTUYECKOE YPaBHEHNE MOKET ObITh PEACTABIEHO B BUJIE:

Z(p)=0,

rae Z(p) — BXOJHOE OTepaToOpHOE COMPOTHUBIICHUE LIETTH.

[locTosiHHBIE MHTETPUPOBAaHUSA A ONPENEISIFOTCS JUIsl KaKIOr0 TOKA W HAIPSDKEHUS U3
HayYaJIbHBIX yCIOBHNA. 3Ha4eHHE A PaBHO HAYaJIbHOMY 3HAYCHUIO (DYHKIMH B TEPBBI MOMEHT
BPEMEHH I10CJI€ KOMMYTAalIUU.

HauanpHoe 3HaueHue HanpsHKEHUsT Ha KOHJAEHCATOPE ONPENENsieTcs B COOTBETCTBHH C 3a-
koHoM kommyTanuu Uc(0-)=uc(0+). B cBoro ouepens, Uc(0-) ompeaernsiercss u3 pacuéra Ienu o
KOMMyTauuud. HauanbHble 3HaYEHUs! PYruX BEJIMYMH, Ha3bIBa€Mbl€ 3aBUCUMBIMH HA4aJlbHBIMU
YCIIOBUSIMH, (3HAYEHMsI TOKOB M HANPSKEHUI, KOTOPbIE MOTYT U3MEHSATHCA CKaUKOM) PAaCCUUTHI-
BaroTcs 1o 3akoHaM Kupxroda m Oma B MomeHT kommyTarnmu t=0+. B anexrpudeckoi menu ¢
OJIHUM KOHJEHCATOPOM B pe3yJbTaTe KOMMYTAI[MM CBOOOJIHBIE COCTABIISIOIINE BCEX TOKOB U
HaNpPsDKEHUH M3MEHSIOTCS I10 JKCIIOHEHIMAJIBHOMY 3aKOHY C OJHOW TMOCTOSIHHOM BpPEMEHU
7=1/|p|. B nanHO# paboTe KOMMYyTaI¥s (3aMbIKaHUE U Pa3MBIKAHUE IICTIH) OCYIIECTBIISCTCS TPAH-
3UCTOPOM, paboTarOIIMM B KIH0YeBOM peknMe. OThuparonye UMIYJIbChl TOKa Ha 0a3y TpaH3u-
CTOpa MOJIAI0TCS OT UCTOYHHKA CHHYCOMAAIBHOTO HampspkeHus ¢ yactoroit 50 I'u. Takum obpa-
30M, IIPOIIECC 3aMBIKAHUS U Pa3MbIKAHHS LEMH NePUOTUUYECKU IIOBTOPSIETCS M €r0 MOXKHO HaOJIIO-

naTh Ha ocrruuiorpade. JTMTeIbHOCTh KaXKIOTO BKITFOUCHHS U OTKIIFoUeHus cocrapisieT 0,01c.
Ykazanue no mexnuxe 6ezonacnocmu:

VYkazaHus 1o TeXHUKE Oe30MaCHOCTH MPU BBIIOJIHEHUH J1a00paTOPHBIX pabOT MPHUBEICHBI

B IIpUJIOKEHNE A.
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Ykazanus no evinonnenuro nadopamopnoii padomoi:

1.O3HaKOMHUTBCS C IEKTPUUECKON CXEMOU M BBIMOJHUTH PACUET JOKOMMYTAIIMOHHBIX U
MOCIEKOMMYTAIIMOHHBIX HAYaJIbHBIX YCIOBUH, a TaKKe BBIHYKJIEHHBIX (YCTAHOBHUBILIUXCS) 3HA-
YEeHUH TOKOB M HAIPSDKEHUN IPU 3aMBIKAHUU U pa3MbIKaHUU 3JIeKTpuueckod 1enu. CocTaBUTh
XapaKTepUCTHUUECKOE YpaBHEHUE JIUIsl 3aMKHYTOM M Pa30MKHYTOM (B BETBHU € CONTPOTUBJIEHHEM R2)
LEeNU U HalWTU OCTOSIHHBbIE BpeMEHU. Pe3ynbTaThl pacu€ToB 3aHECTH C TAOJIHUILY.

R;=2200m
+

. [
L |

1

(+)
\&J

15B

Tao6muma — Kirrou 3aMbIkaeTcst

t uc, B i1,MA i2, MA i3,MA T,MC

0-,pacuér

0-,2KcrIepuMeHT

0+,pacuér

00,pacyér

00,9KCIICPUMCHT

CB0OOHBIE

COCTaBJIAOIINEC

Ta6muia — Kimrou pa3Mbikaercs

t uc, B i1, MA i, MA i3,MA T,MC

0-,pacuét

0-,2KcrIepuMeHT

0+,pacuér

00,pacu€r

00, 9KCIICPUMCHT

CBoOOHBIE

COCTaBJIAOIINEC
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Cobpatb cxeMy, 0OpaTUB BHUMaHHE HA MOJISPHOCTD SJIEKTPOJUTUUECKOTO KOHIEHCATOPa.
[Tonats Hanpspkenue 15 B. M3 cxembl yOpaTh TpaH3UCTOP, IPU 3TOM TOKH M HANPsHKEHUS OyayT
COOTBETCTBOBATh JJOKOMMYTALIMIOHHOMY PEXUMY MPHU 3aMbIKaHUU KJIH0YA, a TaKxke t = oo mpu pas-
MBIKAaHUH KJTFOYa; 3HAYCHUS HAMPSHKEHUS Uc U TOKOB 3aHECTH B TAOIHUILY.

BwmecTo nienu TpaH3uCcTOpa KOJUIEKTOP-IMUTTEP YCTAHOBUTH MEPEMBIUKY, TIPU 3TOM TOKH
U HampsbKeHUs OyayT COOTBETCTBOBATH JIOKOMMYTALIMOHHOMY PEKUMY HPU pa3MbIKaHUU KITF0Ya
U 1=00 mpH 3aMBIKAHUHU KITFOYA; 3HAYCHUS BETUYMH 3aMEPUTh U 3aHECTH B TAOIUILY.

Paccuntarh cBOOOAHBIE COCTABISAIONINE TOKOB M HAIPSDKEHUSI HA KOHJEHCATOpE IIpH 3a-
MBIKaHUH ¥ TIPH Pa3MbIKaHHUH IIENTH KaK Pa3HOCTh MEX Y MOJTHBIMH 3HAYECHUSAMH IEPEMEHHBIX MPU
t=0+ u npu t= co. BeruncneHHble 3HaYCHHsI IEPEMEHHBIX 3aHECTH B TAOIUILY.

CocTaBUTh XapaKTEPUCTUUECKUE YPABHEHUS Y HAUTH OCTOSIHHBIE BPEMEHH T IIPU 3aMKHY-
TOM U Pa30MKHYTOM IOJIOKEHUAX KIIIOYa.

YcTaHOBUTH B 1IENM TPAH3UCTOP U MOJaTh HanpsbkeHue ~7B B uenb 6a3bl. Ha axpane oc-
mutorpada HaOMI0AaTh KpUBbIE HAMIPSHKCHUINA:

Uc(t), Uri(t)=Ruis(t), Urz(t)=R2is(t).

Kpussie 3apucoBaTh Ha KajbKy, a 3aT€M NEPEHECTH UX HA MUJJTUMETPOBKY, IPUHSB Clie-
JIyIONTMEe MacIITabbl BpEMEHU U HAIIPSHKCHUS:

Imc=1cMm, 1B=lcwm.

VY4ecTh, 4TO NMPHU YaCTOTE HAMPSDKEHUS, IMOJAHHOTO B IIeMb 0a3bl TpaH3ucTopa, f=501y
LMKJI 3aMbIKaHUsA-pa3MblkaHus paBeH 20Mc. [Ipu onpeneneHnn opIMHAT UCIIONB30BATh SKCIIEPH-
MEHTAJILHO TMOJTYYEHHbIC 3HAUCHUS! HAMPSHKEHUM MPU 3aMKHYTOM M Pa30MKHYTOM COCTOSTHUSX
KJII0Ya.

3anucath BHIPAXKEHUS U TOKOB U HAIPsDKEHUH, Kak (yHKIUN BPEMEHH, UCTIONb3YS BbI-
YHCIIEHHBIC 3HAYCHHSI TOCTOSTHHBIX BPEMEHH, BEIHYKJICHHBIX U CBOOOIHBIX COCTABJISIFOIINX BEJIU-
yyuH. [TocTpouTs Ha MUJUIUMETPOBOI OyMare COOTBETCTBYIOIINE KPUBBIE M CPABHUTH UX C IKCIIE-

PUMCHTAJIbHBIMHU.

Cooepircanue omuema:

OTuer AOKEH CONIepKaTh:

1. Ha3Banue paGoTsl;

2. llens paboTHI;

3. Kpatkue TeopeTnueckue cBeIeHUs;

4. Onucanue UCIoJIb3yeMoro 000pyA0BaHUsS U MaTEPHAJIOB;
5. I[Mopsaok BeIMOTHEHUS PAOOTHI;

6. Berancnenus u 06paboTka pe3yIbTaToB;
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7. BeIBOZIBIL.

Konmponwsnsie eonpocwi:

1. TToyemy Ha KOHJIEHCATOPE HAMPSKEHIE HE MOKET U3MEHSATHCS CKAYKOM?
2. UTO MOHUMAFOT 1TOJ] KOMMYTaIUCH?

3. Uem onpezensieTcs CTENEeHb XapaKTePUCTUIECKOTO YPABHEHUS ?

4

. Kak nmosryunts XxapakTepucTUYECKOE ypaBHEHHE LIENH Yepe3 €€ BXOJAHOE COIPOTUBIIE-

Hue?
5. Kak BBIUUCIIAIOT JOKOMMYTAIMOHHBIE H ITOCIICKOMMY TAIIHOHHBIC HAYAJILHBIC YCIIOBHUS?
6. UTo Takoe MOCTOsIHHASI BpEMEHH TIEPEX0IHOTO Iporecca’?
7. Kak u3MeHUTCS MOCTOSTHHAS BPEMEHH LIETMU ¢ KOHACHCATOPOM MPHU YBETUYCHUHU €T0 EM-
KocTH?

8. Kak BimsieT akTHBHOE COTPOTHBIICHUE 3JICKTPUICCKOM IICTIH, COJIepKaIeH EMKOCTh, Ha
JUTUTEIIBHOCTD MIEPEXOJHOTO IpoLecca?

9. Kak pacCUUTBIBAIOT 3aBUCUMbBIC HAYAJIbHBIC YCJ'IOBI/IH?
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Jlabopamopunaa paboma Nel5. Ilepexoonvie npoyeccol 6 TUHEUHBIX INEKMPUUECKUX

uensax. Hccneoosanue nepexodublx npouyeccoe 6 yenu c uHQ}’KmuBHOC‘IMbIO.

Llens pabomer: 3axperuieHre METOIUKHU pacuy€Ta NePEeXOAHBIX MPOILIECCOB KIACCUYECKUM

METOJIOM B LIETISIX, COACPKAIMNX UHIYKTUBHOCTD, IPAKTUYECKAs MPOBEPKA PE3YJIbTATOB pacyeTa.

Ocnoebl meopuu:

DIieKTpUYecKast [EMb ¢ OJHOU MHIYKTHBHOCTBIO U COMPOTUBIICHUSIMH OITMCHIBACTCS TH(-
(epeHIaIbHbIM YPaBHEHHEM TIEPBOTO TIOPSIIKA, TIOITOMY CBOOOJIHBIE COCTABJISIOIINE TOKOB B
BETBAX M HANPSOKEHUH UMEIOT OJIHO ciaraeMoe Buja Aeft, riae p — KOpeHb XapaKTepUCTHIECKOTO
ypaBHEHHUS, A — OCTOSIHHAS. MHTETPHPOBAHUSL.

XapakTepuCTHYECKOE yPaBHEHHE MOXKET OBITh MPEJICTABICHO B BUJIE:

Z(p)=0,

rae Z(p) — BXOJHOE OIepaTOpHOE COMPOTUBIICHHE LIETIH.

ITocTOSIHHBIE MHTEMPUPOBAHUSA A ONpPEAENAIOTCSA Ul KaXIOro TOKa M HAIPsKEHHs M3
HaYyaJbHBIX yCIOBHMH. 3HaueHHe A paBHO HAYAILHOMY 3HAUEHHIO (YHKIIUH B MEPBBIA MOMEHT
BPEMEHH TI0CIIe KOMMYTaliu. HauanpHoe 3HAUEHHE TOKA B HHYKTHBHOCTH OIPEAEISETCSA B CO-
otBeTcTBUH ¢ 3ak0oHOM KomMmyTanuu iL(0-)=iL(0+). B cBoro ouepens, iL(0-) onpenensercs u3 pac-
4éTa Ienu 10 KOMMYyTalui. HavansHble 3HAYEeHMs IPYTHX BEJIMUYHMH, Ha3bIBAEMbI€ 3aBUCHMBIMH
HaYaJbHBIMH YCIOBHUSIMHU,(3HAYEHHSI TOKOB M HAIPSKEHU M, KOTOPBIE MOTYT U3MEHSTHCS CKAYKOM)
paccuuThIBarOTCs 10 3akoHaM Kupxroga u Oma B MoMeHT KommyTaruu t=0-+.

B a51eKTprUUeCcKOi [IENH ¢ OJIHON WHIYKTUBHOCTBIO B PE3YJIbTATE KOMMYTAIIUH CBOOO HbIE
COCTABJISIOIIME BCEX TOKOB M HAPSKEHUI W3MEHSIOTCS 10 SKCIIOHEHIINAIBHOMY 3aKOHY C OJJHOM
MOCTOSIHHOM BpeMeHu t=1/|p)|.

B nmanHoit pabote kKoMMyTalus (3aMBIKaHUE U Pa3MbIKAHKE [IETN) OCYIIECTBISIETCS TPaH-
3UCTOPOM, PabOTAIONIMM B KITIOYEBOM peskuMe. OTIHMPAIOIIME UMITYJILChI TOKa Ha 6a3y TpaH3u-
CTOpa MOJA0TCS OT MMITYJILCHOTO I'eHepaTopa OJHOMOJIAPHOTO MPSMOYTOIBHOTO HATPSKEHHS C
yacroroi 200 I'ii. Takum 06pa3oM, MPOLIECC 3aMbIKAHHUS U pa3MbIKaHHs €M IEPHOIUUECKHU T10-
BTOPSIETCSA M €r0 MOXHO HaOJr0aTh Ha ocrmuiorpade. JUMTEBHOCTh KaKI0TO BKIIOYECHUS U

OTKITIOUEHHUS COCTABISET 2,5MC.

Ykazanue no mexnuxe 6ezonacnocmu:
YkazaHus 1o TeXHUKE Oe30MaCHOCTH MPH BHIITOJIHEHUH JTa00PAaTOPHBIX paObOT MPHUBEICHBI

B MMPUWIOKEHUE A.

99



Ykazanusa no evinonnenuio nadvopamopnoii pabomer:
1.O3HaKOMHUTBCS C IEKTPUUECKON CXEMOU M BBIMOJHUTH PACUET JOKOMMYTAIMOHHBIX U
MOCIEKOMMYTAIIMOHHBIX HAYaJIbHBIX YCIOBUH, a TaKKe BBIHYKJIEHHBIX (YCTAHOBHUBILIUXCS) 3HA-

YEHUH TOKOB U HANPSKEHUN NIPU 3aMBIKAHUU U Pa3MBbIKAHUU JIEKTPUYECKOM LIETIH.

4700n
10B

EKTs502r

3300m L
300 eMTEDE

50M

1:B

L

Tabmuia — Kimrou 3aMbIkaeTcs

t uc, B i1,MA i2, MA i3,MA T,MC

0-,pacuér

0-,5KcriepuMeHT

0+,pacuér

00,pacuér

00, 9KCIICPUMCHT

CB0OOIHEIE

COCTaBJIAIOIIUC

Tabmuna — Kirou pa3mbIkaeTcs

t uc, B i1,MA i2, MA i3,MA T,MC

0-,pacuér

0-,9KcriepuMeHT

0+,pacuér

00,pacuér

00, 9KCIICPUMCHT

CBoOoaubIe

COCTaBJIAIOIIUC
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CocTaBuUTh XapaKTEPUCTUUECKOE YPAaBHEHHUE JIJIsl 3AMKHYTOM U Pa30MKHYTOH LIETIH ¥ HANTH
MOCTOSTHHBIE BpeMeHH. Pe3ynbTaThl pacy€ToB 3aHECTHU C TaOIHILY

Cob6pats cxemy. [Togats Hanpsbxenue 15 B. 13 cxembl yOpaTh TpaH3UCTOP, IPH 3TOM TOKU
U HaNpsOKeHHsI Oy IyT COOTBETCTBOBAThH JOKOMMYTAIMOHHOMY PEKUMY MPH 3aMBbIKAHUH KITI0Ya, a
TaKke {=00 Mpu pa3MbIKaHWUU KITIOYA; 3HAYCHUS HAMIPSHKEHUN ¥ TOKOB 3aHECTU B TAOJHILY.

BwmecTo nenu tpaH3ucTopa KOJUIEKTOP-3MUTTEP YCTAHOBUTH MEPEMBIUKY, IIPU 3TOM TOKH
U HampsbKEeHUs OyayT COOTBETCTBOBATH TOKOMMYTAlIMOHHOMY PEKUMY TPU Pa3MbIKaHUU KITF0Ya
U 1=00 IIpy 3aMBIKAHUHU KITFOYA; 3HAYCHUS BEITUYHH 3aMEPUTh U 3aHECTH B TAOIHUILY.

Paccuurtath cBOOOIHBIE COCTABIISIONINE TOKOB U HANIPSKEHUH TIPH 3aMBIKAHUHU U TIPU Pa3-
MBIKaHUH [IeTH KaK Pa3HOCTb MEXKIY MOJIHBIMHU 3HAYCHUSIMH nepeMeHHbIX npu t=0+ u npu t= oo.
BrruricnienHbie 3HaUEHUS TIEPEMEHHBIX 3aHECTH B TAOJIHILY.

CocTaBUTh XapaKTEPUCTUUECKUE YPABHEHUS U HANTH TOCTOSIHHBIC BPEMEHH 7 IPU 3aMKHY -
TOM U PA30MKHYTOM IOJIOKEHUAX KIIHOYa.

VYcTaHOBUTH B LIENU TPAH3UCTOP M NOJATh HANPSHKEHHE T'€HEepaTopa UMILYJbCOB B IIEMb
6a3e1. Ha sxpane ocumuiorpada HabM01aTh KPUBbIE HATIPSKEHUH:

UL(t), Uri(t)=Ruix(t), Urz(t)=R2iL(t).

Kpusbie 3apucoBarth Ha KaJIbKy, a 3aT€M MEPEHECTH UX HA MUUIMMETPOBKY, IIPUHSB CJIe-
JyIOIie MacIITadbl BpEMEHH, HAMIPSKEHUS U TOKA:

Imc=5cMm, 1B=0,2cm, 1MA=0,lcm.

VY4ecTb, 4TO MIPH YACTOTE CUTHAJA, MOJAHHOTO B IIeMb 0a3bl TpaH3ucTopa, f=2000' mukn
3aMbIKaHUSA-pa3MbIKaHusl paBeH Smc. lIpu ompeaeneHun OpAMHAT MCIOJIB30BaTh 3KCIIEPUMEH-
TJIHO MOJYyYEHHBIE 3HAYCHUS HAIPSHKEHU MPU 3aMKHYTOM M Pa30MKHYTOM COCTOSTHUSX KIIFOYa
Y COTNPOTUBIIEHUSI COOTBETCTBYIOLIUX BETBEH.

3anucath BRIPAKEHUS U1 TOKOB U HAIMPsDKEHUMN, KaK (yHKIIUN BPEMEHH, UCIIONIb3YS BbI-
YUCJICHHBIE 3HAUCHUSI TIOCTOSIHHBIX BPEMEHH, BBIHYKJICHHBIX U CBOOOIHBIX COCTABJISIONIUX BEJIH-
yyH. [TocTpouTs HAa MUJUTMMETPOBOI OyMare COOTBETCTBYIOIINE KPUBBIE M CPABHUTH MX C IKCIIE-

PUMCHTAJIbHBIMHU.

Cooepirrcanue omuema:

OTyer D0JKEeH COIepKaTh:

1. HazBanue paboTHI;

2. Llens paboTsr;

3. KpaTkue TeopeTnueckue CBEACHHS,

4. Onrcanue UCIOJIb3yeMOro 000pyA0BaHUS U MaTEPHAIIOB;

5. [Mopsanoxk BeIMONMHEHUS PabOTHI;
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6. Berancnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.

Koumponwsuwie éonpocwi:

1. [Touemy TOK B MHIYKTUBHOCTH HE MOYKET U3MEHATHCSI CKAYKOM?
2. YTO MOHMMAIOT 101 KOMMYTAIHEH?

3. UeM ompezensercsi CTEIeHb XapaKTePUCTHUECKOTO YpaBHEHUS?
4

. Kak nmosmyunts XxapakrepucTuieckoe ypaBHEHHE LIENH Yepe3 €€ BXOJAHOE COIPOTUBIIE-

HHe?
5. Kak BBIUUCIISAIOT JOKOMMYTAIIMOHHBIC U TIOCIIEKOMMY TaIl[HOHHBIC HAYaJIbHBIC YCIIOBUS?
6. UTo Takoe MOCTOsIHHASI BpEMEHH MEePeX0JHOTO poiiecca’?
7. Kax u3MeHUTCS MOCTOSIHHAS BPEMEHH TN C KaTyIIKOW IPY YBEITUYCHUN €€ UHITYKTHB-
HOCTH?

8. Kak Binser akTuBHOE COIIPOTUBJICHHUE BJIGKTpI/I‘IeCKOﬁ LOCIIu, conepmameﬁ HUHAYKTHB-
HOCTb, Ha JIMTCIIbHOCTD IEPEXOAHOTO npouecca?

9. Kak paccuuThIBalOT 3aBUCUMbIC HAYAJIbHBIE YCIOBHUs?
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Jlabopamopnaa paboma Nel6. Ilocmosannas pacnpocmpanenus u 601H060€ CONPo-

muenenue. Hccnedosanue pexrcumos yenu ¢ pacnpeoenéHHblMu napamempamu.

Ilenw pabomur: ViccnenoBaTh yCTAaHOBUBIIUECS 3JIEKTPOMArHUTHBIE IPOLIECCHI B JUTMHHOMN
JUHUM 0€3 IOTeph B PEKMMaX XOJIOCTOTO X0/1a M KOPOTKOI'O 3aMbIKAHUS; U3yUUTh BIUSHUE BEIH-

YUHBI U XapaKTepa HAarpy3KH Ha PeKUM paOOThI JINHUU.

OcHoebl meopuu.

B MOIIHBIX TUHUAX TIEpeaaun ICKTPUICCKON YHEPTrUU MEPEMEHHOTO TOKa Ha OOJbIINe
paccTosinusi, B MHOOPMALIMOHHBIX JIMHUAX CBS3H, B AHTEHHAX PaJUOTEXHUUYECKUX YCTPOWUCTB U
JIPYTHX YCTAaHOBKAX, TMHEWHBIE pa3Mepbl KOTOPBIX COM3MEPHUMBI C JUTMHOM BOJH KOJIe0aTeIbHOTO
AJIEKTPOMATrHUTHOTO MPOIIECCa, BCE MU3MEHEHUSI U MPEBPALICHUS YHEPTUU IEKTPOMATHUTHOTO
IOJISI pacpeiesieHbI B0 JIMHUU TIepeaaun YHEpruu. Takue JIeKTPUIeCKHE e , B OTIINYUE OT
Henei ¢ cocpeI0TOUeHHBIMU ITapaMeTpaMu, Ha3bIBAIOTCS LIETIIMU C COCPEIOTOYCHHBIMU MTapaMeT-
pamu.

Ha npakTuke B M0JIaBIIAIONIEM YUCIE CIy4aeB MPUXOAUTCS UMETh J€JI0 C OJHOPOIHBIMU
JUHUSMH, TTApaMETPhI KOTOPHIX (AKTUBHOE COMIPOTHBIICHUE MPOBOAHUKOB, TPOBOUMOCTH U30JIsI-
IIUU, UHAYKTUBHOCTh U EMKOCTbh) paBHOMEPHO PaCIpe/IeIeHbI BIOJIb INHUU U TIOCTOSTHHBI HA €/11-
Huly e€ mmHbl. KpoMe Toro, 3Tu napameTpsl OOBIYHO HE 3aBHUCST OT HAMPSIKEHUS U BEJIUYUHBI
MPOTEKAIOIIETr0 TOKa, TO3TOMY MPOTEKAIOIIIE B HUX MIPOIECCHl MOTYT OBITh OMUCAHBI THHEHHBIMU
muddepeHINATFHBIMEA YPaBHEHUSMHU. BBHUTy TOTO, YTO HAMPSKEHUS U TOKHU SBISIOTCS (YHKITH-
SIMHM HE TOJILKO BPEMEHH, HO U PAaCCTOSIHHS OT Hauaja (WJIM KOHIIA) IWHUU TH TPOIIECCH OMTUCHI-
BalOTCS YPAaBHEHUSAMHU B YACTHBIX MTPOU3BOTHBIX.

Cxema NTUHHON JTMHUY HA OECKOHEYHO MAaJIOM y4yacTke dXx mpecTaBieHa Ha puC.

[TapamMeTpsl IMHUM 3aBUCST OT THUIA JIMHUH (BO3/TyIIIHAS WIIK KaOeabHas ), TEOMETPUUECKUX
pa3MepoB M PACTIONOKEHHS MTPOBOJIOB, UX MaTepraja, OT YaCTOTHI MPUIOKEHHOTO HAMPSIKSHHUSI.
3aBHCHUMOCTh OCHOBHBIX MapaMeTPOB JABYXIIPOBOAHON JIMHUU U KOAKCHAIBHOTO Kabens OT reo-
METPUUYECKUX PA3MEPOB U PACTIOIOKEHUS MPUBEeHA B Ta0IHIIE.

O0o3HaveHUs HA PUCYHKE: X - PaCCTOSHUE OT Havaja JUHUHU, M, X — OECKOHEYHO MaJIbIit

du
y‘-IaCTOK JJUHHUHU, JJIUHBI JTWHHUH, A/M, d_ - IBMCHCHUC HaHpﬂ)KCHI/IH Ha CIII/IHI/ILIy JJIWHBI IJUHUH,
X

B/M, Ro — conpoTuBieHre eMHUIIBI JTUHBI TUHUH (IPSMOTO B 00paTHOTO MpoBo10B), OM/M, Lo
— WHIYKTUBHOCTh €IWHUILI ATUHBI TUHUHU, [ H/M, Go — MPOBOIUMOCTh U3OJISAIIMUA HA €IUHUILY

Jqnunbl muaan, Cm/M, Co — éMKOCTh €MHULIBI JUTMHEI JIMHUU, D/M.
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+— X
JByxnipoBogHas AHHHSA KoakcuassHas AMHHS
)
- a < ,J__\
ITapaMeTpsl e
AMHHH {5 ’//7 i
e 5 |
Sedd
Emrocte Ha nE Co = Qe
E/MHMLY IAH-~ CU*’]ni 0= %
HEI To "
HuayxTHB- d r
HOCTH Ha efu- Ly m—‘liln—— Lo = .‘E_ln_e
HUILY AAHHBI T T 2r 1
Boanosoe- 1 d 1 r
CONpPOTHBAE- Zpg m— £].I!L— Zy =— ﬁ]n_é'_
HHE /3 U g Iy 2r \ g ri
B npuBeneHHbIX hopMyaax U = Ugll, & = Eg&,, TAE Mg = 47 - 1077 ra/m;
g =8.86-10712 o/m

CoctaBuM ypaBHEHHE 110 BTOpoMy 3akoHY Kupxroda st 3aMKHYTOro KOHTypa, o0paso-
BAaHHOT'O YYaCTKOM JIMHUH JUTHHOM 0X, 000#/151 €ro Mo 4acoBOM CTpEJIKe:
. di du
-U+Ro dx-i+Lo dX— +u+—dx=0.
dt dx

[Mocne ympouieHus u AeaeHus Ha 0X moTydnm:

du di
- & = LOE + Roi (14.2).

[To nepBomy 3akony Kupxroga 1ist Touku «ay:
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i:di+i+ﬂdx,
dx

Toxk di paBeH cymMMe TOKOB, MPOTEKAIOIINX Yepe3 mpoBoauMocTh Go dX u émkocth Co dX:

du d du
di=(u+ & dx) Godx+ a Codx(u+ & dx).

[IpeneOperas cinaraeMpIMM BTOPOTO OPSAAKA MAJIOCTH, ITOJIyYHM:

du

di=u Go dx+ Co dx dt -

[MoncraBum HaiineHHoe 3HaueHue i B ypaBHEHHE, COCTABJICHHOE IO MEPBOMY 3aKOHY

Kupxroda, u pasuenum ypaBHeHue Ha dX:
di du
- & = Gou+ Co a (14.2).

VYpaBuenus (14.1) u (14.2) sBasiroTcs OCHOBHBIMU Ju((PepeHInaNIbHBIMUA yPaBHEHUAMU
JUTSL TUHHH C pacTipeieIEHHBIMU ITapaMeTpaMu. PaccMOTpuM pelieHne STHX ypaBHEHHH P ycTa-
HOBUBILIEMCS CHHYCOHMJIAJILHOM Tiporiecce. Bocronbs3yemcst cumBonndeckuM mMetonom. HM3obpa-
JKEHHE CHHYCOMIATbHO H3MEHSIOIIErocs Toka i=Imsin(wi+yi) pasuo [ | rae [=Ine/ViA 2. U306-
paxcenne Hanpsokerust U=Umsin(wt+ yu) pasro Uel® | toe U=Um &¥*A2.

Kommexcsl 1 U SBAsI0TCS (YHKIMAME PACCTOSHUS X, HO HE ABISIOTCSA QYHKIHSAMH Bpe-
MEHH, MHOKHTEIb €/“' ecTh (yHKIHsI BDEMEHH U HE 3aBUCHT OT X. [IpesicTaBieHne n300paxeHuii
TOKa ¥ HaNpPsDKEHHS B BUJIE IPOU3BEICHUS JIBYX MHOXHTEIICH, OJJMH U3 KOTOPBIX 3aBHCUT TOJIBKO
OT X, @ BTOPOU — TOJIBKO OT {, Ta€T BO3MOKHOCTh IEPEHTH OT ypaBHEHHU B YaCTHBIX IIPOU3BOHBIX
K YpPaBHEHHSIM B TIPOCTHIX MPOU3BOIHBIX. J|eHCTBUTENBHO,

du di

& =e/'dU/dx, Lo a =Lo/d(e/*")/dt=jcoLole/";

di du
dx =e/*'dl/dx, Co dt =jwCoUe/™",
[ToacraBuM noy4yeHHbIE 3HAUEHUS YACTHBIX MPOU3BOAHBIX B ypaBHeHud (14.1), (14.2) u
COKpATHM ypaBHEHHs Ha MHOKHTENb &/
-dU/dx=(Ro+jwLo) I;
-di/dx=(Go+jewCo) U.
O0603HaunM:
Ro+jwLo=Z0 — KOMIUIEKCHOE CONPOTUBJICHNE €IMHUIIBI JUTUHBI JTUHUHY,
Go+jwCo=Y0 — KOMIUIEKCHAs! IPOBOAMMOCTb €AMHUIIbI JJTUHBI JINHUH.
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C y4érom 3TuX 0003HAYEHUI cHCTEMa JABYX MOCJICIHUX YPABHCHHH TPUMET BH/I;

-dU/Mdx = Zo [ (14.3)
-dI/dx = Yo U. (14.4)

PelnM 10Iy4eHHYI0 CHCTEMY YpaBHEHHi oTHOCHTEIbHO U, 11 3TOro mpoauddepeHIm-
pyem (14.3) mo X :
-d? U/dx?= Zod1/dX,
¥ B oIy4eHHoe ypaBHenue noactasum di/dx us (14.4). Momyunm:
d2 U/dx?= Zo Yo U (14.5)
VYpasuenue (14.5) npencrapuser codoi auHeHOe AU epeHnaIbHOe ypaBHEHNE BTO-
pOTo MOPAJIKA, €ro peleHue UMeeT BU/:
U=Are7+ dp e (14.6)
Kommiexchsle uncia A1 u A2 — mocrosHubLe WHTETPUPOBAHUS, 3HAUYCHHE KOTOPBIX OIpe-
JeIIsIeTCsl HalpsDKEHUEM M TOKOM B Hadasie Win B KoHle TuHun. Koadduuent
y=\(ZoYo)  (14.7)
Ha3bIBAIOT NOCMOAHHOU PACNPOCMPAHEHUsL, | — KOMIUIEKCHOE YUCIIO:
y=ptia,
rne  — xoagpuyuenm zamyxanus, ONPENESIAIONNA CTETICHb 3aTYXaHUS MAIAFOIIEH BOTHBI
Ha €IMHUILY JUTHHBI JIUHUHU, 0L — KO9ghhuyuenm ¢hazol, ONpeeIOMUA n3MEHEeHHE (a3l MMaj1ato-
1€ BOJHBI HA €AUHUILY JJIMHBI TUHUH.
Tok I naiiném u3 ypasuenus (14.3):
[ =-(1 Zo)(dU/dx)= p(d2e7 - A1 e™) Zo.
Bemmanna Zo/ y= Zo/N( Zo Yo)=V( Zol Yo) uMeeT pa3sMepHOCTb COIPOTHUBIICHHS, &8 0003Ha-

YaroT ZB U Ha3bIBAIOT 60JIHOBbIM conpomuesileHuem.

Zs=N( Zol Yo)=\[(Ro+jwLo)/(Go+ jewCo)]=28e*B (14.8),
/1€ ZB — MOJlyJlb, @ @B - ApIT'YMEHT BOJHOBOI'O CONPOTHUBIEHUS. Takum 0Opazom,
[ =(4a1Z8) e — (A1) Zs) ™ (14/9).

B nauane mmann X=0, HaNpsHKEeHHE H TOK 0603HaunM Ut 1 J1. [T0/ICTABUB 3TH 3HAYCHNS B
(14.6) u (14.9), Haiiném NOCTOSIHHBIE HHTETPUPOBAHHS:
14;12( Ur- [ Zs)/2= A1, Ar=(Uh+ I Zg)[2=Aze/v",
TJI€ Yo U Wn — (a3l OTPAKEHHON W TIAJAIOIIEH BOJIH.
[ToacTaBuM 3HaYECHHS TIOCTOSIHHBIX MHTETpUpoBanus B (14.6) u (14.9):
U=( Ur- 1 Zg) e7/2+( Ur+ I1 Zg) e72=
= Uh(e™+ e™)/2- [1 Zs(e™- e™)/2.
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B mony4yenHoMm Beipaxkenuu (e7*+e7*)/2=chyx, (e"*-e7*)/2=shyx — runepOoanyeckue Ko-
CHHYC U cuHyc. TakiuM 00pa3oM, HalpsHKEHUE BIOJIb JIMHUU U3MEHSIETCS] B COOTBETCTBHH C BBIpa-
KEHHEM:
U= U chyx- 1 Zs shyx (14.10).
AHaJIOrMYHO MOTYYHM BBIPAKECHHUE ISl TOKA:
I= I chyx- (U1] Zg) shyx (14.11).
®dopmyIIbl I OnpeieieH si KOMIUIEKCOB HANPSDKEHHUS M TOKAa MOXKHO TIOJTyYUTh, HCIOJb-

3ysl KOMILIEKCHI HanpsikeHus: U2 1 Toka 12 B KOHIE JTMHUM:

A1=( Uo- I Zg) 7 [2=A1 &/ (14.12)
Ao=( U+ [ Zg) &7 2= Aoeiv (14.13)
U= Uz chyy+ Iz Zs shyy (14.14)
I= I> chyy+( U2l Z8)/ shyy (14.15)

rjie y={-X — pacCTOSIHUE OT KOHIIA JINHUH J0 TOYKH, B KOTOPOH OMPEACIAIOTCS KOMILICKCHI
HAIPSHKCHUS U TOKA.

Jlnis1 mepexojia OT KOMIUIEKCOB HAMPSKCHUS U TOKa K QYHKIUAM BpeMeHu popmyiibl (14.6)
u (14.9) npeoOpazyem ciemyronmm oopazom:

- IOJICTaBUM A= A8/, A= Azelvn Zg= zpe/¥B,

- 3aMeHUM y=f+ja,

- YMHOKHM TpaBbIe 9acTH Ha V2€/*' 1 OT MPOM3BEICHNH BO3BMEM MHUMYIO YacTh:

u=A1\2e#sin(wt+yotax)+AN2ePsin(wt+ya- ax) (14.16)
i=-(A1V2/z8) e#sin(wi+yotax-ps)+( AN2/z8) ePsin(wt+ym- ax-gs) (14.17)

W3 noIy4eHHBIX BBIPAXXKCHHUH BHIHO, YTO HAMPSKEHHUE M TOK MOTYT OBITH IPEICTABICHBI B
BUJIC JBYX MEPHOAMYECKH M3MEHSIONIMXCS claraeMbiXx. Da3bl BTOPBIX U3 HUX C TEUYCHHEM Bpe-
MEHH OCTAIOTCSI TOCTOSIHHBIMU C YBEJTMUECHUEM PACCTOSHUS OT Hauayia JIMHKUH, T.€. OTH CllaraeMbIe
npeJCTaBiseT OO0 BOJIHBI, MIEPEMEIAIOIINECs OT Havyasa K KOHILY JTJMHUU. DTH BOJHBI IPUHITO
Ha3bIBaTh MAJAIONIMMH, X aMIUIATY/Ia C YBEJIHMYCHHEM X YMEHBIIIAeTCs M0 dKCroHeHTe. Da3bl
MIEPBBIX CJIaraéMbIX C TEYCHUEM BPEMEHH OCTAFOTCS MMOCTOSIHHBIMH C YMEHBIICHHEM PAcCTOSTHUS
X, 9T BOJIHBI HANPSOKCHHS M TOKA HA3bIBAIOT OTPAXEHHBIMU, UX aMIUIUTY/a YBEIUUYHUBACTCS IO
SKCIIOHEHTE OT HaYaJla JIMHUH K €€ KOHITy ( iHa4Ye — YMEHBIIIAeTCs OT KOHIA K Havay). Pusndecku
YMEHBIIICHUE aMILIUTY /T TIPY MPOIBHKEHUH BOJIH OT HavyaJia K KOHILy U OT KOHI[A K Hadajy JIMHUH
OOBSICHICTCS] HAJTMYUEM B JIMHUU aKTHBHBIX TIOTEPb.

CKOpOCTb MepeMeIICHHsT BOJIHBI B/IOJIb JHHUN HA3bIBAIOT (Pa30BOil CKOPOCTHIO V. MHaue
MOYKHO CKa3aTh, YTO (pa30Basi CKOPOCTh — 3TO CKOPOCTh MEPEMEIICHHS [0 JTMHUU HEU3MEHHOTO
dazoBoro coctosiHus. Ecnu ¢aza, HanpuMep, nmajaronieil BOJHBI HANPSHKCHNST HEM3MEHHA, TO B

cootBeTcTBUU C (14.16)
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wt+yy-o0x=Cconst.
Bo3bMmEM npou3BoIHYIO IO BpEMEHH OT 00EUX YacTel MOCIeHEr0 paBEeHCTRA!
w-a(dx/dt)=0, orcroma ¢ yuérom Toro, uto a=w\(LoCo)
vg=dx/dt=w/a=1/N(LoCo) (14.18)

Taxum oOpazoM, pa3zoBas CKOPOCTh ONPEACISICTCS TapaMeTpaMH JUHUU U HE 3aBUCHUT OT

yactoThl. Pa3oBas CKOpocTh, yactora f=w/(271) 1 AyTMHA BOJIHBI A CBS3aHBI COOTHOIICHUEM:
A=vyl f (14.19)

B psne cnyuyaeB Ro u Go 3nauntensno menbiie Lo u Co. B 3TuX ciyyasix akTUBHBIMU T10-

TEpSMU MOXHO TIpeHeOpeyb, TOTAa
Zo= jo Lo, Yo=_jow Co, y=N( Zo Yo)= jV( Lo Co), T.e.

=0, a= (Lo Co), Ze=V( Zo/Yo)= V( Lo/Co) — BOIHOBOE CONPOTHBICHHE

BEIICCTBCHHOE, T.€. SBJIICTCS YHCTO aKTHUBHBIM. [Ipn ipeHeOpeKeHNN aKTHBHBIMHU COIIPO-
TUBJICHHUEM U MPOBOAUMOCTHIO B BbIpakeHusx (14.10) u (14.11), a Taxxe (14.14) u (14.15) nox
3HaKaMH TUIepOoIMIecKux (yHKIUN apryMeHT CTAHOBUTCSI YUCTO MHUMBIM, HO T.K. chjoy=cosoy

u shjay=jsinay, To nocieaHNE BEIPAKCHHUS TIPUHUMAIOT BUJI:

U= U cos ax —jh Zs sin ax (14.20)
I= 1cos ax -j( Un/ Zg)sin ax (14.21)
U= U2 cos ay +ji2 Zs sin ay (14.22)
I=1I> cos ay +j( Ua/ Zg)sin ay (14.23)

[Mocnennue BbIpaXKeHUs: CIPABEAITUBBI IS IUHUU Oe3 nomepb.
JIunus ¢ pacnpeaenEHHBIMU TapaMEeTPaMHU MOXKET HaXOUThCS B TPEX PEXKUMAX:
- B CO2/1ACOBAHHOM PEKUME,
- B PEXKUME CIMOAYUX BOJIH,
- B PE)KUME CMEUIAHHBIX BOJIH.
Coenacosannwlii pescum UMEET MECTO TOT/A, KOI/Ia CONPOTUBIIEHUE HArpy3ku Zm, MOJ-
KIIFOYEHHON B KOHIIE JIMHUU, PABHO BOJIHOBOMY CONPOTHBIICHHUIO ZB.
B stoMm ciyuae Uz= l2Zy= [,Zs v cornacHo (14.12) A'!1=O, T.€. OTPAXKEHHBIE BOJIHBI HAIIPS-
KEHUS U TOKa NpU Zy= Zg OTCYTCTBYIOT U
u=A\2ePsin(wt+yn- ax) (14.24)
i=( A2\2/28) ePsin(wt+yn- ax- gB) (14.25)
Harpy3ky, UMeroIyto Takoe CONpOTUBICHHE, HAa3bIBAIOT CO2NACOBAHHOU.
Jnist iunuu 6e3 nomeps IPU CO2NACOBAHHOU HAZPY3Ke
u=v2U1sin(ew?- ax) (14.26)
i=\2lsin(wt- ax) (14.27)
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W3 mocneqHux BBIpaKEHHIA CIIEAYET, 4TO MPH COTJIACOBAHHOM PEXKUME padOoThl TMHUU 0e3
MOTEPb BO3HUKAIOT TOJIBKO OETYIIMe BOJHBI HAITPSDKEHUS M TOKA, BCS SHEPTHs, TiepeaBaeMas OT
reHeparopa K MpUEMHHUKY, pacXolyeTcsl B MpUEMHUKE. B 0001 TOUKe JIMHUY U TOK, U HAIPsDKe-
HUE U3MEHSIOTCS] CHHYCOHJIATbHO C OJJMHAKOBBIMHU aMILTUTYIaMU, coBmaaas o dasze. [eiicTByro-
IIMe 3HAYCHUS TOKA W HAIIPSDKEHUS BJIOJIb IMHUKM OCTAOTCS ITOCTOSTHHBIME, MEHSETCS TOJIBKO UX
¢a3za. OTHOIICHHE HATIPSHKCHUS K TOKY B JIFOOOH TOYKE JIMHUH PABHO TIOJTHOMY COIPOTHUBIICHUIO,
cienoBatenbHo Zsx=28=Z21n=Rm.

Peorcum cmosauux 6o BOSHUKACT B TPEX CIIydasiK: MPU OTCYTCTBUH HArpy3KH B KOHIIE JIU-
HUH ( PSKAM X0L0CMO20 X00d, KOTia Zy=00), P KOPOTKOM 3aMbIKAHUU B KOHIIE JTUHUH (PEKUM
Kopomko2o 3amvikanus, korma Zy=0) ¥ npu YUCTO peakTuBHON Harpyske (Zx=jX). Ctosume
BOJIHBI BO3HUKAIOT B PE3YJIbTATE HANOKECHUS MPSAMOU 1 OTpak€HHOM BONH. [IpHu cTosunx BoHax
B OJTHUX TOYKAX JIMHUU HAIPSHKCHHUE W TOK B JIIOOOH MOMEHT BPEMEHH PaBHBI HYIIO (3TH TOYKU
HA3bIBAIOT y3JIaMH), B IPYTHX TOYKaX, OTCTOSAIIUX HA YETBEPTh BOJHBI OT MEPBBIX, HANIPSDKEHUE
WIN TOK U3MEHSIOTCSI C MAKCUMAJIBHOM aMIUTUTYION (3TH TOYKHM HA3bIBAIOT IIyYHOCTSIMH). Mate-
MATUYECKH CTOSYasi BOJHA HAMPSDKCHUS M CTOslUasl BOJHA TOKA OMUCHIBAIOTCS MPOU3BEICHUEM
JIBYX TPUTOHOMETPUYIECKUX (DYHKIIUH, OHA U3 KOTOPBIX — QYHKIIHSI BpEMEHH, BTOpast — QyHKIUs
KOOPJIWHATHI X WJIH Y — PaCCTOSHUS OT HavyaJia MM KOHI[A JIMHUH.

Haiiném ypaBHEHUS CTOSYMX BOJH HANpPSHKCHUS M TOKA B JIMHUU 0€3 MOTEPh MPH OTCYT-
CTBUM HArpy3Ku Ha eé KoHIle, T.e. koraa 2=0. B stom ciyuae (14.22) u (14.23) npumyT BU:

U= Uz cos ay,
I=j( U2l Zg)sin ay.

Jlnst mepexosa ot kommiekcoB U 1 I K yHKIMAM BpeMEHH HEOOXOIMMO MpaBbie YaCTH
MOCITEAHMX BBIPOKCHHUH TOMHOXHTH Ha 2/ i BBIIETHTh MHHUMBIC YacTH, KOTOPHIC U OYIyT
HANPSOKEHUEM M TOKOM, KaK (QyHKITUSIMU M PACCTOSIHUS, U BPEMEHHU:

u=\2Uscosaysinot (14.28)
i=N2(U2l Zg) sin ay sin(wt+90°) (14.29)

B Toukax JHHHH, TAC ay=Nr+ 7/2, ammmryaa Hanpsokerns  N2Uzcosay=0, T.e. B 9THX
TOYKAaX UMEIOT MECTO Y3IIbl HAMpsDKEHUS. B 3THX e TOUKaxX aMIUTUTY/a TOKAa UMEET MaKCUMyM
V2(U2/ Zg), T.e. B 9THX ToUKax Gy/yT MyYHOCTH TOKA. B TOUKaX JIMHHH, TIE 0y=N7T, IMEIOT MECTO
MyYHOCTH HAIPSDKCHUS U Y3JIBI TOKA.

BxomHoe conpoTuBiieHHE THHUU 0€3 IOTEPh MIPU XOJIOCTOM XOIe

Zexw= U/ I=-] Zsctg ay=-] Zsctg(2x/A)y (14.30)
npu amuHe auann Y=( An)l4, roe n=1,3,5,..., Zsxu=0,

npu amuHe auann Y=( An)/2, roe n=1,2,3,..., Zexu=0.
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[pu mvae muann 0<Y<l/4 BXOJHOE COMPOTUBIICHUE PA30MKHYTOH JIMHUU UMEET EMKOCT-
HBII Xapakrep, npu JIuHe A/4<y<A/2 — HHAYKTUBHBIN XapakTep.

Crosture BOTHBI 00Pa3yIOTCs TakKe IPU KOPOTKOM 3aMbIKAaHUU B KOHIIE JTMHHH.

B aToMm ciyuae U2=0, BCIIEICTBUE H4ETO ypaBHeHus (14.22) u (14.23) umerot BUa:

U= jl> Zs sin ay
I=FLcosay.
[Tepexoas Kk PyHKIHSIM BpEMEHH, MOTYIHM:
u= 212 Zesin ay sin(wt+90°) (14.31)
i=V2l2 cosaysinot (14.32)

W3 nonmydeHHBIX 3aBUCUMOCTEN CIIEYET, YTO KapTHHA CTOSYEH BOJHBI HANPSHKEHUS MIPU
KOPOTKOM 3aMbIKaHUH MMOBTOPSIET KAPTHHY CTOSYEH BOJIHBI IPHU XOJIOCTOM XOJI€, @ KApTHUHA CTOS-
Yeil BOJIHBI TOKA MPH KOPOTKOM 3aMbIKAHUU — KAPTHHY CTOSYEH BOJHBI HAPSHKEHUS MPH XOJI0-
CTOM XOJIE.

BxonHoe conpoTuBieHre KOPOTKO3aMKHYTOM TMHUH 0€3 OTeph

Zexs=]Zstg(ay)= jZstg(27/ 1)y (14.33)

npu anuHe auaun Y=( An)l4, toe n=1,3,5,..., Zsxis=o,

npu amuHe auann Y=( An)/2, roe n=1,2,3,..., Zsx=0.

[Mpu mune nuanu 0<y<i/4 BXOIHOE COMPOTHBICHNUE PA30MKHYTOW JINHUUA UMEET WHIYK-
TUBHBIN XapakTep, npu JIuHe 1/4<y<A/2 —EMKOCTHBIH XapakTep.

PaccMoTpeHHBIE CBOMCTBA YETBEPTHBOIHOBBIX M MOJYBOJHOBBIX OTPE3KOB IJTMHHBIX JIH-
HUH UCIIOJIB3YIOT B PAIUOTEXHIUUECKHUX YCTPOUCTBAX /IS TOTYUYSHHS KOJeOaTeTbHBIX KOHTYPOB C
BBICOKOH JTOOPOTHOCTBIO.

Takum oOpa3om, peKUM CTOSYUX BOJH UMEET CJIEAYIOIINe 0COOCHHOCTH:

- HATIPSDKCHUE M TOK B JIFOOOM TOYKE JIMHUU CIBUHYTHI IO (paze Ha yrou 1/2;

- pacxo/ia SHEPTUH B 3TOM PEKUME HET, T.K.MaAaromiasi BOJIHA MOJHOCTHIO OTPaXKaeTCsl OT
KOHIIa JINHUWY;

- IEICTBYIOIIME 3HAYSHUSI HAMIPSDKEHUS U TOKA MEHSIOTCS BJIOJIb JIMHUU [0 CUHYCOUAITb-
HOMY 3aKOHY, JIOCTHTasi MAaKCUMAJIbHBIX 3HaYEHUH (ITyYHOCTEN) U HYJIEBBIX 3HAUCHUH (Y37I0B) Ue-
pe3 4eTBEePTh BOJIHBI B PE3yJIbTaTe HAIOKCHHUS MAAI0NICH U OTPaXEHHON BOJTH.

Pesrxcum cmewannvix 6onn B TMHUM 0€3 MOTEPh BO3HUKAET, €CJIM JIMHUA 3aMKHYTa Ha CO-
MIPOTUBJICHHE, OTIMYHOE OT BOJIHOBOTO. B 3TOM pexumMe CylecTBYIOT OJHOBPEMEHHO U Oeryias,
CTOsTYasi BOJIHBI. MTHOBEHHBIE 3HAYCHHSI HATIPSKEHUS ¥ TOKA B JTIOOOM TOYKE JIMHUU B ATOM CIIy-
yae onpeaenstorcs BoipaxkeHusaMu (14.16) u (14.17) (HanoMHuM, 4T0 B TUHUU O0e3 noteps =0).
Pacnipenenenue AecTBYIOMUX 3HAYEHHUM HANPSHKEHUS M TOKa BJIOJIb JIMHUU XapaKTepu3yeTrcs

HaJIMYUEM MAKCUMYMOB U MUHUMYMOB, HO MUHUMYMBbI HC IPUHUMAIOT HYJICBBIX 3HaueHuil. Ecim
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Zp>Rpu (Tak ke, Kak 1 npu Zp=R#), TO K KOHILy JUHUM YCTaHABIMBAETCS MUHUMYM HalpsKEHUS
¥ MakCHMyM TokKa. Eciin compoTuBieHne Harpy3Ku KOMIUIEKCHOE, TO SKCTPEMalbHbIC 3HAUCHHS
HaINpsDKEHUS. U TOKA CIBUTAIOTCS OTHOCUTEIBHO KOHIA JIMHUU. Ecin Zy<Rp, TO B KOHIIE JTHHUH

YCTaHaBJIMBACTCA MAKCUMYM HAIIPAKCHUA U MUHUMYM TOKaA.

Ykazanue no mexnuke 6ezonacnocmu:
VkazaHus 1o TeXHUKE 0€30IMacHOCTH IIPpU BLIITOJIHCHHUN na6opaTopHHx pa60T IMPUBCACHBI

B IIPWJIOKEHNE A.

Ykazanus no évinonnenuto nabopamopnoit padomul:

B nannHoit nabopaTopHoii paboTe He00X0AUMO MPOBECTU UCHBITAHUS JIUHUU C paclpese-
JICHHBIMHU ITapaMeTPaMH, COCTOALICH U3 OTpe3Ka KoaKCHabHOTo Kabens. JInanio HeoOX0auMo uc-
IBITaTh B COTJIACOBAHHOM PEXHUME, B PEKUME CTOSTYUX BOJIH IIPU XOJIOCTOM XO/I€ U IIPU KOPOTKOM
3aMBIKaHUU U B PEKUME CMELIaHHBIX BOJH Npu Ru<Zp u Ru>Zp. CunycouaibHOE HAPsKEHHUE
Ha Hayaylo Kabesst moAaércst OT BBICOKOYACTOTHOIO TeHeparopa. [ usmepenus aeicTByomero
3HAYCHUs HAIIPSDKEHHSI, KOTOPOE MPOU3BOJUTCS C TIOMOIIBIO BOJIBTMETpA, Ha Kabese yepe3 pas-
HBIE TPOMEXKYTKH UMEIOTCS KOHTAKTHBIE BHIBOJIBI.

[opsinok BeInoHEHMs paOOThI Cie Ty OIIUI.

N3y4nTh OCHOBHBIE TEOPETUYECKHE MOJIOKEHHUS.

Co0bpatb 1a00paTopHyI0 YCTAaHOBKY, CXeMa KOTOpoi n3o0pakeHa Ha puc.14.2.

[MogxmounB Ry=Zp, uccienoBarb pacrpeelieHue HaIpsHKEHUs BIIOJb JIMHUU. Pe3yiib-
TaThl 3AMEPOB 3aHECTH B Tabnuiy 14.2.

HccnenoBaTh pacnpesneneHne HapspKeHUs! BIOJb PA30MKHYTOTO Ha KOHIE KaOess.

HccnenoBath pacmpeseneHle HarpspKeHUsl BAOIb Kabessl, 3aMKHYTOrO Ha KOHIIE HaKo-

POTKO.

[enepatop Ry

& & & L &

HccnenoBath pacnpeneneHue HampsHKEHUS B PEKUME CMEIIaHHBIX BOJH Npu Ru>Zp u
Ru<Zp. Ilpu kax10M BKITIOYSHHUH JINHUU Ha € BXO/IE CIIelyeT YCTaHABIMBATH OJTHO U TOXKE HATIPSI-
skernue 0.5 B. YacToTa HanpsiKeHUs JUIsl BCEX PEKUMOB 33/1aETCS MPENO aBaTEIIeM.

[To maHHBIM M3MEPEHUI MOCTPOUTH rpadUKH pacupenesieHus NCUCTBYIOIIETO 3HAYCHHS
HANPSDKEHUS BAOJIb TUHUM JUIsI BCEX peXUMOB Harpy3ku. [Ipu monroroBke otuéra mo naboparop-

HOU paboTe ONpeAeTUTh JUIMHY BOJIHBI A U ()a30BYI0 CKOPOCTh V4.
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Tabmnuma

Howmep Hanpsokenue, B
Konraxra Ru=Z8 Ru= Ru=00 Ru> Zs Ru< Zg
0 0,5 0,5 0,5 0,5 0,5
1
24

Cooeporcanue omuema:

OTuer A0KEH COllepKaTh:

1. Ha3Banue paGoTsl;

2. llens paboTHI;

3. Kpatkue TeopeTuueckue cBeleHus;

4. Onmcanue UCIob3yeMOro 000PyA0BaHMS U MaTEPHAJIOB;
5. I[Mopsimok BeIMOTHEHUS PAOOTHI;

6. Beruucnenus u o0paboTka pe3yJbTaToB;

7. BeIBOZIBI.

Konmponwvuwie séonpocwi:

1. Kakue TUHUM OTHOCST K JIMHUSM C paclpe/leIEHHBIMU TapaMeTpaMu’?

2. [lepeuncanre >MeKTpUIECKHE TapaMeTphl JTMHHON TUHUU. VX pasMepHOCTH?

3. CripaBeUIMBO JIM TS TApaMEeTPOB JUTMHHOW JIMHUU cooTHoteHue Zo=1/Go?

4. OyHKIMSIMHA KaKUX TIEPEMEHHBIX SIBIISTIOTCS HAPSHKEHUE U TOK B IMHHUH C pactpeieNEH-
HBIMU MapameTpamu’?

5. Uem onpenemstoTcs 3Ha4YeHUs TapaMeTPOB JUIMHHON JINHUM?

6. Kak noxy4uTbh OCHOBHbBIE YpaBHEHUS IJTUHHON JTUHUNA?

7. Kakum 006pa3oM npu peiieHuH YpaBHEHUH JUIMHHOM JTUHUY NTEPEXOAST OT ypaBHEHU B
YAaCTHBIX MPOU3BOAHBIX K YPAaBHEHUSM B MPOCTHIX MPOU3BOAHBIX?

8. Kak oTHOCHTEIHHO KOMIUIEKCOB HAIPSDKEHHSI M TOKA BBITJISAUT OOLIUI BUJ pEeLICHUS
YpaBHEHMH JUIMHHOM JTUHUU?

9. Uro mpeacTaBisIoT co00i MOCTOSIHHAS PAacHpOCTpaHeHus, KodpPHUIneHT 3aTyXaHus,
koaddurmenT daspr? Uto onpenenstor 3Tu KodhGUImueHTs?

10. Kak onpenenstoT mocTOSIHHbIE HHTETPUPOBAHUS B PELICHUN YpaBHEHUI AJTMHHOM Ju-
HUU?

11. Kak mepeiiTi 0T KOMIUIEKCOB HAMPSKEHUS M TOKA K QYHKIUSIM BpEeMEHU?

112



12. O6BsicHuTe, MoYeMy B OOIIEM Cllydyae HANpsHKEHWE W TOK B JJIMHHOW JIMHUM MOKHO
MPEJCTaBUTh KaK CYMMY MaJaroled U OTPaKEHHOM BOJIH?

13. Yro nonumarot nof ¢azoBoii ckopocThio? Kak oHa cBsi3aHA ¢ YaCTOTOM HAMPSIKEHUS
U JIAHOU BOJIHBI?

14. Kakyto JMHHIO Ha3bIBAIOT JUHUEH 0e3 nmoTepn?

15. Kakue pexumbl MOTYT CYILIECTBOBATh B IJIMHHOW JUHUKU? OXxapakTepu3ynTe 3TU pe-
’KuMbl. YeM oHM onpenensitorces?

16. Kakum MOKeT OBITh M YeM ONPEILNSIeTCS BXOAHOE COMPOTHBIICHNE UTMHHON JTHHUH?

Y10 TIOHUMAIOT 101 BOJTHOBBIM COIMPOTHUBJICHUCM JIUHAR?
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Jlabopamopnaa paboma Nel7. Inexkmpocmamuueckoe none. Mooenuposanue niocko-

napajjieylbHolX 3JIeKmpocmamu4eCKux U MacZHumHblx noneii mokom 6 npoeodﬂmeM Jaucme.

Ilenv pabomwi: TlonyuyeHne KapTUHBI CUJIOBBIX JIMHUM, MOIEIMPYEMBIX IIIOCKONApa-
JIEIBHBIM JIEKTPOMATHUTHBIM U 3JIEKTPOCTATUYECKUM II0JIEM Ha TOKOIIPOBOIAILIEM JINCTE U OIIpe-

ACJIICHUE €0 HAIPSAKCHHOCTH WJIM MHAYKTHUBHOCTHU B OTACJIBHBIX TOUKaXx.

OcHoevl meopuu:

N3BecTHO, YTO 3JEKTPOCTATHUECKOE TOJie B O0JAcTH, TJe HET CBOOOJHBIX 3apsJiOB, a
TaK)Ke IMOCTOSTHHOE MarHUTHOE TOJI€ B 00JIaCTH, TJIe HET TOKOB, OIMCHIBACTCS TAKMMHU K€ ypaBHE-
HUSIMH, KaK ¥ M0JI€ TOCTOSIHHOT'O TOKAa B MIPOBOJIALLEH Cpe/ie BHE UCTOYHUKOB SHEPTUU, B YACTHO-
CTH, ypaBHeHMeM Jlamaca:

\Y% 2(0 =0 _

[Tockonbky ypaBHeHue Jlamiaca uMeeT eIMHCTBEHHOE PEIICHUE NP 3aJIaHHBIX IpaHUuY-
HBIX yCIIOBUSX, TO MPH MOJOOHBIX TPAHUYHBIX YCIOBHUSIX B AUDIEKTPUKE U B MPOBOIAIICH cpere
pacmpeselieHue MoTeHIrana OyI1eT OJJUHAKOBBIM B 00€HX cpeax. ITo 1mo1001e O3BOJISET MOJIC-
JUPOBATh KaK AJIEKTPOCTATUYECKHE, TAK U MATHUTHBIE TTOJISI TIOJIEM DJIEKTPUYECKOTO TOKA B MPO-
BozsmeH cpene. CoOmroaeHue MOA0OHBIX TPAHUYHBIX YCIOBUH CBOJUTCS K T€OMETPHIESCKOMY TI0-
n00u0 0obacTel, B KOTOPBIX UCCIIEIYETCs MoJIe.

[l1ockuii MpoBOASAIIMI JTUCT MO3BOJISIET MOAEIUPOBATh PACIIPEACICHUE JIIEKTPUUECKOTO
MOTEHITHAIA WM MAarHUTHBIX CHUJIOBBIX JIMHUKA B CEYEHUU TUIOCKOMAPAIUICTLHOTO TIOJIs, TIEPIICH-
JIUKYJISIPHOM JUTMHHBIM 3apsiKEHHBIM MTPOBOJHUKAM WJIM MPOBOJHUKAM C TOKOM. DKBUIOTEHIIU-
aJbHbIC JIMHUU B MPOBOJAIIEM JIUCTE COOTBETCTBYIOT SKBUIMOTECHIIMAIBHBIM JIMHUSIM B JJIEKTPO-
CTaTUYECKOM TM0JIE MEXKIY 3apsHKEHHBIMU NMPOBOAHMKAMHU. [Ipu MonenupoBaHUM MarHUTHOTO
MOJISI SKBUMOTEHIIMATBHBIE JIMTHUKM B TIPOBOJISAIIEM JIUCTE COOTBETCTBYIOT MAarHUTHBIM CHJIOBBIM
JUHUSM TIPHU MPOTEKAHUU TOKA B MpoBoAHMKax. CoOpaHHas yCTaHOBKA JIJIs MOJICITUPOBAHUS C OJ1-
HUM M3 IJIAHIIETOB Moka3aHa Ha puc. 1.1. OcTanbpHble YEThIpe IUIaHIIeTa — Ha puc. 1.2.

[Mnanmersr NeNe 1, 2, 3, 4 ucnonb3yroTces 1Jisi MOACIUPOBAHUS SJIEKTPOCTATUYECKUX T10-
Jel 3apsKeHHBIX JUIMHHBIX TTPOBOJIOB COOTBETCTBYIOMUX ceueHui. [Inanmer Nel u, B MeHbIIeH
creneHu, Ne3 u Ned mpuroIHbl TaKKe U JUIsl MOJICTIMPOBAHUST MAarHUTHOTO TIOJISI IBYXITPOBOAHOM
nuHuM ¢ TokoM. Ha mnanmere No5 mozpenupyercs MAarHUTHOE TI0JI€ MEXKIY MOJT0CAMHU U B 3a30p€
SBHOIIOJIFOCHOM 3eKkTpuueckoi mamnHbl. Ha ruranmerax Ne3 u Ne4 npu monenupoBaHuM Mar-
HUTHOTO TIOJISI TPAHUYHBIC YCIIOBHSI 00CCIICUUBAIOTCS HETOYHO, TTOITOMY KapTHHA ITOJIST BOJIH3U

IMPOBOAHUKOB, ITOJYUYEHHAA C IOMOIIBIO MOJCTIN. HECKOJIBKO OTINYACTCA OT peaanoﬁ.
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Ykazanue no mexnuxe 6ezonacnocmu:
VYkazaHus 1o TeXHUKE O€30MaCHOCTH MPH BBITTOJIHEHUH JIa0OPATOPHBIX padOT MPUBEICHBI

B MPUJIOKEHUE A.
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Ykazanus no evinonnenuro nadopamopnoii padomoi:

YcraHoBuTe Ha HAOOPHYIO MAHENb OJIMH U3 BApUAHTOB KOH(PUIYpalMK IPOBOISALIETO JIH-
cta (tiaHwer 1, 2, 3 win 4) ¥ NOAKII0YUTE MUTaHUE OT FeHepaTopa MOCTOSIHHBIX HANpPsHKEHUH U
MYJIBTUMETP B PEXKUME BOJIIBTMETPA, KaK MOKa3aHo Ha puc. 1.1.

[IpuroToBbTE PUCYHOK PACIIOIOKEHUS DJIEKTPOJOB C KOOPIAUHATHON CETKOM (CM. IPHIIO-
)kenue 1).

Bxuttounte BeikitouaTesnb cetu 010ka reneparopos Hanpsbkenuid (BI'H) u ydeaurecs, uto
OJIMH U3 JJIEKTPOJIOB UMEET IOTEHINAJ, PaBHBIM HYJIIO, @ IPYroil — MOTEHLAAJ, paBHBIN HAIps-

JKCEHUIO UCTOYHHKA ITMTAaHUAA.

Bri6epute Takoe Hanpsixenue nutanus U = 10...15 B u mar nsmenenus noreHuuana AU
(manpumep 1; 2 wim 2,5 B), uT0OBI HA KapTUHE MO TOTYIHIOCH 7...10 SKBUMIOTEHIIMATBHBIX
JIUHUM.

HepeMemaﬂ 30HJ OT TOYKH HYJICBOI'O IMOTCHIMAJIA IO OCH CUMMCTPHUU K APYTOMY 3JICK-

Tpoay, HalIuTe TOYKH C MOTECHIHAaJIaMU AU , ZAU ) 3AU ... HalineHHple TOYKH OTMEUaiTe Ha

IMPUTOTOBJICHHOM PUCYHKE C KOOp,Z[HHElTHOfI CETKOM.

[IepeMemast 30H1 U3 TOYKH C IOTCHIIUAIOM AU BOKPYT 3JIEKTPOa (cerka npuoIImKasch
WIN YJANssCh OT HEro), HaXOAMTE TOYKH PABHOTO MOTEHIMaja U OTMeyaiiTe MX Ha PUCYHKE.
Touku paBHOr0 MOTEHIIMAJIA COEAMHNUTE TUIABHON KPUBOU. AHAJIOIMUYHO MTOCTPOITE IpyrHe SKBU-
MOTEHIUAIbHBIC TUHUU.

[Ipumeuanne: B kaxa0M BapraHTe IPOBOAALLETO JINCTA UMEIOTCS OZHA UM IBE OCH CUM-
METPHUH, II0O3TOMY MOXKHO OIPAHUYUTHCS UCCIIEIOBAHUEM IIOJIOBUHBI UIU YETBEPTH IIPOBOIAIIEH
o0nactu JucTa.

[Tonb3ysich M3BECTHBIMU MpaBUIAMU IPapUUECKOro MOCTPOCHUS KapTUHBI MOJIS, IO SKBU-
MOTEHLINAIBHBIM JINHUAM 3JIEKTPOCTATHUECKOTO MOJII TIOCTPOUTE CHUJIOBBIE JIMHUM HAIPSKEHHO-
CTH TIOJIA.

Brruucnure HanpssKEeHHOCTh AIEKTPUYECKOTO TOJIA B IBYX - TPEX TOYKAX MPOBOSAIIETO
JUCTa U TOKAXHUTE HANpaBlIEHWE BEKTOpa HANPSIXKEHHOCTH B ATHX TOYKAaX Ha PHUCYHKe (

EEAU/A')_

VYcraHoBuTe Ha HAOOPHYIO MAaHEh OJIMH U3 BApUAHTOB KOH(PUTypalllu MPOBOASILIETO JU-
cta (taHmer 1, 3, 4 win 5) ¥ NOAKII0YNTE MUTaHUE OT FeHepaTopa NOCTOSIHHBIX HANpPSKEHUH U
MYJIBTUMETP B PEXKUME BOJIIBTMETPA, KaK MOKa3aHo Ha puc. 1.1.

[IpuroToBbTE PUCYHOK PACIIOIIOKEHUS DJIEKTPOJOB C KOOPIAUHATHON CETKOM (CM. MPUIIO-

xenue 1).
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Brurounte Beixomrodatenb «CeThy» 0y0ka renepatopoB Hanpspkenuid (BI'H) u ydemurecs,
YTO OJIMH M3 DJIEKTPOJOB MMEET MOTEHUHUaN, PaBHBIA HYJIO, a JPYyroil — MOTEHLIMAJ, PaBHBIH

HAIPsS’KCHUIO HCTOUYHUKA ITUTAHUS.

Bribepure Takoe Hanpsbkenue nutanus U = 3...15 B u mar u3mMeHeHus noTeHuuana AU
(manmpumep 1; 2 unum 2,5 B), yToOB Ha KapTHHE MO MOIYYMIOCh 7...10 SKBUIIOTEHIUATIBHBIX
JIMHUN.

[Iepememast 30H OT TOYKH HYJIEBOI'O NOTEHIMAIA [0 OCH CHMMETPHUH K IPYTrOMY JJIEK-

TPOAY, HAWJIUTE TOYKHU C TOTEHIHUATIAMH AU , 2AU , 3AU Haitnenarsle TOUKM OTMeUainTe Ha

IIPUTOTOBJIEHHOM PHUCYHKE C KOOPJAMHATHOW CETKOM.

[Iepememast 30H1 U3 TOYKH € TOTEHIIUATIOM AU BOKPYT 3JIEKTpoJa (Cierka npuliImxasich
WIN YJQISSCh OT HEro), HaXOJUTe TOYKH PABHOTO TMOTCHI[MANIA U OTMEYAMTE WX HA PUCYHKE.
Touku paBHOTO MOTEHLHUANIA COETMHUTE IJIABHOM KPUBOU. AHAJIOTUYHO IMOCTPOUTE IPYTUe IKBU-
MOTCHIMAIbLHBIC TUHUH.

[Ipumeuanue: B kaxx1oM BapuaHTe IPOBOISIIETO JIUCTAa UMEIOTCS OJIHA UJTU JIBE OCHU CUM-
METPHUH, TOITOMY MOKHO OTPAHHUYHUTHCS UCCIICTOBAHUEM TTOJIOBUHBI WU YETBEPTH MIPOBOIAIIEH
0071aCTH JIHCTA.

Cuuras CHAThIE 3KBUIOTEHUUAJIbHbIE JIMHUM 3JIEKTPUUECKOTO MOJISI MAarHUTHBIMU CHJIO-
BBIMU JIMHUSMH, MIOCTPOUTE JIMHUM PAaBHOTO MAarHUTHOTO MOTEHIIMAJIA, MOJIb3YsSCh U3BECTHBIMU
npaBujaMu TpaduuecKoro MOCTPOCHHS KapTHHBI 1ousl. [[puMHuTe KOHKpPETHOE 3HAUYCHHUE TOKA B
muHax wii MJIC kaTyliek ¥ yKaKUTe Ui KaXXI0M SKBUMOTEHIIMAIBLHON JIMHUM 3HAYEHUE Mar-
HHUTHOI'O IIOTCHITMAIA.

B = —*
Brruucnante MarHuTHY10 HHAYKITHIO Al g JBYX — TPEX TOUKAX MOJISI ¥ TOKAKUTE

HaITpaBJICHHUEC BCKTOpa MarguTHOM HHAYKIOWHA B OTUX TOYKAaX Ha PUCYHKEC

Cooepircanue omuema:

OTuer AOKEH CONIepKaTh:

1. Ha3Banue paGoTsl;

2. llenms paboTHI;

3. Kpatkue TeopeTnueckue cBeIeHUs;

4. Onucanue UCnoiab3yeMoro 000pyA0BaHus U MaTEpUaoB;
5. I[Mopsimok BeIMOTHEHUS PAOOTHI;

6. Beruncnenus u 06paboTka pe3yIbTaToB;

7. BBIBOIBL.
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Jlabopamopnaa paboma Nel8. Maznumnoe none nocmoannozo moka. Hecnedosanue

ROCMOARHO020 MACHUMHO20 ROJIAA HA OCU KAMYUIEK C ROMOULbIO oamuuxa Xona.

Ileny pabomer: VI3mMepeHue W pacueT MHAYKTUBHOCTU BJOJb OCH LUIMHAPUYECKOU U

KOJIBLCBBIX KAaTYHICK.

Ocnoevt meopuu:
Ha ocnose 3axona buo-Caapa-Jlamnaca MOXHO MOIy4uTh (GOPMYITy IJIsi ONpEIeICHUs
HaANPsHKEHHOCTH MAarHUTHOTO TOJISl HA OCH KPYTOBOT'O BUTKa paauyca R, mo koropomy mporekaer

TOK 1, (puc.2.1):

iR i .3 i R?
=3 =5,5n =—
23 2 2 R 4 x2)3
all
. DA DT
E _\_\_\_\_—_\_\_‘_‘—\—\. E- a
e R :':I by | *
e EACEPNECR DI EIES S E 0

[Monp3ysich 3TUM BhIpakeHHEM B [ 1] BeIBeieHa Taoke hopMymia sl OonpeesieHHs Hanpsi-
JKEHHOCTH T0JI HA OCH OJHOCIOMHON IIWJIMHJIPUYECKON KAaTyIIKH, UMEIOIIEeH paauyc BUTKa R n

nuny 1 (puc. 2.2):
H :é(cosﬁl —cos )

3T GOpPMYIIBI C HEKOTOPOH MOTPEIIHOCTHIO MPUTOIHBI U JJIsl BEIYUCIICHUS HANIPSHKEHHO-
CTH Ha OCH PEaJIbHbIX MHOI'OCJIOMHBIX KAaTYILIEK, €CJIU UX TOJIIMHA MaJla [10 CPABHEHUIO C pajuy-

COM.
C y‘IéTOM TOTO, YTO MarouTHass HHAYKIUA B= /,IOH " YHUCJIO BUTKOB KAaTYIIKHW PAaBHO W,

MOJIy4nM:

JUIsL KOJIBIIEBOW KaTyIIKH - B = H

in2 ; ; 2
oWIR _ Wi sin® 8 = HoWI R
3
2r 2R 2 ( R+ %2 )3
w
3 B = g — (cos f —cos )
AJI TAJIAHAPUYICCKOU KATyIIKH - 21 .
B Habope MUHHOIOKOB 3TOT0 KOMIUIEKTa UMEETCS MUHHOJIOK ¢ MTMIUHAPUIECKON KaTyIII-

KOI ¥ MHHHOJIOK C ABYMS OAWMHAKOBBIMH COOCHBIMHU KOJIBLICBBIMH KATYIIKaMH, OJHA U3 KOTOPBIX
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MOXKET IepEMENIAaThCSI OTHOCUTENBHO APyrou. IlapamMeTpsl KaTyleKk yka3aHbl HA STUKETKAaX MH-
HHUOJIOKOB.

Jlnis u3MepeHrss MarHUTHOW MHIYKIMHU UCHOJB3YETCsl JaTUUK X0Jula ¢ yCUIInuTeNneM (MH-
HHO10K «TecnameTpy). [t n3MepeHnss MarHUTHOM HHAYKIMU HeoOXoauMo mojaBecty Kk «Tecna-
MeTpy» nutanue +15 B, k ero BbIxoay HOJIKIIOYUTH BOJIbTMETp (mpenen usmepenus 200 mB),
PYUKOH OCTaHOBKH HyJIsI JOOUTHCS HANPSDKEHUS Ha BBIXOE, OJIM3KOr0 K HYJIIO0, U BBECTU 30H] C
JaTYMKoOM XoJIj1a BHYTPb KaTyLIKHA Ha HY)KHOE paccrosiHue or €€ kpas. [lokazaHue BonbT™METpa
Ha BBIXOJIE YCWJINTENSA IIPONOPLUOHAIBHO MArHUTHOW MHIYKIIMH.

YyBCTBUTEIBHOCTh CUCTEMBI «JIaTYMK — YCHIJIUTENb» yKa3aHa Ha ATHUKETKE MUHUOJIOKA.
Ecnu Tpebyercs n3MEeHUTh UM YTOUYHUTh YyBCTBUTEIBHOCTh, TO HEOOXOUMO OTKPBITh KPBILIKY
MUHMOJIOKA, BBECTH 30H]] B MAarHUTHOE I10JI€ ¢ W3BECTHOM MarHUTHOM MHAYKUHUEH U MOACTpoey-
HBIM PE3MCTOPOM YCTAaHOBUTH HEOOXOIMMOE HaIlpsDKEeHHE Ha BbIxoae ycuiurtens. Hemocpen-

CTBEHHO Tepe] MocJeHel onepanneii 06s13aTeIbHO MPOBEPUTH YCTAHOBKY HYJIs1!

Ykazanue no mexnuxe 6ezonacnocmu:
YkazaHus 1Mo TeXHUKE OE30MAaCHOCTH MIPH BIIOJIHEHUH J1a00paTOPHBIX pabOT MPHUBEICHBI

B IIpUJIOKEHNE A.

Ykazanusa no evinonnenuto nabopamopnoii pabomor:

YcTaHoBHTE UCCIIEyeMYI0 KaTyIIKy Ha HAOOPHYIO MaHeNb, Kak MOKa3aHo Ha puc. 2.3 u
MOJABEANTE K HEMl MUTAaHHUE OT PEryJupyeMOro MCTOYHHKA MOCTOSTHHOrO HampsbkeHus 0...15 B
6110ka renepatopoB HanpspkeHuid (bI'H) yepes amnepmerp.

VYcraHoBuTe Ha HAaOOPHYIO MaHEIb MUHHUOIOK JAJS U3MEPEHHsS MAarHUTHOW WHAYKIHH
(«TecnameTpy») U MOAKIIOUYHUTE K HEMY NUTaHue +15 B, coenHUB 1Ba HEPETyIUPYEMBIX UCTOY-
HUKa nocrosinHoro HanpsbkeHust BI'H nocnenosarensHo (puc. 2.3).

PazomkHHTE 11€TTH TUTAHUS KAaTYIIKK (BBIHBTE M3 THE3/Ia HAOOPHOM MaHeN! MTHIPEK TPO-
BOJIa OT amIiepMeTpa) u Bkiarounte bI'H.

[Ipu HyneBOM TOKE B KaTyILIKE YCTAHOBUTE KaK MOXKHO TOYHEE HYJIEBOE IMOKA3aHUE BOJIb-
TMETpa Ha BBIXOJIE TecjIaMeTpa PYUYKOH YCTAaHOBKM HyJsl (OOBIUHO yHa€Tcsl TMOMYyYHUTH
UBbix<20 mB).

3aMKHUTE LIeTIh MUTAHUS KaTYIIKH U YCTAaHOBUTE MAKCHUMAaJbHO JOMYyCTUMBIN Tok 0,2 A
PEryJIsTOPOM HANPsLKEHUS UCTOUHMKA. [Ipy MEHbIIIEM TOKE OTPEIIHOCTh U3MEPEHUS MarHUTHOM

HHAYKIOWH BO3PACTACT U3-3a CJIUIIKOM ¢71a00ro MarHUTHOTO ITOJIS.
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Bbixoa
0,1 B/MTn|

£ 2165 5

(7 )

[lepememias 3081 ¢ 1aTYMKOM XOJUIa BAOJIb OCH KaTyILIKH C IIaroM 5 MM, 3allUIIUTE KO-
OpIMHATHI U COOTBETCTBYIOLIME UM 3HAYEHUS] MarHUTHOM MHAYKIMK B Tabi. 2.1. Koopaunaty x
= () y100HO IPHUHATH B LIEHTPE KaTyIIKky. 3HaueHne MarauTHor HHIYKIHH B [MTia] = 10Usux [B].
B xoze sxcniepuMenTa BpeMst OT BpEMEHHU OTKJII0YaiTe NTUTAaHUE KaTyIIKU U KOPPEKTUPYHUTE yCTa-
HOBKY HYJISI TeCIaMeTpa.

[ocTtpoiite rpaduk U3MeHEHHUsI MArHUTHON MHIyKIUU BAOJIb ocH KaTyumku B(x). [Ipeasa-
PUTENBHO BhIOEpUTE YI00HBIE MacIITA0Obl M HAHECUTE IIKAJIBI [TO OCSM.

BoruncnuTe MarHuTHY0 MHAYKIMIO B HEKOTOPBIX XapaKTEPHBIX TOUKAX (B TOUKE CUMMET-
pHH, Ha Kparo KaTyIIKH | T. I1.) IO GopMyJIe Al OAHOCIOMHON MMIMHAPUIECKON KaTyIIKH,. IPHU-
BeIEHHOM B pazfene «O0mue CBeTHUSD.

Hanecute pacuérHble TOUKM Ha 3KCHEPUMEHTANIbHOM Tpaduke, JIUOO chenaiTe pacdér
BCero rpauka Ha KOMIIBIOTEpE, UCIOb3Y4, HarpumMep, nporpammy MathCAD. Torna yaobuee
IKCIIEPUMEHTAIBbHBIC TOYKH HaHeCTH Ha pacuéTHoM rpaduke. MathCAD- mporpamma ¢ pe3yib-
TaTaMH pacy€ra U HKCIEPUMEHTa pUBE/IeHa B IPUIIOKEHUH 2.

Tabmuia
X, MM -25 -20 -15 -10 -5 0 5) 10 15 20 25

U, B

B, mTn

[Tops ok BbIOMHEHUS pabOTHI: ycTaHOBUTE MUHMOIOK «K0JblIeBbIE KATYIIKK» Ha HAOOP-
Hy!0 naHens (puc. 2.4). Ecou Bel uccnenyere nose qByx KaTylek, TO COEIMHUTE KaTYIIKH MEXKIY
cO0OM COTJIACHO WJIM BCTPEYHO M YCTAHOBUTE MOBOJKOM 3a/laHHOE PACCTOSHUE MEXIy KaTyIll-
kamu. [logBeaure k KarymikaMm MUTaHUE OT PETYJIMPYEMOIO MCTOUHHKA MMOCTOSHHOTO HAIpsiKe-

Hus 0...15 B BI'H uepe3 amnepmerp.

120



YcraHoBuTe Ha HAOOPHYIO TMaHEIh MUHHUOJIOK JJISi M3MEPCHUS MArHUTHOW WHIYKITHH
(«TecnameTp») u moABEAUTE K HEMY TuTaHue +15 B, coenmMHMUB 1Ba HEPETYIMPYEMbIX HCTOYHHKA
nocTosiHHOro HanpsbkeHus bI'H nocinenosarensHo.

PazoMkHUTE 1IeTIh MUTAHUS KAaTyIIeK (BBIHBTE U3 THE3/1a HAOOPHOM MaHe I MITHIPEK Tpo-
BOJ/Ia OT aMIIEPMETPa) U BKJIIOUUTE OJIOK T€HEPATOPOB.

[Ipu pa3oMKHYTOW LENU MUTAHMS KaTyIIEK YCTAHOBUTE KaK MOYKHO TOYHEE HYJIEBOE I10-
Ka3aHKe BOJTMETPA Ha BBIXOJIE TECIIaMETPa PyUKOW YCTAaHOBKU HYJIs (OOBIYHO y1a&TCs MOTYyYUTh
Uspix<20 mB).

3aMKHUTE LIETIh MUTAHMS KATYIIEK ¥ YCTAHOBUTE MAKCUMAJIbHO JOMyCTHUMBIA TOK 0,2 A
PEryJIsaTOpPOM HANPSHKEHUS NCTOYHMKA. [Ipy MEHbIIEM TOKE OTPEIIHOCTh U3MEPEHUS MAarHUTHOM
WHAYKIIMHA BO3PACcTaeT U3-3a CIUIIKOM CIIa00r0 MarHUTHOTO TMOJIS.

[Tepemenast 3017 ¢ 1aTYUKOM XOJJIa BJIOJIb OCH KAaTyIIEK € IIaroM 2,5 MM, 3alHIIUTE KO-
OpJMHATHI U COOTBETCTBYIOLINE UM 3HAYEHUS] MarHUTHOW MHAYKIMH B Tadi. 2.3.1. Kooppaunary
x = 0 ynoOHO MPHUHSTH B IIEHTPE HEMOABM)KHOU KOJIBIIEBOM KATYIIKH. 3HAYCHWE MAarHUTHOW WH-
nykuuu B [MTn] = 10Uswx [B]. B xone sxcniepuMenTa BpeMsi OT BpEMEHM OTKJIIOYANTE TUTAHUE
KAaTYLIKU U KOPPEKTUPYHUTE YCTAHOBKY HYJIS TECIIaMETpa.

[TocTtpoiite rpaduk U3MEHEHHUs] MATHUTHONM MHAYKLIMU BJIOJb ocH Katyiiek B(x). [Ipeasa-
PHUTENBHO BhIOEpUTE YI00HBIE MAacIITaObl U HAHECUTE IIKAJIBI IO OCSIM.

BorurcnuTe MarHUTHY10 HHAYKIMIO B HEKOTOPBIX XapaKTEPHBIX TOYKAX (B TOUKE CUMMET-
pHH, B IIEHTPE OJHON U3 KATYIIEK U T. I.) T0 GopMyJie sl TOHKOW KOJBIIEBOUW KaTYIIKH, IPHUBE-
JNEHHOM B paznene «KpaTrkue cBeAeHUS U3 TEOPUNY.

Hanecute pacuérHbple TOUKM Ha AKCHEPUMEHTAIbHOM rpaduke auOO0 chenaite pacdér
Bcero rpaduka Ha KOMIBIOTEpE, UCTIONB3ysl, Harpumep, nporpammy MathCAD. Toraa yanoOHee
IKCIIEPUMEHTAIbHbIE TOUKH HaHEeCTH Ha pacd€THoM rpaduke. MathCAD- nmporpamma ¢ pesyib-

TaTaMH pacy€Ta U HIKCIEPUMEHTA IPUBE/ICHA B IPUIIOKEHUH 3.

X, MM -10 -1,5 -5 -2,5 0 2,5 5 7,5 10 12,5 15

U, B

B, MTx
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Cooeporcanue omuema:

OTuer AOKEH CONepKaTh:

1. Ha3Banue paGoTsl;

2. l1enb paboThI;

3. Kpatkue TeopeTuueckue cBe1eHus;

4. Onycanue UCIOb3yeMOTo 000pyI0BaHHS U MaTEPHAJIOB;
5. [lopsanox BeIMONHEHNS pabOTHI;

6. Beruncnenus u 00paboTKa pe3yIbTaToB;

7. BEIBOZIBIL.
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Jlabopamopnaa paboma Nel9. Maznumnoe none nocmoannozo moka. Hccnedosanue

63AUMHOUL uudykmmmocmu KOJlbYe6blX Kamyuiek.

Ilens pabomer: OnpenienieHUE ONBITHBIM U paCYETHBIM ITyTEM 3aBUCHMOCTH B3aUMHOM HH-

AYKTHUBHOCTHU ABYX COOCHBIX OJMHAKOBBIX KATYHICK OT paCCTOAHUA MCKAY HUMMU.

Ocnoevt meopuu:
OnbITHBIM MyTEM B3aWMHasi MHAYKTHUBHOCTH JIBYX KaTYIIEK OIpPEAENAeTCS U3 OIbITa,
MPUHIMIIHATIBHAS CXeMa KOTOpOoro m3o0paxkena Ha puc. 3.1. HanpspkeHue, MHAYKTHPYEMOE BO

BTOPOM KATYIIIKE U3MEHEHUEM TOKA B TIEPBOM:
MWHWB NoK
"KonblueBble KaTyLKK"

. .
" |
2 kY ‘“;""'1=250 w,=250 U, GD
v
o e ' —5
Uo=wMI],

rae o= 2nf — Kpyrosas 4acToTa MEPEMEHHOTO TOKa
Orcrona:
M= Uywll.
PacueTHBIM TyTEM B3aMMHYIO WHIYKTUBHOCTH 2X KATYIICK, H300paKEHHBIX HA PUCYHKE

3.2 onpenensiem 1o Gpopmyie

M =k -l =*%.84970%d,
iy

rae: K — koauimeHT CBI3HOCTH KaTyIIeK

| — MHIYKTUBHOCTB OJTHOM M3 KaTyIIIEK;

@ — YUCIIO BUTKOB OJJHOM M3 KaTyIIeK

d — cpenHuit AUamMeTp KaTymek

3HAYEHHs KOA(PPHUIMECHTA CBSI3U K B 3aBUCUMOCTU OT OTHOILICHHUS 6/ WK OOPATHOTO OT-

HOIIICHUS a/6 NaHbl B Tabmuie [Ipunoxenue 4.
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E Frationenetmton I‘ri-'i:m- B

Ykazanue no mexnuke 6ezonacnocmu:
VkazaHus 1o TeXHUKEe OS30IMacHOCTH IIPpU BLIITOJIHCHHUN na6opaTopHHx pa60T MMPUBCACHLL

B IIPWJIOKEHNE A.

Ykazanusa no evinonnenuio nabopamopnoii pabomoi:
YcTaHoBuTe Ha HAOOPHYIO MaHeIh MUHUOIOK «KoIblIeBbIe KaTYIIKW) U CIeTaiiTe Bce He-
00X0/IMMbIE€ COEAMHEHUS COTIIACHO MPUHIIUITUAIILHON cxeme orbITa ( puc. 3.1)
YcTaHoBUTe Ha reHepaTope HanpsbkeHui cnenuansHoi popmsl BI'H cunycounanbHoe
HamnpspkeHue yactoToit 2...3 kI’ 1 3agaiiTe peryaaropoM aMILUIUTY bl TOK B KaTymike 150...200

MA. 3anuimTe 5TU 3HaYCHHS U OIPEACIINTEC KPYTrOBYIO HaCTOTY:

W3Mensst pacCTOSHUE MEX/Ty KaTyIIKaMi D-0T MUHHMAaIbHO BO3MOXHOTO 5 MM J10 25 MM

¢ marom 5 MM, 3aIIMIIUTE B Tao. 3.1 3HaueHuUs HaIIps’KCHUSA B3aMHOM HHAYKIWA

OnbBITHBIE TAaHHBIE
b, mm U, B M, mI'n k M
5
10
15
20
25

ITo dhopmyne, mpuBenéHHoM B pazaene «KpaTkue cBeeHUS U3 TEOPHUI, BRIYUCIUTE OTIBIT-

HbIC 3HAUCHUS B3aMMHOM MHAYKLIUU U TocTpoiire rpaduk M = f (b)
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[To pacuérHpiM QopMyniaM, NpUBEAEHHBIM TaKkKe B pazzene «KpaTkue cBeneHus u3 teo-
pum», paccunTaiite 3aBucMMOCTh M(D),3aHecuTe pe3ynbTaThl B Ta0I. 3.1 U MOCTpOTE pacyETHBIHI

rpaduk(is cpaBHEHUSI C OTBITHBIM).

Cooeporcanue omuema:

Otyer 10KEH COlePXKATh:

1. Ha3zBanue paboTsl;

2. Llens paboTsr;

3. Kpatkue TeopeTndeckne CBeIeHMS,

4. Onncanue UCNOIb3yeMOro 000pYAOBaHUS M MAaTEPHAIIOB;
5. Iopsiiok BBINOJHEHUST PAOOTHI;

6. Beruricnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.
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Jlabopamopnaa paboma Ne20. Maznumnoe none nocmoannozo moka. Hzmepenue

MAZHUMOOGUICYUAUX CUIL U PAZHOCHU MACHUMHBIX HOMEHYUAI08.
Llens pabomwi: 1lpoBepka 3aK0HA MOJTHOTO TOKA

Ocnoevt meopuu:
Pa3HOCTHI0O MATHUTHBIX TIOTEHIIUAIOB UM MAarHUTHBIM HANPSHKEHUEM BIOIb HEKOTOPOTO

IIyTH «a-B» B MarHUTHOM 11oJie (puc. 4.1) Ha3bIBaeTCs BEIMUMHA

B B
Fas = [H-dl = [H-dI-cosa
a

a

B oGnactu BHE SJICKTPUYCCKUX TOKOB, MArHUTHOC HAITPAXKCHNUEC HC 3aBUCUT OT IIYTH UHTC-

T'pUpOBaHUsA, a OIIPCACIACTCA ITOJIOKCHUECM KOHCUYHBIX TOYCK 3TOTO IIYTH.

