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JlaGoparopHasi paGora Ne 1

NCCIIEAOBAHUME LEIIN ITOCTOAHHOI'O TOKA

Llenb paboTHI: U3MEPEHUE MapaMeTPOB MACCUBHBIX M aKTUBHBIX DJIEMEHTOB, JKC-
MepUMEHTAJIbHAsl IPOBEPKa BHITIOJIHEHUS 3aKOHOB Kupxroda, nposepka Oananca Moni-
HOCTH.

Paznensl kypca, oxBaThIBaeMble pabOTOI:

- 3akonbl Kupxroda, Oma, J[xxoyns-Jlenna;
- pacyerT uenei no ypasuenusim Kupxroga;
- pacdeT MOIIHOCTH, OaJaHC MOIIHOCTH.

JIuteparypa: [1, c.141-144, c.177-184; 4, c.57-61] .

1. Meroanueckue yka3aHusl.

Pabota BhINONMHSAETCS HA YCTAaHOBKE, cojieprKaiieid ucTouHuk noctosiHaon DJ1C,
HMCTOYHUK MOCTOSIHHOTO TOKa M pe3ucTopsl. Ha mepBoM arare mpou3BOAUTCS U3MEpPE-
HUE IapaMeTpOB UCTOYHUKOB U PE3UCTOPOB. PacueTHbIE CXEMBI pealbHbIX HCTOYHUKOB
O/1C u Toka nzobpaxensl Ha puc.l. [lapamerpsl 3TUX UCTOYHUKOB, T.€. D/IC E nnu Tox
J 1 BHYTpEHHEe CONpPOTUBJIEHUE Rz U R; MOTYT OBITh ONPENIETICHBI U3 JaHHBIX U3MEpe-
HUW B PEKUMAX XOJIOCTOTO X0/1a, KOPOTKOTO 3aMBIKAHUS U PEKUMa HAarpy3KH UCTOYHU-
Ka Ha IPOU3BOJIBHOE CONPOTHUBIICHUE R.

B pexume xonoctoro xona (puc.2, a - BHENIHSIA 1IEMb pa30MKHYTa) BOJIBTMETP
nokaxkeT BemunHy J/1C HCTOYHMKA HANIPSKEHHUS

U.=E (1
WJIM HAIPSDKEHHE, CBA3aHHOE C TOKOM J MCTOYHUKA TOKA BBIPAKEHUEM
U, =R,J. 2)

B pexxumMe KOpoTKOro 3ambiKaHus (puc.2, O - BHEIIHSS LIENb 3aMKHYTa HaKOpPOT-

KO 4Yepe3 aMIepMETp) aMIIepPMETP MOKAKET BEIMUMHY TOKA UICTOYHUKA TOKA
I,=J 3)
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WM TOK, cBsizaHHBIN ¢ D/IC E MCTOYHMKA HATIPSKEHUSI BBIPAKEHUEM

I, =—. 4)

B pexume Harpy3ku Ha NpOU3BOJIBHOE CONMPOTUBICHUE R M3MEpPECHHBIC HAIps-

xeHue U u Tok [ (puc.2, B) CBsI3aHbI BBIPAKEHUEM JIJISl MICTOUYHUKA HANPSKEHUS

U=E-R,-I, (5)
" 1J11 ICTOYHHUKA TOKa
1=5-Y. (6)
RJ

UToObI omnpeaeanTh mapaMmeTpsl JIFOOOT0 UCTOUYHUKA JOCTATOYHO MPOBECTH JIIO-
Oble 1Ba ombiTa M3 TpexX. [lapamMeTpsl pacCUMTHIBAIOTCS MO JaHHBIM H3MEPEHHUUN U3
YpaBHEHUM, COOTBETCTBYIOIINX MPOBEACHHBIM omnbiTaM. Hampumep, Haliis U3 ONBITOB
XOJIOCTOTO XOJa U KOPOTKOTO 3aMbikaHusl Uy U [; ucrounuka DJIC u3 Beipakenuit (1)
u (4), nonyuum

UXX
Ry ==

K3

E=U

XX 2

ComnpoTuBIEHHE PE3UCTOPOB MOXKHO OMPEACIHUTh MO JJaHHBIM HM3MEPEHUM Ha-

npsbkenust U u Toka I B cxeme (puc.2, B) nmo gopmyse 3akoHa Oma

R=—. (7)

Tak kak BelIM4YMHA R B JIMHEMHBIX LEMSAX OT TOKA HE 3aBUCHUT, TO OIBIT MOYHO
MPOBOJUTH MIPU MPOU3BOIBLHON BEIUUMNHE HAMPSXKEHUS.

Ha BTOpom sTane npou3BoauTcst cOOpKa 3aJaHHON Pa3BETBICHHON CXEMBbI U U3-
MEpEHUE TOKOB M HANPSHKEHUM Ha 3JIeMEHTax 1enu. [lonydeHHbIe SKCIepUMEHTAIbHBIE
JTAaHHBIE JTOJDKHBI YJOBIETBOPATH 3akoHaM Kupxroda, koTopbie GopMynupyroTcs ciie-
IYIOIIUM 00pa3oM:

- anreOpanyeckasl CcyMmMa TOKOB BCEX BETBEH, CXOASIIMXCS B y3ie, paBHa Hyo (3TK);

- anireOpanyeckasl CymMma HalpsbKeHHM Ha BCeX diieMeHTax KoHTypa paBHa Hyito (3HK).
[Tpu mpuHATHIX (IPOU3BOJBHO) MOJIOKUTEIBHBIX HAMPABICHUSIX TOKOB 3HAK TOKA

B ypaBHeHuu 3TK onpeznensiercss yka3aHHbIM HANpaBICHUEM TOKAa MO OTHOLICHUIO K

y3ny. [lonoxuTenbHble HAPaBICHUST HAMPSHKEHUN AJIEMEHTOB BRIOMPAIOTCS COTJIACHO C



TOKOM y PE3UCTUBHBIX 3JIEMEHTOB, @ y UCTOYHUKOB COIJIACYIOTCA C €Tr0 MOJIAPHOCTHIO
(cm. puc.l). 3nak Hanpspkenuit B ypaBHenuu 3HK 3aBucur ot Hampasienus o6xojna
KoHTypa. HampsokeHus, coBnajaroolue ¢ HamnpaBlIeHHEM 00Xola KOHTypa, OepyTcs C
OJIHUM 3HAKOM, a HE COBIAJAIOIINE - C APYyruM. bajlaHC MOIIHOCTH 3aKJIFOYAETCs B CO-
MOCTABJIICHUH CyMMapHONW MOUIHOCTH UCTOYHHUKOB M NMPUEMHUKOB (pe3ucTopon). U3 3a-

KOHAa COXpaHCHHA DHCPIruu CJICAYCT, YTO

Y P =Y P, (8)

MOIIIHOCTh UCTOYHUKOB MOYXHO paccyuTaTh o GopMmysaMm
P,=E-I u P =U,-J,
a MOILHOCTh MPUEMHHKOB 10 (popmysiam

2
P,=R-I’ umu P, :%.

OO6mmii BUA cxeMbl UCCleqyeMOi LIeTH NPEe/ICTaBIeH Ha puc.3, a BApUaHThI 3JIEMEHTOB

- B Tabu. 1.
2. TloaroroBka Kk padore.

2.1. U3yunTh METOIMYECKHE YKA3aHUS U JIUTEPATYPY.

2.2. CocTaBUTH JI1 CBOETO BapUaHTa PACUETHYIO CXeMY HCIBITYeMOil 1ernu, 000-
3HAYUTh TOKU BETBEN U UX MOJIOKUTEIbHBIEC HANPABICHUS, TO K€ JIJI HANPSHKCHUM.

2.3. CoctaBuTth ypaBHeHusi Kupxroda nss y3/10B 1 KOHTYPOB C YYETOM BbIOpaH-
HBIX MOJIO)KUTENbHBIX HAPABICHUM.

2.4. CoctaBuTh ypaBHeHHE OajlaHCa MOIIHOCTH JJIsl pACCMAaTPUBAEMOM CXEMBI.
3. DKCnepuMEHTAIbHO-pAaCYETHAS YaCTh.
3.1. U3mepenue napaMeTpoB HCTOYHUKOB.

HOIIaTB Ha BXO/J BBIIPAMUTCIIA HCTOYHHUKOB 3a1aHHOC B Ta61.1 HAIpsKCHUEC Tc-

Hepatopa u [IOJJEPXXUBATDL EI'O B TEHEHUE BCEX OIIBITOB HEM3MEH-



HBIM!!! KoHTpOsIb 3TOTO HaIpsKEHHs] MPOBOJAUTH C MOMOIIBIO MOCTOSHHO IMOAKIIIO-
YEHHOT'0 BOJbTMETPA NEPEMEHHOIO TOKA.

[IpoBecTH OMBITHI XOJIOCTOTO XOAa U KOPOTKOTO 3aMbIKaHUSI UCTOUHHMKOB, & TaK-
K€ ONBIT B PEKUME HArpy3Kd Ha MPOU3BOJIBHOE COMPOTHUBIIEHHE MO cxemam (puc.2).
JlaHHble U3MEPEHUI 3aHeCTH B Ta0JI. 2.

3.2. U3mepenue conpoTUBIICHUN.

OnpIT NPOBECTH MOOYEPETHO CO BCEMU TPEMsl PE3UCTOPAMU NPU MUTAHUU OT
M000ro UCTOYHUKA TI0 cxeMe (puc.2, B). JlaHHble u3MepeHuit 3aHecTH B Ta01.3.

3.3. UccnenoBaHue CII0KHOM LENN.

Co0patp 3a/laHHYIO CXEMY C JBYMsI HICTOYHMKAMU U TpeMs pe3uctopamu. M3me-
PUTH TOKH BO BCEX TPEX BETBAX, HANPSLKEHHUS HAa 00OMX MCTOYHHMKAX M TPEX PE3UCTO-
pax. JlanHbie u3mepenuii 3anectu B 1a01.4. C MOMOIIbIO BOJIBTMETPA MOCTOSIHHOTO TO-
Ka, MOKa3bIBAIOLIETrO MOJSPHOCTh HANPSIKEHUSI, ONPEAEIUTh MOJSIPHOCTh HANPSHKEHUS
Ha pe3UCTOpax U TEM CaMbIM HANpPaBJICHHE TOKA B HUX. YUECTb 3TH MOJSPHOCTHU C MO-
MOIIBIO0 3HAKOB (+) WM (-) mepes BEIUUYUHOW HAMPSHKEHUSI WM TOKA, COMOCTABUB U3-
MEpPEHHOE HalpaBJ€HUE HANPSDKEHHS] WIM TOKa C 3aJlaHHBIMU TOJIOKUTEIbHBIMUA Ha-
MpaBJIECHUAMU (CTpEJIKaMU) Ha PACYETHOM CXEeMe.

