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JucnuiimHa —«OJEKTPOTEXHUKA» UW3ydaeTcs CTYIACHTAMH HarpaBICHHS
10.03.01 Mnadopmanmonnast 6€30MacHOCTb.

[lenpto OCBOCHHS Y4YeOHOW JUCHUIUTMHBI «JCKTPOTEXHUKA» SIBISCTCS
U3yYCHUE OCHOBHBIX IMOHATHH M 3aKOHOB TEOPHH IJICKTPUUYCCKUX IICTIel, METOIOB
aHaM3a JIMHCWHBIX W HEJIUHEWHBIX IENell B TEPEXOJHOM W YCTAHOBHUBIIEMCS
peKMMax, TPHUHIMAIOB JCHCTBUSA M XapaKTCPUCTUK KOMIIOHCHTOB U  Y3JIOB

AJIEKTPOHHOM anmnaparypbl, METOJI0OB HX pacuera.

Jlabopatopuas pab6orta Nel

NCCIIEAOBAHHME BHEIIHNUX XAPAKTEPUCTHUK PEAJIBHBIX
NCTOYHHUKOB HAIIPAKEHM A

HEJb PABOTHBI

CHsATHE BHEIIHUX XapaKTCPUCTUK HNCTOYHHUKOB HAIIPSAKCHUA W TOKa )51
OIIPCACICHUC I1apaMCTPOB UX CXCM 3aMCIICHUAA.

1. MIOJATOTOBKA K IABOPATOPHOM PABOTE

N3yuute nureparypy [l], KOHCHEKT JEKUWA 1O JAaHHOM TEME U
TEOPETUYECKYIO YaCTh JJaOOPATOPHOU pabOTHI.

W CcTOYHUKN SJIEKTPUYECKON SHEPTUU ACJSITCS HAa MCTOYHUKU (T€HEpPaTOpPhI)
HaMpsHKEHUST W UCTOYHUKU (TeHEepaTophl) TOKa. B 3aBUCMMOCTH OT HaIW4us
MOTEPh JHEPTHMM BHYTPH MCTOUYHHMKA Pa3MYyalOT HACAIbHbIE U pEaJbHbIC
WMCTOYHUKH. Y UJ€aJTbHOIO0 UCTOYHUKA MOTEPH BHYTPU CAMOTO UCTOYHUKA PaBHbI
Hy0. [IoATOMYy BHYTpEHHEE COITPOTUBIIEHNUE HICATBHOTO UCTOYHUKA HATIPSIKEHUS
PaBHO HYJIIO M HalpsHKEHUE HA €r0 BHEIIHUX 3aKMMaxX HE 3aBUCHT OT HArpy3Ku,
MOAKIIOUEHHOW K A3TUM 3a)XMMaM. BHyTpeHHee CONpPOTUBICHHE HACATbHOTO
UCTOYHUKA TOKa pPaBHO OECKOHEYHOCTH (COOTBETCTBEHHO  BHYTPECHHSSA
MPOBOJAMMOCTh HMCTOYHHKA paBHA HYJI0) M MO3TOMY TOK 3TOTO HMCTOYHHKA HE
3aBUCUT OT Harpy3KH, MOJKIIOYCHHOHN K 3a)KMMaM UCTOYHUKA.

B peanbHBIX HMCTOYHHMKAX MMEIOTCS TMOTEPU DHEPrUU BHYTPU CaMOTO
MCTOYHUKA U TI0OATOMY HaNpsKEHUE Ha 3aXUMax pPeaJlbHOTO HWCTOYHHUKA
HaIpsDKEHUST U TOK, T€HEPUPYEMBIM pealbHbIM HMCTOYHUKOM TOKa, 3aBUCAT OT
COMPOTUBJICHUSI Harpy3KH, MOJKITIOYEHHON K UX BHEIITHUM 3KHUMaM.

PeanbHbIil MCTOYHHMK HAIPSKEHUST MOXKET OBITh MPECTABICH B BUJIE CXEMBbI
3amemeHus (puc. 1), cocrosied W3 HACATBHOTO HCTOYHUKA HAMPSHKEHUS U
BKJIFOUEHHOIO TIOCJIEIOBATEIbHO C HHM PE3UCTOpa C CONpOTHUBIEHUEM R,
Ha3bIBAEMOI'0 BHYTPEHHUM COMPOTHUBJIEHUEM UCTOYHUKA HATIPSAKEHUS.
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Puc. 1. Cxema 3aMCHICHUA pCaJIbHOT'O HCTOYHHKA HAIIPSAKCHUA

Ha mpaktuke npenmnonararot, 4To peajibHbld UCTOYHUK HAIMPSKEHUS MOKHO
CUMTATh HJICAIbHBIM, €CIM €r0 XapaKTEPUCTUKU OTIUYAIOTCS OT HJCaJbHBIX HE
Oonee yem Ha 10%, a 3TO BO3MOXHO B CIy4yae, €CJIM BBIMIOJHSIETCS CIEayIoIIee
COOTHOIIIEHHE MEXIAY BHYTPEHHHUM COMNPOTUBIECHUEM pEajJbHOTO UCTOYHHKA Ri u
COMPOTHUBJICHUEM Harpy3ku Ru:

Ri < 0.1Ru (1)

JUi CHATHSI BHEIIHEW XapaKTEPUCTUKH PeaIbHOrO0 UCTOYHHMKA HANPSKEHUS U
OIIpENIENICHUS] TIapaMETPOB €ro CXEMbl 3aMEIEHUsI HEOOXOIUMO COOpaTh CXeMmy,
IIPUBEICHHYIO Ha pUC. 2.

—E@—?—
I{ti}

()
\UJ

Puc. 2. Cxema niisa onpeneneHus BHENTHEN XapaKTEPUCTUKN
peanbHOr0 HCTOYHUKA HAIPSKEHUS

C nomomipl0 Mara3uHa COMPOTHUBJICHUN BEIMYMHY Ry MOXHO M3MEHSITH B
HIUPOKUX TNpesenax. Eciau conpoTuBiieHne Harpy3ku OTKIIOYUTE (Ry = ), TO TOK
B 1lenu OyeT OJIM3KUM K HYJII0, TaK KaK BXOJIHOE CONPOTHUBJICHHE BOJbTMETpa V
OYEHb BEIUKO (eauHHULIBI U JecITKH MOM) 1 TOKOM B €ro BXOAHOU IIEMU MOYHO
npeHebpeysb. B 3TOM ciydae BOIBTMETP MOKA3hIBAECT HAMPSIKEHUE XOJIOCTOTO X0/
Uxx, YUCIIEHHO PaBHOE 3. JI. C. ICTOYHHMKA HanpsbkeHus: E:

Ux=E (2)

Ecnu conporuBienne Harpy3ku Ru yMeHblIaTh, TO TOK B Ilenu Oyjaer
BO3pacTaTh, MAJCHUE HANpPSHKEHUST Ha BHYTPEHHEM CONPOTUBIICHUU OyJeT
YBEJIMYMBATHCS, & HA HArpy3Ke HampspkeHue OyJIeT YMEHbIAThCSI B COOTBETCTBUU
C BBIPQ)KECHUEM:

Uu.=E- IR (3)
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Ecnim  compoTuBneHme  Harpy3kd — clenaTh  paBHBIM  BHYTPEHHEMY
CONMPOTHUBJICHUIO UCTOYHMKA, TO HampsbkeHre Uxx OyneT MOopoBHY pacipeiesieHo
Mexay Ri m Ry m TakuM o00pa3oM MOXHO OIpEAeIuTh BeIMYUMHY R
sKCIepuMeHTaIbHO. ClieIoBaTeIbHO COMPOTUBIICHWE HArpy3Kd, MpPU KOTOPOM
najieHue HampspkeHus Ha HeM coctaBisieT 0,5E, dnciieHHO paBHO BHYTpEHHEMY
CONMPOTHUBJICHUIO MCTOYHWKa HampstkeHus. Eciam momoOpaTh comportuBiieHue Ry,
npu kotopoMm Uy = 0,5E (mepemenHoe conpoTuBiieHrE, TOJKIIOYEHHOE K 3aKIMaM
HUCTOYHHUKA, MOXET M3MEHIThCS TOJBKO C ONPEJCICHHBIM IIaroM), He
MPEACTABISICTCS BO3MOXHBIM, TO HYXHO TMOJA00paTh TaKoe COMPOTUBIICHHUE
Harpy3ku, npu kotopom Uy MakcuManbHO npuOnusutcs k 3HadeHuto 0,5E, u
BBEIYHCIIUTH Ri o popmyie:

E
R=—-1|-R
U H (4)

i
H
Buewnen wnu HaZPyS'OllHOl? xapakmepucmukoﬁ HNCTOYHHKA HAIIPSKCHUA
Ha3bIBAaIOT 3aBHUCHMOCTH HAIPKCHUA HaA €ro 3aXKhMMaxX OT TOKa, IIPOTCKAIOMICTO
yepes OTH 3@KMMbL. BHEHIHSA XapaKTEpPUCTHKA pPEaJbHOTO HCTOYHHKA
HaIps>KCHUA (pI/IC 3) MOET OBITH HpI/I6J'II/DKCHHO ImpeacraBJicHa B BUIC HpHMOﬁ
JJUHUU, HpOXOI[}IH_Ieﬁ qcpes3 IBEC TOYKU:
- TOUKY, COOTBETCTBYIOIYIO PCKUMY XOJIOCTOI'O Xoaa, IIpu KOTOPOM: Ru= o0,
| = 0, U= Uxx,
- 1 TOYKY, COOTBETCTBYIOINYIO PCKUMY KOPOTKOI'O 3aMbIKaHHsA, ITPU KOTOPOM:

Ru =0, U =0, | = l. (3Hauenue l; Ha3pIBa€TCSI TOKOM KOPOTKOTO 3aMbIKAHHS ):
‘U
Uxx
-
0 Trcs

Puc. 3. I'paduk BHEMIHEH XapaKTEPUCTUKU
PEAITBHOTO UCTOYHUKA HAIIPSKEHUS

PeanbHblii MCTOYHMK TOKa MOXET OBITh MPEICTABIEH B BHJIE CXEMbI
3amelnenus (puc. 4), cocTosiieil U3 uaeaasbHOr0 UCTOYHUKA TOKA U MapaJuIebHO
BKJIFOYEHHOTO C HUM PE3UCTOpa C MPOBOAUMOCTHIO Gi, Ha3bIBAEMOW BHYTpPEHHEU
MPOBOJUMOCTBIO HCTOYHHKA TOKA.



o =]

Puc. 4. Cxema 3amMmeliieHusi peaibHOTO UCTOYHUKA TOKa

Ha npakrtuke npeamnonaraior, 4To peaibHbIi UCTOYHUK TOKA MOXHO CUHUTATh
UJCANbHBIM, €CIM €ro XapaKTePUCTUKU OTJIMYAIOTCS OT XapaKTEPUCTHK
UJieaIbHOrO0 UCTOYHUKA He Oozee yeM Ha 10%, a 3TO BO3MOXKHO B cllydae, €clid
BBITIOJIHAETCS  CIIEYIOIIEe COOTHOILIEHUE MEXAY BHYTPEHHEH MpPOBOAMMOCTHIO
peanibHOT0 HcTOYHUKA Gi M TPOBOAUMOCTHIO HArpy3ku Gu!

Gi <10 Gy (5)

BHemHss XapakTepuCTUKA PealbHOTO NCTOYHHUKA TOKA YCTAHABIMBACT CBS3b
MEXIy HAmpsHKEHHEM W TOKOM Ha €ro 3a)XUMaxX U OIpenessieTCsl aHaJOTHYHO
(puc.5) BHeEWIHEW XapaKTEPUCTUKE pEaJbHOTO HCTOYHHMKA HAIpPSOHKEHUsA. OTa
XapakTepucTuka (puc. 6) UMeeT TaKoW K€ BHJ, KaK W BHEIIHSA XapaKTEPUCTUKA
peaJlbHOTO MCTOYHMKA HamnpsbkeHus. Eciu  momoOpaTh Takoe  3HauYeHHE
COIPOTUBIIEHUS HAarpy3ku Ry, MpU KOTOPOM TOK, MPOTEKAIOLIUI Yepe3 HarpysKy,
oyner pasen 0.5 J, To Torma Gi = Gy = 1/ Ry, T.e. BHYTPCHHSISI MPOBOAMMOCTD
(compoTHBIICHHE) NICTOYHHKA TOKA OyET paBHA MPOBOJUMOCTHU (COMIPOTHUBIICHUIO)
Harpy3kd. Tak  MOXHO  DKCHEPUMEHTAJIbHO  ONpPENEIUTh  BHYTPEHHSSA
npoBOAUMOCTh Gi  MCTOYHHUKA TOKA.

0
N

—T—F+—
G

i

-©—

Puc. 5. Cxema miig onpeaeneHus BHENTHEN XapaKTePUCTHKU
pPEAIbHOTO UCTOYHUKA TOKA

AU

Unx

-
0 Tis
Puc. 6. I'paduk BHENIHEH XapaKTEPUCTUKU
peantbHOr0 HCTOYHUKA TOKA
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2. 3AJJAHUE HA BBIIIOJJHEHUE JIABOPATOPHOM PABOThHI

2.1. CHATHE BHENIHE XapaKTePUCTHKHA HCTOYHUKA HATIPSKEHUA C
MOMOIIbI0 YHMBEPCAJIBLHOI0 JIA00PATOPHOI0 CTEH1a

2.1.1. IToaroroBka cxemMbl J1A0OPATOPHOIl YCTAHOBKH

JInst CHATHS BHENIHEW XapaKTEPUCTUKA MCTOYHWKA HanpsbkeHus Ei1 ¢
MIOMOIIBI0 YHUBEPCAJTBLHOTO J1aOOpAaTOPHOTO CTEHAA, HA HEM HYXHO coOpaTh
CXeMy, MNpUBEACHHYIO Ha puc. 7. KiemMmbl MarazuHa CONpPOTUBIICHUN Rv

COCIMHUTHh C BBIBOJAAMH HCTOYHUKA W TApAUICIBHO K HHUM  TOAKIIOYUTH
BobTMETp V. Ha wMaraswHe CONPOTHBICHWN YCTAaHOBHTH TIEPEKIIOYATENb
BEJTMYMHBI CONIPOTHUBIICHHS B TMOJIOKEHUE 0. BKIIIOUNTH muTaHue 1abopaTopHOTO
cTeHaa U BoJabTMeTpa. [Ipu 3TOM BoBTMETp V MOKaXKET HAMPSHKEHUE XOJIOCTOTO
xona: Ux = Uxx = E. 3HadeHus CONMpOTUBJICHUS HArpy3ku u HanpsokeHus Uy
3aHecTH B Ta0I. 1.

I'eneparop

g "]

Puc. 7. Cxema nabopaTopHOM YCTAaHOBKH JJIsI ONIPE/ICTICHUS BHEITHEH
XapaKTEPUCTUKHA UCTOYHUKA HAMPSHKEHUS

2.1.2. ITopsiiok mpoBeeHMs IKCIIEPUMEHTA

N3Mmensis nepexitouaTeneM Mara3uHa Ry 3HaueHHe COMPOTUBIIEHUS HArpy3Ku
OT MaKCUMAaJIBbHOTO 0 MUHUMAJIBHOTO, (DMKCUPOBATHh 3HAUYCHUS CONPOTUBIICHUS U
W3MEPEHHOTO HaIpshKeHUs1. Pe3yabTaThl nu3mMepeHuil 3anecty B TaouI. 1.



Tabmauna 1

IlepBbIli HICTOYHUK BTopo# ncrouynuk TpeTuit ICTOYHUK
N3mepeHus Pacuer HN3mepeHus Pacuer HN3mepeHus Pacuer
Ry, Om | U, B ILMA |Ry,Om | U,B ILMA |Ry,Om | U,B I, MA
Ri = Ri = Ri =

[ToaKIIOYnTE K MarasuHy conpoTuBiieHH Ry uctounuk Hampspkenus E2. o
3aIaHUI0 TIPENOIABATENSL YCTAHOBUTDH HA BBIXOJIE UCTOYHUKA B PEKUME XOJIOCTOrO
X0Jla HEOOXOJMMOE HAMNPSHKEHWE U MO aHAJIOTMU BBIMOJIHUTH TaKUE K€, KaK B
nyHkTe 2.1.2. usmepenus. [lomyyeHHble pe3ynbTaThl 3aHECTH B TaOM. 1.

BxirounTh nutaHue reHepaTopa, yCTaHOBUTH HA HEM 4acTOTy fren = 5 ki 1
BbIx0JHOE HamnpsokeHue Urew xx = 3B. Tloakmrounth reHepatop K Marasuy
COTNIPOTHUBRJICHUH W BBIMOJHUTH TaKHUE K€ U3MEPEHUs, Kak B IL.I.2.1.2. Pe3ynbTaThl
3aHecTH B Ta0I. 1.

3. OBPABOTKA PE3YJIbTATOB U3MEPEHUI

O0paboTKa pe3ynbTaTOB U3MEPEHUM, TOTYYEHHBIX B IPOLIECCE IKCIIEPUMEHTA
Ha J1a0OpaTOPHOM CTEH/JIE, IPOU3BOJIUTCA B CIEAYIOIIEM MOPSIKE.

1. Bpramcmsiercss 3HAYEHHWE TOKa IS KaXIOTO W3 HW3MEPCHHS TPHU
HCCIICIOBAHUM MCTOYHUKOB HampsikeHus. [loaydeHHbIE pe3yabTaThl 3aHOCITCS B
tab. 1.

2. HaiiieHHO€ 3KCTIEpUMEHTAIbHO WA PACCUMTAHHOE 3HAYEHUE BHYTPEHHETO
COMPOTHUBJICHUS KAXKOTO UCTOYHUKA HAMPSHKEHUS 3aHOCUTCA B Ta0. 1.

3. Ctpositcs rpaduku Harpy3ounbix xapakrepuctuk U =f(l) u U = f(R) nns
KaXJI0r0 MCTOYHHKA HAITPSDKECHUS.

4. OmnpenensieTcs 3HAYEHUE HATrPy30YHBIX COMPOTUBIIEHUW, MPU KOTOPBIX
KaXbIil UCTOYHHUK HAMPSKECHUS SABISCTCS MPAKTUUYECKU HUJICATHHBIM.

5. Ilo pe3ynbraTaM M3MEPEHUN W BBIYHMCIICHUN OIPEACISAIOTCS NapaMeTpsl
CXEMbI 3aMEIIEeHUS] KaXKI0T0 U3 UCCIIEyEeMbIX UICTOUHUKOB HAMPSKEHUS.

[To pesynpraTamMm J1aOOPATOPHOTO  KCCIICAOBAHHUS  HMCTOYHUKOB  TOKA
OIpeENIIeTCs TapaMeTPhl CXEMBl 3aMEIIEHUS KakKIO0r0 HCTOYHHMKA TOKA: €ro
BHYTPEHHSII IPOBOAMMOCT, W TOK HAeadbHOro ucrounumka J.  Hailigennsie
napamMeTpsl 3aHocsATcss B Tabm. 3. [lamee crposTcs TpadMKd HArpy30YHBIX
xapaktepuctuk |y = f(U) u |y = f(Ry) mns xaxmoro W3 HCTOYHHUKOB H
OIPECIIAIOTCS 3HAYCHNE HArPY304YHOTO COMPOTUBIICHHS, TIPU KOTOPOM KaXKIbIl U3
HHUX CUNTACTCS MPAKTUYCCKH UACaTbHBIM.



4. COAEP KAHUE OTYETA

OT4eT T0JDKEH COJIePKaTh:

- HAMEHOBaHUE U 11eJIb PabOThI;

- CXEMBI MCCJICIOBAHNS BHEIIIHUX XapAKTEPUCTUK HA CTEHIIE M HA KOMIIBIOTEDE;

- TaONHILIBI PE3YNIBTATOB U3MEPEHUIL;

- pacyeThbl TOKOB B IIEMSX;

- rpadpukn  BHemHuMX xapakrepuctuk U = f(I) w1 U = f(R) ucrounmkos

HaIpSDKEHUS, TIOJyYeHHbIE Ha JJA0OPATOPHOM CTEH/IE;

- 3HAYEHUs] HArPY30YHBIX CONPOTHUBICHUI I KAXKIOT0 UCTOYHMKA, MPU KOTOPBIX

VCTOYHUKH HANPSDKEHNUSL Y TOKA MOYKHO CUUTATh HJICATTbHBIMU;

- IapaMeTpbl CXEM 3aMENIEHUS HCCIEAYEMbIX MCTOYHUKOB HAIPSKEHUS U
TOKA;

- BBIBOJIBL.

5. KOHTPOJIBHBIE BOITPOCHI JJI51 JOIIYCKA K
JABOPATOPHOM PABOTE

1. Kakue MCTOYHHMKH 3JIEKTPUYECKON SHEPTUU HA3BIBAIOTCS HWCTOYHUKAMU
HaMpsDKeHUS, KaKue UCTOYHUKAMH ToKa?

2. B 4Wem omMYME HE3aBUCUMOTO HCTOYHMKA OT  3aBUCHMOIO
(ympaBisieMoro)?

3. B 4yeMm oTiinune uAeanbHOrO HCTOYHHUKA OT PEAIbBHOTO?

4. CKOJBKO THUIIOB YIIPABISIEMBIX HCTOYHUKOB CYIIECTBYET, IEPEUHUCIUTE UX?

5. CKONBKO M KaKHE BJIEMEHTBI CONECPKUT CXEMa 3aMENICHUS UICAJIbHOIO U
pearbHOr0 UCTOYHHKA HAIMPSKEHUS U TOKa?

6. CKOJBKO U KaKH€ 3JIEMEHTBI COJECPKUT CXEMa 3aMEIIEHUS KaXXI0T0 U3
YIPaBJIsieMbIX UCTOYHUKOB?

7. Kak npou3BecTH 3aMEHY UCTOYHUKA HAIIPSIAKEHU S SKBUBAJICHTHBIM
HCTOYHUKOM TOKa U HA000pOT?

8. Kakas xapakTeprucTrKka MCTOYHHKA HA3bIBAETCS BHEIIIHEHN U KaK €€
ONPEAEISAIOT?

9. Kakue XapakTepuCTUKU HA3bIBAKOTCS JIMHEAPU3OBAHHBIMHU?

10. Kakue xapakTepHble TOYKH €CTh Y BHEITHEN XapaKTEPUCTUKN UCTOYHUKA
AIEKTPUYECKON dHEpTrun?

11. Kak yCTaHOBUTB PEKHUM XOJIOCTOTO X0/1a UM KOPOTKOTO 3aMbIKAHHS Ha
BBIXOJIC UCTOYHUKA?

12. Kak onpeennTh BHEIIHIO XapaKTEPUCTUKY UCTOYHUKA HATIPSAKEHUS
(Toka)?

13. Kak onpenenuTs napaMeTpbl CXeMbl 3aMEILEHHS] ICTOUHUKA HAMPSHKEHUS
(TOKa) pacUyEeTHBIM MMYTEM U KCIIEPUMEHTATBHO?

14. Kak paccunThIBa€TCS MOIIHOCTD, BhIpadaThIBaeMasi WU MOoTpedsiemMast
HMCTOYHUKOM MOCTOSIHHOTO (TIEPEMEHHOI0) HanpshKeHus (Toka)?

15. MoseT a1 UCTOYHUK HaIpsKeHus (TOKa) HE TeHEPUPOBATh, & TOTPEOIATh
SHEPruio?

16. Kakyro MOIIIHOCTh T€HEPUPYET UCTOYHUK MOCTOSIHHOTO (TIEPEMEHHOTO0)
HarpspKeHus (ToKa), B KaKUX €AUHUIAX OHa u3Mepsiercs?

17. Kak sKkCniepuMEHTAIbHO ONPEEIISIETCS BHEIIHSA XapaKTePUCTUKA
MCTOYHHKA HaNPSHKEHUs (TOKA) HA YHUBEPCATILHOM J1A0OpATOPHOM CTeH1e?
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18. Kak skCcniepuMeHTaIbHO OMPEAECTUTh TapaMeTPhbl CXEMbI 3aMEILICHUS
VMCTOYHUKA HANPSDKEHUS (TOKA) Ha 1a00paTopHOM CcTeHie?

19. lnig yero ucnosb3yercs 3a3eMIICHHE NPU COOPKE CXEMBI LIeTH Ha
nabopaTopHOM CTeH ie?

20. Kak ycTaHOBHUTH U U3MEHUTh HOMUHAIBHOE 3HAYEHHE MMapaMeTpa CXEeMbl
enu?

21. Kak u3MepuTh TOK B IIETIH TIPU TTOMOIIY BOJIBTMETpA?

22. Yo Takoe MIyHT U JJIs YETO OH UCTIOJIb3YEeTCs B cXxemax?

23. Kakoii pexxuM paboThl ICTOUHUKA CUUTAETCS COTJIACOBAHHBIM, KaK €ro
YCTAHOBUTb, JIJISI YETO OH HYXKEH?

24. KoaddumumeHT moae3Horo 1eHCTBUS HCTOYHHKA, €T0 (M3UYECKUI CMBICT, B
KAaKUX Mpeaenax OH MeHseTcs?

25. Kak onpeniesiuts BHYTPEHHEE CONPOTUBICHUE UCTOYHUKA HATPSKECHUS
(BHYTPEHHIOIO MPOBOAUMOCTH UCTOYHUKA TOKA) C TTIOMOIIbIO BHEIITHEN
XapaKTepUCTUKU UCTOYHUKA?

26. B kakux mpeaenax MOXKET MEHIThCS BHYTPEHHEE CONPOTUBICHUE
MCTOYHUKA HANPSDKEHUsS! (BHYTPEHHSISI TPOBOIMMOCTh UCTOYHHKA TOKA)?

27. Kak BIMsieT BEJIMYMHA BHYTPEHHETO COMPOTUBJICHUSI UCTOYHUKA
HaMpsHKeHUs (BHYTPEHHEN MPOBOJIMMOCTH UCTOYHHKA TOKA) HAa BHEIITHIOKO
XapaKTEePUCTUKY UCTOYHUKA?

28. IloueMy HE pEKOMEHAYETCSI IPOBOJIUTH PEKUM KOPOTKOTO 3aMbIKAHUS TIPH
CHSITUY BHEITHEH XapaKTePUCTUKH Ha TA0OpaTOPHOM CTEHE?

