=3
8 %

bHOTO YHUBEPCHTETA
[lara no, ANUCaHNS: :23.08. 2023 17:19:42

yHMKaﬂbeIﬂ nporp MMMMMMMMMMMM

€TBO HAVKH U BEICIIEI' O OBPASOBAHUS POCCUUCKON ®E JIEPAITUU
CDE,I[EP JIBHOE 'OCY HAPCTBEHHOE ABTOHOMHOE OEPA3OBATEJIBHOE YUPEX/IE-
HHUE BEICHIEI'O OBPA3SOBAHUA
«CEBEPO-KABKA3CKUU ®ENEPAJIBHBIA YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanyeckue yKa3zaHHs
ITO BBIITOIIHEHHIO Ta00paTOPHBIX PadoT
1o muciIrmHie « TEOPETHUUYECKHWE OCHOBBEI DJIEKTPOTEXHUKH»
IUISL CTYAEHTOB HaIIPaBJIEHH S ITOAT OTOBKH
13.03.02 2neKTposHEPreTHKA M AIIEKTPOTEXHHKA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



4.3

4.4

4.5

4.6

4.7

7.8

4.9

4.10

4.11

4.12

4.13

CepTtudmkar:
Bnapeneu:

Comep:kaHue

BeeneHne

Llems u 3agau H3y4YeHH S JUCIIIIHHEI

OO6opyaoBaHHE U MaTEePHAIIBI

HarmveHoBaHuEe 1a00paTtopHEIX pador

Coxepxanie 1adopaTopHBIX padoT

JlaGoparopHas padora Nel. CormacopaHne HCTOYHHKA H HarPy3KH I10 HaIIpsDKe-
HHIO, TOKY H MOII[HOCTH.

JlaboparopHas padora Ne2. MccnemoBaHHe CIIOMKHBIX IIETIEH IIOCTOSHHOIO TOKA.
JlaGoparopHas padora Ne3. MccnemoraHue 1ellel CHHYCOHIAILHOI'O TOKa ¢ Ka-
TYIIKaMH HHIYKTHBHOCTH.

JlaGoparopHas pabora Ned. MccneqoBaHme Iereld CHHYCOHIaIbHOI'O TOKa ¢ KOH-
I[eHCATOPaMI.

JlaboparopHas padora Ned. [locnemopareIbHOe COeqHHEHIE AKTHBHOIO, HHTYK-
THBHOT'O H €MKOCTHOI'O COIIPOTHBIIEHHNI. Pe30HaHC HAITPSIKEHII.
JlaGopartopHasa padora NeO. DnekrpHyecKas Iellb CHHYCOHJIAIBHOIO TOKA IIPH
ITapavIe;IbHOM BKIIFOUEHHH aKTHBHOI'O H peaKTHBHBIX COITPOTHBIIEHHI.
JlaGopatopHas paGora Ne7. MccnegoBaHHe Tpex(pa3HOH CHCTEMEI ITPH COeTHHE-
HHH ITOTPeOHTEIIEN 3BE3]I0M.

JlabopatopHas padora Ne8. TpexdaszHas I[elb IMPH COeTHHEHHH ITOTpeOHTeNne
10 CXEME TPEYT OJIBHHUK.

JlaboparopHas padora Ne9. YacTOTHBEIE XapaKTEPHCTHKH ITOCIIEAOBATEIILHOIO
PE30HAHCHOI'O KOHTYpA.

JlaGoparopHas padora Nel0. HacToTHBIE XapaKTEpPHCTHKH ITaPAlJIEIBHOIO PE30-
HAHCHOI'O KOHTVpa.

JlaGopatopHasa pabora Nell. MccrnegoBaHne ITHHEHHOH 3JIEKTPHYECKOH I[EITH
IIPHU IIEPHOINYECKOM HECHHYCOHIAILHOM HAIIPSIKEHHH.

JlaGopaTtopHas pabora Nel2. BompTamIlepHble XapaKTePHCTHKH HEIHHEHHBIX
COITPOTHBIIEHHI.

JlabGopaTtopHas padora Nel3. Qeppope30HaHC B ITOCIENOBATEILHOH LIETTH.

AOKYMEHT MOANMCAH |
SNEKTPOHHOW MOANUCHIO AHHE TIEPEXOIHBIX TIPOLECCOB B IIEIIH C
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CepTtudmkar:
Bnapeneu:

JlaGoparopHasa padora NelS. UccrnemoraHiie MepexXoOMHEIX ITPOLIECCOB B LIETTH C
HHIYKTHBHOCTEIO.

JlaGoparopHas paborta Nel6. HccinemoraHue peXHMOB LIEIIH C PacIIpeleIéH-
HBEIMH TTapaMeTPaMH.

JlaGopaTtopHas pabora Nel7. MojgenupoBaHie IUIOCKOIIApaUIEIIbHBIX AIIEKTPO-
CTAaTHYECKIX M MarHUTHEIX ITOJIEH TOKOM B ITPOBOISINEM JIHCTE.

JlaGoparopHas padora Nel 8. HccrnegqoBaHHe MTOCTOSHHOI O MarHHTHOIO TTIOJIS Ha
OCH KaTYIIIEK C IIOMOIIBIO JaTYHKa XOJIa.

JlaGoparopHas padora Nel9. Mccrnemopanme B3aMMHOH HHIYKTHBHOCTH KOIIbIIE-
BBIX KaTVIIEK.

JlaboparopHasg pabdora Ne20. M3MepeHHe MarHHTOABHIKYIIHX CHJI H Pa3HOCTH
MarHHUTHBIX TTOTEHI[HAIOB.

JlaGoparopHasa padora Ne2l. MccrnegoraHne MOISpPH3aI[HOHHON KPHBOH CETHe-
TO3IIEKTPHKA.

JlaGopaTtopHas pabora Ne22. MccrneqoBaHme 3IeKTPOMArHHTHBIX CHII B IIOCT OsTH-
HOM MarHHTHOM IIOIIE.

JlabopatopHas patora Ne23. MccnemoBaHHe ITOBEPXHOCTHOrO Adpdekra H >3-
(pekTa OIH30CTH.

Y4yeOHO-MeTOAHYECKOE H HH(POPMAILIOHHOE 00ecIeYeHHe JHCIIHILIIHHEI
[lepeyeHs OCHOBHOH H JTOITOIHHUTEILHOH JINTEPaTYPhI, HEOOXOHMOH JIJIS OCBO-
EHH S THCIHTLIHEI

IlepeueHr YUeOHO-METOAMYECKOTO OOECIIeYeHHS CaMOCTOSTEIRHOH PadOoTEHI
OOYYAFOINIXCS TT0 JUCIIMIUIHHE

[lepeueHr pecypcoB HH(pOPMAIHOHHO-TEJIEKOMMYHHKAIIHOHHOH ceTH HHTep-
HET, HEOOXOIMMBIX JJIS1 OCBOEHNS JTHCI[MITIIHHEI

[ IprimoxeHn s

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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BeeneHue

[lenpro paboTel B 1a00PaTOPHH SBISETCS YVITIYOIEHHE H 3aKpeIUIeHHEe IIPHOOPETEHHBIX
TEOPETHYECKHX 3HAHHIL ITYTEM SKCIIEPHMEHTAILHOH ITPOBEPKH TEOPETHYECKHX IIOJIOXKEHHIL, a
TAKXKe 3HAKOMCTBO C 3IeKTPOHHBIMH KOMITOHEHTAMH, 000pYL0BaHHEM, H3MePHTEIbHBIMH ITPHOO-
paMH H armrapaTypoH, HCIIOIB3YeMBIMH B J1a00paT OPHH.

B pes3yibTare BRIIOIHEHH A 1a00paTOPHBIX PadoT CTYAEHTH JOJIKHEI ITPHOOPECTH YMEHIS
H HAaBBIKH 110 COOPKE H HCCIEAOBAHHIO 3JIEKTPOHHBIX CXeM H ITPHOOPOB, H3MEPEHH M SIIEKTPHYE-
CKHMX BeIHYHH. TeMaTHKa 1a00paTOPHEIX paboT IMOIHOCTHIO COOTBETCTBYET COMEPKAHHIO OCHOB-
HBIX Pa3/elIoB Kypca, H3y4aeMOI'0 B BBRICIIHX TeXHHYeCKHX YUeOHBIX 3aBeJIcHHSIX. B mpearae-
MOM Y4eOHOM ITOCOOHH OITHCAaHO OAHHHAIAIATE JIa00paTOPHBIX padoT. B ormcaHn KaxmaoH 11ado-
paToOpHOI padboThl chOPMYIIHPOBaHA €€ IIelb, H3T0KeHbI OCHOBHBIE TeOPeTHYECKHE TTOI0KEHHS,
OIMICaHa CXeMa YCTAaHOBKH IJIS ITPOBEAEHHS SKCIIEPHMEHTAIILHOI'O HCCIIENOBAHHS, JaHBI PEKO-
MEHIALIHH I10 ITPOBEAEHIIO OIBITOB H 00paloTKe pe3yIbTaTOB H3MEPEHHI, a TAK/Ke KOHTPOJIbHBIE

BOITPOCEHI.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

L{eNnbro QUCIIMITIMHEL « | eOpeTHYECKHE OCHOBBI SIIEKTPOTEXHUKI) SBIIIETCS H3YVUEHHE CTY-
JIEHTaMH OCHOBHBIX 3aKOHOMEPHOCTEH ITPOIECCOB ITPOTEKAIOIMX B 3IEKTPOTEXHHYECKHIX I[ETIAX
H METOJIOB OITPENEIIEHH I SIEKTPHYSCKHX BEJITHYHH, XapaKTePH3VIOIIHE 3TH IIPOIIECCHI, IIPHOOPE-
TEHHE TEOPETHYECKHX M IIPAKTHYECKIX 3HAHMI IT0 TEOPETHYECKHM OCHOBAM 3JIEKT POTEXHHKH, HE-
OOXOMUMBIX IS YVCIIEIHOTO OCBOEHH S ITOCIIeIVEOIIX JHCITUIIIIMH CITEI[HATIbHOCTH.

3a1aun JUCIMIUIHHEL COCTOSAT B OCBOEHHH CTYIEHTAMI.

— IIPUHITAIIOB COCTARIEHN A H 3aIIMCH YPaBHEHHH, OITHCBHIBAFOIIIX ITPOIECCHI B IIEMH B CO-
OTBETCTBHH ¢ 3akoHaMH Kupxroda, Oma, Dapajnesa - MakcBeina - JIeHIa;

— OCHOBHBIX ITPHHITHUIIOB aHAJIM3a ITPOLECCOB IT0 JIMHEHMHBIM CXEMaM 3aMelleHH S IETIeH:
HAJIOKEHHSL, IIMHEHHOCTH, KOMITEHCAIHH, B3aHMHOCTH,

— OCHOBHBIX METOJIOB aHalIH3a JIMHEHHBIX ¢XeM (MeT O[bI KOHT YPHBIX TOKOB, Y3JIOBBIX ITO-
TEHI[HAJIOB, SKBHBAJIEHTHOI O HCTOYHHKA) H ITOITYYEHHH HaYalIbHEIX CBEIEHHI O BO3MOKHOCTH HC-
IMONb30BaHusI OBM mpH pacuerax,

— KOMIUIEKCHOT'O METOZa OIpeAeleHH aMIUIHTY H HadalbHEIX (pa3 TapMOHHYECKHX TO-
KOB H HaITPSOKeHHH B YCTAHOBHBIIMXCS PeKHMAX,

— KJIACCHYECKOT0, OIEPAaTOPHOr O H HHTETPaIbHOI'O METO[a aHAIM3a ITEPEXOMHBIX ITPOIEC-
COB ITO JIMHEHHBIM CXEMaM 3aMEIlEHH S LETIEH, a TAKXKE ITPHHIUIIOB COCTABIEHHUS YPaBHEHHH H
ITOJITOTOBKH HH(OPMAIMH I pacyeTa IepeXOIHBIX ITPoleccOB Ha DBM MeTomoM NepeMeHHBIX
COCTOSHHIT,

— METOJIOB pacyeTa 3EKTPOMarHUTHEIX IIPOIIECCOB BO B3aHMOCBSI3aHHEIX KOHTYPax,

— OCHOB TEOPHH YETHIPEXITIOIFOCHHKOB,

— MCTOHOOB ITOCTPOCHHA (1)HJIBTPIDE H HX PACHCTa B 3JICKTPOTCXHHYCCKIIX H 3JICKTPOHHBIX

cxeMax,

— OCHOB aHaJIH3a IPOIIECCOB B IIETIIX ¢ paclpeJelleHHBIMH ITapaMeTPaMH,

— OCHOB TeOPH S IO,

— METOJ[OB BIeKTPHYECKHX H3MePEHHH ¢ HCIIOIb30BaHHEM H3MEPHTEIBHBIX ITPHOOPOB,

— OCHOBHBIX ITPOIIECCOB, MPOTEKAIOIIIX B ANMeKTPHYSCKHUX I[EITIX ¢ HerapMOHHYeCKHMH TO-
KaMH.

2. Obopyoosarie u mamepuaibl

[IOKYMEHT NOAMNWCAH
SNEKTPOHHOM MOAMMCHIO
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— KoMImiiekT THITOBOro j1abopaTOpHOro o0opyaoBaHHSA «TeopeTHYECKHE OCHO-BBI 3JIEK-
TPOTEXHIKH.

YueOHasa ayTUTOpHS IS ITPOBEAEHHS YUeOHBIX 3aHSATHI, OCHAIlleHAa OO0OpYAOBAaHHEM H
TEXHHYEeCKHMH cpeAcTBaMH 00yueHHS. [IlepeHOCHOH HOYTOVYK, IPOEKTOp, JOCKa MarHHTHO-Map-

KepHas.

3. Haumenosarue nao opamopusix paoom

Ne TeMbl M3 HUX ITpaKTHYEe-
— HarmeHoBaHMEe TeEM THUCIMIIIMHEL, HX KpaTKoe co- | O0BeM CKs1 TIOTOTOBKA.,
L IepKaHHe YaCcOB HACOR
3 ceMecCTp
JlabopaTtopnas padora Ne 1. CormacoBaHne HC-
TOUHHKA H Harpys3KH II0 HAaIIPSCKEHHIO, TOKY H
MOIIHOCTH.
1 [IOMyyHTh IPAKTHYECKHE HABBIKH COOPKH CXEM 1.5 1.5
IUISL SKCIIEPHUMEHTAIIPHON IIPOBEPKH COIJIacOBa-
HHUSS. MCTOYHHKA M Harpy3KH I10 HaIIPSCKEHHIO,
TOKY H MOII[HOCTH.
Jlaboparopnas padora Ne 2. HccruemoaHmHe
CIIOKHBIX IIETIEH ITOCTOSHHOI'O TOKA.
[lonyunTe IpaKTHYECKHE HABHIKH COOPKH CXEM
JUISI SKCTIEPHMEHTAILHON ITPOBEPKH H pacyeTa Iie-
TIEH ITIOCTOSIHHOI'O TOKa C HCITOIb30BAHHEM 3aKOHA
OMa, TIEpPBOr0 H BTOPOTr'0 3aKOHOB Kupxroda.
JlabopatopHnasa padora Ne3. lccrnegoBaHue Iie-
1M CHHYCOHJIAIIbHOTO TOKA ¢ KaTYIIKAaMH HHIYK-
THBHOCTH.
[IpnoOpecTH IIpaKTHYECKHE HABBHIKH COOPKH H
aHaImM3a IeTedl IEPeMEHHOI0 CHHYCOHAIIBHOIO
TOKA C KaTYIIKaMH HHIYKTHBHOCTH.
JlaboparopHnasa padora Ned. lccrnegoBaHue Iie-
TIIEH CHHYCOHJATFHOI O TOKA C KOHJIEHCATOPaMI.
4 [IpnoOpecTH IIpakKTHYECKHE HABBHIKH COOPKH H 3
aHaIM3a IeTedl IEPeMEHHOI0 CHHYCOHJAIBHOIO
TOKa C KOHJEHCAaTOPAMEL.
JlabopaTtopnas padora NeS. IlocnemopaTelrbHOE
COeJIMHEHHE aKTHBHOI' O, HHIYKTHBHOI'O H €MKOCT-
HOI'O COIIPOTHBJIEHHH. Pe30HaHC HAITPSDKEHMI.
5 OIBITHAS ITPOBEPKA OCHOBHEIX COOTHOIIEHHH IS 1.5 1.5
II0CTIeJOBATEIbHOH LIETIH IIEPEMEHHOIO TOKa, 00-
TaaroNer aKTHBHBIM, HHIYKTHBHEIM H €MKOCT-
HBIM COITPOTHBJIEHH SIMH.
JladboparopHas padora Ne6. DrekTpHUecKas
IIEIb CHHYCOHAAIFPHOIO TOKA ITPH IapalIeIbHOM

AOKYMEHT MNOANWCAH BHBIX COITPOTHB-
QNNEKTPOHHOW NMoAarnncbio
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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SI{GHEPHMEHTHJ]LHEIH ITPOBCPKd 3dBHCHMOCTI adK-
THBHOI'O H PCAKTHBHBIX CGHPGTI[BHEHI]IT OT Ya-
CTOTEI, a4 TAaK¥KCS COOTHOILIEHHH MCEIOY HAITPAXKE-
HIEM, COIIPOTHBJICHICIMIL, ITPOBOAHMOCTAMH H TO-
KaMH B ILCIOI C IIAPaJUICIIbHO BKJ/IIOYCHHBIMI dK-
THBHBIM COITPOTHBIJICHHCM, I{E],T}"H_[I{Dﬁ HHIYKTHB-
HOCTH H KOHJICHCATOPOM.

Hroro 3a 3 cemecrtp:

13,5

4 ceMecTp

Jlaboparopnas padora Ne7. MccnenoBaHue Tpex-
(pa3HOM CHCTEMBI IIPH COESIHHEHHH TTOTpeOHTEeNIeH
3BE3/0H.

O3HAKOMHTBECSI OITBITHBEIM ITYTEM C OCOOEHHO-
CTAMH COEIHHEHHS 3BE3J0H ITPHEMHHKOB 3JIEK-
TPHYECKOH SHEPrHH B IelH TpeX(a3HOro TOKa.
HMccnemoBaThk pexXHMBI PaBHOMEPHOH H HepPaBHO-
MEPHOH Harpy30K, a Takke pabdoTy CHCTEMSBI ITPH
OoOpeIBe OFHOH H3 (ha3. [IonydHTh ITpaKTHYECKHE
HABBIKH pacyeTa H HMCIIBITAHHSA TpeX(as3HBIX Ile-
TIEH, a TAKXKe ITOCTPOEHH S BEKTOPHBIX JHATPAMM.

1,5

JlaboparopHas padora Ne8. TpexdaszHasa Iielb
IIPH COSJAHUHEHHH ITOTpeOHTENEH 10 CXeMe Tpe-
YTOJIbHHK.

HccrmemoraTs 0coOeHHOCTH padoTHl TpeXdazHOoH
IIETH TIPH COETHHEHNH CHMMETPHYHOTO H HECHM-
METPHYHOTO  TOTPeOHTENEH  TPEYTOJIIbHIKOM,
YCBOUTH ITOCTPOEHHE BEKTOPHBIX JIHAIPaMM IT0 pe-
3yIbTaTaM 3KCIIEPHMEHTA.

1,5

JladbopaTopnas padora Ne9. YacToTHBIE XapaKTe-
PHCTHKH ITOCJIeJOBaTEIFHOIO PEe30HAHCHOIO KOH-
Typa.

Mccaemoparh 4acTOTHBIE XapaKTEPHCTHKH I1OCTIe-
JIOBATEIILHOI' O PE30HAHCHOI'O KOHTY]a.

1,5

10

Jladboparopnas padora Nel0. YacToTHbIE Xapak-
TEPHUCTHKH I1apallIe]IbHOTO PE30HAHCHOI'O KOH-
Typa.

HMccnemoBaTh YaCTOTHBIE XapaKTePHCTHKH ITapa-
JIEJIBHOT'O Pe30HAHCHOI'O KOHTYpa.

1,5

11

Jladboparopnas paodora Nell. Mccnegopanue iu-
HEIMHOH H3IIEKTPHYECKOH IIETH IIPH IIepHOIAHYE-
CKOM HeCHHYCOHTalIb HOM HaITPSKEHIH.
[IppoOpecTH IIpaKTHYECKHE HABBIKH COOPKH H
aHAJIM3a JTMHEHHBIX 3JIeKTPHYECKHX I[EIEH IIPH I1e-
PHOIHYECKOM HECHHYCOH/IATIbHOM HAITPSIKEHHH.

1,5

12

OJOKYMEHT MognmcAH |
SNEKTPOHHOW NOANUCHIO 'CPPOPE3OHAHC B

Jladboparopnasa padora Nel2. BonbpTamiiepHBIE
XapaKTepPHCTHKH HEITHHEHHEBIX COIPOTHBIIEHHII.
HM3yyeHHe cTyaeHTaMH BOIbTaMIIEPHBIX XapaKTe-
rromren Teaman rr ArTaTantr e TN H3HCTOPOB.

1,5
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M3yyeHHe cTygeHTaMH BOIbTaMIIEPHBIX XapaKTe-
PHCTHK H TPHITEPHOT0 3P eKTa B IocIeJ0BaTEIhb-
HOH (pe ppOpe30HaHCHOH ITEITH.

JlabopaTropnas padora Neld. VccnemoBaHHe Iie-
PEXOMHEIX ITPOLECCOB B IIEMH ¢ EMKOCTEIO.
3aKpervieHHe METOAMKH pacyéra IepexXOMHBIX
IIPOLIECCOB KIIACCHYECKHM METOLOM B IIEIISX, CO-
JIepKalmxX EMKOCTh, IIPaKTHYECKas IIPOBEPKA Pe-
3YIILTATOB PAaCUETA.

14 1,5

Jlaboparopnas padora NelS. VMccnemoBaHHe Iie-
PEXOMHBIX ITPOLIECCOB B IIEMH ¢ HHAYKTHBHOCTBIO.
3aKpervieHHe METOOMKH pacyéra IEPeXOIHBIX
IIPOLIECCOB KIIACCHYECKHM METOLOM B IIEISX, CO-
IepKalMX HHIAYKTHBHOCTD, ITPaKTHYeCKas IIpO-
BEpKa PE3yIhbTAaTOB PacUETa.

15 1,5

Hroro 3a 4 cemectp: | 13,5

5 ceMecTp

JlabopaTropnas padora Nel6. Mccnemopanue pe-
’KHMOB IIETTH C PacIpeaeIEHHBIMH ITapaMeTPaMH.
HMccaegorars yCTaHOBHBIIHECS SIIeKTPOMArHHT-
16 HBIE ITPOLECCH] B JJIMHHOM JIMHHH O€3 ITOTEPh B Pe- 1.5
KIMaX XOJIOCTOrO X0O/a H KOPOTKOI'O 3aMBIKAHH ST,
H3YUUTh BIHSHHE BeJIMYHMHBI M  XapakKTepa
Harpy3KH Ha PeXHM padOThl JIMHIH.

JladbopaTtopnasa padora Nel7. MojaemipoBaHHE
IUIOCKOMNAPAUIEIbHBIX  AIIEKTPOCTAaTHYECKHX H
MATHHUTHBIX ITOJIEH TOKOM B IIPOBOMSIIEM JIHCTE.
[lonyueHHe KapTHHBI CHIIOBBIX JIMHII, MOJIETIHPY-
€MBIX TUIOCKOITapalUIellbHBIM 3JIeKTPOMArHUTHBIM
H 3JIEKTPOCTATHYECKHIM ITOJIEM Ha TOKOITPOBOS-
IIIEM JINCTE M ONpeAelIEHHE €ro HaIpsIKeHHOCTH
IIH HHAYKTHBHOCTH B OTEelIbHBIX TOUKAX.

17 1,5

JlabopaTropnas paodora Nel8. VccrnegoBanue 1mo-
CTOSIHHOI'O MAarHHTHOTO ITOJISI Ha OCH KaTVIIEK C
18 TTOMOIIBIO JaTyHKa XOIJIa. 3
HM3mepeHre H pacyeT HHAYKTHBHOCTH BIOJIF OCH
IFUTHHIPHYECKOH M KOJIBIIEBBIX KATVIILEK.

Jlaboparopnas padora Nel19. MccreoBaHHe B3a-
HMHOH HHIYKTHBHOCTH KOIBIIEBBIX KATVIIEK.
OrpeielieHHe OIBITHRIM M PacUETHBIM ITYTEM 3a-
BHCHMOCTH B3aHMHOH HHIYKTHBHOCTH IBYX COOC-
HBIX OQHHAKOBBIX KATVIIEK OT PACCTOSHHSI MEXKIY
HIMH.

19 1,5

Jlaboparopnas padora Ne20. M3MmepeHHe MarHH-
TOJBIDKYIIHX CHJI H Pa3HOCTH MarHHUTHBIX ITOTEH-
I[HAJIOB.

[IpoBepka 3aKOHa ITOJIHOI'O TOKA.

20 1,5

L P e Py~ V- T |
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[OKYMEHT MOAMVCAH PCIEAOBARHE IO- 1y 5
ANEKTPOHHOW MOAMNNCHIO TIEKTPHKA.
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OKCITEpHMEHTalIbHOE ITOITYYEHHE Ha SKpPaHe OCIIH-
norpada KYJIOH-BOJIBTOBOH XapaKTEePHCTHKH He-
JIMHEHHOr0 KOHJeHCcaTOpa H pacyeT IOISpH3allH-
OHHOH XapaKTePHCTHKH JHOIIEKTPHKA.

Jlaboparopnas padGora Ne22. HccrnemomaHme
BIIEKTPOMAarHUTHEIX CHII B ITOCTOSIHHOM MAarHHT-
HOM IIOJIE.

22 OrpeiefieHHe OIBITHRIM M PacUeTHBIM ITYTEM 3a- LS
BHCHMOCTH 3IIEKTPOMAarHHTHOMH CHIIBI OT TOKa B Ka-

TYIIIKE.
Jladboparopnas padora Ne23. Vccrnegopanue mo-

73 BEPXHOCTHOT 0 3(pdekra 1 3 ekra OmI30CTH. 15
HMccnemoBanue pacrpeeneHHs TOKa B MACCHBHBIX ’
ITPOBOTHHKAX.

Hroro 3a S cemectp: | 13,5
Hroro: | 40,5

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCKIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022




4. Cooepacarue nadbopamopHsix pad om
Jlabopamopnaa paboma Nel. Coznacosearnue ucmouyHUKA U HAZPY3IKU N0 HANPAMCEHUID,

MOKY U MOU{HOCII

Ilens padomot: 110IIy4HTH ITpaKTHYECKHE HAaBBIKH COOPKH CXeM IS SKCIIepHMEHTaIbHOM

ITPOBEPKIL COITIACOBAHITIA HCTOYHIKA H HAI'PY3KIH 11O HAIIPSAKCHITHO, TOKY H MOIITHOCTH

OcHO6bL meopuuL:

BEIXO/IHBIE BEJIMYMHBI HAIIPSDKEHHS, TOKa H MOIIHOCTH HCTOYHHKA HAITPSDKEHHS 3aBHCSIT
OT ero nepBoHaYaIbHOT 0 HarpspkeHN S (3 /[C) H BHYTpPEHHET O COIMPOTHBIIEHHSL, TaK e KaK OT IT0/I-
KIIFOUeHHOH K HEMY Harpy3KH.

Pe’kiiM Ha3bIBAeTCS COrJIaCOBAHHBIM, €CITH COITPOTHBIIEHHE HAIPY3KH PaBHO BHYTPEHHEMY

CG]‘[pGTHEJIEHIIIG HCTOYHITKA. HpII ATOM B H&Ip}fBI{E HGTpEﬁJIHETGH MAKCHMAJIBHAA MOIIIHOCTE.
RBH

F o™
o

Oy .

£ 3
b

PucyHok | — [IpHHIIMITHAIEHASI cXeMA BIIEKTPHYECKOH CXEMEI

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHBCICHBIL

B ITPHIIOKEHHE A.

VKazanusa no 6binoiHeHUI0 140 opamopHoil padomal:

Cobepure 1ernb corilacHo cxeme. II0CKOIbKY HCITONIB3YEMBIH HCTOUYHHK ITHTAHHS CaM I10
ceOe cTaOHIIM3HPOBAHHBIH, UTO O3HaYaeT (pakTHUecKH Rpr = 0, OH JOIOIHEH ITOCIELOBATEILHO
BKIIIOUEHHBIM pe3HcTopoM 22 OMa, HMHTHPVYIOIIHM BHYTPEeHHEE COITPOTHBIIEHHE.

3aTteM cregyeT U3MepHUTh HampspkeHne Upg M TOK g IpH 3HAUEHIMSX COIPOTHBIIEHHS
Harpy3kn RH, ykazaHHbIX B Ta0mn. 1. OHH MOryT OBITE HAOpaHBI ¢ HCITOIL30BAHHEM ITOCIIEOBA-

TEJIBHOI'O H ITaDAJUICIIBHOI'O COCAHHCHHA DE3IHCTOPOB.
AOKYMEHT NoanmncAH

SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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-
RBH
22 Ong
Cl U=68 uy | (V1) Ry
1
6,9 13,2 43 55 65
Ry, Om 0 22 | 33
(101122) | (22]|33) (10+33) (22433) | (22+33+10)

Uy, B
IH:, MA
P, MBT

MoNIHOCTE HCTOYHHKA HANIPKEHH pacCUHThIBaeTceA 1o dpopMy.te P = ULl wnm u3Meps-

€TCA HEIIOCPCACTBCEHHO BHPTVYAJIbHBIM BaTTMCTPOM.

3aHecHTe Bce BenHYHHEI B Ta0mn. 10.1 u Ha rpaduk (puc. 10.3) mmmsa moctpoeHNI KpHBEIX [H

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

=

360 1

3001

240 -

180 -

120 -

60 -

SNEKTPOHHOW NOANMUCHIO

CepTtudmkar:
Bnapeneu:

Nencreutened: ¢ 20.08.2021 no 20.08.2022

12000002A633E3D113AD425FBS50002000002A6
le6ayxoea TateaHa AnekcaHgpoeHa

wAl  Blup
240 - B
200 - A
160 4
120 - 3
al - 2
40- 1
_ R
NOKYMEHT NOANWUCAH 30 A0 (] G0 Om
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Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. HazpaHue paboTHI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrrcanHie UCIoIb3yeMOro 000pyAOBaHHS H MaTepHalIOB,
5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR,

7. BEIBOJIEL.

K OHMPOJIbHbBIE 601POCHI.

1. Korma MMeroT MecTo corlacoBaHHE ITO TOKY, COI'TTaCOBAHHE IIO HAITPAKCHITIO H COI'JIa-

COBAHHE 10 MOIITHOCTH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jabopamopran paboma Ne2. Hceneodosariuie C10MHCHBIX U eneil NOCMOAHH020 MOKd

Ilenws padomot: 110IydHTE ITpaKTHYECKHE HABBIKH COOPKH CXEM JIJIS SKCIIEPHMEHTAIbHOH
IIPOBEPKH H pacyeTa I[eleH ITOCTOSHHOIO TOKa ¢ HCITOJIb30BaHHEM 3aKoHa OMa, IIEpBOro H BTO-

poro 3aKoHOB Kupxroda.

OcHOé6bL meopui.
CIIOHOH IIeIbI0 IIOCTOSHHOIO TOKA Ha3bIBAIOT NIEKTPHYCCKYIO IICIIb, COCTOAIIYIO H3 HE-
CKOJIBEITX GDHPDTIIBHEI—]IIﬁ H HCTOYHHKOB HAIIPAACHIA, COCAHHCHHBIX MCHEIY coOOH TeM HIIH

HHBIM CITOCOOOM.

Y3710M 3NeKTPHYeCKOH IIEIH Ha3bIBaeTCs MECTO COeJHHEHHS TpexX M Oolee BETBEH IIEITH.
[TpH HAJIHYHHM B CXEMe 77 TAKUX Y3TIOB MOJKHO COCTaBHTh (1 — 1) ypaBHeHIIit corimacHo mepBoMy
3akoHYy Kupxroda. B cOOTBETCTBHH € 3THM 3aKOHOM CYMMa TOKOB, ITOAXOASINHX K Y311y, paBHA
CyMME TOKOB, OTXOJSIIIX OT y3IIa, IIH alireOpandyecKasi CyMMa BceX TOKOB B y3JIe paBHa HYIIIO,
T.e. 2/ =0 . IIpu 3TOM HEOOXOANMO TOKH, ITOAXOISIIIE K Y3IIYy, 3allHChIBaTh B YPaBHEHHE C OJI-

HHM 3HaKOM (HBHPIMEP «+ }}):, d TOKH, OTXOIIIHC OT Y3JId — C IIPOTHBOILOJIOKHBIM 3HAKOM.

[IpH mmocnegoBaTeIbHOM COeJHHEHHH HeCKOIBKIX COITPOTHRIEHHH (pHe. 1.1 a) obmiee co-

ITPOTHBIIEHHE y4acTKa PaBHO CYMME BCEX COIIPOTHBIIEHHH Ha 3TOM ydacTke: R, =R + R, + R,.

Tok Ha YHACTKC ILICIIH C HCCKOIIBKIIMH ITOCIICHOBATCIIEBHO COCAHHCHHBIMI COIIPOTHBIICHIIAMIL 6}"-

JeT paBeH (1o 3akoHy Oma):

=Y
RE
I
— -
R1 R R3
—I-IE

Prcynok 1.1 — IlocnemoBarensHoe (a) H IMapamielbHoe (0) coeTHHEHHE COIPOTHBIIEHHIT

[Tpu mmapamieasHOM cOeJHHEHHH ABYX COIMPOTHBIEHHH (pHC. 1, 6) SKBHBaJIEHTHOE COIIPO-

R, ‘R,
TIIRITAHIIA NTIMATTATTdAST T TTM ﬁnﬂnn_mp n — -

[OKYMEHT NOAMNUCAH LR
ANEKTPOHHOM MOAMNUCHIO :
Ceprudumkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoeHa

HEp&BEETEHEI—H—IGﬁ YACTH I[eIM, TO TOKH [; H [> B

NelicTeuteneH: ¢ 20.08.2021 no 20.08.2022  hopmymam:
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I =1, =
R, +R,

R

I, =1, 1
) R, +R,

[Ipn Tpex nmapaiuienbHO BKIFOYEHHBIX COIMPOTHBRIIEHHSIX (pHC. 1.2) SKBHBAIIEHTHOE COIIPO-
THBJIeHHE OYJIET PaBHO:
R ‘R, R,

R =
> R -R,+R,-R, +R ‘R,

BeTBBIO 3IEKTPHYECKOH IIEMTH HA3BIBAETCS YUACTOK AIEKTPHUECKOH LIEITH, 3aKIIFOYeHHBIH
Me Ky IBYMS y3IaMH (HallpEMep, KOHTYP abefa Ha pHc. 1.3).

B kxaK10M KOHTYpe MeXIY 3JIeKTPOABHKYIITHMH CHIIAMH (3.11.C.), HMEIOIIHMHCS B L[EITH, H
ITaJIeHHSMH HAITPSDKEHHS Ha OTAENIbHBIX YYacTKaxX CVIIECTBYET CTPOrO OIpelelIcHHAs 3aBHCH-

MOCTB, OIpeelisieMas BTOPBIM 3aKOHOM Kupxroda:
2E =2IR

T.€. anreOpanyecKas cyMMa 3JIeKTPOABHKYIIHX CHII B JaHHOM KOHTYpPe paBHa ajreCpan-
YeCKOH CyMMEe ITaJieHHI HaITpsDKEHHI Ha y4acTKaX LEITH 3TOro KOHTYpa.

Il Toro, YToOkI MPaBHILHO 3aITHCaTh YpaBHEHIE IT0 BTOPOMY 3aKoHY Kupxroda, HeoO-
XOJINMO 3aJaThCs HaITpaBJIeHHEM 00X0/1a 3TOro KOHTYpa (HaIIpHMEP, IO XOAY YaCOBOH CTPEIIKH ).
Ecmi mmpn 00x0/1e KOHTYpa HallpaBJIeHHe 3.J[.C. COBIIAJaeT C HaIlpaBIeHHeM 00Xojla, TO €€ 3aIli-
CBIBAIOT B JIEBYIO YacTh YPaBHEHHS CO 3HAKOM «+», a €CIIH ee HallpaBIIeHHEe He COBITaJacT C
HaITpaBJIeHHeM 00X0/a, TO €€ CUHTAIOT CO 3HAKOM «—». AHAJIOTHYHO ITOCTYIIAFOT CO 3HAKaMH ITa-
JIeHHH HallpsDKeHHH. EcIH HalmpaBlIeHHe TOKAa Ha YYacTKe I[eITH COBIMAJaeT C HallpaBJIeHHEM O0-
X0Jia, TO /R Ha 3TOM YYaCTKE 3aITHCHIBAIOT CO 3HAKOM «+t», B IIPOTHBHOM CIIY4ae — CO 3HAKOM «—
».

[ToxaxeM 3T0 Ha mpuMepe (pHc. 1.3)

l. Jl1g KoHTYpa abefa, coBepias 00X0/ 10 YaCOBOH CTPEJIKE, ITOTYUIIM:
E, =R, + IR,
2. JI11s1 KOHTYpa beedb, coBepirast 00X0J1 ITPOTHE YaCOBOH CTPEJIKH, ITOTYUHM:

3. Jlng KoHTYpa abcdefa, coBepiiass 00X0/ I10 YaCOBOH CTPENKE, ITOIIYUHM:

E —E,=IR —LR,

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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YKkazarue no mexHiike é ezonacHocmii:

YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpHLI}{ pﬂﬁGT IIPHBCICHBIL

B ITPHIIOKEHHE A.

