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1. OBIIME PEKOMEHIAIIUUA 11O OCYIIECTBJIEHHUIO

JIABOPATOPHOI'O OKCIIEPUMEHTA

[Ipu mpoBeaeHun 1a00OPATOPHBIX PAOOT UCHOIB3YETCS MOHOOJIOK « DIEKTPUUECKUE
LEIMU U OCHOBBI AJIEKTPOHUKIY U KOMIUIEKT MUHUMO/YJICH.

1.1. KomMmjiekT MUHUMOIYJIei

JlaGopaTopHble MHUHMMOAYJM TIO3BOJISIOT HaOpaTh

QJICKTPUICCKUC

poBeJIeHUs 1a00PATOPHBIX padOT MO AESKTPUUECCKUM IIETSIM U DJIEKTPOHHUKE.

CXEMbI JJIA

Ne | HaumenoBanue OneMeHT KOJI-BO, IIT.
1. | JInox BIIPSIMUTEIHHBIN 1N4007 2
2. | Huox loTTkm IN5819 1
3. | CrabuwiuTpoH KCI147A 1
4. | JIByXaHOJHBII cTaOUIUTPOH KC162A 1
5. | Ceeroaunon L5013+KCI133A 1
6. | CamoBOCCTaHABJIMBAIOIIUNCS MTPEAOXPAHUTEID RXEO005 1
7. | Pesucropsr C2-33, momtHoCcTh He MeHee 1 Bt 1 Om 3
8. 10 Om 1
9. 22 Om 1
10. 47 Om 1
11. 68 Om 1
12. 82 Om 1
13. 100 Om 1
14. 120 Om 1
15. 150 Om 3
16. 330 Om 1
17. 680 Om 1
18. 1 kOm 1
19. 1,5 kOm 1
20. 10 kxOm 3
21. 200 kOm 1
22. | Pe3uctop nepekiiouaeMbpli 10...470 kOm 1
23. | lloTeHIIOMETPHI III1b-2A-150 OMm 1
24, III1B-2A-2,2 kOm/1,5 kOMm 1
25. ITI16-2A-10 kOm 1
26. | Konpencaropsl NP-22mMk®dx35B 1
27. NP-220mx®x25B 1
28. 0,1 Mmx®dD 1
29. 1 Mx® 1
30. 10 ad 1
31. | KonzaeHcarop nepekiirouaeMbli 0...70 mx® 1
32. | Mukpocxema K140Y 1608 1
33. | Tpansucrop n-p-n BC639 1
34. | Tpanzucrop noaesoit MOSFET c kananom n-tumna BS170 1
35. | Tupucrop C106M1 1
36. | JImomgHbIi MOCT RS407 1
37. | Jlornueckasi MUKpocXeMa 4011B 2
38. | Hdpoccenb 200 mI'a 1
39. | Karymika 20 mI'H 6e3 3a30pa 1
40. | Tpancdopmarop 12,6B/6,3B 12,6/6,3B 1
41. | HenuHelHbI 37€eMeHT BXZ55c¢3v6+BXZ55¢c6v8 1
42. | Tymbanep MTI1-1 3
43, | JlamMma HaKaJIWBaHUS Al12 - 1.2 W2*4,6d 1




1.2. Onucanue MOHO00JIOKA
OO6muit BUJI MOHOOJIOKA «DJEKTPUYECKUE TIIENMM W OCHOBBI  DJICKTPOHMKU»
npeAcTaBieH Ha puc. 1.
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NCTOYHUK MUTAHNA

Puc. 1. O6uuit B 1a60paTtopHOrO MOHOOJIOKA

Jns mojayu HanpsDKEHUs NMUTAaHUS Ha MOHOOJIOK, B BEpXHEW TOPILIEBOM yacTu
Koprnyca pacnojioxeH pazbem CHII ans BBojga B mabopaTOpHBINM CTEHI OJHO(A3HOIO
Harnpspkenust 220 B, TymOnep BkiIrOuYeHUs NMHUTaHUS W Tpegoxpanurtenb Ha 1 A. B
HEKOTOPBIX HCIIOTHEHUSX YCTAHABIMBAETCS JIOMOJHUTEIBHBIN (IyOIupyOMMii) pazbeM
CHII na 3aiHe# 4acTu KOxyXa.

MoHOOI0K BKJIIOYAET B ce0si cieayromnue (QyHKIIMOHAIbHBIE OJOKH: MCTOYHHK
nuTaHusl, PyHKIHOHAIBHBIN FreHepaTop, U3MEPUTEIh MOLUTHOCTH, HAOOPHOE TOJIE.

JUis n3MepeHHs TOKOB B 3JIEKTPUYECKUMX M 3JIEKTPOHHBIX LEMSIX Ha JIMLEBOU
MAHEJIN YCTaHOBJIEHBI U3MEPUTENIbHBIE TPHUOOPBL:

a) PV1 - crtpenounblii BOApTMETp NOCTOSHHOro Toka M42300 c mpenenom
n3mepeHuu 15 B,

0) PV2 - crpenounslii BonbTMETp nepemerHoro Toka tuna 142300 ¢ npeaenom
n3Mepenu 2...15 B,

B) PA1...PA4 - yerbipe 1nudpoBBIX ammepMmerpa IMOCTOSHHOTO/TIEPEMEHHOTO
TOKa C aBTOMaTU4YECKUM BbIOOpOM mpesena usmepenuit 400 mA/2,00 A.

PexxuM u3MepeHUsi TMOCTOSHHOTO/TIEPEMEHHOTO TOKa TMEpeKIovaeTcs  JUis
amriepmetrpoB PA1, PA2 — tym6nepowm cnera, s amnepmerpoB PA3, PA4 — tymGiepom
crpasa.

[Ipy wu3MepeHuH MOCTOSIHHOIO TOKAa IIOJOKUTEIBHOMY HAaNpPABJICHHUIO TOKa
COOTBETCTBYET MPOTEKAHUE OT JKEJITOM KJIEMMbI K YEPHOU, IPU U3MEPEHUH NTOCTOSIHHOIO
HaIIPSKEHUS — OT KPACHOM KJIEMMBI K YEPHOM.

AMIiepMeTphl BKIOYAIOTCA IPU BKIIFOYEHUH UCTOYHHMKA nUuTaHus (SA3).
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HNcCTOYHUK TUTAHUSA

HNcToyHUMK nWTaHus NOpeAHa3HAdYeH Ui [oJadd ¢
[OMOIIBIO  COEJUHUTENBHBIX  IPOBOJOB  HHU3KOBOJBTHBIX
MOCTOSTHHBIX HampspkeHud 15 B, u TpexdasHoro mepemeHHOT0o
HanpspkeHus ~9 B Ha HabopHoe noe.

Buemnuii Buja nuiieBoil maHenu OJioka MpeACTaBiIeH Ha
puc. 2. Ha nuueBoi maHenau yCTaHOBJIEHBI BBIKIOYATENb SA3 U
THE3/1a [ MOJAa4Yu MOCTOSTHHOIO M MEPEMEHHOI0 HANpPSHKEHUN
Ha HaOOpHOE ToJIe.

HNCcTOYHUK NUTaHUS COIEPKUT BCTPOEHHYIO 3aLIUTy OT
EPErpy30K U KOPOTKHUX 3aMbIKaHHI (Ha
CaMOBOCCTAHABJIMBAIOIIMXCS MPEIOXPAHUTENSX) U CBETOBYIO
MH/IMKAIMI0 HOPMAJIbHOTO peXuma paboThl 3€JIEHOTO 1IBETA.

XapakTepUCTUKH UCTOYHHKOB MOCTOSIHHOT'O U
NEPEeMEHHOTO HANpsDKEHUs TMpUBEACHBI B Tabmumax 1 u 2
COOTBETCTBEHHO.

| MCTOYHVIK MUTAHWS [

+15B

Tabmuma 1 .,.@&@C
:UBLIX3 B :IBBIX7 A
+15 0-0,3 @ N
-15 0-0,3
Tabmuma 2 Puc. 2. UcTOYHUK ITUTAHUS
~U, B ~Ipx, HE MEHEE, MA
A ~9 +10% 250
B ~9 +10% 250
C ~9 +£10% 250

DOYHKUMOHAJIBbHBIA TeHEPaTOP

OyHKIMOHAIBHBIA reHepaTtop (puc. 3) mnOpeaHa3HauyeH g OJy4YeHHs
U3MEPUTEIbHBIX CUTHAJIOB CHHYCOMAAQJIBHOW WM MPSMOYToJIbHOM (OpM C IUIABHO

pPEryJIMpyeEMON aMIUIUTYAOM U YaCTOTOM.
——— ®YHKUVOHAIIbHBIA FEHEPATOP  |———
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Puc. 3. ®yHKIIMOHATBHBIN T€HEPATOP
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dopma BBIXOJHOTO CHUTHAJIA YCTaHABJIMBACTCS C MOMOIIBIO TymOiepa «Popmay.
YcTaHoBKa IMOjJMAania3oHa TEHEPHPYEMOW YacTOTHl  BBIMONHICTCS C  MOMOIIBIO
nepexirouatensi «MHOXUTENby, miiaBHas yCTaHOBKAa YacTOTHI B TOJJMAIa30HE — C
nomotisio peryssropa «f, [y.

Wuaukanuys B MOJyJI€ BBITIOJTHEHA!

- TEeKyIIei 4aCTOThl Ha 4-CErMEHTHOM WUHIUKATOPE;

- mommuana3zoHa «[U» u «KlU» C MOMOINBIO CBETOAMOJIOB B JICBOM YacTH
WHIMKATOpA.

[TnaBHast peryJupoBKa BEJIWYMHBI BBIXOJHOTO HANPSOKEHUS  MPOU3BOJUTCS
peryastopom «Um, By.

TexHuueckre XapakTepUCTUKU TeHEPaTopa MPUBEICHBI B Ta0. 3.

Tabmuna 3

HaunMeHoBaHHe napameTrpa 3HaueHHe
Hanpsixkenue nutaHus ~220B + 10%
MakcuMaJIbHBIA TOK Harpy3KHu 0,3A
AMIUIMTY 12 BBIXOAHOTO HAIIPSKEHUS 0,1...11B
YacTOTHBIN qUAIIa30H 40...400, 4000...40 000 I'rg
ITorpentHoCTh H3MEPEHUS YACTOTHI + 5%
BpIX0JIHOE CONPOTHUBIIEHHE 2 Om

MyabTMeTp

MynsTUMETp mNpeNHA3HAYEH JUIsl  BBINOJHEHHMS WM3MEPEHHM J3JIEKTPHUYECKUX
BeJM4YMH. HekoTopele TeEXHUYECKHE TapaMeTpbl MyJIbTUMETPA PUBEAECHBI B Ta0. 4.

Tabnuia 4
N3mepsiemas BenuyrHa MS 8221 A
Jnanason usMepenun | IlorpemHocTs u3mMepeHus

Hanpsoxenue 200,0 mB...
IOCTOSIHHOT'O TOKa 200,0B; +0.5% +2 D
1000 B +0.8% +2D

Hanpsoxenue 2,000 B...
IIEPEMEHHOI0 TOKA 200,0B; +0.8% +3 D
750 B +1.2% £3 D
ITocTOsAHHBIN TOK 200,0 MKA... +0.8% +1 D;
20,00 mA; 200,0 MA +1.2% =+1 D;
10,00 A +2.0% +5D
IlepemeHHBIN TOK 200,0 MKA... +1.2% +3 D;
20,00 mA; 200,0 MA +2.0% +3 D;
10,00 A +3.0% +7 D
ConpoTuBiIeHUE 20,00 MOm +1.0% 2D

B MYJIbTUMETPE TS 3aIUTHI BXOJa VQOmA HCIIOJIb30BaH

CaMOBOCCTAHABJIMBAIOIIUNCA Tpenoxpanutens Ha 0,3 A, MakcumainbHOe pabouee
Harnpsiokenue 60 B. Ero 0co0eHHOCTBIO SBIISIOTCS:

- MHOTOKpaTHas 3aluTa OT MePErpy30K,
- B COCTOSHHM Cpa0aThIBaHUS II€Th HE TOJHOCTBIO OO0ECTOYMBACTCS, a

MMpoa0JIKACT IPOTCKATb TOK, 3aBI/IC$IH_II/II71 OT HNPUITIOKCHHOTO HAIIPSKCHHA. OTO MOXET
IMPHUBCCTH K JIOKHBIM CHUTBIBAHUSAM MOKAa3aHUM.
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HN3mepuresb MOIHOCTH

[IpennasnayeH aisi MU3MEPEHUsI MTAPAMETPOB IIEKTPUUECKOMN ETH:

— neucTByroIiero 3HaueHus HanpspkeHus (True RMS) B nmanazone 0...30 B;

— nerctBytoniero 3HaueHus: Toka (True RMS) B quanazone 0...0,3 A;

— aKTMBHOU MoInHocTH B guamasone 0...9 Br;

— peakTUBHOM MOITHOCTH B quarnaszone 0...9 BAp;

— moHOM MomTHOoCTH B auamnaszone 0...9 BA;

—ygacToThl B quamna3one 5...400 I'm;

— COSO;

— yria capura (a3 Mexay TOKOM M HaMpsHKEHUEM (.

Ha puc. 4. npencraBieHa mieBas maHelb TpruOopa yCIOBHO cXeMa TOIKITFOYCHUS
B J1a0OpaTOpHOM CTeH i€ (IOKa3aHO MyHKTUPHBIMU JIMHUAMH). [Ipubop comepxur:

— KJIEeMMbI MOJa4u BXOJHOrOo u3Mepsemoro curdaia (remepatopa) L1 u N u
KJIEMMBbI MOJKII0YeHus notpedutens (Harpy3ku) L2 u N. IlyHT nns usmepeHus: Toka
Harpy3Ku MOJIKJII0UEH Mexay kiemMamu L1 u L2;

—  UHAMKATOp O KUAKOKPUCTAIIMYECKUW  YETBHIPEXCTPOUHBIM NIl BBIBOJA
uHpopManmy;

— BBIKJTIOUATENb «SA2)» I MOAKIIOYEHUS! TUTaHUs TpUoOopa;

—  VI3MEPWTEMb MOWHOCTVM  |—

4 I\
L1 L2
Bxop, Bbixoa
N N
ol Ik
SA2 P/Q/S flcosoplg

Puc. 4. I3meputesb MOITHOCTH

— kHomka «P/Q/S» w3MeHeHus BbIBOoga WHGOPMAIMU B TPEThEH CTpPOKE
WHJIMKATOPa, COOTBETCTBEHHO, AKTUBHOM, PEAKTUBHOM U MOJTHOW MOIIHOCTH;

— KHomka «f/cos@/@» u3MeHeHus BbIBOJA HHGOpPMALUU B YETBEPTOM CTPOKE
WHJMKATOpa, COOTBETCTBEHHO, YAaCTOThI, KOCUHYCa U yriia caBura (a3 Mexay TOKOM U
HaIPsHKCHHUEM.

[TocnenoBaTeIbHOCTD MOAKIIOUYCHUS TPUOOPA U BHIMOJHECHHS U3MEPECHUI:

— TIOAKJIIOUYUTH BHEITHUE LIETTH U3MEPECHUS;

— BKIIIOUUTH TyMOsiep «CeTby;

— N1 M3MEHEHHs BBIBOJIAa TpeOyemMoro mapaMerpa B TPEThEH WM YETBEPTOU
CTpPOKax HWHJIMKAaTOpa HEOOXOIWMO HakaTh Ha 1..2 cexkyHasl KHONKY «P/Q/S» wumun
«t/cos@/p», COOTBETCTBEHHO.

IIpumeyanue:

1. [Ipu OogHOBPEMEHHOM HaXKaTHU U yAep)KaHUU B TeueHue 1...2 ceKyH.n



KHOTIOK «P/Q/S» u «f/cos@/p» n3amepuTens NepexoauT B PEKUM U3MEPEHUS ITapaMeTpOB
MOCTOSTHHOTO TOKa. [[oBTOpHOE Ha)kaThe 3TUX KHOMOK BO3BPAIAECT B PEXKUM HU3MEPECHUS
MIEPEMEHHOT0 TOKa.

2. M3meHeHue cXeMbl COEAMHEHUS TOAKIIOYCHHUS Tpubopa u JabopaTOpHOMH
YCTQHOBKHM BBINOJHATh MPHU BBIKJIIOUEHHOM NUTaHUM Tpubopa. B mpoTtuBHOM ciydae
BO3MOXXHBI M3MEHEHHMsI TMOKa3aHWi MpuOopa, a TakKe BO3HMKHOBEHUE HApPYIICHUN B
paboTe uHAMKaTOpa Mpudopa.

Ha0opHoe noJie

HaGopHoe nosie ciy>XuT JiJ1s1 yCTAHOBKM MUHUMO/TYJIEH NMPU COOpPKE MCCIIEyEMBIX
ANEKTPUUECKUX U DJIEKTPOHHBIX Lenei. KiemMMbl coearHEeHBbl COrIacHO MHEMOCXEMeE

(puc. 5).
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1.3. leanb 1a00paTOPHBIX 3AHATHH

BaxHelmeln 4acteio Kypca «ONEKTPUYECKHE LENU U OCHOBBI DJIEKTPOHUKI
ABJIAE€TCA J1a00OpaTOpHBIM MNpakTUKyM. UYTOOBl 3HATH 3NEKTPOTEXHUKY U OCHOBBI
AJIEKTPOHUKH, HEOOXOAMMO HAYYUThCS CaMOCTOSITENIbHO peuiarb pa3HooOpa3HbIe
AJIEKTPOTEXHUYECKHE 3ajaud. PerieHue 53TUX 3a7ady MOXKET ObITh IOIY4eHO, Kak
U3BECTHO, AHAIUTUYECKHM WM SKCHEPUMEHTAIBHBIM METOIOM. OKCIIEPUMEHTAJIbHBIE
METO/Ibl PELIEHUS NU3YYal0TCs Ha Ja0OPATOPHBIX 3aHATHUSAX.

JIabopaTopHbI€ 3aHATUS JAIOT BOBMOKHOCTb!

