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OBIIUE TPEBOBAHUA K BbIIIOJIHEHUIO IABOPATOPHbBIX PABOT

K BbImonHeHuio 1nukia JabopaTopHBIX pabOT AOMYCKAIOTCSA CTYIEHTHI, MPO-
HIe/IIINEe UHCTPYKTAX MO TEXHUKE 0€30MacHOCTH.

Kaxxgas mabopatopnast paboTa BBIIIOJHAETCS B TPU dTara:

1 sran. Pacu€rHo-Tpaduueckas 4acTh BBIIOJTHSETCS CTYIACHTOM CaMOCTOSI-
TEIbHO BHEAYAUTOPHO, B X0JI€ MOATOTOBKH K JIAOOpAaTOPHBIM paboTaM U BKJIIOYACT B
ceOsl: N3yuyeHne TEOPETUUECKUX OCHOB pacCMaTpUBAaEMOIl TeMbl, YSICHEHHE LIeTIe Ja-
O0opaTtopHOi pabOThl U MPEACTOSIIMX HCCIECJOBAaHUM, aHAIUTUYECKUE PacyEThl pe-
’KMMOB pabOThI ANEKTPUUECKUX IIETIEH, MOATOTOBKA (DOPMBI ITPOTOKOJIA SIKCIIEPUMEH-
TAJIbHOM YaCTU OTYETA.

2 sTan. ODKCIEpUMEHTalbHAsl YacTh BBINOJHAETCS B J1abopaTopuu Kadeapbl
0]l PYKOBOJCTBOM IIPENOAABATENsl, B X0/1€ KOTOPOM OCYLIECTBISETCA JOMYCK K pa-
6ote, cOOpka HccaeayeMOM 3JIEKTPUUECKON LENH, MPOBEAECHNUE YKCIIEPUMEHTOB, CO-
IJIACOBAHUE U YTBEPXKACHHE MOJyUYEHHBIX PE3YJIbTaTOB y MPENOIaBaTENsl.

3 atan. CamocTosATeapHast 00pabOTKa U aHaU3 TOMYYEHHBIX B XOJI€ DKCIEPH-
MEHTOB PE3yJIbTaTOB, MPOBEPKA WX HA aJ€KBATHOCTh C AHAIUTUYECKUMHU pacyéTaMu
1-ro atama, GopmynHpoBKa BHIBOJOB, OPOPMIICHHE OTUETA M €r0 3aluTa B 00BbEME
MaTepuaina, 0003HaYeHHOTO KOHTPOJIbHBIMHU BOTIPOCAMH.

OTtuéT no naboparopHoit paboTe 0hOpPMISETCA KaKIbIM CTYJEHTOM CaMOCTOSI-
TEJBLHO C COOJII0JIEHHEeM TpeOOBaHUM CYIIECTBYIOIIMX CTAHJIAPTOB U METOAMYECKHUX
yKkazaHuil Kk odpopmiieHuto otu€toB. Dopma U CTpyKTypa OoTuéTa MPUBEICHBI B MPU-
JIO’KEHUH K JIa0OpaTOPHBIM paboTaM.



OIMIMCAHUE KOMIIVIEKTA JIABOPATOPHOI'O ObOPY1OBAHHUA

KommnonoBka 000pyaoBanust

OO01masi KOMITIOHOBKA KOMIUIEKTa JaOOpaTOPHOTO O0OPYIOBAaHUS B CTEHIOBOM
MCIIOJIHEHUH TOKa3aHa Ha pucyHke 1. Ha maGopaTtopHoM croiie 3akperuieHa pama, B
KOTOpOM YCTaHABIMBAIOTCS OT/AENbHbIE OyokHM. PacronoxeHue OJIOKOB KECTKO HE
¢ukcupoBano. OHO MOXKET U3MEHSATHCA IS yI0OCTBA MPOBEICHUSI TOTO WJIM WHOTO
KOHKPETHOTO dKcrepuMenTa. HabopHast maHenb, Ha KOTOPOi coOnpaeTcst aneKTpude-
CKasl IeTh U3 MUHHU-0JIOKOB, MOYKET YCTAaHABIIMBATHCS M HETIOCPEACTBEHHO HA CTOJIE.

B BBIIBIKHBIX SIIUKaX XPaHITCS HAOOPHI MUHU-0JIOKOB M YCTPOWCTB, COCMIH-
HUTEJBHBIC TPOBOJA, TIEPEMBIYKA W Kalenw, MeTonudeckue martepuanbl. OnauH u3
Ha0OpPOB MHHHU-OJIOKOB TIOKa3aH Ha CTOJIC (PUCYHOK 1).

ENOK MEHEPATOPOB HAMPSKEHAR

HABOPHARA MAHENE K%HEKT»?P BIOK MYNETUMETPOB
EHEHEHEHEHEHEHEHIHEHD ]}
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Pucynok 1 — O6uias KoMnoHOBKa J1a00paTOPHOro 000pyAOBaHUS

BJiok reHepaTopoB HaANpsIKEHU N

JlumieBas maHenb OJIOKa T€HEPATOPOB HANPSDKEHWH TMOKa3aHa Ha PHUCYHKE 2.
I'enepaTop COCTOMT M3 UCTOYHMKA CHHYCOWJAJIBHBIX HANPSHKEHUH, TEHEpATOpa Ha-
MPSDKEHUM cieruaabHON (DOPMBI M T€HEpaTOpa MOCTOSHHBIX HAIPSIKSHUM.

Bce reHepaTopbl BKJIIOYAIOTCS M BBIKJIIOYAIOTCS OOIIMM BBIKJIIOUATEIEM
«CETDb» u 3amuiieHsl OT BHYyTPEHHUX KOPOTKUX 3aMbIKAHUH IIJIaBKUM MTPENOXPAHU-
TEJIEM C HOMHUHAJIBHBIM TOKOM 2 A.



BIIOK FEHEPATOPOB HAMPSXXEHWUA
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Pucynok 2 — briok renepatopoB HanpsiieHu

Ha nuiieBoit manenu 0j0Ka yka3aHbl HOMUHAIbHBIE HAMPSHKEHUE U TOK KaXK]10-
ro UCTOYHUKA HANPsHKEHUS, a TAKXKE JUara3oHbl U3MEHEHUS PETyJIUPYEMbIX BBIXO/I-
HBIX BEJIMYMH. Bce MCTOYHMKM HANpPSHKEHUM TaJlbBAaHUYECKH M30JMPOBAHBI APYT OT
Jpyra ¥ oT KopIryca 0JIOKa U 3alIUIIEHbl OT NEPETPY30K U BHEIIHUX KOPOTKHUX 3aMbl-
KaHUIl CaMOBOCCTAHABIIMBAIOLIUMUCA MPEAOXPAHUTEIAMU C HOMUHAIBHBIM TOKOM
0,2 A. O cpabaTeiBaHUU NIPEIOXPAHUTENS CBUACTENBCTBYET UHAUKATOP «| >».

['enepaTrop CMHYCOMIAIBHBIX HAIMPSHKEHUN COACPKUT OJAHO(DAZHBIM UCTOUYHUK
HanpspkeHus 24 B (BropuuHast oOMoTKa mutaromiero tpancdopmaropa 220/24 B) u
TpEX(a3HbIil CTAOMIM3UPOBAHHBIN 110 AMIUIATY/I€ BRIXOAHOTO HAMPsDKEHHS Mpeolpa-
30Batrenb OJHO(A3HOrO HampshkeHUs B TpéxdasHoe. BbIxoqHOE CONPOTUBICHHE
TpEX(pa3HOro NCTOUYHMKA B paboyeM auamna3oHe TOKOB OJIM3KO K HYIIIO.

['eneparop HanpsKeHUW crielMaIbHOM (DOpMBI BhIpaOaThIBAET HA BBIXOJIE CHU-
HYCOUJAJIbHBIN, TPAMOYTOJBHBINA IBYXIIOISPHBIN WU MPAMOYTOJIBHBIM OJXHOIIOJSAP-
HbI CUTHAJ B 3aBUCHUMOCTHU OT MOJoxeHus nepekntoyaresiss « COPMAy. Beixonnoe
CONPOTHUBJICHUE TeHEeparopa B paboueM AMana3zoHe TOKOB TaKKe OJM3KO K HYJIIO.
Mexny raesnamu «CMHXP» u «0 B» renepatopa mpu Jr000M IOJ0KEHUU TIepe-
kimouarenst «®OPMA» BbIpaOaThIBalOTCS OJHOMOJSPHBIE MPSAMOYTOJIbHBIE UMITYJIb-
Cbl aMIUIMTYIOW 5 B, KOTOpbIE MOKHO MCITOJb30BaTh JJIsI BHEIIHEW CHHXPOHU3ALMU
ocumsutiorpaga. Yacrora curHaiza peryaupyercst AecSITHOOOPOTHBIM MOTEHIIMOMET-
pom «HACTOTA» u He 3aBUCHUT, KaK OT ()OPMBI U aMILTUTYIbl CUTHAJIA, TaK U OT TO-
Ka Harpy3KHu.

['eHepaTop MOCTOSIHHBIX HAMPSKEHUM COACPKUT TPU UCTOYHHKA CTAOWIIN3U-
POBaHHOTO HampsibkeHus 15 B, ranbBaHUYECKH U30JIMPOBAHHBIX APYT OT Apyra. Bei-



XOJIHO€ HAIPsKEHHE OJHOTO M3 3THX UCTOYHUKOB perynupyetcs oT 0 1o 15 B gecs-
THOOOPOTHBIM TOTEHIIMOMETPOM. BBIXOJHBIE COMPOTUBICHUS] 3TUX HCTOYHHUKOB
TakKe OJIM3KU K HYJIIO U JIOMYCKAIOT PEKUM pabOThl ¢ OOPATHBIM TOKOM (PEXKHUM I10-
TpeOsieHus >Heprum). JJs moayyeHus: MOCTOSHHBIX HampshkeHud Oosbine 15 B oHu
MOTYT COEAMHSTHLCS MOCIeN0BaTeNbHO. )i UCKITIOUEHUS UICTOYHUKOB U3 COOpaHHOU
CXEMBI LIETH UCTIONIBb3YIOTCS TIEPEKITIoUaTeNH (TyMOJIEpHI).

Ha0opnasi nanesn

HabopHas nanenb (pUCyHOK 3) CILyKUT JUIsSl PACIOJI0KEHUSI MUHUOJIOKOB B CO-
OTBETCTBHHM CO CXEMOM HCCIIEYyeMOTO OIbITA.

HABOPHASA NAHEJb
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Pucynox 3 — HaGopHas nanens 1ab0paTOpHOTO CTEH/IA

['Hé3na HA PTOM NMaHENIM COEAUHEHBI B Y3JIbl, KaK IOKAa3aHO HAa HEU JIMHSMM.
ITosTOMy 4YacTh COEAMHEHUN BBITIOJHSIETCS aBTOMATHYECKU MPU YCTAHOBKE MUHHUO-
JIOKOB B THE3MA naHenu. OCTalbHbIE COCAUHEHUS BBITOJHSAIOTCA COCAUHUTEIbHBIMU
MPOBOJIAaMU M TIEpEeMbIUKaMu. Tak Ha ¢parMeHTe IenH, MMOKa3aHHOW Ha PUCYHKE 3,
HaIpspKeHUE MOJaETes MPOBOAAMU Yepe3 BBIKIIIOYATEb K OJTHON U3 OOMOTOK TpaHC-
dbopmartopa. K apyroit 0OMOTKe MOAKIIOYEHBI PE3UCTOP U KOHJAEHCATOp, COSAUHEH-
HBIE TTOCJIEA0BATEIBHO.

[l n3MepeHrs TOKOB B BETBSIX LENU YIAIAETCA OJIHA U3 IEPEMBIYEK U BMECTO
Heé B 00pa30BaBIIMIICS pa3pblB BKJIIOYAETCs amrepmeTp. st u3mepeHus: Hampsbke-
HHUM HA 3JIEMEHTaxX LENHU MapaJuIeIbHO PACCMAaTPUBAEMOMY JJIEMEHTY BKJIFOUAECTCS
BOJIBTMETD.



Ha0op MuHM0/10K0B 1a00pPaTOPHOIO CTEHAa

MuHu-0J10KH MIPEACTABISIIOT COO0M OTAENbHBIE ANEMEHTHI ANEKTPUUECKHUX 11e-
neu (pe3ucTopsl, KOHACHCATOPBI, MHIYKTUBHOCTH, TUOAbI, TPAH3UCTOPHI U T.II.), TO-
MENIEHHBIE B MPO3pavyHble KOPIyca, UMEIOIIKE ITHIPU JIsi COSIMHEHUS ¢ THE3IaMU
HabopHOU maHenu. HekoTopble MUHU-OJIOKU CoOJiepKaT HECKOJIBKO 3JIEMEHTOB, CO-
eAMHEHHBIX MEXIY coOoM B OoJiee cliokHbIe (PyHKIIMOHANbHBIE O0J10KkU. Ha sTukeTKax
MUHU-0JIOKOB M300pa’KE€HbI YCIOBHbIE rpaduyeckue 0003HAYEHUS DJIEMEHTOB HIIU
YIPOILCHHBIE JIEKTPUUYECKUE CXEMbl UX COCIMHEHUS, MOKa3aHO PACIIOJIOKEHUE BhI-
BOJIOB U MIPUBEICHBI OCHOBHbBIC TEXHUUYECKUE XapaKTEPUCTUKH.

Haoop TpancpopmaropoB

Habop tpancdopmaTopoB BKJIIOYAET B ceOsl yeThIpe pa30oOpHBIX TpaHchopma-
TOpAa, BBIMOJHEHHBIX Ha pa3bEMHBIX U-00pa3HBIX cepAeuHUKaX U3 dJICKTPOTEXHUYE-
ckoi cramu ¢ tommuHoi nucta 0,08 mm. Ceuenue cepaeunuka 16x12 mm. Ha Tpéx
TpanchopmaTopax ycraHoBieHbl Karymku 900/300 ButkoB, Ha yeTBéprom 100/100
BUTKOB, OJTHAKO, OHH JIETKO MEePECTABIISIOTCA.

bJaok MYJbTUMETPOB

biiok MynbTMETpPOB MpeaHa3HAYEH ISl U3MEPEHUS HaIpsKEHUM, TOKOB, CO-
MIPOTUBJICHU, a TaKXe ISl TPOBEPKHU AMOJOB M TpaH3ucTopoB. OOmuid Buj 0JI0Ka
IIPEACTABIICH HA PUCYHKE 4. B HEM yCTaHOBJIEHBI 2 CEPUMHO BBIITYCKAEMBIX MYJIBTH-
Merpa MY60, MY62 unu MY64. TlogpoOnas TexHudeckass HHGOpMAIUS O HUX U
MpaBUJIa MPUMEHEHUS NPUBOJUTCS B PYKOBOJICTBE MO 3KCILTyaTallMd U3TOTOBUTEIS.
B 6510ke ycTaHOBIIEH UCTOYHUK MUTAHUS MYJIBTUMETPOB OT CETH C BBIKJIIOYATEIIEM U
npenoxpanureneM Ha 1 A. Ha nuneByro maHenb OJ0Ka BBIHECEHBI TaKXKE YETHIPE
MPENOXPAHUTEIICH 3aIIUTHI TOKOBBIX LIENIEH MYJIbTUMETPOB.

Jlst oGecrieueHust HaAEKHOU TTUTEIBHON paboThl MyJTBTUMETPOB COOIIOIaliTe
CJIeIyIOIIME IpaBUIIa:

- HE MPEBBIIIANTE JOMYCTUMBIX MEPErPY30UHbIX 3HAYEHUN, YKAa3aHHBIX B 3aBO-
JCKOM MHCTPYKLIMH JIJIS1 KaXKJ0ro poaa padoThl;

- YCTaHABJIMBAWTE MEPEKIII0YaTeb MPENeioB U3BMEPEHNU Ha HaOObIIYIO Be-
JUYUHY, €CJIU TIOPSJIOK U3MEPSIEMOU BETUUMHBI HEU3BECTEH;

- OTKJIFOYalTEe Uyl OT MPOBEPSIEMON LIETIH MEPE]] TEM, KaK MOBEPHYTh IMepe-
KJIFOYaTesb A1 CMEHbI poJia padoThl (HE AJI1 U3MEHEHUs Mpesiesia u3Mepenus!);

- HE U3MEPSIITE CONPOTUBIICHUE B LIETIH, K KOTOPOU MOJBE/ICHO HAIIPSIKEHUE;

- He U3MepsiTe EMKOCTh KOHJIEHCATOPOB, HE yOEIMBIINCH, YTO OHU pa3psiKe-
HBI,

- Oy/IbT€ BHUMATEJIBHBI PU U3MEPEHUH TOKa MyJbsTUMeTpamMu MY 62 u MY 64.
[Ipenoxpanutens 0,2 A 3TUX MYyJIBTUMETOB MOXKET MEPEropeTh OT UCTOYHUKOB Ha-
MPSKEHUS] UMEIOIIUXCA B JaHHOM cTteHae. Mynbtumerp MY 60 3amminén npegoxpa-
HUTEJIeM 2 A, KOTOPBI HE MOXET MEPETOPETH OT TOKOB, CO3/IaBAEMbIX UICTOUHUKAMHU
JAHHOTO CTEH/A.



BJIOK MYJIbTUMETPOB
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Pucynox 4 — biiok MyJIbTUMETHOB JIa0OpaTOPHOTO CTEHA

I[O IMOAKIIOYCHUA MYJIBTMCTpPaAa K LCIIN H606XOI[I/IMO BBIIIOJIHUTL CJICAYIOIHC

oTepaIuu:

- BRIOOp u3MepsieMolt Benuuunbl: —V, ~V, —A, ~A unu [;

- BI)I60p JAuaria3oHa I/ISMepeHI/Iﬁ COOTBCTCTBCHHO OXHNAACMOMY PC3YyJIbTATy H3-

MEpPEHUN;

- IIPAaBUJIbHOC ITIOACOCANHCHNC 3A)KUMOB MYJIbTUMCTpPA K HCCHeHyeMOﬁ O CIIN.

HpI/ICOCIII/IHeHI/Ie MYJIbTUMCTpPA B Ka4CCTBC BOJIBTMCTpPA, aMIICPMETPA U OMMCT-
pa IIOKAa3aHO Ha pUCYHKC 5.
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Pucynok 5 — [loakmatoueHne MyJIbTUMETPA: @ — B KAYECTBE BOJIbTMETPA
U anMepMeTpa; O — B KaUecTBE OMMETpa



BarTmerp y4eOHOro cTeHaa
Bartmerp ydeOHoro crenna (pucyHok 6) mudposoro tuna. Ha ero aucriee
oToOpaxkaeTcs CpeHee 3HA4YCHHE TMPOW3BECHUSI MTHOBEHHBIX BEJIMUWH TOKA W Ha-

ITPSAKCHHAA.
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Pucynok 6 — Bartmetp crenaa

[IpuGop BKIIOUAETCS B IIEMb CO-
IJIACHO CXEMe€, MPUBEAEHHON Ha JIULIEBOU
nanenu. Jlist n3MEepeHnsi aKTUBHOW MOIII-
HOCTH, THE3/1a, OTMCUEHHBLIC CHMBOJIOM
«®», JIOJKHBI OBITh COEJUHEHBI Tepe-
Mbrukoi. Ilocne cOopku cxeMbl HE0OXO-
IUMO BKIIIOYHNTH BEIKIO4YaTenb «CETby
U YCTAaHOBHUTh HEOOXOJUMBIC TIPEICIIbI
M3MEpPEHUSI MO TOKY W HaNpsKEHUIO
tym6Oaepamu. Eciu BeIOpaH 3aHUKEHHBIN
MpeIeS U3MEPEHHUS, TO BKJIIOYAECTCA CHUT-
Hajnu3auusa neperpy3ku «l>» wmm (u)
«U >». B cnydae ecnu mpejielnn 3aBbIIIEH,
TO BKJIIOYAETCA cHUTHaIM3anusa «| <» wmmm
(n) «U <».

CnpaBa OT OKoIlIKa HU(PPOBBIX HH-
JIMKATOPOB aBTOMATHUYECKHA BKIIFOYAKOTCS
CBETOJIMO/Ibl CUTHAJIM3ALIMN PA3MEPHOCTH
«Bt» nan «mMmB1y.



JlabopaTopHas paboTta Ne 1

UCCJEAOBAHUME PA3SBETBJIEHHOW JIMHEMHOM 3/IEKTPUYECKOM
LIEITX TIOCTOSIHHOI'O TOKA

1 llesin pa6oTHI

1 ITosryueHre HaBBIKOB COOpPKH 3JIEKTPUYECKHUX LENEN W IMOJb30BAHUS JJIEK-
TPOU3MEPUTEIBHBIMU MPUOOPaAMH.

2 DKCHepUMEHTAIbHOE HCCIIeI0OBAaHUE MapaMeTPOB IEMH, OCTPOECHUE MOTEH-
LMAJBbHON JuarpaMMbl, OCBOEHHUE OCHOBHBIX PACUETHBIX CIIOCOOOB IO ONPEACIICHUIO
TOKOB U HaIlPsDKEHUI Ha y4acTKax LEMu.

2 OCHOBHBbIE N0JIOKEHUS TEOPHUM 3JIEKTPUYECKUX Leneun
2.1 OcHOBHBIE NOHATHA, 3aKOHbI OMa M Kupxroga

Dnekmpuueckot yensvio Ha3blBalOT COBOKYITHOCTh YCTPONCTB U OOBEKTOB (3J1€e-
MEHTOB), COEJUHEHHBIX JPYT C APYroM, [0 KOTOPBIM MOXET MPOTEKATh 21eKmpuye-
CKUll MoK, W TpeHa3HauYeHHBIX JUIsl paclpeaesieHus, NpeoOpa3oBaHus U Mepeaadu
AIEKTPUYECKOU SHEPTHH.

Jl71st mpoTekaHusi Toka HEOOXOIUMBI UCMOYHUKU INeKMPUUECKOl IHepeul — c-
tounuku HanpspkeHus (31C) wim Toka.

OnekTpuyeckas Uelb COAEPKHUT TaKKE YCTPOMCTBA, B KOTOPBIX SHEPTUS AJIEK-
TPUYECKOTO TOKA MpeoOpa3yeTcss B ApYrue BUAbI SHEPIUU (MEXaHUYECKYIO, TEIIO-
BYIO, CBETOBYIO U T.J.). DTH YCTPOMUCTBA HA3bIBAIOTCS NPUEMHUKAMU INEKMPUYECKOLL
9Hepeuu, WU Hacpy3KaAMU.

Ecnu snemMeHT Lenu XapaKTepHu3yeTcs JUHEHHBIMH anreOpandecKuMH WM
b depeHIrnanbHBIMI YPABHEHUSIMH, TO €TI0 HA3bIBAKOT JIUHELHbIM.

[enun, comepraniye TOJBKO JIMHEWHBIE AJIEMEHTHI, HAa3bIBAKOT JUHEUHbIMU L1E-
msiMi. OCHOBHOE CBOMCTBO TAaKUX LENEH — MPUMEHUMOCTh IPUHLMUIIA HAJOKECHHUS
(cyneprno3uiun), 3aKI04aroIIerocs B TOM, YTO Pe3yJbTUPYIOLIAs peakiysl JMHEHHON
LIENTM Ha HECKOJIbKO MPUJIOKEHHBIX OJTHOBPEMEHHO BO3MYILEHUI paBHA CyMME peak-
Ui, 00YCIOBIEHHBIX KaX/IbIM BO3MYLICHUEM B OTAEIBHOCTH.

J1y1st 3aMbIKaHUS ¥ pa3MbIKaHUS IENel UCTIONB3YIOT gbikouamenu (TyMOIepsbl)
TOTO WX UHOTO BHUJIA.

Tok, HEM3MEHHBIN MO BEJIIMYMHE U HAIMPABJICHUIO, HA3BIBAIOT NOCMOAHHLIM U
0003Ha4al0T CUMBOJIOM |.

Kaxxnass Touka 3J€KTpUYECKON Lenu XapakTepu3yercs NMoTeHHHaioM ¢. OH
OTIPEIEISAETCS OTHOCUTENBHO KaKOM-TMO0 OJHON TOUKH, MOTEHLIMAT KOTOPOH yCIIOB-
HO MPUHUMAIOT PaBHBIM HYIIIO.

3akoH OMa MaTeMaTUYECKH BBIPAXKAET COOTHOIIEHUE MEX Iy HanpsbkeHueM U,
ToKkoM | 1 conmpoTuBieHneM R Ha ydacTke LIETIM U YUTAeTcs CIASAYIOUIUM 00pa3oM:
«Cuna moka 6 yyacmke yenu npsimo nponopyUOHAIbHA HANPAICEHUIO, NPULOHCEHHO-
MY K Y4acmky, u 06pamHo nponopyuoHaibHa CONPOMuUBLEHUI0 2mo2o yiacmkay (pu-
CYHOK 7).



T R1 U
12— 2 =t 1)
- 1

U2 rae Upp = (o1 —¢2)
Pucynoxk 7
7 R1 E 3akoH OMa aJ1s ydyacTka IeNH, CO-
= 2 E 9 3 nepxamiero J]C (pucynok 8):
> @2 = 91— IRy;
Uts ¢3=¢2 +E.
Pucynok 8
Otcrona cienyer:
¢@3=¢1—IR; + E;
¢®1— @3 = IR — E;
U13 = |R1 —E;
IR; =Uiz+E,
Torna TOK MpOKAroIIKi MO YYaCcTKY IEMU OMPEAESETCs BhIPaXKEHUEM
| = (U13 + E)/Rl (12)

Jlnst mo0oro y3i1a 3JeKTPUYecKOor ey CIipaBe/IlIuB MepBhIi 3akoH Kupxroda,
(bopMyIUpyEMBIN CIEIYIOIUM 00pa3oM: cymMma mokog 6 aOoM y3ie dleKmpuie-
ckoti yenu pasua Hymo. CylecTBYeT U Apyrasi, aHaJIOTUYHAs 10 CMBICITY (HOpMYITH-
POBKA: CyMMa 3HAYEHUU MOKO8, 8XO0SAWUX 8 Y3el, PAGHA CYMMe 3HAYEeHUll MOKOS,
BBIXOOAWUX U3 Y3Id.

> =0. (1.3)

[Tpu 3TOM TOJIararoOT, YTO TOKH, BTEKAIOIINE B y3€JI, CUUTAIOTCS TOJOKUTEITb-
HBIMH, a BBITEKAIOIIHNE — OTPHUIIATEILHBIMHU.

Jlist 11060T0 3aMKHYTOTO KOHTYpa 3JICKTPUYECKOM IEMU CIpPaBEIuB BTOPOI
3akoH Kupxroda, popmynupyemsiii ciemyronumM o0pa3oM: areebpauyeckas cymma
IJ][C, Oelicmsyrowux 8 KOHMype pasHa ancedpaudeckoll cymme NnadeHull Hanpsajice-
HUsL HA 2JIeMeHmax 3mozo KOHmypa.

n m m
2 Ex=2Ug =2 Uy (1.4)
kel kel k=1



2.2 MeToAbl pacyéTa 3JIeKTPUYECKHX Leneun
2.2.1 MeTo HennocpeCTBEHHOT 0 NIpUMeHeHMs 3aKOHOB Kupxroga

Kiraccuueckum MeTogom pacdéra CI0KHBIX SJIEKTPHUUECKUX LEMEN SBISAETCS
METO]I HETIOCPEICTBEHHOT0 NMpUMeHeHHs 3akoHOB Kupxroda. Bee octanbHble MeTo-
JIbI pacy€Ta BHITEKAIOT U3 ATUX (PYHIAMEHTAJIbHBIX 3aKOHOB.

Pacuér npon3BOAUTCS B CIEAYIOLIEH MOCIEN0BATEIbHOCTHU:

1. IIpou3BOJIBHO 334A0TCS YCIOBHO MOJIOKUTEIBHBIMUA HAIIPABICHUSIMU TOKOB
BO BCEX BETBAX CXEMBI.

2. OnpepensieTcsi KOJIMYECTBO YPABHEHUN CUCTEMBI JIsl PEIlIeHUs 3aauu (Juc-
JIO YPBHEHUH PABHO YMCIY HEU3BECTHBIX TOKOB).

3. OnpenensieTcss KOJMYECTBO Y3JIOB B CXEME.

4. Ecnu B cxeme N y3JI0B, TO KOJMYECTBO HE3aBUCHMBIX YPABHEHUH, COCTaB-
JSIEMBIX TI0 TIepBOMY 3akoHYy Kupxroda, paBao n — 1.

5. Henocraroniee KoJIM4ecTBO YPAaBHEHHUI CHCTEMBI COCTABIIIETCA [0 BTOPOMY
3akoHy Kupxroda s He3aBUCUMBIX KOHTYPOB.

PaccMoTpuM 3€KTpHUYECKYIO LIElb, CXeMa KOTOpOW HM300pa’keHa Ha pUCYH-
ke 9. O6bIuHO B 3as1a4e 3a/anbl 3HaueHus: JJ]C uctounukoB E;, E, u conporusienuit

Bcex pe3ucTtopoB R1-Rg. TpeOyeTcst onmpeaesinTh TOKH BO BCEX BETBIX cXeMEI l1-lg.
1 1716

Pucynok 9 — Cxema pa3BlIeTBIEHHOH AJICKTPUUECKON TIETTH

OnpenenuM TOKH B BETBSIX CXEMbl METOJIOM HEMOCPEJCTBEHHOTO MPUMEHECHHUSI
3akoHOB Kupxroda.

1. Bo Bcex BETBSIX CXeMbl TPUHUMAIOTCS YCIOBHO IMOJIOKUTEIbHBIC HaIlpaBJe-
HHS TOKOB |1 -lg;

2. OnpeensieTcsl KOJIMYEeCTBO YpaBHEHUM, paBHOE YHCIY HEM3BECTHBIX TOKOB
(B 1aHHOM ciyyae ux 6);

3. Onpenensiercs konmuectBo (N) y3moB B cxeme (N = 4);

4. CocTaBJISIOTCSl ypaBHEHUS MO TIepBOMYy 3akoHy Kupxroda mis koaumdecTBa
y3JI0B Ha ouH MeHIe (N—1), uem B cxeme:



- ysmaa: ly+ 1, —13=0;
- ysaa b — 1+ 13— 15=0; (1.5)
- ysnac: Iz + Is—1g=0.

5. Henocraroniye 4nciio ypaBHEHUs 3alIUCHIBAIOTCA 0 BTOPOMY 3akoHy Kupx-
roda s 3-X He3aBUCUMBIX KOHTYPOB:

- nis kontypa I: — 1Ry + bR, — 4R, = E; — E;
- st koutypa Il 11R; + 13R; — IsR5 = 0; (1.6)
- nist koutypa I 14,R, + IsRs + 1gRg = Eo.

6. Pemast coBmMectHO ypaBHeHHS cucTeMbl (1.5-1.6), HaXoaAT 3HAYCHUS MCKO-
MBIX TOKOB.

Ecnu B pe3ynbraTe pernieHus CUCTEMbI YPaBHEHUM HEKOTOPBIC TOKHU MOTYy4aTCs
OTpUIIATEILHBIMHU, TO 3TO yKa3blBa€T Ha TO, YTO MUCTUHHOE HAMpPAaBJICHUE TOKOB B
ATHX BETBAX MPOTHBOITOJIOKHO BEIOPAHHOMY HaMH (YCJIOBHO MOJIOKUTEIBHOMY).

2.2.2 MeTO KOHTYPHBIX TOKOB

DTOT METO/ MPUMEHSIETCS JJIsl pacu€Ta CJIOKHBIX JIEKTPUUECKUX LIeTeH U TO0-
3BOJISIET YMEHBIIUTh KOJUYECTBO COCTABISIEMBIX YPaBHEHUU W TEM CaMbIM YIIPO-
cTuTh pacu€T. [Ipu pacu€Te METOIOM KOHTYPHBIX TOKOB IOJIaral0T, YTO B Ka)JIOM
HE3aBHUCUMOM KOHTYPE CXE€Mbl TE€UET CBOM, TaK HA3bIBAEMbI, KOHMYPHBIU HMOK.
YpaBHEHUsI COCTABIAIOTCSA MO BTOpoMy 3akoHy Kupxroda u onpeaensitorcst KOHTYp-
HbIE TOKU. 3aT€M OT KOHTYPHBIX TOKOB MEPEXOJISAT K TOKAaM B BETBSIX.

Pacuér cxembl MPOU3BOUTCS B CIAEAYIOIIEN MTOCIEA0BATEIbHOCTH:

1. Bo Bcex BETBSIX CXeMbl IPUHUMAIOTCS YCIOBHO IMOJIOKUTEIbHBIC HaIlpaBJe-
HUSI TOKOB.

2. OnipeaensiroTcsi He3aBUCUMBbIE KOHTYPBI B CXEME.

3. BoiOuparorcst yCII0BHO MOJIOKUTENbHBIE HAMPABJICHUS KOHTYPHBIX TOKOB.

4. CocTtaBiisieTcsl cUCTeMa ypaBHEHUI Ha OCHOBaHWM MepBOro 3akoHa Kupxro-
¢a c yuérom 00001mEHHOTO 3aKoHa OMa /17151 BHIOPaHHBIX KOHTYPOB:

5. Pemasi mosiydeHHYI0 CUCTEMY YpaBHEHHUH, HAXOATCS 3HAYEHUSI KOHTYPHBIX
TOKOB.

6. [To HalileHHBIM 3HAYEHHUSIM KOHTYPHBIX TOKOB OMPEIEISIIOTCS TOKA BETBEH.

PaccmoTpuM sieKTpUUECKyIO IIeTb, CXeMa KOTOpOW H300pakeHa Ha PHUCYH-
ke 9. B 3amaue 3anmansl 3Hauenus DJIC ucrtounukoB E;, E; u compoTtuBieHuii Bcex
pe3uctopoB R1-Re. TpeOyeTcs onpenenuTs TOKK B BETBAX CXeMbl |1-lg MeTogom KoH-
TYPHBIX TOKOB.

1. Bo Bcex BeTBSIX CXEMbl IPUHUMAIOTCS YCIIOBHO TOJIOKUTEIIbHBIC HaIlpaBJie-
HUSI TOKOB.

2. OnpenensroTcs HE3aBUCUMbIC KOHTYPHI B cxeme. Ha pucynke 9 onu 0603Ha-
YEHBbI pPUMCKUMU ITU(DpamH.

3. BoiOupatorcsi yCIOBHO TOJIOKHTENbHBIE HAMpaBlIeHUs KOHTYPHBIX TOKOB
I,-1,. B manHoi#1 3a1aue — mo 4acoBO# CTperiKe.

4. CocTaBisieTcsi CCTEMa YPaBHEHUI HA OCHOBaHUMU MEPBOTO 3akoHa Kupxro-



¢a ¢ yuérom 0600ménHOro 3akona Oma A1 BBIOPAHHBIX TPEX HE3aBUCHUMBIX KOHTY-
pOB:

IIR11 + 1R + IiRis = Ey;
[IR21 + 11R2 + 111R23 = Eyy; (1.7)
liRs1 + 141Rs2 + 11iRss = Eyyy,

rae Ri1, Rys, R33 — cOOCTBEHHBIE COMTPOTHUBIICHHSI KOHTYPOB:

Ri1=Ri+Ry+ Ry Ry =Ry +R3+Rs; Rz =Ry +Rs + Rg; (1.8)
R12, Ri3, Ro1, Ras, R, R3; — conmpoTHBIEHUST CMEXKHBIX BETBEH KOHTYPOB:
Ri2=Ra1 =Ry, Riz3=R31 =—Ry; Raz= Ry =—Rs; (1.9)
E\, En, Ein — xonTypHbie D]J1C;
Ei=E;-E; E=0; Eu=E. (1.10)

C yuérom (1.8-1.10) cucrema ypaBaenwuii (1.7) mpumet Bu:

- st koutypa I: 1)|(Ry + Ry + Ry) — )Ry — 1)) Ry = E; — Ey;

- st koutypa Il 1(R; + Rz + Rs) — |Ry — 1;;)Rs = 0; (1.11)
- st koutypa 1 1(Rs + Rs + Rg) — |Rs — 1})Rs = E».

[Ipu atom D/IC, HanpaBiaeHUs KOTOPBIX COBIIAAET C HANPABICHUEM KOHTYP-
HOT'O TOKA, UMEIOT 3HAK «IUIFOCY», B IPOTUBHOM CJIy4ae — 3HAK «MUAHYCY.

5. Pemias ypaBHenus (1.11) coBMeCTHO, ONpeaensaoTcss KOHTYpHbIE TOKH || 1
Iy, L. 3aTeM OT KOHTYPHBIX TOKOB IEPEXOANM K TOKAM B BETBSIX.

6. [1o HaliieHHBIM 3HAYCHHUSIM KOHTYPHBIX TOKOB OMPEIEISIFOTCS TOKA BETBEH.

BerBu cxeMmbl, IO KOTOPBIM NPOTEKAET OJWH KOHTYPHBIM TOK, HA3bIBAKOTCS
6HeWHUMU, 3 BETBU, 110 KOTOPBIM IIPOTEKAIOT HECKOJIBKO KOHTYPHBIX TOKOB, Ha3bl-
BatOTCs 00ugumu. Tok |3 BO BHEIIHEW BETBU COBMAJNAET MO BEJIMYMHE U IO HANpaB-
JIEHUIO C KOHTYPHBIM TOKOM |}

|3 = I -
AHaornyHo
=1 lg=Iy.

Tok B 001Ieil BETBU paBeH anreOpandyeckoil CcyMMe KOHTYPHBIX TOKOB, IPOTe-
KaloILUX B 9TON BETBH.

==l +1y; ls==Iy+1ly; la==l+1y.

PexomeHanuu npu pemieHuu 3aaa4:

1. KoHTyphl BbIOMpaIOT MPOU3BOJBHO, HO 11€J1€CO00pa3HO BhIOpATh KOHTYPHI
TakuM 00pa3oM, 4TOOBI MX BHYTPEHHsS 00JlacTh HE Tepecekanach HU C OJHOU BeT-
BbIO, PUHAJIJIKAILIEH IPYTUM KOHTYpaM.

2. KoHTypHbBIE TOKHU KEJIaTeNbHO HAMPABISATH OJUHAKOBO (IO 4aCOBOM CTpEJIKe
WJIU TIPOTUB).

3. Ecniu Hy>XHO onpeenuTh TOK B OJHOW BETBH CIIOKHOM CXEeMbI, HEOOXOANUMO
CEJIaTh €ro KOHTYPHBIM.



4. Ecnmu B cxeMe MMEETCS BETBb C HM3BECTHBIM KOHTYPHBIM TOKOM, 3TOT TOK
ciaeayeT caciatb KOHTYPHBIM, 6J1ar011apﬂ 4YEMY KOJIHMYCCTBO ypaBHCHI/II\/'I CTaHOBHTCA
Ha CAMHHUIY MCHBIIIC.

2.2.3 MeTo/ y3/I0BBIX IOTEHI{UAJIOB

DTOT METOJI TaKKe MPUMEHSICTCS I pacd€Ta CIOXKHBIX JICKTPUICCKUX TIeTIei
1 TIO3BOJISICT YMEHBITUTH KOJUYECTBO COCTABIIIEMBIX YPaBHEHUI U YIIPOCTUTH pelie-
Hue 3amadu. CyTh METO/Ia y3JI0BBIX MOTCHIIMAIOB 3aKIIOYAETCS B TOM, YTO OJIUH U3
y3JI0B CXEMBI 3a3eMJISICTCS M €T0 TIOTEHITMAN MPUHUMAETCSI paBHBIM HYyJI0. Jlamee on-
PENETSIOTCS MOTSHIIMAIBI OCTAIBHBIX Y3JI0B, YTO JIA€T BO3MOXKHOCTH ONPEACIUTh Ha-
NPSOKCHHS Ha 3)KUMax KaKIOW BETBH. 3aTeM, MCIOb3ys 3akoH Oma (1.2), onpene-
JISTIOTCSL TOKH B BETBSIX.

Pacdér cxempl IPOU3BOAUTCS MO CIEAYIOMIEMY aJTOPUTMY.

1. B cxeme omnpeensieTcst Yucio y3J0B, Y3JIbl HyMEpPYIOTCH.

2. [Torenuman ar000T0 y3I1a, Yalie MOoCIeTHETO M0 HOMEpY MPUHUMAETCS paB-
HBIM HYJIIO (3a3eMJISIeTCS).

3. CocraBnsercs cucTeMa YpaBHCHH Ha OCHOBAaHHMH TIEPBOTO 3akoHa Kupxro-
da ¢ yaérom 00001mEHHOT0 3aKkoHa OMa IS TTOJYYEHHOTO YUCIIa y3JIoB (3a HCKITIO-
YeHHEM 3a3€MJICHHOTO y3J1a) CIEAYIOIEro BUa:

01611 + 02612 + 93G13 +..0n Gy = I171;
01621 + 02620 + 03G23 +..0nGoy = 127;

~—

01631 + 026Gz + P3G33 +..0G3p = I33;

oooooooooooooooooooooooooooooooooooooooo

P16y + ©2Gh2 +03Gh3 +..0nGpn =1

4. Pemaetcs cuctemMa ypaBHEHUM, U HAXOASATCS MOTEHIIUAIBI Y3JIOB.

5. Ucnonb3ys 3akon Oma aiig BeTBel He coaepxanux ucrounuku C (1.1) u
0000mmeHHbIN 3akoH OMa, U BeTBeH, coaepkanmx uctounuku DJIC (1.2) mo Haii-
JICHHBIM MTOTEHIIMAIaM BBIYUCIISIOTCS TOKH B BETBIX

PaccMOTpUM 3JIEKTPUYECKYIO 11€Th, CXeMa KOTOpOoW Hn300pa)keHa Ha PUCYH-
ke 9. U3BectHrl 3Hauenust DJIC ucrounukoB E;, E, u conpoTuBieHuii Bcex pe3nucro-
poB R1-Rs. TpebyeTtcs onpeaenuTh TOKU B BETBAX cXeMbl |1-lg METog0M y3710BBIX MO-
TEHLIUAJIOB.

1. O603HaunM Ha cxeme y37bl @, b, ¢, d. [Toreniman y3na d npuHuMaem pae-
HBIM HYJIO (g =0).

2. CocTaBiisieM CUCTEMY ypaBHEHHMM Ha OCHOBaHUHM TepBOro 3akoHa Kupxroda
¢ yuétoMm 0000mEnHOro 3akona Oma s y3I1oB a, b, C.

03611+ 0pG12 + G133 =111;
0aG21 + PpGor + 9cGoz =125;

0aG31 + 0pG3p + 0pG33 =133,



rae Gy, Gy, Gz — cCOOCTBEHHBIE MPOBOIMMOCTH BETBEH, MOJCOCTUHEHHBIE COOTBET-
CTBEHHO K y3j1aM @, b, C (Bcerzaa co 3HaKOM «ILTIOCY):

1 1 1 1 1 1 1 1 1
G =—+—+—; Gopp=—+—+—; GCgg=—+—+—.
Ri R, Rj Ri R4 Ry R; Rs Rg
G2, Go1, Gi3, Ga1, Gos, Gz, — B3aiMHBIE MPOBOAMMOCTH BETBEH, COSUHSIONINE
COOTBETCTBYIOIINE Y3JIbI (BCETa CO 3HAKOM «MHUHYCY).

1. 1. 1
Cro=Gp1=—1-1 G3=Gar=—p-1  Gp3=Ggp=——
1 3 5

l11, l22, |33 — y3710BBIE TOKH, TOKH B BETBAX, coAeprkamue uctounnku IJIC u moj-
KJIFOYEHHBIE K COOTBETCTBYIOIIEMY Y311y. BBEIUUCIAIOTCS, KaK OTHOLICHUE UCTOYHUKA
OJIC, neicTBYIOMIEro B JAHHOW BETBU K COITPOTUBIICHUIO TAHHON BETBH.
IIpu stom uctounuk IJ]C, HampaBJICHHBIN K y3]Iy, IPUHUMAETCS CO 3HAKOM
«IUTEOC», B MPOTUBHOM CJIy4ae — CO 3HAKOM «MHUHYC».

E, . E,

li1==—3 lypp==%, 133=0.
11 R, 22 R, 33

2.3 JHepreTH4YeCKMM 6a/IaHC B 3JIEKTPUYECKHUX L enax

[Ipu npoTekaHnu TOKOB MO PE3UCTOPAM B HUX BblaemseTcs TemnoTa. Ha ocHo-
BAHHMH 3aKOHA COXPAHEHHUS YHEPTUU KOJIUYECTBO TEIUIOTHI, BBIIEISAIONIECECS B €IMHU-
Iy BPEMEHHU B PE3UCTOPAaX CXEMBbI, JOJDKHO PaBHATHCS YHEPTUU, JOCTABISIEMOM 3a TO
K€ BpEeMsl UCTOYHMKOM NUTaHUs. To ecThb, B JIOOOM ANEKTPUUECKON LENU JO0JHKEH
cO0JII0AaThCA YHEPreTUYECKUI OanaHc — O0alaHC MOIIHOCTEW, KOTOPBIN YMTAETCs TaK:
anredpanyeckas cymMmMa MOIIHOCTEH BCEX MCTOYHHMKOB AHEPruu (B YaCTHOCTH, HC-
TOYHUKOB TOKa W UCTOYHMKOB DJ[C) paBHa apudMeTuyeckoil cyMMe MOIIHOCTEN
BCEX NMPUEMHUKOB HEPTUHU (B YACTHOCTHU, PE3UCTUBHBIX DJIEMEHTOR).

VYpaBHeHne OaaHca MOIMHOCTEH NMPU MUTAHUHM TOJBKO OT MCTOYHUKOB DJ[C
MMEET BU/I;

i=m I=n
_ZEili = Z I5R; .
i=1 j=1

[Tpuuém, ecnu HampaBieHue Toka |, nporekaromiero yepe3 ucrounuk I/C E,
coBmnanaer ¢ HanpasiaeHueM J/[C, To ucrounuk I/[C ABISIETCA HCTOYHUKOM DHEPTUU
Y B YPABHEHUU YHEPreTUYECKOro Oananca npoussenenue El npunumaercs co 3Hakom
«mtrocy. Ecnu ke HanpaBneHnue Toka | Becrpeuno Hanpasienuto JJ[C E, To ICTOUHUK
OJC sBnsiercss NpUEMHUKOM PHEPTUM W B YPaBHEHUU IHEPreTUUYECKOTo OaliaHca
npousBeAeHue El mpuHuMaeTcst co 3HaKOM «MUHYCY.

3anuiieM ypaBHeHHE OajaHca MOITHOCTEH A1 cxembl (pucyHok. 10).

[Ipennonoxkum, 4TO B CXEME pacCMaTpUBAEMON LIENH YKa3aHbl HICTUHHBIE Ha-
MpaBJCHUS TOKOB B BETBAX. Torja BbIpaXeHHE i OajlaHca MOIHOCTEH Oyaer
UMETh BUJI;

Eqly, — Eplg+ Egly = 12R + 15Ry + 12Ry + 12Ry + 12Rs + 12Rg + IZR;.



