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BBEJAEHHUE

Meroanueckue peKOMEHJIAUM MJig IpernojiaBaresied Mo OCBOCHHUIO JIUCHMIUIAHBI
«INEKTPOTEXHHUKA» — TMPEACTABISAIOT COO0H KOMIUIEKC PEKOMEHAAMH | pa3bICHCHHH,
MO3BOJIIOIINX TIPEIOIaBaTENI0 ONTUMAIBHBIM 00pa30M OPraHMU30BaTh Ipolecc OOyYeHHUs 0
JaHHOM TUCIUILIMHE.

Ileap JUCUMIUIMHBI — ycBOeHHME 0a30BBIX 3HAHMM 10 OCHOBHBIM  pasjesam
DJIGKTPOTEXHUKH, HEOOXOMUMBIC [UISI TOATOTOBKA B COOTBETCTBUM C BBIOpaHHOU
CHeUaJbHOCTBIO;

3agaun JUCIHUILIAHEL:

[ ] pa3BI/ITI/I€ HABBIKOB OpFaHI/I3aHI/II/I nu HpOBeIIeHI/IFI I/I3MCpCHI/Iﬁ B IICIIsIX C y‘-ICTOM nux
0COOEHHOCTEMN;

® COBCPIICHCTBOBAaHWE MPAKTHKM aHalW3a I[apaMeTpoB IICMeH C  KCIOJIb30BAaHHEM
OCHOBOIIOJIAraloIIMX METOJ0B PEIICHUs 3a7ad Ha ocHoBe 3akoHOB Oma m Kupxroda, a
TAKKEC OKBUBAJICHTHBIX HpCO6pa3OBaHI/II71 U TOIIOJIOTMYECKUX KOMIIOHCHTOB;,

e 0oOpeTeHHE KOMIIETCHTHOCTH B (DYHKIIMOHHPOBAHUM OCHOBHBIX 3JCKTPOTEXHUYCCKHX
YCTPOUCTB (TpaHC(HOPMATOPBI, FINEKTPUUCCKUE MAIIMHBI M JABUTaTeId Pa3JIMYHBIX BHJIIOB U
Ha3HAYCHUS ),

JlucuMIUIMHAa peanu3yercs B paMKax o0O0s3aTelbHONM YacTH HM OTHOCHTCS K
obmenpodeccuoHaTbHOMY MOIYJIIO.

Jlns oCBOCHUST JUCIUILIMHBI HEOOXOAMMBI KOMIIETCHIIMH, C()OPMHUPOBAHHBIE B pPaMKax
M3YYEHUS CIeAyromux auciuruind: «Dusukay, «JluneiHas anreOpay, «MaTeMaTuyecKui
aHanu3y, «JuddepeHunanbHble 1 HHTETPAIbHBIE YPABHEHUSI.

JIMCIIMIIIMHB  W/WIM  TIPAKTHUKHA, JJIS  KOTOPBIX OCBOCHUE JIAHHOW JTUCIIHUTLIAHBI
HEO0OXOIMMO KaK IMPEIISCTBYIONIES: BHIIIOJHEHUE BCEX BUIOB MPAKTHKH U BBIITYCKHOMN
KBaJIM(PUKAITMOHHOMN palbOTBhI.

JuctuniauHa u3ydaercst Ha 2 Kypce B 4 cemecTpe.

OcHOBHBIMU BUAAMH Yy4eOHOW pabOTHl MO JAHHOW IUCHUIUIMHE SIBJISIOTCS JIEKIIHH,
nabopaTOpHBIE 3aHATHS, CaMOCTOSATENbHAs paboTa oOydaronuxcs. s yCcrnenrHoro OCBOCHHS
TUCIUIIMHBL CTYACHTHI HEOOXOJUMO H3yYUTh JEKIMOHHBI MaTepuan H PEeKOMEHIYEeMYIO
JTUTEpaTypy, OTpabOoTaTh H3yYEHHBIH MaTepuan Ha JIabOpaTOPHBIX 3aHATUSX, BBITTOJHHUTD
3a/laHus AJI1 CAMOCTOSITENIbHOM paOoTHI.

1 JIlekuun

Jlexuusi — 3TO BaXHBIM MCTOYHMK HH(OpPMALMKM MO Kaka0H yueOHOW AMCUHUILIMHE.
I'maBHOM 3a7a4el KaXA0U JIEKIUU SIBJIAETCS PACKPBITUE CYIIHOCTHA TEMBI U AHAJIN3 €€ OCHOBHBIX
oJIOKEHUH. PexomMeHyeTcss Ha MepBOW JIEKIMU JTOBECTH 10 BHUMAHUS CTYJAEHTOB CTPYKTYPY
JUCLUIUIMHBL U €0 pa3fiefibl, a B JaJbHEHIIEM yKa3bIBaTh HA4yaja0 KaxJI0ro paszaena (MOIys),
CyTh U €Tr0 33Jauu, a, 3aKOHYHUB U3JI0’KEHUE, MOJBOJIUTH UTOT IO 3TOMY pa3ieny, YTOObI CBA3aTh
€r0 CO CIEIYIOIINM.

Copep:xanue JeKUui onpeaenseTcs paboyeil mporpaMMon JUCHMILTUHBI U IPEICTABICHO
B TaOuIle.



Jlekyuonnuwlii Kypc

Henens | Ne | Hawmmenopanue Conepxanue
1/ | pasgena /TemMsl
I JIUCLIUTUINHBI
1-4. 1 | Jluneiinbie Beenenune. OcCHOBHBIE — ONpEAENICHUs.  OJJIEMEHThl U
JNEKTPUYECKUE | TOMOJOTHS SJIEKTPUUYECKUX LEIEH.
nemnu Ucrounukn DBJIC W HUCTOYHMKH TOKa. MOIIHOCTD.
ITOCTOSIHHOTO CornacoBaHue Harpy3KH.
TOKa 3akonsl Kupxroga. MeTos KOHTYpHBIX TOKOB. BxonHbie u
B3aUMHBIE MPOBOJAUMOCTUA. METOJ Y3JIOBBIX IMOTEHIIMAJIOB.
MeTo/1 SKBUBAJIEHTHOT'O F€HEpaTopa.
5-7 2 | Jluneiinoie OcHOBHbIE XapaKTEPUCTUKU MIEPEMEHHOT0 TOKA.
anektpudeckue | JleictByromee 3HaueHue. OCOOEHHOCTH TPOXOXKICHUS
Lenu nepeMeHHoro Toka uepe3 snemeHTsl R, L, C. BexrtopHoe
TIEPEMEHHOTO MPEACTABICHHE TOKOB M HampspkeHud. CHUMBOJIWYECKUMA
TOKa Meroa. llpencraBieHue  3MEKTpUYECKMX  BEJIMYMH B
KOMIUIEKCHOU (hopme.
Pacuer mneneil CUMBOJIMYECKHM METOAOM. AKTHBHAs,
peaKTUBHas u IIOJIHAsE ~ MOIIHOCTH. YacTtoTHbIE
XapaKTEPUCTUKHU 3IEKTPUUECKUX LIETIEH.
KonebarenbHbrii KOHTYP. SIBnenne pe3oHaHca.
OO06oOmIeHHbIE  MapaMeTpbl ~ PE30HAHCHOTO  KOHTYpa:
pE30HaHCHas  4acToTa, BOJIHOBOE  CONPOTHUBIICHUE,
NOOPOTHOCTb, IIMPUHA PE30HAHCHOM KpuBOMl. Pe3oHaHC
TOKOB M PE€30HAHC HAIPSHKEHUH.
8 3 | Tpexdazusie Tpexdasnsie cuctemsl IJ]C u UX NpeuMyIIecTBa B epeade
Lenu sHeprur. OCHOBHBIE CXEMbI COeAMHEHU. JInHEelHbIe 1
(da30BbIe BETUYMHBI U UX COOTHOIICHHSI. MOIIIHOCTh B
TpexaszHoii cucreme. Bpaiaromieecss MarHuTHOE MOJIE.
9 4 | MarauTHbIC OCHOBHBIE CBEIEHHS O MArHUTHBIX XapaKTePUCTHUKAX.
Lenu 3aKOHbl MArHUTHBIX Lened. PacyeT MAarHUTHBIX Lenen
MOCTOSTHHOTO TOKa (TpsiMasi M oOpaTHas 3aJauu).
3akonbl Oma u Kupxroda 115 MarHuTHBIX IeTIei.
10-11 5 | Ilepexomubie [Iepexonnble mpoueccsl M HUX pOdb B AJIEKTPOHHBIX
NpoLecChl CHCTEMaX CBS3U, aBTOMATHUKH, BEIYUCIUTEIbHON TEXHUKHA B
(hopMUpOBaHHUHU U TIEpeaue CUTHAJIOB.
3akoHbl KOMMyTanui. HavyanbHbie yCcIoBHS.
Kiaccuueckuii MeTon1 pacueTa nepexoaHbIX MPOLECCOB.
CB00OOIHBIE U IPUHYKIEHHBIE COCTABIISIOLIHE.
OnepaTopHbIil METO/ pacueTa MepEXOAHBIX MPOLIECCOB.
[IpeobpazoBanue Jlamnaca. DKBUBAJIEHTHBIE CXEMBI TN B
omepaTopHoii (opme. PacueT mepexoaHBIX MPOIECCOB
ONEePATOPHBIM METOJOM.
IToHsITHE O MOCTOSIHHON BPEMEHU U €€ ONIPEACIICHHUE.
12 6 | Hemuneiinble Henuneiinbie snementsl (HJ) u ux BAX. Crartuctuueckoe
NeKTpudeckue | U AuddepeHnruarbHoe COMPOTUBICHHUS. MeToasl pacueTa
e nernerr ¢ HO: ananutuueckuit Metos, rpaguaecKkue METOIbI,

METOJI Harpy304HOM npsimMoil. JIuHeliHas cxema 3amMenieHust
HD. ITpumenenue HO.




13-16 7 | Onextpuueckue | YCTpOWCTBO,  NPUHLMII  JIEHCTBUSA,  IapaMeTpel U
MalluHbI XapaKTEePUCTUKU TpaHcHOpMaTOpOB, TeHEepaTopoB
IIOCTOSIHHOTO ~ TOKa, JIBUraTeliell  IOCTOSHHOIO  TOKa,
ACHMHXPOHHBIX JIEKTPOJABUraTesei, CHHXpOHHbBIX MalllUH.

Jis 3hdexTuBHOrO MpoBEeNeHUs JEKIIMOHHOTO 3aHATHUS PEKOMEHIYETCS COOJII0/IaTh
MIOCJIEIOBATEIBbHOCTh €€ OCHOBHBIX 3TaIlOB:

1) bopMynHUpOBKY TEMBI JICKIUH;

2) yKazaHHe OCHOBHBIX M3Y4aeMbIX pa3/elioB WM BOIIPOCOB U MPEAINOIaracMbIX 3aTpar
BPEMEHHU Ha UX U3JI0KECHHUE;

3) u3JI0KeHue BBOJHOM YacTu;

4) U3710’)KeHUE OCHOBHOM YaCTH JICKIIUH,

5) KpaTKue BBIBOJIBI IO KaX/I0MY U3 BOIIPOCOB;

6) 3aKJII0UYEHUE;

7) peKOMEeHIaIuHY JTUTEPATYPHBIX UICTOYHUKOB 10 U3JIaraeMbIM BOIIPOCAM.

Jlaaum KpaTKyro XapakTepUCTUKY KaKJ0r0 U3 JEKIIMOHHBIX 3TaIlOB.

HavanpHeiif 3Tan Kaxka0oro JEKIIMOHHOTO 3aHATHS — OTJIAIIICHUE OCHOBHOM TE€MBbI JIEKITUH
C KpaTKOW aHHOTalMell mpeajgaraembiX JUisl U3ydeHHUs BorpocoB. lIpemnongaBarens noikeH
COOOIIUTh, O MPUMEPHOM IUTAHE MPOBEACHMS JIEKIMM M MPEANOJIaracéMoM pacipeieeHun
Oromxera BpeMeHH. Eciau ouepenHoe 3aHATHE SBISETCS MPOAODKEHUEM MpelblayIlel JeKIuy,
HEOOXOUMO KpaTKo C(HOPMYJIMPOBATH TOJNYyYEHHBIC paHEE PEe3yNbTaThl, HEOOXOIUMBIC IS
MIOHUMAaHUS U YCBOCHUS N3Yy4aeMbIX BOIIPOCOB.

Bo BBOAHON 4YacTH [OCTATOYHO KPATKO XAPAKTEPU3YETCS MECTO M 3HAYCHHE JTAHHOU
TEMBI B Kypce, J1aeTcsi 0030p BaXKHEUIINX MCTOYHUKOB U (HOPMYIUPYIOTCS OCHOBHBIE BOIPOCHI
WM 3a/laud, pelIeHHuEe KOTOPHIX HEOOXOAMMO I CO3JaHUsl CTPOMHOW CHUCTEMBbI 3HAHUM B
JaHHOW TpeaMeTHOW obnacTu. B 2TOl wacTH JEeKIUM JEMOHCTPHUPYIOTCS OCHOBHBIC
MeJaroru4ecKue METOJbI, KOTOpble OyIyT HCIOIb30BATHCS TPH HW3JIOKEHUU Marepuaia u
YCTaHaBIMBAETCS KOHTAKT C ayJIUTOPHEN.

OcHOBHass 4YacTh JIEKIIMM HMMEET CBOEH IIENIbI0 PACKPBITHE COJEPKAHHUS OCHOBHBIX
BOIIPOCOB WJIM PA3/EJIOB U ONpPEAENsAeTcs JIOTUUECKOW CTPYKTypoH muiaHa Jiekiuu. I[lpu stom
WCIIOJIB3YIOTCS. OCHOBHBIE TI€JJarOTHYECKHUE CIOCOOBI M3JI0KEHUS MaTepuaia: OINuCaHue-
XapaKTepUCTHKA, TMOBECTBOBaHUE, OObsicHeHHe u Ap. lIpemomaBarenb MODKEH TakkKe YMENO
UCIIONB30BaTh A(PGEKTHUBHBIE METOJMYECKHE TPUEMBbl U3JIOKEHHUS Marepuajga — aHalus,
0000111eHIe, HHTYKITUIO, ASTYKIUIO, TPOTUBOIOCTABICHUS, CPABHEHHSI U T.1., 00€CTIeYNBAIOIIIE
JIOCTaTOYHO BBICOKUH YPOBEHb KauecTBa y4eOHOr o Impolecca.

B 3akmiounTensHOM YacTH JIEKIIMH TPOBOAAT 0000I1IeHHe Hambonee BaKHBIX U
CYIIIECTBEHHBIX BOIMPOCOB, JEJAIOTCS BBIBOABI, (POPMYIHUPYIOTCS 3a1a4Ml JUIsl CAMOCTOSATEIbHON
paboThl ciymiatene W yKa3plBaeTca peKoMeHiayemas JnuTepatypa. OcraBiieecss Bpems
WCIIONIB3YIOT JIJII OTBETOB HA BOMPOCHI, 3aJlaBacéMble CIyIMIATEIsIMHA, W JUISI BO3MOXKHOMU
JUCKYCCHHU O COJIEp KaHUH JIEKIUU.

CopepxaHve  JIEKIMOHHOTO  MaTepuasia  JODKHO  CTPOrO  COOTBETCTBOBATh
COJIEp)KATEIbHOW YacTH YTBEPXKACHHON pabodeil y4yeOHON mMporpamMMmbl TUCIHUIUIMHBI U
COOTBETCTBOBaTh  OCHOBHBIM  JWJAAKTHYECKUM  TPHUHIMIAM, KOTOpbIE  00€CIeYnBaIOT
COOTBETCTBUE M3JaraéMoro Marepuaia Hay4YHO-METOJUYECKHMM OCHOBaM SKOHOMHUYECKOU
nesaTenbHOCTH. OCHOBHBIMA W3 HHUX SIBIISIFOTCS II€JIOCTHOCTh, HAY4YHOCTb, JIOCTYITHOCTb,
CHUCTEMaTUYHOCTh U HATJISTHOCTb.

[lemocTHOCTD JEeKIMKM OOECTIEUNBACTCS CO3IaHUEM €IMHON €€ CTPYKTYpbl, OCHOBAaHHOM
Ha B3aMMOCBS3M 3a7a4 3aHATUS U COJIepKaHUsl MaTepHalia, IPEeIHA3HAYEHHOTO JJisi YCBOCHUS
CTyJIEHTaMH.

HayunocTp nekiuu mpenmnosiaraer COOTBETCTBHE Marepuana OCHOBHBIM IOJOKEHUSIM
COBPEMEHHOU HayKH, aOCOJIIOTHOE TpeolagaHue 00BEKTUBHOTO (PaKTOpa M J0Ka3aTeIbHOCTh
BBIJIBUTAEMBIX TOJIOKeHUH. [Ing HaydHO OOOCHOBAHHOM JIEKIMH XapaKTepHBI SICHOCTb,



JIOTUYHOCTh, APTYMEHTHPOBAHHOCTh, TOUHOCTh U CHKATOCTb.

[IpuHIMI TOCTYMHOCTH JIEKIIMU MpeNroiaraeT, 4ro cojepxaHue yueOHOro marepuasa
JOJKHO OBITh TIOHSATHBIM, a2 00BEM 3TOTO MaTepHaja MOCHIBHBIM JJISi BCEX CTYIEHTOB. DTO
03HAYAET, YTO CTENEHb CIOKHOCTHU JIEKIIMOHHOIO MaTepualia J0JKHA COOTBETCTBOBATh YPOBHIO
Pa3BUTHS U UMEIOILIEMYCS 3a1acy 3HaHUI U MPEJCTaBICHUMN CTY/IEHTOB.

CucTeMaTHYHOCTH JIEKIIMOHHOTO MaTepHalia ONpeAessieTcsl B3aUMOCBS3bI0 M3Y4aeMOro
Marepuaia ¢ paHee U3YYEHHBIM, MOCTEIEHHBIM IOBBIIICHUEM CII0XHOCTH PACCMAaTPUBAEMBIX
BOIIPOCOB, B3aMMOCBSA3BI0 4YacTed M3ydyaeMoro marepuaia, oO0OOIIeHHEM H3YYEHHOTO
MaTepuaia, CTPOMHOCTBIO H3JIOKCHHSI MaTepuana IO0 COACpX)aHWI W BHemHeH (opme ero
nojayu, pyOpukauued Kypca, TeMbl, BOIpOca H €AUHOOOpa3ueM CTPYKTYpPbl IMOCTPOCHHS
MaTepuaia.

[IpuHIMI HArJASAHOCTH COJEp>KaHUS JIEKUUU TpeOyeT HCIOJIb30BaHUS IPU YTCHHUH
JICKIIMU BU3YAIIbHBIX HOCHTENCH HH(pOpMaInK B BUJIE TIPE3CHTAIINH, ITOCKOJIBKY OCHOBHOM MOTOK
uHpopMalui B y4eOHOM  TMpollecce  BOCHPUHHMMAETCS  00y4aeMblM  3pUTEIBHO.
JIeMOHCTpallMOHHBIA MaTepHall BO BCEX CIIy4asX JIOJDKEH WIrpaTh MOJYMHEHHYIO pPOJIb M HE
MOJMEHSATh COJEPXKAaHUS JIEKIMHU. B Kaxablii MOMEHT JIeKIIMH HEO0OXOIUMO JAEMOHCTPUPOBATH
TOJIBKO TOT HAIJISIIHBIA MaTEpHall, KOTOPBIA WIUTFOCTPUPYET U3JIaraeMble MOJIOKEHUS.

[Ipy mpoBeneHHUM NEKIMOHHBIX 3aHATUNA MO JUCIHILIMHE HCIOIB3YIOTCS CIEAYIOLINE
BUJIBI JICKIIUH: MHPOPMAIIMOHHEIC, MPOOIEMHBIE, JIEKIIUN-BU3YAIH3a-IIHH, JICKIIUH C OTIOPHBIM
KOHCIIEKTUPOBAHUEM.

OCHOBHBIM IIPU3HAKOM MH(MOPMAIIMOHHOM JIEKLIUU SIBJISETCS MPOCTON CHOCO0 nepenayn
TOTOBBIX 3HAHUH yJallUMCs Yepe3 MOHOJIOTHYECKYI0 (popmy oOIIeHHS.

B omiimume ot nHGOPMAITMOHHOH JICKIMH, B TPOOIEMHOM JICKITUH, JICKIINU -BU3YTH3AIHH
MPOUCXOIUT AaKTUBHOE OCBOCHHE COJAEpXKaHUE OOy4yeHUsT C BKIIOUYEHHEM MEXaHHU3MOB
TBOPYECKOTO OCMEBICIICHUs. B 3TOM Ipoliecce ydaruecs MposiBISIFOT COOCTBCHHYIO aKTHBHOCTD B
KOHTEKCTE IUaJOTHYECKOTO B3aMMOJICHCTBHS 1 OOIIIEHUS B XO/I€ JICKIUH.

Jlexuuu TPOOJIEMHOTO XapakTepa OTJIMYaeT TO, YTO MPOIIECC MO3HAHUSI CTYJACHTOB
npubIKaeTcss K MOUCKOBOM, MCCIIEOBATEIbCKOM AestenbHOCTU. [Ipu 3TOM obecmednBaeTcs
JIOCTH)KEHHE TPEX OCHOBHBIX IIEJIEH: YCBOGHME CTYJIEHTAMHU TECOPETUYECKHMX 3HAHUU, pa3BUTHE
TEOPETUYECKOT0 MBIIIJIEHUST ¥ (OPMUPOBAHHE TO3HABATENLHOTO HHTEpPECa K COJEPIKAHUIO
ydqeOHOro mpeaMera W IpodeccHoHanbHON MoTuUBaIuu Oyaymiero cnernuanucra. Ha Takoi
JIEKIIMU HOBOE 3HAHME BBOJUTCS udepe3 MPOOJIEMHOCTh BOIMPOCA, 3aJa4yd WU cuTyaruu. [lpu
TOM TMPOIECC TO3HAHUSA CTYACHTOB B COTPYJHHWYECTBE M JHUajore ¢ TpernojaBareieM
npuOIIKaeTcss K UCCIeoBaTenbcKoil nesrenbHocTH. ConepskaHue MpoOIeMbl PacKphIBAETCS
MyTeM OpraHu3allMM TOWCKA €€ PEeIIeHUS WM CYMMHUPOBAHUS M aHAW3a TPATUIMOHHBIX U
COBPEMEHHBIX TOUEK 3PEHUS.

Hpyras Gopma JeKIUu — JEKIUA-BU3yaTU3alHs — SABJISICTCS PE3YIHTATOM MOWCKA HOBBIX
BO3MOKHOCTEH pealiu3allii M3BECTHOTO B JIUJAKTUKE MPHUHIMIA HATJIAIHOCTH, COJEpKaHUe
KOTOPOTO MEHSIETCSl TOJ] BJIHMSHHUEM JAaHHBIX TICHXOJIOrO-TIeIaroTUIecKol Hayku, ¢GopM u
METOJIOB aKTUBHOTO o0O0y4eHus. JIeKIusa-Buzyanusanus TMpPeCcTaBIseT CcO0OW BHU3YalIbHYIO
dbopMy Tomaun JIEKIIMOHHOTO MaTepuajia CPEICTBAMH KOMMBIOTEPHON TEXHUKH WM ayIHoO- U
BUJICOTEXHUKU (BUACO-NIEKIMs). UTeHHEe TakoW JEKIHH CBOJUTCA K pPa3BEPHYTOMY WIHU
KpaTKOMY KOMMEHTHPOBAHUIO TIPOCMATPUBAEMBIX BU3YATbHBIX MaTEPHUAIIOB.

Jly4iie WCmonb30BaTh pasHble BUABI HATMISATHOCTH — HATYpadbHOW, M300pa3UTENBHOM,
cuMmBonmdeckoil. Ilpu mepexome OT TekcTa K 3pUTENbHON (GopMe WM OT OJHOTO BHIA
HATJISITHOCTH K JPYroMy TepsieTcsl HEKOTopoe KoimudecTBo MHpopMaimu. OIHAKO 3TO MOXKET
OBITH TPEUMYIIIECTBOM, IOCKOJIBKY TO3BOJISIET CKOHIICHTPUPOBAThH BHHMaHHE Ha HamOosiee
BaXHBIX ACIEKTaX M OCOOCHHOCTSAX COJAEPIKAHMS JIEKI[UH, CIIOCOOCTBOBATH €ro MOHWMAaHHUIO U
YCBOGHHIO.

2. JIabopaTopHbIe 3aHATHSA.



OpnHoit u3 HanboJiee BaXKHBIX 3a/1a4 IPU U3YUYEHUH JUCUUTUIMHBIL « DJIEKTPOTEXHUKAY SBISIETCS
YMEHUE I0JIb30BaThCS AJIEKTPOTEXHUIECKHM 000pYJOBaHUEM, B TOM YHCIIC U H3MEPUTEILHBIM.
OO0pabatbIBaTh Pe3yIbTAThl IKCIEPUMEHTOB. [IpOBOUTE pacyeT ANEKTPUISCKUX Lernei
Pa3IMIHOMN CIIOKHOCTH.
Jlis penieHus 3TUX 3aa4d CTYJEHThI padOTarOT ¢ 1a00paTOPHBIMU CTEHAAMU «DJIEKTPOTEXHUKA
Y OCHOBBI JICKTPOHUKNY», YCTAaHOBJICHHBIEC B JTA00OpaTOPUH, PEIIAIOT 33/1a4H, , a TAKXKE B
JIOCTATOYHOM 00BEME 3aHUMAIOTCSI CAMOCTOSATENIBHO.

CTyneHT moyiyyaer 3aJlaHue B BUJIC TEMbI OUEPEIHON J1a00paTOpHOM pabOThI, HCTOUHUKH
JJIs1 IIOATOTOBKM K BBIIIOJIHECHUTO pa6OTBI. HpeHOI[aBaTCJIb BBISICHACT CTCIICHb TI'OTOBHOCTHU
CTY/ZICHTa K BBINIOJHECHUIO J1TaOOpaTOpHOW paboThl. [loyduB JOMYCK K BBIIOJHEHUIO PaOOTHI
CTYACHT MPOUBOIUT HGO6XOI[I/IMBIC HU3MCPCHUH. 3aKIIIOYNTENIBHLIM JTAIlIOM BBIIIOJIHEHUS
nabopaTopHOil paboThl sBIsieTCS OGOPMIICHHE OTYETa W 3allluTa Pe3yJIbTaTOB JIAOOPATOPHOU
paboTHI.

ILJIAH BBIITOJTHEHUS JIABOPATOPHOM PABOTHI

1) U3yuuts nenp n1abopatopHoit paboThI.

2) U3yunth 3aianue K J1abopaTopHOM padboTe.

3) 3yuuTth TeOpeTHUECKHUE CBEIEHUS, OTHOCSILUECS K TaHHOM JJabopaTopHOi paboTe.

4) Cobpatb 2JIEKTPHUECKYIO [ETb, CHATH MOKa3aHMsI H3MEPHUTEIBHBIX IPUOOPOB, IPOBECTH
00paboTKy MOITYYSHHBIX JaHHBIX.

5) Hanucatp oT4€T 0 poiesaHHoM padore.

6) IIpoBepuTh CBOM 3HAHUS 110 KOHTPOJILHBIM BOIPOCaM K JlabopaTopHOi pabore.
CTPYKTYPA OTUETA O JIABOPATOPHOM PABOTE

B otuére 0 BbInosHEHHOM 1a00paTOpHON paboTe HEOOXOAUMO OTPA3UTh CIETYIOIIUE TYHKTHI:
[} TUTYJIBHBIN JIUCT ;

[] nenp 1abopaTopHON pabOTHI;

[] 3aganue Ha 1a0opaTopHyIo padoTy;

[] X011 BBITOJIHEHUS 1a00paTOPHOI pabOTHI;

(] BEIBOJBI.



JIABOPATOPHASI PABOTA Nel
«JIAHEMHBIE JIEKTPUYECKHUE LENX HOCTOSHHOI'O TOKA»

Lear padoThbl: MOJydeHHE HABBIKOB COOPKHM MPOCTBIX JJICKTPUUYECKHUX IICTCH,
W3MEPEHUs] TOKOB M HAIPSKCHUM; dKCIIepUMEHTAIbHas MmpoBepka 3akoHoB Oma, Kupxroda
Y OCHOBHBIX CBOMCTB JIMHEWHBIX LIETEN OCTOSIHHOTO TOKA.

KPATKHUE TEOPETUYECKHUE CBEJIEHUS

1. DnexTpuyeckas Iemp — 3TO YCTPOMCTBO, COCTOsSIIee M3 WCTOYHWKOB W ToTpeOuTeneit
AIIEKTPUYECKON PHEPTHH, COCTWHEHHBIX MPOBOTHUKAMH. VICTOUHUKH M MOTPEOUTENTN — 3TO AIIEMEHTHI
3JIEKTPUYECKON 1eTH.

CxeMa DIIGKTPUUYECKON IENMH — HACATH3UPOBAHHOE TI'pauieckoe H300paKEHUE DICKTPUICCKOM
TETIH.

K rnuHEWHBIM TemsM OTHOCATCA IIeNH, Y KOTOPBIX 3JEKTPHUYECKOE COIMPOTHBIEHHE KaXKIOTO
AJIEMEHTa WJIM YYacTKa He 3aBUCUT OT 3HAUEHWH W HaNpaBIeHHWA TOKAa W HampspDkeHus. B mpoTwBHOM
ClTy4ae Lelb OTHOCHUTCS K HeTMHEWHbIM. BonpTammepras xapakrepuctuka (BAX) nuaeliHOTO 316MeHTa
— 3aBUCHMOCTH MEXY HaIPsDKEHUEM, TIPUIIOKEHHBIM K AJIEMEHTY WITH yYacTKY IeTH, U MPOTEKAIOIIIM
B HEM TOKOM — MpsMasi JINHUS. JInHeHas 11enb COCTOUT TOJNBKO W3 JTMHEHHBIX 3JIEMEHTOB.

OOmast 3ama4ya aHajdM3a SJICKTPUUECKOW LIEMH COCTOMT B TOM, YTO B HM3BECTHOW CXEMe LIENH C
3aganHbpIMU TlapaMeTpaMu (3JIC ¥ CONMPOTURICHUSAMHU) HEOOXOIMMO PacCUMTATh TOKHU, HANPSHKCHHUS U
MOIIHOCTH Ha OTACJ/IBHBIX y4YaCTKax. Pemenne 3ala4ud aHallu3a MOXCT 6I)ITI) BBIIIOJTHEHO C IIOMOIIBIO
pa3HBIX METOMIOB, HO BCE OHM OCHOBaHBI Ha MpUMeHEeHUH 3akoHa OMa 1 3akoHOB Kupxroda.