— 3aKpeNHuTh Ha IPAKTUKE TEOPETHUYECKUE CBEACHHUS O pPaboTe pas3IMYHbIX
ANEKTPOTEXHUYECKUX U DJIEKTPOHHBIX YCTPOMCTB;

— MOAPOOHO O3HAKOMUTHCA C YCTPOMCTBOM M XapaKTepUCTUKaMHu HauOoliee
BaXHBIX DJIEKTPOTEXHMUYECKUX M JJIEKTPOHHBIX MPUOOPOB, ammapaToB W MallllH,
COCTaBJISIFOLIUX IIPEIMET J1a0OPaTOPHOM MPAKTUKU:

— T1IOMOYb OBJIAJETh NPAKTUUECKUMU CIOCOOAMU YIIPaBIEHHUS U HACTPOMKH
ANEKTPOTEXHUYECKUX YCTPOMCTB Ha 3aJaHHBIA PEXUM;

— MOJY4YUTh NPAKTUYECKUE HABBIKM B IIPOBENCHMM W3MEPEHHUH JIIEKTPUUYECKHUX
BEJIMYUH, IOJIb30BAHUM PA3NUYHBIMU HU3MEPUTEIbHBIMU HpHOOpaMu M almnaparamu,
YTEHUHU AJIEKTPUUECKUX CXEM, TOCTPOCHUHU I'Ppa(hUKOB U XapaKTEPUCTHUK,

— Hay4UTh TEXHUKE MPOBEICHUS KCIEPUMEHTAIBHOIO UCCIIEI0BaHUS (PU3UUECKUX
MOJENIed WM TPOMBIINUIEHHBIX OOpa3LoB 3JIEKTPOTEXHUYECKUX U AJIEKTPOHHBIX
YCTPOWCTB;

— BbIpa0dOTaTh YMEHHUE PACCYKJIATh O pabOUYHMX CBOMCTBAX M CTEIEHHU MPUTOAHOCTU
UCCIIEOBAHHBIX JJIEKTPOTEXHUUECKUX YCTPOKCTB I PELIECHUS TEX WM WHBIX 3a]1a4.

B cooTBeTcTBMM € TOCYAapCTBEHHBIMU OOpa30BaTEIbHBIMU CTaHIAPTAMHU 110
KypcaMm 3JIEKTPOTEXHUKA W OCHOBBI 3JEKTPOHHKU JabOpaTOpHble palbOThl JOJIKHBI
BBIIIOJIHATHCS 110 PAa3zfesiaM 3JIEKTPUYECKUE LENU IOCTOSHHOIO M IEPEMEHHOIO TOKa,
Tpex(a3Hble DJIEKTPUUECKHUE ILENH, TPaHCHOPMATOPBI M AJIEKTPUUYECKUE MALIUHBI
IIOCTOSIHHOT'O U IIEPEMEHHOT'0 TOKA, OCHOBBI 2JIEKTPOHUKH.

1.4. IloaroroBka K J1a00paTOPHOMY 3aAHSATHIO

DKCIepuMEHTaNBHBIC 3a7a9M, MpeJylaracMble Ha Ja00OpaTOPHBIX 3aHATHUSAX, MOTYT
OBITh YCIIENTHO PEIIEHBI B OTBEJICHHOEC B COOTBETCTBUH C PACIIMCAHUEM 3aHITHH BpeMs
TOJIBKO MPH YCIOBUU TIIATEIbHOMN MPEABAPUTEIBHOM MOATOTOBKHU K KaX/I0W U3 HUX.

CryneHT, B MEPBYIO O4Yepellb, JOKEH TBEPAO YSICHUTH LIE€JIb 33JlaHUSI U YETKO
IIPEICTABIIATh Ha3HAYCHHE YCTPOWCTBA, €0 YCIOBHOE 0003HAUYCHHME HA AJIEKTPHUCCKUX
CXeMax, MPUHIHUII IEUCTBUS U OCHOBHBIEC XapaKTEPUCTHUKH.

3aTeM, MO MarepuajiaM PYKOBOJCTBA HEOOXOJIUMO O3HAKOMHUTBHCS C OCHOBHBIMU
napaMmeTpaMu 00bEKTa MCCIIEA0BaHUs, UCTOYHUKOB MUTAHUS U APYTUX UCIOJIb3YEMBIX B
CTeHJIe mpeoOpazoBaTesieil U MyCKOPETyJIUPYIOMINX amapaTroB. JTU CBEICHUS HY>KHbI
JUISL  OTIpeJieiICHUs Juara3oHa BO3MOXHOTO HM3MEHEHHUS BEJIMYUH W HE0OXOIUMOTIo
pexuMa paboThl O0BEKTa HcclenoBaHMs. Tpedyemble pacyeTHbIE COOTHOIICHHUS H
dbopmyIbl clieayeT HaWTH M 3alucaTh CaMOCTOSITEILHO Ha OCHOBE M3Y4YEHHUs y4eOHBIX
ITOCOOMIA.

Oco6oe BHUMaHHE CIIEIyeT yACIUTh H3MEPUTEIIbHBIM Mpubdopam. B cooTBeTCTBUI
C KaXJpIM JTarioM paboyero 3aJaHus HEOOXOAWMO IMPOAHAJIU3UPOBATH CXEMY
COCIMHCHUN, COCTOSIIIYID U3 3JIEMEHTOB o0BbeKTa HCCJICIOBaHUS u
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AIEKTPOU3MEPUTENbHBIX MPUOOPOB. [Ipu 3TOM peKoMeHAyeTCsl 3arOTOBUTh TaOIUIbI JIs
3aMKcH MoKa3aHuu MpuOOpPOB.

OaHUM M3 BaXXHBIX ATANOB IMOATOTOBKH K BBIMOJHEHHUIO J1a00paTOpHON padoThI
ABJISIETCA WM3YYECHHE TEXHOJOTUM MPOBEJCHUS SKCIIEPUMEHTA, UCMOJb3Yysl METOJANYECKUE
PEKOMEHIAIMH K BBITIOJIHEHUIO pabodero 3a1aHusl.

3aBepimaer Tan MOJATOTOBKH K BBHITIOJHEHUIO J1TA0OpaTOpHON pabOThl COCTaBICHUE
OTBETOB Ha KOHTPOJIbHBIE BOIIPOCHI, IPUBEJACHHBIE B METOAMYECKUX YKA3aHUSX.

1.5. IIpoBenenne IKkCepuMeHTa

[TomyunB  paspemieHne TpenojaaBaTelis Ha  IPOBEACHHE  J1a0OpPaTOPHOTO
WCCJICIOBAHMS, CIENYeT HEMEIJICHHO MPHUCTYIUTh K COOpKE JJEKTPUYCCKUX Iereld Ha
pabouemM mecTe. PekoMmeHmyeTcss mpuIepKUBAThCS CIIEAYIONMIEro MOpsIKa, 3HAYUTEIHLHO
obOyeryatomero paboTy Mo cOopke H H30aBISAOIIETO OT MHOTHUX OIIUOOK MpHU
coenrHeHussX. OOIIMM TPaBUIOM SIBJISIETCS COEAMHEHHE CHavajlla Y4acTKOB LEMU C
MOCJICIOBATEIbHBIM COEJIMHEHUEM JJIEMEHTOB W MPUOOpPOB, a 3aTeM MapajuiesIbHbIX
BETBEW Kak 00bEKTa HCCIIeJOBAaHUs, TaK U TPUOOPOB.

OTOT mpuUeM TMO3BOJIAET CO3HATENBHO MOJONUTH K OIEHKE Ha3HAYCHHS KaxKIoro
AJIIEMEHTA IETH TEM CaMbIM MTPaBUIILHO OCYIIECTBUTH €€ COOPKY.

OmHOBpEMEHHO CO COOPKOHM IEMU HAJ0 MPOU3BECTH MAPKUPOBKY M3MEPHUTEIBHBIX
npuOOpPOB B COOTBETCTBHUM C MX YCJIOBHBIMH OO0O3HAYCHHSIMHU Ha paboyeil cxeme
coenrHeHU. MapKupOBKY MPUOOPOB MOYKHO BBITIOJHUTH C IIOMOIIIBIO OyMakKHBIX OMPOK,
KOTOPBIE 3ar0TABJIMBACT YUAIIHICS, BRIMOTHSIIONMUN 1a00paTOPHOE HCCIICIOBAaHUE.

Bo u3bexxanue BO3MOKHOIO BO3HMKHOBEHHUSI OOJIBIIMX TOKOB B COOpaHHOM Iienu
AJIIEMEHTBI PETYIMPOBAHUS MMOTEHIIMOMETPOB HEOOXOIUMO YCTaHABIIMBAThH B TIOJIOKCHHE,
COOTBETCTBYIOIICC MUHIMYMY HaIPsHKCHUS Ha BBIXOJC.

CoOpaHHYI0 IIETIh CIIEAYeT 0053aTelbHO TOKa3aTh IS TPOBEPKH MPEIOIaBaTEINO.
Tonpko ¢ ero paspemieHuss MOXHO BKJIOYUTh MCTOYHUK THTAHUS W TPOU3BECTU
MpeaBapuTesbHOE ONMpoOOBaHUE pPabOTHI IeNU, YTOObI YOETUTHCS B BO3MOXKHOCTH
IIPOBEJICHUS OTbITA MPH 3aJaHHBIX Mpeenax u3MepeHus: BennuuH. Henb3s npuctynars K
MU3MEPEHUSIM, He OyIydH COBEPIIIEHHO YBEPEHHBIM, UTO IIeNb COOpaHa MPaBUIbHO.

Ecnu nipu ucnbITaHuy ey MOCTOSTHHOTO TOKA CTPEJIKa U3MEPUTEIHHOTO Mpudopa
YXOIUT 3a TpeAeNibl IIKadbl B OOpaTHOM HANpPaBJICHUH, HAAO OTKIIOYHUTH IENb |
MEPEKITIOYUTH OIXOIAIINE K TPUOOpy MpoBO/IA.

[Ipy cHATHM XapaKTEPUCTUK HEAOMYCTUMO MPEBBINIATh HOMUHAIBHBIC 3HAYCHUS
TOKOB M HAIPSHKEHUN WCTIBITHIBAEMOTO DJIEKTPOTEXHHYECKOTO YCTPOWCTBA, €CIA HET
0COOBIX yKa3aHWUH B PYKOBOJACTBE IO JIaOOpaTOpHOMY SKCHepuMeHTy. B ciydae, eciu
CTpelika KaKoro-JIM00 MpuOOpa BBIXOAWUT 3a MPENeNibl INKAJIbl, HAI0 HEMEIJICHHO
OTKJIFOYMTH IIEMb OT UCTOYHUKA MHUTAHUS, JOJOKHUTH MPETOIaBaTeIII0 WK JTA0OpaHTy H
U3MCHHUTH YCJOBHUS DJKCIEPUMEHTa (YMEHBIIUTh HANPSDKCHUE TIMHTAHMS, YBEIUYHTH
JMana3oH U3MEHEHHS CONPOTUBIICHUS U T.11.).

[Tocne npenBapuTeabHOrO OMPOOOBAHUS LIETIH, MPOBEPKU WM OLEHKH Auana3oHa
U3MEHEHHSI TEPEMEHHOI0 MapaMeTpa HEOOXOJUMO HAaMETUTh MOCIEJ0BATEIbHOCTD
OTJIEJIbHBIX MAHUITYJISIIIUI ¥ OTCYETOB, & 3aT€M MPUCTYIUThH K HAOIIOACHUSIM.

OTcueTpl peKOMEHIIYETCS MPOBOAUTH MO BO3MOXKHOCTH OJHOBPEMEHHO IO BCEM
npubopam. Ciemyer nzbderath nepepbiBa HAYATONW CepUU HAOIIOICHHUI U BO BCEX CITydasx,
KOT'/Ia BO3HUKAET COMHEHHE B MPABUILHOCTH MOJYYCHHBIX HAOIIOACHUH, NX HEOOXOIUMO
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MOBTOPUTH HECKOJIBKO Pa3s.

Pe3ynbraThl BCceX NMEPBUYHBIX HAONIOACHUI M OTCUETOB 3alUCHIBAIOT B TaOJUILY
IIPOTOKOJIa UCHBITAHUN. 3alKCh OTCUYETOB JOJDKHA BECTHCh B TOYHOM COOTBETCTBHM C
MOKA3aHUSIMU  U3MEPUTEIBHBIX MpUOOpPOB. I[IpoTOKONBI  HAOMIOACHWIN  SBISIOTCA
€MHCTBEHHBIM JIOKYMEHTAJIBHBIM CJIEAOM, OCTAKOIIUMCA OT HW3MEPEHUH, MO3TOMY OT
TOYHOW U CBOEBPEMEHHOU (pUKcalnu B TaOJIUIAX PE3yIbTATOB OTCUYETA B 3HAYUTEIHHOU
CTEIEeHU 3aBUCUT YCIEX IKCIIEPUMEHTAIbHON pabOTHI.

[Ipu mepexoqe OT OAHOTO dTama MUCCIAEAOBAHUS K JPYroMy HEOOXOIUMO KaXKIbIi
pa3 oOpamatbcsi K TMPENONABATENI0 3a TMPOBEPKOM MPABUIBHOCTH TOTYYCHHBIX
pe3yJIbTaTOB, KOTOPHIE MPEACTABISIOT B BHUJI€ TaOIUIl UK TPadUKOB.

K cnenyromemy stany paboThl pa3peliaercs NpucTynaTh TOJIbKO MOCIE MPOBEPKU
Y BU3MPOBAHUS TPOTOKOJIA MPETOIABATEIIEM.

1.6. O06paboTka pe3yJbTaToOB M 0pOpMJICHHE OTUETA

Kaxaplii CTYJIEHT CcamMOCTOSITEIBHO JOJKEH 00pabaThiBaTh JaHHBIC OIBITOB U
MOATOTOBUTH OTYET MO KAXKI0H IPOJIeIaHHON padoTe.

B oryere Ha TUTYJIBHOM JIMCTE YKa3bIBAIOTCS Ha3BaHHE Y4YEOHOTO 3aBEACHUS,
kadenpel. Homep u HammeHoBaHWEe palOThl, G(aMUIUsg W WHUIUAIBl CTYJ/CHTA,
BBITIOJTHUBIIETO paboTy, HOMEp €ro akaJIeMUYeCKON I'PYIIIHI.

OTyeT AOKEH coaep)KaTh, MACIOPTHBIC JTaHHBIC O00BEKTA HMCCIICIOBAHUS, CXEMBI
COCMHEHUSI AJIEMEHTOB OOBEKTa HUCCIEAOBAHUS C BKJIIOYEHHBIMU H3MEPUTEIbHBIMU
npubopamu, TaOJIHWIBI C 3aMUChI0  PE3YJIbTATOB OKCIEPUMEHTa, 0OpaboTaHHBIC
OCIIIIJIOTPaMMBI, TpaUKH 3aBUCUMOCTEN U BEKTOPHBIC TUATPAMMBI.

[Tocne mpoBeaeHUs SKCIEPUMEHTA JIOJHKHBI OBITH CJ€IaHbl OCHOBHBIE BBIBOJbI,
MOJIyYEHHBIE B PE3YJIbTaTe UCCIICI0BaHUSI.

Kaxnas cxema qoikHa OBITH COMTPOBOXKICHA COOTBETCTBYIOINICH TabiuIlel 3anucei
pPe3yJbTaTOB U3MEPEHUN U rpaduKoM, WIITIOCTPUPYIOIMIUM H3ydaeMble 3aBUCUMOCTU. B
Tabnuie 00s3aTeIbHO CIEIYEeT YKa3biBaTh, B KAKUX C€IMHHUIIAX U3MEPEHBbI UCCIICTyeMble
BennuuHbl. Bce Tabiuile HE0OXOAMMO CHAaOIUTh 3aroJIOBKAMH, XapaKTEPHU3YIOIIMMU
MIPOBOJAUMBIN OTIBIT.

Ha ocHoBanmm pe3ynbTaTOB M3MEPEHUH IIPOBOJMTCS HUX OKOHYATEIIbHAs
00paboTka. M3MepeHHbIC W BBIUMCICHHBIC BEIMYMHBI 3aHOCITCS B COOTBETCTBYIOIIHE
KOJIOHKM OJHOM YW TOH K€ TaOJIUIIBI.

BoiuepunBanre cxeM U TaOJIUIl PEKOMEHJYETCS NPOU3BOJUTH KapaHAIIOM
00513aTEIHLHO C MOMOIIBIO IMHCHKH.

Ocoboe BHMMaHHWE HAMO YICIHUTHh rpadukaM 3aBUCHUMOCTEH MEXIY BEIWYMHAMU,
T.K. OHHU SBJSIOTCS HAIVBSIAHBIM pE3YyJbTaTOM padoThl, TpaduUYecKUM OTBETOM Ha
BOIIPOCHI, MOCTABJICHHBIC B JIAOOpAaTOPHO paboTe.

[Ipu mnocTpoeHuu rpaduKkoB MO OCSIM NPUBOAAT CTaHIAPTHBIE OYKBEHHBIE
0003HaYCHUs BEJIUYMH W €AUHUI] UX M3MEPEHMUs], YKA3bIBAIOT JICJICHHUS C OJMHAKOBBIMHU
WHTEpBaJlaMH, COOTBETCTBYIOIIME OTKJIAJbIBAEMbIM BEJIMUYMHAM B MPHUHSATHIX €IUHHUIIAX
U3MEPEHUS WU B IECATUYHBIX KPATHBIX JIMOO OJBHBIX €IUHUIIAX.

YucnoBele OTMETKH Yy MAaCIITA0OHBIX JICJICHHH NMPUHATO BBIOMPATH TaK, 4TOOBI OHH
COCTAaBJISIIN IOin, 2#10™ wmm 5*10™ oT Tex emuHUI, B KOTOPBIX BBIPAKEHBI BEJIWYMHBI,
OTKJIazibiBaeMbl€e 1o ocsiM. Hanmpumep, 10 MA; 0,02 Om; 500 Br.

