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Jlaboparopnasi paGora Ne3

HCCIEAOBAHHUE CBOHCTB JIHHEHHOH /IEKTPHYECKOH LIEITH
ITOCTOSAHHOTI O TOKA

Hean paﬁoTbI: N3ydyeHne  CBOWMCTB  JIMHEHWHBIX  IIE€ME€M, OCBOEHHUE  METOIUKH
3KCHepI/IMeHTaJILHOFO HUCCJICOOBAHUS DOTHUX CBOﬁCTB B pexche IIOCTOAHHBIX TOKOB HOCpeI[CTBOM

KOMIIBIOTEPHOT0 aHAIM3a U METOJIMKH 00pa0OTKH PE3yIbTaTOB IKCIEPUMEHTA.

1. CBoiicTBa JIMHEHHOM 3JIEKTPUYECKOI e

JIuHeiHo#l cuuTaeTCsl DJIEKTpUYEcKas Ielb, B KOTOPOW CTPYKTypa LENH W BEIUYUHBI BCEX
COIIPOTHUBIJIEHUI OCTAIOTCA HEM3MEHHBIMH IMPH JIOOBIX PEXHMax padoThl (MPH JHOOBIX BEITHMYUHAX
TOKOB B BETBSIX).

VYpaBHEHUs, COCTaBJICHHbIE [UId TaKOM IeMd Ha OCHOBe 3akoHOB Kupxroda, umeror
MOCTOSIHHBIE KOA((ULIMEHTHI, OTIpeieIieMble CTPYKTYpPOIl 1LIeH U apaMeTpamMH 3JI€MEHTOB.

Oto oOycrnaBiMBaeT JBa 3aMeyaTelbHBIX CBOWMCTBAa JIMHEHHBIX LEMeil: CBOHCTBO
MPONOPLUMOHAIBHOCTH U CBOMCTBO aINTUBHOCTH, Ha3bIBAEMOE TAK)KE MPUHIIMIIOM CYIEPIO3ULUN.

CBo0iicTBO NPONOPUMOHAJIBHOCTH —> IIPY U3MEHEHUH BEJIMYMHBI BO3ACHCTBHS Ha LIENb B BUJIE
ncrtoynrka JJIC niam MCTOYHMKA TOKAa B HECKOJBKO pa3 peakius LENH U3MEHSAETCS BO CTOJIBKO K
pa3. Ilon peakuueil moapasyMeBaeTcsi COBOKYIHOCTh TOKOB B BETBSX M HANPsKEHUN HA yyacTKax
LEIN.

CBoiicTBO ajAMTHBHOCTH (NPMHLMII CYNEPNO3MIMM) —> PEAKLMs LENU Ha CIOXHOE BO3
JENCTBUE U3 HECKOJIBKMX COCTABIIAIOIIMX pPaBHA CyMME PEaKLMH LEMU Ha KaXAYI0 COCTABIISIOLLYIO
BO3JICUCTBUS B OTIEIBHOCTH.

B Teopum osnextpuyeckux uerneil u3BectHa «Teopema 00 HKBHUBAJIEHTHOM TeHEpaTOpe
(aKTUBHOM JIBYXIIOJIFOCHHKE)», KOTOpas (OpMYIUPYyETCs TaK:

«INNEKMPUYECKYIO Yendb A1I000U CIOHCHOCHU NO OMHOWEHUIO K 6blOE/ICHHOI 66MEU MONCHO
npeocmaeums 6 e6ude uoeanvnoo ucmoynuka 3I/JC (unu moka) u 6HympeHHeE20
CONPOMUGIEHUA.

Ha BbIBomax 3Toil Teopembl Oazupyercs METOJ pacueTa pekhMa — METOJl SKBHUBAJIEHTHOI'O
reHeparopa.

Jannas maGoparopHasi paboTa MPOBOAMTCS AJISi KCIEPUMEHTAIBHON MPOBEPKH MPOSBICHHUS
yKa3aHHBIX CBOMCTB B IIETISIX MOCTOSHHOTO TOKA.