3akon Oma ompefensieT CBsi3b MEXKIAY TOKOM |, MpoTeKalomyM Ha y4acTKe IIeTH, HanpsbkeHHEeM Ha
aToM ydacTke U 1 ero conporusieHueM R:

I=U/R,

Ortkyna cienytot popmyast U =RI,R=U/I.

[epBerii 3akon Kupxroda npumensieTcs K y3iam 3JIeKTpruueckoi rernu. OH riiacut: anredpandeckas
CyMMa TOKOB B y3JI€ 2JIEKTPUYECKOH [IeNH paBHA HYIIIO, T. €.

k=11k =0,
rae |k — Tok K-it BeTBH, NPUCOSIUHEHHOW K JTAaHHOMY Y31y, N — YHCJIO BETBEH, MOIKIIOYEHHBIX K
y3IIy.
Toku, HalpaBJICHHBIE K y3IIy, 3aIIUCBIBAIOTCSA CO 3HAKOM IUIIOC, HAIIPABJIIEHHBIE OT y3JIa - CO 3HAKOM
MHUHYC.

Bropoii 3akon Kupxroda npumeHnsiercss K KOHTypaMm 3JekTpuueckod nenu. OH (dopmynHupyeTcs
CIeAyIomuM o0pa3zoM: anreOpandeckass CyMMa HaNpsDKEHH Ha CONPOTHUBICHHUSX KOHTypa paBHA
anredpanveckoit cymme DJIC B 3TOM KOHTYpE:

k=1 Uk = Xi=1Ek,

rane Ux — HampsbkeHne Ha K -OM compotuBienun koHtypa; Ex — K- DJC, BXonsmas B JaHHbINA
KOHTYp; M — uucio D/]C B KOHType; N — YHCIO COMPOTUBICHNUH B KOHTYpE.

Hampsoxkennss m 9JIC 3ammchIBaroTCsl €O 3HAKOM IDIIOC, €CIM WX HAaIlPaBJICHUS COBIAJAIOT C
BBIOpaHHBIM HaNpaBieHueM 00X0/1a KOHTYpa, CO 3HAKOM MHHYC B IIPOTHBHOM CJIy4ae.

AHanu3 Hepa3BETBJICHHBIX, MMPOCTHIX IETIeN U IeTel ¢ OHUM HUCTOYHUKOM DJIEKTPOIHEPTUH YacTO
BBITIOJTHSIIOT € MTOMOIIbI0 3akoHa OMa u 3akoHOB Kupxroda. [Ipu 3ToM He nprberaroT K COCTaBICHUIO U
PEIIEHNIO CHCTEM COBMECTHBIX ypaBHEHHH, a OTAEIbHBIE YYAaCTKH, a 3aT€M M BCA IEMb 3aMEHAIOTCS
OJTHUM DJJIEMEHTOM C JKBHBAJEHTHBIM COMPOTHBICHHEM. Takas 3aMeHa OyJeT SKBHUBAJIEHTHOW, €CIH
TOKH W HalpsHKEHUs He MpeoOpa3oBaHHON yacTH MENH He M3MEHSTcs. B pesynbrare mpeoOpa3oBaHus
CTPYKTypa IIETIH ¥ €€ pacyeT yIpomaTcsa. PaccMoTpum yariie Bcero BCTpeyaromuecs: mpeoOpa3oBaHusl.

Ilpu nocnedosamenvHomM coeOUHeHUU K OJHOMY W3 BbBIBOJOB MPEABIAYILIETO 3JEMEHTa
IPUCOEIMHSACTCS OJIUH M3 BBIBOAOB IIOCJIEAYIOIIEr0 TaK YTO IIOCIE BCEX COCIUHEHUIl INOoiIydyaercs
Y9acTOK ¢ IByMs BeIBogamu (puc.1).
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Puc.1. [IpeoOpazoBaHue MOCICAOBATSILHON 1IEMTH

HpI/I MOCJICAOBATCIIbHOM COCAUMHCHUHU BO BCEX OJJICMCHTAX IIPOTCKACT OJUMH U TOT XKE TOK,
HaNpsHKEHUE Ha 3aKMMaXx (BXO/I€) MU PABHO CyMME HAIPSOKEHHUI Ha OTENBHBIX DJIEMEHTaX.
U= Yk=1Ux = X=1 Ril =1Xy-1 R = IRy,
CHGILOBaTeJIbHO, nocjeaoBarciibHas LCIb 3aMCHACTCSA PE3UCTOPOM C COIIPOTHUBICHHUEM R:«), paBHBIM
CYMMC BCEX COHpOTI/IBHeHI/Iﬁ IMOCJICA0BATCIIbHO COCAMHCHHBIX PE3UCTOPOB.
HOCHGILOB&TCHLH&H PE3UCTUBHAA LCIIb — 3TO ACIUTCIIb HANPSIKCHHA, MMOCKOJbKY HANPSXKCHUE Ha
JJIEMCHTC k MOKHO 3aI1mucaTtb B BUIC:

Ux = Ril = (Rx/R5)U = K, U,

HaNpsDKEHUS Ha Pe3UCTOpax MPpsSMO NPONOPLUUOHATBHBI HX COMPOTUBICHUAM

K, = U, /U = Ry /Ry < 1 npencrapnser co6oit kKooGpuIMenT nepenaun (JeeHuns) HanpsKeH .
MormmHOCTh, TOTpetIIsieMast TOCIeI0BaTEIFHON TETHI0
— n — n 2 _ n —
P = Zk:l Pk - Zk:l RkI - IZk:l Uk - IU,
OTKYyJa:

P;:Py:..i B, = R{: Ry:.... R, , MOLIIHOCTH NIPUEMHHKOB MIPSIMO TPOMOPIUOHATBHBI KX
COMPOTUBIICHHUSIM.

Hpu napaiiéjibHom COeOUuHeHUuU BCE DIIEMEHTHI MNPUCOCAUHAIOTCS K OHHOﬁ nape ysJjoB, IIpU 3TOM
KO BCEM DJICMCHTAM IIPUJIIOKCHO OJJHO U TO K€ HAIIPAIKCHUC ) (pI/ICZ)

lll lIZ llk lln
|:> U Go
U Gl | &2 Gk Gn

@)
<
<
|
1
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Puc.2. IIpeobpazoBanue mapamieIbHON ETH

Ha ocHoBanum mnepBoro 3akoHa Kupxroda Brekaromuil (BXOJHOH) TOK paBeH CyMME TOKOB
OTJEIBHBIX 3JIEMEHTOB: [ =201 =XR-1U/R = X5=1 UG, = U XY} Gy =
UGB'

3neck G, = 1/R) — npoBomumocts pesuctopa K, Gy = 1/R3 — SKBUBaNeHTHAst MPOBOIUMOCTD
LeIH.

CrnenioBaTelIbHO TMapajuielibHas LElb 3aMEHSeTCsl Pe3UCTOPOM C MPOBOAMMOCTBIO G, paBHOI
CyMMe BCEX HPOBOIMMOCTEH MapalIeNIbHO COSIMHEHHBIX PE3UCTOPOB.

HapaJ'IJ'ICJ'IBHBIe PE3UCTUBHLIC LCTIU ABJIAKOTCA JCIUTCIAMU TOKA. TOK, HpOTeKaIOH_II/Iﬁ B pC3UCTOPC k,
MOKHO 3alucaThb B BUJIC:

Ik == GkU == (Gk/Gg)I == KI,



rne K; = Ix /1 = Gg /Gy < 1 - koddppuuuent nepenaun (1enenns) Toka.
T.e. pu mapamienbHOM COSMHEHNH TOKH, IPOTEKAOIIIE B PE3UCTOPAX, MPSIMO IIPOMOPIHOHATBHBI
VX TIPOBOIMMOCTSIM HITH OOPATHO MPOMOPIHOHAIBHBI HX COMPOTUBICHUSIM

MOHIHOCTI), HOTpe6J'I$IeMaﬂ HapaJ‘IJIeJ‘II)HOf;I IenbrO
P =Yk=1Px = X=1 Rl = Xk=1Ulx =2Xk=1 UG = U],
OTKyJa:

MPOTOPIUOHAIBHBI MX TIPOBOJIUMOCTSIM WIIM OOPATHO MPOTIOPIIMOHANBEHBI UX COMPOTUBICHUSIM.
B dvacTHOM ciydae, korja napajuieldbHOEe coenHeHHe o0pa3oBaHO IByMs pesrcropamu R1 u R2,
JUTSL pacdeTa SKBUBAICHTHOTO COMPOTHBIICHUS YOOHO UCTIOIB30BaTh COOTHOIIICHHE:

Ry =Ry Rz/(R1 + Rz)

Cmewannoe coedunenue peCcTaBiIseT co00M KOMOMHALMIO OCIIEI0BATEILHOIO U apalIeIbHOTO
COCIIMHEHM. OJKBHUBAJICHTHOE CONPOTUBIICHHE ONPEACISIOT TMOCTETIEHHO YIpoIuas CcXeMy |
«CBOpaduBadg» €€, 4To 6I)I INOJIY4YUTh OJAHO COIIPOTUBJICHUC. HpI/I PacueTe TOKOB B OTACIBHBLIX BCTBAX
CXeMy «pa3BOpauyMBalOT» B OOpAaTHOM TOpsAKe. MHOXECTBO NPUMEPOB INPHMEHEHHS METO/IOB
npeoOpa3oBaHus MACCUBHBIX CXEM MOYKHO HaiTh B juteparype [1-5].

Jlns aHanm3a CIIOXKHBIX, Pa3BETBICHHBIX IIETIe M OCOOCHHO Ienel ¢ HECKOJbKHMMH MCTOYHHKAMU
HanOoJiee YacTo HCHONB3YIOTCs MeTon Kupxroda, KOHTYpHBIX TOKOB, Y3JIOBBIX MOTCHIHAJIOB,
HKBHBAJICHTHOTO TeHepartopa. [loapoOHoe ommcaHue METOJ0B MOKHO HAalWTH B JUTEparype. 3/1ech B
Ka4ecTBE IPHMepa Mbl OTPAHUYMMCS TPUMEHEHHEM yKa3aHHBIX METO/IOB K aHAIN3Y IIeTTH Ha PHC. 3.

R1 a R, b Rs3

— +— P m— <—|—

I I, I3
E: CT) R4 l|4 Rs l|5 Es(D
I 22 Is3
| 4 | |< 4 1] A
O _ C_L
Puc. 3

Ilo merony Kupxroda B menu, copepamieil nacCUBHbIC JIEMEHTHl M UCTOUYHUKH HANpPsDKEHUH H
UMEIOLLIEH ¢ BETBEH, HEOOXOIUMO ONpPENENUTh CTOIBKO TOKOB, CKOJIBKO BeTBEeH mMmeeT 1emb. [Ipu sTom
no nepBoMy 3akoHy Kupxroda cnenyer cocraButh (y - 1) ypaBHEeHUe, Tlie ¥ — YUCIIO Y3JIOB B IIEMH, a
octainbHble K = 6-(y-1) 3anucarte o Bropomy 3akoHy Kupxroga, BeIOpaB K He3aBHCUMBIX KOHTYPOB.

Hanpumep, mist cxemsl Ha puc. 1, conepxarieii 5 BeTBeil u 3 y3i1a, HEOOXOJUMO COCTaBUTH CUCTEMY
u3 5 ypaBHEHH, B TOM YHCJIe HA OCHOBaHMU NepBoro 3akoHa Kupxroda — 2 ypaBHeHHs, HA OCHOBaHHU
BTOpOro — 3:

—li+ IL=14=0;
—l,+13-15=0;

Ril1 — Rals = -Ey;
Rol, +R4ls — Rsls = 0;
Rsls + Rsls = Es.

IIpu pacuere Mo MeTOIy KOHTYPHBIX TOKOB IMPEIIONAraioT, YTO B KaXXIOM HE3aBHCHMOM KOHTYpE
TE€YET CBOW KOHTYpPHBIA TOK. YPaBHEHHUS COCTABJISIIOT OTHOCUTEIHHO KOHTYPHBIX TOKOB, @ TOK KaxJou
BETBHU PaBEH anrebpandeckoil cyMMe KOHTYPHBIX TOKOB, 3aMBIKAIOIIIXCS Yepe3 3Ty BETBb.

o]



Tax st ernu, n300paKeHHON Ha puC. |, cHcTeMa YpaBHEHHH, COCTABIICHHAS 110 METOJy KOHTYPHBIX
TOKOB, MOXKET 6I)ITI) 3arurcaHa B CJICAYIOIIEM BUJEC:
Lii(Ry+ Ry) — Iy - Ry — I33- 0 = —Ey;
—I11Ry + I2(Ry; + Ry + Rs) —I33 - Rs = 0;
—I11 - 0 — Iy - Rs + I33(R3 + Rs) = Es.
Ilo KOHTYPHBIM TOKaM OIPEACIIAIOTCA TOKHU B BETBAX!
I1=l11; 2= 1lo; I3 =la3; la = -lua+ loo; Is = -l + Iss..
MeTO,[[ Y3J0BBIX IMOTCHIHAIOB 3aKJIIOYACTCAd B OINPCACICHUU IMOTCHUIHUAJIOB Y3JIOB OTHOCHUTCIIBHO
y3J1a, HIOTCHIIMAJI KOTOPOI'O MPUHUMACTCS paBHBIM HYJIIO. TaK, AJI1 CXEMBI pUC. 1, CUcCTEMa ypaBHeHI/If/i
M0 METOY Y3JIOBBIX NOTCHIIUAJIOB OTHOCUTECIIBHO Q¢ = O MOXKET 6I)ITB 3amurcaHa CJICaAyrnumM 06paSOM:

1 1 1 1 E
po(Lrted)optat
Ry Rz Ry Ry Ry
1 1 1 1 E,
~Gart (-t ) =2
Ry Ry Rz Rs R3
3Has MOTEHLMANbI Y3JI0B, ONpeseieHHbIe U3 YpaBHEHUH (1), TOKM B|BETBAX ONPEAEIUM 10 3aKOHY
Oma:

1)

I, = Pa—Er $p—Pa _¢b+E3; I, = ﬁ_
Ry R, R3 Rs

OKCNEepUMEHTAIBbHO MOTEHIMAIBl Y3JIOB OIpPENEISIOTCS ¢ MOMOIIBIO BOJBTMETPAa OTHOCHUTEIHHO
y3I1a, IOTEHIMAJI KOTOPOIo MPHUHAT 3a HYJIEBOH.

MeTo 3KBUBJIEHTHOIO TeHepaTopa (METOA XOJOCTOrO0 XoJila M KOPOTKOTO 3aMBIKaHMS) AaeT
BO3MOKHOCTh YacTh CJIOKHOM 3JEKTPUYECKOW LENMH C UCTOYHHUKAMU SHEPTHH U JIBYMs BBIAEICHHBIMU
BBIBOJIAMH, T.€. aKTHUBHBIH JBYXIIONIOCHHMK, 3aMEHHUTh IKBUBAJIEHTHbIM reHeparopom, J/IC kotoporo
paBHa HaIpPsDKEHUIO XOJIOCTOTO XOJla Ha BBIBOJAX JBYXITIOJNIIOCHHKA, U BHYTPEHHEE COIPOTHUBICHHE —
BBIXO/IHOMY COIIPOTHBJICHHIO JBYXIOJIOCHUKA.

Tak, eciin TpeOyeTcs onpeneNnuTh TOK |» B ucxomHo# cxeme (puc. 1), To MOXKHO 3amHCcaTh

$a
;L = ;I3= R—4;]5=

_ Upaxx

I, = ——,

Ro+Ror
RiRy R3Rs

+ 2
R+R;  R3+Rg

U = E3Rs EiR,
baxx — - .
Rs+Rs Ry +R,

OHI)ITHBIM IIyTEM TOK |2 MOXET 6I)ITI> OIPEACIICH U3 IBYX OIBITOB:
1) OIIbITa XOJIOCTOI'O X044, KOr/la pa3pbIBACTCs BECTBb "ag" u ¢ MMOMOMIBIO BOJIBTMETPA U3MCPACTCA

rae Ryr = Rpx =

HAIIPsS2KEHUEC XOJIOCTOI0 XoAaa Ubaxx;
2) OIlbITa KOPOTKOI'O0 3aMbIKaHHA, KOIr'lda 3aKOopadyuBacTCs COIIPOTUBIICHUC R2 n C IIOMOIIBIO
aMIICpMETpa U3MCEPACTCA B JTOH BETBH TOK KOPOTKOT'O 3aMbIKaHUA |21<3-

Torpa: I, = %, e Lo — Ryr.
R2+Ubaxx/I2xs ks
IoaroroBka k padore
1 O3HAKOMHUTKCS C OMTUCAHUEM JTa00PATOPHOI PaOOTHI.
2. W3y4nTh TEOpPETHYECKUE OCHOBBI 10 MaTepHaliaM JIEKIIMH WM IIEPEYHIO0 PEKOMEH0BAaHHON
IpenoaBaTeieM JINTePaTyphl.
3. N3yunTh onmucaHusl U TEXHUYECKUE XapaKTEPUCTUKUA MOAYJIEH CTeHa, MPUMEHSIEMbIX TIPU

BBINOJIHCHUN JaHHOM paboTel: «lcrounukn nuraHus», «Pe3ucropel/ AKTHBHAs Harpyskay,
«Jlnozpl, pe3ucTopsl, KOHAEHCATOPhD», «M3MepuTenbHble NpUOOpPBD, «MyJIBTUMETPBI».
4. B cootBercTBUM ¢ pabounM 3aaHueM OATOTOBUThH CXEMBI UCCIIEYEMbIX LETEN U TaOIULIbI



JUTS 3aIIMCH U3MEPEHUH.

Pabouee 3aganue

1. Cobepute INUHEHHYIO DIEKTPUUYECKYI IeNb MNOCTOSHHOTO TOKa C
MoCJIeA0BATEIbHBIM COeAUHEHUEM 3yieMeHTOB (puc. 4). B kauectBe pesuctopoB R1 - R3
UCTIONB3YiTE pe3ucTopbl Onoka «Pe3uctopbl / AxTuBHas Harpyska», B kauectBe

amnepmerpa PAl ucnones3yiiTe oOuH U3 aMIEepBOJBTMETPOB Moxayis «l3MepurenbHbie
npubopsl» B pexxume DC, B kauectBe BonmbTMeTpa PV1 — BCTpOCHHBIN BOJBTMETP MCTOYHUKA
nutanus El. Pyuky peryiavpoBKH HampsbKeHUsl UCTOYHMKA E1 ycTaHOBUTE B HOJb, ITOBEPHYB €€
MPOTUB YaCOBOM CTPEJIKH J10 yriopa. BennynHbl HOMUHAJIBHBIX CONMPOTUBJICHUM pe3ucTopoB R1
— R3 ycranoBuTe B COOTBETCTBUM HOMEPOM BapuaHTa (Tabn. 1). B xauecTBe BoibTMETpa
PV2 nns uzMepeHus HampsDKEHH Ha pe3UCTOpax MOATOTOBBTE W HUCIOIB3YWTE OJUH U3
MyJIbTUMETPOB. [IpeacTaBpTe cxeMy ISl MPOBEPKU MPENOaBaTENIo.

Rg/’ Rg/’ rs

() LA
@ I// | I// | I// |
E1 PV1
. 2V,

Puc. 4. Cxema nMHEHHON 3JEKTPUUYECKON IEMU MOCTOSIHHOTO TOKa C MOCIEI0BaTEIbHBIM
COEIMHEHHUEM DJIEMEHTOB

PA1

Tabmmma. 1
Bapuant 1 2 3 4 5
R1, Om 75 100 150 200 100
R2, Om 200 75 100 75 150
300 200 200 150 75
R3, Om 75 100 150 200 150

2. BxkuroouuTte a3yeKTponuTaHue Moayieill (mepeBeaute B monoxenue «BKJI»
BBIKJIIOUATeNM MNUTaHusA). HampspkeHue HMCTOYHMKAa NUTAaHUS YCTaHOBUTE paBHbIM 5B, B
npolecce AanbHeWel paboThl pyuyKy peryJupoOBKHM HANpsDKEHHUs] HE TpOraTb U HE MEHAThb
HaIpsOKeHWe UCTOYHHMKA MUTaHud. M3mepbTe TOK B LenH, BEIUYUHY HAINpPSIKEHUS] Ha BXOJeE
Lenu U HampsbkeHus Ha pesuctopax R1 — R3. PesynbTaThl u3MepeHuil 3aHecure B Tabi1.2.
W3meHuTe BeNIMYMHY CONPOTHUBIEHHS R2 M CHOBa NMpOBEIUTE aHAJIOTHYHBIE HU3MEpPEHHS.
BrikntounTe 371€KTpONUTAHUE.

3. Ilo pe3ynapTaTam W3MEpPEHUN BBIYHCIHTE CONMPOTUBIEHUE Kaxkaoro morpedurens (R1,
R2, R3), obmee (PKBHBAJIEHTHOE) COMPOTHUBIEHHE R» menu, kKodhdUIHMEHTH mepenadn
(leneHust) HaAIpPSOKEHUs IS KaXI0T0 M3 PEe3UCTOPOB, MOLIHOCTH, MOTpeOIsieMble KaX/IbIM U3
pPEe3UCTOpPOB U Bcei 1emnbio. Paccunraiite TeopeTnueckoe 3HaYeHHe R» mpH HCIONIb3yeMBIX B
pabore conporuieHusx R1, R2, R3. Pe3ynbTaTsl BRIUMCICHU 3aHECUTE B Ta0.2.

Tabmma 2

N3mepeno Boruaucneno




KoaddumueHTsr

Hanps- Toxs | Hamscenue . | Co DKBUBAJICHTHOE nepenaan | MommocT, BT
JKEHHe Ha e PAKCHHC H HpOTHBHeHvHe COIIPOTHUBIEHHUE IIEIIH, (mereHus)

BXOJIE pe3ucropax, B oTpeOuTeNe, R5 ,OM HAIPSKEHHS

LU Om

U,B |,MA Ul u2 U3 R1 R2 R3 [mo cxeme 10 U3MEPECHUIM KUl Kuz Kug Pl | P2 | P3

4 Mcnonb3ys pe3ysbTaThl U3MEPEHUN U PacueToB, MOJATBEPIUTE OCHOBHBIE CBONCTBA
MOCIEIOBATEIBHOTO COCIMHEHHS, OOBICHUTE HU3MEHEHHE pekXuMa paboThl Ienu u
OTJICJIBHBIX NOTpeOUTENeH TP U3MEHEHHH BEITMYMUHBI COPOTUBIICHUSI OJHOTO U3 PE3HCTOPOB.
ChopmynupyiTe BEIBOIBI.

5. Cobepute 1enb ¢ mapauiedbHBIM COeAHHEHHEM pe3ucTopoB (puc. 5). B kauectse
amnepmerpoB PAl — PA4 wucnones3yiiTe amnepBosibTMeTpbl Moayns «M3meputenbHbie
npubops» B pexkume DC. YcTaHOBUTE B COOTBETCTBMM HOMEpOM Bapuanta (Tadin. 3)
BEJIMYMHY HOMUHAJIBHOT'O COMPOTHUBICHUS pe3ucTtopoB. [IpencraBbre cxemy Ajisi TPOBEPKH

npeno1aBaTclito.
_ @ . . ,
PA4
R1 R2 R3
CT) E1 PV1
PAL PA2 PA3

Puc. 5. Cxema nuHEHHOW 3JIEKTPUUYECKOHN LI€NU MOCTOSHHOTO TOKa C MapaljeIbHbIM
COEIMHEHUEM DJIEMEHTOB

Tabmnuma 3
Bapuant 1 2 3 4 5
R1, Om 800 800 1000 1000 1200
R2, Om 800 1000 1200 1000 800
1000 800 800 1200 1000
R3, Om 1200 1200 1000 800 800

6. Brxirounte snexkTponuTaHue. M3meppTe HanpspkeHHE W TOKM B IENH. Pe3ynmbTarhl
u3MepeHuii 3aHecute B Tabia. 4. MI3MeHHUTE B COOTBETCTBUM C 33/IaHHBIM BapUAaHTOM BEIMUYUHY
corpoTtuBieHus R2 u cHoBa nmpoBeaAUTe U3MEpPEHUs. BRIKIIOUNTE 3JIEKTPONUTAHUE.

7. Ilo pe3ynbTaTaM U3MEPEHHUIN pPAacCUHTANTE MPOBOJUMOCTH OTACNIbHBIX BeTBel G1l, G2,
G3 u Bceii nenu Gno, comporuBieHue Bcel menu Ro, K0dpPUIMEHTH nepenadyn (IeneHus)
TOKa IS KaXKJIOTO U3 PE3UCTOPOB, MOIIHOCTH, ITOTPEOIIsieMble KaKIBIM U3 PE3UCTOPOB M BCEH
nensio. Paccumraiite Teopermueckue 3HaueHus Gn, R mnpu wucmonb3yemblix B pabore
conpotunenusx R1, R2, R3. Pe3ynbrarsl BRIYUCIECHUN 3aHECUTE B Ta0I1.4.

Ta0nuua 4

N3mepeno Brruncneno




{1213 |Gl G2| G3 o Koa¢ppuunents

MA [MA [MA | MA[CM |CMm [CM |mBvepersM | 1O cxeve nepeayn Morsocts, Br
(meneHus) ToKa

G3 R9 G3 R9 K|1 K|2 K|3 Pl P2 P3 P
Cm [OMm |Cm |OMm

8. Mcnonp3ys pe3ysbTaThl U3MEPEHUUN U pacueToB, MOATBEPAUTE OCHOBHBIE CBOWCTBA
napajieJJbHOTO COCAUHEHUS, OOBACHUTE BIUSHUE W3MEHEHHUS BEIUYUHBI COIPOTHUBIICHUS
OJIHOTO U3 PpE3UCTOpPOB Ha PEKUM pabOThl WENu U OTIACNbHBIX MOTpeOUuTenei.
CdhopMynupyiTe BEIBOIBI.

9. Cobepure 1enb CO CMEUIAHHBIM COEJUHEHHUEM pe3ucTopoB (puc. 6). B xauectse
pesuctopoB R1, R2, R3 ucnons3yiite pe3uctopsl 010ka «Pe3uctopsl / AKTUBHAS HArpy3Kay,
a B kauectBe R4, RS — pesucropsl moayns «/lnonbl, pe3sucTopbl, KOHACHCATOPBD», BHIOPAB MX
CONMPOTUBIICHUSI B COOTBETCTBHUU C 3aJaHHBIM BapuanToM (Tabn. 5). B kadectBe
amnepmerpoB PAl — PA2 wucnons3yiiTe amnepBosibTMeTpbl Moayns «M3meputenbHbie
npudopsl» B pexxume DC. Jlnst usmepeHus HanpspKeHU Ha pe3ucTopax UCHONIb3YHTE OJUH U3
MyJIbTUMETPOB. [IpeacTaBpTe cxeMy ISl MPOBEPKU MPENOJaBaTeNIo.

R1
. A {i}
T 4 1
PAL
E1

CT I3l I |2l é .
1

28]

R4 R2

R5
PA2
R3
- 6
Puc. 6. CxeMa NMHEHHOW 3JIEKTPUYECKOM LENH IOCTOSIHHOIO TOKAa CO CMEIIaHHBIM
COCIUHECHHUEM 3JICMEHTOB

Tabmuma 5
Bapuanr 1 2 3 4 5
R1, Om 100 150 200 150 200
R2, Om 100 200 300 100 150
R3, Om 150 100 150 100 200
R4, Om 100 200 100 200 200
RS, Om 100 100 200 200 100
Ta0smia 6
H3zmepeno




U,B

ULB U2,B | U3,B| U4B US, B 11, MA 2, MA 13, MA | I, MA | Uxx,B

10. Bxarouute sieKTponuTanue. BrinmosHnute usmepeHus:

a) HanpspKeHUs Ha BXOJE LeNu;

0) HanpsHKEHUH Ha BCEX PE3UCTOpaX;

B) TokoB |1 u 12, mporekatomux B pesucropax R1 u R2 (Tok I3 onpenenure KocBeHHBIM
CIIOCOOOM IO JIaHHBIM HaNpsDKeHHs Ha pe3uctopax R4 wmm RS).

Pe3ynbTarsl 3aHecuTe B Taba. 6. BeIKI0YNUTE 3JE€KTPONUTAHUE.

.- 4 o a
1 1
R2
R4 R2 R4
I IK3l I Uxx
R5 R5 PV3
PA2
T T v
_———— ! s _——— ! *
Puc.7 Puc.8

11. IlpoBemuTe OMBIT KOPOTKOTO 3aMBIKAHHS, COCAMHHUB IPOBOJHHKOM BBIBOIBI
pesuctopa R2 (puc.7). Bxiarouute »siaeKTponuTaHue. BBINONHUTE H3MEpPEHUs TOKa
KOPOTKOT'O 3aMbIKaHus |K3, pe3yapTaThl 3aHecUTe B Ta0s.6. BBIKIIOUNTE 3JIEKTPONUTAHUE.
YOepute NpoBOAHUK, COCUHSIONMIUNA BEIBOJBI pe3uctopa R2.

12. IIpoBeauTe OMBIT XOIOCTOTO X0/a. JIJIsT 3TOTO aMIIepBOIBLTMETP, H3MEPSIIOIINIA TOK
12 ucnons3yiite B kauecTBe BonbTMeTpa (PV3), BBINOMHUB [UIsI 3TOrO0 HEOOXOAHMMBIE
HacTpoliku U mepekiodeHuss (puc.8). Bxutouurte siekTponuTaHue. Beimonnute
U3MEepeHne HanpsoKeHus xonoctoro xona Uxx Pesynbrarsl 3anecute B Ta0d. 6. Beikmtounte
AIIEKTPONUTAHUE MOJYJIEH.

13. BplunciuTe OSKBUBAJCHTHOE COINPOTHBIEHHE Ilemu R»s mo pesyiabpTraTtam
usMepeHud u cxeme wnenu. CpaBHHUTE MOJy4YEHHbIE pE3yJIbTAaThl, CPOPMYIUPYUTE
BBIBOJIBI.

14. 3anummuTe a8 HccnenyeMoi menu cucreMy ypaBHeHuit Kupxroda. IIposepbre
MPaBUIBHOCTH 3aKOHOB Kupxroda, nonb3ysack pe3yabTaTaMi H3MEPEHUH.