IIpu mnoctpoeHun rpaduKOB BIOIL OCH aOCIUMCC B BBIOpAaHHOM MaciiTabe
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OTKJIAJBIBAIOT HE3aBUCUMYIO IEPEMEHHYIO. YCJIOBHOE OYKBEHHOE 0003HAYE€HHUE DSTOM
BEJIMYMHBI PEKOMEH/IYETCsI CTABUTh 1101 OChIO, & HAMMEHOBAHUE €AMHUIL U3MEpPEHUs JINOO0
UX JECATUYHBIX KPATHBIX WIN JOJBHBIX €UHUIl — TTOC)Ie 0003HAYCHUS BETUYMHBI. B1ob
OCH OpAWHAT MacIiTaOHbIe IU(PHI CTaBAT ClieBa OT OCH, HAUMCHOBAHHUE WJIM YCJIOBHOE
0003Ha4YeHHE OTKJIAQAbIBAEMBIX BEJIMYMNH — TAK)KE CJIE€BA OT OCH U I10J 3TUM 0003HAUEHUEM
YKa3bIBAIOT €AUHUIYY U3MEPEHUs. ECIM B OAHUX KOOPJIMHATHBIX OCSIX CTPOSIT HECKOJIBKO
rpadukoB (QyHKIUN OJHOW HE3aBUCHUMOW TIEPEMEHHOH, TO CIEIyeT MPOBECTH
JIOTIOTHUTENBHBIC MTKAJTBI TAPAJIIETFHO OCHOBHBIM, KOKIyI0 CO CBOMM MaciiTadbom. Ecim
BEITMYMHBI 1O OCSAM aOCITUCC W OpPJIWHAT OTJIOXEHBI B OIPEACICHHOM MacmTade C
YUCJIOBBIMU OTMETKAMH, TO HE CJIEAYET CTaBUTh CTPEJIOK, YKA3bIBAIOUIUX HAIpPaBJICHUE
pOCTa YUCJIEHHBIX 3HAaUYCHHU BennunH. HamMeHOBaHUWE eIWHUI] U3MEPEHUsl JaeTcs 0e3
cko0ok. [Ipu BbryepunBaHuu rpa)KOB HA/O YUUTHIBATh, UTO BCAKOE U3MEPEHUE UMEET
ClIydyaiiHble TIOTPEIIHOCTH (MCTUHHOE 3HAYCHHUE HW3MEPSEeMON BEJIUYHMHBI OCTACTCS
HEW3BECTHBIM, @ BMECTO HEro MPUHUMAIOT HEKOTOpoe e€ 3HaueHue, NMpU3HaBaeMoe 3a
HanOosiee mpuOIMKaroIIeecs K UCTUHHOMY). [loaToMy He cieayeT MpoBOJIUTH KPHUBBHIE
4yepe3 BCe DKCIepuMeHTalbHble TOYkh. Ha rpaduke HEoOXOAMMO MPOBOAUTH IIJIaBHBIC
HENPEPHIBHBIE KPUBBIE, KOTOPBIE MPOXOJAT CPEAM OKCIEPUMEHTAIBHBIX TOYEK.
OrcryrieHHe HEKOTOPBIX TOYEK OT IJIaBHOW KPHBOHM HA3BIBAIOT «Pa30pPOCOM TOYCKY.
Benmnmunaa pasbpoca mnpu  HaOMIOJCHWM  3aKOHOMEPHBIX — SIBJICHUH  OINpeesseT
TIIATEILHOCTh MPOBEJICHUS YKCIIEPUMEHTA.

[Ipy HaMMUYMKU HECKOJIBKUX KPUBBIX HA OJHOM TIpauMKe TOUKH, COOTBETCTBYIOIIUE
OTIBITHBIM JAHHBIM W OTHOCSIIUECS K Pa3IMYHBIM KPUBBIM, JTOJDKHBI OBITH ITOMEUYCHBI
YCJIOBHBIMU 3HAYKaMH (KPECTUKAMU, KPYKKAMH U T. 11.).

Kaxnplii rpaduk 00s3aTeIbHO JOJDKEH OBITh CHA0XKEH TaKuM JIAKOHUYHBIM
TEKCTOM, 4YTOOBI JIFOOOM JOCTAaTOYHO IOATOTOBJICHHBIM YMTATEIb MOI JICTKO ITOHSTH,
KaKyI0 3aBUCUMOCTh XapaKTEePU3yeT MOCTPOCHHBIN IpaduK.

Ha nocneaneii crpanuiie otyeTa ciaeAyeT yka3zaTh aaty oOpMIICHUS U MOCTaBUTh
IIOJIIHCE.

OT4eT B 1EJIOM JIOJDKEH OBITh COCTABJICH TaKMM 00pa3oM, YTOOBI /ISl TTOHUMAHHS
COJICp)KaHHMS W PE3yJIbTAaTOB IPOBEACHHOW pabOThl HE TPeOOBAIOCH IOTOJHHUTEIBHBIX
ycTHBIX TosicHeHni. CocTraBiieHHE MOAOOHBIX OTYETOB — MEPBBIM MmAar K OQOPMIICHHUIO
TEXHUYECKUX OTYETOB IO AKCIEPUMEHTAIBHBIM HCCICIOBAHUAM, KOTOpPbIE IPEIACTOUT
MPOBOAUTH OYIyIIEMY UHKEHEDPY .
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2.METOANYECKHUE YKA3AHUA K ITPOBEJIEHUTIO
JIABOPATOPHBIX PABOT 11O PA3JAEJNY «QJIEKTPUYECKHUE LEIIN»

2.1 QJIEKTPUYECKHUE LHEIIA IIOCTOAHHOI'O TOKA.
KPATKHUE TEOPETUYECKUE CBEJAEHUA

KonTtponbs paboTsl  27eKTPOOOOPYAOBAHHUS  OCYIIECTBISETCA C  MOMOIIBIO
Pa3HOOOpa3HBIX AJIEKTPOM3MEPHUTEIBHBIX MpuOopoB. Hambosee pacmpocTpaHeHHBIMU
AIEKTPOUZMEPUTENBHBIMU TPUOOPAMHU ABJISIIOTCS MPUOOPHI HETIOCPEICTBEHHOTO OTCUETA.
[To BUIy OTCUETHOTO YCTPOWCTBA pas3lIWYalOT aHAJIOTOBBIE (CTPENOYHBIE) U IU(POBBIC
U3MEPUTENbHBIE TPUOOPHI.

Ha gnuueBoil cTopoHe CTpPEIOYHBIX TPUOOPOB HM300PAKEHBI  YCIOBHBIE
0003HaueHus, ONpeaesaolIre Kiaccu(UuKaMoHHy0 Tpynny npudopa. OHU MO3BOJISIOT
PaBUJIBHO BHIOPATH MPUOOPHI U JIAI0T HEKOTOPBIEC YKa3aHUS MO0 UX IKCILTyaTal|H.

B nensix nocTossHHOrO TOKa sl U3MEPEHUIN TOKOB M HAIPSKEHUM NMPUMEHSIIOTCS
B OCHOBHOM MPHUOOPHl MarHUTORJIEKTPUUYECKON cHucTeMbl. [IpuHIMI IEeWCTBHUS TaKUX
npuOOpPOB OCHOBaH Ha B3aMMOJEHCTBMM MArHUTHOTO IMOJISI MOCTOSIHHOTO MarHuTa U
U3MEPSIEMOI0 TOKA, MPOTEKAIOIIEro MO KaTyllke. YToJ MOBOPOTAa CTPENIKH O MPSIMO
IpPONOpLUUOHANIEH u3MepsemMmomy Toky [: « = K [. IlIkaibl MarHuTO3JIEKTPUYECKHUX
npruOOpPOB paBHOMEPHBIE.

B u3mepuTenbHbIX MEXaHU3Max 3JIEKTPOMATHUTHOW CUCTEMBbI, IPUMEHSAEMBIX IS
U3MEPEHUN B LEMSIX [EPEMEHHOTO U TOCTOSIHHOTO TOKa, BpallaloOIIMi MOMEHT
00yCIJIOBIIEH JEHCTBUEM MAarHUTHOTO TOJI U3MEPSIEMOT0 TOKa B HEMOJBI)KHOW KaTYIIKE
npubopa Ha MOABWXHBIA (DEPPOMArHUTHBIN SKOpPb. YTOJ MOBOPOTa CTPEIKH « 311€Ch
MPOIOPIIMOHAJIEH KBaapary Toka: a = K L. [TosToMy mIKama 3JIEKTPOMArHUTHBIX
npuOOpoB OOBIYHO HEPABHOMEpHAS, YTO SBJSETCS HEJOCTATKOM J3THUX MPHUOOPOB.
HauanbHas yacTh MIKaabl HE UCIOJIB3YETCA JIJIsl U3MEPEHUHN.

JIJIs TpaKTHYECKOTO HWCIOIb30BAHUSI HM3MEPUTEIBHOTO MpUOopa HE0OXO0IUMO
3HaTh €ro mpejaesl U3MepeHuil (HOMUHAIBHOE 3HAUYCHHUE) U 1IeHY AesieHUsl (TOCTOSHHYIO)
npubopa. I[lpegen uzmepeHuit — 3170 HaUOOJIbIIIEE 3HAYEHUE AICKTPUUECKON BEIIMYMHBI,
KOTOPO€ MOKET OBITh UBMEPEHO JTaHHBIM MPUOOPOM. DTO 3HAUEHUE OOBIYHO YKa3aHO Ha
JuEeBoOi ctopoHe npudopa. OauH U TOT K€ NPUOOP MOXKET UMETh HECKOJIBKO MPEIESIOB
usMmepenuid. llenoi nenenus mpubopa Ha3bIBaeTCs 3HAUCHHE M3MEPSEMOM BEIMYUHBI,
COOTBETCTBYIOIIIEE OAHOMY JEJICHMIO IKaibl ipuodopa. llena nenenus nmpudopa C nerko
ONpeneAeTCsl Kak OTHOILIEHHWE mpenena u3mepeHud Uppy K UYUCITY JEJICHWM IIKaJIbl
N:C=U, HOM/ N.

Ha nwumeBoit cTopoHE CTpEeNoYHBIX MpUOOpa YKa3bIBaeTCAd KIJACC TOYHOCTH,
KOTOPBIM OMpenenseT MNPUBEACHHYI0 OTHOCUTEIBbHYIO MOrPEIIHOCTh Mpudopa yp.
[IpuBeneHHass OTHOCUTENbHAS MOTPEIIHOCTh MPUOOpPa — ATO BHIPAXKEHHOE B MPOIEHTAX
OTHOUIEHUE MaKCUMaJbHOW IJIsi JAHHOTO Mpubopa abcomtoTHOM mnorpemHoct AU K
HOMHHAJIBHOMY 3HaueHUto npuodopa (npeneny msmepernit) Uyou: yip = 100 AU /Uyono.

3Has KjJacc TOYHOCTH IMpuOOpa, MOXKHO ONpenenuth adcomoTHyio AU wu
OTHOCUTEJIbHYIO TOTPEIIHOCTA HU3MEPEHUS Y31, A TAKKE JACHUCTBUTEIBHOE 3HAYCHUE
u3MepsieMon Beauuunsl Uy

AU = Yirp UHOM/]OO,' Yiram = 100 AU/(], Uﬂ: U £ AU.

HetpyaHo caenatb BBIBOJ, YTO OTHOCUTENbHASI MOTPEIIHOCTh M3MEPEHHS] TEM
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0oJIbIIIe, YeM MEHbIIIE U3MEepsieMast BEJINYMHA 110 CPABHEHUIO C HOMUHAJIbHBIM 3HaUYE€HUEM
npubopa. IlosTomMy >kenaTeNbHO HE MOJIB30BATHCS MPU U3MEPEHUH HAYAIbHOW YacThIO
HIKaJIbl CTPEIIOYHOTO MpUdopa.

Jns obecrnieueHuss MaJIOd METOJMYECKOM MOTPEITHOCTH U3MEPEHUS HEOOXO0IUMO,
9TOOBI CONPOTHBIIEHHWE aMmIepMeTpa OBUIO 3HAYUTEIHHO MEHBIIE COMPOTUBIICHHUS
Harpy3Kd, a CONPOTHUBJIICHUE BOJbTMETpPA ObUIO 3HAYUTEIHHO OOJBINE COMPOTHUBICHUS
HCCJIEYEMOI0 yyacTKa.

[Ipu mpoBeleHHH U3MEPEHUN B JJIEKTPUUYECKHUX IEMSAX LIMPOKOE MPUMEHEHUE
MOJTYYUIn U(POBBIE MYJBTUMETPhl — KOMOMHUPOBAHHbBIE HU(POBbIE HU3MEPUTEIIbHbBIC
NpUOOpHI, TMO3BOJSIONIME M3MEPSITh TOCTOSIHHOE M TMEPEeMEHHOE HampsiKeHUe,
MOCTOSTHHBIA M TIEPEMEHHBIM TOK, CONPOTUBICHHUS, TPOBEPSATh AUOJbI U TPAH3UCTOPHI.
Jlnst mpoBe/ieHHs] KOHKPETHOT'O U3MEPEHHUsT HEOOXOAMMO YCTAaHOBUTH MEpEKIII0YaTeIeM
npeanoiaraeMpli  Mpefes HU3MEepeHUuM H3MEepsieMOl BeNWYMHBbI (TOK, HamNpsbKeHHE,
CONPOTHUBJIEHUE) C YYETOM pojia Toka (MOCTOSHHBIN Wi nepeMeHHbiit). [IpencraBnenue
pe3yibTaTa W3MEpPEeHHs] MPOUCXOAUT Ha LHUPPOBOM OTCYETHOM YCTPOMCTBE B BHUJC
OOBIYHBIX YJIOOHBIX JIJIsi CYUTHIBAHUS JAECATUUHBIX ynces. Haubomplee pacnpoctpanenue
B U (HPOBBIX OTCUETHBIX yCTpOMCTBax MYJIbTUMETPOB MOy YUIIN
KUJKOKPUCTANIMUYECKUE, Ta30pa3psAaHble U CBETOJIUOAHbIE HHAUKaTOpbl. Ha mepennen
MaHeJI TaKoro MpuOopa HAXOAMWTCS MepeKtodareab (QYHKIUNA M JUANa3oHOB. JTOT
MEPEKITI0YaTeh HUCIOJNB3yeTCsl Kak Il BbIOOpa (YHKIMHA H IKEIaeMOro mpesena
M3MEPCHHA, TaK U JIJIs1 BRIKIIIOUCHUS pudopa. [Ijist mpoieHns cpoka ciry>kObl HCTOYHUKA
ANEKTPONUTAHUS NpUOOpa MEepPEeKIIoYaTeb JTOHKEH HaXoauThes B nosioxkeHun «OFF»B
TEX Clly4asiX, KOorja npubop He UCIOJIb3YETCS.

K OCHOBHBIM TEXHUYECKUM XapaKTePUCTHKaM IU(POBBIX MPUOOPOB, KOTOPHIE
HE0OXOJAMMO YUYHUTHIBATh MIPU BBIOOPE OTHOCSTCS:

— Auana3zoH u3MepeHuit (00bIYHO TPUOOP UMEET HECKOJIBKO MO ANANa30HOB);

— Ppazpemiaronias CrHocOOHOCTb, TMOJI KOTOPOW 4YacTO TMOHMMAIOT 3HAYCHHUE
U3MEPSIEMOM BEJIMYMHBI, TPUXOAIIEECS HA €AUHUIY JUCKPETHOCTH, TO €CTh OJUH KBAaHT;

— BXOJHOE CONPOTHUBJICHHE, XapaKTepusymwllee COOCTBEHHOE HOTpeOIeHune
MpUOOPOM SHEPTUH OT UCTOUHUKA U3MEPUTEIHHOU HHPOPMAIIUH;

— MOTPEUIHOCTh M3MEpEeHUs, 4acTo omnpexaenseMas kKak (% OT CUMTHIBAEMBIX
JaHHBIX + KOJUYECTBO €IMHUIl Miajiiero paspsana) wim (% of rdg + D).

MyneTumMeTp dYacto wuMeeT OatapeitHoe mnuTanue 9B, mosTtomy mepen
UCIIOJIb30BAaHUEM MPUOOpa HEOOXOIUMO MPOBEPHUTH OATApEI0 AIIEKTPOIUTAHUS IyTEM
BKUIIIOUeHHS TipuOopa. Ecnm Garapes paspspkeHa, TO Ha JHCIUIEE BOSHUKHET YCIOBHOE
n3o0paxenue Oartapeu. HMcmosib3yeMble B CTE€HJAE «DIEKTPOTEXHUKA» MYJIbTUMETPbI
MUATAIOTCA OT BBIIPSIMUTENBHOIO YCTPOICTBA, BMOHTHUPOBAaHHOTO B MOAyJib. Ilepen
MPOBEJICHUEM U3MEPCHUS HEOOXOIMMO TMepEeKItouaTesh TMPEAeioB YCTaHOBUTH Ha
TpeOyeMblil 1Uana3oH u3mMepeHuil. s npeaoTBpalieHus: NOBPEXKIECHUs CXeMbl Tprudopa
BXOJHBbIE TOKM W HAIPSDKEHUS HE JOJKHBI MPEBBINIATh YKa3aHHBIX BenuuuH. Ecau
npeoen uzmepaemo20 MmMOKA UAU HANPAICEHUA 3apaHee HeUu36ecmeH, ciedyem
YCMaHae1ueamsy nepexnouamens npedeioe Ha MaKkCUMym U 3amem nepexuiiouams e2o
6HU3 NO Mepe HeodXo0umocmu.

Hcnons3yembiii B creHae MynbTuMeTp: MS8221A ¢ pydHBIM BBIOOpOM
MOJI/IMana3oHa U3MepeHnui (BO3MOXKHO M3MEHEHWEe Turma npubopa 0e3 yXyIIIeHUs ero
MapaMeTpoB).
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It u3MEpeHusl Hanpax@ceHusa TOAKIIOUUTE OJWH Iyn K pasbeMy COM, a
BTOPOH — K pazbemy «VQD», ycTaHOBUTE MEpeKItouaTenb GYHKIUA B MOJIOKEHUE « V=)
uinu «V~», 4To 03HauvaeT pexuM umepeHus: noctossHaoro (DC) unu nepemennoro (AC)
HaNPsKEHHUS] COOTBETCTBEHHO. [10/1cO€IMHNTE KOHIIBI LIYTIOB K U3MEPIEMOMY UCTOUHUKY
HanpspkeHus. [Ipy U3MepeHur MOCTOSIHHOTO HAIpPSKEHUS MOJISIPHOCTh HAMNPSIKEHUS Ha
nucIiee 0yIeT COOTBETCTBOBATH MOJISIPHOCTH HAINPSKEHUS HA BTOPOM IIIyTIE.

JInst u3MepeHus conpomueienuil OJKIIOUYATE OJUH 1yl K pazbemy «COMy, a
BTOpOH — K pazpemy «V(D», yCTaHOBHUTE IMepekatouarenb GyHKIuid Ha «OQ» u
MOJCOCIUHUTE KOHIbI IIYNOB K H3MepsieMOMy conporuBieHuto. Korma nenp
pa3oMKHyTa, Ha WHAWKaTOpe Oyaer wuHauiupoBatbes «1 .». Ileped uszmepenuem
CONpOMmMuGIeHUIl 8 cxeme ydedumecn, Ymo cxema obecmoueHa u 6ce KOHOEHCaAmopvl
Da3padiceHbl.