JlaGopaTopHasi paboTa UMEET TpH pas3jena:
» WCCIIeIOBAaHKE MTPOSIBIICHUS CBOKWCTBA MPOIMTOPIIHOHAIEHOCTH;
» WCCIIeIOBAaHKE MIPOSIBIICHUS] CBOMCTBA aIMTUBHOCTH (IPUHITUITA CYTIEPITO3UIIHH);

> HUCCiIceaJ0BaHUC CBOMCTB YKBUBAJICHTHOTO reHeparopa 1 BO3MOXHOCTH €10 UCITIO0JIb30BaHUA.



2. Onucanune 1a0OpPaTOPHOH YCTAaHOBKH M 3a/laHHe K padorte

HccnenoBanusi mpoBOAATCS B BUPTyalnbHOW naboparopuu (Ha [I9BM) c ucnonb3oBaHueM
nporpammuoro komiuiekra (I1K) Micro-Cap 12

Ha puc. 1 npuBenena tumoBas cxema LENH OCTOSHHOIO TOKA.
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Puc. 1. TunmoBas cxema nenu

DC 10mA

Homep mHAMBHIYyaIbHOTO BapuaHTa COBMAAAET C MOPSAKOBHIM HOMEPOM (aMHIIMU CTYACHTA B
cnucke rpynnel. CrnenoBaTenbHo, Mo BapuaHT Ne 16a, Bce MCXOAHBIE JaHHBIE JJIs KOTOPOTO

MpeACTaBICHBI B Ta0. 1

Cocmas uyenu, napamempst UCMOYHUKO8 U conpomueienuil ¢ eapuanme Ne 16a

Tabmuma 1
Ne wHp. VICTOYHUKH U CONPOTHBIICHUS
BapuaHnTa J, MA E1l,B E2,B E3,B R1,0m | R2,0m | R3,0mMm N
16a 30 64 — 40 190 240 162 3

N - HOMEp BETBH, BBIACISEMOM VISl UCCIIEIOBAHUS CBOMCTB SKBUBAJICHTHOTO T€HEpaTopa.

CocraBinseM cxeMy e, COOTBETCTBYIOIYIO BapuaHty I6a (puc. 2)
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Puc. 2. Cxema 3anannoit rienu (Bapuant Ne 16a)

[Tocne 3TOrO MpUCTYyNaeM K BBIITOJIHEHUIO Pa3esioB UCCIeA0BaHUM.



3. DKcnepuMeHTATIbHAS YaCTh
3.1. UccienoBanue nposiBJIeHUSI CBOWCTBA MPONOPLUMOHAIBHOCTH

B OCIIM OCTAaBJISIEM TOJBKO OAWH MCTOYHHK U3 3aJaHHBIX, 4 UMCHHO E3.
[IpoBoaum uccnenoBaHue PeKUMOB PabOTHI Ienu mpu Tpex 3HaueHusx JJIC 3TOro uCTOUHUKA,
ucnoinsiys B cpene 11K Micro-Cap 12 pexum ananuza Dynamic DC.

PesynbTaThl HccnenoBaHUN IOKa3aHbl HA pUC. 3, puc. 4, puc. 5 U cBeieHbI B Tabuie 2.
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Puc. 3. Pexxum B 1ienu (BapuanT Ne 16a) mpu 1eicTBUU
oxuoro ucrounnka DJ1C E3=40 B
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Puc. 4. Pexxum B uenu (Bapuant Ne 16a) npu aeiicteun
oauoro ucrounrnka 3/1C E3=20 B
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Puc. 5. Pexxum B nienu (BapuanT Ne 16a) mpu aeicTBUA
oanoro ucrounuka JJ1C E3= 60 B



Pexumpl B ienu npu pasnuuHelx BennuuHax J/[C ncrounuka E3

Tabmuna 2
OJIC ucrounuka E3, | Hanpssxenue y3na U2, Toxu B BeTBAX
B B Irs, MA Iz MA Irs, MA
40 15,825 83,29 65,938 149,228
20 7,913 41,645 32,969 74,614
60 23,738 124,935 98,907 223,842

AHallM3 YHCIIOBBIX 3HAYEHUH TOKOB M HANpSHKEHUH B Pa3HBIX CTPOKaxX TaOMUIBI 2 JaeT
BO3MOXXHOCTb CJIIeJIaTh BBIBOJ: JHHEHHAs Ienb JeHCTBUTEJLHO 00/1aJaeT CBOHMCTBOM

NPONOPIUUOHATBHOCTH.

