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1. OBIIME PEKOMEH/JIAIIM 11O OCYHECTBJIEHUIO
JJABOPATOPHOT' O OKCIIEPUMEHTA

1.1. Heuasb 1a00paTOPHBIX 3aHATHI

BakHelmen 4acTpio Kypca « QJIEKTPOTEXHUKA U OCHOBBI DJIEKTPOHUKWY SIBIISAETCS
1a00paTOpHbIM MPaKTUKYM. UTOOBI 3HATh ANEKTPOTEXHUKY M OCHOBBI 3JIEKTPOHUKH,
HEOOXOMMO HAYYHUThCSI CAMOCTOSITENIBHO PeIllaTh pa3HOOOpa3HbIE 3JIEKTPOTEXHUUECKUE
3ajaud. Permenue 3THX 3a7a4 MOXKET ObITh MOJIYYEHO, KaK HM3BECTHO, aHAJUTHUYECKUM
WIH 3KCIIEPUMEHTAIBHBIM METOJOM. DKCIIEPUMEHTAILHBIE METO/IbI PEILICHUS U3y4ar0TCs
Ha JIa0OPATOPHBIX 3aHATHSIX.

JIabopaTopHbI€ 3aHATUS JAIOT BOBMOKHOCTb!

— 3aKpenuTh Ha MPAKTUKE TEOPETUYECKHE CBEACHUS O padoTe pa3IudHbIX
ANEKTPOTEXHUUYECKUX U DJIEKTPOHHBIX YCTPOMCTB;

— TOJpOOHO O3HAKOMUTBHCA C YCTPOMCTBOM M XapaKTepUCTUKaMu Haubosee
BAXHBIX JJICKTPOTEXHUYECKUX M DJEKTPOHHBIX NPUOOpPOB, amnmapaToB M MallluH,
COCTaBJISIFOLIUX IIPEIMET J1a0OpaTOPHOM MPAKTUKU:

— IIOMOYb OBJAJETh NPAKTHUUECKUMU CHOCOOAMM YIpPABIEHUS U HACTPOUKH
ANEKTPOTEXHUYECKUX YCTPOUCTB Ha 3aJaHHBIA PEXUM;

— IOJIy4YHUTh IPAKTHYECKUE HABBIKM B IPOBEICHUHM H3MEPEHHUM 3JIEKTPUUYECKUX
BEJIMYMH, IOJb30BAaHUHM PA3IUUYHBIMU HM3MEPUTEIbHBIMU HpUOOpaMu M ammapaTami,
YTEHUHU AIEKTPUUECKUX CXEM, TOCTPOCHUHU I'Ppa()UKOB U XapaKTEPUCTHUK,

— HAyYuTh TEXHUKE TMPOBEACHUS SKCHEPUMEHTAIBHOTO  HCCIEAOBAHUS
¢usznyeckux MojeNneil WM TPOMBIIUICHHBIX OOpa3loB 3JCKTPOTEXHUYECKUX U
JJEKTPOHHBIX YCTPOMCTB;

— BbIpa0OTaTh YMEHHUE pacCyk AaTh O pabOYMX CBOMCTBAX U CTENIEHH MPUTOTHOCTH
UCCJIEIOBAHHBIX 3JIEKTPOTEXHUYECKUX YCTPONCTB Il pEUICHUS TeX WM UHBIX 3a]1a4.

B cooTBeTCTBMM C TroOCylapCTBEHHBIMH OOpa30BaTEIbHBIMU CTAaHIAPTaAMHU IO
KypcaM D3JIEKTPOTEXHHKHM M OCHOBBI 3JIEKTPOHUKH JIaDOpaTOpHbIE pabOThl JIOJIKHBI
BBIIIOJIHATHCS. IO pas3zeiiaM 3JIEKTPUYECKHE LIENU IOCTOSHHOIO M IIEPEMEHHOIO TOKa,
Tpex(a3Hble DSJIEKTPUUECKHE LENU, TPaHCHOPMATOPbl U INIEKTPUUYECKUE MaIlHBI
IIOCTOSIHHOT'O U IIEPEMEHHOT0 TOKA, OCHOBBI 2JIEKTPOHUKHU.

1.2. IloaroroBka K JJa00paTOPHOMY 3aAHSATHIO

DKcrepuMeHTANBHBIC 33/1a4M, TpeiaraéMble Ha TaOOpaTOPHBIX 3aHITHIX, MOTYT
OBITH YCIIEUIHO PEIICHBI B OTBEJCHHOE B COOTBETCTBHM C PACHHCAHUEM 3aHATUN BpeMs
TOJIBKO MPH YCIOBHUHU TINATEILHON MPEBAPUTEILHON MOATOTOBKH K KaXKIOH U3 HUX.

CtyneHt, B MepBYIO Oouepelb, JODKEH TBEPAO YSICHHUTH IIeNb 3aJaHUS U UYETKO
IPEICTaBISATh Ha3HAUEHUE YCTPOWCTBA, €r0 YCIOBHOE 00O3HAUEHHUE Ha JIEKTPUUYECKHUX
cXeMax, MPUHIUI JIEHCTBUS U OCHOBHBIE XapaKTEPUCTUKH.

3areM, Mo MaTepuansaM PYKOBOJCTBA HEOOXOJWMO O3HAKOMUTBHCS C OCHOBHBIMU
napaMeTpaMu 0OBbEKTa UCCIEIOBaHM, HCTOYHUKOB MUTAHMS U APYTHUX UCIOIB3YEMBIX B
CTeHJIe Tpeobpa3zoBaTesieldl U IMyCKOPETYIUPYIOUUX annaparoB. DTH CBEICHUS HYXHBI
IUIA OTpEACNICHUS] uana3oHa BO3MOXXHOTO HW3MEHEHHUS BEIMYMH M HEO0OXOJUMOTO
pexxnuMa paboTbl 00BEKTa HCcieoBaHHA. TpedyeMble pacueTHbIE COOTHOIICHHUS U

4



(bopMyJIBI CeAyeT HAUTH M 3alHCaTh CAMOCTOSTEIIBHO HAa OCHOBE M3YYCHHS YUCOHBIX
nocoouii.

Oco0oe BHUMaHHE CIIETYET YICTUTh U3MEPUTEIBLHBIM TprbopaM. B cooTBeTCTBUN
C KaXIbIM OJTamoM paboyero 3adaHus HEOOXOAUMO TPOAHATU3UPOBATH CXEMY
COCIMHCHHU, COCTOSIITY IO u3 DJICMCHTOB o0beKTa  WCCIICIOBAHUS u
AJICKTPOU3MEPHUTEIIBHBIX PUOOPOB. I[Ipu 3TOM peKOMEHTyeTCS 3arOTOBUTH TaOIUIIBI JIJIs
3aIuCH MTOKa3aHU MpUOOPOB.

OmHYUM W3 BaXKHBIX ATAIlOB IMOJATOTOBKH K BBHITIOJIHCHHUIO JTAOOPATOPHOW PadOTHI
SIBJISICTCS MU3yYCHUE TEXHOJIOTHUHU IPOBEIACHUS SKCIIEPUMEHTA, UCTIOIb3ys METOAUYCCKHE
PEKOMEHIAITMH K BBITIOJIHCHHUIO pab0dero 3a1aHusl.

3aBepimaet dTall MOArOTOBKH K BBHITTOJIHECHHIO JJa00OpaTOPHOI pabOThI COCTaBIICHUE
OTBETOB HAa KOHTPOJIbHBIC BOMIPOCHI, PUBEICHHBIC B METOJIMYCCKUX YKa3aHUSX.

1.3. IIpoBenenne IKCepuMeHTa

[TomyynB pazpemieHne TmpenojaaBaTelis Ha MPOBEACHHE J1aOOpaTOPHOTO
MCCJICIOBAHMS, CIEAYET HEMEJICHHO MPUCTYNMHUTh K COOpKE DJIEKTPUUYECKHX Iereld Ha
pabouem mecte. PekoMeHayeTcst mpuaepKuBaThCsl CIEMYIONMIEro MOPSIKa, 3HAYUTEIIHHO
obOneryaromero paboTy 1Mo cOOpke ©W H30aBISAIONETO OT MHOTHUX OIMHOOK TMPHU
coeuHeHusaX. OOMMM MpPaBUIIOM SIBISIETCS COCMHEHHE CHAadalla y4acTKOB LIETH C
MOCJIE0BATEILHBIM COCJAMHEHUEM SJIEMEHTOB M MNpUOOPOB, a 3aTeM MapajijieiabHbIX
BETBEH Kak 00bEKTA UCCIICIOBAHUS, TaK U MPUOOPOB.

DTOT mpueM MO3BOJISIET CO3HATEIBHO IMOJIOMTHU K OLICHKE Ha3HA4YeHUs KaXKJI0ro
AJIEMEHTa LIeTH TEM CaMbIM MTPaBUIILHO OCYIIECTBUTH €€ COOPKY.

OaHOBpEeMEHHO cO cOOPKOM LENu HaJl0 MPOU3BECTH MAPKUPOBKY U3MEPUTEIBHBIX
npuOOpOB B COOTBETCTBMM C HMX YCJIOBHBIMM OOO3HaUY€HHUSIMH Ha paboueil cxeme
COeMHEeHU. MapKUpOBKYy MPUOOPOB MOXKHO BBITIOJHUTH C TMOMOIIBIO OyMaKHBIX
OMpOK, KOTOpbIE  3arOTaBJIMBACT  YYalIWiCs, BBIMOJHSAIOMUNA  JabOpaTOpHOE
HCCIIEIOBaHUE.

Bo u3bexaHnre BO3MOXKHOIO BO3HUKHOBEHHS OOJIBIIMX TOKOB B COOpaHHOU leNH
AJIIEMEHTBHI PETYIUPOBAHKS TOTCHIIMOMETPOB HEOOXOAMMO YCTaHABIIMBATH B MOJIOKEHUE,
COOTBETCTBYIOIIEC MUHIMYMY HAaIPsKECHUS HA BBIXOJIE.

CoOpannyto 1enb cienyer 00s3aTeabHO M0Ka3aTh ISl IPOBEPKH MPENOAaBaATEIO.
Tonpko ¢ ero paspemieHus MOXXHO BKJIIOYHTh HMCTOYHUK IUTAHUS W TPOU3BECTH
MpeaBapuTesbHOE OnpoOoBaHME paldOThl LENu, YTOObI yOEAUTHCS B BO3MOKHOCTH
MIPOBEJICHMSI OTBITA TIPH 33JIaHHBIX TIpeIeiax U3MEPeHU BeIMdrH. Hemb3si mpuctynaTth
K U3MEPEHUSIM, HE Oyy4Yd COBEPILIEHHO YBEPEHHBIM, UTO 1N COOpaHa MpaBUIIbHO.

Ecnu npu ucnpITaHUM 1€MW TOCTOSIHHOTO TOKA CTPeJiKa U3MEPUTEIHHOT0 Mpudopa
YXOOUT 3a MpejAelibl IIKaJIbl B OOpaTHOM HaMpaBiICHUH, HAAO0 OTKIIYUTH IIENb U
MEPEKITIOYUTH TTOIXOASIINE K MPUOOpy MpoBO/IA.

[Ipu cHATHH XapaKTEPUCTHK HEIOMYyCTHUMO MPEBBINIATh HOMUHAIbHBIC 3HAYCHUS
TOKOB W HANpPsHDKCHUH HCTIBITHIBAEMOTO AJIEKTPOTEXHUYECKOTO YCTPOMCTBA, €CIIA HET
0COOBIX YKa3aHWIl B PYKOBOJICTBE MO JaOOpaTOpHOMY 3KCIepuMEHTy. B cmydae, ecnu
CTpeJIKa Kakoro-m0o mnpudopa BBIXOAUT 3a MPEAEbl IIKadbl, HAJAO0 HEMEIJICHHO
OTKJIFOYHTH IEeTh OT UCTOYHUKA MUTAHUS, TOJOXKHUThH MPETOaBaTeIII0 WU JIA0OPAHTY U



U3MEHHUTh YCJIOBHUSl JKCIEpUMEHTa (YMEHBIIUTh HANPSXKEHUE MUTAHUS, YBEIUYUTh
JMana3oH U3MEHEHUS CONPOTUBIICHUS U T.11.).

[Tocne mpeaBapUTENIbHOIO ONMPOOOBAHMS LIETIH, TPOBEPKH WJIM OLEHKH JMaIa3oHa
U3MEHEHUsl TEPEMEHHOI0 MapaMeTpa HEOO0XOAMMO HaMETUTh I0CJIE0BATEIbHOCTD
OTJEJIbHBIX MAaHUIYJISILUN U OTCUYETOB, a 3aT€M MPUCTYIUTh K HAOTIOACHUSIM.

OtcueTsl peKOMEHAYETCS NMPOBOAUTH 110 BO3MOXHOCTH OJHOBPEMEHHO IO BCEM
npubopam. Crnemyer u3derarb mnepepbiBa HayaTOW cepur HAOMIOIEHUNM W BO BCEX
Clly4asiX, KOrja BO3HMKAeT COMHEHHME B IPABWJILHOCTHU MOJYyYEHHBIX HAOIIOICHUM, UX
HEOO0XOMMO MOBTOPUTH HECKOJIBKO pas3.

Pe3ynbTarhl Bcex MEepBUYHBIX HAOMIOIEHUN U OTCUETOB 3aMMCHIBAIOT B TaOIUILY
MIPOTOKOJIA UCMBITAHUN. 3aliCh OTCUYETOB JOJKHA BECTUCh B TOYHOM COOTBETCTBUHU C
MOKa3aHUSIMU  U3MEPUTENBHBIX MpUOOpoB. I[IpoTOKOIBI HAOMIOAEHUN  SBISAIOTCS
€MHCTBEHHBIM JOKYMEHTAJIbHBIM CJIEAOM, OCTAIOIIMMCA OT U3MEPEHUH, MO3TOMY OT
TOYHOM U CBOEBPEMEHHOM (hUKcanuu B TaOJIMLAX pe3yabTaTOB OTCUETA B 3HAUUTEIbHON
CTEIIEHU 3aBUCHUT YCIIEX SKCIIEPUMEHTATbHOU pabOTHI.

[Ipu nepexosie OT OJTHOTO ATara MCCIEI0BaHUSA K IPYroMy HEOOXOIUMO Kaxabli
pa3 oOpamarbcsi K MPENnoJaBaTelio 3a IPOBEPKOH NPABUIBHOCTH IOJYUYEHHBIX
pE3yJIbTaTOB, KOTOPBIE MTPEICTABISAIOT B BUJE TaOINIL WU IPAPUKOB.

K cnenyromemy stany paboTsl pazpeaeTcss IpUcTynaTh TOJIbKO MOCIE IPOBEPKU
Y BU3UPOBAHHUs MPOTOKOJIA IIPENOAABATEIIEM.

1.4. O6paboTKka pe3yJbTaToB M 0(pOpMJICHHE OTUETA

Kaxnplil cTyneHT camocCTOSTEIbHO AOKEH 00pabaThiBaTh JaHHBIE OIBITOB U
MOJTOTOBUTH OTYET MO KaXKJI0M MpoielaHHON padoTe.

B oryere Ha TUTYJIBHOM JIMCTE YKa3bIBAIOTCS Ha3BaHHE Y4Ye€OHOTO 3aBENICHUS,
kadenpel. Homep u HammeHoBaHue paboThl, (amMmwivsg W WHULUATIBI CTYJICHTA,
BBITIOJTHUBIIIETO Pa00Ty, HOMEP €ro aKaJIeMUYECKON TPYIITIHI.

OT4eT MOKEH colep)KaTh, MACTIOPTHBIC JaHHBIE 0OBEKTA MCCICAOBAHMS, CXEMbI
COCMHEHUSI AJIEMEHTOB OOBEKTa HCCJIEJOBaHUS C BKJIIOYECHHBIMH HM3MEPUTEIbHBIMU
npubopamu, TaOIUIIEI C 3aMUCHI0 Pe3yJIbTaTOB IKCIIEPUMEHTA, TpapUKH 3aBUCUMOCTEHN U
BEKTOPHBIE IUArPAMMBL.

[Toce mpoBeneHUs SKCIEPUMEHTA JODKHBI OBITh CHEIIAaHBI OCHOBHBIC BBIBOIBI,
MOJIyYEHHBIE B PE3YJIbTaTe UCCIICI0BaHUSI.

Kaxnmas cxema nomkHa OBITH COMPOBOXKJEHA COOTBETCTBYIOLIEH TaOmuIen
3amucel pe3ysbTaTOB M3MEPEHMM W rpadukoM, WUIIOCTPUPYIOIMIUM HU3ydaeMble
3aBUCUMOCTH. B Tabnuie o00s3aTenbHO CHeQyeT YyKas3blBaTh, B KAKUX EIUHHUIAX
U3MEpEHBI UCcieayeMble BelnunHbl. Bee Tabnuie Heo0XouMo CHaOAUTh 3aroJIOBKaMH,
XapaKTepU3yIMMH NPOBOJIUMBINA OIBIT.

Ha ocHOBaHuu pe3yiapTaToB M3MEPEHHUI TMPOBOJUTCS UX OKOHYATEIbHAs
oOpabotka. V3mepeHHbIe ¥ BHIYUCICHHBIC BEJIMYMHBI 3aHOCSATCS B COOTBETCTBYIOIIHE
KOJIOHKM OJHOM W TOH K€ TaOJIUIIBI.

BriuepuuBanne cxem u TaOIMI] PEKOMEHIYETCS MPOU3BOJUTH KapaHAaIloM
00s13aTEJIbHO C MOMOUIBIO JIMHEHKH.



Oco0oe BHMMaHWE HAA0 YIEIHUTh I'paduKaM 3aBUCUMOCTEH MEXAY BEJIMYMHAMU,
T.K. OHM SBJSIOTCS HArJSAHBIM pe3yJbTaTOM padoThl, rpaUuyecKUM OTBETOM Ha
BOIIPOCHI, IOCTABJICHHBIE B JJaOOpaTOpHOi padoTe.

[Ipu mnoctpoeHun rpaduUKoB MO OCSAM MPUBOASIT CTaHAAPTHBIE OyKBEHHbBIC
0003HaYEHUs BEJIMYMH U €UHUIl UX U3MEPEHHUS, YKA3bIBAIOT JEJICHUS C OJMHAKOBBIMHU
MHTEPBAJIAMH, COOTBETCTBYIOIIME OTKJIQ/JbIBAEMbIM BEIMYUHAM B MPUHSITHIX €IUHULIAX
MU3MEPEHUS WU B JIECATUYHBIX KPATHBIX JTUOO JOJBHBIX SIUHUIIAX.

YucnoBble OTMETKH y MACIITAOHBIX JEJEHUN MPUHSTO BHIOMPATH TaK, YTOOBI OHU
coctaBmsm 107, 2*¥10™ wam 5*10™" oT Tex eIUHUI, B KOTOPHIX BHIPAKEHBI BETHUHHBI,
OTKJIaJibiBaeMble 1o ocsiM. Hanmpumep, 10 mA; 0,02 Om; 500 Br.

[Ipu mnoctpoeHun TpaduKOB BIOJIL OCH aOCIMCC B BBIOpAaHHOM MaciiTade
OTKJIQJIbIBAIOT HE3aBUCHUMYIO IEPEMEHHYIO. YCIIOBHOE OyKBEHHOE 0003HAUEHHME STOU
BEJIMYMHBl PEKOMEHIYETCSl CTaBUTh MOJ OCbIO, & HAUMEHOBAHUE E€IUHUI] U3MEPEHUS
7100 MX JAECITUYHBIX KPATHBIX WIH JOJBHBIX €AUHUI] — IMOCIe 0003HAUCHUS BEITUYHHBI.
Brone ocu opaunat macmtabHble HU(PBI CTaBIT ClieBa OT OCH, HAMMEHOBAHUE WIIH
yCIIOBHOE 0003HAYEHHE OTKJIAJBIBAEMBIX BEJIMUYMH — TAK)XE CJI€Ba OT OCH U TOJ 3TUM
0003HAUYECHNEM YKa3bIBAIOT €IWHUIYy M3MepeHus. Eciu B OJHUX KOOPAWHATHBIX OCSIX
CTPOSIT HECKOJIbKO TpauKoB (yHKIUH OJHOW HE3aBUCHUMOW MEPEMEHHOM, TO CleayeT
MPOBECTH JOMOJIHUTENbHbIE IIKAJIbl MapayIeIbHO OCHOBHBIM, KaXIYH0 CO CBOUM
MacmtaboM. Eciii BeTu4rHbI IO OCSIM abCLMCC U OPJAMHAT OTJIOKEHBI B ONPEIEIEHHOM
MacuTabe ¢ YMCIOBBIMU OTMETKAMH, TO HE CJIEAYyET CTaBUTh CTPEJIOK, YKAa3bIBAIOLIUX
HaIpaBJICHUE POCTa YUCICHHbIX 3HaYeHU BennunH. HauMeHnoBanve equHuIl U3MEPEHUs
naetcsi 0e3 ckoOok. [Ipu BhluepuMBaHUM TpaUKOB HAIO YUHUTHIBATh, YTO BCSIKOE
U3MEpEHHE HMEeT ClIy4yailHble TMOrPeIHOCTH (MCTUHHOE 3HAaY€HUE H3MEPSIeMOil
BEJIMYMHBI OCTAETCS HEU3BECTHBIM, @ BMECTO HETO IIPUHUMAIOT HEKOTOPOE €€ 3HaUECHUE,
npu3HaBaeMoe 3a HauboJiee MpuOIMKamoleecs K UCTUHHOMY). Iloatomy He criemyer
MPOBOJIUTh KPUBBIE UEpPE3 BCE IKCIIEpUMEHTalIbHbie Touku. Ha rpaduke HEoOX0auMo
MPOBOAUTh  IUIABHBIE  HENPEPBIBHBIE  KPUBBIE, KOTOpPbIE  MPOXOAST  Cpeau
AKCHEPUMEHTANIbHBIX TOo4YeK. OTCTYIUIEHHE HEKOTOPbIX TOYEK OT IUIaBHOM KPUBOM
HA3bIBAIOT «pa3dpocoM Touek». Bemmumna pazOpoca mpu HaOIIOIEHUU 3aKOHOMEPHBIX
SBJICHUI ONIpeNeNsieT TIATeIbHOCTh IPOBEICHUS SKCIIEPUMEHTA.