Pucynoxk 10 — Cxema pa3BineTBIEHHON 2JEKTPUUYECKON TIENTH

Crnenyer OTMETUTh, YTO OajaHC MOIIHOCTEH 4acTo SABJISETCS MPOBEPKOM Ipa-
BWJIBHOCTH pelleHus 3a1auu. Eciu 6alanc MOITHOCTEN CXOJUTCS C MOTPEUIHOCTHIO,
He npesbimaronieit 3 %, To 3agaya peiieHa BepHo. B mpoTUBHOM cilydae — HET.

2.4 lloTeHuMa/IbHAA AUarpaMmma

Ilomenyuanvnas ouacpamma — 310 Tpaduyeckoe H300paKEHUE pacipesee-
HUS JIEKTPUYECKOTO MOTEHIIMAaNa BJI0JIb 3aMKHYTOI0 KOHTYpa B 3aBUCUMOCTH OT CO-
MPOTUBJICHUS YYACTKOB, BXOJIAIIUX B BEIOPAHHBIN KOHTYD.

JlmarpaMma CTpOMTCS TOCTIE HaXO0XKACHHUS TOKOB (pEIIeCHUS 33/1a4M) 10 OJTHOMY
W3 BBIICTICPEUNCICHHBIX METOM0B. [lo ocm abcmuice muarpaMMbl OTKIIAIBIBAIOTCS
COTIPOTHUBJICHUS BIOJb BRIOPAHHOTO KOHTYpA, HAYWHAS C KaKOH-ITHOO MPON3BOJIHLHOM
TOYKH, 10 OCH OPJIMHAT — TIOTCHIIMAJIBI ATUX Touek. Kaaoi Touke ydacTka Ienu
WJIM 3aMKHYTOTO KOHTYpa COOTBETCTBYET CBOSI TOUKA Ha MOTCHIIMAIIBHON qrarpaMMe.

[TocnemoBaTeTbHOCTH MOCTPOCHHMS MOTEHIIMATBLHOM THarpaMMBbI CISAYIOIIAs:

1. 3amar0TCs TOKHM B BETBSAX CXEMBI C YKa3aHUEM MX UCTUHHBIX HAIPABIICHUH.

2. Ha cxeme yKka3bIBaroTCsl XapaKTepHbIE TOYKU, MEXKY KOTOPBIMH COJACPKUT-
cst onuH 3emeHT (pesuctop wim DJ1C).

3. 3azemuisieTcs Jir00ast TOUKa, MOTEHIIMAN B KOTOPO# Oy/ieT paBeH HYJItO, a Mo-
TEHIIUAJBI IPYTUX TOYEK paccunThiBatoTcs. Eciau HanpaBienue 00xo/ma KOHTypa co-
BIIaJIa€T C HAMpaBJICHUEM TOKA Yepe3 Pe3nucTop, TO MOTEHIMAN yMeHbinaercs. [lpu
COBNAJCHUM HarpaBjeHHe 00xoaa KoHTypa ¢ Hampasienuem JJ[C nmoreHmman yse-
nuyuBaetcs. I Hao60poT.

4. CtpouTcsl TIOTEHIIMAJIbHAS JUarpamMma, Mpyu 5TOM Ha OCH aOCLMCC B BBIO-
paHHOM MacIiTade OTKJIaJABIBAFOTCS COMPOTUBIICHUS MEXIY XapaKTEPHBIMUA TOYKAMH,
Havyayio KOOPJWHAT JOHKHO COOTBETCTBOBATH TOUKE C HYJICBBIM ITOTCHITUATIOM.

5. Ha ocu opauHaTt B MacmTabe OTKIAABIBAIOTCS MOTCHITMAIBI XapaKTEPHBIX
TOYCK.

6. [Tomy4eHHBIE TOYKH COCTUHSIOTCS IPSIMBIMU JIMHUSMH.

7. Ha ocu alcrucc B macmrade OTKJIQIbIBAIOTCS COMPOTUBIICHUS MEXKIY Xa-
PaKTEPHBIMHU TOYKAMH.



PaccmoTpum Ha mpumepe MocTpOeHUE NOTEHIUAIBHOW AUarpaMMbl 3aMKHYTO-
ro KOHTypa (parMeHTa Lenu, U300pakeHHOTo Ha pucyHke 11, yuuTeiBasg 4to Ha
CXEME yKa3aHbl UCTUHHbBIC HAIPABJICHUS TOKOB B BETBSIX.

Pucynox 11

1. 3amaéM TOKHM B BETBSIX CXEMbI M YKAa3bIBA€M WX UCTHHHBIC HAIIPABICHUMN.

2. Ha cxeme ykasbiBaeM xapakTepHbIC TOUKH: @, b, C, d, e, f, g, Mmexay koTo-
PBIMH COJEPKUTCS OAUH 1eMeHT (pe3uctop i I/1C).

3. 3a3zemuisieM TOUYKY @, TIOTEHI[HAN B KOTOPO# OyJEeT paBeH HYJI0, U PACCUUTHI-
BaeM IMOTEHITAAJIBI JPYTHX TOYCK:

¢a=0; b =@a—LRa; o=@ —Rs; g =¢c + IsR7;

Pe = @d+ I4Rs; = Qe — Ex; Pg = 0 + Ey; Pa = ¢g— l1Rs.

4. CTpouM NOTEHIMANIbHYIO0 nuarpammy (pucyHnok 12). IIpu 3ToMm Ha ocu adc-
IIMCC B BRIOPAHHOM MacilTa0e OTKJIAIbIBAEM COMPOTHUBIICHUS MEXKIY XapaKTepHBIMU
TOYKaMH, HA4aJ0 KOOPJAUHAT JIOJDKHO COOTBETCTBOBATh TOUKE @ C HYJEBBIM IMOTEH-
IIAAJIOM.

5. Ha ocu opaunaTt B Macmtabe OTKIAIbIBAEM MOTEHIIMAIBI XapaKTEPHBIX TO-
YeK.

6. [TomydeHHBIE TOYKU COCIUHAEM MPSIMBIMU JTUHUSMU.

7.Ha ocu abcuucc B BbIOpaHHOM MaclTabe OTKJIAAbIBAEM COIMPOTHUBIICHUS
MEXIy XapaKTePHBIMA TOYKAMHU.

[Ipon3BONBHO TpUMEM TMOTEHITMAT OJHOW W3 TOYEK, HAlpUMeEp, TOYKH a,
¢z = 0. 9Ty TOuKy Ha Auarpamme (pucyHok 12) momectum B Havasio koopaunar. OT-
METHUM Ha JAuarpaMMe MOTEHIIUAIbl BCEX TOUYEK KOHTYypa M COCIMHUM UX MPSIMBIMU
JTUHUSMU.

[ToTeHmanpHas AuarpaMMa MO3BOJIIET ONMPEACIIUTh HAMPSHKEHUS MEKIY JTIO-
OBIMH TOYKAMHU IIETTH, €CJIM Ha OCH OPJAMHAT OTMEUYCHBI MMOTSHITUAIBI ATUX TOYCK.
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Pucynok 12 — IloTeHmmansHas nuarpaMma

3 OGbeKTHI UCC/IeJOBaHUSA U 060pyA0BaHUE

B naGopatopHoii paboTe uccaeayroTcss pexXuMbl padOThl TUHEHHONW pa3BETB-
JIEHHOW LIETIH MOCTOSIHHOTO TOKA.

OOBEKTOM HCCIICIOBAHUS SIBIISIOTCS IEMH IMOCTOSTHHOTO TOKAa, COJEpIKallue
JUHENHBIC 2JIEMEHTHI PE3UCTOPHI U3 KOMILJIEKTa MUHU-0JIOKOB Y4EOHOT'O CTEH/IA.

M cTOYHMKOM MOCTOSIHHOTO TOKa CIIY’KaT JIBa T€HEPATOpa MOCTOSTHHBIX Hampsi-
xennit 13 BJIOKA TEHEPATOPOB HAIIPSDKEHMI: perynupyemsiii reHepaTop
(0-15 B) u neperynupyemsiii (15 B). O6a TymOiiepa Ha 3THX T'eHepaTropax MPH BbI-
MOJTHEHUHU PAadOThl HEOOXOIUMO YCTAHOBUTH B BEPXHEE MOJIOKEHUE.

B kadecTBe 27€KTpOU3ZMEPUTEIBHBIX TPUOOPOB JJIsI UBMEPEHUST HANIPSIKEHUS U
TOKOB UCNOJIB3YIOTCA MyJIbTUMETPHI THIIA MY 60 BJIOKA MYJIBTUMETPOB.

4 PacyéTHo-rpaduyeckKasi 4aCTb

4.1 HauepTtuTh cXeMy HCCIIEIyeMOU LIeNU /Jis BHIOpaHHOTO BapuaHTa. Bapu-
aHTBI CXEM TIPEJICTaBIICHbI Ha pucyHKe 13.
[TapameTpsl 11e1H JIJ1s1 BApUAHTOB 3a/1aHbl B Tabuie 1.1,

Tabmuna 1.1 — cxoaHbie naHHbIE

£, B

E,, B

Rl, Om

Rz, Om

R3 Om

R4, Om

R5, OmMm

RG, OmMm

5

15

10

22

33

47

100

150




Pucynoxk 13 — BapuanTsl cxeM k 1abopatopHoit padote Ne 1

4.2 PaccunTaTh 17151 BBIOPAHHON CXEMBbI METOJIOM HETOCPEICTBEHHOTO MPHMeE-
HeHus 3akoHOB Kupxroda Toku B €€ BETBSIX U MaJCHUSI HANPSHKEHUN Ha KaXKJIOM pe-
sucrope. [Ipu pacuére pekomenayercs ucnosibzoBate IBM. IlomydyeHHbie pe3ysbra-
ThI 3aHeCTH B Tabunbl b.2, b.3 (npuioxenue b).

4.3 PaccunTaTh A1 BEIOPAHHOW CXEMBI TOKU B €€ BETBAX METOJIOM KOHTYPHBIX
TOKOB. Pe3ynbraTel 3anectu B Ta0iuily b.2. CpaBHUTH MOJydYeHHBIE PE3YJIBTATHI C
pe3yibTaTamu, pacCUuTaHHaMH B 11.4.2.

4.4 PaccunTtaTh TOKA B BBIOPAHHOW CXEME€ METOJOM Y3JIOBBIX MOTEHIIHAJIOB,



IPUHSB MOTEHIMAN OJHOTO W3 Y3JIOB PaBHBIM HYJIO. Pe3ynbTaTel 3aHeCTH B TaOIu-

ny b.2. CpaBHUTH TOJydEeHHBIC pPE3yJbTaThl C pe3yJbTaTaMH, PAaCCUYUTAHHBIMHU B
. 4.2, 4.3.

5 IKcnepuMeHTaJ/IbHaA 4acThb

5.1 CobOpatb Ha HAOOPHOU MaHeNe NEKTPUUECKYIO LIeTb BHIOPAHHOTO BapUaH-
Ta, BKJIIOYHB TPU MYJIBTHMETPA B PEKUME aMIEPMETPOB KAK MOKA3aHO HA PUCYH-
ke 13. Ilpumep MoHTaXHOHU cXxeMbl H300pakéH Ha pucynke b.1 (mpunoxenue b).

5.2 Tym6aepsr SAl, SA2 na ucrounukax Hanpspbkenus 15 B TEHEPATOPA
IIOCTOSIHHBIX HATIIPSDKEHUI (pucynok B.1, npunoxenue B) ycranoBuTh B
BEpXHEE MOJIOKEHUE. Y CTAaHOBUTh HANPSDKEHUE HAa PETYJIMPYEMOM IE€HEpaTtope Io-
ctossHHbIX HanpsbkeHud Ugyx = 5 B. YcranoBuTh 3amannbie B Tabnuie b.1 BenmnunHb
R1, R2, R3, R4, R5, R6 n3 MUHHOJIOKOB PE3UCTOPOB. Y CTAHOBUTH HA MYJIBTUMETPAX
(PAT1, PA2, PA3) pexxuM u3mepeHust mocTossHHOTO Toka — | ¢ nuamazonom 200 MA.

5.3 IIpenocTaBuTh COOpPaHHYIO AJNEKTPUUYECKYIO IeTh 7S MPOBEPKHU Iperoa-
BaTeINo (WK JIaOOpaHTYy).

5.4 Bxmountsh Bbikitouarens QF Omoxka MOIAYJIb I[TMTAHUA u tymOnepsl
CETb monyneit TEHEPATOPA HATIPSIDKEHWM 1 6110Ka MyJIETHMETPOB.

5.5 U3mepute amnepmerpamu PA1-PA3 Toku B ucciemyeMbix BeTBsix. llon-
coenuHuTh amriepMmerpsl PA1-PA3 B ocTanbHbIE BETBU U U3MEPUTH TOKH B HUX. 13-
MEpEHHBIE BEJIMYMHBI 3aHECTU B Ta0iuily b.2 mpoToKkoia ucnbITaHU.

5.6 Orcoenunuth MynapTUMETp PAl, 3aKOpOTHB MECTO €ro OTCOEAMHEHHUS, U
MIEPEBECTU €T0 B PEXKUM U3MEPEHUs NOCTOAHHOTO HanpsikeHus — PV1. [loacoeaunsis
BOJIBTMETP K 3a)KMMaM pPE3MCTOPOB, U3MEPUTH IAJCHUS HANPsDKEHUM Ha HUX. M3me-
pEHHbIE BEIMUMHBI 3aHeCTU B Tabiully b.3 mpoTokoia ucnpITaHui.

5.7 BeiOpath B 3JEKTPUYECKON IEMH TOYKY C HYJIEBBIM MOTEHIIMAJIOM, aHAJIO-
ru4a BIOMPAHHOM B 11. 4.4.

5.8 3meputh ¢ momoinsio BoiabTMETpa PV1 moTeHnuansl BCeX y3JI0B ILEMH
OTHOCUTEJIBbHO BBIOPAHHOM TOYKU C HYJIEBBIM MOTEHLHMAIOM. Pe3yiabTaThl 3aHECTH B
tabnuny b.4.

5.9 Berkmounts Tym61epsl CETh monyns TEHEPATOPA HATIPSDKEHWH u
0J10Ka MyJIBTUMETPOB U BBIKItoUaTenb QF.

5.10 o u3mMepeHHBIM MOTEHIHAIAM BBIYUCIUTH UX PA3HOCTb.

5.11 Mcnonw3ys 3akoH Oma, BBIYUCIHTH TOKH BO BCEX BETBSIX HCCIEAYEMOM
cxeMbl. Pe3ynbTaThl 3aHecTu B Tabmuiy b.5 u cpaBHUTH UX ¢ pe3yiabTaTamMu TaOIu-
sl b.3.

5.12 TlocTpouTth MOTEHIIUATBHYIO AHArpaMMy JIJisi BHEIITHETO KOHTYpA.

5.13 CocTaBuTh 0ajgaHC MOIIHOCTEH JJIsl UCCIEAYEMOM CXEMBI.

6 Cogep:xaHue oTYETA

6.1 Ilenb paboTHI.

6.2 Tabnuiia UCXOHBIX JaHHBIX JJI BRIOPAHHOTO BapHaHTA.

6.3 Cxema »JIeKTpUUeCcKOM e JIsl BRIOpaHHOTO BapHaHTa.

6.4 IlpenBapuTenbHbIN pacuéT 1eNu AJis BHIOPAHHOTO BapuaHTa TPeOyeMbIMU



METOaMH.
6.5 Onucanue sKCepUMEHTATLHON YacTH Ja00paTopHOil pabOTHI.
6.6 TaOmuIbl K3MEPEHHBIX U BBHIYUCICHHBIX BEJINYHH.
6.7 IloTeHIMabHAS TUarpaMMa MCCIIeTyeMOM IIETIH.
6.8 CpaBHEeHHE WM3MEPEHHBIX AKCIEPUMEHTAIbHBIX 3HAYCHUN C PacCUYUTAHHBI-
MM 3HA4YEHUSIMH coriacHo . 4.2-4.4.
6.9 Pacuér GanaHca MOIITHOCTEH HCCIIeTyeMOH 11eTIH.

7 KOHTpOJIbHBIE BOMPOCHI

7.1 Kakoiif TOK Ha3bIBa€TCsl MOCTOSTHHBIM?

7.2 Kakue MCTOYHUKH AJIEKTPUYECKON IHEPTUU OTHOCSITCS K MCTOYHUKAM Ha-
npspkenus (31C)?

7.3 Kakue cxembl 3aMeIleHUs] UCTOYHUKOB AJIEKTpUUECKoi sHeprun Bel 3Hae-
Te?

7.4 Kak uzmeputs 3/]C uCcTOUHMKA U €r0 BHYTPEHHEE COIIPOTHUBIICHHE?

7.5 Kakue pexxumbl pabOThl UCTOYHUKA AJIEKTpUUECKO sHepruu Bel 3Haere?
JlaliTe UM KpPaTKyrO XapaKTEPUCTHUKY.

7.6 Kax aHanuTUYecKy HAUTHU yCIOBUE MOTYYEHUS MaKCUMAIbHON MOITHOCTH
BO BHEIIHEH Lenu (peXUM COrjlacoBaHus)?

7.7 Kak npeoOpa3oBaTh CXe€My 3aMEILIEHUS MCTOYHHMKA HANPSIKEHUS B CXEMY
3aMelIeHNs UICTOYHHUKA TOKa U Ha000poT?

7.8 UTO Takoe «BHEIIHSsSI XapaKTEPUCTHUKA» WCTOUYHUKA DJIEKTPUUECKON SHEp-
run? Kakoli BU1 uMeeT 3Ta XapakTepucTuka y ucrounuka JJ{C u uctounnka Toka?

7.9 Copmynupyiite 06001IeHHBIN 3aK0H OMa 1J11 aKTUBHOTO y4acTKa IIETIH.

7.10 ChopmynupyiiTe U 3auiuTe NEPBLIA U BTOpoii 3akoHbl Kupxroda.

7.11 Kakue meToanl pacy€Ta pa3BETBIECHHBIX AJCKTPUUYECKUX IIETIeH MOCTOSH-
HOTO ToKa Brl 3HaeTe? JlaiiTe MM KpaTKyl0 CpaBHUTEIBHYIO XapaKTEPUCTUKY U 000C-
Hy#Te 001aCTH MPUMEHUMOCTH.

7.12 Kakum ypaBHEHHEM MOXHO BOCIOJB30BaThCS MJIsi Hambosee MOJHON
ITPOBEPKH MPABUIIBHOCTH PACUYETa MIEKTPUUECKON LIETTH?

7.13 Kakum 00pazoM pacCUMTHIBAETCS MOIIHOCTH, OTAaBaeMas UCTOYHUKAMHU
SC?

7.14 3aBucur nu BUA BTOporo 3akoHa Kupxroda ot HampasieHus odxopa-
KOHTYypa?

7.15 B xakux ciydasx pacd€T LenH 1eaecoodpa3Ho MPOBOAUTH 110 METOIY Y3-
JIOBBIX MOTEHIIMAJIOB, @ B KAKMX — I10 METOAY KOHTYPHBIX TOKOB?

7.16 ChopmynupyiiTe U 3alUIIUTE CUCTEMY YpaBHEHUH IS pacuéTa ey Me-
TOJAOM KOHTYPHBIX TOKOB.

7.17 ChopmynupyiiTe U 3alUIIUTE CUCTEMY YpaBHEHUH IS pacuéTa Ienu Me-
TOJOM Y3JIOBBIX TOTEHIIMAJIOB.



JlabopaTopHas paboTa Ne 2

HCCJIEAOBAHMUME LEIIN ITIOCTOAHHOI'O TOKA METOJIAMHA
3KBUBAJIEHTHOI'O TEHEPATOPA N HAJIOKEHUA

1 llesin pa6oTHI

CpaBHeHUE pe3yJIbTaTOB pacyETa Leneil MOCTOSTHHOTO TOKa METOAaMHU SKBUBa-
JICHTHOTO T€HEPATOPA W HAJOKEHUS C PE3yJIbTaTaMU 3KCIIEPUMEHTAIBHBIX HCCIEN0-
BaHUI.

2 OCHOBHBbIE N0JIOKEHUS TeOPpUU
2.1 MeToa 3KBUBAaJIECHTHOI'O reHepaTopa

DTOT METOJ MCTOJIB3YeTCs, KOT/Ia HEOOXOAMMO ONPEIECTUTh TOK TOJIBKO B OJI-
HOHM BETBU CJIOXKHOU 1enu. CyIIHOCTh METO/Ia 3aKIIF0YAETCS B TOM, YTO IO OTHOIIE-
HUIO K UCCJIEAYEMOU BETBH CJIOKHAS LIETIb 3aMEHSAETCS] aKTUBHBIM JIBYXITOJIFOCHUKOM,
cXema 3aMeIIeHUs] KOTOPOTO MPECTABISAETCS SKBUBAJICHTHBIM UCTOYHUKOM (IKBHUBA-
neHTHbIM TeHepaTopoM) ¢ DJIC E,,, ¥ BHYTpEHHUM CONMPOTHUBJICHUUEM R, HArpy3-
KOM JUIsl KOTOPOTO SIBJISIETCSl COMPOTUBIIEHUE R,, ccienyemMoil BETBU.

Pacuér mpousBoauTCS B CIEAYIOMIEN MOCIIEI0BATEIBHOCTH.

1. BeTBb, BbIOpaHHas AJis1 pacu€ra, yAalsaeTcs U3 CXEMBbI.

2. O0603Ha4arOTCA y37bl, K KOTOPBIM OHA TpHcoeauHsIIack. OcTaBIascs 9acTh
CXEMBbI U OyAET MPEJACTaBIATh COOOM aKTUBHBIN JIBYXITOJIOCHUK (SKBUBAJICHTHBIN T'e-
Hepatop) ¢ skBuBasieHTHON DJIC E,,; U BHYTPEHHUM CONPOTUBICHUEM Ry,

3. Onpenensiercst sxkBuBasientHass J/[C renepartopa E,.,, KoTOpas paBHa Ha-
MPSHKEHUIO X0JIOCTOTO Xo/1a U, Ha 3akuMax JBYXIOJIFOCHUKA.

4. OnpenensieTcss BHYTpEHHEE COMPOTUBIICHHE TeHepaTtopa R, OTHOCHUTEIBHO
3)KMMOB JIBYXIIOJIFOCHHKA, ITPH 3TOM HjeanbHble ucTouHuKU DJ[C oTOpacsiBatoTcs u
3aKOPaYMBAIOTCHI.

5. IoakmroyaeTrcs yial€HHasi BETBb K 9KBUBAJIECHTHOMY F'€HEPaTopy.

6. [To naiimennpIM 3HadueHUsAM skBuBaieHTHOU DJ[C E,., m BHyTpeHHEro co-
MPOTUBJIEHUS TeHeparopa R, onpenensercs HCKOMbIN TOK B BRLIOpAaHHOW BETBHU.

IIpumep. B snekTpoueny, cxeMa KOTOpOW IPEACTBIEHA Ha pUCyHKe 14, omnpe-
JENMUTh TOK |5 B BeTBU ¢ pe3ncTtopoM Rs.

Rs
i

s ]

Pucynok 14



Pemenue
1. BeTBb ¢ pesucropom Rs yaansem u3 cxemsl (pucyHok 15).

I, Ry ao a
Ul;I P 4 £
QL Ry Ry |Us Vb
R6H
< |3'&| | g vbh
b
Pucynok 15 Pucynok 16

2. Y37bl, K KOTOPBIM MPUCOEANHSIIACH BETBb C Pe3ucTopoM Rs 0003HAYNM a U
b. OcraBmrytocss 4acTh CXEMBI TPEACTABUM aKTHBHBIM JIBYXIIOJIFOCHUKOM (SKBHBa-

JIEHTHBIM TreHepatopoM) ¢ skBuBasieHTHOUH D/1C E,; M1 BHYTPEHHUM CONPOTUBIICHU-
eMm R, (pucyHok 16).

3. Onpenensiem sxkBuBasienTHYI0 DJ[C reneparopa E,,,, paBHYIO HapsHKEHUIO
xojocroro xona U, Ha 3auMax JBYXIOJIOCHUKA.

_E E
"R, R 4 R2(Re+Ry) -
R2+R3+R4

Haxonum nagenue nanpsokenus U, paBayro HanpspkeHuio U,

R,(Rs + Ry)
U.p=IlRogg=1, —223 "4
ab 1M234 1R2+R3+R4’
TOoTraa
Usp IR,

*"Ry+R, R, +R3+Ry’
E3K6:UXX:|4R4'

4. OnpenensieM BHYTPEHHEE CONPOTHUBIIEHUE reHeparopa R, OTHOCHUTENHHO
3KUMOB @ ¥ D IBYXITONIOCHHMKA, NP 3TOM OTOPOCHB M 3aKOPOTHB HJCAIbHBIN HC-
tounuk DJIC E.

Ri23Ry

"R R, R, = 12374
3 Rio3+Ry

Ryjq=— 12
1,2,3 Rl 4 R2 ,

6H



5. Ilopknroyaem yJalieHHYHO BETBb
C pe3uctopoM Rs K SKBHUBaJICHTHOMY
rerepaTopy (pucyHok 17).

Pucynok 17

6. [1o naiinenHpiM 3HaueHUsIM skBUBaieHTHoM DJIC reneparopa E,,, 1 BHYT-

PEHHEro CONMPOTUBIIEHUS reHepaTopa R, onpenensieM uckoMblil Tok s B BIOpaHHOM
BETBH 110 cienytouieit hopmyse:

E3K6

lp = —oKs
> Rg+R,,

2.2 llpeo6pa3oBaHMe TPEYroIbHUKA CONPOTUBIEHUH B 3KBUBAJIEHTHYIO
«3Be3y»

[Ipu pacuére cxem BCTPEYAIOTCS CIOKHBIE COCIMHEHHS 3JIEMEHTOB LIEIHU, KO-
TOPBIE HEJIb35I OTHECTU HU K MOCIEA0BATENIbHBIM, HU K MapauIeIbHbIM COEAMHEHUSIM.
[TpumepamMu SBISIOTCS COCTUHEHHS TIO CXeMe «3Be3da» (pucyHok 18) m mo cxeme
«TPEyTOJILHUK» (prCYyHOK 19).

Pucynok 18 Pucynoxk 19

CoenmnHeHHE PE3UCTOPOB IO CXEME «3BE3/1a» — 3TO TaKOE COCAMHEHHE, B KOTO-
pPOM YCJIOBHBIE KOHIIBI PE3UCTOPOB COCAMHEHBI B OAHOM Y3Jie, a YCIOBHBIC Hayaia
MOJIKJTFOYCHBI K NCTOYHHKY.

CoenurHeHHE PE3UCTOPOB TI0 CXEME «TPEYTOJIBHHUK» — 3TO TAKOE COCTUHEHUE, B
KOTOPOM YCJIOBHBIN KOHEII IIEPBOTO PE3UCTOPA COCAMHEH C YCIOBHBIM HA4YaJlOM BTO-
pOro, YCIOBHBIA KOHEIl BTOPOTO — C YCIIOBHBIM HAdajoM TPEThETO U YCIOBHBIA KO-
HEI[ TPEThErO — C HA4aJoM NepBOTo. MHBIMH CIOBaMU, 3TO COCTUHEHUE TPEX pe3u-
CTOPOB, 00pa3yIOMIMX 3aMKHYTBIA KOHTYP.

Pacuér neneii, comepkalmx Takue COSAMHEHUS, B OOJBIIMHCTBE CIy4acB He
NPECTABISIETCS BO3MOXKHBIM 0€3 MpeoO0pa3oBaHus OJHOTO BUAA COCAMHEHUS B APY-
TOM.



Jlns mpeoOpa3oBaHusl COCTMHEHUS! PE3UCTOPOB B «TPEYTrOJIbHHUK», COCIUHEH-
HBIX JI0 3TOTO B SKBUBAJIEHTHYIO «3BE3/y», HEOOXOAMMO BOCHOJIb30BAThHCS CIIEAYIO-
IIMMH COOTHOILICHUSIMU:

Rab:Ra"'Rb"'RaRb/Rc;
Rbc:Rb+RC+RbRC/Ra;
Rea =R. + Ry + R:Ry /Ry

Jlisa mpeoOpa3oBaHusl COCIMHEHUSI PE3UCTOPOB B CXEMY «3Be37a», COCIUHEH-
HBIX JI0 3TOTO B JKBHUBAJICHTHBIH «TPEYTOJBHUK», HEOOXOAMMO BOCIIOIH30BATHCS
CJIEIYIOLIMMU COOTHOIIEHUSIMU:

Ra =RabRea /(Rab + Rpe + Rca);
Ry = RocRab /(Rab + Ry + Rca);
Re =ReaRoc /(Rab + Rpe + Rca)-

Ipumep. PaccmoTpuMm npuMeHEHHE SKBUBAJICHTHBIX MPEOOpPA3OBAHUM ISt
cneayroniei nenu (pucynok 20). B pesynbpTate npeoOpazoBaHHs CXEMBI «3Be37a» B
AKBUBAJICHTHBINA «TPEYTOJIBHUKY, TIOJIYYHM CXEMY, IPEJICTABIICHHYIO Ha pUCYHKe 21.

Ri 4 R
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Pucynox 20 Pucynox 21

Torga 3KBUBaJIEHTHOE COMPOTUBIIECHUE BCEU LIEMIM MOKHO ONPENETUTh U3 BbI-
paXeHUs:

R9K6: (RZ | | Rab + RS | | Rca) | | RbC-

B pesynbrare mnpeoOpa3oBaHUS CXEMbl «TPEYTOJbHUK» B HKBUBAJICHTHYIO
«3BE3Iy», MIOJYYUM CXEMY, TIPEACTABICHHYIO Ha pUCYHKE 22.

[Tpu 3TOM SKBUBAJICHTHOE COMPOTHUBJICHUE IIETTH MOKHO OIPEACIUTh U3 BhIpa-
KCHUS:

R3K8: (Rd + R4) | | (Rb + RS) + Ra-



Rq OdeBumHO, BTOpOE MpeoOpa3oBa-
Rq HHE MTPUBOJUT K O0JIee MPOCTOMY pacuéry,
a 94eM MepBoe.
Ry
Rs
b C
O
Pucynok 22

2.2 CnocoO6bl coeAUHEHMA 3/1IEMEHTOB 3JIEKTPUYECKOH Lenu
2.2.1 llocsiepoBaTe/ibHOE COeAUHEHME 3/IEMEHTOB

[TocnenoBarenbHOE COEAMHEHNE PE3UCTOPOB — ITO TAKOE COCTMHEHHUE, B KOTO-
POM YCJIOBHBIN KOHEI[ OJIHOTO PE3UCTOpa COCIMWHEH C YCIOBHBIM HA4ajJOM BTOPOTO
pE3UCTOpa, a KOHEI[ BTOPOTO PE3UCTOPa C HAYaJIOM TPETHETO U TaK Jajee.

Cxema TIOCIEIOBAaTENILHOTO COCIWHEHUS PE3UCTOPOB TMPEACTABIEHM Ha
pucyske 23.

N ) LA HZ,&WZ H3,&|K3 b
L e R S
TR
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Pucynox 23 — IlocnenoBaTelbHOE COCTUHEHHUE PE3UCTOPOB

[TocnenoBarenbHOE COCMMHEHHUE DIIEMEHTOB MEXIY JIBYMS y3JaMu 00pa3yroT
BETBb, 110 KOTOPOH MPOXOJUT OJHUH U TOT K€ IIEKTPUUECKUM TOK |.

OnpenenuM >KBUBajIeHTHOE (00111e€) CONPOTUBIICHHUE IIETIH.

Ha ocnoBanuu BTOporo 3akoHa Kupxroda obmiee Hanpsokenue U Beeit 1ienu
PaBHO CyMMe€ HaNpsHpKEHUN Ha AJIEMEHTaxX

Uab = U1 + U2+ U3 = IR]_ + |R2 + IRg = I(Rl + R2 + Rg)
Ortcrona cienyer, 4To
R3K6‘ :R1+ R2 + R3.

Takum oOpa3zoM, Mpu MOCIENOBATETLHOM COCAMHEHUH 3JIEMEHTOB 00lIlee K-
BUBAJICHTHOE CONPOTHUBJICHUE IIEMH PABHO apU(PMETUUECKON CyMME CONMPOTUBIICHUN
OTIENBHBIX Yy4yacTKOB. CieaoBaTelibHO, LENb C JIOObIM YUCIOM MOCIIEI0BATEIBHO
BKJIIOUYEHHBIX CONPOTHBICHUN MOXHO 3aMEHHUTh MPOCTOM LENbI C OJHUM JKBUBA-

JIEHTHBIM COMPOTUBJICHUEM R, (.



k=n
R3K6‘ = ZRk ,
k=1

rae N —oOuiee KOJIM4eCTBO PE3UCTOPOB B LEIIH.
Cnegyer OTMETUTBH, YTO IMPU PABEHCTBE CONPOTUBIIEHWH BCEX PE3UCTOPOB,
NMEEM

Torma B 00111EM BUIE MOJIyYHM.
R, = RN,

rge n — O6HI€C KOJIMYCCTBO PE3UCTOPOB B IICIIN.

2.2.2 lTapa/yiesbHOE cOeAUHEHN e 3/IEMEHTOB

[MapannenbHOEe COCIUHCHHE PE3UCTOPOB — ITO TAKOE COCIAUHCHHE, B KOTOPOM
YCIOBHBIC Hadyasla BCEX PE3UCTOPOB COCTUHEHBI B OJHOM y3JI€, @ HX KOHI[BI B JPYTrOM
y3ie (pUCYHOK 24).

[Tpu TakOM COCIMHEHUHU KO BCEM PE3UCTOpaM OYACT MPUIOKEHO OJHO U TO JKE

HanpspkeHue Uy = Uy.
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Pucynox 24 — IlapannenbHoe COeTMHEHUE PE3UCTOPOB

Onpenenum SKBUBAJICHTHOE (00111€€) CONMPOTUBIICHUE 1ICTTH.

B sTom ciydae nist y3noB nenu 1 u 2 Ha OCHOBaHMHU NEPBOTO 3aKkoHa Kupxro-
(a MOXHO 3anucaTh, 4To OOImM TOK | BCell Lenu paBeH anredOpandyeckoi cymme To-
KOB OT/ICJIbHBIX BETBEH:

|:|1+|2+|3

WM ¢ y4€ToM 3akoHa Oma

Uap U1z U Uip
R., R R, R

JKe6



Torma

1 1 1 +i_(R2R3+R1R3+R1R2)
R RR Ry R RiR,R3

KB
B pesynbrare numeem:
RiRoR3
R:me = R-R .
2R3 + RiR3 + RiR;

B o0mieMm Buue IIpU NapaieJIbHOM COCAVUHECHUHN 3KBHUBAJICHTHOC (06mee) co-
HpOTHBJIeHI/Ie BC€I7'I Ji(20041 6y,IIeT OHpGI[GJI}ITBCH BI)Ipa}KeHI/IGMZ
1 k=n1

R9K6 k=1 Rk
raec n — O6HI€€ KOJIMYCCTBO PC3UCTOPOB B IICIIN.
CHCI[YGT OTMECTUTD, UTO HpI/I paBeHCTBe COHpOTHBHeHI/Iﬁ BCECX pe3I/ICTOpOB
R,=R,=Rs=R, 1/R,,, = 1/3R.

Torna B o011eM BUI€ TOJTYIUM:

rge n — 0611166 KOJIMYCCTBO PC3UCTOPOB B IICIIN.

2.3 MeTo/ 3KBUBa/IEHTHBIX Ipe06pa3oBaHuil (CBepThIBaHMs)

Meto 3KBUBAJIGHTHBIX MPeoOpa3oBaHUN MPUMEHSIETCS MPU CMEIIAHHOM CO-
€IMHEHUH JIEMEHTOB LIEMH, MOJIKIIOUYEHHBIX K OJJHOMY UCTOYHUKY MUTAHUS.

Cmentannpim Ha3bIBAETCA TAKOE COCIUHEHUE, IPU KOTOPOM B LIEMU UMEKOTCS
rPYNIbI NApPaJIEIbHO U MOCIEN0BATEIBHO BKIFOUEHHBIX COMPOTUBIICHUIM.

Jns nenu, npeAcTaBI€HHONW Ha PUCYHKE 25, pacu€T SKBUBAJIEHTHOTO COMPO-
THUBJICHHUS] HAUUHACTCS C KOHIIA CXEMBL.

L R aly Rs ¢
U]_ |2 |4 |5
<T>E R2 Uab R4 Ucd RS
\ 4 \ 4
b d

Pucynok 25 — CMmeniaHHOe COeTMHEHUE PE3UCTOPOB

s ynpouieHus pac4éToB MIPUMEM, UTO BCE CONTPOTUBIICHUS B 3TOU CXEME SIB-
JIAFOTCSI OIUHAKOBBIMU:



Conporusnenns Ry u Rs BKIIIOYEHBI TapaienbHO, TOTAA CONPOTUBIIEHUE yYa-
cTKa 1ernu cd paBHO:

Ry-Rs R?

Red = LA
" R,+Rs 2R

B srom ciydyae MCXOOHYIO cXeMy (PHCYHOK 25) MOXHO NPEICTaBUTh B Clle-
ayromieM Buze (pucyHok 26).

Ha cxeme (pucyHnok 26) conpotuBienue Rz u Ry coennHensl nocneaoBaresnb-
HO, TOTJa CONPOTUBIICHHE y4yacTKa 1enu ad paBHO:

Rad = R3 + Rcd .

Torma cxemy (PUCYHOK 26) MOKHO IMPEICTABUTh B COKPAIIEHHOM BapUaHTE
(pucyHok 27):

R
+o :1 ¢
—
U,
U R> [] I:I Rad
\/
e
b
PucyHoxk 26 Pucynok 27

Ha cxeme (pucyHok 27) conpotusiieHue R, u R,y coennHeHsl nmapaiiensHo,
TOTJa COIIPOTUBJIEHUE y4acTKa LENu ab paBHO

3
ROR
R.n — RZ'Rad _ 2 _§R
P Ry 4Ry R.3p 5
2+Rad R4+°R
2

CxeMy (pUCYHOK 27) MOXHO MpPEACTaBUTh B YIPOILIEHHOM BapHaHTE (pUCY-
HOK 28), rae conpotuBieHus: R; u Ry, BKIIIOUEHBI TOCIE0BaTENbBHO.

|1 Rl I

+ o= +o———
—
U,
U Uabl I:I Rab U I:I R3K6
v \ 4

Pucynox 28 Pucynox 29



Toraa 3KBHUBaJICHTHOE CONPOTHBIICHUE MCXOJIHOW CXeMbI (pHCKHOK 25) orpe-
JEIIATHCS BBIPAKECHUEM:

R3K6:R1+Rab=R+gR:§R.

B pe3ynbraTe 9KBUBAJICHTHBIX MPEOOPA30BaHMIA HCXOJHAS cXeMa (PUCYHOK 25)
MPEJCTaBIICHA B BUJIE CXEMBI (PUCYHOK 29) ¢ OTHUM CONPOTUBJICHUEM R,

[ToTpebasieMsblil 3neKTpUYecKOl 1enbo TOK |; Ha ocHoBaHMM 3akoHa Oma or-
PEIEIUTCS BHIPAXKECHUEM:

I, =ER,,.
TOKH B BETBSX COOTBETCTBEHHO MOTYT OBITh HAMIEHBI CIIELYIOMIUM 00Pa3OM:
Uab = 12Ran;  12=Uan /Rz; 13 = Uy /Rqc;
Ued = (I4+15)Red; 12=Ucg /Ry, 15 = U /Rs.

2.4 MeTo/, Ha/10KeHUH (Cynepno3vuyu)

[TpuHIMTT HATIOKEHUS CTIPABEIJIUB TOIHKO B TUHEHHBIX JIEKTPUICCKUX TIETISX.
OH popMynupyeTcs cieayromumM 00pa3om:

Tox ¢ k-oii 6emeu pagen anzedpauueckoii cymme moKoa, bl3bl8aeMblX KaiHc-
ooit u3 I/IC cxemul 6 omoenvHOCHU.

[TpuHIIMTT HATOKEHHUS TOJOKEH B OCHOBY METO/a pacuéra JMHEHHBIX AJICK-
TPUYECKUX IIeTICH, MOTYYUBIIETO Ha3BAHUE MEM00A HAIOHCEHUA .

[Ipu pacuére meneil TaHHBIM METOJIOM MOCTYHAIOT CICAYIOIIUM 00pa3oM: Io-
OYEpPETHO PACCUMTHIBAIOT TOKHU, BOZHUKAIOIIME OT AeHCTBUS Kaxkaou u3z I/C, Mbic-
JIEHHO 3aMbIKasi HAKOPOTKO OCTaJbHBIC, HO OCTaBJISIA B CXEME WX BHYTPEHHHE COMPO-
TUBIICHUA. HaxoasaT TOKM B BETBSIX MYTEM aireOpandeckoro CIOKEHUS YaCTHUHBIX
TOKOB.

Paccmotpum amst mpuMepa cxemy, pecTaBieHHyto Ha pucyHke 30, a.

|1.2 R1 RZ

Pucynox 30 — Pacuér nienu MeTo0M HaJOKECHHUS

Pacuér cxeMbl IPOU3BOIUTCA B CIECAYIOLIEH MOCIEA0BATEIBHOCTH.
1. B BeTBSIX cXE€Mbl MPUHUMAIOTCSI YCJIOBHO MOJIOKUTEIBHBIE HAMPABICHUS TO-
KOB.



2. OnpeaensitoTcsl YaCTUIHBIC TOKA B BETBSIX OT JIEHCTBUS KaXKOTO UCTOYHUKA
OJIC B OTIENBHOCTH.

3. OnpeAensitoTcsi TOKM B BETBSIX IMMyTEM CIIOKEHUS UX YaCTUYHBIX TOKOB.

BeimonauM pacuér cxemsl (pucyHok 30,a) B yKa3aHHOM IMOCIIE0BATEIbHOCTH.

1. IlpyHrMaeM B BETBAX CXEMbI YCIOBHO TOJIOKUTEIIbHBIE HAIIPABICHUSI TOKOB
Iy - 1s.

2. OnpenenseM 4aCTUYHBIE TOKUA B BETBSAX OT JEHUCTBUS KaXKJIOTO UCTOYHUKA B
OTZIETLHOCTH.

[Tocne uckmouennsa D/C E, nomydaercs mpocToe CMENIAHHOE COCOUHEHHE

PE3UCTUBHBIX 3eMeHTOB (pucyHok 30,6), UacTHbIi TOK |11 B Hepa3BeTBACHHOM Yac-
TH OT nerictBus uctounuka JJ[C E; onpenenuTcst BbIpakeHUEM:

B _ B .
RoRs

ake.1 Rl + = s
1T 2

P
11 R

Toku B IBYX MapaieIbHbIX BETBIX OMPEACIATCS CAEAYIOIINM 00pa3oMm:

3arem uckimouaercs D/IC E; (pucynok 30,6) 1 aHAIOTUYHO PaCCUUTHIBAIOTCS
YaCTHBIE TOKU |15, 9o, 135.

3. [To MeTomy HaOKEHHMS TOKH B BETBSX JJICKTpHUECKOW menu pucyHok 30,a
OTIPEAETISATCS CIIEAYIOMUM 00pPa3oM:

. . 1/
lh=111+lo  lo=loo+l1p I3=l31+137.

HpI/IMeHﬁﬂ MCTOA HAJIOKCHHA, MOXHO OIIPCACIIATL YaCTHUYHBIC TOKH HC OT-
ACJIBHO OT KaXXJ0I'0 UICTOYHHUKA, 4 OT HCTOYHHNKOB, paSI[eJ'IéHHBIX Ha I'PYIIIIBI.

3 06 beKThI UCC/IeJOBaHUS U 060pPYyJO0BaHUE

B naGoparopHoil paboTe ocyIecTBIseTCs MPOBEPKa BBHIITOJIHUMOCTH METOJI0B
pacuéra nenen MoCTOSHHOIO TOKa 10 METOIAaM dKBHUBAJICHTHOTO I'€HEepaTopa U Hajo-
KEHU.

OOBEKTOM HcCIIeI0BaHus SBIISETCA 1IeNb MOCTOSHHOTO TOKa, CoJIeprKaliasi Ju-
HEHHbIE JIIEMEHTHI PE3UCTOPBI U3 MUHU-OJIOKOB.

W CTOYHMKOM NIOCTOSIHHOTO TOKa CIIY’KaT JBa IEHEepaTropa IOCTOSHHBIX Ha-
npsokennii u3 BJIOKA TEHEPATOPOB HAIIPSI)KEHMIA: perymupyemslii reHepa-
top (0-15 B) u neperynupyemsiii (15 B). Ob6a TymOGiepa Ha 3TUX reHepaTopax Mpu
BBITIOJIHEHUH pabOThl HEOOXOAMMO YCTAHOBUTH B BEpXHEe MojioxkeHue. s momyye-
HUsl HanpspbkeHus: 6osee 15 B 06a renepaTtopa HE0OXOIUMO COEIMHUTH MOCIIEI0BA-
tenbHO. [Ipu 3ToM 11 monydenus: HanpsbkeHus ot 0 qo 15 B ciaenyer yctaHOBUTH
TymoOsiep SAl Ha uctounuke 15 B B HuKHee noJnoxkenue, a Tymonep SA2 Ha UCTOU-



Huke 0-15 B ycTaHOBHUTH B BepxHee mosoxkeHue. g nosydyeHns HanpsKeHHs! BbILLE
15 B o6a Tym0iiepa yCTaHOBUTH B BEpXHEE MOJI0KEHUE.

B xauecTBe 37€KTPOU3MEPUTENBHBIX TPUOOPOB ISl U3BMEPEHUS HANPSIKEHUS U
TOKOB MCNONIB3YI0TCS MyJbTUMETphl THIIA MY 60 BJIOKA MYJIBTUMETPOB.

4 PacyéTHO-rpaduyecKas 4acThb
4.1 IIpoBepKa MeTO/a IKBUBAJIEHTHOI' O reHepaTopa

4.1.1 HauepTuTh cXeMy HUCCIIeIyeMOM eIy, IPEeACTaBICHHYI0 Ha pucyHke 31.
[TapameTpsl 11enu 1715 KaXI0T0 BapraHTa 3aJaHbl B Tadbmuie 2.1.