MarauTtHoe HaMpsoKCHUE BAOJIb 3aMKHYTOI'O KOHTypa COTJIaCHO 3daKOHY ITOJTHOI'O TOKa

PaBHO IIOJIHOMY TOKY iW, OXBAaTbIBAECMOMY O3TUM KOHTYPOM:

j;H-dI:iw

3aMKHYTBII KOHTYp MOXET ObITh pa30UT Ha y4acTKH, Torjaa ans Hero: F = iw wim, ecnu
Y4acCTKH OJTHOPOJIHBIE, TO Hl = iw.

Kak a4 usmMepennst MarHuTOABMKYILUX CUJT B 3aMKHYTOM KOHTYpPE, TaK U ISl U3MEPEHUS
MarHUTHBIX HANPSHKEHUH BIIOTB JTFOOOTO OTpe3Ka MPUMEHSIOT THOKYIO JICHTY U3 U30JUPYIOIIEro
MaTepuasa, paBHOMEPHO OOMOTaHHYIO HM30JMPOBAHHBIM IPOBOJOM IO BCEH JJIMHE, KOPOTKO -
MarHuTHBIN 1osic WK nosic Poroeckoro (puc. 4.1). [Tonepeunoe cedyenue mosica (S) oquHAKOBO
Mo BCEW JIMHE W JOCTAaTOYHO Maiyio. Torjga, MarHUTHBIA MOTOK, CUEIJIEHHBIM C OJTHUM BUTKOM
nosica:

@ =Su,H,cosa
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rac o — erJ’I MC)KI[y HaHpaBJ'ICHI/IeM M&FHI/ITHOﬁ CI/IJ'IOBOﬁ JIMHHUHA U HpOI[OJH)HOI\/'I OCBIO I10-
sica B JAaHHOW TOYKE.
Ha egununy mmHbl nosica NPUXOJUTCS Wo BHUTKOB, MOATOMY HOJIHOE MOTOKOCUEIIICHUE

nosca:

B B
v =I@w0dl :_[S,uoHWO cosedl =x5Swy Fyp -

a a
Otcrona:

1

F
HoSWo

aB

ITocrosinHas nosica K 3aBUCHUT TOJIBKO OT €ro CEYEHHUs U YUCIIa BUTKOB Ha €INHUILY JUIUHBI.

[Torokocnenyenue y [IMOXHO U3MEPUTh TEM WM HHBIM criocoOoM. B cimyuae mocrosiH-
HOT'O MAarHUTHOTO TOJISI OOBIYHO M3MEPSIOT 3apsij, MPOTEKAIOIIUH Yepe3 OOMOTKY Mosica Mmpu
BKJIFOUEHUU WM BBIKIIOYEHUU TOKA, CO3JAIOUIETO MoJje. DTOT 3apsii MPONOPLUOHANIEH YCTaHO-
BUBLIEMYCsI 3HAQUYEHUIO MOTOKocLeruieHus. Ilpu cuHyconIanbHOM TOKE HM3MEPSIIOT HEmocpen-
CTBEHHO HaIPsDKEHHE MHAYKTUPYEMOE MEePEMEHHBIM MAarHUTHBIM IIOTOKOM B OOMOTKe Mosica.
JelicTByrolee 3Ha4€HUE 3TOTO HAIIPSKCHUS:

U =4,44f Um, otkynra Um = U/4,44 f,
rae Um — aMmiuTya OTOKOCHEIICHUS.
Otcrona umeeM GopMyITy A BBIYUCICHUS aMILTUTYAbl MATHUTHOTO HANPSKSHUS:
Fm=LU=K'U, rre K'= K = 1 )

4,44f% 4,44F  4,44u4Sw f

o o 4 o
HpI/I W3BEeCTHOM mocTosaHoi K mmn K , MArHUTHBIN I10C MOZKHO HUCIIOJIb30BaTh AJIA U3-
MCPCHUA MAarHUTHBIX HaHpH)KeHI/Iﬁ Ha ydaCTKax MarauTHOM ey, MarHuToABM>KYIIUX CUJT, 00JIb-

IINX TOKOB 0€e3 paspbiBa LEIHU, ONPEACTICHUSA YUCJIa BUTKOB KAaTYyIICK.

Ykazanue no mexnuxe 6ezonacnocmu:
VYkazaHus 1Mo TeXHUKe Oe30MaCHOCTH MPH BHIIOJIHEHUH J1a00PaTOPHBIX pabOT MPHUBEICHBI

B IIPUJIOKEHNE A.

Ykazanua no eévinoanenuro nadbopamopnoit pabomot:
Ilopaook evinonnenus pabomepl: paccCUUTANTE MOCTOSHHYIO TOsiCa IPU YAaCTOTE CUHYCO-
unanpHOro Toka 1000 ', (3Hauennst w0 u S yka3aHbI Ha TosiCe):
K’ 1

" 4445w\ m
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VYcranosure karymky w = 900 BUTKOB Ha HaOOpHYIO MaHeNlb, COOEpUTE 1IETb [0 CXEME
puc. 4.2, nonaiite HanpsbkeHue yactotoit 1000 ', ycTaHOBUTE MaKCMMaJIbHO BO3MOXHBIN TOK B

KaTyHIKE U OIIPEACIINTE ITOCTOSAHHYIO ITOACAa U3 3aKOHA ITOJIHOI'O TOKA:

K’ = NAY
U | A/B.
CpaBHUTE NOITYYEHHYIO BEIMYUHY C PaCUETHBIM 3HAUEHUEM.

3aMeHUTe KAaTyIIKy Ha TaKylo e C IPYTUM YHUCIOM BUTKOB (Hampumep, 300 BUTKOB), U3-

MCPBTC MArHUTHOC HAIIPSZKECHUC 110 3aMKHYTOMY KOHTYPY U OIIPEACIIUTC YUCIIO BUTKOB:
KU
W=—
J2I

1=0,2 A .
MO
1000 |_|_|| w=900 ::
G_ ——

CpaBHUTE MOTYYCHHYIO BEJIMYHHY C ITACIIOPTHHIM 3HAYCHUEM, YKa3aHHBIM Ha KaTYIIKe.

CoenMHHTE JBE JIFOOBIC KATYIIKH IOCJICOBATEIBLHO COTJIAaCHO, YCTAHOBUTE B HUX TOK
0,2 A, oxBatuTe 00€ KaTylIKH MarHUTHBIM MOSICOM, U3MEPHTE CYMMY MarHUTHBIX HalpsOKEHUN
BJIOJIb 3aMKHYTOTO KOHTYpa M TPOBEPHTE BBIMOJIHEHUE 3aKOHA TOJHOTO TOKA. Pe3ynbrar mpo-
BEPKHU:

B o01iem Buze:

B nmudpoBomM BeIpakeHUU:
K'U =21 (W +Wy).

[ToBTOpUTE ONBIT P BCTPEYHOM BKJIFOUEHHH KaTYIIEK U TAKXKE CIEIaUTe IIPOBEPKY.

w=_________Butkoe I=____A Ilw=______ A

Fi=KU-=...A F=KUs A Fo=KUgs A F=KU=___A

Fi+Fy= LA F,+Fs A
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OcraBuB B 11enu 010y Katymiky 900 BUTKOB, BBISICHUTE U3MEHEHHNE MarHUTHBIX HaIpsiKe-
HUW CHJI Ha OTJIEJBbHBIX YYaCTKaX 3aMKHYTOT'O0 KOHTypa IIPH BHECEHUH B KaTYIIKy (peppoMarHut-
Horo cepaeuHuka (puc. 4.3). Tok Bo Bcex OMbITax MOJAEpKUBaiTe HeM3MEHHBIM. CKOMUpYHTE
puc. 4.3 B OTUET, yKaKUTE Ha HEM Ha HEM pe3yNbTaThl U3MEPEHUN U CAETANTE pacu€Thl IS IPO-
BEPKH 3aKOHA MOJIHOTO TOKA 3aKOHY IMOJHOTO TOKa.

OOBsICHUTE MTOTYYEHHBIC PE3yJIbTaThl (YBEIUYECHUE U YMECHBIIICHHE MArHUTHBIX HaIps-
JKEHU Ha OT/EJIbHBIX YYacTKax MpHU BHECEHUU CEPJIEUYHUKA, €CTh JIU U3MEHEHHE MarHUTOABUXKY-

1IeH CUJIbI IO 3aMKHYTOMY KOHTYpY U Iouemy?)

Cooeporcanue omuema:

OTueT 10IHKEH CoJepXKaTh:

1. HazBanue paboTsr;

2. Llenb paboThr;

3. Kpatkue TeopeTuueckue cBeleHus;

4. Onycanue UCIOIb3yeMOro 000pyI0BaHHs U MaTEPHUAJIOB;
5. [lopsaok BeINONHEHNS PabOTHI;

6. Berarcnenus u 00paboTKa pe3yIbTaToB;

7. BEIBOZIBI.
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Jlabopamopnaa paboma Ne2l. Pacnpocmpanenue 31eKmpomMazHUMHBIX 6011H 6 00HO-
POOHOM U UOMPONHOM OUIIEKMPUKE U 6 NOTIYRPOBOOAWUX U 2UPOMPONHbIX cpedax. Hccne-

oosarnue nwmpumuuormoﬁ Kpueoﬁ CEe2HEMmMOIIEKmpUKa.

Llens padomel: JxcriepMEHTAILHOE MOJyUYE€HUE Ha SKpaHe ociuiorpada KyJloH-BOJIbTO-
BOIl XapaKTEepPUCTUKHU HEITMHEHHOr0 KOHIEHCATOpa U pacyeT MOJSIPU3allMOHHON XapaKTepUCTUKU

JAUDJICKTPHUKA

OcHogvl meopuu:

[TonApuzanus IUANEKTPUKOB - 3TO CMEILEHUE 3aps10B BHYTPH €TI0 aTOMOB U MOJIEKYJI I1OJ1
JENCTBUEM BHEUIHETO JIEKTPUYECKOIO MOJIs, @ BEKTOP NOJISIPU30BaHHOCTU P paBeH koimdecTBy
3apsiia, IPOLIEALIEr0 B PE3yJIbTAaTe NOJIAPU3ALUYU YePE3 €ANHULY IIOBEPXHOCTH, IIEPIICHAUKYIISAP-
HOM K HAIIPaBJICHUIO CMEILECHNUS.

B 00BIYHBIX TU3IEKTPUKAX BEKTOP MOJISPU30BAHHOCTH P 1 BEKTOp 3/1€KTpUUECKOe CMelle-
HUS (BEKTOP IEKTPOCTATUYECKON HHAYKLIMHU) D mponopiuoHaabHbl HAMPSHKEHHOCTH AJIEKTpUYe-
ckoro nous E:

D = &E + EE = (e0 + &)E = &aE,

Ie: €0 — IUDJIEKTpUYecKas IPOHUIIAEMOCTb ITyCTOTHI,

& - abcomoTHAs TURJIEKTPUYECKas BOCIIPUMMYUBOCTH;

€a=¢80+ a - a0CcoIoTHAS AUDJICKTPHUICCKAA MPOHUITACMOCTD JJUBJICKTPUKA.
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CerHeToaNneKTPUKH - 3TO TpyNIa AUIIEKTPUKOB, Y KOTOPHIX B HEKOTOPOM HHTEPBAJIE TEM-
nepatyp HaOJro1aeTcs CaMONpPOU3BOJIbHAS (CITOHTaHHAs) MOJSPU30BAHHOCTh. B oTcyTcTBHE
BHEIIIHET0 MOJIsl BEKTOPbl CIIOHTAHHOM MOJIIPU30BAHHOCTH OTJIENIBHBIX SYEEK BelecTBa (JoMe-
HOB) HaIpaBJIeHbl XaOTUYHO M CyMMapHas MOJSIPU30BAHHOCTh paBHA Hymo. Ilpu HamoxeHun
BHEIIHETO MOl HapsAay ¢ OObIYHOM MoJspu3alieil NpoucXoIuT OpUEHTALMS MTOJISIPU30BaHHbIX
JIOMEHOB BJIOJIb JIMHUM BHELIHEro MOJsl M CyMMapHas IOJIIPU30BAaHHOCTh BO3PAcTaeT OYCHb
obicTpo. 3aBucumocts P(E), B oTianume oT OOBIYHBIX JUAJICKTPUKOB, CTAHOBUTCSA HEIMHEHHON
(puc. 5.1). IIpu HEKOTOPOM 3HAYEHUM HANPSIYKEHHOCTHU MOJSL 3TOT IMPOLECC 3aBEPLIACTCS U MPU
JaNbHENUIIEM yBEIMYEHUH MOJI MOJSPU30BAHHOCTh BO3PACTAET KAaK B OOBIYHOM JIUAJIEKTPHUKE.
3710 00J1aCTh HACBHIIIEHUS CErHEeTOIEeKTpHKa. [Ipy yMeHbIIeHNH OIS ¥ JalibHEHIIeM H3MEHEHUH
ero HampasiieHus KpuBas 3aBucuMoctu P(E) He coBmazaer ¢ nepBoHavaabHON U UAET HECKOIBKO
BBIIIIE, & IPU [UKINYECKOM U3MEHEHUHU HANPSHKEHHOCTH 00pa3yeT 3aMKHYTYIO KPHBYIO, KOTOpast
Ha3bIBaeTCs NMEeTIEN rucrepesnca ceruerodnekrpuka. [llupuna netnu u, cieaoBareiabHO, MOTEPU
Ha TOJSIPU3ALUI0 Y Pa3IMUHBIX CETHETORIEKTPUKOB CYIIECTBEHHO OTIINYatoTcsA. CerHeToMsrkue
MaTepHalibl, UMEIOIINE OUYEHb Y3KYIOMETII0 UCTIONb3YIOTCS Uil U3TOTOBJICHUS MaloOTrabapuTHBIX
KOHJICHCATOPOB OOJIBIION EMKOCTH.

Ecnu y OOBIYHBIX AMAIEKTPUKOB aOCONIOTHASsI AMAJIEKTPUUYECKas MPOHHUIIAEMOCTb €a =
(1...4)0eo, TO y CErHETOINNEKTPUKOB OHA MOXKeET octurath 107 €o.

B nanHoili paboTe nccieayeTcst MaJIorabapuTHbIM KOHAEHCATOP, AUIEKTPUKOM B KOTO-
POM CITyKHT CErHETOMATKUI MaTepuall. s skcrepuMeHTaIbHOro noiay4yenus 3apucumoctu P(E)
UCTIONB3YETCS TOT (PAKT, UTO y CETHETOREKTPUKOB &0E << P m, cnemoBarensHo D~P, T.e. 3aBu-
cumoctb P(E) npaktuuecku conagaet ¢ D(E). [locnenuss sxe mogo0Ha KyJIOH-BOJIBTOBO Xapak-
TeprcTHKE ((U), TaK KaK B KOHJCHCATOPE, IUIONIAAh [UIACTUH KOTOPOTO S M PACCTOSHUE MEKILY
oMy d: = DS u U = Ed. KynoH-BosibTOBas XapaKTepUCTHKA KOHACHCATOPA MOXKET OBITh MOJY-
YeHa Ha SKpaHe BUPTYaJIbHOTO WM 3JIEKTPOHHOTO OCIHILIOrpada.

CuHycoujanbHOe HaNpsDKEHUE MOIaéTCsl yepe3 MOBBIIIAOINKM TpaHC(hOpMaTOp Ha LIETb,
COCTOSIIYIO M3 TOCJIE0BATENBHO COSAMHEHHBIX JIMHEHHOTo KOoHJeHcatopa C1 U HEIMHEHHOIo
KOHJIEHCAaTopa ¢ M30isinuen u3 cernerodnekTpuka Co. 3apsiibl Ha 3TUX KOHJEHCATOpax OAMHA-
KOBBI ¥ IPOITOPIIMOHAIBHBI HanpsikeHnto Ui:

q=Ci1 U1

[IpuHnMIManbHas cxeMa OIBITHON YCTaHOBKH W300paskeHa Ha puc. 5.2
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R=10 Om copmaTo i
° — N p p o ) _ o8
w2=900 1wmkd, sl c |,
U  w1=300 . 258 ° l o (9

P wl= :
0,6...0,7 kI : :

K : 1MK¢,J— C, lu +

i 63B 1 BXOA Y

—e T >

Hanpspxkenne Ui mogaércest Ha BEPTUKATIBHBIN BXOT 3JIEKTPOHHOTO WJIM BUPTYaJIBHOTO OC-
mwutorpada, a Uo - Ha ropuzoHTanbHbli. Ha skpane ocuuiorpada mosBiseTcs 3aBUCUMOCTD

q(VU) mst HenmuHelHOTO KOHACHCaTopa. [1o Hell MOXKHO paccCuMTaTh MOJISPU3ALMOHHYIO XapaKTe-

puctuky P(E):
u
E=—2
d 1
Tac d- TOJIIIMHA AUIJICKTPUKA.
C
P=D-gyE=—11

rae S — miomaab 00KIaI0K KOHACHCATOpA.
Jo6aBounstii peauctop R = 10 OM city>XHT 17151 OrpaHUYCHHS TOCTOSTHHON COCTAaBJISIOIICH

TOKA, BO3HHUKAIOIIETO M3 3a HAJWYUsA HEOOJNBIION ITOCTOSHHOW COCTABIISIONIEH B BBIXOJHOM

HaIIps’KCHUU I'€HCPpaTopa.

Ykazanue no mexnuxe 6ezonacnocmu:
VYka3zaHus o TeXHUKE O€30MMaCHOCTH MPH BBITTOJIHEHUH JIA0OPaTOPHBIX pabOT MPUBEIEHBI

B MPUJIOKEHUE A.

Ykazanua no evinoanenuro nadbopamopnoii pabomot:

CobGepute Ha HAOOPHOM TT0JIE JTAOOPATOPHYIO YCTAHOBKY COTJIACHO CXEME OIIbITa, n300pa-

JKEHHOM Ha puc. 5.3 1 ycTaHoBUTE Tipeensl u3mepenusa BoiaptMeTpa VO — 100 B, a BosibT™MeTpa

V1-20B.
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leHepaTop

HanpaHeH K

cneymaneHo

W

Ipenynpexaenne: Auniumyoa HanpAXCeHUs Ha HeNUHEIHOM KOHOeHcamope 8clle0cmaue
PE30HAHCHBIX ABIEHUU HA BbICUUX 2apMoHuKax modcem docmueams 100B. Ilpu ucnonvsoeanuu
BUPMYATILHBIX NPUOOPOS O/ YMEHbULEHUS CUHDAZHO20 CUSHALA HA 8X00€ KOHHEKMOPA U CHUMCe-
HUsL NOMeX He MeHAUme MeCmamu JUHEeUHbI U HeJIUHEeUHbI KOHOeHCamopbvl U coonodaime no-
JIAPHOCMb NOOKTIOUEHUsL KOHHEKMOopa, YKA3aHHyo Ha cxeme. Ilpu ucnonv3osanuu 21eKmpoHHo20
ocyunnozpagha creoume 3a NPAGUILHLIM NOOKIIOUEHUEeM 00uel MOYKU 20PU3OHMANLHO20 U 8ep-
MUKATbHO20 6X0008.

Bxuttounte KOMITBIOTEP M OTKPOUTE OJIOK BUPTYyaNIbHBIX TpuOopoB «IIpubopst I». AxkTHBH-
3UpyiTe B BEpXHEM OKHE 3Toro Oioka npudop VO, a B TpeTheM cBepXy — V1 U yCTaHOBUTE POJL
U3MEPSIEMON BEIMUMHBI — K AMILIUTY1a».

Brurounte BUPTYanbHBIN OCIMILIOTpad, «IIOAKIIOUNTEY) K €ro MepBOMY KaHAlly CHTHAT
V0, a k TperbeMy — curHan V1. YcraHoBUTE AMUTENbHOCTH pa3BépTku 200 MxC/men.

Bxurounte 0710k reHepaTOPOB HANPSKEHUH, yCTAHOBUTE HAa T€HEPATOpe HANpsHKEHUH crie-
MaabLHOM (OpPMBI CHHYCOMIANBHBIN curHai yactotoi 0,6...0,7 k 't MaKkCMMaJTbHON aMIUTATYTbI.

Y6enurech, 4TO Ha BUPTyaJIbHOM OcLIIIOrpade MOsSBUIIOCh H300pakeHUe MPUMEPHO Of1-
HOTO NEPHO/Ia IBYX CUTHAJIOB: KpUBasi OEJIOro 1IBETa COOTBETCTBYET U3MEHEHUIO HAIIPSHKEHUS Ha
HenuHeHoM KoHieHcatope Uo, kpuBasi 3eJIEHOTO 1[BETa — I3BMEHEHHIO HAPSKEHUSI HA IMHEWHOM
konzaencarope Ui. Ilpu HeoOxoaumocTu cMmecTuTe M300pakeHHe MO TOPU3OHTANM, B IIEHTP
JKpaHa.

Brutounte pexum X-Y ocuwniorpada u yoenuTech, UTO Ha SKpaHe MOSBHIIOCH H300pa-
JKEHUE KYJIOH-BOJIbTOBOM XapaKTepUCTHKHU KOHJeHcaTopa. [Ipu sTom Ha BXxoa X HY)KHO 11OJATh
Hanpsokernue Uo (kanan 1), a Ha Bxoa Y — Hanpspkenue Ui (kanan 3). [letns ructepesunca 1aHHOTO

THUIIa KOHACHCATOPOB BECbMaA y3Kas, Ha oculzmnorpa(be OHa Ha6J'IIOI[aeTCH KaK OJHa JINHUA.
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3adukcupyite MacuTadbl ocuuuiorpada HaxkatueM KHomok 1 u 3 Ha 6;10kax Bxo0B. [1pu
9TOM KHOITKH TIPHOOPETAIOT KPACHBIH LBET, U B JAJbHEHIIIEM MacITaObl aBTOMAaTHYECKHA M3Me-
HATHCS HE OyayT.

YMeHbIINTE CHHYCOUANIHOE HAMPSHKEHUE 10 HYJIS U, YBEJIIMYMBAS €ro IIar 3a [IaroM 10
MaKCUMAaJIbHO BO3MOXXHOTO HAIPsDKEHUS TeHepaTopa, 3amuchiBaiite B Tabn. 5.1 aMIumTysl
HaNpsHKCHUH Ha JTMHEHHOM KoHJeHcaTtope — U1 u Ha HenuHeiHoM - Uo.

PaccuuTaiite monspu3aioHHy0 XapakTepuctuky nudiektpuka P=f(E) u 3aBucumocTth

e=f(E). BriOepute MacmTaObl ¥ COOTBETCTBYIOLIHME TIOCTPOMTE Tpaduky.

uo, B Ul, B E, B/m P,Ki/m2 | €=APlg,AE | Eu Al

0
10
20
30
40
50
60
70

Cooeporcanue omuema:

OTueT 10IKEH CoJepXKaTh:

1. Ha3Banue paGoTsl;

2. l1enb paboThI;

3. Kpatkue TeopeTuueckue cBe1eHus;

4. Onycanue UCIOb3yeMOTo 000pyI0BaHHS U MaTEPHAJIOB;
5. [lopsanox BeIMONHEHNS pabOTHI;

6. Berarcnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.
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Jlabopamopuaa paboma Ne22. 3ana3zoviearoujue nomenyuanbl NEPEMEeHHO20 I1eEKMpo-
MAZHUMHOZ0 NOJIA U U3JIyHeHue INeKmpomazHumnou Inepzuu. Hccneoosanue snekmpomaz-

HUMHbBIX CUI 6 NOCMOAHHOM MAZCHUMHOM noJie.

Ilenwv padomer: OnipenenieHUe ONBITHBIM U PACUETHBIM ITyTEM 3aBUCUMOCTH 3JIEKTpOMar-

HUTHOM CHIIBI OT TOKA B KaTyliKeE.

OcHoebl meopuu.
B nannoit pabote uzmepsieTcs cuia IpUTSHKEHHUS IByX OJIKOBOOOPA3HBIX YacTel pa3beM-
HOT'O cep/leYHrKa TpaHchopMaTopa, Koria 1o ero 00MoTKaM, BKIFOUEHHBIM I10CIIE0BATEIBHO CO-
IJIACHO, IIPOTEKAET MOCTOSHHBIN TOK.
Ota cuia MOXKET OBITh OIpe/esieHa MO IUNIOTHOCTH SHEPIMHd MarHUTHOTO TOJS B 3a30pe
MEXIY CepACUHUKAMH:
2

2
uoH wl
Fpacq =2 ST = S/u()(_]

rae:  Fpacs — pacuérHas cuna B HeloToHax;

MHOKHTEID 2 YYUTBIBACT ABE CUJIbI, IPHUIJIOKCHHBIC K IBYM KOHIIAM IMOABHKHOTO CEPACU-

HUKA;
S = 16x13-10° =208-10° m? - nonepeuHoe ceueHne cepaeUHNKA;
0 =12.56-107 T'n/M — marauTHAS MPOHULIAEMOCTh BO3YXa;
H — nanpspk€HHOCTE MAarHUTHOTO TIOJIS B 3a30P€E;
w = 1800 cymmapHO€ 4MCIIO BUTKOB JIBYX KaTylIE€K, COEIMHEHHBIX MOCIEI0BATENBHO;
| — TOK B KaTyIIKax;
20 - ABOMHOM 3a30p MEX]ly IOJJKOBaMHU Cep/IeUHMKaA (€r0 BeIMYMHA yKa3aHa Ha dSTUKETKE
MHMHHOJIOKA).
'Cﬁpoc
. Munndnok C =022
MuunBnok OneKkTpoMarHuTHele | MKD
"BoikniovaTens” GHUNbI" Rex =56 11
— +U i KOM I
* (A oo —
- +
0.15B i
MuHubnoK UBW_
U, "MHTerpaTtop”
- o >
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[IpuHuMnuanpHas cxema yCTaHOBKH [TOKa3aHa Ha puc. 7.1. Ilpu BkiItoueHNH BBIKITIOYATENS
0 KaTyLIKaM TpaHc(hopMaTopa HAUMHAET POTEKaTh TOCTOSIHHBIHM TOK, U 1BE TOJIOBUHBI pa3bEM-
HOT'O CEpIeYHMKA IIPUTATUBAIOTCA APYT K Apyry. I[Ipu oTkiroueHnn nenu cuiia NpUTSHKEHUS MC-
ye3aeT. [10ynpOBOJHUKOBBIN U0/ B CXEME CIIYXKUT JJIs UCKIIFOUEHHUs [IEPEHANPSKECHUHN B CXEMeE
IIPU OTKJIFOYEHHUH KaTYIIKH.

JU1g u3MepeHus CUIIbl B 3a30Pbl MEXKIY JBYMs YacCTAMHU CEPACUHUKA BCTPOEHBI JATYUKU
cuibl. [IpuHuMn nedcTBUs AaTYMKa OCHOBAH Ha Ibe3o3jeKTpuueckoM sddekre. Ilpu Bozaeii-
CTBHMH CHJIBI Ha €0 BBIBOJIAX 00Pa3yIOTCs MIPOTHUBOIIOIOKHBIE 3aps/Ibl, TPOMOPIIHOHAIEHBIE CHJIE.
Jls u3MepeHus 3Toro 3apsja K BBIXOJY JaT4MKa MOJKIIOYEH MUHTErpupyomui ycunnureiab. OH
MHTETPUPYET UMITYJIC TOKA BO BXOJHOM LIENHM UHTETPaTopa B IPOLECCE U3MEHEHUS CHIIBI, BO3-
neicTByromeit Ha nqaTyuk. TakuM oOpa3oM, HaNpspKEHUE Ha BBIXOJE MHTErpaTopa MpOHopLUo-
HaJIBHO 3apsily Ha 3JIEKTpOJax JaT4MKa CUIIbl. J[JI1 yCTaHOBKU HYJIEBOI'O HANPSKEHUs HA BBIXOJIE
MHTErpaTopa CiIyKUT BbIKIto4aTesnb «COopocy». Ilocie ycTaHOBKM HyJIsl EPEKIIOYATENb HYKHO
BEPHYTb B UCXOJIHOE MOJIOKEHHUE, U HHTETPAaTOp IOTOB K padoTe.

Cnenyer UMeTh B BUAy, UTO JJaXKe MPU OTCYTCTBHM BXOJHOI'O CUTHAja, HAIIPSDKEHHE Ha
BBIXOJIC HHTErpaTopa MEJICHHO MEHSAETCS BCIICACTBUE Apeiida HyIs U HHTErPUPOBAHUS Pa3Iny-
HBIX yTe4eK cxeMbl. [l03TOMy yCTaHOBKY HyJIsl HEOOXOAUMO BBINIOJIHATH HEMOCPEICTBEHHO NEPE]
KaX/IbIM U3MEPEHUEM, a OTCUYET BBIXOJHOI'O HAIPSDKEHHsI HEOOXOIMMO BBINOJHATH B TEUCHHE
JIBYX — TpEX CEKyHJ cpa3y I0CJIe HHTETPUPOBAHUS.

Jist KanuOpOBKU CHCTEMBI «JIaTYUK — WUHTETPATOP» HCIHOJIB3YETCs BEC CaMOTr0 MOJBUX-

HOIr'0 CEpACYHUKA. On YKa3aH Ha 3TUKCTKEC CCPACUHHUKA.

Ykazanue no mexnuke oezonacnocmu:
VkazaHus 1o TeXHUKE 0S30IMacHOCTH IIPpU BLIITOJIHCHHUN Ha60paTOpHBIX pa60T IMPUBCACHBI

B IIpUJIOKEHNUE A.
Ykazanusa no evinonnenuto nabopamopnoii pabomor:
Cobepute ycTaHOBKY Kak IMMoKazaHo Ha puc. 7.2. Ilepekmtodarens UHTErpaTopa yCcTaHO-

BUTe Ha «COPOCY, BEIKITIOYATEIh Ha BXO/IE [IEMH BRIKIIFOUNTE (TIOJI0KEHHUE «BBEPX)).

BxrounTe 610k reneparopoB HamnpsbkeHuid (BI'H), yoenuTech, 9To Ha BBIX0JIe MHTETpa-

Topa HanpspKkeHue 6au3ko k Hyo (< 10 mB).
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YcraHoBHTE TIpeIen U3MEPESHHs BOJBTMETpa — 2 B MOCTOSIHHOTO HAIPSDKCHUS, TIEpeBe-
JIUTE TIEPEKITIoYaTeNIb HMHTETPaTopa B HIDKHEE TTOJIOKEHUE W TOTYAC JK€ BBIHBTE BEPXHIOIO MOJIO-
BUHY cepAeuHUKa u3 Karymiek. Cpasy mocie 3Toro caenaiTe OTCUET HANpsHKEHUS Ha BBIXOJIE MH-
Terparopa.

[lepexntounrte unTerpaTop B nojoxenue «COpocy, yoenurecr, 4To Ha €ro BbIXOJE yCTa-
HOBUJIOCH HYJIEBOE HANPsDKCHHE, BEPHUTE MEPEKIII0YaTeb B HUKHEE TOJIOKEHUE M TOT Yac JKe
BCTaBbTE CEPACUHUK B KATYIIKU, HE HAXKUMas Ha HEro u He Opocas ¢ 601b10i BeicoThl. CHOBa
cienaiite OTCYET BBIXOHOTO HarpsikeHus. OHO HE JIOJDKHO CHUJIBHO OTJIMYATHCS OT HAIPSKEHUS
B IIPEIBIIYIIEM OTIBITE, HO 3HAK HAIIPSDKCHUS MEHSETCS Ha MPOTUBOIOJIOKHBIH.

JIst KamnOPOBKHU CUCTEMBI «JIATYUK — HHTETPATOP» MPOJACIIalTe MPEbIIyIIHE IBa OIbITa

5 pas, 3anmuchIBas pe3ysbTaThl OTCUETa HanpsbKeHus B Tabauiy 7.1. 6e3 yuéra 3HaKa.

Usux, B ipu cHATHY ceplieuHnKa

Usux, B Ipu ycTaHOBKE CepeUHNKA

OT6pOCBTC CUJIBHO OTJIMYArOIHUECH 3HAYCHHUA HAIIPSIKCHUS, 4 10 OCTAJIbHBIM BBIYUCIIUTC

CpCAHCC 3HAYCHUC U ITIOCTOSAHHYIO CUCTEMBI «IaTUUK - HUHTCTPATOP»:

BxomrounTe BBIKITIOUATETh HA BXO/IE IIEMK M yCTAHOBUTE HaYaJIbHOE 3HAYEHHE TOKA B Ka-
tymke 50 MA, iponenaiite «COpoc» HHTETpaToOpa, U TOTYAC BBHIKIIOUYUTE TOK B KaTyIIKe. 3aroM-
HUTE WIM 3alUIIUTE TOKa3aHue BoJbTMETpa. [IpoaenaiiTe 3TOT ONbIT HECKOJIBKO pa3 MpH BKIIO-
YEHUH W BBIKITIOYCHHH TOKA ¥ 3aIUIINTE B Ta0J. 7.2 cpeqHee win HanboJiee YacTo MOBTOPSIOIIIES-
ecsl IoKa3aHue BOJbTMETpa O6e3 yuéTa 3HaKa.

[ToBTOpPUTE 3TOT OMBIT PU APYTUX 3HAYCHUSIX TOKA, YKa3aHHBIX B Ta01.7.2.

ITo ONBITHBIM JTAHHBIM OTPEJEITUTE CHUITY B rpaMMax 1o (opmyiie: Foxen = & UBBIX 1 3a-
HECHTE pe3yJIbTaThl B Ta0J.7.2.

Omnpenenure pacy€THyIO CHTy TI0 hopMyJie, MpuBeAEHHON B pasnene «KpaTkue cBeneHust
U3 Teopuny», mepeBeauTe €€ B IrpaMMbl M Takxke 3aHecute B Tabn. 7.2. Iloctpoiite rpaduku

Fpaca=f(I) 1 Foxen=F(I), cpaBHUTE X U clieIalTE BHIBOJIBI.

I, mA Usvix, B Faxken, 2 Fpacu, 2
50

100
150
200
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Cooepoicanue omuema:

OTyer N0JKEeH COIepKaTh:

1. Ha3Banue paGoThI;

2. Llens paboTsr;

3. Kpatkue TeopeTndeckue CBeIeHUS,

4. OnycaHue UCIOJIb3yeMOro 000Py10BaHMsI U MaTEPHUAJIOB;
5. Iopsiiox BBIOJIHEHUSI PaOOTHI;

6. Beruricnenus u 00paboTKa pe3yIbTaToB;

7. BeIBOZIBIL.
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Jlabopamopnaa paboma Ne23. Pacnpocmpanenue niockoi 31eKmpomazZHumHou
60JIHbl 6 0OHOPOOHOM NOAYNPOEOOAUem npocmpancmee. Hccnedosanue nogepxnocmnozo

Ihpexma u Ighpexkma 61u30cmu.

Llenv pabomer: ViccnenoBanue pacnupeaesieHus TOKa B MACCUBHBIX ITPOBOJHUKAX

Ocnoevt meopuu:

[TepeMenHbIN TOK pacnpenenseTcs M0 CEYECHUI0 MACCUBHBIX MTPOBOJIHUKOB (IIIMH) HEpaB-
HOMEPHO BCJIEACTBUE MOBEPXHOCTHOTO 3 dexTa u addexra 6nu3zoctu. Hanbonpimas mioTHOCTH
TOKa HaOII0JaeTCsl Ha MOBEPXHOCTH IIMHBI U YMEHBIIAETCS K LEHTPY MOIMEPEUHOro CeueHus
(puc.8.1.a). B 1Byx 61IM3KO pacMoNOKEHHBIX [IIMHAX C TPOTUBOMOJIOKHBIM HAIIPABIEHUEM TOKOB,
KpOME TOT0, IPOUCXOJNT BHITECHEHNE TOKOB Ha IMOBEPXHOCTH HIMH OOpaII€HHBIE OPYT K APYTY
(puc.8.10). [Ipn oiMHAKOBBIX HAPABJICHHUSIX TOKOB B IBYX TaKWX IIMHAX BRITCCHEHHE TOKOB IIPO-

HCXOOUT HAa BHCIIHUC ITOBECPXHOCTH.

a)y, 6) vy 7 ’ )
Fa¥ O 8
b
8 X ] X X

/|( i i /|(

a
3 3 3
N Z z
X XF/ \_TX

B npoBoiHMKE, yII05K€HHOM B (DeppOMArHUTHBIN a3 pOTOpa WM CTATOPA MIEKTPUUECKON
MaIllMHbI IPOUCXOUT BHITECHEHHE TOKA Ha OTKPBITYIO IOBEPXHOCTh MPOBOAHUKA (puc. 8.1B).

HepaBHOMepHOE pacnipenienieHre ToKa 10 CEYEHUIO NPOBOJAHUKOB IIPUBOAMT K yBEJIHUE-
HUIO WX aKTUBHBIX CONPOTUBIICHUH, YTO HEOOXOAUMO YUUTHIBATH MTPHU MPOCKTHPOBAHUH JIEKTPH-
YECKHMX MaIlluH U TOKOIPOBOJOB.

Haubosnee npocThIM A1 MaTEMaTHUECKOTO OMUCAHUS ABISETCS MPOBOAHUK, YIO0KEHHBIN
B (heppoMarHuTHBIN na3. [Ipu 1ocTaTOYHOI BBHICOTE Ma3a MOXKHO MPeHeOpeyb OTPaKEHHOM IIeK-
TPOMAarHUTHOM BOJIHOM OT ero AHa. Torga pacrpeaesieHue IeUCTBYIOLIETO 3HAYCHHUS INIOTHOCTH

TOKa I10 BBICOTE Ta3a (BJOJIb OCH Z ) MOKET OBITh ONMHUCAHO cieaytomen Gpopmyioi [1]:

é(z) — 5(o)e—kze j(450—kZ)

Ko ([P ow

rae: - k03¢ dunmeHT 3aTyxanus u KodhpuiueHT dasml;
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J2k

o (0) =5 | — meiicTByrOLIEE 3HAYEHNE INIOTHOCTH TOKA HA OTKPBITOM IOBEPXHOCTH ITPO-
BOJTHHKA;
rae: | — gelicTByrolee 3HaYeHUE TOKA B TIPOBOHHKE;

® - KpyroBas 4acToTa IIepEMEHHOTO TOKa,

L ¥ Y - MAaTHUTHAS IPOHUIIAEMOCTh M ITPOBOAMMOCTh IPOBOTHHUKA;
a=2 MM - NIMPUHA Na3a;

b =0,35 MM - ToNIIIUHA TPOBOIAIICH IITUHBIL.

CormacHo 3tuM GopmysiaM, IIIOTHOCTh TOKA YMEHBIIAETCS BJOJIb OCH Z MO IKCIIOHEHIIN-

JIBHOMY 3aKOHY (MHOXHTEJb et ). HauanbHas ¢a3a mioTHOCTH TOKa Ha IIOBEPXHOCTH NPOBOJI-
HUK paBHa 45° U ¢ yBEeIMYEHUEM KOOPIUHATHI Z U3MEHSIETCS 1O (a3e B CTOPOHY OTCTaBaHUs (¢ =
45° —kz).

I'my6uHa, Ha KOTOPO¥ MIIOTHOCTH TOKa B e'=2,718 pa3 MeHbIIle, YeM Ha TOBEPXHOCTH TIPO-
BOJIHMKA, HA3bIBACTCS [NIyOMHOM MPOHUKHOBEHUSI JIEKTPOMArHUTHOM BosHBI h = 1/k. ['myOuna
IPOHUKHOBEHHS] YMEHbBILAETCS C YBEIMUCHUEM 4acTOThI IEPEMEHHOI0 TOKA, MarHUTHON IPOHHU-
LIaEMOCTHU ¥ MPOBOJIUMOCTH ITPOBOJHUKA.

B nannoii pabote uccnenyercs pacnpeeseHie TOKa B IEHTOYHBIX MEIHBIX POBOJHUKAX

tonuuHoN 0.35 MM U IKUPUHON 25 MM NpHU UX Pa3IMYHOM B3aUMHOM PacHoIoXKeHuH (puc.8.2).

a) 6)

IlepBbIil BapHaHT pacnoiI0KEeHUsI POBOJHUKOB (CM. puc. §8.2a) MO3BOJSAET HKCIEPUMEH-
TaJbHO UCCIIEJOBATh paclpeiesIeHne TOKa B/I0JIb LIMPUHBI (OCh Y) IBYX OJIM3KO pacrol0KEHHBIX
NPSIMOYTOJIBHBIX LIMH, TOKa3aHHBIX Ha puc. 8.10.

Bo Bropom citydae (puc. 8.26) OIBIT MOXKET OBITH BBIIIOJIHEH MPH JBYX 3HAYCHUSIX PaccTo-
sHus Mexay muHaMu: d = 63 MM u d =3 MM.

[Ipu OonbLIOM pacCTOSIHUM MEXKIY JEHTOYHBIMU IIPOBOJHUKAMU, PAaCIpeIeICHUE TOKA B
HUX AQHAJIOTUYHO paclpeesieHHuI0 TOKa B OJHOM M3 TOPU30HTAJIbHBIX CIOEB MPSIMOYTOJIbHON
IIMHBI, TOKa3aHHOH Ha puc. 8.1a (Baoab ocu X). D ekt 6IU30CTH CKa3bIBAETCS 3/1eCh HE3HAUM-
TEJBHO.

[Ipu ManoM paccTOSHUN MEXIY JIGHTOUYHBIMHM IPOBOJHUKAMH UX MOYKHO pacCMaTpHUBAaTh
KaK OJIMH M3 FOPU3OHTAJIBHBIX CIOEB ABYX OJIM3KO PACHOJOXKEHHBIX ILWH, TOKa3aHHBIX Ha pHC.

8.16. Boonb ropu3oHTanbHOM ocu (0CH X) 3[1€Ch CHIIbHO MposiBisieTcs 3G deKT 0IM30CTH.
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B tperpem ciyuae (puc. 8.2B.) MeHas JIGHTa OXBayeHa € TPEX CTOPOH (heppOMarHUTHBIM
JKPaHOM U paclpeelIeHUe TOKa B HEM IPUMEPHO TAKOE )K€, KaK B IPOBOAHMKE, YJIO)KEHHOM B I1a3
ANEKTpUYECKOi MamuHsbl (puc.§.1.8).

[IpoBoasimne neHTHI AJ1 KaK0TO U3 ONMUCAHHBIX YETHIPEX BAPUAHTOB CMOHTHUPOBAHbI HA
CTEKJIOTEKCTOJIUTOBBIX IIaTax U 00pa3yIoT 3aMKHYThIE KOHTYPbI. DJIEKTPUUECKHUM TOK K HUM I0J1-
BOJIUTCS Yepe3 NOHMKAOLMK TpaHchopMaTop, BTOPUYHONH OOMOTKON KOTOPOrO SIBISETCA caM
KOHTYP U3 NPOBOJAIINX JICHT U COeIMHUTEIbHBIX IMIMH (OAUH BUTOK).

JlaboparopHasi ycTaHOBKa C OJIHUM M3 BApUAaHTOB IIPOBOJSIIETO KOHTYpa CXEMaTHYHO I10-
Ka3aHa Ha puc. 8.3.

Jiis eé cOopKHM HEOOXOJUMO CHayala yCTAaHOBUTH B JIEBOM BEepXHEW yacTu HaOOPHOH na-
HeJlU KaTyuKy TpaHcgopmaropa 170 BUTKOB BMecTe ¢ HIKHel U-00pa3Hoil 4acThio pa3bEMHOIO
CEpJIeYHMKA, 3aTEM HAJETh HAa KaTYLIKy OJMH M3 UCCIEAYEMBbIX IIPOBOSAIINX KOHTYPOB U 3aKpe-
IIUTh €ro HaJl HAOOPHOM MaHebI0, MOIb3YSICh COEIMHUTEIBHBIMU BUIIKAMHU CO CPETHUM BBIBOJIOM,
Kak nojcraBkaMu. [loxctaBku HeOOXOAMMBI AJIs1 YBEIMUEHUS PACCTOSTHUS MEXY HCCIIEyEMbIMU
IPOBOJHUKAMH U METAJUNIMYECKOI MOBEPXHOCTHhIO HAOOPHOI maHenu. MlHaye HaBouMbIE B HEH

BUXPEBBIC TOKU CYHICCTBCHHO U3MCHAT paCIIPCACICHUC TOKA B UCCICAYCMbIX IIPOBOJHUKAX.

MesspaTop
NOCTOR Fml X
Mesieparop w3 NpFEes wi
HANpRRE T
e LMENLHOH ° [m) =) SO O OO
& mp e ,@'_
(=) =) @@' @ @' @ 5B
Bason o EaE)

- | - -
Jrrete

Py 8 5@
S I =
08 | A - 0158
5 — 2 iy @&
S
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S Bl idsell

T o WA AR OO O

[Tocne 3TOro Hy>kHO BCTaBUTh B KaTYIIKy BTOPYIO MOJOBUHKY pa3bEMHOTO CEpJICUHUKA U
CKPENUTH JIBE MOJIOBUHKU CEPJICYHUKA PE3UHOBBIM KOJIBI[OM.
Jlyis w3MepeHus maJieHusl HAMPsDKeHUs BJIOJb HUTH TOKA B MPOBOSINEH JICHTE CITYKHUT

JATUYMK HAMpSOKEHMs, TaKKe N300paxkEHHbIN Ha puc. 8.3. OH npeacTasisieT cOO0M IIACTUHKY U3
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CTEKJIOTEKCTOJINTA, B KOTOPYI0 BMOHTHPOBAHBI JIBA MUHUATIOPHBIX KOHTaKkTa. [IpoBoja OT KOH-
TaKTOB IIPOXOAAT BAOJb HUTH TOKA B UCCIIEAYEMOM IPOBOAHUKE J0 CEPEANHBI INIACTUHKH, 3aTEM
OHH MoBOpaurBaroT Ha 90° ¥ MPOXOAAT BMeCTe CKBO3b PydKy K YCHIMTENIO HampsikeHus. [Tpu
IPUKATUU KOHTAKTOB K HUCCIIEyEMOI TOBEPXHOCTH, COEIMHUTENIBHBIE IIPOBO/IAa JaTYMKA OKa3bl-
BalOTCA PaCIOJIOKEHHBIMH [TOYTH BIUIOTHYIO K 3TOM oBepxHOCTU. B pe3ynbpTaTe, MarHUTHBIN 10-
TOK, CLIETIJIEHHBIM C KOHTYPOM HM3MEPUTENbHOM IIeNH, OKa3bIBaeTCsl OJIM3KUM K HYJIIO U Ha BXOJ
YCUJIUTENIS MTOJIBOJIUTCSI aKTUBHAS COCTABJIAIOIIAs HANIPSDKEHUS, IPONOPIMOHANIbHAS IUIOTHOCTH

TOKa:

raec: U- HaIMpsKCHUE MEXKAY KOHTAaKTaMM JaT4YrKa,
E — TanreHcuanbHas COCTaBIISIONIAS HaHpH)KéHHOCTI/I QJICKTPHUYCCKOI'O I10JI4,

| — paccrosiHue MeX Ty KOHTAaKTaMu nat4yuka, pasHoe 0,1 M.

M
V= 557 - yACJbHasd IpOBOJUMOCTE MEJHOI'O IIPOBOAHHKA.
M+ MM

Jlis u3MepeHus ToKa B UCCIIEyEeMbIX IIPOBOJHUKAX UCHOJb3YETCsl TpaHC(HOpMATOp TOKA
¢ koapuuuentom tpanchopmarmu 100. OH MeeT 01lMH NEPBUYHBII BUTOK M PACIOI0KEH HETIO-

CPE/ICTBEHHO HA COEUHUTENBHOM muHe (puc. 8.3).

Ykazanue no mexnuke oezonacnocmu:
VkazaHus 1o TeXHUKE 0€30IMacHOCTH IIPpU BLIITOJIHCHHUN Ha60paTOpHBIX pa60T IMPUBCACHBI

B IIPUJIOKEHNUE A.

Ykazanusa no evinonnenuto nabopamopnoii pabomor:

Cobepute Ha HaOOpHOI MaHenu TpaHcHOpPMATOp ¢ OAHUM M3 MPOBOMASAIIUX KOHTYPOB U
YCTAaHOBUTE HAa HEW MUHHOJIOK - YCHJIMTENh JaTYUKa IIOTHOCTH ToKa (puc.8.3). Ycunurens pac-
TIOJIO’KHTE B TIPABOM YacTH HAOOPHOH MaHENN Kak MOYKHO JAJIbIIEe OT HCCIIeyeMOro KOHTYpA.

Cobepute AMEKTPUYECKYIO 1IEb COrNIACHO MPUHLMIUAIBHON cxeme, u300pakEHHON Ha
puc. 8.4. AMnepMeTp U BOIbTMETp, TOKa3aHHBIE HAa CXeMe — BUPTyalibHbIe Tprbopbl. KoHneHca-
TOP CIYXUT I KOMIICHCALIUW WHAYKTHBHOT'O COIMPOTHUBJICHUSA KOHTYPA U YBCIIMYCHUSA TOKa B
HEM.

[Ipumeuanue: BupTyanbHble TprOOPH MOKHO 3aMEHUTH MYJIbTHUMETPaMH, HO TOTJa Bl
HE CMOXKETEe U3MEPSITh HAaYalIbHYIO0 (Pa3y IIIOTHOCTH ToKa. HauanbHyto a3y B 3TOM cilydae MOKHO

U3MEPSTH JIEKTPOHHBIM OCITMILIOrpad)oM ¢ TOMOIIBIO Gurypsl JInccaxy.
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Brxurounte BUpTyanbHbIe IPUOOPHI ISt K3MEPEHUS TOKA HATIPSHKEHUS U CIBUTA (ha3 MEKTY
HUMU.

VYcraHoBUTE Ha HCTOYHUKE TMEPEMEHHOTO0 TOKA CHHYCOUJIAJIbHOE HANPSDKEHHE YacTOTOM
2000...2500 I't MakcMMaJIBHOW aMILUTATY I ¥ TTo10epuTe EMKOCTH C, IPpU KOTOPOM TOK B KOHTYPE
HauOoNbIKN. J{71s HaEKHBIX U3MEPEHUI OH JOJKEH ObITh He MeHble 25 A. He 3a0biBaiiTe, 4TO
TOK B KoHTYype B 100 pa3 GombIiie, ueM BO BTOpUYHOM 00MOTKe TpaHchopmaTopa Toka. [Ipu Heoo-
XOJIUMOCTH, MOKHO YBEJIMYUTB TOK MOJCTPOMKON YACTOTHI MPUIIOKEHHOTO HAMPSHKEHUS OJIFKE K
pe3onancHo. [Ipu 3ToM crieuTe 32 UHAUKATOPOM Meperpy3ku HCTOYHUKA.

Crnerka nprwxuMas 1aT4yUK €ro KOHTAKTaMHU K MOBEPXHOCTH JICHTOYHOTO IPOBOJHUKA U
nepemenias €ro Mo MHUPUHE JIEHTHI, YOSAUTECh, UTO U3MEHSIIOTCS BBIXOIHOE HAIIPSKEHUE YCUIIH-
Tens U pazHocTh ¢a3. Eciau npubop mokaseiBaeT pazHocTh (a3 6ombire 90°, momMeHsiTe MecTaMu
3a)KUMBI aMIIepMeTpa Ha KOHHEKTOPE MM 3aKUMBI TpaHCchopMaTopa TOKa.

N3mepbTe BBIXOIHOE HAIMPSHKEHHE W Pa3HOCTH (a3, mepeMerias T1aTIhK OT OJHOTO Kpas
JIEHTHI /10 APYTOTO C IIaroM 5 MM U 3allUIINTe pe3ynbTathl B Ta0u. 8.1. Koopaunara x B Tabnuie
COOTBETCTBYET PACCTOSHUIO OT Kpasi IETOYHOTO IIPOBOTHUKA JI0 KOHTAKTOB JATYHKA.

Paccuuraiite IIIOTHOCT TOKA MPH KaXKJOM 3HaYeHUH KoopauHaThl. C y4€ToM K03 uiim-

CHTA YCUJICHUS HAIIPSPKCHUS yCUIIUTCIIA:

_ YU g
100l

[TnoTHOCTH TOKA MoMyuuTcst B A/MM2, ecnu B 3T0# popmyse y - B M/(OM MM2), Usux — B
Bonbrax, u | = 0,1 M — paccTosiHue MeX /Ty KOHTAKTAMH JaTYHKA.

3aMEHHUTE YCTAHOBJICHHBIM KOHTYP Ha JAPYIroi, 3aT€M Ha TPETUI U MOBTOPUTE BCE OMBITHI
U PACU€THI.

[Toctpoiite rpaduk H3MEHEHUS TUIOTHOCTH TOKA U €T0 HadadbHOU (ha3bl ISl UCCIICIOBaH-

HBIX CJIy4acB.
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0
5
10
15
20
25

cobepute Ha HaOOpHOW MaHEIH TpaHCHOPMATOP C MOJEINBIO Ma3a SJICKTPUUYECKOH Ma-
ITUHBI.

CobepuTe 3IEeKTPUUYECKYIO LIETIh COTJIACHO cXeMe, n300paxEHHOM Ha puc. 8.5. Ycunurenb
pacmoJIOkKUTE B MPABOI YaCTH HAOOPHOM MaHEeIH KaK MOYKHO JANbIIE OT UCCIIEyeMOT0 KOHTYpa.

AMIIepMeTp U BOJBTMETP, MIOKa3aHHBIC HA CXEME — BUPTYaJIbHbIC IPUOOPHI.

"eHepaTtop "eHepaTOp
HanpsxeHnit MOCTOSAHHbIX
crieyunarnsHon HanpsPKeHU
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[Ipumeuanue: BupTyanbHble TprOOpPEl MOKHO 3aMEHUTH MYJIbTUMETpPaMH, HO TOTJa Bel
HE CMOXETEe U3MEPSITh HAaYalIbHYO (pa3y IIIOTHOCTH ToKa. HauanbHyto a3y B 3TOM cilydyae MOKHO
U3MEPATH IEKTPOHHBIM OCIMILIOrpadom ¢ nmomoinbko ¢purypsl Jlnccaxy.

Bxutounte BUpTyaibHbIE TPUOOPHI Ui M3MEPEHHS TOKa, HANPSOKEHUsS M clIBura Qa3
MEX1y HUMH.

VYcTaHOBUTE HAa MCTOYHUKE MEPEMEHHOIO TOKA CHHYCOMIAJIbHOE HAIPSHKEHHWE YacTOTOM

250 't MakCUMaIbHOM aMIUIUTY b
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Crnerka nprxumasi JaTYUK €ro KOHTAKTaMU K IMOBEPXHOCTH JIEHTOYHOTO MPOBOJHUKA U
BBOJIsl €70 BHYTPb «11a3a», yOEIUTECh, YTO U3MEHSIOTCS BBIXOIHOE HAIIPSKEHUE YCUIIUTENS U pa3-
HocTh (ha3. Ecnu npubop mokasbiBaeT pazHocTh (a3 6onbiie 90°, moMeHsiiTe MeCTaMU 3aKUMBbI
amriepMeTpa Ha KOHHEKTOpE WU 3KUMBI TpaHC(POpMAaTOpa TOKa.

N3mepbTe BbIXOAHOE HAIPSKEHUE U pa3HOCTh (a3, nepeMenias JaT4uK OT OTKPBITOIO Kpas
«Ta3a» 10 MaKCUMaJIbHOM IIyOMHBI C IIaroM 5 MM U 3alIUIIUTE pe3yibTaTsl B Ta0i. 8.2. Koopau-
HaTa z B TaOJIMLE COOTBETCTBYET PACCTOSHUIO OT KOTKPHITOM CTOPOHBI Ma3a O KOHTAKTOB Jat-
YHKa.

Paccuuraiite IIIOTHOCTH TOKA IPU KAXKJOM 3HaY€HUH KoopauHaThl. C y4€ToM K03 P Puim-

CHTA YCUJICHUSA HAIIPSXKCHUSA YCUIIUTCIIA:

_ YU g
100l

[TnoTHOCTH TOKA MosrydnTcst B A/MM2, eciu B 3Toi popmyiie ¥ - B M/(OM MM2), Usux — B
BoJbTaX, M | = 0,1 M — paccTosiHHEe MEXly KOHTAaKTaMH JIaTYUKa.

3aMeHHTE yCTAaHOBJICHHBIN KOHTYP Ha APYrod KOHTYP, 3aT€M Ha TPETHH U IIOBTOPUTE BCE
OTIBITHI U PACYETHI.

[MoctpoiiTe rpaduk U3MEHEHUs TUIOTHOCTH TOKA U €r0 HA4aJbHOM (a3bl IS HCCIeI0BaH-

HBIX CJIy4YacB.

IMpunsiBa=2MM. b=035Mmu y = 55,|\|—
|

— , BBIYHCIIHTE:
-1

,1/MM - koo punment 3aryxanus u ko3pdunuent passr,

,A/MM? - ieiicTByIOIIee 3HAUEHNE IIIOTHOCTH TOKA HA OTKPBITOH MOBEPXHO-
CTH TIPOBOJIHUKA,
[MonenaiiTe pacyéT M3MEHEHUS TUIOTHOCTH TOKA U €r0 Ha4alibHOM (Da3bl OT KOOPIUHATHI 10
dbopmynam:
180

o =45° —kz—

S(z)=8(0)e P

Pesynbratsl 3anummre B Ty ke Ta0. 8.2, mocTpoiiTe pacy€THbIE rpapuKu AJIsi CPABHEHUS

C OKCIICPUMCHTAJIbHBIMH.
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C DKCnepuMEHTAIbHBIC TaHHBIC: PacuérHbie nanHbIE:
<Z > f=.......... Im;y; | k=....... 1/Mm
[=.. . A O=.ciinn. A/Mm?
Z, MM UsbIx,B ¢, Tpa. o1, Almm2 | kz, 1/mm o, A/mm2 ¢, Tpa.

0
5
10
15
20

Cooepircanue omuema:
OTuer AOKEH COllepKaTh:
1. Ha3Banue paGotsl;

2. llens paboTHI;

3. Kpatkue TeopeTuueckue cBe1eHus;

4. Onmcanue UCIob3yeMOTo 000PyI0BaHHS U MaTEPHAJIOB;

5. [lopsanox BeIMoNHEHUS pabOTHI;

6. Berarcnenus u 00paboTKa pe3yIbTaToB;

7. BEIBOZIBIL.
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5. Yuebno-memoouueckoe u ungpopmayuonnoe odecneuenue OuCyUnIuUHbL

5.1 Ilepeuenv ocno6HOIl U OONOTHUMEILHOU TUMEPAMYPbL, HEOOXOOUMOUL 011 0C80e-
HUA OUCUURNTUHDL

5.1.2 Ilepeuensv ocrnosnoii numepamypoi:

1. TeopeTnueckue OCHOBBI AIEKTpoTexHUKH : yueOHuk / U. 5. Jluzan, K. H. Mapenuny, U.
B. KoBanesa [u ap.]. — Mocksa, Bonorna : Uadpa-Uuxenepus, 2021. — 628 c. — ISBN 978-
5-9729-0663-5. — Texkcr : anekrponnsii // Lludposoii oOpasosarenbhblii pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/114971.htmi

2. 3oH0B, B. H. Teopernueckre 0OCHOBBI AEKTPOTEXHUKHU. DIEKTPUUECKUE U MATHUTHBIC
[[ENH MMOCTOSTHHOTO TOKa : yueOHoe mocobue / B. H. 3onoB, I1. B. 3ono0B, FO. b. E¢umoBa. — Ho-
BocuOupck : HoBocnbupckuii rocynapcTBeHHbIN TexHudeckuii yuusepeutet, 2020. — 80 €. —
ISBN 978-5-7782-4090-2. — Tekcr : anextponHsiii // Llndpooit obpazoBarensHblil pecypc IPR
SMART : [caiit]. — URL.: https://www.iprbookshop.ru/98742.html

3. Ietpenko, 0. B. TeopeTnueckre OCHOBBI 3JIEKTPOTEXHUKH. DICKTPUUECKHE LIEMH C
pacnpeselieHHbIME TapameTpamu : yueoroe nmocodue / HO. B. Tlerpenko. — HoBocubupck : Hoo-
CUOMPCKHI TOCYJapCTBEHHBIN TeXHUYeCKUH yHHBepcuTeT, 2019. — 64 ¢. — ISBN 978-5-7782-
3876-3. — Texcr : anektponHsIii // Ludposoii o6pa3zoBarensHblil pecypc IPR SMART : [caiir].
— URL.: https://www.iprbookshop.ru/99223.html

5.1.3 Ilepeuenv oononnumenvHoil aumepanypol:

1. T'opbynosa JI.LH. Teopernueckue OCHOBBI JIEKTPOTEXHUKH [DIEKTPOHHBIA pecypc] /
JLH. T'opbOynoga, C.A. I'yceBa. — DIeKTpOH. TEKCTOBBIC JJaHHBIE. — braropemenck: [lanpHeBo-
CTOYHBIM rOCYAapCTBEHHBIN arpapHblii yHuBepcurert, 2015. — 117 ¢. — 978-5-9642-0269-1. —
Pexxum noctyma: http://www.iprbookshop.ru/55913.html

2. KpyroB A.B. TeopeTnueckne OCHOBHI JIEKTPOTEXHUKHU [ DIEKTPOHHBIN pecypc] : yueo-
Hoe mocobue / A.B. Kpyros, D.JI. KoueroBa, T.®. ['y3aHoBa. — DJIEKTPOH. TEKCTOBBIC JaHHBIC.
— MuHck: PecnyOnukaHckuii HHCTUTYT mpodeccruoHansHoro odpasosanus (PUIIO), 2016. —

376 c. — 978-985-503-580-1. — Pexxum gocryma: http://www.iprbookshop.ru/67742 . html

5.2 Ilepeuensv yuebno-memoouueckozo obecneueHus camocmoamenbHol paoomot ooy-
Yaruuxca no OUCHUNIUHE
1. MeToauveckue yKka3aHus 110 BRITIOJHEHHUIO Ta00PaTOPHBIX padoT mo qucturmuinHe «Teo-

PETHYCCKUEC OCHOBEI DJICKTPOTCXHUKW)).
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2. MeTtoauyeckue yKa3aHus 10 BBITOJIHEHHIO JIA00OPATOPHBIX padoT 1Mo auciuruinHe « Teo-
PETUYECKHE OCHOBBI AJIEKTPOTEXHUKI.

3. Meronuyeckue ykazaHus MO BHIMOIHEHUIO pacYeTHO-TpaduIecKuX pabOThI MO JUCIIH-
wnHe «TeopeTnueckne OCHOBBI ANEKTPOTEXHUKI.

4. Meronuyeckue yKazaHusl 10 OpraHU3alyd U IPOBEICHUIO CAMOCTOSITENbHON paboThI

IO AUCHUITIIMHE ((TeOpeTI/ILIeCKI/Ie OCHOBBEI 3JICKTPOTEXHUKWN)).

5.3 Ilepeuens pecypcoé unghopmayuonno-meneKomMmyHukayuonnoi cemu Humepuem,
Heo0X00UMBIX 011 0CGOCHUS OUCUUNIUHDL
1. http://www.biblioclub.ru -OBC "YuuBepcurerckas 6ubimoreka oHaaiH"

2. http://www.iprbookshop.ru/ - DnekrponHo- 6ubauoreunas cucrema IPRbooks
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[Ipunoxenne A

Ykazanue no mexnuxe 6ezonacnocmu

Jlo Hauana paboThl CTYCHTHI 00S3aHbI M3YUYHUTh NPAaBUIa TEXHUKU O€30MaCHOCTH MIPU pa-
6ote ¢ anekTpoycTtaHOBKaMH. OO0 M3y4eHUHW MPaBWI TEXHUKH OC30MACHOCTH U TOJYYEHUU WH-
CTPYKTaka CTYyJIEHTbI paCIMCHIBAIOTCA B CIIELUAIbHOM *KypHase. CTyIeHTbl, He U3yUYMBILUE Mpa-
BUJIa TEXHUKU O€30MAaCHOCTH M HE MPOIIEIINE HHCTPYKTAX, K BHIIOJHEHUIO Ja00paTOPHBIX pa-
00T HE JOMYCKAIOTCA.

VYuebnHas rpynna (wim noArpynmna) pazouBaeTcss Ha Opuraapl, YUCIO KOTOPHIX YKa3bIBa-
eTCsl IpernojaBaTesieM, a cocTaB OpuUraji KOMIUIEKTYETCs CTYACHTaMH Ha JOOPOBOJIbHBIX Hayaax.
Criucok rpyniisl (MOArpYyIIb), pa30UTOM Ha OpUraibl, CTApOCTa MPEJOCTABIISAET IPET01aBaTENIO,
BeJlyIlIeMYy JaOOpaTOpPHBIE 3aHATHS.

Kaxxnas u3 6puran BeINONHSET 1aOOpaTOPHYIO padOTy B COOTBETCTBUU € rpaKoM, HaXo-
JsiieMcst B 1a00paTOpHH.

Iepen ka>kabIM 3aHATUEM CTYJIEHT 00513aH MOATOTOBUTHCS K BBIIIOJIHEHUIO JIAOOPATOPHON
paboThI MO JAHHOMY METOAMYECKOMY MOCOOHMIO M peKoOMeHIyeMoit muteparype. [lepen nayanom
paboTHI MpenoaaBaTeNb MPOBEPSET 3HAHHUS CTYJCHTOB 10 COACP)KAHUIO BBITOTHIEMON paboTHI.
[110X0 MOArOTOBIEHHBIE CTYIEHTHI K BBIIIOJIHEHUIO J1a00paTOPHOM pabOThI HE 0Ty CKAIOTCS.

Pabotas B mabopaTopuu, HEOOXOMMO COOJIIOIATH CIIEAYIOIINE MPAaBHIIA:

K BbImonHeHuto 1a60paTopHON pabOTHI CleAyeT MPUCTYHATh TOJIBKO MOCIE MOJIHOTO ysic-
HEHHS €€ CO/IepPIKaHus U MOJMYyUYeHHS JOMyCKa K HEll.

2. HauuHath paboTy cielyeT ¢ O3HaKOMJIEHHs ¢ Mpubopamu U 000py/10BaHUEM, TPUME-
HSIEMBIMH B JaHHOI paborTe.

3. Ha naGopaTopHOM CTOJI€ JOKHBI HAXOJIUTHCS TOJIBKO MPEIMETHI, HEOOXOAUMBIE IS
BBITIOJIHEHUSI TAaHHOU PabOTHI.

4. PacnionoxeHue anmaparypbl Ha paboyeM CTOJIe JOJIKHO OBITh TAKUM, YTOOBI CXeMa CO-
€IMHEHUH Moyuymniiach Hauboee NpoCTOM, HarIsIHON U paboTa ¢ annaparypoil 6bula yJ00HOH.

5. KenarenbHo, yTOOBI CXeMy cOOMpa OAUH U3 YICHOB OpUTajbl, a JPyrue KOHTPOIUPO-
BaJIU.

6. ITpu cOopKe CIIOKHBIX CXEM CJIelyeT BHaYalle COSTUHHUTD IITaBHYTO, TIOCIIEIOBATEIBHY IO
1eNb, HAYMHAsA COOPKY OT OJJHOTO 3a’KMMa MCTOYHMKA TOKA U 3aKaHYMBas Ha JIPyroM, a 3aTeM yKe
HOJKJIIOUUTH NMapajuleIbHbIE LEIH.

7. Ilocne Toro, Kak cxema OyneT coOpaHa, HEOOX0AUMO yOeIUThCS B PAaBUIIBHOM ycTa-
HOBKE JIBJKKOB PEOCTAaTOB, AaBTOTPAHCOPMATOPOB U PYKOSTOK JPYIHX PErYIUPYIOIIUX

YCTPOMCTB.
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8. CobOpannas cxema 00s3aTeNIbHO JOHKHA OBITH MPOBEPEHA MPEIOIaBaTeIeM WIIH CTap-
HIMM JJa0OPAHTOM U TOJIBKO C UX Pa3pelieHusi MOXKET ObITh BKJIIOUEHA O] HANPSKEHUE.

9. Ilpu BKIIOYEHNH CXeMbl 0c000€ BHUMaHUE clieAyeT 0OpaTUTh Ha MOKa3aHUs aMIIepMET-
POB U IPYTHX HU3MEPUTEIHHBIX MPHOOPOB. B cirydae pe3koro IBUKEHHS CTPEIKHU amIiepMeTpa K
KOHITY LIKaJbl CXEMY HEOOXOAMMO HEMENJICHHO OTKJIFOUUTh OT UCTOYHUKA HANPSKEHUSI.

10. HeoOxomumo GepekHO OTHOCUTBLCS K aIaparype, UCIoib3yeMoi B padote. O00 Bcex
3aMEUYEHHBIX HEUCIPABHOCTAX MJIM OBPEKIACHUSAX CTYCHT J0JDKEH HEMEJIEHHO COOOLIUTD Tpe-
M0/IaBaTENI0 WK JTA00OPaHTYy.

11. Ilocne BoinosHEeHUs: pabOTHI CTYJEHT 00s13aH, HE pa30upas CXxeMbl I0Ka3aTh MOIYUYECH-
HBIE JIaHHbIE TIpenoAaBaTento. Eciau pe3ynbraTel U3MEpEeHUid BEpHBI, TO Mo aBaTesb UX Moj-
MUCHIBACT. DKCIIEPUMEHT C HEMPABUIILHBIMH PE3yIbTaTaMU CJIETYET TOBTOPHUTD.

12. Cxemy ciemyer pa30oupaTh TOIBKO IMOCIIE €€ OTKIIIOUEHUS OT CETH.

13. Kareropuuecku 3arperiaercs:

— TporaTh pyKaMu OroJICHHbIE IMPOBOJA U YaCTH MPUOOPOB, HAXOASIIKECS MO HaIpsKe-
HUEM, JIaXKE €CIIM OHO HEBEIIUKO;

— IIPOM3BOANTH U3MEHEHHUS B CXEME IIPH MOAKIIOYEHHOM UCTOYHUKE MUTAHUS;

— 3aMEHSATh WK OpaTh 000pyI0BaHUE, UIIU PUOOPHI C APYTUX padOUNX MECT

— 0e3 paspelieHus npenoaaBaTelis Wik 1ad0paHTa;

— OTXOJUTHh OT MPUOOPOB M MAIIMH, HAXOISIIUXCS TOJ HANpsSHKEHHUEM WU OCTaBIAThH
CXeMy I10]1 HaNpsDKeHUEM Ipu 00paboTKe pe3yabTaTOB U3MEPEHUH;

— Meperpy’kaTh MPUOOPHI TOKOM WM HANPSYKEHUEM, MTPEBBILIAIOIIMM HOMUHAIBHOE 3HAa-
YeHHE.

[IpoBepky HanMuus, MOABAEMOT0 K CXEMe WJIH AJIEMEHTaM CXEMbI HaIpsbKeHUsT He00Xo-
JTUMO TIPOU3BOAUTD TOIHKO KOHTPOJILHOM JTaMIIOYKOU WIIH BOIBTMETPOM, COOTIOIast IPaBHUIIa TEX-
HUKU O€30M1aCHOCTH.

[Ipu pabote B mabopaTopuu ciemayeT CTPOro COONIOAATh MEPHI IPEIOCTOPOKHOCTH, TaK
Kak AJIEKTPUUECKUN TOK, TPOXOIAIINMN yepe3 Teslo YesnoBeka, BenuunHou B 0,025 A yxe siBiseTcs

OITIACHBIM JJIs1 )KU3HH.
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MMHUCTEPCTBO HAVKM U BBICIIIET'O OFPA30BAHM S POCCUMCKOM ®EJEPALINN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE YUYPEX/IE-
HUE BBICHIEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsaturopckuit uHCTUTYT (Prman) CKOY

MerToanyeckue yKazaHus

O BBIMIOJHEHUIO IPAKTHUECKHUX paboT
no guctumuinae K TEOPETUYECKUWE OCHOBBI DJIEKTPOTEXHUKW»
JUISl CTYJICHTOB HaIlpaBJiI€HUs! OATOTOBKU
13.03.02 DnexTposHEpreTuKa 1 JIEKTPOTEXHUKA

151



/o

M b 0D P

4.2

4.3.

4.4

4.5

4.6

4.7

4.8

4.9

4.10

Conepxanue

Beenenue

Lenb 1 3aa4u U3YUYEHUS TUCHUTUIMHBI

O6opynoBaHue U MaTepUabl

HaumenoBanue npakTuyeckux paboT

ConepxaHue pakTUIECKUX paboT

[TpakTrueckast padbota Nel. OcHoBHBIE MOHATUS U ompeaenaeHus. OCHOBHbIE 3a-
KOHBI 3JIEKTPOTEXHUKH. Pacuer snekTpuyeckoi nenu ¢ oaHuM ucrounukom J1C
CMEIIIAHHOM COEMHEHUAX PE3UCTOPOB

[TpakTuueckas padota Ne2 MeTo bl pacueTa 3JEeKTPUIECKHX [ENel OCTOSHHOTO
TOKa. Pacder ciokHOM 3JIEKTPpUYECKON LIETH METOAOM Y3JIOBBIX M KOHTYPHBIX
YpaBHEHUU.

[Tpaktuueckas pabora Ne3. Meronbl pacuyera JMEKTPHUUECKUX LIETeH MOCTOSH-
HOT'O TOKa. PacyeT CiI0KHOU 3JIEKTPUYECKOM LIETIM METOIOM KOHTYPHBIX TOKOB.
[Ipaktuueckas padora Ned. MeToabpl pacdera IMEKTPUUESCKUX IETe MOCTOSH-
HOT'O TOKa. PacyeT ciio)XHOW 31EKTPUUECKOM 1IEMU METOJIOM Y3JI0BBIX OTEHIINA-
JIOB.

[TpakTuueckas pabora Ne5. Meronbl pacuera 3JMEKTPHUUECKUX IIETed MOCTOSH-
HOTo ToKa. [[puMeHeHune MeToa HaloXKEeHH JIUIsl pacdyeTa IEKTPUUYECKUX Leneil
MOCTOSTHHOTO TOKa.

ITpaxtuueckas padora Ne6. [IpeoOpazoBanue anmekTpudeckux 1enei. [Ipumene-
HHE METOJ]a SKBMBAJICHTHOT'O MPeoOpa30oBaHUsl TPEYroJbHUKA U 3BE3JIbI COMPO-
TUBJICHUU.

[IpakTtuueckas padora Ne7. MaruutHeie nenu. PacueT Hepa3BETBIECHHBIX Mar-
HUTHBIX LIETIEH.

[TpakTuueckas pabota Ne§. Pacu€r snekTpudeckux lenei mepeMeHHOro TOKa.
KomrnekcHblil MeTo/ aHanu3a Herne CHHY COMIAIBHOTO TOKA.

[TpakTrueckast padota Ne9. Pacu€r anekrpuueckux 1enei nepeMeHHOro TOKa.
Pacuet ogHO(a3HbBIX LIenel CHHYCOUIaTbHOTO TOKA.

[Tpaktuueckas padora Nel(. Tpéxdasusie nenu. PacueT cMMMETPUYHBIX TpeX-

(da3HbIX 1eTneH.
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411

412

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

[Tpaktuueckas padorta Nel 1. Tpéxdaznsie nenu. PacueT HECUMMETPHYHBIX TPEX-
(ba3HBIX 1eTeH.

[TpakTiueckast padora Nel2. CUMMETpUYHBIE COCTABIIAIONINE HECUMMETPUYHOM
TpexdazHoi cucteMbl. Pacder TpexdazHbIX JEKTPUIECKUX IeTIel METO0M CHUM-
METPUYHBIX COCTABJISIONIMX.

[Tpaktuueckas pabora Nel3. I'paduyeckuii (rpado — aHAIMUTHUECKHI) METO.
olnpezeseHus rapMoHuK psaa Pypee. PacueT u aHan3 TMHEMHBIX IPU IEPUOIU-
YEeCKUX HECUHYCOUJAIBHBIX HAPSYKEHUSAX U TOKaX.

[TpakTnueckast pabora Nel4. I'papuueckuii (rpadgo — aHAIUTUYECKUI) METOX
omnpezeneHus: rapMoHuk psjna Oypoe. Pacuer u aHanus onHo(a3HbIX LTl He-
CHUHYCOHUJAJILHOTO TOKA.

[Tpaktuueckas padora NelS. I'padmueckuii (rpado — aHAIUTHUECKUI) METOJ
omnpeneneHus rapMoHuK psna Oypee. PacdeT m ananus TpexdasHbIX 1enel He-
CHUHYCOMJIAJIbHOT'O TOKA.

[Tpaktuueckas pabora Nel6. Knaccuueckuil MeToq pacyera nepexoJHbIX Mpo-
1eccoB. Pacuer mepexoaHbIX IPOLECCOB B JIMHEHHBIX LIENAX C COCPENOTOUYEH-
HBIMU [TapaMeTpaMu KIaCCUYECKUM METOJIOM.

[Tpaktrueckas padora Nel7. OnepaTopHbIi METO pacuéra MepexoTHBIX MPOIIeC-
coB. Pacuer nmepexoaHbIX IPOLECCOB B JIMHEMHBIX IENAX C COCPEIOTOUECHHBIMU
napaMeTpamH OIEpPaTOPHBIM METOAOM.

[IpakTuueckas padota Nel8. OnepaTopHslil METO pacuéTa NEPEXOIHBIX MPOLIEC-
coB. PacueT nepexoaHbIX MPOLIECCOB B HEIMHEHHBIX SJIEKTPUUECKUX IIeTIsX.
ITpaxTtuueckas padora Nel9. Pemenne nuddepeHmanbHbIX YpaBHEHUN IS OJ1-
HOPOJIHOH JINHUU € pacHpeeIEHHBIMH TapaMeTPaMH IIPH YCTaHOBUBIIEMCSI CH-
HYCOUJAJILHOM TOKe. PacueT aneKkTpuyeckux Leneil ¢ pacnpeieeHHbIMU Napa-
METPaMU B YCTAHOBUBIIEMCS PEKUME.

ITpaxtrueckas padbora Ne20. Pemenne nuddepeHmanbHbIX YpaBHEHUN IS OJ1-
HOPOJIHOH JINHUU € pacHpeeIEHHBIMH TapaMeTPaMH IIPH YCTaHOBUBIIEMCSI CH-
HYCOUJAJILHOM TOKE. Pacuer nepexoJHbIX NPOIECCOB B JUIMHHBIX JIMHUAX.
[TpakTrueckast pabora Ne21. DnekTpocTaTudeckoe mose. DIEeKTPOCTaTHIECKOe
oJe.

[Tpaktuueckas padora Ne22. DieKTpocTaTH4eCcKoe mojie. DISKTPUIECKOE MoJie B

MPOBOJIAIIUX CPEIax.
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4.23

4.24

5.2

5.3

[Tpaktudeckas padora Ne23. MarHuTHOE 10JIe IOCTOSTHHOTO TOKa. MarHuTHoe
oJe.

[TpakTuueckas pabota Ne24. [lepeMeHHOE 3I€KTPOMArHUTHOE I0JI€ B OAHOPO/I-
HOM M M30TPOITHOM IPOBOJALIEH cpene. [lepeMeHHoe 3IIeKTpOMarHuTHOE I0JI€.
YuebHo-MeToan4YecKOe M HHPOPMAIIMOHHOE 00€CTIeUeHUE TUCITUTUTMHBI
[TepeyeHb OCHOBHOI U 1ONOIHUTENIBHON JINTEPATYPbl, HEOOXOAUMOM 111 OCBOE-
HUS JTUCLUTIINHBI

[Tepeuenp yueOHO-METOANYIECKOTO 00ECIIEUeHUS] CAMOCTOATEIBHOM pabOThI 00Y-
YaIOLIUXCS 110 TUCLIUILINHE

[Tepeuens pecypcoB nHGOPMALIMOHHO-TEIEKOMMYHUKALMOHHOM cetu IHTepHeT,
HEOOXOIUMBIX JUIsl OCBOCHHSI TUCIIUILIMHBI

IIpunoxenue
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BBenenue

[IpakTHueckue 3aHATHA CO3JAIOT ONTHUMAbHBIE JUAAKTUYECKHUE YCIIOBHS JUISl IEATEIb-
HOCTHOT'O OCBOEHUSI CTYJI€HTaMU COJIEP>KAHUS U METOI0JI0TUY U3ydyaeMol TUCUMIUIUHGL. [IpakTu-
YeCKHE 3aHATUS 3aHUMAIOT IPEUMYIIECTBEHHOE MECTO MPH U3yUeHHH 001enpodecCnoHanbHbIX
U po(heCcCUOHANBHBIX AUCUMILINH. [IpakThyeckue 3aHATHS MPOBOIATCS C II€JIbI0 BBIPAOOTKU
MPAKTUYECKUX YMEHHH U MPUOOPETEHUs HABBIKOB B PEHICHUU 3a/1ay, OTPAOOTKU YNPaKHEHUH,
BBITNIOJIHEHUH YEPTEXKEH, TPOU3BOJICTBE PACYETOB U T.II.

Lenbro MpakTUYECKUX 3aHATUHN SBISIETCS (HOPMUPOBAHHE MPAKTUIECKUX YMEHHUN — IPO-
(dbeccroHaTBHBIX (BBIMOIHATH ONMPEAEIEHHBIC JEHCTBUSA, OTIEPAIMH, HEOOXOANUMBIEC B MTOCIIECIYIO-
eM B Ipo(eCCHOHAIbHOM JeATEIbHOCTH) WIIM YU4€OHBIX, HEOOXOAUMBIX B MOCJICIyIONIEH yUeo-
HOM JIeATEeIbHOCTHU MO 00IenpodeCCHOHATIBLHBIM U TPO(HECCUOHATBHBIM TUCIUILTHHAM.

bubnuorpaduyeckuii CIUCOK COAECPIKUT CBEICHHUS O CIIPABOYHOM JTUTEPAType U JOMOTHH-

TCJIBbHBIX U3JaHUAX, HCO6XOI[I/IMI)IX JIIA er'IY6J'I€HHOFO N3YUYCHUA OTACIbHBIX BOIIPOCOB.
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1. I]enw u 3a0auu uzyuenun OuCyUNIUHbL

Henpro qucuumunzsl « TeopeTnyeckre OCHOBBI 3JIEKTPOTEXHUKIY SIBISIETCS U3YyUEHUE CTY-
JEHTAMHM OCHOBHBIX 3aKOHOMEPHOCTEHN IPOLIECCOB, IPOTEKAIONINX B 3JEKTPOTEXHUUECKUX LIETISIX
U METOJIOB ONpPEENICHUS FNEKTPUUECKUX BEIMUYNH, XapaKTePU3YIOIIHNE 3TU MIPOLIECCHI, TpUoOpe-
TEHHUE TEOPETUUECKUX U MPAKTUYECKUX 3HAHUM 110 TEOPETUYECKUM OCHOBAM AJIEKTPOTEXHUKH, HE-
00XOAMMBIX /17151 YCIEITHOI'O OCBOCHHUS OCIEYIOIUX AUCIUIUINH CIIEUATBbHOCTH.

3aa4u JTUCLUIUIMHBI COCTOSAT B OCBOEHUU CTYJEHTAMU:

— IPUHLIMIIOB COCTABJICHUS U 3allUCU YPaBHEHUH, ONUCHIBAIOIIMX MIPOLECCHI B LIENIH B CO-
OTBEeTCTBUU ¢ 3akoHamMu Kupxroda, Oma, @apazes - Makcsemna - Jlenna;

— OCHOBHBIX IPUHIUIIOB aHAJIN3a IPOLECCOB M0 JMHEHHBIM CXEMaM 3aMEILLEHUS LETIEeH:
HAJIOXKEHMSI, TMHEMHOCTH, KOMIIEHCAIlUH, B3AUMHOCTH;

— OCHOBHBIX METOJIOB aHAJIN3a JIMHEWHBIX CXeM (METO/Ibl KOHTYPHBIX TOKOB, Y3JIOBBIX I10-
TEHI[UAJIOB, SKBUBAJIEHTHOTO UICTOYHHKA) U MOJyUYEHUU HaYaJIbHBIX CBEJICHUI O BO3MOXKHOCTH UC-
nosip3oBanus OBM npu pacuerax;

— KOMIUIEKCHOTO METO0JIa OTPEACTICHNS aMIUTUTY M HaYaJIbHBIX ()a3 TapMOHHYECKUX TO-
KOB U HAaIIPSDKEHUW B YCTAHOBUBIIUXCS PEKUMAX;

— KJIAaCCUYECKOT0, ONEPATOPHOIO U MHTErPAJIbHOTO METO/1a aHAIN3a EPEXOIHBIX IPOLIEC-
COB IO JIMHEWHBIM CXEMaM 3aMEIIECHHs LeNel, a TaKKe MPUHIIMIIOB COCTABIICHUS YPaBHEHUU U
HOJATrOTOBKU MH(pOpPMAIIUHU JJIS pacyeTa MepexoaHbIX npoleccoB Ha 9BM MeTo0M nepeMeHHbIX
COCTOSIHUM;

— METOJIOB pacuera 3JIEKTPOMATrHUTHBIX MPOILIECCOB BO B3aUMOCBSI3aHHBIX KOHTYpaXx;

— OCHOB TEOPHUH YETHIPEXIIOIOCHUKOB;

— MCTOAOB IOCTPOCHUA (I)I/IJ'ILTPOB H HUX pacycTa B SJICKTPOTCXHUYCCKUX U IJICKTPOHHBIX

cXeMmax;
— OCHOB aHaJIW3a MPOIECCOB B IEIAX C pacTpeIeICHHBIMH ITapaMeTPaMU;
— OCHOB TE€OPHS TOJIS;
— METOJIOB DJIEKTPUUYECKUX U3MEPEHUH C HCIIOIh30BAHHEM U3MEPUTEIBHBIX TPHUOOPOB;
— OCHOBHBIX IIPOIIECCOB, MPOTEKAIOIIMNX B AEKTPUUECKUX LIETAX C HETapMOHUYECKUMH TO-
KaMH.,

2. Obopyoosanue u mamepuaivl

AnmapaTHbIE CpeJICTBA: IEPEHOCHOI HOYTOYK, IIPOCKTOP, TOCKAa MAarHUTHO-MapKepHasl.
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Y4yeOHast ayauTopusi I TPOBEACHUS YUSOHBIX 3aHSATHH, OCHAIEHAa 000pYJIOBaHUEM H

TEXHUYCCKUMHU CPpEACTBaAMU 06y‘IeHI/I$I.

3. Haumenosanue npakmuueckux paoom

Jst 3a0uHO# popMBI 00yUEHUST TPETyCMOTPEHBI CIEAYIOIINE MPAaKTUYECKHe PabOThI:
[Tpaktrueckas pabora Ne2 MeToapl pacuera 3JIEKTPUICCKUX IeNel MOCTOSHHOTO Toka. Pacder
CJIOHOU AIEKTPUUYECKOM e METOI0M Y3JIOBBIX U KOHTYpPHBIX ypaBHeHu# — 1,5 daca, mpakTu-
gyeckasi moaArotoBka — 1,5 waca; Ilpaktuueckas padora Ne9. Pacuér snexkTpuueckux Iemnei nepe-
MeHHOTro Toka. Pacuet onmHO(da3HbIX 1Ienel CHHyconaanpHOro Toka — 1,5 yaca; [IpakTudeckas pa-
6ota Nel0. Tpéxdaznsie nenu. PacueT cuMmmeTpruHbBIX TpeXdasHbIX menei — 1,5 yaca, mpakTude-
ckas moarotoBka — 1,5 yaca; [Ipaktuueckas pabora Nel2. CuMMeTpUUHbIE COCTABIISAIOIINE HECHM-
METPUYHOM Tpex(a3Hoii cucteMbl. PacueT TpexdasHbIX AIEKTPUIECKHX LT METOJJIOM CUMMET-
puuHbIX cocTaBisitomux — 1,5 vaca; [Ipaktuyeckas padorta Nel9. Pemenue nuddepenunanbHbIx
YpaBHEHUM ISl OJHOPOJIHOM JIMHUU C PacIpeiesICHHbBIMU ITapaMeTpaMu MPU yCTAaHOBUBLIEMCS
CHUHYCOUJAJILHOM TOKE. Pacder 3JIeKTpUUeCKUX LIETIEN C paclpeieICHHbIMU [IapaMETPaMH B yCTa-
HOBHBIIeMcs pexume — 1,5 gaca; [Ipaktuueckas pabora Ne2 1. DnekTpocraTHueckoe mojue. Iiek-

TpocTaruueckoe nose — 1,5 gaca.

Ne Tembr W3 HuX mpakTu-
HanmeHnoBaHue TeM JUCHUIUIMHBL, UX KpaTkoe co- | O0beM
JUCIIH- yeckas IOAro-
JepKaHue 4acoB
TUJTMHBI TOBKA, 4aCOB
3 cemecTp

IMpakTnueckas padora Nel. OcHOBHBbIE NMOHS-
TUA U onpenenenns. OCHOBHbIE 32aKOHBI JJIeK-
TpOoTeXHUKH. Pacuer snekTpuyeckor 1enu ¢ oj-
1 HUM HCTOYHUKOM DJIC cMemaHHOM COSIMHEHMIX 3
pe3UCTOpPOB

OrnpenenuTh dKBUBAJICHTHOE COITPOTHRIICHHUE TN
CO CMCIIAHHBLIM COCIMHCHUCM.

IIpakTnyeckass padora Ne2 Meroasl pacyera
JJIEKTPUYECKHX Lieneil MOCTOIHHOI0 ToKa. Pac-
YET CJII0KHOM IJIEKTPUUECKOH LIENU METOIOM y3J10-
BbIX U KOHTYPHBIX YPaBHEHUH.

OmnpeneneHne TOKOB BETBEH C HCIIOJIb30BAHUEM 3a-
koHoB Kupxroda.

IIpakTnyeckass padora Ne3. Meroasl pacyera
3JIeKTPUYECKHUX Lieneil MOCTOSIHHOro Toka. Pac-
4eT CJI0KHOM 3JIEKTPUYECKON LIENTU METO/I0M KOH-
TYPHBIX TOKOB.

OmnpeneneHre TOKOB BETBEM 10 METOAY KOHTYp-
HBIX TOKOB.

157



IIpakTyeckas padora Ned. Meroasl pacdera
3J1eKTPHYeCKHUX Ierneil MOCTOSAHHOro Toka. Pac-
YeT CJI0KHOM MEKTPUUECKON LIETT METOIOM Y3710~
BBIX MOTEHLIUAJIOB.

OmnpeneneHre TOKOB BETBEM MO METOAY Y3JIOBBIX
IIOTEHLIUAJIOB.

IIpakTHyeckas padora NeS. Meroasl pacuera
JJIEKTPUYECKHX Lenel MOCTOAHHOI0 ToKa. [Ipu-
MEHEHHE METOJAa HAJOKEHUS U1 pacdera dJeK-
TPUYECKUX LENIEN TTOCTOSHHOIO TOKA.

HayuuTbcsi ¢ MOMOIIBIO METO/Ia HAJIOKEHUS pac-
CUYUTBIBATH CJIOXKHBIE DJICKTPUYECKUE LIENIH C He-
ckosnbkumu ucrounukamu JJIC.

IIpakTnueckass padora Ne6. IlpeodpasoBanue
3JIeKTpUUYeCcKHX Henei. [Ipumenenue merona sk-
BUBAJICHTHOTO TPe0oOpa3oBaHUsl TPEYroOJbHUKA U
3BE3/IbI CONPOTHBIICHUI.

Hayuutbcs ¢ momoIipio METoja 3KBUBAJIEHTHOTO
npeoOpa3oBaHMsl TPEYTOJIBHUKA M 3BE3]IBI COIPO-
TUBJICHUH PaCCUYUTHIBATL JJICKTPUUCCKHUEC LCIHU C
OJIHM UCTOYHUKOM MUTAHUS, IPUMEHSEMbIC B 00-
JIACTH JICKTPUUECKUX U3MEPEHUM.

IIpakTHyeckas padora Ne7. MaruuTHble Lenm.
Pacuer Hepa3BETBICHHBIX MAarHUTHBIX LIEIIEH.
[TosrydnTh NpakTUYECKHE HABBIKM pacyeTa Hepas-
BETBJICHHBIX MAarHUTHBIX LIETICH.

