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OCHOBHOE 2JIEKTPOOBOPY/IOBAHUE,
NCITOJB3YEMOE JIAA IABOPATOPHBIX PABOT

Bce nabGopatopHbie pabOThI MO MCCAEIOBAHUIO DJICKTPUUECKHUX
IENe MOCTOSHHOTO M MEPEMEHHOI0 TOKA BBIMOJHAKOTCS HAa YHUBEP-
canpHOM cTerzae Ne 1, nuneBast maHenb KOTOPOro MoKas3aHa Ha puc. 1.

Ha ctenn mogaercst mubo nepemenHoe Hamnpspkerue 220 B, mubo
TpexdazHoe peryaupyemoe Hanpsixenue ot 100 B 1o 380 B.

CteH1 coaep KUT CUI0BOM onHO(]a3HbIN TpaHchOpMaToOp, OT KO-
TOPOTO 3amuTaHbl aBToTpanchopmarop 71, MO3BOJISIOMUN PETYIUPO-
BaTh MepeMeHHoe HamnpsbkeHue B auana3zone (0-30) B, a taxke Heza-
BHCHUMBIE CTaOWIN3UPOBaHHBIC HCTOUHUKH TTocTostHHOU DJIC E1 n E2,
3HAYCHUS HAIPSKEHUSI KOTOPBIX MOXKHO n3MeHATh oT 0 no 25 B. Ha
KJIEMMBI OT CHJIOBOTO TpaHchopMaTropa MOAaHO TaKXKe MEPEMEHHOE
HampsbkeHue 6 B, mpenHasHadeHHOE MJIs 3alUTHIBAHUS W3MEPHUTEIb-
HBIX PUOOPOB.

[lepeunciieHHbIE UCTOYHMKUA TMUTAHUSA PabOTAIOT IOCJE BKIIIO-
yeHusi Tym6iepa QAl, mpu sToM 3aropaercsa jJammouka EL. B cetp
220 B BxmroueHn npenoxpanutenab FU na 0,5 A. Mcrounuku E1 u E2
BKJTIOUaroTes ¢ nomoibio TymosepoB QA2, QA3 u QA4, QA5, pery-
JUPYIOTCS TIepeMeHHbIMU pe3uctopamu R8 u R9, HanpspkeHus ucTou-
HUKOB peructpupyrorcs Boast™Merpamu PV1 u PV2 cooTBeTrcTBEHHO.

Tpexno3urmonnsie nepexouarenu QA3 u QAS mo3BoJAIOT OT-
kitodath E1 u E2 OT BBIXOJHBIX KJIEMM (B CpeIHEM IOJIOKEHUH), a
TaK)X€ 3aKOPaYMBATh BBIXOIHBIC KJIEMMbI HCTOUHUKOB.

Astotpancdopmarop T1 Bkirouaercs tymonepom QA6, a pery-
JUPYEMOE€ JIBUKKOM BBIXOJHOE HAMPSIKEHHE PETUCTPUPYETCS BOJBT-
meTpom PV3.

Crenn comepxxut TpexdasHblii Tpanchopmartop 72, Hayana H
KOHIIbI BCEX OOMOTOK KOTOPOTO BBIBEJEHBI HAa JUIEBYH maHenb. C
MTOMOIITBI0 BOJIBTOI00ABOYHBIX OOMOTOK BO3MOXXHO HE3aBHCHUMOE pe-
ryJIMpOBaHHWE BTOPUYHOTO HAMpsDKEHUS Ha Kaxzaou dasze. Perymupo-
BaHHE OCYIIECTBIISICTCA TaleTHbIMU nepekimodaTensmu QA7 - QAD,
(azHbIe HAMPSKEHUS! pEeTUCTPUPYIOTCs BosibTMeTpamu PV4 - PV6.,
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EWHYLAL MHWHROLIKW

B kauecTBe Harpy3ok Ha CTEHAC HMCIIOIL3YIOTCS TPU MEPEMEH-
HbIX pe3uctopa R1 - R3, MakcuManbHOE COMPOTUBICHUE KOTOPBIX CO-

craBiisieT 10 kOM, Tpu nocTosiHHBIX pe3uctopa R4 - R6 u HenuHeliHoe



conpotuBieHne R7, kaTymka mepeMeHHOW WHIYKTHBHOCTH L1, ka-
TymK#A co B3ammouHayknuen L2, L3 u L4, L5, a Taxke rpymnisl KOH-
nencatopoB Cl u C2 — Garapeu mapajjieIbHO MOAKIIOYAaeMbIX KOH-
JIEHCATOPOB, €MKOCTh KOTOPBIX M3MEHSETCS C MOMOIIBIO TYMOJIEPOB
SAl1 — SAl2.

MakcuManbHBIH TOK 4Yepe3 Harpy3Ky He JOJDKCH IIPEBBINIATH
300 MA.

Jlns1 oGecriedeHus BOSMOKHOCTH MapalJIeIbHBIX COCTMHECHUN Ha
CTEHJIC IIPETyCMOTPEHBI OOIIHE IIINHBI.

IIpu BbIMOJHEHHH J1AOOPATOPHBIX PA0OT MCIIOJIB3YIOTCS aHAJIO-
TOBBIC W ITU(PPOBBIC MPUOOPHI: AMIIEPMETPHI, BOITMETPHI, BATTMETPHI
u omMmeTphl. [Ipu WX HCMONB30BaHUU TPEOYeTCS W3YUYUThH IpaBHIIA
AKCIUTyaTallud COOTBETCTBYIOIIUX MpuOOpoB. IIpu m3aMepeHusx cTpo-
0 3alperraeTcs MPEBHIaTh HOMUHAIBHBIC 3HAUCHUS TPHOOPOB.

JleficTBytOIIME 3HAYCHMS] CHHYCOMJAIBHBIX TOKOB W HampsDKe-
HUH U3MEPSIOT MUMPOBBIMH IMPpHOOpPaMH, a Tak)Ke aHAIIOTOBBIMHM IIPH-
OopaMu DJIEKTPOMArHUTHON W DJEKTPOJAMHAMHYECKOW cucTeM. Jls
U3MEPEHUS AaKTUBHOM MOIITHOCTH HCITOJB3YIOTCS BATTMETPHI DJIEKTPO-
TUHAMHUYCCKON CUCTEMBL.

[TpuGopel 11 m3MepeHus: OAHO(MA3HBIX TOKOB W HaIPSHKCHUI
UMEIOT Ha JIUIIEBON CTOPOHE YCIOBHBIM 3HAK — BOJHUCTYIO JTUHUIO (~).

VY BarTMeTpa MMEIOTCS JBE OOMOTKH M YeThIpe 3axkuma. J[Ba u3
HUX, OTMEUCHHBIC 3BE3/I0YKaMH, HA3bIBAIOTCS TeHepaTOpHBIMU. [lpn
U3MEPEHUN aKTHUBHOW MOIIMHOCTH 3TH 3a)KMMBI BKJIIOUYAIOTCS B OJIMH
y3ell. BTopoil 3akuM TOKOBOW OOMOTKH TMOJKJIIOYAETCS IMOCeI0Ba-
TeTbHO, a OOMOTKHM HampsDKEHHS — IMapalliebHO H3MEpPIeMOMY
Y4acCTKY dJIEKTPUYECKOM IEIH.

Ilena neneHus BaTTMETpA OMpeieiseTcs 1o Gopmyre

-
Cyw = UH—H , BT/nex.,

rae Uy — HomMuHanbHOE HanpsbkeHue npudopa, B; |y — HoMuHanbHbIN
ToK, A; N — 9ucio neneHuil mKabl.



ITPABHJIA BBIITOJTHEHUS TABOPATOPHbBIX PABOT

B Hauane KaXa0ro 3aHATHS CTYJICHT 0053aH MPEICTaBUTH Ipe-
MOJaBaTello, BEIylIEMY Ja00OpaTOpHbBIC 3aHATHS, PaOOUyI0 TETpadb C
MaTepualiaMu TPEBAPUTEIILHON MOATOTOBKUA K OuyepeHOM jabopa-
TopHOM padore. CTyJAeHT, HE MOATOTOBUBIIUNCS K 3aHATHIO U TOKa-
3aBIIMNA HEYJOBJIECTBOPUTEIIbHBIC 3HAHUS, K BBINOJHEHUIO PabOThI HE
JIOTTyCKaeTCsl.

JlomymieHHbBIE K BBITIOJIHEHUIO paOOTHI CTYACHTHI MPUCTYIAIOT K
cOOpKe AIEKTPUYECKON 11enu Ha JabopaTopHoM cTeHje. [lepen Haua-
JIOM pabOThI Ha CTEHJIe HEOOXOUMO YOEIUThCS, UTO CTEH/] OTKJIIOUEH
OT BCEX UCTOYHHUKOB SHEPTUH.

B cooTBeTCTBUM C yKazaHUAMHU K padOTe CIEeAyeT BhIOpaTh He-
00Xx0/1MMO€ 000PYI0BaHME HA CTEHJIE U U3MEPUTEIIbHBIE TTPUOOPHI.

COOpKy SJIEKTPUUECKOMN IENU PEKOMEHIYETCS MPOU3BOIUTH OT
OJIHOTO M3 32)KMMOB MCTOYHUKA YHEPrUuu K Apyromy. [Ipu stom nene-
co00pa3HO CHauajia COCIMHUTh YYACTKH IO TJIaBHOM TOKOBOW mocCIe-
JIOBATEJIbHOM 1IETH, a 3aTEM K COOPAHHOW YacTH LIENH CIEIyET MPUCO-
CAUHATHh DJIEMEHTHI MapaJUieNIbHBIX BETBEW. B mocnenHiow odepeanb
BKJIFOUAIOTCS BOJIBTMETPHI 1 OOMOTKA HampsiKeHUs y BaTTMetpa. s
COEMHEHMS] HECKOJBKUX BETBEM B OJIMH y3€]l PEKOMEHIYETCsl HC-
MOJIb30BaTh OOIIME IITMHBI HA CTEHJIE.

[Ipu cOopke cxeMbl LeNU MOCTOSHHOTO TOKa HEOOXOIUMO CO-
0J1r0J1aTh TpeOYyeMYIO MOJSAPHOCTh BKIIOUEHUS] HCTOYHUKOB U U3MEPH-
TEIbHBIX MPUOOPOB.

COOpKy dJIEKTPUYECKOM IIeNM JOJKEH BBIMIOJHATH OJWH CTY-
JICHT, a BTOPOH 00s3aH MOATOTaBINBATh COCAWHUTEIbHBIC ITPOBOJIA H
KOHTPOJUPOBATh MPABUIBHOCTH COOpKU cxeMbl. [lpu cOopke ciemy-
IOIIEN CXeMbI OHU MEHSIIOTCSI MECTaMU.

CoOpannyto 11enb clieayeT 00s3aTeIbHO TTOKa3aTh JIJI IPOBEPKHU
npenogaBarento. [lepen BKItOUCHHEM LIEMH HEOOXOAMMO YCTAaHOBHUTH
peryJnpyeMble NCTOYHUKH DHEPTHU B HYJEBBIC MOJOKCHUS, IOJTHO-
CTBIO BBECTH PEOCTATHI, Y IPUOOPOB YCTAHOBUTH MaKCUMAJIbHBIC TTIPE-
Jenabl u3MepeHus. Y OeIUBIIUCh B COOJIFOJICHUM JAHHBIX YCIOBUM U
MOJYyYUB pa3pelieHre IperojiaBaTeisi, MOKHO BKJIIOYHUTH 1I€Mb O]
HaIpsKEHUE.

[Ipy BOBHUKHOBEHHH HEHCIPABHOCTH B IIENM CHAadayia CIEIyeT
OTKJIFOUUTh UCTOYHUKH, & 3aTEM 00PATUTHCS K MPETOIaBaTENIO.



[Tokazanus mpruOOPOB B COOTBETCTBUU C MOPSIIKOM BBITIOJTHEHUS
paboThHI 3aMKUCHIBAIOTCS B TAOJIUIIBI paboueil TeTpau.

PasMep HCTOB OTUYETa JOJKEH COOTBETCTBOBATH popmaty A4.
Hauunaetcst otdyer ¢ turynpHoro jaucta. B camom ortuere cremyer
yKa3aThb Ha3BaHHE, 11€JIb paOOThI, MPUBECTH CXEMBI UCCIEAYEMBIX I1€-
neu, TaOJauIbl ¢ SKCIIEPUMEHTAIBHBIMUA M BBIYMCIICHHBIMU JIaHHBIMH,
TpeOyeMble rpad UK.

I'paduku cTposiTcs Ha JUCTAX MUUIMMETpoBoM Oymaru. [lpu
BBITIOJIHEHUH TPa(PUKOB MO OCSIM KOOPAMHAT MPOCTABIISIIOTCA OyKBEH-
HbIe 0003HAYCHUS HCCIICTYEMBIX BEIMYMH, CIUHUIBI WX HU3MEPCHHS,
HAaHOCUTCS MaciuTabHas cetka. [Ipu mocTpoeHUM B OJHUX OCSX He-
CKOJBKUX rpadukoB (GYHKIMN OJHOW MEPEMEHHOW HEOOXOJAUMO MPO-
BECTH JOIOJHUTEIbHBIE MAacIITAOHBIC KAl ISl KaXKIOW U3 HUX U
MOCTPOUTh 3TH KPHUBBIE Pa3HOLBETHBIMH KapaHaamamu. ['paduku
clenyeT CTPOWUTh B BHUJC IUIABHBIX HEMPEPHIBHBIX KPUBBIX, 3aXBaThI-
BAOIIMX HAHOOJIBIIIEE YUCIO OMBITHBIX (PACUETHBIX) TOUYCK HIIM 3aHH-
MAIOIIHUX CPEaHEE TTOJIOKEHUE MEXKTY HUMHU.

Kaxnpiii ctyneHT 00s3aH 0()OPMUTE OTYET IO BBITIOJIHEHHOW pa-
oote k odepenHomy 3aHATHIO. CTyIEHT, HE NPEICTaBUBIIHNN OTYET 110
npeablIyieil padoTe, K BHIMOIHEHUIO CIEAYIOIIEH HE JOIMYCKAeTCA.

IHPABHUJIA 9JIEKTPOBE3OITACHOCTH
IIPHU BBIIIOJIHEHUH JTABOPATOPHbBIX PAGOT

VYHuBepcalbHbIE CTEH/ABl JIA0OPATOPUU SIBISIOTCS JEHUCTBYIO-
IMMU 3JIEKTPOYCTAaHOBKAMH U IpH HapyuieHuu [IpaBui TexHuku 0e3-
OMAaCHOCTH MOTYT OKa3aTbCsl MCTOYHUKAMU ONACHOCTH MOPAKECHUS
ANEKTPUYECKUM TOKOM. [IpoxokneHue Toka 4depe3 Teao YesIOBEKa
MOXET MPUBECTU K TSKEIJIBIM IOPAKEHUSAM HEPBHOM, ABIXATEIBHON U
CEpPIEYHOCOCYAUCTON CUCTEM.

[Ipr 0JHOBpEMEHHOM MNPUKOCHOBEHWH K JIBYM HEHU30JMPOBAH-
HBbIM TOYKAaM LIE€NH, HAXOMAIIEHCS TOJ HAIPSHKEHUEM, TEJIO YEJIOBEKa
CTAHOBUTCS 3BEHOM 3TOM LIEMU U MO HEMY IpOTeKaeT TOK. COnmpoTUB-
JIEHHUE TeJla YEJIOBEKA KaK AJIEMEHT AJIEKTPUUYECKOM LIENU ONpeIeIsaeT-
CSl COCTOSIHUEM BEPXHETO CJIOS KOKU M 3aBUCUT OT MHOTHX (PaKTOpOB
(BIaXKHOCTb, COCTOSIHUE€ HEPBHOW CHCTEMBI U Jp.), HO3TOMY OHO MO-
KET U3MEHSTHCA OT HECKOJIBKUX COTEH OM 10 HECKOJIBKUX ThICSY OM.

[Ipu HEOIAaronpHUATHBIX 00CTOATENBCTBAX HAMPSHKEHUE MOPSIKA



40-60 B moxeT BBI3BaTh CEPHE3HYIO TpaBMYy. Y CTAHOBJIEHO, YTO IMPO-
XO0XJICHUE MEPEMEHHOTO TOKa 50 MA 4Yepe3 TeJlo YEJIOBEKA B TCUEHUE
0,2-0,5 ¢ sBnseTcs omacHbIM, a MpoxoxaeHue Toka 100 MA — cmep-
TeJIbHBIM. ONaCHOCTh BO3PACTaeT C YBEINUCHUEM HAIIPSIKCHUS.

Hcxonst U3 cKkazaHHOTO, CIEIYyeT PYKOBOJCTBOBATHCS CIEAYIO-
IIUMH TIpaBUIaMHu O€30MaCHOCTH:

1) mocTym K CTeHAAM M ammapaType BO BpeMs 3aHSITHH MPOU3-
BOJIUTCS TOJIBKO C pa3pelIeHus MpenogaBaTes;

2) mepen HadajaoM COOPKH CXEMbl HEOOXOIUMO YOSOUTHCS B
TOM, YTO BCE UCTOYHUKHU DHEPIUU OTKIIOUYEHBI, PETYJISITOPhI HAMPSIKe-
HUSI YCTAHOBJIEHBI B HYJICBOE IOJIOKEHUE, COCTOSTHUE HU3O0JISLMU MPO-
BOJIOB HCIIPABHOE;

3) HeoOX0aMMO 00ECIEUNTh HAACKHBIN KOHTAKT HAKOHCYHUKOB
IIPOBOJIOB C KJIEMMaMH CTEH/Ia, HEHY>KHBIE ITPOBOJIa CO CTOJIa HE0OXO-
IUMO yOupaTh;

4) BKIIIOYEHHE CXEMBI IMPOU3BOJHUTH TOJIBKO IIOCJIC IMPOBEPKH
MpEro/iaBaTesieM MPaBUIbHOCTH COOPKHU;

5) npu BO3HMKHOBEHHMHM HCUCIIPABHOCTH (3alllKaJUBaHHUE IPU-
Oopa, MosBJICHHUE JIbIMA, XapaKTEPHOTO 3amaxa u Jip.) HEMEIJICHHO OT-
KJIFOYHUTh BCE MCTOYHUKHU SHEPTUU U COOOIIUTH O CIYUYMBILIEMCS IIpe-
I10JIaBaTCIIIO;

6) TpH BBIMOJIHCHUU PAOOTHI 3amlpeliacTcss KacaTbCs pPyKaMH,
PYYKOH, KapaHAAIlloM W JIPYyTHMH MpeaIMeTaMH HEHU30JHPOBAHHBIX
YYaCTKOB IIETTH, HAXOISIINXCS IO/ HAMIPSHKCHUEM;

7) nar00bIe TIPUCOCIMHEHUS K IICTH, € Pa300pKy IPOU3BOJHUTH
IIPU OTKITFOYCHHBIX UCTOYHUKAX;

8) mpu BBINOJIHEHHH pPa0OTHl HE pa3pemacTcss OTXOAUTh OT
CTEHJ1a, HAXOJAIIETOCs I10]T HAPS>)KEHUEM;

9) BceMm cTyaeHTaM 10 Hadaja paboT B JlabopaTtopuu HEOOXO-
JTUMO O3HAKOMUTHCSI C HACTOSIIECH MHCTPYKIIUEH U pacmucaThcs B Jia-
OOpaTOPHOM KypHaJI€ MO TEXHUKE 0€30IMaCHOCTH.
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JlabopaTopHasi pabora Ne 1

IJEKTPOUSMEPUTEJIBHBIE ITPUBOPBI U USMEPEHUSA
OCHOBHBIX JIEKTPHYECKHUX BEJIMYUH

Ilenv padomot. v3yyeHre NPUHLINIA JICVUCTBUS 3JIEKTPOU3IMEPH-
TeJIbHBIX ITPUOOPOB, U3MEPEHUE OCHOBHBIX AJNCKTPUUYSCKUX BEJIUYUH U
OIIPEACIICHUE TTIOTPEITHOCTEN U3MEPEHUU.