[Ipy HANMMYMKM HECKOJIBKUX KPUBBIX HA OJHOM rpaduke TOUKHU, COOTBETCTBYIOIINE
OTBITHBIM JIAHHBIM M OTHOCSIIIMECS K PA3JUYHBIM KPUBBIM, JOJKHBI ObITH MOMEUYEHBI
YCJIOBHBIMU 3HAYKaMH (KPECTUKAMU, KPYKKaMH U T. I1.).

Kaxnpiii rpaduk 00s3aTebHO JIOJDKEH OBITh CHA0XEH TAaKUM JIAKOHUYHBIM
TEKCTOM, 4TOOBI JIO0O0I JTOCTATOYHO TMOJTOTOBJICHHBIM YUTATENb MOI JIETKO IOHSATH,
KaKy10 3aBUCUMOCTb XapaKTEepU3yeT NOCTPOCHHBIN rpaduK.

Ha mocnexneit ctpanuiie otuera cieayeT ykazarh Aaty oOpMIICHHS U MOCTAaBUTh
MOJIHCh.

OT4eT B 11€JIOM JIOJKEH OBITh COCTABJICH TAKUM 00pa3oM, 4TOOBI I TOHUMaHUS
COJIepKaHUsl U Pe3yJbTaTOB IPOBEIECHHOM padOThl HE TPEOOBAIOCH JOMOIHUTEIBHBIX
YCTHBIX TmosicHeHui. CocTaBlieHHe TOMOOHBIX OTYETOB — IMEPBBIN mar K O0()OPMIICHHUIO
TEXHUYECKUX OTYETOB MO IKCIEPUMEHTAIBHBIM HCCIIEAOBAHUSAM, KOTOPbIE MPEICTOUT
MIPOBOJIUTH OYIyIIEMY UHKEHEDY.



2.METOANYECKHUE YKA3AHMUS K ITPOBEJAEHUIO
JIABOPATOPHBIX PABOT

Padora Ne 1. QJIEKTPOUSMEPUTEJIBHBIE IPUBOPHI U UBMEPEHUSA

1. Hean padoTsl

N3yuyeHue 31eKTpou3MEpUTENIbHBIX TPUOOPOB, UCIOJIb3YEMbIX B JIA0OPATOPHBIX
paboTax, BBINOJHSAEMbIX Ha creHje. [lomydyeHue npeactaBiaeHuil o npejene u3MepeHus
U 1IeHEe JeJieHus, aOCOJIOTHOM M  OTHOCUTENbHOW MOTPEIIHOCTH, YCIOBHSX
JKCIUTyaTalldd M JIPYTUX XapaKTePUCTUKAX CTPEJOYHBIX 3JIEKTPOU3IMEPUTENbHBIX
npuOOPOB, MOITYYEHHE HABBIKOB pabOThI ¢ HU(POBBIMU U3MEPUTEIBHBIMU TPUOOPAMHU.

2. IlosicHeHus K padoTte

KouTtposb paboTbl 31€KTpOOOOPYJOBaHUSI OCYILECTBIAETCS C  I[OMOIIBIO
Pa3HOOOpa3HBIX JIIEKTPOM3MEPUTENBHBIX MpubopoB. Hambonee pacnpocTpaHeHHBIMU
ANEKTPOU3MEPUTENIBHBIMU ~ MPUOOpAMU  SBIJISIFOTCA  MPUOOPHI  HEMOCPEICTBEHHOTO
orcuera. [lo BHIy OTCYETHOro YCTpOWCTBa pas3iMyalOT aHAJIOTOBBIE (CTPENIOYHBIC) U
U (pOBBIE U3MEPUTENIbHBIE TPUOOPBHI.

Ha nunesoi CTOPOHE CTpPEJIOYHBIX MPUOOPOB H300paKEHbI YCIOBHbBIE
0003HaueHUs, ONPEICIISIONINE KIacCCUPUKAIMOHHYI0 Tpynmy npubopa. OHU MO3BOJISIOT
PAaBUWJIHHO BHIOPATH MPUOOPHI U IAI0T HEKOTOPBIEC YKAa3aHUS 10 UX IKCILTyaTaIlHH.

B nensix moctostHHOro Toka Juisi '3MEPEHNUN TOKOB U HAIIPSKEHUNA TPUMEHSFOTCSA
B OCHOBHOM NPHUOOpPHI MarHUTOANEKTPUUYECKOW cucTeMbl. [IpuHIMI AEHCTBHS TaKUX
npuOOpOB OCHOBAaH HAa B3aMMOJCHCTBMM MAarHUTHOTO MOJII MOCTOSHHOTO MarHUTa U
U3MEPSIEMOI0 TOKA, MPOTEKAIOLIEro IO KAaTYWIKE. YTOJ MOBOPOTA CTPEIKHA O MPSMO
IpONOpUMOHANIeH u3MepsieMomy ToKy [0 «a = K [. IlIkanel MarHUTO3JIEKTPUUYECKUX
npuOOpPOB paBHOMEPHEIE.

B u3MmepuTenbHbIX MEXaHM3MaxX 3JICKTPOMArHUTHOM CHUCTEMBbI, MPUMEHSIEMBbIX
JUISl U3MEPEHUN B LEMNAX MEePEMEHHOTO W IMOCTOSHHOIO TOKA, BpallaroUdii MOMEHT
00yCJIOBJIEH I€CTBHEM MAarHUTHOTO IOJISI U3BMEPSIEMOro TOKa B HEMOJABM)KHON KaTYIIIKeE
npubopa Ha MOABMXXKHBIA (PEepPOMArHUTHBIA AKOpPb. YTOJI MOBOPOTA CTPEJIKU & 37ECh
MPONOPUMOHAIICH KBajpary Toka: o = K L. [TosToMy miKama 3JIEKTPOMATHUTHBIX
npuOOpoB OOBIYHO HEpPAaBHOMEpHAs, YTO SBISAETCS HEIOCTaTKOM 3THUX MPUOOPOB.
HauanpHas yacTh MIKaabl HE UCIIOJIB3YETCA U1 U3MEPEHU.

JUJIs MpakTHYeCKOro MCHOJIB30BAHUS H3MEPUTEIBHOrO MNpubopa HEOOXOAUMMO
3HATh €ro Npeie] U3MEPEHU (HOMUHAIBHOE 3HAYEHUE) U 1IeHY JeJIeHUs (TTOCTOSHHYIO)
npubopa. IIpenen uzmepeHuit — 370 HauboJIbIIee 3HAUCHUE DJICKTPUUECKON BEIUYMHBI,
KOTOPOE MOKET OBITh U3MEPEHO JaHHBIM TPHUOOPOM. DTO 3HaYECHUE OOBIYHO yKa3aHO Ha
NAULEeBON cTopoHe mpubopa. OOUH U TOT K€ NPUOOP MOXKET UMETh HECKOJIBKO MPEIEIOB
u3Mmepenuii. lleHol nenenust mpuOopa HA3BIBAECTCS 3HAUCHUE U3MEPSEMON BEIMYMHBI,
COOTBETCTBYIOILIEE OHOMY JAEJIEHUIO LIKajbl npudopa. Llena nenenus npudopa C nerko
omnpeneaeTcsl KaK OTHOIICHUE Mpejena U3MEPEeHUN Appy K YUCITY JEJICHUM Kbl
N:C=4 HOM / N.

Ha numeBoll cTOpoHE CTpENOYHBIX MpUOOpa yKa3bIBaeTCs Kiacc TOYHOCTH,
KOTOPBIN ONpeneNnsieT MNPUBEACHHYIO OTHOCUTEIbHYIO MOrPEIIHOCTh Mpudopa Jp.
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[IpuBeneHHass OTHOCHUTEIbHASI OTPEIIHOCTh MPUOOpPa — 3TO BBIPAXKEHHOE B MPOLIEHTAX
OTHOUIEHUE MaKCUMAaJIbHOM MJisi JaHHOrO mpubopa abCOMIOTHOM MOrpemHocTd A4 K
HOMHMHAJILHOMY 3Ha4eHHIO pudopa (npeneny usmepenuil) Apon: yup = 100 AA /Anoyn%.

3Has KJIacc TOYHOCTH MPUOOpa, MOXKHO ONPENEIUTh a0COMIOTHYIO AA u
OTHOCUTENIBHYIO TOIPEIIHOCTH U3MEPEHUS i3y, @ TAKKE JEUCTBUTEIBHOE 3HAYEHHUE
U3MEPSAEMOU BEJIMYUHBI A :

AA = Yirp AHOM/IOO,' Yirsm = 100 AA/A, Aﬂ: A +AA.

Herpyano cnenarte BBIBOJA, YTO OTHOCHUTEINIbHAS MOTPEIIHOCTH MU3MEPEHHS TEM
Oosbllle, YeM MEHbIIE H3MepsieMas BeJIMYMHA 110 CPaBHEHUIO C HOMMHAJIbHBIM
3HayeHueM npuoopa. [losTomy kemareabHO HE TMOJIB30BAaThCS MPU U3MEPEHHUU
Ha4yaJIbHOW YaCThIO LIKAJIbI CTPEIOYHOT0 Iprbdopa.

Jlnst obecrieueHust Mastoil METOIMYECKON MOIPEIIHOCTH U3MEPEHUS HEOOX0UMO,
YTOOBl COINPOTUBJIICHHE aMIepMeTrpa ObUIO 3HAYUTEIBHO MEHbBIIE COMPOTUBICHUS
Harpy3Ku, a CONPOTHUBJICHHE BOJIbTMETpPA ObLJIO 3HAYMTENIBHO OOJIbLIE COMPOTUBICHUS
HCCIIEyEMOTO y4acTKa.

[Ipn npoBeneHUM U3MEPEHHMM B JJIEKTPUUYECKUX LEMSIX IIUPOKOE NPUMEHEHUE
HOJy4YrSid IIU(GPOBBIE MYJIBTUMETPbI — KOMOMHUPOBAHHBIE ITU(POBBIE U3MEPUTEIBHBIC
npuOOphl, TO3BOJISIIONIME M3MEPATHh IMOCTOSIHHOE W TEPEeMEHHOE HaIpsKEHUE,
NOCTOSIHHBI M NEPEMEHHBIA TOK, COMPOTUBIICHUS, IPOBEPITh AUOJABI U TPAH3UCTOPHI.
Jlsist ipoBeieHHs] KOHKPETHOTO M3MEPEHHsI HEOOXOAMMO YCTaHOBHUTH IMEPEKIIIoUaTeIeM
MpEeANoiaraeMplii  Mpeaesa H3MEPEeHH H3MEpSAeMOil BEIUYMHBI (TOK, HaIpsKEHHE,
CONPOTUBIJICHUE) C YYETOM POJia TOKa (IIOCTOSIHHBIN WM niepeMeHHbli). [IpeacraBnenue
pe3ysibTaTa M3MEPEHUs MPOUCXOJUT Ha HUGPOBOM OTCUETHOM YCTPOWCTBE B BUJEC
OOBIYHBIX  yNOOHBIX  JUISI ~ CUMTBHIBAHMSI  JECATUYHBIX  uucen. HawmOombiee
pacmpocTpaHeHHe B LU(POBBIX OTCUETHBIX YCTPOWCTBAX MYJIBTUMETPOB MOIYUHUIN
KUJKOKPUCTAIUNIMYECKUE, Ta30pa3psAIHbIE U CBETOAMOAHbIE HMHAMKATOpBl. Ha mepennei
MaHEeIN TaKoro MpuOOpa HAXOIUTCS MepeKIoyaTenb (PYHKUUA U JUANa30HOB. DTOT
MEPeKIIoYaTeNb HCMOJIb3yeTCs KakK s BblOOpa (QYHKUMH M JKEeJaeMoro mpejesna
U3MEPEeHU, TaK W s BBIKIIOYEHUs mnpuOopa. [lns mpojjeHuss cpoka ciryKObl
UCTOYHMKA DJJIEKTPONMTAHMS MpuOopa MepeKiovaresib JOKEH HaXOAUThCS B
nonoxxeHnn «OFF»B Tex ciyuasx, korjga npubop He UCTIONb3YETCS.

K OCHOBHBIM TEXHUUYECKHM XapaKTEPUCTUKAM LUPPOBBIX MTPUOOPOB, KOTOPHIE
HEO0OXOJMMO YUYUTHIBATH MIPU BHIOOPE OTHOCSTCS:

— JMana3oH u3MepeHuil (00bIYHO MPUOOP UMEET HECKOJIBKO MOJIINANa30HOB);

— paszperaroniasi CoCOOHOCTh, MOJ KOTOPOH YacTO MOHMMAIOT 3HAYEHHE
U3MEPSIEMOM BEIIMYMHBI, NIPUXOMAIIECECS HA €IUHMIYY ITUCKPETHOCTH, TO €CThb OJUH
KBaHT;

— BXOJHOE COIPOTUBIICHHE, XapaKTepU3ylollee COOCTBEHHOE MOTpeOIeHHE
npuOOPOM SHEPTUU OT UCTOYHUKA U3MEPHUTENBHON HH(DOPMALINY;

— MOTPEIIHOCTh U3MEpPEHHUs, YacTo onpenenseMas kak (% OT CUUThIBaEMBbIX
JAHHBIX + KOJMYECTBO €IMHHULl MJIAJLIETO pa3psia).

MynbeTumerp dYacto wumeeT OarapeiiHoe mnuTanue 9 B, moatomy mnepen
MCITOJIb30BaHUEM TpuOOpa HEOOXOAMMO MPOBEPUTH OATApEI0 AIEKTPONUTAHUS MyTEM
BKJItOueHus: npubdopa. Ecnu Garapes paspsokeHa, TO Ha AMCIIIEE BOSHUKHET YCJIOBHOE
n3o0paxkenue Oatapeu. lcnosib3yemble B CTEHAE «DJIEKTPOTEXHUKA» MYJIBTHMETPBI
IIATAIOTCA OT BBIIPSIMUTEIBHOIO YCTPOWCTBA, BMOHTHPOBAHHOTO B MOAyJdb. Jlid
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UCIIOJIb30BaHUsl MPUOOPOB HEOOXOAUMO MOJKIIOYUTh C THUIBHON CTOPOHBI KabOelb
NUTaHUSI K HWCTOYHUKY IepeMeHHoro Hampsbkenus 220 B. Ilepen nposeneHuem
U3MEpPEHUS HEOOXOJMMO TMEepeKyoyaTelb MPEeleoB YCTAaHOBUTh Ha TpeOyeMblil
uana3oH u3MepeHui. J{ns mpenoTBpalleHus MOBPEXKACHHUS CXEMbI MpUOOpa BXOJHbBIE
TOKM M HalpsKEHUS HE JOJDKHBI IPEBBIIATh YKa3aHHBIX BeNWYMH. Ecau npeden
uMepAaAemMoz0  moKa  Ulu  HANPAJNCCHUA  3apaHee  Heu3eecmeH,  ciedyem
YCMAaHAGIUGAMb NEPeKaiouament nPedeios HaA MAKCUMYM U 3amem RnepeKaIiouams
€20 6HU3 NO Mepe HeodX00umMocmu.

Ucnonp3dyemple B JTaHHOM  CTEHJE  MYJbTUMETPbI, HMEIOT  PEKUM
aBTOMATUYECKOT0 BbIOOpa mnojaauana3oHa wuzMepeHuid. C  MOMOIIBI KHOIOYHOIO
nepeximoyatens «R-H» M0OXXHO ycTaHaBIMBATh MOJIIMANA30H U3MEPEHUS BPYUHYIO.

Jns u3MepeHuss Hanpa)ceHua TOAKIIOUYUTE oAWMH Iyl K pasbemy COM, a
Ipyroi — K pazbemy «V/Qy», ycTaHOBUTE MepeKovarenb PyHKIUM B nmojgoxkeHue «V» u
C TIOMOIIbI0 KHOTIOYHOT'O MEPEKII0YATENsl YCTAHOBUTE PEKUM U3MEPEHUS ITOCTOSTHHOTO
(DC) wunmu nepemennoro (AC) Hanpsokenusi.  [logcoeguHuTe KOHUBI WIYNOB K
U3MEPSIEMOMY HCTOYHHMKY HamnpspkeHus. [Ipm uM3MepeHun MNOCTOSHHOTO HaNpsiKEHUS
MOJIIPHOCTH HAIPSIKEHUSI Ha IUCIUIee OyIeT COOTBETCTBOBATH MOJIIPHOCTH HATIPSHKCHUS
Ha BTOpoM miyrne. HekoTopble XapaKTEpUCTUKH HCIOIb3YEMOr0 MYJIbTUMETpa MpU
WU3MEPEHUHU MTOCTOSTHHOTO HAMPSHKEHUS MPEACTaBICHBI B Ta0m. 1.

Tabmumal
[Tonnuamnason [Torpemnocts u3Mepenus | Paspemaromniasi CiocoOHOCTh
U3MEPEHUMN
4B +0.5% ofrdg + 3 digits 1 MB
40 B 1+0.5% of rdg £ 3 digits 10 MB
400 B +0.5% of rdg + 3 digits 0,I B
1000 B +0.8% of rdg + 3 digits 1B

HexoTopble XapakKTEpUCTUKM HCHOJb3YEMOTIO MYJIbTUMETpPAa IIPU HU3MEPEHUU
NEPEMEHHOTO HAMPSKEHU MPEACTaBICHBI B Ta0I. 2.

JIns u3MepeHust conpomueieHuii NOAKIIYUTE OJUH IIyN K pazbemy «COM», a
BTOPOH — K paszpeMy «V/Q», ycTaHOBUTE Mepekiovaresnb (QyHKuuid Ha «Q» U
NOJICOEIMHUTE KOHLBI IIYTIOB K U3MEPSEMOMY CONIPOTHUBIIEHUIO.

Tabmura 2
IHognunana3zoHn [Torpemuocts n3Mepenusi | Paspermaroras criocoOHOCTh
VU3MEpEeHUH
4B +1,2 % ofrdg + 5 digits 1 MB
40B +1,2 % ofrdg + 5 digits 10 MB
400 B +1,2 % of rdg + 5 digits 0,1 B
750 B +1,5 % of rdg + 5 digits 1B

Korna nens pazomMkHyTa, Ha HHIUKATOPE OyeT HHAUIUPOBATHCS «OLy.

Ilepeo u3smepenuem conpomuenenuil 6 cxeme ybdeoumecv, UmMO cxema
obecmouena u 6ce KOHOEHCAMOPbL PaA3PAIHCEHDI.

Hekoropble XapaKkTepUCTUKH HCIOJIbB3yeMOT0 MYJBTUMETPAa HPU H3MEPEHUU
COTIPOTHUBJICHUI MpEeICTaBIEHBI B Ta0M. 3
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Tabmuna 3

ITonanamazon [Torpemnocts u3Mepenus | Paspermaromniasi CiocoOHOCTh
U3MEPEHUMN
400 Om +1,2 % of rdg + 3 digits 0.1 Om
4 xOm *1,2 % of rdg + 3 digits 1 Om

40 kOm +1,2 % of rdg + 3 digits 10 Om

400 kOm +1,2 % of rdg + 3 digits 100 Om

4 MOm +1,2 % of rdg + 3 digits 1 kOm

40 MOm 13,0 % ofrdg + 5 digits 10 xOm

3. Ilopsiaok BbIMOJHEHUS PA0OTHI

3.1 N3yuenne NaCIIOPTHBIX XapaKTEPUCTHUK CTPEJIOYHBIX

AIICKTPOU3MEPHUTEIIBHBIX MPUOOPOB. JIJIsI TOr0 BHHMATEIIBHO PACCMOTPETh JIUIICBBIC
MaHEIM CTPEJIOYHBIX aMIIEPMETPOB M 3aII0JHUTH Ta0I. 4.
Taomuna 4

XapakTepUCTUKA IIEKTPOU3IMEPHUTENIHHOTO TPUdopa

HanmenoBanue npudopa Awmnepmerp | Amnepmerp | BoapT™merp

Cucrema HU3MEPUTCIBHOI'O MEXaHU3Ma

[Ipenen nzmepenus

Yucio neieHuy mKajibl

Ilena neneHus

MuHUMaNbHOE 3HAYECHUE U3MEPSIEMON BEIIMYHHBI

Kiacc Tounoctu

Jlommyctumast a0CoOJIOTHAS

MOrPEMIHOCTh

MaKCuMaJIbHas

Pox Toka

HOpMaJ'ILHOG IIOJIOKCHUEC IIKAJIbI

IIpoune xapaKTepUCTUKH

3.2. IToctpouts rpaduk 3aBUCUMOCTHA OTHOCUTEIHHON MOTPEITHOCTH U3MEPEHHUS
OT U3MepsaeMon BeTu4UuHbI Yy3v = f (Apsm) U1 mpubopa, yKa3aHHOTO MPErnoJaBaTesieM.
Crenatb BBIBOJ O BEJIMUUHE OTHOCUTEIBHOM MOTPEIIHOCTH U3MEPEHUS B HAYaJbHOU U
KOHEYHOM YacCTH IIKaJbl, O XapaKTepe U3MEHEHHUs MOTPEUTHOCTH BIOJb IIKaJIbI Tprbopa.

3.3. O3HaKOMMTHCS C JIMIEBOM MAHENIbI0 MYJIbTUMETPA U 3apUCOBATH €E.

3.4. TloaroroBUTh MYJBTUMETP JJIsi M3MEPEHUs IOCTOSHHOIO HaIPsHKEHUS.
Bxirounth 3lIeKTponUTaHUE CTEHAAa (aBTOMaTHYeCKHWil BbIKIouarenb QF Moy
MUTAaHUS) U HCTOYHHUK IOCTOSIHHOTO HamnpsbKeHHs. M3MepuTh 3HAUYE€HHsI BBIXOAHBIX
HaIIpSKEHUM MOJYJISl IUTaHUA Ha KieMMax «+5 By, «+12 B» u «—12 B» otHOCUTENBHO
o0mieil kaemMmbl. Pe3ynbTaThl M3MepeHHil 3aHecTH B Tabn. 5. BBIKIIOYNTH MCTOYHUK
ITOCTOSTHHOT'O HAPSIKEHUS.

Tabauua 5

+12B |-12B | ~12B |~220B

KnemMMmel

+5 B

Nsmepeno
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3.5. IloaroToBUTh MYJIBTUMETP [JII U3MEPECHUS NEPEMEHHOrO0 HaNpPSKEHUS.
BxiitounTh HCTOYHUK TUTAHUA W MYJIBTUMETPOM HU3MEPUTHh 3HAYCHUS BBIXOJHBIX
HaIpspDKeHU Ha KieMMax «~12 B» u «~220 By». Pe3ynbTaTel u3MepeHuii 3aHecT B Ta0I.
5. BBIKIIIOUHUTH UCTOYHHK TPEeX()a3HOTO HAIPSIHKEHHUSL.