Tabmuma 2.1 — icxonHble JaHHBIC

No Ry, R,, Rs, R4, Rs, | Rs, | Es, Es,
BapHanTa | gy 0)Y OMm OwMm Om | Om B B
10 22 33 47 100 | 150 | 15 5
22 33 47 100 22 10 15 7
33 47 100 22 150 | 22 15 9
47 100 22 150 10 33 15 11
100 22 150 10 22 47 15 13
22 150 10 22 33 | 100 | 15 8

o (01 | B~ W N

Ry

Pucynok 31 — Cxema uccienyemMoi 1enu

4.1.2 PaccmaTpuBasi 11eTib OTHOCUTENBHO pe3ucTopa R; kak akTUBHBIN JBYXIO-
JOCHUK (PKBUBAJICHTHBIA TeHepaTop), paccuuTaTh ero mapamerpbl: Uxx, Rpx, lks.
st onpenenenus Uxyx npeniiaraeTcst UCHOJIb30BaTh METOJ KOHTYPHBIX TOKOB. [y
onpeneneHuss Rgy mpeniaraercs MCMONb30BaTh MPEOOpa3oBaHUE DJIEMEHTOB «Tpe-
VTOJIBHUK» B DKBUBAJICHTHYIO «3Be3Ay». Pe3ynbrarbl pacu€ToB 3aHeCTH B TaOIu-



ny B.2. Haueptuth mociaenoBaTenpbHyl0 CXEMY 3aMEIIEHHsS] aKTUBHOTO JIBYXIOJIFOC-
HuKa. Beruucnauts 3HaueHue Toka l; yepe3d R; mo mosydeHHOU cxeMe 3aMelleHHs.
[TocTpouTh BOJBT-aMIEPHYIO XapaKTEPUCTUKY akTUBHOro nByxmojirocHuka Uj(ly)
npu usmeHeHuu Ry ot 0 go oo. 'paduuecku onpenenuTs 3HaueHue Toka |, U Hamps-

xenus Ugy ipu Ry paBHOM 3ananHomy 1 ipu R1=R,,,.

4.1.3 Onpenenuth BEIMUMHY CONPOTUBIEHUS R;, mpU KOTOPOW B HEM BBIJEISI-
€TCsl MaKCUMaJIbHask MOIIHOCTh. Beruuciute Ppay. [locTpouts rpaduk 3aBucumoctu
P1(Ry) mpu u3menenuu Ry ot 0 10 oo.

4.2 [IpoBepka MeTOa HA/I0KEeHUA

4.2.1 lna cxembl, n300paxeHHOW Ha pHUCYHKe 31 MEeToOoM HajoKeHUus pac-
CUMTATh TOK uepe3 conpoTusienue R;. [[ns aToro cHauana 3akOpoOTUTh UCTOUHUK Eg
¥ METOJIOM IKBHUBAJICHTHBIX MPEe0Opa30BaHUIl CMEIIAHHOTO COJWHEHUSI PE3UCTOPOB,
UCIIOJIb3YS 3aMEILEHUE CXEMBbI 3JIEMEHTOB «TPEYTOJbHHUK» B 3KBUBAJICHTHYIO «3BE3-

E o ..
Ay», paCCUnuTaThb TOK I Rf acpe3 R1 OT ACUCTBMA HCTOYHHKA E3. P€3YJII>TaTI)I PacucToB

3aHecTH B Ta0muIy B.4.
4.2.2 3akOopoTUTh UCTOYHHUK E3 U METOIOM SKBUBAJICHTHBIX MpPeoOpa3zoBaHUM

E o ..
paccuuTath TOK |57 uepes Ri ot meiictBus ucrounuka Es. Pesynbrarsl pacuéros 3a-

HecTu B Ta0u. B.4.
4.2.3 BeraucnuTh TOK uepe3 R; mo meTony HamokeHusi. Pesynbrar 3aHectu B
tabnuny B.4.

5 JkcnepuMeHTa/IbHAA YaCTh

5.1 BpiOpaTth HEOOXOUMBIE JEMEHTHI LEMU U3 KOMIUIEKA CTEHJa COIJIACHO
BapHaHTYy, 3aJJaHHOMY TpenoaaBateneM (Tadauia B.1, npuinoxenue B)

5.2 Tym6raepst SA1, SA2 Ha ucrtounukax Hampstkenus 15 B TEHEPATOPA
TTOCTOSIHHBIX HATIPSDKEHUU (pucyrok B.2) ycTaHOBHTE B BepxHee MOJIOMXKe-
HUE. YCTaHOBUTH HAIPSHKEHHE HAa PEryJIMPYEeMOM T'e€HEepaTope MOCTOSHHBIX Hamps-
xeHut Es cornmacno tadnune B.1 175 BeIOpaHHOTO BapHaHTa.

5.3 CoOpathb AIEKTPUUECKYIO 1IE€THh COTJIACHO CXEMe€, IIPEICTaBICHHON Ha pu-
cynke B.2. B kauectBe ammnepmerpa PAl ucnons3oBaTh MyJIbTUMETP, YCTAHOBUB
PEXKUM M3MEPEHHS MOCTOSTHHOro Toka | ¢ muamazonom 200 MA. B kxadecTBe BOJIBT-
Metpa PV1 ucnons3oBaTh BTOPOil MyJIbTUMETP, YCTAHOBUB HA HEM PEXKUM H3MEpe-
HUS TTOCTOSTHHOTO Hamnpspkenus V-20 B.

5.4 TlpencraBuTh COOpPaHHYIO JIEKTPUUECKYIO IIETh JJIsi MMPOBEPKHU MPErojia-
Bartento (MiIH JIaOOpaHTy).

5.5 Bxmounts Beikmouarens QF 6inoka MOJAYJIb [INMTAHUSA u tym6Giepsl
CETb monyneit TEHEPATOPA HATIPSIDKEHWM 1 6110Kka MyJIbTHMETPOB.

5.6 OrtkmounTh pe3uctop R;, 0TCOeIMHMB MPOBOJA OT TOoYeK a W D, co3mas
pexuM xosoctoro xonaa. M3ameputs HanpspkeHue Uyxx XOJIOCTOro xona, paBHOE Ha-
NPSOKEHUIO  ADKBUBAJIEHTHOrO reHepartopa. JlaHHble UW3MEpEeHUH 3aHECTH B
tabnuiy B.2.

5.7 3aKopOoTHTh MPOBOAOM TOYKH & M D, CO3/1aB PEKUM KOPOTKOTO 3aMbIKa-



Hus. 3meputs HanpsbkeHue |z KOpoTKoro 3aMbikaHus. /JJaHHbIE ©3MEpPEHUI 3aHECTH
B Ta0uiy B.2.

5.8 Ilo naHHBIM OMBITOB XOJOCTOTO XOJa U KOPOTKOTO 3aMbIKAaHUs OIpeje-
JIUTh BHYTPEHHEE CONIPOTUBIICHNE SKBUBAJICHTHOIO I'€HEpaTopa.

N s

5.9 VcraHoBuTh B HCCIEMyeMOHN IeMM BEpPUUHMHY pe3ucTopa R; cormacHo
tabnuue B.1. U3mepurs amnepmerpom PA1 Tok |} U cpaBHUTH €ro ¢ BBIYUCIECHHBIM
3HAYCHHUEM B 1. 4.2.

5.10 Uzmenss conpotuinerne Ry ot 0 10 oo (1 6-8 3HAYCHUI TUTFOC 3HAYCHUE,
koraa Ry = Rpy), usmeputs 3HaueHus Toka l; . PesynabTarhl 3anectu B Tadauity B.3.

5.11 Vcnonb3ys Mody4YeHHbIE pe3yIbTaThl U3MEPEHHM, pacCUYUTaTh MOIIHOCTh
P, u 3anectu B Tabnuiy B.3.

5.12 JInss cxembl, cOpaHHOW COTJIACHO PUCYHKY B.2 3aKOpOTHUTH HCTOYHHK
O/C Es, mist yero onycTuTh nepexiiovaresb SA2 B HUKHeEe noJiokenue. M3meputsb

amnepmerpoM PAT tox | 513 yepe3 R;. PesynbTaT 3anectu B Tabnuiy B.4.

5.13 BepuyTth nepekitoyarens SAl B BepxHee MOJOKEHUE, a TepeKIouaTellb
SA2 nepeBecTH B HUKHEE IMOJOKEHHUE, 3aKOPOTUB TeM caMbiM DJIC mucrounuka E3.

E
M3meputs ammepmerpoM PAL tok |7 uepes Ry. Pesymbrar 3aHecTy B Tabmuny B.4.
5.14 BplunciuTh CyMMapHO€ 3Ha4€HHE TOKa OT JEHCTBUS 00OMX MCTOYHUKOB.
Pesynbrar |, 3anectu B Tabnuiy B.4.

5.15 CpaBHUTDH 3HAYEHUS IKCTIEPUMEHTAIILHBIX HCCIIEIOBAHUN C pe3ybTaTaMu
aHATUTHUYECKUX PacYETOB, BHIITOJHEHHBIX B 11.11. 4.2.1-4.2.3.

5.16 Beikmounts Tym6nepst CETh moxyns TEHEPATOPA HAIIPSDKEHMI
1 0JIOKa MyJIbTUMETPOB U BbIKIIFOUaTens QF.

6 Cogep:xaHue oTYETA

6.1 Llenb paGoTHI.

6.2 Tabnuiia NCXOMHBIX JAHHBIX JIJI BBIOPAHHOTO BapHaHTA.

6.3 Cxema 2JIeKTpUIeCKOM IEeTH.

6.4 IIpenBapuTenbHBIN pacueT LENU JJis BBIOPAaHHOTO BapuaHTa TPeOyeMbIMU
METOJaMH.

6.5 Onucanue sKCIepUMEHTaILHOM YaCTH IPOBEICHUS PAOOTHI.

6.6 TaOauIbl ”3BMEPEHHBIX U BHIYMCICHHBIX BETMYHH.

6.7 Bonbr-amniepHasi XapakTepucTuka akTUBHOTO naByxmoitocHuka Ui(l;) u
rpaduk 3aBucumoctH P1(R;) npu u3menenuu Ry ot 0 10 oo.

6.8 CpaBHEHHE TOYYEHHBIX JKCIICPUMEHTAILHBIX 3HAYCHHH CO 3HAYCHUSMH
paccuuTaHHbIMU B 1.11. 4.2.1 u 4.2.2.

7 KOHTpPOJIbHBIE BONPOCHI

7.1 B kakux cimyyasix I11€JIeCOO0pa3HO HCIOJIb30BaTh METOJ 3KBHUBAJICHTHOI'O
reHeparopa (aKTUBHOT'O ABYXITOJIOCHUKA)?



7.2 Kak pacmpenensiercss o0l TOK MEXIy NapauieIbHO COECTUHEHHBIMU
BETBSIMU?

7.3 B Kakux ciy4yasx MUCTOYHHK DJIEKTPUUYECKOMN sHEeprun paboTaeT Kak moTpe-
ourenb?

7.4 KakoBO BHYTPEHHEE COMNPOTUBICHUE AKTUBHOIO JABYXIIOJIOCHUKA, €CIIH
npyu NoJKIr4YeHnu no ouepeau cornpotusieHuid 300 u 1200 Om okazanock, 4ToO BbI-
JEJISIFOITUECS] B HUX MOIITHOCTH OJJMHAKOBBI.

7.5 Hanumre dopmynbl sl TpeoOpa3oBaHus CXEMbI COMPOTHBICHUN «Tpe-
YTOJIBHUK» B SKBHUBAJIICHTHYIO «3BE3Y», U HA000POT.

7.6 B uém 3akimroqaeTcs CyIHOCTh METO1a HATOKEHUS?
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HUCCJIEAOBAHUE PE3OHAHCA B IOCJIEJJOBATE/ILHO! LIEITU
C R-, L-, C-3JIEMEHTAMH

1 llesnb pa6oTHI

HccnenoBanrie pe30HAHCHBIX SIBICHUM M YaCTOTHBIX XapaKTEPUCTUK B HJICK-
TPUYECKOM MEeTH, COAepIKaIel TOCIeI0BaTEIbHO coeTMHeHHBIC R-, L-, C-37eMeHTHI.

2 OCHOBHBbIE NI0JIOKEHU TeOpUH

Pezonancom nanpsoicenuti Ha3pIBaeTCS SBICHUE COBMAJCHHS HadalbHBIX (a3
MTHOBEHHBIX 3HAaUYC€HHIN CUHYCOUJIAJIbHOTO HAIMPSKEHUS U TOKA HA yYacTKE JJICKTPU-
YECKOH IIeTH, COJEPIKaIEM MOCIeI0BAaTEIbHO coequHeHHbIe R-, L-, C-31eMeHTHI.

B coctosiHumM pe3oHaHca HanpspKeHUM yrod casura a3

¢=vy, —v;=0.
CHpaBeI[JII/IBI)I CICAYIOIINC BBIPpAXKCHUSA:
L=2y=2ZyC080+ jZgsino=Rg; 1,(Z)=0; Xg=0,

rae Z — MoJHOE KOMIUIEKCHOE COMPOTHBIICHUE TTocienoBaTeabHoro R-L-C-konTypa;
Zy — MOTHOE KOMIUIEKCHOE COMPOTHBIICHUE TTocienoBaTeabHoro R-L-C-konTypa
IIPU PE30HAHCE HAIPSKEHUM;
Zy — MOZyJIb IIOJTHOI'O KOMIIJIEKCHOT'O COIIPOTHUBIICHUS ITOCIEA0BaTENbHOTO R-

L-C-koHTypa nipu pe30HaHCe HAPSKEHUH;
Xo — 9KBUBAJICHTHOE PEAKTUBHOE CONMPOTUBIICHUE 1IENTU

B nauHEHHON 3JIeKTpUYecKor 1enu (PUCYHOK 32) peXUM pe3oHaHca Harmpsike-
HUH MOYKHO TOJIYYHTh MyTEM M3MEHEHHUs 4acToThl f muraromero Hampsbkenus U(t)
WJIM BEJIMYMH MTapaMeTPOB MOCIEA0BATEIEHO COSTMHEHHBIX R-, L-, C-351eMeHTOB.

R L C
— ~ 1
Ur U, Uc
eHepaTOp U,
| -

Pucynok 32 — IlocnenoBatensHoe coenuHenue R-, L-, C-aneMeHTOB

Ha yacTtore pe3oHaHca g APKBUBAJECHTHOE PEAKTHUBHOE COMPOTHUBIICHHE LENU
PaBHO HYJIIO



XOZXL_XC :COOL—LZO, (31)
(Doc
II€ (g — PE30HAHCHAs 4acTOTa;

XL — CONPOTHUBIICHUE KATYIIIKH,

X¢ — CONPOTUBIIEHUE KOHAEHCATOPA;

L — MHIYKTUBHOCTb KaTyliku, [ 'H;

C — éMHOCTb KOHJeHcaTopa, D.

[Ipnu 3TOM MHAYKTUBHOE U EMKOCTHOE COINPOTHUBJIEHUE B3AUMHO KOMIIEHCUPY-
IOTCSI, TOK CTAHOBUTCSI MAaKCHMAJIbHBIM, a (pa30BBIN YroJl — HYJEBBIM (TO €CTh TOK H
MIPIIOKEHHOE HaIpshDKEHUE HaxonmsaTcs B ¢aze). PesoHaHcHas yacTtoTa JIETKO Haxo-
JATCS U3 YPABHCHUS:

0 1
f =—0__ =~ 3.2
0 2n 2rJLC (3:2)
OTKyJa CIICAYET:
1
°~Jic )
Bennuuna
opL=—1 =JLIC=p (3.4)
cooC

UMEET Pa3MEpPHOCTh COTIPOTUBIICHHUS U HOCHUT Ha3BaHUE G0IH06020 (xapaxmepucmu-
YeCKo20) CONPOMUBIeHUSL KOHMYPQ.
Pe3oHaHcHbBIE CBOMCTBA KOHTYpa XapaKTEPU3yeT T0OPOTHOCTD

Upo_ Uco_mb_ 1 p

Q:URO_URO R _RO)()C:E-

(3.5)

IIpu pe3onaHce HanpskeHHe Ha Bxoze KoHTypa U =URgq. JoopotHocTs Q mo-
Ka3bIBAaeT, BO CKOJIBKO pa3 HANPSDKEHMS HAa PEaKTHBHBIX dneMeHTax U g =Ucqg OT-

nuyaercs oT HanpspbkeHus U. Takoi pe30HaHC Ha3BIBAIOT PEe30HAHCOM HANPANCEHULL.
Tox npu pe3oHaHce T0CTUTaeT HAaMOOJIBIIEr0 3HAYCHHUS

':'OZUE' (3.6)

3aBucumoctu X(f); X.(f); Xc(f); Z(f) HaspBarorcss wacmommuvimu xapaxmepu-
cmukamu 1enu (koHTypa). OHU CBsI3aHBI CJICTYIOIIUMH COOTHOIIEHUSIMU:

X(F)=X (f)=Xc(f);

Z(f)=+RZ +(X(f))2 =R+ jx(f).

3apucumocts @(f)=arctg(X(f)/R) HaspiBaetcs ¢pazouacmommnoti xapaxme-
pucmukot nenu (KOHTypa).



3aBHCHMOCTH OT YaCTOTHI JCUCTBYIOMMX 3HaueHui Toka | (f) u HanpsokeHnit

Ur(f), Uc(f), U (f)Ha3bIBaIOTCA amMnaumyoHo-4acCmHbIMU XapaKmepucmukamu
(AUX).
JlnamasoH 9acToOT, IPU KOTOPHIX BBITIOTHSAETCS OTHOIIIECHHUE:

I(f) R 1
o JRZ1(x(f)? V2

Has3bIBaeTcs nosocou nponyckanus. Cootnomenne (3.7) BBITOIHIETCS TOYHO HA Yac-

(3.7)

totax f; u f, rne | X (f) = R|. Ha wacrore f; mensme fy yron casura das o(fy) = —45°

0 .
, Ha 4actote f, 6onbmre fy @(f) =+45". Yacrorsl f; u f, Ha3bBaroTCS HUKICHEN W
8epXHel 2PAHUYHOU Yacmomou HNoJIoCbl Nponyckauusi. BBINOIHEHUE YCIOBUU

o(f)= —45° o(f)= +45° no3BonsoT HKCIICPUMEHTAIbHO ONPEACIIUTh I'PaHUY-

HbIE€ YaCTOThI, IO3TOMY II0JIOCY IPOIMYCKaHUs MOXKHO ONPEAeNUTh 10 (a304acTOTHON
XapaKTEPUCTHKE.
3Ha4yeHMs TPAHUYHBIX YaCTOT ONPEACIIAIOTCS BbIPAKEHUEM

f1,2 :Zf—(og(\/l-i- 4Q 11) (38)

I/I36I/IpaTeHI>HI>IC YaCTOTHBIC CBOMCTBA KOHTYpa XapaKTCPHU3YIOTCA I10JIOCOM

IPOIYCKAHMUSI:
f
Af = f,—f, = %. (3.9)

3 06 beKThI UCC/IeJOBAaHUS U 060pPYyJO0BaHHUE

OOBEKTOM HCCIIeIOBaHUS SIBIIsIETCA OJHO(MA3HAs ENb IEPEMEHHOT0 TOKa, CO-
CTOSILIAS U3 MOCJIEA0BATEIBHO COCAUHEHHBIX PE3UCTOPA, MHIYKTUBHOCTU U KOHJICH-
caTopa, MOJKJIF0YEHHAs K UICTOYHUKY CUHYCOUJAIBbHOTO HAMPSKEHUS.

M cTOYHUKOM CHHYCOUIAJILHOTO HAIPSDKEHUS B 1a00paTOpHOM paboTe SBIISIET-
css TEHEPATOP HAIIPSDKEHUI CITELIUAJIBHOM ®OPMBI 8 BJIOKE TEHE-
PATOPOB HATIIPSOKEHWI. B kauectse AJIEKTPOUBMEPUTENHHBIX MPUOOPOB HC-
none3ytorcss MyabtumMeTpbl Tuna MY60 BJIOKA MVYJIbBTUMETPOB. IlaccuBhbie
AJIEMEHTHI AJIEKTPUUECKON CXEMbI BBIOMPAIOT U3 MUHHOJIOKOB PE3UCTOPOB, MHIYK-
THUBHOCTEN U EMKOCTEM.

4 PacyétHo-rpaduyecKas 4acThb

4.1 JInst 2JIeKTpUYECKOM 1eTu, N300pakKeHHON Ha pUCYyHKe 33, MmapaMeTpbl KO-
TOpOU 3a1aHbl B Tabuuie 3.1, onpeaenuTs 1o BeipakeHuto (3.1) gacrory fo, mpu ko-
TOPOM B LIENIM HACTYIIUT PE30HAHC HAIIPSIYKEHUM.

4.2 PaccuuTaTh KOMIUIEKCHBIM METOJOM JICUCTBYIOIIME 3HAUYEHHUS TOKAa U Ha-
NpsOKEHUH Ha €MKOCTH M Ha WMHIYKTUBHOCTU IPU PE30HAHCE, a4 TAKXKE AKTUBHYIO
MOIIHOCTH 1enu. JleficTByrolIee 3HaueHEe HAMPSKEHUS Ha BBIXOJIE TeHepaTopa npu-
HATb paBHbIM 7 B.



4.3 Tlo dopmymam (3.2-3.3), (3.8-3.9) paccunraTh XapakTEepHUCTUYECCKOE CO-
npoTtuBiieHrue U 100poTHOCTh R—L— C KoHTYpa, a Takke nojocy MpomycKaHus U rpa-
HUYHBIE YaCTOTHI IIPU PE3OHAHCE.

4.4 PesynbTaThl pacuéra 3anucarh B Ta0nuiy ['.1 mpoTokosa ucrbITaHuM.

Taomuma 3.1 — UcxoaHble 1aHHBIE

No BapuanTta | R, Om L, m['a Rk, Om C, Mx®

1 100 100 190,9 1

2 100 40 73,4 1

3 100 100 190,9 0.1
4 100 10 17,6 0.47
5 100 40 73,4 0.47
6 100 100 190,9 0.22
7 100 40 73,4 0.22

5 JkcnepuMeHTa/IbHAA YaCTh

5.1 Beibpatb R-, L-, C-371€MEeHTHI 1IeTH U3 Yrciia KOMIDICKTYIONUX CTEHA, CO-
TJIACHO BapHaHTY, 3aJaHHOMY IpernojaBarenemM (tadmuma 3.1).

5.2 CoOpath JIEKTPUUECKYIO IICTb COTJIACHO CXEeMe, MPEACTaBICHHOW Ha pH-
cynke I'.1. B xauectBe amnepmeTrpa PA uCnonbs30BaTh MyJIbTUMETP, YCTAHOBUB pe-
KUM H3MepeHus nepeMenHoro Toka | ¢ quanazonom 200 MA. B kauecTBe BOJIBTMET-
poB PV1, PV2 ucnons3oBaTh BTOPOIl U TPETUI MYJIbTUMETP, YCTAHOBUB Ha HUX pe-
UM U3MEpEeHus repeMeHHoro Hanpspkenust V-20 B.

5.3 IlpencraButh cOOpaHHYIO AIEKTPUUECKYIO LIETIh JJI MPOBEPKU MperogaBa-
temto (J1abopaHry).

5.4 Bxutounth aBTomMaTuyeckuil Beikitouarenb QF 6moka MOIAYJIb ITUTA-
HUS u tym6aep «Cetby» Moayns ®YHKIIMOHAJBHBI TEHEPATOP. Tlepekio-
yatenb «Dopmay ycTaHOBHUTH B MOJIOKEHHE «~». Perymsatopom «YHacroray ycraHo-
BUTH HA BBIXOJIE MOJYJIA @VHKHHOHAHBHbIﬁ I'EHEPATOP uyactory fo. Perymns-
TOPOM «AMILTUTY/1a» YCTAHOBUTH BEJIUUMHY JACHCTBYIOIIETO 3HAUCHUSI HAMPSHKEHUS
U, pasnyto 7 B. Hanpsbkenne U noanepxuaTte B pab0Te HEM3MEHHBIM, KOHTPOJIU-
pys ero 3HaueHue BoabT™MeTpoM PV2 BJIOKA MVYJIBTUMETPOB.

5.5 Usmenss yacToTy fo B MEHBIIIYIO W OOJIBIIYIO CTOPOHBI OT BEJIMYMHBI, pac-
CYMTAHHOM aHAIUTHYECKU B II. 4.1, ompenenuts nmo mokaszaHusM amnepmerpa PA
BJIOKA MVYJIbTUMETPOB ¢é skcniepumenTanbHoe 3HaucHue f 0.ocn 1 33TMCATH B

tabnuiy ['.2. .
5.6 IIpu 3Hauenuu yactoThl Ha Bbixoae mMoayiass OYHKIMOHAJIBHBIN T'E-
HEPATOP paBnoit f0 ey A3MEPHTE aMIIEPMETPOM PA u Bonet™meTpom PV1 BJIO-

KA MVJIbTUMETPOB Ha kaTyuike, KOHICHCATOPE U PE3UCTOPE BEIUYUHBI JICUCT-
BYIOIIMX 3HaYeHUil: ToKa |q, Hanpsokenuil Uy , Us .1 Uy . M3Mepennsie 3HaYeHMS
3anucath B Tabmuiry [°.2.

5.7 YMeHbIas 9acToTy, ONPEACIIUTh HIKHIOI TPAaHUIHYIO 9acToTy f; mostocs
npornyckanus. M3mepurs Ha uactore f; ammepmerpom PA u BompTMerpom PV1



BJIOKA MVIJIbBTUMETPOB Ha karynike, KOHAEHCATOPE U PE3UCTOPE BEIUYUHBI
NEUCTBYIOIINX 3HauYeHui Toka |, Hampsoxkennit Uy , Uc .u U, 1 3amucarts B Ta0ONu-

y ['.2.

5.8 YBennuuBas 4acTOTy, OIPEAEIUTh YACTOTY BEPXHIOI I'PAHUYHYIO YaCTOTY
f, momocs! mpomyckanus. M3meputs Ha uactore f, amnepmerpom PA u BonsT™MeTpoM
PV1 BJIOKA MVJIbTUMETPOB Ha kary1ike, KOHJIEHCAaTOpE U PE3UCTOPE BEINYU-
HBI JCHCTBYIOIINX 3Ha4YeHu! Toka |, Hanpsoxennit U , U .1 U . M3mepennslie 3Ha-

YeHUs 3anucarh B Taonuiry 1.2,
5.9 Usmenss yacroty B npenenax ot f < fy mo > fy usmeputs amnepmerpoa PA
u BoasT™MeTpoM PV1 BJIOKA MYJIBTMETOPOB Ha karynike, KoHI€HCaTOpe U pe-

3MCTOpPE BENMYMHBI JEHCTBYIIMX 3HaYeHMU Toka |, Hampsbkennmit Ui, Uc .m Ug.
W3mepennslie 3HaueHus 3aHecTd B Tabmuny I.2. Hanpsbkenue U - Ha BbIXOJ€E reHe-

paTopa MoAAEepKUBATh HEU3MEHHBIM, KOHTPOJIUPYS €ro 3HAYEHHE BOJIBTMETPOM PV?2
BJIOKA MVYJIbTUMETPOB.

5.10 Beixmounts Tym6nep «Cerb» Momyns ®YHKIIMOHAJIBHBIN I'EHE-
PATOP u aBTomatrueckuii BeIkr09aTe b QF Momysst matanwms.

5.11 Tlo garaBIM TabmuIb! .2 TPOTOKOIAa U3MEPEHHUA B OTHOCUTEIBHBIX €1-

HUIIAX YaCTOTHI V = %0 paccuurtate U noctpouts rpaduxu: [Ug(f)/U]- f(v);

U (F)/UF]-1(v); Uc(F)/Up]1-T(v); [1(f)/1g]— f(v). Pesynbrarel pacuéra
3anucath B Tabnuity ['.3. U3 rpadukoB onpeaenuts 100poTHOCTH Q, rpaHUYHBIEC Yac-
tothl f,u f; m monocy mponyckanus Af.

5.12 Tlo manubM Tabmuiel I'.3 paccuuTaTth U MOCTPOUTH YACTOTHBIC XapaKTe-
puctuku:  Z(f)=Up/1(f), Xg(F)=Ug(F)/I1(f), Xc(f)=Uc(f)/1(f),
X(f)=Xk(f)—Xc(f).PesynbraTs! pacuéra 3anucath B Tabauity I'.4.

5.13 TTocTpouTh BEKTOPHBIC JUArpaMMbl TOKA M HAMPSKCHUS ISHH I 3HAYC-
Hu# gactotsl 1, fo u f, MeTomOM 3aceuek, UCIONB3YS ITUPKYJIb.

6 Cogep:xaHue oTYETA

6.1 Llenb paGoTHI.

6.2 Tabnuiia UCXOAHBIX JAHHBIX JIJIs1 BBIOPAHHOTO BapHaHTA.

6.3 Cxema dIeKTpUIECKOM IeMH.

6.4 TlpeaBapuTenbHBIN pacyET e AJIs1 BRIOPAaHHOTO BapHaHTA.

6.5 Onucanue PKCIepUMEHTaIbHOM YaCTH IPOBEICHUS PAOOTHI.

6.6 Tabnuiibl H3MEPEHHBIX U BBIUYMCICHHBIX BEJTUYHH.

6.7 I'padnueckue 3aBucumoctu [Ug(f)/Up]1-Tf(v); [UL(F)/U]-T(Vv);

Uc(H)/Ur]-1(v); [H(F)/ 1o]=T(v); Z(F)=Up/1(f);

Xie(F)=U(D)I1(F); Xc(F)=Ua(F)/1(f); X(F)= Xk ()-Xc(f).

6.8 BekTopHble 1uarpaMMbl TOKAa U HaIllpsDKEHUS LMW JUIS 3HAUYEHUN 4acToT:
fl, fo u f2.

6.9 CpaBHEeHHE MOJTYYEHHBIX HKCIEPUMEHTATIbHBIX 3HAYEHUI CO 3HAYCHUSIMH,
paccunTaHHbiMH B 1.11. 4.1-4.3.



7 KOHTpOJ/IbHBIE BONIPOCHI

7.1 Kakue MeTo bl pacuéra 3JIeKTPUUYECKUX IeNeld CHHYCOUAAIbHOTO TOKa Bhl
3Haere? [[aliTe UM KpaTKyIO XapaKTEPUCTHUKY.

7.2 Kakumu mapaMeTpaMu XapaKTepU3YIOTCsI CHHYCOUIAIbHBIE TOKH W Hampsi-
JKEeHUA?

7.3 Kak B obmem ciaydae ( X #0) onpeneinTh akKTUBHYIO U PEAKTUBHYIO CO-

CTaBJIAIOIINE TOKA B mociaenoBarenbHoi R-L-C-iermu?

7.4 CymecTByIOT JIn pusznuecku B mocienoBatenbHou R -L-C-1ienu akTUBHBIN
Y PEaKTUBHBIN TOKHU?

7.5 B kakom ciydae peaktuBHOe compoTuBieHue R-L-C-uermu u casur da3
MEXy TOKOM U HaIpPsDKEHHEM UMEIOT OTPUIIATEIIbHbIC 3HAKHA?

7.6 Kak w3MeHWTCS BEKTOpHAs JWarpaMma, eciii 4YactoTy f yBenuunthb
(YMEHBIIUTH) B JIBa pa3a’?

7.7 Kak paccuuTarh 1iemb, €CJIM B HEM KpoMe pe3ucTopa IOCIeI0BATEIHHO
BKJTFOYCHBI JIBa KOHJIEHCATOPA U ABE KATYIIKH UHAYKTUBHOCTH?

7.8 Kak ompezgensieTcss mojioca TMPONMYCKaHUs IOCJIEI0BATEILHOTO PE30-
HAHCHOTO KOHTYypa?

7.9 Kak u3mMeHuTh JOOPOTHOCTH MOCIEA0BATEILHOIO PE30HAHCHOTO KOHTYpa B
N pa3 (Hanpumep, yMEHBIIUTH B 3 paza)?

7.10 Kak u3meputh akKTUBHOE W MHAYKTHUBHOE COMPOTHBIICHUS KATYIIKU, UC-
MOJIb3YsI PEKUM PE30HAHCA HANPSKEHUI?

7.11 Kakoli xapakTep UMEEeT MOJIHOE CONPOTUBIIEHUE MoceqoBaTeIbHON R-L-
C-mientu ipu pe3oHaHce?

7.12 300pa3ute cxeMy OJJIEKTPUYECKOW MU, COMACPKAIlyl0 IATh TO-
CJIEIOBATEILHO COCAMHEHHBIX JJICMEHTOB, B KOTOPOH TPH HAIPSHKEHUU HA BXOJIC
U=100 B nmeiicTByrommue 3HaUYCHUS HAMPSHKEHUN HAa KaXIOM M3 €€ TATH JIEMEHTOB
takoke paBHbl 100 B. O0bsicHUTE TaHHOE paBEHCTBO HANPSKEHUU.

7.13 Ilens ¢ mocnemoBaTeabHO COSAWMHEHHBIMH I W L HaxomuTcs moxm Jeu-
CTBHEM CHUHYCOUJAIBHOTO HAIpsOKEHUs. VI3MEHUTCS 1M aKTHBHAS MOIIIHOCTH B LIETIH
(ecnu 1a, TO KaK) MpU yBEIUYECHUH YACTOTHI?

7.14 O0OBsicHUTE XapaKTep PHEPrEeTHUYECKUX IMPOIIECCOB B MOCIEI0BATEIHHOM
PE30HAHCHOM KOHTYPE.

7.15 TlpuBenute mpuMepbl MPAKTUUECKOTO NMPUMEHEHMs] PE30HAHCA B JJICK-
TPUIECKUX LETISAX.
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MCCJIEJOBAHUE PE30OHAHCA B ITIAPAJIJIEJIbHOH LIENU
CR-, L-, C-JIEMEHTAMHU

1 llesnb pa6oOTHI

HccnenoBanrie pe30HAHCHBIX SIBICHUM M YaCTOTHBIX XapaKTEPUCTUK AJIEKTPHU-
YECKOH IIeTH, CoeprKallel mapauieTbHO coequHeHHbIe R-, L-, C-351eMeHTHI.

2 OCcHOBHBbIE N10JIOKEHUS TeOPpUH

Pacuér pa3BeTBIEHHBIX €Nl CHHYCOUIAIBHOIO TOKA B YCTAHOBUBLIMXCS pe-
KUMax paboThl BEIyT C MOMOIIbIO KOMIICKCHBIX (DYHKIIMH W MPEACTABISAIOT UX B
BHJI€ BEKTOPHBIX JUArpaMM Ha KOMIUIEKCHOU MJIOCKOCTH (KOMILIEKCHBIA METON).

MeTtonbl pacuéra 1eneil NoCTOSHHOTO TOKa (MOCpeACTBOM 3akoHOB Kupxroda,
METOJaMH y3JIOBBIX HAIPSKEHUM, KOHTYPHBIX TOKOB, HAJIOKEHHS, IPEOOpa30BaHUS
CXEM) CIIpaBEUIMBBI U JJIA pacuéra Lenel CUHyCOualbHOro Toka. [Ipu atom cuny-
couganbHO n3Mensomuecs sennuunbl (3/1C, HanpsbKeHUEe U TOK) NPEICTaBISIOT B
BU/IE KOMIUJIEKCHBIX YHUCEJN, KOTOPbIE, B CBOIO OYEpE/b, M300pakatoT B BUJAE paauyc-
BEKTOPOB Ha KOMIUIEKCHOM 1uiockocTu. Ilpu »TOM anrebpanyeckue AeHCTBUS Hax
CUHYCOWUJAJIbHBIMM BEIMYMHAMM 3aMEHSIOT JCHCTBUSMM HaJ KOMIUIEKCHBIMHM 4YHC-
JaMU WIN HaJ paauyc-BekTopaMu. CONpOTUBIIEHUS B LENSAX CHHYCOUIAIBHOIO TOKA
TaK)Xe NPEICTABIAIOT B BUJE KOMIUIEKCHBIX YUCEIN: ITOJIHOE KOMIUIEKCHOE COIPOTHB-
JICHUE JABYXIOJIIOCHUKA JIJIsl TAPMOHMUYECKOTO CUTHAJIa Ha3bIBAETCS UMNEOaHc, a MOJl-
Has KOMIUIEKCHasi MPOBOJUMOCTh — admummanc. Kpome TOro, BBOJSATCA MOHATHSA
MIOJIHOM M KOMIUIEKCHOM MOIIHOCTH, TOTJa BCE 3aKOHBI U OaJlaHC MOIIHOCTH OyIyT
CIpaBeJIUBBI IS LIETIeN CHHYCOMAAIIBHOTO TOKa B KOMILIEKCHOU (popme.

Ecin x nenu ¢ napajiesnbHbIM COEAMHEHNEM PE3UCTOpa U KOHAeHcaTopa (pu-
CYHOK 33,a) TPUJIOKHUTH MEPEMEHHOE CHHYCOMIAIBHOE HAIMpPsDKeHHEe, TO OJHO U TO
e HanpsbKeHne OyIeT MPUIIOKEHO K 000MM 3JIEMEHTaM LIeTH.
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Pucynok 33 — IapamiensHoe coequnenue R- u C-31eMeHTOB:
a — cXema IIeTH; O — BEKTOpHas AuarpaMMa TOKOB U HalpsHKCHHSI

OOmwmii TOK | 1enu pasBeTBIACTCS HA TOK |- 4epe3 KOHJeHcaTop (EMKOCTHas
COCTaBJIAIONIAs OOILIEro TOKa) U TOK |p — uepe3 pe3ucTop (akTUBHAsS COCTaBIISIO-
as).



Mexny Tokamu |, lcu lp cymecTByloT (a3oBble CABUIH, O0YCIOBICHHBIE

€MKOCTHBIM PEaKTHBHBIM CONpOTHBICHUEM Xc KoHaeHcaropa. OHH MOTyT ObITh
MPEICTABIICHBI C TOMOIIBIO BEKTOPHOM JarpaMMBbl TOKOB (PUCYHOK 33, 6).
@Da30BbIii CABUTI MEXIY HampspDkeHHeM U Lenu U TOKOM |g 4depe3 pe-

3UCTOP OTCYTCTBYET, TOIJIa KaK MEXIY 3THUM HaNpsHKEHUEM U TOKOM |- yepes
0

KoHIeHcaTop o paseH +90° (T.e. Tok omepexaer Hampsokerue Ha 90°). ITpu

ATOM CABHT (ha3 MEXIy IMOJTHBIM TOKOM | W HampspkeHueM U 1ienmu ompeners-

€TCs COOTHOIICHUEM MEXKIY MPOBOAMMOCTIMHU Dc u (. Paszaenus kaxmayro cTo-
POHY TPEYrOJbHUKA TOKOB Ha HANpsKEHHUE, TOIYYHUM TPEYTOJbLHUK ITPOBOIUMO-
cTeit (pucyHok 34).

Pucynok 34 — JluarpamMmma npoBOIMMOCTEN I TApaIeTbHOTO
coequHeHnus R- u C-anemMeHTOB

B tpeyroapauke npoBogumocteit g=1/R, bc=1/X¢, a y =1/Z npeacrapnser co-
00l Tak Ha3BIBAEMYIO IMOJIHYIO MPOBOAMMOCTh IIEMH, TOTJAa KaKk ( — akTuBHas, Dc —
peakTuBHas (EMKOCTHAs) MPOBOAMMOCTH (M3MEPSIOTCS B cuMeHcax (Cm).

N3-3a (a3oBoro capura Mexay TOKOM U HAIpsDKEHUEM B ILETSIX, MOJOOHBIX
JaHHOM, MPOCTOE apu(PMETUYECKOE CIIOKEHHE NEHCTBYIOIIMX WM aMIUIMTYAHbBIX
3HAYEHUH TOKOB B NApaJIJIENIbHBIX BETBSIX HEBO3MOXKHO; OHO BO3MOXHO B BEKTOPHOMU
dopme 1 =1g+1c.

Pacuer Benercs o cineayronuM GopmyliaM, BHITEKAIOIUM U3 BEKTOPHOM Jua-
IpaMMBbl U TPEYTOJIbHUKA MPOBOANUMOCTEM.

JelicTByronume 3Ha4€HHUsI ITOJTHOTO TOKA LENH, aKTUBHOM U EMKOCTHOM COCTaB-
JSFOIMX COOTBETCTBEHHO:

:Uy, IR:Ug, IC :ch.
[TosHasA TPOBOAUMOCTH LIETIH
2 2
y=49"+bc, y=

rae Z — NoJIHOE CONPOTHUBJIEHUE LETIH.
VYron casura a3 MKy TOKOM U HAPSHKEHUEM OTPEIETUTCS U3 BHIPAKCHUS

r_1
u 2z’



I—C) = arctg (b—c) :
g

¢ =arctg(
IR

AKTHUBHasA U PCAaKTHBHAA IIPOBOAUMOCTH COOTBCTCTBCHHO 6yILYT PaBHBI:
g=ycosp; bc =ysine.

Ecnu Kk menu ¢ mapamieabHbIM COCIUHEHUEM PE3UCTOPA W KATYIIKU MHIYK-
TUBHOCTU (PUCYHOK 4.3, @) MPUJIOKUTH MEPEMEHHOE CUHYCOUAAIBHOE HAIPsKEHUE,
TO OJTHO U TO K€ HaNpsKEeHUE OyJIeT MPUIIOKEHO K 000MM DIIEMEHTaM IIeTH.
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Pucynok 35 — IlapannensHoe coequnenue R- u L-3eMeHTOB:
a — cxeMa Ienu; 6 — BEKTOpHas JuarpaMMa HampspDKEHUS U TOKOB

OOt TOK 1Ny pa3BETBISIETCS HA TOK 4Yepe3 KaTylKy (MHIYKTHUBHAS CO-
CTaBJIAIONIAsl OOIIETO TOKA) U TOK — Yepe3 PE3UCTOpP (AaKTHUBHASI COCTABJISIONIAS ).

Mexny Tokamu |, || 1 lg cymecTBylOT (a3oBble CABUIH, 00YCIOBICHHBIC
WHJYK TUBHBIM PEAKTUBHBIM COMPOTUBJIECHUEM XL KaTymku. OHH MOTYT OBITH Mpe/I-
CTaBJICHBI C TIOMOIIBIO BEKTOPHOW JaHarpaMMbl TOKOB (pucyHOK 35, 6). da30Bbiii
CIBUI MEXy HampspbkeHueM nenu U U TOKOM udepes3 pe3ucTop | OTCYyTCTBYET, TO-

r7la Kak TOK B KaTyllke || Bcerga OTCTaeT OT HampshkeHus nenu U (Wim Toka uepes
pesuctop) Ha 90°. Ilpu sToM caBur ¢asz Mexay MOJHBIM TOKOM | W HampspKeHHuEM

ey U ompenensercss COOTHOIICHHEM MEXKIY HMPOBOJAUMOCTSIMH D 1 g (yroa oTpu-
1IaTEJIbHBIN ).

PazenuB Kkaxmayro CTOPOHY TPEYrojJbHHKA TOKOB HAa HAMpPsDKEHWE, TOYYHM
TPEYTOJIBHUK MPOBOJAUMOCTEH (PUCYHOK 36), B KOTOPOM Y TIPECTaBIIsICT COOOM Tak
Ha3bIBAEMYIO MOJIHYIO MPOBOAMMOCTD IICNH, § — aKTHBHYIO, a b — peakTuBHYIO HH-
JTYKTUBHYIO TTPOBOJIMMOCTH.

N3-3a ¢a3oBoro casura MeXIy TOKOM M HaIPsSHKEHUEM B IEMAX, MOJ00HBIX
JTAHHOM, TPOCTOEC apU(PMETHUYECKOE CIIOKCHHE IEHCTBYIONIUX WM aMILTUTYIHBIX
3HAYCHUH TOKOB B TapaUICIbHBIX BETBSIX, KaK B MapaJlICIbHOW YUCTO PE3UCTUBHON
1IeTH, HeBO3MOXHO. OHO BO3MOYKHO TOJIBKO B BEKTOPHOU (opme:

Il=1g+1,.



«
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Pucynok 36 — JIluarpamma npoBOIMMOCTEN MapayijiebHOTO
coenuHeHus R- u L-3eMeHToB

Pacuér BegeTcs o cneayrommuM GopMyiam.

I[eﬁCTBYIOIHHC 3HAYCHM ITOJIHOI'O TOKa HCIIH, AKTUBHOHN U I/IHI[YKTPIBHOﬁ CO-
CTaBJIAIOIIHNX COOTBCTCTBCHHO!

IHomnas IIPOBOAMMOCTD LICIIN OIIPCACIUTCA U3 BBIPAKCHHA!
2 2. I 1
y=y9“+b{; y=—=-.
u z
Yron CABHI'A (1)213 MCKAY TOKOM U HAIIPSAKCHHUCM

I b
¢ =—arctg (-L+) =—arctg (1) .
IR g

AKTHBHAs U PEAKTUBHAs IIPOBOJAUMOCTH ( = YCOSQ, b =ysing.

Ecou x menu ¢ mapajieabHbIM COSAMHEHHUEM PE3UCTOpa M KaTYIIKU HHIYK-
THUBHOCTH TIapajlIeJIbHO TTOAKIIOYHTE €IIe ¥ KOHAeHCATOp (PUCYHOK 37, @), TO OJTHO U
TO K€ MEPEMEHHOE CUHYCOUIAIbHOE HaMpsDKEeHNEe OyAeT MPHIOKEHO K TPEM KOMIIO-
HEHTaM Iienu. TOKHM B BETBSX TaKOU IETH Oy IyT MPONOPIIMOHAIBHBI POBOIUMOCTSIM
BeTBeil. Takas 11enp nojydnsia Ha3BaHUE Napa/lieNbHblil Pe30HAHCHbIL KOHMYP.
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Pucynox 37 — INapannenbHbiii pe3oHaHCHBIN R-, L-, C-koHTYP:
a — cxema 11enH; O — BEKTOPHBIC TUarpaMMbl TPOBOIUMOCTEN



B mapamienbHOM pe30HAHCHOM KOHTYPE aKTHBHAsI MPOBOJUMOCTD HE 3aBUCHT
OT YacTOThI, & HHAYKTHBHAsI, EMKOCTHAs U PEaKTUBHAS MPOBOIMMOCTH U3MEHSIIOTCS B
COOTBETCTBHH CO CIEAYIONMMH BeIpakeHUsAMHU (PUCYHOK 37, 6):

1
bL(w)Zai be (@) =wC;  b(w)=b (®)—bc ().

OOmuii Tok Henu | pa3BeTBIAETCS HA TOK 4epe3 KoHaeHcaTtop | (EMKocTHas
COCTABJISIOIAs OOIIETO TOKA), TOK || — 4yepe3 KaTylKy UHAYKTUBHOCTU (MHAYKTHB-
Hasl COCTaBJIAIOINAs OOILIEro TOKa), TOK | g — 4epe3 pe3sucTop (aKTUBHAS COCTABIIAIO-
1as), IpudeM Tok || orcTaeT oT HanpsbkeHus U Ha 90°, a Tok 1 omepexaer ero Ha
90° (pucynku 33, 6 u 35, 0). Toku | u || UMEIOT IPOTUBOINOIOKHbIE (a3bl (pas-

0
muyaroTcs Ha 1807), B 3aBUCMMOCTH OT MX BEJIMYMH YPaBHOBEIIMBAIOT APYT JApyra
TMOJIHOCTBIO M YacTuuHO. Korzma |-~ =1 , ©IMeeT MecTo pe30HaHC TOKOB.

Pezonancom moxoe Ha3zpIBaeTCs SIBIEHUE COBIAJICHUSA HAYaJIbHBIX (a3 MrHO-
BEHHBIX 3HAYECHUM CHMHYCOMJAIBHOTO HAIPSHKEHUS W TOKA HA YYacTKE AJICKTpUYe-
CKOM IIeIH, COJIeprKallleM MapaiebHO coequHeHHbIe R-, L-, C-351eMeHTHI.