OcHnoeHnbvle meopemuuecKue noJjio)iceHusn

DJEKTPOU3MEPUTENILHBIMU NMPUOOpPAMU HA3bIBAIOT TEXHUYECKUE
CpeICTBa C HOPMHUPOBAHHBIMU METPOJIOTHYECKHUMHU XapaKTEPUCTUKA-
MU, NpeJHa3HAYeHHbIE IJIsI BBIPAOOTKM CHUTHAJIOB, (DYHKIHMOHAIBHO
CBSA3aHHBIX C U3MEPSIEMBIMU 3JIEKTPUUECKUMH BEJIIMUUHAMH, B PopMme,
JNOCTYIIHOM JIJIs1 HEMTOCPEACTBEHHOTO BOCHPUITHS HAOIIOJAaTEIEM.

Paznuuaror ananorosbie U UG poBsie TprOOPHl. B aHamoropsix
npudopax 3JIEKTpUYEcKas SHEPrus U3MEPSIEMOIl BEJIMYMHBI TIpeoOpa-
3yeTcsd B MEXAaHWYECKYH0 JHEPTrHI0 INOABMKHOM 4YacTu mnpudbopa —
CTPEJIKH.

ITo cnocoOy npeoOpa3oBaHMs pa3IMyarOT: MATHUTORJIEKTpUYE-
CKHE, B3JIEKTPOMArHUTHBIE, SJIEKTPOAUHAMHUUYECKUE U JAp. IPHUOOPHI.
O0603HaueHN HEKOTOPBIX CUCTEM MPUOOPOB MpHBeaAeHO Ha puc. 1.1.

D) c)

"~ R

Puc. 1.1: @) MarHMUTORICKTPUICCKHIA TPUOOP; D) 37IEeKTPOMAarHUTHBIH
npuOop; C) IMCKTPOANHAMUUECKUHN TPHOOP

B MarHuTosnekTpuyeckoM mnpubOope HCHONb3YeTCs JEHCTBHUE
MAarHATHOTO TOJII OCTOSSHHOTO MArHUTa Ha IMOJABHXKHYIO KaTyIIKY C
ToKoM |. YrinoBoe nepemenienue o CTpenku npuoopa:

a=9l, (1.1)

r7e S — 9yBCTBUTEIBLHOCTH MPHOOpA.
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JlaHHbIe MPUOOPHI UMEIOT PABHOMEPHYIO IIKAITY.

Jnsg co3manus BpamjarOmIero MOMEHTA B AJIEKTPOMATHUTHOM
npudOpe HUCIHOJB3YETCS JNEUCTBHE MArHUTHOTO TOJISI HEMOJBUXKHOU
KaTYILIKW Ha MOJIBUXKHBIA CEPACUHUK:

a=s129t (1.2)
da

rae L — MHAYKTUBHOCTh KaTYIIKH.

DT IpuOOPHI UMEIOT HEPABHOMEPHYIO IIKAITY.

B MexaHu3zMme 3JEKTpOJIUHAMUYECKOTO MpUOOpa HCMOJIb3yeTCs
B3aMMO/ICHICTBUE MArHUTHBIX II0JICH IMOJBM)KHONM M HEMOABMKHOM Ka-
TYIIEK, 0 KOTOPBIM MPOXOAAT TOKH |1 u I :

a:SIllzciI—M- (1.3)
(94

DIEeKTpOAMHAMUYECKUE TIPUOOPHl HMMEIT HEPABHOMEPHYIO
HIKaIYy.

Onpenenenne 1eHbl JeneHus npudopa C OCyIIECTBIAETCS Jie-
JICHUEM
pabouero npenena u3MepeHus: npudopa A, Ha KOJIUYECTBO AEICHUMN
mKasbl mpudopa N:

C="w, (1.4)

JIJIs pacmidpeHus: quana3oHa HU3MEPEHHUs MPUOOpa HCIIONb3YIOT
IIYHTBI-PE3UCTOPHI, BKIOYAECMbIE MApAIICIBHO aMIEPMETPY, a TAKKE
100aBOYHBIE PE3MCTOPHI, BKIOYAEMbIE ITOCIIEA0BATEILHO C BOJILTMET-
poMm. B stux cnyyasx HoBwle nensl neiacHuii C' u C" ompenensercs
no ¢popmynam:

c=cl1+Ra | (1.5)

ut
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c=cl1+ 2 | (1.6)

Ry

rae Ra u Ry — BHyTpeHHUE CONPOTUBIEHUS aMIIEpMETpa U BOJBTMETPA
COOTBETCTBEHHO; R, — compoTtuBnenue 1myHra; R, — godaBouHoe co-
MPOTUBJICHHUE.

OTnuuue pe3ynbTaToB U3MEpPEHUs] A OT €ro JEeUCTBUTEIBHOTO
3HA4YECHUS Ay Ha3bIBA€TCS MOTPEITHOCTHIO U3MepeHus. Paznuyaror ab-
COJIFOTHYIO MTOTPEIIHOCTh

A=A Ay, (1.7)
OTHOCHUTCJIbHYIO
5="2100%, (1.8)
Ay
IPUBEIEHHYIO
=2 100%, (1.9)
A,

rac AH — KOHCYHOC 3HAYCHUC NUAIIa30HA U3MCPCHU.

Kitacc TouHoCTH TPUOOPOB YKHCIEHHO PaBEH MPUBEIECHHOU MO-
TPELIHOCTH.

3aoanue ona camocmoamenvHoll N0020MOBKU
1. I3yunte KOHCTPYKUMIO W TMPHUHLHUI JEHCTBUS MarHUTOXJIEK-
TPUUYECKOTO, 3JIEKTPOMAarHUTHOTO U 3JIEKTPOIUHAMUYECKOTO MPUOOPOB.
2. Boienure popmynsl 1.5 u 1.6.
3. CocraBbTe OJIaHK OTYETA.

IHopaook evinonnenusn padomaol

1. 3anumuTe TEXHUYECKUE XAPAKTEPUCTUKH HCHOJIb3yEMBbIX
npudopos B Tadmd. 1.1.



13

Tab6muma 1.1

Ha3Banue Tun Pon | Ilpenensr | KomuuectBo Ilena Kitace Buyrpennee
npubopa |cHCTEMBI | TOKA | U3MEPEHUs JIeJICHUI JICJICHUs] |TOYHOCTH |CONPOTHUBIIEHHE, OM
IIKAJIbI
Awmrep-
BoasT™merp
Barrmerp

2. TlooyepenHo cobGepuTe ANEKTPUUYECKHUE IIEMHU, MPUBEIACHHBIC
Ha puc. 1.2 u 1.3.

B xaxgom ciydae, 3aaBasch TpeMsl 3HAUCHHSIMH COTPOTHBIIC-
HUSl TIEpEMEHHOTO pe3uctopa R1, mpenBapuTeabHO 3aMEpEHHBIMHU C
IIOMOIIBI0 OMMETpa, OIPEACIUTE OKa3aHHs MPUOOPOB.

E1 '
O {] ©  ® QJ
Puc. 1.2' ' Puc. 1.3

Brruucnure 3HaueHus conpotuieHus R1 nmo popmynam:
JUJIA CXEMBI puc. 1.2

Rl=—— (1.10)

IJIA CXeMBI puc. 1.3

U-1-Ry
|

R1= (1.11)

Paccunralite aOCOJIIOTHBIE W OTHOCHUTEJBHBIE MOTPEITHOCTH,
CUUTAs JICUCTBUTEIbHBIMUA 3HAYECHUSIMHU CONPOTHUBIICHUS R1y Bennuu-
HBI, ONIpeICICHHbIE OMMETpOoM. Pe3ynbTaThl 3aHecuTe B Tabm. 1.2.
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Tab6muma 1.2

Cxema N3mepeno Brruucieno
U3MEpEHUM U,B I, A R1,, R1, Om A, OMm o, %
Om

ITo puc. 1.2
ITo puc. 1.3
4. CobGepute 1iensb 1o cxeme puc. 1.4,
£l w R,

®

ol

. g

Puc. 1.4

3amMepbTe C TTOMOIIBI0 OMMETpPA JCHCTBUTEIbLHBIC 3HAUYCHUS CO-
npotusieHuil Ry, R, u R1 u onpenennre HOByIO 1ieHy A€lIEHUS NPU-
0opoB. CHUMHUTE TTOKa3aHUs MPUOOPOB I TPEX 3HAUEHUN COMPOTHUB-

nenus R1.

PaccuuraiiTe 3HaueHuss conmpoTuBieHUs R1, MOIIHOCTH WU mMoO-
rpenrHocTeit B uamepenuu R1 pis kaxkmoro 3amepa. Pe3ynbraThl 3aHe-

cute B Ta0i. 1.3.

Tabmmma 1.3
N3mepeno Brruuciieno
UB | ILA |P,Br| RIl,, Rl, | P=RI? |A,OM| §,%
Om Om Bt

Jlureparypa: [1,§ 2.1 -2.6;7,§1.2,3.1,3.2;8,§ 1.2 — 1.6].
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JlabopaTtopHnasi padora Ne 2

NCCJIEJOBAHHE MPOCTEHIINX
HEINEA IIOCTOAHHOI'O TOKA

Ilenv pabomer: >KCIEpUMEHTANIBHAS NTPOBEPKA OCHOBHBIX TEO-
PETUUYECKUX COOTHOIIEHUM M 3aBUCUMOCTEH MEXJy TOKAMH, Hamps-
KEHUSIMUA, MOITHOCTSMU M COMNPOTHUBJICHUSIMU B MPOCTEUIIHUX HJIEK-
TPUYECKUX LEMAX MOCTOSIHHOTO TOKA.

OcHoenvie meopemuvuecKue nojioNceHusn

3akoH Oma Jisl pE3UCTUBHOI'O Y4aCTKa LCIIN, HC COACPKAIICTO
HCTOYHHUKOB SHCPIUHU:

U
| =—. 2.1
A (2.1)
AKTI/IBHaH MOIITHOCTBH 3TOI'O yqaCTKa OCIIn.
|:>:U|:R|2:_UR , (2.2)

B mocnenoBarenpHOM menu, mpuBeAeHHONW Ha puc. 2.1, uepes
BCE DJIEMEHTHI POTEKAET OJIUH U TOT K€ TOK. Hanpsikenrne ucTouHu-
Ka paBHO apu(PMETHYECKON CyMME HaNPsHKEHUM Ha BCEX PE3UCTUBHBIX
y4acTKax LCIu:

U= %Uk. (2.3)
k=1

DkBHUBaJieHTHOE (00I1I€e) COMPOTUBIICHHUE IOCIEI0BATEIHHOMN
[EMHA PaBHO CYMME CONPOTUBJIEHUN BCEX YUACTKOB ITOU IEIH:

n
Ry=>Ry. (2.4)
k=1
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OHO MOXKET ObITh HAMAEHO MO AKCIEPUMEHTAIBLHBIM 3HAYEHUSIM
HanpsbkeHus: ucrounrka U u Toka nenu | ¢ momomnisro 3akona Oma:

Ry=—". (2.5)

[Ipu U3MEHEHUH OJHOTO U3 CONPOTUBIIEHUM ITOCIEA0BATEIIBHON
e MAaKCHUMaJIbHAsA MOIIIHOCTh BBIAEISAETCSA HA TAHHOM Y4YacTKE MPHU
PaBEHCTBE NAHHOI'O COINPOTHUBIICHUS CYMME BCEX OCTAJbHBIX COINPO-
TUBJICHUW LCTIH.

B mapannenpHON Iienu, MPUBEACHHONM Ha pHC. 2.2, BCE BETBU
HaxOAATCS TI0J] OJJHUM M TE€M K€ HampspkeHrnem U, a TOKH B BETBSX
00paTHO MPOITOPIIMOHAIBHBI KX COIMPOTHUBICHHUSIM.

OO0t TOK paBeH apuPMETHIECKON CyMMe TOKOB BETBEH:

| = % Iy . (2.6)
k=1

OKBHUBaJICHTHas pE3UCTHUBHAA IIPOBOANUMOCTD HapaHHGHBHOﬁ ne-
I paBHa CYMMC HpOBOI[I/IMOCTeﬁ BCEX BETBeH ICIIN:

n n 1
Or =20k =2 — . (2.7)
k=1 k=1 Ry
/
=" "
lL-"] 1:\1’ }1:
OLIL Kl @e|v K |
R2 l("l R?_ R3 I
Puc. 2.1 Puc.22

ODKBUBAJICHTHOE PE3UCTUBHOC COIIPOTHUBJICHUC HapaHHCHBHOﬁ
noemnu
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Y (28)
I
rae U u | — HanpsikeHne ¥ TOK UCTOYHHUKA.
[TocnenoBarenbHO-TIApAJUICIIbHAS ~ [I€Nb, IPUBEJCHHAs  Ha
puc. 2.3, sABIAETCS KOMOWHAIUEW Y4acCTKOB, COCMHEHHBIX TOCIIEO-
BaTEJIbHO W MapajuieabHO. K OTIENbHBIM y4acTKaM TakoW LIENU MpH-
MEHUMBI COOTHOIIEHHSI MEXY HANPSHKECHUSIMU, TOKAMU U COMPOTHUB-
JIEHUSIMU, UMEIOIIMMHA MECTO B MOCIENOBATEIBRHON W IMapajlIeNbHOU
LETISX.
Tok B KaX10l U3 MapalIeIbHBIX BETBEl MOXKET OBITh HAMIEH 10
dbopmysie pazdpoca TOKOB B MapajjIeIbHBIX BETBSX, HAMpPUMED, I
CXEMBI puc. 2.3:

R
ly=1,—3 2.9
2=hpg " r, (2.9)
R
ly=1,—2 2.10
3 1R2+R3 (2.10)
—> U
O

Puc. 2.3

3aoanue 014 camoCmosameibHol RO02OMOEKU

1. Ins cxembl Ha puc. 2.1 3anummre (HopMyibl 3aBUCUMOCTEH
| =f (R1), P, =f(R1), mo momy4yeHHBIM OpMysIaM MOCTPOUTE rpapuKH.

2. Ins cxembl Ha puc. 2.2 momyuute 3aBucumoctu |, =f (R2),
P, = f (R2) u mocTpotiTe ux rpaduky.

3. lma cxembl Ha puc. 2.3 3anmumute GopMysbl 3aBUCUMOCTEH
I, =f (R3), I,=f (R3), I5=f (R3), P3=f (R3). Iloctpoiite mo >tum
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dbopMyiiam rpaduKH.
4. CocrTaBbTe OJIAaHK OTYETA.

Iopsaook evinonnenus padomot

1. Cobepute 2IEKTpUUECKYIO Iienb 1Mo cxeme Ha puc. 2.1. Ilpu
HEM3MEHHOM HAIPSKEHUHW UCTOYHHKA UCCIEAYWUTE BIMSHUE HA U3ME-
HEHUE TOKA M HANMPSHKEHUM Ha AJIEMEHTax 1eMH BEJIMYUHBI COMPOTUB-
nenust R1. Pe3ynbratsl usmMmepenuit 3anecure B Tadi. 2.1.

Tabmuna 2.1

N3mepeno BrruuciieHo

No I, | Uy, U,, U, R1, R2, R5, P4, P, P,
A B B B Om | OM | OMm Bt Bt | Bt

[TocTpoiiTe coBmemieHHbie rpaduxu 3apucumocteit |, Uy, Uy, Py,

P =f(R1).
2. CobepuTe JIEKTPUIECKYIO IETb IO CXeMe Ha puc. 2.2.

[Ipy1 HEM3MEHHOM HAIpPSHKEHUW UCTOYHUKA UCCIETyHTe 3aBUCH-
MOCTh TOKa UCTOYHHUKA (OOIIEro TOKa) U TOKOB B MAapPAJIJIEIbHBIX BET-
BSIX OT BEJIUYMHBI conmpoTuBieHus R2. Pe3ynapTartsel n3MepeHuii 3aHe-
cuTe B Tabu. 2.2,

Tabnuma 2.2

H3mepeno BrruucieHno

NQ U; Il! IZ! |31 R21 R31 R31 P21 P31 P1
B|A | A A Om OMm OMm Bt Bt Bt
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IToctpoiiTe coBmelieHHbIe Tpadukn 3aBUCUMOCTEH |q, I, 13, Pg3,
P =1 (R2).

3. CobepuTe IEKTPUUYESCKYIO IIEIh 110 CXeME Ha puc. 2.3.

[Ipy HEM3MEHHOM HAIpPSHKEHUHW HCTOYHUKA HCCICIYyHTE BIIUS-
HUE BEJIMYMHBI CONMPOTHUBICHUS R3 Ha TOK MCTOYHHMKA, TOKH B Iapai-
JICIIBHBIX BETBSIX WM HANPSIKCHUS HA ydacTKax Iernu. Pe3ynabTaTel m3-
MEepeHHi 3aHecuTe B TaouI. 2.3,

Taomuna 2.3

No N3mepeno Brruucneno

U U |Uxs|li| L] 13| RLIR2Z | RB|Ry | Py P, | P3| P
BB B | AlA|A OmMm|OMm |Om |Om | Br | Br | Br | Br

IToctpoiite coBmelieHHbIe Tpaduku 3aBucuMocteit Iq, 1y, 13, Uy,

U23, Pl, P2 =f (R3)

Jlutepatypa: [1, §2.5-2.11; 2, §1.9, 1.13; 8, §2.7 — 2.11]
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JlabopaTopHas pa6ota Ne 3

UCCJIEJOBAHUE MOCJIEJOBATEJBHOM LIEIU
INIEPEMEHHOI'O TOKA

Ilenv pabomel: >KCriepUMEHTaIbHAS MPOBEPKA OCHOBHBIX TEO-
PETUYECKUX COOTHOIIEHUM MEXJTYy TOKOM, HAIPSIKEHUSIMU U MOIIHO-
CTSIMU Ha y4yacTKax IIemnu, cABUra (a3 Mex1y MPUIOKEHHBIM Hampsi-
KEHHEM U TOKOM MPU U3MEHEHUH OJTHOTO U3 CONPOTUBIICHUHN dJIEMEH-
TOB LICTIH.

OcHnoeHnbvie meopemuuecKue noJjio)NceHusm

DneMeHTaMH LeH IEPEMEHHOTO TOKA SIBJISIFOTCS: aKTUBHBIE CO-
IIPOTHUBJICHHS, KaTyIIKH HHIYKTUBHOCTH U KOHJIEHCATOPBHI.

B Kkarylke MHIYKTUBHOCTH, B CBOI O4Y€PEb, BBIICIAIOTCS WH-
OYKTHBHOE CONPOTHUBIEHHE X| =@l U COOCTBEHHOE AKTUBHOE CO-
npoTtusieHue R,, 00yCIOBIEHHOE CONPOTHBIEHHEM IIPOBOAOB 00-
MOTKH.