15.  Tlonw3ysCh METOJOM KOHTYPHBIX TOKOB, PAacCUYMTAMTE TOKH, MPOTEKAIOIIUE B
pe3ucTopax.

16.  Tlonp3ysiCh METOAOM Y3JIOBBIX MOTEHIIMATIOB, PACCUMTANTE MOTEHIMAIBI Y3JI0B
CXEMBI.

17. CpaBHuTe mnoJydYeHHble B n.15 u mn.16 pe3yabTaTbhl pacyeToB C
pe3ylbpTaTtaMu U3MepeHui, CHOpMyIUPYHTE BHIBOIHI.

18.  Paccumraiite ToK |2 METOIOM SKBHBAJIEHTHOTO T'€HEpATOpa HCIONB3YS CXEMY
LIENHU U [TapaMeTphl e JIEMEHTOB.

19. Ompenenure smeMeHTB £ W R TOro ’ke SKBUBAJECHTHOTO TEHEpaTopa Io

JTaHHBIM M3MepeHuil. CpaBHUTE MOIY4YEHHbIE pe3ynbTaTbl. Hapucyiite cxeMy SKBHBaJIEHTHOTO




TeHEepaTop C Harpy3Kou, CPOpMyIUpyHTE BHIBOIHI.

20. [To pe3yapraraM U3MEPEHUNA BBIYMUCIUTE MOIIHOCTH KaXJIOTr0 H3
pe3ucTopoB u Bcel nenu. [IpoBepbTe BhIMOIHEHHE OanaHCa MOIIHOCTENW B HCCIeAyeMOM
nenu, chopMyIUpyiTe BHIBOIBI.

KOHTpOJILHLIe BOITPOCHI

1. Kakue snexrtpuueckue nenu (ycTpoicTBa) MOCTOSIHHOIO TOKA C ONPEEIIEHHBIMU
GbyHKIIMOHAIBHBIMU Ha3HAYeHUSIMU Bam n3BecTHBI?

2. Kaxkas snextpruueckas 1enb Ha3bIBAC€TCS JIUHEHHOMN?

3. Jaiite onpenesneHne BETBY, y371a, KOHTYpa JIEKTPUUYECKON LIEH.

4. B uem otnnune ncrounuka IJ]C ot uCcTOUHMKA TOKA?

5. HazoButre mnapamerpsl peaJibHOTO U HjAcalbHOTO HCTOYHUKOB OJIC u TOKa,
HApUCYITE UX BHEIIHHUE XapaKTEPUCTHUKH.

6. Kak nepelitu ot cxempl ¢ ucTouHUKOM DJ]C K SKBUBAJIEHTHOM cXeéMe ¢ HCTOYHUKOM
TOKa?

7. Kakwue pexxumbl paboThI 3JIEKTpUUECKUX 1eneid Bam n3BecTHbI?

8. Chopmynupyiite 0000meHHbIi 3akoH OMa W 3amUIIMTE €ro IS ydacTKa IemH,
coaepxariero uctounuk JJIC.

9. Cdopmynupyiite mepBsiii 1 BTOpoii 3akoHbl Kupxrodga.

10. ChopmynupyiiTe MopsIOK pacyeTa Lenu ¢ UCHOoIb30BaHueEM 3akoHOB Kupxroda.

11. ChopmynupyiiTe MOpsAOK pacdera LEmd METOJIOM KOHTYPHBIX TOKOB, METOJOM
Y3JI0BBIX ITOTEHIIMAJIOB U METOJIOM SKBUBAJIEHTHOI'O I'€HEPATOPA.

12. Kakumu cBoiicTBamMu 00J1a/1a€T MOCIEI0BATEIBHOE COSIMHEHUE PE3UCTOPOB?

13. Kaknumu coiicTBamu o01ajjaeT napaniebHOe COeMHEHUE PE3UCTOPOB?

14. Kak paccuntsiBaroTcsi K03(pPHUIIMEHTHI MepeIayu TOKa U HANPSKEHHUS] B CXEMax C
pe3uctopamu? KakoB CMBICI 3TUX BEIUYUH?

15. Kak paccunThiBaeTcss SKBHBAJIEHTHOE COINPOTHUBIEHUE LENU INpPU CMEIIAaHHOM
COEIMHEHUU PE3UCTOPOB?

16. Kak paccunTtbiBaeTcs MOIHOCTh LIENU NOCTOSHHOTO TOKA?

JUTEPATYPA

1. Teopermueckue ocHOBHI dnekTporexHuku / JI.A.becconos.- 10-e wu3m., crep.-
M.:BricH.1m1k.,2016.-750 c.: ma

2. Kypc anexrporexuuku: Yue6. s By3os/A.C.Kacatkun, M.B.Hemmos.- 10-e u3z., crep.-
M.:BricH.1k.,2009.-542 c.: un

3. DnekrporexHuka: Yuebnoe mocooue /M.M.MBanos, I'.1.ConmoBreB. - 6-¢ m3xd., crep. —
CII6.: UznatensctBOo «Jlauby, 2009. — 496 c.: un. — (YueOHuku mis By3oB. CrernuanbHas
auTeparypa

4. DOnektporexHuka u snekrponuka: Kypc nexuwmit/ I'.B.CaBunoB. — M.: Uznatenbcko-
ToproBas kopropanus «/lamxos u K°», 2009. —

5. DnektporexHuka W anekTpoHuka: ydeOHuk / O.I1. Hooxwmios. - M.:M3marenscTBO
«I"apmapuxu»,2008. -653c.

JIABOPATOPHAS PABOTA Ne2
«IKCIIEPUMEHTAJIBHOE OIIPEJAEJEHUE ITAPAMETPOB



3JJEMEHTOB IIENEW IEPEMEHHOT'O TOKA»

Llenb pa®oThl: MpUOOpETEHNE HABBHIKOB MPOBEACHUS N3MEPEHUI B LEMAX MEPEMEHHOTO
TOKa, OIpEAEICHUE MapaMETPOB AJIEMEHTOB B LENAX [EPEMEHHOIO TOKa IO pe3ysbTaraM
u3MepeHuil, mpuMeHeHne 3akoHoB Oma u Kupxroda B 1enu nepeMeHHOro ToKa.

KPATKHUE TEOPETUYECKUE CBEJAEHUA

Oco0eHHOCTh TPOXOXKIECHUS TAPMOHUYECKOTO TOKA Yepe3 PEaKTUBHbIE 3JIEMEHTHI LENU -
€MKOCTHBIC M WHAYKTUBHBIC CONPOTHBIICHHS, CBS3aHA CO CMEIIEHHUEM B ATHX 3JeMEHTax Qa3
TOKOB OTHOCHUTEJILHO HAMpPsDKEHUN. DTO MPUBOAUT K HEOOXOJUMOCTH XapaKTEepH30BaTh TOKU U
HANpPSDKEHUST HE TOJBKO HX UHWCICHHBIM 3HAa4eHHeM, HO M (a30il (yrioM) OTHOCHUTEIBHO
HEKOTOPOTO BBIOPAHHOTO YPOBHS OTCYeTa. MTHOBEHHOE 3HAY€HHWE TapMOHHUYECKOTO TOKa
(HampspKEHHST) MOXKHO BBIPA3UTh TPUTOHOMETPUUYECKON (QYHKIIMEH

i = Im sin(ot + ). 1)

I[Ipu »sTOM B mpomecce pacyera LENed MNPUXOJUTCA NPOU3BOAUTH JCHCTBUA C
TPUTOHOMETPHUYECKUMH (PYHKIUSMHU Pa3HBIX apryMeHToB ((a3), 4TO MPUBOIUT K TPOMO3JIKUM
BblunciaeHUsIM. OObIYHO pacyeT Leneill TapMOHUYECKOTO TOKa MPOU3BOJIUTCS TaK Ha3bIBAEMbIM
CUMBOJIMYECKUM METOAOM C INPUMEHEHHEM KOMIUIEKCHBIX BeaM4MH. CyTh €ro 3aKkjlo4yaercs B
CJIEIYIOLLEM.

Teopuss moOKa3bpIBaeT, 4YTO TapMoHW4YecKas QyHKuus (1) Moxer OBITH OTOOpaskeHa
KOMIUTCKCHOU (hyHKITUEH

L,e/@tHd) = | oiwtej¢ (2)

bnaromapss sTomy, omepainus C TPUTOHOMETPUYECKMMH (YHKIUSMHU 3aMeHsercs Ooiiee
MPOCTOM W HATJAIHOW ONepanueil ¢ KOMIUIEKCHBIMM udnciiamu. Kpome Toro, onepupyror He ¢
MTHOBEHHBIMH 3HAYEHUSIMU, a C aMIUIMTYJHbIMH KOMIUIEKCHBIMU 3HAaY€HUSIMU, JJIA YEro
BPEMEHHOH 4JIeH B BhIpaXKeHUH (2) 0TOpachIBatoT. BripaxkeHre KOMITJIEKCHOM aMIUTUTY/IbI

Iy = [,e’?®

COJIEPKHUT B cebe MH(POpMAIMIO O TOM, Kakasi BeIMYMHA aMIUIMTY bl KosiebaHui Toka (1m —
MOJyJdb KOMIUIEKCAa) M KaKOBO CMEIEHHE JaHHOro KojeOaHus 1o (aze OTHOCUTEIbHO
BBIOPAHHOTO YPOBHS (P - apryMEHT KOMILJIEKCa).

Ha npaktuke BenMYuMHY MEPEMEHHOr0 TOKA M HANPSKEHUS XapaKTepU3YIOT NEHCTBYIOIIUM
3HaueHueM. OHO ompenensercs Kak CpeIHEKBaJpaTUYHOE MIHOBEHHOT'O 3HAYEHHUsS 3a IEPUOL.
JUis TapMOHHMYECKOro TOKa (HampspKeHHs) AelcTBYyIolee 3HaueHue | mpocTo cBsizaHO C
aAMIUIUTYIHBIM 3HAYE€HUEM:

I
I = \/%

C TokaMM M HaNpsHKEHUSMH, BBIPOXEHHBIMH KOMIUIEKCHO, B IIPOIIECCE pacueTa
MPOU3BOJATCS OOBIYHBbIE MaTeMaTudeckue aeictBus. I[lpu 3TOM, re 3To0 HEOOXOAMMO, IO
dbopmyrne Diiepa OT mNoOKa3aTedbHONH (POPMBI KOMIUIEKCHOTO YHCIA TEPEXOIsIT K €ro
anrebpandeckoii hopme:

[ =1e/? = I(cos¢ +jsing) = I, +jlp. (3)

3neck |, — neiictBuTenbHas, jlp — MHMMas 4acTH KOMIUIEKCHOTO YHCIIA, 3alMCAHHOTO B
anrebpandeckoii hopme,

[Tepexox ot anreOpamveckoil GopMbl KOMILIEKCa K IOKa3aTeNbHOM OCYIIECTBISIETCS IO

TakuM GopMyIiam:
I
[=,I2+13 ¢= arctgf.

OTMeTI/IM, YTO KaXJAOMY KOMIIJICKCHOMY YHCJIY MOKHO IMOCTaBUTh B COOTBCTCTBHUC BCKTOP HaA



KOMIUIEKCHOM TUIOCKOCTH. Puc. 1 wmmoctpupyeT CBsi3b mapaMeTpoB Komruiekca (3) ¢
KOOpJMHATaMU BEKTOpa. 3HaKaMu +1 oTMeueHa OCh JICHCTBUTEIbHBIX 3HAYCHUH KOMILICKCa, £j -
MHHUMBIX 3Ha4YeHHU. [10JI0KUTENBbHBIN OTCUET yIJIa BEAETCS MPOTUB YaCOBOM CTPEIIKH.

Puc.1

OtobpakeHrne KOMIUJIEKCa BEKTOpaMHU J1aeT BO3MOXHOCTh HATJISIAHO TPEICTaBUTh TOKU M
HANPSDKEHUS JAHHOM 1IeTIH COBOKYITHOCTBIO BEKTOPOB, UTO JIAET €€ BEKTOPHYIO TUarpaMmy.

CumBonMYeckuii MeToJ TpeOyeT BBIPOKEHHUS CONPOTUBICHUS LI TakKe B BHIE
KOMILIEKCOB. Onpenenum ux.

Kak u3BecTHO, B 00IIeM ciydae TOK U HampspDkeHHEe Ha aneMmeHTax 1enu R, L, C cBs3aHbl
CJIEIYIOIIUMU COOTHOLICHUSIMHU:

. di 1 ,.
U =Ri; U,=L—; Ue == [idt.
dt c
Hepeﬁj:[eM B OTHX BBIPAXKCHUAX K KOMIIJICKCHBIM 3HAUCHUSIM. I[J'If[ 3TOIr0O MI'HOBCHHOC

3HaYeHHWe TOKa i 3aMeHnM Ha Komruieke le/“t B pesynbrate momyuum:
1

Up = EI; U, =joll;  Ug =11 (@)

o1 . .
o= Jaoc— —jXc TpencTaBiSIIOT coOOMU
3aMyCh UHAYKTUBHOTO M EMKOCTHOT'O COIIPOTHBIIEHUH B KOMITJIEKCHOH opme. VX 0COOEHHOCTb,
B OTVIMYHME OT aKTUBHOTO COIPOTHBIICHUS R, CBsi3aHa ¢ 3aBHCHMOCTHIO OT 4acTOTHl. Hammume
MHOXHUTENS +] WIM -] ONpeneNseT WX JeHCTBUE, BbI3bIBAIOIIEe cMelleHne (a3bl TOKa
OTHOCHUTEJIBHO HanpsikeHus Ha +90° i -90° cOOTBETCTBEHHO.

Pacuer nuHEWHBIX Lienell rapMOHHMYECKOTrO0 TOKAa OCHOBBIBaeTcs Ha 3akoHax Kupxroda B
KOMIUIEKCHOW (opMe W TIpU OTOM OCTAlOTCS MPHUMEHUMBI BCE TE€ METOMBI, KOTOPBIE
NPUMEHSIOTCST JUTST pacyeTa Iened MOCTOSHHOTO TOKa (MeTOJ KOHTYPHBIX, TOKOB, Y3JIOBBIX
MOTEHIUAJIOB U JIp.).

[Torpebnsemas 1eMbI0 TAPMOHUYECKOTO TOKa IMOJIHAS MOIIHOCTH CKJIAJBIBACTCS U3 JABYX
COCTABIISIOIIHX:

P = Ul cos ¢ — akTuBHOI MOIIHOCTH;

Q = Ul sin ¢ — peakTHBHOI MOLITHOCTH.

3nech ¢ — yrou caura Gpa3 MexJy HapsHKEHUEM H TOKOM.

AKTHBHasi MOIITHOCTh TOTPEOIISIETCSI aKTUBHBIMHU AJIEMEHTAaMH, MTpeodpasyromue e€ B qpyrue
BUIBI DHEPTUH (TETUIOBYIO, MEXaHHUYECKYIO YHEPTHIO, CBETOBYIO H JIp.). PeakTHBHasI MOIIHOCTH

B Boipaxenusix (4) BenmuuuHbl jwlL = jX;,

noTpedsseTcss peakTUBHbIMH dMeMeHTamu L w C W uAer Ha CO3laHUE MAarHUTHOTO |
ANEKTpUUecKoro nojeil. CylecTBeHHOE OTINYHE PEaKTUBHOM MOIIHOCTU OT aKTUBHOW B TOM,
yTo e€ cpelHee 3HAueHUWE 3a mepuoa paBHO Hymo. [Ipuuem mnorpebiieHue peakTUBHOMN
MOIIIHOCTH —4EpEeyeTCsl C €€ BO3BPATOM YEpE3 KaXK/Ible YETBEPThH NEPUOAA.



BBoauTcs Takke MOHATHE MOJIHON MOIITHOCTHU

S= /Rg+Qg=1U.

PazmepHOCTBh 1MOMHOM, aKTUBHOW M PEAKTMBHOM MOIIHOCTEW OJMHAKOBA, OJHAKO JUJII HHUX
BBOJISAITCA pa3Hble HaUMeHOBaHusl. JJi1 moaHOM MoIHOCTH — BosibTammnep (BA), mist akTuBHOM —
BarT (BT), 11 peakTUBHOM — BosTbTamIep peakTUBHBIN (BAD).

Hwxe Mbl mpuBOAMM IpUMEpP pacyeTa LEeNu TapMOHUYECKOTro Toka. Ui snexkTpuueckoit
ey, cCXemMa KOTOpOH IoKa3aHa Ha puC. 2, ONpEAeMM TOKM B BETBAX, HAIpPSOKEHUS Ha
AJIEMEHTAaX, MOIIHOCTb, MOTPEOJIIEMYTO 1eThI0. [IoCTpOMM BEKTOPHYIO AHarpamMmmy.

[l o

Puc.2

Hano: R=100 Om, X =300m, Xc =400M, E=100B
Jnst onpenienieHrs TOKOB BOCIIONIb3yeMCSl METOJJOM KOHTYPHBIX TOKOB.
HcxonHble ypaBHEHUS:

11 (R +jX,) — [2)X, = E;

—111jX + 125X — jX¢) = 0.

OTKYHa:ill = EAAi'IZZ = EAAA

i =Xy . —j30
R +jX 100 + 30 ) o
A= || _ j;(LL |]XL - ]XC = | | _73]0 | _]10 — 1200'J1000 — 1566—]39 48 :
Ay = —j10 = 10e77°%; 4, = —(—j30) = 30e/%0 ;
, . i\ 10e /%0 _ ,
ILy=1 = E=L =100 ————— = 0.64e7750 124,
A 156e—J39 48’

by = 1y = 5221 = 100 206"
2TETEA T T 5ee-i3ved

I, =1y — I3 = 0,64e7750"12" 4 1,92¢7/50"12" = 2,56¢7/5012'4,

= 1,92¢/12948" = —1,92¢7/50"12'4;

OHpCIleJ'II/IM HAaIIpsKCHUA HA 3JICMCHTAX:
Ur = Ry = 100 - 0,64e /%12 = p4¢7/50"12'p;
U, = U, = LjX, = 2,56e775012" . 300/90° = 76, 8¢/39°48'p;
Ornpeaenum MOITHOCTH, MTOTPEOIIIeMbIe TIENBIO:
P = I1E cos @ = 0,64 100 cos 50°12' = 40 Br,



Q =11-E sin ¢ = 0,64 100 simr 50°12' = 49,2 BAp,
S=11'E=0,64-100 =64 BA.
[To naHHBIM pacueTa CTPOMM BEKTOPHYIO Auarpammy (puc. 3).

> > +1
E
Puc. 3
IoaroroBka k padore

1 O3HAKOMHUTKCS C OITUCAHUEM JTA00PATOPHOU PaOOTHI.
2. M3y4nTh TEOpPETUYECKUE OCHOBBI 110 MaTepHallaM JICKIIMHA WM [IEPEYHIO0 PEKOMEHI0BAHHON
MperoaBaTesieM JUTePaTyphl.
3. W3yunTh onucaHusi U TEXHUYECKUE XapaKTePUCTUKU MOJYJNEH CTEeH/a, MPUMEHIEMbIX IIpU

BBITIOJIHEHUN JaHHOW padoThl: «VcTOYHMKM mUTaHus», «Pe3ucTopsl / AKTHBHAs Harpyskay,
«PeakTuBHBIE 3J1€MEHThD», «l3MepurensbHble npudbops», «MynpTUMETpBI», «3Mepurens
MOILIHOCTH.

4. B cootBercTBUM ¢ pabouuM 3aaHueM HOATOTOBUTH CXEMBI UCCIIETyEeMbIX Lienel 1 TaOIuIbl
JUTS 3aIIUCH U3MEPEHUM.

Pabouee 3aganue
1. YcraHoBuTE Ha MYJIBTUMETPE PEXKUM HM3MEPEHUS] CONPOTUBIIEHUS, MOJAKIIOYUTE €ro

BBIBOJIbI MapajuienibHo pesuctopy R1 moaynst «Pe3ucropsl / AKTHBHas Harpyskay, NpOBEANTE
u3MepeHus: (aKTUYECKUX 3HAYeHMH CONpOTHBIEHMH pesucrtopa RI1, wu3MeHss ero
comnpotuBienue B npeaenax 50...6000M. Pe3ynbrarel n3mMepenuit 3anummure B Ta0m. 1.

Tab6muna 1.

YcranoBieHo

N3mepeno

2. AmnanornyHo 1.l mpoBeauTe M3MEPEHHs AKTUBHOIO COMpOTUBIEHUS Rk peanbHON
KaTyIIKHd MHIYKTUBHOCTU L1 (MOaynb «PeakTHBHbIE 2IIEMEHTHI»).
PesynbraT n3mepenuit 3anumure B Ta01.2.
Tabmwnia 2.

Ycranosneno L1,mI'a 5 10 22 a7 100

Wzmepeno Rk, Om

l U~ R1




Puc. 4. Cxema 1ienu nepeMeHHOro ToKa Jijisi UCCIIEI0BAHMS CBOMCTB pe3UCTOpA.

3. Cobepute 1enb B COOTBETCTBUU C puc.4. JIIsi 3TOro HMCHOJB3yWTE€ HCTOYHHK
IepeMEeHHOro HanpsbkeHuss E2 moayna «Mctounuku mnuranus», wmonaynas «M3meputens
MoIHOCTHY, pe3ucrop R1 momymst «Pesucropel / AkTHBHas Harpy3ka». TymOiep BwIOOpa
JanazoHa u3MepeHuid B moayne «M3mepurens MOUTHOCTH» YCTAHOBUTE B HUXKHEE IOJIOKEHUE
(1B...40B).

Buumanue! Ilepekniouenue mymonepa 6vloopa Ouanazona u3MeEPEeHUil OO0NHCHO
6bINOJIHAMBCA MOJILKO NPU BLIKTIOUEHHOM HANPANCEHUU RUMAHUA M0oOyaa!

Comnporusnienue R1 Beioepere B quanazone 200...500 Om, 3anumuTe B Ta0.3.

Brumanue! Conpomuenenue RI menee 150 Om ne ycmanagaueams!

[IpencTaBpTe LENb NpENOaBaTENIO A1 IPOBEPKHU.

4. Bxawouute slieKTponuTanue monyineid. Msmepore Hanpsixkenue UBx, Tok IBx
Ha BXOJe Ienu, akTuBHyl P, peakTuBHyo Q, MOJHYH0 S MOIIHOCTHU IE€NU U
K03 HUIMEeHT MOIHOCTHU Henu COS®. PesynsTaTsl 3anecute B Tabauny 3. Beibop u
oToOpaxkeHue Ha UHIUKATOpE TpebyeMoi IEPEMEHHON BBINIOJIHAETCS
KPAaTKOBPEMEHHBIM (B T€4e€HHUH 2...3C€K) HaXaTUEM KHONKHU «BbpiOOp m3MepeHus».
[Ipu sTOoM HEOOXOIUMO Y4YUTHIBATH MHOXHTENb «0,1» I MOKa3aHWil HANpPsDKEHUS U
MOIIIHOCTH. DTO 0TOOpa)kaeTcs Ha MepeiHel aHelu B BUJIE CBETAIIUXCSI CBETOAHOIOB.

Buumanue! 3anpewiaemca yoeprcueams Knonky « Beioop usmepenuaroonee 5 cek.

BrikitounTe 3€KTpONUTAaHUE MOJYJIEH.

Tab6muna 3.

Cxema N3mepeno

UB | ILMA| P,Br |Q,BAp |S,BA coS @

Puc.4, R1=

Puc5, L1=

Puc.6, Cl=

Puc.7, R1=,
L1= ,Cl=

5. Cobepute 11enb B COOTBETCTBUU C PUC.S, YCTAHOBUB MHIYKTUBHOCTH KaTymku L1 = 47
i 100 mI'H, cobmoias TpeGoBaHMs, N3T0KEHHBIE B 11.3.
[IpencraBpTe eNb NpenogaBaTeNio A5 IPOBEPKH.




Puc. 5. Cxema 1nienu nepeMeHHOro TOKa JJis UCCIEA0BaHUsI CBOMCTB KaTYIIKH
WHJTYKTUBHOCTH.

6. Bxitouute snextponutanue moxynei. M3meprre Hampsikenne U, Tok | Ha Kkarymike,
akTHBHYIO P, peaktuBHy0 Q, MOJHYIO S MOIIHOCTH HENMH M KOA(POUIIMEHT MOITHOCTH COS(.
PesynbTarel 3aHecuTe B Ta0J1. 3. BEIKITIOUUTE SICKTPONUTAHIE MOTYIICH.

7. Cobepute 1enb B COOTBETCTBUH C pHUC.6, YCTaHOBHB eMKOCTh KoHjeHcatopa Cl B
nuana3one 2...10Mk®. [IpeacraBbTe 1enb NPENoAaBaTENIO I MPOBEPKHU.

R1

Puc. 6. Cxema nenu nepeMeHHOr0 TOKa JJIsl UCCIIEI0BaHUs CBOMCTB KOHJIEHCATOPA.

8. Brxumrouute anekrponuTanue Mmoxayiend. M3mepere Hanpsbkenwme U, Toxk | Ha
KOHJICHCATOpe, aKTUBHYIO P, peaktuBHYIO Q, MOJHYIO S MOIIHOCTH memu W KO3 OHUIIUEHT
MOIITHOCTH COSQ. Pe3ynbrarel 3anecute B Tabnuity 3. BEIKITIOUNTE 31€KTPONIUTAHUE MOTYJICH.

9. Cobepure 1eMb B COOTBETCTBUU C PHUC.7, YCTAHOBHB IapaMeTPhl 3JICMEHTOB IEMHU
pPaBHBIMH HMX 3HAYCHHSM B TMPEAbLAYIIUX oOmnbiTaX. [IpeacraBpre ILienb NpenojgaBaTesro s
MIPOBEPKH.

o-j R1 L1 C1
i~

Puc. 7. Cxema nenu nepeMeHHOro ToKa.

10. BxirounTte anexkrponutanue moaynei. smeprre Hanpsxkenue U, Tok | Ha BXxoze uenw,
akTUBHYIO P, peakTuBHyr0 Q, MOJHYIO S MOIIHOCTH LenH U KO3(QQPHUIHUEHT MOIIHOCTU COSQ.
Pesynbratsl 3aHecuTe B TabauIly 3. BRIKIIIOUMTE 3JIEKTPONUTAHUE MOYIIEH.

11. TTomp3ysick JaHHBIMH U3MepeHui (1.3, 1m.4), pacCUYUTalTe COMPOTUBICHUE PE3UCTOPA,
CPaBHMTE MOJTYYEHHbIE PE3YJbTAThl C YCTAHOBIEHHBIM 3HaueHueM R1, chopmynupyiite BBIBOIbI
0 CBOICTBax pe3uCTOpa B ILEMU IEPEMEHHOT0 TOKa, MOCTPOHWTE B MacuITabe BEKTOPHYIO
arpaMmy.

12. Ilo panHbiMEH u3MepeHu# (mS, m.6) MpensoKUTE BapUAHTHI pacdyeTra OCHOBHBIX
NapaMeTpoB KaTYIIKU MHIYKTUBHOCTHU:

e /K — TIOJHOTO COMPOTHUBIIEHUS KATYILIKH UHIYKTUBHOCTH;

e Rk — aKTHBHOTO CONPOTUBJIECHUS KAaTYIIKH UHIYKTUBHOCTH

e Xk — peakTHUBHOI'O CONPOTHUBIICHHS KaTYIIKU HHTYKTUBHOCTH;
e |- MHIYKTUBHOCTHU KaTymku (mpu gactore Toka f = 50I'm);

o Cose— ko3¢ hunmMeHTa MOIITHOCTH KaTYIIKH.

Paccuwnraiite a1 napametpsl (npu yacrore Toka f = 50I'n). 1o pe3ynbraram u3mepeHuit u
pacyeToB CPOPMYIUPYHTE BBIBOJIBI O CBOMCTBAX KaTyUIKH MHIYKTUBHOCTHU B LM NIEPEMEHHOIO



TOKA, IIOCTPONTE DKBUBAJICHTHYIO CXEMY 3aMEILECHU KaTyIIKU ¢ yKa3aHUEM Ha HEM KOHKPETHBIX
3HaYeHUU TapaMeTPOB, IIOCTPONTE B MACIITA0E BEKTOPHYIO THArPaMMYy.

13. Ilo nanHbIMM u3MepeHuM (17, 1M.8) NPEVIOKUTE BapUAHTHI pacueTa OCHOBHBIX
IIapaMeTpOB KOHJEHCATOPA:

e /¢ — TIOJHOTrO CONPOTHUBIIEHUS KOHAEHCATOPA;

e R(— aKTMBHOIO CONPOTHUBIIEHUSI KOHAEHCATOPa

e X( — peakTUBHOI'O COIIPOTUBIIEHMSI KOHJEHCATOPA;
e (—eMKOCTH KOHJCHCATOPa;

o Cose— ko3¢ dunreHTa MOIITHOCTH KOHJICHCATOPAa.

PaccunTaiite 3t mapametpsl. [lo pe3ynabprataMm M3MEpeHUN W pacueToB cHopMmynupyiire
BBIBOJIbI O CBOMCTBaX KOHJEHCATOpa B LIENU MEPEMEHHOIO TOKA, IOCTPOWTE SKBUBAJIEHTHYIO
CXEMYy 3aMEILEHUs1 KOHAEHCATOpa C yKa3aHWEM HAa HEH KOHKPETHBIX 3HAYEHUM I1apaMETpOB,
HOCTpOiiTe B MaciITabe BEKTOPHYIO 1UarpamMmy.

14. Vcnonb3ys 3Ha4eHHUs MapaMeTpPOB 3JIEMEHTOB LIENH, NOJydeHHble B 1. 11 — m.13, u
u3MepeHHoe B 11. 10 3HaueHue HanpsbkeHus U, paccunTaiiTe KOMIIJIEKCHOE COTPOTUBIICHUE LIETIN
Z, mpoTekaronmii B 1enu 1ok |, aktuBHyt0 P, peaktuBHyr0 Q, MOJHYIO S MOIIHOCTH TENH U
KO3(QQULIMEHT MOIIHOCTU Lenu COSp. CpaBHUTE pe3yiabTaTbl pPacuyeToB C pe3yJbTaTaMu
uzMepenuii. Chopmynupyiite BbIBOABI 110 CBOMCTBaM HCCIEIyeMOH LieNM MEePeMEHHOIo TOKa.
[TocTpoiiTe SKBHUBAJIEHTHYIO CXEMYy 3aMCIICHUS LIENU C YKAa3aHHUEM Ha HEW KOHKPETHBIX
3HAUEHUH MapaMeTpOB, TIOCTPOUTE B MACIITA0E BEKTOPHYIO TUATPAMMY.