VYKazanua no 6uinojiHeHUI0 1a00pamopHoil padomal:

l. [logoOpaTe nMpHOOPEI, HEOOXOMHUMEIE JJIS BEOIOMHEHNS PadoThl, 03HAKOMHTECS C

HHMH H 34IIHCATh TCXHHYCCEKIC JAdHHbBIC HCTOYHHKOB 3.4.C., PCOCTATOB, H3MCPHTCIIbEHBIX HpHﬁG-

POB.

2. CoOpaTth cxeMy I IPOBepKH IepBoro 3akoHa Kupxroda (puc.1.2). YcTaHOBHTH

MAKCHMAIIBHEBEIC 3HAYCHITA CDHPDTI[BHEHI]IUI PEOCTATOB H H3MCPHTD IT1OCJIC 3aMBIKdAHHA KIIHOYad Knl

TOKH B ITapaJUIEIbHBIX BETBSIX H OO TOK Il [0. Pe3yibTaThl H3MepPEHHI 3aHECTH B TaOIHIY

1.1.

An

fo

—-

PrcyHok 1.2 — CxeMa IS ITPOBePKH ITEPBOro 3aKkoHa Kupxroda

B ormmmiTe 1.2 cnepyeT nepeABHHYTH ITOJI3YHKH PEOCTATOBR ITPOH3BOIIBHO, HAOIOas1, YTOOI

CTPCIKH aMIICPMCTPOB HE 3dllIKaIIITBAJIH.

Tabmira 1.1 — Pe3yneTarsl H3MepPEHUH H BBIYH CIIEHHII

No
» PesynbTaThl H3MED €HHIA PesynpTaThl BEIYHCIIEHHH

I
O0603Hau. ff) f,' f;} fj U/ H,' R;_:' R_; R:, Yo
En. 13m. A A A A B Om Om Om Om Y6

OrmIT 1
NOKYMEHT NnoarnncAH
SNEKTPOHHOW NOAMMUCLIO
Ceptudmkar:;,12000002A633E3D113AD425FB50002000002A6

Bnapeneu. Webayxosa TateAaHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ilo 3dKOHY OMa BBEIUHMCITHTD COITPOTHBJIICHHE KadKJ0I'0 PCOCTaTa H SKBHBAJICHTHOC COITPO-

THBIIEHHE CXEMEBI R BEIUHCIHNTE OTHOCHTEILHYIO IO PEHIHOCTh H3MEPEHHH 9 % II0 (POPMYIIE:

I, -, +1, +15)

Y= -100%\
1,
3. CobGpath cxemy (pHc. 1.3) I IMpoBepKH BTOPOTO 3aK0oHa KHpxroda.
F
= P g - C

®

A 1 T-'.?'*:,-'.‘.f

Ry

;ll:

Prcynok 1.3 — CxeMa A1 ITpoBepKH BTOporo 3akoHa Kupxroda

of

[Tpn pasoMKHYTHEIX pyOHIbHHKaX P1 1 P> H3MepHTh BOIIBTMETPOM BEIHYHHEL 5.]1.C. KakK-

JI0r0 akKyMyisaropa. CorporHBiIeHHS peocTtaToB Ry, R2 u Rz m3MepuTs ommeTpom. TOKH Ha OT-

ACIIBHBIX YVHACTKAX ILICITH H3MCPHTE JJI TPEX CIIVHACE.

OmneIt 1 — pyOiibHUK P 3aMKHYT, P2 — pa3soOMKHYVYT.

OnpIT 2 — pyOHIbHHK P2 3aMKHYT, P1 — pa3soMKHYVT.

OnepIT 3 — 00a pyOwiIsHHKA P 1 P2 3aMKHVYTEI.

PEB}’]’JI:THTLI IIBMEPEHI]I‘T H H3BECTHbBIC BC/IMYHHBI BHYTPCHHILX GﬂHpDTI[BHEHI]IuI HCTOYHI-

KOB 3.]1.C. ¥p; U rp2 3aHECTH B Tadmmiy 2.

Tabmiia 1.2 — Pe3yneTarsl H3MEPEHNH H BBIYH CIIEHHII

I13BecTHBIE Be-
PesynbpTaThl H3MEPEHHH PesynbTaThl BRIYHCIIEHHI
No JIHYHHBI
I E; B> I I 13 Ui U> Us o ro? R; R> Ry | IR | 70
B B A A A B B B Om Om Om OM OM B %
OrmpIT 1
OrmIT 2
NOKYMEHT NOANUCAH
SNEKTPOHHOWM NOANUCLIO
Ceptinchikat: — 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ilo PE3VIIbTaTaM HBMEIJEHI]I‘T M BBIUHCIIEHHH CJIeIaTh BEIBO O ITPHMCHHMOCTH BTOPOI'O 3a-
KOHa4a KIIpKI‘G(bﬂ LI PACHCTa I[eIIeH ITOCTOSIHHOI O TOKaA.
BBMIHCIHTD OTHOCHTCJIbHYIO ITOI'PEHIHOCTD JJIA KaAJ0I'0O H3 TPEX OIIBITOB

 ZE-ZIR
W)

- 100%

Yo

J71s1 OTHOT O M3 KOHTYPOB IIPOBEPHTH OaTaHC MOIITHOCTEH:

SEI=XI"R+ZI’r,

Codeporcarue omuema:

OT4YeT JOIKEH COLEPKATh:

1. HazpaHue paboTHI,

2. Llenp paboTHI,

3. Kparkie TeOpeTHYECKHE CBEICHH S,

4. Orucanne UCIoIb3YeMOro 000PYAOBaHHS H MaTEPHAJIOB,
5. Ilopsapok BeIOIHEHH S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR;

7. BEIBOJIBI.

K OHMPOJIbHbBIE 601NPOCHL.

1. ChopmymnpyiTe 3aK0H OMa 11 y4acTKa AIIEKTPHYECKOH IEITH, COAep KaIlero H He CO-
JePIKaIlero HCTOYHHK 3.11.C..

2. ChopMmymmpyHTe ITepBHIH 3aK0H Knpxroda.

3. Kakie KOHTYPHI CXeMEBI 3aMEIIEHIS SBIISEOTCS HE3aBHCHMBIMI?

4. ChopmymmpyHTe BTOpOH 3akoH Kupxroda.

5. OrT 4ero 3aBHCIT 3HAKH CllaraeMbIX IIPH COCTABJIEHHH VPAaBHEHMI II0 3aKOHaM
Kupxrodpa?

6. Kak 1mo skcriepuMeHTaIbHBIM JaHHBIM BRIYHCIHTh BHYTPEHHEE COIIPOTHBIIEHHE HCTOY-
HIKa HaIIPsDKEHHS?

7. Kak 1o Imony4eHHEIM B I1ad0opaTOpHOH padoTe SKCIepHMEHTAILHBIM JaHHEIM BEI ITpo-
BEPSUIH CITPaBEIHBOCTE 3aKOHOB Oma H Kupxroda?

8. Kakon mMetox Bel MpHMeHIIH 1S pacyéTa SNeKTPpHYeCcKOH 1erH? [1osgcHuTe ero cy-

HOCTE.
AOKYMEHT NoarnnMcAH
SNEKTPOHHOWM MOAMUCHIO \HeHHd OaaHca MOIIMHOCTH H ITOACHIITE €TO (1)}1-
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Lebayxoea TateaHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jabopamopraa paboma Ne3. Hccenedosarnue yeneil CUHYCOUOAIbHO20 MOKA ¢ KAMyul-

KdMi{ HH ﬂyHHHIEHﬂCHH{

Ilenv pabomesr: 1IpHoOpecTH IMpaKTHYECKHE HABBIKH COOPKH M aHalIH3a ILENEH IIepeMeH-

HOI'O CHHYCOHAAJIbHOI'O TOKA C KaT YVIINKaMH HHAYKTHBHOCTH

OcHOé6bL meopui.

Korma k KAaTYIHIKE HHAYKTHBHOCTH ITIOJABEJCHO CHHYCOHJAJIbHOC HAIIPAAKCHIIC, TOK B HeH
OTCTACT OT CHHYCOMAbI HAITPKCHITA Ha HeH Ha 90{]. CDDTEETGTEEHHD? MI'HOBCHHOC 3HAYCHIIC TOKA
JOCTHI'ACT aMIUIHTYJHOI'O 3HAYUCHHA Hd HCTBCPTH IICPHOAA ITIO37KE, UCM MI'HOBCHHOC 3HAYCHHC

HAaITPsDKCHHAL B sToM PACCYKIACHIH HpEHEﬁpEI‘ﬂETGH dKTHBHBIM COITPOTHBIICHHCM KaTVYIIIKH.

u A

.
I - I L
-
| o
-

—— gﬂc' ———

BrIBeuTe Ha JHCIUIEH BHPTYaJIbHOI'O OCLHIUIOrpada KpHBBIE H3MEHEHHS BO BPeMEHH
MTHOBEHHBIX 3HAaYEHHIT TOKa 11, M HAITPsDKeHHS Uy, KaTYIIKH HHAYKTHBHOCTH H OIMpeAeluTe (pa3o-
BRI CJIBHI MEKIY HIHMI.

KaryIka HHIYKTHBHOCTH B IIEITH IIEPEMEHHOIO TOKA OKA3bIBAET TOKOOIPAHHYHBAIOIIHIA
a(pdekr Omaromaps HHAYKTHPYeMOH B Hell MpoTHBO][C. BTOT TOKOOIpaHHYHBAOIIHH 3 ]eKT
TIPHHSATO BhIPakaTh KaK HHAYKTHBHOE PEAaKTHRBHOE COIIPOTHRIIEHHE (HHIYKTHBHBIH peaKTaHC) X1..

BenmnunHa HHIYKTHBHOIO peakTaHca Xp 3aBHCHT OT BEJIMYHHBEI HHIVKTHBHOCTH Ka-
TVIIKH, H3MEPSIEMOH B ['€HpH, H YaCTOTHI IIPHIIOKEHHOT'O HAITPSDKEHH S IIEPEMEHHOI0 TOKa. B ciy-
yae CHHYCOHJAIBHOI'O HAIIPsDKEHNS HMEEM
XL = ol =27nfL

rae X1 - peaKTHBHOE HHAYKTHBHOE COITPOTHRIIEHHE, OM,

L - HHIYKTHBHOCTh KaTYIIKH, | H.

EcIH akTHBHOE COIPOTHBIIEHHE KaTYIIKH MAJIO M HM MOJKHO ITpeHeOpeyb, TO peaKTHBHOE

(I]H,[[}"KTHEHGE) COIIPOTHBIICHHE MOKHO OIIPEACIITD HCPES3 ,I[EﬁCTE}’TOH_[HE SHAQUCHIA HIII aMITIII -

AOKYMEHT nognwmncaH
SNEKTPOHHOWM NOANUCHLIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 um X1 = Uim / Iim.
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Korma HecKOIbKO KaTYHICK COCITHEHDBI ITOCIICTOBATCIIBHO (pHC. 5.3. 1):, JKBHBAJICHTHA A ITH-

AYKTHBHOCTDE IICIIH PdBHA CYMMC I]]-[I[}"KTI[BHGCTEﬁ OTACIIBHBIX KATVYIICK.

L9=L[+L3+ L3+...

, L, L, L,
{:)__.E—W_W_W
U, U UL
U~ SU, -

!
O

HPH IHapallliIcJIbHOM COCAHHCHHH KATVIICK SKBHBAJICHTHAA HHAYKTHBHOCTE LICITH MCHBIIIC

HHAYKTHBHOCTH HaHMeHbIIEH KAaTVYIIIKI. BrrumciisgeTcs1 oHa I10 (bﬂplv[}"ﬂﬂ:

I/L==1/(1/Li + 1/La+ 1/La+...).

Eciu mocinemopaTenbHO COEMHHEHBI TOTBKO 2 KaTYIIKH, 00INas HHAYKTHBHOCTE paBHa
Lz=L;-L2/(Li +L»).

TOKH B OTZAEbHBIX KaTYIIKaX OOPaTHO ITPOITIOPIITHOH AL HEI COOTBETCTBYIOIIMM HHIYKTHB-
HOCTSM, H X CYMMa paBHa OOIIeMY TOKY LIeIH. HarpspkeHue, IpIIoKeHHOE K KaXKI0H KaTVIIKE,
OIHHAKOBO U paBHO U

Kora xaTyIiika HHIYKTHBHOCTH ITOAKIIFOUYEHA K IIePEMEHHOMY CHHYCOHIaIIb HOMY HaIIpsi-
’KEHHIO, B HeHl BO3HHKAeT CHHYCOHIaIbHBIH TOK, OTCTAIOINHI IT0 (pa3e OT HalmpsDKeHH I Ha 90°.

M3MeHeHHEe BO BpeMEHH MTHOBEHHOH MOIIHOCTH, ITOTPe0IISIEMOH B KaTYIIKE, MOKET OBITh
IIpe/IcTaBIIEHO Ha rpadHKe ITyTeM ITepeMHOKeHH I MTHOBEHHBIX 3HaUeHHIT TOKa 1 H HallPsSKeHH
u. IlomoxuTenpHas IMOIYBOJIHA KPHBOH MOIIHOCTH PaBHO3HAYHA ITOABEIEHHIO SHEPIHH K Ka-
TYIIKe. BO BpeMs OTPHIIATEIEHOH ITOTYBOIHEI KaTYIIIKA OTAAaeT 3allaCEHHYIO PaHee SHEPIHIO Mar-
HHTHOT'O ITONIS. B HaeaIbHOH KaTVIIKE IIOTEPh aKTHBHOH MOIITHOCTH HET. B JeHCTBHTEILHOCTH JKE

NOKYMEHT MOANMCAH ~sIeMOH M3-3a ITOTEPb SHEPI'HH B dAKTHBHOM COIIPO-

SNEKTPOHHOW NOAMUCHIO
Ceptudurar:' - 12000002A633E3D113AD425FB50002000002A6
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B npeanpHoit katyike (rmpu R=0) rpaduk MOITHOCTH p(t) IPEACTABIISET COOOH CHHYCOHIY
JBOHHOM YaCTOTHI C AMIUIHTY/OH
QL=Urm ILo/2 = UL IL.
DTO 3HAYeHHe SBISIETCS MaKCHMAJIBHOH MOIIHOCTBIO, IMOTPeOIIeMON HIIM OTZaBacMOH
HIe allbHOH KaTVIIKOH HHAYKTHBHOCTH. OHa Ha3bIBACTCS HHAYKTHBHOH PEaKTHBHOH MOIIHOCTEIO.

CpeaHss (aKTHBHAS) MOIITHOCTE, ITOTpeOJIsgeMast TaKOH KaTYIIKOH, paBHA HYIIIO

Ykazanue no mexHuxe o ezonacHocmu.
YKa3zaHH IT0 TeXHHKE 0e30IMacHOCTH ITPH BEOTOJIIHCHII HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁﬂT ITPHBEACHBI

B ITPHJIOKEHHE A.

VYKazanua no 6binojiHeHUI0 140 opamopHoil padomal:
CobepHure ILelb COITIaCHO CXeMe, ITOAKIIOUHTE K €€ BXOAY PETrYIHMPYeMBIH HCTOUYHHK CH-

HYCOHJAJIbHOT'O HAITPSKeHH A ¢ ITapaMerpaMu: U=5B, =1 k1.

o—(A1)—o—
NG

U=5B
L
@ F=1ky 100 MIMH Vo

!

O * O

BxmounTe BHpTYanbHBIe IPHOOPEL VO, Al u ocipymiorpad.

«ITogxmounTe» IBa BXoAa ocirorpada K mpudopaMm VO 1 Al, a ocTanbHbIe OTKITFOYHTE.

NOKYMEHT NoanncAH
SNEKTPOHHOW MOArceio i[JIJIGI‘p&(l)a Tak, yTOORI Ha JKpPaHC OBLIIO HBC!ﬁpa-
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu. Letayxoea TatebaHa AnekcaHapoBHa JKCHHA H TOKA.

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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[lepeHecHTe JaHHBIE OCIITIIOrpa)HPOBAHHMS HAIPSOKEHHS H TOKa KaTYIIKH Ha I'padHK,

OITpCcACIIITIC QJHBDELIﬁ CABHI MCAJY CHHYCOHdaMI HAITPAAKCHIA H TOKAd KaTYIIKH HHAYKTHBHOCTH.

B MA
8 20
6 15
4 10

-10 -25

BxmrounTte OI0K JOIIOIMHHTEIBHBIX ITPHOOPOR, BEIOEPHTE M3 MEHIO IIPHOOP « YTOJI CIABHIA
daz» u «rogkmounTe» ero K V1 u Al. Y6emurech, UTO BB IIPABHILHO OIPeJelIIN (pa30BBIH
CIBHI IIO OCLIULIOrpady.

CoOepHTe LENH COITIAaCHO CXEME, IIOICOEUHUTE K €€ BXOAY PETYIHPYEMBIH HCTOYHHK CH-

HYCOHAAJIbHOI'O HaITpsKeHH A ¢ rmapamerpaMu U=5B, f=1kl1I.

Q
)
O

’

O

U=5‘B L

V
100 mIH 0

O * O

Bximrounte BupTyanbHbIe MpHOOPE VO, Al H ocipmiorpad.

[TomkmounTe 1Ba BXoja ocipiriorpada K mpuoopaMm VO i Al, a ocTalnbHBIE OTKIIFOYHTE.
Y CcTaHOBHTE MapaMeTPhl pa3BEPTKH OCIfUIIOrpada Tak, 4TOOB Ha AKpaHe OBLIO H300pa-

ACHHE ITPHMEPHO OJHOI'O-ABVX IICPHOL 0B HAITPLKCHHA H TOKA.

AOKYMEHT NoArnncAH
SNEKTPOHHOWU MOAMUCKIO le 3HaueHH S Uy, | 1y, s ]?]H,I[}J’I{TIIEHGCTEﬁ H Ha-
Ceptucbukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeney: Webayxoea TatbsaHa AnekcaHgpoBHa C-TCTBYIOLITHE STYENKH TaOJIHIIBI.
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f, kl'11 0.5 | 1.5 2
Um]_,:. B 100 mI'H
Um]_,, B 40 ml'H
Umn, B 10 M'H
ImL:. MA 100 MI'H
Im]_,:, I\J_A ‘40 I\’IFH
ImL:. MA 10 Ml 'H
XL = 100 mI'H
Um/lm-,- 40 mI'H
KOM 10 MI'H
100 mI'H
XL = [ﬂL,
40 mI'H
KoM
10 M'H

Beruncnnre BenHuuHEL X1 110 (popMmynaM U/ Im 1 oL 1 3aHecHTe HX B Ta0II.

[Tepenecure BemmunHEI X1 Ha rpaduK (pHc. 5.2.2) g mocTpoeHHI KpuBoi X = f(f).

KOM

XL

2,0

1,5

1.0

0.5
f

0
0,5 1.0 1,5 2.0 K'Yy

ColepHTe IIelb cornacHo cXeMe (pHC. 5.3.2) H MOACOeJHHHTE PErYIIHPYEMBIH HCTOUYHHK

CHHYCOHMIAIIBHOI0 HaIpsokeHHs ¢ mapaMerpaMi U =5Buf=1 kI

L1 Lg L3 |

40 100 10
U=58B MIH MIH MIH

(ﬁ\ f=1«kln

[IOKYMEHT NOAMNUCAH
SNEKTPOHHOW NOANUCHIO
CepTuchukat:  12000002A633E3D113AD425FB50002000002A6
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HM3MephTe ¢ ITOMOIIBIO MYIIBTHMETPOB HIIH BUPTVaAIIbHEIX ITPHOOPOB Al u V1 aeHcTBYIO-
II[Me 3HAYEHHS TOKa B ILIEITH, IPITIOKEHHOIO HAIIPSKEHNSA M HAIIPSDKEHNSI Ha KaXJIONH KaTVIIKE.

PesynpTaThl H3MEPEHHH 3aHECHTE B TAOII.

]:, MA U:, B Uu, B ULE, B UL3, B

Paccuuratire PEAKTHBHBIC COIIPOTHBIICHHA H HHAYKTHBHOCTH KATVYHICK, SKBHBAJICHTHYHO
HHAYKTHBHOCTE LICITH ITO JdHHBIM IISMEPEHI[FI.

BrraucieHme HHAYKTHBHBIX PCAKTAHCOB.

X =UL /1L
X2 =U2 /1L
X3 =U3/ 1L
Xe=U/1
BrramcieHNne YITIOBOH YaCTOTHI:
o = 2nf
BrryncineHne HHIYKTUBHOCTEH:
Li=Xu /o
=X/ ®
L3=X3 /@
Lo=Xiz /®

ColOepHre LEIb COITIACHO CXEME, ITOJICOEANHNUTE PETYIIMPYEMBIH HCTOYHHK CHHYCOH/IATIh-
HOI'0 HanmpsokeHHd ¢ mapaMerpamu U=5Bu f=1 kl'1r.

HM3MepbTe ¢ ITOMOIIBIO MYIIBTHMETPA HJIH BHPT ValIbHBIX ITPHOOPOB OO TOK IIeTH I,

I
e (a4,
U=5B
@ f=1kly L1 2 I3

L Lo L3
40 mMH 100 mlH 100 mlMH

o]

Toxku nmapamnenbHeIX BeTBeH 11, I, Iz o mageHns HampsoxkeHre U Ha KaTVINKaxX, 3aHECHTE

[OKYMEHT NOATMCAH
SNEKTPOHHOW MOANWCHIO
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6
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U.B I, MA I, MA I, MA I;, MA

BBIMHCIHTE HHIYKTHBHBIE peakTaHChl Xps Xpi, X2, Xr3 Mo ¢popmyne X =U/1..
OrmpegemiTe HHAYKTHBHOCTH OTIENBHBIX KaTVIIEK M OOINYI0 MHAYKTHBHOCTL I[EITH IIO
dpopmyne L= XL/ o.

HPGEEPBTE BBRIMHCIICHHAMH BCJOTYHHY HHIAYKTHBHOCTH Lg:, HEIﬁ,[[EI—]]—I}"IO SKCIICPHMCH-

TAILHO.
BhIMHCIIEHE HHAYKTHBHBIX PEAKTAHCOB:
Xei=Uri /1
X2=Uw2/I2
Xp3=Urs /113

Xin=U/I
BrryncineHne HHIYKTUBHOCTEH:
Li=Xu /o
o= X2/ ®
L= X3 /®
Ls=Xin/®

[IpoBepka ob11eH HHIYKTHBHOCTH PacyeTOM:
la=1/(1/Li+ 1/La+ 1/L3) =.
CobepHure Iemnb COrMIacHO CXEME, ITOACOEAHHHITE K Hell PErYIIHPYEMBIN HCTOUYHHK CHHYCO-
HIAIIBHOr 0 HanpsokeHH ¢ mapaMerpami: U=5...7B u f = 200 I'11. B xauecTBe HHIVKTHBHOCTH C
MalIbIM aKTHBHEIM COITPOTHBIEHHEM HCIIONB3YITE KaTYIIKY TpaHcdopMaropa 300 BHTKOB, BCTa-

BHB MCHKAY INOJKOBAMII PA3bCMHOI'O CCPACHHHKA IIOJIOCKH 6}"ME1I‘II B OJHH CJIOH (HEMEII‘HIITHBIﬁ

3a30D).
Al J—O——s O
IL
!
~U=5.78 | VO
f=200 U 18 L
1o
!
NOKYMEHT NoanncAH ® O
SNEKTPOHHOWM NOAMNUCHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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BxmrounTe BHpTYanbHEIe IpHOOPE VO, Al u ocigiimiorpad.

«ITomkmounTe» ABa BXoAa ociiiniorpada k rmpuoopaM VO i Al, a ocTabHEIE OTKIFOYHTE.

YCcTaHOBHTE ITapaMeTPhl Pa3BEPTKH OCIFUIIOrpada Tak, YyTOORl Ha 3KpaHe OBIIo H300pa-
’KEHHE IIPHMEPHO OJHOI'0-ABYX IIEPHOAOB HAIIPSDKEHH S H TOKA.

Bxmrounrte OIOK JOIOJHHTENBHBIX ITPHOOPOB, BEIOEPHTE H3 MEHIO ITPHOOPEI « AKTHBHAS
MOIIHOCTE» H «PeaKTHBHAs MOIIHOCTE» M ITOAKITIOUNTE HX K V1 1 Al. 3armiimre 3HaUYeHI pe-
AKTHBHOH MOIITHOCTH Qi M akTHBHOH P. Y0eautech, uro P <<QL.

3aHecHTe JaHHBIE OCIHIIIOrpaHpPOBAaHHS HAIIPSKEHHSI H TOKAa B KaTyIIKe B Talm. 5.5.1
COOTBETCTBEHHO YKa3aHHBIM B HEH MOMEHTAM BPEMEHH, BBITIOJIHHTE BRIUMCIIEHHS MIHOBEHHBIX

3HAYEHHH PEaKTHBHOH MOIITHOCTH.

Bpems t, MC Toki, MA Harmpspkenne ur, B p=uLlL, MBT

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

[lepeHecure gaHHBIE TaO1. 5.5.1 Ha rpadHK.

MBT B MA uLilp
400 8 80
300 6 60
200 4— 40
100 2— 20
0 0

100 2— -20
-200 -4 -40

NIOKYMEHT NOAMNUCAH
SNEKTPOHHOWM MOAMNUCHIO
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6
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[To rpaduxy p(t) onmpeaemTe MaKCHMAIbHYIO BO3BPAI[aeMYIO MOITHOCTH (PeaKTHBHYIO
MOIIHOCTb )
QL: (Pmm{c — Pmﬂm) /2

CPEIBHIITE ATY MOIIHOCTE € MOITHOCTBIO, IIBMEPEHHGﬁ BAPMCTPOM.

Q= ...

Coodepacarue omuema:

OTYeT JOIDKEH COMEPXKATH:

1. Hazpanme paboTHI,

2. Llens paboTHI,

3. Kparkue TeopeTHYECKHE CBEAEHHI S,

4. OrcaHHe HCIIONIB3YeMOI'0 000PYAOBaHHII H MaTepHaJIOB,
5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR,

7. BBIBOBI.

K OHMPOJIbHbBIE 601POCHI.
1. Kak 3aBHCHT HHAYKTHBHOC COIIPOTHBIICHIIC OT YaCTOTHI?

2. Uem OOBSCHSETCS pa3IHuHe 3HaUYeHHH XL, BEIYHCIEHHBIX IT0 opMyinaM Um/Im 1 oL?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamopraa paboma Ned. Hccenedosarnue ueneil CUHYCOUOAIbHO20 MOKA € KOHO eH-

camopamu

Ilenv pabomesr: 1IpHoOpecTH IMpaKTHYECKHE HABRIKH COOPKH H aHalIH3a ILENEH IIepeMeH-

HOI'O CHHYCOHAAJIbHOI'O TOKAd C KOHJCHCATOPaAMH.

OCHO6bL MeopulL:

Kora x KoHIeHCcaTOpy MPIIOKEHO CHHYCOHAAILHOE HAIIPSDKEHHE, OH IIEPHOAHYECKH 3a-
psoKaeTcs H pa3psikaeTcsa. BBHAY ITepeMeHHOr 0 XapaKTepa HallpsDKeHHS ITEPHOHYeCKH MEHSIeTCS
TaK’Ke IOJIIPHOCTh 3apsa KOHAeHcaTopa. ToK B KOHAEHCATOPE ic JOCTHTAeT CBOErO aMIUIHTY/-
HOI'O 3HAYEHHS KaKIbIH pa3, KOorja HallpsDKeHHe Uc Ha HeM ITPOXOJHT Yepe3 Hyllb. TakuM obpa-
30M, CHHYCOHIa TOKa ic OIEpPekaeT CHHYCOMAY HaIPsKeHH S uc Ha 90°.

(Da30BBIH CIABHT:

¢ =Wu- i =-90"

Uc

—h—-QGD*ﬂ—

KoHaeHcaToOp B I[eNH CHHYCOHZAIbHOI'O TOKa OKa3bIBaeT TOKOOI PAHHYHBAONIHIL 3(PPEKT,
KOTOPBIH BBI3BAaH BCTPEYHBIM JleiiCTBHEM HaIlPsSKeHH T IIPH H3MeHeHHH 3HaKa 3apsgaa. OTOT TOKO-
OrpaHMYHBAFONIHIT 3 eKT IMPHHATO BEIpPaKaTh KaKk eMKOCTHOE peaKTHBHOE COIIPOTHRIIEHHE (eM-
KOCTHOH peakTaHc) Xc.

BemruiHa eMKOCTHOIO peakTaHca X¢ 3aBHCHT OT BeJIMYHHBI eMKOCTH KOHJ[eHCcaTopa, H3-

MEPHEMGﬁ B (Dapa,z[ax:, H YdCTOTEI ITPHIIOKCHHOI'O HAIIPTKCHIA ITCPEMCHHOI'O TOKA. B CIIYHac CH-

AOKYMEHT MNOANMMUCAH
INEKTPOHHOW NOANMMCBIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

wC) = 1/2ntC),
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C - eMKOCTh KOHJeHCcaTopa, D,

® = 27t - yIIIoBas yacToTa CHHYCOHIAIIbHOTO HAITPSIKEHH S (TOKA).

Koria H3BeCTHBI JIEHCTBVIOIIHE 3HAUEHH S TOKA B KOHJCHCATOPE M ITaJeHHS HaIIPSDKEHH S
Ha HEM OT 3TOr0 TOKAa, PEAKTHBHOE €MKOCTHOE COIIPOTHBIIEHHE MOJKHO BEIUHCIIHTEL ITO 3aKOHY
OmMma:

Xc =Uenm/ Iem i Xe = Uce/ e

EMKOCTHOMY peaKkTaHCy YacTO IPHCBAHBAIOT 3HAK «-» B OTIIHYHE OT HHAYKTHBHOI'O Peak-
TAHCa, KOTOPOMY ITPHITHCEIBAIOT 3HAK «+).

Kor1a HeCKOIBbKO KOHJIEHCATOPOB COEMMHEHEI ITOCIIEIOBATEILHO, SKBHBAJIEHTHAS EMKOCTH
I[eITH MeHbIIle eMKOCTH HaHMEeHBIIIErO KOHAeHcaTOpa. BeIYHCIIgeTCsa OHa IO (hOpMYIIE:

Co=1/(1/C1+1/Co+1/C3 +...).
Eciu mmocietoBaTenbHO COEMMHEHO TOMIBKO 2 KOHJIEHcaTopa, o0IIasi EMKOCTh PaBHa
Co=C-C /(Cr+ ).

[TageHis HaTIpsDKEHH S Ha OTJIEIIbHBIX KOHAEHCcAaTOpaxX oOpaTHO ITPOITOPIIHOHAIIBHEL COOT-

BETCTBVIOINM €MKOCTSM, H HX CyMMa paBHa oOmeMy HanpsskeHHrO 2Uc. Tok B 1r000H TOUKe

II0CIIeJOBATEIILHOH LIEITH C KOHACHCATOPaMH OAHH H TOT 7KC.
HPH IapaliicJibHOM COCAJHHECHHH KOHACHCATOPOB 3KBHBAJIICHTHAA CMKOCTE IICIIH PdBHA

CYMNMECE eMKOCTEH OTHEIIbHBIX KOHACHCATOPOB.

C9=C[+C3+C3+...

(O—— * ®

| IS | lco | lcs

U~ _ C1 _ Cg _ 03

!
O . ¢

TOKH B mapaluIelbHBIX BeTBIX (KOHJEHCAaTOpaxX) IPOITOPIHOHAIBHEL COOTBETCTBYIOIIHM

EMKOCTAM, ITPHYEM CYMMd TOKOB BETBEH PaBHaA GﬁH.[EM}" TOKY IICII I HEIHPH}I{EHH_H Ha BCEX KOH-
ACHCATOPAX OJHHAKOBBI H PABHEI U.
Korma KOHACHCATOP ITOJKIIHOUCH K IICPEMCHHOMY CHHYCOHIAJIBHOMY HAIIPSDKCHHIO, B HEM

[OKYMEHT MOAMMCAH il HaTpsDKeHHe Ha 90°,
ANEKTPOHHOW MOAMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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MrHoBeHHasI MOIIHOCTD, ITOTpebirieMas KOHIeHCaTOPOM (KaK H THOO00H APYTroH IEIhIO)
OIpeieIIeTC A KaK IIPOH3BEAcHHE HAIIPSDKEHH S H TOKA:

p=u-l

['padpuk H3MeHEeHH S 3TOH MOIITHOCTH MOKHO ITOCTPOHTD, TIepeMHOKas ITOITapHO OPJIHHATHI
rpapuKoB u(t) M i(t), B3ATEIe B OJHH H TOT K& MOMEHT BpeMeHH. [lonyyeHHasa TaKHM 00pa3oM
KPHBas ITPEACTARIIET COOOH CHHYCOHAY JBOMHOH YaCTOTHI ¢ aMIUTHT Y OH.

Qc=Ucm" Iem/2 =Uc - Ic.

Korpa p>0, KoHAEHCATOP 3apspKacTC L, ITOTPeOIII SHEPTHIO U 3al1acas ee B AIIEKTPHYECKOM
none. Korpa p<0, OH OTHAET ee APYTHM SIEMEHTAM IEITH, ABIIISICH HCTOUHHUKOM SHEPrUu. Bermi-
yrHa Q¢ SBIISIETCSI MAaKCHMAIBHOH MOIITHOCTEIO, ITOTPeOIISIEMOH HITH OTJaBaEMOH KOHIEHCATOPOM,
H HA3BIBAETCS EMKOCTHOH PEAKTHBHOM MOIITHOCTBIO.

Cpennssa (aKkTHBHAS) MOIITHOCTD, ITOTPpe OlsieMasi KOHAeHCaTOPOM, PaBHA HYIIKO.

YKkazanue no mexHuxe 0 e3onacHocmu.

YKa3aHH I10 TeEXHHKe 0e30ITaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTGpI{BIX paﬁn:rr ITPHECACHBIL

B ITPHIIOKEHHE A.

VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:
CoOepHTe IIEIB COrJIACHO CXEME H ITOAKIIFOYHUTE PETYIMPYEMBIH HCTOYHHK CHHYCONIATIh-

Horo HanpskeHua nmpy U= 5 B u f = 1 k', HanpsxkeHne HCTOYHHKA YCTAHOBHTE C ITOMOIIBIO

MYIIBTHMETPA.
U NOKYMEHT MOArMMCAH 7 D vl m GGHIUTHUFPﬂd)-
3NEKTPOHHOW NOANMMCHLIO |
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 1 K mproopaM VO i A, a ocTanbHBIE OTKITIOUHTE .
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
29



A 1 Ky 1mkp (VO

'
O . O

Y CcTaHOBHTE MapaMeTPhl pa3BEPTKH OcCIfUIIOrpada Tak, 4TOOB Ha 3KpaHe OBLIIO H300pa-
KEHIe IIPHMEePHO OXHOI'O-ABYX ITEPHO0B HAIIPSDKEHH S H TOKA.

[lepeHecHTe KpHBBIE Ha IpaHK H OMPEAeIHTe NEPHOL H ()a30BBIH CABHT MEKIY HaIIps-

’KEHHEM Ha KOHJ[eHcaTope uc(t) H TOKOM ic(t).

MA B uli | [ T | ' |

40 8

30 6

20 4

10 2

L !
O O
0,2 0.4 0,6 0,8 |mc

-10 -2
-20 -4
-30 -6
40 -8
-50 -10

M3 ocipimiorpaMmeI:

npepuon T = MC: (pa30BBIH CABHI (P =

Bxomrounte 6ok «IIpuGopsr II», BEIOEpHTE H3 MEHIO IIPHOOP « YTOI CIBHIA (a3 H «IIOI-

KrounTe» ero K VO 1 Al. YOeaurech, UTO BBI IIPAaBHILHO OITPEAEIIIIIH (Da30BBIH CABHI ITO OCITHII-

norpady.
CobenuTe T1eTTh COTTIACHO CXEMe  VCTAHOBHTE CHHYCOHAANIEHOE HampsokeHHe U=5B u f
OOKYMEHT MNOONUCAH
IJIEKTPOHHOW NMOANMUCHIO 3aTeM IPHCOEAHHHUTE HCTOYHHK K BXOIHBIM 3a-
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapened: LWebayxoea TaTebAaHa AnekcaHgpoBHa
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BxmrounTe BHpTYanbHEIE IpHOOPE VO, Al u ocigiimiorpad.

«ITomkmounTe» ABa BXoAa ociiiniorpada k rmpuoopaM VO i Al, a ocTabHEIE OTKIFOYHTE.

Y CcTaHOBHTE MapaMeTPhl Pa3BEPTKH OcIUIIOrpada Tak, 4TOORI Ha 3KpaHe ObIIO H300pa-

ACHHE IIPHMCPHO OJHOI'O-JABYX IICPHOJO0B HAIIPAKCHIIA H TOKA.

O—O A O .
NG
U=3B —1
@ f=04...1«kly — C
!

()

O

CHIIMHTE C OCITHJLIIOI'PaMM HIIH H3MEPbTC BHPT YdJIb HBIMH ]’[pHﬁDpEm-ﬂI dMIUIHTYIHBIC 3HAd-

HCHIA HﬂHpHJKEHI]fI UmH TOKa Iy 1719 eMKOCTEH H HdCTOT, YKda3aHHBIX B Tﬂﬁﬂj H 3aHCSCHTC HX B

COOTBCTCTBVIOIIHE STYeHKH TaOIIHI[BL.

f, k'L 1 0,8 0,6 0,4
Un, B 1.0 Mx®D
Un, B 0.47 Mx®D
Un, B 0,22 Mx®
I, MA 1.0 Mx®D
Im, MA 0,47 MxD
I, MA 0,22 Mx®
1.0 Mx®D
Xc=
0.47 Mmx®
Umn/ L, KOM
0,22 Mx®D
1,0 Mx®D
Xc=
0.47 Mx®D
1/ (®C), kxOm
0,22 Mx®

Brruncnnre BemuurHEL X ¢ o opmynaM Uy, /I 1 1/ (@C) 3aHecnTe ux B Tabn. CpaBHHTE

Pe3yIbTaTHI.