B cocTosiHMn pe3oHaHca HaNpsKeHUH yroin casura ¢as ¢ =y, —y; =0.

[Ipu pe3oHaHCE TOKOB PEaKTUBHAs IPOBOAMMOCTBL LU b=Db, —b- paBHa
HyJI10. Pe3oHaHCHas yacToTa ONpeesseTcs U3 ypaBHEHUS:

L—(1)0(::0,
(DoL

OTKYyJa TaK K€, KaK 1 IIpU pE30HAHCC HaHpH)KeHI/Iﬁ CJICAYIOT BbIPpaKCHUS:

1 . ®q 1
Oy =—F7—, f = = .
JLC 0 27 2rJLC
[ToaHast MPOBOAUMOCTE IIPU PE30HAHCE TOKOB OKa3bIBACTCS PABHOM aKTHBHOM
HpOBOI[I/IMOCTI/I. HO3TOMy TOK I B Hepa3BeTBHeHHOﬁ YaCTHUu ISl UMECCT MUHUMAJIBHOC
3HAa4YCHHUEC, TOTJa KaK TOKH ||_ u IC MOFYT HpeBBH_HaTB €TI0 B HCCKOJIBKO pa3.

[Ipu pe30HaHCHOW YacTOTE CIPABEIINBbI BRIPAKECHUS:

bL((DO):bC((DO):\/%:Y-

OTta IMPOBOAMMOCTb HA3bIBACTCHA xapaxmepucmuuecxoﬁ I’lpO@OdUMOCmbiO pe-
30HAHCHOI'O KOHTYpPA, a OTHOIIICHHC

I, /1=1c/1=Uy/Ug=Q.

TaK ’k€, Kak M B IOCIEJ0BAaTEILHOM KOHTYpE, Ha3blBaeTcs dobopomuocmyio. Eciau
Q > 1, To npu pe3oHance TOKOB || (og) U | (wg) npesBpimaroT Tok | ucTouHuka B
Q pas.
[Ipyn M3MeHEeHUU YacTOThl U HEM3MEHHOM IPUJIOKEHHOM HANPSKEHUU TOKHU
M3MEHSIOTCS MPONOPIUOHAIBHO COOTBETCTBYIOIIMM MPOBOAUMOCTSIM:
U



IIpu pe3oHaHCHOM YacTOTe ® = g TOK |, IOTpeOIIAeMBlil OT UCTOYHUKA, UMEET

MUHUMAaJIbHOE 3HAUYE€HUE U PABEH TOKY |gr B aKTUBHOM CONPOTHBIIEHHUH, a TOK HA pe-
aKTUBHOM yuacTke 1en# | c paBeH Hymto. Takas cxema Ha3bpIBaeTCa GUIBTP-TIPOOKA.
VYrona casura a3 U3MEHsETCSI B COOTBETCTBUH C BHIPAKEHUEM:

1
=-arctg[(——)/g].
¢ ol —_c)/dl

IIpr ® < g Lenb HOCUT UHAYKTUBHBIA XapakTep (TOK OTCTAET OT HANPSKEHUS
Ha yroill @), IPU ® =y — AKTUBHBIA, a IPU ® > ®y — EMKOCTHBIN (TOK OIEPEKAET

HaIpsHKEHUE Ha Yo ).
B nmaGopaTtopHoii paboTe uccienyercs Iemnb CO CXeMOW 3aMellleHus, n3o0pa-
’KEHHON Ha pucyHKe 38.
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Pucynok 38 — Mccnenyemas 1ienb mepeMeHHOro TOKa, CoAepKaras
napauieNbHbIA pe3oHaHCcHbIN R-L-C-koHTyp

KommnekcHas IMPOBOAUMOCTD ICIIU OIPEACIINTCA U3 BBIPAKCHUA!

Ry oL —oC(RE +(0L)%)

—————+ jJoC=
Rk + jolL R2 + (oL)? R2 + (oL)?

Y = G- jB.

Ha gactore pe3oHaHCa mpOKBHBAJIECHTHAs PEaKTUBHAs IPOBOIUMOCTD LEIH
By =0. Orcrona caenyer:

L—C(RZ +(wL)?)=0 mm (wpl)? =p? —RZ,

IJie p — BOJTHOBOE COIIPOTUBIICHHE KOHTYpa, ONPEACTIeMOe U3 BBIPAKECHHS:
p=.—. 4.2).

Torz[a PE30HaHCHAsA 4aCTOTa

(4.2)




[Tpu pe3oHaHce KOMIUIEKCHAs IPOBOAUMOCTD
R
Y=Yo=— . 2"
RK + ((DL)

PeakTuBHOE CONPOTUBICHUE KOHTYpA

woL =+/p% —RZ .

R
Yo=Go="75,
p

Torna, yauThIBasi, 4To

TOK IPU pe30HaHCE Oy/IEeT PaBEH:

R
IO:UGO=U;§. (4.3)

PeakTuBHEBIC IMPOBOJAMMOCTH KAaTYHIKM W KOHIACHCATOpa, OIPCACIIACMBbIC COOT-

BETCTBCHHO BBIpa>KeHI/IHMI/IZ
[2 o2
p”—Rk

VP =R
2

brro="———F— 1 bgo=wC=
P P

OyIyT paBHBI.
Torga peakTUBHBIE COCTABIIOIINAE TOKOB B BETBAX KATYIIKU M KOHAECHCATOPA
IrLo B lco Takke OyayT paBHBI:

R .2
IrLo = lco =Ubgo =U pz—p—z- (4.4)

Ilpy BBINOIHEHMU YCIIOBHMS p > Ry pPEaKTUBHBIE TOKH MOTYT CYLIECTBEHHO
P~ Rk
npeBbIaTh TOK |g =UG, 1 B IENHM BO3HUKAET PE30HAHC TOKOB.
JoOpOTHOCTBE KOHTYPa ONPEIENINTCS BBIPAKEHHEM:

2 o2
o lco _Prio _Pco _VP" —Rk | (45)

lco Go Gp Rk

3aBucumoctu nposogumocteit: G(f); b(f); Ggr (f); bg (f);
Y (£) =[G(F)P +[b(F)1? ; Yau (F) =y[Gre (F)2 +[ore (1) ; Yo (F) =be ()
b( f
G(f

yroxn casura dasz ¢@(f)=arctg[ ]| HazBIBaIOT wacmMomHbIMU XapakmepucmuKamu

IeTH.
3aBUCHMOCTH OT YacTOTHI AeWcCTByrommx 3HaueHWd TokoB: |(f); Ig (f);

I (f) HaA3BIBAIOT pe3onanCHbIMU XapaKmepucmuKamu Ueu.



3 00’ beKTHI UCC/IEL0BAHUA U 060PYyJ0BaHHUE

OOBeKTOM HccneoBaHus ABIseTCs oAHO(a3Hasl 1elb NEPEMEHHOT0 TOKa, CO-
CTOSIAsl M3 MAPAJIIENBHO COCIMHEHHBIX KAaTYIIKH UHAYKTHUBHOCTH M KOHIEHCATOPA,
ITOJKIIFOYEHHAs! K HCTOYHUKY CUHYCOUJAIBHOTO HAIIPSKEHHUS.

Hcrounnkom cunycouaaibHoro HampspkeHus seisercs ['EHEPATOP HA-
MIPSDKEHUN CTIELIMAJIBHOM ®OPMBI 8 BJIOKE TEHEPATOPOB HAIIPS-
JKEHMI. B kauecTBe »/IEKTPOM3MEPHUTENHHEIX MPHOOPOB MCIIONB3YIOTCA MyJIbTH-
metpel Tuna MY 60 BJIOKA MVYJIBTUMETPOB. IlaccuBHBIE 3JIEMEHTHI AJIEKTpUYE-
CKOM1 11enH BBIOUPAIOTCS U3 KOMIUIEKTA 3JIEMEHTOB JJAOOPATOPHOIO CTEH/A: PE3UCTO-
POB, HHIYKTUBHOCTEU U EMKOCTEN.

4 PacyéTHO-rpaduyecKas 4acThb

4.1 Iy SNeKTpUIeCcKOn Ier, n300pakeHHOW Ha puCcyHKe 38, mapaMeTpsl KO-
TOpO# 3a7aHbl B TabmuIe 4.1, onpeaeuTs Mo BeIpakeHHo (4.2) pe30oHaHCHYIO dac-
toty fo.

4.2 PaccunTtaTh KOMIUIEKCHBIM METOJIOM, HCTOJB3ysl BhIpaxkeHus (4.3; 4.4)
JICUCTBYIOIINE 3HAYEHUS TOKOB. B HEPA3BETBICHHON YacTH 1enH lp;, yepe3 KaTymky
UHIYKTUBHOCTH | g ¥ EMKOCTb |-g IPU PE30HAHCE TOKOB, a TAKXKE aKTUBHYIO
MOIITHOCTb 1enu. JleficTByroIee 3HaUeHE HANIPSIKEHUS Ha BBIXOJI€ Te€HepaTopa Mpu-
HATH paBHbIM 7 B.

4.3 Tlo dhopmynam (4.1) u (4.5) paccunTaTh BOJHOBOE CONPOTHBIICHUE U JI00-
POTHOCTh KOHTYpA.

4.4 Pe3ynpTaThl pacuy€Ta 3anucath B Tabsmily J1.2 mpoToKoja UCTIBITAHUH.

Tabmuma 4.1 — Mcxoanble JaHHBIE

No Bapuanta | R, Om | L, MI'H C, Mx®

1 73,4 40 1

2 190,9 100 0,22
3 190,9 100 0,1

4 73,4 40 0,47

5 73,4 40 0,1

6 17,6 10 0,22

7 17,6 10 1

8 73,4 40 0,22

5 JKcnepyMeHTa/IbHAA YaCTh

5.1 3meputh MyJIbTUMETPOM aKTUBHOE CONPOTHUBIIEHUE Ry KaTyIIKM WHIYK-
TUBHOCTH U 3aMHCATh 3TO 3HAYEHUS B TPOTOKOJI U3MEPEHUM.
5.2 BeiOpath L-, C-a7eMeHTBI 1IeNH U3 YKCia KOMIUIEKa Ja00paTOpHOTO CTEH-



74, COTJIaCHO BapHaHTy 3aJaHHOMY IpenoaaBateineM (Tadmuie 4.1).

5.3 CobOpath 3JIEKTPUUYECKYIO 1IEMb COTJIACHO CXEME, MPEACTaBICHHOW Ha pu-
cynke /[.1. B xauectBe amnepmerpoB PALl, PA2, PA3 B3ITh MyJIbTUMETPHI, YCTAHO-
BUB PEXHUM H3MEpPEHUs nepeMeHHoro Toka — | ¢ nuamazonom 200 MA. B kadectBe
BosibTMeTpa PV1 ucnons30BaTh OJMH U3 MYJIBTUMETPOB, YCTAHOBUB B HEM PEXUM
U3MepeHus rnepeMeHHoro Hampsbkenus — V-20 B.

5.4 TIlpenctaBuTh COOPAHHYIO AIEKTPUUECKYIO LIETh IS IPOBEPKU MPEToiaBa-
TEJIO.

5.5 Bximtounts aBToMaTHyeckuii BeikiItodarennb QF 6imoka MOIYJIb ITUTA-
HUS u tym6aep «Cetb» Moayns ®YHKIIMOHAJIBHBIN TEHEPATOP. Tlepekiio-
gatenb «PopmMa» yCTaHOBHUTH B IOJOKEHUE «~». Perymsaropom «Hactora» ycraHo-
BUTh HA BBIXOJI€ MOAYJIA CDYHKL[I/IOHAHBHBIﬁ I'EHEPATOP ugactory fo. Peryms-
TOPOM «AMITIUTY/Ia» YCTAHOBUTH BEIMYUHY JIEHCTBYIOMIECTO 3HAYCHHS HAPSKCHUS
U, =7 B. Hanpsoxenue U nognep:xuBaTh B pab0Te HEU3MEHHBIM, KOHTPOJIUPYS €ro

3HaueHnue BojbTMeTpoM PV1 BJIOKA MYJIbTUMETPOB.

5.6 Yoeautbcs, uro Ha gactorax 0,2 fo u 2 fy TokoBas 3amuTa Moayins He cpa-
OaTbIBaET.

5.7 Usmensis gactoty fy B MEHbBIIYI0 U OOJBIIYIO CTOPOHBI OT €€ BEINYHHBI
AQHAJIMTUYECKU PACCUUTAHHOM B 1. 4.1, onpenenuTs no nokazaHusaM amrepmerpa PA
BJIOKA MVYJIbTUMETPOB eé skcnepumeHTanbHoe 3HaucHHe. Bemuuuny fg ..,
3anucaTh B Tadbauny J1.2.

5.8 BoimonHuTh M3MEpeHus IS yKa3aHHbIX B Ta0iuile /[.2 OTHOCHTENbHBIX

f. .
4acToOT V = % (fo.5xen — 4acToTa pe3oHaHCa B SKCIEPUMEHTE), ACHCTBYIONIINX
0,9xcn

3HA4eHUM TOKa | B HEpPa3BETBIECHHOW YaCTH LIEMH M TOKOB 4YEpe3 KATYIIKy MHIYK-

TUBHOCTH |l ¥ depe3 éMkocTh |- . M3mepeHHble 3HaueHMs 3amucaTb B TaOJIM-

ny J1.2.
5.9 IIpoTokon u3mMepeHuil yrBepIuTh y MPenoaaBaTes.

5.10 Beixmounts Tym6ep «Cetb» Moy ®YHKIIMOHAJIBHBIN I'EHE-
PATOP u aBTomaTnyeckuit BekIodaTenb QF Moyt muTaHus.
5.11 I'lo manaBIM Tabauibl 1.2 MpOTOKOIA U3MEPEHUM B OTHOCUTEIILHBIX €/IH-

f.
HUIAX YaCTOThl V = % paccuuTarh U MOCTPOUTH rpauKu dKCHIEPUMEHTAIb-
0,9Kcn

HBIX 3Ha4eHUH TokoB B BeTBAX |(V), Ig (V), lc(v). 3aBucuMOCTH CTpOUTH HA OJ-

HOM PUCYHKE B OJJHOU TUIOCKOCTH.

5.12 Tlo noctpoennsM (1. 5.11) rpadukam ompenenuts 100pOoTHOCTE Q KOH-
Typa U CPaBHUTH €€ 3HAUEHHE CO 3HAYCHHEM, PACCUMTAHHBIM AHAIIUTUYECKU IO Ta-
pameTpaM LEemHu.

5.13 Ilo nosnydyenHsiM B 1. 5.11 pe3ynpTraTaM MOCTPOUTH B BHIOPAHHOM Mac-
mradax BEKTOPHBIE JUarpaMMbl TOKOB U HAIIPSKEHUS ITPU PE30HAHCHOM YacToTe.



6 Cogep:xaHue oTYéTA

6.1 Llens paGoTHhI.

6.2 TabOnuia uCXOMHBIX TAHHBIX I BEIOPAHHOTO BapHAaHTA.

6.3 Cxema 2JIeKTpUIECKOU TIeTIH.

6.4 IpenBapuTenbHbIA Pacy€T ENH ISt BRIOPAaHHOTO BapUAHTA.
6.5 Onucanune 3KceprUMEHTaTbHON YacTH MPOBEACHUS PAOOTHI.
6.6 TaOnuIbl H3MEPEHHBIX U BHIYHCICHHBIX BEJIINYHH.

6.7 I'paduxu 3aBucumocrteil 1(v), Ig (v), Ic(v).

6.8 BekTopHbie muarpaMMbl TOKOB M HAMPSKEHUS TISTTH JIJIs1 PE30HAHCHOM Jac-
TOTBHI.

6.9 CpaBHEHHE TIOJYYCHHBIX IKCIEPUMEHTAIBHBIX 3HAYCHUNU CO 3HAYCHUSIMH,
paccunTaHHbiMHA B 11. 4.1- 4.3.

7 KOHTpOJIbHBIE BOMPOCHI

7.1 Kakue MeToapl pacdyéTa pa3BETBICHHBIX DJIEKTPUUYECKHUX IENEH CHUHYCOU-
JIanbHOTO TOKa Bel 3Haete? JlailTe UM KpaTKyrO XapaKTepUCTHKY.

7.2 3amumute 3akoHbl OMa u Kupxroda B komrmiiekcHo Gopme.

7.3 Tlpu Kakux yCIOBHSIX BOZHUKAET PE30HAHC TOKOB?

7.4 Kak »KCcriepUMEHTAIBHO OMPEACIIUTh PEKUMBI PE30HAHCA TOKOB U Hampsi-
KECHUU?

7.5 B cxeMe, MOJIKIIOYEHHON K CUHYCOUJIAIbBHOMY HANPsIKEHUIO, TTOCIEA0Ba-
TeJbHO-TIapajuiesibHO BKItoUeHbl L u RC, mpudem neicTBylolne 3HAYEHUS Hamps-
YKCHUN Ha BXOJI€ LEMHU U HAa KAKIOM U3 €€ 3JIEMEHTOB paBHbI. llocTpoiiTe HaA KOM-
MJICKCHOM TUIOCKOCTU BCE TOKHM U HAIPSKEHUSI U OMPENeInTe CIBUT (a3 MexXIy Ha-
npsokeHUsIMUA U | 1 U e .

7.6 Uto Takoe xapakTepucThyeckas mpoBoauMocTh? KakoB e€ duznueckuit
CMbICIT?

7.7 Yto Takoe 10OpOTHOCTh pe3oHaHCHOTO KoHTypa? Kakue ¢uznyeckue npo-
1ecchl OHa Xapakrepusyer? Kak e€ MOKHO ONpeneanTh SKCIEPUMEHTAIBHO?

7.8 Kakoii xapakTep UMeeT ToJIHAs MPOBOANMOCTD NapaiienbHoi R-L-C-mienn
IIpU pe30HaHCe?

7.9 Uto Ha3pIBaeTCS aMIUIMTYJHO-4YaCTOTHOM W (Da304acTOTHOM XapaKTepu-
CTHUKaMU PE30HAHCHOTO KOHTYypa?

7.10 Yto Takoe ko3 GHUIMEHT MOITHOCTH (COS @) ¥ KO(D(DHUIIUEHT PEaKTUBHOM
MOIIHOCTH?

7.11 3ayem HY>KHO YBEIIMYUBAThH COS () B DJIEKTPOIHEPTETUUECKUX TETISX?

7.12 Kakue mporiecchl XapakTepU3yOT aKTUBHAS U peaKTHUBHAS MOIITHOCTU?

7.13 Kakue sHepreTHueckue MpOLECcChl MPOUCXOAST B MapayielbHOM KoOJie-
0aTeIbHOM KOHTYpE?

7.14 Moryt 511 OBITb OTPUILIATENILHBIMU: AKTHUBHAs MOUIHOCTb, PEaKTHUBHAs
MOIIIHOCTb, MOJIHASI MOLTHOCTh, KOMIUIEKCHasi MOIIHOCTL? [IpuBeauTe npumepsl.

7.15B uém 3akmodaeTcss cMbIca OajlaHca MOIIHOCTEW B IEMSX CUHYCOH-
aJILHOT'O TOKAa?



JlabopatopHas paborta Ne 5
WUCCJIEAOBAHME LIETIEN C BBAUMHOM HHAYKTHBHOCTbIO

1 llesin pa6oTHI

1.1 DxciepuMeHTaJIbHOE OIpeEICHUE BETUUYMHBI B3aUMHON MHJYKTUBHOCTU
M nByX UHIYKTHUBHO CBSI3aHHBIX KaTYILIEK.

1.2 DxcniepuMeHTalbHAs MPOBEPKA COOTHOIICHUI MMapaMETPOB, CIPABEIIIMBBIX
JUISl UHIYKTUBHO CBSI3aHHBIX KATYIIIEK.

2 OCHOBHBbIE N0JIOKEHUS TeOpUU

PaccmoTpuM J1Be KaTyIlIKH, KOTOpble HAMOTaHbI B BHJI€ TOHKHUX KOJEI[ 00Jb-
II0T0 JIMaMeTpa C YUCIIOM BUTKOB Wy U W,. [Ipu ykazanHou dopme KaTyiiek ¢ 001b-
IIOW CTENICHBIO TOYHOCTH MOYKHO CUMTATh, YTO BUTKH KaXKJIOW KATYIIKUA CIECIUISFOTCA
C OJMHAKOBBIM MAarHUTHBIM IOTOKOM. IIycTh B mepBOM KaTyllKe MPOTEKAET TOK iy,

torpa: Wy, = W@y, — cobcmeennoe nomoxocyenienue IepBox KaTyIKH (@, — Mar-
HUTHBI IIOTOK B OJHOM BHTKE); Wi, — nomokocyenienue 63auMHOU UHOYKYUU —
4acTh OTOKOCLEIUIEHHs V)1, CLCIUIEHHAsA ¢ BUTKAMH BTOpPOU KaTymku. IloTokocie-
mieHue W, co31aHO TOKOM IEPBOM KATYyIIKH, B CBOIO OY€PElb, IPOHU3BIBAET BUTKH
BTOPOH KaTymKH. [IycTh BO BTOPOH KaTyIlIKe IPOTEKAET TOK iy, TOrAa: Vo, = WoDsys
— cobcmeenHoe nomokocyenienue BTOPOR KaTylku; Vo, — nomoxocyennenue 63a-
umMHOU uHOyKyuu (CO3IaHO TOKOM BTOPOU KaTYIIKH, TPOHU3BIBAET BUTKU IEPBOH Ka-

Tymku) (pucyHok 39, a).
B TakoMm ciyuae KaTYIIKH SIBISIFOTCS UHOYKMUBHO-CEA3AHHBIMU DNIeMEHMaMU
(pucynok 39, 6).
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Pucynoxk 39 — UHAYKTUBHO CBsI3aHHBIEC KATYLIKH:
@ — IOTOKOCILIECTIICHUS KaTyLIeK; 6 — CXeMa 3aMeleHUS
UHIYKTUBHO CBSI3aHHBIX KaTyIIEK

JU1 XapaKTEepUCTUKH MHIAYKTUBHOM CBSA3M BBOAAT mapamerp M =M, =M,, —
83aUMHAs UHOYKMuUsHocmb, u3mepsiemas B ['enpu (I'n).



3HaK COOCTBEHHON MHAYKTUBHOCTH

R ¥ D ¥ D
L, = 11 1 g L, = 22 —w, 022
l l I )
BCEra IIOJIOKHNTCIICH, T.K. HaHpaBHeHI/IC TOKA U MAaroHMTHOTI'O IIOTOKa CaMOI/IHI[yKHI/II/I
BCEr/ia COIIACOBAHBI I10 MPAaBUIy IIPABOI'0 BUHTA.

B3anmHuas HHAYKTUBHOCTDB OIIPCACIIACTCS BHIPAKCHHUCM:
Vo _ W
L,

M =

rae  Wj, — HOTOKOCLEIUIEHHE BTOPOTO 3JIEMEHTA, CO371aBaéMOe TOKOM iy ;
¥, —TIOTOKOCLIETIJICHUE [IEPBOTO 3IEMEHTa, CO31aBaeMOE TOKOM i, .

HpI/IMCM 3HAaK B3aMMHOU HHAYKTUBHOCTH TAKKC ITOJIOKUTCIbHBIM. SI[C B3aH-
MOHMHAYKIOHUH BO BTOpOﬁ KaTyIIKC, BbI3BBAHHOC N3MCHCHUCM TOKA B HepBOﬁ KaTyIIKE,
KOMIICHCHUPYCTCA HAIIPSHKCHUEM B3aMMOWHAYKIIUH

d\‘Pz 1 M dll
. WVl21—
dt dt

KOTOPOC IMOABJIACTCA HA 3aAKHNMaX BTOpOﬁ KaTyIIKH.

AHaNOTUYHO TIOSIBISECTCS HaIIPAKCHUC B3AMMOMHAYKIIMH Ha 3aKHMMax HGpBOP'I
KaTyIIKH.

Upmo21=

A%, di,
Upip =—22 =Mqp—2,
M12 dt 12 dt

BBI3BAHHOE U3MEHEHUEM TOKA B MIEPBOM KaTYIIIKE.

Takum oOpazom, Hanpspkenne (DC) Kaxaoi KaTyIIKU onpeaensieTcs anreo-
pandeckoil cymmont HanpsbkeHus (3/C) camounnaykuuu u Hanpspkenus (3/1C) B3a-
MMHOW MHIYKLHU.

Jlns onpenenenus HanpaiieHus Hanpsbkenud (9/1C) B3auMHON MHAYKIUH, T.€.
3HAKa, C KOTOPbIM 3TO HANpspKeHUWE OyJEeT BXOAWTH B alreOpanvyeckyr0 CyMMy Ha-
MPsDKEHUST Ha KaTyIIKe, pa3MeyaroT 3aKUMbl MHIYKTUBHO CBSI3aHHBIX JJIEMEHTOB Iie-
M 3HAYKAMU «*) HITH «®%).

HampaBnenue HanpsbkeHHs B3auMOMHAYKIMM Uy CBA3aHO € HaIlpaBiICHUEM
TOKa, KOTOPBIA BBI3BIBAET 3TO HampspkeHue. HazoBem 3akum, depe3 KOTOPBIM TOK
BXOJIMT B MEPBYIO KaTymKy L; «Hayasom» 3TON KaTyIIKd U OTMETUM TOUKOU «®
(pucynok 40). Torma HanpsbkeHHe Ha BTOPOM KaTyiike L, Takke OyaeT HampaBicHO
oT e «Hayasna» K e€ «KoHIy». YToObl HaliTH Hayajo MEpBOM KaTymku L; Hyx HO
CPaBHUTH HAIIPABJICHUE HAIPSDKEHUS B HEM C HANPABJICHUEM HaNpPsKEHHsI BO BTOPOU
Karyuke L.

JIJ1s1 5TOTO COEMUHSAIOT MEXKIy COOOM ABa 3axkuMa Katymiek Ly u L, u usmeps-
10T Hanpsbkerusa Uy , Uy , U . Ecin okaxercs, uro Uy =U | +Uy,, TO 3TO 03Ha-

YaeT, YTO KOHeIl MepBOM KaTyIIKH L; mpucoeauHeH K Havaidy BTOpOM KaTymiku L,
Ecnmu sxe Uy =U| —U)p , TOo KaTymku coeJMHEHbl CBOMMHU KOHIIAMHU.
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Pucynok 40 — Cxema onpesiesieHns yCIOBHBIX Haval
Y KOHIOB KaTyIIEK WHIYKTUBHOCTEMN

Ecnu Ha NprHIMIMAIBHOM 3JEKTPUYECKOW CXEME TOKA OPUEHTHUPOBAHBI OJU-
HAKOBO OTHOCHUTEJILHO OJJTHOMMEHHBIX 32)KUMOB KaTYIIIEK, TO 3TO COTJIACHOE BKIJIIOYe-
HHUE KaTyliek (pucyHok 41, a), uHaue — Bcrpeunoe (pucyHok 41, 6).

M M
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PI/ICYHOK 41 — CxeMsbl 3aMCIICHU MHAYKTUBHO CBs3aHHBIX KaTYIICK.
a — COI'JIaCHOC BKIIIOUYCHUC, 0 — BCTPCUHOC BKIIIOUCHUC

Hanpasnenune 3/]C B3auMOMHAYKIIMM MOBTOPSIET HAMPABICHUE TOKOB OTHOCH-
TEJIFHO OTHOMMEHHBIX 3aKHUMOB.

Hcnonb3ysi KOMIIEKCHBIM METOJT pacy€ra, ONpEeNeNsiOT COnpomuesieHue 63a-
UMHOU UHOYKYuY JJI 3aJaHHOM 4acTOThl X,, = ®M U KOMNIeKCHOe conpomusieHue

gzaummuou unoykyuu jX,, = joM . KomIiuekcHoe HanpskeHHe B3aMMHOW MHIYKLUU
Ha KOMIUIEKCHOW IUIOCKOCTH NEPHEHIUKYISPHO KOMIUIEKCHOMY TOKA, M3MEHEHUE

KOTOPOTO BBI3BIBAET €TO MOSBJICHUE.
Hanpsxkenue B3auMHON MHAYKIIMY B IEPBOM KATYIIKE OT BTOPOTO TOKA MOYKHO
ONPENEIIUTH U3 BBIPAKEHUSA:
Umiz = JoMyalo = JXmi2l .
HanpsxkeHue B3aMMHOM MHIYKIMHA BO BTOPOM KAaTYIIKE OT IEPBOTO TOKA aHa-
JIOTUYHO ONPENEIIUTCS BBIPAKEHUEM:
Uma1=JoMaily = JXma1ls
ITpu aTOM
M=Mp =My 1 Xy21=Xm2=Xm =M.
Koagpguyuenm cesa3u onpenensior u3 CiaeIyromnero BbIpaKeHuUs:

MioM o o k= M XM
(615

1Ly CJuly XX,

2
kce =




Paccmotpum coenacroe eéxknroueHue TOCIENOBATENbHO COCTUHEHHBIX WHIYK-
TUBHO CBSI3aHHBIX HEUJCANBHBIX KaTyliek. HampspkeHne Ha KaTylIkax MMeeT clie-
AYIOIIUE COCTABJISIONINE (PUCYHOK 42):

2. 47
I X =
a — Rl . fAn X, R2 b
2 I L I
— — — —
Um Upn Upsy YUra
——— — -
Usz Yun
Urgin Urgira
U o) a
a O

Pucynok 42 — Cxema 1ienu (@) v BeKTOpHas quarpamma (6) mpu corjiacHOM
BKJIFOUCHUW HMHIYKTUBHO CBSI3aHHBIX KaTYIIICK

[Ipu corylacHOM BKJIFOUEHUU:

liab :L—Jmml +U

xam?2*

B cBoro 0o4uCpCab, HAIIPSAKCHHUA HAa KaTyHIIKax € yqéTOM 3ako”a Oma:
U et =R+ X0+ X)L U = (R + JX 1 + (X L.
TOF}Ia BBIpa)KeHI/Ie JJIsL HaHpH)I(eHHH Ha 3aKnMax a u 6 BHU.
Uap =R+ iX1q + Xy )L+ (Ry + jX 2 + X L.

3HA4YUT, OPHU COTJIACHOM BKJIKOYEHUU BBIPAXKEHUE 11 KOMIUIEKCHOTO COIpPO-
TUBJICHHE y4acTKa ab OyIeT UMeTh CIICAYIOIINIA BU/I:

Zeoon=Ri+ X1+ Ry + X2 +2)Xy =Z

COZ]ZZ(PCOZJZ '

IIpu e6cmpeunom 6xatOweHuu TOCIECAOBATEIBHO COCIUHEHHBIX KaTyIIEK
(pucyHok 43) HanpsHKEHUS CaMO- U B3aUMHOW WHITYKITUH BBIYATAOTCS.

HanpsokeHrne Ha 3akuMax ab mpu BCTpeYHOM BKIIFOUCHHMH OIPEICIIUTCS Clie-
TYIOIIUM 00pa3oMm:

Uab =Uamt + Y am2 :(R1+ X = 1Xwm )l_'—(RZ + X2 =Xy )l:
=(Ry + jX 11— Xy + Ry + jX 2 — X L.

KomruiekcHoe conpoTuBieHne yyacTtka ab onpeeanTcs U3 BhIpasKeHHI:
- IPY COTJIACHOM BKJIFOUEHUU:

Zipor =R+ X1+ R+ X 2 +2]X\ =2 0L

coe (PCOZJZ’



- IIpHU BCTPCYHOM BKJIFOYCHUU:

Z =R+ X1+ Ry + JX 2 =2]Xy = Zecmplq)ecmp'

Secmp
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Pucynoxk 43 — Cxema 11ienu (a) 1 BeKTOpHas Auarpamma (0) npu BCTPEUHOM
BKJIFOYCHUHM HHJIYKTUBHO CBSI3aHHBIX KAaTYIIEK

Tax xaK Z.yo; > Zgemp, TO IIPU OJIMHAKOBOM HANPSHKEHMU MCTOYHUKA TOK B 1I€-
IIA TIPU COTVIACHOM BKJIFOUCHHMH KaTYyIIEK MEHBIINM, YeM MPHU BCTPEYHOM. DTOT (DAKT
HCTIOJIB3YIOT MPU SKCIEPUMEHTAIBHOM OINPENACICHUA OJHOWUMEHHBIX 3aKUMOB HWH-
JTYKTUBHO CBA3aHHBIX KaTYIIEK.

[IponenaB corjiaCHOE W BCTPEYHOE BKJIFOYEHMS TPU MOCIEI0BATEIBHOM CO-

CANHCHHUU 3JICMCHTOB, MOKHO OIIPCACINTD B3aANMHYIO HHAYKTUBHOCTD M.
X X

M = coen Necmp
4o

TI€ Xeoon U Xgemp — PEAKTUBHOC COMIPOTHUBIICHUE LICTIH IIPU COTJIACHOM U BCTPEYHOM
BKJIFOUEHUH, COOTBETCTBEHHO.
HanpsbxeHue Ha OTACIbHOM KaTYIIKE BBIUKCIAETCS 10 popMyTie:

UKam :\/(Rzg + (XK * XM)2 .

2.1 PacuyéT neneu co cMelmlaHHBIM CO€JJMHEHUEM 3JIEMEHTOB

[Ipu nmapamienTbHOM COTJIACHOM BKJIFOUEHUH KaTyIIEeK PUCYHOK 44. MOXXHO CO-
CTaBUTh CJICAYIONIYIO CUCTEMY YPaBHEHMUIA:

=1 +1y;
U=1R + joL 11 + joM15; (5.1)

|C

:lsz + jO)I_ZlZ + J(DM I—l'
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Pucynox 44 — Cxema nieriu (a) v BekTopHas quarpamma (6) mpu coriacHo-
napaiebHOM BKIIOUEHUH HHIYKTUBHO CBS3aHHBIX KATYIIEK

Permas coBMecTHO cucteMy ypasHenuii (5.1), momyunm:
Zi;— joM

Z3— joM .
21129 (joM)*

21122~ (joM)?

Iy = U, 1I,=
rac le = Rl + JO)L]_, ZZZ = R2 + JO)LZ

[Ipu mapajuieIbHOM BCTPEYHOM BKIIFOUEHHH KaTyIIEK CIEAYET B YPABHEHUSX
cuctemsl (5.1) U3MEHUTH 3HAKM NEpe]] cllaraeMbiMu, coaepxkamumu M. [loctpoenue
BEKTOPHOM JMarpaMMbl OCYIIECTBIISIETCS aHAJIOTUYHO PUCYHKY 43, O, OJJHAKO CJeny-
eT yuecTh 00paTHOE HarpaBiieHue BeKTOpoB JoM; u joM,.

OcoObIii UHTEpEC MPEACTABISAET CIy4yall HaIU4Ms MHIYKTUBHOW CBSI3M MEXKIY
KAaTyIIKaMH IIPU OTCYTCTBHH AJIEKTPUUYECKOTO COCAMHEHUSI MEX]y HUMH, HallpUMED,
B JINHEHHOM TpaHcopmarope (pucyHok 45).
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Pucynok 45 — Cxema nuHeHoro Tpanchopmaropa

CocTtaBUM ypaBHEHHs IO BTOpOMY 3aKoHY Kupxroda s mepBUYHOM M BTO-
PUYHOM 0OMOTOK JTUHEHHOTO TpaHcPopMaTopa:

Uy =U g +Up +Upiz = (Re+ 1X9) I + JXm Lo
0=U,,+Upp+Uma1-Up =(Ro+ jXo +Z )5 + X 11

U, :—Zle_



B pexxnme xonocroro xona Z ;; =00, TOK |1, =0 ¥ ypaBHEHHUs IPUMYT BUI:

Uy =U 1 +Up = (R + JXly,

Umiz =Yy y Xmli=Uy

W3mepuB neiicTByIONIME 3HAYCHUS! HANPSHKEHUST M TOKA TEPBUYHOM OOMOTKH,
yroia casura ¢a3 Mexay HampssKeHHEM M TOKOM, MOKHO OIpPENeiUTh MapaMeTphl
IIEPBUYHON KaTyWIKU. VM3mMepuB IEHCTBYIOIIEE 3HAYCHHE HANPSHKEHUS BTOPUYHOM
OOMOTKH MOYHO OIPEAEIIUTh COIPOTHUBIIEHUE B3aUMHON MHITYKIIUH.

3 O6beKThI UCC/IeJ0BAHUA U 000pyAOBaHME

OOBEKTOM HCCIEN0BAHMS SBIIIOTCS MHIYKTUBHO CBSI3aHHBIE KaTYLIKH, COEIU-
HEHHBIE TOCIEA0BATEIBHO WIH IMAPAIIIENBHO MUl CIy4aeB UX COIVIACHOTO M BCTpEU-
HOT'O BKJIItOUeHHM. [lomyuemas cxema noAKII0Yar0TCs K MCTOYHUKY CUHYCOUAAIBHOTO
HaIpsHKEHUS.

Hcrouynnkom cunyconpanbHoro HanpspkeHus spisercas ['EHEPATOP HA-
MPSDKEHUN CTIELIMAJIBHOM ®OPMBI 8 BJIOKE TEHEPATOPOB HAIIPS-
KEHUMI. B kauecTBe 3NEKTPOM3MEPUTENBHEIX NPHOOPOB MCIIONB3YIOTCA MYJIbTH-
Metpsbl Tuna MY 60 BJIOKA MYJIBTUMETPOB. I1accuBHBIE 371€EMEHTHI 3JIEKTpUYE-
CKOI cXeMbl BBIOMPAIOT KOMILUIEKTA 3JIEMEHTOB Jab0opaTopHOTo cTeHna. B kauectse
KaTyIIeK MHIYKTUBHOCTEW HCIOJIB3YIOTCS KAaTYIIKM M3 OJOoKa TpaHC(HOPMATOPOB C
yucioMm BUTKOB Wi = 900. U3 kaTymexk HEOOXOAMMO IpeaBapUTENbHO u3BiIeub U-
oOpa3HbIe CEPICUHUKH U3 IJIEKTPOTEXHUUECKOMN CTaJIH.

4 PacyéTHo-rpaduyecKasi 4aCTb

4.1 HauepTuTh CXEMBI COTJIACHOTO M BCTPEYHOTO BKJIFOUCHUS JIBYX WHIYKTHUB-
HO CBSA3aHHBIX KaTyLIEK, U3 KOTOPBIX, IIEpBas KaTyllKa MMeeT mapaMmerpsl R 4, Ly,
BTOpast — R,», L,.

4.2 Tlpu 3amanHOM HanpspkeHud nutanus U U gactote nurarorien cetu f mpo-
M3BECTHU pacueT TOKa U HampspkeHui Ha nepBoii U; u Ha BTopoi U, kaTymikax npu ux
MOCJIEA0OBATEILHOM COCIMHEHUU MJI COTJIACHOTO M BCTpeYHOro BKItoueHuil. [lapa-
METpHI IS JI BRIOPAaHHOTO BapuaHTa MpeICTaBICHBI B TadmIle 5.1.

4.3 V3y4uTh TOPAJIOK MOCTPOCHUS BEKTOPHBIX JUArpaMM IENMU TPH MOCIEN0-
BATEJIbHOM BKJIFOUYEHUU KaTYIIIEK.

4.4 HayepTUTh CXEMy CMEIIAHHOTO COSAMHEHUs AeMeHToB (puc. ['.2) mms co-
[JIACHOTO BKJTFOUEHUS KATYIIIEK.

4.5 BbINONHUTH pacu€T TOKOB cxembl pucyHOK I'.2. HanpskeHne ucTouHuKa U
MapaMeTphl JIEMEHTOB CXEMbI MPUHSATH JJIs1 BHIOPAHHOTO BapyuaHTa COTJIACHO Ta0JH-
e 5.1. Pesynbrat 3anucate B Tabmuiy I'.5.

4.6 IToBTOpUTH pacuéT AJII BCTPEYHOTO BKIIIOUCHUS KaTyileK. Pe3ynbTaT 3amnu-
caTb B Tabnumy I'.5.



Taomuna 5.1 — UcxoaHble TaHHBIE

Ne Ur, f, R, Rk1, Rk2, L, Lo, C,
BapHaHTa B Kl 11 OmMm OmMm OMm Ml 'H Ml 'H MKD
1 7 1 100 44 44 32 33 1
2 7 3 100 44 44 45 45 0,22
3 7 2 100 44 44 35 36 0,22
4 7 1,5 100 44 44 34 34 0,47
5 7 2,5 100 44 44 40 40 0,22
6 7 0,5 100 44 44 31 32 1

5 BKCHepHMeHTaJIbHaH 4acTb
5.1 Ol'lpe,lle.IIEHl/le NnapamMeTpoB HHAYKTHBHO CBA3dHHDbIX KATYILIEK

5.1.1 [Moakmroyasi KaXAyI0 U3 KaTylleK K PEryjIupyeMOMYy MCTOYHHUKY MOCTO-
saHHOro HanpspkeHus Up = 1 B, npousBectu m3mepenus 3HadeHuil TokoB |4 u I,

yepe3 KaTymku. [1o u3MepeHHbIM BETMYMHAM pPACCUUTATh 3HAYCHUSI aKTUBHBIX CO-
MPOTUBJICHUM KaXKJIOM U3 KaTyIIEeK U TaK)Ke BHECTH B MPOTOKOJ. Pacu€Tbl BIMOIHS-
10TCs 110 hopMyJIaMm:

: Uo
Ra=7-": RK2:|_'

Pe3ynpTaThl pacuéToB 3amucaTh B MPOTOKOJ UCCIIEJOBAHUS.
5.1.2 CobpaTh HIEKTPUYECKYIO IIENb MO CXEMe, MPEACTAaBICHHOW Ha PUCYH-
ke I'.1, a, mpuHAB 3a Hayajlo KaTylIKU Lg; 3aKUM, KOTOPBIM OHa IPHUCOEIMHEHA K

pazbémMy «Brixom» Momysis OVYHKIMOHAJILHBIN TEHEPATOP. [Ipuknenuts K
Hayvaldy KaTylIKd Ly 1BeTHyr0 OyMakKy OINpPENENIeHHOrO IBETa WU KyCOYEK H30-

neHThl. O003HAYUTH ATOT 3aKUM TOUKOW B Tabnuie [.2. [l ycuneHuss MarHuTHOM
CBSI3M KaTyIlIeK BCTaBUTh CBepXy U-oOpa3Hblil CEpACYHMK U3 ANEKTPOTEXHUUYECKOU
CTaJIu.

5.1.3 [IpeacTaBuTh COOpaHHYIO IAECKTPUUECKYIO IIETb I IPOBEPKH MPEINoia-
BaTeo.

5.1.4 BkmrounTh aBTOMaTH4ecKni BhIKIIOUarenb QF Omoka MOJYJIb I1U-
TAHUS n tym6nep «Cerb» Moayns ®@YHKIIMOHAJIBHBI TEHEPATOP. Ilepe-
kioyatenb «PopMay YCTaHOBUTH B TIOJOXKEHUE «~». YCTAaHOBHUTH PETYISITOPOM
«Yacroray 3HaueHue yacToThl f cornmacHo BeIOpanHOrO BapuaHTa (Tadnuma 5.1) u 3a-
nucaTh 9TO 3HaUYeHue B Tabmuiry .2,

5.1.5 Perynatopom «Ammmutyna» moxyias ®YHKIIMOHAJIBHBIM T'EHE-
PATOP ycranoButh AeicTBytouiee 3HaueHue Hanpspbkenuss U = 7 B (ucnonbs3oBarthb
BonbT™MeTp PV1 BJIOKA MYJIbLTUMETPOB).

5.1.6 Boasrmerpom PV2 BJIOKA MVYJIbTUMETPOB usmeputs u 3anucath B



tabnuiy 5.3 Hanpsoxkennsa U, , U, U\ -

5.1.7 Tlo pe3ynbpraTaM U3MEPEHUM BBIYMCIUTH OCTAJbHBIC BETUYUHBI, YKa3aH-
Hble B TaOnuue ['.2, 0003HaYNTh TOUKON HAYalO KaTyIIKH L, Ha cXeMe U HaKJIECUTh

Ha ATOT BBIBOJ] KATYIIKH IIBETHYIO OYMa)KKy JAPYTroro MBETa WIJIA JTUCTOK U30JICHTHI.

5.1.8 CobOpath 1ens corracHo cxeme n3o0paxx€HHoW Ha pucyHke I'1, 6. Ilo-
BTOPUTH U3MEPECHUS M BBIUMCIICHUSI, YKa3aHHbIe B 1.11.5.1.6 u 5.1.7. TIpoBeputsb npa-
BWJIBHOCTB OIIPENIECICHUS Haual KaTymek Ly u L.

5.1.9 Beikmounts  Tym6nep  «Cetb»  momyns  ®YHKIIMOHAJILHBIN
I'EHEPATOP.

5.2 HccnepoBaHue nocjiea0BaTe/IbHOIO COeJUHEHUS HHAYVKTUBHO-
CBA3AHHbBIX KAaTyHIEK

5.2.1 CoOpaTh 3IEKTPUYECKYIO IIETTh COTJIAaCHO CXEMe, MPEICTaBICHHON Ha PH-
cynke ['.2, a.

5.2.2 Bmounts Tym6nep «Cetb» momyns ®YHKIIMOHAJIBHBIN T'EHE-
PATOP.

5.2.3 CoelMHUTh KAaTYIIKK TOCJIEI0BATEILHO B MPOU3BOJILHOM MOpsAKe (Ha-
npumep, coenuuenne (a-b)-(c-d): BeiBoabI KaTyIIKK Ly 0603Ha4YeHBI — (8-D); BBIBOIBI
karymku L, — (c-d). Hayana u xoHiel karymek Ly u L, ompenenenst B m.ii. 5.1.2 u
5.1.7.

PerynsaropoM «Ammmutyna» moxyns ®@YHKIIMOHAJIBHBIN TEHEPATOP
ycraHoBuTh Hanpspkenue Ur = 7 B (uconb3oBats BonbT™MeTp PV1 BJIOKA MVYJIb-
TUMETPOB).

5.2.4 Bonetmerpom PV2 u ammnepmerpom PA BJIOKA MVYJIbTUMETPOB
M3MEpUTH JIeHCTBYIOIME 3HaueHus Hanpspkenuid U; u U, , Toka |. MI3mepenHbie Be-
JUYUHBI 3amucaTh B Tadauiy I°.3.

5.2.5 ITomensats MecTamMu BBIBOABI KaTymiku L, (coemuuenue (a-b)-(d-c). Ilo-
BTOPHO BBITIOJHUTH U3MEPEHUS, YKa3aHHbIC B T.11. 5.2.4. 3mMepeHHbIe BEIMUHUHBI 3a-
nucath B Tabnuiy I'.3.