KonTposbHbIe BONPOCHI.

1. Kakumu napaMerpamMu XapakTepu3yeTcsl CHHYCOUJANbHbIA TOK. YTO mMOHMMAaeTcs moa
JEHCTBYIOIIMM 3HaYEeHUEM TOKa?

2. Tlouemy mpu pacyere CHHYCOMAAIbHBIX TOKOB MIPUMEHSIOTCSI KOMIUIEKCHBIE BEJIMYUHBI?

3. Kakue cymecTByroT GOpMBI 3aIIMCH KOMIUIEKCHBIX YHCen?

3. Kak BbIMONHAETCS TEpexoa OT BBIPAKEHWH s MTHOBEHHBIX 3HAYCHHH TOKAa H
HaNpsDKEHUsS K KOMIUIEKcaM U 00paTHO?

2. B uem 0cOGEHHOCTh NIPOXOXKICHNUS CUHYCOMAAIBLHOIO TOKA yepe3 3iaeMeHThs R, L, C?

3. Kak 3anuceiBaioTcsi BBIpaXEHHUs JUIsI MHJIYKTHUBHOTO M €MKOCTHOI'O CONPOTHUBICHUH B
KOMILTIEKCHOM popme?

4. Kaxk paccunTBIBaeTCs COMPOTUBIICHUE TIeTIeH CHHYCOHMIAIBHOTO TOKa?

5. Kakue BHJIbI COTPOTUBIIEHUH CYILIECTBYIOT B LIETISIX IEPEMEHHOI0 TOKa?

5. Kak paccumThIBalOTCS axkTHBHAas, pEaKTHBHAs, TMosHas MolrHocTH? KakoB ux
buznyeckuit cmbica?

6. Uro Takoe KOA((UIMEHT MOIIHOCTH ¥ KAaKOB €TI0 CMBICI?

7. Kax ¢popmynupyrorcs 3akonsl Oma u Kupxroda amns nenu nepeMeHHoro toxka?

JlaboparopHnas pabora Ne 4

PE3OHAHC HANIPSIOKEHUIA

HEJIb PABOTDI: ompeneneHue XapaKTEPHCTHUK MOCIEAOBATEIBHOTO KOJEOATEIBHOTO KOHTYpa MO
JTAHHBIM SKCIIEPUMEHTA.

KPATKHE TEOPETUYECKHUE CBEAEHUA



[Mox pe3oHaHCHBIM PEKHMOM PAaOOTHI ANIEKTPHUYECKUX Lenel ¢ anementamu R,L,C moHumaroT takoi
pPEeXKHM, TP KOTOPOM DSKBHBAJICHTHOE CONPOTHBICHHE LEMH SBISCTCS YHUCTO AKTHBHBIM (TOK H
HanpsHKCHUE Ha BXOJE MU coBmamaroT no dase). OTcroma ciieayer, 4To AJsl ONpeACiICHHs YCIOBUI
HACTYIUICHUS] PE30HAHCA HAJ0 MPHPABHATH HYJI0 MHUMYKO 4acTh KOMIUICKCA BXOJHOTO CONMPOTHUBIICHUS
WY TTPOBOIMMOCTH LICTIH.

Eciu B pe3oHaHce HAaxomUTCs 1I€jb, COJAEPIXAIlas IIOCIESIOBAaTEeIbHO COCAMHEHHBIC YYacTKH,
UMEIOIINE WHIYKTHBHBIA U €eMKOCTHOM XapaKTep, Pe)KUM Ha3bIBACTCSl PE30OHAHCOM HampsbkeHuit. Ecimu B
pE30HAaHCE HaxXOAMTCS pa3BETBICHHAs ILeMb, COJCp)KAIlas MapaUIebHO COCIUHEHHBIC YYaCTKH,
MMEIOIINE WHIYKTUBHBIA 1 eMKOCTHOM XapaKTep, PeXKUM Ha3bIBaeTCsl PE30HAHCOM TOKOB.

A. Pe3oHaHc HaNpsKeHUH
1. PaccMoTpuM pe3oHaHC HAMIPSHKEHUH B MOCTIEI0BATENILHOM KOHTYpe (puc. 1).
R L

. — Y
C

<1

Puc. 1
KoMruiekcHOe CONpOTHBIICHUE TAKOi 1IETTH PaBHO
Z=R+ j(oL — VoC) (1)
VYcnoBue pe30HaHCHOTO PeXKMMa [UIsl pacCMaTpPUBACMON 1IENHU CIICAYIOIIee
oL - 1/oC =0; oL =1/0C. (2)

W3 ycnoBust (2) ciemyer, 4To pe30HAHCA MOXHO JOCTHTHYTh, M3MEHsISI JIMOO YacTOTy MCTOYHHKA,
6o napametpsl enu — L nimm C.

I[Mpu 3amanubix 3HadeHusx L u C pe3oHaHC HANpPsHKEHHs HACTYNMAeT B LENHU MPU YIJIOBOW 4acToTe
wo = 1/VLC wmmm wacrore fy = 1/(2mVLC), KOTOpbic Ha3sBIBAIOTCS PE3OHAHCHBIMH YACTOTAMH.
Pe3onancHas wacTtoTa omnpenenseTcs MUCKIIYUTEIbHO TMapaMeTpamMu LEeNu W MOATOMY
HA3bIBAETCS YACTOTOM COOCTBEHHBIX KOJIEOaHUN e .

BekTopHast AuarpaMmma TOKOB M HaNpsOKSHUH PU Pe30HaHCe Mpe/icTaBlieHa Ha puc. 2.

+

Puc. 2

MHIyKTUBHOE WJIM €MKOCTHOE COIPOTHBIICHHE IIPU PE30HAHCE HA3BIBACTCS XAPAKTEPUCTUYECKUM
CONPOTUBJIEHUEM P

p=w)l=1/w,C =,/L/C. (3)

OTHolIeHNe HapPsKEHUS] HA UHAYKTHUBHOCTH MJIM €MKOCTH K IPUJI0OKEHHOMY K LIEIIN IIPHU PE3OHAHCE,
Ha3bIBaeTCs JOOPOTHOCTHIO KOHTYpa Q.

U _U_pl_p_1.7
Q_U_U RI R R LC. 4)

JIoOpOTHOCTh TOKa3bIBaET, BO CKOJBKO pa3 HampspKeHHE Ha WHIAYKTUBHOCTH (MM Ha €MKOCTH)



MMPEBBIIIACT HAIMPAKCHUC HAa BXOAC CXCMbI B PE30HAHCHOM PCIKUME.
BeJ'II/I‘II/IHa, o6paTHa;1 I[06pOTHOCTI/I, HAa3bIBACTCA 3aTyXaHUEM KOHTYpa

d=1/Q (5)
J10OpOTHOCTH KOHTYPOB, HUCIOJB3YEMBIX MPHU BBICOKUX YacTOTaX, MOryT gocturath 50 + 300. U3
ypaBHeHusi (4) cinemyer, utro npu pe3oHance U. = Uc = QU, T.e. HanpsbkeHHE Ha EMKOCTH W

WHAYKTUBHOCTH MOJET B JECATKM M COTHH pPa3 NPEBBIIATh HANpsHKEHHE, NMPUIOKEHHOE KO BCEMY
KOHTYpY. ODTO CBOMCTBO IMOCIEAOBATENILHOTO KOHTYpa U MOCIY)XKMJIO OCHOBAHUEM JJIsi HaUMEHOBaHUS
peKMMa pe30HAHCOM HalpsKeHUH.

PaccMoTpuM yacTOTHBIE XapaKTEPUCTHKH MOCIIEI0BATEIILHOTO KOHTYpa, T. €. 3aBucuMocts | , UL, Uc
, yria caura a3 () Mexay HampsbKeHHEM W TOKOM OT YacTOTHI IPUIIOKEHHOTO HANPsDKEHUs . 3HaYeHUE

ToKa B 1ienu (puc.1) paBHO
U U 1

- VRZ+(wL—1wC)? - E\/1+(wL—1/mC)2 6)
R

U3 Gopmyisl (6) siCHO, 9TO CBOETO MAaKCUMAJILHOTO 3HAYEHUS lg TOK JOCTUTHET IPH 4acTOTe PaBHOM
pesonancuoit. Ilpu stom Iy = UR. Yem wmenbimie R (npu Hemsmenuwix L u C), T. e. 4em GoJblie
noOpoTHOCTh KOHTYpa Q, Tem Ooiiee octpoii craHoutcs (Gopma kpupoi | = I(w) Ha puc. 3. Ha puc.3
MOCTPOCHBI AMIUIUTY/IHO-4ACTOTHBIC XapaKTEPHCTHKH ITOCIECI0BATEIBHOTO KOHTYPA.

KauectBenno OLICHUM U3MCHCHUS HaHpH)KeHI/Iﬁ Ha CMKOCTHU U HHOAYKTUBHOCTH.

I .
uL
TS Y
Uc : LA
U f-/
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!
i
!
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/
/
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Puc. 3

IIpu gacTore, paBHOI HYIIO, CONPOTHBIICHUE KOHIEHCATOPA OECKOHEYHO BEIUKO, U MPHIIOKEHHOE KO
BCEH LEMU HANpPSDKEHHE OKAXKETCsl Ha 3aKMMax KOHAeHcaTopa. [Ipu 3ToM compOTUBIEHUE KATYIIKU U
HampsDKeHWEe Ha Hel paBHBl Hymo. HaoOopor, mnpu OeckoHeUyHO OOJNBIION dYacTOTe KaTylika
npezcTaBiseT coboi paspeiB (0L—o0), U HAMPSHKCHHE HA €€ 3KUMAax PaBHO MPUIIOKECHHOMY K IIEITH
HAMPsHKEHUIO, a HampsbKeHWe Ha KoHjaeHcatope paBHo Hyno (/o C = 0). Ilpu pe3oHaHCHO#N wacToTe
HaNpPsDKEHUS HAa WHAYKTUBHOCTH U €MKOCTH PaBHBI Mexy co0oit. CBoero MakcuMmanbHOro 3HadeHust Uc
JOCTHUTAET IPH ®Oc < Mo, & UL- IIpU OL = Mo.

Ha puc.4 npencrasnena (a304acToTHAS XapaKTEPUCTHKA, T. €. = O(®). DTy XapaKTePUCTUKY CTPOSIT,

UCXOJsI U3 PaBEHCTBA
tggp = ™
Ipu ®= 0 yron ¢ = -n/2, a ipu ® = o yroa ¢ =0, ¥ mpu ® — o yron ¢ = /2.
Takum 00pa3oMm, IpH YACTOTaX HIDKE PE30HAHCHOW COIMPOTHBIIEHHWE KOHTYpa HOCHUT EMKOCTHOM
XapaxkTep, MPH 9acToTe O0JIbIe Pe30HAHCHONW — HHTyKTHBHBIH.
W3 ypaBuenus (7) ciemyer: geM Menbine R (ipu HemsmeHnHbix L u C), T.€., 4em 60bIIe 100pOTHOCTh
koHTypa Q, TeM 0osiee pe3ko U3MEHACTCS KpHBast @ = @(®) MEXKIY CBOMMHU IPEACIbHBIMK 3HAUCHUSIMH (-



7/2) u (n/2) (puc. 4).

2 e

] =

Puc. 4

3. VYcTaHOBHM CBS3b MEXAY IIOJIOCOM MpPOMYyCKaHWS IOCIEI0BATEIbHOIO KOHTYpa U €ro
JIOOPOTHOCTBIO.

[Tonocoil mpomyckaHusi KOHTYypa YCJIOBWIMCH Ha3blBaTh TAaKOM JAMAaNa3OH 4YacToT, B IMpeaenax
KOTOpPOTO aKTHBHAs MOLIHOCTh P KOHTypa COCTaBIsieT HE MEHee IOJIOBUHBI aKTUBHOW MOIIHOCTH P,
KOTOPYIO KOHTYp MOTJIONIAET [IPH PE30HAHCHOM YacToTe.

CrnenoBaTenbHO, Ha TPaHULIAX MTOJIOCH! MPOIMYCKaHUsA KOHTYpa

P __RZ2 17 1 1 1
;;::E%':'E'::EHHH;;::7§
HamomuuMm, uro [ = UR — Tok mpu pe3oHance. 3aBUCUMOCTh [[(OT 4acTOTHI JIETKO MOJYYUTHh W3

ypaBHeHus (6)
I 1
I 1+(wL—R1wC)2' ®)

I
I'pagux sapucumoctn — = f (w) nokazan Ha pucyHke 5.
0

Puc. 5
wL-1wC o o
Benuunna — B YDaBHEHHH (8) HocuT HazBanue 0000MIEHHOH paccTpoiiku. Ha rpanuiiax momocst
IIPOILYCKAHMS
wL-1wC_
R - .

IIpakTudecknit UHTEPEC MPENCTABISIIOT KOHTYPHI, 7151 KOTOPBIX A® = ® — ¢ CYIIECTBEHHO MEHbBIIE
o. B aTOM ciydae cBs3b Mexay Q, ® U o JIETKO MOJIy4UTh, TPeoOpa30BbIBas COOTHONICHUE

wL—le_L( 1)_w0L(a) w0>

=—|lw——)|=————| =
R R wLC R \wy, w
w2-wd\_ ~A@+wo)(w-wo) _, wodw_ , Aw
Q( Wow )_Q wow =2Q w3 _ZQwo' ©)

w wC
Tak kaK Ha TpaHUAX MOJOCHI MPOMYCKaHUS T=1, TO U3 ypaBHeHUs (9) cnemyer

Qe =N (10)

2Awr  fp—fH




Y OIMpHHA Pe30HaHCHOU KpuBoii & = fo /Q,
wp wH

rne fp = Pyl fu = ~, COOTBCTCTBCHHO, BEDXHsisl M HIKHSA IPAHHYHBIC YACTOTHI MOJOCHI
7T s

Wo
npormyckanus (puc. 5); fo = o, ~ PE30HAHCHAS YaCTOTA KOHTYPA.

b. Pe3oHaHc TOKOB

1. PaccMOTpuM pe30HAHC TOKOB B IICMH, HA3bIBAEMOW MAapaJICIIbHBIM KOJCOATEIBHBIM KOHTYPOM
(puc. 6).

-
——

N

[ [~

o

Puc. 6

KommuiekcHast mpoBOAMMOCTD TaKOM LieMu paBHA

Y =——+jwC

- R+ jwi - m (11)
—ﬂﬁﬁaﬁ—qua+w.
YcnoBre pe30HaHCHOTO peXXuMa JUI pacCMaTpUBaeMOM Lienu
Eﬁﬁﬁ—wczo (12)
MPUBOJIUT K CIEAYIOMIEMY COOTHOIIICHHUIO ISl PE30HAHCHOM YaCcTOTHI
2 2
S R A

Ilpu p = VLCR pe3onancHas 4actota (13) coBmasaet mo BeJHMYMHE C PE3OHAHCHOW YacTOTOW st

MOCJIeIOBATENIFHOTO KOHTYpa Wy = ——.
at ypa Wo IC

BekropHast namarpamMma sl PEe30HAHCHOTO pPEKUMa MMapajulelbHOTO KOHTypa ¢ ydetoM R
MpeJICTaBJIeHa Ha pucC. 7.

B cityuae pe3oHaHca peakTUBHBIE COCTABIIAIOLINE TOKOB B apaJlJIeIbHBIX BETBSIX PaBHBI 110 BEJTMYUHE
Y IPOTUBOMOJIOXKHEI 110 (aze:

IC == _ILp =]a)0CU :]wocloR :]IoQ (14)

Takum oOpa3zoMm, TIpU pe30HAHCE TOKW B MapajuIeNbHBIX BETBAX B (Q pa3 mpeBocxomsT TOk lo B

HEpa3BETBICHHOW YacTH 1IETH.

At
i
‘\\\‘I- -
ol = Y
N AR : I L
I p



Puc. 7
2. PaccMOTpUM aMIUIMTYIHO-4AaCTOTHBIE XapAKTEPUCTMKM MapallieNbHOr0 Pe30HAHCHOTO KOHTypa. B
npeanonoxkennn, uro R=0, I = UwC, I, =UwL, Iy=|I, —1I;|. Ha puc.8 npencrasnena
3aBMCUMOCTb 3THX BEJIMYMH OT YaCTOTHI.

IA

o

Puc. 8

Ha puc. 9 npusenena -4aCTOTHAsl XapaKTePHCTUKA Mapaiie]bHOro KoHTypa. OHa cTpOUTCS
cormnacuo ypaBHenuio tgg = BG (cm. cootnomenwue (11)). Ilpu @ < o COMpOTUBIICHHE KOHTYpPa UMEET

WHIYKTUBHBIN XapakTep, IpU ® > ®g - EMKOCTHOM.

TE/é e

»> 0
Puc. 9
IMoaroroBka k padore
1. O3HAaKOMUTHCS C OMKUCAHUEM JTA0OPATOPHON PAOOTHI.
2.  M3yuuth TEOPETUYECKUE OCHOBBI Mo MarepuagaM JeKIUHA WU TEePEUHIo
PEKOMEHIOBAaHHOMW ITperoaBaTelieM JINTEPATyPhI.
3. W3y4uTh onucaHusl ¥ TEXHUYECKUE XapaKTEPUCTHKU MOJIyJICH CTEH/Ia, TPUMEHIEMBIX TIPH

BBITIOJIHEHUHM JaHHOM paboThl: «DyHKIMOHAIBHBIA TeHepaTopy, «Pe3uctopsl / AKTHBHas
Harpyska», «PeakTuBHbIE 31eMeHTHI», «M3MepuTenbHble TPUOOPh», «MyITbTUMETPHIY.

4. B cooTrBercTBUM € PabOYMM 3aJaHMEM TOATOTOBUTH CXEMbI HCCIEAYEMBIX Lene u
TaOJIMLIBI IS 3aTTUCH U3MEpPEHUH.

Pabouee 3aganue
1. B cootBeTcTBHM ¢ HOMEpOM Baiiero BapranTa paccuuTaiiTe 3HaU€HHE PE30HAHCHOM
yactotsl fo st ykazanueix mapametpos L1 u C1 (ta6i.1).

Tabmuna 1
| Bapuanr | 1 | 2 | 3 | 4 | 5 | 6 |




R1, Om 100 100 100 100 100 100
L1, ' 22 22 22 47 47 47
C1, mx®d 0,1 0,2 0,5 0,1 0,2 05

Puc. 10 Cxema uccnemayemoii nenu

2. Cobepute wnembp B coorBercTBUHM ¢ puc.10. Ha BXox wnenu NOAKIIOUUTE BBIXOA
(GYHKLMOHAJIBHOIO reHeparopa. Pyuky peryiaupoBKd aMIUIUTYZAbl B Oj0ke «DyHKIMOHAIbHBIN
TEHEpaTOp» YCTAaHOBUTE B HOJIb, IOBEPHYB €€ MPOTUB YaCOBOW CTpeNKu A0 ynopa. ITapamerpst
AJIEMEHTOB LN 3aJaiiTe B COOTBETCTBMM C HOMepoM BapuaHTa (Tabn.1). B kauectBe
U3MEPUTENIbHBIX NPUOOPOB  MCHOJB3YHTE amMIepBOJbTMETpbl Onoka  «M3meputenbHble
npubopsl», 3aJaB JUld HHUX COOTBETCTBYIOIME peXuUMbl palboThl. IlpeacraBeTe nenb amis
IIPOBEPKH.

3. BxurounTe amektponuTaHue OyokoB. IIpoBemuTe HACTpOHKY Te€HEpaTopa, yCTAaHOBUB
dopMy BbIXOgHOro curHaia «CHHYcOMzIa», 4YacTOTy, paBHOW pacyeTHOMY 3HAYEHHUIO
pe3oHaHCcHOM YacToThI (1. 1), Hanpsbkenue U = 1B.

4. C mnoMmombl0 JKCHEpUMEHTa YyOenuTech B TNPAaBWIBHOCTH pacdyeTa M yCTaHOBKHU
pe3oHaHCHON yacToThl. [Ij1st 3TOT0, IIIaBHO Bpallias pyuKy peryJMpoBKU YacTOTHI BJIEBO U 3aTEM
BIIPAaBO OT PE30HAHCHOIO 3HAYEHMs, YyOenAuTech, YTO MPU PE30HAHCE TOK LENU HMEEeT
MaKCHMaJIbHOE 3HAYCHHUE.

5. BoinonHute u3MepeHus, Toka |, HampspKeHHs Ha BXOJE LIETIH M Ha 3JeMEHTaX KOHTYypa
R, L, C. Pe3ynbrarsl 3anecute B Ta0.2.

Tabnuna 2
Yacrora f, | Tok I, Bxonnoe Hampsokenne | Hanpsokenue Hampspkenue
I'n MA Harpsokenue U, | pesucropa Ugr, | karymku KOHJICHCATOpa
B B UK, B UC; B

6. BrImomHUTEe W3MEpeHUs, HEOOXOAUMBIC JUISI TIOCTPOCHHUS PE30HAHCHBIX KPHUBBIX
(aMIUTUTYTHO-YaCTOTHBIX XapaKTEPUCTHK), BHIPAKAIOIIMX 3aBUCUMOCTh TOKa |, HampshkeHus Ha
aneMeHTax KoHTypa R, L, C 0T 4YacToThl mMojaBaeMoOro OT TIeHepaTopa Ha BXOJ IICNHU
nepeMeHHoro HampsbkeHus. Hamnpspkenwe Ha Bxoae memm U moanepkuBaiiTe paBHBIM 1B.
PesynbpraTel 3anecure B Ta01.2.

7. Tlo manHbIM U3MepeHHi octpoiite pesonancHbie kpuBble Uy (f), Us(f) B 00mux ocsx,
kpuByto Ug (f)— oTnensHo.

8. Tlo maHHBIM DOKCIEPHUMEHTa, TOJB3YICh Xxapaktepuctukor Ug(f) omnpenenure



YKCJICHHbBIE 3HAYCHHUS:
fo — pe3onaHCHOI YacTOTHI,
Uor — HampsipkeHus Ha pesucrope R mpu pe3oHance;
0 — IUPUHBI PE30HAHCHOU KPUBOM.
[Tonw3yscek xapaktepuctukoit Uq (f), onpenenure 3Hauenne Mmakcumyma pynxmmn Uoc.
ITo popmynam Q = Uoc./Usx u 81 = 0o/Q
paccuMTaiTe YMCICHHOE 3HaUYeHUE JOOPOTHOCTU KOHTYpa U IIUPHHBI PE30HAHCHON KPUBOIL.
9. Iloxaxurte, 4TO JUIsl JAHHOTO KOHTYypa
Rk — akTHBHAs COCTABIAIONIAS COMPOTUBIICHUS KaTYIIKH WHAYKTUBHOCTH,
R — monmHoe aktuBHOE conpoTuBieHue koHTypa (R = R+Rk)
L — MHAYKTUBHOCTB KaTYIIKH,
C — eMKOCTbh KOHJICHCATOPA;
p — XapaKTePUCTHUECKOE COMPOTHBIICHIE KOHTYpa
MOTYT OBITH OTIpE/IEIICHBI Yepe3 U3MEPEHHBIE BEIIMYHUHEI 110 CIETYIOMNM (hopMyam:
Run=R32; Rg =R(Z2—1); L=R—

Uor’ OR Uorwo'
U
C= 0R .

- ’
U,.Rao, _ pUoc
p TN
OR
10. PaccuuraiiTe uncnennsle 3HaueHus BenudanH R, Rk, L, C, p mo nmpuBeaeHHbIM B 1. 9

dbopmynam.

KOHPOJIBHBIE BOITPOCHI

1. YTo MOHMMAIOT MO/ pe30HAHCHBIM PEKUMOM pabOThI AIEKTPUUYECKOM 1enn?

2. B uem nposiBisieTcs pe30HaHC HaPsHKEHUN?

3. KakoBbl yci10BUSI BOSHUKHOBEHHSI PE30HAHCA HANPSKEHUH U CIOCOOBI €ro T0OCTHXKEHUs?.

4. KakoB ¢u3ndeckuil CMbICI JOOPOTHOCTH KOHTYypa?

5. Kak B o0mieM cinydae a1 J1:000ro pe30HaHCHOTO KOHTYpa PacCUUTaTh €ro0 PE30HAHCHYIO
4acTOTy U J0OPOTHOCTH?

6. KakoBO npakTHUeCKOE IPUMEHEHUE SIBIICHUS PE30HaHca?

7. OOBsicHUTE, TOYEMY IIPU PE30HAHCE HANPSKEHUH TOK MaKCHUMAaJeH.

8. OOBscHUTE, B KAKOI LIETIN U MPU KaKUX YCIOBHSIX BO3MOXKEH PE30HAHC TOKOB.

9. O0BsicHUTE, TOYEMY TIPH PE30HAHCE TOKOB TOK MUHHUMAJICH.

10.Kak cTposTcss BEKTOpHBIE IHarpaMMBbI LIETIH B PE30HAHCHOM pexXuMe?

JIUTEPATYPA

1. Kypc anexrporexuuku: Yueo. Jlns By3os/A.C.Kacatkun, M.B.Hemmos.- 10-e u3., crep.-
M.:BricH.1m1k.,2009.-542 c.: wi. Ctp. 196 — 216.

2. DnektporexHuka: Yuebnoe nocodue /M.M.MBanos, I'.1.ConoBreB. - 6-¢ u3md., crep. —
CII6.: UznatensctBo «Jlauby, 2009. — 496 c.: un. — (YueOHuku mis By30B. CrernuanbHas
muteparypa). Ctp. 174 — 208.

3. DnekTpoTexHuKa U MekTpoHuka: Yueouux/ O.I1.Hooxunos. — M.: I'apmapuxu, 2008. —
653 c.: mi. Ctp. 65 — 67.

JlabGoparopHasi padora
HCCJIEJJOBAHUE TPEX®A3HOM IENTU ITPU COEUHEHUU HATPY3KH



«3BE3101»

HEJb PABOTbI

HccnenoBanne pexuMOB pa0OThl  Tpex(hazHOW Iemd TpH COCITUHEHWH HArpy3KH 3BE3JIOM.
OKCHEpUMEHTAIbHOE OINpeNeJIeHHEe TOKOB M HANpsDKEHWH B IeNMM NpU  CUMMETPHYHOM U
HECHMMETPUYHON Harpy3Kax B (a3ax ¢ HyJE€BBIM IIPOBOJOM U Oe3 Hero.

TEOPETUYECKHUE CBEJEHUS

TpexdazHoii 3IEKTPUYECKON CHUCTEMOW Ha3bIBaeTCA COBOKYNMHOCTh TPEX OJICKTPUUECKUX Lemel
MIEPEMEHHOTO TOKa 0JHOH 4acToThl, DJ{C KOTOpHIX UMEIOT pa3iW4Hble HadaJbHbIC (a3l U CO3AAIOTCS
00IIMM HCTOYHHKOM aHEPTHH.

Tpexdasnas cucrema MEPEeMEHHOT0 TOKa IONy4YWJa IIMPOKOE PAacCIpOCTpaHEHHE KaK CHCTEMa,
obecrnieunBaroas 6onee YSKOHOMUUHYIO Ilepesiady 3HEpIuu Mo CpaBHEHMIO ¢ ofHodasHoi. Kpome Toro,
OHa TO3BOJIAET CO3/1aTh MIPOCTHIE IO YCTPOUCTBY U HAJIKHBIE B SKCILTyaTal[i TeHepaTophl, ABUTaTeNn U
TpaHchOpPMAaTOPEI.

OtnenbHble Lenu Tpex¢a3zHol cUcTeMbl HasbiBaloT (azamu. TpexdasHylo cUCTEMY 3IEKTPHYECKHX
enei, COeMUHEHHBIX APYT C IPYTOM, Ha3bIBAIOT TpeX(a3zHOU IEThIO0.

CoBokymHOCTh TOKOB, HampspkeHuit wmimu OJ[C, neiictByrommx B ¢azax TpexdaszHoil 1emnwy,
Ha3bIBaeTcs Tpex(hazHo# cucTeMoi TOKOB, HanpsbkeHni u DJ[C.

[Ipocreitmmit Tpexda3zubiii Teneparop (puc.l) cocrout u3 snextpomarauta NS ¥ pacmoioXeHHOTO
MEXIY €ro IMojlcaMy LWIMHAPUYECKOro sikops. Ha sikope pacronoeHbl TpU OJUHAKOBBIE OOMOTKH
(da3zbr), Hayama W KOHIIBI KOTOPBIX 0003HAYAIOTCS COOTBETCTBeHHO OykBamu A, B, C, X, ¥V, Z.  Ocu
00MOTOK COBHHYTHI B MPOCTPAHCTBE OJHA OTHOCHTEIHHO JpYyroil Ha paBHbIe yribl 120°. [losToMy mpu
BpAlLlleHWH SIKOpPSI C YIJIOBOM CKOpPOCTBIO ® B oOMOTKax wuHayuupyiores OHAC ¢ OOMHAKOBBIMH
aMIUTATYJIaMU ¥ CABUTOM (a3 OTHOCUTENHHO npyT apyra Ha 120° wim 1/3 mepuopa. Takas cucrema Tpex
O/1C HazpIBaeTCd CUMMETPUYHOM.

ITpunsB 3a Hayano orcuera Bpemenu (t = 0) mauyano nepuona D/IC B nepsoit daze (4), 3anumem
BBIPa)KEHUS JJ11 MTHOBEHHBIX 3HaueHHH U KoMIuiekcoB ¢a3Hbix IC tpexdazHoil nenu:

€a= En-sinot, Ea=En
€5= En-sin(ot - 120°), Es= Ep €73120°
Bc= En-sin(ot + 120°), Ec=Enel12%°

Puc.1. Puc.2.

Bpemennsie nuarpammel O/1C nokaszaHsl Ha puc.2.

OOMoTkH Tpex(a3zHOro TreHepaTopa COCIUHSIOTCS 3BE3A0H WM TPEYTOJIBHUKOM, 4YTO JaeT
BO3MOXKHOCTh BMECTO IIECTH IPOBOJIOB MPUMEHSTH TPU WX YE€ThIpE TPOBO/IA.

IIpu coeanHeHMn OOMOTOK 3BE30H, KOHIBI OOMOTOK X, V, Z cOemuHSIOTCS B OMHY TOYKY N,



Ha3plBaeMyl0 HeHTpanbio reHeparopa (pucC.3). IloreHuman He#TpanbHON TOUYKM TeHepaTopa N
MIPUHUMAETCS paBHBIM HYJIIO.