3.4. Pacuer nmapaMeTpoOB 2JIEMEHTOB.

ITo manueM onbiToB nmn.3.1 u 3.2 paccuurars E, J, Rg, R; ICTOYHUKOB, COMPO-
TUBJIEHUS PE3UCTOPOB. [laHHbIe 3aHECTH B Taba.2 u 3.

CpaBHUTD MOJyYEHHBIE BEJIMYMHBI C HOMUHAJIbHBIMH TAHHBIMU PE3UCTOPOB.

3.5. [Iposepka 3akonoB Kupxroda.

[loncraBuB nanHble u3MepeHui no 1n.3.3 B ypaBHeHus: Kupxroda nis Bcex y3inoB
U KOHTYpOB, YOEIUTHCS B UX CIIPABEAJIUBOCTH.

3.6. IloncuuTaTh MOIIHOCTU MJI€ATBHBIX MCTOYHUKOB U MOIIHOCTH, BBIJIEISAIO-
IIMeCsl Ha TPEX BHEIIHUX U JABYX BHYTPEHHUX CONPOTUBIECHUAX HUCTOYHUKOB. IIpoBe-

pUTH OaaHC MOIIIHOCTH.



4. CopnepxxaHue oTyeTa.

4.1. Kpatkoe coaepkanue pabOThI.

4.2. Homep BapraHTa U UCXO/IHBIEC TaHHBIE.

4.3. CxeMbl OIBITOB.

4.4. PacueTHas cxema HCCIEyeMOM LEIH.

4.5. Tabn.2, 3, 4 ¢ TaHHBIMU OIIBITA U pacyeTa.

4.6. Ypasaenust Kupxroga u pe3yabTaTbl UX TPOBEPKH.

4.7. bajmanc MOIIIHOCTH.

5. KoHTposbHBIE BONIPOCHI.

5.1. Chopmynupyiite 3akonbl Kupxroda, naiite ux ¢usudeckoe UCTOJIKOBAHUE,
MPUBEAUTE MPUMEPHI.

5.2. Hapucyiite cxemy 3amenieHus peanbHoro ucrounuka J[C. Kak onpenenutsb
€ro MmapaMmeTpsl?

5.3. Hapucyiite cxeMy 3aMelICHHs peAIbHOTO UCTOYHUKA ToKa. Kak onpeaenuTsb
€ro rmapaMmeTpsl?

5.4. MOXHO 71 3aMEHHUTh UCTOYHHMK TOKA DKBUBAJICHTHBIM MCTOYHUKOM HaIIpsi-
HKEHUS?

5.5. JlokaxxuTe Ha OCHOBaHHUHU 3aKOHOB 3JIeKTpuUecKux 1eneit popmynsl (1)—(6).

5.6. Kak paccuutaTpe MOITHOCTh UCTOYHUKOB M PE3UCTOPOB?

5.7. Kak U3MEHUTCS TOK HCTOYHHKA TOKA, €CJIM COMPOTUBIIEHUE PE3UCTOPA B BET-
BU C MJICATbHBIM HCTOYHUKOM TOKA YBEJIMYUTH B JIBa pa3a?

5.8. Paccuuraiite Hanps>KeHUE MEXY OTPUIATEIbHBIMU MOJIHOCAMHA UCTOYHUKOB.

5.9. Ilpu xakoM 3HaueHuu E B uccienyeMon Lenu Tok yepe3 uctouHuk J/C Oy-
JI€T PABEH HYIIO?

5.10. MoryT /i1 TOKM B IBYX BETBSIX UCCIIEIyEMOM LIENU ObITh PABHBIMU HYJIO?



BapuanTel 3ananus

Tabnuma 1
Bapuaunt
DJIEMEHTHI

1 2 3 5 6 7 8 9 10

Uctounnk A| E - J J - E J J

HUctounuxk b - J - E J - J E -

Hctounuk B J - J E - J - - E

R, R; Rs Ry R; R, R; R, R; Rs R,

Rg R, R; Rs Ry R; R, R; Rs R; Ry

Rp R; R, R; Rs Ry R; Rs Ry Ry R;

U, B 8 9 10 11 12 8 9 10 11 12

Ornpenenenue napameTpoB HCTOYHUKOB
Tabnuia 2
Hctounux 3/1C HcTounuk Toka
OmnbIT Pacuer OmnbIT Pacuyer
Pexum | Pexxum | Harpyska Pexum | Pexxum | Harpyska
X.X. K.3. X.X. K.3.
Usx, I, U, I, | E| Rg Uxx, [, U, 1, J, | Ry,
B MA B| MAl B| Om B MA B| MA| MA| Owm
Onpenenenue COnpoTUBIECHUN
Tabnuua 3
Ui, 1, Ry, | Uy D R, Us, I3, Rs,
B MA Owm B MA Owm B MA Owm




JlaHHBIE U3MEPEHUN TOKOB U HAIIPSKEHUN

Ta0muna 4
1, D, 1, Uk, Uy, Uk, Uk, Uks,
MA MA MA B B B B B
0) |
| I

—0
Puc.1. UcTtounuku: a — DJIC, 6 — Toka
a) 0) 8)
HcrTounuk Hcrounuk HcTounuk R

Puc.2. Cxembl ONBITOB: @ — XOJIOCTOrO X0/a, 0 — KOPOTKOT'O 3aMbIKaHUS,

B — IIPOM3BOJIbHON HAarpy3ku UCTOYHHMKA

O+ O + O +
Hctounux A HUcrounuxk b HUcrounuk B
Q- Q- Q -
R, Ry Ry

Puc.3. OOmuii BUa uccieayeMoun enu



JlaGopaTopHasi pabGora Ne 2

INEPEJAYA SHEPTMM OT UICTOYHUKA K ITPUEMHUKY

Llenb paGoThI: UCCIEOBAHUE TIEpEAaUYH IHEPTUH IO PE3UCTUBHON JTUHUU B pa3-

JUYHBIX PEKUMAX, PACUET U NOCTPOCHHUE XapPaKTEPUCTHK, ONPEINEIEHUE ONTUMAJIBHO-
ro pexxuma padoThl.
Paznensl kypca, oXBaTbIBa€Mble paOOTOM:
- 3aKOHBI YIEKTPUUECKUX LIETIEH;
- lepeiadya aKTUBHOW MOIITHOCTH OT UICTOYHUKA SHEPTUU K IPUEMHUKY;
- MOILIHOCTb JIBYXITOJIFOCHHKA.

Jlutepatypa: [1, c.141-144; c.177-184; 4, ¢.57-61].

1. Meronnueckue yka3zaHus

Ha nepenady sHeprum OT HCTOYHMKA K NIPUEMHHUKY CYIIECTBEHHO BIMSIOT CO-
MIPOTUBJIEHUSI UCTOYHUKA W JUHUU nepenadyu. [Ipu mccnenoBaHny BCel LENH MOYKHO
00BeUHUTH 00a CONMPOTUBIICHUS, CUNUTAsA, YTO COMPOTUBJICHUE JIMHUM BKIIOYAET B
ce0sl COMPOTUBIIEHNE UCTOYHUKA, KaK 3TO ClIeJIaHO B J1abopaTtopHOW padoTe. DKBHUBA-
JIEHTHAsl cXeMa Tako# Lenu u3odpakeHa Ha puc.l, rae R, - CONpOTUBIECHUE JTUHUY, A
Ry, conpotuBieHne npueMHuka. HanpskeHne uctounnka o0o3HadeHo U; Hampsike-
Hue npueMHuka — U, , muaun — U,

B peanbHBIX yCTpOMCTBAX Mepenada 3HEPTUU TPOU3BOAUTCS, KAK NMPABUIIO, NPU
YCJIOBUH, YTO HaNpsiKEHUE HCTOUYHMKA cTabunusupoBaHo (U; = const) u CONpOTUB-
JIEHUE JIMHUU HEU3MEeHHO (R, = const). BenuunHoii, KOTOpass U3MEHSIETCS HEelpecKa-
3y€MO B 3aBUCUMOCTH OT IPOM3BOJIBHOIO HW3MEHEHMS COINPOTUBIICHUS MPUEMHHKA,
ABJISIETCS TOK Harpy3KH

[=—Y (1)

R + Rnp
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[TosToMy mpu MCCIEOBAHUUA CBOMCTB CUCTEMBI NEPEJAUYd SHEPTrUU OT MCTOYHHUKA K
MPUEMHUKY B MEPBYIO OUEPEIb UHTEPECYIOTCSA 3aBUCUMOCTBIO PsA/Ia BEIUYUH OT TOKA
Harpysku /.
3aBUCUMOCTh HaMpsDKeHUs npueMHuKa U, oT Toka [ MOXeT OBbITh MOJydeHa B
COOTBETCTBUHM C 3aKOHOM HampspbkeHuit Kupxroda u 3akonom Oma creayromum o0pa-
30M:
U,=U,-U,=U,—R,-I. (2)
W3 (2) cnenyet, uro HanpsbkeHue npruemMHuka U, pocToM Toka / yObIBaeT OT Be-
nuunbbl U, = U; ipu [ = 0 no U, = 0 npu MmakcumanbHOM Toke [ = [, Pexxum npu 1 =
0 Ha3bpIBaEeTCS XOJOCTHIM XO0M, a PEKUM MaKCUMaJIbHOTO Toka nipu U, = 0 Ha3bIBa-
€TCs KOPOTKHUM 3aMbIKaHHEM, TaK KaK 9TOT PEKUM IOJIy4aeTCs Ipu Ry, = 0.
Ecnn nanpsikenue uctounuka crabunusupoBaHo (U; = const), TO MOUTHOCTb
P;, noctynaromiasi OT ICTOYHUKA, JTUHEMHO YBEJIMUUBAETCS C POCTOM TOKa, TaK KakK Ha
OCHOBaHHUA 3akoHa J[>koyisa-JleHna nmeem
R=U I 3)
IIpu nepenade sHEPruM MO JUHUU B HEW MMEIOT MECTO MOTEPU SHEPTUH, KOTO-
phIE XapaKTEPU3YIOTCA MOIIHOCTHIO TOTEPh B TUHUU
P =U,-I=R I 4)
W3 (4) BUAHO, YTO MOTEPHU PACTYT C yBEJIMYEHHEM ToKa / ObICTpee, 4eM MOII-
HOCTb MCTOYHHUKA, a TaK KaK MOoTepu NpuBOAAT K cHxkeHnto KIIJI, To ux xkemarenbHo
yMeHbaTh. OTCI0Aa CAEAYET, YTO NEePe1aBaTh IHEPTUIO BBITOJHEE MPU MaJbIX TOKaX.
[Ipu »TOM, ecTecTBEHHO, HaJ0 MOBBINIATH HaMpskeHue U; miig Toro, 4ToObl mepena-
BaeMasi MOIIHOCTh P; ocTraBajnach HEM3MEHHOW. CONMPOTUBIICHUE JIMHUU R, TaKKe OT-
putiatenbHo ckasbiBaercs Ha KII/I, yBenuuenue R, TPpUBOJIUT K YBEIMYECHUIO MOTEPh
P,. ConpoTuBIEHNE JTUHUM KENATEIbHO YMEHBIIATh MYTEM MPUMEHEHUS COOTBETCT-
BYIOIIIUX MAaTepUANIOB (ME/b, AJTIOMUHUI) U YBEJIUYCHUS MOMEPEUYHOTO CEUCHHS MPO-
Boja. [locnennee, mpasja, BIEYET 32 COOOM y0pOXKaHUE IMHUU TTEPEIayu.
ConpoTuBIEHUE JTMHUU BIUSET TAKXKE W HA HANPSIHKCHUE MPUEMHUKA. Y BEIU-

