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JucuuninnHa «DJEKTPOTEXHUKA» H3Y4aeTcsl CTYJCHTaMU HaIpaBJICHUA
09.03.01 MudopmaTnka v BEIYUCIATEIbHAS TEXHUKA.

[lenbt0 oOcBOeHUS Y4E€OHOM JUCHMIUIMHBI «DJEKTPOTEXHUKA» SIBISETCS
M3y4YE€HHUE OCHOBHBIX MOHATHM M 3aKOHOB TEOPUM AHJIEKTPUYECKHUX LIEMEH, METOI0B
aHalIn3a JIMHEMHBIX W HEJIMHEHWHBIX LENEd B MEPEXOJHOM M YCTAaHOBUBIIEMCS
peXUMax, TMPUHIMIIOB JACHCTBUA M XapaKTEPUCTUK KOMIIOHEHTOB M Y3JI0B

AJIEKTPOHHOM anmnaparypbl, METOI0B UX pacyeTa.

JlJabopatopunas paborta Nel

NCCIIEAOBAHUME BHEIIHNX XAPAKTEPUCTHUK PEAJIBHBIX
NCTOYHHUKOB HAIIPAKEHM A

HEJIb PABOTbBI

CHaTHE BHEIIHMX XapaKTCPUCTUK HNCTOYHHWKOB HAIPsAKCHUSA M TOKa 141
OIIpCACIICHUC ITapaMETPOB UX CXCM 3aMCIICHHA.

1. HOJATOTOBKA K JABOPATOPHOM PABOTE

M3yuute nureparypy [1], KOHCHEKT JEKUMUM MO JAHHOW TeMe W
TEOPETUUYECKYIO YaCTh Ja0OpaTOpHOI padOTHI.

W cTOYHUKN SJIEKTPUYECKON SHEPIUM AENSTCS Ha HCTOYHUKHU (T€HEepaTophl)
HaIpsOKEHUST U HUCTOYHUKU (TFe€HepaTopbl) TOKAa. B 3aBUCMMOCTH OT HaIW4us
NOTepb HSHEPTUM BHYTPU MCTOYHUKA pa3IUYalOT HACAIbHbIE U pealbHbIe
MCTOYHUKH. Y UJEATbHOTO UCTOYHMKA MOTEPU BHYTPU CAMOTO UCTOYHUKA PABHBI
Hy10. [ToATOMYy BHYTpEHHEE CONTPOTUBIIEHUE UJIC€AIBHOTO UICTOYHUKA HANPSIKEHUS
PaBHO HYJIIO M HANPSHKEHUE HA €r0 BHEUIHUX 3aKMMax HE 3aBHCUT OT HArpy3KH,
MOAKIIOUEHHOM K A3TUM 3aXuMaM. BHyTpeHHee CONpOTHUBIICHUE HJEaTbHOIO
UCTOYHMKA TOKAa PaBHO OCECKOHEYHOCTH (COOTBETCTBEHHO  BHYTPEHHSS
MPOBOJAUMOCTh HMCTOYHMKA PaBHA HYJI0) M MO3TOMY TOK 3TOTO HUCTOYHUKA HE
3aBUCUT OT HArpy3KH, MOJKIIOYEHHOHN K 3a)KMMaM UCTOYHUKA.

B peanbHbIX HMCTOYHHMKAX HMEIOTCS MOTEPU SHEPrUU BHYTPU CaMOTO
UCTOYHUKA M TI03TOMY HANpsSOKEHUE Ha 3aKMMax peajbHOro HCTOYHHMKA
HaIpsHDKEHUS! U TOK, T€HEPUPYEMbIH pealbHbIM HMCTOYHUKOM TOKA, 3aBUCAT OT
CONPOTHUBIICHUS HATPY3KH, MOJKIIFOUEHHON K UX BHEITHUM 323KUMaM.



PeanbHbIil MCTOYHHMK HAMPSHKEHUS MOKET OBITh MIPEICTABIICH B BUJIE CXEMBI
3amenieHusa (puc. 1), cocrosimiell W3 WACANBHOTO HCTOYHHMKA HANPSKEHUS U
BKJIFOYCHHOTO TIOCIICJOBATCIbBHO C HHM pPE3UCTOpa C CONPOTHBICHHEM R;,
HA3bIBAEMOT'0 BHYTPECHHUM COTIPOTUBJICHUEM UCTOYHHUKA HATIPSDKCHHMS.

Puc. 1. Cxema 3aMeleHUs1 p€aIbHOIO HCTOYHUKA HAIIPSIKEHUS

Ha mpakTuke npeamnosararor, 4To peajbHbli UICTOYHUK HAIPSHKEHUS MOXKHO
CUMTaTh WACAIBHBIM, €CIU €r0 XapaKTEPUCTUKHU OTIMYAIOTCA OT HJCalbHBIX HE
oonee yem Ha 10%, a 3TO BO3MOXKHO B CIIy4yae, €CJIM BBIIOJHACTCS CIEAYIOLIEe
COOTHOLICHUE MEKIy BHYTPEHHHUM COIIPOTHUBIICHHEM PEAJIBHOIO UCTOYHHKA R; n
COIIPOTHUBJICHUEM HArpy3Ku Ru:

R; <0.1Ru (1)

JUis CHATHSI BHEITHEW XapaKTEPUCTUKHU PEAbHOTO MCTOYHUKA HATIPSIKCHUS U
OIpe/ieIeHNs] TapaMeTPOB €ro CXeMbl 3aMelleHUs] HeoOX0IuMo coOpaTb CXemy,
IPUBEAECHHYIO Ha pUC. 2.

—E@—?—
I{tﬁ}

O

Puc. 2. Cxema niis1 onpeieeHusl BHEIIHEN XapaKTEPUCTUKU
pEaJIbHOTO UCTOYHMKA HATIPSKEHUSI

C noMouipl0 MarasuHa CONPOTHBIICEHUW BEJIMYMHY Ry MOXHO U3MEHSTH B
HIMPOKUX mpeaenax. Ecnu conmpoTuBiieHne Harpy3ku OTKIOUuTh (Ry; = o0), To Tok
B 1lenu OyAeT OJIM3KUM K HYJIIO0, TaK KaK BXOJIHOE COMPOTHUBIICHHE BOJIbTMETpA V
OY€Hb BEJIIUKO (€IUHUIBI U ecaTku MOM) U TOKOM B €ro BXOJHOHM LENU MOXKHO
npeHedpeys. B 3TOM ciydae BOIBTMETP MOKA3hIBAECT HAMPSIKEHUE XOJIOCTOTO X0/
Uyy, YHCIIEHHO PABHOE 3. JI. C. HCTOYHHKA HanpsokeHus: E:

Un=E (2)
Eciu comporuBnenue Harpyskd R, ymeHbIIath, TO TOK B Lenu Oyner
BO3pacTarh, MaJCHUE HANpPSHKEHWsT Ha BHYTPEHHEM COMPOTHUBICHUU OyneT
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YBEJIIMYUBATHCS, @ HA HArpy3Ke HaNpsDKEHUE OyJeT YMEHBIIAThCsl B COOTBETCTBUU
C BBIPAXKCHUEM:

U,=E-IR, (3)

Ecom  comporuBiieHME  Harpy3kud — CI€JlaTb  PaBHBIM  BHYTPEHHEMY
COMNPOTHUBIICHUIO UCTOYHUKA, TO HampsukeHue Uy, OyleT MOpoBHY paclpeiesieHo
Mexay Ry m R, m Takum oO0pa3oM MOXKHO OIpEeAeIuTh BEIUYUHY  R;
SKCHEPUMEHTANBbHO. CIIeI0BATEIbHO COMPOTUBJIEHUE HArpy3Kd, HPH KOTOPOM
najieHue HampspkeHus Ha HeM coctaBiseT 0,5E, 4nciieHHO paBHO BHYTPEHHEMY
COIIPOTHUBIIEHUIO HMCTOYHMKA HampsbkeHus. Ecium nmonoOpare comportuBieHue Ry,
npu kotopom Uy, = 0,5E (mepemeHHOe cOpOTUBIIEHNE, TOAKIIOYEHHOE K 3aKUMaM
VUCTOYHHUKA, MOXET U3MEHAThCA TOJIBKO C ONPENENEHHbIM IIarom), He
IPEJCTaBISIeTCS] BO3MOXKHBIM, TO HY)XHO MOJ00OpaTh Takoe€ CONPOTHUBIICHHE
Harpy3ku, npu kKotopom U, MakcuManbHO Tpubmu3utcs kK 3HadeHuio 0,5E, u
BBIYUCIUTH R; o popmyre:

R = £—1 ‘R (4)

i ”
H

Buewnen v nazpy3ounou xapakmepucmukou VICTOYHUKA HANPSKEHUS
HA3bIBAIOT 3aBUCUMOCTbh HANPSDKEHHS] HA €ro 3aXHMaxX OT TOKa, MPOTEKAaroUIEro
yepe3 OTH 3aXUMbl. BHeENmHsAsS XapaKTEepUCTHKA PEAJIbHOrO0  HMCTOYHHKA
HarnpspKeHus (puc. 3) MOXKeT ObITh MPUOIMKEHHO TMPEJCTaBlICHa B BUJIEC MPSMOMN
JIMHUY, TPOXOJAIIeH dYepe3 ABE TOYKU:

- TOYKY, COOTBETCTBYIOILYIO PEKUMY XOJIOCTOTO X0Ja, MpU KOTOpoM: R, = oo,
[=0, U= Uy,

- ¥ TOYKY, COOTBETCTBYIOIIYIO PEKUMY KOPOTKOTO 3aMBbIKAHUS, IPH KOTOPOM:
Ry=0,U=0, =1, (3HaueHue l,, Ha3pIBa€TCS TOKOM KOPOTKOTO 3aMbIKaHHSI):

lU

Usxx

-
0 Tr

Puc. 3. I'paduk BHeLIHEH XapaKTEePUCTUKU
pPEaIbHOTO UCTOYHMKA HATIPSKEHUS

PeanbHbIii HWCTOYHMK TOKa MOXET OBITh TPENCTABICH B BHUAC CXEMBI
3amenieHus (puc. 4), coCTosAIIEH U3 UJICAIbBHOTO UCTOYHUKA TOKA U TapajuiesIbHO
BKJIFOYCHHOTO C HUM PE3UCTOpa C IMPOBOIUMOCTBIO Gj, Ha3pIBaeMOW BHYTpPEHHEH
IIPOBOJIUMOCTBIO HCTOYHHKA TOKA.



-] Q

Puc. 4. Cxema 3amMmeliieHus: peaibHOTO UCTOYHUKA TOKA

Ha mpakTtuke npesmnosarator, YTo peaibHbId HCTOYHUK TOKA MOKHO CUHTATh
UJCaNbHBIM, €CIM €ro XapaKTepUCTUKH OTIMYAIOTCS OT XapaKTEPUCTHUK
UJiealbHOrO0 UCTOYHUKA He Oozee yeM Ha 10%, a 3TO BO3MOXKHO B cllydyae, €clid
BBITIOJIHSETCSI CJIEAYIOIIEe COOTHOIIEHHWE MEXIY BHYTPEHHEH HPOBOJUMOCTHIO
peanbHOro ucToyHuKa Gj 1 IPOBOJUMOCTBIO HArpy3ku Gy:

G; <10 Gy (5)

BHemHss XapakTeprucTuKa peajJbHOr0 MCTOYHUKA TOKA YCTaHABIMBAET CBA3b
MEXIYy HalpsHKEHUEM UM TOKOM Ha €ro 3aKMMax W ONPENENSIeTCS aHAJIOTM4YHO
(puc.5) BHEWIHEH XapaKTEPUCTUKE PEAJTBbHOIO HMCTOYHMKA HANpsUKEHHs. JTa
XapakTepucTuka (puc. 6) UMeeT TakoM K€ BHJI, KAK U BHEIIHSS XapaKTepUCTUKA
peajbHOr0 MCTOYHMKAa HampspkeHus. Eciaum  mogoOpaTe Takoe 3HaUYeHHE
CONPOTHUBIICHUS HATPY3KH R,, IpU KOTOPOM TOK, MPOTEKAIOIIMI Yepe3 HarpysKy,
oyner pasen 0.5 J, to torma G; = G, = 1/ R, T.e. BHyTpeHHsIsl NPOBOIUMOCTD
(CompOoTHBIIEHUE) UCTOYHHKA TOKa OyAET paBHA MPOBOJUMOCTH (COMPOTHUBIICHUIO)
Harpy3ku. Tak  MOXHO  SKCHEPUMEHTAIbHO  ONPEAECIUTh  BHYTPEHHSSA
npoBOAMMOCTh G;  MCTOYHHKA TOKA.

5
NS

—| |—|
G,

(V)
\

Puc. 5. Cxema 1715t onpeielieH!s] BHEITHEN XapaKTepUCTUKU
peaIbHOro UCTOYHUKA TOKA

‘U

Usex

-
0 Tis
Puc. 6. I'paduk BHELIHEHN XapaKTEepPUCTUKU
pealbHOTO UCTOYHHKA TOKA
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2. 3AJAHUE HA BBIIIOJTHEHUE JIABOPATOPHOM PABOThHI

2.1. CHsiTHE BHELIHEH XapAKTEPUCTUKN UCTOYHUKA HANIPSKEHUS €
NMOMOIIbI0 YHMBEPCAJIBLHOI0 JJA00PATOPHOI0 CTEHIA

2.1.1. IToaroroBKa cxemMbl JJA0OPATOPHOIT YCTAHOBKH

JIns CHATHS BHEIIHEM XapaKTEPUCTUKM HCTOYHMKA HampsbkeHus Ei1 ¢
IOMOUIbI0 YHHMBEPCAIBHOIO JIAOOPATOPHOIO CTEHJA, Ha HEM HYXKHO coOparth
cxeMy, MpHBEICHHYI0 Ha puc. 7. Kimemmbl marasuna comnporusiennii R,

COCAUHUTH C BBIBOJAAMHM MCTOYHMKA W  MAPAUIEIBHO K HHUM  HOJIKJIKOYMUTH
BojapTMETp V. Ha wmarasuHe CONpOTHBICHMH YCTAHOBUTH IEPEKIIOYATEID
BEJTUYMHBI COMPOTHUBIICHHS B TOJIOKEHHE 0. BKIIIOUUTH TUTaHUE JTa00OPATOPHOTO
cTeHaa u BoJbTMETpaA. [Ipn 3TOM BONMBTMETP V MOKaXET HAIIPSKEHHUE XOJIOCTOIO
xona: U, = Uy = E. 3HadeHusi CONpOTUBICHUSI HArpy3ku U HamnpsikeHus Uy
3aHecTH B TaOII. 1.

I'eneparop

g "]

Puc. 7. Cxema 1abopaTopHON YCTAaHOBKH TSI OMIPEACIICHUS BHEIITHEH
XapaKTePUCTUKU UCTOYHUKA HATIPSAKEHUS

2.1.2. ITopsaiok mpoBeeHNsI IKCIIEPUMEHTA

N3mensisa nepexitovaresieM Marasuia Ry 3HaueHue COMpOTUBIICHUS HArpy3KU
OT MaKCUMAaJbHOIO JI0 MUHUMAJIbHOTO, (PUKCUPOBATH 3HAUEHHS CONTPOTUBIICHUS U
U3MEPEHHOT0 HaIpshKeHus. Pe3ybTaThl H3MEpeHuil 3aHecTu B TaouI. 1.



Tabmanma 1

IlepBblli HICTOYHUK BTopo# ncrouynuk TpeTuit CTOYHUK

N3mepenusa Pacuer N3mepenusa Pacuer N3mepenusa Pacuer

Ry,Om | U, B ILMA |Ry,Om | U,B ILMA |Ry,Om | U, B I, MA

Ri= R; = R, =

[TonxirounTh K MarasuHy conpoTtusieHni Ry ucrounuk Hanpsbxenus E2. [1o
3aIaHUI0 TIPENOAABATENSl YCTAHOBUTD HA BBIXOJIE UCTOYHUKA B PEKUME XOJIOCTOIO
X0Jla HEeoOX0IUMOE HaNpsDKEHHE W MO aHaJOTUU BBINOJHUTHL TakUe ke, Kak B
nyHkTe 2.1.2. uamepenus. [lomydeHHbIe pe3ysbTaThl 3aHECTH B Ta0I. 1.

Bx1r04nTh MUTaHWE TeHEpaTOpa, YCTAHOBUTH HA HEM YaCTOTY frey = 5 KI'II M
BbIXOJHOEe HamnpspkeHUe Uy x = 3B. TlogkmounTh TeHEpaTop K MaraswHy
COTIPOTHUBJICHUH W BBIITOJHUTH TaKHUE )K€ U3MEPECHUS, Kak B IL.I1.2.1.2. Pe3ynbTaThl
3aHecTH B Ta0I. 1.

3. OBPABOTKA PE3YJIbTATOB U3MEPEHUI

O06paboTKa pe3yabTaTOB U3MEPEHUM, MTOTYISCHHBIX B TIPOIECCE IKCTICPUMEHTA
Ha JIabOpaTOPHOM CTEH/IE, IPOU3BOAUTCS B CIEAYIOIIEM MOPSIIKE.

1. Bpramcnsiercss 3Ha4YeHWE TOKa IS KaXKIOTO W3 H3MEpPEHUs Mpu
WCCJICIOBAaHUK HMCTOYHMKOB HampspkeHHs. [lonydeHHBIC pe3ynbTaThl 3aHOCATCS B
tabm. 1.

2. HaﬁﬂCHHOC OKCIICPUMCHTAJIbHO HMJIM PAaCCYUTAHHOC 3HAYCHUC BHYTPCHHETO
COIMPOTUBJICHUA KAXKJ0I'0O UICTOUHHUKA HAIIPSAXKCHUA 3aHOCUTCS B Tabm. 1.

3. Crposites rpaduku Harpy3ouHbix xapakrepuctuk U = f(I) u U = f(R) nna
Ka)XJI0T0 UCTOYHUKA HATIPSHKEHUSI.

4. OmnpenensieTcsi 3HaYE€HUE HArPYy30YHBIX COMPOTUBJICHUH, MPU KOTOPBIX
KQXKJIbIi KICTOYHUK HAIIPSIAKEHUS SIBJSICTCS MPAKTUYECKU UICATbHBIM.

5. Ilo pe3ynbraTaM W3MEPEHUN W BBIYMCIICHUM ONPENEIAIOTCA IapaMeTphbl
CXEMBI 3aMEIICHUS KaXXA0T0 U3 UCCIIEYEMbBIX ICTOYHUKOB HANPSIKECHUS.

[Io pesympraTam J1a0OpaTOPHOTO  HUCCIEIOBAaHUS HMCTOYHHUKOB  TOKa
ompezesnseTcss mapaMeTpbl CXEeMbl 3aMEIICHHsS KaKJO0r0 MCTOYHHUKA TOKa: €ro
BHYTPEHHsISI INPOBOAMMOCTh M TOK HJICaNbHOro ucTouyHuka J.  HalneHssle
napameTpbl 3aHocsaTcss B Tabn. 3. Jlanee crpositcs rpadMKH  Harpy304YHBIX
xapakrepuctuk I, = f(U) u I, = f(R,) m18 kaxaoro U3 HCTOYHUKOB H
OMPENEIAI0TCS 3HAYCHUE HAIPYy30YHOTO COMTPOTUBIICHHUS], P KOTOPOM KaXKJIbIN U3
HUX CUMUTAETCA MPAKTUYECKH UJI€aTTbHBIM.



4. COAEP KAHUE OTYETA

OT4eT TOJHKEH CoJIepKaTh:

- HAMMEHOBAaHUE U 1eNb pabOoThI;

- CXEMBI HCCIIEIOBAHMSI BHEILIHUX XapAKTEPUCTUK HA CTEHJIE U HAa KOMIIBIOTEPE;

- TAONHILIBI PE3YIBTATOB U3MEPEHUIL;

- pac4eThl TOKOB B LIETISIX;

- tpapukn  BHemHuX xapaktepuctuk U = f(I) m U = f(R) ucrounukos

HANPSDKEHUs, OJTy4YEHHbIE Ha TAOOPaTOPHOM CTEHJIE;

- 3HAUEHMSI HArpy304YHbIX COMPOTUBICHUH JUI KKIOr0 UCTOUYHHUKA, MPH KOTOPBIX

MCTOYHUKH HAIMPSDKEHUSI Y TOKA MOYKHO CUUTATh UJICATTbHBIMU;

- TapaMeTpbl CXEM 3aMELIEHUsI UCCIEAYEMbIX HCTOYHUKOB HANPSIKEHUS U
TOKa;

- BBIBO/IBI.

5. KOHTPOJIBHBIE BOITPOCHI JJIs1 JOITYCKA K
JABOPATOPHOM PABOTE

1. Kakue HCTOYHMKHM SJEKTPUYECKON SHEPIHMHM Ha3bIBAIOTCS HWCTOYHHKAMU
HaIPSDKEHUs, KaKWe MCTOYHMKAMU TOKa?

2. B dyem omiMuYMe€ HE3aBUCUMOIO HCTOYHMKAa OT  3aBHUCHMOIO
(ynmpasisieMoro)?

3. B ueM oTiinuMe UAEANbHOTO HCTOYHUKA OT PEAJTbHOT0?

4. CKOJIbKO TUIOB YIIPABJISEMbIX HCTOYHUKOB CYIIECTBYET, IEPEUUCIUTE UX?

5. CKOJIbKO M Kakue DJIEMEHTBHI COACPKUT CXEeMa 3aMEIECHUS UCANIbHOTO U
peaIbHOr0 UCTOYHUKA HAMPSHKEHUS U TOKa?

6. CKOJIBKO M KaKHU€ 3JIEMEHThI COACPKUT CXeMa 3aMEeLIEHUs KaKI0TO U3
YIPABJISIEMBIX UCTOUHUKOB?

7. Kak mpou3BecTr 3aMeHYy MCTOUHHMKA HANPSHKEHUS] 9KBUBAJICHTHBIM
MCTOYHHUKOM TOKa U Ha000pOoT?

8. Kakas xapakTeprucTrKa UICTOYHUKA HAa3bIBAETCS BHELIHEHN U KaK €¢
OTPECIISIOT?

9. Kakue xapakTepuCTUKU HA3bIBAIOTCS JIMHEAPU30BAHHBIMU ?

10. Kakue xapakTepHble TOUKH €CTh Y BHEITHEN XapaKTePUCTUKH HCTOYHUKA
AIIEKTPUYECKON SHEPTrun?

11. Kak ycTaHOBHUTBH PEXHUM XOJIOCTOI0 X012 UIH KOPOTKOTO 3aMbIKaHUS Ha
BBIX0JI€ UICTOUHHKA?

12. Kak onpenenutb BHEIIHIO XapaKTEPUCTUKY UCTOYHUKA HAIIPSKEHUS
(Toka)?

13. Kak onpenenutb napaMeTpbl CXeMbl 3aMEIIEHUSI UCTOUYHUKA HAIPSKEHUS
(TOKa) pacYeTHBIM ITyTEM U KCIEPUMEHTAIBHO?

14. Kak paccunThIBa€TCs MOIIHOCTD, BbIpadaThiBaeMas Ui oTpedsisiemast
HMCTOYHUKOM MOCTOSIHHOTO (TIEPEMEHHOTI0) HaNpsUKeHUs (Toka)?

15. MoxeT 11 UCTOYHUK HAIpsKeHUsI (TOKa) He TeHEPUPOBATh, a MOTPEOIIATh
SHEPruio?

16. Kakyro MOIIIHOCTh T€HEPUPYET UCTOYHUK MOCTOSHHOTO (TIEPEMEHHOTIO)
HaIpsHKeHUs (TOKa), B KAKUX €IMHUIIAX OHA u3Mepsierca?

17. Kak 3KcriepuMEHTaIbHO ONPEIEIAETCS BHEIIHAS XapaKTePUCTUKA
VCTOYHUKA HAMPSDKEHUS (TOKA) HA YHHBEPCAITBHOM JabopaToOpHOM CTeH 1e?
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18. Kak 3kcriepuMeHTalIbHO ONPEIEIUTh NapaMETPhl CXEMbI 3aAMEILICHUS
VCTOYHUKA HANPSDKEHUS (TOKA) Ha JTabopaTopHOM CTeHe?

19. Iy yero ucnosib3yercs 3a3eMJICHUE MTPU COOPKE CXEMBI LIETIH Ha
1abopaTOpHOM CTeH Ie?

20. Kak ycTaHOBUTH U U3MEHUTh HOMUHAJIBHOE 3HAUEHHE MTapaMeTpa CXeMbl
enu?

21. Kak u3MepuTh TOK B LIETIH IIPU TTOMOILX BOJIbTMETpA?

22. Y10 Takoe UIyHT U JJIs1 YETr0 OH UCIOJIb3YETCs B CXeMax?

23. Kakoil pexxuM paboThl HCTOYHUKA CYUTAETCSI COTIIACOBAaHHBIM, KaK €ro
YCTAHOBUTb, JIJISl YETO OH HYXEH?

24. KoaddurmeHT noae3Horo 1eHCTBUSI ICTOYHUKA, €ro (PU3UIECKUN CMBICI, B
KAaKUX Mpeaenax OH MeHseTcs?

25. Kak onpeenuTh BHYTPEHHEE COMPOTUBIICHUE UCTOUHUKA HAMIPSHKCHUS
(BHYTPEHHIOIO MPOBOAMMOCTb UCTOYHUKA TOKA) C TOMOIIIbIO BHEITHEN
XapaKTEPUCTUKU UCTOYHUKA?

26. B xakux npenenax MOXKET MEHSAThCSI BHYTPEHHEE COMPOTUBIICHUE
MCTOYHUKA HaNPsHKEHUs! (BHYTPEHHSIA TPOBOIMMOCTh UCTOYHUKA TOKA)?

27. Kak BiausieT BeIMYMHA BHYTPEHHETO CONPOTUBRIICHUS NCTOYHHUKA
HaMpsHKeHUs (BHYTPEHHEW MPOBOJIMMOCTH UCTOYHMKA TOKA) Ha BHEIIHIOK
XapaKTEePUCTUKY UCTOYHHKA?

28. [louemy He peKOMEHAYETCS MPOBOAUTH PEXKUM KOPOTKOTO 3aMbIKaHHUS MPU
CHSITUM BHEIIHEH XapaKTepPUCTUKH Ha J1a00paTOPHOM CTEHJE?