U
U C% AB
/C?/:' U <
Ce B <
B U

v c

BC

NS

Puc. 3. Puc. 4.

P

B derbipexnpoBogHON cHCTeMe K HEWTpalld TMPUCOEAWHSETCS HEHUTpanbHBIN (HYJIEeBOH) MPOBOI.
[IpoBoxa, naymue k npueMHUKaMm oT Hadana 4, B, C $ha3, Ha3bIBarOTCs THHEHHBIMI.
Hanpspkenust Mexy HadasaMd M KOHLAMH (a3, WM HANPsDKEHUS MEXIY KaKIbIM M3 JIMHEHHBIX
MIPOBOJIOB M HYJIEBBIM Ha3bIBAIOTCS (ha3HBIMH HANPSDKEHUSMU:
c e 0°
U AN — U A= U(Dej ;
UBN = Ug = Upe /127
’ —J7. = j120°
UCN =U; = Ugpel ",
T.€. paBHBI ()a3HBIM HAIPSHKEHUSIM reHeparopa ¢ AeHcTByromnM 3HadenneM Ug.
Hanpsokenust Mexxay Hauanamu AByX (a3 WM MEXy JTUHEHHBIMU TPOBOAAMH, UIYIIMMHU OT Havyana

K ipueMHHKY Upg, Upc, Uca, Ha3bIBaIOTCS IMHEHHBIMU HanpspKeHusiMH (puc.3). [pu aTom:

l.]AB = l.]A - QB;
I{BC = UB - l_]c?
UCA - UC - UA'

BekTopHast amarpamMMa HampspkeHWH mMoka3zaHa Ha puc.4. V3 amarpaMMbl BHAHO, YTO BEKTOPHI
JMHEHHBIX HaNpPsDKEHUH TakKe 00pasyloT CUMMETPUYHYIO TpeX(a3HyIo CUCTEMY, T.€. UX JECHCTBYIOIINE
3HadeHus1 Ujy OJMHAKOBBI M CABMHYTHI OTHOCHTEJILHO ApYr npyra mo ¢asze Ha 120°. B xommiekcHOR
(bopme NrHEeHHbIe HANPSHKESHNS

UAB = Uﬂe]30 X UBC = Uﬂe_]go ; UCA = Uj[ejlso .
IMpu coenrHeHN 0OMOTOK reHepaTopa 3Be3/10i, JTMHEiHOe HanpshkeHne B V 3 pa3 6osbliie (ha3Horo.
Up=Up- V3

[Ipu coennHennn 0OMOTOK TeHEpaTOpa TPEYTOJLHUKOM (pHC.5) Hadano OgHOW (ha3bl COEAMHEHO C

koHIoM apyroi: B¢ X, Cc ¥, A c Z. OOMoTKH 00pa3yloT 3aMKHYTBIH KOHTYP, B KOTOPOM JIE€HCTBYIOT



+1

AZ
U / . AB
C E B
Jyc AR
cY /I%B B.X < N
0 Ue
+“——BC
C J B
BC
Puc.5 Puc. 6

tpu DJC. B mr000if MOMEHT BpeMEHM CyMMa MTHOBEHHBbIX 3HadeHud Tpex DJC m cymma

KOMIUIEKCHBIX JICUCTBYIOIINX 3HAYCHUN paBHA HYIIO E a4+ E g+ E c=0

Jluneiinble u (a3HbIe HAMPSHKEHUS PH COSAMHEHHUU (Pa3 TeHepaTopa TPEYroJIbHUKOM PaBHBI MEXKIY
coooit: Ujy = Up. Tomorpadpuyeckas aumarpamMma HamnpsDKCHHH TIPH  COCOMHEHUH  OOMOTOK
TPEYroJLHUKOM H300pakeHa Ha pHcC.6.

OOMoTKH Tpexda3HbIX T€HEepaTOpOB, KaK MPAaBHIO, COCAMHSIOT 3BE3[0H, TaKOE COEAMHEHHE JaeT
BO3MOYXKHOCTb TIOJTYYHUTh JIBA pa3HBIX HANPSHKCHUS: IMHelHoe U Qa3Hoe. TpexdazHbie IPUEMHUKH TaK ke
MOT'YT COCOAUHATBHCA 3BC3ILOI71 " TPCYTrOJIbHUKOM.

Ha pwuc.7 mnpeacraBieHa cxemMa YETBIPEXIPOBOJHOM CHUCTEMBI 3B€3Ja-3B€3/la C HEUTPAIbHBIM

TIPOBOJIOM.
A
. E
U % A _ u' "’U %ﬁ}
# I
N - &

»
»

. B .

CI CUB 'BLVJAB
— :
e Yac

Puc.7.

Ecitit conpoTHBIIeHHEM MTPOBOIOB MPEHEOPEeyb, TO MOTEHIIHAIIBI HEHTPaIbHBIX ToYeK rereparopa N u

NPUEMHHKA N PaBHBI HYJIO, (ha3HbIe HANIPSHKCHUS IPUEMHUKA PaBHBI (Pa3HBIM HANPSDKEHHSIM TeHepaTopa:
Us,=Uy U,=Upg; U,=Ug.

Co0TBETCTBEHHO PAaBHBI U JMHEWHBIE HAMIPSDKEHUSI.

[TonoxxurenpHBIE HANPaBJICHUA TOKOB B JIMHEHHBIX MPOBOJAX MPUHATO BBIOMPATh OT T€HEpATOpa K
NpUEeMHHKY (pHc.7), a B HEHTpAIILHOM NPOBOJE OT NMPHEMHHMKA K reHeparopy. Pexum kaxmoi (azbl
CHCTEMBI HE 3aBHCHUT OT peXHMa JBYX IPYrux (pa3, TOK ompenensercs rnapamMeTrpaMy MpUEeMHHUKA 3TOH
¢asbl. [IpueMHuKy (Harpy3ku) B Tpexda3HOW LEmH AENATCs Ha TPU TPYIIIThL:

—CHUMMETPUYHBIEC OJTHOPOJIHBIE, KOT/Ia KOMIUIEKCHI ()a3HBIX CONMPOTUBJICHUH PaBHEI

Zy=2p =Zc = Zo = Zoe'?;

—CHMMETPUYHBIE  HEOIHOPOIHBIE, KOTJ]a  paBHBl  MOJAYIH  KOMIUIEKCHBIX  (pa3HbIX
conporuBnenniiZ, = Zg = Z¢ = Zg,HO CONMPOTUBIICHUSI HIMEIOT Pa3HbIil XapakTep;

—HECHMMETPHYHBIE OJHOPOHBIE, KOT/Ia COMPOTHUBJICHHUS B (ha3aX MMEIOT OJUHAKOBBIN XapakTep, HO
pasnmuynbie MoayH. TokH B (hazax paccUUTHIBAIOTCS MO 3aK0HY OMa:

I —UZa, Ib—UbZ, IC= Zc

B cucreme 3Be3/1a-3Be€3/1a TOKH B JINHEWHBIX MPOBOJaX (JIMHEHHBIE TOKH) paBHBI TOKaM B (azax. Tok



B HEHUTpaJILHOM ITPOBOJIE jo paBeH cymme ToKoB Tpex (as. Ilo nepBomy 3akony Kupxroda: fn = ia +
I + 1.

Aa

Puc.8

ITpu cuMMeTpUYHON OJHOPOAHON HArpy3Kke TOKU B (a3ax UMEIOT OJMHAKOBBIC 3HAYCHUS M CIBHUHYTHI
110 (ha3e OTHOCUTEIBHO COOTBETCTBYIOIIMX (Pa3HBIX HAMPSIKCHUH HA OIMH U TOT K€ YIOJ ¢ T.€. 00pa3yroT
CUMMETPUYHYIO Tpex(a3Hyto cuctemy (puc.8).
Hx cymma ia +1 pt fc = fn = 0, T.e. TOK B HEUTPAILHOM HPOBOJIE OTCYTCTBYET.

Ecnu mHarpyska B ¢azax oTiamuaeTcs OT CAMMETPHUYHON OJTHOPOIHOM, TO Tpex(a3Has crucTeMa TOKOB
CTaHOBUTCSl HECHMMETPHYHOH, a TOK B HEUTPAIILHOM MPOBOJIE - HE paBHEIM HYITHO (puc.9).

Aa

Puc.10.

OTCyTCTBHE TOKa B HEUTPaJIHLHOM IIPOBOJIE NMPH CHMMETPHUYHON OJTHOPOJHOM HAarpy3Ke 03HavaeT, 4To



B O3TOM ClIly4ae HCEHTpaNbHBI MPOBOJ BOOOIIE MOXET OTCYTCTBOBATh W CHCTEMa CTaHOBUTCS
TpexmpoBoaHO# (puc.10).

Pacuer TOokOB B cmcTeMe 3Be3ma - 3Be3a 03 HEUTPAJILHOTO MPOBOAA IPU CUMMETPUYHON
OJHOPOJHOM Harpy3ke HUYEM HE OTJIMYAETCS OT pacdeTa TOKOB B UETHIPEXIPOBOJHOM CHCTEME 3BE3/a-
3Be3qa. BekTopHas auarpaMma TOKOB U HaIllpsDKEHUH Takas ske, Kak Ha puc.S.

Ecnu Z, # Zpg # Z; cumMeTpus (a3HbIX TOKOB U HANPSHKCHUN HApyLIaeTCs.

Jluneitnpie HaMpsHKEHUS Uab; ch, Uca HE U3MEHSIOTCS MPU U3MEHEHUU PEKHMMa MPUEMHHUKOB, HO
MOTEHLUHUAJI HEUTPAIbHOW TOUKH MPUEMHHUKA YKE HE PABEH HYJIIO.

B cooTBeTcTBHM C METOJIOM JBYX Y3JIOB HamnpsbkeHHe Mexny Hedtpamsmu ( N um n), cMerieHue
HEHTpanu B KOMIUIGKCHOH (opme

U = EAYA+ERYp+EcYc _ UgYa+UpYp+UcYe
N T yatyptYe VetV

rae Y,, Yy, Yo — xommekcHble ipoBomuMOCTH (a3 IpUEMHHUKA (IPOBOJMMOCTSIMH COCAMHUTEIBHBIX
MIPOBOJIOB M 0OMOTOK MOXKHO NMPeHeOpeub U3-3a KX MAJIOCTH).

da3Hple HANPSHKCHUS NPUEMHUKA HE paBHBI (ha3HBIM HANPSDKCHHSM TeHEpaTopa M3-3a CMEILCHHS
HEUTpaJIn:

Ug = Uy — Uy, Up =Up—Upn, Ue=Uc—Upn
Jluneiinpie 1 (a3HBIE TOKU OMPEIENSIOTC 10 3aKkoHy Oma:
o = YU, Iy =Yy Up,

PaccmoTpum mpumep pacuera Tpex¢azHOW Lenu ¢ HECUMMETPUYHOH Harpy3kod B dazax. K
TPEXIPOBOJIHOM Tpex(ha3HOW CETH ¢ JUHEHHBIM HanpsokeHuem U, = 220B moakitodeH nmpueMHUK, (a3bl
KOTOPOTO cOeMHEHbBI 3Be3101 (puc .11). 3anansl conpotupieHus Ry = 10 Om, Ry = 50M, Xz = 8,66 Om,

X¢ =-10 Om. Onpenenuts TOKH B (hazax, HOCTPOUTH TUarpaMMy HanpspKeHUHA M TOKOB.

a
i o
a
a
X
R
Q—)\ b
| C xb
C i
Be —> b b
Puc. 11.

dazubie HaIIps>KCHUA UCTOYHUKA O6p8.3y}0T CUMMCETPHUYIHYIO CUCTEMY.
Uy = Ugpel® =127e/%B;

Ug = Upe /120" = 127¢77120°B;
Uy = Upel120° = 127¢/120°B

KowmrmutekcHbie conpoTuBieHus (a3 MpUEMHUKA:
Z, = Zge/%a = R, = 100w,
Z, = Zpel? = Ry +jX, =5+ j8,66 = 10e/°7°0m;
Z, = Z.el%c = —jX, = —j10 = 10e 7/ 0m;
HX KOMIIJICKCHBIC ITPOBOAUMOCTHU
Y, = 1Z, = 110/ = 0,1e77%%" = 0,1(0,5 — j0,866)CM;
Y, = 1Z, = 110e/%” = 0,1e7/%° =0,1(0,5 — j0,866)CMm



Y. =1Z, = 110e7799" = 0,1e/°% Cm.

CwMenieHne HeUTpau

: UaYa+UpYp+UcYe

UnN = ~
Yat+YptYe

= —76 — j35,5B.

da3zHbIe HaIpsKCHUA IIPUCMHUKA!

U,=Uy— Uy =127 — (=76 — j35,5) = 203 + j35,5 =
= 206e/19°B;
U, = Uz — Uy = —63,5 — j110 — (=76 — j35,5) == 12,5 — j74,5 = 75,5¢ /8030’ p;
U.=U;—Uy=—63,5+j110 — (=76 — j35,5) =
= 12,5 +j145,5 = 1456e/5>'B.

da3Hble ¥ TUHEHHBIE TOKU:
I, = U,Z, = 206e/19°10 = 20, 6e/17°A;
Iy = UpZy = 75,5e7780730"10¢/60" = 7,55¢7/140°30"
[. =U.Z. = 145,6e/87°10e /% = 14,56e'17> A.

JIisi MOCTPOCHHST BEKTOPHBIX IHAarpaMM BbIOMpaeM MacIuTaObl HampsbkeHuss u Toka. Crpoum
CHMMETPHUYHYIO JIMarpaMMy HarpspKeHHid reHeparopa (puc. 12) u BekTop cMmeuieHus Heirpanmu Uy =
84e/205° B, Bekropsl, COeAMHSIOMME TOUKY N C TOUKAMH 4, B, ¢ OYIyT COOTBETCTBEHHO BEKTOPAMH

asupx Hanpsokennit npuemunka Uy, Up, Uy, U3 Toukm N cTpouM BekTOpsI TOKOB Ig, Ip, I, ¢ yuerom
casura a3 OTHOCUTEIBHO HaMpshkeHU @, = 0°, op = 60°, @c = -90°.

[uarpamMma moOKa3blBa€T, YTO NPH HEPAaBHOMEPHOM Harpy3ke (a3 u3-3a CMELIeHus HeUTpamu
CUMMeTpus (GasHbIX HANPSDKEHUH NPUEMHHUKA HApyIIaeTcs:

Ua.= 206 B Bmecto Up =127 B; U. = 145,6 B, Uy, = 75,5 B..

Tonorpaduueckue aAuarpaMMbl 110 ONBITHBIM JAaHHBIM CTPOST B CIEAYIOLIEH MOCIEAOBAaTEIbHOCTH:
CHAYNa CTPOST TPEYrONBHHK JMHEHHBIX HampsokeHuii Upp, UDC, UCA MeToJIoM 3aceuek (puc.4), u3
COOTBETCTBYIOIMX BEPUIMH €ro paguycaMu, paBHBIME (asoBbiM HampsokerusM U, Ugn, Ucp,
OTMCBIBAIOT JYTH, MlepeceueHne KOTOPhIX AaeT Touky N. [Ipu oOpbIBe NMHEHHOTO TPOBOAA OTPEOUTENN
91Ol (pa3el ocraroTcst 06e3 PHEpPruM, a MOTPEeOUTeNd IBYX Ipyrux (a3 MpOoAOIDKAIOT THUTAThCS OT
Tpexda3Hoii cuctembl. Eciiu mpu 3TOM ecTh HEHTpaIbHBIH MPOBOJI, TO Ha paboTarommx (azax oOpbIB
YYy’KOr'0 JIMHEHHOTO0 MNpOBOJA NPAKTUYECKH HE CKAa3bIBAe€TCs, a NIPH €ro OTCYTCTBUH HPOHUCXOAUT
nepepacupeie/ieHie HalpsbKEeHUH Ha 3aKKUMax JIeKTPOIPUEMHUKA.
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Cxema coeamHeHus (a3 MPHUEMHHKA TPEYTrONBbHUKOM MoKazaHa Ha pwuc.l3. ComporuBnenus Qa3
NPUEMHHMKA OKAa3bIBAIOTCSl BKJIIOUYEHHBIMM Ha JIMHEHHOE HaNpsDKEHHE TIeHepaTropa, MO3TOMY 3TH XKe
HaNpsDKEHUS ABIIIOTCA (a3HBIMU HANPSHKEHUSIMUA IPUEMHHUKA!

Uab = Ung; Upe = Upc; Uca = Uca-

Toxku B ipoBoaax aunuu Iy, I, [ — muneiinbie Toku. Toku B (hazax npuemuuka Iy, Iy, I.; — hasubie
TOKH, OHH PAaCCUUTHIBAIOTCS 110 3aKOHY OMa:

Ly, = Uab/Zav; Ioc = Une/Zvei lea = Uca/Zca-

Jluneiinble U (a3Hble TOKH CBS3aHBI MKy co00i TIepBbIM 3aKkoHOM Kupxroda:

IA = Iab - Ica; IB = Ibc - Iab; IC = Ica - Ibc-

[lpy  CHMMETPHYHOH OHOPOIHON Harpyske Zu, = Zac = Zapy = Zg = Zpe!®  nefictayromme
3HAYEHUS TOKOB B (pazax OJMHAKOBBI M TOKH CIBUHYTHI MO (paze OTHOCHTENBHO COOTBETCTBYIOIINX
(a3HBIX HAMpPsHKEHUH HA OAMH M TOT K€ Yroi (P, a OTHOCHTENBHO ApYr Apyra Ha 120°. JIuneiinble TokK

cBsizaHbl ¢ (pasHbIMH cooTHOmeHneM |, =V3:lo. TTOCKONBKY KaXuplii M3 (hasHBIX TOKOB SBISCTCS
COCTaBJISAIONICH JIBYX JIMHEHHBIX TOKOB, TO OYEBUIHO, YTO MIPU U3MEHEHUH OJHOTO (ha30BOTrO TOKa OyIyT
M3MEHSTHCS cpa3y /Ba JIMHEHHBIX TOKA.

Hanpumep, npu o6psie azbl Zag TOk lag = 0, Toku lca 1 Isc ocTanyTCst Hen3MeHHbIMH. JInHEHHbIE
TOKH la = lca, Is = lgc m3menunuce, a lc = lca — lgc ocTancs HeU3MEHHBIM.

[Ipu oOpbIBE OJHOTO U3 IMHEHHBIX MPOBOAOB, HarpuMep C, HOpMaJIbHBINA PEXUM PabOTHl YCTaHOBKH
Hapymaercsi. Harpyska Zas HaXOIHTCS T/l HOPMAIBHBIM (ha30BbiM HanpsokerneM Uap, COPOTHBICHHAS
Zpc v Zpc OKQXKYTCS TIOCIIEIOBATENBHO COSMHEHHBIME U OYIyT MUTATHCS OT TOTO YKE HAIPSIKSHUSI.

IHoaroroBka k padore

1 O3HaKOMUTHCS € ONMUCAHUEM JTAOOPATOPHOU PabOTHI.

2. IByauTh TEOpETUYECKHE OCHOBBI IO MaTepraliaM JICKIIUI WK TIEPEYHIO PEKOMEHJOBaHHOM
IIPETIOIABATENIEM JIUTEPATYPHI.

3. M3yuuTh omucaHus U TEXHHYECKUE XapaKTEPUCTUKH MOJYJEH CTEH/Ia, MPUMEHIEMbBIX TIPU
BBITIOJIHEHWW JTaHHOW paboThl: «DyHKIMOHANBHBIN TeHepaTopy», «Pe3ucTopbl / akTUBHas
Harpyskay, «/3mepurtenbubie mpuooOps», «MyJIbTUMETPBIY.



4. B cooTBEeTCTBHH C pabOYMM 33JaHUEM TIOATOTOBUTh CXEMBI UCCIIENYEMBIX LETEH U TaOIULIbI
JUISL 3aIIUCH U3MEPEHUM.

Pabouee 3aganue
1. TlepeBenute OAMH U3 MYJbTUMETPOB B PEXKUM H3MEPEHUS MEPEMEHHOTO HampsHKEHUS,
UCIIOJIB3YUTE €ro B KAayeCTBE BOJBTMETpAa. DBKIIOYMTE 3JIEKTPONUTAaHHE MOJIYJIEH CTEHJa
«DyHKIMOHATBHBIA TeHepaTop» U «MynbTuMeTpel». be3 moakmoueHus morpeduteneit
MPOBEIUTE M3MEPEHMsI JIMHEHHBIX U (Da3HBIX HANpsHKEHUH Tpex(azHOro MCTOYHHKA MUTAHUS
Monyisi «DyHKIIMOHAIBHBIM TeHepaTop». Pe3ynbTaThl wW3MepeHMi 3aHecuTe B Tabm. 1.
Beixmounte Moyiib « QyHKIIMOHAIBHBIA I€HEPATOP».

Tabmumna 1
JIvHeliHbIe HaNIpsKEHUs @da3Hble HANPSIKECHUS Brruucneno
Ugps, B Ugc, B Uca, B Ua, B Us, B Uc, B Uacr, B | Uaocr, B | Usep ! Uacp

o
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2. Cobepute 9JIEeKTpHUECKYl0 menb (puc. 14), B KadyecTBE aMIIEpPMETPOB HCIIOJIB3YHTE
aMrIepBOJIbTMETPEl  Moayns «M3meputenbHble mnpubopb» B pexkume AC, B KadecTBe
notpedurenei - pe3sucTopsl MoyIsi «Pe3ucTopsl / akTUBHASI HATPY3KAY.

3. Jlns mpoBeneHHs MEpBOTO OIBITa COMPOTUBICHUS PE3UCTOPOB YCTAHOBUTE PaBHBIMHU
(cuMMeTpHUYHAas Harpy3Ka).

Buumanue! Conpomuenenue pezucmopoeé nazpysku menee 300 Om ne ycmanagaueams!

[IpencraBpTe 1eNb ISl MPOBEPKH MPEMOIABATEINIO.

4. BxirounTe ANEKTpONUTaHue MOy iel. Mi3aMepbTe Bce TOKH, (pa3HbIe HAPSDKEHHS Ha
pe3ucTopax Harpys3ku, HanpspkeHue cMmeneHus Hyias Unn. Pe3ynbratel usmepenuit 3anecute B
Tad.2.



Tabnuua 2

Xapakrep Harpy3Ku Toxu Harpy3ku, MA Tox Da3HbIC HAIPSKCHUS Hampsoxe-
HEUTpab Harpysku, B HUE
HOT'O CMELICHUS
IIPOBOAA, HYJISt
la, MA I, MA le, MA In, MA U, B | Uy, B | U, B Un, B
1 < Harpy3ka
E = CUMMETpHYHAS
2 % g | Harpyska
= 2 | HecuMMeTpHYHAsI
=Y o
3|5 = OO6psIB
S JMHEHHOTO
npoeoaa A
4 OO6prIB
e JINHEHHOTO
S
z o npoeoaa A
5 g 2 | Harpyska
£ 8 | mecummerpuuHas
2,
—1 2 B
6 ; Harpyska
3] CUMMETpHUYHAS

5. HM3menure compoTHuBieHHUA B (ha3ax Harpy3kd B COOTBETCTBUU C HOMEPOM OIbBITA
(Tabmn.2). U3meppTe Bce TOKHU, (ha3Hble HAINpPSHKEHUS Ha PE3UCTOpPAaX HArpys3Ku, HaIMpsKeHHE
cMmeiieHus Hynas Unn mpu BKIIOYEHHOM M OTKJIFOUYEHHOM HEHTpajJbHOM IpoBoje. Pe3ynbrarhl
U3MepeHuil 3anecure B TabJ.2.

6. Ilo oxOHUAaHUHM BCEX OIBITOB PE3yJbTAThl U3MEPEHUU MPEACTaBbTE MPENOAABATEII0 U
TOJILKO ITOCJIE 3TOTO OTKJIIOYMTE IMUTAaHUE BCeX OJIOKOB U pa3depuTe COOpaHHYIO LEMb.

7. Jlns BcexX MPOBEJIEHHBIX OIBITOB ITOCTPOMTE B MacIITabe BEKTOPHBIE JUATPAMMBbI.

8. CdopmynupyiiTe BBIBOIBI 1O paboTe, OOpaTHB BHUMAHUE Ha BIIMSHUC HEUTPAILHOTO
MpoBO/Ia Ha paboTy TpexQazHoil enr IpU Pa3IMYHBIX BUAAX HArPy3KH.

KOHTPOJIBHBIE BOITPOCBHI

1. Kakast Tpex¢aznas cucreMa HanpsHKCHUH Ha3bIBAETCS CHMMETPHYHOH ?

2. CooTHolIeHHE MEXAY JHUHEHHBIMH W (a30BBIMM TOKAMH M HANPSDKEHHUSIMHA — TIPU
CUMMETPUYHON Harpy3Ke, COeIMHEHHON 3BE30M.

3. KakoBa poJib HyJIEBOTO MPOBOJIA B YETHIPEXIIPOBOIHOM Tpexha3Hoi cucteme?

4. Harpy3ka cummeTpudHa U coenvHeHa B 3Be3ay. [Iponsomien oOpbIB TUHEHOTO MpoBoAa A.
Kaxoe cooTHomenne mMex 1y ha3oBbIME 1 TMHEHHBIMU HANPSHKEHUSIMH B 3TOM ClTydae?

5. Urto npons3oueT rnpu 00pbIBe HYJIEBOTO MTPOBO/IA, €CIIN Harpy3Ka HECUMMETPUYHA?

6. [Touemy omacHO KOpPOTKOE 3aMBIKaHHE OJHOM (ha3bl MPUEMHHKA B YETHIPEXITPOBOIHON e ?

7. 3amumuTe KOMILIEKCHOe BbhipakeHue s (asueix OJIC mnpu coequHeHHMH OOMOTOK
reHepaTopa 3Be310H.

8. 3anuImTe COOTHOIIEHUE MEXy JIMHEWHBIMU U (a3HBIMH TOKAMH M HANPSHKCHUSMH TIPH
coenuHeHNH (ha3 MPUEMHHKA TPEYTOJILHUKOM B CITy4YasiX CHMMETPUYHON 1 HECUMMETPHYHON Harpy3oK.

9. Hanwmmure BbIpakeHUs! JUIsi aKTHBHOW, PEaKTUBHONW W TIOJIHOM MOIIHOCTEH TpexdazHon
CUCTEMBI.

JUTEPATYPA

1. Kypc onexrtporexnuku: Yueb. [ns By3oB/A.C.Kacatkun, M.B.Hemmos.- 10-e u3m., ctep.-
M.:BricH.1ik.,2009.-542 c.: win. Ctp. 196 — 216.

2. DnekrporexHuka: YueOHoe mocobue /M.U.MBanos, I'.M.ConoBbeB. - 6-¢ usm., crep. — CIIO.:
WznarensctBo «Jlauby, 2009. — 496 c.: wi. — (YueOuuku jyis By30B. CrienuanbHas aureparypa). Ctp. 174



—208.

3. DnekrporexHuka u anektponuka: Kypc nexumit/ ['.B.CaBunoB. — M.: H3matenbcko-Toprosas
kopropanus «Jlamkos u K, 2009. — 324 c.: un. Ctp. 82 — 104.

4. DnexkTporexHuka u nekTponnka: YueOnuk/ O.I1.HoBoxunos. — M.: ['apnapuku, 2008. — 653 c.:
un. Ctp. 88 — 94.



Tunosoit KOMIIEKT Y4e¢0HOr0 000py10BaHM S
«DJIEKTPOTEXHUKA U OCHOBBI 3JICKTPOHUKH

SMEXTPOTEXHMNA W DEHOBML
INEKTPOMMKN

TunoBoit KoMIIEKT y4eOHOTO 00OpynoBaHHsS «INEKTPOTEXHUKA U OCHOBBI
JNEKTPOHUKW» TpeIHA3HAaYeH Jid TPOBEACHHS JIaODOpATOPHBIX 3aHITHHA MO Kypcam
«OIEKTPOTEXHUKa» U «JNEKTPOHUKA» U 00ECIeUrBAET U3yUYEHHUE IEKTPUUECKUX LIeTen
MOCTOSTHHOTO M TTEPEMEHHOTO TOKa, TpeX(a3HbIX IETeH, MOTYITPOBOIHHKOBBIX IPHOOPOB,
AQHAJIOTOBBIX DJIJIEKTPOHHBIX YCTPOWCTB, D3JIEMEHTOB IU(POBOH TEXHUKH UM OCHOB
3JIEKTPOMEXAHUKHU.

KomruiekT o6opynoBaHusi IMEET CTEH/I0BOE UCIIOJIHEHUE.

B xommnekT o00opynoBaHus BXOIAT CIEAYIONINE JIa00paTOPHBIE MOTYIIU:
ABToTpanchopmarop.
O yHKIHUOHAIBHBIN F€HepaTop.
H3mepurennb MOIHOCTH.
Hcrounuk nuranus.
H3meputenbHbIe TPUOOPHI.
MynbTUMETPBI.
Tupucropsl.
Jwnonbl, pe3ucTopbl U KOHAEHCATOPHI.
Henunetinpie aemMeHThl. PeakTrBHBIE 351IeMeHTHI. Pe3anctopsl/ AKTHBHAS
Harpyska.
OrnepalinOHHBIA YCUITUTENb. T PaH3UCTOPHI.
Hudposas TexHuka.
Tpancdopmarop ogHODA3HBIN.
MunnuamnepmeTpsl.
Ocuumiorpad.
Monaynbs nuTaHus.
Monynb CUI0BOW/M3MEPUTETHHBIN.
AKTHUBHas Harpy3kKa.