YCHUA Rn MNPHUBOAUT K BO3PACTAHHIO MAACHHA HAIIPSXKCHHUA B JIMHUU UH U K YMCHbIIIC-
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HUIO HanpsbKeHus npueMHuka U, , uto cieayer u3 BelpaxeHnus (2), Ilocneanee takxe
HEXENATeIbHO, TAK KaK YXY/IIaeT YCI0BUS pabOThl MPUEMHHUKA.
Mo1HoCTh, HOoTpedIieMas IPUEMHUKOM
B=U,-1, (5)
paBHa HYJIO [IPU XOJOCTOM XOJ€, KOr/ia TOK / paBeH HYJII0, U TP KOPOTKOM 3aMbIKa-
HUM, Korja Hanpspkenue U, paBHO Hymwo. CnegoBaTenibHO, KpHUBasi 3aBUCHMOCTH
MOIIIHOCTH P, OT TOKa UMEET MAKCUMYM IPU TOKE, BEIMYMHE KOTOPOTO ONpeaesieTcs

u3 uccieaoBanust pyukuus P,(I) Ha SKCTpEeMyM, T.€. U3 BBIPAXKEHUS

dP,
Tr=0. e PR=R-P. (6)

PexxuMm nepenaum MakCHMaJIBHOW MOIIHOCTH Ha3bIBAETCS COIVIACOBAHHBIM
peKMMOM, a COOTBETCTBYIOIIAsA HArpy3Ka - COIJIACOBAHHOW HArpy3KOH. Y CIIOBUEM
COTJIACOBAHMS SIBISIETCA COOTHOILIEHHE MEXKIY CONPOTUBIICHUSAMHU JTUHUN U IPUEMHU-
Ka, KOTOpPO€ MOXKHO ONPENENsATh U3 pelleHus ypaBHeHus (6) ¢ yuerom (1).

[lepenaua sHeprum XapakTepu3yeTcsi TakKe BEJIMYUHON KO3 ULMEeHTa MoJie3-

HOTO JIEUCTBUSA

SR B B (7)

P
n=-=-
1

— U,-1 —
0"
Kaxk Bugno u3 (7), KIIJ] ¢ poctom Toka yobiBaeT OT 1 B pexkuMe X0JI0CTOro XO-
na 1o 0 B pexxuMe KOPOTKOro 3aMblKaHus. B pexxnMe nepenayn MakCUMaabHOW MOIII-
Hoctu KIIJ[ paBen toibko 0.5, MOATOMY Takol peXUM I1eJIecO00pa3eH, IIaBHbIM 00-
pa3oM, B cucTeMax nepefadyd MHGopMauuu, rae Ajs HOBbIIIEHUS OMEX0YCTONYNBO-
CTH Ba)KHa MaKCHMMallbHasi MOUTHOCTb Moje3Horo curnana, a KIIJ[ He urpaer 6ospioit
poJii u3-3a HeOOJIbIION a0comoTHON MolTHOCTH. [lepenaya e OONbIINX MOIIHOCTEH,
HampuMep, B JIEKTPOIHEPreTHKE, Tle TpeOyeTcs SKOHOMUYHOCTb, OCYLIECTBISETC,
KaK MPaBUIIo, B pexxume ¢ Bbicokum KIT/I.
JlaGopaTtopHble HcCleOBaHUS NIEpPeIavyu YIHEPTUU OT UCTOYHUKA K MPUEMHUKY
MPOU3BOJATCS B CIEAYIOUINX PEKUMAX:
a) U; = const, R, = const - N3MEHSIETCS TOK Harpy3Ku;
0) U; = const, I = I, = const - ”3BMEHSIETCS CONPOTUBIICHUE JTUHUY;

B) P> = const, R, = const - U3MEHSIETCSl HANPSX)KEHUE UCTOYHHUKA.

12



[lepBbie 1Ba pexuma BXOJAT B 0053aTE€IbHYIO TPOrpaMMy UCCIEI0BaHUS.

Paboty nmunuu nipu U; = const, R, = const (pexuM "a'") xapaKTepu3yoT 3aBU-
cumoctu U, U, P;, P,,P, n oT TOKa [, HOCTPOEHHBIE 110 NIPUBEIECHHBIM BBIIIE BbIPaA-
xeHusM. Crieryer oOpaTUTh BHUMAaHHE, YTO OJIHA U Ta K€ MOILHOCTh P> MOXET nepe-
JIaBaThCsl MIPUEMHUKY MPHU JIBYX 3HAYEHUSIX TOKa B CWJIy TOro, 4to QyHkuus P,(1)
nMeeT MakcuMyM. [lepBbiii pexum umeer mecto npu Toke oT 0 1o 0,57, BTOPOil -
pu Toke oT 0,51, 10 [5; B mepBoM cityyae KIIZI BbIIE M 3TOT peKUM DHEPTETUUECKU
BBITOJTHEE.

[lepenauy sHepruu no auHUM B pexume "0" npu U; = const, I = const xapakTe-
pusyrot 3asucumoctu Uy, U, P;, P;,P, 1 OT CONpOTUBIICHUs JUHUU R;. B 3TOM pe-
xume U, , P, OylyT TMHEMHO BO3pacTaTh C yBeJIUUYEHUEM R;, MOIIHOCTh P; 0OcTaBaTh-
Csl HEU3MEHHOMU B cuiy BeIpaxkeHus (3), a U, P, - nuHelHO yObIBaTh C YBEJIIMUYCHUEM
R, B cootBeTcTBUU C (2), (5).

B pexxume nepenauu sHepruum npu P, = const, R, = const (pexum "B") yBenu-
YEHHUE HAIpPSDKEHUS BBI3BIBAET YMEHBIICHUWE TOKA U YMEHBIICHUE MOTEPh B JIMHUMU.
OpnHako yBenuueHue 77 ¢ poctoM U, IpOUCXOAUT TOJBKO B ONMPEAEIEHHOM JHANAa30HE
TOKOB.

s o6ocHoBanus 3Toro monoxeHus Boipazum KIIJ wepes P, R, U;, pemus

CUCTEMY YpPaBHEHHMH pacCMaTpUBAEMON LEMM M 3alUCaB PEIICHUE OTHOCUTEIILHO

KT
n=0,5% /0,25—Pffﬂ. (8)
Ul

[lonoxuTenbHBIA 3HAK TEepea KOpHeM Oepercst s pexuma, korga (0 < [ <

0,51;. B aTOM nramna3oHe TOKOB YBEJIMUEHUE BXOJIHOTO HampsbkeHus (npu P, = const,
R, = const) npuBonut k ysennuenuro KII/I.

3Hak "-" COOTBETCTBYET pPEKUMY, KOTrla TOK U3MEHsAETCS B quana3one ot 0,57,
10 Iy;. 3/1€Ch YBEIIMYEHUE BXOJIHOTO HANPSKEHUS IPUBOJUT K YXYJAUICHUIO SKOHOMU-

yeckux nokaszarenei, KI1/] ymensmaercs ¢ poctom Uj.
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2. TloaroroBka K paboTe

2.1. 3yunTth MeTOIMYECKHE yKa3aHUs K padoTe u nurepatypy. [loBroputs 3a-
KOHBI 3JIEKTPUYECKUX 1IeTeH.

2.2. 3 tabn.1 nyst cBOero BapuaHTa BeIOpaTh Benuuunsl R, U, 1,.

2.3. BeiBectu Bolpaxkenus mis onpenenenus I, U, U,, P;, P, ,P, » B pexumax
XO0JOCTOrO XOJa U KOPOTKOI'O0 3aMbIKaHMs, CUMTas 3aJaHHbIMHU HampsbkeHue Uj, co-
NpOoTUBJIEHUE R; 1 ucnoiab3ys 3akoHbl Kupxroda u Oma st cxemsl (puc.l). @opmy-
JIbl 3anMcaTh B Ta0m. 2.

2.4. BpiBeCTH BBIP@XKEHHs [JI1 TOKAa B COIJJACOBAHHOM DEXHUME, MCCIENOBAB
¢byukuuto P>(I) Ha 3kcTpeMyM perieHreM ypaBHeHus (6). Haiitu cooTHomeHne Mex-
ay R, 1 R,p, TP KOTOPBIX MOJy4aETCA MAKCUMYM P 4. 3a1IiCaTh (POPMYJIBI IS paC-
YyeTa BCeX BEJIMYMH COrJacOBAaHHOTO pexuma B Ta0J.2.

2.5. Ucnonw3ys dopmynsl nim. 2.3, 2.4, paccuuTtarh JJii CBOETO BapUaHTa YUC-
JICHHBbIE 3HAYEHHUS BCEX BEJIMYMH B MEPEUMCICHHBIX BBIIIE PEXUMax W 3aHECTU B
Tabn.2.

2.6. ITonroToBUTh YEPHOBUKHU, COACPKAIIUE CXEMY MCIBITAaHUH, 3a/laHHbIE Ma-
pameTpbl, TaOJIMLBI JJI 3alMCU ONBITHBIX JaHHBIX U PACUETOB M BCE MPEABAPUTEIb-

HbIE pacyeTsl Mo ni. 2.2-2.5.