3.2. UcciienoBanme NposiBJIeHUS CBOMCTBA AJ/IMTUBHOCTH (IPUHUMIIA CYIIEPIO3UIIUM)
PaccmaTpuBaeM 31€KTpUUYECKYIO €T C TPEMsI 3aJaHHBIMU UCTOYHUKaMHU (pHucC. 2).
BeiOupaem nonoxurenbHble HalpaBiIeHUs TOKOB!

¢ BBEpX - B [IEPBOU U TPEThEN BETBSIX;

¢ BHU3 - BO BTOPOW BETBH.

AHanu3upyeM peXuMbl B IENH NPU MOOYEPEAHOM BO3IEHCTBUU TOJIBKO OJAHOIO MCTOYHMKA,
OCTaBJISAS OJIMH U UCKIIIOUas Ipyrue nocpeacrsoM oonyneHus Beanuuasl J/(C (y UCTOUHUKOB THIIA
Voltage Source) nnu toka (y uctounukoB tuna Current Source).

Pesynbrats!l nccnenoBanuii (puc. 6, puc. 7 v puc. 8) CrpynmnupoBaHsl B Tabuie 3.
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Puc. 6. Pexxum B nenu (Bapuant Ne 16a) npu eiicTBUM TOIBKO
OJHOro ucToyHuka Toka J1=30 MA



2:21.589
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Puc. 7. Pexxum B enm (BapuanT Ne 16a) ipu 1eCTBUH TOJIBKO
oxuoro ucrounnka JJC E1= 64 B
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Puc. 8. Pexxum B nenu (Bapuant Ne 16a) npu aeiicTBUM OJTHOTO
ncrounnka D/IC E3=40 B

Pe3ynbrathl uccienoBanus peKMMOB B LIeTIH (BapuaHT 16a)
IIPU pa3JebHOM U COBMECTHOM JEHCTBUN UCTOYHUKOB

Tabnuua 3
Wctounuku Hanpsoxenus yznos, B Toku B BeTBIX, MA
JI, MA | EI, B | E3, B Ul, B U2, B |U3, B |IR;, MA | IR;,MA | IR3, MA
30 HET HET 0 -1,923 0 10,12 -8,011 11,869
HET 64 HET 64 21,589 0 223,217 89,953 | -133,284
HET HET 40 0 15,825 40 -83,29 65,938 149,228
Cynepno3uuus
(cymmupyeM 3Ha4eHHUsI B 64 35,491 40 150,047 | 147,88 27,833

IPEIbIIYIINX CTPOKAX)

CoBMecTHOE eiiCTBUE
HCTOYHUKOB

30 64 40 64 35,491 40 150,047 | 147,88 27,833




AHanu3upyeM pexuM B LIENH IIPU COBMECTHOM BO3JI€HCTBUHU BCEX TPEX UCTOYHUKOB.
PesynpTaT momerniaemM B HUKHIOI CTPOKY TaOIUIIBI 3
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Puc. 9. Pexum B nenu (Bapuant Ne 16a) npu Bo3aeiicTBum
BCEX TPEX UCTOYHUKOB

CormocTaBisis 3HAYEHUS] TOKOB W HANPsDKEHWW B IIEMM TP COBMECTHOM JICCTBUH BCEX
3a/IaHHBIX MCTOYHUKOB C pe3yJbTaTaMU CYMNEPIO3UIUU PEKHUMOB IPH pa3lieTbHOM BO3CHCTBHUH,
yOexx1aeMcsi B MPOSIBJIEHHH CBOMCTBA a/IUTHBHOCTH.