1 ONUCAHUE U TEXHUYECKHUE XAPAKTEPUCTUKA MOIYJEN
«QJIEKTPUYECKHUE LHEIIN 1 OCHOBBI 2JIEKTPOHUKHN)»

1.1 ABTOTPAHC®OPMATOP

ABTOTPAHCOOPMATOP I

BbIXOA

a

2

Pucynok.1.1 — ABrorpancdopmarop

Monynb Bkitodaet B cedsti: mabopatopHsbiii aBToTpanchopmarop (JIATP) u mocToByto cxemy
BHINIPsIMIIEHUS. Perynupyemslii aBroTpancdopmartop rnpegHa3HadeH Ajsl npeodpa3oBaHus 01HO(A3HOTO
HEPeTyIUPYyeMOTo HampshKeHUs TpoMbInuieHHoH 9acToTel 220B/50 'ty B omHOda3HOE perymupyemoe
HanpsbkeHue 0-250B Toit xe yactoTel. JIATP umeer HoMuHansHOE BXoAHOE Hamnpsbkenue 230B. Bxognoe
HanpspKeHHUE MoJaeTcsl Ha BXOI «A» U «X» H BKIIIo4aeTcs B padoTy TymOnepoMm «Bki». BeixonHoe
Hanpsbkenue ot 0 1o 250B perynupyercs npu nomon pyuku JIATPa, BeIBeZIecHHOM Ha IEPEAHIO0
naHenb. HoMuHanbHas MoITHOCTE Harpy3ku coctasiseT 250Br. [lepen HadyaaoM npoBeaeHus
71a00paTOPHBIX SKCIEPUMEHTOB HEOOXOAMMO PYUKY PETYIUPOBKH HAIPSIKEHUS! YCTAHOBUTh B
nosioxxeHue «0 By.

MocToBasi cxema BBHIIIPSIMUTENS MIpeJHa3HaueHa Ui NIpeoOpa30BaHus IEPEMEHHOTO
JIBYTIOJISIPHOTO HaIPsDKEHUS B OAHONOJSIpHOE. MOlylIb HE UMEET LieTIeH MUTaHusl.

TexHn4yeckue XxapakTepUCTUKU

UYucno a3z, He MeHee 1
HomunansHas MOIIHOCTE, B-A 250
HomunansHoe HanpsbxeHue, B: - mepBudHOM 2200...250

00OMOTKH - BTOPHYHOH 0OMOTKH

Yacrora HanpsokeHus, I 50+0,5
3ammra OT EPETrPY3KH I10




Pabouee HampspKkeHHE MOCTOBOIO
BBINIPSIMUTEIISL HE MeHee), B

600

MakcuManabHBIA TOK MOCTOBOT'O

BBIIpAMUTENS (He MeHee), A

10

1.2 ®YHKIIUOHAJBHBIA TEHEPATOP

Mopayab cocTouT U3 IBYX (YHKIMOHANBHBIX Y3IJIOB: Tpex(}asHoro reHeparopa H, COOCTBEHHO,

(HyHKIMOHATBHOTO TEHEPATOPA.
OyHKIMOHATBHBI TeHepaTop MpecTaBiIseT

l OYHKUMOHAAbHBIA FEHEPATOP I

YACTOTA 10 luy...100 'y AMNAUTYAAD...10B

TPYEO et TOYHO e

000

10...100 Tu @
0.1..1ku@ Av.
1..10xMu @ ° ‘O °
10...100 xTu @ 00
AVIATIA3OH DOPMA |

?—mon-@

TPEXDA3HbIN FTEHEPATOP

© 0900

-~
.

CETb
BKA.

.

BKJIIIOYCHUA npn60pa B UBMCPUTCIIbHYO LICIIb

Pucynok 1.2 - @yHKINOHATBHBIA TE€HEPATOP

coboll reHeparop KoneOaHWU 3aJaHHOW (OPMEI,
4acTOTHl W aMIUIUTYAbl. YacTOTHBIA JIuama3oH
rereparopa cocrapisger 10 ['m... 100 k['q u pa3dut
Ha 4 nopnuana3ona: 10...100 I'm, 0,1...1 xI['ny, 1...10
k[, 10..100 xlm. IlepexirodeHne MexIy
NO0JIMana30HaMy MIPOUCXOJUT IyTeM HakaTHs Ha
TaKTOBYIO KHOIIKY. Texymmit auara3oH
HHAWLUPYETCS] BKIIOYCHHEM COOTBETCTBYIOILLIETO
CBETOANOJIA. PeanmzoBano IBa pexxuma
PETyIUpPOBKM YacTOThl TeHeparopa pydKamMu
«I'py6o» n «Touno». Tekyiee 3Ha4eHNE YaCTOTHI B
I'm oToOpaxaercs Ha U pPOBOM HHIUKATOPE.

Beibop  ¢opmel  BBRIXOEHOTO  cHTHala
reHeparopa OCYIUECTBISIETCS TaKTOBOW KHOIKOM,
IIPH 3TOM 3aropaeTcsi COOTBETCTBYIOIINH CBETOINOA

MPSMOYTOJIbHAS JBYIIOJISIpHAS,
CHUHYCOMJANbHAsl, TPEYroNbHas, NPSIMOYrojbHas
OJTHOTIOJISIPHAS TTOJIOKHUTENbHASL.

AMIITUTY/1a BBIXOJHOTO CHTHajla TeHepaTropa
perynupyercs B auanazone 0..11 B  pyukoit
«Ammutyga». s oToOpakeHHsT — TEKYLIEro
3HAYEHUs] aMIUIMTYAbl Te€HepaTopa HEeoOXOIHMO
MOJKIIFOYUTh U3MEpUTENbHBIN npudop. Ha nuuesyro
BBIBEJICHBI «Bpxon» s

IIaHCJIb KIICMMBbI

TpexdasHeiii TeHepaTOp COACPKUT BBIXOJHBIE THE3/1a HanpsokeHuid ga3 A, B, C u HeliTpansHOTrO

npoBoanrnka N. HanpsbkeHuss Ha BBIXOJHBIX THE3laX Tpex(a3HOro reHepaTopa MOSBISIOTCS 4epe3

onpenenéaHoe Bpems (mopsiaka 30-40cek). DTO CBA3aHO C OCOOCHHOCTSMH HCITOJIB3yEMOU CXEMBI

reHeparopa.
BxiiroueHne/BBIKITIOUEHHE  MOIYJIS

PpacCIiojio’KEHHBIM Ha HepenHeﬁ ITaHCIIH.

IIPONU3BOAUTCA

KJIaBUIIHBEIM  BBIKIIOUateaeM  «BKJIy»,

TexHuueckue XapakTepUCTUKHU

TOKA C 3aIUTHBIM TPOBOTHIKOM
- HanpsibkeHue, B
- gyacrtoTa, [’

DeKkTponuTanue oT 0HO(GA3HON CETH IEPEMEHHOTO

230+10%
50+0,5




MakcHMaJIbHBIN TOK HArpy3KH, A 0,3
BbIxo1HOE HAMPSHKEHUE CIICIHATBHON HOPMBI:

- CHHYCOHUIATbHOE

- amIiuTya, B 0..x11

- yacTtora, I'1g 10... 100000
- IPSMOYTOJILHOE, BYITOISAPHOE

- aMItuTya, B 0...x11

- gacrora, ['1g 10... 100000
- CKB2)KHOCTb 2

- TPEYTrOJIbHOE

- ammuTyna, B 0..11

- gacrora, ['1g 10... 100000
- IPSIMOYTOJILHOE, OTHOTIOJIIPHOE

- ammnTyna, B 0..+11

- yacrtoTta, ['11 10... 100000
- CKB&XKHOCTb 2
WHanKkanus TeKyIero 3Ha4eHus YacTOThI udposast
ITorpemHOCTE M3MEpPEHHS YaCTOTHI, HE Ooee 0.1%

Brixon Tpex¢azHOro CMHYyCOMIAIEHOTO HAIPSDKEHHUS C HYJIEBBIM BBIBOJOM:

- JCHCTBYIOLIIEE 3HAUCHHE HaIpsDKEHUs, B 3x8 +10%
- yvacrorta, I'1 50 £1%
- TOK, A, He Ooiee 03

1.3 UBSMEPUTEJIb MOIITHOCTHU

Pucynox .1.3 - Usmepurens MOIIHOCTH

Moaynb npeaHa3HaueH sl U3MEPEHUS
JIEUCTBYIOLIMX 3HAYCHUI NIEPEMEHHOI0 HANPSHKEHUS U
TOKa; aKTUBHOM, pEaKTUBHOM U MOJHON MOITHOCTH,
YacTOThI U COS () HA HATPY3KE B LIETISIX IEPEMEHHOTO
TOKa. MOyIb COAEPKUT UPPOBOI 3-X CTPOUHBIH
HHMKATOP, HA KOTOPOM OTOOPaXKaroTCsl CIICIYIOIINe
napaMmeTpsl: 1) HanpsbkeHue, 2) TOK, 3) akTHBHAs

MOIIIHOCTB, p€aKTHBHAA MOIIHOCTD, IMOJIHAA

*
MOIIHOCTb, YaCTOTa U COS ¢. BxomnHoe

@—f:_\_*@}-—( »—-@ n3MmepsiemMoe Hampspkenune - g0 400B  (wnmm 40B),
PW

®
G z MaKCHMaJIbHBIN H3MepseMbIid TOK - 600MA.
o o 0 ° Ha nuneByro maHens BBIBECHBI KJIEMMBI TS
BKJIFOUEHUS TPUOOPA B MBMEPHUTEIIHHYIO 1EM.
BIEOP AWAA3OHA U3MEPEHUR TexHuYecKne XapaKTepUCTUKN
108...400 B
18..408

DJIeKTpONUTaHHEe OT OHO(A3HOW CETH EPEMEHHOTO
TOKa C 3aIlUTHBIM ITPOBOJAHUKOM:
- HanpsbkeHue, B 230

- yacTOTa nuTaroniei cetu, I 50




IToTpebnsemast MoITHOCTE, B-A, He OoJee 10

KonngaecTBo BXOA0B (TOK, HAIPSKCHHUE) 2

BxomHoe conmpoTuBIeHNE IPHU N3MEPESHUN HATIPSHKCHIS 560 kOMm
1o 400B, He MeHee

BxonHOE conpoTHBIICHHE TIPU H3MEPCHUHU HATIPSKCHUS 56 kOm
1o 40B, ne menee

ConpoTHBIIEHNE H3MEPUTEIFHOTO IITyHTA 0,05 Om

TIpenensr uamepeHus:

- aKTHBHAs MOIIHOCTE, BT 0,02... 240

- peaKTHBHAs MOIIHOCTb, Bap 0,02... 240

- IIOJIHAsI MOIMHOCTE, BA 0,02... 240

- HanpsoKkeHue (mepeMenHoe), B 10...400./1...40

-TOK (TIepeMEeHHBIH ),MA 2...600

- YacToTa TOKa/HanpsoKeHust, [ 1 45... 65

-K03(HUIIMEHT MOIITHOCTH (COS ) 0... 1,000

ITorpemHocTs U3MEpEHUS HAPSDKEHUS, %, HEe Ooee +1,0

[lorpemrHocTs M3MepeHus ToKa, %, HE Ooee +1,0

[MorpemHocTs M3MEPEHUST MOIIHOCTH, %0, HE OoJee +2,0

[orpemHocTs U3MEPEHUS YaCTOTHI, %, HEe OoJice +1,0

[orpemHocTs U3MepeHus cos ¢,% , He Oosee +2.5

IIpu n3MepeHnn MOITHOCTH PEKOMEHAYETCs Mepe]] BKIIOUEHNEM B CXEMY yCTaHABJIMBATh MpeJie
u3MepeHus HanpsbkeHus B nosioxkenne «10B...400B», ecnu u3mepsiemoe HanpsHkeHHE UMEET 3HaYSHHe
Menee 10B, To He00X0UMO MEePEKITIOUNTHCA Ha Tipenen uameperus «1...40B». B stom nuamazone
HEOOXOJIUMO YUUTHIBATH MHOXKHUTEND «0,1» A7 mokazaHuid HaNpsHKEHHUSI 1 MOIITHOCTH. JTO
otoOpakaeTcsi Ha Tiepe/lHeH TaHEe M B BUJIE CBETSIINXCS CBETOINO/IOB.

HeoOxomuMo uMeTh B BUY, YTO OOJbIIAas TOYHOCTH OOECTIeYMBAETCS MPH 3HAYEHHSIX KOTOPHIE
HaxoJsATCs Onmmke K BepxHed mikane auanasoHa. (Hampumep, nmpu m3mepenun Hampsokenus ot 10B mo
39.99B nyuine moas30BaTHCS AUANa3oHOM HanpsbkeHuit 1B...40B).

BHHUMAHHE!

1) 3anpewaemcs ycraHaBnuBath TyMOJep quana3oHa U3MEpeHHid B mojokeHue «1...40By» mpu
u3MepeHnH HanpsbkeHuid 6ostee 40B, a Takke 3anperiaeTcs MPOU3BOAUTH MAHUITYISIMHA C TyMOJIepoM
Jrana3oHa U3MepeHHi Py MoJJaHHOM HanpsbkeHun Oonee 40B.

2) 3anpewaemcs ynepxxusarh Haxatyro kinasuiry «BbIBOP USMEPEHUSI» Gornee 5 cek, T.k. B
3TOM CIIy4ae MOKET IMPOU30MTH cO0ii B HACTpoiKax mporpammsl. Eciu 3To mpousonuio, To ais
BOCCTAHOBJICHUS CJIEAYET MPOU3BECTH CIEAYIONINE OMEPALINH:

[ocne naxxatust n yaepxxanus knonku «BbIbOP UI3SMEPEHU A» Gonee 5 cex Ha BepxHEM
MHAMKATOPE MOSIBJIAETCS HAUCh « N-Ir », a Ha cpenHeM nosBuTcs dncio «100». Eciu 310 uncno He
pasto 100, To HEOOXOAMMO MTOOUYEPETHO KPATKOBPEMEHHO HaxKUMaTh kiaBuiry «BbIBOP
M3MEPEHU S, no nosinenus 3uadenus «100». [Tocie atoro Haxats knasuiny «BbIBOP
U3MEPEHUS» u ynepxxuBath e€ Ooiee 5 cek, 10 MOsIBICHUS HaIMUCH «Y ESy.

1.4 UCTOYHUK IMTAHUA

OnHoda3HbI UCTOYHUK MUTAHUS MpeIHa3HauyeH Uil MUTaHUs OAHO(A3HBIM MEPEMEHHBIM TOKOM
MPOMBIILIIEHHON YacTOTHI (PYHKIIMOHAJIBHBIX OJOKOB yueOHBIX 1a00paTOPHBIX KOMILIEKCOB.

Monynb COOEPKUT B CBOEM COCTABE:

*  CTaOMIM3MPOBAHHBIN perynupyembiid B peaenax 0...12 B, 0,5A UCTOYHUK MOCTOSHHOTO TOKa
C 3aIIUTOH OT meperpy3ok no Toky El.Mcrounnk o6opynoBaH nupoBsIM BOJILTMETPOM;

*  HUCTOYHHK IepeMeHHOoro Toka 12B x 0,2A ¢ BHyTpEeHHEH 3aIUTON OT eperpy30kK 1mo Toky E2;

*  CTa0MIM3MPOBaHHBIN perynupyembiii B mpeaenax 0...12 B., 0,5A UCTOYHUK OCTOSIHHOTO TOKa
C BHYTPCHHEH 3aIIUTOH OT Ieperpy3ok mo Toky E3.



*  Hctounuk nepemernHoro Toka 220B x16A.

Ucrounuku (E1-E3) mMmeroT raibBaHHYECKYI0 Pa3BA3Ky APYr OT Apyra W OT MHTAOMIEH CeTH
220B/50I'n. Ha 3amgHeii cTeHKe MOyl UMEETCS pa3beM IS TMOAKITIOYEHUS MOIYJS K MUTAIOMIeH CeTH
220B. BxiodyeHue/BeIKIIOUCHHE MOJIYJIsl MPOU3BOANTCS BhIKmouareneM «BKJD», pacrnonoxeHHBIM Ha
HepeHEN NaHemu.

E2 £3
“12B0,2A 0..128B

i
o'l o}

\ VDS /

Pucynox .1.4 - UcTouHHMK TUTaHUS

Monyne UMeEEeT B CBOEM COCTaBe aBTOMATHUECKWH BBIKIOYaTenb auddepennmansasii BJ1-63.
Breikmouarens  auddepeHnmanbHpli  MpenHa3HAYEH JUIA  3allUTHl  YENOBeKa OT MOPaKEeHUs
ANEKTPUUECKUM TOKOM IPH CIy4YallHOM HENpeAHAMEPEHHOM MPUKOCHOBEHUH K TOKOBEAYIIUM YaCTIM
AJIEKTPOYCTAHOBOK TIPW TIOBPEXKJEHUHM HW3OJAINW, a4 TakKe IS 3allUThl DIIEKTPOOOOpPYAOBAaHUS OT
BO3HUKHOBEHUS noxkapa. HomuuaneHbil Tok BJ[1-63 cocraBnser 16A, HOMUHAIBHBIA OTKIFOYAOIIMIMA
mupdepenunansaeii Tok 30 MA. BJ1-63 - snekrpomexaHMYecKO€ YCTPOMCTBO, HE HMMEIOIIee
COOCTBEHHOTO TOTPEOJICHNUsI 3JIEKTPO3HEPTUH, COXpaHsieT paboTOCIIOCOOHOCTh, T.€. OCYIIECTBIISET
3aLIUTYy OT 3JIEKTPONOPAKEHUH U BO3TOPaHUM MPH JIOOBIX KOJeOAHUSIX HANPSHKEHHUS B CETH M AaXKe MPU
o0pbiBe HyneBoro pabodero mpoBoaHUKA. Brikmrouatens BJ[1-63 BEIMONHEH B ABYXIOJIIOCHOM
ucnoaHeHud. [ KOHTpoIst paboTOCIIOCOOHOCTH BEIKITFOUATENb CHA0KeH KHOMKOH « TECT».

Brutouenue/oTkiIroueHIE MOZYJIA MIPOU3BOAUTCA pH MTOMOIIH BBIKITIOYATENS
mupdepernuansHoro. s BKIIOYCHUS/BBIKIIOUYEHHST  HU3KOBOJIBTHBIX ~ MCTOYHHWKOB  ITHTaHHS
MIPEAYCMOTPEH OTIENbHBIA KJIaBUIIHBIA BBIKIOYATENb «BKI.», pacnosioKEHHBIA Ha JIMLIEBOW NaHENIH
MOJTYJIS.

TexHuYecKne XxapakKTepUCTUKN

SHCKTPOHI/ITaHI/Ie oT 02[H0(1)33HOI>'I CCTHU NICPEMCHHOT'O TOKA C
HYJICBBIM U 3allIUTHBIM IPOBOJHUKAMMU:

- HafnpsbkeHue, B 230+10%
- TOK, A, He Ooee 16
- yacrota, ['11 50+0,5




Brixonssle:

- HarpsbKenue, B 220+10%

- TOK, A, He Ooee 16

YcTpolicTBa 3aluThl Brikmrouartenb

HoMuHaIBHBIN TOK HATPY3KH, A 16

HoMuHansHBIH oTKITIOUaronuit aud G epeHInaIbHBIN TOK, 30
MA

[MapaMeTpbl BTOPHYHBIX HCTOYHHUKOB:
HUcrounuk El:

- perynupyeMoe MOCTOsTHHOE HanpshkeHue, B 0..+12

- TOK Harpy3ku, A 0,5

- MHIOUKALAS nndposas
Hcrounuk E2:

- IepeMeHHOe HampsbkeHue, B ~12

- TOK Harpy3ku, A 0,2

- Uctounuk E3:

- peryaupyeMoe MoCTOSIHHOE HanpshKeHue, B 0..+12

- TOK Harpys3ku, A 0,5

Knemmer:

- (haznbrit mpoBos L1 2
- HyIeBoii nmpoBo N 2
- 3alIUTHBINA poBOAHUK PE 1

1.5 USMEPUTEJIBHBIE IIPUBOPBI
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Pucynok 1.5 - IsmepurenbHbie TpuOOpHI

aUQpoBbIE

HU3MCPUTCIIbHBIC

npuOOPEL:

YETBIPE

AMIICPBOJIBTMCTPA



MOCTOSIHHOTO/TIEPEMEHHOT0 TOKa C COOTBETCTBYIOLIMMHU THE3JaMU JAJISl BKIIOYEHUS B M3MEPHUTEIBHYIO
LeNnb, BHIBEJACHHHIMM Ha JIMIEBYI0 NaHedb. BbIOOp (QYHKIMOHATBLHOTO Ha3HaueHHWs mpudopa
OCYIIECTBIISIETCS. € MOMOIIbI0 MUKpOTYyMOnepoB «U,B/I,MA». B BepxHEeM MOJNOKEHUHU OH BBITIONHSET
(GYHKLIMIO BOJIBTMETPA, & B HIDKHEM - ammepMmerpa. Bribop nuamasoHa M3MepeHus aMIepBOJIbLTMETPOB
20, 200 u 500 B/MA mpou3BOIMTCS NPU MOMOIIW MHKPOTYMOJIEPOB, UMEIOIIMX TPH (PUKCHPOBAHHBIX
nosoxenus (Bepxuee nonoxenue - 200, cpennee - 500, mmkuee - 20).

Pon m3mepsiemoro Toka mpuOopa (HepeMeHHBIH WM TOCTOSHHBIN) BbIOMpaeTcs TymOnepamu
DC/AC (Bepxuee nonoxenue (DC) -TOCTOSHHBIN TOK WM HampshKeHue, HukHee nonoxenue (AC) -
MIEpPEMEHHBIN TOK WU HampskeHue). [lorpenrHocTs n3MepeHust TOKOB M HalpsokeHud - 2,5%. Ha 3aaneit
CTCHKE MOJYNs UMEeTCsl pa3beM Uil NOAKIIOYeHUS MOAyls K mnuTaoomeit cern 220B.
Brutouenre/BBIKITIOUEHIE MOTYJIsl TPOU3BOANTCS KJIABUIIHBIM BBIKIIIOUYaTesneM «BKI1.», pacmonokeHHbBIM
Ha JINLEBOW MTaHEIN.

Bce MUITIMaMIIEPMETPbl UMCIOT BCTPOCHHLIC CXCMBI 3alllUThl HIYHTOB OT HpﬂMOﬁ nogayu
HanpshDKeHUs 0e3 MOCIe0BaTeIbHON Harpy3ku. B ciyyae mpoTekaHus MOBBIICHHOTO TOKA 4Yepe3 IIYHT
(6onee 1A), OH OTKITIOYAETCS OT IICTH ITyTEM Pa3MbIKaHHUS Ha BPEMs OKOJIO 4CeK.

[lpu u3MepeHHM IOCTOSHHOTO TOKA WMJIM HAIPSDKCHUS THE3/I0 KPacHOrO IBETa COOTBETCTBYET
MOJIIPHOCTH ILTIOCY». ['HE3/10 UEPHOTO IBETA - MOJIIPHOCTH «MUHYC.

TexHuueckie XapakTePUCTHKH

DeKTponuTaHue OT 0JHO(GA3HON CeTH MEPEMEHHOTO TOKA C 3aI[UTHBIM
MIPOBOTHUKOM:

Hanpsxenue, B 230

Yacrora nuraromen cetu, I'1g 50

[Motpebnsiemast MmomHOCTH, BA, He Gonmee 20

KommuecTBo UG POBBIX BOIBTMETPOB 4

KonnuecTBo M(ppOBEIX aMIIepMETPOB 4

Pon Toka n3sMepHuTeNbHBIX IPUOOPOB NePEMEHHBIN /TIOCTOSHHBIH

JuckperHocTs n3Mepenus Hanpsbkenus, B 20 /200 /500

JluckpeTHOCTh U3MEpeHus ToKa, MA 20/200 /500

1.6. MYJIbTUMETPbI

[Ipumeuanne. B TexHHUECKOM OMHCAHWU U METOAMYECKUX yKa3aHHUSIX TOKa3aHO HCIIOJIb30BaHHUE
MyJIbTAMETpOB Tua MY61..MY64. B naHHOM BapuaHTe CTEHJa HMCIOJIB3YIOTCS MYJIBTUMETPHI THIIA
MY63 .M3MeHeHue Tuma MyJIBTUMETPa HE OKas3blBae€T CYIIECTBEHHOIO BIMSHHUS Ha IOHUMAaHUE
NPOLIECCOB, MPOUCXOAAIIMX MIPY IPOBEJCHNUH 3KCIIEPUMEHTOB U 1TaOOpaTOPHBIX padoT.

Monaynp npeacraBiseT co00d OJIOK M3 IBYX MYJIbTHUMETPOB. MyJIBTUMETPbl UMEIOT HECHEMHYIO
KOHCTPYKIIMIO W CBOM COOCTBEHHBIC, TajbBAHWYECKH pa3BA3aHHBIE WCTOYHUKU IHTaHHUS OT CETH
220B/50I'u. MynsTUMeTp NpegHa3Ha4YeH AJ1sl U3MEPEHHs BEIMUYMHBI CHUIIBI TOCTOSIHHOTO U MIEPEMEHHOTO
TOKa, TOCTOSHHOTO M TIEPEMEHHOT0 HAaNpsDKEHUs, CONPOTHBICHHA W KO3(QQUIMEHTa YCUICHUS
OWIONSIPHBIX TPAH3UCTOPOB. BBICOKOE BXOAHOE COMPOTHBICHWE HE BHOCHT MOTIPEIIHOCTH IIPH
M3MEPEHMSIX BEJIMYMH. BBIOOD mpenenoB u3MepeHus: BEMMUYMH IPOU3BOANUTCS BPYUHYIO TyTEM YCTaHOBKH
HY>KHOTO ITOJIOKEHUSI MHOTOITO3UIIMOHHOTO MEPEKITIoUaTess.

BrutoueHre/BBIKIIIOUEHHE  MOJYNS  IPOM3BOAMTCS  KIABUIUHBIM  BBIKIIOYareieMm  «Bkiy,
pacrosI0KEHHBIM Ha JIMIIEBOM MaHEeH.

TexHn4yeckue XxapakTepUCTUKU

SHCKTpOHHTaHI/Ie oT 0HHO(1)a3HOI>i CCTHU ICPEMECHHOT O
TOKa C 3alllUTHBIM IMTPOBOAHUKOM:

- HafnpsbkeHue, B 220
- 4aCcTOTa MUTAroIeh ceTu, I'1y 50
PexxuM BpIOOpa peeioB H3MEPEHUS PYUHOM
KonnuecTBo n3Mepenuii B CEKyH Ly 2-3




ITocTosHHOE Hanpshxenne U= 0,1MB- 1000B
[lepemennoe Hanpspxkenne U~ 1MB-750B
ITepemenHBI TOK |~ 10MxA-10A
ITocTostHHBIN TOK |= 0,1 mxA-10 A
Jmnamna3oH 9acToT 1o nmepeMeHHOMY TOKY 40- 1000I'1
Conportusnenue 2 0,1 OmM-20Mom
Bxognoe conporusnenne R 10MOmM
Junom-tect eCTb
ABTOBBIKITIOUCHHE ~ 15 muH
Pexxum «po3BoHKa» <500Mm

BKA.

-
18N
:

MYABTUMETPbI

|
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|
|
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Pucynok 1.6 - MyasTuMeTpsl

IIOAIOTOBKA U ITPOBEJJEHUE M3MEPEHUH C [TOMOILBIO MYJIbTUMETPA

Hns u3mepenust Tpex O0a30BBIX AJIEKTPUYECKUX BEIMYMH (TOKA, HAMPSDKEHUST W OMHYECKOTO
COIIPOTHBIICHHSI) HCIONB3YETCS MYNbTUMETP. MyNIbTUMETp SBISETCS OCHOBHBIM H3MEPUTEIHHBIM
WHCTPYMEHTOM B clIa00OTOYHBIX CUCTEMAX.

MynabTuMeTp, B 00IIEM clydae, HMEeT CIEAYIOINE PEXKUMBL:

* 3Mepenne nepeMeHHOTO HaIPsDKCHIS, TIpeAeiibl m3Meperuit 1o 600 B;

* ['erepaTop MPSMOYTONBHBIX UMITYJIHCOB;

* V3amepeHne CUITb TOKa 71 MOCTOSIHHOT'O HAMIPSKEHMUST;

* 3mepenue noctossHHOTO ToKa 110 10 A;

* IIpoBepka TpaH3UCTOPOB;

* [Ipo3BOHKA [T OTIpeAeTICHHS [IETIOCTHOCTH Kabeds;

* Usmepenne conpotusneHus npeaens uamepernid 200 Om, 2000 Om, 20 kOm,200 kOwm, 2000
kOm, 200MOwm;

. M3mepenue nocTosIHHOTO HanpsbkeHus npeneisl n3mepenuit 200 mB, 2000 mB, 20B, 200 B, 1000
B.

2 20k 200 2M oy
o o 200M

o\ 2

® L
20n z'n\ 20k %




Puc. 1.6.1 JIunesas nanenb MyJIbTUMETpA!
1 -nucnuieii; 2 - BBIKIIOYATEIb IUTAHUS, 3 - THE3HO MJIS
MIPOBEPKHU TPAH3UCTOPOB; 4 -MIePEKIIIoYaTeNh PEKUMOB;
5 - pazbeM 1S OAKITFOUCHUS TEPMOIIAphI; 6 - pa3beM
JUTSL TOJIKITFOUCHUSL KOHJIEHCATOPa; 7 - BXOJBI JIJIsl U3MEPEHUS TOKa,
HaIpsHKEHUS], COMMPOTUBIICHUS
Puc. 1.6.2 Ilepekimouarens pexxuMOB MyJIbTUMETPA



10A mA COM
VQHz

O O O O

Puc. 1.6.3 N3meputenbHble BXOBI MyJIbTUMETpPA:
10 A - Bxog nns u3Mmepenus Toka 10 10 A; mA - Bxox s uamepenust Toka 1o 200 mA; COM -
o0mmit Bxon (3emiist); VQHZ - BXoa Ju1s M3MEpEeHHS HANIPSDKEHUS B COTIPOTUBIICHUS

MEPBHI BE3OITACHOCTH

Hukorna He mpeBbIIaiiTe MaKCUMAIBHO TOMYCTUMBIX 3HAYEHHUN BXOJHBIX CUTHAJIOB, YKa3aHHBIX B
crenruKaMy A7 KaKA0T0 JUana3oHa N3MEpeHHH.

He xacaiiTech OTKpBITBIX THE3/I MYJIBTUMETPA, KOT/Ia OH MOJKIIIOUYEH K U3MEpsieMOl cxeMe.

Ecin mopsaok wu3MepseMol BEIMUYMHBI 3apaHee HE HW3BECTEH, YCTaHOBUTE IEpPEKII0YaTeNb
JMana30HOB Ha MaKCHMalbHOE 3HAUYEHHE.

Bcerma otkitouaiiTe NIymnsl OT U3MEPSIEMON CXEMBbI ITPH CMeHe PYHKIUU paboThI Mprbopa.