3. DKCcepuMEHTAIbHO-PACUYETHAS YaCTh

3.1. CHsATHE XapaKTEpUCTUK JIMHUY NTEpeJayu TP U3MEHEHUHN TOKA.

JI1st uccneoBaHus JIMHUK TIepeadyu coOpaTh cXxeMy, H300paKEHHYIO Ha pUC.2.
ComnpoTuBieHrEe JUHUU TIepeauyu R, UMUTHPYETCS PEryJIUPYEMbIM PE3UCTOPOM R
BenuuuHy conpoTUBIIEHUS, BKIIIOYEHHOTO B JIMHUIO, U BEJIMYMHY BXOJHOTO HaIpsIKe-
Husg U; yCTaHOBUTH B COOTBETCTBUU C 3aJaHHBIM BapuaHToMm. [lojnep>kuBas 3amaH-
HYIO BeIM4UHY U; OCTOSIHHOMU, N3MEHATh BEIMYMHY CONPOTUBICHUS NIPUEMHHUKA Ry,
ot 0 10 o (6-8 Touek), ycTaHaBIMBAasl TEM CaMbIM BEJIMUMHY TOKa OT I = I; 10 0, xKe-

JIaTeJIbHO paBHOMEpPHO. V3MepeHHbIE BOJIBTMETPOM HalpsbkeHus Ha Bxoae U;, Ha
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npuemHuke U, , ajieHue HanupsKeHus B JIMHUU Uy 3aHECTU B COOTBETCTBYIOIIME I'pa-
¢b1 3aroroBiaeHHoM Tab.3. [lo aTum 3HaueHusimM paccuutats P, Py, P, 1 u 3anucath B
Ty *ke Tabnuny. I[loctpouts Ha oaHOM Tpaduke Kpusble 3aBucumoctu U, U, P,
P, P, y ot Toka I, CpaBHUTH C JAHHBIMM pacyeTa B Ta01.2 peKUMa XOJOCTOrO X0Ja,
KOPOTKOTO 3aMBbIKaHHUs U IIepe1ayu MaKCUMaJIbHON MOIIHOCTH.

3.2. CHATHE XapaKTEPUCTUK JIMHUMU NEPEAAYM PU U3MEHEHUN CONPOTHUBIICHUS
JIMHUMU.

YcTaHOBUTH HA BXOJE 3aJjaHHOE HamnpspkeHue U;, U nOoAAEpKUBATH €ro IOCTO-
SHHBIM. VI3MEHATh CONPOTUBIICHUE JIMHUU IIepeladyn R; B 3aJaHHBIX IPEIIOJaBaTEIIEM
npenenax v, Tak Kak TOK / mpu 3TOM OyAEeT MEHAThCSA, TO U3MEHEHHUEM COIpPOTHUBIIE-
HUS IPUEMHUKA R, yCTAaHABIMBATh [10 aMIIEPMETPY HEU3MEHHBIM, 331aHHOE B Ta01. 1,
3HaueHue Toka /,. U3mepsate Hanpsokenus Uy, U, OnbITHBIE TaHHBIE 3alIMCATh B 3aro-
ToBIeHHYIO Ta0.4. [To 3TUM maHHBIM paccuutath , P;, P, ,P, » v 3aHECTU B COOTBET-

ctBytomue rpadst Tad1.4. [loctpouts kpussie U,, U, Py, y kak pyHKIuu R, .

4. Conepxxanue oTyera

4.1. Kpatkoe coaepkanue pabOThI.

4.2. Homep BapuaHTa U UCXOJHBIEC JAHHBIE JIs IPEABAPUTEIbHBIX PACUETOB.

4.3. JlaHHbBIE MIPEIBAPUTEIHLHOTO pacyeTa o 1. 2.5, cBeJieHHbIE B Ta0JI. 2.

4.4. Cxema ombITa C XapaKTEPUCTUKON MPUOOPOB U 00OPYIO0BAHMUS.

4.5. Tabnuua ¢ ONBITHBIMU M PACYETHBIMU JAHHBIMU XapaKTEPUCTUK JTUHUU
IIPY U3MEHEHNUH TOKAa IPUEMHHUKA 110 1. 3.1.

4.6. Tabnuua ¢ ONBITHBIMU M PACYETHBIMU JJAHHBIMHU XapaKTEPUCTUK JTUHUHU
MPU U3MEHEHUU CONPOTUBIIEHUS JIUHUU 1O 1. 3.2.

4.7. I'paduku ¢ xapaktepuctukamu 1o mim. 3.1 u 3.2.
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5. KoHTponbHBIE BOIPOCHI

5.1. Kak ocyIIecTBUTh PEKUMBI XOJIOCTOTO X0/1a U KOPOTKOro 3aMbikaHus? Ye-
My paBHBI B OTUX peXUMax Ry, I, U, U, P; P, ,P, ecin U; u R, 0CTalOTCA HEU3-
MEHHBIMU?

5.2. Kak u moueMy M3MeHsETCS TOK, HAIPSIKEHNE U MOLTHOCTh MPUEMHUKA NIPU
M3MEHEHHUH €TO CONIPOTUBIICHUSA?

5.3. Kakoil pexrM Ha3bIBa€TCs COIIaCOBAaHHBIM? B ueM 3akiroyaeTcsi yclIoBHUE
cornacoBanus? BeiBectu ero. Yemy paBHbl MOHOCTBE P, Tok [, KII/ # B 3TOM pe-
KUME?

5.4. Kak n3mensercs KIIJ[ u notepu B TMHUY NIPU U3MEHEHUHU CONPOTUBIICHUS
nuHnn? Kakue CcylmecTByIOT yTH YMEHBIIEHUS CONPOTUBIIEHUS JIMHUH TIepeiadn?

5.5. Kak rpaduuecku onpenenuts nsa 3HaueHusi KII/, cooTBeTcTBytOIIIME 3a-

JAHHOMY 3HAYE€HUIO MOIIHOCTHU P,?

BapuanTe! 3amanus

Tabnuia 1

Bapuaunt
DEeMEHTBI

1 2 3 4 5 6 7 8 9 10

R;, Om 180 | 180 | 270 | 360 | 270 | 180 | 180 | 270 | 360 | 270

U,B 15 20 18 20 20 24 18 22 24 24

I,, MA 30 20 30 25 30 25 34 34 30 34
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Pacuyer 3a1aHHBIX pEKUMOB

Tabmuma 2
Bapuant Ne..., U;=... B, R, =... Om
ITapameTpsl
Pexumel
Ryp,OM | I,MA | U,B | U, B| P,Br | P,Br | P,,Br y
Dopmyiisl
Xonocrtou
X0X PacueTHbie 3HaUuCHMS
Dopmyiisl
Cornaco-
BaHHBIN PacuerHnbie 3HaueHUS
Dopmyiisl
Kopotkoe
3aMbIKAaHUE PacueTHbie 3HaUCHUS
JIaHHBIE OMBITA U PACYETOB MPU U3MEHECHUHN HATPY3KHU
Ta6muma 3
OmneIT pu
Pacuer
U=...B, R;=...0m
I, MA U, B U, B P;, Bt P,, Bt P,, Bt y
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I[aHHBIe OIIbITa U PACYCTOB IIPHU N3MCHCHUHU COIMPOTUBJICHUS JIMHUU

Tabauma 4
OmneIT pu
Pacuer
U=...B, I,=...MA
Ry, OMm Un B U, B P;, Bt Py, Bt P, BT n
R, Ji
—o—| > .
U,
HcTouHUK U, UzJ |::| Ry
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Puc.l. PacuetHas cxema JIMHUU Niepeaadn

Hcrounuk

R,
[
©

®
|

D Rup

Puc.2. Cxema miid vccienoBaHus JUHUU NIEpeIadn




JlaGoparopHasi pabGora Ne 3

NCCJEJIOBAHME ITPOCTBIX IEITEM TAPMOHUYECKOI'O TOKA

Llesnb paboThI: SKCIIEPUMEHTAIBHOE UCCIEI0BAHNE MMPOCTEUIINX 1IETIEH TapMo-

HUYECKOTO TOKA, COCTOSIIMX W3 JIMHEHHBIX PE3UCTOPOB, MHAYKTUBHBIX KaTyIIEK W
KOHJIEHCATOPOB, 3aKpEIUICHHE 3HAHMM 00 OCHOBHBIX COOTHOIICHMSX B LIEMSX Iepe-
MEHHOTO TOKa.

Paznensl kypca, oXBaTbIBa€Mble paOOTOM:

- LIeTH TAPMOHUYECKOT0 TOKA U UX CBOMCTBA;

- KOMIUIeKCHas (hopma MpeCcTaBICHUS TAPMOHUYECKUX BEJTUYMH.

JIuteparypa: [1, ¢.163-175; 2, ¢.58-78; 3, ¢.52-73; 4, c.43-48].
1. MeTonnueckue yka3aHusl.

JlabopaTtopHasi yCTaHOBKA COJIEPKHUT YETHIPE AJIEMEHTA, U3 KOTOPHIX TPH (Z1Ba
pPE3UCTOpa U KOHJICHCATOP) MOKHO CUUTATh JIMHCHHBIMA U OJM3KUMHU K HJCaTbHBIM
PE3UCTUBHBIM U €MKOCTHOMY COOTBETCTBEHHO. [103TOMY MX mapaMeTpbl MOTYT OBIThH
OTIPEJICIICHBI SKCIIEPUMEHTAIBHO ITYyTEM MOOYEPETHOTO MOIKIIOUCHUS K UCTOYHUKY
rapMOHUYECKOTO HAIPSHKEHUS U3BECTHON YaCTOTHI (1, M3MEPEHUS TOKA [ ¥ HampshKe-
Hus U a5ieMeHTa u pacyeTa o gpopmysaam

R:ﬂ,OM; XC:&,OM; G:L,CM; BC:L,CM. (1)
1 1 U U

R C
Y103 caBUTa @ MEXIy TOKOM W HAIpsHKCHUEM JJIS PE3UCTOpa PaBEH HYIIO, a
I KOHJIEHCATOpa paBeH -7/2. DTO 3HAYMT, YTO B PE3UCTOPE TOK COBMAIaeT mo ¢aze
C HampsDKEHHEM, a B KOHJICHCATOpe orepekaeT Ha /2.
Yro ke KacaeTcss MHAYKTUBHOW KaTYIIKH, Ja elle ¢ (eppOMarHUTHBIM Cep-
JCYHUKOM, TO €€ MOXXHO MPHOJU3UTEIbHO CUUTATh JIMHEHHBIM 3JICMEHTOM JIMIID B
OTPaHUYCHHOM JHaIa30He U3MEHEHHUs Toka. KpoMe Toro, Ha CBOWCTBA KaTYyIIKH 3HA-

YUTCJIBHOC BJIMSAHUC OKa3bIBACT COIIPOTHUBJIICHUC €C ITPOBOJA. HOBTOMy pacdyeTHasa
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MOJIeJIb PeabHOM KAaTYUIKU MpPEICTaBsieT cOO0M CXeMy U3 MOCIEN0BATENbHO (WU
napajuiesIbHO) COSIMHEHHBIX UJICAIBHBIX PE3UCTUBHOTO U MHIYKTUBHOTO 3JIECMEHTOB.
Jlns onpeneneHusi U3 MapaMeTpoB MPHU 3aJaHHON YacTOTE @ HEOOXOJIMMO U3MEHHUTh
HE TOJBKO HamnpsbkeHue U W TOK [, HO U yroJs CIBUTa ¢ MeXIy HUMH. Toraa mapa-
METPBI UACATBHBIX JJIEMEHTOB B PACUYETHOM CXEME PEAJIbHOM KaTYLIKU OINPEAEIAIOT-

cs 1o hopmyiiam
U U 1 1
R =—cosp,0OM; X =—sinp,0OMm; G =-—cosp,Cm; B =—sinp,Cm. (2
¢ = CosQ = sing ¢ =080 =7 s (2)

Crnenyer 3aMETUTh, UYTO B UHJYKTUBHOW KaTYILIKE TOK OTCTAET OT HAIPSLKEHMS,
a BeJTMYMHA yTJia JIeXKUT B nipeaenax 0 < ¢ < w/2.