[TotHOE conmpoTUBIEHHME KaTymIKH Z, OIpelersiercs IO Tpe-
YTOJIBHUKY COIIPOTUBJICHUM MHIYKTUBHOIO DJIEMEHTA, IPUBEICHHOMY
Ha puc. 3.1:

Z.=yRZ+ X} (3.1)

[TomHOE CONPOTHBIIEHUE ITOCIENOBATEIIBHOW IEMH, COCTOSIIECH
13 pe3ucTopa R U KaTymiKu, MOKHO ONIPEICSIUTH 110 3akoHy OMma:

Z:UT:\/(R+RK)2+XE. (3.2)

Hanpsbxkenne Ha pesuctope Ug coBnanaer no ¢aze ¢ Tokom |, a
HalnpspkeHue Ha karymike U, ornepekaeT Tok Ha yroin ¢,. [eilcTByto-
1€ 3HAaYCHUSI 3TUX HANPS>KEHUN paBHBI:



U,=R-I, (3.3)
U =21. (3.4)

[IpunokeHHOE K IIEeMU HaIpPsHKEHUE UCTOUYHMKA OTEPEHKAET TOK
Ha yToJI ¢

X
— arct L 3.5
@ = (3.5)

K

AKTHBHasi MOIIIHOCTh KaTyIIKU P, U aKTUBHAasi MOIIHOCTb LEIMH
P paBHBbI:

1, (3.6)

P=(R+R.)-1°=U-1-cosg. (3.7)
IIpu u3MeHEeHUH CONMPOTHUBIICHUS pe3ucTopa oT 0 10 oo aKTUBHAs
MOIIIHOCTh JOCTUTAa€T MAKCUMYyMa P (R + R, ) = X!

U 2
P =——. 3.8
" 2(R+R,) (3.8)
PeakTrBHas MOITHOCTh MHAYKTUBHOM KaTYILIKHA paBHA
Q =Ulsinp=X17=U . (3.9)

ITpu nsmenennn X ot 0 10 o0 peakTUBHAs MOIIHOCTb MAaKCH-
manmpha mpu X, =(R+R,):

U2

Q, = 2%, (3.10)

[TonHast MOIIHOCTH 1IENU onpeenseTcs no Gopmyse

S=Ul=,P2+Q%=212. (3.11)

[TomHOE CONPOTHBIICHUE LIETH, COCTOSIIECH M3 MOCIEI0BATEIHLHO
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COCAMHCHHBIX PC3UCTOPA Ru KOHACHCATOpa ¢ EMKOCTHBIM COIIPOTHUB-

1 pod o
JEHUEM X = MOYXHO HaWTH MO TPEYTOJIbHUKY COIPOTHUBIICHUM,
®

n300pakeHHOMY Ha puc. 3.2:

Z=\R?+XZ. (3.12)

R
Z. Z0<0
X; X
$.>0 Z
ch
Puc. 3.1 Puc. 3.2

Hanpsxenue Ha koHjeHcatope Uc oTcTaer mo ¢ase oT TOKa B
nenu Ha yron 90°, T. e. ¢ =—-90°.
HeiicTBytoliee 3HaueHue HanpsbkeHus: U paBHO

Uo=X.-1I. (3.13)

AKTHBHAs ¥ MOJHAsE MOITHOCTH LEMH ONPEAEISIIoTCs 1Mo Gopmy-
JIaM:

P=Ulcosgp=RI?; (3.14)

S=Ul=+P2+Q% =212 (3.15)

PeakTuBHAs MOIIHOCTH KOHJEHCATOPA

Qc=Ul sinp=-Xc-12=-Uc . (3.16)
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3aoanue 014 camocmosameibHol RO0Z0OMOEKU

1. JIns uccieayeMon 3JeKTpUYECKON 1IeNH, cXeMa KOTOPO# Io-
Ka3aHa Ha puc. 4.3, Ha OCHOBE aHaJilu3a MPUBEJACHHBIX B padbote (op-
MYJI IIOCTPOUTE KaYECTBEHHO:

a) rpaduxu | = fi(R), P = f,(R), Q= f3(R);

0) TonorpaduuecKkue AuarpaMMsbl JJisl CIIy4aes:

XL >R>R. u R>X| >R;

B) TPEYTOJbHUK MOIIIHOCTEH.

2. Jlns uecnenyeMou 3JIEKTPUYECKOM LENH, CXeMa KOTOPOM I10-
Ka3aHa Ha puc. 4.4, TOCTpONTE KAYECTBEHHO:

a) rpaduxu | = f4(R), P = f5(R), Q = f5(R);

0) Tonorpaduueckue JuarpaMMmsbl IJ1s CIy4aeB:

R<Xc, R:XC, R>XC;

B) TPEYTOJbHUK MOIIIHOCTE.
3. CocraBbTe OJIaHK OTYETA.

Puc. 3.3 ’ Puc. 3.4
Hopaook evinonnenusn padomaot

1. Cobepute deKTPUUECKYIO HEMb 110 cxeMe puc. 3.3. Ilpu noin-
HOCTBIO BBIBEJCHHOM comnpoTuBicHnn pe3uctopa R (R = 0) usmepnte
MOKa3aHus MPUOOPOB M pPACCUMUTANUTE MapaMeTpbl KATYLIKH HHIYK-
TUBHOCTH. Pe3ynbrarsl 3anecure B Tadi. 3.1.
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Tab6mauma 3.1

No N3mepeHno Breiuucaeno
ombita (U|U |U| I | P | Z | R | Z |R+R. | R | X  |COSQ| @ Q S
B|B|B|A/Br{fOm|/OmMm|OmM| Om |Om|Om| — |rpan| BAp | BA
OmnpIT
IS
orpee- 0
JICHUS
Zi, Ry,
XL
1
2
6

2. Ilpy HEM3MEHHOM HAIpPSHKEHUM HA BXOJE IEMH UCCIEAYUTE
3aBUCHUMOCTb TOKA, HAPSHKEHUH HA YYaCTKax IENU U aKTUBHOW MOIII-
HOCTHU OT BeJMYMHBI R, nu3menss ee ot 0 10 oo (pekuM XOJIOCTOTO XO-
na). Pe3ynabTaThl ONbITOB 3aHecuTe B Tad. 3.1,

3. Ilpy HEM3MEHHOM HaNpPS)KEHUM HA BXOJI€ LENU HCCICAYUTE
3aBUCHUMOCTh TOKA, HAPSUKEHUH HA YYACTKax IENU U AKTUBHOM MOIII-
HOCTHU OT CONPOTHUBIICHUS KaTYIIKU X . Pe3yabTaThl ONBITOB 3aHECUTE
B TabmI. 3.2.

Tabmuma 3.2
No N3mepeHno Briuncneno
ompita |U U (U, | 1| P | Z | R |Z |R+R. | R, | XL |[cos@p| @ Q | S
B/B|B|A|Br{OMm/Om|Om| Om |OM |OmM| — |rpan| Bap | BA
1
2
6

4. Cobepute dIEKTPUYCCKYIO memb 1o cxeme puc. 3.4. Ilpum
HEU3MCHHOM HaNpsDKCHHHM Ha BXOJE IEMH HCCICIYyHTE 3aBUCUMOCTD
TOKA, HAIIPSDKCHUH Ha dJIEMEHTaX IS U aKTUBHON MOIIIHOCTH OT Be-
auarHb R. Pe3ynbTaThl ONBITOB 3aHecuTe B Ta0I. 3.3.
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Tabnuia 3.3

No N3mepeHo Briuuciuneno
omeita | U | Uy | Uy P Z R Xc | cos@ 0] Q S
B | B| B Br | Om | Om | Om — rpan | BAp | BA
1
2
6

5. Ilpu HEeM3MEHHOM HAIPSHKEHUHM Ha BXOJE IIEMH HCCISTyHTe
3aBHCHMOCTh TOKA, HANPSDKCHHWH Ha DJIEMEHTaX IeMM W aKTHBHOU
MOIITHOCTH OT CONIPOTHUBJICHUS KOHAeHCAaTOpa Xc. Pe3ynbrarhsl 3aHecH-
Te B Tabn. 3.4.

Tabmnura 3.4
Ne N3mepeHo Briuncuneno
omeita | U | U; | Uy P Z R Xc | cos@ 0] Q S
B | B | B Br | Om | Om | Om — rpan | BAp | BA
1
2
6

6. Ha ocHOBaHMM ONBITHBEIX JAHHBIX BBIINOJHUTE HEOOXOINMBIC
pacueTsl 1 3anoixHUTe Tadd. 3.1-3.4.

7. Iloctpotite rpadukn 3aBucumocteit |, Uy, P, Q, COSe@ ot Be-
muausbl (R + R,) mo manaeiMm Taba. 1.1; 1, Uy, P, Q, coS¢ ot Bemmun-
Hbl X, 10 ma"HbeIM Tabma. 1.2; I, Uy, P, Q, cOSe ot Benmuuuasl R mo

nanabpiM Tabm. 3.3; |, Uy, P, Q, COS@ oT Benm4yuHbl Xc MO JTaHHBIM

Tabi. 3.4.

8. IlocTpoiiTe BeKTOpHbIE (TOmOrpaduyeckue) auarpaMMmbl s
OJIHOT'O U3 OMBITOB MO JaHHBIM Ta0i. 3.1 u Tad. 3.2 wiu 1adia. 3.3 u
Tabi. 3.4.

9. ITocTpoiiTe TPeyroMbHUKH MOITHOCTEH JIJISI OJJHOT'O M3 OIBITOB
M0 Ja”HHbBIM Ta0s. 3.1 u tadn. 3.2 wiu tadn. 3.3 u ta6a. 3.4. Haioure
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110 HUM IIOJHYIO MOIIIHOCTh U CPAaBHUTE €€ C paCUCTHOM.

Juteparypa: [1, § 3.1-3.23; 2, § 2.1-2.10, 3.8; 6, § 3.9, 3.10,
3.14, 3.19, 4.2;].

JlaGopaTtopnas pabdora Ne 4

UCCJEJOBAHUE MAPAJUJIEJIBHOM
HEIIN IEPEMEHHOI'O TOKA

Ilenv pabomel: >KCriepUMEHTAIbHAS MPOBEPKA OCHOBHBIX TEO-
PETUYECKUX COOTHOIIEHUM W 3aBUCHUMOCTEN MEXKIY HAMPSKCHUEM,
TOKaMH ¥ MOIIHOCTAMHU NPU W3MEHEHUHU MPOBOJAUMOCTH AKTHBHOU
WJIM PEAKTUBHOW BETBH.

OcHnoenbvie meopemuuecKue noJjio)NcenHusm

[TomHy10, aKTUBHYI0O U PEAKTUBHYIO HPOBOJUMOCTH KaTyIIKH
WHJYKTUBHOCTH 10 cXeme puc. 4.1 MOXXHO onpeneauTs no ¢popmyiam:

=K 4.1

Ye =4 (4.1)
P

gK :—2, (42)
U

b, =+y2-gZ. (4.3)

Karymke OyZeT COOTBETCTBOBATH TPEYIOJbHHUK IPOBOJAMMO-
CTel, MoKa3aHHBIN Ha puc. 4.2.
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Puc. 4.1 Puc. 4.2

[Ipn nmapanineapHOM COSIUHEHUHU PE3UCTOPA U KATYIIKA UHIYK-

THUBHOCTH IIO0JIHAA IIPOBOJUMOCTD LCITH

=U=M%+gf+ﬁ,

y

rae g, — akTUBHas IPOBOJAUMOCTB PE3UCTOPA.

Tok xaryku
12 2
IK: al<‘+|pl<"
IaK = Oy ‘U,
IpK :bL U .

OO111it TOK eI
2 2
1= (g +1, )7 +12,.

MOIIIHOCTH 1IeNH ONPEEIISIOTCS 1Mo (hopMyJiam:

P=(gg+0,)U?,

QL = IpKU :bLUZ’

S=Ul=yU?

(4.4)

(4.5)

(4.6)

4.7)

(4.8)

(4.9)

(4.10)

(4.11)



KoaduumeHt MomHocTH

P Ig+1,

COSp=—= 4.12
P=4 | (4.12)

AKTHUBHAasI MPOBOJUMOCTb KOHJIEHCATOpa OOBIYHO HE YYUTHIBA-
€TCs, TaK KaK €ro akTUBHbIE MOTepu Maibl. [lpu mnapamnensHOM
BKJIFOUEHHUH PE3UCTOPA U KOHJICHCATOpA IMOJIHASL MPOBOAUMOCTh LIETHU
paBHa

I
y=U=\/gé+bé, (4.13)
rae b =wC.

OO TOK enu
| =15 +1¢, (4.14)

roe g =grU, I =bcU.

MOIIIHOCTH 1IeNH ONPECIISIIOTCS 1Mo (hopMyJiaMm:

P=1gU =gguU?, (4.15)
Qc =—IcU =-bcU?, (4.16)
S=Ul=yU?2 (4.17)

3aoanue 014 camocCmosmerbHolu n0020MoeKU

1. Jns menu, cxeMa KOTOpoM Mmokas3aHa Ha puc. 4.3, KaueCTBEHHO
IIOCTPOUTE:

a) BEKTOPHYIO JHarpaMMy H TpPEYroJbHUK MOUIIHOCTEN Mpu
0, = bL = O,ng,

0) rpaduxu l;, P, COS ¢ B 3aBUCUMOCTU OT BEJIUYUHBI (gl +0,)
npu b, =const;
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B) rpadukd |y, |, Q. B 3aBUCHMOCTH OT b ipn (gl + gK) = const .

2. g uenu, cxeMa KOTOpou nokas3aHa Ha puc. 4.4, KaUECTBEHHO
MOCTpOUTE:

a) BEKTOPHYIO JHarpaMMmMy H TPEYroJIbHUK MOIIHOCTEN MpH
01 =2bc;

0) rpaduku |, P, COS ¢ B 3aBUCHUMOCTH OT BEJIWYUHBI (; MNpH
be = const ;

B) rpaduku |y, |, Qc B 3aBucuMocTH ot b mpu g = const .

3. CocraBbTe OJIaHK OTYETA.

Hopaook eévinonnenusn padomaot

1. Cobepure anekTpuueckyro memnb mo cxeme puc. 4.3. Ilpwm
HEU3MEHHOM HANpsHKEHUH Ha BXOJI€ IEMH HCCIEAYWUTE 3aBUCUMOCTH
TOKOB M aKTMBHOW MOIIIHOCTH OT BEJIWYHUHBI (J;. Pe3ynabTarhl ONnbITOB
3aHecuTe B Ta0:1. 4.1.

¢
@ @
r
g bf-',l
Ll% 7_"_
ﬁ Fe .
Tabnwnua 4.1
No N3mepeHo Briuucuneno
omeira |U |11l P |y |G|V |0i+0|ge|bCOSp| ¢ | Q
B|AJAJ/A|Br | CM/Cm|Cm| Cm |Cm|CMmM| — |rpan|BAp
1
2
6

2. llpy HEM3MEHHOM HANPSKEHUH HA BXOJIE LEMH UCCIEIYUTE
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3aBUCUMOCTH TOKOB M aKTHBHOM MOIITHOCTH OT BEJIMUMHEI D| . Pe3yiib-
TaThl ONBITOB 3aHECUTE B Ta0II. 5.2.

Tabnumna 4.2
Ne N3mepeHo Beiuncuoneno
omsita |U | 1 [Ii|lL| P |y |01]01+0|0c| b |COSp| @ |y.| Q| S
B|A|JAJA|Br [ CMm|Cm| Cm |Cm|CMmM| — |rpag|Cwm|BAp|BA
1
2
6

3. Cobepure snekTpuuecKkyro Ienmb mo cxeme puc. 4.4. Ilpwm

HCHU3MCHHOM HAIIPSOKCHUHN HA BXOIC HCIIU I/ICCHeIIYfITC 3aBUCHUMOCTHU
TOKOB M aKTUBHOH MOIHOCTHU OT BCJIMYUHBI (3. PCSYJ'IBT&TBI OIIBITOB

3aHecure B Ta0II. 4.3.
4. Tlpy HEW3MEHHOM HANPSHKCHUH Ha BXOJE IIEMH HCCIEIyHTe

3aBHCHUMOCTH TOKOB M aKTHUBHOW MOIITHOCTH OT BEJIMYUHBI Dc. Pe3yiib-
TaThl OIIBITOB 3aHecHuTe B Ta0I. 4.4.

pacueTsl 1 3anoiHuTe Tadn. 4.1-4.4,

5. Ha ocHOBaHMH ONBITHBIX JaHHBIX BBIIIOJTHUTC HGO6XOI[I/IMBIC

6. [TocTpoiite rpaduku 3aBucumocteii |, 1, P, COS@ oT Benuuu-

HbI (Q1+0,) o gauHbM Tadm. 2.1; 1, I, Q, S ot BenmuuuHbl D 0 JaH-
HbIM Ta0m. 5.2; |, |1, P, COS¢ oT Benuuuubl ¢; o AaHHbIM Tabi. 4.3; |,

I,, Q, S ot BemuuHbI b 110 JaHHBIM Ta0II. 4.4.

Tabnua 4.3
No N3mepeHno Breiuucneno
onpita (U [ 1|11, P Y | 01 | be | cose D Q S
B|A/A|/A| Br |[Cm | Cm | CM — rpag | BAp | BA
6

rpaMMam OIPEACINUTE YTOJ ¢ U CPABHUTE €0 C paCUCTHBIM.

7. IlocTpoiiTe BEKTOPHBIC AHATPAMMEI JJISI OTHOTO W3 OTBITOB 10
maHHbpIM Ta0i. 4.1 u tadn. 4.2 win tadn. 4.3 u tadn. 4.4. Ilo ana-
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8. [TocTpoiiTe TpeyroJbHUKN MOIITHOCTEMN JIJISI OAHOTO U3 OMBITOB
10 Ja”HHbBIM Ta0i. 4.1 u tadn. 4.2 vwiu tadn. 4.3 u ta6n. 4.4. Haiinure
110 HUM ITOJHYI0 MOIIHOCTh U CPAaBHHUTE €€ C PaCUCTHOM.

Tabmuna 4.4
Neo NU3mepeHno Beiuucuneno
omeita |U || [I{] 1] P y 01 bC COSgp D Q S
B/AJA|/A| Br |[Cm | Cm | CM — rpan | BAp | BA
1
2
6

Jlutreparypa: [1, § 3.12-3.14, 3.20; 2, § 2.1-2.10, 3.8; 8, § 6.4,
6.5].

JlabopaTropHnasi padora Ne 5

UCCJEJIOBAHUE TPEX®A3HOM IENIU
NP COEAUMHEHUU TIPUEMHHNKOB
IHO CXEME «3BE31A»

Ilenv pabompr: ananu3 pexuMoOB paboOThl Tpexda3zHOl uenu
IIpU COECIMHEHUHU HArpy3KH MO CXEME «3BE3/1a» C HEUTPAJIbHBIM U 0€3
HEUTPAJIIBHOI'O IIPOBOAA.

OcHnoeHnble meopemudecKue nojlo)dHcenus

B nannoit pabote TpexdasHble UCTOYHUK U MPUEMHUK COECIU-
HEHBI 10 CXEME «3BE3J1a.

Br1BOMIBI, K KOTOPBIM MpUCOCAUHEHBI 3a)KUMbl J/[C ¢ BBICOKMM
IMOTEeHIIMaIOM, 0003HauaroTcs ToukaMu A, B u C, BbIcOKkHe TTOTEHIINA-
JbI Harpy3kH — TOYKamu a, D u C. Y310Bble TOUYKH nMcTOYHHKA N U
MPUEMHHUKA N Ha3bIBaIOTCAd HEUTpalbHBIMU (HYJEBBHIMH) TOYKAMHU, a
COCAUHSAIONINN X TTPOBOJ (B YETHIPEXIPOBOJIHOM CXeMe) — HEUTpalib-
HbIM TpoBOAOM. OcCTajbHBIE TMPOBOJA, COCAUHSIONINE HCTOYHUK C
MIPUEMHUKOM, HA3bIBAIOTCS JIMHEWHBIMHU. JlydW 3B€3]] MCTOYHUKA M
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pUEMHUKA Ha3bIBAIOTCS (Dazamu.