1,5

IIpakTHyeckas padora Ne8. Pacuér asiekrpuye-
CKHUX Lemneil nmepeMeHHOro Toka. KoMIieKkCHbIN
METO/I aHaJIM3a eNel CHHYCOMAAIbHOTO TOKA.
[ToyuuTh HaBBIKY MEPEBO/Ia CHHYCOUJAIBHBIX BE-
JIMYUH B KOMIUIEKCHbIC, HAYYUTHCS CTPOUTH BEK-
TOPHBIE JTUATPAMMBI.

1,5

IIpakTHyeckas padora Ne9. Pacuér asiekrpuyde-
CKHX leneil mepeMeHHOro Toka. Pacuer omHo-
(a3HbIX 1enei CHHYCOMIATBFHOTO TOKA.

[TomyunTh HaBBIKM pacueTa pa3BETBICHHBIX OHO-
(a3HBIX Ieneil CHHYCOMAAIBbHOTO TOKa pPa3iny-
HBIMU MCTOJaMH KaK B OOBIYHBIX peKUMax, TaKk U
B peXHMME pEe30HAHCA, HAYYUTHCS COMPOBOXKIATH
pacueTsl BEKTOPHBIMU U TOTIOrpadUUeCcKUMH JHa-
rpaMMaMH.

HToro 3a 3 cemectp:

27

4,5

4 cemecTp

10

IIpakTyeckas padora Nel0. Tpéxdasubie
nenu. Pacuer cuMMeTpUYHBIX TpeX(a3HbIX Lemneil.
[TomyuuTs HaBBIKM pacyeTa Tpex(aszHbIX Ienen
CUHYCOMJAIBHOIO TOKa IpU CHUMMETPUYHOHN
Harpyske.

1,5

11

IIpakTnueckass padora Nell. Tpéxdasubie
uenu. PacueT HecHMMETPUYHBIX Tpex(a3HbIX Iie-
TICH.
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[TomyunTh HaBBIKM pacueTa Tpex(asHbIX Leneit
CHHYCOUJAIBHOIO TOKa IPH HECHMMETPUYHOMN
Harpyske.

12

IpakTnueckass padora Nel2. CummeTpH4YHbIE
COCTABJIAOIINE HECUMMETPUYHOM Tpexda3Hoi
cucreMbl. Pacder Tpex(aszHBIX 3JIEKTPHUUECKUX
Leneil METOAOM CUMMETPUYHBIX COCTABIISIOIINX.
OcBouTh HABBIKM MPUMEHEHHS pacueT Tpexdas-
HBIX JJIEKTPUYECKUX LENEH METOIOM CUMMETPHY-
HBIX COCTaBJISIOLINX

1,5

13

IIpakTHyeckas padora Nel3. I'paduueckuii
(rpado — aHaIUTHYECKHUIT) MEeTO OIpeaeeHust
rapmMoHuk psina dypwe. Pacuer u aHanu3 JuHEH-
HbIX TpU TEPUOJUYECKUX HECHHYCOUJTATBHBIX
HANPSDKEHUSAX U TOKaX.

[TproOpecTu MpakTHYECKUE HABBIKH PA3TIOKCHHS
nepuoanueckon pynkimu B psag Oypoe.

14

IIpakTnueckass padora Nel4. I'paduyeckuii
(rpado — aHATUTHYECKHUI) METO/L oNpe/ieSIeHUs!
rapMoHuk psjaa ®@ypse. Pacuer u ananus oaHo-
(a3HbIX Lieneil HeCUHYCONIAIBHOIO TOKA.
OcBouUTh pacyeT U aHaIu3 OJAHO(A3HBIX LIETeH He-
CHHYCOHUJAIBHOIO TOKA.

15

IIpakTnueckass padora NelS. I'paduyeckuii
(rpado — aHATUTHYECKHUI) METO/L oNpe/ieSIeHUs!
rapMoHuK psjaa ®@ypwe. Pacyer u aHanu3 Tpex-
(a3HBIX Lieneil HeCUHYCONIANBbHOIO TOKA.
OcBoUTH HaBBIKH pacyeT Tpex(a3HbIX LTl HeCHu-
HYCOUJAJIBHOTO TOKA.

16

IIpakTnueckass padora Nel6. Kuaccuueckuid
MeTO/] pacyeTa nepexoaHbIX nmpoueccon. Pacuer
NEPCXOAHBIX IMPOLCCCOB B JIMHEWHBIX Oemsax € Co-
CPEIOTOYCHHBIMU TapaMeTpaMu KIACCUUECKUM
METOJIOM.

[TprobpecTu mpakTHUECKHE HABBIKK pacyeTa rnepe-
XOJIHBIX MPOIIECCOB B JINHEUHBIX IIETISIX C COCPEIO-
TOYEHHBIMH TapaMeTpaMH KIACCUYECKHUM METO-
JIOM.

17

IIpakTnyeckas pabora Nel7. OmneparopHblii
MeTO/l pac4yéTa nmepexoaHbIx npoueccos. Pacuer
NIEPEXOIHBIX MPOLIECCOB B JUHEMHBIX LENAX C CO-
CPEIOTOYEHHBIMU IapaMeTpaMu ONEPaTOPHBIM
METOJIOM.

N3yunth METOAMKY pacdeTa MepexoaHbIX Mpolec-
COB B JINHEMHBIX LEMAX C COCPEJOTOYECHHBIMH Ta-
paMeTpaMy OnepaTOPHBIM METOJIOM.

1,5

18

IIpakTnueckass padora Nel8. OmnepatopHblii
MeTOJ pac4yéTa nmepexoaHbIX nmpomeccos. Pacuer
MNEPCXOAHBIX MPOLICCCOB B HEJIMHENHBIX 9JICKTPHU-
YECKUX LIETIAX.

OcBoUTHh METOAMKY pacuera NePEXOIHbIX MpoLec-
COB B HEJIMHEHHBIX JICKTPUUYECKUX LIETISX.
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Hroro 3a 4 cemectp:

27

4,5

5 ceMectp

19

IIpakTyeckas padora Nel9. Pemenne nudde-
PEHIHAJbHBIX YPABHEHUH 1JISl OTHOPOHOM JIU-
HHMH ¢ pacnpefejeHHbBIMH NapaMeTpamMH NpH
YCTaHOBHBIIEMCSl CHHYCOMIAJIbHOM TOKe. Pac-
YeT DJJIEKTPUUYECKUX LIeNel C pachpeleleHHbIMU
IapaMeTpaMu B yCTAHOBUBIIEMCS PEKUME.
W3y4unTh METOAMKY pacyeTa 3JeKTPUUECKUX eTei
C pacrpezeeHHbIMU [TapaMeTpaMy B YCTaHOBUB-
HIEeMCsI pEXKHIME.

20

IIpakTnueckas padora Ne2(. Pemenne nude-
PEHUMATbHBIX YPABHEHM 1J151 OAHOPOIHOM JIU-
HHMHU € pacnpejejeHHbIMH NapaMeTpamMH NpH
YCTaHOBHUBILEMCSI CHHYCOMIAaJIbHOM ToKe. Pac-
YCT NCPCXOAHBIX MTPOLECCOB B JJIMHHBIX JIMHUAX.
[TproOpecTu HaBBIKK pacyeTa U aHajau3a Nepexo/I-
HBIX IMPOLCCCOB B NJIMHHBIX JIMHUAX.

1,5

21

IIpakTHyeckas padora Ne2l. DiekTpocraTrnye-
CKoe MoJ1e. DIEKTPOCTaTUIECKOE IOJIE.

N3yunTh METONUKY M NMPHOOPECTH MPAKTUUYECKHUE
HaBBIKU pacyeTa IEKTPOCTATUYECKOTO MOJISL.

22

IIpakTHyeckas padora Ne22. DiekTpocTaTuye-
cKoe moJie. DIEKTPUYECKOE I0JI€ B IPOBOJSIUX
cpenax.

N3y4unTh METOAMKY U MPHUOOPECTH MPaKTUUYECKHE
HaBBIKM pacyeTa JIEKTPUUYECKOro 10JIe B IPOBOIS-
HIMX cpenax.

1,5

23

IIpakTHyeckass padora Ne23. MaruuTHoe moJe
MOCTOSTHHOI0 TOKa. MarHuTHoe moue.

N3yunTh METOIUKY M NMPHOOPECTH MPAKTHUYECKUE
HaBbIKU pacyeTa MarHUTHOT'O TOJISI.

1,5

24

IIpakTnyeckass pabGora Ne24. IlepemenHoe
3JIeKTPOMArHUTHOE 110JI¢ B OJJTHOPOAHOM H M30-
TPOIHOM NpoBoasALLei cpene. [lepemeHHOE dIek-
TPOMarHUTHOE MOJIe.

N3yunTh METOIUKY M NMPHOOPECTH MPAKTHUYECKUE
HAaBBIKM pacducTa NIEPEMEHHOTO MAarHMuTHOT'O ITOJIA.

Hroro 3a S cemectp:

13,5

Hroro:

67,5
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4. Cooeporcanue npakmuueckux paoom
Ilpakmuueckasn padoma Nel. Ocnognvle nonamus u onpeoenenus. OcHoOGHbIE 3aKOHb
anekmpomexnuxu. Pacuem snexmpuueckoii yenu ¢ o0num ucmounuxkom 3/C cmewyaunom

COCOUHEHUAX pesucmopoe

He./lb.' OHpCI[GJ'II/ITB OKBHUBAJICHTHOC COIIPOTUBIICHUE LCIIN CO CMECIIaHHBIM COCIMHCHUEM.

OcHoevl meopuu:

DreKkTpuyeckas 1erb, 00pa3oBaHHAs IyTeM COSAMHEHUS MEXIy coO0O0i Maeann3upoBaH-
HBIX JJIEMEHTOB, SBJSETCS MATEMaTUYECKOM MOJEIbI0 PEATBHOIO 3JIEKTPOTEXHUYECKOTO WU
3JIEKTPOHHOIO ycTpoicTBa. UeM OoJblle 3JIEMEHTOB COJAEPKUT Takas Lelb, TeM TOYHEe 0ToOpa-
JKaeT OHA XapaKTEPUCTUKU MOJEIUPYEMOI0 yCTpoucTBa. [laaum onpenesieHuss OCHOBHBIX ITOHs-
THUH, KaCAIOIIUXCsI TEOMETPUIECKON KOH(PUTYPALIUH, WK TOMIOJIOTHH, JIEKTPUYECKHX IIeTICH.

BetBb — yuacTok 1enu ¢ AByMs BbIBOJaMH. BeTBbI0O MOXET ObITh OT/EIbHBINA 37EMEHT
100 rpymmna 3J1eMEeHTOB, COETUHEHHBIX I10CJIE0BATEILHO WIIN ITapaJlJIeNIbHO.

VY3en — Touka COeAMHEHUs JBYX WU Ooyiee BeTBeH. MecTo coelMHEHMs JBYX BeTBEH
yI00HO paccMaTpuBaTh B Ka4eCTBE y3ja MPU MAIIMHHBIX pacderax. [Ipu pyuyHbIX pacdyerax He-
CKOJIBKO 3JIEMEHTOB, COEIMHEHHBIX MIOCIIE0BaTENbHO WK NapajuieabHO, YI00HO paccMaTpuBaTh
Kak OJIHy BeTBb. [103TOMY IpM pyuYHBIX pacueTax y3jOM CUMTAIOT COEJAMHEHHE Tpex Wiu Ooiee
BETBEH.

KoHTyp — 3aMKHYTBIN ITyTh, IPOXOASIINANA Yepe3 psii BETBEU U y3JI0B.

3amaua aHanmM3a SJIEKTPUUYECKON 1enu (POPMYIHPYETCs CIEAYIOMUM 00pa3oM. 3amaHbl
CXEMa LENH U XapaKTEPUCTUKH €€ DJIEMEHTOB, a TAKXKE HAIIPSDKEHUS U TOKU HE3aBUCUMBIX UCTOY-
HUKOB. TpeOyeTcst HallTH TOKM U HAINPSDKEHUS BETBEH.

YpaBHEHUs1, ONUCHIBAIOIINE IOBEICHHUE YJICKTPUUECKON LIENH, COCTABIISIOT HA OCHOBE 3a-
koHOB Kupxroga.

Uro6s! 3anucaTh ypaBHeHUs 1o 3akoHaM Kupxroda, HeoOxoaumMo cHauyana BbIOpaTh IO-
JIOKUTEJIBHBIE HAIIPaBJICHNUs TOKOB M HamNpsKeHUH BeTBell. [losiokuTenbHOE HampaBiIeHUE TOKA
MOKa3bIBAIOT CTPEJIKON Ha BBIBOJIE AJIeMEHTa. [10/10’)kUTEeNbHOE HallpaBIeHUE HAIIPSHKEHUS TTOKa-
3BIBAIOT CTPEJIKOM, PACIIOJIOKEHHOM PSAIOM € 3JIeMEeHTOM. HanpasiieHrsi TOKOB U HAaIIPS)KEHUH pe-
3UCTUBHBIX JIEMEHTOB BBIOMPAIOT corjlacoBaHHbIMU. CONMPOTHUBIIEHNE TIPOBOIHUKOB, COETUHSIO-
IIMX 3JIEMEHTHI, 0OYE€Hb MaJIO IO CPAaBHEHHIO C CONPOTHBIEHUSIMH PE3UCTOPOB, U UM IpeHeOpe-

TraroT.
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Hamnpapnenus HanpspkeHUH U TOKOB HCTOYHUKOB CIIEAYET paccMOTpeTh 0co0o0. CTpenka
OJIC ucTouHMKa HaNPsKEHUS HAIIPaBJICHA K €0 MOJ0KUTEIbHOMY BbiBOAY. [[oaTOMY Hampsike-
HUE Ha BHEITHUX 3)KMMax 3TOT0 HCTOYHHKA HAIMPaBJICHO B CTOPOHY, MpoTuBononoxuyio J/1C.

3aoanusn:

3aoanue Nol

Ha pucynke 1 nmpuBeneHa cxema 3J1eKTPUYECKOM LIEeMH MOCTOSIHHOTO TOKa CO CMEIIaHHBIM
coeauHenueM pe3uctopoB Ri, Rz, R3, R4, k koTopoit noaseneHo Hanpspkenue U. Onpenenurs k-
BUBAJICHTHOE COMPOTHBIICHUE R 3T0¥ 11enu, Tok | 1 MomHOCTE P, moTpebiasiemMbie LeMblo, a TaKKe
TokH l1, 12, I3, 14, Hanpspxenus U1, Uz, Us, Us u momHOCTH P1, P2, P3, P4 Ha kaxa0M U3 pe3ucTopos.

[TpoBeputsb, uto P= P1+ P2 + P3 + Pa. Jlannble 17151 cBoero BapuaHTa B3sTh U3 TaOIUIBI 1.

Tabmuna 1
W3BecTHas BeIMUYMHA Hovep sapuarna
1 2 3 4 5 6 7 8 9 | 10
U, B 120 125 | 150 | 160 | 180 | 200 | 225 | 240 | 270 | 200
R1, Om 8 28 6 24 25 16 34 | 16 | 10 | 16
R2, Om 20 60 110 | 140 | 120 | 25 28 | 100 | 40 | 25
Rs, Om 16 120 | 100 | 60 | 180 | 35 20 |140| 20 | 35
R4, OM 18 120 15 50 60 40 24 | 60 | 30 | 40
Ri R
_ | 7"n e I
I—*
Ra Fa
— L L

Pucynox 1 — IlpunnunuansHas cxema K 3agade

3aoanue Ne2

Ha pucynke 2 npuBeieHa cxema 3JIeKTPUUYECKOM 1EMU MOCTOSHHOTO TOKA CO CMEIIAHHBIM
coenuHeHueM pe3uctopoB Ri, Rz, R3, Ra, k koTopoii monseneno Hanpsikenue U. OnpenenuTs K-
BUBAJICHTHOE comnpoTuBieHue R 3toit nenw, Tok | u momHOCTE P, moTpebnsiembie 1emnbio, a

taroke Toku li, l2, I3, la, manpsoxenust Ui, Uz, Us, Us u momuocTu P1, P2, P3, P4 Ha xaxaom u3
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pesuctopos. [IpoBeputh, uto P= P1 + P2 + P3 + P4. Jlannble 17151 cBOEro BapHaHTa B3sITh U3 Ta0-

JIANEI 2.
Tabnuua 2
Howmep Bapuanta
W3BecTtHasg BemmunHa
1 2 3 4 5 6 7 8 9 10
U,B 90 130 156 | 180 | 210 | 234 | 240 | 260 | 360 | 260
R1, Om 36 100 30 24 300 24 60 400 40 20
R2, Om 18 25 45 12 60 36 40 100 | 120 30
Rs, OMm 45 10 300 30 60 240 48 40 100 | 200
R4, OMm 30 15 75 20 30 60 24 60 150 50
Ea R3
Ri [ ]
— I I
— R4
I
— 4
Pucynok 2 — [IpyHuunuansHas cxeMa K 3ajade
3aoanue Ne3

Ha PUCYHKC 3 IMMPUBCJICHA CXCMa BHCKTquCCKOﬁ OCIH ITOCTOAHHOT'O TOKAa CO CMCIIIaHHBIM

coennHeHneM pe3uctopoB Ri, R2, R3, Ra, k koTopoii nmoaseneno nanpsokenne U. Onpenenursb K-

BUBAJICHTHOE COMpoTHBIeHHe R 3ToM neru, Tok | u momHocTs P, moTpebisiemble memnbio, a

tarke Toku l1, l2, I3, la, manpsoxkenust Ui, Uz, Us, Us u momuocTu P1, P2, P3, P4 Ha xaxaom u3

pesuctopos. [IpoBeputs, uto P= P1 + P2 + P3 + P4. JlanHbIe 7151 CBOETO BapuaHTa B3ATh U3 Ta0-

JIAOEL 3.

Tabmma 3

H3BecTHas BeIMYHHA

Homep BapuanTa

1 2 3 4 5 6 7 8 9 10

U,B 60 | 90 | 120 | 150 165 | 195 | 200 | 220 | 225 | 240
R1, Om 32 | 4 8 5,6 2 32 4 20 3 15
Rz, Om 12 | 60 | 200 40 30 100 | 25 | 300 | 36 10
Rs, Om 40 | 24 | 50 60 15 150 | 100 | 75 30 15
R4, Om 10 | 240 | 60 36 40 30 30 40 45 30
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Pucynok 3 — [IpuHuunuanpHas cxema K 3ajade

3aoanue Nod

Ha pucyHke 4 npuBejicHa cxema 3JICKTPUIECKOH LEH MOCTOSHHOTO TOKa CO CMEIIAHHBIM
coeanHeHueM pe3uctopoB Ri, R2, R3, Ra, k koTopoii noaseneno nanpsoxkenne U. Onpeaenuts K-
BHBAJICHTHOE CONMpoTUBIIeHUE R 310 1ienu, Tok | 1 MoIHOCTh P, moTpebiisieMble 1eMbio, a TAKKe
ToKH l1, I2, I3, 14, Hanpspkenus U1, Uz, Us, Us u motHOCTH P1, P2, P3, P4 Ha kax10M U3 pe3ucTopos.

[TpoBeputh, uto P=P1+ P2 + P3 + P4. JlanHble 17151 cCBOETO BapHaHTa B3ATh U3 TaOIuUIb! 4

Tabmuma 4
Homep BapuanTa
N3BecTHas BenuunHa
1 2 3 4 5) 6 7 8 9 10
U,B 48 | 75 | 90 | 120 | 180 240 120 180 | 300 120
Ri, Om 8| 10 | 45 | 20 15 48 40 20 | 200 40
R2, Om 4 1126 12 | 24 22 24 48 10 14 20
Rs, Om 10| 4 40 10 24 180 30 100 | 60 50
Ra, Om 40| 6 60 15 12 120 20 25 90 200
s
Rz —_— I3
—D R4
I _ ] - L
Ri

Pucynok 4 — [IpunuunuansHas cxema K 3agadye
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3aoanue Nes

Ha pucynke 5 npuBeieHa cxema 3JIeKTPUUYECKO 1IEMU MOCTOSHHOTO TOKa CO CMEIIAHHBIM

coenuHeHueM pe3uctopoB Ri, Rz, R3, R4, k koTopoii monseneno Hanpsikenue U. OnpenenuTs K-

BUBAJICHTHOE compoTuBieHue R 3Toit nenn, Tok | u momHOCTE P, moTpebnsiembie 1enbio, a

taroke Toku l1, l2, I3, la, manpsoxenust Ui, Uz, Us, Us u momuocTu P1, P2, P3, P4 Ha xaxaom u3

pesuctopos. [IpoBeputs, uto P= P1 + P2 + P3 + P4, Jlannble 7151 cBOero BapuaHTa B3ATh U3 Ta0-

JIALBI S5
Tabmuma 5
Howmep BapuanTa
W3BecTHas BenuynHa
1] 2 3 4 5 6 7 8 9 10
U, B 90 | 120 | 156 | 220 | 195 200 120 | 160 | 180 100
Ri, Om 8 | 10 | 20 12 14 8 10 16 12 3
R2, Om 40| 15 | 45 40 60 150 24 50 24 20
Rs, Om 60| 10 | 30 60 30 100 48 | 200 12 30
Ra, Om 4 |14 | 40 8 18 12 14 8 10 5
Ra
R — R4
Il S RS
—

KOHI’I’lpOJleble eonpocol:

1. 3akon Oma. Onpenenenue. opmya.

Is

2. Ilepssiit 3akoH Kupxroga. @opmyina, onpeneneHne

3. Uto Ha3bIBaeTC IOCICI0BATCIIBHBIM COCI[I/IHGHI/ICM?

4. Yto Ha3bIBaCTCS MapaJlIeIbHBIM COSTUHEHUEM?

PucyHok 5 — [IpuHnIMnuansHas cxeMa K 3azade

5. qbopMyna AJI OIIPEACIICHUA 3KBUBAJICHTHOI'O COIIPOTHUBJICHUA, CCIIN JIBA PE3UCTOPA CO-

enunensl: [lapannensuo? [locnenoBarensHo?
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Ilpakmuueckan paboma Ne2 Memoowsl pacuema 31eKmpuieckux yenei nocCmoaHHozo

moka. Pacuem cnoxcHoil a1eKmpuueckoii yenu Memooom y3i108blX U KOHMYPHBIX YPAGHEHUL.

I]ens: OnpeneneHue TOKOB BETBEH C HCIIOIB30BaHUEM 3aKOHOB Kupxroda.

OcHogvl meopuu:

[Ipocreiinrie Hepa3BETBICHHBIE LIETIH COJAEPKAT, COEAMHEHHBIX MOCIEI0BATENbHO, OIUH
WJIM HECKOJIBKO HCTOYHUKOB MJIM PE3UCTUBHBIX 31eMeHTOB. [lapaMeTprl Harpy3ku Hepa3BEeTBIICH-
HOM 1enu onpeaenstoTcs 1no 3akony Owma. s nenu ¢ ucrounukamu 3/[C 1 HanpsiKeHUs: 3aK0H

OmMma:

rae R — nonnoe conporuBnenue nenu R=Re: + Ru;  Ren — BHyTpEeHHEE CONPOTUBIEHUE
HCTOYHUKOB SHEPTUM; R, — cOMpOTHBICHNE HATPY3KH.

U, E — manpsokenne u 9J1C UCTOYHUKOB.

Pa3BeTBieHHas Lenb UMEET MHOTO CBS3aHHBIX MEXJy cO00il BETBeH, MOKET UMETh MHO-
KECTBO MCTOYHHKOB SHEPIUWH, a TaKxke y3i0B. [IpuMepoM pa3BETBICHHOW AJI. 1A MOXKET
SIBUTBHCSI CETh OCBEIICHUS KIJIOTO JIoMa, KOpadust u T 1. st pemeHns 3a1a4u onpe/esieHus na-
paMeTpoB Harpy3KH B pa3BETBICHHOW IIEMU MPUXOJAUTCS UCTIONB30BaTh CIIOKHBIE METOIMKH, OC-
HOBaHHbIE Ha (yHIaMEeHTaNbHBIX 3akoHax Oma u Kupxroda.

Ilepsorit 3akoH Kupxroga, BeITeKaeT U3 IpUHIMIIA HETPEPHIBHOCTH TOKA, CIIPABEIIUB IS
y3510B 1ierni. CorinacHo 3TOMY 3aKOHY alre0pandeckas CyMMa MTHOBEHHBIX TOKOB B JIFOOOM y3I1e
9JI. TIENW paBHA HYIO. T.e. B IF0OOOM y3JIe IIeT CyMMa TOKOB MPUXOSIINX paBHA CYMME TOKOB

OTXOAIUX OT y3Jia:

Yucno ypaBHEHUN pPAaBHO YHCIY Y3J0B MUHYC OJuH. [Ipu cocTtaBieHHH ypaBHEHUH
0OBIYHO MPUHUMAIOT TOKH, UAYIIHUE K Y3IIy, C IUTFOCOM, @ OT y3J1a — C MUHYCOM.

Bropoii 3akon Kupxroda siBisieTcs ciieICTBUEM 3aKOHA COXPAHEHUS YHEPTHH U POPMYITHU-
pyercs kak anrebpandeckas cymma JJ[C B 3aMKHYTOM KOHTYpE, paBHA alreOpandeckoil cymMme

MaJICHUM HAIIPSHKEHUH Ha BCEX CONPOTUBIICHUAX KOHTYpa:

IIpu cocraBnenun ypaBHenuit Kupxroda npensapurenbHO HEOOX0IMMO BBIOpATh MPOU3-

BOJIbHO YCJIOBHO-TIOJIOKHUTCIIBHOC HAITPABJIICHUC TOKOB BO BCCX BCTBAX CXCMBIL. OHpe,Z[GJII/ITL TaK¥KEC
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HE3aBUCUMBIE KOHTYpbl. KOHTYpOM Ha30BeM 3aMKHYTYIO 3J1. LIETIb. 3aJ1aTh MPOU3BOJILHOE HAMPaB-
nenue o6xona TokoB. DJIC u majgeHne HaNPsHKEHUS TPUHUMAEM C TTI0COM, eciid Tok uinu DJ1C
COBIMAJIAIOT C HAMpaBJIeHHEM 00X0Aa U MUHYC, €CJIM He cOBMaaatoT. [IpuMep coctaBneHus ypas-

HeHuit Kupxroda paccMoTpuMm JUIs 3IEKTPHUECKON 1eTH, TPUBEAEHHON Ha pUCYyHKeE 2.4.

Pucynok 2.4 — Cxema pa3BETBIEHHOMN AJEKTPUUECKON LIETTH

[To mepBomy 3akony Kupxroda (2.9):
1I1-12+14=0;
12-13-15=0.

Mo BTOpomy 3akony Kupxroda (2.10):

I1-R1-14.R4 =—FE1,;
14eR4 + 12°R2 + I5*R5 = E2 + E1;
—15.R5 - 13.R3 = E3 - E2.

[onmyuennsie ypaBHeHus (2.11, 2.12) pemrator COBMECTHO, KaK CUCTEMY. Y TOOHBIN crioco0
pelIeHni ypaBHEHUH — C MOMOIIBI0 onpeaenuTeneid. OTMETHM, YTO YHCIIO YPAaBHEHUH JTOJIKHO
PaBHATHCS YHUCITY HEU3BECTHBIX TOKOB.

Bo MHOrHX ciry4asix pacuer 1. LeTled MOYKHO YIIPOCTUTD ITyTEM YMEHBILIECHUS KOJINYECTBA

ypaBHeHHfI, HCIOJIB3YyS JJId 3TOTO CICHHUAJIbHBIC METO/IbI.

3aoanua:
3aoanue Nel
Metonom ypaBHenuii Kupxroga paccuntat TOKH B CXeMe PHUC. MPHU CISAYIOMIUX Mapa-

metpax: J =3 A, E=30B, ri=10 Om, r2=5 Onm.
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Pucynok 1 — [IpunnunuanbsHas cxema K 3aj1a4e

3aoanue Ne2
MeToaom ypaBHeHUI Kupxroda paccumtaTb TOKM B CXEME pUC,a NPU Caeayowmx napa-

meTtpax: J1=10A, E;=100B, Es=3008B, ra=ra=rs=re=20 Om.

Pucynok 2 — [IpyHuunuansHas cxeMa K 3ajade

3aoanue Ne3

MocToBasi cxema puc. TUTAeTCsA OT peaTbHOr0 UCTOUYHUKA dJIeKTpudecKoit sneprun, J/1C
kotoporo E =400 B, a BHyTpennee conpotuBienue I = 10 Ou. ConpoTHBICHHUS IJI€Y MOCTA I'1
=20 Om, r2 =40 Om, r3 =60 Om, ras = 30 Om. MocT HarpyxeH MpUEMHUKOM, COTPOTHUBIICHUE

koToporo I's = 30 Owm.
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Pucynok 3 — [IpuHuunuanpHas cxema K 3ajade
3aoanue Ned
PaccunTaTh TOKM BO BCeX BETBSX LIeNH, MPEJCTaBICHHOM Ha puc, ecau: E1 = 100 B, E2 =

50B, r1=r2=10 Om, r3 = 20 Om.

zllz,fl ,:.JPI?, i

F1 [

E .05

Pucynok 4 — [lpuHuunuanpHas cxeMa K 3ajade

3aoanue Ne5
Omnpenenuts Toku 1o 3akoHaM Kupxroga B BeTBsix cxemsl (puc. 1.26) u npoBeputs Oaanc

MoiHocTel, ecinu: E1=120B, E2=60B,J=4A; ri=r2=200m,r3=5 Om, ra=15 Om.

Pucynok 5 — [lpunnunuansHas cxema K 3aade
3aoanue Ne6

OrnpenenuTh TOKM B BETBSIX MOCTOBOM CXEMBI, €CJIM U3BECTHBI MapaMeTpsl nenu: £ = 4,4

B, r1=200m, r2=600m, r3=120 Om, ra=8 Om, rs=44 Om.
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Pucynoxk 6 — [IpunuunuansHas cxema K 3ajade

KOHmpOJleble eonpocolt:

0o N o o B~ W N e

. B uem 3akitogaeTcst METO1 y3J10BbIX U KOHTYPHBIX YpaBHEHUM?

. CKOJIbKO Y3JIOBBIX YPaBHEHUHN COCTABJISIOT AJIsl LEHH?

. Kak BpIOMpAaOT HalpaBiieHUs TOKOB B Y3JIOBBIX YpaBHEHUIX?

. CKOJIbKO KOHTYPHBIX YPaBHEHUU COCTABJISIOT JJIsS 1IETTH?

. [To xakoMy 3aKOHY COCTaBJISIFOT KOHTYPHBIC YPaBHEHUS U KaK OH YATACTCS?
. Kak Be16uparot Hanpasierus 3/1C B KOHTYPHBIX ypaBHEHUSX ?

. UIeMy paBHO 0611_166 KOJIMYCCTBO ypaBHeHHI:I, COCTAaBJICHHBIX 110 JAHHOMY MCTOILY?

.Ilo KaKOMY 3aKOHY COCTAaBJIAOTCA Y3JIOBBIC YPABHCHHA U KaK 3TOT 3aKOH qyuTaeTcs?
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Ilpakmuueckana paboma Ne3. Pacuem c10)cHOll 21eKMPUYecKoll yenu Memooom KOH-

MYpPHBIX MOKOG.

Ilenw: OnpeneneHue TOKOB BETBEM M0 METOTy KOHTYPHBIX TOKOB.

OCHOGbl meopuu:
MeTOI[ KOHTYPHBIX TOKOB COCTOUT B TOM, YTO B Ka4CCTBC HCHU3BCCTHBIX B CUCTCMC YpaB-
HCHI/II‘;I uenun I/ICHOHL3YIOTC5I TaK HAa3bIBACMBIC KOHTypHBIe TOKH. KOHTypHBIe TOKHU SABJJIAKOTCA (I)I/IK-
TUBHBIMU. PeanbHbIe TOKM MOKHO HAMTH KaK pa3HOCTb TOKOB JIByX KOHTYPOB, B KOTOPbIE BXOJHT
JNaHHas1 BCTBb. JIJ‘[?[ OHpeI[eJ'[eHI/Iﬂ KOHTypHBIX TOKOB COCTaBJISICTCA CHUCTEMA ypaBHeHI/H\/'I 10 BTO-
pomy npasuiny Kupxrogpa. KonmndyectBo ypaBHEeHHIT paBHO YHCIy KOHTYpPOB. KOHTYpHBIC TOKH
HAIPABIISIOT [0 HAIPABICHUIO 00X0/1a KOHTYpOB U o0o3Hauarot 111, 122,..., Inn. dopmanbHas
CUCTEMa yPaBHEHUM:
Rip -l +Ri2 1o +...+ Ry - Inn = Eq1;
Ro1-l11+Rop - 12 +...+ Ropy - Inp = Epo;

m
rae Rii, R2z, ..., Ri— cOOCTBEHHBIE COMPOTUBIICHUS KOHTYPOB Rik = Z R k=1,n—Homep
i=1

KOH-

Typa; M — YKCIIO CONPOTUBJIEHUHN B KOHTYPE;

R12, R13,..., Rjn — B3aMHbIe CONPOTHUBIIEHUS] KOHTYPOB, T.€. MPUHAIEKAIINE CMEKHBIM
KOHTYpaM; j=1,m — HOMep CONPOTHBIICHHUS;

Ei1, E2, ..., Enn— KOHTYpHBIE 3.1.C.,
n
Enn: z El ,
i=1

3TOT METO]] TO3BOJISIET YMEHBITUTh YMCIIO PACYETHRIX YPAaBHEHHUI B CHCTEME YPaBHEHUH
Kupxroda (N = NI + NII) no uucna ypaBHeHuUiA, 3anmucaHHbIX ToJabKO 110 [1 3akony Kupxroda (10
Yrclia TTIAaBHBIX (HE3aBUCHUMBIX ) KOHTYPOB CXEMBI).

PexoMmenayemslil mopsiiok pacuéra:

1). CocraBisieTcst HanpaBJIeHHbIN Ipad dIeKTpUUECKOl 1enu 1 GopMUPYIOTCS HE3aBUCH-
MbI€ KOHTYpHBL. [Ipr 3TOM BETBU C W3BECTHBHIMU TOKaMHU (BETBH C MCTOYHUKAMHU TOKA) HE MOTYT

OBLITH BETBAMU ACPECBA, a JIMIIb BCTBAMU CBA3U.
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2). [lonararoT, 4TO B HE3aBUCUMBIX KOHTYpax LUPKYJIUPYIOT KOHTYpHbIE TOKH, HallpaBJe-
HHE KOTOPBIX COBNAJAET C HAIIPABJICHNUEM TOKOB BeTBeH cBs3u. IIpn 7TOM 4acTh KOHTYPHBIX TOKOB
CTAHOBSITCSI U3BECTHBIMU B COOTBETCTBMH C I1.1 JaHHBIX PEKOMEHIAIH.

3). 15151 KOHTYPOB C HEM3BECTHBIMU KOHTYPHBIMHU TOKAMH COCTABIISIOTCSA KOHTYPHBIE ypaB-
Henus 1o II 3akony Kupxroga. Takum oOpazom, konndectBo ypaBHeHuit no MKT crnenyromee:
NMKT =B - (V-1) - BT.

4). Pemaercs cuctemMa KOHTYPHBIX YpPaBHEHUH.

5). Toku B BETBSIX ONPEICIAIOT MyTEM alredpanuecKoro CyMMHUPOBAHHS KOHTYPHBIX TO-
KOB B COOTBCTCTBHHU C ITPUHIUIIOM HAJIOKCHHA.

6). IIpoBepka BBINOJIHAETCS COCTABICHHEM OajaHca MOLIHOCTEW WM pacyéToM TOKOB

HNHBIM MCTOJOM.

3aoanun:
3aoarnue Nel
[To 3amannbM 3HayeHusM DJ{C ¥ COMPOTUBICHUN OMPEACIUTh TOKH BETBEH MO METOIY

KOHTYPHBIX TOKOB JJIsI JAaHHOU 1enH. [laHHbIe B3SITh U3 TAOJIUIIB.

E: Rz

Pucynok 1 — [IpunnunuanbsHas cxema K 3aj1a4e

Tabnuua
3aaHHBIC BEJIH- BapuaHTsr

YHHBI 1 2 3 4 5 6 7 8 9 10
E1, (B) 60 80 | 100 | 40 50 70 90 | 100 | 60 80
E2, (B) 90 60 50 | 100 | 70 80 40 80 70 90
Es, (B) 70 | 100 | 90 60 80 | 100 | 70 40 50 60
R1 (Om) 4 6 10 5 2 3 7 4 9 10
R2 (Om) 5 10 9 4 7 6 3 2 5 8
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R3 (Om) 8 | 4 | 3] 9 [10] 7 5 [ 8 | 6 | 3
R4 (Om) 5 7 |9 [ 8 | 7| 4 8 | 9 | 7 | 7
Rs (Om) 6 9 | 8 | 6 | 5| 8 4 |8 | 7 | 9
Re (Om) 6 7 [ 58| 9 | 8 | 6 4 | 3 | 9 | 5
R7 (Om) 10| 8 | 3| 5 | 8| 9 6 | 7 | 10 | 5

Konmponvuwie éonpocwi:

1. Kak unraercs nepBbiii 3aKkoH Kupxroda?

2. Kak unraercs Bropoit 3akoH Kupxroga?

3. B xakom cnyuae 3JIC cunraercst oTpUIaTeIbHbIM?

4. Kak BpIOMparoTCsl HaNpaBJeHHsI TOKOB B Y3JIOBbIX YPaBHEHUSAX?
5. Uto Ha3bIBAIOT y3710M?

6. UTo Ha3pIBalOT KOHTYPOM?

7. YTO HA3BIBAIOT BETBBIO AJIEKTPUUECKON LIern?
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Ilpakmuueckasn padoma Ned. Memoowt pacuema neKmpuiecKkux yeneii ROCMOAHHO20

moka. Pacuem cnooscnoit 3.71el<mputtec1<oﬁ uenu Memooom Y3/1068blX NOMEHUUAL086.

Ilens: OnpeneneHue TOKOB BETBEH 110 METOly Y3JIOBBIX IOTEHIUAJIOB.

Ocnoevr meopuu:

OTOT METOJ NO3BOJIAET YMEHBIINUTh YUCIIO PACYETHBIX YPABHEHUH OT KoJaudecTBa B-Br
(4rcao BeTBEH C HEM3BECTHBIMH TOKaMH) 110 KoumdecTBa (V-1), TO ecTh J0 Yuciia ypaBHEHHUH,
3anucaHHbIX TOJbKO 10 | 3akony Kupxroda npu ucnons3oBannu Metoa ypasHeHuii Kupxroga.

B paccmarpuBaemom meroge (MVYII) crHaudanma coctaBisieTcss cUCTeMa ypaBHEHUUN It
pacuéra IOTCHIIMAJIOB y3J10B CXeMBI. Tak Kak IOTEHIHMAJ dJIEKTPUYECKOTO Tejla ONPEACIIIeTCs C
TOYHOCTBIO JIO0 ITOCTOSIHHOM BEJIMYMHBI, TO MOTEHIUAJI OJHOIO U3 Y3JIOB CXEMBbI BCETa MOXHO
NPUHATH PABHBIM JII00OMY YHCTY (JTydIlle BCEro HYJIO, TaK KaK MPH 3TOM YIIPOIIAIOTCS U ypaBHe-
HUS, U BBIYUCIICHUA). DTOT y3€JI IPUHSITO HAa3bIBATh OA3UCHbIM U TIPU JATBHENIINX pacuérax Mmpu-
HATO, uTO0 @5 = 0.

[nA KaXkaoro 13 y3noB CXxeMbl C HEM3BECTHbIM NMOTEHLMANIOM COCTaBNAETCA Y310BO€E

ypasHeHue. JnA y3na a, noTeHuuan KOToporo ¢, Y3/10BOe ypaBHEHME UMeeT BUA,:
P2 9-¢r 2. 9= > 9-..= 2 Eg+>.J.
a a-b a—c a a

3neck @b, @c — MNOTEHIMAbI Y3JIOB CXEMBI, YaCTh KOTOPBIX MOKET ObITh M3BECTHA, a
OCTAJIbHBIC U HE U3BECTHBI;

> g — cobemeennas nposoouMocns y3na a, CyMMa IpOBOIMMOCTEN BETBE, HEMOCPE/I-
a

CTBCHHO IMPHUMbIKAOIIUX K Y3J1y a, JJId KOTOPOT'O U 3aIlIMChIBACTCA Y3JIOBOC YPABHCHUC,

>’ g — 63aumHas nposoOUMOCHIs Y3IIOB a W (, CyMMa MPOBOJAMMOCTEH BETBEH, HAXO-
a—-q

JITIAXCST HETIOCPEICTBEHHO MEXIY y3IaMi a W ( (s 3TUX BeTBe @ W (| — KOHCYHBIC
TOYKH);

> EQ - anre6panueckas cymma TOKOB KOPOTKOTO 3aMBIKAHHs BETBEH C MCTOYHHKAMH
a

O/1C, 00beIMHEHHBIX Y3TIOM @, TpuuéM craraemoe EQ Gepércs co 3HakoM «+», ecau DJ]C BeTBU
HarpaBJIeHa K Y31y a;

z J — anreGpanueckas cymMMa TOKOB HCTOYHHUKOB TOKOB BETBEH, 0OBEANHEHHBIX Y3JIOM
a

a, npu4éM ToK J OepéTcst o 3HAKOM «+», €CJIM OH HalpaBJIEH K Y31y d.

Pexomennyercs cnenyromui nopsaaok pacuéra Tokos no MVYII:
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1. BeiOuparoT npou3BOJIbHBIE HATTPABICHHUS TOKOB B BETBSIX CXEMBI.

2. BeiOuparoT 6a3uCHBIN y3el U MPUHUMAIOT €T0 MOTEHIINA paBHBIM HYII0 @5 = 0.

3. JIns y3710B ¢ HEU3BECTHBIMU NTOTEHIMAIAMH COCTAaBIIAIOT M PELIAIOT y3JIOBBIE YpaBHE-
HUSL.

4. Ilo 3axkoHy OMa paccuuTBIBAIOT TOKU BETBEH.

5. IIpoBepsArOT MPaBUIBHOCTh PELICHUS 3a/1a4d (B OOIIEM Cilydae MO BBIIOJIHEHHUIO Oa-

JIaHCA MOIIIHOCTEN ).

3aoanusa:
3aoanue Nel
[To 3amannbiM 3HaueHussM DJ1C U COMPOTUBIICHUN OMPEACIUTh TOKA BETBEH MO METOTY

Y3JI0BOTI'O HAIIPSXKCHUA IJI ﬂaHHOﬁ LOCIIH. Z[aHHBIC AJIs1 CBOCTO BapraHTa B34ATb U3 Ta6J'II/II_IBI.

Ea1 E: Es

Pucynok 1 — [IpuHnmnuaneHas cxema K 3azade

Taobmnua 1
3aaHHbIe Be- Bapuant
JMYUHBI 1 2 3 4 5 6 7 8 9 10
E1, (B) 60 80 100 | 40 50 70 90 | 100 | 60 80
E2, (B) 90 60 50 | 100 | 70 80 40 80 70 90
Es, (B) 70 100 90 60 80 | 100 | 70 40 50 60
R1 (Om) 5,6 7,4 90 | 85 | 78 | 47 | 83 | 96 | 71 7,0
R2 (Om) 6,5 9,0 81 | 66 | 53 | 84 | 47 | 88 | 75 9,2
Rs (Om) 6,2 7,6 57 191 | 80 | 63 | 45 | 32 | 94 57
R4 (Om) 10 15 12 20 22 14 18 16 10 24
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KOHmpOJleble eonpocsl:

o N oo o1 B~ W N P

. B yem 3akirodaeTcss METOT y3JI0BOTO HANIPSIKEHHS ?
. UTO Ha3bIBAIOT Y3JI0BBIM HaIpsKEHUEM?

. Uemy paBHa MPOBOAUMOCTb BETBU?

. Kak onpenensitor Toku BETBEH 1O TaHHOMY METOTy?
. Kak unraercs 3akon Oma Jyis yyacTka nemnu?

. Kak unraercs nepsblii 3akon Kupxroga?

. B kakom ciyuae TOk BeTBH OyJI€T OTPHIIATEIHHBIM?

. UTO Ha3BIBAIOT BETBHIO?
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Ilpakmuueckan padoma Ne5. Memoowt pacuema neKmpuieckux yeneii ROCMOAHHO20
moka. Ilpumenenue memooa Hanodicenus 0N paciema I1eKMpPUYecKux yeneil nOCMoAHH020

moka.

l[eﬂb.‘ Hay‘II/ITBCH C IMOMOMIIbI0 METOJa HAJIIOKCHHA PACCUUTHIBATD CIIOXKHBLIC 3JICKTPHUYC-

CKHeE MEIH ¢ HeCKOJIbKUMH ncTouHukamu 3 J[C

OcHoevl meopuu:

Meron HanoKeHMs PUMEHSETCS Ul AaHAJIA3a U Pacdy€Ta JIMHEHHBIX JIEKTPUYECKUX Lie-
neu, coepKalmx, Kak mpaBuiio, HEOOIBIIIOE YUCIO0 UCTOYHUKOB SHEPTHUH.

CyIHOCTh METO/1a 3aKJIF0YAeTCs B TOM, YTO TOK Ka)K/I0¥ BETBU CIIOXKHOM LIETIN OIpeesis-
eTcs MyTEM alreOpandeckoro CyMMHUPOBAHUS COCTABIISIONINX TOKOB, Ka)KJast U3 KOTOPBIX SIBJISA-
etcs pyHkmei Toapko oxHoi IIC.

[Ipu pacuére nienu METO0M HAJIOKEHUS BHAYAJIE IIOJIATAOT, YTO B 3TOM LENU JEHCTBYET
TOJIBKO OJIMH MCTOYHMK, Harpumep, Ei1 u ompenenstor Toku Bo Beex BerBax: li', 12/, I3 u T.1.
3areM mosararoT, 4TO B LIE€NU ACHCTBYET TOJIbKO BTOPOM UCTOUYHUK, Hanpumep, E2 u cHoBa Haxo-
AT Toku B BeTBsX: l1", 12", 13" u 1.1, 3arem monararoT, 4TO B IENH JACHCTBYET TOJIBKO TPETU
UCTOYHUK, Hanpumep, J u T.1. [lonublil Tok B BeTBU N In = In"+1n""+In"""+.. .,

"

rae I, In”, In"", ... - cocTraBnsomKe Toka B BETBU N, 00ycloBjieHHbIE nelicTBueM  Ei,

E2, J, ..., COOTBETCTBEHHO

3aoanus:
3aoanue Nel
OnpeenuTh TOKA B BETBSIX CXeMbI puc., ecii E1 =16 B, J=1A, rn=r=r3=rs=rs=

6 Owm.

I LAoh 5

a
i

Ji

I
X

Pucynox 1 — I[IpunnunuansHas cxema K 3agadye
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3aoanue Ne2

OnpenenuTh TOKH B OTIEIbHBIX yuacTkax menu ecian E1 = 120 B, E2 =160 B, R1 = R2 =

550m,R3=300M, R BH1 =R BH2 =5 OM.

X
da
>

20190 1 O O O O 2 L

N
N2
o) £ Eo ] ane T £ Tons "] £

by
'

5ﬂ) 5 » 53)

PucyHnok 2 — [IpuHIunuaneHas cxeMa K 3azade

Konumponwsusie éonpocwi:

1. B uem 3akirouaeTcs METO HaJIOKEHUs?

2. Kakue npenmMyIecTBa JaHHOTO MeTo/1a?

3. Kak ompenenstorcst 3HaYCHHS IEHCTBUTEILHBIX TOKOB?

4. Kak BpIOMparOT HaNpaBIeHHsI YACTUYHBIX TOKOB?
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Ilpakmuueckana paboma Ne6. IIpeobpa3zosanue r3nekmpuueckux yeneii. IIpumenenue

Memooda IK6UBATNEHMHO20 npeoﬁpas’oeauun mpeyzojibHUKa u 36€30b1 conpomutmenuﬁ.

IJens: HayunThbCsi ¢ IOMOIIBIO METO/a SKBUBAJIEHTHOTO NPE0Opa30BaHUs TPEYToJbHUKA
Y 3BE3/Ibl COIPOTHUBIICHUM PacCUUTHIBATh MIEKTPUUECKUE LENU C OJHUM HCTOYHUKOM IUTAHUSA,

IIPUMCHSEMBIC B obnacTu SJIICKTPHUYCCKUX H3MepeHHI>’I.

OcHoevl meopuu:

CyIIHOCTh SKBUBAJICHTHBIX NMPEOOPA30BAHMIA 3aKIIFOYACTCS B TOM, YTO YaCTh dJICKTpHUE-
CKOM 11eTH 3aMeHsieTcs 0oJiee MPOCTON CXeMOil: TMOO ¢ MEHBILIUM KOJIMYECTBOM BETBEH U COIPO-
TUBJIEHUH, MO0 C MEHBIIMM YUCIIOM Y3JI0B MM KOHTYpoB. [Ipeobpa3zoBaHue cuuraercs sxeusa-
JIEHMHBIM, €CITA TOKU U HANPSDKEHUS! HEMTPeoOpa30BaHHOM YaCTH CXEMbI OCTAIOTCS PEKHUMHU, TO
€CTh OJJMHAKOBBIMU B UCXOIHOM 1 ipeoOpa3oBaHHO cxemax. Camu 1o ceGe SKBUBAJICHTHBIE ITpe-
00pa30BaHus HE SABISIIOTCA METOAOM pacuéra, 0JHAKO CIIOCOOCTBYIOT YIPOLICHUIO PACYETOB.

YacTo UCToNb3yOTCS ey IOIINEe 3KBUBAJICHTHbIE TPE0Opa30BaHUA:

1. 3amena noCJaCcaA0BaTCIAbHOTO COCANMHCHUA COHpOTI/IBJIeHI/Iﬁ ri, rz, ... 'n OTHUM DKBUBA-

n
JIEHTHBIM 5= Z I -

k=1

a0 —?7 aoH——
Il 1 Il

L [ [ — | I3

50 . bOo—

2. 3aMeHa napaJiieIbHOTO COSIMHEHHUS TACCUBHBIX BETBEU C MPOBOIUMOCTIMU (1, 02, ...

n
On O/IHO¥ DKBMBAIIEHTHOH §5= ", -

k=1

3. 3aMeHa cMeIIaHHOTO COEU-HEHUS CONPOTUBIIEHUH puc. 1.35,a 0THUM SKBUBAJIEHTHBIM

I, - T
(puc. 1.35,6), tae ra>=ri+ -2 3 4T0 crefyeT U3 MOATAIIHOTO NPUMEHeHH s 1.2 1 1.1 HacTo-
I, +13

AIUX PEKOMEH AU,
4. DKBUBaJIEHTHBIE IPEOOPA30BaHNUs TACCUBHBIX TPEXIOIOCHUKOB — TPEYTOJIBHUKA (pHUC.

1.36,a) u 3Be3nbI (puc.1.36,0). [1pu 5TOM COMPOTUBIEHUS SKBUBAJICHTHOTO TPEYTOJbHUKA

r-r r,-r Iy -r
ro=ri+r+-1"2  rp3=r+r3+-2_3 ra=rz+rn+-3_1
I3 n ry
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a COHpOTI/IBﬂeHI/Iﬂ :‘)KBI/IBaHeHTHOﬁ 3BE€3/bI
I, - I I5q - I Iqq - T
rn=l2T1  _Toshp [ _Ta1-fos
M4 M4 4

rae Fa=ri2+rzs +r — cymMma COpOTUBICHUN BETBEH TPEYTOJIbHUKA

5. Ilpu nanbHelimem u3ydenuu Kypca TOD OyayT npeactaBieHbl pOpPMYIIbl SKBUBAJICHT-
HBIX 3aMEH IIaCCUBHBIX YETBIPEXIIOMOCHUKOB T- 1 [I-cxeMamu, 3aMeH 1ieneil ¢ pacipeacsEHHBIMU
napamMeTpamy dKBUBAJICHTHBIMU YETHIPEXITOIOCHUKAMU, YCTPAHEHUE WHIYKTUBHOM CBSI3U B Iie-
ISIX U Jp.

Oco6eHHO yJ00HO MM0JIb30BaThCs METOI0OM 3KBHUBAJICHTHBIX TPE0Opa3oBaHUi ITpH pacuéTe
BXOJHBIX U B3aMMHBIX CONPOTUBIICHUI WM BXOJHBIX M B3aUMHBIX ITPOBOJAUMOCTEH cXeM, K03¢-
(GUIMEHTOB Nepeadyn HaNpsKEeHUH U TOKOB, MOCTYMAIOIIUX HA BXOJ CXEMbI IIPU Mepeade CUr-

HaJla B Harpy3Ky, KOrja Ha CXeMy BOSHeﬁCTByeT TOJIBKO OJJMH NCTOYHUK SHCPIr'UH.

3aoanusn:

3aoanue Nol

OnpenenuTh TOKA B CXeMe, UCIOJIb3Yys SKBUBAJIICHTHBIE TTPEOOpa30BaHUs, €CJIU BXOIHOE
HanpspkeHue cxeMbl Ug = 400 B, a mapa-metpsbl 1 = 10 Om, r2 = 60 Om, r3 =20 Om, ra =100 Own,
COTPOTHBIICHUE HATPY3KH, MOJKIFOUEHHON HA BBIXOJIE CXEMBI (BBIXO/I YETHIPEXTIONIOCHUKA), I's =
50 Om.

Paccunrath Takke K0d(DUIMEHT Mepeaadn HanpsukeHus Ku u koadduuueHT nepemaun

Toka Ki.
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Puc. 138

Pucynok 1 — [IpuHnunuaneHas cxema K 3azade

3aoanue No2
OnpeaennTb TOKU B BETBAX CXEMbI, NPUBEAEHHOM Ha PUC 3aMEHMB TPEeYroNbHUK Conpo-
TUBNIEHUWN lgp-Ibe-rcg SKBUBANIEHTHOM 3Be3aoM, ecnn: Ea=50B, Eg=30B, Ec=1008,ra=3,5

Om, rg=20m, rc=70m, rap=60M, rpc=120Mm, re=60Mm.

e
Li Fah

T4 La
Es Lab
b Tea
o IE rg b
Er e Ik
Ic c

PucyHnok 2 — [IpuHIunuaneHas cxeMa K 3ajade

3aoanue Ne3
Paccuntath TOKM B cXeMe METOAOM IPeoO0pa3oBaHUs dIEKTPUUECKON e, TPOBEPHUTH

BM, ecti: ri=r2=6 Om, r3=3 0Om, r4=12 Om, rs=40m, J=6 A.

11—

Fl F2 ¥4 ¥

e

Pucynok 3 — [IpuHuunuansHas cxeMa K 3ajade

LN
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3aoanue Ned
BuemmJ=50mA4, E=60B, ri=5x0Om, r2=4xO0Om, r3=16«xOm, ra=2x0m, rs=
8 kOm. BBIYHCIUTH TOK BETBU C CONMPOTUBICHUEM [5, TTOIB3YSICh TPEOOPA3OBAHUEM CXEM C HC-

TOYHHUKAMH TOKA B DKBUBAJICHTHBIE cXeMbI ¢ uctouHnkamu 3/1C 1 Hao60poT.

J 1 E F2
"“:‘Q I _+
i ¥4

Pucynoxk 4 — [lpuHuunuanpHas cxeMa K 3ajade

Konmponawvnwsie éonpocwi:

1. B 4eM COCTOUT METO/ CBEPTHIBAHUS IEKTPUUECKOM 11ern?

2. Pacckaxxute 0 TMpeoOpa3oBaHUM TPEYTOJILHUKA COMPOTHBICHHHA B SKBHUBAJICHTHYIO
3BE€3/1y CONPOTUBIICHUIA.

3. PacckaxuTe 0 mpeoOpa3oBaHUM 3BE3]IbI CONMPOTHRICHUI B SKBUBAJICHTHBIN TPEYTOJIb-

HUK COHpOTHBJ’ICHHﬁ.
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Ilpakmuueckasn paooma Ne7. Maznumnuwle yenu. Pacuem nepa3eemeieHHbIX MAZHUM-

HbIX yeneil.

lleﬂb.' HO.Hy‘-II/ITB MPAaKTUYCCKUC HABBIKU paCyYCTa HCPA3BCTBIICHHBIX MAIrHUTHBIX HCHGP'I.

OcHogvl meopuu:

DneKTpUYecKUe ey Ha3bIBAIOTCS CBSI3aHHBIMU, €CITU MPOLIECCHl B HUX BIUSIOT APYT Ha
JIpyra MOCpeACTBOM OOIIEr0o MarHUTHOTO WM 3JeKTpuueckoro mojis. Eciu cBs3b nemeit ocy-
HIECTBJISETCS MOCPEICTBOM MAarHUTHOTO TOJIsA, €€ HAa3bIBAIOT MHAYKTUBHON. IHIYKTHUBHYIO CBS3b
MEXIY JEKTPUICCKUMH LETISIMU IIIMPOKO UCTIOJB3YIOT B AJIEKTPOTEXHUUCCKUX YCTPOMCTBAX JIJIst
nepesayy Wik pacrpeneaeHus AIeKTPUIECKON dHepru 6e3 HeOCPeICTBEHHON 2JIEKTPHUIECKON
CBSI3M MEXKIY LEMSIMU, MPeoOpa3oBaHusl MapaMeTPOB dIMEKTPUUESCKHUX IENeH U T.1.

PaccMoTpuM ABE MHYKTUBHO CBSI3aHHBIE KATYIIKH (PUCYHOK 4.1).

DV NLQ

u, () L L u, (1)
o | O

PucyHok 4.1 — IHIYKTHBHO CBSI3aHHBIC KaTyIIKH
Ecnu x L1 moakmounTh nepeMeHHoe HanpsbkeHue Ui(t), To mo Heit moteuét Tok i1(t) . On
CO3J1aCT MarHUTHOE I10JI€, KOTOpPOe OyIeT ImepecekaTh MPOBOJAHUKN KaK MEPBOM, TaK M BTOPOIi

karyuiek. [Tpu 5ToM B nepBoii karyuike Oyzuer napoaures IJC camonnykumu

di, , a BO
11:7L171,

dt

N . i
BTOpO# JJIC B3aNMHOI HHAYKIUH g, =M (;tl, rae M — B3auMHas UHIYKTUBHOCTb, | H.

B3anMHON MHIYKTHUBHOCTBIO M HA3BIBAIOT CKAPHYIO BEJIMUYMHY, PABHYK) OTHOIIECHHIO
HNOTOKOCHEIJIEHHUs] B3aMMHOM MHIYKTUBHOCTH K TOKY OOYCIJIOBJIMBAIOLIEMY 3TO HMOTOKOCLEM-JIe-

HUC:

M=o _Ya, (4.1)

I, L
TAc y,, —HOTOKOCHCIUICHUC nep130171 KaTyIIKU UHOYKTUBHOCTH, O6YCJ'IOBJ'IGHHOC IIOTOKOM

BO BTOPOM KaTyUIKE;

v ,, — HOTOKOCIIEIUIEHHE BTOPOM KaTyIIKH, 00yCIOBIEHHOE TOKOM B II€PBOH KaTyIIIKeE.

Otnomenne D/]C B3auMuoi unaykunu k 3/JC caMOMHAYKIIUHU, CO3/ITAHHBIX OJTHUM TOKOM,

Ha3bIBAIOT CTCIICHBIO CBA3H:
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di

Ky = Cu__ dt _ M _ crenens cBssu BTOPOMU KaTYILKH C IIEPBOM; (4.2)
€11 dip L '
L= "
dt
di,
ep gt M = =
Ky =—12= _dt _M _ crenens cBs3M MepBOM KATYIIKK CO BTOPOIA. (4.3)

€2 _ Lz% L,

CreneHsp CBA3M MOKa3bIBAET, KaKasi 4aCTh MarHUTHOT'O ITOTOKA OJHOM KaTyIIKH IPOXOAUT
yepe3 BUTKH APYTol MpU OTCYTCTBUU B Hell Toka. CpenHee reoMEeTpUYecKOoe CTENEHEH CBs3U

Ha3bIBAIOT KOO OHUIIMECHTOM CBSI3HU:

K=JKy Ky =——, K<L (4.4)

Jlig yBenuueHus CBSI3U KAaTyIIKH PacloiaratoT OJIM3KO IPYT K APYTY WU OJHA B IPYTOM.

Tpancopmarop — cTaTHYECKOE 3JIEKTPOMAarHUTHOE YCTPOMCTBO, COCTOSIIEE U3 IBYX WIIN
HECKOJIbKUX WHIYKTHBHO CBSI3aHHBIX OOMOTOK, HE HMMEIOMIMX MEXIy COO0O0H 3IIeKTpHYecKOn
cBs3U. TpaHcopmMaTopbl IPUMEHSIOTCS JUIs peoOpa30BaHUs TOKOB, HAPS)KEHUH, COIPOTUBIIE-
Hull. BricokouacToTHBIE TpaHCHOPMATOPHI, KaK MPaBUIIO, HE UMEIOT CEpIeYHNKA BHYTPHU KaTy-
HIeK. Y HU3KOYaCTOTHBIX TpaHC(HOPMATOPOB /JIsl yBEIMUYEHUS MAarHUTHON CBSI3M M YMEHBIICHUS
TOKa XOJIOCTOTO XOfa MpuMeHsieTcsi (peppomMarHUTHBINA cepaeyHuk. Ha puynke 4.2 npuBeneHa

MPUHIUTTHATBHAS AJIEKTPUUECKas cxema TpaHncpopmaropa.

i
Ol ¥ M
. R[ L]
U, .
1
o

Pucynok 8.2 — [IpuHIIMnuanpHas dJIeKTpruueckas cxema Tpancopmaropa
OOMOTKa, HAa KOTOPYIO TOJIAETCS HANPsHKEHUE, Ha3bIBACTCS MIEPBUYHOM, a BCE OCTAJIbHBIC
— BTOpUYHBIMU. Eciii BTOpr4Has 1€ 3aMKHYTa Ha CONPOTUBIIEHUE HArPy3KH, TO 10 BTOPUYHOM
00MOTKe OyJeT MpOoTeKaTh TOK, KOTOPBIA MO 3akoHy JIeHIa co3gacT MOTOK, JACHCTBYIOIIUMA
BCTpEeYHO OCHOBHOMY. [ToaTOMY Beeria o0e KaTyliku TpaHcopmMaTopa BKIIIOUEHBI BCTPEYHO, T.€.
M nmeeT oTpuULIaTENBHBIN 3HAK.
Ha ocnoBanuu BTOpOro 3akoHa Kupxroda ypaBHEHUS MTHOBEHHBIX 3HAUEHUU TOKAa W

HaNpsDKEHUH B 0OMOTKaX:

dt dt (4.5)
0=Ryi, +L %—M% u .
212 2 dt dt 2

B xommuiexcHoit ¢hopme:
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Uy =Ryly + jolyl; — joMl,; (4.6)
0=R,l, + jol,l, — joMI; +U,. '

BekropHnas nuarpamma TpaHcdopmaropa Mpu Harpy3ke CTPOUTCS MO ypaBHEHUM (4.6).
TIpeIoNoXKKuM, UTO HATPY3KA TPaHC(OPMATOPA AKTUBHO-MHAYKTHBHAS, T.¢. TOK |, oTcTaér ot
nanpsokenns U, na yron p2. Iloctpoenne Haunnaercs ¢ Bektopa |, . Bexropras muarpamma npu-

Benena Ha pucynke 4.3. Bexropsr — JOMI, u — JoMI, orcraror ot Toxos Ha 90 anexTpu-ueckux

I'paaycCoB, T. K. OHU UMCIOT OTpI/II_[aTeJ'IBHHﬁ 3HaK.

— joMI, jolL,1,

Pucynox 4.3 — BektopHas quarpamma tpanchopmaropa

B pexxrMe Harpy3ku TOK BTOPUYHOM 0OMOTKH TpaHC(hOopMaTopa OKa3bIBAET CYIIECTBEHHOE
BJIMSIHUE HA TOK MEPBUYHON OOMOTKH. DTO 0OBSACHSIETCS BCTPEUHBIM BKIIFOUEHHEM OOMOTOK. Y Be-
nuuenne Toka |, TPUBOIMT K yMeHbIIEHHIO OGIIEro MOTOKA, IPOHH3BIBAIONMIEr0 OOMOTKH, UTO
CHIDKAET NMPOTUBOJ/IC MEPBUYHON 0OMOTKH. [Ipn HEM3MEHHOM HAaNPSHKEHUH MUTAHUS 3TO YBEJIH-
YHBAET TOK B IEPBUYHON 0OMOTKE uTOOBI BoccTaHOBMIICsA Oananc DJC u mageHnii HanpspKeHus B
TIepBHYHOM 1eNH ¢ HanpsvkenueM nuranus U .

WneanbHbIM Ha3bIBaeTCs TpaHc(hOpMaTOp, OOMOTKH KOTOPOrO UMEIOT OECKOHEUHO 0O0JIb-
M€ WHAYKTUBHOCTH U aKTUBHBIE CONPOTUBIICHUS, PABHBIE HYIIO, KOA((UIIMEHT CBA3H paBeH

equnune, K = M / VL L, =1. Vpasuenue uneansHoro tpanchopmaTopa IMEET BUJL:

U; = jolI; — joMl,;

1T O T JO: 4.7)
UZZJCULzlz—JCOMll.
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Ecmu cunrath, 4To 00€ 0OMOTKH TpaHC(hOpMATOpa MPOHU3BIBAET OJUH M TOT YK€ MarHUT-

. . do .
HBIM IIOTOK (D , TO B ICPBUYHOU 00OMOTKE 6y,Z[CT HaBOAHUTHCA 9[[(: e = —Wl d_ , @ BO BTOpUYHOU
t

e, =-W, ZE, rae W1, W2 — 9uciio BUTKOB TIEPBUYHOM U BTOPHYHON OOMOTOK.
t
OTtHo1IEHKE:
e B B K, — koapdunuent tpanchopmarmu
e, W, ' P p : (4.8)

B pexume xonoctoro xona mpu |, =0 momyunm: U, = joll,, U, = joMI, .

U IIoACTaBHUM:

Beipazum |, =

= = = =~

U= Y2 ju oy b, UM UL VG W, (4.9
Ll Ll \/: Wl T .

—L _
joM M’ U

1

B pexume koporkoro sambikarmns U,= 0, torma 0= joMI, — joL,I,, wm Ml =L,1,,
OTKyJ1a:

|.1 L, L, _ VL, ~\N2 =K
~ =K;-

E_ﬁ_ LL, - \/: Wl (4.10)
Takxum oGpazom:
U2 = KTU]_;
I.l = KT I‘Z' (411)

— OTO YPAaBHCHHUC UJICAJILHOT'O TpaHC(l)OpMaTOpa.

BxomHoe conpoTuBieHHe TpaHchopmaropa:

u U,/K; 1,z Z 2
Z, =—Lt=—2"T __27H _ ZH ‘orxyna Z,, =K;"Z,,. 4.12
BX Il KT|2 KT2|2 KTZ H T BX ( )

Takum 06pa3zoM, ¢ TOMOIIBIO TpaHCHOPMATOPa MOYKHO OCYIIECTBIIATH MpeoOpa3oBaHue
COINPOTHUBIICHHIA.

CrnenyeT OTMETHUTD, UTO UCANBbHBIN TpaHcHOpMATOp ABISETCS YUCTO TEOPETUUECKOM MO-
nenbro. OHaKo, CBOMCTBAMU, OJM3KUMH K CBOWCTBAM HJICATBHOTO TpaHCcpopMaTopa, 001aiatoT
TparcGopMaTopsl ¢ HeppOMarHUTHEIM MarHUTOIIPOBOIOM IIPH IOCTATOYHO OOJIBIIIOM YHCIIE BUT-

KOB €ro OOMOTOK.

3aoanus:
3aoanue Nel
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OmnpenenuTh YUCIIO BUTKOB OOMOTKH, PAcIIOIOKEHHON Ha cepaeyHuke, ecian mpu | = 3 A
HEOOXOIMMO CO3/1aTh MATHUTHBIH ToToK @ = 36 * 10™ B6. BepxHsia 1 HUKHSIS 4aCTH cepACYHUKA

BBITTOJTHEHBI U3 JIMTOM CTaliv, a BCPTUKAJIbHBIC CTCPIKHU — U3 SHGKTPOTCXHI/I‘-IGCKOI\;I CcTalau.

INENMPOMEXHUYECKAR (/1UCMBaR)
Cmany u Yyeyn

W40 80120 160A/w - o
LT TTT ] g fmor S ¢
O ST o (2% NZHP Y N7k
% L ' [ | ]
/,2 r/ ‘iH _-—____, - CE:;__ :
24 4+
0 Law I8 O
) / ! =
2 57
04 ,’ ) 7
S AR
0,2 Lk . H % ”
7 020 a0 #Akm 700 b
Aumaa cmass ' )

Ha puc. nHIyKTHBHO CBSI3aHHBIE KATYIIKA COCAMHEHBI B y3JI€ OJIHOMOJIAPHBIMU 3a)KH-
Mamu, Ha puc. 3.43,0 Te xe KaTyIIKH COSAUHEHbI B y3JIe Pa3HOMOISPHBIMU 3axuMamu. Onpeze-

JUTH TIOKa3aHus BOJIbTMETpa obeux cxem, ecnu: X1 = 20 Om, X2 = 10 Om, xoadduimeHt csizu
katymek K=0,5, émxoctHoe conporuBieaue X3 = 10 Om, DJIC e(t) = 100\/§ sin(at) B.

2) N n

Pucynok 1 — [IpunnunuanbHas cxema K 3aj1a4e

IMapametpsr cxembl puc. r1 = 10 Om, x1 = 20 Om, r2 = 40 Om, x2 = 30 Om, xm = 20 Om,
npuiiokenHoe Hanpspkenue U = 220 B. Haiitu nokazanust mpu6opos. IlocTpouTts BeKTOpHYIO AHa-
rpaMMy Iend. 3anucaTh ypaBHeHHe OanaHca MOIIHOCTeH. HaiiTu akTHBHYIO MOIIHOCTB, Tiepea-

BAEMYIO M3 OJIHOUW BETBU B APYIYIO.
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Pucynok 2 — [IpuHuunuansHas cxema K 3ajade

Konmponawvuwsie 6onpocwi:
1. Yro Ha3pIBacTCA MArHUTHOM LIENbIO?
2. HazoBure 31eMeHThl MATHUTHOM LIENH.

3. KakoBbI OCHOBHBIE MTapaMeTpbl MArHUTHOU TIeTH?
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Ilpakmuueckana paboma Ne8. Pacuém nekmpuueckux yeneii nepemennozo moka.

Komnnexcuwtiit memoo ananusza ueneﬁ CtuCOMOaJleOZO moka.

lleflb.' HOJIy‘-II/ITb HaBBIKK TICPCBOJAa CHHYCOHMJAJIbHBIX BCIWMYMH B KOMIIJICKCHBIC,

HAaY4YHUTBCA CTPOUTH BEKTOPHBIC JUAI'PAMMBI.

Ocnogvt meopuu:

[TycTs B €T IEpEeMEHHOT0 TOKa ¢ yacToToii f = 50 'y BriIroueHa karyika, o0nagaronias
MHAYKTUBHOCTBIO L 1 aKTUBHBIM CONPOTHUBIIEHUEM I (puc. 2.1).

[Tpu npoTekaHuy 110 KaTyIIKe HEPEMEHHOT0 TOKa IL B IPOCTPAHCTBE, OKPY KAFOIIEM BUTKH,

6y,Z[CT CO31aBaTbCAa MarHUTHBIM ITIOTOK @ 1 IMIOTOKOCIHCIVICHUEC C BUTKaAMM KaTyIIKH:
=W

TAC W — 4YH1CJIO BUTKOB KaTYIIKH.

e, ©

U_=Ir

el
L]

0 ©

Y ¥

Pucynok 4.2 — Cxema nocnenoBaTeabHOro coenquuenus R u L

OTHOIIEHNE TOTOKOCHETICHHSI KaTYIIKH K TOKY KaTYIIKH iL Ha3bIBaeTCsl COOCTBEHHOM HH-
JQYKTUBHOCTBIO WJIM UHTYKTHBHOCTBIO:

w- O

L=Y_
IL

I
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Ecnmu coOCTBEHHOE MOTOKOCHEIICHHE TPOTIOPIIMOHATBHO TOKY (B cliydae KaTyIiKu 0e3
CTaJILHOTO cep/euHuKa), To L = const. OcCHOBHO# euHUIIEH U3MEPEHUS UHTy KTUBHOCTH SIBJISIETCS
I'enpu (I'n):

1B6

Uh=— 175107 =1uln
147

Ecnu Tok B KaTylike u3MeHsieTcs (Harnpumep, 1o CHHYCOUAAIBHOMY 3aKOHY), TO U MOTO-
KOCLICTJICHUE KaTyIIKA U3MEHSIETCS ¥ I0ATOMY B BUTKAX KAaTYIIKU IO 3aKOHY 3J€KTPOMAarHUTHOM

VHJIyKIIMW HaBOJMTCS 3.1.C. CAMOMHIYKIIUH €L

T.€. HABOJAMMAs 3.]1.C. €L MPEMITCTBYEeT U3MEHEHHIO ToKa iL. Kpome Toro, katymika o0ia-
JlaeT HEKOTOPHIM aKTHUBHBIM COIIPOTUBIICHUEM T.
[Ipumensis Bropoii 3akoH Kupxroda /y1st MrHOBEHHBIX 3HaAU€HUH AJIEKTPUUYECKUX BEJIINYHH,

MOXXHO 3aI1nucCarThb:
u+e, =i-r
OTCHOZIa HAIIPSKCHUC HA 3aKUMax HCIIHU paBHO
u=i-r—e, =u, +u,

[Tagenne HanpsOKEHHWsI HA AKTUBHOM COIIPOTHBIICHUH HA3bIBAIOT aKTUBHOMN COCTABJISAIOIICH
HANPSDKEHUS WM aKTUBHBIM HAIPsDKEHUEM, a MAJICHHE HANPSDKEHUST Ha MHYKTHBHOM COTIPOTHB-
JIEHUU HA3bIBAIOT MHAYKTHUBHOM COCTaBIIAIONICH HanpsokeHUs. MTHOBEHHBIE 3HAYEHUSI ITUX Be-
TUYUH 0003HAYaloT Ua ¥ U, a aeicTByromue — cootBeTcTBeHHO Ua 1 UL. Ilpu cuHyconganpHOM
3aKOHE M3MEHEHHMsI TOKA HAMPsDKEHUE Ha 3aKMMax ey OyIeT paBHO:

d(l,sinawt)
dt B

u=ir—e_=rl_ sinot+L rl,, sin ot + oLl , cos wt =

=U_, Sinwt+U_  sin a)t+% ,

T.€. MEXJy aKTUBHBIM U MHIYKTHUBHBIM TAJCHUSMHU HAMPSHKEHUS UMEETCS CIIBUT T10 (hasze
Ha 90°.

ITepexo/s K KOMILIEKCHOM (hopMe MOJKHO 3aIUCaTh:
U=U,+jU, =Ir+ jlx,

rac j]xL = ]C{)L] - KOMIIJICKCHOC COIMPOTHUBJICHUEC HHAYKTUBHOI'O 3JICMCHTA,
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Uu,= n U, = —== - neiicTByiomue 3Ha4e€HHss aKTUBHOIO M HHIYKTUBHOIO
2 V2

HaIpPsOKCHUN.

Takum 00pazoM, HaNPSHKEHUE HA 3aKUMax e U moxuo MIPEACTaBUTH B BUJIE CYMMBI
neyx cunycoun U, u jU ;. U3BecTHO, 4TO BCAKYIO CHHYCOMIATBHO H3MEHSIONYIOCS BETUUUHY

MOKHO IIPEACTAaBUTH B BUJAC BCKTOpA (HaHpI/IMep, TOKa [/ ), Bpalaromerocsa B MpoCTpaHCTBE C
yTJ'IOBOﬁ YacCTOTOM @, MIPOCKIHA KOTOPOI0O HAa MHUMYIO OChb U JAaCT CUHYCOUAAJIbHYIO BCIUYNHY

(puc. 4.3).

J" ~\?)

4
Pucynok 4.3 — M300pakeHne CHMHYCOUAAIBHOTO U3MEHSIONICCS BETMYMHBI TOKA B BUJIC

BEKTOpa

OnpeneJmM HAIPSKCHUS Ha 3a’KUMax HCIH IIPpU IMMOMOIIHN BCKTOpHOI\/'I AuarpaMMabl. BCKTOp

toka 1 ornoxum B IIPOU3BOJIBHOM HAIIpaBJIEHHUH, HAIpUMeEp, TOpU30HTAIbHO (puc. 4.4). Bee

OCTaJIbHbIE BEKTOPBI OYAYT KECTKO MPUBSI3aHbI K BEKTOPY 7 , T.€. UX CABUT 1O (a3e OyeT CTporo

OIIPCACIICHHBIM.

Bekrop akrusHoro Hanpsikenuss U, = [ - ¥ Gyner coBnanats mo HapaBJIeHHIO C BEK-
TOPOM 1. BeKTOp MHIYKTHBHOM cocTapisomei Hanpsukenns U L=1J l- X, Oyner omepe-

xatb Ha 90° BexTOp I . Cxnanpisas reometpuuecku Bextopsl U, u U, , momyuum Bextop

HaIPs>KCHUA U Ha 3aKuMax ICIIu.

PucyHok 4.4 — BekTopHas quarpaMma mpy mocjie1oBaTeIbHoM coenuHernnn R u L
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Bemnunna X =@+ L=27-f L nasssaercs UHOYKMUBHBIM CONPOMUBTIEHUEM U W3-

MCPACTCA B Om. COHpOTI/IBJIGHI/Ie XL 3aBHCHUT OT YAaCTOTHI U IIPH BKIIOYCHHUH KATYIIKHA HHAYKTUB-

HOCTHU B LI€Nb ITOCTOSIHHOTO TOKa ( f =0 ) TOK KaTyIIKH OyJIeT OrpaHUYeH TOJIKO €€ aKTHUBHBIM

COIIPOTHBIIEHUEM U OKaXKETCsl HAMHOT' 0 OoJbie. [103ToMy KaTylkyu MHIYKTUBHOCTH, IPEJHA3HA-
YeHHBIE JJIs1 pabOThl Ha IEPEMEHHOM TOKE, HEJb3s BKIIOUATh B LIEMH TOCTOSIHHOTO TOKA.
Tpeyronsauk OAB (puc. 4.4) npsIMOyTOJIbHBIN U Ha3bIBA€TCS TPEYTOJBHUKOM HaIlpshKe-

Huil. 3 tpeyronparuka OAB nmeem:
. T,
U*=U,+U,
12 _ (1 2 : 2 _12(y2 2
Us=-r)+{-x )" =17(r" +x.)
W3Bnekas u3 06eux yacteil KOpeHb, MOTYIHM
U=1-r>+x;?
Bennunna +/r? + X7 , IMEMOIIas pa3MEPHOCTH CONPOTHBIIEHHS], HA3BIBAETCS TIOJHBIM CO-
HOPOTHUBJICHUEM LU U 0003HAYAETCS Z !
Z=r*>+x?
u 3akoH OMa /17151 1Ieny MepeMEeHHOT0 TOKa UMEEeT BUJ:
U :
l=—unU =12z
z
Kocunyc yrna cnsura ¢a3z ¢ mexty Tokom | u Hanpsbxkenuem U paBen:

_I-r r

a

U _I-Z z

J% 3 TPECYTOJIbHUKA MOH_[HOCTCI\/'I, KOTOpLIﬁ MOZKHO MMOJIYYUTb U3 TPCYTOJIbHUKA HaHpiI)KeHI/Iﬁ

cos@ =

YMHOKCHHUEM €Iro CTOPOH Ha TOK I, MMOJIy4YrM aKTUBHYIO MOIIHOCTD:
P=I’»=U-I-cos¢
PeakTuBHas MOIIIHOCTb:
O=I’x, =U-I-sing
ITosiHAs MOIITHOCTS:

S=U-1=+P>+0°

OTHOIIIEHHE aKTUBHOM MOIIIHOCTH K MOJHOM Ha3bIBACTCS KOSq)(bHLII/IeHTOM MOIITHOCTH:

cosp=r ="
LORRYT
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Ecmm OCrb NCPEMCHHOI'0O TOKa o6naz[aeT AKTUBHBIM COIIPOTHUBJICHUCM I' © €EMKOCTBIO C
(puc. 4.5), To o BTopoMy 3aKoHy Kupxroda /111 MrTHOBEHHBIX 3HaU€HUN SJIEKTPUIECKUX BEIMYNH
MO>KHO 3aIHCaTh:
Uu=i-r+u,
Tac U — MrHOBCHHOC 3HAUYCHUC MIPHUIIOKCHHOT'O K HCTIH HAIIPAKCHUA,

| - MTHOBEHHOE 3HaYeHUE TOKA OCIIn,

Uc - MTHOBCHHOC 3HAaYCHUC HANPSKCHMSA, IIPUIOKECHHOIO K 06KHaI[KaM KOHACHCATOpa U

NPECTABIIAIONIEro COO0H MaeHIe HANPSHKEHUSI HAa EMKOCTH.
Eci TOK M3MEHsIeTCsl BO BPEMEHH 110 CHHYCOMIAIbHOMY 3aKony, T.e. L = 1, SIn ait

TO NPCAbIAYIICC YPABHCHUC 6yz[eT HUMCTBb BHU:
. 1 . T
U=rl,sinowt+——1_,sin(ot—-—).
wC 2

W3 atoit (I)OpMyHLI BUJHO, YTO IMPUIIOKCHHOC K LCIIN HAIIPS)KCHUE COCTOUT U3 ABYX CO-

CTAaBISIONINX: AKTHBHONW miu aktuBHoro mampsokemms U, = Il SIN &t comanaromeit mo
. T
(hase ¢ TOKOM, 1 PeakTHBHOM M eMkocTHOi coctasstomeit U, = —— 1, sin(awt ——=) | or-
oC 2
cratotied ot Toka Ha 90° (puc. 1.6). Torna
U == U a+ U c
[TocTpouM BEKTOPHYIO AMATPAMMY JJIsl JAHHOTO CIydYasi, HOJIb3ysCh TEMH JKe TIPABHIAMH,

KaK U [PH MIOCTPOEHUH TUarpaMMBbl JUIsl TOCJIE0BATENbHOrO coeiuHeHus r u L (em. puc. 4.4).

i

—

i h

r L]
U=tr
© . X
n |y
=]

C =/ | Usilxc

Y ¥

Pucynok 4.5 — IlocnenoBarensHoe coenunenne R u C
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Pucynox 4.6 — BextopHas nuarpamMma Jjisi IOCJIe10BaTEIbLHOIO

coenquuenus R u C

IIpu 5TOM HEOOGXOIMMO UMETh B BUY, 4To Bektop Hampsokerust U ¢ orcraer ot Toka | Ha
90° (puc 2.6).

U3 tpeyronsarnka OAB Ha pucyHnke 6 umeem:
2 2 2
U2=U2+U2
WU

1 1
U>=Ir) +(—) =1"(r>+—)°
(r) (a)C) ( a)C)'

M3BneKasn KBagpaTHbI KOPeHb M3 06enx YacTei, NONYYUM:

1
U=1-.r>+(——)",
\/ (a)C)

OTKyJa

U U
\/}/_2 +(L)2 '\/7"2 +.x(2:
oC

1
Bemuuuna x ¢ = —— HAa3bIBACTCS eMKOCMHbIM CONPOMUBTICHUEM W U3MEPSIETCS B Owm.
oC

J =

EmkoctHOE COIIPOTUBIICHUE 3aBUCUT OT YaCTOThBI HAIIPSAKCHHA CETU U OT CMKOCTU KOHZACHCATOPA.

[ 2 2
Benuuuna 7 + -xc Ha3bIBACTCs ITIOJIHBIM COIIPOTUBJICHUECM U obo3Hayaercs Z. 3akon OMa npu-

MEHMTEIIBHO K JaHHOM 1€ NEPEMECHHOI'O TOKA 6yJICT HUMCTHb BU/:

2 2
rue Z =4|F +xc,

Ecnu Bce cropoHsl TpeyronbHuka HanpsbkeHuit OAB pasgenuts Ha Tok |, TO mosyunm
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TPEYTOJILHUK COMPOTUBIICHUN C KaTeTaMH I M XC ¥ TUTIOTEHY30M Z.
[Ipu mocnenoBarensHOM coenuuenuu I, L u C OynyT cripaBeIsTUBBI BCE BBIBOJIBI, TOTYUYEH-

HbIe Juig 1enu ¢ I-L u nenu c r-C. [Ipu 3ToM BO3MOKHBI CIEAYIONNE KOMOWHAIUH:

a) X > X¢ ;0)X, <Xp ;B)X, =X( .

P ACCMOTpPHUM C ITIOMOLIBIO BEKTOPHBIX AUArpaMm Ka)KI[beI N3 OTUX BApPHUAHTOB.

a) HMMeeM 1ienb U3 NOCAeA0BaTEIbHO COEAUHEHHBIX I, Lu C, npruicM

X_ > X . Ilo BceMm TpeM CONPOTHUBIICHUSAM OYIET MPOTEKATh OJAWH H TOT )K€ TOK 1 ,

BEKTOP KOTOPOTO OTJIOKUM B BRIOPAHHOM MacmiTabe MpOU3BOIBHO, HAIPUMED, TOPU3OHTAIBHO,
T.€. HAIIPABJICHHUE MIEPBOTO BEKTOPA BHIOMPAETCS TPOU3BOJIBHO (pHC. 4.7).

BGKTOp MaaCHUsA HallPsXCHUA Ha aKTUBHOM COIIPOTUBJICHHUHN 6yz[eT COBIIAAAaTh C HAIIpaB-
JICHUEM TOKa, a MaJCHUE HAIIPSXKCHUA Ha MHAYKTUBHOM JJICMCHTC WA UL 6yz[eT OIIEPECIKATh

BCKTOP I Ha % . Ilagenue HaIpsKCHUA Ha EMKOCTHOM JJICMCHTC UC 6yI[CT OTCTaBaThb OT BCK-

TOpa TOKa Ha 7 H COI'JIACHO YCJIOBUIO

2

U.<U,.

Pucynok 4.7 — BekropHast tuarpamma HanpspbkeHui ipu X > Xe

OO1ee HanpsKEeHUE 1enH Oy1eT paBHO CyMMe

(.]u-l-(.]L—F(.]c:U.

J% 3 BCKTOpHOﬁ AuarpaMMbl BUAHO, YTO MCXKAY TOKOM ICTIN I n HaIps’KCHUEM U €CTh

YTOJI ¢ ¥ TOK UMEET OTCTAIONINK XxapakTep, a Cos ¢ < 1,0.
0) [Ipu X; <X, majeHue HaNPsHKEHUS HAa WHAYKTHBHOM COTMPOTHBIICHUU OYJET MEHbIIIE

NaaCHUs HaNpsXKCHUA HAa CMKOCTHOM COIIPOTHBJIICHUHW, ITO3TOMY BCKTOpHAasA AJUarpamMma 6y,£[€T

uMeThb BuJ (puc. 2.8):
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Pucynok 4.8 — BekropHnas auarpamma Hanpsxenuii npu U > U,

B) Ilpu X, =X, umeer MecTo pesonanc nanpscenuii, T.e. U .= U, u 310 6yzmer npu

1

®L =— TIpu stom Bexropsr U, u U . paBHBI 10 MOYIIO H IPOTHBOIOJIOKHO HAMPABIICHBI

woC

(puc. 4.9), no3ToMy UX CyMMa paBHa HyJI10. TOK LIenu Npu pe30HaHCEe HAMPSXKEHUM ONpeIesieTcs
TOJILKO aKTUBHBIM COTIPOTHBIICHHUEM, IIOATOMY YTOJI CABUTA (ha3 MEXIy TOKOM M HaIpsHKCHUEM
IETH PaBeH HyJIo, a COS ¢ = 1. [Ipu 3TOM Ha/l0 UMETh B BUY, YTO PE3YJIbTHPYIOIIEE COIPOTHUB-

JICHHC LICTIM PE3KO YMCHBIIUTCS 10 3HAYCHHA Z = I' 1 TOK LICIIH IIPH PE30HAHCE MOXKET PE3KO BO3-

pacrars.
U ||Yc
p=0 U.=U=Ir .
=" > |
PucyHok 4.9 — BekTopHas quarpaMMa HanpsKeHHUN MIPU Pe30HaHCe
3aoanusa:
3aoanue Nel

HOCTpOI/ITI) KPHUBBIC U3MCHCHUA HAIIPSXKCHUA U TOKa BO BPEMCHU U HAYCPTUTH BCKTOPHEI,

I/I306pa)KaI'OIHI/Ie 3a1aHHBIC CI/IHYCOI/II[aJ'IBHBIe q)YHKI_II/II/I
. n . . n
u(t) = 1008 sin (157 “t+ E) Ji(t) = 5 * sin (157 “t— §)

Uemy paBeH caBur (a3 Mexay HampsbkeHneM U TokoMm? Onpenenuts nepuoa T ¥ yacToTy

3aoanue Ne2

HaiiTi ananuTyecku U Mpu MOMOIIY BEKTOPHOI THarpaMMbl CyMMY U Pa3HOCTb CUHYCO-

WOAJIbHBIX TOKOB. HaliTu aHanmuTHUeCKH UX MPOU3BCACHUC U YACTHOC OT ACJICHUA.
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i,(t) = 100 * sin(wt + 30°)
i,(t) = 120 * sin(wt — 45°)
i;(t) = —20 = sin(wt — 112°)
i,(t) = 50 * sin(wt + 250°)
i1 (t) = 50 * sin(wt — 90°)
i,(t) = 25 = sin(wt + 110°)

3aoanue Ne3

Karymka ¢ aktuBHbIM conpotuBiieHneM R = 10 Om, unayktuBHOCcThIO L = 0,05 I'H mog-
KIIFOYEHA K UCTOYHUKY CHHYCOMIATBHOTO HanpsbkeHus (pucyHok 4.10), neficTByroriee 3HaUeHHE
kotoporo U= 120 B, f = 50 I'i. Onipeiennth mOJHOE COMPOTHBIICHUE KATYIIKH, TOK U CABHT (a3
MEXy HAMPSHKEHUEM M TOKOM. BBIUMCINTE aKTUBHYIO U PEAKTHBHYIO COCTABJISIONINE HAPSDKE-

HUEM Ha 32KHMMax KaTylmKku. [locTpouTs BEKTOPHYIO AMArpaMMy HalpsHKEHUI U TOKa.

R L

e(t) lU

Pucynoxk 4.10 — [IpuHuunuansHas cxema

3aoanue No4

HaiiTi MrHOBEHHBIE 3HAYEHHS HANTPSHKEHHS Ha BCEX YYacTKaX U MCHOBEHHYIO MOIIHOCTE
rcTounuka (pucyHok 4.11). Jlano: J(t) = 2 = sin(wt + 30°), f =200 ', r =10 Om, L =0.01 T'n,
C=80 mMx®

[ 1
| S
r

{"‘:.

1) @l

Pucynok 4.11 — IIpuHuunuansHas cxema

U
L

Konmponsnwie sonpocwi:
1. Yem oTiimuaeTcs MepeMEHHBIN TOK OT MOCTOSTHHOTO?
2. IlpuBenuTe OCHOBHBIE XapaKTEPUCTUKN CUHYCOUJANBHOTO TOKA.

3. Kak onpenensercst neficTByolee 3HaYCHNS IEPEMEHHOTO TOKa?
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4. Kak n3zo0paxaercs NepeMEeHHbII TOK Ha KOMIUIEKCHOM IIOCKOCTH?

5. [IpuBenuTe KOMIUIEKCHBIE (POPMBI 3aITUCH TTIEPEMEHHOTO TOKA.

6. Kak aHanuTruecku u rpadu4ecku CIOKUTH (BBIYECTD) BA MIEPEMEHHBIX TOKa?
7. Kak aHaTUTUYECKH YMHOXKUTD WK PA3JeIUTh IBE KOMIUIEKCHbBIE BEIUYHHBI?
8. Kak ompenenseTcst 1 9To OKa3bIBaeT MTHOBCHHASI MOIITHOCTH?

9. Kak onpenensiercs MHIyKTUBHOE conpotuBiienne? EMkoctHOE?
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Ilpakmuueckan padoma Ne9. Pacuém rnekmpuueckux yeneil nepemennozo moka. Pac-

uyem 00HOPA3HBIX Yenell CUHYCOUOANbHO20 MOKA.