N3mepenue yria caura ¢ npousBoautcs ¢gazomerpoM. [locnennuit yctpoeH
TaK, YTO MOKA3bIBAET YroJl CABUIrA MEXAY ABYMs HANPSHKEHUSIMH, KOTOPBIE CIEAYET
nojaBath Ha JBa Bxoja ("omopHbIM" M "CUTHAJIBHBIN'"), UMEIOMKNX OOUIUN 3aXKUM
("HOomp" mmm "3emuna"). [loaToMy TOK HaJ0 MpeABAPUTEILHO MpPeodpa3oBaTh B IMPO-
MOPLIMOHAIIBHOE HAIPSKEHUE, KOTOPOE 3aTEM MOJAETCs Ha "CUrHaiIbHBIA" BXoA. [ns
TAaKOro Npeo0pa3zoBaHusl CIYKHUT CIIEUUaIbHbIN pe3ucTop (IIYHT), KOTOPbIN BKJIIOYa-
€TCs B LIeMb TaK, YTOOBI 110 HEMY MPOXOUI U3MepsieMblil TOK (puc.l).

Jliist HaOnroieHUsT Ha KpaHe ocuusuiorpada KpUBBIX TOKA U HAIPSDKEHUS Clie-
IyeT HallpsDKeHUs, mojaBaeMble Ha (pa3oMeTp, MoAaTh TaKke Ha 00a BX0Ja OCIUILIO-
rpada Mexay 3axumMoM "3emiid" U NOTeHIHaIbHBIMU BXxoaamu Y; u Y, (puc.1).

Ecnu nenbs cocraBieHa M3 MOCJIEA0BATENbHO COEAMHEHHBIX PE3UCTUBHBIX U
PEaKTUBHBIX 3JIEMEHTOB, TO PE3YJIbTUPYIOIIEE aKTUBHOE CONPOTUBJICHUE ONpees-

eTcsi apu(PMeTHIECKO CYMMOM aKTUBHBIX COMTPOTUBJICHUN PE3UCTUBHBIX DJIEMEHTOB
n
R=Y'R, 3)

PE3YIBTUPYIOIIEE PEAKTHBHOE CONMPOTHBIICHUE OMPEICIIAETCS anredpanveckoil cym-

MOU COINPOTUBIICHUN PEAKTUBHBIX DJIEMEHTOB
n m
XZZXLk_ZXCk7 (4)

a MOJ1yJIb MTOJIHOTO CONPOTHUBIIEHUS 110 (hopMmyJie

20



Z= (Zn:Rsz"'(Zn:XLk_iXCkJZ' (5)
B xommiekcHo popme ojIHOEe CONPOTUBIIEHHUE

Z:iRk+j(iXLk_iXij:Z'ei(p’ (6)
IZIe apryMEHT IIOJIHOTO CONPOTHUBIICHUS ¢ IIPU IIOCIEI0BATEIILHOM COECIMHEHUU DJIe-
MEHTOB OIIPEAEIACTCS BBIPAKEHUEM

ZXLk _ZXCk

@ =arctg e arctg (7)

2R,

Y IMEET 3HAaK PEAKTUBHOIO CONPOTHUBIICHUS.
Tak kak B KOMIUIEKCHOM (hOpME TOK ONPEeIeTCs U3 BhIPaKEHUs

. U U _e./U/U U .
[===="_=Z¢7 =].¢", (cunutaem ¢, = 0), 8
zZ Z-e Z ( Pu ) ®

U
TO MOJYJlb TOKa [ = > @ apryMeHT y; = -¢. [locnenHee paBeHCTBO O3HAYAET, YTO TOK

CABUHYT MO (pa3e OTHOCUTEIBHO HANPSKEHUS HA yroil -@, T.€. OTCTAET OT HamlpsKe-
HU HA Yol ¢.

BexTtopHas nuarpamMma HanpsiKEHUH I10CJIENOBATEIBbHOM LENU CTPOUTCA Ha
OCHOBaHMHU 3aKoHa HamnpspkeHud Kupxroda. Bexktop mosHoro HanpsskeHus Leny Ha-
XOJIUTCS KAaK CyMMa BEKTOPOB HAIIPSIKEHUN 3JIEMEHTOB, KOTOPBIE OPUEHTUPYIOTCS
OTHOCHUTEJIBHO BEKTOPA OOILEro TOKa C y4eTOM BEJIMYMHBI U 3HAKA yIJIa ¢.

Ecnu nens cocrasieHa u3 napajjiebHO COSAUHEHHBIX PE3UCTUBHBIX U PEak-
TUBHBIX JJIEMEHTOB, TO PE3YJbTUPYIOLIAs aKTUBHAs IPOBOJAUMOCTH OIPEAEIISIETCS

apu(pMeTHIECKON CyMMON aKTUBHBIX TPOBOJUMOCTEHN 3JIEMEHTOB
n
G=>G, )

pe3yAbTUPYIOIAs PEaKTUBHAS MPOBOJUMOCTh - alreOpanvyeckod CyMMOW peaKkTHB-

HBIX IIPOBOAUMOCTEN

BZZBLk_ZBCk7 (10)
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a MOJ1yJIb MOJIHOW MPOBOJIUMOCTH - 10 (hopMmyJie

v (ZGHZBZBJ an
B xommiekcHo# popme nosiHas mpoBOIUMOCTh

Z:Zn:Gk+j(Zn:BLk—iBCkJ:Y-e7"’. (12)
ApryMeHT NOJHOW MPOBOJUMOCTH ¢ ONIPEIEIAETCS BEIPAKEHUEM

Zn:BLk - iBCk

@ =arctg < = arctg (13)

2.Gi

1 UMEET 3HaK PEaKTUBHOU IPOBOAUMOCTH.

BGKTOpHaH auarpaMMa TOKOB napanneanoﬁ nennu CTpPOUTCAd Ha OCHOBAHUU
3akoHa TokoB Kupxroda. Bektop Toka Hepa3BETBICHHON YaCTH 1M HAXOAUTCS KaK
CyMMa BCKTOPOB TOKOB IMapaJuICJIbHBIX BeTBeﬁ, KOTOPBIC HYKHO OPUCHTHUPOBATH OT-
HOCHUTCJIIBHO BCKTOpa O6H_IGFO MPUIIOKCHHOI'O HAIMPSKCHHUA C YUCTOM BCIWMYMUHBI U
3HaKa yria ¢.

Toxk B mapajuiesIbHOM LIETIN ONPEAEIIACTCS U3 BBIPAKECHUSA

[=Y-U=Y-U-e"=1I-¢", (14)

otkyaa moaynb [ = Y-U, a aprymenT y; = -¢, (y, = 0).

2. IloaroroBka K padore.

2.1. U3yunTh METOOUYECKUE YKA3aHUS U JTUTEPATYPY.

2.2. VI3 tabnuusl 1 15 cBoero BapuaHTa BelOpaTh BennuuHbl R, Ry, C, L, U, f.

2.3. Paccuutate no ¢opmynam (3)-(8) TOk (MOIydb W aprymeHT, Mojaras
w, = 0) Opu mociieq0BaTeIbHOM COEIMHEHHH 3JIEMEHTOB C MapaMmeTrpaMu u3 m.2.2.
ITocTpouTh HA BEKTOPHYIO AUarpaMmy TOKa U HaIIPSKEHUU.

2.4. Paccuutath no ¢opmynam (9)-(14) Tok B 1ienu npu napauieibHOM COeIu-
HEHUU 3JeMeHTOB M3 1.2.2. IlocTpouTh BEKTOPHYIO AMArpaMMy HalpsKEHUs U TO-

KOB.
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2.5. I1oAroTOBUTH YEPHOBUKH, COJIEPIKAILE CXEMBl U3MEPEHUH, 3aJaHHbIE Ta-
pameTpbl, TaOJIMLBI JUIsl 3alUCU 3KCIEPUMEHTAIBHBIX JaHHBIX, PE3YJIbTAaThl Ipe/iBa-

PUTCIIbHBIX PACYCTOB U ITOCTPOCHHBIC BEKTOPHLIC AUArpaMMBbl.

3. DKCepUMEHTAJIbHO-PACUYETHAS YaCTh.

3.1. 3mepeHne napaMeTpOB JIEMEHTOB.

Co0path cxemy, U300paKeHHYIO Ha puc.l, U npu 3aAaHHBIX HanpsbkeHun U u
4acToTe f TPOU3BECTH U3MEPEHUS yIJla @ U TOKOB JJIsl BCEX YEThIPEX 3JIE€MEHTOB. Pe-
3yJlbTaThl U3MEPEHUHN 3aHECTH B Ta0J1.2. 3apucoBaTh OCHMIIOrPAMMBI TOKA U Hampsi-
KEHUS KaKJ0r0 3JIEMEHTA.

[loBTOPUTH yKa3aHHbBIE BBILIE U3MEPEHHUS] TOKOB MPU U3MEHEHHH YaCTOTHI OT
0,5 no 2,0 3ananHo# B 1.2.2 (TOJNBKO JJisi pEaKTUBHBIX 3JIEMEHTOB). Pe3ynbTaThl n3-
MepeHull 3aHecT B Ta0a.3. YOenuThes, 4To sl pE3UCTUBHBIX 3JEMEHTOB Pe3ybTa-
ThI U3BMEPEHUI TOKA HE 3aBUCST OT 4acTOThI (ipu U = const).

3.2. UccnenoBanue 1IeTH € MOCIEI0BATEIbHBIM COEIMHEHUEM 3JIEMEHTOB.

Cobpatb cxemy, u3zoOpaxeHHyto Ha puc.2. Ilpu 3agannbix Hanpsokenun U u
4acToTe f U3MEPUTh TOK, HANPSIKEHUS Ha BCEX JIEMEHTAaX, Yroyl ¢ MEXAY BXOJHBIM
TOKOM M HamnpsbkeHueM. /laHHble u3MepeHui 3anucathb B Ta01.4.

3.3. UccnenoBanue 1ienu ¢ napajuieIbHbIM COEIMHEHUEM DJIEMEHTOB.

Cobpath cxemy, uzo0paxennyto Ha puc.3. [lpu 3aganubix HanpspkeHuu U u
4acToTe f U3MEPUTh BXOAHOW TOK M TOKU B 3JIEMEHTAX, YIOJ ¢ MEXIY BXOAHBIM TO-
KOM U HanpspkeHueM. J[aHHble u3MepeHuid 3aHecT B Ta0J.5.