JlabopaTtopHas pabora Ne?2

OKCIIEPUMEHTAJIBHAS ITPOBEPKA 3AKOHOB KUPXT'ODA B
PE3MCTUBHBIX LEITAX

HEJIb PABOTBI

DKCNEPUMEHTAIBHO MPOBEPUTH BBIMIOJIHEHHE 3aKOHOB Kupxroda B pe3uCTUBHBIX
DIEKTPUYECKUX LIETIAX.

1. HOJATOTOBKA K BBIIIOJHEHUIO JIABOPATOPHOM PABOTHI

[Ipu moATOTOBKE K BBIMOJHEHHIO Ja00paTOPHOI paboThl HEOOXOUMO:
- u3yunTh Jutepatypy[1];
- U3y4YUTh ONUCAHUE JAHHOW JabOpaTOpPHOI pabOThl U MOJATOTOBUTH TabM. 2.1, 2.3;
- OTBETUTH Ha BOIPOCHI JJI1 CAMOKOHTPOJISI.

1.1. OcHoBHBbIE TeOpeTHYECKHE MOJI0KEHUS
DNEKTPUYECKON IIENMbI0 HA3BIBACTCS COBOKYMHOCTh YCTPOWCTB M OOBEKTOB,
o0Opa3yromux MyTh IS SJEKTPUYECKOTO TOKA, AJIEKTPOMArHUTHBIE MPOIIECCH B
KOTOPBIX MOTYT OBITh OMUCAHBI C TIOMOIIBIO MOHATUN 3.]1.C., TOKAa M HAIPSKEHUSI.
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Bce o2neMeHTBI JJIEKTPUYECKMX LENEed MOXKHO pa3lelInTh HAa HCTOYHUKU U
IIPUEMHMKHN DJIEKTPUYECKOM DHEPrUM, a TAKXKE COEIUHHUTENbHbIE IpoBoaa. Kak
IIPaBUJIO0, BJIEKTPUYECKAs LENb COCTOUT U3 PAA AJIEMEHTOB, COCUHEHHBIX MEXKIY
co0oi1 orpeaenieHHbIM 00pa3oM. OnucaTth CBOMCTBA JIFOOON AIEKTPUUECKON LEMU
M paccuuTaTb TOKA M HaIpPsDKEHUs Ha €€ DJIEMEHTaX MOXHO C I[OMOIIBIO
YPaBHEHUM JJICKTPUUYECKOIO0 PABHOBECUS LIEIIHU, COCTABICHHBIX ISl HEE HA OCHOBE
U3BECTHBIX (pu3nueckux 3akoHoB OMa u Kupxroda. Ilpu coctaBneHnn ykazaHHBIX
ypaBHEHUN MIMPOKO MCHOJIB3YIOTCS pa3HOOOpa3Hble MOJENTU AJIEKTPUUYECKUX
HeTe.

OCHOBHBIMH 3JIEMEHTAMH, U3 KOTOPBIX COCTOST JIEKTPUUYECKHE IIEMH, SIBIISIOTCS:
PE3UCTOpP, KOHAEHCATOP, KATyIIKa WHIYKTUBHOCTH, WUCTOYHHMKHU JJIEKTPUYECKOU
DHEPrUr, ONEPALMOHHBIA ycwiIHuTelb. (OIHAKO KaXIbld pEANbHBIA 3JIEMEHT
DIEKTPUYECKOW LENM KPOME OCHOBHOIO TIIOJIE3HOTO KAadyeCTBA MMEET psl
IIapa3UTHBIX CBOMCTB. Tak peanbHas KaTyllka WHAYKTHUBHOCTH XapaKTEPHU3YETCH:
CONPOTHUBJIEHUEM IIPOBOAA, W3 KOTOPOTrO OHA H3rOTOBJICHA, €MKOCTBIO,
CYLIECTBYIOLIEH MEXJy BUTKAMU KAaTyLIIKH W MEXAY KAaTyIIKOHM U 3eMIIEU; U
COOCTBEHHO MHJYKTUBHOCTBIO CAMOM KaTyIIKH. TO k€ caMO€ OTHOCUTCS K IPYTUM
AJIEMEHTAaM DJJIEKTPUYECKOM Lenu. EciauM yduThIBaThb BCE KayeCTBa PEAIbHOIO
JJIEMEHTA LIENH, TO 33Jaya aHajau3a pexrMa LENu CTAHOBUTCS OYEHb CIO0KHOMU U
I'POMO3JIKOM, a B psAL€ CIydaeB U HepaspeluMou. JUIsd ynpolleHHs yKa3aHHOU
3a/la4d  aHAJIM3a PEXUMA  JJIEKTPUYECKUX Lened ¢ COCPEeAOTOYEHHBIMU
IapaMeTpaMM II0JIararoT, YTO BCE PEATBHBIE BJEMEHTHI 3THX LENEH COCTOAT M3
ONPENEIIEHHOI0  4YHuCla  WICAIU3UPOBAHHBIX  JJIEMEHTOB. Kax b
UJCATU3UPOBAHHBIA 3JIEMEHT O00JIalaeT TOJBKO OJAHUM OCHOBHBIM Kay€CTBOM
peanpHOrO dneMeHTa. [Ipu nepexone K uAacanu3upOBAHHBIM JJIEMEHTAM, KaXIbli
peanpHBIM DJEMEHT LENU 3aMEHSETCS OINPEICICHHOM OJKBHBAJIECHTHOM CXEMOU
3aMEILEeHUsI, COCTOSIIEH U3 KOHKPETHOr0 Habopa HAeaTn3UpPOBAHHBIX 3JIEMEHTOB.
DT SJEMEHThl  COEIUHSAIOTCS MEXAy CO0OM ¢ TMOMOIIBIO HACATbHBIX
MPOBOJAHUKOB, Uil KOTOPBIX OCHOBHble mapamerpel: R = L = C = 0.
MaremaTnyeckoe onMcaHue IOJy4EHHOM CXEMBl 3aMEIIEHHs JOJDKHO OTpa)kaTb
JOMUHHUPYIOIIHAE MTPOLECCH B PEAIBHOM DJIEMEHTE LIETH, WA T€ U3 HUX, KOTOPbIE
HEOOXOMMO yUeCTh IIPU PEIICHUU KOHKPETHOH 3a/1a4u.

TakuM oOpazoMm, moJydaeTcs pacueTHas CXeMa 3aMEILIEHUS KaKJOro peajbHOTro
JIEMEHTAa LEeNM M M3 OTUX CXEM 3aMELICHHs B JAJbHEHIIEM COCTaBIISIETCS
pacueTHas cXxema 3aMEICHUs BCEU LIETH.

BBeneHne MNOHATHS WOCATUM3UPOBAHHBIE DJIIEMEHTHI TO3BOJSET MPH AaHAIU3E
peanbHON JEKTPUUYECKON LENu MPUOJIIMKEHHO, HO C IOCTATOYHOM IS MPAaKTHUKU
TOYHOCTBIO, 3AMEHUTHh €€ HEKOTOPOM MOJEJBI0, COCTOSIIIEH M3 COBOKYITHOCTH
UJICATTM3UPOBAHHBIX PJIEMEHTOB.

Cucrema ypaBHEHHUM, ONMHUCHIBAIOIIMX CBOMCTBA TaKOW MOJIENIH, MPEIACTABISET
co0Ol MaTeMaTHYeCKyl0 MOJENb AJIEKTPUYECKON uenu. YcaoBHO-rpaduyeckoe
M300paKeHHe MOJCIN DJICKTPUYCCKON IIENMH HA3BbIBACTCS €€ PACUYCTHOM CXeMOM
3aMelIeHUs, KOTOpas COCTOUT U3 B3aUMOCBSI3aHHBIX CXEM 3aMEIIECHUS OTACIbHBIX
pEeanbHBIX 3JIEMEHTOB, U CIIYKUT PACYETHON MOJEINBIO PEAJIbHOM LIETIH.

Kaxmas  cema  3aMelIeHMs  MMEET  OINPEAECICHHYI0  TOIOJOTMYECKYIO
(reoMeTpHYECKy0) CTPYKTYpY, JUIsl OIMCAaHUS CBOMCTB KOTOPOM HMCHOJB3YIOTCS
IIOHATHSL: BETBb, Y3€J, KOHTYD.
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Bemevio Ha3pIBAIOT y4aCTOK LIENU C JABYMs BBIBOJIAMU, [0 KOTOPOMY MPOTEKAET
OJMH U TOT € TOK. BeTBpb, Kak mpaBuio, pacroiaracTcs Mexay ABYMs y3JaMu
LHENA M COCTOUT M3 OJHOTO WM HECKOJBKHX IMOCJIEIOBATEIIBHO COEIMHEHHBIX
AJIEMEHTOB.

Y310m HazbiBaeTcs MecTo coeauHEHHs OBYX M Ooisiee BeTBed. Ecim B y3ine
COEIMHEHBI TOJIBKO JABE BETBU, TO OH HA3bIBAETCS MPOCTHIM WM yCTpaHUMBIM. B
nanbHeieM OyneM paccMaTpHUBaTh Y3JIbl, B KOTOPBIX COEIMHEHBI 0oyiee ABYX
BETBEH.

Jlns cxembl, IpuBeAEHHON Ha puUC. 1, ynCcio y3JI0B Ny= 4, 4KCIIO BeTBEH

Ng = 6, IIIeCTast BETBb COACPIKUT UCTOYHUK TOKa J

Konmypom Ha3zbIBaeTCd 3aMKHYTBIN MyTh, NPOXOAIINI MO HECKOJBKUM BETBSIM
AIEKTPUUECKOM I[EMU TaK, YTO OJMH U3 Y3JIOB SIBJSETCS HAYaJIOM M KOHIIOM MYTH.
KoHTyp, KOTOpBII COAEPKUT XOTA OBl OJIHY BETBb, HE BXOJSIIYI0O B Apyrue
KOHTYpbI, Ha3biBaeTcad He3aBUCHMMbIM. Ha puc. 1 mokaszaHbl J1Ba HE3aBHCHUMBIX
KOHTYpa.

Puc. 1. Cxema 351eKTpUYECKON LIETIH

1.2. 3axonbl Kupxroga

3akonsl Kupxroda (repBslii 1 BTOpOii) SBISIOTCS CIIEICTBUEM BCEOOIIETr0 3aKOHA
coxpaHeHusi 3Hepruu. OHU NPUMEHSIIOTCA JUIsl ONpPEACIICHHS TOKOB B BETBSX
JIMHENHBIX U HETMHEHHBIX CXEM MPH JIFOOOM 3aKOHE U3MEHEHHSI BO BPEMEHU TOKOB
u HanpsokeHuil. Ha wux 0a3e COCTaBiSIIOTCS ypaBHEHHS DJICKTPUUYECKOTO
paBHOBECUSL B DJIEKTPUYECKUX LEIISIX, HCIOJIb3YEMbIE B PAa3JIM4YHBIX METOJAx
aHaJIN3a U CUHTE3a DJICKTPUYECKUX LEIIEH.

IlepBoiii 3axkoH Kupxroga Bbelpakac€T 3aKOH COXPAaHEHUS KOJIUYECTBA
AIIEKTPUYECTBA (IBHXKEHHE 3apsA0B B LIETIH MPOUCXOJIUT TAKUM 00pa3oM, YTO HU B
OJIHOM M3 Y3JIOB OHHM HE CKaIlJINBAIOTCS), IPUMEHSETCA JUISl Y3JI0B 3JIEKTPUUYECKON
uenu v GopMynupyercs CaeayouM 00pa3oM:
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- aneedpauueckasn (c yuemom 3HAK08) CyMMA MOKO8 8emeeil, CX00AUWUXCA 8
JII0O0M y371€ IIeKMPUUECKOU CXeMbl 8 10001 MOMEHM 8PEMEHU, PAGHA HYJII0:

> =0
« (1)

[Ipu 3TOM TOKH, HampaBJi€HHbIE K Y3JIy IPUHATO 3aMMCHIBATh CO 3HAKOM ILTIOC, a
HaIlpaBJIEHHBIE OT y3JIa - CO 3HAKOM MHUHYC.

Hampumep, 1is y3ma 53JIEKTPUYECKOM IEMU, NPEICTaBICHHOTO Ha pHC. 2,
ypaBHEHUE, COCTABIIEHHOE 10 NepBoMy 3akoHy Kupxroda, umeer Bu:

i -L-l3+14s+J1-J>=0 (2)

Puc. 2. V3en sanektpuueckon nenu

JlaHHBII 3aKOH MOKET OBITh CPOPMYJIIMPOBAH U CIEAYIOLIUM 00pa30M:
- CYyMMa mMOKO08, 6MeKaouux 6 KOHKPEemHblil y3e, pagHa cymme moKoe,
8bIMEKAIUWUX U3 OAGHHO20 Y3/14.
Jl11 pacCMOTPEHHOT O IIPUMEpPa 3TO 3aIUCBIBACTCS TaK:

Ih+hh+la=h+h+ 13 (3)

Bropoit 3akon Kupxroga npumMmeHsercd K KOHTYypaMm JJIEKTPUYECKOW LENU U
dbopmynupyeTcs CIeIyOIUM 00pa3oM:
- anzebpauyeckasn (c yuemom HAnNPAGIEHUA) CYMMA NAOEHUI HANPAICCHUN Ha
INNEMEHMAxX 6 1I0OOM 3AMKHYMOM KOHMYPe INeKmpu4ecKoil yenu pagna HyJ:
YU, =0
« (4)

JlaHHBIM 3aKOH MOXKET OBITH CPOPMYIIMPOBAH U B JPYTOM BHJIC:

- anzedpauueckas cymma RAOCHUIl HANPANCEHUS HA NACCUGHBIX ITIeMEHMAX
100020 3AMKHYMO20 KOHMYpaA pPA8HA ai2eopauyeckoi cymme 3.0.C., 6X00AUUX

6 IMOMm KOHMYp:
Z RK I K = Z EN
K N
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B ypaBHeHumsx (4,5) HampaBleHHS HaOpsDKEHUST W 3..C.  CUHTAKOTCS
IOJIOKUTENbHBIMY, €CJIM COBIAJAlOT C HalpaBlIeHUEM 00XoJa KOHTYpa,
BbIOMpAEMbIM 3apaHee B IPOU3BOJIBHYIO CTOPOHY.

g paccmaTtpuBaeMoil nenu (puc. 3) ypaBHEHHs 1O BTOpoMy 3akoHy Kupxroga
UMEIOT CJIETYIOIINNA BU:

U —U,+Uz+ Us—Us=0.

(6)
Ril1 — Ryl + Rsls=E, — E;.

‘ ~

|,

(i Rf[

]R3 Us,

T |
[’.5

Puc. 3. KoHTyp snekTpudeckoil nenu
1.3. Pacuer 3j1ekTpuueckoii nenu MeToaom 3akoHoB Kupxropa (M3K)

[Ipu pacyere pexnma pabOTHl DICKTPUYECKON 1EMU 3aJaHHBIMH OOBIYHO
ABJISIFOTCS: CXEMa U JJIEMEHTHI LIEIH, a TAK)KE [MapaMETPhI MIACCUBHBIX U aKTUBHBIX
AJIEMEHTOB, a OMPEJEIUTh TPeOyeTCcsl TOKM BO BCEX BETBAX M HAMPSIKEHUS Ha
OTACIBHBIX 2JIEMEHTaxX Ienu. [l pemeHus Takod 3amaun ¢ nomoinbio M3K
TpeOyeTCss COCTaBUThH IO TMEPBOMY W BTOpoMy 3akoHam Kupxroda cucremy
JUHEHHBIX aNre0pandeckuxX ypaBHEHHH C y4eTOM MPUHSTHIX IMOJOKUTEIbHBIX
HAMpaBJICHUI TOKOB B BETBSIX U PEIIUTh €€ OTHOCUTEIILHO UCKOMBIX TOKOB BETBE.
[TonoxutenbHble HAMpaBJIEHUS TOKOB BBIOMPAIOTCS MPOU3BOJLHO JO Hadala
pacuera M YKa3bIBAlOTCS HA CXEME€ ILENU CTPENKOW. PelieHne cucrtemsl
anreOpanyecKux ypaBHEHHM MPECTaBISIET COOOM TOBOJIBHO TPYAOEMKYIO 3a7a4y,
a 00BbEM BBIUHUCICHHUM, KOTOPBIM HEOOXOJUMO BBIMOJHHUTH, BO3PACTACT C
YBEJIMYEHUEM CJIOKHOCTH 1IETH (Yrciia BETBEH ).
B o6mem ciyudae YUCJIO YPaBHEHHUH, KOTOPOE HYKHO COCTaBUTH IIpU
WCIMOJIB30BAaHMH JTAHHOTO METOJA, PABHO YWCIIYy BETBEW B PACCMATPUBAEMOW LIENHU
— Ng YacTe ypaBHEHHI M3 3TOr0 YHCIA COCTABIIETCA IO IMEPBOMY 3aKOHY
Kupxroda — N1, a ocraBmiasicst 4acTh 1Mo BTOpoMy — Na.
Hucio HE3aBUCUMBIX YPAaBHEHHM, KOTOPBIE MOYKHO COCTAaBUTH 110 EPBOMY 3aKOHY
Kupxroda, paBHo:

ni=ny—1 (7)
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Opnnako, ecnu B CXEME LIEMU MMEETCSl BETBb, COCTOSIIIAsI TOJIBKO U3 HACATbHOTO
MUCTOYHUKA 3.1.C., TO TOTJAa MOTEHUHAN y3J7a, K KOTOPOMY IPUCOEAUHEH OIUH
BBIBOJI MCTOYHHMKA, IPUHUMAETCS PAaBHBIM HYJIO, M CIJIEIOBATEIIBHO, MOTEHIHAI
y3J1a, K KOTOpOMY MPUCOEANHEH IPYroi BIBOJ UCTOYHHUKA, OYJIET paBeH BEIHMUYHUHE
3.]1.C. ICTOYHUKA C COOTBETCTBYIOIIMM 3HAKOM (B 3aBUCUMOCTH OT HaIlpaBJiCHUS
3.]1.C. UICTOYHUKA). B 3TOM ciyyae 4YMCIO HE3aBUCHUMBIX YpPaBHEHM, KOTOpHIE
MO>KHO COCTaBHUTh IO MepBoMy 3akoHy Kupxroda, Oyner Ha eIuHUIy MEHbIIE,
yeM paccuuTaHo 1o (7).

Ywuco ypaBHEHHI, KOTOphIE HY)KHO COCTaBUTH MO BTOpoMmy 3akoHy Kwupxroda,
JIOJDKHO OBITH PaBHO:

N2=Ng- N1 =Nz—(Ny— 1) (8).

OTO YHUCIO PaBHO YKCIY HE3aBUCUMBIX KOHTYPOB, KOTOpPBIE MOYKHO BBIOpaTh B
cxeMe nenu. OpHAKo, €CliM B CXEME LENH HMMEKTCS BETBH, COAEpIKALLUE
UCTOYHHUKHU TOKA (Ny - KOJIMYECTBO BETBEH C MCTOYHUKAMU TOKA), TO HE3aBUCUMBbIE
KOHTYpPBI HE MOT'YT IIPOXOJUTH 10 3TUM BETBAM, TaK KaK HANPsKEHUE HA 3aKUMaxX
UCTOYHHMKA TOKA HEU3BECTHO (OHO MOXET OBbITh OIPEJIETICHO TOJIBKO MOCIE pacyera
pexxumMa Bcell nenu). BeaenctBue 31oro, npu BeIOOpE HE3aBUCUMBIX KOHTYpPOB B
CXeMe LIeNH, BETBH, COJAEPIKAILME UCTOUHUKU TOKA Pa3MBIKAIOTCs, B IOJyYEHHOU
cXeMe BbIOMpArOTCsl HE3aBUCUMbIE KOHTYPBI, a 3aT€M 3TH BETBU MOJKIIIOYAIOTCA K
CXeM€ M TIPUHUMAKOTCS BO BHUMAHHME IIPU COCTABICHHHM YPaBHCHUM JUIA
HE3aBUCUMBIX KOHTYpOB IO BTOpoMy 3akoHy Kupxroga. Wrak, npu Hamudyuu
UCTOYHUKOB TOKAa B CXEME€ IENU KOJMYECTBO YPAaBHEHHW, KOTOPHIE HYKHO
COCTaBHUTh MO BTOpoMy 3akoHy Kupxroda, paBHo:

n2=ns—(ny—1) - nr 9)

1.3.1. Ilopsimok pacuera iexkrpudeckou nenu M3K

[Tpumenenne M3K nmst pacuera pexxuma paOOThl 3JEKTPUUECKON LIeTH
MPEIoJiaraeT BEHITOTHEHHUE CIEAYIONINX ITAOB:
1. B pacueTHoii cxeMe uccienyeMoil 1ieny 0003HavyarTcsa U HyMEPYIOTCs BCe
y3JIblL.
2. [Ipon3BOJBLHO BEIOMPAIOTCS OJIOKUTEIbHBIE HAPABICHHSI TOKOB B BETBSAX
e, U BCE TOKH 0003HAYAIOTCS Ha CXEME.
3. BroiOupatorcs He3aBHUCHMbIE KOHTYpbl M OOO3HA4arOTCsl Ha CXeMe
MOJIOKUTEIbHBIC HAPaBICHUS UX 00X0/1a.
4. CocraBistoTCcsl ypaBHEHHMsI 10 IEPBOMY U BTOpoMy 3akoHaM Kupxroda B
HEOOXOJMMOM KOJIHUYECTBE.
5. Pemmaercs mosydeHHas cucTeMa JIMHEHHBIX alreOpandeckux ypaBHEHUN JTFOOBIM
U3 U3BECTHBIX METOJIOB, M OMPEIENISIOTCSI HICKOMBIE TOKH.
6. Jlns moaTBepKIACHWS TMPABHUIBHOCTH pacdeTa peXuMa IeMd TPOBEpSeTCS
OaJIaHC MOIIIHOCTH.

CoOmonienne  OamaHca MEXIYy BbIpa0OTaHHOM W MOTPEOJICHHOW B
AIIEKTPUYECKONW I MOIHOCTHIO BBHITEKAeT W3 3aKOHA COXPAHEHHS JIHEPIHH.
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AKTHBHAsT MOIITHOCTh, MOTPEOJICHHAss B IIEMH, HE MOXET OBITh OOJbINE WA
MEHBIIIE, a IOJDKHA OBITh paBHA TOW aKTUBHOW MOIITHOCTH, KOTOPYIO BBIpabOTasM
HUCTOYHHUKAMU DJIEKTPUUYCCKON SHEPIruH, ACHCTBYOIIME B 1ienu. [Ipuuem HeOamaHc
aKTUBHOW MOIIIHOCTH, T. €. Pa3HOCTh MEXKIy IMPOU3BEICHHOW W MOTPCOJICHHOMN
MOIIIHOCTBIO JIOJIKHA COCTAaBJIAThH JIOJH TPOIEHTA OT MPOM3BEICHHON MOIITHOCTH.
[Tpu HecoOm0aeHNN OalaHca MOIITHOCTEH pacyeT peKuMa e HYKHO YTOYHHTD.

AKTHBHAsI MOIITHOCTb, U3PAaCX0/IOBAHHAS B IICIIH, ONPEACIIICTCS BRIPAKCHUEM:

Pnom = Z RKI 2K y (10)
K

rae |, - meiicTByrolee 3HAYEHHE TOKA B BETBH. AKTHBHAs MOIIHOCTH P

BCETJa UMEET MOJIOKUTEIbHOE 3HAUCHHE.

UuciieHHOe 3HAYCHHWE AaKTHUBHOW MOIIHOCTH, BBIPAOOTAaHHOW OTAEIBHBIM
UCTOYHUKOM  DJICKTPUYECKOM  DHEPTUH, OmpeneIsieTCsl  MPOU3BECHUEM
JNEUCTBYIOLIEr0 3HAayeHus 3.1.C. UcTouyHuka E,., Ha AeicTByroliee 3HAYECHUE
MPOTEKAIOIIEro yepe3 Hero Toka |:

uem = Euen X | (11)
Ecnu HanpaBieHus 3.71.C. U TOKa COBHAAalOT, TO MOIIHOCTb P, OyJAeT UMETh
MIOJIOKHUTEIIPHOE 3HAYeHWE, W HCTOYHUK OyJeT OTIaBaTh BHIPAOOTAHHYIO WM
MOIIIHOCTh B Ilenb. Ecnu jke HampaBieHust 3.1.C. U TOKa HE COBMANaOT (
MPOTUBOIIOJIOKHBI), TO MOIIHOCTh MCTOYHHMKA OYJET OTpUIIATEIHbHON, U OH HE
Oyner otnaBarh (BbIpabAThIBaTh), a OYJET MOTPEONSTH AKTUBHYIO MOIIHOCTH U3
nenu. [Ipu oTpuniarensHOM 3HaU€HUH MOIIHOCTH HCTOYHMK MOTPEOIISET SHEPTUIO
U3 1EMHY, a NP MOJOKUTEITFHOM 3HAYCHUH — OTNaeT €€ B 1emnb. CleayeT uMeTh B
BUJLy, YTO TIPH pacueTe MOIIHOCTH HCTOYHHUKA TOK, MPOTEKAIONIUN Yepe3 Hero,
HY)KHO OpaTh C TeM 3HAKOM, KOTOPBIH MOJIYYHJICS B pe3yJbTaTe pacuera pekuma
TISTTH.

[Ipu ompenencHUM  MOIIHOCTH HMCTOYHMKA TOKa HYXXHO Oparh
MPOM3BEJCHUE TOKAa HWCTOYHHMKA HA HANpsHKEHHE Ha €ro 3aKMMax, a 23TO
HaIPsHKCHUE OTPECIISICTCS Pa3HOCTHIO TIOTCHIIMAIOB TOYKH, U3 KOTOPOH BBITEKAET
TOK UCTOYHHMKA TOKA, ¥ TOYKH, B KOTOPYIO OH BTEKaeT.

HamoMHuM, 9TO TIOTEHITMAN TOYKH JJICKTPHUYECKOW IIETH €CTh CKaIsapHAas
BEIMYMHA, paBHas paboTe CHJI DJIEKTPUYECKOTO TMOJS M0 MEPEMEIICHUIO
SAMHUYHOTO MOJIOKUTEIHHOTO 3apsia U3 JaHHOW TOYKU B OECKOHEUHO YJaJICHHYIO
TOYKY, TOTEHITUAT KOTOPOW paBeH HYIIIO.