[Ipy coeauHEHHH MO CXEME «3BE€3[a» JIMHEHMHBIE TOKW PaBHBI
(dha3HbIM.

Hanpspkenust MexXay JTUHEHMHBIMU TMPOBOJAMU HA3bIBAIOTCS JIM-
HEWHBIMHU, HampspkeHust Mexay Toukamu A, B u C u HelTpanbHON
Toukoi uctouHuka N — pa3HbIMU HANIPSHKEHUSIMU UCTOUYHUKA, HAMPS-
KCHUS MEXKIy TOYKaMH @, D U C ¥ HEUTpaIbHOW TOYKOW MPUEMHHUKA N

— (ha3HBIMU HAIPSHKEHUSIMU TPUEMHHUKA.
[Ipu cumMMeTpuYHOM pekUMe pabOThl LEMU MEXKIY JTUHEHHBIMU
U, u dazubivu U, HAIPSDKCHUSIMU CYIIECTBYET COOTHOLICHHE

AHanu3 pexxuMoB pabOThl Tpex(azHOU IeNu yI0OHO MPOU3BO-
JIATHh C MOMOIIBI0 BEKTOPHOM JUArpamMMsbl, MpUMEpP KOTOPOH MOKa3aH
Ha puc. 5.1.

[IpuHsATO BEKTOPHYIO AUarpaMmy Tpexda3HoM 1enu CTPOUTh Ha
KOMILUIEKCHOMW TIJIOCKOCTH, BEIIECTBEHHASA OCh KOTOPOW BEPTUKAJIbHA.

[Topanok mocTpoeHUs BEKTOPHOU THArPaMMBbI CJIEAYIOIIHM.

[IepBoHAYAIbHO HAa KOMIUIEKCHOM IUIOCKOCTH OTKJIAIBIBAKOTCS
da3Hble HANPSKEHUS] CUMMETPUYHOTO HMCTOYHHKA, UMEIOIINE BhIpa-

KCHU.
p

Ua=U,-e%;
JUs=U, e 10, (5.2)

N
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J,0

F 3

B, b

Puc. 5.1

Tem caMpIM ompeaeseTcs MoJIOKEHNE Ha TNIOCKOCTH Touek A, B
u C. HelitpansHas Touka uctrounuka N pacmonaraercs B LIEHTpE KO-
opauHat. CoequHuB Mexay coooit Touku 4, B u C, MOXHO MOJIYUYUTh
JIMHEWHbBIC HATIPSKEHUS:

U 45 =Uﬂ-ej30 ;

Ugc =U, .e 1% ; (5.3)

v/

1 - o
U c4 =Uﬂ-81150 )

~

3aTeM OTKJIaAbIBAIOTCS (Pa3Hble HAIPSHKEHUS NMPUEMHUKA TIPU
YCJIOBUU HJICATBHOCTU JIMHEHUHBIX MPOBOJOB (COMPOTHUBJIEHUS TTPOBO-

[ ] [ ]
JI0B M€Ky HCTOYHUKOM M IIPUEMHUKOM PaBHBI HYJIIO), T.€. @ 4 =@ ,,
[ ] [ ] [ ] [ ]
Pp = Ppr Pc =Pc-
3aMepeHHbIC BOJBTMETPOM Ha JIydyaxX 3BE3/bl IPUEMHHKA BEIIU-

quHbI 3TUX HanpsokeHud U a, Up u U B MacmTabe oTKIagbIBAIOTCS
U3 COOTBETCTBYIOIIUX TOYEK aAuarpamMmbl 4, B u C ¢ MOMOIIBIO IUP-
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KyJisg. Touka nepecedeHus: Iyr OKpy>KHOCTEH, paauyChl KOTOPBIX paB-
HbI (Da3HBIM HANPSKEHUSM MPUEMHUKA, SIBISETCS HEUTpalbHOU TOY-
KOM NpueMHuKa N .

[TomoxeHne TOUKA N ONpeAenseTcss CONPOTUBICHUEM U HAIU-
YUEM WJIM OTCYTCTBHEM HEMTPAIBHOTO NpoBoxa. [Ipu cummerpuyHon
Harpy3ke Toukd N w N coBmajarT Ha JUarpaMMe HE3aBHCHMO OT
TOr0, BKJIFOYEH HEUTPaJbHBIA MPOBOJ WM HET, NPU BKIOYCHHOM
HewTpansHOoM mpoBoje Touku N u N coBmamaroT Bcerma, maxe mpu
HECHUMMETPUYHOM HArpys3kKe.

[Ipy OTCYTCTBMM HEUTPAIBHOIO IMPOBOJA U HECUMMETPUYHOU
Harpy3Ke HyJeBas TOYKA NMPUEMHHUKA MOYKET HAXOAUTHCS KaK B IUIO-
maau tpeyroiabanka ABC, Tak u BHE €€. B cinydyae aBapuHHBIX PEXKHU-
MOB — 0OpBbIBa WJIM KOPOTKOT'O 3aMblKaHUs (a3bl TOUka N mepemMeria-
€TCSl COOTBETCTBEHHO JIMOO Mo cTopoHaMm TpeyrojbHuka ABC, nu6o
3aHUMAET TMojiokeHue Touek A, B umu C (Ipu OTKIIOYEHHOM
HEUTpAJIbHOM IIPOBOJIC).

[Tociie HaXOXIEHUS MOJIOKEHUA TOYKU N OT HEE oA yriaom @;

K COOTBETCTBYIOIIMM (ha3HBIM HAIMPSOKCHUSAM TPHEMHHKA OTKIIAJIbI-
BaloTCs (pazHple TOKU. B ciyuae YeThIpEXMPOBOJAHOM CXEMBI TOK
HEUTPaTBHOTO TPOBOJIA OMPESTAETCS BEKTOPHBIM CYMMHUPOBAHHUEM
(ha3HbIX TOKOB.

3aoanue 014 camoCmosameibHoOU ROO20MOEKU

1. ITocTpoliTe KaueCTBEHHbIE BEKTOPHBIEC JUArpaMMbl [T TPEX-
U YETBIPEXIPOBOAHBIX Tpex(a3HbIX IENeu s OJHOPOIHON aKTHB-
HOM Harpy3ku u paBHOMepHou (3semeHThl L , C, R B mo0bIx ¢azax)
Harpy3KH.

2. IlocTpoiiTe KaueCTBEHHYIO BEKTOPHYIO JUarpaMmy Mpu y4eére
CONPOTUBJIEHUS] HEUTPATIBHOTO MPOBOJIA I HECUMMETPUYHOTO MPHU-
€MHHUKA.

3. CocTtaBbTe OJaHK OTUETA.

IHopaook evinonnenusn padomaot

1. Ha ynuBepcanibHOM cTeHae Ne 1 3anutaiiTe mepBUUHYIO 00-
MOTKY TpaHcopmaTopa 72. C nMoMOIIbIO TaJIETHBIX NEpPEKIIoYaTenen
QA7 - QA9 ycTaHoBUTE OAMHAKOBBIC 3HAUCHUS (ha3HBIX HAIPSKEHUN
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HMCTOYHMKA HAa BTOPUYHBIX OOMOTKaxX TpaHchopMaropa, 3aMepsisi Ux
U (POBHIM BOJTBTMETPOM.

2. Cobepurte 1ienb MO cXeMe, MPUBEICHHOM Ha puc. 5.2.

7?2 Q

A

Z{n‘
B
) £,
A
N @

Puc. 5.2

[IpousBenure 3aMepbl MOKa3aHU MPUOOPOB MPHU PA3TUYHBIX Pe-
AKUMax Tpex(a3zHou LenH, KOTOpble YKa3aHsbl B Ta0m. 5.1.

CuMMeTpHs WM PaBHOMEPHOCTh Harpy3ku (pa3 gocturaercs us-
MEHEHHEM (Pa3HBIX CONPOTHUBIIEHUI ITPU PABEHCTBE (Pa3HBIX TOKOB.

Jlns onpenenenus yria caBura a3 Mexay HanpsDKEHUEM U TO-
koM B onbITax Ne 8 u Ne 9 B azsl B u C BKIIIOUNUTE BATTMETPHI.

3. JIns KaKa0ro ombITa MOCTPOWTE B MacliTade BEKTOPHBIE AMa-
rpaMMbl HAlIPSKEHUW U TOKOB. M3 MOCTPOEHHBIX AMarpaMm Ompese-
JIMTE JUTA KaXXJI0TO ONBbITA HANPSHKEHUE MEXIAY HEUTPAIBHBIMU TOUKA-
mu U\ © Tok B HeliTpansHOM npoBoje |y . JlaHHbIe pacueToB 3arm-

muTe B Tadn. 5.1 u CpaBHUTC UX C OIIBITHBIMH JdHHBIMMU.
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Tabauma 5.1
N3MEPEHO W3 BexTOpHOM
nuarpammbl | CocTosiHue Cucrema
No MpUEMHHUKA enu
U U U U 1A 16l 1 1 Uy [ Ty [P i
B| B| B| B|A|A|A|A B A
1 Cummerpuunas| YeTpipexmpo-
aKTUBHAs BOJTHAs (C
Harpyska HEUTpaTbHBIM
Z q = R1, MIPOBOJIOM)
Z,=R2,
Z.=R3
2 Tpexnporoa-
/I Has (0e3 HelT-
T PAILHOTO TIPO-
BOJIA)
3 Hecummer- YerbIpexmpo-
pUYHas aKTHUB- | BOJHAsS
Hasl Harpy3Ka
4 o TpexnpoBo-
Hasl
5 OO6psiB pa3el | UeTbIpexmpo-
A, B rpyrux | BomHas
¢azax — ak-
THUBHAs
Harpyska
6 o Tpexnposon-
Hasl
7 Kopotkoe 3a- | TpexnpoBoa-
MBIKaHUE (a3bl | Has
A, B npyrux
¢dazax — ak-
TUBHAs
Harpyska
8 PaBHomMepHast | UeTrbipexmnpo-
Harpy3ka BOJTHAS
Z,=Rl,
Lp =X
(¢ <0),
Lo=2Zy
(o >0)
9 o TpexnpoBoa-
Has
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Jluteparypa: [1, § 6.1-6.8; 2, § 12.1-12.2; 6, § 10.1-10.6]

JlabopaTopHasi padora Ne 6

UCCJEJOBAHUE TPEX®A3HOM LIEMTU
IHPU COEJUHEHUU ITPUEMHHUKOB
O CXEME "TPEYT'OJIBHUK"

Ilenv pabompr: ananus pexUMOB PadbOTHI TpexQazHOUl Iliend,
IIPU COEIMHEHUU HAarpy3KH MO0 CXEME «TPEYTOJIbHUK.

OcHoeHble meopemuvuecKue nojioNceHusn

B nanHol pabote Tpex(a3Hbli UCTOYHUK BKJIIOUEH IO CXEME
«3B€3/1a», a MPUEMHHUK — M0 CXEME «TPEYTOJIBHUKY, IPU 3TOM (pazamu
IIPUEMHUKA SIBJISIFOTCS. BETBU TPEYTOJIbHUKA.

JluneliHoe HampsibKeHUE paBHO (DA3HOMY HAMPSIKEHUIO HA MPHU-
eMHUKE, a MeXAy JHHEHHBIM |, u pa3HbM | ¢ TOKaMH IIPH CHMMeT-

PUYHOM PEKUME CYIIECTBYET COOTHOILICHHE

1, =v31,. (6.1)

[TocTpoeHne BEKTOPHOW JIMarpaMMbl HAYMHAETCS CO 3BE3.bI
(a3HbIX HANPSKEHUN U TPEYTrOJbHUKA JIMHEWMHBIX HANpsHKEHUU HC-
TOYHUKA

e

U =U, -e";

Uge =U -7 1%

J

N

Ueca —U  .eils0 (6.2)

\

3atem mox yriaamu @i K COOTBETCTBYIOIIMM HANPSHKCHUAM IPH-
[ [ [

éMHMKa OTKJIaabBatoTCs (asubie TOKH lab, lbe, |ca.
Ha puc. 6.1 moctpoeHa BeKTOpHas Auarpamma Juisi ciaydas, Ko-
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rma B daze ab pkmouena aktmBHas Harpyska, B dase DC — mnmyx-
TUBHas U B haze CA — EMKOCTHAs HarpyskKa.
10

7,0

f

Puc. 6.1

B oOmiem ciiyyae JUHEHHBIE TOKH ONPEAENSIOTCS MO MEPBOMY
3akony Kupxroda:

. . .
|A=|ab—|ca;
.
sle =loe—lab;
. (6.3)
|C :lca—lbc-

[Ipu oOpeiBe (ha3bl U3MEHSIOTCS JIMIIIB JIBA TUHEHUHBIX TOKA, IPU
oOpbIBE JIMHUU 11€TTh CTAHOBUTCS OJHO(DA3ZHOM.

3aoanue 0141 camocmosameibHolu nRO020MOEKU

1. ITocTpoiiTe Ka4eCTBEHHBIE BEKTOPHBIE AUATPAMMBI JIJISI OJTHO-
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POIHOW ¥ pAaBHOMEPHOU HArpy30K.

2. IlocTpoiTe Ka4yeCTBEHHYIO BEKTOPHYIO AWArpAMMY ISl CIY-
yasi IBYX(a3HOro KOPOTKOTO 3aMbIKaHUS MPU HAJWYUU PEATbHOTO
VMCTOYHUKA SHEPTHUH.

3. CocraBbTe OJIaHK OTYETA.

Ilopsaook evinonnenus pavomul

1. Ha ynuBepcasibHoM cTeHgie Ne 1 3anutaiiTe mepBUUHYIO 00-
MOTKY TpaHcopmaTopa 72. C nMoMOIIbIO TaJIETHBIX NEpeKIroyaTenen
QAT - QA9 ycTaHoBHUTE OJMHAKOBBIC 3HAUCHUS (ha3HBIX HAIPSIKEHUN
Ha BTOPUYHBIX (a3HBIX 0OMOTKaxX TpaHcpopmaTopa, 3amepsis HX
U (PPOBBIM BOJIBTMETPOM.

2. CoOepuTe 11€1b TIO CXEME, IPUBECHHON Ha puc. 6.2. [Tpous-
BEIUTE 3aMephbl IOKa3aHUW MPUOOPOB TMPHU PA3IUYHBIX PEKUMAX
Tpexda3HoH 11enH, KOTOphIe YKa3aHbl B Ta0. 6.1.

CuMMmeTpusi WiIM PaBHOMEPHOCTb HArpy3ku (a3 JOCTUTAeTCA
U3MEHEeHHEM (Pa3HBIX COMMPOTUBIICHUN MTPU PAaBEHCTBE (pa3HBIX TOKOB.

Jlns onpenesieHus: yria casura (a3 Mexay HaIlpssKeHUEM U TO-
KoM B onbiTe Ne 5 B hasel DC u Ca BKIIOUMTE BATTMETPEI.

172
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Tab6auma 6.1

N3MEPEHO N3 BexTOpHOI nua-
IPaMMBI

IA IB IC Iab Ibc Ica IA IB IC

Al A A| A| Al A| A A A

CocrostHue
NPpUEMHHUKA

CummeTpruyHas ak-
THUBHAs Harpy3Ka

Zap =R,
Zbc = R2,
L =R3

Hecummerpuunas
aKTUBHAs Harpy3kKa

O6psIB daser @b, B
apyrux (azax— ak-
THUBHAs Harpy3ka

OOpbIB JIMHUY,
HECUMMETPUYHAs
aKTUBHAs Harpy3Ka

PaBHOMepHas
Harpyska,

L =R1,
LZpe = X,
(pc <0),
Leg =2y
(¢ >0)

3. JIyist KaXK0To OMbITa MOCTPONTE B MaclITabe BEKTOPHBIC JUa-
rpaMMbl HalpsKEHUM U TOKOB. M3 MOCTPOEHHBIX aUarpamm ompese-
JIUTE JJIS1 KaXKJIOTO OMbITA TUHEMHBIC TOKH. JlaHHBIE PACUE€TOB 3aHECH-
Te B Ta0J. 6.1 ¥ CpaBHUTE UX C ONBITHBIMU JAHHBIMHU.

Jluteparypa: [1, § 6.1-6.9; 2, § 12.1-12.4; 6, § 10.1-10.6]
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JlaGopaTtopunas padora Ne 7

UCCJIEJOBAHUE DJIEKTPUYECKUX LIEINEMN,
COAEPXKAIIUX HCTOYHHUK
HECUHYCOUIAJIBHOI'O HAITPAKEHUA

Ilenv pabomel: n3ydyeHue BIWSHUS KAaTylIIKU WUHAYKTUBHOCTH H
KOHJICHCATOpa Ha KPUBbIC TOKA W HANPSIKEHUS, PACCMOTPEHHE PasJio-
KEHUSI HECUHYCOMJAIBHBIX KPUBBIX B psij Dypbe rpadoaHamuTHye-
CKHM METOJIOM.

OcHoenvle meopemuuecKue nOJ10HCEHUA
JIro0ast mepuoanueckas (GyHKIMS, YIOBIECTBOPSIONIAS YCIOBUIM

Jlupuxiie, MOXET OBITh IIpe/iCTaBlIecHAa B BHAE OSCKOHEUHOIO rapMo-
HUYECKOTO psaga — paga Oypee:

F(t)= Ay + S A sin(Kat + ). (7.1)
k=1
HNnaue
F(t) = Ap+ S(A, sinkot+ Al coskat), (7.2)
k=1

rae A=A, cosyy; A=A, siny,; A= \/(A,;M)Z + (A,ZM)Z;

"

W = arctg

4

km

Paznoxenue B psag @ypbe KPUBBIX T€OMETPUUYECKHU MPABUIIBHOMN
(GopMBl TPUBOAUTCA B CHPABOYHMKAX. Tak, HarpuMep, KPUBYIO
HaNPsHKEHUSA Ha BBIXOJE MOCTOBOTO BBIIIPSIMHUTENSA MOXKHO Pa3JIOKUTh
B psig Dypee o hopmyiie

u(t)=4U—M 1+1003260t—icos4a)t+icos6a)t : (7.3)
7 \2 3 15 35
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KpuBbie npon3BOIbLHONU (POPMBI MOXKHO Pa3ioKUTh B pssl Dypbe
rpad)0aHATUTHYCCKUM METOJIOM, JiJIs uero nepuon Gpyukuuu f (t) pas-
OuBaeTcs Ha N paBHBIX yacteil. [locTosHHAs cOCTaBIsAIONIAs, AMILIN-
TyJIbl CHHYCHOM W KOCHMHYCHOH COCTaBJISIOIINUX K-X TapMOHHK OITpe-
NeNstoTes o popMynam:

10 _
Ao —Hpizlfp(t), (7.4)
, 2] : _
oo = X Fp(®)sin p(keot): (7.5)
p=1
4 2 n
o = > fy(t)cos, (kat), (7.6)
p=1

rae f,(t) — snauenne dynxkumn f(t) B cepenune p-ro uurepBaia;
sin ,(kat), cos,(keot) — sHauenne dyHkuMM CHHYCa W KOCHHYCA B

CepeInHe p-TO MHTEpBaJIa.