IJens: IlonyunTh HaBBIKH pacyeTa pa3BETBICHHBIX 0THO(A3HBIX IIEeTIeH CHHYCOMIAIIBHOTO
TOKa pa3jIMYHbIMH METOJaMH KaK B OOBIYHBIX PEKUMAaX, TaK U B PEKUME PE30HAHCA, HAYUUTHCS

COIIPOBOXKAAaTh paCyY€Thbl BEKTOPHBIMU 1 TOHOFpa(bI/I‘IeCKI/IMI/I JuarpaMmMamm.

OcHoebl meopuu:

B snekTpuueckux mensx mepeMeHHOro CHHYCOUJAIBHOTO TOKA TOKH M HAMIPSKCHHSI BCEX
BETBEH M3MEHSIOTCS BO BPEMEHH IO CHHYCOUIAIBHOMY 3akoHYy. OO BHJ 3TOTO 3aKOHA JIJIs
CHJIBI TOKa caeayromuii (puc. 5.1)

JlanHOE BBIpa)KE€HUE JUISI CHITBI TOKA B KaXK/IbIii MOMEHT BPEMEHH Ha3bIBACTCSI MTHOBEHHBIM
3HaueHUEM TOKa. BennunHa Im Ha3bIBaeTCS aMILTUTY/I0M, OHA paBHA MAKCUMAIBHOMY 3HAUYCHUIO

TOKa.

i(t)

j"_

m

L 4
—

~
~

Pucynox 4.10 — 3aBUCMMOCTh MTHOBEHHOT'O 3HAUEHUS TOKA OT BPEMEHH

Ilepuon cunycouaanbHoi pyHKIMKM T onpeaenseTcs 4acTOTOW CHHYCOUAATIBHBIX Kosieha-
Huit f=1/T . KpyroBas unu nukiIndeckas 4acToTa CBs3aHa ¢ yrioBoit yactotoi HauanbHas daza
W OIIpeseNsieT CABUT CUHYCOU/IbI OTHOCUTENIBHO OCU OpJUHAT.

B nemsx cuHyCOHMIanpHOrO TOKAa NMPUCYTCTBYET MCTOYHMK CUHYCOMJAIBHOTO TOKA WU
HanpspkeHus. MokeT ObITh HECKOJIbKO MCTOYHMKOB OJIMHAKOBOM udactoThl. Eciu B memnu He-
CKOJIBKO MCTOYHUKOB CHHYCOUAAJIBHOIO TOKA WM HAIPSHKEHUS C Pa3HBIMHU 4acTOTaMH, TOKU U
HaNpsHKEHUS 1eny He OyIyT CHHYCOUAAJIbHBIMHU, U, CJIEI0BATEIbHO, LIENb HE OYAET SBIATHCS 11e-

IO CHHYCOUAAJIBHOT'O TOKA. B mannom pasaciic Takue e HE paCCMaTpUBaArOTCA.
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Takum 00pa3oM, B LIETIAX CUHYCOUJAIBHOIO TOKA IEPEMEHHBIE COCTOSTHUS (TOKU U HaIpsi-
’KEHHsI BCEX BETBEH) U3MEHSIOTCS BO BPEMEHH IO CMHYCOHMIaJIbHOMY 3aKOHY C OJIHOM U TOH ke
YacTOTOU, HO Ka)KJasi Co CBOEH HauanbHOHU (ha30i M aMILTUTYI0M. DTH JBE XapaKTEPUCTUKH T03-

BOJISAIIOT 3a4aTh 3HAYCHUC TOKA WJIN HAIIPSIZKCHUS B T11000i1 MOMEHT BPCMCHHU.

3aoanusa:

3aoanue Nel

JIJist SIeKTprUecKol 1enu oHO(pa3HOTO MEPEMEHHOTO TOKa CXeMa, KOTOPOU MpesCcTaB-
JieHa Ha pucyHke 5.2. 3anucath ypaBHeHHs 110 3akoHaMm Kupxroda B nuddepennuansaoi hopme.
HaiiTi Toku BeTBel METOOM KOHTYPHBIX TOKOB U Y3JIOBBIX IOTEHIIMAIOB, HAIPSDKEHUS HA y4acT-
KaxX LeNHU, aKTUBHYIO, PEAKTUBHYIO U MOJHYI0 MOILIHOCTH, & TaK’K€ OCTPOUTh BEKTOPHYIO JHA-

rpaMMy TOKOB M HanpspkeHuid. ONpeaennTh MoKa3aHue H3MEPUTEIbHBIX PHOOPoB. JlaHo e (t) =

e,(t) = 20 * /2 sin(314 * t), C1=C2=318.5 Mx®, R>=10 Om, L2= 16 MI'n, R3=10 Om.

Pucynok 5.2 — IlpunnunuansHas cxema

3aoanue No2
Jl1g snexTpruyecKoil enu, cxeMa KOTOpo MpeicTaBiIeHa Ha pUCYHKe 5.3 ¢ mapameTpaMu
X1 =20 Om, X2 =20 Om, XC = 10 Om, X1 =20 Om, R =40 Om, XM = 10 Om, E = 200 B.

Onpenenutsb nmokazanue BojabTMeTpa. (97 B)

Pucynok 5.3 — [IpuHiunuansHa cxema
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Konmponvuwie eéonpocwi:

. Ecnin nens pa3BeTBIIEHHAsA, TO KaK COEIUHATCS TapaMeTphl Lienn?

. UeMy paBHbI TOKU BETBEH 1JI TaKOH Lienu?

. Kak onpenensitor oOmmmii TOK memnu?

. UeMy paBHBI aKTMBHBIE U PEAKTHBHbBIE COCTABJISAIONINE TOKOB BETBEH U1l TAKOW Lienu?
. UTo Ha3bIBaIOT BEKTOPHOW AHarpamMmon?

. OOBACHUTD OCTPOCHHE BEKTOPHOU JAMArpaMMBbl JIJIsl TAKOH Leru

. Kak Be1Oupaercst macmrab jyist JaHHOW BEKTOPHOM JAHarpaMMbl?

. I{eMy PaBHBI aKTHUBHAsA, pCaKTHBHAsA U IMOJIHAasA MOIMHOCTD JJIsA ,HaHHOﬁ uenn?

© 00 N o o B~ W N B

. UeMy paBeH akTHBHBII KO3 (UIIMEHT MOIIHOCTHU 1eTn?

10. Kakoii TOK Ha3bIBAIOT IIEPEMEHHBIM?

11. Ecnu niens Hepa3BeTBICHHAS, TO KaK COSMHSIIOTCS MapaMeTphl ernu?

12. Kak BeneT ce0st HanmpspDKEHHUE Ha yYacTKe C aKTUBHBIM COMPOTUBICHUEM IO OTHOILIE-
HUIO K TOKY?

13. Yemy paBHO MIHOBEHHOE HAIPsDKEHUE HA YYacTKe ¢ HHAYKTUBHOCTHIO?

14. Yemy paBHO MTHOBEHHOE HaIPSDKEHUE HA Y4acTKE C EMKOCThIO?

15. YTo Ha3bIBaIOT BEKTOPHOM JaHarpaMMom?

16. Yemy paBHO MOJHOE COMPOTUBIICHUE TSl TAKOU L1eTn?

17. Kak omnpenenstorcsi peakTUBHbIE CONTPOTUBIICHHS HA MHIYKTUBHOCTH U Ha EMKOCTH?

18. Yemy paBHBI aKTUBHBINA U PEAKTHBHBIN KOA(PPHUIIMEHTHI MOLITHOCTH LETH?
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Ilpakmuueckana paboma Nel0. Tpéxghasnvie yenu. Pacuem cummempuunvix mpexgas-

HbIX yeneil.

Ifens: TlonyunTh HaBBIKK pacueTa Tpex(as3HbIX Leneil CHHYCOMAAIBHOTO TOKA MPU CUM-

METPUYHON HarpyskKe.

OcHogvl meopuu:

Tpexcpasnoii cucmemoti SNEKTPUIECKUX LENeH Ha3bIBAeTCA CUCTEMa, COCTOSINAs U3 TpeX
0IHO(A3HBIX IEKTPUYECKUX IIETICH, B KaXKI0M U3 KOTOPBIX JCUCTBYIOT CHHYCOHUAIBHBIE 3.11.C.
OJIMHAKOBOM YaCTOTHI, HO CABHHYTHIC IPYT OTHOCHUTEIBHO aApyra Ha 1/3 mepuona (120°) u co3na-
BaeMble 001mnM (Tpex(a3zHbIM) HCTOUHUKOM SJIEKTPUICCKON YHEPTHUH.

OTnenbHbIE 3JEKTPUYECKHE 1IETIH, BXOSIIME B COCTaB TpeX(a3HOH CUCTEMBbI, Ha3bIBAIOT
@azamu. Ecau 3.11.c. Kaxa0i u3 ¢a3z paBHbI 110 BEIMYUHE, a MOJHBIE CONPOTHUBICHHUS HArpy30K
BCEX TpeX (pa3 1o BeIUUMHE U XapaKTepy Harpy3ku (1o BeJIMUMHE U 3HaKy (a30BOro CABHUra) O/11-
HAKOBBI, TO TAKOI PEKUM HA3BIBAIOT cumMMempuynbim. HeBbIIOTHEHUE JAHHBIX YCIOBUM SIBIISIETCS
OPUIMHON Hecummempuunozo pexxuma. Harpy3ska Tpex¢asHbIx Lenei peako ObIBaeT CHMMETpUY-
HOM, KaK MPaBWJIO, OHA B TOM MJIM MHOW CTETIEHM HECMMMETPHYHA M3-32 HAIUYHS OJHO(A3HBIX
norpedureneil.

TpexdazHble reHepaTOpPhl CO3AAI0T CUMMETPUYHYIO CUCTEMY 3.]1.C., TO3TOMY HECHMMET-
PUYHBIN PEKUM BO3HHUKAET W3-3a HECUMMETPUYHOM Harpy3ku ¢a3. Ecim koH1sl 00MOTOK (ha3 cuH-
XPOHHOTO T€HepaTopa WK TpaHCPOopMaTOpa COETMHUTH BMECTE 3BE3/I0M, a K HayajlaM MPHUCOE -
HUTH NIPOBOJIA, UIYIIUE K TPUEMHHUKAM 3JIEKTPUUECKON SHEPT U, KOTOPbIE TOXKE COETUHUTH 3BE3-
JI0i, TO oy4yuM Tpexdasznyto cuctemy (puc. 1). [IpoBog, coenuustonuii HyaeBble TOYKHA UCTOY-
HUKa U TOTPeOUTENs Ha3bIBAE€TCS HYJEBbIM. TaKylo cUCTEMY Ha3bIBAIOT Yembvlpexnpogoonoll. B
HersIX Tpex(a3Horo Toka HE3aBHCUMO OT CIIOc00a COeIMHEHUSI 0OMOTOK TeHepaTopa U MmoTpedu-
TeJNel pa3nuuaroT HanpspkeHus — nuHelHble U u dasueie Ug, a Takke TOKH — IuHEHHbIe |7 u
¢aznbie lo. HanpsxeHne Mex 1y TMHEHHBIM U HYJIEBBIM IIPOBO/IOM HA3bIBAETCS (ha3HbIM, & MEKIY
JUHEHHBIMU TIPOBOJAMHU — JUHelHbIM. TOKH, MPOTEKAIoIINe B TUHEHHBIX MPOBOJAX, HA3BIBAIOT
JUHelHbIMU, @ TIPOTEKatolue B (pa3ax Harpy3KH WM UCTOYHUKA — ¢hasHuimu. B cxeme (puc. 6.1)

JMHEWHBIE TOKA PaBHBI (Pa3HBIM, T.€. JMHEHHBIA TOK OJHOBPEMEHHO siBisgeTcs U (a3HbM. [Ipu

paBHOMepHo# Harpyske U ;, = J3U o » ECIIA CXEMA COEIMHEHUS - 3BE3/1a.
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Ia

z
Ea Us Us A

Iy

Z: Ze

Pucynok 6.1 — Cxema Tpexda3zHoi 4eThIpeXIPOBOIHON 1IETIH IPU COSAMHEHUH 3BE3/10i

[Ipu HepaBHOMEpPHOI Harpy3ke (a3 B cXxeMe ¢ HyJIEBBIM IIPOBOJIOM (puc. 6.1), B HyeBOM

IIPOBOJAC IMOABIACTCA TOK, BEIMYKWMHA KOTOPOI'O OIPECACIIACTCS IO IIEPBOMY 3aKOHY KI/Ile"O(l)aZ

Pucynok 6.2 — BexktopHas nuarpaMma HanpsbKeHUH TpU COSMHEHUH 3BE3/10M

io = i A+ le+ ic
HaJ_H/ILH/Ie TOKa B HyHeBOM HpOBOIIe BBI3BIBACT HC3HAUUTCIBHOC ITaJICHUC HaHpH)KGHI/ISI B
HEM, KOTOpI)IM MOXHO HpeHe6pe‘H) " CUHUTaTh, 4TO Me)K}Iy HyJ‘IGBsz’I TOqKOﬁ NCTOYHHUKA U l'IpI/IeM-
HHKa Ppa3HOCTb IMOTCHIUAJIOB OTCYTCTBYCT.
Ha puc. 62 IIOKAa3aHO l“pa(bI/IquKoe OIMPECACIICHUC JIMHENHBIX HaHpﬂ)I(eHI/II‘;I C IIOMOIIIBHO
BGKTOpHOI‘fI ,HI/IanaMMI)I. OTHO)KI/IM JJISL HpOH3BOHBHOFO MOMCHTA BpeMeHI/I KOMIIJICKCBI (1)33HBIX

HaIpsKEHUH, CABUHYTHIE TI0 (aze Ha 120°.
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UAB:UA_UB )
UBC:UB_UC ;
UCA:UC_UA y

Jlig nonyuyeHus: TMHENHbIX HanpsokeHud CrioskuM reomeTpudeckd BeKTopsl U a, Us u
. [ ] [

L:l c C BEKTOpamu —LJ B, —LJ c, —L] A, KOTOpBIE pPaBHBI COOTBETCTBEHHO Us,Uc,Ua, no npo-
THBOIIOJIOKHO HAIIPABJICHBI.
BekropHas nuarpamma JTHHEHHBIX HATPSHKECHUH TaKKE MOXKET OBITH MOTy4YeHa U3 BEKTOP-
HOM muarpamMmbl Ga3HbIX HanpspkeHui (puc. 6.3). Takum oOpa3oM, 3Be3/1a TMHEHHBIX HAMPsDKE-
HUM onepexaeT 3Be3ay ¢a3zHbix Ha 30°. Halinem cooTHomeHne Mexay (Gpa3HbIMU U JTUHEHHBIMU
HaIpPSKEHUSIMU, YUUTHIBAS, YTO BCE HAMPSHKEHUS] CAMMETPHUYHBI:
LJ A = LJ B = LJ CcC = Lj D

A

Uey

C Usc B

PucyHnok 6.3 — BekTopHas quarpaMMa HalnpsKeHAN TPU COEIMHEHNUH 3BE3/101

U3 npsimoyronibHOTO Tpeyroiabauka OAJl nmeem:
) U
—L=—£8=U, -c0s30°=
2 2
o 1 V3
=U, -cos30 =U®7 ,

U, =30,
dasgrie TOKH IIPUEMHUKOB OIIPCACIIAOTCA TAK KE, KaK U B O,HHO(baSHBIX nersax:
[ ] [ ]
Ua Ua

la= == 2;
In Iy +X,
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i Us Us |
B: = y

Zg w/r82+x§
U Uc
IC: =

Zc w/l’cz + Xé

VYTIIbI cIBUTA MEKIY HANIPSDKEHUSIMU U TOKaMHU (Da3 MOXKHO OTPEACIIUTh U3 (hOPMYII:

r s

r
COS(pA=Z—A; COS g = —2; COS @ =Z—°.
A

ZB C
Ecau IIPpUCMHUKHA 06Ha):{aIOT YHUCTO AaKTUBHBIMM CONIPOTUBIICHUIMH, TO ZA= A, ZB = IB, ZC

= Ic, a yIiIbl CIBUTA MEXY TOKAMU U HAIPSDKEHUSIMU BO BCEX TpexX (aszax OyayT HyJIEBBIMU.

Usc

PucyHok 6.4 — BekTopHas quarpaMMa HanpsKeHUH U TOKOB YETBIPEXIPOBOIHON LIETIH
IIPU aKTUBHOW HECUMMETPUYHON Harpyske ¢a3

Tok Hynesoro npososa / o= Ia+ Is+ Ic

CedeHue HyJIEBOTO MPOBO/IA 3aBUCHT OT CTETIEHH HECUMMETPUH HATrPy3KH (a3, HO OOBIYHO
€ro MpUHUMAIOT paBHBIM 50% OT ceYeHHs TMHEHHOTO TPOBO/IA.

[Ipn Hanuuuu HeWTpanu (HyJeBOro MPOBOJAA) HaMpsHKEHHUS Ha dazax MPUEMHHUKOB OCTa-
IOTCSl HEU3MEHHBIMH U paBHBIMHU (Da3HBIM HANPSHKEHUSM HCTOUYHHUKA JIaXKe TP HEPAaBHOMEPHOU
Harpyske, eciy IpeHeOpeyb CONMPOTUBIEHUEM ITPOBOOB JIMHUU U HYJIEBOTO MpoBoja. IIpenens-
HBIM CJTy9aeM HEPaBHOMEPHOW HArpy3kH (a3 B UETHIPEXIPOBOIHOMN cHUCTEME TpeX(a3HOTO MpH-
€MHUKa, BKIIFOUEHHOTO 3Be3/10M, MOKHO CUMTaTh 0OpbIB 0/1HOM U3 (a3. Hanpumep, ecnu daza A4
Oyznet obopBaHa, TO He Oy/IeT HANPSDKEHHS U TOKA y MOTpeOUTeNs, BKIIOUEHHOTO B 3Ty ¢a3y, a B
OCTaBIIMXCS MO/ HampspKeHHeM (pazax pexum paboTbl HE M3MEHHUTCS. UTo KacaeTcsi HyJIeBOTO
TIPOBOJIA, TO ECIIM JI0 OOPBIBA OHOM U3 (a3 Tok ObLT paBeH [ o= Ja+ e+ Ic (puc. 4.4), To Teneps
OH M3MEHHNTCA U OyJIeT ONpeJIeNsAThCA 10 epBoMy 3akoHy Kupxroda: lo+ le+ Ic =0, orkyna -/

o = I+ Ic (puc. 6.5)
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Pucynok 6.5 — BekropHas tuarpaMma TOKOB M HallpsDKEHHI Tpu oOpbIBe (as3sl A

HpI/I O6pBIBe HJIN OTCYTCTBUH B CXEME HYJICBOT'O IIPOBOJA SHEPTCTUUCCKHUE COOTHOMICHU A

B 3TOH IEITH U3MEHSTCH.

Iy

ZC 0 ! ZB

Ip

Pucynox 6.6 — Cxema TpexXmnpoBOAHO 1enu Tpex($a3HOro ToKa

[Ipu cummeTpuUHON Harpy3Kke B TPEXMPOBOAHOM Tpexda3Hoi cucteme (puc. 6.6) Hampsi-
JKEHUE MEXIy HYJIeBBIMU TOYKaMU UCTOYHHMKA U MPUEMHHUKA PaBHO HYIIO U KKIyI0 ¢a3y cH-
CTEMBI MOKHO paccMaTpUBaTh KaK 3aMKHYTHIA KOHTYP.

[Ipu HepaBHOMEPHOI HArpy3Ke U OTCYTCTBUHU HYJIEBOTO MPOBO1a (ha3HbIC HAMIPSHKEHUS OY-
YT U3MEHSTHCS MPSMO MPOMOPIIMOHANBHO CONPOTUBIeHUAM ¢a3. Ecnu 661 cuctema Oblia 4eThl-
PEXIPOBOHOM, TO MO HYJIEBOMY IPOBOAY HpoTeKaa Obl TOK lo 1 TakuM 00pa3oM MpPaKTUYECKH
BBIPABHUBAIIUCH OBI (pa3HbIe HanpspkeHUs. Ha puc. 4.7 n3o0pakeHa BEKTOpHAs JuarpaMmma Hampsi-
JKEHUW 1 TOKOB TIPH HEPAaBHOMEPHOM Harpy3Ke BcexX Tpex (a3 U OTCYTCTBUU HYJIEBOTO IMPOBOJIA.

TpeyronbHUK TUHEHHBIX HAMTPSDKEHUH OCTaeTCsl TAKUM K€, a 3Be3/1a (pa3sHbIX HAMPsKeHUH

1 Touka O’ MOTYT OBITH JIETKO MOJIy4E€HbI METOAOM 3aCeUEK M3 BEPIIMH JIUHEHHBIX HANPSKCHUH.
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Pucynok 6.7 — BexkropHas AuarpaMMa TOKOB U HaIIPsDKEHUH IIPU
HEpaBHOMEPHOH Harpy3Kke ¥ OTCYTCTBHE HYJIEBOTO IPOBO/IA
Ecnu ogna u3 ¢as, Hanmpumep, A, 000pBETCs WIIM BCE TIOTPEOUTENH 3TOH (ha3bl OyayT BhI-
KITFOYEHBI, TO TIPU OTCYTCTBHH HYJIEBOTO MPOBOJA OCTaBIIMECs Moj HampsbkeHuem ¢asel B u C
OKa)KyTCsl BKIIOUEHHBIMU TI0CiIe0BaTenbH0. Dasuble Toku I8 u Ic, mporekaromue yepes mocie-
JIOBAaTEJIEHO BKJIFOUEHHBIE CONPOTHUBIICHHUS NMPHEMHHUKA, B 3TOM cliydae OyIyT OJMHAKOBBIMH, a
(dazHbIe HANPSOKEHHsT OYIyT MPOIOPIIMOHANBHBI conpoTuBiieHusM $a3 (puc. 4.8). [loatomy Ha
BEKTOpHOH Auarpamme Touka O’ mepemMecTuTcs: Ha BEKTOp JuHeitHoro Hanpsbkenus Usc u Oyner

JIeNTUTh €r0 Ha YacTu, paBHbIe Ga3HbiM HanpspkeHussM UB n UC (B namem ciiygae UB = UC)

Uc=Us :%L}ﬂ :%ﬁfhp _ 087U+

Hanpsoxenue ¢a3el A Bo3pacTer:

. . - J3 .
U =U as-c0530°=+/3U b =150,
[ToaToMy B 4ETHIPEXIPOBOIHBIX IIETSAX Ha HYJIEBOW MPOBOJ HE CTaBAT MPEAOXPAHUTEND,
T.K. €r0 IIeperopaHue U3MEHseT paclpeieieHue HarpspkeHui das.
[Tpu KopoTKOM 3aMBIKaHNUU Kakoh-100 (a3el, Hanpumep, C, HyseBas Touka O’ mpruobpe-
TaeT MoTeHIuan JuHeitHoro nposoja BC, a ¢a3bl A u B oka3bIBaloTCA MO/ JIMHEHHBIM HaIpsiKe-
HueMm. BekTopHast qtuarpaMmma Jjig 3TOro cliydas npejcraBieHa Ha puc. 6.9. Touka O’ nepemenia-

ercs B Touky C.
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U¢ o’ Us

Pucynok 6.8 — BexropHas AuarpaMMa TOKOB U HaIlpsDKEHUN TpHU 00OpbIBe (pa3bl B cXxeme

0e3 HyJIeBOro MpoBoja

Hanpsoxenus ¢a3 A u B ctanoBsTCst paBHBIMHU JTUHEWHBIM (puc. 4.9):
Uy=U,=U,=U, "/§’
Ug =Ug =U,; =U, '\/51
U. =0.

Tok xopotkoro 3ambikanus ¢asel C pacmpenensercs Ha ¢assl B u A, Te.

I.=1y =~ ,+1;) . Takum o6pasom, gBe (a3bl MPUEMHHKA OKA3BIBAIOTCA MO IHHEHHBIM

HAIps>KCHUEM, Ha KOTOPOC OHU HE paCCUUTAaHbI, U OHU MOT'YT BBEIUTH U3 CTpOs.

A4

Je—

Pucynok 6.9 — BextopHas nuarpaMma TOKOB M HAIIPSIKEHUM TIPU

3ambikaHuu ($a3el C mpuéMHUKA TPEXTIPOBOIHON CUCTEME

B nenu Tpexdas3Horo Toka akTHBHAs MOIIIHOCTh paBHA CyMM€ aKTUBHBIX MOILITHOCTEH (a3:
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P=P +P,+P.=1,-U,-cosp, +1, -Uz-cosp, +1.-U.-cose.
JI1g u3MepeHnss MOITHOCTH B YETBIPEXIIPOBOJHON LIETIH MOXKHO HCIOJIB30BATH TPH OJIHO-
(a3HBIX BaTTMETpa, CYMMUPYS UX ITOKA3aHUs, NI UCTIOIb30BaTh OAHO(A3HbINH BATTMETP C Mepe-
KJIFOUCHHUEM €r0 I00YEPETHO BO BCE TPH (a3bl. ITOT METOJ MOXKET OBITh HCIIOIB30BAH KaK IPH
CUMMETPUYHOM, TaK U PU HECUMMETPUYHOMN HArpy3Ke.
Pacuér cummeTpuuHbIX TpEX(Da3HBIX LeNel CBOJUTCA IO CYTH K pacuéTy o1HOU (a3bl o
OJHOJINHEWHON 2KBUBAJIEHTHOU cxeMe. B 1Byx apyrux ¢azax OyayT Takue xke 10 BEIUYHHE TOKH

U HaIlpsDKEHUS, KaK B TIEPBOi, HO CABHHYTHI 1O (pa3e OTHOCUTEIBHO HUX Ha yroia 120.

3aoanusa:

3aoanue Nol

K cummerpuunoii Tpéxdasznoii ienu ¢ Hanpsikenrnem U = 380 B moakmrouen cummeTpuy-
HBIH IPUEMHHK, (Pa3bl KOTOPOTO COSTUHEHBI B «3BE3Y», COPOTHBIICHUS da3 I =12 Om, x =16
Owm.

Haiitu nokazanus HpI/I60p0B, NOCTPOUTH BEKTOPHYIO JUArpaMMy LCIIN.

0)

Puc 4.1

Pucynok 1 — [IpuHnmnuaneHas cxema K 3agayde

3aoanue No2
PaccunTaTh CUMMETpPHYHBIN PEXUM COeMHEHHS B 3Be3ay, eciu I' = 40 Om, x = 80 Ow,

Hanpspkernue cetr U = 380 B. ITocTponTs BEKTOpHYIO qUarpammy IeIu.

Pucynok 2 — [IpyHuunuansHas cxeMa K 3aj1ade
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3aoanue No3

K uctounuky ¢ nunerinbpiM HanpsbkeHueM U = 660 B gepes peakTopsl ¢ COTPOTHRICHHEM
Xo = 25 Om MOAKITIOUEHBI: 3JIEKTPOJBUTATENb, KaXk/1as (pa3a KOTOPOro UMEeT CONMPOTUBICHHE I =
X =50 Om npu coeauHeHNN 3Be370H; TPEX(Pa3HbI MACISHBIN KOHICHCATOP, UCIIOIb3YEMBbIH IS
MOBBIIIEHUS KOO PHUIIMEHTa MOITHOCTH YCTAaHOBKH, (Pa3bl KOTOPOTO COSAMHEHBI B TPEYTOIBHUK U
uMeroT conpotuBieHue Xc = 300 Om.

OHpeI{eJ’II/ITB HAIIPpsDKCHUEC HA 3aKUMaXx ABUTATEIA U €TO MOIITHOCTh. Haiitu MMOTCPIO HAIIPA-

KCHU.
Ty 0
O_M'
o ]
(g X I x
5 X0 By 14 &L A
- —
I, ¢ &. X3
'
r

]

Pucynok 3 — [IpunnunuanbHas cxema K 3aj1a4e

3aoanue Nod
Hanpsbkenne cummerpuunoit Tpéxdaznoi cetn U = 380 B. TlapameTpsl npuBeneHHOMN
cxeMbl Z1 = 1,5 Om, Z2 =1+ 2 Om, Z3 = -j6 Om, Za =21+ j12 Om. Onpenenuth JUHCHHBIC U

¢a3ubie TOKM NTpUEMHHUKOB. HaiiTu TuHeiHbIe U (a3Hble HANPSHKEHUS KAKI0T0 MPUEMHHKA.

A

ai —_ Ju &
-‘4 - | I L=

Pucynoxk 4 — [IpuHuunuanpHas cxeMa K 3ajade
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Konmponsnwie sonpocwi:

1. Yto o3HaYaeT CUMMETPUYHBIN Tpex(ha3HbIM HCTOYHUK ICKTPUIECCKON SHEPTUU?
2. Uto 03HaYaeT HECUMMETPUYHBINA TpeX(a3HbIN HCTOUHHK?

3. Ilepeuncnure criocoObl COeAUHEHHSI 0OMOTOK TpeX(a3HOro HCTOUHUKA.

4. Yo Takoe HEUTpaIbHBIN MPOBOA?

5. Kakoe nanpspkeHue HazbiBaeTcs (pa3HbIM, JIMHEHHBIM?
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Ilpakmuueckan paooma Nell. Tpéxgpasnvie yenu. Pacuem necummempuuHvlx mpex-

dazuvix yeneii.

IJens: [1omyunTh HABBIKU pacyeTa TpeXpasHbIX LeTeil CHHYCOMAAIBLHOIO TOKA IPH HECUM-

METPUYHON HarpyskKe.

OcHogbl meopuu:

Teopust TpéxdasHbIX CUCTEM HAYMHACTCS C BBEJCHUS MOHATUI: CHMMETPUYHBIC CUCTEMBbI
OJ1C, HanpsixeHuid, TOKOB; HecuMMeTpuuHble cuctembl DJC, HanpsHKEHU, TOKOB.

Kpartkuit nepeuens Hazpanuii DJ1C, HanpsHKEHM, TOKOB CIIETYFOIITHI:

- asnbie D]/IC Ea, Es, Ec cootBeTcTByromux ¢as reneparopa AX, BY, CZ;

- (hazuble TokH lax, Iy, lcz;

- (baznbie Hanpsprenus Uax, Usy, Ucz;

- nuHewHble HanpshxeHus Uas, Usc, Uca ;

- THeHbIe TOKH I, I8, Ic;

- TOK HEeHTpanu (HyJIeBOro nposoaa) In;

- HanpspDKeHUe cMeleHus Henrpanu Un wiu U010 (Mex Iy HyJeBbIMH TOUYKaMH I'eHepa-

TOpa U MPUEMHUKA).
COOTBETCTBEHHO, Pa3IMualOT aKTUBHBIC, PEAKTUBHBIC, MOJTHbIE MOLIHOCTH (a3 Pa, Ps, Pc,
Qa, Qs, Qc, Sa, Ss, Sc, a Takke akTuBHYIO P, peakTuBHY0 Q ¥ NOJTHYIO S MOIIHOCTH TPEX(Ha3HBIX

NPUEMHUKOB (WJIM T€HepaTopa), MpUIEM

P=Pa+Ps+Pc,Bm; Q=Qa+Qs+Qc.eap; S=yP°+Q7 Ba.

Tpéxdasnble nenu co cmamuueckol Hazpy3Kou, TO €CTh HE COAEpIKalNe JIEKTPOIBUTA-
Tesel, TpaHC(OPMATOPOB U JIPYTHX aKTHUBHBIX 3JIEMEHTOB PACCUUTHIBAIOTCS, KaK MPaBUIIO, KOM-
IUIEKCHBIM MeTO/IOM. VX pacuér 0OBIYHO COMPOBOXKIAETCS TOCTPOCHUEM BEKTOPHBIX WM TOMO-
rpaduueckux guarpamMmm, KOTOpbIe MPeI0CTEPEraroT OT BO3MOKHBIX OIIMOOK aHATUTHYECKUX pac-
YETOB, JIEJIAI0T BCE COOTHOIIEHUS 00JIee HAIJIAIHBIMH.

Ecnu B Tpéx¢azHoii cucTeMe MMEIOTCs yCTPOHCTBA, CONPOTUBIICHNUS (Pa3 KOTOPBIX 3aBUCAT
OT CHUCTEMBI TOKOB (Tpéx(azHble TPEXCTEPKHEBbIE TPAHCPOPMATOPHI, ACHHXPOHHBIEC WM CHH-
XPOHHBIE JIEKTPOABUTATEIH I T€HEPATOPHI, MIIN XOTs ObI OJTHO U3 TAKUX YCTPOICTB, MOLTHOCTh
KOTOPOT'O COM3MEpPHMa C MOIIIHOCTBIO Beel TpEX(Pa3HOM CUCTEMBI), TO [T pacuéTa HECUMMETPUY-
HOTO peXUMa TaKuX TPEX(Pa3HbIX IeTell MPUMEHSIOT CIIIHATIbHBIN METO ] pacuéra —memoo cum-
MeMPUYHBIX COCMABAAIOWUX, KOTOPBIX 110 CyTH CBOEH SABJIAECTCSA PA3HOBUAHOCTBIO METOMA HAJIO-

KCECHUA.
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3aoanus:
3aoanue Nel

Paccuuraths TOKH HCCUMMCTPUYIHOI'O TPCYTr'OJIbHHUKA, ITIOCTPOUTH BEKTOPHYIO JUArpaMmy,

eci U =380 B, r =xc =100 Owm, xL = 100 2 Owm. Haiitu nokazanus BaTTMETPOB, CPAaBHUTH HX

C aKTUBHOM MOIIHOCTBHIO HECUMMETPUYHOTO TPEX(Ha3HOro MpUEMHHUKA.

A ~
5} L.A.E‘zé.ﬂ’

Pucynok 1 — [IpunnunuanbHas cxema K 3aj1a4e

3aoanue No2
Cxema MUTaeTcsi OT CHMMETPUYHOTO0 HCTOYHHKA, (ha3bl KOTOPOTO COSANHEHBI B TPEYTOJIb-
HUK. CunTas MCTOUYHUK MHUTaHUS uneanbHbiM, ¢asnyro DJC Esx = 380 B, naiitu ¢a3ubie TOKH

reHeparopa.

Pucynok 2 — IlpunnunuansHas cxema K 3ajade

3aoanue Ne3

TpéxdazHas mernp MOAKIIYCHa K CHMMETPHIHOMY TeHepaTopy ¢ HamnpspkeHuem U = 660
B. IMapamerps tienu I = ol :E =10 Om, ri= wL1=5 Om.

PaccuuraTth auHeliHBIC U q)aSHI)IG TOKH BCEX YUAaCTKOB LCIIH.
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Pucynok 3 — [IpuHuunuanpHas cxema K 3ajade

3aoanue Nod

B cxeme onpenenuTh TOKM BO BCEX BETBSX, €CJIM MOKa3aHus BojabT™MeTpoB: U1 =220 B, U2
=127 B,U3=191,3B,a Z1=3+ j4 Om, R =20 Om, XL = 30 Om, Xm = 25 Om, Xc = 40 Om. Paccunrath
MOKa3aHHs BATTMETPOB M CPABHHUTH MX C TEIUIOBBIMHU IMOTEPSMHU B TPEYTOJILHUKE HATPY3KH

a)

Pucynok 4 — [IpuHuunuaneHas cxema K 3ajaude

Konmponsnwie sonpocwi:

1. Yto o3Ha"YaeT cMMMETpHUYHAS U HECUMMETpUYHAs Harpy3ka?

2. Yto Takoe HanpsHKEeHUE CMEIICHUsT HenTpam?

3. Kak ompenenuth TOK B HEUTpaIbHOM MPOBOJIE MTPH CUMMETPHUYHOM Harpy3ke?
7. UeMy paBHA MOITHOCTh TpeX(Pa3HOH CHCTEMBI B CHMMETPUYHOM PEXKUME?

5. Yrto Takoe 0JIHO-, ABYX- U TpeX(}a3HOe KOPOTKOE 3aMbIKaHHE?
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Ilpakmuueckasn padoma Nel2. Cummempuunsle cocmagnarujue HeCUMMEmMpPUUHOI
mpexcgpasnoit cucmemol. Pacuem mpexgaznvlx 31eKmpuiecKux yenei Memooom cummem-

PUUHBIX COCMABIAIOULUX.

Ilenws: OcBouTh HaBBIKM MPUMEHEHHS pacdyeT TpeX(a3HbIX IEKTPUUYECKUX LieNel MeTo-

JAOM CUMMETPHUYHBIX COCTABIAIOIIUX

OcHnoevt meopuu:

CyIIHOCTh METO/Ia 3aKJIF0YASTCs B MPEACTABIICHUN HECUMMETPHYHOW CUCTEMBI BEITHYNH
A, B, C B Buie CyMMBI TPEX CUMMETPUYHBIX CUCTEeM: MpMon A1, Bi, Ci, UMEIOIICH TaKyIO ke
MOCJIEIOBATEILHOCTh, KAaK M UCXOJ/IHBIC BEIMYUHBI, 00paTHOU A2, B2, C2, uMeromel MpoTHUBOTIO-
JIOKHYIO TOCJIE0BAaTeIbHOCTh, U HYJIEBOW MOCIEI0BATEIBHOCTH, COCTOSIICH U3 TPEX OJUHAKO-
BBIX 110 BEJIMYMHE U HATIPABICHUIO BEKTOPOB Ao.

Omnpenenenne CUMMETPUYHBIX COCTABIISIIOIIMX IPOU3BOAUTCS 110 popMyJiam:

1 1 1
=7+ B+ O, 4= UraBraO, L= (U+aBral)

e 12 _ hasuplii MHOKHTEND.

raec a =

CornpoTuBiieHUs] MPUEMHUKA TOKAM Pa3JIMYHBIX TMOCIEI0BATEIHLHOCTEM HA3bIBAIOTCS CO-
MIPOTHUBJICHUEM TIPSIMOM MOCTIEA0BATEIIBHOCTH Z1, 00paTHOM MOCIEA0BATEIIBHOCTH Z2 U HYJIEBOU
nocaeaoBaTrebHOCTH Zo. [l cxembl Y—Y OHM UMEIOT 3HAYCHUS

Li=2L2=2, Zo=LZ+3Ln,
rae Z — conpoTuBiieHne ¢a3bl NpUEMHUKA, ZN — CONPOTUBIICHUE HEUTpAJIH.
JI1st acCHHXpOHHOTO IBUTATENISI XapaKTEPHO TAKOE COOTHOIICHUE:!
Z1>> Zo >> Zo.

Pacuér cuMmMeTpuYHBIX 1IeTeil ¢ HECHMMETPUYHBIM UCTOYHUKOM COCTOUT U3 TPEX ITAIMOB:
paslioKeHue 3aaHHOM HECUMMETPUYHOM CHUCTEMBbl Ha CUMMETPUYHBIE COCTABIISAIONINE; PACUET
TOKOB Ka)XJIOM U3 MOCJIEI0BATEIILHOCTEHN B OT/IEIbHOCTH; CyMMHUPOBAHUE TOKOB BCEX IMOCIIEI0BA-
TEIBLHOCTEH.

Pacuér aBapwmitabix pexxumoB (K3, oOpbiB (ha3pl) CHMMETPHUHBIX HETel MPOU3BOAUTCS
CJEAYIOMUM 00pa3oM: B MECTE aBapuU BBOASATCS CUCTEMBI TPEX HECUMMETPUUHBIX HAIPSKECHUN
Ua-Us-Uc 1 Tpéx HecuMMeTpruIHBIX TOKOB la-18-1c. Kaxkmast u3 aTux cuctem packiaapiBaeTcs Ha
cummeTpuuHbie coctaistone Ui-Uz-Uo, l1-12-lo. [lanee paccmaTpuBaroTes cxembl IpsMoii, 00-
PaTHOM U HYJIEBOHM IOCIENOBATEIBHOCTEH, Ul KaXIOW U3 KOTOPBIX COCTAaBJIAIOTCS YPaBHEHHS,

cesi3piBaromue Ui ¢ 11, Uz c 2w Uo ¢ lo. Eme Tpu ypaBHEHHSI COCTABIISIOTCS IS aBAPHITHOTO
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y4acTKa U MX BUJI ONIPEACIIAETCS BUIOM aBapuu. Pemenue stux ypasaenuit naér Ui, Uz, Uo, 11, Iz,
lo, gepe3 KoTopbie MOTYT OBITH ONPE/ICTICHBI BCE MHTEPECYIOIINE HAC BEIIMIHHEI.

3aoanusn:

3aoanue Nol

J1Be da3pl reHepaTopa 3aMKHYTHI HAKOPOTKO (puc. 4.39). Ero conporusienus npsmMoii mo-
cienoBatesibHOCTH Z1 = j8 Om, 00paTHOM mocienoBareabHoCTH Z2 = j2 Om, hasnas DJIC E =100

B. OnpenenuTh noka3zaHus npruOOpoB.

Pucynok 1 — [IpunnunuanbsHas cxema K 3aj1a4e

3aoanue No?

JIJis orpaHUYeHMsI TTyCKOBBIX TOKOB JaBUTaTess M (HOMHHAIBLHOE JIMHEHHOE HAIPSHKCHHE
U = 380 B, conpoTuBieHus MpsiMOi U 00paTHOM MOCIeA0BaTeILHOCTH, COOTBETCTBEHHO, Z1 = 1 +
J22 Om, Z2 =1+ }8 Om) mocnenoBaTelibHO C HUM BKJIFOUAIOTCS TPH CONMPOTHBIICHUS (PEaKTOPHI)
Z = j20 Om, xoTOpBIE MOCTIE MyCKa 3aKOPAYHBAIOTCS.

BeneacTBre HEMCITPaBHOCTH BBIKITIOYATESI OJHO M3 CONPOTHUBIICHHH IMOCIIE MycKa OCTa-

J0ck BKIIOUeHHBIM (puc. 4.40). Onpenenuts oTHOIIeHUE TOKOB l2/11 (0OpaTHO# U npsMoii mociie-

JIOBaTEIIbHOCTEM ).
Z
AQO—
£
B
£
C
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Pucynok 2 — [lpuHuunuanpHas cxeMa K 3ajade
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3aoanue Ne3

I'eHepatop ¢ CONMPOTUBIICHUAMH TSI Pa3HbIX MocaeaoBareabHocTed Zr = j8 Om, Z2 = j2
Om, Zro = j0,5 Om, 0OMOTKH KOTOPOTO COEAMHCHBI B 3BE3/y C HEHTPasIbiO, 3a3¢eMIEHHON yepe3
conpotusienue Zsr = 1 + j2 Om, BeipabatbiBaeT ¢a3ubie HanpsokeHus Uo = 220 B, koTopblie 00-
pa3yrT CUMMETPHYHYIO TPEX(Pa3HYIO CUCTEMY, U TIMTAET Yepe3 JIMHUIO C CONPOTHBICHUSIMUA Z/11
=Zn=1+j20m,Zmn=1+j4 Om CHHXPOHHBII ABUrATE]Ib, OOMOTKHA KOTOPOI'O HMEIOT COIPO-
tuBienus Zq = J12 Om, Z2 = j4 Om, Zio = j1 Om, coequHEHBI B 3Be31ly, HEUTpajlb KOTOPOi 3a-
3eMJyIeHa uepe3 conpotuBicHue Zyy = 2 + j1 Om (puc. 4.41).

Onpenenutb TOK JIMHUKM B CUMMETPUYHOM PEXHUME, TOKH MpoBoJoB B u C npu oOpbiBe

poBojia A U HaNpsiKEHHE B MecTe 00pbIBa
! |
I
o Z

\Tenepamop)

Mecmo
I::I Zar obpLea

PucyHnok 3 — [IpuHIunuaneHas cxeMa K 3ajayde

3aoanue Ned

B xonme nuaum (puc. 4.44) daza 4 3amkuynacek Ha 3emito. @aznas DJ[C reneparopa E =
20 kB, conpOTHUBICHHS PA3INYHBIX MOCIIEA0BAaTEIbHOCTEN: reHepaTopa Zr1 = j9 Om, Zrz2 = j1 Owm,
Zro =j0,5 Om; muunu Zm = = Zmz = j1 Om, Zmo = j2 Om; varpy3ku Zuri = J10 Om, Zurz = j2 Owm;
COIIPOTHUBJICHUE 3a3eMJICHHSI HYJIeBOW TOYKHU reHepaTopa Zn = j0,5 Om. OnpenenuTs:

1) Toku Bo Beex (pazax reHepaTopa U Harpy3Ku;

2) HaMPSDKEHUSI 0 OTHOIIEHHUIO K 3eMJIE 3A)KMMOB TeHepaTopa U Harpys3KHu.

YA a
O Elr B Z1 b Zar
’—.—W—( I T
L~ &
K3

Pucynok 4 — [lpuHnunuansHas cxema K 3ajade
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3aoanue No5

OT cuMMeTpuIHOTO TPEX(PA3HOTO TeHEepaTopa MUTAOTCS ACUHXPOHHBIA U CHHXPOHHBIN
nsuratenu. @aznas 3J1C renepatopa £ = 220 B, conpoTUBICHHS Pa3IMYHBIX MTOCIIEI0BATEIbHO-
creii: rereparopa Zr1 = = j0,6 Om, Zr2 = j0,1 Om, Zro = j0,05 Om; acuHXpOHHOTO ABHraTess Zi
=3+ +]j0,4 Om, Zpz = 0,05 + jO,1 Om; cunxpounoro gsurarens Zc1 =4 +j0,5 Om, Zc2=0,1 +
J0,2 Om, Zco=0,1+j0,1 Om; conmpoTHBICHHE 3a3E€MIICHHS HYJICBOM TOUYKH I'€HEpaTOpa U CHUH-
xponHoro asurarens — Znr = Zne = 0,1 Ou. Onpenenuts: TOKH ABYX(HA3HOTO HA 36MITI0 METAILITH-

YECKOr0 3aMbIKaHUs NPoBo0B B u C, CyMMapHBIi TOK KOPOTKOI'O 3aMbIKaHUsl, HAPsDKEHUE Ha

A ® L
T
ol E4r
?{rp B @ Kb
Znr

LSS

PucyHnok 5 — [IpuHIunuansHas cxeMa K 3azade

310poBOi (haze 4.

Konmponvnwie eéonpocwi:

1. K uemy npuBOAST NOBPEKIEHUS U ABAPUHU B SHEPTETUUECKUX cUCTeMax?

2. Ha kakue 1Be rpyninbl AT HECUMMETPUIO?

3. K yemy nmo3BosisieT MpUBECTH 3a/1a4y METOJI CHMMETPUYHBIX COCTABIISIFOIINX ?

4. 13 yero cOCTOUT CUCTEMA HYJIEBOM MOCIEAOBATENIBHOCTH?

5. JIroOyro I HECHUMMETPUYHYIO CUCTEMY TPEX(Da3HBIX HaNPsOKeHUH, TOKOB, 3 J1C MoxHO
MPEJICTAaBUTh KaK PE3yJIbTaT HAJOKEHUSI CUCTEM MPSMOM, OOpaTHOM U HyJIEBOM MOCIEI0BATENb-
HOCTEN?

6. Ecnu kakum-11160 00pa3oM HaiiieHbl CUMMETPUYHbBIE COCTABIIAIONINE MPSAMOiL, 0Opat-
HOM M HYJIEBOHM MOCIE0BATEIbHOCTEH, MOXKHO JIM OMNPEJECIUTh HCXOJHbIE HECUMMETPUUYHbBIE
HaNpsHKEHUS ¥ TOKH B TpExQazHou 1enu?

7. B 4em cocTOUT nmepBOHavYaIbHas 3a/1a4ya METO/1a HAJIOXKCHHUS ?

8. Kakas nocnenoBaTebHOCTh TOKOB CTaTOpa CO3AA€T MarHUTHOE MOJI€ B 3JICKTPUUECKUX

Manaax?
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Ilpakmuueckasn paooma Nel3. I'pagpuueckuii (cpagho — ananumuueckuit) memoo onpe-
oenenun 2apmonuk paoa Oypve. Pacuem u ananu3 nuHeiiHblX NPpu NEPUOOULECKUX HECUHYCO-

UOAIbHBIX HANPAHCEHUAX U MOKAX.

Ilenw: IlpuobpecTy NpakTUUECKUE HABBIKU PA3JI0KEHUS IEPUOANUECKON QYHKLINHU B psL

dypre

Ochoebl meopuu:

Bcakana nepuoanyeckan yHKuma (Hanpumep, HanpsxeHue u(t)) c nepuogom T, oTBeYa-

toLan ycnosuam npuxne, MoxeT bbiTb pa3/ioXKeHa B TPUrOHOMETPUYECKUIA paja BUAA:

u(t)=Uo + i(U{( -sin(kat ) +Uy -cos(kat)) = Uo + i(umk -sin(kat + v ))
k=1 k=1

KO3pPMUMEHTbI KOTOPOro ONPeAENATCA BblPaXKEHUAMMU:

1T 1 27
Uy=—[u(t)dt=— |u(wt)d(wt
ng() 2ﬁg(a))(),
2T 1271
Uy == [u(t)sin(ket)dt== [u(et)sin(ket)det,
To T 0

T 2r
U{{zgju(t)cos(ka)t)dt:1 [u(at)cos(kat )det,
To T o

Umk=\/(U|'< )2 +(UII<' ’ , ta(wi) = U UK, w=2r/T.

JlelicTByto11iee 3HaU€HHUE MEPUOANUECKON PYHKIIUU (HATIPSDKCHUS):

U=, = lu®)fdt=,]— [ [u(et)] dat = | U, )" .
To 27 0

k=0

MOHIHOCTI/I NEPHUOAUYICCKOIO TOKa (aKTI/IBHaH, PCaKTUBHAsA, IMOJIHAA, MOIIHOCTb HMCKaXC-

HUS):

1T 0 o
P:?ju(t)l(t)dtz 2Uilccos(o ), Q=3SU,l.sin(e),
0 k=0 k=1

S=Ul= Y U2ZSIZ, s2-p2+Q2 T=452-P?-Q2.
k=0 k=0

KoadduunenTsl, xapakrepusyronye NepuoIuueckue HeCHHYCOMalIbHbIe (DYHKIUU:

KO3hOULMEHTbI MOLLLHOCTU M aMNAUTYAbl:
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P
_ ’_ ka _ L max
=0

KO3hDULMEHTbI FAPMOHUK U UCKAXKEHUSA:

N i( I )?
k. =2k

_h
7’ u .

I, |
[Na XxapaKTEePUCTUKM BbINPAMMUTENA YacTO NPUMEHAIOT KO3(uUyUeHm cxembl, ABNAIO-
L|.||Ml‘;1Cﬂ OTHOWeHnem I'IOCTOﬂHHOﬁ COCTanlﬂl'OLlJ'el‘a HarlmeeHMﬂ (Ha BbiXxoae Bbll‘lpﬂMMTenﬂ) K

OENCTBYIOLWEMY 3HAYEHUIO HAMPAXKEHUA UCTOYHMKA NMUTAHUA (Ha BXxode BbiNpamuTens): ke =
Uo/U.

3aoanus:

3aoanue Nel

3aBucumMocTh U(t), moka3zaHHas Ha PUC. ¥ 3a1aHHast Ta0JI. (U1 IEPBO YETBEPTH MEPUOIA),
UMeeT CUMMETPHUIO OTHOCUTEIBHO Hayaja KOOpPAMHAT (HEYeTHas) U OTHOCUTEJIBHO OCU a0cImce
IpU COBMEIICHUH JIBYX mojynepuoaoB: U(t) = -u(-t) = -u(t+T/2). Paznoxuts 3aBucumocts U(t) B
psan @ypbe U NOCTPOUTH €€ JIMHENHBINA CIIEKTP YacTOT.
Tabnuna — 3uauenus ¢pynkuuu U(t) 1 nepBoit yerBepTr niepuoaa mnpu At = 0,5 mc
t, mc 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 45 50
un, B | 12,35 | 17,53 | 15,89 | 16,09 | 28,15 | 54,93 | 89,78 | 121,7 | 142,7 | 149,8

n 1 2 3 4 5 6 7 8 9 10
B4y B AU,
150 0 ) (50 — ©
75 100
Y 50
0 s 10 15 M k1
_ 1 I .
-75 0 2 4 6 8
-150
3aoanue No2
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Mepuoguyeckoe NMNoobpasHoe HanpsaXKeHWe, onncbiBaeMmoe Ha MHTepeane 0 < wt < 21t

byHKumen: u(wt) = 2—, npeAcTaBbTe pasfioxKeHnem B pag Pypobe.
T
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3aoanue No3
CunycouganbHOe HanpspKeHUe ¢ aMIuiuTy 10l Um, y KOTOpOro “cpe3aHbl’ HUKHUE TOJTY-

BOJIHBI (puC. 6.3,a), IPECTaBUTD PA3JI0KEHHUEM B TPUTOHOMETPUYECKUN PAI.

3aoanue Ned

HanpsaxeHue Ha Bbixoge o4HOPA3HOrO MOCTOBOrO BbINPAMUTENSA, ONUCbIBaEMOe GyHK-

upeit u(t):\Um -sin(at )

, NpeactaBuUTb PasnioXKeHNEM B TpVII'OHOMGTpVI‘-IQCKI/IVI pAag.

Konmponwvusie éonpocwi:

1. Yro Takoe cxema 3aMeleHus’?

2. Yro Takoe SKBHBAJIEHTHAs cxema?

3. UTo Ha3bIBAIOT CUMMETPUYHOW CHCTEMOW HYJICBOU, MPSIMOW M OOpaTHOMW IOCIIeI0Ba-
TEIBLHOCTH (TOKOB)?

4. Ilouemy B cxeMe 3aMmelleHus: 00paTHOM mocnenoBaTenbHOCTH OTCYTCTBYeT D/IC reHe-

patopa?
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Ilpakmuueckan paooma Nel4. I'pagpuueckuii (cpagho — ananumuueckuii) memoo onpe-
oenenus 2apmonuk psaoa QPypve. Pacuem u ananuz 00Hohaznvix yeneii HECUHYCOUOATbHOZ20

moka.

Ilenw: OcBouTh pacyeT U aHaIU3 OJHO(A3HBIX LIENel HECUHYCOUAATBLHOTO TOKA.

Ocnoevl meopuu:

Ha mpaktuke B OONBUIMHCTBE CITy4aeB B JCKTPHUYCCKHUX LEISX JICHCTBYIOT HECHHYCOU-
JlalIbHbIC TIEPEMEHHbIC HAIIPSHKCHUH 1 TOKH. [laske pu CHHYCOUIaIbHOM IUTAHUY LIETIeH C HeJH-
HEWHBIMU JJIEMEHTAMH B BETBAX OY/IyT ICHCTBOBAaTh HECHHYCOHMAbHBIC TOKH. HecuHycounnab-
HBIMU OYIyT TAK)Ke HANPSDKCHUS M TOKH IPH IMHUTAHUH LIEIH OT UCTOYHUKOB SHEPTHU C Pa3HOi
4acTOTOH. BO MHOTMX yCTpOWCTBaX HECUHYCOMIAIBHBIN PEXUM SIBISETCS OOBIYHBIM HOPMAaJIb-
HBIM.

DTH COCTABIISAIONINE HA3BIBAIOTCS TaPMOHMKAMH. 3aTE€M Ha OCHOBE MU3BECTHBIX METOJIOB
pacuéra OIrpeIeIUTh TOKU M HATIPSDKSHUSI OT KaXKI0H TApPMOHHUKH U IIPOCYMMHUPOBATh PE3YJIbTATHI.
Ha pucynke 7.1 mokaszana nepuoauueckasi HecunycouaainbHas yHkus Bpemenu f (t) =f (t+ T)

¢ nepuogom T.
14
A NN

Pucynok 7.1 — [lepuoauueckas HecuHycoujanbHas QyHKINS

N3BecTHO, 4TO Meproauueckas HECUHyCconaanbHas (PYHKINS MOXKET ObITh IIPeICTaBICHA
B BUJIe OeCKOHEeuHOro psja — paga dypee.

Beeném o6o3nauenne ol = 2n/T — ocHOBHas yrioBas yactoTa. CHHycOMIanbHas U KO-
CHUHYCOHJIaJIbHAsl COCTABJIAIONINE C YTIIIOBOM YacToTol ®1 00pa3yoT OCHOBHYIO rapMoHUKy. Co-
CTaBJIIOIINE C 0oJiee BLICOKUMU YIJIOBBIMH YaCTOTaMH — BBICIINME T'aPMOHUKH.

[MapMonmnueckuii psii B TPHTOHOMETPHUECKOH hopMe UMEET BH/L:

f(t)=a,/2+>  (a,cosnat+b, sinnwt)
n=1
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[Tepuoaudeckre HeCHHYCOHIANbHBIE (DYHKIIMH, N300paXKaroONIie AICKTPUICCKUE U Mar-
HUTHBIC BEJIMYMHBI, 00JIaJIal0T OOBIYHO KAKKUM - TUOO BUJIOM CHMMETPHH U 3TO 00JIerdaeT ux pas-
noxenue B psan Oypoe.

PaccMOTpUM HECKOIBKO BUAOB CHMMETPUYHBIX (OyHKITHHA.

Oynknusg f(t) cumMmMeTprudHa OTHOCUTENIBHO OCH OpAUHAT (PUCYHOK 7.2).
A

)
@i
| m ﬂ . )

Pucynok 7.2 — CuMmmeTpruyHas iepuoaudeckasi GyHKINs

Takue QyHKIMM HA3bIBAIOT YETHBIMU. B 3Ty (QyHKIHMIO HE BXOAAT CHHYCOUIBI, T.K. OHU
ABJIAIOTCA HEYETHBIMU (QyHKUUAMU. [ToATOMY IpH JaHHOM BUJE CUMMETPUH PSIIT IPECTABIIAETCS

byHKIHCH:

f(t)=a,/2+> a,cosnat

n=1
T.C. UCTHaiA q)YHKIII/ISI COACPIKUT TOJIBKO KOCUHYCOUABI U ITOCTOAHHYIO COCTABJIAIONIIYTO.

Oynknus f(t) cuMMeTprUdHa OTHOCUTENIBHO HavYaia KoopAuHaT (pucyHok 12.3).

[1) 4

g&.{

A\

Pucynok 7.3 — CummeTpuyHas HeuéTHast QyHKIHS

Takue ¢pyHKIMN HA3bIBAIOT HEYETHBIMU. [I0CKOIBKY MOCTOSIHHASL COCTABIISIFOIIAS U KOCH-
HycOHUJa He YJIOBJIETBOPSIIOT QYyHKIUSIM HEYETHOCTH, TO OHU OTCYTCTBYIOT B PSiI€ U PAJl IPUHHU-

MacT BUA:

f(t)=>_ b,sinnat
n=1
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Takum oOpa3zoM, packiajbiBasi MEPUOIUYECKYI0 HECUHYCOMJAIbHYIO (DYHKIUIO B P,
clielyeT MpeBapUTEIbHO BRISCHUTD HE 00Ia1aeT I 3ajaHHast QyHKIUS KaKUM-TH00 BUIIOM CHM-
MeTpuu. Hannume cuMMeTpun Mo3BOJISIET 3apaHee MpeicKka3aTh, KAKUE TAPMOHUKH CIIETyeT 0XKH-
A4aTh B PAa3JI0KCHUMU.

JlelicTByto1iee 3HaUCHUE ONpeesaeTcs no hopmyre:
T
lr.o
Fg= [=| f<(t)dt
9= /= { (1)

Ilocme Pa3I0XKECHUA CPYHKHI/II/I B pAa U IIOACTAHOBKHU B AHHOC BBIPAXKCHUEC ITOJTYUUM:

Orcroma ciemyer, 4To JACHCTBYIOIee 3HAUCHUE (PYHKIHU, IPEICTABISIONIYIO COOOM
CyMMY TapMOHHK pa3HBbIX 4acTOT, HE 3aBUCUT OT (a3 ITHX TapPMOHUK, a ONPEACTSETC UX JAeH-

CTBYIOIIIMMHU 3HAYCHUAMMU. HaHpI/IMep, JJId TOKa

2 2 2
L= JIZ2+124+12+...
I[eflCTByIOL[IPIe 3HA4YCHUA MOT'YT 6BITB HU3MCPCHBI C IMOMOIIBIO 3JICKTPOU3SMEPHUTCIIbHBIX

pUOOPOB: AIEKTPOMArHUTHOM, IEKTPOAUHAMUYECKOHN U Ap. CUCTEM.

AKTI/IBHaH MOIOTHOCTDL paBHA CpCI[HCMy 3HAYCHUIKO MOIITHOCTHU.
1% .
P== j uidt
T 0

Ecnu u, 1 BeIpa3uTh uepe3 TPUTOHOMETPUUECKUH psiJl, TO MHTETpall Pa3IoKUTCS Ha Pl
MHTETPAJIOB, JAIOLIUX B pPe3yJbTaTe CyMMY IPOM3BEICHUI MOCTOSHHBIX COCTaBISIOLUINX Hamps-
JKEHUS ¥ TOKA U CPETHUX 3HAUECHUHN HANPsHKEHUI U TOKOB TApMOHMK OJTHOTO U TOTO K€ MOPSAIKA.

OcranpHble HHTETPaAIBI Oy IyT paBHBI HYTHO0. MTak:
P=Ugl,+>.U,l, cosg,
n=1

JInst peakTUBHOM MOIIHOCTH:

3aoanua:
3aoanue Nel
K nocnenoBarenshoit e =40 O u C = 40 ux @ npunoxeHo HanpsLKeHUe, u3Me-

HSAOIIEECs MO 3aKOHY (CcM. 3a1auy 6.1):

u(t) =Um sin(at) +Um® sin(3wt ) + Um® sin(5at ) + ...,
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rae Um®=100 B, Um® =-40 B, Um® =15 B, Um"=5 B, Um®=-0,19 B.

B o0mieit cucteMe KOOpAMHAT MOCTPOUTH TpadUKU HATIPSHKEHUH HA aKTHBHOM COTIPOTHB-
JIEHWHU, HA €MKOCTH, a TaKXe HalpspDKEeHUE UCTOYHMKA NUTaHus. ONpenenuTs uX JeUCTBYIOIINE
3Ha4YeHUs1, KOdYOUIUEHTHI UCKAXKEHHS, KOAPPHUIUEHTH TapMOHUK, POBEPUTH OallaHC MOIIHO-

CTEN.

3aoanue No2

BxogHoe HanpsAxeHue AeNCTBYET Ha nocnegosaTenbHyto uenb r = 1000 Om u L = 3 IH.
BbINONHUTL pacyeT amMnNAnTy A rapMOHUYECKUX COCTABAOLWLNX HAMNPAXKEHNN Ha aKTUBHOM COMpPO-
TUBNEHUUN U UHOYKTUBHOCTU. [TOCTPOUTb aMNANTYAHbIE CNEKTPbI 3TUX HANPAXKEHUN, HANPAXKEHMUA

MCTOYHUKa NUTAHWUA, CAENAaTb BbIBOAbl OTHOCUTE/IbHO pacnpeaeneHnA BbICLUMX TAaPMOHUK.

3aoanue Ne3
B L,enu Ha YacToTe OCHOBHOW rapMOHMKM w1 = 9600 ¢! MMeeT MecTo pe3oHaHC TOKOB, a
Ha TpeTbel rapMOHMKE HACTyMaeT pe30oHaHC HanpsaXeHuin. Onpeaenntb UHAYKTUBHOCTU KaTyLLeK

Linly, ecnrnri=100m, ra=50m, C= 2,5 MK®D.

D_
Fi L I Ly F1
C T

u uft)
o il

o

Pucynok 1 — [IpunnunuanbsHas cxema K 3aj1a4e

3aoanue Nod
Hanpspxenne u = 50 + 200sin(wt+45°) + 100sin(3wt — 60°) B moxano ua Bxox tenu. Co-

IIPOTHUBJICHUA 2JICMCHTOB LICIIM TOKaM OCHOBHOH TapMOHHKH, COOTBETCTBEHHO, paBHbl [1=12=13

=8 Owm; LZ 15 Om; wl2= 3 Own; LZ 15 Om
«C

1 @Cyq
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PucyHnok 2 — [IpuHIunuaneHas cxeMa K 3azade

Konmponwsnwie eéonpocwi:

1. Yro siBAsieTCs MPUUMHOMN MOSBJICHUS HECUHYCOUAAIBHBIX TOKOB M HAMPSKEHUM B DJIEK-
TPUIECKUX TETISX?

2. Uznoxure anroput™ pasznoxeHus B psii Oypbe MepruoJuuecKiuX HECHHYCOUAATBHBIX
HaIpsKEHUN U TOKOB.

3. Kakue rapmMoHHUYECKHE OTCYTCTBYIOT B CIEKTPAaX KPUBBIX, CHMMETPUYHBIX OTHOCH-
TenpHO: 1) ocu abcmmcc; 2) ocu OpAMHAT; 3) Ha4Yajla CUCTEMBI KOOPIUHAT?

4. Kakue BeMYUHBI U KOOPPUIIUEHTHI XapaKTepU3YIOT MEPUOTUIECKUE HECUHYCONIaTb-
HbIE IepeMEeHHbIE?

5. Kak onpenensitorcss AeCTBYIONME 3HAYEHUSI IEPUOUYECKUX HECUHYCOUIATBHBIX Be-
TUYuH?

6. M3noxure NopsaoK pacyeTa TMHEWHBIX SJIEKTPHUUECKUX LIeTNei MPU HECUHY COMAATTBHBIX
HaIpPSKEHUAX U TOKaX.

7. IlpuBenure GpopMybl U1l ONIPEAEICHUS BCEX BUAOB MOIIHOCTEHN AJI11 HECUHYCOUAlIb-
HBIX HaIPsHKEHUN U TOKOB.

8. B "ueM pa3zHwuIIa pe3yJbTaTOB PACUETOB TOKA IICTIH, BHITOJIHCHHBIX JIJIT MTHOBEHHBIX U
JIEUCTBYIOIINX 3HAYECHUI?

9. locTtaToyHO J¥ ISl ONIPEIeTICHHs] BETUYMHBI TIOJTHOW MOIIHOCTH B €M HECHHYCOU-
JATBHOTO TOKA Haandue HHPOPMAIUU 00 aKTUBHOW U PEAKTHBHOW MOIITHOCTSIX ?

10. JInms xakuX Ieneit crpaBeiiiBa METOIMKA pacueTa Iereidl HeCHHYCOUJAIBHOTO TOKa,

OCHOBaHHas Ha pa3znoxeHu D/]C u TOKOB HCTOYHHUKOB B psijibl Pypbe?
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Ilpakmuueckan paooma Nel5. I'pagpuueckuii (cpagho — ananumuueckuit) memoo onpe-
oenenun capmonuk paoa Oypve. Pacuem u ananus mpexgaznvlx yenei HeCUHYcoudanbHO20

moka.

Ilens: OcBOUTH HaBBIKU pacueT TpeX(a3HbIX LeTe HECHHYCOUIATBHOTO TOKA

Ocnoevt meopuu:

I"apmonunueckuil aHaau3 U pas3iiokeHue QpyHKIuit

Ha npaktuke yacto BcTpedaroTcsi HECUHYycouaanbHble nepuoanyeckue IJC u Toku, xo-
TOpPBIE U3MEHSIOTCS BO BPEMEHHU 10 HE FTaPMOHUYECKOMY 3aKOHY, HO 3HAYEHHUS KOTOPBIX pEry-
JISIPHO MOBTOPSIIOTCS YEPE3 PaBHBIC IPOMEKYTKH BPEMEHH, Ha3bIBa€MbIE NIEPUOJIOM - T, Kak 3TO

[I0Ka3aHO HA PUCYHKE 7.
A

e(mr)

A
Y

Iy

T ~N_

Pucynok 7 Hecunycounanensie nepuoauueckue IJ1C

Hecunycounanbasie 9JIC ¥ TOKM BO3HUKAIOT B CIACAYIOMIMX CIyUasx:

a) TIpU BKJIFOYEHUH B 1IETIb IEPEMEHHOTO TOKA AJIEMEHTA C HACBIIIIEHHBIM CTATBHBIM ((ep-
POMAarHUTHBIM) CEpACUHUKOM;

0) Ipy HAJTMYXW HETMHEHHBIX CONPOTUBICHUH B LIETIH;

B) eciiit UCTOYHUK D/]C WM UCTOUHUK TOKA BBIJAET HECUHYCOUIATIbHOE HAPSXKEHUE UITH
TOK.

Jlanee paccMOTpUM aHaNIM3 JUHEHHBIX 3JIEKTPUYECKUX IIeTIel, Ha BXOJEe KOTOPBIX Jei-

CTBYIOT MICPUOANYCCKUC HCCUHYCOUAAILHBIC BI[C " TOKH.

U3 Kypca BhICIIEH MaTEMATHKH M3BECTHO, UTO JIF00as meproandeckas GpyHKims f (t ) c

nepuooM 2 * 7T, yIOBIETBOPSIONIas ycaoBHsAM JIupuxiie (To eCTh UMEIoIIas Ha KOHEUHOM HH-
TepBane f (t ) KOHEYHOE YHCJI0 MaKCMMyMOB, MUHUMYMOB M Pa3pbIBOB MEPBOTO POJA), MOXKET

ObITh pazioxeHa B psa Dypee. [IpakTruecku Bce nmepuoauueckue (yHKINHU, HCIOIb3yeMbIE B

JNIEKTPOTEXHUKE, YCIOBUAM JIMPUXIIE YIOBIECTBOPSIOT.
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[Tepuoanueckas HecunycouganbHas DJ[C B oOmieM ciiydae MOKET OBITh MpeCTaBIeHA

TPUTOHOMETPUUECKUM psiioM Dyphbe:

e(t) = E(O) + E(l)m sin(a)t + W(1))+ E(z)m sin(2a)t + 1//(2))+ vt E(k)m sin(ka)t + l//(k))z

=Eq)+ ;E(k)m sin(ka)t + l//(k))

rac E(O) - IIOCTOsIHHAs COCTaBJIAIOIIAasA,

- [IepBasd (OCHOBHaH) rapMOHHUYCCKasa COCTABJIAOIIAA, UMCHOIIIAA Ya-

croty
w=2-7/T;

E o sin[k{:ff Wy ]

- npu Kk 2 2 BricIIMe rapMOHHUECKHE COCTABIAIONUE (TapMO-

HUKH);

E(k)m - amruatyaa k- rapMOHUKH;

W (k) - nasanbuas ¢aza k-i rapMoHHKH.

k - nHomep rapmMoHuKH.

COBOKYMHOCTb MOCTOSIHHOM COCTAaBIIAIOIIECH, OCHOBHOM TAPMOHUKH U BBICIIMX TapMOHU-
YECKHUX COCTABJIAIOIINX HA3BIBACTCSA CHGKTpOM HCCHHyCOHI[&JIBHOfI BCJIIMYHUHBI.

JelicTBytolee U cpelHee 3HAUCHUSI HECUHY COMTAJIbHBIX BEJIMYMH

[Teproauueckyto HECHHYCOMJANBHYIO BEJIMUMHY (HallpUMep, TOK) OOBIYHO XapaKTepH-

3YIOT CHEAYIOLIMMH 3HAYEHUSIMU: MAKCHUMAaJIbHbIM (1 max) , IEUCTBYIOILIUM (] ) , CPETHUM I10 MO-
JIYIIEO (I ep. Moa') M HOCTOSIHHOM COCTaBJISoLIeH (] (0)) JlelicTByrolliee 3HaYECHUE HECUHYCOU-

JATBHOTO TOKAa OIPEIEISIETCS ero CpeaHeKBaapaTnieckuM (3(QPEeKTUBHBIM) 3HAUCHHEM 32 Tie-

PHO:

ol—.’ﬂ
~.
—
~
N—"

\S)
U
~

—~
(o))
~

Eciu psa @ypbe Ui TOKa OTPaHMYUTh KOHEYHBIM YUCIIOM YJICHOB
i=1)+ (1) Sin(a)t + l//(l))-l- Lo)m -Sin(Za)t + l//(z))+ et L (o) -Sin(ka)t + '//(k))'

TO BbIpaykeHUe (6) Mocie NHTErpUPOBaHUS IPUHUMAET BU:
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Tak Kak JeHCTBYIOIIEE 3HAYEHHE TAPMOHHYECKON COCTABISAIOIIEH

I:Im/\/E,TOI

/= \/1(20) FIY +IG) DT @)
rae ](0) - IOCTOAHHAasA COCTaBJIAIOIIAA,

1 (1) Ji (2) I (k) - ACHCTBYIOIIME 3HAYCHNS TAPMOHHK TOKA.

Amnajorudnoe BBIPAKCHUC UMCCT IIGfICTBYIOHlCC 3HAYCHHUEC HAIIPSAIKCHUA:

U= JUd)+Ud) +..+ ULy . @)

Takum o0pa3om, IeHCTBYOIIEE 3HAUCHNUE HECUHYCOUIATbHON ANEKTPUIECKON BEITUIMHBI
PaBHO KOPHIO KBaJ[paTHOMY M3 CyMMbI KBaJpaTOB NOCTOSIHHOM COCTABJISIOUIEN U JEHCTBYOLIUX
3HA4YCHHUI BceX rapMOoHHUK. OHO HE 3aBUCHUT OT HAYaJIbHBIX (pa3 rapMOHUK.

Hapsiny ¢ aeiicTByronuM 3Ha4Y€HUEM B JIEKTPOTEXHUKE UCIOJIb3YIOT MOHATHE CPEAHETO

10 MOJTYJTt0 3HaueHus pyHKuu. OHO, HAPUMEP, JUI TOKA, BBIPAKACTCS HHTETPAJIOM BUJIA:
1 (7.
Icp.mod. = ? ) _[0 ‘I(t)‘dt
[TocTosiHHAs COCTABIISIOIIAS PECTABISIET COOOM cpeHee 3HaUCHHE (DYHKITUH 32 TICPUOI:
1 ,T.
I(O) = ? -jo I(t)dt

OcoOeHHOCTH pacueTa JIMHEHHON ANEeKTPUIECKON LIEMU C HECUHYCOUAIbHBIMU UCTOYHHU-
KaMHu

Pacuer neneii, B KOTOpBIX IEHCTBYET OJMH WJIM HECKOJIBKO HECUHYCOUJAIBHBIX HCTOYHU-
koB nepuoandeckux IJ1C u TOKOB, packiIabIBa€TCS Ha TPU ITAra;

1) Pasnoxenne D/IC U TOKOB UCTOYHHKOB Ha TIOCTOSIHHYIO M CHHYCOUAJIbHbBIC COCTaB-
JstroIye (IIpyu ’TOM OIpaHUYMBAEMCSI HEKOTOPBIM YHCIIOM F'APMOHUK);

2) IlpumeHeHue MPUHIIMIIA HATOXKEHHUS U PacueT TOKOB M HANPSHKEHHUH B LIETH IS KaX-
JIOM U3 COCTABIAIOIINX B OTACIBHOCTHU IIPU 3TOM, YUUTBIBAEM UTO CTPYKTypa LEIU COXPaHAETCs,
a COIPOTHUBIICHUS U TPOBOJUMOCTH PEAKTUBHBIX 3JIEMEHTOB U3MEHSIOTCS C U3MEHEHHEM YaCTOThI
TapMOHUKH;

3) CoBMecTHOE pacCMOTPEHHE PELICHH, TIOyYSHHBIX JUIS KaKIO0H U3 COCTABIISIOIIUX.

PaccMoTpuM Kaxabli U3 ATUX 3TANOB MOAPOOHEE.

1) Ecmu 31C uzmensiercs mo 3akoHy

e=E,+E, Sin(a)lt +1//1)+ E,. Sin(a)zt ‘H//z), (10)
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TO AeicTBUEe ucToYHUKa Takod DJIC aHaOrnyHO ACHCTBUIO TPEX MOCIEAOBATEIBHO CO-

eIMHEHHBIX HCTOYHUKOB D/ C:

E0

el = Elm S|n(a)1t +W1) . (11)
e, = By Sin(a)zt ‘H//z)

@D
o
I

Ecnu 3agaua nocrasnena nnave: 3anansl He D/1C, a TOKM HECHHYCOUJAJIBHBIX HICTOYHHUKOB
TOKa, TO IPUHIOUII pCHICHUSA 3a1a4X ocTtaércs TeM xe. cTouHmnk HECHHYCONOAJIbHOI'O TOKA BCCTa
MOYKHO TIPEJICTABUTh B BUJIE NApAJUIEIBHOTO COEAMHEHUS PsiJla MCTOYHUKOB ToKa. Eciu k y3nam
BETBU WJIM BBIXOJAM JIBYXIIOJIFOCHUKA IIOJBOJUTCS HECUHYCOMIAJIBHBIA TOK

i=1,+1, sin(@t+a)+ 1, sin(ot+a,), (12)

TO UCTOYHHUK TAaKOI'O TOKa ﬂeﬁCTByeT HO,I[O6HO nmapaijieIbHOMY COCIUHCHHIO Tpex HCTO4Y-

HHKOB:

iO - IO
- Ilm Sln(a)lt + (Xl) (13)
=1, sin(a,t +a,)

2) [lpumeHUB NpPUHIUI HAJOKEHUS, M, PACCMOTPEB JEHCTBUE KaXI0H COCTaBIISIOIICH

OJIC B OTAETBHOCTH, MOKHO HANTH COCTABIIAIONIME TOKOB Ha BCEX yYacTKax ILIETH.

HpI/I PaCCMOTPECHHUU Ka)I(,HOﬁ COCTaBJ'ISIIOH_[eI\/’I CIICKTpa HCO6XO,I[I/IMO YYUTBIBATb, YTO JIA

pa3JII/IqHLIX qacToT I/IHI[yKTI/IBHLIC n éMKOCTHBIe COHpOTI/IBHeHI/IH HCOIANHAKOBBI:
X L )
Xo, =k @o-L=K-X ;04 %o =17 "< =7 . @9)

3) MruoBeHHbIE 3HaYEHHsI TOKA B JIF0O0OM BETBU AJIEKTPUUECKON LIEMH MOKEM ONPEEIIUTh

Ha OCHOBAHHWH IIPUHIHWIIA HAJTOKCHUA:
i(t) =1, + I, sin(@t +a, )+ 1, sin(o,t +a,) . (16)

3Has MTHOBEHHOE 3HAYCHHE TOKA, MOXEM OTIPEICTUTh JICHUCTBYIOIICE:

2 |2
| = |§+ﬂ+ 2m .(17)

MOomHOCTh NPU HECUHYCOUIATIbHBIX HANIPSKEHUAX U TOKaX
[Tox akTuBHOM MomHOCTHIO (P, BT) HECHMHYCcOMIaNbHOTO TOKA IOHUMAIOT CPE/IHEE 3HAUE-

HHE MTHOBEHHOM MOIIHOCTH 3a NEPUOJ NEPBON TAPMOHUKH:
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1T
P:?‘(’;Uldt(lg)

P=1,-U,+U,-l;sing +U,-l,sing, +U, - l,sing, +

+otU, -1, sing, (19)

rIe ¢K - YTOJl MEXIY U K H | K .
Takum oOpa3oM, akKTHBHAsI MOIITHOCTh HECHHYCOUIAJILHOTO TOKA PaBHA CYMME aKTHBHBIX
MOIITHOCTEH OT/ACIbHBIX TAPMOHHK.

AHaJIOTUYHO BBIBOAUTCS MOHATHE peakTuBHOM MorHocTu(Q, BAp):

Q:ZQK :ZUk .Ik Slnng (20)

k=1 k=1
[Tonnas momtHOCTH (S, BA) paBHa NMpou3BeICHUIO JEHCTBYIONMIETO 3HAYEHUST HECUHYCOHU-

JAJIbHOT'O HAITPAKCHHUA Ha HeﬁCTBYIOHlee 3HaAYCHUEC HCCUHYCOUJAJIBHOT'O TOKA:

S=U-1,@)

meU = U2 +UZ+.. +U2 1= 12412+, +12.

B Henax C HCCUHYCOUAAJIbHBIMU TOKAMU B OTJIMYHUEC OT CUHYCONJAJIbHBIX L[eneﬁ
S?>P?+Q% S*=P°+Q°+T? (22

TaK KaK B HUX JeHCTBYyeT MOIIHOCTh UcKakeHus (T, BAp), 00ycaoBieHHas HATUNYUEM BBIC-

X rapMOHUK:

2 2 2 2
T2=./S2-P?2_Q2 (23)
OTHONICHNE aKTUBHOW MOIIHOCTHU K TOJTHOM Ha3bIBAETCS KOA(DPHUITMEHTOM MOIITHOCTH.

P P
=—=—— (24
s ua @

Jlnst cuHyCcOMManbHBIX Tienei A= COS¢, HO B HECHHYCOWJAIBHBIX ILETSIX MOSBIISCTCS

K02 PUITMEHT UCKAKESHUS Ku

A= %cos¢ =K, cos¢

3aoanua:

3aoanue Nel
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dasHoe HanpaxeHWe paboTatoLLero BXOA0OCTYO reHepaTopa, CoeAMHEHHOIo 3Be34,0M, COo-
AepXnT nepsyto Ui 1 TpeTbto Us rapMOHUKN.

1. Haittn gencTBylowmMe 3HaYEHMA HANPAXKEHUI 3TUX FAPMOHUK NO U3BECTHbIM MOKa3a-
HUAM BONIbTMeTpPOB pasHoro Uy = 125 B n ainHenHoro HanpaxeHun U, = 210 B.

2. KakoBa norpewHoCcTb pacyeTa, ecam B HanpAXKeHUU cogepXutca ewe u 5-a rapmo-

HWKa, cocTaBnaAwLlan He 6onee 10% oCHOBHOI?

3aoanue No2

CumMetpuuHblii TeHepartop ¢ (asHeiM HampsbkeHuem Ua(ot) = 310-sin(wt — 30°) +
93-sin(3at + 45°) B nuraet coeAMHEHHYTO 3BE3/10i HECHM-METPUYHYIO Harpy3Ky ¢ COMPOTHBIIE-
HueM (a3 115 Toka ocHoBHO#H rapmornkn ZaM =15 Om, Z59 = j15 Om, Zc®W=-j15 Om (puc. 6.16);
conporusienue Heitrpamu ZNY = 2 + j2 Om. OnpenenuTs MoKa3aHUus IPHOOPOB HIEKTPOMATHHT-

HOM CHUCTEMBI JIJIS CITy4aeB:

Pucynok 1 — [IpunnunuanbsHas cxema K 3aj1a4e

3aoanue Ne3

34C oaHoi $da3bl CUMMETPUYHOIO TpexpasHOro reHepaTopa, CoOeANHEHHOro 3Be340M, e
= 20-sin(wt) + 5-sin(3wt — 20°) B.

Harpyska coeanHeHa ToxKe 3Be340i1: B pa3e A — conpoTusieHne r, B ¢ase B — UHAYKTUB-
HocTb L 1 B dpase C— emKocTb C, npudem r = wlL = 1/wC =2 Om.

Onpenenntb TOK B pase A 1 HaNpsXKeHUe MeXKAy HEUTPaNAMM HarpysKu 1 reHepaTopa.

3aoanue Ne4
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CUMMeETPUYHbINA TpexdasHblii reHepaTop CoeaMHEH TPEYroNbHUKOM U NUTAeT CUMMET-
PUYHYIO HarpysKy, COeiIuHeHHyto 3Be3A0M. ToK B ogHon 3 ¢a3 reHepatopa (oT B K A) iga =
100:sin(wt) + 20-sin(3wt) + 10-sin(5wt) A. OnpeaennTb MrHoBeHHOe 3HayeHue Toka B dase C

HarpysKku.

Konmponvnwie éonpocwi:

1. Cuctems! Hanpspxenuii (3/]C, TOKOB) Kako# MOCIe10BaTEIBHOCTH B TpeX(ha3HbIX LEMmsIX
00pa3yroT rapmonnku nopsiaka k= (3n+1), (3n-1), 3n? Kakum cBoiiCTBOM 001a4a10T 3T CHUMMET-
pHUUHBIE CUCTEMBI?

2. [Touemy B TMHEHHBIX HANPSKEHUSAX T€HEpaTopa IPHU COEAMHEHUH €ro 00MOTOK 3Be310H
OTCYTCTBYIOT FapMOHUKHU, KpaTHbIE TpeM?

3. Kakue rapmMoHHKH cofiepkatcs B pa3zHbIX M JIMHEHHBIX TOKAX MPU COSTMHEHUH 0OMOTOK
reHeparopa 1 IpUEMHUKOB TPEYTOJIbHUKOM?

4. Kakue rapMOHUKH cojiepaTcs B ()a3HBIX U TMHEHHBIX TOKAaX IPU COETUHEHUH 0OMOTOK
reHepaTopa ¥ Harpy3Ku 3B€3/10i ¢ HyJIEBBIM IIPOBOIOM?

5. [louemy npu coeMHEHUH HATrPy3KH 3B€3/1011 C HYJIEBBIM IIPOBOJOM TOK HYJIEBOTO IPO-
BOJIa COJIEP>KUT TOJIBKO TAPMOHUKH, KpaTHbIE TPEM?

6. [Touemy npu coelMHEHUH HArpy3KH 3Be3/101 0€3 HyJIeBOTrO MPOBO/IA JINHEIHbBIE TOKH He

coJiep’KaT TapMOHMK, KPaTHBIX TpeM?
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Ilpakmuueckasn padoma Nel6. Knaccuueckuit memoo pacuema nepexooHvix npoyec-
coe. Pacuem nepexoonvix npoyeccos ¢ TUHEUHbIX UENAX C COCPEOONOYEeHHbIMU NaAPpaAMem-

pamu KiaccuiecKum MEHoooMm.

Ilenw: TlpuoOpecTu MpakTUUECKHE HABBIKK pacyeTa MepexoaHbIX MPOLIECCOB B JIMHEHHBIX

LEIAX ¢ COCPEAOTOYCHHBIMU ITapaMeTpaMi KIIACCUICCKHUM MCTOOOM.

OcHOBBI TEOpHU:

Ecnn aneKTpMyecKas Lenb A4OCTAaTOMHO 00 COXPaHAa HEM3MEHHbIN BUA, TO B HEW CO-
30QETCA TaK Ha3blBaeMbll YCTAHOBUBLUMICA (MPUHYXKAEHHBIN) pexkum. MNocneaHemy cOOTBET-
CTBYIOT onpeneniéHHble 3aKOHbl U3BMEHEHUNA SHEPTUM INEKTPUYECKMX NOJEN KOHLEHCATOPOB U
MarHUTHbIX NONe MHAYKTUBHOCTEN Lenu. B cnydyae uameHeHUs CXeMbl NP NEePEeKNOYEHUSAX, KO-
Topble byAaem Ha3biBaTb KOMMYTALMAMM, SHEPTUA NONEN AONKHA U3SMEHUTLCA, @ 4N1A 3TOro Tpe-
byeTca HeKoTopoe Bpems. MpoLecc, BOSHMKAOLWMIA B 9NEKTPUYECKOM LLEeNn Npu nepexose oT o4-
HOrO YCTAHOBMBLLErOCA PEXUMA K APYrOMY, Ha3blBAeTCA NEPEXOAHbIM.

Ha npoTtaxkeHuu MMM aneKkTpnyeckan Lenb MoXKeT 6bITb ONMCcaHa CUCTEMON ANHAMUYECKMX
YPaBHEHWUI, KOTOpasa MOXKET ObiTb CBeAeHa OTHOCUTENbHO OAHOM 3/IEKTPUYECKOM BEANYUHDI
(ToKa nnun HanpaxeHus) K guddepeHuUnanbHOMY YPaBHEHUIO N-rO NOpPAAKa, NPUYEM ero nopsa-
[AOK onpeaensaeTca KoJIMYeCTBOM HaKoNUTe e SHeprum (K HUM OTHOCATCA MHAYKTUBHOCTU U EM-
KocTn). BosHuKawuwee auddepeHumnanbHoe ypaBHeHNE ABAAETCA NMHENHBIM, HEOAHOPOAHbIM,
C NOCTOAHHBLIMU KO3PpPULMEHTAMMU.

Oblee pelleHNe NONYYEHHOTO HEOAHOPOAHOIO NMHENHOro andypaBHEHUs NpeacTas-
naet coboit cymmy ABYyX BEMYMH: YAaCTHOrO pelleHna HeOAHOPOAHOrO YpaBHEHUSA, BblpaXKato-
LLEro NPUHYKAEHHDBIN PEXUM, 3a4aBaeMbli UICTOYHMKAMU, N PELLEHMA COOTBETCTBYHOLLErO OA-
HOpOZAHOro AndypaBHEHUSA, BbipaXKatoLwero cBO60AHbIN PeXKUM.

B cooTBeTCTBUM C 3TUM A5 NH0BOro TOKA UM HANPAXKEHMA MOXKHO 3anuncaTb:

i =inp +ics, U= Unp + Ucg,

roe inp, Unp — MPUHYKAEHHbIE COCTABAAIOLLME TOKA U HANPAXKEHUA;

ics, Ucs — CBOBOAHbBIE COCTABNAIOLLME TOKA M HANPAXKEHUSA.

MeToz, HaX0XAEeHUA 3NEKTPUUYECKUX BEIMYMH B BUAE CYMMbl ABYX PACCMOTPEHHbIX CO-

CTaBNAOWMNX Ha3blBAETCA K/IaCCUYECKUM.
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MPUHYKAEHHbIE COCTaBAAOLWME PACCYUTLIBAOTCA MOObIMK paHee U3yYeHHbIMU MEeTO-
AaMu, a BUA, CBOBOAHbIX COCTAaBAAIOLMX 3aBUCUT OT YNCNA U BUAA KOPHEN XapaKTePUCTUYECKOTO
ypaBHeHusA. CyLLecTByeT HECKObKO CNocob0B COCTaBNEHUA XapaKTePUCTUYECKOrO YpaBHEHMA.

1 crioco0. [To umeromemycs quddepeHnnaIbHOMY YpaBHEHHIO:

n: n-1; d|
| | .
Kn‘d— + Kn—l‘d— + ...t Kir— + Koi = f(t).
dt" dt" 1 dt
N-st MPOM3BOIHAS 3aMeHseTCsA Ha P"; ... TepBas IPOM3BOJHAS HA P; caMa BEJIMYMHA

— 1; mpaBas gyacts — 0, TO €CTh
Kn-p" + Kn1-p™ + ... + Ki-p+ Ko =0.

2 cnoco0. ITyTém 3anucu BXOIHOTO CONPOTHUBIICHUS B OIIepaTOpHOil hopme:

1. McTouHuKHN 3aMEHSIOTCS X BHY TPEHHUMH COTIPOTHBIICHUSMH, @ KIIFOY ITOKa3bIBAETCS B
MOCJIEKOMMYTAITMOHHOM COCTOSIHUH.

2. Lemnb pa3mbikaercs B 1t000M MecTe. PekoMeHyeTcs pa3pbIBaTh B BETBU C KOHJIEHCATO-
POM, a IPU €r0 OTCYTCTBUU — B BETBH C UHIYKTUBHOCTBIO.

3. OTHOCUTENHHO MOTYYECHHBIX 32KHMOB 3aIIMCHIBAETCS] BXOJTHOE COIIPOTHBIIC-HUE B KOM-
wiekcHoi opme Z(jo) (MHAYKTHBHOE compoTuBieHue — jol, a émxoctHoe — 1/(JoC)).

4. [pousBoautcst 3ameHa jo = p. [Tomyyaem BxoaHoe conpotusienue Z(p) B oneparop-
HOM (popme.

5. [Tony4eHHOE COMPOTHBIICHNE TIPUPABHUBAEM K HYIIIO, T.¢. Z(p) = 0. DTO U ecTh Xapak-
TEPUCTUYECKOE YPaBHEHHUE.

3 cnoco0. Mcnone3ys cucteMy AMHAMHYECKUX YpaBHEHUH 1IETIHU:

1. CocraBnserca cucreMa AMHAMMUYECKHUX ypaBHEHMH 1o 3akoHaM Kupxroda
JUTSL TIOCTIEKOMMYTAI[HOHHOTO COCTOSTHUS TICTTH.

2. [Tonyuennas cucrema anredpausupyercs (u3 nuddepeHImanbHbIX ypaBHe-
HUS TIPEBPAIIAIOTCS B alredpandeckue B onepaTopHoit popme).

3. Omnpenenurenasb CUCTEMbI IPUPABHUBACTCS K HYJIO U TIOJTYYaeTCsl XapaKTepH-
CTHUYECKOE YpaBHECHUE.

Ecnu xopeHb XapaKTepUCTHUECKOTO ypaBHEHHsS OJUH (00s3aTENIbHO OTPUIATENbHBINH),
CBOOO/HAS COCTABIAIOMAA UMEET BU:  ics(t) = A-eP,

rzie A — oCTOsSTHHAst UHTETPUPOBAHUS;

Ecnu kopHe#t 1Ba, 00a AeWCTBUTENbHBIC, OTPHUIIATEIIbHBIC, pasHble, IpudéM |p1| < |p2|, TO

. t t
iea(t) = A eP 4+ A e P2

Ecnu xopHeii aBa — qeiCTBUTENbHBIC, OTPUIIATEIbHBIC, paBHbBIC (P1 = p2 = p), TO Ics(t) =
Areft + Axtef
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rae A1 u A2 — 1Be OCTOSTHHBIE UHTETPUPOBAHMS;

Ecnu xopHei#t 1Ba — KOMITIEKCHBIC, COMPSDKEHHBIE, T.C. P12 = -b + jwo, TO

ics(t) = A-e-sin(wot + ),

rae AU Y — IOCTOSTHHBIE MHTETPUPOBAHMUS.