5.2.6 1o pe3ynpTaTam U3MEpPEHUI OMPENETUTh, KAKOE COSAMHEHUE COOTBETCT-
BYET COTJIACHOMY BKJIFOUCHHIO KaTymiek. [IpoBecTn pa3MeTKy OJHOMMEHHBIX 3a)KH-
MOB Ha Karymikax. [1o pe3ynbpraram ombITa pacCUYuTaTh BETUIHHY X}y

5.2.7 Beixmounts TymOnep «Cerb» Momyns ®YHKIIMOHAJIBHBIN T'EHE-
PATOP.

5.2.8 CpaBHuTH nony4yeHHbIe pe3ynbTathl BeiuuciaeHuit L1, L,, M, K ¢ pe3ymns-
TaTaMmu, MOJy4eHHbIM B 1L.11. 5.1.6; 5.1.7.

5.2.9 [loctpouts B BBIOpaHHOM MaciTabe BEKTOPHBIC TUATPAMMBI JUISI CO-
TJIACHOTO M BCTPEYHOT'O BKIIFOUCHUI KaTyimiek. Ha muarpammax yka3aTh HampsoKCHUS
Ha Bcex dneMenTax unenu (Ha Ry, Ly v T.7.).

5.3 UccnepoBaHue pa3BeTBJIEHHOM LieNU C UHAYKTUBHO CBA3aHHBIMU
KaTylIKaMH

5.3.1 CoOpaTh MEKTPUUECKYIO 1IETh COTJIaCHO CXEeMe, MPEICTAaBICHHON Ha PH-
cynke I'.3. Mcrionp30BaTh mapamMeTphl JIEMEHTOB, YKa3aHHbIC B TaOnuie 5.1 11st BbI-



OpaHHOTO BapuaHTA.

5.3.2 CoenuHuTh KaTyIIKU TaK, YTOObI OJTHOMMEHHBIE 32)KUMbI OBLITU MOJIKITIO-
YEeHBI K Y31y 1.

5.3.3 Brumounts Tym6nep «Cetb» momyns ®YHKIIMOHAJIBHBIN T'EHE-
PATOP. Ilepekntouarens «DopMa» yCTaHOBUTH B MOJOKEHUE «~». Y CTAaHOBUTH pe-
rynsaropoMm «Yacroray 3HaueHue 4acToThl f coryacHo BhIOpaHHOMY BapuaHTy (Tao-
nuna 5.1). Perynsaropom «AMIUIMTY1a» YCTAHOBUTH Ha BBIXOJIC MOIYJIS HANPSDKCHUE
U paBaoe 7 B (ucrone3oBate PV1 BJIOKA MYJIBTUMETPOB).

5.3.4 Amnepmerpamu PA1, PA2, PA3, BJIOKA MYJIbTUMETPOB uzmeputs
nencTByromnue 3HaueHust TOKOB | u |, u 3. I3MepeHHbIe BeMMYMHBI 3amucaTh B Ta0-
uny I'.5.

5.3.5 IlomeHATh MecTaMU KOHIIbI OJHOM U3 Karymiek. [loBToputh u3mMepeHus,
yKa3aHHBIC B 1111, 5.3.4.

5.3.6 CpaBHUTH MOyYEHHBIC 3HAYEHUS C pe3yJbTaTaMU, pACCUUTAHHBIMU aHa-
JIUTUYECKH B 11.11. 4.5; 4.6.

5.3.6 Beixmounts Tym6nep «Cerb» Momyinst @YHKIIMOHAJIBHBIN T'EHE-
PATOP u apromatudeckuii Boikiatouaresnb QF moayiist nutanusl.

5.3.7 [IpoToKoJ u3MepeHui yTBEPAUTh Y MPETojaBaTers.

6 Cogep:xaHue oTYéTaA

6.1 Llens paboOTHI.

6.2 Tabnuiia NCXOMHBIX JaHHBIX JIJI BRIOPAHHOTO BapHaHTA.

6.3 CxeMbl 2JIEKTPUYECKOH TIETTH.

6.4 IIpenBapuTenbHBINA pacyéT 1EMH JIJIs BRIOPAHHOT BapHaHTA.

6.5 Onucanue SKCIepUMEHTATLHON YacTH IIPOBEICHUS PaOOThI.

6.6 TaOauIbl ”3BMEPEHHBIX U BHIYMCICHHBIX BEITUYHH.

6.7 BexTopHbIe AuarpamMmsbl JUIsl COTJIACHOTO M BCTPEYHOI'O BKIIFOUCHUN KaTy-
IIeK, C YKa3aHWEM Ha HUX TaJCHUS HAIPSDKCHUH BCEX AJICMEHTOB IICTIH.

6.8 CpaBHEHHE TOJYYCHHBIX IKCIIEPUMEHTANTBHBIX 3HAYCHUA C PAaCCUUTAHHBI-
MU 3Ha4YeHusIMH B 11.11. 4.2; 4.5; 4.6.

7 KOHTpOJIbHBIE BONPOCHI

7.1 Onpenenuth KOXPPUIHMEHT CBs3H K., MHIYKTUBHO CBS3aHHBIX KaTyiiek. B
KaKUX Mpejenax oH u3MeHseTcsi? 3aBUCHUT JI KOI(PGUIIMEHT CBI3U OT YaCTOThI?

7.2 Kak B pesynbTaTe JIKCIEPUMEHTA OMpPENeTuTh KOIDPHUIIMEHT B3aMMHOM
WHIYKIU?

7.3 Kak B pe3ynpTaTe 3KCHEpUMEHTa OMpPENeIUTh OJHOMMEHHBIE KOHIBI WH-
JTYKTUBHO CBSI3aHHBIX KaTYIICK?

7.4 Kak mpoBOAUTCS «pa3Bsi3Kay UHIYKTUBHO CBSI3aHHBIX 0OMOTOK?

7.5 N300pa3ute cxemy 3amernenusi TpaHchopmaTtopa 6€3 WHIYKTUBHBIX CBSI-
3eH.

7.6 O0BbsicHUTE TOPSAIOK MOCTPOEHUSI BEKTOPHON AMarpaMMbl TOKOB W Harpsi-
*KeHusl TpaHchopmaTopa.

7.7 Yto Takoe «BHOCMMOE COMPOTUBIICHUE»? OTYEr0 OHO 3aBUCHUT?



7.8 KakoBa (u3nyeckasi CyIIHOCTh SBJICHUS B3aWMHON MHIYKIIMH U KaK OHO
MOJKET OBITh OMKMCAHO MAaTEMATUYECKU?

7.8 Kakue 3aKMMBbI KaTylIEeK Ha3bIBAIOT OJHOMMEHHBIMU? Kakue cyliecTByOT
CIOCOOBI UX OTpeEICHUS?

7.9 Kakoe coerHeHHE UHIYKTUBHO CBSI3aHHBIX KaTYIIEK HOCUT Ha3BaHHE CO-
TJIACHOTO (BCTPEYHOTO)?

7.10 Yrto Ttakoe «E€MKOCTHBIN AdexkT»? B uém ero nposiBiieHHe, U B KaKUX Iie-
X OH BO3MOXKEH?

7.11 TlocTpoiiTe BEKTOPHBIE AMArpaMMBbl TOKOB U HAPSKEHUS IPH COTJIACHOM
¥ BCTPEYHOM BKJIIOYCHUU JBYX WHIYKTUBHO CBS3aHHBIX KATYIICK.

7.12 KakoBa CBsI3b MEX/y HaIPaBICHUSMU TOKOB M HANPSOKEHUN B3aMMOWH-
TYKITUU B UHIYKTUBHO CBS3aHHBIX KaTYIIKaX?
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[enb paGoOTHI:

IIpunoxenue b

JlaGopaTopHnasi padora Ne 1

Taomuna b.1 — UcxoaHble TaHHBIE I UCCIIEI0BAHU

Jran b.1 — PacuéTHo-rpaguueckast 4acTb

E, B

E,, B

Rl, Om

Rz, Om

R3 OmMm

R4, Om

R5, OmMm

Re, Om

5

15

10

22

33

47

100

150

b.1. UccaenoBanue pa3BeTBJIEHHOI HeNU MOCTOSHHOTO TOKA
Cxema uccnenyemMoii 1enu st BBIOpaHHOTO BapHaHTa

Cucrema ypaBHeHu# 1o 3akoHaM Kupxroda 1is ucciieryemMoit Lemnu:

PGSYHBTaTBI PCIICHUS CUCTCMBI.

|2:

|3:

|4:

|6=

3Ha4YEeHUs HANPSLDKEHUM B PE3UCTOPAX:

U1: U2: U3: U4: U5: U6:
Cucrema ypaBHEHUI 10 METOY KOHTYPHBIX TOKOB JIJISI HCCIEAYEMOM LENN:
Pe3ynbTaThl peleHnst CUCTEMBI:

I = Iy = L =
3Ha4YEHMsI TOKOB B BETBSX 110 3HAYEHHUSIM KOHTYPHBIX TOKOB

Il_ |2: |3: |4: |5: |6=
CucremMa ypaBHEHHI 10 METOY Y3J0BBIX IMOTEHIINAJIOB!
Pe3ynprarsl pelieHuss CUCTEMBI:

P = ¢ = ¢3 = Oy = 0
3Ha4YeHHs TOKOB B BETBSX N0 3HAYEHHSIM MOTEHIIUAJIOB:




Jtan b.2 — JkcnepuMeHTANIBLHAS YaCTh

TEHEPATOP

MO CTOIHHBIX

HATPAHEHHH RI — L
[Tty

Al + PAl PA3 R2

=)
wm@—@—:—o

~A00mA
F’O_—O_:_O_Q—ﬁ 9o
¥ o

ewl

0.2

T'EHEPATOP

[MOCTOAHHBIX
HATIPAKEHHH

Sa1 *

20 E l—
1

—
(] (P{P
&
]

P

vwl

R6

o—{ o
Pucynok b.1 — MoHTa)xHas cxema uccieyemMon nemnu
Tabmuna b.2.

TokH B BETBSIX Howmep BeTBH

1 2 3 4 S 6

MeTon HEMOCPEACTBEHHOTO TTPH-
MeHeHHUs 3akoHOB Kupxroda

MGTOII KOHTYPHBIX TOKOB

MGTOI[ Y3JI0BBIX ITOTCHIINAJIOB

Tabmanma b.3.
TOKM U HaNpsKEHUS Howmep BetBH
1 2 3 4 3) 6

Tox B BeTBH, MA pacuer
OTIBIT

[Tanenue HanpsHKEHUS HA | pacyeT
pesucrope , B OTBIT

Taomuna b.4
Nsmepsemas HaunmenoBanue Touek
BEJIMYMHA

a b C d e f

[Torenuuan ¢;, B




Pucynok b.2 — [loTtenuuansHas AuarpamMma
baanc momHocTen

1=l ucmoun 1=l npuemn

1=l uemoun

=l npuemn



[Ipunoxenue B
JlaGopaTopHasi padora Ne 2

lens paboTHI:

Jrtan B.1 — PacuérHo-rpaduueckasi 4acTb

Tabmuna B.1 — VcxoaHbie qaHHBIE IS UCCIIEI0BAHUA

NQ Rl! R21 R31 R4l R51 R5; R61 Eg, E51
BapuaHta | Owm 0)Y OMm OMm Om | Om | Om B B

Ry

Pucynoxk B.1 — Pacuérnas cxema uccienyemoil nemnu

B.1.1 PacyéT uenu nmocTosIHHOI0 TOKa MeTOA0M SKBHUBAJIEHTHOI0 reHepaTopa
[IpeobpazyemM UCXOIHYIO CXEMY, 3aMEHUB B HEM MCTOYHUKU MUTAHUS UX BHYT-
PEHHUMH CONPOTHUBJICHUSIMH M OMNPEAECIUM SKBUBAJICHTHOE COMPOTUBIICHUE TONY-
YEHHOM CXEMbI OTHOCUTENBHO 3aKUMOB R .

[Ipeobpazyem TPeyroabHUK B SKBUBAICHTHYIO 3BE3/Y
Rog = Rse = Ros =
Roks =Rpx =
IIpeoOpasyeM HCXOQHYIO CXeMy, pa30MKHYB BETBb ¢ R;. Ha 3akumax pazomk-
HYTOU BETBU HaHeceM Hampspkenne Uyx.
W3 ypaBHeHus, cocTaBieHHoe 1o 2 3akoHy Kupxroda, Beipazuts Uy

Uxx =



HewnsBecTHbIE TOKM B IOJIy4EHHOM YPAaBHEHUHU HAUAEM 110 METONY KOHTYPHBIX
TOKOB, JUUI YE€r0 COCTaBUM CUCTEMY YPaBHEHUH 110 3TOMY METOLY:

Pemas AaHHYIO CUCTCMY, HaﬁﬂCM TOKHU U, ITOACTABUB UX B BBIPAXKCHUC OJIA OII-

PCACIICHUA UXX , paCcCuuTacM €ro:

BpIuncaiM TOK KOPOTKOTO 3aMbIKaHUs | ;110 hopmye:

U -

Haiinem Tok yepe3 conpoTusiieHue R; 1o Gpopmyie:

=YXy
1 (Rpx +Ry)

Jran B.2 — IkcnepuMeHTAIbHASA YaCTh

a
R Uz2
b FEHEPATOP
MOCTOAHHELX
HAIPAHEHHH
saz _*
Uzl /i N
- - |
:l 19 FEHEPATOP
‘ ’;‘cf NOCTOAHHELX
o | HAMPAHEHHHA
541 "
PA1 e/
S un " R,

Pucynox B.2 — MoHTakHast cXema HCCIIeTyeMOU ICKTPOIICTIH

B.2.1 Onpenenenne napaMeTpoB IKBHBAJIEHTHOI0 TeHEPaTopa

B pexume kopotkoro 3ambikanus (R;=Ry=0) uzmeputs ToK lgs .
B pexume xonoctoro xoaa (BeTBb ¢ R; pa3oMKHYTa) U3MEPUTH HAMPSHKEHUE

Ux x. JlanHble uamepeHuit 3anectu B 1a0i. B.2.
VYcranoBuTh R; paBHBIM 3HaueHUIO coryacHo Tabsmie B.1. U3meputs Tok | ,

pe3ynbTaT 3anucath B Tabnuiry B.2.
CpaBHUTH SKCIICPUMEHTAIILHBIC U TCOPETUICCKHE TaHHBIC.



Taomuna B.2

I3, MA Uxx, B Ren, OM l;, mA
Pacuér
OnpiT
B.2.2 Onpenesienne 3KCEePUMEHTATBHBIX 3aBUCUMOCTEH
Taomuna B.3
Rl 0 R]_: RBH; o0
Om
I, mA
P, mBt

Pucynoxk B.3 — Bonbr-amnepHast xapakTepucTHKa akTUBHOTO JByxmofrocHuKa Uy (1)

Pucynok B.4 — I'paduk 3aBucumoctu P1(R;) mpu u3menenuu Ry ot 0 10 o.

B.3.1 IIpoBepka MeTO/1a HAJIOKEHUSA

Taomuna B.3

Ej
IRl , MA

Es
IRl JMA

RL mA

Pacuér

OnbIT




[Tpunoxenue I
JlaGopaTopHnasi padora Ne 3
[lens  paboOTHI:

Jran I'.1 — PacuéTHo-rpaduueckas yacTb

Taomura I'.1 — Mcxoauplie faHHBIE OIS UCCIIE0BAHUSI
No Bapuanta | R,Om | Ry, OMm L, M['H C, Mx®

SYHKLMOHANBHBIA| |
FEHEPATOP >
Brion O
YacTora
" PEAKTWBHBIE
Amnnuryaa 3NEMEHTEI
- 7
com !
O PA

Pucynok I'.1 — Pacuérnas cxema ucciienyemoi nenu

I'.1.1 IlpexBapurtenbHbIe PACYETHI:
Pe3onancnas gacrora:

f _ (DO _ 1 _
0 21 2m/LC
XapakTepucTUYECKOE CONPOTUBIIEHUE KOHTYpa
p=+L/C = Om
JIoOpOTHOCTH KOHTYpA:

Qu eop. — ﬁ =
Tok B enu npu pe3oHaHce:

I'n

— U—F = MA
Rg +R
[TajieHre HANPSHKEHKS Ha peabHOM KATyIIKe WHAYKTUBHOCTH:
Uk =[Rk + j@rfoL)]lp =
.1 | =
Vanf,0) ©

lo

émkoctr: U =—
[Tonoca npomyckanust koutypa: Af = f, — f; = % =

f
I'pannynble yacToTel 1) = % (v1+4Q° F)=



I'.2.1 OnpenesieHne IKCNIEPUMEHTATbHBIX 3aBUCHMOCTEM
Taomuna .2

f, ve f; I Ur, Uc, Uk, [Tpumeuanus
I'n a fOSKC}'lt MA B B B

f<f,

fi

f<f,

TEOpETHY.

IKCTIepHU- fo
MEHT

f>f,

f2

f>f,

Tabmuma I'.3

] () [Uk(f) [ucth, [ Ua(h)

1 ’ ) ! '

I \% 0 sxen Iy Ur Ur U, [Ipumeuanus
MA B B B

f<f;

fi

f<f,

TEOPETHY.

AKCTIepHU- fo
MEHT

f>f

f,

f>f,




T . 'I .

Ur(f) Ue(f) Ur(f) I(S)
ol U U Iy
1,5
10| L~ 0,707

V2
0,5

‘.._J'
0,0
0,2 0,4 0,6 0.8 1,0 1,1 1,2 1,3 1,4

Pucynok I'.2 — I'papuku AUX xoHTypa

W3 rpaduxos (pucynok I'.2) onpenensiem:
IpaHUYHbBIC YacTOTHI: f; = I'm, f,= I
nojioca nporyckanust koutypa Af =f, — f; = I'm;

fo
2~
HO JAHHBIM Ta6HI/IHBI FZ PaCcCUYUTBIBACM YaCTOTHBIC XaPAKTCPUCTUKHU
Z(F)=Upl1(f); Xp(F)=Ug(f)/1(f);
Xc(F)=Uc(f)/1(f); X(f)=Xk(f)—Xc(f).

Tabnuna ['.4 — Pe3ynbTaTsl pacuéTa 4aCTOTHBIX XapaKTEPUCTUK

JOOPOTHOCTE Q.. = :

f
f,T'n V:%o Z(f) Xk (f) | Xc(f) X(f)

[To manueM TaOmuIe! I'.4 mis gactor fy, fo u f, cTpoum BekTOpHBIC AHAarpam-



MBI TOKa ¥ HanpspKeHui B MacmTadax: U = B/ewm; | = MA/cM.

fi, fo f2

Ctpoum gactasle xapaktepuctuku: Z(f), X(f), Xc(f), Xk (f) B 3aBucu-
MOCTH OT OTHOCHTEJIbHOW YacTOTHI V.

10[Z(N). XN XN, ()

2.0

1,0

0,0

v

0.6 0.7 0.8 0.9 Lo LI 1,2 1,3 1.4 1,5

Pucynok I'.3 — 'padmku 4aCTOTHBIX XapaKTEPUCTUK 3aBUCUMOCTHU OT
OTHOCHUTENBHOMN YaCTOTHI V

N3 rpadukoB pucyHok ['.3 onpenensem:
Ha gacrote f1 : Z(f}) = X(f)=
Ha yactote f,:Z(f,)= X(f,)=



[Ipunoxenue ]
JlaGopaTopHnasi padora Ne 4

[lens  paboOTHI:

Jrtan /1.1 — PacuéTHo-rpadpuueckas yactb

Tabmmua /1.1 — VicxoaHple JaHHBIC IS NCCACIOBAHMS

No Bapuanta | R, Om | L, MIH C, Mx®

SYHKLIMOHANEHLIA l—|
c

FEHEPATOP OM
Beixog O0—— ¢ H
Yacrora @
AMnnuTyaa
dopma =

Pucynok /1.1 — PacuérHas cxema ucciaeayeMon nenu

11.2.1 IlpenBapuTteabHbIe PACYETHI:
BoisHOBOE cONPOTHBIEHNE KOHTYpA!

_|L_
P=vC
Pe3onancnaag gacrora:
1 |p?-RZ
fo =

2nlLC | p?
Pe3onancHbBIN TOK:

Rk
Io :UGO :Up—2:

Teopernueckasi TOOPOTHOCTh KOHTYpa!

Vp? - RE _

Qmeop = R
K



I'.2.1 OnpenesieHne IKCNIEPUMEHTATbHBIX 3aBUCHMOCTEN
Ta6mauma /1.2

f; I
v=| RL »
f.In ankcnep I, MA MA lc, MA

0,2
0,4
0,6
0,8
1,0

1,0

1,1
1,2
1,4
1,6
1,8
2,0

fO,meop=

fO,akcn =

ITo nauubM Tabaumpel 1.2 Ha pucynke 1.2 OCTPOEHBI YaCTHBIE 3aBUCUMOCTH
1(v), TrL (V) Tc (V).

I(v). I, (v).I.(v)

0 b
0 02 04 06 08 1,0 12 14 16 18
Pucynox /1.2 — Oxkcniepumentansubie AUX napamiensHoro R-, L-, C-koHTypa

DKcIepuMeHTalbHas J00POTHOCTh KOHTYpa
_lelvp)

QSKCI’Z - I !

(Vo)

rae lg(vo) =1lo
[To manabM Tabmuue! 1.2 ans gactotsl fy mocTpoeHa BekTOpHas nuarpamma
(pucynox /1.3).



Pucynok /1.3 — BekropHas auarpaMmma TOKOB U HAIPSsDKEHHUM B MaciuTadax:
U= B/em; | = MA/cM.
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Pucynok I'.1 — PacuérHas cxema ucciaeayeMoi Lienu AJisl ONpeeIeHUs
[1apaMeTPOB MHAYKTUBHO CBSI3aHHBIX KATYIIECK

Pacuyér mapamerpoB Karyuexk
Uo

U

RKl = ™ = OM, RK2 = ﬁ = Owm.
K BBIXO/y reHeparopa MoaKIFoueHa KaTyka Ly

w=2-n-f =

Zp=Upy/l=

X L1 = \/(ZL1)2 - (RK1)2 =

L=Xp/o= Xpm=Unm/l=

MZXM/O)Z




K BbIXOj1y TeHepaTopa MojAKIIYeHa KaTyka L,
Zi,=U,/l=

XL2 :\/(ZLZ)Z - (RK2)2 =

L, =X p/0= Xpm=Upn/l=

MIXM/O)Z

Ecmu Uy =U_ +U)p,, TO 3TO 03Ha4aeT, 4yTo KOHEI] NepBoi KaTymku L, npu-

COEIMHEH K Hayally BTOPOM KaTywKH L.
Ecmm Ytm =UL

O003HaYUTh TOYKON HAYAJIO KAaTYIIKH L.

-U M , TO KaTYIIKHW COCOAWMHCHBI CBOMMH KOHIIAMHU.

Tabnuma I'.2 — PesynpTaTsl Hccnea0BaHUN IO OMPEICICHUIO TAPaMETPOB

HHAYKTHUBHO CBA3aHHBIX KaTYIICK

f= Ur | U. | Um Uwwm | XL XM L M kc6 OHOMMEHHEIE
k11 B B B B mA | Om Om | I'm | I'm 32KUMEI
Cxema e NN Ly
I'l, a

Cxema Lo
I'l,o

ITocaenoBaresibHOE COeAMHEHUE KaTyl¢eK

Ta6JIHIIa I.3- PGBYHBTaTI)I I/ICCJ'IGI[OBaHI/Iﬁ IIpH IIOCJICA0BATCIIBHOM COCINHCHUN

KaTylICK I/IHIIYKTHBHOCTCﬁ

(a-b)—(d-c) coeauHeHue Karyiiek

UF; Ul, U2, I ’ Zl! Xla ZZa x21
B B B mA Om Om Om Om
U
Z(a-b)—(d—c) = % = Om
(a-b)—(c-d) COCJIMHEHHUE KaTYIIEK

U
Z(a-b)—(c-d) = % = Om

U
A== : X =(Z)? - (Ry)? =
U
Zy=7= L X =) (R =
U U
Z(a—b)—(d—C) :Tr: OM, Z(a_b)_(c_d) :Tr:

Owm.
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Pucynox I'.2 — Pacuétnasi cxema uccieayeMon 1enu AJis aHalu3a ey pu
IIOCJIEIOBATEIILHOM COCIMHEHUU MHIYKTUBHO CBSI3aHHBIX KaTYIIEK

BreiBoa: CoennHeHue COOTBETCTBYET COIJIACHOMY COEIMHEHUIO
KkaTymek. OqHOMMEHHBIC 3aKUMBbI
CnenoBareipbHO, UMeeM: Z

Om, Z Owm.

Brruucnennsie 3HaueHus nepeneceM B tadnmiry [.4.

coan — ecmp —

Tabnuua ['.4 — Pe3ynbrarsl paccuéToB MpH MOCIEA0BATEIIbBHOM COCTMHEHUH
KaTyIIEK UHAYKTUBHOCTEN

Cmoco0 3uauenus tadm. .3 Brruncinennsa
BKJIIOYEHUS | Z4, X1, Z,, X, Ly, L, Ly, | Ly, M, | k.,
Om | Om OMm OMm Tu I'n I'n ' I'n
COTJIaCHOE
BCTPEYHOE

Brruncienne 5KBUBAICHTHBIX MHIYKTUBHOCTEN BCEM LIEMU U KAXKI0M KaTyIIKH

2 2 _
XCOZJZ = \/ZCOZJZ - (Rk‘l + RKZ) -

2 2 _
Xecmp:\/zecmp_(RK1+ Re2)™ =
o=2n-f=

X lscmp
Q)

X1e
_ 027 — . _
Llcozzz - o - J Llecm J.2



X2
Locoon = (;02/2 =
X

Leoon = Z())eﬂ =
L = LlCOZJl + Ll@cmp _

I — 2 -
L, = LZCoeﬂ + L26cmp _

| 2 -
M = LCOZJZ ;Lecmp —
K., = M

YHELAOHANEHEIA
EHERATOP

Brixog O—
YacToTa

AnMNNUTYAA

Popma r

“JL Ly, i

HapaJIJIeJILHOC COCIMHCHUE KATYIICK

) L28cmp =

- L

8CMp —

X 26cmp

_ Necmp

Pucynok I'.3 —Cxema nienu a1 aHaau3a mapaMeTpoB MPHU MapayiIeTbHOM
COEMHECHUY UHAYKTUBHO CBSI3aHHBIX KATYIIIEK

Tabnuua I'.5 — Pe3ynbrarsl paccu€ToB Mpu NapajiieIbHOM COEAMHEHUU

KAaTyIIEK UHIYKTUBHOCTEN

I, MA I5, MA I3, MA
Pacuer Bxirouenue
DKCHEPUMEHT COTJIaCHOE
Pacuer Bxirouenue
OKCIIEpUMEHT BCTPEUHOE
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OBIIUE TPEBOBAHUA K BbIIIOJIHEHHUIO IABOPATOPHBIX PABOT

K BbImonHeHuio 1ukia Jab0paToOpHBIX pabOT AOMYCKAIOTCSA CTYIEHTHI, MpO-
IIE/IIINEe HHCTPYKTaX MO TEXHUKE OE30MaCHOCTH.

Kaxnas nmaboparopHasi paboTa BBIIOJHSIETCS B TPH dTarna:

1 sran. PacuérHo-rpaduyeckast 4acTh BBITOJIHSACTCS CAMOCTOSITEILHO BHEAy-
JUTOPHO M BKIIIOYAET B ce0s M3y4EeHUE TEOPETHUUYECKUX OCHOB paccMaTpuUBaeMol Te-
MBI, VSICHEHHUE 1enelt 1abopaTopHOi paboThl U MPEICTOSAIIMX UCCIIEIOBaHUMN, aHATH-
TUYECKHUE PACUEThl PEKUMOB PAOOTHI AIEKTPUUYECKUX IIETIEH, MOJATOTOBKAa (HOPMBI
MPOTOKOJIA SKCIIEPUMEHTAIBHON YaCcTH OTYETA.

2 sTan. DKCIEepUMEHTalbHasl 4acTh BBHIMIOJHSETCS B jJabopaTropuu Kadeapsl
0]l pyKOBOJICTBOM IIPENOAABATENS, B X0A€ KOTOPOM OCYILIECTBIIsETCS JOMYCK K pa-
0oTe, cOOpKa HccaeyeMOoil SIeKTPUUYECKOM 1IeNH, IPOBEIEHUE SKCIIEPUMEHTOB, CO-
IJIACOBaHME U YTBEPXKACHHUE MOTyUYEHHBIX PE3YyIbTaTOB y MPEMOaBaTENs.

3 atan. CamocTosaTenpHasi 00paboTKa W aHAU3 MOMYYEHHBIX B XOJI€ DKCIIEPH-
MEHTOB PE3yJIbTaTOB, MPOBEPKA MX Ha aJ€KBATHOCTh C aHAJTUTHYECKUMHU pacuéTamu
1-ro stana, popmynupoBKa BBIBOJIOB, OPOPMIIEHHE OTUETA U €r0 3aluTa B 00BbEME
MaTepuaia, 0003HaYeHHOIO0 KOHTPOJIbHBIMU BOIIPOCAMH.

OTtuéTt no aboparopHoit pabote 0POPMIIIETCS KaKIBIM CTYI€HTOM CaMOCTOSI-
TEJILHO C COOJIIOICHHEM TPeOOBaHUN CYHIECTBYIONIUX CTaHAAPTOB U METOJIUYECKUX
yKazaHuil Kk opopmiieHnio oTuyéToB. @opMa U CTPYKTypa OTUETA MPUBENICHBI B MPU-
JIO’KEHHH K JIaDOpAaTOPHBIM paboTaM.



JlaGopaTopHas pa6oTta Ne 7

HUCCJIEAOBAHUE TPEX®A3HOM 3/IEKTPUYECKOM LIENH,
COEJMHEHHOM 110 CXEME «3BE3/1A»

1 llesiv pa6oThI

1 ITonyueHre HaBBIKOB COOPKHM 3JIEKTPHUUECKHX LIETIEH M MOJb30BAHHUE 3JICK-
TPOU3MEPUTEIBHBIMU PUOOPAMH.

2 DKCHepUMEHTAIbHOE HCCIIeI0OBAaHUE PEKUMOB pabOTHI U pacu€T mapaMeTpoB
TpEx(Da3HOM MEKTPUIECKON LIETH, COeTUHEHHOM MO0 CXEME «3BE3/IaN.

2 OCcHOBHBIE IOJIOXKEHUS TEOPUH

TpéxdazHoil 1enbpl0 HA3BIBAETCA COBOKYITHOCTh TPEX DSJEKTPUUECKHUX IIeTeit
(da3), B KOTOPBIX JEHCTBYET CUCTEMA TPEX CUHYCOUJAIbHBIC 3. JI. C. OJTHOM U TOM K€
4acTOThI, CABUHYTHIX MO (a3ze Ha OMpeeEHHBIN yroi U CO3/aBaeMbIX OOIIMM HC-
TOYHUKOM DJJIEKTpU4ecKor sHeprun. Paspl TpéxdazHoit nenu odbo3HavyaroTCs: OyKBa-
mu A4, B, C. Ecnu Tpu 3.1.C. ey, ep, ec paBHBI M0 aMIUTATYI€ U CIBUHYTHI 0 (a3e o1-
Ha OTHOCHUTEIJIBHO Apyroil Ha yroa 120°, To Takyro CUCTEMY Ha3bIBAIOT CUMMEMPUY-
Houl mpéxghaznoni cucmemoi. Eciu 3.1.c. pa3bl A NIPUHATH 32 UCXOJHYIO U CUUTATh
e HauajabHyI0 a3y paBHOM HYJIIO, TO MPHU BPAIIEHUH POTOPA C YIIIOBOM CKOPOCTHIO
@ TPOTHUB YAaCOBOW CTPENKU BBIPAXKEHUS ISl MTHOBEHHBIX 3HAYEHUW 3.1.C. MOYKHO
3anMcarh CJIEIYIOIIMM 00pa3oM:

ea(t) =En sin(ot).
eg (t) = E, sin(wt —120°) ;
ec (t) = Ep sin(mt +120°).
Takast mocaen0BaTebHOCTh YepeaoBaHus (a3 Ha3bIBACTCS HPAMOI.
da3bl TpéxdazHoU 1enu Bcerjga coeauHeHbl (CBsi3anbl). OCHOBHBIMU BUJAMU
CBS3M SIBJISIIOTCSI COEIUHEHUS IO CXEME «3BE3/1a» U «TPEYTOJbHUK.

Ha pucynke 7.1 nzo0paxén crocob coeauHeHus: ga3 Tpéx¢da3sHOro NCTOUHHUKA
no cxeme «3Be3ga». Hampsokenus U pn, Uy, Ucn HasbeiBatoTca (asHbIMH, Ha-

npstkeHus U pp, U, Ucp — MHHEHHBIMU. B CHMMETPUYHOM UCTOYHUKE (ha3HBIE U
JMHEWHBIE HATIPSKEHUS CBA3aHbl COOTHOLICHUSMMU:
Uan =Ugn =Ucen =Ug;
Uag =Usc =Uca =U;
U, =V
Ha pucynke 7.1 Harpy3ka Takxke COeJJMHEHA 10 cXeMe «3Be3a». Hanpsokenus
Uan Upn,UcnHaseiBarores dasaeiMu, HanpskeHus Ugp,Upe,Ugg — JMHEHHBIME.

IIpu coenunennu mno cxeme «3Be3ga» Toku | p,lpg, | ABIAIOTCA M (Qa3sHBIMU U JIN-
HEWHBIMU OJTHOBPEMEHHO.



Pucynok 7.1 Pucynok 7.2

Ha pucynke 7.2 n3o0paxena tomorpaduyeckas AuarpaMma HANpsHKCHHH U
BEKTOpHAs JuarpaMma TOKOB IS CiIydasi CAMMETPUYHOM TpE€X(a3Hoil 1ienu, Koraa

Zpa=2Zg=~Zc =R. (7.1)

HpI/I COCAMHCHHUHN HArpPy3KW W UCTOYHHUKA IIO0O CXCMC «3BC3/1a» WU HAJIUYHNU HEH-
TPaJIbHOT'O IIPOBOAA BBIITOJHAIOTCA COOTHOLICHUWA!

Uan =Uan;
Ugn =Upn: (7.2)
UCN :Ucn-

[Tpu 5TOM TOKM B (Da3HBIX TPOBOJAX:

I Us Ep Up Up-el” 15 -el0°
—A: = e e = . ;
Zpn Zpn Za Za
. _Yp_Ep_Up _U g7 120 |, e 1120
8 Zp Zp Zg Zg ’
120°
| _Ue Ec _Ug Ug-e . ell20° 29
Ic = = = = =l¢c € . ( . )
Zce Zc <Zc Zc

C yuérom Belpaxkenuss (7.1) B CHMMETPUYHOM  PEXKHME  TOKH
1al=|18]=[1c|=[17| =[1@|. Tox B Helirpansrom mposoge Iy =1p+1pg+1c =0,
HanpsbkeHue Uy, Ha3blBaeMOe HaNpshKeHHEM CMELIEHHs HEHTpaiu, TakKe PaBHO

HYJTIO.
IIpu HecummeTpuyHOW Harpyske Zp #Zp #Zc HampsbkeHue U np,3aBHCUT

OT XapakTepa Harpy3kKH W Hajluyus HyJeBoro nposoja. Ha pucynke 7.3 B kauecTBe



npuMepa IpeCTaBICHbl AUarpaMMbl TpEx(da3Hol 1enu ¢ 4-mpoBOAHON CXeMOH co-
€IMHEHUS (Z N =0), a Ha puCyHKe /.4 — c 3-pOBOJHOM CXEMON COEIUHEHUS

(Z N = oo). Harpy3ka ¢a3 pe3uctuBHasl.

C(c)

<(e)

B (b) | B (b)

Pucynox 7.3 Pucynox 7.4

[Ipn HECUMMETPHUYHOM HArpy3Ke, COEAUMHEHHOU 10 CXEME «3BE3/1a» PABEHCTBO
(7.2) He BBITIOMHSCTCS
Uan #Uan;
Ugsn #Upn;
U CN * U cn:
Y TOK B HEUTPAJIBHOM IIPOBOJIE
lN :lA +lB +1C #0.
B sToM ciywae juist HaxoxkaeHus1 pa3HbIX (JIMHEMHBIX) TOKOB CHayajia omnpese-
nsetcs HanpsbkeHre U yp 110 METOLy «IBYX Y3JI0BY:

L_JALJFQBLHJCL
Z A Zp Lc
YUnn = 1 1 1
+ +
Zpn Zp Zc

3aTeM HaxoJATcs 3HaYeHUs (ha3HBIX HATPSHKEHHI Ha HArpy3Ke:
Uan =Uan —YUnn:
Upn =UsN ~YUnns
Uen =UeN U nn-
¥ HAKOHEI], pACCUNTHIBAIOTCS TOKH B (hazax:

'A:—Qai lg==2; lc==¢
o Zan 0 Zg C

MrHoBeHHasi MOIITHOCTH Tienel TpEX(a3HOro ToKa MPU COSAMHEHUHN MTPUEMHU-

[«
c

IN

Ka I10 CXEME «3Be34a».



P=pa+ P+ Pc =Uaia +Ugig +Ucic.
Cpe,Z[HSI}I MOIIHOCTH 34 HepI/IO,[[ NI aKTUBHAasA MOIIIHOCTD:
T

p:%jpdt:UAlAcoscpA +Upglgcosepg +Uclc cosoc,
0

T.€. paBHa CyMMe€ MOIIHOCTEH OT/IEIbHBIX (a3.
[Ipu cuMMeETpUYHON Harpys3Ke:

mlm I
Pp=U sm(cot)lmsm(cot—cp)— 2 M cosep — UmZmCOS(ZOJt—(p);

Pg =U, sin(ot —1209)1, sin(ot —120° — ¢) =

= Umzlm CoSQ — Umzlm cos@ot —240° — g);

Pc =Upsin(ot +120°)1 5 sin(ot +120° — @) =

U I Unl
—MM cosep — mz M cosQot + 2400 — o).

Nx cymma Pp+Pg +Pc =3Uqb|@COS(p(p.

Takum oOpa3zoM, MpU CHUMMETPUYHOM HArpy3ke CymMMapHasi aKTHUBHAas MOIII-
HOCTB.

Pz = SPCD .
I1o ananorun CyYMMapHas pCaKTUBHAA MOIIHOCTbD.
Qs =Qa+Q +Qc

WJIA IPY CUMMETPUYHOM HATrpy3Ke:

Qz :3Q@ :SlJ@I@Sln(P@.
[lonHas cyMMapHass MOIIHOCTh IPU CUMMETPUYHOM HArpys3Ke, COCIMHEHHOM
10 CXEME «3BE31ax:

SZ :3LJ(DI(D

B npakTrke MHXKEHEPHBIX paCUYETOB YAaCTO UCITONIb3YIOT BBIPAKECHUS:

S

AKTHBHYI0, PEAKTUBHYIO M TOJHYIO MOIIHOCTh MOKHO BBIYHMCIIUTH TaKXKe B
KOMIUIEKCHOU (popme, mpu 3ToM

§@=Q@l(p=U@ejWU|(pejW' =Ugpl (DeJ(\VU \VI)_U(D| ej(P

=Uglplcose + jsing]=Pyp + jQp.
Jlst m3MepeHnsi aKTUBHOM MOIIHOCTH B TPEXTPOBOIHON cxeMe Tpéxda3Hou
LETH MPUMEHSETCSI METO JIBYX BarTMeTpoB. OANH U3 BapHUaHTOB BKJIIOYEHUS BaTT-

METPOB TIPEJICTABJICH HA PUCYHKE /.5. AKTHBHas MOIIHOCTh TpEX(ha3HOU 1IeTH paBHA
anreOpanyecko cymMme NoKa3aHui BaTTMETPOB.

@



Pucynok 7.5 — Cxema 1151 U3BMEpEeHHsI aKTUBHOM MOIIIHOCTH
B TPEXIIPOBOIHOM LIETIH

3 06'beKThbI HCC/IeJOBAHUA U 060PYJOBaHUE

B naboparopHoii paboTe HCCIenyloTCs peXUMbl pabOThl TpEX(Pa3HOU UYEThI-
PEXTIPOBOIHON (C HEUTPAJTbHBIM MPOBOAOM) U TPEXIPOBOAHON (0€3 HEUTPAIBHOTO
MIPOBO/JIA) IIENEH, COEAUHEHHBIX M0 CXEME «3BE3/1a».

HcTouHrKOM CUMMETpUYHOrO TpéxdazHoro HamnpsokeHus sisisierca ' EHEPA-
TOP CUHYCOUJIAJIBHBIX HAIIPSDKEHUU u3 BJIOKA TEHEPATOPOB HA-
[PSDKEHUI. VcTouHuK cO3a8T CUCTEMY HANPsDKEHHM TpsIMOTO ciieloBaHus ¢as C
TuHENHBIM HanpsokeHueM Uy = 12 B mpOMBITIUIEHHON YacTOTHI.

Tpéxdaznas Harpyszka coOUpaeTcsi U3 MACCUBHBIX 3JIEMEHTOB-MUHUOJIOKOB —
PE3UCTOPOB.

B xauecTBe 37eKTPOU3MEPUTENBHBIX IPUOOPOB 711 U3MEPEHUS HATIPSHKCHUS U
TOKOB ucnonb3ytorcs myiabTumeTpsl Tuna MY 60 bJIOKA MVYJIbTUMETPOB, nis
M3MEPEHUS AKTUBHOW MOILIHOCTH — BCTPOCHHBIN BATTMETP.

4 PacyéTHo-rpaduyeckKas 4acTb

HapucoBats cxemy coeamHeHus Tpéxda3zHON IeNU «3Be3Ja-3Be3/la C Hel-
TpaJbHBIM TIPOBOJOMY. [lapaMeTphl 1enu JIsi CAMMETPUYHOTO ¥ HECUMMETPUYHOTO
PEKUMOB 3aJ1aHbl B TabuIe. 7.1.

Ta6muma 7.1 — MicxomHbple JaHHBIE UCCIETyEMbIX PEKUMOB

Ug, CummMeTpryHas Harpyska HecumMmerpruHas Harpyska
B Ra=Ry, Re=Ry, Rc=Rs, Ra=Ry, Re=Ry, Rc=Rs,
Om Om Om Om Om Om
1000 1000 1000 680 470 1000

4.1 AHa/M3 paGoThI 3JIEKTPUIECKOM LeNH NP CAMMETPUYHOM Harpy3Ke

4.1.1 TlpoBectr aHanu3 pabOTHI IEKTPUUECKON IIENMU MPU CUMMETPUIHON Ha-
rpy3ke. PaccuuTaTh 1uisi JaHHOU cXeMBbI: (pa3HbIe TOKH, TOK B HEUTPaTLHOM IIPOBO/IE,
CYMMAapHYI aKTUBHYK MOILHOCTb YETBIPEXNMPONpoBOAHON Lenu. [lomydyeHHslie pe-
3yabTaThl 3aHecTH B Tabmuny b.2 (mpunoxenue b). Iloctpouts Tomorpaduueckyro



auarpamMmy HanpspKeHUH M BEKTOPHYIO TMarpaMMy TOKOB AJIs JAHHOTO PEKUMa.

4.1.2 TlpoBecTu aHaANIM3 aBapUITHOTO peKUMa Mpu oOpeIBe da3zHOTro MmpoBoaa A.
PaccuuraTh a1 cXeMbl JaHHOTO aBapUHHOTO pexuMa (pa3Hble TOKU U TOK B HEH-
TpasibHOM TipoBojie. [lomyueHHble pe3ynbTaThl 3aHecTd B Tabmuity. b.2. TloctpouTts
TonorpauyecKyIo AuarpaMMy HalpsHKEHUHW U BEKTOPHYIO JUArpaMMmy TOKOB JUIs
JAHHOTO PeXUMa.

4.1.3 IlpoBecTu aHaIM3 aBapUHHOIO peKUMa MPU 0OphIBE HEUTPATLHOTO MPO-
Boja. Paccunrtarh A7s MOMyYeHHON CXEMBbl aBapUIHOTO pekuMa (a3Hble TOKH U Ha-
npsbkeHue cMeneHus: HedTpanu. [lomyuennsie pe3ynbrarhl 3aHecTd B Tabmuiry b.2.
[Toctpouts Tomorpaduyueckyro AuarpaMMmy HampsDKEHUH U BEKTOPHYIO AHArpamMmy
TOKOB JIJISl JAHHOTO PeXUMa.

4.2 AHa/TU3 paGoThI 3JIEKTPUYECKO#H IeNH MPU HECUMMEeTPUYHOM Harpys-
Ke

4.2.1 IIpoBectn aHanm3 pabOTHI ANMEKTPUUECKON LEMU MPU HECUMMETPUIHOU
Harpy3ke (tabmuma 7.1). PaccumTarh Ansi cXeMbl ¢ HECUMMETPUYHON HArpy3KOii:
(da3HbIe TOKU U TOK B HEHTPAJIbHOM MPOBOJIE, CYMMapHYIO aKTUBHYIO MOIIIHOCTh Ye-
TeIpExnponpoBoHOi nenu. [lomyueHHsle pe3yibTarhl 3aHecTd B Tabnuny b.3. Tlo-
CTPOUTH TOMOTPaUUECKyI0 JUarpaMMy HAIpsDKEHUN W BEKTOPHYIO JAMAarpaMMy TO-
KOB JUJISl JAaHHOTO PEXUMa.

4.2.2 TlpoBecTy aHAIKM3 aBApUITHOTO pexkuMa Mpu 0OphIBE HEHTPATILHOTO MPO-
BOJA, JJI1 YEro pacCUMUTaTh AJIsl MOJYyYEHHOW cXeMbl (pa3HbIE TOKUM U HAIpsKEHHE
cMmenleHus: HeiTpanu. [loydyeHHsle pe3ynbTarsl 3aHecTd B Tadbnuiy b.3. Tloctpouts
TonorpaMyecKyro AuarpaMMy HalpsOKEHUH U BEKTOPHYIO JUarpaMMmy TOKOB IS
JAHHOTO PEXUMA.

4.2.3 TlpoBectn ananu3 pexkuma npu oopeiBe (asHoro nposoaa 4. Paccunrarts
IUTSL TIOJIyYEHHOU CXeMbI (pa3Hble TOKM U HaNpsbKeHHE cMelleHus Heurpanu. [lomy-
YeHHbIe pe3ynbTaThl 3aHecTd B Tabmwuily b.3. Iloctpouts Tomorpaduueckyro nua-
rpaMMy HaIpsHKEHUH U BEKTOPHYIO IHarpaMMy TOKOB JUISl JAHHOTO PEXUMa.

4.2.4 TlpoBecT aHAM3 pEXHMa KOPOTKOTO 3aMBIKAHUS B IIEMH IO CXEMe
«3Be3/1a-3Be3/1a 0€3 HEUTPaAIBHOTO MPOBOJIA» NJisi HECUMMETPUYHOU Harpysku. Ko-
POTKO3aMKHYTHIN TIPOBOJ BHIOpaTh CaMOCTOSITENIbHO. PaccuuTaTh s MOTy4YeHHOMN
CXEMbI TOK B KOPOTKO3aMKHYTOM (pa3HOM NpPOBOJE M TOKH B OCTajJbHBIX (ha3HBIX
npoBoaax. llocTpouThs Tomorpadguueckyro AuarpaMmy HamnpsyKEHUH U BEKTOPHYIO
JUarpaMMy TOKOB JUISL JAHHOTO PEKMMA.