[Tpu pa3niokeHuU CleAyeT y4ecTh, YTO KPUBBIC, CHMMETPHUUHBIC
OTHOCHTEIIbHO OCH a0CIHCC, HE COIEpXKAT MOCTOSHHON COCTaBJISIO-
IIel ¥ YETHBIX TAPMOHUK, a, KPOME TOTr0, Pa3I0KEHUE TAKUX KPUBBIX
MOJKHO TIPOU3BECTH, UCCJICIYS JIUIIb MEPBBIN MOMYNeprUo (YHKIMH
f (t). dnsa ciyuas pazousku nepuona Gpyuknuu f(t) Ha n = 24 yacTu

B TaOJ. /.1 mpuBeaEHBI 3HAYECHUSI apryMeHTa kc IJis IEPBOro MOIy-
nepuoaa pyHKIUU.

Tabnwnma 7.1
3HayeHus apryMeHTa kwt (B rpaaycax)

Ne rap- .
O st nHTepBana Ne:

1 2 3 4 5 6 7 8 9 10 | 11 | 12
Ilepass  [7,5 22,5 37,5 52,5 67,5 82,5 97,5 1125 [1275 1425 [1575 [172)5
Tperen 25 7,5 [1125 [1575 [2025 47,5 P925 [375 P25  bB75  [1125 (1575
Tsras 375 [1125 |1875 D625 37,5 525 1275 025 P775 13525  b75 _ [142,5

JlelicTByIOIIEE 3HAYEHUE HECHUHYCOWJAIBHOM BEIWYUHBI (TOK,
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Hanps»KeHUe) PaBHO KBaJpaTHOMY KOPHIO U3 CYMMbI KBaJpaTOB II10-
CTOSSHHOW COCTABJISIFOIIEW W JACUCTBYIOIIMX 3HAYEHUM OTACIbHBIX
TapMOHHUK.

A:\/A§+A&2+A22+A§+... (7.7)

AKTHBHAsI MOIIHOCTh B HECUHYCOUAAIBHOM LIEIIH OIPEACIISICTCS
o ¢hopmyie:
e 0]
P= ZUklk COS ¢y, (78)
k=0
pEaKkTUBHAS MOILITHOCTH — IO (hOpMYyIIE:

Q:kZUka sin @ - (79)
=1

B JaHHBIX LCIIIX BO3ZHUKACT MOIIMTHOCTDh UCKAKCHMU A .

T=452-(P?+Q3?), BA. (7.10)

Pacuer nenn HECMHYCOMIAIBHOIO TOKA 3aKJIKOYACTCS B Paslio-
KEHHH UCTOYHWKAa HecuHyconaanbHouM DJ[C Ha rapMOHHYECKHE CO-
CTaBJIAIOIINE, COCTABIICHUE JUI KAKIOW TapMOHUKHU CXEMBI 3aMelle-
HUS U ONPEACIICHUs B HUX TOKOB. [Ipu pacueTe HEOOXOAUMO YUUTHI-
BaTh, YTO MHIYKTUBHBIE CONPOTUBIIEHUS C POCTOM HOMEPA TAPMOHUK
BO3PACTaIOT, 4 EMKOCTHBIE — YMEHBIIAOTCS:

XLk =kawlL = kXLl’ (711)
1 X

X = = 2C1 7.12

Ck kaC k ( )

3aoanus 014 CamoCmosameibHoOU nRO02OMOEKU

1. Ilepeuncnure CBOMCTBA MEPUOJIUYECKUX HECUHYCOUIATBHBIX
CUMMETPUYHBIX (PYHKIIUH, OTHOCSIIUECS K COCTaBy TaPMOHUK.
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2. OOBSICHUTE MPUYUHBI BO3SHUKHOBEHHUS MOITHOCTH MCKaKCHHS
B IIETISIX C BBICIIUMH TapMOHUKAMU.

3. B yem oTimume sSBJICHUS pe30HAHCA B IEIIIX CHHYCOHMIAIBHO-
I'0 TOKa ¥ HECHHYCOUAAIbHBIX MEIISX ?

4. CocrtaBbTe OJIaHK OTUETA.

Ilopsaook evinonnenus pavomul

JlanHas pabota BeIOIHSIETCS HA cTeH e No 2.

1. Ilporpanyupyiite ocruaiorpad, s 4ero, 1mojaB OT aBTO-
TpanchopmaTopa T u3BecTHOE HampspkeHue U, u3MepbTe aMIUTUTYy
CUHYCOHUJaTbHOU KPpUBOHM Ha dKkpaHe ociuuiorpada. Macmrad B eau-
HUIIAX HAMPSKEHUS ompeaeuTe mo hopmysie

my =——, B/mm,

r7i€ Y — aMIUIUTYa HAPSDKEHUS Ha dKpaHe ocuuiuiorpada, M.
Jlns onpeneneHus Maciitadba B €IWHUIAX TOKAa M; B aKTUBHOM
aieMeHTe R 10CTaTOYHO B34Th OTHOIICHUE:

m=—, A/mMmM.

2. Cobepure 11e1b 10 cxeme puc. 7.1.

3. YcraHoBHTE 3aKOpPOTKY Ha TOYkW @ M D. [lomaiite 3amaHHOE
npenojaaBaTeneM Hanpspbkernue yactotot S0 I'i ot tpancopmaropa T
u HanpspkeHue yactotod 250 I'p ot 3BykoBoro reneparopa (317) Ha
CONMpOTHUBIIEHHE Harpy3ku R1. AMIUIMTyja HanpssKeHHsl NSATOM rap-
MOHUKH JTOJDKHA COCTaBIATh He OoJiee 20% OT aMIUIMTY bl HampshKe-
HUA nepBoil rapMOHUKUA. CHUMHUTE OCHUIIONPAMMy HECUHYCOUIATb-
HOT'O HaIpsKEHHUSL.

4. YOepuTe 3aKOPOTKY MEXy TOUYKaMHU & U D 1 CHUMHTE OCTIHII-
JorpaMMmy TOKa B LIETIH MPU BKIOYEHHOM C MOMOIIbI0 KOHTaKkTa QA
koMmmyTaTopa K1 nHIykTuBHOCTH L.

5. Ilepexmtounte kKOHTAKT QA Ha emKkocTh C U CHUMHUTE OCITUJI-
JOTrpaMMy TOKa B MOJYYEHHOU CXEME.

6. Pa3noxure KpuBYI HANpsHKEHUS W TOKOB, IMOJYYEHHBIE B
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OTBITAaX MyHKTOB 3—5, Ha TAPMOHUKH JI0 TISATON BKIFOYUTEIHHO.

7. Cobepute 1eMb MO cXeMe puc. /.2, BKIFOYHUB MOCTOBOM BBI-
npsMuTens 112.

8. CHUMHUTE OCUMJUIOrpaMMy HaIpsKEHUSI Ugy U OMPEACNIUTe
aMIUTUTY Ty HaIPsOKSHUS.

9. Cobepure 1enp Mo cxeMme puc. 7.3, 100aBUB CIrIaKUBAKOITHM
bunsTp 171 (PunbTp BTOPOH TApMOHUKH).

L 04
g @ _/W\_: @ Bxoa Y

C Kl

(=)
&
=

Puc. 7.1

—— 12 —ﬁ—‘—@* Bxoo Y

™ R1
@
P4 B W T

o

Bxoo Y

RO

AR

o I

O [

®
by
)
?
R
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10. CHuMHUTE OCHMIIIIOTpAMMY HampshKEHUS Uy U ONIPENCIINATE
aMILUTUTYAy HAMpsHKEHHUS] BTOPOUW TAPMOHUKH.
11. Pa3noxure HanpsokeHus Uy, B TPUTOHOMETPUYECKUU PsI.

Pe3ynbpTaTel onbiTa JaHHBIX NyHKTA 10 CpaBHUTE C paCYETHBIMU.
Jlureparypa: [1], § 7.1-7.12; [2], § 13.1-13.9, [8], § 13.1-13.7.
JlabopaTopHnas pa6ota Ne 8

HCCIEIOBAHUE HEPEXOJHBIX TONECCOB
B IMHEUHBIX JIEKTPUYECKUX HENAX

Ilenv padbomwt: >KCIEPUMEHTAIBHOE CHATHE KPUBBIX MEPEXOJI-
HBIX TIpo1ieccoB B R-, L-, C-1iensx npu BKIIOYEHUH WX HA TTOCTOSIHHOE
HaIpsHKEHUE.
OcHoenvle meopemuuecKue NON0IHCEHUA

B 511000#1 TMHEWHOWN 3JIEKTPUYECKON LENH, COAEpKAIICH OJUH
PEAKTUBHBIN 3JIEMEHT, XapakTep IEPEXOJHOr0 IMPOLECCa SABISACTCA
AKCIIOHEHIMAJIbHBIM.

Tak, manpumep, B mocienoBarenbHoit R-, C-mienn, kotopas 3a-
MBIKA€TCsl Ha IIOCTOSIHHOE HAIPsHKEHUE, HANPSHKEHUE HAa KOHASHCATOpe
Y TOK U3MEHSIFOTCSI B COOTBETCTBUM CO CJIEIYIOUIMMU BBIPAKEHUSIMMU:

uczE@—e%j, (8.1)
i—Eet, (8.2)

rae 7 = RC — nocTostHHAas BpeMEHH MEPEXOHOTO Mpoliecca.
[Ipu pa3psiake KOHAEHCATOPA HA AKTUBHOE HAIIPS)KEHUE

uC:UJme7§, (8.3)
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:_Uc(o) e_%’ (8.4)
R

rae U.(0) — 3naueHne HampspkeHHs Ha KOHAEHCATOpPE B MEPBBIA MO-

MEHT JI0 KOMMYTAalIUH.
B mnocnenoBarenpHoit R-, L-, C-menu mepexoaHblid IpoIecc
MPOTEKAET B 3aBUCUMOCTH OT BEJIMUMHBI AKTUBHOT'O COMPOTHUBIICHUS R
aM00 MO SKCMOHEHIHUATBHOMY, JUOO MO KOJeOaTelIbHOMY 3aTyXalo-
eMy 3aKOHY.
B ciydyae meprnoanueckoro nepexoaHoro mpoiecca COOCTBEHHAs
4acToTa KoJieOaTeIbHOT'0 KOHTYpa omnpeaeseTcs no gopmye

2
1 R
Wy =,——| — | . 8.5
°7VLe (ZLJ (8:5)
HepeXOﬂHBIfI nponecC XapakKTCPU3YCTCA TaAKIKC KOB(I)(I)I/IHI/ICH-
R
TOM 3aTyYXaHUA b = Z n ACKPCMCHTOM 3aTyXaHus
_(t) b .
=——=8 , TAC TO — IICPHUOJ 3aTyXarOIHUX KOﬂe6aHHI/I.
i(t+T)
ToK B LIENH ONPENEISIETCS BEIPAKEHUEM:
) U .
i(t) = ——e ! sin( wyt). (8.6)
Ct)ol_

3aoanue 014 camocmosameibHOU RO020MOEKU

1. O0BscHUTE, KaK MeHseTCsl opMa KPUBOM MEPEXOIHOTO TOKa
B LIETU C YBEJIMUYCHUEM B HEM KOJIMUECTBA PEAKTUBHBIX 3JIEMEHTOB.

2. BeBenute ¢opmynny s MEPEXOJHOTO TOKa B MOCIEAOBA-
TenpHOU R-, L-, C-1ienu npu kojebaTeIbHOM XapaKTepe MepexoHOT0
npoiecca.

3. CocTaBbTe OJaHK OTYETA.
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Hopsaook evinonnenus padomot

JlanHas pabota BeIOIHSIETCS HA cTeH e No 2.

1. CobepuTe 1iens no cxeme puc. 8.1.

2. BrurounTe ¢ momMouip0 pydyHoro kommyraropa K1 nemns ¢ 3a-
JTaHHBIMH TiperniogaBareieMm napamerpamu R1 m C1(C4) Ha mocTOsH-
Hoe HanpsbkeHue U deTwipexmontocHuka /72 1 CHUMUTE 3aBUCUMOCTD
U, = f(t). OmbITHBIC HaHHBIE 3aHEcuTE B TaOu. 8.1.

3. 3Has BxoaHoe HanpspkeHue R-, C-nenu U u Hanpsbkenue U,

paccuuTaTe MepexoHbIe 3HAYCHHUS HaNpPsKCHUS Ha aKTUBHOM dJie-
meHTe R1 Ug, 3apsaHbIi TOK iy, @ TakkKe MOCTOSHHYIO BPEMEHH
7 = RC. PacuerHble naHHble 3aHecuTe B Ta0I. 8.1.

+ R1

2
_ﬁ_ 1 _g_. - _1_

4. IloctpoiiTe coBMelIeHHbIE I'padUKH 3aBUCUMOCTEH U, isp,

ug = f (t). Onpenenure rpadudecky MOCTOSHHYIO T.
Tabnuia 8.1

N3mepeno Brruucieno

U,B Ug, B t, C Ug, B s A 7, C

5. 3akopoTuTe KOHAEHCATOpP Ha aKTUBHOE comnpoTuBieHue R1,
nepextounB kKoHTakThl QA. Ilpu 3apsiake KOHIEHCaTOpa CHUMUTE 3a-
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BucHMOCTh U, = f (t). OnbITHBIE TaHHBIC 3aHeCUTE B Ta0. 8.2,
6. PaccunTaiite nepexoHble 3Ha4E€HUS UR U Iy, U 3aHECUTE UX B
Tabi. 8.2.
7. IlocTpoiiTe COBMEILIEHHBIE T'PAQUKU 3aBUCUMOCTH Uc, Iy
ug = f (t).
Tabnwua 8.2

N3mepeno Brraucneno
UC, B t, C ipag, A UR, B

8. [Iponemaiite nm. 2—7 mist MeHbIero 3HaueHus R1.

9. BhInosHUTE aHAIMTUYECKUN pacueT MEepexXOoHOro Ipollecca
3apsna ¥ paspsana npu OosbineM 3HaueHUM R1 U 3agaHHON €MKOCTH
KoHJeHcaTopa. [locTpoiite TeopeTuueckue Kpusbie Ug, | = f(t) mpu 3a-
pAZIKE U pa3psiiKe KOHJAEHcaTopa.

10. Cobepure 11empb 1o cxeme puc. 8.2, coaepikalryto aBTOMaTH-
yeckuil koMmyTaTop K2, KOTOPBIM MOKEH MPOU3BOAUTEH MOOYEPE-
HOe ToAKIoYeHrue koHaeHcatopa C1 nmubo Ha MOCTOSHHOE HaIpsIKe-
Hue Mocta /12, nubo Kk pa3psaHoMy compoTuiieHuto R2, Hampsoke-
HUE, TIPOIOPIIMOHATIBLHOE TOKY IIEPEX0HOTO Mpoliecca | Py MOIKITIO-
yeHuu kKoHjeHcatopa Cl Ha MOCTOSHHOE HaMpspKeHUe, ¢ nryHta Z2
MOAAeTCs Ha TUIACTUHBI OCHUIIIOTpada.

11. Bxmrouute aBroTpancpopmarop 7' u kommyrtarop K2. Ilpo-
cieauTe no ocumuiorpady, Kak B 3aBUCUMOCTH OT BEJIUYUHBI COMPO-
TUBJICHUS R1 MEHsIETCs XapakTep KPUBOH MEpEeX0THOTO TOKA I.

12. Cuumute kpuBsie | = f (t) s Tpex 3nauennii R1 npu koJe-

0aTebHOM IIePEXOIHOM IIpoliecce.

13. Onpexaenure u3 kpuBbix 1= f(t) mepron 3aTyxarmmx KoJie-
OaHuii 7'M YTJIOBYIO YaCTOTY (Mg, PACCUUTANTE IEKPEMEHT 3aTyXaHus A.

14. JIns BeiOpanHOro 3HaueHusi R1 TeopeTHdecku paccuuTaite
I = f(t) mo popmyite (8.6) u Benmuuny A.

Koaddunuent 3aTyxanust MOKHO OIIPEACIIUTH MO (PopMyIie
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B R1+R1+R,,
211 '

b

Bennuuna L1 3amaercst mpemnojaBaTeieM, akTUBHbIE COMTPOTHUB-
JeHHST HE00X0auMO 3aMepuTh omMeTpoMm. IlocTpoiiTe rpaduk Teope-
THYecKoi 3aBucumocTH 1 = f ().

n _g__/"\/"\/‘\

R2

Bxoo }JAF
KI\

Puc. 8.2

Jluteparypa: [1], § 8.1-8.21; [2], § 14.1-14.8; [8], § 3.1-3.6.
JlaGopaTtopnasi padora Ne 9

NCCIEAOBAHUE ITACCUBHBIX
YETBIPEXITIOJIOCHUKOB

Ilenv pabomer: onpeneneHrue MOCTOSTHHBIX KOAG(UITMEHTOB Ye-
THIPEXIIOIOCHUKA U COCTABJICHUE €T0 CXEMBbI 3aMELICHUs, aHAIU3 pe-
KUMOB Pa0OTHI YETHIPEXITOIIOCHHUKA.

OcnoeHnbvie meopemudecKue nojloHCeHun

[TacCUBHBIN YETBHIPEXMOIOCHUK, CXEMa KOTOPOro NMPUBEJICHA HA
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puc. 9.1, umeeT ABa MEPBUYHBIX (BXOAHBIX) 3akuMa — 1 u 1" u 1aBa
BTOPUYHBIX (BBIXOJHBIX) —2 1 2'.
oK 2,

&— 11

5@ SN
B 3

Puc. 9.1

HanpsbkeHust 1 TOKUA MAaCCUBHOTO YETHIPEXTOJIOCHUKA CBSI3aHbI
MEXTy 0001 ypaBHEHUSIMU A-(POPMBI:
U, = AU, + BI;
: : : (9.1)
Il = CU 2 + DI 2

rae A, B, C, D — nepBuyHbIe mapaMeTpbl YETHIPEXIIOIIOCHUKA, I KO-
TOPBIX crpaBeuTuBO paBeHcTBO AD —B C = 1.

JI1st cuMmMeTpuyHOTO YeThipexmnontocHuka A = D,

ITepBuuHbBIE TApaMETPBI MOKHO ONPEIEIUTH C TOMOILBIO CO-
npoTHBJIeHHit xonocToro xoaa(Z ) u kopotkoro 3ambikanus (Z  ):

AZJ__ém__; 9.2)
Zo—Zok
B=AZo; (9.3)
c=". (9.4)
Z1p
D=A%20 (9.5)
Zyg

I7Ie UHIEKC «1» OTHOCHUTCS K CONPOTHUBIEHUAM, ONPEAECIIEMbIM MPU
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IPSIMOM MMHUTAHUK YETHIPEXIIOIIOCHUKA, HHIACKC «2» — ISl 00paTHOIO
nuTaHus (MMTaHUE CO CTOPOHBI 3AKMUMOB 2—2).

Ha puc. 9.2 u puc. 9.3 uzo0pakeHbl COOTBETCTBEHHO 71- M
I1-00pa3Hble CXeMBbI 3aMEIIEHHS Y€ THIPEXITOIFOCHUKA.

8O
IS
8O

|
[~
2

@L]
O}

Puc. 9.2 Puc. 9.3

[TapameTpsl cxem 3aMmelieHusi MOTYT OBITH ONpENENICHbI Yepe3
NEPBUYHBIE TTApaMeTPhI 10 hopMyJIam:

g T-o0paszHoii cxemsl Yo =C; Z; = tl; Z, = D—_l :
— C C
" -1 -1
s [1-o6pa3Hoii cxembl Zg =B; Y, = T; Y, = B

BxoaHoe conpoTHUBIEHHE YETHIPEXITOMIOCHUKA IPU MIPSIMOM ITH-
TaHUU MOKHO OTNPEACIUTH 110 hopMyJie

B AZ, +B (9.6)
=8x — '
CZ,+D
3aoanue 011 CamocCmosame1bHoOlu RO02OMOBKU
1. [IpuBenute npuMepbl MACCUBHBIX YETHIPEXITOJIOCHUKOB,

HapUCyHTe cXeMbl ITUPOEPEHIUPYIOMMNX U UHTETPUPYIONIUX YEThI-
PEXMOJIIOCHUKOB U U3YUUTE UX CBOMCTBA.