KonndecTBO KOpHEN XapaKTEpUCTUYECKOTO YPAaBHEHUS ONPEEIAET YUCIO MOCTOSHHBIX
MHTEIPUPOBAHUS U PABHO KOJIMYECTBY HAKOMUTENIEH SHEPTUH B LIETIH I10CIIE KOMMYTAIUU.

MocToAHHbIE MHTETPUPOBAHUA HAXOAATCA U3 HAYaNbHbIX YCNOBUI (3HAYEHMA SNEKTpUuYe-
CKMX BE/IMYUH U UX MPOU3BOAHbBIX B HA4Ya/IbHbIN MOMEHT MOC/e KOMMYTaLLMK), KOTopble AenaTca
Ha He3aBMCUMble U 3aBUCMMble. K He3aBUCMMbIM OTHOCATCA 3HAYE€HUA B MOMEHT KOMMYTaLUK
NOTOKOCLEN/IEHNA N TOKa MHAYKTUBHOCTK, 3apAja M HanpaxeHna KoHaeHcatopa. OcTanbHble
Haya/ibHble YCNI0BUA CHUTAIOTCA 3aBUCUMBIMW.

BbICKa3aHHble Bbllle NOMOXKEHUA O TOM, YTO 3anac 3HEPrMm MarHUTHOTO AN SNEKTpUYe-
CKOTrO NOMA MOXET U3MEHATLCA TO/IbKO NNaBHO, 6€3 CKauKoB, Bblpa->KatoT NMPUHLMM HeNpepbIB-
HOCTM BO BPEMEHW MNOTOKOCLUENnAeHUA UHAYKTUBHOCTU U SNEKTPUYECKOro 3apAana EMKOCTU U
Ha3blBaAOTCA 3aKOHAMM KOMMYTaLMW.

nepBbIVI 3dKOH KOMMYTaUNN: B UHOYKTUBHOM 3/1EMEHTE TOK U MarHUTHbI NOTOK Hemno-

CPELCTBEHHO NOC/NE KOMMYTALMM COXPAHAIOT 3HAYEHUA, KOTOPbIE OHWU UMENN HEMOCPEACTBEHHO
nepes KOMMyTaLMei, 1 Aasiblue HAYMHAIOT U3MEHATLCS

uMeHHO ¢ Tux 3Hayenwii: W(0+) = ¥(0.), i(0+) =i(0.),

rae t = 0+ — MOMEHT cpa3sy Tociie KOMMYTAIIUH,

t = 0. — MOMEHT HEMOCPEICTBEHHO TIEpe]] KOMMYTAIIUEH.

BTopoii 3ak0H KOMMYTAaIUM. Ha EMKOCTHOM DJIEMEHTE HaIpsKCHUEC U 3apsd COXPAHAIOT B

MOMEHT KOMMYTAllUU T€ 3HAYEHUsI, KOTOPBIE OHU UMEJIU HENOCPEICTBEHHO IIepel KOMMYTALUEH,
U B JAIIbHEHUIIIEM U3MEHSIOTCS, HAaUMHAs C 3TUX 3HAYCHUMN:
q(0+) = q(0-), uc(0+) = uc(0-).

I[Tpu HyneBbix HavanbHbIX ycraoBusx (iL(0-) = 0, uc(0-) = 0) HHAYKTUBHOCTH B HAYaJIbHBIH
MOMEHT I10CJI€ KOMMYTAllMA PaBHOCWIIBHA Pa3pbIBY LEMH, & EMKOCTb — KOPOTKOMY 3aMBIKaHUIO.
B ciydae HenyneBbix HavanbHbIX ycaoBuit (iL(0-) # 0, uc(0-) # 0) MHIYKTUBHOCTh B MOMEHT t =
0+ paBHOCWJIBHA UCTOUYHUKY TOKA, a EMKOCTh — UCTOUHUKY DJIC.

B 3aBucumMocTH ot nopsiaka qudypaBHEHUN pa3ianyaroT ey IepBOro, BTOpOro u doiee
BBICOKOI'O IIOPSJKA.

OpnHako NpUMEHEH HEpalMOHAIbHBIN NOPSAAO0K pacuéTa. PekomenayeTcs cleayromui mo-
panox pacuéra III1I:

1. AHaM30M 1LIEeTH 10 KOMMYTAIIMH ONPEACIICHHE He3aBUCUMBIX HAYaJIbHBIX YCIIOBH.
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2. 3anmuch UCKOMBIX JIEKTPUUYECKUX BEJIUYHH (TOKOB M HAIPSKEHUMN) B BUJIE CYyMMBI
JIBYX COCTaBIISIONINX — MPUHYXAEHHOW U CBOOOTHOM.

3. Pacu€t npuHyX1EHHBIX COCTABIAIOIIMUX.

4, By cBOOOIHBIX COCTABIISIIONIMX 3aBUCUT OT YHMCIIA M BUJA KOPHEH XapaKTepUCTH-
4ecKoro ypaBHeHUs. [1l09ToMy TeM WM MHBIM CIIOCOOOM COCTAaBIISIETCS W PEIIACTCA XapaKTepH-

CTUYCCKOC YpaBHCHHCE.

5. 3anuck CBOOOJHBIX COCTABIIAIONIUX C Y4ETOM BUa KOPHEH.

6 Omnpenenenne TeM WIK HHBIM CITIOCOO0OM HEOOXOMMBIX HAauaIbHBIX YCIOBHI.
7.  HaxoxaeHHe NOCTOSIHHBIX HHTETPUPOBAHNUS U3 HAYAIBHBIX YCIOBHIA.

8 3amuch UCKOMBIX BEJIMYMH B OKOHYATEIBHOM (hopMme.

3aoanus:
3aoanue Nel
OrnpenenuTh TOK U HaMpsDKEHUE KATYIIKH MPH MEPEKIToueHnn e€ Ha J00aBOYHOE COMpOo-

tuBieHue ro, ecau U = 200 B, r = 10 Om, L =25 ml 1, ro = 40 Om.

00y —

o— |

Pucynok 1 — [IpunnunuanbHas cxema K 3aj1a4e

3aoanue No2

PaccumTaTb TOK NEpPexoaHOro NpoLecca Npu BKAKYEHUU KaTyWKU Ha CUHycOMAanbHoe
HanpsykeHue u(t) = Unsin(wt + w) (pyc. 7.9), ecnm Um =200 B, w= 1000 pad/c, wu=-30°, rc=10

Om, L =25 mlH. MoctpouTsb rpaduk i(t).
L

U Ix

L

Pucynok 2 — I[IpunuunuansHas cxema K 3agadye
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3aoanue Ne3
OnpeenuTh TOK M HapsDKEHUE Ha EMKOCTH TIPH MEPEKITIOYCHUH Ha JOOABOYHOE COIPO-

TuBJIeHHE o, ecau U = 200 B, r =100 Om, C = 100 mx®D, ro = 400 Om.
0
Fa

i
o—8—=]

Pucynok 3 — [IpunnunuanbHas cxema K 3aj1a4e

r
ol

o | —

3aoanue Ned
PaccunTaTb TOKM NepexoHOro Npouecca U HanpaXeHne Ha MHAYKTUBHOCTM B CXeMe eCc/in

E=150B,r1=r,=100M, r3=rs=5 Om, L = 20 mlH. NocTponTb rpaduku ir(t), ui(t).

Pucynok 4 — I[lpunnunuansHas cxema K 3ajade

3aoanue Ne5
B cxeme paccuuTaTh TOKH IIEPEXOIHOTO MpOoIlecca KIIACCHISCKUM MeTooM. [lapamerpsr

merm: U=508,r1=r3=100 Om, r2=50 Om, C =100 ux®.

a) 6) — *

o —[:;1—*— ) "1 s
F1 I3
r F1 " 1 T 73
C_'_—leﬂﬂ €6 g
H
o 2

Pucynok 5 — I[IpunuunuansHas cxema K 3agadye

242



3aoanue Nob
PaccunTtaTb nepexogHblii TOK ji(t) B cxeme puc. 7.58 co cneayolmmMm YNCNOBbIMU AaH-

HbiMU: E1 =36 B, E2=6 B, r1 =300 Om, r, = r3 = 600 Om, C1 = 300 MK®, C> = 200 mKP.

- T $ O
1 r
3 :: m T
Ey c C Er
— o

Pucynok 6 — [IpuHuunuanpHas cxema K 3ajade

Konumponwvuwvie ¢onpocwi:

1. Yro Takoe nepexoHoM mpouecc?

. UTo Ha3bIBAECTCSI KOMMYTAIUEH?

. B uem 3akitoyaroTcsi NpuYMHBI BOSHUKHOBEHUS MEPEXOHBIX MPOLIECCOB?
. Kak 4nrarorcs 3aKOHbl KOMMYTaluu?

. YTo MoHMMAIOT N0/ Ha4aJIbHBIMU 3HAYEHUAMU?

. Uem 00ycIioBII€HBI CBOOOIHBIN M MIPUHYKICHHBIN PEKUMBI?

N N AW

. Kakue HauanbHbIe yCI0BUS HA3bIBAIOTCS 3aBUCUMBIMU M HE3aBUCUMBIMU ?

8. Uro HazbiBaeTcs KO3()(UIMEHTOM 3aTyXaHHsl U IOCTOSHHOM BPEMEHM IEepeXOJHOTO0
npoiecca?

9. Kak omnpenenstoTcss HE3aBUCUMBIE U 3aBUCHMbIE HaYaJIbHbIE YCIOBUS?

10. Yem omacHbI IEpeXOAHBIE MTPOLIECCHI?

11. B ueM 3axirouaeTcsi CyIHOCTb KJIACCUYECKOI0 METO/Ia pacyeTa MEPEXOIHBIX

MPOIIECCOB?

12. Kakue Buabl KOpHEH MOXET UMETh XapaKTEPUCTUUECKOE YPaBHEHUE BTOPOH CTENEHN?

13. Kako# xapakTep nepexo HOro Mnporecca COOTBETCTBYET KaX 01 Iape KOpHEN Xapak-
TEPUCTUYECKOTO YPaBHEHMsI BTOPOH CTETICHH?

14. Kakue BbI 3HaeTe CriocoObl COCTABICHHSI XapaKTEPUCTHUECKOTO ypaBHEHUA?

15. Yem ompenensieTcst Uucio KOpHENH XapaKTepUCTUYECKOTO YpaBHEHUS?
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Ilpakmuueckan paboma Nel7. Onepamopuwliit memoo pacuéma nepexoonvlx npoyec-
coe. Pacuem nepexoonvix npoyeccos ¢ TUHEUHbIX UENAX C COCPEOONOYEeHHbIMU NaAPpaAMem-

pamu onepamopHviM MemoooM.

Henv: U3yunTh METOIMKY pacyeTa NEPEXOIHBIX MPOLECCOB B JIMHEHHBIX LEMSIX C COCpe-

JOTOYCHHBIMU IIapaMETpaMU OII€PATOPHBIM METOJ0OM

OcHoebl meopuu:

CyLHOCTb OMepaTopPHOro MEeToAa 3aK/1H4aeTCs B TOM, YTO OT HEKOTOPOM GYHKLUUM Belle-
CTBEHHOrO NepemMeHHoro (Hanpumep, BpeMeHHU t), Ha3blBaeMol opuauHaaom f(t), nepexoaaT K
bYHKLMM KOMMNAEKCHOTO NepeMeHHoro F(p), Ha3biBaemow usobpaxceHuem. MNpun atom gnudypas-
HEHMA OTHOCUTENIbHO OPUIMHAN0B NPEBPaLLAtOTCA B anrebpanyeckme ypaBHeHUA OTHOCUTENbHO
N306paXkeHWit, pelueHne KoTopbIX NpoLLe.

MN306parkeHne 1 opurmHan GpyHKUUM cBA3bIBaOT GopMynoi npamoro npeobpasosBaHua

Nannaca
Fip) = [e P f(t)dt.
0

B cnpaBquoﬁ nNTepPaType UMEIDTCA Ta6I'IVILI,bI OPUTrNMHaN0B N COOTBETCTBYHOLWNX UM n306-

paxkeHuin. M306parkeHmna Hanbonee xapaKkTepHbIX OPUTMHANO0B NpUBELEHbI B Taba. 7.3.

Tabnunua
OpurvHan GpyHKUMM N306parkeHme no Slannacy
Up Jx uc(0)
Uo, Jk, uc(0) —_— —, —
p p P
Uy o
Upe®™™ 1-1e* —,
p+a p(p+a)
. . 1 n! 1
1t,t", te- 2’ 1’ 2
p° p"" (pta)
v
ej(Wt""//) e—
pP-Jo
elv psiny + wcosy
sin(wt +y) Im — |= 5 5
p-Jo P +w
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iv -
€ cosy — wSsin
cos(wt +y) Re| ——— |= P '/2/ a)2 v
pP—Jo P +w
Teopema gnddepeHumposaHus, f'(t) pF(p) — £(0)
L F
Teopema MHTErpMpoBaHUsA j f(t )dt ﬁ
0 p
3akoH Oma gna nocnegosatesibHOro yyactka R-L-C:
uc(0)

U(p)+L-1.(0)-

I(p) = ,
Z(p)

1
roe Z(p) =R+ pL +—C — OonepaTopHoOe CONPOTUB/IEHUE 3TOTO yYacTKa.

B uncnutene kpome n30b6parkKeHMA HaNpAXKEHUA Ha 3a*Knmax ydactka U(p)

uc(0
durypupytoT BHyTpeHHUe onepatopHbie 3AC Li(0) wm Q , YYUTbIBatOLWME HE3aBU-
P

CMMbl€e Ha4a/ibHble YCNOBUA.
| 3aKkoH Kupxroga: ans noboroysna X l(p) =0.

Il 3akoH Kupxroda: ans nioboro KoHTypa

Uck (0)

> 1(P)Zk(P)= X(Ec(P)+ Liix(p)— ).
k=1 k=1

MocKkonbKy 3akoHbl OMa 1 Knpxroda B onepatopHoi GpopmMe MMEIOT TaKOM e BM/, KaK U
B Lensax noctofHHoro Toka (LINT), To Bce meToabl aHanu3a LIMNT, ocHoBaHHbIE Ha 3TUX 3aKOHaX,
MOTyT 6bITb MPUMEHEHbI 4NA aHa/M3a ONepPaTOPHbIX CXeM C YYETOM HE3aBMCUMbIX HaYa/ibHbIX
YCNOBWIA.

Mo n306pa*KeHnaMm UCKOMbIX BE/IMYMH, NOJlYy4eHHbIM B pe3yabTaTe aHanM3a onepaTop-
HOM CXeMbl, HaXo4AT OPUrMHaNbl UICKOMbIX BENMYMH. [11s 3TOro NpumeHatoT obpaTHoe npeobpa-
30BaHuMe Jlannaca uan Ucnosb3yrT Tabauuy npeobpasoBaHuii Jlannaca, Uan Nonb3ykTCA Teope-

MOW pasnoxeHus. B nocnegHem caydae nsobpakeHne NCKOMOW BeNYUHbBI NPUBOAAT K BUAY:

F(p):Fl(p) UK Fl(p) )
F(p) pPF(p)

roe Fi(p) n Fa(p) — cteneHHble MHOFOYNEHbI:

Fi(p) =bmp™+ bmap™t+..+bip+bo, Falp)=anp"+an1p™t+..+a1p+ao,

245




npu4yém m<n u apobb HeCoKpaTUMa (YMcnnUTeNb MU 3HAMEHATENIb HE MUMEOT OANHAKOBbIX

KopHewn). OpurmHan onpeaenserca no popmynam:

Fl(p)%f(t)zilzl( pk)epkt UK Fl(p) _)f(t)zFl(O)_'_
F(p) k=1F2( Pk ) pF(p) F,(0)

N FH(pg) e Pkt
k=1Pk F2( Py )
rae pk — KOpHU ypaBHeHua Fy(p) =0, a n—4Mca0 KOPHEW 3TOro ypaBHeEHUS,
F1(px) n F2'(px) — 3HaYeHns mHoro4yneHa Fi(p) u nponssoaHoi oT MHoro4neHa Fa(p) npu k-
M KOpHe.

B cnyyae napbl KOMMNAEKCHbIX COI'IpFI)-KéHHbIX KOpHEl‘/‘l MOXHO ncnonb3oBaTtb cheayouime

dbopmynbl:

R(p) f(t) = 2Re[ F(p;) epltj
) F

F
Fl(p) — f(t)= F1(0)+2Re 1(,pl) eplt
pF.(p) F,(0) PcF2(Py)
PekomeHayemas nocnepoBatenbHOCTb pacyéTa NI onepaTopHbIM METOLOM.

1. PacyéTom Lenu oo KOMMyTaL MK onpeaensaoT He3aBUCMMble HavanbHble ycnosus i(0),
- uc(0)
uc(0) v 3anucbiBalOT BeNMYUHBI BHYTPEeHHUX onepaTtopHbix 9AC Lil(0) u ———=.
P
2. lna uenun nocne KOMMyTaLMK COCTAaBNAETCA SKBMBAJIEHTHAA onepaTopHasa cxema.
3. /liobbim meTogom aHanusa UMNT onpeaenstoT m3obparkeHua Tpebyemblx TOKOB M
HanpAXeHW, NPUBOAA 3aTEM UX K BUAY PaLMOHAIbHOMN ApOo6MU.
4. Mo Teopeme pPasNoKeHMa Uan C NOMOLLbI0 06paTHbIX Npeobpa3oBaHuii Jlannaca Haxo-

AAT OpUrnMHaabl UICKOMbIX TOKOB U Hal'lpﬂ)-KeHMﬁ nepexoaHoOro npouecca.

3aoanusa:
3aoanue Nel
HanpskeHne, IpUIIoKeHHOE K IIeNH H3MeHseTcs ro 3akoHy U(t) = 30t? + 18t + 10 B. Ia-

pametpsl nenu: F1=r2= 100 Ou, C =10 mx®. PaccuuraTh TOK KOHACHCATOPA.
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a) D-\f"— 0) o) .
| c—— Mp | e
wy) up LY
i .I'z‘f Iz J:.{:D)Y Lﬁ?)?
() <} o

Pucynok 1 — [IpuHnmnuaneHas cxeMa K 3azade
3aoanue No?2
B npuBeeHHOI Ha pUC. CXEME PACCUUTATh HAIIPSKECHUE U TOK MHAYKTUBHOCTH. YHCI0BBIE

sgayenud: U =24 B, L =0,257u, R1 =30 Om, R2 =10 Owm.

Lir(0)

Pucynok 2 — [IpyHnunuaneHas cxeMa K 3ajade

3aoanue No3
B cxeme puc. 7.70,a paccumTaTb TOK ix(t) u HanpaxeHune Ha EémKocTu uc(t), echm U = 240

B, E3=1008B, R1=R3=500m, C=1000 mK®.

a) E)
o
R
Usalp)
U -
Ulp
-Iln'
: uc(0)lp
Pucynok 3 — [IpuHIHMnuanpHas cxema K 3ajade
3aoanue Ned

PaccuuraTh nepexo HbIi mpolecc B cxeMe oneparopHbsiM MetoaoMm: U(t) = 100-sin(200t +

90°) B, r1 =r2=100 Om, C = 50 ux®.
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u(t) ¢ F2

o *

Pucynok 4 — [IpuHnunuaneHas cxeMa K 3aj1ade
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KOHmpOJleble eonpocsl:

1

O 00 I N »n Bk~ W DN

. Uto Takoe nepexoaHoi npoiecc?

. Uto Ha3bIBAETCSI KOMMYTAIUE?

. B uem 3akiro4aroTcs NpUYMHBI BOSHUKHOBEHUS MEPEXOJHBIX MPOLIECCOB?
. Kak unrarorcs 3akoHbl KOMMYTaIH?

. UeM omacHbI nepexoaHble IPOLECChI?

. CyIIHOCTB OIIepaTOpHOIO METO/IA pacyeTa MEPEXOIHBIX IIPOLIECCOB.

. Kak omnpenenuts oneparopHoe COIPOTUBIEHHUE LIETU?

. 3anucatp 3akoH OMa B ornepaTopHoit hopMme.

. 3anucatb BTOpoH 3aKoH Kupxroda B onepatopHoii popme.

10. Yro xapakrepusyeT ¢ pU3NUECKON TOUKH 3p€HHs BHYTPEHHUIH HCTOYHUK KaTyIIKU UH-

JTYKTUBHOCTHU B OIIEPATOPHON CXEME 3aMeleHus1?

11. Yto xapakrepusyeT ¢ (pU3MUECKON TOUKU 3pEHUS] BHYTPEHHHM HCTOUYHUK KOHJEHCa-

TOpa B ONEPATOPHOI CXeMe 3aMeIICHUS ?

12. Kak onpeaenuTs OpUTHHAI C IOMOIIBIO TaOIUIBI COOTBETCTBUS?

13. Kak onpenenuts OpuruHai ¢ OMOILBIO TEOPEMBI pa3I0oKEHUs?

14. 3apucoBath ONepaTOPHYIO CXEMY 3aMEIIECHUS TSl KATyIIKH WHAYKTUBHOCTH.

15. 3apucoBaTh onepaTOpPHYIO CXeMy 3aMeIeHUs 711 KOHIeHCaTopa.

16. Kak cocTaBUTh OMepaTOPHYIO CXEMY 3aMellleHus At CBOOOAHOTO mporecca?

17. Kak cocTaBUTh ONIEPATOPHYIO CXEMY 3aMEIIEHNUs 1)1 IEPEXOIHOTO mporecca?
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Ilpakmuueckan paboma Nel8. Onepamopuwliit memoo pacuéma nepexoonvlx npoyec-

coe. Pacuem nepexoc)ublx npoueccoeé é HeJTUHEUHbIX INeKkmpudecKux uenax.

Ilens: OcBOUTH METOMKY pacueTa MEPEXOJHBIX IPOLECCOB B HEIMHEMHBIX dJIEKTpHUUeE-

CKHUX ICIIAX

OcHogvl meopuu:

Ilepexoausie nporneccel (I111) B HEMMHEWHBIX MEKTPUUECKUX LIETIAX HOCAT 3HAYUTEIHHO
0oJee CIIOKHBIA 1 MHOTOOOpa3HbIi XapaKTep, YeM B INHEHHBIX, TaK KaK HEJIMHEHHOCTh XapaKTe-
PHUCTHK 3JIEMEHTOB MOXKET MPUBOJAUTH KaK K YACTO KOJWYECTBEHHBIM M3MEHEHHUSM ITOKa3aTesei
III1, Tak ¥ K BOBHUKHOBEHHUIO KAYECTBEHHO HOBBIX SBJICHHUI, IPUHIIMINAIBHO HEAOCTUKUMBIX B
auHenHbIX Hernsx. [111 B HenMHeRHbIX 1ensIX ONMUChIBAIOTCS HETMHEHHBIMU TU(GepeHIINaTbHBIMU
ypaBHeHHUsIMU. [10CKONIBKY HE HalIEHO OOILEro MeTo/a pelIeHUs] TAKUX YPaBHEHHUH, TO HENb3s
yKa3aTh 00IIETr0 aHATUTHYECKOTO MeToaa pacuera I1I1 B HenmHEHHOM 11eny MPOU3BOJIBHON KOH-
¢urypauuu. CymecTByeT MHOTO YaCTHBIX METOJIOB, HAIIPABJICHHBIX Ha PEIlIeHNEe KOHKPETHBIX 3a-
nau pacueta [1I1 B HenuHeiHbIX nensx. [lepeuncnum Hanbosee pacupocTpaHeHHbIE U3 HUX U 000-
3Ha4YMM UX CYIIHOCTb.

1. Metoa ycnoBHOW nuHeapu3auuu. Ero cyTh 3aKkito4aercss B TOM, YTO XapaKTepUCTHKA
HenmHenHoro 35eMenTa (HD) 3aMensieTcst mpsiMoii TUHUEH, MPOXOIAIeH Yepe3 HadalbHYH0 B KO-
HEYHYIO0 TOUKH IEPEXOJHOrO Ipolecca Ha xapakrepuctuke HD. YpaBHeHue 3To# npsmoii nmoa-
craBinsieTcs B qudypaBHenue, onucsiBatomiee 111, B pesynbraTe 4ero OHO CTAHOBUTCS TMHEWHBIM
U €ro perieHre 0OoJbIIOro TpyAa He IPEeICTaBIIsIeT.

2. Meton aHanuTuueckod anmpokcuManuu. CyIniHOCTh METO/a 3aKJII0YaeTcss B MpUOIH-
KEHHOM BBIpOKEHHM XapakTepucTUKU HD HexoTopoil ananuTudeckoi ¢pyHKuuei, kotopas moj-
craBisierca B nudypaBuenue, onuckiBatomiee [1I1, u nmpousBoautcs ero pemieHue. Y CemHoOCTh
IIPUMEHEHHUS 3TOT0 METO/Ia 3aBUCHUT HE TOJIBKO OT TOT'0, HACKOJIBKO TOYHO BBIPA)KE€HA XapaKTEPH-
ctuka HD, HO emie U OT TOro, HaCKOJIBKO NMPOCTO HAXOAMUTCS PEHICHHE TMOIYYEHHOIro Tudy-
paBHHUSL.

3. MeToz KyCcO4YHO-JIMHENHOW annpoKkcuManuu. Ero CylHoCTh 3aK/II04aeTcs B 3aMEHE Xa-
pakrepucTuk HO oTpe3kamu npsMbIX JUHUH (JIOMaHOM), ypaBHEHHS KOTOPBIX MOJCTABIISIIOTCS B
HenuHelHble 1udypaBHeHus, onvckiBatomue [111. ITpu aTom cucteme NCXOIHBIX HETUHEHHBIX CO-
OTBETCTBYET COBOKYITHOCTh CUCTEM JIMHEHHBIX AU(YpaBHEHUI, pelIeHUEe KOTOPHIX MOXKET OBITh
HalICHO U3BECTHBIMU MeToAaMu. IlocTosIHHBIE HHTErpUPOBaHNS, MOSBIISIIOIIMECS IPU PELLIEHUN
CUCTEMBI JTUHEUHBIX TU(ypaBHEHUN, ONPEIENIAIOTCS IIyTEM IIPUIIACOBBIBAHUAY, T.€. COTJIacOBa-

HUA peIHeHPlﬁ, IMMOJIYYCHHBIX Ha COCECIHUX JIMHEWHBIX y4dacTKax.
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4. Meton mocienoBaTeIbHbIX HHTEPBaiIoB. CyIIHOCTh METOJIa OCHOBaHA Ha MPEIJIOKCH-
HOM DiiepoM MpUOIMKEHHOM CITOCO0e pellieHust HeMMHEeHoTo AudypaBHeHus. [Ipu aToM Bpems
[1IT paz6uBaeTcs Ha Psi/I TOCTATOYHO MaJIbIX HHTEPBAJIOB t, KOTOPHIMU 3aMeHsieTcs dt, uMeroreecs
B YPaBHEHUH. JTO MO3BOJISIET HA KXKJIOM MHTEpBAJiC ONPEACATh MPpUpAIEHHEe OJHON U3 BEJH-
4uH, Xapakrepusytomux HD. [lomymenue o ToM, 4To Apyras BelTu4nHa, Xapakrepusyromas HO,
UMeeT 3HaUYEeHHEe, COOTBETCTBYIOIIEE IPEbIIYIIEMY YYacTKy, O3BOJISIET OCYIIECTBISATH EPEX0/T
OT OJIHOTO MHTEpBaia K Jpyromy u npousBect pacueT IIII oT HayanbHOrO COCTOSIHUS 71O €ro
NPaKTUYECKOTO 3aBEPIICHHUS.

5. Meton rpadudeckoro uHTerpupoBanus. Ero cymHocTb: B UCXOJAHOM AU(PYpaBHEHUHU
HY’KHO pa3JIeIuTh NIEPEMEHHBIC, BbIPA3UB MPOU3BOIHYIO OJHON U3 HUX, HAIIpUMEDP, 110 BpEMEHHU t
B BUJIe HeKoTOopoi ¢pyHkuuu. Toraa oTBeT A1 3TON MepeMEeHHOM OyeT npeACcTaBiIsATh cO00N UH-
Terpas ot ykazanHou pyHkiun. [IockoapKy 3HaU€HHE HHTETpalla paBHO IO, OTPAHUICHHOM
MOJBIHTETPATTLHON (QYHKIUEH, TO, 31aBasICh Pa3TMIHBIMUA 3HAYCHUSIMHU BEPXHETO Tpe/iea HHTe-
rpaja, MO’KHO KaXKIbIi pa3 ONpeeNsiTh COOTBETCTBYIOIIEE 3HaYCHIE HCKOMOM IIepeMEHHOM U To-

JIYYUTDb 3aBUCUMOCTb MCKAY 9TUMHU BCIIMUUHAMHA B TCUCHUC BCCTO IMEPCXOAHOIO IIpouecca.

3aoanusn:

3aoanue Nol

B cxeme MeTomoM rpadHuecKOro HHTErPUPOBAHUS PACCUUTATH TOK | MEPEXOTHOIO TPO-
1[ecca B KaTyIIKe CO CTaJbl0, IOCTPOUTH €T0 TpaduK, eCIIH B IIENH JEeHCTBYET UCTOYHHUK TOCTOSH-
Horo toka J =104, r =1 Om, nnmuna cpeaHeit marautHo muaun | =50 cu, ceuenue cepeunnka
(ctanmb 1512) S=100 cy?, a ymcno BuTKOB Katymku W = 490. TToTokOM paccesHus U TIOTepAME

B CTaJId IPEHEOPEYb.

Pucynok 1 — [lpuHuunuansHas cxeMa K 3ajade

3aoanue Ne2

Karymixka, conepsxamass 200 BUTKOB, HAMOTaHHBIX Ha cepAeUHUKE U3 cTtanu 1512, Bkitto-

yaercs Ha Hanpsokenue U = 2000 Sin(1007z 't)B. JlnuHa cpenHel MarHUTHOM JIMHUM COCTaB-
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nstet 50 cm, a ceuenue cepaednnka 200 cu’. AKTUBHOE COMPOTHBIIEHKE MPOBOAA OOMOTKHU COCTAB-
asiet 1 Om. Tpebyercs: mpeHeOperast HOTepsSIMH B CTaJIU M IOTOKOM PaCCESTHHS, pACCUYUTATh MOTO-
KOCLICTJICHHE U TOK MEPEXOIHOT0 MpOIecca, MOCTPOUTh MX I'paUKH; ONPENeIUTh CTEIeHb Ipe-
BBIIICHUA MAKCUMAJIbHBIM TOKOM IICPEXOAHOTO MMPOLCCCAa aMIUNIMTY Ibl TOKA YCTAHOBHUBIICTOCA pC-

Kuma.

Konmponwsnsie sonpocwi:

1. B uem 3aKkiIr09ar0TCsl OCOOEHHOCTHU pacyeTa MEPEXO0IHBIX MPOIIECCOB B HETMHEHHBIX 11e-
msx?

2. B 94eM COCTOMT CYIIHOCTh METOIa YCIOBHOMU jrHeapu3aiuu? C 4eM cBsi3aHa ero HeBbI-
COKas TOYHOCTH?

3. B geM 3akirodaercss OCHOBHOE MPEUMYIIECTBO METOJa aHAIUTUICCKOW arpoOKCHMa-
uuu?

4. Cneayer JId IPUMEHSATh METOJT KyCOYHO-TMHEHHOM aIlpOKCUMAIIMH I pacueTa rnepe-

XOJHBIX ITPOLCCCOB B LCIIAX C IMTAHUCM OT HCTOYHHKA IICPEMCHHOT'O HaprI)KeHI/I}I?
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Ilpakmuueckasn pavoma Nel9. Pewenue ougppepenyuanvrvix ypasueHuit 0na 00Ho-
POOHOI TUHUU C PACRPEOEICHHbIMU NAPAMEMPAMU NPU YCIMAHOEUEULEMCA CUHYCOUOAIbHOM
moke. Pacuem snekmpuueckux yeneil ¢ pacnpeoeneHHbIMU NAPaMempamu 6 yCmaHo6ue-

uwemca pericume.

Ilenw: VI3yunTh METOUKY pacyeTa JIeKTPUUYECKUX LIeTIel ¢ pacipeieIeHHbIMU TapaMeT-

paMu B YCTaHOBUBIICMCS PCIKUMC.

YcrpoiicTBa Wi JIEKTPUIECKHUE 1IETH, B KOTOPBIX TOKH 1(X,t) 1 HanpsbkeHus U(X,t) sBis-
I0TCSl QYHKIMSMHU HE TOJIKO BPEMEHHU t, HO M 3aBUCAT OT KOOPJMHATHI X, HA3bIBAIOT JJIMHHBIMU
JUHUSMHU WU JTUHUSIMU ¢ pacrnpenenénusivu napamerpamu (JIPIT). @akropamu, KoTopbie 00y-
CJIOBJIMBAIOT PACHPEACIEHHOCTD IIAPAMETPOB, SIBJIAIOTCS 3HAYUTENIbHAS IPOTKEHHOCTD YCTPOM-
CTBa B ITIPOCTPAHCTBE, BBICOKOE HANPsLKEHHE, BbICOKast yacToTa. [Ipumepamu JIPII sBisroTcs: nu-
HUM 3J1eKTpornepenad HanpsbkeHreM 110 kB u Bblie, KopoTKue TMHNY CBsI3H Y MUKpO(doHa, Kabenb
TEJICAHTEHHBI, CAMU aHTEHHBI PAUO U TEJIENEPEIaTINKOB, YCTPOMCTBA 3aCPKKH CUTHAJIOB, TUP-
JITHJbI U30JIATOPOB.

HCXO}IHBIMI/I XapaKTCPUCTHKAMHA WJIW NCPBUYHBIMU MMapaMETpaMu JIIMHHBIX JIMHUH SBIA-

FOTCS:

- o, OM/M — IPOJIOJILHOE COMTPOTUBJICHHUE TUHUH HA €MHHIIC UTUHBI;

- go, CM/M — HoniepeuHast IPOBOAUMOCTD JTUHHUH, IPUUEM (o # 07

- Lo, T'u/m u Co, /M, COOTBETCTBEHHO, — UHAYKTHBHOCTh U EMKOCTh JINHUU Ha €TUHUIIE
JUTAHBL.

Ecmu mapameTpsi ro, o, Lo, Co oMHAKOBBI 1O BCel JUTHHE JIMHUH, TO JTMHHS HA3bIBACTCS
OJIHOPOAHOM. B cripaBouHOI! UTEpaType CyIecTBYIOT (hOPMYJIbL, IO KOTOPHIM MOXHO PacCUUTATh
MEPBUYHBIE TAPAMETPHI JIMHUU 10 U3BECTHBIM KOHCTPYKTHUBHBIM MTapaMeTpaM.

Haubonee obriyie ypaBHEHUS IBYXIIPOBOIHON TUHUH, KOTOPBIE CITPABETUBHI JIJIs TIOOOTO

pexxuMa paboThl, UMEIOT BUJ:

-—u= ro-i + Loa—i,
OX ot
_ ou
-&ZQO'I +COE.

Ecmu >xe nmuHHMS paboTaeT MpH CHHYCOMJAIBHBIX TOKaX M HANPSDKEHUSAX, TO YPAaBHEHHS

YIPOIIAOT, CBOJS X B KOMIUIEKCHOU popMme K oHOMY TuddepeHInaIbHOMYy YPaBHEHHIO BTOPOTO
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NOpsIZIKa C HYJIEBOM IIPaBOM 4acThiO. PelieHne Takux ypaBHEHUN MOXKHO 3alMCaTh I IEUCTBY-
IOIIMX U MTHOBEHHBIX 3HAUEHUI HAPsKEHUs U TOKA B JIIOOOH TOYKeE, OTCTOALIEH Ha pacCTOSIHUN
X OT HayaJa JMHUM WU HAa PACCTOSHUU Y OT €€ KOHIIA:

U(x)=Ae” +Ae” =U ;, +U

_np;
1 du 1 X —7X
I(X)=—— —==— Ael —yA,e D 1==1 . +1,;
_( ) ;0 dx ;0[7_/_1 VA2 ] ~ob6p T Lnp

u(x,t) = \/E Aie®-sin(ot + yosp + BX) + \/E Aze"*sin(ot + ymp — BX);

i(x,t) = - \/E Zieo‘x-sin(wt + Yoop — @C + BX) + \/E ?—Ze‘ax-sin((»t + Ynp — @c — BX);
c c

U(x)=Uchyx—Zcl3shyx;

l(X)=—$5h7X+110h7X;
Ze ~ B

U(y)=U,chyy+Zc1,shyy;

U
L(y)=g—zshzy+chhzy-
=C

3necs:  Zo=ro+ joLo, OM/kM, Yo =go+ joCo, CM/kM;

j =0
Zc=Zc € e - =0 , OM — XapakTepucTHuecKoe (BOTHOBOE) COITPOTHUBIICHUE TUHUH;
-0

Y = ZoY g =0a+]jB, 1/km — ko3 duimenT pacnpocTpaHeH s BOIHEI B IMHUH;

o, Ho/km — xoadumueHT 3aTyXxaHus BOJHBI;

B, pan/km — koaddurmeHT n3MeHeHus Gas3pl BOJTHBI B TUHUH;

A1, A2, Ynp, WYoop — TOCTOSTHHBIC MHTETPUPOBAHHUS;

Ui, Uz, I1, |2 — manpspkeHMe U TOK, COOTBETCTBEHHO, B HAYaJIe M B KOHIIE JIMHUMU.

Benmmawabl Zc MY Ha3BIBAIOT BTOPUYHBIMY MTapaMeTpaMH JIMHAW, UX MOXHO PacCUHUTATh
yepe3 NepBUYHbIE apaMeTpbl JUHUU 1o, o, Lo, Co, 1 HAOOOPOT.

W3 ypaBuenuit (8.3) 1y1s1 MTHOBEHHBIX 3HAYEHHH CJIEyeT, 9TO B JJFOOOM CEUECHUU JTMHUU
TOK ¥ HAIIPSHKCHUE €CTh HAJIOKECHHUE JIBYX BCTPEUHBIX 3aTYXAIOMIMX CHHYCOHI-BOJIH — MPSMOM (T1a-
natouieit) u oopatHoi (oTpaxéHHoi). UHBIMM clOBaMU: B TUHUM UMEIOT MECTO BOJHOBBIE IPO-
LECCBI, IPUYEM:

U(X,t) = Ump + Uosp;  1(X,t) = lp — logp
Berymiyto 3meKTpOMarHUTHYIO BOJIHY MOXHO OXapaKTepU30BaTh HAINPSHKEHUEM, TOKOM,

JUTMHOH BOJTHBI A U (pa30BO CKOPOCTHIO €€ paclpOCTpaHeHUS V.

254



A=2n/B=Vv/H, vV=on/p.

[Mockonbky ko3¢ ¢uimeHt hassl  Bopaxkaercs yepe3 o, Zo, Yo, TO JAJIHMHA BOJIHBI U CKO-
POCTh €€ pacpOCTPAHEHUS 3aBUCST OT YaCTOThI U TAPAMETPOB CaMOM JINHUH.

JI1s1 BO3AYIIHBIX JIMHUN XapaKTEPHO:

Ze>1500m, Vet

= ¢ = 300-10% km/c,
Ho " &9

11 KaOeNIbHBIX JIUHUI 00b1aH0:  Zc < 120-150 Om, V = %c = 150-10% km/c.
BxomHOE conmpoTHBICHNE U MApaMeTPhl JIJMHUU MOTYT OBITH OMPEIENICHBI 10 € KOHCTPYK-

TUBHBIM IapameTpaM (10 CIPaBOYHBIM JAHHBIM) WIH 110 Pe3yJbTaTaM OIBITOB XOJOCTOIO X0/a U

KOPOTKOT'O 3aMbIKaHus (ZH — COPOTHBIICHNE HATPY3KH, | — inHa nuHum):
Zy+Zc -thyl
Zpx==L=Zc —=7Z Lntlis ; ZXX:—ZC , Zk3= Zc-thyl.
1y Zy thyl+Z¢ Zy +Zxy thyl

UYepes conpoTuBiieHUs1 ZxxX U ZK3 BTOPUYHbBIE, a 3aTEM U NEPBUYHBIE NTapaMeTPhl JTUHUU
OTIPEEIIAIOTCS 110 BBIPAXKEHUSAM:

Zy; 1+thyld _
Zc = l;xx .;KB : thy| = ZXX : 1_th£| — eZod.e]ZﬁI;

|Z
y-Zc=~/ZoY o ;—0 =Zo=Ro + joLo; v/Zc =Yo=go+ joCo.
20

OTHollIEHHE HaIPA>KCHU A HaIIaIOIIIGf/'I BOJIHBI B KOHIIC JIMHUHW K HAITPAKCHHUIO OTpEl)KéHHOfI

BOJIHBI B KOHIIE€ JIMHHUHN HA3bIBACTCA KO3(1)(1)I/IHI/ICHTOM OTpaXCHUA BOJIHBI:

K = Alezl _Zn—Zc
Ae? Zpy+Zc

CooTHoIeHUs AJIs TIMHUM NIPU COTTIacOBaHHOW Harpyske Zp = Zc:

U(y)=U,e?” =U, e e,
Zpx=Zc; m=e,

l(y):L—J_z.eZy zg.e‘)‘y .ejﬂy_
Zc Zc

B TexHuke cBs3H, T/Ie BO3MOKHBI CUTHAJIBI IIUPOKOTO AUANa30Ha YaCcTOT, BBIICTSIOT ITOHS-
Tus TMHUK O0e3 nckaxxeHuil curnanos (JIBU), B koTopoii curHansl Ha BceX 4acToTaxX pacripocTpa-

HSIOTCSI C OIMHAKOBOW CKOPOCTBIO U 3aTyXaloT B PaBHOM cTeneHu, u uHuu 0e3 noreps (JIBIT), B

koTopoit Lo >>ro, ®Co>> Qo u BenMuuHaMH [0, Jo MOXKHO IpeHEeOpeyb.
Cootnomenus i JIBU:
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1
Yo _Y0. 4= frge=f(®), B=wLeCq; V=r—=Tf(0),
XapakTepucTuueckoe conporusnenne Zc =./Ly/Cy pesuctusHoOe. (8.11)

Coornomenust aist JIBIL: r0=0, go=0; a=0%f(0), B=0,/LyC);
V= ﬁ # f(w); JIBII sBsieTcs yacTHbiM ciiydaem JIBU;
0~0

XapaKkTepucTHueckoe conporusnenne Zc =./Ly / Cy pesuctusHoe;

ocHOBHbIE ypaBHeHus JIbII:

U(y)=
I(y)=]

IC

2COS Sy +JZc 15SInpYy;
2sinpy +1,cosfy;

N|IC

&

BXoaHoe conporusieHue JIbII:

Zpx = Zc- ZH +_JZC g/l , Ixx = -jZ—C; Zx3 = jZctgpl.
Zy - jtgfl+Z¢ tgpl

B kxypce TOD ocnossl Teopun JIPII paccmaTpuBaroTcs NPUMEHUTEIBHO K OJHOPOIHBIM

MeETpEI fo, do.

JIBYXIIPOBOJHBIM JIMHHSIM, paOOTAIOLINM IPY CUHYCOUJAIBHBIX TOKaX U HalpsbkeHusax. Bee pac-
YETHbIE COOTHOILIEHUSI MOTYT OBITh pacCIpPOCTPaHEHbl HA CUMMETpPUYHbIE TpeX(da3Hble JTUHHUU C
yu€ToM O0JTHOH (ha3bl, a TaKXKe Ha JIMHUM MIOCTOSIHHOTO TOKA. JIMHUAM MOCTOSIHHOTO TOKAa MHAYKTHB-

HocTh Lo 1 émkocTh Co Takike MPUCYIIN, HO HE MPOSIBISAIOT ceOs. 3/1eCh YUUTHIBAIOTCS JIMIIb [apa-

JIuHusa ¢ pacnpene€HHBIMHA MapamMeTpaMu SIBISETCS CUMMETPUYHBIM YETBIPEXITO-

ThIpEXnontocHuKa popmel A (cMm. /1/, pazz. 5)

Ui=A-Ux+ Bl 11=C-U2+D-lo,
HonyqaeM CJ'IC,ZIYIOH_[I/IC COOTHOIIICHUIA:
A=D=chyl, B=Zeshyl, c="
Zc

aocHukoM. Iloatomy, comocrasisas ypaBuenus JIPII (8.4) mpu y = | ¢ ypaBHEHUAMH Ye-

JIPII xak 4eThIpEXMOIOCHUK MOXKET ObITh npezacTasiieHa T- win [1- sKkBUBalIeHTHOM cxe-

Mot (puc. 8.1), COPOTHBICHHUSI KOTOPHIX BBIYUCIISIOTCS 1O (hOpMyJiaM:
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_ chyl -1
ZlT:ZZT:&:ZC'Z—; ZOT:£=Z_C,
C shyl C shyl
shyl
Zin=2m= B =Z A Zon=B = Zc-shyl.

D-1 ~chyl -1’

3aoanusn:

3aoanue Nel

Jlst onipeienieHrs mapaMeTpoB JIMHUH CBsI3H aiuHOoM 160 kv Ha yactote 1000 /7y mocTtas-
JICHBI OMBITHI XOJIOCTOTO X0Ja U KOPOTKOI'O 3aMbIKaHHUS, B PE3YJIbTaTe KOTOPBIX MOTyUYeHO: Zxx =

887-e 13" Om, Zxz = 540-e*!” Om. Onpenenuts nepBUYHbBIE ¥ BTOPUYHBIE IAPAMETPHI JIMHHH.

3aoanue No2

U3 ONBITOB XOJOCTOTO X0/1a M KOPOTKOTO 3aMBIKAHHS ISl JIMHUH CBs3H JutHO# | = 120 xou
na yacrore 800 [y naiineno: Zxx = 182e1%° Om, Zx3 = 209e *1° Om. Tpebyercs onpenenuts
BTOPHYHbIE ¥ EPBUYHbIE APAMETPhI IMHUM, a TAKKE BLIYUCIUTH BXOJHOE CONPOTUBIICHHUE JIH-

HUH, ecliu €€ Harpy3uTh Ha Zy = 2Zc.

3aoanue No3

DKCIEePUMEHTABHBIM MyTEM yIaI0Ch MONYYHTh HEKOTOpPBIE MapaMeTphl JMHUM CBSI3H
mmuHoi | =140 xu, paGoraromeit Ha yactore f =1500 Iy: Zc = 710-e 7 Om, Zo= 19,2.¢1'”
Om/xm. TpebyeTcs pacCUHTaTh IIEPBHYHBIC M BTOPHYHBIC TAPAMETPbI, ONPEICINTh BXOIHOE CO-

IMPOTHUBJICHUEC B PCIKUMCE XOJIOCTOI'O X04a U B PECKUME KOPOTKOI'O 3aMbIKaHUS.

3aoanue Ned

Jlsist IByXIIPOBOIHON BO3AYIITHOMN JTMHUW CBS3HM M3BECTHHI BTOPHUYHBIE MapaMeTPhl Ha Ja-
crore 50 Iy Zc = 440-e 1% Om, y = (4 +j18)-10 3 1/km. Dta nuHUS pabOTAeT HA MOCTOSHHOM
TOKe W nuTaeT Harpy3ky g = 400 Om. Hanpsbkenue Ha Bxoae muann Ui = 600 B. Onpenenuthb

U2 u |1, eciu ymmaa auaun | = 200 kv, Onpenenuts conpotuBieHus T- u [1-cxem 3amerieHus

JIPIT anunoit | = 400 xu ¢ mapamerpamu: Ze= 391e 7 Ou u y= (0,187 + j1,058)-10 = 1/xm.

3aoanue Neb
Tpéxdasznas craneamoMUHHEBas BO3AYIIHAS JUHHS dJieKTponepenaaun mHou 300 xm
uMeeT cienyrome napamerpsl (Ha daszy): ro = 0,08 Owm/xm, go =3,75-10 B Cmmm, wlo =0,42

Om/km, @Co = 2,7 mxCm/km. BeraucanTs BTOpUYHBIE TapaMeTphl JUHUH, (Ha30BYI0 CKOPOCTh U
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IuHY BosiHbL. Haiitu a3zHoe HampspkeHHe, TOK U aKTUBHYIO MOIITHOCTH B Hauasne aunuu, KII/I,
€Clii Ha MMPUEMHOM KOHIIE JuHEeHoe HanpsbkeHnue 330 kB, aktuBHasg MomiHocTs 300 MBm u xo-
s unrent MourHocTH Harpy3ku paBeH 0,92. BeIYUCIUTD KOMIUIEKCHI HAPSHKEHUS MaJatouiei u

OTpaXEHHOM BOJIH B Hauyase U B kKoHue JIOII.

3adanue Nob6
Hns tpéxdasznoit JIDII, cormacoBaHHON ¢ HArpy3kol, M3BECTHBI KOMIUIEKCHI (pa3HOro
HanpsxkeHus B Havane jdunauu Ui = 100 kB u daszHoro Toka B Konue qunuu l2 = 190e 197 A,

Onpenennts KI1J] unaun, eciu eé xapakrepuctuueckoe conporusienre Zc = 500e 319 Om.

3aoanue NeT

JByxnpoBoaHas juHUS auHON 100 xv HarpyeHa Ha TTOBTOPHOE COMPOTHUBICHUE ZC =
410e % Om. Hanpsikenue Ha Bxoge mHun — Ui(t) = 220~/ 2 sin(314t + 120°) B, Ha BbIxOzE —

ua(t) = 188,72 sin(314t + 79,9°) B. OmnpenenuTh TOK U HAITPSDKEHKE, 3aIMCaTh X MTHOBEHHBIC

3HaueHus B Touke 4 B 20 kv OT KOHIIA JIUHUU.

3aoanue Ne

Jluaus mmaHOM 25 xm monydaeT mutanue ot ucroununka DJIC er = 141,4sin5000t B ¢
BHyTpeHHUM comnpotuBienueM rgy =100 Om. [Tapamerpsl muuun: Zc = 335,5 — j497,4 Om, y =
(3,48 + j19,70)-10  L/km, Zu= Zc. OnpenenuTs TOKH, HAMPSKEHUS, MOIIHOCTH Ha BXOJE U B

KoHIIe uHuM, HauTh KIIJ[ nuaum.

3adanue Ne9
JIuans nmusoit | =20 kv u BTOpHYHBIMK MapameTpamMu Zc = 1350e 4 Om n y=0,0175
+J0,039 1/km HarpyxeHa Ha CONPOTHUBIICHHE, PABHOE BOJIHOBOMY. ONpeeuTh MOITHOCTE P2,

nepeaaBaeMyro B Harpy3Ky, ¥ MOUTHOCTh P1, IOJBOJUMYIO K JIMHUH, eciu Hanpsokeane Ui = 10

B

3aoanue NelO

I'eneparop nmocTostHHOTO TOKA ¢ HanpspkeHueM 10 kB nutaet nociae0BaTeIbHO COSTUHEH-
HBIC BO3IYIIHYIO JIHHHIO U Kabenbuyro. [Tapamerpsr Bo3aymHoi JIPIT: 11 =20 xm, ro1 =4 Om/km,
gor = 1-10® Cm/km. Tapametpsl kabens: l2 =40 ku, roz =0,5 Om/km, goz= 0,510 Cu/kcm. Kabens
MMEET COMIaCOBaHHYIO HAarpy3Ky. OrpenenuTs MOITHOCTH reHeparopa u npuémuuka, KI1/1 Bozayi-

HOM JINHUH, KaOeJId ¥ BCeH TUHUM.
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3aoanue Nell

ITo cunosoii JIDIT pquHoM 50 kv IepenaroTcsl CUTHAJIBI aBTOMATHKH U TeleMexaHuku. Ha
yacToTe curHana kod@uiment satyxanus o = 96 mHn/km, a Zc= 640e 7' Om. Ha yacrore
CUTHaJa MPUEMHHUK COIJIACOBAH C JIMHUEH. YPOBEHb CUTHAJIa B HA4alle JIMHUU (110 MOUTHOCTH)

paBeH 4,6 Hn. Onpenenuts HaIps>KEHUE CUTHaIA Ha IPUEMHOM YCTPOMCTBE.

3aoanue Nol2

MomHocTts nepenatoiiero ycrpoiictsa 1 mBm. Ha npuéMHUK, COTJIacCOBaHHBIN C TUHUEH,
umeromieit o = 0,02 Hn/km, He0OX0AMMO TIepeIaTh CUTHAI MOIITHOCTRIO He MeHee | mxBm.

OmnpeaenuTs A0MYCTUMYIO JaJbHOCTh CBA3H M COOTHOIIeHHE Hanpsokeruit U1/Uz2 curHana

Ha BXOJ€ WM Ha BBIXOAC JIMHHUH.

Konmponwvuwie eéonpocwi:

1. B uem 3axiirouaeTcsi pa3HUIA MEXIY LEMsIMH C COCPEIOTOYCHHBIMU U paclpezelieH-
HBIMU MTapamMeTpamu?

2. [To kakOMy KPUTEPHIO IETh OTHOCAT K KIJIACCY IETel ¢ pacIpeIeICHHBIMHI WIH COCpPe-
JIOTOYCHHBIMH ITapamMeTpaMu’?

3. HapucyiiTe cxemy 3aMenieHus JTMHHOMN JIMHHH.

4. OOBSICHHUTE MOHATHS MPSIMON U 00paTHOM OETyIIMX BOJH.

5. UTo Takoe COriacoBaHHBIM PEXUM PabOTHI LIEMU C PACIPEEICHHBIMU MapaMeTpaMu,

4YeM OH Xapakrtepuzyercs?
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Ilpakmuueckasn paooma Ne2(. Pewenue ougppepenyuanvrvix ypasHeHuii 0na 00Ho-
POOHOI TUHUU C PACRPEOEICHHbIMU NAPAMEMPAMU NPU YCIMAHOEUEULEMCA CUHYCOUOAIbHOM

moke. Pacuem nepexoonblx npoyeccoe 6 OJIUHHbBIX TUHUAX.

Iens: IIprnoOpecTy HaBBIKK pacyeTa W aHAJIU3a IMEPEXOIHBIX MPOIIECCOB B JUTMHHBIX JIH-

HUSIX.

Ochogbl meopuu:

[Ipu ananm3e nepexoansix npoueccos B JIPII nenarored ciienyromme Oy ILeHUS:

- pacCMaTpUBAIOTCS IEPEXOIHBIC MPOIIECCHI, BOSHUKAIOIINE TOJIHKO B PE3YJIBTATE KOMMY-
TalMii;

- Ip1 aHalu3e nepexoaHbIx npoueccoB B JIPIT He TpeGyeTrcs BbICOKast TOUHOCTh, YTO M03-
BOJICT CACIATh HMXKCIIPUBCACHHBIC JOIMYIICHMA,

- npeHeOperatoT pe3ucTuBHbIMU emeHTamu JIPII ro u o, To ecTh paccMaTpuBarOTCsl TOJIBKO
auHuM 6€3 noreps. B aToM cityuae pacuér ynporuaercs, nockonbkKy B JIBIT BosiHBI pacripocTpaHstoTCst
0e3 3aTyXaHus, a XapaKTePUCTUUYECKOE CONPOTUBIICHHUE SIBIISIETCSI YMCTO PE3UCTHBHBIM, Oilarofapst
4eMy HE HCKaXKaeTcs (PPOHT BOJIHBI IIPH €€ IBM)KECHUH;

- B TCYCHHUE MCPEXOAHOT'O MPOIECCAa UCTOUYHUKU CUUTAKOTCA ITOCTOSHHBIMU, IMMOCKOJIBKY JIJIN-
TEJIbHOCTh POOETa BOJIHBI BJIOJIb JIMHUM TTOYTH BCET/Ia 3HAUUTEIBHO MEHbIIIE IIEPUO/Ia IIEPEMEHHOTO
VCTOYHHKA;

- IIPY PACCMOTPEHUN MHOTOKPATHBIX OTPAKEHUM B JIMHUAX OTPAHUYMBAIOTCS TOJIBKO PE3U-
CTUBHBIMU LICITAMU. Ecnm MCTOYHMKN CUMTAIOTCS IIOCTOAHHBIMU, TO B IMHUU 6YJIYT TOJIBKO BOJIHBI C
HPSMOYTOJIBHBIM (DPOHTOM.

HcxonHpIMu 41 pvaéTOB SABJIAKOTCA YPAaBHCHUSA JIMHUU 0e3 MOTCPb B HACTHBIX IPOU3BOI-

HBIX:
ou ol
-—=Lo—;
OoX ot
ai_au
ox ot

VYpaeuenus (8.13) cBomsrest k BuIy AU depeHIMaIBHBIX YpaBHEHUIH BTOPOro Nopsiika 0e3

MPaBOM 4acTH

ox% ve ot?
o%i _ 1 a%
ox2  v? ot?
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Pemenue 3anmuceiBaroT B BHC HAJTOXKCHUA ABYX BCTPCUYHBIX BOJIH, HpSIMOfI u O6paTHOﬁZ

X X
ux;t) = gu(t——) + @2(t +—) = Unp + Uosp;
\Y; v

. 1 X X
i) =——[en(t——) — @2t +—)] = inp — logp
Zc v v

[TockonbKy TMHUU 0€3 TOTePh UMEIOT YUCTO aKTUBHOE BOJTHOBOE COIMIPOTHBIICHHE, TO 3a-
koH OMa B mpejienax KaxI0i U3 BOJIH (HO HE IS Pe3yJIbTHPYIOMHX U, 1) MPUMEHUM U K MTHO-
BCHHBIM 3HAUCHUSIM BEJIMUNH:

Unp = ZcC"inp; Uoop = Zc"lo6p; u# Zc-i.

VYpaBHEHUS [T TOKA U JUIsl HAPSHKSHUST BOJTHBI COBEPIIEHHO OJIMHAKOBBI, IPHUYEM, B HUX
MPOM3BOJIHBIC TI0 KOOPIMHATE MTPOTIOPIIUOHABLHBI IIPOU3BOIHBIM 110 BPEMEHH OT TEX )K€ BEJTUUHH.
DTO 03HAYAET, YTO B MEPEXOTHOM IPOIECCe JOCTATOYHO HAWTH 3aBUCHMOCTH JTHOO TOKa, JIMOO
HAMPSHKCHUS OT BPEMEHU IIpH (PUKCHPOBAHHOM KOOPJIMHATE, a 3aTeM, JIJISI TOJTyYCHUS 3aBUCUMOCTH
OT KOOPAMHATHI /151 PUKCHPOBAHHOTO MOMEHTA BPEMEHH, MEPEHTH K apryMeHTy [ty — x/v].

Hauanom nuaum OyieM Ha3bIBaTh MECTO MOAKIIFOUCHUS K JIMHUU UCTOYHH -

Ka, a KOHYOM JUHUU — MECTO, TJI¢ MOAKII0YaeTCs Harpy3ka. BoiHbI, IBIKYIIHECS OT Hadaia
JUHUYU K KOHITy (B HAIpaBJICHWH BO3pACTaHUs KOOPIWHATHI X, OTCYUTHIBACMOM OT Hadaja JIn-
HUM), HA3BIBAIOTCS npsimbimu. BOIHBL, IBWKyIIHECs 00paTHO (B HAIIPaBJICHUU BO3PACTaHUS KO-
OpIWHATHI ), OTCYUTHIBAEMON OT KOHIA JTMHUM), HA3bIBAIOTCS 0Opamubimu. Bo3HUKAIONIYIO B
pe3yabTaTe KOMMYTAIMH BOJHY HA30BEM nadaroweti, a BOSHUKIIYIO B pe3yJIbTaTe OTPAXKEHUS
najammeit — ompascéunoi. Takum 00pa3om, eciau KOMMYTallUsl TPOUCXOINUT B HaYalle JIMHUH,
Na/Iaf0Iasl BOJIHA SIBJIICTCS MIPSIMOM, a OTpaxkEHHas oOpaTHOW. B ciyyae koMMyTanuu B KOHIIE
JMHUH 00paTHAas BOJHA €CTh MaIaroIas, a mpsiMas — OTpakEHHasI.

Pacuér kak BO3HUKAIOIIMX BOJH, TaK U OTPAXEHHBIX U MPEIIOMIEHHBIX, BBITIOHSIETCS 110
cXeMaM 3aMEIICHHS, COCTABIICHHBIM JIJIsl CCUCHUI JIMHHH, TJIC 3T BOJIHBI BOHUKAIOT. Ecii BoJTHA
BbI3BaHA KOMMYTAIIMEH B IPOU3BOJILHOM CEUEHHHU JIMHUM, TO €€ Pacu€T Ha OCHOBAHUU MPHUHIIMIIA
HAJIOKEHUS CBOJIUTCS K PACCMOTPEHHIO MEPEXOHOTO MPOIIeCcCa Om GKIIOUEeHUsT COOTBETCTBYIO-
IeH TACCUBHOM 1IeTH Ha sKksusaneHmuwvlil ucmoyHuk 3/]C s = Upys (TIPU 3aMBIKAHUH pyOUITHHHKA,
cm. 3agaun 8.30-8.33) wut moka joxs = Ipye (U pa3sMbIKAHUHU pyOMIIbHEKA, CM. 3a1aun 8.34-8.36).
31ech Upy — HalpsKEHUE HA PA30MKHYTOM PyOMIIBHHKE, Ipys — TOK Ye€pe3 3aMKHYTBIN pyOHIBLHHK B
JIOKOMMYTAIHOHHOM pexuMe. B cxeMy 3aMerieHusi JUisi COOTBETCTBYIOIETO CEYCHHUS JIMHUM
BKITIOUYAIOTCSI BCE DJIEMEHTHI C COCPEIOTOUECHHBIMU MTapaMeTpaMu, UMEIOIITHECS B JAHHOM CEYCHHH,
a JIMHHS TPECTaBISIeTCs pe3ucTopoM Zc. Berurciennsie B mepexoanom mporecce i(t), u(t) maka-

ABIBAIOTCS Ha YCTAHOBUBIIHECS 3HAUCHUA JOKOMMYTAallMOHHOT'O PEXKHUMaA.
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Pacuér nmepexoHOTO Mporecca, BOSHUKAIOMIETO B Pe3yJIbTaTe MPUX0/1a TTaJar0IIe BOIHEI
B KOHEII JIMHUY (B y3€7 HEOAHOPOAHOCTH 2-2"), Harpy>KeHHOW Ha MPOU3BOJIIBHOE CONPOTHUBIICHHE
Z (puc. 8.2,a), BBITIOJHIETCS 110 SKBUBAJICHTHOM CXEMe C COCPEOTOYCHHBIMH MapaMeTpaMu (puc.
8.2,0) mpu HyJIEBBIX HE3aBUCHUMBIX HaYaIbHBIX yciaoBusaX. [amee, u3 hopmyn 122 = inao — lomp ¥
U22° = Unao + Uomp, OCHOBAHHBIX Ha TPUHIIMIIC HAJIOKEHHS, 3HAsl TTapaMeTphl Taaloield BOJIHHI,
MO’KHO paccuuTaTh HANpsHKEHUE U TOK OTPaKEHHOW BOJHBI B (QYHKIUU BpeMeHu U i HyneBon
koopauHatel y = (. ConpoTtusienue Z MOKET BKIIOYATh B ce0s Ipyrue JIMHUY, IPEICTaBICHHbIC
CBOMMHU XapaKTEPUCTUYECKHUMHU CONPOTUBICHUSAMU. PaccunTaHHble Ui HUX TOKH U HalpsOKeHUs
1o cxeme 8.2,0 sIBJIAIOTCS TapaMeTpaMu MPEJIOMIEHHBIX BOJIH, 3allMCaHHbIC B (QYHKIIMH BPEMEHU
JUTSL HyJIeBO KoopauHathl x = 0 (cM. 3amaun 8.44-8.48).

[Tpu aHanM3e MHOTOKPATHBIX OTPaKEHUN pacyueT MOCeIyIOIIUX BOJIH BEIETCS Yyepe3 Ko-
3 PUIMEHTHI OTpaKEHHS OT BHYTPEHHUX IIeTnieil ncTouHuka (N1) U oT Harpy3ku (N2):

=R ~Zc .

1:RBH —Zc; ,
Ry +Z¢ Ry +Z¢

n

Uomp k = N2:(N1°N2)5Unaot; Unao k1 = (N1-N2)%: Unaot.
Pesynbrupytomue ToK 1 HanpspKeHUe Ha JIF000H MOMEHT BPEMEHH HaXOIATCSI HATIO)KEHUEM
BCEX MPOILIEIIINX K JAaHHOMY MOMEHTY BOJIH. [lepexoiHblii nmpoliecc MOKET UMETh anepuoarye-
CKUI 1M KosebarenbHbli Xxapakrep. Ilepexoanslii mpolecc CYMTaIOT 3aKOHYMBILUMCS, KOTAA pe-
3yJbTUPYIOIIME TOK M HanpsbkeHue nocturatroT 95-98% ot ycraHoBuBLIMXCS 3HA4YeHUM: T =

k- tnp06eza .

3aoanusa:

3aoanue Nol

JIuums 6e3 moteps ¢ mapamerpamu Zc = 250 Om, | =140 xm, v =280-10° xu/c momxmoua-
€TCsl K MCTOYHHKY ITOCTOSTHHOTO Hanpsbkenus: £0 =120 kB ¢ BHyTpeHHeW HHIyKTUBHOCTHIO Lo=0,15
I'n. Konernr muaun pa3oMKHYT. TpeOyercst mocTpouTh rpadKu pactpeaeneHus Hanpsokerus U(tgp,

y) u ToKa i(tp, y) BIOJIb IMHUM [T ABYX MOMeHTOB Bpemenu: t1=0,75l/v u t2=15l/v.

~ o o a) o)
~* 1 Z.lv 2
Upyg
Ey
Ly 1 3
M O

Pucynok 1 — [IpyHuunuansHas cxema K 3ajade
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3aoanue Ne2

K nuaum 6e3 motepk, paboTaroriel B pexuMe X0JI0CTOro X0/a, moAKrodaeTcs FC-Harpyska.
Onpenenuth mapaMmeTpbl BO3HHUKAIOIIEH OOpaTHO BOJHBI M MOCTPOUTH Tpaduk pacrpeneneHus
BOJTHBI 110 TuHMM Yepe3 tp = 150 mxe mocne moakimtoueHust Harpy3ku. Yucnosele nanneie: Eo=100

B, Zc =250 0m, |=25xu, v=100-10°xm/c, ry=150 Om, Cu=0,125uxd.

1 < 5
o 1 o= S
zc, f, ¥ LtPEE' g
EIII -IL'_D -L'_u |
—Cx
1 2
O O

PucyHnok 2 — [IpuHIunuaneHas cxeMa K 3azade

3aoanue No3

BosayuwHas nnnHua (I= 70 km, Zc = 400 Om), npucoeanHEHHAsA K reHepaTopy C Hanpsaxe-
Huem Up = 100 KB (ro= 0), aanTtensHo paboTana B pexmMme X0/I0CTOro Xxoaa.

MocTpouTb rpadmKkM pacnpeseneHma HanpaXeHUa 1 ToKa BAOJb UHUN AN MOMEHTA
BpemeHu cnycta 0,2 Mc nocne NoAKAYEHUA K KOHLY TMHUN HEPa3BETB/IEHHOM aKTUBHO-UHAYK-

TMBHOWM Harpy3sku: r=2000m, L =100 mlH.

O b2

Pucynok 3 — I[IpunnunuansHas cxema K 3agadye

Konmponwsuwie sonpocoi:

1. Kakue nenu Ha3pIBarOT LEMSMU C paclpeAesICHHBIMU Tapamerpamu’? B yem coctosar nx
ocobenHocTH? [loueMy AMTMHHbBIE TUHUK OTHOCAT K LIETISIM C pacrpeaeIeHHbIMU apaMmeTpamu?

2. Kak coctasnsitor auddepeHnmanbable ypaBHEHUS JMUHHBIX TMHUNA? Kak ocymiecTsiis-
€TCsI TIEPEX0] OT YPaBHEHUH B YaCTHBIX NMPOU3BOAHBIX K OOBIKHOBEHHBIM U (EpEeHIIHATEHBIM
ypaBHEHUAM?

3. Onumure BOJHOBBIE IPOLECCH] B JIMHHOW JTMHUM ITPU FApPMOHUYECKOM BO3ICHCTBUM U

“X 0COOCHHOCTH.
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4. JlaiiTe 0OIIyIO0 XapaKTEPUCTUKY peKkUMa Oerymux BoJH. KakoBbl 3aKOHBI M3MEHECHHS
aMIUTUTYJ U (a30BBIX YIJIOB B 3TOM pexume?

5. B ueM cocTosAT 0COOEHHOCTH PEKUMOB CTOSUUX U CMEILIAHHBIX BOJIH?

6. Kakue 0coOeHHOCTH HECTAllMOHAPHBIX MPOIECCOB HAOIIOJAIOTCS B JIMHUM C COTJIaco-

BaHHOW Harpy3Koi, B HECOIJIACOBaHHOW JIMHUU, B PA30OMKHYTOH U KOPOTKO3aMKHYTOM JTUHUSX?
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Ilpakmuueckan paboma Ne21. Inekmpocmamuueckoe none. IneKmpocmamuueckoe

no.Jie.

I[ens: V3yunth METOUKY M MPUOOPECTH MPAKTHUECKUE HABBIKU pacueTa dJIEKTPOCTATH-

YECKOI'O ITI0JIA.

Ocnoevt meopuu:

DIEKTPOCTATUUYECKOE MOJIE SIBJISICTCS YACTHBIM CIIy4aeM 3JIEKTPOMArHMTHOr0, OHO CO3/a-
€TCA B I[I/IZ-)JIGKTpI/IKe HCIIOABUXHBIMHU B HpOCTpaHCTBe U HCU3MCHHBIMU BO BpeMeHI/I 3ap;1;[aM1/1.
Pazmmuaror:

- JIMHEHHBIN 3apsia;

im 24 _da.

= lim==
r—0 | dl
- IOBEPXHOCTHBIN 3apsI:
: d
=lim 24_ q’
s»0 S dS
- OOBEMHBIN 3apsi:
: d
p=1lim &:—q.
V-0V dv

OCHOBHBIMH BCIIMYMHAMH, XapaKTCPHU3YOIIUMU CBOMCTBA ATOTO OJIA, SABJIAKOTCA €ro
HaNpsAKCHHOCTb U IMOTCHIMAJI. Ecmu B QJICKTPOCTATHUYCCKOC IT0JIC ITIOMECTHUTL HACTOJILKO MaJbId

HpOGHHﬁ 3apAad, 4YTO OH CBOUM HNPHUCYTCTBUCM HC UCKA3UT €ro, TO Ha HETO 6y,Z[CT JIENICTBOBATh

—_

cuna F , OTHOLLIEHUE KOTOPOM K BEJIMUUHE 3apsA/ia U Ja€T HAIPSIKEHHOCTD MOJIA E=Ilim—.
q—0(Q

PaszmepHOCTH HANPSKEHHOCTH
H Jx B-A-c B
Kn mKn m-A-c m

DIEKTPOCTATHIECKOE TOJIE SIBISIETCS MOTEHIINATBLHBIM WU O€3BUXPEBBIM BO BCEM 00BEME.

[E]

3armchIBaeTCs 3TO CleAyomuM obpasom: rot E =0, § E-dl=o.
L

I[J'IH XAPAKTCPUCTHUKU IJICKTPOCTATHUYICCKOTI'O ITOJISA UCIIOJIB3YCTCA CKaJ'IHpHHﬁ QJICKTpHUYC-

CKUH NMOTEHLUAI ¢, YOBIETBOPSIOIUI YCIOBUIO

—

E=-gradp=-Vo.
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I[I/IBJICKTPI/I‘-ICCKI/IG TCJIa B JICKTPOCTATUYCCKOM I10JIC MOTYT IMOJIIPU30BATHCA, TO €CTh MO-

KET MPOUCXOJUTH YIOPAJOYCHHOC HM3MCHCHHC PACIIOJIOXKCHUA CBA3AHHBIX 3apA0B IO ,I[eﬁ-

cteieM cun moms. CTeleHp MONAPH3ANH XapaKTePHU3yeTcss BEKTOPOM momsipusarmn P =

. >ql
lim Z—q Jloist OOJIBIIMHCTBA JUBJICKTPUKOB BEKTOP IIOJIIPU3ALUU IPONOPLUHOHAJICH HaIps-
V -0

— —_—

JKEHHOCTH I10JIs. P = gokn E ,

rac k> - SJICKTPHUYECCKass BOCIIPUUMYHUBOCTD.

B TEOPHHU II0JI1 B paCUCT €II€ BBOAAT BEKTOP D . KOTOpBII;'I HAa3bIBACTCs BEKTOPOM 3JICK-

TPUUICCKOTO CMCUICHUS UJIN BEKTOPOM BHGKTqueCKOﬁ HHAYKIAHU:

—_— —_ —_—

D=eoE+P=coE+eks E=coE (1 +ks)=¢eoe E:83E1
rae: € =1+ Ko - oTHOCHTENIbHAS TUAJIEKTPUYECKast TPOHUIIAEMOCTh CPE/IbI;
€a = €0€ - a0CONIOTHAS TUAJIEKTpUYECKas MPOHHUIIAEMOCTh CPEJbl, B KOTO-POH CO37aHO
noJe.
Teopema I'aycca npencraBisieT co00i OCHOBHOM 3aKOH AJIEKTPO-CTaTUYECKOro mojsi. Ee

UHTErpasibHas U AuddepeHunanbHas GopMbl 3aMucu:

{D-ds=Yq, divD=p.
S

N3 Teopemsl ["aycca u cootHomenus (12.1) BeiTekaror ypaBueHnus Ilyaccona u Jlaniaca.

Vpasnenue Ilyaccona: V %¢p = P

€a

YacTHelii Buj ypasaenus Ilyaccona npu p = 0 HasbiBaeTcs ypasHeHueM Jlammaca: V 2@

Pemenune ypasaenuii Ilyaccona u Jlannaca nmo3BosisieT onpeAeauTb 3aKOH U3MEHEHHUs M10-
TEHIIMaja 0 U3BECTHOMY pachpezeneHuio 3apsa. Ilpu pemennn 3Tux ypaBHEHUH MOSABISIOTCS
MOCTOSIHHBIE UHTETPUPOBAHMUS, KOTOPHIE ONPEACIISIOTCS, UCXO/IS U3 TPAHUYHBIX YCIOBHH.

I'panu4HbIC yCI10BUS:

- TPaHULA TUAJIEKTPUK-TIPOBOIHUK: JUIS BCEX TOUEK AMIIEKTPUKA, HEMOCPEACTBEHHO NpU-
MBIKAIOIUX K TIOBEPXHOCTH MPOBOJIHUKA, paBHA HYJIIO TaHTE€HIMAJIbHAs COCTABIIAIONIAs HAIpS-
xeHHoctu noiis (Et = 0), a BEeKTOp 31eKTpUUYECKOT0 CMEIIEHUS YUCIEHHO PABEH MOBEPXHOCTHOM

IUIOTHOCTH UHIYKTUpOBaHHOTO 3apsjaa (D = o);
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- I'paHuLa AUBJICKTPUK-ANIJICKTPUK: IJI BCCX TOUCK, ABJIAIONINXCA 06HII/IMI/I AJId ABYX pas-
JIMYHBIX JUBJICKTPUKOB, PABHBI 110 BCIIMYMHC TAHI'CHIHWAJIBHBIC COCTABJIAIOIHUE BEKTOpPA HAIIps-
JKCHHOCTHU (Elt = EZt) U HOPMAJIbHBIC COCTABJIAIOIIHUEC BCKTOPA JJICKTPUICCKOTIO CMCIICHUS (Dln =
D2n).

[Ipu pacyére MeKTPOCTaTHYECKUX MOJIEH B OHOPOJIHBIX Cpelax MpU HAIMYUU HECKOJIb-
KHUX 3apsa10B HeJ’IeCOO6p33HBIM ABJICTCA NPHUMCHCHHUE IPUHIMIIA HAJOKCHHUSA. HpI/I 9TOM

HallJICHHbIE OT OTIEJBHBIX 3apSAJ0B BEJIUYUHBI CYMMHPYIOTCS: CKaJsIpHbIe — anredpandecku (¢

=3+@q, U=21Uq u T.11.), BEKTOpPHBIE — BEKTOPHO ( E=x a , D=3z D—q , F=x F—q ).

[Ipu pacuete momnei, Tie UMEETCS TEOMETPUUECKU MPaBUIIBHON (POPMBI IpaHUIIa pa3/elia
Pa3IUYHBIX CPEJl, IPUMEHSIETCS MeTO/ 3ePKAIbHBIX H300paKeHHil, CYIIIHOCTh KOTOPOTO 3aKJI0-
4yaeTcsl B TOM, YTO BIIMSHUE TPAHUIIbl YUUTHIBACTCS BBEJACHHUEM (DUKTHBHBIX 3apsIOB, pACIOJIO-
JKEHHBIX CHMMETPUYHO DPEabHBIM OTHOCUTEIBHO TpaHUIbl. BenmuunHa (QUKTUBHBIX 3apsaoB
OTIpeNIeNsIeTCsl C MOMOILIbI0 KOA((UIIMEHTOB HETOIHOTO OTpakeHUs (KO3 PHUIMEHTOB (PUKTHB-
HBIX 3aps0B), KOTOPBIE B CIIy4ae IJIOCKON TPAHMIIBI AUAIECKTPUK-TUIIIECKTPUK BEIYHCIISIOTCS 110
dbopmynam

=f"%2; =252
& +&s &+ &y

DiieKTpuYeckne EMKOCTH PACCUUTHIBAIOTCS JIJISl yCTPOMCTB, B KOTOPBIX 3JIEKTPOCTaTHYE-
CKHE TI0JIsl HE UMEIOT 30H ¢ 00BEMHO pactpeenéHHbIM 3apsaoM. [Tog émkocteio C MeXIy NByMs
T€JIaMHM, Ha KOTOPBIX UMEIOTCS paBHbIE U IPOTUBOIIOIOKHBIE IO 3HAKY 3aps/ibl, IOHUMAIOT a0co-
JIOTHYIO BEJINYMHY OTHOIICHHUS 3apsijia Ha OJHOM M3 TeJl K HAPSDKEHUIO MEXy TellaMu:

C =g/U.

DHeprus 3JIEKTPOCTAaTUYECKOTO TOJIi MOXET ObITh OmpeeseHa Mmo eé

00beMHOM moTHOCTH — W» = DE = Yseg0-E? = D?/(2¢¢0).

Oueprus nons B o6veme V. Wo = [w,dV .
\%

CI/IHy, HCﬁCTBymHLym CO CTOPOHEI ITOJIA HA TCJI0, UBMCHCHUC ITOJIOKCHUSA KOTOPOT'O BIIUACT

Ha SHEPTUIO TOJIsI, MOXKHO OTIPEEIISATh Yepe3 MPOU3BOTHYIO OT SHEPTHU: F = -gradWs. Cuna B
oW,
Ox

Jliist cucTeMbl IPOBOIHUKOB C PaJlnycaMu Ik, pacIoNIOKEHHBIX BOJIM3H MPOBOASALICH I10-

HCKOTOPOM HAIIPaBJICHUU X: Fx =-

BEPXHOCTH, UCTIONB3YIOT GopMyiel MakcBemia, OCHOBaHHbIE HA MPUMEHEHUH METOJa 3epPKaib-
HBIX HU300pakeHUI.

| rpynna ¢popmyn MakeBemna: @1= ou1ti + 01212 + 133+ ... + QLintn,
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2= 02171+ 022t2 + 0123T3 + ... + O2nTn,
®n= 0n1T1 + On2T2 + ON3T3 + ... + ClnnTn.
B 3Tux ypaBHEHHUSIX @k — HOTEHUMAJ IPOBOAHUKOB, Tk — UX 3apAbL,

MOTEHIUATBHBIC KOAPPHUITUEHTHI Ol BEIYUCIISFOTCS 110 (hOpMyJIaM

1 . 2h, By

_ 1
ok=—— In=—X, okm=Omk=—— |n—Xm

27Z'<c,'a I‘k 272'8a akm

rine hk — Beicota mozBeca npoBoza K, akm — paccrosiHue Mexay npoBogamu K u m, bkm —
pacCTOsTHUE MEXly IPOBOIOM K 1 M300paskeHneM mpoBoa M.

KoaddurmeHTs! akk U Olkm, 3aBUCSIINE OT TEOMETPUIECKUX Pa3MEPOB TEJI, X B3aHMHOT'O
PacTOJIOKEHUS M CBOMCTB CPe/Ibl, B KOTOPOM OHHM HAXOJISATCS, HMEIOT pa3MepHOCTh [M/D] u sBiIsI-
I0TCS TIOJIOXKUTEIbHBIMHU.

Il rpynma popmyn MakcBemna: 11 = Pui@i+ B12g2 + Pi3ps+ ...+ Pin@n,

T2 = P211 + P22+ P33+ ...+ Banen,
Tn = Bniga + P22 + Pn3@s+ ...+ Panen.
_ Akm
B »THX ypaBHEeHUSIX Bkm=-—— — €éMKOCTHBIEC KO3(pPUIIMEHTEI,
A

rae A — ompenenurenb cucteMsl | rpynmbl popmyn Makcseiia,

Akm — anredpandeckoe JOTOITHEHHE.

PazmepHOCTb EMKOCTHBIX K03 duimenTon [D/m].

I rpynna popmyn Makcsemna: t1= Ci1¢1+ C12U12+ Ci3U13+ ... + CinlU1n,

12= C21U21 + C22¢p2 + C23U23 + ... + C2nU2n,
™= CniUn1 + Cn2Un2+ CnsUnz + ... + Con@ n,
rae Ukm — HammpsbKeHHE MeX Ty mpoBogamMu K u m.

Bxopsue B 311 ypaBHeHus koddpuimeHTsl C Ha3bIBAIOTCA YACTUYHBIMUA €EMKOCTSIMHU:

n
Ckk = > By = Brat Pra+ ... + Brk+ ... + Bkn — cOOCTBEHHAS YaCTUYHAS EMKOCT,
=1

Ckm = -Bkm — B3aUMHasl YaCTUYHASI EMKOCTh K-T0 1 M-TO IPOBOTHUKOB.

Pa3mepHOCTh yacTHUHBIX EMKOCTEH [D/M].
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3aoanusn:

3aoanue Nel

BriBectu hopmMyIibl A1 onpeieieHus MOTOKa BEKTOpa AIEKTPOCTATHUECKON MHAYKIIUU B
GYHKIIUH KOOpJIUHAT a) OT TOUEYHOIO 3apsjaa yepe3 chepruecKyro MOBEPXHOCTh paauyca R; 0)

OT JJMHEMHOTr o 3apsiaa yepe3 HUIUHAPUUYECKYIO IOBEPXHOCTh paJuyca I.

3aoanue No?

Kakoe makcumabHOE HANPSHKEHUE MOKHO TTOJIBECTH K IBYXCIIOHHOMY TUIOCKOMY KOHJICH-
caropy, eciu: e1=2, =4, di1==25mm, d2=>5mmu. [IpoOuBHas HATIPSAKEHHOCTD H30JISIIHH:
Enpos = 30 kBlcm. 3anac 3eKTprUYecKOil MPOYHOCTH MPUHATH paBHBIM N = 2,5. [Ipu HalineHHOM

HAIIPAKCHUU paCCUUTATD O6’BéMHyIO IJIOTHOCTB SHEPIUU BTOPOTO AUBJICKTPUKA.

Konmponvuwie 6onpocwi:

1 Yto Ha3bIBaeTCs EMKOCTHIO?

2 KakoBa eMKOCTh IJIOCKOTO KOHIeHcaTopa?

3 KakoBa eMKOCTh IIMJIMHIPUYECKOTO KOHJIeHCaTopa?

4 KakoBa €eMKOCTb ABYXIIPOBOJIHOMN JTUHUU?

5 Yemy paBHa €MKOCTb IPHU MOCJIEI0BATEILHOM COE€IMHEHUH KOHJIEHCATOPOB?

6 quy paBHa EMKOCTD IIPHU MapaJlJICIbHOM COCAUHCHUU KOHI{CHC&TOpOB?
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Ilpakmuueckan paboma Ne22. Inekmpocmamuueckoe none. IneKmpuieckoe none 6

npo6oOAUX Cpedax.

I]ens: VI3yunTh METOIMKY U TPUOOPECTHU MPAKTHUECKUE HABBIKU pacueTa 3JIeKTPUIECKOTO

T0JI€ B MPOBOASAIINX Cpeaax.

OcHoegbl meopuu:

Hanuuue CTAllTUOHAPHOTO 3JICKTPUYCCKOI'O IIOJIA B HpOBO,[[SIH.[CfI Cpcac BBI3BIBACT YIIOPS-
AOYCHHOC ABMIKCHUC 3apA10B, IPCACTABIIAIOIICC c000Ii TOK IpoOBOAUMOCTH, KOTOprI COITPOBOXK-
JacTCs BBIACJIICHUEM TCILJIA. HOBTOMy JJIA IO AACPIKAHUSA HEU3MCHHOI'O SJICKTPUYCCKOT'O I10JIA (HO-
CTOSTHHOH Pa3HOCTH l'IOTeHI_II/IaJ'IOB) M KOMIICHCAIUHN TCIUIOBBIX IMMOTCPh S9HECPTHUU HYKCH IMOCTOSAH-
HBIM BHEIIHUH HCTOYHHUK, B KOTOPpOM co3gaércs CTOPOHHECC JJICKTPHUICCKOC ITOJIC ITPOLCCCAMU HEC-
SJICKTPOCTATUYCCKOI'O IIPOUCXOXKIACHUS.

OCHOBHBIMU XAPaKTCPUCTUKAMU JICKTPUUCCKOT'O IOJIA ABJIAIOTCA BEKTOP-HBIC BEJIMYNHBI

— IUIOTHOCTb TOKa ITPOBOAUMOCTH 5: [A/M?] ¥ HANPSKEHHOCTD MONIS E [B/M], a Takxke ckansp-
HBIH 3ekTpudeckuid norennuan ¢ [B]. IlpoBoasinyto cpery xapakTepu3yroT y1eIbHON POBOAM-
MocThi0 Y [CMm/M]. B manHOM paszene paccMaTpuBaOTCS MOJIS TOIBKO B TMHEHHBIX CTAllMOHAPHBIX
cpenax, At KOTOpPBIX Yy = CONnst.

Tok yepe3 Kakyr-I100 MOBEPXHOCTh (CEUEHUE) U HAMPSKEHHE HAa KaKOM-THOO y4acTKe

IMyTH 110 HpOBOIISIHICfI Cpeac 3alnChbIBAIOTCA KaK MHTCTPAJIbHBIC BEJIMYNHBI:

I:JEE,A; U1-2=(p17(p2=J.1E-a|>,B.
S

COHpOTI/IBHeHI/Ie y4dacTKa HpOBOI[}IIJ_ICﬁ CpeAanbl JIIMHOM 1 u ceuennem S HaxoguTcsa Kak R

R |~

g , Owm.
OCHOBHBIEC 3aKOHBI QJICKTPHUYECCKOIO IMOJIA B IIPOBOJAIINX CPpEAaX — 3TO 3aKOH Owma u 3a-

koHbl Kupxroda, a taxxke 3akoH J[xoyns-JIeHna. 3akoHBI UCIOIB3YIOTCS B MHTETPAIBLHON U

muddepeHaIbHON popmax:

U=RTIu O =y E —3akon Oma nns o61acreit BHE HCTOUHNKOB SHEPIUN;

—

O =y -(E + E cwop) — 0606ménnas dopma 3axona Oma uist 061acTeil mosist, 3aHATHIX
HUCTOYHUKAMH YHEPTHH. DTO BhIpakeHHE oqHOBpeMeHHO oTpaxaet Il 3akon Kupxroda B mudde-

peHIMaIbHOM hopme.
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j: 0dS =0 u div S =0 — nepewiii 3akon Kupxroda;
S

PZJJ’EZdV u ((j_\F/’: S5 E =vy-E? —3akon Jlxoyns-Jlenna.
Vv

B CJIydac HECCKOJIbKMX HCTOYHUKOB CIIPABCAJIMB IIPHUHIUIT HAJIOKCHUA:

E: E!+ EI!+ EI!!_"_‘..; (p:(l),+(p,’+(|)”’+....
B oGnacTsax npoBosiiei cpeapl BHe HCTOYHUKOB DJIC 3JIeKTprUecKoe Mojie UMEET Mo-

TEHIIUAJIbHBIN (663BI/IXpeBOI71) XapaKkTep. B stom cJIydac Ijid HEro CrpaBCAJIMBbI COOTHOILICHUS:

—_—

E =-grad o, §E-m:0, rotE:O.
L

HonyqaeMoe N3 OTUX COOTHOH_ICHI/II\/'I u nepBoro 3aKOHa KI/IpXFO(ba ypaBHeHI/IC Hannaca OoI1u-
ChIBACT 3aKOH M3MCHCHUS ITOTCHIIMAJIA B HpOBOl[}IH.IGfI cpeﬂe BHC UCTOUHHUKOB U UMCCT TaKOfI KE
BU, KaK U OJIs1 BJ'IGKTpOCTaTI/I‘IGCKOFO TIOJI4.

2 0%p 07

i o =0.
ox2 0y> 0z°

Vch

I[J'ISI IoJIeH B MMPpOBOAAIIUX CPEaAaxX BO3MOKCH JIMIIb OJUH THUII I'PaHULIbI: «Cpca C IIPOBO-

JMOCTBIO Y1 — CPeJia ¢ TIPOBOIMNMOCTBIO Y2». OCHOBHbIC BEIHUHHBI oISt O , E 1 ¢ mpu sToMm
MOTYMHSIOTCS CIIEYIOIIUM TPAHUYHBIM YCIOBUSM:
Oin = O2n, E1t = Eat, e1=02.

Mexay 31eKTpOCTaTUYECKUM U TOJIEM B MPOBOJSIIEH cpelie B 00JIacTIX BHE UCTOYHH-
KOB TIOJISI CYIIECTBYET popMabHasi aHAJIOTHs, TOCKOJIBKY B 000MX ciydyasx paboTaeT ypaBHE-
Hue Jlarutaca, rpaHUYHBIE YCIIOBUS 3aITUCHIBAIOTCS HICHTUIHBIME ()OPMYJIAMH ¥ OCHOBHEIE Be-
JUYUHBI CBS3aHBI APYT C APYTOM aHAJIOTHYHBIM 00pa3oM. ITO 0OCTOATEIHCTBO MCIOIB3YETCS
MIpU MOJICITMPOBAHUY TTOJIEH, a TaK)Ke MpH uX aHanu3e (moapaszaen 13.2).

AHaJIOTUYHBIM ke 00pa30M HCIIOIB3YETCS METO/I 3epKAbHBIX U300paKeHH, B KOTOPOM
K02 () PUIIMEHTHI HEMTOJIHOTO OTPAKEHHSI BRIYUCISIOTCS 110 (hOpMyIam

k=/1"72 = 272
ntr Y1t72

B o6uiem ciyyae 3amadeit pacuéra mosisi B IPOBOASIICH cpejie sIBISETCS MOJydYeHUE 3a-

KoHOB m3Menenns O , E, ¢(x,y,z) wmm nx unTerpansupix xapaxrepuctuk I, R, U. HanGonee
0OLIMM METOIOM PENeHHs ABISAETCA HHTErpupoBanue ypapHenus Jlammaca V 2 ¢(x,y,z) = 0, ko-

TOPBIM OMUCBIBAETCS 3TO ToJie (moapaszaen 13.3).
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B npukiagHeIx 3agavyax rmno pacuéry moJjiei B MPOBOASIINX CPEIax Yalle BCEro Tpedyercs

OINpeAEIUTh TOKH YTEUKH U TEIJIOBbIC IIOTEPH B U30JALUU Kabeslell U KOHAEHCATOPOB, a TAKKe
napaMeTpbl pacTeKaHMs ToKa 3a3emiuTenell: Rs— conporuienue 3azemnutens, Um — maroBoe
HaInpsHKEHUE Ha TOBEPXHOCTH TMOYBBI HAJl 3a3eMinTeneM (moapasaen 13.5).

Ecnu snextpon u ero nose uMeroT NpaBuiibHbIe (POPMBI, HaIIpUMep, GopMy LIapa Win 1H-
JUHJIpA, pacuéT 00seryaercs, Tak Kak UMEITCsl YK€ TOTOBbIE BBIPA)XKEHUS:

- UL IOJISL HIapOBOr'0 3JICKTPOJda B OI[HOpO,[LHOﬁ HCOFpaHquHHOﬁ cpene.