XapakTepUCTUKHU UCIIOIH3YEMOI0 MYJbTUMETPA CM. TabuILy 4.

DIIEKTPUYECKasl 1I€Mb, COCTOAIIAS U3 AJIEMEHTOB, BOJbTAMIICPHBIC XapAKTEPUCTUKU
KOTOPBIX SIBJISIFOTCS MPSIMBIMU JIMHUSIMUA, HA3bIBACTCS JIMHEHMHOMN JIEKTPUUYECKOMN LIETBIO, a
3JIEMEHTBI, U3 KOTOPBIX COCTOUT 1I€Ib, — TIMHEHHBIMU 3JIEMEHTAMMU.

CoenuHeHue B AIEKTPUYECKON LIETTH, IIPU KOTOPOM Uepe3 BCE DJIEMEHTHI MPOTEKAET
OJMH M TOT K€ TOK, HA3bIBACTCS MOCJIEAOBATEIBHBIM COCAUHEHUEM. ODKBUBAJICHTHOE
COIIPOTUBIIEHUE R5 MOCIEAOBATEIIBHOM LENU IOCTOSHHOIO TOKa paBHO CyMMeE
COIIPOTUBIIEHUN OTHEIBHBIX Y4acTKOB: Ry = R; + R, +... .HanpspkeHue Ha OTIEIIbHOM
y4acTKE€ B COOTBETCTBMHM € 3aKOHOM Oma MNpONOPLUOHAIBHO CONPOTHUBJIECHUIO 3TOTO
y4dqacCTKa. U] = IR[,' U2 = ]RZ .

Hanpsoxkenne U Ha BXOZ€ MOCIEIOBATEIbHOW LENU B COOTBETCTBUHU CO BTOPBIM
3akoHOM Kupxroda paBHO cymMe HapsHKEHU Ha OTACIBHBIX YUaCTKAX:

U:U]+U2+....

[Ipu napanienbHOM COEAMHEHUH JBYX WJIM HECKOJIBKUX 3JIEMEHTOB HaIpSHKEHUE Ha
HUX OJHO U TOXE, TaK KaK BBIBOJIbI 3TUX 3JIEMEHTOB IOJIKIIOUYEHBI K OJIHUM U TEM XKE
y3naM. TOKu B OTACNBHBIX dJIEMEHTaX ompeaessitores mo 3akony Oma: I; = U/ R;; I,
=U / Rg .

B coorBeTcTBUM ¢ mepBbIM 3akoHOM Kupxroda Tok / B HEpa3BETBICHHOW 4YacTu
LETIM paBEH CyMMe€ TOKOB BCEX MapaliebHbIX BeTBeM: [ =1, + [+ ...

[IpoBOAMMOCTE MapajuIeNbHOIO COEOWHEHUS paBHA CyMME MPOBOAUMOCTEMN
OTJACIIbHBIX Yy4YacTKOB: [/R5 = 1/R; : R
+1/R; +... . b

AHanmu3 1000  DIEKTPUYECKOM 11 ¢'2 T|3 ¢| 4 ¢|5
LEMU MOXET OBITh MIPOBEJIEH METOI0M R1 RO R3 R4
HETIOCPEICTBEHHOTO MPUMEHECHUS
3aKOHOB Kupxroda. Ecnu L L
DJISKTPUYECKAs LIENb COCTOUT TOJIBKO i [ Uab
U3 TapaJJIeIbHBIX BETBEH, TO €CTh R5
uMeer ABa y3ia (puc. 1), o e€ amamus  E1, /7,
1eecoo0pa3Ho MPOBOJUTH METOJIOM Ro1 <|>
y3JIOBOTO HAIpsDKEHUs, TPUMEHEHUE ) t| E2 77 *
KOTOPOTO ABJIAETCA MeHee Ro2
TPYJOEMKUM U TO3BOJISIET H30€XKaTh
pelLIeHus CHUCTEMBI ypaBHEHHIA.
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Meron y3J10BOro HanpsKEHHs PEKOMEHAYETCS MCIOJIb30BaTh M B TEX Clydasx, Koraa
CJIIOKHYHO DJIEKTPUYECKYIO CXEMY MOXHO YIPOCTUTBH, 3aMEHsSs IIOCIIEIOBAaTEIbHO U
NAapaJUIEIbBHO  COCAUHEHHBIE  PE3UCTOPBl  JKBHUBAJICHTHBIMH,  HMCIHOJB3Yys  IpPH
HEOOXOJUMOCTH MpeoOpa3oBaHUE TPEYroJbHUKA COMPOTHUBICHUNH B SKBUBAJICHTHYIO
3BE3LY.

IIpuMenenne OaHHOrO METOJa COCTOMT M3 JByX JranmoB. Ha mnepBoMm drtame
OIpeaesieTCs] BEIMYHHA y3J10BOoro HanpspkeHus Uab (puc. 2.1):

Uab — E1g1 — Ezgz + U1g3 —U2g4
g t8, T8 T84718;s

IA€ g ... £5s— IPOBOAUMOCTH COOTBETCTBYIOIIUX BETBEU LIETIH.

IIpum 3anmmcu 3TOro0 COOTHOWIEHHUS CIEAYET 3aaThCS MOJ0KUTEIBHBIM HAIIPABICHUEM
y3noBoro HampspkeHusi U,,. Co 3HakoMm «+» Oepyrca DJIC, HampaBieHHbIE MEXIY
TOYKamMu a M b ecmpeuno nanpsokenuro U,,, U HalpsyKeHHWs BETBEH, HAIIPABIICHHBIC
coenacto ¢ Uy,

IIpu aHanmM3e INEKTPUYECKUX LIETIEH METOAOM Y3JI0BOTO HAIIPSIKEHUS PEKOMEHYETCS
BBIOMPATh TOJIO)KUTEJIbHBIE HAMPABJIEHUS TOKOB IIOCIE OINPEACICHHs]  y3JI0BOTO
HanpspkeHus. [locne onpenenenus BeauunHbl HANPsKEHUAS Uy, HAXOAAT 3HAYECHUSI TOKOB
B BETBSX, COCTaBIIsAsg ypaBHEHUs IO BTopoMmy 3akoHy Kupxroda. Ilpu sToM Kaxkabiii
KOHTYp [OJDKEH BKJIKYaTh B CBOHM COCTaB BETBb C HCKOMBIM TOKOM U Y3JI0BOE
HanpsbkeHue. Hanpumep, ypaBHeHue 1o BTopoMy 3akoHy Kupxroda mis onpeneneHus
TOKa B MIEPBOM BETBU OyAET UMETh BU:

E, =]1(R01 +R1)+Uab

_E -U,
| -[E-U_ k.
R01 +R

Ilon HENMHENHON DJIEKTPUYECKOW LIENBI0 MOHUMAIOT DJIEKTPUYECKYIO LElb,
COJICPIKAIllyI0 HEJIWHEHWHbIE DJIEMEHTHl (HEJIMHEHHBIE COMPOTUBIICHUS, HEIUHEHHbIE
WHYKTUBHOCTH, HEJIWHEWHbIE €MKOCTH). HeluHeHWHbIM 3JIE€MEHTOM Ha3bIBAIOT TaKOU
JJIEMEHT SJIEKTPUUYECKOM IIEMH, MapaMeTpPhl KOTOPOrO 3aBHUCAT OT BJIECKTPUUYECKOTO
HAIPSDKEHUS], DJIEKTPUYECKOrO 3apsaa, AJIEKTPUUYECKOr0 TOKAa WM MATHUTHOTO IMOTOKA.
Cxema 3aMeIIeHHs HENH MOCTOSHHOTO TOKA COAEPKUT TOJIBKO HEJIMHENHBIE PE3UCTUBHBIE
aneMeHThl. HenuHelHble 31eMEHThl B OTJIMYMU OT JIMHEWHBIX 00JIalal0T HEJIMHEHHBIMU
BOJIbTAMIIEPHBIMU XapPAKTEPUCTUKAMMU.

OCHOBHOM XapaKTEpUCTUKOW HEJTMHEMHOTO 2JIEMEHTA SBJISIETCSA €T0 BOJIbTaMIIEpHas
xapaktepuctuka U=f(I) (puc. 2), U3 KOTOpPOWl BHUIHO, YTO KAXKJIOMY 3HAUYCHUIO
MOCTOSTHHOTO TOKa (HAIpPsKEHHs) COOTBETCTBYET OMPEACICHHOE 3HAYEHUE MOCTOSHHOTO
HaIpspKeHUs (ToKa).

Y  HENMHEWHBIX 3JIEMEHTOB pPa3jIM4alOT CTaTUYECKOE ©  JIUHAMHYECKOE
conpoTuBiicHUsA. [l0 BONBTAMIIEPHOW XapaKTEPUCTUKE OINPEACISIIOT CTaTUYECKOE
COMPOTUBJICHUE HEJIMHEWMHOro »JeMeHTa B JaHHOM Touke A Rer =U/[ u ero
i depeHuranbHoe (IMHAMUYECKOE) COMPOTUBICHUE KaK OTHOIICHHE OECKOHEYHO
MalblX TNpupamieHuid HanpsbkeHus dU u toka dI Ry =dU/dI. Jlunamudeckoe
COMPOTHUBJICHUE MPOIMOPIIMOHATLHO TAHTeHCY YIVIa HakJIoHAa [ KacaTelbHOU K
BOJIbTAMIIEPHOM XapaKTEPUCTHKE B JAHHOW TOUYKE. J[JI1 SKCIEpUMEHTAIIBHOTO MOJIYYCHUS
BOJIBTAMIIEPHON XapaKTEPUCTHKU HEIMHEHWHOTO 3JeMEHTa HEOOXOIMMO U3MEPHUTH P

17

b

Otkyna



3HAUYCHUN IIOCTOSIHHOTO HallpsKCHUA W IIOCTOSHHOI'O TOKa B IHOCIIKM C  JdHHBIM
HEJIUHEHHBIM 3JIEMEHTOM.

Puc. 2

Maremarnueckass MOJAENb HEIWHEHMHOM IEMHA IOCTOSHHOTO TOKA COCTOHUT W3
ypaBHeHuit Kupxrodpa u ypaBHEHHII XapaKTepHUCTUK HEIMHEWHBIX PE3UCTUBHBIX
aneMeHToB. Tak Kak MOJENb CTAaHOBUTCS HEIMHEWHOH, TO HE MOXET OBbITh pelieHa
MeToJaMu JIMHEHHON anreOpsl. K HeMMHEHHBIM 1ensiM TpUMEHUMBbI 3aKkoHbl Kupxroda,
XOTS METO/Ibl aHAJIN3a, OCHOBAHHBIE HA METO/IE HAJIOKEHHU (Ha MOCTOSHCTBE MapaMeTPOB
AJIEMEHTOB IIeMH) 4Yalle BCEro HEMPUMEHUMBI. B TakuxX Uensx COMpPOTUBJICHUE WU
IPOBOJUMOCTh HEJIMHEHMHOTO 3JIEMEHTA SIBIISIOTCS HEJIMHEWMHON (DyHKIME MTHOBEHHOTO
3HAUEHHUS TOKa (HaAmpspKeHUs) Ha 3ToM 3yieMeHTte. ClieoBaTelbHO, OHU MPECTABISIOT
co0o¥lt IepeMeHHbIC BETMYMHBI, & TO3TOMY JIJIsl pacuyeTa Majio MPUTOJTHBI.

Tak kak XapakTepuCTUKH HeTWHEWHbIX diemeHToB U=f(l) wunmu [=f(U) uyacto
OTIPEIEISIIOTCS SKCIIEPUMEHTAIIBHO U 33Jal0TCS OOBIYHO B BUJIE TAOJIUII UK TPaUKOB, TO
IIMPOKOE MPUMEHEHHE MOTYYmIn rpadguueckue (rpadoaHaluTudecKue) METOIbl pacuera.
IIpy »TOM MOCIIENOBATENBHOCTD ONEPALMM COXPAHAETCA NMPUMEPHO TOM K€, YTO WM IpHU
pacuerax JIMHEWHBIX LENEH, TOJBKO BMECTO CIIOKECHUS W BBIUYMTAHUS HANPSIKCHUW U
TOKOB B COOTBETCTBHUH C 3aKoHaMu Kupxroda mpou3BOAUTCS CIIOKEHUE WIIA BHIYUTAHUE
abciycc WM OpAMHAT COOTBETCTBYIOIIMX BOJIBTAMIEPHBIX XapaKTepUCTUK. Pacuer
CBOJIUTCSA K IIOCTPOCHMIO DKBUBAJICHTHOM BOJIbTAMIIEDHOM XapaKTEpUCTUKU Lienu. B
COOTBETCTBUM C 3akoHamu Kupxroda mpu mociegoBaTeIbHOM COEAMHEHUH 3JIEMEHTOB
XapaKTepUCTUKN CKIIAIBIBAIOT IMPU OJMHAKOBBIX 3HAYECHHUSX TOKA, NPHU MHapaJlIeIbHOM
COEAMHEHNH — IIPU OJIMHAKOBBIX 3HAYCHUSAX HAIIPSKEHUS.
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Padora Ne 1-1. JIEKTPOUSMEPUTEJIBHBIE ITPUBOPHI U U3MEPEHU A

1. Ieab padoTbl

N3yuenue 31aeKTpoU3MEpPUTENbHBIX MPUOOPOB, MCHOJIB3YEMbIX B J1A0OPATOPHBIX
paboTax, BBINOJIIHAEMBbIX Ha cTeHe. [loayuenne npeactaBiaeHuil o npeaene n3MepeHus 1
LEHE JIeIeHUs], AOCOTIOTHOM U OTHOCUTENIBHOW MOTPEIIHOCTH, YCIOBUAX SKCILTyaTalluu U
IPYTUX XapaKTEPUCTUKAaX CTPEJIOYHBIX 3JIEKTPOM3MEPHUTENBHBIX MPUOOPOB, MOJIyYEHUE
HaBBIKOB padOThI ¢ HU(PPOBBIMU U3MEPUTEIBHBIMU TPUOOPAMU.

2. ITopsi10K BBHINOJIHEHUS Pa0OTHI

2.1. V3yueHune macmopTHRIX XapaKTePUCTUK CTPEIOYHBIX dJIEKTPOU3MEPUTEIIBHBIX
npubopoB. [l STOrO0 BHHMATEIBHO PACCMOTPETh JIMIEBBIC IMAHEINW CTPEIOYHBIX
BOJIBTMETPOB U 3aIOJIHUTH Ta0II. 1.

Taomuna 1

XapaKkTepUCTHKA DICKTPOU3MEPUTEIHHOTO Iprudopa

HaunmenoBanue nmpubopa

Cucrema HU3MEPHUTCIIBHOT'O MCXaHN3Ma

[Ipenen uzmepeHus

Yucio neneHui mKaibl

Ilena nenenus

MunuMabHOE 3HAYEHHE U3MEpPSIEMOM
BEJIMYMHbI

Knacc tounoctu

JlomyctuMasi  MakcuMaslbHasi — aOCOJIIOTHast
MIOIPEIIHOCTh

Pox Toka

HOpMEL]'IBHOG ITOJIOKCHHUC ITTKAJIbI

[Ipoune xapakTEpUCTHKH

2.2. Iloctpouth rpaduk 3aBUCUMOCTH OTHOCHUTEIBLHOW MOTPEHTHOCTH U3MEPEHUS
ot m3mepsieMoit BeananHbl Yyzy = f (Uysm) 101 ipubopa, yKa3aHHOTO MPENo aBaTesieM.
Crenatp BBIBOJ O BEJIMYMHE OTHOCUTEIBHON MOTPEUIHOCTH MU3MEPEHUS B HAYaJbHOU U
KOHEUHOW YacTH IIKaJbl, 0 XapaKTepe U3MEHEHHUsI MOTPEIIHOCTH BIOJb IIKAJIbl IPUOOpa.
KpacHas kiremma BOJIBTMETpPA COOTBETCTBYET «1», UEPHAS — «-».

2.3. O3HaKOMUTKCSA C JTULEBOM MaHEIbI0 MYJBTUMETPA U 3aPUCOBATH €€.

2.4. TloaAroToBUTH MYJBTUMETP MJIA HU3MEPEHUSA IMOCTOSIHHOTO HAMPSKECHHUS.
Bxitounth snekTponuTaHuE CTeHJa (aBTOMaTH4YeCcKud BbIKIoUatesnb QF  wmomyns
MUATAHUSI) M MCTOYHHMK ITOCTOSIHHOTO HampsbkeHus. M3MepuTh 3HA4YeHUs BBIXOJAHBIX
HaIPsDKCHU MOJYJISl TIMTaHUS Ha KiemMmax «+15 B» u «—15 B» oTHocuTenbHO 001IeH
kjaeMMbl. Pe3ynbrarel u3MepeHud 3aHecTM B Tabd. 2. BBIKIIOYUTH HCTOYHUK
NOCTOSIHHOTO HAaIIPSKEHUS.

Tabmuma 2
Kremmsr | +15B |—15B A B C |A-B |B-C |C-A

Nsmepeno
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2.5. TloaAroToBUTHh MYJIBTHUMETP JUISI H3MEPEHUS TEPEMEHHOrO HaIpsIKCHUS.
BxitounTh HCTOYHUK MOCTOSTHHOTO HAIpsKEHUs, 3aTeM TpeX(a3Hblii NCTOYHUK MUTAHUS
U MYJIBTUMETPOM HM3MEPUTh 3HAUYCHUS BBIXOJHBIX HANPSIKECHUN Ha KiIeMMax «A», «By»,
«C», «A-By», «B-C», «C-A». Pe3ynprathl u3MepeHH 3aHecTH B TabJ. 2. BBIKIIOYUTH
HUCTOYHHUK Tpex(}a3zHOTro HAMPSHKEHUS U HUCTOYHUK TOCTOSTHHOTO HAIPSIKCHHUS.

2.6. IloaroToBUTh MYJIBTUMETP [JI1 H3MEPEHHS COMPOTUBJICHUM PE3UCTOPOB.
N3MepuTh 3HaYeHUsS CONPOTUBICHUM PE3UCTOPOB, YKa3aHHBIX MPENOAaBaTEIICM.
Pe3ynbpratrel 3aHecTy B Ta0II. 3.