JlabopaTopHas paboTra No?2

OKCIIEPUMEHTAJIBHAS ITPOBEPKA 3AKOHOB KHUPXT'ODA B
PE3UCTHUBHLIX LEITAX

HEJIb PABOTbBI

OKCIIepUMEHTAILHO TIPOBEPUTH BBIMOJIHEHHE 3aKOHOB Kupxroda B pe3nCTUBHBIX
AIEKTPUYECKUX LEIAX.

1. IOAIOTOBKA K BBIITIOJTHEHUIO IABOPATOPHOM PABOTHI

[Tpu moAroTOBKE K BBHIOJIHEHHUIO Ja00OPaTOPHOI pabOThl HEOOXOAUMO:
- U3y4uTh auteparypy|l];
- U3YYHUTh ONMCaHKE JaHHOU 1a00paTopHOM pabOThl M MOATOTOBUTH Tabu. 2.1, 2.3;
- OTBETUTH HA BOMPOCHI JJIsI CAMOKOHTPOJISI.

1.1. OcHOBHBbIE TeOpeTHYECKHE TOJT0KEHUS
DNEeKTPUYECKOM 1EMbI0 Ha3bIBAETCS COBOKYIMHOCTh YCTPOMCTB U OOBEKTOB,
00pa3yrolux MmyTh AJis 3JIEKTPUUYECKOrO0 TOKA, 3JEKTPOMArHUTHBIE MPOIECCHl B
KOTOPBIX MOTYT OBbITh OIUCAHBI C TIOMOIIbIO MOHATUMA 3.].C., TOKA U HANPSKEHUS.
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Bce osmeMeHTBI ANEKTPpUYECKHX LENeM MOXKHO pasfeiuTb Ha HCTOYHUKU H
IIPUEMHMKH DJIEKTPUYECKOM JHEPrUM, a TAKXKe COEAUHUTENbHbIC IpoBoja. Kak
IIPABUIIO, JIEKTPUUYECKAs LEMb COCTOUT U3 PSAJA DJIEMEHTOB, COEUHEHHBIX MEXIY
co0oii onpeeneHHbIM o0pazoM. Onucath CBOMCTBA JHO00H JIEKTPUYECKON IEMn
M paccuuTaTh TOKM M HAIPSDHKEHHUS HA €€ JJIEMEHTaX MOXHO C IOMOIIBIO
YPaBHEHUH 3JIEKTPUYECKOIO PAaBHOBECHS LIENN, COCTABJIEHHBIX JIJI HEE HA OCHOBE
U3BECTHBIX (pu3nueckux 3akoHoB OMa u Kupxroda. I[Ipu cocraBiennn ykazaHHBIX
ypaBHEHUN MIMPOKO HCIHOJIB3YIOTCS Pa3HOOOpa3HbIE MOJETU JIIEKTPUUECKHUX
Here.

OCHOBHBIMH 3JIEMEHTAMH, U3 KOTOPBIX COCTOSIT 3JIEKTPUUYECKHE LENU, SBIISIOTCS:
pPE3UCTOpP, KOHAEHCATOP, KAaTylIKa WHAYKTUBHOCTH, MCTOYHUKH IJIEKTPUYECKOU
DHEPrUU, ONEPALMOHHBIA ycwiHuTeNlb. OIHAKO KaXAbld pealbHBbIA 3JIEMEHT
EKTPUYECKOW LeNM KPOME OCHOBHOI'O IIOJIE3HOTO KAayeCcTBA MMEET Pl
IIapa3UTHBIX CBOMCTB. Tak peasbHas KaTyllKa WHAYKTUBHOCTH XapaKTEPHU3YETCH:
COIIPOTMBJICHUEM IIPOBOJA, M3 KOTOPOTO OHA M3rOTOBJIECHA; €MKOCTBIO,
CYIIECTBYIOIIEH MEXAY BUTKAMHU KATYIIKM M MEXIAY KaTyIIKOM U 3eMJEH; U
cOOCTBEHHO MHIYKTUBHOCTBIO CAaMOM KaTylKu. To ke caMoe OTHOCUTCS K JIPyTUM
AJIEMEHTAaM DJJIEKTPUYECKOW uenu. Eciau yuyuThIBaTh BCE KayecTBa PEaJbHOIO
AJIEMEHTA LIENH, TO 3a/la4ya aHAJIN3a PEXKUMA L€ CTAHOBUTCS OYEHb CIOXKHOU U
TPOMO3IKOM, a B psfie CIy4aeB M HepaszpemmMon. [ ynpolneHus ykazaHHOU
3a7aul  aHalIM3a PEeXUMA DJEKTPUYECKHX LENe C COCPeaOTOUYCHHBIMU
IapaMeTpaMM II0JIararoT, YTO BCE PEAIbHBIE BJIEMEHTHI OTHX LENEH COCTOAT M3
OIIPENEICHHOI0  4YuCila  WUACAIU3UPOBAHHBIX  DJIEMEHTOB. Kax b
UJCATTM3UPOBAHHBIN AJIEMEHT O00JIaaeT TOJBKO OJHUM OCHOBHBIM KadeCTBOM
peanpHOrO 35eMeHTa. 1Ipu nepexone K uacaau3upOBAHHBIM AJIEMEHTAM, Ka)IblIi
peanpHBIM DJEMEHT LENH 3aMEHSAETCS ONPENEICHHOW JKBUBAJICHTHONW CXEMOWU
3aMEIICHHs], COCTOALIEH M3 KOHKPETHOTO Habopa Mcan3upOBAaHHBIX 3JIEMEHTOB.
OTH  DJIEeMEHThl  COEAUHSIOTCS MEXIy co00il ¢ TMOMOIIBI0 HACATbHBIX
IIPOBOJAHUKOB, Uil KOTOpPBIX OCHOBHble mnapamerpel: R = L = C = 0.
MaremaTuyeckoe ONMCAaHWE MOJIYYEHHOM CXEMbl 3aMEIICHUS TOJHKHO OTPaKaTh
JOMUHHPYIOIIHAE MPOLECCH B PEAIbBHOM 3JIEMEHTE LIENH, WIH T€ U3 HUX, KOTOPBIE
HEO0OXOMMO Y4ECTh MPHU PEIICHUH KOHKPETHOU 3a/1auu.

Takum oOpa3zoM, MOJy4YaeTcs pacyeTHas CXeMa 3aMELIEHUsl Ka)XJA0ro peaibHOro
AJIEMEHTAa LENM M M3 JTHUX CXEM 3aMELICHUS B JaJbHEWIIEM COCTABISETCS
pacueTHasl cXxema 3aMEIICHUS BCEU LIETN.

BBenenne mNOHATHSA HACAUIN3UPOBAHHBIC JJIEMEHTHI IIO3BOJIIET IIPU  AHAJIU3E
peasibHOM JIEKTPUUECKON Lenu MPUOIMKEHHO, HO C JIOCTAaTOYHOM IS MPaKTUKU
TOYHOCTBIO, 3aAMEHUTH €€ HEKOTOPOU MOJEIBI0, COCTOSIIEH M3 COBOKYITHOCTH
UJ1CATTM3UPOBAHHBIX JJIEMEHTOB.

CuctemMa ypaBHEHHMH, ONUCHIBAIOIIMX CBOWCTBA TaKOW MOJENH, MNPEACTABISET
co00i MaTeMaTHUYECKyl0 MOJENb 3JIEKTPUYECKON Lenu. Y CIOBHO-Tpaduveckoe
U300paKEHUE MOJIENIM DJIEKTPUUYECKOW IENU HA3bIBAETCS €€ PacueTHOM CXeMOou
3aMELIEHUs], KOTOpas COCTOUT U3 B3aWMOCBSI3aHHBIX CXEM 3aMEUIEHUs OTIAEIbHBIX
pEeaNbHBIX JIEMEHTOB, U CIIYKUT PACUETHON MOJENBIO PEAIbHOM LIETIH.

Kaxmas  cema  3aMElIEHMST  MMEET  OMNPEICIEHHYI  TOIOJOTHYECKYIO
(reoMeTpUYECcKyl0) CTPYKTYpY, JUIsl OMUCAHUS CBOMCTB KOTOPOM HCIOJB3YIOTCS
MOHATHSL: BETBb, Y3€J, KOHTYD.
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Bemevio Ha3pIBAIOT y4acTOK LIENU C JABYMsI BBIBOJAMU, 10 KOTOPOMY IPOTEKAET
OJWH W TOT K€ TOK. BeTBp, KaKk IpaBuiO, pacrnoyiaracTcs MeExIy ABYMs y3JaMu
LHENH U COCTOMT W3 OJHOTO WJIM HECKOJBKHX IOCJIEI0BATEIBHO COEIMHEHHBIX
AJIIEMEHTOB.

Y310m Ha3zbiBaeTcs MecTto coeauHEHHs OBYX M Ooisiee BeTBed. Eciam B y3ie
COEMHEHBI TOJIBKO JIBE€ BETBH, TO OH HA3bIBAETCS MPOCTHIM WJIM YCTPAaHUMbIM. B
JnanbHeieM OyneM paccMaTpUBaTh Y3JIbl, B KOTOPBIX COEIUHEHBI 0oJiee ABYX
BETBEH.

Jlis cXeMbl, IpUBEAEHHON Ha puC. 1, 4KMCII0 y3110B Ny= 4, YHUCJIO BETBEU

n, = 6, ecras BETBb COJIEPKUT UCTOYHUK TOKA J

Konmypom Ha3pIBaeTCsd 3aMKHYTBIM ITyTh, NPOXOIAIINN IO HECKOJBKUM BETBSIM
IEKTPUYECKON LIENU TaK, YTO OJUH U3 Y3JIOB SBISAETCS HAYAJIOM M KOHIIOM ITyTH.
KoHTyp, KOTOpBIM COIEpXUT XOTS Obl OJHY BETBb, HE BXOJAIIYI0 B JApYyrue
KOHTYpBI, Ha3blBaeTcsd He3zaBUCUMBbIM. Ha puc. 1 mokasaHel aBa HE3aBHUCUMBIX
KOHTYpaA.

Puc. 1. Cxema 351€KTpUUECKON LIENH

1.2. 3axkonbl Kupxroga

3akonbl Kupxroga (nepBblil 1 BTOpOIi) ABISAIOTCS CIEJCTBUEM BCEOOIIErO 3aKOHA
coxpaHeHus SHeprud. OHM IPUMEHSIOTCS I ONPEIEICHUS TOKOB B BETBSX
JUHEWHBIX U HEJTMHEHHBIX CXEM P JH0OOM 3aKOHE U3MEHEHHS BO BPEMEHHU TOKOB
u HampspkeHuil. Ha wux 06a3e COCTaBIAIOTCS ypaBHEHHUS DIEKTPHUYECKOTO
PAaBHOBECUS B DJJIEKTPUYECKHMX LEIAX, HUCHOJIB3YEMBIE B Pa3IMYHBIX METOAAX
aHaJIM3a U CUHTE3a DJICKTPUYECKUX LICTIEN.

IlepBoiii 3akoH Kupxroga BepakacT 3aKOH COXPAaHEHUS KOJUYECTBA
AIIEKTPUYECTBA (IBUKEHHUE 3apsiIOB B LIETIH MPOUCXOIUT TAKUM 00pa3oM, UTO HU B
OJIHOM U3 y3JI0B OHM HE CKAIVIUBAIOTCA), IPUMEHSETCS ISl y3JI0B AJIEKTPUUYECKON
enu 1 GopMyaupyeTcs CaeayoumM 00pa3oM:
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- aneedpauueckasn (c yuemom 3HAKOB) CyMMa MOKOG 6emeeil, CX00AUWUXCA 6
JII0OO0M y371€ IIeKMPUYECKOU CXeMbl 8 1H0001 MOMEHM 6PEeMEHU, DAGHA HYJII0:

Y I, =0
. (1)

[Tpu 3TOM TOKH, HalpaBJIEHHBIE K Y3JIy IPUHATO 3aIMCHIBATh CO 3HAKOM ILIIOC, a
HaIlpaBJIEHHbBIE OT y3JIa - CO 3HAKOM MHUHYC.

Hampumep, nns y3na 5SJIE€KTPUYECKOM 1EMH, MPEACTABICHHOIO Ha pHUC. 2,
ypaBHEHUE, COCTABIEHHOE 10 NepBoMY 3akoHy Kupxroda, umeer BuI:

11-12-13+14+J1—J2:0 (2)

Puc. 2. Y3en anexrpuueckoit enu

JlaHHBIN 3aKOH MOXET OBITh CHOPMYITHPOBAH U CIAEAYIOUIIM 00pa3oM:
- CyMMA MOK08, 6MeKAIOUUX 8 KOHKPEMHbLIL y3eil, PAGHA CYMMe NOKOG,
8bIMEKAIOUWUX U3 OAHHOZ0 Y3]d.
Jlj11 pacCMOTPEHHOT 0 IpUMepa 3TO 3aIUCHIBACTCS TaK:

S+t L=+ 1L+ 1 3)

Bropoii 3akon Kupxroga npumensercs K KOHTypaMm JJIEKTPUYECKOW LENU U

bopMyIHpYETCs CISAYIOMNUM 00pa3oM:

- anzedpauueckas (c yuemom HANPA61eHUA) CyMMA NAOEHUT HARPANCEHUIl HA

INNEMEHMax 6 1H00M 3aMKHYMOM KOHmMYPe INeKmpPU4ecKoil yenu pagHa HyJio:
YU =0
K (4)

JlaHHBINM 3aKOH MOXKET OBITH CPOPMYJIIMPOBAH U B JPYTOM BHJIE:

- anzebpauyecKkas cymMma RAOCHUN HANPANCEHUA HA NACCUGHBIX IJ1EMEHMAX
100020 3AMKHYMO20 KOHMYPA pAGHA A12e0pauiecKoll Cymme 3.0.C., 6X00AUUX

8 IMOmM KOHmMYp:
ZRKIK = ZEN
K N
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B ypaBHenusx (4,5) HanpaBieHHs ~HampsOKEHUS M 3.0.C.  CUUTAIOTCA
IOJIO)KUTEIBHBIMU, €CJIM COBIAJAlOT C HANpaBJIEHUEM 00XoJa KOHTYpa,
BbIOMpAEMBbIM 3apaHee B IPOU3BOJIBHYIO CTOPOHY.

Jlia paccmaTtpuBaeMoil 1enu (puc. 3) ypaBHEHMs IO BTOpoMy 3akoHy Kupxroga
UMEIOT CJIETYIOIINNA BU:

U]—U2+ U3+ U4— U5:0.

(6)
R1]1—R2]2 +R3[3:E2—E1.

‘ N

|,

i|R!

1

]R3 U,

—_—

N I

T |
[’.5

Puc. 3. KoHTyp a5ekTpuyeckoi nenu
1.3. Pacuer 3;1ekTpruecKoil nenu MeToaoM 3akoHoB Kupxrogpa (M3K)

[Ipu pacyere pexuma padOThl BIEKTPUUYECKON I[ENH 3aJaHHBIMU OOBIYHO
SBJIAIOTCSI: CX€Ma U 3JIEMEHTHI L[EMH, a TAKXKE MMapaMeTpbl MACCUBHBIX U aKTUBHBIX
AJIIEMEHTOB, a OINPENCIUTh TPEOYyeTCcs TOKU BO BCEX BETBAX M HANPSIKEHUS Ha
OTHENBHBIX AJeMeHTax uenu. s pemieHus takoil 3amauu ¢ nomonisio M3K
TpeOyeTcss COCTaBUTh IO IMEPBOMY U BTOpoMy 3akoHaM Kupxroda cucremy
JMHENHBIX aNre0panyeckux ypaBHEHUH C y4E€TOM NPHUHSATHIX IMOJOKUTEIbHBIX
HaIpPaBJICHUI TOKOB B BETBSIX U PEUIUThH €€ OTHOCUTEIIBHO HCKOMBIX TOKOB BETBEH.
[TomoxuTenpbHBIC HAMpPaBICHUS TOKOB BBIOMPAIOTCS MPOW3BOJILHO JI0 Hadvasa
pacuera M YyKa3blBalOTCA HA CXEME€ LENu CTPENKou. Pemienue cucremel
aNre0pandecKuX ypaBHEHHH MPEACTABISIET COO0M TOBOJBHO TPYAOEMKYIO 3aady,
a 00beM BBIUYMCICHUHN, KOTOPHIH HEOOXOAMMO BBIOIHUTH, BO3PACTACT C
YBEJIMYEHUEM CJIOKHOCTH LIENH (YMCIIa BETBEH ).
B oOmem cmygae — 4YmWCIIO ypaBHEHHM, KOTOPOE€ HYXHO COCTaBHTh TIpHU
UCIIOJIb30BAaHUU JAHHOTO METO/Ia, pABHO YUCIIY BETBEHM B paccMaTpuBaeMoO LieNu
— n, YacTe ypaBHEHMI W3 3TOr0 YHUCIa COCTABISETCA IO TMEPBOMY 3aKOHY
Kupxroda — n;, a ocraBmasicsi 4acTb 1o BTOpOMY — ny.
Uucio He3aBUCUMBIX YPaBHEHUH, KOTOPbIE MOYKHO COCTaBUTH 10 MEPBOMY 3aKOHY
Kupxroda, paBHo:

n=n,— 1 (7)
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Opnnako, ecnu B CXEME IIENU MMEETCSl BETBb, COCTOSIIIAsI TOJIBKO U3 HACATbHOTO
MCTOYHUKA 3.1.C., TO TOrJa IMOTEHUHAI y3J1a, K KOTOPOMY IPUCOEAUHEH OJUH
BBIBOJI MCTOYHHMKA, IPUHUMAETCS PAaBHBIM HYJIO, U CJENOBATENbHO, MOTECHLIHAI
y3J1a, K KOTOpOMY NMPUCOEANHEH IPYroi BbIBOJ UCTOYHHUKA, OYJIET paBeH BEIMUYMUHE
3.]1.C. ICTOYHUKA C COOTBETCTBYIOIIMM 3HAKOM (B 3aBUCMMOCTH OT HaIpaBJIECHUS
3.1.C. UICTOYHUKA). B 3TOM ciyyae 4McliO HE3aBUCHUMBIX YpaBHEHUH, KOTOpPHIE
MO>KHO COCTaBHUTh IO NepBoMy 3akoHy Kupxroda, Oyner Ha eIuHUIly MEHbIIIE,
yeM paccyuTaHo 1o (7).

Uwucno ypaBHEHUH, KOTOphIE HY)XKHO COCTaBHTh 1O BTOpoMmy 3akoHy Kupxroda,
JOJDKHO OBITh PaBHO:

N =n,-n; =n,— (ny—1) (8).

OTO 4YMUCIO PaBHO YHCIY HE3aBUCHMBIX KOHTYpPOB, KOTOpPHIE MOXKHO BBIOpaTh B
cxeme wnend. OpHAKO, €CIM B CXEME LENU HMMEIOTCS BETBH, COJEpKallne
UCTOYHUKHU TOKA (N; - KOJIMYECTBO BETBEH C HCTOUHUKAMHU TOKA), TO HE3aBUCUMBIE
KOHTYPBI HE MOT'YT IIPOXOJUTH 10 3TUM BETBSM, TaK KaK HAIIPSHDKCHUE HA 3aKMMax
UCTOYHHMKA TOKa HEU3BECTHO (OHO MOXET OBbITh OIIPEJIETIEHO TOJIBKO MOCJE pacyera
pexxuma Bcell uenu). BenencrBue 3Toro, npu BbIOOpE HE3aBUCUMBIX KOHTYpPOB B
CXEME LI, BETBU, COAEPKAIINE UCTOYHUKHA TOKA Pa3MBIKAIOTCA, B IOJy4CHHOU
CXeM€ BbIOMPAIOTCSl HE3aBUCUMBIE KOHTYPBI, a 3aTEM ATH BETBU MOJKIIIOYAIOTCS K
CXEM€ M MNPUHUMAIOTCA BO BHUMAHME IIPU COCTABJICHWM YPAaBHEHUM JUIA
HE3aBHCHUMBIX KOHTYpPOB MO BTOpoMmy 3akoHy Kupxroda. HWrak, npu Hamuuuu
VUCTOYHUKOB TOKA B CXEME LENU KOJIMYECTBO YPABHEHHMM, KOTOPBIE HYKHO
COCTaBUTH 10 BTOpoMy 3akoHy Kupxroda, paBHo:

n=ns—(ny—1)-nr )

1.3.1. Topsaok pacuera 3jekTpuueckoii nenu M3K

[Mpumenenne M3K st pacuera pexxuma pabOThI JIEKTPUUECKOMN 1eTH
IPEAINOIAraeT BHITOJIHEHHUE CIAEAYIOIIHNX ITANOB!
1. B pacueTHOIi cxemMe ucciemyeMoil renu 0003Ha4al0TCsS U HyMEPYIOTCS BCE
y3JIBlL.
2. IIpon3BOJIbHO BBIOMPAOTCS MOJIOKUTEIbHBIEC HAIIPABIECHUS TOKOB B BETBSIX
LENH, U BCE TOKH 0003HAYAIOTCS HA CXEME.
3. BeolOuparorcs He3aBUCHMbBIE KOHTYpbl M OOO3HA4arOTCsI Ha CXeMe
H0JIOKUTENbHBIE HAIPABJIEHUS UX 00X0/a.
4. CocTaBisI0TCsl YpaBHEHMsI 110 IEPBOMY U BTOpoMy 3akoHaM Kupxroga B
HEOO0XOMMOM KOJIMUYECTBE.
5. Pemmaercs nosydeHHas cuctema JIMHEHHBIX alreOpandyeckuX ypaBHEHUHN JTH0ObIM
U3 U3BECTHBIX METOOB, U ONPEAEIAIOTCS HCKOMBIE TOKH.
6. Jlnsg MmOATBEpKIEHMsI MPAaBWIBHOCTH pacueTa peXHMa LENH IPOBEPSETCS
0anaHC MOILIHOCTH.

Cobmonenne OamaHca Mexay BbIpaOOTaHHOW W MOTpPEeOJCHHOHW B
IIEKTPUYECKOW LENU MOLIHOCTBIO BBITEKAET W3 3aKOHA COXPAHEHHUsI SHEPIUU.
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AKTHBHAs MOIIHOCTh, TOTPEOJICHHAs] B I1IEMHA, HE MOXET OBITh OOJbINE WU
MEHBIIIE, a IOJDKHA OBITh paBHA TOW aKTHBHOW MOIIHOCTH, KOTOPYIO BRIpaOOTAIIN
WUCTOYHHUKAMU 3JICKTPUUYCCKON SHEPIruH, ACHCTBYONIME B 1ienu. [IpuueM HeOamaHe
AKTUBHOW MOIIIHOCTH, T. €. Pa3HOCTh MEXIy IMPOU3BEICHHONW W MOTPEOJICHHOMN
MOIIIHOCTBIO JIOJI’KHA COCTABJIATH JIOJIM TPOIEHTA OT MPOM3BEICHHON MOIIHOCTH.
[Tpu HecoO0aeHNN OallaHca MOIITHOCTEH pacyeT pekuMa Ieu HY)KHO YTOUHHTh.

AKTHBHAsI MOIITHOCTb, U3PACX0JIOBAHHAS B IICTIH, ONIPEACIISICTCS BRIPAKCHUEM:

P, =Y. R.JI* (10)
K

rae I, - neiicTByrolee 3HAYCHHWE TOKA B BETBH. AKTHBHAs MOIIHOCTH P

BCErJ1a UMEET MOJI0KHUTEIILHOE 3HAaUCHHE.

UnciieHHOe 3HAYE€HHWE AaKTHUBHOW MOIIHOCTH, BBIPAOOTAHHOW OTAEIHEHBIM
UCTOYHUKOM  DJICKTPUUYECKOM  DHEPTUH, ONPENEISACTCS  IPOU3BEICHUEM
JEUCTBYIOIIEr0 3HAYCHUS 3.4.C. UCTOYHMKA £, HA JEUCTBYIOLIECEC 3HAYCHUE
MIPOTEKAIOIIETO YE€PE3 HETO TOKa I:

Bion = Eyen ¥ 1 (11)
Ecnu manpaBnenust 3.1.C. 1 TOKa COBMAAAlOT, TO MOUIHOCTHh P, OyneTr uMerhb
MOJIOKHUTEIPHOE 3HAYEHWE, W HWCTOYHUK OyJeT OTAaBaTh BBIPAOOTAHHYIO UM
MOIIHOCTh B Ilemb. Ecin jke HampaBieHUs 3.J.C. ¥ TOKa HE COBMamarT (
IIPOTUBOIOJIOXKHBI), TO MOIIHOCTh MCTOYHHKA OyIeT OTPHUIATEILHOW, U OH HE
Oyner oTaaBath (BbIpabaThiBaTh), a OyJaeT MOTPEOJSTH aKTUBHYIO MOIIHOCTH M3
nenu. [Ipu oTpuiiarenbHOM 3HAYEHWU MOIIHOCTH HCTOYHHK MOTPEOIISIET SHEPTHIO
U3 1IeTH, a TP TOJOKUTEILHOM 3HAUEHUHU — OTAAeT ee B 1enb. ClielyeT UMeTh B
BUJy, YTO NPH pacyeTe MOIIHOCTH WMCTOYHUKA TOK, MPOTEKAIOIIUN Yepe3 HEero,
HY)KHO OpaTh C TeéM 3HAKOM, KOTOPBIN MOJYYHJICS B PE3yJbTaTe pacuyera pexuma
LETH.

[Ipu ompenmeneHuuM MOIIHOCTH HWCTOYHMKA TOKAa HYXHO Oparth
MPOU3BEJCHNE TOKAa HWCTOYHMKA HA HANpsHKEHHE Ha €ro 3aKMMax, a I3To
HaIPSHKEHUE ONPEICIIICTCS] Pa3HOCTHIO TTOTCHIIMAIOB TOYKH, U3 KOTOPOI BHITEKAET
TOK UCTOYHHUKA TOKA, U TOYKH, B KOTOPYIO OH BTEKAET.

HamoMHuM, 9TO TOTEHIIMAT TOYKH JJICKTPUUECKOW IIEMH €CTh CKaJspHAs
BEJMYMHA, paBHas paboTe CHUJI DIEKTPUYECKOTO TMOJIS 1O TMepPEeMENCHUIO
eIMHUYHOTO TMOJIOKUTEIIFHOTO 3aps/ia U3 JAaHHONH TOYKHA B OECKOHEUHO YAAICHHYIO
TOYKY, OTEHI[AI KOTOPOU paBeH HYJIIO.