CepTtudmkar:
Bnageneu;

[Tepenecure BemmunHbI X ¢ Ha rpadHk (puc.4.2.2) a1 noctpoeHHI kpuBoi Xc = f(f).

AOKYMEHT NOANMCAH
SNEKTPOHHOM MOANWCHIO
12000002A633E3D113AD425FB50002000002A6

llebGayxoea TateAHa AnekcaHapoBHa
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KOM

1,8

1,6

1,4

1,2

1,0
0,8

0,6

0,4

0,2

0

0,2

0,4

0,6

0,8

f

Kl'y

CoOepure IIENb COITIACHO CXeME H IOACOSIHHHTE PErYIHPYEMBIH HCTOYHHK CHHYCOH-

TAIIBHOI'O HanpsKeHHs ¢ mapaMerpamMu U=5B u =2 k1.

S

e

U=5B
f=2kly

!

— —
. e o]
| | |
@DMI{d) MKD MKPD

Ucs Uco Ucs
L I ()
Cy Co Cs
0.22 0,47 1

M3MephTe ¢ ITOMOIIBIO MYIIbTHMETPA HIIH BHPTYAILHEIX IIPHOOPOB Al 1 V1 HeHCTBYIOIIHE

SHAUCHHMA TOKa B IICIOIL, IIPHIIOKCEHHOI'O HAITPSDKCHI H HAITPAKCHITA Ha KaKIO0M KOHACHCATOPCE.

PesynpTarsel H3MepPEeHHH 3aHECHTE B TaOII.

]:, MA U:, B Uc[:, B Uq:z:, B UCL B
AOKYMEHT MNOANVUCAH [KOCTH
INEKTPOHHOW NOANMnUChLIO '
Ceptuchukar:  12000002A633E3D113AD425FBS0002000002A6 'H PACUETOM.
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
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Xc1 =Ucl/Ic

Xc2 = U/ Ic
Xcs = Uces/Ic
Xz =U/1
BrryrcieHre yriIoBOH YaCTOTHI:
w=2-m-f
BRIurcieHne eMKOCTEH:
Ci=1/(o- Xc1)

C2=1/(®- X2)
Ci=1/(w-Xc3)
Co=1/(o-X53)
[IpoBepKa SKBHBAJIEHTHON €MKOCTH IIETH PacYeTOM:
1/Co=1/(1/C1+1/Ca+ 1/C3)
[IpoBepETE BKBHBAIIEHTHBIE PEAKTAHC H EMKOCTE I[EITH HEITOCPEICTBEHHBIMH H3MEPEHH -
SIMH C TIOMOIIBIO BHPTYaJIBHBIX IIPHOOPOB. /{1151 aToro BKmounre 010K «IIpudopsr 1I». B rieprom
IIpHOOpe BRIOEPHTE (PYHKIIHIO «PeaKTHBHOE COIIPOTHBIIEHHE X» H «IIOAKIIFOUHTE» eTo K V1 H Al.
Bo BTOopoM mnpubope BeIOepHTe (PYHKIMIO «JacToToMep» H «IMOAKIIOUHTe» ero K V1. Tpetwii
ITPHOOP 3aIpOr pPAMMHPYHTE Ha BEIYHCIIEHHE eMKOCTH. /{1151 3TOT0 BBEAUTE apr'yMEHTHL pacueTHOIN
dpopmymel X7 1 X8 (T.e. X u f) U caMy pacueTHYIO (DOPMYIIY:
y=-1/(2%3,14*x8%x7)
Haxxavoite xmasuiny «Hauate cueT» M BEI ITOIyUHTE Pe3yIibTaT BEIUHCIIEHHS — EMKOCTE B
papagax. [lepepegure ee B MHKpoQapabl H 3aITHIIHTE Pe3YIIbTaT:
Co=... MKOD.
CobepHTe 1Ielb cornacHo cxeMe (puc. 4.4.2), MOACOeTHHNTE PeryIHPYeMBIH HCTOUYHHK

CHHYCOHIAJILHOIO HarpspkeHHA ¢ nmapamerpami U = 5 B u f = 1 xl'. HanpsoxkeHne u yactory

HCTOYHHKd YCTAHOBHTC C ITOMOIITBIO MYJIbTHMETPA.

aV U,=5B VO

f=1 klu
| Gy
ONOKYMEHT I:IDﬂI'IHCAH 29 MKD
INEKTPOHHOW NOAMACHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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HM3MepbTe MYIIbTHMETPOM IIH BHPT VaJIbHBEIM ITPHOOPOM OOIIHI TOK IIEIH I TOKH mmapai-
nenbHBIX BeTBeH Iy, I2, 13 M HanmpsxeHNs Ha KoHAcHcaTopax U, 3aHECHTE JaHHBIE H3MEPEHUI B

Taob.

U.B I, MA I, MA I, MA I3, MA

BBMHCIHTE eEMKOCTHBIE peakTaHCH Xz Xci, Xc2, X3 o popmyne Xe=U/Ic.

OrmpegemTe eMKOCTH OTAelIbHBIX KOHAEHCATOPOB H 3KBHBAIIEHTHYIO €MKOCTH IIEITH ITO
dpopmyne C=1/(w - Xc¢)

[IpoBephTe BEIUMCIEHHSIMH BEIMYHHY eMKOCTH Cn, HAHIEHHYIO SKCIIEPHMEHTAIIBHO.

BrruncieHne eMKOCTHBIX PeaKTaHCOB:
Xc1=Uct /e
Xc=Ue2 /12
Xc3=Ucs /les
Xz=U/I
BrrurcieHne eMKOCTEH :
Ci=1/(o- Xc1)
Co=1/(®-Xc2)
Ci=1/(w-Xc3)
Co=1/(w - Z2X¢)
[IpoBepKka 3KBHBAJIEHTHOH EMKOCTH PAaCUETOM :
Co=Ci+C+ (G
CoOepHTe IIeMb cornacHo cxeMe (pHc. 4.5.2), MoACOeIHHHTE K HeH PeryIIHPYyeMbIil HCTOY-

HHK CHHYCOMIAIIPHOIO HalpsoKeHH ¢ mapaMeTpaMu: U=5 B uf=1kl'1.

e

I
~ U=5B C:LC

VO

F=1xky 1 Mk®
NIOKYMEHT MNOANUCAH
SNEKTPOHHOWU MOAMUCHIO b O
Ceptucpukat: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Llebayxoea TateAHa AneKkcaHgpoeHa Jdu GGI_[II.‘II.‘IIGI‘pﬂ(l).
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«ITogkmounTe» IBa BXoAa ocirmnorpada K mpudopaMm VO i Al, a ocTanbHbIe OTKITIOYHTE.

YCTaHOBHTE ITapaMeTPhl Pa3BEPTKH OCILUIIOrpada Tak, YyTOOR Ha 3KpaHe OBIIo H300pa-

ACHHE ITPHMEPHO OJHOI'O-JABYX IICPHOJOB HAIIPAKCHIIA H TOKA.

Bxmrounte 6ok «[IpuOopsr 11», BEIOepHTe H3 MeHIO (PYHKIIHH «AKTHBHAS MOIITHOCTE» H

«PeakTHBHAS MOIIHOCTE», IIOAKIOUNTE KX K V1 1 Al, 3armiimTe 3HaYeHHS PeaKTHBHOH MOIIHO-

CTH QC I YﬁEI[HTECL:, YTO aKTHBHAS MOIITHOCTh OJIM3Ka K HYIIIO.

3aHeCHTE JaHHBIC DGL[HHJIGI‘I)&(prGEﬂHI[H HAIIPAAKCHHA H TOKA KOHACHCATOPA B TalJI. co-

OTBETCTBCHHO YKda3dHHBIM MOMCHTAaM BPCMCHI. BHITIONMHHTE BRIYHCIIEHHI MTHOBEHHBIX 3HAUYEHHH

MOIIIHOCTHH.

Bpems t, MC

Tok ic, MA

HarmpspkeHne 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

[TepeHecure gaHHBIe Ta0m. 4.5.1 Ha rpaduk (puc.4.5.3).

MBT B MA | u,i,
200 8 40
150 6 30
100 4 20
50 2
0 0
-50 2— -10
-100 -4 -20
NOKYMEHT NMOANMUCAH"

SNEKTPOHHOW NOAMUCKIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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[To rpaduxy p(t) ompeaemTe MaKCHMAIbHOE 3HAUeHHE (PeaKTHBHYIO MOITHOCTD) H CpPaB-

HHTEC €€ C pEElI{TI[BHGfI MOITHOCTEBIO, HBMEPE:I—]]-IGﬁ BapMCTPOM.

Codepocarue omuema:

OT4YeT JOIKEH COLEePKarh:

1. Haseanue paboTHI,

2. Llenp paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrHcanHie UCIoIb3yeMOro 000PYAOBaHHS H MaTePHAaJIOB,
5. Ilopsapok BeIOIHEHH S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR;

7. BEIBOJIBI.

K OHMPOJIbHbBIE 601NPOCHL.

1. Kak 3aBHCHT eMKOCTHOE COITPOTHBIICHHE OT JaCTOTHI?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamoprasn paboma Ned. I1ocnedosamenvHoe coOeOUHEHUE AKMUEHO20, UHOYKMILG-

HOZ0 i EMKOCHIHOZ0 CﬂHpﬂfﬂHﬁﬂEﬂHﬁ. Pe3onanc Hﬂﬂpﬂﬂfﬂfﬂuﬁ

Ilenvs padomesi: OIBITHAS IIPOBEPKA OCHOBHBIX COOTHOINEHHH IS ITOCIIeLOBATEIIbHOH
LIEIH ITepeMEHHOr0 TOKa, 00Iaaroled aKTHBHBIM, HHIYKTHBHBIM H EMKOCTHBIM COITPOTHBIIEHH-

NI

OcHO6bL meopuuL:
ITycTh B 1IelTh IEPEMEHHOIO TOKa ¢ YacTOTOH f = 50 Iy BKIrOUeHa KaTyIlKa, 00magaronas
HHAYKTHBHOCTBIO L H aKTHBHBIM COITPOTHBIEHHEM F (pHC. 2.1).

[TpH mmpoTekaHHH 110 KaTYyIIKe IIePpeMeHHOr0 TOKa iz B IPOCTPAaHCTBE, OKPYKAIOIIEM BHTKH,

6}*’I[ET cO3/IaBaThCS MAarHHUTHBIH TIOTOK @ H ITOTOKOCILIEIUIEHHE ¢ BHTKAMH KaTVIIIKIL.

w=w-D
A€ W — HHCJIO BHTKOB KaTVIIIKH.
'fL
S
A
@
)
AV U
©
Y

—
A A
r
U=Ir
@
@
L
U =Jix
OJOKYMEHT NoAarnncAH L L &
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 2 JOBaTeILHOrO coequHeHHSI R H L
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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OTHOIIIEHHE TTOTOKOCLIETUIEHH A KaTVHIKIT K TOKY KaT VIIIKII 11. Ha3bIBAeTCI COOCTBEHHOI HH-

AYKTHBHOCTBIO IUIH HHAYKTHBHOCTBIO.

Ecimn coOcTBeHHOe ITOTOKOCIEIUIeHHE MPOIIOPIIMOHATLHO TOKY (B cIydyae KaTYIIKH Oe3
CTAIILHOT'O CepAeYHHKa), TO L = const. OCHOBHOMH eIHHHIIEH H3MePeHHSI HHAYKTHBHOCTH SIBIISIETCS
["enpn (I'H):

1/n= @, 1Tu-107 = 1uln
14

Ecimi TOK B KaTyIKe H3MeHseTCs (HallpHUMep, IO CHHYCOHIaIbHOMY 3aKOHY), TO H IIOTO-

KOCIIEIINIEeHHe KaTyIIKH H3MEHSIETC I H ITIOATOMY B BUTKaX KaTYIIIKH IO 3aKOHY 3IeKTPOMAarHHTHOH

HHIYKIITHH HaBOJUTCS 3.J1.C. CAMOHHYKIIHH €L

T.C. HABOJHMAA 3. 4.C. CL IIPECIIATCTBYCT H3MCHCHHIO TOKaA L. KPGME TOr'o, KaTVIIIKa o0mna-
HdCT HCKOTOPBEIM aKTHBHBIM COITPOTHBIICHHEM I.
HPIMEHHH ETﬂpGﬁ 3dKOH KIIPXI‘G(bH IITISI MTHOBEHHBIX 3HAYEHIHH JANCKTPHYCCKIIX BCJIMYIIH,

MOHO 34ITHCATh.

ute, =1-r
OTCIOZIa HAIIPSDKEHHE Ha 3aKHMax LETH PaBHO
u=i-r—e; =u_ +u,

[TageHHe HAIIPsDKEHH S Ha aKTHBHOM COITPOTHBIIEHHH Ha3bIBalOT aKTHBHOH COCTaBIISIOILEH
HaIIPSsDKEHHS IWIH aKTHBHBIM HaITPsDKEHHEM, a ITaJieHHe HAITPSKeHH S HA HHAYKTHBHOM COITPOTHB-
JIEHHH Ha3bIBAIOT HHAYKTHBHOH COCTABIISIOLIEH HaNpsDKeHHSI. MIHOBEHHEIE 3HAUEHHS 3THX Be-
THYHH 0003HAYAIOT Uz M U, a AEHCTBYIOIIHE — cOOTBETCTBEHHO U, u UL. IIpu cHHycoOHmanbHOM

3dKOHE H3MCHCHHA TOKd HAITPAXKCHHC Ha 3aXIIMaXx IICITH 6}*’,[[ET PaBHO.

: : d(I sm ot :
u=1—e, =rl smawt+ L (’”d ):rfmﬁmmranLfmcmmr:
[

: : 7T
=U,_ sin ot +U, sin ax#—; :

T.C. MCKAY aKTHBHBIM H HHAYKTHBEHBIM II4CHIAMH HAIIPAMKCHIA HMCCTCA CABHI I10 (bELBE

AN ATATS!

[IOKYMEHT MNOAOMNWCAH
SNEKTPOHHOW NOAMUCKIO | _
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6 ) 3allHCaThb.
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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rae jlx, = jwll - KOMIUIEKCHOE COMPOTHBIEHHE HHIYKTHBHOTO IEMEHTA;

Uﬂ = T u U = - I[E]?ICTE}*TOH.[HE 3HAYCHHA aKTHBHOI'O H HHIAYVKTHBHOI'O
/ Nk,

HAITPSDKEHHI.
TakuM 06pa30M, HalpsKeHHe Ha 3aKiMax Her U MOKHO ITpefcTaBHTh B BHJE CYMMEI
nByx curycoug U , u jU , . U3BeCcTHO, YTO BCAKYIO CHHYCOHIATEHO H3MEHSIONTYIOCS BEITHYHHY

MOJKHO IIPEICTAaBHTh B BHE BeKTopa (HaIlpHMep, ToKa J ), BPalAIoLIErocs B IIPOCTPAHCTBE C

}*TJIGEGﬁ JacTOTOH ., ITPOCKIIA KOTOPOI'O Hda MHHMVYIO OCk H Ja€T CHHYCOHIAaJIBHVYIO BCIITHYIHY

(pHc. 2.3).

PucyHoKk 2.3 — M300pakeHHe CHHYCOHIAIbHOTO H3MEHSIOIIEHCS BEIMUHHEL TOKA B BHJIE

BCKTOpPa

OHPE,I[EJ]IIM HAIIPAKCHITA Ha 3aKHMAX I[CITH ITPH ITOMOIITH EEKTOI}HGﬁ AHal'PpaMMBbI. BEI{TGP

Toka | OTIIOXIM B ITPOH3BOIBHOM HAIIPABIIEHHH, HAIIPHMeEp, TOPH3OHTATBHO (pHc. 2.4). Bee

OCTalIbHBIE BEKTOPEI OYIYT KeCTKO ITPHBA3AaHbI K BEKTOPY [ , T.€. HX CIBHT I10 (paze GYLET CTPOTro

OITpEACJICHHBIM.

Bexrop akTHBHoro Hanpsokenusa U, = I - ¥ Gymer coBIafaTh 110 HAIIPABIEHHIO C BEK-
topoM [ . BekTop HHAYKIHMBHOI cocTaBimomeii Hampsxerns U, = j-1-Xx, 6ymer omepe-

xaTth Ha 90° Bextop / . CkmampiBast reoMeTpruecki BekTopel U, u U, , momydmm BeKTOp

HallpPAKCHHA U Ha 3aXKHMax IICII.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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PucyHok 2.4 — BekTopHas guarpaMma IIpH II0CIIeOBaTEIIbHOM COeHHEHHH R 1 L

BemunHa X, = @- L =27 f - L Ha3bIBaeTCA uHOVKmueHviM conpomueneHiem U W3-

MCPACTCA B Owm. CGHPGTI[BHEHIIE X7 3dBHCHT OT HaCTOTEI H IIPH BKIIFOHUCHITT KaTVIIKIT HHAVKTHB-

HOCTH B IIETIh IIOCTOSIHHOI'O TOKa ( f = 0 ) TOK KaTYIIKH OyJIeT OrpaHHYEH TOIBKO €€ aKTHBHBIM

COITIPOTHEBIICHHEM H OKAKC€TCA HAMHOI'O OOIbIIIE. HGBTGIVI}" KaTYHOIKH HHAYKTHBHOCTH, IIPCAHA43HAd-

HCHHBIC IJIA pﬂﬁDTLI Ha ITICPEMCHHOM TOKE, HCJIb34 BKIIIOYATE B LCIIH ITOCTOAHHOI'O TOKA.

Tpeyromunk OAB (puc. 4) IpsMOYTOIBHBIH H Ha3bIBAeTCS TPE YT OIBHHKOM HaITPsDKeHHIH.

M3 tpeyrompHuka OAB nMmeeM:
U =0+ U,
U?=(-r)? —I—(J"'-.T'c:_,_)2 =I1°(r’+x;)

M3Biiekas n3 o6eHx 4acTeH KOPEHb, IIOTYYHM

U:I'-\/FE—FIE

¥ g
BemiuiHa -\/i"h + X; , HMEIOIIas pa3sMEPHOCTh COIIPOTHBIIEHH L, Ha3bEIBAcTCA ITOITHBIM CO-

ITPOTHBIICHHCM IICIT H o0O3HaYaeTCs Z

2 2
Z=Ar +x;
1 3axoH OMa I I[elH TIePeEMEHHOTO TOKa HMEeT BHJI;
[=—uyuy U = Iz
_

o

Kocnayc yria casura a3 ¢ MeKay TOKOM [ H HanpskeHHeM U paBeH:

NOKYMEHT NoanncAH -“’T.:z _ I-r _ r
SNEKTPOHHOWM NOANUCHLIO E o J -z o ;
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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M3 TpeyrompHIKa MOIITHOCTEH, KOTOPBIH MOKHO IMOITYYHTh H3 TPEeYTrOIIbHHKA HATPSKEHIIT

YMHOKEHHEM €r0 CTOPOH Ha TOK [, ITOIMyYM aKTUBHYIO MOIITHOCTb:
P=I’r=U-I-cosg
PeakTHBHAS MOIITHOCTb:
O=Ix, =U-I-sing

[lomHass MOIITHOCTE:

S=U-IT=+P°+Q°

OTHOIIIeHHEe aKTHBHOH MOIITHOCTH K ITOJTHOH Ha3bIBAETCSI KGB(bd)HL[HEHTOM MOIITHOCTI.

COS @ — P — P
TS T
Ecou IOEIIb IICEPEMCHHOI'O TOKA DﬁHELI[ElET dKTHBHBIM COIIPOTHBIJICHHEM I H €MKOCTBIO C
(puc. 1.5), To Mo BTOpoMY 3akoHY Kupxroda Jjia MrHOBeHHBIX 3HAUeHHI 371eKTPHYECKHX BeIHIHH

MOJKHO 34l CAaThb.
U=1-r+u,

I'AC i — MTHOBCHHOC 3HAYCHHE ITPHIIOKCHHOI'O K IICTOT HAITPAAKCHHA,
[ - MTHOBEHHOE 3HAUYEHHE TOKa IEIN,
Us - MTHOBCHHOC 3HAUCHIIC HAIIPTKCHIA, ITPHIIOKCHHOI'O K oOKITagKaM KOHACHCATOPaA H

ITPCACTaBJIATOIICI O cOOOH ITaJlcHHE HaIIPAKCHIA Hd CMKOCTH.
EciIH TOK H3MeHSIeTCs BO BpEMCHH 110 CHHYCOHI4dJIbHOMY 3dKOHY, T.C. I — Im SN ot ,

TO IIPeAbIAYIIEee YPaBHEHHE OyIeT HMETh BH/I:

: 1 :
U =rl,, sin or I,, sm(a}r—i).
awC 2

N3 sTOH (prI*J}"HBI BHIHO, HTO ITPHIIOKCHHOC K ICIIH HAITPAXKCHHE COCTOHT H3 JBYX CO-

CTABJISIONNIX. AaKTHBHOH HMIIM aKTHBHOTO HANpspkeHHSA U, — vl S @i coBMagaroImei Io

1 _ T
¢aze ¢ TOKOM, H PeaKTHBHOH HIIH €MKOCTHOH COCTaBIISIOIIEN U, = _C' I sm( wt — 5) ‘..
@

oTcTaromeH or Toka Ha 90° (puc. 1.6). Torma

U — U aT U C
HGGTI)GHM EEEI‘GPH}’TO ,[[H&I‘pﬂhﬂu{y JIII JaHHOT O CH}"‘IHH:, HGJ]L3}"HCB TSMH XKC HPEIBIUIHIHHI:,

NOKYMEHT NOOMACAH 'BAaTEIIBHOI' O COeHHEeHNA T 1 L (cM. puc. 2.4).

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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l r Y
' U=l r
@ , . ]
n, U
@
C = | Ul xc
Y v

PucyHoK 2.6 — BekTopHas JuarpamMma JUis IocieaoBaTeIbHOr O

coequHeHHSI R 1 C

L]
HpH 3TOM HeOOXOJJHMO HMETE B BHAY, UTO BEKTOP HAITPAXKCHITA U . OTCTaeT OT Toka / Ha

90° (puc 2.6).
M3 tpeyrompHika OAB Ha pHCYHKE 0 HMeeM:
2 2 2
U-=U, +U_;

HIIH

¥ ¥ I ¥ ¥ ¥ ]. ¥
U? =Ir)’ +(—)* =I1G*+—)* .
(Ir) (mC') ( a}C')

M3Brexas KBagpaTHBIH KOPEHE H3 00eHX YaCTeH, ITOITYYHM:

2 ]. 2
U:Ia%“+(——y,
awC
OTKVY/Ia
U U
I J— J—
) I ., .\/r S 4 x!
\/ Pt () c
wC
ONOKYMEHT I:ID,U,I'I NCAH
SNEKTPOHHOW NOANUCHIO DCMHBIM conpomueaneriiem N U3MepSeTcsa B Om.
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M M
BemuiHa \/ I'" + X, Ha3bIBAeTCA IIOJIHBIM COIIPOTHBJIEHHEM H 0003HAYaeTcs Z. 3aKOH OMa IIpH-

MEHHTEIBHO K JaHHOH LIEITH IIEPEMCHHOI'O TOKA 6}"I[ET HMETDh BH]I.

U

~
i

J =

¥

rae E:\/r‘ +Xo .

EclIn Bce CTOPOHBI TPEVYIOIbHHKA HaIpsoKeHHH OAB pasfgenurs Ha TOK [, TO ITOIYYHM
TPEYTOJIbHHK COITPOTHBJIEHHH ¢ KaTeTaMH r H X¢c H THIIOTEHY30H Z.
[Ipu mocnemoBaTembHOM COEHHEHHH 1, L ¥ C OYIYT CIIPaBEJIMBBI BCE BEIBOBI, ITOTYUEH-

HEIEe JUIS LEH ¢ r-L ¥ 1erH ¢ r-C. TIpH 3TOM BO3MOJKHEI CIIEAYIOIHE KOMOHHAIHH!
a) X, = X ;0)X; <X, ;B)X; =X, .

Paccmor PHM C IITOMOIIBPHO BEKTOPHBIX JHAI'PAMM KaKJIbIH H3 STHX BAPHAHTOB.

a) UMeeM I1eIs M3 ITOCIe0BaTeNbHO COeIHHEHHBIX , L B C, TIpHYeM

X; > X, . Ilo BceM TpeM COMPOTHBIEHISIM OyIeT IIPOTeKaTh OJHH M TOT ke ToK / , Bek-

TOP KOTOPOr'0 OTJIIOKHM B BEIOpaHHOM MaciiuTade IIPOH3BOJIFHO, HAIIPUMED, TOPH30HTAIBLHO, T.€.
HaITpaBJIeHHe ITePBOr0 BeKTopa BRIOHpaeTCs IMPOH3BOILHO (pHC. 2.7).

BEI{TDP ITaACHHA HAITPsOKCHITA Hd aKTHBHOM COIIPOTHBIICHHI 6}",I[ET COBIIdA4dTb C HAIIPdB-

JICHHEM TOKaA, a ITaJICHHE HAIIPAAKCHHA Hd HHAYKTHBHOM SJICMCHTC HJIH U I 6}",I[ET OIICPEKATh BEK-

TOpP I Ha % . IlageHme HAIIPAXKCHHA Hd EMKOCTHOM 3JICMEHTC UC‘ 6}",[[ET OTCTABATh OT BEKTOPA

TOKa Ha % H COI'TIaCHO YCIIOBHIO

U.<U

L W

PucyHok 2.7 — BekTopHas JuarpamMMa HalpsDKeHHH ITpH X, = X

OOI11ee HaMpsDKeHHE 1IEITH OYIeT paBHO CYMME

NOKYMEHT NOAMWUCAH Y o _
ANEKTPOHHOWM MOANUCHIO 1+ Uc=U.
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6
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]
5k EEKTGI}HGﬁ AHaI'paMMbI BHIHO, HTO MCKAY TOKOM IICTII I n HalTpsLKCHHEM U cCTh

VIOII @ M TOK HMEET OTCTArOIII XapaKTep, a cos ¢ < 1,0.

0) [Ipn X; < X, majeHHe HaIIpsDKeHHS Ha HHAYKTHBHOM COIPOTHBIIEHHH Oy eT MEeHBIIIE

INaACHITA HAaIIPAKCHHA Ha CMKOCTHOM COIIPOTHBIICHIH, IIO3TOMY BCKTOPHAA AHAl' PdMMaA 6}",I[ET

HMeThb BHJ (pHC. 2.8):

U,

PrcyHOK 2.8 — BekropHas JHarpaMMa HalpsDKeH i pn U . > U I

B) [Ipn X; = X, HMeeT MecTo pezonarc Hanpsxcenuii, T.e. U ~ = U ; 1 »T0 6y1er npu

1 : :
@wL = — TIpu srom BekTopsl U ; n U - paBHBI IO MOYIO H IIPOTHBOIOIOKHO HAITPABIIEHE]

wC
(puc. 2.9), moATOMY HX CyMMa paBHa HYIIO. TOK I[elH IIPH pe30HaHce HAIPSKeHHIT oIpe/leNdeTcs
TOILKO aKTHBHBIM COITPOTHBIIEHHEM, ITOATOMY YIOII cABHIa (a3 MekIy TOKOM H HallpsDKeHHeM
I[elTH paBeH HYIO, a cos @ = 1. IIpH 3TOM HaJ0 HMETEH B BHJLY, UTO Pe3YIbTHPYIOIIEE COITPOTHR-

JICHHE ICIIH PE3KO0 YMCHBIIHTCAHA A0 3HAUCHHA Z = ¥ H TOK LCITH ITPH PE30HAHCE MOKET PE3K0 BO3-

PacTaTh.

PucyHok 2.9 — BexkTopHasg quarpaMMa HallpsKeHHH IIPH Pe30HaHCE

YKazaHnue no mexHuxe 0 e30nacHocmu.

YKa3aHH I10 TeEXHHKe 0e30ITaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTGpI{BIX paﬁn:rr ITPHECACHBIL

'~ NOKYMEHT NOArNUCAH
SNEKTPOHHOW NOANUCLIO
Ceptudbmkar:  12000002A633E3D113AD425FB50002000002A6
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VKa3aHusa no 6bIn0JIHEHIUIO J1ADOPAMOPHOIL pAdonbl:

CoOpaTh cxXeMy ¢ nmocnemoBaTeIbHbIM coeHeHHeM R, L u C (puc. 2.10). B xauecTBe ak-

THBHOI'O COIIPOTHEIICHHA HCIIOIIB3YETCA pEF}"]]]IpGEGIII{BIﬁ peocTaTt R:. a B KaUeCTBEe eMKOCTH C —

6ElTE1pEH KOHACHCATOPOB.

BonpTMmerpoMm V1 m3MepstoT BXogHOe (00Iee) HapsoKeHHe 1IeITH, a BOJIbTMETPOM V2 ¢

ITOMOMIIBIO OIYIIOB ITOOHEPEITHO H3MCPATOT ITaACHIIC HAIIPDOKCHITA Ha aKTHBHOM COIIPOTHBIICHHH R

(B Toukax a M 0), Ha HHAYKTHBHOCTH L (B TOUKaxX B HT) H eMKOCTH C (B TOUKaxX I H J).

U 2208

NATP

Y

H3MEPEHI[H HEGﬁKﬂMIMG BBITIOJIHATD JJIA TPEX PEKHMOB.
1)UL > Uc; 2) UL < Uc; 3) UL = Ue.

,HJIH Kax0ro H3 PCKIIMOB BEIOIOIIHHTE PACUCTBI H BMCECTC C PC3YIIbTaTaMH IIBMEPEHIIﬁ 34d-

PucyHok 2.10 — CxeMa ¢ 1rmociegoBaTelIbHeIM coeJHHeHHEM R, L 1 C

HecTH B TaOmmiry 2.1. 1o pe3ymbTaTaM pacdyeTOB IS KaKIOT0 H3 PEKHMOB IIOCTPOHTh BEKTOPHYIO

JHarpaMMy HaIIpsKeHHH, IJI 4ero HeoOXOoaMMO BRIOpaTh MACIITa0 HAIPSKEHHS my TAKHM 00-

pasoM, YTOOBI BEKTOP HaIpsoKeHU S el {J OB IIPHMePHO paBeH 8 — 12 oM.

Tabmna 2.1 — Pe3yneTarsl H3MepeHHH H BBIYH CIIEHHI

No HBMEPEHI{BI © BCIIMYIHBI BrIuticiieHHBIE BEITHYHHEL
D]‘[L;Ta U 1 Ur UL Uc Cos @ S P Q
B A B B B - BA Bm BAp
1
2
3

CepTtudhmkar:
Bnageneu;

BHumanie! HpH PE30HAHCE H&HPH}I{EHI]IUI TOK ICIO OIIPCACIICTCA aKTHBHBIM COITPOTHEB-

JICHHCEM R:. ITIO3TOMY dAMIICPMCTP MOZKCT 3dllIKAJIHBATDb. B stoMm CIIYHdc He0O0XO0IHMO HDI[GﬁpEITL

NOKYMEHT MOANMWCAH

SNEKTPOHHOW NOANUCHIO
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Codepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. HazpaHue paboTHI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrrcanHie UCIoIb3yeMOro 000pyAOBaHHS H MaTepHalIOB,
5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR,

7. BEIBOJIEL.

K OHMPOJIbHBIE 601POCHL.

1. UTo IMOHMMAIOT IO HHAVKTHBHOCTBIO H K4aK OHa GHIJEI[EJIHETCH?

2. Kak u IOYEMY H3MCHACTCA HHAVKTHBHOCTDE IIPH BBCACHHH B KATYIHIKY CTAIIbBHOI'O CCP-

JIeYHHKA?
3. UTOo IMOHMMAIOT ITOJT EMKOCTBIO H KaK OHa OIPEAEIsIeTCs?
4. YTOo HA3BIBAIOT YITIOBOH YaCTOT OH M7

5. ITo xaxuM popmyitaM onpeaerstorT I, XL; XC H Z IeInH ITepeMeHHOr 0 ToKa?

6. KaKOBEI OCHOBHBIE COOTHOIIEHHST H BCKTOPHBIC AHAI'PAaMMBbL B IICILAX C EII{TI[BHGﬁ: HH-

IYKTHBHOH H EMKOCTHOH Har Py3KOH?

7. IIpH KaKHX YCIIOBHSIX BOSHHKAET PE30HAHC HAITPSKEHII?

8. Uemy paBeH KO3( (PHIIHEHT MOIMHOCTH COS (¢ IIPH PAa3IHYHBIX YCIIOBHSX H KaK OH OIlpe-

nensgercs?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Jabopamopran paboma Neb. Inekmpuueckan uens CUHYCOU0 WibHO20 MOKA npu na-

PALIETIBHOM 6KJIDUYEHHH dAKMU6HOC0 U PEAKMUHG6HDBIX Cﬂﬂpﬂfﬂﬂﬁﬂ&ﬂﬂﬁ

HE.E’II’: paﬁﬂmm: BHGHEPIMEHTHJ]LHHH IIPOBEPKA 3dBHCHMOCTH dKTHBHOI'O H PCAKTHBHBIX
GGHPGTIIEHEHIIﬁ OT YACTOTEI, a4 TAaK¥KC COOTHOIIIEHHH MCEAEAY HAIIpSDKCHHCM, COITPOTHBIICHHAMI,
ITPOBOAMMOCT AAMH H TOKAMIT B IICIOI C ITAPAJLIICJIBHO BKIIFOUYCHHBIMIT dKTHBHBIM COIIPOTHBIICHHCM,

I{E],T}"H_E[{Gﬁ HHAYKTHBHOCTH H KOHACHCATOPOM.

OcHoé6bl meopuu;

HPH IapajuICIIbHOM BEKJIIOUYCHHH daKTHBHOI'O COITPOTHBIICHH A, KaTYIIKH HHAYKTHBHOCTH H
KOHJeHcaTopa (puc. 3.1) Ha Bce TPH »lIeMeHTa BIeKTPHYECKOH IeITH ITOJAETCs OTHO H TO XKe
HalTpsDKECHHE 1. MrHoBeHHOe 3HAUYeHHe TOKa 1 B HE-pElSEETEHéHHGﬁ HaCTH ICIIH PpaBHO CYMME
MIHOBEHHBIX 3HAUEHHH TOKOB PE3HCTOpPaA ir:. KaTVIIIKH ih- H KOHACHCATOP4 lc

[=Ir+ix+ic
CDDTEETGTB}’IOH_[EE PaBEHCTBO CIIPABCAJIMBO MJIS KOMIUICKCOB TOKOB.
I= 1+ L+ I
KoMITIIeKCEI TOKOB OITPEACIIAOTCH KOMILIICKCOM HaIIPAKCHITA U H KOMIIJIEKCHBIMIL COIIPO-

THBJICHHANIT COOTBCTCTEBYIOIIHX 3JICMCHTOB LICTIH.

IL=Ulr, L= U/Z., L=U/Z

Iy 1L IC
I N }

M A

. l

Pucynok 3.1 — IlapaimiensHOe BKIIFOUEHHE aKTHBHOI'O COITPOTHBIIEHH S, KaTYIIKH HHIYK-

THBHOCTIH H KOHACHCATOPA

KomriekcHoe COITPOTHBIICHHE PE3HCTOPA PABHO €I'0 dAKTHEHOMY COIIPOTHBIICHHIO I, KOM-

INIEKCHOE COIIPOTHBIICHHEC KAaTYIIIEKH HHAYKTHBHOCTH YUYHTBIBACT e€ aKTHBHOE COITPOTHBIICHHE Fx

Tr vrrrmureTTnTranTt o S — e !'..-'":‘e:T = = | 7w~

[OKYMEHT NoarnnucaH

PNEKTPOHHOW NOATTNCHIQ OYEHHBIMH 3JIEMEHTAMH YIOOHEe ITOIbh30BaThCs
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Y,=1/r=g,
Yi=1/Zy=1/ rx+ij)=r/(r2+xf)—ij/( F’2+.ILE)=gk—jbk

KomruiekcHast IMpoBOIHMOCTh KOHIEHCATOPA ¢ YYETOM IIPOBOAHMOCTH H3OILSIIHH MEXKIY

OOKIIaKaMH g.:
Ye=g+jowC=g +jb,
I= Ul (gr+gk+8c) +i(be-bi)] = UY

TOK, IMpoTeKaronMi Yepe3 KaTYIIKY HHIYKTHBHOCTH, MOKHO ITPEACTaBHTL B BHIE IBYX
COCTABIBIOINX. AKTHBHOM L =Ulgx, TI0 (haze, COBITAAIONIEI ¢ HATIPSKEHHEM, H PEaKTHBHOI /7=-
jﬂTbL: OTCTaromiel 1o (paze OT HanmpskeHHI Ha 90

ToK, mpoTeKaromniil Yepe3 KOHIeHCaTOp, TaKKe MOKHO IIPeJCTaBHTh B BHJIE CYMMBI aK-
THBHOI J,.=Ug. N PEaKTHBHOI Lye= iUbe COCTABIISIFOIIIX, PEAKTHBHAS COCTABIIIONAS. OTTEPEKAET
1o (asze Hanpsokerne Ha 90::. CxeMa 3aMeIeH s IIPH 3aMeHe COIPOTHBIEHHIT IPOBOAHMOCT SIMH

HMeeT BH/JI, H300paKEHHEBIN Ha PHC.3.2.