Tabmma 3
Pesucrop R1 R2 R3 R4
HomunanpHOE 3HaueHue conpoTtusieHus, Om
N3mepeno, Om

3. Conep:xanme oTuera

OTuet 1o paboTe JOMKEH COACPKATh:

a) HAMMEHOBaHUE padOTHI U 1EJIb PaOdOTHI;

0) TeXHUYECKHUE TaHHbIE U3MEPUTEIbHBIX IPHOOPOB;

B) rpapuK  3aBUCUMOCTHM  OTHOCUTEJIBHOW  MOTPEUIHOCTH  HU3MEPEHHI
Yusm = T (Uusm);

I') pe3yJIbTaThl U3MEPEHUI;

1) BBIBOBI 11O padoTe.

4. KoHTpOJIbHBIE BONPOCHI

1. KakoB mpuHmMI ~ AeWCTBUS  NPHUOOPOB  MArHUTODIEKTPHUUECKOH |
3JIEKTPOMArHUTHOMN cuctem?

2. Yto Takoe npenes u3MepeHus?

3. Kak onpenensiercs 1eHa aesneHus npudopa?

4. Yro Takoe abCOIIOTHAS U OTHOCUTENbHAS TOTPEIIHOCTH U3MEPEHNUs?

5. Yto xapaKTepu3yeT Kj1acc TOUHOCTH ITpudopa?

6. B kaxoli yacTu mkansl npudopa U3MEpPEHUE TOUYHEE U ITOYEMY ?

7. KakoBbI OCHOBHBIE JOCTOMHCTBA HU(PPOBBIX U3MEPUTENBHBIX TPHUOOPOB?
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Pa6ora Ne 1-2. MIPOCTEMIIUE JUHEWHBIE DJEKTPUYECKUE IEINU
HOCTOAHHOI'O TOKA

1. eab padoThl
[lonyyeHne HaBBIKOB COOPKM MPOCTBIX DSJIEKTPUUYECKHUX IeNeil, BKIOYEHUS B
ANEKTPUUECKYIO IeNb HM3MEPUTENbHBIX NpuOOopoB. HayuuTbcss H3MEpSATh TOKH H
HarnpspkeHusi, yoenutbeca B coOmoneHun  3akoHoB Oma u Kupxroda B nuHeinHOiM
AIEKTPUYECKON LIETIH.
Ilepeyenr MUHMMOLYJIEH

HanmeHnoBaHne MUHUMOY IS KommgecTBo
Pesucrop 2 Bt 150 Om 1
Pesuctop 2 Bt 330 Om |

2. Ilopsaok BbINOJHEHHUS PadOThI

2.1. OzHakomuThCcsi ¢ J1a0OpPaTOPHOM YCTAaHOBKOW (MCTOYHHMK MUTaHUS,
(YHKIIMOHANIBHBIN  TEHEpaTOp, HU3MEPUTENh MOIIHOCTH, MYJIBTUMETP, HU(POBLIE
amriepmerpel  PA1...PA4, naOGopHOe 1moje W MUHHUMOAYJIU pe3uctopoB). CobpaTh
JUHEHHYIO0 DJJIEKTPUYECKYIO Ielb C TMOCJIEA0BATENbHBIM COEIMHEHUEM PE3UCTOPOB
(puc. 1). B kauecTBe aMIiepMeTpOB UCIOJIB30BaTh UPPOBBIC TPUOOPHI, TyMOIEp «=I/~I»
YCTaHOBUTH B ToOJIOkKEeHUE «=I». B kadecTBe BOIBTMETpAa MCMOIB30BATH CTPEIOYHBIHI
BoinbTMETp PV1 (KpacHas kiiemMma BOJBTMETpPAa COOTBETCTBYET «1», YEpHasT — «-»).

PV1

Puc.1

2.2. BKJIIOYHUTH DJIEKTPONMUTAHUE CTeHAa (TyMOJiep B BEpXHEH TOPIIEBOWM YaCTH
KOpoyca), M HCTOYHHMK IIOCTOSIHHOTO +15B PA1
HaIpsKCHUS (BBIKITIOUATEIb SA3). o0—o m o
N3meputh TOK B  LENH, BEIUYUHY —/
Hanpsokenuss U Ha  BxoAe ULenu U PV1 o
HanpsbkeHuss Ul u U2 Ha pe3ucropax Rl n R1|
R2. Pe3ynbpTarbl W3MEpPEHHUIl 3aHECTH B ‘—®—’ U 1 ________
tabm. 1. BpIKTIOUYNT ~ MCTOYHHK
NOCTOSIHHOTO HAaIPSKEHUS. PA2

2.3. CoOpaTh AIEKTPUUYECKYIO IIETb C |

napajuieIbHbIM COEIMHEHUEM PE3UCTOPOB 9
(puc. 2). B kauectBe aMmIepMETPOB
PA1...PA3 ucnons3oBath nudpoBbie Puc. 2

npubopsl. B KauecTBe BOJIBTMETpPA UCIIOIB30BaTh CTPEIOYHBIN BOIbTMETP PV1 (kpachas
KJIeMMa BOJITMETPA COOTBETCTBYET «+», depHas — «-»). IIpeactaButh cxemy s
MPOBEPKHU MPETIOAABATEINIO.
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2.4. BKIIOYHUTH QJICKTPOIIUTAHUC CTCHAA WU MCTOYHHUK ITOCTOAHHOT'O HAIIPAKCHUA.
I/IBMGPI/ITB HaIIPSOKCHUA 1 TOKH Ha BCEX YHACTKAX ICIIN. PCBYJ]BTEITBI 3aHEeCTH B Ta0II. 1.

Tabmumna 1
ITocnenoBaTenbHOE COeTUHEHHE [TapannenbHOE COCTMHEHUE
U, (Ui, |Uz,|U=U1+U2, | In, | I2, | U, I, I2, I3, I1 = I+ I3,
B | B |B B MA | MA | B MA | MA | MA MA

2.5. PaccuuTarh OTHOCUTENBHYIO OTPEIIHOCTh U3MepeHus Hanpspkenusa U, Ul u
U2 cTpenounbiM BoabT™MeTpoM PV 1. PesynbTathl pacdera 3anectu B Ta0I. 2.
Tabmura 2

U Ul U2

[Tpenen uzmepenus npudopa, B

Kracc Tounoctu npubopa, %

M3MepeHHoe 3HaueHNe HanpsbKeHus, B

OTHOCHUTENBHAS IOTPENTHOCTh U3MEPEHUS, Yo

2.6. IIpoBepuTh BHITIOJIHEHHE OaraHca MOIIHOCTEH.
2.7. Caenatb BBIBOJBI O BBHIMOJIHEHUU 3aKOHOB Kupxroda u o mpuMeHeHUH 3aKOHa
OMa B TMHEHHOM 3JIEKTPUYECKOM 1IENU TOCTOSIHHOTO TOKA.

3. Conep:xxanme oTuera

OTdet no paboTe TOMKEH COACPKATh:

a) HauMEHOBaHue PabOTHI U 11eIb PAOOTHI;

0) CXeMBI SKCTIEPUMEHTOB U TaOIHUIIBI TTOTYyUYEHHBIX SKCTICPUMEHTAIBHBIX JTaHHBIX;
B) pe3yJIbTaThl PACUETOB;

T') BBIBOJBI 110 paboTe.

4. KoHTpoJibHBIE BOIPOCHI

1. UTo Takoe «JIMHEHWHBIN 2JIEMEHT)» B DJICKTPUUECKOU 1eTn?

2. IlpuBecty npuMepbl TMHENHBIX 3JIEMEHTOB JIEKTPUUYECKUX LIETICH.

3. B Kakux eQuHHUIIAX H3MEpAIOTCA Cuila TOKa, HANpsKEHWE, MOIIHOCTh U
CONPOTHUBJICHUE?

4. Kak 1o nokazaHusiM aMmrepMmeTpa U BOJBTMETPA MOKHO OINPEIACIUTh BEIIMUUHY
COTIPOTHUBJICHUSI y4aCTKa DJIEKTPUUYECKON IETH MOCTOSTHHOTO TOKA W MOTPEOISIEMYI0 UM
MOIIIHOCTB?

5. Hapucyiite cxembl Uil HU3MEPEHUsS METOIOM aMIlepMeTpa U BOJBTMETpa
OOJIBIIIUX Y MAJIBIX JIEKTPUUECKUX COMTPOTUBIICHUHN.

6. Kak omnpeneauTs BEJIWYMHY  HOKBUBAJIGHTHOTO  COMPOTHUBIICHUS  TIPU
NOCJIEIOBATENIBHOM COEIMHEHUN PE3UCTOPOB?

7. Kak onpenenuTs BEJIMYUHY SKBUBAJIEHTHOTO CONTPOTHUBIIEHUS MPY MAPaJIIEIIbHOM
COEAMHEHNUH PE3UCTOPOB?

8. Jlia uccrnenyeMbIX SJIEKTPUYECKUX LIENed 3alMIlINTe YPaBHEHHUS MO 3aKOHaM
Kupxroda.

9. B ueM 3axnrogaeTcst 6amaHC MOIIHOCTEHN B IIEMH MTOCTOSTHHOTO TOKa?
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Pa6ora Ne 1-3. PASBETBJIEHHASI IUHEWMHAS SJEKTPUYECKAS IIEITH
HOCTOAHHOI'O TOKA

1. Iean paéoTbl
[TonydyeHne HaBBIKOB COOPKH DJIEKTPUYECKUX IIeTeil, W3MEPEHHl TOKOB U
HaIpPSHKEHUN Ha OTJEIBHBIX YYaCTKax AJIEKTPUYECKOM Ienu; YOeTUThCS B COONIOACHUU
3ak0oHOB Kupxroda B pa3BETBICHHOW JMHEWHOW OJJICKTPUYECCKOW IETH; HAyUHUTHCS
NpUMEHAThH 3aKkoHbI Kupxroda B rpaduueckom Buse.

Ilepeyens MUHUMOAY Il

HanMeHoBaHHEe MUHUMOTYJIS KonnuectBo
Pesuctop 2 Bt 68 OM |
Pesuctop 2 Bt 150 Om |
Pezuctop 2 Bt 330 Om 1
[Torenumomerp I1115-3A-150 Om 1

2. Ilopsaaok BbINOJHEHHUS PA0OThHI

2.1. OzHakomuThCs C J1a0OPaTOPHOM YCTAaHOBKOW (MCTOYHHMK NUTaHUS,
(yHKUHMOHAIBHBIA TE€HEpPATOp, W3MEPUTENIb MOIIHOCTH, MYJIBTUMETP, IU(PPOBBIC
amnepmetpsl PA1...PA4, nabopHoe noje 1 MUHUMOIYJIH PE3UCTOPOB).

2.2. CoOpaTh JTMHEHHYIO LIETIh CO CMEIIAaHHBIM COEMHEHUEM Pe3UCTOpoB (puc. 1).
B kaudecTBe aMmepmMeTpoB HCIOJB30BaTh LU(POBbIE NPUOOPHI B PEXKHUME H3MEPEHUS
IOCTOSTHHOT'O TOKA. B KauecTBe BOJIBTMETpA HCIIOJIb30BATh CTPENOYHBIN BOIbTMETp PV1.
[IpencTaBuTh CXeMy 711 IPOBEPKU MPEIOIaBATENIO.

PA1 .
+15B /"\ R1 68
Q/ o 1o
Ut
PV1
R2 R3
4—@—> ! 150 330
U23
PA2 PA3 ( A
4 v
Puc. 1

2.3. BxmounTh 3nekrponuranue. [LI1aBHO W3MeEHss BEJIMYMHY BXOJHOIO
HaNpsDKEHHUST C MOMONIbI0 noteHuuomerpa RP1, u3MepuTh 3HAUYEHUS HANPSKEHUS U
TOKOB Ha BCEX y4acTKax LEMH MPH TPEeX 3HAUCHUSX BXOJHOTO HAIMPSHKEHUS (TI0 YKa3aHUIO
npenogaBarenis). Pe3ynbraThl uU3MepeHuU 3aHectTd B Tabn. 1. BwIkiIrouuTh
AJIEKTPOMUTAHHUE.

2.4. Tlo pe3yibTaTaM HU3MEPEHUN BBIUYUCIUTH 3HAYEHUSI COMPOTHUBJICHHUHN BCEX
Y4aCTKOB MCCIEIYEMOW e U BEJIMYMHY SKBUBAJICHTHOTO COMPOTHUBIICHUS BCEH LIETIH.
Pe3ynbTaThl pacueToB 3aHeCTH B Ta0II. 2.
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2.5. Tlo pesynbTaram M3MEPEHUM MOCTPOUTH B OJHOM KOOPJAWHATHOM CHUCTEME
BOJIbTAMIIEpHBbIE XapakTepucTuku pesuctopoB R1, R2, R3. [lonk3ysace umu, mocTpouTh
BOJIbTAMIIEPHYIO XapakTepucTuky Bcer menu Uy, = f(I1) u mo Hed omnpenenuTsb
SKBUBAJICHTHOE CONPOTHUBJIEHUE LENU R,. 371ech &e€ MOCTPOUTH 3KCIEPUMEHTAIBHYIO
BOJIbTAMIIEpHYI0 Xapaktepuctuky nemu Uy, = f(I1), cpaBHuTh €€ ¢ pacueTHOM
BOJIbTAMIIEPHOM XapaKTEpPUCTUKOM BCEW LIENM W CHENaThb BBIBOJ O BO3MOXKHOCTHU
rpadudeckoro npuMeHeHus 3akoHoB Kupxroda.

Tabmuma 1.
No U, | U1, | U23, | U=U1+U023, | I1, | 12, | I3, I1 =12+ 13,
ombiTa | B B B B MA | MA | MA MA
1
2
3
Tao0muna 2
2.6. Cnenatb BBIBOJI 0
Pesucrop Brruuciieno
BO3MOXXHOCTH TIPUMEHEHHUSI 3aKOHOB
R1, Om
Kupxrodpa B rpadudeckom Buge B R2. 0
AJIEKTPUYECKON  IIeMU  MOCTOSIHHOIO M
TOKa. R3, Om
RaKB, Om
3. Conep:xanme oTuera

Otuer no paboTe AOHKEH COJAEPKATh:

a) HAaMMEHOBaHUE pPabOTHI U 11EJIb PAOOTHI;

0) CXeMbl HKCIIEPUMEHTOB U TaOJIUIIBI TTOTYUYCHHBIX SKCIIEPUMEHTAIBHBIX JIAHHBIX;
B) PE3YJIbTAThl PACUETOB;

T') BBIBOJIBI 11O paboTe.

4. KonTposbHbIE BONPOCHI

1. Kak mo mokazaHusM aMIiepMeTpa ¥ BOJBTMETPA MOXKHO OINPEACIUTh BEIUYUHY
COTIPOTHUBJICHUS y4acTKa DJICKTPUUYECKON IETH MOCTOSTHHOTO TOKA M MOTPEOISIEMYI0 UM
MOIITHOCTE?

2. HapucyiiTe cxembl JJIi HU3MEPCHHS METOJIOM aMIlepMETpa M BOJIBTMETpa
OOJIBIITNX U MAJIBIX DJICKTPHUECCKUX COIPOTHUBIICHUH.

3. Kak onpeneauTs BEIMYUHY SKBUBAJICHTHOTO CONPOTHBIICHHS JIJIST UCCIICTyEeMOM
1enu?

4. Jlns ucciaeayeMbIX SJICKTPUUYSCKUX IICTIeH 3aluIIiTe ypaBHEHUs IO 3aKOHAM
Kupxroda.

5. Kak 1o BosibTaMIepHON XapaKTEPUCTHKE OTPEICTUTh BETUIHHY COMPOTUBIICHUS
nenu?
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Pa6ora Ne 1-4. HEJIMHEWHAS DJIEKTPUUECKAS IIENb
HOCTOAHHOI'O TOKA C HOCJIEAOBATEJBHBIM COEIJMHEHUEM
JJIEMEHTOB

1. Heab padoThI

OKCIEPUMEHTAIIbHOE TMOJYYEHUE BOJBTAMIIEPHBIX XapaKTEPUCTUK JMHEWHBIX M
HEJIMHEHHBIX PE3UCTUBHBIX JJEMEHTOB, Tpaduueckuii pacueT Hepa3BETBICHHOM
HEJIMHEMHOW 3JICKTPUYECKOM LENU MOCTOSHHOTO TOKA M IKCIEPUMEHTaJbHAs MPOBEpPKA
pe3yJbTaTOB pacyera.

Ilepeyens MUHUMOAY Il

HanMeHOBaHME MHHHMOTYJISI KomanuectBo
[Torennmometp I1I16-3A-150 Om 1
Jlamna nHakamuBanus A12 — 1.2 W2*4,6d 1
Pezuctop 2 Bt 100 Om 1

2. ITopsiiOK BHINOJIHEHUS PA0OTHI

2.1. O3HakoMuTbCS C J1a0OpaTOPHOW YCTAHOBKOM (MCTOYHUK MHUTAHMUA,
(GYHKIIMOHATIBHBIA TE€HEpaTop, HU3MEPUTENb MOIIHOCTH, MYJIbTUMETp, LH(PPOBBIC
amnepMmetpsl PA1...PA4, nHabopHOoe noje ¥ MUHUMOIYJIU PE3UCTOPOB).

2.2. CoOpath 3INEKTPUYECKYIO LEMb JJISl CHATUS BOJBTAMIIEPHBIX XapaKTEPUCTUK
aneMeHTOB 1ienu (puc. 1) u npeabsBUTh €€ I MPOBEPKHU Mpernojasarento. B kadectse
PEryJIMpPyEMOr0 HCTOYHHMKA TMOCTOSHHOTO HANpsDKEHUS MCIOJb30BaTh MHUHUMOYJb
noteHimoMmerpa RP1. B kauectBe ammepmerpa HCHoJib30BaTh IMdpoBoit mpudop. B
Ka4eCTBE BOJIBTMETPA HCIOIb30BaTh CTPEIOYHBIN IPUOOp.

[IpenbsaBuTh CXeMy JUIsl IPOBEPKHU MPENOIABATEIIO.