3.4. PacyeTsl 1 MOCTPOEHUS

[lo nanHbIM Taba.2 MOCTPOUTH BEKTOPHBIE AUMArpaMMbl TOKa W HaNpPsDKEHUS
JUISL KaXJI0TO 3JIEMEHTa, pacCUUTaTh MapaMeTpbl dJeMeHTOB 1o gopmynam (1), (2),
3anMcaTb MTHOBEHHbIE 3HAYEHUs] TOKOB U HanpsbkeHui (y, = 0).

[lo nanubIM Tab1.3 paccuuTarh Z; U X¢ OpU pa3HbIX YACTOTaX U MOCTPOUTH 3a-

BUCUMOCTH Z; U X¢ OT f.
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[1o onbITHBIM AaHHBIM Ta0J.4 MOCTPOUTH BEKTOPHYIO AMArpaMMy HampsHKeHUH
AJIEMEHTOB MOCIEA0BAaTENBbHON Lend. CpaBHUTH BEIUYMHY IOJYYEHHOTO W3 ITOU
JUarpaMMbl CYMMApHOTO MPUJIOKEHHOTO HANpPSDKEHWS M 3HAYEHHUs yIJla ¢ C OIbIT-
HBIMH JTaHHBIMU U3 Ta0J1.4.

[lo nanHbpIM Taba.5 MOCTPOUTH BEKTOPHYIO JIHAarpaMMmy TOKOB RJIEMEHTOB Ia-
pamienbHOM nenu. CpaBHUTH BEIVMYHMHY MOJYYEHHOTO M3 3TOW JTHarpaMMbl CyMMap-

HOI'O BXOJHOI'O TOKa M 3HAYCHUEC yIJlda @ C OIILITHBIMH JaHHBIMH U3 Tab671.5.

4. ConepxaHue oTyera.

4.1. Homep BapraHTa U HCXOAHBIE JAHHBIE U3 II. 2.2.

4.2. JlaHHBIE pacyeTa U BEKTOPHBIE JUarpamMMsbl u3 1. 2.3, 2.4 ¢ NOSICHEHUAMMU.

4.3. CxeMbl OIBITOB C XapaKTEPUCTUKON NprOOPOB U 000PYI0BAHUS.

4.4. Tabnuupl C ONBITHBIMUA U PACUETHBIMU JAHHBIMH.

4.5. Pe3ynbTaThl pacueTOB U MOCTPOCHUH MO 1. 3.4:

- BEKTOPHBIE JAMAarpaMMbl U OCHWJIJIOTPAMMBbl HANPSDKEHUS U TOKA TPEX JJie-
MEHTOB M3 1I. 3.1;

- rpaduK 3aBUCUMOCTH MOJYyJIE CONPOTUBIIEHUN KaTYIIKU U KOHAEHcaTopa OT
Y4acTOTBHI;

- BEKTOpPHBIEC JHArpaMMbl IPHU MOCJIEAO0BATENBHOM U MAPAJIIEIBHOM COEIUHE-

HHUH 3JICMCHTOB.

5. KoHTpOaBHBIE BOIIPOCHI

5.1. Kak BbIYHCISIETCS KOMIUJIEKCHOE COMPOTHUBJICHUE IIEMU MPU TOCIIEI0Ba-
TEJTLHOM COEJIMHEHUH DJIEMEHTORB?
5.2. Kak BbIUMCISETCS KOMIUIEKCHAs MPOBOJAMMOCTh LIETH C MapaieTbHbIM

COEIMHEHUEM DJIEMEHTOB?
5.3. KakoB caBur (a3 Mexy TOKOM U HampsHDKEHUEM B IIENU C PE3UCTUBHBIM

9JICMCHTOM, HHAYKTUBHBIM 3JICMCHTOM, CMKOCTHBIM 3JIEMEHTOM ?
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5.4. Kak HaliTU OJTHOE HANPSIKEHHUE MOCIEI0BATENBLHON 1ENH, €CIIA U3BECTHBI

BCINYHNHBI HaHpH)KCHI/Iﬁ Ha BCCX PE3UCTUBHBIX, MHAYKTUBHBLIX 1 CMKOCTHBIX 3JICMCH-

Tax?

5.5. Kak HallTH BXOAHOM TOK LEMNHU C MAPAJIIEIbHBIM COEIUHEHUEM PE3UCTUB-

HOro, MHHAYKTUBHOTO U €EMKOCTHOI'O 3JICMCHTOB, €CJIM U3BCCTHLI BEJIMUYUHBLI TOKOB 4C-

pe3 KXKbI 3JIEMEHT B OTAECIBHOCTU?

5.6. MoxHO 1 TpU U3MEpeHUHr (Pa3oMeTpoOM MCTOJIb30BaTh B KAUECTBE IIYHTA

pPEaKTUBHOE CONPOTUBIIEHUE?

5.7. IlosgscHUTE COOTBETCTBUE BEKTOPHON U BPEMEHHOM JUArpaMMBbl Pa3IMYHbIX

BHUO0B 3JICMCHTOB.

BapuanTel 3amanus

Tabnuua 1
ITapa- Bapuaunt
METPBbI 1 2 3 4 5 6 7 8 9 10
R;,Om | 680 | 700 | 680 700 | 500 | 500 | 700 | 680 | 690 | 700
R;,Om | 340 | 340 | 340 340 | 270 | 230 | 340 | 340 | 340 | 260
L,Ta |0,72410,707 | 0,92 | 1,05 | 0,96 [0,96| 0,818 | 1,4 |1,27]0,45
C,mMx® | 525 | 5,1 | 4,85 5 518 | 53 | 486 | 48 [4,74| 5,1
U, B 30 25 20 30 25 20 30 25 20 | 25
f, T 60 150 | 100 50 100 | 50 | 120 40 90 | 80
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OmnpeneneHre napaMeTpoB AIEMEHTOB

npu f=...1'1
Tabmuna 2
DJIEMEHT OneIT Pacuet
UB | LMA | ¢, rpan R, Om X, Om G, Cm B, Cm
R;
R;
L
3aBUCUMOCTh TAPAMETPOB OT YACTOTHI
Ta0muna 3
Karymka Konnencarop
ST ST
U, B U, B
I, MA I, MA
Zr, Om Xc, OM
HccnenoBanue nocieqoBaTeabHON 1IENHN
Ta0muna 4
N3 BexTOpHOU
OmnpitT pu f= ... I'l
JMarpaMMbl
UB | LmA | U,B | Ug;,, B| Ue, B | Ugs, B | @, rpan U, B @, Tpajg
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HccnenoBanue napamieabHON Henu

Tabmuna 5
N3 BexTOpHOU
OnpiT pu f= ... I'l
JarpaMMbl
UB | ,MA | I}, MA | Iz;, MA | Ic, MA | Igy, MA | @, Tpan | I, MA | @, Tpan
Vi
(A r -« -« -« -«
155
o
HcTouHuk 3\(_[)/0 |::| R; % L |::| R, —/—C
o o O J DR P R -
1 Hlynm — Yo
Puc. 1. Cxema uzmepeHnmii napameTpoB 3JIEMEHTOB
L RJ C R2
S (A .
N
O
(o)
Hcrounnk 3 @c -
o o O l
1 Hlynm

Puc. 2. Cxema onbpITHOTO MCCIEA0BAaHUS MTOCIIEA0BATSIbHOMN 1S

HcTounuk

>

S\ Je

o O

> 8¢ Y

|
Illynm

Puc. 3. Cxema ONBITHOTO UCCIIEIOBAaHMS TApAJUIEIbHON LIEH
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JlaGoparopHasi paGora Ne 4

ONPEAEJIEHUE ITAPAMETPOB ITACCHUBHOI'O IBYXIIOJIFOCHUKA

Llenb pabGoThl: O3HAKOMJIEHWE C HauOOJee pacHpOCTPAHEHHBIMH METOJIaMH

AKCIIEPUMEHTAIBHOTO ONpPEENeHUsl 3KBUBAJICHTHBIX MapaMeTpPOB JIMHEHHBIX Mac-
CUBHBIX JBYXMOJIOCHUKOB MEPEMEHHOI0 TOKA MPHU MOCTOSHHON 4acTOTe MPUIIOKEH-
HOT'O HalpsHKEHMSL.

Paznensl kypca, oXBaTbIBa€Mble paOOTOM:
- aHaJIK3 LIeTe rapMOHUYECKOr0 TOKAa B YCTAHOBUBILEMCS PEKUME;
- SKBUBAJICHTHbIE MMapaMeTPhbl MACCUBHOTO JIBYXIOJIOCHUKA U METOJIbl UX IKCIEpPHU-
MEHTAJIBHOT' O OIIPEETICHMUSL.

JIuteparypa: [1, ¢.184-189; 2, ¢.84-85; 3, ¢.110-112; 4, c.51-52].

1. Meronnueckue yka3zaHus

O0BexTOM HCCICAOBAHUA ABJIICTCA CIIOXKHAA LICIIb, 3aJaHHAsA B BUJAC ITACCHUB-

HOI'0O ABYXIIOJIFOCHUKA U IMUTACMasl OT HCTOYHHUKA r'apMOHHUYCCKOT'0 HAITPSAKCHUA.

JIt060i1 macCUBHBIN ABYXMOIIOCHUK MOKHO 3aMEHHUTH JIByXDJEMEHTHOU SKBH-
BAJICHTHOW CXEMOM TaK, 4TO MNP OJUHAKOBOM HAMNPSHKEHUU HA BXOJI€ TOK M MOTPEO-
JgeMast OT UCTOYHUKA MOIIHOCTh HE U3MEHSAIOTCS. [IpruHIUNNAIBHO, HE3aBUCUMO OT
CTPYKTYPbl MAaCCUBHOTO JBYXIIOJIOCHHUKA, DKBUBAJICHTHAs CXEMa JBYXIIOJKCHHUKA
MOXET OBITh MPEJICTaBICHAa B BUJIC ABYX MOCJIEI0BATEILHO COEAMHEHHBIX AKTUBHOTO
R, v peakTuBHOTO X, 3JIEMEHTOB WJIM JIBYX NAPAJUICIIBHO COCTMHEHHBIX AHAJIOTMYHBIX
aneMeHToB G, u B,. Benuuunsl R,, X,, G,, B,, a TakKe MOJHbIE CONPOTUBIEHUS £, =
R, + jX; n npoBoaumocTts Y = G, - jB, Ha3bIBAIOTCS YKBUBAJICHTHBIMU MMapamMeTpaMH.
O06e >KBHUBAJICHTHBIE CXEMbl XapaKTEPU3YIOT OJMH U TOT K€ JIBYXIOIIOCHUK U TIO-
ATOMY MEXIY MapaMeTpaMH MOCIEI0BATEIbHON U MapauIEIbHON CXEM CYIIECTBYIOT

3aBUCUMOCTH, Ha3bIBaeMble (POpMysIaMHU Mepexoa:
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1 .__G __ B
-y 7 G)+B’ 7 G'+B}
1 R X
Y=— G =—y2—, B=—2—. 1
- Z 7 O R+X] ORI+ X, M

3HaK pEaKTUBHOIO CONPOTHUBJIEHUSA X, U PEAKTUBHOW NMPOBOAMMOCTH B, 3aBu-
CAT OT XapakTepa ABYXIIOIIOCHUKA. Eciu ucciaenyeMblid JBYXIIOIOCHUK HOCUT WH-
OYKTUBHBIA XapakKTep, YroJl CABUIa ¢ MEXAy TOKOM [/ U HanpsbkeHueM U, peaxkTuB-
HBIE CONPOTUBIICHHUE X, U NPOBOIUMOCTD B, IPUHUMAIOTCS IOJIOKUTEIbHBIMU, a IIPU

CMKOCTHOM XapaKTCPC — OTPULATCIIbHBIMU.