1,
. &
I Ji i J
u gr g gc br T be
D i Ce
.

PucyHok 3.2 — CxXeMa 3aMelleHH

Bun BEKTOPHDBIX AHAI'PAMM HAIIPXAKCHHA H TOKOB paCCManHEaEMGﬁ CXCEMEBI 3aBHCHT OT

COOTHOIIEHHS ITPOBOJHUMOCTEH by H b, (pHC.3.3).

=] i: iz j ‘j;pl:ll
U > —— : . Uh-— /{' Uh
I I IIJ-: I; ]:

j:'pc

_ Ir I Iy

I v

a) b) c)
PucvHOK 3.3 — BekTopHas guarpaMma
NOKYMEHT NOANMCAH
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Eciau br>bc, TO TOK Yepe3 HHAYKTHBHOCTE OOIBIIE, YEM Yepe3 EMKOCTh, H TOK B HEpas-
BETBJIEHHOH YacTH I[eIH IO (pa3e OTCTAET OT HalpsokeHHA (pHe 4.3a). Ecimu b <bc, TO TOK Uepe3
HHIYKTHBHOCTH MEHBIIE, YeM TOK Uepe3 EMKOCTh, a TOK B HEPa3BETBIEHHOH YacTH IIEIH 10 (paze
onepekaeT HanpsokeHHe (pHc.3.3c¢).

[Ipu papeHCTBe HHAYKTHBHOM H EMKOCTHOH ITPOBOAHMOCTEH BEJIMYHHA TOKA B HEPA3BETB-
JIEHHOH YaCTH LIEITH OITPEIEISIeTCS TOIbKO CYMMOH aKTHBHBIX ITPOBOAHNMOCTEH g+ g+ g.= g, TIPH
3TOM TOK ITO (pa3e COBMagaeT ¢ HalpsokeHHeM (pHc.4.3b):

[=Usg.

BekropHas guarpamma, H300pakEéHHASA Ha pHC.4.3b COOTBETCTBYET peKHMY PE30HAHCA TO-

KOB, B 3TOM PeKHMe TOKH Yepes3 HHAYKTHBHOCTE H Yepe3 EMKOCTh PABHBI 110 BEITHYMHE H IIPOTH-

BOITOIIOMAHBI ITO (1)336:, B HEP&SEETEHEHHGﬁ HdCTH I ETOI TOK ITPHHHMACT MHHHMAJIbBHOC 3HAYCHHE.

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pﬂﬁDT ITPHBEICHBIL

B ITPHIIOKEHHE A.

VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:
I. JleTaIbHO O3HAKOMHBIIICE C OCHOBHBIMH TEOPETHUYECKHMH ITOIOKEHHSMI, CO-

OpaTh cXeMy, H300paKEHHYIO Ha pHC.3.4.

W
Az
~10B 40MIH — IMKD
r
1 00O
® ® ® ¢

PucyHok 3.4 — CxXeMa ¢ nmapajuielIbHBIM coeqHeHHeM R, L u C

Y CTaHOBHTH ITPEIEIIBI H3MePeHHH: BOIbTMeTpa — 20B, amrrepmeTrpor — 200MA.
[TomaTh HalpsoKeHHe IMMTaHHSI H YCTaHOBHTE YacTOTY fo, IIpH KOTOPOH B HEPA3BETRIEHH O

OOKYMEHT NMOAMNCAH >. 3HaY€eHIEe YacTOTHI fo 3aHeCTH B TaOmuIry 3.1.
SNEKTPOHHOM NOAMUCHIO
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2. YﬁpﬂTL IICPEMBIYKIL B IICITH KAaTVIIIKM H KOHACHCATOpa, ITO ITOKA43aHIHAM aMIICP-
MCTP4d H BOJIbTMCTPaA HIIH aMIICPMCETPd H BATTMCTPA ITPOBCPHTE COIIPOTHBJICHHC H BEIMHCIIHTD ITPO-

BOAHMOCTE PE3HCTOPA.

r=U/I=P/P, g,=1/r=l/U=P/U>

3. PazopBarh IIelb pe3HCcTopa H YCTAaHOBHTE TIEPEMBIUKY B LIEITH KaTVYIIKH, I10 IT0Ka-
3aHISIM ITPHOOPOB BEIYHCIINTE COIPOTHRIIEHHS H IIPOBOAHMOCTH KaT YIIIKH.

r=P/P, z=U/I, x.=N (zk*-17),
g;;=PfU‘?} vi=1/U, bLZNI{je‘;;E-g;;E).

4, PazopBarh Iellb KaTYIIKH H YCTAHOBHTH IIePEMBIUKY B I[EIH KOHAcHcaTOpa, HC-
TTOIB3YS (DOPMYIIEI, aHAIIOTHYHEBIE (pOpMYIIaM I1.3, 10 ITOKa3aHHSM IIPHOOPOB BEIYHCIIHTE COIIPO-
THBJIEHHS H IIPOBOAHMOCTH KOHIeHCaTOPpa. BEIUHCIIEHHBIE 3HAUEHIH S COIIPOTHRIIEHHI H ITPOBOIH-
MOCTEH 3aHECTH B TalOmmry 3.1.

TabOmra 3.1

fo, | Pesucrop Karyika KonpgeHcarop g,

FI—[ I, gl‘-,- Ik, gk-,- AL, bL-.- L:- e, gﬂﬁ Xes bﬂ'? C? CM
OmMm | CMm |[OM |[CM |OMm |CMm | IH OmMm |CMm |OMmM |[CMm | MxkD

J5. YCTaHOBHTH BCe IEPEMBIYKH, MTOAKIIOUHTE aMIlepMeTp A2, mmpH yacTtoTe fo H3Me-
PHTH ITOTPeOIISIEMYIO MOIIHOCTD, HAIIPSKEHHE, TOK B HEPA3BETBIEHHOH YaCTH IIEITH H TOKH OT-
JIEIIBHBIX BETBEH. Pe3ybTarThl 3aMEPOB 3aHECTH B Ta0mHiry 3,2.

6. BEIUHCIIMTE 3HAYEHH I aKTHBHBIX H PEAKTHBHBIX COCTABJIIOIIIX TOKOB Yepes Ka-
TYIIKY H Yepe3 KOHAeHcaTOp H KO3(] pHIHMEeHT MOITHOCTH, TIOIb3YSCh BhIPak eHISIMH:

Lu=gU, Lie=g:U, Li=Ia+1ae, IL=N(12-142), Le=N(1.>-1.%)
cosQ=(I+1u+1a /1.
PesynbTaThl BEIYMCIIEHHH 3aHECTH B TaOmMHIy 3.2.
TaOmira 3.2

f, U, ], ]r, Ik_.‘. ]c, P, }’, b, ]a, ] [s ]pc, CGS(I:'
Im | B | MA | MA | MA | MA | MBT | CMm | CMm | MA | MA | MA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

fo+200 '] TIPOU3ZBECTH Te K& U3MEPEHHS U BEI-
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MEPEHHH M BEIYHCICHHI 3aHECTH B Tadmmiy 4.2.
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[IpH BBITTOJTHEHHH PAacUETOB He cIeIyeT 3a0bIBaTh, YTO COMPOTHBIIEHHS H ITPOBOAHMOCTH HHIYK-
THBHOCTH M EMKOCTH 3aBHCST OT YaCTOTHI.
8. [To pe3ymbpTaTamM H3MEPEHHH H BBIYMCIIEHHH ITOCTPOHTh BEKTOPHBIE JHAIPAMMBI,

dHAJIOITHYHBIC ITPCACTABIICHHBIM Ha pHG.Z.B.

Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. HazpaHme paboThI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrucanHie UCIOoIb3YeMOro 000PYAOBaHHS H MaTepHAaJIOB,
5. ITopsaox BRIMTOIHEHH S PaOOTHI,

6. Beruncienmsa n o6padorka pe3yibTaToB,

7. BEIBOJIEL.

KoumponsHsie éonpocet:

1. Kak ompeZeIuTh aKTHBHYIO H PEAKTHBHYIO TIPOBOAHMOCTH KaTVIIKH, eCIIH H3BECTHEI €&
AKTHBHOE M HHIYKTHBHOE COIIPOTHBIICHII?

2. Kak 3aBHCAT peakKTHBHEIE IIPOBOAUMOCTH KATVIIKH HHIAYKTHBHOCTH H KOHJIeHCaTopa OT
YaCcTOTHI?

3. Kak orpeaemiTh aKTHBHYIO IIPOBOJHMOCTE KaTYIIKH HHAYKTHBHOCTH HIIH KOHJIEHCa-
TOPa, MOJIb3YICh ITOKAa3aHHSIMH BaTTMETPa, aMIIepMeTpa H BOIIbTMeTpa?

4. Kax ommpeaeauTh ITOIHYIO IIPOBOAHMOCTS YUACTKA AJIEKTPHYECKOM L[ETTH ITO ITOKA3aHHSIM
3JIEKTPOH3MEPHTEIBHBIX ITPHOOPOR?

5. Kak oTimryaroTcs 1o ¢ase IpHIOKeHHOe HaIIPSDKEHHE H TOK, ITPOTEKAFOIIHI IT0 KaT YIIIKe
HHIYKTHBHOCTH? Yepes KOHAeHCcaTOop?

6. [loueMy H KaK H3MeHHTCS TOK 4Yepe3 KOHJeHcaTop (Yepe3 KaTYIIKY HHIYKTHBHOCTH)
TIPH YBEITHYEHHH YaCTOTHI IIPHIOKEHHOIO HAITPSKEHH S?

7. B KaKOH 3NeKTPHYECKOH IIETH MOXKET BOSHHKHYTH PeKHM Pe30HaHCa TOKOB? KakKoBo

YCIIOBHE €10 BOSHHKHOBEHHT? I10osICHITE (bHBH‘IECK}’TO CYIITHOCTE PCiIHMa PE30OHAHCA TOKOB.
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Jdavopamopran paboma Ne7. Hceneoosanue mpexghasnoil cucnmemsl Npu cOeOUHEeHUN

nompeodumeJiei 36e3001u

Ilenv padbomsr: O3HAKOMHTHCS OITBITHBEIM ITYTEM C OCOOEHHOCTSIMH COEIMHEHNS 3BE3I0H
IIPHEMHHKOB 3IeKTPHYECKOH SHEPIHH B IIEITH TpexX(pa3Horo Toka. MccrnemoBars peKHMEBL PaBHO-
MePHOI H HepaBHOMePHOI Harpy30K, a Takke paboTy CHCTeMBI ITPH OOphIBe OHOH H3 (a3. I1o-
JIYYHTH ITpaKTHYeCKHe HAaBBIKH pacyeTa H HCIBITaHHA TpeX(pasHBIX IEleH, a TakKe ITOCTPOSHH

BEKTOPHBIX AHAI' PANM.

OCHO6bL meopuu:

Tpexghasnoii cucmemoii SNEKTPHYECKHX IETIeH Ha3bIBaeTCSI CHCTEMA, COCTOSINAS H3 TPeX
OJHO(]a3HBIX ANMEKTPHYECKHX I[eNeil, B KaXXI0i H3 KOTOPBIX AeHCTBYIOT CHHYCOHAIbHBIE 3.]1.C.
OJHHAKOBOH 4aCTOTHL, HO CABHHYIBIE APYT OTHOCHTEILHO JApyra Ha 1/3 nmeprozga (120°) 1 cos3ma-
BaeMbIe OOIHM (TpexX(a3HbIM) HCTOYHHKOM 3I1eKTPHYEeCKOH SHEPIHH.

OTJeNbHEIe 3IeKTPHYECKHE LEITH, BXOAMIIE B COCTaB Tpex(asHOH CHCTEeMbI, Ha3hIBAIOT
gazamu. Eciin 5.1.c. KaXI0H H3 (pa3 paBHBI 110 BEIIMYHHE, a IIOJIHBIE COITPOTHBIIEHHS Harpy30K
BCeX TpeX (pa3 Mo BeIMYHHE H XapaKTepy Harpy3KH (110 BEIIHYMHE H 3HaKY (0a30BOr0 CABHIA) OIH-
HAKOBBI, TO TAKOH PEKIM HA3BIBAIOT cumMmenmpuyrsim. HEBBITIOHEHNE JaHHBIX VCIIOBHIL SBJISIETCS
TIPHYHHOH Hecummempuurno2o pexuMa. Harpyska TpexdaszHbIX HeNeH peIKO ObIBaeT CHMMETPHY-
HOH, KaK ITpaBWIO, OHA B TOH WIH HHOH CTEIleHH HeCHMMeTPHYHA H3-3a HAIHYHSI OZHO(]a3HBIX
IOTpeOHTETIEH.

TpexdasHble reHepaTOPhl CO3AAI0T CHMMETPHYHYIO CHCTEMY 3.J1.C., ITO3TOMY HECHMMET-
PHYHBII PEKHM BO3HHKAET H3-3a HECHMMETPHYHOH HarPy3KH (pa3. ECIIH KOHIBI 0OOMOTOK (pa3 CHH-
XPOHHOI'O I'eHepaTopa WIH TpaHC(OpMaTopa COeJHHHTE BMECTE 3BE3I0H, a K HayaIaM ITPHCOe IH -
HUTH ITPOBOAA, HAVIIHE K IIPHEMHHKAM 3J1eKTPHYECKO SHEPTHH, KOTOPBIE TOXKE COeJHHUTE 3BE3-
IIOH, TO ITOIYYHM TpeX(a3Hyro cHcreMy (pHc. 1). IIpoBoa, coe IHHSIOIIHIT HYJIEBBIE TOYKH HCTOY-
HHKA H ITOTPeOHTENIS HA3BIBAETCS HYIIEBBIM. TaKyIO CHCTEMY HA3BIBAIOT yenibipexnpoeooHoil. B
I[eIIX Tpex(asHoro ToKa He3aBHCHMO OT cItoco0a coeJHHEeHHSI 0OMOTOK T'eHepaTopa H MoTpeOH-
TeJIeH pa3lIM4aroT HalpsDKeHHI — InHelHble Uy H (asHbele Ug, a TaKKe TOKH — JIMHEHHBIE [7 H
(azHble /. HampspkeHne Mek Ty JIMHEHHBIM H HYJIEBEIM ITPOBOJOM HA3BIBAETCS (hasHbIM, @ MEKIY
JTHHEHHBIMH TIPOBOJAMH — auHelinsim. TOKH, TIPOTEKAIOIHE B JIMHEHHBIX IIPOBOJAX, HA3BIBAIOT
NiHetinvimi, A TIPOTEKAIOIHeE B (pa3zax HarpPy3KH WIH HCTOUYHHKA — ghasusimu. B cxeMe (puc. 4.1)
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Prcynok 4.1 — Cxema Tpex@a3HOH YeTHIPeXITPOBOIHOMH IIeITH IIPH COeJHHEHHH 3Be3]I0MH
[Tpn HEpaBHOMEPHOH Harpyske (pa3 B cXemMe ¢ HyJIEBBIM ITIPOBOJIOM (pHC. 4.1), B HylIeBOM

ITPOBOAC ITOABJIACTCA TOK, BEIIM'YIIHA KOTOPOI'O OIIPEACIIICTCA ITO IICPBOMY 3dKOHY KIIPXFG(l)&Z

PucyHok 4.2 — BekTopHas quarpaMMa HalpsDKeHHH IIPH COSIHHEHHH 3Be3I0H

}{] :}A—I—}H—I—}c
Hammyne ToKka B HYJIIEBOM ITPOBOJIE BBEI3BIBAET HE3HAUYHTEILHOE IaJeHHEe HAIIPsDKEHHI B
HEM, KOTOPEIM MOJKHO ITpeHeOpeYs H CUMTATh, YTO MEXIY HYIIEBOH TOYKOH HCTOYHHKA H ITPHEM-
HHKa Pa3HOCTH ITIOTEHIHAJIOB OTCYTCTBYVET.
Ha puc. 4.2 nokazaHo rpaduyeckoe omnpeleleHIe THHEHHBIX HAPsDKEHHI ¢ IIOMOIIB IO

EEI{TGPHGﬁ AHaI'PAMMBI. OTIOXKHM IS ITPOH3BOJIBHOI'O MOMEHTA BPEMCHH KOMIIJICKCEIL (1)&31—[511”{
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Ui =Ur—Up ,
Upc =Up—U+¢ ,
Ucr=Uc—Una ,

I monmydeHHs THHEHHBIX HaIlpshkeHHH CII0KHM reoMeTpHYecKH BeKTOpel U A, Us H

Uc cBekrtopamun —U g, —U ¢, —U A, xoTOpBIEe paBHBI cOOTBeTCTBeHHO U B, U ¢, U A, HO IIpO-
THBOITOIIOKHO HaIIPaBIIEHEI.

BekTopHas qarpaMMa JIMHEHHBIX HAIIPSKEHHH TaKKe MOKET OBITh IIOIIYYeHA H3 BEKTOp-
HOH JHarpaMMBbI (pa3HBIX HaIlpspKeHHH (pHc. 3). Taxym oOpa3oM, 3Be3/1a JIHHEHHBIX HaIpsKeHHIH

onepexaeT 3Be3Ay (pa3sHbeIxX Ha 30°. HaiileM cOOTHOIMIEHHE MeX Ty (pa3HBIMH H JIHHEHHBIMH HaIIp -

ACHIAMH, VUHTBIBASA, UYTO BCEC HAITPAXKCHHA CHMMCET PHYHBL

Ua=Upg=Uc=Us

Uag=Upc=Uca =Urj.

-.:‘1 i

PucyHoK 4.3 — BekTopHas JuarpaMma HarpsoKeHHH ITPH COSJHHEHNH 3BE3I0H

M3 npsmoyronsHoro TpeyronbHuka OA /] nMeeM:

U
1 _ Zan U, -cos30° =

2 2
J3

=Ug -cos30°=U 5 — ,
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ic \/ r. + X,
YIIBI cIBHIa MeXKIY HaIIpsSDKeHH IMH H TOKaMH (a3 MOKHO OIpeIeHTE H3 () OpMYIL:

rA rﬂ c
CoSQ, = —: COSQ, = —: COS Q. =
ip e

<A
ECHH HPHEI'HH‘H]I{[I DﬁHEL[[ElIGT YHHCTO daKTHEHBIMI CGHPOTI[BHEHIWI:, TO ZA=TA, ZB = I'B., Z(C

= rc, @ YITIBI CABHIa MEXKIY TOKAaMH H HaITpPsSUKeHHSMH BO BceX TpeX (pazax OyayT HylleBRIMH. Ha

PHC. 4 IMpEACTaBICHA TGHGI‘IJ&(I)H‘-IECI{&H AHal'paMMa Hﬂ]’[p}'{}I{EHI]ﬁ H TOKOB IIPpH AKTHBHOH HECHM-

METPHYHOH Harpy3ke.

.
Usze

PucyHok 4.4 — BekTopHas gHarpaMMa HaIlpsKeHHH H TOKOB YEeTBIPEXIIPOBOAHOH IIETIH

ITIPH aKTHBHOH HECHMMETPHYHOH Harpys3Ke (a3

Tok HyieBoro rposoja I o= Ia+ Ip+ Ic
CedeHHe HYJIeBOIO IPOBOJA 3aBHCHT OT CTEIIEHH HECHMMETPHH Harpy3KH (pa3, Ho 0OBIYHO

€r 0 IIPHHUMAIOT PaBHEIM 50 Y% OT ceYeHHS IIMHENHOI O ITPOBOIA.
[Tou HATHYMH HelThamW (HVIIEROTO TMOROJIA) HAIIPSDKeHHS Ha (pa3ax IIPHEMHHKOB OCTa-
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HarpysKe, eclIi IpeHeOpeyYs COIMPOTHRIEHHEM IIPOBOAOB JIMHIMH H HYIIEBOTO IMpoBojia. [Iperens-
HBIM CIIy4aeM HEpaBHOMEPHOH Harpys3KH (pa3 B YeTBHIPEXIIPOBOJHONH CHCTEME TPex()a3sHOIO ITPH-
eMHHKa, BKIIFOUeHHOTO 3Be3/I0H, MOKHO CUMTaTh OOpBIB OJHOH M3 (a3. Hamprmep, ecrm ¢aza 4
OyzeT oOopBaHa, TO He OyAEeT HAIPsHKEHHS H TOKa Y IMTOTpeOHTeNIs, BKIIIOUEHHOI O B 5TY (pa3y, a B
OCTaBIIHXCS ITOJ HAIpsDKeHHeM (pa3ax peKHM paOoThl He H3MEeHHTCS. UTO KacaeTcs HYJIEBOrO
TIPOBOA, TO €CIIH IO OOpBIBa OXHOI M3 (a3 ToK ObUI paBeH [ = Ii+ Ip+ Ic (puc. 4.4), To Temeps
OH M3MEHHTCS M OYIEeT OIPelelIsIThcs 110 IIepBOMY 3aKoHy Kupxroda: Ip+ Ip+ Ic = 0, otkyga - 1

0 = Ig+ Ic (puc. 4.5)

PrcyHok 4.5 — BekTopHas JHarpaMMa TOKOB H HaITpsSKeHHI IIpH oOpHhIBe (pa3pl A

HPH GﬁpLIEE HJIH OTCYTCTBEHH B CXCME HYIICBOI'O ITPOBOJd SHEPI'CTHYCCKIIC COOTHOIIICHH A

B 5TOH LIEITH H3MEHSITCSL

PrcyHok 4.6 — CxeMa TpeXITpOBOJHOH IEMH TpeX(pa3HOI'O TOKa

[TpH cHMMETPHYHOI Harpy3ke B TPEXIIPOBOIHON TpexQasHoil cucTeMe (pHc. 4.6) HaIps-

ACHIIC MCHIY HYIICBBIMH TOYKAMH HCTOYHIIKA H IIPHCMHHKA PAaBHO HYIIIO H KdA VIO (1)33}" CH-
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[Tpn HepaBHOMEPHOI Harpy3Ke H OTCYTCTBHH HYJIEBOI'O IIPOBO/IA (pa3HbIe HAITPSDKEHHS OY-
YT H3MEHSITHCS ITPSMO ITPOITOPLIHOHAIIBHO COMPOTHBIEHISM (pa3. Ecim Obl cHcTeMa ObLTA YeTHI-
PEXIIPOBOAHOM, TO IO HYJIEBOMY ITPOBOAY ITPOTeKal OBl TOK lp H TaKHUM 00pPa3oM ITpaKTHUYECKH
BRIPpaBHHBAIIHCh OBl (pa3HbIe HaIlpspkeHHS. Ha puc. 4.7 n300paskeHa BeKTOpHAs JHarpaMMa Harps-
’KEHHI H TOKOB ITPH HEpaBHOMEPHOH Harpyske BceX TpeX (pa3 H OTCYTCTBHH HYJIIEBOI'O ITPOBO/IA.

TpeyronsHHK MHHENHBIX HAIIPSDKEHII OCTaeTCs TaKHM XKe, a 3Be3/a (pa3sHBIX HaIlpSKeHHI

H Toyka O’ MOI'YVT OBITE JIETKO ITOIIVHCHBIL MCTOAJOM 3dCCHCK H3 BCPIIHH JIMHEHHEBIX H&HP}I}I{EHI]IT

PucyHoOK 4.7 — BekTOopHAas JuarpaMma TOKOB H HAIIpsDKEHHH IIPH HEPaBHOMEPH OH

HaI'PY3KS H OTCYTCTBHC HYIJICBOI'O ITPOBO/{d

Ecnn omgxa u3 (a3, Harpumep, A, 0OOpBeTCS HIH BCe ITOTpe OHTeH 3TOH (pa3bl OYAYT BEI-
KIIFOYEeHBI, TO IIPH OTCYTCTBHH HYJIIEBOI'O IIPOBOJA OCTABIIHECS ITOJ HaIpsKeHHeM (pa3el B u C
OKa’KyTcs BKIIOUEHHBIMH IToclIefoBaTebHO. (DasHble TOKH Ip U I, Iporekarolie uepes mocie-
JIIOBATEIILHO BKIIFOUEHHEIE COIPOTHBIIEHNS IIPHEMHHKA, B 3TOM cly4ae OYIYT OAHHAKOBEIMH, a
(azHBIE HaNpsLKEHHS OyyT IPONOPLIHOHAILHEI COMpOTHRIeHISIM (a3 (puc. 4.8). [loaromy Ha
BEKTOPHOH JHarpaMme Touka O’ IIepeMeCTHTCS Ha BEKTOP JIMHEHHOI O HapsKeHHI Ugpc H OyIeT
JIeJINTh er0 Ha YacTH, paBHbIe (pa3HbIM HamnpsokeHHsSM UB u UC (B HameMm cryyae UB = UC)

. . l . l . .
Uc=Ugs==Uy==3Us = 087U
2 2
HampsoxeHre ¢gassl A BO3pPacCTET:

V3

U =U ap-cos30° = J§U¢-?=1,5U@

”ﬂ“ﬁgﬁ;ﬁgﬁ;ﬂﬁgﬁﬁﬁ"&;ﬁmm""-’ AT T1a HYJIEBOMH IIPOBOJ HE CTABAT IPELOXPAHHTEND,
ANEKTPOHHOW NOANUCHIO | 9
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Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

[TpH KOPOTKOM 3aMBIKaHHH KaKoH-m00 (a3pl, HarmpuMep, C, HylleBasg Touka O’ rmproOpe-
TaeT MOTEeHIHAI JIMHeHHOro nmpoBoja BC, a da3el 4 H B 0Ka3bIBAIOTCA IO IHHEHHBIM HaIlpsoke-
HHeM. BeKTopHasa guarpaMMa JJIs 3TOro ciy4yas IpeacrasiicHa Ha prc. 4.9. Touka O' nepeMerria-

eTcs B TOUky C.

PrucyHok 4.8 — BekTopHas JHarpaMMa TOKOB H HaIIpsDKeHHH ITPH 0OphIBe (Da3bl B CXEMe

0e3 HyJIeBOr O IIPOBOZA

Hanpsoxenns ¢pa3z A 1 B cTaHOBATCS paBHBIMH ITHHEHHBIM (pHC. 4.9):
Uy=Uy =U,=U,; "@r
Up=Upc=U,=Ug, '\@r
U.=0.
Toxk KopoTkoro 3aMeikaHHiI (a3er C  pacnpegensercs Ha ¢azsel B o A, T.e.
I.=1,=—,+1,) . Taxim o6pa3om, aBe (a3bl IPHEMHIKA OKA3BIBAIOTCS IO THHEHHBIM

HaITPpsDKECHHEM, Ha KOTOPOE OHH HE PAaCCHHTAHEL, 11 OHH MOI'VI BBINTH H?3 CTPO.

A

[IOKYMEHT NOAMCAH
SNEKTPOHHOW NOANUCHIO

[dI'PdMMd TOKOB H HEalH?KEHIIfI IIPH

MHHKa TPEXIIPOBOIHOH CHCTEME
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B 1erm TpEK(bﬂBHGI‘G TOKad aKTHBHAA MOIITHOCTE PdBHA CYMMCE aKTHBHBIX MOII[HOCTEH (1)?:13:
P=P,+P,+P.=1,-U,-cosep,+1,-U,-cosp,+1.-U,-cose,

ILHH H3MEPCHHA MOIITHOCTH B qETBIpEXHpGEGI[HGﬁ IOEIIH MOZKHO HCITOIB30B4ATE TPH OJHO-
(1)EIBI{E-D{ BAaTTMETP4d, CYMMHIPVYA HX ITOKA3dHIA, IO HCIIOIIB30BATDb G,I[HD(l)ElBI{BIﬁ BATTMCTP C IICPE-
KIIIOUCEHHEM €I'0 ITOOYEPCIAHO BO BCC TPH (bEIBBI. DOTOT MeTOoZ MOKeT OBITh HCIIOIb30BAaH KaK ITPpH

CHMMETPHYHOMH, TaK H IIPH HECHMMETPHYHOH Harpy3Ke.

YKkazanue no mexHuxe 0 e3onacHocmu.

YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHECCHBIL

B ITPHIIOKEHHE A.

VKa3aHusa no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdoOmbL:
I. O3HAKOMHTECS € IIpHOOpaMi, HEOOXOAHUMBIMH JJIS BROTOITHEHNSI PabOTEI M 3aIlH-

CaTh HX TCXHHYCCKIC JdHHBIC.

2. CoOpats cxemy (puc. 4.10) a1 HceeJoBaHHS YeTHIPEXITIPOBOIHOMH I[eIH IIPH CO-
e IMHEHIH 3BE3/I0H.
3. [ IpOH3BECTH HCIIBITAHUS ITPH CIIEAYIOIIHUX YCIIOBHSX:

a) TIpH PaBHOMEPHOH Harpyske BceX (a3 (Ra=Rp=Rc¢), HCIIONB3YyI B KauecTBe Harpy3KH
(pa3 TaMITOBEIE PEOCTATHI,

6) TIpH HEpaBHOMePHOH Harpyske (pa3 JTaMITOBEIMH peocTaTaMH (B OTHOH (pa3e 4 JIaMIIbI,
BO BTOPOi — 3 U B TpeTheH — 2 JIaMITBI);

¢) TIpH 0OphIBe (pasbl A (B OXHOH (pasze Bce TaMITbl OTKIIFOYEHBI, a B IBYX JAPYTHX — BKIIFO-
YEHBI).

4, CoOpaTh cXeMy 1 HCCIIEJOBAHH I TPEXIIPOBOAHOH Tpex(a3HOoH LIEITH ITPH COeIH-
HEHHH 3Be310H (puc. 4.11).

5. [Tpon3BecTH HCITBITAaHUA IIPH CIEIYIOIHX PeKHMaX paOOTHI:

@) paBHOMEPHAas Harpyska BceX (pa3 TaMIIOBBIMH PeOocTaTaMH,

6) HepaBHOMepHas Harpyska (a3 (aHamoruyHo 4,0)

¢) OOpBIB (pa3wl (B OMHOMH (paze Bce JJaMITBI OTKIFOYEHBI, a B ABYX APYTHX — BKIIFOUEHBI);
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Prcynok 4.10 — Cxema U1 HecleIOBaHH ST YETHIPEXIIPOBOIHOMN Tpex(a3HOH IEIH IIPH

COETHHEHHH 3Be3J10i

0
A W
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* | /
) V)
[/ (v
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U
() *
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L
PrcyHok 4.11 — Cxema I HeclleJOBaHHS TPeXIIPOBOJHOH Tpex(pa3zHOH LIEITH ITPH CO-

eJIHHEeHHH 3Be3I0H

IIoxazaHu s rmpuOopos 3armicaTth B Tadimiy 4.1.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
60



Tabmiia 4.1 PesynbTaThl H3MEPEHHIH M BEIYH CIICHHIT

Pexim paloTEel

BemynHbI [lapametp C HYJIEBBIM

Bes HyeBoro mmporoja

ITPOBOJOM

M3MepeHHEBIE
BEJIHYUHHBI

BEIUHCIIeHHEBIE
BEIYHHEI

B elmHMyHHEIL,
HaHJleHHBIE
H3 JHarpaMm
COITpOTHBIIEHHE HAarPYy3KH (pa3 BEMMHCIIATH 110 (POPMYIIaM:
U, Uy . U,
r, =—; [y = —; I = —.
I / I
A B C

MOIIHOCTE LENH OITPeAeNISATh 0 (POPMYIIAM:
P.=1,-U,+1,-U;,+1,-U_,

P3 :IA 'UAC+IB 'UBC'

BBHAY TOro, YTO B JAaHHOH Ia0opaTOpHOH padoTe MCIIONB3YETCS H3MEPHUTEILHBIH KOM-
rieke K505, Bce H3MeEpPEeHHS X BEIYMCIIEHHS IPOBOISTCS aHATIOTHYHO YETHIPEXIIPOBOIHON CXEME.
[Io pesympTaTaM H3MEPEeHHH ITOCTPOHTE B MacIuTade BEKTOPHBIE JHAarpaMMbl IJIS BCEX
PAacCMOTPEHHBIX cIydaeB. OMpelelInTh Ha BEKTOPHBIX JuarpaMmax lp H Upp B 3aHECTH Pe3Vilb-

TaThl B Ta0muy 4.1.

Coodepacarue omuema:
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3. Kparkue TeopeTHUYECKHE CBEACHIS,

4. OrrcaHNe HCITONB3YEMOI'0 000PYIOBAaHIS H MaTEepHAJIOB,
5. Ilopsamok BeIOIIHEHH S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR,

7. BBIBOBI.

Koumponsusie éonpocet:

1. Kakoe coelHHEeHNE HA3hIBAETCA COETHHEHHEM 3BE3I0H?

2. Kak cTpoHTCS BEKTOpHas JHarpaMMa TOKOB H HaIPSDKEHHIH ITPH CHMMETPHYHOH
Harpyske?

3. B xakoM cirydae OTCYTCTBYET TOK B HYJIIEBOM IIPOBOJIE?

4. IloueMy Ha HYIIEBOH IIPOBOJ, HE CTABAT IIPEeIOXPAHHUTEN

5. KakoBEI 0COOEHHOCTH peKHMa padoTHI IOTPeOHTENIEH, COSAHHEHHBIX 3BE310H, TIPH He-
PaBHOMEPHOH Harpy3ke (a3 CHCTEM C HYIIEBBIM ITPOBOIOM?

6. KakoBrl 0coOeHHOCTH pekHMa padoTHI ITOTPeOHTENEH, COeHHEHHBIX 3BE30H, ITPH 00-
PEIBe (pasbl CHCTEM C HYIIEBBIM IIPOBOAOM HIIH Oe3 Hero?

7. Kak H3MepsIOT MOIIHOCTh TPexX(a3HOro TOKa B YETHIPEXITPOBOTHON cxeMe?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamopran paboma Ne8. Tpexghazrnaa uens npu coeouHeHUU nompedumeei no

cxeme mpeyeo/ibHUK

Ilens pabomsr: MccegoBaTh 0c00eHHOCTH pabOTHI Tpexda3HOH I IIPH COoeIHHEeHHH
CHMMETPHYHOT'O H HECHMMETPHYHOI' O ITOTPpeOHUTENIEH TPEYTOIBHHKOM, YCBOHTE ITOCTPOEHHE BEK-

TOPHBIX JHAI'PaMM ITIO PE3YIIbTaTaM SKCIICPHMCEHTA .

OcHO6bL meopuuL:

[TorpeOurenn 31MeKTpHYeCKOH 3HEPIHH ITPH ITHTAaHHH OT TpeX(a3HOoro HCTOYHHKA, KaK H
HCTOYHHKH 3IeKTPHYeCKOH SHEPIHH, MOI'YT OBITh COEHHEHBI B TPEYTOIbHHK (pHC. 5.1). Cnemyer
IIOMHHTB, YTO CXeMa BKIIIOUeHHS 0OMOTOK TpeX(a3HOro reHeparopa He IpeJolpelelsieT cXeMy
COeQHHEHHS Harpy3KH. Tak, IIpH COeJHHEeHHH (ha3 reHeparopa B 3Be3Ay Harpyska MOXKeT OBITh

COCIOHHCHA B 3BC31Y C HEﬁTpﬂHLHLIM IIPOBOOOM, B 3BC3Y 0e3 HEﬁTpElﬂLHGI‘G ITPOBOAd4 HIIH B TPC-

YI'OJIBHHK.

N©O
PrcyHok 5.1 — Cxema coefHHeHH S (pa3 B «TPeyTrOIbHHKY

[Ipn coeanHeHHH B TPEYTrOIbHHK CHMMETPHYHOH TpexX(asHOH Harpy3KH JTHHEHHBIE

HaIlPSKeHHS OKa3bIBAKOTCSI PaBHBIMH (pa3HBIM HamnpsuKeHHsIM Ug = U,, a ITHHEHHbIE TOKH B

\/5 pa3 OoJIbINe, YeM TOKH B (pa3ax ITOT peOHTeIL:
I,=-3-1,
[Ipn 3ToM Bee pa3HBIE TOKH PaBHBI 110 BEIIYHHE H OTIIMYAKOTCS APYT OT Apyra Io ¢a3e Ha
120°. To ke camoe OTHOCHTCS M K ITHHEHHBIM TOKaM (pHC. 5.2).
[Tpn HECHMMETPHYHONH Harpy3Ke CBS3b MEKIY JIMHEHHBIMH H (pa3HBIMH TOKaMH BBIpasKa-

€TCA YPaBHCHITIMIL, 3aIIHCaAHHBIMH Hd OCHOBAHHH IICPBOI'O 3dKOHA R—Hp}ﬂ‘ﬂtbﬂ B KOMIUIEKCHOH HITH

BEKTOPHOI (popMe:

[IOKYMEHT NOANMUCAH =lpe =1, 1o =10y — 1
SNEKTPOHHOWM NOANUCHLIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 i IIPOBOJ OTCYTCTBYET, HO BCE (bﬂSHI:-IE H'DTPE@H-
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Ha HOMHHAJILHOE MHHEeHHOe HAITPsKCHIIC
Nencreutened: ¢ 20.08.2021 no 20.08.2022

63



PrcyHOK 5.2 — BekTopHasa AHarpamMma Tpex@a3zHoro HalpsoKeHHS

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHBCICHBIL

B ITPHIIOKEHHE A.

VKazanusa no 6uinoJiHeHU0 1adopamopHoli pabdomel:
1. O3HAaKOMHTECS C JJa00PaTOPHOH YCTaHOBKOH (MOIYIb Tpex(asHoro TpaHcgpopMa-

TOpa, MOAYIIb PE3HCTOPOR, MOAYIIbL aMIIEPMETPOB IIEPEMEHHOI O TOKA, MOJYIIb BOIbTMETPOR).