1.3.2. Ilpumenenue M3K nust pacuera 3j1eKTPpHYECKOM Henn

[Ipumennm M3K nmis pacdera pexxuMa dJIEKTPUYECKOW IENU, NMPUBEACHHON HA
puc. 1. bynem cuumtaTth y3en 4 0a3UCHBIM U MPUMEM €ro MOTEHIHMA PaBHBIM
HyIt0. Tak Kak B LENU JEHUCTBYIOT TOJBKO MCTOYHUKH TapMOHUYECKOW 3.1.C. U
TOKa OJMHAKOBOM YAaCTOTHI, TO YPAaBHECHUSA DJJEKTPUUYECKOTO PABHOBECHUS LENU
MOXHO 3alKcaTh B KOMIUIEKCHOU popMe ClIeTyIOIHUM 00pa3oMm:
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lo—14—16=0

li—12—13=0 (12)

Is+16—15=0

R1 i1+ R3 i3+ R5 |.5 = él-f- és

R,I,+R I,—-R, 1,-R, 1, =E,+E, (13)

Tak kak B BETBU 6 BKJIIOYCH HE3aBUCHMBIH UCTOYHHMK TOoKa J, To TOK lg Oymer

PaBEH TOKY J . Bamumem cuctemy ypasuenue (12), (13) B mokazatenpHOU (hopme:

jv % vy _
e’ -1, -Je"’ =0

1% v, jvs _
e’ —1,e"2—1,e" =0
el +Je" —1.e! =0

1% jvs jws _ Vel ive
R/ 1.6 +R;1,e”" +R.I.e””™ =E " +E;e’™
R3I3ejw3 + RSISeJWS _ R4I4e]l//4 _ RZIZeJV/Z — E3ejl//e3 + E4e]l//e4
(14)

B nenu, nuraeMol OT rapMOHUYECKHUX MUCTOUYHUKOB C OJIMHAKOBBIMU YAaCTOTAMH U

OAMHAKOBBIMH Ha4YaJIbHBIMU (baSaMI/I 151 COCTOSII_HGI\/'I U3 YHUCTO PE3HUCTUBHLIX

3JIEMEHTOB, apryMEHTbl BCEX TOKOB M HANpshKEHUH OyIyT MMETbh OJMHAKOBBIE
3HaueHud. I1o3ToMy apryMeHTsl YW1 = W2 = W3 = W4 = Ys5= Yj= YWel =
We3 = We4d = W W MHOXKUTEIH e'” B mpaBIX U JEBBIX YACTAX ypaBHEHHil

(14) MoryT OBITH COKpAIIIEHBI U CAMH YPaBHEHUS dJIEKTPUIECKOTO PAaBHOBECHS 11ETIH

3aIUIIYTCS B CIEAYIONIEM BUIC:
lo—1l4s—16=0
li—12—13=0
I3+ 16—15=0 (15)

R 11+R; s+ R Is =Ei+Es
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R, +RI. -R,I,-R,l, =E; +E,

B cucreme ypaBHenuil (15) Bce nepeMeHHblE TapMOHMYECKHME TOKHM M 3.1.C.
IIPEICTABICHBl MOAYJISIMU CBOMX JEHCTBYIOIIMX 3HaueHUi. Takue ke ypaBHEHUs
ObuM OBl TOJy4YeHBl JUIsI pacCMaTpuBaEeMOM Lienu, eciu Obl B HEW BMECTO
UCTOYHUKOB TapMOHMYECKMX TOKOB U HaINpsDKEHUH ObUIM OBl  BKIIFOUEHBI
UCTOYHUKHU NOCTOSTHHOTO TOKA.

Ecnu B paccmarpuBaeMyto 1lellb BKJIOYUTh XOTS Obl OAMH PEAKTUBHBIM 3JIEMEHT
WIM HavyalbHble (a3pl y HMCTOYHMKOB OyIyT pa3HbIMH, TO YypaBHeHHs (15),
COCTaBJICHHbIE JUIsl JCUCTBYIOIIMX 3HAUYEHUH TOKOB U 3.1.C., IEPECTAHYT OBITH

crpaBeuBbIMH. B 3TOM cityyae Haj10 IpuUMeHATh ypaBHeHus (14).

2. BATJAHUE HA BBIIIOJTHEHUE JIABOPATOPHOM PABOTHI

2.1. DkcnepuMeHTAJIbHAS NPOBepKa 3akoHOB Kupxroga ¢ nmomouisio
YHHMBEPCAJIBHOI0 J1A00PATOPHOI0 CTEH/A

2.1.1. IToaroroBKa cxXeMbl JIA00OPATOPHOH YCTAHOBKH

st sKcrepuMEeHTaIbHOM TIpoBepkH 3akoHOB Kupxrodpa Ha yHMBepcalibHOM
71a00paTOPHOM CTEHJIe HYXHO coOpaTh CXeMmy LIeNH, IpUBeIeHHYI0 Ha puc. 4. B
KAaueCTBE HMCTOYHHUKOB 3.J1.C. MCHOJB3YIOTCS JBa HU3KOYAaCTOTHBIX HCTOYHMKA
HaIpSDKEHUsS, BXOJSUIMX B COCTAaB CTEHJA, C JUCKPETHO W3MEHSIOLIMMCS
BBIXOJHBIM HamnpsbkeHuemM u 4dactotod 50 [, BHyTpeHHHE CcONMpOTHUBIEHUS
ucrouyHukoB (Rj) ObulM ompeaesieHbl paHee MPU BHIMIOJIHEHUU JIAOOpaTOPHOU
pabotel Ne 1 Ha 3TOM ke cteHae. ComnpoTuBieHHs MIYHTOB - Ry, BbiOMparorcs
paBibiMu 10 Om (mns ygoOcTBa TPOBEAECHMSI BBIYMCICHUN), a 3HAYECHHUA
OCTaJIbHBIX COMPOTUBIICHUN 3aJIal0TCsI MPENOAaBaTEIEM.

El I I E2
R 1A 2 i"; R
i I - L =
l IEl R2 ﬂ
{'—1
Ry
D N
lb._l | ey | I i 1 —a— |_"1
I "R, Rul B Rz Ry O

Puc. 4. PacueTtHast S5KBUBaJICHTHAsA CX€Ma UCCIEAYEMOU LIeHn
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2.1.2. Ilopsaaok mpoBeaeHUs IKCIIEPUMEHTA U 00pa0OTKH MOJY4YeHHBIX
pe3yJIbTaToB

[Tocne o3HaKOMIJICHUS C OIKMCAHHEM JabopaTOpHOM padOThl M MOJYYEHHUS] OT
npernojaBatelis BceX HEOOXOAMMBIX IS IPOBEASHUsI PabOThl JaHHBIX: 3HAYCHUN
9.1.C. HMCTOYHMKOB W BEJIMYUMH BCEX COINPOTUBICHUM CXEMBl, cobpath
HCCIIeyeMYIO 1Ielb Ha J1abopaTOpHOM CTeHJe (cxeMa m300pakeHa Ha puc. 5). B
paboueit TeTpaau 3apucoBaTh CXEeMY 1IeTH U IIepeuepTUTh TadI. 2.1.

[Tocne nmpoBepkH MPaBUIBLHOCTH cOOpa CXEMBI MOJaTh MUTaHUE HA JJA0OPATOPHBIN
CTEHJI, ICTOYHUKHU NMUTaHUA U BOJALTMETPHI V1 U Vo. C momMolibio BOJIBTMETp V1
IpU  OTKIIOYEHHOM Harpy3ke (B peXHME XOJIOCTOIO XOJla) OIpPEeAeIuTh
HalpsOKEHUE Ha BBIXOAE KaXJAOr0 HMCTOYHHMKA, T.€. M3MEPUTh 3.4.c. E1 u E»
KaXJI0ro UICTOUHHKA. [lonmyyeHHbIe pe3yabTaThl 3aHECTH B Ta0m. 2.1.

Ey

S

—— ]

I

Puc. 5. Cxema uccnenyemoit uenu, coOpanHasi Ha 1a00paTOPHOM CTEHJIE

YcTaHOBUB KOPIMYCHOM 3aXUM BOJbTMETpa V2 B y3ei1 M M3MepuTh MOTEHIMAIbI
@ BCEX TOYEK, NIOMMEHOBAHHBIX Ha CXeMe. Pe3ynpTaThl M3MEPEHHMI 3aHECTH B
tabn. 2.1. [To HaliieHHBIM MOTEHITMATIAM TOYEK CXEMbI PACCUNTATh HAIIPSKEHUS Ha
BCEX CONPOTHBJIEHUAX IIEMH, a 3aTeM Mo 3akoHy Owma Haiitu Toku 11, |, I3.
Hampumep, Tox |1 MoxeT ObITh paccunTaH 1o GpopMmyiie:

| :URlz(PM —Op
1 )
R, R,

Pe3ynbTarsl pacueTa Bcex TOKOB 3aHeCTH B Tabi. 2.1.

(16)
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3Has MOTCHOUAJIBI BCCX TOUYCK CXCMbI, OIPCACIWNTL HAIIPABJICHUA TOKOB B
BCTBAX, MMCI B BHAY, YTO TOK B BCTBHU IPOTCKACT OT TOYKU C 0O0JIBIINM
NOTCHOHAJIOM K TOYKEC C MCHBIIMM IIOTCHIHMAJIOM. Ilocne storo Y6€,Z[I/ITBC}I B
MMPaBUJIBHOCTH IICPBOTO 3aKOHA KI/IpXI‘O(i)a, IIoaACTaBHB H&I?II[GHHBIG 3Ha4YCHUA
TOKOB C YUCTOM 3HAKOB B YPABHCHUC JIA Y3JId A unu B:

> 1 =0
1

Paccuurare  fmeWCTByOIIME ~ 3HAQYEHHUS ~ HANPSDKCHUS  HA  BHYTPECHHUX
COTPOTHUBJICHUSX HCTOYHUKOB 110 (hopMyIIe

Ug =i -R, (17)
U yOeauThCsl B CIPaBeIJIMBOCTH BTOporo 3akoHa Kupxroda, coctaBuB ypaBHEeHUs
o BTopoMy 3akoHy Kupxroda s koutypor I u II. Hampumep, nns konrypa |

3TO ypaBHEHHWE, IIPU IPUHATBIX Ha puC. 4 HANPABJICHUSIX TOKOB B BETBAX WU
BBIOPAHHOM IOJIOKUTEIIBHOM HaIlpaBJIe€HUU 00X0/1a KOHTYpa, OyIEeT UMETh BU:

(R, +R +R )—12(R ,+R,) =E: (18)

Tabauna 2.1

3KCH€pI/IM€HTaHBHBIC 3HAa4YCHUA
PexxumHubIe PacueTHbie I1apaMCTpOB

napameTpbl 3HAYCHUS Ha na6opatopnom [Ipu
(105 napaMeTpoB CTEHJIC KOMIIBIOTEPHOM
MOJIETUPOBAHUU

E., B ---

E,, B ---

¢A’B

gDC’B

(DBaB

¢)D’B

¢N’B

(DSaB

Uri, B

UR2, B

UR3a B

URIHI: B

Urmz, B

URLLI39 B
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I, A

I, A

I3, A

Pucr, BT

PHOTpa BT

[TpousBectu pacyer pexxuma paboOThl paccMarpuBaeMoi nenu ¢ nomoipo M3K
TEOPETUYECKH T10 UCXOJHBIM JIaHHBIM. Pe3ynbTaThl pacueToB 3aHecTu B Ta0md. 2.1.
CpaBHUTH pe3yNbTaThl, NOJIYYEHHBIE SKCIEPUMEHTAIBHO U PACYETHBIM ITYTEM.
OnpenenuTs MOIIHOCTH MCTOYHUKOB U MOTPEOUTENECH, UCHOIB3Ys pACUETHBIE H
IKCIIEpUMEHTaIbHbIE JaHHble 1 (opmyisl (10), (11):

Z Pnom = (R1 + le + Rz’l)l 21 + (RZ + RWZ)I 22 + (R3 + Rm3 + RiZ)I 23

Zpucm = E1|1+ E2|3

HpOBepI/ITB OajtlaHc aKTHBHBIX MOIHHOCT@ﬁ N paCcCUUTaThb IIOI'PCHIHOCTD OajaHca:

D S I
ZPucm

Hebananc O He moimkeH mpeBwlmarh 1%.

-100% (19)

3. COAEP’KAHUE OTUETA

Omuem 0ontcen cooepocamn:

- HAUMEHOBaHUE W 11eb paboThI;

- CXEMbl HCCJIEIYEMbIX LIETIE Uil CTeHJAa W KOMIIBFOTEPA M HOMHUHAIBHBIE 3HAYECHUS
AIEMEHTOB CXEM;

- TaONUIIBI PE3yJILTATOB U3MEPEHUN U PACCUNTAHHBIX 3HAUYEHUI TOKOB, HAMPSDKEHUH U
JIPYTUX apaMeTPOB;

- HUCHOJBb3yeMble MpH pacueTax (OpMyJbI U CaMH pacueThl TOKOB, HaIPSDKEHU,
MOIITHOCTEH;

- IPOBEPKY OasiaHCca MOIITHOCTEN U aHAIN3 MOTY4YEHHBIX PE3YJIbTaTOB;

- BBIBO/JIBI O pe3yJIbTaTax UCCIIEIOBaHUA.

21



no

ook w

© ;N

4. BOITPOCBI /151 CAMOKOHTPOJIA I1PA IOAI'OTOBKE K
BBIITOJIHEHUIO U SAINIUTE TABOPATOPHOU PABOTBI

Cdopmynupyiite nepBbiii 1 BTopoi 3akoH Kupxroda ass ueneit mocTosHHOTO
U TIEPEMEHHOT0 TOKa?

CKOJIBKO HE3aBUCHUMBIX YPAaBHEHUN MOKHO COCTaBUTH IO MEPBOMY U 1O
BTOpOMY 3akoHYy Kupxroda?

Urto Takoe ujeannu3upoBaHHbIC FTIEMEHTHI AIEKTPUUECKON 11eru?

Kakue nienu Ha3bIBalOTCS pe3UCTUBHBIMU?

Kax mpousBoauTCs pacdeT TOKOB B IETH METO0M 3akoHOB Kupxroda?
UTto Takoe pacueTHasi S)KBUBAJICHTHAS] CXEMa 3aMEIICHUS 1IENU U KaK OHa
COCTAaBJISIETCS?

Kakue Tononornueckue 37€MEHTHI AIEKTPUUYECKON 1IeNH CYIIECTBYIOT?
N3 xakux peanbHBIX 3JIEMEHTOB COCTOUT AJIEKTPUUECKAs LETh?

Kakue nneann3npoBaHHbIC 3JIEMEHTBI UCTIOIB3YIOTCS IIPU COCTABICHUU
pacUETHOM CXEMBI 3AMENICHUS LIETH?

10.YT0 Takoe mOTEHITMAT TOUYKH IICKTPUUSCKOM e ?

11.Kakoii y3el 3J1eKTpUIeCKO# 1enu cuuTaeTcs 0a3ucHbIM?

12.Kak BeIOpaTh MOJOKUTEIHLHOE HAIIPaBJIEHUE TOKA B BETBU?

13. Kakue a51eKTpruiecKre BeTMIMHBI HA3bIBAIOTCS MTHOBECHHBIMU ?

14. Kako# UCTOYHHK Ha3bIBACTCSI HCTOYHUKOM 3.1.C.7

15. Kakoi UCTOYHHK Ha3bIBA€TCI UCTOYHUKOM TOKA?

16. Uto Ha3pIBaeTCS MAJCHUEM HANIPSHKCHUS U B Y€M OHO M3MEPSETCs?

17. Kak omnpeaenuTh HalpaBieHHE TOKA B BETBH, €CJTU U3BECTHBI TOTCHITHAITBI

y3JI0B?

18. Uto Takoe OanaHC MOIIHOCTEH?

19. MoxeT 11 KCTOYHUK DJICKTPHUECKON SHEPTUU MOTPEOIATH MOITHOCTD?
20. Yrto Takoe renepatop?

21. Yem oTiiMyaeTcs MOCTOSIHHBIN TOK OT MEPEMEHHOTO TOKa?

22. Yto Takoe IelCTBYIOIIEE 3HAUEHUE IEPEMEHHOTO TOKA WM HaIPsKEeHUs ?
23. Kakast cBsI3b MEX]ly IOCTOSIHHBIM TOKOM M JICHCTBYIOIIUM 3HAYEHUEM

MePEMEHHOI0 TOKa?

24. Kak paccunTarh TOKU B IBYX MapajuIeNbHBIX BETBAX?
25. Kak paccunTtath HampsiKeHUE TIPU MOCIIEI0BATEFHO COSTMHEHHBIX

pesucropax?

26. Kakne koneOaHusi Ha3bIBAIOTCS TAPMOHUYECKUMU?

27. Yrto HazbBaeTcs (pa3oit u HavambHOU (Pa3oil TapMOHUYECKOTO KOJIeOaH s ?
28. Uto Takoe mokazaTenbHas popMa KOMILJIEKCHOTO yucia?

29. Kak 3anucsiBaeTcs 3akoH OMa J1J1d y4acTKa 1eMu, He COIepKallero u

COAEPKAIIETO UCTOYHUK HAMPSIKEHUS?
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JlJabopatopHas pab6orta Ne3

NCCJIEJJOBAHUE RLC-LEIN HA TIOCTOSIHHOM YACTOTE

HEJIb PABOTbI

Hayuyutbcs paccuuThiBaTh U DKCIEPUMEHTAIBHO OIPENEIATh NEUCTBYIOLIUE
3HaYeHUs] W HavaimbHble (a3pl TOKOB U HampsbkeHwii B RLC-memsx npu
FapMOHUYECKOM BO3ECHCTBUM.

1. IOJITOTOBKA K IABOPATOPHOM PABOTE

IIpu moAroTOBKE K BBHINOJIHEHUIO Ja00OPATOPHOI pabOThl HEOOXOAUMO:
- U3Y4HTh JauTepatypy [1];
- U3Y4YUTh JAHHOE ONUCAaHUE Ja0OPaTOPHOM pabOThl M MOATOTOBUTH TA0M. 1;
- OTBETUThH HA BOIPOCHI JI1 CAMOKOHTPOJIS.

1.4. OcHoBHBIE TCOPETUHIECCKUEC MMOJOKCHUA

B obmem cimygae mnpum moakmodeHnH K RLC-menmn  mcTouHWKa
MIPOU3BOJIBHON (POPMOIT TOKA WM HANPSDKCHHMS JTFOOBIC YPaBHEHUS, OMTHCHIBAIOIIINE
MPOLIECCHl B JIaHHOW II€MH, MOTYT OBITh COCTaBJIEHBI TOJIBKO JJIsi MTHOBEHHBIX
3HaUCHUN TOKOB U HampspbkeHud. Hampumep, mang uenu Ha puc.l mo 3akoHam
Kupxroda moxHo 3anucath

E

¥i,

0! L. ||

Puc. 1. Cxema RLC-nermn

i1-i2-i3:O;
UL+ Uc = €; (1)
UR3-UC:0

Ecnu BpIpa3uTh MrHOBEHHBIE 3HAUYEHUS HANPSOHKEHWHA 4Yepe3 MIHOBEHHBIE
3HAYEHHUA TOKOB, TO cucTeMa ypaBHeHul (1) 3anuiercs B BUjE:

i1-i2-i3:0;

di, 1.
L=+ |idt=e;:

dt+cIZ ’ (2)
. 1.
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Ecnu 3.4.Cc. WM TOK MCTOYHHMKA AIEKTPUYECKOW SHEPrUM HU3MEHSETCS IO
FapMOHHYECKOMY 3aKOHY, TO PACUET LEMHA MOKHO BBINOJHITH CUMBOJINYECKUM
(KOMIUIEKCHBIM) METOJIOM C MOMOIIbIO KOMITJIEKCHBIX YMCET.

PaccmoTpum mopsiioK pacdera pekuma LENu, MPUBEACHHOM Ha puc. 1, ¢
MOMOIIIBI0  CUMBOJIMYECKOTO0 MeToja. Tpebyercss omnpenenuTb Bce TOKA U
HaIpsKEHUST BETBEH, IOCTPOUTh BEKTOPHBIE THArpaMMbl TOKOB M HAIIPSIKEHU.

Bnauane pacyera HEoOXOJAMMO TOKM U HaIpSKEHUS BCEX HCTOYHUKOB
AIEKTPUUECKOM SHEPTUH, BKIIOYEHHBIX B I€Tb, 3aMHMCATh B KOMIUIEKCHOU (opMme.

Jle#icTByIOIMiA B paccMaTpUBaeMOM IIEMM MCTOYHHMK HampspkeHus U(t)
TEHEPUPYET CUHYCOUAIIBHOE HAIIPSKECHUE

u(t) =U,, sin(et +¢) | (3)

rac Um — aMINNIUTYJHOC (MaKCI/IMaJII)HOG) 3HAYCHUC HAIIPSKCHUA,
(¢ - HaYaJIbHasA (1)21321 CHUHYCONOAJIBbHOI'O HAIIPSXKCHU,

® - yrioBas 4acrtora ((a3zoBas CKOpPOCTb) CHHYCOHJAJIBLHOTO
HaIpPsDKCHUS, BRIYUCIsieMas 1o popMyiie:
o = 27f,

rac f - MUKINYICCKAA 9aCTOTa, U3MCPsACMaAd B FI_I.
HpI/IMeM CICAYIOMKWE 3HAYCHUA ITIapaMCTPOB HCTOYHHKA U 3JICMCHTOB ILICIIN:

Un=10B, o =10%pan/c, ¢=0°
Ri=100m, L=10mIH, C=100 MxD.

Torma neiicTByromiee 3HaUY€HHWE HANPSDKEHUS WCTOYHWUKA B KOMIUIEKCHOM
dbopme 3anumieTcs B BULE:

—22.010° = 7,07B

Jlanee HEOOXOIUMO BCE DJIIEMEHTBI B CXEME IICTIH, 3aMEHUTh KOMIUICKCHBIMH
JBYXTIOJIFOCHUKaMHU (puc. 2).

Puc. 2. Cxema 3ameniieHust 1ienu B KOMILIEKCHOM dopme
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ConpoTHBIIEHHS ABYXITOJFOCHUKOB BBIPA3UM 4Y€pE3 MapameTpbl AIEMEHTOB U

paccuntaeM ux 3HadeHus. ConpoTtuBieHUs WMHAYKTUBHOCTH L m émkoctn C
ONPEIEIAITCSA C IOMOLIBIO BBIPAKECHUM:

Z, =jwl=j-10®-10-10"3 = j10 Om,

Z = —ji - —j—— = —j100m.

10%-100-107%
Jlanee paccunTaeM COMPOTHBIICHUE Z--, TapajuieabHoro coeaudenus R u C,

a 3aTeM BXOJIHOE COIIPOTUBJICHHUE £, ICIIH:

: a
Zo°R —j10-10 —j10 10-g 17 =0
Zi, = = — =—— == ;=7,07-e77%>" ,0Om
Zo+R —j10+10 —j+1

W2.a—Jss

Z,, = 7,07 cos45° — j7,07-sin45° = 5 — j5 , Om

Z,=j10+5—j5=5+j5=7,07¢/*° Oum.

Pacuer TOKOB B BETBSIX M HANpPsKEHUM Ha 3JIEMEHTaxX IEMU MPOBOAUM B
CJIEIYIOLIEM MOPSIJIKE:

: v 707" —j4s°
11 = — = ﬁ — l e g2 4 A’
Zep  T.07-ef4E

U, =1,-Z,=1-e77%".10- /% = 10-¢/*"B,

Upy =1, Z,,=1- 77457707 714" = 7,07 - 7

. —jand
[ Ui  7.07.271%°
3 =

— e _0,707-e7 % A,
R 10

3Has BCE TOKM M HAMNpPSOHKEHUs] B CXEME, MOXKHO TMEPEHUTH K TMOCTPOCHUIO
BEKTOPHBIX JUATPAMM.

Jlnst TocTpoeHus BEKTOPHOM JuarpaMMbl TOKOB HEOOXOJIMMO COCTaBHTH
ypaBHeHUE MO TiepBoMy 3akoHy Kupxroda it paccmaTpuBaeMoro ysia.
CocraBuM ypaBHEHUE TI0 TepBOMY 3akoHy Kupxroda ans y3na 1:
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I[,-L—-1,=0

£

HOI[CT&BHM B YPABHCHUC KOMILJICKCHBIC 3HAYCHHA TOKOB

1.e7745° — 0707 —0,707 - 777" = 0

U Ipeo0pa3yeM ero COCTABIISIIOIINE CYMMY BEKTOPOB

1-e7745° 40,707 /2% 4 0,707 - /% = 0.

[lepen mocTpoeHWEM JuarpaMMbl BbIOEpEM MaciiTad BEKTOPOB TOKOB.
[Tpumem macimtad: 0.1A/cm (T.€. 1 cM quHBI BekTopa cooTBeTcTBYET 0.1A).

Bektopnass nauarpaMma CTPOMTCS M3 Hadajla KOOPAWMHAT W KaKIbIU
IOCIICAYIOIIMMA BEKTOP CTPOMTCS M3 KOHUA mpeasiaymero. Jluarpamma

HpCIICTaBJICHa Ha pI/IC. 3
Im
mo Re

Puc. 3. BexkropHas quarpammMa TOKOB i y37a 1.

JIns mocTpoeHuss BEKTOPHOM JuarpaMMbl HalpsDKEHUM COCTaBUM YPaBHEHUE
1o BTopoMy 3akoHy Kupxroda nis koHTypa 1enu (MCTOYHUK — WHIYKTUBHOCTD —
COIPOTHBIICHUE Z1-):

HOI[CTaBI/IM B YPAaBHCHHUC YUCJICHHBIC 3HAYCHHA BCKTOPOB!

707 —10.e/43" —707.e77%° =
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U IpeoOpa3yeM ypaBHEHHE B CYMMY BEKTOPOB:

707+10-e/7135° 1 707. /%% = .