PA1 | HL
+15B | ; ,
O O Un ~ O
PV1 | 5
i 4 R1
H u UR| Umo
RP1 5
150 o
O v O
\ 4

Q

Puc.1

2.3. CHATh BOJBTAMIIEPHBIE XAapPAKTEPUCTUKH JIAMIIBI HAaKaJIMBAHHUS, PE3UCTOpA U
Bceil menu. st 3TOro ycTaHOBUTH pydkKy moTeHmuoMerpa RP1 B kpaiiHee JieBoe
noJjiokeHue. BKIIOUNTh MCTOYHMK MUTaHUA (BbIKItOouaTedb SA3). YBenuuuBas MIaBHO
BBIXOJIHOE HampsikeHue noreHiuomerpa RP1, mpoBectu HeoOXxoaumble U3MEpPEHUs TPU
u3meHeHuu Toka oT 0 mo 80...100 MA. Pe3synbTaThl u3MepeHHi 3aHecTd B TaOm. 1.
BeixitounTte HMCTOYHMK mnUTaHWUS. B OAHOW KOOPAMHATHOW CHCTEME ITOCTPOUTH
BOJITAMIIEPHBIE XapaKTEPUCTUKHU 1LIeTH, JIamIbl HakanuBanusi HL u pesuctopa R1.
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Tabmuna 1

LA

U,B

Un, B

(=) el fenl) fan)

Ur, B

2.4. 3anucath ypaBHeHHE BTOporo 3akoHa Kupxroda mis ucciaemayeMoi Iemnu.
Hcnonb3yst sKCriepUMEHTANIbHBIE BOJbTAMIIEPHBIE XapaKTEPUCTUKU PE3UCTOPA U JIAMIIbI
HAKaJIMBAHMS, MMOCTPOUTHh B TOM K€ CUCTEME KOOPAMHAT PACUETHYIO BOJIbTAMIIEPHYIO
XapakTepuCTUKY Bcel nenu Up,ew=1(I) 1 cCpaBHUTB €€ C MOIy4eHHON SKCIEPUMEHTAIBHO
BoJIbTaMIiepHoi xapakTepucTukon nenu U, =f(I).

2.5. BpimoaHuTh rpapuyecKkuid pacyeT TOKAa M HaNpSHKEHUH Ha OTIEIbHBIX
ydyacTKax ULend mo puc. l. Juisl yKa3aHHOTO MpenojaBaTeleM 3HAYeHHUs BXOIHOTO
HanpsbkeHus. Pe3ynbTaTsl pacuera 3aHecTd B Ta0. 2.

Tao0muna 2

U,B Uy, B U, B ILA

Pacuer

OKCIIEpUMEHT

2.6. Jlns mpoBEpKH pacyeTa HEJIMHEWMHOM LENM BKIIOYUTh UCTOYHHUK MUTAHUS U
YCTAaHOBUTH 3aJjlaHHOE (pacueTHOe) 3HaUeHue BxoaHoro HampsikeHus U. M3meputs Tok |
u Hanpspkennst Ug 1 Uy Ha OTJEIBHBIX YYacTKax 1enu. Pe3ynbrarsl 3aHecTy B Ta0I. 2.

2.7. Cnenatb BBIBOJ 00 OCOOEHHOCTSAX NIpUMEHEHHS 3akoHOB Kupxroda B
HEJIMHEMHOM 1I€ITH MOCTOSIHHOI'O TOKA.

2.8. ITo yka3aHMIO MpenoiaBaTeNs pacCUuTaTh CTaTHUeCKoe U quddepeHImaabHoe
COINPOTUBJICHUS JIaMIIbl HAKAJIMBAHUS.

3. CopepxaHue oTyera

Ot4et mo paboTe TOHKEH COAEPIKATh:

a) HAUMEHOBaHUE U 11 PaOOTHI;

0) CXeMBI SKCTIEpUMEHTOB M TAOJUIIBI C Pe3yJIbTaTaMH U3MEPEHUH;

B) pacUeTHBIC U SKCIIEPUMEHTAILHBIC BOJIBTAMIICPHBIC XapaKTEPUCTUKH,
') CPaBHEHUE PE3YJIHTATOB pacyeTa ¢ SKCIEPUMEHTAIbHBIMU JaHHBIMH;
1) BBIBOJIBI.

4. KOHTpPOJIbHbIE BONIPOCHI

1. UTo Takoe «HEIMHEHHBINA SJIEMEHT» B AJIEKTPUYECKOU 1enu?

2. IlpuBecTm mnpuUMeEpbl HEIUHEHHBIX D3JIEMEHTOB J3JIEKTPUYECKUX LENed U MX
BOJIbTAMIIEPHBIX XapaKTEPUCTHK.

3. [ToueMy AJig HEMUHEWHOM 11eTH Y100€eH rpadudeckuii crocod ananmuza?

4. CnipaBeITTUBHI JIU JJ1 HEJTMHEHHBIX 1ienei 3akoHbsl Kupxroda?

5. Kak mocTpouTh BOJIBTAMIIEPHYIO XAPAKTEPUCTUKY MOCIEAOBATEIBLHOIO COEIUHEHUS
HEJTMHEWHBIX 2JIEMEHTOB?

6. Kak mnocTpouTh BOJBTAMIEPHYH) XapaKTEPUCTUKY MapajuIeJIbHOIO COECIMHEHUS
HEJIMHEWHBIX 3JIEMEHTOB?

7. Kak ompezensieTcsi CTaTUYECKOE COMPOTHUBJICHUE HEIWHEHHOro sneMenta? byaer nu
OHO OJMHAKOBOE [IJISl PA3HBIX TOYEK BOJbTAMIIEPHOW XapaKTEPUCTUKHN HEIMHENHOTO AJieMeHTa?

8. Kak onpenensercss ITMHAMUYECKOE CONIPOTUBIICHUE HEIMHEHOTO 3nieMeHTa? byaet nu

OHO OJJMHAKOBOE JIJIsl Pa3HbIX TOUYEK BOJbTAMIIEPHOU XapaKTEPUCTUKU HEIMHEHHOTO AeMeHTa?
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Pa6ora Ne 1-5. PA3BETBJIEHHASI HEJIMHEWHAS LIETIb
HOCTOSHHOI'O TOKA

1. Hean padoTsl

OKCIEPUMEHTAIIBHOE IOJYYEHHE BOJBTAMIIEPHBIX XapaKTEPUCTUK HEIUHEWHBIX
PE3UCTUBHBIX  DJIEMEHTOB, TpadUyecKwil pacdyeT pa3BETBICHHOM  HETUHEHHOM
AJIEKTPUYECKON LENHU MOCTOSSHHOTO TOKA M 3KCHEPUMEHTAJIbHAS IIPOBEpPKA PE3YJIbTATOB
pacuera.

Ilepeyens MUHUMOAY 1M

HanmenoBanre MUHUMOTYJIS KoanuectBo
[Torenumometp I1I16-3A-150 Om 1
Henunelnpiii 31€eMEHT 1
Jlamma HakanuBanusg A12 — 1.2 W2*4,6d 1
Pesuctop 2 Bt 100 Om 1

2. ITopsi10K BHINOJIHEHUS PA0OTHI

2.1. O3HakoMHUTBCS C JIaDOPATOPHOW yCTAHOBKOM (MCTOYHUK MHUTAHUA,
(yHKUHMOHANBHBIA TEHEpaTop, M3MEPUTENb MOUIHOCTH, MYJbTUMETpP, UU(POBBIE
amnepmeTpsl PA1...PA4, HabopHoe nose 1 MUHUMOIYJIH PE3UCTOPOB).

2.2. CoOpatb 3JEKTPUUYECKYIO LEMNb JAJs CHATHS BOJBTAMIIEPHBIX XapaKTEPUCTHUK
9JIEMEHTOB 1ienH (puc. 1) u npeabsaBUThH €€ AJi MPOBEPKH MpernojaBarento. B kauecTse
pPEryJIMpPYEMOr0 HMCTOYHHMKA IIOCTOSSHHOTO HAIPsDKEHUS MCIOJIb30BaTh MHUHUMOIYJIb
noteHmomerpa RP1. B kadecTBe ammepmerpa MCmoiab30BaTh HU(PPOBON aMIepMeTp B
peXMME W3MEPEHMs IIOCTOSSHHOIO TOKa. B KauecTBe BOJIBTMETpa HCIOJIB30BAThH
CTPEJIOYHBIN TPUOOP.

Oopamume eHumManue HaA NOJNAPHOCMb HANPAINCCHUA HA HEAUHEUHOM
anemenme R1.

[IpenssaBUTH CXeMy I IPOBEPKU IPETIOIABATENIO.

1

+15B o~ |
o— —~ Aro—0
N

O O
: ' PV1 . .
! Pt ]
=" (V) v| ] rs
i RP1 | i
: 150 ! i

O

E-’
~
v’

Puc. 1

2.3. CHATh BOJBTAMIIEPHYIO XapaKTEPHUCTHKY HeNHHeiHoro anementa R1. Jlnd
3TOr0 YCTaHOBHUTH Pyuky noreHnuomerpa RP1 B kpaiinee neBoe mnosioxenue. BKiounTh
MCTOYHMK TUTaHUs (BbIKIOouYaTenb SA3). YBenuuuBas MIABHO BBIXOJHOE HANpsHDKEHHUE
noteHuomerpa RP1 npoBectu HeoOXoauMble U3MEpPEHUS MPU U3MEHEHUH Toka oT 0 110
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80...100 MA. Pe3ynbTaThl U3MepeHU 3aHECTH B TaOJ. 1. BBIKIIOUHUTE 3JEKTPONUTAHKE
crenaa. [locTpouts BOJIbTAMIIEPHYIO XapAKTEPUCTUKY HETUHEHHOTO 3JIEMEHTA.
Tabmuma 1

U,B 0
LA 0

2.4. CHAITh BOJbTAMIIEPHBIC XapAKTEPUCTUKH JIAMIIbI HAKAIIMBAHUS U PE3UCTOPA.
Jlyist 3TOr0 COOpaTh MEMb C MOCIEAOBATEILHBIM COSMHEHUEM JIaMITbl HakanmBaHust HL u
pesuctopa R1 (puc. 2). [lpenbsaBuTh cxeMy Jyisi IPOBEPKHU MPENOJABATEIIO.

----------- 1
|

PA1 HL
+15B | :
4O_®_O'_’—O_®_.O’
~ Un O
PV1 Rl ettt ;
R1
o

Puc. 2

YcranoButh pyuky noreHuuomerpa RP1 B kpaiiHee neBoe monoxeHue. BKIrounTh
UCTOYHUK MUTaHUs (BbIKIOYaTesnb SA3). YBennuuBas IJIABHO BBIXOJIHOE HaNpsKEHHE
noteHuuomMerpa RP1 u3Mepars HanpsbkeHus Ha Bxoje nenu U, Ha JamIie HakaJuBaHUs
Uj u Ha pesuctope U, a takxke Tok I. PesynapTaThl m3amepeHuit 3aHectd B Tabi. 2.
BrikimounTh 2sekTponuTaHue CreHaa. IlocTpouTh BOJBTaMIIEpHBIE XapaKTEPUCTUKU
uenu, Jamibl HakanuBanus HL u pe3ucropa R1.

Tabnuma 2

LA

U,B

Un, B

[} el [l fen

Ur, B

2.5. CHATH BOJIbTAMIIEPHYIO XapaKTEPUCTUKY IIEMHU CO CMEIIAHHBIM COCIMHEHUEM
aneMeHTOB. JlJist 3TOro coOparh 3IEKTPUUYECKYIO IENb MO pUC. 3 U NPEeabIBUTH €€ IS
IIPOBEPKH MPEIOAaBATENIO.
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+15B

R2
100

f—y

Puc. 3

BxlounTh MCTOYHUK MUTAHHUS M CHATH BOJIbTAMIIEPHYIO XapAKTEPUCTUKY BCEU
nenu U,=f(I). YcranoButs pyuky norennuomerpa RP1 B kpaitHee jeBoe MojgoKeHUE.
VBenuuuBasi IUIABHO BBIXOJHOE HampsbkKeHWe TmoTeHiumoMerpa RP1 - u3MepsTh
HanpspkeHuss Ha Bxoje nenu U u Tok I, moTpeOisieMbli OT HCTOYHUKA TTHUTAHUS.
Pe3ynbTaThl m3MepeHui 3aHeCTH B Ta0J1. 3. BBIKIIFOYNTh NCTOYHUK MTUTAHUS.

Tabmaua 3

U, 0

B
I[LA 0

2.6. 3anucatp ypaBHeHuUs 3akoHOB Kupxroda s uccnenyemoit uenu. Mcnonb3ys
PE3yJbTAaThl IKCIIEPUMEHTOB, TMOCTPOUTH PACUETHYIO BOJBTAMIIEPHYIO XAPAKTEPUCTUKY
Bece menu  Upeo=f(I). 3mece ke HapucoBaTh IONYYEHHYIO OKCIEPHMMEHTAIbHYIO
BOJIbTAMIIEPHYIO XapakTepucTUKY 1enH U.,.,~f(1) u cpaBHUTH HX.

2.7. BemonHUTh rpaduueckuil pacueT TOKOB BETBEH M HAMPSHKECHUN Ha OTACIIBHBIX
y4acTKax LeNu MO pHC. 3 [ YKA3aHHOrO MPENoJaBaTElIeM 3HAYEHUS BXOJHOIO
HarpspkeHus. Pe3ynbpTaThl pacuera 3aHeCTH B TabII. 4.

Tabmauia 4

U,B U,B Uy, B I, A I, A I, A

Pacuer

OKCHEepUMEHT

2.8. Jlist mpoBEepKHU pacyeTa HEJIMHEHHOW IIeNmu coOpaTh JIEKTPUUYECKYIO IENb 0
puc. 4 U mnpenbABUTh €€ I MPOBEpPKHU IMpernogaBarento. Ilocie mpoBepku cXembl
BKJIIOUUTD AJIEKTPONUTAHUE U YCTAHOBHUTH 3aJJaHHOE 3HAUEHUE BXOJIHOTO HarpsbkeHus U.
N3meputs TokM I;. I, n 15 a taxxe Hanpspkenus U; u Uy; Ha OTAEIBHBIX yYacTKax LETIH.
Pesynbratel 3anectu B TabI. 4.

2.9. Cpenatp BbIBOI 00 OCOOEHHOCTAX MpUMeHeHHs 3akoHOB Kupxroda B
HEJIMHEMHOW LEMU ITOCTOSTHHOTO TOKA.

2.10. Ilo  ykazaHui0  OpenoAaBaTesdsi  pacCuuTaTh  CTaTUYECKOE U
g depeHnrnanbHOe CONMPOTUBICHUS HEJIMHEMHOTO 3JIEMEHTA.
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3. Conep:xanme oTuera

Otuer mo paboTe TOHKEH COAEPIKATh:

a) HAMMEHOBaHUE U 117 PaOOTHI;

0) CXeMBI SKCTICEpUMEHTOB M TAOJHUIIBI C Pe3yJIbTaTaMH U3MEPEHUH;

B) pacUeTHBIC U SKCIIEPUMEHTAILHBIC BOJIBTAMIICPHBIC XapaKTEPUCTUKH,
') CPaBHEHUE PE3YJIHTATOB pacyeTa ¢ SKCIEPUMEHTAIbHBIMU JaHHBIMH;
1) BBIBOJIBI.

4. KoHTpoJibHBIE BONIPOCHI

1. UTo Takoe «HETUHEWHBIN AJIEMEHT» B AJIEKTPUYECKOM 1enn?

2. IlpuBecTn mpuMeEpbl HEIUHEHHBIX JJIEMEHTOB JJICKTPUUECKUX ILETEH M HX
BOJIBTAMIIEPHBIX XapaKTEPUCTHUK.

3. [Touemy muist HEMMHEWHOM TIenU y100eH rpaduyeckuii crocod anamuza?

4. CipaBeJIMBBI JIH JIJIS1 HEJIMHEWHBIX 11eneit 3akonbl Kupxroda?

5. Kak moCTpouTh BOJIBTAMIEPHYIO XapaKTEPUCTUKY MOCIEI0BATEIHLHOTO
COCIUHCHUS HEJIMHEHHBIX 3JI€MESHTOB?

6. Kak mocTpouTh BOJbTAMIEPHYIO XaPaKTEPUCTUKY MAPaLICIIbHOTO COCTUHEHUS
HEJIMHEHHBIX 3JIEMESHTOB?

7. Kak ompenensieTcs CTaTUYECKOE COMPOTHUBJIICHUE HEJIMHEHHOTOo 3JieMeHTa?
byner nu OHO OJauWHAKOBOE JJISI pa3HBIX TOYEK BOJIBTAMIIEPHON XapaKTEPUCTUKHU
HEJIMHEHHOT0 dJIeMeHTa?

8. Kak ompenensercss TMHAMHUYECKOE COMPOTUBICHUE HEIMHEMHOTO 3JeMeHTa?
byner n1u OHO OJAWMHAKOBOE [JI1 Pa3HbIX TOYEK BOJBTAMIICPHOW XapaKTEPUCTUKHU
HEJIWMHEHHOr0 dJIeMeHTa?
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Pa6ora Ne 1-6. CJIOKHAS TUHEVMHASA HENb IOCTOSAHHOI'O TOKA

1. Heas padoTsl

SKCHepI/IMGHTaHLHaH IMPOBCPKA PC3YJIbTATOB dHAJIUTHYCCKOTO paCucTa JIMHCHHOM
BHGKTpH‘{eCKOﬁ LOCIIK C IBYMA HCTOYHHUKAMU JJICKTPOIIMTAHUA.

IlepeyeHb MUHUMOAYJIEH

HaunmMenoBanne MUHUMO YIS KomuuectBo
TymOnep MT1 2
Pesucrop 2 Bt 100 Om 1
Pesuctop 2 Bt 150 Om 1
Pesuctop 2 Bt 330 Om 1

2. ITopsiiOK BBHINOJIHEHUS PA0OTHI

2.1. CoOpaTh 21eKTPUYECKYIO TIENb MO cxeMme Ha puc. 1. B kadecTBe ammnepmeTpoB
UCIIOJIb30BaTh LU(POBBIE aMIEPMETPhl B PEXUME HU3MEPEHMsI MOCTOSIHHOTO ToKa. Jlis
U3MEpEHUs HaNpsKEHUS MCIOJIb30BaTh CTPENOYHBIM mpubop. B kauecTBe MCTOYHMKOB
nutaaus E1 u E2 ncenonb30BaTh MCTOYHUKM MTOCTOSSHHOrO Hampsbkenus +15 B u -15 B
COOTBETCTBEHHO. [IpeabsBUTh 1enb 411 MPOBEPKHU MPENOIaBATEIO.

2.2. BKIIIOUHTH 3IEKTPONUTAHUE CTEHJA U MPU PA30OMKHYTHIX Kitouax SA4 u SAS
U3MEPUTH 3.1.C. UCTOUYHMKOB mnuTaHusa El m E2. Pe3ynbrarsl M3MepeHUN 3aHECTH B
Tadi. 1.