2. BKIIOUNTE MOAYIIF MHTAHHSI MOAYIIL TpeX(pazHoro TpaHcpopMmaTopa (BREIKIHOYA-
Ttenb QF1).
3. 3MepHTE CTPEJIOUHBIM BOJIBTMETPOM Ha MOAYIIE Tpex(a3zHoro TpaHchopMaTopa

JTHHEHHbIe HaIIpsSDKEHHS HCTOYHHKA ITHTAaHHS Ha XOIOCTOM XOXY (ITpH pa3oMKHYTOH Iierm). Pe-

3YIIbTAThl H3MEPEHHH 3aHECTH B Talm. 5.1.

Tabmiia 5.1
Uas, B Ugc, B Uca, B
4. B COOTBETCTBHH C pHC. 3. cOOparh CXEMY COEIHHEHHH ITOTPEOHTENEH B TPEYIOJIb-

HHK. [ IpeabsIBUTE CXeMY IS IIPOBEPKH.

3. YcTaHOBHTS B (pazax IMOTPeOHTENS IO YKa3aHHIO IIpelolaBaTells OJHHAKOBBIE 3Ha-
YeHH I COITPOTHRIIEHHH Pe3HCTOPOB (CHMMETPHYHYIO HArpy3Ky). M3MepHTh (pa3HbIe H JIHMHeHHbBIE
TOKH. Pe3yibTaThl 3aHECTH B TalmI. J5.2.

6. Pa3zoMKHYTh IMOOYepeHO ITHHEHHBIH IMPOBOJ a3kl «A» M (a3sl «B» H IIPOBeCcTH

AOKYMEHT MNOAMACAH raThl 3aHeCTH B TaOmI. 2.
3NEKTPOHHOW NOAMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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L

PHCYHOK 5.3 — CXeMa COeIHHEHHH ITOTPEOHTEIEH «TPEYTOIBHHKOM))

7. [To ykazaHHIO ITperojiaBarels] H3MEHHTh Harpys3kKy B (pazax IOTpeOHTels Tak,
yTOOKI B KaKI0H (pa3e OBUIH BKIIFOUEHBI pa3IIHYHbIE 3HAYEHHS COIPOTHBIIEHHH. Pe3ylbTaThl 3a-

ITHcaTh B Tadm. 5.2.

TaOmira 5.2

TOK Harpysku, A

Pexim HarpyskKu

14 Ig Ic IaB Ipc Ica

CHMMeTpHYHAS Harpy3Ka

OOpPEIB JIMHEHHOT O TIPOBOZA «A»

OOpEIB JIHHEHHOT O ITpoBOaa «B»

OOpHIB (pa3wl ITOTpebHTen «AB»

HecnnvmeTpHyHast Harpyska

8. J[1151 BceX OITBITOB IIOCTPOHTH B MacINTaOe BeKTOPHbBIE JHATPAMMBI.
9. CpaBHHTB Pe3ylbTaThl H3AMePEHHH JTHHEHHBIX H (Da3HBIX TOKOB ITPH COESHHEHHH B

TPeYrOJIbLHHK ITPH CHMMETPHYHOH H HECHMMETPHYHOH Harpy3Ke.

10. [ IpoaHaTH3upOBaTh BIHSHHE OOPEIBA JIMHEHHOI O IIPOBOAA Ha PeXHM padoOTHI I10-
TpeOHTETIEH.
11.  CpaBHHTE peXHMBI PaOOTHI IIPH BKIFOUEHHH ITOTPeOHTEIEH B 3BE3AY H TPEYIOJIb-

HHK ITPH CHMMETPHYHOIH H HeCHMMETPHYHOH Harpy3Ke.

Codeporcarue omuema:

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOONMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lebayxoea TaTeAHa AnekcaHopoBHa
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3. Kparkue TeopeTHUYECKHE CBEACHIS,

4. OrrcaHNe HCITONB3YEMOI'0 000PYIOBAaHIS H MaTEepHAJIOB,
5. Ilopsamok BeIOIIHEHH S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR,

7. BBIBOBI.

Koumponosrsie sonpocest:
1. Kaxmv o0pa3oM TpH OJHO(]a3HBIX TOTPEeOHTEIS COeJHHSIOT B TPEYTOIIbHHK?
2. Kyma ciiepyeT IOJAKIIIOYATh BOJLTMETP, UYTOORI H3MEPHTh (pazHOE H IIHHEHHOE HaITps-

KeHH TpexXda3Horo nmorpeOHTEns?

3. B xaxoM COOTHOILIEHHH HaXOIITCS QJHBHLIE H JIHHEHHBIE HAITPAAKCHITSA CHMMCTPHYHOI'O

ITOT pEﬁHTEEJIH:, COCOHHCHHOI'O B TPE}T(}HBHIH{?
4. Kakoe COOTHOIIIEHHE MCEKIAY QJHBI{BIMII H JTHHEHHBIMH TOKAMH CHMMCTPHYHOI O ITOTPC-
6HTEJIH:, COCOHHEHHOI'O B TPE}’TDHI:-HIII{?

5. Bcerma 1mm CIIpaBCJINBEL IIPH COCHHHCHHII B TPCYIOIBHHK COOTHOIIICHHA.

IA:IAB_I{TA-* IB:IBC_I&BF Ic':Ic'.q_'_IBC

6. Becerma 1 TIpH cOeJIHHEHIH B TPeYToabHIK cripaBemmso [, + 1, + . =0

7. Kak oTpa3uTcsa OTKIIIOUeHHEe OFHOM (pa3pl MOTPeOHTEN Ha peXHM paboThl IPYTHX (a3

H Ha peKHM paOO0THI BceH TpeX(ha3sHOH IIEITH, COeJHHEHHOH B TPEYT OJIbHHK?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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JTabopamopraa pavboma Ne9. HacmomHsie XapaKkmepucmuKku nocjied06ameibHozo

PE3OHAHCHOZ0 KOHmMYpd

HE.E’II’: paﬁﬂmm: HccrnemoBaTh 4aCTOTHBIE XAPAaKTCPHCTHKI ITOCIICHOBATCIIbHOI'O PE30HAHC-

HOI'O KOHTYpa

OcHOé6bL meopui.

YacTOTHRIMH XdPAKTCPHCTHKAMII Ha3BIBAIOT 3dBHCHMOCTH GGHPGTHEHEHI[FI H ITPOBOJHMO-
CTeH BHEI{TPHIIEGI{Gﬁ OCIO OT HaCTOTHI ITPHIIOKCHHOI'O CHHYCOHIAIIbHOI'O HAIIPSKCHIA. K HIM
TakKK S OTHOCAT 3aBHCHMOCTH OT HdCTOTEI TOKOB, HﬂHpHH(EI—]IIﬁ:, (bﬂBDELI}{ CIIBHI'OB H MOIITHOCTH. B
ITOCIIENOBATCJIIbHOM PE30HAHCHOM KOHTVYPC, IIBGﬁpﬂ,}I{EHHGM Ha PHC, aKTHBHOC COITPOTHBIICHHE HE
3dBHCHT OT Y4CTOTEI, a HHAYKTHBHOC, CMKOCTHOC H PCAaKTHBHOC COIIPOTHBIICHHA H3MCHAIOTCA B

COOTBCTCTBHIL CO CIICAYIOIIIMI BbIPAZKCHITAMI.
X, (w=0oL, X (0)=10oC, X(®)=X,(®)-X_ (@)

ITomHoe COITPOTHBJICHHE KOHTVYPd, KdK CJICAYET H3 TPCYIOJIbHIIKA GGHPDTHEHEHIIﬁ

(prc.6.1,6):
2(0)=V(R*+X3)

\
o—

[Ipn paBeHCTBE HHAYKTHBHOI'O H eMKOCTHOI'O COITPOTHBIIEHHIH HMEET MECTO PeKHM Pe3o-
HaHCa HaIlpsKeHHI, IIPH KOTOPOM HAaIpsSKeHHS Ha EMKOCTH H HHAYKTHBHOCTH PaBHBI ITO BeJIH-
YHHE M IIPOTHBOIIOJIOKHEI ITO (pa3e. B 3ToM peXHMe BeJIMYHHA TOKA B KOHTYPE pPaBHa OTHOIIEHHEO
TIPHIIOKEHHOIO HAIIPSDKEHH S K aKTHBHOMY COITPOTHBIIEHHIO IIEIH, T.K. peaKTHBHOE COITPOTHBIIE-
HHE PaBHO HYIIIO.

qﬂGTDTEl:, ITPH I{GTﬂpﬂﬁ BO3HHKACT PE30HAHC, HA3BIBACTCA pEBOHﬂHGHDﬁ

®0=1/\(LC),
a COIIPOTHUBIIEHHE ITPH 3TOH YacTOTE
AOKYMEHT NoarnncCAH
SNEKTPOHHOW NOAMUCHIO (c(00)=W(L/C)=p
Ceptucdpukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: LieBayxoea TateAHa AneKkcaHapoeHa THBJICHHEM PC30HAHCHOI'O KOHTYPa.
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OTHOIeHHe COMpOTHBIeHMI p/R=Q Ha3pBaeTcsI IOOPOTHOCTHIO PE30HAHCHOIO KOH-

Typa.
% \
Z %"{@
X(o)
R(w) S ]
i ©
0 ; a
A 5 :
co /X0
e e e
T = " . S— 1
: o
° s O 4
()
- 1o o) SR | R PR S SE Ot S PSR

Ha pruc. rmokazanel rpa)HMKH H3MEHEHHS COIPOTHRIIEHHH pacCMAaTPHBAeMOI'O KOHTYpa OT
yacTOThl. Ha pHc. mpeacTaBiIeHbl Tpa)MKH 3aBHCHMOCTH OT YaCTOTHI TOKA, HAIIPSOKEHHI Ha Blle-
MeHTaX KOHTYpPa H yriIa (pa30BOr0 CABHIAa MEKIY TOKOM H ITPHIIOKEHHEIM HaIIPsDKEHHEM, KOTOPOe

OCTAETCA ITOCTOSHHEIM ITIO dAMITTOITY/JC ITPH BCEX HACTOTAX. OTH BEIIMYHHEBI H3MEHIIOTCS B COOT-

BETCTBHH C BBHIPaKeHISIMH:
I(0)=U/Z(®), UL(lw)=olL*l(0n), Uc=Il(®)/( ®C);
p(o)=arctg[(oL-1/( ®C))/R].
Ecimn go6porHocTe Q>1, TO IIPH pe30HaHCe HAIIPSCKEHHS HAa HHIYKTHBHOCTH H
EMKOCTH ITPEBRBIINAIOT IIPHIOKEHHOE HAIIPSDKEHHE B Q pas.
[Ipn ®< 0 @(®)<0, T.e. TOK 1o (paze onepekacT HAIPSLKEHHE H LIENTh HO-

CHT EMKOCTHBIH XapakTep, ITpH ®> ®0 ¢(®)>0, T.e. Lelb HOCHT HHIYKTHBHBIN XapaKTep.

B pexamve pezoHaHca ¢(m)=0, ko3 HIIHeHT MOIITHOCTH cos(p=1.

Ykazarue no mexHuxe o ezonacHocmu.

AOKYMEHT TNOANUCAH
SNIEKTPOHHOMW MNMOAINMMUCBIO
Ceptudukar:,  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

{ BEONTOIIHCHITIH HﬂﬁﬂpﬂTGpHBD{ pﬂﬁGT ITPHBCACHBI

Nencreutened: ¢ 20.08.2021 no 20.08.2022
68



VKa3aHusa no 6bIn0JIHEHIUIO J1ADOPAMOPHOIL pAdonbl:

B maHHON nmadopaTopHOH padore HeoOXOAHMO ITOIYYHTE SKCIIEPHMEHTaIIbHBIM

ITYTEM YACTOTHBIE XapaKTEPHCTHKH ITOCIEM0BATEILHOI O PE3OHAHCHOIO KOHTYpa:
R(m), X(m), Z(»), I(®), UL(®), Uc(o®), p(on).

[ IopsmoK BRITTOIMHEHHS PAaOOTHI CIIE VIOIIHH.

Cobepure cxemy, H300paKeHHYIO Ha PHCYHKE

-‘
P gl
\

""*-*-'*---*-"I' V L--- - -

Hcnomesyire gobGasouHoe compoTtueieHHe 1000M. YCTaHOBHTE ITPeAeibl H3MEPEHH S
ToKa — 200MA, HarmpskeHH S — 20B.

OMMETPOM H3MEPBTE CYMMY COITPOTHBIEHHH R=R+Rs06.

BRIUHCIIHTE PE30HAHCHYIO YaCTOTY U JOOPOTHOCTE KOHTYPa, COOTBETCTB VIOIIHE H3MEPEH -
HOMY COIPOTHBIIEHHIO H C=Imx® 1 L=0041H

f0=12mI(LC)= Tu, p=VL/IC)= Om Q=p/R-=

[IomaiiTe HanpsoKeHHe HA MIPHOOPEI H HA T'eHEeEPaTOP CHHYCOHIAIIBHOIO HAITPsDKEHHS. 13-
MEHSISI YaCTOTY HAIPSKEHH, ITOJaTe TaKoe e€ 3HaueHHe, ITPH KOTOPOM TOK B IIEITH IIPHMET MaK-
CHMallbHOE 3HaueHHe. CpaBHHTE BBIYHCIIEHHOE H 3KCIIEPHMEHTAIBHOE 3HAUYECHHS PE30HAHCHOH
YACTOTHI.

MsaMmensasa yactory ot 0,3 go 1,5 xI'1[ ¢ mHTepBanom 0,1 xI'1r, 3armmmure B Tabnury 6.1 3Ha-
YeHH S YaCTOTHI, MOII[HOCTH, TOKA, HAITPSDKEHHI HAa KOHJIEHCATOPe H Ha KaTYIIKE HHIYKTHBHOCTH
COBMECTHO € J00aBOYHBIM COITPOTHRIEHHEM. HarmpspKeHH H3MEPSIITE ITO0YEPETHO OJHHM H TEM
Ke BOIIBTMETPOM. [IpH KaKIoH 4YacTOTE IIPOBEPSITe BEIMYHHY ITOAAHHOI O HAITPSKEHI S, KOTO-
POE HOJIKHO paBHATHCS JB.

0.11o 3KcIiepHMEHTAJIBHBIM JTAaHHBIM PaCcCUHTANTE

Z = U/, Zrr = Ur/l, X1 = N(Zri*-R?), Xc = UdI,
X=X1—Xc Ur=IX1, o(w) = arccosP/(Ul).

n"!"!'!'!"‘!"!'.-"" s N T T e N e T A AT I "'!"'-""_*.5"-"*..! !"II
1 .

OJOKYMEHT NoanmcAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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UC,

URL,

OM

ZRL.
OmM

XL.
OM

XC,
OmM

UL,

OmM

P,
Ipaj

0,3

0,4

70

1,5

HGGTPGﬁTE I‘pﬂ(l)]?]I{H HACTOTHBIX XdPAKTCPHCTHK IT1O 3KCIICPHMCHTAJIBHO ITOJIIVHCHHBIM H

BBIYMHCIICHHBIM 3HaYCHHAM CGHPGTI[BHEHI]I”I: Hﬂ]’[pH}I{EHIIﬁ: TOKa H VIJIa (1)&3(}3(}1"(} CABHI'A, aHAIIO-

I'HYHBIC ITPCACTABIICHHBIM Hd PHC.

Bxmrounre B 1€ J00aBOYHOE CONMPOTHBIIEHHE 220 OM H YOeQHTECEH, YTO PE30OHAHCHAS

HdCTOTa HE H3MCHHIIACE, d TOK H HAITPAYKCHHA Ha KATYIIKE HHAYKTHBHOCTH H Hd KOHIACHCATOPEC

CTaJIM MEHBIIIE. 3aIlHIIHTe HX 3HAYeHH.

CepTtudmkar:
Bnapeneu:

Coodepacarue omuema:

OTYeT JOIKEH COJCPAKATD.

1. Hazpanme paboTHI,

2. Llens paboTHI,

3. KpﬂTIﬂIE TCOPETHYCCKHE CBCACHITA,

4. OmucanHie HCIONb3yeMOro 000pyAOBaHHS H MaTePHAJIOB,

5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR,

7. BBIBOBI.

K OHMPOJIbHbBIE 601POCHI.

1. Kak 3aBHCST OT YaCTOTBI COITPOTHBIICHHA KaTVIIKH HHAYKTHBHOCTH H KGHI[EHGHTGP&?

2. KakoBo YCIIOBHE BOSHHKHOBCHHA PC30HAHCA HEIHPHJI{EHI]I‘T B ITOCJIICAOBATCIIBHOM PE30-

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO

12000002A633E3D113AD425FBS50002000002A6
LleGayxoBa TateAHa AnekcaHapoeHa

Nencreutened: ¢ 20.08 2021 no 20.08.2022
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5. UTo MoHMMArOT oA JOOPOTHOCTRIO PE3OHAHCHOI'O KOHTYpa?

6. Kak H3MeHseTCs B IOCIIEAOBATEIIbHOM PE30OHAHCHOM KOHTYPE VIOl (pa30BOro CIBHIA
MEKIY TOKOM H ITPIJIOKEHHBIM K KOHTYPY HaAIIPSKeHHEM IIPH H3MEHEHNH YaCTOTHI?

7. Kak BBIYHMCIINTE 3HAUYEHHS HHAYKTHBHOCTH KaTYIIKH H EMKOCTH KOHJIEHCATOpa I10 H3-

MCPEHHBIM 3HAYCHIAM TOKd H HEll'[pH}I{EHI]ﬁ H 3d TaHHOMY 3HA4YCHITH YaCTOTEHI?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamopras pavboma Nell). Hacmomusle xapaKkmepucmuKku nap auleibHoz2o pe3o-

HAHCHOZO0 KOHmMypdad

HE.E’II’: paﬁﬂmm: HccerenoBaTs 4acTOTHEBIE XAPAKTCPHCTHKI ITaPAJIIICIIBHOI'O PE30HAHCHOI'O

KOHTYpa

OcHOé6bL meopui.
B IMapallyICIIBHOM PE30HAHCHOM KOHTYPEC daKTHBHAA ITPOBOJHMOCTD (G He 3aBHCHT OT Ya-
CTOTBI, 4 HHAYKTHBHAA BL: eMKkocTHasI BC H PCAKTHBHAA B H3MeHSIOTCS B COOTBETCTBHI CO CIIe-

AYIOITHMIT BbIPaKCHITAMI.

B, () = i; B,.(®)=wC; B(w)=B, (®)—B.(®).

NN N N .- -.-.-.-.-.*.

[IomHas MpoBOAHMOCTE, KaK CIEVET H3 TPEYI OJIbHHKA IIPOBOJHMOCTEH PHC.
Y(w) =N(G*+B?).

Bujg »THX 3aBHCHMOCTEH IIpeJAcTaBiIieH Ha puHc./.2. IlpH pesonawncroil 4acToTe wo

=]/N(LC) MHIYKTHBHAS H eMKOCTHAS ITPOBOAHMOCTH PABHHI JIPYT APYTY:
Br(wo) =Bc(wo) ZNI(C/L) = .

[IpOBOIMMOCTE ¥ Ha3BIBAIOT Xapaxkmepiicmideckoll npoeoouUmMocnivio TIapallJIe]IBHOL O pe-

30HAHCHOI'O KOHTYPA, @ OTHOIIEHHE
/G =Q

Ha3BIBAIOT 00OPOMHOCHIbI0 PE30HAHCHOTO KOHTYPaA.

[Ipu pesoHaHCe B pacCMaTpHBAEMOM KOHTVYPE TOKH 4Yepe3 EMKOCTh M Yepe3 HHIYKTHB-
HOCThb PABHEI APYT APYTY H IIPOTHBOITOIOKHEI I10 (pa3e, TOK, MOTPeOIsIeMBIH OT HCTOYHHKA, PaBEH

TOKY B BCTBH C aKTHBHOH ITPOBOAMMOCTBIO, ITO (1)&35 OH COBIIAJ4ACT C ITPHIIOXKCHHBIM HaAIIPSKC-
AOKYMEHT NoanncAH

SNEKTPOHHOW NOAMUCHIO yIto, Yyron ¢ = 0, KO3PQHIEHT MOIHOCTH COs
Ceptudmkar. 12000002A633E3D113AD425FB50002000002A6
Bnapeney: ~ UWeBayxoea TatbsHa AnekcandpoBHa €30HAHCA NIOKOE.
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a) B, (@), I (w) Y(0). (o)
G(a), (o) :
Em ]
0 : . -
: B(o), | c(@)
6) ,
'\ Z (@)
|
9(Q° [===eeasascooo----" LAY [, ) W pappp— R ———

¢ (o)

[Tpn H3MeHeHHH YacTOTHI IMIPHIOKEHHOT O K IEIH HAIPSKeHN I H HEH3MeHHOH ero aMITIIH-
TYJle TOKH H3MeHSIOTCS ITPOIOPIIHOHATIEHO COOTBETCTBYIOIIHM ITPOBOHMOCT SIM:
llw)=UY(w) Ii(w)=U/wL), Ic(w)=UwC,
Iic(w)=U-B(w).
Yron ($azoBOro caBHra MeKIy TOKOM B HEPa3BeTRIIEHHOH YaCTH IIEMH H ITPHI0KEeHHBIM

HaIpsCKeHHEM H3MeHSeTCSI B COOTBETCTBHH C BhIpaKeHHEM:
o = arcte/ (1/(L w)- wC)/G].
["'padpukn M3MeHeHN I TOKOB, ITPOBOJINMOCTEH, COMPOTHBIICHMI KOHTYpa M yIIa (pa30BOro

CABHI'a ITPCACTABJ/ICHBL Had PHC.

Pea AOKYMEHT 'ﬁhhhﬁbﬁh' TCTTOTTTT T TTHYAThCA OT H300pakKeHHBIX Ha PHCYHKE, T.K. Ka-
SNEKTPOHHOW NOAMWUCHLIO |
CepTudukar  12000002A633E3D113AD425FB50002000002A6 IEM, KOTOPOC B ITPHBCACHHBIX BBIIIE 3aBHCHMO-
Bnapeneu: lleBayxoea TateAHa AnekcaHapoBHa
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Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

[Ipn w < @y 1ETh HOCHT HHAYKTHBHBIH XapaKTep (TOK 1Mo (a3ze OTCTAET OT HAITPSDKEHHS),
IIPH @ = ¢ - aKTHBHBIIL, ITPH @ > o — EMKOCTHEIH (TOK ITO (pa3e oIepekaeT HAIIpSDKEHHE).

Ecin gobpotHOCTE 0>/, TO IIPH PE30HAHCE TOKH B HHAYKTHBHOH H €MKOCTHOH BETBSX
ITPEBBIIIAIOT ITOTPEOIISIEMBIN OT HCTOYHHKA TOK B () pas.

Ha puc. rmpecraBieHbl Takke 3aBHCHMOCTH ITOIIHOTO Z H PeaKTHBHOT 0 X COIPOTHRIIEHHH
[T OT YacTOTEL. B o0I1eM ciydae

Z(w)=1/Y(w)=1/N(G *+B?), X(w)=B/(G *+B?).

[ IVHKTHpHBIE KPHUBBIE HA PHCYHKE COOTBETCTBYIOT HJIEalIM3HPOBAHHOMY CIIYyYaro, Korja

aKTHBHAs IIPOBOJNMOCTE KOHTYpPa paBHA HVYIFO. B 3TOM ciIy4yae IpH pe30HaHCHON YacTOTe KPH-

BEIE Z(w) 1 X(w) IMEIOT Pa3phIB.

YKazaHnue no mexHuxe 0 e30nacHocmu.

YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpI{BIX pElﬁDT IIPHBCOACHDBIL

B ITPHIIOKEHHE A.

VYKazanua no 6uinojiHeHUI0 1a00pamopHoil padomal:

B maxHHOM 1aGopaTopHOH padoTe HEOOXOANMO ITOJIVUHTE 3KCIIepHMEHTaIbHBIM ITYTEM Ya-
CTOTHBIE XaPaKTEPHCTHKH ITapaUIeIbHOIO PE3OHAHCHOI'O KOHTYPa.

(), IL(w), Ic(w), B(w), X(w), Z(w), p(w).

[ IopsmoK BREITTOIHEHHS PaOOTHI CIIEIYEOII[HI.

ColOepure cxeMy, H300pakeHHYIO Ha pHC. B KauecTBe KaTyIIKH HHAYKTHBHOCTH C MaJIbIM
aKTHBHBIM COITPOTHRBIIEHHEM HCIIONIBb3YHTE OOMOTKY TpaHCc(opMaTopa ¢ YHCIoM BHTKOB w=2300.
B 3a30peI pa3bEMHOIO CEpASUYHHKA BCTABBTE ITOJIOCKH OyMarH B OAHH CIIOH. MCITONB3YHTE KOH-
JIIEHCATOP EMKOCTRIO I1MK®D. B IEMH IPeayCMOTPHTE MEPEMBIMKH 1 H3MEPEHH I TOKOB MYIIbTH-
METPOB. Y CTAHOBHTE CIEIVIOIIHE IIPEAEIIbl H3MEPEHHS: U1 BOIbTMeTpa — 20B, 11 amriepmerpa
- 200MA. IInTaHme Ha cxeMy ITOAAHTe OT TeHepaTopa IEPEMEHHOIO CHHYCOHAAIIbHOTI'O HATIPSTKeE-

HHA.

~U=5B
f=0,2...1 Ky

OOKYMEHT NnoanmncAH
SNEKTPOHHOW NOANMUCHIO

---'_
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OMMeTPOM H3MepPhTe COIPOTHRIEHHE KaTyIIKH R.

[TomaiiTe HanpsoKeHHE IMHTAaHHS Ha IIPHOOPBEI H Ha I'eHepaTop. Y CTAaHOBHTE HaIIPSOKEHHE

5B H, H3MeH A 4acToTy, JOOEHTeCh Pe30HAHCAa TOKOB, OPHEHTHPYSICH I10 TOKY B HEPa3BETBIEHHOM

YACTH LIEITH. 3alHIIHTe 3HAaUeHH I pEBDHElHGHDﬁ HaCTOTHBI, MOITTHOCTH H TOKOB.

1o rokazaHusM ImpHOOPOB PacCUHTANTE:

- COIIPOTHRBIICHITA H ITPOBOJMMOCTH KaT VIIIKH

Zx=U/Ix, XKZ\/ZE—RE} Gy =—7,

- HHAYKTHBHOCTD KaTYIIKH
L=1/2rxfoBk);
- PE30HAHCHYIO YaCTOTY
fﬂ=1‘/(27r\’(LC'));
- TIOJTHOE COITPOTHBIIEHHE H aKTHBHYIO ITPOBOJHMOCTH KOHTYpa
Z=U/l, G=R/Z?;
- TOGPOTHOCTH KOHTYpPa

0=7/G.

e
s

N
ol

CpaBHHTE PacYETHYIO PE30HAHCHYIO YaCcTOTY ¢ (PAKTHYECKOH, a TaKKe JJOOPOTHOCTh KOH-

TYpa ¢ OTHOIIIEHHEM TOKOB //I.

HMsaMmensasgyactory or 0,2 mo IkI'I[, IIpH ITOCTOSHHOM HaNpsKEHHH OB 3armIimTe B TaOIHIY

3HaYeHHT MOIITHOCTH P M TokoB [, [y u ..

(o), P, I,
1. MBT
I'1g

K, | IC, | Y(0),

CM

BL (),
CM

BC (o),

CM CM

B (@),

Z (o),
OM

¢ (o),
I‘pELI[

(@),
OM

200

300

70

1000

CepTtudmkar:
Bnageneu,.

AOKYMEHT NoanmncAH
INEKTPOHHOW NOANUCHIO
12000002A633E3D113AD4 25FB50002000002A6

lebayxoea TateAaHa AnekcaHapoBHa ZEHGI‘G)Z
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Y(w)=I/U, Br(w)=Ix/U, Bc(w)=Ic/U, B(w)=Br(w)-Bc(w),
Zlw)=1/Y(w), o(w)=arcos [PAUI)], X(w)=Z"sine.

[TocTporiTe rpadHKH YaCTOTHBIX XapaKTEePHCTHK.

Codeporcarue omuema:

OT4YeT JOIKEH COMEPXKATh:

1. Hazeanue paboTEI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrmucaHie HCIoIb3YeMOI0 000PYIOBAHII H MaTePHAIIOB,
5. Ilopsapok BeITOIHEHH S PaOOTHI,

6. Berunciennsa n o6padorka pe3yIbTaToB,

7. BEIBOJIEL.

Koumponsusie éonpocet:

1. Kak oT 4acTOTHI 3aBHCAT ITPOBOJUMOCTH KAaTVIIIKH HHAYKTHBHOCTH H KOHJIEHCATOpa?

2. KakoBO yCIIOBHE BOZHHKHOBEHI A PE30HAHCa TOKOB B ITaparUiellb HOM Pe30HAHCHOM KOH-
Type?

3. IlosicHHuTe (PH3HYECKYIO CYIIHOCTh Pe30HAHCa TOKOB.

4. Kak BBIUHCIIMTE PE30HAHCHYIO YaCTOTY, €CIIH M3BECTHBI ITapaMETPhI IIEMEHTOBR PE30-
HAHCHOI'0 KOHTYpa?

5. Kak BEIYHCIHMTE JOOPOTHOCTE MapauieIbHOIO Pe30HaHCHOI O KOHTypa?

6. Kak u3MeHseTCs B ITapaljIe]IbHOM Pe30HAaHCHOM KOHTYPE YToll (pa30BOr0 CABHIA MEXKIY
TOKOM B HEPA3BETBIEHHON YaCTH ILEITH H HAIPSDKEHHEM ITPH H3MEHEHHH YaCTOTHI?

7. OT 4ero M KakK 3aBHCHT COOTHOIIIEHHE TOKOB B PEAKTHBHBIX 3JIEMEHTAX H B HEPA3BETB-
JIEHHOH YaCTH IETH IIPH Pe30HAHCE TOKOB?

8. Kak ¢ y4éTOM aKTHBHOI'O COIIPOTHBIIEHHS BBIUHCIIHTE HHIYVKTHBHYIO ITPOBOJIHMOCTE U
HHIYKTHBHOCTh KaTVIIKH, eCIIH H3BECTHEI TOK, IMTPOTEKAFOIIII 110 KaTYIIKE, a TAKKE BETHYHHA U

HaCTOTa ITPHJIOKCHHOI'O H&HP}I}I{EHIIH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Javopamopraa paboma Nell. Hccenedoearie TuHEUHOU IIeKMPUYLECKOU enlt npu

HEpHﬂﬂHIIECHm{ HECHHyCﬂHﬂ AJIbHOM HANPANCEHUL

Ilenv pabomesr: 11pnoOpecTH NMpaKTHYECKHE HABBIKH COOPKH H aHAJIM3a JIMHEHHEBIX SJIEK-

TPHYCCKIIX I[eleH IIPH ITICPHOJHYCCKOM HECHHYCOHAAIIbBHOM HAITPAKCHITH

OcCHO6bl meopuu:

B maxHOH j1abopatopHOH padoTe pacCMaTPHBAETC S AIIEKTPHUECKAS 1IETTh, IPEACTABIIEHHAS
Ha PHC. H COCTOSIIASA M3 IIOCIIE0BATEIIbHO BKIFOUEHHBIX HHIYKTHBHOI O, EMKOCTHOI'O M aKTHB-
HOI'O CONPOTHBJIEHHH. Ha 3aKiMBI LIEIH ITOJaéTCsI HAIIPSDKEHHE ITPSMOYTOJIBHOH ()OPMBI, HMEFO-

mee aMrimmTyay Um u yacrory =27 f=27/T.

W

[IpencrapineHHas Ha pHCYHKe () YHKIIHS HaITPSDKEHHS pasiaracTcs B psag Dypbe
flowt)=4Un/T*(sin wt+1/3-sin3 wt+1/5sin5 wt+...) (8.1)

JIeNCTBYIOIHE 3HAYEHH S TAPMOHHK:

Ul=4Uy/(\N2-7) ;U3=U1/3;U5=U1/5; n 1.1L. (8.2)

[Ipn cpapHUTENIBFHO HEOOIBIINX 3HAYEHNSIX YaCTOTEl  KorJa 3(eKT BEITECHEHHS TOKa
HE3HAYHTEIEeH, aKTHBHOE COIIPOTHBIIEHHE IIEITH MOXKHO CUHTATh ITOCTOSHHBIM , B TO BpPeMS KakK
HHAYKTHBHOE COITPOTHBJIEHHE ITOBHIIIAETCS, 2 EMKOCTHOE — CHHIKAeTCS ITPOITOPLIMOHAIEHO KpaT-
HOCTH 4acToT k

Xiv=k wl; Xcp=1/k oC) (8.3)

Ecinu B paccMaTpHBaeMOH 3MEKTPHYECKOH LIEITH IIPH OCHOBHOM YacTore X7 =Xcj, TO TOK
OCHOBHOH I'apMOHHKH OYAET OIPEAEIATHCS TOIBKO aMITIIMTYA 0N HAITPSKEHH S 3TOH FapMOHHKH H
AKTHBHBIM COITPOTHBIIEHHEM I[EITH

1;=U/R (8.4)

I[HH OCTAJIBHBIX I'apPMOHIIK ,I[E:ﬁCTE}?IOH_[HE 3HaACHHA TOKOB OITPpEACIHIIOTCA COOTBCTCTBYIO-
NOKYMEHT NOANUCAH

3NEKTPOHHOW NOANNCHIO [FLSIMH.
Ceprudmkar:  12000002A633E3D113AD425FB50002000002A6 b2y ] -
Bnapeneu: Ulebayxoea TaTbAHa AnekcaHopoBHa R [3 wL I/(j‘ mC)] }:
oL-1/(5 wC)] *}, (8.3)
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YeM BBIIIIe TapMOHHKA, TeM MeHbIIIe TOK H TeM OOJIbIIe YTOlI (pa30BOr0 CABHIA @K MeXKIy
HAITPSDKEHHEM H TOKOM JAaHHOH IapMOHHKH. YTJIBI (Da30BOIO CABHIA MOTI'YT OBITh BEIUHCIIEHEI B
COOTBETCTBHH C BBIPAKEHH SIMH:

w3= arc cos(R/z3), @s= arc cos(R/z5), (8.6)

AKTHBHaSI MOITHOCTG ITPH Pe30HAHCHOM YacTore w=1/ \f{’LC ):

P=P|+P3 +Ps+...=U; 11 +U3 I3 cos ¢ 3+Us Is cos ¢pst+... (8.7)

ﬂEﬁCTE}’TOH_[EE SHAUCHHC HCCHHYCOHIAJIBHOI' O TOKA

[=\JI}+2+12+.) 838)

CHE,I[}"ET OTMETHTB, UTO €CJIH B ILCIITH HMCCT MCCTO PE30HAHC HHHPH}I{EHHIUI HILA HEPED‘ﬁ
I'dAPMOHHKH., TO TOKIH OCTAJIbHBIX I'dPMOHHK 6}",[[}’1‘ HC3HAYHTCJIbHBIMI, ITOTOMY HAIIPAKCHIIC Ha
dKTHBHOM COIIPOTHBIICHHH 6}’I[E:T OIMH3KHM K CHHYCOHIAJIbHOMY, 4 CYMMa H&HPH}I{E:HI]IUI OCTalIb-

HBIX TapPMOHHK OyJIeT IpriIokeHa K LC-QIIbTPY.

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pﬂﬁDT ITPHBEICHBIL

B ITPHIIOKEHHE A.

VKa3aHusa no 6bIno0JHEHI0 J1ADOPpAmMopHOU padonbl:

CobpaTk cXeMy, B CXeME HCIIOJIb30BaTh B KaUeCTBE KaTVIIKH HHIAYKTHBHOCTH OOMOTKY
TpaHc(opMaTopa ¢ YrciIoM BHTKOB w=300, KoHAeHcaTOp EMKOCTEIO 0,4 7MK®D H CONMPOTHBIIEHHE
100 Om. Llerns MOAKIIOUHTE K TEHEPATOPY IIEPEMEHHOI0 HAIIPSDKEHHA. Y CTAHOBHUTH ITPEIETT H3ME-
PEHH A TOKA Ha MyIIbTHMeTpe 200 MA.

BTOpEIM MyTIETHMETPOM H3MEPHTH aKTHBHOE COIPOTHBJIEHHE KATYIIKH HHIYKTHBHOCTH
Ry 1 COIPOTHUBIIEHIE HAIPY3KH Ry, 3aTEM IIEPEKIIIOUNTh MYIIbTUMET]P IJIS H3MEPEHHNS HaITPsIKeE-
HHS, YCTAaHOBHB ITpeel u3MepeHnus 20 B.

BKIIOUNTE T'eHepaTOp CHHYCOHAAIBPHOIO HAIIPsDKEHHS, YCTAaHOBHTH dYacToTy S00I'1[
HaIpsoKeHHe 5 B. M3MepHTh TOK B LIENTH H HaIIPSDKEHHE Ha KaTYIIKe. BEMHCINTE HHIYKTHBHOCTD

KAaTVYHIKIH, ITOJIIB3VACh BhIPaKCHITAMIL

Zx=U/Ik,
2 2
Xf{' — .\/ZK o R s
L=X/(2xf)
NJOKYMEHT I:ID,HI'IHCAH _ _
INEKTPOHHOW NMOANChLIO OBHOH (HEpEGH) I'aApMOHHKH

Ceptudpukat: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Ulebayxoea TaTbAHa AnekcaHopoBHa _;C)J f;= m;f(Z ).
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YactoTy f1 yCTaHOBHTHL Ha TeHEepaTrope, INMepeKFOYMB €r0 Ha CHIHAJ ITPSMOYTOIIBHOH
¢opmel. MeieHHO Bpamias pPyKOSTKY H3MeHEeHHS 4acTOTHI, JOOHTHCS MAaKCHMAJIBHOIO TOKa B
I[ETH, CPABHUTE ITOIIYYEHHYIO PE3OHAHCHYIO YacTOTY f1'C pacuéTHOM.