3.6. IloaroToBUTh MYJBTHUMETP Uil U3MEPEHHUS] CONPOTHUBIEHUN PE3UCTOPOB.
N3MepuTh 3HAYEHUs CONPOTUBIECHUM pPE3UCTOPOB, YKAa3aHHBIX MPENOAABATEIIEM.
Pesynbrarel 3anectu B Ta0I. 6.

Tabmuia 6
Pesuctop R1 R2 R3 R4
HomuHanpHOE 3HaueHne conpoTusiaeHus, Om 5 10 20 30
N3mepeno, Om

4. Conpep:xxanme oTuera

Otuer mo paboTe TOHKEH COAEPKATh:

a) HAMMEHOBaHUE pPabOTHI U 11EJIb PAOOTHI;

0) TeXHUYECKHE JaHHBIC U3MEPUTEILHBIX TPUOOPOB;

B) rpaduK  3aBUCUMOCTH  OTHOCHTEIBHOW  MOTPENTHOCTH  HM3MEpPEHUI
Ymm = T (Amzm);

I') pe3ybTaThl U3MEPEHHUI;

1) BBIBOJBI 11O padoTe.

5. KoHTpoJibHBIE BONIPOCHI

1. KakoB mnpuHnun nedcTBusi TPUOOPOB  MATHUTOIICKTPUUYECKON |
AIEKTPOMArHUTHON CUCTEM?

2. Yto Takoe npenes u3MepeHus?

3. Kak onpenensiercs 1ieHa aesneHus: npudopa?

4. Yto Takoe abCOIMIOTHAS U OTHOCUTENbHAS MOTPEIIHOCTH U3MEPEHUs?

5. Uto xapakTepu3yeT Kilacc TOYHOCTH pudopa?

6. B kako# yactu mkainel npubopa U3MEpEeHne TOUHEE U oYemMy?

7. KakoBbl OCHOBHBIE IOCTOMHCTBA [IU(PPOBBIX U3MEPUTEIBHBIX TPUOOPOB?
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Padora Ne 2. JUHEHHAS DJIEKTPUUECKAS LIENb
MNOCTOSAHHOTI'O TOKA

1. eas padoTsl

[TonyuyeHre HaABBHIKOB COOPKH TPOCTBIX JJIECKTPUUECKUX IIerel, BKIIOUYCHHS B
ANEKTPUUYECKYIO I1I€Tb HW3MEPUTEIbHBIX TpUOOpoB. Hayuuthcs u3MepATh TOKU H
HaIpspDKeHus, yoenuTbest B cobOmogeHun  3akoHoB Oma um Kupxroda B nIuHEHHOM
BJICKTPUYECKOM LIECTIH.

2. IosicHeHus Kk padoTre

DnekTpuueckas  Lelb,  COCTOAIIAs W3 DJIEMEHTOB,  BOJbTAMIIEPHbIC
XApPAKTEPUCTUKHA KOTOPBIX SBISIOTCS MNPAMBIMUA JIMHUSIMH, HAa3bIBACTCA JIMHEMHOU
AJIEKTPUYECKON WENbI0, a BJIEMEHTHI, U3 KOTOPBIX COCTOUT LE€MNb, — JMHEHHBIMU
3JIEMEHTaMU.

CoenvHeHHE B DJJIEKTPUYECKOW LENH, TPU KOTOPOM YEpPE3 BCE DIEMEHTHI
MPOTEKAET OJIMH M TOT XK€ TOK, HA3bIBACTCS IOCIEIOBATEIbHBIM COEIUHECHUEM.
DKBUBAJICHTHOE COMPOTHUBJIEHHUE R; MOCIEIOBATENBHOM LIENX MOCTOSIHHOTO TOKA PaBHO
CyMME CONPOTUBJIEHUHN OTIEIIbHBIX YYAaCTKOB: Ry = R; + R, .

Hamnpsbkenue Ha OTOEIBHOM Y4YacTKE B COOTBETCTBUM C  3akoHOM Owma
MPOINOPLIMOHAIBHO COMPOTUBIIEHUIO 3TOrO yuactka: U; = I R;; U, = IR, .

Hanpsoxkenne U Ha BXOAe IOCIEIOBATEIBHOU LIENIM B COOTBETCTBUU CO BTOPBIM
3akoHOM Kupxroda paBHO cymme HanpspDKEHUH Ha OTIACIbHBIX YUACTKAX:

U=U 1 +U. 2.

IIpu nmapannenbHOM COCIMHEHUM JBYX WJIM HECKOJBKHUX 3JIEMEHTOB HANPSIKCHUE
Ha HUX OJHO U TOXE, TaK KaK BBIBOJBI 3TUX 3JIEMEHTOB MOJKIIOUYEHBI K OJHUM U TEM XK€
y31naM. TOKH B OTACIBHBIX JIEMEHTAX Oompenensitores no 3akony Oma: I; = U/ R;; I
=U/ Rg .

B coorBerctBuM ¢ nepBbIM 3akoHOM Kupxroda Tok / B Hepa3BETBICHHOW 4acTH
LIENI PABEH CYMME TOKOB BCEX MapaUIeNIbHbIX BeTBEU: [ = [; + [>.

[IpoBOAMMOCTE MapauIeNbHOIO COEAUHEHUS paBHA CyMME MPOBOJUMOCTEMN
OTJICJIbHBIX y4acTKOB: I/R> = I/R; +1/R; .

+ =12B -©

3. Ilopsaaok BbINOJHEHUS PadOThI

3.1. O3HaKOMUTBCS ¢ JTaOOPATOPHOM yCTAaHOBKOM (MOAYJIb
MUTaHUs, MOJYJIb PE3UCTOPOB, MOAYJb U3MEPUTEIbHBIN, MOAYIIh
MYJIBTUMETPOB, U3MEPUTEIh MOIIHOCTH) U COOpaTh JUHEHHYIO
ANEKTPUYECKYI0 1elb C MOCJIEI0BATEIbHBIM COECIUHEHHEM
pe3uctopoB (puc. 1). YcraHoBUTH 3aJlaHHBIE MpeNoAaBaTeIeM

9 R2
3Ha4YeHUsA conportusBieHn pesuctopoB R1, R2. IlpencraButh —
CXEeMY I IPOBEPKHU IPENOAABATEIIO.

Puc. 1

3.2. BximouuTh 3JEKTponuTaHue cTeHJa (aBToMaTtudeckuil Bbikitouaresnb QF1
MOJyJISI MMUTAaHUSI M BBIKIOYaTedb SA2 3TOro ke Mopayis). M3mepuTh TOK B LiEMH,
BEJIMUMHY HaANpsOKEHUS TMUTAaHWS W HanpsbkeHus Ha pesuctopax R1 u R2 B cxeme c
MOCJICIOBATENIbHBIM cOeIMHEHuEM  pe3uctopoB R1 u R2. PesynbraThl H3MepeHHid
3aHecTd B Ta0J. 1. BBIKIIOYNTH TUTAHUE.
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3.3. Cobparb JNUHEHHYIO 1EMb CO CMEIIAHHBIM
COCIMHEHHEM pe3uCTOpoB (puC. 2). YCTaHOBUTH
3ajaHHbple 3HaueHus pesucropoB R1, R2 u R3.
Bxirounth NUTaHUE U U3MEPUTH HANPSKEHUS U TOKHU
Ha BCEX YYacTKax IIE€MHU, MOIIHOCTb, MOTPEOIIEMYIO
nensto. Pe3ynbrarel 3anectu B Ta0u. 1.

3.5. BBIKJIIOUNUTHh UCTOYHUK AJIEKTPOIUTAHUS, U
UCIIONBb3Ysd MYJIBTUMETP B PEXKUME HU3MEPEHHUs
CONIPOTHUBIICHUS HM3MEPUTH 3HAYEHUS CONPOTUBICHUU
R1, R2 u R3. Pe3ynbrarsl uamMepenuii 3anectu B TaoII.
2.

3.6. MHcnone3ys 3axkoH Owma, BBIYUCIUTH
3HaueHus: comnpotuBieHurd RI1, R2 u R3, 3Hauenus
KOTOPBIX 3aHECTH B Tadm. 2.

K Mo4ynko NTaHnA

=128 S
Ne VamepuTernb oA
Ne MOLLIHOCTU P

3.7. TIpoBepuTh BHITIOJIHEHHE OaaHCa MOITHOCTEH.

Puc.2
CrnenaTth BBIBOJIBI O BBIMOJHEHUU 1-ro m 2-ro 3akoHOB Kupxroda um o mpumeHeHUU
3akoHa OMa B JIMHEHHOW LIETH MOCTOSIHHOTO TOKaA.

Tabauma 1
U, ITocrenoBaTenbHOE COSTUHEHUE CMeIaHHOE COCTUHEHUE
B Ul, U2, 11, 12, ul, | U2, [ U3, 11, 12, 3, |P,
B B A A B B B A A A Bt
Tabauna 2
N3MepeHo omMeTpoM Brrancieno
R1, Om
R2, Om
R3, Om
4. Conep:xanme oTuera

Otuer 1o paboTe TOJIKEH COAECPHKATh:
a) HAaMMEHOBaHUe pabOThI U LENb padOThI;

0) TEXHUYECKUE JaHHbIE U3MEPUTENbHBIX TPUOOPOB;
B) CXEMBbI DKCIIEPUMEHTOB U TAOJIULIbI TOTYYEHHBIX SKCIIEPUMEHTAIIBHBIX JaHHBIX;

I') pe3yJIbTaThl PacUYeTOB;
1) BBIBOJIBI 11O padoTe.

5. KoHTpoJibHBIE BONIPOCHI

1. UTo Takoe «JIMHEWHBIN 2JIEMEHT)» B DJICKTPUUECKOW 1enn?

2. ITpuBecTy npuMeEpHI JIMHEUHBIX JIEMEHTOB JICKTPUUECKUX LIECTIEH.

3. Ha ocHOBaHMHM Kakoro 3aKOHa MO IIOKa3aHUAM aMIepMeTpa U BOJIbTMETPA
MOKHO ONPEIEIUTh BEJIUYUMHY CONPOTUBJIEHHS yYacTKa JJIEKTPUYECKOM LN

MOCTOSIHHOTO TOKAa?

4. B KakuX €MHULIAX U3MEPSIOTCS CUJIA TOKA, HAMPSHKEHUE U CONIPOTUBJIEHUE?
5. Hapucyite cxembl Iyl M3MEpPEHHUST METOJIOM aMIepMETpa U BOJIBTMETpA

OOIBIINX ¥ MaJIBIX QJICKTPUICCKHX COHpOTHBJ’ICHHﬁ.

6. Jlnsa mccienyeMbIX JIEKTPUYECKUX LENEH 3aluIINTe yPaBHEHMS IO 3aKOHAM

Kupxroda.
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Padora Ne 3. SJKCHEPUMEHTAJIBHOE OIIPEJEJIEHUE
HNAPAMETPOB 3JIEMEHTOB LIENE IEPEMEHHOI'O TOKA

1. eab padoTsl

[IpuoOpeTeHne HABBHIKOB OIPEACICHUS MapaMeTPOB JJIEMEHTOB B  IEMAX
MEPEMEHHOT0 TOKAa MO pe3yjbTaTaM HU3MEPEHUM, BKJIIOUEHHS B IClb BOJIbTMETpPA U
aMIlepMeTpa, U3MEPEHUsT TOKAa W HaNpsKEHUs, NpUMEHeHus 3akoHa Oma B 1enu
MEPEMEHHOT0 TOKa.

2. ITosicHenus Kk padote

[Ipu pacuere neneit nepeMeHHOTO TOKA, B OTJIMYKE OT LIETIEeN MOCTOSHHOTO TOKa,
HEOOXOMMO Y4YWUTHIBaTh HE OJMH, a TPU MPOCTEHIINX IMACCUBHBIX JJIEMEHTA:
PE3UCTUBHBIN, MHIYKTUBHBIA U EMKOCTHOM, KOTOPBIE XapaKTEPU3YIOTCSI COOTBETCTBEHHO
napamMeTpaMu: aKTUBHBIM COIMPOTUBIICHHEM R, WHIYKTUBHOCTHIO L (MHAYKTUBHBIM
conpoTuBieHueM X; = wl) u eMkocThio C (eMKOCTHBIM compotuBieaneM X = 1/wC),
I ® — yrioBas 4acToTa.

B peanbHOl Lenu conpoTUBIEHHEM 00J1aat0T HE TOJIBKO PE3UCTOP MIIM PEeocTar
KaK yCTpOMCTBa, IpeJHa3HAuYEHHBbIE JUI1 HWCIOJB30BaHUS UX  AJIEKTPUUYECKUX
COMPOTHUBJICHUH, HO W JII0OOON MPOBOJHMK, KATYIIKa, KOHAEHCATOP, OOMOTKa JIFOOOTO
AJIEKTPOMArHUTHOTO 3JieMeHTa U Jip. OOIKM CBOWCTBOM BCEX YCTPOICTB, 001a1at0mux
DIIEKTPUYECKUM  COMPOTHBIIEHWEM,  SIBISETCS  HeoOpaTuMoe  mpeoOpa3oBaHHE
AIIEKTPUYECKON PHEPTUH B TEIUIOBYIO 3Hepruio. [Ipu Toke i B pe3ucrope, 061agaronmm
CONPOTUBJIEHUEM F» 3a BpeMs df B COOTBETCTBMM C 3akoHOM JDxoyna — Jlenua
BBIICIISICTCS, SHEPTHST dw= ri’dL.

TeruoBast sHeprus, BoIAENsIeMasi B CONMPOTUBICHUH, MOJIE3HO UCHOIB3YETCS WU
pacceuBaercs B npocTpaHcTBe. Ho mockonbKy npeoOpa3oBaHue 3JEKTPUUYECKON IHEPTUU
B TEIUIOBYIO SHEPIHI0 B TMACCHBHOM 3JIEMEHTE€ HOCUT HEOOpaTHMbIA XapakTep, TO B
CXeMe 3aMeIleHUsT BO BCEX CllydasX, Korja HeoOXOAMMO Yyd4ecTb HeoOpaTumoe
npeoOpa3oBaHUE HHEPrUU, BKIIOYAETCS CONPOTHBICHHE. B peanbHOM yCTpOICTBE,
HaIpUMep, B 3JEKTPOMArHuTe, JIEKTpUYecKasi SHEPTUusi MOXKET ObITh MpeoOpazoBaHa B
MEXaHUYECKYI0 SHEPrUIO (MPUTSIKEHUE SIKOPS), HO B CXEME 3aMEILEHMS 3TO YCTPONCTBO
3aMEHSETCS CONPOTHUBIICHHEM, B KOTOPOM BBLACISAETCS HKBHBAJICHTHOE KOJIMYECTBO
TEIJIOBOM »Hepruu. M 1npu aHanmusze cXxemMbl HaM yxe 0e3pa3inyHO, 4YTO B
JICUCTBUTEIPHOCTH  SBIIACTCS  MOTPEOMTENEM  SHEPrUd  HJIEKTPOMArHUT  WIH
AEKTPOILIUTKA.

B nensx nepeMeHHOro TOKa CONPOTUBIIEHUE HA3bIBAIOT aKTUBHBIM, KOTOPOE U3-
3a SIBJIGHUSI TIOBEPXHOCTHOrO 3(dekra Ooiblne, YeM 3JIEKTPUUYECKOE COMPOTHUBIICHHUE
MOCTOSHHOMY TOKY. OfHaKo Mnpu HU3KUX YacTOTax »dATOM pa3HUUEHd OOBIYHO
npeHeoperaror.

Harmpsixenue, no/iBeIeHHOE K AKTUBHOMY CONPOTHUBJICHHIO, MO (ha3e COBIMAJIAET C
TOKOM, TO €CTh HANPSKEHUE U TOK OJJHOBPEMEHHO JIOCTUTAIOT MAKCUMAJIbHBIX 3HaYEHUHN
U OJIHOBPEMEHHO MEePEeXOMsT uepe3 Hysb. Ecu MrHOBEHHOE 3HAUYEHHS TOKA UMEET BUJY
i(t)=I) sin 27zft, To MTHOBEHHOE 3HAUCHHE HANIPSDKEHUS OyaeT ug(t)=U,, sin 2 ft.

NunyktuBHOCTE L Xapakrepu3yeT CBOWCTBO Yy4YacTKa LENUW WIM KaTyIIKH
HaKallIuBaThb SHEPIHMI0 MAarHUTHOrO ToJid. B peasbHOW 1enu HMHAYKTUBHOCTHIO
00J1a1al0T HE TOJIBKO MHIYKTHUBHbBIE KATYIIKH KaK AJIEMEHThI LENH, NMpeJHa3HaYEHHbIE
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JUI UCTIONB30BAaHUSI MX MHIYKTUBHOCTH, HO M MPOBOJAA, M BBIBOJABI KOHJEHCATOPOB, H
peoctaTel. B memsx ymporieHuss OOBIYHO CUMTAIOT, YTO JHEPTUs MArHUTHOTO TIOJS
COCPEI0TauNBACTCS TOJBKO B KaTyIIKaX.

[Ipn mnpoTexkaHWu NEPEMEHHOTO TOKa i(?) 4Yepe3 KaTyIIKy HWHIYKTUBHOCTH,
COCTOSIIEH U3 W BUTKOB, BO30YKIACTCs MEPEMEHHBIN MarHUTHBIN MOTOK @(?), KOTOPBIH
B COOTBETCTBHHM C 3aKOHOM JJICKTPOMATHUTHON HMHAYKIIMM HAaBOJUT B HEHM ke 3.1.C.
caMOMHIYKIUU ¢, = — w d®/dt = — Ldi/dt. CnenoBarenbHO, HHIYKTUBHOCTh B IICTIH
IEPEMEHHOT0 TOKa BJMSIET Ha BEJIMYMHY MPOTEKAIOUIEr0 TOKa KaK COINpPOTUBIICHHE.
CooTBeTCcTBYIOIIAsl pacyeTHas BEIMYMHA HA3bIBACTCS WHIYKTUBHBIM COMPOTUBICHUEM U
o0o3HavaeTcss X; U U3MEPSETCs TaK ke, KaKk U aKTUBHOE CONMpOTUBiIeHnE — B OMax.

YeM BbIIIE YACTOTA IEPEMEHHOTO TOKA, TEM OOJIBIIE 3.].C. CAMOMHAYKIIMA U TEM
00JblIe UHAYKTUBHOE CONpoTUBIeHHe X; = wlL =27f L. Benuuuna @ =2 7f Ha3biBaeTCs
YTJI0BOM 4aCTOTON MEPEMEHHOTO TOKa.

B umenu mocTossHHOTO TOKa B YCTAHOBMBIIEMCS PEXUME HMHIYKTUBHOCTH HE
BJIMSICT HA PEKUM pabOTHI e , TaK KaK 3.7.C. CAMOUHYKIIMY paBHA HYIIIO.

[TockonpKy 3.1.C. CAMOMHAYKIIMM BO3HUKAET TOJBKO MPU U3MEHEHUU TOKa, TO U
MaKCHUMaJbHbIE 3HAYEHUS 3.]1.C. HACTYMAIOT MPU MaKCUMaJIbHOW CKOPOCTH M3MEHEHUs
TOKa B KaTyIIKe, TO €CTh MPU MPOXOXKJACHUU TOKa uepe3 Hyib. [loaToMy Ha ydacTke
Heny C WHAYKTHBHOCTHIO 3.1.C. CaMOMHAYKLMH IO BPEMEHH OTCTaeT OT TOKa Ha
4eTBepTh NepHoAa WIM Ha T/2 DJNEeKTpUYeCKHWX paawana. HampsbkeHue Ha
UHAYKTUBHOCTH, OyAy4d THPOTHUBOIOJIONKHBIM [0 HAMpPaBJICHUIO 3.1.C., HA00OpOT,
olepekaeT TOK Ha YETBEPTh MEpuojia WIM Ha 7/2 3JIEKTpUYEecKUX paauaHa. Ecmu mo
KaTylIKe MPOXOAMT TOK, MIHOBEHHOE 3HAau€HUe KoToporo i(Y)=Iy sin 2nft, TO
MTHOBEHHOE€ 3HAUCHHUE HANPSHKCHUS HA UHIYKTUBHOCTU Uy () =U)s sin 2rft + w/'2) = X|.
Iy sin 2nft + m/2). Korma HampsbkeHue, U3MEHSSICh CHHYCOMJIAJIbHO, JTOCTHTaeT
MakCMMyMa, TOK B 3TO MIHOBEHHE paBeH HyJt0. Eciau HampspkeHue Ha 3aKuMax
AJIEMEHTA LIEMM OIepekaeT TOK Ha 7/2 paauaHa, TO TOBOPAT, YTO TAKOW DJIEMEHT
OPEICTaBIIeT COOOM HACANbHYI0 KAaTYHIKy WHIYKTHBHOCTH WM YHUCTO PEAKTHUBHOE
UHAYKTUBHOE COMPOTHBIICHUE XL. DOTO CONMpOTUBICHHE YYUTHIBAET PEAKLHUIO
AIIEKTPUYECKON ILIEMM Ha M3MEHEHHE MArHUTHOTO MOJII B MHAYKTHUBHOCTH U SIBISIETCS
JUHEWHOU (PYHKIIMEHN 4acTOTHI.

[Ipu BKJIIOYEHHH B 1M MEPEMEHHOIO TOKa peanbHOM KaTymku (puc. 1),
oOnagaronieil KpoMe HMHAYKTUBHOCTM L ¥ HEKOTOPHIM 3HAYEHUEM aKTHBHOTO
COMPOTHUBJICHUSI R, TOK OTCTaeT Mo (a3ze OT HANMPSHKEHUS HA HEKOTOPBIA yroi ¢ < 7/2,
KOTOPBIHN JIETKO OMpENENseTCss U3 TPEeyrojabHUKa conpoTuBiaeHui (puc. 3): tgp = X, / R.
JIJist TaKOro y4yacTka DJIEKTPUYECKOM LIeNH ypaBHEHUE HAa OCHOBAHHUU BTOPOTO 3aKOHA
Kupxroda umeer Bun:

u=up+u=Ri+ Ldi/dt.
B nanpspkenun, moaBeIeHHOM K pealibHOM KaTyIIKe, YCIOBHO MOYHO BBIJICIIUTH
JIBE COCTABJISIIONIUX: TMAJICHUE HAIpsOKEHUs Ri HA aKTUBHOM COTNPOTHUBIEHUHU, OOBIYHO
HA3bIBAEMOE aKTHMBHOW COCTAaBIISAIONICH MPUIIOKEHHOTO HAIPSIKEHUS, U HAMPsHKECHUE Ha
UJeaTbHON WHAYKTUBHOCTH  u; = Ldi/dt, Ha3pIBaeMO€ PEaKTHUBHON COCTABIISIONICH
OPUTIOKEHHOTO HampspKeHusa. Da30Bble COOTHOLICHUS MEXKIY STUMH COCTABIISIOIINMU

OOBIYHO MJUTFOCTPUPYIOT BEKTOPHOW IHAarpaMMoOM i UX JEHCTBYIOIIMX 3HAYEHUN (pUC.
2).
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Puc. 1 Puc. 2 Puc. 3

W3 BeKTOpHOU 1HarpamMMbl BUAHO, YTO
U=VUZS + U’ = VP R+F X/ =1 VR*+X,’=1Z

e Z=Uy/Iy=U/I = VR*+X,’> — nmomuoe AIEKTPUUECKOE COMPOTHBIICHUE

peanbHOM KaTyiku. M3 TpeyrojibHUKa COMPOTUBIICHUMN (puUC. 3) CleayeT, 4To
R =Zcosp, X;=Zsinp, ¢ = arctg X,/ R.