1.3.2. IIpumenenune M3K a5 pacuera 3JieKTPHUYECKO Henu

[Tpumenum M3K juis pacuera pexuma 3JIEKTPUUYECKON LENU, NMPUBEICHHON Ha
puc. 1. bByaem cuurtats y3en 4 0a3MCHBIM U NPHUMEM €ro MOTEHIHA PaBHBIM
Hymo. Tak Kak B LENM IEUCTBYIOT TOJIBKO MCTOYHMKH T'aPMOHMYECKOM 3.1.C. U
TOKA OJMHAKOBOW YAaCTOTHI, TO YPaBHEHHUs JJIEKTPUYECKOIO PABHOBECHUS LEIH
MO>KHO 3aMKcaTh B KOMIUIEKCHOHN (hopMe CIEAYIOIMMUM 00pa3om:
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TomTa—Ts=0

Ii—1.—15=0 (12)

} 3+ 16—15=0
R IR Is+ R Is = Eit Es
R I,+RI.—R,I,~R,1I,=E+E, (13)
Tak Kak B BETBU 6 BKJIIOUYEH HE3aBUCHUMBI MCTOYHUK TOKA J , T0 TOK I; Oyner

pPaBEH TOKY J . 3anumem cucremy ypasaenue (12), (13) B mokaszarensHoit popme:
Le' — 1, —Je’" =0

e’ —1e’" —1e’" =0

Le'" +Je'" — I, =0

RIe™ +R1e’ + R’ = Ee’" +E e’

J¥3 Vs _ Vs _ V2 _ JWes JVea

(14)
B nenu, nutaemMoil OT rapMOHMYECKUX MCTOYHUKOB C OJMHAKOBBIMU 4aCTOTAMH U
OJIMHAKOBBIMHM HaudaJdbHBIMU (Da3aMH M COCTOSIIEH W3 YHUCTO PE3UCTHUBHBIX
3JIEMEHTOB, apryMEHThl BCEX TOKOB M HampsyKEHUH OyIyT MMETh OJUHAKOBBIE
3HayeHus. [losToMy apryMeHTsl YW, = Yo = W3 = W4 = WYs= Y; = Yo =

We3 = Wey = W U MHOXKUTEIU e’’ B mpaBBIX M JIEBBIX YACTAX ypaBHEHUIA

(14) MoryT OBITh COKpAILIEHBI U CAMH YPaBHEHUSI SJIEKTPUUECKOTO PAaBHOBECHS LIETIN

3aMUIIYTCS B CIAEAYIOIIEM BUJIE:

Io—14—16=0
I—1,-1;=0
L+ 16—15=0 (15)

R 1I+R, I:+R, Is=E+E;
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RI,+RI,—R,I,—R,I, =E,+FE,

B cucreme ypaBHenuii (15) Bce mnepeMeHHbIE TapMOHMYECKHME TOKHM M 3.1.C.
IIPEACTABICHBl MOAYJIAMH CBOMX ACHCTBYIOIIMX 3HAa4eHUU. Takue Ke ypaBHEHUs
ObuM OBl TOJIyYy€HBbl JUIsl paccMaTpUBaeMOMl LienH, eciu Obl B HEH BMECTO
UCTOYHUKOB TapMOHMYECKMX TOKOB U HaIlpsDKeHWH Obuld Obl  BKIIIOUEHBI
VICTOYHUKH TIOCTOSTHHOTO TOKA.

Ecnu B paccmarpuBaeMyio 1lellb BKJIKOYUTH XOTs Obl OAMH PEAKTUBHBIM 3JIEMEHT
WIM HayalbHble (a3pl y HCTOYHUKOB OyAyT pa3HbIMH, TO ypaBHeHus (15),
COCTaBJICHHBIE ISl JCHCTBYIOIIMX 3HAYEHUM TOKOB M 3.1.C., IEPECTaHyT OBITh

crpaBeUIMBbIMH. B 3TOM cityyae Hajo NpuUMeHATh ypaBHeHUs (14).

2. 3AJJAHUE HA BBIIIOJHEHUE JIABOPATOPHOM PABOThBI

2.1. OxkcnepuMeHTaNbHAsI MPOBepPKa 3ak0HOB Kupxroga c¢ momomsbio
YHHUBEPCAJBHOI0 J1a00PaTOPHOIO CTEHA

2.1.1. [ToaroroBKa cxeMbl J1A00PATOPHOI YCTAHOBKU

JUig SKCHepuMEHTaIbHOM NpoBepku 3akoHOB Kupxroda Ha yHHBEpCaIbHOM
71a00paTOPHOM CTEHJIE HYXHO coOpaTh CXeMy LIeNH, IPUBEJIECHHYIO Ha puc. 4. B
KAaueCTBE HCTOYHUKOB 3.J.C. MCIOJB3YIOTCS [Ba HU3KOYAaCTOTHBIX HCTOYHMKA
HaIIpSDKEHUA, BXOIAIIMX B COCTAaB CTEHJA, C JHUCKPETHO HW3MEHSIOIUMCS
BBIXOJIHBIM HampsikeHuemM u yactotod 50 ['m. BHyTpeHHHe conmpoTHBIEHUS
uctouyHnkoB (R;) ObuTM ompeseneHbl paHee MPU BBINOJHEHUH J1aOOpaTOPHOU
pabotsl Ne 1 Ha 3TOM e cteHne. CompoTuBieHUsT IIYHTOB - R, BbIOHparoTcs
paBabiMu 10 OM (mna yaoOcCTBa MpOBENEHUS BBIYHMCICHUI), a 3HAUYCHUS
OCTAJIBHBIX COITPOTHUBIICHUN 3aal0TCs PENOJABaTEIEM.

El E2

R'l Il A IE Rﬂ
i I - <1 —h{ I ] —
l Izl R2 ﬂ
{'-1
Rz
D N
IH b I - 1 —a— |_"1
I "R, Rl B Ruz Ry O

Puc. 4. PacueTHas SKBUBaJIEHTHAs CXEMa UCCIIEyEMOU LIENH
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2.1.2. llopsiAoK NpoBeAeHNS IKCIIEPUMEHTAa U 00Pa00TKHU MOJTy4eHHBIX
pe3yJbTaToB

[Tocne o3HaKOMIJICHUS C OINMUCAHUEM JaO0OpaTOpHOM pPabOTHI M TOJYYEHHUS OT
npenojaBaresis BceX HEOOXOJAMMBIX IS IMPOBEACHUS pabOThl JaHHBIX: 3HAYCHUUN
3.1.C. HMCTOYHMKOB U BEJIMYMH BCEX COINPOTUBICHUM CXEMBI, coopathb
HCCIIeyeMylo 1Ielb Ha J1abopaTopHOM CTeHJie (cxema u3o0paxkeHa Ha puc. 5). B
paboueil TeTpaau 3apucoBaTh CXEMY LIETH U MepeuepTuTh Tadi. 2.1.

[Toce mpoBepku MPaBHILHOCTH COOpa CXEMBI TI0JIaTh MMHUTAHKUE HA JIA0OPATOPHBIN
CTEH/l, ICTOUHUKHU MUTAHUSI U BOJLTMETPHI V| U V,. C mOMONIBIO BOJBTMETP V|
IpU OTKJIIOYEHHOM Harpy3ke (B peXUME XOJOCTOr0 XOJia) OIpeaeTuTh
HaNpsDKEHWE HA BBIXOAE KaXJOrO0 HMCTOYHUKA, T.€. U3MEpUTh 3.4.C. E; u E,
KKI0T0 UcTOuHUKA. [lomydeHHbIe pe3ynbpTaThl 3aHeCTH B Ta0m. 2.1.

Ok
)

Puc. 5. Cxema uccnenyemoii niemnu, cooOpanHasi Ha JJaboOpaTOPHOM CTEH/IE

Y CTaHOBUB KOPIIYCHOM 3a)KUM BOJIBTMETpa V, B y3ed M uU3MEpUTh NOTEHUMAIIBI
@ BCEX TOYEK, NIOMMEHOBAaHHBIX Ha cXxeMme. Pe3ysbraTel M3MEPEHHI 3aHECTH B
Taby. 2.1. [1o HaliIeHHBIM MMOTEHIIMAIaM TOYEK CXEMbI PaCCUMTATh HAMPSHKCHUS Ha
BCEX COINPOTHUBIICHMAX LENH, a 3aTeM Mo 3akoHy Oma Hauth Toxu [; [, , I.
Hamnpumep, Tok [; MokeT ObITh paccuuTaH 1o Gopmyiie:

Uy  Oy—0
] =—ZRL_7M D , (16)
1 Rl Rl

Pe3ynbrarhl pacuera Bcex TOKOB 3aHECTH B TaoOu. 2.1.
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3Hasg MOTEHIMAaJbl BCEX TOYEK CXEMbI, ONPEICIUTh HAIpaBJICHUS TOKOB B
BETBSIX, MMES B BHJY, YTO TOK B BETBU MPOTEKAET OT TOYKA C OOJIBIIUM
NOTEHIIMAJIOM K TOYKE C MEHBIIMM MoTeHiuaioM. [locne storo ybemnutbcs B
paBUJIBHOCTH TMepBOro 3akoHa Kupxroda, moacraBuB HaiijieHHblE 3HAYEHUS
TOKOB C y4€TOM 3HAKOB B YpaBHEHHE sl y3i1a A uiu B:

DI, =0
1

PaccuutaTte  nelcTByrOlME€ ~ 3HAYEHUS  HANPSOKEHUST  HA  BHYTPEHHHX
COTIPOTUBIICHUSX UCTOYHUKOB 1O (hopmyIie

Up =1;"R, (17)
U yOeauThCsl B CIPaBEAJIMBOCTU BTOpOro 3akoHa Kupxroda, coctaBuB ypaBHEHUS
o BTopomy 3akoHy Kupxroda nis koutypor [ u II. Hanpumep, nns konrypa |
3TO ypaBHEHHUE, NPU NPUHATHIX HA puUC. 4 HANPABICHUSAX TOKOB B BETBIX U
BBEIOPAHHOM TOJIOKUTEIIPHOM HaIMpaBlieHUH 00X0/1a KOHTypa, OyIeT UMeTh BH/I:

Li(R,+R +R,)—-1(R,+R)=FE (18)

Taomuna 2.1

DKCIEpUMEHTAIbHBIE 3HAYCHUS
PexumHubie Pacuernsbie I1apaMeTpoB

napameTpbl 3HAYEHUS Ha naGopatopnom [Ipu
Henu napameTpoB CTEH/IE KOMITbIOTEPHOM
MOJICJIMPOBAaHUU

E.B

E.. B

(DA’B

@CaB

@BaB

¢D’B

¢NaB

@SaB

URla B

Urz, B
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I, A

L, A

I;, A

Pyer, BT

Promp, BT

ITpousBectu pacuer pexxuma paboThl paccMaTpuBaeMoil Lenu ¢ nomombio M3K
TEOPETUYECKH T10 UCXOJHBIM JIaHHBIM. Pe3ynbpTaThl pacueToB 3aHecTu B Ta0md. 2.1.
CpaBHUTH pe3yNbTaThl, NOJIYYEHHBIE SKCIEPUMEHTAIBHO U PACYETHBIM ITYTEM.
Omnpenenutb MOUTHOCTH MCTOUYHUKOB M MOTPEOUTENCH, UCHOIB3Ysl PpPacCUETHBIE U
IKCIIEpUMEHTaIbHbIE AaHHbIEe U (popmyisl (10), (11):

ZPnom =(R +R, + Ri1)]21 +(R, + Rmz)lzz +(R,+ R, + Ri2)123

ZPucm =El +E,1,

HpOBCpI/ITB 0ajlaHC aKTUBHBIX MOHIHOCTCﬁ M paCcCUUTATh IMOIrpCIIHOCTD OajaHca:

| Z Pucm _ZPnomp‘
2 Pucn

Hebananc O He mosmkeH mpeBbimath 1%.

o=

-100% (19)

3. COAEP’KAHUE OTUYETA

Omuem 0ondicen cooeprcamp:

- HANMEHOBAHUE M 1IeJIb PabOTHhI;

- CX€MbI HCCIICMYEeMbIX LICTICH ISl CTeHJa W KOMITBIOTEpAa M HOMHUHAIBHBIC 3HAUCHUS
JICMEHTOB CXEM;

- TaOJIMIIBI PE3YJIbTATOB U3MEPEHUI M PaCCUUTAHHBIX 3HAYEHUIN TOKOB, HAMPSIKECHUHA U
JPYTUX MapaMeTPOB;

- UCTIONIb3yeMbIe TIpU pacueTax (opMysbl W caMH pacydeThl TOKOB, HAMPSHKEHUM,
MOIITHOCTEH;

- MPOBEPKY OaaHca MOITHOCTEH 1 aHAITN3 TIOTYYSHHBIX PE3yJIbTaTOB;

- BBIBOJIBI O PE3YJIbTATaX UCCIEAOBAHUS.
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8.
9.

4. BOHPOCBHI U151 CAMOKOHTPOJIA ITPA HOAT'OTOBKE K
BBIITOJIHEHUIO U SAINIUTE TJABOPATOPHOU PABOTbI

ChopmynupyiiTe nepBbiii 1 BTOpoil 3akoH Kupxroda ajist nieneit mocTosSHHOTO
Y TIEPEMEHHOTO TOKa?

CKOJIBKO HE3aBUCHMBIX YPAaBHEHUI MOKHO COCTABUTH I10 IEPBOMY U 11O
BTOpOMY 3akoHy Kupxroda?

UYTo Takoe uAcanu3upOBAHHBIE JIEMEHTHI AJIEKTPUUECKON LEnn?

Kakune nenu Ha3bIBatOTCs pE3UCTUBHBIMU?

Kak npousBoautcs pacuer TOKOB B LIENU METOAOM 3akoHOB Kupxroda?
Yro Takoe pacueTHas SKBUBAJICHTHAS CXEMa 3aMELICHNUs LIENU U KaK OHa
COCTAaBJISIETCS?

Kakue Tonosornyeckue 371eMeHThI 3JEKTPUUECKOM LIENH CYIIECTBYIOT?
N3 KakuX peasbHbIX 3JIEMEHTOB COCTOUT AJIEKTpHUECKas Lenb?

Kakne nneann3npoBaHHbIE 3JIEMEHTBI UCIIOIB3YIOTCS P COCTABICHUHN
PaCUETHOM CXEMBI 3aMEIICHUS LU ?

10.Y10 Takoe MOTEeHIUAJ TOYKH AIEKTPUYECKOM 1enn?

11.Kakoit y3en 3JIeKTpUIeCKOM 1EeTH CUUTACTCS Oa3UCHBIM?

12.Kak BbIOpaTh MOJIOKUTEILHOE HAMPABJICHUE TOKA B BETBU?

13. Kakue 31eKTpru4eCcKre BeJIMYMHBI HA3bIBAKOTCSI MTHOBEHHBIMHU?

14. Kakol HCTOYHUK HA3bIBAETCSI UCTOYHUKOM 3.]1.C.7

15. Kakoii HICTOYHUK Ha3bIBACTCA HCTOYHUKOM TOKA?

16. Yto Ha3bIBaeTCS MaICHUEM HANPSKEHUS U B YEM OHO U3MEPSIETCS?

17. Kak onpenenuTs HanpaBieHUE TOKA B BETBU, €CJIM U3BECTHBI MOTECHIINAIBI

y3J10B?

18. Yrto Takoe H6amaHC MOUTHOCTEH?

19. MoeT JIn UCTOYHHK 3JIEKTPUIECKON IHEPTHH MOTPEOIATh MOIIIHOCTH?
20. Yro Takoe reneparop?

21. Yem oTimyaeTcs MOCTOSHHBIN TOK OT MEPEMEHHOTO TOKa?

22. Yto Takoe AeHCTBYIOLIEE 3HaYCHUE IEPEMEHHOTO TOKA UM HAIIPSHKCHUS ?
23. Kakas cBsi3b MEX]ly IOCTOSIHHBIM TOKOM U JIEHCTBYIOIIMM 3HAUEHUEM

MIEPEMEHHOTO TOKA?

24. Kak paccuuTarh TOKU B ABYX NapalJICIbHbIX BETBSIX?
25. Kak paccuuTarh Hanps>KeHUE MPU MOCIE0BATENBHO COSAMHEHHBIX

pe3ucropax?

26. Kakue xonebaHust Ha3bIBAlOTCA FTAPMOHUYECKUMHU?

27. Yro HaszbiBaeTcs (ha3oi M HauanbHOM (ha30ii rapMOHUYECKOTO KoJieOaHus?
28. Yrto Takoe nmokazarenbHasi (popmMa KOMILIEKCHOTO uncia?

29. Kak 3anuceiBaeTcst 3akoH OMa JiJIsl y4acTKa LETH, HE COJIEPKAILEro U

COJIepKalllero MICTOYHUK HaIpSKEHUs?
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JlJabopatopHasa pabota Ne3
MCCJIEJOBAHUME RLC-IIEITM HA TIOCTOSSHHOM YACTOTE

HEJIb PABOTbI

HayuntbCsi paccUMTBIBaTh U 3KCIEPUMEHTAIBHO ONPEIEIATh JAEUCTBYIOIINE
3HaYeHUs] W HavalbHble (a3pl TOKOB U Hampsbkennii B RLC-uensix npu

rapMOHUYECKOM BO3JECHCTBUH.
1. MOJATOTOBKA K JABOPATOPHOM PABOTE

[Ipu noAroTOBKE K BHINOJIHEHUIO JIA0OPATOPHOU PabOThl HEOOXOUMO:

- U3y4YUTh JquTeparypy [1];
- U3YYHTbH JJAaHHOE OMHCaHKe J1ab0paToOpHOIl pabOThI U MOJATOTOBUTH Ta0MI. 1;

- OTBCTUTH HA BOIIPOCHI IJIsI CAMOKOHTPOJIA.

1.4. OcHoBHBIE TeOpeTHYECKHE MOJ0KEHUS

B ob0mem ciywae mpu moakmodeHun K RLC-memn  wcTOYHWKA C
IPOU3BOJIBHON (POPMOI TOKA MITM HATIPSHKCHUS JTFO0BIE YPaBHEHMUSI, OMMCHIBAOIINE
IpolecChl B JIAaHHOM 1IN, MOTYT OBITh COCTaBJEHBI TOJBKO JJIsI MTHOBEHHBIX
3HAYEHUN TOKOB W HampspkeHud. Hampumep, mimga nenu Ha puc.l mo 3akoHam

Kupxroda moxHo 3anucath

[
—

—
e

¥
¥ =

) L. ||

Puc. 1. Cxema RLC-uteniun
i]-ig-i3 :0,'
up +uc =e; (1)
Up3z-Uc — 0

Ecnu BbIpa3uTh MIHOBEHHBIE 3HAYEHUS HANPSIKEHUH Yepe3 MIHOBEHHbBIE
3HAYEHHUA TOKOB, TO CHCTeMa ypaBHeHuUl (1) 3anuiuercs B BUjE:

i]-ig-i3:0,°

di 1¢ .

LE-FEJ.ZZGIZL—@; (2)
. Lp.

Rl3—EJ.12a’t=O
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Ecnu 3.4.c. MM TOK MCTOYHHMKA AJIEKTPUYECKOW SHEPIrUM W3MEHSETCS IO
FapMOHHYECKOMY 3aKOHY, TO pacyeT UEMNH MOKHO BBINOJHATH CHMBOJHYECKHM
(KOMIUIEKCHBIM) METOJIOM C MIOMOIIbIO KOMITJIEKCHBIX YHCE].

PaccmoTpum mopsimok pacyera pekuMa LENH, NPUBEAEHHOM Ha puc. 1, c
MOMOIIbI0  CUMBOJIMYECKOTO MeToja. Tpebyercst omnpeaenutb Bce TOKH U
HaIpsSKEHUST BETBEH, MOCTPOUTH BEKTOPHBIE JHArpaMMbl TOKOB M HAIIPSKEHUM.

Bnauane pacyera HEOOXOAMMO TOKM W HANpsXKEHUS BCEX HCTOYHHKOB
AIIEKTPUYECKON SHEPTUH, BKIIOYEHHBIX B LIEIb, 3alUCATh B KOMIUIEKCHOU (opMme.

JleficTByronuii B paccMaTpyBaeMOW II€MM HMCTOYHUK HANpsOKEHUs  u(t)
TEHEPUPYET CUHYCOUIAIIBHOE HAIPSKEHNE

u)=U, sin(a)t + gp) , 3)

rae U, — aMmmuTyiHoe (MaKCUMallbHOE) 3HAaUeHUE HAPSKEeHHUS,
¢ - HavyaJIbHAs a3a CUHYCOMIAJIbHOTO HAIPSIKEHMUS,

® - yriaoBas dYactotra ((a3oBas CKOpPOCTb) CHHYCOMJIAJILHOTO
HaIPSHKCHUS, BRIYUCIIIEMast 110 hopMyJie:
o = 27f,

rae f - nukiMyeckas yacrora, uamepsieMas B L.
[TpumeM crenyromye 3Ha4eHUs MapaMeTpPOB HCTOYHUKA U AJIEMEHTOB LIETIH:

U,=10B, w=10"pan/c, ¢=0"
R, =100Mm, L=10MmIH, C=100 MKD.

TOFI[a HeﬁCTBYIOIHee S3HAYCHUC HAIIPSIKCHUA HMCTOYHHMKA B KOMILICKCHOM

¢dbopme 3anuiiercs B BUJE:
! T

U="22.p¢ =2.¢°=707B

12 2

-

Jlanee HEOOXOIUMO BCE IJIEMEHTHI B CXEME IICIH, 3aMEHUTh KOMIUICKCHBIMH
JBYXIIOJIFOCHUKaMH (puc. 2).

Puc. 2. Cxema 3amernieHus 1eny B KOMIUIEKCHOU (popme
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ConpoTuBIIEHHs ABYXITOJFOCHUKOB BBIPA3HM Y€pe3 MapaMeTpbl JIEMEHTOB U
paccurtaeM ux 3HadeHus. ConpoTuBieHUss MHAYKTUBHOCTH L m émxoctn C
OIPEACIIAIOTCS C IIOMOIIBIO BEIPAXKCHUM:

Z, =jwL=j+10°10+10"% = j10Om,

.1 . 1 .
Z—‘f = T it 100100 —j10 Om.

Jlanee paccunTaem CONMPOTHBICHUE £ -, MapauienbHOro coenqunenus R u C,

a 3aTeM BXO/IHOE CONPOTUBJICHUE £, LIETH:

Eqo R —i10-10 —i10 la_e—_,"gl'_":' I
— A 4 —_
El = = = = — a0 = ?J{]?. e _1‘1'-:' JOM

= Zp+R  —jl0+10 —j+1 oy 2-eTdeE

Zyn = 7,07 cos45° — 7,07 sin45° = 5— j5,0m

7. =7Z,+Z,

2

Z..=j1045-j5=5+j5=7,07-¢/*" Om

PacueT TOKOB B BETBSIX W HANpsHKESHUH HA DJIEMEHTAX IEMU MPOBOJIUM B
CJICIYIOUIEM TOPSIIKE:

v 707’ L
— == 1e7T A
Z.. 7.07-ei43

I, =
U, =1, -2,=1-e77%° .10 /%" =10.¢/*>" B,

Upy=1l,+Z,,=1 €774 7,07 e74° = 7,07.e7/%" B,

. — g

- ., 7.07-e %0

L =—=——>%=0707A
“ Zr- 10- /%0 ’

oo
- i 7.07-27 170 _ iap®
[[ =202 _ 0,707 e % A.
R 10

3Has BCE TOKM M HAIpPSDKEHHUS B CXEME, MOXHO MEPEHTH K MOCTPOCHUIO
BEKTOPHBIX JUArpamM.

JIinst mocTpoeHus BEKTOPHOM AuarpaMMbl TOKOB HEOOXOJIHMMO COCTaBHUTh
ypaBHeHUE 1o nepBoMmy 3akoHy Kupxroda mis paccmaTpuBaeMoro ysia.
CocraBuM ypaBHEHUE 10 nepBoMy 3akoHy Kupxroda mis y3na 1:
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I,—L—1,=0

Z

HO,Z[CTaBI/IM B YPAaBHCHHUC KOMIIJICKCHBIC 3HAYCHHUS TOKOB

1. 745° — 0707 — 0,707 e 7%°° = ()

U Ipeo0pa3yeM ero COCTABIISIIOIINE CYMMY BEKTOPOB

1e7 745 + 0,707 e7*29° 4 0,707 . £/°°° = 0.

[lepen mocTpoeHWeM uarpaMmbl BBEIOEpEM MacIITad BEKTOPOB TOKOB.
[Tpumem macmTad: 0.1A/cm (T.e. 1 cM quHBI BekTOopa cooTBeTcTBYET 0.1A).

BekropHasg numarpamma CTPOUTCS M3 Hadaja KOOPAMHAT M KaXIbIU
NOCJIEAYIOIIMIA BEKTOp CTPOMTCA M3 KOHIA mpeasiaymero. Juarpamma

HpC,Z[CTaBJ'ICHa Ha pI/IC. 3
Im
mo Re

Puc. 3. BexropHas nuarpamma TOKOB i y3ia 1.

JIJis1 IOCTPOCHMSI BEKTOPHOM MarpaMMbl HAIIPSDKEHUH COCTaBUM ypaBHCHHE
10 BTOpOMY 3akoHy Kupxroda s KoHTypa 1enu (MICTOYHUK — HHIYKTUBHOCTD —
COTIPOTHUBJICHUE #34):

HO,Z[CTaBI/IM B YPAaBHCHHUC YHCJIICHHBIC 3HAUYCHHA BECKTOPOB:

707—10-2/43° —7.07.277%%° =

9
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U ipeoOpa3yeM ypaBHEHHUE B CYMMY BEKTOPOB:

707+10.-2/7235° 1 707. 277" — .

Jlia moctpoeHus auarpamMmbl BeiOepem Macmtal: 1B/cm. Bexrtophnas
JyarpaMMa CTPOUTCS aHAJOTMYHO U Mpe/CcTaBiIeHa Ha puc. 4.