2. BriBenute ypaBHEHHE OKPYKHOCTH B KOMIUJIEKCHOU (hopme
3aMuCcH, KOTopas SBJIETCS roforpaom BXOJHOTO TOKa MACCHUBHOTO
YETHIPEXTTOIFOCHUKA.
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Hopaook evinonnenusn padomaot

1. Ha nmaGoparopHom crtenae Ne 2 coOepute liemb IO CXEMeE
puc. 9.4 npu NpsAMOM NMUTAHWU YETHIPEXMOJtOCHUKA. [lacCUBHBIN Ue-
TBIPEXIIOIIOCHUK coOupaercs 1o 7- wiu [/-00pa3Hoil cxeme u3 dJe-
MEHTOB, 3a/ITAaHHBIX MIPEIO aBaTEIIEM.

2. [IposenaiiTe OMBITHI XOJIOCTOTO X042 M KOPOTKOTO 3aMbIKaHHUSI
CO CTOPOHBI 3aKMMOB 2—2'. JlaHHBIE OIIBITOB 3aHecHTe B Ta0. 9.1.

3. IlepekmounTe cxeMy YETBHIPEXIOJIOCHUKA Ha OOpaTHOE IH-
TaHHe (CO CTOPOHBI 3aKUMOB 2—2").

Puc. 9.4

4, HponenaﬁTe OIIBITBI XOJIOCTOTO XO0Aa WU KOPOTKOI'O 3aMbIKa-

HUS CO CTOPOHBI 3axuMoB 1-1'. JlaHHBIC OIBITOB 3aHECUTE B
tabm. 9.1.

Tabnuia 9.1

Bt omgr | ULB | ILA | UyB | 1A | P Br
TUTaHUS
[Ipsamoe  [XosocToi

XO[T
[Ipsmoe  KopoTkoe

3aMBIKAHUC
O6patHoe [XoaocToi

XO[T
O6patHoe KopoTkoe

3aMBIKAHUC

5. I1o ONBITHBIM JaHHBIM OMPEACINTE BXOIHBIE COMPOTUBICHHS
YETBIPEXITOFOCHUKA, C TIOMOIIbIO KOTOPHIX 1Mo GopMmynam (3.2)—(3.5)
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paccuuTaiTe MOCTOSHHBIE KOA(P(PUUIHUEHTHI YETHIPEXMNOIIOCHUKA 4, B,
C, D. [lonyuyennble 3HaueHUs KOA(PPUIIMEHTOB UCIIONB3YHUTE AJIA pac-
4yeTa COMPOTUBIICHUM 3aJaHHOIN CXEMBbI YEThIPEXIIOIIOCHUKA.

6. IIpy npssMOM NUTAaHUM YETBIPEXITONIOCHUKA MOJKIIOUUTE K
ero 3axxumam 2—2' Harpy3ky Zpy =R;. U3mensas comportusieHue
Harpy3Kd, CHUMUTE TpH 3amepa MnpuOopoB. Pe3ynbTarhl ONBITOB 3a-
HecuTe B Ta0m. 9.2,

7. Ilo onbITHRIM naHHBIM onpeaenutre Zy U Z gy . Paccuunraiite

/

o hopmyie 9.6 3HaYCHUS BXOIHOTO CONPOTUBIICHUS Z Bx W CPaBHH-
T€ UX C IKCIIEPUMCHTAILHBIMH JaHHBIMHU. Pe3ylIbTaThl pacueToB 3aHe-
cute B Tadi. 9.2,

Tabnuia 9.2

H3mepeno Brruucneno
U,B | ILA | UyB | 1A | PBr | Zy,0m | Zpy,OM | Z gy, Om

Jluteparypa: [1], § 4.1-6.8; [2], § 9.1-9.14; [6], § 8.1-8.8.
JlabopaTtopnas pa6ora Ne 10

HUCCJIEJOBAHUE HEJTUHEWHBIX HENEN
NMOCTOSSHHOI'O TOKA

Ilenv pabompl: SKCIEPUMEHTAIBLHOE HCCIEAOBAHUE DIICKTPHUYE-
CKHX IIETIEN MOCTOSTHHOT'O TOKA, COACPKAIMX HEJIIMHCHHBIN 3JIEMEHT,
HCCJIEJOBAHUE CBOMCTB HEJIMHEWHOTO AJIEMEHTA MPU BKIHOYECHUU €TI0
B CXEMY CTaOWIM3AIUN HAMPSHKEHUS.

OcHnoeHnbvie meopemuuecKue noJjio)NceHusm
Pacuer nenen nocTOSHHOTO TOKa, 3JICMCHTBI KOTOPbIX O6H3I[aIOT

HEJIMHEHWHBIMU BOJIbT—aMMepHbIMU XapakTepuctukamu (BAX), yno6-
HO MPOU3BOAUTH TPaPUUECKUM METOIOM.
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Ha puc. 10.1 npuBenena cxema ¢ mocljieioBaTeIbHbBIM COEIMHE-
HUEM JBYX HEJIMHEWHBIX dJIEMEHTOB, a Ha puc. 10.2 — rpaduueckoe
OIpeJICJICHUE TOKA B IENM NpHU 3aJaHHbIX BeauuuHe JJ[C ucrounuka
E u BAX snementos |(Up) u 1(U,).

p 1))
g RO ) 1)
va 1, :

U, R(I ﬂ U,
EC:«:‘ _( }J 2 L
./ U
U, U E

Puc. 10.1 ISI/IC. 10.2

[IpeaBapuTENbHO CTPOUTCSI BCIIOMOTaTEIbHASI XapaKTEPUCTUKA 11e-
nu I(Ul +U2) wm BAX nenm I(U) MyTeM CYMMHPOBAHUS aOCITHCC
IBYX HeJMHEeWHbIX BAX 111 OMHUX U TEX K€ 3HAYEHUI TOKa, Ha KOTO-
pyto npoerupyercsa BenuunHa I/[C, onpenenstomias Tok nenu | . Touku
MIEPECEUCHUS JIMHUM TOKa e ¢ BAX 3]IeMEHTOB OTMEYarOT Ha OCH
a0ciice MaIeHUs HaNpsDKEHUs Ha HEJMHEHHbIX AnemenTax Uy u Us.

Pacdet mapannenapHON cXembl, Toka3aHHo# Ha puc. 10.3, nmpuse-
nen Ha puc. 10.4. BAX nemu 1(U), tae | =1, +1,, ctpourcs myTtem
CYMMHUPOBAHUS OPJAMHAT ABYX HEMUHEUHBIX BAX 111 OMHUX M TEX XKe
3HaUeHUW HamnpspbkeHus. [lepneHaukynsip K ocu aOCHUCC U3 TOYKH C
U =E 1o nepeceuenns ¢ BAX nenu n nmapajuiebHbIX BETBEW Ompe-
nenut oommnii Tok | v Toxu B BeTBsAX |y u |5.
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N IU)
1,U)

T I L)
A

ED J'b

T
R()] () L ’
: 5 »
Puc. 10.3 Puc. 10.4

Ha puc. 10.5 nokaszan npumep CXeMbl CO CMEIIaHHBIM COEIUHE-
HUeM, rpaduyeckuil pacueT KoTopoi npusejeH Ha puc. 10.6.

1 f] (U23 )fj(UT )

I
1LW,)
I, R@) . 1)
’ 1
fj¢ f=¢ Y
= | LU,
¥ Yy U,. L= — Uz)
EQD J,U R R|| 7 /,/ /8
3 A
| U,
L_F] L'sz L‘F
Puc. 10.5 Puc. 10.6

BAX mnepBoro m BTOpOro 3JEMEHTOB — HenuHelHble, BAX
TPETBEro JJIEMEHTAa — JMHEWHad. [lepBOHAYaNBHO CyMMHMPOBAaHHEM
opmuHaT |5(Uy3) m 15(U,3) 11 oHEX ¥ Tex ke 3HAYEHHMIT HANpsKe-

aus ctpomtcss BAX mapamnmensoro coemuenus |, +lg=1;Uy3).
3atem cymmupoaruem abemuce 1i(U;) u 1(U,3) mna ommamx u Tex
JKe 3HaueHmit Toka crportcs BAX Beeii mermm |(U; +Uo3)=1,(U).

3Hast HanpspkeHus ncroyHuka U, moxkHo onpenenuts |, Uq,
Usys, I, u lj.
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3aoanue 014 camocCmosameibHOU RO02OMOEKU

1. Onpenenmute BAX 1enu, cocTosIIe M3 TpeX IMapauieabHO
BKJIIOUCHHBIX HEJIMHEHHBIX 3JICMEHTOB.

2. TlpousBeauTe KayeCTBEHHBIM pacdeT IEMU, COCTOAIICH U3
YEThIPEX HEJIMHEHHBIX AJIEMEHTOB CO CMEIIAHHBIM COCTMHEHUEM.

3. CocraBbTe OJIaHK OTYETA.

Ilopsaook evinonnenus pabomul

JlaboparopHast paboTa BBITIOTHAETCS HA YHUBEPCAIHLHOM CTCH/IC
Ne 1.

1. CobGepure 11ensb o cxeme, rmpuBeaeHHoN Ha puc. 10.7.

2. 3akoportutre pesuctop Ry m cuummure BAX pesucropa R,
U3MEHSIS HApsKEHUE NCTOYHMKA E). CHUMHTE 3aKOPOTKY.

3. 3akoporure pesuctop R; u cuumure BAX pesuctopa Ry,
U3MeEHsA BeNnunHy E;. CHUMUTE 3aKOpOTKY.

4. Caumure BAX nenu, cocrodmeit u3 Ry u Ry, usmenss se-
nuuuny E;. Pesynbrarel onbiToB mm. 2—4 3anecure B Tabs. 10.1. B
OJIHOM CHCTEME KOOPJUHAT MOCTPOUTE NoTydeHHble BAX.

5. Ilo BAX snementoB Ry m R; moctpoiite rpaguueckn BAX

IIOCJIEA0BATEILHON LICIIN.
6. Cobepure uensb o cxeMe, npuBeaeHHou Ha puc. 10.8.
/. CHnmure BAX nenu, usmenss seanunHy E;. JlanHbIE onbITa
3a"ecute B Ta0. 10.1. I[TocTpoiite s3xcniepuMenTtanbayo BAX menu.
8. Ilo BAX snementoB Ry n R; moctpoiite rpaguueckn BAX

IapajuieaIbHOMN LEIIH.

-
=
—
—
=
—
-,

Puc. 10.7 | Puc. 10.8

9. Cobepure 11ens 1o cxeme, npuBeaeHHou Ha puc. 10.9.



58

Tabmuma 10.1

Pesucrop R; |Pesuctop R; |Ilocaenosarensnas | Ilapamiensnas
nens Ry, R; nens Ry, R;
u,B|ILA |U,,B|I,A |U,B I, A u,B |I,A
@
Al
- R,
| R N TR
(DE ) (p4) ‘
Puc. 10=.9

10. IIpn HEM3MEHHOM HAIpSHKEHUU UCTOYHMKA E;, u3MeHss co-

IMPOTHUBJICHUC Rl’ CHUMUTC IIATb 3aMCPOB. PGSYJIBTaTBI 3aHCCUTEC B

Ta0II.

I, = f(l,).

10.2. TlocTpoiite coBMelIeHHBIE Tpaduku

Ull U21 |1

11. YcTaHOBHUB M3BECTHBIE 3HAYEHUSI CONPOTUBJICHUN PE3UCTO-
poB Ry u R, n usmensa BenuuuHy E;, cHumure nsaTth 3amepos. Pe-

3yibTaThl 3aHecute B Taba. 10.2. [TocTpoiite coBMeeHHbIC TpapuKH
U, Uy, I, Iy, 1, =f(U).

Tao0muma 10.2

YciaoBusa
OIIbITA

U,B

U, B

U, B

LA |1, A

R, - var

U -var




59

10. BAX snemeHTOB 1ienu nocrpoite rpapuuecku BAX Bceit
LMK U CPABHUTE €€ C IKCIIEPUMEHTAIBHOM.

Jureparypa: [1, §13.1-13.13; 3, §1.1-1.7; 6, §23.1; 5, § 2.1-
2.6].

JlabopaTtopnas padora Ne 11

NCCJIEJOBAHUE SJEKTPUYECKOMH LEIIH,
COIEP/KAIIEU KATYHIKY UHAYKTUBHOCTH
C ®EPPOMAI'HUTHBIM CEPJIEYHUKOM

Ilenv pabomwi: viccnenoBaHue NMEPUOIUYECKUX IJIIEKTPOMArHUT-
HBIX TIPOIIECCOB B KATYIIKE HHAYKTUBHOCTU C (PEPPOMATHUTHBIM CEP-
JTCYHUKOM.

OcHnoeHnbvie meopemuuecKue noJjio)iceHusn

[Ipu cnaboit HACHIIIIEHHOCTH cepleuHuka, korga BAX katymiku
OJIM3Ka K IPSIMOM JIMHUH, T.€. JOJISl BBICIIMX FAPMOHUK B KPUBOM TOKa
MaJia, JJisl aHaJau3a ey OPUMEHSETCS METO]l SKBUBAJIECHTHBIX CHUHY-
couJl. 3aM€Ha peajJbHOM KPHUBOM TOKA 3KBUBAJICHTHOW CHUHYCOUIOM
MO3BOJISIET TTOJIB30BATHCSI CUMBOJIWYECKUM METOJIOM pacyera U CTPO-
UTh BEKTOPHBIC THATPAMMBI.

HpI/I N3MCHCHHUN OCHOBHOI'O MAI'HUTHOI'O IIOTOKAa @M B cCpacq-

HHUKC KAaTYIIKHU 110 CMHYCONIAAJIbHOMY 3dKOHY YPABHCHHUC 3JICKTPHUUYC-
CKOI'O COCTOsIHUA UMECT BU /L

U=IR+jols [+Uq, (11.1)

rae | U | — COOTBETCTBEHHO TOK M HANpsOHKEHHE Ha Karymike, Lg —

MHIYKTUBHOCTB paccessHus, 00yCIOBJICHHAs IOTOKOM paccesHus; U

— HanpsbkeHue, ypaBHoBemuBaroniee I/[C, HaBOAUMYIO OCHOBHBIM
MAarHUTHBIM TOTOKOM; R— aKTMBHOE CONpPOTHBJIEHUE OOMOTKH Ka-
TYLIKH.

Cxema 3amenieHns KaTylky puBeaeHa Ha puc. 11.1.
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Hanpsbxenue \J 5, HashlBA€MOE HANPSIKEHUEM, COOTBETCTBYIO-
M Tpanchopmatopnor IJIC, onpenensercs mo Gpopmysie

Ugp = 1444tW o, (11.2)

rne W — 4uciio BUTKOB OOMOTKH.

MO>KHO IOITyCTHUTB, 4TO |J  NAJACT Ha YyYaCTKE CXEMBI C COIPO-
TUBJIEHHEM Z (3, KOTOPOE MOYKHO PA3JIOKUTh HA COCTABIISIFOIIME I10 IBYM
cxemaM, u3o0paxkeHHbIM Ha puc. 11.1, ¢ Ry u Xy mbo ¢ gy u by.

Takum obpasom, Kaxaelid U3 anemMeHToB R, X, Ry, Xy y4uThI-
BAET OTCIIBHBIC SIBJICHUS — IIOTEP0 MOIHOCTU B 00MOTKE (Menn) P,

paccerBaHME MAarHUTHOTO MOTOKA, ITOTEPI0 MOIIHOCTH B CEPJCUHHUKE
(cramu) P., W NpOXO0XIEHHE B MarHUTONPOBOAEC OCHOBHOI'O MAarHMT-

HOT'O ITIOTOKa, COOTBCTCTBCHHO.

I R X.=mL,
e "V v ;
. Zn|:| . X”ﬁ Zn g“- }n D)
o T =[]=1]" a
I,
v R, v ¥

Puc. 11.1

HOTepI/I MOIITIHOCTHU B CTaJIAU Pcm IMpOoNnoOpuuOHAJIbHbI MOIIIHOCTHU

NETIM TUCTEpPE3Uca MaTepualia CEepJCYHHUKA, C JIPYrOll CTOPOHBI MX
MO>KHO OIPEAEIUTH IO PopMyJie

P,,=Ualcosf=Ugyl,, (11.3)

rae 0 =90°—-9; 0 — yros MarHUTHOTO 3arma3bIBaHus (ITIOTEPB).
Ha puc. 11.2 noka3zana BeKTOpHas AuarpamMma KaTyliku ¢ ¢ep-
POMAarHUTHBIM CEPACYHUKOM.
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joL, f
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I,
Puc. 11.2

3aoanue 014 cCamoCcmosameibHOU RO020MOEKU

1. N3obOpa3ute BpeMEHHBbIE AMArpaMMbl PEAIbHOTO W JKBUBa-
JIEHTHOT'O TOKAa, OCHOBHOI'O MAarHUTHOTO MOTOKA U HAIPSKEHUS Ha Ka-
TYIIKE.

2. Tlpusenute dpopmynsl ansa Tpancopmaroproit SC.

3. TlokaxuTe, Kak C M3BMEHEHUEM HAIMPSOKCHHS Ha KaTYIIKE W3-
MEHSIETCS COCTOSIHUE CEPJICUHMKA, U BIUSHUE HANPSOKEHUS Ha Gopmy
TOKa B KaTYIIIKE.

4. CocraBbTe OJJaHK OTYETA.

Hopaook evinonnenusn padomaot

JlaGopaTtopHasi paboTa BBIMOJHICTCS Ha YHUBEPCAITHLHOM CTEH/IC
Ne 1.

1. TlpousBeaute rpaayupoBKy ocuuiuiorpada, Ajis 4ero noaau-
T€ W3BECTHOE HANPSHKCHUE OT MCTOYHHMKA IMEPEMEHHOTO HAIPSIKCHUS
noodepenHo Ha kaHainel X u Y ocuuiorpada. Macmradsl onpeje-
JSIOTCS 110 (hopMyJiam:
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_2J§uy

my, , B/MM;
n
y
m, = @, B/Mm,
r-]X

rae Uy u U, — neicTByONMe 3HAYCHIS HANIPSDKCHNH, TO/IaBaeMBbIX Ha
COOTBETCTBYIOLIME KaHaIb! ocLuuiorpada, B; ny u Ny — IUIMHBL CBETO-

BbIX ITOJIOCOK 11O BEPTHUKAIN U TOPHU30HTAJIN, COOTBECTCTBCHHO, MM.

2. Cobepurte 1iemb Mo cxeMe, MpuBeIeHHoM Ha puc. 11.3.

Puc. 11.3

3. Ilonaiite curHan ¢ myHta R, Ha Bxox Y ocuumiorpada.
W3meHsss BXOAHOE HampsbkeHHe aBToTpaHcopmaropa T, CHUMUTE
BAX xarymxu U(l). Jlna Tpex 3HaueHuil HanpskeHHi, cOOTBET-
CTBYIOLMX HEHACHIIIEHHOMY, IIPOMEKYTOYHOMY U HACBLILEHHOMY CO-
CTOSIHUIO CEpACYHUKA, 3apUCYHTE KPUBbIE TOKA | KaTYIIKH.