3akon Oma i 1enu, no KOTOpOH MPOTEKaeT MEPEMEHHbBIN TOK, 3alMCHIBACTCS B
Bune [ =U/Z.

N3 paccMOTPEHHOro CJEAYeT BaXKHbIM BBIBOJ: CONPOMUGIEHUA 6 Uenu
nepeMenH020 moKa cKaaovigaiomcs é oouiem ciyuyae 2eomempuuecku. Hanpumep,
ecinn y Katymku R=3 Oman X =4 Oma, To Z =5 Om.

Emkocth, uamepsiemass B ¢apagax (D), xapakTepuszyeT CIOCOOHOCTh AJIEMEHTa
ANIEKTPUUYECKON IEeNU MJIM KOHJIEHCATOpa HAKAaIlJIMBATh YHEPTUIO AJICKTPUUYECKOTO MOJIA.
B peanbHOl 11eMM €MKOCTh CYIIECTBYET HE TOJBKO B KOHJIEHCATOpaxX, Kak SJIEeMEHTax
MpeIHA3HAYCHHBIX CHEIHUAJIbHO [IJI1 HWCIOJIB30BaHUS HX EMKOCTH, HOJIU MEXIY
IPOBOJHUKAMHM, MEXK]Ty BUTKAMH KaTyIIeK (MEKBUTKOBAsI €MKOCTh), MEX]1y TTPOBOJIOM U
3eMJIeH WJTM KapKacoM AJIEKTPOTEXHUYECKOT0 yCTpoicTBa. OHAKO B cXemMax 3aMelIeHUs
NPUHSTO, YTO EMKOCThIO 00J1a/1a0T TOJIBKO KOHJIEHCATOPHI.

B konpmeHcatope, To4yHee B AMDJIEKTPUKE, pa3JCISAIOMIEM IUIACTUHBI HWIH
MIPOBOAHUKH KOHJEHCATOPa, MOXKET CYIIECTBOBATH TOK 3JIEKTPUUECKOTO CMEIICHUS, B
TOYHOCTH PaBHBIN TOKY MPOBOJMMOCTH B MPOBOJHUKAX, TPUCOCTUHEHHBIX K OOKIaaKaM
KOHJIeHcaTopa: I = dg / dt, Tine g — 3apsa Ha OOKJIaaKaX KOHJICHCATOpa, U3MEPSCMbIA B
KyJIOHaX ¥ NpONOPIUOHATBHBIN HANPSKEHHIO HAa KoHaeHcaTope Uc:

q=CUc,unpu C=const dqg=CdUc.

Torga Tok, mpoxomsmuii depe3 kouaeHcatop, i = C dUc / dt, a sHeprus
AJIEKTPUYECKOTO TOJIsl, 3amacaeMas B KOHJEHCATOpE MPU BO3pPACTAaHUM HAIPSKEHUS,
W=CUZ/2.

Ou4eBUIHO, YTO MpU NOCTOSHHOM HanpstkeHun dUc / dt = () u TOCTOSTHHBIN TOK
yepe3 KOHJICHCATOP MPOXOAUTh HE MOXKeT. [Ipu u3MeHeHun HarnpsKeHus: Ha OOKIIagKax
KOHJIEHCAaTOpa Yepe3 HEero IpOTEKAaeT EeMKOCTHOM Tok. YeM ObicTpee H3MEHSETCs
HampsDKeHHe, TeM OoJbllle BeJIWYMHA EMKOCTHOro Toka. Eciu npuiiokuTh K
KOHJICHCATOpY IEPEMEHHOE CHHYCOUJIAIbHOE HaIpsHKEHUE, TO Yepe3 KOHAEHCATOP
MOTEYET TEPEMEHHBI CHHYCOMJAIbHBIA TOK, CABHHYTHIM 1O (aze Ha m/2 1o
OTHOIIICHUIO K HAMPSHKEHUIO. DTO MPOUCXOAUT MOTOMY, YTO €MKOCTHOM TOK JOCTHUraeT
MaKCHMAQJIbHOTO 3HA4Y€HUsI MPU MAKCUMAJIbHOM W3MEHEHUHM HaNpsKEHUs, T.€. MpHU
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MPOXOXKIACHUN HAMPSDKEHUS Yyepe3 HyJb. TOK IIPU 3TOM ONEPEKaeT HANpsKEHUe 1mo ¢ase
Ha 71/2. Eciu MrHOBEHHOE 3HAYeHHE TOKA, POTEKAEMOT0 Yyepe3 KOHACHcATop i(1)=Iy sin
2 7ift, TO MTHOBEHHOE 3HAUEHUE HAMPSXKEHUS! HA HEM

uc(t)=Uy sin(2nft - 7/2)=Xc Ly sin (2 nft - 7/2),

rae X¢ — pEaKkTMBHOE €MKOCTHOE CONpPOTHUBIICHHE. BexkropHas auarpamma miis
ydacTKa dJIEKTPUYECKOM IEMH, CoJIepKalllel KOHIeHCaTop, n300pakeHa Ha puc. 4.

Bemmuuna Xe = 1274C = 1/wC = Ug, / I, = Uc / 1
HA3bIBACTCS PEAKTUBHBIM E€MKOCTHBIM  CONPOTUBICHUEM. ITO
CONPOTHUBIICHUE YUYMUTHIBAET PEAKIUIO JJIEKTPUUYECKOW LEeNu Ha
U3MEHEHHUE DJICKTPUUECKOrO0 TIOJsi B KOHAEHCATOPE U ABJISETCS
00paTHO MPOMOPIIMOHAIBHON (PYyHKIIMEH YacTOTHI. Uc

3akoH Owma s y4yacTka  JJEKTPUYECKOWM 1enu ¢
koHzeHcatopoMm [ = Uc / X, Tne I — nelicTByrolee 3HaYeHUEe TOKa,
IIPOTEKAEMOIr0 4epe3 KOHJeHcaTtop, Uc — AEHCTBYIOLIEE 3HAYCHHUE
HaIpsDKEHUS] HA KOHAEHCATOPE.

DJIEKTpHUYECKas LIENb IEPEMEHHOI0 TOKA XapaKTEPU3yeTCsl aKTUBHOW, PEAKTUBHOU
U TOJIHOW MOIIHOCThIO. AKTHBHAs MOIIHOCTh P, u3mepsieMass B Bartax (BT), paBHa
MPOU3BEJICHUIO JEHUCTBYIOIIETO 3HA4Y€HUs HampspkeHust U Ha JIEUCTBYIOLIEE 3HAUYCHUE
TOK [ U Ha cos@, Ha3blBaeMblii KOAI(PPUIIMEHTOM MOITHOCTH, WJIM MPOU3BEIACHUIO
KBaJlpaTa JICUCTBYIOLIETO 3HAYEHHUS TOKA HA aKTUBHOE COMIPOTUBIICHUE:

P = Ul cosp=FR.

PeaktuBHas momiHOCTh (J, uU3MepsieMass B BOJIbT-amIiepax peakTuBHbIX (Bap),
paBHa IIPOM3BEICHUIO [ECUCTBYIOLIErO0 3HAa4yeHUs HanpspkeHus U Ha JEHCTBYIOLLEE
3HAYEHHE TOKa [ U Ha Sin@ WIK MPOU3BEIICHUIO KBaJIpaTa ACHCTBYIOIIETO 3HAYCHUS TOKA
Ha PEaKTUBHOE CONPOTUBIICHHUE:

v

|

Puc. 4

O =Ulsinp=TX.
IHomuasa MOIIHOCTH S, I/I3M€p$I€Ma$I B BOHBT—aMHCan S
(BA), paBHa NPOU3BEACHUIO JICUCTBYIOIIETO 3HAYCHHS ToKa [ Q
Ha I[Gf/iCTBYIOH.IGG 3HAYCHUC HAIIPAKCHHA U: /{ (p
S=UI=v¥+0.

CoOTHOIIIEHUSI JTHX MOIMHOCTEH WILTIOCTPUPYIOTCS
TPEYTOJILHUKOM MOIIHOCTEH (puc. 5). Prc. S
WC.

3. IlopsAOK BHINOJHEHUS PAdOTHI

3.1. O3HakoMHUTBCS ¢ 1a0OPATOPHOM YCTaHOBKOW (MOAYJb MUTAHUSA, MOAYJb
pPE3UCTOPOB, MOAYJIb PEAKTUBHBIX D3JIEMEHTOB, MOJYJb MYJbTUMETPOB, MOIYJb
U3MEPUTEIIBHBIN ¢ aMIIepMeTpaMu IEPEMEHHOTO TOKA).

3.2. YcTaHOBUTH HA MYJIbTUMETPE PEKUM U3MEPEHUS CONTPOTUBIICHUS,
MOJAKJIIOUUTH €r0 BBIBOJIbI MAPAILIEIBLHO PE3UCTOPY RI MOJYJIsl pe3UCTOPOB U IPOBECTHU
U3MEpEHNEe 3HAUYCHUN ero CONMpOoTUBIIeHU. Pe3ynpraT 3anucars B Ta01. 1.

Tabmuma 1

YcTaHoBIIEHO 5 Om 10 Om 20 Om 30 Om 40 Om 50 Om

N3mepeHo

3.3. AnanornyHo n. 3.2 mpOBECTH U3MEPEHUE AKTHUBHOIO CONPOTHUBICHUS Ry
peanbHOM KaTyIIKU UHIYKTUBHOCTH Zy. Pe3ynbrar 3anucarth B Ta0JI. 2.
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Tabmura 2
Ry,Om U,B LA Zx = U/I,Om Xk,OMm LIn

3.4. CoOpath 3JEKTPUYECKYIO IIEMb JIJIs ONPESICHUS TOJHOTO COMPOTHUBIICHUS
KaTymku (puc. 6), HCHOJIb3yS MYJIBTUMETP B PEXKUME HU3MEPEHUS NEPEMEHHOIO
HanpspkeHus. [IpenpsaBUTh cxeMy AJi IPOBEPKHU IPENOABATEIIO.

3.5. BkirouuTs 1ens U 3anucath B TaOJI. 2 MOKa3aHUsS aMIIepMETpa U BOJIBTMETPA
(MynbTHMETpA).

3.6. CoOparb JJEKTPUYECKYHO IeNb JJisd  ONPEACICHUS]  €MKOCTHOIO
CONMPOTHUBJIEHUS (PUC. 7), UCHOJIb3YsS] MYJIBTUMETP B PEKUME U3MEPEHHUS NEPEMEHHOTO
HaIpsDKEHUS. Y CTAaHOBUTH C IOMONIBIO nepeximodarenss SAl Moayiis peakTHBHBIX
AJIEMEHTOB 3a/IaHHOE MPEINOAAaBaTelIeM 3HAUEHUE €MKOCTH KOHJeHcaTopa. IIpeabsButh
CXEMY JJIA POBEPKU MPENOAABATEIO.

3.7. BkirouuTh LeMb U 3anucath B Ta0d. 3 MoKa3aHUs aMIIepMETpa U BOJIBTMETPA,
yCTaHaBJIMBas MOOYEPEAHO 3aaHHbIe 3HaueHus: eMkocteit Cl, C2 u C3.

| |
| |
12B i Re | v 12B ¢ v
~ 7K | - (000, = 000,
5
S
| P Lk |
I
(] ® e ®
Puc. 6 Puc. 7
Taomuna 3

BxiroueHo Cl1 C2 C3

U,B

ILA

Xc, OmMm

C, Mmx®D

3.8. Paccuurath, ucnonp3ysa 3akoH OMa, MOJHOE CONPOTHUBICHUE PEATBHOMN
WHAYKTUBHOCTU Z.

3.9. Paccuurarp, ucnonb3yss 3akoH OMa, €MKOCTHBIE CONPOTUBICHUS Xc.
PesynbraTel 3anucaTh B Ta0II. 2.

3.10. Cuauras, uyro yacrora cetu [ = 50 [y, omnpeneauTb BEIUUUHY
WHJIYKTUBHOCTH pe€ajbHOM Kartymku L u eMmkocteid konaencatopoB CI, C2 u (3.
Pe3ynbTaThl 3aHECTH B COOTBETCTBYIOIINE TAOTHIIHI.
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4. Conepxxanme oT4eTa

OTuet no paboTe TOMKEH COACPKATh:

a) HauMEHOBaHUe PabOTHI U 11EIb PAaOOTHI;

0) 2IEKTPUUECKUE CXEMbI OTIBITOB;

B) TaOJIMIIBI C PE3yJIbTATAMU OINBITOB U BHIYUCIICHHI;

') pacy€THbIE COOTHOILICHHS;

1) BEKTOPHBIE AHArpaMMBbI IJIsl PE3UCTOPa, PEaIbHON KaTYIIKA U KOHJIEHCATOPA;
€) BBIBO/IBI 11O paboTe.

5. KoHTpoJibHBIE BOIIPOCHI

1. B kakux eguHUIaX U3MEPSIETCS TOK, HAPSIKEHHUE, CONPOTUBIIEHUE?

2. Yro takoe Om, Amnep, Bonbt?

3. UTo Tako€ «MOJIHOE CONPOTUBIICHUE?

4. YT0 Takoe «aKTUBHOE COMPOTUBIICHUE)?

5. Uro Takoe «pEaKTUBHOE WHAYKTUBHOE CONPOTHUBJIEHUE» M KaK OHO
onpexaensercs?

6. Uro Takoe «pEaKTUBHOE EMKOCTHOE CONPOTHUBJIIEHUE» M KaK OHO
omnpeaensercs’?

7. Kakas cBsI3p MEXAy MOJHBIM, aKTHUBHBIM W PEAKTHMBHBIM CONPOTUBIICHUSMHU
LMY IEPEMEHHOI0 ToKa?

8. Kak hopmymupyercs 3akon OMa AJis ey MepeMEeHHOro TOKa?

9. MoseT 11 yepe3 KOHJIEHCATOP MPOTEKATh MOCTOSIHHBINA TOK?
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Patdora Ne 4. DJJIEKTPUYECKASA LHEIIb IEPEMEHHOI'O TOKA
C HOCJIEAOBATEJIBHBIM COEAUHEHUWEM 23JIEMEHTOB

1. Heas padorsbl

IIprnoGpereHne HaBBHIKOB COOPKM MPOCTBIX AJIEKTPUUYECKUX LIETEH, U3MEpEHUe
HalpsOKEHUN Ha OTAEIbHBIX YyyacTKax LENu, H3yYyeHUEe CBOWCTB Leneil mnpu
[IOCJIEOBATEIbHOM COEJIMHEHUHM AKTHBHBIX M PEAKTHBHBIX 3JEMEHTOB, 3HAKOMCTBO C
SBJICHHEM PE30HAHCA HAIIPSHKEHUM, IOCTPOCHUE BEKTOPHBIX JIHATrPaAMM.

2. IlosicHeHnus K paboTte

DeKTpuuecKas (S0 CHUHYCOHUJAIBHOTO IIEPEMEHHOTO TOKa c
MOCJICIOBATENBHBIM ~ COCIMHEHHEM PE3UCTOpPAa C AaKTUBHBIM COIPOTHUBIIEHUEM R,
peaqbHOM KaTyIIKA WHAYKTUBHOCTH C TIOJHBIM coOmpoTuBieHueM Zx (Rx,Xyx) u
KOHJICHCAaTOpa C €MKOCTHBIM COMpPOTHUBJICHUEM X (puc. 1) omuchiBaeTCs ypaBHEHUEM,
3alMCaHHBIM IO BTOpOMY 3akoHy Kupxroda i MrHOBEHHBIX 3HAYEHUN HaIPSHKEHUM
Ha 3TUX DJIEMEHTAX:

ug +ug + uc =u(t)
WIM B TEOMETpUYECKOM (opme it BEKTOPOB JEHCTBYIOIIMX 3HAYEHUH OITUX
HAMPSKECHUN
U, R + U, K + UC = U

[Tocnennee COOTHOLIEHNE TOBOPUT O TOM, YTO BEKTOP ACHCTBYIOLIETO 3HAYCHUS
HANPSOKEHMS, TPUII0KEHHOTO K TAKOW LIENH, PABEH T'€OMETPUUYECKOM CYMME BEKTOPOB
HaIpsDKEHUN Ha OT/IENBbHBIX e€ ydacTKax (puc. 2).

R
o— ]

I I
N
LR Ze /1 X
| |
| |
I

Zg ! QL
|

c Ll __.

Puc. 1

N3 ananuza BCKTOpHOﬁ AuarpaMmbl JJIA TaKOU ey CJIeaycCeT, 4To BCIMYHHA
BXOOHOI'O HAIIPAKCHUA

U=Up +Ugi)? +Upg ~Ue)? =R+ IRg)? —(IX; ~IX)? :1\/(R+RK)2 HX =X )7,

rae Uk, Urx — COOTBETCTBEHHO AKTHBHASI U PEAKTHBHAS COCTABJISIOLIME HAIPSKECHUS
Ha KaTylke, Rx, X; — aKTUBHOE U PEAKTUBHOE MHIYKTUBHOE CONMPOTUBIICHUE KATYIIKH
WHIYKTUBHOCTH.
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CnenoBaTenbHO, OEHCTBYIOIIEE 3HAYEHHE TOKA B ATOM LIENM HAa OCHOBAHUHU
3akoHa OMa MOKHO OIPENETUTH KaK

[=UIZ=UIR+Rg)> +(X - X()2,

20e Z=JR+ R +(X, - X)? = J(R+R)? + (0L —1/wC)? — MoNHOe

CONPOTHUBJICHUE II€MU C TMOCIEAOBATEIbHBIM COCAMHEHUEM PE3UCTOpa, PeabHOM
KATYIIKM WHIYKTUBHOCTH U KOHJIEHCATOpa, KOTOPOE JIETKO OIpeaesercs U3
MHOTOYTOJIbHUKA CONPOTUBIIEHUH (pHuc. 3).

VYron casura (a3 MexIy BXOJHBIM CHHYCOMAQJIbHBIM HampsbkeHuem U u
NOTpeOIIsIEMbIM TaKOM LIETIbIO0 TOKOM / OIIPENIEeTCsl U3 TPEYTOJIbHUKA COMPOTUBICHUN

tgp=(wL —1/0C) /(R + Rg).

Ecmu wL > I/wC wn yron ¢ > 0, Bcs 1enb BeAeT ceds Kak IEeNb C aKTUBHBIM
COMPOTHUBJIICHUEM U HUJCATbHOW MHIYKTUBHOCTHIO. ['OBOPST, UTO B ATOM clly4ae Ielb
HOCUT aKTUBHO-UHYKTUBHBIN XapaKTep.

Ecmm wl < I/wC wn yron ¢ < 0, Bcs menb BeaeT ceOs Kak IeNb C aKTUBHBIM
CONPOTHUBJICHUEM U €MKOCThbIO. ['OBOpAT, YTO B ATOM ciliydae I€llb HOCHUT aKTHUBHO-
€MKOCTHOU XapakTep.

Ecnu B nenu peakTuBHOE cONpoTUBIEHUs paBHbl (ol = I/wC), To yron ¢ = 0.
[Ipu 3TOM peakTHMBHAsi COCTABIISIIOIAS HANPSKEHUS] HA MHIYKTUBHOCTU M HAIpPSKEHUE
Ha KOHJICHCAaTOpE MOJHOCThIO cebsi kommneHcupyror. llenb Bemer cebsi, kak OyATO
pPEaKTUBHbIC CONPOTHUBJICHUS B HEW OTCYTCTBYIOT U TOK JOCTHUTaeT HauOOJIbILIETO
3HAQYEHUS, TMOCKOJbKY TOK OrpPaHUYUBACTCS TOJbKO JKBUBAJICHTHBIM aKTHUBHBIM
COMPOTUBJICHUEM LIETIH

R3 =R +RK.

DTO O3HAYaeT, 4TO B IEMU MMEET MECTO PE30HAHC, Ha3bIBa€MbI B JaHHOM
Clly4yae pe3oHancom Hanpsdicenut. Pe3oHaHC HampspDKEHUH MOXKHO TOJYYUTh JIMOO
U3MEHEHHEM YacTOThl MCTOYHHMKA MHUTaHUs, JMOO MOJO0OPOM 3HAYECHHS] BEJIMYMHBI
C=1wy ZL, rae wy = VI/LC — PE30HaHCHAs YacToTa IIEIH.

3. Tlopsaaok BbINOJIHEHHSI padOThI

3.1. O3HakOoMHUThCSA C J1aOOpPAaTOPHOW YCTAHOBKOW (MOAYJb MHUTAHUS, MOJYJIb

PE3UCTOPOB, MO/IYJIb PEaKTUBHBIX A Al
AJIEMEHTOB,  MOJAYJb  MYJBTUMETPOB, O—* ¢ ]
MOAYJIb U3MEPUTETBHBIN c & : |
aMIiepMeTpaMi  TIEPEMEHHOTO  TOKa, ViamepuTens | |
U3MEPUTEIIb MOITHOCTH). E m MOLLIHOCT! } Ry | @
3.2. CoOpaTb 2JEKTPUYECKYIO LENb Q | |
(puc.  4),  yCTaHOBUB  3a/IaHHBIE % 7 Sy
penoaaBaTeaeM 3HAYCHUH  Q | -%L |
CONPOTHUBJICHUSI PE3UCTOPA U EMKOCTH C L[ K
KoHjieHcaTopa. [loaxmounTs COOpaHHYIO ” f
Henb K HWCTOYHUKY nuranus ~12 B O__l:l l:l “
(MOJyJIb MUTAHUSA).
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3.3. IlogcoequHUTh MapAILIEIbHO KOHJEHCATOPY JAOTOJIHUTEIbHBIN MPOBOIHUK
(MCKJIFOUMB 3TUM KOHAEHcaTop u3 uenu). llpeabsButh cxeMy s TPOBEPKHU
MIPENOAABATEIIO.