I _ | _ _
rea ER)=———, ¢R)=-[EdR =———+A.

3(R) =
4ryR 4ryR

- 17151 TIOJIs1 LIMJIMHIPUYECKOI0 3JIEKTPOa B OJHOPOAHON HEOrpaHUUEHHOM cpefe (3axaya

13.2):

6([‘):'_0, E(I‘)ZI—O, (p(r):-jEdr :I_O-Inﬁ_
2y 2myr 27y r

- €MKOCTb M YJI€JIbHAsl TPOBOJUMOCTH OJJHOCIOMHOIO KOAKCHUAIBHOIO Kadess U JABYXIPO-

BOJIHOM JINHUYW B OJTHOPOIHOM cpeae (3amaun 12.8 u 12.47):

_ 2ngpE . Con TEQE | g = 21y . gon = o
In(r, /) In(d/ry) In(r,/nr,) In(d/ry)

3aoanus:

3aoanue Nol

JIBa MeTayuinyeckux Imapa ¢ paauycamu r1 =2 cM u 12 =4 ¢cM  TOTpYKEHBI TITyOOKO B
MOPCKYI0 BoAy. PaccTosiHue MeX Ty mapaMu 3HAYUTEIBHO O0Jbie uX paanycos: d =2 M.

OnpeenuTh COMPOTHBIICHUE BOJIBI MEXTy IIAPAMH, €CITH yIeTbHOE COMPOTUBIICHUE MOP-

ckoit Boasl p = 100 Om-m.

3aoanue No2

OnHOCIIONHBIN KOaKCHANbHBIN Kabenb padoTaeT noj Hanpspkernuem 600 B 1 umeer pas-
Mepsl: 1= 4 wum, r2 = 8 mm, | = 10 xm, yaensHas nposoauMocTs mionsuun  y=1-10 ° Culu.
OnpenenuTs TOK yTEYKH M €T0 IJIOTHOCTh B U30JISIIUN HA MIOBEPXHOCTH JKWJIBI M HA BHYTPEHHEH

CTOpPOHE 000JI0UKH Kabelis, a TaK)Ke TEIUIOBbIe MTOTepU Kales.

Konmponwvuwvie 6onpocwi:
1. KakoBo 3HaueHue BeanuuHbI rot H B 0THOpOAHOM MarHuTHOM 1oJie?

2. SInsiercst mu pynkius div D BekTopHOA?
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3. CBoOOaHBIE 3apsasl B HEKOTOPOM 00BhEeMe OTCYTCTBYIOT, Tak uto div D = 0. CrpaBen-
nuBo i paBeHCTBO div E = 0 B Toukax o0bema, eciii cpefia a) OAHOPOIHA 0) HEOTHOPOHA?

4. ITpu KakoM XapakTepe paclpeesIeHUs B MPOCTPAHCTBE AIEKTPHUECKOTO TOKA U 3apsijia
BennuuHbl rot H, div D Tepsrot cmbicn?

5. UeMy paBHa ¢yHK1us grad ¢ BHYTpH NPOBOJAIIETO Tea?
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Ilpakmuueckan paboma Ne23. Maznumnoe none nocmoannozo moka. Maznummnoe

no.Jie.

IJens: VI3yunth METOAMKY M NPUOOPECTH NMPAKTHMUYECKHE HABBIKM pacdyeTa MarHUTHOTO

I10JI4.

OcHoegbl meopuu:
MarsuTHoe moJje HEPA3pPbIBHO CBA3AaHO C 3JICKTPUUCCKHUM TOKOM: €CJIK I'IC-TO MMPOTCKACT
TOK, TO 00513aTEIIbHO BO3HUKACT MAarHUTHOE IoJIC, €CJIM UMECTCIA MAaroHuTHOC I10JIC, TO OHO 00s13a-

TEJIbHO CO34aHO TOKOM. OCHOBHOW BETMYMHOM, XapaKTEpU3YIOLIEed MarHUTHOE I0JI€, SABIISETCS

BEKTOP MarHUTHOW MHIYKIIUU B, ONpPEACIISIEMBIN 110 CULJIIOBOMY BO3JICHCTBHUIO CO CTOPOHBI Mar-

HUTHOTO I10JI Ha IIOMEIIEHHBIN B HETO IIPOBOAHUK C TOKOM. B pacuCTax MaroHuTHBIX TTOJIEH IIH-
POKO HCITIOJIB3YECTCA BEKTOP HAIIPSAXKCHHOCTHU H . ,HBa YKa3aHHBIX BEKTOpPA CBA3aHbI MEXIY coboit

cootHomennem: B = uaH | rae g = po- pir — aGconrorhas MarHuTHas IPOHUIIAEMOCTH CPEJIBL, B
KOTOpoii cosano none; o = 47107 I'nlm — abcomoT-Has MarHUTHAS TIPOHMIIAEMOCTh BAKyyMa
(MarHuTHAas MOCTOSIHHAS); Lr — OTHOCU-TEJIbHAs MarHUTHas MPOHHUIIAEMOCTh Cpefbl, B KOTOPOI
co3nano mnoje. IlIupokoe pacnpocTpaHeHue MOTyYnsl TaKKe MarHUTHBIA MOTOK, MPeCTaBIIsO-
mmit coGoii moTok BekTopa B wepes mexotopyro moepxHocTs S @ = j B.ds.

S

OCHOBHBIM 3aKOHOM MAarHHUTHOTO ITI0JIS SIBJISCTCS 3aKOH IIOJIHOTO ToKa. Ero HHTCIrpaJibHAA

—_— —

u muddepennnanbaas GOpMbI 3aMKCH: §H -dl = I, rotH = O, rze | — momHBII TOK,
L

CBSA3aHHBIN C KOHTYpoM L;

O — IUIOTHOCTB TOKA B PACCMATPHBAEMOM TOUKE TTOJIA.

Hcnonb3ys 3aK0H MOJIHOTO TOKA B MHTETPaIbHON (hopMe, JIETKO MOITYYUTh OMOpPHBIE (hop-
MYJIBI, TI0 KOTOPBIM MOHO BBIYUCIUTH HAMPSX)KEHHOCTH IMOJIsI, CO3JJaHHOTO B OJTHOPOJIHOM cpejie
MATUHAPUYECKIM TIPOBOIHUKOM (3a1a4a 14.5) u rutockoii muHo# (3aga4da 14.6).

B obnactsx, He 3aHATHIX TokKaMu (O = (), MarHUTHOE TOJIE SBISACTCA Oe38UXPesbIM NN

nomenyualbHbiM U €ro MOXKXHO paCCUUTBIBATE C TIOMOIIBIO CKAJIAPHOI'0O MarHUTHOI'O MMOTCHIIUAIa

ou, ipmaem  H = -grad ¢u.  Paccunrsi-aror @u ¢ momousko ypassenus Jlammaca V2@ =0,

Pa3sHOCTh CKaJIIPHBIX Mar-HUTHBIX TIOTEHIIHAIOB Ha3bIBACTCSI MATHUTHBIM HAIIPSHKCHUEM
2 _— —
Umi2= omi— @ = jl H-dl,
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Pacuér maranTHOTO Hamps>KCHUA, CO3JaHHOTO yeI[I/IHéHHI)IM IMPOBOAHUKOM B OI[HOpOI[HOfI

cpene moapoOHO paccMOTpeH B 3agade 14.17.
C TOMOIIBI0 BEKTOPHOTO MATHHTHOTO MOTeHIHAma A MOXHO pacCuMTaTh MATHHTHOE

1o71e B 060§t 06IACTH, B TOM YHCIIE | 3aHsTOH TokoM. Onpenensiercs A 1o ypasrenmuio Iyac-

—_

coma V2A=-10 , npuaem divA=0 u &= §A'd|.
L

['pannunsle ycnoBust B MarHUTHOM nosie: Hit=Hat, Bin=Bon, pumi=gue.
[Tpu pacuére MarHUTHBIX IOJICH B OJJHOPOJIHBIX Cpe/laX NPU HATWYUN HECKOJIBKHX HCTOY-
HUKOB I10JIs1 11eJ1IeCO00pa3HbIM SIBJISAETCS MPUHLMIT HasokeHus. [Ipyu 3ToM HaliileHHbIE OT OT/eNb-

HBIX HMCTOYHMKOB BEJIMYMHBI CYMMHUPYIOTCS: CKaJisipHble — anreOpanuecku (@m =2t@mqg, Um

=3Uwq, @ =5+Dq ¥ T.1.), BeKTOpHbIE — BekTopHO ( B =X By H=xH q° A=x Aq)-

Ecian MarHutHOE TOJie CO37aeTCsl MPOBOJAHMKAMH, PACIIONOKCHHBIMHA BOJM3M TPAHHIIBI
pasziena pasHbIX Cpell, TO ero pacyueT yIpoInaeTcs: IPUMEHEHHEM METO/1a 3ePKaIbHBIX H300paxe-
HHI aHAJOTUYHO TOMY, KaK 3TO JIENANOCh MPU pacuere uieKTpudeckux mnojiei. KoadduimeHts
HETIOJTHOTO OTpaxeHust (K03 UIMeHT PUKTHBHBIX TOKOB) ITPU 3TOM BBIYHUCIISIOTCS KaK

k=2 —H1 = 21
: :
M+ Ho M+ Mo
WHIyKTHBHOCTH ¥ B3aUMHAsI HHyKTHBHOCTb KOHTYPOB:
V7

. M= Y12 _¥n .

I (Y I,
DHeprusi MAarHUTHOTO TIOJISI KOHTYpa U €€ 00beMHas! INIOTHOCTh, COOTBETCTBEHHO,

2 ) BH 2
Wy = LI u Wuy= |ImM:—:ﬂ.
2 voo V 2 2

Bo mHornx CIydasaX MHAYKTUBHOCTDL HPOIIC pACCUUTBIBATH YCPC3 SHCPTHUIO MATHUTHOI'O

nosst L =—» @ He Yepes MOTOKOCHCIICHHE .
|

3aoanus:
3aoanue Nel
[To ToHKOMY TPOBOJHUKY, MPEACTABISAIONIEMY CO0O0M OKPYKHOCTh paauyca a = 1,2 cm,

npotekaeT Tok | =5 4. TpebGyercst paccuuTaTh MarHUTHYIO HHIYKIMIO HA OCH BUTKA.
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3aoanue Ne2

B paBHOMepHOE MarHuTHOE ToJIe ¢ HanpsbkeHHOCThIo Ho = 120 A/cm, co3manHOe B BO3-
nyxe, oMeleH chepruuecKuii MarHUTHBIN SKpaH C BHYTPEHHUM PaInyCOM a = 6 ¢ U HapyKHBIM
b =7 cm. Teno sxpaHa BhINOI-HEHO U3 MaTepHajia C OTHOCHTEILHON MarHUTHOW MTPOHUIIAEMCTHIO
wr=400. Paccuntath K03 Punment ocnadnenus monst Koer = Hi/Ho, tie Hi — Hanps»KEHHOCTD
I0JIsI BHYTPHY JKpaHa.

Paccuntath Koex AJI TAIAHAPUYCCKOI'O 9KpaHa ¢ TCMHU K€ pasMEpaMu a U b.

Konmponwvuwie eéonpocwi:

1. Yro noHnmaercs no MaruuTHoIM nojiem? Koraa v kem ObUI10 OTKPBITO MAarHUTHOE T10J1€
IIPOBOJIHHMKA C TOKOM?

2. Kak rpaduyeckn n300paxarorcs MaruHuTHble ossi? Uto Takoe cunoBas munusi? 1M300-
pasure rpaduyecKy NPOCTEUIINE MATHUTHBIE TOJIS.

3. KakuMu cuitoBeIMU BeIMYMHAMU XapakTepu3yercss MmaruuTHoe none? [louemy ux nse?
Kak onu cBsizaHbl MEXIy CO00¥?

4. 3anmmmre 3akoH buo — CaBappa — Jlamutaca B quddepeHnmansaoil popme 1 paccMoT-
pUTE ero yacTHble ciay4yau. B Kakux eaMHULaX U3MepsieTcs] HapsyKEeHHOCTh MarHUTHOTO MOJIS B
cn?

5. Kak onpenenuts BeIMUMHY U HampaBieHue cuibl AMmnepa?

6. Kak ycTaHOBUTH €IMHMILY U3MEPEHUs MHAYKIMH MarHuTHoro mons B CHU? Haiinute
CUJIy B3aUMOJECHCTBUS JBYX I1APAJUIEIBHBIX TOKOB.

7. YeMy paBHaA MHAYKIIMS MarHUTHOTO TOJIS ABHXKYILErocs 3apsaa?

8. CchopmynupyiiTe 1 MOSICHUTE 3aKOH MOJTHOTO TOKA.

9. YUro Takoe MarHUTHBIN MOTOK? B kakux enuuunax on uamepserca B CU? Yemy paBHa
paboTa nepeMeIieHns IPOBOJHUKA U KOHTYpa ¢ TOKOM B MarHUTHOM I10J1€?

10. Yro nornmaetcs mox cwitoit Jlopenma? Kak onpeaenuTs ee BeIMYUHY U HaIpaBlieHUE?

11. PaccMoTpuTe HEKOTOPbIE YaCTHBIE CITydau JBUXKEHUS 3apsDKEHHBIX YaCTHIL B OJTHOPO/I-
HOM MarHUTHOM IIOJIE.

12. B uem coctouT 3¢hext Xosuia u r1e OH UCTIONb3yeTCsI?
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Ilpakmuueckan paboma Ne24. Ilepemennoe 3nekmpomazHumuoe noje 6 00HOPOOHOM

u uzomponnoil npoeooauei cpeoe. Ilepemennoe rnekmpomaznumnoe noJe.

IJens: V3yunTh METOIUKY U PUOOPECTH MPAKTHUECKUE HABBIKM pacuera IMepeMEeHHOro

MAar"duTHOI'O ITOJIA.

Ocnogvt meopuu:

IlepeMeHHOE 37EKTPOMArHUTHOE I0JIE XapaKTEPU3YEeTCsl M3MEHSIOIIUMUCS BO BPEMEHHU
TOYCYHBIMU U MHTETPAJIbHBIMU XapaKTePUCTUKaMU. B 3ToM eqrHOM mose asist y100CTBa aHaIn3a
BBIACIIAIOTCA IBE CTOPOHBI — 3JICKTPHUYCCKOC I10JIC U MArHUTHOC IOJIC, KOTOPBLIC B3aMMHO CBA3aHbI
¥ B3aMHO OOYCIIOBIICHBI.

Teopust 37€KTPOMAarHUTHOTO TOJIS ONEPUPYET MOJHBIMU TOKAMH, BKIIIOYAIOIIMMH B ce0st
TPH BHJIAa TOKA: 1) TOK MPOBOAMMOCTH; 2) TOK CMELLEHUs; 3) TOK IepeHoca.

—_—
—

[1I0THOCT [IOJHOTO TOKa O = y E +68_?+ pV,

rae y E=0 np — IDIOTHOCTH TOKA MPOBOAMMOCTH (JIBIDKYIIUXCS CBOOOIHBIX 3apsi-7I0B),

¥ — yAenbHasi IPOBOJAUMOCTh MPOBOJALIEH cpebl, E - HaNpsHKEHHOCTD 3JIEKTPUYECKOTO TOJIS;

oD _ =

a— - cv — IINIOTHOCTH TOKa CMCIICHM A, D — BCKTOP 3JICKTPHUICCKOI'0 CMC-IIICHUA (BHCK-
t

TPOCTATUUECKON MHIYKIIMH); HATIOMHUM, 4TO D=oE+P, P - BEKTOp MOJSAPU3ALNN Belle-

CTBa, OHpGI[CJISIIOHH/Iﬁ MOJI€ CMEIIEHHBIX CBSI3aHHBIX 3apsAa0B BCHICCTBA, TAKUM 06p2130M, B IIJIOT-

—

HOCTH TOKa CMEIIECHUS BBIIEIIIOT ABa CIaraeéMbIX On=0"wu+O " en, THC O 'en= &—, 4TO

—
N

IS 0
YKa3bIBaET HA HAJTMYKE TOKA CMEIICHHS U B IyCTOTE, a O "ecu=——; B CBOI odepenib, D=ca

E , IO3TOMY 5 o= &C,I)aa—ltE ;

-

V=0 nep — ITOTHOCTH TOKA [EPEHOCA, 0 — 0OBEMHAS TIIOTHOCT IEPEHOCH-MBIX CBOGOJI-

-

HBIX 3apsioB; V — BEKTOp CKOPOCTH TepeHoca.
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[Momuerii TOK 1= I odS , KaK ¥ TOK POBOJAMMOCTH, 00J1a/1a€T CBOMCTBOM HEIIPEPHIBHOCTH,
S

TO €CTb JIJIs TOJTHOTO TOKA BHITIOIHACTCS KaK MHTETPAIbHOE COOTHOIICHHUE §5 dS- 0, u3BecTHOE
S
1I0JI Ha3BaHHEM IepBoro 3akoHa Kupxroda, tak u quddepennmansnoe div O =0.
3acnyroii JI. MakcBena BJIsI€TCS TO, YTO OH BBEJ B TEOPHIO AJIEKTPOMArHUTHBIX SIBJICHUN
TOK CMEIIEHUS U IPEIOI0XKNI, YTO ITOCIEAHNUN CO30aET B OKPYKAIOIEM IIPOCTPAHCTBE MAarHuT-
HOE TI0JI€ TaK e, KaK U TOK MPOBOAMMOCTH, YTO BIOCIEICTBUU ObLIO HEOJHOKPATHO MOJITBEP-
KICHO dKCIIEpUMEHTaMH (B YaCTHOCTH, paauo, TelaeBuaeHue u ap.). JI. MakcBemn takxke chop-

MYJHPOBAJI OCHOBHBIC YPABHCHUS I10JIA.

3aoanusa:

3aoanue Nel

OO6KnaK1 MI0CKOr0 KOH/IEHCATOpa pa3/IeleHbl HECOBEPILIEHHBIM JUJIEKTPUKOM C YI€/b-
HOI mpoBOAUMOCTBIO ¥ = 5-10 > Cm/m, OTHOCUTENILHON JUAIEKTPUYECKOH NPOHUIIAEMOCTBIO &
= 4. KonyieHcaTop MOJAKIIOYEH K HCTOYHUKY CHHYcouaaibHOro Hampsbkerus U = 3000sinat B.
Paccrosinue mMexay oOkmaakamu koHaeHcaropa d = 1 ¢u. Cuurtas, 4T0 € W ¥ HE 3aBHUCST OT
YaCTOTHI, a JIMHEHHBIC pa3Mepbl 00KIaJJOK 3HAYUTEILHO MPEBBIMIAIOT paccTossHUE d, BEIYMCIUTh
aAMIUTUTYBI TUIOTHOCTEH TOKA MPOBOJUMOCTH Omnp M TOKA CMEIICHUS Omen JUTS CIEAYIONIMX Ya-
crot: 1) f1=0; 2) f2=50Iy; 3) f3 =400 I'y; 4) fa = 400 x[y. 3anucatp It 3TUX YETHIPEX CITyUacB
MTHOBEHHOE 3Ha4YeHME TOKa io, MpUXosieecss Ha 1 m? MOBEPXHOCTH OOKIAJ0K KOHIEHCATOpa, a

TAK¥KC UX KOMIIJICKCHBIC aMIIJIUTY IbI.

3aoanue No?

OOKIIaIK¥ TUTOCKOTO KOHJIEHCAaTOpa UMEIOT (hOpMY JHUCKOB U PACIIONIOKEHBI Ha PacCTOs-
Hun =1 cm JIpyr OT Jpyra, pasliesieHbl HECOBEPIICHHBIM JTUAICKTPUKOM C YACIBHON MPOBOIH-
MOCTBIO 7= 5-10"° Cm/m, OTHOCH-TENBHO AUAIEKTPHUECKON IPOHUIIAEMOCTBIO £= 4, MATHUTHOI
NpOHMIIAeMOCThI0 = 1. Cuymras, 4To mapamMeTpbl TUIICKTPUKA HE 3aBHCAT OT YACTOTHI, HANTH
BBIpXXEHUS JJI1 MTHOBEHHBIX 3HAYCHHUI HAMPSKEHHOCTH U MAarHUTHON WHAYKIIMH B TOYKaX, Jie-
JKaITUX MEXIY OOKIIaJKaMH KOHJIEHCATOpa Ha PACCTOSTHUU I OT OCH CUMMETPHH, NpeHeoperas
kpaeBbIM 3 dexTom. Pannyc nucka a = 6 cu. K xoHAeHCAaTOpy MPUIIOKEHO HaNpsDKeHHE U =
3000sinat B.

3agauy pemuTh I ABYX 3HaucHuit gactotel 1) f1 =0; 2) f2 =400 x/y.
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3aoanue No3

Mo yeauHEHHOMY MeaHOMY npoBoay paauycom a = 0,5 cm npoTeKkaeT NOCTOAHHbIN TOK
I =500 A. YaenobHas npoBoAMMOCTb Meaun y = =5,7-107 Cm/m. OavHa nposoga | = 50 m. HaiiTtm
NMOTOK MOLLHOCTM, BXOAALLNI BHYTPb NPOBOAA, M C €ro NOMOLLbIO onpeaennTb CONpoTUBAEHNE

nposoga R.

3aoanue Ned

[Inockast, TMHEMHO NOJISAPU30BAHHAS HIEKTPOMArHUTHAs BOJHA PACIPOCTPAHAETCS 1O JU-
AJIEKTPUKY €O cBoMcTBaMU &1 = 7, tn =1, 1 =0 B HanpaBiieHUU, NEPIEHIUKYISIPHOM IJIOCKON
HEOIPaHMUYEHHON MOBEPXHOCTH BTOPOTO JUAJIEKTPUKA O cBoiicTBaMu &£ =2, =1, » =0.
Yacrora rapmonudeckoro curaana f=10°7%, aunaurya BekTopa HalpsHKEHHOCTH JIEKTpHYe-
CKOTO TIOJIsl IPSIMO BOJIHBL  Emnp = 450 mB/u.

Haiitu 3aK0HBI H3MEHEHUS IEUCTBYIOMMX 3HaueHui H u E B 00euX cpeiax, MOCTPOUTh UX

rpaduky B QyHKLIUU KOOPUHAT.

Konmponwvuwie séonpocwi:

1. YTo Ha3bIBAIOT MAarHUTHBIM I10JIEM?

2. CocTaBHOM 4acThIO KaKOTO MOJIs SBJIAETCS MAarHUTHOE ToJie?

3. Kak onpenenstoT HanpaBaeHHE MarHUTHOTO TOJIs?

4. Kak onpeniensitoT HanpaBJICHHE MAarHUTHOTO TIOJISI B 3aBUCUMOCTH OT HAIIPABJICHHUS AJICK-
TPUYECKOTO TOKa?

5. Kak npumMeHuTh paBujIo J€BOM PYKH AJIs ONPEIeTICHUs] HAllPaBIEHUS OIS KaTyIIKU?

6. UTo Ha3bIBAIOT MArHUTHON MHAYKLKEN U B UEM €€ U3MEPSIIOT?

7. OT yero 3aBUCUT MarHUTHasl UHAYKIMS B TOUKeE?

8. OT 4ero 3aBUCHUT CHJIA SJIEKTPOMArHUTHOTO BO3JEUCTBUS HA MPOBOIHUK?

9. Kak onpenenuTs HallpaBJI€HUE CUJIBI O MPABUITY JIEBOU pyKu?

10.01 4yero 3aBUCHUT 3JIEKTPOMArHUTHAs CUJIa ABYX MPOBOJIHUKOB C TOKOM?

11.Yt0 Ha3bIBaIOT MAarHUTHBIM ITOTOKOM U B YEM €T0 U3MEPSIOT?

12.Yto xapakTepu3yeT aOCOMIOTHAS MarHUTHAS POHUIIAEMOCTH CPE/Ibl M B KAKUX €TUHHU-
1ax oHa n3mepsiercsi? YeMy paBHa MarHUTHasi IOCTOSIHHAS ?

13.YTo xapakTepu3yeT OTHOCUTEIbHASI MATHUTHAs! IPOHULIAEMOCTh?

14.Yto Takoe HaMpsKEHHOCTh MAarHUTHOTO TOJISl M KAKOBA €€ €IMHUIIA U3MEPECHUS?

15.Kakue 3aBUCUMOCTH MOKa3aHbl B 3aKOHE MOJHOTO TOKa?

16.Kakast 3aBUCMMOCTb MarHUTHOTO T10JIS B QJICKTPUYCCKOM IIPOBOJC U BHC ero?

279



17.Ha ocHOBaHMU KaKoro 3aKOHa OINpPENESIOT MarHUTHOE T0JI€ KOJIbLIEBOM U LIMJIMH]IPU-

YECKOM KaTymek?
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5. Yuebno-memoouueckoe u ungpopmayuonnoe odecneuenue OuCyUnIuUHbL

5.1 Ilepeuenv ocno6HOIl U OONOTHUMEILHOU TUMEPAMYPbL, HEOOXOOUMOUL 011 0C80e-
HUA OUCUURNTUHDL

5.1.2 Ilepeuensv ocrnosnoii numepamypoi:

1. TeopeTnueckue OCHOBBI AIEKTpoTexHUKH : yueonuk / U. 5. JIuzan, K. H. Mapenuny, U.
B. KoBanesa [u ap.]. — Mocksa, Bonorna : Uadpa-Uuxenepus, 2021. — 628 c. — ISBN 978-
5-9729-0663-5. — Texkcr : anekrponnsii // Lludposoii oOpasosarenbhblii pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/114971.htmi

2. 3oH0B, B. H. Teoperuueckre 0OCHOBBI AEKTPOTEXHUKHU. DIEKTPUUECKUE U MATHUTHBIC
[[ENH MMOCTOSTHHOTO TOKa : yueOHoe mocobue / B. H. 3onoB, I1. B. 3ono0B, FO. b. E¢umoBa. — Ho-
BocuOupck : HoBocnbupckuii rocynapcTBeHHbIN TexHudeckuii yuusepeutet, 2020. — 80 €. —
ISBN 978-5-7782-4090-2. — Tekcr : anextponHsiii // Llndpooit obpazoBarensHblil pecypc IPR
SMART : [caiit]. — URL.: https://www.iprbookshop.ru/98742.html

3. Ietpenko, 0. B. TeopeTnueckre OCHOBBI 3JIEKTPOTEXHUKH. DICKTPUUECKHE LIEMH C
pacnpeelieHHbIME TapameTpamu : yueoroe mocodue / FO. B. Tlerpenko. — HoBocubupck : Hoo-
CUOMPCKHI TOCYJapCTBEHHBIN TeXHUYeCKUH yHHBepcuTeT, 2019. — 64 ¢. — ISBN 978-5-7782-
3876-3. — Texcr : anektponHsIii // Ludposoii o6pa3zoBarensHblil pecypc IPR SMART : [caiir].
— URL.: https://www.iprbookshop.ru/99223.html

5.1.3 Ilepeuensv oononrnumenvHoil 1umepamypol:

1. T'opbynosa JI.LH. Teopernueckue OCHOBBI JIEKTPOTEXHUKH [DIEKTPOHHBIA pecypc] /
JLH. T'opbOynoga, C.A. I'yceBa. — DIeKTpOH. TEKCTOBBIC JJaHHBIE. — braropemenck: [lanpHeBo-
CTOYHBIM rOCYAapCTBEHHBIN arpapHblii yHuBepcurert, 2015. — 117 ¢. — 978-5-9642-0269-1. —
Pexxum noctyma: http://www.iprbookshop.ru/55913.html

2. KpyroB A.B. TeopeTnueckne OCHOBHI JIEKTPOTEXHUKHU [ DIEKTPOHHBIN pecypc] : yueo-
Hoe mocobue / A.B. Kpyros, D.JI. KoueroBa, T.®. ['y3aHoBa. — DJIEKTPOH. TEKCTOBBIC JaHHBIC.
— MuHck: PecnyOnukaHckuii HHCTUTYT npodeccruoHansHoro odpasosanus (PUIIO), 2016. —

376 c. — 978-985-503-580-1. — Pexxum gocryma: http://www.iprbookshop.ru/67742 . html

5.2 Ilepeuensv yuebno-memoouueckozo obecneueHus camocmoamenbHol paoomot ooy-
Yaruuxca no OUCUUNIUHE
1. MGTO)II/I‘ICCKI/IG PECKOMCHAAIUHA JJIA IMMOATOTOBKHU K IMMPAKTUYCCKHUM 3aHATUAM 10 JUCHH-

IIJIMHE ((TeOpeTI/ILIeCKI/Ie OCHOBBEI 3JICKTPOTCXHUKW)).
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2. Meroanueckne peKOMEHIANH TSl TOITOTOBKH K JTA00PaTOPHBIM 3aHSATHSIM IO JHCIIU-
wHe «TeopeTnyeckne OCHOBBI ANEKTPOTEXHUKI.

3. Metoauueckue peKOMEHJAIMU JUIs BBIOJIHEHUS pacyeTHO-rpaduyeckoi paboThl 1Mo
JucHUIuInHe « TeopeTnuecke OCHOBBI JIEKTPOTEXHUKNY.

4. Meroanueckue peKOMEHIallii 110 OPraHU3alMKi CaMOCTOSITENIbHOU padOThl CTYJICHTOB

IO AUCHUITIIMHE «Teopen&%cxne OCHOBBEI 3JICKTPOTEXHUKWN)).

5.3 Ilepeuens pecypcos unghopmauuonno-menekommynukayuonnou cemu Hnmepnem,
Heo0X00UMBIX 011 0CGOCHUS OUCUUNIUHDL
1. http://www.biblioclub.ru -OBC "YuuBepcurerckas 6ubimoreka oHaaiH"

2. http://www.iprbookshop.ru/ - DnekrponHo- 6ubauoreunas cucrema IPRbooks
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MMHUCTEPCTBO HAVKM U BBICIIIET'O OEPA30BAHM S POCCUMCKOU ®EJEPALINNA
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE YUYPEX/IE-
HUE BBICHIEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsaturopckuit uHCTUTYT (Prman) CKOY

MerToanyeckue yKazaHus

TI0 BBIMIOJIHEHUIO PacueTHO-TpaduyecKoil paboThI
no guctumuinae K TEOPETUYECKUWE OCHOBBI DJIEKTPOTEXHUK»
JUISl CTYJICHTOB HaIlpaBJiI€HUs! OATOTOBKU
13.03.02 DnexTposHEpreTuKa 1 JIEKTPOTEXHUKA

283



/o

O © N o g K~ w0 NP

8.2

8.3

Conepxanue

Beenenue

Lenb, 3aaun U peanuzyemMble KOMIETEHIIMU JUCITUILINHBI

DopmyIupOBKa 3a/1aHUA U €€ 00beM

O6ume TpeGoBaHUS K HAUCAHUIO U O(POPMIIEHHIO PaOOTHI

PexoMeHa1uu 1o BBINOJIHEHUIO 3a/1aHUs

[Tnan-rpaduk BbIOIHEHUS 3aJaHUS

Kputepuu ouenuBanus paboTsl

[Topsimok 3amuTel paboTHI

Y4ebHo-MeToanuecKkoe u HHHOpPMAIIMOHHOE 00eCTIeYCHHIE TUCTIUILTAHBI
[lepeyeHr OCHOBHOM U JOTIOJHUTEIBHOM JIMTEPATYPbI, HEOOXOIUMOM JIJIsI OCBOE-
HUS AUCHUTIIMHBI

[Tepeuenp yueOHO-METOMUECKOTO 00eCIeUeHHsI CaMOCTOSTEIbHOM paboThl 00Y-
YAIOIIMUXCS MO0 AUCLUIIIIMHE

[Tepeuens pecypcoB HHPOPMATMOHHO-TEIEKOMMYHUKAIIMOHHON ceTu VHTEepHeT,

HeO6XOI[I/IMBIX JJ1s1 OCBOCHUA JUCHUITIIMHBI
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BBenenue

OI[HI/IM N3 OCHOBHBIX BHI0B 3aHATHH 110 KypCy OUCHUIIIMHBI «TeOpeTI/I‘IeCKI/Ie OCHOBBI
QJICKTPOTCXHUKN) SBJISICTCS BBIITIOJIHCHUC pacquHo-rpachquKOﬁ pa6OTBI. HpeﬂnaraeMHe B MC-
TOAUYCCKOM YKa3aHHHU 3aJlaHUs OXBATLIBAIOT BCCh OCHOBHOH Marcpural Kypca U COOTBCTCTBYIOT

YTBEPKICHHOMU ITpOrpamMmmMe.
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1. I]enws, 3a0auu u peanusyemvle KOMnemeHyuu OUCUUNTUHDL

Henpro qucuumunnsl « TeopeTnyeckre OCHOBBI AJIEKTPOTEXHUKIY SIBISIETCS U3yUEHHUE CTY-
JEHTAMHM OCHOBHBIX 3aKOHOMEPHOCTEMN MPOLECCOB MPOTEKAIOUINX B AEKTPOTEXHUUYECKUX LIETIAX
U METOJIOB ONpPEENICHUS FNEKTPUUECKUX BEIMUYNH, XapaKTePU3YIOIIHNE 3TU MIPOLIECCHI, TpUoOpe-
TEHHUE TEOPETUYECKUX U MPAKTUYECKUX 3HAHUM 110 TEOPETUYECKUM OCHOBAM AJIEKTPOTEXHUKH, HE-
00XOAMMBIX /17151 YCIEITHOI'O OCBOCHHUS OCIEYIOIUX AUCIUIUINH CIIEUATBbHOCTH.

3aa4y JUCHUIUIMHBI COCTOSAT B OCBOGHUU CTYJEHTAMU:

— IPUHLIMIIOB COCTABJICHUS U 3allUCU YPaBHEHUH, OMUCHIBAIOIIMX MIPOLECCHI B LIEMIU B CO-
OTBEeTCTBUU ¢ 3akoHamMu Kupxroda, Oma, @apazaes - Makcsemna - Jlenna;

— OCHOBHBIX IPUHIUIIOB aHAJIN3a IPOLECCOB M0 JMHEHHBIM CXEMaM 3aMEILLEHUS LETIEeH:
HAJIOXKEHMSI, TMHEMHOCTH, KOMIIEHCALIMH, B3AUMHOCTH;

— OCHOBHBIX METOJIOB aHAJIN3a JIMHEWHBIX CXeM (METO/Ibl KOHTYPHBIX TOKOB, Y3JIOBBIX I10-
TEHI[MAJIOB, SKBUBAJIEHTHOTO UICTOYHHKA) U MOJyYEHUU HaYaJIbHBIX CBEJICHUI O BO3MOXKHOCTH HC-
nosip3oBanus OBM npu pacuerax;

— KOMIUIEKCHOTO METOJIa OTPEACTICHUS aMIUIUTY/I M HAYaJIbHBIX ()a3 TapMOHHYECKUX TO-
KOB U HAaIIPSDKEHUW B YCTAHOBUBIIUXCS PEKUMAX;

— KJIAaCCUYECKOT0, ONEPATOPHOIO U UHTErPAJIbHOTO METO/1a aHAIN3a EPEXOIHBIX POLIEC-
COB IO JIMHEWHBIM CXEMaM 3aMEIIECHHs LeNel, a TaKKe MPUHIIMIIOB COCTABIICHUS YPaBHEHUU U
HOJATrOTOBKU MH(pOpPMAIIUHU JJIS pacyeTa MepexoaHbIX npoleccoB Ha 9BM MeTo0M nepeMeHHbIX
COCTOSIHUM;

— METOJIOB pacuera 3JIEKTPOMATrHUTHBIX MPOLIECCOB BO B3aUMOCBSI3aHHBIX KOHTYpax;

— OCHOB TEOPHUH YETHIPEXIIOIOCHUKOB;

— MCTOAOB IOCTPOCHUA (I)I/IJ'ILTPOB H HUX pacycTa B SJICKTPOTCXHUYCCKUX N IJICKTPOHHBIX

cXeMmax;
— OCHOB aHaJIW3a MPOIECCOB B IEIAX C pacTpeIeICHHBIMH ITapaMeTPaMU;
— OCHOB TE€OPHS TOJIS;
— METOJIOB DJIEKTPUUYECKUX U3MEPEHUH C HCITIONh30BAHHEM U3MEPUTEIBHBIX TPUOOPOB;
— OCHOBHBIX IIPOIIECCOB, MPOTEKAIOIIMNX B AJEKTPUUECKUX LIETAX C HETapMOHUYECKUMHU TO-
KaMH.,

[Ipu BBIONHEHUN KOHTPOJIBHON PabOTHI pean3yoTcs CAeAyIOUINi epedeHb MIaHupye-

MBIX PE3yJbTaTOB O0YUYEHHUS O AUCIUTIINHE
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Kon, dbopmynupoBka komrie-
TEHIIMU

Kon, dopmynupoBka nHaMKA-
TOpa

[Inanupyemslie pe3ynbTaTsl
00yueHHMs 10 TUCIIUTLTHHE
(MomyII0), XapaKkTepu3yIo-
IIMe 3Tarbl HOPMUPOBAHHS

KOMHGTGHHI/Iﬁ, HWHIUKATOPOB

OIIK-4 CnocobeH HCI0ab30-
BaTh MCTOJIbI aHAIM3a U MOJIC-
JIMPOBAHUS AJIEKTPUUECKUX 11e-

IIEH U JIEKTPUYECKUX MALIUH

N -lonk-4 Ucnonb3yet me-
TOJbI aHAJIM3a U MOJICJIMPOBa-
HUS JUHEHHBIX U HEITUHEH-
HBIX IIeTIeH ITOCTOSHHOI'O U
[IEPEMEHHOTO TOKA.

3HAaEeT OCHOBHBIC 3aKOHBI
AJIEKTPOTEXHUKH, TEOPHIO
AJNIEKTPOMATHUTHOTO TIOJIS U
LeTeil ¢ pacupeaeieHHbBIMU
rnapamMeTpamu, METO/Ibl aHa-
JM3a, MOJICIIMPOBAHUS U pac-
yeTa JUHEHHBIX U HeJIMHEH-
HBIX IIeeH NOCTOSIHHOIO U
IIEPEMEHHOTO TOKA

NJ1-20nk-4 cions3yeT me-
TOJIbI PacyeTa MePeX0THbIX
MPOIIECCOB B IEKTPUICCKUX
LETSIX TIOCTOSTHHOTO U Iepe-
MEHHOTO TOKa.

VYMeeT UCII0Ib30BaTh METOIBI
aHajan3a u MOJACIIUPOBAHUS
JIMHEHHBIX M HEJIMHEHHBIX I1e-
€W MOCTOSIHHOTO U IEPEMEH-
HOTO TOKa.

N-3omk-4 [Ipumenser 3Ha-
HUSL TEOPUH JIEKTPOMArHUT-
HOTO I0JIS U LIETEN ¢ pacrpe-

JICJICHHBIMH ITapaMeTpaMHu.

Bitaneer HaBblkamu pacyera
IIEPEXOIHBIX IIPOLECCOB B
JJIEKTPUYECKHUX LETSAX I10CTO-
SIHHOTO ¥ IEPEMEHHOT0 TOKA.
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2. @opmynuposka 3a0anus u ee 00vem

3aoanue Nel
Homep pucyHka, Ha KOTOPOM M300pa)keHa pacueTHasi CXeMa, HoMep TaOJIHUIIbl 3HAYCHUN
apaMeTpoB U METOJI, KOTOPbIM HEOOXOAMMO PELIUTh 3a7auy, peacTaBieHbl B Tadbaume Nel.

Tabmuma 1 — MeTtozsl pereHus 3aaa4d

Howmep Bapuanra Howmep pucynkos Homep Tabmun Meropl perieHus 3a1a4
1...10 1 2 KOHTYPHBIX TOKOB
peoOpa3oBaHUs CXEMBI U
11...20 2 3
Y3JIOBOTO HAIPSKEHHS
21...30 3 4 Y3JI0BBIX MOTCHIINAIOB

Bapwuantsr 1 — 10

Es R,
& =

Pucynok 1 — Cxema snexktpudeckasi NpuHIMNKAIbHASA K BapuanTaMm 1...10

Tabmura 2 — BapuanTsl 3ananuii 11 Bapuantos 1-10

Ne Bapu- Ry, Ra, Rs, Ra, Rs, Re, Rz, R,
aHTI:l E, B | B2, B | Es, B Om Om Om Om Om Om Om Om
1 220 220 110 5 5 2 55 55 20 20 40
2 15 12 6 0,3 0,2 0,1 19,7 24,8 29,9 30 15
3 24 12 6 0,3 0,2 0,1 9,7 9,8 50 50 20
4 220 110 110 6 3 3 54 87 57 40 83
5 12 6 6 2 1 1 3 12 5 7 8
6 24 12 6 4 2 1 6 8 10 10 20
7 24 12 12 4 2 2 12 16 20 20 40
8 24 6 6 6 1 1 4 4 10 10 10
9 12 12 6 2 2 1 6 16 10 20 40
10 100 70 30 5 4 2 15 60 70 28 60

PacueT BBITIOJIHUTH MCTOJOM KOHTYPHBIX TOKOB
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Bapuantsr 11 — 20

Pucynok 2 — Cxema anekTpruyeckas IpUHLIUIMANbHAsA K BapuaHTam 11...20

Tabmuna 3 — BapuanTsr 3aganuii as Bapuantos 11-20

Ngaflif;“' ELB | EB | Es,B | RLOM | R,OM | Rs,OM | Ry, OM | Rs,OM | Rs, Om
11 20 12 6 38 3 7 4 6 10
12 ~20 12 6 12 1 25 6 10 05
13 15 5 _5 0.4 038 08 20 30 25
14 24 5 5 0.2 038 038 30 50 40
15 24 12 12 0.2 0,4 0,4 12 24 4
16 200 50 50 35 375 75 25 50 25
17 100 25 —25 12 6 1,83 15 40 20
18 100 50 25 4 6,5 05 20 15 15
19 200 12 12 20 4 1,25 40 45 15
20 220 | -24 15 25 5 7 25 15 10

PacueT BBINOMHUTD HCTIOB30BAaHUEM METOIOB IPEe0Opa30BaHUs CXEMBbI U Y3JI0BOIO HaIps-

KCHUA.

BapuanTtst 21 — 30

Pucynok 3 — Cxema snekTpuueckasi IpUHIUINAIbHASA K BapuaHTam 21..

.30
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Tabmuna 4 — BapuanTsl 3aganuii ais BapuanTos 21-30

Ne Bapu- | E12, | Ba1, | E23, | Es2, | Ea1, | Ea2, | Ri2, | R, | Ret, | R2s, | Rs2, | Ras, | R13, | Ray, | Raz,
aHTa B|B|B|B| B | B |OMm| oy |OmM|OM|Om|OmM|Om|OmM|Om
21 8 8 | 15| 5 |12 |20 | 4 | 25| 10 |05 | 2 1 5 1625 10
22 6 |12 |12 | 6 |24 | 24| 8 |05 |04|04|05| 4 | 10 |125]| 8
23 5|15 |5 15|12 (12| 5 |[125| 25 | 10 | 20 | 2 |05 | 25| 4
24 12 | 12 | 6 6 5 15| 2 4 4 8 [125] 20 | 50 | 04 | 1
25 24 | 12 | 24| 6 |15 |15 |80 | 25 |125| 40 | 20 | 25 | 40 | 0,2 | 0,1
26 100 | 50 | 100 | 100 | 100 | 50 | 250 | 40 | 50 | 25 | 50 | 200 | 250 | 2 5
27 250 | 100 | 100 | 50 | 250 | 100 | 500 | 400 | 200 | 125 | 250 | 500 | 200 | 10 | 5
28 250 | 250 | 100 | 100 | 250 | 50 | 50 | 400 | 200 | 50 | 100 | 20 | 50 | 4 2
29 12 | 24 | 5 | 15 | 100|100 | 8 4 8 | 25|50 | 10 | 20 | 25 | 10
30 24 | 12 | 5 | 15 | 250|250 | 100 | 125 | 125 | 5 | 10 | 250 | 50 | 2,5 | 25

3aoanue No2

Bo Bcex BapuaHTax BBINOJIHAETCS pacyeT CXEMbl, IpeAcTaBlIeHHON Ha Puc. 4. 3nauenus

napaMeTpOB 3JICMCHTOB CXCMbI ITIOMCILICHLI B Ta6n1/1ue 5. Z[J'ISI HCKOTOPBIX PCAKTUBHLIX B Ta6m/1ue

yKa3aHbl CONPOTUBIIEHUS (1101 YEPTOIL), JUIsl APYTUX - UHIAYKTUBHOCTH WJIM EMKOCTH (HaJl 4epTOi).

AN
—1 v
Xi1 | ?
Xe1
o La ) s
U I, I
Cs__ X
L2 XL2 3 3

Pucynox 4 — Cxema syiekTpruyeckasi IpUHIMIUAIbHAS K 3aga4e Ne2

Tabmuma 5 — BapuanTsl 3amanmii k 3agaue Ne2

Negapu-| U, | f, | r, L1, MO C1,MK r2, L2, mI' C2,MK rs, Ls, mI' C3,MK
aHTa B | I'u | Om xL1,0M xc1,0M OM xL2,0M xc2,0M | OM xL3,0M xc3,0M
106 31,8 127,3
1 250 50 | 30 30 20 50 40 10
79,6 79,6 63,7
2 127| 50 | 20 40 40 30 60 140
159 63,7
3 220 50 | 30 30 30 260 30 40 50
4 220 50 | 10 1 100 2019
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Negapu-| U, | f, | r, L1, M C1,MK r2, L2, mI' C2,MK rs, Ls, mI' C3,MK

aHTa B | I'm | Om xL1,0M xc1,0M OM xL2,0M Xc2,0M | OM XL3,0M xc3,0M
5 127| 50 | 50 40 40 45 318.4 67 50 127.3 106
6 127| 50 | 50 63,7 o5 30 127.4 10 50 o5 106
7 220| 50 | 40 50 50 10 63,7 50 55 250 159
8 380( 50 | 20 20 3183 100 80 50 30 36 3183
9 380( 50 | 20 10 40 50 10 10 50 79.6 159
10 380( 50 | 30 o5 50 30 40 79.6 50 63,7 10
11 220 50 | 30 40 80 68 110 30 40 9.5 53
12 220| 50 | 40 30 60 80 62,5 7 30 63,7 60
13 127| 50 | 30 31.8 50 50 100 159 40 40 70
14 380( 50 | 30 10 50 50 3183 50 33 100 63,7
15 127| 50 | 50 100 53 20 127.3 40 20 447 50
16 127| 50 | 40 9.5 53 30 40 40 40 10 159
17 127| 50 | 40 10 40 45 53 40 65 207 88,5
18 220( 50 | 30 31.8 10 63,7 40 o5 30 30 63,7 60
19 380( 50 | 40 318 20 25 30 40 80 80 455
20 380( 50 | 30 10 63,7 30 40 63,7 30 9.5 70
21 220 60 | 30 106,1 33,2 68 30 110 40 30 50
22 220| 60 | 40 79.6 44,2 30 40 40 45 65 60
23 127| 60 | 40 106,1 63,7 30 10 106.1 50 100 70
24 380( 60 | 30 26,5 53 50 40 20 30 10 50
25 127| 60 | 40 20 50 20 106,1 40 50 10 >3
26 127| 60 | 40 26,5 66,3 30 20 60 30 20 58
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Negapu-| U, | f, | r, L1, M C1,MK r2, L2, mI' C2,MK rs, Ls, mI' C3,MK
aHTa B | I'm | Om xL1,0M xc1,0M OM xL2,0M Xc2,0M | OM XL3,0M xc3,0M
57 127 60 | 40 - 44,2 30 106,1 63,7 40 g 10
28 220| 60 | 30 79.6 30 40 26,5 88,4 30 20 60
29 380| 60 | 40 53 50 40 79.6 o5 40 40 37,9
30 380| 60 | 30 26,5 50 30 40 30 30 30 37.9
3aoanue No3

I[J'ISI MOJIYUCHUA UCXOAHBIX JaHHBIX HCO6XOI[I/IMOI

1. HapucoBatb ckener cxemsr (Puc. 5).

2. BeiOpatb CTpOKy JaHHBIX 00 3JieMeHTaxX cxeMbl 1o Tabmwie 6, ucxons u3 HoMepa 3a-

JaHHOT'O BapuaHTa.

3. BeiOpatb cTpoKy JaHHBIX O apameTpax 3j1eMeHTOB o Tabnuie 7, uCXoas U3 JaHHBIX

Tabnuusl 6.

4. 3amoJIHUTh CKEJIET CXEMBI COOTBCTCTBYIOIIMMHU 3JICMCHTAMU 110 BApHUAHTY

4.1. B TabGnuie 6 ykazaHbl 2JIEeMEHTBI, KOTOpbIe HEOOXOIUMO BKJIFOUUTH B COOTBETCTBYIO-

mue BeTBu: R, L mim C.

4.2. B Ty BeTBb, TJIe CTOUT 3HAK “+”°, HeoOxoauMo BKIOUNTh rcTouHuk D.J[.C. E(t) mo-

CJIEA0OBATCIIbHO C ITACCHUBHBIM 3JICMCHTOM. HanpaBneHHe HCTOYHHKA CTYACHT MOXKCET 3a1aTh IPO-

HU3BOJIBHO.

4.3. BetBb, 0003HaueHHass XX, HAXOJUTCS B PEKUME XOJIOCTOrO X0Ja, TO €CTh OHa 000-

pBaHa. Pucosatb 9TY BCTBb B CXCMC HC CJICAYCT.

4.4. BetBb, 0003HaueHHas K3, HaxouTcs B pekrMe KOPOTKOTO 3aMbIKaHHUS, TO €CTh Ha €€

MecTe Oy/IeT 3aKOpPOTKa, KOTOPYIO HYXHO CTSHYTb B y3€.

4.5. [TapameTpsl BceX BKIFOYCHHBIX JIEMEHTOB J1aHbl B Tabnuiie 7.

1

L
2
4 5
& o
7
6 8
L

Pucynok 5 — Cxener cxemsl
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Tabauua 6 — DiIeMeHThI CXEMBI

Ne Howmepa Betsei Ne
BapuanTa 1 2 3 4 5 6 7 8 Bapuanra
Tabn. 7
1 XX +L1 C1 R1 L2 C2 R2 R3 1
2 XX C1 +R1 L2 C2 R2 R3 L1 2
3 XX R1 L2 | +C2 | R2 R3 L1 C1 3
4 XX L2 C2 R2 | +R3 | L1 C1 R1 4
5 XX C2 R2 R3 L1 | +C1 | R1 L2 5
6 XX R2 R3 L1 C1 R1 | +L2 | C2 6
7 XX R3 L1 C1 R1 L2 C2 | +R2 7
8 +C1 K3 R1 L2 C2 R2 R3 L1 8
9 R K3 +L2 | C2 R2 R3 L1 C1 9
10 L2 K3 C2 | +R2 | R3 L1 C1 R1 10
11 C2 K3 R2 R3 | +L1 | C1 R1 L2 11
12 R2 K3 R3 L1 Cl | +R1 | L2 C2 12
13 R3 K3 L1 C1 R1 L2 | +C2 | R2 13
14 L1 K3 C1 R1 L2 C2 R2 | +R3 14
15 +L1 L2 XX C2 R2 R3 L1 C1 15
16 L2 +C2 XX R2 R3 L1 C1 R1 16
17 C2 R2 XX | +R3 L1 C1 R1 L2 17
18 R2 R3 XX L1 | +C1 | R1 L2 C2 18
19 R3 L1 XX C1 R1 | +L2 | C2 R2 19
20 L1 C1 XX R1 L2 C2 | +R2 | R3 20
Tabmuua 7 — [TapameTpsl 21IeMEHTOB
No B £ VY, [TapameTphl MaCCUBHBIX 3JIEMEHTOB
Bapn;HTa B, F,H rpa- R1 R2 R3 L1 L2 C1 C2
JTyChI Om Om Om Ml 'H M[H | MK® | mMkD
1 30 100 -70 20 30 10 31,8 63,7 | 53,08 | 24,5
2 20 200 -30 50 40 20 39,8 | 31,85 | 39,61 | 12,25
3 40 300 45 28 33 15 10,6 | 13,27 | 8,85 | 10,62
4 12 400 35 46 35 30 |25,881| 14,73 | 11,38 | 6,13
) 50 500 120 20 45 12 6,36 20,7 4,9 15,92
6 40 600 30 36 58 24 6,63 | 15,29 | 4,42 | 10,62
7 60 700 50 45 25 16 8,41 4,79 3,5 6,5
8 30 800 160 30 40 22 3,98 | 1294 | 3,06 | 9,95
9 25 900 20 26 30 30 11,5 8,85 | 10,61 | 5,06
10 20 1000 | -150 | 65,4 50 40 7,17 | 10,35 | 2,45 | 3,98
11 35 100 -15 38 42 15 39,8 79,6 | 31,85 | 63,69
12 10 200 -120 27 48 14 15,9 | 47,75 | 13,27 | 39,81
13 45 300 45 37 45 12 13,27 | 31,83 | 8,85 | 21,23
14 70 400 90 32 57 10 11,95 | 25,88 | 6,13 | 13,27
15 55 500 -40 26 35 20 19,1 6,36 | 1592 | 5,31
16 35 600 60 56 38 25 797 | 17,25 | 4,42 | 13,27
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17 20 700 -30 40 30 30 13,64 | 8,41 9,1 3,5
18 40 800 20 25 45 15 1294 | 3,98 9,95 3,06
19 30 900 -20 35 60 12 6,54 11,5 2,72 5,06
20 20 1000 50 55 25 20 9,55 7,96 3,18 2,65
21 40 100 120 47 48 14 47,8 95,5 | 26,54 | 53,08
22 10 200 -160 38 42 20 19,9 | 3585 | 1593 | 31,85
23 45 300 200 26 35 30 10,6 23,9 11,8 | 26,54
24 12 400 -60 34 36 25 795 | 1793 | 8,85 | 13,91
25 50 500 -20 27 38 12 6,36 | 14,34 | 7,08 | 15,92
26 30 600 -270 45 50 14 53 11,95 5,9 13,27
27 55 700 -70 20 25 20 454 | 10,24 | 506 | 11,37
28 15 800 -135 38 24 30 3,98 8,86 4,42 9,96
29 100 60 0 100 150 175 157 | 12,75 | 20,31 | 15,29
30 220 50 0 150 220 330 19,12 | 11,90 | 10,00 | 20,00
3aoanue No4

K tpéxdasznomy Tpancpopmaropy, BTopuuHasi 0OMOTKAa KOTOPOI'O COEJMHEHA MO CXeMe

«3Be371a», NOJKII0UYEHA HECUMMETPUYHAs Harpy3Ka 10 Takoi ke cxeme. 3a7aHa BenuunHa (az-

Horo HampspkeHus: Uo Ha 3akMMax BTOPUYHON OOMOTKHM TpaHc(hopMaTropa U CONPOTHBIICHUS

Harpy3Ku

Z, =1+ X, Z, =1+ %, Z, =TI, + JX..

Heo0xonuMo HaliTH JTUHEWHbIE TOKM M TOK HEWTpajdbHOro nposoja. [Ipu oTcyTcTBHM

HEUTpaIbHOrO MPOBO/Ia HAMTH HANpsKEHUE CMEIICHNS HEUTpaiy U HallpsDKEHUS Ha KaKIoU ¢aze

Harpy3ku. IlocTpouTe BEKTOpHBIE TUarpaMMbl TOKOB M HAIIPSDKEHUN U1 CXEM C HEUTPAIBHBIM

poBoioM u 0e3 Hero. 3HaueHus: Uo U COMPOTUBIIEHUI HArpy3KH MpeCTaBICHbI B Ta0HIIE 8.

Tabmuma 8 — BapuanTs! k 3anade 4

Ne apuanra | Ugp, B ra, OM Xa, OM I'b, OM Xb, OM reOm XecOMm
1 50 4 -5 8 -10 4 12
2 220 12 20 20 12 25 15
3 110 15 -8 18 10 14 -15
4 100 20 15 8 -12 7 30
5 200 4 -20 15 8 12 7
6 50 16 -4 20 -15 8 12
7 110 25 16 4 20 15 -8
8 220 10 25 16 -4 20 -15
9 100 12 -10 25 16 4 -20
10 200 18 12 10 -25 16 4
11 50 4 -18 12 10 25 -16
12 110 12 16 18 -12 10 25
13 220 25 30 25 -18 12 10
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14 100 8 -25 12 15 18 12
15 200 20 -25 30 25 12 -10
16 6 2 -2 4 4 6 -3
17 12 4 8 6 -5 8 12
18 15 6 4 8 5 10 -5
19 24 6 -3 4 3 2 15
20 48 12 12 8 -8 6 6
21 60 9 0 15 -10 6 10
22 6 6 -2 4 8 2 0
23 12 8 -5 6 -2 3 8
24 24 10 12 15 6 8 -10
25 48 15 0 10 -2 25 20
26 60 18 15 15 -6 18 12
27 120 25 22 40 25 15 -15
28 6 3 2 10 -6 6 4
29 12 14 7 16 -9 25 20
30 15 2 1 20 20 10 -10
3aoanue No5

B anextpuueckoii nenu, NpeacTaBIeHHON Ha puc.6, NENCTBYET HECUHYCOUJAJIbHAS 3.11.C.
3HaueHUs YacCTOThl IEPBOM FAPMOHUKHU U IMapaMETPhI JIEMEHTOB MIEKTPUUECKON LIENU CBEICHBI
B TaOmuiy 9. KpuBas usmeHenust 3.71.c., CHMMETpHYHAsi OTHOCUTEIBLHO OCH abcuuce, MpeacTaB-
neHa B Tabmume 10 opauna maTepBanioM (das3er 10° B mpenenax ot 0° mo 180°.B anekTpudeckoit
LIeNH UMeeTcsl conpoTuBieHne Harpy3ku RH u ¢punbtp, cocTosmnuii 1160 13 napauieabHo BKIIO-
4y€H-HbIX KOHAeHcaTopa Cl 1 kaTymku nHAYKTUBHOCTH ¢ mapamerpamu L1 u RK, nu6o u3 nocne-
JIOBaTEIbHO BKJIFOUEHHBIX KOHAEeHcaTopa C2 M KaTyIIKM MHAYKTUBHOCTH ¢ mapamerpamu L2 u
RK.

TpebyeTcs pa3noXKuTh HECUHYCOMAATIBHYIO 3.7.C. HA TAPMOHUYECKUE COCTABIISIOIINE, IS
KaXX/10 TApMOHMKH OTPEACTUTh BEJIMUUHY U a3y TOKa B IETH HATrpy3KH, JIEHCTBYIOIIEe 3HaYe-
HUE TOKA U MOIIIHOCTH B Lienu Harpy3ku. [locTpouTs rpaduku n3MEeHEeHHs BO BPEMEHH 3.]1.C. U €€
OTJENIbHBIX TApMOHHMK, a Takke rpaduk M3MEHEHHs BO BPEMEHM I'apMOHUKU TOKa, MMEIOLIeH

HauOOBIIYIO AMILIATY 1Y .

7,

I
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Pucynok 6 — [IpunuunuanbsHas cxema K 3agade NeS

Tabmuma 9 — Ucxonuele maHHbIe K 3amade NeS

Ne papianTa Fr, Ik L1 C1 L2 C2 f,

Om Om In MKD I'n MKrD Iy

1 200 10 - - 0,507 20 50

2 100 5 - - 0,078 10 60

3 150 5 0,0563 20 - - 100

4 500 10 0,0125 10 - - 150

5 200 2 - - 0,633 1 200

6 300 4 - - 0,09 0,5 250

7 140 10 0,281 1 - - 300

8 400 6 0,0625 0,5 - - 350

9 300 3 - - 0,158 1 400

10 500 10 - - 0,225 5 50

11 250 5 0,352 20 - - 60

12 240 8 0,5 1 - - 75

13 260 6 - - 1,268 2 100

14 350 7 - - 0,391 0,5 120

15 180 5 1,127 1 - - 150

16 320 6 0,141 0,5 - - 200

17 520 4 - - 0,811 0,5 250

18 360 10 - - 0,0313 1 300

19 600 5 0,414 0,5 - - 350

20 100 7 0,0176 1 - - 400

21 50 8 - - 1,014 10 50

22 600 10 - - 0,156 5 60

23 70 4 0,451 10 - - 75

24 120 3 0,0563 5 - - 100

25 25 1 - - 0,352 5 120

26 130 6 - - 0,0352 2 200

27 540 7 0,203 2 - - 250

28 720 10 0,0625 0,5 - - 300

29 580 4 - - 0,207 1 350

30 150 8 - - 0,088 0,2 400

Tabmuma 10 — Mcxonasle naHHbIe K 3amaye NeS

Bap ot 01020 (30|40 50|60 |70 |80|90 (100| mo [120|130|140(150|160(170
1 0 (4,22|8,32(11,5|13,4|13,6(12,3|9,96(7,37|5,18(3,89|3,71|4,48(5,74|6,81|7,07|6,05| 3,6
2 0 (7,22{12,1{14,1{13,6(11,5/9,00|7,40|7,80{10,4|14,7|19,9|24,5|27,1|26,7|23,1|16,6|8,45
3 0 (78,7|140(169|159(112|42,6 31.6/902| 118|107 62,2 4,50|74,1|127|147|129|75,7
4 0(101|172(197|169| 99 | 6 |-83 14311571120 42| 57 [150(212|226 (187|105
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5 0 (12,7|26,5(39,5| 50 | 56 | 58 |55,5( 50 | 43 | 36 | 30 |26,8(24,8|23,5(21,5|17,4|10,2
6 0 (18,2|28,6(30,8|26,8|19,9(14,5|13,9(20,2|33,1|50,5|68,2|81,9(87,8|83,7(69,8|48,4|23,6
7 0| 15 |31,7(48,3|62,5|72,8|77,9|77,8|73,3|65,7|56,9|48,5|41,5| 36 |31,7|27,2| 21 (12,1
8 0 {20,3(47,4(76,3/101|117|120|110| 89 |62,2|35,2|13,2| 0 |-3,7| O | 7 |12,2|10,8
9 0|18 |28,3(31,7| 31 | 30 |32,4|40,4|54,3|72,6|91,8{108 |1 16|114|102|79,9|52,7|24,6
10 0 (26,4|53,9(78,8|97,91109|111|106 (96,1|83,9|72,7|64,3|59,2(56,5|53,9|48,8|38,7|22,3
11 0 (166|278(312|262(146| O 1331213 2171139 0 |165|312(401|407 (327|179
12 0| 28 [60,5(93,2(121(140|147|142|128|108| 86 |67,2|53,8|46,1|42,4|39,6|33,2|20,6
13 0 (33,1| 69 {103]|130(146|151|144({130|111{93,5| 79 |69,6/64,4| 61 [55,8|45,1|26,7
14 0 (42,5/66,7(71,9(62,5|46,5|33,7|32,4|47,1|77,4|118 159|191 |205|195|163|113| 55
15 0 | 26 |45,1(58,3| 68 |77,3|88,8{104 (122|141|157|167|167|156|134|103| 68 |32,2
16 0 (43,8|93,8/142|180|202|206|191{163|129(96,6/71,7|57,6(53,5|55,2|56,3|50,3| 32
17 0 (45,3|74,9| 88 |87,9(81,4|76,2|79,1| 94 |120|153|185|208 (214|200 (164|114 |55,7
18 0(119(231(310|341|319|252|161({69 | 0 [-30|-16|32,6/ 98 |155(183|166|102
19 0 (47,4/105(163|212|244|252|238|205|161|117|80,6| 57 |47,4|47,6|50,4|47,6| 32
20 0|41 (69,4(85,8] 94 | 99 [107|122|144|172|200|222|232|225|199|158|106| 51
21 0 (82,5/169(2441293|307|287|239(177|116(70,6/48,6|50,6( 70 | 94 {108 |100| 64
22 0|30 (33,6(19,4| O 16’3 0 (36,5 97 [171|245|302|330|322(278|210{130|55,8
23 0 (51,3| 89 (112]124|130|136(148(167|193(221|244|256(250|225(181|124| 61
24 0 |366|681(865|872|703|402| 48 267|464 | 296 | 362 108 191|443|571|532|326
25 0| 751(130({161(168(161|148|141|148|171|206|246|278|292|278|236|168(85,5
26 0|45 | 84 (116]143|167|190|213 (235|253 (265|268 |258(236|200|155|104| 51
27 0|54 (114(173|225|265|288|293(283|261(232|202|175(151|130(108| 81 |45,3
28 0 (57,4|97,2{1201131{139|150|170({201|240{280|311|325(314|279(221|148|71,2
29 0|90 |188(278|345|378|373|336(278|213|157|120{104(107|118|123|109| 69
30 0 (96,5/161(188|184|160|134|123(137|179(242|311|367|395|380(323|229|115
3aoanue Nob

BreImorHUTE pacuéT nmepexoIHOTo mpoliecca B dJIeKTpudeckoi nenu (puc. 7,8,9) mpu noj-

KJIIOUCHHUH €€ K HCTOYHHKY IMMOCTOAHHOTO HAIIPAKCHHA. Paccuurate u IIOCTPOUTH Fpa(I)I/IKI/I HN3ME-

HCHUSA BO BPpECMCHH TOKOB B BETBAX U HaHpH)KeHI/If/'I Ha EMKOCTU U HHAYKTHBHOCTH. 3a11aqy PCIINTDH

OTIEpPaTOPHBIM METOI0OM. BapuaHTsl 3a/1auu nipecTaBieHb! B Tabmmie 11.
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Pucynok 7 — [IpunuunuanbsHas cxema K 3agaue Ne6

R,

Pucynok 9 — IlpunnunuanbHas cxema K 3aaade Neb

Tao6muna 11 — Ucxonusle nanuble K 3amaye Neb

Ne Bap. 1 2 3 4 5 6 7 8 9 10
Ne puc. 7 8 9 7 8 9 7 8 9 7
Ne Bap. 11 12 13 14 15 16 17 18 19 20
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Ne puc. 8 9 7 8 9 7 8 9 7 8
Ne Bap. 21 22 23 24 25 26 27 28 29 30
Ne puc. 9 7 8 9 7 8 9 7 8 9
E, B 10 50 100 15 20 9 24 15 | 100 | 15
R1,kOm 0,5 0,2 1 0,5 0,2 0,1 0,5 2 5 1
R2,kOm 2 1 2 1 0,5 0,2 0,5 3 5 1
C,ux® 100 10 20 5 10 1 0,5 50 1 0,2
L In 0,5 20 5 10 10 5 2 20 | 05 2
R3,xOm 0 | 3,346 | 0,452 | 3,131 | 2,315 [ 15,568 | 6,363 |0,127| O 10
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3aoanue Ne7

Ha puc. 10...19 npuBenens! cxembl Tpexdas3HbIX Meneil. B kaxmoil 3 HUX UMEeTCs TpeX-
dazHbIil TeHepaTop, co3Aaromuii TpexdaszHyo cuMMeTpuunyto cuctemy JD/IC, u cummeTpuyHas
Harpyska. JlefictBytomiee 3Hauenue 3/1C dasbl reneparopa EA , nepuox T, mapamerpst R1, R2,L,
C1 u C2 npuBeeHs! B Tabnwmie 12.

Hauansnyto daszy 3/1C EA npunstes HysneBoil. Tpebyercs: paccuuTaTh TOKH, TOCTPOUTH
BEKTOPHYIO IMarpaMmy TOKOB M HalpsLKEHUH, ONPEEIUTh ICUCTBYIOIEE 1 MTHOBEHHOE Hampsi-

JKCHHUC MCIKAY 3aJaHHBIMU TOYKaMU U MMOJACUUTATbL AKTUBHYIKO MOIIHOCTDH TpeX(i)a?;HOﬁ CHUCTCMBI.

Ci:h{'\m B nﬂ Q£2

Pucynok 10 — IlpunnunuansHas cxema k 3agaude Ne7

S

Pucynoxk 11 — ITpunnunuansHas cxema K 3anade Ne7

4]
A ] m
| -

Ea
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Pucynok 12 — IlpunnunuanbHas cxema k 3agaude Ne7

L C

L k1

Pucynok 14 — IlpunnunuanbHas cxema k 3agaude Ne7

R
A
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Pucynok 16 — IlpunnunuanbHas cxema k 3agaude Ne7

| 1
A e a

| —
L
Ri

C B c

Syl G

Pucynox 17 — HpI/IHI_[I/IHI/IaJ'IBHaSI cxeMma Kk 3agaue Neo7

s

E‘{WI_—TE:&

Pucynoxk 18 — IlpunnunuansHas cxema k 3agade Ne7

L

Ci
| a
Ea Ca
0L
\___/‘V‘\/‘\_E_{
|
|

Pucynox 19 — [IpuniunuanbHas cxema k 3ajaade No7

Ta6muna 12 — Mcxoaubie JaHHbBIE K 3a1a4ue Ne6
Bapuant Pucy- Ex,B T,c LmIH | Ci,Mk® | Co,Mk® | R1, OM | Ry, OMm Onpene-

HOK JINTH
1 10 100 0,015 22,32 276 - 44,3 8,66 Ubc
2 11 80 0,015 18,33 598 138 - 17,32 Ubc
3 12 60 0,015 4,78 398 - 7,66 2 Upe
4 13 40 0,015 35,88 119,6 - 25,98 - Upe
5 14 20 0,015 17,94 79,7 - 4,33 - Upe
6 15 90 0,015 107,6 119,6 - 8,66 - U
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7 16 70 0,015 41,4 175,1 - 17,32 - Upe
8 17 50 0,015 8,75 138 - 17,32 - Upe
9 18 30 0,015 23,92 478,5 - 17,32 - Upe
10 19 10 0,015 35,88 210,9 138 17,32 - Upe
11 10 80 0,02 29,71 376,5 - 4,33 8,66 Uca
12 11 60 0,02 24,39 796,2 183,8 - 17,32 Uca
13 12 40 0,02 6,36 530 - 7,66 2 Uca
14 13 100 0,02 47,7 159,2 - 25,98 - Uca
15 14 70 0,02 23,88 106,1 - 4,33 - Uca
16 15 20 0,02 143,3 159,2 - 8,66 - Uca
17 16 30 0,02 55,16 233,1 - 17,32 - Uca
18 17 10 0,02 11,65 183,8 - 17,32 - Uca
19 18 50 0,02 31,85 636,9 - 17,32 - Uca
20 19 90 0,02 47,7 280,8 183,7 1732 - Uca
21 10 10 0,025 37,32 461,6 - 4,33 8,66 Umn
22 11 30 0,025 30,64 1000 230 - 17,32 Umnn
23 12 50 0,025 8 666 - 7,66 2 Umn
24 13 70 0,025 60 200 - 25,98 - Umn
25 14 90 0,025 30 133,3 - 4,33 - Umn
26 15 100 0,025 180 200 - 8,66 - Umn
27 16 80 0,025 69,28 292,8 - 17,32 - Uab
28 17 60 0,025 14,64 230,8 - 17,32 - Uab
29 18 40 0,025 40 800 - 17,32 - Uab
30 19 20 0,025 60 352,7 230 17,32 - Umn
31 10 100 0,04 59,42 735 - 4,33 8,66 Unk
32 11 80 0,04 48,78 1592 368 - 17,32 Unk
33 12 60 0,04 12,738 1061 - 7,66 2 Unk
34 13 40 0,04 95,5 318,4 - 25,98 - Unk
35 14 20 0,04 47,77 212,2 - 4,33 - Unk
36 15 90 0,04 286,6 318 - 8,66 - Unk
37 16 70 0,04 110,32 466,3 - 17,32 - Unk
38 17 50 0,04 23,3 367,5 - 17,32 - Unk
39 18 30 0,04 63,69 1273,9 - 17,32 - Unk
40 19 10 0,04 95,5 561,7 36,75 17,32 - Unk
41 10 100 0,01 14,86 183,8 - 4,33 8,66 Uap
42 11 80 0,01 12,19 398 91,9 - 17,32 Uan
43 12 60 0,01 3,18 265,2 - 7,66 2 Uap
44 13 40 0,01 23,8 79,6 - 25,98 - Uap
45 14 20 0,01 11,94 53 - 4,33 - Uap
46 15 90 0,01 71,65 79,6 - 8,66 - Uap
47 16 70 0,01 27,58 116,5 - 17,32 - Uap
48 17 50 0,01 5,82 91,8 - 17,32 - Uan
49 18 30 0,01 15,92 318,4 - 17,32 - Uap
50 19 10 0,01 23,8 140,4 91,9 17,32 - Ua
3aoanue No8

[To mapameTrpam JMHUHU, YACTOTE U 3HAYCHHUSIM BEJIMUMH B KOHIIC JTMHUH, YKa3aHHBIM B Ta0-
muue 13, onpenenunTs:

1. TpeTbro HEM3BECTHYIO BEIMYMHY B KOHLIE JIMHUU.
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2. BotHOBOE COTIPOTUBIICHUE JTUHHH.

3. IlocTossHHYO0 pacpoCTpaHEeHMUsL.

4. Kommiekcel HanpsKeHUs. M TOKA BHAYaJIe JINHUM.

5. AKTHBHYIO U TIOJIHYIO MOIIHOCTH B Hayaje U B KOHIIE JINHUY.

6. KI1/[ muaum.

7. Ilonaras, yTo JUHMS CTaja JUHUEH Oe3 MOoTeph, a Harpy3Ka B KOHLE JIMHUU CTajla aK-
TUBHOM 1 paBHOM MOJYJII0 KOMIUIEKCHOM Harpy3KH, yKa3aHHOM B BapUaHTE 3aJjaHusl, OIPEECIIUTh
KOMIUIEKCHI HAIPSKEHUS ¥ TOKA B HavaJle JINHUY, a TAK)KE JJIMHY 3J€KTPOMArHUTHOM BOJIHBI.

8. st nrHMM 6e3 moTeph MOCTPOUTH TPapUK pacIpeIesIeH s JSHCTBYOMIETO HAIPSKEHUS

BJIOJIb JIMHUU B (DYHKIIMU KOOPAUHATHI Y.

Tabmauua 13 — Mcxonusle naHHble K 3aaaye No7

Co, Lo, Go, ° .
Baprant | 1| oy | 0% | 20° | 300 G o |
®/km | T'a/km | CMm/kMm

1 500 10 9,6 5,08 1,25 100 64,2¢ - 200
2 500 5 11,8 | 4,16 0,75 - 21,1e 1188 ¢ 1109° 250
3 10000 58 575 | 4,24 0,51 34,4 - 1720 ¢ 16157 11,65
4 2500 | 786 | 115 10 1,75 - 10 132 1965 e 182" 23,7
5 1500 24 10,6 4,6 0,175 40 100 - 73
6 1500 10 12 41 1,25 - 50 300 80
7 600 12,6 | 12,7 | 3,85 0,8 5 - 1270 e 320° 120
8 7000 135 6,11 5,7 2,25 - 23,9 /43¢ 512 ¢ 11437 16,3
9 1200 | 12,4 10 48 1,6 40 - 355 ¢ 188° 100
10 400 2,9 13 38 0,7 - 18 ¢l"®° 278 ¢ 178° 315
11 600 11 10 6 0,65 94,7 - 1620 ¢ 1124° 142
12 450 9,6 14,8 | 10,8 | 0,725 - 12,2 l%2° 1800 ¢ 183° 114
13 8000 | 97,2 6,4 7,5 0,82 60 - 667 12,7
14 4330 102 4,2 6,4 33 - 16,3 e/t54° 800 ¢ 115%° 21
15 2000 | 25,2 3,6 6,7 1 31 - 690 ¢ 77" 64,8
16 2000 | 16,7 19 2,66 1,5 - 13,1 800 42,7
17 1800 54 6,8 7,08 1,9 24 - 2000 ¢ 1625° 47,1
18 4500 54 8,2 10,4 0,46 - 20 &*?° 400 ¢ °3° 23
19 1600 | 20,4 34 7,08 0,9 33,9 - 1060 ¢ 17%° 92,3
20 700 29,2 8,2 6,08 | 0,675 - 33,3 ¢233° 1800 ¢ 123157 105
21 500 20 48 | 10,16 | 0,625 - 32,1 &7 3120 ¢ 15° 200
22 1000 10 11,8 | 4,16 1,5 100 - 1188 ¢ 110%5° 125
23 5000 29 115 | 4,24 0,51 - 10 /3™ 1220 ¢ 1615° 15
24 5000 | 157,2 | 11,5 10 35 78,6 - 1965 ¢ 1132° 11,85
25 1500 48 5,3 9,2 | 0,0875 - 50 800- 73
26 3000 20 12 41 2,5 60 200 - 40
27 2400 | 50,4 | 3,175 | 3,85 0,8 - 1,97 ¢%° 2540 ¢ 120° 60
28 3500 | 2255 | 1222 | 1,9 2,25 5 - 209,5 ¢ 11437 40
29 1200 | 24,8 5 9,6 0,8 - 56,4 /%" 710 ¢ 188° 100
30 800 5,8 13 38 104 20 - 278 ¢ 178” 157,5
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31 300 5,5 20 6 0,65 - 26,05 &12°° 1150 ¢ 3124° 200
32 900 19,2 | 14,8 | 10,8 1,55 88 - 1800 ¢ 18°° 57
33 8000 | 1944 | 3.2 15 0,41 - 45 1334 12,7
34 6500 204 28 | 854 2,1 25,4 24,5e/15% - 14,9
35 1000 | 12,6 7,2 6,7 1 - 22,57 490e 177 91,5
36 4000 | 334 19 2,66 3 42 - 800 21,35
37 1800 108 34 | 1416 | 0,95 - 662 4000¢ 11625 471
38 9000 108 8,2 10,4 0,92 32 - 400e 1> 11,5
39 800 10,2 6,8 7,08 0,9 - 16e7% 7508172 130
40 700 14,6 8,2 304 | 0675 42,3 - 1255¢ 12315 149
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3. Obuwue mpedosanua K HANUCAHUIO U OPOPMIEHUIO PADOMbL

Ocnoegnvle mpedoganus K pabome

[Tpu BemonHeHuun u opopmiaeHH KoHTpodabHOU 1o 'OCTy Hago yuuTHIBaThH 00LIHE TpE-
00BaHUs, KOTOpBIE IPEIBABISAIOTCS K padoTe:

— CTYJCHT JOJDKCH NIPUACPKUBATHCS 3aJaHHON TEMAaTUKH;

— 3aMpeIieHo MEHITh TEMY CAaMOCTOSTENILHO 0e3 00pallleHus K MPeroaaBaTeto;

— ipu oopMIIeHUH pabOThI HY>KHO y4nuThiBaTh HOpMbI U ['OCTHI;

— KOHTPOJIbHAS BBINOJIHSIETCS HA OCHOBAaHUHM HE MEHEE CEMU MCTOYHUKOB, BHIOPAHHBIX aB-
TOPOM;

— paboTa nomKHA OBITH aBTOPCKOM, B HEll TOJDKHBI COJIEPKAaThbCsl COOCTBEHHBIE BBIBOJIbI
CTYJICHTA,;

— TEKCT KOHTPOJIbHOM JIOJKEH UMETh 00BbEM HE MeHee 7 JIMCTOB.

Odropmaenue no F'OCTy mexkcma KOHmMPOJIbHOU

Korna paboTa BbINOIHEHA, €€ HE0OXO0AUMO NPUBECTH B COOTBETCTBYIOILINI B COTTIACHO
I'OCTawm:

— KOHTPOJIbHYI0 HaOupatoT B Word uiam ApyroM TEKCTOBOM PEIAKTOpPE C aHAJOTWYHBIM
(G YHKIIMOHAJIOM;

— MpHu Habope HY>KHO Mcnoib30BaTh mpUdT Times New Roman;

— MHTEPBAJ MEXKy CTPOK — IOy TOPHBIIA;

— pa3mep mpudra — 14,

— TEKCT BBIPABHUBAETCS 10 IITHPHHE;

— B TEKCTE JIENal0T KPaCHbIE CTPOKH € OTCTYIIOM B 12,5 mwm;

— HIDKHEE U BEepXHEE TOJISI CTPAHUIIBI IOJKHBI HIMETh OTCTYH B 20 MM;

— cieBa otctyt coctaBisieT 30 MM, cipaBa — 15 mwM;

— KOHTpOJIbHAS BCET/Ia HyMEpYeTCsl C TIEPBOTo JINCTA, HO HA TUTYJILHOM JINCTE HOMEp He
CTaBsT;

— HOMEp CTpPaHMIIBI B pabOTE BCET/a BHICTABIISIETCS. B BEPXHEM IPABOM YTIIY;

— 3aroJIOBKH paboThl 0(OPMIISIOTCS ) KUPHBIM HIPpUPTOM;

— B KOHIIE 3ar0JIOBKOB TOYKa HE MPETYyCMOTPEHA;

— 3ar0JIOBKM HaOMPAIOTCsI MPOMTUCHBIMHU OYKBaMU;

— BCE MYHKTHI U Pa3zienbl B paboTe JODKHBI OBITh TPOHYMEPOBaHBI apaObCKUMU IH(pamu;

— Ha3BaHMA Pa3/IesIoB Pa3MEIIAOTCS OCepeIHE CTPOKH, MOIPA3/IEIIbl — C JIEBOTO Kpas;

— paboTa pacreqaTblBaeTCs B IPUHTEPE Ha JUCTax A4;
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— TCKCT JOJIKCH pacnojiaratbCsa TOJIbBKO Ha OJHOM CTOPOHEC JIUCTA.

Paboma umeem maxyo cmpyKkmypy:

1. TurynbHbIA IUCT;

2. OrnaBiieHUE U BBEINCHHUE,

3. OCHOBHOM TEKCT U pacyeT KOHTPOJIHHOM;

4. 3axyounTeNabHas 4YacTh pabOThI;

5. Ilepedenp UCTIONB30BAaHHOM TUTEPATYPbl U UCTOYHUKOB,;

6. JlomoiHeHNs ¥ IPUITOKEHUSI.

Ecnu B paboTte ecTh NpUIOkKEHUS, O HUX HAJ0 YIIOMUHATh B OTJIABJICHUH.

Ccpiiku HyMmepyroTcsi apaOCKuMu LudpaMu, IPpU 3TOM YUYHUTHIBAIOT CTPYKTYpPY paOOThI

(pa3zaenbl ¥ Oapa3IeIbl).
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4. Pexomenoauuu no ebinoiHeHUI0 3a0aHUA

Ykazanue k pewienuro 3a0auu Nl

Pemenue 3amaun 3akiiroyaeTcs B ONPEASICHUH TOKOB BCEX BETBEN U HAIIPSKEHUM Ha BCEX
3JIEMEHTaX AJIEKTpuUecKkoi 1enu. Jlanee Ha MIUITUMETPOBOM OyMare He00X0IUMO TOCTPOUTH TI0-
TEHLHUAJIBHYIO JUarpaMMy OJHOTO U3 KOHTYPOB CXEMBbI 3aMEILECHUs. 3aKaHUMBAETCS PELICHUE 3a-
a4l TIPOBEPKOM OallaHca MOIIHOCTH, OJHOBPEMEHHO SIBIISIONICHCS MPOBEPKOW MPaBUIBLHOCTU
OIpE/IEeNICHUS] TOKOB B BETBSIX.

MeTtoJ1, KOTOPBIM HEOOXOIMMO PELIUTh 3ajauy, YKa3aH B COOTBETCTBYIOIIEM BapUaHTE.
VYpaBHEHUS U JIpyTUe aHATUTHYECKHE BBIPAXKEHUS HEOOXOJIMMO 3alUChIBaTh CHayalla B 00IeM
BUJIE, 3aTEM I0JICTABIIATh YUCICHHbIE 3HAUYCHUS BXOSIIUX B BIPAXKEHUS BEJTUYMH, a 3aTE€M 3aI1H-

caTh IIOJIyYCHHBIN pe3ysbTart.

Ykazanue k pewenuro 3a0auu No2

Pemenue nanHOM 3a1a4M BBIIOJIHAETCS] KOMIUIEKCHBIM METOAOM. BCce KOMIUIEKCHBIE BEU-
YUHBI (HAIPSDKSHUS, TOKH, COTIPOTUBIICHHUS) HEOOXOIMMO 3allMCHIBAaTh B ABYX (opmax: anreOpa-
MYEeCKOW U moka3zaTesibHOH. [lepByro y100HO MCHOIB30BaTh MIPH BBIMOJIHEHUU OINEpaLUi CIIOKe-
HUS U BBIYATAHUS, a TAKXKE ITPU TIOCTPOCHUH BEKTOPHBIX AUAarpamMm; BTOPYIO — IPU YMHOXEHUH U
JICJICHUN.

Pemenue 3agaun 3akiarodaeTcs B ONPEACIICHUN TOKOB M HAIPSPKEHUH HA BCEX DIIEMEHTaX
ANIEKTPUYECKOM CXeMBI. B nporecce BeIOIHEHUS pacdyeTa PEKOMEHIYETCsl BBIITOIHATh IIPOMEXKY-
TOYHBIE POBEPKH NIPABUIIBHOCTH BbIYMCICHHUI. Hanpumep, eciin HalieHbl TOKH, CXOISIINECS B
y3J1e, TO UX CyMMa JIOJDKHA ObITh PAaBHOW HYJIIO; WIIM €CJIM HalIeHbl HAPSKEHUS Ha HJIEMEHTax,
BKJIFOUEHHBIX ITOCJIEZIOBATEIBHO MEXKIY ABYMs y3JaMH, TO UX CyMMa JOJDKHA PAaBHATHCS HAIps-
JKEHUIO MEXKTy 3TUMH Y3JIaMH.

3aBepiraercst pacueT MPOBEPKOii OaraHca aKTUBHOW U PEAKTUBHOM MOITHOCTH. AKTHBHASI
U PEaKTUBHAs MOIIHOCTb, MOTpeOsieMble BCell cXeMOW MOKHBI ObITh COOTBETCTBEHHO PaBHBI
CyMMe aKTHBHOM U peaKTUBHON MOIIHOCTEH, MOTPEeOIsIeMbIMH OTJEIEHBIMU 3JIEMEHTaMH CXEMBI.

[TocTpoeHne BEKTOPHOU AUarpaMMbl TOKOB M HAIIPSKEHUM, TEHCTBYIOIIMUX B IIOCIIEI0BA-
TEJIBHO-NIAPAJUIEIIBHON LIENN CUHYCOUJAIBHOTO TOKAa PEKOMEHIYETCS BBIIIOJIHATh B CIEAYIOIIEM
HOpsIKE:

OTCYET yTJIOB NMPOM3BOAUM OTHOCHTEIBHO TOPU30HTAIBHON OcH (0Ch «X», OCh alCIHcCe);
IIPUYEM IOJIOKUTENIBHBIE YTIIbl OTKJIAABIBAEM ITPOTUB YAaCOBOM CTPENIKH, a OTPULIATEIbHBIE — 10
4aCcOBOM CTpEJIKE.

ANTopUTM NOCTPOCHHS BEKTOPHON AMArpaMMBbl CIIEAYIOIMMA:
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1. VI3 Hauana koopAWHAT MPOBOJIUM HANPaBIEHUS TOKOB:

2. [TocTpoeHne HaUMHAECM C «TATBHEH» (TPEThEil) BETBU:

2.1. [Tanenune HampspkeHUs Ha Rs coBmagaeT ¢ HampaBiIeHHEM TOKa |'3. ITosTOMy BekTOp
UR3 B MacluTa0e OTKJIabIBa€M B HAIIPABIEHUH TOKA I'3 .

2.2. Tanenue nanpskenus Ha L3 na 90° onepeskaer Tok |, . [Tosromy Bextop U, B Mac-
mrabe OTKIAbIBaeM NEPICHANKYISIPHO HANPABICHUIO TOKA I.3c onepexxenreM Ha 90° HaunHas
C KOHIIa BEKTOpa UR3 .

2.3. Iazenue Hanpsoxerus va C3 ma 90° orcTaér oT Toka I, ITostomy Bextop U, B Mac-
mrade OTKIIaAbIBaeM MEPIICHIUKYISIPHO HAIIPABJICHUIO TOKA I'3 c orcrtaBanuem Ha 90° HaumHas C
KOHIa BekTopa U R3 -

2.4. BexTopsl UL3u ch MMEIOT NPOTHUBOIIOJIOKHOE HAIIPABJIICHUE; UX PE3YJIbTHUPYIOIIHM
BexTop U p3 (PEAKTUBHOE HANPSHKEHUE TPEThEH BETBU) PABEH X T€OMETPUYECKON PA3HOCTH H, B
JTAHHOM CJIy4ae, HallpaBJIEH NEPIEHANKYJIIPHO TOKY I.3 c orcraBanuem Ha 90°.

2.5. 'eoMeTpuueckas cymMMa aKTUBHOTO U PEAKTHUBHOIO MAaJCHUN HANPSKEHUN TpeThen

BETBH (reomerpuyeckas cymma BeKTOpoB Up,u U,,) onpenenuT noiaHoe najJeHue HanpsKeHHUs

Ha Tpetheii Beteu U, .

3. AHQJIOTMYHO CTPOUM BEKTOp IaJICHUS HAIIPSKEHUs Ha BTOPOU BETBHU:

3.1. Tlanenue HampsxeHns Ha Rz coBmamaer ¢ HampasnerueM Toka |, . [ToaTomy BekTOp
Ug, B MacmTabe OTK/Ia/[bIBAEM B HATIPABJICHHM TOKa |, .

3.2. Manenue Hanpskenus Ha L2 va 90° onepesxaer Tok |, . TTostomy Bektop U, , B Mac-
mTabe OTKIAAbIBAEM MEPIIEHINKYIAPHO HAMPABIEHHIO TOKa |, ¢ onepexennem Ha 90° HaumHAas
¢ xoHia Bektopa U, .

3.3. Tlanenue nanpskenus Ha C2 ma 90° oTcTaér ot Toka I, . TTostomy Bektop U, B
MacmTabe OTKJIaIbIBAeM TIEPIEHNKYISPHO HATIPABIEHMIO Toka |, ¢ oTcTaBannem Ha 90° Haun-
Hast ¢ KoHIa Bektopa U, .

3.4. Bextopsr U, u UC2 MMEIOT NMPOTHUBOIIOJIOKHOE HAIIPaBJICHUE; UX PE3YIbTHPYIOIIHMA

BeKTOp U,, (peakTUBHOE HANpsKEHHE BTOPOM BETBU) PABEH UX T'€OMETPUYECKON pPa3HOCTH U, B

JTaHHOM CITy4ae, HalpaBJieH MepIeHIuKyIIpHO ToKy |, ¢ omepeskennem Ha 90°.
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3.5. 'eomeTpuyeckas cyMMa akTUBHOTO M PEaKTUBHOIO MAaJ€HUM HaNpsKEHUN BTOPOM

BeTBH (reomeTpuueckas cymma Bektopos U, u Uy, ) ONpenenuT noiHoe najeHue HampshKeHus
Ha BTopoii Beteu U, .

4. T.x. BTOpast M TPEThA BETBU TAPAILIENBHEI, TO, ectecTBerno, U, =U,, T.e. BeKTOpHI
U, u U, coBmanaior no BeudmHe u 1o Hanpasienuto. O6o3Haunm 31oT Bektop U,,.

5. IlonHoe nageHue HaIIPAKCHHUA HAa BCEX 3JICMCHTAX CXCMBbI ITPEACTABIISICT c000i1 reoMeT-

pudeckyto cymmy BeKTOpoB U, 1 U, (BeKTOp MOJHOI0 NajeHus HAaIpsDKEHHs Ha 2JEMEHTax mep-

BOM BETBH).

6. IlocTpoenue BeKTOpa MOJHOTO NaACHUS HANPSHKEHUS Ha 3JIEMEHTAaxX MEepPBOii BETBU (BEK-
Topa U, ) IpOU3BOIMM CIIEYIONEM 06Pa30M:

6.1. C koH11a BeKTOpa U23 IIPOBOJUM JIMHUIO, IIAPAJUIEIIbHYI0 HAPABICHUIO TOKA Iil.

6.2. Tlajienre HanpsvkeHHs Ha R1 coOBMamaeT ¢ HampapieHHeM Toka |, . [IoaToMy BekTOp
U,, B MacmTabe OTK/Ia/[bIBAEM B HATIPABJICHUM TOKa |, .

6.3. Tlanenue nanpsoxenus Ha L1 na 90° onepesxaer ok |,. TTostromy Bektop U, B Mac-
mTabe OTKJIAABIBAEM TIEPIEHIMKYIIAPHO HANPaBJIeHMIo Toka | ¢ onmepexennem Ha 90° HaumHas
¢ koHIa Bektopa Uy, .