4. Tlo BAX xarymku Beramciute 3aBucuMocts Z = f(1). Pe-

3yJbTaThI OMbITA 3aHecuTe B Ta0. 11.1.
Tabmuma 11.1

U,B I, A Z,0m

5. Jlns oaHoro 3HaueHus HanpspkeHuss U (pu HACBIIIEHHOM
CEpJICYHUKE) MPOU3BEIUTE U3MEPEHUE MOTEPh MOIIHOCTH B MarHUTO-
IpoBOJIE, MOAAaB Ha BeIxoJ X ocuuiuiorpada curxai ¢ myHra Ry, npo-
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MOPIMOHAJIBHBIN HAMPSHKEHHOCTH H MarHMTHOro moJisi cepJeuHUKa, a
Ha BXOJ Y — cUTHaJ ¢ KoHjaeHcaropa Cq, MponopryoHaabHbIA MarHut-

Holt mHaykiuu B. Ha skpane ocrmmiorpada (mpy OTKIFOYEHHON pas-
BepTKe) OynmeT HaOMI0IaThCs TMHAMHYECKAs IMETIIsl TUCTepe3rca, KOTo-

PYIO HEOOXOIMMO 3apUCOBATh U M3MEPHTH €€ TIOMaab S, B MM’ .

Macmrtab B eguHHIIAX MAarHUTHOW WHAYKIHH OMPEACITUTCS IO
dhopmyiie

- myRCy

y , Ti/mmM,
W,S

rae W, — 4ncino BUTKOB KaTymku Lg; S — nomepeuHoe ceueHue cep-

JIEYHHUKA, M”.
MacmTab B eAMHUIIAX HANPSXKEHHOCTH OmpenenutTcs mo ¢op-
MyJie

mxwl
R,

M, = , A/M - MM,

&

rac Wl — YHCJIO BUTKOB B KATYIIIKC L4, | — cpeanss JJIMHA MAaIrHUT-

cp
HOU JIMHUU B CEpPACYHUKE, M.
MakcumanbHble 3HAYEHUS] MHIAYKIUU U HAIPSKEHHOCTH TOJ-
cuuTanTe no Gopmysiam:
/
Ny
y 2’

)

By =M Av =M=

rae n)/( 151 n{, — MAaKCHUMAJIbHBIN pa3Mep METIIM THCTEPE3UCA MO BEPTH-

KaJId ¥ TOPU30HTAIIH, COOTBETCTBEHHO, MM.
VY nenpHBIE TOTEPU MOIIHOCTA B MarHUTOMPOBOJIC MOJCYNUTANUTE

o ¢hopmye

_ SpiMyM

p X f, Br/kr,
Y

3.
rie y — IUIOTHOCTh MaTepuaja cepicuHmka, kr/m°; f — gactora
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HANpPsDKEHMS, TI0JaBaeMOro Ha KaTymky L4, I'm.
[ToTepu B cTanum onpeaensaTcs mo popmyire:

P.,=pm,Br,
rac M — Macca MaFHI/ITOHpOBOI[a, KT.

[Tokazanus mpubopoB 3anumute B Tadu. 11.2, y npenogaBarens
nosyuute Hepoctaromme nannbie: Wy, Wy, I, v, m, C;.

Ta6muma 11.2

U,B I,A P,BT Rl,OM R4,0M

6. PaccuuTaiiTe mapaMeTphl MoCae0BaTEILHON CXEMbI 3amellle-
HUS KaTylku L, Juist BBIOpaHHOrO 3HayeHus HanpsbkeHuns U, uc-

IMOJIb3Yysl OIIBITHBIC NAHHBIC ITYHKTA 5 , d TAKIKC ITIOKAa3aHU l'IpI/I60pOBI

®,=B,S,B6; U,=E=444fW, , B; zozuT@,oM;
Pcm 2 2 U
Ry = ¥ , Om; Xo=+425 —Rgy , Om; Z:T,OM;
R=F"Fem (o, X, =22 —(Ry + R - X, Om;

|2

0 = arccos R ,rpag; |, = Fo , A.
Uyl Uy

/. TlocTpoiiTe BEKTOPHYIO IUarpamMmy JUisl KaTylmiku L.

Jlurepartypa: [1, § 15.4-15.8; 3, § 4.1-4.3; 5, § 3.4, 3.7].
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JlabopaTopHnas pa6ora Ne 12

NCCIIEJOBAHUE ABJIEHUSA
®EPPOPE30HAHCA HAINIPS’KEHUI

Henv paoomwr: ViccienoBanve HEIMHEHHOM ILIEMM, COCTOSAIICH
13 II0CJIe/IOBaTeIbHO COEIWHEHHBIX KaTYIIKd C (eppOMarHUTHBIM
CEpJICYHUKOM M KOHJIEHCATOpA.

OcHogHble meopemudecKue nojloHCeHun

B nemnsix ¢ HeMMHENHON KaTyIIKOW UHAYKTUBHOCTU U KOHJIEHCA-
TOPOM IJIABHOE U3MECHEHHUE HANPSKCHUSI HICTOYHHUKA MOKET BbI3bIBATh
CKadku (a3l ¥ aMIUIUTYAbl OCHOBHOW TAPMOHHUKH TOKA U HA00OPOT —
IUIABHOE M3MEHEHUE TOKAa MCTOYHMKA MOKET COIPOBOXKAATHCS CKad-
KOOOpa3HbIM M3MeHEeHHEM (ha3bl U aMIUIUTY]Ibl OCHOBHOW TapMOHUKU
HANPSDKEHHUS HA HEKOTOPBIX yYacTKax LEMHU. DTO SABJICHUE HA3bIBACTCS
(heppope30HaHCOM.

AHaM3 JaHHBIX liened yA00HO MPOU3BOJIUTh METOJO0M DKBHBA-
JICHTHBIX CUHYCOU/I.

[Ipu mocnenoBaTeIbHOM COCIMHEHUHU KATYIIKU C (peppoMarHuT-
HBIM CEpIACYHUKOM M KOHJEHCATOpa MOXET BO3HUKATh (peppopeso-
HaHC HampspDkeHwi. Ha puc. 12.1 npuBenena cxema JaHHOW IEIH, Ha
puc. 12.2 — ee rpadguueckuii pacuer.

IIpn ycnoBuM OTCYTCTBHS MOTEPh B KATYIIKE HAINPSKEHUE HA
HeW omnepekaeT TokK Ha 7/2. Ha koHJieHcaTope TOK oInepeaeT Hampsi-

xenue Ha /2. Iloaromy Bextopsl U, u U. HMEIOT NpOTHBONOJIOXK-
ubie ¢assr, a U =U —U,|.
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e "
o T
. /|
Puc. 12.1 Puc. 12.2

Touka compuxocHoBenus kpupoii U(l) ¢ ocwkio abcmmcc Ha
puc. 12.2 cooTeTcTBYeT (heppopesonancy Hanpskenuit (U, =U. ).

ITpakTHyecku U3-3a IOTEPD B CTAJIM U B CONPOTUBIEHUH OOMOT-
xu kpusas U (1) umeer By, mokasanHbIi Ha puc. 12.3,

Li"
A
1 — 2
j/ \ F/
— 3
I >
Puc. 12.3

Ecin nens nuraercs OT HCTOYHUKA HANPSDKEHUS, TO HA y4acTKe
0-1 Tok 1o ¢ase orcraer ot Hanpsmkerus (U, >U. ). B Touxe 1 mpo-

HCXOJUT CKaueK TOKA JI0 TOYKH 2, IPUITOM TOK oOImepexaeT mo (ase
nanpsoxerne (U, >U, ). JlanbHeifinee Bo3pacTanue HATIPSKEHHS CO-

IIPOBOXKIAETCS IIABHBIM YBEIMYEHUEM TOKA. Y MEHBIICHUE HAIPsKe-
HUSI CHOBA BBI3bIBAET CKAY€K TOKa Ha y4yacTtke 3—4. Yuactok 1-3 xa-
PAKTEPUCTUKU — HEYCTOWYMBBIM, HA HEM HAYMHAETCS CaMOIPOU3-
BOJIbHBIA TIEPEXOAHBIA Mpouecc. XapaKTEPUCTUKY U(I) U BCEX
3HaUYCHUI Toka (0€3 CKayKOB) MOXKHO MOJYYHUTh B Clly4ae MUTaHUS
LIEMA OT UCTOYHMKA TOKA.
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3aoanue 014 camocmosameibHol RO0Z0OMOEKU

1. Beigenute ocHOBHBIE YyuyacTku BAX mociienoBaTeabHOro
beppOpEe30HAHCHOTO KOHTYpA, 3alUIINUTE, KaKUM OyJeT CONMpPOTHUBIIE-
HHAE KOHTypa Ha JTHUX Y4YacTKax, BBISICHUTE, YE€M OTJIHYAKOTCSA 3TH
YYaCTKH.

2. TlocTpoiiTe BEKTOpHBIE JUarpaMMbl JJis YCTOMYMBBIX y4acT-
k0B BAX mocienoBarenbHOM LENU ¢ HETMHEMHOW KATYIIKOW U KOH-
JIEHCATOPOM JIJISI OJTHOTO 3HAYEHUSI BXOJHOTO HAMPSIAKEHUS, KOTOPOMY
COOTBETCTBYIOT TPH 3HAUYCHUS TOKA.

3. Ilpu kakux mapameTpax JaHHOW 1enu ¢GeppoOpPe30HaAHC
HanpsKEHUSI HEBO3MOXKEH?

4. CocrtaBbTe OJIaHK OTYETA.

Hopaook evinonnenusn padomaot

Jlabopartopnas pabota BeITIOHSAETCA Ha cTeHae No 2.
1. CoOepure 11enb 10 cxeMe, MpUBEIeHHOM Ha puc. 12.4.

—.

E (pW)——{(PA}—Y Y

5

C,

b

)
P

b
- .
Puc. 12.4

2. 3akoportute konaeHcarop C; n caumure BAX karyumku nH-
OYKTUBHOCTH Lg. YOepure 3aKOpoTKYy.
3. 3akoporute KaTymiky Ls u caumure BAX xonnencaropa C;.

YOepure 3aKOpOTKY.

Pe3ynbTaThl uamepenunii nmn.2 u 3 3aHecute B Tad. 12.1.

4. Tlo nanueiM Tabn. 12.1 rpadudecku mMoCTpoiTe pe3yabTUPY-
oy BAX nenu, coaepskaiiei mociaeaoBaTelIbHO BKIIOUEHHBIE Ka-
Tymwiku Ls u koHneHncatop C;. Ilpu 3TOM akTHUBHBIE COCTaBIISAIOIINE

HaNpsOKCHUM CKIIQJIBIBAIOTCS apu(PMETHUYECKH, PEAKTUBHBIE COCTAaB-
JSIOIINE — aNreOpanyecku, a MOJHbIE — FEOMETPUUYECKH.
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Tab6muma 12.1

Katymka Lg Konznencarop Cq
N3mepeno Brruncieno N3mepeno Brrancieno
U, Al P, ju,B|U,,B| U, |1LA P, U,B| U,,B
B Bt B Bt

5. ns geppopezonancHoro koHtypa (puc. 12.4) cuumurte Boc-
XOJIAIIYIO0 U HUCXOJAIIYI0 BeTBH BAX myTeM peryinupoBaHus HAIps-
KEHUS Ha BXOJie 1ienu. Pe3ynbpTaTsl 3amMepoB 3aHecuTe B Ta0. 12.2.

Tabmanma 12.2
PerynupoBanue HanpsKeHUN PerynupoBanue Toka
Bocxomsamias Hucxopsamas Bocxopsmas Hucxonsmas
BETBb BETBb BETBb BETBb
UB[] LA |[UB][ LA |U,B |I.A |U,B |I.A

6. CobepwuTe 11emb 10 CXeMe, MPUBEACHHOMN Ha puc. 12.5

Puc. 12.5

/. CHMUMHUTE BOCXOJSAIIYI0O W HUCXOIAIYI0 BeTBU BAX Ul(l)
deppopesonancHoro koutypa (Ls —Cl), peryiupys TOK B L€ C TO-

Moo peoctata R,. Hanpsbkenue Ha Bxoae nenu U 1OKHO OBITH
HEU3MEHHBIM. Pe3ynbTarsl 3amMepoB 3aHecure B Tabs. 12.2.

8. Ilo manupiM Tabin. 12.2 mocrpoiite BAX nenu. ComnocraBete
SKCIIEPUMEHTANBHYIO U pacueTHy0 BAX.

JIureparypa: [1, § 15.57-15.60; 3, § 4.6; 5, § 3.11].
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JlabopaTopnas pa6ora Ne 13

MOJAEJIMPOBAHHUE ITIJNIOCKOIIAPAJIJIEJIBHOI'O
INOTEHIIUAJIBHOI'O 11OJIA
B DJIEKTPOJIUTUYECKOUN BAHHE

Ienv padbomel: 03HAKOMJICHHE C MPUEMOM MOJCIUPOBAHUS I10-
TEHIHUAJIBHBIX MOJIEN B SJIEKTPOJIUTUYECKON BaHHE.

OcHogHble meopemudecKue nojloHCeHun

MeToa MOJEIUPOBAHUS B AICKTPOIUTHYECKON BaHHE OCHOBAH
Ha OOIITHOCTH CBOMCTB MOJISI B JUAJIEKTPUKE B 00JIaCTH, /i€ HET CBO-
OOJIHBIX 3apsiIOB, W MOJISI B MPOBOSIIEH cpelie B 00JacTH, A€ HET
croporaux DJIC. Ilpu 3ToM aHaANOroM BEKTOpa IUIOTHOCTH TOKa O
ABJISCTCA B AJEKTPOCTATHUYECKOM IMOJIE BEKTOP BJIECKTPUUECKOTO CMeE-

mennst D, ananorom Toka | — 3apsig (, aHaJIOroOM YJEIbHOM MPOBO-
JTUMOCTH Y — aOCONIOTHAs JAUDJIEKTPUYECKas MPOHUIAEMOCTh
€4 = €8y,

['pannyHbIE YCIOBHA 3aJaIOTCA METAJUIMYECKUMH SJIEKTPOAAMHU,
Ha KOTOpPBIE MOAAETCS HANPSHKEHUE OT UCTOYHHMKA nepeMenHon D/IC.
B kadectBe mpoBojsIeld cpeabl (JIEKTPOJUTA) UCHOJIB3YETCS BOJA.
[IepemMeHHBIN TOK PaCIpEEACTCS B BAHHE IPAKTUYECKH TaK K€, KaK U
MMOCTOSIHHBIN TOK, HO B OTJIMYUE OT IMOCIEIHETO — HE BBHI3BIBAECT MOSIB-
nenunst J/]C monspuzanuu OKOJIO 3JEKTPOJIOB U HATPEB AIEKTPOIIUTA.

Ecnu reomerpuyeckue pasmepsl U ¢opma MPOBOJALIUX SJIEK-
TPOJIOB B BaHHE OYyJyT COOTBETCTBOBaTh pasMepaM H (opme 3aps-
YKEHHBIX MMPOBOASAMINX TE B AIEKTPOCTATUYECKOM ITOJIE, U €CJIN COOT-
HOIIICHUE TOKOB, BBITEKAIOUIUX U3 AJIEKTPOAOB, OYAET paBHO COOTHO-
HIEHUIO 3apS/IOB TEJT MOJAEIUPYEMOTO 3JIEKTPOCTATUYECKOTO OIS, TO
KapTUHA 3JICKTPUUYECKOTO TOJISI B BJEKTPOJUTHYECKOW BaHHE OyJeT
no100Ha KapTUHE JIEKTPOCTATUUECKOTO TOJISI B IUDJICKTPUKE.

[TonHasg NpoOBOAMMOCTh MEXAY JIEKTPOJIAMU B BAHHE:

y = (13.1)

!
U
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COOTBCTCTBYCT CMKOCTH JJICKTPOCTATHYCCKOI'O ITIO0JIA

C=y-"% .k, (13.2)

Y

rie K — xoadduimeHt nogoous, onpeaessieMblii TeOMETPUIECKUMHU
MaciTabaMu.

VY aenbHas NpoOBOAUMOCTE IJIEKTPOJIMTA OMPENESETCS C MOMO-
HIHI0 MPOOHBIX JIEKTPOJIOB, KOTOPBIE MPEACTABISAIOT COOON MIIOCKHE
METaJUTMYECKHE TUTACTUHBI, pa3MellaeMble 0 BCeH IMIMPHHE MTPOTHBO-
MIOJIOKHBIX CTOPOH BaHHBI:

/
=V — 13.3
Y=Y m-h ( )

rne mu { — COOTBETCTBECHHO IMIUPpHUHA U JJIMHA BAHHBI; h — l"J'Iy6I/IHa

I
JJEKTPOJINTA B BaHHE; Y, = % — IIOJIHAs MPOBOJUMOCTE DJIEKTPO-
0

JIUTAa, OTIpe/IeTICHHAs C UCIOJIb30BAaHUEM IPOOHBIX JEKTPOIOB.

PaccMoTpuM 11Ba BapuaHTa MOJIA 3apsOKEHHBIX IMapajuielbHbIX
HECOOCHBIX LUJIMHIPOB, MOKa3aHHBIX Ha puc. 13.1 u 13.2.

[Tonst maHHBIX UUIUHAPOB SKBUBAJICHTHBI MOJISIM JBYX pPa3HO-
VIMEHHO 3apsKEHHBIX OCEH C JIMHEWHOM IUIOTHOCTBIO 3apsija +£71, I0-
BEPXHOCTH PABHOIO TMOTEHIMAla KOTOPBIX JOJDKHBI COBMAaTh C
BHEUTHUMU MOBEPXHOCTSIMU LUIUHAPOB.

s 0003HaUECHUN TEOMETPUYECKUX pa3MepoB, MPUHATHIX Ha
puc. 13.1 u 13.2, onpeaenum NoJI0KEHUE INEKTPUIECKUX OCEH.

HewusBectHble pasMepsl S;, S, U & ONPENeNsIoTCS U3 CUCTEMBI

YPaBHEHHUM:
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d

Puc. 13.2
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muist mosist puc. 13.1

(Sl_a)'(51+a): Rlz;
(Sz _a)'(sz +a): Rzz;
S-S, =d;

mu1st mosist puc. 13.2

K(Sl—a)-(sl+a)= RE;
(S, —a)-(S, +a)=Rs;
S]_-I-Sz Zd.

N

[Ipy M3BECTHOM HAMpPSHKEHUH, MOJAaBAEMOM Ha IUJIUHJAPSHI, JIU-
HEWHbIE TUIOTHOCTH 3apsiia MOKHO ONIPEACIUTD 1Mo (hopMyiam:
it mosist puc. 13.1

2r-e-&9-U
n (31+a)'(52 -a)’
Ri Ry

T =

st moJisg puc. 13.2

2r-€-&y-U
(S;+a)-(S, +a)’
Ri-R;

In

EMKOCTh MEXIy HWIMHAPAMU HA €AUHUILY JJTUHBI OTIPEACISETCS
o ¢hopMynam:
s puc. 13.1

21 - €+ &g

(52 (5, a)'
Ri-Ry

C0=
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1t puc. 13.2

2n-€- &g
(S;+a) (S, +a)’
Ri-R

C0=

In

IToreHnuan B TOYKE, OTCTOSIEH HA PACCTOSHUU [} OT IIOJIOXKU-
TEIBHOW OCH U HA PACCTOSAHUU [, OT OTPULIATEIIBHON OCH, MOXKHO
ONpeaeInuTh 10 (hopmyIie

T I
=——In2
2n-e-g9 K

Cocrapisronue HanpsHKEHHOCTH TIOJISA, CO3JaBaeMble KayKIOu
3apsHKEHHOM OCBIO B TOYKE, OTCTOSIICH OT OCH Ha PACCTOSIHUU I, BBI-
JUCIISAIOTCSA 1O (popmyite

T
B=p———.
7'5'8'80"’

Hamnpasnenune cocrtaBisronieil £; onpeaenseTcss 3HAKOM 3apsi-

KEHHOM OCH, KOTOpas CO34aeT mose. Pe3ynpTHpyromuii BEeKTOp £
OIIPELIENAETCSA TEOMETPUYECKUM CII0KEHUEM ITPOCKLIUHT

E= E(T) +E(_T).
3aoanue 014 camocmosameibHol RO020OMOEKU

1. 3anumuTe BCce YpaBHEHUS BJICKTPUUECKOTO M DJIEKTPOCTATHU-
YECKOT0 MOJIEH, TO3BOJISIIOIINE CYIUTh 00 UX aHAJIOTHH.