3.4. BKJIIOUUTH MUTAHKUE CTEH]IA U TPOU3BECTU U3MEPEHUSI YKa3aHHBIX B TAOIUIIE
BEJIMYMH B 1€ C MOCIEA0BATEIbHBIM COEIMHEHUEM pe3rcTopa R U KaTymku Zg. [lepen
U3MEPEHUEM HAIPSHKEHUS MEPEBECTH MYJIBTUMETP B PEXKUM HU3MEPEHUSI MEPEMEHHOTO
HarpsoKeHus. Pe3ynbTaThl M3MEpeHHit 3aHecTu B Ta0I. 1.

Tabmuma 1
Cxema U, B I, A Ug, B Uk, B Uc, B P, Br
Zx, R
R, Xc
R, Zx, Xcl
R, Zx, X2
R, Zx, X3

3.5. BBIKJIIOYHUTH BJIECKTPONUTAHUE, TMOJACOCAUHUTH MAPAJIICTBHO KATYIIKE
JOTIOJIHUTEIIbHBIN MPOBOJHUK (MCKIIOUMB TUM KATYIIKYy U3 1ienu). [IpeapsaButh cxemy
JUISl IPOBEPKU MPENOAABATEIIO.

3.6. BKJIIOYNTh HCTOYHHUK AJIEKTPONUTAHUS U IPOU3BECTH U3MEPEHHUS YKA3aHHBIX
B Ta0iuile BEIUMYMH /I LIENH C TOCIEI0BaTEIbHBIM COEIUHEHHWEM pe3ucTtopa R u
KOHJIeHcaTopa Xc. Pe3ynbpTaThl uW3MepeHHMil 3aHecTd B Tabn. 1. BeikmrouuThb
AJIEKTPOINUTAHNE, yOPATh JOTOTHUTEIBHBINA TPOBOIHUK.

3.7. B umenu c mnocineqoBaTEIbHBIM COEIMHEHUEM pPE3UCTOpa, KaTyIIKu H
KOHJICHCATOpa U3MEHSS BEJIMYMHY €MKOCTH KOHJIEHCATOpa C MOMOILBIO NEPEKIII0YATES
SA1 Momynsi peaKTUBHBIX 3JIEMEHTOB, IOOUTHCS HAMOOJBIIIETO TTOKA3aHMS aMIIEpPMETPa,
T.e. 00€CHeYUTh COCTOSIHME LienH OJM3KOE K PE30HAHCy HampsikeHuil. Pe3ynbTaThl
U3MEpEeHHil 3aHecTu B TaoI. 1.

3.8. VYmeHpmias M YyBEJIWYMBAs BEJIMYMHY €MKOCTH KOHJeHcaTtopa (0T
PE30HAHCHOTO 3HAYEHUs) MPOBECTU HU3MEPEHUs] YKA3aHHBIX B TaOJIMIEC BEIUYUH IS
IBYX COCTOSIHMI 1ienu. Pe3ynbrarsl u3MepeHuid 3aHecT B Ta0. 1.

3.9. Jlnsg nenu ¢ mocyie10oBaTeIbHBIM COeIMHEHNEM TpeX AJ1eMeHTOB (R, Zg, C)

N0 pe3yJibTaTaM U3MEPEHUIN OMPENEIIUTh MOJHYI0 MOIIHOCTD LIENU S U OTAEIbHBIX
y4acTKOB Sk, Sk ,Sc . Pe3ynbTaTel 3aHecTu B Ta0II. 2.
Tabmura 2

Sa SRa SK» SCa PRa PK) PCa QK: QCa R9 Xa Za
BA |[BA |BA |BA [Br |Br |Br |BAp |BAp |Om |OM | Om

3.10. VYuwurbiBas 3HAUYEHUS NApPaMETPOB  KATYIIKH, [OJYYEHHBIE B
MpeIeCTBYIOMEH abopaTopHoil paboTe, ONpeneauTh AaKTUBHBIE W PEAKTHUBHBIC
MOIIIHOCTU OTJEIbHBIX YYacCTKOB, a TaKXe IIOJIHOE, AaKTUBHOE W PEAKTUBHOE
CONPOTHUBJICHUE BCEH MU JJIs OHOTO U3 OMNBITOB. Pe3ynbrarsl 3anectu B Ta0. 2.

3.11. IlpoBepuTh OataHC aKTUBHBIX MOIIHOCTEH B IICTIH.

3.12. Tlo pe3ynpTaraM HW3MEpPEHUN MOCTPOUTH JIA WCCIIECIOBAHHBIX LENEW B
MaciITabe BEKTOPHbIE JUarpaMMBbl.
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3.13. Cpenatb BbIBOJ O NOPUMEHEHUH 2-TO 3aKOHA

INEPEMCHHOI'O TOKA.

TOKa?

4. CopepxaHue oT4eTa

Otuet no paboTe JOHKEH COACPKATh:

a) HAaMMEHOBaHUE padOTHI U e PadOTHI;

0) cxeMmy HcclielyeMOo 11eTIH;

B) TaOJIMIIBI C Pe3yJIbTaTAMH ONIBITOB M BHIYMCIICHUH;
I') paCYeTHbIE COOTHOLIECHMUS;

1) BEKTOPHBIC JTHarPaMMBI;

€) BBIBO/IBI 11O paboTe.

5. KoHTpo/bHBIE BONPOCHI

Kupxrodpa B wnemnsix

1. YUto Takoe AKTUBHAasi, pCaKTUBHAA MW IIOJIHAasA MOIIHOCTHU B LEIIH ICPEMCHHOIO

2. Kakas B3auMOCBS3b MCIKOY HOHHOﬁ, AKTUBHOMN U pCaKTHBHOﬁ MOH.IHOCTSIMI/I?

3. Yro Ttakoe «k03(pOUITUEHT MOIITHOCTHY?

4. Kak BBIYMCINTH IOJHOE CONPOTUBICHUE KATYLIKH, €CJIM H3BECTHBI €€
aAKTUBHOE CONPOTUBIIEHUE, UHAYKTUBHOCTb M YaCTOTa CETH?
5. Kak BBIYMCIUTH IIOJHOE CONPOTUBIECHUE LENU C IOCIEN0BATEIbHBIM
COCAMHEHNEM PE3UCTOPA, pEAIbHOM KaTyIIKK U KOHJIeHcaTopa?
6. OT 4ero 3aBUCHUT yroi cABUra (a3 MeXIy HampsHKEHHEM U TOKOM Ha y4acTKe
AIIEKTPUYECKON LIETIH IEPEMEHHOI0 TOKa?

7. UTO Takoe «TpeyroJIbHUK CONPOTUBIIEHUI» ?

8. UeMy paBHBI pEaKTUBHOE CONPOTHUBIICHHUE LIEMHU U PEaKTUBHAS MOIIHOCTb LIETH
IIpU pe30HaHce?
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Padora Ne 5. QJJIEKTPUYECKASA LIEIIb IIEPEMEHHOI'O TOKA C
HHAPAJUIEJIBHBIM COEAUHEHUWEM 2JIEMEHTOB

1. ean padoThl
O3HaKOMUTBCS C OCOOEHHOCTSMU TAPAJUICIBHOTO COCIMHEHUS AaKTHBHBIX U
PCAKTUBHBIX JJIEMCHTOB B IIE€MU TEPEMEHHOIO TOKAa, SBJICHHEM pE30HAaHCa TOKOB,
MOBBINNICHHEM KO3 (UIIMEHTa MOIIHOCTH, TpuMeHeHueM 1-ro 3akoHa Kwupxroda B
HEMsIX IEPEMEHHOT0 TOKA.

2. IlosicHennsi Kk padorte
[Ipn mapajmienbHOM COEIMHEHHWH 3JIEMEHTOB IONYYalOT PA3BETBIICHHYIO LEIb
(puc. 1). IIpn mapamienbHOM COE€IUHEHUU I
AJIEMEHTOB TOKH B OTIEJIbHBIX BETBSX, > [
]

3aBUCAT  TOJIBKO OT  HalpsHKEHUA k N
HUCTOYHUKA MATAHUS u IIOJTHOTO P ———m
COIIPOTUBIICHUs Kaxaou BeTBU. [Ipu sTOM
TOK B BETBHU C PE3UCTOPOM [ COBMAAAET IO
daze c HampsHKEHUEM MCTOYHMKA, TOK B U Zx
BETBU C KaTyIIKOW [x oTcTaeT mno (asze or
HaIpSKEHUS! UICTOYHHMKA MUTAHUS HA YroJ
@, 3aBUCAILMA  OT  AKTUBHOIO W
PEAaKTUBHOIO CONPOTHUBIICHUS PEATBHOMN
KaTYIIKU WHIYKTUBHOCTU. TOK B BETBU C Puc. 1
KOHJIEHCATOPOM Ic OMEPEKAET
HaIpsDKeHWEe UCTOYHMKA nuTaHus Ha 90° (puc. 2). B cooTBETCTBUU € MEPBBIM 3aKOHOM
Kupxroda oO6mmuii Tok [/, moTrpebisieMblii Takod IENbI0 OT HWCTOYHUKA ITUTaHWUS,
ONpENEIAECTCS TEOMETPUUECKON CyMMOM TOKOB OTJEIbHBIX BETBEM:

1= ]R+IK+IC- [_JA

['eomeTprueckoe MOCTpOEHUE ISl ONPEIEICHUS
BENMYMHBI U (a3pl 0OOIIEro TOKa MPEACTaBICHO Ha
puc. 2, rie 0003Ha4€HO

Ix4, 14 — aKTUBHBIE COCTABJISIIOIINE TOKA B BETBU £ 4
C KaTyIIKOM 1 00Ilero TOKa;

Igp, Ip — pEaKTUBHBIE COCTABIISIOIIME TOKa B @
BETBHU C KaTYLIKON U OOIIETro TOKa.

ITox aKTMBHOM COCTaBJISIFOIIEH TOKA MOHUMAKOT
YCJIOBHYIO COCTABJISIOLLYIO 3TOTO TOKA, COBIIAJAIOIIYIO Pk Ixa
mo ¢aze C TPWIOKEHHBIM K O3TOMY Yy4YacTKy
HanpspbkeHueM. [lox peakTMBHOM COCTaBIIAIOMIEW TOKA
— COCTaBIMIOLIYI0, PAcCHoOJOXEeHHYr mnox 90° k
IIPUJIOKEHHOMY HanpspkeHUto. CienyeT IOMHUTD, YTO Puc. 2
AKMUBHASL U PeaKmMUuBHAasi COCMAGAIWUe MmoKa — 3mo
VCI06Hble GeudUHbl, HE UMEIoIre (PU3MUYECKOTO CMBbICIAa B MOCIEI0BATEIbHOU CXeMe
3aMELIEHUS.

W3 BEKTOpHOM JuarpamMMsbl CIEAYET, YTO

]A :IR +IKA , Ip :I[(p—]c.
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CrnepnoBatenbHO, BEJIMYMHA OOIIETO TOKA
[=VI + 17,
a yroJ casura ¢a3 MeXIy OOIIMM TOKOM U MPHJIOKEHHBIM HAMPSHKEHUEM
tg(ﬂ = IP/IA: ([KP_IC) /([R + I]{A).

JlaHHast BEKTOpHAsl UarpaMma MoCTPOEHA B MPEATIOI0KEHUH, YTO EMKOCTHOM TOK
Ic oxazancsg MEHbIIE PEAKTUBHOM WHIYKTHUBHOM COCTAaBIISIIOLICH TOKAa B KaTyIIKe [gp.
[ToaToMy 00mmii TOK OTCTaeT nmo (aze or HampsokeHus. Takas 1enb HOCUT aKTUBHO-
WHIYKTUBHBIN xapaktep. Ecmu Obl eMKOCcTHOM TOK [- Obul OOJbIIE pPEaKTUBHOM
UHIYKTUBHON COCTaBJISIONIEH TOKAa B KaTylike Ixp, TO TOK, MOTPEOIsSEMbI LIENbIO U3
CeTH omepexan mo ¢asze MPUIOKEHHOE HANpPSHKEHWE W 1eNb HOCHWIIa Obl aKTUBHO-
€MKOCTHOU XapakTep.

IIpu paBeHCTBE pEaKTUBHOW MHAYKTUBHOM COCTAaBJISIIOIIECH TOKA B KaTylIKe Ixp U
€MKOCTHOTO TOKa [c- BEKTOp oOOHIero TOKa COBHAZaeT 1o @a3e ¢ BEKTOPOM
MPUJIOKEHHOTO HAIPSDKEHUS, a €ro BEJIMYMHA ONPENEISACTCS TOJIBKO AKTUBHBIMU
COCTaBJISIOIIMMU TOKOB [y = Ig + Ig,. IIpu 5TOM B 11enIM HacTymaeT sBJICHUE PE30HAHCA
TOKOB, TaK Kak II€Mb, COAEPKAalllasi PpEaKTUBHBIE AJIEMEHTHI, BEJIET ce0sl KaK 1eMb C YUCTO
AKTUBHBIM COMNpPOTHUBIICHUEM. [Ipu pe3oHaHCE TOKOB TOKM B BETBSIX C PEAKTUBHBIMU
9JIEMEHTaMH MOTYT 3HAUUTEJIbHO MPEBBINIATh TOK, MOTPEOJIEMBbI OT HCTOYHUKA
NUTaHMUS.

3. ITopsA1OK BHINOJIHEHUS PA0OTHI

3.1. O3HakOMHTBCS C JTAOOPAaTOPHOW YCTAHOBKOW (MOJYyJb TMUTAHUS, MOIYJb
pPE3UCTOPOB, MOAYJb  PEAKTUBHBIX  3JEMEHTOB, MOIYJIb HM3MEPUTENbHBIA  C
aMIIEpMETPAaMHM IIEPEMEHHOI0 TOKA, U3MEPUTEh MOIIHOCTH).

3.2. Cobpath 2JIEKTPUUYECKYIO ITIENb C MapauIeIbHBIM COCAMHEHHEM DPE3UCTOpa,
KaTylIKd U KOHJeHcaropa (puc. 3), yCTAaHOBUB IpHU
9TOM  3aJaHHble  MpernojaBaTelIeM  3HAYEHUs A7

COIIPOTHUBJICHUS PE3UCTOPA U CEMKOCTH KOHACHCATOpPA.

BxitoueHrne OTHENBHBIX BETBEM OCYLIECTBIATH C k

I
MIOMOIIEI0 COOTBETCTBYIOIIMX IMPOBOJTHUKOB. CxeMy QD QD QD

OpeAbIBUTH AJIA IPOBEPKHU IIPEIIO1aBATCIIO saepumen:
p Il Il p p p Il ) MOUHOCITIY

3.3. BxJrouus 3NeKTponuTanue ~ 28 P
K
2

(aBTOMaTHuecKkuil  BbIKIIOYATENb  QF  Momyuns
NMUTAHUs1) UCCIENOBaTh Lienb. [[is 3TOro u3MepuTh
HaIpsSDKEHWE HAa BXOJE 1€MW, aKTUBHYIO MOIIHOCTh

" -
1

[eNu, TOKM B BETBSIX U TOK, MOTPEOISEMBIH OT o
VMCTOYHHMKA nUTaHusA.  Pe3yinbraTtel  HM3MepeHUU
3aHecTH B Ta0. 1.

Puc. 3

3.4. HccnenoBaTh BIMSHUE €MKOCTH, BKJIIOUECHHOW MMApAJIENbHO HHIYKTUBHOU
KaTyIlIKe, Ha BEJIMYMHY MOTPeOJIeMOro OT MCTOYHMKA MHUTaHUs Toka. [{ns sroro
NOJKJIIOYNTh TapajjiebHO Karylike KoHaeHcaTop C. YCTaHOBUTh TaKO€ 3HAUYCHUE
€MKOCTH, TIPH KOTOPOM OT HMCTOYHHKA TOTPEOJSIETCS] MUHUMAIBHBIN TOK (pEe30HaHC
TOKOB). MI3MepUTh MpH 3TOM TOKH B BETBSAX M TOK, MTOTPEOIIEMBbIN U3 ceTH. Pe3ynbTaThl
3aHeCTH B Ta0. 1.
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V3MeHUTh 3HAYCHWE €MKOCTH KOHJEHCATOpa M M3MEPUTh TOKH, HAINPSHKEHUE U
aKTUBHYIO MOIITHOCTh. Pe3ynbrarel 3aHectu B Ta0m. 1.
Tabmuua 1

Bxkirouensl BetBu | U, B ILA Iz, A Ic, A Ix, A P, Bt [0)
rRC 0 e

Y e

R, Zy, C,
Z.Cl | |
Z.C2 |
Z.C3 ||

3.5. Ilo OnBITHBIM JIaHHBIM MOCTPOHMTH B MacIITabe BEKTOPHBIC TUArpaMMBbI JIJIs
KOKJOTO OTbBITA, OMPEACIUTh I KaXJAOro ciydas yroil casura a3 ¢ MexIy
HaIpPSHKEHUEM U TTOTPEOIISIEMBIM TOKOM.

3.6. CnenaTth BBIBOJIBI

— 0 mpuMeHeHuu 1-ro 3akoHa Kupxroda B 1emnsx nepeMeHHOro Toka.

— 0 BJIIMSTHUM MapaJljIeIbHO BKIFOYEHHBIX MOTpeOUTeNel IpyT Ha Ipyra,

— O BIMSHUHU €MKOCTH KOHJCHCAaTOpa Ha BEJIMYMHY TOKA, MOTPEOJIIEMOTO M3
CETH.

4. Copaep:xanue oTyera

a) HAMMEHOBaHUe padoThI U 1IEJIb PaOOTHI;

0) cxemy dKCIIEpUMEHTa U TaOJIHILy MOJTYYEHHBIX PE3YJIbTATOB;
B) BEKTOPHBIC TUATPAMMBI;

T') BBIBOJIBI 110 paboTe.

5.  KoHTpoJbHBIE BONIPOCHI

1. Kak npu mapasienbHOM BKJIIOYEHUH MOTPEOUTENE ONpenenuTh BEIUYUHY
TOKa, HOTPEOISIEMOr0 U3 ceTu?

2. C KaKoi LeJbI0 NOBBIIAIOT KO3(PPUIMEHT MOIIHOCTH Lienu?

3. Kak MOXxHO onpeaennuTs Ko3QPUIUEHT MOIIHOCTH LieTn?

4. Kak H3MEHSATCS BEIWYMHA TOKa, MOTPEOJIIEMOr0 M3 CETH, M aKTHBHAs
MOIIHOCTh IENH, €CJIM MapajuieIbHO AaKTUBHO-UHIAYKTUBHOMY IOTPEOUTEIIO
BKJIIOUUTH KOHJEHCATOP?

5. TloueMy yMmeHbINIa€TCA TOK, MOTPEOJISIEMBIA W3 CETH, MPU MOAKIIOYCHUU
napajuieIbHO UHYKTUBHOW KaTyIIKe KOHJIeHCaTopa?

6. Kak npumensiercs 1-it 3akon Kupxroga B niemnsix nepeMeHHoro Toka?

7. Kak mnocTpouTh BEKTOPHYIO JuarpamMMmy Uil LEIW, COJepKalen
napajuiebHO BKIOYEHHBIE HHIYKTUBHYIO KaTYyIIKY U KOHJAEHCATOp?

8. UTo Takoe «pe30HaHC TOKOB»?
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Patdora Ne 6. TPEX®A3HAS LEID ITPU COEAMHEHUU
HNOTPEBUTEJIEN IO CXEME «3BE3JIA»

1.  Ieas padoTsl

O3HaKOMHUTBCS € Tpex(a3HbIMU CUCTEMaMHU, U3MEPEHHEM (a3HBIX U JTUHEHHBIX
TOKOB M HampspbkeHud. [IpoBepuTh OCHOBHBIE COOTHOLIEHUS MEXAY TOKaMU H
HaNpsOKEHUSIMU  CUMMETPUYHOIO M HECUMMETPUYHOrO Tpex(a3HOro mnoTpeduTesns.
BbIsiIcCHUTE pOJIb HEMTPANBHOIO MPOBOJA B YETHIPEXIPOBOAHOM Tpex(a3HOM CUCTEME.
Hay4uTbCsi CTpOUTE BEKTOPHBIE TUAarpaMMbl HAIIPSKEHUN U TOKOB.

2. TlosicHenus k padorte

Tpex¢a3Has cucremMa NEPeMEHHOr0 TOKa MOJIy4HJia IUPOKOE NPUMEHEHHE, T. K.
UMEET P MPEUMYILECTB [0 CPABHEHUIO C CUCTEMOM OJHO(pA3HOIO0 NEPEMEHHOTO TOKA.
[ToaToMy wyaie BCEro »>JEKTpUYEecKas SHeprus BbIpaOaTbIBaeTCs, INEperaeTcs |
pacnpenenserca MexXAay norpedutensimMu TpexdazubiMu cuctemamu. [logasisroinee
OOJBUIMHCTBO JJIEKTPOABUTATENICH SIBISIETCS ABUTATENIIMU TpeX(a3HOro NnepeMeHHOro
TOKa.