3a11aqa 9KCIICPUMCHTAJIBHOTO OINPCACIICHUA ITapaMETPOB DKBUBAJICHTHOM CXe-
MbI ABYXIIOJIOCHHKA MEPEMCHHOIO TOKa MOKCT OBITh peicHa pa3jiniYHbIMU MCTOAA-

MU, OCHOBHBLIC U3 KOTOPBIX OIIMCBIBAIOTCS HUIKC.

1.1. C nomoipto BodbTMETpa, ammepmeTpa U ¢asomeTrpa mo cxeme (puc.l.)
U3MEPAIOT BXoJiHOe HamnpsbkeHue U Tok [ u yroin ciBura no ¢aze mexay Humu ¢. Ilo
M3MEPEHHBIM BEJIMUYMHAM CTPOAT BEKTOPHYIO AMAarpaMmy M, pas3iokuB BekTop U Ha
akTuBHYI0 U, 1 peakTuBHYIO U, COCTaBIAIOIINE, BLIUYUCIAIOT IapaMeTPhl IOCIEN0-

BaTeJIbHOW SKBUBAJICHTHOM CXEMbI 3aMeIlIeHUs IO (hopMyiaM

U :
Z = L COSQ, ng%:w:Zasin(o. (2)

]

U U, Ucos

—_—, R3 = 2 — —Q) = Z

1 1 1
ITocTpouB cHOBA I10 TEM K€ JAHHBIM BEKTOPHYIO JUAarpaMMy U pa3ilOKUB BEK-

TOp TOKa / Ha aKTUBHYIO [, U PEAKTUBHYIO [, COCTaBIAIOLINE, BEIYUCIIAIOT IIaPAMETPEI

napajijieIbHOW SKBUBAJIEHTHOM CXEMBbI 3aMeleHus 10 GopMysiam

1 I Isi
Yg:L, ng—a:[COS(p:Yecosgo, B-to_ sin @
U U U U U

=Y, sing. 3)

1.2. C nomo1ipio BOJIBTMETPA, aMIIEpMETpa U BaTTMETpa MO cxeMe (puc.2) us-
MEPSIOT BXOAHOE HampsikeHue U, TOK / 1 aKTUBHYIO MOIIHOCTH P. [10 nanHbIM n3me-

peHI/Iﬁ BBIYHUCIIAIOT MMapaMCTPbl 9KBHUBAJICHTHBIX CXEM I10 Q)opMynaM

P X
2,5 k=L X Z SR (plarg 2,

]
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4)
B
Y3=—l[] G3=—;2, |B,|=Y*, -G}, I(pl=arctg—|G3|.

]

[IpuBeneHHble QOpPMYINBI MO3BOISAIOT ONPEAEIUTh 3HAK yria ¢, 3HAK

PEaKTUBHOI'O CONPOTUBIIEHUS X, U PEAKTUBHOU POBOJAUMOCTH B,.

JIns DKCHIEpUMEHTAIIBHOIO OIPEACIICHUs XapakKTepa HCCIEAYyEMOIo BYXIIO-
JIIOCHUKA TMOCJIEI0BATEIbHO C HUM BKJIIOYAIOT 100aBOYHOE PEAKTUBHOE COMPOTHUBIIE-
HHUE X, 3HAK KOTOPOTO MU3BECTEH 3apaHee, U3MEPEHUS MOBTOPSIOTCS NPU HEU3MEH-
HOW BEJIMYMHE MPUIOKEHHOTO HAmpspkKeHus. EciM mpu 3TOM TOK W MOIIHOCTb,
norpedisieMble  LENbl0,  YMEHBIIAIOTCS,  CJIENOBAaTEIbHO,  PE3YyJIbTUPYIOIIEE
PEAKTUBHOE COIPOTHUBIICHUE LIENMHA BO3PACTAET, @ 3TO 3HAYMUT, YTO 3HAKU X; U X,
OJVHAKOBBI. B ciyyae yBeJIMYEHHUsI TOKAa U MOIIHOCTH X; U X, UMEIOT pa3HbIE 3HAKHU,
TaK Kak pPEe3yJbTUPYIOIIUE PEAKTUBHOE CONPOTUBIIEHHWE CHUXKaeTca. Bce 3T1o

CIPaBEUIMBO, €CIIN X, TOJ0OPaHO TaK, YTO BBINOJIHAETCS YCIOBHE

<2|X,

X,

3afady 1Mo OonpeeeHUI0 XapaKTepa e MOXHO TaK)Ke PEIIUTh BKIIOUEHUEM
MapajuiesIbHO JBYXIOJIOCHUKY T00aBOYHON PEaKTUBHOM MPOBOJUMOCTH U3BECTHOTO
3Haka. B 3TOM ciyyae yBenuMueHHe TOKa U MOIIHOCTH YKa3bIBAa€T HA COBMAJCHHUE Xa-

pakrepa 100aBOYHOM TPOBOJUMOCTH U IBYXITOJIFOCHUKA.

1.3 Onpenenenue napaMeTpoB 3KBUBAJICHTHBIX CXEM METOJIOM «TPEX BOJIbT-

METPOBY.

B sTom ciywae coOupaercst cxema (puc.3,a), rae R, — 100aBOYHBINA Pe3UCTOP,

BCIIMUMHA AKTUBHOI'O COIMPOTUBJIICHUA KOTOPOI'O 3apaHCC U3BCCTHA.

C nomoipio BoabTMETpa U3MepsatoTcs Hanpsbkenus U;, U; u U. Tlo u3Bect-
HBIM BEJIMYMHAM HANPSKEHUHM, KaK 110 TPEM CTOPOHAM TPEYIOJIbHUKA, CTPOUTCS BEK-
tTopHast quarpamma (puc.3,0). [Tocne sToro Bexktop Hampsbkenus U packiaiblBaeTcst
Ha aktuBHYIO U, u peaktuBHy0 U, COCTaBISAIOIIME, KaK 3TO NOKAa3aHO Ha puc.3,0

(BekTOpHas nuarpaMma nocTpoeHa Jjst ciay4das ¢ < 0).
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3Has BeNUunHYy R;, MOXKHO HaTH TOK 1o opmyre 3akoHa Oma

r=2x, (5)

a 3areM 1o ¢opmynam (2) BBIYUCIUTH SKBUBAJICHTHBIE MapaMeTphl MOCIEA0BATEIb-
HOU cxembl. [lapaMeTpsl mapaiienbHOW CXEMbl MOKHO BBIYUCIUTH MO (hopmyiam

nepexoja (1).

1.4. Onpenenenne napaMeTpoB SKBUBAJEHTHBIX CXEM METOJOM «TPEX amIep-

METPOBY.

B sToM cnydae cobupaercs cxema (puc.4,a), rae 100aBOUHBIA pe3ucTtop R
BKJIIOYEH MapaJUIEIbHO IBYXIIOJOCHUKY M €T0 CONPOTUBIIEHUE U3BECTHO 3apaHee. C
MOMOIIBI0 aMIIEPMETPA U3MEPSIOTCS BEIIMYUHBI TOKOB [;, I, n I. Ilo a3TMM gaHHBIM
CTPOUTCS BEKTOpHAsl JUAarpaMMa TOKOB M TOK / pacKJIaJbIBaeTCs HAa aKTUBHYIO [, U
peakTUBHYIO [, cocrapisatoniue. Ilpumep Takon quarpammel 1uis citydast ¢ > 0 rnpuse-
neH Ha puc.4,0. 3Has BeNMUMHY R;, MOXHO ONpPENEIUTh BEJIMYMUHY MPUIOKEHHOIO

HanpsHKCHUS
U=I-R

pis pi

[To ¢popmynam (3) BBIYMCIAIOTCS MapamMeTpbl YKBUBAJICHTHOW MapaieabHON

CXeMmbl, a o popmynam nepexojia (1) - mapameTpsl MOCIEAOBATEIBLHON CXEMBI.

Cnenyer oTMeTuTh, 4TO B omnbITax 1.3 u 1.4 3HaK yriia ¢ U peakTUBHOIO CO-
IIPOTUBJIEHUA X, OCTACTCS HEONpPEAEACHHbIM. IS onpeneseHus 3TOro 3HaKka HY>KHO

MPOBECTHU JOMOJTHUTEIbHBIN ONBIT, KaK B m.1.2.

2. IlonroTtoBka k pabote
2.1. IByunuTth MeTOIMYECKHE YKa3aHUsI K pabOTe U JIUTEPaATypy.

2.2. VI3 Tabauisl BapuaHTOB JJIsi CBOEro HoMepa BbiOpath BenuuuHsl U, I, P,

XapakTep ABYXIOIOCHUKA.
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2.3. Paccunrtarh mapaMeTpbl 3KBHBAJIEHTHBIX CXEM JBYXIOJIOCHUKA: Z, R,,

X, |@], Yo, G, |Bs|, @] O (4). 3anecTu B Tabm.2.

2.4. CocTaBUTh NOCIEAOBATENBHYIO U NapauIeIbHYI0 DKBUBAJICHTHBIE CXEMBbI
3aMEIlEeHMs], YUUTHIBAsL XapaKTep ABYXIIOIIOCHUKA, 3aIaHHbIA B TaOJIUIE BapUaHTOB.

VYka3aTh HA CXEME BEIUYHUHbI COOTBCTCTBYIOIIHUX IMMaApaMCTPOB.

3.OKcnepuMEHTaIbHO-PACYETHAS YaCTh

3.1. OnpeneneHue nmapaMeTpoB SKBHUBAJICHTHBIX CXE€M JBYXIOJIOCHUKA C TMO-

MOIIIBIO BOJIbTMETPA, aMIIepMETpa U BaTTMETPA.