[Tpu mpoBeeHNH U3MEPEHUH B TEIEBU30paX MM UMITYJIBCHBIX OJIOKaX MUTaHUS BCErla MOMHHUTE,
YTO TaM MOTYT NPHUCYTCTBOBATh BBHICOKOBOJIbTHBIE MMITYJIbCHI HANpsKEHHSA, KOTOPHIE MOTYT BBIBECTHU
npubop U3 CTPOSL.

Hukorna He nmpoBoanTe N3MEPEHNE BETMYNHBI COMTPOTHBIICHUH BO BKIIFOUSHHBIX CXEMaX.

Hukorma ©He wu3MepsiiTeé €MKOCTh KOHIEHCATOPOB, HE YOETWBIIHNCH, YTO OHU TIOTHOCTHIO
pa3psKEHBL.

Bynste Bcerma octopoxHsl mpu paboTe ¢ HampspkeHusMH Oonee =60B wim -30 B. Ilpm
MPOBENCHUH U3MEPEHHUN JEP>KUTE NaNbLbl 32 3aAIIUTHON KPOMKOU LIYTIOB.

OO01re NPUHIMIB pa00THI C MYJIBTUMETPOM

1. IlepexirodeHuss MexXIy pexUMamMH pabOThl MYJIbTUMETpa MPOU3BOASTCA C IMOMOIIBIO
nmoBopotHoro mnepekirouarens (pucl.6.1). Ilo OKkOHYAHWIO H3MEpPEHHM HEOOXOAUMO YCTAHOBHUTH
nepexioyaTens B nojoxerane OFF, nns npepoTBpaienns paspsina 6arapen.

2. He kacatbcsi OroJeHHOW 4YacTH IIyNOB Npu paboTe C MYIBTUMETPOM, T.K.IIOMHMO
BO3MOKHOCTH MOPAXKEHHUS DIEKTPHUUECKUM TOKOM BO3PACTAET MOTPEITHOCTh HU3MEPEHHI.

3. [Mepen HayamoM pabOTHI C MYJIBTUMETPOM HEOOXOJMMO MPABWIIBHO BBICTABISTH MPEIEIIbI
u3MepeHnid. Yem Onmke K M3MEpsieMOMY 3HAUEHWIO BBICTABIICH IIpeEJel, TEM TOYHee OyNeT pe3yibTar.
Ecnu xe mpuMepHOe 3HaYeHHE H3MEPSAEMOIl BEWYMHBI 3apaHee He W3BECTHO, TO CTOUT HAYMHATh
U3MEpPEHHsl ¢ MaKCHMallbHO BO3MOXKHOTO Tpesena uaMmepeHuid. [losiBneHwe Ha auciuiee mudpbl «1»
YKa3bIBaeT Ha TO, UTO CJEeNyeT yBEINYHUTD JUANa30H U3MEPEHUH.

Buumanue! Ecnu monoxeHue mnepexiaoyaress peXUMOB HE U3MEHSIOT B TeueHue 10 MHHYT,
MYJBTUMETP aBTOMATHYECKH BBIKItOUYaeTcs. s mpomoimkeHust paboThl HEOOXOIUMO IBAXK/BI HAXKATh
KHOTIKY 2 (puc.1.6.1).

M3MEPEHUA C ITOMOLIBIO MYJIbTUMETPA

Ho mnonxmoueHHs MyJbTHMETpa K HM3MeEpSeMON Lenmd HEeOOXOAMMO BBIIOJHUTH CIEIYIOLIHe
oTneparuu:

*  YCTaHOBHUTH POJ TOKa (ITOCTOSHHBIN/TIEpEMEHHbIN );

* BbIOpATh IMANa30H U3MEPEHUI U3MEPIEMON BEIMYHHBL;

* MPaBWIBHO NOACOEANHUTH 32)KMUMbI MYJIBTUMETPA K U3MEPSIEMOH LIETIN.

N3mepenne cuibl TOKa C TOMOIIBIO0 MYJIBTHMETPA

st i3mMepeHus CHITbl TOKa HEOOXOAMMO KPACHBIH IIyT MOAKIIOUNTE K BXOay «10AY, 4epHBIH - KO
Bxony «COM»y. Ecnu Ber yBepensl, uTo B Iienu TedeT HeOombmas cuia Toka (1o 200MA), TO MOXHO
YCTaHOBUTH IIynl BO Bxon «mAy. IloaximroueHue MyIbTUMETpa B peXHME amIepMeTpa B IIelb
HEO0OXOAMMO TIPOU3BOIUTH MOCIICIOBATENBHO (B Pa3phIB IIEITH).

IToBOpPOTHEIM TIEpeKIIOYATENIEM BBIOCPHUTE JKETAEMBIM TIpeNel HU3MEpPEHUS «A=» Wi «A~» H
MOJICOETMHUTE IIYITHI TOCIEAOBATENHEHO C UCCIEAYEMON HATPY3KOM.



IIpoutnte mnokasanus Ha aucmiee. IIpy M3MEpPEeHMM MOCTOSHHOIO TOKA HHAWKATOP TOKAXKET
MOJIIPHOCTH CUI'HAJIA HA KPACHOM IIyII€.

Ecnu gmcrmedt mokasbiBaeT «l», 3TO yKas3plBaeT Ha MEPerpy3Ky M HE0OXOAWMOCTH BHIOpATh
OONBIINIA TIpeIe U3MEPEHHUSL.

N3mMepenne HanpsyKeHHs! ¢ TOMOIIBIO MYJIbTUMETPa

s u3MepeHus HalpsbKeHNs HE00X0IUMO KPAacHBIN HIyN MOAKIIOYUTE KO BXoay «VQ», YepHbIi -
ko Bxongy «COMy. IlogxmioueHne MyNbTUMETpa B pPEKUME BOJbTMETpa B IeNMb HEOOXOAMMO
MIPOU3BOANTD MapaUIEIbHO.

[ToBOpoTHBIM TepeKiIrouaTeseM BhIOEpUTE JKelmaemblid mpenen uzMmepeHus «V=» uwmm «V~» u
MOJICOETMHUTE LIYIIBl K HICTOYHUKY HAIPSKEHUS WM HCCIIelyeMOM Harpy3Ke.

IIpouture mnokasanus Ha juciuiee. [Ipy HM3MEpeHUH IOCTOSHHOIO HANPSKEHHUs WHAMKATOP
MOKa)XET MOJSIPHOCTh CUTHaJla Ha KpacHOM Inymne. Ecnm aucnieit mokaspiBaeT «1», 3TO yKa3bIBaeT Ha
neperpy3Ky u He00OXOIUMOCTb BBIOPATh OOJIBIIHMA peAe U3MEPEHUSL.

N3mMepeHne conpoTHUBIEHHS C IOMOILBIO MYJIbTUMETpA

Jns u3MepeHus: 3JICKTPHUUECKOTO COTPOTHUBIICHUS ydacTKa IIenMd HEOOXOAMMO KPAaCHBIA IIyIl
MNOJKITIOUNTE KO BXxomy «VQy», depHeiid - ko Bxogy «COM». VYcTaHOBUB NepeKkiIiouaTelb B
COOTBETCTBYIOLIEE TIOJIO)KEHUE TPOU3BECTH HW3MEpPEHHE, MYJIBTUMETP IMpPH OTOM TMOJKIIOYAeTCs
napajieNbHO y4acTKy Iend. Heo0XomuMO TOMHHTB, YTO B M3MEPSEMOM YYacTKE LIEMH HE JOJDKEH
MPOTEKaTh DJEKTPUUYECKUI TOK, MHaYe MYJIBTUMETP BBIMJIET U3 CTPOS.

3ameuaHue:

*  Ecau uzmepseMoe cONpoOTHBRIIEHHE MTPEBBIIIAET MaKCUMaJIbHOE 3HaUYeHHE BEIOPAaHHOTO
IpejieNna U3MEepPEeHHs WM BXOJ] HE MTO/ICOeIMHEH K COMPOTUBIICHUIO, TUCIUIEH TOKaXeT «1».

*  Ilpu n3amepeHNH BEJIMYMHBI COIPOTHUBIICHUS, HAXOIAIIErOCs B CXeMe, yOeanTech, 4To cxema
BBIKJTIOYEHA M KOHEHCATOPBI MOJTHOCTHIO PA3pKEHBI.

e IIpu uzmepennsx ceoiie 1| MOM nprOOp MOKET yCTaHABIMBATH MTOKA3aHUS B TCUCHHE
HECKOJIBKMX CEKYHJ. DTO SIBJIAETCS HOPMAJIBHBIM MTPU U3MEPEHUN OOJIBIINX COMPOTHUBICHUH.

. Ha nuanazone 200 MOM npu 3aMbIKaHHM LIYTIOB HAKOPOTKO AUCIUIeH mokaxkeT 10 eguHuil.
OT0 3HAUYEHHUE JOJKHO OBITh BBIYTEHO U3 TOIYUYEHHOTO Pe3yibTaTa MPpHU U3MEPEHUN CONPOTUBIICHUS Ha
sToM npezene. Hanpumep, npu usmepenun conpotusieHus B 100 MOwm qucnneit nokaxer 101,0, n
npaBuibHOe 3HaueHue oyzaer 101,0-1,0= 100,0 MOwm.

W3mepeHne eMKOCTH KOHIEHCATOPOB

YcTaHoBHTE MOBOPOTHBIH MEPEKIIOUaTeNb Ha JKEIAEMBbIil ITpeesl U3MEPEHUsI eMKOCTH «F».

[Mepen ycTaHOBKOW KOHJEHcATOpa B pa3beM sl KOHJCHCATOPOB YOeIuTech, YTO KOHJIEHCATOP
MOJTHOCTBIO pa3psHKEH.

IIpu u3MepeHNH €MKOCTH KOHJAEHCAaTopa ¢ KOPOTKHMH BBIBOJAMH YCTaHOBHUTE B Pa3beM I
KOHJICHCATOPOB MEPEXOTHON aJamnTep.

TIposepka anomoB

Coemuaute depHbld nryn ¢ THe3gom «COM», a kpacubeiii ¢ rtHesmom «VQ  Hzy mpubopa
(TIOJIAPHOCTB KPAacHOTO OYIIET «+»).

VYcraHoBUTE Tepekiodareib (YHKIUHA B IOJOXKeHHE «'"P> | "» WM COCIMHHUTE KpPACHBIM NIy C
aHOJIOM, a YEepPHBIN HIyI C KaTOJOM M3MepsieMoro Auozaa. Jucrmieil mokaxer MpHOIH3UTENFHOE MPSIMOe
najJieHre HanpshKeHus Ha auone. [Ipu o0paTHOM MOAKITIOYEHNH HIYIIOB K TUOIY AUCIUIEH MOKaxeT « 1.

IIpoBepka TpaH3UCTOPOB

YcraHOBHTE MOBOPOTHBIH MEPEKIFOYATEh B MOJOKEHHE « Nrey.

Omnpenenure, kakoro tuma mpoBoauMocTH - PNP mmu NPN - mposepsemsrii TpansucTtop u
OTIPEJICIIUTE MECTOTIOJIOKEHHE €r0 AMUTTEPA, KOJUIEKTOpa 1 0a3bl.

YcTaHoBHTE BBIBOZBI TPAH3UCTOPA B COOTBETCTBYIOIIME THE3/A pa3beMa Ha pudope.

Jlucruied mokakeT MpHOIU3UTENbHbIH K03 duiment hre Tpansucropa mpu Toke 6assl 10 MKA u
HaIPsHKEHUHN KOJIEKTOP-dMUTTEp 3,2 B.

«IIpo3BOHKa» C MOMOIIBIO MYJIBTUMETPA. Y CTAHOBUTH MYJIBTUMETP B PEKUM IIPO3BOHKH, KPacHbIN
Iy MOAKIIOUNTE KO BXoay «VQ», depHbld - k0 Bxoay «COMy. [lius npoBepku pabOTOCIIOCOOHOCTH
JAHHOTO peXMMa 3aMKHYTh ABa IIyla MexAy coOoi. [Ipu 3ToM MylIbTUMETP U3AACT 3BYKOBOHM CHTHAl U



MIOKaXXET COIMPOTHBIICHNE ONM3KOE K HyJNI0. 3BYKOBOM CHUTHAN MYJIBTUMETP M3JAET NMPU CONPOTHUBICHUHU
npoBepsieMoro ydactka uenu 10 80 Om. /Iy mpo3BOHKM HEOOXOIWMO MOAKIIOYHTH IIYMBI K pa3HbIM
KOHIIaM IIeTH, eCJIi 0OpBIBa HET, TO MYJIBTUMETP M31ACT 3BYKOBOI CUTHAN WM MIOKAKET CONMPOTHUBIICHHE.

M3mMepenue 4acToTsl

Coenunute yepHbIi myn c rae3noM «COM», a kpacHsil ¢ rHe3noM «VQ Hz» npubopa.

VYcTaHoBUTE TOBOPOTHBIM Nepekiodarenb B mojoxeHue «kHz» u moacoeauHuTe NIymbl K
WCTOYHUKY CUTHaJa WM UCCIEeTyeMOil Harpy3Ke.

3aMeyaHue:

» Ilpu BxoaHoM curHaie cBbiiie 10 B cuuteiBaHre BO3MOKHO, HO TOUHOCTh HE FapaHTHPYETCH.

*  [Ipu ManbIX BXOIHBIX CUTHAJIaX B YCIOBUSX CHJIBHBIX BHEIIHUX LIIYMOB MPEANOYTUTEIbHEE
MCIIOJIb30BaTh SKPaHUPOBAHHBIN KaOelb.

1.7 JUOJbl, PE3UCTOPbI, KOHJAEHCATOPbL. KOHHEKTOP/ BJOK BBOJIA-
BBIBOJIA

AVOABI, PEIUCTOPbI, KOHAEHCATOPbI
140073 140073 1400724
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Pucynok .1.7 — Jlnonel, pe3sucTopbl, KOHAEHCATOPHI

brnox «JMO/JIbl, PE3BUCTOPLI, KOHAEHCATOPLI» npencrasnser coboii HaOOp 3I€MEHTOB IS
WCCIICIOBAHUS XapaKTEPUCTHK M MapaMETPOB BBIIPSIMUTEIBHOIO JHOJA, THPHUCTOPA, IUHHCTOPA,
Pa3IMUYHBIX THUIIOB BBITPSIMHUTENICH, a TAK)KE B KAUECTBE JIEMEHTOB JIJISi COCTABJICHHS MCCISAYEMBIX CXEM
(HOCTOSIHHBIE UM IIEpEMEHHBIE  PE3MCTOPBI,  KOHAEHCATOPHI  HEMOJIAPHBIE W TOJISIPHBIE,
CaMOBOCCTAHABJIUBAIOIIMICS MTPEIOXPAHUTEIND) U MPOBEACHHS J1aOOPAaTOPHBIX padoOT.
Moynb COIepKUT:
-IIMOJIbI JUTSl UCCIIe0BaHMS TPpeX(ha3HbIX IETCH:
* 1 N4007 x 3 (c o0muM KaTo1om);
* 1 N4007 x 3 (c o6muM aHoIOM);
- INOJIBI IS KCCIIEAOBaHUs O HOGa3HbIX 1eneit (quoansii MocT 1 N4007x4);
- caMOBOCCTaHaBIMBaronuiics npenoxpanurens JIJIP-PO30 ;



-tupuctop KY101;

- nuaucrop KH102;

- HaOop M3 §-MU OTIENIBHBIX MOCTOSHHBIX PE3UCTOPOB MOIIHOCTHIO 2BT KaXKABIil cO CleayomuMu
HOMMHAJIBHBIMU BEIMYMHAMU cortpoTuBieHuit: 22 Om, 33 Om, 47 Om, 100 Om (2 mt.), 200 Om, 300 Om,
1 kOwm;

- JIBa MEPEMEHHBIX pe3UcTopa MOITHOCTHIO 0,5BT Kax/blii ¢ HOMHHAILHBIMU BETHYMHAMHU
conpotuieHuit 1 kOm u 10 kOwm;

- 3 xonpeHncaropa: 2,2 Mx® x 50B (kepamudeckuii, Henonapuslii), 100,0mMk® x 35B u 220,0 Mmxd
x 35B (anexTponuTnieckue, NoIsipHbIE);

Ha nuueByro mnanHenp Onoka HaHECEHB YCIOBHBIE TpadUuecKue OOO3HAUYEHHs BIEMEHTOB,
BBIBEJICHBl KJIEMMBI Ui BKJIIOUEHHS OJIEMEHTOB B 3JCKTPHUUECKYIO II€Mb, YCTAHOBIEHBI PYYKH
PETYIUPOBKH.

Brok He uMeeT Lenel MUTaHHUS.

brnok «KOHHEKTOP/BJIOK BBOJIA-BbIBO/IA» mnpencrapiseTr co0oii Ha0Op 3JIEMEHTOB :
nepekirouaembie TymOnepsl SAl, SA2. Kuomku SA3, SA4, pene Ha 12B ¢ aByMS TepeKUIHBIMU
KOHTaKTaMH , 2 TAJIETHBIX TepeKItodarens Ha 4 monoxenust SAS u SA6.

bnok He nmeeT nenel nuTaHusl.

1.8 PEAKTUBHBIE SJIEMEHTBI. PE3SUCTOPBI/AKTUBHASI  HAI'PY3KA.
HEJIMHENHBIE SJIEMEHTBI

PEAKTMBHBIE 2AEMEHTbI
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Pucynok 1.8 - PeaktuBHbIC di1eMeHTHL. PesucTopel/AkTuBHAS Harpy3ka. HenrHeldHble 3J1eMEHThI



Peaxmuenvie snemenmut

Brok mpencrasisier co6oit HaOOp PIEMEHTOB IJISl MCCIEIOBAHMS XapaKTEPUCTUK M MapaMeTpPOB
PEaKTUBHBIX 3JIEMEHTOB - KaTyIIeK WHIyKTHBHOCTH, TPaHCPOPMATOPOB, KOHAeHCATOpoB. Takke 0ok
UCIIOJIb3YETCS B KAUECTBE OTACIBHBIX 3JIEMEHTOB JIJIsl COCTABIICHHSI CXEM.

Briok conmepkuT crnenyronme peakTUBHBIE STIEMEHTHI:

- B3aMMOCBSI3aHHBIC KaTYIIKA MepeMeHHOH WHIykTuBHOCTH L1, L2 ¢ nuama3oHOM JUCKPETHBIX
snauenuit ot 0,3mMI'w 10 100mI'H (0,3-0.6-1,2-2,5-5-10-22-47-100).

- KaTyIIKA HHAYKTUBHOCTH L3 1 L4, KOHCTPYKTHBHO BBHINOJIHEHHBIE HA (DepPUTOBBIX
cepJcUHHKAaX.

WunyxtusHocts L3 = 10MI'H, a L4 = 40MIH.

- TpaHcdopMaTop , BEIIOJIHEHHBIH Ha (PEPPUTOBOM CEPICUHUKE , COCTOUT U3 4-X OJUHAKOBBIX
obmorok L5...L8 nanykTuBHOCTHIO IO 10MI H.

Tok makcumanbHbIH s katymiek L1...L8 - ne 6onee SO0MA. Touka Ha cxeme, MOKa3aHHAs Ha
omxuoM KoHrie karymiku (L1, L2, L5...L8) o603HayaeT Hauaao 0OMOTKH.

- xonaeHcaropbl C1 u C2. EMKOCTb KaX/10r0 KOHJEHCATOpa YCTaHABIUBAETCS AUCKPETHO B
muanaszone 0,02...100mx® (0,02-0,05-0,1- 0,2-0,5-1-2-5-10-20-50-100 mx®d). Bce KOHIEHCATOPHI -
HenoJsipHble. MakcumanbHoe HanpsbkeHue - S50B.

KaTymky HMHAYKTUBHOCTH KOHCTPYKTHUBHO BBIIIOJTHEHBI KaK B3aUMOCBSI3aHHBIE, T.€. HMEETCS
BO3MOXHOCTh TIPOBOJUTH DSKCIEPUMEHTBHl 10 KCCIEJOBAHUIO TIOBBIIIAIONIETO WM IOHIKAIOIIETO
BO3AYIIHOTO TpaHchopMaropa, B3aMMOCBA3aHHBIX KaTyIIeK, WHIYKTUBHOCTH C OTBOJOM TIpU
MOCJIE0BAaTEILHOM BKJIFOUCHUH KAaTyIIEK U T.II.

Ha muneByro maHenp ONOKa HAHECEHBI YCIOBHBIE Trpaduyeckue 0003HAYEHHUS 3SJIEMEHTOB,
BBIBEJCHBI KJIEMMbI [UI BKJIIOUEHHS OJJIEMEHTOB B 3JCKTPHUUYECKYIO II€lb, YCTAHOBJIECHBI PYUKH
PEryJIMpPOBKH.

biiok He nMeeT nenel nuTaHus.

Pesucmopvi/Axmusnas nazpysxa

bnok mpencrasisier coboil OUCKPETHO HM3MEHsieMble NPU IOMOIIM TaJETHBIX MepeKmovarenen
pesucropsl R1, R2, R3, npeana3HadeHHbIe A7 UCIIOIB30BAaHUS B KaueCTBE J0OABOYHBIX CONPOTHBICHUN
B 01HO(a3HBIX, TpeX(Pa3HbIX LEMAX MEPEeMEHHOI0 TOKa M LEMSX MOCTOSHHOTO TOKA C PEryJIUpOBAHUEM
BPYUHYIO.

Ha nuueByro mnanenp O0Ka HaHECEHB! YCJIOBHBIE TpadUuecKue OOO3HAUYEHHUs! 3IEMEHTOB,
BBIBEJCHBI KJIEMMbI [UIs BKJIIOUEHHMS OJJIEMEHTOB B 3JEKTPHUUECKYIO II€lb, YCTAHOBJIEHBI PYUKH
PEryJIMpPOBKH.

TexHMUECKHE XapaKTEPUCTUKH Os10Ka «Pe3ncTopbl/ AKTUBHAS HArpy3Ka»

KonunuecTBo pesuctopon 3{R1,R2,R3]
JuCcKpeTHOCTh N3MEHEHHsS] HOMUHAIIbHON 50/75/ 100/150/200 / 300 / 400 / 500 /
BEJIMYMHBI CONIPOTHBIEHUS pe3nucTopoB R1...R3, Om 600/800/1000/1200

HomunansHast MOITHOCTH (TP MUHHMAaIbHOM
3HaYeHUH CONPOTHUBIIEHHs paBHOM 50 OM) KasKA0TO U3 8
pesuctopoB R1-R3, Bt

TOK KOMMYTAIIUH TFAJIETHOTO TIEPEKITF0YaTEIIsI 500
MaKCUMAaJIbHBIN, MA
bnok He nmeer nenelt muTaHwUsI.

Henunetinvie snemenmoi

briok mpezacraBnsier coboii HAOOp 3IEMEHTOB JUIS HCCIICAOBAHUS XapaKTEePHCTHK U MapaMeTpOB
CIIEAYIOMINX HEJIMHEHHBIX 3JIEMEHTOB: oaypoBoaaukoBoro auona (VD1), crabunurpona (VD2), nnona
Morrkun (VD3), mmoma 3ammrHOro- cympeccopa (VD4), Bapukama (VD5), dorommoma (VD6),
ceerommona (HL1), mammouxkw wmakamusamms (HL2), dotopesucropa (R1) , Bapucropa (RU1),



tepmopesuctopa ¢ orpuuareidsabiM TKC (RK1), tepmopesuctopa ¢ monoxwurensHeiM TKC (RK2), a
TaKKe B KAYECTBE OT/ICIBHBIX AJIEMEHTOB JUIsl COCTABIICHUS PA3IMUHBIX HCCIIEYEMBIX CXCM.

B0k comepKUT ciieayronue HellMHeHHbBIC DJICMEHTHI

- moaynpoBoauukoBblid auon  1N4007 (VD1);

- crabunutpon KC168 (VD 2);

- muox Iorrku 1IN5822 (VD 3);

- jquop 3ammTtHEIH (cympeccop) 1,5KE6VECA (VD 4);
-papukan KB127(VD 5);

- (otommox - (BXOQHUT B cocTaB auoanoii onromapel  AOJ[101) -(VD6)

- CBETOAMOJ - (BXOIUT B COCTAaB QUOAHOM omrromapsl  AOJ[101) -(HL1);

- JIaMIIOYKy HaKalMBaHHs -(BXOIUT B coctaB onromapsl ODI113) -(HL2),

- ¢oropesucrop - (BXxoaut B cocTas onromapsl ODI113)-(R1);

- Bapucrop FNRO7K180-(RU1);

- tepmopesuctop ¢ otpunatensHbiM TKC (tepmuctop NTS) B57153S0330M000

- tepmopesuctop ¢ nonoxureabHbiM TKC (Tepmuctop PTS) B59901D60A4

Ha nuueByio maHens OJioka HaHECEHBI YCJIOBHBIE TIpaduueckie O0O03HAUYEHHS 3JIEMEHTOB,
BBIBE/ICHBI KJICMMbI JUTS BKIIFOYCHHS DJICMEHTOB B 3JICKTPUYCCKYIO 1IeMb. BIIOK He MMeeT 1erneil muTaHus.

1.9 ONEPAIIMOHHBIN YCUJIUTEJb. TPAH3UCTOPBI
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Pucynox 1.9 - OnepartnoHHBINA yCHIIATETh. T paH3UCTOPHI.

Onepayuonuslii ycuiumensb

bnok mpencrasnser coboil HAOOp DJIEMEHTOB JIJIsl UCCIIEAOBAHHS XapaKTEPUCTHK U TapameTpoB
aHAJIOTOBBIX DJIEKTPOHHBIX YCTPOWCTB HA ONEPAIIMOHHBIX YCWIMTENSX, TAKUX KaK HHBEPTUPYIOIIUH
YCUJIWTENb, AaKTHBHBIH (WIBTP HIWKHUX 4YacTOT, HMHTETpaTtop, KOMIApaTrop, CUMMETPUYHBIH
MYJIBTUBHOPATOp, HECUMMETPUIHBIH MYJIBTHBHOPATOP.

Bbiiok conepxur:



-OY KP140V J1608-A1;

- BCTPOCHHBIN UCTOYHMK TUTaHus +15B mis nuranus OY;

- BCTPOCHHBIN, PEryaNpyeMbIii pu oMoty noternuomMerpa RP1, ctabuinm3npoBaHHBIN HCTOYHUK
-5B...0...+5B, HanpspKeHNE KOTOPOTO CHAMAETCS ¢ THe3aa X3;

- mocTosiHHBIEC pe3ucTophl: R1, R2 - 20kOmM; R3 - 10kOM; RH - 2kOM;

- pesucTopel auckperHo wu3MeHseMble: SAl (R4) umeer mate monoxenuit. Iogoxkenus ¢ 1 mo
5 cootBetcTByIOT conportuBiennto: 20 kOm, 50 kOm, 100 xkOm, 150 xkOm, 200 xKOwm.

Monoxenne «1» SA4 (RS) coorBercTByeT compoTuBieHHto 200kOM, monoxenne «2» - 400kOm.

- KOHJICHCATOPHI JUCKPETHO NepekirouaeMble: mojoxenue «1» SA3 (C1) coOTBETCTBYEeT EMKOCTH
1500n®, monoxenne «2» - 10 1. IMonoxenue «1» SA2 (C2) coorBeTcTBYeT eMKkocTH 6800mD,
nonoxenue «2» - 10 ud. Ha 3aaHeli cTeHKe MOJIyIsl UMEETCsl pa3beM JUIS TOAKIIOYSHUS MOy K
nuTaromerd cetn  220B. BxiroueHwe/BRIKIIOYSHNE MO TTPOU3BOAUTCS BEIKITIOUaTeneM «BKJIDy,
PacmoI0KeHHBIM Ha TIepeHeN TaHelH.

Tpansucmopeul

briox mpexcraBisier coboli HAOOp IIEMEHTOB I MCCIEIOBAHUS XapaKTEPUCTUK OWIOISAPHBIX U
MOJIEBBIX TPAaH3WCTOPOB, MOJEIHUPOBAaHUS MApaMeTPOB KACKaJOoB Ha OWIOISIPHOM H  TIOJEBOM
TPaH3UCTOPAX, UCCIICIOBAHUS XapaKTEPUCTUK AUOIHO-TPAH3UCTOPHON ONTONAPHI.

biiok conepxur:

Tparsuctop ounossapueni V11 - BC639;

- Tpanzuctop nonesoit VT2 - BS170;

- nuogHo-TpaH3ucTopHas ontonapa VT3-AOT127A;

- BCTPOCHHBIH, PEryJIMPYEMBbIi P MOMOIIH nmoTeHnuoMerpa RP1, uctounuk Toka 0asbl u
HanpsDKEHUS 3aTBOpa TPaH3UCTOPOB. HampshkeHue HCTOUHUKA CHUMAETCs ¢ THe31a X2

- BCTPOCHHBIN, PETYIHPYEMEBIi P MMOMOIIH MoTeHnroMerpa RP2, ctabunmsupoBaHHbII
ucrounuk U2. HanpsbkeHue cHUMaeTcst ¢ THe31 X4 dyepes MepekiodaTenb SA2;

- BCTPOEHHBIN HEPETYIUPYEMbIi UCTOUYHHUK ITOCTOSIHHOTO HE CTIIQKEHHOTO HANPSHKCHUS
(nmonoxwutensHas nmoyBosHa cuHycouasl S00'm). Hanpsokenne caumaercs ¢ rHe3n X4 dyepes
nepexiouaTesib SA2;

- pesucrop R2, muckpeTHO M3MEHSAEMBIH, UMEET TATh MmosiokeHuit. [Tomoxenus ¢ 1 mo 5
COOTBETCTBYIOT compoTtuBieHuto: 1 kOwm, 1,2 kOwm, 1,5 kOm, 1,8 kOwm, 2,2 kOm.

- R1-300 OM;R3-100 Om; R4 -1 kOm; R5- 330 Om.

- uenb RG (1kOm), C (4,7mMkD) npeacTaBistoT co00i pa3nennuTeNbHbI KOHASHCATOp H
SKBUBAJICHT BBIXOJIHOTO CONPOTHBIICEHUS HMCTOYHHKA CHTHAJIA,

- comnpotuBieHue myHTa R cocrapmser 10 Om.