5 JKcnepuMeHTa/IbHASA 4YacCTh
5.1 UcciepoBaHMe CUMMETPUYHOTIO pexuMa

5.1.1 CoOpaTh 351eKTpUUYECKYIO 1IeMb N0 cXeMe, n300pak€HHON Ha pucyHke b.9
(mpunoxenue b). Ycranosuts 3amannsie B Tabnuie b.1 Bemuunnsl Ry, Ry, Rz U3 mu-
HUOJIOKOB PE3UCTOPOB. Y CTAaHOBUTH HA OJHOM U3 MyJibTUMETpoB (PV1) pexum us-
MepeHus nepemeHHoro Hanpsbkenus — V-20 B. U3mepenne gpazHbIx TOKOB MPOBOAUM
OJIHUM U3 MyJIbTUMETPOB — PA1, yCTaHOBUB pexUM U3MEPEHUS IEPEMEHHOTO TOKA —



| ¢ nnanazonom 200 MA. Mynbtumerp PA2 B HelTpaabHOM MpOBOJE BKIIOYUTH B
PEXKHUM U3MEPEHUS IEPEMEHHOT0 TOKa ¢ Auana3zoHoM 200 MA.

5.1.2 [IpegoctaBuTh COOPAHHYIO DJIEKTPUUYECKYIO IEMb JI1 MPOBEPKU MPETOo-
JaBaTelno (WM J1abopaHTy).

5.1.3 Bxmtouuts Beikimouarens QF 61oka MOJYJIb ITMTAHUS u tym6Gieps
CETb monyneit TPEX®A3HbBIN NCTOYHMK ITUTAHUS, 61oka MyIbTUMETPOB 1
BartMeTpa. TymOnep SA moayns BATTMETP ycranoButh B mosoxkenue 0,2 A.
Bonsrmerpom PV1 u3 610ka MYJIBTUMETPOB usmeputs (asubie HampspKeHUS
Uans Ugn ., Uen 1 mreitasie nanpsokerust U a5, Uge, Uca Moyt TPEXDA3-

HBII1 ICTOYHUK TTUTAHUS (UZ1). M3MepeHHble BEIMUMHBI 3aHECTH B TaOIH-
iy b.2 nporokona ucnsrtanuii. [lpoBeputs BbINONHEHUS cooTHOMEHUH U ;7 = J3 e

JUISl CAMMETPHYHOTO UCTOYHHKA.
5.1.4 U3meputs amnepmetpoM PA1 ¢azHble TOKM MOAKIIOYAsk €70 OOYEPETHO
B pa3psiB nuHUN A, B, C (pucyHok b.9).
Boastmerpom PV1 u3z BJIOKA MVYJIBTUMETPOB wusmeputs (a3nbie Ha-
npsokeaus U gp,Upe,U g .1 nuHeitnble Hanpsokenus U gp,Upe Uy Ha Harpyske.

Tox B HEUTpPaIBHOM IPOBOAE U3MEPUTH MYyJIbTUMETPOM PA2. CpaBHUTH NOJIy4YEH-
HbIE pe3yJIbTaThl C pACCUMTAHHBIMU B 1.11 4.1.1,

5.1.5 Orcoequnuth ¢a3zublii TpoBoJ A B Touke a Ha amrnepmerpe PAl. Boi-
MOJIHUTh U3MEPEHUS M 3aHECTH pe3yibTaThl B Tabmuily b.2. CpaBHUTH MOJTydYeHHBIE
pe3ynpTaThl ¢ paccuuTaHHbiMH B 1.m. 4.1.2.  BoccTaHOBUTH  IIETH
(hazmr A.

5.1.6 [lepexmtounts MynbTUMeTp PA2 B HEUTpPaIBLHOM MPOBOJIC HA PEKUM H3-
MEpEeHUs NEPEMEHHOI0 HamnpsbkeHus — PV2, 4To COOTBETCTBYET peXUMY CHMMET-
PUYHON Harpy3Kku 6e3 HeHTpajpHOro npoBoja. BeimosHuTs npubdopom PA1 u3 6io-
ka MOJ{YJIb MYJIbTUMETPOB wusmepenust Tokos (a3. Bonsrmerpom PV1 uzme-
puth (asusle HanpsbkeHus Uy, Up,, U, MynstuMmerpom PV2 — nanpsokenne Uy,

W3mepenHbie 3HAUCHUS HAMPSHKEHUH M TOKOB 3aHecTH B Tabmuiry b.2. CpaBHUTSH 10-
Jy4eHHbIE JaHHBIE C pacCUMTaHHBIMU B 11.11.4.1.3.

5.2 HcciepoBaHue HECUMMETPUYHOTO peXruMa

5.2.1 YcranoButh B MUHHMOJIOKAX pe3ucTopoB comportuBieHne R; = 680 Owm,
R, =470 OmM, co3naB HeCUMMETpUYHBINA pexxkuM. [lepexmtounts myiabtumerp PV2 B
HEUTpaAJILHOM TMPOBOJIE HA PEKUM M3MEPEHUS MepeMeHHOro Toka — PA2, 4To cooT-
BETCTBYET PedCUMy HeCUMMEMPUUHOU HASPY3KU C HEUMPAIbHbIM NPo800OM. BrImor-
HUTb U3MEPEHUs JUHEWHBIX TOKOB |a,lpg,lc, TOka B HelTpanbHOM mpoBone ly,

¢dazubix Uy, Upy, Uy 1 mmneiisbix HanpsokeHuid U g, Upe U 5 . [laHHbIE 3aHECTH B

tabnuny b.3.

5.2.2 llepexmounth MynabTuMeTpa PA2 B HEHTpalbHOM MPOBOJAE HA PEKUM
M3MEpEHHs IEPEMEHHOTO HampsbkeHusi — PV2, 4TO COOTBETCTBYET pedcumy Hecum-
Mempu4HOU Hazpy3Ku 6e3 HelimpaibHo2o nposooa. OTcoeauHUTh (Pa3HbIi MpoBOJ A
B Touke a Ha ammnepmeTrpe PAl. BeImomHuTh M3MepeHHs U 3aHECTH PE3YJIbTaThl B



tabnuy b.3. CpaBHUTH mOSydeHHBIE Pe3yJabTaThl C pacCUMTaHHBIMU B ILII. 4.2.3.
BoccranoButs 1iens (asbl A.

5.2.3 BreimonHuTh u3MepeHus Gpa3HbIX TOKOB, (ha3HBIX W JTMHEHHBIX HampshKe-
HUM, HapsDKEeHUs cMeleHus HeuTpaiu Uy, ¥ MOIIHOCTEH A pekuMa HeCUMMET-
pUYHOW Harpy3ku 0e3 HeUTpajsbHOro mpoBoja. M3MepeHHbIe 3HAUCHUSI 3aHECTH B
tabnuity b.3. CpaBHUTH MOTyYEHHBIE pe3yIbTaThl C PACCUMTAHHBIMU B 11. 4.2.2.

5.2.4 3akopotuth a3y 4, coeAMHUB IPOBOJIOM TOUKHU a U N. U3MepeHust TOKOB
Y HamnpsHKEHUH BBITIOJHUTH COTJIACHO JaHHBIM BhIIIE peKoMeHaausM. M3mepeHnnsie
3HaueHus 3aHecTd B Tabnuiy b.3. CpaBHUTH MOJy4YEeHHBIE PE3YJIbTaThl C PACCUUTaH-
HBIMU B 11.11. 4.2.4.

5.2.5 Beikmounts TymM6nepsr CETh momyns TPEX®A3HBIM MCTOYHUK
[TNTAHUS 6110ka MyTsTUMETPOB U BaTTMETpa U BhIKItouaTens QF.

6 Copgep:xaHue OTYETA

OTuéT MOJDKEH conepkKaTh TUTYJIBHBIM JIMCT YCTaHOBIEHHOTO oOpasla, 1eib
paboThI, CXeMY HCCIIETyeMOM AIIEKTPUUECKOMN 11U, TaOIUIbI PE3yJIbTaTOB MOTyUYeH-
HBIX U3MEPEHUI U MTPOU3BEAEHHBIX PACUETOB, a TAK)KE BEKTOPHBIC THArpaMMbl TOKOB
W HaNpsDKEHUH, UCCIEAYEMBIX PEKUMOB, C YKa3aHUEM MAacIITa0OB, BHIBOJBI IO Jia-
OopartopHoii padoTe.

7 KOHTpPOJIbHBbIE BONPOCHI

1 Kakum 00pa3zom Tpu 0JHO(]A3HBIX 3JIEKTPONPUEMHUKA COCTUHUTH 110 CXEME
«3Be3nan? M300pa3ute cxemy COeIMHEHUS.

2 [lokaxxute Ha cXeMe «3BE€3/1a» YCIOBHO-TIOJNIOKUTEIbHbIE HAaNpaBiIeHUs ¢as3-
HBIX U JUHEHHBIX TOKOB U HaIPSKCHUM.

3 Kakoii pexxum paboThl TpEx(hazHO e Ha3bIBAETCSI CHMMETPUYHBIM?

4 Kakue CylecTBYIOT 3aBUCUMOCTH MEXIYy JHMHEHHbIMU M (Da3HbIMH 3Haye-
HUSMH HAMPSHKEHUN U TOKOB IPU CUMMETPUYHOM Harpyske?

5 KakoBo HazHaueHHE HEUTPaTBLHOTO MTpoBOAa?

6 Kakumu ypaBHEHUSIMU CBsI3aHBI TUHEHHBIC U (Da3HBIC HANPSDKEHUS MPH OT-
CYTCTBUH HEUTPAIBHOTO IPOBOJIA U HECUMMETPUYHOM Harpy3ke?

7 HeoOxomuMm 1 HEUTpaIbHBIN MPOBO Mpu padoTe TpéxdazHoil menu B pas-
JUYHBIX pexnumMax?

8 MO’KHO JI1 yCTaHaBIMBATh MPEIOXPAHUTEND B LIEMIb HEHTPaIbHOTO MPOBOA?

9 Uro npeacrasisger coboi nctounuk Tpéxdaznoit IC?

10 Hanummre BbIpaskeHUs AJI1 MTHOBEHHBIX U KOMIUIEKCHBIX 3HaUY€HUH 3.]1.C.
(a3 TpéxdazHOro UCTOUYHHKA.

11 Kak ocymiecTBisieTcsi coequHeHHe (a3 MCTOUYHUKA U MPUEMHHUKA B TPEX-
(hazuoit nenu?

12 Jlaiite onpeneneHus (asHOrO U JUHEHHOTO HANIPSDKEHU U TOKOB.

13 Ilpu kakux yclHoBUSIX B IeNMU HAOIIOAACTCS CUMMETPUYHBIN pexuM pado-
ThI?

14 Yto npou3oHAeT ¢ cUCTEMOM (a3HbIX HANPSHKEHU HECUMMETPUYHOIO
AJIEKTPONPUEMHUKA TIPU OTKJIIOUYEHUH HEUTpanabHOro mposoja? IloscHute Ha nua-



rpammMe.

15 YTo Ha3bIBaETCS HAINPSKEHUEM CMEIICHUS HEUTpaIu U IPU KaKUX YCIOBU-
X OHO PaBHO HYJIO?

16 Kak onpenensieTcsi TOK B HEUTpaJIbHOM MPOBOJI€ MPU HECUMMETPUYHON Ha-
rpy3ke?



JlaGopaTopHas pa6ora Ne 8

HUCCJIEAOBAHUE TPEX®A3HOM 3/IEKTPUYECKOM LIENYU, COEAUHEHHOH
I10 CXEME «TPEYT'OJIbHUK»

1 llesiv pa6oThI

HccnenoBarb pexumbl pad0oThl 3-(ha3HON LENnu IpH COEAMHEHUN HArpy3KH IO
CXEME «TPEYTOJIbHUKY, IPOBECTU aHAIN3 METOJIOM BEKTOPHBIX AHArpaMM.

2 OCcHOBHBIE IOJIOXKEHUS TEOPUH

O6mue cBenenust o Tpex(dazHoil enu 1 CHMMETPUYHOM UCTOUYHUKE U3JI0KEHBI
B IpeAbIayIe 1aboparopHoi padore. Ha pucynke 8.1 mokaszan cnocob coelMHEHUS

(a3 Harpy3ku TpeyroiabHUKOM. Toku |4, Ig, |c Ha3bIBaroTCS AMHENHBIMU, TOKH lgp,

lbe, lca — dazubiMu. Hanpsoxenus Upg, Ugc, Uca SBISIOTCS OTHOBpEMEHHO (Da3HBIMU
1 JINHCUHBIMH.

C(c)
Z
Ao li» aldo 21 &
U,
—ca —ab
] J\ Lpe ZB )
Bo—t»l BLT 1 4
Qb( Qh
_1(- C ]c'a Z z B (b)
oO—»
—
U,
Pucynox 8.1 Pucynok 8.2

Ha pucynke 8.2 moka3ana tomnorpaduueckas quarpaMma HanmpspDKEHHM U BEK-
TOpHAs TUarpaMmma TOKOB JJIsl CIy4asi CHMMETpUYHOM TpéxdazHoM 1ernu, Koraa

Zpn=Zg=Zc=R.

B cumMmerpuuHOM pexxnume Tok | 7 = \/§I@, Hanpspxkenue U 7 =U g
B cinydae HecumMmeTpuuHOM Harpy3ku (pasHble TOKM BBIYHMCISIOT 1O 3aKOHY

OMaI
9) . U . U
lab— ab/z ] lbc— chB’ lca— caZC_

JluneliHbie TOKH ONPeAeIIoT o 3aKoHy Kupxroda st y3moB:

Fa=1ap—lcas g =lpc—laps Ic =1ca— Ly



3 00 beKThI UCC/IeJ0BAaHUSA U 000PYyAOBaHUE

B naGopatopHoii pabote uccieayroTess peKuMbl padoThl 3-MPOBOTHON TPEX-
(ha3HoIi LIenr cO CXeMOM COeTMHEHUSI «3Be3]1a- TPEYTOJIbHUK.

M cTOUHHKOM CUMMETPUYHOrO TpéxdazHoro HampsokeHus spisierca EHEPA-
TOP CUHYCOUJIAJIBHBIX HAIIPSXKEHMI u3 BJIOKA TEHEPATOPOB HA-
[IPSKEHWUM. VcTo4HUK cO31aéT CUCTEMY HANPsDKEHHUH TPSIMOTO ciienoBanus a3 C
TuHeWHbIM HanpsbkeHueMm Uy = 12 B npoMbITieHHOM YacTOTHI.

Tpéxdaznas Harpy3ka coOupaeTcs U3 MAaCCHUBHBIX 3JEMEHTOB-MUHUOJIOKOB —
PE3UCTOPOB.

B xauecTBe 37€KTPOU3MEPUTENBHBIX TPUOOPOB ISl U3MEPEHUS HANPSIKEHUS U
TOKOB Ucnonb3ytoTcss MyiabTumMeTpsl Tuna MY60 bJIOKA MVYJIBTUMETPOB, nns
U3MEpPEHHUS aKTUBHOM MOIITHOCTH — BCTPOCHHBIA BATTMETP.

4 PacuyéTHo-rpaduyeckKast 4acCTb
4.1 AHa/IM3 pa6oThI IIEKTPUYECKOH Ileny NPH CHMMETPUYHOH Harpy3kKe

4.1.1 HapucoBatb cxeMy coeAuHEeHHUs] TpEX(a3HOW LU MO CXEeMe «3Be3Ja-
TpeyroibHUKy». [lapameTpsl 1enu ajis CUMMETPUYHOTO PEKHUMA 3a/laHbl B TabIu-

e 8.1.

Ta6muma 8.1 — MicxonHple JaHHBIE UCCIETyEMbIX PEKUMOB

Ugs, CuMMmeTpuyHas Harpys3ka HecumMeTrprunas Harpy3ska
B Ra=Ry, Re=R,, Rc=Rs, Ra=Ry, Re=R,, Rc=Rs,
Om Om Om Om Om Om
7 1000 1000 1000 680 1000 1000

PaccuuTaTh AJi1 JaHHOUW cXeMbl (pa3HbIE U JIMHEWHbIE TOKHU, (pa3HbIC U JIMHENU-
HbI€ HANpPSDKEHUs HAa MCTOYHMKE M Ha Harpyske. PaccuuTaTh CyMMapHyH aKTHBHYIO
MOIIIHOCTh LENU JJII CHMMETPUYHOTO pexuMa. IlorydeHHble pe3ynbTaThl 3aHECTH B
tabnuiy B.2 (nmpunoxenue B). [loctpouts Tonorpadudeckyto nuarpammy Harpsixke-
HUI 1 BEKTOPHYIO MarpaMMy TOKOB JUISl JAHHOTO PEXUMA.

4.1.2 TlpoBecTr aHaIM3 aBapuUWHOTO pPeXUMa Mpu 0OpbIBe (Ha3HOTO MpPOBOAA
ab. PaccuuTarh Ui MOJydeHHON CXeMbl (pa3HbIC W JIMHEHHBIC TOKH, (ha3HbIC U JIU-
HEWHbIC HANPSHKEHUS HA UCTOYHUKE W HA Harpyske. [losydeHHble pe3ynbTaThl 3aHe-
cty B Tabnuiy B.2. [Toctpouts Tonorpaduyeckyro nuarpamMmy HampspDKEHHM M BEK-
TOPHYIO JUarpamMmy TOKOB JUIsl JAHHOTO PEXKUMA.

4.1.3 B cxeme m.4.1.1 mpousBectn oOpbIB TuHEHHOTO MpoBoaa A. Paccunrarh
JUTSI TIOTYYEHHOM cXeMbl (pa3Hble U JTUHEHHbIe TOKU, (ha3HbIe W JIMHEHHbIE HaIpshKe-
HUS Ha UICTOYHHUKE U Ha Harpy3ke. [lomydyeHnHblie pe3ybTaThl 3aHeCTH B Tabnuily B.2.
[TocTpouTh Tomorpaduyeckyro IuarpamMmy HampssKEHUA U BEKTOPHYIO JHarpammy
TOKOB JUISl JAaHHOTO PEKHUMA.

4.2 AHaiu3 pa6oThl 3JIEKTPUYECKOM IleNny NpU HeCUMMEeTPHUYHOM! Harpys-
Ke
4.2.1 JInst uCXOHOM CXEMBI CO37aTh HECUMMEMPUUHBIL PeXCUM, JIJISl 9eTO 3a-



MEHUTh CONPOTUBJICHUS B (a3ze «aby. [lapameTpsl menu s HECUMMETPUIHOTO pe-
KuMa 3a1aHbl B Tabnuue 8.1. Paccunrtars 1151 JaHHOM cXeMbl (pa3HbIEe U JTUHEHHBIE
TOKHU, (pa3Hble W JMHEIHbIC HANpPSHKEHUS Ha UCTOYHUKE W Ha Harpyske. PaccuuraTh
CYMMAapHYI0 aKTUBHYIO MOIIHOCTb LIETIH IS HECUMMETPUYHOTO pexuma. [lomyden-
HbI€ pe3yJibTaThl 3aHecTH B Tabnuiry B.3. [TocTpouts Tonmorpadguueckyro nuarpammy
HANPsHKCHUH ¥ BEKTOPHYIO IMarpaMMy TOKOB JIJIsl JAHHOTO PEXHUMa.

5 JKcniepuMeHTaJ/IbHAA 4acTh

5.1 cciiegoBaHue CUMMETPUYHOTrO peXKUMa

5.1.1 CobpaTh SJIEKTPUYECKYIO IICMh IO CXeMe, H300paKEHHOW Ha PHUCYH-
ke B.1 YcranoButh 3amannsie B Ta0iuie 8.1 Bemnunnsl Ry, Ry, Rz 13 MuHHOIOKOB
PE3UCTOPOB. Y CTAaHOBUTH Ha OJHOM U3 MyJIbTUMETPOB (PV1) pexxum nzMepenus re-
pemenHoro HanpsbkeHus — V-20 B. 3mepenue ha3HbIX TOKOB IPOBOJUTCS OJHUM U3
MyJIbTUMETPOM — PA1, ycTaHOBUB pexuM U3MeEpeHUs NepeMeHHoro Toka — | ¢ aua-
nazoHoMm 200 MA. M3MepeHne TUHEHHBIX TOKOB MPOBOAMTCA MylbTuMeTpoM PA2,
BKJTFOYHB €T0 B PEXKUM H3MEPEHUS TIepeMeHHOTo Toka ¢ nuama3zonoM 200 MA.

5.1.2 TlpenocTaBUTh COOPAHHYIO AMEKTPUUYECKYIO LIEMb JAJIsl MPOBEPKU MPEIo-
JaBatento (WM Ja00paHTy).

5.1.3 Brutounts Boikmouatenb QF BJIOKA I[MUTAHUSA u tym6rnepst CETh
moxyieiit TPEX®A3HBII MCTOYHUK TMMTAHUS u BJIOKA MVYJIbTUMET-
POB. Tymo6nep SA 6i1oka BATTMETP ycranoButs B nonoxenue 0,2 A. BoapT™meT-
pom PV1 wu3z O6Gnoka MVYJIBTUMETPOB wusmeputs (a3Hbie HampsHKEHUS
Ua,Ug,Uc u muneitasie nanpsxenns U ag,Upc,Uca Moayas TPEX®A3HBIN

NCTOYHUK TTUTAHUSA (UZ1). M3mepennble 3Ha4YeHHs] 3aHECTH B Tadnuiry B.2
MPOTOKOJIa U3MEpeHui (nmpusioxenue B).

5.1.4 U3meputs amnepmerpoM PA1 ¢azHble TOKM MOAKIIIOYAsk €T0 O0YEPETHO
B pa3pbIB JiuHMN x1-X2, x3-X4, X5-X6 (pucyHok B.6).

5.1.5 Usmeputs amnepmerpom PA2 nuHEHBbIE TOKHM MOAKIIOYAs €ro Mmooue-
peaHo B pa3phIB auHUN x7-X8, x9-x10, x11-x12.

5.1.6 Boasrmerpom PV1 u3 6moxka MYJIBTUMETPOB usmepurs (ha3ubie Ha-
npsokeaus U gp,Upq,Uqq Ha Harpyske. CpaBHMTB IOJIyd4€HHBIE PE3YJIbTATHI C pac-

cunTaHHbIMU B 11.11.4.1.1.

5.1.7 Orcoenuunth (asubiii TpoBoJ ab Touke x2 Ha ammnepmerpe PA1l. Boi-
MTOJTHATH W3MepeHUs (pa3HbIX M JIMHEWHBIX TOKOB, (ha3HBIX HAMPSHKCHUI Ha HArpys3Ke.
3aHEeCTH MOJTyYCHHBIE Pe3yJIbTaThl B Ta0HIy B.2 M CpaBHUTH UX ¢ paCCUYNTAaHHBIMH B
n.4.1.2. BoccranoBuTs memns (assl ab.

5.1.8 OrcoequuuTh TUHEHHBIN TIPOBOJ A Touke x8. BBHIMOTHUTH U3MEpEHUS
($a3HBIX U JUHEHHBIX TOKOB, (Pa3HBIX HANPSHKEHUW HAa HArpy3Ke. 3aHECTH TMOTydeH-
HbIE pe3yJbTaThl B Ta0nuIly B.2 u cpaBHUTH uX ¢ paccuntanHbiMu B 11.11.4.1.3. Boc-
CTaHOBUTH IIETb JIMHHUH A.

5.2 UcciepoBaHMe HECUMMETPUYHOIO peXKuMa
5.2.1 YcranoButh B MUHHMOJIOKaX pe3ucTopoB compotuBieHne R; = 680 Owm,



CO31aB  HecumMMmempuuHbvlii pedcum. BpINONHUTE u3MepeHHs (a3sHBIX TOKOB
lap: lpc: lca, uHElHBIX TOKOB |p, 1R, Ic, dasneix Hampsxkennii U gp,Upe,Ucg -

Pesynbratel 3anectu B Tabmuity B.3. CpaBHUTH MOy4eHHBIC PE3yIbTaThl C PACCUH-
TaHHBIMH B 11.4.2.1.

5.2.2 Beikmounts TymMOnepsr CETh momyns TPEX®A3HBIM MCTOYHUK
ITMTAHUA, BJIOKA MVYJIbTUMETPOB u Beikmtouatens QF.

6 CoaepxaHue OTYETA

OT4uéT MOIKEH COJEep)KaTh THTYJIBHBIN JUCT YCTaHOBIEHHOTO oOpaslia, Ieib
paboThI, CXEeMY UCCIICAYEMON IJIEKTPHUUCCKOM 1IN, TA0IUIIbI PE3yIbTATOB MOJyUYCH-
HBIX U3MEPEHHI U IPOU3BEACHHBIX PaCYETOB, a TAKXKE BEKTOPHBIC TUArPaMMbl TOKOB
W HaIpsDKCHUH, UCCIIETyeMbBIX PEKUMOB, C YKa3aHUEM MAacIITa0OB, BBIBOJIBI 11O Jia-
O6opaTopHOii padoTe.

7 KOHTpPOJIbHBbIE BONPOCHI

1 Kak ocymiecTBisieTcsi COeAMHEHUE TPEXPA3HOTO MPUEMHHKA 10 CXEME «Tpe-
YTOJIBHUK»?

2 Kaxoii mpuéMHUK Ha3bIBAETCS CUMMETPUYHBIM?

3 HaiiTe onpenenenue pazHOro U JUHEHHOTO TOKOB.

4 KakoBO COOTHOILIEHUE BEJIMYUH JTUHEHMHOIO HANpsyKEeHUs U (a3HOro Hamps-
KEHUsI NPUEMHUKA, COEIMHEHHOTO 10 CXEME «TPEYTOJIBHUK» ?

5 KakoBo coOoTHOIIEHHE TEHCTBYIOIMX 3HAYEHUH (Pa3HOrO U JUHEHHOTO TOKOB
CUMMETPUYHOTO NPUEMHHUKA, COETMHEHHOTO 10 CXEME «TPEYTOJIBHUK»?

6 B xakoii B3aMMOCBS3M HAXOASATCSI KOMIUIEKCHBIC 3HAUCHUS (Da3HBIX U JTHHEH-
HBIX TOKOB IIPH COEIMHEHUN HArPYy3KH IO CXEME «TPEYTOJIBHUKY?

7 Kak cTtpouTcsi BEKTOpHas aMarpamMma HalpshK€HUH U TOKOB TpExda3Hoit
ANEKTPUYECKON LIETIH IPU COETMHEHUH HArPYy3KHU IO CXEME «TPEYTOJIbHUK»?

8 Onpenenure JeHCTBYIOIIEE 3HAUYCHHE JUHEHMHOTO TOKAa B CHUMMETPHUYHOM
TpEx(a3zHoH 1eTNr, COCAMHEHHOM 0 CXEME «TPEYTOJIbHUKY, €CIIU JIEHCTBYIOIIEE 3Ha-
yeHue ¢a3Horo Toka paBHo 1,73 A.



JlabopaTopHasi pa6oTa N2 9

HUCCJIENOBAHUE HEJIMHEWHBIX 3JIEMEHTOB
B LHEIIK ITIOCTOAHHOI'O TOKA

1 Ilesib pa6oThbI

BKCHCpI/IMCHTaHLHOC IMOATBCPKACHHUC TCOPCTHICCKUX MCTOIOB JIMHCAPU3AITNU
N alllIpOKCUMAIIUHN BOJIbTAMIICPHBIX XaPAKTCPUCTHUK HEJIMHEHHBIX OJICMCHTOB, a4 TaK-
KC MCTOJ0B pacCucTa ueneﬁ IMOCTOAHHOT'O TOKA IIPU HAJIUYHUH HCJIMHEHUHBIX DJIEMECH-
TOB.

2 OCHOBHBIE I0JIOKEHUS TEOPUH

Henuneiinvimu snemenmamu (HD) srekTpuyeckoi e MOCTOSTHHOTO TOKA
HAa3bIBAIOTCSl TAKKUE AJIIEMEHTBI, Y KOTOPHIX 3aBUCUMOCTh TOKA OT MPHJIOKEHHOTO Ha-
MPSKEHUST SIBIISIETCS HEJTMHEHHOM, T.€. BhIpaKaeTcs rpaukoM, OTIWYAIOIUMCS OT
npsmoit uauu. ['paduxu U(l) wmu |(U) Ha3bIBarOT BOJIBT-aMIIEPHBIMH XapaKTepH-
ctukamu (BAX).

Ecnu m3mepeHuss mpoBOIWIMCH MPU MTOCTOSTHHBIX TOKE M HAMPSHKCHUU, TO Xa-
paKTEepUCTHKA HETMHEHMHOTO 3JIEMEHTA HAa3bIBACTCS CIMAMUYECKOLL.

JIst TOMydYeHusT CTaTHYECKUX XapaKTePUCTUK HETMHEHHBIX 3JIEMEHTOB HEO0O0-
XOJIMMO M3MEPHUTDH PsJl 3HAYECHUN MTOCTOSIHHOTO HAMPSOKCHUS M TTOCTOSHHOTO TOKA B
IeNH co cXxeMoit 3amenienus (pucyHok 9.1).
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Pucynok 9.1 — DnekTpudeckas cxema 3aMeieHUs
IUIS1 OTNIPEICIICHUST BOJIBT-aMIIEPHOM XapaKTEPUCTUKU HEIIMHEWHOTO JIEMEHTA

B 3aBucuMocTH OT BHJa 3THX XapaKTEPUCTUK paznuyaror HO ¢ cummempuu-
HOU U HecUMMempu4HoU BOJIbT-aMIIEPHBIMHM XapakTepucTukamu. HemuHeliHble 3ie-
MEHTHI, Y KOTOpbIXx BAX He 3aBUCUT OT HamNpaBJICHUs TOKa (MJIM HAIpsHKEHUs ), Ha-
3BIBAIOTCSI CAMMETPUYHBIMU. [[puMepoM MOTYT CIHYKUTh JIEKTPUUYECKUE JTAMITbl Ha-
KaJIMBaHUs. Y HECUMMETPUYHBIX HEIUHEHHBIX 371eMeHTOB BAX 3aBUCHUT OT Hampas-
neHust Toka. [IpumepoMm mocieTHUX MOTYT CIYXUTh Pa3iUyHbIE AHOJbI (MOIyIpo-
BoaHUKOBbIE). Ha pucynke 9.2 mpusenaenst BAX nmammbl HakanmuBanusi (CHMMETpUY-
Has XapaKTePHCTUKA) U AHO0/a (HECUMMETPUYHAS XapaKTCPUCTUKA).

Hanbonee oOmuM MeTooM pacdéra aJiekTpudeckux ueneit ¢ HD  saBusercs
rpaduueckuii. IIpu nocnegoBaTenbHOM coeMHEHUH ABYX HD uepe3 HUX mpoxoauT
OJIUH U TOT € TOK, a CyMMa HanpsDKeHU Ha HUX paBHA MPUJIOKEHHOMY HampsiKe-
Huto. [loaTomy cymmapHyto pesyinbTupyromyro BAX mocienoBatenbHOro coeauHe-



Hug HO moxHO noctpouts, cymmupyst Hanpsbkenuss BAX oboux HO st ogHoro u
TOT'O K€ 3HaYECHUS TOKA.
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Pucynok 9.2 — BAX HenrnHEHHBIX 3JIEMEHTOB: a — JJAaMIIbl HAKaJTUBaHusl; O — nuona

[Ipu mapannensHOM coeauHeHun AByX HD HanmpspkeHue Ha HUX OJTHO U TO XKe,
a TOK UCTOYHMKA paBeH cyMMme TokoB obonx HO. Cymmapnas BAX MoxeT ObITh TO-
CTpO€Ha MYTEM CIIOKEeHHsI TOKOB 000ux HD mpu oHOM U TOM e 3HAaYCHUU Hampsi-
KEHUS.

[Ipu aHanm3e CMENIAHHOTO COEIMHEHUS cHavyana HaxodsaT BAX mapannenbHo-
ro coequuenus R u H32 (ua pucynke 9.3, 0 9Ta XapakTepucTHUKa MOCTPOCHA CyMMHU-
poBaHUEM OpJIMHAT xapakTepucTuk R u H32 u obo3nauaercs R, H32). 3atem cTposT
ob6myro BAX nerm, cknaasiBas abcrucchl BAX mapannensHoro coenuaenus R, H32
u BAX HOI.

51 1,

H32 | RY

a) 0)
Pucynox 9.3 — Pacuér nerm ¢ HD npu cMemanHOM COeTUHEHUU:
a — cMemanHoe coequHenne HD; 6 — rpadudeckoe perieHne

[To momy4YeHHBIM XapaKTePUCTUKAM MOXKHO JIETKO OINPEACIUTh TOKA U Hamps-
KEHUS BCEeX dJIeMeHTOB 1ienu. Hanmpumep, no o6o3HaueHHOMY Ha pucyHke 9.3, 6 3Ha-
yeHuto E u xapakrepuctukam HO1 u R, H32 moxHo Haiith Hanpspkenne Uy 1 Ug 45,
U T.JI.

3 06 beKTHI UCC/IeJ0BaHUS U 000pPyAOBaHHE

OOBEKTOM HCCNEAOBaHUS SBISIOTCSA 1M IMOCTOSHHOTO TOKa, COJAEpKallue
HEJIMHEWHBIE 3JIEMEHTHI. JIaMIla CUTHaJIbHAasl, TUOJl U CTAOMIUTPOH.

B nabGoparopHoil paboTe HCTOUHMKOM IOCTOSIHHOI'O TOKa CIyXaT JBa T'eHepa-
TOpa NocTosHHBIX Hanpskenuit 3 BJIOKA TEHEPATOPOB HAIIPSDKEHMI: pe-
rymupyemsiid rereparop (0...15 B) u neperymupyemsiit (15 B). Ins nonydenus Ha-



npsokeHust 10 30 B ux crnemyer coequHsTh mocienoBaTenbHO. JIJIs momydeHus Ha-
npsikenus ot 0 1o 15 B cnenyer ycranoButh TymOsiep SAl Ha uctounuke 15 B B
HIDKHEE TTOoJI0KeHHe, a Tymoep SA2 Ha ucrounuke 0...15 B ycraHoBUTH B BepxHee
noyiokenue. st momydeHus HanpspkeHus Beime 15 B, o6a TymOiepa ycTaHOBHUTH B
BepxHee moJiokeHue (pucyHok I'.1).

B kadecTBe 37IEKTPOU3MEPUTENBHBIX MPUOOPOB MCIOIB3YIOTCS MYJIBTHMETPHI
IUTS U3MEPEHUS HAMPSKESHUIH U TOKOB.

4 PacyéTHo-rpadpuyecKas 4acThb

Bxonnoe HanpsiokeHue Uil uccienyeMon 1enu (pUcyHok 9.3) mpeAcTaBieHO B
tabmure 9.1.

Taomuna 9.1 — UcxoaHble TaHHBIE

No Gpuraap 1 2 3 4 5 6

U, B 10 8 6 12 9 7

4.1 HapucoBaTh Ka4eCTBEHHO BOJBTAMIIEPHBIC XapaKTEPUCTUKU HEIIUHEWHBIX
JBYXIIOJIOCHUKOB, COJIEpKAIlUX HEJIWHeWHble »dieMeHTel HO1 u HDO2 upu
R =470 Om. Hanpsokenue Ha BXojzi€ ABYXIIOMIOCHUKOB MeHsercs oT 0 mo +20 B.
BAX HenmHEHHBIX 2716eMEHTOB TpeicTaBiieHbl Ha pucyHke 9.4, a u 6. (1 kieTka cooT-
BercTBYyeT | B 1 1 MA cOOTBETCTBEHHO).

I mi
LmA
R
R —Uer 1 U.B
o] ULB
a) 0)

Pucynok 9.4 — BonpTamnepHbie XapaKTepUCTHKN HETMHEHHBIX 3JIeMeHTOB HO1
u HO2 wm ux cXeMbl BKIIFOUEHHUS

5 JKcnepuMeHTa/IbHASA 4YacCTh
5.1 Onpepesenue BAX 1aMnibl HaKa/JIMBaHUSA

5.1.1 CoGpath cxemy 1enu corsacHo pucyHky I'.1 (mpunosxxenue I'). B kadect-
Be HO1 BEIOpaTh JIAMITy CHTHANBbHYIO, 0003HaueHHY0 B Moxayite HEJIMHEWHBI
OJIEMEHTHI kak HL. YcranoButh Bennuuny conpotusienus R1 =10 Om B Groke
MO/AVYJIb PE3UCTOPOB.

5.1.2 [IpegoctaBuUTh COOPAHHYIO JIEKTPUUYECKYIO LENb JJIsl MPOBEPKU MPEIo-
naBatento (Wi 1abopaHTy).

5.1.3 Bximrounts aBTOMaTmueckuii BheIKIIOYaTenb QF BJIOKA IIMTAHIA,




tym6nepst CETh BJIOKA TEHEPATOPOB HAIIPSDKEHUM u BJIOKA MYVYJIb-
TUMETPOB.

5.4 Tym6nep SAL na ucrounuke HampsikeHust 15 B TEHEPATOPA ITOCTO-
SHHBIX HAIPSDKEHUU (pucynok I'.1, mpunoxenne I') yCTaHOBHTb B HIDKHEE
noyiokeHue, a Tymonep SAZ2 Ha ucrounuke HanpspkeHus 0...15 B ycranoButh B
BEpPXHEE IMOJIOKEHUE. YCTAaHOBUThH HANPSHKEHHE Ha PETyIHpPYEMOM TeHepaTope Mo-
cTostHHBIX Hanpspkernit U, = 0. [InaBHO m3MeHsis perynstopoM HanpspkeHus ot 0 1o
15B ¢ marom 1 B skcriepuMeHTanbHO MOJYYUTh CTATHYECKYIO XapaKTEPUCTUKY
H3O1. Bce u3MepeHHbIe BEIMYUHBI 3aHECTH B Tabnuiy .2 mpoTokoja MCHBITaHUM.

[TocTpouTh Ha MIJLTUMETPOBOM Oymare 3aBUCUMOCTD Uy, (1) TaMITbl HakaMBaHWS.

5.2 Onpegenenve BAX nosiynpoBOAHUKOBOIO AMOAa

5.2.1 CoOpaTh 3IEKTPUYECKYIO IIETh COTJIACHO CXEMe, MPECTaBICHHON Ha PH-
cynke ['.2 (mpwtokenue I'). YcraHOBHTHh BenMuuHy comnpotuBicHus R2 =1 kOwm B
onoxe MO1YJIb PESUCTOPOB

5.2.2 [IpegoctaBuTh COOPAHHYIO DJIEKTPUUYECKYIO IEMb JIJIsi MPOBEPKU MPEIo-
JaBaTelnto (WM J1abopaHTy).

5.2.3 Bkmrounts apromaTudeckmii BbIkIouatenb QF BJIOKA ITIMTAHIA,
tym6nepsl CETh BJIOKA TEHEPATOPOB HAIIPSDKEHUN u BJIOKA MYJIb-
TUMETPOB.

5.2.4 Tymbnep SAl na ucrounmke Hamnpsokenus 15 B TEHEPATOPA T10-
CTOSHHBIX HAIIPSDKEHUM ycTaHOBHTB B HUKHEE HOJIOXKEHHUE, a TyMOnep SA2
Ha uctouHuke 0...15 B ycTaHOBUTH B BEpXHEE MOJIOKEHUE. Y CTAHOBUTD HANIPSHKEHUE
Ha PETyJIMPyeMOM T'eHepaTope MOCTOSTHHBIX HanpsokeHud U, = 0.. [ImaBHO m3MeHss
perynstopoMm Hanpspkenus ot 0 1o 15 B ¢ mrarom 1 B skcniepuMeHTa IbHO TOTYYHTH
CTaTMUYECKYIO XapakTepucTuky HO2. 3mepeHHbie BEIMYMHBI 3aHECTH B Ta0miy 1.3
MpPOTOKOJa HcnbITaHuU. IlocTpouTh Ha MHJITUMETPOBOW OyMare 3aBHUCHUMOCTD
Upoa(l).

5.2.5 Ha munnumeTpoBoit 6ymare B ogHoU cucteMe koopaunar |, U moctpouth
tpu rpadmdeckue 3aBUcUMOCTH Upy (1), Ugyo(l) m Urs(l). Benmnuuny R3 mpussTH
pasHo#1 470 Om.

5.2.6 Paccunrath rpadgo-aHATUTHYECKAM METOJIOM TOKH B BETBAX CXEMBI U T1a-
JICHHST HAMPSHDKEHUM HA KAXKIOM 3JIEMEHTE, ecu HI1 coequHeH mocieqoBaTelbHO C
napajuieabHo coequHeHHbIMU HO2 u R3 mpu BxoanoM HamnpsbkeHun U, TpUHSATOM
corniacHo Tabsuiie I'.1. TlomydeHHble pe3ynbTarhl 3aHeCTH B Tabauiy 1.4 npoTokosna
WCTIBITAHUM.

5.3 Onpepesienue pe3yjbTUpyILed BAX cMeliaHHOM Lenu

5.3.1 CobpaTh 2AEKTPUUECKYIO IIEMb COTJIACHO CXEMbI MPEACTaBICHHON HA PH-
cynke I'.3 (mpunosxenue I).

5.3.2 PykoaTKOM peryirpyeMoro MCTOYHUKA HampspkeHus (pucyHok I'.3) mo
MysnbTUMETPY PV1, BKIIIOUEHHOMY B PEXUM U3MEPEHHUS MOCTOSTHHOTO HANpPsLKEHMS,
yCTaHOBUTH Bennuuny U, cormacHo tabmuue I'.1.

5.3.3 U3mepuTh TOKM B BETBSIX CXEMbl M MAJEHUS HAMPSIKEHUNA MEX]y TOUKa-



mu ac u cd (pucynok ['.3). JIns u3mMepeHus: TOKOB HCIOIB30BaTh MyibTumMeTp PAI
BKJIFOUEHHBIN B PEKUM U3MEPEHUS IOCTOSIHHOTO TOKa, I00YEPETHO MOAKII0YAs €ro B
pa3pbIB COOTBETCTBYIOIINX BETBEH, U MyJIbTUMETP PV2, BKIIOYEHHBIH B PEXKUM
M3MEPEHUS TOCTOSIHHOTO HAIPSDKEHHS, MOKIIoYas ero kK Toukam ac u cd. [Noxyden-
HbIE PE3YJIbTAThl 3aHECTU B TA0IMILY I'.5 MPOTOKOIA NCIIBITAHUH.

5.4 Onpeaenenne BAX napaMeTpU4YeCcKOro CTaGU/IM3aTopa HanpspKeHU |

5.4.1 CobpaTh cxemy IapaMeTpUUECKOTO CTaOMIM3aTopa HaIpsKEHUs, Mpe-
CTaBJICHHYIO Ha pUCYHKE ['.4, TOJKIIIOYMB BXOIHbBIE 38KUMBI LIETIH K PETYIHUPYEMOMY
UCTOYHUKY MOCTOSTHHOTO HAaNpsHKEHHUsS. Y CTaHOBUTH BEIIMYMHY OAJIJIaCTHOTO COMpPO-
tuBJIeHUSA Ry =220 Om.

5.4.2 TInaBHO M3MeEHss perynaropoM BxogaHoe Hampsbkenue Uy, o1 0 mo 20 B ¢
mrarom 1,0 B (mo mynetumerpy PV1), uaMepuTh BeIHMUUHY TOKA | (IO MYJIBTHMETPY
PA1) u cooTBETCTBYIOIIEE €My BbIXOHOE HampsbkeHue U, (o mynsTuMeTpy PV2)
pu R,, = co. Pe3ynbTaThl n3MepeHuit 3aHecTy B Tadnuity I.6.

5.4.3 YcTaHOBUTH BEIMUYMHY CONMpPOTHBIEHUS Harpy3ku R, =1xkOm u moBTO-
PUTh U3MEPEHUS coriacHo 1.5.4.2. Pe3ynbrarel u13MepeHuii 3anecty B Ta0auiy I'.7.

5.4.4 CornacoBaTh MOJy4YEHHBIE PE3YyJbTAaThl U3MEPEHUN C MperojaBareieM U
YTBEPAUTH MPOTOKOJ HCIBITAaHUHN. BBIKIIOUYNTH aBTOMaTHUecKui BbIKIIOUaTenb QF
BJIOKA ITMTAHUA n tym6aepst CETb BJIOKA TEHEPATOPOB HAIIPS)KEHU A
N BJIOKA MVJIbTUMETPOB.

5.4.5 Io pesynpraTam tadnuil .6 u I'.7 moctpouts:

- BAX crabumurpona U, (1) mpu R, = oo;
- B OJIHOM cucTeMe KoopauHat rpadpuueckue 3aBucuMoctd U, (U,y) B peskume
xoJiocToro xojaa (rmpu R, = ) u B pexxume Harpy3ku (mpu R,, = 1 kOm).

6 Copgep:xaHue oT4ETA

OT4er MoJDKEH CoNep KaTh TUTYJIBHBIA JIMCT YCTAHOBJICHHOTO 0oOpasma (mpu-
JoXeHue A), 1enb pabdoThl, CXEMbl HCCIETYEMBIX JJICKTPUYECKUX IIETel, TaOJIUIIbI
PE3yJIbTATOB MOJYUYCHHBIX U3BMEPEHHUM U BBIMIOJHEHHBIX pacu€ToB, BAX 351eMEHTOB B
COOTBETCTBYIOIINX KOOPJMHATHBIX OCSIX, BEIBOJBI IO padoTe.

7 KOHTpOJ/IbHBIE BONPOCHI

1. Yto Takoe «HEeTMHEHHBIA JIEMEHT» B DJICKTPHUYECCKOM 11T ?

2. [IpuBectr mpuUMEpPHl HEJTUHEHHBIX AJEMEHTOB JJIEKTPUUYECKUX IENed U uX
BOJIbTAMIIEPHBIX XapPaKTEPUCTHUK.

3. [Touemy mu1st HENMMHEWHOM TIenH y100€eH rpadudeckuii crocod ananuza?