2.3. 3amkHyTh Kmroun SA4 u SAS. Usmeputrs Toxkm I1, 12, I3. Pesynprarsl

M3MEpPEHUI 3aHECTH B TaOII. 1.
Taomuna.1

El,B E2,B 11, MA 12, MA 13, MA 0y, B Q. B 04, B

E2,
Ro2

Ro1

Puc. 1
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2.4. llomarags mnOTEeHUMA TOYKH «a» paBHbIM HyIIO (Q,=0), u3MepuTh
MYJIBTUMETPOM B PEKHUME H3MEPEHUS TTOCTOSTHHOTO HAIIPSKEHUS TTOTSHITHAIBI TOUEK «by,

«» n «d» (P, @, @g). Pesynbrartel mzmepenuil 3aHectd B Tabn. 1. BeiximounTs
AIEKTPOIUTAHUE CTEH/A.
2.5. Ilo pe3ynpTaram U3MEpPEHUN BBIYUCIIUTD:
— HanpspbkeHus Ul u U2 Ha 3aknMax HCTOYHHUKOB AJIEKTPONIUTAHUS IIPH
3aMKHYTBIX KItouax SA4 u SAS;
— BHYTpPEHHHE CONPOTHUBICHHS R0o1 1 R02 HCTOYHMKOB AJIEKTPONUTAHNUS;
— conpotuBieHus R1, R2 u R3 BeTseil nenu (¢ yueToM BHYTPEHHUX
COMPOTHUBJICHUI U3MEPUTENBHBIX TPHUOOPOB).
Pe3ynbTarhl BEIUMCIIEHNI 3aHECTH B Ta0M. 2.
Tabmura 2

Ul,B | U2,B | Uca, B |[RO1l, OM|R0O2, Om| R1,Om| R2,Om| R3,0m| I1, MA | 12, MA | I3, MA

2.6. Ucnonb3ys MeTo ] y3J10BOTO HAIPSXKEHUSI, PACCUUTATh BETUYUHY Y3JI0BOTO
Hanpspbkenust Uca u Toku 11, 12, 13. Pe3ynbrarsl BIYUCICHUN 3aHECTH B Ta0JI. 2.
CpaBHUTH pacyeTHbIC 3HAUCHUS TOKOB C UX DKCIIEPUMEHTAIbHBIMUA 3HAUCHHUSIMHU.

2.7. JIns BHEIIHET0 KOHTYpa MOCTPOUTH MOTEHIUATIBHYIO JUarpaMMy.

2.8. IloctpouTh BHEITHUE XapaKTepucTUKH UcTOUYHNKOB nutanus U1=f(I1) u
U2={(12).

3. Conep:xanme oTyera

Otuer no paboTe AOHKEH COAEPKATh:

a) HAMMEHOBAaHUE U 11eJb PabOTHI;

0) cXeMbl SKCTIEPUMEHTA U TaOJUIIbI C pe3yJibTaTaMU U3MEPEHUM U BBIUUCIICHHUI;
B) pacueTHbIE COOTHOIIIEHHUS U IKCIIEPUMEHTAIIbHbBIE XapaKTePUCTUKH;

') CpPaBHEHUE PE3YJIHTATOB pacyeTa ¢ SKCIEPUMEHTAIbHBIMU JaHHBIMH;

1) BBIBOJBI

4. KoHTpOJIbHBIE BONIPOCHI

1. Kakue metona ananusa 1enei MOCTOSHHOTO TOKa MOTYT OBITh HCIIOJIb30BaHbI NS
aHaJIn3a UCCIEeAyeMOu Lenu?

2. Cxkonbko ypaBHeHHM 10 3akoHaM Kupxroda HeoOXonaumo 3amucatb IS
uccieayeMon uenu ais e€ pacuera? CKOJBKO U3 HUX HAJA0 3alUCaTh 110 BTOPOMY 3aKOHY
Kupxrodga?

3. 3anumuTe 119 UCCiIeayeMol Lenu HeoOX0IUMBbIE JIJIsl aHau3a UCCIelyeMOU 1enu
ypaBHeHHs 110 3akoHaM Kupxroda.

4. B xakux ciydasx IeJIeco00pa3HO MPUMEHSTh METO]] Y3JIOBOT'O HAIIPSKEHUS?

5. B 4eM coCTOUT OCHOBHOE IOCTOMHCTBO METO/IA Y3JIOBOIO HAIIPSIKEHUA?

6. 3anuiunTe COOTHOILICHHWE JJIsl ONpPEEICHUS BEJIWYMHBI Y3JI0OBOTO HAMNPSHKEHUS B

VCCIIEyEMOM LIETIH.
7. Kak B uccneqyemMol LENH MPU UCHOJIB30BAHUM METOJAA Y3JIOBOTO HAIpPSHKEHUS
ONPEICIUTh TOKU B BETBSAX? 3alUIIUTE 3TU COOTHOILICHHUS.

8. UTo Takoe «BHEIIHSS XapaKTEPUCTUKA» MCTOYHMKA MUTAHUA? 3aluiIuTe

ypaBHEHHE BHEITHEH XapaKTEPUCTHUKHU.

9. Uto Takoe «IOTEHIIMAIbHAS JuarpaMmma?
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2.2 QJIEKTPUYECKUE LEIIN IIEPEMEHHOI'O TOKA.
KPATKHUE TEOPETHUYECKHUE CBEAEHUA

IIpn pacuere nenes NEPEMEHHOIO TOKA, B OTIIMYME OT LENEN MMOCTOSHHOIO TOKA,
HEOOXOAMMO YYUTHIBaTh HE OJMH, a TPU MPOCTEHIIMX MACCUBHBIX JIIEMEHTA:
PE3UCTUBHBIN, UHAYKTUBHBIA U €MKOCTHOM, KOTOPBIE XapaKTEPU3YIOTCS COOTBETCTBEHHO
napaMeTpaMH: aKTUBHBIM CONPOTHUBJICHUEM R, HUHIAYKTUBHOCTBbIO [ (MHIYKTHUBHBIM
conpoTuBieHueM X; = wlL) u eMkocTbio C (eMKOCTHBIM corpoTuBieHueM Xo = 1/wC),
I71€ (® — yrioBas 4acToTa.

B peanbHOIl Lenu conpoTUBIEHUEM 00Jaal0T HE TOJIBKO PE3UCTOP MM peocTaT
KaK yCTpOWCcTBa, TMpeAHa3HAY€HHblEe [UJII HMCIOJB30BaHUS HMX  AJIEKTPUUECKHUX
COMPOTHUBJICHUN, HO U 000N MPOBOJAHUK, KATyIIKa, KOHJEHCATOp, OOMOTKa JIH0O0To
AIIEKTPOMArHUTHOTO AyieMeHTa U Ap. OOIMM CBOMCTBOM BCEX YCTPOMCTB, 00Jagaroniux
AIIEKTPUYECKUM  CONPOTHUBIIEHHWEM,  SBIAETCA  HeoOpaTumMoe  IpeoOpa3oBaHue
AIIEKTPUYECKON SHEPTUU B TEIJIOBYIO 3Hepruio. IIpu Toke i B pesucrope, 00aaaa0omum
COIIPOTHUBIICHUEM 7 3a BpeMs df B COOTBETCTBUHU ¢ 3aKOHOM JIxoyins — JIeHua Bbaensercs
sHeprus dw= ri’dt.

TeruoBast sHEprus, BblIEIsIEMas B CONMPOTHUBICHUH, MOJE3HO MCHOIb3YETCS WA
pacceuBaeTcsa B mpocTpaHcTBe. Ho mockonbky mpeoOpa3oBaHue >IEKTPHUUECKON SHEPTUU
B TEIUIOBYIO SHEPTHIO B TACCUBHOM 3JIEMEHTE HOCUT HEOOPATUMBIN XapakTep, TO B CXEMe
3aMeNIeHus BO BCEX CIydasiX, KOorja HeoOXO0quMO yuecTh HeoOpaTuMoe IpeoOpa3oBaHue
SHEPruu, BKIIOYAETCS CONpPOTUBJIEHUE. B peanbHOM yCTpOHCTBE, Hampumep, B
ANIEKTPOMATHUTE, JIEKTPUUECKask SHEPTUsl MOKET ObITh MpeoOpa3oBaHa B MEXaHUYECKYIO
SHEPrui0 (MPUTSHKEHUE SIKOps), HO B CXEME€ 3aMEIIeHHs] 3TO YCTPONCTBO 3aMEHSETCS
CONMPOTUBJICHUEM, B KOTOPOM BBIACNAETCS SKBUBAJECHTHOE KOJUYECTBO TEIJIOBOM
sHeprud. W mpu aHanmmse cxembl HaM yKe O0e3pas3iiuyHO, YTO B JEHCTBUTEIBLHOCTH
SBJISIETCS] IOTPEOUTENIEM SHEPTUH JICKTPOMATrHUT WJIH DJIEKTPOIUTUTKA.

B nensix nepeMeHHOro ToKa COIMPOTHUBIIEHUE HA3bIBAIOT AKTUBHBIM, KOTOPOE U3-3a
SBJICHUSI TIOBEPXHOCTHOTO »Hddexra Ooible, YeM IICKTPHUUECKOE COMPOTHBICHHUE
NOCTOSSHHOMY TOKy. OJHaKo mNpuM HU3BKUX YacTOTaX »3TOM pa3HHUIEW OOBIYHO
IIpeHeOperaroT.

Hamnpsoxenue, mogBeieHHOE K aKTUBHOMY CONPOTHUBIIEHUIO, IO (pa3e COBMANAET C
TOKOM, TO €CTh HaIPSKEHUE U TOK OJJHOBPEMEHHO JOCTHIal0T MaKCUMAaIbHBIX 3HAUCHUI
U OJHOBPEMEHHO MEPEXOAST 4epe3 Hysb. ECii MIHOBEHHOE 3HAY€HUsl TOKAa MMEET BUJ
i(t)=I); sin (2 7ft), TO MTHOBEHHOE 3HAYEHUE HAMPsDKEHUS OyaeT ug(t)=U,, sin (2 7ft).

NupyktuBHOCT L XapakTepu3yeT CBOWCTBO YYacTKa LENH WIM KaTyLIKU
HaKarIuBaTh YHEPTUI0O MAarHUTHOTO T0JIsl. B peasibHOM 11eTn MHAYKTHBHOCTHIO 00J1a1atoT
HE TOJbKO HWHAYKTUBHBIC KAaTYyIIKH KakK »>JEMEHThl 1eNH, NpeJIHa3HAYCHHbIC s
UCIIOJIb30BAaHUSI MX HWHAYKTUBHOCTH, HO W TNPOBOAA, W BBIBOJbI KOHJEHCATOPOB, H
peoctarbl. B mensx ympomeHus OOBIYHO CUWTAKOT, YTO SHEPIHsT MArHUTHOIO IOJIS
COCpPE0TAYMBAETCS TOJIBKO B KaTYLIKAX.

[Ipu mnpoTrexkaHMuM NEPEMEHHOrO0 TOKa i(?) Yepe3 KaTyIIKy HWHAYKTUBHOCTH,
COCTOSIIEN U3 W BUTKOB, BO30YyKJaeTcsa NEPEMEHHbIM MAarHUTHBIA MOTOK D(1), KOTOPHIH
B COOTBETCTBMU C 3aKOHOM DJICKTPOMAarHMTHOM WHAYKIIMUM HABOAUT B HEW ke 3.1.C.
CaMOUHIYKIMHU e, = — w d®/dt = — Ldi/dt. CnegoBaTeabHO, UHIYKTUBHOCTh B IICIH
NEPEeMEHHOT0 TOKa BIMSET HAa BEJIMYMHY NPOTEKAIOMIETO TOKa KaK COIMNPOTHUBIICHHE.
CooTBeTCTBYIOIIAsl pacueTHasi BEJIMUYMHA HA3bIBAETCS WHIYKTUBHBIM CONPOTUBICHUEM U
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o0o3HavaeTcss X; U U3MEPSeTCs TaK K€, KaK U aKTUBHOE CONIPOTUBJIEHHE — B OMax.

Yem BbIIIE YACTOTA MEPEMEHHOIO TOKA, T€M OOJIBLIE 3/1C CAMOUMHIYKIMH U TEM
OoJbIIIe MHIYKTUBHOE compoTuBiieHne X; = wlL =27f L. Bennunna @ =2 7zf Ha3bIBaeTCA
yIJI0BOM (LIMKJIMYECKOM) YaCTOTOW MEPEMEHHOT0 TOKa.

B menu mNOCTOSHHOrO TOKa B YCTAaHOBHBILEMCS PEKHME HMHIYKTHUBHOCTH HE
BJIMSIET HA PEKUM padOTHI LIENH, TaK KaK 3.7.C. CAMOMHIYKIUU PaBHA HYIIIO.

[TockomBKY 3.1.C. CAMOMHAYKIHWHA BO3HUKAET TOJBKO IIPU M3MEHEHHH TOKA, TO H
MaKCHUMaJIbHbIC 3HAYECHMS H/C HACTYIMAOT IIPU MAKCUMAJIBHOW CKOPOCTH U3MEHEHUS TOKA
B KaTyIlIKE, TO €CTh IPU NPOXOXKACHUM TOKAa uyepe3 Hysb. [103TOMy Ha ydacTke Lenu c
MHIAYKTUBHOCTBIO 3JIC CAMOMHIYKIIUHU 110 BPEMEHH OTCTAET OT TOKA HA YETBEPTh IIEPUOJIA
WIN Ha /2 DJeKTpUYECKUX paauaHa. HampspkeHne Ha HMHIYKTUBHOCTH, OyIydu
IPOTUBOIOJIOKHBIM 3.11.C., HAOOOPOT, ONEPEKAET TOK HA YETBEPTh NMEPHOJIa WU Ha 77/2
JNEKTPUYECKUX paauaHa. Eciau mo karymike HIPOXOAUT TOK, MIHOBEHHOE 3HAYCHUE
KOTOporo i(t)=Iy, sin (2 zft), TO MTHOBEHHOE 3HAYEHWE HANPSIKEHUS HA UHIYKTUBHOCTHU

ur(t)=Uy sin 2nft + n/2) = Xy Ly sin 2nft + 7/2).

Korma HanpsbkeHue, M3MEHSSCh CHHYCOMAAIBHO, JOCTUTaeT MakKCMMyMa, TOK B
3TO MITHOBEHUWE paBeH HyJI0. Eciu HampspkeHHe Ha 3a)KMMax 3JIEMEHTA LENHU OllepexacT
TOK Ha 772 pajuaHa, TO TOBOPST, YTO TaKOMl AJIEMEHT MpeACTaBisieT coO0H HealbHYIO
KaTyIIKy MHIYKTUBHOCTH WUJIM YUCTO PEAKTUBHOE MHIYKTUBHOE COMPOTHUBIEHHE X;. DTO
CONPOTHUBIICHUE YUHUTHIBAET PEAKLIHIO AJIEKTPUYECKOW LIEMU HA U3MEHEHHWE MArHUTHOTO
10JI B UHYYKTUBHOCTH U SIBJII€TCA JTUHENHON (QyHKUMENH YaCTOTHI.

[Ipy BKJIIOYEHUMH B LEeNb IEPEMEHHOIO TOKAa peajbHOW KaTywku (puc.l),
oOnanaromiell KpomMe HUHAYKTMBHOCTM L ¥ HEKOTOPbIM 3HAY€HUEM aAKTHBHOI'O
CONpOTUBIIEHUS R, TOK OTCTAaeT MO (a3e OT HAIPSDKEHUS Ha HEKOTOPBIM yron ¢ < /2,
KOTOPBIH JIETKO ONpEIENsieTcsl U3 TPeyrojibHUKa conpoTuBieHui (puc.3): tgp = X; / R.
JUIsL Takoro y4acTKa JIEKTPUYECKOW LENH YpPaBHEHHE HA OCHOBAaHMM BTOPOIO 3aKOHA
Kupxroga umeer Bun:

u=ug+u;=Ri+ Ldi/dt.

B HamnpsbkeHuu, MOJBEIEHHOM K PEAJIbHOW KATyLIKE, YCJIOBHO MOYKHO BBIJIEIUTH
JIB€ COCTAaBIIAIOIIMX: MaJCHUE HANpPSHKEHHs Ri HA aKTUBHOM CONPOTHBIICHUU, OOBIYHO
HAa3bIBAEMOE aKTUBHOW COCTABJISIONIEH NMPUIOKEHHOIO HANPSLKEHMs, U HaIpsDKEHUE Ha
UACAUTbHOW WHIYKTUBHOCTH  u;= Ldi/dt, Ha3piBaeMOe pPEaKTHUBHOW COCTaBIISIONICH
OPWIOKEHHOr0 HanpspkeHHsl. Da3oBble COOTHOIICHHSI MEXAY 3TUMHU COCTAaBJISIOIIMMH,
OPWIOKEHHBIM HANpPSDKEHUEM M MPOTEKAEMBIM TOKOM OOBIYHO HJUTFOCTPUPYIOTCA
BEKTOPHOM TMarpaMMoi Jjisl X JEHCTBYIOLIUX 3HAUeHU (puc.2).

W3 BekTOpHOU IUarpamMMbl BUIHO, YTO

_ rr2 2 [42p2 4242 _ 2 2 _
U—\/UR+UL —\/I R™+1 XL —I\/R +XL =17,

rne Z=Uy/ly=U/I =\/R2 +X§ — TMOJIHOE JIEKTPUUECKOE COMPOTUBIICHHUE peaTbHOU
Karywmku. M3 TpeyronpHuka conpotuBieHuii (puc.2.3) ciemyer, 4yTo
R =7 cosp, X;=Zsinp, ¢ = arctg X, /R.
3akon Oma ams 1enu, Mo KOTOPOW MPOTEKAeT MEePEMEHHBIA TOK, 3aMHUChIBACTCS B
Bune [ =U/Z.
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W3 paccMOTpPEHHOTO CleyeT BaXXHBIH BBIBOJ: CONPOMUGIEHUA 6 Uenu
nepemMeHH020 MmoKa cK1aovleaomces 6 oduiem cayyae zeomempuuecku. Hampumep, ecnu
y karymwku R=3 Omaun X; =4 Oma, 10 Z =35 OmM.