JIns HanpsKeHH Ha BBRIXOJIe reHepaTopa UM = 5 B BEIUHCIHTE aMIUIHTYIHBIE H JEHCTBY-
IOIIHE 3HAUYEHH S HaIIPSDKeHMH 3-1, 5-i H 7-H TapMOHHK, TTOIb3YsICh popMynaMH 8.1 1 8.2.

JIT1S SKCIIEPHMEHTAIILHO HAHAEHHON YaCcTOTHI f 1 BBIUHCIHTE AeHCTBYIOIIIE 3HAUEHIS TO-
KOB 3-H, 5-H H 7-H rapMOHHK, ITOJIb3YCh (popMyTraMH 8.5.

[To popmymnam 8.6 BEIYHCIHTE VITIBL (pa30BBIX CABHIOB IapMOHHK, a 3aTe€M — aKTHBHYIO
MOII[HOCTb.

BBIIHciIuTh 110 8.8 AeHCTBYIOIIEe 3HaYeHHEe HECHHYCOHJAIbHOT'O TOKA.

BBI4rciIeHHBIE 3HAUEHHU S TOKA M MOIIHOCTH CPAaBHUTH C MTOKa3aHHAMH aMIIEpMeTPa M BaT-
TMETpa IIPH YCTaHOBIIEHHOM Ha BRIXOJe TeHepaTopa HallpsDKeHHH JB.

M3MepHTh HalIpsKEHNE Ha aKTHBHOM COIIPOTHBIIEHNH HAIPY3KH M CPABHUTE €I'0 C BBIYIC-
JIEHHBIM 110 8.4 IeHCTBYIOIIHM HAITPSKEHHEM IIEPBOH T'apMOHIKI.

[Togkmoyas ocipuorpad mooyepéQHO K BEIXOAY I'eHepaTopa, K aKkTHBHOMY COITPOTHBIIE-
HHIO H K ITOCIIeJOBATEIFHO BKIIFOUYEHHBIM KOHIEHCATOPY H KaTVIIKE HHIAYKTHBHOCTH, 3aPHCOBATh
Ha KaJIbKe, IIPITIOKEHHON K 5KPaHy, KPHBBIE HAITPSKEHHIL. YOeIUTHCS, UTO KPHBaAs HAIIPSKEHU A
Ha BBIXOJe TeHepaTopa HMeeT IPSMOYTOIbHYIO OpMY, Ha aKTHBHOM COIIPOTHBIIEHHH — OJIH3Ka
1o (hopMe K CHHYCOHIe, a Ha LC-(IIbTpe KpHBas IPeICTaBIIeET CYMMY BCEX BBICIIIHX FapMOHH-
YECKHNX COCTABJISIIOIIIX.

PesybTaThl BEIYMCIEHHH H H3MEPEHHH 3aHECTH B Ta0muiy 8. 1.

fl fl Rk RH X3 X5 X7 Z3 75 L]

I'o I'n Om Om Om Om Om Om Om Om
Ul U3 Us U7 I1 I3 5 I7 | Ipacu. | Iskcrn. | 3 QS ¢7 | Ppacu | Pakcrn
B B B B MA | MA | MA | MA MA MA | rpag | rpag | rpag | MBT | MBT

CepTtudmkar:
Bnapeneu:

CpaBHHTH ITO OCIHIDIOrpady aMIUIMTYAHBIE 3Ha4YeHHS HaIlPsSDKEHHH Ha BBIXOJe TeHepa-

TOPa H Ha aKTHBHOM COIIPOTHBIICHIIT HaI' PY3KIIL, HaHIHTe X OTHOILEHHE H CPaBHIITE C HYHCIOM

4/t =1.273.

AJOKYMEHT NMoanncAH

SNEKTPOHHOW NOAMUCHIO
12000002A633E3D113AD425FB50002000002A6

Llebayxoea TateaHa AnekcaHgpogHa
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2. Llenp paboTHI,

3. Kparkie TeOpeTHYECKHE CBEICHH S,

4. Orucanne UCIoIb3YeMOro 000PYAOBaHHS H MaTEPHAJIOB,
5. Ilopsamok BeIOIHEHH S PaOOTHI,

6. Beruncnennsa n o6paborka pe3ylnbTaToR;

7. BEIBOJIBI.

KoumponsHusie 6onpocel:

1. Kakue rapMOHHKH COJIEPKHT CHIHAII, CHMMETPHYHBIN OTHOCHTEIBHO OCH abcIHcc?

2. Kak BBIYHCIHTE COIPOTHRIIEHHE aKTHBHO-PEAKTHBHOM LIEIH A1 OTAEIbHBIX TaPMOHHK
TOKa?

3. Kak BEIUHCIHTE YITIBI (pa30BOro CABHIA MeKAQY TOKOM H HaIlpsSKeHHEeM JUIS OTAeIbHbIX
rapMOHHK?

4. Kak BEIUHCIIMTE JeHCTBVIOIEE 3HAYEHHE IIEPHOIHYECKOI0 HECHHYCOHAaIIbHOI'O TOKA?

5. Kak BBEIMHCIHTH aKTHBHYIO MOIIHOCTBH B IIEITH IEPHOAHYECKOI O HECHHYCOHIAIBHOIO
TOKa?

6. Kax MOKHO BBIAEIHTH OJHY H3 FapMOHHK IIEPHOAHYECKOI0 HECHHYCOHJAJIbHOI'O TOKa

HIIH HEIHPH}I{EHIIH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamopran paboma Nel2. Bonsmamneprsie Xap aKmepucmuKky HeJauHelHblX co-

npomMue6JieHII

Ilens padomsi: M3ydeHne cTyieHTaMH BOJIbTaMIIEPHBIX XapaKTEPHCTHK JHOJAO0B H OHIIO-

JISIPHBIX TPAaH3HCTOPOB

OcCHO6bl meopuu:

[TOIyTIpOBOHHKOBEIH JHOM COCTOHT M3 ABYX CIIOEB ITONIYIIPOBOJAHHKA, OAHH H3 KOTOPBIX
o0nagaeT ABIPOYHOH IPOBOIHMOCTEIO (P — CIIOH), BTOPOH —3NIeKTPOHHOH ITPOBOAHMOCTERIO (1 —
ciroit). BenmegcerBre U@ y3HH 3JIeKTPOHOB H JBIPOK Ha p-n-liepexojle o0pa3yeTcs IMOTeHIHAIIb-
HEIH Oaphep, KOTOPBIH O0YCIIOBIHBAET HEJIMHEHHBIE CBOHCTBA JHOAA. BoIbTaMIIepHas XapakTe-

PHCTHKA JHOJA ITPCACTAaBIICHA Ha PHC. 9.1.

T4 |

Ecin guon BKIFOUHTH B BIEKTPHYECKYIO LElb TakK, YTOOBI HAIlpsDKeHHe OT HCTOYHHKA
5.1.c. OBIIIO HAITPABJIEHO OT CIIOA P K CIOIO 1, TO ITOTEHIHAILHBIH Oaphep IMHMKBHIHPYETCS H II0
I[EITH ITOTeYET TOK. [IpH 3TOM CONMpOTHBIIEHHE THOAA C YBEIIHYEHHEM HaITPSKEHH ST YMEHBIIAeT AL,
TaK 4TO IMaJicHHe HaIIpsoKeHHS Ha JHOJE He IPEBBIIAcT JOIei BOIbTa, a BEIMUHHA TOKA B IIEIH
OIPEAEIIIETCA B OCHOBHOM COITPOTHBIIEHHEM OCTAIIBHOH YaCTH I[EIH H BeIMYHHOH 3.J.C. HCTOY-
HHKa (B.a.X. IIpaBee TOYKH «a»). ECIIN jKe HalpssKeHHe OT HCTOYHHKA 3.]1.C. HAIIpaBJIEHO OT CIIOS
1l K CIIOKO P, TO ITOJ AeHCTBHEM IIPHIOKEHHOIO HAITPSKeHHS ITOTEeHI[HAIBHEBIH Oaphep p-n-Iepe-
X0Jla YBEJTHYHBAETCSA H TOK, KOTOPBIH B HAITPSPKEHH S ITOTEHIHAJIbHEIH Oapbep p-n —Iepexojia yBe-

TUUURAATCT W RATTUUWHA TOKA_ KOTONRIIT R ATOM CIIVHac Gﬁ}*’CHC}EHEH HaJTYIIEM HEOCHOBHBIX T10-

NOKYMEHT MOANUCAH
SNEKTPOHHOW NOANUCHIO ) MaJIBIM (Y4aCTOK B.a.X. MEXKIY TOYKAMH «a» H
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6
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B.a.X. JJeBee TOUKH «B»). Pa3zmHyaroT TpH BHJIa ITpo00S: TaBHHHEIH, TYHHEIbHBIH H TeII0BO. Jla-
BHHHBIH ITPOOOH IPOHCXOMUT B PE3VYIIBTATE TOrO, YTO IIPH JOBOJBHO BBICOKOH HAITPSLKEHHOCTH
AIEKTPHYECKOIO ITOJIS, CO37[aBaeMOH HCTOUYHHKOM 3.JI.C., HEOCHOBHEIE HOCHTEIIN 3apS0B (TeIlIo-
BbIE CBOOO/IHBIE AIIEKTPOHBI) Pa3TOHSIOTC S, ITOTYYasi SHEPTHIO, JOCTaTOUHYIO IS HOHH3AIHH aTO-
MOB KpHCTaria KpeMHHS. OO0pasyroluecs B pe3yiIbTaTe HOHH3AIMH 3apsSibl, B CBOIO OUYEPE/b,
TOKE PasTOHSIOTCA M MOHH3HPYIOT APYIHe aToMBI. IIpoljecc MOHM3AIMM HapacTaeT JIaBHHOOO-
Pa3sHO, B PE3YIIBTATE YETO COIIPOTHBIIEHHE P-n —IIEPEXOJIa PE3KO ITaJacT, U BEIHYHHA TOKA YEPE3
ITHOJT OIIPEMEISIETCS COIIPOTHBIIEHHEM OCTAIBHOH YaCTH IIEITH.

T YHHEIEHBIH ITPOOOH ITPOHCXOAHT YV JHOIOB C JOCTATOYHO BEICOKOH KOHI[EHTpaL[HEH ITPH-
MeceH, Korjla TOIMIHHA 00eJHEHHOH 30HBI P-n- Iepexoa (JTHIIeHHOH OCHOBHBIX HOCHTENEH 3a-
PSIOB — 3JIEKTPOHOB H JBIPOK) Malla. B 3TOM cirydae ITOJ AeHCTBHEM BBICOKOH HaIIPSIKEHHOCTH
BHEIIHET O 3JIEKTPHYECKOTO ITOMS, CO34aBacéMOI'0 HCTOYHHKOM 3.1.C., 3JIEKTPOHBI IIPEOI0TIEBAIOT
ITOTEHIHAIIBHEIN Oaphep.

Ecmu mmpu nmpoGoe auofa BeIHYHHA TOKA HACTOJIBKO BEIHMKa, YTO KOIMYECTBO BBIILISIE-
MOTI'O Ha JTHOJ€ TEIUIA ITPEBHIIIAET KOTHYECTBO OTBOJAHMOI0, TO TEMIIEpATypa AU O a IIOBHIIIAETCS,
ITPOMCXOANT TeINIOBAs HOHH3AI[HS, B Pe3YyIIbTaTe KOTOPOH paspyIlacTcs CTPYKTYPa ITOIYIIPOBOJ -
HHKA, TABHHHBIN HIIH TYHHEIBHEIH IIPOOOH IIEPEXOANUT B TEINIOBOH, JHO BEIXOAHT H3 CTPOS. ECIH
K€ TEIUIOBOTIO IIPOOO0S HE MIPOHCXOIUT, TO BCE CBOMCTBA JHOLA COXPAHSFOTCSL.

JIMOABI, HCITOIIB3YEMBIE B CXEMAaX BBINIPSAMUTEIEH, ITPeoOpa3yIONX IIEPEMEHHBIH TOK B
ITOCTOSIHHBIH, PalOoTar0T Ha YYacTKe BOJIbTAMIIEPHOH XapaKTEPHCTHKH IIpaBee TOUKH «B». 1.€. B
3THX CXEMaxX HallpsKeHHE He JOJLKHO IPEBBIIATE HAITPsOKeHHS ITpodosa. Ha yyacTKe XapakTepH-
CTHKH JIeBee TOYKH «B» paboTaroT AHOMABI B CXeMaX CTaOIIH3aTOPOB HAMPSKEHHS. OTH JHOIBI
HMEIOT CIIENHAIBPHYIO KOHCTPYKIIHIO, IPEIOTBPAIAFOIVIO TEIIOBYEO HMOHM3AI[MIO ITPH JOCTa-
TOYHO OOJIBIIINX TOKAaX B peXHMe Ipodos. Takue JUOAbl HA3BIBAOT CTAOHIHTPOHAMH.

Hamnbonee 1mmupoKo HCIOMBE3YEMBEIMH VITPABISIEMBIMH HEJTHHEHHBIMH COITPOTHBIIEHH SIMH
SIBIISIEOTCS TPAH3HCTOPBI, KOTOPHIE ITOAPa3IeIOTCSA Ha OMITONSAPHBIE, YIIPABIISIEMbIE TOKOM, H I10-
JIEBEIE, VIIPABISEMBIE 3JIEKTPHYECKHM I10IeM. B HacTosIIeH 1abopatopHOH padoTe paccMaTpHBa-
IOTCS XapaKTePUCTHKH OMITOISPHOI O TPaH3HCTOpa.

BHITOISIpHEIE TPAH3HCTOPRI HMEIOT TPEXCIONHYIO CTPYKTYPY C JIBYMS P-n —TIEPEXOIaAMH.
CyILIECTBYIOT TPAH3UCTOPEI N-p-N THIIA H P-n-p THIIa. CXeMa KOHCTPYKIIHH N-p-n — TPaH3HCTOopa
IIpeJicTaBlIeHa Ha pHc. Ha 3TOM jKe pHCYHKe HMeeTcs YCIOBHOe rpapHyecKoe H300pakeHHe JlaH-

HOI'O TPAH3HCTOPA.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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JIBa KpaHHHX CIIOS TPAH3HCTOPA COCTOAT H3 ITOMYIIPOBOAHHKA, OOIaJarOIEro MEKTPOH-
HOH IIPOBOJANMOCTBIO, CPeIHHI CIIOH — ABIPOYHOH ITPOBOJAHMOCTBIO. KaXXIBIH H3 TPEX CIIOEB KOH-
TAKTHPVYET ¢ METAJIIINYECKIMH EKTPOJaMH, KOTOPEIE CIIYKAT JJIS ITOJKIIFOYEHH S TPaH3HCTOpa K
3IIEKTPHYECKHM IIEITsM. CpeTHHH CIIOH Ha3bIBAIOT 0a30H, KpaHHHE — KOJUIEKTOP H AYMHTTED. Ecim
MeKIY KOIUIEKTOPOM H SMHTTEPOM IIOJATh HAIPSIKEHHE, KAK 3TO II0KA3aHO Ha PHC, TO SMHTITED-

HBIH IICEPEXOL 6}"I[ET BKIIIOUEH B ITPOBOAAIIICM HAITPABIICHHH., a I{DHHEI{TDPI{BIﬁ — B HCITPOBOJAIIICM.

K Ix:

Is . L ﬁ-.r; U]..’_g(l
3

[Ipn orcyrcrBHH Toka Ga3bl 10 TPaH3HCTOP MeEXIY KOIJIEKTOPOM H 3MHITEPOM OYyAEeT
HMEeTh JOCTATOYHO OOIIBINIOE COMPOTHRIIEHHE, TOK B I[EIH KOJUIEKTOPa 1K OyIeT He3HAYHTe IbHBIM
(3TO TaK Ha3bIBa€MBIH OOpaTHBIN TOK KOIDIEKTOPA, OIPEIEIISIE MBI HEOCHOBHEIMH HOCHT EIISIMH 3a-
psimoB). Ecim ke B 1ierH 0asbl co34aTh TOK, ITOAKIFOYHB HCTOYHHK HAITPSDKEHHS MEXKITY SMHTTE-
poM H 0a30H, TO COIPOTHRIIEHHE KOJUIEKTOPHOTIO MepeXojla YMeHbIIHTCS, B Pe3yIIbTaTe Yero Io-
SIBHTCS TOK KoIUIeKTopa 1K. C yBeJIHdeHHeM TOKa 0a3bl COIPOTHBIIEHHE TPaH3HCTOPa YMeHbIIa-

cTCA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
83



il

_ dlg* (ImA
s ) =

s —

BoneramiiepHele XapaKTepHCTHKH TPaH3HCTOpa, MPeACTaBIIIONHE COOOH 3aBHCHMOCTD
TOKa KOJUIEKTOPA OT HaIIPSLKEHI MEXAY KOIUIEKTOPOM H 3MHTTEPOM ITPH PasiMUHbIX 3HAUEHISTX
TOKa 0a3bl, H300paKeHbI Ha PHC.

OTH XapaKTepPHCTHKH Ha3bIBAIOT BEIXOAHBIMH, B OTJIMYHE OT BXOIAHBIX, ITPEICTABIISIOIIIX

3aBHCHMOCTD TOKa 0a3bl OT HalTpsLKCHHA SMHTTCP- 0asa.

YKazaHnue no mexHuxe 0 e30nacHocmu.
YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHECCHBIL

B ITPHIIOKEHHE A.

VKa3aHua no 6 bINOJIHEHUIO 1ADOPAMOPHOIL pad omeol:

B maHHOH madopaTopHOH padoTe CTYAEHTHI CHHMAIOT BOIBTAMIIEPHYIO XapaKTEPHCTHKY
CTaOMIIMTPOHA M BBIXOAHBIE XaPAaKTEPHCTHKH OMITOIISIPHOIO TPaH3HCTOpPA.

CoOpath cxXemy, IIPeACTABIIEHHYIO Ha PHC. B KauecTBe HCTOYHMKA HAITPSKEHH S HCIIONb-
30BaTh PEryIHPYeMBIH HCTOUYHHK 0... 15 B. YcTaHOBHTE IIpeienbl H3MepeHH s ToKa 20 MA, Hanps-
xKenns — 20B.

[TocTeneHHO YBeTHYHNBAs HAIIPSDKeHH e, 3a(DHKCHPOBATh TAKOE ero 3HAaUeHHeE, ITPH KOTOPOM
ITOSIBUTCS B IIEMHM TOK. B JampHEHNIEM, ITOBHIINAS TOK O 5 MA ¢ HHTEpPBAIOM B 1| MA, 3armicars
COOTBETCTBVIOIIHE KaXXJOMY TOKY 3HAUEHHUS HAIIPsDKEHU . Pe3yIbTaThl 3aMEPOB 3artucaTh B Tad-
TTHILY.

CHH3HTE HaMIPSKEHHE 0 HYIIA H 3aTEM IIOMEHATh €0 IONSPHOCTE. [1ocTeleHHO yBeIH-

NOKYMEHT MNOANMUCAH |
SNEKTPOHHOM NoanuUcChio €, ITPH KOTOPOM B IICITH ITOABHTCA TOK (OHG 6}5’,I[ET

Ceptudmkar: 12000002A633E3D113AD4 25FB50002000002A6

M clIy4dae). YBeIHYHBasA TOK JO0 5 MA ¢ HHTepBa-
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

dIHE KaXKI0 TO HAITPAAKCHI AL
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[TocTponTs rpaHK BOIbTAMIIEPHOH XapaKTePHCTHKH Ha MIJUIHMETPOBOH OyMare B Mac-

ImTade.

470 On

A\

- O

JITIsT CHATH S BBIXOJHBIX XapaKTEPHCTHK TPaH3HCTOpa coOpaTh cXemy, H300paKeHHYIO Ha
puc. Ha moreHiimoMerp 1kOM HamnpspkeHHe IOJarhk OT HEPETYIHPYEMOI'O MCTOYHHKA TTHTAHHA
15B, B LIeIh KOMIIEKTOpa — OT peryiaupyeMoro HetTouHuka 0...15B. [Ipegensr naMepeHs rmpudo-
POB YCTAHOBHTH C YUETOM TOr'O, YTO TOK B IIeIH Oasbl He Oyaer mpeBoimars 100 MKA, B 1ierH

Koluiekropa — 10 MA, HanpsoxeHHe — D B.

+ 1000 4750

15B

1ROM 0...15B

B

— 0

YcraHoBHTE TOK Oasel 20MKA. IIoCTelneHHO ITOBBIINIAS HANPSKEHHE B LIETTH KOJUIEKTOP-
SMHTTEP, HANTH ero 3HaUeHHe, IIOCIIe KOTOPOro TOK KOIJIEKTOPa H3MEHSIETCS He3HAUHTEIBHO. [[0
3TOI'O 3HAYEHHI CHATh 3 — 4 TOUKH XapaKTePHCTHKH, ITOCIIE 3TOr0 3HaYeHHI — 2 — 3 TOUKH.

IIpomenaTh OIBITEI, aHAJIOTHYHEIE I1.7, IIpH ToKax 6askl 40, 60, SO0MKA. 3HaUeHHS HaIIps-
JKeHHH H TOKOB 3aHeCTH B TaOIIHIHL.

[TocTpouTs B MacirTabe Ha MIUIJIMMETPOBOH OyMare BEIXOAHBIE BOIIbTAMIIEPHBIE XapaKTe-

PHCTHKH TPAH3HCTOPA.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. HazpaHue paboTHI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrrcanHie UCIoIb3yeMOro 000pyAOBaHHS H MaTepHalIOB,
5. ITopsimoK BRIMIOJIHEHHM S PaOOTHI,

6. Beruncnennsa u o6padorka pe3ylbTaToR,

7. BEIBOJIEL.

KoumponsHsie éonpocet:

1 . OrmImmre KOHCTPYKIIHIO JHOAA H OHITOJIIPHOI'O TPaH3HCTOpPA.

2.B pesymerate yero oOpasyercs IOTeHIHalbHEIH Oapeep p-n —IIepexoma?
3 Ilouemy guox obimagaeT OMHOCTOPOHHEH IIPOBOJHMOCTEIO?

4 YeM ornpeensgercsa BeTHYHHA 00paTHOr O TOKa JHoaa?

5.Kakue pazmyaroT BHIBI Tpodos quona? OrmmmmTe (pru3HYecKHe IPOLIECCHl IIPH Pa3iIHy-

HBIX BHIdX T[pﬂﬁﬂf{.

0.3aBHCHMOCTBD MCAKAY KdKHMH BCIIHYIHAMI OTPaAKAIOT BXOJHBIC H BBIXOJHBIC XdPdKTC-

PHCTHKH OHITOISIPHBIX TPAH3HCTOPOB?

7.OIMIIHTE CXEMBI H CITOCOORBI SKCIICPHMCHTAJIIBHOI'O OITPEACIICHHA BOJIIBTAMIICPHBIX Xa-

PAKTCPHCTHK JHOJOB H TPAH3HCTOPOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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JJabopamoprasa paboma Nel3. D eppope3oHaHcC 6 nocied 06amesibHOU Lenu

Ilenv padomsi: V3ydeHne cTyleHTaMH BOJIbTaAMIIEPHBIX XapaKTEPHCTHK H TPHITEPHOIO

a(pdekra B IocneoBaTe IbHOH (Peppope30HaHCHOH IIEITH.

OcHoébl meopuu.;
IlocremoBaTenbHaAS QJEPPGPEBGHHHCHHH IOCIb COCTOHT H3 KdTYIIKIH CO CTAJIbHBIM CCPACH-

HHKOM H KOHIACHCATOpPA.

® " T ||
|

v Us Llr’l

K 3axymamM IeIt IToABeLEHO CHHYCOHIAJIBHO H3MCHAIOIECCA HAIIPLKCHHE OIIPEACIICH-

HOH YaCTOTHI.

L d

C

L =

[Ipn yBeIMUYEeHHH HAIPSOKEHNS Ha KOHAcHcarope U TOK YBEIHYHBAETCS ITPOITOPIHO-
HaJlbHO HaIIPSDKEHHIO, T.K. COIIPOTHBIEHHE KOHAeHcaTopa Xx.=1/(wC) OCTaETCS IMOCTOSHHBIM.
BonpTamiiepHas XapakTepHCTHKA KOHIeHcaTopa JTHHelHa (kprBasg 1 Ha prc.10.2).

BGHBTMEPHHH XAPaKTCPHCTHKA KaTYIIKI CO CTaJIbHBIM CEPACTHIKOM HOCHT SAPKO BbIPa-
OOKYMEHT NoarnncAH

SNEKTPOHHOM NOArMCHIO c. 10.2). HemiHelHOCTh XapaKTEPUCTHKH O0Y-
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6 ..
Bnapenedu: Hlebayxoea TaTbaHa AneKkcangpoBHa JH HHAYKIMH B CTalIbBHOM CCPACHHHKE OT HallpA-
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Ecmau YHECTE dAKTHBHOC COIIPOTHRBIJICHHC KAaTVYIIKIT H ITOTCPH B CCPACHHIIKE Ha ITICTCPE3HC
H BHXPCBBIC TOKH, TO CXCMd 3dMCIICHITA KATVYIIIKH BBITJIAIHT TdK, KdK ITPCACTABICHO Ha PIHC. 103:,
d. CGHPGTI[BHEHHE F; PaBHO aKTHBHOMY COIIPOTHBIICHHIO OOMOTKH KaTVYIIKH, COITPOTHBIICHHE F?2

YUHTBIBACT ITOTCPH MOITHOCTH B MAI'HHTOIIPOBO/IE.

g
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BBUTY TOT'O, UTO KATYIIKH MOTArOT OOBIYHO METHBIM IIPOBOIOM, HX COIIPOTHURIIEHHE F CY-
IIIECTBEHHO MEHBIIE HHIYKTHBHOIO. KpoMe TOro, IoTepH B MAarHHUTOIIPOBOJE TAKXKE HE OKa3bI-
BArOT IIPH HHU3KHX YACTOTaX CYINECTBEHHOI'O BIMSHHSI Ha PeXKHUM padoThl 3IIEKTPHYECKOH I[ETTH,
T.K. COIPOTHBIIEHHE 2 OKA3BIBAETCS HAMHOI'O OOJbINEe HHAYKTUBHOIO COITPOTHBIIEHH S KAT YITIKH.
TaxmM o6pa3zoM, ¢ JOCTaTOUHOH JJIS IPAKTHYECKHUX I[eJIeH TOUHOCTBIO HHIVKTHBHOE COITPOTHB-
JIEHHE KaTYIIKH MOKHO CUHTATh PABHBIM €€ ITOJIHOMY COITPOTHBIIEHHIO. C YYETOM JTaHHOT O JOITY-
IEHNS CXEMa 3aMEIEHN S KaTYIIKH CO CTAIIbHBIM CEPASYHHKOM H300pakeHa Ha PHC.

[Ipu nmocneqoBaTebHOM BKIIFOUEHHH KaTYIIKH H KOHIAeHCATOpa II0 HHUM IIPOTEKAET OJIHH
H TOT K€ TOK. BBHIY TOT0, UTO HallpsDKeHHE Ha KaTYIIKe OIlepe’kaeT TOK Ha Yrol 7U/2 a Ha KOH-
IIEHCATOPe OTCTAET OT TOKA Ha TAKOMH JKe YIoJl, HaIIPsDKEeHHE Ha 3aXKHMax pacCMaTPHBAEMOH I[ETH
OyIIeT paBHO Pa3sHOCTH HANIPSKeHHH Ha KaTYIIKe H KoHJeHcaTope (KpuBasg 3 Ha puc. 10.2). Ecmu
HaIIpsDKEHHE Ha 3aKMMax IETN YBEIMYHBATh, HAYMHAS C HYILSL, TO TOK OVIET ITOCTENEHHO PACTH
10 3HAYEHH S, COOTBETCTRYIOIIErO TOYKE «a», 3aTEM OH CKAUKOM YBEIIHYHTCS JIO 3HAYEHHSL, COOT-
BETCTBVIOIIETO TOUKE «b», TIPH 3TOM PE3KO BO3PACTET MOIIHOCTH, MOTPedisgeMas 1{EIbI0, a VIOl
(paz0BOro CABHIa MeKIY TOKOM H HallpspKeHHeM H3MEHHT CBOH 3HAK: B TOYKE «a» TOK OTCTAET OT
HaIIPsDKEHHS, B TOUKE «by - olepekacT HarpsoKeHHe. [IpH gamsHelIeM YBeIYeHHH HaITPSIKeHILS
TOK ITJTABHO PACTET 110 KPHBOH 3.

[IpH CHIKEHHH HAIPSKEHU S TOK YMEHBINMASTCS 0 3HAYEHHS, COOTBETCTBYIOIIETO TOUYKE
«C», 3aTEM YMEHBIIIAeTCs CKaYKOM (TO4uKa «d») H B JaJbHEHIIeM IIaBHO YMEHBIIAETCS IO HYIIA.

CK&‘IKGG@I)&BHGE H3MCHCHHE TOKad IIPH HE3HAYHTCIIbHOM H3MCHCHHH HAIIPIKCHHSA HA3BIBAIOT

THUTTENHRIM AchchekTonm

NOKYMEHT MOANUCAH
SNEKTPOHHOW NMOANMACHIO DEXIIMY PE30HAHCa HaIlpsDKeHHIL. B 5Toil Touke
CepTucmkar: 12000002A633E3D113AD425FB50002000002A6 -
Bnapeneu: |, Webayxosa TateaHa ANekcaHapoBHa YaBHO HAITPSKEHHIO HAa €EMKOCTH H HaXOJIHUTCH C
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HHM B IMpoTHBRO(Qa3e. HarmpsakeHue Ha 3aKHMax IIelH B TOH TOYKe PaBHO MaJeHHIO HaIPsSOKeHH S
Ha aKTHBHOM COITPOTHBJIEHHH IIENTH. PeXXHM pe30HaHca BO3HHKAET BCIIEACTBHE HEIIHMHEHHOCTH
BOJIbTAMIIEPHOH XapaKTepPHCTHKH KaTYIIKH CO CTaJIbHBIM CEPAEYHHKOM, ITO3TOMY €0 Ha3bIBAIOT
peppope3oHaHCHOM. ClelyeT HallOMHHTb, YTO B JIMHEHHBIX IIeTIIX Pe30HAHC BO3HHKAET TOJIBLKO
TIIPH OITPeJelEHHOH YacTOTe H He 3aBHCHT OT aMILJINTYbI TOKA HIIH HaITpsDKeHHS.

SIBnenme (eppope3zoHaHCca HCIIOIb3YeTCS B HEKOTOPBIX AMeKTPOTEXHHYEeCKHX YCTPOii-
CTBaX, HaIIpHMEP, B CTaOHIIM3aTOopax HAIIPSKeHH . T pHITepHBIH 3()PEKT HCITOIb3YETCS B HEKOTO-

PBIX YCTPOHCTBaX aBTOMAaTHKH.

Ykazanue no mexHuxe o ezonacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHBCICHBIL

B ITPHIIOKEHHE A.

VKazanusa no 6binoiHeHUI0 140 opamopHoil padomal:
CoOpath cxemy, H300pakeHHYIO Ha pHC.10.4. YCcTaHOBHUTE CIEAVIOIIHE IIPEAEIBLI H3MEDPE-

HHSA: aMriepmeTpa — 200MA, BonsTMeTpa — 20B

W

AT

| ]
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[Tepen romayei HapPsDKeHH S YCTaHOBHTh PYKOSTKY aBTOoTpaHcpopmaropa AT B KpaiiHee
neBoe MnookeHHe. [lomaTh Ha cXeMY HaIIpsDKEHIE ITHTAaHN H, OUEHB ITUIaBHO YBEIIHUHBAS HaIIps-
’KEHIE TIOBOPOTOM PYKOSTKH TpaHC(opMaTopa, HAHTH TaKOe e€ro 3HaYeHHe, IIPH KOTOPOM TOK B
I[ETH U3MEHHTCS CKAUKOOOpa3HO. ITO HallpsKeHHEe U/, COOTBETCTBYET TOYKe «a» Ha puc.10.3.

YMEHBIIHTH HaIIpPsCKeHHE 0 HYIII H, YBEIIMYHBAs er0 CHOBA J0 3Ha4eHHS U, 3a(pHKCHPO-
BaTh ITPH 3 — 4 €ro 3HaUYEHH X TOK B IIETH, ITOTPEOIIIeMYIO MOIITHOCTh H HAIIPSCKEHN A Ha KaTYIIKE

U, 1 Ha KoHJeHcaTope U,, KOTOpBIE ITOOYEPETHO 3aMEPSTH BOIIBTMETPOM Va.

Ho '“Eﬁm"s‘ﬁ?ﬁa’ﬁﬁﬁaﬁ‘““ TTesoTIETISS, YVBEIIHYMB HanpsbkeHue Ha 1 — 1,58, cHATE 3Ha-
SNEKTPOHHOW NOAMWUCHIO
Ceprucbukar - 12000002A633E3D113AD425FB50002000002A6 I'HKH, 3aTE€M CHH3HTb HalIPAAKCHHE 10 3HAMCHHA
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa
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HPGI[GH}I{HH CHIIKATh HAIIPSKCHHC HHTCPBAaJIaMIT 11O 0:,1 B H 3armceBas COOTBCTCTBYIOIITHE
SHAQUCHITA TOKd, MOITHOCTH H HEIHPH}I{E:HI]I‘T Hd KaTVIIIKC H KOHACHCATOPC, HaHTH TaKOe ero 3Haye-
HHE, IIPH KOTOPOM TOK YMCHBIIHTCHA GKE]H:BZGD@I)&BHD.

YMeHbIIas TOK J0 HYIIA, CHATE ITOCIICIHIIC 2 — 3 TOUKH BOJIIBTAMIICPHBIX XdPaKTCPHCTHEK.

PesynpTarhl 3aMepoB 3aITHCATh B TaOJIHITY.

[IpH yBeIHYEeHHH HaITpsDKeHHS [IpH yMeHBIIIEHHH HaITpsDKeHH

U.B

[LMA

U, B

U.B

P.MBT

P

3Ha4yeHHS yIiIa a30BOro capura ¢ =arctgP/(Ul) BEBIYHCIINTE, YIUTHIBAS, 4TO ¢ (), eclIH
Ur>Uc , 1 <0, ecri Ug<Uc.
Ha noimmiMeTpoBoit OyMare ocTpOHTh I'papHKH 3aBHCHMOCTEH

U=f(1), Ux=f(I), Uc=f(1), p=f(1).

Codeporcarue omuema:

OT4YeT JOIKEH COMEPXKATh:

1. Hazeanue paboTEI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrHcanie UCIoIb3YeMOro 000PYAOBaHHS H MaTEPHAJIOB,
5. Ilopsapok BeITOIHEHH S PaOOTHI,

6. Beruncienmsa u o6paborka pe3yiIbTaToB,

7. BEIBOJIEL.

K OHMPOJIbHbBIE 601NPOCHI.
I. I'lo xakom ITPHYHHE H3MCEHACTCA HHAVYKTHBHOCTD KdT VIIIKI CO CTAJIBHBIM CEPACTHHKOM
ITPH H3MCHCHHII TOKa?

2. BeneicTBHE 4ero BO3HHKAET Peppope30HaHC HaITPSDKEHHI ?
AOKYMEHT NMOAMNWUCAH

ANEKTPOHHOM NOANUCHIO ‘eJI0BaTeNbHOH (peppOope30HAaHCHOMH IIETTH ?
CepTudukar: 12000002A633E3D113AD425FB50002000002A6
Bnageney;  Lle6ayxora TaTbsaHa AnexkcaHapoBHa ca MCKAY TOKOM H HalIpsLKCHHEM B IIOCIICAO0BA-
NeiicTantenen: ¢ 20.08.2021 no 20.08.2022 oM s dexre?
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5. Kak BmseT EMKOCTh KOHAEHCAaTOPa Ha BeIHYHHY TOKa H HAaIIpsDKEHHS, ITPH KOTOPBIX
BO3HHKAET (peppOpe30OHaAHC?

6. Kak BIISIIOT ceyeHHe MarHUTOIIPOBO/IE H YHCIIO BUTKOB KaTYIIIKH Ha TOK, IIPH KOTOPOM
BO3HHKAET (peppope3OHaHC?

7. Kak BmHseT popMa KpHBOH HaMarHHYHBAHHS MaTepHalla CepJeYHHKA Ha ITOIOKEHHE
TOUKH (peppope3oHaHCa Ha BOIbTAMIIEPHONH XapaKTePHCTHKE ITOCIIeJOBaTeIbHOH (eppope3o-

HAHCHOH I[eITH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamoprana paboma Neld. Hccenedoéarite nepexo0HbIXx npoueccoes 6 enu ¢ éEMKo-

CHbIO

HE.E’II’: pﬂﬁﬂﬂlﬁl . BaKpEHHEHHE METOIHEIL pElClIéTEl IICPEXOAHLBIX IIPOIECCOE KIIdCCHYCCKIIM

MCTOOOM B IICITAX, COACPAKAIITHX EMKOCTB, IMPAKTHYCCKAA ITPOBCPKA PE3YIIBTATOB pﬂﬂ‘IéTﬂ.