4. CripaBelJIMBBI JIU JUTIsI HEMTMHEHHBIX 1ienel 3akoHbl Kupxroda?

5. Kak nmoctpouts BAXy mociienoBaTebHOTO COCIUHEHUSI HEIMHEHHBIX AJie-
MEHTOB?

6. Kak noctpouts BAX XapakTepUCTUKY MapaJijIeIbHOTO COCIUHECHUS HEJH-
HEWHBIX 3JIEMEHTOB?
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HUCCJIEAOBAHUE NACCUBHBIX JIMHEWHBIX YETBIPEXITOIIOCHUKOB

1 lles1b pa6oThI

1 DkcnepruMeHTaIbHOE TOJITBEPKIACHUE CBOWCTB CHUMMETPUYHBIX M HECHM-
METPUYHBIX ACCUBHBIX YETBIPEXITOIOCHUKOB.

2 OBnajieHHe SKCIIEPUMEHTaILHBIMUA METOJAMH OIPEICTICHHSI TapaMeTPOB —
K03 (UIIMEHTOB YETHIPEXIIOIIOCHUKOB U UX OCHOBHBIX XapaKTEPUCTHK

2 OCHOBHBIE MOJIOKEHUS TEOPUH
2.1 OcHOBHBIE YpaBHEHHA YeThIPEXNOJIOCHUKA

CBs13b MEX]1y BXOJIHBIMU U BBIXOJHBIMHU HanpspkeHUs MU U Tokamu Uq u 1q, Us

U |> TMHENHOr0 MAacCMBHOIO YETHIPEXIIONIOCHUKA (TP MOJIOKUTENbHBIX HaIlpaBJe-
HUSX HAMpsDKEHUH M TOKOB, YKa3aHHBIX Ha pucyHke 10.1) MoxeT ObITh BhIpa)keHa
OJIHOM U3 CIEAYIOIIUX MIECTH (OPM OCHOBHBIX YPABHEHHIA:

®opma Y
L =Y, U + 11,0,
I, = Eﬂl +§Q2} (10.2)
Dopma Z:
Uy =Zulh +Zsp05
U, = ;ﬁ +£lz} (10.2)
®opma H:
U, = Hulhh + Hyplp
L =££1 +£b} (10.3)
®opmMma F:
L = F Uy + Fiplp
u, 2111 +£lz} (10.4)
®opma A:
U, =AnU, 121
hi=450,+45
®opma B:

+
_ Zgz + le } (10.5)
} (10.6)



Bmecto ko3 dunuento Aqq, Ao, Ayq, Ay, UCTIONB3yeTCA YaCTO UX 3aIHCh B
sune A B,C,D.

1 :—II 1 L -
Ql l YeTbIpexnontocHUK lg~
I'o —o0 2’

Pucynok 10.1 — [TaccUBHBIN YeTHIPEXTOTIOCHUK

[Ipu BBIOpaHHBIX MOJOXKHUTEJBHBIX HAIPABICHUSX HANPSHKEHUW U TOKOB, CO-
riacHo pucyHky 10.1, mpu Harpy3ke 4eThIPEXIOIIOCHUKA CO CTOPOHBI BTOPHYHBIX
32)KMMOB Ha CONPOTHBIICHUE Z; , MOCJCIHEE CBSA3aHO C BBIXOAHBIM HAMPSKCHUEM H
TOKOM COOTHOIICHUEM:

Uy=—I1,Z4. (10.7)

KoaddurmenTsl 0CHOBHBIX ypaBHeHHH deThipexmontocHuka (10.1-10.6) HazbI-
BAIOTCS napamempamu yemsvipexnoniochuxa. OHU ONPENENSIIOTCS TOJBKO CXEMOU
CaMOTO YETHIPEXIOMIOCHUKA. B 001iem cinydae Bce KOADPUIMEHTHI YETHIPEXTIOIIOC-
HUKA KOMILIEKCHBI.

2.2 Cnoco6bl onpepesieHUusa K03GGULUEeHTOB YeThIPeXIOJTICHIKA

KoadduimeHTsl 4eThIpEeXIOIIOCHUKAa MOTYT OBITh OINpPEAETCHBl Pa3MUYHBIMU
crnocobamu:

1) cocraBnenneM ypaBHeHHH 10 3akoHaMm Kupxroda (Jinbo METoaoM KOHTY-
HBIX TOKOB WJIN Y3JIOBBIX MOTEHIMAJIOB) U MPEACTABICHUEM UX PELICHHs B BUJE O~
Holi u3 ¢opm ypasuenuii (10.1-10.6);

2) 10 3HAYCHUSIM HAINPSDKEHH ¥ TOKOB B PEKUMAxX XOJOCTOTO XOJa U KOPOT-
Koro 3ambikanus (cM. popmyiter (10.8-10.13);

3) pa30MBKOM CIIOKHOTO YETHIPEXIOIIOCHUKA Ha 0O0Jiee MPOCThIC YETHIPEXTIO-
JIFOCHUKH, TTapaMeTpPbl KOTOPBIX U3BECTHBI;

4) ciocoOOM 3KBHBAJICHTHBIX MPEOOpa3oBaHMid (HampuMep, myTéM mpeodpaszo-
BaHUs TPEYTOJIbHHUKA COMTPOTUBIICHUI B SKBHBAJICHTHYIO 3BE31TY).

KoaddurmeHTs! 4eThIpEXTOTIOCHIKA MOTYT OBITH ONPEAENIEHBI 0 H3BECTHBIM
HANPSDKEHUSIM U TOKaM B PEKUMAaX XOJIOCTOTO XO0Jla U KOPOTKOTO 3aMBIKaHHs IO
dbopmyram, koTopbie morydatorcst u3 popmy (10.1-10.6):

_ (L ) _(h )
Ya=(3) iYe=(3)
1 U2=0 2 U1=0

_(bY
Yy = (vl)ufo’ Ys, (10.8)

Il
VN
N——"

()
[y

I

o



U2:0
_(h ; _ (1
Fu=(3) Ha=(3)
1 12:0 2 U1:
_ (U, ; _ (U
Ba=(3) _E2=(3)
1 12=0 1 U1—0

2.3 Buapl coeJUHEHUS YeThIPEXIOJII0CHUKOB

N
Il
/N
N——"
]
|

(10.9)

(10.10)

(10.11)

(10.12)

(10.13)

Heckonbko 4eThIPEXTIONIOCHUKOB MOTYT OBITh COSMHEHBI MEXy CO00M pa3-

JUYHBIMU ~ cllocOOaMM:  MmapaJlieibHO,

II0CJICA0BATCIIBHO,

IIOCJIEA0BATCIIbHO-

napajuIebHO, NapauIeIbHO-IOCIEA0BATEIBHO @ TAKKE KACKaJHO (B BUIE LIETIOUKH).
Ha pucynke 10.2 npuBeaéH npumep KacKaJHOTO COCTUHEHHS JIBYX UYETHIPEXOIIOC-
HUKOB, KO3(DQUIIMEHThl KOTOPHIX BBIpAXEHBI B (Popme A. IIpn sTomM MatpuyHOE
YpaBHEHUE MApaMETPOB MOJYYEHHOT'O CIIOKHOTO YETHIPEXIOIIOCHUKA OYJIeT UMETh

BHUA:

[Al=[AT+[A"].

l _]] 1 1 n l‘z 2
°F 4 B 1 4 e
ul | . lu,

3 D C ’
'o—— — —O0— —o0 2’

Pucynok 10.2 — KackagHoe coeTMHeHNE YeThIPEXTIOTFOCHUKOB



OTkyna cienyer mMaTpuyHas (opma 3amucu OCHOBHBIX YPaBHEHUN UYETHIPEX-
IIOJIFOCHHUKA!

U AB U U
1 =[——]x 2 = [4] x 2.
11 g Q _Iz _ _Iz
AHanornyabie (HOPMYJIIBI CIIPABEAJIMBHI PU COSAMHEHUH JTIOO0TO YUCIIA YE€ThI-

PEXTIOIMIOCHUKOB.

Crnenyer UMeTh B BUAY, YTO YKa3aHHBIC (POPMYIIBI HAXOXKICHUS MATPHUIT CJIOXK-
HBIX YETHIPEXTOIOCHUKOB CIIPABEJIMBEI JIMIIb IPU BBITIOJIHEHUN YCIOBUW PETYIISIP-
HOCTU uX coeanHeHus CoeIMHeHUE YEThIPEXTIONIOCHUKA PETYISIPHO B cllydae, Korjaa
TOKH, MPOTEKAIOIKE Yepe3 00a MEPBUYHBIX 33KMMa KaXKJIOTO UX YEThIPEXITOIIOCHU-
KOB, PaBHBI 110 BETUYMHE U OOPATHBI IO HAMIPABIICHUIO.

2.4 XapakTepHucTHYeCKHe NapaMeTphbl YeThIPEXMOII0CHUKA

[IoMuMO TapaMeTpoB, yKa3aHHBIX B M. 2.1, MPUMEHAIOTCA XapaKTEpUCTHUYE-
CKHE MapaMeTpbl YETBHIPEXIOMIOCHUKA: XapaKTEPUCTUUECKUE CONPOTHUBICHUS Z.,
Z5c, M XapaKTEPUCTUYECKAs] MOCTOSHHASA Tepefadyn g KOTOpPbIE TaKKE IMOJIHOCTHIO
XapaKTEPU3YIOT YETBIPEXIIOIOCHUK.

XapakTepucTUYECKUMH HA3bIBAIOTCA JIBA CONPOTUBIECHUA Zi. U Z,., 00na-
JAIOIIME CIEAYIOIUM CBOMCTBOM: BXOJHOE COIPOTHBIICHUE YETHIPEXIOIIOCHUKA CO
CTOpPOHBI 32KUMOB 1—1’ IpU MOAKIIOUEHUHU K 3aKUMaM 2—2° CONPOTUBIEHUA Z.,
paBHO Z;., 1 HA00OPOT, NpU MOJKIIOYEHUH K 3axumam 1—1° compoTtuBnenus Zg
BXOJHOE COIPOTHBIICHUE YETHIPEXIIOIIOCHUKA CO CTOPOHBI 3a)KUMOB 2—2° paBHO Z5.

PexxuM paboThl YETHIPEXIOIOCHUKA, HAarpy>KEHHOTO COOTBETCTBYIOIIMM Xa-
PAKTEPUCTUYECKUM CONIPOTUBIIEHUEM, HA3bIBAETCS COIIACOBAHHBIM.

[locTosiHHAs nepenauu:

g=a +jb (10.14)

rIe  a— XapakTepucTuueckoe (coocTBeHHOe) 3aTyxanue, Hm nmm dB,
b — xapakTepucTrueckuii (coOCTBeHHBIH) K03 duineHT dasbl, pag uim rpa.

e9 =(/AD +/BC). (10.15)
st Beruncnenust g cornacHo (10.15), crnenyer BBIYUCTUTH KOMILIEKC
JAD +./BC = Ae?,
NpeCTaBUB ero B mokasarenbHoi Gopme. C yuaérom (10.14), (10.15) monyuaem
g b _ pg® (10.16)
orkyma b =¢; a=In(A), Hu.

XapakTepucTUYECKUe mapamMeTpbl MOXKHO ONPEASTUTh Yepe3 mapameTpsl Gop-
MBI A:



Zic ===, Zoc === 10.17

£1C =y/cp £2¢ =\/ca ( )
BC

th(g)=,c. 9=(/AD+BC) (10.18)

1 Ha000poT K03 puueHTs PopmMbl A MOTYT OBITH BBIPaXKEHBI YEPE3 XaPAKTEPUCTH-
YECKHUE MapaMeTphI:

A= /—i ch(9);B = /Z1c Z 5c sh(9)

1 1Zaoc
——————sh(g);D = ch(g).
vZicZoc Z1c

2.5 Cory1acOBaHHBIH PEKMM Pa6OThI YEThIPEXMOJTICHUKA

> (10.19)

C

B sTtom ClIydac CBA3b MCKAY KOMIIIICKCAMH TOKOB U HaprDKCHI/Iﬁ Ha BXOJC U
BBIXOAC 3aJaCTCA COOTHOIIICHUSMM .

Z
U, = /Ziliz-eg; 1= ilzeg, (10.20)
Z Z
£2C £2C
a UId MOZYJIEW IEMCTBYIOIMX 3HAYCHUMN
Z
U= |2Cu, .8 Iy = |HC |82, (10.21)
Z3¢ Z2¢C

Bce Bxoasmue B popmyiy (10.21) BeTudrHBI YMCTO BEIICCTBCHHBIC.
JInsl CMMMETPUYHBIX YEThIPEXIOMOCHUKOB Z1c = Zoc , IO3TOMY BBIPAKECHHUE

(10.21) nepenuiiercs B BUIE:
Up=U,-e? Iy=1,-e% (10.23)

O0o03HauYMB
0
|

—
N

U1 Ule Uy Uz = Uze(PUZ, jl = Ile(Pll, iz = Ize(PIZ,

Ha ocHOBe BeIpaxkeHus (10.23), momyunm:

ﬂe((pU1_(PU2) = e%eJb. 1_18((p11—(p12) = e%elb
U, S

OTKYJIa 11 CAMMETPUYHOTO YETBIPEXITOIFOCHUKA

U _ b
U I ’
Py, — Py, =@, — @, = b. (10.24)



Beipaxenus (10.24) packpeiBaroT ¢puzndeckuid cMbIci K0dhduiueHToB a u b;
BeJIMYMHA €% MMOKa3bIBAeT, BO CKOJIBKO Pa3 BEJIMUMHBI TOKA U HAMPSHKCHUS HA BBIXOJIC
YEeTHIPEXTIONIOCHUKA MEHBIIIE, YeM COOTBETCTBYIOIINE 3HAYCHHS HA BXOJE, T.€. BO
CKOJIBKO pa3 3aTyXaeT CHUTHaJ, MPOXOJsd uepe3 UYeTHIPEXMOMIOCHUK, paboTaIoNNil B
cornacoBaHHoM pexume. Koaddunment (assl mokaspiBaeT, KakoB (a3oBbId CIBHUT
MEX]Ty HampsHKCHUEM Ha BXOJIC M BBIXOJIE, WIIM MEKIY TOKOM Ha BXOJIE U BBIXOJIC B
COTJIACOBAaHHOM pE&XHME (HE MyTaTh C (PA30BBIM CIABUTOM MEXKIY HAMPSIKECHHUEM U
TOKOM).

2.6 [TapameTpshl X0JI0CTOr'0 X04a U KOPOTKOI'0 3aMbIKaHUA

B pacuérax uCronbp3yrOTCS TaKKe MapameTpbl XOJIOCTOIO XOAa Zixx, Zaxx U
KOPOTKOTO 3aMbIKaHUA Z k3, ZK3, U3MEPEHHBIE COOTBETCTBEHHO CO CTOPOHBI IeEp-
BUYHBIX U BTOPUYHBIX 32)KMMOB, KOTOPBIE CBSI3aHbI MEXy COO0I COOTHOIIICHUEM:

Z1xx _ Z1K3 . (10.25)
Zoxx  £2K3

XapakTepucTUYECKUE TapaMeTPhbl BBIPAXKAIOTCA Yepe3 MapaMeTpbl XOJIOCTOTrO
X0J1a ¥ KOPOTKOT'O 3aMbIKaHUSA:

Zic =yZixxZikks  Zac =vZaxxZ2KK> (10.26)

th(g) = Z13 _ |£2k3 (10.27)
Zixx VZoxx

ComnpoTuBIeHHs XOJIOCTOr0 X0Ja M KOPOTKOTO 3aMbIKAHUSI ONPEICIISIOTCS e-
pe3 XapakTepuCcTHIECKHE mapamMeTpsl i koddgdunuents: A, B, C, D.

A
Zyxx =Zjccth(g) —é

Zygz =Zycth(g) =

IU IIUU

(10.28)
Zyxx =Zpccth(g) =

|O|IU

Zogz =Zycth(g) =

> ||UJ

Koapdumpenter A YeTBHIPEXTOMIOCHUKA BBIYHCISIOTCS MO COMPOTHBIICHHUSIM
XO0JIOCTOT'O X0/1a U KOPOTKOT'O 3aMbIKaHUS:

A=+ Z1xx
(Zoxx —Zax3)
B=AZ5x3;




A

Zixx -
D-_B (10.29)
1K3

IN

[TaccuBHBIN TUHENHBIA YETBIPEXTOIIOCHUK MOKHO 3aMeHUTh T— wiu II — 00-
pasHoi cxemoint 3amemienus. Ha pucynke 10.3 nmpuBenena T-oOpa3Has cxema 3ame-
LICHUS.

O O

Pucynok 10.3 — T-o0pa3Has cxema 3aMeIIeHus] YeThIPEXTTOIIOCHUKA

[MTapametpsr — koaddurmentsr A B,C,D T — 06pa3HOro 4eThIpexmomoCcHUKa
OIIPECIIAIOTCS COTIACHO BhIpAXKCHHSIM [2]:

A=1+=L; 5:;1+;3+Z1Z3; C=—; Q=1+é. (10.30)
Z, Z; Z, Z,

Ha pucynke 10.4 mpencraBiena I1 - oOpa3Has cxema 3aMemIeHHs] YeThIPEXITO-
JFOCHUKA

1, Z, 15
e e
df (e 2] |s
o °® '3 ‘o)

Pucynok 10.4 — [1-o0pa3Has cxema 3aMeIIeHHs YeThIPEXTIONIOCHUKA

ITapamerpsl — kodbummentsr A, B,C,D I1 — 06pa3HOro 4eTbIpEXIONIOCHIKA
OTIPEIIENIAIOTCS 0 cieayronM Gopmynam [2]:
Z,+Z,+7Z;, Z

A=1+é;5=;;9= ; D=1+=1. (10.31)
ZS ZZZS ZZ

2.7 CuMMeTpUYHBbIE YeThIPEXIO/IOCHUKHA

B wacTHOM ciyyae mpu HaJIMYUE€ CHUMMETPUYHOTO YETHIPEXIOIIOCHUKA, BCE
MIPUBEICHHBIC BBIMIC (POPMYIIBI YIPOIIAIOTCS, €CIN y4eCTh, YTO MPU STOM UMEIOTCS
paBEHCTBA:



A=D;Zic =2Zyc =L }
Zovxy =Zoxxy =Zxx:Z1x3 =Zox3 =Z3)

2.8 JKBUBAJIECHTHOCTb YeTbIPEXNOJIIOCHUKOB

YeThIpEXTOIIOCHUKN YKBUBAJICHTHBI, €CJIM OHU UMEIOT OJIMHAKOBBIC:

a) mapaMmeTpel KO3(QQUIIMEHTOB OJHOW U3 (QOpPM OCHOBHBIX ypaBHEHUH
0) XapaKTEpUCTHYECKHUE MapaMETPHI;

B) MapaMeTpPhl XOJIOCTOTO X0J1a U KOPOTKOT'O 3aMbIKaHHSI.

3 06'beKThbI HCC/IeJOBAHUA U 060PYJOBaHUE

OOBEKTOM HCCIENOBAHMS SBISIOTCS HECUMMETPUYHBIA U CUMMETPUYHBINA Ye-
TBIPEXITOIFOCHUKH TOJKIIFOYaeMble K CETH IMEPEMEHHOIO TOKA. YeThIpEXTIOIOCHUK
COOMPAIOT U3 AJNEMEHTOB MUHHUOJIOKOB PE3UCTOPOB, MHAYKTUBHOCTEH U €MKOCTEH B
COOTBETCTBUM C pUCyHKOB /[.3-/1.4, npuBeIEeHHBIMU B MPOTOKOJIE UCIBITAHUN (IIpH-
noxxenue /1.

B nabopaTtopHoii paboTe HCTOUHUKOM CHHYCOUIAIIBHOTO HANPSDKEHUS SIBIISIET-
cst BJIOK TEHEPATOPOB HAIIPSIP)KEHMIA. B kauecTBe 31eKTPOM3MEPHTEIBHBIX
npuOOPOB UCTIONB3YIOTCS MyIbTUMETphl TUNIAa MY60 17151 n3mMepeHus: HanpsKeHU! U
TOKOB U BCTPOCHHBIN BATTMETP AJI1 U3MEPEHUS aKTUBHOW MOIIIHOCTH.

4 PacyéTHo-rpad¢uyeckKas 4acTb

4.1 Onpenenuts napamerpbi-kodbdunuentsr A B,C,D T-o6pa3Horo 4erhi-
péxnomocHuka (pucynok /1.1), ncnons3ys dopmyiner (10.30). [Mapamerpsr R, L, C
3ananbl B Ta0smie 10.1 (X u X paccuurars npu vactore f ).

[TpoBepuTh NpaBUIBHOCTE pacuéra mo Gpopmyine AD—BC =1.

Taomuma 10.1

Ne 6purager | R, Om L, M['a C, Mx® f,x['m | Ry, kOm | Ry, kOm | R3, kOMm
1 10 10 0,22 2,0 4,7 1 1
2 33 10 0,47 1,0 10 4.7 4,7
3 22 100 0,47 0,5 22 10 10
4 22 40 0,1 15 2,2 1 1

4.2 Tlo paccuutanubeiM B 1. 4.1 xodpdummenTaM onpenenuTb CONpOTUBICHNE
XOJIOCTOT'O X0JIa U KOPOTKOTO 3aMbIKaHHUsI CO CTOPOHBI IEPBUYHBIX U BTOPUYHBIX 3a-
’KMMOB YeThIpEXTIotocHuKa 1o Gopmyte (10.28).

[IpaBWIBLHOCTH pacuéTa MPOBEPUTH IO (hopMYyJIE:

Zixx _ Zik3

Zoxx Zags
4.3 Haueptuth I1-00pasHyro cxeMy CHMMETPUYHOTO YETHIPEXIOIIOCHUKA, CO-




CTaBICHHOI'O U3 COMpOTUBIcHHH R, Ry, R3, 3HaAYEHMS KOTOPBIX IPUBEIAEHbI B Ta0IIH-
e 10.1. Paccuurats must sToro dersipéxmonocHuka kodpurmenter A B,C,D mo
dopmyie (10.31), a Takke XapaKTepUCTHUIECKOE COMpOTHBICHHE Z . U KO3DdUIiueHT

nepenaun g=a +jb no popmynam (10.17), (10.18). ITonydeHHBIC pe3yabTaThl 3aHE-
CTH B TaOJHILy . 3 IPOTOKOJIa U3MEPEHHH.

5 JKcniepuMeHTaJ/IbHAA 4acTh
5.1 UccnepoBanue T-06pa3HOro 4eThIPEXMOJTKCHUKA

5.1.1 CobpaTh cxemy e HECUMMETPUYHOTO IMACCUBHOTO YETHIPEXITOIIOCHH-
Ka pucyHok /[.3.

VcranoButh 3agannsie B Tabmuie 10.1 senmuunns R, L, C, n3 Mmurn610k0B pe-
3UCTOPOB M PEAKTUBHBIX 3JIEMEHTOB. BKIIOUMTH aBTOMaTHUeCKui BhIKIIOUaTenb QF
BJIOKA TIMTAHUA u tym6nepsr CETh BJIOKA TEHEPATOPOB HAIIPAXE-
HUI u BJIOKA MYJIbTUMETPOB. Iepekmouatens ®OPMA monyns TEHEPA-
TOPOB HAMNPSDKEHUN CTIEIIMAJIBHON ®OPMBI ycTaHOBUTH B MONOKEHHE
«~». Hactpouth remeparop Ha gactory f coriacHo tabmmuie J{.1 u neiicTyromee
3HadyeHne HanpspkeHus Ui = 6-10 B. 3anmcats manubie B Tabmumy /(.2 mpoTokosa
HCIIBITAaHUN.

5.1.2 Tloaxmouns TEHEPATOP HATIPSDKEHUN CIELIIMAJIBHON ®OP-
MBI k nepBuunHbiM 3akuMaM 1 u 1' yetbipéxmnontocHuka (pucyHoK J13) BBIIOJTHUTD
OTIBIT MPSIMOTO XOJIOCTOTO XOJ1a, JIJISl YEr0 PA30MKHYTh 3aKUMBI 2 U 2'. DKCIIepUMEH-
TaJIHO OMPEACITUTh MOAYJIb KOMIUIEKCHOTO COMPOTUBIICHUS Zq yy -

Zixy = Lljﬂ
1XX

Jlnst u3mMepeHust JeHCTBYIONMX 3HaUeHud Hanpsbkenust Up; u Toka |, ucnosnb3o-
BaThb MyJIbTUMETpHI. [loydeHHBIE pe3ynbTaThl 3aHecTd B Tabmuiy J[.2 mpoTokosa
HCTIBITAaHUH.

5.1.3 [Ipou3sBecTH OIMBIT KOPOTKOTO 3aMBIKAHUS, ISl Y€TO 3aMKHYTh 3a5KUMBI 2
1 2' TPOBOJTHUKOM, M TTOBTOPUTH BCE U3MEpPEHU 1. 5.1.2. DKCepruMeHTAIbHO OIpe-

JEIUTh MOJYJIb KOMIIJIEKCHOTO COMPOTUBICHUS Zig3. [lojlydeHHbIe pe3ysbTaThl 3a-
HecTH B Tabmwmiy /1.2 mpoTOKOIa HCTIBITAHUH.

5.1.4 Tlomensite MecTamu Bxoauble 1-1' u BbIXOAHBIE 2-2' 3a)kHUMBI (pHCY-
HOK J[.3). BBINIOJTHUTH OMBITBI 0OPATHOTO XOJOCTOTO XO/1a M KOPOTKOTO 3aMbIKAHUSI.
DKCHEPUMEHTALHO OMNPEACTUTh MOIYJIH KOMIUICKCHBIX CONPOTUBICHUH Zyyy U
Zo k3. IBMepeHHble BeTMYMHbI 3aHecTH B Ta0uiyy /1.2.

Usxy . 7 _Uogs _

Zoxx = I » L2K3 =
2XX 2K3

5.1.5 CpaBHUTH NONy4YEHHbIE 3HAYEHUS Z1xy, Z1K3 Loxx: L2K3, C TTOTYUYEHHBbI-



M B 11. 4.2. [IpoBeputsh BhIomHEHHE cooTHOIIeHUE (10.25).
5.1.6 CobpaTh cxeMy CUMMETPUYHOI'O YETBIPEXIOIOCHUKA 1o 1. 4.3 (pucy-

HOK /[.4). OnbitHbIM ITyTéM (U3 orbiToB XX 1 K3) onpenenuts conpoTuBiieHus Zy yy;,

Z1k3, Zoxx, Zog3z DTOTO YETHIPEXIONIOCHUKA, a TIO HHUM, HCIIOJIB3Ys BBIPAKCHHE
(10.29), xoadpdurmentsr A, B, C, D. IlonyueHHble pe3yibTaThl 3aHECTH B TaOJIH-
iy /1.4, cpaBHUTH UX C pacuETHBIMU 3HaYeHUSIMHU B Taduie J1.3.

5.1.7 I3 MUHUOJIOKOB PE3UCTOPOB B3ATH IMOTSHIIMOMETp (IIEPEMEHHOE COIPO-
TUBJICHHE), MMOAKIIOYATh K HEMY MYJbTUMETD, BKIIOYCHHBIH HAa M3MEpPEHHUE COTMPO-
tuBJIcHUS (pUCyHOK JI.7). YCTaHOBHTH IO MYJIBTHMETPY CONPOTHBIICHHE MOTCHIIHO-
MeTpa PaBHOE XapaKTEPUCTUIECKOMY, paccuuTaHHOMY B TI. 4.3. [ToaAKIIOYNTE €ro K
saxuMam 2-2' (pucyHok J1.6). DkcreprMeHTaabHBIM TyTEM YOEIUTHCS B MIPABHIIb-

HocTu pacuéra Zc (cMm. 1. 2.4). Pesynbratel 3aHectu B Tadauiry J.5.

5.1.8 OnbITHBIM TIyTEM OMNPENEHUTh JJISI pacCMAaTPUBAEMOTO B MPEIbIIYIIEM
MyHKTE YETHIPEXTOMOCHUKA €ro Kod()(PUIIMEHT mepemayu, UCIOb3ysl BBIPAKCHHE
(10.24), u cpaBHUTH MOYYECHHOE 3HAUCHHUE C PACUETHBIM B II. 4.3. Pe3ynbraThl 3aHe-
cTH B Tabmmny J1.5.

5.1.9 CornacoBarh C IpernoaaBaTeseM MOyuYeHHbIE Pe3ylIbTaThl U YTBEPIUTH
MPOTOKOJI K JTabopaTOpHO paboTe.

5.1.10. Beixmtounts aBTOMaTHUecKui BeIKIoUaTeab QF BJIOKA ITMTAHUA
u tym6sepsl CETb BJIOKA I'EHEPATOPOB HAIIPSOKEHU A u BJIOKA MVIJIb-
TUMETPOB.

6 Copep:xaHue OTYETA

OTuéT NOKEH COAEepKaTh TUTYJIbHBIM JIUCT YCTaHOBJIEHHOro oOpasla, Leib
paboThl, CXEMY UCCIIETyeMON IEKTPUUECKOMN 1enu, TaOIHIbl Pe3yIbTaTOB MOJyUYEeH-
HBIX U3MEPEHHUI U MPOU3BEIEHHBIX PACUETOB, BHIBOBI IO JIA0OPATOPHOU padoTe.

7 KOHTpOJIbHBbIE BONIPOCHI

1 Yro Takoe MacCUBHBIN YETHIPEXTOIIOCHUK?

2 Kaxoii 94eThIpeXIOMOCHUK Ha3bIBACTCSI CAMMETPUIHBIM?

3 Kak mpoBoOASITCS OMBITH XOJIOCTOTO X0/J1a M KOPOTKOTO 3aMbIKaHus? UTo mpu
ATOM JOJKHO OBITh H3MEPEHO?

4 Kak nmpoBoANTCS U3MEPEHHE CABUTA 110 a3e MEXLy TOKOM U HaIlpsDKeHHeM?

5 CKONbKMMH HE3aBUCHMBIMU TIapameTpaMu (KodPuIlmeHTaMu) XapakTepu-
3y€eTCsl NAaCCUBHBIN YETHIPEXIIOIOCHUK?

6 M3noxute CyTh XapaKTEPUCTUUECKOTO COMPOTUBICHUS U KOdDPUItueHTa me-
peaadyd CHMMETPUYHOTO YETHIPEXITOIIOCHUKA.

7 Kakue ObIBalOT COETMHEHUS YEThIPEXITOIIOCHUKOB?

8 MOXeT 11 B aKTUBHOM YETBIPEXIIOIIOCHUKE aKTUBHAsI MOIIIHOCTh HA BBIXO/IE
OBITH OOJIBIIIE aKTUBHOUW MOIIIHOCTH HA €ro BXxoe?
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UCCJIEAOBAHUE IMHEMHOM 3JIEKTPUYECKOM LIENTX HECUHY COU-
AAJIBHOT'O NEPUOJANYECKOI'O TOKA

1 Ilesib pa6oThbI

DKcrnepUMeHTAIbHOE MTOATBEPKICHUE METOa pacuéra 1eny HECUHYCOUIab-
HOTO TMEPUOJAMYECKOr0 TOKa M OBJAJCHHE SKCIEPUMEHTAIbHBIMU METOJIaMU UCCIIe-
JIOBaHUS MMapaMeTpoB lieneld Ha popMy HECUHYCOUIATbHBIX MEPUOANYECKUX KPUBBIX
HaNpsHKEHUH U TOKa.

2 OCHOBHBIE I0JIOKEHUS TEOPUH

JIro0yr0 MepuoaMYECcKyI0 HECHHYCOMJANbHYIO (DYHKIMIO, Hampumep, Hamps-
KEHUS

ut)=u(t+T),

rae 7' — nepuoj,
MOKHO MPEACTABUTh TPUTOHOMETpUUECKUM psiioM Dypre:

u(t) =Ug + X (Bk sinkat + Cy coskot), (11.1)
0

rae Uy — HOCTOSIHHAS COCTaBIIIOIIHE;
Bk sinkwt, Ck coskmt — rapmonndeckue cocTaBsIOIIHeE.

['apMoHMYecKasi cocTaBisitomasi, mepuoja I KOTopoi paBeH mepuoay U(t), Ha-
3BIBAETCA OCHOBHOM. OCTalIbHBbIE TAPMOHUKH HA3bIBAIOTCS BBICIIUMU. Pacy€T nuHen-
HOM DJIEKTPUYECKOM LENU HECMHYCOMAAIBHOIO INEPUOAMYECKOIO TOKAa OCHOBAH Ha
IIPUHLNIE HaJOKEHUsA. Pacyér nenu BeAyT OTAENBHO I NOCTOSIHHOM COCTaBIISIO-
1IEM, OCHOBHOM U ABYX-TPEX BBICIINX T'APMOHHUK.

JIns pacd€ra TOKOB M HANpsHKEHUH TAPMOHHYECKUX COCTABJISIOIIUX MCIIOJb-
3YIOT KOMIUIEKCHBIA MeTox pacuéra. IIpu 3TOM cneayer umers B BHIY, YTO KOM-
IIJIEKCHBIE COMPOTUBIICHUS] UHAYKTUBHOCTH U EMKOCTH

. . 1 .
Z (ko) = joL = jx (ko) u Z (ko) = joC - — iXc (ko)

3aBMCAT OT HoMepa K rapmonuku. IIpMHIMI HAIOXKEHMs CIIPABEIUB TOJBKO IS
MTHOBEHHBIX 3HAYEHHM HECHMHYCOMJAJIbHBIX TOKOB M HanpspKeHul. TOk M Hampsixke-
HUE BETBHU:

n n
i) =1y + Yickot; u(t)=Ug+ Y ukot, (11.2)
k=1 k1

rae N — HoMep IOCIEIHEN BBICILIEH TApMOHUKH, IPUHATON B pacueTe.



JlelicTByromee 3HaueHue (Hanpumep, Toka i(t)) paccuutsiBaetcs mo popmyie:

n
L= 1B+ 12 =12+ 12+ 15 +..+12, (11.3)
i=1

rae  lg— mocTosiHHAS COCTaBIAIONMIAL;

Ik —neiicTByIOIICE 3HAUYCHUE K-If rapMOHUKH.
AKTHBHAas MOIITHOCTb II€TIH paBHA CyMMe aKTUBHBIX MOIITHOCTEH MOCTOSTHHON 1
rapMOHUYECKUX COCTABIISIOITUX

n
P= P0+P1+P2 +...+ Pn :UOI0+ ZUka COS(Pk =
k=1

=U0I0 +U1I1COS([)1 +U2I2 COSOPs -I-...-I-UnIn COSOy, (114)

PeakTuBHas u noyiHas MOIIHOCTB OHpe,HGJI}ICTC}I I10 (bOpMy.I'IaM:

Q= +Qy +...+Q, = ZUk kSinoy =

k=1
=Uqlysingy +Usl5sing, +...+U 1 singy; (11.5)
S=U-1=ylUd +U2+U3 +. JIE+12 +1%+..) (11.6)

e | = | Z I = | ZU k — COOTBETCTBEHHO JEUCTBYIOILUE 3HAYECHUS TOKA
i=1 i=1

Y HaIpsKECHMUS.
JIns1 OLIEHKH CTENEeHH OTIMYMS HECUHYCOMAAIBHOU KPUBOM OT CUHYCOMJBI MC-
MOJIb3YIOT KO3 (DULIMEHTHI:

- (hopmbl
I
Kp = T (11.7)
cp
1 T
rae ., = - Hi(t)Idt — CpeJllHE BBITIPSMIICHHOE 3HAYCHUE TOKA;
0
- AMIUTATYIbI
I
ky =1, (11.8)

rae |y, — MakcuManbHOE 3HaYeHUE HECUHYCOUIAIBHOTO TOKA;
- HCKa)XEHUSI CUHYCOUJATBHOCTH (POPMBI KpUBOU (PYHKIIUU

12412412
K :L:\/2+3+4, (11.9)

Iy Iy

rjae I, — neucTBylollee 3HaYeHUEe TOKa OCHOBHOM rapMOHUKH.



3 00 beKThI UCC/IeJ0OBAHUA U 000PYyAOBaHUE

OOBEKTOM HCCNEAOBAHUS SIBISETCS JEKTPUYECKas 1EeMb, COCTOsIIas U3, Mo-
CJIEA0BATEIbHO COEAUHEHHBIX PE3UCTOpPA, MHAYKTUBHOCTH M KOHJIEHCATOpa, IMOJI-
KJIFOYEHHAs K UICTOYHUKY HECHHYCOUJAIBHOTO MEPUOIUUECKOTO HampshkeHus. B na-
OopaTopHO# paboTe PKCIEPUMEHTATBLHO MOATBEPKIAETCS METON pacuéra Ienu He-
CUHYCOUJAIBHOTO TOKAa, OCHOBAHHBIA Ha MPUHIMIE HaloxeHud. [IpoBoautcs nBa
OTIBITA.

M cTOYHMKOM HECMHYCOMAAIBHOTO U CHHYCOMJAIBHOTO HAIpsDKEHUS B J1a0O0-
patopHoii pabore sBmsercs I'EHEPATOP HAIIPSDKEHUU CITELIUMAJIBHOU
®OPMBI 8 BJIOKE TEHEPATOPOB HATIIPSDKEHHI. B kauectBe 35eKTpoOU3Me-
PUTENBHBIX NpUOOPOB HCMONB3YIOTCA MynbTUMETpbl Tuna MY60 BJIOKA MYVYIJIb-
TUMETPOB u BcTpoeHubli BATTMETP nns u3MmepeHuss akTUBHOM MOITHOCTH.
[laccuBHBIEC 2JIEMEHTHI AJIEKTPUUECKOU CXEMbI BHIOMPAIOT W3 MUHUOJIOKOB PE3UCTO-
POB, UHIYKTUBHOCTEN U EMKOCTEM.

4 PacuéTtHo-rpaduyeckKasi 4acCTb

4.1 Jlna HanpspKeHUs NpsSMOYTOJIbHOU (pOpMBI 0€3 MOCTOSSHHOM COCTABIISIONICH
(meanzap) (pucynok 11.1) 3anmcats psig Oypbe, OrpaHHYUBASICH MATHIO CIArAMBIMH
[1]. [TocTpoutk B MacmiTabe CIIEKTp aMILIMTY/I, [oJjlaras aMIUIMTYAy OCHOBHOM rap-
MOHMKH PaBHOH €IMHUIIE.

4.2 Jlna snekTpuyeckou 1enu, uzoOpaxkeHHOW Ha pucyHke 11.2, paccuuraTh
METOJIOM HaJIO)KEHHsI MTHOBEHHBIE M JCUCTBYIONINE 3HAYCHHS] TOKA W HANpPSIKEHHUM
Ha BBIXOJIE T€HEpaTopa U Ha EMKOCTH, a TAK)XKE aKTUBHYIO MOILHOCTb, €CJIM Ha BBIXO-
Jie TeHepaTopa HalpsbkeHue B (popme meanapa. Pacuér BBIMONHUTH B KOMILJIEKCHOM
dopme st 1-it, 3-it u 5-i rapMOHUK UcTonb3ys Beipakenus (11.3) u (11.4). ITapa-
METpHI LIeTH TpecTaBieHbl B Tabmume 11.1. AMminTyaHOe 3HaUYeHHUE HATPSKCHHUS
Ha BBIXOJIE TeHepaTopa NpUHATH paBHbIM § B. Pe3ynpTaThl pacuéra 3amucarh B Ta0-
nuny E.2 npoTokoJia HCIIBITaHUM.

i
UJ‘H
T/2 T t
0 T 21 Y
- Um _____ _

Pucynok 11.1 — I'paduk u(t) Tuma meanap



[EHEPATOP Hr Up |—T—

Pucynok 11.2 — Cxem 3aMmenieHus ucciieryeMon 1ernu

Taomuma 11.1 — Micxonubie JaHHBIE

No 6puranp R, Om LM | C, Mx®D foan I'IT
1 470 100 1 200
2 220 40 1 300
3 680 10 1 400
4 330 100 1 350

4.3. HapucoBaTh 3aBUCUMOCTH.

i(t) =i O +ig M), uc®) =iy t)+igz) ().

5 JKcnepuMeHTa/IbHASA 4YacCTh

5.1 CobOpath cxeMmy SJEKTPUYECKON IemnH, M300pakeHHyI0 Ha pucyHke E.2.
(mpunoxenue E). Ycranosuts 3amanneie B Tabmuie E.1 Benuunnsl R, L, C, u3 mu-
HUOJIOKOB PE3UCTOPOB U PEAKTHBHBIX JIEMEHTOB. BKIIIOUMTH aBTOMAaTUYECKUI BbI-
kmouarens QF BJIOKA ITMTAHUA u tym6neps: CETh BJIOKA TEHEPATOPOB
HATIPSDKEHUH, BATTMETP u BJIOKA MYJIbTUMETPOB.

Iepexmouatens POPMA moxyns TEHEPATOP HATIPSDKEHUIM CIIELIU-
AJIbHOU ®OPMBEI (BJIOKA TEHEPATOPOB HAIIPS)KEHUMI) ycraHOBUTH B
nonoxenne ' L. Perynstopom HYACTOTA ycraHoBuTh yactoty f,,, corjacHo tad-
mune E. 1.

5.2 Bxaounts ocimumnorpad PG (pucynok E.2). HactpouTs HyneBoe 3HaueHne
CUTHaJa, TOBEPHYTh PYUKY PETryJsTOpa BEPTUKAIHHON Pa3BEPTKU 10 yIopa Mo XOAy
gacoBoii ctpenku. [Toakmounts BXO/I 1 ocimmiorpada k UICTOYHUKY.

Pyudkoil HacTpoWKH TOpPU30HTAIBHOM pa3BEPTKH ocuMIorpada yCTAHOBUTH
M300pa)KeHWE CUTHAJIA Ha JKpaHEe TaKuM 00pa3oM, YTOOBI MOJHOCTHIO OBbLT BUACH
onuH Tiepuo konebanuii. [lepexmrodarenem yCHUICHHs CUTHAJA TI0 HAMPSIKEHHUIO yC-

TAaHOBUTH MAKCUMAaJIbHO BO3MOKHYIO aMIUTUTYAY MO TUIOIIAAN SKpaHa. 5
Perynaropom AMIUIUTYJIA monynas 'EHEPATOP HAITPSDKEHNUUA CIIE-



ITUAJIBHOM ®OPMBbI ycraHoBUTh 110 OCLMLIOrpady BENMUMHY AMILIATYIHOTO
3HAYCHUS BXOJTHOTO HAMpsOKeHUs Uy, = 8 B.

B ocTanbHBIX OMBITax MCIOJB30BATh YKA3aHHBIN MOPSAOK HACTPOMKHU OCIIUJI-
norpada.

3anmcaTh naHHbIe B TaOwmiy E.2 mpoTokosa NCIIBITaHUA.

5.3 oxgkmounte BXO/I 1 ocumsutorpada k pesuctopy R. CpucoBath Ha Kalib-

Ky C 3KpaHa ociuniorpada kpuByro 3aBucuMoctu Ug(t). Ha pucynke HanucaTh Mac-
mrad my.

5.4 Tlonxmounts BXOJI 1 ocmmummorpada x konaercaropy C. CpucoBaTh Ha
KaJIbKY C 9KpaHa ocnuiuiorpada KpuBYIO 3aBHCHMOCTH Uc(t).

5.5 U3meputph amnepmerpom PA u BonstmeTrpoM PV BJIOKA MVYJIbTUMET-
POB netictBytromiue 3nauenus Hanpsbkenus Uc Ha koHnercarope C u Toka |, a mpu-
6opom BATTMETP — aktuBnyio momHocTs P. M3MepeHHbIe 3HaYCHHS 3aHECTH B
tabnuiy E.2 mpoTokosa uCIbITaHwi.

5.6 Iepekmouatens POPMA moxyns TEHEPATOP HATIPSDKEHWM CIIE-
ITUAJIBHONU ®OPMBbI ycTaHOBHTH B MOJOXKEHHE «~». PaccyuTaTh HeiCTBYIOIIME
3HAYEHHs] TAPMOHMYECKUX COCTABISAIOIINX BXOIHOTO HAIIPSKCHMUS.

[Moaxmounts BXOJI 1 ocuumnorpada k uctounuky. Perymsropom AMITIN-
TYJIA ycTaHOBUTH BEMYMHY AMIUIMTYIHOTO 3HAYEHUS OCHOBHOM FapPMOHUKH BXO/I-
HOT'O HANPSKEHUS PABHYIO
4

—

5.7 U3meputh amnepmerpom PA u BonbtmeTpoM PV BJIOKA MVYJIbTUMET-
POB neiictByroniue 3nadeHus HanpspkeHust Uc Ha konaeHcartope C u Toka I, & pu-
o6opom BATTMETP aktuBHyt0 MomHocTh P. MI3MepeHHble 3HaueHHs 3aHECTH B Ta0-
muity E.2 mpoTokosia ncrbeITaHui.

5.8 Perynstopom YACTOTA ycranoButh Ha Bbhixoge ['EHEPATOPA HA-
IPSDKEHUN CITELIMAJIBHOM ®OPMBI uacrory f= 3f,, I'l. Perymsropom
AMIUIMTYIA ycTaHOBUTH Ha 3KpaHe ocHuuIorpada BEIUYMHY aMIUTATYIHOTO
3HAYEHHUS TPEThEH TapMOHUKH BXOJHOTO HAMPSKEHUS PABHYIO
4

3n

BbINoNHUTS U3MEpPEHUsl aHaJOTuyHbIe 1. 5.7. 3MepeHHble 3HaUeHUs 3aHECTH
B Tabnuiry E.2 mpoTokosia uCIBITaHHA.

5.9 Perynstopom YACTOTA ycranoButh Ha Bbhixoge ['EHEPATOPA HA-
PSKEHUN CITELIMAJIBHOM ®OPMBI wacrory f=5f,, 'l . Perymsropom
AMIUIATYIA ycTaHOBUTH BEIWYMHY aMIUIMTYJHOI'O 3HAYEHMS IMSATOW TAPMOHHMKHU
BXOJIHOT'O HAIIPSKEHUS PaBHYIO

Up =

U =

4 .,

Uiy = .
) 5n

BoInoHUTE M3MEpEHUsl aHaJIOTHYHbIe 1. D.7. VI3MepeHHbIe 3HaUYeHUsI 3aHECTH
B Tabnuiry E.2 mpoTokosa ucnsITaHmid.



5.10 Paccuntarh 1Mo MOJYyYEHHBIM HU3MEpPEHUSIM B ILIL 5.6-5.9 neiicTByromue
3HAYeHMS TOKa B IIETIM, HAMPSKCHU Ha BBIXOJIE TeHepaTopa U Ha EMKOCTH, a TaKXKe
aKTUBHYIO MOIIHOCTH 10 (opmynam (11.3), (11.4). IToayueHHBIe pe3ysIbTAThI 3aHE-
ctu B Tabnuity E.3 mpoTokoia UCTIBITAHUI ¥ CPaBHUTH MX C PACCUUTAHHBIMHU B TI. 4.2
3HAYCHUSIMHU.

5.11 PaccunTath 3HaueHus Kod>ppuuuentos uckaxenus K,.;, K,y mo Bepaxke-

auio (11.9) u kosdpdunment ammumTyasl Kay mo Beipaxenuro (11.8).

5.12 [TpunoXuTh OCHMUIUIOTPAMMBI CUTHAJIOB K TMPOTOKOIY HCTBITAHUN U yT-
BEPJIUTH €T0 Y TIPEToaBaTels.

5.13 Breiximouuts aBTomMatudeckuil BoeikirodaTenb QF BJIOKA TIMTAHUS, a
takke TymOneper CETb BJIOKA T'EHEPATOPOB HAIIPSDKEHUSA, BJIOKA
BATTMETP u bBJIOKA MVYJIbTUMETPOB. Breiximounts ocriuuiorpad.