Yro0bl B Tpex(azHOU cCUCTEME MOYKHO ObUIO OJJHOBPEMEHHO I10JIb30BATHCS ABYMS
pa3IMuHbIMKM HanpspkeHusMH (Hanpumep, 380 B — s nutanus snexktpoaBurareneii u
220 B — pang nuTaHMs 3JIEKTPUYECKHUX JIaMII M JPYrHX OAHO(DA3HBIX MOTpeOUTENEil)
OPUMEHSIOT YETHIPEXNPOBOJHYIO CUCTEMY 3JIEKTpOCHaOKeHus. YeTblpexnpoBoHas
AUHUS Tpex(a3HOW CUCTEMBI UMEET YeThIpe MPOBOJA: TPU JIMHEHHBIX, IO KOTOPHIM
POTEKAIOT JIMHEHHblE TOKU [, Ig, [ W OAWMH HyJIEBOW (HEUTpaJbHBIA) MPOBOJ,
pelIHa3HAYCHHBINA JUJIS MMOAJAEPKAHUS OJMHAKOBBIX 3HAYEHUHM (Da3HbIX HANPSIKEHUA Ha
Bcex Tpex (Qaszax mnorpedutend. I[lo HyneBoMy mpoBOAYy MOXKET NIPOTEKATh
YPABHUTEIBHBIA TOK /), HAa3bIBa€MbIM HYJIEBBIM WM HEUTPAIbHBIM TOKOM. Takas
CUCTEMa  COEQUHEHUs OOMOTOK  Tpexda3HOro TeHeparopa U  MPUEMHHUKOB
(motpeOuTeneil) Ha3bIBAETCA «3BE3A0W» U

MoKa3aHa Ha puc. 1. I o 7y
[Ipu coenuHeHun B 3Be3ny (a3HbBIN A .
TOK I ¥ ITUHEUHBIN TOK /; €CTh OHO U TOXKE : Ul
1 D = 1 -
o 0
Hanpsokenue  Mexay — JMHEHHBIMHU —

MIpoOBOAM, Ha3bIBAEMOEC JIMHEWHBIM Us Uc I

C B 5 7
HAIPSKEHUEM (Hanpumep, U.s), B —5 4
okasbiBaeTcst B \3 pa3 Goubiue, ueM (pazHoe

HampsDKeHUEe ucTouyHMKa mmtanms Uy Up Zc
an Ug,: Puc. 1.

U g = \8 U D -

Ecnu TpexdazHas cuctema cuMMeETpUYHas (BCE CONPOTUBIEHUS M MOIIHOCTU
¢da3HbpIX moTpeduTeneil 0OAMHAKOBHI), TO MO BCEM TpeM (pazamM MPOTEKaIOT OAMHAKOBBIC
0 BEJIMYMHE TOKH, CIBUHYTHIE MO (a3ze OTHOCUTENBbHO Apyr apyra Ha 120°. Tok B
HEUTpaJIbHOM TPOBOJE MpU HTOM paBeH Hymo. Hampsbkenus Ha Beex (Qaszax
NoTpeOUTENsT TaKXKe OTIMYAIOTCA APYT OT JApyra TOJbKO MO HayaiabHOU (aze Ha 120°

(puc. 2).
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Ip

U U
UCPHC. 2 Usc Puc. 3 C Puc.4 B

[Ipn BKIOYEHMM B pa3HbIX (a3zax paziWyHbIX [0 MOUIHOCTH MOTpPEOUTENeH
(HecuMMeTpHYHasi Harpys3ka), TOKH Kaxaou (as3pl (B KaXKIOM JIMHEHHOM IPOBOJE)
OTIAMYAIOTCA JpYr OT Apyra HE TOJNbKO HadaimbHOW (a3oil, HO u BenuyuHOU. Ilo
HEUTpaJIbHOMY NPOBOJY IPU 3TOM MPOTEKAET TOK, BEKTOP KOTOPOrO Ha OCHOBaHUU
nepBoro 3akoHa Kupxroda paBeH reomMeTpuueckoil cyMMe BEKTOpPOB (Da3HBIX TOKOB
(puc. 3)

[A+ IB+ IC: 10.
OOpbIB HEUTPAILHOTO TIPOBOJIA (TPEXIIPOBOHAS CUCTEMA) NMPU HECUMMETPUIHON

Harpyske IIPUBOJUT K U3MEHEHHIO
HANpsDKEHUH Ha Bcex ¢azax moTpeduteneid u
ITOSIBJICHUIO HaIPSKEHUS CMELEHHUS

Heritpanu Uy, (puc. 4). Ilomoxenue Touku
«n» HAa BEKTOPHOW  JOuarpaMme  Ipu
W3MEPCHHBIX 3HAYCHHMSIX HANpPsHDKCHUH Ha
dazax norpedurenent U,y Upy u Ucyp MOXeT
OBITH OTIPENICICHO METOJIOM 3aceuek (puc. 5)
WJIA PACCUYNUTAHO AaHATUTUYCCKHU.

3. IlopsiioK BBINMOJHEHUS PadOThI

3.1. O3HakoMHTBCSI ¢ JTaO0OPATOPHOW YCTAaHOBKOW (MOAYJh MUTAHUSA, MOAYJb
Tpex(}a3HOro HAOpsHKEHUs, MOAYJb TpexdaszHoro TpaHcpopmaTopa, MOAYIb
pPE3UCTOPOB, MOAYJb M3MEPUTEIBHBIM C aMIepMeTpaMu MEPEMEHHOIO0 TOKa, MOIYJb
MYJIbTUMETPOB).

3.2. YcraHOBUTH Ha MOJYJie Tpex(a3zHOro HAMPSHKEHUS YaCTOTy MUTAIOIIETO
Hanpspkenust 50 I'm (mepexnmtouarens SA2). BrirouuTh MOJydb TWUTaHHUS CTEHJIA
(Beiknmtoyatens QF1), monaynb TpexdaszHoro HampspkeHus (Bbikatouatenb SAI u
TyMOnep SA3) um wmoaynas TpexdaszHoro TpaHchopmaropa (Beikarouarens QFT).
N3meputh nuHeitHbie W (a3Hble HaNpsKeHUs Tpex(a3HOro HCTOYHHMKA IMHUTAHMS
(Tpexdasnoro TpancpopMaTopa) Ha XOJIOCTOM XO1y. Pe3ynbpTaTel M3MEepEeHUN 3aHECTH B
Tabs. 1. BeIKITIOUNTh MOIYNh TpeXx(a3zHOro HanpspkeHus (KHomka SB1, BBIKIIOYATEIH

SAI u SA2).
Tabmuma 1

JIuHeliHbple HANPSKEHUS QDa3Hble HAIPSHKEHUS Brruucneno

Uas, B | Upc, B [ Uca, B | Ua, B Ug, B Uc, B U, B | Ugp, B | Un/Ug
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3.3. CobOpathb 271eKTpUYecKyto 1enb (puc. 6). B kauecTBe HArpy3KHu UCMOJIb30BATh
pe3UCTOpBl MOAYJSL pe3ucTopoB. B KkauecTBe HCTOYHMKA Tpex(a3HOro HaNpsKEHUs
UCII0JIb30BaTh MOAYJIb Tpexda3zHoro Tpanchopmaropa.

3.4. BxinounTts B ¢azax moTpeOuTess Mo yKa3zaHUIO MpernoaaBaTessi OJJMHAKOBBIC
COMPOTHUBJICHUS PE3UCTOPOB (CUMMETPUYHYIO A B C
Harpy3ky). W3meputh TOkHM, (a3Hble M JHHEIHBIC ﬁ)

HanpsDKEHUs  [PU  BKJIKOYEHHOM  HEHUTpaJbHOM
npoBojie. Pesynbrarel 3anectu B Tabn. 2. IlpoBeputhb

COOTHOLICHHE MEXJy JHHEWHbBIMH U  (pa3sHbIMU (Ab A
HaNpPsLDKEHUSIMU TOTPEOUTENEH.

3.5. lloBropute TE€ K€ HW3MEpPEHUs IpHU
OTKJIIOYEHHOM HEUTPAIBHOM MHpoBone. Pe3ynbraTsl
3aHecTH B Ta0J. 2. [

3.6. Ilo ykazaHuro mnpenoaaBatessi HU3MEHUTh
Harpy3ky B (pazax moTpeouTens Tak, 4TOObl B KaX0i
(aze ObLIM BKJIIOYEHBI PA3IUYHbIE CONPOTUBIICHUS.

|R1 [|R2 || Rs

Puc. 6.

W3MepuTh TOKM, JIMHEHHbIE U (a3Hble HANPSIKEHUS B KaXIOW (aze moTpeduTens mnpu
HaJINYMKU HEUTPaAJIbHOTO NpoBoJia. Pe3ynbraTel 3anucare B Tad. 2.

3.7. OTKIIIOUYUTh HEUTPAIbHBIN MPOBOJ U BHOBb MU3MEPUTHh TOKH U HAIPSKEHUS.
Pe3ynbratel 3anucars B TabI. 2.

3.8. Tlo pe3ynbraraM M3MEpPEHU BBIYHCIUTH AKTUBHYIO MOIIHOCTH TpeX(azHOU
LN I KaXKI0TrO OIBITA.

3.9. JIns Bcex NIPOBEIECHHBIX ONBITOB IOCTPOUTh B MAacCIITa0€ BEKTOPHbBIE
IUarpamMMBl.

3.10. CpaBHUTH BIUSIHUE HEUTPAIBHOIO MPOBOJA HA paboTy Tpex(da3zHoil cucTeMbl
IIPY CUMMETPUYHON U HECUMMETPUYHOM HarpysKe.

Ta0muna 2
Pexxum Harpysku Toxk Harpy3ku, A Hanpspkenue na notpedurensx, B
®dazHble Jlunelinnie

la s le b Uan | Usn| Ucn| Uas| Upc| Uca

HelitpansHblii IpoBOJ
BKJIIOYEH, Harpy3Ka
CUMMETpUYHAs

Heiirpanbnslii npoBoa
BBIKJIIOYEH, HAarpy3Ka
CUMMETpUYHAs

HelitpansHslii MpoBOJ
BKJIIOUEH, Harpy3Ka
HECHUMMETpPHUYHAs

Heiitpanbnslii mpoBoa
BBIKJIFOYEH, HAarpy3Ka
HECUMMETpHUYHAs
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4. Copaep:xanue oruera

OTuet no paboTe JOMKEH COACPKATh:

a) HauMEHOBaHue PabOTHI U 11 PAOOTHI;

0) TEXHUYECKHE TaHHBIC AJICKTPOU3MEPUTEILHBIX TPHOOPOB;

B) CXEMY DKCIIEPHMEHTA C BKIIOYCHHBIMU U3MEPHUTEILHBIMU TPHUOOPAMU;

T') TaOJIHIIBI C PE3yJIbTaTaMU SKCTICPUMEHTA;

1) BEKTOPHBIE AHArpaMMBbI JIJIsl BCEX MIPOBEJICHHBIX OIBITOB;

€) BBIBOJl O POJIM HEUTPAJIbHOTO MPOBOJA B Tpex(a3zHOoil Lenu Mpu COeIUHEHUH
NOTPEOUTEINS 10 CXEME 3BE3/a.

5 KoHTpoJibHBIE BONIPOCHI

1. Kakoe coenqnHeHne Ha3bIBAETCS 3BE3I0N ?

2. KakoBo cooTHomeHHEe MexAy Ga3HbIM M JUHEHHBIM HaNpsSKEHUSIMU
Tpex(a3zHOro MCTOYHHUKA MUTAHUS IPU COEMHEHUHU €ro 0OMOTOK MO cxeMe 3Be3a’?

3. Kakoe cooTHOLIeHHE MEXy (a3HBIMU U JIMHEWHBIMU TOKaMH IPU COEAUHEHUU
B 3B€311y?

4. Kak onpenenuTs BEJIMYMHY TOKA B HEUTPAJIBHOM IIPOBOJIE, €CIIM U3BECTHBI TOKU
noTpeouTes?

5. 17151 4ero NpuMeHsIIOT HEUTPaJIbHBINA MPOBOJ?

6. K xakuM 3axumam cienyeT MOJKIIOYUTh BOJIBTMETP, YTOOBI U3MEPUTH (ha3HOE
Y JJUHEWHOE HanpsoKeHue?

7. Kakas Tpexdas3Has Harpy3ka Ha3pIBa€TCI CUMMETPUYHOM?

8. Ilouemy npH HECHMMETPUYHON HArpy3ke OOpBIB HEHUTPAJBHOIO IPOBOJA
ABJISIETCS] ABAPUIHBIM PEKUMOM?
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Patdora Ne 7. TPEX®A3HAS LEIIb ITPU COEJUHEHUN
HNOTPEBUTEJIEN 11O CXEME «TPEYT'OJIbHUK»

1. esan padoThI

HccnenoBatb ocoOeHHOCTH paboThl Tpex(pa3HOHM Lenu IMpu COEAUHEHUU
CUMMETPUYHOIO ¥ HECHUMMETPUYHOIO MOTpEOUTENEH TPEeyrojJbHUKOM, YCBOUTH
IOCTPOEHUE BEKTOPHBIX AUArpaMM IO pe3yJIbTaTaM IKCIIEPUMEHTA.

2. IosicHeHus Kk padore
[ToTpebuTenu 31eKTPUUECKON SHEPIUU NMPU NUTAHUU OT TpeX(Pa3HOro UCTOYHUKA,
KaK M MCTOYHHUKH DJICKTPUYECKONW SHEPrUu, MOTYT

OBITH COEIMHEHBI B TPEYTOJIbHUK ) L an, _Zas
(puc. 1). Cneayer HOMHHTB, 4TO cxeMa BKmoueHus ~ AC :'_\
00MOTOK Tpexda3zHoro reHepaTopa HE In L Ine  Znc
MPEAONPENICISICT  CXEMY COCAMHCHUS HArpysKH. po——* —>:|_\
Tak, npu coenuHeHun Qa3 reHepaTopa B 3BE3LY
Harpy3ka MOXeET OBbITh CO€JMHEHa B 3BE3lly C Ie L Ica  Zca
HEUTpaJIbHBIM  MPOBOJOM, B  3Be3ny 0e3 (O —*
HEUTPAILHOTO MIPOBOJIa UM B TPEYTOJIbHUK.

ITpn COETMHEHUU B TPEYTOJIIBHUK N O
CUMMETPUYHOU Tpex(pa3HOW Harpy3Kd JUHEHHBIC Puc. 1

HANPSDKCHUST  OKa3bIBAIOTCA  PABHBIMH  (Da3HBIM
HanpspkeHusiM Uy = Uy, a NUHEWHBIE TOKU B \3 pa3 Oonblie, 4eM TOKH B (azax
noTpeouTeIs:

I g = \8 1 o -

[Ipu 3TOM BCe (pa3Hble TOKM PaBHbBI MO BEIUYMHE U OTIUYAIOTCS APYT OT JIpyra Mo
daze Ha 120°. To xe caMoe OTHOCUTCS U K TUHEHHBIM TOKaM (puc. 2).

IIpy HECMMMETpPHYHON Harpy3Ke CBS3b MEXKIY
JUHEWHBIMU W ($a3HBIMH  TOKaMU  BbIpakaeTcs
YPaBHEHUSMH, 3allUCAHHBIMM HA OCHOBAaHWU MEPBOIO
3akoHa Kupxroda B KOMIUIEKCHOW WJIM BEKTOPHOU
dbopwme:

Iy= Iyp— Ica, Ip= Ipc— Iyp, Ic= Ics— Ipc.

IIpu coenrHEHNN B TPEYTOJIBHUK HYJIEBOW IIPOBOJ
OTCYTCTBYET, HO Bce€ (pa3Hble MOTPEOUTENN B HSTOM
Cly4yae JOJKHBI OBITh pPACCUMTaHbl HA HOMHUHAJIHLHOE
JIMHEWHOE HaNPSKEHUE.

3. IlopsAaoK BbINOJTHEHHUS PA0OTHI

3.1. O3HakoMUTbCS € JAOOPATOPHON YCTAHOBKOW (MOAY/Ib MHUTAHHS, MOJIYJIU
Tpex(azHoro HampspkeHuss U TpexdaszHoro TpaHcpopMaTropa, MOAYIb PE3UCTOPOB,
MOAYJIb aMIIEPMETPOB IEPEMEHHOT'O TOKA, MOAYJIb MYJIbTUMETPOB).

YcTaHoBuTh Ha MoOaylie Tpex(azHOTO HANPSDKEHHs YacTOTY MHUTAIOIIETO
Hanpsbkenus 50 'y (mepekirouarens SA2).
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3.2. BxurouuTs MOIysnb TUTaHUA cTeHAa (BbIkmouatens QF1), Moayib
TpexdazHoro HampskeHus (BoikirodaTenb SA7I u Tym0aep SA3) u moaynb TpexdazHoro
TpaHchopmaropa (Boikirouarens QF 7).

3.3. 3meputh Ha MoayJe TpexdazHoro TpaHchopMaropa JMHEHHbIE HAPSIKEHUS
UCTOYHMKA MUTAHUS B PEKHUME XOJOCTOr0O X0ja (IpU pa3oOMKHYTOH 1enu). Pe3ynbraTel
U3MEpeHMi 3aHecTu B Tabu. 1.

Tabmuma 1

Uxg, B Ugc, B Uca, B

3.4. B coorBercTBUU € puc. 3. coOpaTb CXeMy COEAMHEHUH MOTpeduTeneil B

TpeyronbHuK. IlpenbsBuTh cXeMy s IPOBEPKH.
VYcranoBute B (azax MoOTpeOUTENs IO  YKa3aHMIO A oB C
[PErnojaBareiass OJMHAKOBBIE 3HAYECHUS CONPOTUBIICHUI
pE3UCTOpPOB  (CUMMETPUUHYK  Harpysky). HM3meputsb
(azHble U TUHENHbIE TOKU. Pe3ynbTarsl 3aHeCTH B Ta0I. 2.

3.5. Pa3oMKHYTh MOOYEPEAHO JIMHEHHBIM MPOBOJ
dassl «A» u ¢asel «B» 1 nmpoBectn n3mepenus GpazHoro u
JUHEHHBIX TOKOB. Pe3ynbTaThl 3aHeCTH B Ta0I. 2.

3.6. BoikmiounTh Harpy3ky B (aze mnoTpeOuTens
«AB» u npoBectu n3mepeHus (Ha3HOro U TMHEHHBIX TOKOB.
Pesynbratel 3anectu B TabI. 2.

3.77. Ilo yxa3aHUIO mOpenojaaBaTeNss HW3MEHUTH
Harpy3ky B ¢azax nmoTpeouTess Tak, YTOObl B KaXK10H

R3

Puc. 3
(daze ObLIM BKIIIOYECHBI Pa3IMUHbIC 3HAUCHHS COMPOTUBIICHHU. Pe3ynbTaThl 3amucarh B
Tabm1. 2.
Tabmuma 2

PexxuM Harpysku Tok Harpy3ku, A

In | I | Ic | Inp | Ipc | Ica

CummeTpHuuHas Harpy3ka

OOpBIB TMHEHHOTO TTPOBOAA «A»

OO0psIB MHelHOTO NpoBoja «By

O6psIB (hazel morpeduTens «ABy

HecummeTpuuHas Harpyska

3.8. Jlnst Bcex OMbITOB MOCTPOUTH B MacHITabe BEKTOPHBIE AHArPAMMBI.

3.9. CpaBHUTb pe3yJbTaThl HM3MEPEHUN JHUHEHHBIX W (A3HBIX TOKOB IpHU
COEJIMHEHUH B TPEYTOJILHUK MTPU CUMMETPUYHON U HECUMMETPUYHON HArpy3Ke.

3.10. IIpoananu3upoBaTh BIUSHUE OOpPHIBA JIMHEHWHOTO TMPOBOJIA HA PEXKHUM
paboThI MOTPEOUTEICH.

3.11. CpaBHUTH peXHMBI PadOTHI MPH BKIIOUYCHUH IMMOTpeOUTENel B 3BE3Ay U
TPEYTOJbHUK P CUMMETPUYHON U HECUMMETPUYHOMN HArpys3Ke.
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4.  Copaep:xxaHue oT4eTa

OTuet no paboTe TOMKEH COACPKATh:

a) HauMEHOBaHue PabOTHI U 11EIb PAOOTHI;

0) TEXHUYECKHE TaHHBIC AICKTPOU3MEPHUTEIBHBIX IPUOOPOB;

B) CXeMY DKCIIEPUMEHTA C BKIIOYCHHBIMU U3MEPHUTEILHBIMU TPHOOpaAMU;
T') TaOJIHIIBI C PE3yJIbTaTaAMU SKCTICPUMEHTA,

1) BEKTOPHBIE JUArpaMMBbI JIJIsI BCEX MTPOBEICHHBIX OIBITOB;

€) BBIBOJIBI 11O paboTe.

5. KoHTpo/IbHBIEC BONIPOCHI

1. Kakum 06pa3om Tpu ojiHO(DA3HBIX TOTPEOUTENS COSAUHSIOT B TPEYTOJIbHUK?

2. Kyna cienyer moJkio4aTth BOJbTMETP, YTOOBI U3MEPUTh (Da3HOE U JIMHEHHOE
HanpspKeHUs Tpexda3zHoro norpedurens?

3. B KakoM COOTHOLIEHMM HaxoJATCsi (pa3Hble W JIMHEHHBbIE HaIpPSDKEHUS
CUMMETPUYHOIO TOTPEOUTENS, COEUHEHHOTO B TPEYTOJIbHUK?

4. Kakoe cOOTHOLIEHHE MKy (Pa3HbIMU U JIUHEHHBIMU TOKAMU CUMMETPUYHOTO
noTpeduTesi, COeIMHEHHOTO B TPEYTOJIbHUK?

5. Beerpa sn cripaBeUIMBEI IPU COETMHEHUH B TPEYTOJIbHUK COOTHOLLIEHUS

o= Ixg— Ica, Ig= Igc— Ias, Ic= Ica— Igc.

6. Bcerna nu npu COEIMHEHMM B TPEYTOJbHUK CHPABEMJIMBO COOTHOLIEHHUE
I A + IB + IC =0?

7. Kak oTpasutcsi oTKiItOYeHUE OMHOW (Da3bl MOTpeOUTenss Ha PEXUM padOTHI
Apyrux ¢a3 u Ha pekuM paboThl Beelt TpexdaszHoil 1enu, COeTUHEHHON B TPEYTOIbHUK?
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Padora Ne 8. HEJIMHEVMHASA LEITb HOCTOSAHHOI'O TOKA

1 Heab padoTsl

DKCIEpPUMEHTAIIBHOE TOJIYYEHHUE BOJIbTAMIIEPHBIX XapAKTEPUCTUK HEJIMHEMHBIX
PE3UCTUBHBIX DJIEMEHTOB, TrpadUYeCKUil pacueT HEIMHEHMHOW JIIEKTPUUECKOW Ienu
MNOCTOSIHHOTO TOKA M 3KCIIEpUMEHTAJIbHAS IPOBEPKA PE3yJIbTATOB pPACUETa.