2. BeiBenuTe ypaBHEHHE SKBUMOTEHIIMAIBHBIX JIMHUM MOTEHIIU-
aJILHOTO TIOJIS.

3. B nm1000i1 Touke moJisi KAYECTBEHHO MOCTPONTE MO COCTaBIIsI-
romuM E(r) u E() BekTop E.

4. CocrtaBbTe 0JaHK OTYETA.
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IHopaook evinonnenusn padomaot

1. [TomecTuTe TPOOHBIEC FJEKTPOJIbI B BAHHY Ha ITPOTUBOIOJIOXK-
HBIC €€ CTOPOHBI W 3alOJIHUTE BaHHY BOJIOWM HUYKE BEPXHETO Kpas
AJIEKTPOAOB Ha (2—5) MMm.

2. [loakmtounTe 3IEKTPOBI K IENH, CXEMA KOTOPOU MOKa3aHa Ha
puc. 13.3.

K anekmpooy 11 K wyny K 21ekmpooy |

B
HH

Puc. 13.3

A

I

I SA
|
¢
R R R R

g
R R

3. BkitouuTe cxemMy U yCTAaHOBUTE C MOMOIIBIO aBTOTpaHCHOp-
maropa T Hanpspkenue U, Ha anextponax (30—40) B. 3amepste ToK |

4yepe3 DJIEKTPOJUT. 3HAasi T€OMETPUUYECKUE pa3Mephl 00bEMa IIEKTPO-
JINTA, PACCUUTANTE MOJHYIO U YAEIBHYIO MPOBOIUMOCTH AJICKTPOJIHUTA.

4. 3ameHHTE TPOOHBIE AIEKTPOJIbI HA ITUIUHIPUUECKUE U pa3Me-
CTUTE MX B BAaHHE M0 BapUAHTY, YKA3aHHOMY IPENOIaBaTEIEM B COOT-
BeTcTBUM ¢ puc. 13.1 wim 13.2.

5. He u3MeHsisi BBIXOJHOE HAMNpsKEHHUE aBTOTpaHchopMaTopa,
noJaiTe €ro Ha BHOBb YCTAHOBJICHHBIE 3JICKTPOABI U 3aMepbTe TOK |
yepe3 JIIEKTpoauT. PaccunraiTe MNOJHYH0 MPOBOAUMOCTD MEKIY
ANEKTPOJAMHU U €MKOCTh 3JIEKTPOCTATUUYECKOTO MOJsi C 3aJaHHBIMU
npernojaBaTesieM napamerpamu moaenupyemoro nois (¢ u K), cpas-
HUTE PACCUUTAHHYIO EMKOCTh C TEOPETUUYECKOM.

6. OpUEHTUPYACH TI0 CAHTUMETPOBOM CETKE, KOTOpas HAaHECEHA
Ha JHE BaHHBI, CHUMUTE 3KBUIIOTCHIUAIN 1oJis dyepe3 10% ot npu-
JIO’KEHHOTO K 3JiekTpojam | u |l HanpsikeHus 1 HAaHECUTE UX BMECTE C
MOJIOKEHUEM 3apsKeHHBIX HWJIMHAPOB Ha MUJUIMMETPOBYIO Oymary.
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[Ipu sTOM TpeamosiaraeTcs, 4To MoTeHInan 3yekTpoaa | pasen 0, a
anektpoza Il — 100%.

ITepekmroyarens SA ycTaHaBJIMBAET Ha IIyle MOTEHIMAJ, PaB-
Heii 10, 20, ..., 90 % oT npunoKEHHOr0 HAINPsOKEHUS. 3a/1aB Ha IIyTe
OTIpeIeTICHHBIN MOTEHIIMAN U MepeMeInias Iy Mo MOBEPXHOCTHU dJIEK-
TPOJINTA, HEOOXOIMMO HAUTH TaKOE IMOJOKECHHE IIMyIa, MPHU KOTOPOM
nokazanue npudbopa pPV,, HCHONB3yeEMOro B KauyeCTBE HYJIb-
WHIMKaTopa, 0yaeT paBHO 0.

Kaxnyro Takyr TOUKy HEOOXOJUMO OTMETUTh Ha MUJIUMETPO-
BOM OyMmare, a 3aTeM BCE HailiJICHHbIE TOYKH COCTUHUTH U MOJYyYUTh
COOTBETCTBYIOIIYIO JSKBUIIOTEHIIUANb. OJKBHUIIOTCHITHAIN CTPOSTCS,
HaunHas ¢ 20% -HOW OT MPUI0KEHHOTO HAMPSKECHUS.

7. lomonHUTE KapTHUHY IO MMOCTPOCHUEM CUIIOBBIX JIMHUH, KO-
TOPBIC CTPOSATCS TMEPICHIUKYJISIPHO K SKBUIIOTCHITUAISAM TaK, YTOOBI

MOTOKU BEKTOpa £ B CHJIOBBIX TPyOKax ObLIM OJMHAKOBBI. B Kaxmoit
s4yeiike, 00pa30BaHHON CHUJIOBBIMHU JIMHUSIMH M DKBUIIOTECHIIMAISIMU,
OTHOIIIEHUE CPETHEN MIIMHBI (PACCTOSIHUE MEXAY SKBUIIOTEHIIHAIISIMU )
K CpelHel mupuHe (pacCTOSHUE MEXAY CUJIOBBIMHU JIMHUSAMU) JOJIK-
HO OBITh PABHBIM €IMHHUIIE.

8. PaccumTaiiTe mIOTHOCTH 3apsii0B U KOOPAWHATHI SKBUBAJICHT-
HBIX 3apsHKEHHBIX OCEW, MOTCHIUAIBl BHEINTHUX MOBEPXHOCTEHN 3JICK-
TPOAOB. YKAKHUTE MOJOKEHUE OCEN HA KAPTUHE MOJIA.

9. PaccunTaiite 1 IOCTPOUTE 3MIOPY pacupeNcICHUS MOTEHIHA-
Ja B TNIOCKOCTH A—A, cliel KOTOPOM MPOXOAUT Yepe3 LEHTPhI [IUIUH-
apoB (cM. puc. 13.1 u 13.2).

10. Ins 3TOM K€ MIOCKOCTH PACCUUTAUTE U MOCTPOUTE BIIOPY
pacrpeiesieHus] BEKTOpa HaNPs>KEHHOCTH TOJIS.

11. B Touke momus, 3a1aHHOW NPEINOIABATEIIEM, IOCTPOUTE BEK-
Top E .

12. Teopetuuecku paccuutaiite 40%-Hyro 3KBUNOTEHIIHAH (pa-
JIAYC U KOOPAMHATY IIEHTPA) U TOCTPOUTE €€ Ha KAPTUHE IMOJI.

Jluteparypa: [3 ,4. 3 §1.1-1.17; 5, § 6.12, 6.13].
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JlabopaTtopnas padora Ne 14

NCCIEJOBAHUE JIEKTPOMEXAHNYECKHUX CHUJI
B CUCTEME KOHTYPOB
C QJIEKTPHYHECKUMHU TOKAMH

Ileny pabomer: ucciaenoBaHue 3aBUCUMOCTH B3aMMHOW HMHIYK-
TUBHOCTH KPYTJIBIX KaTyHIEK OT PACCTOSHUS MEXIY HHMH, UCCIEN0-
BaHME MEXAHWYECKUX YCHWJIMM, BOSHUKAIONIMX B CUCTEME JIBYX KaTy-
IIEK C TOKAMH.

OcHnoenbvie meopemuuecKue noJjio)NceHusm

PaccmoTpum cucteMy AByX KPYIUIbIX KaTYIIEK C TOKaMH, MOKa-
3aHHBIX Ha puc. 14.1. KaTymku pacnoyio)keHbl B MapajuieIbHBIX
IJIOCKOCTSIX TaK, YTO MX IIEHTPHI JICKAT HA OJIHOM MPSIMOM, HOPMAJTb-
HOHM K 3TUM IIJIOCKOCTSIM.

Q
]
/i'\
1
]
~——
=~

Puc. 14.1
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CoOcTBeHHasI MHAYKTUBHOCTH KaXKIOH KaTyIIKH MOXET OBITh
ompeeneHa mo hopmye

8-R
L=W?-pg-R, -[ln : P —1,75} (14.1)
0
Ri+R; ) . (R;—Ry)-a
rac R p = T — CpCAHUHN paanuyC KAaTYIIKH, I’O = .

— paguycC CeueHMs KOJblA, ONPENEIseMblii U3 PaBEHCTBA ILIOLIAJACH
IIOTIEPEYHBIX CEYEHUN KOJIBLA T- Iy U KaTyLIKU (RZ - Rl)- a.

B3anmHas WHAYKTHBHOCTH JBYX KaTyIIEK OIpPEACIsIeTCS II0
dbopmyiie

M = pg-W'-W"- R -R! - f(K), (14.2)

rae W' u W" — KommdecTBo BUTKOB B Karymkax; f(K) — ¢ynxuus,
omnpenensieMas rpadguxom Ha puc. 14.2.
Apryment ynxuun f (k) k® ompenensercsa mo opmyne

K2 4-R) -R”

X +(R 4R (14:3)

I'7€ X — PacCTOSTHUE MEXKAY CPEAHUMU BUTKAMU KATYILIEK.
Jk)

1,0

0,8

0,6

0,4

0,2

0 0.2 0.4 0,6 0,8 1,0
Puc. 14.2
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DJIEKTPOMAarHUTHBIE CUJIbI, BOSHUKAIOIINE B CUCTEME KOHTYPOB,
00pa3oBaHHBIX KAaTyIIKaMH ¢ TOKaMHU, OTPEJEIATCSA C MOMOIILI0 (hop-
MYJIbI

oW,

f=
a9

, (14.4)

rne W,, — sHeprust MarHuTHOrO noJisi; g — 0000IIEeHHas! KOOpAWHATA.

JIns paccMaTpruBaeMOr CUCTEMBI
. (14.5)

rae L, — sxBuBasieHTHast UHAYKTUBHOCTD CUCTEMBI.
Torna:

gD, (14.6)

Tak kak cOOCTBEHHbIE MHAYKTUBHOCTH KOHTYPOB HE 3aBHUCST OT
KoopauHatel X (cM. Gpopmyiny (14.1)), To npu nocneaoBaTeIbHOM CO-
eIMHEeHUU KOHTYypoB, koraa L, =L, +L, £2M,

oM

f, =+i’-—,
X OX

(14.7)

IJIe 3HAaK «+» OTHOCHUTCS K COTJIACHOMY BKJIFOUEHHUIO KaTYIIEK; 3HaK
«—» — K BCTPEYHOMY BKJIFOUEHHIO.

PaboTa, coBepiiaemasi 3JIEKTpPOMarHuTHBIMUA CUJIAaMH TIPU U3MeE-
HEHMH 0000IEHHOW KOOPAMHATHI, BCETIA MOJI0KHUTEIbHA:

6A=f-0g >0,

ciemoBareNbHo, Benmunbel f u 09 omgHOrO 3HaKA.
VYuuteiBas T0, uTo ypaBHeHus 14.2 u 14.3 onpenensitor 00paTHO
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MPONOPIMOHAIBHBIN XapaKTep 3aBUCUMOCTH M = f(X), T.€. POU3-
BOJTHAS aMéx oTpUIlaTeNbHA, U3 ypaBHEeHUs 14.7 cienyer:

f, <0 npu cormacHOM BKIIFOYEHUH, OX < 0 — KOHTYPBI CTPEMSIT-
Csl COJTM3UTHCS;

f, >0 npu BcTpeuHoMm BKiIFOUEHHH, OX >0 — KOHTYpHI CTpe-
MATCSI OTTOJIKHYTHCS APYT OT APYTa.

Takum 00pa3om, IEKTPOMArHUTHBIE CUIIBI IEUCTBYIOT TaK, YTO-
OBl DKBUBAJICHTHAS! MHIYKTUBHOCTh CUCTEMbI YBEJINYNBAIACH.

B ToMm cnyuae, Koria oJlMH U3 KOHTYPOB 3aMKHYT HaKOPOTKO, a
MUTAHUE JPYTOro KOHTYpPA OCYIIECTBISAECTCS OT UCTOUHUKA CUHYCOH-
JATLHOTO HAIPSIKEHUS, CUCTEMa MOXKET ObITh pacCMOTPEHA KaK BO3-
nymHbd Tpanchopmatop. [Ipu »ToM 3KBUBaJIEHTHOE PEAKTUBHOE CO-
MPOTUBIICHUE LEMTH CO CTOPOHBI UCTOYHUKA COCTABUT BEJIUUUHY

X, =X —AX, (14.8)

rac X1 — HHAYKTHBHOC COIIPOTHUBJICHUC KOHTYpPA, 3dlIMTAHHOI'O OT HUC-
TOYHHKA, AX — BHOCHMOE PCAKTHBHOC COIIPOTHUBJICHHC.

_ (om)
M= R +(0)L2)2

ol,, (14.9)

rae R, u L, — mapamerpsl 3aKOpOYEeHHOT0 KOHTYpA.

OKBUBAJICHTHAs! UHAYKTUBHOCThH BO3AYIIIHOTO TpaHcpopmaTopa

(@M’
RS +(wL,)

Ly=L,— Ly (14.10)

DneKTpOMarHuTHasl CHJIa B 3TOM Cliydae ornpezensiercs mno ¢op-
MyJie

. @l oM

f=- 'R22+(a)L2)2.M'§.

(14.11)
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Cpennsist 3a mepuo/ 3JEKTPOMarH|uTHas CUjia

2
Fy =—17- 2‘” L _m.M (14.12)
R2 + (Q) L 2)2 OX
rae | — gelicTByrolee 3HaYeHUE TOKA HCTOYHHUKA.

Tak kak no-npexxHeMy 5“/%)( <0, F, >0, 1. e. KOHTYpHI OTTAJI-

KHUBAIOTCH.
3aoanue 014 camocmosamebHolu n0020mMoeKu

1. IlpoanHanu3upyiTe >IEKTPOMArHUTHHIC B3aWMOJICVCTBUS B
CHUCTEME TPEX KOHTYPOB C TOKAMH IIPU PA3JIMYHBIX BapUAHTAX BKIIIO-
YEHUS OTUX KOHTYPOB B DJIEKTPUUECKYIO LETIb.

2. CoctaBbTe OJIaHK OTYETA.

Hopaook evinonnenusn padomaot

1. O3HaKOMBTECH C IKCIEPUMEHTAIBHON YCTAHOBKOM, MTOKAa3aH-
HOM Ha puc. 14.3. YcTaHOBKa COACPKUT HIKHUW KOHTYp, MPUKpET-
JICHHBIU K BECaM, U BEPXHUU KOHTYP, KOTOPBIA MOKET NEepEeMeEIaThbCs
10 BEPTUKAJIU U MOJOKEHUE KOTOPOTO (PUKCUPYETCS ITUHTOM.

1) L

Puc. 14.3



81

PaccTositHue MexXJay KOHTYpamu OIpeeNseTcss MO JIMHEHKE.
KOHTYpBI UMEIOT MO J1BA 3JIEKTPUUYECKUX BBIBOJIA.

2. Onpenenure 0o METOLY aMIIEPMETPA U BOJBTMETPA AKTUBHBIE
CONPOTUBJICHUS U UHYKTUBHOCTH KOHTYPOB.

3. PaccuutaiiTe COOCTBEHHBIE HMHAYKTUBHOCTH KOHTYpPOB IIO
dopmyie (14.1) u cpaBHUTE 3TH BEIUUUHBI C SKCIICPUMEHTAIbLHBIMH.

4. Onpenenure SKCHEPUMEHTAIbHYIO 3aBUCUMOCTh M = f(X),
nojaBasi CUHYCOWJAJIbHBIH TOK B OJIMH W3 KOHTYPOB M 3amepss
HaIpPSKEHUE XOJIOCTOr0 XO0Jia Ha BTOPOM KOHTYpPE C MOMOIIbIO -
POBOIO BOJIBTMETPA.

B3anmHas HHAYKTHBHOCTH PACCUMTHIBACTCS 10 (hOpPMYIIe

M = DX
- |

5. Paccuwmraiite 3aBucumocts M = f(X) mo dopmyne (14.2).
[TocTporiTe Ha OJHOM KOOPAWUHATHOW IUIOCKOCTA TEOPETUYECKYIO U
IKCTIICPUMEHTAIBHYIO 3aBHCUMOCTH M (X) 1 OOBICHUTE 3aMCUYCHHBIC
PACXOKICHUA.

6. I AByX 3HAYCHUU IMOCTOSIHHOT'O TOKAa U3MEPHTE CHIIY IpPH-
TSDKCHUS M OTTAJKUBAHHUS KOHTYPOB B 3aBUCHUMOCTH OT PACCTOSTHUS
MEXITy HUMHU F(X).

N3mepenue CUiibl B3aMMOJECHUCTBUS KOHTYPOB IPOU3BOJUTCA C
IIOMOIIbI0 BECOB: BEJIMYMHA F paBHA pa3HOCTH OTCYETOB IO IIKAJeE
BECOB MPHU HAJIMYUUA U OTCYTCTBHM TOKA B KOHTypax. 3HAK 3JIEKTPO-
MAarHUTHOM CHWJIBI ONPENENSICTCS BUAOM BKJIIOUYECHUS KOHTYPOB, CO-
IJIACHBIM WJIM BCTPEUHBIM. PazinyHOe BKIIFOYEHHE KOHTYPOB oOecIie-
YHUBACTCS MEPEKIFOUYECHUEM 3a)KMMOB OJHOTO U3 KOHTYpPOB. B3anmMnoe
PAacCTOI0AKEHUE KOHTYPOB ONPEAECIAETCS 110 JIMHEUKE.

7. nst BBIOpaHHBIX 3HAYEHUM TOKOB PACCUUTANTE 3aBUCUMOCTHU

F(X). 3HauYeHUS aMéX MOKHO MOJYUYUTh IyTeM TIpadu4yecKoro

muddeperiupoBanus kpuBoit M (X), MOJTYYEeHHOM B II. 5.
DKCHEPUMEHTAIIBHBIE U TEOPETUUECKUE KPUBBIC F(X) IIOCTPOM-

T€ Ha OJTHOM KOOPAMHATHOU IIOCKOCTH.
8. BxirrouuTe KOHTYpPBI MO CXeMe BO3IYIITHOTO TpaHchopMaTopa,



82

T. €. 3alHUTaB JUIIb OJWH KOHTYpP, @ BTOPOM — 3aMKHYB HAaKOPOTKO,
npu (PUKCUPOBAHHOM KOOpAMHATE X, 3aJaHHOM MpEnoaaBaTesIeM.
Onpenenute IJi 3TOTO ClIy4yas 3JIEKTPOMAarHUTHYIO CUITY.

9. PaccunTaiiTe TEOPETUYECKH 3JJIEKTPOMATHUTHYIO CHUIY ISt
YCIIOBUH, 3aIaHHBIX B II. 8.

Jluteparypa: [3, 4. 3, §1.14-1.15; 4, § 2.2-2.4].
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