OcHO6bI meopuu:

DOJleKTpHYecKasd IeNb ¢ OJHHM KOHJIEHCATOPOM H COITPOTHRIIEHHSMH OITHCBIBAETCS JTH(-
(pepeHILIHaIIEHEIM YpaBHEHHEM IIEPBOTO ITOPSIKA, ITI03TOMY CBOOOJHBIE COCTABIISIOIIHE TOKOB B
BETBSX H HaIpsOKEHHIT HMEIOT OJHO cllaraeMoe BHIa Aef’, Tlie p — KOpeHb XapaKTepPHCTHYECKOIO
YPaBHEHHS, A — ITOCTOSIHHAS HHTETPHPOBAHI L.

XapaKTepHCTHYECKOE YPpaBHEHHE MOJKET OBITEH ITPEJICTARIIEHO B BHJIE:

Z(p)=0,

r1e Z(p) —BXOTHOE OIePaTOPHOE COITPOTHBIIEHHE I[ETTH.

[locTOSIHHBIE HMHTETPHPOBAHHSA A OIPEMEISIOTCS IS KaXKIOro TOKAa H HAIIPSKEHHS U3
HaYalIbHBIX YCIIOBHH. 3HaueHHe A paBHO HAYaIbHOMY 3HAYEHHIO (DYHKIIHH B IIEPBBIII MOMEHT
BPEMEHH ITOCIIE KOMMYTAI[HH.

HavanmpHoe 3HaUYeHNE HAPsDKEHNI Ha KOHJIEHCATOPE OIPEAEIISIETCS B COOTBETCTBHH C 3a-
KOHOM KOMMYTAIHH (0. )=u.(0+). B cCBOIO ouepenn, u(.) onpenensercsa U3 pacuéra IEIH 10
KOMMYTAaIMH. HavarmpHbIe 3HAYEHHUS IPYIHUX BEIIMYHH, Ha3bIBaeMbIE 3aBHCHMBIMH HayallbHBIMH
YCJIOBHSMH, (3HAaYEeHHS TOKOB H HAIIPSOKEHHI, KOTOPhIe MOI'YT H3MEHSThCS CKaYKOM) PaCCUYHTHI-
BarOTCA IO 3aKkoHaM Kupxroda m Oma B MOMeHT KOMMYTaIHH (=0;. B 31IeKTpHYecKOH I[eIH C
OIHMM KOHJICHCATOPOM B PE3YIIbTATE KOMMYTAI[HH CBOOOJHEBIE COCTABJISIOIINE BCEX TOKOB H
HaIIPSDKEHHH H3MEHSIOTCS 110 SKCIIOHEHI[HAJIbHOMY 3aKOHY C OIHOH ITOCTOSSHHOH BPEMEHH
t1=1/|p|. B maHHOI paGoTe KOMMYTAaIH (3aMbIKaHHE H pa3MBIKaHHE I[ETTH) OCYILECTBIIIETCS TPaH-
3HCTOPOM, padoTaronM B KIIFOUEBOM pekuMe. OTIIHMparoIe HMITYIIbCEl TOKa Ha 0a3zy TpaH3H-
CTOpa IIOAArOTCSA OT HCTOYHHKA CHHYCOHJIAIIBHOI O HapsoKeHHI ¢ yactoTron 0 I'n. TaxnmM obpa-
30M, ITPOIIECC 3aMBIKAaHH I H Pa3sMBIKAHH S LIETTH TIEPHOIHYECKH ITIOBTOPSIETCS H €TI0 MOKHO HaOIIIO-

HdThb Ha GCL[IIJIJIGFP&(I)E. ,HJ]IITEJ]I:HIDCTL Ka JO0I'0 BEJITOYUCHIA H OTKIIHOUCHH A COCTABIIACT 0:0 lc.

YKkazanue no mexHuxe 0 e3onacHocmu.

YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pﬂﬁDT ITPHBCICHBIL

NOKYMEHT NOANUCAH
SMNEKTPOHHOM NOAMUCHIO
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:

1 .O3HaKOMHTECA C 3JIEKTPHYECKOH CXEMOH M BBIIOIHHUTE PACUYET JOKOMMYTAI[MOHHBIX H
ITOCIIEKOMMYTAI[HOHHBIX HAaYaJIbHBIX YCIIOBHH, a TaKKe BBEIHYKJAEHHBIX (YCTAaHOBHBIIIHXCS) 3Ha-
YEHHH TOKOB M HAIPSKEHHH ITPH 3aMBIKAHHH H Pa3sMBIKAHHH 3IEKTPHYECKOH IeNH. COCTaBUTH
XapaKTepHCTHYECKOe YpaBHeHH e IS 3aMKHYTOH H Pa30MKHYTOH (B BETBH C COITPOTHBIIEHHEM R 2)

I[eITH H HAHTH ITOCTOSHHBIE BPCMCHII. PEB}*’]’JI)TEI,TLI pﬂ,ﬂl{éTﬂE 3aHCCTH C TﬂﬁHI]l[y.

Ry=2200g
1
-
~TB500
KT502r
—— =10

-0
15B
RE=1500m
. ' |

Tabmiia — Kirrou 3aMeIKaeTcs

t uc ., B 11,MA 12.MA 13, MA T.MC

1
—

_I_

ki &
Lild

L

4700

0_,pacuér

(_,3KCIIEpHMEHT

04, pacuér

00, PacCUueT

00 SKCIICPHMCHT

CpoOomaHbIE

COCTABIIAIOIITHE

Tabmna — Kirrou pasMeIKaeTcs

t uc ., B 11,MA 12.MA 13, MA T.MC

0_pacuér

(_,3KCIIEpHMEHT

04, pacuér

00, PacCUueT

C0 SKCIICPHMCHT

("RODOTHRIA
AOKYMEHT NoanmncAH

SNEKTPOHHOW NOANMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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CoOpath cxXeMy, 00paTHB BHHMAaHHe Ha ITOISIPHOCTh 3MEKTPOIMTHYECKOI 0 KOHAeHcaTopa.
IlomaTte HarnpskeHHe 15 B. M3 cxeMbl yOpark TPaH3HUCTOP, IIPH 3TOM TOKH H HallPsDKEHH S OYIyT
COOTBETCTBOBATH JOKOMMYTAI[THOHHOMY PEXKHMY ITPH 3aMBIKAHHH KIIFOYa, a TAKXKE [ = oo ITPH pas-
MBIKAHHH KITFOYa, 3HAUYEHHS HAIIPsDKEHHS U: H TOKOB 3aHECTH B TAOIHILY.

BMecTO I[eIH TPpaH3HCTOPa KOJUIEKTOP-3MHUTITED YCTAHOBHTD ITePEMBIUKY, ITPH 3TOM TOKH
H HaIlpsKeHH S OVAYT COOTBETCTBOBATH JOKOMMYTAI[HOHHOMY PEKHMY ITPH pa3sMBIKaHHH KIIFOUa
H {=co IIPH 3aMbIKaHHH KIFOYa, 3SHAYEeHI S BEIIMYHH 3aMePHUTh H 3aHECTH B TaOIIHITY.

Paccunrars cBOOOAHBIE COCTABIISIONINE TOKOB H HAIIPSDKEHHS Ha KOHJAEHCATOpe ITPH 3a-
MBIKAHHH H ITPH pa3MbIKaHHH I[EITH KaK Pa3HOCTh MEKTY ITOTHBIMH 3HAUEHHSMH ITEPEMEHHEIX ITPH
t=04 U IIPH = co0. BEIYNCIEHHBIE 3HAUEHH I ITIEPEMEHHBIX 3aHECTH B TaOIIHITY.

COCTaBHTH XapaKTEPHCTHYECKHE YPAaBHEHHS H HANTH ITOCT OSIHHBIE BPEMEHH T ITPH 3aMKHY -
TOM H Pa3OMKHYTOM ITOIOKEeHHSIX KIIH0Ya.

YCTaHOBHTE B IIEITH TPAH3HCTOP M ITOAATh HAIIpsKeHHe ~7B B 1enp 0asel. Ha skpaHe oc-
I[HIIIorpada HaOIoAaTh KpHBEIEe HATIPSDKSHHI:

Uc(t), Uri(t)=Ryii(t), Ur2(t)=R213(t).

KpHBBIE 3apHCOBATh Ha KAIIBKY, a 3aTeM IIePeHECTH HX Ha MIJIJIMMETPOBKY, ITPHHSB CJIE-
IVIOIIHE MacIITaOkl BpeMEHH H HaITP SDKEHIL:

Imc=lcMm, 1B=lcm.

Y4YecTh, UTO IIPH YacTOTE HAIIPSDKEHHS, MOJAHHOIO B I[€Ib Oa3bl TpaHsHcTOopa, =501y
I[HKJI 3aMBIKaHH SI-pa3MbIKaHH S paBeH 20Mc. [IpH ompeeaeHHH OpJHHAT HCIIOIb30BATh BKCIIEPH-
MEHTAJIbHO IOIYUYEeHHBIE 3HAYEHHSI HAITPSKeHHH ITPH 3aMKHYTOM H Pa30MKHYTOM COCTOSHHSIX
KJIFOYa.

3armicaTh BRIpaKEHHS IS TOKOB H HaIIPSKEHHH, KaK () YHKI[HIL BpeMeHH, HCIIOIb3YS BEI-
YHCJIEHHBIE 3HAUEHHS IIOCT OSIHHBIX BPEMEHH, BEIHYKIeHHBIX H CBOOOIHBIX COCTABIISIOIINX BEJIH-
yuH. [IoCTpOHTh Ha MHIUIHMETPOBOI OyMare COOTBETCTBVIOIIHE KPHBBIE H CPABHHTD HX C BKCIIE-

PHMCHT A IbHBIMI.

Coodepacarue omuema:

OT4YeT JOIKEH COLEPXKATh:
1. Hazpanme paboTHI,
2. Llens paboTHI,

3. KpﬂTIﬂIE TCOPETHYCCKHE CBCACHITA,

AOKYMEHT NOAMUCAH : :
SNEKTPOHHOWM NOANMUCHIO AHELH MaTepHaJIon,

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoBa TateAHa AnekcaHapoBHa
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7. BEIBOJIBI.

K OHMPOJIbHbBIE 601NPOCHL.

1. IToueMy Ha KOHJeHCATOpe HAIIPSCKEHHE HE MOKET H3MEHSThCS CKaUKOM?
2. UTO NMMOHMMAFOT IO/ KOMMYT aIfHeH?
3. YUeM ompedensgeTcs CTelleHb XapaKTe PHCTHYECKOTO YPaBHEHH !

4, Kak ITIOJIVHHTE XAPAKTCPHCTHHYCCKOC YPaBHCHHC LICIOT UCPC3 e€ BXOJHOE COITPOTHBJIC-

HHE?
5. Kak BEIYHMCIISIIOT JOKOMMYTAIHOHHEIE H ITOCIIEKOMMYTAIHOHHBIE HAYAJIbHBIE YCIIOBHSI?
6. UTo Takoe 1ocTosSHHAasI BpeEMEHH TIEPEX0HOrO IIpoliecca?
7. Kax H3MeHHTCS ITOCTOSHHAS BPEMEHH 1IEITH ¢ KOHJIEHCATOPOM IIPH YBEJIHUYEHHH €I0 EM-
KOCTH?

8. Kak BIIseT aKTHBHOE COITPOTHBIICHHC BHEI{TPHIIECI{Dﬁ IICI, CG,[[EP}I{HH_[Eﬁ EMKOCTE, Ha

JIIHTEIIBHOCTD IICPEXOIHOIO HPDL[EGCE],?

9. Kak PACCHHTBIBAIOT 3dBHCHMBIC HA1dJIbHbBIC }"GJIDEHH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jlabopamoprasa paboma Nel5. Hceceneodosarite nepexooHsix npoueccos 6 Uenu ¢ UHOYK-

MIHG6HOCHILIO

HE.E’II’: pﬂﬁﬂﬂlﬁl . BaKpEHHEHHE METOIHEIL pElClIéTEl IICPEXOAHLBIX IIPOIECCOE KIIdCCHYCCKIIM

METOHOOM B ICITAX, COACPKAITHX HHAYKTHBEHOCTD, ITPAKTHHYCCKAA IIPOBCPKA PE3YIIETATOB pﬂ(}'l{éTﬂ.

OcHoébl meopuu.

DOIeKTpHYecKas IeNb ¢ OJHOH HHAYKTHBHOCTBIO H COITPOTHRIIEHHSIMH OITHCHIBAETCS JTH(-
(pepeHIHAIbHBIM YPaBHEHHEM IIEPBOTO IOPSAKa, IT0ATOMY CBOOOJHBIE COCTABISIOIIHE TOKOB B
BETBSX H HaIIpsSKeHHIT HMeIOT OJTHO claraeMoe BHAa Ae”’, Tle p — KOpeHb XapaKTepPHCTHYECKOTO
YPaBHEHHS, A — IIOCTOSHHAS HHTETPHPOBAHISI.

XapakTepHCTHYECKOE YPAaBHEHHE MOXKET OBITH ITPEJACTARIEHO B BHJIE:

Z(p)=0,

I1e Z(p) —BXOMHOE OIIEPATOPHOE COITPOTHBIIEHHE I[EITH.

IIOCTOSIHHBIE MHTETPHPOBAHHS A OIPEMAEISIOTCS IJI KaKIOr0 TOKA M HaIPSKEHHS H3
HaYalbHEIX YCIOBHH. 3HaueHHe A paBHO HaYalIbHOMY 3HAYeHHIO (DYHKI[HH B ITEPBBIH MOMEHT
BPEMEHH ITOCIIe KOMMYTaIHMH. HavaapHOe 3HaUYeHHE TOKA B HHIYKTHBHOCTH OITPeelIsIeTCa B CO-
OTBETCTBHH C 3aKOHOM KOMMYTAaIMH iz(0.)=ir(0+). B CBOIO ouepens, ir((.) OnpeaenseTcsa 13 pac-
yéra IIEIH J0 KOMMYTAalMH. HavansHele 3HAUYeHHS APYTHX BEIHYHH, Ha3bIBAEMBIE 3aBHCHMBIMH
HaYaJIbHBIMH YCIIOBHSIMIL (3HAUeHH I TOKOB H HaITPSKEHHI, KOTOPBIE MOI'YT H3MEHSITHCS CKauKOM)
PacCCUHTHIBAIOTCA ITO 3aKoHaM Kupxroda n Oma B MOMEHT KOMMYTaIHH 1=0;.

B 531eKTpHYeCKON L[EINMH ¢ OQHOH HHAYKTHBHOCTBRIO B Pe3yIbTaTe KOMMYTAIHH CBOOOIHEIE
COCTaBJLIIOIIHE BCEX TOKOB H HaIIPSDKEHHI H3MEHSIOTCS ITO 3KCITOHEHIHATIBHOMY 3aKOHY ¢ OJHOH
IIOCTOSIHHOH BpeMeHH 7=1/|p|.

B maHHOI paboTe KOMMYTAaI[HA (3aMBIKaHHE H pa3MBIKaHHE I[EITH) OCYIIeCTBIIIETCS TPaH-
3HCTOPOM, paboTaroHM B KIIFOUEBOM pexHMe. OTIHParOIe HMITYIILCEI TOKa Ha 0a3y TpaH3H-
CTOpa IMOJAOTCS OT HMITYIIBCHOI'O I'eHepaTopa OJHOIIOISIPHOIO IMPSMOYIOIIBHOI'O HAITPSDKEHHS C
yactoron 200 I'11. Takmmm oBpas3om, IpoIiece 3aMBIKaHH S H Pa3MBIKAHH A I[ETTH TIEPHOIIYECKH T10-
BTOPSETCS H ero MOKHO HaOmIromaTh Ha ocuiorpade. JNMHMTeIbHOCTh KaXkKAOr0o BKIFOYEHHI H

OTKIIFOUEHH S COCTaBIIIET 2,5MC.

YKkazarue no mexHiike é ezonacHocmii:

OOKYMEHT MNOANMUCAH :
SNEKTPOHHOWM MOAMUCHIO { BEONTOIIHCHITIH HﬂﬁﬂpﬂTﬂpI{BIX paﬁm‘ ITPHBECHBI

Ceptudchmkar:, . 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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VKa3aHua no 6sInNOJIHEHIUI0 1ADOPAMOPHOIL padomul.
1 .O3HaKOMHTECA C 3JIEKTPHYECKOH CXEMOH M BBIIOIHHUTE PACUYET JOKOMMYTAI[MOHHEIX H
ITOCIIEKOMMYTAI[HOHHBIX HAaYaJIbHBIX YCIIOBHH, a TaKKe BBEIHYKJAEHHBIX (YCTAaHOBHBIIIHXCS) 3Ha-

YeHHH TOKOB H HEalﬂ]I{EHI]IuI IIPH 3aMBIKdAHHIT H Pd3MbIKaHIH BHEETPIHEGKDﬁ IICIIH.

47000
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K5 1500
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Tabmiia — Kirrodu 3aMeIKaeTcs

t uc . B 11.MA 12,.MA 13, MA T.MC

(_,pacuér

(_,3KCIIEpHMEHT
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Tabmna — Kirrou pasMeIKaeTcs

t uc.B 11.MA 12.MA 13, MA T.MC

0. pacuér

(_,3KCIIEpHMEHT

04,pacuér
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00, OKCIICPHMEHT

CroOOOHBIE

COCTAaBIDIIOIIIHE

AOKYMEHT NogrnnMcCAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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CoCTaBUTh XapaKTepPHCTHUECKOE YPaBHEHHE I 3aMKHYT O H Pa30MKHYTOH IIETTH H HAH TH
ITOCTOSIHHBIE BPEMEHH. Pe3yiIbTaThl pacuUETOB 3aHECTH C TAOIHIY

CoOpartb cxemy. [logars HanpspkeHe 15 B. M3 cxeMbl yOpaTh TPaH3HCTOP, IIPH 3TOM TOKH
H HampsDKeHHS OYAYT COOTBETCTBOBATH JOKOMMYTAI[HOHHOMY PEXHMY ITPH 3aMBIKAHHH KIIFOYa, a
TAKXKE [ =00 IIPH Pa3sMBbIKAHHH KIII0Ya, 3HAYEHHS HAIIPSDKEHHI H TOKOB 3aHECTH B TaO IHITYy.

BMecTo IIerm TpaH3HCTOpa KOIJIEKTOP-3MHTTEDP YCTAaHOBHUTH ITePEMBIUKY, TIPH 3TOM TOKIH
1 HaITPsSOKEeHN S OV YT COOTBETCTBOBATE JOKOMMYTAIIHOHHOMY PEXUMY ITPH pPasMbIKaHIHH KIFOUa
H =00 IIPH 3aMBIKaHHH KIIXOYa, 3HAUECHI S BEIIHUHH 3aMEPHTh H 3aHECTH B TaOIHILY.

Paccunrath cBOOOJHEIE COCTABIISIOIIIE TOKOB H HAIIPSDKEH I IIPH 3aMBIKaHHH U IIPH pas-
MBIKAHHH I[eIH KaK Pa3HOCTh MeKIY ITOIHBIMH 3HAUYEHHAMH IIePEMEHHBIX ITPH =0, H IIPH = o0,
BrruricieHHBIe 3HAUEHH S ITIePEMEHHEBIX 3aHECTH B TAaOIIHILY.

CoCTaBUTh XapaKTepHCTHUECKHE YPaBHEHS H HAITH ITOCT OSHHBIE BDEMEHH T ITPH 3aMKHY-
TOM H Pa30MKHYTOM ITOJIOKEHH SIX KITFOYa.

YCTaHOBHTH B IEITH TPAH3HUCTOP H II0AATh HAIpsDKEHHE TeHepaTopa HMMITYIIBCOB B I[EITh
0a3pl. Ha skpaHe ocimmorpada HaOmomaTh KPHBBIE HAITPSDKEHHH:

Ur(t), Uri(t)=Rjii(t), Ur2(t)=R2ir(t).

KpuBEIe 3apHCcOBaTh Ha KaJIbKy, a 3aTeM IIEPeHeCTH HX Ha MIJUTHMETPOBKY, ITPHHSIB CIIe-
IVIOIIE MacIITaObl BpeMEHH, HAITPSDKEHIS H TOKA.

Imc=5cm, 1B=0,2cm, IMA=0,lcm

Y4YecTh, YTO IIPH YacTOTE CHIHAla, IIOAAaHHOI O B I[€Ih 0a3bl TpaH3HcTopa, f=2001'1[ IpiK
3aMBIKaHHSI-Pa3sMBIKAaHH S paBeH dMcC. lIpH ompeaerneHHH OpJHHAT HCIIOIB30BATh SKCIIEPHMEH-
TAIIBHO ITOIMYYEeHHBIE 3HAUEHI S HAITPsDKEeHII IIPH 3aMKHYTOM H Pa30MKHYTOM COCTOSHHSX KITFO4a
H COIIPOTHBIIEHNI COOTBETCTBYIOIIIX BETBEH.

3armicaTh BBRIpAXKEHHS IS TOKOB H HAIIPSDKEHHH, KaK () YHKIIHH BpeMeHH, HCITOIIb3YSI BEI-
YHCIIEHHBIE 3HAUYEHHS ITOCT OSHHBIX BPEMEHH, BBIHYKIEHHBIX H CBOOOHEBIX COCTABIISIOIINX BEIIH-
yuH. [JocTponTh Ha MIIUITHMETPOBOH OyMare COOTBETCTBYIOIIHE KPHBEIE H CPABHHTH HX C HKCIIE-

PHMCHT A IbHBIMI.

Codeporcanue omuema:
OTYeT JOIDKEH COMEPKATH:
1. HazpaHme paGoTHI,

2. Ilens paboTHI,

AOKYMEHT MOANVCAH
SNEKTPOHHOW MOAMUCHIO
Ceptudbukar: 12000002A633E30113AD425FB50002000002A6

AHA H MaTCPHAIIOB,
Bnapeneu: lleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
98



6. Berunciennsa n o6padorka pe3yIbTaToB,

7. BEIBOJIEL.

Konumponousie éonpocet:

1. IloyueMy TOK B HHAYKTHBHOCTH HE MOKET H3MEHSITHCSI CKAUYKOM?
2. UTO IMOHMMAIOT IO KOMMYT aIfHeH?

3. UeM ompefiensgeTcs CTENeHb XapaKTepHCTHYECKOIO YpaBHEHH S

4, Kak INIOJIIVHHTE XAPAKTCPHCTHUYCCKOC YPAaBHCHHE IICIOI YCPE3 €€ BXOJHOE COITPOTHBIIC-

HHE?
5. Kax BEIYHCIISIIOT JOKOMMYTAI[HOHHEIE H ITOCIIEKOMMYTAI[HOHHEBIE HAUallbHBIE YCIIOBHSA?
6. UTo Takoe IOCTOSHHAS BpeEMeHH TIePEX0JHOr0 ITpoliecca?
7. Kak H3MeHHTCS ITOCTOSHHAS BPpEMeHH LIETTH ¢ KaTYIIKOH ITPH YBEIIMYEHHH €& HHYKTHB-
HOCTH?

8. Kak BiHMIeT aKTHBHOE COITIPOTHBIICHHE BHEI{TI}H‘IEGI{Dﬁ IIETIH, GG,I[EP}I{E]HIEﬁ HHAYKTHB-

HOCTb, Ha JIIHTCIIBHOCTE IICPEXOJHOI'O HPGHEGCH?

9. Kak PACCHHTBIBAIOT 3dBHCHMBIC HAa1dJIbHbBIC }"GHGEHH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamopran paboma Nel6. Hcecenneooeariie pexcumos uenu ¢ pacnpeoenéHHsimu na-

pavempamu

HE.E’II’: pﬂﬁ ombsi. HcciieqoBath YCTAHOBHBIIICCA SIICKTPOMAI' HHTHBIC ITPOITCCCHL B IITIHHHOH
JTHHHH 0e3 IIOTCPE B PCKHMAX XOJIIOCTOI'O X0/Jd H KOPOTKOI'O 3daMBIKAHI A, H3YUHTE BIIHAHHC BCIIH -

YHHBI H XapaKTepa Harpy3KH Ha peKHM paOOThI JIHHHH.

OcHOo6bl meopuiL:

B MOIIHBIX ITHHHSX ITepeJadyl SMeKTPHYECKON SHEPIHH IIePEMEHHOIO TOKA Ha OOJIBIIHE
PACCTOSHIS, B HH(POPMAITHOHHBIX JIMHHSIX CBSI3H, B aHTE€HHAX PaJHOTeXHHYECKHX YCTPOHCTB H
APYTHX YCTAaHOBKAX, JIMHEHHEIE Pa3MEPhI KOTOPBIX COHM3MEPHMEI C JJIMHOH BOIH KOJIe0aTeIbHOIO
3JIEKTPOMAarHHTHOI'O IIpolecca, BCe H3MEHEHHS H IIPeBpallleHHS SHEPrHH AJIeKTPOMArHHTHOIO
ITONIS PacIpeielIeHbl BAOID JINHHH ITEpefadl SHEPrHH. TaKHe 3JIEKTPHYECKHE 1IEITH, B OTIIHYHE OT
LIETIEH C COCPEI0TOYEHHBIMH ITapaMETPAMH, Ha3bIBAIOTCA IETISIMI ¢ COCPEN0TOUEHHBIMH ITapaMeT -
PaMI.

Ha mpakTHKe B ITOAABJISIOIEM YHCIIE CIIYYaeB ITPHXOAUTCSI HMETh JEI0 ¢ OJHOPO HBIMH
THHHSMH, TTapaMeTPhl KOTOPHIX (aKTHBHOE COIIPOTHBIIEHHE ITPOBOIHHKOB, ITPOBOJHMOCTE H30IIS-
I[HH, HHIYKTHBHOCTE H EMKOCTE ) PABHOMEPHO pacIIpeIelIeHb] BIOIb JIHHHH H ITOCTOSHHBI Ha €JIH-
HHI[Y €€ JIIHHBI. KpoMe TOro, 3TH ImapaMeTphl OOBIYHO HE 3aBHCAT OT HAIIPSDKEHHS H BEJIHYHHEI
ITPOTEKAIOIIETO TOKA, ITO3TOMY ITPOTEKAIOIIHE B HHX IIPOILECCHl MOI'YT OBIThH OITHCAHEI JIHHEHHBIMH
THdepeHIHATIPHEIMH YPaBHEHHSIMH. BBHIY TOr0, UTO HaIIPSDKEHHSI H TOKH SIBIISIOTCS (PYHKIIH-
SIMH He TOIIbKO BpeMeHH, HO M PaCCTOSHH S OT Hayasa (JIH KOHI[A) THHHH 3TH IIPOIIECCHI OITHCHI-
BAIOTCS YPAaBHEHHM SIMH B YACTHBIX ITPOH3BOIHBIX.

(CxXeMa JNIHHHOH JIMHHH Ha 0eCKOHEeYHO MaJIOM YYacTKe dX ITpejicTaBIeHa Ha PHC.

[TapaMeTpsI JIMHHH 3aBHCSAT OT THITA JIMHHH (BO3AYIITHAS HIIH KaOeJIbHas), TeOMeTPHYECKHX
pPasMEPOB H PACIIONOKEHHS ITPOBOIOB, HX MaTepHala, OT YaCTOTHI IIPHIIOKEHHOI O HAITPSDKEHH.
3aBHCHMOCTH OCHOBHEIX ITapaMETPOB ABYXITPOBOAHOH JTHHHH H KOAaKCHAIILHOIO Kaldels OT I'eo-
MeTPHYECKHX Pa3MePOB H PaCIIONOKEHH I IIPHBEIcHA B TaOIHIIE.

OO0O03HaYeHHs Ha PHCYHKE. X - PAaCCTOSHHE OT Hayama JIHMHHH, M, dX — OeCKOHEYHO MaJlbIH

du
YYaCTOK JIHHHH, JJIHHBI JIMHHH, A/M, — - H3MeHEHHe HalpsSKeHHS Ha €HHHILY JIHHBI JTHHHH,

dx

B/M, Ry — COIPOTHBIIEHHE €HHHIIBI JJIHHBI IHHHH (ITPSMOT0 H 00paTHOT O IIPOBOAOB), OM/M, Ly

AOOKYMEHT NoannucAaH rM, Go — ITPpOBOAHNMOCTE H3OJIAIIH Hd CIHHHITY
SNEKTPOHHOWM NOANUCHLIO
Ceptudbmkar: 1 -12000002A633E30D113AD425F850002000002A6 HHBI JIHHIH, D/
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i Radx Lod=x I+— dx
., a4 OX
N i
1 [a
:: :: ay
u Godx Godx ut+—dx
ax
L 75
i I —
— +— X
i . ix
s >|

[IapaMeTpsl
AMHWH

EMKOCTB HA
EMHHHLLY ITAH-

HEI |

HugykTuRB- d r
HOCTH Ha emgH- L.[] H—E]Il——* Lﬂ =—*#—111£
HUITY JAMHEI T T | 2r n
BoaHoBOE" 1 d 1 P
CONPOTHBAE- Zp = Fnl Zg = J;]I.l—g-
ane & TNE 1y 27 \ & r:

B npuBefieHHBIX QopMyaax U = Ugli, & = EgE, , TAE g = 47 - 1077 ra/m:
£o = 8.86-10712 o/m

CocTaBHM yYpaBHeHHE II0 BTOPOMY 3aKOHY KHupxroda g 3aMKHYTOr 0 KOHTypa, 00pa3o-

BAHHOI'0 YYACTKOM JIHHHH JUTHHOH dx, OO0HIS €ro II0 YaCOBOH CTPEJIKE:

-u+Ry dx-i+Lg afxﬁ +u+ d—de=O.
dt dx

ITocie YIIPOLICHHA H ACJICHITA Ha dx ITOITYHIH M.

du di

NOKYMEHT MOAMNUCAH | - Rot (14.1).
SNEKTPOHHOW MOAMUCHIO
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p
i=diti+— dx,
dx

ToK di paBeH CyMMe TOKOB, ITPOTEKAIOIINX Yepe3 ITPOBOAHMOCTE G dx 1 éMKOCcTh Cp dx:

du d du

di=(u+ adx) Gf;dx+E Codx(u+ de).

HpEHEﬁpEI‘&H ClIal'aC€MbIMI BTOPOI'O ITOPAOKA MAJIOCTI, ITOJIYHIIM.

du

di=u Go dx+ Cp dx E :

[TogcraBHM HalileHHOe 3HauyeHHe i B YpaBHEHHE, COCTaBJIEHHOE II0 IIEPBOMY 3aKOHY

Kupxroda, 1 pazgennM ypaBHeHHE Ha dx:
di du
- E = Gou+ C{JE (14.2).

YpaBHennsd (14.1) u (14.2) aBIsgr0TCcsI OCHOBHBIMH JH(D(EPEeHIIHAIbHBIMH YPaBHEHHIM
IS THHHH C pacIipeAelIEHHBIMH ITapaMeTpaMH. PaccCMOTpHM pellleHHe 3THX YPaBHEeHHH IIPH ycTa-
HOBHBIIIEMCS CHHYCOHIaIIbHOM IIpoliecce. BocIobp3yeMcesl CHMBOIHYECKHM MeTOA0M. HM300pa-
JKEHIE CHHYCOMIATBHO H3MEHSIOIET0CS TOKa i =I,sin(wi+w;) paBHo I | tie I=1,.e¢V"/N2. U306-
pakeHHe HarpsokeHHs u=Upsin(ot+ y,) pasro Ue!™ | rie U=U,, e"*/\2.

Komrorexest In U SBISIOTCS (YHKIISIMI PACCTOSHILS X, HO He SIBISIEOTCS (PYHKIISIMI Bpe-
MEHH, MHOKHTEND €%’ ecTh (DYHKITHSI BPEMEHH H He 3aBHCHT OT X. [IpecTaBIeHHe H300paKeHHiT
TOKa H HAIIpSDKEHHS B BHE IIPOH3BEEHHS JBYX MHOKHTENEH, OHH H3 KOTOPBIX 3aBHCHT TOIIBKO
OT X, @ BTOPOH — TOJIBKO OT t, TaéT BO3MOKHOCTh IIEPEHTH OT YPaBHEHHI B YaCTHBIX ITPOH3BOHBIX
K YPaBHEHHSM B IIPOCTHIX ITPOM3BOAHBIX. J[eHICTBHTEIILHO,

du di
s e
=€ AU, Lo g =Lold(e™ Vdi=jeoLole™,

di du
T = dildx, Co ;. =jwColée®
dx Co At = Co

[TomcTaBHM ITONTYYeHHBIE 3HAYEHH I YaCTHBIX ITPOH3BOIHBIX B YpaBHeHHS (14.1), (14.2) u
COKPATHM YPaBHEHHS HAa MHOXHTEID e/

—dﬁ/d}f:( Ro+jwLo) I:
-dlVdx=(Go+jwCo) U

NOKYMEHT NnoanmncAaH
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 TIPOTHBIICHHE € JHHHIIbI JITHHbI JIHHIH,
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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C y4&TOoM 3THX 0003HaYEeHHI CHCTEMa ABYX ITOCIeHHX YPaRHEHHIH ITPHMeT BH;

-dU/dx = Zo I (14.3)
~dl/dx = Yo U. (14.4)

PermM Homy4YeHHYIO CHCTEMY YPaBHEHHIT OTHOCHTENbHO U, 71 5TOro Ipoxid pepeHIm-
pyeMm (14.3) o x :
-d? Uldx*= Zodl/dx,
H B IIOJyUYeHHOe ypaBHeHHe roxcTaeuM dl/dx 3 (14.4). Iomyunm:
d> Uld’= 270 Yo U (14.5)
YpaBHeHHe (14.5) nipeacraBnseT coOol IMHHeHHOe AH(depeHIHaIbHOE YpaBHEHHE BTO-
pOro IopsaKa, ero peleHHue HMeeT BH/I
U=Ae"+ 4, e™ (14.6)
KoMIteKcHbIe uicna A i A, — TOCTOSHHbIE HHTeTPHPOBAHH, 3HaUeHHe KOTOPBIX OIpe-
IeIseTCs HaIlpsKEHHEM H TOKOM B Haydalle WIH B KOHIle THHHH. KosdmpieHT
y=N(ZoYo)  (14.7)
Ha3BIBAIOT HOCIOAHHOLL pacnpocmpaners, ¥ — KOMITIEKCHOE YHCIIO:
y=ptje,
rhe } — ko phrupienm 3amyxaruis, ONpe eSO CTEIIeHb 3aTyXaHH ITaJal0IIeil BOTHEI
Ha eJHHHIY JJIHHBL IHHHH, 0. — ko3 guienm ¢azvt, ONPeJeISIOIHI H3MeHeHHe (pa3bl I1aJaro-
II[eH BOJIHBI Ha eJHHHITY JJIHHEI JTHHHH.
Tox | HaiinéMm n3 ypaBHeHwH (14.3):
I=-(1/ Zr;)(d[?/dxj = y{iﬁfze'ﬁ*{’: A e ) Zp.
Bemurma Zo/ y= Zo/N( Zo Yo)=N( Zo/ Yo) IMeeT pasMepHOCTh COMPOTHBIIEHHS, eé 0003Ha-

HaroT ZB H HA3bIBAIOT 6OJIHOGbIM CONPOMIGIEHIEM.

ZBZ\l( Zo/ Yo) Z\"[ (Ro+jwLo)/(Go+ jowCo)]=zpe'?” (14.8),
IJle Zp — MOXYTb, 4 @5 - aAPr'YMEHT BOIIHOBOI'O COIPOTHBIIEHHS. TakiM oGpa3oM,
I :{;ﬁszZB) e — {;’—’ff/ZB) e’ (14/9).

B Hawase THHIH x=0), HATIPSUKEHHE M TOK 0603HaunM U 1 I;. TIO[CTaBHB 5TH 3HAYEHNS B
(14.6) u (14.9), HaiigéM ITOCTOSHHBIE HHTETPHP OBAHHT:
Ai=(U- I Zg)/2= A1e¥°, Ar=( U+ I; Zg)/2=Are"",
TJIEe Wo H Wy — (pa3sl OTPaKEHHOMN H ITaJaroINei BOIIH.
[TomcTaBHM 3HAYEHHS ITOCTOSHHBIX HHTeIPHPOBaHHA B (14.6) 1 (14.9):
U=(U;- I; Zg) e*/2+( U+ I; Zp) e P2 =

NOKYMEHT NOANUCAH Vo T Tl
SNEKTPOHHOW NMOANMUCHIO )V2- 11 Zn( iz
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B momyyeHHOM BEIpakeHHH (e"+e)/2=chyx, (e™-e"*)/2=shyx — rimmepOonmiecKne Ko-
CHHYC H CHHYC. Taknm o0pa30M, HallpsDKEHHE B0 JTHHHH H3MEHSIETCS B COOTBETCTBHH C BBIpa-
KEHHEM:
U=U, chyx- I; Zp shyx (14.10).
AHaTOrHYHO ITOTYYHM BRIpakeHHE IS TOKA:
I=1I; chyx- ((?;/Zg} shyx (14.11).
MopMYyIIBL IJI OIpeAelIeHHS KOMITIEKCOB HAIIPSDKEHHS H TOKA MOZKHO ITOJTYYHTh, HCIIOIb-

3YA KOMIUICKCBI HAIIPAKCHHA U-> u Toka I; B KOHIIE JIMHHH:

A1=(Us- b Zg) 7 2=A; &*° (14.12)
Ao=( U+ I Zp) " /2= Aze" (14.13)
U= U, chyy+ I Zg shyy (14.14)
I= I chyy+( Uy Zg)/ shyy (14.15)

rje y={-x — pacCTOSHHE OT KOHIIA JIMHHH JO TOYKH, B KOTOPOH OITPeAeIISEOTCS KOMILIIEK CBI
HaITPSDKEHHS H TOKA.