6 Copgep:xxaHue oTYETA

Otuér JOJDKCH COACPKATb THTy.]'IBHBIﬁ JIMCT YCTAHOBJICHHOI'O 06pa3ua, Ociab
pa6OTBI, CXCMY HCCHGHyeMOﬁ BHGKTpHT{GCKOﬁ OCIIn, Ta6J'II/II_[I)I PE3YJILTATOB IIOJIYUYCH-
HBIX I/I3M€peHI/Iﬁ u HpOI/I3BGIIéHHI>IX paC‘-IéTOB, BBIBOJEI 110 Ha60paTOpH0ﬁ pa60Te.

7 KOHTpOJIbHBIE BONPOCHI

1 Yto Ha3bIBaETCS ACUCTBYIOIIUM 3HAUYEHUEM HECUHYCOUAIbHON MEepHoInye-
CKOU BEJIMYHUHBI?

2 Kakas ocobeHHOCTh psima Dypbe I MEPUOTNIECKUX KPUBBIX CUMMETPHY-
HBIX OTHOCHUTEIILHO ocH adciucc?

3 U3noxute mopsAIoK pacyeTa JIMHEWHBIX IeTNe MpU HECUHYCOUIAbHBIX Ha-
MPSKEHUSIX U TOKaX.

4 Kakumu kodpduimentaMu xapakrepusyercs (hopma Mmepuoandeckoil HeCH-
HYCOUJAIbHON KpUBOW?

5 B kakoM ciyuyae mepuoauyeckas HECUHyCOWJallbHas KpuBas HE OyAeT co-
JEPHKAaTh MOCTOSTHHOW COCTABJISIOIICH?

6 [Touemy ¢GopMBI KPUBBIX HAMPSOKCHWA HA PA3IMYHBIX YY9acTKaX IETH HECH-
HYCOUJAIBHOTO MEPUOANYECKOr0 TOKA OTINYAIOTCS APYT OT Jpyra?

7 Kak ompenenuth 4aCTOTY MEPUOJMUECKOTO HAMPSHKEHHUS MO €ro OCIHILIO-
rpamme?
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MU CCJIEAOBAHUE NEPEXO/IHBIX IIPOIIECCOB B JIMHEMHBIX LEMAX

1 llesin pa6oThI

1 DkcnepruMeHTaIbHOE MOATBEPKICHHE CBOICTB M PEKHUMHBIX NapamMeTPOB
JIMHEWHBIX LENEH NP HAINYNN B HUX IEPEXOAHBIX MTPOLECCOB.

2 OBnasicHUe SKCIEPUMEHTAIBHBIMA METOJIaMU HCCIICIOBAHMS MapaMETPOB
LIETIEN Ha XapaKTep NPOTEKAaHUs B HUX MEPEXOIHBIX MPOLIECCOB.

2 OCcHOBHBIE OJIOXKEHUS TEOPUH

Ilepexoonvim npoyeccom Ha3BIBACTCS MEPEXO]] OJJHOTO PEXHMa PabOThHI HIIEK-
TPUYECKOU Lenu K aApyroMmy. Hanmpumep, BKIIrOYEHNE WK BBIKJIIOYEHHUE JTAMIIOYKH. B
OOIIEM CiIydae B DJIEKTPOTEXHUKE HMPHMHATO, YTO BO3HUKHOBEHHUE IIEPEXOIHOTO MIPO-
Ilecca CBA3aHO C sBJICHHEM KOMMYTAIUH. [IpUHUMAETCs JONyIIEHHE, YTO KOMMYTa-
st HaunHaeTcs: B MomeHT Bpemenu t = 0 u coBepruaercst mraosenno: Atx = 0. [lpu
5TOM Pa3JIMYalOT JBa MOMEHTAa BPEMEHH: MOMEHT BPEMEHHU HEMOCPEACTBEHHO MpeEI-
wecrByomuii kommytaiuu {(—0), win t(0—) 1 MOMEHT BpeMeHH HEMOCPEICTBEHHO
nociie kommytaruu t(0+), mwmm t(+0). Ipeamonoxenne Atx =0 TpUBOAUT K 3aKO-
HaM KOMMYTaLl{H.

B MOMEHT KOMMYTAIMU TOK B BETBH ¢ MHIAYKTHBHOCTBIO HE U3MEHSETCS, T. €.

i (+0) =1 (-0)=1_(0).
HanpsikeHre Ha eMKOCTH B MOMEHT KOMMYTAIlUM HEe U3MEHSETCs, T. €.
Uc (+0) =uc (-0) =uc (0).
3nauenns Uc(0) m i (0O) HaspBaroTcsd HE3aBHCHUMBIMH HAa4daJbHBIMHU YCIIO-

BHIMMU. I[J'Iﬂ nacaJbHbIX 3JICMCHTOB R, C TOK B MOMEHT KOMMYTallu MOKCT MCHATb-
CiA CKAa4KOM, T.C.

ir(+0) # g (-0); ic (+0) #ic (-0).
JIi1st ueanbHbIX 1eMeHTOB R U L B MOMEHT KOMMYTAI[MU CKAYKOM MOTYT Me-
HSTBCS HAIPSDKCHUS, T.C.
UR(+0) #Ur (-0); UL (+0) #u _(-0).
3nauenns iR (+0); i-(+0); ug(+0); u(+0) Ha3pIBalOTCA 3aBUCHMBIMH Ha-

JaJIbHBIMHU YCJ'IOBI/IHMI/I.

B HepeXOZ[HOM HpOHecca MI'HOBCHHBIC 3HAUCHUA HaHpﬂ)I(eHHﬁ U TOKOB HC iB-
JIIFOTCA HepI/IOI[I/ILIeCKI/IMI/I ®YHKHHHMH BpeMeHI/I. ECHI/I ITOJIOKUTCIILHBIC HaHpaBHe-
HUA HaHpﬂ)KeHI/IH 1 TOKa Ha J3JICMEHTC OJAHWHAKOBBI, TO ypaBHeHI/IH NACAJIBHBIX J3JIC-
MECHTOB UMCHKOT BU /.

d i y=c e

Ur() =Rir(®), uL®=L"- dt

HGpCXOI{HBIfI nmponeccc B O ¢ OAHUM PCAKTHUBHBIM 3JICMCHTOM M HCTOYHH-

dUC



KOM MOCTOSHHOTO HANpsDKEHHsT (TOKa) OIMKMCHIBAIOT JIMHEHHBIM HEOAHOPOIHBIM (
F #0) nuddepenumanbupM ypaBHEHUEM BUIA

dx(t
() + ax(t) =bF.
dt
B stom ypaBuenue X(t) =Uc (t) mis R-C nenn, X(t) =i (t) m1s R—L nenm. F —
MOCTOSTHHAS, 3aBHUCAIIAS OT BEJIMUWH HANPSOKCHUS WM TOKA MCTOYHHMKOB, & M b He

3aBHCSIIKE OT BpeMEHH KO3 (DUIIUEHTHI.
OO11ee perieHre 3T0ro ypaBHEHUSI UMEET BU
X(t) = Xcp () + X zzp-
CBoOoaHas coctapistomas peuenus Xcop(t) ompenensercs kak oOiee pere-
HUE OJTHOPOHOTO Au(dhepeHITnaTIbHOTO YPAaBHCHHUS.
—dxfﬁ © +aXcp(t)=0

n UMECT BU.
xcp(t) = AePt,
rac A — IIOCTOsHHAA HHTCTPUPOBAHUA,
P = —a — KOpeHb XapaKTepucTudeckoro ypasaenus P+a=»0,
BGJII/I‘{I/IHa T :]/‘p‘ HMCCT Pa3sMCPHOCTb BPCMCHH N HA3bIBACTCA I/lOCI’l’lO}ZHHOI:Z

gpemenu. 3a UHTEPBaJ BpeMeHU At =T cBOOO/HAas COCTaBISIOLIAs PELICHUS YMEHb-
maercs B € pa3s. Belpaxkenue

Xcp(t) = Ae7t"
IIO3BOJIAECT OL€EHUTH AJIUTCEIBHOCTDH T 77 IEPEXOAHOI0o Ipouecca. Mo>xHO IIPHUHATD
T 77 o1 47 o 57.
Benuunna X ;7p SIBISETCS YaCTHBIM PEIICHUEM YpaBHEHUS

dt

+aXHP:bF.

b
Bennuuna X ;;p = —F He 3aBHCUT OT BpEMEHU U MOXKET OBITh PACCYUTAHA B YCTAHO-
a

BUBIIEMCSI PEKUME Toclie Kommyrtanuu. OOmiee pemieHue NpuoOpeTaeT BHI
X(t) =uc (t). IlocrosiHHas uHTerpupoBaHus A ompenenseTcs U3 HE3aBUCHUMBIX Ha-

vaapHbIX yemosuid. [Ipu t =0

A+XHP:X(O) 141 A:X(O)—an.

3 O6beKTHI HCC/IeA0BAaHUA U 060pyJOBaHUE

OOBeKTOM HCCICAOBAHUA ABJICTCA JJICKTPHUYCCKAA ILCIIb, COCTOAIIAsA M3 II0-
CJICA0OBATCIIBHO COCAMHCHHBIX PC3UCTOPA U MHAYKTHUBHOCTU HJIM PC3UCTOpPA U KOH-
ACHCATOpa, HOAKIIOUYCHHAA K NCTOYHHKY IOCTOSHHOI'O HAITPSKCHUA.



B mabGoparopHoii paboTe MCTOYHUKOM HampspkeHus siBisiercs moayiib ['EHE-
PATOP HAIIPSDKEHUN CHEHHAHBHOﬁ ®OPMbBI BJIOKA T'EHEPATOPOB
HATIPSDKEHUT. Jlns HaOsmroieHUST 3aBUCUMOCTEN OT BPEMEHHU UCITOJIB3YIOT OCIIHJII-
norpad. IlaccuBHBIE 3JIEMEHTBI JEKTPUUECKON CXEMbI BBIOMPAIOT W3 MHUHHUOJOKOB

PE3UCTOPOB U PEAKTUBHBIX 3JIEMEHTOB. AKTUBHOE CONPOTUBIEHHE R) KaTyIIKu u3-
MmepsitoT mynbTaMeTpoM Tuia MY 60 BJIOKA MYJIBTUMETPOB.

Ba:kno! B paboTe UCIOIB3YIOTCS MEKTPOIIUTHUECKHE KOHIEHCATOPBI, 103TO-
My IIpH COOpKE CXEMBI CIIeAyeT 0OpaTUTh BHUMAHHUE Ha MOJIIPHOCTb «+» KOHJECHCA-
TOpA.

DIEeKTPOHHBIA ocuuiuIorpad Mo3BojseT HAOMIOAATh NEPUOJUUECKHE IIPOLEC-
cel. IloaToMy B paboTe HccnenyeTcs NepexoAHbli MpoLece IPY BKIIIOYEHUH LIEH Ha
HalpsbKeHHe B (opMe OJHOIOJISPHBIX UMITYJIbCOB MPSAMOYTOJIBHONU (OpMBI (pUCY-
Hok 12.1). Eciu nntepsan Bpemenn 0,57 =T j;; u npusATh 1 ;777 =57, TO 4acToTa

= = Hor @2

CJICAOBAaHHUA NMITYJILCOB

o=
]

0 0,57 T 1

5t 5t

Pucynok 12.1 — Bug HanpspKeHHs Ha BBIXO/Ie HCTOYHUKA

4 PacuéTtHo-rpaduyeckKasi 4acCTb

4.1 Jlna smeKTpuyecKor Ienu, n300pakeHHOW Ha pucyHke 12.2, paccuuTaTh
KJIACCHYECKUM METOJIOM B TIEPEXOJTHOM PEXHME TOK, MMPOTEKAIONTUH B CXeME W Ha-
NpsUKEHUE Ha peakTUBHOM 3yieMeHTe. [lapamerpsl 1ienu MpeacTaBieHbl B TaOJu-

ne 12.1.

I‘:Il

Pucynok 12.2 — Cxema 3amenieHus UcciielyeMou 1enu

4.2 TloctpouTh rpaduKy MEPEXOIHBIX MPOILIECCOB PACCUMTAHHBIX TOKAa U Ha-
MPSKEHUS.



Tadmuma 12.1

No Gpurazbl R, Om C, Mx® L,mM[a | Ry, Om Ry, OM
1 330 1 10 17,3 10
2 4700 0,1 40 72,8 10
3 33 10 100 180 10
4 470 1 40 72,8 10

4.3 PaccunTaTh OCTOSIHHYIO BpeMeHHU Lenu Tre = RC 1 yacToTy cnenoBaHus
3HAKOITEPEMEHHBIX UMITYJIbCOB 110 BhIpaskeHuto (12.1).

4.4 JIns IeKTpUYECKO Iienu, M300pakeHHON Ha pucyHke 12.3, paccuurtaTh
KJIACCUYECKUM METOJIOM B MEPEXOJIHOM PEXHUME TOK, MPOTEKAIOUIUI B CXeMe U Ha-
NpsDKEeHUE Ha peakTUBHOM d3iieMeHTe. [lapamerpsl Lienu mMpeacTaBieHbl B TaOu-

e 12.1.
4.5 Iloctpouts rpaduKu MEPEXOJHBIX IMPOIECCOB PACCUYMTAHHBIX TOKA M Ha-

IIPSKEHHUS.
4.6 PaccunTaTh MOCTOSIHHYIO BPEMEHH IIETIN

S
TR+ Ry)

a TaKk)Ke YacCTOTY CJICJIOBAHUS 3HAKOTIEPEMEHHBIX HMITYJILCOB 10 opmyrie (12.1).

L R;

ui i R;
i

Pucynoxk 12.3 — Cxema 3amMenieHus UCCIEeTyeMOU 1eTH

5 JKcnepuMeHTa/IbHASA 4YacCTh
5.1 UccnepoBaHue 3/IeKTPUYECKUH LenH ¢ R-C 3jieMeHTaMu

5.1.1 CoOpaTh 3JEKTPUYECKYIO IIETh MO CXEeMe, MPEJCTABICHHOW Ha PHUCYH-
ke XK.5 nporokona ucneitanuii (mpuioxenue JK). [ToaKIIOYATE K BBIXOIY MOMYJIS
T'EHEPATOP HAIIPSDKEHWH CIEIMAJIBHOM ®OPMBI BJIOKA T'EHEPA-
TOPOB HAIIPSKEHMI nens R-C.

5.1.2 TlpenoctaBUTh COOPAHHYIO ANEKTPUUYECKYIO LIEMb JJIsl TPOBEPKU MPETO-
JaBaTelo (WK JJa0opaHTy).

5.1.3 YcranoButs 3ananubie 1o Tadnuile JXK.1 napameTpsl 3J1eMEHTOB.

5.1.4 Bxmounth aBTomMatuueckuil Boikatodateab QF BJIOKA TIMTAHUA u
tymbnep CETh BJIOKA TEHEPATOPOB HAIIPSDKEHHMU. Ilepexmouarens
®OPMA Bkmounts B nonoxenue «I1». Perymaropom UACTOTA ycTaHOBHTH Ha
Beixoge BJIOKA TEHEPATOPOB HATIPSDKEHUM wactoty f, paccunrtannyio B
n. 4.3. Perynsropom AMIUIMTYIA ycTaHOBUTH BEIMYMHY aMIUIMTYAHOTO 3Haye-

Hus HanpsbkeHus Uy = 5 B.



5.1.5 Bxmrounts ocrmutorpad. Hactpouts nuHMIO Hyns. Pydky perynsropa
BEPTUKAIILHOMN pa3BEepPTKU MOBEPHYTH 10 X0y YACOBOM CTpPEJIKE 10 yIopa.

5.1.6 [Moaxmounts BXO/] 1 ocuminorpada k mcrounuky. HactpouTs nepe-
KJIF0YaTeIb YCUJICHUS IO HANPsDKEHHUIO TakK, YTOObI MaKCHMAaJbHO HMCIOJIb30Ballach
wiomaab skpana. Mcnons3ys macmtad My Ha mepekovaTese YCUICHHsS M0 Harps-

KEHUIO YOeIUTHCS, YTO aMIUIMTYyAa BXoAHOro HamnpsbkeHus Um =5 B. B ocTanbHbIX
OTbITaX MCMOJIb30BATh YKa3aHHBIN MOPSAOK HACTPOUKH ociuiuiorpada.

5.1.7 Noaxmounts BXO/] 1 ocumiutorpada k korxencatopy C. CpucoBath Ha
KaJbKy C dKpaHa ociwuiorpada kpuByro 3aBucumoctu Uc(t). Ha pucynke ykaszaTh
BbIOpaHHBINA MacIITad My .

5.2 UccieaoBaHue 3JIEKTPUYECKHH enH ¢ R-L a1leMeHTaMu

5.2.1 IT)IOILKJI}O‘{HTL K BBIXOJly MOJYJIS FEHEPATOPUHAHP}I}KEHI/IIZ CIIE-
HUAJIBHONU ®OPMbI 'EHEPATOPA HAIIPSOKEHUU nens R-L. U3meputs

MYJIbTHMETPOM compoTuBieHHe Ry karymku. Pesucrop R, = 10 OM B3sTh U3 Mu-
HUOJIOKOB PE3UCTOPOB.

5.2.2 [IpegoctaBuTh COOPAHHYIO DJIEKTPUUYECKYIO IIEMb JIJIsi MPOBEPKU MPEIo-
JaBaTelno (WM J1abopaHTy).

5.2.3 YcranoBuTh 3a/1annbie B Tabnuie K. 1 mapaMeTpsl 3JIEMEHTOB.

5.2.4 Perynaropom YACTOTA ycranoButh Ha Beixoae moayisi TEHEPATOP
HATIPSDKEHWI CITELIUAJIBHOM ®OPMBI wactoty, paccunrtannyio B 1. 4.6. Pe-
rysmaropom AMIUIATYJIA ycTaHOBHUTH BEIMYMHY aMIUIUTYAHOTO 3HAYECHUS HaIps-

xenusg Uy =5 B.
5.2.5 Toaxmounts BXOJ[ 1 ocrmmtorpada k pesucropy R,,. CpucoBats Ha

KaJbKy C DKpaHa ocipuiorpada KpuByro 3aBucumoctH U, (t). Ha pucyHke ykaszaThb

MacmTad my .

5.2.6 [IpunokuTh OCIMILIOTPAMMBI CUTHAJIOB K MPOTOKOJY UCTIBITAHUN.

5.2.7 CornacoBaTh C MpenojaaBaTesieM MOJYYCHHbIC Pe3yJIbTaThl U YTBEPAUTH
MPOTOKOJ K J1abopaTopHOit paboTe.

5.2.8 Beikimrounth aBTomMatuueckuit BeikIouarenb QF BJIOKA MOJIYJIb
[MUTAHMS, tym61ep CETh BJIOKA TEHEPATOPOB HATIPSIXKEHUM u ociun-

norpad.

6 Copgep:xaHue oT4ETA

OTuéT MOJDKEH coaepkaTh THUTYJIBHBIM JIUCT YCTAHOBJIEHHOTO OOpaslia, IeNb
paboThI, CXEMY MCCIIEAYEMOM AIMEKTPUUECKON 1eMH, TaOJIUIIbl PEe3yJIbTaTOB MOTYUYCH-
HBIX U3MEPEHUM W TPOU3BEAEHHBIX PACUETOB, OCHWIJIOTPAMMBI C yKa3aHUEM BbI-
OpaHHBIX MAcIITa0OB MO OCSM KOOPJMHAT, BHIBOJIBI O JIAOOpaTOpHOM padoTe.

7 KOHTpOJIbHBIE BOIIPOCHI
1 Kak cocTaBUTh XapakTepUCTUUECKOE YpaBHEHHUE JIS 33 IaHHOM 11eru?



2 KakoBa TeopeTHMUecKH U MPaKTUYECKH MPOJOJIKUTEIbHOCTh MEPEXOTHBIX
MPOIIECCOB B ANEKTPHUUECKUX LETSX ?

3 Kak opmynupyercs 3aKOH KOMMYTaIlUH TSI UHAYKTUBHOCTH, I EMKOCTH?

4 MoXeT JM CKadyKooOpa3HO W3MEHSTHCS HANpsHKECHHE Ha WHAYKTUBHOCTHU?
OO6ocHyiiTe TEOpEeTUYECKH CBOM OTBET.

6.5 Kak ompenensiercss mocTosiHHAsE BpEMEHU LIEMH PacyETHBIM U SKCIIEPUMEH-
TQJIbHBIM ITyTEM?

6 Kak ompenensitorcst 3aBUCHMbIE HaYalbHbBIE YCIOBUS 7

7 Kak onpenenuTs NpUHYX ACHHbIE BETNYUHBI 7

8 [Touemy cBOOOHBIN MTPOIIECC SABIISICTCS 3aTyXaIOINUM?

9 Kakwue 1enu Ha3bIBAIOT IETSIMU MIEPBOTO MOPSAKA?



[Tpunoxenue A
dopma TUTYJIBHOTO JIMCTA K J1abopaTopHOM padoTe No

®.1.0.
['pynma
[Toarpymma Ne.
JOIIYCK K PABOTE
[Toanucek npenoaBa-
OIYyCK arta
Homy l TeJs
OTYET I10 JIABOPATOPHOI PABOTE Ne_
(HazBanue paboTHI)
PaboTa BbImoHEHA «_ » 201
YHUCJI0 MECHI ron
( )

Ioamues W Qamuims npenogaBatens

3AIINUTA PABOTEI

Orenka Jlarta [Toanuce penogaBa-
TEJIs

Tyna 201



[Ipunoxenue b
JlaGopaTopHnasi padora Ne /7

[enb pabOTHI:

Jran b.1 — PacuéTrHo-rpaduueckasi 4acTb

Tabmuua b.1 — Mcxoaable qaHHbie QJIs1 UCCIIEJOBAHUS

Up, CuMMmeTpuyHas Harpys3ka Hecummerpuunas Harpyska
B Ra=Ry, Re=R, Rc=Rs, Ra=Ry, Re=Ry, Rc=Rs,
OMm OMm OMm OMm OMm OMm
Hanpsoxenust ucrounuka: Uy = B; Ugy = B; Uy = B.
54
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Pucynok b.1 — Cxema 3amelnienus uccieayemMon nenu

b.1.1 UccnenoBanue CHMMETPUYHOIO PeKUMA
Pacuér TokoB I, 13, 1, IN:

Pacuér cymmapnoi momHocty Tpéxdasznoit nenu Py

Pucynok b.2 — BekTopHas nuarpaMMa CUMMETPUYHOTO PEKUMA




b.1.2 UccaenoBanue pexxuma padoTsl Ipu 00pbIBe (a3bl «A»
Pacuér TokoB I, 13, 1, IN:

Pacuér cymmapHoii MoiHocTy TpéxdaszHoit nenu Py

Pucynok b.3 — BextopHnas nuarpamma mpu oOpbiBe Ga3bl «A»

b.1.3 UccaenoBanue pe:xxuma padoThl 0€3 HEMTPaJIbLHOIO MPOBOAA
Pacuér TokoB I, 13, 1, IN:

Pacuér cymmapnoi momHocty Tpéxdasznoit nenu Py

Pucynok b.4 — BexropHasi nuarpamMmma CUMMETPUYHON Harpy3ku 0e3 HeHTpaiu

b.1.4 UccinenoBanne HECHMMETPUYHOIO PeKUMa padoThl
¢ HEHTPAJIBbHBIM NPOBOAOM
Pacuét TokoB lp, I3, Io, IN:




Pacuét cymmapnoit moutHoctu Tpéxdaznoii uenu P!

Pucynoxk b.5 — BexropHas nuarpamMmma HECUMMETPUYHON HArPY3KH C HEUTPaJIbIO

b.1.5 UccnenoBanue HeCUMMETPUYHOIO pe:KUMa 0e3 HEHTPAJIBLHOI0 MPOBOAA
Pacuér nanpspkenus cmenienus Heitpanu Uy

Pacuér TokoB B menu la, I, I

Pacuér cymmapnoi momHocty Tpéxdasznoit nenu Py

Pucynox b.6 — BexropHas nuarpamMmma HECUMMETPUYHON HArpy3ku 0e3 HeHTpaiiu

b.1.6 UccneqoBanne HECHMMETPUYHOIO pekuMa NP o0pbIBe (pa3bl «A»
Pacuér HanpspkeHus: cMenenus: Herrpamu Uy:



Pacuét TokoB B ienu I, 13, 1

Pacuér cymmapHoii MoiHocTH Tpéxdasznoit nenu Py

Pucynoxk b.7 — BekropHas auarpamMmMa HECUMMETPUYHOM HAarpy3Ku
pu 00pbIBe Pazbl «Ax»

b.1.7 UccnenoBanne HeCHMMETPUYHOTO pexxuma npu K3
Pacuér nanpspkenus cmenieHus: Hertpanu Uy, = Ua:

Pacuét TokoB B 1ieniu I, 1, 1

Pucynoxk b.8 — BekropHas auarpamMmMa HECUMMETPUYHOM HArpy3Ku
npu K3 assr «A» (Z 5 =0)




Jtan b.2 — JkcnepuMeHTANIBLHAS YaCTh
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Pucynok b.9 — MonTaxkxHast cxema uccieryeMou 3JIeKTPOLEenr



Tabnuna b.2 — Pe3ynbpTaTsl uccieqoBaHusi CHMMETPHYHOTO pexUMa

Pexxum paboTh! nienu mpu I'eneparop Harpyska Jlnaus
CHMMeTquHOﬁ Harpyske UANv UBN1 UCN! Uam me UCl’h IA1 |81 IC1 IN1 UNna B
B B B B B B mA mA mA mA
C HelTpanbHBIM | pacyeT
HPOBOZIOM OIIBIT
OO6psbIB ha3el 4 | pacuer
C HEUTPaIbHBIM OIIEIT
MIPOBOJIOM
OOpbIB HEUTpaTb- | pacyeT
HOT'O IMPpOBOJa OIIBIT
Tabnuna b.3 — Pe3ynbrarsl ucciaenoBanusi HECCUMMETPUYHOTO PEKUMaA
Pexxum paboThl 1ienu npu I'eneparop Harpy3ska JInaus
HCCHMMeTquHOﬁ Harpys- UAN1 UBN! UCN1 Uam Ubna Ucm IA; IB, IC! IN; Uan
Ke B B B B B B mA mA mA mA B
C HEUTpaJIbHBIM | pacuer
MIPOBOJIOM OIIBIT
OOpbIB HEUTpab- | pacyeT
HOT'0 IPOBOAA OIIBIT
OO6psIB da3el 4 | pacuer
0e3 HEHTPaJIbHO- | OIBIT
ro nNpoBoAa
Kopotkoe 3ambI- | pacuer
kaHue $a3bl A 6€3 | onsIT

HEUTPAIBHOTO
IPOBOJIA




[Ipunoxenue B
JlaGopaTopHnasi padora Ne 8

[enb paGOTHI:

Jran B.1 — PacuérHo-rpaguueckast 4acTb

Taomuna B.1 — Ucxoanbie 1aHHBIE 11 UCCIEIOBAHUS

Us,B CumMeTpuyHas Harpyska HecumMmerpuuHnas Harpyska
RA=R1, OmMm RBZRZ,OM RC=R3,0M RA=R1, OmMm RB=R2, OmMm RC=R3, OMm
Hanpspxenust ucrounuka: Upg = B; Ugc = B; Uca = B.
E,.
X c~© - “l“"’ {%—5
- —
‘('A 2 4 Uca U
Eg l_
_1 B blllx RB )
¥ 0—@ > | -0
Use
E: |Usc
v —l(' C l-!c a R( 4
2o~ )— > —
Uca

Pucynok B.1 —Cxema 3amenieHus uccieayeMon enu

B.1.1 UccnenoBanue CHMMETPHYHOIO PeKUMA
Pacuér dazabix TOKOB lgp, lpe, lca:

Pacuér nuHerHBIX TOKOB |4, I35, I

Pacuér cymmapnoit momuocTu Tpéxdasznoit memnu Py

B.1.2 UcciienoBanne pe;xuMa padoTnl npu oopbiBe ¢pa3Horo nposoaa ab

Pacuér dgazubix TOKOB lgp, lpe, lea




PacuéT nuHeHbIX TOKOB |y, 1, I

Pucynok B.2 — BexktopHble quarpaMMbl CHMMETPUYHOIO PEXUMA

Pucynoxk B.3 — BektopHbie auarpaMmsbl ipu 00pbIBe GazHOro mpoBoja ab

B.1.3 UccienoBanne pe:xuMa npu o0pbiBe JUHEIHHOT0 mpoBoaa A
Pacuér dgazubix TOKOB lgp, lca, Inc:

Pacuér nuHeHBIX TOKOB ly, 1, I

Pucynox B.4 — Bekropable AuarpaMMel mpu 00pbIBe JTMHEHHOTO MpoBoaa A




B.1.4 UccienoBanue HECUMMETPUYHOI0 PeKUMA
Pacuér ha3ubix TOKOB lgp, lpc, lca:

Pacuér nuHeHbIX TOKOB ly4, I, I

Pucynok B.5 — BektopHble n1uarpaMmMbl HECUMMETPUYHOIO pPEeKUMa

Jran B.2 — JkcnepuMeHTAJIBLHAS YaCTh

Jluneitnbie HanpspkeHUst nctouHuka Upg = B; Ugc = B; Uca= B.
coMm | . U
o 0 _Qq
TPEX®AIHBLIA MCTOUHMK PA2 P
NMATAHKA
— I I = R,
4 mA| ... |COM i a ab  mA|_ . |COM : X
uz1 00— 09 mo—»—o——»—o-lil o
X7 X8 X1 L2 sy
SA1 ] R
X9 I b X3 B
B ol 7 X107z b C X4
C X11 X12 Ic* cl Im X5 X6 R-:‘ =
O O O - = O o—:l—o—




Tabmuua B.2 — Pe3ynbTarsl UCCIE€I0BaHUN ONBITHBIX PEXUMOB

Pexxum paboTsr I'enepatop Harpyska JInnns

TPEXIIPOBOIHOU

tpé€xdasuori nemn | U, | Up, | Ug, | Upg, | Use, | Uea | lass | leey | lear | Uanr | Ube | Uca, I, Ig, Ic,
B B B B B B mA | mA | mA| B B B mA mA mA

Cummer- | pacuer

PUYHBIH OITBIT

pexKUM

Hecum- pacuder

MCTPHH- | ompT

HBIH pe-

KUM

OOpbIB | pacuer

JIMHENHO- OIIBIT

ro MpOBO-

na A

OO6prIB pacuer

(pasnoro OIIBIT

IPOBOJIA A8




[Ipunoxenue I
JlaGopaTopHnasi padora Ne 9

[enb paGoOTHI:

Jrtan I'.2 — JKcnepuMeHTaNbHAS YACTh
MMPOTOKO.JI UCHIBITAHUM

Taomuna I'.1 — UcxoaHble JaHHBIE 11 UCCIIEIOBAHUS

Ne 6purabt U, B

I'.2.1 Onpenenenne BAX j1lamMnbl HAKAJITUBAaHUA

TEHEPATOP 1 R1 H>1

MOCTOAHHBIX i Al
IR | o0 83 oo 10— o
- SAL + Py

Pucynok I'.1 — MoHTaxHas cxema JiJ1sl OIpeeSICHNs] BOJIbTAMIIEPHON XapaKTEPUCTH-
KM JIaMIIbl HAKAJIMBAHUS

Tabmnma I'.2 — BAX naMIiel HakaJInuBaHUS

U, B | 0| 1 2 3 4 5 6 7 8 9 10 11 12 13 | 14 | 15

IBX1

mA

I'.2.2 Onpenenenue BAX nmoiynpoBoAHUKOBOIO 1H01a

Ta6muna I'.3 — BAX nosiynipoBOAHUKOBOTO AMO/1a

UsB O] 2] 23] 45 67 8] 910 12 [12] 13 [14]15

IBXv

mA




TEHEPATOP ) ] R H>2

MOCTOAHHBIX 1 PAT
HATIPAKEHHH G0 e oo 1< B .
- SAl _* Py =
[ 1]
o R {I'.‘ll:i'.'l
J

Pucynok I'.2 — MoHTaxkHast cxema sl OnpeAeaeHNs BOJIbTaMIIEPHOM Xa-
PAKTEPUCTUKH MOJIYIPOBOJTHUKOBOTO IHOJA

Ta6nuna I'.4 — Pe3ynbTathl rpadgo-aHATUTHYECKOTO pacuéra
UBX Uac Ucd Il |2 |3

I'.2.3 Onpenesienue pe3ybTupymomeii BAX cMemanHoi menu

TEHEPATOP 1 H>51
MOCTOAHHBIX is PAL g Rl p c
HATPTKEHHE s a A
541
P2
L1
i 1 {P 8]

Pucynox I'.3 — MoHTaxxHast cxema JJIs UCCIICTOBAHMSI SJIEKTPUICCKOM TIETTH CO CMe-
[IAaHHBIM COECAUHEHNEM DJIEMEHTOB

Ta6numa I'.5 — Pe3ynbTarhl u3mMepeHuit napaMeTpoB cMeriaHHou enu( pucyHok I'.3)

Unx Uac Ucd 1 I2 I




I'.2.4 Onpenesenne BAX mapamMeTpu4eckoro ctaduan3aTopa HANPSKEHUS

TEHEPATOP L1 .
MOCTOAHHBIX i PAT Rg
HATPAKEHHH ooma
A1+ ppdo—o+ o
Ry
P2
vb A\ —
o)
J\ K {P [&]
e ' L

PI/ICYHOK I'.4 — MoHTaxHas cxema ML UCCIICAOBAHUA ITApaMCTPHICCKOTO cTabuiu-
34TOpPa HAIIPAKCHUA

Tabnuma I'.6 — Pe3ynbTaTsl H13MepeHuii napaMeTpoB MapaMeTPUIECKOro craduin3a-
TOpa HarnpsKeHu npu R,, = oo

U, B| 0| 1 2 3 4 5 6 7 8 9 10 11 12 13 14

UBI)IX’ B

U, B | 15| 16 | 17 18 19 20

Tabnuma I'.7 — Pe3ynpTaThl u3MepeHui mapaMeTpoB MapaMeTpUuuecKoro cTaduan3a-
Topa HamnpspkeHui pu R, = 1 kOm

Ug, B| 0| 1 2 3 4 5 6 7 8 9 10 11 12 13 14

UBI)IX’ B

U, B | 15| 16 | 17 18 19 20




[Tpunoxenue /]
JlabopaTtopuasi pa6ora Ne 10

[enb paGoOTHI:

Jran /I.1 — PacuéTHo-rpadpuueckas yacrb

Tabmuua /1.1 — MicxoaHble JaHHBIE IS paCYETOB

Ne 6purager | R, OMm L, M['u C, Mx®d f,k['m | Ry, kOM | Ry, kOM

R3, kOM

I.1.1 UccaenoBanue T-00pa3Horo 4eTbIpéxmnoloCHUKA

R 1€
o 1 ] Q

L

O O

Pucynok /1.1 — T-00pa3Hblii 4ETHIPEXTOIOCHUK

[IpenBapurenbHbIil pacu€T kKo3dduireHToB T-00pa3HOro 4-MOMOCHUKA!

A= B=
C= D=.

ITpoBepka npaBuinbHOCTH pacuéta: AD —BC =

OHpCIIGJ'IeHI/IC COHpOTI/IBJ'IeHI/Iﬁ XOJIOCTOTO XO04a M KOPOTKOT'O 3aMBbIKAHHUS CO
CTOPOHBI IICPBUYHLIX U BTOPUYHLIX 3a’KUMOB YCTBIPCXITOJIOCHHUKA!

Zixx = Zigz = Zoxyx = Loz =

SN

1

[TpoBepka MpaBUIILHOCTH PACUETa:
Zixx _ Zigs

Zoxy Zogs

I.1.2 UccnenoBanne I1-06pa3Horo 4eTbIpéxXnoar0cHUKA

[IpenBapurenbublii pacuét kodhduirerToB [1-06pa3Horo 4-morocHUKA:

B:
D:




R; Rs

O

Pucynok /1.2 — I1-o0pa3Hblii 4-110TIOCHUK

OmnpeneneHue XapakTepUCTUUYECKOTO CONMPOTUBIICHUS M Kod(dduimenTa nepe-
Jla4M YETHIPEXIIOIIOCHUKA

z.= 2, g =In(/AD +./BC)

C
Jran JI.2 — IkcnepuMeHTAIbHAS YaCTh
IMPOTOKOJ UCIIBITAHUU
) ]

HATIPAXERMTE Ly | | R c 2
CTELHATEHOH o I—Q—G -
HOPMEL |
Brxon O— PV |
HactoTa 1] u :
Amnnuryna 1 L ’ I
Topma co oo '
7 :
g 2
a |

O O -«
Pucynok /1.3 — MoHTaxxHas cxema UCCIIeAyeMOu 1Ienn

Tabmmma /1.2

OmnpiTHBIE aHHBIC P U= Buf= I'o PacuérHble nanHbIe
Pexnm U,B LA Z, Om Z, Om

[Tpsimoe XX
BKJIFOUEHUE K3
O6paTHOE XX
BKJIFOUEHUE K3

[Tpumeuanue: naaekchl XX — 0003HAYAIOT PEXKUM XOJIOCTOro Xojaa, K3 — pexum

KOPOTKOTO 3aMbIKaHHS

Pac4yér KOMIIIEKCHBIX COIPOTUBIICHUM:

Zixx = Lyyy =
Zigsz = Zogs =

IIpoBepka COOTHOLLIEHUN:
Zixx _ Zik3

Zoxy Zog3



[EHEPATOP PAT Ry 2
CHHYCOHATEHE

HATTPARFHNH -
0T |
L O— |
|
IZ0B I
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EH ~ Ry |
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Pucynok /[.4 — MoHTa)xkHasi cxema UCClIeyeMOu 1IenH

Ta6mauma /1.3
Pacuérnble manHbIe
A B, C, D Zc g
Om Cm
Ta6auma /1.4
Pexxum U, I Z, A B, C, D
B A Om Om CMm

[Tpsimoe XX
BkItoueHue | K3
O6patHoe | XX
BKJIrOYeHue | K3

Pacyér KOMILIEKCHBIX CONPOTUBIIEHUS U3 IPOTOKOJIA M3MEPEHMIA:
Zixx = Zyxy =
Ligz = Loz =

Omnpenenenne koddpdurnuenaros A B,C,D mus II- 06pa3sHOro 4eThIpEXITOItoc-
HUKA:

A=

log)
I

Q:

lw;
I



Ta6muma J1.5

OmnebiTHBIE AaHHbIe Tpu U= B, Z= , Om
Pexnm Usx, Isx, Zpx=Ugpx/lpx, Usbix, | 9=IN(Upx/Ugsix)
B A Om B

[Tpsimoe

BKJIFOUCHHE

O6partHoe

BKJIFOUCHHE

FE1

R T [ ]
(] {Pf])
o

Pucynok /[.5 — Cxema noakiIto4eHue MyJIbTUMETPA
IUJISL ONIPEICIICHUST COITPOTUBIICHUSA



IIpunoxenue E
JlabGopaTopHasi padora Ne 11
[enb paGOTHI:

Jran E.1 — PacuérHo-rpaguueckast 4acTb

Taomuna E.1 — Mcxomupie JaHHBIE IJIs1 UCCIIEI0BAHUS

No 6Gpuraibl R, Om L, MI'n C, Mx® f, I'n

R L
- -
Up i
FEHERATOR Uy U —

Pucynok E.1 — Cxema 3aMenieHust UCCIeayeMOu Lenn

Pacuér nenu KOMIIJIEKCHBIM METOA0M::

Pacuér Ha 1-ii rapMoHuKe:
- KOMIUIEKCHAsl aMIUIUTyAa

Unp=

- peaKTI/IBHoe COHpOTI/IBHeHI/Ie Iemnmn
JXL@ —*c@)=

- KOMIIJICKCHOC COHpOTI/IBJ'IeHI/Ie Iemnn
Ly~

- KOMIIJICKCHAasA aMHHI/ITyI[a TOKa

Ung _

fme = Ly,

- HeﬁCTBYIOHIee 3HAYCHHUC TOKA
UDZLND:
2

- KOMIITICKCHAA aMIIVIMTyda HAIIPSAXKCHUA Ha €MKOCTH
Umcq =

- ZICHCTBYIOICE 3HAYCHHUE HANPsDKEHUs Ha éMKocTH U () =

- AKTHUBHAasi MOIIIHOCTDL:

P =

Umcq _

V2



Pacuér na 3-i rapMOHUKE:
- KOMIUICKCHAs aMIUTUTY/ 1

Um(s) =

- peaKTI/IBHoe COHpOTI/IBHeHI/Ie J1{S28051
(X @) —Xc3))=

- KOMIIJICKCHOC COHpOTI/IBHeHI/Ie Iernn
Zs3)=

- KOMIIJICKCHAasA aMHHI/ITyHa TOKa

Un() _

In@ = Zs3

- I[GP'ICTBy}OHIee 3HAUCHHUC TOKaA
“$21m3=
- J2
- KOMIITICKCHAA aMIININTyda HAIIPSXKCHUA Ha EMKOCTHU
Umce) =
- IleﬁCTBylomee S3HAYCHUC HAIIPAKCHUA Ha €MKOCTHU
U C (3) — m:
- V2
- dAKTUBHAas MOIIHOCTB.

P =

Pacuér Ha 5-i1 rapMOHuKe:
- KOMIUIEKCHAsl aMIUIUTyAa

Umn(s) =

- peaKTI/IBHOC COHpOTI/IBJIeHI/Ie j1(S200%1
(XL ) —Xc(5)) =

- KOMIIJICKCHOC COITPOTHUBJICHHUC LICIIN
Ly~

- KOMIIJICKCHAasA aMHHI/ITyI[a TOKa

Yn) _

Ins) = Lss

- ,ueﬁCTByIOHlee 3HAYCHHUC TOKA
Lo tme)
=5 2

- KOMIIJICKCHasA aMHJ'H/ITyIIa HaprDKeHI/IH Ha éMKOCTI/I
Umnce) =

- ICHCTBYIOIIEE 3HAUCHHUE HATPSDKCHUS HA EMKOCTH




Umce) _

U ey = 1)

~C(5) \/E

- AKTUBHAasA MOIIHOCTB.
Pe) =

JlelicTByIOIIME 3HAYCHHUS:
- TOK B uenu | =
- HampsDKEHKE Ha Bbixoje reneparopa U =
- HampsDKeHUe Ha KoHaeHcaTtope Uc =
- aKTHBHAs MOIIHOCTb P=P 1)+P(3+P ) =

Jran E.2 — JxkcnepuMeHTAIBHASA YaCTh

AMHJII/ITy,HBI IrapMOHUK HAIIPSAKCHUA:
AUy _ 4Up,
Uny=—=__ B, Un@) =

ITo AaHHBIM 3KCIICPUMCHTA:

-ToK | = \]1(21) + 1% + 1) =

4U
=_B, Um(S) = 5—: =_,B

- Hanpsbkenue U, = \/Ucz(l) + Ué(g) + Ug(s) =

BATTMETP
T'EHEPATOP
HATPAERHH
CTIEIMHATEHOH
< 0 FLIEL —
FG
Brixog
YactoTa
Amnnutyga
Dopma i
Bxon 1
“—0
i l <0
— com
Pucynox E.2 — MoHTa)xHast cxema UCCIIeTyeMOU et
Taomuma E.2
U Pacuér OneIT
Pe3yabTaThl H3MEPEHUI ]rgm, I, | Ug, | P, I, | Ug, P,

mA | B Br | mA B Bt

HecunyconnanbHOE HanpsHKEHNe

CunycongaibHoe HanpsbkeHue U

CunycounanbHoe HanpsbkeHue U

CunycoupanbHoe HanpspkeHue U s)

Momnocts: P= P(1)+ P(3)+ P(5) =



KoaddurueHTs! nckaxeHus:

kucI: 2 2 =
Iz +15

Koaddurment aMmmuTyasi

ly

U
kay =™/ y=Unm /U + U} + UZ
B
u

8

6

4

2

0

—2

4

6

-8

o
0 wée w3 w2 2356 wn  Twe 4n3 32 53116 2n
Pucynok E.3
Tabmuma E.3
Pesynbrarel pacuéra Pe3ynprarsl SkciepuMenTa

Ur; |1 UC! P1 UF, Il UC! P1
B mA B Bt B mA B Bt




Llenp

paboOTHI:

[Tpunoxenune K

JlabopaTopHasi padora Ne 12

Tao6muma JK.1 — McxonHple JaHHBIE U1 UCCIIETOBAHUS

Jrtan K.1 — PacuéTHo-rpaduueckas 4acTb

Ne 6puraapt

R,
OMm

C,
MKOD

L,
Ml H

Ry,
OmMm

Ra,
OMm

7K.1.1 UccnenoBanue nepexoaHoro npouecca B uenu R-C 3jiemenToB

R
o I C
u — | U,
LT

Pucynoxk XK.1 — Cxema 3amemienust uccienyemoit nenu R-C sinemeHToB

YPaBHGHI/IH MICPCXOJHOIO Impouccca i1 TOKa, IMPOTCKAKIICIO B LCIIM M HAIIPA-
KCHUA Ha éMKOCTI/I, IMpCaACTaBJICHbBI HIKC

HaHpH)KeHI/IC Ha EMKOCTH U3MEHSECTCS 110 3aKOHY:

uc(t)=

B i
5
4
3
2
1
0

-1

2

=3

— 1
50 T 2T 3t 4t 5t

Pucynok JK.2 — OcriiorpaMMbl HanpsikeHus Uc(t)

ITocTosiHHAS BpEMCHHU LICIIN TRc =

YacroTa CJICA0OBAHH:A OJJHOIIOISAPHBIX UMITYJIbCOB f =



7/K.1.2 UccnenoBanue nepexogHoro npouecca B uenu R-L 3jiemenToB

L R;
ul . R;
i
o—

Pucynok X.3 — Cxema 3amenieHus uccieayemoit rienu R-L ameMeHToB

ypaBHGHI/ISI MEPCXOOHOI0 IIponccca JIA TOKA, IHMPOTCKAIOMICTO B LICIIM U HaA-
MPsAXKCHUSA Ha MHAYKTUBHOCTH, ITPCACTABICHBI HUXKC

Tok B enu U3MEHsIETCA MO 3aKOHY:
iL(t)=
[TocTossHHAst BpEMEHU LEU TR| =

YacroTa CJIICOJOBaHMs OAHOIIOJIAPHBIX UMITYJIBCOB f=

ATj

0 t 2t 3t 4t 5t

Pucynok JK.4 — OcummiorpamMma Toka i(t)

Ortan K.2 — DkcnepuMeHTAIbHAS YaCTh

R
TEHETATOD O_I:| K FG
HATIMAEHHH
mmHDH ul luc
O———0— §
R—Cuens O C o L

Boixog

YacroTa mi u M L, Rh:
AMnnuTyaa R—L uens (_Ecco)p. 1

PopMa i !

a0
ul Rm l um

e} O
Pucynok X.5 — MonTa)xHasi cxema UCCiaeayeMon 1enu



Taomuma XK.2

t, McC 0 T 21 3t 4t 51
Uc, B (pacuér)
Uc, B (ombIT)
Tabmuma XK.3
t, Mmc 0 T 2T 3t 4t 51
i, A (pacuér)
I, A (OmBIT)
Al
U
R |
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Pucynok X.6
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