In .
0 U Re

U,

UL

Puc. 4. BektopHas auarpaMmma Harps>KeHUN

JUis HarisgHOro TPEACTABICHUS PACIOJNIOKEHHS BEKTOPOB TOKOB U
HANpPsDKEHUH Ha 3JIEMEHTaX LENd OTHOCUTENBHO JIPYT APYyra NOCTPOUM BEKTOPHbBIE
auarpaMMbl TOKOB W HampsDKEHHM BMecTe Ha oOmied nuarpamme (puc. 5). U3
JrarpaMMBbl BUIHO:

- TOK [, B MHIYKTHBHOCTH OTCTACT OT HIPHIIOKEHHOTO K Heil Hanpsikenus Ha 90°,

- TOK B AKTUBHOM COIPOTHBIICHUH [, COBMAgaeT ¢ MNPWIOKEHHBIM K HEMY
Hanpspkenuem U 5,

- TOK B EMKOCTH [, OIepexaeT NpuiIoKeHHOe K HeMy Hanpsukenue U, ma 90°

Puc. 5 CoBMenieHHble [uarpaMMbl TOKOB U HAIIPSKEHUI
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BektopHble auarpamMmel, Kak HPaBUIIO, SIBISAIOTCS KOHEYHBIM PE3YyJbTATOM
pelieHus 3ajad, MoAOOHBIX pacCMOTPEHHOM. BekTopHas nuarpamma I03BOJISIET
IIPOBEPUTH IIPABUIILHOCTH NPOBEICHHBIX PAacU€TOB, 110 HEH JUIA CIOXKHBIX LENen
MOKHO OIpEACIUTh HANpPsDKEHHUS B KOMIUIEKCHOH (opMe MeXay TOUYKaMH,
HEIOCPEACTBEHHO HE CBA3AHHBIMU JPYT C APYTOM.

IIpy HeoOXOaUMOCTH MEPENUTH OT KOMIUIEKCHBIX BBIPQXEHUN TOKOB U
HaIIPSHKEHUM K BBIPAXKEHUSM MTHOBEHHBIX 3HAYCHUHN TOKOB WJIM HAIPSHKEHUM, 3TO
JE€JAeTCd OYEHb IMPOCTO. YMHOXXHUB JCHCTBYIOLICC 3HAYCHUE HANPSIKCHUSA Ha
uHaykTHBHOCTH U;= 10B Ha 2, mojiyuaeM aMIUTMTYIHOE 3HAYEHHE HAMpPsKEHHs

u;(t): Uy= 14.14B. Hauanbuas ¢asza ¢ HanpspkeHuss U (f) paBHa apryMeHTY
KOMIUIEKCHOro Hampskenns U, paBHomy 45°. CrenoBaTenbHO, MIHOBEHHOE

SHAYCHUC HAITPSKCHUA HAa MHAYKTUBHOCTH 3aIIUIICTCA B BUAC!

u; (t) = 10 sin(wt + 45°)B

1.2 Ha3HauyeHMe M UCIO0JIb30BAHME U3MEPUTEJIA pa3HocTH (a3

Nameputens paszHoctu (a3 (dazomeTp) mpeAcTaBiseTr coboil mpudop,
MO3BOJISIIOIIMNA  M3MEpATh pa3HOCTh (a3 JBYX HANpsSHKEHUH TapMOHHYECKON
¢dopmbl. HanpsikeHne, 0THOCUTEIBHO KOTOPOTO U3MepsieTcs cIBUT (a3 (OnmopHOE),
MOJIaeTCsl Ha pa3zbeM 2, a HampspkeHue, a3y KOTOPOro HEOOXOIUMO H3MEPUTH
(curHanbHOE), MOoAaeTCs Ha pa3beM 1. PazbeMbl pacmonoxeHbl Ha JIMLEBOI MaHeIu
npudopa. B mabopatopuu ucnomns3yercsa pazomerp G2 — 34.

IIpu npoBexeHun U3MepeHUii HeAOMYCTUMO MOJaBaTh Ha pa3bembl 1 u 2
HaNpsSIZKeHM s, AeHCTBYIOLIME 3HAYEHHS KOTOPBIX NpeBbIaT 7 B.

Cxema Brro4YeHHs hazoMeTpa IpuBeIeHa Ha puc. 6:

*

2
& —_ ==

. 9~ H2-34 1
i(d) A3 T
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Puc. 6. Cxema BxtOueHUs U3MepuTes pasHoctu a3 d2-34
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[Ipu monkiIrOUeHNH COEAMHUTENBHBIX Kalenei ¢azomerpa K HCCIeIyeMOM
Henu B IMEPBYIO oOuyepelb MOAKIIOYAETCS 3a3€MJICHHBI NPOBOJHUK Kadeus,
OTMEYEHHBIH CHElUaJbHBIM 00pa3oM (YEpHBIM I[BETOM WJIM CHEIHaTbHBIM
obo3HaueHuem). Ilpu TNOAKIIOYEHUH COEOUHUTENBHBIX Kabenel criemyer
coONo/laTh MOJSAPHOCTh MOAKIIOYEHMS: 3a3€MJICHHBIM MPOBOJHHUK  KabOess
HEO0OXO0AMMO TOJIKJII0YATh TOJIBKO K 3a3€MJIEHHOMY KOHTAaKTy LIenH (B IPOTUBHOM
cily4ae, MOXET MPOU30MUTH KOPOTKOE 3aMbIKaHHUE, WU MPUOOp OyJeT MmoKa3bIBaTh
HEBEPHBIE PE3YJIbTaThI).

B paccmarpuBaemoit cxeme (puc. 6) ¢dazomerp wusMmepser ciaBur ¢as
HanpsokeHnst Uy, (CHTHAJIBHOTO) OTHOCHTENBHO HampsvkeHuss [s; (OHOPHOTO).
Crnenyer OoTMETUTh, 4TO 00a HAIpPsDKEHUS CUTHAJIBHOE U OMOPHOE 00s3aTENIbHO
JOJKHBI UMETh OOIIYI0 TOUYKY (B JaHHOM ciydae y3end 1), KoTopas JoJKHa OBITh
3a3eMJICHa.

[locne mnoakmrovyeHus (azomeTrpa B CXeMy IMepell HadyajJoM H3MEpPEHHUs
pazHocTu (pa3 HEOOXOAMMO HAaXKaTh KHOMKY «@» Ha JMIEBOM maHenu npudopa.
[Tocne HaxaTUs KHOMNKU MPOUCXOJUT LMK YCTAHOBKM HYyJs (mpumepHo 70
cekyHa). OO0 OKOHYaHUU ATOTO IHUKJIA CBUIETEIbCTBYET NMEPUOANUECKOE MUTAHUE
HIDKHETO CerMeHTa mHaukaropa «» (rpamycel). ITocie atoro uepe3 3 — 5 cexyHn
Ha Tabno mpubopa BBICBEUMBAETCS 3HAUYCHHE yria ciBura (a3 HCCIeayeMoro
CUTHaJIa OTHOCUTEIBHO OIIOPHOTO.

Ecnu 3Hauenue cusura (a3 Ha mpubope Haxoautes B mpeaenax 0 — 180°, to
OHO COOTBETCTBYET ACHCTBUTENHLHOMY CIBUTY (ha3 MexIy HampsokeHusiMu. Ecnu
’Ke 3HaYeHue yria capura (a3 Haxoautcs B npeaenax 180 — 360°. To u3 3HaucHHS,
MOKa3sIBAEMOro mpubopom, cieayet Bbiaecth 360°. TlonydeHHOE TakuM 00pa3oM
3HayeHHe OyJIeT COOTBETCTBOBATH MMEIOLIEMY MECTO CABUTY (a3 MEXay AByMs
HAnpsOKEHUsIMU (B JIaHHOM cllydae CABUT (a3 MeXIy HanpsokeHHsIMH Oynaer
OTpULIATENILHBIM, T.€. CHUTHAJIbHOE HampsbkeHue 1o ¢aze Oyner onepexarb
OTIOPHOE).

[Ipu nepexIoYeHun CUTHAIBHOTO MPOBOJAHHMKA COEAMHUTENIBHOIO Kabelns K
JIpPYroMy Y37y HCCIEIyeMOM Lenu il M3MEpEeHHsl yria caBura Qa3 Mexmy
COOTBETCTBYIOIIMMH HAMPSHKEHUSIMH, TOBTOPHO KHOMKY «@» HaXUMaTh HE HAJO.
3HadeHue ($azoBOro CIBUra yCTaHOBUTCS 4epe3 3 — 5 cek mocie MepextoueHus.
KHonky «@» HeEo0XOAMMO HaXUMaTh IOBTOPHO OpU  OTKIIOYEHUH U
MOCIIEAYIOLIEM BKIIOUEHHH T'€HEPATOPA, a TAKXKE MPU U3MEHEHUH CXEMBI LN WIN
CXEMBI U3MEPEHUM.

2. BBIIMOJIHEHUE JIABOPATOPHOM PABOTBI
2.1. 3agaHue HA BBINOJHEHHE JIA0OPATOPHOH PadOTHI
ITpoBectu uccnepoBanne RLC - menm, cxema KOTOPOM NpEACTaBICHA Ha

puc. 7. Cxemy Lenu mnepevyepTutb B pabouyro TeTpajap U 3aHecTH B TaOi. 1
MCXO/IHBIE JIaHHBIE JJIs1 COCTABJIECHUS! CXEMbI U TPOBEICHUSI BBIUYMCICHUN:
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Puc. 7. Cxema RLC — uemnu

Un=5B, f=5kImn,

R; =500 Om, R,=300 Om, R ;=100 Owm,

L=13ml'H, C=0,02Mk®D.

IIpu npoBegenun  ngabopaTopHOM pabOTHI y4eOHOM TpyNmorl HCXOIHBIC
JAHHBIE KaXI0W Opuraje 3a7aéT npenojaBaresb, MPOBOASAIINMI 3aHATHE B TPYIIIIE.

Paccuntarh TeopeTMueckd, a TaKKe OINPEAETUTh C  I[OMOIIBIO
7a00paTOpPHOTO CTEHJAa M MPOrPaMMbl  KOMIIBIOTEPHOTO  MOJAEIUPOBAHUS
Electronics Workbench (EWB) neflicTByromue 3HaueHus W HadajgbHbIe (Da3bl
CJIETYIOIINUX HANPSHKEHUI U TOKOB:

- Uru, Uri, Ury, Up, Ug;

- I, I, Is;

- HavaJibHbIe Pa3bl: Qry, Pr1> Pr2> PL, PC,

Pe3ynbrarthl, nony4eHHbIE pa3InYHBIMU CLIOCOOAMH HEOOXOJUMO 3aHECTH B
Tao. 1.

2.2. TeopeTnyeckuii pacuer pexuMa menu

Teopetnueckuii pacuer pexuma nenu — RLC Obul paccMOTpeH paHee B
pazzgene 1.1. Mcnions3ys npuBeneHHbIe B HEM (HOPMYJIIbI, HEOOXOMMO BBIOJIHHUTD
noJTOOHBIN pacyeT A paccMaTpuBaeMoi 1enu (puc. 7) ¢ 3aJaHHBIMU B pa3felie
2.1 ucxomupiMu AaHHbIMH. [loiydeHHbIe pe3yabTaThl HYKHO 3aHECTH B CTOJOEI
«Pe3ynbTatsl pacueToB» Tadm. 1.

2.3. Uccaenoanue RLC - nenu Ha J1aDOpaTOPHOM CTEH/e
2.3.1. [ToaroroBka cxeMbl HA JIAOOPATOPHOM CTeH/Ie K H3MEPEHUSIM
Jlist skcnepuMenTtanbHOoro uccienoBanuss RLC - menu Ha yHUBEpcajgbHOM

7a00paTOPHOM CTEHJAE HYXKHO cOOpaTh Ha HEM CXEMY IIeNH, NMPUBEICHHYIO Ha
puc. 7. B kadecTBe HCTOYHMKA 3.4.C. HCHoJb3yercss reneparop [3-112. B
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KA4eCTBE JJIEMEHTOB LENM MCIHOJIB3YIOTCS  DJIEMEHTBI, pa3MELICHHBIE B
naboparopHoMm cteHzae. s u3MepeHus AeUCTBYIONIMX 3HAUCHUN HAIpPsDKEHUN U
TOKOB HCIIOJIB3YIOTCS J1BA MWLIMBOJIbTMETpA B3-38, a 1 u3Mmepenus pasHocTr
da3 - pazometp D2-34.

Tabmura 1

Un=5B, f=5kl'uy, R;=5000mMm, R,=300 Om,
N3mepsiembie | R 1y =100 Om, L = 13mI'w, C = 0,02MxD

BEJINYUHBI PesynbraTel PesynbraTel PesynbTaTel
pacyeToB W3MEpPECHUN MOJIETUPOBAHUS

I3,A

(-PRJ_H, rpai.

(-PRI, rpai.

(PRZ, rpaji.

(PL, Tpa.

®c, rpan.

2.3.2. [Topsiok npoBeieHNUsI IKCIIEPUMEHTA
1 00padoOTKM MOJIY4YeHHBIX Pe3yJibTATOB

BHauane cienyer 03HaKOMHUTBCS C OINKCAHUEM J1aDOpAaTOPHOU paboOThl U
OCBOUTH IPaBUJIa POBEACHUS U3MEPEHUH ¢ moMoIbio pazomerpa D2-34.

Jlanee Ha YyHHBEpPCAJIbHOM JIAOOPAaTOPHOM CTEHJE cOoOMpaeTcsi mepBas
uccienyemas uenb (puc. 8). Ilocrme mpoBepku NpaBUIBHOCTH COOPKH CXEMBI
IIPENoIaBaTeNIeM BKJIIOYAETCS IHTAHHE T'€HepaTopa, BOJBTMETpOB Vi, m V, u
u3Mepurens pazHoctd (¢a3. Ha reneparope ycranaBmuBaeTcs dactota 5 k[ u
BBIXOJIHOE HaNpspKeHue, paBHoe SB. BbIXoaHOE HanpsiKEHUE yCTAaHABIMBACTCA C
IIOMOIIBI0 MWJUIMBOJBTMETpa V. MmwumBonbsT™MeTp V, HUCHOJIB3YyeTCA I
u3MepeHus Hanpskenns U, Ha pesuctope Ry, a npuGopom d2-34 m3mepsercs
pasHOCTh (a3 Py MEXKAY HanpsvkenneMm Up, (curHambHbIM HanpsokerueM Us,) u
OMOPHBIM HanpsvkeHneM U 4. TTomydeHHbIe pe3y IbTaThl 3aHECTH B Ta6M. 1.

C nomonipro 3akoHa OMa, Hcnoib3ys u3MepeHHoe HanpsbkeHue Uy, U
W3BECTHOE 3HaueHue Ry, ompenensercs AeUCTBylolIee 3HAadYeHUEe TOKa [.
[TomyuenHsIit pe3ynbTaT 3aHecTH B cTonber «Pe3ynbprarel uamepenuii» B Tad. 1.
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Puc. 8. Cxema 1t U3MEpeHUs ACHCTBYIOIIETO 3HAUCHHs HanpshDKeHUst Urm 1
ero Ha4aJabHOU (a3bl QRu

Tax kak B aKTHBHOM COTIPOTHUBIICHUH TOK M HANPSKEHHE COBIMAAAIOT 1O (ase,
TO HailJICHHOE 3HaYeHHE HA4albHOU (a3zbl @gr, HanpsokeHus Uy, Oyner Takxke
HavdaIbHOU (ha30if () TOKa 5'1,

Jlisi u3MepeHus NEUCTBYIOIIMX 3HAYEHWM W HayalbHBIX (a3 @r; U OQgo
nanpsokennii Uy, 1 Ug, criemyer B HCcIexyeMoii cxeme (puc. 8) 3aIIyHTHPOBATH
(3akopoTuTh) pe3uctop R B BeTBU 1-3 1 pacuryHTHpOBaTh (BKIIOYUTH B CXEMY)
Takoi xe pe3uctop R p; B BeTBU 2-4. DT0 HEOOXOAUMO JJIsi TOTO, YTOOBI CXema
Iernd He W3MEHWIach, W B HEH MOXXHO ObUIO OBl OMpenenuTh CABUT (a3
Hanpsokennii U, 1 Uz; OTHOCHTEIFHO OIOPHOTO Hanpsukenns Us,. B cxeme memnu
BCE 3TH HANPSDKEHUS TOJDKHBI MMETh OOIIMN 3a3€MJICHHBIN y3enl (MM SBIISETCA
y3en 1). Eciin B cxeme He OyzeT oO1iei 3a3eMJICHHON TOUKHM Y 3TUX HaIPsHKSHUM,
TO (pazoMeTp OyAeT 1aBaTh HEBEPHbBIC MTOKA3aHUSI.

CxeMa, COOTBETCTBYIOIIAs YKa3aHHBIM NPe0Opa30BaHUsIM, IPUBEACHA HA PUC.
9. Ee HeoOxomumMo coOpaTh Ha JIaOOpAaTOPHOM CTEHJIE. 3aTeM C IOMOIIbIO
MUJTUBOJILTMETPA V, U azoMeTpa usmMepuTh jenctByromue 3HaueHuss Ug; u Ug,
U HayanbHble a3kl Qr; M Qrp ITUX HanpspkeHuid U ‘}‘.1 u U ,;_2. [TosryuenHsblie
pe3yapTaThl HEOOXOUMO 3aHeCTU B cToden «Pe3ynbraTel usmepenuit» Ttaosm. 1.
Hcnonb3ysa usmepennsie HanpsikeHust Ug; 1 Ug, U n3BecTHbIE 3HaueHus R; u Ry,
paccuntarb TOKM I, u I;. TlomydeHHble pe3ysbTaThl Takke 3aHECTH B Tadiu. 1 B
cTonben «Pe3ynbTaThl U3MEpEHU.
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Puc. 9. Cxema uzmepeHus AeHCTBYIONTNX 3HAYCHUN Hanpsokenuid [y, Uz> nux
HayaJlbHbIX (a3 PRI U QR2

Jlist u3MepeHns NeiiCTBYIONMMX 3HAYCHHI U HAYalbHBIX (a3 HanpsokeHnit U,
u U: B KaI0#l M3 TapaUIeibHBIX BETBEH CXEMbI HYKHO MOMEHSATH MECTAMH
PEaKTUBHBIN 31eMeHT ¢ pesuctopoM. Torna y manpskennii U;, U: n onoproro
Hanpsokenust [,, Oyaer oOmmil 3aseMiueHHBIA y3en 1, M MOXKHO Oyier

OonpcACIINTL CABUI cpa3 MCKAY HAIPsOKCHUAMHW Ha PCAKTHBHBIX 3J3JICMCHTAX U
OIIOPHBIM HAIIPAKCHUCM.

CxeMa, COOTBETCTBYIOILIAsA 3TUM W3MEHEHUSIM ITpUBeeHa Ha puc. 10.
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Puc. 10. Cxema 11 u3MepeHus IeUCTBYIOIINX 3HAYEHUIN U HaYaJIbHBIX (a3
oLu ¢C Hanpsokenui U, U

Cobpats gannyto cxemy. [lo ananoruu ¢ mpeaplAynumMu usMepeHusiMu Uy, u

Uz, NpOM3BECTH M3MEpPEHUs JICHCTBYIOIMX 3HAueHui Hanpsxenuit U; u Ue, a
TaK)K€ UX HAaYaJIbHBIX (a3 @c ¥ . Pe3ynbraTel n3MepeHui 3aHeCT B Tabnuiy 1.

CpaBHUTH HauanbHble (a3bl HANpskeHUs U, u Toka [; B MHAYKTHBHOCTH. VX
Pa3HOCTH JOJKHA COCTABJIATH BEIMUMHY Onmu3Kyro kK 90°, Tak Kak HanmpsKeHHe Ha
UJCAIbHOW MHAYKTUBHOCTH (AKTHBHOE COINPOTHBJIEHUE KOTOPOW PaBHO HYJIIO)
onepexaeT MPOTEKAIONIMII 10 Heil Tok Ha yron, paBmblii 90’. B cxeme Makera
UCIIONB3YETCsl peajibHasi MHAYKTUBHOCTb, MPEACTaBIAIOMAs Cco00M KaTylKy
WHIYKTUBHOCTH, UMEIOIAs ONIPEACIEHHOE aKTUBHOE conpoTuBieHue. Iloatomy B
JAHHOM CJIyd4ae yroJj caBura (a3 MeXay HanmpsDKeHUEM U TOKOM B MHTYKTUBHOCTHU
6yznet menbire 90°.

CpaBHUTh TakXe HYKHO HaudajgbHble (a3pl HampsHKEHUsT U TOKa,
IIPOTEKAIOLIETO Yepe3 €MKOCTb. B maeanbHOM €MKOCTH HANPSIKEHHUE OTCTAET OT
npoTekarouiero uepes Hee Toka Ha 90°. B paccMaTpuBaeMoii cxeme HCIONb3yeTcs
peabHbIN KOHJIEHCATOpP, oOnasaromun OIPEIEICHHBIM aAKTHBHBIM
conporusieHueM. Cle10BaTeIbHO, B UCCIEAYEMON CXEME Pa3HOCTh HAYaJbHBIX
(a3 HampsLKEHHS M TOKA JOIDKHA ObITh 6iM3Ka K 3HaueHmo (- 90°).

[lo pe3ynbraTam NpPOBEAEHHBIX B pazneine 2.3. HCCIEIOBAaHUN MOCTPOUTH
BEKTOPHBIE AUarpaMMbl TOKOB U HANPSKEHUN HA 3JIeMEHTax paccMoTpeHHoi RLC
— LCTIH.

CpaBHHUTH pe3yJbTaThl Pacue€TOB TOKOB M HAIpPSDKEHUI B pPacCMOTPEHHOM
LENHA, TOJIYYECHHBIE TEOPETUYECKHM W DKCIIEPUMEHTAJIbHO HAa YHHMBEPCAJIbHOM
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naboparopHoM crteHae. PacxoxaeHuss B pe3ylbTaTaX pacyeToB JIOJDKHBI
coctaBisATh He Oonee 5%. BoO3HUKHOBEHME HX CBS3aHO C TEM, 4YTO IIpHU
IPOBEJCHUN OSKCIIEPUMEHTAJIBHBIX MCCIEAOBAHUN BO3HUKAIOT IOTPELIHOCTH
U3MEPEHUH, OOYCIIOBJIEHHBIE KJIACCOM TOYHOCTH  MCIOJIB3YyEMBIX HPHOOPOB U
HOTPEIIHOCTbI0  HOMHUHAJIBHBIX  3HAYEHUM  JJIEMEHTOB, HCIOJIBb3YEMBIX B
YHUBEPCAJIbHOM Ja0OPATOPHOM CTEH/[IE, YKa3aHHOM Ha CAMMX JIEMEHTAaX.

3. COAEP) KAHUE OTYETA

Omuem 0ondxicen cooeprrcamnp:

- HAMMECHOBAaHUE U TIeNb PabOTHI;

- CXeMBI HCCIICAYeMBIX LIeTIel /U1 CTeHIa W KOMIIBIOTEpa M HOMUHATHHBIC 3HAYCHYST
TIEMEHTOB CXEM,;

- Tabmuiy — pe3yJbTaTOB HM3MEPEHUH W PACCUMTAHHBIX 3HAYCHUH TOKOB U
HaNPsHKCHWU;

- KICTIOJIb3yEeMBIE TIPH pacdyeTax (OpMYITbI M CAMHU PACUEThI TOKOB U HAIPSHKCHH;

- BEKTOpHBIC JMAarpaMMbl TOKOB M HANPSDKCHUH MO pe3ysibTaTaM pPacyeToB U
WU3MEpPEHHIA Ha JTaDOPaTOPHOM CTEHJIE;

- BBIBOJIBI O PE3YJIbTAaTaX UCCIICIOBAHUS.

4. BOITPOCBI U151 CAMOKOHTPOJIA ITPA TIOAT'OTOBKE
K JTJABOPATOPHOMU PABOTE

N3 kakux peasbHbIX 3JIEMEHTOB COCTOUT AJIEKTpUUECKas 1enb?

Kaxkue naeanu3zupoBaHHbI€ 371€MEHTBI UCTIONB3YIOTCS IIPU COCTABICHUH

pPacyYEeTHOW CXEMBbI 3aMEIICHUS 1enH?

Kaxoit y3en aIeKTpuaecKkoi menu cunTaercs 0a3ucHbpIM?

Kaxk onpenenuTs HanpaBJIeHHE TOKA B BETBU, €CJIM U3BECTHBI IOTEHLAAJIBI

y3710B?

Kakue xonebanus Ha3bpIBalOTCS FaApMOHUYECKIMHU?

Kaxkue anekTpruuecKkue BeIMYHHbI Ha3bIBAIOTCS MTHOBEHHBIMHU?

Yro Takoe ACHCTBYIOIEE 3HAYEHUE IEPEMEHHOTO TOKA WU HAIPSHKEHUS ?

Yro HazpiBaeTcs (pa3oii U HauaabHOU (ha30i TapMOHUYECKOTO KoJIeOaHus?

9. Kakoe 4nciio Ha3bIBaeTCA KOMIUJIEKCHBIM?

10. Kakue cymiecTByoT pOopMbI 3aITUCH KOMIUIEKCHOTO Ynciia?

11.Kak onpenenuTs MOy Ib U ApTYMEHT KOMIUIEKCHOTO Yncia?

12. Kak ckiiagpIBatoTCs, BBIYUTAIOTCS, YMHOKAIOTCS U IENSATCA KOMILIEKCHBIE
yucna?

13. Uto Takoe casur (a3 u 4To OH XapaKTepuzyer?

14. Kakoii yroin capura a3 Mexay Hanps>KeHUEM H TOKOM B AaKTUBHOM
CONPOTUBJICHUU?

15. Kakotii yron casura (a3 MeXIay HaIpsDKEHUEM M TOKOM B MHIYKTUBHOCTH U
eMKOoCTH?

16.Kak paccuntarh TEOPETUUECKH U ONPEICIIUTH IKCIIEPUMEHTAIBHO CABUT (a3

MEXy HallpsSKEHUEM U TOKOM?

N —

B w

P
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17. 3anuiuTe B KOMILIEKCHOM opme 3akoH OMa Jyist ydacTka Lely,
COJIEpIKaIller0 UCTOYHHUK HAMPSKEHUS, aKTUBHOE COIIPOTUBIICHUE,
UHIYKTUBHOCTb U EMKOCTh?