Jlimsaepexoaa OT KOMILJIEKCOB HAITPSKeHNS H TOKa K (D YHKIIHSM BpeMeHH (popMyIIs! (14.6)
H (14.9) mpeoOpazyeM CleIyIOIIHM 00pa30M:

- TIOJCTABUM A = A1&V°, Ar= Aré"" Zp= zpe?®

- 3aMeHHM y=f+ja,

- YMHOZKHM ITpaBbIe YaCTH Ha V26 1 ot IPOM3BEIEHUI BO3bMEM MHHMYIO YaCTh:

u=A f\IEE"SxSfH( mf+wﬂ+ax)+Ag\I,2€‘ﬁxsfﬂ( wi+yy- ax) (14.16)
f=—(A;\f.2 z8) €7 sin(wt+yo+ax-pp)+( A2 z8) e P*sin(wt+yn- ax-pp) (14.17)

3 monmyyeHHBIX BBIpaKe HHIT BHIHO, YTO HaMpsDKeHNHe H TOK MOT'YT OBITH ITPeICTaBIICHEI B
BHJIE JABYX IEPHOIHYECKH H3MEHSIOINMIXCA cllaraeMbIX. Da3bl BTOPEIX H3 HHX C TEYEHHEM Bpe-
MEHH OCTAIOTCS ITOCTOSHHBIMH C YBEIIHUEeHHEM PACCTOSHIS OT Hayalla JIMHHH, T.€. 3TH clIaraeMble
IIpeIcTaBIsIeT cOO0H BOIHEI, IIepeMEINAFOIIHECS OT Hayajla K KOHITY JITHHH. OTH BOIIHEI IIPHHSATO
HasbIBaTh IAJAFOIIHMH, HX aMIUINTYAa C YBEIHYEHHEM X YMEHbIIAeTcs IO SKCIIOHeHTe. (Daskl
TIEPBEIX CIIaraeMBIX C TeUeHHeM BPEMEHH OCTAKOTCS IIOCTOSHHBIMH C YMEHBIIIEHHEM PaCCTOSHIS
X, 5TH BOJIHBI HAIIPSKEHHS H TOKa HA3BIBAIOT OTPaKEHHBIMH, HX aMIUIHTYa YBEIHYHBAETCS IO
SKCITOHEHTE OT Hayalla IHHHH K €€ KOHITY ( HHaue — YMEHBIIIAeTCS OT KOHI[A K Hadany). (DH3HYeCKH
yMeHBIIeHHe aMITIHTY/L IIPH IIPOABHKEHHH BOJIH OT Hayala K KOHITY H OT KOHI[A K HaYyaJly JTHHHH
00BSICHSAETCS HAJITHYHEM B IHHHH aKTHBHBIX ITOTEP.

CKOpOCTh ITepEMEITIEHH S BOIHBI BIOIb JIMHUHM Ha3bIBAIOT (pa30BOH CKOPOCThIO vy. MHaue

AOKYMEHT NOANUCAH KOPOCTD ITepeMellleHH I II0 TIHHHH HeH3MeHHOIO
3NEKTPOHHOW NOANUCHIO KOp peMeLl

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

;H[EII'DH_[EfI BOJIHBI HAIIPSAAKCHIIA HEH3MCHHA, TO B
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I+ yn-ax=conslt.
B03bEMEM ITPOH3ZBOIHYIO ITI0 BpEMEHH 0T 00€HX YacTeH ITOCIIEHET O PaBEHCTRA:
w-a(dx/dt)=0, oTcrofa ¢ YY4ETOM TOr'0, UTO a=w\ (LoCo)
va=dx/dt=w/a=1/N(LoCo) (14.18)

TakmM o6pazoM, pa3zoBast CKOPOCTh OITpeJleNsgeTcs MMapaMeTPaMH JIMHHH H He 3aBHCHT OT

yacToThl. Da30Bas CKOPOCTh, YacToTa f=m/(27) 1 JIHHAa BOITHBI A CBSI3aHBI COOTHOIIIEHHEM:
A=vel f (14.19)

B pane cinydaeB Rp 1 Gy 3HaUHTENIBHO MeHbIe Lo H Cp. B 3THX ciny4asx aKTHBHBIMH I10-

TepsMH MOKHO ITpeHeOpeyb, TOrja
Zo=je Lo, Yo=_jw Co, y=N( Zo Yo)= jeo\N( Lo Co), T .e.

p=0, a= wN( Ly Cy), Zg=N{ Zo/Yo)=N( Ls/Cy) — BOITHOBOE COMPOTUBIIEHIE

BEINECTBEHHOE, T.€. SRIIAETCS YHCTO aKTHBHBIM. [IpH rpeHeOpekeHHH aKTHBHBIMH COITPO-
THBIIEHHEM H IIPOBOJHMOCTBIO B BRIpakeHHIX (14.10) m (14.11), a taxxke (14.14) u (14.15) nox
3HaKaMH THITepOOIIYeCKHX (PYHKIIHH apryMeHT CTaHOBHTC I YHCTO MHHMBIM, HO T.K. chjay=cosay

1 shjay=jsinay, TO IIOCIeIHHE BhIPaKeHHS IIPHHUMAIOT BH;:

U= U, cos ax —il; Zp sin ax (14.20)
I=Iicos ax —j{’[?;/Zg)xfﬂ ax (14.21)
U= U, cos ay +jlz Zs sin oy (14.22)
I= 1 cos ay +j(§Tz/ Zp)sin ay (14.23)

[TocnemHite BhIpaKeHHS CITpaBeIJINBbI IS IlHLLL 6e3 nomepn.

JIMHIA ¢ pacnpeAenéHHBIMA ITapaMeTPaMH MOKET HaXOAUTHCS B TPEX peKHMAaX:

- B co2inacoedaHH oM PCKIIME,

- B PEKHME CMOSAYUX BO/H,

- B PEIKHUME CMEULaHHbIX BOJH.

Coenacoeannutil pesxciim UMEET MECTO TOrJla, KOIJIa COIIPOTHBIIEHHE HATPY3KH Zx, ITOMI-
KJIFOYEHHOH B KOHIIE JIMHHH, PaBHO BOTHOBOMY COIIPOTHBIIEHHIO Zp.

B sTomMm ciyuae Us= LZz= 1,75 u cormacHo (14.12) A 1=0, T.e. OTpaXKeHHBIE BOIHEI HAITPS-
KEHHA H TOKa IMIPH Zy= Zp OTCYTCTBYIOT H

U =Ag\f.2€'ﬁxs.in(mr+wﬂ— ax) (14.24)
i=( AxN2/zp) e P sin(wt+yn- ax- op) (14.25)
Harpysky, HMEIOIIYIO TAKOE COITPOTHBIIEHHE, HA3BIBAIOT CO21ACOBAHHOII.

ISt nunuin 6e3 nomeps TIPH CO2NACOEAHHOLL HAZPY3Ke

ONOKYMEHT I:IDﬂI'IHCAH | ( 14.26)
INEKTPOHHOW NOAMMACHIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 (14*27)
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M3 mocneaHHX BRIpaKeHHH cIIeAyeT, YTO IPH COITIaCOBAaHHOM pesKHMe paOOThI IHHHH Oe3
IIOTEPh BO3HHKAIOT TOIIBLKO OErYINHE BOIHEL HAIIPSKEHHS H TOKa, BCS SHEPIHs, IlepefaBacMast OT
reHeparopa K IIpHEMHHKY, PacX0oAyeTcs B IIPpHEMHHKe. B 1000 TOYKe JIMHHH H TOK, H HaIIpshKe-
HHE H3MEHSIOTCS CHHYCOHIAIBHO C OJHHAKOBBIMH aMILIMTYaMH, COBITagas ITo (ase. [[elicTBYIo-
II[He 3HaYeHHS TOKa H HaIIPSKEHHS BAOIb THHHH OCTAKOTCS ITOCTOSHHBIMH, MEHSIETCS TOIbKO HX
¢aza. OTHOIIEHHE HAIIPSDKEHHS K TOKY B TFO00H TOYKE JIMHHH PaBHO ITOITHOMY COITPOTHBIIEHHIO,
CIIEAOBATEIILHO Zpy=Lp=ZH=RH.

Peoxcum cmosuuix eonn BOSHHKAET B TPEX CIIYYASX: IIPH OTCYTCTBHH HAarPy3KH B KOHIIE JIH-
HHH ( PEKHM X010CH020 X00a, KOrja Zx=0), IIPH KOPOTKOM 3aMbIKaHHH B KOHI[e IMHHH (PeKHM
KOpOmMKo20 3ambikaniisa, Korjga Zx=(0) H IIpH YHCTO peaKTHBHOH Harpyske (Zz=jX). CTosuHe
BOIIHEI BO3HHKAIOT B Pe3yIIbTaTe HAJIOKEHHS IIPSMOH H OTPakEHHOH BOJIH. [IpH CTOSYHX BOITHAX
B OJTHHX TOYKaX JIMHHH HaITPsSUKeHHe HITH TOK B TF000iT MOMEHT BpeMeHH PaBHBI HYIIIO (3TH TOUKH
Ha3BIBAIOT Y3JIaMH), B IPYTHX TOYKaX, OTCTOSIIIX Ha YETBEPTH BOJIHBI OT IIEPBEIX, HAIIPSKEHHE
HJIH TOK H3MEHSFOTCS ¢ MaKCHMaIbHOH aMIDINTYAOH (3TH TOYKH Ha3bIBAIOT ITYYHOCTSMH). Marte-
MaTHYeCKH CTOSYas BOJIHA HAIIPSDKEHHS H CTOSYas BOIIHA TOKA  OITHCHIBAIOTCS IIPOH3BEICHHEM
IBYX TPHTOHOMETPHYECKHX (DYHKI[HI, OJJHA H3 KOTOPBIX — (PYHKIIHS BpeMeHH, BTOpast — () YHKI[HS
KOOPIHHATHL X HJIH Y — PACCTOSHHUS OT Hayala HITH KOHI[A JIHHHH.

HaligéM ypaBHeHHS CTOSYHX BOJIH HaIIPSDKEHHS H TOKAa B IIHHHH Oe3 IIOTEPh IIPH OTCYT-
CTBHH Harpy3KH Ha eé KOHIE, T.e. Koraa L,=0. B stoM ciaydae (14.22) u (14.23) IpHMyT BHLI

U= U cos ay,
IZj{’[jB/ Zp)sin ay.

TIIS TIepexofia OT KOMITIEKCOB U U | K (DYHKIIMSM BPeMeHH HEOGXOINMO TIPABBIE YaCTH
ITOCTIEIHIX BBIP@KEHIII ZOMHOXHTD Ha \V2¢/“" M BBIZEMHTH MHHMEBIE YacTH, KOTOPBIE M OYIYT
HaITpsDKEHHEM H TOKOM, KaK (DYHKI[HSMH H PacCTOSHHS, H BPEMEHH:

1 Z“J,Z’Ugcﬂsaysmmf (14.28)
i=N2(Uy/ Zp) sin ay sin(wt+90°)  (14.29)

B Toukax IHHHH, TJe ay=nr+ /2, aMIDINTyJla HaIIPsSyKeHHS \L?Ugcomy=0:, T.€. B 3THX
TOYKaX HMEIOT MeCTO Y3IIbI HapsKeHNI. B 3THX JKe TOUKaxX aMITINTY/la TOKa HMeeT MaKCHMYM
N2(Uy/ Zp), T.€. B 5THX TOUKaX OYAYT IIYYHOCTH TOKA. B TOUKAX JIHHIH, TIIe ay=n7, HMEIOT MECTO
ITYYHOCTH HaITPSDKEHHS H Y3IIBL TOKA.

BxoHOe cOonpoTHBIIEHHE JIMHHH Oe3 ITOTePh IIPH XOIOCTOM XOJIe

Zpxe= U/ I=-j Zpctg ay=-j Zpcte(2m/1)y (14.30)

NOKYMEHT, NOANUCAH
SNEKTPOHHOW MOANMCHIO
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleGayxoea TateAHa AnekcaHapoBHa

..., ZByo=0,

.y LBXx=50.
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[Tpn gmtHe mHMK 0 <y < A/4 BXOIHOE COMPOTHBIECHHE PAa30MKHYTOH JTHHHH HMEET EMKOCT-
HBIH XapaKTep, IIpH JUIMHE A/4 <y <A/2 — HHIYKTHUBHBIH XapaKTep.

CTosTyHe BOJIHBI 00pa3yrOTCs TaKKe ITPH KOPOTKOM 3aMBIKAHHH B KOHI[€ JIHHHH.

B stom cityuae U,=0, BeecTBHe uero ypaBHeHms (14.22) u (14.23) HMEIOT BHA

ﬁ:jfg Zp sin ay

I= I cos ay .
[lepexond kK PYHKIFISIM BpeMeHH, ITOITYYHM:
u= 2L Zgsin oy sin(ot+90°) (14.31)
i= 21> cosaysinmt (14.32)

M3 Imomy4yeHHEBIX 3aBHCHMOCTEH CIEAYET, YTO KapTHHA CTOSYEH BOIHBI HAIIPSDKEHHS TIPH
KOPOTKOM 3aMbIKaHHH ITOBTOPSET KAPTHHY CTOSYEH BOJHEI ITPH XOIIOCTOM XOJ[€, a KapTHHA CTOS-
Yyell BOIHBI TOKa ITPH KOPOTKOM 3aMBIKAHHMH — KapTHHY CTOSYEl BOIHBI HAIIPSDKEHHUS TIPH XOIIO0-
CTOM XOJIE.

BXojiHOE COMPOTHBIIEHHE KOPOTKO3aMKHYTOH JIHHHU O3 ITOTEPh

Zpxics=]Zpte(ay)= jZpte(2m/A)y (14.33)

IIPH JUTHHE THHHH y=( An)/4, the n=1.3.5,..., Zpxks =0,

IIpH JUTHHE THHUH y=( An)/2, e n=1,2.3,..., Zpx:=0.

[Tpn qymne i 0 <y <A/4 BXOJHOE COIPOTHBRIIEHHE PAa30MKHYTOH JIHHHH HMEET HHIVK-
THBHBIH XapakKTep, IPH JJIHHE A/4 <y<A/2 -€MKOCTHBIH XapaKTep.

PaccMOTpeHHEIE CBOHCTRA YETBEPTHBOIIHOBBIX H ITOTYBOITHOBBIX OTPE3KOB JIJIMHHBIX JIH-
HHI HCTIONIB3VIOT B PaJHOTEXHHYECKHX YCTPOHCTBAX IS TTOJTYYEHH A KOJIeOaTeIbHBIX KOHTYPOB C
BEICOKOH JOOPOTHOCTRIO.

TakrM o6pa3zoM, pEKHUM CTOSYHX BOIIH HUMEET CIIEAVIOIIHE OCOOEHHOCTH:

- HaIIpSDKEHHE H TOK B JIFOOOH TOYKE JIHHHH CIBHHYTEHI IT0 (pa3e Ha yroi 7i/2;

- pacxojia HHEPTHH B 3TOM pPeKHMe HET, T.K.IIaJ[aroIas BOIHA ITOIHOCTHIO OTpakaeTcs OT
KOHI[A JIMHHH,

- IENCTBYIOIIHE 3HAUEHUS HAIIPSKEHHS H TOKA MEHSIFOTCS BJIOMIb JIMHHH 110 CHHYCOH1aJIh-
HOMY 3aKOHY, JJOCTHTasl MaKCHMAJIbHBIX 3HAUYeHHH (ITyYHOCTEIT) H HyJIeBbIX 3HaUeHHI (Y3IIOB) Ue-
PE3 YETBEPTH BOIHEL B PE3VYIIBTATE HAIOKEHH I ITAJAFOINEH H OTPaKEHHONH BOIIH.

Peoicum emewannvix eonn B JIMHUK 0e3 IIOTEPh BO3HUKAET, €CIIH JIMHUS 3aMKHYTa Ha CO-
ITPOTHBIIEHHE, OTIIMYHOE OT BOJIHOBOI'O. B 3TOM peXHMEe CYIIECTBYIOT OJHOBPEMEHHO H OeryIasd,

CTOS4as BOIIHBI. MTHOBeHHBIE 3HaUCHH S HAaITPpsDKEHHA H TOKA B TTFOOOH TOUKE JTHHHH B 5TOM CIIY-

AOKYMEHT MNOANUCAH _
SNEKTPOHHOM NOANNCHIO 17) (HammoMHIM, YTO B JTHHHH Oe3 roteps [=0).

Ceptudmkar:  12000002A633E3D113AD4 25FB50002000002A6

LDKEHIA H TOKa BJOJE JOTHHHI XaPaKTICPH3YCETCA
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

MYMEBI HE IPHHUMAIOT HYIIEBBIX 3HAUEHIH. Ecin
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Z3>Ry (TaK ke, Kak M IpH Zz=Rp7), TO K KOHITY JIHHHH YCTaHABINBACTC S MHHHMYM HaITpSKeHHS
H MaKCHMYM TOKa. ECIIH COIMPOTHBIIEHHE HAarPy3KH KOMIUIEKCHOE, TO 3KCTPeMaJIbHbIE 3HAUECHH
HAITPSDKEHHS H TOKA CABHIAIOTCS OTHOCHTEIBFHO KOHI[A THHHH. ECIIH Zy<Ry, TO B KOHIIE JIHHHH

YCTAHABJIHBACTCA MaKCHMYM HAITPp;AKCHHA H MITHHMYM TOKA.

YKkazarue no mexHiike é ezonacHocmii:
YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpI{BIX pElﬁDT IIPHBCOACHDBIL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinojiHeHUI0 140 0pamopHoil padomal:

B maxHoOH madopaTopHOH padoTe HeOOXOAHMO IIPOBECTH HCIIBITAHHMS JIMHHH C PacIIpeie-
JIEHHBIMH TTapaMeTPaMH, COCTOSIIEN H3 OTPe3Ka KOaKCHAIBHOT O Kabemns. JIMHITO HeoOXOMHMO HC-
IIBITATE B COITIACOBAHHOM PEKHME, B PEKHME CTOSYHMX BOJIH ITPH XOJIOCTOM XOJ[€ H IIPH KOPOTKOM
3aMBIKAHHH H B PeXHME CMEIIAaHHBIX BOIH IIpH Rx<Zz U Rx>Zs. CHHYCOHIAIIbHOE HaIIPSIKEHHE
Ha Ha4yao Kadend IoJaéTcs OT BRICOKOYACTOTHOI'O reHepaTopa. 1 H3MEPEHH A TEHCTBYIOILETO
3HAUEHHS HAIIPSDKEHHS, KOTOPOE ITPOU3BOAUTCA ¢ TIOMOIIBIO BOIBTMETPA, Ha Kabelle Yepes paB-
HBIE IIPOMEKYTKH HMEIOTCS KOHTaKTHBIE BEIBOJIBL.

[ IOpsSITOK BEITTOIHEHHS PadOTEI ClIe I VIOIIHII.

M3y4UTh OCHOBHBIE TEOPETHUECKHE TTOJIOKEHISL.

CoOparth 1a00paTOPHYIO YCTAHOBKY, CXeMa KOTOPOH H300pakeHa Ha puc.14.2.

[logkmounB Ry=Zp, HCCIEA0BATh paclpelelleHHe HallpsUKEeHHI BIONb JIMHUH. Pe3yib-
TaThI 3aMEPOB 3aHECTH B TaOmmIry 14.2.

HccrnemoBaTh pacipeielieHHE HAITPSDKEHNS BJIOIb Pa30MKHYTOIO Ha KOHIIE KaOeTs.

HccinemoBaTh pacmipeielieHHe HaIIPsDKEHHS BIOJIb KaOels, 3aMKHYTOIO Ha KOHIIE HAaKO-

POTKO.

[emepatop Ry
-

Hccnenorars pacrpejielieHHe HaIIpPSDKEHHS B PeXHMe CMelIaHHBIX BOJIH IIPH Ry >Zp H
R<Z3. I1pH KaX1oM BKIIFOYeHHH JIHHHH Ha e€ BXOJIe clIelyeT YCTaHaBJIHBaTh OJHO H TOXKE HaIIpS-

kxeHre 0.5 B. YacToTa HalpspKeHH S A1 BceX PEeKHUMOB 3aJaETCs ITPENogaBaTeIeM.

OOKYMEHT NOANUCAH -
SNEKTPOHHOM NOANMCHIO puxm pacripefienieHHS JeHCTBYIOIIETO 3HAUEHHS

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

' K. [IpH IIOoAroToBKe OTUETA I10 J1adopaTop-
Bnapeneu: Ulebayxoea TaTbAHa AnekcaHopoBHa 1PY3 P At p p

3 CKOPOCTE V.
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Tabmia

Homep Harmpscxenne, B
KonrakTa Ru=Z7g Ru= Ry= Ru> Zr Ru< Zg
0 0,5 0,5 0,5 0,5 0,5
1
24

Codeporcanue omuema:

OT4YeT JOIKEH COLEPXKATH:

1. Hazeanue paboTEI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OrHcanie UCIoIb3YeMOro 000PYAOBaHHS H MaTEPHAJIOB,
5. Ilopsapok BeITOIHEHH S PaOOTHI,

6. Berunciennsa n o6padorka pe3yIbTaToB,

7. BEIBOJIEL.

Koumponsusie éonpocot:

1. Kakue mHIH OTHOCST K JIMHHSM C pacIipelelIE HHBIMH ITapaMeTpaMH?

2. Ilepewnicimre aneKTpHYECKHE ITapaMEeTPhI IIIMHHON IIMHHH. KX pasMepHOCTE?

3. CripaBeqyINBO I AJIS MapaMeTPOB JIIHHHOH JIHHHH COOTHOIIEHHE Zo=1/Go?

4. QYHKIHMAMH KaKHX ITEPEMEHHBIX SBIIIFOTCS HAPSDKEHHE H TOK B JIMHHH C PacIIPeelIEH -
HBIMH TTapaMeTpamMH?

5. UeM ornpeesisroTes 3HaUeHH I ITapaMeTPOB JJIMHHOH JIHHHH?

6. Kak rmony4uts OCHOBHBIE YPaBHEHHS JIIIHHHOM JTHHHH?

7. Kakrmv o6pasoM IIpH pellleHHH YpaBHEHHI JIIMHHOMN JIHHHH MEPEXOAIT OT YPaBHEHHH B
YACTHBIX ITPOMU3BOJIHBIX K YPABHEHHSIM B IIPOCTBIX ITPOH3BOHEIX ?

8. Kak OTHOCHTEIILHO KOMIUIEKCOB HAIIPSKEHHS M TOKA BBRITJISIIUT OOINUH BHJ[ PEIEHUS
YPaBHEHHH JIHHHOM JIMHHH?

9. Uto mpeJcTaRISIIOT COOOH ITOCTOSHHAS paclIpocTpaHeHH, KO3((HIMEeHT 3aTyXaHHSI,

Ko3(prarreHT pazer? UTo onpeAeasstoT 3TH KO3 QHITEeHTHI?

NOKYMEHT NoanmcAH
SNEKTPOHHOW NMOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapened: lLebayxoea TateAHa AnekcaHapoBHa

DHPOBAHHS B PEIIEHHH YPaBHEHHH JIIHHHOH JIH -

| 9
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12. O0psACHHTE, ITOUEMY B OOIIEM ClIy4yae HAIIPSKEHHE H TOK B JUIMHHOH JIMHHH MOJKHO
IIPeACTaBHTh KaK CYMMY ITafaroIleH H OTPaKEHHOH BOIH?

13. Uto moHHMaroT moJ pa30BOH CKOpocThi0? Kak OHa CBS3aHa C YacTOTOM HaITPSDKEHIL
H JUIHHOH BOJIHEI?

14. Kakyro JINHHIO Ha3bIBAIOT JIMHHEH Oe3 IoTeph?

15. Kakue pexy MBI MOT'YT CVYIIECTBOBATH B JJIMHHON JIMHHH? OXapaKTepH3VHTE 3TH pe-
KHMEI. YeM OHHM OIIPEAEIISIIOTCS?

16. KakuM MOKeT OBITH H UEM OIPEAEISIETCA BXOJAHOE COMPOTHRIEHHE IJIMHHOM JIMHIH?

YTo IMOHHMMAIOT 10 BOITHOBBEIM COITPOTHBIICHHEM JTHHHH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Jabopamoprasn paboma Nel 7. Mooenuposarue niocKonapaieibHblX 3J1eKmpocnia-

MUYECKUX U MAZHUMHbLIX NOJlell MOKOM 6 Hpﬂﬁﬂﬂﬂmm{ JIHCHeE

Ilens pabomer: 1lomydeHHe KapTHHBI CHJIOBBIX JIHHHI, MOAEIIHPYEMBIX ILJIOCKOITapal-
J1eJIbHBIM 3JIEKTPOMAarHHTHBIM H 3JIEKTPOCTaTHYECKHM ITOIIEM Ha TOKOITPOBOISIIIEM JIHCTE H OITpe-

ACIICHHC €I'0 HAITPAKCHHOCTH HIIH HHAYKTHBHOCTH B OTJICJIBHBIX TOYKAX.

OcHoé6blL meopuu.

I/IBEECTHD? HTO 3ICKTPOCTATHYUCCKOEC IIOJIC B DﬁHﬂGTH:, I7le HeT CBOOOIHBIX 3dpPAg0B, a
TAakK S ITOCTOAHHOC MAI'HHTHOC ITOJIC B DﬁHﬂGTH:, '€ HET TOKOB, OIDICBIBACTCA TAKHMI K€ YPdBHC-
HHAMI, KaK H ITOJIC IIOCTOMHHOI'O TOKA B HpﬂEG,[[HH.[Eﬁ Cp&Jc BHE HCTOTHHKOB SHEPI'HIL, B HaCTHO-

CTH, YpaBHeHHeM Jlarnaca:
\% 2:;0 =0

[IockonpKy ypaBHeHHe Jlaroiaca HMEET €IMHCTBEHHOE PEIEHHE TIPH 3aJaHHBIX IPaHIY-
HBIX YVCIIOBHSIX, TO IIPH ITOJAOOHBIX I'PAaHHYHEIX VCIIOBHSAX B JHAIIEKTPHKE U B IIPOBOJISIIEH CPEJE
pacIpeiesieHHe MoTeHIHana 0y1eT OAMHAKOBEIM B 00EHX cpelaX. 3TOo IMOL00He ITO3BOISET MOJIE-
JIMPOBATh KaK 3JIEKTPOCTATHYECKHE, TaK M MarHUTHEIE ITOJIS ITOJIEM 3JIEKTPHYECKOIO TOKA B IIPO-
BOJIAIIEH cpejie. CoOImroiIeHHeE TTOI00HBIX I'PAHHYHBIX VCIIOBHI CBOJHUTCS K T€OMETPHYECKOMY I10-
10010 00J1acTel, B KOTOPEIX HCCIIEAYETCS ITOIIE.

[ [ITOCKHI TIPOBOASIIIHIL IIHMCT TTO3BOISET MOAEIIHPOBATh PaCIIpeJlelIeHHe SIEKTPHYECKOI0
ITOTEeHIHAaNIa IWIH MarHUTHBIX CHJIOBHIX JIMHHI B CEYEHHH IUIOCKOIIApalJIEIIbHOT O IIOIIS, TIEPIIEH-
THKYIISIPHOM UIHHHBIM 3apsDKEHHBIM ITPOBOJHHKAM IIIH ITPOBOJHHKAM C TOKOM. DOKBHITOTEHI[H-
aTIIbHBIE JTHHHUH B IIPOBOISIIEM JIHMCTE COOTBETCTBYIOT 3KBHITOTEHI[HAIIBHBIM JIMHHSAM B 3JIEKTPO-
CTAaTHYECKOM TII0JIE MEXIY 3apspKEeHHBIMH ITPOBOMHHKAMH. [IpH MomermmpoBaHHH MarHHTHOTIO
TTON S 3KBHITOTEHI[HAIIBHBIE JIMHUH B ITPOBOISIIEM JIHCTE COOTBETCTBYIOT MAarHHTHBEIM CHJIOBBEIM
JTHHUSM TTPH IIPOTEKAaHHH TOKA B IIPOBOJAHHKAX. CoOpaHHas YCTaHOBKa JIJIS MOJIETTHPOBAHHS C O/-
HIM M3 IUIAHIIETOB IMoKa3aHa Ha pHc. 1.1. OcrambHbIe YeTHIPe IUIaHIIEeTa — Ha pHc. 1.2.

IImanmmeTsr NeNe 1, 2, 3, 4 HCIIONMB3VIOTCS AT MOJEIIMPOBAHHS 3JIEKTPOCTaTHYE CKHX TI0-
JIEH 3aPSsDKEHHBIX JIIIHHHBIX ITPOBOAOB COOTBETCTBYIONMX ceueHHH. [ImaHimer Nel M, B MEHBIIIEH
crereHd, Ne3 u Nod IIpHTOMHEBI TAKXKe H TS MOJIEIHPOBAHNSI MarHHTHOI'O ITOJIS ABYXIIPOBOIHOH

JTHHHH ¢ TOKOM. Ha rmmaHiere NoS MOACIIMPYET CA MAI'HHTHOC ITIOJIC MEZKAY ITOJIIFOCAMH H B 3430PC

TRHOTIOMINCHON ATeKTNHUUACKON MATIIMHET . Ha mraHineTax No3 1 Nod IipH MOIeTIHpPOBAaHHH Mar-

NOKYMEHT NOANWUCAH
SNEKTPOHHOW NOANKMCHIO FOTCSA HETOYHO, ITO3TOMY KapTHHA ITOJII BOIH3H
Ceprucbukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; LHebayxora TaresHa AneKkcaHaposHa  HEeCKOIBKO OTIIHYAETCS OT pEElJ]LHGﬁ.
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YKkazarue no mexHiike é ezonacHocmii:

ANOKYMEHT noan UCAH . BBOIOJIIHEHHH HﬂﬁDpﬂTGpHBIX pEIﬁDT IIPHBCOACHDBIL

SNEKTPOHHOW NOAMUCHIO
Ceptudmrkar:! | 12000002A633E3D113AD425FB50002000002A6
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VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:

YcTaHOBHTE Ha HAOOPHYIO ITaHEIh OAMH M3 BapHAaHTOB KOH()HTI'YPaIHH ITPOBOISINETO JIH-
cra (ToraxmeT 1, 2, 3 W 4) 1 MOAKIIIOYHTE ITHTaHHe OT TeHepaTopa IIOCTOSHHBIX HAIIPSHKEHHH H
MYIIbTHMETP B PeXHME BOIIBTMETPA, KaK ITOKa3aHo Ha puc. 1.1.

[[pHroTOBETE PHCYHOK PACITOIOKEHHS 3NIEKTPOJOB ¢ KOOPAHHATHOH CETKOH (CM. ITPHIIO-
KeHue 1).

BximrounTe BRIKITIOUATEIDL CETH ONI0Ka reHepaTopoB HarpsokeHH (BI'H) u yOegntecs, uTo
OIHH H3 3IEKTPOAOB HMEET ITOTEHI[HAII, PABHBIH HYIIXO, a APYTOH — ITOTEHIHAIL, PaBHBIH HaIIpsI-

ACHHTO HCTOYHHKA ITHTAHI A.

BriGepure takoe HanpskeHHe miTaHusg U = 10...15 B u mrar H3MeHeHH I ITIOTeHIHAlIa AU
(Harpumep 1; 2 wnm 2,5 B), yToOB Ha KapTHHE OIS IOIYYHIIOCH 7...10 SKBHITIOTEHIHAIbHBIX
JTHHHIL.

HEPEMEH_[EIH 30HO OT TOYKH HVIICBOI'O IIOTCHITHAJIA IIO OCH CHMMCTPHH K JPYI'OMY 3JICK-

TPOAY, HAHIHUTE TOUKH C ITOTEHI[HAIaMH AU 2AU 3AU | HaiigeHHsle TOUKH OTMeyYaiiTe Ha

IIPHI'OTOBJICHHOM PHCYHKC C KOGP,[[HHE],THDﬁ CETKOH.

[TepeMernas 30H, 13 ToukH ¢ noTenrmanoM AU Bokpyr snekTpoga (ciaerka mpHGIIKaich
HIIH YIAISTICh OT HEr0), HaXOAHTE TOYKH PaBHOIO ITOTEHI[MAlla M OTMEYaHTe HX Ha PHCYHKE.
T OUKH paBHOI'O ITOTEHIHANIA COEMHHHUTE TUIABHOH KPHBOH. AHAJIOTHYHO ITOCTPOHTE APYTHE SKBH-
ITOTEHI[HAJILHEIE TIHHH.

[Iprmevanne: B kaxa1oM BapHaHTe IIPOBOISINETO JIMCTa HMEOTCS OHA HIIH JIBE OCH CHM-
METPHH, ITO3TOMY MOKHO OTPAaHHYHTLCS HCCIIeJOBAHHEM ITOJIOBHHEI HIIH YETBEPTH ITPOBOASIIEH
OOJIaCTH JIHCTA.

[Tomp3ysCch H3BECTHRIMH ITPABIJIAMH I'Pa(pHUYECKOI0 ITOCTPOEHN S KAPTHHEI ITOJISL, 10 SKBH-
ITOTEHIHAIBHEIM JIMHHSM 3IIEKTPOCTATHYECKOIO IO IIOCTPOHTE CHIIOBBIE JIMHHH HAIIPSDKEHHO-
CTH ITOJIS.

BRUHCIIHTE HAIPSKEHHOCTH AIEKTPHYECKOTO IO B ABYX - TPEX TOUKAX ITPOBOISIIETO

JINCTa H IIOKdXKHIC HAIIPaBJICHIC BCKTOPa HAIIPAKCHHOCTH B STHX TOUKAX Ha PHCYHKE (

E=AU/AL,

YcTaHOBHTE Ha HAOOPHYIO ITaHEIh OAMH M3 BapHAaHTOB KOH()HTI'YPaIHH ITPOBOISINETO JIH-
cra (ToraxtmeT 1, 3, 4 WM 5) H ITOAKIIOYHTE ITHTaHHE OT TeHepaTopa ITOCTOSHHBIX HaIIPSDKEHHH H

MYJIbTHMETP B PeKHMe BOIBTMeTPa, KaK IT0Ka3aHo Ha pHC. 1.1.

7

NOKYMEHT NOANMVICAH IEKTPOJOB C KGGP,[[I]HHTHGﬁ CeTKOH (GM. ITPHIIO-

SNEKTPOHHOW NOAMUCHIO
Ceptudmrkat: ' -12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
113



BxmounTe BeIKMOYaTenb «CeTh» Onoka reHepaTopoB HamnpsokeHmit (BI'H) u yOemnTecs,
YTO OJMH M3 BJIEKTPOIAOB MMEET IIOTEHI[HAJ, PABHBIH HVIIIO, a JIPYIOH — ITOTEHI[HAJ, PABHBIM

HAITPKECHHIO HCTOYHHKA ITHDTTAHITA.

BriGepure Takoe HanpskeHHe muTaHug U = 3...15 B u 1mar n3sMeHeHHs IIOTeH IHana AU
(Harpumep 1; 2 wm 2,5 B), 4TOOBI Ha KapTHHE OIS ITOIYYHIOCh 7...10 3KBHITOTEHI[HAIEHBIX
TTHHHIH.

HEPEMEH_[ELH 30HA OT TOYKH HVICBOI'O ITOTCHIIHAJIA ITO OCH CHMMCTPHH K APYI'OMY 3IICK-

TPOAY, HAHJIHUTE TOUYKH C ITOTEHI[HATIaMH AU 2AU 3AU | HaiigeHHble TOUKH OTMeyYaiiTe Ha

IIPHI'OTOBJICHHOM PHCYHKC C KOGP,[[HHE],THDﬁ CETKOH.

[Iepemeras 30HI M3 TOUYKH C IIOTEHI[HAIOM AU BOKPYT 3IeKTpoja (cerka IpHOIHKasach
HITH VAATSIICh OT Hero), HaxXOJHTe TOYKH PaBHOIO ITOTEHI[Hala H OTMedaiiTe MX Ha PHCYHKE.
‘T OUKI paBHOIO IIOTEHIMANA COSAUHHITE IIABHOM KPHBOH. AHAJIOTHYHO ITOCTPOHTE APYIHE SKBH-
IIOTEHI[HAIbHBIE JTTINHHH.

[IprmMeyanne: B KaKmoM BapHaHTE IPOBOASIIETO JIHCTa HMEIOTCS OJHA HIH JBE OCH CHM-
METPHH, TTO3TOMY MOKHO OIPAaHHYHTECS HCCIIEAOBAHHEM TTOJIOBHHEI HIIH YETBEPTH IIPOBOASIIEH
oOJIacTH I CTA.

CurTasi CHATEIE SKBHIIOTEHI[HAIBHEIE JTHHHH 3JIEKTPHYECKOIO ITOJII MAarHHTHBIMH CHIIO-
BEIMH JIMHHSMH, IIOCTPOHTE JIMHHH PAaBHOI'O MAarHHTHOI'O ITOTEHI[HAJIA, ITOJIB3YSICh H3BECTHBIMH
IIpaBHIIaMH I'pa(pHYECKOro ITOCTPOEHH KapTHHEI ITONI. [IpHMITe KOHKpeTHOe 3HaYeHHe TOKa B
mrHHaxX WM MJ[C KaTyIeK H YKaxHTe 19 KaKIOH SKBHIIOTEHIIHAIbHOH JIMHHH 3HAYEHHE Mar-

HHTHOI'O ITOTCHITHAIIA.

BerauciHre MAI' HHTHYHO HHAYKITHIO Al B IBYX — Tpé‘}i TOUKAX ITOILA H ITOKAKITE

HalIpaBJICHHE BCKTOP4 MAarHHTHOH HHAVEKITHH B 3THX TOYKdX Hd PHCYHKC

Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. HazpaHue paboTHI,

2. Llens paboTHI,

3. Kparkie TeopeTHUECKHE CBEICHH S,

4. OmucaHie HCIONMb3yeMOro 000pyA0BAHHS H MaTePHAJIOR,
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