6.4. Tanenue nanpsxenns Ha C1 Ha 90° oTcTaér oT Toka I, . [TosToMy BekTOp U'C1 B Mac-
mTabe OTKIAIbIBAEM TIEpTIEHIUKYIAPHO HAPABJIEHHIO Toka |, ¢ oTcTapanuem Ha 90° HaumHas ¢
xoH1a Bektopa U, .

6.5. BexTopsl ULlu U.C1 HMMEIOT MPOTUBOMOJIOKHOE HAMPABIECHUE; UX PE3YJbTUPYIOIINI
BexTop U,, (peaKTHBHOE HANpsKEHHE TIEPBOM BETBU) PaBeH HX T€OMETPHUECKON PA3HOCTH H, B

JaHHOM CJIy4dac, paBCH HYJIIO, T.C. B HCpBOfI BCTBU MBI Ha6J'IIO,Z[aeM PE30HAHC HaHpH)KCHHﬁ.

6.6. 'eomeTpryeckas cyMMa aKTHMBHOI'O M PEAKTUBHOTO NaJCHUN HANpSKEHUH NepBON

BeTBH (reoMeTpudeckas cymma BektopoB U, u U, ) opeienut mostHoe najieHue HanpsKeHus Ha
niepBoit Betsu U, U, B JaHHOM CJTydae, OHO MO BEMYHHE U M0 HAMPABJIEHHIO COBITAMIAET C BEKTO-
pom Uy, . O603nauum ero «Ug, =U, ».

7. Kak oT™Mevanoch Bhblllle, NOJHOE NajlcHHEe HAMPSKEHHS Ha BCEX 3IEMEHTaX CXEMBI ITpe/i-
cTaisieT coGoii reomMeTpuaeckyio cymmy Bektopos U, u U, , koTopyio 1 0603nadaem U .

8. Bextop ToKa |, mpeacTapiset coboii reomMeTprecKyio cymmy Bektopos |,u I, , koTo-

PYIO CTPOUM B BEIOpAaHHOM y/I00HOM MacIiTade TOKOB Ha yXKe MPOBEICHHBIX HAIPaBICHUSX.
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Ykazanue k pewenuro 3a0auu Ne3

1. OnpenenuTh KOMITJIEKCHBIE ACHCTBYIONIME 3HAUEHHUE TOKOB BCEX BETBEH CXEMBI 3aMe-
[ICHHUS] METOJIOM DKBUBAJICHTHBIX MTPEOOPA30BAHUA.

2. [IpoBepuTh MPABMIILHOCTH pacyeTa ITyTeM COCTaBIICHUS OataHca Mot-Hoctel. [Torper-
HOCTb B OIPEICJICHUU aKTUBHOW U PEAKTUBHOM MOIIIHOCTEHN HE JOJDKHA npeBbimaTh 1%.

3aaHue MOBBIIEHHOTO YPOBHS:

1. B BeTBU ¢ aKTUBHBIM COIIPOTUBJIEHHEM R1 «BKIIOUUTH) aMIIepMETp 3JEKTPOMArHUTHON
CHCTEMBI U OTIPEJICIIUTH €T0 TIOKa3aHHE.

4. «(IloaxmoYnTh» BOJIBTMETP AJIEKTPOMATHUTHOM CUCTEMBI K TIOJIOCAM BETBU C HCTOYHU-
koM D.J[.C. 1 onpenenuTs ero noka3aHue.

5. 3anmcarh QYHKIIMH MTHOBEHHBIX 3HAYCHHI TOKA aMIIEpPMETPa U HAIPSDKEHUST HA BOJIb-

T™etpe. ITocTpouTs rpaduky 3aBEcUMOCTH ToKa i, = f (t) u HanpsKeHus OT BpeMeHH.

6. ITocTpouTh BEKTOPHYIO AMAarpaMMy TOKOB BETBEH.
7. BeiOpaTh KOHTYp cXxeMmbl, coaepskamuid ucrounuk J.J[.C. B Tex ke koopauHaTax KOM-

IUIEKCHOM TIOCKOCTH (I1. 6) MOCTPOUTH BEKTOPHYIO IUarpaMMmy HarpspKEHUH.

Ykazanue k pewenuro 3a0auu Nod

Penienue 3aaun 3aKIr09aeTCs B ONPEICIICHUH ICHCTBYIOIINX 3HAYCHUH | (a3 JIMHEHHBIX
TOKOB, a TAK)KE TOKa HEUTPAJILHOTO MIPOBO/IA, a P €r0 OTCYTCTBUH - B OTIPE/ICIICHUN HATIPSKEHUS
CMEIICHUS HEUTpaIH U onpe/ieieHnH (pa3HbIX HAMPSHKCHUH Ha HAarpy3Ke. 3a1aqy cleayeT penarh
C WCTOJIB30BAaHUEM METOJA Y3JIOBOTO HampspkeHus. HeoOXOoauMMo MOCTPOHUTH BEKTOPHBIE JIHA-
IpaMMbl TOKOB ¥ HANIPSDKEHHUN TIPU HAJTMYUU HEUTPAJIbHOTO MPOBOJIA U MPH €0 OTCYTCTBUH.

JluHeWHbIE TOKH, KOTOPBIC MIPH COSAMHEHUN HATPYy3KU 3Be370W paBHBI (ha3HBIM, BBIYHUC-

JITFOT B COOTBETCTBUHU € 3aKoHOM OMa;

U,
| :$:—° | =20

1 - —l I - = 7 .\
: yA (ra + jxa) ' Zb (rb + ij) ¢ VA (rc + jxc)

a C

2—j120° 8 j120°
U, U;a U, U;a _

Tox HEHTpaILHOTO MPOBOJIA, B COOTBETCTBUH C TIEPBHIM 3akoHOM Kupxroda

IO = Ia+|b+|c.
[Ipy oTCyTCTBMM HEUTPAIBLHOTO IPOBOJIA HAIIPSIKEHUE CMELIEHUS HEUTPAIIH
° U,Y, +UgY, +U_.Y,

UOO: )
Y, +Y, +Y,

[TpoBoaumocTu (a3 Harpy3Ku:
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Y = i — ra _ JXq
a 2 2 2 2
Z, IJ+X] rJ+X;
Y _ i _ rb _ be
==
Z, r+x? orr+xt
y - 1 X
©Z, rPext ori+x?

U,,U;, Uy - da3Hble HanpshKEeHUs Ha BTOPUYHOM 0OMOTKe TpaHcgopMaTopa.

da3Hble HANMPSIKEHUS HAa HAarpy3Ke paBHBI Pa3HOCTHU (a3HBIX HAMPSIKCHUU Ha
TpaHcpopMaTope U HANPSXKEHUs CMEUICHUS HeUTpaiu

Ua =UA_UOO’ Ub :UB _Uoo’ Uc =Uc _Uoo’

Ykazanue k pewenuro 3a0auu Ne5

JIro6ast mepuonyecKas HECUHYCOUJANbHAST QYHKIIHS MOXKET OBITh IIPEJCTaBJICHA B 00-
[IeM clly4ae MOCTOSHHOW COCTAaBISIOIICH U CyMMON CHHYCOUIANbHBIX (YHKIUN, MMEIOIINX
YaCTOThI, KPATHBIE YaCTOTE HECUHYCOUIATBHON (DyHKITNH:

f(wt)= A, + A sin ot + B, cos at + A, sin 2at + B, cos 2at +...A sinkat + B, coskat +...
rae: AO - IIOCTOsIHHAsA COCTaBJIAIOIIAA,
1
B (27[)_[02” f (wt)d ot

A, B, xo3pdunuenTs! pasnoxenus B pag Oypbe, KOTOpbIE ONpeAeIsoTcs o (hopMy-

J1aMm:

1 1
Ak = 27 . ! Bk = 27
72'I0 f (wt)sin koot dot 7Z'j0 f (wt)cos ket dot

OO0b19HO 3TH KO3 UITHMEHTHI HAXOAT Tpado-aHATUTUIECKIM METOIOM, pa30HBast IEPHO.
Gynkumm f (a)t)Ha N paBHBIX NHTEPBAJIOB.
1 2 2
nz f (o, )sin ket nz f (at, )cos ke,
i=1

i=1

Ay

Paznoxenune HecunycounanbHoil GyHKUMU B psig Dypbe MOXKeT ObITh MpPeacTaBJICHO

HHa4c:

f(et)= A, + C,sin(at + @, )+ C, sin(2at + @, ) +...C, sin(kat + @, )+ ...,

rme:  C,=+A +B, o, :arctg%
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Cocrapmsomyto C, Sin(wt + ¢, )Ha3bIBAIOT NIEPBOiT MM OCHOBHOI FaPMOHHUKO#, OCTAITb-
HbIE COCTABIISAIONINE - BHICIIUMU TAPMOHHUKAMH.
B 3anade nanHoi KOHTpOIBHOU padboThl pyHKIHS D.J1.C. e(a)t) MIPEJICTaBJICHA B BUJIEC Ta0-

JULBI OpAUHAT ¢ UHTepBasioM (a3zbl ot =10° 3a monmepuona, u T.K. QYyHKIUS CUMMETPUYHA
OTHOCHUTEJIBHO OCH a0CIHce, TO CyMMHUPOBAaHUE JOCTATOYHO MIPOBOJUTH HA MHTEpBaje oT 0 10 7.
Kpome Toro m3BecTHo, 4TO U (DyHKIUH, CHMMETPHYHBIX OTHOCUTEIHHO OCH a0CIHCC, YETHBIC
TapMOHUKH OTCYTCTBYIOT, TO9TOMY B 3aj1a4e TpeOyeTcsi HATH NEePBYIO, TPETHIO U MATYIO TapMo-
HUKHU.

Pacuér pexxnuMa NTMHEWHOU 3IEKTPUUYECKON LENU NIPU ACUCTBUM MEPUOANIECKON
HecunycouganbHoi 3.J1.C. mpoBOAST A7 KaXKIONH rapMOHHUKH OTJEIBHO, IPU 3TOM HEOOXO0AUMO
YYUTBIBaTh. YTO peaKTUBHBIE COMPOTUBIICHHUS ISl Pa3HBIX TAPMOHHK OYyT pa3HBIMU:

1
Xlk = LkCO, Xck =@.

JelicTByroliee 3Ha4eHUE TOKa

L= 1241241244 12+

rae: |, - mocTosiHHAsA COCTABIAIOMIAs TOKA,

|, - nelicTByrOIIME 3HAYEHHS TAPMOHHK TOKOB.

MOUIHOCTB ANEKTPUUYECKON LIETTH

P=F+P+P,+..+PR

rne: P, =U,l, — MOIHOCT NOCTOSHHON COCTaBIIAIOIIEH,

R, =U,I, cos¢@, —mommHocTh K-T0i rapMoHUKH,

U, |, — HanpspkeHue U TOK K-Toi rapMOHUKH,

@, — yroi (a3oBOro CIBUTa MEKITy TOKOM U HampspkeHHeM K-Toi rapMOHUKH (ciiemyer

HUMETH BBUIAY, UTO JJIA Ka)KHOfI TapMOHHUKH OTHU YTJIBI 6y21}IT Pa3HBIMU 110 BECJIUYHUHE, OHU MOT'YT

OTJIMYATHCS TAKXKE U 110 3HAKY).

Ykazanue k pewenuro 3a0auu Nob

Bo Bcex BapuaHTax pacuér nepexoHOro mpoIecca BhIOTHSIETCS MPU HYJIEBBIX HaYaIbHBIX
yCIOBUSX (HAMpsDKEHUE Ha EMKOCTH U TOK Y€pe3 WHIYKTUBHOCTD B TIEPBBI MOMEHT BPEMEHH TT0-
CJie KOMMYTAIIMH PaBHBI HYIIIO).

s pernenus 3agadu HEOOXOJUMO COCTaBUTHh CHUCTEMY YpaBHEHUH, MUCTIONB3Ys 3aKOHBI

Kupxroda, nmpu 3TOM HampsiKeHUs Ha MHAYKTUBHOCTH M Ha EMKOCTH BBIPa3UTh Yepe3 TOKH.
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Hanpumep, ecnu conporusienue R , unaykruBHoCTh L 1 éMKkoCcTh C BKIJIIOYEHBI MOCIEI0BA-
TEJIBHO M IO HUM MPOTEKAET TOK I, TO HANPSHKEHHE Ha ITOM yJYacTKe [eMH B IFOOOH MOMEHT

BpCMeHI/I
u=iR+ Lﬂ+.[idt.
dt

[TonyuyeHHyto cucteMy ypaBHEHHUH cieayeT 3aTeM 3amnucaTh B onepaTopHoil ¢popme. 3a-
IMCaHHOE BBHIIIE YpaBHEHHE OyAeT UMETh BU/I:
. 1
U(p)=i(p) R+Lp+—
Cp
3necs U(p) u i(p) - n3oOpakeHus: HAMPsHKCHUS U TOKA, p - ONIepaTop mpeodpa3oBaHys.
3anucaHHyI0 B ONIEPaTOPHOU (OpME CUCTEMY YPaBHEHUH HEOOXOJMMO PEIIUTh OTHOCH-
TEJILHO M300pa)KEHUI TOKOB U3BECTHBIMU B aredpe Metoaamu. M300pakeHust TOKOB Oy1yT UMETh

BUJ;

i(p)= (bp™ +b,p™ +...+b,) _ N(p)

3,p" +a,p" +..+a, M(p)

rae. & u b, — HEeKOTOpbIE OCTOSHHBIE KOI(DDUIMEHTBI.

JUis HaX 0K JIeHUS! TOKOB, KaK (yHKIMI BpeMeHH, He0OX0JUMO BOCII0JIb30BaThCs (OPMY-

JIOM pa3JIOKEHUS:

M(0) | pi(pMmi)

rae:  N(0)/M(0) - BeiHY»XIeHHAsI COCTABJISIONIAs TOKA,

(1) =N 5 Npi) |

P. - KopHU XapakTepucTHUeCKOro ypaBHeHus M(p)=0

(éMi)zwmzpi
p

Bo Bcex BapmaHTax IaHHOH 3a1aun N=2, M<2, T.e. XapaKTepPUCTUIECKOE YPAaBHEHNE NMEET
BTOPYIO CTETICHb.
Jlns Bcex TOKOB M HalpsKEHUM HEOoOXOAUMO MOCTPOUTH rpadMKU NEpexXoTHBIX

IPOIIECCOB.

Ykazanue k pewenuio 3a0auu Ne7
1) ConpoTHBieHHs 0OMOTOK T€HEepaTopa CUNTAaTh PaBHBIMH HYJIIO.
2) Jlnst BApHaHTOB, B KOTOPBIX HArpy3Ka COCIMHEHA TPEYTOJbHUKOM, UCIIONIB30BaTh pe-

o0Opa3oBaHHe TPEYToJbHUKA B 3BE3Y.
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3) PacueT BBIMOIHATH CHMBOJIMYCCKHM METOJIOM, ONIEPUPYS ¢ KOMIUIEKCAMH JICHCTBYIO-

X 3HAYECHUH.

Ykazanue k pewenuro 3aoauu N8
1) HeusBecTHBIN U3 TPEX MapaMETPOB B KOHIIEC JTMHUHU OMPEACIIUTh, IMOJIB3YACh POPMYIIOi
3akoHa Oma
Uz= 12 Zn.
2) OnpenenuTh BOJIHOBOE COMTPOTUBIICHUE JIMHUH
Zs=\(Zo/Y0), rae Zo= Ro+jm Lo, Yo= Go+jw Co.
3) OmpeenuTh MOCTOSIHHYIO PACIPOCTPAHCHHUS
v =\( Zo Yo)=p+o.
4) BbIUUCIINTh HAIPSDKEHUE U TOK B HaYaJIe JIMHUH, TIOJIb3YSICh BRIPAKCHUSMHU:
U= Uzch yl+ I2 Zush vl,
f1= Toch yI+(U2/Zy) sh yl
Y4ecTh, 4TO MPH YMHOXKECHUH Y , IMEIONICH pa3MepHOCTh /KM, Ha JUIMHY JTMHUU B KHJIO-
METpax yroJjl MoJy4aeTcs B paJuaHax.
5) IMoHy0 ¥ aKTHBHYIO MOIIHOCTH B Hayaje W B KOHIC JIMHUH BBIYUCIIUTH, MOJIb3YSChH
dbopmynaMu:
S1=U1l1, Pi1=Uilicos(Ui’My),
S2=Uzl2, P2=Uzl2cos(U2"12).
6) K.m.a. nuauun
n=P2/P1.
7) st nuHMN 6€3 moTeph
Zs=V(Lo/Co), y=jo V( Lo Co)= ja,
ch yl=cosal, sh yl=jsinal,
U= U2 cosal +j 2 Zusinal, 1= 12 cosal +j(U2/Zx) sinal,
(ba3oBasi CKOPOCTh M JJTHHA BOJIHBI:
vo=mla=1/ (LoCo), A= Vy/ o.
8) I'padku M3MEHEHUST HANPSDKEHHUSI U TOKA BJIOJIb JIMHUKM CTPOSITCS C UCIOIb30BaHUEM
dbopmyi:
U= Uz cosay +j 2 Zusinay, I= 12 cosay +j(U2/Zx) sinay.
9) JlelicTBytOIIME 3HAUCHHUS HAMIPSDKEHUS M TOKA BBIUUCIISIOT TI0 (hOpMyJIaMm:
U= V[(Uz cosay)?+(l2 Zssinay)?],
I= V{(I2 cosoy)*+[(U2/ Zx) sinay]?}.
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5. IInan-2pagpuk evinonnenun 3a0anus

HCHUA CIICAYIOIINUX 3TAIlOB!:

Pabora Han pacueTHO-Tpaduueckoi pabOTON MOXKET ObITh MpEACTaBIECHA B BHUJIE BBINOJ-

Ne
HaumenoBanue sTana CpokHu BBINIOJIHEHUS
n/m
Ounas ¢popma 00yueHusn
Ha nepsom
1. [Tonmy4yenus 3ananus
MIPAKTUYECKOM 3aHATUU
Ha nepsom
2. [lepBuuHas KOHCYJIbTAIMS C IPENOIABATEIEM
IIPAKTUYECKOM 3aHATUU
3. Pa6ora ¢ nHpOopMaIIMOHHBIMU HCTOYHUKAMU B teuenun cemectpa
4. Hanucanue KOHTpOJIbHOM paboThI B teuenun cemectpa
5. [IpenocTaBieHre KOHTPOJIBHOH pabOTHI Ha Kadenpy B teuenun cemectpa
Ha nmocnennem
6. 3ammuTa KOHTPOJIBHON PabOThI
MIPAKTUYECKOM 3aHATUU
3aounas popma o0yueHust
Ha nepsom
1. [Tonyuenus 3amanus
MPAKTUYECKOM 3aHATUU
Ha nepsom
2. [lepBuuHas KOHCYJIbTAIMS C PENOJIaBATENEM
IIPAKTUYECKOM 3aHATUU
3. PaGora ¢ nHpOpMaIIMOHHBIMU HCTOYHUKAMU B teuenun ceccun
4. Hanucanue KOHTpOJIbHOM paboThI B teuenuu ceccun
5. [IpenocraBienne KOHTPOJILHOW PabOTHI Ha Kadenpy B teuenuu ceccumn
Ha nmocnennem
6. 3ammuTa KOHTPOJIBHON PabOThI
MPAKTUYECKOM 3aHATUU
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6. Kpumepuu oyenueanus pabomaol

B OCIAX ITOBBIIMICHHNA Ka4€CTBA BBIIIOJIHACMBIX paC‘leTHO'Fpa(l)I/I‘ICCKI/IX pa60T npenoaaBa-
TCJIb PYKOBOACTBYCTCA CICAYIOIMNMU KPUTCPUAMU OLICHUBAHNA ITUCbMCHHBIX pa60T CTYACHTOB.

Ouenka «3aumeno (OMJIUYHO)) bICHIABIACHICI, eC/IU CIYOCHMN:

— MPEJCTaBUII pacueTHO-TpapUUECKyr0 paboTy B yCTaHOBIICHHBIN CPOK U O0(OPMUII €€ B
CTPOTOM COOTBETCTBHH C U3JI0KEHHBIMU TPEOOBAHUSIMU;

— UCTIOJIH30BaJl PEKOMEH/IOBAHHYIO U JIOMIOJHUTEIBHYIO YU€OHYIO U CTPAHOBETYECKYIO JTU-
TepatTypy;

— TIPY BBHINIOJIHEHNUHU YIIPAKHEHHI TTOKa3aJl BEICOKMI YPOBEHb 3HAHUS JICKCHKO-TPaMMaTH-
YECKOT0 U CTPAHOBEIUYECKOr0 MaTepuaia Mo 3aJaHHON TeMaTHKe, MPOSIBUII TBOPUYECKUI MOAXOT
[P OTBETE Ha BOMPOCHI, YMEHUE TTTyOOKO aHAIM3UPOBATH IPOOJIEMY | JeNIaTh 0000IIAOIINE BbI-
BOJIBI;

— BBITIOJTHIJI pa0OTy IPaMOTHO € TOYKH 3PEHUS TIOCTABICHHOH 3a/1a4H, T.¢. 0€3 OMIMOOK U
HEJI0YETOB WM JOMYCTHII He O0Jiee OTHOTO HeloueTa.

Ouenka «zaumeno (Xxopouto)» 6bICMAaGaemcs, eCiau CImyOeHm:

— TPEJCTaBWII PacyeTHO-TpaUUIECKyI0 padOTy B YCTAaHOBJICHHBIA CPOK U OpOpMHII ec B
COOTBETCTBUH C U3JI0KCHHBIMU TPEOOBaHUSIMH;

— HMCITOJTb30BAJI PEKOMEHIOBAHHYIO M JIOTIOJTHUTEIBHYIO JINTEPATYPY;

— MPH BBIMIOJIHEHUH YIIPAXKHEHUH TIOKa3aJl XOPOIINil ypOBEHb 3HAHUS JIEKCUKO-TpaMMaTH-
YECKOTO U CTPAaHOBEIYECKOT0 MaTepraa Mo 3aJJaHHON TeMaTHKe, IMPAKTUIECKHU MPaBUIIBHO cop-
MYJIMPOBAJI OTBETHI HA ITOCTABJICHHBIC BOIPOCHI, IPEICTABIII 00IIIee 3HAHKE HH(POPMAITHH TI0 ITPO-
OneMme;

— BBINIOJTHWI pabOTy TOJIHOCTHIO, HO JOMYCTUI B HeW: a) He Oolee OIHOW HerpyOoii
OIMOKHU ¥ OJTHOTO HepoueTa 0) uiu He Oosee IBYX HEJA0UYETOB.

Ouenka «3aumeno (Y008,1emeopumeibio)y» 6blCMAasaAAemcs, ecjii CmyoeHm:

— TIpeacTaBm paboTy B YCTaHOBJICHHBIN CPOK, MPU O(OpPMIIEHUU pabOThI JOMYCTHII He-
3HAUUTENbHBIE OTKIIOHEHUS OT U3JI0)KEHHBIX TpeOOBaHUIA;

— TIOKa3aJI JOCTaTOYHBIC 3HAHMSI 10 OCHOBHBIM T€MaM KOHTPOJLHOUN pabOTHI;

— UCTOJIb30BAJI PEKOMEHIOBAaHHYIO JTUTEPATYpY;

— BBITIOJIHUII HE MEHEe MOJOBHHBI pa0OThI WK JOMYCTHII B HEl a) He OoJiee IBYX IpyObIX
omnoOoK, 0) riu He 6osee oTHOM Tpy0Ooil OIMOKY ¥ OJTHOTO HEJ0YETa, B) WIH HEe 0oJiee IBYX-TPex
HEerpyObIX OIMMOOK, T') WIIK OJHON HETpyOOil ONIMOKH U TPEX HEAOUYETOB, 1) MU TPU OTCYTCTBUU

omMOO0K, HO TP HAJTUIUH 4-5 HETOUETOB.
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Ouenka «nezaumeno (Heyooe1emeopumeibio)) 6blCMae1a1emcs:

— KOTJJa YHCII0 OIIMOOK U HEJJ0YETOB IPEBOCXOIUT HOPMY, IPH KOTOPOI MOXKET OBITh BBI-
CTaBJICHA OLIEHKA «3a4TeHO (YAOBJIECTBOPUTEIHHO)» WU €CIIH MPABHIBHO BBHIIIOJIHEHO MEHEE MO-
JIOBUHBI PaOOTHI;

— €CITU CTY/ICHT HE MPHCTYTIaJ K BHITOJHEHHIO paOOTHI MIIM IPAaBUIHHO BBITOIHIII HE 00-

nee 10 npoleHToB BCceX 3aJaHui.
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7. Ilopsaook 3augumot padomot

Hanucannas cTyaeHToM pacueTHo-Tpaduueckas pabora caaercs Ha Kadeapy B CpOK 1is
peuensupoBanus. CTyAEHT 3alUIIAeT pacuyeTHO-rpaduyeckyro paboTy 10 3K3aMeHa (3auera) Ie-
pea npenogaBateneM. bes 3amutel PI'P cTyneHT k ak3ameHy (3a4eTy) He JOIyCKaeTcsl.

Pabora He nomyckaercs K 3aliuTe, eClii OHa HE HOCUT CaMOCTOSITEIbHOTO XapakTepa, CIu-
caHa M3 JIMTEPaTypHbIX UCTOYHUKOB MJIM Y JIPYI'MX aBTOPOB, €CJIM OCHOBHBIE BOIIPOCHI HE pac-
KPBITHI, U3JI0KEHBI CXEMAaTUYHO, ()parMEHTAPHO, B TEKCTE COJACPKATCS OIIMOKH, HAyYHBIN amma-
pat oopmiieH HENPaBUIbHO, TEKCT HAMCAaH HEOPEHKHO.

B xoze 3amuTsl KOHTPOIBHOM paboThI 331a4a CTyIeHTa — MOKa3aTh yIiIyOJeHHOE TOHH-
MaHUE BOIIPOCOB KOHKPETHON TEMBI, XOPOIIEE BIaJCHUE MAaTEPUATIOM I10 TEME.

3ammra pacyeTHO-rpauIeckoil pabOThl MOXKET MPOXOIUTH B PA3IUYHBIX (hopMax Io
YCMOTPEHHMIO NPENOIaBaTENs:

— B (hopMe MHIUBUIYATbHON Oecebl CTYJEHTa C PyKOBOAUTEIEM 10 OCHOBHBIM I0JIOXKE-
HUSIM paloThI;

— B (popMe MHIMBUAYAIBHON 3alUTHI B IPUCYTCTBUU BCEU TPYIIIBI CTYACHTOB;

— B (hopMe IpyIIOBON 3aIIUTHI — OJTHOBPEMEHHOM 3alIUThl KOHTPOJIBHOM pabOThI IO OJI-
HOMY HaIIpaBJICHUIO. B 3TOM ciiyyae KayKIplii CIEANT 3a XOIO0M PacCyXACHUN TOBApHILEH, JOTI0J-
HSIET, YTOUHSET UX, 4YTO, HECCOMHEHHO, YCUIMBAET pabOTy MBICIIH U CIIOCOOCTBYET PA3BUTHIO KO-
HOMMYECKOTO MBILUICHUS.

JIrobast hopma 3a1uTHl KOHTPOJIBHOM paboTHl YYUT OTCTaMBATh CBOIO TOUKY 3pEHUS, yOe-

JTUTEIHLHO apTYMEHTHPOBATH €€, YTO CIIOCOOCTBYET MepepacTaHuio 3HAHUI B YOCIKICHUSI.
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8. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue OUCUUNIUHbL

8.1 Ilepeuenv ocnosHOll U 0ONOIHUMENBbHOIU TUMEPAMYPbL, HEOOXO0OUMOIL 01 0C80e-
HUA OUCUURNTUHDL

8.1.2 Ilepeuensv ocnosnoll Tumepamypul:

1. TeopeTnueckue OCHOBBI AIEKTpoTexHUKH : yueOonuk / U. 5. Jluzan, K. H. Mapenuny, U.
B. KoBanesa [u ap.]. — Mocksa, Bonorna : Uadpa-Uuxenepus, 2021. — 628 c. — ISBN 978-
5-9729-0663-5. — Texkcr : anekrponnsiii // Lludposoii oOpasoBarenbhsbiii pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/114971.htmi

2. 3oH0B, B. H. Teopernueckre 0OCHOBBI AEKTPOTEXHUKHU. DIEKTPUUECKUE U MATHUTHBIC
[[ENH MMOCTOSTHHOTO TOKa : yueOHoe nocooue / B. H. 3onoB, I1. B. 3onoB, 0. b. Epumosa. — Ho-
BocuOupck : HoBocnbupckuii rocynapcTBeHHbIN TexHudeckuii yuusepeutet, 2020. — 80 €. —
ISBN 978-5-7782-4090-2. — Tekcr : anextponHsiii // Llndpooit obpazoBarensHblil pecypc IPR
SMART : [caiit]. — URL.: https://www.iprbookshop.ru/98742.html

3. Ilerpenko, 0. B. TeopeTnueckre OCHOBBI 3JIEKTPOTEXHUKH. DIECKTPUUECKHE LIEMH C
pacnpeselieHHbIME TapameTpamu : yueoroe mocodue / FO. B. Ilerpenko. — HoBocubupck : Hoo-
CUOMPCKHI TOCYJapCTBEHHBIN TeXHUYeCKUH yHHBepcuTeT, 2019. — 64 ¢. — ISBN 978-5-7782-
3876-3. — Texcr : anektponHsIii // Ludposoii oopa3zoBarensHblil pecypc IPR SMART : [caiir].
— URL.: https://www.iprbookshop.ru/99223.html

8.1.3 Ilepeuenv oononnumenbHoil Tumepamypol:

1. T'opbynosa JI.LH. Teopernueckue OCHOBBI JIEKTPOTEXHUKH [DIEKTPOHHBIA pecypc] /
JLH. T'opbOynoga, C.A. I'yceBa. — DIEKTpOH. TEKCTOBBIC JJaHHBIE. — braropemenck: /lanpHeBo-
CTOYHBIM rOCYAapCTBEHHBIN arpapHblii yHuBepcurert, 2015. — 117 ¢. — 978-5-9642-0269-1. —
Pexxum noctyma: http://www.iprbookshop.ru/55913.html

2. KpyroB A.B. TeopeTnueckue OCHOBHI JIEKTPOTEXHUKHU [ DIEKTPOHHBIN pecypc] : yued-
Hoe mocobue / A.B. Kpyros, D.JI. KoueroBa, T.®. ['y3aHoBa. — DJIEKTPOH. TEKCTOBBIC JaHHBIC.
— MuHck: PecnyOnukaHckuii HHCTUTYT mpodeccruoHansHoro odpasosanus (PUIIO), 2016. —

376 c. — 978-985-503-580-1. — Pexxum nocryna: http:// www.iprbookshop.ru/67742.html

8.2 Ilepeuens yueoHo-memoouuecko2o obecneuenus camocmosmenbHoi pabomol 00y-
uauwuxca no OUCYUNIUHe
1. Meronnyeckue yka3aHusl IO BBIIIOJHEHHIO MPAKTUYECKUX padoT nmo aucuumiuze «Teo-

PETHYCCKUEC OCHOBEI DJICKTPOTCXHUKW)).
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2. MeTtoanyeckue yKa3aHus 10 BHITOJIHEHHIO JIA00OPATOPHBIX PadoT 1Mo auciuruinHe «Teo-
PETUYECKHE OCHOBBI AJIEKTPOTEXHUKI.

3. Meronuyeckue ykazaHus MO BHIMOTHEHUIO pacyeTHO-TpaduIecKuX pabOThI MO JUCIIH-
wnHe «TeopeTnueckne OCHOBBI ANEKTPOTEXHUKI.

4. Meronuyeckue yKa3zaHusl 10 OpraHU3alyd U IPOBEICHUIO CaMOCTOSITENIbHON paboThI

IO AUCHUITIIMHE ((TeOpeTI/ILIeCKI/Ie OCHOBBEI 3JICKTPOTEXHUKWN)).

8.3 Ilepeuens pecypcos ungpopmauuonno-menekommynukayuonnou cemu Hnmepnem,
Heo0X00UMBIX 011 0CGOCHUS OUCUUNIUHDL
1. http://www.biblioclub.ru -OBC "YuuBepcurerckas 6ubimoreka oHaaiH"

2. http://www.iprbookshop.ru/ - DnekrponHo- 6ubauoreunas cucrema IPRbooks
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MMHUCTEPCTBO HAVKM U BBICIIIET'O OEPA30BAHMS POCCUMCKOU ®EJEPALINN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE YUYPEX/IE-
HUE BBICHIEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsaturopckuit uHCTUTYT (Prman) CKOY

MerToanyeckue ykazaHus

M0 OpraHU3alliu U MPOBEJACHUIO CAMOCTOSATEIHHON pabOThI
no guctumuinae K TEOPETUYECKUWE OCHOBBI DJIEKTPOTEXHUKW»
JUISl CTYJIEHTOB HaIlpaBJ€HUs OATOTOBKU
13.03.02 DnexTposHEpreTuKa 1 JIEKTPOTEXHUKA
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Conepxanue

Bsenenue

OO0m1ast XapakTepUCTUKA CAaMOCTOSTEIBHON pabOThl 00yYaroIerocst Ipy u3yde-
HUH JUCHUTUTHHBI « TeopeTHuecKkne OCHOBBI AIEKTPOTEXHUKI

[Tnan-rpaduk BBIMOJIHEHUS CAMOCTOSTENILHOM pabOThI

KoHTposIbHBIE TOUKH U BHJIBI OTYETHOCTH IO HUM

MeTtoanyeckie peKOMEHIAUH 110 U3YYCHUIO TEOPETUIECKOTO MaTepraa
Meroanueckue ykazaHusl o MOATOTOBKE K pacueTHO-rpadudeckoi pabore
MeTtoauueckre yka3aHus 10 MOATOTOBKE K 9K3aMeHY

Y4ebHo-MeToanueckoe u nHHOpMaMOHHOE 00eCTIeYeHHE TUCITUILTUHBI
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BBenenune

CamocrosTenbHas paboTa — IIaHupyemas yueOHas, yueOHO-UCCIIeJ0BaTeNIbCKasl, HAyYHO-
UCCIeIoBaTeNbCKas padoTa CTYACHTOB, BHIIOIHIEMasi BO BHEAYJUTOPHOE (2y IMTOPHOE) BpeMs IO
3a/IaHUI0 M IIPU METOJUYECKOM PYKOBOJICTBE INpENojaBaTelisi, HO 0e3 ero HernocpeCTBEHHOIO
ydacTus (IIpY YaCTUYHOM HENOCPEICTBEHHOM yYacTHH IPenojaBaTeisl, OCTaBIISIFOIIEM BETYLIYIO
pOJIb 32 pabOTOM CTYJICHTOB).

CamocrosrenbHas padota cTy1eHTOB B BY 3e sBisieTcss BaXHBIM BUJIOM y4eOHOM U Hay4-
HOM JEATEIIbHOCTH CTY/ICHTA.

Benymas uens opranuzanuu u ocymectsiaenus CPC nomkHa coBnaiaTh ¢ LEibio 00yde-
HUS CTYJICHTa — [TOATOTOBKOM Oakasnaspa ¢ BeICIINM oOpa3zoBanueM. [Ipu opranuzamnuu CPC Bax-
HBIM U HEOOXOJMMBIM YCIIOBHEM CTAaHOBATCS (HOPMUPOBAHHE YMEHHS CaMOCTOSITEIbHOM pabOThI
JUTSI IPUOOpETEHMs 3HaHUM, HABBIKOB U BO3MOXXHOCTH OpraHU3aluy yueOHO! 1 HayYHOU JIesTeNb-
HOCTH.

Lenbto caMOCTOATENBHOM PabOThI CTYJICHTOB SIBJIICTCS OBJIaJieHUEe (yHIaMEHTAIbHBIMU
3HAHUSMH, TPOPECCUOHATBHBIMI YMEHUSMH U HAaBBIKAMH AEATEIBHOCTHU 10 MPO(UITIO, OMBITOM
TBOPYECKOM, MCCIIEIOBATEILCKON JeATeIbHOCTH. CaMocTosITeNbHAas paboTa CTYIEHTOB CIIOCO0-
CTBYET DPAa3BUTHI0 CAMOCTOSTEIBHOCTH, OTBETCTBEHHOCTH M OPraHM30BAHHOCTH, TBOPYECKOTO

MOJIX0/Ia K PeUIeHUI0 MpobieM Yy4eOHOTo U MPOQPeCCHOHATBHOTO YPOBHSI.
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O0mas XapaKTepuCcTHKA CAMOCTOSATEJIbHOM PadoThI 00y4a0merocsi Npu U3y4eHuH

AUCHHUIIJIMHbBI «Teopeanecxne OCHOBBI JICKTPOTCXHUKW>

CamocrosTenbHas padoTa - IaHupyemas yueOHast, yueOHO-HuCClIeJ0BaTeNbCKasi, HayYHO-
HCCIIeIOBaTENbCKast padoTa CTyIEHTOB, BBIIOIHIEMAsl BO BHEAY IUTOPHOE (ayAUTOPHOE) BPEMSI 10
3aJJaHUI0 M TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HernocpeacTBEHHOIo
ydacTus (IpU YaCTUYHOM HEMOCPEICTBEHHOM YYaCTHH IPenojaBaTeisi, OCTAaBIISIIOIIEM BEIYLYIO
POJIb 32 pabOTOM CTYICHTOB).

CamocTosrenbHas pabota cTyieHTOB B BY3e siBnsieTcss BaXHBIM BUJOM y4eOHOM U Hayd-
HOM J1eATeNIbHOCTH CcTyJeHTa. CaMocTosTeNbHas paboTa CTYIEHTOB UI'PAET 3HAYUTEIbHYIO POJIb B
peUTHHTOBON TexHosIoruu oOyueHus. B cBs3u ¢ 3tum, oOyuenue B BY3e BkirouaeT B cebs aBe,
NPaKTUYECKH OJMHAKOBBIE IO 00BEMY M B3aMMOBIHSIHHMIO YaCTH — Tpolecca 00ydeHus: U Ipo-
necca camoo0yuenus. [loaromy CPC nomxkHa ctath 3 QeKTUBHOMN U LIesIeHalIpaBiIeHHON paboToi
CTyJICHTA.

K coBpemMeHHOMY crienuanucTy o0IIeCTBO MPEIbIBISIET JOCTATOUHO IIUPOKUI IepeueHb
TpeOOBaHUll, Cpear KOTOPbIX HEMAJIOBA)KHOE 3HAUEHHE UMEET HAIIMUUE Y BBIITYCKHUKOB OIpee-
JICHHBIX CIOCOOHOCTEN U YMEHHUSI CAMOCTOSITENILHO JO0OBIBATh 3HAHUS U3 PA3IMUYHbIX HICTOYHHUKOB,
CHCTEMaTH3HPOBATh MOIYYEHHYI0 HHPOPMALINIO, 1aBaTh OLIEHKY KOHKPETHOW (PMHAHCOBOM CUTY-
aruyu. PopMHUPOBaHUE TAKOI'O YMEHHs MPOUCXOAMUT B TEUEHHE BCEro Mepuojia o0ydyeHHs yepes
y4acTue CTYJIEHTOB B IIPAKTUYECKHUX 3aHSTHUSX, BBINOJIHEHHE KOHTPOJBHBIX 33JlaHUN U TECTOB,
HalMCaHUe KypCOBBIX M BBITYCKHBIX KBATH(UKAIMOHHBIX paboT. [Ipu 3TOM camocTosTeNbHAs pa-
00Ta CTYJIEHTOB UI'PAET PEIIAOLIYIO POJIb B XOZ€ BCEro y4eOHOro nporecca.

Benymas uens opranuzanuu u ocymectsienus CPC nomkHa coBnazaTh ¢ LEbio 00yde-
HUS CTYJICHTa — MOATOTOBKOM crienuanucTa u 6akajgaBpa ¢ BelcHMM oOpa3oBanueM. [lpu opranu-
3anuu CPC BakHBIM ¥ HEOOXOAMMBIM yCIIOBUEM CTAaHOBATCA (POPMUPOBAHUE YMEHMS CAMOCTOSI-
TeIbHON padOoThI AJi MPUOOPETEHNS 3HAHUM, HABBIKOB M BO3MOKHOCTH OpraHu3aluy yueOHO! 1
HAy4YHOW JEATEIBHOCTH.

@DopMbI caMOCTOSTENbHOM paboThI CTYICHTOB pa3Ho00pa3Hbl. B cooTBeTcTBHM € paboueit
IPOrpaMMOil AMCUMILIMHBI MPEAYCMOTPEHBI CIEAYIOIINE BUJIbI CAMOCTOSITENILHOM padoThI CTy-
JIeHTa:

- CaMOCTOSITENIBHOE U3yUEHUE JINTEPATYPHI;

- CaMOCTOSITENIBHOE PELICHHUE 3a/1aY;

- BBIIIOJIHEHHE KYPCOBOI'O ITPOEKTA.

Ilenv camocmoamenvhozo uzyueHus aumepamypsvl — CAMOCTOATEIBHOE OBJIAJICHUE 3HA-

HUSMHU, OIIBITOM HCCIIEIOBATENLCKOM NeITeILHOCTH.
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3aoauamu caMOCTOSTELHOTO U3yUSHHSI JTUTEPATYPHI SBIISIOTCS:

o yIayOJieHHE U paclIupeHNe TEOPETHUECKUX 3HAHU,

° (dopMHupOBaHHE YMEHHUI HCIIONB30BaTh HOPMATHBHYIO, PABOBYIO, CIPAaBOYHYIO
JOKYMEHTALMIO U CIIENUAIbHYIO JIUTEPATYPY;

L4 Pa3BUTHC MMO3HABATCIIbHBIX CIIOCOOHOCTEN M aKTUBHOCTH CTYACHTOB.

Ilenv camocmoamenvnozo pewienus 3aday - opiageHue NMpodecCHOHATBHBIMUA YMEHU-
SIMU 1 HABBIKAMH JIESATEIBHOCTH 110 TPOQUITIO OYAyIIeil JesITebHOCTH.

3adauamu caMOCTOSITEILHOTO PEIICHUS 3a/1a4 SIBJISIOTCS:

J cUCTeMaTH3alMs U 3aKPEIUICHUE MOJyYeHHBIX TEOPETUYECKUX 3HAHUN U MPAKTU-
YEeCKUX YMEHMH CTYJCHTOB;

J (opMHpOBaHUE CAMOCTOSTEILHOCTH MBILUIEHUS, CIIOCOOHOCTEN K CAMOPA3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpEaIN3aliH;

J pa3BUTHE UCCIIEI0BATEIBCKUX YMEHUII.

Ienvro camocmoamenvnozo 6bINONHEHUA PACUEeMHO-2PAduuecKoil padompl TIO TUCLU-
IININHE ABJIICTCA OBJIAaJACHUEC (bYHI[aMeHTaJ'H)HBIMI/I 3HaHUAMU, HpO(l)GCCI/IOHaHLHBIMI/I YMCHUAMHU U
HaBBIKAMH JIESITEIHOCTH 110 IPO(UITIO, OTIBITOM TBOPYECKOU, MCCIIEI0BATEIBCKOM AEATEILHOCTH.

3adauamu 1aHHOTO BUJA CAMOCTOATEIBHOM pabOThI CTYICHTA SBISIFOTCA:

J cUCTeMaTH3allMs U 3aKPEIUIeHUE MOJyUYeHHBIX TEOPETUYECKUX 3HAHUN M MPaKTHU-
YEeCKUX YMEHMI CTYJCHTOB;

J yIiayOJieHHe U paclIipeHne TEOPEeTHUECKUX 3HaHU;

o dopMupoBaHHE YMEHHI HCHOJIB30BaTh HOPMATHBHYIO, ITPABOBYIO, CIIPABOYHYIO
JOKYMEHTALUIO U CIIEIHATIBHYIO JIUTEPATYPY;

J pa3BUTHE MO3HABATEIbHBIX CIIOCOOHOCTEH M aKTUBHOCTHU CTYJICHTOB: TBOPYECKON
UHHUIIMATHBBI, CAMOCTOSITEILHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

J (opMHpOBaHHE CAMOCTOSTEILHOCTH MBIIIUIEHUS, CIIOCOOHOCTEN K CAaMOPA3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO M CaMOpeaTH3aliH;

J pa3BUTHE UCCIIEI0BATEIbCKIX YMEHUI;

o UCTIOJIb30BAHUE MaTepHaja, COOPAaHHOTO U TIOJyYEHHOTO B XO/€ CaMOCTOSTEIb-
HBIX 3aHATUN Ha CEMUHApax, Ha MPAKTUYECKUX U JaOOpaTOPHBIX 3aHATHUAX, IPU HAIMCAHUU Kyp-

COBOI1 paboTHI.
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B pesynbrare OCBOCHHS IUCIUTUTHHBI (POPMUPYIOTCS CICAYIONINI TIepeUYCHb IUIaHUpYe-

MBIX Pe3yJlbTaTOB OOYyUEHHUS MO IUCHUIUIMHE, COOTHECEHHBIX C IJIAHUPYEMBIMU pe3yJbTaTaMu

OCBOCHMS 00pa30BaTEIIbLHON MPOTPaMMBbI:

Kon, popmynmpoBka komre-
TEHLIUU

Kon, popmynupoBka nnamnka-
Topa

[Inanupyemblie pe3ynbTaThl
00y4eHuUs MO TUCIUILINHE
(MonyII0), XapaKkTepu3yo-
1ue sTansl GOpPMUPOBAHUS

KOMIIETECHIIMI, UHIUKATOPOB

OIIK-4 Cnioco0OeH HCII0JIB30-
BaTb METObI aHAIM3a U MOJIE-
HHpOBaHI/IH 3H€KTqueCKHX 1e-
el ¥ SJEKTPUUECKUX MAllluH

NJ1-1lonk-2 Mcionb3yet me-
TO/bI aHATN3a U MOJCIUPOBA-
HUS JIMHEHHBIX U HEJTUHEH-
HBIX IIETICH OCTOSHHOTO B
MePEMEHHOTO TOKa

3HaeT OCHOBHEIE 3aKOHBI

ANEKTPOTEXHUKH, TEOPHIO
AIEKTPOMArHUTHOTO TIOJIST U
LIETIEN C pacipeaecICHHBIMU
rapamMeTpamu, METOJIbI aHa-
Ju3a, MOACIIUPOBAHUS U pac-
yeTa JJMHESHHBIX U HeJIMHEH-

HBIX IIeTIeH OCTOSHHOTO H

MEPEMEHHOTO TOKa

NI-20nk-4 Mcrionb3yet me-
TOJIbI PacyeTa MePEeXOIHBIX
MPOIIECCOB B AIEKTPUICCKUX
LETSIX TIOCTOSIHHOTO U Iepe-
MEHHOT'O TOKa

YMeeT UCIIoIb30BaTh METOOBI
aHaM3a U MOJEIUPOBAHUS
JIMHEHHBIX U HEJIWHEHHBIX I1e-
€Y MOCTOSIHHOTO U IEPEMEH-
HOTO TOKa.

NJ-3omnk-4 [Ipumenser 3Ha-
HUSI TCOPUH JIEKTPOMArHUT-
HOTO TOJIS M TIeTIeit ¢ pacrpe-

JICTICHHBIMU MTApaMeTPaMu

Bnaneer naBpIkaMu pacucTa
MEPEXOJHBIX ITPOLCCCOB B
QJICKTPUYICCKUX LCIAX IMOCTO-
SAHHOT'O 1 MIEPEMCHHOT'O TOKA.
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IInan-rpaguk BHIIOJHEHHS CAMOCTOSATEJIbHON PadoThI

Konpl peanu-

OO0beM YacoB, B TOM YHCIIE

CpencrtBa u Tex- KonTakTHas
3yEMbIX KOM- Bup nesrensHOCTH
. HOJIOTHH pabota ¢
MEeTeHIUI, UH- CTYyZCHTOB CPC Bcero
OILIEHKH nperno/aBa-
Jnukatopa(oB)
TeIeM
Ounas hopma oOydeHust
3 cemecTp
CaMOCTOsATEIbHOE
u3yudenue aureparypsl | CobecenoBanue | 24,165 2,685 26,85
o TeMam Nel-18
Hoarotosia i ex- CobGeceoBaHne 2,43 0,27 2,7
UM
ool
WJT-Lorik-4 ToxroToska K mpax- HHUH THUIIOBBLIX, 4,86 0,54 5,4
N-20rmx-4 TUYECKUM 3aHSATUSIM A3HOVDOBHBAIX
N /I-3omnk-4 P P
3a1a4
Hoarotoska k 1200~ | 500 ropanme | 3,645 0,405 4,05
PaTOPHBIM 3aHATHIM
Brinosinenue pac-
YeTHO-TpapuuecKon CobecenoBanue 13,5 1,5 15
paboThI
Hroro 3a 3 cemecTp: 48,6 5,4 54
4 cemecTp
CaMOCTOsATEIBHOE
u3ydenue aureparypsl | CobecenoBanue 1,215 0,135 1,35
o TeMaMm Nel19-36
IToaroroBka K JeK-
OIIK-4 M CobecenoBanue 2,43 0,27 2,7
NA-1lomk-4 [TuceMeHHBIH
NJ1-2orik-4 oNrOTOBKA K HhakK- OTYeT O pele-
N/I-3onk-4 5 P HUH TUIIOBBIX, 4,86 0,54 5,4
THYECKUM 3aHATHIM
Pa3HOYPOBHBBIX
3a1a4
HoaroToska k 1300~ | (5 oropaume | 3,645 0,405 4,05
PaTOPHBIM 3aHATHIM
HToro 3a 4 cemecTp: 12,15 1,35 13,5
5 cemectp
CamocTosiTeTbHOe
nzyuyenue nureparypsl | CobecenoBanue 2,295 0,255 2,55
1o TeMam Ne37-54
OIIK-4 ToxroroBka K jiek- CobecenoBanue 2,43 0,27 2,7
NA-1lomk-4 UM
N/I-20mk-4 [TncrMeHHBIHM
NJ1-3orik-4 N a K TIDaK OTYET O pete-
OALFOTOB fpar- HHMH THUIIOBBIX, 2,43 0,27 2,7

THUYCCKUM 3aHATHAM

Pa3HOYPOBHBBIX
3a1a4
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IMToaroroska x na6o-

CobecenoBaHue 3,645 0,405 4,05
PaTOPHBIM 3aHSITHSIM
Brinosninenue pac-
4eTHO-TpapUIeCcKOi CobecenoBanue 13,5 1,5 15
paboTHI
HToro 3a 5 cemecTp: 24,3 2,7 27
HUroro: 85,05 9,45 94,5
3aouHas gopma oOydeHUs
3 cemecTp
CamocTosTeIbHOE
uszydenue jaurepatypsl | CobecenoBanue 113,4 12,6 126
mo Temam Nel-18
Honrorosxka ka1€k- | - 6ocenopanme | 0,405 0,045 0,45
UM
T
WJT-ork-4 ToxroToska K mpax- HUH TUIIOBBIX, 0,81 0,09 0,9
N/I-20mk-4 TUYECKUM 3aHATUIM
VJ1-30mc4 Pa3HOYPOBHBBIX
3a/1a4
Ionrorosia k 1abo- CobecenoBanue 0,81 0,09 0,9
pPaTOPHBIM 3aHSATUSIM
Brinonnenue pac-
4eTHO-TpapUIECKOM CobecenoBanue 13,5 1,5 15
paboThI
Htoro 3a 3 cemectp: | 128,925 14,325 143,25
4 cemecTp
CamocTosTeIbHOE
uzydenue aurepatypsl | CobecenoBanue 67,185 7,465 74,65
o Temam Nel19-36
ToxroToska k nex- CobOecenoBanue 0,27 0,03 0,3
UM
Tocrverel
NJI-1lormnk-4 [ToaroroBka k mpak- HIM THTIOBBIX, 0,81 0,09 0.9
N/I-20mk-4 TUYECKUM 3aHATUIM
VJ1-30mc4 Pa3HOYPOBHBBIX
3a/1a4
Ionroroska x abo- CobecenoBanue 0,81 0,09 0,9
pPaTOPHBIM 3aHSATHSIM
BeimonHenue pac-
4eTHO-TpapUIECKOM CobecenoBanue 13,5 1,5 15
paboTHI
Htoro 3a 4 cemectp: | 82,575 9,175 91,75
5 cemecTp
CamocTosTeTbHOE
u3ydenue aureparypsl | CobecenoBanue 66,42 7,38 73,8
OIIK-4 o Temam Ne37-54
WJI-lonk-4 IToaroroska K Jek-
CobecenoBanue 0,405 0,045 0,45
N-20mk-4 UM
N/1-3onk-4 SO T —— [TrceMeHHBIHI
P OTYET O pele- 0,54 0,06 0,6

THUYCCKUM 3aHATHAM

HUU TUIIOBBIX,

329




Pa3HOYPOBHBBIX

3a1a4
Ionroroska k abo- CobGecemoBanme 0,81 0,09 0,9
PaTOPHBIM 3aHSATHSIM
Brinmosninenue pac-
4eTHO-TpapUIECcKOM CobecenoBanue 13,5 1,5 15
paboThI
Hroro 3a 5 cemectp: | 81,675 9,075 90,75
HUroro: | 293,175 32,575 325,75
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KOHTpOJ’ILHLIe TOYKH U BUJABI OTYETHOCTH 110 HUM

Ne Bun nesarenbHOCTH CTYIEHTOB Cpoxu KonnuecTso

n/m BBITIOJTHEHUS OaoB
3 cemecTp

1. [IpakTrueckoe 3ausTue Ne 2 6 Henensa 25

2. Jlaboparopnoe 3ansitue Ne 4 10 nenens 15

3. [IpakTrueckoe 3ansitue Ne 8 16 Henens 15
Hroro 3a 3 cemecTp 55
4 cemecTp

4. [IpakTuueckoe 3anarue Ne 12 6 Henens 25

S. JlaGopatopnoe 3ansatue Ne 9 10 nepens 15

6. [Ipaktrueckoe 3ansitue Ne 16 16 Henens 15
Hroro 3a 4 cemecTp 55
S cemecTp

7. [IpakTrueckoe 3austue Ne 20 6 Hemens 25

8. JlaGopaTtopnoe 3ansTre Ne 16 10 Henens 15

9. JlaboparopHoe 3aHsaTHE Ne 22 16 nenens 15
Hroro 3a S cemecTp 55

Hroro 55

MakcuManbHO BO3MOXHBIN 0allT 32 BeCh TEKYIIUI KOHTPOJIb MaKkcUMaIbHO BO3MOKHBIH

0aJi1 3a BeCh TEKYLIMI KOHTPOJIb yCTaHABIMBAETCS paBHBIM 55. TeKylliee KOHTPOJIbHOE MEPOIIPHU-

ATAC CHUTACTCA CAAHHBIM, €CJIM CTYACHT MMOJTYYHUJI 3a HETO HEC MCHEC 60% ot YCTaHOBJICHHOI'O IJId

OTOI'O0 KOHTPOJA MaKCUMAJIbHOI'O Oanna. PeMTUHTOBBIN 6aJ'IJ'I, BBICTABIISICMBIH CTYACHTY 3a TCKY-

e KOHTPOJIbHOC MCPOIIPUATHUEC, CAAHHOC CTYACHTOM B YCTAHOBJICHHBIC T pa(bI/IKOM KOHTPOJIbHBIX

MEPONPUATHI CPOKH, ONPEAEIAECTCS CIECAYIOMMM 00pa3oM:

YpoBeHb BHITIOTHEHUS] KOHTPOJIBHOTO Peiitunroserit 6ami (B % 0T MaKCUMaJIbLHOTO
3a1aHus 0aJta 3a KOHTPOJIBHOE 33aJaHHE)
OTIHYHBIN 100
Xopomui 80
Y 10BJIETBOPUTEIIBHBII 60
HeynonerBoputenbHbI 0

PeliTunroBas cuctema Juis 3a09HOM (popMbl 00yUeHUs HE MPEAyCMOTpPEHA.
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MeToanyeckne peKOMeHIAINHU M0 U3YYEHHIO TEOPEeTHYECKOr0 MaTepuaJia

CamocrosTenbHas padoTa CTy/IeHTa HAUMHACTCS ¢ BHUMATEIBHOTO 03HAKOMJICHHS C CO-
JepKaHueM y4eOHOro Kypca.

N3yuenne kaxmoi TeMbl ciaeayeT HAUMHATh C BHUMATEIbHOTO O3HAKOMJIEHUS! ¢ HaOOpOM
BONPOCOB. OHU OPUEHTHUPYIOT CTYACHTA, IOKA3bIBAKOT, YTO OH JIOJDKEH 3HATh 110 JAHHOH TEME.
Bonpocs! Tembl kKak Obl HAKJIAJBIBAIOTCS] HA COOTBETCTBYIONIYIO IT1aBYy U30paHHOTO y4eOHUKA UITH
y4ebHoro nocobus. B urore 1omKkHO OBITH SICHBIM, KaKHME BOIPOCHI TEMbI Y4eOHOTO Kypca H ¢
KaKoM ri1yOMHOM pacKpbIThl B KOHKPETHOM YUeOHOM MaTepHalle, a Kakue BOOoOIIIe OnyIieHbl. Tpe-
OyeTcst TBOPUYECKOE OTHOIIEHUE U K CAMOMY COJIEPKaHHUIO TUCLIUILIMHBI.

Bomnpocsl, coctaBinsiomnuye ee coaepxkanue, 001aJatoT pa3HOi CTENeHbl0 BaKHOCTH. EcTh
BOIIPOCHI, BHITOJIHAIONINE (PYHKITUIO JIOTHYECKOH CBSI3KU COJCPKAHUS TEMBI M BCETO Kypca, HMe-
I0TCS BOIIPOCHI OIMCATEIBHOTO MM Pa3bsICHUTEIBHOTO XapaKTepa, a TakkKe UCTOPUIECKOro dKC-
Kypca B 00J1aCTh U3y4aeMOH JUCLUILUIMHBL. Bee 3T BOpockl HE COCTaBIISIIOT CyTH HOHSA-TUHHOTO,
KOHIIECTITYaJIbHOTO CO/IEP>KaHUs TEMBI, HO HEOOXOIUMBI JJIS LIEIOCTHOT'O BOCIIPUATHUS U3y4aeMbIX
npobiem.

N3yuaemast 7MCHMIUIMHA UMEET CBOM KaTErOpUalbHO-IIOHATUHHBIN arrapaT. Hay4nsie mo-
HATHSL — 3TO Ta 0a3a, Ha KOTOPOW CTPOUTCS Kaxaas Hayka. [IoHATHS — y3/0BBIE, ONOpPHBIE
IMYHKTbI KaK HayYyHOI'O, TaK U y4eOHOI0 MO3HAHUs, JOIMYECKHE CTYNEHH JBMKEHUS B yuede oT
IPOCTOTO K CJIOKHOMY, OT SIBJICHUS K CYIIHOCTH. be3 sICHOro moHMMaHus MOHATHH yueba KpaiiHe
3aTpyIHSAETCS, a COAepKAHUE TPUOOPETEHHBIX 3HAHUN CTAHOBUTCS TYCKIIBIM, PACILIBIBUATHIM.

CTyAeHT JOHKEeH MOHUMAaTh, YTO CAMOCTOSITENIbHOE OBJIAJICHUE 3HAHUSIMHU SIBJISIETCS TJIaB-
HBIM, ONpeAeNAoINM. Beiciias mkosa co3gaer uist 3TOro HeoOXOAUMBIE YCIOBHUS, TOMOraeT 0y-
JyIIeMY BBICOKOKBaTH(PHUIIMPOBAHHOMY CHELMATHUCTY OBJIA/I€Th TEXHOJIOTUEH CAMOCTOATEIBHOTO
IIPOU3BOJCTBA 3HAHUM.

B camocrosTenbHOlN paboTe cTyieHTaM MPUXOIUTCS UCIIOJIb30BATh JINTEPATYPy pa3ind-
HBIX BU/IOB: IE€PBOMCTOYHUKH, MOHOTpa(uH, HayuyHble COOPHUKH, XPECTOMATHH, YUeOHUKH, yueo-
HbIE T0COOUS, )KypHaJbI 1 Jip. M3yueHne Kypca npearnoaraet 3HakOMCTBO CTYIEHTOB € OOJIBIINM
00BEeMOM Hay4dHOW M y4eOHOHM JIUTEepaTyphl, YTO, B CBOIO OYEpellb, MOPOXKIAET HEOOXOIUMOCTh
BBIPA0OTKH Y HUX PAllMOHAIBHO-KPUTUYECKOTO MOJX0Aa K U3y4YaeMbIM HCTOYHUKAM.

YToOBl HE KYTOHYTH» B OTPOMHOM 00bEME PEKOMEH/I0BaHHbIX €My Ul U3YUYEHUS UCTOY-
HUKOB, CTYJIEHT, IPEXKE BCETO, JOHKEH HAYUUThCS IPAaBUIBHO UX 4nTaTh. [IpaBuinpHOE yTeHue
PEKOMEHI0BaHHBIX UICTOYHHUKOB IIPEAINOIIATAET CIEI0BAaHNUE HECKOJIBKUM HECIIOKHBIM, HO BECbMa

IMOJIC3HBIM IIpaBUJIaM.
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[IpenBapuTeNbHBIA TPOCMOTP KHHUTH BKJIIOYACT O3HAKOMJICHHWE C THUTYJIBHBIM JINCTOM
KHUTH, aHHOTALlMeH, IpeIuciIoOBUEM, oriaBieHrueM. [Ipu 03HaKkOMIIEHNH € OIJIaBJIEHHEM HEOOXO0-
JMMO BBLAETUTD Pa3Jielibl, TIaBbl, naparpadsl, IpeAcTaBISIONIUE U BaC HHTEpeC, OErIo ux npo-
CMOTpPETh, HAWTH MECTa, OTHOCSIIMECS K TeMe (ab3albl, CTpaHUIlbl, maparpadsl), ¥ MO3HAKO-
MUTBCS C HUIMHU B OOIIUX YepTax.

HayuHble u31aHus CONPOBOXKIAIOTCS Pa3IMYHBIMU BCIIOMOTraTeIbHBIMU MaTepHUaiaMu —
HaYYHBIM amapaToM, I03TOMY BaXKHO 3HaTh, U3 KAKMX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBBI
ero pyHKIuH.

3HaKOMCTBO C KHHTOH JIydIlle BCEr0 HAYMHATh C M3YUYCHUSI aHHOTAIIUN — KPATKOH Xapak-
TEPUCTHKU KHWMIH, PACKPBIBAIOLICH ee coiepikaHue, HUICHHYI0, TEMAaTHYECKyl0 U >KaHPOBYIO
HaINpaBJIEHHOCTh, CBEJICHUsI 00 aBTOpe, Ha3HAUYEHUE U JIpyrHe 0COOEHHOCTH. AHHOTALUs TTOMO-
raeT COCTaBUTh MPEBAPUTEIILHOE MHEHHE O KHUTE.

I'myGske OHATH CoepKaHNE KHUTH MTO3BOJISTIOT BCTYNIUTEIIbHAS CTAThs, B KOTOPOH JaeTcs
OLIEHKAa COZEp)KaHUsl KHUTH, 3aTparuBacMoil B Hel mpoOIeMaTuku, ConepKUTCs HHPOopMaLus o
KU3HEHHOM U TBOpUecKoi Ouorpauu aBTopa, BEICKa3bIBAIOTCS MTOJIEMUYECKUE 3aMEYaHUs, pa3b-
SICHSIIOTCS OTACITIbHBIE TIOJ0KEHUSI KHUTH, JAIOTCI KOMMEHTApHH U T.1. BOT moueMy 3HaKOMCTBO
C BCTYNHUTEIFHOW CTAaTheH MPEACTABISIETCS OYCHb BaKHBIM: OHO ITIOMOTAET CTYIEHTY COPUEHTH-
pOBaThCs B TEKCTE pabOThI, 0OpaTUTh BHUMaHUE Ha ee HauboJiee LIEHHbIE U BayKHbIE pa3/Ielibl.

Toit ke nenu cofecTByeT 3HaAKOMCTBO C OTJIaBIEHUEM, IPEAUCIOBHUEM, MTOCIECIOBUEM.
BecbMa mose3HbIMH 3J€MEHTaMHM HAy4YHOTO ammapara SBISIOTCS CHOCKHM, KOMMEHTapuu, Taod-
JMLBI, TpaduKy, CIIUCKU JUTepaTypbl. OHU HE TOJBKO MIUTIOCTPUPYIOT OTIENbHBIE TOJIOXKECHHUS
KHUTH WK CTAaThH, HO M CaMH IO ce0e SBISIOTCS JOTIOTHATEIBHBIM UCTOYHUKOM WH(pOpMAINN
JUIS YUTaTeNs.

Ecnu unraTens 3amHTEepecoBaia Kakas-TO BBICKA3aHHAsi aBTOPOM MBbICIIb, HE HaIIe/Ias
NOJPOOHOTO OCBEIIEHHSI B TAHHOM HCTOYHHUKE, OH MOXKET OOPAaTUThCS K TEKCTY UCTOYHHUKA, YIIO-
MHHAEMOTO B CHOCKE, JIHOO K UCTOYHUKY, KOTOPBI OH MOYKET HalTH B CITUCKE JIUTEPATYPHI, pe-
KOMEHIOBAHHOM aBTOPOM JIJIsl CAMOCTOSITEIIbHOTO U3YUYEHHUS.

Cy1iecTByeT HeCKOJIBKO ()OpPM BEJICHUS 3aITUCEH:

— Tu1aH (IIPOCTOM M pa3BEpHYTHIN) — Haubosee KpaTkas (opMa 3aIMCH IPOYUTAHHOTO,
IpeJcTaBiIsonas coooi nepedeHb BOIPOCOB, pacCMaTPUBAEMbIX B KHUTE MJTU cTaThe. Pa3BepHy-
TBHIH IUIaH MpeAcTaBisieT co0oi Gosee MOAPOOHYIO 3alKUCh MPOYUTAHHOTO, C AeTaln3alueil oT-
JIeNTbHBIX TTOJIOKEHUH M BBIBOJIOB, C BBINUCKOM IUTAT, CTATUCTUYECKUX JAHHBIX U T.J. Pa3zBepHy-
TBIW TJIaH — HEOICHUMBIH TTOMOITHHUK NPY BBICTYIUICHUH C JOKJIAIOM Ha KOHKPETHYIO TeMY Ha

ceMUHape, KoH(DEPEHITNH;
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— TE3UCHI — KPaTKO c(hpopMyIMpOBAaHHBIE TIOJI0KECHNUS, OCHOBHBIE TTIOJI0KEHHUS KHUTH, CTa-
Thu. Kak mpaBuio, Te3UChl COCTaBISAIOTCS MOCIE MPEIBAPUTENLHOTO 3HAKOMCTBA C TEKCTOM HC-
TOYHHUKA, TIPHU €r0 MOBTOPHOM MpodYTeHUHU. OHU MOMOTAIOT 3alIOMHUTh U CUCTEMATH3UPOBAThH H-
dbopmaruio.

CocraBiieHrEe KOHCIIEKTOB

Bonpiuiyio posib B yCBOGHMH M MOBTOPEHHM MPONACHHOIO MaTepHalla UrpaeT XOpPOIIMii
KOHCIIEKT, COJIepKallliil OCHOBHbIE MJIeH IPOUYUTAHHOTO B YUEOHHUKE U YCIIBIIIAHHOTO B JICKIUH.
Koncnekt — 3710, 110 CyliecTBy, HAOPOCOK, pa3BEPHYTHIH IJIaH CBA3HOTO paccKas3a 1o OCHOBHBIM
BOTIPOCAM TEMBI.

B kako#i-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT UHJIWBUIYaJbHBIX OCOOEHHO-
CTEH CTy/IeHTa) HE TOJIbKO Ha MHTEJUIEKTYyalIbHYIO M SMOLMOHAJIbHYIO, HO U Ha 3pUTENIbHYIO Ha-
MSITh, IPHYEM TEKCT KOHCIIEKTa HEPEJIKO aCCOIMUPYETCS eIIIe U C TEKCTOM yUeOHUKA WITH 3aIHUCHI0
nekiun. [TosToMy sierde 3amoMuHaeTCs Colep’KaHHE KOHCIEKTOB, HAMCAaHHBIX pa300pUnBO, C
MOTYEPKUBAaHUEM WUJIU BBIJICICHUEM Pa3psIIKON KIFOYEBBIX CIIOB U Ppa3.

CamocTOsTeNbHO H3yYEHHBIE TEMbl MPEIOCTABISIOTCS MpernoAaBareno B (GopMe KOH-
CIIEKTa, IO KOTOPOMY IIPOUCXOIUT cobecenoBanme. TeopeTnueckue TeMbl Kypca (OTAETbHBIE BO-
IIPOCHI), BBIHOCHMEBIE HAa CAMOCTOSITEIIbHOE H3YUCHHUE, IPEICTABICHBI HIDKE.

TunoBble KOHTPOJIBbHBIE 33/IaHUS M MHBIE MaTepUabl, XapaKTepU3yIolIie 3Tanbl Gopmu-
POBaHMSI KOMITETEHIUI

Bomnpocs! s cobecenoBanus

1. Korjga mMer0T MECTO COrjlacOBaHHUE 10 TOKY, COTJIACOBAHME 10 HAMPSKEHUIO U COTIIa-
COBaHME IO MOIITHOCTH?

2. Chopmynupyiite 3akon Oma 11 yyacTKa dJIEKTPHUUECKOH 1IeTH, COAEePKAIIEro U He CO-
JiepKalero HCTOYHMK 3.71.C..

3. Chopmynupyiite nepssiii 3akoH Kupxroda.

4. Kakne KOHTYpbI CXeMbI 3aMEIICHHUS SBISIFOTCS HE3aBUCHUMBIMH?

5. Chopmymnupyiite Bropoii 3akoH Kupxroda.

6. OT yero 3aBUCAT 3HAaKM CJaraeéMbIX MpPHU COCTABJICHUU YPaBHEHUH IO 3aKOHAM
Kupxroda?

7. Kak 1o sKCcriepuMeHTaIbHBIM IaHHBIM BBIYUCIUTH BHYTPEHHEE COTPOTUBIICHUE HCTOY-
HUKa HaNpsDKEHUs ?

8. Kak no monmyuyeHHbBIM B J1a00paTopHOi paboTe 3KCIepUMEHTaIbHBIM JaHHBIM BbI mpo-
BEPSUTH CIIPaBeTMBOCTH 3akoHOB OMa u Kupxroda?

9. Kakoii meTon Bel npumenunm i pacuéra snekrpudeckoi nenu? [losicauTe ero cymi-

HOCTB.
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10. INosicHuTe MOPSAAOK COCTABICHUS YpaBHEHHUS OajlaHCa MOUTHOCTH U TIOSICHUTE €ro (u-
3UYECKYIO CYITHOCTb.

11. Kak 3aBUCUT UHIYKTUBHOE COMPOTUBICHHUE OT YaCTOTHI?

12. Yem oOwsicHsieTcs pasnuune 3HadyeHuit XL, BeranciaeHHsix no gopmynam Um/Im u oL?

13. Kak 3aBHCUT €MKOCTHOE COTIPOTUBIICHUE OT YaCTOTHI?

14. Yto noHuMaIOT NoJ MHAYKTUBHOCTBIO M KaK OHA Ompeesercs?

15. Kak u moyemy u3MeHseTCs UHAYKTUBHOCTh MPU BBEJEHUH B KaTYIIKY CTallbHOTO Ccep-
neYyHuKa?

16. YTo MOHUMAIOT TI0JT EMKOCTBIO Ml KaK OHA OTIPEIeIIIeTCs?

17. Yo Ha3bIBAIOT yTJIOBOM YaCTOTOM 7

18. o xakuMm opmynam onpenenstoT r; XL; xC u z nenu nepeMeHHOro Toka?

19. KakoBbI OCHOBHBIE COOTHOIIICHHUS M BEKTOPHBIC TUAarpaMMBbI B IIETSX ¢ aKTHBHOMU, UH-
JTyKTUBHOU M €MKOCTHOW Harpy3Koit?

20. IIpu KakuX yCIOBHSIX BO3HUKAET PE30HAHC HANPSIKEHUI?

21. Yemy paBeH K03 (GHUIMEHT MOIIIHOCTH COS () TIPH PA3IUYHBIX YCIOBUSAX U KaK OH OIpe-
nensercs’?

22. Kax ompenenuTs aKTUBHYIO U PEaKTUBHYIO IPOBOJUMOCTH KaTYIIKH, €CJIH U3BECTHBI
e€ aKTUBHOE U MHAYKTUBHOE COIIPOTUBIICHHUS?

23. Kak 3aBUCAT peakTHUBHBIE MPOBOJAUMOCTH KAaTYIIKH WHIYKTUBHOCTH M KOHJAEHCATOpa
OT YacTOThI?

24. Kak omnpeneiuTh aKkTHBHYIO IPOBOJIUMOCTH KaTYIIKA HHIyKTUBHOCTH M KOHJICHCA-
TOpa, MOJIb3YSICh MOKA3aHUSIMHU BaTTMETPa, aMIIepMeTpa U BOJIbTMETpa?

25. Kak onpenenuTth MOJHYIO MPOBOAMMOCTh yUacTKa SJIEKTPUUYECKOM IenH Mo Mmokasa-
HUSIM JIEKTPOU3MEPUTETHHBIX TPUOOPOB?

26. Kak otnmyarorest mo (haze MpUII0KEHHOE HAMpPSOKEHHE W TOK, MPOTEKAIOIUH 10 Ka-
TYyIIKE UHIYKTUBHOCTHU? Yyepe3 KOHAeHcaTop?

27. IloueMy u KaKk U3MEHHUTCS TOK 4Yepe3 KOHJAEHcATop (depe3 KaTyIIKy UHIYKTUBHOCTH)
MIPU YBEIMUYEHUH YaCTOTHI MPUIOKEHHOTO HATIPSKEHUS?

28. B Kakoii 3JIeKTPUYECKOM e MOKET BOSHUKHYTH PEXHM pe30HaHca TOKoB? KakoBo
yclioBUE ero BO3HUKHOBEHU? [losicHuTe PU3NYECKYIO CYITHOCTh peKUMa pe30HAHCa TOKOB.

29. Kakoe coeiriHeHHE HA3bIBACTCS COEAMHEHUEM 3Be30M?

30. Kak cTtpouTcsi BeKTOpHasi JAMarpaMMa TOKOB W HANPSOKEHUH TPU CUMMETPUIHON
Harpyske?

31. B xkakoM cirydae OTCYTCTBYET TOK B HYJICBOM MPOBOJIE?

32. [louemy Ha HyJIEBOM IIPOBOJI HE CTABST MPEIOXPAHUTEID?
335



33. KakoBbl 0COOCHHOCTH pe)HMa paboTHl MOTPeOUTENeH, COeIMHEHHBIX 3BE3/10H, MPU
HEpaBHOMEPHOU Harpy3ke (a3 CUCTEM C HYJIEBBIM ITPOBOIOM?

34. KakoBbl 0COOEHHOCTH peXUMa padOThl MOTpeOUTENeH, COCAMHEHHBIX 3BE3/I0M, MpHU
00pbIBe (pa3bl CHCTEM C HYJEBBIM IPOBOJOM WK 6€3 Hero?

35. Kak u3mMepstoT MOIHOCTh TpeX(ha3HOTO TOKa B YETHIPEXIPOBOAHOM cxeme?

36. KakuMm 06pazom Tpu 01HO(a3HBIX TOTPEOUTENS COCTUHSIOT B TPEYTOJIbHUK?

37. Kyna cnenyer noiKiI04aTh BOJIBTMETP, YTOOBI U3MEPUTH (ha3HOE U JIMHEHHOE Hampsi-
XKeHus Tpex(asHoro norpedburens?

38. B kaKoM COOTHOIIICHUH HAXOATCS (a3Hble U TMHEHHBIC HATTPSHKECHUSI CAMMETPUIHOTO
HoTpeOUTENs, COETUHEHHOTO B TPEYTOJIbHUK?

39. Kakoe cooTHomeHne Mexay (pasHbIMU U TMHEHHBIMU TOKaMH CUMMETPHYHOTO TIOTpe-
OuTens, COeAMHEHHOTO B TPEYTOJIbHUK?

40. Bcerna nu cipaBeyTMBBI IPU COSAMHEHUH B TPEYTOJILHUK COOTHOIICHHS

41. Becerna nu npu COEIMHEHUH B TPEYTOJIBHUK CIPaBEAIUBO

42. Kak oTpa3uTcs OTKIIFOYEHHE OJJHOH (pa3bl moTpeduTesis Ha peskuM padoThl Apyrux a3z
U Ha peXuM paboThl Beell Tpexa3Ho 1enu, COSTUHEHHON B TPEYTOJIbHUK?

43. Kax 3aBUCST OT YaCTOTHI COMPOTUBIICHUS KaTYIIIKH HHAYKTUBHOCTH M KOH/IeHCaTopa?

44. KakoBo yc10BHE BOZHUKHOBEHHUS PE30HAHCA HATIPSDKEHUH B MOCIIEI0BATEIBHOM PE30-
HaHCHOM KOHTYype?

45. TlosicuuTe PU3NYECKYIO CYIIIHOCTh PE30HAHCA HATIPSKEHUH.

46. Kak BBIYHCIUTEH PE30HAHCHYIO YaCTOTY?

47. Yto mOHUMAIOT O] TOOPOTHOCTHIO PE30HAHCHOTO KOHTYypa?

48. Kak u3MeHseTCs B MOCIe10BaTEIbHOM PE30HAHCHOM KOHTYpe yroi (pa30BOro CABHra
MEXy TOKOM M MIPUIIOKEHHBIM K KOHTYPY HaIlpsDKEHUEM IIPU U3MEHEHUHU YacTOThI?

49. Kax BBIYHCIUTH 3HAYCHUS MHIYKTUBHOCTH KAaTyIIKA U €MKOCTH KOH/IEHCATOPA IO U3-
MEpPEHHBIM 3HAUEHUSIM TOKA W HANPSHKCHUH U 3aJJaHHOMY 3HAYeHUH YaCTOTHI?

50. Kak oT yacTOTbI 3aBUCST IPOBOJIUMOCTH KAaTyIIKU HHAYKTUBHOCTH U KOHJEHcaTopa?

51. KakoBo ycnoBHe BO3HMKHOBEHHs PE30HAHCA TOKOB B INapajuleIbHOM PE30HAHCHOM
KOHTYype?

52. TosicauTe PU3UUECKYIO CYITHOCTH PE30HAHCA TOKOB.

53. Kak BBIUHCINTH PE30HAHCHYIO YaCTOTY, €CJIM U3BECTHBI TapaMeTphl IEMEHTOB PE30-
HAHCHOTO KOHTYypa?

54. Kak BBIYHCIUTD JOOPOTHOCTD MapauIeIbHOTO PE30HAHCHOTO KOHTYypa?

55. Kak um3MeHseTcs B TMapauieTbHOM PE30HAHCHOM KOHTYpE yroj (a3oBOTO CABHUTA

MECKAY TOKOM B Hepa3BeTBHCHHOﬁ JaCTH OCH U HAIIPSI?KECHUEM IIPU U3SMCHCHUU YacTOTHI?
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56. OT yero u Kak 3aBUCUT COOTHOIICHNE TOKOB B PEAKTUBHBIX 3JIEMEHTaX M B HEPA3BETB-
JICHHOW YaCTH 1IN MIPU PE30HAHCE TOKOB?

57. Kak ¢ y4éToM aKTUBHOTO COTIPOTHUBIICHUS BEIYUCIUTHh HHAYKTUBHYIO IPOBOJAUMOCTD U
MHTyKTUBHOCTH KaTYIIIKH, €CJIM U3BECTHBI TOK, IPOTEKAIOLIUH 110 KaTyIIKe, a TAK)Ke BEIMYUHA U
4acTOTa MPUIOKEHHOTO HATIPSIKCHUS?

58. Kakue rapMOHHUKHU COJAEPKUT CUTHAJ, CHMMETPUYHBIA OTHOCUTENILHO OcHu abcuucc?

59. Kak BBIUMCIIUTH CONIPOTUBIICHHE AKTUBHO-PEAKTUBHOM LIETIN J1s1 OT/IEIbHBIX TAPMOHUK
TOKa?

60. Kax BEranciuTh yriibl (a30BOTO CABUTa MEXKITy TOKOM H HANIPSDKEHUEM JIIIST OTJEITBHBIX
rapMOHUK?

61. Kak BBIYMCIUTD ACHCTBYIOLIEE 3HAUEHUE [IEPUOINIECKOTO HECHHYCOUAATIBLHOIO TOKa?

62. Kak BBIYMCINTH aKTHUBHYIO MOIIHOCTH B IIETIH TEPUOJHMUECKOT0 HECHHYCOUIATBHOTO
TOKa?

63. Kakx MOXHO BBIJICJIUTH OJIHY U3 TAPMOHUK MEPHOJUUYECKOI0 HECHHYCOMIaJIbHOTO TOKa
WIN HaNpsDKEHUs?

64. OnummuTe KOHCTPYKIIMIO TU0/1a U OUITOJISIPHOTO TPAaH3UCTOPA.

65. B pesynbrarte yero oopasyercst HOTeHIMAIBHBIN Oapsep p-N — mepexona?

66. [Touemy aroz o6agaeT OAHOCTOPOHHEN MTPOBOAUMOCTEIO?

67. Uem onpenensieTcs BeTU4YrHa 00paTHOTrO TOKa nuoja’?

68. Kakue paznuuatoT BUAbI poOost aquoaa? Onummre GU3nUecKue MpoLecch Npu pas-
JUYHBIX BUJAX MPOOOS.

69. 3aBHCUMOCTh MEXTy KAKHMHU BEIMIMHAMH OTPAKAIOT BXOJIHBIC M BEIXOIHBIE XapaKTe-
PUCTHUKU OUTIONSPHBIX TPAH3UCTOPOB?

70. OnuimuTe cXeMbl ¥ CIOCOOBI SKCIIEPUMEHTAIBHOTO ONpeIeTIeHNs BOJIbTAMIIEPHBIX Xa-
PaKTEpUCTHK TUOJOB U TPAH3UCTOPOB.

71. To xako¥ mpUYMHE U3MEHSETCSI HHIYKTUBHOCTD KaTYIIKH CO CTATbHBIM CEPICTYHUKOM
MIPU U3MEHEHUU ToKa?

72. BeaencTBue 4ero BO3HUKAET (heppOpe30HaHC HAPSHKEHHH?

73. Yto Takoe TPUTTEPHBINA APPEKT B MOCIET0BATETHHON (eppope30HaHCHON LenH?

74. Kak n3mensiercs yroi (pa3oBoro cBura MeXay TOKOM M HaIpsHKEHUEM B TOCTIEI0BA-
TeNbHON (eppOope30HaHCHOMN LENH MpHu TpUurrepHoM ¢ dexre?

75. Kak BiusieT €MKOCTh KOHJIEHCATOpa HA BEJIMYMHY TOKA U HAIPSDKEHHUS, IPU KOTOPBIX
BO3HHKaeT (heppope3oHanc?

76. Kak BIHSIIOT C€UeHHE MarHUTOIIPOBO/E M YHCIIO BUTKOB KAaTYIIKH Ha TOK, IIPU KOTOPOM

BO3HHKAeET (heppope30oHaHC?
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77. Kax Binusier popma KpUBO HAMAarHWYMBAHUS MaTEpUaia CEpIeYHNKA Ha MOJI0KEHUE

TOYKH (eppope3oHaHca Ha BOJBTAMIIEPHON XapaKTEPUCTHKE IMOCIeNOBaTeIbHON (eppopeso-

HaHCHOH 1enu?

78. Tlouemy Ha KOHJIEHCATOPE HAMPSKCHUE HE MOXKET U3MEHSATHCS CKAYKOM?
79. UTo NOHMMAIOT 1101 KOMMYTanuei?
80. Uem ormpenensieTcs CTENeHb XapaKTePUCTUYECKOTO YpaBHEHUS?

81. Kak noiy4uts XapakTepuCTUYECKOE YpaBHEHHUE 1IeTIH Yepe3 € BXOIHOE CONPOTUBIIE-

Hue?

82. Kak BBIYHCISIOT JOKOMMYTAIIMOHHBIE W TTOCIEKOMMYTAIIMOHHBIE HadalbHBIE YCIO-
BUS?

83. Uro Takoe MoCTOsIHHASL BPEMEHU NEPEX0JHOr0 mpolecca?

84. Kak M3MEHHUTCS MOCTOSTHHAS BPEMEHU IIETIH C KOHIACHCATOPOM TIPU YBEIHYCHHU €TO0
éMKocTH?

85. Kak BiuseT aKkTUBHOE COMPOTHUBIICHUE AICKTPHUUECKON LIETH, COAEpIKAIICH EMKOCTD,

Ha JJIMTCIBHOCTDb NNEPCXOAHOT'O HpOI_ICCCB.?

86. Kak paccuuThIBaIOT 3aBUCUMBbIEC HauaJIbHbIE YCIOBHS?

87. [louemMy TOK B MHAYKTUBHOCTH HE MOKET U3MEHITHCS CKAYKOM?
88. UTo moHMMaroT 1o 1 KOMMYTAIHEH?

89. Uem ompenensiercsi CTENEHb XapaKTEePHUCTUUECKOTO YPaBHEHNUS ?

90. Kak noiy4uTh XapakTepuCTUYECKOE YpaBHEHHUE 1IeTIH Yepe3 € BXOIHOE CONPOTHUBIIE-

Hue?

91. Kak BBIYHCISIOT JOKOMMYTAI[MOHHBIE W TTOCIIEKOMMYTAIIHOHHBIE HadalbHbBIE yCIIO-
BUS?

92. Yro Takoe MOCTOSIHHASI BPEMEHH IePEX0THOT0 Mpoliecca?

93. Kak U3MEHHUTCS TOCTOSIHHASI BPEMEHH 1IETH ¢ KaTyIIKOH NMpU YBEIWYCHUU €€ WHAYK-
THBHOCTH?

94, Kak BIus€eT akTHBHOE COITPOTUBJICHHUC BHGKTqueCKOﬁ OCIIy, coz[epxcameﬁ HHOYKTHB-

HOCTb, Ha JIMTCIIbHOCTD ICPEXOAHOTO HpOHCCC&?

95. Kak pacCuuTHIBAIOT 3aBUCUMbIE HauaJIbHbIE YCIOBHS?

96. Kakue THHUM OTHOCSAT K JIMHHSIM C pactpeeIEHHBIME MTapaMeTpaMu?

97. IlepeuncnuTte IEKTpUUECKUE NTApaMeTpPbl JUIMHHON JInHUK. X pa3mMepHOCTH?
98. CnpaBeniBO J1v 7S TAPaMETPOB JITUHHOM TUHUK cooTHOIeHue Z0=1/G0?

99, qJYHKHI/IﬂMI/I KaKnX NCPEMCHHBIX ABJISIIOTCA HAIIPAKCHHUE W TOK B JIMHHUU C paclpcac-

JIEHHBIMM TIapaMeTpaMu’?

100. Yem ompenenstorcs 3Ha4€HUS MapaMeTpOB ATUHHON JTUHUN?
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101. Kak moyry9uTh OCHOBHBIC YPaBHEHUS JITMHHOMN JTHHAN?

102. Kakum 00pa3om npu penieHuy YpaBHCHUI JJIMHHOW JIMHUM TIEPEXOAAT OT YpaBHEHU
B YaCTHBIX MTPOU3BOJHBIX K YPABHEHUSM B IPOCTHIX MPOU3BOAHBIX?

103. Kak 0OTHOCHTENHFHO KOMIUIEKCOB HANIPSKEHUS M TOKA BBITIITUT OOIINI BUJT PEIICHUS
ypaBHEHUH JUTMHHOW JTUHUU?

104. Yrto npencTaBisioT CO00# MOCTOSTHHAS pacpocTpaHeHus, KO3 GHUITMEHT 3aTyXaHus,
k03 uuument dazpr? Uto onpeaenstoT 3T KodPUIHMEHTHI?

105. Kak omnpeaesnstoT noCcTOsTHHbIE MHTETPUPOBAHUS B PEIICHUH yPaBHEHUN JUTMHHOM JIU-
HUN?

106. Kak mepeiTi 0T KOMIUIEKCOB HANPSDKEHHS M TOKA K (DYHKIIMSIM BpEeMEHHU ?

107. O0Obsicuute, moyeMy B 0OLIEM cly4yae HalpsDKEHHE U TOK B JUIMHHOW JIMHUU MOKHO
IIPEJICTaBUTh, KaK CYMMY I1a/1atollell U OTpaKEHHOU BOJIH?

108. Yro mornmMaroT 1o (a3oBoi ckopocThio? Kak oHa CBs3aHA C 4aCTOTON HAMPSIKCHUS
U JUIMHOU BOJIHEI?

109. Kakyto 1MHUIO Ha3bIBAIOT JIMHUEH Oe3 moTeph?

110. Kakue pexumMbl MOTYT CYIIIECTBOBATh B NITUHHOW TUHUK? OXapakTepu3ynuTe 3TH pe-
KUMbI. YeM oHM omnpenensiroTcs?

111. KakuM MOKeT ObITh U YeM OTPEEINIIeTCs BXOJHOE CONPOTUBIICHUE IITMHHON JINHUN?
UYTo NOHMMAIOT MOJT BOJIHOBBIM COMPOTHBICHUEM JTHHUN?

112. 3akon Oma. Onpenenenue. Gopmya.

113. Iepssrii 3akon Kupxroga. @opmyia, onpenenenne

114. Yto Ha3wIBaeTCs, MOCIEA0BATEILHBIM COSINHEHUEM ?

115. Yro Ha3pIBaeTCsl, MapauIeIbHBIM COCTHHECHUEM ?

116. ®opmyna ans onpeseneHust SKBUBAJIEHTHOIO COMPOTHUBIIEHUS, €CIIU JIBa PE3UCTOpa
coenunensl: [Tapamnensno? [locnenoBarenbHO?

117. B yem 3axirodaercss METO]] Y3JIOBBIX M KOHTYPHBIX ypaBHEHUN?

118. CkoabKO y37OBBIX YPaBHEHHM COCTABISIOT JIJIs LeTu?

119. [To xkakOMy 3aKOHY COCTaBJISIFOTCS y3JIOBbIE YPaBHEHHUS M KaK 3TOT 3aKOH YUTAETCS?

120. Kak BbIOMpArOT HAaNpaBJICHUSI TOKOB B Y3JIOBBIX YPaBHEHUSAX ?

121. CxonbKO KOHTYPHBIX YPaBHEHHUH COCTABIISIOT JIJISI LICTTH?

122. Tlo kakoMy 3aKOHY COCTaBJISIFOT KOHTYpHbIE YPaBHEHHSI U KaK OH UUTaeTCs?

123. Kak Boi6uparot HanpasieHuss {C B KOHTYPHBIX ypaBHEHUAX ?

124. Yemy paBHO 00III€€ KOJTMYECTBO YPaBHEHUH, COCTABICHHBIX 110 JAHHOMY METOTy?

125. Kak ynraercs nepBsiii 3akoH Kupxroda?

126. Kak untaercsa Bropoit 3akoH Kupxrogda?
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127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144,
145.

B xakom cinyudae DJIC cunurtaercst oTpUIIaTEIbHBIM?

Kak BpIOuparoTcs HarpaBIeHNUs TOKOB B Y3JIOBBIX YpaBHEHUSX?
UTto Ha3bIBAIOT Y3JI0M?

UTto Ha3bIBAIOT KOHTYpOM?

UTO Ha3BIBAIOT BETBHIO MIEKTPUUECCKON HETIH?

B uem 3akiouaeTcst METO/ y370BOrO HAIPSKEHUs ?

UTO Ha3BIBAIOT y3JI0BBIM HANPSKEHUEM?

Uemy paBHA MPOBOJAMMOCTb BETBU?

Kaxk onpenemnsitoT TOKkM BETBEH 1O TAaHHOMY METO.TY?

Kak unraercs 3akon Oma j1s ydacTka nemnu?

Kak unraercs nepsblit 3akoH Kupxroga?

B kakom ciydae TOK BeTBH Oy/I€T OTPUIATEIbLHBIM?

UTo Ha3BIBAIOT BETBBIO?

B uewm 3akmrouaercs MeToa HATOKEHUS?

Kakue npeumymiectBa JaHHOro Metoaa’?

Kaxk onpenensitorcst 3HaueHust JEHCTBUTEIBHBIX TOKOB?
Kak BpIOuparoT HarpaBieHNs YaCTUYHBIX TOKOB?

B uem cocTouT MeTo1 CBEPTHIBAHUS SNIEKTPUUECKON e ?

Pacckaxure o Hp606paSOBaHI/II/I TPCYIroJIbHHUKaA COHpOTI/IBJ'IeHI/Iﬁ B 3KBHBAJICHTHYIO

3B€3]ly COIIPOTUBJICHUM.