18.YT0 Takoe LIyHT U JI1 YE€TO OH MCMOJIb3YETCS B cXemax?

19. Kak u3mepuTh HadaibHyO (ha3y TOKa B BETBU?

20. Kak u3MepuTh TOK B LIETIM MPU MIOMOIIM BOJLTMETpa?

21. Kak nepeiTu oT 3alMCH TOKa WJIA HAINPSKEHUsSI B CHHYCOUIANIbHON opme K
3aMKiCcH UX B KOMIUIEKCHOU (hopme 1 Hao00poT?

22. HapucyiiTe TpeyroJbHUK CONPOTUBIICHUH nociienoBaTenbHol RLC — nenwu.

23. Kak 3aBUCAT peaKTUBHbBIEC COMTPOTUBIECHUS HUHAYKTUBHOCTH U €MKOCTU OT
YacTOThI?

24. Kak onpenensercs caBur a3 MEXIy IBYMsI CHHYCOUIATbHBIMU
HaIpsSOKEHUSIMHA?

25. Kak onpenenuts yrou casura a3 MeXy CHHYCOUATbHBIM HAMPSKEHUEM U
CUHYCOUJIaJIbHBIM TOKOM?

26. Kak Ha3bIBaeTCsA MOYJIb KOMIJIEKCHOTO CONIPOTUBIIEHUSA?

27. Kak Ha3bIBaeTCA apryMeHT KOMILUIEKCHOTO COITPOTUBIICHHUS?

28. 3anummuTe B KOMIUIEKCHOU popMme 3akoH Oma miisa nocnenoBarenbHoi RLC —
LEIIH.

29. JIns yero ucnoab3yeTcs 3a3eMJICHUE MpU COOPKE CXEMBI IIEMHU Ha
71a00paTOPHOM CTEHJE U Ha KOMIIbIOTEpE?

30.Kak ycTaHOBUTh U U3MEHUTh HOMUHAJILHOE 3HAUCHUE TTapaMeTpa AJIEeMEHTA
CXEMBI 1IENU MTPU KOMIBIOTEPHOM MOJICIUPOBAHUN?

31. Kakoit npubop Ha3bIBaeTcs u3mepuresneM pazHoctu (as. Kak 1 pazHOCTb
Kakux (a3 oH uzmepsier?

32. [IpaBusa BKIFOUCHHS] ©3MEPUTENSI Pa3HOCTH (ha3 B CXEMY.

33. Kak u3MepuTh HanpspKeHUe MeXAy ABYyMs y3i1amu?

JlaGopaTtopuas pab6orta Ne4

NCCJIIEAOBAHUE BXO/JHbIX 1 ITEPEJATOYHBIX
XAPAKTEPHUCTUK ITPOCTEUIINX DJEKTPUYECKUX IEITEN

1. O01ue MoJI0:KeHHUA
K mpocTtediimmmM SIEKTPUYSCKUM IIEMSM TEPEMEHHOTO TOKa OTHOCATCS IIETH
MIEPBOTO TOPSI/IKA, MPEACTABISIONINE COO0H HEpPa3BETBICHHBIC JBYXAJICMCHTHBIC
YCTBIPEXIOIIOCHUKN C OJIHUM PEAaKTHBHBIM 3JIEMEHTOM. IIpuMepsl Takux Ieren
IIPUBECHBI HA PUCYHKE 1:
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Pucynok 1 - JIByX31neMeHTHbIE HEPA3BETBIEHHBIE LIENH IIEPBOIO MOPSIIKA

BaxxnenmmmMu 4acTOTHBIMHU XAPAKTCPUCTUKAMHN TAKHUX ueneﬁ SABJIAKOTCA BXOJHBIC
N TICPCAATOYHBIC XAPAKTCPUCTHKH. B uwmcno BXO/JHBIX XapaKTCPUCTUK BXOIAT

BXOJIHO€ KOMIUIEKCHOE CONPOTUBIICHUE ZBX(J ®) yu BXOAHAS KOMILIEKCHAS
IIPOBOJAUMOCTH XBX(J @), B uucno IIEPEIATOYHBIX XapaKTEPUCTUK BXOMIAT:

nepeaaTounsie QyHKIMHK 1enu mo Hanpsukenuio Hy (jw) u toky H; (Jo) , @ TAKXKe

nepenarouHoe conporusietue Hy (/ @) u nepenarounas nposoxumocts Hy (J @)
BxomHOEe KOMIUIEKCHOE COMNPOTHUBICHHE MPEICTABJIAET COOOW OTHOIICHUEC
BXOJIHOT'O KOMITJICKCHOT'O HAINPSDKEHUS K BXOJHOMY KOMILJICKCHOMY TOKY:

, U
Ly (jo) =—= (1)
I@x
[Ipy W3MEHEHWM 4YacCTOTHl CONPOTHUBJIEHUS PEAKTUBHBIX 3JIEMEHTOB L m C

HN3MCHAIOTCA, 4, COOTBCTCTBCHHO, UBMCHAKOTCA MOAYJIb 1 aPI'YMCHT KOMIIJICKCHOT'O

CONIPOTHUBJIEHUS Zsx(J®) . 3aBucumocts MOAYJIE BXOJHOTO KOMIUIEKCHOTO
CONPOTHUBJIEHUS OT YacTOThl HA3BIBAETCS BXOJHOW aMIUTUTYAHO-4aCTOTHOM
xapaktepuctukord 1nenu (AYX), a 3aBUCHUMOCTh aprymMeHTa KOMIUIEKCHOIO
BXOJIHOTO COMPOTUBIEHUS OT 4YacTOThl Ha3bIBaeTCid BXOJHOW (ha304aCTOTHOU
xapaktepuctukoit nenu (OUX). [Ipu aHanm3e TpoCcTeHIIMX IEKTPUIECKHUX Tenen
BBIPA)KEHNE KOMIUIEKCHOTO BXOJHOTO COIPOTHUBIIEHHUS JIETKO 3alucarh IO BUAY
CXEMBI IIEIH.

Ecnu Ha Bxon 110001 U3 MPUBEICHHBIX CXeM (PUCYHOK 1) MOAKIIOUUTH UCTOYHUK,
a Ha BBIXOJ] — HArpy3Ky, TO KaXIyl0 HU3 CXEM MOXXHO paccMaTpuBaTh Kak
nepenaTtoyHoe 3BeHO. Jlid KaxaoW M3 CXEM B 3TOM CIy4yae MOXHO 3alucath
BBIpOKEHHUE JII0OOM M3 TepelnaToyHbIX (YHKIHMM IIenu, OTMEUYEHHBIX BbIlie. B
obmem ciaydae Jro0as W3 TMEpeNaTOYHBIX (YHKIHMH TpeACTaBiIseT coboi
OTHOILIEHUE KOMILJIEKCHOTO 3HAYEHHS] BBIXOAHOTO HAINpPSIKEHHUS WIA TOKa K
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KOMIIJICKCHOMY 3HAYCHHIO BXOJHOI'O HAIPAXKCHUA WM TOKA. Hawnbonee U POKO
Ipu HCCJICA0OBAaHNN QJICKTPUICCKUX ueneﬁ HCIIOJIB3YCTCA KOMIIJICKCHAas1

nepenarovnas (pyHKIUA IENH MO Hanpsokenuio Hy(jw), uHOrma HaspiBaeMas

KOMIUIEKCHBIM KOO (QUIIMEHTOM TMepefaun Ienu mo Hanpsokenuio Ky(jo).
KowmmnekcHass mepenaTtouHas (QyHKIUS IENUd MO HANPSXKEHUIO MPEJCTaBIsSET
co0Ol OTHOLIEHME KOMIUIEKCHOIO JIEMCTBYIOIIErO 3HAYEHHS] BBIXOJIHOTO

?

HaIIPAKCHUA UGblx K KOMIIJIICKCHOMY ,IIGﬁCTBYIOH.ICMY 3HAYCHHUIO BXOJIHOI'O

nanpsokenus U,

H,(jo)= ({]— @)

o
Bripaskenue Hy(jo) MoxHO 3anmcarth B NOKazaTelnbHOW (opme (MHIEKC y B
JTaTbHEHIIEM yKa3bIBaTh HE Oy/leM, TaK KaK BBIPAKEHHUE ATOW XapaKTEPUCTHUKU B
OTJINYUE OT BBIPAKCHUN APYTHX XapaKTEPHUCTHK, KaK MPaBUJIO, 3alUChIBacTCS 0e3
WHJIEeKCa):

H(jw)=|H(jw)-e". (3)

Moayns KOMIUIEKCHOW NepeaTouHOoN (PyHKIUU 10 HanpsbkeHuto |H(jo)| = H(w),
IPEACTABIIAIONINI COO0M OTHOLIEHUE MOYJII BBIXOJHOTO HAIMPSKEHUS K MOJYJIO
BXOJIHOT'O HANPSIKEHUs, HA3bIBAETCS aAMIUIMTYJHO-4aCTOTHOW XapaKTEpUCTUKOU
uenu (AYX), a apryMeHT KOMIUIEKCHOM NepeJaTOuHON (PYHKIHMH 110 HAIPSHKEHUIO
¢(w), npeacTaBistoNKiA cO00M Pa3sHOCTh HAYAIBHBIX (Da3 BHIXOJHOTO M BXOHOTO
HaIpsDKCHUH, Ha3bIBaeTCs ()a3049acTOTHON xapakTepucTukon enu (OUX).

[Ipyn M3MEHEHHUSIX 3HAYEHUN HAIpPSHKEHWM Ha BXOJE M BBIXOJIE LEMH B IMIMPOKHUX
npeaesiax MOJIb3YIOTCS JIOTapu(MHUUECKMM MaciuTaboM M JorapupMuyuecKkon
eAuHuLIe u3Mepenus - neuuden (ab).

3Hauenue Moy H ( a)) BBIPA)XCHHOC B neruoesax, 3auchIBaeTCs B BUJIE:
H(w)=201g/H(jw)|, 1b 4)

[TpousBoaHas aprymMeHTa KOMIUIEKCHOM nepeaaTouHol (yHKIMKA 10 4acTOTe

_do(w)
T do (%)

Ha3bIBaeTca BpemeHeM 3ajepxkuBanus (B3). B3 moka3biBaer Bpems 3a7epiKKu

T

CIEKTPAJIIbHOM COCTABJISAIONICH CUTHAJIA C YAacTOTOM (O MPHU MPOXOXKIAECHUH €ro
qyepes 1ellb.

JIs HeMCKa)KeHHOU Tepeaadyr BXOJHOTO CUTHAJa Yepes3 1elb HE00X0IUMO, YTOOBI
AUX 1enu B 3a1aHHOM TI0JI0CE YacTOT OblIa moctossHHOM, a DUX — nunetinoi (B3
- koHcTaHTa). AUX n @YX Takux 1ene uMeroT BU (PUCYHOK 2):
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Pucynok 2 - AUX u ®UYX nenu, obecrieunBaroIieii HEMCKaXKEHHYIO TIepeiauy
CUrHajia
Ecitm AYX wmenum wuMeeT TMOCTOSHHOE 3HA4YE€HUs, TO BCE CIHEKTPAJIbHbBIC
COCTaBJIAIOLIME MTEPEJABAEMOTO CUTHAJIA U3MEHSAIOTCS HA OJUHAKOBOE 3HAYEHUE 10
amIuinTyne. B 3TomM ciydyae B BBIXOJHOM CHUTHAJ€ COOTHOIIEHUS MEXIY
aMIUTUTYAaMU CIIEKTPAIbHBIX COCTABIAIONINX OYAYT TAKUMHU ke, KaK BO BXOJTHOM
CUTHAJI€ W TO3TOMY B BBIXOJHOM CHUTHaJe OyAYyT OTCYTCTBOBAaTh aMILIUTYIAHO-

YaCTOTHBIE MCKaXEHUS €ro (OpMBI. Bemnunna tg o ompenpenser Bpems
3aJIEpKUBAHUS KOKIOU U3 CIIEKTPAIBHBIX COCTABJISIIOIIMX BXOJHOTO CUTHaia MpHu
KOHKPETHOM 3HAQ4Y€HUH 4acTOThl . Ecmm yron HakioHa @UX o mocTosiHeH miid

BCEro Juama3oHa 4acToT, TO BpeMs 3aJep)KuBaHus T,, paBHoe g O Oyxer
OJIMHAKOBBIM [IJII BCEX CIEKTPAJIbHBIX COCTABISIONIMX BXOJIHOIO CHUTHAIA.
BcnenactBue »storo  yron caBura  ¢$a3  MEXIy BCEMU  CHEKTPaJbHBIMU
COCTAaBIIIONIMMUA B BBIXOJHOM CHUTHAJIE COXPAHUTCS TAaKUM K€ BO BXOJHOM
CUTHaJIe, WU B BBIXOJHOM CHTHaje OYyIyT OTCYTCTBOBaTh (ha304acTOTHBIC
UCKaKEeHUsSI (OpMBI BXOJHOTO curHajia. [lpu BBIMOJHEHWUU ATHX JIBYX YCIOBUUI
¢dbopma BXOJHOTO M BBIXOAHOTO CUTHAJIOB Oy/IeT OJMHAKOBOM, T.€. HE MIPOU30MIET
€€ UCKaKEHUSI.

Ha mpakTtuke A0CTaTOYHO BBIMOJHEHUE JTaHHBIX YCIOBUM B Mpeenax HIUPUHBI
CIIEKTpa BXOJIHOTO CUTHAJIA.

[Ipy HEBBINOJIHEHUU YKa3aHHBIX YCIOBHUM, B BBIXOJIHOM CHUTHajJ€ BO3HUKAIOT
aMIUTUTYJIHBIE U (pa30BbIe UCKaXKeHUsA, W (opMa CHTHaja Ha BXOJIE U BBIXOJE IIENH
OyayT oOTJIMYaTbCA, W COOTBETCTBEHHO OylneT uCKaxkeHa uH}opmaiuu,
nepeaaBaeMasi ¢ TOMOIIBIO TUX CUTHAJIOB.

Bxoanbie n nepenaroynbie (PyHKIMHM LI MOTYT BbIpaXkaThcsl B JABYX (opmax:
OIEepaTOPHOM M KOMILJICKCHOM.

IIpu 3anmucu ¢yHKIUA B omneparopHodl (opMe HCHOJIb3YeTCs MPSIMOE
npeobpazoBanue Jlammaca. BxogHoe conpoTuBieHUE LIENH B ONepaTopHoil hopme
MPEACTaBIICT COOOW OTHOIIEHWE BXOJHOIO OMNEPATOPHOTO HANPSDKEHHUS K
BXOJIHOMY oIepatopHoMy TOKy. [l ero 3ammcu B BbipakeHuu (1) HYXHO
3aMEHUTh NIEPEMEHHYIO jo orepaTopoM Jlamnaca p:
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Zy(p)= Yulp) (6)

I(p)

BripaxkeHue BXOIHON ONEpaTOpHON MPOBOAMMOCTH Y(p) 0OpaTHO BBIPAKEHUIO
OTEePaTOPHOrO BXOAHOTO COMTPOTUBIICHHUS.

BripaxkeHus: onepatopHbIX HAMPSKEHUN U TOKOB U3BECTHBIX HAMPSIKEHUN U TOKOB
MOJIY4YaloT ¢ MOMOIIbI0 H300pakenuil nmo Jlannacy, n3o0pakeHusi HEU3BECTHBIX
TOKOB M HaIPSIKEHUM MOTYYaroT B MPOIECCE PACUETOB € MOMOIIBI0 3aKOHOB OMa U
Kupxroda npu 3anucu cOnpoTUBICHUN 3JIEMEHTOB LIEH B OMEpaTopHOi (popme.
BripaxkeHne akTUBHOTO COMPOTUBIICHUSI OJJTUHAKOBO MPHU 3aMUCU B KOMILJIEKCHOM
u omepatopHoi (opme. BoipaxkeHus CONMPOTUBICHUN PEAKTUBHBIX 3JIEMEHTOB
MOJIYHaIOTCSl U3 BBIPAKEHUN 3TUX CONMPOTUBJICHUN B KOMIUIEKCHOU (opMe MmyTeM
3aMEHBI B HUX MIEpEMEHHON jo omepaTopom Jlamnaca p.

JI1st MHIYKTUBHOCTH MPOU3BOIUTCS CIIEAYIONIAs 3aMeHa:

2, U0 =jaL z.(P=pL (7)

JUISL eMKOCTH aHAIOTHYHAs 3aMeHa:
Ze(jo)=1/joC Ze(p)=1/pC (8)

Bripaxxenus nepenaToyHol (yHKIIMU [0 HANPSHKEHUIO B ONepaTOpHOU (opme
TaKkK€ MOXHO MoNyuuTh U3  H(jw) mnyTem 3aMeHbl B HEM MEPEMEHHOU jo
omepaTopoM p.

Hy(jo)= ((]]— Hy(p)= —%b’x((]f)) (9)

PaccmoTpum  ompeneneHue  BBIpaXKEHUW ~ BXOJHOTO  COMPOTHUBICHHUS U
nepeIaToyHo (GYHKIHMH M0 HAMPSHXKEHUIO SJIEKTPUUECKOM 1IeTH, TPUBEACHHON Ha
pUCYHKE 3:

Pucynok 3 - Dnekrpuueckas uens RL

HO CXEME€ [[fIIxn 3allmicm BLIp&)KeHI/Ie €€ BXOAHOIO COHpOTI/IBHeHI/IH B
ornepaTopHoii popme:
Z,(p)=R+1Ip, (10)

N3 KOTOPOro M™MOXKHO IIOJIYUYHUTDH BBIPAKCHHUC BXOJHOI'O KOMIIJICKCHOI'O
COIIPOTUBJICHUS:
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Z,(jo)=R+ jolL (11)
Berpaxkenuss MoyJisi BXOJTHOTO CONPOTHUBIICHUS ng(a)) (Bxonnoit AUX) u

apTyMEHTa Oz () (BxoaHoM OUX) 3anuckIBalOTCS B BUJIC:
Z (0)=NR +o’L (12)
oL
Qzax(®) = arctg? (13)

I'paduku dbynkuit ng(a)) U QOzs(0) KOMIUJIEKCHOTO BXOJHOTO COMPOTHUBIICHUS

ey, 1300paXeHHOM Ha pUCyHKe 3, MPUBEICHbI Ha pUCYHKax 4 u 5:

7. (0)

a
-

Pucynok 4 — I'paduk Bxonnoit AUX snextpuueckoit nenu RL

)
-

Pucynok 5 — I'paduk Bxonnoit ®UX snexrpuueckoit nenu RL

Jlns pacdera mnepenaroyHod (QYHKIMHM B ONEpaTopHOil ¢Gopme BHauaie
3aMuileM BhIpaKeHUE BXOJHOTO TOKA B IEMH:

Uu(p) U, (p)
Z.(p) R+Lp

I(p)= (14)
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BripaxkeHue onepatopHOTO HaIpsHKEHHUS Ha BBIXOJIE OMPENENIUM IO 3aKOHY
Owma:

_U.(p)-Lp (15)
R+1Lp

OmneparopHasi mnepenaToyHass (PyHKIHUSI I[E€NU [0 HANPSKEHUIO B pPe3ysbTaTe

U,.(P)=1(p)-Z,,,.(p)

3aIIUIICTCA B BUAC:!

U(?blx(p) L
H(p)= ==t (16)
U,(p) R+Lp
Jlns mepexoga OT ONEpaTOPHOM MEepenaTouyHOM (PYHKIMM K KOMIUJIEKCHOM

3aMCHUM IICPEMCHHYIO D Haja):

. oL
H(JW)Z%].@L. (17)

N3 (17) onpenenum Boipaxenus g AUX nu @YX nepegatounoi pyHKIUU:

wlL

Hlio)l=Hlow)= —ou .
\(10))1 (a)) m, (18)

wL oL 7 oL
go(a)) = ®(a)) = arctg o arctg VR arctg 3 (19)

I'paduku bynkunuit H(w) n O(w) nepeaaTouHor GyHKIUU LENU, U300paXKEHHON
Ha PUCYHKE 3, IPUBEJCHBI HA PUCYHKAX 6 U 7:
j Hi®)

Pucynok 6 — AUX snektpuueckon uenu RL
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Pucynok 7 - ®UX snexktpuueckoi nenu RL

2. 3aganue Ha 1a00pPATOPHYIO padoTy

Ienpro maHHOM J1TabOpaTOpHOUM PabOTHI SIBISAETCA MCCIEI0BAHNE BXOJIHBIX U
MePEeIaTOYHBIX  aMIUTUTYTHO-9aCTOTHBIX ®  (PAa309aCTOTHBIX  XapaKTEPUCTHUK
MPOCTEUIITNX IICKTPUUECKUX IETIEH C OJJTHUM PEaKTUBHBIM JIEMECHTOB.

JlaHHBIE XapaKTEPUCTHKU OIPENEAIOTCS Uil OJHOM W3 yKa3aHHBIX BHIIIE
CXeM IIernel pacyeTHBIM M SKCIIEPUMEHTAIbHBIM MyTsAMH. MccienyeMyto 1ens u ee
napaMeTphl 3a/laeT MpenojaBaTeib, NpoBoadimuil 3anstue. [lopsaok mpoBeaeHus
uccleoBaHuil onucad Huxe. [IpoBoAsSTCS OHM HAa YHUBEpCAJIbHOM JIaOOPATOPHOM
CTEHJIC W C TIOMOINILIO MPOTPaMMBbl KOMITBIOTEPHOTO MoOjenupoBanus Electronics
Workbench (EWB).

[TonydeHHBIE SKCIEPUMEHTAIBLHO M PACCUYMTAHHBIE TEOPETUYECKUM ITyTEeM
pe3yJbTaThl 3aHOCATCA B TaOJMWIBI, a 3aTeéM 10 HUM CTpOSTCA TpaduKu
UCCIIeTyeMbIX XapaKTePUCTUK. Bce ATH pe3ysibTaThl, a TAKkKE CXEMbI UCCIIETyEMBbIX
nerneu, GopMmysbl, MCIOJIb3yeMble MPH pacueTax, U CaMH pPacueThl 3aHOCSTCS B
OTYET 10 JabopaTOpHOM padoTe.

3. DKcnepuMEeHTAIbHOE UCC/IeI0BAHUE BXOAHBIX XaPAKTEPUCTUK
JJIEKTPUYeCKOr nenu RL

3.1. IToaroroBKa Ucc/iexyeMoii enu Ha JJa00PpaTOPHOM CTEH/Ie

st 9KCEepUMEHTANIBHOTO MCCIIEIOBAHUSI YACTOTHBIX XapaKTEPUCTHUK BXOJHOIO
CONPOTHUBJICHUS MCCIEAYEMON »BJIEKTPUUECKON 1Eenu ¢ OJHUM PEAKTUBHBIM
AJIEMEHTOM C MOMONIBI0 YHUBEPCAJIHLHOIO JTA0OPATOPHOTO CTEHAA, HEOO0XOIMMO
coOpaTh cxeMy ATOH LIeNH Ha JaHHOM cTeHJe. JlJia uccienoBaHus BbIOEpEM 1IETb,
NPUBEACHHYIO Ha pUCYHKE O:
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Pucynok 6 - CxemMa uccinenyeMon 3JIeKTpuueckon uenu RL

B kayecTBe uCTOYHMKA 3.1.C. B IIENM HCHoJb3yeTcss reHeparop [3-112, a B
KauecTBE OJJIEMEHTOB LIEMH HCIOJB3YIOTCS JJIEMEHTHI, pa3MEIICHHbIE B
nabopaTopHoM cTeHzae. s u3MepeHusl NEUCTBYIOIMX 3HAUYCHUM HANpsKEHUN
UCIIOJB3YIOTCS J1Ba MIUTMBOJIbTMETpa B3-38, a nna usmepenust paznoctu ¢as -
dazomerp D2-34.
Bribepem crienyroiire 3Ha4e€HUs 3JIEMEHTOB 1IETIN
- conpoTuBiieHus pe3uctopoB: R =100 Om, R, = 100 Om,
- BeaMYMHA MHAYKTUBHOCTH L = 10 MI'H.
['eneparop '3-112 u MUIIIMBOJIETMETPHI paHEe MIMPOKO UCIOJIb30BAIKUCH MPHU

BBITIOJTHEHUHU JTA00paTOpHBIX padoT no nucuuruinHe TIL, a pazomerp ®2-34
MPUMEHSUICS PEIKO, TOITOMY PACCMOTPUM MOPSAOK €ro UCHOJIb30BaAHMUS.

3.2. Ilopsinok ucnosb3oBanus pasomerpa @2 - 34

N3mepurens pasHoctu (a3 (pasomerp) mpencraBiaser cobOod  mpudop,
U3MEpAIONINM  pa3sHOCTh (a3 JABYX HaNpsHKEHUW TapMOHUYECKOH (OPMBL.
Hampsixenue, OTHOCUTENBHO KOTOPOro u3MepsieTcss caur ¢a3 (omopHoe),
MOJIaeTCsl Ha pa3beM 2, a HampsbkeHue, ¢azy KOTOPOTro HEeOOXOAMMO H3MEpPHUTH
(curHanpHOE), MOAaeTCA Ha pa3beM 1. Pazbembl pacmosiokeHbl Ha JIUIIEBOU MaHEIN
npubopa. B nabopatopuu ucnonb3yercs pazomerp D2 — 34.

Ilpu mpoBegeHNMM HU3MepeHHM HEIONMYCTHMO NOJABATH HAa pa3beMbl 1 U 2
HAIMIPSIZKEHUS, AefiCTBYIOLUE 3HAYCHUS KOTOPBIX NpeBbIawT 7 B.