Co0path cxemy no puc.2 6e3 konjaeHcatopa. Jlanusie usmepenuit U, I, P 3a-
HECTH B Ta0J1.2. BKIIOYMTH MOCIEA0BATENBHO C ABYXITOJIIOCHUKOM KOHIEHCATOP, W3-
Meputh U, I, P v 3aHecTH JaHHbIe B Ta01.2. OnpeaenuTh XapakTep ABYXIOJIIOCHUKA.
Paccuurats o ¢popmynam (4) mapameTpsl, 3aHECTH B Ta0J.2, CPAaBHUTh C JAHHBIMU

IIPEBAPUTEIBLHOTO pacyera.

3.2. OnpeaeneHue napaMeTpoB SKBHUBAJICHTHBIX CXEM JIBYXIOJIOCHUKA C TMO-

MOIIBIO BOJIBTMETPA, aMIiepMeTpa u Gpazomerpa.

Co6patp cxemy mno puc.l, usmeputs U, I, ¢. 3anectu B Tab6.3. [locTpouts
BEKTOPHBIC THarpaMMbl TOKa U HaNpshKeHUs. PaccunTaTh mapamMeTpbl SKBUBAJICHTHO-

ro JBYXIOIIOCHUKA 10 (opmynam (2) u (3) u 3aHectu B Tab.3.

CornocTaBuTh 3KBHBAJIEHTHBIE MApAMETPBI C MapAMETPAMH, MOJYYEHHBIMU M3

IIPEBAPUTEIBLHOTO pacyera.

3.3. Onpenenenre napamMeTpoB KBUBAICHTHBIX CXEM JIBYXIOJIKOCHUKA METO-

AOM «TPEX BOJIBTMETPOB».

Co0path cxeMy no puc.3, a ¢ 100aBOYHBIM PE3UCTOPOM R, U U3MEPUTH BOJIHT-

MetpoM Hanpsixenust U;, Uy, U. Pe3ynabTaThl U3MepeHuil 3aHecTd B Tabi1.4.

C yuyetoM BeIOpaHHOr0 MacuTadba HanpskeHui (B/MM) moCTpouTh BEKTOPHYIO

AUarpaMmy HallpsKEHUN, IPUHSAB 34 OIIOPHBIN BEKTOP TOKA. Pa3inoxkuTh HalpsKeHue
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U Ha aktuBHyt0 U, U peakTuBHYI0 U, COCTaBISIOIIKE, 3aHECTH UX BEINYHMHBI B
Tabn.4. 3HaK yrja ¢ CYMTaTh W3BECTHBIM U3 MPEABIAYIIUX ONbITOB. Paccunrtath 3K-
BUBAJIEHTHBIE MapameTpbl o popmynam (2) u (1). 3anectu B Ta6s1.4. ConocTaBuTh €

npeABApUTCIbHBIMU paCYCTaMU.

3.4. Onpenenenne napaMmeTpoB KBUBAJICHTHBIX CXEM JBYXIOJKOCHUKA METO-

JIOM «TpPEX aMIIEPMETPOB.

Cobpath cxemy 1o puc.4, a ¢ 100aBOYHBIM pe3uctopoM U, U U3MEpPUTHh aM-

nepMeTpoM Toku I, , I, I . Pe3ynpTaTel u3MepeHuil 3aHecTy B Ta0I.5.

C yuetom BbIOpaHHOrOo Macitaba Toka (A/MM) MOCTPOUTH BEKTOPHYIO JHa-
rpaMMy TOKOB, IPUHSB 3a OIIOPHBIA BEKTOp HalpsbkeHus. Pa3imoxuTh TOK / Ha ak-
TUBHYIO [, U PEaKTUBHYIO [, COCTaBIIAIOIINE, 3aHECTU UX BEIMYUHBI B Ta0J.5. 3HaK
yria ¢ CUUTaTh U3BECTHBIM W3 MPEABIAYIIMX OMbITOB. PaccuMTarh SKBUBAJEHTHBIC
napameTpsl o ¢opmynam (3) u (1). 3anectu B Taba.5. ConocTaBuTh C MpeaBapU-

TCJIbHBIMU pacyUCTaMU.

4. Conepxxanue oTyera
4.1. KpaTtHoe conepxaHue pabOThl.
4.2. HoMep BapuaHTa ¥ UCXOJIHbIE JAHHBIE JJIsl IPEABAPUTEIHHBIX PACUETOB.

4.3. JlanHble pacuera 1o 1. 2.3. U JaHHbIE ONbITa U pacyera no 1. 3.1, cBenen-

HbIE B Ta01.2. DKBUBAJICHTHBIE CXEMBbI JIBYXIIOJIOCHUKA 110 1. 2.4.

4.4. BexTopHble TUarpaMMbl TOKa U HaOpsHKEHUs! U Tabi.3 ¢ pacyeTHhIMU Ma-

paMeTpaMy 3KBHUBAJIECHTHBIX CXEM IO II. 3.2.

4.5. BexropHas auarpamMma HaIpsOKEHHM, MOCTPOEHHAs IO METOAY «Tpex
BOJIBTMETPOB» U Ta0J1.4 ¢ paCCUMTAHHBIMU MapaMeTpaMy SKBUBAJIEHTHBIX CXEM I10

m. 3.3.

4.6. BexropHas auarpamMma TOKOB, IOCTPOEHHAs M0 METOAY «TPEX aMIIEpPMET-

pPOB» 1 Ta0JI.5 C pacCUNTAaHHBIMU MMapaMeTpaMu SKBUBAJICHTHBIX CXEM 110 1. 3.4.
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4.7. CxeMbl OIBITOB C XapaKTEPUCTUKON NpuOOPOB U 000PYI0BAHUS.

5. KoHTponbHBIE BOIPOCHI
5.1. Yto Takoe PKBHUBAJICHTHHIC TApaMETPhI ABYXIIOIIOCHIKA?
5.2. Yrto Takoe popMyibl niepexoa?

5.3. Kak onpeaenuTth 3HaK yria ¢ B CXeM€ C BATTMETPOM C IMOMOIIBIO 100aBOYHOM

PEaKTUBHOM MTPOBOAUMOCTH ?

5.4. MOXHO 11 B METO/IE «TPEX BOJHTMETPOB» BMECTO J0OABOYHOTO aKTUBHOTO CO-
MPOTUBJIEHUS R; MCHOJB30BAaTh PEAKTUBHOE CONPOTHUBICHUE? OTBET MOSICHUTE

BEKTOPHOU JTHArPaMMOM.

5.5. MOXHO JI1 B METOJIE «TPEX aMIIEpMETPOB» BMECTO JOOABOYHOI'O aKTUBHOI'O CO-
MPOTUBJIEHUS R; MCHOJIB30BAaTh PEAKTUBHOE CONPOTHUBICHUE? OTBET MOSCHUTE

BEKTOPHOU JTHArPaMMOM.

BapuanTel 3ananus

U=25B Tabnuia 1

ITapa- Bapuaunt
Ne nByxmo-

METp
JIIOCHUKA 1 2 3 4 5 6 7 8 9 10

I 180 | 184 | 170 | 181 | 180 | 170 | 160 | 178 | 170 | 163
I, MA

II 142 | 151 | 88 | 74 | 143 | 121 | 66 | 82 82 | 82

I 24 25121124 243 2.1 | 1.88)225] 2.0 |1.95
P, Bt

II 2.1 122510751 0.6 | 2.1 | 1.5 | 0.6 |0.68|0.980.75
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Onpenenenue napameTpoB SKBUBAJIICHTHBIX CXEM
METOJIOM aMIIEpMETpPa, BOJBTMETPA, BATTMETPA

Tabnuua 2

U) I) P) BI/IH Z3) R3) ‘X;) Y37 G3) B3) ¢)
B |MA| Br | peakt. | OmMm | OM | OM | Cm | Cm | Cm | rpan

Jlanubie u3 tadi. 1 [IpenBapuTenbHbIN pacyeT

OrnpIT Pacuer

¢ 100aBOYHOM

€MKOCTBIO
Ornpeenenue napaMeTpoB SKBUBAJICHTHBIX CXEM
METOJIOM aMIIepMETpa, BOJbTMETpPa, (pazomeTrpa
Tabnuua 3
OrnpIT Pacuer

UB | [MA |p,tpan| Z,,Om | R,,Om | X,,O0m | V,, C™m | G,, CMm | B,, CMm

OHpeIICJICHI/IC napaMeTpOB 3KBUBAJICHTHBIX CXEM MCTOJJOM «TPE€X BOJIBTMETPOB»

Tabnuua 4

N3 BexTopHOU
OmnbIT Pacuer ipu R; = 180 Om
qarpamMMbl

U]: Uﬂ: U: Ua: Up: o, 19 Za: Ra: )(39 Ya: Ga: Ba:
B B |B| B B |rpan | MA | Cm | CMm | Cm | Om | OM | OmMm
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OHpeI[CJICHI/IC napaMETpOB 3KBUBAJICHTHBIX CXEM MCTOJOM «TPEX aMIICPMETPOB»

Tabmuma 5

N3 BexTOpHOU
OmnbIT Pacuer ipu R; = 180 Om
IarpamMMsbl

119 Iﬂ: 19 Ia: Ip: o, U: Ya: Ga: B39 Za: Ra: )(39
MA | MA | MA | MA | MA |Tpan | B Cm | Cm | Cm | OMm | OM | Om

O O
BYXIIO-
Hcrounux Jsy
JIFOCHHUK
O O

£
@@
Hcrounuk l JAsyxmo-
JIFOCHHUK
o . ¢ {i——O

Puc.2. Cxema n3amMepeHuil ¢ BATTMETPOM

6 11
a) @ )
o—s ] . O U,
HcTounuk B ’JII[I]Z}::II/I(;
o . o A
Ux

Puc.3. Onpenenenre napaMeTpoB SKBUBAJIEHTHBIX CXEM 110 METOLY

«TpeX BOJBTMETPOB»: a — CXeMa U3MepeHuil; 6 — BeKkTopHas auarpamma (¢ < 0)
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(A /4
O A » 'e)
N @ _/
Hcrounuk Asyxmo-
JIFOCHUK
(@, - O

Puc.4. Onpenenenre napamMeTpoB SKBUBAJIEHTHBIX CXEM 110 METOLY

«TpeX aMIEePMETPOBY»: a — CXeMa U3MepeHuil; 6 — BekTopHas auarpamma (¢ > 0)
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OrnasiieHue

JlaGopaTopHasi pabora Ne 1.
NCCIIEJOBAHUE LEIN ITOCTOAHHOI'O TOKA........ociieeeene
JlaGopaTopHasi pabGora Ne 2.

IEPEJIAYA DHEPTVMIU OT UICTOYHUKA K ITIPUEMHUKY ................ 10

JlaGopaTopHasi pabGora Ne 3.
MCCJIEJOBAHME IMPOCTBIX LIEITE TAPMOHWYECKOI'O

JlaGoparopHasi paGora Ne 4.
OINPEJEJIEHUE ITAPAMETPOB ITACCHUBHOI'O
JABYXTIOJIHOCHUKA ... e