2 IlosicHeHus1 K padorte

[lon HENMMHEHHOW »BIEKTPUYECKOM LENbI0 IMOHUMAKOT JJIEKTPUYECKYH LEIb,
COJICPIKAILYI0 HEJIUHEWHbIE 3JIEMEHThl (HEJIMHEWHbIE CONPOTUBIICHUS, HEIUHEUHbIC
WHJYKTUBHOCTH, HEJIWHEWHbIE eMKOCTH). HelnHEeHbIM 31€MEHTOM HAa3bIBAIOT TaKOU
AJIEMEHT JJIEKTPUYECKOW LENH, NapaMeTpbl KOTOPOTO 3aBUCAT OT BJIEKTPUUYECKOTO
HANPSDKEHHUS, SJIEKTPUUECKOTO 3apsifa, SIEKTPUUECKOTO TOKA WM MAarHUTHOTO MOTOKA.
Cxema 3amellleHUsi LENU NOCTOSHHOTO TOKAa COJIEPKUT TOJIBKO HEJIUHEHHbIC
PE3UCTUBHBIC AJIeMEHTHl. HenuHelHble 2JIeMEHThl B OTJIWYMU OT JIMHEHMHBIX 00J1a1at0T
HEJIMHEWHBIMU BOJIbTAMIIEPHBIMHU XapaKTEPUCTUKAMMU.

OCHOBHOM  XapaKTEpPUCTUKONM  HEIMHEMHOTO  JJIEMEHTa  SIBIAETCA  €ro
BOJIbTaMIlepHasi xapaktepuctuka U=f(I) (puc. 1), U3 KOTOpPOA BUAHO, YTO KaXKIOMY
3HAYEHHUIO TMOCTOSIHHOTO TOKa (HANpsDKEHHs]) COOTBETCTBYET OINPEICICHHOE 3HAYEHUE
NOCTOSIHHOTO HampsDKeHHs (TOKa). Y HENIMHEMHBIX 1IeTed pa3iudaroT CTaTUYecKoe U
JMHAMUYECKOE CONpOoTuBIIeHUs. [10 BonpTamiiepHou
XapaKTEepUCTUKE ONPENEISAIOT CTaTUYECKOE U
COIIPOTUBIICHUE HEIIMHEWHOIO 3JIEMEHTAa B JIAHHOU Ual
touke A Rer =U/ m ero muddepenuuanbaoe
(IMHAMUYECKOE) COMPOTHUBIICHUE KAaK OTHOIICHUE
0ECKOHEYHO MaJbIX MpHpalieHnii HanpsoxeHust dU u /6 |

_ "o Ta
Ttoka dI R;=dU/dl. JlunaMudeckoe CONPOTUBIICHUE
OPOMOPLMOHATIFHO TAaHIEHCY yria HakjioHa f Puc. 1 L
KacaTeJIbHOM K BOJIbTAMIIEPHOM XapaKTEPUCTHUKE B
JAHHOU TOuKe. /1 SKCIEPUMEHTAIIBHOTO ITOJIYy4YE€HUs BOJIBTAMIIEPHOM XapaKTEPUCTUKU
HEJIMHEHHOTO dJeMEHTa HEOOXOAMMO UW3MEPUTh Psii  3HAYEHUW TMOCTOSHHOTO
HaIPSKEHUS! U TOCTOSTHHOTO TOKA B IIEMHU C JJAHHBIM HEJIMHEHUHBIM 3JIEMEHTOM (puc. 2).

Maremarnueckass MOJEIb HEJIMHEWHOW LENMU IOCTOSSHHOIO TOKa COCTOUT W3
ypaBuenuii Kupxroda u ypaBHEHHMI XapaKTePUCTHK HEJIMHEHHBIX PE3UCTHUBHBIX
97eMEeHTOB. Tak Kak MOJIeJb CTAaHOBUTCS HEJIUHEHHOUN, TO HE MOXET OBITh pelleHa
MEeTOJlaMU JIMHEWHOU anreOpbl. K HeMMHENHBIM 1ensaM npuMeHuMbl 3aKoHbl Kupxroda,
XOTS METOJbl aHajin3a, OCHOBAHHBIE HAa METOJAEC HAJIOXKEHHS (HAa TOCTOSHCTBE
napaMeTpoB dSJEMEHTOB IIEMK) 4allle BCEro HENpUMEHUMbl. B  Takux uemsx
CONPOTHUBJIICHUE M MPOBOAUMOCTb HEJIMHEHHOIO JJIEMEHTA SBISAIOTCA HEJIUHEWHOU
(GyHKIMEW MrHOBEHHOTO 3HAYEeHHs ToKa (HAmpsDKeHHs)) Ha JTOM  BJIEMEHTE.
CrnenoBaTelibHO, OHHU MPEACTABISIIOT COOON MEPEeMEHHbIE BEJIUYHMHBI, a MOITOMY JUIs
pacuera Majo IPUrOAHBI.

Tak xak XapakTepucTUKH HeMMHEHHBIX snemeHTtoB U=f(l) wmm [=f(U) wuacto
OTIPEIEIISIIOTCS SKCTIEPUMEHTAIBHO U 33J1al0TCSl OOBIYHO B BHJIE TAOJMII WK TPa(UKOB,
TO IIUPOKOE MPUMEHEHHWE MOMydnian Tpadudeckue (rpadoaHaTUTHIECKUE) METOMIBI
pacuera. Ilpu 3TOM MOCIEIOBATENBLHOCTh ONEPALA COXPAHSIETCS MPUMEPHO TOW K€,
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YTO M NpPU pacuerax JUHEHHBIX Ierneil, TOJbKO BMECTO CJIOKEHHUS M BBIYUTAHUS
HaANpsDKEHU U TOKOB B COOTBETCTBUM C 3akoHaMu Kupxroda npou3BoguTcs CloxKeHUE
WIM BblUMTaHME alOcuMcC WJIA OpAMHAT COOTBETCTBYIOIIMX  BOJbTaAMIEPHBIX
XapaKTEpPUCTHK. PacdeT CBOAMTCSA K IIOCTPOEHUIO DSKBUBAJIECHTHOM BOJIBTAMIIEPHOMN
XapakTepuCTUKH 1ienu. B coorBercTBUU ¢ 3akoHaMu Kupxroda npu nocienoBareabHOM
COCIMHEHMM DJIEMEHTOB XapaKTEPUCTUKU CKJIAJIBIBAIOT IIPU OAVHAKOBBIX 3HAYEHUSX
TOKA, IPU MAPAJUIETBHOM COEAMHEHUU — IIPU OJMHAKOBBIX 3HAYEHUSX HaIpshDKeHus. B
nabopaTopHoil paboTe wucciemyeTcs DdJeKTpudeckas 1emnb (puc. 3) C  AByMs
HEJIMHEMHBIMU AJIEMEHTAMH, OJHUM HX KOTOPBIX SIBJISETCS JIaMIla HakajnuBaHus HL, u
OJIHUM JIMHEHHBIM 3JIEMEHTOM (pE3UCTOpOM). OKBHUBAJIECHTHAs BOJbTaMIIEpHas
XapaKTepUCTHKa TapayuienbHoro coemunenus U,;=f(I;) npu rtpaduueckom MeToje
pacyera TOJy4aeTcss CYMMHPOBAHMEM BOJIBTAMIEPHBIX XAPAKTEPUCTUK  JIAMIIBI
HakanuBaHusg HL w pe3ucrtopa R TIpU OAUMHAKOBBIX 3HAYCHUSAX HANPSIKECHUS.
Bonsramnepnas xapakrepuctuka Bcel uenu U=f(I;) mnonydaercs CyMMUPOBaHUEM
XapaKTEPUCTUKU HEJIMHEHMHOro CONMpOTHUBIIEHUS R/ M XapaKTEpUCTUKU IMAPaLICTbHOIO
coenunenust U,;=f(1;) npyu 0IMHAKOBBIX 3HAYEHUAX TOKA.

3. IlopsiiOK BHINOJHEHUS PA0OTHI

3.1. O3HakoMHUTbCS € JaOOPATOPHOM YCTAHOBKOW (MOAYJIb MHUTAHUS, MOJIYJIb
HEJIMHEMHBIX JJIEMEHTOB, MOMYJb aBTOTpaHcGOpMAaTOpa, MOIYJb MYJIbTUMETPOB,
MOJYJIb U3MEPUTEIIbHBIN ).

3.2. CoOparh AIEKTPUUECKYIO IEMb JJIsi CHITHS BOJIbTAMIEPHBIX XapPAKTEPUCTHK
AJIEMEHTOB LienH (puUc. 2) U NMPEabIBUTH €€ AJIs MPOBEPKHU IpenoaaBaTento. B kauectse
pPEryJupyeMOro HCTOYHHMKA ITOCTOSIHHOIO  HANPSKEHUS  HCIOJIb30BAaTh  BBIXOJ
MOHIKEHHOTO TMOCTOSIHHOTO HampsbkeHus aBToTpanchopmaropa = 0...12 B (momynb

aBTOTpanchopMaTopa). B ! (AT

.

Ka4eCTBE ammepmerpa +® /)
HCIIONIb30BaTh ~ MYILTUMETD B
pEKUME U3MEPEHHS TOCTOSHHOTO
Toka. B KauecTBe BOJILTMETpA +

UCII0JIb30BaTh
MaTrHUTODIIEKT 7 =0..128B @) U1 R1
pUYEeCKUi

BOJITMETP C npeiesioMm
u3mMepenuss 15 B moxayns
U3MEPUTEITBHOTO.

Oopamums  éHUMaHue
HA NOJNAPHOCHMb HANPANCEHUA
Ha HelluHnelinom Inemenme R1. Puc. 2

3.3. CHATh
BOJIbTAMIIEPHYIO XapaKTEPUCTUKY HEJIMHEWHOro 3jeMeHTa RI. JIns 3TOro yCTaHOBUTH
pEryJaTop HampshKEHUs! aBTOTpaHchopMaTopa B KpaliHee JIEBOE MOJIOKEHHUE, BKIIOUUTD
MOCJIEIOBATEIbHO  MOYJIU nutanus  (Beikimovatenb (QFI1), MyJIbTUMETPOB U
aBTOTpaHcopMaropa. YBeIWuyuBasg IUIABHO  HAIpPSOKEHUE TUTAaHUSA  [POBECTH
HE0OXoMuMble M3MepeHus npu udMeHeHuu Toka oT O mo 80...100 MA. Pe3ynbTaTh
U3MEpeHui 3aHecTH B Ta0J. 1. BBIKIIIOUNTE 3EKTPONUTAHUE CTEH/IA.
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Tabmuua 1

U, B 0
LA 0

3.4. CoOparth 11enb ¢ MoCiIeI0BaTeIbHBIM COSIMHEHUEM JIaMITbl HakanuBaHust HL
u pesucropa R2. CHATh BOJIbTAMIEPHYIO XAPAKTEPUCTUKY JaMIIbl HAKaJUBAHUS U
pesuctopa R2. Pe3ynbTaTsl M3BMEPEHUIA 3aHECTH B Ta0I. 2.

Tabmuma 2
ILA 0
Un, B 0
Ur, B 0

3.6. CoOparb pa3BETBICHHYIO JIEKTPUUYECKYIO IEMb MO pUC. 3 U MPEIbIBUTH €€
JUTs1 IPOBEPKU MPEIOAaBaTEIIO. R1

3.7. Bxurounts N I1 @ + 7 .
ANEKTPONUTAHUE CTEHJA U CHATH
BOJIbTAMIIEPHYIO XapaKTEPUCTUKY U+ Y

BCeH HCIIN Uakcn :f (I 1) .

Bemmonuate aHanormuHo 1. 3.3. =0 12B HL
Pe3ynbprartel n3MepeHuii 3aHECTH B U <V> ® U2
TabmI. 4, BrIKITIOUHTE
ANEKTPONUTAHHUE.

Puc. 3

Tabmuna 4

U,B

()

I,A 0

3.8. IloctponTh 1O  OKCIEPUMEHTAIBHBIM  JAaHHBIM  BOJIBTAMIIEPHBIC
XapaKTEPUCTUKHU OTIEIbHBIX AJIEMEHTOB LIETIH.

3.9. 3anucarb ypaBHeHMs 3ak0HOB Kupxroda s uccnenyemont uenu. Menons3ys
pe3ynbTaThl SKCIIEPUMEHTa, MOCTPOUTH PACUETHYIO BOJIBTAMIEPHYIO XapaKTEPUCTUKY

Bee wnemu  Upye=f(11). 3mech e HapucoBaTh IOJTYYEHHYHO OKCIIEPMMEHTAILHYIO
BOJIbTAMIEPHYIO Xapakrepuctuky uenu U,,..,=f(I;) n CpaBHUTH UX.

3.10. [ns yka3aHHOrO MNPENOAABATEIIEM 3HAYEHHS BXOJHOIO HAIPSKCHUA
BBITMIOJTHUTH TpadUUecKuil pacueT TOKOB BETBEH U HAMPSHKCHUIN Ha OTJEIbHBIX yYaCTKaX
uenu no puc. 3. Pe3ynbrarhl pacueTra 3aHecTd B Ta0II. 5.

Tabauna 5

U, B U], B Uz, B 11, A Iz, A 13211—12,A

Pacuet

OKCEpUMEHT

3.11. lns mpoBepku pacyeTa HEIMHEHHOW Ienu coOpaTh JIEKTPUUYECKYIO LIEMb
1o puc. 4 u NpeabaBUTh €€ JJIs MPOBEPKHU IMpenojaaBaTenno. B kauecTBe amnepMeTpoB
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VICIIOJIB30BATh MYJIbTUMETPHI B PEXKUME U3MEPEHHUS ITIOCTOIHHOIO TOKa. [Tocne npoBepku
CXEMbl BKJIIOYUTH DJIEKTPOIIUTAHWE U YCTAHOBUTH 3aJaHHOE 3HAYEHHUE BXOAHOIO
Hanpsbkenuss U. M3meputb TOKM [; U [, CTPEIOYHBIM BOJIBTMETPOM H3MEPUTH
HanpspkeHuss U; u U, Ha OTAENBHBIX ydyacTkax uenu. OnpenennTs BEJIMYUHY TOKa [ .
PesynbTaTel 3aHecTu B Ta0OII. 5.

| R1
u——».—ﬁ W

=0...12B U 0:‘

Puc 4
3.12. Cpenatp BBIBOJ 00 OCOOEHHOCTSX MNpUMEHEHHsS 3akoHOB Kupxroda B
HEJIMHEWHOW LIETM IIOCTOSTHHOTO TOKA.
3.13. Paccuurarp cratuyeckoe u AuQQdepeHInaIbHOEe COMNPOTUBICHUS TpU
yKa3aHHOM IpPENoAaBaTesieM 3HAUCHUN HaPsSKEHUS.

6. Conepxanne oT4yera
Otuer no paboTe A0HKEH COAEPKATh:
a) HAMMEHOBaHUE U 11 PaOOTHI;
0) CXeMbI SKCIIEPUMEHTOB U TAOJIMIIBI C PE3yJIbTaTAMU U3MEPECHHUI;
B) PAcUETHBIE M KCIIEPUMEHTAIBHBIC BOJIbTAMIIEPHBIC XapAKTEPUCTHKY;
') CPaBHEHUE PE3YJIHTATOB pacyeTa ¢ SKCIEPUMEHTAILHBIMU JaHHBIMH;
1) BBIBO/IBI.

7. KoHTpoJibHBIE BONIPOCHI

5.1. Yto Takoe «HEIMHEWHBIN 3JIEMEHT) B JJICKTPUYECKOU LIeTn?

5.2. IIpuBecTr mpUMEPHI HEIMHEWHBIX YJIEMEHTOB JIEKTPUUECKUX LENEeH U UX
BOJIbTAMIIEPHBIX XapPaKTEPUCTUK.

5.3. Ilouemy 1715t HEMMHEWHOM 11eNU y100eH rpaduyeckuii cocod ananusza’?

5.4. CnpaBeJiuBbI JIM 17151 HEIMHEHHBIX 1enei 3akonsl Kupxroda?

5.5. Kak mocTpouTh BOJIbTAMIIEPHYIO XapaKTEPUCTUKY MOCIEA0BATEIHLHOIO
COEIMHEHNS HEIMHENHBIX 2JIEMEHTOB?

5.6. Kak noCTpOUTh BOJIbTAMIIEPHYIO XapaKTEPUCTUKY 1apajlIeIbHOTO
COEIMHEHNS HEIMHENHBIX 2JIEMEHTOB?

5.7. Kak onpenensercsi CTaTU4€CKOE COMPOTUBIICHUE HETMHEHHOTO 3JIEMEHTA?
Byner nu oHO 0iMHAKOBOE AJIsS pa3HbIX TOYEK BOJIBTAMIIEPHOIN XapaKTEPUCTUKHU
HEJIMHEUHOTO 3JIeMeHTa?

5.8. Kak onpenensercss AMHAMUYECKOE COMPOTUBICHUE HETUHEHHOTO dJIEMEHTA?
Byner nu oHO 0iHAKOBOE AJIsSl pa3HbIX TOYEK BOJIBTAMIIEPHOIN XapaKTEPUCTUKHU
HEJIMHEUHOTO 3J1eMeHTa?
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Padora Ne 9 HEJIMHEHHAS IIENIb MIEPEMEHHOI'O TOKA

1. Hean padoTsl

OKCIIEPUMEHTAIILHOE HMCCIEA0BAHUE BOJIBTAMIIEPHBIX XapaKTEPUCTHK KATYIIKH
MHAYKTUBHOCTH ¢ ()€pPOMArHUTHBIM CEPJICYHMKOM U KOHJAeHcaTopa. M3yuenue Gopmsl
KPUBOM TOKa B KaTyILIKe C cepeYHUKOM. CpaBHEHHE SKCIIEPUMEHTAIbHBIX PE3YJIbTaTOB
C paCYETHBIMU JAHHBIMHU. 3HAKOMCTBO C pabOTOI ABYCTOPOHHETO OrPAaHUYHUTENS YPOBHS
HaIPSOKEHUS.

2. IlosicHeHnus k padorte

BaXHbIM 3JIEMEHTOM KOHCTPYKIMU PAa3JIMYHBIX JJIEKTPUYECKUX MAIIUH |
anrapaToB, YCTPOWCTB JJIEKTPOABTOMATHUKHU SIBIIAETCS KaTyllka MHAYKTUBHOCTH. [lpum
MMPOTEKAaHUU TOKA IO BHUTKAM KaTyIIKH CO3J1a€TCS MArHUTHOE I10JIE, UHTEHCUBHOCTH
KOTOPOTO XapaKTEPU3YETCs] MAarHUTHOW HWHIAYKIUEH B W MAarHUTHBIM TIOTOKOM @,
KOTOPBIM NPONOPLHUOHATIEH HAMAarHWYMBAaKOIIEeH (MarHuTOABIKYy1IEH) cune F'=[w, rne [
— TOK KATYUIKH, @ — 4YHUCIO €€ BUTKOB. 3aBUCUMOCTh @(I) Tpu OTCYTCTBUU
(beppOMarHuTHOTO MarHUTOIIPOBO A (CEPICUHUKA) SBIIACTCS JIMHEHHOM.

IIpn Hanuuuu cepieyHMKa MAarHUTHBIM MOTOK, CO3/1aBAa€MbIM TAKOM KAaTYyIIKOW
IIPA TNPOYMX PABHBIX YCIOBHUSAX 3HAYUTEIIBHO BO3PACTACT, TAK KaK B 3TOM Cllyyae
MAarHuTHBIM TOTOK CO3[A€TCS HE TOJIBKO IPOBOJHUKAMU C TOKOM (MCTOYHUKOM
BHEIIHEIO MAarHUTHOTO IOJISI), HO U COOTBETCTBYIOLUIUM (PEPPOMArHUTHBIM BELIECTBOM
MarHuTONnpoBojAa (MCTOYHUKOM BHYTPEHHETO MAarHUTHOIO IOJIS).

MarauTtHass UHAYKIUSA B KaTylIKu UHAYKTUBHOCTHU CBA3aHa C HAIMPSKEHHOCTHIO
H MarHuTtHOro moyisi U MarHUTHOM MPOHUUAEMOCTBIO |L W3BECTHBIM COOTHOILLIEHHEM
B = uH, marautHei 10TOK @ = Bs = pkHs, T1ie s — NONEPEYHOE CEYEHUE KATYIIKH.

Orcroma crenyer, YTO MArHUTHBIA TOTOK MPONOPUMOHAIEH MArHUTHOM
POHUIIAEMOCTH CpEeIbl £, KoTopas aisi (eppOMAarHUTHBIX MAaTEpPUATIOB 3HAUYUTEIHHO
OompIlle, YeM MarHWTHas MPOHUIIAEMOCTh JApyrux wmartepuanoB. [lostomy s
YMEHBILICHUSI HAMarHU4MBAKOUIEH CUIIbL F, a CIE€I0BATENbHO, U ISl YMEHBIIEHUS TOKA,
HEOOXOAMMOro Uil  CO3/aHHMsl  TpPeOyeMOro MAarHUTHOIO  IOTOKA,  KaTYyIIKH
WHAYKTUBHOCTH CHA0XKal0TCS MarHUTOMPOBOAOM (CEpACYHUKOM) U3 (PEeppOMArHUTHOTO
MaTepralla, 4aule BCEro U3 IEKTPOTEXHUYECKON CTAIIH.

Tak kak 3aBUCUMOCTh MAarHUTHOW TMPOHHUIIAEMOCTH  (HEeppOMArHUTHBIX
MarepuanoB f(H) sBisercs HenuHeWHOW (puc. 1), To u { u B
3apucuMocts  @(H) wm  B(H) nUpu  HaIMuMM
MAarHUTOIIPOBOJA  OKa3bIBAETCS  TOXKE  HEJIMHEUHOM.
3aBucumocts B(H) — KpuBasi HAMarHUYMBaHUS — SIBIISIETCS
OJIHOM W3 BAXKHEWILNX XapAKTEPUCTUK (PEpPpOMArHUTHBIX
MarepuaioB (puc. 2). Kpusas, npoxojsiias yepe3 Hayaio H
KOOpAMHAT, ABJISIETCS OCHOBHOU KpUBOU
HamarHnunBaHug. OHa CHUMAaeTcs NpPU OAHOCTOPOHHEM Puc. 1.
HaMarHM4YMBaHWH HE HAMAarHUYEHHOIO0 MaTepHUaa.