146.

Pacckaxxute o npeoOpazoBaHUU 3BE3/bl CONPOTUBIICHNN B 9KBUBAJICHTHBIN TPEYTOJIb-

HUK COITPOTHUBJICHHUM.

147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.

Yrto Ha3bIBAETCS, MATHUTHOM LENBIO?

Ha3zoBure 3516 MEHTHI MArHUTHOW LIETIH.

KaxoBbl OCHOBHBIE TapaMeTpbl MATHUTHON LIETH?

Uewm oTnmyaeTcst nEPEMEHHBIN TOK OT IOCTOSIHHOTO?

[IpuBenuTe OCHOBHBIE XapaKTEPUCTUKH CUHYCOUIAIBHOTO TOKA.

Kak omnpenensiercs neficTByrolIee 3HaYEHUS IEPEMEHHOTO TOKa?

Kak m300pakaercst nepeMeHHBIH TOK Ha KOMITIEKCHOM MII0OCKOCTH?
[IpuBeante koMIuIeKCHBIE (POPMBI 3aITUCH TIEPEMEHHOTO TOKA.

Kax ananutndecku u rpadUyecKu CIOXUTH (BbIUECTH) JIBa IEPEMEHHBIX TOKa?
Kak aHanuTH4ecKu yMHOXKUTD UK PA3JEIUTh JIB€ KOMIUIEKCHBIE BEJIMUUHbI?
Kak omnpenensiercst 1 4To NoKa3bIBa€T MTHOBEHHAsI MOIIIHOCTh?

Kak onpenensercss uHIyKTUBHOE cOnpoTUBIeHUE? EMKOCTHOE?

Ecnn nenn Pa3BCTBJICHHAs, TO KaK COCAUHSATCS IMapaMECTPhL HGHI/I?
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160
161
162
163
164
165
166
167
168
169
170

. UeMy paBHbI TOKU BETBEH i TaKo# enu?

. Kak onpenensitor o6mmii TOK memnu?

. UeMy paBHBI aKTUBHBIE M PEAKTUBHBIE COCTABIIAIOIIUE TOKOB BETBEH 1JIs TAKOW Lienn?
. UTo Ha3bIBaIOT BEKTOPHOW AMarpamMmon?

. OOBSICHUTH TOCTPOCHHUE BEKTOPHON AMArpaMMBbl JJIsl TAKOH Lienu

. Kak Be1Oupaercst macmrab jyisi JaHHOW BEKTOPHOM JHarpaMMbl?

. UeMy paBHBI aKTHBHasl, pEaKTUBHAs U IOJIHAsl MOLUIHOCTD JJIs JAHHOM Lienu?

. UeMy paBeH akTHBHBIN KOA((PUIIMEHT MOIIHOCTH LenH?

. Kakoii Tox Ha3pIBatOT nepeMeHHbIM?

. Eciin nens Hepa3BEeTBIICHHAs, TO KaK COEAUHSIOTCS IIapaMeTPhI LeTH?

. Kak BCACT ceOs HAIPsPKCHUE HAa YYAaCTKEC C aKTUBHBIM COIIPOTHBJICHUEM 11O OTHOILC-

HUIO K TOKY?

171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.

190
191

Uemy paBHO MIHOBEHHOE HAIPsDKEHUE HA YYACTKE C UHIYKTUBHOCTBIO?

YeMy paBHO MTHOBEHHOE HAIIPSDKEHUE HAa Y4aCTKE C EMKOCTBIO?

UYro Ha3pIBalOT BEKTOPHOM JuarpaMmon?

UeMy paBHO IIOJHOE CONPOTUBIICHUE JJIsl TAKOW Lienu?

Kak omnpenensitorcss peakTUBHBIE COIPOTUBIIEHUSI HA UHTYKTUBHOCTH U Ha €MKOCTHU?
YeMmy paBHbBI AKTUBHBIM U peaKTUBHBIN KO3()(HUIIUEHTHI MOIIHOCTH LN ?

Yrto 03HaYaET CUMMETPUYHBIN TpeX(Pa3HbIil HICTOUYHUK JIEKTPUUECKON dHEPTrUn?
Urto 03Ha4YaeT HECUMMETPHUHBIN TpeX(a3HbI UCTOUHUK?

[epeuncnure criocoObl COeAMHEHUS] 0OOMOTOK TpeX(a3HOr0 HCTOUHHUKA.

UYro Takoe HEHTpPaITBHBIA TPOBOT?

Kakoe HampsbxkeHre Ha3blBaeTcsl pa3HbIM, TUHEHHBIM?

Urto 03HavaeT CUMMETPUYHASL U HECUMMETPUYHAs Harpy3Ka?

Uro Takoe HalpspKEHWE CMEIIEHNs HeHTpamu?

Kaxk onpenenuTs TOK B HEUTPaJIBHOM IIPOBOJIE P CUMMETPUYHON Harpyske?
YeMmy paBHa MOLIHOCTb TpeX(a3zHOW CUCTEMBI B CHAMMETPUYHOM pexumMe?

UYro Takoe 0HO-, ABYX- U Tpex(a3zHoe KOPOTKOE 3aMbIKaHUE?

K uemy npuBOJSAT NOBpPEXAECHUS U aBapUU B SHEPTETUUECKUX CUCTEMAX?

Ha kakwne nBe rpyIisl 11T HECUMMETPHUIO?

K uemy nozBossier mpuBECTH 3a1a4y METOJL CAMMETPUYHBIX COCTABJISIOIINX ?

. I3 yero cocTout cuctema HyJ1eBOH NOCIEA0BATEIBHOCTH ?

. JItoOyto 1 HECUMMETPHUHYIO cUcTeMy TpEx(]asHbIX HampspkeHui, TokoB, D/C

MO3KHO MPEACTaBUTh, KaK PE3yJIbTaT HAJIOKEHUS CUCTEM MPsIMON, 0OpaTHO U HYJIEBOIl 1ocie10-

BaTeIbHOCTEN?
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192. Ecmu xakuM-mu60 00pa3oM HaWeHbI CHMMETPHYHBIC COCTABIISIOIINE TIPSIMOM, 00-
paTHON U HYJIEBOM MOCIeA0BaTEIbHOCTEN, MOKHO JIM ONPEIEIUTh UCXOJAHbIE HECUMMETPUYHBIE
HANPSDKEHUS ¥ TOKH B TpExda3Ho 1enu?

193. B uem cocTOUT mepBOHAYaIbHAs 3a7a4a METO/1a HaJlOKEeHUs?

194. Kakas mocienoBaTeIbHOCTh TOKOB CTATOPa CO3/1a€T MAarHUTHOE TI0JIE B AJIEKTPHUE-
CKHMX MallnMHax?

195. Yto Takoe cxema 3aMerieHus?

196. Uto Ha3bIBAIOT CHMMETPUYHOM CUCTEMOM HYJIEBOM, IPSMOI U OOpAaTHOH MoCie0Ba-
TEIBLHOCTH (TOKOB)?

197. TloueMy B cxeme 3aMelleHUs OOpaTHOM mocienoBaTenbHOCTH OTCyTCTBYEeT DJIC Te-
Heparopa?

198. Uto sBusieTcst MPUYMHON TOSIBICHHUS HECHUHYCOHMIATBHBIX TOKOB M HANPSHKEHUH B
ANEKTPUICCKUX TCTISX?

199. M3noxute anroput™ pasiiokeHus B psii Oypbe NepuoguueckKux HECHHYCOUIaTbHBIX
HANPSDKEHUH U TOKOB.

200. Kakue rapMOHHUYECKHE OTCYTCTBYIOT B CHEKTpPaxX KPHBBIX, CAMMETPUYHBIX OTHOCH-
TenpHO: 1) ocu abcuucc; 2) ocu OpAMHAT; 3) Ha4Yajla CUCTEMBI KOOPIUHAT?

201. Kakue BenmuuuHbI M KO3(PHUIUEHTH XapaKTePU3YIOT MEPHOIUICCKUE HECHHYCOH-
JaNbHbIE IepeMeHHbIe?

202. Kak ompeaenstoTcs ASHCTBYIONIUE 3HAUYCHUS MEPUOJAUYECKUX HECUHYCOUIATBHBIX
BEJTMYUH?

203. M3moxuTe MOpsI0K pacueTa JMHEHHBIX SJIEKTPUUECKUX IETeH MPH HeCUHYCOUIaITh-
HBIX HAMPSHKEHUSX U TOKaX.

204. TIpuBeaute GopMyIbl A ONPEIEICHUsS BCEX BUIOB MOIIHOCTEH IJIi HECUHYCOU-
JATBHBIX HAMIPSDKEHUN U TOKOB.

205. B gyeM pa3H#HIIa pe3yabTaTOB PACYSTOB TOKA IIEITH, BHITTOJHEHHBIX JIISI MTHOBEHHBIX U
JIEUCTBYIOIINX 3HAYECHUI?

206. TocTaTo4YHO JIH AJis OTpeAeSICHUs] BEIMYUHBI TOTHOW MOIIIHOCTH B I[EMTU HECUHYCOU-
JAIbHOTO TOKA HAJIMYKME UHPOPMALIUU 00 aKTUBHOW M peaKTUBHON MOIIHOCTSX?

207. JInst kakux IIeTiel crpaBeiBa METOIMKA pacueTa [ene HECHHYCOMIaThHOTO TOKa,
OCHOBaHHas Ha pasyiokeHn J/]C 1 TOKOB HCTOUHHUKOB B psijibl Dypre?

208. Cucremsl Hanpsixeruit (3/1C, TOKOB) KaKO MOCIEI0BATEILHOCTH B TpeX(Pa3HBIX I1e-
51X 00pasyroT rapMoHuKH nopsiaka k= (3n+1), (3n-1), 3n? Kakum cBOHCTBOM 0071a1a10T ITH CHM-

METPUYHBIE CUCTEMBI?
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209. TToueMy B TMHEHHBIX HANPSHKEHUSX TEHEPATOpa MPH COSTUHEHNN €T0 0OMOTOK 3BE3-
JIOH OTCYTCTBYIOT FTapMOHHMKH, KpaTHBIE Tpem?

210. Kakue rapMOHHKH cojepkarcsa B (a3HbIX U JMHEHHBIX TOKaX MpU COSTUHEHHH 00-
MOTOK reHepaTopa U MPUEMHUKOB TPEYTOJIHLHUKOM?

211. Kakue TapMOHHUKH coziepKaTcs B (Pa3HBIX M JIMHEHHBIX TOKAX MPH COSAMHEHUH 00-
MOTOK I'€HepaTopa U Harpy3KH 3Be3/10i ¢ HyJIeBBIM IPOBOAOM?

212. TloueMy Ipu COEIMHEHUM HArpy3KH 3BE370H C HYJEBBIM IPOBOAOM TOK HYJIEBO-TO
IPOBOJIA COAEPIKUT TOJILKO TAPMOHHKH, KpPaTHbIE TpeM?

213. TloueMy mpu COETMHEHNHU HATPY3KHU 3BE3/I01 O€3 HYJIEBOTO MPOBOJIA JIMHEHHBIE TOKH
HE COZIep’KaT rapMOHHUK, KPaTHBIX Tpem?

214. Yro Takoe nepexoHou npouecc?

215. Yto Ha3pIBAaETCS, KOMMYTAIUCH?

216. B uem 3aKiIr04aroOTCs MPUYUHBI BOSHUKHOBEHUS TIEPEXOTHBIX MTPOIECCOB?

217. Kak uynTarorcs 3aKOHbI KOMMYTaIuu?

218. UTto moHUMAIOT 1O HaYaIbHLIMHA 3HAYEHUSIMU?

219. Uem 00ycnoBieHbI CBOOOAHBIN U IPUHYXKACHHBINA PEKUMBI?

220. Kakue HayampHBIE YCIOBUS HA3BIBAIOTCS 3aBHCUMBIMU M HE3aBUCUMBIMU?

221. Yto HazbiBaeTCs, KOA(DPHUIIMEHTOM 3aTyXaHHUSI U TTOCTOSTHHONW BPEMEHH TIEPEXOHOTO
nporecca?

222. Kax onpenernstoTcsi He3aBUCUMBIE U 3aBUCHMbIE HadyaJIbHbIE YCIOBHS?

223. UeMm omacHBI IEPEXOHBIE MTPOIIECChI?

224. B gem 3aKIIt09aeTcs CyIHOCTh KIIACCHYECKOTO METO/a pacyeTa MepexoTHBIX IpoIiec-
coB?

225. Kakue Bubpl KOpHEH MOXET UMETh XapaKTepHUCTUYECKOE ypaBHEHHE BTOPOU cTe-
neHu?

226. Kakoii xapakTep ImepexofHOT0 IMpoIiecca COOTBETCTBYET KaX/10i ape KOpHEH Xxapak-
TEPUCTHUECKOTO YPAaBHEHHsI BTOPON CTETIEHU?

227. Kakue BbI 3HaeTe CIIOCOOBI COCTABIICHHSI XapaKTEPUCTHUECKOTO YpaBHEHUS?

228. Uem ompenensieTcsi YuciIo KOPHEH XapaKTepUCTUIECKOTO YpaBHEHHUs ?

229. Yo Takoe nepexo IHOM mporecc?

230. YUto Ha3bIBaeTCs, KOMMYTaITUEH?

231. B uem 3aKiII04alOTCs IPUYMHBI BOSHUKHOBEHUS IEPEXOTHBIX MTPOIIECCOB?

232. Kak yuTaroTcsi 3aKOHbI KOMMY TaIin?

233. Uem omacHbI IEPEXOIHBIEC MPOIIECChI?

234. CyuiHoCTb OMepaTOpHOro METOo/a pacueTa MepeXoqHbIX IPOLIECCOB.
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235. Kak omnpeenuTh onepaTopHOe CONPOTUBICHHE TIETTH?

236. 3anucatp 3akoH Oma B oniepatopHoit Gopme.

237. 3anucats BTOpoii 3akoH Kupxroga B onepatopHoii popme.

238. Uto xapakrepusyeT ¢ (pu3nyecKoi TOYKH 3pEHUS] BHYTPEHHUI MCTOYHHMK KaTYIIKH
WHIyKTUBHOCTH B OTIEPATOPHON CXeMe 3aMETeHHS?

239. Yto xapakTepusyeT ¢ pU3NUECKON TOUKH 3pEHUS] BHYTPEHHUH UCTOUYHUK KOHJEHCA-
TOpa B ONEPATOPHOIl cxeme 3aMeleHus?

240. Kak onpeieuTh OpUTrHHAII C TIOMOIIBIO TAOIHIIBI COOTBETCTBHSI?

241. Kax ompenenuTh OpUTHHAT ¢ TTIOMOIIBIO0 TEOPEMBI PA3JI0KEHUS?

242. 3apucoBaTh ONEPATOPHYIO CXEMY 3aMELICHUs AJIS KaTyIIKH HHAYKTUBHOCTH.

243. 3apucoBath ONEPATOPHYIO CXEMY 3aMELIeHHUs I KOHJeHCaTopa.

244. Kax cOCTaBHUTh OIEPATOPHYIO CXEMY 3aMEUICHHUs JJIsi CBOOOAHOTO mporecca?

245. Kak coCTaBHTB ONEPATOPHYIO CXEMY 3aMEUICHHUS JJIsl TIEPEXOTHOTO Tporiecca’?

246. B uem 3aKkir04aroTCsl 0COOEHHOCTH pacyeTa MepeXOoqHbIX POLECCOB B HEMHENHBIX
nensax?

247. B ueM COCTOUT CYUIHOCTh METOJIa YCIOBHOMW auHeapu3auuu? C yeM cBsizaHa ero He-
BBICOKAsl TOYHOCTb?

248. B yeM 3aki104aeTcsi OCHOBHOE IPEUMYIIIECTBO METOa aHATUTUUECKON alnpoKcuMa-
au’?

249. Cnenyet 1M NPUMEHSTh METO/ KyCOYHO-TMHEWHOM anmnpoKCUMAIUH IS pacyeTa Ie-
PEXOMIHBIX MPOLIECCOB B IETISIX C MUTAHUEM OT HCTOYHHKA MIEPEMEHHOTO HATIPSKESHHUS ?

250. B 1yeM 3akirogaeTcst pa3HUIAa MY IETSIMU C COCPEIOTOYSCHHBIMH U PACIIpe/IeIICH-
HBIMU MapameTpamu’?

251. [1o kakoMy KpHUTEpHUIO IIeTIb OTHOCAT K KJaccy Lenel ¢ pacrpenesieHHbIMI WIH CO-
CPEJ0TOYCHHBIMH TTapaMeTpamu?

252. Hapucyiite cxeMy 3aMelIeHUs JITUHHON JTMHAN.

253. OOBsCHHTE MOHATHS MPSMON U 00paTHOM OEryIIUX BOJH.

254. Yto Takoe COTrJIaCOBAHHBINA pPeXHUM PabOTHI LIENH C paclpe/ieIeHHbIMU ITapaMeTpaMHu,
4YeM OH XapakTepuzyercs?

255. Kakue 1ienu Ha3pIBaIOT METSIMU C pactpeielIeHHBIME mapaMeTpaMu? B uem cocTost
ux ocobernoctu? [louemy JUIMHHBIE TMHUU OTHOCAT K LIETISIM C pacIipeIeIeHHbIMU TapaMeTpamu?

256. Kaxk cocraBistior quddepeHianbHble YpaBHeHUs JMUHHBIX TMHUN? Kak ocyriecTs-
JSIETCS TIEPEXO0JT OT YPaBHEHUI B YACTHBIX MTPOU3BOIHBIX K OOBIKHOBEHHBIM JH(pepeHnnanbHbIM

ypaBHEHUSAM?
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257. OnumuTe BOJTHOBBIE POIIECCHI B JUIMHHON JIMHUH TIPH TAPMOHUYIECKOM BO3ICHCTBUU
U UX OCOOCHHOCTH.

258. JlaiiTe 00IIYI0 XapaKTEPUCTUKY pexkrMa OeryImux BojaH. KakoBbl 3aKOHBI H3MEHEHUS
aMIUTUTYJ U (a30BBIX YTIIOB B 3TOM peKUME?

259. B uem cocTosIT 0COOCHHOCTH PEKMMOB CTOSYMX U CMEIIAHHBIX BOJH?

260. Kakue 0coOeHHOCTH HECTAlIMOHAPHBIX MPOIIECCOB HAOIIOJAIOTCS B IMHUU C COTIIACcO-
BAaHHOM Harpy3Koi, B HECOTJIaCOBAaHHOM JIMHUM, B PA30MKHYTOW U KOPOTKO3aMKHYTOM JTUHUAX?

261. Yro Ha3bIBaeTCs, EMKOCTBIO?

262. KakoBa eMKOCTb TUIOCKOTO KOHJIeHCaTOopa?

263. KakoBa eMKOCTh MIJIMHIPUIECKOTO KOHeHCaTopa?

264. KakoBa eMKOCTb ABYXIPOBOAHOM JTMHUN?

265. Uemy paBHa €MKOCTb IIPH MOCIIEIOBATEIHHOM COSIMHEHUN KOHIEHCATOPOB?

266. UeMy paBHa €MKOCTb IPH MapaLICITHHOM COCTUHEHUHN KOHIECHCATOPOB?

267. KakoBo 3HayeHue BenuuuHbl rot H B 0JHOpOIHOM MarHuTHOM moJie?

268. SBnsercs nmu pynkuus div D BekTopHON?

269. CBoOOgHBIE 3aps/Ibl B HEKOTOPOM 00beMe OTCYTCTBYIOT, Tak uto div D = 0. CnipaBen-
nuBo Jii paBeHCcTBO div E = 0 B Toukax o0bema, ecim cpefia a) oqHOpoaHa 0) HEOTHO-POIHA?

270. Ilpu xakoM xapakTepe pachpeeleHnus B MPOCTPAHCTBE IEKTPUUECKOTO TOKA U 3a-
psana BeauunHbl ot H, div D tepsroT cmbicn?

271. Yemy paBHa pyHKIus grad ¢ BHYTpU NpOBOSIIEro Tena?

272. Yto noHuMaeTcs 1moa MarHuTHbIM nojem? Korga u keM ObLIIO OTKPBITO MarHUTHOE
I10JI€ MPOBOJITHUKA C TOKOM?

273. Kak rpaduyeckn mM300pa)kar0Tcsi MarHuTHbIE nossi? YTo Takoe cuioBas JTUHUA?
N300pa3ute rpaduyuecky NpocTeime MarHuTHIE TOJIS.

274. Kakumu CHJIOBBIMH BEJTMUMHAMM XapakTepu3yercss MarauTHoe mone? Ilogemy mx
nBe? Kak oHUM CBsI3aHBI MEXKITY CO00#?

275. 3anummre 3akoH bruo — CaBappa — Jlamnaca B nuddepenimanbHoi hopme U paccMOT-
pHTE ero yacTHble ciaydyadu. B Kakux eIuHHUIIaX U3MEpSAETCs] HaNpsHKEeHHOCTh MAarHUTHOTO TMOJIS B
cn?

276. Kax onpenennTh BETUYMHY W HAIIpaBlIeHHE CHITBI AMmiepa?

277. Kak yCTaHOBHUTH €AUHUILY U3MEPECHUS MHAYKIIMKU MarHuTHoro nois B CU? Haitnure
CHITY B3aMMO/ICHCTBHSI IBYX MapalieIbHBIX TOKOB.

278. Uemy paBHa MHAYKIWS MarHUTHOTO TIOJISL ABFDKYIIETOCS 3apsiia’?

279. ChopmyIupyilTe U MOSICHUTE 3aKOH TOJHOTO TOKa.
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280. Yro Takoe MarHUTHBIN MMOTOK? B Kakux equannax o m3mepsiercs B CU? YUemy paBHa
paboTa nepemeleHust IPOBOIHUKA U KOHTYPa ¢ TOKOM B MarHUTHOM 1oJie?

281. Yro nonumaercs nox cuioi Jlopenna? Kak onpenenuTs ee BeIMYMHY U HaIlpaBlie-
Hue?

282. PaccMoTpuTe HEKOTOPHIE YaCTHBIC CIy4Yad ABIDKEHHS 3apsDKEHHBIX YaCTHI] B OHO-
POJHOM MAarHUTHOM IIOJI€.

283. B uem coctout 3¢ ekt Xomna U riie OH UCIoIb3yeTcs?

284. Uto Ha3bIBAIOT MArHUTHBIM TIOJIEM?

285. CocTaBHOM YaCThIO KAKOTO TOJIS SIBJISIETCSI MArHUTHOE TI0J1e?

286. Kak onpeensroT HanpaBJICHHEe MATHUTHOTO TTOJIS?

287. Kak ompenenstoT HalpaBjeHUE MarHUTHOTO MOJISl B 3aBUCHUMOCTU OT HAaIlpaBJICHUS
AJIEKTPUUECKOTO TOKa?

288. Kak mpHMEHUTH MPaBWIO JICBOW PYKH Ui ONPEACICHUs HANpPaBICHUS MOJS Ka-
TYLIKHU?

289. Uto Ha3bIBAIOT MArHUTHOW MHAYKIIUEH U B UeM €€ U3MEPSI0oT?

290. Ot yero 3aBUCUT MarHWTHast UHAYKLHUS B TOUKe?

291. Ot 4ero 3aBUCHUT CHJIA DIIEKTPOMArHUTHOTO BO3JICHCTBHS Ha MPOBOJIHUK?

292. Kak onpenenuTs HalpaBiIeHUe CUIIbI IO IPAaBUITY JIEBOU pyku?

293. Ot 4ero 3aBUCHUT IEKTPOMArHuTHasl CUJIa ABYX IIPOBOIHUKOB C TOKOM?

294. Uto Ha3bIBAIOT MArHUTHBIM IOTOKOM U B YEM €TI0 U3MEPSIOT?

295. Yto xapakTepusyeT aOCOIIOTHAS MarHUTHAs TIPOHULIAEMOCTh CPEIbl M B KaKHUX €U~
HUILIaX OHa u3Mepsercsa? YeMy paBHa MarHUTHasl IOCTOSIHHAS?

296. Uto xapakTepu3yeT OTHOCUTEIbHAsI MarHUTHAsI TPOHUIIAEMOCTh?

297. Uto Takoe HapsHKEHHOCTh MAarHUTHOTO TIOJISl M KaKOBa €€ €AMHUIA U3MEpeHus?

298. Kakue 3aBHCHMOCTH TIOKa3aHbI B 3aKOHE MTOJIHOTO TOKa?

299. Kakasi 3aBUCUMOCTh MarHUTHOTO TIOJIS B 3JIEKTPUYECKOM IIPOBOJIC U BHE €T0?

300. Ha ocHOBaHMM KaKoOIr'o 3aKOHa ONPEAEISIOT MArHUTHOE I0JI€ KOJBIEBOM M LIMIMH-

JpUYECKOM KaTylek?
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Memoouueckue ykazanusa no no020mosKe K pacuemno-zpaguueckoil pabome

PacquHo-rpachquKaﬁ pa60Ta —3TO0 CaMOCTOATC/IIbHAA IMCbMCHHAA pa60Ta CTYACHTA, KO-

TOpasA JOJIKHA IMOKAa3aTh HC TOJIBKO €TI0 BJIAJICHUC TCOPCTHUICCKUM MATCPHUAJIOM, HO U ITPOJACMOH-

CTPUPOBATDH IMPAKTUICCKUC YMCHUA MIPOBOAUTE PACUCTEI.

Lenu BbIMONIHEHUS K pacyeTHO-TpaduyecKoil paboThl 3aKII0YAIOTCS:

— 3aKpCIIUTh U CUCTEMATU3NPOBATH TCOPCTHUICCKUC 3HAHUA U ITPAKTUICCKHUC HABBIKU CTY-

JIEHTA;

— Hay4uThb paboTaTh C JINTEPATyPON — U3yUyaTh, aHAIU3UPOBATH MH(OPMALIHIO U3 HAYUHBIX

HCTOYHUKOB,

HpI/I BBITIOJTHCHHUHA KOHTpOJ'ILHOfI pa6OTBI PCAIMU3YROTCA CICAYOINE KOMIICTCHIIUH:

Kon, popmynmpoBka komre-
TEHLIUU

Kon, popmynupoBka nnamka-
Topa

[Inanupyembie pe3ynbTaThl
00y4eHus MO TUCIUILINHE
(MozyII0), XapaKkTepu3yo-
ye sTansl GOpPMUPOBAHUS

KOMIIETECHIIMI, UHIUKATOPOB

OIIK-4 Cnioco0OeH MCIoJIb30-
BaTh METO/bI aHAIN3a U MOJIE-
J'II/IpOBaHI/ISI BHGKTpI/ILICCKI/IX 11e-
el ¥ 9JICKTPUYSCKHUX MallliH

NI-1onk-4 Ucions3yet me-
TO/bI aHATN3a U MOJCIUPOBA-
HUS JIMHEHHBIX U HEJTUHEH-
HBIX IIETICH HOCTOSHHOTO B
MePEMEHHOTO TOKa.

3HaeT OCHOBHEIE 3aKOHBI

ANEKTPOTEXHUKH, TEOPHUIO
AIEKTPOMArHUTHOTO TIOJIS U
LETIEH C pacnpeacIeHHbBIMU
rapamMeTpamu, METOJIbI aHa-
Ju3a, MOACIIUPOBAHUS U pac-
yeTa JJMHESHHBIX U HeJIMHEH-

HBIX IIeTIeH MOCTOSTHHOTO U

MEPEMEHHOTO TOKa

NI-20nk-4 Ucions3yeT mMe-
TOJIbI pacyeTa MePeXOaHbIX
MPOIIECCOB B AIEKTPUICCKUX
IETsX MOCTOSHHOTO U Tepe-
MEHHOT'O TOKA.

YMeeT UCII0Ib30BaTh METOObI
aHalii3a U MOJEIUPOBAHUS
JIMHEHHBIX ¥ HEJIWHEHHBIX I1e-
el MOCTOSIHHOTO U MEePEMEH-
HOTO TOKa.

NJ-3omnk-4 [Ipumenser 3Ha-
HUSI TCOPUH JIEKTPOMATHUT-
HOTO TOJIS M TIeTIeit ¢ pacrpe-

JICTICHHBIMU MTapaMeTPaMH.

Bnangeer naBpIkaMu pacucTa
MEPEXOJHBIX ITPOLECCCOB B
QJICKTPUYICCKUX LCIAX IMOCTO-
SAHHOT'O M MEPEMCHHOTI'O TOKA.
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MeTtoauueckne YKazaHus MO MOAroTOBKE K 9K3aMEHY

Nzydenune mucumruinabl « TeopeTHdeckue OCHOBBI AJIEKTPOTEXHUKMY 3aBEPIIACTCs JK3a-
MeHoM. [ToaroToBka k 3K3aMeHy CrocoOCTBYET 3aKPEIUICHUIO, YIITyOJIeHHIO M 0000IIEHUIO 3Ha-
HUH, N0Jly4aeMbIX, B IIpoliecce 00y4eHus, a TaKk)Ke IPUMEHEHUIO UX K PELICHHUIO MTPaKTHUYECKUX
3a7a4. ['0TOBSICH K DK3aMEeHY, CTYJICHT JTUKBUIAUPYET UMCIOIUECS IPOOEITbI B 3HAHUSIX, YIITyOJIsIeT,
CHUCTEMaTH3UPYET U YHOPSI0UYMBAET CBOM 3HaHUs. Ha sx3amMeHe CTyIeHT AeMOHCTPUPYET TO, YTO
OH nproOpen B mporecce 00ydeHus 10 KOHKPETHOH y4eOHOH TUCIHUITIIHHE.

Ha KOHCYJIbTalU NECPEA 3K3aMCHOM CTYJACHTOB IMO3HAKOMAT C OCHOBHBIMH Tp€6OBaHI/I-
SIMH, OTBETAT Ha BO3HUKIIME Y HUX BOMPOCHL. [109TOMY mocenieHne KOHCYyJIbTaluid 0053aTeNIbHO.

[Ipu moAroToBke K 3K3aMeHy HEOOXOJMMO UCHOJIb30BATh KOHCHEKTHI JIEKIUHI MO TUCIH-
IUTMHE, YYeOHUKU M y4eOHbIe mocoOus (M3 CIUCKAa OCHOBHOW M JOTIOJTHUTEIHHOU JUTEPATyPHhI)
WIIA KOHCIIEKT JINTePaTypPhl, IPOYUTAHHOHN 110 YKa3aHUIO NPENoaBaTellsl B TEUCHUE CEMECTpa.

BHayare cienyer mpocMOTpeTh BeCh MaTepUal 10 CAaBaeMOU AUCIUILTNHE, OTMETUTD IS
cebst TpyaHbie Bompockl. O0s3aTenbHO B HUX pa3oOpaThes. B 3akimtoueHue emie pas 1eiaecood-
Ppa3HO MOBTOPUTH OCHOBHBIC ITOJIOKCHUS.

Cucremaruyeckas IMOATOTOBKA K 3aHATHUAM B TCUCHHUEC CEMCCTpa IMO3BOJIUT UCIIO0JIb30BATh

BpCMA BKSaMeHaHHOHHOﬁ CCCCHUH OJId CUCTEMATHU3allu 3HAHWH.

Bonpocsl k 3k3ameny
1. Onekrpuueckas 1enb. [ [puHInnuanbHble 31eKTPUYECKUE CXEMBI U CXEMBI 3aMelle-
Hus. TONoJornyecKue NOHATHS, HCTIOJIb3YEMBIE B CXEMaX 3aMEIICHUS.
2. JIuHeliHbIE M HENMHEIHbBIE 3JIEMEHTHI CXeM 3aMelleHus. BonpTamnepHsle u Bedep-

AMIICPHBIC XapaKTCPUCTUKH.

3. Ucrounuku 2JIC 1 HICTOYHUKH TOKA.

4, 3akoH Oma 1J1d y4acTKOB II€TH, COJIEpKAIlUX U HE coleprKamux uctouyHuku SJ1C.

5. 3akonbl Kupxroda.

6. Pacuer snexTpuyeckoi 1enu METO0M HEMOCPEICTBEHHOTO MPUMEHEHUS 3aKOHOB
Kupxroga

7. Pacuer anekTpruecKkoi e METOI0OM MPeoOpa3oBaHUS CXEMBI.

8. Pacuer anekTpuueckoi e METOJ0OM KOHTYPHBIX TOKOB.

9. Pacuer a1eKTprU4eCcKOi LT METOIOM Y3JI0BbIX IIOTEHIIUAJIOB.

10.  Meron y370BOTO HAIIPSKEHHUSL.

11. Pacuer anekTpudeckoil enu METOI0M HAJIOKEHUSI.

12. AKTHUBHBIN U MACCUBHBIN JABYXIOIIOCHUKH.
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13. Hcnonp3oBaHre METOAA XOJIOCTOTO XOAa M KOPOTKOTO 3aMBIKAHMS JJISI pacuera
AJIEKTPUYECKOM LIETIH.

14, [lepenaya 31€KTpO’HEPrUU O JIMHUU AJEKTpoIepesad. Y clioBUE NepeIadynd Mak-
CUMaJIbHOUM MOIHOCTHU. Biusinue Bennuunel Hanpsbkenus Ha KT nepenayn.

15. Henunelinple nenu nocTOSHHOIO TOKa. BosbTaMIiepHbIE XapaKTEpUCTUKHA HEJH-
HEWHBIX JICMEHTOB.

16. BosbTaMriepHble XapaKTEpUCTUKU MIPU TIOCIEA0BATEIBHOM BKIOUEHUN HEJIIMHEN-

HBIX 3JICMCHTOB.

17.  BonbramnepHble XapaKTEPUCTUKH IMPH MapajljeIbHOM BKJIIOUYEHUU HETMHEHHBIX
3JIEMEHTOB.

18.  JIBa meroma pacueTa HEJMHEHHBIX LENel MpH MOCIeI0BaTeIbHOM COEAMHEHUH
DJIEMEHTOB.

19.  Crarnveckue u nuddhepeHanIbHbIe CONPOTUBICHUS HETMHEHHBIX 3JIEMEHTOB. 3a-

ME€Ha HEJIMHEWHOTO0 COMPOTUBJICHUS SKBUBAJICHTHBIM JIMHEUHBIM U ucTouHUKOM D /[C.

20.  MarHuTHble eNH, UX Pa3HOBUIHOCTH.

21.  deppoMarHUTHBIC MaTEPHAIIbI, HX MAPAMETPHl U XapaKTEPUCTHKH.

22.  OusnyecKue BETMYNHBI, XapaKTEPHU3YIOIIIEe MATHUTHBIE TTOJIS.

23.  3aKOH MOJIHOTO TOKAa. MarHUTOABMXKYIIast CUIIa.

24.  Bebep-aMiiepHble XapakTepuCcTUKU. 3akoHbl OMa u Kupxroda 111 MarHuTHBIX Lie-
neu

25. Meroasl pacueTa MATHUTHBIX LIETIEH.

26.  Omnpenenenne M.J1.C. Hepa3BeTBIEHHOW MarHUTHOH IIETIN TI0 33JaHHOMY TTOTOKY .

27. OnpeneneHre NOTOKa B HEPA3BETBIEHHOW MarHUTHOM 1ienu o 3aganHon M.JI.C.

28.  DnexrpoMarautHas uHAyKuus. Camounaykius 1 1C caMOMHIYKIMH.

29.  MHIyKTHBHOCTH. B3aMMOMHIYKTHBHOCTB.

30.  DHeprust MArHUTHOTO TIOJISI KATYIIKH C TOKOM.

31.  MaruuTHas 3Heprus AByX MarHUTOCBA3aHHBIX KOHTYPOB.

32.  MexaHHuYeCKUE CUJIBI B MArHUTHOM T0JIe. 3aKOH 3JIEKTPOMArHUTHOW MHEPIUH.

33. Cunycoupanbsbiil Tok. [lonyuenue sHeprun cuHyconaanbHoro Toka. [lapameTpol

CUHYCONAAJIbHO U3MCHAIOINXCA BCIIMYNH.

34.  Cpennee u IeicTBYIOIIEE 3HAUYCHNST CHHYCOUIAIbHBIX TOKA U HAMIPSKCHUSL.

35. CriocoObI peicTaBIeHUs] CUHYCOMIATBHO U3MEHSIOLINXCS BETUYKH.

36.  DieMeHTHI mernel CHHYCOUIAILHOTO TOKA.

37.  Pe3ucTHBHBIN 3JIEMEHT MU CHHYCOMIAILHOTO TOKA: COOTHOIIICHHE MEXYy TOKOM

" HAIIPpS’)KCHUEM, MTHOBCHHAA U CPCAHAA MOIIHOCTH.
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38. WMHIyKTUBHBIN 3JIEMEHT LENU CUHY COMJAIBHOTO TOKA. IHIYKTUBHOE COIIPOTHUBIIE-
HUE U NPOBOJUMOCTH, COOTHOUICHHE MEXAY TOKOM M HANpsHKEHUEM, MTHOBEHHAs U CPEIHSA
MOII[HOCTH.

39. EMKOCTHBIN 3JIEMEHT B LIENIA CUHYCOUIAIIBHOIO TOKa. EMKOCTHBIE COITPOTUBIICHUS
Y IIPOBOJIMMOCTB, COOTHOIIEHHE MEXKTY TOKOM U HAIPSKEHUEM, MTHOBEHHAsI M CPEHSS MOLHO-
CTH.

40.  IlocnenoBaTenbHOE COEAMHEHUE aKTMBHOTO M MHIYKTHBHOT'O 3JIEMEHTOB B IIETIH
CHUHYCOMJAIILHOTO TOKA. [I0J1HOE M KOMIIIIEKCHOE CONPOTUBIIEHUE, TPEYTOJIbHUK COIIPOTHUBIICHUMN.
MrHaoBeHHas U CpeIHsIsl MOIIHOCTH.

41.  IlocnenoBaTenbHOE COEJUHEHUE aKTUBHOI'O U €MKOCTHOI'O 3JIEMEHTOB B LIEMH CH-
HYCOMJAJIBHOTO TOKA. [I0JHOE M KOMILIIEKCHOE CONPOTUBIICHUS, TPEYTOJBHUK COIPOTUBIICHUMN.
MrHoBeHHas1, akTUBHAsl U pEaKTUBHAsI MOIIHOCTH.

42.  TlocnemoBaTenbHOE COEAMHEHHSI aKTUBHOTO, EMKOCTHOTO W HHIYKTHBHOTO 3J€-
MEHTOB B LIENIN CUHYCOUAJIBHOr0 TOKA. [10JHOE M KOMIUIEKCHOE COITPOTUBIICHMS.

43.  Pe3onaHC HampsKEHUH.

44.  llonHas, akTUBHAs M PEaKTUBHAs MOIIHOCTH B IIENM CUHYCOMAAIbHOrO ToKa. Ko-
3¢ PHUIEHT MOIITHOCTH.

45.  [lapamienbHoe cOeIMHEHHE aKTUBHOT'O M MHIYKTUBHOT'O 3JIEMEHTOB B LIENIH CUHY-
coujanbHOro Toka. IlomHas ¥ KOMIUIEKCHas NMPOBOAUMOCTU. TpEeyrosIbHUK NPOBOJUMOCTEH.
MrHoBeHHas1, aKTUBHAs U peakTUBHast MOIHOCTH. KoadduumeHnT MommHocTy.

46.  [lapamienbHble COGAMHEHUS] aKTUBHOTO €MKOCTHOTO M MHIyKTHBHOTO JJIEMEHTOB

B CTIM CUHYCOUAAJIbHOT'O TOKA. IlonHas 1 KOMILIEKCHAS IIPOBOAVMOCTH.

47.  Pe3oHaHC TOKOB.

48.  Cpsi3p MEXIy COMPOTUBICHHUSIMH M IMPOBOJUMOCTSMHU IENMU CHHYCOHJIAIHHOTO
TOKa.

49, Hcnonp3oBanue 3akoHoB Oma u Kupxroda ans pacuera neneid CHHYCOUAAIBHOTO
TOKA.

50.  CumBonmMueckuil METOJ pacyéra 1emneil CHHyCOUJaTbHOTO TOKA.

51.  UM3oOpaxeHue CUHYCOUAAIBHO U3MEHSIOMINXCS BETMYMH BEKTOPAMHU Ha KOMIUIEKC-

HOM MJI0CKOCTH. BekTopHbIe TuarpamMmei.

52.  JIByXMOJIOCHUKH B IIETIH IEPEMEHHOT0 TOKa. YacTOTHas XapaKTepUCTUKA ABYXIIO-
JIIOCHUKA.

53.  Ilapenume u moTeps HANPSHKCHUS B JIMHUY TIEPEJadd SHEPTUH IEPEMEHHOTO TOKA.

54.  Pacuer ayIeKTpUYECKHX LENeil Mpu HAIMYMKM B HUX MarHUTOCBSI3aHbIX KaTyIlIEK.

55.  Teopust 4yeThIpeXMONIOCHUKOB. OCHOBHBIC YPAaBHEHUS YETHIPEXTIOIIOCHUKA.
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56.  Ompenenenne KO3 PUIMCHTOB YETHIPEXTIOTIOCHUKA.

57. T - oOpa3Has cxeMa 3aMeNIeHHs TAaCCUBHOTO YETHIPEXTIOMIOCHUKA.

58.  II- oOpa3Has cxema 3aMelICHHs TAaCCUBHOTO YETHIPEXITOIFOCHUKA.

59.  ®opmbl KOIPPUITMEHTOB YETHIPEXTIOTIOCHUKOB.

60.  Kpyroseie quarpammel. Kpyrosas quarpamma TOKa JUIs TIOCICIOBATEIIBHO COCIU-

HEHHBIX JIBYX CONPOTUBIICHUHN Z1 1 Z2, 0AHO U3 KOTOPBIX MOCTOSHHO, & BTOPOE UMEET MOCTOSH-
HBII apTyMEHT U IEPEMEHHBIA MOYJIb.

61.  BeiBectu 3akoH Oma JuId y4acTKoB 1en, cogepxanmx J./0.C.

62. PaccunTtath pa3BeTBIEHHYIO JIEKTPUUYECKYIO IIETTh METOJIOM HEMOCPEICTBEHHOTO

npuMeHeHus 3akoHoB Kupxroda.

63.  PaccuuTarh TOKM BO BCEX BETBSIX 3JIEKTPUUYECKOHN LU METOAOM IpeoOpa3oBaHUs
CXEMBI.

64.  PaccuuTarh TOKM BO BCEX BETBSAX AJIEKTPHUECKOW IETIH METOJOM KOHTYPHBIX TO-
KOB.

65.  PaccuuTarh TOKHM BO BCEX BETBSIX AJIEKTPUUECKOW LIEMTH METO/IOM Y3JIOBBIX ITOTEH-
L[UAJIOB.

66.  PaccumTaTh TOKH BO BCEX BETBAX JJICKTPUUECKOH LIEMTU METOJIOM y3JIOBOTO HATIpsI-
JKEHU.

67.  PaccuuTaTh TOKM BO BCEX BETBSX JIEKTPUUECKOM L€ METOJOM HaJIOKEHHS.

68.  PaccuuTarh TOKHM BO BCEX BETBSX 2JEKTPUUECKOI IIEM METOJOM XOJOCTOr0 X0Ja

N KOPOTKOI'O 3aMbIKaHH.

69.  OmnpemenuTh MOIIHOCTH, MOTPEOISIEMYIO 3JIEKTPHUYECKOH IIETIBIO0 MOCTOSHHOTO
TOKA.

70.  CocrtaBuTh M paccuuTaTh OaTaHC MOLIHOCTH Pa3BETBIEHHON IIETH MOCTOSHHOTO
TOKA.

71.  TlocTpouTh NOTEHUHUANbHYIO IUAarpaMMy 3aMKHYTOTO KOHTYpa 3JEKTPHUYECKOMN

LIENH TOCTOSIHHOTO TOKa.

72.  Omnpenenuts KIIJl nuHMM NpU 3aJaHHBIX: HANpsSHKEHUU B Havalle JIMHUH, COIPO-
TUBJICHUH JIUHUM CONIPOTUBIIEHUH HArpy3KH.

73.  OmnpenenwTh TOKH B pa3BETBIEHHOW IIEMU TIOCTOSIHHOTO TOKA, COJIepIKaIlel Helln-
HEMHbIE CONPOTUBIIECHUS.

74.  Onpenenuts M./I.C. Hepa3BeTBIEHHOW MarHUTHOM LIENH 110 33JAHHOMY ITOTOKY.

75. OrnpenenuTts MOTOK B HEPA3BETBIEHHOM MarHUTHOM 1ienu no 3aganHoit M.J1.C.
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76. [TpeoOpa3zoBaTh mapaMeTphl BEJIMYUH IEPEMEHHOTO TOKA, TIPEICTABICHHBIX B KOM-
TJIEKCHOM (popMe, B TapaMeTphl BEJIMUWH, NMPEACTaBICHHBIX B MTOKa3aTenbHOU dopme. [Ipeodpa-
30BaTh MapaMETPhI BEIMYHUH IEPEMEHHOTO TOKA, IPECTABICHHBIX B TIOKA3aTEIbHOM opMe, B Ta-

paMeTpbl BETUYKH, NIPEICTABICHHBIX B KOMIUIEKCHOU (opMme.

77.  PaccuutaTh pa3BeTBIEHHYIO LIENb IEPEMEHHOIO TOKAa METOJIOM CONPOTUBICHUHN U
MIPOBOAUMOCTEH.

78.  PaccuuTarh pa3BeTBIEHHYIO LIETIb IEPEMEHHOTO TOKa KOMIUIEKCHBIM METOIOM.

79. ITocTponTh BEKTOPHYIO JUarpaMMy TOKOB U HaIIPSKEHUIN pa3BETBIEHHOM LIEIIH I1e-

PEMEHHOT0 TOKa.

80.  Omnpenenuts MOJIHYIO, AKTUBHYIO U PEAKTHUBHYIO MOIIHOCTb, MOTPEOIIEMYIO TO-
ciaemoBaTenbHON ensio R, L u C aneMeHTOoB.

81.  OmnpenenuTh MOJIHYIO, AKTUBHYIO M PEAKTUBHYIO MOIIHOCTB, OTPEOIIIEMYIO Ta-
pamtenbHo# nienbio R, L u C aieMeHToB.

82.  CocraBUTh M paccuUMTaTh OaJlaHC MOIIHOCTH PA3BETBIEHHOM LIETIH MEPEMEHHOIO
TOKA.

83.  Omnpenenuts KO3IPGUIUEHT MOIIHOCTH IOCIEIOBATEILHON e MEPEMEHHOTO
ToKa, coaepxainieit R, L u C anemMeHTHL.

84.  OmnpenenuTs 4acTOTy BO3HUKHOBEHHS pe30HAHCA HAMPSLKEHUN TMOCIIEI0BATENbHO
coequHEHHBIX R, L n C 31eMeHTOB.

85.  Ompenenuts 4acTOTY BO3HUKHOBEHHUSI PE30HAHCA TOKOB MapallJIEIbHO COSTUHEH-
HBIX R, L 1 C sneMeHTOB.

86.  PaccumTaTh MIEKTPUICCKYFO IIETh TPH HATMYUH B HE MarHUTOCBSI3aHBIX KaTYIIICK.

87.  IlocTpouTh BEKTOPHYIO IUArpaMMy TOKOB M HANpPSHKEHUH SJEKTPUUYECKOM Lienu
MPY HAJMYWU B HEM MarHUTOCBSI3aHBIX KaTYIIEK.

88.  Omnpenemuts K0d(h(UIMEHTH YETHIPEXTIONIOCHUKA HA OCHOBAHHWH IOJIYYCHHBIX
9KCIIEPUMEHTAIILHBIX JIAHHBIX.

89.  IlepecuutaTh KO3 PUITMEHTH YeTHIpEXTIONOCHUKA U3 Z (popmbl B H hopmy.

90. IlocTpouTs KpyroBYyIO AHArpamMMmy TOKa JUIS MOCIEA0BATEIHLHO COSTUHEHHBIX IBYX
conpotusiieHuit Z1 u Z2, 0HO U3 KOTOPBIX IOCTOSIHHO, @ BTOPOE UMEET IOCTOSIHHBIN ap-T'yMEHT

Y TIEPEMEHHBIN MOAYJIb.

91. Onpenenutb BHyTPEHHEE CONMPOTUBIIEHUE ucTouHuKa D /[C.

92.  Omnpenenuth MajeHUE HAMPSHKEHUS HA YKa3aHHBIX AJIEMEHTaX JJIEKTPUYECKOU
LEeMH.

93.  Onpenenuthb TOK B YKa3aHHBIX BETBSIX AIEKTPUUYECKOM LIETIH.
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94, Ornpenenutbh OMUYECKOE COMPOTUBIICHUE yKa3aHHBIX JIEMEHTOB JJIEKTPUUECKOU

LEIH.
95.  Omnpenenuts D/IC u HanpspKEHHE Ha 3a)KUMaX UCTOYHUKA HANpPSHKEHUS.
96.  CHATH BOJBT-aMIEPHYIO XapaKTEPUCTUKY JIMHEHHOTO CONPOTUBIICHHUS.
97.  CHATH BOJBT-aMIEPHYIO XapaKTEPUCTHKY HETMHEHHOTO COTPOTUBIICHUSI.
98.  OmnpenenuTb CONPOTHUBICHHUE TPOBOJIHUKA U3 HUXPOMA IIOCTOSIHHOMY TOKY Ha OC-

HOBaHMM 3aKoHa OMa.

99. IIpou3sBecTH SKCIIEPUMEHTAIIBHYIO IIPOBEPKY PAacU€Ta pa3BETBIEHHOMN dJIEKTpUYE-
CKOMH LIeTH MTOCTOSIHHOTO TOKa METOIOM HEMOCPECTBEHHOI0 TPUMEHEHU 3aK0HOB Kupxroda.

100. IIpowu3BecTu 3KCIEPUMEHTAIBHYIO IPOBEPKY Pacy€ra MEKTPUUECKOM 1enHn 0CTOo-
SIHHOT'O TOKA METOJIOM NMPe0O0pa30BaHUsI CXEMBI.

101. IIpowu3sBecTH SKCIEPUMEHTAIBHYIO POBEPKY PACUETa FIEKTPHUUECKOM IIETIN ITOCTO-
SHHOT'O TOKA METOJIOM KOHTYPHBIX TOKOB.

102. IIpowu3BecTu 3KCIEPUMEHTAIBHYIO IPOBEPKY Pacy€Ta MEKTPUUECKOM 1enHn 0CTo-
SHHOT'O TOKa METOJIOM Y3JI0BOT'O HAaIIPSKEHUS.

103. Ompenenuts BXOAHOE COMPOTUBIICHUE JIBYXIIOJIIOCHUKA METOIOM XOJIOCTOTO X0/
U KOPOTKOT'O 3aMbIKaHHUS.

104. DOxkcnepuMeHTaNIbHO OINPENENUTh CTATUYECKOE CONPOTHBIIEHUE HETMHEWHOTO CO-
IIPOTUBJICHUS B YKa3aHHOHN TOYKE.

105. DOxkcnepuMeHTaIbHO ONPENeIUTh JUHAMUYECKOE COITPOTHBIICHHE HETMHEHHOTO CO-
IIPOTUBJICHUS B YKa3aHHOUN TOYKE.

106. DkcnepuMeHTaIbHO OINPENEIUTh HHIYKTHBHOCTD KAaTYIIKW, BKIFOUEHHON B IETh
IIEPEMEHHOTO TOKA.

107. DOxcnepuMeHTaIbHO ONPENEIUTh EMKOCTh KOHIEHCATOPa, BKIOUEHHOTO B LIETIh Ie-
PEMEHHOTO TOKa.

108. DxkcnepuMEHTaIbHO OINPENEIUTh MOITHOCTH, IMOTPEOISIEMYI0 aKTHBHBIM COMPO-
TUBJICHUEM, BKJIIFOUEHHBIM B LIETIb IEPEMEHHOTO TOKA.

109. DOxkcnepuMeHTaIbHO ONPEACTUTH MOJHYIO, AKTUBHYIO, U PEAKTUBHYIO MOIIHOCTb,
NoTpedIIeMyI0 KaTyIIKOM, BKIFOUEHHOH B 1IETIb IEPEMEHHOI0 TOKa.

110. DxkcnepuMeHTaIbHO ONPEACTUTh MOJTHYI0, AKTUBHYIO, U PEAKTHBHYIO MOIIHOCTD,
notpebnsemyto R-L-C nenbto, BKIIOUEHHOHN B 1I€TIb IEPEMEHHOTO TOKA.

111. DOxcnepuMeHTalnbHO ONPENENIUTh KOMIUIEKCHOE conpoTHuBiIeHne R-L nenwu, Bkito-
YEHHOM B LIEIIb IEPEMEHHOTO TOKA.

112. DxcnepuMeHTaIBHO OMPENeIUTh KOMIUIEKCHOE conpoTuBiieHne R- C ienu, BKITtO-

YEHHOU B LIENb IIEPEMEHHOTO TOKA.
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113. DKCnepHMEHTAIbHO ONpPEIEINTh KOMIUIEKCHOE comnpoTuBieHne R-L-C 1emnw,
BKJIFOUEHHOM B LIETIb IEPEMEHHOTO TOKA.

114. DxcnepuMEHTaNbHO OIpEeNeInTh KOMIUIEKCHYIO MpoBoauMocTs R-L-C uenw,
BKJIFOYEHHOM B LIETIb IIEPEMEHHOIO TOKA.

115. DxcnepuMeHTaNIBHO OMPEETUTh PE30HAHCHYIO YacTOTy MociieioBaTeabHoi R-L-
C uenu, BKIIOYEHHOH B 1IeNb IEPEMEHHOTO TOKA.

116. DOkcnepuMEHTaIbHO OIPENENIUTh PE30HAHCHYI 4YacToTy mnapaiuienbHoi R-L-C
LETH, BKIIFOYEHHOM B LIETIb IEPEMEHHOTO TOKA.

117. DxcnepuMeHTaIBHO OMpeneNuTh h- mapaMeTpbl TPAaH3UCTOPA, BKIIOUYEHHOTO I10
CXEMe€ YEeThIPEXIOMIOCHUKA.

118. Omnpenenuts MHIYKTUBHOCTh KAaTyIIKU U3MEpUTEIEM UMMHUTAHCA.

119. OmnpenenuTh EMKOCTh KOHACHCATOPA U3MEPHUTEIIEM HIMMHUTAHCA.

120. Cpenatb BBIBOJI OTHOCHTEIHHO MATHUTHBIX CBOMCTB MaTepHalia cepAeuHIKa M0 H3-
MEHEHUIO UHAYKTUBHOCTH KaTYLIKH C COOTBETCTBYIOLUM CEPJCYHUKOM.

121. Tpexdaznas cucrema D/[C. CBsazanHble U He cBsizaHHbIE cucTeMbl DIC.

122. Coenunenue Tpexga3zHOU LEMH 3BE3/10i, COOTHOIIECHHE MEXKAY JTUHEHHBIMU U (a3-
HBIMU TOKaMH U HANPSHKCHUSMHU.

123. OmpeneneHue HanpsHKEHUS CMEUICHHs] HEHTpail IPpU OTCYTCTBUU HYJIEBOTO TPO-
BOJIA.

124. Ponb HyneBoro mpoBoja.

125. Coenunenne TpexdaszHoii menu TpeyrodbHUKOM. COOTHOMIEHUE MEXIy JIMHEH-
HBIMU ¥ (Da3HBIMH TOKaMH U HATIPSDKECHHUSIMH.

126. AxTuBHAas1, peaKTUBHAsI M IMOJHAS MOIIHOCTH TpeX(a3HON CUCTEMBI.

127. HW3mepeHue akTUBHOUW MOIIIHOCTH B TpEX(a3HOU cUCTeMe.

128. V3mepeHHe peaKTUBHOM MOITHOCTH B TPEX(Pa3zHOU CHCTEME.

129. Omeparop Tpéxda3HOit CHCTEMBI.

130. PaznoxxeHne HeCUMMETPUYHOM TpEX(Da3HON cUCTEMbI HA CUCTEMBI HYJIEBOMU, Mpsi-
Mo#i 1 00paTHOI! mocnenoBaTeaIbHOCTEN (as.

131. Ilepuoamueckue HECHHYCOHMJAIbHBIE TOKH B JIMHEHHBIX SJEKTPUUECKUX LETX,
NPUYHHBI UX BOZHUKHOBEHUS

132. PaznoxxeHue NepuoANYECKUX HECUHYCOUAANBHBIX TOKOB U HAMPSHXKEHUI HA rapMo-
HUYECKHE COCTABIISIONINE.

133. CgoiicTBa MEPUOJNUECKUX HECHHYCOMAAIBHBIX KPUBBIX, 00JIAJAIONINX CHMMET-

pUei.

354



134. TI'padwuyeckmii (rpado — aHATUTHUYECKUI) METOJ ONpEACICHHS TapMOHHK psijia
dypre.

135. Pacu€t TOKOB M HaNpPSOKEHUH B JTMHEWHBIX SJEKTPUUYECKUX LETSIX MpHU JEHCTBUU
HecuHyconaanbHbIx J.J1.C.

136. JleiicTByromme 3Ha4eHUSI HECHHYCOUJAIBHBIX TOKOB U HATIPSDKEHUI.

137. AxTuBHas M MOJIHAS MOIIHOCTH IEPUOJIUYECKOTr0 HECUHYCOUIAIBHOIO TOKA.

138. OcobenHoctu paboThl TPEX(a3HBIX CHUCTEM, BBI3BAHHbIE HAJIWYMEM TapMOHUK,
KPAaTHBIX TPEM.

139. buenwnsa. MoxynupoBaHHbIE KOJIeOaHMS.

140. Henunelinsle nenu nepeMeHHoro Toka. Iloapasnenenue HelnMHEHHBIX CONPOTUB-
JIeHUH Ha TPU OCHOBHBIE TPYIIIbBI, UX 00IIast XapaKTePUCTHKA.

141. OcHoBHBIE NPeoOpa30BaHMA, OCYIIECTBISEMbIE C MOMOIIBI0 HETUHEWHBIX 3JIEK-
TPUYECKUX LETIEH.

142. TlocnenoBarenbHas (heppope3OHAHCHAS IETIb.

143. IlapamnenbHas peppope30oHaHCHAs LEIb.

144. TlepexonHble MPOLECCH B IUHEHHBIX SJCKTPUUECKUX LEMAX, TPUUYUHBI UX BO3HHK-
HOBEHHUSI.

145. JIuddepennumanbHble YpaBHEHHsI, ONTMCHIBAIOIINE ITEPEXO/IHBIE TIPOIIECCHI.

146. IlpunHyxnEHHBIE U CBOOOIHBIE COCTABIIAIOLINE IEPEXOIHBIX IPOLIECCOB.

147. 3akoHBI KOMMYTalLlUH, UX (PU3NYECKOE U MAaTEMAaTHYECKOE 0OOCHOBAHUE.

148.  ]JlokOMMyTaIllMOHHBIE U MTOCIEKOMMYTAIlMOHHbIE HAYaJ bHbIC 3HAYCHHS, X HAXO0XK-
nenne. HesaBucuMmBble M 3aBHCHMBIC TIOCIIEKOMMYTAIIMOHHBIE 3HaueHHs. HyseBble 1 HEHyJIeBbIE
HayaJbHbIE YCIOBHUS.

149.  CocraBnenue nuddepeHraabHbIX ypaBHEHHH 111 CBOOOTHBIX TOKOB U HaIpshKe-
HUU.

150. AnreOpam3ariusi CHCTEM YpaBHEHUH JIJIsi CBOOOTHBIX TOKOB.

151. CocraBneHnue XxapakTepUCTUYECKHX YpaBHEHHH NMpPH UCCIEIO0BAaHUU NEPEXOTHBIX
IPOIIECCOB B TMHEWHBIX SJIEKTPUUECKUX LIETSX.

152. Crenenp XapaKTEpPUCTUYECKOTO ypaBHEHHS. 3aBUCHMOCTH XapakTepa IMepexo/-
HOTO TIpoIiecca OT BHJIa KOPHEH XapaKTePUCTHYECKOTO YPaBHEHHUSI.

153. Omnpenenenne NOCTOSHHBIX MHTETPUPOBAHUS B KilaccuueckoM MeToze. Llens onu-
ceiBaeTcst AudQepeHnranbHbIM ypaBHEHUEM BTOPOTO MOPSAKA, KOPHU XapaKTEPUCTHYECKOTO

YpaBHCHUA BCIICCTBCHHBIC PA3HBIC.
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154. OmpeneneHue NOCTOSIHHBIX UHTETPUPOBAHUS B KilaccuueckoM metoje. Llens onu-
ceiBaeTcs AudQepeHnranbHbIM ypaBHEHHEM BTOPOTO MOpPsAAKAa, KOPHU XapaKTEPUCTHUECKOTO
ypaBHEHHs KOMIUIEKCHBIE.

155. IlepexoaHsblil pouecc Npy NOAKIIOYEHUH HA MOCTOSIHHOE HANPSKEHUE KAaTyIIKU
WHTyKTHBHOCTH.

156. IlepexonHslii mporecc NpU HNOJKIIOUYEHUM K MCTOYHHMKY ITOCTOSIHHOHM 3.1.C. ak-
TUBHO-EMKOCTHOM LIETIN.

157. IlepexoaHblil IpouecC NpU MOAKIIOUEHUH LENU, COCTOSILEN U3 MOCIE10BATEIILHO
BKJIFOUEHHBIX KaTyIIKU HHAYKTUBHOCTHU U KOHJIEHCATOPA, K UCTOUYHUKY ITOCTOSIHHOM 3.]1.C (citydai
BEIIIECTBEHHBIX KOPHEH XapaKTepUCTUUECKOr0 YpaBHEHMUS).

158. IlepexonHslii mporecc MpH MOAKIIOYEHNUH LEMH, COCTOSIIEH U3 TOCIEJ0BATEIBHO
BKJIFOUEHHBIX KaTyIIKH HHIYKTUBHOCTU U KOHJIEHCATOpa, K UICTOYHMKY IOCTOSIHHOM 3.1.C. (CiIy-
yail KOMIIEKCHBIX KOPHEW XapaKTepUCTUYECKOTO YPaBHEHUS).

159. Onmnepatopnsrit meton. [IpeoOpazoBanue Jlamnaca. M300pakeHne mOCTOSTHHOM.

160. HM3o6paxeHue nepBoii mpou3BoaHOM. M300parkeHre HanpsKeHUsl Ha MHIyKTUBHO-
CTH.

161. U3oOpaxkenue mHTErpana. M3o0pakeHue HAMPSHKEHHS Ha KOHACHCATOPE.

162. IlepexonHblif mpolecc MpU BKIFOUYEHUHM KaTyIIKM WHAYKTUBHOCTH Ha CHHYCOU-
JTAJIbHOE HalpsiKEeHUe.

163. 3akon Oma B onepaTtopHoii popme. Bayrpennue 2./1.C.

164. 3akonsl Kupxroda B oneparopHoii ¢popme.

165. CocraBneHue cuCTEM ypaBHEHHWH TSI M300paKeHUH TPH aHAIHM3€ IMEePEXOTHBIX
IPOILIECCOB B ANEKTPHUUECKUX LETISIX.

166. Ilepexon ot u3zoOpaxeHuit kK opuruHanam. Gopmysa TEOpeMbl pa3ioKeHUs.

167. TIlocnenoBaTenbHOCTh pacdéra MepexoHBIX MPOIECCOB B ONEPATOPHOI GopMme.

168. TlonsaTHe mepexoaHOM MpoBoAMMOCTH. HaxoxkIeHHe epeXxoHOM MPOBOINMOCTH.

169. Hwurerpan Jlroamerns.

170. TIlocnenoBaTenbHOCTh pacyéra MEpPEeXOJHOro Mpolecca ¢ UCIOIb30BaHUEM HHTe-
rpana Jlroamers.

171. IlpencraBuUTh CBA3aHHYIO U HECBSI3aHHYIO cUCcTeMbI Tpéxdazubix DIC.

172. TlpencraButh Tpéxdaznyro cuctemy DJIC, coequHEHHYIO 3BE3/I0i U BBIBECTH CO-
OTHOILICHHS MEX]Ty TUHEHHBIMU U (Da3HBIMM TOKAMHU U HATIPSKEHHUSIMH.

173. Ompenenuth HaNpsDKEHUE CMEIICHHS HEUTpald HECUMMETPHYHOU TpEX(dazHOi

OJIC, coequHEHHOM 3B€37101 C aKTUBHBIMH COTPOTHUBIICHUSIMH.
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174. OnpenenuTh HaNpsDKEHWE CMEIIEHUS HEUTpanu HECUMMETpUYHOU TpéxdazHON
OJIC, coequHEHHOM 3BE3/10M C PEAKTUBHBIMH COMPOTUBICHUSMH.

175. TlocTpouTh BEKTOPHYIO JuarpaMMy HecummerpuuHoi Tpéxdasnoit DJC, coenu-
HEHHOM 3BE31101 C aKTUBHBIMU COIPOTUBIICHUSMH.

176. IlocTpouTh BEKTOPHYIO qHarpaMMy HecummeTpuuHou Tpéxdasznoit DJC, coemu-
HEHHOI! 3Be3/101 ¢ PEaKTUBHBIMU COIIPOTUBIICHHUSIMH.

177. IlocTpouTh BEKTOPHYIO IUarpaMMy cUMMeTpu4Ho# Tpéxdaznoii D/IC, coeaunén-
HOU 3B€3]101 U OOpPBIBE OHOTO U3 (Pa3HBIX MPOBOIOB.

178. IlocTpouTh BEKTOPHYIO qUArpaMMy cUMMETpU4HOH Tpéxdaznoit DJIC, coeqnHéH-
Hoi#1 3Be3710i npu K3 B o1HOM U3 (das.

179. IlpeacraButh Tpéxdaznyro cucremy I/1C, coeauHEHHYIO TPEyroJbHUKOM U BbIBE-
CTH COOTHOIICHUS MEXIY JIMHEHHBIMU U (pa3HBIMH TOKAMH U HATIPSDKEHUSIMH.

180. IlocTpouTh BEKTOPHYIO AMArpamMmy cumMmeTpudHoi Tpéxdasznoit DJIC, coennHEH-
HOU TPEYroJbHUKOM C aKTUBHBIMU COIIPOTHBIICHUSIMH.

181. IlocTpouTh BEKTOPHYIO AUarpaMMy cUMMeTpu4Hoi Tpéxdaznoii D/IC, coeaunén-
HOW TPEeYroJbHUKOM C PEAKTUBHBIMU COIPOTHUBIICHUSIMHU.

182. TlocTpouTh BEKTOPHYIO qUArpaMMy CUMMETpU4HOM Tpéxdaznoit DJIC, coennHéH-
HOMU TPeyroJbHUKOM MPHU 0O0pBIBE OJTHOTO U3 (ha3HBIX IPOBOJIOB.

183. Omnpenenuts NOJIHYIO, AKTUBHYIO U PEAKTUBHYIO MOIIHOCTh CUMMETPHUYHON TPEX-
da3Hoil cuCcTEeMBI.

184. Ompenenuth TMONHYIO, aKTUBHYIO M PEAKTUBHYIO MOIIHOCTH HECHUMMETPUYHOM
TpE€x(a3HON CUCTEMBI.

185. Pa3noxuTh HECUMMETPHUHYIO TPEX(Pa3HYIO CUCTEMY Ha CHUCTEMBbl HYJIEBOH, Mpsi-
Mo#i 1 00paTHOI! mocnenoBaTeaIbHOCTEN (as.

186. PaccumTtaTh TOKM U HANPsDKEHUS B IMHEHHOM JIEKTPUYECKOM LIeNH P IeHCTBHH
HecunyconaanbHou 3.J1.C.

187. Omnpenenuts neiicTByIOMNE 3HaYEHNUs HECHHYCOUJAIBHBIX TOKOB U HAIPSKEHUH,
a TaK)Ke€ aKTUBHYIO U MOJHYI0 MOLIHOCTH IEPUOJIUYECKOTO HECUHYCOUJAIIBHOTO TOKA.

188. CocraButh cucremy auddepeHnnanbHbIX YpaBHEHUN JJISi OTIPEIeNIeHUs] CBOOO/I-
HBIX TOKOB U HamlpsHKeHUH mocienoBaTenbHo-napamienbHoi R-L-C nenu.

189. TI'padmuecku mpencTaBUTh XapaKTep CBOOOJHOTO Ipoliecca MpU ABYX JEHCTBH-
TEJbHBIX HEPABHBIX KOPHSX.

190. TI'padwuuecku TpeaCTaBUTH XapakTep CBOOOIHOTO TpoIllecca MPHU JBYX JIECHCTBH-

TCJIBHBIX PaABHBIX KOPHAX.
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191. TI'padwmyecku mpeacTaBUThH XapakTep CBOOOIHOTO MPOIIecca MPH ABYX KOMIUIEKCHO
COMNPSHKEHHBIX KOPHAX.

192. PaccuuTarh KIaCCUYECKHM METOJIOM MEPEXOAHOM MPOIlece MPH MOAKIIOUEHUH MO~
cienoBarenbHO-napaienbHon R-C nenu k nocrostauom DIC.

193. PaccuuTarh KJIACCHYECKUM METOJIOM TIEPEXOTHON MPOIECC B IMOCIICIOBATCIIEHOMN
L-C uenu ¢ cunycouaanpaoi DJ]C npu 3aKkopavurBaHUM OJTHOTO U3 aKTUBHBIX COMTPOTHUBIICHHM.

194. Paccumrtath onepaTopHbIM METOI0M EPEXOAHOM MPOLIEeCC B OCIE0BATEIbHO-TIA-
paiensHOM 11enu ¢ nocrosinuoi J/C.

195. PaccuuTath orepaTOpHBIM METOIOM IEPEXOIHON IMPOIIECC B TOCIICIOBATEIILHO-TIA-
pajuienbHOM 1enu ¢ cunyconaanbHoi 3/C.

196. PeanuszoBath Tpéx(azHyro cummerpuunyto cucremy J/1C, coenuHEHHYO 3BE3/10i1,
U3MEPUTH (pa3HbIC U JTMHEHHBIC TOKU U HATIPSHKEHHUSL.

197. PeammzoBaTh Tpéx(dazHyro HecumMMeTpuuHyto cuctemy D/IC, coemnHEHHYIO 3BE3-
JIOM, U3MEPUTH (Pa3HbIC U JIMHEWHBIE TOKU U HATIPSKCHHUSL.

198. PeanuszoBath Tpéxdaznyro HecuMMeTpuuHyto cuctemy D/IC, coenuHEHHYO 3BE3-
JIOM, U3BMEPUTH HANPSHKEHUE CMEIIECHUS HEUTPAJIM U TOK HYJIEBOTO IPOBO/IA.

199. PeammzoBath Tpéxdasznyio cucremy I/C, coeTMHEHHYIO TPEYTOJILHUKOM, H3Me-
pUTH (pa3HbIE U JIMHEHHBIE TOKU U HAMIPSKESHHUS.

200. DxkcrepuMeHTaJIbHO ONMpeneauTh (ha3Hble U TUHEHHbIE TOKU U HAIPSHKEHUS TPEX-
¢azHoit cummeTpuuHOi cuctembl DJIC, coenMHEHHOM 3BE3/10M, TPH OOpbIBE OJHOTO U3 (ha3HBIX
IIPOBO/IOB.

201. DkcrepuMEHTaIBHO OMPEACTUTh (a3Hble U JTHHEHHBIC TOKU U HAPSIKCHUS TPEX-
dazHoit cummeTpuuHoit cuctemsl DJIC, coennuénnoi 3se3noit, npu K3 oxHoi u3 das.

202. DkcrepUMEHTAIbHO OMPEeAETUTh (a3Hble U JTMHEHHBbIE TOKU U HANPsKEHUs TPEX-
¢aznoit cummerpuyHoit cuctembl DJ{C, coeAMHEHHON TPEYTOIBLHUKOM, MPH OOPBIBE OJHOTO U3
(ba3HbBIX TPOBOJIOB.

203. DkcrepuMeHTaJIbHO OMPEEIUTh aKTUBHYIO MOIIHOCTh CUMMETPUYHON TpExdasz-
HOM CUCTEMBI METOJIOM TPEX BaTTMETPOB.

204. DkcrepUMEHTAIBHO OINPENENUTh aKTHBHYIO MOITHOCTh CUMMETPUYHOMN Tpéxdas-
HOM CHUCTEMBI C TIOMOIIIBIO OJJHOTO BaTTMETPA.

205. DKcrepuMeHTaJbHO OMPENEIUTh PEAKTUBHYIO MOIIHOCTH CUMMETPUYHOU TPEX-
(a3HOM cCHCTEMBI C TOMOIIIBIO IBYX BATTMETPOB.

206. DKCIEepUMEHTAIBHO OINPENETUTh AKTUBHYIO MOIIHOCTh HECHMMETPUYHOH TPEX-

¢dazHoIl crucTeMBbI ¢ TOMOUIBIO TPEX BATTMETPOB.
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207. DKCIEpUMEHTAIBHO OINPENEIUTh AKTUBHYIO MOIIHOCTh HECHMMETPUYHOH TPEX-
(a3HOM crCTEeMBI C TOMOIIBIO IBYX BATTMETPOB.

208. O0ocHOBaTh BO3MOXKHOCTh MPUMEHEHUS JIBYX BaTTMETPOB AJISi U3MEPEHHs MOIL-
HOCTH TpEX(Pa3zHOU CHUCTEMBI BHE 3aBUCIMOCTH OT CXEMBI COeIMHEHHS Harpy3KH (3BE€3/1a WK Tpe-
YTOJIbHHUK).

209. Peanu3oBatb cXeMy 3JEKTPUUECKYIO IPUHLIMIINAIBHYO 17151 HAOII0A€HUS MOy U~
POBaHHBIX KOJIEOAHHA.

210. Peanu3oBarh cxemy 3JIEKTPUYECKYIO MPUHUUIHAIBHYIO Ui HAaOmoAeHus Guryp
Jluccaxy.

211. Peanu3oBaTh cXeMy JJICKTPHUECKYIO MPUHIMIHAIBHYIO JJIs HAOMIOACHUS Tepe-
MarHM4MBaHUs PepPOMArHUTHOTO CEPIECUHUKA.

212. Peanu3oBaTh CXE€My JIEKTPHUYECKYIO MPUHLIUIHAIBHYIO A HAOIIOJICHHS Tepe-
XOJIHOTO TIporiecca B mocieaoBaTenbHoi R-C nemnmu.

213. PeamuzoBaTh cXeMy JJICKTPHUYECKYIO MPUHIMIHAIBHYIO JJIs HAOMIOACHUS Tepe-
XOJHOTIO Ipolecca B nocaenosarenbHoi R-C neny.

214. Peanu3oBaTh CXE€My JIEKTPHUYECKYIO MPUHLUUIHAIBHYIO A HAOIIOJICHHS Tepe-
XOJIHOTO TIporiecca B mocieaoBatenpHou L-C menw.

215. Peanu3oBaTh CXe€My IEKTPUUYECKYIO MPUHLUIHAIBHYIO A HaONIOJEHUs nepe-
XOZIHOTO Ipolecca B nociuenoBareabHoll R-L-C nenu (KOpHM XapaKTepUCTUYECKOIO ypaBHEHHS
JeCTBUTENIbHBIE HEPABHBIE).

216. Peanmu3oBaTh CXe€My AJIEKTPHUYECKYIO NMPUHIUIHAIBHYIO 751 HAOMIOJCHHUS Tiepe-
XOJIHOTO Tpolnecca B nocueaoBarenbHoi R-L-C nenu (kopHH XapakTepUCTUYECKOTO ypaBHEHUS
KOMIIJIEKCHO COTPSKEHHBIE).

217. HccnenoBaTh JTMHEHHYIO 3JIEKTPUYECKYIO LEMb MPU NEPUOJIUUECKOM HECHHYCOU-
JaNbHOM (TIPSIMOYTOJIBHOM) HANPsDKEHHUU C ENbI0 HAOMoAeHus: (opM HamNpsHKeHUH Ha aKTHB-
HOM conpoTtuBieHuu u L-C ¢punppe.

218. HccnenoBaTh JMHEHHYIO 3JIEKTPUUYECKYIO LEMb IIPU NEPUOJUUECKOM HECHHYCOU-
JTAJIBHOM (TIPSIMOYTOJIbHOM) HalPS’KEHUU C LIEJIbI0 BBIUMCIIEHUA 3-1, 5-1 U 7-1 TapMOHUK.

219. HccnenoBaTh JIMHEHHYIO SJIEKTPUYECKYIO IETIh IPU TEPUOIUUIECKOM HECHHYCOU-
TaTEHOM (TIPSIMOYTOJIBHOM) HATIPSDKEHUH C TIEITBI0 BEIYUCIICHUS YTIIOB (ha30BBIX CIABUTOB TapMo-
HUK.

220. Peanu3oBaTh cXeMy 3JIEKTPUYECKYIO MPUHIUIHAIBHYIO C LENbIO MOyueHus (ep-
POpE30HaHCca B MOCIIEIOBATEIBHOM SJIEKTPUIECKOM LIETIH.

221. Jluauu c pacnpenenéHHbIME mapaMeTpaMu. OCHOBHBIC TIOHSTHS M ONIPEICIICHHMS.

OcCHOBHBIE YpaBHEHHUS JIMHUY C PACIIPEACIEHHBIMU ITapaMeTPaMu.
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222. PemieHue ypaBHEHHI JIMHUM C pacTpeieIEHHBIMHA TapaMeTpaMu MPHU YCTaHOBUB-
IIEMCS] CHHYCOUIAJIbHOM IIPOLIECCE.

223. OmnpeneneHne KOMIIJIEKCOB TOKA ¥ HAIPSKEHUS B JIFO00H TOUKE IMHUU Yepe3 KOM-
TUIEKChI HAIIPSDKEHMS U TOKA B Havasle JIMHUH.

224. OmnpeneneHne KOMIDICKCOB TOKA M HANIPSHKEHHS B JIFOOOH TOYKE TMHUH Yepe3 KOM-
IUIEKChI HAIPSKEHUS U TOKA B KOHLIE JIMHUH.

225. llanaromas v oTpakeHHasi BOJIHBI B IMHUHU € pacnpeieIEHHbIMU apameTpamu. Da-
30Bas CKOPOCTb. J[JIMHA BOJIHBI.

226. Jlunus 6e3 uckaxenuii. CormacoBanHas Harpy3ka. OnpezesieHue ToKa U HalpspKe-
HY B JIMHUM TIPY COTJIaCOBaHHOM Harpy3ske. K.i.i. mepenauu npu cornacoBaHHoi Harpyske. Enu-
HUIIA U3MEPEHUS 3aTyXaHus.

227. BxomHOE CONPOTHBICHHUE HArPyKEHHOH TMHUHU. Onpe/ielieHne TOKa U HallPsDKEHHS
B JTUHUU 0€3 TOTEPb.

228. BxomHO€ COMpOTHBIICHHE B JIMHUU 0€3 MOTEPh MpHU €€ XO0J0CTOM Xoje. BxomaHoe
COIIPOTHUBJICHUE B JIMHUU 0€3 MOTEph MIPU KOPOTKOM 3aMBIKAHUU B KOHIIE JIUHHH.

229. Crosume >IeKTPOMAarHUTHBIEC BOJIHBI B TMHUU 0e3 motrepb. CTOsUMe BOJIHBI B IUHUU
0e3 moTeps Mpu e€ X0JIOCTOM XOJI€.

230. Crosume >J1eKTpOMAarHUTHBIE BOJIHbI B TMHUU 0e3 motepb. CTosTure BOJIHBI B IMHUU
6e3 noTeps NpH KOPOTKOM 3aMbIKaHUM Ha KOHIIE JIMHUH.

231. DnexrpocraTnueckoe nojie. 3akoH Kymona.

232. lloTeHnMaN M HANPSHKEHHOCTH B AJIEKTPOCTATUYECKOM ToJie. PasHOCTH moTeHMa-
710B. [IoTeHIMABHBIN XapaKTep 3JIEKTPOCTATHYECKOTO MOJIS.

233. CuoBble ¥ 3KBUIOTEHLMAIBHBIE TMHUU 3JIEKTPOCTaTUUECKOT0 1oJisl. BelpakeHue
HaNpsHKEHHOCTH B BHJIE TPAIUEHTA OT MOTEHIINAA.

234. Juddepenuumansubiii onepatop ['aMuiibToHa, €ro HCIIOIb30BaHKE /IS 3alIUCH Tpa-
JIMICHTA TIOTSHIINAA.

235. TloTok BeKTOpa HANPSKEHHOCTH 4epe3 3JEMEHT MOBEPXHOCTH U yepe3 MOBepX-
HOCTb.

236. CBoOonHble U cBsi3aHHBIE 3apsabl. [lonspu3anus BemecTna.

237. Bexrop nonspu3zanuu. BekTop 35eKTprUIecKoi WHITYKIIHH.

238. Teopema I"aycca B unTerpansHoit popme. [Ipumenenue reopemsl ["aycca mis ompe-

ACJICHHA HAIIPAKCHHOCTU U IOTCHIIMAJIA B ITOJIC TOYCYHOI'O 3apsaaa.
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239. Teopema ['aycca B quddepennnansroii popme. J[uBepreHius BEKTopa IeKTprye-
CKOM MHAYKIHU U BEKTOpa HAMPSIYKEHHOCTHU AJIEKTPUYECKOro MoJjsl. BbIBO AUBEpreHIMN HaMps-
YKEHHOCTH JIEKTPUIECKOTO IMOJIA B IEKAPTOBOM CUCTeMe KoopauHaT. Mcnonb3oBaHue oneparopa
HabJa U1 3aluCH OTepalvy B3ATUS AUBEPTCHIIHH.

240. VYpasuenue [lyaccona u ypaBHenue Jlaminaca Juist 3JI€KTPOCTATHYECKOTO TIOJIS.

241. T'paHuyHble ycIOBHS. Y CIOBUS Ha TpPAaHUIIE pa3jiena MPOBOSIIETO Tela U JUAJICK-
TpHKA.

242. T'paHuvHbIC YCIOBH. YCIOBHS HA TPAHUIIE pa3zesia IBYX JAUIIEKTPHKOB.

243. OOmrast XapaKTepHCTUKA 3314 SJEKTPOCTATHKN M METOMBI UX pemeHus. Teopema
€MHCTBEHHOCTH PEIICHHUS.

244. Meron 3epkayibHBIX U300paxeHuil. [lone 3apspxkenHoit ocu. [lone AByxXnpoBoaHOM
JMHHUY.

245.  EMKOCTS.

246. Ilorenmumanbsabie k03¢ dunuentsl. [lepas rpynmna dopmyn Makcpea.

247.  EmxoctHble k03 duuuenTsl. Bropas rpynma ¢opmyn Makcpeia.

248. Yactuunsle éMKocTH. TpeThs rpynma ¢popmyn Makcpenia.

249. TImotHOCTH TOKa M TOK. 3akoH Oma 1 BTopoii 3akoH Kupxroda B muddepeHmmas-
HOH opme.

250. [Ilepsorit 3akon Kupxroda B auddepennumansaoit ¢popme. duddepeHnnansras
dopma 3axona J[xoyins — Jlenna.

251. VYpasuenwue Jlammaca jjis 2JIEKTPUIESCKOTO TTOJISI B POBOJIAIICH Cpelie.

252. Tlepexon TOka depe3 CPeIbl ¢ Pa3TUIHON POBOIUMOCTHIO. COOTHOIIICHUE MEXKTY
MIPOBOJAMMOCTBIO U EMKOCTBIO.

253. CBs3b OCHOBHBIX BEJIMUYMH, XapaKTEPU3YIOIIUX MAarHUTHOE Mosie. MexaHuyeckue
CHJIBI B MATHUTHOM TIOJIE.

254. UnrerpanbHas u quddepeHnranbHas GopMbl 3aKOHA ITOJIHOTO TOKA.

255. PackpbiTHe poTOpa HAMPsHKEHHOCTH MAarHUTHOTO TOJIS B Pa3IMYHBIX (pOpMax U BbI-
pa’keHHe ero MPOeKIUH B pa3IMUHBIX CUCTEMAX KOOP/HHAT.

256. IlpuHIMI HEPEPHIBHOCTH MAarHUTHOTO MOTOKA. CKaNspHBIA MOTEHIIMAT MarHUT-
HOTO TIOJISL.

257. TI'paHuyHble YCJIOBHS B MAarHUTHOM MoJje. BeKTOpHBII MOTEHIIMad MarHUTHOTO
noJsi. BeipaxkeHne MarHUTHOTO MOTOKA Yepe3 UUPKYJIISAIHMIO BEKTOpa-TIOTeHIIHAIA.

258. OOmmas xapakTepUCTUKA METOJIOB pacyéTa U UCCIICIOBAHUS MATHUTHBIX ITOJICH.

259. MarauTHoe SKpaHHpPOBaHUE.

260. IlpumeHeHHe MeTO/a 3epKabHBIX U300paKeHUH I pacyéTa MarHUTHBIX HOJIEH.
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261.
262.

BCJ1a.

263.

BEJlIa.

264.

CTH.

265.
266.
267.
268.
269.

3akon buo — CaBapa — Jlamnaca.

Onpenenenre NeEPeMEHHOr0 3JIeKTpoMarHuTHoro noJjst. [lepsoe ypaBuenne Makc-

OmnpeneneHne NEPEMEHHOT0 3JIEKTPOMAarHUTHOT O nojsi. Bropoe ypaBHenue Makc-

Onpez[eneHI/Ie IEPEMEHHOTO DJICKTPOMAroHuTHOI'O I10JIA. ypaBHeHI/Ie HEIIPEPBIBHO-

YpaBHeHne Makcsesuia B KOMIUIEKCHON OpMe 3aIliCH.
Teopema YmoBa — [loitHTHHTa 1711 MTHOBEHHBIX 3HAYEHUIA.
Teopema YmoBa — [loitHTHHTa B KOMIUIEKCHOH (hopMme.
YpaBHeHnuss Makcsesia Uit TpPOBOISIIEN CPELBI.

PacnipocTpaneHre nmioCKOM 3JIEKTPOMAarHUTHOM BOJIHBI B OJJHOPOJHOM ITPOBOS-

IIEM IOJIyIIPOCTPAHCTBE.

270.
271.
272.
273.
274.

[Tnockas 31eKTpOMarHUTHas BOJIHA.

['my6uHa NPOHUKHOBEHUS U JJIMHA BOJIHBI.

MarauTHbIN TOBEPXHOCTHBIN 3(PPEKT.

DNEeKTpUUECKUN MOBEPXHOCTHBIN 3 (PEKT B MIIOCKON HIMHE.

HpI/IMeHeHI/Ie TCOPECMbI VmoBa — IloiHaTHHTA AJI1 ONpCACIICHUA aKTUBHOI'O BHYT-

PEHHETO NMHAYKTUBHOT'O COHpOTI/IBJ'IeHI/Iﬁ IMPOBOIHHUKOB ITPH ICPEMCHHOM TOKC.

275.
DIIEKTPUKAX.

276.

277.

PaCHpOCTpaHCHI/IC QJICKTPOMArHUTHBIX BOJIH B OAHOTPOIMHOM U HU3O0TPOITHOM JU-

IT1ockue BOJIHEI B OAHOPOJAHBIX WU U30TPOIMHBIX IMOJYIIPOBOAAIINUX CPpEaax.

BBIBOI[ ypaBHeHI/Iﬁ AJIs1 BCKTOPHOI'O M CKAJLAPHOI'O IMOTCHHIUAJIIOB B IICPECMCHHOM

SJICKTPOMArHUTHOM II0JIC U UX PCIICHUC.

278.
279.
280.

33H33I[BIBaIOHII/IC MOTCHIUAJIBI ICPEMCHHOTO SJICKTPOMATrHUTHOTI'O ITOJIA.
KowmmnekcHas (bopMa 3aIrCH 3ala3/IbIBar0mero BEKTOPHOTO MOTCHIIMATIA.

W3nyuenue 3MeKTPOMarHUTHON SHEPTUH.
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Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue oucyuniunsl

Ilepeuenv ocHOBHOI U OONOIHUMENLHOU TUMEPAMYPbL, HEOOXOOUMOU 011 0CBOEHUA
OUCHUUNTUHDL

Ilepeuenv ocno6HnoOU TUumMepamypol:

1. TeopeTnueckue OCHOBBI AIEKTpoTexHUKH : yueOonuk / U. 5. Jluzan, K. H. Mapenuny, U.
B. KoBanesa [u ap.]. — Mocksa, Bonorna : Uadpa-Uuxenepus, 2021. — 628 c. — ISBN 978-
5-9729-0663-5. — Texkcr : anekrponnsii // Lludposoii oOpasosarenbhblii pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/114971.htmi

2. 3oH0B, B. H. Teopernueckre 0OCHOBBI AEKTPOTEXHUKHU. DIEKTPUUECKUE U MATHUTHBIC
[[ENH MMOCTOSTHHOTO TOKa : yueOHoe mocodue / B. H. 3onoB, I1. B. 3onoB, 0. b. E¢pumosa. — Ho-
BocuOupck : HoBocnbupckuii rocynapcTBeHHbIN TexHudeckuii yuusepeutet, 2020. — 80 €. —
ISBN 978-5-7782-4090-2. — Tekcr : anextponHsiii // Llndpooit obpazoBarensHblil pecypc IPR
SMART : [caiit]. — URL.: https://www.iprbookshop.ru/98742.html

3. Ietpenko, 0. B. TeopeTnueckre OCHOBBI 3JIEKTPOTEXHUKH. DICKTPUUECKHE LIEMH C
pacnpeselieHHbIME TapameTpamu : yueoroe mocodue / FO. B. Ilerpenko. — HoBocubupck : Hoo-
CUOMPCKHI TOCYapCTBEHHBIN TeXHUYeCKUH yHHBepcuTeT, 2019. — 64 ¢. — ISBN 978-5-7782-
3876-3. — Texcr : anektponHsIii // Ludposoii o6pa3zoBarensHblil pecypc IPR SMART : [caiir].
— URL.: https://www.iprbookshop.ru/99223.html

Ilepeuens oononnumenvHoil 1umepamypol:

1. Topoynosa JI.H. TeopeTnueckne OCHOBBI AJIEKTPOTEXHUKHU [DeKTpoHHBINH pecypc] /
JLH. T'opbOynoga, C.A. I'yceBa. — DIeKTpOH. TEKCTOBBIC JJaHHBIE. — braropemenck: [lanpHeBo-
CTOYHBIM rOCYAapCTBEHHBIN arpapHblii yHuBepcurert, 2015. — 117 ¢. — 978-5-9642-0269-1. —
Pexxum noctyma: http://www.iprbookshop.ru/55913.html

2. KpyroB A.B. TeopeTnueckue OCHOBHI SJIEKTPOTEXHUKHU [ DIEKTPOHHBIN pecypc] : yued-
Hoe mocobue / A.B. Kpyros, D.JI. KoueroBa, T.®. ['y3aHoBa. — DJIEKTPOH. TEKCTOBBIC JaHHBIC.
— MuHck: PecnyOnukaHckuii HHCTUTYT mpodeccruoHansHoro odpasosanus (PUIIO), 2016. —

376 c. — 978-985-503-580-1. — Pexxum noctyna: http://www.iprbookshop.ru/67742.html

Ilepeuens yueono-memoouueckozo odecneyeHus camocmoameibHoul padomost 00yuaio-
wuxcs no oucyuniune
1. Meronnyeckue yka3aHusl IO BBIIIOJHEHHIO MPAKTUYECKUX padoT nmo aucuumiuze «Teo-

PETHYCCKUEC OCHOBEI DJICKTPOTCXHUKW)).
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2. MeTtoauyeckue yKa3aHus 10 BBITOJIHEHHIO JIA00OPATOPHBIX padoT 1Mo auciuruinHe « Teo-
PETUYECKHE OCHOBBI AJIEKTPOTEXHUKI.

3. Meronuyeckue ykazaHus MO BHIMOTHEHUIO pacyeTHO-TpaduIecKuX pabOThI MO JUCIIH-
wnHe «TeopeTnueckne OCHOBBI ANEKTPOTEXHUKI.

4. Meronuyeckue yKa3zaHusl 10 OpraHU3alyd U IPOBEJCHUIO CaMOCTOSITENbHON paboTh

IO AUCHUITIIMHE ((TeOpeTI/ILIeCKI/Ie OCHOBBEI 3JICKTPOTEXHUKWN)).

Iepeuens pecypcos ungpopmayuonno-menexommynukayuonnou cemu Humepnem, ne-
00X00UMBIX 011 0CBOCHUS OUCUUNIUHDL
1. http://www.biblioclub.ru -OBC "Yuusepcurerckas 6ubnmnoreka oHain"

2. http://www.iprbookshop.ru/ - DnekrponHo- 6ubauoreunas cucrema IPRbooks
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