Cxema BKIIIOUEeHHS (pa3oMeTpa MpUBeIeHA Ha PUCYHKE 7:
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Pucynok 7 - Cxema BKJItOUEHUS U3Meputensa pasHocTa ¢a3z @2-34 npu
UCCIIEIOBAHUM TIEPeAaTOUYHON (PYHKIIUU

[Tpu moAKIIOYEHUN COETUHUTEIBHBIX Kabenen (azomeTpa K UCCleyeMoi 1enu B
NEPBYIO OYepe/b MOAKIIOYACTCS 3a3€MJICHHBINH MPOBOJAHUK KaOessi, OTMEYCHHBIN
CIIeIIMAJIbHBIM 00pa3oM (YEPHBIM IIBETOM HJIM CHEIUAIBHBIM 0003HaueHueM). [Ipu
NOAKIIOUEHUN COCIMHUTENbHBIX Kabenel creayer  coOlioAaTh MOJSIPHOCTh
MOAKIIOUECHUS: 3a3€MJICHHBIM NPOBOJHUK Kalenss He0oOXOJUMO MOJKII0YaTh
TOJBKO K 3a3€MJICHHOMY KOHTAaKTYy II€MHU (B TPOTUBHOM CJIy4ae, MOXKET MPOU30UTH
KOPOTKOE 3aMbIKaHUE, WIIH MPUOOp OYeT MOKa3bIBATh HEBEPHBIE PE3YIbTATHI).

B paccmartpuBaemoii cxeme (pucyHok 7) ¢azoMerp u3MepseT cABUT (a3
HanpsokeHnss U, (CHTHAIBHOTO) OTHOCHTENBHO HampsukeHus [l (OMOPHOTO).
CnemyeT OTMETUTbH, YTO 00a HAMPSHKEHUS: CUTHAIIBHOE U OMOPHOE 00s3aTENbHO
JIOJKHBI UMETh OOIIYI0 TOUYKY (B IaHHOM ciiydae y3en 1), koTopas 10KHa ObITh
3a3eMJICHA.

[Tocne moaxmtoueHust (asoMeTpa B CXeMy Iepes] HayajloM H3MEPEHHs pa3HOCTU
¢da3 HeoOXoAMMO HaXaTh KHOMKY «@» Ha JuieBol maHenu mnpubopa. Ilocne
HaXaTUsl KHOIMKHU MPOUCXOIUT IUKI YCTaHOBKU Hyus (mpumepHo 70 cexynma). O0
OKOHYAHMM STOTO IMKJIA CBHUAETEIbCTBYET NEPUOJUYECKOE MHIaHUE HUKHETO
cerMenTa uHaukaTopa «”» (rpamycsl). ITocie atoro uepe3 3 — 5 cekyHn Ha TabIIo
npubopa BBICBEUMBAETCA 3HAUEHHE yriia cABura (a3 HCCIeAyeMoro CHUTHala
OTHOCHUTEIBHO OMOPHOTO.

Ecnu 3Hauenue capura (a3 Ha npudope Haxoautcs B npeaenax 0 — 180°, To ono
COOTBETCTBYET JIEUCTBUTEILHOMY CABUTY (pa3 Mexay HampsokeHusmMu. Eciu ke
3HaueHue yria casura (a3 Haxoxutcs B npeaenax 180 — 360°. To u3 3HaucHMI,
MOKa36IBAEMOro pUbopoM, cireayer BbiuecTh 360°. TlonydeHHOE TakuM 06pa3oM
3HaYeHue OyJIeT COOTBETCTBOBATH MMEIOIIEMY MECTO CIBHUTY (pa3 MexIy AByMs
HaMpsoKeHUsIMUA (B JAHHOM cliydae CcABUT (a3 MexXay HampsiKEHUSIMH OyneT
OTpUIIATEIbHBIM, T.€. CHTHAJIbHOE HampsbkeHue 1o (¢aze Oyaer omepexarb
OTIOPHOE).
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[Ipn nepexiIo4eHUH CUTHAJIBHOTO TMPOBOJAHUKA COCIUHUTEIIBHOTO Kalens K
IpYroMy y37y HCCIEIyeMOM MLenu IJisi M3MEpEeHHsl yria caBura (a3 Mexmy
COOTBETCTBYIOIIIMMHU HAIPSKEHUSIMU, TIOBTOPHO KHOIIKY «@» Ha)KUMaTh HE HAJO.
3HadeHne ($azoBOTO CIBHUra yCTAaHOBUTCS 4epe3 3 — 5 cek mocie MepeKtoueHus.
KHomnky «@» HE0o0X0AMMO HaXUMaThb MOBTOPHO IIpU  OTKJIFOYEHUU U
MOCIIEIYIOIIEM BKIIFOUEHUH TEHEPATOPA, & TAKKE IMPU U3MEHEHUU CXEMBbI LIEMU WIIH
CXEMbI H3MEPEHUU.

3.3. DkcnepuMeHTAJIbHOE UCCIIe0BAHNE BXOIHBIX XapaKkTepucTuK menu RL
Ha JIAa0OPATOPHOM CTEH/Ie

[Tocne Toro, xak cxema coOpaHa W TMPOBEPEHa MpENnoaaBaTesIeM, MPOBOIAIIUM
3aHsTUE, HEOOXOAMMO BKJIIOUHUTH MHUTaHUE Bcex MpuOopos: reneparopa ['3-112,
MUWLTUBOILTMETPOB B3-38 u (hazomerpa ®2-34. Ha BbIXoje reHepaTopa HYKHO
YCTAHOBUTH HANpPsDKEHUE CUHYCOMJAIbHOU (Gopmbl, paBHOEe 5B ¢ mOMOIIbIO
BojpT™METpa V. [logaepkuBas HEU3MEHHBIM 3TO HAMNPSDKEHUE MPU KaXKIOM
WU3MEPEHUH, TPOU3BOIMM U3MEHEHHE YaCTOTHI reHepaTopa B npegenax: 1 — 10 xI'n
(8 - 10 3nHauyenwmii). Ilpu ycCTaHOBKE Ka)KJIOr0 3HAYECHHUS YaCTOTHI H3MEpPSEM
HanpsbkeHue U, U pa3sHOCTb a3 @ ypx - @ yw MEXKIY BXOJTHBIM HaIpPSKEHUEM U
HanpsbKeHWeM  Ha compotuBieHuu Ry, . B mpouecce uccnenoBanus tpelyercs
ONPEICIUTh MOJIYJIb BXOJTHOTO CONMPOTUBIEHUSI Zy (M) U €T0 apTYMEHT (zux( M),
KOTOPBIE PACCUUTHIBAIOTCS C MOMOIBIO CIEAYIOIINX BBIPAKCHUI:

Z,(®) = Uy ! L, (26)
rae Usx = U,
a MOJyJIb BXOJHOTO TOKa I, ompezensercs rno Gopmye:
I,.=U, /R, 27)
Pzex (0)) =0 UBX((D) - O 1ex (0)) (20)

Tak kak (pa3za Hanps>KeHUS HA aKTUBHOM CONpOTUBICHUU Ry, coBmagaet ¢ dazoit

IPOTEKAIOUIETr0 MO0 HEMY BXOJHOTO TOKa L

QO un(®) = @ 1ax (®) (22)
TO W3MEpEeHHbIH ¢azoMeTpoM caBUT ¢a3 OyIeT COOTBETCTBOBATH apryMEHTY
BXOJIHOTO COTIPOTHUBIICHUSI.
3HaueHHe apryMeHTa BXOJHOM TMPOBOJAUMOCTU (zz;  PABHO H3MEPEHHOMY
(ha30MeTPOM 3HAYEHUIO @ v,y B3ATOMY C OOPATHBIM 3HAKOM:

O vex (0)) = - Ozsx ((D) (25)

CxeMa snexktpudeckor RL-nienu npu vicciienoBaHUM €€ BXOJHOTO COMPOTHUBIICHUS
U TIOPSOK BKJIFOUEHHUS M3MEPUTEIIS pa3HOCTH (a3 mpeICTaBICHBI
Ha PUCYHKE &:

46



= ]

DD ) o

Ueyx

Ot}

T —
n O,

Pucynok 8 - Cxema nenu RL nipu nccnegoBanum ee BXOJHOTO COMTPOTUBIICHUS

Pe3ynbraThl mpoBeeHHBIX U3MEPEHHM 3aHOCITCS B CTPOKH 1-3 Tabmuis 1:

Tabnuua 1 - Pe3ynbrathl onpeenenusi BXOJHBIX XapaKTEePUCTUK

SKCIICPUMCHTAJIbHO

p Ui=5B, R=1000m, R,=1000m, L=10wnTH
1 f, xI'n 1 2 3 4 5 6 7
2 U,, B 2.24 1.87 1.55 1.31 1.13 0.98 0.88
3 P, rpax 21 36 47 54 60 64 67
4 |1, wa 24 | 187 | 155 | 13.1 | 113 9.8 8.8

5 ng(w), Om 2232 | 2674 | 322.6 | 381.7 | 4425 510.2 | 568.2

6 |Y (o), uon | 448 | 374 | 31 26 | 226 | 196 | 1.76

68X

7 P ,, rpan 21 36 47 54 60 64 67

OcrtanpHble CTPOKK 4-7 Tabmuilkl 1 3amoJHSIOTCS TMOCJIE IMPOBEACHHUS pacuera
MOJyJiIel BXOAHOTO COMPOTHUBIICHHUS U BXOAHOW MPOBOJUMOCTH M OIpEACICHUs
apryMeHTa BXOJHOM MPOBOJUMOCTH JJIsl BCEX 3HAUCHHI 4acTOThl f, mMpu KOTOPBIX
npoBoauianCch u3MmepeHus. [locinemnmit cronber; 3amoJIHAETCS HUCXOId U3
TEOPETUUYECKUX COOOPaKEHUM.

Bce pesynpTarThl McCClEOBAaHHMS ~ BXOAHOTO  CONPOTHBIEHUS M BXOJHOU
POBOJUMOCTH, TMOJYYCHHBIE JKCIEPUMEHTAIBHO, JOJKHBI OBITh IMPOBEPEHBI
nyTeM TeopeTHdYeckux pacyeToB o gopmynam (12) u (13)u 3aHeceHbl B TaOIUILY
2:
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Tabnuna 2 — Pe3ynbTaThl pacueTa BXOJHBIX XapaKTEPUCTUK TEOPETUUECKUM MTyTEM

p R=5000m, R,=1000m, L=10mTH
1 | f, k[’ 1 2 3 4 5 6 7
2 | Z(0),0m |209.6 | 236.2 | 274.7 | 321.1 | 372.3 | 426.6 | 4823
3 | @, rpan 174 | 32.1 | 433 | 515 | 575 | 62.0 | 655
4 |V (w),mCm | 48 | 42 | 3.6 | 3.1 | 27 | 23 | 207
s | ¢y rpan 174 | 321 | 433 | 515 | -57.5 | -62.0 | -65.5

[To pe3ynpTaTam MpoBENCHHBIX UCCIIEIOBAHUI U paCUE€TOB CTPOAT rpaduKku
3aBUcHUMoOCTEl Z,, (a)) U Qzz(®) B OAHOM MaciITade Mo YacToTe OAUH MO APYTUM
(pucyHku 9a, 90):

Z o (D), Om
600

/HepHMEHTMBHaﬂ
500
//IETHM

£, kT
0 : :
0 1 2 3 a 5 6 7 8
a)
CPZBX(f). rpaj
70 :
SECIELHMEHTATEHAA
| pasenan
50 //
a0 //
30 //
20 yd
10
f, K11
0 .

0)

Pucynok 9 — I'paduku BXoaHBIX XapakTepucTuk 1enu R L, monydenHsie mo
AKCIEPUMEHTAIBHBIM JIAHHBIM U TEOPETUUECKHU
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HGCOBHaZIGHI/Ie 3HAYCHUM BXOOHBIX XapaKTCPUCTHUK ICIIHU, IIOJYUYCHHBIX
OKCIICPUMCHTAJIbHBIM IIYTCM H paCCUNTAHHBIMU TCOPCTUUCCKH, 00BIACHICTCS
HETOYHOCThIO HOMHUHAJIBHBIX 3HAYCHUM mapaMeTpoOB CXCMbI R u L 1 HETOYHOCTHIO
I/I3M€p€HI/Iﬁ QJICKTPUYICCKUX BCINYNH HpI/I60paMI/I, NMCIOIIIMMU OHpC,HGHGHHBIﬁ
KJIaCC TOYHOCTH.

4. Conep:xaHue oT4era

B omueme no nabopamopnoii pabome 00151cHbl ObINb NPUBECOCHBL:

- HAUMEHOBaHWE U 1eb J1abopaToOpHO pabOTHI;
- CXEMBbI HCCIIETyEeMBbIX LIeTiel /1 1a00paTopHOro CTEH/Ia;

- HOMHWHAJIbHBIE 3HAYECHUS AJIEMEHTOB CXEM;

- TaONUIIBI PE3YIbTATOB U3MEPEHUM N3MEPSIEMBIX U PACCUUTHIBAEMBIX TAPAMETPOB,;

- rpadukn AUX u OUX BXOAHOrO COMPOTUBICHUSA U MEPEIATOYHON (YHKIMH
nenu RL, mosrydyeHHBbIE SKCIIEPUMEHTAIbHO M PACUETHBIM MYyTEM Ha JIAOOPaTOPHOM
CTEHJIE;

- CPaBHUTENBHBIN aHAN3 TPAPUKOB;

- BBIBOJIBI O PE3YJIbTaTaX UCCIEAOBAHUS.

5. KoHTpo/abHBIE BONIPOCHI

34.lalite onpenenenue AUX memnu.

35.1aiite onpenenenue ®UX nenwu.

36.11puBeaurte npumep onpeaeneHus AUX u ®UX nByx371€MEHTHOH LETH.

37.]JlaifTe onpenenenue oneparopHoro kodduireHTa nepeaadn Henu mno
HanpsbkeHuio. Kak oH cBsi3aH ¢ KOMITIEKCHBIM KO3 PUImeHToM nepenayu ?

38.00bsicHuTe X0 KpuBoi AUX BXOJHOTO COMPOTUBIIEHUS Ha rpaduKe s
IBYX3JIEMEHTHOM LEIIN.

39.00bscHuTe X0 KpuBoii @UX BXOIHOTO COMPOTUBIICHUS HA TpaduKe IS
IBYX3JIEMEHTHOM LEIIN.

40.00msicauTe X0 KprBoii AUX nepenarodHoit GyHKIMHU Ha Tpaduke s
JBYX3JIEMEHTHOU LIEMN.

41.06Bsicaute xox kpuBoit ®UX nepenatounoit pyHkuuu Ha rpaduke s
JIBYX3JIEMEHTHOU LIETN.

42.ChopmynupyiTe ycIoBHS HEMCKaXKEHHON niepeauu curHaina. Kakoit By
uMeroT AUX n ®UX uneanbHbIX GUIBTPOB ?
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43.TlocTpouTh BEKTOPHYIO IMArpaMMy HANPSDKCHUH IS 3aJaHHOU
JIBYX2JIEMEHTHOM JTMHEWHOM 1IeTH B O0BICHUTH XapakTep usmeHenuss GUX.

44 .1TpaBuiia ¥ MOPSAAOK COCTABIICHUS CXEMBbI JIEKTPUUYECKON LIETIH HA
KOMITBIOTEPE € MOMOUIBIO MPOrPaMMbl KOMITBIOTEPHOTI'O MOJEIUPOBAHUS
EWB.

45. Kak yCTaHOBHUThH U U3MEHUTh HOMUHAJIBHOE 3HAYEHUE MapaMeTpa JIEMEHTA
CXEMBI LIENH MTPU KOMITBIOTEPHOM MOJEIUPOBAHUN?

46. Kakoit mpubop Ha3pIBaeTCs U3MepuTeseM pa3sHocTu da3 (dazomeTpom) ?

47. PazHoCTh KakuXx (a3 uzmepser ¢azometp ?

48. IlpaBuiia BKJIIOYEHUS U3MEPUTENS pa3HOCTH (pa3 B cxemy.

49.HauepTtute cxemy BKIIOUeHUS da3zoMeTpa AJisd U3MEPEeHHs pasHoCcTH (a3
MEXY : BXOJHBIM HANPSHKEHUEM U BXOJHBIM TOKOM, MEK]1y BXOJHBIM H
BBIXO/IHBIM HAIPSIAKECHUEM.

50. ITocTpoiiTe BXOJHBIE XaPAKTEPUCTUKHU MPOCTEUIIINX IJICKTPUUECKUX LIETIEH,
MPEITOAKEHHBIX MPETOAABATENEM.

51. 3anumure aHaTUTHYECKUE XapPAKTEPUCTUKHU MPOCTEUIINX NEKTPUIECKUX
LEMel, MPeII0KEHHBIX MPENOJaBaTEIIEM.

52. OnpenenuTts B IPEAJIOKEHHON CXEME YaCTOTY, IPU KOTOPOM apryMEeHT
BXOJHOT'0 CONPOTHUBJICHUS UMEET MAaKCUMaJIbHOE 3HAUYCHHUE.

53. OnpenennTts B IPEAJIOKEHHON CXEME YaCTOTY, IPU KOTOPOH y BXOJHOTO
COIPOTHUBIICHUS AKTUBHASI U PEAKTUBHAS COCTABIAIOIINE UMEIOT OJUHAKOBOE
3HAYCHHUE.

54. C nomotpbio kakux npudopoB uzMepsitor AUX u @YX B 351eKTpUIeCKUX
ensax?

55. Yem oTinuaercs nepeaatoyHas GyHKIM enu oT koddduirenTa nepegadn?

56.Ha npenyioxeHHOM cXeMe JIEKTPUUECKON 1IeNH HAPUCYUTE MOAKIIOUECHHUE
npu6opoB 11 onpeaeneHus AUX u ®UX nenwu.

JlabopaTtopHas pab6orta Ne5

NCCIIEJOBAHUE ITEPEXO/IHbLIX [TPOLUECCOB
B DJIEKTPUYECKUX LEITAX BTOPOI'O ITIOPAKA

1.OcHOBHBIE MMOJIOKEHUSA
[TepexoaHbiec MPOIECCHI BO3HUKAIOT B IICIAX, COJCPXKAIIUX PEaKTHBHBIC
DJICMEHTBI B MOMEHT KOMMYTAaIlH (CKa4KOOOpa3HOr0 HM3MEHEHHUS CXEMBbI IICTIH,

MOJKIIOYCHHUSI WM OTKJIIOYEHUS HCTOYHHMKA SHepruu). IlepexomHol mporecc
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CBSI3aH C U3BMEHEHUEM SHEPIrUM, HAKOIUICHHOM MJIM HAKaIUIMBA€MOW B PEAKTUBHBIX
DJIEMEHTAxX LeNU, KOTOpas HE MOXKET HU3MEHUTHCS MIHOBEHHO, a4 W3MEHSETCS
TOJIBKO IUIAaBHO B TEUYEHUE OIIPEJCICHHOTO BPEMEHU, COOTBETCTBYIOLIETO BPEMEHU
MEPEXOJHOr0  MPOIECCA. [Io wWroram mnepexoAHOTrO TMpolecca B ILENHU
YCTAHABIMBACTCSl HOBBIM 3amac »dSHEPrUM B  PEAKTUBHBIX JJEMEHTax U
YCTAaHABJIMBAETCS HOBBI YCTaHOBMBIIMICS peXuM (B Ciydyae YCTOWYMBBIX
AIEKTPUUYECKUX ILIeTeH).

I{ensiMu BTOPOro mopsiika Ha3bIBAKOTCS LEIH, COAECPKAIIUE 1Ba PEAKTUBHBIX
anemeHnta L um C, KOTOpble MOTYT OBITh BKJIOUYEHBI MOCIEIOBATEIBHO WIH
napajuieabHO. V3MEHEHHsI TOKa WM HaIpsDKEHUs Ha JJIEMEHTax TakuX Leneu
onuchIBatOTCsA AuGdepeHInaTIbHbIMU YPaBHEHUSIMH BTOPOTO MOPSIKA.

[Ipumepamu Takux LENel SBISIOTCA MOCJIEAOBATEIIBHBIN U TapalyIeIbHbIN
KoJieOaTeNbHbIE KOHTYPHI.

[Ipy nDpOXOXKJIEHUM CHUTHAJIOB 4YEpe3 HJIEKTPUUYECKUE LEMNU, COACpIKAIINEC
PEaKTHUBHBIE 3JEMEHThl, B HHUX BO3HHUKAIOT IEPEXOJHBIE MPOLECCHI, KOTOPHIE
IPUBOJST K U3MEHEHUSIM X (POPMBI.

Ha pucynke 1 moka3aH nepexoHblii mporecc B RLC - nienu (HanpsbkeHHE Ha
OZIHOM W3 DJIEMEHTOB LIENHN) IIPU II0JAadYe Ha €€ BXOH BosaeicTBus U, (L) B Bume
MPSMOYTOJIBHOTO UMITYJIbCA.

B nepuon Bpemenu or t = 0 gm0 t = t; HamnpsbKEHUE HA BBIXOJE LIEMH
U, (f)usmenseTcs N0 ONpeNENEHHOMY 3aKOHy, OTIMYammeMmycs ot U, (L),
BCJICACTBUE MPOTEKAHMS B HEW MepeXoJHOro (HEeycTaHOBHUBIIErocs) mpoiecca. B
MOMEHT BPEMEHM t = t; MEPEXOAHBIN MPOLECC 3aKAHYMBACTCS U B LM HACTYIIAET
YCTAHOBUBUIMMCSA pPEXHUM (HalpsyKEHUE HA BbIXOJAE Lenu He usMmensercs). C
MOMEHTa t = t, 10 t = t, B LIENIM BHOBb IMPOTEKAET MEPEXOJHOM MPOILECC, MOCIE
KOTOPOTr'0 BHOBb HACTYIAET HOBBIM YCTAHOBUBILIUICS PEKUM.

3a Bpemsi JCHCTBUS NEPEXOIHBIX IPOLECCOB DSHEPrUs, HAKOIUICHHAas B
PEAaKTUBHBIX S3JIEMEHTax IEMU, NepeNaeTcss OT OJHOTO 3JIEMEHTa K JIPyromMy u
MIOCTENIEHHO PAacCEMBAETCs B MPOLECCE MEPEAayd Ha aKTUBHBIX COMPOTUBIICHUSAX.

ITocne oxoHuYaHMA MMepexoaJHoro Imponecca B MOCIIHU YCTAHABIIMBACTCA HOBOC
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3HAYEHHE DHEPTUU, COOTBETCTBYIOIIEE HOBBIM 3HAUYCHUSM TOKOB U HAIPSXKEHUN Ha
pJIEMEHTAX IICIIH.

Bo3zneiicTBre B BUAE MPSMOYTOJIbHOIO UMITYJIbCA MOKHO pacCMaTpUBaTh Kak
KOMMYTAIUI0 (MOJKJIIOYEHUE U OTKIIIOYEHUE) LENHU K UCTOYHUKY HAMNpPSHKEHUS B
MOMEHTBI

t =0 ut=t, CiaemoBaTelbHO, NEPEXOAHBIN MPOILECC BO3HUKAIOT B ILIENHU B
MOMEHTBI KOMMYTalllH, T.€. B MOMEHThI NOAKIIIOYEHHS UM OTKJIIOUECHUS OT LIENHU
HMCTOYHHMKA SHEPTUM.

1y [|}

a)

2ty 3ty Aty

I
i
I
i
t

] Vf\v.__

Pucynok 1 - Peakiusa RLC - nenu Ha BO3AeHCTBHE MOCIEN0BATEIIBHOCTH
MPSMOYTOJbHBIX UMITYJILCOB

Kpome 31010, BO3HUKHOBEHHUE MEPEXOIHBIX MPOLIECCOB MOKET OBITH CBS3aHO
C U3MEHEHUEM CXEMbl CaMOU 1enu (MEepeKII0YEHUEM 3JIEMEHTOB BHYTpH Hee). 13-
3a 3TUX MEPEKIIOUYCHU BO3MOXKHO CKauK0OOpa3HOe U3BMEHEHHE 3HaYeHUN TOKOB U
HalpsOKEHU Ha OTACNBHBIX 3JIEMEHTAaX LENUM U BO3HUKHOBEHUE NEPEXOHOIO
porecca.

[TockoJyibKy B3HEprusi 3JIEKTPOMAarHUTHOTO MOJII MTHOBEHHO M3MEHUTHCS HE
MOXET, TO 3TO Ha OCHOBaHUU ATOr0 (POPMYIUPYIOTCA JIBA 3aKOHA KOMMYTAIlUU U
ONPENETSAIOTCS HAYAJIbHBIE YCIOBUS PEKHUMA LIENU, T.€. 3HAYCHUS] HANPSIKCHUN U
TOKOB Ha 3JIEMEHTAax LIENU B MEPBbIII MOMEHT BPEMEHHU MOCJIE KOMMyTaluuu (TipH t

= 0+). [Ipu 5TOM npeanonaraeTcs, YT0 KOMMYyTaIusl MPOUCXOJAUT MTHOBEHHO.
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B Tabnune 1 npuBeneHsl (GopMyiibl, CBS3bIBAIOIINE MIHOBEHHBIE 3HAUCHUS
TOKOB Y HAMPSI)KCHUH Ha Pa3IMYHBIX JIEMEHTaX LIEIH.
Ta6muma 1. ®@opmyibl, CBSI3BIBAIOITNE MEKTy COO0M MTHOBEHHBIC 3HAYCHUSI

TOKOB 1 HaHpﬂ)KeHI/Iﬁ Ha pa3JIM4YHbIX 3JICMCHTAX BHGKTqueCKOﬁ eI

R I C
o— }—o o—MN—o o—|—o
—_—
i — I-L_ 'E’C'
—
U —— HL u{?

1 1 du,
1=Eu LL_IU+EfuLdt lc_CE
u=Ri di

uL—Ld—: uc=uﬂ+—J’zcdt

B akTUBHOM CONpPOTUBICHUU HE MPOUCXOTUT HAKOIUICHHE SHEPIHH.
DHeprusi SJIEKTPUUECKOTO TOJIsI B HEM TOJHOCThIO TmpeolOpasyercss B
TEIJIOBYIO SHEPTHI0. MTHOBEHHbBIEC 3HAYEHUS TOKA M HANIPSHKEHUS! COBIAIAI0T
C TOYHOCTBIO JIO0 MaciTabHoro MHoxutens K. Ilpu ckaukooOpazHOM
U3MEHEHUH HAMPSDKEHUs] CKAYKOOOPa3HO U3MEHSIETCS U TOK.

[TosToMy B 1emsx, COCTOSIIMX U3 AaKTUBHBIX CONPOTHUBJICHUH,
MepPEeXO0/IHbIE MPOIECCH HE BOZHUKAIOT.