3.3. UccienoBanme CBOMCTB IKBUBAJIEHTHOIO FreHEPaTopa
U BO3MOYKHOCTH €r0 UCIO0JIb30BAHNS

UckmrouaeM w3 1nenu BeTBb ¢ HOMepoM "3", OCTaBUB Ha PUCYHKE CXEMbl MPOBOJHHMKH,
COEIMHSBIINE ATy BETBb C OCTaJIbHOW yacThio 1enu (puc. 10). Byaem ucnonb3oBaTh UX B KauecTBE
n.mn

BbIBOJIOB "a" u "b" akTUBHOTrO nAByXmoitocHUKa. [IpencraBuM ero B BHUAE SKBHBAJEHTHOIO
reHeparopa.
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Puc. 10. Cxema "AKTHBHOTO IBYXIOJIIOCHUKA" (YAaJeHa TPEThS BETBb)

OnpenenuM mapamMeTpbl SKBHUBAJICHTHOTO I'e€HEpaTopa, MPOBEIs OIBITHI XOJIOCTOrO XOAa U
KOPOTKOTO 3aMbIKAHHUSI.

Ha puc. 11 npeacrasnen pexum xonoctoro xona: Ugp . = 32.54 B.
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Puc. 11. "AKTUBHBII IBYXTIOJIOCHUK" B PEKUME XOJIOCTOTO X012 (X.X).
Hanpsoxenne U,px =32,54 B

Jlns u3MepeHHs TOKa KOPOTKOTO 3aMbIKaHHS AKTUBHOTO [BYXIIOJIOCHHKA K 3aXxumaMm ab
MOJKIII0YaeM O4YeHb MalieHbKoe compoTuBieHue R4 =1.0 MkOM . DTO 3KBUBAJIEHTHO U3MEPEHUIO

Toka amnepmerpoM. Pexxum K3 npencrasien na puc. 12: I, = 306,842 MA

gos.am
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Puc. 12. Pexxum KOpOoTKOro 3ambikaHus (K.3): K 3aKUMaM ""AKTHUBHOTO JABYXITOJTIOCHUKA"
MOJKJIIOUEHA MIEPEMBIUKA B BUJIE OYEHb MAJIEHBKOTO conpoTuiieHuss R4 = 1 MxOwm.
Tox xoportkoro 3ambeikanus I, = 306,842 MA

VYunureiad, uro O/1C skBuBanentHoro reneparopa E,py, =U,p xx = 32,54 B, paccunteiBacm

BHYTPEHHEE COIIPOTUBIIEHUE SKBUBAJIEHTHOIO '€HEPATOPa

Uab xx 32,54
Rgen = = =106 Om

Iy 306,842-103

CocTtaBisieM SKBUBAJICHTHYIO II€Mb, BKJIIOYasi SKBHBaJeHTHbIM TeHepatop ¢ OAC Eekv u
BHYTPEHHUM COINPOTHUBIIEHNEM Rgen mociea0BaTeabHo ¢ dneMeHTaMu TpeTbell BeTBu E3 u R3 (puc.

13)



Eekv l

27.836m
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Puc. 13. Pexxum B TpeTbeil BETBU IIPU COBMECTHOM paboTe ¢
"OKBUBAJIEHTHBIM T'€HEPATOPOM"

CpaBHUBas peXUM TPEThE BETBU Ha puC. 13 ¢ pe:KMMOM 3TOM BETBH B MIOJHOM CXE€ME LIETH Ha

puc. 9, yoexxmaercs B COBITaICHUH 3HAYCHU I
Toka I3=27.836 mA u Hanpsxenus U2=U,, =35.491B.

Taxum oOpa3oM, yTBEpxkA€HUE TEOPEMBbl 00 SKBUBAJICHTHOM I'€HEpaTope NOATBEP KACHO.
CrnenoBatenbHO, METOJ] SKBUBAJICHTHOTO T€HEpaTopa JUIsd pacdera pekuMa B OJHOM BETBU CIIOXKHOMN

LEnu MOKHO YBEPEHHO MCITIOJIB30BATh.



DTO 3arOTOBKH MOJMUCEN O] PUCYHKAMMU:

Puc. 2. Cxema nenu mo BapuaHry 16a
Puc. 2. Cxema nenu mo BapuaHry 16a
Puc. 2. Cxema nenu mo Bapuanry 16a
Puc. 2. Cxema uenu no Bapuanty 16a
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