Jis moctpoeHus auarpaMMmbl BbiOepeM MacmTad: 1B/cm. Bektopnas
JyarpaMMa CTPOMUTCS aHAJIOTMYHO U IPEJICTABIICHA Ha pUC. 4.

Im R
0 U pe

Uy,

UL

Puc. 4. BextopHas quarpaMMa HanpsiKEHUN

JUis  HarnsagHOTO TPEACTABICHUS PACIONIOKEHHS BEKTOPOB TOKOB U
HANPsOKEHUH Ha DJIEMEHTaX MU OTHOCUTEIBHO JAPYT Apyra MOCTPOUM BEKTOPHBIC
JyarpaMMbl TOKOB M HalpsDKEHUM BMecTe Ha oOuiedl nuarpamme (puc. 5). U3
JyarpamMmbl BUIHO:

- TOK [; B UHAYKTHBHOCTH OTCTACT OT MPUIIOKCHHOTO K HEeH HaNpsDKESHUS Ha 900,
- TOK B aKTMBHOM CONPOTHBIICHWH [; COBHAJaeT C MPHIOKCHHBIM K HEMY
HamnpspkeHueM Uy s,

- TOK B €MKOCTH /> OlepekaeT MPHIOKEHHOEe K HeMy HanpspkeHne Ui Ha 900

Puc. 5 CoBmenieHHble AMarpaMMbl TOKOB U HaIIPSKEHUM

27



BektopHble auarpamMmbl, Kak IPaBUIIO, SIBISAIOTCA KOHEYHBIM PE3YyJbTATOM
pelieHus 3ajad, MoAoOHBIX PacCMOTpPEHHOM. BekTopHas auarpamma IO3BOJISIET
IIPOBEPUTH IIPABUIIBHOCTH ITPOBEACHHBIX PACUYETOB, IO HEW JUISl CIOKHBIX LiENen
MOKHO OIpEACIUTh HANpPSDKEHUS B KOMIUIEKCHOW (opMe MeXay TOUYKaMH,
HEIOCPEICTBEHHO HE CBA3aHHBIMU JIPYT C APYTOM.

IIpy HEoOXOAMMOCTH MEPEHTH OT KOMIUIEKCHBIX BBIPQKEHUH TOKOB H
HAIIPSDKEHUHM K BBIPAKECHHMSIM MTHOBEHHBIX 3HAYEHUI TOKOB WIN HAIPSKEHHUH, 3TO
JIENAeTCsl OYEHb IPOCTO. YMHOXKMB JCHCTBYIOLIEE 3HAYCHHE HANPSDKECHUS HA
unayktuBHocTH U, = 10B Ha V2, mojly4aeM aMIUIMTYHOE 3HAYEHUE HAIPKEHUS

u; (t): Uy= 14.14B. HauancHas Qasza ¢ Hanpsokenus U;(t) paBHa apryMeHry

KOMILIEKCHOrO Hanpsokenust Up, paBnomy 45°. CremoBarenbHO, MIHOBEHHOE

SHAYCHUC HAITPSKCHHA HAa MTHAYKTHBHOCTH 3aIIUIICTCA B BUC:!

u; (t) = 10 sin(wt + 45°),B

1.2 Ha3HauyeHme M UCINOJIb30BAHNE U3MEPHUTEJISA pa3HocTH ¢a3

W3meputens pasHoctd (a3 (pazomerp) mpexncraBiser coboil mpubdop,
NO3BOJIAIOIIMN HM3MEPSITh Pa3HOCTh (a3 JABYX HaNpPSHKEHUH TapMOHUYECKON
dbopmbl. HanpsixkeHnue, OTHOCUTENBHO KOTOPOTO M3MepsieTcst cABur (a3 (omopHoe),
MOJAeTCsl Ha pa3beM 2, a HampsbkeHue, a3y KOTOPOro HEeoOXOAUMO H3MEpPHUTh
(curHanbHOE), MoJIaeTCs Ha pazbeM 1. PazbeMbl pacnosioskeHbl Ha JTULEBOM MaHeIu
npubopa. B maboparopun ucnonsizyercs hazometp D2 — 34.

IIpu npoBeneHnu M3MepeHNH HEAONMYCTUMO MOAABATH HA pa3beMbl 1 U 2
HANPSIZKeHMs, 1eliCTBYIOLIME 3HAYCHHUs KOTOPBIX NpeBbIanT 7 B.

Cxema BkIrO4YeHHS (pa3oMeTpa NpUBeACHA Ha puC. 6:

*

2
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. 9~ H2-34 1
i(d) 43T
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=
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Puc. 6. Cxema BKIItOUeHUS U3MepuTens pasHoctu ¢az O2-34
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[Ipu monkiIrOYeHNH COEAMHUTENBHBIX Kadenei QazomeTpa K HCCIemyeMOit
Henu B TMEPBYIO OYEepeIb MOAKIIOUAETCS 3a3€MJICHHBI NPOBOJHUK Kabensd,
OTMEUEHHBIN CHENHATbHBIM 00pa3oM (YEpHBIM I[BETOM WJIM CHEIHAIbHBIM
o0o3HaueHueM). Ilpy TOAKIIOYEHHH COCAMHUTENBbHBIX Kabenel ciemyeT
COOJIOJIaTh MOJSPHOCTDh TMOJKIIOUECHHS: 3a3€MJICHHBIM TPOBOJHUK Kalems
HEO0OXOAMMO TIOJIKJIFOYATh TOJIBKO K 3a3€MJICHHOMY KOHTAaKTy LIeH (B MIPOTHBHOM
cilydae, MOXKET MPOU30NTH KOPOTKOE 3aMbIKaHUEe, WM MPUOOp OyAeT MOKa3bIBaTh
HEBEPHBIEC PE3YJIbTaThI).

B paccmarpuBaemoit cxeme (puc. 6) daszomerp wusmepsier casur ¢as
HANPSHKECHUS U'31 (CUTHAJILHOTO) OTHOCUTEIIBHO HAaIPSKEHUS U'21 (omopHoOTO).
Cnengyer OoTMETUTH, 4TO 00a HAMPSOKEHUS CUTHAIBHOE W OMOPHOE 005S3aTeNbHO
JOJDKHBI UIMETh OOLIYIO TOYKY (B JAaHHOM ciydae y3en 1), koTopas JoJKHA ObITh
3a3eMJICHa.

[locne mnoaxmrodyeHus: Qazomerpa B CXEMy Mepell HadyalloM HW3MEpPECHHUs
pazHocTd (pa3 HEOOXOJAMMO Ha)KaTh KHOIKY «@» Ha JUIEBON MaHenu mpudopa.
[Tocne HaxaTUs KHOMKH TMPOUCXOJUT LUK YCTAaHOBKU HYyJs (mpumepHo 70
cexkyH1). OO0 OKOHUAHUU 3TOTO IUKJIA CBUJIETEIbCTBYET MEPUOJAUYECKOE MUTAHUE
HI)KHETO CerMeHTa MHJauKaropa «°» (rpaaycsl). [locne atoro uepes 3 — 5 cexyHn
Ha Tabno mpubopa BBHICBEYMBAETCS 3HAYCHHE Yria cABUra (a3 HCCIeayeMoro
CUTHaJa OTHOCUTEIHHO OTIOPHOTO.

Ecnu 3nauenune casura a3 mHa nmpubope Haxoaurtces B mpenenax 0 — 180°, to
OHO COOTBETCTBYET JACHCTBUTEIHLHOMY CABUTY (pa3 Mexay HampsikeHusMu. Ecim
Ke 3HaueHHe yria casura (a3 Haxoxutes B mpeaenax 180 — 360°. To u3 3HaveHMS,
MOKa3bIBaeMoro npubopomM, cieayer BoruecTs 360°. IlomydyenHoe Takum oOpazom
3Ha4YeHHe OyJIeT COOTBETCTBOBATH MMEIOIIEMY MECTO CABUTY (a3 MEXIy ABYMs
HanpsoKeHUsIMA (B JaHHOM  ciiydae cABUT (a3 MexXAy HamnpsiKEHUSAMH OyJlieT
OTpUIIATEIbHBIM, T.€. CHUTHAJbHOE HampspDkeHue 1o (ase OyneT omnepexarhb
OTIOpHOE).

[Ipu mepexIroYeHnr CUTHAIBHOTO MPOBOJHHUKA COCIMHHUTEILHOTO Kabens K
IpyroMy y3jidy HCCIEeIyeMOW Lenu i U3MEpPEeHHs yria caBura (a3 Mexnay
COOTBETCTBYIOIIUMH HAIPSKEHUSIMU, TTOBTOPHO KHOIKY «@» HAXKUMAaTh HE HAJO.
3naueHue (azoBOTO CABUIa yCTAHOBUTCS depe3 3 — 5 ceKk Mocie MepeKIrovYeHHUs.
KHOmKy «@» HE0oO0X0AMMO HAXHMATh TOBTOPHO Ipy  OTKJIIOYCHUH U
MOCIIEAYIONIEM BKIIOUEHIH T€HEPATOPa, a TAKKE MPU H3MEHEHUH CXEMBbI LIEMH W
CXEMBbI U3MEPEHU.

2. BBIIIOJIHEHUE JIABOPATOPHOM PABOTHI
2.1. 3aianue HA BbINOJIHEHHE JJA00PATOPHOI padoThI
[TpoBectn uccnenoBanue RLC - memm, cxema KOTOpoOW TpelcTaBlieHa Ha

puc. 7. Cxemy 1enu mepeuepTuTh B pabouyr0 TeTpajap M 3aHecTH B Tabm. 1
WCXOJTHBIC JIAaHHBIE JJI COCTABIICHUSI CXEMbI U TTPOBEICHMS BHIUUCICHUH:
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Puc. 7. Cxema RLC — tern

Un=5B, f=5kl,

R1=500 Om, R2=300 Om, R ;=100 Owm,

L =13mIH, C =0,02MKD.

[Ipu npoBegeHun  J1a0OpaTOpHOM pabOThl YYEOHOM TPYNION HCXOJHBIC
JAHHBIE KaXI0M Opuraje 3a1aéT npenoaBaTeib, MPOBOASIINN 3aHATHE B TPYIIIIE.

Paccuntate TeopeTHyecKHM, a TaKkKe OMNPENeINTh C  MOMOIIBIO
7a00paTOpHOTO CTEHJA M MPOTPaMMbl  KOMIIBIOTEPHOTO  MOJAEIHUPOBAHUS
Electronics Workbench (EWB) neiictByromme 3HaueHHWss W HadalbHbIC (Has3bl
CIIEAYIOIINX HANPSKEHUN U TOKOB:

- URru, Ur1, Ure, U, Ug;

- g, 1y, I3

- HavyaibHbIC DA3BL: QPRru, PRI, PR2, PL, PC.

Pe3ynbTathl, Momy4eHHbIE pa3IUYHBIMU CIIOCO0aMU HEOOXOAMMO 3aHECTH B
Tab. 1.

2.2. TeopeTn4ecKuil pacuer pe:kuMa Lemnu

Teopernueckuid pacuer pexuma nenu — RLC Ob1 paccMOTpeH paHee B
paznene 1.1. Micnonb3ys npuBeAeHHbIE B HEM (DOPMYJIbI, HEOOXOAUMO BBINOJIHUTh
NOJOOHBIN pacyeT g paccMaTpuBaeMou Lienu (puc. 7) ¢ 3aJaHHBIMHU B pa3jielie
2.1 ucxogusiMu AaHHBIMU. [loydeHHBIE pe3ysbTaThl HY>KHO 3aHECTH B CTOJOEN
«Pe3ynbTaTsl pacueToB» Tadm. 1.

2.3. UccaenoBanue RLC - nenu Ha 1abopaTopHOM CTEH/IEe
2.3.1. IToaroroBKa cxeMbl Ha J1a00PATOPHOM CTeH/Ie K U3MEPEHUAM
Jlnst skcniepuMeHnTanbHOro uccinenoBanus RLC - menu Ha yHUBEpcaIbHOM

7a00paTOPHOM CTEHJE HYXXKHO cOOpaTh Ha HEM CXEMY IIeTH, MPUBEICHHYIO Ha
puc. 7. B KkadyecTBe HMCTOYHMKA 3.1.C. HcHosb3dyercsa reneparop [3-112. B
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KA4eCTBE DJIEMEHTOB LENM MCHOJIB3YIOTCS  DJIEMEHTBI, pa3MEILICHHBIE B
nabopaTopHoM creHae. i u3MepeHus NEUCTBYIOIINX 3HAYEHUI HaNpsHKEHUN U
TOKOB HCIIOJIB3YIOTCS 1B MWJIMBOJIBTMETpA B3-38, a mus m3mepeHus pasHocTu
da3 - pazometp D2-34.

Taomuna 1

Ux=5B, f=5kI'n, R;=5000m, R;=300Om,
Namepsiembie | R iy =100 Om, L =13mI'H, C = 0,02Mx®

BEJIMYUHBI PesynbTaTsel PesynbraTel PesynbraThl
pacyeToB VU3MEpPECHUN MOJICJIUPOBAHUSL

URH.I,B

Uri.B

Ur2. B

UL s

Uc s

1, A

12, o

WA

QRu, rpan.

ORI, rpan.

Or2, rpa.

QL, rpaj.

Pc, rpan.

2.3.2. ITopsiiok npoBeieHNsI IKCIIEPUMEHTA
1 00padOTKH MOJyYEeHHBIX Pe3yabTATOB

Bnauane cienyer 03HaKOMUTBCS C OINKCAaHUEM J1abOpaTOpHOU paboOThl U
OCBOUTH TpaBUjIa MPOBEACHUS U3MEPEHHH ¢ ToMOoIIbI0 (hazomeTpa D2-34.

Jlanee Ha yHHMBEpCAIbHOM JIaDOPATOPHOM CTEHAE COOMpaeTcsi mepBas
uccnenyemas uenb (puc. 8). Ilocie mpoBepkr MPaBUIBHOCTH COOPKH CXEMBbI
IPEernoIaBaTesieM BKJIIOYAETCs MHUTAHHE reHepaTopa, BoJAbTMETpoB Vi m Vo u
u3Mepurens pazHoctd (a3. Ha reneparope ycranaBnuBaerca yactora 5 kI’ u
BBIXOJIHOE HANpshKeHUE, paBHoe SB. BpIXogHOE HampsKEHUE yCTAaHABIMBAETCA C
MOMOIIBIO MHIUIMBONBTMETPA Vi.  MnmiuBoiabT™Merp Ve  HCHONB3YeTCS AL
u3Mepenus Hanpsbkenus Uz, Ha pesucrope Ruy, a npudopom ®2-34 H3MepACTCs
pasHOCTb (a3 Pru MEKNY HanpspkeHUeM Uz, (CHIHAIBHBIM HAIPSDKCHHEM Us,)
ornopHbIM HanpspkerueM Us ;. TlomydeHHbIe pe3yIbTaThl 3aHeCTH B Ta0I. 1.

C nomonipio 3akoHa OMa, KCHONb3ys M3MEpeHHoe HanpsbkeHue Ury U
U3BECTHOE 3HaueHue Ry, omnpexaensercs pAeicTByroliee 3HaueHue Toka .
[Tony4yeHHbI pe3ynbTaT 3aHECTH B cToIOel «Pe3ynbTraTsl u3MepeHuii» B Tao. 1.
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Puc. 8. Cxema [uis nu3MepeHus AeHCTBYIOILETO 3HaYeHUS HanpshkeHust URm ¢
€r0 Ha4aJIbHOU (ha3bl (QRu

Tak Kak B aKTUBHOM COMPOTHUBJICHUU TOK U HAINpPSHKEHUE COBIAIAIOT 10 (hase,
TO HallJiecHHOE 3HaYeHWEe HadaibHOU (Pa3bl @ry HanpspkeHust Ury, OyleT Takke
HavyajabHOU (ha30il 1 TOKa I

Jist m3MepeHns NCHCTBYIOIIMX 3HAYCHWH M HavalbHbIX (a3 Qri U QRo
nanpsokernil Uy, u Uy, clledyer B HCCIIenyeMoii cxeme (pUC. 8) 3alIyHTHPOBATH
(3aKkopoTUTh) pe3uctop R i1 B BeTBU 1-3 U pacuryHTUpPOBATH (BKJIIOYUTH B CXEMY)
Takou ke pe3uctop R i B BeTBU 2-4. IT0 HEOOXOAMMO AJIsi TOrO, YTOOBI CXeMa
LerM HE M3MCHWIACh, W B HEH MOXHO ObUIO OBl ONpenenuTh CABUT (a3
HaIpPsOKCHU N U, u Us; OTHOCHTEIBHO OTIOPHOTO HANPSIKEHUS U,,. B cxeme nenu
BCE€ OTU HAMNPSDKEHUS JOJKHBI MMETh OOIIMI 3a3eMJICHHBIM y3ell (UM SIBJISIETCS
y3en 1). Eciin B cxeme He OyaeT o0Imelt 3a3eMICHHON TOYKH Y 3THX HaIPsHKCHHM,
TO (pazoMeTp OyAeT 1aBaTh HEBEPHBIC MTOKA3AHUSI.

CxeMa, COOTBETCTBYIOIIAs YKa3aHHBIM NMPE0Opa30BaHMIM, IPUBEICHA HA PUC.
9. Ee HeoOxomumo coOpaTh Ha J1a0OpaTOpPHOM CTEHAE. 3aTeéM C MOMOIIBIO
MUJUTHBOJIET™METpa V2 1 hazoMeTpa nu3mMeputh AccTByromue 3HadeHust Urr 1 Ugro
U HavdaibHble (a3bl Qri U Qry ITUX HanpsokeHud U ;'?1 u U ;?2. [TonyueHnHsbie
pe3yJbTaThl HEOOXOIUMO 3aHeCTH B cTosiOeln «Pe3ynbTaThl u3Mepenui» T1adi. 1.
Ncnone3ys usmepennblie HanpsokeHus: Uri 1 Ury 1 u3BecTHbIe 3HaueHus R1 u Ry,
paccuutath TOKU | u l3. TlomydyeHHble pe3ynbTaThl TakkKe 3aHECTH B Tabn. 1 B
ctonoer «Pe3ynbraTbl U3MEpEHUR.
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Puc. 9. Cxema u3mepeHus ACUCTBYIOIMX 3HAYCHUIA HanpspKeHuH Uy, Urz wux
HaYaJIbHBIX (a3 RLU QR2

JIist u3MepeHust IeUCTBYIOMMX 3HAYEHU M HAYaJIbHBIX (a3 HampsHKeHUH U L
u Us B xaxmoil us MapajuIeNIbHbIX BETBEN CXEMbl HYXXHO NOMEHSATH MECTAMH
PEAKTUBHBIN 3JIEMEHT C PE3UCTOPOM. Torga y HanpsKEeHUN UL, UC U OIIOPHOTI'O
HanpspkeHust U,, Oymer oOWmMH 3a3eMICHHBIA y3en 1, ¥ MOXHO Oyuer

OonpcACINTL CABUI (1)213 MCKAY HAIPsSKCHUSAMHW Ha PCAKTHBHBIX OJOJICMCHTAX H
OIIOPHBLIM HAIIPSI’KCHUCM.

Cxema, COOTBETCTBYIOIIAsI 3TUM U3MEHEHUAM NIpUBeIeHa Ha puc. 10.
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Puc. 10. Cxema jy1st usMepeHus ACMCTBYIONIMX 3HAYEHH U HavalbHBIX (a3
oL u ¢ Hanpspxenwit U, , U

CoGparh gaHHY0 cxeMy. [10 aHATOTHH ¢ IPENbILYIIUME H3MepeHusIMy Uy, 1

Ur> mpomsBecTd U3MepeHHs NEHCTBYIOIMX 3HAYCHHMN HANPSKECHHUI UL 51 UC,
TaKKe MX HA9aIbHEIX (a3 ¢c U ¢L. Pe3ynpTarsl H3MepeHuil 3aHecTH B Tabuiy 1.

CpaBHUTH HavyalibHbIE (a3bl HAPSKEHUS U U TOKa I B MHAYKTUBHOCTH. MX
Pa3HOCTh JOJDKHA COCTaBJIATH BENMMYMHY Onu3Kyro K 90°, Tak Kak HampspkeHHe Ha
UJeaNbHOW MHAYKTUBHOCTH (AKTUBHOE COINPOTUBJIEHUE KOTOPOW PAaBHO HYJIIO)
oIepeXxaeT MPOTEKAIOIMI Mo Hel Tok Ha yroum, paebii 90°. B cxeme makera
UCIIOJIB3YETCSl pealibHas WHAYKTUBHOCTb, NPEICTaBIIAIONIas COOOM KaTylKy
WHIYKTUBHOCTH, UMEIOIIAs ONIPEAECIEHHOE aKTUBHOE conpoTuBieHue. [loaTomy B
JTAHHOM CJIy4ae yroJi caBura (a3 Mexay HalpsyKEHUEM U TOKOM B UHIYKTUBHOCTHU
oyznet menbre 90°,

CpaBHUTh TakXke HYKXHO HauajbHble (a3bl HampsHDKEHUS U TOKa,
IIPOTEKAIOLIETO Yepe3 €MKOCTh. B macanbHOM €MKOCTH HaIpsSIKEHHE OTCTAEeT OT
npoTeKaroniero yepes Hee Toka Ha 90°. B paccmarpuBaemMoli cXxeMe HCIIONb3yeTCs
peanbHbIN KOH/JIEHCATOP, oOanaromui OIIPEIECIIEHHBIM AKTUBHBIM
conpoTtuBieHueM. CreoBaTENbHO, B UCCIEAYEMON CXEME Pa3HOCTh HAayaJIbHBIX
(a3 HANPsIKEHUS U TOKA NOJKHA ObITh Onm3ka k 3Hauenuio (- 90°).

[Io pesynbraTaM NOpOBEAECHHBIX B pazaeie 2.3. HCCIENOBAHUN MOCTPOUTH
BEKTOpHBIE AUarpaMMbl TOKOB U HANpPSKEHUN HA 3JieMeHTax paccmoTtpenHon RLC
— LEMH.

CpaBHUTH pe3yJIbTaThl PACUYETOB TOKOB M HANPSHKEHUNW B PACCMOTPEHHOM
LENH, TOJYYEHHBIE TEOPETUYECKHM W DKCIIEPUMEHTAIbHO HA YHHUBEPCAJIbHOM
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nabopaTopHOM cTeHae. PacxoxneHuss B pe3yJbpTaTax pacyeToB JOJIKHBI
cocTaBisTh He Oonee 5%. BO3HMKHOBEHHE HUX CBSI3aHO C TE€M, YTO IMIpH
IPOBEJCHUM HKCIEPUMEHTAIBHBIX MCCIEA0BAaHUN BO3HHMKAIOT IMOIPELIHOCTH
U3MEPEHUH, OOYCIIOBJIIEHHbBIE KJIACCOM TOYHOCTH MCIIOJNb3YyEMBbIX MPUOOPOB U
HNOTPEIIHOCThI0 HOMHUHAJIBHBIX 3HAYEHUM  JJIEMEHTOB, HCIIOJNb3YyEMBIX B
YHHUBEPCAJIbHOM Ja0OPATOPHOM CTEH[IE, YKa3aHHOM Ha CAaMHX JIEMEHTAaX.

3. COOEP’KAHUE OTUETA

Omuem 0onxcen cooeprcamnp:

- HAUMEHOBaHHUE U 1IeJb paloThl;

- CXEMbI HCCIIEYEMBIX LICTIEH Ul CTeHIA M KOMIIBIOTEPAa M HOMUHAIBHBIC 3HAYCHUS
UIEMEHTOB CXEM,;

- Tabnuily  pe3yiabTaTOB WM3MEPEHMH M PACCUMTAHHBIX 3HAYEHUH TOKOB U
HaNPsHKEHU;

- ICTIOJIb3yeMbIE IpH pacyeTax (JopMyJbl U CAMU pacueThl TOKOB M HAPSHKEHU;

- BEKTOPHBIE JHMAarpaMMbl TOKOB W HAIPsKEHUM 10 PE3YJIbTaTaAM pacyeToB H
M3MEPEHUI Ha JJaOOpaTOPHOM CTEHJIE;

- BBIBOJIBI O PE3YyJIbTATaX UCCIEA0BAHUS.

4. BOIIPOCBI U151 CAMOKOHTPOJIA I1PU TOAT'OTOBKE
K JTJABOPATOPHOMU PABOTE

=

N3 KakuX peasIbHbIX 2JIEMEHTOB COCTOUT IEKTpUUYECKas LEenb?

2. Kakue naeanu3nupoBaHHbIE AJIEMEHTHI UCIIOJIb3YIOTCS IIPU COCTaBICHUU

PacyeTHON CXEMBI 3aMELICHUS LN ?

Kaxkoii y3en anexktpuueckoil renu cuutaercst 0a3ucHbIM?

Kaxk onpenennTs HanpaBlieHUE TOKA B BETBH, €CJIM U3BECTHBI MOTEHIUAbI

y3JI0B?

Kaxkue koneOanust Ha3bIBalOTCSI TAPMOHUYECKUMU?

Kaxkue anekTprueckue BeIMYMHbI HA3bIBAIOTCS MTHOBEHHBIMH?

UYTo Takoe AEMCTBYIOIIEE 3HAUYEHNUE MIEPEMEHHOTO TOKA WIIA HANIPSKEHUS ?

Urto HazbiBaeTcs ¢Ga3oil 1 HavaIbHOM (ha30ii rapMOHUYECKOTO KojaebaHus?

. Kakoe uncno Ha3pIBaeTCs KOMILJIEKCHBIM?

10. Kakue cyiecTBYyIOT (pOpPMBI 3aMKMCH KOMIUIEKCHOTO YKciia?

11.Kak onpenenanTs MOIYJIb U apIYMEHT KOMIUIEKCHOTO yucia?

12. Kak ckiaabpIBalOTCs, BBIUUTAIOTCS, YMHOXKAIOTCS U JENIATCS KOMIUIEKCHBIE
yucna?

13. Yto Takoe cnBur (a3 v 4TO OH XapaKTepu3yer?

14. Kakoii yron caura a3 Mexay HarpsiKEeHUEM U TOKOM B aKTUBHOM
COIPOTHUBJICHUN?

15. Kakoii yron capura a3 Mexay Halpsi>KEHUEM U TOKOM B MHAYKTUBHOCTH U
€MKOCTH?

16.Kak paccunTarh TEOPETUYECKH U ONPENETUTH IKCIIEPUMEHTAIBHO CBUT (a3

MEXAY HAIMPSHKEHUEM U TOKOM?