B MHIYKTUBHOCTH TOK W HaIpSHKEHUE CBSI3aHbI Yepe3 MHTerpail. ITo
O3HAuYaeT, YTO IMPU CKAYKOOOPa3HOM M3MEHEHUU HANpPsKEHUS TOK
U3MEHSETCS TI0 MHTETPaIbHOMY 3aKOHY, T.€. IIaBHO. M3 aTOTO CienyeT, 4To B
NepBbIA MOMEHT BPEMEHHM TMOCJIe KOMMYTalldd TOK B HWHIYKTUBHOCTHU
i, (t = 0) 6yner paBeH TOKy I,, mpoTeKaromeMy Yepe3 Hee 0 KOMMYTAIUH.
CnenoBaTenbHO, TOK 8 UHOYKIMUBHOCU HE MOMCEM UBMEHUMbC CKAYKOM, a
8 Nepsblil MOMEHM NoClie KOMMYMAayuu COXpansem mo 3Havenue, Komopoe oH
umen 00 KOMMYymayuu (3mo CyuHOCmMb Nep8020 3AKOHA KOMMYMAYUl,).

Hanpsorcenue na emkocmu césa3anHo ¢ npomekanwum uepe3 Hee moKom
mooice uepe3 unmezcpan. Mz smoeo credyem, umo Hanpsaicenue Ha eMKoCmu

makKoiKee He moocem USMEHUMbCA CKAYKOM U 6 nepebzﬁ MOMEHRM nocjie
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KOMMYmMayuu coxpamsem mo 3Ha4eHue, Komopoe Obllo Ha Hell 00
KOMMYmMayuu (3mo CyuHOCmb 8Mopo20 3aKOHA KOMMYMAYULL).

Crneayer OTMETHUTh, YTO IIPH KOMMYTAIllMd B MOMEHT BpeMeHH t = O+
HanpsOKEHHE Ha HMHAYKTUBHOCTH Up(f) M Tok B eMkoctd Ic(f) moryr
U3MEHHUTHCS CKAYK000pa3Ho, TaK KaK OMPeaeNIIIoTcs yepe3 auddepeHiuan.

B macrosimeii gabopaTopHOii paboTe HMCCIEIYIOTCS IEPEXOIHbIE IIPO-
IICCCHI B TOCJIE0OBATEILHOM KOJIeOaTeIbHOM KOHTYpPE, cXeMa KOTOPOIo Io-

Ka3aHa Ha pUCYHKe 2.

1(t)

GDE u,(t) == C uyt)
|

Pucynok 2 - Cxema nociaenoBaTeabHOro KojaedareabHOro KOHTypa
K menn B moment &t =0, mnpu HyIeBBIX HAYaIbHBIX YCIOBHSIX
(Up =0, 15 = 0), nogkmouaercs ncrounuk DJ[C.
B pe3ynbrare Ha BXOJAE LIENU JECUCTBYET CUTHAN B BUJE CTYIIEHUATON
byHKIIUN

u,(t) = E - 1(t), rne 1(t) - enunnunas crynenvaras GpyHKIHS,

1(t]={{1] :;g (1.1)

C yderoM BBIOpaHHOTO HAamNpaBJICHHs TOKa I€Nb, IOKa3aHHAs Ha
pucyHke 2, omnuchiBaeTcs auddepeHInanbHbIM YpaBHEHUEM BTOPOTO

TopsKa:
d? d
LcEee® 4 Re2e® | w (1) =E (1.2)
ct dt
HepCXOI[HBIﬁ Imponcecc MOXHO AHAJIMN3UPOBATH Pa3In9YHbIMU

MCTOJaMHU: KIIACCUYCCKHUM, OIICPATOPHBIM W JIPYTUMHU. Haunbonee IMPOCTBIM

N MOIIHBIM  ABJIACTCA OHCpaTOpHBIﬁ MCTOA pacdcTta IICPCXOJHBIX

54



nporeccos. IIpu ero UCHONBE30BaHMU MTHOBEHHEIE 3HaYeHUsS TOKOB (1) n
HampspkeHUN U(T) 3aMEHSIOTCS WX OINEPATOPHBIMU HM300pKCHUSIMHU 10
Jlammacy I(p), U(p). KomrmiekcHbie compotuBicHus nenu Z(jw) u
KOMIUICKCHass — mepeaatounas ¢ynknus H(jw) 3amensamoTcs ux
onepaTopHbIMU BeipaxkeHusamu Z(p) u H(p).YpaBHeHuUs 30€KTPHUUECKOTO
paBHOBECHUs IIEMU 3alKCHIBAIOTCS B JaHHOM Cllydae B aireOpanyeckoi
dopme, a He B guddepennuanbHoi. Pemare Takue ypaBHEHUS
3HAYUTENBHO Mpolle, yeM AuddepeHuanbubie. Y 100CTBO ONEpaTOPHOIO
METO/Ia 3aKJII0YAETCs TAK)KE B TOM, YTO JIJI1 BCEX BO3MOKHBIX BO3/ICHCTBUIMA
COCTaBJICHbl TaONMIIBI OPUTHHAJIOB W u300paxkeHuii. Ha pucynke 3
MOKa3aHa  omepaTopHas  CXeMa  3aMEIICHHS  MOCIEJO0BATEIbLHOIO

K0JICOATEILHOTO KOHTYpa.

—

E
F@) U, ()

PI/ICYHOK 3- OHGp&TOpHaH CXCMa 3aMCIICHUA ITOCIICAOBATCIIEHOI'O

U,(p)

1(9)

KOJIe0aTEeIbHOI0 KOHTYpa
Pemienne ypaBHenus (1.2) B oneparopHoit hopme UMeeT BUJL:

- HampshKEHUE Ha EMKOCTH B OmepaTopHou (hopme:

1 E 1
Ue(p) = ;”:P] e p(p—py Np—P2) (1.3)
- opurunan Uc(L) uzobpaxenus Uq(p):
_diE) 1 bt oot
uc(t) =1L P E,pi_pz (pie poe’z’), (1.4)

rae  p*+28p + wi = 0 - xapakTepucTHYECKOE PAaBHEHHE LIETIH,

:_l§+mc

5 — . - KOPHH XapaKTEPUCTHYECKOTO ypaBHEHHUS, (1.5)
= "0~ ¢

0 — cOOCTBEHHOC 3aTyXaHHUE KOHTYpa, & = R/' 21

wg = 1/+/LC - pe3oHancHas 9acToTa K0J1e0aTeILHOTO KOHTYPA,
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We = '53 — @} - 9acTOTa COOCTBEHHBIX 3aTYXAOMMX KoJleGaHuil B

KOHTYpE.
N3 (1.5) BUHO, UTO XapaKTep MEePEXOIHBIX MPOILECCOB OMPEACISIETCS
3HAYEHUSIMU KOpPHEU Py U Pz, KOTOPHIE 3aBUCAT OT COOTHOUICHUS MEXITY

2 2 2
napamerpamu 8% u w3. Iockomsky &% = R f4Lz, a wh = IXLC’ TO

XapakKkTep KOpHGfI N COOTBCTCTBCHHO XapaKTCP IMCPCXOAHBLIX IIPOOCCCOB

OomnpcACIICTCA  COOTHOIICHUECM  MCIKIAY R wu XapaKTCPUCTHUUICCKHUM

L
COIMPOTHUBJICHUCM K0JIEOATEILHOTO KOHTYpa @ = J; .

Bce Bo3MOKHBIC clydan COOTHOIIICHUN MEXKIy IapaMeTrpamu & u wy
IPUBEJICHBI B TaOIUIIE 2.

Tabnuma 2. Bce BO3MOXKHBIC CTydan COOTHOIICHHH MEXITy & U wy

CooTHOLIEHNE MEXKTY 3Ha4YeHUsI KOPHEN XapaKTEPUCTUIECKOTO
R up YpaBHEHUS

[TockonbKy & > &g, HMEEM IPOCTHIE

AnepuoauyecKkuii pa3Hble KOPHU
peKUM Pr=—0+we, pz=—96—wg
R=>2p B BUJIE OTPULIATEIIBHBIX

I[GflCTBHTGHBHI)IX quCela

[Tockonbky & = wg, HUMEEeM KpaTHBII

Kputnueckuii pexum KOpEHb
R=2p P1=p2=—06,
B BUJIC OTPHULATEILHOTO

JIICUCTBUTEILHOTO YHCIIa

[Tockonbky & < @y, MMEEM MPOCThIC

KBa3zunepunognueckui KOpHU

pEXKAM Pr=—"0+jwc, p=—06—jw:;

R<2p B BHUIEC  KOMIUIEKCHO-COMPSIKEHHBIX
YyHcell
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PaccMoTpuM  BO3MOKHBIE BHABI NEPEXOAHBIX IMPOLECCOB B
MOCJIEIOBAaTEILHOM  KOJEeOaTebHOM  KOHTYpPE,  COOTBETCTBYIOIIHE
Pa3JIMYHBIM 3HAYEHUSAM KOPHEHN XapaKTEPUCTUUYECKOTO YPaBHEHHUS.

AnepruoanyecKuil NEPEXOTHBIN PEKUM
[ToncraBnass 3HadeHHs Py U Pz IS AEPUOJUUYECKOTO PEXMMA B

(1.4), nonyyaeMm nociue npeoOpa3oBaHUA:
uc(t) = E+— (pyeP* — pyeri?) (1.6)
C

N3 Beipakenus (1.6) ciemyer, 4To B anepuogUYECKOM PEKUME Ha-
NpsSKEHHE Ha €MKOCTH MPEICTaBIseT COOOM pa3sHOCTh ABYX SKCIIOHEHT
OTHOCHTEJILHO YpOBHsI, ompenenseMoro 3HadenueM E. Pacmonoxenue
KOpHEW Ha KOMIUIEKCHOM MJIOCKOCTH IMOKa3aHO Ha pucyHke 4, a rpaduk

U (1) npuBeneH Ha PUCYHKE 3.

Pucynox 4 - PacnonoxxeHue KOpHEW XapaKTepUCTUUYECKOTO
ypaBHEHUSI HA KOMIUIEKCHOM  TUJIOCKOCTM MpPHU  anepuoJuyecKoM

IMCPCXOAHOM IIPOHICCCC

u.(t)

Pucynok 5 - I'paduk anepronueckoro nepexoaHoro mpoiecca
B MIOCJIEIOBATEILHOM KOJIE0ATEILHOM KOHTYPE

Kputnueckunii nepexoaHbIi pexxum
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B ciyuae, ecnmm 8 = @y, TO 4YacToTa COOCTBEHHBIX 3aTyXaOIIMX
koneOanuit we = 0.

B 3TOM cityyae npu KpaTHBIX KOPHSIX H300pakeHUE HAMPSKEHUS UMe-

€T BUJI:
E 1
uc(p) = 1€ ppid? (1.7)
Opurunan ot uzoopaxxkenus (1.7) 3anuceiBaeTcs B BU
uc(t) = — (1 - e 5 — 5te”%) (1.8)

Pacrnionoxxenue moirocoB IJI1 JaHHOTO ClIy4dasd IMOKa3aHO Ha PUCYHKC

6, a rpaduk mepexoaHoro mnpouecca Uc (L) npuseneH Ha pucyHke 7.

A
+ +
P=P, 0
Pucynok 6 - PacmonoxeHune KOpHEH XapaKTEPUCTUUECKOIO

YpaBHCHUA Ha KOMIIJIEKCHOM TJIOCKOCTH Ipu KPpUTUYCCKOM IICPCXOAHOM

mporiecce

0
Pucynox 7 — I'paduix kpuTHyecKkoro nepexoqHoro mnpoiecca B

MOCJEe0BaTEILHOM KOJe0aTEeIbHOM KOHTYpE
[Ipy KpUTHUECKOM pEXKHME 3aBHCUMOCTb, NPEACTABICHHAs Ha
pucyHke 7, uMeer Oosee KpyTol moabeM. KpuUTHUeckuil mnepexoaHbli
MpOLECC  HAXOAWUTCS HA TpPaHULE MEXKAY AaNepUOJUYECKUM U
K0J1e0aTeNbHBIM MPOIECCAMHU.

KBazunepuoanueckuii (kosie0aTebHbIN) MEPEXOAHBIA PEKUM
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JIHs 3TOro ciydas KOPHU XapaKTEpPHUCTHUECKOTO YypaBHEHHUA OyayT

KOMIUICKCHO-CONIPSKCHHBIMU:  Pq = —0 + jwe, P2 = —0 — jwc,

rae wg = mﬁ — & - 4YacToTa COOCTBEHHBIX 3aTyXaroIIuX

KoJieOaHW KOHTYpa.
[Toncrasinsis prq u Pz B (1.3), monyyaem nociie npeoopa3zoBaHUil:
uy(t) = E— Ee *(coswct + i sin wt) (1.9)
Pacnonoxenue KOpHEW  XapaKTEPUCTHYECKOTO YpaBHEHHUS  Ha

KOMIUIEKCHOM TIJIOCKOCTU TMPEJCTABICHO Ha pUCYHKE &, a rpaduk

3aBUCUMOCTH u( A )oLiecce B

KOHTYp€E IPUBEIECH Ha Py 4 160,

Pk

- i(!}l

Pucynok 8 — Pacnionoxxenne KopHel XapakTepUCTUYECKOTO
ypaBHEHUS Ha

KOMIIJIEKCHOM TJIOCKOCTH MPH KOJIeO0aTEeIbHOM MEPEX0HOM IMPOIIecce

Pucynok 9 — I'paduk xonedaTenbHOTO NEPEX0IHOrO Mmpoliecca B

IIoCJICA0BAaTCIbHOM K0JICOATEIIbHOM KOHTYPC
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N3 pucynka 9 BuAHO, YTO €CIM KOPHH XapaKTEPUCTHUUECKOIO
YPAaBHEHHSI  SIBISIIOTCS  KOMIUIEKCHO-CONPSDKEHHBIMU — YUCIAMU |
PaCIOJIOKEHBl B JIEBOW TMOJIYIJIOCKOCTH, TO HMX JIEHCTBUTEIbHBIE YACTH
OyIyT OTpUIATEIbHBIMU, a B LeNU OyayT HaOMI0AaThCA 3aTyXarolue
koneGanus. [lpu 3ToM KO3QPUIMEHT 3aTyxaHUSM 4YACTOTa COOCTBEHHBIX
3aTyxarouux KoyieOaHWW CBsI3aHbl C JOOPOTHOCTBIO KOJIEOATEIBHOIO

KOHTYpa CIEAYIOIIUM 00pa3oMm:

w
we = |wk— 8% =wyq |'1—1f/4@2 (1.11)
rie: Q= p /R
YacToTe @, COOTBETCTBYET NEPUOJ COOCTBEHHBIX 3aTyXaroIIUX
KoJIeOaHuU
Te=2"/4 = —— (1.12)
tdg I‘1—1lg"1 5
4 Q

®opmyna (1.12) cnpasemnuBa aus @ > 0,5, IIpu @ = 0,5 umeem
R =2 p, 1.e. Buenu OyAeT KpUTHUECKUM MEPEXOIHBIN PEXKUM.

C yBenumdeHHEeM NOOPOTHOCTH BEJIWYWMHA mepuona I, yMEHbBIIAeTcs.
[pu Q@ > 1, T,~2m/wy, T.. mepuoa COOCTBEHHBIX 3aTyXaIOUIUX
KOJIeOaHWM CTAHOBUTCS PaBHBIM TEPUOAY KojJeOaHUW pe30HaHCHOU
YaCTOTHI.

N3 pucynka 9 BHUIHO, YTO aMIUIMTYyJa KoJieOaHUM YObIBaeT I10
3KCIIOHEHTE B COOTBETCTBMH CO 3HaueHHeM MHoxkuTens e °f. TTockonbKy
SKCIIOHEHTA IPAKTUYECKH 3aTyXaeT PH 3HaueHun Bpemenu I, = 3/8, to

Bpemst T,, hakTHdecKM OmMpeaenasieT BpeMs MEPEXOTHOro mpoiecca. B3ss
T,
oTHomenne M ="/ T, ONpPENEIsIEM 4YHUCIO MEPUOJOB  3aTyXaloIIEro
c

KoJieOanus 3a Bpems Iy,
JIisi XapakTEepUCTUKU CKOPOCTH YMEHBIICHHS KOJIeOaHUW BBOIUTCS
MOHATHE JIOTapU(MHUUYECKOTO JIEKPEMEHTA 3aTyXaHus, OIpPeAeasieMoro

BBIPAKCHHUCM:
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() wh wh
A=In—— = - (1.13)
'I-il:t+ TE:] zLME ZL_._JI 1;LC_RZKI4LZ

N3 (1.13) cimemyer, 4TOo akTUBHOE compoTtuBiieHne R He TOIbKO
BJIMSIET HA CKOPOCTh YMEHBILIECHUS aMIUTUTYIbl KojieOaHWW, HO W Ha
qacToTy .. Yem Oonbire R, TeM MeHbIe 4acToTa &, W TeM OOJIbIIE
nepro; cOOCTBEHHBIX KoseOanuii T .

I[lpu R=2p, w:=0, T.. nepexomHblii Mpolecc B KOHTYpE
npeBpainaetcs B anepuoanueckuii (T, = ).

[Tpu ymenblieHnu BernurHbl R yactoTa @&, yBemHunuBaeTcs, a mepro
T. ymenbiraercs. B wactHom ciyuae, korma R =0, @, = wog, A=0, u

KOJICOAHMST CTAHOBSTCS HC3aTyXaromunuMHu.

2. 3ananue Ha Ja0OpaTOPHYIO padboTy

Lenpro nanHOM abopaToOpHOM pabOTHI SIBIAETCS HCCIIEIOBAHUE
NEPEXOAHBIX MPOLECCOB B ANEKTPHUUECKUX LEMSAX BTOPOro MOpsIKa MpHU
BO3JIEHCTBUM HA HUX NOCJIE0BATEIbHOCTH MPSMOYTOJIbHBIX UMITYJIbCOB.

B  kauectBe  wucciaemyemMod — menu  OyJeM  HMCIOJIb30BaTh
nocjeAoBaTeIbHbIN KoJie0aTenbHbld KOHTYp. Ilpu momade Ha ero BXojA
NOCJEN0BATENBHOCTH MPSIMOYTOJIbHBIX HMMIYJIBCOB B HEM BO3HHUKAIOT
NEepPEXOAHbIE MPOLECChl, KOTOPhIE MOKHO HaOMIOAaTh C IMOMOILIBIO
ocuuorpaga. Ilpy BO3HMKHOBEHMHM NEPEXOAHOrO Ipolecca TOK H
HampsDKeHUsT Ha DJEMEHTaXx KOHTypa OyIyT MEHSThCS IO 3aKOoHaM,
KOTOpbIE OBLIIM pACCMOTPEHBI BBILIE.

Peructpupyst mnepexoaHble MpolLecchl Ha ociuuiorpade, MOXKHO
ONpPENEINTh MOMEHT BO3HUKHOBEHHUS JTOr0 IMpolecca, MPOBEPUTH
COOJIIOJIEHNE 3aKOHOB KOMMYTAallMW, OLEHUTHh XapakTep W MapaMeTpsl
NEPEXOTHOr0 MpoLecca, OINPENEIUTh BHU3YaJbHO BIIMSHUE AKTUBHOIO
compoTuBiieHUsT KOoHTypa R Ha xapakTtep mnepexomHoro mporecca. Ilo
OCHMJUIOTPAaMME MOKHO TaKXe€ pacCuuTarb IOCTOSHHYK) BpPEMEHU

I/ICCJIGI[yeMOﬁ OCIIHU U IMIPOAOJIZKUTCIIBHOCTD IICPCXOJHOIO ITponecca.
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Jns  uccienoBaHUsT  MEPEXOJHBIX  MPOIECCOB  HMCIOJIb3YETCS
IBYXJy4eBOW ocuMiuiorpad, KOTOPbI MO3BOJISET BUIETh HAa JKpaHE JBa
CUTHaJa: MOJAaBacMblii Ha BXOJ LEMH U IMOJy4YaeMblid Ha ee Bbixone. Tak
KaK OHM paclojiaraloTcsl Ha dKpaHe JIPYyT MO JPyroM, TO HarjsiJHO BUIAHO
KaK LIeNb pearupyeTr Ha IojJadyy UMIIYJbCa M Ha €ro OTKJIKYEHHE, MO
KaKOMYy 3aKOHY HM3MEHSETCS HaNpsiKEHHWE Ha BBIXOJAE IIEMU B TEPBBIH
MOMEHT BpPEMEHHU TMOclie KOMMYTaluu (B MOMEHT MOCTYIUJICHUS
IPSIMOYTOJIBHOTO UMITYJIbCA).

UccnenoBatrbecsi TOMKHBI BCE MNPEAJIOAKEHHBIE CXEMbl BKIIIOUEHUS
MOCJIEIOBATEIHLHOTO K0J1e0aTebHOTO KOHTYpa, MPUBEACHHBIE Ha PUCYHKE

10.

: >
3 2 C 4
Rv L

i

Pucynoxk 10 — Cxembl ucciienyeMsbIX 1ieneid BTOporo nopsijaka
B xaxpnoil u3 mnpuBeneHHbIX Ha puCyHKe 10 cxem JOJKHBI
HCCIICIOBATbCS  BCE  BO3MOJKHBIE  BHUIBI  MEPEXOJHBIX  IPOIECCOB:
arepuoOIMUECKUM, KPUTHYSCKUW H  KojebaTenbHbIH. OCHUIIorpaMMbl
W3MECHCHUS HAIpPSHKEHUST Ha KOHKPETHOM JJIEMEHTE MEPEHOCSATCS C DKpaHa
ociyuiorpada Ha JIMCT KaJdbKKU WJIM OyMard ¢ COOJIFOJIEHUEM PaCIIOOKEHUS
JIpYyr OTHOCUTEIIBHO JIpyra, Kak 3TO HaOJIoJaeTcs Ha dKpaHe ocuusuiorpada

(pucynok 11). IIpu pacnonoxkeHUU Ha PUCYHKE HECKOJIBKUX OCIHIIJIOTpaMM
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HCCIIEYEMOTO HAaNpsDKEHUs OCHWLIOrpaMMa BXOJHOIO CUTHalla BCEraa
pacnoJsiaraercs B CaMOM BEpXY.
[1o pe3ysbraTaM NpOBEACHHBIX UCCIEAOBAHUM:

- IpoBepsieTcsl COOJII0ACHUE 3aKOHOB KOMMYTAIlMU B UHAYKTUBHOCTH
U EMKOCTH,

- OIPEAENAETCS 3aKOH N3MEHEHHS BBIXOJHOTO CUTHAA,

- paccuuTHIBAaETCS TMOCTOSHHAs BPEMEHHM U JJIMTEIbHOCTh
IIEPEXOHOr0 IpoIecca B LEIH,

- BH3YaJbHO OIPEACISIETCS MOMEHT OKOHYaHHS IEPEXOJHOIO

PCXKHMa U Ha4YaJla HOBOI'O YCTAHOBUBIICTOCA pCKUMaA.

U(t)
t
0 I I |
UC (t) ! : :
I
I : |
: I : E=R Ep
! : | t
! |
0 | |
U, (0 | |
I |
1 |
|
: R=Rx
: t
0 :
U (t) :
I
I
I | _
I | E<ER xp
I |
I |
I N\ | t
0 | :
! 1

VA As

Pucynok 11 — Bo3moskHBI€ BUBI IEPEXOIHBIX MPOIECCOB B

MIOCJICA0BAaTCIbHOM Koj1e0aTeIIbHOM KOHTYPC
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3. DkcnepuMeHTAJIbLHOE MCCJIe/IOBAHNE MEPEXOAHBIX MPOIECCOB B IeNU

BTOPOTr0 NMOPSI/IKA ¢ MOMOIIBIO J1a00PATOPHOTO CTEH 1A

3.1. IToaroroBKa K MCCJAEI0BAHUIO MEPEXOTHbIX MPOIECCOB

JIns  AKCHEpPUMEHTAIbHOIO MCCIEOBaHUSA MEPEXOJHBIX TMPOIECCOB €
MOMOII[BI0 YHUBEPCAIBHOTO J1aOOPATOPHOTO CTEHJAa HEOOXOUMO COOpaTh HA HEM
MOOYEPEAHO KAKAYID M3 PEKOMEHJIOBAaHHBIX CXEM  IOCIEI0BATEIBLHOIO
KoJiebaTenpHOro KOHTypa. s mpumMepa BbIOEpeM CcXeMy KoJeO0aTelbHOro
KOHTYpa, B KOTOPOW UCCIIENYETCSI U3BMEHEHUE HAINPSIKEHUS HAa KOHAEHCATOpE MpHU
Mojlaye€ Ha BXOJ KOHTypa IMOCJIEIOBATEIbHOCTH MPSMOYTOJIBHBIX HWMITYJIbCOB.
JlaHHast cxema LieNd C MOJKIIOYEHHBIMU K HEW H3MEPUTEIbHBIMH IPUOOpaMu
MpUBEJCHA HA pUCYHKE 12.

B kadectBe mctounuka IJIC mpu HCCIeIOBaHUM MNEPEXOJHBIX MPOIECCOB
WCIMOJIB3YETCSI TEHEpATOp  HHU3KO4acTOTHhIX curHanoB [3-112, a B kauectse
PEaKTUBHBIX JJEMEHTOB IIEMH - DJEMEHTHI, pa3MelleHHbIe B JIA0OpPATOPHOM
creiae. Ui u3MepeHHs ACHUCTBYIOIIMX 3HAYEHUW BXOJHOTO W BBIXOJHOIO
HanpsDKEHUM  UCHOJIB3YIOTCS  MWUIMBOJIRTMETpHl B3-38, a nmma  cHaTuA
OCIMJUIOTPaMM — YHUBEPCAIbHBIN JBYXJIy4€BOM ocuuorpad.

B xauecTBe akTUBHOTO CONPOTHUBJICHUS UCTOJIb3YETCSI HA0OpP CONMPOTUBIICHUIM
CTeH/1a, MO0 Mara3uH COMPOTUBICHUM.

Ocuunnorpad npu OpOBEACHUU MPEALIAYHIUMX JabOpaTOPHBIX pPabOT HeE

MMPpUMCHAJICA, ITIOOTOMY PaCCMOTPHUM HOI[pO6HO MOpAOO0K €T0 UCITIOJIb30BaAHUA.