1.10 HU®POBASI TEXHUKA

Monysb npecTaBisieT co00i HabOp 3JEMEHTOB ISl HCCIIEIOBAHUS XapaKTEPUCTUK U MapaMeTpOB
baszoBbix sornueckux snemenros (U-HE, WIKW-HE, U, WJIH, HE, uckmovaromee UJIM), tpurrepos (RS
n JK), IBOMYHOTO YeTHIPEXPA3PSAHOTO CUETUNKA, PETUCTPa, Aemupparopa ¥ MyJIbTUIIIEKCopa. Moy b
COJIEPXKUT:

e ornueckue snemeHtel U-HE (K155JIA3), UJIU-HE (K155JIE1), U (K155JI11), UJIN
(K155JU11), HE (K155TJ12), ucknrouaromee MJIA (K155JII15);

e D- tpurreps (K155TM2), JK tpurrep (K155TB1);

e peructp (K155UP1);

e mynsTHILiekcop (K155KI12);

e jnemmudparop (K155U14)

® TreHepaTopbl NPSMOYTOIbHBIX UMITYJIHCOB TTJI ypoBHS ¢ (DUKCHPOBAHHBIMU YaCTOTAMHU:
0,1 x['m, 0,2k, 1,6xI'11. ['eHepaTOpbl UMIYIBCOB MEXTy COOOH HE CHHXPOHU3UPOBAHBI,

e (opMupoBaTellb MOCTOSHHBIX JormueckuXx TTJI ypoBHEW ¢ YCTPONCTBOM HHIMKAIUH.
®opMHUpOBaHNE  COOTBETCTBYIOIIMX  YPOBHEH  OCYIIECTBISIETCS TPU  MTOMOIIH
nepexmouatencii SAl u SA2;



e (hopMuUpOBaTElIb OAMHOYHBIX MPSAMOYTOJIbHBIX HUMITYJIbCOB TTJI ypoBHS C yCTpOHCTBOM

uHauKanu. OOPMUPOBAHUE COOTBETCTBYIOIIUX YPOBHEH OCYINECTBIISCTCS MPU MTOMOIIH
kHomok SB1 u SB2.

UNDPOBAS TEXHUKA
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Pucynoxk 1.10 - Lludposas TexHnka

Bce BXomHBIE M HAarpy304HbIE XapaKTEPUCTHKH JJIEMEHTOB OJIOKA COOTBETCTBYIOT MACHOPTHBIM
JlaHHBIM cTanaapTa joruku TTJL.

Ha 3aaneil creHke MOIyNid UMEETCsS pa3beM JUIsl MOJKIIOUEHNU MOAYJS K nutaromei cetu 220B.
BrxroueHne/BBIKITFOUEHIE MOYIISI IIPOM3BOIUTCS KITABHITHBIM BEIKITFOUaTeseM «BKJD», pacmonoskeHHBIM
Ha JIMIEBOI ITaHENH.



3 CamocrosTeabHast padoTa 00y4aromuxcst

[TonroToBka COBPEMEHHOIO CIEIHAUCTA MPEAIOoIaraeT, YTo B CTEHAX HHCTUTYTa OH
OBJIAJICET METOJOJIOTHEHl caMo00pa3oBaHUs, CAaMOBOCIIUTAHUS, CAMOCOBEPIICHCTBOBAHUSA. DTO
orpenenseT BaXHOCTh AKTHUBHU3AIMHM €r0 CaMOCTOSTEIbHOH paboTsl. C Lenbi0 OpraHu3alnuu
JAHHOTO BHJA YYeOHBIX 3aHATHH HEOOXOAMMO B IEPBYIO OYepe/Ib HCIIOIb30BATh MaTepHAaN
JeKIMiA M ceMUHapoB. JIEKIIMOHHBIM MaTepual co3faeT mpoOieMHBId (OH ¢ 0003HAUYECHUEM
OPHEHTHPOB, HATIOJIHCHUE KOTOPBIX COJEPKaHUEM IPOU3BOIUTCS CTYACHTAMU Ha CEMHHAPCKUX
3aHATUSAX TOcie padoThl C y4eOHBIMH MOCOOMAMH, MOHOTpPaQUAMH U TEPUOAUYECKHUMHU
U3IaHUSIMH.

CamocCTOATeNbHO HW3y4YaeTcsl PEKOMEHIyeMas JIMTepaTypa, IPOBOAMTCS paboTa cC
OubmuoTeyHpIMH  (GOHAAMHU M DIICKTPOHHBIMH HCTOYHHKAMH HH(OpMaluy, CHEIUATbHOMN
JUTEPaTypOld, CTaThbsIMU M3 MPOQWIBHBIX XypHaioB. Pedepupys m koHcmekTupys Hamboisee
Ba)KHBIC BOIPOCHl, MMCIOLIME HAYyYHO-TIPAKTUYECKYI0 3HAYMMOCTb, HOBH3HY, aKTyaJbHOCTH,
Jenasi BBIBOJBI, 3aKJIIOUEHUS, BBICKA3bIBas NMPAKTHUYECKUE 3aMEUaHMsl, BBIABHTAs pPaszIMYHBIC
HIOJIOXKEHHSI, CTYICHTHI TIIy0Ke MOHUMAIOT BOIIPOCHI Kypca.

[lonroroBka K NPAKTUYECKHM 3aHATHSAM, a TaKKe BBHINOJIHEHUE 3aTaHUAN IS
CaMOCTOSATENIFHOM paboThl TpeOyeT OT CTyIEHTa HaBBIKOB pPadOTBHl C JIMTEPATypHBIMH
UCTOYHHUKAMU:

- yMEHHE BBIZCTSTH TJIaBHOE B TEKCTE;

- yYMEHHE COCTaBIATH ONOPHYI0 CXEMy HW3Y4YEHHOrO Marepuana, TE3HCHBIA W
Pa3BEPHYTHIH TIAaH-KOHCIICKT;

- cBOOOHOE BIIaJIeHHE TPOPAOOTAHHBIM MAaTEPUATIOM;

- CIIOCOOHOCTH paccKazaTh CBOMMH CJIOBAaMHU CYTh ITPOOJIEMBI;

- YMEHHE OOBSCHHUTH M JIaTh OIpPEEIIEHNEe BCTPEUAIOIIMMCS B TEKCTE HOBBIM HAYYHBIM
TEepMHHAM;

- YMEHHE HAXOIUTh B JKU3HH CHUTYaIlMH, KOTOPHIE MOTYT CIY)KUTh HJUTIOCTPAILIUEH
TEOPETUYECKOr0 MaTepuaia, 00Cyk/1aeMOoro Ha 3aHATHUSX.

CBoeBpeMEHHOE U KaYeCTBEHHOE BBITIOJTHEHHUE CaMOCTOSTENILHOM paboThl Oa3upyercs Ha
COOJIIOJICHUH HACTOSIINX PEKOMEHAAUNN U U3YYeHUN PEeKOMEHI0BaHHOM auTeparypbl. CTyIeHT
MOYKET JOTOJIHUTH CIMCOK HCIOJIB30BAHHOM IUTEPATyphl COBPEMEHHBIMH HCTOYHHKAMH, HE
NPECTAaBICHHBIMUA B CIIUCKE PEKOMEHJ0BAaHHOMW JIUTEpaTyphl, U B JAJbHEHIIEM HCIOJIb30BATh
COOCTBEHHBIE IOJATOTOBIICHHBIE Y4YeOHBIE MaTepHalbl NMPH HAMHMCAHWH KYPCOBBIX pabOT M
BBIITYCKHOW KBAJTM(UKAIMOHHON paboTHI.

BaxHOll sBISE€TCS TOTOBHOCTh CTYIEHTa K BOCIPHITHIO B Kypce COYETaHUS
¢mocopcKoro, TEOPETUIECKOro MaTepuaga ¢ KOHKPETHBIM MPAKTUYECKUM, HAlpPaBICHHBIM Ha
OCBOCHHME YMEHHU W HAaBBIKOB MPAKTHYECKOW OpraHu3auy Mpo(hecCHOHATLHON e TeTbHOCTH B
00pa30BaTENILHOM YUPEXKACHUH.

[TonroToBKa K MPaKTUYECKOMY 3aHSITHIO BKITFOUAET 2 dTara:

| - opraHu3aMOHHBII;

Il - 3akperuieHre u yrirybjieHue TEOpeTUYECKUX 3HAHUM.

Ha mnepBoM »5Tame CTyIEHT IUIAHHPYET CBOIO CaMOCTOSTENbHYIO paboTy, KoTopas
BKJTIOYAET:

- YSICHEHUE 3a/laHUs Ha CAMOCTOSITENIbHYIO PaboTy;

- TOI00P PEKOMEH/IOBAaHHOH JTUTEPATYPHI;

- COCTaBlieHHE TIJaHa paboTbl, B KOTOPOM OIPENENIAIOTCS OCHOBHBIE ITYHKTHI
npencrosimedt  moarotoBku.  CocraBieHWe — IJIaHAa — JUCHUIUIMHAPYET W TOBBIIIAET
OpPraHU30BaHHOCTb B paboTe.

BTopoii aTan BKIIIOYaeT HEMOCPEACTBEHHYIO MOATOTOBKY CTYAEHTA K 3aHsaTuI0. HaunHate
HA/0 C U3y4YeHHs] PEKOMEHJIOBAaHHOM JmTepaTypbl. HeoOXoIuMO MOMHHMTH, YTO Ha JIEKIUH
OOBIYHO paccMaTpHBAETCsI HE BECh MaTepHal, a TOJIbKO ero 4actb. OcCTajbHas €ro 4acTb
BOCIIOJIHSICTCSI B TIPOLIECCE CAMOCTOSATENbHOW paboTel. B cBs3m ¢ »TuM  pabota
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PEKOMEH/IOBAaHHOM JHTepaTrypoil obs3arenbHa. Ocoboe BHUMaHHME IPH 3TOM HEOOXOIUMO
o0paTUTh Ha COEpKAHHE OCHOBHBIX TOJIOKEHUH U BBIBOJOB, OOBSICHEHHUE ABJICHUN U (DAKTOB,
YSICHEHHE IIPAKTHMUYECKOTO IPWIOKEHHUS pPacCMaTpUBAEMbIX TEOPETUUYECKUX BOIpPOcoB. B
mpouecce A3TOW paboThl CTYAEHT [OJIKEH CTPEMUTbCA IOHATH M 3allOMHUTH OCHOBHBIE
II0JIO’KEHHUS pacCMaTpUBAEMOI0 MaTepuaa, IPUMEPBI, MOSCHSAIOLIUE €T0, a TAKKE pa3o0opaThCs B
WUTIOCTPATUBHOM MaTepuajie. 3aKaHuMBaTh IOATOTOBKY CJEAYyeT COCTaBJICHHEM IlJIaHa
(koHCHIEKTa) 1O H3yyaeMoMy Marepuany (Bompocy). OTO  MO3BOJSET  COCTaBUTh
KOHIIEHTPUPOBAHHOE, CKATOE MPEICTABICHUE MO0 U3y4aeMbIM BOIPOCAM.

3anucu MMEIT NEPBOCTENEHHOE 3HAYEHUE JUISI CaMOCTOSITEIbHOM pabOThl CTYIEHTOB.
OHu MOMOraroT NOHATH NOCTPOCHUE U3y4aeMOro MaTepHala, BbIACIUTh OCHOBHBIE MOJOKEHUS,
IPOCIIEANUTH UX JIOTUKY U TEM CaMbIM IIPOHUKHYTh B TBOPYECKYIO JTAOOPATOPHUIO aBTOPA.

Benenue 3amuceil cmocoOCTBYeT NpeBpalleHUI0 YTEHHMs B AaKTUBHBIM Mpoliecc,
MOOWJIN3YET, Hapsay CO 3pUTEIbHOH, U MOTOpHYIO mamsTh. ClieayeT MOMHHUTH: y CTY/CHTa,
CUCTEeMAaTUYECKU BEAYIIETO 3alKCH, CO3JAaeTCi CBOM WHIMBUAYAIbHBIH (OHI MOJCOOHBIX
MaTepHajioB JJs OBICTPOTO TOBTOPEHHS NPOYMUTAHHOTO, IS MOOWIM3AIMK HAKOIUICHHBIX
3HaHui. OCOOCHHO Ba)KHBI U TOJIE3HBI 3alMCU TOT/Ia, KOTJa B HUX HAaXOJAT OTPaKEHUE MBICIH,
BO3HUKILIKE IIPU CaMOCTOSITENIbHOM padoTe.

Baxxno pa3BuBaTh yMEHHE COMOCTABISTh WCTOYHUKH, MPOAYMBIBATH H3ydaeMbIi
MaTtepuain. bonblioe 3HaueHME MMEET COBEpIICHCTBOBAHWE HAaBBIKOB KOHCHEKTHPOBAHUA.
[IpenogaBaTens MOKET peKOMEHIOBATH CTYIEHTaM CIIEAYIONINE OCHOBHBIE (DOPMBI 3aMUCH: TJIaH
(pocTOl W pa3BEpPHYTHIN), BBIMHUCKH, TE3HUCHI. Pe3ylbTaThl KOHCIIEKTUPOBAHHS MOTYT OBIThH
MPEJICTABJICHBI B Pa3IUYHBIX (PopMax.

[Inan — 3T0 cxema MPOYMTAHHOrO MaTrepuana, KpaTkui (WM NoJpoOHBIN) NepedyeHb
BOIPOCOB, OTpPa)XaroIMX CTPYKTypy U MOCIe[oBaTeIbHOCTh Martepuana. [logpoOHo
COCTaBJICHHBI! IUIAH BIIOJIHE 3AMEHSAET KOHCIIEKT.

KoHcniekT — 3T0 cuCTeMaTH3UpOBaHHOE, JOIMYHOE HM3JI0KEHUE MaTepuana UCTOYHHUKA.
Paznuuatorcs yeTslpe THIa KOHCIEKTOB:

- IUTAaH-KOHCIIEKT — 3TO Pa3BEPHYTHIN JIeTaTU3UPOBAHHBIHN IJIaH, B KOTOPOM JIOCTATOYHO
MO/IpOOHBIE 3aMUCH TPUBOJATCS 10 TEM IIYHKTaM IUIaHa, KOTOPbIE HYKAAIOTCS B MOSCHEHUY;

- TEKCTyaJIbHBIH KOHCIIEKT — 3TO BOCIPOU3BEJIEHHE HanOOJee BaXKHBIX IMOJIOKEHUH U
(aKkTOB UCTOUHUKA;

- CBOOOJHBI KOHCIIEKT — 3TO YETKO M KpaTko c(opMylupoBaHHbIE (M3JI0KEHHBIE)
OCHOBHBIE IOJIOKEHUS B pe3ylbTare IIIyOOKOrO0 OCMBICIMBAHMS MaTepuaia. B Hem Moryt
IPUCYTCTBOBATh BBIUCKH, IUTAThI, TE€3MCHI, YaCTh MaTepuaja MOXET ObITh NpeacTaBiIeHa
IJTAHOM;

- TEMaTHUYECKUI KOHCIEKT — COCTaBIIAETCS HA OCHOBE U3YyUYEHUS Psijla MCTOYHHUKOB U J1aeT
OoJiee MM MEHEE UCUEPITBIBAIOIINM OTBET MO KaKOW-TO cXeMe (BOIpocy).

B mporiecce moAroToBKH K 3aHATHAM PEKOMEHYETCs B3aUMHOE 00CYXKJIEHHE MaTepuaa,
BO BpEMsI KOTOPOIO 3aKpeIUIioTCs 3HaHM, a TakKe MPUoOpeTaeTcs MpakTHUKa B U3JI0KEHUU U
Pa3bsICHEHUH MOJyYSHHbIX 3HAaHUH, Pa3BUBAETCS peyb.

[Tpu HEoOXomMMOCTH ceayeT oOpamaThes 3a KOHCYIbTAIlMEH K nmpenogaBaTento. Mas na
KOHCYJIBTAIMI0, HE00X0AUMO XOPOUIO MPOIyMaTh BOIPOCH], KOTOPBIE TPEOYIOT pa3bsICHEHUS.

IIpumepsI BONIPOCOB /ISl CAMOCTOAITEILHOMH Pa0d0ThI CTY/ICHTOB

1. AKTHUBHBIE M TACCUBHBIE JIEMEHTHI SJEKTPUUECKUX LIENeH MOCTOSIHHOrO Toka. Cxema 1enH.
2. CrnoyxHast SJIEKTpUYECKas IIeTIb: BETBH, Y3JIbl, KOHTYpHL. [IpeoOpa3oBaHue macCHBHBIX BETBEH
IIPU X MOCJIEI0BATENBHOM, apAJJIEIbBHOM M CMEIIAaHHOM COEIMHEHUH.

3akonsl Oma u Kupxroda, aHaimm3 3JIeKTpHUECKON 1IEeTH ¢ TTOMOIIBI0 3akoHOB Kupxroda.
Pacuer anekTpudecKkoi Lenu METO0M KOHTYPHBIX TOKOB.

Pacuer s5ekTpruecKoi e METOAOM Y3JIOBBIX IOTEHIIUAJIOB.

Pacuer anexTpuueckoil enu MeTo10M 3KBUBAJIEHTHOTO TeHepaTopa.
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10.
11.

12.
13.
14.
15.
16.

17.

Pacuer 351ekTpruyuecKkoi enu MeTO10M HAJIOKEHHUS.

PexxuMbl pabOThI AJIEKTPUUIECKOM TISTTH.

CunycougaibHble TOKUA U HAIIPSKEHUs, UX Xapakrepuctuku. [Ipeacrasienue
CHHYCOMJIAJIbHBIX (PYHKITUH BEKTOPAMU U KOMILJIEKCHBIMU YUCJIAMH.

AKTUBHOE CONPOTUBIIEHUE, EMKOCTh U MHIYKTUBHOCTD B LIETIH CUHYCOMIAJIbHOTO TOKA.
[TonHas, akTUBHAS ¥ peaKTHUBHAS MOITHOCTh IIETH CHHYCOUAAIBHOTO ToKa. Koaddurment
MOIIHOCTH.

3akonbsl Oma u Kupxroda aiis nenu CHHyCOMIaIbHOTO TOKa. CHMBOJIMUECKHI METO/T
pacuera 1ernei CHHYyCOMAaIbHOTO TOKA.

Tpexdasznas nenb. Buasl coenmHEHU, METOIBI pacyeTa, MOITHOCTD.

Henunelinbie 3J1eMEHTHI B AJIEKTPUYECKUX IEMSAX MOCTOSTHHOTO TOKA U UX BOJIbTAaMIIEpHBIE
xapakrepuctuku. Craruueckoe u qudepeHnnanbaoe conpotusieHue. Oomas
XapaKTEePUCTUKA OCHOBHBIX METO/IOB pacyeTa HEeIMHEHHBIX 1IeTeH.

I'padpuaeckue MeToIbI pacueTa MPOCTEHINX HETMHEHHBIX IENel TOCTOSTHHOTO TOKA.
KycouHo-nuHeiHas anmpoKCUMaIus BOJIbTaAMIIEPHBIX XapaKTEPUCTHK U CXEMbI 3aMEIICHUS
HEJIMHEHHBIX CONMPOTUBIICHUH.

YcTpoicTBO, TPUHIMI PAOOTHI U OCHOBHBIC TTapaMeTphl TpaHchopMarTopa.

4. MeToauueckue MaTepuaJibl, ONIPEIAC/IAIOIINE MPOUECAYPLI ONCHUBAHUA 3]—[3]{]/1171, yMeHHﬁ,
HaBBIKOB H (I/IJ'[I/I) onbiTa NEATCJIBbHOCTH, XAPAKTCPU3YIOLIUX IJTallbl (l)OpMI/IPOBaHHH

KOMIIETeHIM A

— MHWroropas arreécrauusa 10 JUCHUIINIMHE ABJISICTCA HWHTETPAJIbHBIM IIOKAa3aTCJICM
KaueCTBa TCOPCTUYCCKUX W IPAKTUUCCKHX 3HAHWI W HaBBIKOB O6yanOHII/IXC$I Io
JAUCHUIINIMHE W CKJIAAbIBACTCA M3 OLCHOK, IIOJIYYCHHBIX B XOJC TeKymeﬁ n

IIPOMEKYTOUYHOM aTTECTALUH.

- TeKYH_Ia}I arrecralusa B CCMECTPE MPOBOJAUTCA € TEJIBIO obecrieueHust CBOCBp@MGHHOI’I
O6p2lTHOfI CBA3U, JIs1 KOPpPCKIHUU O6y‘leHI/IH, aKTHUBHU3ALIUd CaMOCTOSTEILHOMN pa6OTBI

o0ydJaronmxcs.

- HpOMe)KYTO‘IHaH arrecranuus nNpcaHasHavuCHa JIA 00BEKTHBHOIO MOATBCPIKACHUS U
OLCHUBAHUA NOCTUIHYTBIX PC3YJIIbTAaTOB O6y‘IeHI/IH MOCJIC 3aBCPUICHUA H3YUCHUS

JUCHUITIINHBI.

— Texymas arrecranus OCyIIECTBIAETCS 1Ba pa3a B CEMECTP:
o koHTpoibHass Touka Ne 1 (KT Ne 1) — BwicTaBisieTcss B 3JIEKTPOHHYIO
BEJIOMOCTh HE Mo3/1Hee 8 Henenu y4yeOHOro cemectpa. Britouaer B ceOs
OIIEHKY MEpOIPHUITUI TEKYIIEro KOHTPOJISI AyJUTOPHOM M CAaMOCTOSITETbHOM
paboThl oOyuaromierocs Mo pasjenaM/TeMaM yueOHol nuctuIuivHsl ¢ 1 mo 8
HEJIeNI0 y4eOHOTo ceMecTpa.

o koHTpoibHass Touka Ne 2 (KT Ne 2) — BeicTaBisieTcssi B 3JIEKTPOHHYIO
BEJIOMOCTh He mo3aHee 16 Henmenu ydyeOHOro cemectpa. Bkirouaer B cebs
OLIEHKY MEpOIPHUATHI TEKYIIETr0 KOHTPOJISI AyJUTOPHON M CAMOCTOSITEIbHON
paboThl 00ydJaromerocs Mo paszaenaam/TeMam y4yeOHOM TUCIMITIMHLI ¢ 9 1o 16
HEJIENI0 y4eOHOTO ceMecTpa.

Pesynbrarhl Tekymied © NPOMEXYTOYHOW aTTeCTallMd MOJABOAATCA MO UIKane OallibHO-

PEUTHHTOBOM CUCTEMBI.

JTan peMTHHIOBOM cUCTEMBI /
OueHo4Hoe cpeacTBo

Henensn

Bann

Muanmym™

Makcumym
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Texymas arTecramus 1-16 36 60
KountpoJsbHas Touka Ne 1 7-8 18 30
Konmponvnas paboma 18 30
KoHTpoJubHas Touka Ne 2 15-16 18 30
Koumponvnasa paboma 18 30
IIpomexyTouHas aTTecTALMSA - 24 40
3auer -

3auemmnwiii bunem - 24 40
HNUTOI'O no gucuunjinHe 60 100

* MMUHHMAIbHOE KOJMYECTBO OayioB 3a OIICHOYHOE CPEACTBO — AITO KOJIWYECTBO OaslioB,
HaOpaHHOEe O0YYaOIIMMCS, TPH KOTOPOM OLIEHOYHOE CPEJCTBO 3aCUMTHIBACTCS, B MPOTHBHOM
cllydae 00yJaroIUics JJOJDKCH JTUKBUIUPOBATH MOSBUBIIYIOCS aKaEMHUYCCKYIO 33/I0JDKEHHOCTD
0 TEKYIIEH WK MPOMEKYTOYHOM arTecTanud. MUHUMAIbHOE KOJHUYECTBO OAJIOB 3@ TEKYIIYIO
aTTeCTali0, B T.4. OTICIbHOEC OLEHOYHOE CPEICTBO B €€ COCTaBe, M IMPOMEKYTOUHYIO
aTTecTanuio cocranisieT 60% OT COOTBETCTBYIOIIMX MaKCHMAJIBHBIX 0aJlIOB.

CryneHT cuMTaeTcsl aTTECTOBAHHBIM TI0 pa3ziely, 3aueTy WM SK3aMeHY, €Cli OH HaOpasl He
meHee 60% OoT MakcuManbHOTrO Oaa, MPeayCMOTPEHHOro paboyuel mporpaMMoii.

CtyneHT MOXET OBbITh aTTECTOBAH MO TUCHUILIIMHE, €CJIM OH aTTECTOBAH MO KaXJIOMY pasiely,
3a4eTy/IK3aMEeHy U ero CyMMapHbIi 06asu1 coctapisieT He MeHee 60.

8.4. llIkayna oueHKH 00pa3oBaTEJbHBIX JOCTHKCHUN
HUrorosas arrecramus no IUCHUIUIMHE oleHuBaeTcs no 100-O0amibHOMN

HIKaje W MPEeJCTaBiIseT CyMMy OajuioB, 3apabOTaHHBIX OOy4YalOMIMMCS MpHU
BBINOJIHEHUH 33JJaHUM B PaMKaX TEKYLIEH U POMEKYTOUHOM aTTeCTaluu

Ouenka
ECTS

Tpebosanus K ypoento
0ce0eHus yueoHou
OUCUUNIUHDL

Cymma Ouenka no 4-x oannvHoll wikane

oannoe

90-100

5- «omauunoy/ «3aumenoy

OneHka «0TJIMYHOY BBICTABIISAETCS
oOyyJaroriemMycsi, €clid OH TITyO0KO
Y IIPOYHO YCBOMJ MPOrPAMMHBIN
MaTepua, HCUepIIbIBaIOLIE,
IIOCJIEIOBATENBHO, YETKO U
JIOTUYECKH CTPOMHO €ro U3JIaraer,
YMEET TECHO YBS3bIBATh TEOPUIO C
MIPAKTUKOM, HCIIOIB3YET B OTBETE
MaTepHuai MOHOrpaduyecKoi
JUTEpaTyphbl

85-89

75-84

70--74

4 - «xopouroy/
«3aUMeEHO»

Onenka «xopoIo» BBICTABIIAETCS
o0y4aroriemMycsi, €clid OH TBEPAO
3HAeT MaTepuall, FPaMOTHO U I10
CYILIECTBY U3JIaraeT €ro, He
JIOITYCKasl CYIECTBEHHBIX
HETOYHOCTEH B OTBETE HA BOIIPOC

a




65-69

60-64

3 - «yoosremsopumenvroy/
«3aumeHo»

OneHka «yI0BJIETBOPUTEIBHOY
BBICTABJIICTCS 00ydJaromeMycs,
€CJIM OH UMEET 3HAHUS TOJIBKO
OCHOBHOTI'0 MaTepuajia, Ho He
YCBOMJI €T0 JIeTajeH, 10ITyCKaeT
HETOYHOCTHU, HEJJOCTATOYHO
paBWIbHbIE (POPMYITHPOBKH,
HApYUIEHUS JIOTUYECKOU
MOCJIEIOBATEIBHOCTH B U3JI0KEHUU
MIPOrpaMMHOI'0 MaTepuasa

0-59

2 - «HEeYy0081emEOpUMENbHOY/
«HE 3aUMeHO»

O1eHKa «HEYAOBJICTBOPUTEIHLHOY
BBICTABIIICTCS 00ydJaromeMycs,
KOTOPBII HE 3HACT 3HAYUTEIILHON
9acTH MPOrPaMMHOTO MaTepHaa,
JIOTTYCKaeT CYIIIECTBEHHbIE
omn6Oku. Kak npasuio, oneHka
«HEYIOBIETBOPUTEIBHO» CTABUTCS
00yuarolumcsi, KOTOpble HE MOTYT
IPOJOKUTH 00ydeHue 6e3
JIOIIOJTHUTEIBHBIX 3aHIATHH 110
COOTBETCTBYIOIIEH AUCIMUILTUHE

9. [Ilepeuenn

@) OCHOGHAA yueOHasn rumepamypa:

OCHOBHOM ¥ [ONOJHHUTEJILHOM
HEe00X0XUMO¥ 1)1 OCBOCHHUSHA JUCIUIIIHHBI

yueOHO#i JHMTepaTyphbl,

1. UsanoB, U. . DnexTpoTexHHKa U OCHOBBI 3JEKTPOHMKM : yuyeOHUK Ui By3oB / W. W.

WBanos, I'. Y. Conosses, B. f. ®ponos. — 11-e uzn., crep. — Cankr-IlerepOypr : Jlans,
2021. — 736 c. — ISBN 978-5-8114-7115-7. — Tekct : snexkTpoHHbld // JlaHb
ANEKTPOHHO-OMOMMoTeunast cuctema. — URL: https://e.lanbook.com/book/155680 (mara
oOpamtenus: 28.08.2021). — Pexxum noctymna: i aBTOpU3. MOJIb30BaTENCH.

Hosoxwunos O.I1., ArabekoB .. TeopeTnueckre OCHOBBI AJIEKTPOTEXHUKHU. JIMHEHHBIE
ANIeKTpUYECKHe Lenu: yued. mocodue. — 8-e uzn., crep. — CII6.: Jlans, 2010. — 592 c.
COopHHK 33a/1a4 MO0 OCHOBAM TE€OPETHUECKOM AIEKTPOTEXHUKH : yueOHOe mocodue i cmo /
IO. A. brerukos, A. H. bensuaun, B. /1. 'onuapos [u ap.] ; nox penakuueit FO. A.bprukoBa. —
Cankt-ITerepOypr : Jlamp, 2021. — 392 c. — ISBN 978-5-8114-6889-8. — Tekcr :
SNEKTpOHHBIH  //  Jlamp :  anekTpoHHO-OMOmmoreynas  cuctema. —  URL:
https://e.lanbook.com/book/153657 (nata obpamenus: 28.08.2021). — Pexum moctymna: s
aBTOPH3. MTOJIb30BATENCH.

Teopernueckne  OCHOBBI  JJEKTPOTEXHHKU. HenuHelHble  3IIEKTpUYECKHE  LEMU.
OnekTpoMarHuTHOe mose : yuyeObHoe mocobue / I'. U. AtabekoB, C. [I. Kymamsn, A. b.
Tumodees, C. C. Xyxpukos ; nox peaaknueii I'. . AtabekoBa. — 7-e u3zf., crep. — CaHKT-
[TerepOypr : Jlanb, 2020. — 432 c. — ISBN 978-5-8114-5176-0. — Tekcr : 31eKTpOHHBIH //
Jlanp : anekTpoHHO-OMOMMOTeuHas cucrema. — URL: https://e.lanbook.com/book/134338
(mata obOpamenus: 28.08.2021). — PexxuM goctyna: 1yt aBTOPH3. TOJIb30BATEICH.
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0) OononnumenvHan yyeOnan iumepamypa:

1. Hosoxwumnor O. I1. DnekTpoTexHuKa 1 3JeKTpOHHKA : yueO. miis crya. By3oB / O. I1.
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