B~ w
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17. 3anummure B KOMIUIEKCHOU (hopMe 3akoH Oma sl yyacTKa IerH,
COJIeprKallero MCTOYHUK HaIPSKEHUsI, aKTUBHOE COMTPOTUBIICHHE,
UHAYKTUBHOCTH U €MKOCTh?

18.Yto Takoe UIyHT U AJIsl YETO OH UCTIOJIb3YETCs B cXxemax?

19. Kak u3MepuTth HadalibHY1O (ha3y TOKa B BETBHU?

20. Kak u3MepuThb TOK B LIENIU MTPU TTOMOIIH BOJIbTMETpa?

21. Kak mepeiTu oT 3anucu TOKa Wik HalpsbKeHUsI B CHHYCOUaIbHOM opMme K
3aMicH UX B KOMIUIEKCHOU (popme 1 Hao00poT?

22. Hapucyiite TpeyroJIbHUK CONPOTUBJIEHUH mocaeaoBaTeasHoi RLC — mernu.

23. Kak 3aBUCAT peaKTUBHBIC COMPOTUBIICHUS HHAYKTUBHOCTH U €eMKOCTH OT
YacTOTHI?

24. Kak onpenensiercs cABUT (pa3 MEXIy ABYMsI CHHYCOUJAIbHBIMU
HaIpsSHKEHUSIMHA?

25. Kak onpenenutp yroi caBura (a3 Mexay CHHYCOMAATbHBIM HAMPsDKEHUEM U
CUHYCOHMIaJIbHBIM TOKOM?

26. Kak Ha3pIBaeTCa MOYJb KOMILJIEKCHOT'O COITPOTUBIICHUS?

27. Kak Ha3bIBaeTCA apryMeHT KOMIUIEKCHOTO COMTPOTUBIICHUS?

28. 3anumure B KOMILIEKCHOH dopme 3akoH OMa 11s rociaegoBaTeabHol RLC —
L.

29. JIns yero ucnosib3yeTcs 3a3eMJIeHUE MPU cOOpKE CXEMbI LIS Ha
71a00paTOPHOM CTEHJIE M Ha KOMITbIOTEpE?

30.Kak ycTaHOBUTH M NI3MEHUTh HOMUHAJILHOE 3HAUCHHUE TIapaMeTpa DJIEeMEHTA
CXEMBI IIETIH TTPH KOMITBIOTEPHOM MOJICTUPOBAHUU?

31. Kakoii mpubop Ha3bIBaeTCs u3MepuTeaeM pasHocTu (a3. Kak u pasHocTh
Kakux (a3 oH u3Mepsier?

32. [IpaBuia BKIIFOUCHHS H3MEPUTENS PA3HOCTH (a3 B CXEMY.

33. Kak m3meputh HanpsHKEHUE MEXKIY ABYMsI y3IamMu?

JlabopaTtopunas pabota No4

NCCIIEAOBAHUE BXOAHBIX U ITEPEJATOYHbIX
XAPAKTEPUCTUK ITPOCTENIINX SJEKTPUYECKUX ITETTEN

1. O0uue moJi0KeHUs
K mnpocredimum 53JIeKTPUYECKUM IEMsIM IMEPEeMEHHOTO TOKAa OTHOCATCS IIEMu
MIEPBOTO TOPSI/IKA, MPEICTABIIAIONINE COO0N HEpa3BETBJICHHBIC JBYXDJIEMECHTHBIE
YETHIPEXIIOIIOCHUKH C OJIHUM PEaKTUBHBIM 3jieMeHTOM. [Ipumepsl Takux nemnei
MIPUBE/ICHBI HA PUCYHKE 1:

36



. [ . . R
| | &
R L
L . & [ L ]

Pucynok 1 - JIByX3neMeHTHbIE HEPa3BETBIEHHBIE LIETIH [IEPBOTO NOPSJIKA

BaxxHennmmmMmn 4acTOTHBIMU XapaKTCPUCTUKAMH TAKHX ueneﬁ SABJIAIOTCA BXOOHBIC
N TICPCAATOYHLIC XAPAKTCPHUCTHUKH. B 4wmcno BXOJHBIX XapaKTCPUCTUK BXOIAT

BXOIHOE KOMILIeKcHoe conpotusienne Zzy(J®) u Bxommas kommiexchas
nposommocts Ysy(J®) | B umcno mepenaTouHbIX XapaKTEPHCTHK BXOMAT:
niepeaaTouHble GYHKIUK ey mo Hanpsskenuto Hy (jo) u toky H, (J®) | a raxxe
nepenaroutoe conporusienne Hz (J®) u nepenarounas nposomumocts Hy (1@)

BXOIIHOC KOMILUICKCHOC  COIIPOTHUBJICHUC IIPCACTABIIACT co00li  OTHOIIICHHUE
BXOIHOI'O KOMIIZICKCHOI'O HAIIPAKCHUSA K BXOOAHOMY KOMIIJICKCHOMY TOKY!

ZBX(ja)):L,JSx (1)

I6X

[Ipy WM3MEHEHMM YacTOTBl CONPOTHUBIICHUS PEAKTUBHBIX AJIEMEHTOB L m C
MU3MEHAIOTCSA, 4, COOTBETCTBEHHO, U3MEHSIOTCSI MOAYJIb U apPTYMEHT KOMILIEKCHOTO

CONPOTHBIICHUS ;BX(JC‘)). 3aBUCUMOCTh MOAYJS BXOJHOIO KOMIUIEKCHOTO
CONPOTHUBJIEHUS OT YaCTOTHI HA3bIBAETCS BXOJHOW AaMIUIMTYAHO-4aCTOTHOU
xapaktepuctukoil uenu (AYX), a 3aBUCUMOCTh AapryMEeHTa KOMILUIEKCHOTO
BXOJHOTO COMNPOTHBIIEHUST OT YaCTOThl Ha3bIBA€TCA BXOJHOW (ha304acCTOTHOM
xapakrepuctukoi nenu (OUX). [Ipu ananuze npocTeHIINX NEKTPUUECKUX LEren
BBIPAKEHNE KOMIUIEKCHOTO BXOJHOT'O COIPOTHUBIIEHHUS JIETKO 3alUCcaTh IO BUAY
CXEMBI LIEMNH.

Ecnu Ha BXx0n 11000 U3 MPUBEIAEHHBIX CXeM (PUCYHOK 1) MOJIKIIOUYNUTH UCTOYHUK,
a Ha BBIXOJ — HArpy3Ky, TO KaXKIyI0 H3 CXEM MOXHO paccMaTpHBaTh Kak
nepesaToyHoe 3BeHO. JId KaKIOM M3 CXEeM B 3TOM CIIydae MOXHO 3alucaTh
BBIpOKEHHUE JIIOO0W W3 TepenaToyHbIXx (YHKIMA I€MH, OTMEUEHHBIX BhIIIE. B
oOmeM ciayyae Jro0as W3 TEepeNaTOYHbIX (YHKIMHA TPEACTaBIseT coOoi
OTHOUIEHWE KOMIUIEKCHOTO 3HAYEHHsI BBIXOJHOTO HAIPSDKEHUS WIH TOKa K
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KOMIUIEKCHOMY 3HAUEHHIO BXOJHOTO HampsbKeHus Wi Toka. Hambonee mmpoko
DU WCCICHOBAaHUM  DJIEKTPUYECKMX LENeld  HUCIOJIb3YyeTCs]  KOMIUIEKCHAs
nepenarounas GpyHkuus uenu no Hampsokenumio Hu(jo), wnorma naseiBaemas
KOMIUIEKCHBIM Kod(uuuentom nepenaun uenu no nHamnpskenuro Kuy(jo).
KomnnekcHass mnepenarouHas (yHKUUS LEOM 10 HANPSIKEHUIO IPEACTABIISET
co0Ol  OTHOIIEHHE KOMIUIEKCHOIO JEHCTBYIOLIErO 3HAYEHUS BBIXOJIHOTO
HaIPSHKCHUS Upix K KOMILUIEKCHOMY JE€HCTBYIOIEMY 3HAYECHUIO BXOJHOIO
HaIIPSHKCHUS Us:

Hy (jo) =2 @

Bripaxkenue Hu(jw) MoxHO 3anmcate B mokasaTenbHOH (opme (MHIEKC y B

6x

JaJbHEHIIIEM yKa3bIBaTh HE OyJeM, TaK KaK BBIPaKCHHE ITOH XapaKTCPUCTHKHU B
OTJIMYHUC OT BBIPAKCHUH NPYrUX XapaKTePUCTHUK, KaK IPABHIIO, 3alIUChIBAacTCS 0¢3
WHJIEKCa):

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

Moynb KOMITIEKCHOHM TepeaaToyHoi GpyHknuu mo Hanpspkenuto |H(jw)| = H(w),
MPEACTABIIAIONINI COO0 OTHOLIEHUE MOJYJII BBIXOJHOTO HAIMPSKEHUS K MOYIIIO
BXOJHOTO HAMNpsDKEHUs, HA3bIBACTCA aMIUIMTYIHO-YaCTOTHOM XapaKTePUCTUKON
uenu (AYX), a apryMeHT KOMIUIEKCHOM MepeaTOuHON (PYHKIIMH 110 HAIPSHKEHUIO
¢(w), npencrasnsromuii coboii pasHOCT HAYANBHBIX (a3 BHIXOJHOTO U BXOIHOIO
HaIpsHKeHUH, Ha3piBaeTcs (ha304acTOTHOM XapakTepuctukoit nenu (OYX).

[Ipy M3MEHEHMSIX 3HAYCHUN HAIPSIKCHUW Ha BXOJI€ M BBIXOJEC LIEMHA B IIUPOKUX
npenenax MOJIb3YIOTCS JIoTapuMHUUECKHUM MacmTaboM ©u  jorapuMUYECKOn
eAuHULIeH u3Mepenus - neuuden (ab).

3uauyenue Moyt H(w). BepaxkeHnHOe B Jenubenax, 3aiChbIBAETCS B BUJIE:

H(w) =20 Ig‘H (jw)

, 1b 4)

[TpousBoaHas aprymeHTa KOMIUIEKCHOM MepeaTouHON (DYHKIIMK T10 4acTOTe

_ do(o)
= o ()

Ha3blBaeTcsl BpeMeHeM 3anepxkuBaHusi (B3). B3 mokasbsiBaeT BpeMs 3aJepiKKu

T

3

CIIEKTPAJIbHOM COCTABJISIIONICH CHUTHAlla ¢ 4aCTOTOM (O IIPU IPOXOXKICHUHU €ro
yepes LeMb.

JIns HeMCKa)KeHHOU Tiepejavud BXOJHOTO CUTHAJIa Yyepe3 IMelb HE00X0IMMO, YTOOBI
AUX 1ernu B 3a1aHHOM T0JIOCE YacTOT ObLIa MmocTosiHHoM, a PUX — nunetinoi (B3
- koHcTaHTa). AUX n @YX Takux ueneu umMeroT BUJ (pPUCYHOK 2):
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4 (o) 4 0lm)

1(0)

Pucynok 2 - AUX u @YX nenu, odecrnieunBaroieil HEMCKaXXECHHYIO Tiepeavy
CUTHaja
Ecitm AYX wmenum wuMeeT IMOCTOSSHHOE 3HAYE€HUs, TO BCE CIHEKTPAJIbHbBIC
COCTaBJISIOIIUE NIEPEAABAEMOT0 CUTHAJIA U3MEHSIOTCS HA OIMHAKOBOE 3HAYEHUE T10
amiuiuTysne. B 3TomM ciiyyae B BBIXOJJHOM CHTHAQJIE€ COOTHOILICHUS MEXKIY
aMIUTUTYAaMHU CIEKTPAIbHBIX COCTABISIOMINX OyAyT TaKUMHU K€, KaK BO BXOJTHOM
CUTHAJ€ W MO3TOMY B BBIXOJHOM CHUTHaJI€ OyAYyT OTCYTCTBOBAaTh aMILIUTYAHO-

JacTOTHbIE HUCKaxkeHus ero ¢Gopmel. Bemumumna {J o onpenenser Bpems
3a/IepyKUBaHUS KaXJIOW U3 CHEKTPAJIBHBIX COCTABIIAIOIIMX BXOJHOIO CUTHAJIA IIPU
KOHKPETHOM 3HAYE€HMH 4acToThl . Ecmm yron HakimoHa @YX o MOCTOSAHEH s

BCEr0 JMala30Ha 4YacTOT, TO BpeMs 3aJepKuBaHus T3, paBHoe 1§ o Oyxmer
OJIMHAKOBBIM JUISI BCEX CHEKTPAJbHBIX COCTaBIAIOMIMX BXOJHOTO CHUTHAJA.
BcenenctBue srtoro  yronm caBura a3 MeEKIy BCEMU  CIIEKTPAJIbHBIMU
COCTABJISIIOUIMMHU B BBIXOJIHOM CHTHAJ€ COXPAHHUTCS TaKHUM € BO BXOJIHOM
CUTHajJe, U B BBIXOJHOM CHUTHaje OyAyT OTCYTCTBOBaTh (Pa304acTOTHBIE
UCKaXXEHUsI (OpMbI BXOAHOTO CUTHaja. [Ipu BBIMONHEHHWH ATHX ABYX YCJIOBHI
(dopMa BXOAHOTO M BBIXOJAHOTI'O CUTHAJOB OyAET OJIMHAKOBOM, T.€. HE MPOU30UIET
€€ UCKaKEHUSI.

Ha npakTuke IOCTaTOYHO BBINOJIHEHHE JAHHBIX YCJIOBUH B MpeAesiax IIUPUHBI
CIIEKTpa BXOJIHOTO CUTHAJIA.

[Ipy HEBBIOJIHEHUH YKa3aHHBIX YCIOBUW, B BBIXOJHOM CHUTHAJI€ BO3HUKAIOT
aMIUIUTYIHbIE U (Da30Bble UCKAXXEHUs, U (popMa CUTHajIa Ha BXOJIE U BBIXOJIE 1IETH
OyayT oOTIMYaThCi, W COOTBETCTBEHHO OyJeT HWCKaXeHa HH(OpMaIny,
nepeaBaeMasi ¢ HOMOIIBIO 3TUX CUTHAJIOB.

Bxonnble n nepenatoyHbie (YHKIMHM LIETTA MOTYT BbIpa)kaThCsl B IBYX (hopmax:
OIIEPATOPHON U KOMIUIEKCHOM.

[Ipu 3amucu QyHkuii B omeparopHod (opme UCHONIB3yeTcsd MpPsSAMOe
npeoOpa3oBanue Jlamnaca. BxogHoe conpoTUBIIEHNE LIETIH B ONIEpaTOpHOU Gopme
npejcTaBiIsieT co0O0M OTHOILIEHHWE BXOJHOTO OIEPaTOPHOTO HAMpsHKEHUS K
BXOJHOMY ONEpaTOpHOMY TOKY. [l ero 3amucu B BblpaxkeHud (1) Hyx HO
3aMEHUTh IEPEMEHHYIO j orepaTopoM Jlamaca p:
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U,.(p)
lex(P)

BeIpaxkeHne BXOJHOHM omnepaTopHON mpoBoAuMMOCTH Y(P) 0OpaTHO BBIPAKCHHUIO

Zge(P) = (6)

OIEPAaTOPHOTO BXOJHOTO COPOTHUBIICHHS.
BhipakeHus: orepaTopHbIX HAMPSHKEHUH M TOKOB M3BECTHBIX HANPSIKEHUN U TOKOB
MOJTy4aloT C MOMOIUIbI0 n300pakeHuid mo Jlammacy, n300pakeHus: HEM3BECTHBIX
TOKOB U HAINpsDKEHUH MOJIyYaroT B MPOLIECCE PAcUyeTOB ¢ MOMOIIBIO 3aKOHOB OMa U
Kupxroda npu 3amucu cOnpoTHUBICHUN 3JIEMEHTOB LIEMIM B ONEPATOpHOI dopme.
BripaxkeHue akTUBHOTO COMPOTHBIICHUS OJWHAKOBO MPU 3aMUCH B KOMIUIEKCHOU
U omnepaTopHOi Qopme. BpipakeHUS CONPOTUBICHUN PEAKTUBHBIX SJIEMEHTOB
NOJYYarOTCA U3 BBIPAXKCHUN 3THX CONMPOTHBICHHH B KOMIUIEKCHOHM (opme myTeM
3aMeHbI B HUX MIEPEMEHHON jw omeparopom Jlamaca p.

JU1 MHAYKTUBHOCTY IPOU3BOAMUTCS CIEAyIOLIas 3aMeHa:

z (Io) = joL z.(M=pL , (7)

JJI1 EMKOCTH aHAJIOIrn4dHas 3aMCHa:

Zc(jow)=1/joC Zc(p)=1/pC (8)

BolpaxkeHusi nepenaroyHod (PYHKIUMU N0 HANpPSHKEHHUIO B ONEPATOpHOU (opme
TaKXKe MOXHO monyuuth u3  H(jw) myTem 3ameHBI B HEM TEpEeMEHHOH jo
OIIepaTopoM p:

Hy (jo) = e () =300 ©

PaccMoTrpum  onpeneneHue  BBIPAKEHUW  BXOJHOTO  CONPOTUBICHUA U
nepeaaToyHon (GYHKIMH M0 HAMPSHKEHUIO JIEKTPUUYECKOM 1IeTH, TPUBEACHHON Ha
PUCYHKE 3:

Pucynok 3 - Dnekrpuueckas uenb RL

[To cxeMe 1M 3alUIIEM BBIPAXXCHHE €€ BXOJHOIO CONPOTHBJICHUS B
oriepaTopHoi dopme:

Z,(p)=R+Lp, (10)
U3 KOTOPOTO MOXHO TIOIYYHUTh BBIPD@KECHHE BXOJHOIO0 KOMILIEKCHOTO
CONPOTHUBJICHUS:
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Z,(jo)=R+ joL (11)
BripaxkeHnust MOJIys11 BXOJHOTO COINPOTHUBIIEHUS ng(a)) (Bxomnoit AUX) u

apryMeHnTa Oz (@) (Bxoguoi ®UX) 3anuchiBalOTCs B BUJC:

Z, (0)=+R*+&°L* (12)
L
Ozex(®) = arctg% (13)

['paduku QyHKIIMI Zex(a)) U (Qzsx(®W) KOMIUIEKCHOTO BXOJHOTO COTPOTHBIICHHUS

e, N300paKeHHOM Ha pUCyHKe 3, IPUBEICHBI Ha pUCYHKax 4 U 5:

7. (0)

o
=

Pucynok 4 — I'paduk Bxognoit AUX snextpuyeckoit nenu RL

'E"J'
-

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

Jlnst pacdera mepenatoyHod (QYHKIIMM B ONEpaTopHOW ¢opMe BHaYaie
3aIMIIeM BhIpaKEHHE BXOJHOTO TOKA B IICTIH:

~U_(p) U,.(p)
I(p)_zex(p)_RJrl_p
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BripaxkeHre ornepaTopHOro HampsiKEHHs Ha BBIXOJE OINPECIUM IO 3aKOHY
Owma:

U,.(p) = I(p)-zm(p):%{g—lO

OmnepatopHass mepenaroyHas (GyHKIOUAS IEMH IO HANPSHKCHUIO B PE3ybTaTe

(15)

3aIIMIICTCA B BUJC:

U.(p)  Lp
HP) =00 Rilp

Jlnst mepexoda OT OMEPAaTOPHOW TMEpenaToyHOrd (PYHKIIMU K KOMIUIEKCHOU

(16)

3aMEHUM TIEPEeMEHHYI0 | Ha j:

| jol
H(Jw)=%jwl_. (17)

N3 (17) onpenenum Beipaxenus st AUX u ®UX nepenaroyHoit pyHKIUU:

_ ol

H(jo)=H(w)= ——
‘ (Jw)‘ (0)) IR0l (18)

wlL oL 7 wlL
p(w)=0(w)= arctg—--arctg—-= - —arctg— (19)

I'paduku pynkunii H(w) n O(w) nepenatroyHoil GyHKIUU LEMd, U300paKeHHOM
Ha PUCYHKE 3, IPUBEJICHBI HA PUCYHKAX 6 U 7:
§ H(®)

Pucynok 6 — AUX snexkrpuueckoit nenu RL
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LB(m)

| =

Pucynok 7 - ®UX anexrpudeckoit menu RL

2. 3ajaHue Ha J1a00pPaTOPHYIO padoTy

[lensro manHOM MabopaTOpHON PabOTHI SBISAETCS WCCICIOBAHUE BXOTHBIX U
NEePEeaTOYHBIX aMIUIUTYIHO-YaCTOTHBIX W  ()a304acTOTHBIX  XapaKTEPUCTHUK
MPOCTENIINX JIEKTPUUECKUX LETEN C OJJHUM PEAKTUBHBIM JIEMEHTOB.

JlaHHBIE XapaKTEpUCTUKUA OMNPEHENISAIOTCS Uil OJHOW W3 YKa3aHHBIX BBIIIE
CXEM IIENEeN paCUEeTHBIM U AKCIEPUMEHTAIBHBIM NyTsIMU. Mccaenyemyro 1enb U ee
MapaMeTphl 33Ja€T MPENoaBaTelib, NpoBoAAIMN 3aHsaThe. [lopsgok nmpoBeneHuUs
UCCJIEeI0OBaHNM onKcad HUxe. [IpoBOASTCS OHM Ha YHHBEpPCAJIbHOM JaOOPATOPHOM
CTEHJIC U C TOMOIIBIO MPOrpaMMBbl KOMITBIOTEPHOTO MojenupoBanusi Electronics
Workbench (EWB).

[TonydeHHblEe HSKCHEPUMEHTAIBHO M PACCUUTAHHBIE TEOPETHUUYECKUM ITyTEM
pe3yibTaThl 3aHOCATCS B TaONMIBI, a 3aTeéM 10 HHUM CTpOSITCS rpaduku
UCCIIEYEMBIX XapaKTepUCTHUK. Bce 3TH pe3yJibTaThl, a TAKKE CXEMbI UCCIETYyEMBbIX
nerne, GhopMysbl, UCIOJIb3yeMble MPH pacyeTax, U CaMU PacyueThl 3aHOCITCS B
OTUeT M0 JabopaTopHOil padoTe.

3. DKCIepUMEHTAJIbHOE HCC/IeJOBAHNE BXOAHBIX XapaKTEePUCTUK
jiekTpudeckoii menu RL

3.1. loaroroBka uccjienyeMou enu Ha JJabOpaTOPHOM CTEeH/e

JInst 3KCIEpUMEHTAIBHOTO HCCIENOBAHUS YaCTOTHBIX XapaKTEPUCTHUK BXOJHOIO
CONMPOTHUBJICHUSI HCCIAEAYEMOM BJIEKTPUYECKONM LENu C OJHUM PEaKTHUBHBIM
AJIIEMEHTOM C MOMOILBIO YHUBEPCAIHLHOTO JIA0OPATOPHOTO CTEHJA, HEOO0XO0IUMO
coOpaTh CXxeMy 3TOH LIeTIH Ha JAHHOM CcTeHje. JJs uccnenoBaHusi BEIOEpEM LIETb,
IIPUBEIACHHYIO Ha PUCYHKE 0!

43



I EX
=0 o 0 |_|"
E

I3-112 resipa| | Use
o o
o, ©2-34 1°
" =] 13
. 1
B

PucyHok 6 - Cxema uccieayemoil anektpuieckoi nenu RL

B kauecTtBe HMCTOYHMKA 3.1.C. B LENH HCHOJIb3yeTcss reHepatop [3-112, a B
KAueCTBE JJIEMEHTOB LENH MCIOJB3YIOTCS  DJIEMEHTHI, pa3MELICHHbIE B
nabopaTopHoM cTeHzae. s u3MepeHus NEeWCTBYIOIIMX 3HAYECHUN HANPSKEHUN
WCITOJIB3YIOTCSL BA MIJLTMBOJIbTMETpa B3-38, a mis m3mepennst pasHoctu ¢as -
dazometp O2-34.
BriOepem crenytoiye 3Ha4YeHUS SJIEMEHTOB 1IETTH:
- conportusiieHus pe3uctopos: R =100 Om, Ry, = 100 Owm,
- BeJIWYMHA MHAYKTUBHOCTH L = 10 MI'H.
['enepatop ['3-112 1 MUIIMBONIBTMETPHI paHEE MIUPOKO UCMOJIb30BAIUCH MPU

BBITIOJIHEHUU JTabopaTopHbIX padot no nucuurinae TIL, a hazomerp ©2-34
MPUMEHSUICS PEJIKO, TTOITOMY PACCMOTPUM MOPSIIOK €r0 UCIOIb30BaHUS.

3.2. Ilopsinok ucnoab3oBanus pazomerpa D2 - 34

WUsmepurens pasnoctu (a3 (dbasomerp) mpencraBiser coboit  mpudop,
U3MEPSIONINN  pa3HOCTh (a3 ABYX HAMPSKEHUNW TapMOHUYECKON (OpPMBEI.
HampsikeHue, OTHOCHTEIBHO KOTOPOTO wu3MepsieTcs caBur (a3 (ormopHoe),
Mo/aeTCs Ha pa3beM 2, a HampsbkeHue, Gazy KOTOpPOro HEOoOXOJIWMO HU3MEPHUThH
(curHanpHOE), MMOJIaeTCs HA pazbeM 1. PazbeMbl pacnosioskeHbl Ha JIUIEBOM MaHeIn
npubopa. B madopatopun ucnosnbzyercs pazomerp D2 — 34,

IIpu nmpoBegeHNMM H3MepeHHMH HEAONMYCTHMO NOAABATH HA pa3bemMbl 1 u 2
HANPSAKEHUs, JeHCTBYIOLIUE 3HAYCHHUS KOTOPBIX NpeBbluanT 7 B.