3.2. Ilopsiaok UCHOJIb30BAHMS OcHUILIOTpadga

VYHuBepcainpHbll  ocuuuiorpad —mpeaHa3HaueH ajig  HAONMoJeHUsT U
uccnenoBanusi GOpMbI JIEKTPUUECKUX CUTHATIOB IyTEM BU3YyaJIbHOIO HAOIIOACHUS
U U3MEPEHUS UX BPEMEHHBIX U aMIUTUTYIHBIX 3HAUCHU.

Ocmummtorpad odecrieynBaer:
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- HaOmoaeHue (OpPMBI CUTHAJIOB OOEMX MOJSPHOCTEM IIUTEIbHOCTHIO OT
Imkc 1o 16¢ npu makcuManbHOM 3HaueHuu oT 1 MB 1o 300B;

- HaOJIOZIeHUE MMEPUOINYECKUX CUTHAIOB B auarna3one yactot ot 0.1 I'n o 1
MI';

- W3MEpPEHHE 3HAYCHUN MTHOBEHHBIX U aAMIUIMTYAHBIX 3HAUYEHUN CUTHAJIOB
ot 2 MmB 10 300B;

- I3MEPEHNUE BPEMEHHBIX MHTEPBAJIOB B Mpeaenax oT 2Mkc 10 16c¢.

Ha nuneBoit manenn ocuwuiorpada pacrmosiokKEHbI CICAYIOMUE OpTraHbl
yIpaBJCHHUS:

- TyMOaep «CeTby /IS BKIIFOUEHHUS W BBIKITIOUCHHS ocIuiuiorpada;

- pyuka «®Dokyc» mis (HOKYCHUPOBKM Jyda JJICKTPOHHOJYYEBOW TPYOKH
(3JIT);

- pyuka «SIpKocTb» 1151 U3MEHEHUs sipKocTH jtyda IJIT;

- pyuka «IlIxana» as peryJiupoBKY OCBEIIEHHOCTH IIKaJIbl ocuiorpada.

Ha nuneso#t manenu ocumiorpada pacnoyiararotcs JiBa 0Jioka YCHIUTENEH,
OJIOKM pa3BEPTKU U CUHXPOHH3AIINH.

Ha Bxox kaxporo Ojoka YCHICHHS MOJAETCS OJUH W3 MCCIEAYEMbIX
curHajgoB. C TOMOIIBIO PYy4YeK YIPaBICHHS, HAXOJAIIMXCA Ha TaHeau OJioka,
MPOU3BOJIUTCSL:

- YCWICHHME TOJIBKO TIEPEMEHHOW WM TEPEMEHHOW U MOCTOSHHOMN
COCTAaBJISIFONIEH BXOJIHOTO CUTHAJIa BMECTE;

- peryiupyercs B 3HAUYUTEIBHBIX TMpelieflax UYYyBCTBUTEIBHOCTh CaMOTO
YCUITATEIIS;

- OCYIIECTBJISIETCS TIEPEMENIEHUE MO BEPTUKAIM W TOPU3OHTAIM HA HKPAHE
OJIT nogaBaeMoro Ha BXOJ yCUJIUTEI CUTHATA;

- MPOU3BOAUTCS OaJaHCUPOBKA CAMOT'O YCHUITUTEIIS.

biok pasBepTku peryiaupyer MJIUTENbHOCTh Pa3BEPTKU CUTHANIA Ha DKpaHe
OJIT, 1.e. n3MeHsEeT MacmTad N300paKeHUS 1O OCH abCITHCC.

briok cuHXpoHHM3aUK C TOMOIIBI0 pydek «CTaOMIBLHOCTBE» U «YPOBEHbBY
MO3BOJISIET YCTAHOBUTH HETIOJIBHXKHOE M300paKEHUE BXOJHOTO CUTHAJIA HA dKpaHe

ocrusuiorpada.
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[lepexntoyaTens BUJA CHHXPOHU3AIMU MPU MPOBEICHUM J1aOOPATOPHBIX
paboT ycTaHaBIMBAETCA B MOJIOXKEHUE - « BHYTpEeHHS».

Jlnst monmydeHust n300pa)keHUsl CUTHAIA Ha dKpaHe ocuuiuiorpada nepen ero
BKJIIOYEHHEM HEOOXOJIMMO YCTAaHOBUTb PYYKU YIPABJICHUS B CIEAYIOLIUE
MOJIOKEHHS:

- «Spxoctby, «Dokyc», «bamaHCUPOBKa» U PETYJIHPOBKA IMOJOKEHHS JTyda
10 TOPU30HTAIN U BEPTUKAIHA B CPETHUE TIOJIOKEHUS;

- MEpeKJIrYaresib IOJayd Ha BXOJ BXOJAHOTO CHUTHajda B IMOJOKEHUE
COBMECTHOIO MPOIYCKAa Ha BXOJ TOCTOSIHHOW M MNEPEMEHHOM COCTaBISAIOLIECH
CUTHAaJAa;

- «CTabunpHOCTBY B KpaiiHee MpaBoe;

- «YpOBEHB» B CPEIHEE.

Hanee HeoOXxoaumo BKIIOYUTH TymMOnep «CeTb», NMpPU 3ITOM 3aropaercs
CUTHaJbHas Jiamrnouka. Yepe3 3-5 MUHYT Ha 3KkpaHe ociuuiorpada MosBisIeTCS
JUHUS Pa3BepTKU — TOPU3OHTAJIbHAS JIMHUS Ha DJKpaHe ocuuwuiorpada.
Heob6xoaumo oTperynupoBaTh €€ sIpKOCTh, (POKYCHPOBKY U MOJOKEHHE Ha dKpaHe
C IOMOLIBIO COOTBETCTBYIOIIMX pyueK. [locie 3Toro Ha BX0X COOTBETCTBYIOLIETO
YCUJIUTENS TMOJNAETCS HCCIEeNyEeMbld CUTHald. AMIUIMTYJa CUTHajga Ha JKpaHe
ociuuiorpada peryiaupyercss ¢ NOMOILBIO PYy4YeK, HaXOJAUIUMXCS Ha MaHeln
yewinrens. M300paxkeHne curaania J0JKHO 3aHUMATh ¥4 SKpaHa.

Jlanee ¢ momoIpio pydek ymnpasienus 0ioka «Pa3zBepTka» HYXHO JOOUTHCS
TaKoOM JUIMTENBHOCTH Pa3BEPTKU, UTOOBI Ha dKpaHe Habmomanock 2 — 4 mepuoja
UCCIIEyEMOTO CUTHAJA.

HenoasuxHoCTh H300paXkeHUsi CUTHAIA Ha DKpaHE HYXHO JOOUTHCS C
noMoIIbI0 pydek Osoka «Cunxponuzanusy: «CTaOUIbHOCTEY U «YPOBeHbY. s
JOCTHXKEHUSI YCTOMYMBOTO HM300pakKeHUs HEOOXOAMMO TOBEPHYTh PYUKY
«CTaOWIBHOCTB» BJIEBO /O MOMEHTAa HMCUYE3HOBEHHUs H300paKeHUs Ha HKpaHe
ociuiuiorpada. 3ateM HY>XHO MOBEPHYTh PYUKY «YPOBEHbY» JI0 MOJOXKEHUS, MPU

KOTOpPpOM I/I306pa)KCHI/IC CHUIr'HaJla CTAaHOBUTCs YCTOﬁqHBBIM.
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HSMepeHI/Ie BPCMCHHLBIX HWHTCPBAJIOB H 3HAQUCHUN BEJIMYMUHBI CHUTHaJja
OCYHICCTBIIACTCA C IIOMOIIBIO PYYCK, HAXOAAIMIHNXCA Ha ITAHCIIN YCHJIPITGJIeﬁ, 141

IIKaJIbI, HAHECECHHOM Ha 9KpaH OCHI/IJIJIOFpa(l)a.

3.3. DKcnepuMeHTAJIbHOE UCCIeA0BAHUE MEPEXOHbIX MPOIECCOB

3HaueHHS ITapaMeTPOB FJIEMEHTOB CXEMBbI 33/Ial0TCS MPEIOIaBaTeIeM.

B xauectBe mpumepa BeIOEpEM CIEAYIONINE 3HAUCHUS AJIEMEHTOB LIETIH:

- BeJIMunHa MHAYKTUBHOCTU L =19 MI'H,

- BenmmuuHa éMkoctu C = 57,4 HO.

ITo 3aJIaHHBIM napamMeTpam 1EH HEOOXOIUMO paccuuTath
XapaKTePUCTUUECKOE COMPOTHUBJICHUE KOHTYpa p, KPUTHUECKOE CONMPOTHBIICHUE

R}, ¥ 100POTHOCTH KOHTYPa 10 (opmyam:

Mt konebatenbHoro pexuma (mpu R =0.1R,,,) BLIYHCINTH ¢ NOMOLIbIO

BbIPasKeHMI:

1 R2 .
W, = 'E_E - 4acToTra COOCTBEHHBIX 3aTyXalwlUX KoJeOaHui

HCCJIelyeMOro KOHTYpa,

2w o
Tf = — - nmepuoa COOCTBEeHHBIX 3aTyXarumx KOJIe0aHu i HCCJIEAYEMOTIO

c

KOHTYpa,

R o
= ,——Rz - norapn(])anecmm AEKPEMEHT 3aTyXaHud,

A .
6= e K03 GUIMEHT 3aTyXaHUA COOCTBEHHBIX KOJIe0aHUIl KOHTYpa.
C

Pacuersni napaMeTpoB NIEPEXOIHOIO0 nMpouecca npuBeaACHbI HUKE:

p:VIE: 2107 _10° - |22 =0,575-10% = 575 0m.
C 57.4-10 574

R,=2-p=2-575=11500m.

_P_ 575 _
0_3_115_

Jlns konedarennuoro pexxuma R = 0,1-R,, = 0,1-1150 = 115 Om.
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1 RZ 1 1152
. = —_———_— = —_ =
€ e 412 1910-3.57.4-10~°% 4.0(19.10-3)2

J917-106—- 19,16 - 10° = 30 - 10° 2,

_Im 628

T=—= = 209, 4 MKC
€™ w. 30109 ’ ’
TR 3.14-115
A= = B =0, 315,
ZLea, 2.19.10—3.30.103
A 315
g=2 -5 _45.10%

T, 209,410

Pe3yabTaThl pacyeToB 3aHecTH B Ta0aumy 3.

s IPOBEICHUS UCCIIEIOBAHUS MePEX0THBIX MIPOIIECCOB B
MOCJEA0BAaTEILHOM KOJIEOATeIbHOM KOHTYpE C IOMOIIBI0 YHHBEPCAIBLHOIO
7a00paTOpHOTO  CTEHJa  HEeoOXoauMo  coOpaTh  CXeMy  HCCIeIOBaHUs,
MOKA3bIBAIOIIYI0 TIOPSIOK MOJKIIOUYEHHUS K KOoJebaTeIbHOMY KOHTYpPY Te€HepaTopa
PSIMOYTOJIEHBIX UMITYJILCOB, OCIIIIIIOrpada U MIJLTUBOIBTMETPA (PUCYHOK 12):

[Ipu cOopke cxeMbl MCCIIECOBAaHMS CUTHAJI ¢ BBIXOJIa TeHEpaTopa IOJaeTCs
Ha BXOJ KOJICOATEIHHOTO KOHTYpa U MapajuieJbHO HAa BXOJ MEPBOTO KaHala
ociuiuiorpada, ¢ TOMOIIBI0O KOTOPOTO Ha »JKpaHe ocuwuiorpadga Oyner
pa3BopauMBaThbCsl BXOAHOW curHai. IIpu coeamHEHUM 3JIEMEHTOB CXEMBI HYKHO
CTPOTO COOMIOAAaTh MPABUIBHOCTh COCTUHEHUS MOTEHIIMATBHBIX U 3a3€MJICHHBIX

y3JI0B.

Ccynnorpad

I_-. | kaHan

Tey * :I—"‘”'T-i Il kaHan
HI @

Pucynok 12 - Cxema nccienoBaHus epEeXoaHbIX IPOLIECCOB B
[OCJIEI0BATEIbHOM KOJIE0ATEIbHOM KOHTYpE
Brixon kosiebaTenbHOr0 KOHTYpa  COEAMHSIETCS C BXOJAOM BTOPOIO
KaHajga ocuwuiorpada, ¢ MOMOIIBI0 KOTOPOrO Ha JKpaHe ocuuuiorpada

6y,II€T pPa3BOpaYuBaATBCA BI)IXOI[HOﬁ CHUTHAJI.
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[TpaBUIBHOCTh COEIMHEHHS 3JIEMEHTOB HCCIEAYEMOW CXEMbl JIOJHKEH
IPOBEpUTH TpenojaBaresb, BeAylIil TabopaTtopHoe 3aHaTHe. Ecnu cxema
coOpaHa MPaBUJIbHO, TO HEOOXOJUMO BKIIOYUTH NMHUTAHHE BCEX MPUOOPOB:
reHeparopa, MWUIMBOJIbTMETpa U ociuuiorpada. Ha Beixoge reneparopa
HY>)KHO YCTAHOBHUTh C IIOMOLIBIO HaXOJAIIErocsi Ha MaHEIu TeHepaTropa
TymMOJiepa, M3MEHSIOUIEro (GopMy TIE€HEpUpPYEeMOro CHUTHala, PEXHUM
reHepaly  NpPAMOYTOJbHBIX  MMIyJdbcoB.  Jlamee ¢ momouisko
COOTBETCTBYIOIIMX PYYEK, HAXOJAIIMXCSA HA MaHEIU T€HEPATopa, Ha BBIXOJE
TEHEpAaTOopa YCTAaHABJIMBAETCS HalpsbKeHHWe, paBHoe SB, u yacrora
HanpsikeHus, pasHas 500 I'.

[Tocne momaun HaANpsKEHUS HA BXOJ CXEMbl U IMOAKIIOUYEHHUS BBIXOAA
KOHTypa K ycuwiurento YC2 HyXHO C MNOMOUIBIO pydeK ocluiorpada:
«Bonbt/nen», «Bpemsa/nen», «CTaOUIBHOCTBY U «YPOBEHBY» TOOUTHCS
YCTOWYMBOIO M300pakKeHHsI Ha 3KpaHe ocluuiorpada MmocienoBaTeIbHOCTH
NPSIMOYTOJIbHBIX MUMITYJIbCOB Ha MEPBOM KaHajie ocuuiorpada v moyduThb
YCTOWYMBOE HW300paKEHHE HANPSIKEHUs C BBIXOJA MCCIEAYyeMOW IIenH
(HampsKeHUs Ha KOHAEHCATOPE) Ha BTOPOM KaHaje ociuuiorpada.

VYcranaBiauBas MOOYEPEIHO 3HAYEHUSI AKTUBHOTO CONPOTUBICHUS R,

paBHBIE: ZR,,p, R,,p, O.IR@, NMOJIyYUTh HA BBIXOJE LeNu AJsl KaXKI0ro

3HAYCHUS CONPOTUBJIEHMSI R OCHWLJIOIPAMMbI HANPSKEHUS Ha
KOHJAECHCATOpe MNpU  MmojaYe HA  BXOA  IOCJIeI0BATEJbHOCTH
NPSAMOYTOJIbHBIX HMMIIYJIbCOB. IlepenectTd B oOTYeT C DKpaHa
ocruyiorpada COBMECTHO TpaMKd H3MEHEHUH BXOJHOTO M BBIXOJHOTO
HanpspkeHnit uccinenyemoit RLC - menu i1 KakJIoro M3 TpeX 3HAUYCHUH
conpotuBieHus R. [lis paccMarpuBaemMoro npuMepa rpaguku MpuBeIeHBI Ha

pucynke 13.
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Ugx ().B

t,nc
02 04 06 08 |10 12 14 16 18 |20 22 24 26 28 |30

Ugnx(®.B

Upnx(t).B

t,Mc

02 04 06 08 A0 12 14 16 18 0 22 24 26 28 A0
R=Ryp

Pucynox 13 — I'paduiku n3MEeHEHUs HANPSKEHUS Ha KOHJEHCATOPe

HCCIIEIYEMOU LEH

HAnst kosnebatenbHoro pexuma (mpu R =0.1R,,) 1o ocumwiorpamme

BBIXOJIHOTO CHUTHAJa M3MEPUTh M pacCUUTaThb TE€ JKE€ IapaMeTpbl, KOTOpPBIE
paccUrUTaHbl TEOPETUUECKH.

CHauana wu3MEpPUM UTUTENBHOCTh HECKOJBKHX TIEPUOJOB COOCTBEHHBIX
3aryxalmux kojebanuid At. [ TOBBIINIEHUS TOYHOCTU U3MEpeHUM Oepem
MaKcUMallbHOe uyuciao nepuogoB. Ha rpaduke (pucynHok 13) AIUTENIBHOCTD
4yeTeIpex MnepuogoB paBHa At = 0,825 mc. Berumcnum nepuoa coOCTBEHHBIX

KOJICOaHUIT

\ —3
Tc = = =220 = 10,206 - 10 ¢ = 206wixc,

rae N — 4nciio NepruoaoB.
[lo HailneHHOMY IEPHOY BBIYMCIUM YaCTOTY COOCTBEHHBIX KOJIeOaHUI
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_Zm 628

m ] —_——
© 1. 0206103

=30,5- 103pay/c.

Brruucnum norapudmMudeckuili JeKpeMEHT 3aTyXaHUsl, UCOJIb3Ysl BbIPAXKEHHE
(1.13). Jlns 3TOrO MO OCHWIJIOTPAaMME BBIXOJHOTO CHUTHAJIA U3MEPUM COCEIHHE
MaKCUMyMbI BbixojiHOTO curHana Ul u U2. Ha rpaduke (pucynok 13) Ul = 6,2

B, U2=44B.

A= —1n%2_ 1n1,409 — 0,343
uz 4.4

Boruncinum ko3hdUIMEHT 3aTyXaHus COOCTBEHHBIX KOJIEOaHUW KOHTypa IO

bopmye
il 0,343
§=—=—"""_-1665-103
Tz 02061073
PCSYJIBTaTLI mapamMcTpoOB, IMOJIYYCHHBIC C IIOMOIOBIO YHHUBCPCAJIBHOI'O

71a00paTOPHOTO CTEH/1a, 3aHOCSTCA B TaOIUILy 3 .

3.4 OdopmiieHne pe3yIbTaTOB UCCIEIOBAHUS

Pe3ynbTaThl uCCHEAOBaHUA MO JIAaHHOW YacTh J1abopaTOpHOM paloTHI,
KOTOpbIE€ TIOJHOCTBIO BOMIYT B OTYET MO JjgabopaTopHOM paboTe, IJOJIKHBI
CoJlepXKaTh:

- TNPUHIHUIUAIBHYIO CXEMYy TMPOBEICHHUS OSKCIIEPUMEHTAa U U3MEPEHUs
HEOOXOIMMBIX XapaKTEPUCTUK (PUCYHOK 12),

- pesyJbTaThl pacyera HapaMeTpoB KOHTYpa: P, Ry, (Tabmuua 3),

- Pe3yabTaThl pacyeTa M IKCIEPUMEHTAJIBLHOTO OIPEICICHUS MapaMeTpOB
K0JIe0aTEIPHOTO TIEPEX0IHOTO Mporiecca: w,, O, A (Tabauma 3),

- COBMEUICHHBIE OCIUJUIOTPAMMBI BXOJHOTO U BBIXOJHOI'O CHUTHAJIOB
MCCIIEIOBAaHHBIX NIEPEXOJIHBIX MPOIIECCOB (PUCYHOK 13),

- BBIBOJBI O pC3YyJIbTaTaX IIPOBCACHHBIX PICCHG,IIOB&HHﬁ.
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Ta6nuna 3. IlapameTpsl KOHTYpa U K0JIEOATEBHOTO MEPEXOHOTO

Imponecca B HEM

[TapameTpsl mEpexoIHOTO KOJIeOaTeNLHOTO Mpoliecca
=0.1R,.. =
MapameTps! s R=0.1R,,=115 Om
BXOJIHOI'O [Tapametpsl KOHTYpa PacCYNTaHHBIC
CUTHAIA paccuuTaHHbIC HKCIIEPUMEHTAIBHO
TEOPETHUECKHI (c moMorIBI0
71a00paTOPHOTO CTEH/1A)
w.=30-10%pag/c w_. = 30,5 paa/c
U=5B _
L=19ulu Te = 209,4uxc Te = 206Mke
C=574u0
— L1003 — 103
p = 575 Om 6§=1,5-10 6=1,665-10
Ry, = 1150 Om
f=500I"u
Q=5 A =0,315 A =0,343
4. OdopmiieHne Bcex pe3yjbTaTOB 0TYETA
[TapameTpsl nepexo1HOro
KoJ1e0aTenbHOro mpoiecca Jyis
II R=0.1Ry,=1150m
apamMeTpet [TapameTpsl kp
BXOJIHOTO MOJTy4YeHHbBIE
KOHTYpa
CUTHaJIa paccuuTaHHbIC 9KCIIEPUMEHTAJILHO
TEOPETHUECKHU (c momoIkIo
71a00paTOPHOTO CTEHAA)
w_=30-10° w . =30,28-10°
L=19wmln an/c an/c
U=2B C=574nd = =
o T- =0.2 MKc T =0,2075 mxc
p =575 Om
Rip =11500m | 5 —{ 5.103 8 = 1,665-10°
f=500T"1 Q=5
A =0,315 A =0,343
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5. KoHTpoJIbHBIE BOIIPOCHI
1. Kakue nporiecchl ObIBAIOT B 3JIEKTPUUYECKUX ETISX ?
OO0BsacHUTE PUBUYECKUNU CMBICT IEPEXOTHBIX MPOIIECCOB.
B kakux 3JIEKTpUYECKHX LETSAX BOZHUKAIOT IEPEXOIHBIE TPOLIECCHI?
VYcnoBust BOBHUKHOBEHUS IEPEXOJTHOTO Mpoliecca.
Yto Takoe KOMMyTalKs?

3aKOHBI KOMMYTalluu.

NS kN

[TosicHuTe TOHATHS MEPEXOAHOr0, CBOOOJHOIO, YCTAaHOBUBILIETOCS H
MPUHYKIEHHOTO PEXKUMOB.

8. [loueMy B wensX, HE COAEPKAIIMUX PEAKTUBHBIX DJIIEMEHTOB, HE
BO3HHUKAIOT MEPEXOHBIE MPOLIECCHI?

9. Uto Takoe HayaJbHBIE YCIOBUS dJIEKTPUUECKOM LENH, UCTOJIb3yEMBbIE TPU
pacuere nepexoaHbIX MPOLECCOB?

10. YeM OTIMYarOTCS 3aBUCHMBIE HaydallbHbIE YCIIOBUS OT HE3aBUCHMBIX
HayaJbHbIX YCIOBUN?

I1. 3anumute U 00BIACHUTE (POPMYIIbI, CBSA3BIBAIOIINE MTHOBEHHbBIEC 3HAYCHUS

TOKa U HAIIPAKCHUA IJI1 MTHAYKTHUBHOCTU, CMKOCTH, COIIPOTUBJICHU .

12. [lenb Ha3bIBaEeTCS KOJIEOATEIHLHBIM KOHTYPOM?

13. Kakue ObIBatoT Kos1e0aTeabHble KOHTYPHI?

14. Hapucytite cxembl kKojie0aTebHBIX KOHTYPOB?

15. B yewm 3akirouaeTcs pacuet nepexoIHOro mnporecca’?

16. Kakue cyniecTByroT METObI pacyeTa MepexoIHOro mpoiecca?

17. Uto mosy4yaeTcs B pe3ybTaTe pacyera MnepexoHOro mpoiecca?

18. B 4eM oTimune KiIaccMYeCKOro METOJIa pacueTa MEePexXOHOro Impolecca

OT ONIEPATOPHOT0?
19. B 4eM n0CTOMHCTBa KJIaCCHYECKOTO M OINEPaTOPHOrO METOJIOB pacyeTa

MEPEXOAHBIX TPOLECCOB?

20. Kak cocraBiisieTcst onepaTopHasi cxema 3aMelleHUs AIEKTPUIECKOM enu?
21. Yto Takoe NOpPSIAOK SIEKTPUUECKOMN LETH?
22. UeM oTnryaeTcs UElb MEPBOro NOpsAKa OT LENMU BTOPOTO MOpsSAKa?
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23. Kak nosryunts XapakTepuCcTUUECKOE YPABHEHUE JIIEKTPUUECKOU Lenn?
24. JIns 4ero Mcnosb3yrTCs KOPHU XapaKTEPUCTUUYECKOTO COIMPOTUBIICHUS
ANEKTPUUYECKON 1enu?

25. Kaxkue Bupl mepexoHbIX MPOLECCOB ObIBAIOT B AJEKTPUUECKUX IIETIAX ?
26. Kakne mapaMeTpbl »BJIEKTPUYECKOM LIENM BIMSIOT HA  XapakTep

MEPEXOHOrO MPOIECCA B HEW?

27. JlaiiTe onpeeneHne eIMHUYHON CTyeHYaTol PyHKIUY.
28. JlaliTe onpeaeneHue nociaea0BaTeENbHOCTH IPAMOYTOJIbHBIX UMITYJIBCOB.
29. OCHOBHBIE TIAPaMETPhI, KOTOPBIE XAPAKTEPU3YIOT MOCIEA0BATEIBHOCTh

IPSIMOYTOJIbHBIX UMITYJIECOB?

30. UTto Takoe pexxuM CBOOOTHBIX KOJIeOaHUMA?

31. YT0 Takoe NEKPEMEHT 3aTyXaHUsA?

32. Kaxk onpenensieTcs yactoTa CBOOOHBIX KOJIeOAHUN?

33. Kak Bnuser akTMBHOE CONPOTHUBJIICHHME Ha TMEPUOJ], CBOOOIHBIX
KoieOanmii?

34, Kakoil mepexoaHblii TpOIECC TMPOUCXOAUT B  IOCIEAOBATEIHLHOM

KOJIeOATETbHOM KOHTYpE MpH BO3JCUCTBUM HA HEr0 CTYyNMEeHYaTod (YHKIUU U
IPSIMOYTOJILHOT'O UMITYJIbca?

35. OOBsicHUTE 3aBUCUMOCTh XapakTepa NEpPeXOJHbIX KOJeOaHuh OT
PACIIOJIOKEHUSI KOPHEH XapaKTepUCTHUYECKOrO0 YpaBHEHUSI Ha KOMILIEKCHOM

IIJIOCKOCTH.
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