[Ipy muTaHUM KATyIIKA TIEPEMEHHBIM TOKOM (PEPPOMATHUTHBIM MArHUTOMPOBO/]
M3-32 IEPEMEHHOTO MAarHUTHOTO ITOTOKA NMEPEMAarHUYMBAETCS LUKIMYECKHA C 4aCTOTOU
TOKa MO KpHUBOM rucrepesuca (puc. 2). B mpoliecce MUKINYECKOTO MepeMarHuuuBaHus

39




32 HECKOJIbKO  MOJIyIEPUOJIOB  IMEPEMEHHOI0  TOKa
YCTaHABJIMBAETCA  3aMKHyTass  CHMMETpUYHas  HEeTJIs
rUCTepe3uca.

Ha LUKINYECKOE nepeMarHu4uBaHue
MarHUTONPOBO/Ia 3aTPaurBAETCS MOILHOCTb, BbIEsEMas B
BUJIE TEIUIOTHI, KOTOPasi OTHOCUTCS K MOTEPSIM MOILHOCTH B
Mar”HuTornposoje. llorepr MOIIHOCTH B MarHUTONPOBOJE,
Ha3bIBa€MbIE YACTO IOTEPSIMU MOIIHOCTH B CTalHd Pcrp
BKJIFOYAIOT B ce0sl MOTEpH Ha TUcTepe3uc Pr U MmoTepu OT Puc. 2.

BUXPEBBIX  TOKOB Py,  HABOJIMMBIX  MEPEMEHHBIM
MarHUTHBIM [IOTOKOM B METaJlJIe MAarHUTONPOBOAQ, : Pcr = Pr + Ppr.

JU1s yMeHbLIEHUsI TOTEPh MOIIIHOCTU Ha F'MCTEPE3UC B KaUE€CTBE Marepuania JJis
MarHUTONPOBO/A HUCIOJB3YIOT (eppOMarHUTHbIE MaTepualbl C Y3KOM meriei
rucTepesnca. YMEHbIIEHUE IMOTEPh MOIMHOCTH Ha BUXPEBbIE TOKH JIOCTUTAETCS
OPUMEHEHUEM JIJIsi MATHUTONPOBOJA METAJUIOB C OOJIBIIUM YJEIbHBIM AJIEKTPUUECKUM
CONPOTHUBJIEHUEM 32 CUET MOBBIIICHHOIO COJAEpX aHUs KpeMHusa B Mertaie. [Ipu stom
MarHUTONPOBOJI COOMPAETCS U3 TOHKHUX AEKTPUUYECKU H30JIMPOBAHHBIX APYr OT Apyra
IUTACTUH, YTO CIOCOOCTBYET YMEHbBILIEHUIO HAaBOJAUMBIX B KaKJIOW IJIACTUHE BUXPEBBIX
TOKOB U CHUKEHMIO IIOTEPh MOIIHOCTH OT 3TUX TOKOB.

IIpy nWTaHUM CHHYCOMAAJIBHBIM  HANOpsDKEHHMEM TOK B KaTylIKe C
(eppOMarHUTHBIM  CEPAEYHUKOM  HCKakaeT  CcBOWO  QopMy U sBISeTCA
HECUHYCOHJIaJIbHBIM BO BpemeHM. Ha puc. 3 moka3aHO MOCTpOEHHE KpHUBOW TOKa B
KaTymke ¢ (eppOMarHUTHBIM CEpJCYHUKOM C yUYE€TOM MAarHMTHOTO rucrtepesuca. U3
PUCYHKa BUJHO, YTO HaYaJbHbIC (p)a3bl MAarHUTHOTO MOTOKA U TOKA HE COBMAJAIOT (Yroi
caBura o). B cBsizu ¢ 3TUM TepBasg rapMOHUKA TOKA (MJIM SKBUBAJEHTHBIM TOK) OTCTaeT
OT TPWIOKEHHOTO HAmpsDKeHHs Ha yroil ¢ < 90°. Hamuuue cnpura mo ¢asze Mexmy
HaANpsLDKEHUEM M TOKOM MEHbIero, yeM 90° yka3bIBaeT Ha TO, YTO aKTUBHAs MOUTHOCTH B
LIENY HE paBHA HYJIO AAKE €CIM aKTUBHOE COIPOTUBIEHHE OOMOTKHM KaTYLIKH pPaHO
Hymo. [T09TOMy TOK KaTylIKH g, O

u3-3a IIOTEPb HA THUCTEPE3UC
UMeeT AKTUBHYIO @ g
COCTaBIAIOIIYIO /4, a cpenHss ,/

MOIIIHOCTb 32 MEPUOJ] HE paBHA \ ot !
HYJTIO. Ora axtumHas  E< //
MOIITHOCTh XapaKTepu3yeT s
pacxon SHEPTUHU Ha =
nepeMarHuuMBaHue Puc. 3.
(beppoMarHuTHOro

CepJCYHHKA.

[Ipy HanMMYMKM HECHHYCOMJANBHBIX TOKOB JUIsl YNPOILEHHUS] PACUETOB OOBIYHO
NEPEXOAAT K IKBUBAJICHTHOMY CHHYCOUJAIBHOMY TOKY [5x, UMEIOIIEMY OJMHAKOBOE C
COOTBETCTBYIOIIIMM  HECHMHYCOMJAQJIbHBIM TOKOM  JIEWCTBYIOIIEE 3HAUYEHHE IMIPU
OJIMHAKOBOI 4acTOTE U Pa3BUBAIOIIEMY OJIMHAKOBYIO C HUM aKTHBHYIO MOIIHOCTH IpHU
OJINHAKOBOM 3HA4Y€HHH KO3(PPUIIMEHTa MOIIHOCTH

40



T
l/Tjizdt =y = Imal(/\é;
0

cosp =P/Ul = cos @ rx= P/U I

[lonHOE CONMPOTHBIEHUE KATYUIKHM WHIAYKTUBHOCTHM C MAarHUTONPOBOJAOM IIPU

pacderax HaxoJAT 1o 3akoHy Oma
ZQK: U/l

OKBUBAJICHTHOE AaKTUBHOE COIPOTHBIICHHE KATYLIKH C MAarHUTOIPOBOJOM
ONPEIEIISIIOT PU 3TOM 10 3HAYEHUIO0 AKTUBHOM MOLIHOCTH P, mOTpeOIsieMoil KaTylnIKon
13 IUTAIOIIEN CETH, U €€ TOKY WJIN 110 3HAYEHUIO IIOTEPh MOIIHOCTH B CEPACUYHUKE Prr U
AKTUBHOMY CONPOTHUBJIEHUIO R IPOBOJOB KaTYyIIKH

Rox =P/F =Pci/I’ +R.

OKBUBAJIEHTHOE MHIYKTUBHOE CONIPOTUBIIEHUE KaTYLIKU

Xox= \Zzak —Rzax-

[Tpu 5TOM MHAYKTUBHOCTD KaTymiku L= Xyx/@ =X/2 nf.

[Ipy yBenuYeHUM aMIUTUTYAbl HANPSKEHUS HA KaTyIIKE WHIYKTUBHOCTH C
(beppoMarHuTHHIM CEpJIEYHUKOM aMIUIUTY 1A oy
JEHCTBYIOLIEE 3HAYEHUWE TOKa B HEW OyIyT BO3pacTarh I
obicTpee. B pesynbTate BoJIbTaMIiepHas XapaKTEPUCTUKA
KaTylIKd ¢ (peppOMarHUTHBIM CEPACUYHUKOM OKa3bIBAETCS
HenuHerHou (puc. 4). Ilo ¢popMe oHa MOBTOPSIET KPUBYIO
HaMarHW4MBaHus ceplieunuka B(H).

B LeMsX, CoJIepKaIInX KaTYIIKY C Puc. 4.
(beppOMarHuTHbIM  CEpACYHUKOM U  KOHJEHCATop,

PE30HAHCHBIE SIBJICHUS, CBS3aHHbIE C HEJIMHEWHBIM XapaKTEPOM HMHIYKTHBHOCTH,
Ha3bIBAIOTCS eppope3oHaHcoM. B oTnuuum oT nuHeitHON nenu (heppope30HaHC MOXKET
HACTYHHUTh B TAKOW LENU MPU U3MEHEHUH TOKA B LIENHU WM NPUIOKEHHOTO HANPSHKEHUS
0e3 Kkakoil MO0 peryJMpoBKM KaTyLWIKM WM KoHAeHcaTopa. Ha puc. 5 mnoxaszana
BOJIbTAMIIEPHAS XAPAKTEPUCTHUKA IIOCJIENOBATENBHON LENU, B KOTOPOHM BO3MOKEH
dbeppope3oHaHc HaIPSKEHUM. Bonbsramnepnas
XapaKTepHUCTHKA €MKOCTH (2) nepeceKaer
BOJIbTAMIIEPHYIO XapakTepucTuky karymku (1). Touxa
nepeceyeHus A SBISETCS TOYKOW pe3oHaHca. B atoii
touke U, u Uc OJIMHAKOBBI, @ UX Pa3HOCTb PaBHA
HyJ110. IIpy HenmpepblBHOM YBEJIWYEHUU HAIPSIKEHUS
HMCTOYHHMKA TOK IJJABHO pacTeT A0 [, 3aTeéM CKauyKoM

U

yBeJIMUUBaeTca a0 [, u panee miaBHO pacrer. [Ipu
YMEHBIICHUN HANPSKEHUS TOK MUIABHO YMEHBIIAETCS 10
I; , 3ateM ckadykoM J0 [; W CHOBaA IIJIaBHO IIaJacT.
Ckaukoo0pa3zHoe U3MEHEHUE TOKa COMPOBOXKIaeTcs u3MeHenreM Ha 180° ¢ha3wl Toka 1Mo
OTHOUIEHUIO K HamnpsokeHuto (ompokuibiBanue ¢aspl). C yBeIMUYEHHEM aKTHBHOTO
CONPOTUBJICHUS R MaJaroIIMil y4acTOK Ha BOJIbTAMIIEPHON XapaKTEPUCTUKE NCUE3aET.

SIBiieHME pE3KOro M3MEHEHHUsI TOKAa B LENU IIPU HE3HAUYUTEIBHBIX M3MEHEHUSAX
HalpsDKEHUST Ha BXOJE€ IIEMM WMHOTJA HA3bIBAIOT TPUITEpPHBIM ddPexkToMm B
MocCJIeIOBaTENbHOU (PeppOpEe30HAHCHOM TIETH.
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[Ipy HanpspKEHUSIX MUCTOYHHMKA, OOJBUIMX HANPSIKEHUS ONPOKUABbIBAHMS (a3bl,
HallpsDKEHWE Ha KATYIIKE M3MEHSETCs Majo, 4YTO CBS3aHO C MEPEXOJOM MO
XapaKTEepUCTUKE HaMarHMYMBaHUs B 00JacTb MAarHUTHOIO  HACBIIIEHUS. ITO
UCIOJIb3YETCsl B MPAKTUKE VIl CTAOMIN3ALUN HAIPSKEHUS.

OrpaHuyuTeny amIUIUTYIbl —
3TO  YCTpPOWCTBA, y  KOTOPBIX
BBIXOJIHOE HAIPSDKEHHE W3MEHSIETCS

U
/UBX

[\ U,

IIPONIOPLUMOHAIIBHO BXOJHOMY
HaIPSIKEHUIO 10 HEKOTOPOTO

3HaquI/I51, HA3bIBACMOTI' O ypOBHeM
OrpaHI/I‘—IeHI/Iﬂ. HOCHC OTOIO 3HAYCHUC
\_/ o/ e

BBIXOIHOI'O0 HAIIPS)KCHUA HE 3aBUCHT
OT BCIMYMHBI BXOJHOI'O HAIIPAXKCHHA

+UCT

U OocTaercsl MocTosiHHBIM (puc. 6). B 3]
BBIX

HU3KOYaCTOTHBIX YCTpOfICTBaX qacTo

HCITIOJIB3YIOT OTpaHHUYIUTCIIN Ha

CTaOMIUTPOHAX (puc. 7).
Bonprammepnas XapaKTepUCTHKA U

JIBYXaHOHOTO CTaOMIUTPOHA
nokasaHa Ha puc. 8. C HOMOIIBIO ATUX
YCTPOMCTB  JIETKO  (OPMHUPOBATH

Puc. 6.

Tpaneuen1ajibHOe HAaNpsHKEHUE M3 CHUHYCOWJAJIbHOrO HampspkeHus (puc. 6). Ecinm
ammmryaa Ug,>>U,, MOXHO MNOJIYYUTh HAIpPSIKEHUE,

IPSAMOYTOJIBHBIM UMITYJIBCAM.

Oomm3koe 1o QopmMe K

R Usx
g——A
Usx
Us P U
jo )
Puc. 7. Puc. 8.

3. Ilopsiaok BbHINMOJHEHUS PA0OTHI

3.1. O3HaKOMHUTHCS c nabopaTopHOI
YCTAaHOBKON (MOZYJIb NUTAHUS, MOJYJb HEJIUHEHHBIX
AJIIEMEHTOB, MOJYJIb aBTOTpaHcpopmaTopa, MOIYJb
PEaKTUBHBIX 3JIEMEHTOB, MOJYJb MYJBTUMETPOB,
MOy b U3MEPUTENbHBIN, ocIiorpad).

3.2. Jns CHATHS BOJITaMIIEPHOU
XapaKTEPUCTUKU KaTyIIKd C CEpPACYHUKOM COOpath
JIEKTPUYECKYI0 1enb 1o puc. 9. B kauectBe
amrepMerpa u BOJIbTMETpaA UCIOJIb30BaTh
MYJBTUMETPbl B COOTBETCTBYIOIIMX peXUMax pabOThI

K ocumitorpady

Puc. 9.

WIK CTpeliouHble mpubopbl. B KadecTBe peryjampyeMoro HCTOYHUKA MEPEMEHHOTrO
NEPEMEHHOTO  HAIPSKEHUS

HAIIPSKCHUA HCIIOJIB30BaTh BBIXO/[ IIOHM)KXCHHOI'O
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aBroTpancopmaropa ~0...12 B (Momynp aBTtOoTpancpopmaropa). IlloakmrouuThb
napajuieIbHO J00aBOYHOMY Pe3nucTopy RS BBIBOABI ocumuniorpada. M3aMeHs sl Benauny
BBIXOJTHOTO HANpPsDKEHUS aBTOTpaHcpopMaropa OT HYJA, CHATh BOJBTAMIICPHYIO
XapaKTePUCTUKY KaTYIIKU ¢ ()eppOMArHUTHBIM cepAeYHUKOM. [Ipu mpoBeIeHUH OIBITOB
HE JIOMYCKaTh MPEBBIMICHUS TOKA CBBIe | A. Pe3ynbTaTel m3mMepeHuii 3aHecT B Ta0I.
1. Ilpu mpoBeneHnn U3MEpeHn HAOIIOAATh C MOMOIIBI0 ocuuiuiorpada Gopmy KpuBOi
TOKa B LIeTIH. 3apUCOBATh BUI KPUBOU TOKA. BBHIKIIFOUUTH SJIEKTPONIUTAHUE CTEH IA.
Tabmuma 1

Uk, B 0 2 4 6 8 10 12

LA

3.3. [Ins CHATUS BOJIbTAMIIEPHOM XapaKTEPUCTUKHA KOHJEHCATOPA MOJKIIOYUTh K
BBIXOJy  aBTOTpaHchopmaropa BMECTO KATYIIKH C  CEpPACYHHKOM  OaTapero
KOHJIEHCATOPOB (MOJyJIb PEAKTUBHBIX JJIEMEHTOB). BenuumHy emkoctu Oarapen
KOHJICHCATOPOB YCTAaHOBUTH 110 yKa3aHUIo npenogaBareins (Hanpumep, 250 MkD). CHATH
BOJIbTAMIIEPHYIO XapPaKTEPUCTUKY KOHJEHCATOPa, W3MEHSS BBIXOJHOE HAIpPSKEHHUE
aBTOTpancopmMaropa OT HyJs. Pe3yapTaThl U3MEpEHH 3aHECTH B TA0I. 2

Tabnua 2

Uc, B 0 2 4 6 8 10 12

LA

3.4. Hcnonb3ys MOTYyYEHHBIE HKCIEPUMEHTAJbHbIE PE3YyJIbTAaThl, MOCTPOUTH B
ONIHOM  CHUCTEME€ KOOpJAMHAT  BOJbTAMIIEPHBIC  XAPAKTEPUCTUKU  KATYIIKU C
(heppOMarHuTHBIM CEpJCYHUKOM M KOHAeHcaTopa. Jlms ciydas mociieoBaTeIbHOTO
COCMHCHHSI KATYyIMIKH C (PEPPOMATHUTHBIM CEPIACYHHUKOM U  HCCIEIOBAHHOTO
KOHJIEHCATOpa MOCTPOUTH BOJIbTAMIIEPHYO
XapaKTEPUCTUKY TAKOM LIENMHA W IO HEU ONPEIENIUTh L
BEJIMUMHY  HaNpsDKEHUs, TMpU  KOTOpOM  OyAeT & —
HAOJI0IAThCSI TPUTTEPHBIN P HEKT.

3.5. CoOpaTb OJIEKTPHYECKYIO ILIEMb C o 2B
MOCJICIOBATEIbHBIM ~ COEAMHEHUEM  KATyIIKU  C
(beppOMarHuTHBIM CEpJCYHUKOM U KOHJEHCATOpa
(puc. 10). IlnaBHO H3MEHsISI BEJIMYHMHY BXOJHOIO g_@ .
HaIpSKEHUS!, CHATh BOJIBTAMIIEPHYIO XapaKTEPUCTUKY
BCEH IIETM TMPU YBEIUYCHUN H YMEHBIICHUH BXOJIHOTO Puc. 10.
HanpspbkeHusi. OOpaTuTh BHUMaHUE Ha CKAuOK TOKa
MIPU YBEJIMYECHUHU U YMEHBIICHUH HaMpspKeHus. Pe3ynbTaThl U3MEpEeHU 3aHECTH B Ta0I.

3

TabOmuna 3
Uygen,B 0 2 4 6 8 10 12
IYBCJ'IQ A
UyMeHbIJ_I)B 1 2 1 0 8 6 4 2 O
IyMeHbLLl) A

3.6. [lo »kcnepuMeHTaNbHBIM pe3yibTatam noctpoutb BAX wmenm c
MOCJICIOBATEILHBIM COSAMHEHUEM KATyIIKH C (EppOMArHUTHBIM CEPACYHUKOM U
KOH/JIEHCaTOopa. CpaBHUTHh  TIOJIyYEHHYIO  XapaKTepUCTUKy  C  PacyeTHOU
XapaKTEPUCTUKOM.
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3.7. O3HaKOMUTBHCA C pabOTON OrpaHUYUTENS] YPOBHS HampsukeHus. Jlist aToro
coOpatph cxeMy no puc. 11. IlogkmounTe napamiesbHO JABYXaHOJAHOMY CTAOUIIUTPOHY
VD3 ocumuiorpad.

B  kauectBe  ammepmerpa

R6
UCIIOJIb30BaTh MYJBTUMETP B PEKUME P o (A — ] ,
U3MEpEeHUs epeMeHHoro Toka. [1naBno N\
YBEIIMYMBAsl  BXOJIHOE  HAaIpPSKEHHE VD3 K
HaOmMoaTh mo ocumniorpady dopmy ~0...12B §§ ocuuorpady
BBIXOJIHOTO HampspkeHus. M3meputsb
ocuusuiorpagom aAMIUTUTY Ly B— ’ —>
BBIXOJIHOT'O HAIIPSIKEHUS U CPABHUTH €€ Puc. 11.

C MacIOPTHBIMU JAHHBIMU
crabunutpona JI815I'. 3apucoBaTh ocUMIIIOTpAaMMbl HAWOOJIBIIETO BXOJHOTO H
COOTBETCTBYIOIIETO BHIXOHOTO HAIPSYKEHUM.

4. Copep:xxaHue oT4eTa

Otuyet 1o paboTe JOJKEH COJePKaTh:

a) HAUMEHOBaHUE U 11eJb PaOOTHI;

0) CXeMbI SKCIIEPUMEHTOB U TAOJIMIIBI C pe3yJIbTaTaAMU U3MEPEHHUI;

B) pacueTHbIE U SKCIIEPUMEHTAIIbHBIE BOJIbTAMIIEPHBIEC XapaKTEPUCTUKH;
T') OCIIMJIOTPAMMBbI HAIPSKEHUH U TOKOB;

1) CPAaBHEHHE PE3YJIbTATOB pacyeTa C IKCIEPUMEHTAIBHBIMU JJTAHHBIMU;
€) BBIBOJIbI O CBOMCTBAaX MCCJIEOBAHHBIX IICTICH.

5. KoHTpoJbHBIE BONPOCHI

I. OObsicHUT, Ha3HaueHHWE (PEPPOMArHUTHOrO  CEpPJIEUYHHUKA  KATYIIKHU
WHJyKTUBHOCTH.

2. IlosicHUTD BIMSIHUE CEpACUYHUKA HA BEJTUYMHY UHIYKTUBHOCTH KaTYIIKH.

3. Kak u3MEHHTCS BOJIbTaMIIEpHAs XapAaKTEPUCTHUKA KATYIIKU WHIYKTUBHOCTH
IpY HAJIMYUU BO3YIIHOIO 3a30pa B CEPACUHUKE?

4. TloueMy cepAEYHUK YacTO BBINOJIHIETCSA U3 U30JMPOBAHHBIX APYr OT Jpyra
IJIACTUH 3JEKTPOTEXHUYECKOU cTaNIn?

5. OOBSACHUTH PUYUHY UCKAKEHUS CUHYCOUAAIBHONU (OPMBI TOKA TPU MTUTAHUU
KATYIIKU UHAYKTUBHOCTH CUHYCOUJAIbHBIM HAIIPS)KEHUEM.

6. Kak omnpenenuTe mapamMeTpbl  CXEMbl  3aMEIIECHHUS  KaTyIIKA C
(beppoOMarHuTHBIM CEPIACYHUKOM?

7. Kakum oOpa3oM B IeNH C IOCIEIOBATEIbHBIM COCIMHCHUEM JIMHCHHOMN
KaTyIIKAd WHIYKTABHOCTH W KOHJEHCATOpa MOXHO OO0ECIeYnTh BO3HUKHOBEHUE
PE30HaHCa HAIIPSYKEHNUN?

8. B yem ocobeHHOCTH sIBICHUS heppope30HaHCca HATPSKCHHA?

9. IloueMy c yBEIMYEHHEM EMKOCTH KOHIEHCAaTOpa BO3MOXXHO HW3MEHEHHE
BEJIMYMHBI TUTAIOIIETO HAMPSIKEHUS, TP KOTOPOM MPOUCXOAUT TPUTTEPHBIN 2P DHeKT?

10. KakoBo npaktuueckoe npumMeHeHue heppope3oHaHCHBIX SIBJICHUMA?

11. OOBsACHUTP NPUYUHY HU3MEHEHUS (POPMBI BBIXOJHOTO HAMPSKEHUS
OTPAaHUYHUTEIISA YPOBHS HAMPSHKEHUS.
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