Cxema BrutrOueHHs (hazoMeTpa MpUBEICHA Ha PUCYHKE 7:
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Pucynok 7 - Cxema BKIIIOUEHHS u3Meputens pasHocT ga3 ©2-34 npu
MCCIIEIOBAaHUH MEPEIaTOYHON (PYHKIINH

[Tpu moAKIIOYEHUN COSTUHUTENBHBIX Kabenel da3zoMeTpa K UCCIeyeMOn 1IeNH B
NEPBYIO OYepe/lb MOAKIIOYACTCS 3a3€MJICHHBIN MPOBOJIHUK KaOesl, OTMEUYECHHbBIN
CIEIUAJIBHBIM 00pa30M (Y€pHBIM IIBETOM WJIM CHEIMaIbHBIM 0003HaueHuem). [1pu
NOJKIIOYEHUN COEAVMHUTENbHBIX KalOenel clieayer  coONMoAaTh MOJISIPHOCTh
NOJKIIOYEHUS: 3a3€MJICHHBI MPOBOJHUK Kalens HEeoO0XOOuMO MOAKIYATh
TOJIBKO K 3a3€MJICHHOMY KOHTAaKTy LENU (B MPOTUBHOM CIIy4yae, MOXKET IPOU30UTH
KOPOTKOE 3aMbIKaHUE, WJIA MPUOOP OYJET MOKa3bIBaTh HEBEPHBIE PE3YJIbTATHI).

B paccmartpuBaemoil cxeme (pucyHok 7) ¢azomeTp usMepser caABUT (a3
HANPSHKECHUS U'31 (CUTHAJILHOTO) OTHOCUTEJILHO HaIpPsKEHUS Ulzl (omopHOTO).
Cnegyer OTMETUTh, UTO 00a HANPSLKEHUS: CUTHAJIBHOE U OMOPHOE 00S3aTENbHO
JOJDKHBI UIMETh OOUIYI0 TOUKY (B JAaHHOM ciy4ae y3ed 1), koTopas JoJIKHA ObITh
3a3eMJIeHa.

[Tocne moakmitoueHus (asoMerpa B CXeMy Iepes HadalloM U3MEpPEHHUsl pa3HOCTH
da3 HeoOXoAMMO HaXaTh KHOMKY «@» Ha JHIeBOM maHenu mnpubopa. Ilocne
Ha)KaTHUsl KHOIIKH MTPOMCXOJIUT MUK yCTaHOBKHU HYJs (mpumepHo 70 cekyHn). O6
OKOHYAHUM HTOTO IMKJIA CBHUJETEIHCTBYET IMEPUOAMYECKOE MUTAHUE HIKHETO
cermeHTa uHaukatopa «%» (rpagycsi). [locne storo uepe3s 3 — 5 cekyHn Ha TabJio
npudopa BBICBEUMBAETCS 3HAYEHUE yria ciaBura (a3 HcclieqyeMoro CurHalia
OTHOCHUTEIBHO OMOPHOTO.

Ecnu 3nauenue cnpura (a3 va npudope Haxoautcs B npenenax 0 — 180°, To oHo
COOTBETCTBYET JEHCTBUTEIHLHOMY CIBHTY (ha3 Mexay HampstkeHusMu. Ecim ke
3HaueHue yria caura (a3 Haxomurtces B npenenax 180 — 360°. To u3 3HaueHus,
MOKa3bIBa€MOro puOopoM, cieayeT BordecTh 360°. Tlomydyennoe Takum obpazom
3HaueHHue OyJIeT COOTBETCTBOBATh MMEIOIIEMY MECTO CABUTY (a3 MEXIy ABYMs
HampspKeHUsIMU (B TAaHHOM cily4yae CABUT (a3 MexXIy HanpsbDKeHUsIMU OyJneT
OTpULIATEIbHBIM, T.€. CHUTHAJbHOE HampsbkeHue 1o (a3ze OyneT omnepexaThb
OTIOPHOE).
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[Ipy nepexyIIoueHuu CUTHAJIBHOTO MPOBOJHUKA COEAMHUTEIBHOIO Kabens K
ApyroMy y3idy HCCIEeIyeMOW Lenu s U3MEpeHHs yriaa ciasura ¢asz Mexay
COOTBETCTBYIOIMMH HAIPSKEHUSMHU, TIOBTOPHO KHOIIKY «@» HA)XMMAaTh HE HAJO.
3naueHue (azoBOro CABHUra yCTAHOBUTCS 4epe3 3 — 5 ceK MOocie MEePeKIIYECHHUS.
KHonky «@» Heo0XoAMMO HaXuMaTh IOBTOPHO IIpU  OTKJIIOYCHUU U
MTOCJIEAYIOIIEM BKIIOUYEHUH T'€HEPATOPA, A TAKKE IPU N3MEHEHUU CXEMBI LIENN WU
CXEMBbI U3MEPEHUM.

3.3. JkcnepuMeHTAJbHOE HCCJIeI0BaHNe BXOJHBIX XapakTepucTuk menu RL
HAa JIAa00OPATOPHOM CTEH/1e

[locne Toro, kak cxema coOpaHa M MPOBEPEHA MpenojaBaTesieM, MPOBOISIIUM
3aHITHE, HEOOXOMMMO BKIIOUWTH MUTAaHUE BCeX MpUOOpoB: reHepartopa ['3-112,
MULTUBONBTMETPOB B3-38 u dazomerpa ®2-34. Ha BpIXoze reHeparopa HyKHO
YCTAaHOBUTh HANPSKEHHE CUHYCOWJAIbHOU (opMmbl, paBHOE 5B ¢ moMonibio
BoibTMETpa V1. llomnepkuBass HEM3MEHHBIM 3TO HAIPSKEHUE MPU KaXKIOM
WU3MEPEHNH, TPOU3BOAUM U3MEHEHHUE YaCTOThI reHepaTopa B npegenax: 1 — 10 k'
(8 - 10 3Hauenwmit). Ilpu ycTaHOBKE Ka)/JIOrO 3HAYCHHUS YaCTOTHI H3MEpsSEM
HarnpsbkeHue Uy U pa3sHOCTb Ga3 @ upx - @ um MEXKIY BXOJIHBIM HaIPSKECHUEM U
HanpsbKeHUWEM  Ha compoTtuBieHuu Ry . B mpouecce uccnenoBanus tpedyeTcs
OIPEJICIIUTh MOYJIb BXOJHOTO COMPOTUBICHUST Zu () U €ro apryMeHT @zex(®),
KOTOPBIE PACCUNUTHIBAIOTCS C MOMOIIBIO CIETYIOIIUX BbIPAKEHUM:

ng(a)) = UGX/ IGX! (26)

rne  Us = Uz,
a MOJYJIb BXOJAHOTO ToKa |, ompenensercs mo hopmye:

Pzex (©) = O U(®) - @ 1 (0) (20)
Tak kak ¢aza HanmpsHKEHUS HA aKTUBHOM COTNPOTHUBJIEHUH Ry, coBnagaer ¢ ¢azoi

[POTEKAOIIET0 110 HEMY BXOIHOTO TOKA Ly:

® un(®) = @ 1sx (0) (22)
TO U3MEpeHHbIN (asomerpoM caABUT (a3 OyneT COOTBETCTBOBATH APTYMEHTY
BXOJTHOTO CONPOTHUBIICHHUS.
3HaueHue aprymMeHTa BXOJHOW TPOBOJUMOCTH (zzx  PaBHO H3MEPEHHOMY
(azoMeTpoOM 3HAUEHUIO @ ygx , B3ITOMY C OOPATHBIM 3HAKOM:

¢ v (0) = - Qzox (@) (25)

Cxema anexktpuueckoid RL-1ienu npu vccineaoBaHuM €€ BXOJAHOTO COMPOTUBIICHUS
Y TIOPAJIOK BKJTFOYSHUS U3MEPUTENS pa3HOCTH (pa3 mpencTaBIeHbI
Ha PUCYHKeE &:
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Pucynok 8 - Cxema nenu RL mipu nccnenoBannu €€ BXOJHOTO CONTPOTUBIICHUS

Pe3ynbpTaThl MpoBeIEHHBIX U3MEPEHUI 3aHOCITCS B CTPOKH 1-3 TaOmuist 1:

Ta6J'II/IHa I- PGBYJ'IBTEITBI OIIPCACICHUA BXOAHBIX XaPaKTCPUCTUK

9KCIICPUMCHTAJILHO

p Ui=5B, R=1000M, Ry=1000m, L=10mn
1 f, xI'n 1 2 3 4 5 6 7
2 U, B 2.24 1.87 1.55 131 1.13 0.98 0.88
3 O® 1, rpan 21 36 47 54 60 64 67
4 Iy MA 22.4 18.7 15.5 13.1 11.3 9.8 8.8

5 Z, (a)), Om 2232 | 2674 | 3226 | 3817 | 4425 | 510.2 | 568.2

6 |Y (@), wen | 448 | 374 | 31 26 | 226 | 196 | 176

68X

7 O 2, rpan 21 36 47 54 60 64 67

OcranbHble cTpoku 4-7 Tabmuibl 1 3aMOHSAIOTCS TMOCHE MPOBEACHUS pacuera
MOJYJI€l BXOAHOIO COMPOTUBJIEHUS M BXOJHON MPOBOJMMOCTH U OIPEACICHHS
aprymMeHTa BXOJAHOW MPOBOAMMOCTH JJI BCEX 3HAUYEHUU 4acTOThl f, IpH KOTOPBIX
npoBoauiuck u3MepeHus. Ilocmeanmii cronlen 3amojHSETCS HUCXOAS U3
TEOPETUUECKUX COOOpaKEHHIA.

Bce pesyabTaThl HMccaeqOBaHUS  BXOJHOIO  CONPOTUBIEHUS W BXOJIHOHN
IPOBOJAMMOCTH, TOJYYEHHbIE SKCIEPUMEHTAIBHO, JOJKHBI OBITh MPOBEPEHBI
yTeM TEOPETHYECKUX pacyeToB 1o ¢opmynam (12) u (13)u 3aHecensl B TadIUILY
2:
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Tabnuna 2 — Pe3ynbpTaThl pacyeTa BXOJHBIX XapaKTEPUCTHK TEOPETUUECKUM ITyTEM

p R=5000m, R,=1000m, L=10wmlH
1 | f k[ 1 2 3 4 5 6 7
2 | Z,(w),0m |209.6 | 236.2 | 274.7 | 321.1 | 372.3 | 426.6 | 482.3
3 |@.rpan 17.4 | 321 | 433 | 515 | 575 | 62.0 | 65.5
4 | Y (0),mCMm | 48 | 42 | 36 | 31 | 27 | 23 | 207
5 |y, rpan 174 | -32.1 | -433 | -51.5 | -57.5 | -62.0 | -65.5

[To pe3ysbraTaM MPOBEACHHBIX UCCIICIOBAaHUHN W PACUETOB CTPOST I'padUKH
3aBUCHUMOCTEN Z (a)) U Ozsx(w) B OIHOM MaciuTade 1Mo 4acToTe OJUH IO APYTUM
(pucyHku 9a, 90):

Z o (D), Om

600

ﬁnepnmen‘raﬂbﬂaﬁ
500
//Ieﬂiaﬂ

£ kT
0 T T
a 1 2 3 4 5 5] 7 B
a)
Pz _{f). Ipax
70
SKCTEPHMEHTAIEHAA
///;—’/C ParieTHAL
) //
40 //
30 //
20 /
10
f, KTy
a T

0)

Pucynox 9 — I'paduku BXOIHBIX XapakTepuCTHK Iienu R L, momydenHbie o
AKCIIEPUMEHTAJIBHBIM JAHHBIM U TEOPETUYECKU
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HCCOBH&,Z[CHI/IG 3HAYCHUH BXOJHBIX XapaKTCPUCTUK MLCIIH, ITOJTYYCHHBIX
OKCIICPUMCHTAJIbHBIM IIYTEM H pacCiuTaHHBIMU TCOPECTHUYCCKHU, 00BICHICTCS
HETOYHOCThIO HOMHHAJIBHBIX 3HAYCHUH MapaMCTpPOB CXCMbI R 1 L ¥ HETOYHOCTHIO
H3M€p€HPII>i QJICKTPUYCCKUX BCINYHNH HpI/I60paMI/I, HNMCIOIIIMMU OHp@I[CJ'IGHHLIﬁ
KJIaCC TOYHOCTH.

4. Copep:xaHue oT4eTa

B omueme no nabopamopnoii padome 00191cHbl ObIMb NPUBEOEHDL:

- HAMMEHOBaHNE U 1Ieb J1Ja0OpPaTOpPHOU paboThI;
- CXeMbI HCCIIETyEeMBIX LIeTiel [y1sl J1TabopaToOpHOIO CTEH/Ia;

- HOMMHAJIGHBIE 3HAYEHUS JIEMEHTOB CXEM;

- TAOJIMIBI PE3YIBTATOB U3MEPEHNI U3MEPSIEMBIX U PACCUUTHIBAEMBIX TAPAMETPOB;

- rpapukn AUX nu @YX BXOAHOrO COMPOTUBIEHHS W MEPEAATOYHON (PYHKIUH
uenu RL, moirydeHHbIE 3KCIIEPUMEHTAIbHO M PACYETHBIM IyTEM Ha JIaDOpaTOPHOM
CTEHJC;

- CPaBHUTEJIBHBIN aHAIN3 TPAPUKOB;

- BBIBOJIbI O PE3YJIbTaTaX UCCIIECIOBAHMUS.

5. KoHTpo/bHBIE BONIPOCHI

34.latite onpenenenne AUX nemnu.

35.[la#ite onpeneneaue ®UX nemnmu.

36.IIpuBenute mpumep onpenenenus AUX n ®UX nByxaieMeHTHOMH 1ETH.

37./latiTe onpenencHue orepaTopHOTo K03 pHIpeHTa mepeavn e 1mo
HanpspkeHuto. Kak oH cBsi3aH ¢ KOMIUIEKCHBIM KO3 (UITMEHTOM Tiepeadyu ?

38.00bscauTe X0 KprBoii AUX BXOIHOTO COMPOTUBIICHUS HA Tpaduke 1
JIBYX3JIEMEHTHOW 1CTIH.

39.00mscHuTe X011 KpuBoit @YX BXOAHOTO COMPOTUBIICHUS Ha Tpaduke st
JIBYX3JIEMEHTHOU LIETIN.

40.06psacuauTe xoa kpuoit AUX nepenarounoit GyHKuu Ha rpaduke 1is
JIBYXD3JIEMEHTHOU LIETIN.

41.06wsicaute X0 kpuBoit ®UX nepenarouHoit GpyHKIMU Ha Tpaduke s
JIBYXD3JIEMEHTHOU LIETIN.

42.ChopmynupyiiTe yCIOBHsI HEUCKAXEHHOM nepeaun curnaia. Kakoi By
uMeroT AUX u ®UX uneanbHbIX GUIBTPOB ?
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43.TTocTpouTh BEKTOPHYIO TUArpaMMy HAMPSKEHHUH TSl 3a1aHHOM
JIBYX2JIEMEHTHOM JTMHEHHOM 1IeNU U 00BICHUTH XapakTep u3mMeHenus GUX.

44 TlpaBuia v MOPSIIOK COCTABIIEHUSI CXEMBI AJIEKTPUYECKOM 1Ienu Ha
KOMITBIOTEPE € MMOMOUIBIO MPOrPaMMBbl KOMITBIOTEPHOTI'O MOJETUPOBAHUS
EWB.

45. Kak ycTaHOBUTh U U3MEHUTh HOMUHAJILHOE 3HAUCHUE TTapaMeTpa IeMEHTa
CXEMBI LIEMU ITPU KOMIIBIOTEPHOM MOJIETUPOBAHUU?

46. Kakoit mpubop Ha3bIBaETCS M3MepUTeseM pazHocT a3 (dhazomerpom) ?

47. PazHocTh kakux (a3 usmepser pazometp ?

48. IlpaBuiia BKIIOYEHUS U3MEPUTENS pa3HOCTH (pa3 B cxemy.

49.HauepTtuTe cxemy BKIIOUEHHS da3zoMeTpa JJisi U3BMEPEeHUs pa3HoCTH (a3
MEXKy : BXOJHBIM HAMPSHKEHUEM U BXOJHBIM TOKOM, MEK]1y BXOJHBIM U
BBIXO/JIHBIM HAIPSIAKEHUEM.

50. IMocTpoiite BXOAHBIEC XapaKTEPUCTUKH MPOCTEHIINX INIEKTPUUECKHX IIETIeH,
MIPEUIOKEHHBIX IIPENOAABATEIIEM.

51. 3anumnTe aHATMTUYECKHUE XapPAKTEPUCTUKU MPOCTEUIIUX ITEKTPUUECKUX
LeneH, IpeIJIoKEHHBIX IIPEN0AaBaTENIEM.

52. OnpenenuTsb B MPEATI0KEHHON CXEME YacTOTY, IPU KOTOPOH apryMEHT
BXOJIHOTO CONPOTUBIIEHUS UMEET MAKCUMAJIBHOE 3HAYCHHUE.

53. Onpenenutsd B MPeAIOKEHHONW CXeMEe YacTOTY, IPH KOTOPOH Y BXOJHOTO
CONIPOTHBJICHUS AKTUBHAS U PEAKTUBHAS COCTABILIIOIINE UMEIOT OJUHAKOBOE
3Ha4YECHHUE.

54. C nomouipio kakux npuOopoB u3mepstor AUX nu @YX B a5eKTpuyecKux
nenax?

55. Yem otnmuaercs nepenaTouHas (pyHKIUS 1enu oT KoddPuiimeHTa nepeaadu?

56.Ha npeioxeHHo# cxeMe 3JIeKTPUIECKON e HApUCYHTE MOIKII0OUECHUE
npubopos s onpeneneHus AUX u @YX nenw.

JlaGopaTtopuasa pab6orta Ne5

NCCIIEJOBAHUE ITEPEXO/JHbIX ITPOLECCOB
B DJIEKTPMYECKUX LEITAX BTOPOI'O ITOPAAKA

1.OcHOBHBIE MMOJIOKEHUS
IlepexomHble TpoIECChl BO3HMKAIOT B ILIEMAX, COASPXKAIIUX PEAKTUBHBIC
AJIEMEHTHl B MOMEHT KOMMYTAIlMU (CKavyKoOOpa3HOTO0 WM3MEHEHHUs CXEMbI IICTIH,

MOAKIIOUCHUST WM OTKJIIOUEHHUS HCTOYHWKa H3Hepruu). IlepexomHoit mpoiiecc
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CBSI3aH C U3BMEHEHUEM SHEPI'MH, HAKOIJIEHHOW MJIM HAKAIUIMBAEMOM B PEAKTUBHBIX
AJIEMEHTaxX LEeNH, KOTOpas HE MOXKET M3MEHUTHCS MIHOBEHHO, a HW3MEHSETCS
TOJBKO IIJIABHO B TEYEHUE OMPEICIICHHOTO BPEMEHU, COOTBETCTBYIOIIETO BPEMEHU
IIEPEXOTHOTO  MpoLecca. [Io wroram mepexogHOro Imponecca B LENH
YCTAHABJIMBACTCS HOBBIM 3allac  dSHEPrUM B PEAKTUBHBIX DJJIEMEHTaX W
YCTaHABJIMBAETCA HOBBI YCTAaHOBHUBIUMWCS pexuM (B CiIy4ae YCTOMYMBBIX
ANEKTPUUYECKUX LIeTIeH).

[ensiMu BTOPOTO MOPSAKA HA3bIBAIOTCS LENMHU, COACPIKAIINE JIBA PEAKTUBHBIX
aneMenta L u C, KoTOpble MOTyT OBITh BKJIIOYEHBI IOCIEIOBATEIBHO WU
napajuiesibHO. M3MEHEHHs] TOKAa WM HAaNpsDKEHUS Ha JJIEMEHTaX TaKuX Lereu
onuchIBatoTCsl U pepeHaibHbIMI YPAaBHEHUSMH BTOPOTO TOPSAKA.

[Iprumepamu Takux LENEr SBISAIOTCA MOCIEIOBATENBHBIM M IApaUICIbHBIN
KoJie0aTeNIbHbIE KOHTYPHI.

[Ipr NpOXOXKIEHWH CHUTHAJIOB 4Yepe3 DIEKTPUYECKHUE LENH, COJEpIKaIue
PEaKTUBHBIEC JJIEMEHTHI, B HUX BO3HMKAIOT NEPEXOIHBIE IPOLECCHI, KOTOPHIE
OPUBOJAT K U3MEHEHUSAM UX (DOPMBI.

Ha pucynke 1 mokasan mepexoausiii mponece B RLC - nenwu (Hanmpspkenue Ha
OJIHOM W3 DIIEMEHTOB LENH) IIPU Moja4e Ha ee BXoHd Boszelcteus Uy (f) B Bume
MPSMOYTOJIBHOTO UMITYJIbCA.

B nepuon Bpemenu or t = 0 g0 t = t; HampsbkeHHE Ha BBIXOJIE IIEMU
U, (t)usMeHsieTcs 1O  ONpPENENIeHHOMY 3aKOHY, OTIMYaromemycs oT U (t),
BCJICJICTBME NPOTEKAaHUSI B HEM MEPEXOJHOro (HEyCTaHOBHMBLIErocs) mporuecca. B
MOMEHT BpeMeHH t = {; mepexoaHbIN MpoLecC 3aKaHYMBAECTCS U B LIETIM HACTYIIAET
YCTaHOBUBILIUICS pPEXUM (HampsoKeHUE Ha BbIXOJA€ Lienu He usMmensercs). C
MomeHTa t = t, 10 t = t; B lenM BHOBB IMPOTEKAET MEPEXOAHOM IMPOIECC, MOCIE
KOTOPOT'0 BHOBb HACTYNAET HOBBIM YCTAHOBUBILIUMNCS PEXKHUM.

3a BpeMs JCHCTBUS NEPEXOAHBIX IPOLECCOB BSHEPIHs, HAKOIUICHHAas B
PEaKTUBHBIX DJIEMEHTAX IENU, MEPENacTcsl OT OJHOTO 3JEMEHTAa K JIPYTOMY H
IIOCTEIIEHHO PACCEUBAETCS B IMPOLECCE MEPENayl Ha aKTUBHBIX CONPOTHUBIICHUSX.

Ilocne oxoHuaHMs IEPEXOJHOTO IIponecCa B HOCIIM YCTAHABJIMBACTCA HOBOC
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3HAYEHUE SHEPrUU, COOTBETCTBYIOIIEE HOBbIM 3HAUYCHHSIM TOKOB U HAMNPSHKEHUHN Ha
AIIEMEHTax LEeTH.

Bo3zaeiicTBue B Buje NMpsSMOYTroJbHOTO UMITYJIhCa MOKHO pacCMaTpUBaTh Kak
KOMMYTAIUIO (MOJKJIIOYEHNUE U OTKIIIOYEHHUE) LENU K UCTOYHUKY HAMNPSIKEHUS B
MOMEHTBI

t=0wut=1t, CnengoBarenbHO, NEPEXOIHBII MPOLIECC BOSHUKAIOT B IICMU B
MOMEHTBI KOMMYTAIlUH, T.€. B MOMEHTHI MOJKIIOYEHUS UM OTKIIOUEHUS OT IENU
MCTOYHHKA YHEPTUU.

uy ()

Ity 3, Aty

I
i
I
i
t

] \/f\v___

Pucynox 1 - Peakmust RLC - ienm Ha Bo31elCTBHE MOCIEA0BATEIEHOCTH
MPSIMOYTOJIbHBIX UMITYJILCOB

Kpome 3T0or0, BOBHMKHOBEHHE MEPEXOAHBIX ITPOIIECCOB MOXKET OBITH CBS3aHO
C U3MEHEHHUEM CXEMbI caMOl 1enu (TMepeKIIoUeHUEM 2JIEMEHTOB BHYTpU Hee). U3-
3a 3TUX MEPEKIIOYCHUI BO3MOXKHO CKauKOOOpa3HOe N3MEHEHNE 3HAaUYeHU TOKOB U
HanpsDKEHWM Ha OTIENbHBIX AJEMEHTax IENMU W BO3HUKHOBEHHUE IIEPEXOIHOIO
npoiiecca.

[TocKOJIbKY PHEprusi 3JIEKTPOMATHUTHOTO IOJSi MTHOBEHHO HM3MEHHUTHCS HE
MOXET, TO 3TO Ha OCHOBaHUHU ATOTO (POPMYIUPYIOTCS JIBa 3aKOHA KOMMYTAIlMU U
OTIPENICTIAIOTCS HAaYaJIbHBIE YCJIIOBHUSI peXHMMa IIeMHd, T.€. 3HAUYCHUS HAINPSKCHUN U
TOKOB Ha 3JIEMEHTAax LI€NU B MEPBbIII MOMEHT BPEMEHU MOCIIe KOMMYTaluu (mpu t

= 0+). [Ipu sTOM mpeanonaraeTcs, 4T0 KOMMYTaIIHUS TPOUCXOIUT MTHOBEHHO.
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B tabnumne 1 mpuBenmeHbl GhOpMyIbl, CBS3BIBAIONINE MTHOBEHHBIC 3HAYCHUS
TOKOB Y HANPSIPKCHUH HA PA3JIMYHBIX JIEMEHTaX LIEIH.
Ta6muma 1. ®opmyibl, CBSI3bIBAIOITNE MEXKTY COO0N MTHOBEHHBIC 3HAUCHUS

TOKOB U HaprDKeHI/Iﬁ Ha pa3JIMYHbIX 3JICMCHTAX BHGKTpH‘-ICCKOﬁ Oe1m

R L C
o— o 0O—"YV—0 © || °

—_—

I — I-L 'r"f:
—_—

U — u; Ue

1 . 1 du,

u= ki di, U-=1U +1f1 dt
U, = dt cTth Tl

B aKkTHBHOM CONPOTHBIICHHMHM HE IPOUCXOMUT HAKOIUICHHEC DHEPTHH.
DHeprust 3JIEKTPUYECKOTO MO B HEM TIOJHOCTBIO Tpeodpasyercss B
TEIJIOBYIO SHEPTHI0. MTHOBEHHBIC 3HAUYEHHSI TOKA M HANPSHKEHUS COBITAIAI0OT
C TOYHOCTBIO J0 Macirrabnoro wmuoxutens K. Ilpm ckaukooOpasHOM
MU3MCHEHUH HANPSHKEHHUsT CKAaYKOOOPa3HO U3MEHSIETCS U TOK.

[TosTOMy B ILENSX, COCTOSIIMX M3 aAKTHBHBIX CONPOTHUBJIEHUA,
HIEPEXOIHBIE ITPOIIECCH HE BO3HUKAIOT.

B HMHIYKTMBHOCTH TOK W HANpsOKEHHE CBA3aHBI Yepe3 MHTErpai. ITo
O3HAYaeT, YTO TIPH CKAYKOOOpAa3HOM M3MEHCHHMH HAIPSHKEHUS TOK
M3MEHSIETCS 110 HHTErPAIbHOMY 3aKOHY, T.€. TUIaBHO. M3 3TOr0 Clieayer, 4To B
HEPBBII MOMEHT BPEMEHHM II0CIIE€ KOMMYTAallMd TOK B HHIYKTHBHOCTH
i (t = 0) oyner paBen ToKy I,, mpoTekarmeMy depe3 Hee 0 KOMMYTAIUH.
CIie1oBaTeNIbHO, TOK 8 UHOYKMUBHOCU HE MONCEM USMEHUMbCSL CKAYKOM, d
8 NePEblll MOMEHM NOCILe KOMMYMAYUU COXPAHAEm Mo 3HAYeHUe, KOMopoe O
umen 00 Kommymayuu (3mo CywHocms nepeo2o 3aKOHA KOMMYMAayu,).

Hanpsicenue na eMKOCMU CEA3AHO C NPOMEKAIOWUM Yepe3 Hee MOKOM
mooice uepes unmeepai. Mz smozo ciedyem, 4mo HANpsAdfCeHue Ha emMKoChi

makoice He mooncem USMEHUMBbCA CKAYKOM U 6 nepebzd MOMEHRM nocjne
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KOMMYMayuu Ccoxpausiem mo 3HaAYeHue, Komopoe Ovllo HA Hell 00
KOMMymayuu (3mo CywHoCmsb 8mopo2o 3aKOHA KOMMYMAYUlL).

CrnenyeT OTMETHTb, YTO IPH KOMMYTAI[Md B MOMEHT Bpemenu t = 0+
HanpspKeHHe Ha HHAYKTHBHOCTH Up(t) m Tok B eMkoctH Ic(f) moryr
U3MEHHUTHCS CKaYKOOOPa3HO, TaK KaK OIPEASIISIOTCS yepe3 AuddepeHnal.

B mactosieii madopatopHoii paboTe HCCICAYIOTCS MEPEXOAHBIC MPO-
IIECCHI B ITOCJICIOBATEILHOM KOJICOATSIIBHOM KOHTYpe, cXeéMa KOTOpOTO ITo-

Ka3aHa Ha pUCYHKeE 2.

1(f)

|

PucyHok 2 - Cxema nocJie1oBaTeIbHOr0 K0Jae0aTeIbHOTO KOHTYpa
K memu B moment =0, mpu HyJeBBIX HadalbHBIX YCIOBHSIX
(Ug = 0, Iy = 0), noaxmouaercs ucrounuk DJIC.
B pe3ynbprare Ha BXOoz€ LieNU ACHUCTBYET CUTHAN B BUJAE CTYIEHYATOU
byHKIIIHN

u,(t) = E-1(t), rne 1(t) - enunnunas crynendaras GyHKIuUs,

10-{; (¢ (L)

C yderoM BBIOpaHHOTO HANpPAaBJICHHsS TOKa IENb, IOKA3aHHAs Ha
pucCyHKe 2, omwuchiBaeTcs Iu(PepeHInaIbHBIM ypPaBHEHHEM BTOPOTO

nopsiaKa:

2
LC% + RC% +uc(t) =E (1.2)

Ilepexomnblii  mpoLecC MOXKHO  aHAJIM3UPOBATH  PA3JIUYHBIMHU
METOJIaMH: KJIACCUYECKUM, ONEPaTOPHBIM U Apyrumu. Hanboliee mpocTeiM

M MOILIHBIM SIBJISICTCS OINEPATOPHBIM METOJ pacuera MEepEeXOIHbIX
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npoueccos. IIpu ero MCIoIb30BaHUM MIHOBEHHEIE 3Ha4€HHUs TOKOB (L) u
HanpspkeHnid U(L) 3aMEHSIOTCS MX OMEePaTOPHBIMH H300paKEHUSMH T10
Jamnacy I(p), U(p). Kommekcubie comporusienuss nenu Z(jw) wu
KoMIUtekcHass — nepenatounas  ¢ynknums  H(jw) 3amensiorcs  ux
onepaTopHbIMH BhIpaxkeHusmu Z (p) u H(p).YpaBHeHus 31€KTPUUECKOTO
paBHOBECHsI IICNHM 3alMCHIBAIOTCS B JaHHOM ClIy4ae B aireOpandecKou
dopme, a He B auddepeHIMaTbHON. PemaTh Takwe ypaBHEHUS
3HAYUTETHHO TIpoine, yeM auddepeHimaibabie. Y 100CTBO OMEpaTOPHOTO
METO/Ia 3aKIIFOYAETCS TAKXKE B TOM, UTO JIJISI BCEX BO3MOXKHBIX BO3JEHCTBUI
COCTaBJICHbI TAOJMIBI OPUTMHAIOB W H300pakeHuid. Ha pucynke 3
MOKa3aHa  oOIlepaTopHas  cXeMa  3aMCIICHHsS  IOCIeA0BaTEIbHOIO

K0JIeOATEILHOTO KOHTYpa.

— T

E A
T C) U,(p)

Pucynok 3 - OnepaTopHas cxema 3aMeIleHUs MOCIeA0BaATEIbHOTO

U, (p)

I(p)

KoJIe0aTeIbHOr0 KOHTYpa
Pewenue ypasaenus (1.2) B onepatopHoil popMe nMeeT BU/L:

- HamnpspKeHUE Ha eMKOCTH B oTiepaTopHO (opme:

1 E 1
Ucp) = 1) = e — (1.3)
- opurunain Uc(t) usobpaxenus Ug(p):
= di{t:] —] 1 pit —_ 'F'zt
u-(t) =1L = Eﬂi_ﬂ2 (p,e p,efzt), (1.4)

rae  p?+26p + wji = 0 - xapakTepHCTHYECKOE PaBHEHNUE LIETIH,

=_5+m|:

— 8 — ¢, ~ KODHU XapaKTEpUCTHUECKOTO ypABHEHHS, (1.5)
= —0—

6 — coOCTBEHHOE 3aTyXaHKE KOHTYypa, § = R/ 2L

wy = 1/VLC - pe3onancHas yacToTa Koye0aTeIbHOIO KOHTYA,
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W = ’ 8% — w} - yacToTa COGCTBEHHBIX 3aTYXAIOIMX KONeOAHMIT B

KOHTYpE.
N3 (1.5) BUIHO, UTO XapaKTep MEePEXOIHBIX MPOIIECCOB OMPEACISIETCS
3HAYCHUSIMH KOpPHEH Py U Pz, KOTOPBIE 3aBUCST OT COOTHOILIEHUS MEXY

2
napamerpamu 6% n @?2. Tockonbky 62 =R Kl‘-LLz’ a Wi = lfLC’ TO

XapakKTep KOpHeﬁ N COOTBCTCTBCHHO XapaKTCp IMCPCXOAHBIX ITPOLCCCOB

onpeaciricTCa COOTHOHMICHUCM - MCKAY R u XAPAKTCPHUCTHYICCKUM

L
COIIPOTHBIICHUEM KOJIEOATEILHOIO KOHTYpa f = J; :

Bce BO3MOKHBIE CTydad COOTHOIICHUN MEXIy mapaMmeTpaMu 6 u g
IpUBEJICHBI B Ta0iuLe 2.

Tabnuma 2. Bce BO3MOXKHBIE CITydan COOTHOIIEHHH MeXTy & 1 g

CooTHolIEHNE MEKITY 3HaueHus! KOpHEN XapaKTepUCTUYECKOTO
Rup YpaBHEHUS

[TockonbKky & > @wg, HMeeM IPOCTEHIE

AnepronuecKkuit pa3HbIC KOPHU
pEXKUM Pi1=—"0+w p;=—96—wg;
R>2p B BUJIE OTpPUIATEIIbHBIX

I[GIZCTBHTCHBHBIX qUCCII

[Tockonbky & = Wy, WMeeM KpaTHbIH

Kputnueckuii pe:xxum KOpPCHb
R=2p P1 =Dz =6,
B BUJIE OTPHULATEIILHOTO

JICUCTBUTEIBLHOTO YHCIIa

[Tockonbky & < @g, HMMeeM NPOCTEHIE

KBazunepunoanueckui KOpHU

pexnM P1=—0+joc, pz=—38—jaug;

R<2p B BHMIE  KOMIUIEKCHO-CONPSIKEHHBIX
qpCe
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PaccmoTpum  BO3MOKHBIE BHIBI NEPEXOIHBIX IPOLIECCOB B
[OCIEI0BATEIbHOM  KOJIEOaTeIbHOM  KOHTYpE,  COOTBETCTBYIOILIUE
Pa3IMYHBIM 3HAYCHHUSIM KOPHEW XapaKTEpUCTUYECKOTO YPAaBHEHHSL.

ATIepHOINYECKUI TTEPEXOTHBINA PEKUM
IloacTaBnsss 3Ha4YeHHUs Py U Pz A AllEpUOAMYECKOrO PEXHMaA B

(1.4), nonyyaem nociue npeoOpa3oBaHUM:
uc(t) = E+ 35— (pye?' — pye™) (L6)
W

W3 Belpakenus (1.6) ciemyer, yTo B anepUOJUYECKOM PEXKUME Ha-
NpsSOKEHUE Ha €MKOCTH MPEJICTaBIsieT COOOM Pa3HOCTh JBYX 3KCIIOHEHT
OTHOCHUTEIIBHO YPOBHsI, ompenenasiemoro 3HaueHueMm E. Pacmonokenue
KOpHEH Ha KOMIUIEKCHOM IUIOCKOCTH IOKa3aHO Ha pUCyHKe 4, a rpaduk

uc(t) mpuBenen Ha pucyHKe 5.

Pucynok 4 - PacnonoxeHue KOpHEM XapaKTepUCTHYECKOIO
YpaBHEHHSI Ha KOMIUIEKCHOM TIUIOCKOCTH MpPH  allepUOIMYECKOM

TIEPEXOIHOM TIPOIIECCE
u (t)

Pucynok 5 - I'paduk aneproguueckoro nepexoaHoro mnpoiecca
B IIOCJIEZIOBATEIHLHOM KOJIE0ATEIbHOM KOHTYpE

Kputnuecknii nepexoaHpiil pexuM

S



B cinyuae, ecim 6 = @wg, TO yacTora COOCTBEHHBIX 3aTyXarOIIUX

kosnebannii @ = 0,

B 3TOM ciyyae npu KpaTHBIX KOPHSIX H300paK€HUE HANPSHKEHUS MMe-

€T BHI:
E 1
ucP) = oo ss (1.7)
Opwurunan ot uzodOpaxenus (1.7) 3amuceiBaeTCs B BU
uc(t) = L;z (1— e % — §te=?) (1.8)

PacrnionosxeHnue 1moJirocoB Ay JaHHOI'O ClIy4das IIOKa3aHO Ha PUCYHKC

6, a rpaduK 1epexoaHoro mnpouecca ¢ () npuseneH Ha pUCYHKe 7.

hi
+ +
P=P, 0
Pucynok 6 - PacnonoxkeHne KOpHEH XapaKTEPUCTUYECKOIO

YPaBHEHHSI Ha KOMIUIEKCHOM IUIOCKOCTH MPU KPUTHYECKOM MNEPEXOTHOM

mporiecce

0
Pucynox 7 — I'paduik KpUTHYIECKOTO IEPEXOAHOTO MpoIiecca B

MOCJIEIOBATEIBLHOM KOJIE0ATEIbHOM KOHTYPE
[Ipy KpUTHUECKOM pEXHUME 3aBUCUMOCTb, IMPEJICTABIICHHAS Ha
pucynke 7, umeer Oojee KpyToil momabem. Kputuueckuili mepexoHbIi
NpOLECC HAXOAUTCS HAa TPAHULE MEXKIYy aNepuoOgUYECKUM U
KOJIeOaTEeIbHBIM MTPOIIECCAMH.

KBazunepuoanueckuii (kosie0aTeabHbIN) MEPEXOTHBIA PEKUM
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JIHst 9TOrOo cimy4yasi KOpHH XapaKTEPUCTUYECKOTO YpaBHEHHs OyIyT

KOMILUIEKCHO-CONIPSDKEHHBIMU:  Pq = —& + Jwc, P2 = —6 — Jw,

rpe wg = {dﬁ — 52 - YacTora COOCTBEHHBIX 3aTyXarImuux

KOJIeOaHUI KOHTYpA.
[Toncrapinsist Py u P2 B (1.3), monyyaem mociie npeoopa3zoBaHMii:
_ 5 .
uc(t) = E— Ee % (cosw t + —sin w i) (1.9)
g
PacronokeHne  KOpHEH  XapaKTepUCTHUECKOTO YpaBHCHHS  Ha

KOMIUIEKCHOW TIJIOCKOCTH TPEJCTaBICHO Ha pUCYHKE 8§, a rpadux

sapucumoctt U ) )oriecce B

KOHTYpE€ PUBEACH Ha Py 6y

Pk -0y

Pucynok 8 — PacnionosxeHne KOpHel XapaKkTepUCTUHYECKOTO
yYpaBHEHUs Ha

KOMILJIEKCHOM TIJIOCKOCTH MPH K0J1€0aTeTbHOM MEPEXOAHOM IpOoLiecce

Pucynox 9 — I'paduix konedbarenbHOro nepexoAHOro mnpoiecca B

IIOCJICA0BAaTCIIbHOM K0JIeOaTeILHOM KOHTYPC
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N3 pucynka 9 BHIHO, 4YTO €CIAM KOPHH XapaKTEPUCTUIECKOTO
ypaBHEHUs  SBJSIOTCS  KOMIUIEKCHO-CONPSDKEHHBIMH — YHCIIAMU U
pacroJIOKEeHbl B JIEBOM TONYIJIOCKOCTH, TO WX JCHCTBUTEIbHBIC YacTH
OyayT OTpHUIATEIbHBIMH, a B IIeMU OyIyT HAOMIOMATHCS 3aTyXaroIInue
kosnebanus. [Ipu 3ToM koddduIMeHT 3aTyxaHUs W 4acTOTa COOCTBEHHBIX
3aTyXalluX KoJlieOaHWil CBsi3aHBl C JOOPOTHOCTHIO KOJeOaTeIbHOTO

KOHTYpa CIEAYIOIIUM 00pa3oMm:

5= m':/zq (1.10)
we= |wi— 62=wg [1— 1/402 (1.11)

rne: Q = p/R.
YacroTte . COOTBCTCTBYCT IICPHOA CO6CTB€HHBIX 3aTyXaromnux

KoaeOaHuit
Te=2M/g, == —— (1.12)
wp 11— .":1@2
.\.I

®opmyna (1.12) cnpasemmusa a1a Q@ > 0,5, IIpu @ = 0,5 umeem
R =2 p, T.c. Buenu OyAeT KPUTHUECKUI TMEPEXOTHBIN PEIKUM.

C yBeianyeHHueM JOOPOTHOCTH BEJMYMHA mepuoia 1. YMEHBIIAECTC.
Ipu Q> 1, T.~2m/wy, T1.c. mepuoa COOCTBEHHBIX 3aTyXAFOLIMX
KOoJeOaHWil CTAaHOBUTCS PABHBIM TMEPUOAY KOJIeOAaHUN PE30HAHCHOM
JaCTOTEHI.

N3 pucynka 9 BuAHO, YTO aMmIUIMTyJa KosieOaHWil yOBIBaeT IO
SKCIIOHEHTE B COOTBETCTBHH CO 3HAUCHHEM MHOXHTENA € °f. TTocKOIbKy
SKCIIOHEHTA NPAKTHYECKH 3aTyXaeT NpH 3HaYeHuu BpeMeHnu 1, = 3/8, 1o

Bpems T,, GakTuuecku omnpenenseT BpeMs MEPEXOJHOTO Ipolecca. B3ss
T,
oTHoureHne n= "/ T > OIPENENIEM YHUCIO IEPUONOB 3aTyXarOIETO
c

KoJIeOanus 3a Bpemst I ,,.
JInst XapaKTepUCTUKU CKOPOCTH yMEHBIICHUsI KoJieOaHUil BBOAMTCS
MOHSATHE JIOTAPU(PMHUUECKOTO JCKPEMEHTa 3aTyXaHUs, OINPeaesieMOro

BBIPAXKEHUEM:
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A= u(t)  mwR mwh

u(t+Te) 2Lw. o, [1; _RZ
e 2L YRy

(1.13)

N3 (1.13) cmemyer, 4to axkTHBHOE compoTuBieHne R He Tombko
BJIMSIET HA CKOPOCTh YMEHBIIEHHS aMIUTUTYIbl KoJieOaHWM, HO M Ha
qacToTy @.. Yem Oombmie R, TeM MeHbIE 9acToTa @, W TeM OOJIbIIIE
epuo]] COOCTBEHHBIX Koaebanmii T .

Ilpu R=2p, wc=0, 1ec. mepexomHslii MpomecC B KOHTypE
npespartiaetcs B anepuoaudeckuii (T, = <o),

Ipu ymeHbiieHny BenmuunHbl R yactota @, yBenmuuBaeTcs, a mepuo/
T. ymensmaercs. B gactHoM ciydae, korma R =0, w. = wg, A= 0, u

KOJICOAHMST CTAaHOBSTCS HC3aTyXaromumMH.

2. 3apanue Ha 1a0OpPaTOPHYIO PadboTy

[lenbto nmaHHON JsabopaTopHOW paOOTHI SIBISETCS HCCIEI0BAHUE
MEPEXOAHBIX MPOLECCOB B AIEKTPUUECKUX ILEMSAX BTOPOro MOpsAKa MpH
BO3JIEWCTBUM HA HUX MOCJIEOBATEIBHOCTH MPSMOYTOJIBHBIX UMITYJIbCOB.

B kawectBe  wuccimeayemoil  menu — OyAeM  HCIOJNb30BaTh
MOCJIeI0OBaTEIbHBIN KosieOaTenbHbli KOHTYp. I[Ipu momaue Ha ero BXo[
[OCJIEOBATENBHOCTA NPSIMOYTOJIBHBIX HMITYJIbCOB B HEM BO3HHUKAIOT
NIEPEXOJHbIE IPOLIECCHI, KOTOPbIE MOXHO HAOMIOAATh € IMOMOLIBIO
ocumiutorpaga. Ilpy BO3ZHUKHOBEHMHM THEPEXOJHOrO IpoLecca TOK U
HamlpsOKEHUST Ha DJIEMEHTaX KOHTypa OyIyT MEHATbCA IO 3aKOHaM,
KOTOpbI€ OBLITM PACCMOTPEHBI BBILIE.

Peructpupyss mnepexogHble mpolecchl Ha ocuuuiorpade, MOXKHO
ONpENEIUTh MOMEHT BO3HMKHOBEHHUS JTOr0 IIpoOIecca, IPOBEPUTH
cOOJII0/IEHHE 3aKOHOB KOMMYTAllMW, OLEHUTHb XapakTep W MapaMeTpsl
MEPEXOJHOr0 MPOLECCA, OINPEAECIUTh BHU3YyAIbHO BIUSHUE AKTUBHOIO
CONpOTHBIICHNST KOHTypa R Ha xapakrep mnepexomnHoro mporecca. I1o
OCLIUJIOTPAMME  MOYKHO TaK)K€ pacCUMTaTh IIOCTOSSHHYKO BpPEMEHHM

I/ICCJ'IC,Z[yeMOI\/’I LHCTIN U ITPOAOJIKUTCIIbHOCTD IIEPEXOAHOTO ITponecca.
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JIns  ucclieloBaHUS  MEPEXOAHBIX  MPOILIECCOB  HUCMOJB3YETCs
JIBYXJy4eBOU ocuuiuiorpad, KOTOPbI MO3BOJSET BUJIETh HA KpaHE JBa
CUTHAJIa: TO/IaBaeMbIii Ha BXO/Jl IIEMH W TOJydaeMblid Ha €€ BbIxoje. Tak
KAaK OHHU PACIIOJAraroTCs Ha SKpaHe APYT MOJ APYroM, TO HArJISAHO BHIHO
KaK IeMb pearupyeT Ha Mojady HMIIyJbCa M Ha €ro OTKJIIOYEHHE, 0
KaKOMy 3aKOHY HM3MEHSETCS HaNpsKEHHWE Ha BBIXOAE IIEMU B TEPBBIA
MOMEHT BpPEMEHHU TMOcJie KOMMYyTaluud (B MOMEHT IOCTYIUICHUS
IPSIMOYTOJILHOTO UMITYJIbCA).

UccnenoBarbcsi OMKHBI BCE MPEIJIOKEHHBIE CXEMbl BKIIOUCHUS
MOCJIEIOBATEIBHOTO K0J1€0aTeTbHOTO KOHTYpPA, MPUBEJICHHBIC HA PUCYHKE

10.

3 2 C 4
Ry L
i3

Pucynoxk 10 — Cxembl uccieryeMbIx Ieneil BTOpOTO MopsiKa
B kaxnon wu3 npuBeneHHbIX Ha puCyHKe 10 cxeM JOJDKHBI
UCCJENOBATBCS  BCE  BO3MOJKHBIE  BUIBl  MEPEXOJHBIX  MPOLECCOB:
anepuoJANYECKUM, KPUTHYECKUM U  KoJsieOaTeNbHbI. OCHMLIOrpaMMbI
WM3MEHEHUS! HANpSOKEHUS Ha KOHKPETHOM JJIEMEHTE MEPEHOCATCS € 3KpaHa
ociiuiorpada Ha JIMCT KJIbKU WK OyMaru ¢ COOJIIOICHUEM PaCIOJIOKCHUS
JIpYr OTHOCUTENBLHO Apyra, Kak 3To HaOMoJaeTcs Ha 3KpaHe ociuuiorpada

(pucynok 11). Ilpu pacnosioxeHUn Ha PUCYHKE HECKOJIBKHUX OCUMIIIIOTPaMM
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HCCIICAYCMOI'O HAIIPSKCHUA OCHWIJIOTpaMMa  BXOJHOI'O CHIHaJIa BCCraa
pacmojiarac€Ttcsa B CaMOM BEPXY.
IIo pe3yijibTaTaM IIPOBCACHHBIX HCCH€HOB&HHﬁI

- IIPOBCPACTCA CO6J'IIOI[CHI/I€ 3dKOHOB KOMMYTAall B HHAYKTUBHOCTHU
n CMKOCTH,

- OIIpPCaACIBICTCA 3aKOH U3MCHCHM BBIXOJHOI'O CUTHAJIA,

- pacCUUTBIBACTCA IIOCTOsIHHAas BpCMCHU " JIUTCIIBHOCTD
MCPCXOIHOTIO ITpOoHIccCa B ICIIN,

- BHU3YyaJIbHO ONIPCACIACTCA MOMCHT OKOHYAaHHA IICPCXOAHOIO

PCXKHUMa U Ha4YaJla HOBOT'O YCTAHOBUBIICTOCA pCKHUMA.

U(t)
t
0 1 | |
UC (t) ! : :
I
I : |
: | : R >Ry
I : | t
! |
0 | |
UC (t) I |
I |
1 |
|
: R =Ry
: t
0 :
U (t) :
I
I
I
I R-=:ZZRKP
I
I
I t
0 | FAN

A

Pucynoxk 11 — Bo3MoxHbI€ BUIBI IEPEXOIHBIX POLECCOB B

IIOCJIC€A0BAaTCIIbHOM Koie0aTeIbHOM KOHTYPC
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3. DKcnepuMeHTAJIbHOE HCCJIeI0BaHMe TepPeXOAHbIX MPOLECCOB B IeNn

BTOPOT0 NMOPSI/AKA ¢ MOMOIIBIO JIA00PATOPHOIO CTEH/IA

3.1. IToaroroBka K MCCJAE0OBAHUIO NIEPEXOIHBIX MPOLECCOB

Jns SKCHEpPUMEHTAIbHOIO HCCIECIOBAHUSI MEPEXOJHBIX TMPOIECCOB €
MTOMOIIIBI0 YHUBEPCATHLHOTO JIA0OPATOPHOTO CTEHIa HEOOXOAMMO COOpaTh HA HEM
MIOOYEPETHO KAXKAYHD M3 PEKOMEHJIOBAaHHBIX CXEM  IOCJIEI0BATEIBHOTO
KojebarenpHOTO KOHTypa. Jlns mpumepa BeiOepeM cxemy KoJieOaTeIbLHOTO
KOHTYpa, B KOTOPO# HUCCIIEIYETCA U3MEHEHNUE HAIPSKEHHSI HA KOHAEHCATOpE MpHU
moJavye Ha BXOJ KOHTypa IOCJIEIOBATENIbHOCTH MPSIMOYTOJIBHBIX HWMITYJIbCOB.
JlaHHas cxeMma ILeNu C TMOJKIIOYEHHBIMU K HEW HM3MEpUTENbHBIMU HpuOOpaMu
MIpUBE/ICHA HA pUCYHKE 12.

B kadectBe mcrounumka JDJIC mpu ucclieIOBaHUM TEPEXOIAHBIX MPOIECCOB
WCIMOJIB3YETCSl TEHEpATOp  HHU3KO4acTOTHbIX curHanoB [3-112, a B kauecTBe
PEaKTUBHBIX JJIEMEHTOB IIEMU - DJJIEMEHTHI, pPa3MEUICHHBIE B JIA0OPATOPHOM
creHae. [ w3MepeHus AEUCTBYIOIIMX 3HAYEHUM BXOJHOTO M BBIXOAHOTO
HalpsOKeHU  MCMONB3YIOTCA  MWUIMBOJIBTMETPH  B3-38, a s cHaTusA
OCIIUJJIOTpaMM — YHUBEPCAJIbHBIN ABYXJIy4eBOU ociusuiorpad.

B xauecTBe akTUBHOTO COMPOTUBJICHUS UCTIOJIB3YETCSl HA0OP CONMPOTUBIICHUIM
CTeH/1a, THOO Mara3uH COMPOTHUBIICHUM.

Ocuwinorpad npu MOpoOBEACHUU MPEAbAYIIUX JAOOpPAaTOPHBIX pPadboOT He

MPUMEHSJICS, TIOATOMY PACCMOTPUM MOAPOOHO MOPSIIOK €T0 UCTIOIb30BaHUSI.

3.2. llopsigok MCMOIb30BAHUSA OCHUILJIOTPada

VYHuBepcaiabHbIi  ocimiuiorpad mpeaHasHadyeH IS HAOMIOACHUS U
uccnenoBanusi GOPMbI JIEKTPUUYECKUX CUTHAJIOB ITyTEM BU3YaJIbHOIO HAOIIOACHUS
Y U3MEPEHUS UX BPEMEHHBIX U aMIUTUTYIHBIX 3HAYEHHM.

Ocumnorpad obecrnieunBaert:
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- HabmomeHne (PopMbI CHUTHAIOB 00X MOJSIPHOCTEH IJIUTEIBHOCTHIO OT
ImMkc 1o 16¢ npu makcumanbHOM 3HaueHuu oT 1 MB 1o 300B;

- HaOJI0JIeHNE MEPUOIUYECKUX CUTHAIOB B uana3one yactoT ot 0.1 I'y go 1
MI'L;

- U3MEpEHUE 3HAYECHUW MTHOBEHHBIX M aMIUIUTYAHBIX 3HAYEHUH CHUTHAJIOB
ot 2 MB 10 300B;

- U3MEpPEHNE BPEMEHHBIX MHTEPBAJIOB B Mpeaenax oT 2MKc 10 16c.

Ha nuueBoil manenu ocuuuiorpada pacrojioKEeHbl CIEIYIONIUE OpTraHbl
yIpaBJICHHUS:

- TymOuiep «CeTby» i BKIIOYEHHS U BBIKIIOYEHUS ocIriorpada;

- pyuka «®Dokyc» sl (HOKYCHPOBKU JIyda IJIEKTPOHHOIYUYEBOM TpyOKHU
(3JIT);

- pyuka «SpKocTh» a1 u3MeHeHus spkocth jiyda DJIT;

- pyuka «llIxana» ais peryJupoBKH OCBEIIEHHOCTH HIKaJIbl ociusiorpada.

Ha nuueBoit manenu ocuusuiorpada pacrnoiararorcs ABa 0J0Ka yCUIUTENEH,
OJIOKU pa3BepTKH U CUHXPOHU3AIUH.

Ha Bxoa kaxmoro OJOKa YCHJICHHMS TOJA€TCsl OJWUH M3 MCCIEAYEeMbIX
curHasioB. C TMOMOIIBIO PYYEK YIpaBIEHUs, HAXOASAIIMXCA Ha TMaHenu OJoKa,
MPOU3BOJIUTCS:

- YCWICHHE TOJIbKO TIEPEMEHHOW WM TNEPEMEHHOW W MOCTOSHHOU
COCTaBJIISIIOIIEH BXOJHOTO CUTHAJIa BMECTE;

- peryiupyercs B 3HAYUTEIbHBIX IMpeJefiaX YYBCTBUTEIBHOCTh CaMOTO
YCUJITUTETS;

- OCYLIECTBIISIETCSI MEPEMEIICHUE IO BEPTUKAIU W TFOPU30HTAIM HA SKpPAHE
OJIT nogaBaeMoro Ha BXOJ yCUJIUTEN CUTHATA;

- MPOM3BOJUTCS OATAHCUPOBKA CAMOTO YCUIJIMTEIIA.

biiok pa3BepTKu perynupyeT MJIUTEIbHOCTh Pa3BEPTKH CUTHAJIA Ha JKpaHe
OJIT, T.e. u3MeHseT MaciTad U300pa>keHus 10 OcH abCITuCC.

brox cuHXpoOHM3AIMU C TOMOIIBI0 pydek «CTaOMIBHOCTE»Y U «YPOBEHbBY
MO3BOJISIET YCTAHOBUTH HETIOJIB)KHOE M300paK€HWE BXOJHOTO CUTHAJIa Ha dKpaHe

octuiorpada.
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[lepexmouarens BUAa CHHXPOHU3ALUMU MPH TPOBEACHUM J1aOOPATOPHBIX
paboT ycTaHaBIMBAETCS B MOJIOKEHUE - « BHYTpEeHHSISI».

Jlia mosydeHust U300pakeHUsl CUTHAJIa Ha dKpaHe ocuuiuiorpada nepes ero
BKJIIFOYEHHUEM HEOOXOJUMO YCTAaHOBUTh PYYKH YIPABICHUS B CIEAYIOIINE
IIOJIOKEHUS:

- «SIpkocty, «Dokyc», «banaHCcHpOBKa» M PEryJIMPOBKA IMOJIOKEHUA JIydya
110 TOPU30OHTAIIA U BEPTUKAIIU B CPETHHE MMOJIOKEHHUS;

- IIepeKJIIoYarTes]b IOJaud Ha BXOJ BXOJHOIO CHUTHAJIA B IIOJIOKEHUE
COBMECTHOIO IPOIyCKa Ha BXOJ IOCTOSSHHOM M NEPEMEHHOM COCTaBIIAIOIIECH
CUTHAJIA;

- «CTabMIIBHOCTB» B KpaiiHee MpaBoe;

- «YpOBEHb» B CpEIIHEE.

Hanee HeoOXoaMMO BKIHOUYUTH TymOnep «CeTb», NMpPU 3TOM 3aropaercs
CUTHAJIbHAs JlaMriouka. Yepe3 3-5 MUHYT Ha 3KpaHe ocuusuiorpada mosBiseTcs
JUHUS Pa3BepTKM — TOPU3OHTAIbHAS JIMHMS Ha OJKpaHe ocuuuiorpada.
HeoOxoaumo oTperynupoBarhb €€ ipKoCcTh, OKYCHPOBKY U MOJIOKEHUE HAa IKPaHE
C MOMOUIBIO COOTBETCTBYIOIIMX pyuek. [locne 3Toro Ha BXoJ COOTBETCTBYIOIIETO
YCWINTENS TMOJAETCS MCCIENYyEeMbI CUTHAJI. AMIUINTyAa CUTHaJIa Ha SKpaHe
ocuwiorpadga peryiupyercsi ¢ MOMOUIbI0 PYYEK, HaXOMSAIIMXCS Ha MaHEIH
yeunurens. M300paxkeHne curaana J0JKHO 3aHUMAaTh Y4 JKpaHa.

Janee ¢ momoIpo pyyek ynpaiaeHHus Ojoka «Pa3BepTka» HykHO JOOUTHCS
TaKOW JITUTENBbHOCTU Pa3BEPTKHU, YTOOBI Ha HKpaHe HaOmroAanock 2 — 4 nepuojna
UCCJIEAYEMOTO CUTHAJIA.

HenoaBuxHOCTh M300pakKeHUs] CUTHAJIA HA JKpaHE HYXKHO JOOUTHCA C
NOMOIIBI0 pydek Osoka «CuHxpoHuzanus»: « CTaOMIbHOCTE) U «YpoBeHbY. s
JOCTHKEHHUS] YCTOMUMBOIO HM300paK€HUs HEOOXOAMMO TMOBEPHYTh PYUKY
«CTaOMIBHOCTB» BJIEBO /10 MOMEHTAa HMCUE3HOBEHHUS H300paKEeHHs Ha JKpaHe
ocuuiorpaga. 3aTeM HYKHO MOBEPHYTh PYUKY «YPOBEHb» JI0 MOJIOKEHUS, MIPU

KOTOPOM U300PaKEHHUE CUTHAJIA CTAHOBHUTCS YCTONYHUBBIM.
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I/ISMepeHI/Ie BPpCMCHHBIX HMWHTCPBAJIOB U 3HAQUCHUN BEJMYUHBI CHUTHAaja
OCYHICCTBIIACTCA C IMOMOIIBIO PYUCK, HAXOAAIIMUXCA HA IMAaHCIHU YCHHHTGHGIZ, u

IIKaJIbl, HAHECEHHOM Ha 3KpaH ocuusuiorpada.

3.3. JkcnepuMeHTAJbHOE HCCIEeJ0BAHNE NEPEXOIHbIX NPOLECCOB

3HaYeHUs MapaMeTPOB PJIEMEHTOB CXEMbI 33Jal0TCS IIPETI01aBATEIIEM.

B xauectBe npumepa BHIOEPEM CIIEIYIONINE 3HAUYCHUSI JIEMEHTOB IICTIHU:

- BeTMYMHA UHAYKTUBHOCTH L =19 MI'H,

- BeimuunHa éMkoctr C = 57,4 ud.

ITo 3aJIaHHBIM napaMeTpam e HE00XO0IMMO paccuuTaTh
XapaKTEPUCTUUECKOE CONMPOTUBIICHUE KOHTypa p, KPUTHYECKOE COMPOTUBIICHUE

R;,, n 106poTHOCTH KOHTYPA 110 hopmynam:

L
p=J;, R,, = 2p, Q=§.

Hist konebatenbHoro pexuma (npu R =0.1Rj,) BHIMMCIHTH ¢ NOMOLIbIO

BbIPAKeHM:

[1 RZ .
w, = Ic az ~ |acrora COOCTBEHHBIX 3aTyXaKIIMX KoJeOaHuH

HCCJIEeaYEMOI'0 KOHTYpa,
2w

T¢=— - nepuoa coOOCTBEHHBIX 3aTyXaIOIIUX KOJEOAHHIT MCCIIeyeMOoro
e
KOHTYpa,
mR <
=0 - JorapupMudecKuii JeKpeMeHT 3aTyXaHus,
|—_ =
Z A LC 412

A .
6= - KO3(p(pHuMEHT 3aTyXaHUA COOCTBEHHBIX KOJIe0aHUIl KOHTYpA.
c

Pacuernl MmapamMeTpoB MEPEXOAHOIO0 Mpouecca NMpUuBEICHbI HUKE:

p=\F= /&= 103 - [£=0,5?5- 10 = 575 Om.
C 57,4102 57.4

R, =2 p=2-575= 1150 Om.

_p _ 575 _
Q_R 115

Jas konedareabnoro pexkuma R =0,1-R,, = 0,1-1150 = 115 Om.
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. — 1 Rz 1 - 1152 B
© T AJLC 412 19-10~3.57,410~% 4.(19.1073)2

J917 -10°— 9,16 - 10° = 30 - 10322

2r 6,28
Tc=—= = 209, 4 MKc,
w.  30-103
nR 3,14-115
A= = = 0,315,
2Lew,  219-1073.30-103
A 0.315
] =——=1,5-103,

T T, 2094106

Pe3yjbTaThl pacueToB 3aHecTH B Tadauiy 3.

Jis  mpoBemeHWs ~— WCCICNOBAaHUS  TIEPEXOJHBIX  TPOIECCOB B
MOCJICTIOBATEIFHOM  KOJICOATETPHOM KOHTYPE C TIOMOIIBI0 YHHUBEPCAILHOTO
7a00paTOpPHOTO  CTEHJA  HEOOXOJMMO  cOoOpaThb  CXeMy  HMCCIEIOBaHMS,
MOKAa3bIBAIOIIYIO MOPSAOK MOJKIIOUEHUS K KoJieOaTeIbHOMY KOHTYpPY reHepaTopa
MPSMOYTOJIEHBIX HMITYJILCOB, OCIIIIIIOrpada U MIJUTUBOJIBTMETPA (PUCYHOK 12):

[Ipu cOopke cxembl UCCIEIOBAaHUSI CUTHAN C BBIXOJ|a FeHepaTropa MoJaeTcs
Ha BXOJ KOJICOATEIHHOTO KOHTYpa U TapaUieIbHO Ha BXOJ[ MEPBOTO KaHAIa
ociuiorpadga, € TOMOIIBIO KOTOPOTO Ha HKpaHe ocuwuiorpadga Oyner
pa3BopayMBaThbcad BXOJHOW curHai. [Ipu coequHeHHUH 3JE€MEHTOB CXEMbl HYKHO
CTPOTO COOJIFOaTh MPABWJIBHOCTh COCAMHCHHS MOTCHIIMAIBHBIX M 3a3¢MJICHHBIX

y3II0B.

Qcudnnorpac
R I —& | KaHan

Tey * :I—’WT* Il kaHan
HY &

Pucynok 12 - Cxema ucciegoBanus epexoIHbIX MTPOLECCOB B
MOCJIEIOBATEIILHOM KO0JIeOATEThbHOM KOHTYPE
Brixog konebaTenbHOro KOHTYypa  COCAMHSIETCS C BXOJOM BTOPOTO
KaHaja ocuwuiorpada, ¢ MOMOIIBI KOTOPOro Ha SKpaHe ocHuwuiorpada

OyJZeT pa3BOpauYMBATHCS BBIXOHOW CUTHAIL.
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[IpaBUIBHOCTh COEIMHEHHMS 3JIEMEHTOB HCCIEAYEMOW CXEMbl JIOJHKEH
POBEPUTH MpenojaBaresb, BeAylUIMi JaboparopHoe 3aHsATHe. Ecnu cxema
coOpaHa MPaBUIILHO, TO HEOOXOAMMO BKIIIOUHUTH MUTAaHUWE BCEX MPUOOPOB:
reHepaTopa, MWILIHBOJIbTMETpa M ociuiorpada. Ha Bwixome renepaTtopa
HY’)KHO YCTAHOBUTb C TOMONIBIO HAXOJSIIEroCs Ha IaHeld TeHepaTopa
TymOJepa, U3MEHsAmEro (opMy TEHEPUPYEeMOrOo CHUTHAlla, PEXUM
TEHEpalMi  MPAMOYTOJbHBIX  UMIyJIbcoB.  Jlamee ¢ MOMOINIbIO
COOTBETCTBYIOIIUX PYYEK, HAXOAIIMXCS Ha MaHEJIW reHepaTopa, Ha BhIXOE
reHepaTopa YCTAHABIMBACTCSA HAIpsDKEHHWE, paBHoe SB, w®  yacrora
Hanpsokenus, paBHas 500 I'm.

[Tocne mogaum HaNpsKEHHS HAa BXOJ CXEMbI U MOJKIIOYEHHUS BBIXOAA
KOHTypa K ycwmnTeno YC2 HYXKHO C MOMOIIbIO pydeKk ocuuwiorpada:
«Bonbt/nen», «Bpemsa/nen», «CtaOUIBbHOCTBY U «YPOBEHBY» TOOUTHCS
YCTOMYMBOIO M300paKeHHsSI Ha 3KpaHe ocuuuiorpada mocienoBaTeaIbHOCTH
NPsIMOYTOJIBHBIX MMITYJIbCOB Ha MEPBOM KaHajle ocuuiuiorpada u moiayyuThb
YCTOMYMBOE H300paKEHHE HAIpPsDKEHHUS C BBIXOAA HCCIEIyeMON Lenu
(HampsKEeHUs Ha KOHAEHCATOPE) Ha BTOPOM KaHajie ociuiuiorpada.

YcranaBnuBas MOOYEpPEAHO 3HAUEHHUS AKTHUBHOTO CONpPOTUBIEHUS R,

paBHBIE: ZR,{?,, R@, 0.1Rk?,, NMOJIYYHTh HA BbIXOJE WENH sl KAKI0ro

3HAYEHHUs] COMPOTHUBJEHHUA R ocum/uIOrpaMMbl HANPSAKEHUsT HaA
KOHJEHCATOpe TMNpPM  MoJa4Ye HA  BXOJ  MOCJeA0BATEIbHOCTH
NPSAMOYTOJIbHBIX MMIIYJILCOB. IlepenectTu B oTYeT C DKpaHa
ociuuiorpaga COBMECTHO rpadUKd HM3MEHEHUN BXOJHOTO M BBIXOJHOTO
HanpsbkeHnt ucciaenyemot RLC - menu jig KakKJI0ro M3 TPeX 3HAYCHUM
conpotusieHus R. [{ns paccmarpuBaemoro npumMepa rpaduku NpyuBeaCHbI Ha

pucyHke 13.
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Ugx (0.B

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

Upux (DB

Usux (B

t,MC

Pucynok 13 — I'paduku n3MeHeHUs HANPsHKEHUS Ha KOHIEHCATOPE

HCCIIENYEMOM LIETTN

Jus  xonebarenbroro pexxuma (mpu R =0.1R,) mo ocummiorpamme

BBIXOJJHOTO CHUTHaJla M3MEpPUTh M pacCcUUTaTh TE€ K€ NapaMeTpbl, KOTOpbIE
paccyuTaHbl TEOPETUYECKH.

CHayasia u3MEpUM JJIUTEIBHOCTh HECKOJBKUX MEPUOAOB COOCTBEHHBIX
3aryxatouux koneOanuii At. J[ns mMOBBIIEHHS TOYHOCTH HW3MEPEHU Oepem
MakcuMaibHOE uHcio mnepuonoB. Ha rpaduke (pucyHok 13) IIUTENBHOCTH
yeThIpeX mnepuosioB paBHa At = 0,825 mc. Bpramcnmm mepuoa cOOCTBEHHBIX

KOJICOAHUIT

An—3
Te == =222~ 0,206 - 10 ¢ = 206wmxe,

rae N — gucio nepuojioB.
ITo HalileHHOMY TIE€pUOY BBIUUCIMM YaCTOTY COOCTBEHHBIX KOJIeOaHUM
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_2m 628

— ; 3
¢ = 1. = 0206105 = 30,5-10°pan/c.

Brraucnum jgorapudMudecKkuii TEKPEeMEHT 3aTyXaHUs, UCTIOJIb3YS BhIPAKCHUE
(1.13). lms 3TOTO MO OCIMILIOTPAaMME BBIXOJHOTO CHTHAJIa U3MEPUM COCEIHHE
MakcUMyMbl BbixoaHoro curtana Ul u U2. Ha rpaduke (pucynok 13) Ul = 6,2
B, U2=44B.

U1 6.2

A=In—=1In
iy 4.4

= In1,409 = 0,343,

Boruucinum ko3dduiMeHT 3aTyXaHus COOCTBEHHBIX KOJIEOaHUN KOHTypa IO

dbopmyie
A 0.343
§=—=—"—"—=1,665-10%
Tc 0206103
Pesynprathl mapamMeTpoB,  IMOJIYYCHHBIE C ITOMOIIBIO YHHUBEPCAIBHOTO

71a00paTOPHOTO CTEH/1a, 3aHOCATCA B TaOIUITY 3 .

3.4 OdopmiieHne pe3yIbTaTOB UCCICIOBAHUS

Pe3ynpTaThl HcCclieOBaHUA 10 JAaHHOW 4YacTH J1abOpaTopHOW padoThI,
KOTOpbIE€ TIOJHOCTBIO BOWIYT B OTYET MO JabopaTopHO paboTe, JOJKHBI
COJIEpKaTh:

- TPUHIWIHAIBHYIO CXEMY TMPOBEICHUS OJKCIEPHUMEHTa W HM3MEPCHHS
HEO0OXOIMMBIX XapaKTePUCTUK (PUCYHOK 12),

- pesyJbTaThl pacyeTa rapamMmeTpoB KouTypa: P, Ry, (tabmuua 3),

- pe3ynbTaThl pacdera W SKCIEPUMEHTAIBLHOTO ONpEICICHUS IapamMeTpOB
K0J1e6aTeILHOTO MEPEXOIHOTO TIporiecca: @., 6 , A (Tabmuma 3),

- COBMENICHHBIE OCIIMJUIOIPAMMbI BXOJHOTO M BBIXOJHOTO CHTHAJIOB
HCCIIEIOBAHHBIX MIEPEXOIHBIX MPOIECCOB (PUCYHOK 13),

- BBIBOJIBI O PE3yJibTaTax IMPOBCIACHHBIX I/ICCJ'IeI[OBaHI/II\/JL
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Tabnuna 3. [lapameTpsl KOHTYpa U KOJI€0ATEIBHOTO EPEXOTHOTO

Imponecca B HEM

[TapameTpsl nepexoAHOTO KoJae0aTeTpHOro Iporecca
R=0.1R.,,=1150
[TapameTpsr A ke M
BXOJTHOTO [TapameTpsl KOHTYpa pacCIUTaHHBIC
CUTHAIA paccurTaHHbIC IKCIEPUMEHTAIHHO
TEOPETUYECKHU (c momo1pI0
71a00paTOPHOTO CTEH/IA)
w,.=30-10%pag/c w_, = 30,5 pan/c
U=5B _
L=19uln Te = 209 4ae Tc = 206mxe
C=574u0
= - 3 — - 3
p =575 0Om 6d=1,5-10 6=1,665-10
Ry, = 1150 Om
f=500I"
Q=5 A =0,315 A =0,343
4. Odopmwmiienne Bcex pe3yabTAaTOB 0TYETA
[TapameTpsl IepexogHOTO
KOJIe0aTeIbHOTO MpoIiecca s
I1 R=0.1R,, =115 Om
ApaMeTprl [TapameTpsl kp
BXOJTHOTO MOJTy4YEHHBIE
KOHTypa
CUTHana paccuuTaHHbIE 9KCHEPUMEHTAIBHO
TEOPETUYECKU (c moMo1bI0
71a60paTOPHOTO CTEHIA)
w_ =30-103 w_, =30,28-103
L=19mln an/c an/c
U=2B C=57.4 10 = =
o+ H T,: =0.2 MKC T,: = 0,2075 MKC
p=15750m
Rip =11500m | 5 —1 5.103 & =1,665-10°
f=500I"11 Q=5
A =0,315 A =0,343
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5. KoHTpo/IbHBIE BOIIPOCHI
Kakue nporieccbl ObIBAIOT B 3JIEKTPUUYECKUX TETSX ?
OOBsicHuTE GU3HUSCKHUI CMBICIT TIEPEXOTHBIX MPOIIECCOB.
B kakux 3JIeKTpUUYECKHUX LETMSIX BOSHUKAIOT MEPEXO0IHBIE MPOIECChI?
VY cnoBHs BO3HUKHOBEHMS MIEPEXOTHOTO MpoIiecca.
Yto Takoe KOMMYyTaIus?

3aKOHBI KOMMYTalluu.

N o g bk WD

[losicHuTe MOHATUSA MEPEXOJHOr0, CBOOOJHOrO, YCTAaHOBUBIIEIOCS U
IPUHYKJIEHHOTO PEXUMOB.

8. [louemy B wemAX, HE COJEPXKAIIMX PEAKTUBHBIX JJIEMEHTOB, HE
BO3ZHHKAIOT MIEPEXOHBIE MPOLECCHI?

Q. UYT0 Takoe HayajabHBIE YCIOBUS AIEKTPUUECKON LIETIH, UCIIOIb3YEMBIE TIPH
pacuere nepexoqHbIX IPOLECCOB?

10. YeMm OTIMYAIOTCS 3aBUCHMbIE HAYaJIbHBIE YCJIOBHUS OT HE3aBUCHUMBIX
HaYyaJIbHBIX YCIOBUI?

11. 3anuimure U 00BbsCHUTE (POPMYJIbI, CBSA3BIBAIOIINE MTHOBEHHBIE 3HAYEHUS

TOKa W HAIIPAXKCHUA TJI1 MHAYKTHBHOCTH, CMKOCTH, COIIPOTHUBIICHUA.

12, [lenb Ha3BIBAETCS KOJEOATEIBLHBIM KOHTYPOM?

13. Kakue ObIBatoT Koe0aTeabHble KOHTYPBI?

14, Hapucyiite cxembl kojie0aTeIbHbIX KOHTYPOB?

15. B 4em 3akirouaercs pacyer nepexoHoro mpoiecca?

16. Kakwue cymnecTByoT METO/IbI pacyeTa MepexoIHOro mpoiecca?

17. Uto nosrydaeTcsi B pe3yJibTaTe pacuera nepexogHoro mpoiecca’?

18. B deMm oTiauumMe KJIaCCMYECKOro METOJa pacuera MepexoHOro IMpoiecca

OT OMepaTOPHOTO?
19. B yeM A0CTOMHCTBA KJIACCHMYECKOTO W OMEPATOPHOTO METOJOB pacyeTa

MEPEXOIHBIX TIPOLIECCOB?

20. Kak cocraBisieTcst orepaTopHasl cXemMa 3aMeIEeHNs 3JIEKTPUIECKOM Lenu?
21. YT0 Takoe NopsIOK JIEKTPUIECKON LEnH?
22, Uem oTamyaeTcs Lenb NEPBOro MopsAaKa OT LENH BTOPOro nopsaka?
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23. Kak nosryduth XapakTepUCTHUYECKOE YPaBHEHUE AIEKTPUUECKON Liern?
24, JUis 4ero MCHOJB3YIOTCS KOPHU XapaKTEPUCTUYECKOTO CONPOTHUBIICHUS
AJIEKTPUYECKON Lenu?

25. Kakue BubI IEpeX0IHBIX MPOLIECCOB OBIBAIOT B 3JEKTPUUECKUX LIETISX?
26. Kakne mapameTpbl 5SJIEKTPpUYECKOW LENU BIMSAIOT HA  XapakTep

Hepex0THOTO Mporiecca B Heil?

217, JlaiiTe onpesenenne eAMHUYHON CTYNIeHYaToON (QyHKIUH.
28. JlaiiTe ornpeaeneHue nociea0BaTeIbHOCTH MPSIMOYTOJIBHBIX UMITYJIBCOB.
29. OCHOBHBIE TIapaMeTphl, KOTOPHIE XapaKTEPU3YIOT IOCIEI0BATEILHOCTD

MPSIMOYTOJIbHBIX UMITYJILCOB?

30. Uto Takoe pexkuM CBOOOTHBIX KOJIeOaHUH?

31. YTo Takoe NEKPEMEHT 3aTyXaHUs?

32. Kak onpenensieTcst yactota CBOOOHBIX KOJIEOAHMIT?

33. Kak Bimser akTUBHOE CONPOTHBICHHE Ha IEPUOJ CBOOOTHBIX
KOJICOaHM1?

34. Kakoii mepexomHblii TMpolecc MNPOUCXOJUT B  IOCJIEIOBATEILHOM

K0JIe0AaTeIbHOM KOHTYpPE NpPH BO3JECWCTBHMM HA HEro CTYNEHYaTol (QyHKIMH U
IPSIMOYTOJIBHOT'O UMITyJIbCa?

35. OOBbsicHUTE 3aBUCHMOCTh XapakKTepa MEepeXOAHbIX KoJieOaHUW OT
PACIIOJIOKEHUSI KOPHEM XapaKTepUCTUYECKOIO0 YpPABHEHHS HA KOMIUIEKCHOMN

IINTOCKOCTH.
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