Emkocth, m3mepsiemas B dapagax (D), xapakrepu3yeTr CHOCOOHOCTh AJIEMEHTa
AIIEKTPUIECKOMN LIETH WIIM KOHJIEHCATOpa HAKAITUTMBATh SHEPTHUIO JICKTPHUECKOTO ToJisl. B
pealbHOM IIeMM €MKOCTh CYIIECTBYeT HE TOJBKO B KOHJEHCATOpaX, KakK JJIeMEHTax
NpeaHa3HAYCHHBIX CICNHUAIbHO [UIsl HCTOJB30BAHUS MX €MKOCTH, HOIU MEXKIY
MIPOBOJTHUKAMH, MEKTy BUTKAMHU KaTylIeK (MEKBUTKOBAs €MKOCTh), MKy MTPOBOJIOM H
3eMJIeH WM KapKacoM AJIEKTPOTEXHUYECKOro ycTrpoiictBa. OJIHAKO B CXeMax 3aMelleHus
HNPUHATO, YTO EMKOCTBIO 00J1a/1at0T TOJIKO KOHAEHCATOPHI.

B xonzmeHcatope, TOuYHEe B AUAICKTPHUKE, pPAa3AeiAIONIEM IUIACTHHBI WU
MPOBOJAHUKHN KOHJEHCATOPa, MOXET CYIIECTBOBAaTh TOK AJIEKTPUUYECKOTO CMEIICHUS, B
TOYHOCTH PAaBHBIM TOKY MPOBOJUMOCTH B MPOBOJAHHUKAX, MPUCOSAMHEHHBIX K OOKIaIKam
KOHJIeHcaTopa: [ = dq / dt, tae g — 3apsaa Ha oOKJIaJKax KOHJAEHCATOpa, U3MEPSIEMBbIi B
KyJIOHaX U MIPOMOPIIMOHATFHBIN HAMIPSDKEHUIO Ha KoHAeHcaTtope Ue:

q=CUc nnpu C =const dq=CdUc.

Torma Tok, mpoxonsmuii uepe3d koHaeHncatop, i = C dUc / dt, a sHeprus

AIIEKTPUIECKOTO TOJIA, 3aracaeMasi B KOHJICHCATOpe TP BO3PACTaHUU HATIPSKEHUS,

w=CUZ/2.

Od4eBuHO, YTO MPU MOCTOSHHOM HanpsokeHun dUc / dt = () m MOCTOSIHHBINA TOK
4yepe3 KOHIEHCATOP NMPOXOIUTh HE MOKET.

[Tpu n3MeHeHnn HamnpspKEeHUs Ha OOKJIaJKax KOHJEHcAaTopa 4epe3 HEro mpoTeKaeT
€MKOCTHOM TOK. UeM ObICTpee N3MEHSETCS HapsDKEHUE, TeM OOJIbIe eMKOCTHOM TOK.

Ecnau npuiioXnuTh K KOHIEHCATOPY NEPEMEHHOE CHHYCOUIAIBHOE HAIPSIKEHUE, TO
yepe3 KOHJIEHCATOP MOTEeUYET NePEMEHHBIN CHHYCOHMIaTbHBINA TOK, CABUHYTHIN MO (a3ze Ha
7/2 MO OTHOWIEHUIO K HAIpPSDKEHHI0. DTO MPOUCXOAUT IMOTOMY, YTO E€MKOCTHOM TOK
JOCTUTaeT MAaKCUMAJIbHOIO 3HAYEHUS IIPU MAKCHMAJIBHOM HW3MEHEHUM HaIpSOKEHUS, T.€.
IIPU IIPOXOXKICHUN HANPSDKEHUS 4epe3 Hylb. TOK IPU 3TOM OIEPEKACT HAIPSIKEHUE I10
daze Ha /2. Eciiu MrHOBEHHOE 3HAUYEHHE TOKA, MPOTEKAEMOTO 4Yepe3 KOHJEHCATOp
i(t)=Iy; sin (2 7ft), TO MTHOBEHHOE 3HAUEHWE HAMPSIKCHUS HA HEM >

uc(t)=Uy sin(2rft - w/2)=Xc Iy sin 2nft - n/2), I

rae Xc¢ — peakTUBHOE €MKOCTHOE CONPOTHUBIIECHHUE. BekTopHas
auarpaMma  JUii  y4acTKa JJIEKTPUYECKOM 1eNu, coaepKauen
KOHJIEHCATOp, U300pakeHa Ha puc. 4. Uc

Bemmunna Xe = 124C = I/oC = Ug, / I, = Uc / 1 v
Ha3bIBAETCSI PEAKTUBHBIM  €MKOCTHBIM  COINPOTHUBIICHHEM. JTO
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COIIPOTUBIICHUE  YUWUTBHIBACT PEAKLUUIO  DJIEKTPUUYECKOM ILENU Ha  U3MEHEHHUE
ANEKTPUYECKOr0 TIOJNisi B KOHJEHCATOPE M SBJISETCA OOpaTHO MPOMOPIMOHAILHOM
GbyHKIMEH YaCTOTHI.

3akon Oma /U1l ydacTKa dJIeKTpHIecKol 1enu ¢ Konaencaropom I = U/ Xe, tne 1
— JIEUCTBYIOLIEE 3HAYCHUE TOKA, IPOTEKAEMOI0 uyepe3 KoHaeHcarop, Ue — neucTByroniee
3HAYEHHE HAIPSKEHUs HAa KOHJIEHCATOPE.

DNeKTpuuecKas Lenb NEPEMEHHOI0 TOKA XapaKTepU3yeTCs aKTUBHOM, peaKTUBHOM
Y TIOJIHOM MOIIHOCTBIO.

AkTuBHasi MOIIHOCTh P, u3Mmepsiemas B Bartax (BT), paBHa npOHU3BEICHUIO
JNEUCTBYIOIIETO 3HAUeHMs HanpsbkeHus U Ha JAEUCTBYIOLIEE 3HAUYCHUE TOK / U Ha cos@,
Ha3bIBaeMbIi KO3(P(GUIIMEHTOM MOUTHOCTH, WJIM IPOU3BEACHUIO KBaJIpaTa JeHCTBYIOLIETO
3HAYEHHS TOKA HA aKTUBHOE COIIPOTUBIICHUE:

P = Ul cosp=FR.

PeaktuBHas MomHOCTh (), U3MepsieMasi B BOJIbT-aMIiepax peakTuBHbIX (Bap), paBHa
IPOU3BEACHUIO JEHUCTBYIOLIETO 3HAYEHUS HampsokeHus U Ha JNEHCTBYIOLIEE 3HAYCHUE
TOKa / U Ha sin@ WIM TPOU3BEICHUIO KBAJApara ICUCTBYIOLIETO 3HAYEHUs TOKa Ha
PEAKTUBHOE CONPOTUBJICHHUE:

O =Ulsinp=TX.

[Tonnast MOIIHOCTD S, U3MepseMasl B BoJbT-amnepax (BA), paBHa MPOU3BEACHUIO

JNEUCTBYIOLIErO 3HAUYCHUS TOKa / Ha IEUCTBYIOLIEE 3HaUCHHUE HanpspkeHus U:

S=UI=yP? +02.

CoOTHOLIEHUSI 3TUX  MOIIMHOCTEH  HIUTFOCTPUPYIOTCA
TPEYroJIbHUKOM MOILIHOCTEH (puc. 5). N Q
OnekTpuyeckas LEelb CHUHYCOMIAJIbHOTO NEPEMEHHOTO
TOKAa C IIOCIEIOBAaTEIbHBIM COCIMHEHHUEM PE3UCTOpa € /{ ¢©
AKTUBHBIM  COIIPOTMBJIEHMEM R,  pealbHOW  KaTyLIKH
UHAYKTUBHOCTH C TIOJHBIM CONpPOTUBIIEHUEM Zx (R Xx) n
KOHJIGHCATOpa C €MKOCTHBIM compotuBieHueM Xc (puc.6)
ONMCHIBAETCS YPAaBHEHHMEM, 3aIlIMCAHHBIM II0 BTOPOMY 3aKOHY
Kupxroda 1151 MrHOBEHHBIX 3HaYCHUN HANPSHKEHUI Ha 9TUX DJIEMEHTAX:
ug +ug +uc =u(t)
WIH B TEOMETPUUECKOM (popMe 11 BEKTOPOB JEHCTBYIONTUX 3HAYCHHUM 3TUX HATIPSHKCHHM
U R + UK + UC = U
ITocnennee cOOTHOIIEHUE TOBOPUT O TOM, YTO BEKTOP JIEWCTBYIOLIETO 3HAYCHUS
HaIIPSDKEHMS], MPUJI0KEHHOTO K TAKOM LIENH, PABEH I€OMETPUYECKONW CyMME BEKTOPOB
HaIpPsDKEHUN Ha OTNIENbHBIX €€ yuacTkax (puc.7).

Puc. 5
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Puc. 8

Puc. 7
Puc.6

N3 ananuza BGKTOpHOﬁ AuarpamMmbl IJIA TaKOU ey CJICaAyeCeTr, 4TO BCIMYHHA
BXOOHOI'O HAIIPAKCHUA U

U=Up +Ugi)? +Upg ~Ue)? =JUR+IR)? (X} — X ) =I\/(R+RK)2 HX =X ),

rane Ugk, Urx — COOTBETCTBEHHO AaKTUBHAS M PEAKTUBHAS COCTABISAIOIINE HANPSKEHUS HA
Karyuke, Rg, X; — aKTUBHOE€ W PEAKTUBHOE HMHIYKTUBHOE COMNPOTUBIEHUE KaTYIIKH
MHJYKTUBHOCTH.

CrnenoBaTesbHO, IEHCTBYIOIIEE 3HAUEHUE TOKA B OTOM LIENIM HA OCHOBAaHUU 3aKOHA
OMa MOYKHO OIIPENENIUTh KaK

[=U/Z=UIJ(R+R)? +(X - X0)2,

20e Z=(R+ R +(X, ~X)? =R+ Ri)? + (0l 1/ 0C)? -

MOJIHOE CONPOTHUBJIEHUE LIEMU C MOCJIECA0BATEIBHBIM COCIUHEHUEM PE3UCTOPA, PEATHLHON
KAaTyIIKM WHAYKTUBHOCTH M KOHAEHCATOpa, KOTOPOE JIETKO OMpeaenserca U3
MHOTOYTOJIbHUKA CONPOTUBIIEHUH (pucC. 8).

VYron cnsura (a3 Mexay BXOJHBIM CHHYCOMAQIbHBIM HampsbkeHueM U u
MOTPEOIAEMBIM TaKOM 1ETHI0 TOKOM / OIIpeeNsieTCs U3 TPEyroabHIUKa COTPOTHUBIICHUN

tgp=(wL —1/0C) /(R + Rg).

Ecmu wl > I/owC u yron ¢ > 0, Bcsa 1enb BeAeT ceds Kak Ienb ¢ aKTUBHBIM
COIIPOTUBIICHUEM W HJICAIBHOW WHIYKTMBHOCTBIO. ['OBOpST, UTO B 3TOM cCily4yae LEMb
HOCHUT aKTUBHO-UHAYKTUBHBIA XapaKTep.

Ecmm ol < I/owC n yron ¢ < 0, Bcsa menb BeAeT ceOsl Kak Ienb ¢ aKTUBHBIM
CONIPOTUBIICHUEM U E€MKOCTHIO. ['OBOpPSAT, 4TO B 3TOM Ciydae ILEMb HOCHUT AKTHUBHO-
€MKOCTHOM XapakTep.

Ecnu B nenu peakTuBHOE cCOMpOTUBIEHUs paBHbl (wl = [/wC), To yron ¢ = 0.
[Ipu 3TOM peakTUBHAsA COCTABIIAIONIAS HANPSKEHNUS HA MHAYKTUBHOCTH U HANPSIKCHHUE Ha
KOHJICHCATOpE TIOJIHOCThIO ce0s KoMmreHcupyloT. llems BemeT cebs, kak OynarTo
PEaKTUBHbIC COMPOTUBICHHUS B HEW OTCYTCTBYIOT M TOK JOCTUTAeT HauOOJIBIIEro
3HAQYEHUS, TOCKOJbKY TOK OrpPaHUYMBACTCS TOJIBKO JKBUBAJICHTHBIM AKTHBHBIM
COIPOTUBIIEHUEM LIenU Ry = R +Ry.

DTO 03HAYaET, 4TO B LIEMU UMEET MECTO PE30HAHC, HA3bIBAEMBIN B TAHHOM CITy4ae
pe3onancom HanpsaxceHuti. Pe30HAHC HAINPSHKEHUM MOXKHO TIOJYyYUTh HW3MEHEHHUEM
YacTOTbl MCTOYHMKA NUTAaHHS, W3MEHECHHEM I[1apaMETPOB PEAKTHBHBIX JJIEMEHTOB,
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HATpUMep, 1MoA6OpOM 3HaueHHs BeanmduHsl emxoctn C = I/w, °L, rre @, =~1/LC —

PE30HaHCHAsA 4aCTOTa LCIIN.

HpI/I napajui€JibHOM COCAWMHCHHUN JJICMCHTOB IIOJY4YarOT PA3BCTBJIICHHYIO ICIIb

(puc.9).

ITpu napajjieIbHOM COCJIMHCHUU o
DJIEMEHTOB TOKH B OTJCIBbHBIX BETBAX
3aBUCAT OT  BEJIMYUHBI  IIPHIOKEHHOTO
HANPSDKEHUST W TIOJHOTO  CONMPOTHUBIICHUS
KaxJ0d BeTBU. [Ipm 3TOM TOK B BETBU C

pesucropom [Ip coemagaer 1o ¢aze ¢ U Zx

HaIIPSDKEHUEM, TOK B BETBU C WHIAYKTHBHOM
KaTymKoi [x 0TcTaeT mo (paze OT HaApsKEHUs
Ha YIrojl ¢, 3aBHUCIIIMA OT aKTHUBHOIO H v
PEAaKTHUBHOTO  CONPOTHUBIIECHUS  pPEaJbHOU

KaTyIIKX HWHIYKTUBHOCTH. TOK B BETBH C

KOHJICHCATOPOM [ OIEPEkKAECT HAIPIKECHHUE

Ha 90° (puc. 9). B cooTBeTCTBUU C MEPBBIM

3akoHOM Kupxroda obmmii Tok /, moTpedseMplii Takoh

LHEMb0 OT HMCTOYHUKA  MUTAHHS,  OINPEACISIETCA

reOMETPUYECKON CYMMOU TOKOB OTIEJIBbHBIX BETBEU: [=
Ix + I+ Ic.

['eoMeTprueckoe MOCTPOCHUE I OIPEICICHUS
BETMYHMHBI U (Da3bl OOIIETO TOKA MPEICTABICHO HA PHC.
10, rne 0603HAYCHO:

Ix4, 1, — aKTUBHBIC COCTABJISIONINE TOKA B BETBU C
UHAYKTUBHOM KaTyIIKOW U 0OILEro TOKa;

Ixp, Ip — peaKTUBHBIE COCTABIISIIOIIME TOKA B BETBU
C MHIYKTUBHOM KaTYIIKOW U OOIIETrO TOKA.

[Ton akTUBHOW COCTaBISIFOIIEA TOKA IMOHUMAOT
COCTaBJIAIONIYI0 TOKa, COBHajarolryro 1o ¢asze ¢
IIPUJIOKEHHBIM  HampspkeHueM.  [lom  peakTuBHOM

|
(R
|
L1 R
|
e
| |
! }
Puc. 9
I
A =<
I I,
¢
I IK
(PK IKA
IKP
Puc. 10

COCTaBJISIFOIIEN TOKAa — COCTaBIIAIOUIYIO, PACIOIOKEHHYIO0 1o 90° K mpuiIoKEHHOMY
HanpsbkeHnto. ClielyeT TOMHUTb, YTO aKMUBHASL U PeaKMUBHAsI COCMABNAIWUe MoKa —
9MO YCNO8HbIE GeIUYUHbI, HE UMEKIIHE (U3HMYECKOr0 CMbICIA B IOCIIEI0BATEIbHOU

CXEMe 3aMEeLICHMs], HO YJOOHBIE I PACUETOB.
W3 BEKTOpHOM auarpaMMsbl CIEAYET, YTO

Ly=1Ix +Ixqy , Ip=Ixp—Ic.

CnenoBaTenbHO, BEIMYMHA OOIIET0 TOKA

[=313+13,

a yroia casura ¢a3z Mexay oO0IUM TOKOM U MPUII0KEHHBIM HAMPSKEHUEM
fg(D = ]p/IA: (]]{p—]c) /(IR + ]KA)

JlaHHasi BEKTOpHas AMarpamMMma MmocTpoeHa B MPEIOI0KEHUH, YTO EMKOCTHOM TOK

I MeHbllIe PEaKTUBHOM WHIYKTMBHOM COCTaBIJISIFOIIEN TOKAa B Karymke [xp. [loatomy

oOmuii TOk oTcTaet mo (ase OT HaNmpsKEHUs. Takas el HOCUT aKTUBHO-WHTYKTHBHBIH

xapaktep. Ecnu Obl eMKkocTHOW TOK [-  ObUI OOJBIIE PEAKTUBHON WHIYKTHBHOM
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COCTaBJISIONICH TOKa B KaTylike Ixp, TO TOK, HOTPEOJISIEMBIN LIETIbIO U3 CETH OMepeskal Mo
(aze nMpuIIO)KEHHOE HANIPSHKEHHE U 1IeTIh HOCKIa Obl aKTUBHO-EMKOCTHOM XapakTep.

IIpu paBeHCTBE pEaKTUBHOW MHAYKTUBHOM COCTABIISIIOIIEA TOKA B KAaTylIKe Ixp U
€MKOCTHOTO TOKa /¢ BEKTOp 00IIero TOKa COBNaAaeT Mo (aze ¢ BEKTOPOM MPHUII0KEHHOTO
HAINPSDKEHUS, a €r0 BEJIWYMHA ONPEIEIISIETCA TOJIBKO aKTUBHBIMU COCTABJISIOIIMMHA TOKOB
I, = Ix + Ix4, llpu 5TOM B LieNM HACTYIAET SIBJICHUE PE30HAHCA TOKOB, TAK KAaK LEIb,
colepiKaliasi pEaKTHBHBIC SJEMEHTHI, BeAeT ce0s Kak IeNb C YHCTO AKTHBHBIM
conpoTtuBiicHUEM. [Ipu pe3oHaHCE TOKOB TOKM B BETBSIX C PEAKTUBHBIMHU 3JIEMEHTAMU
MOT'YT 3HAYUTEIBHO MPEBBIIIATH TOK, TOTPEOISIEMbIN OT HICTOYHUKA MTUTAHMUSL.

Tpexdaznas cucteMa nmepeMeHHOro TOKa UMEET PsiJi MPEUMYIIECTB MO CPABHEHUIO
¢ 0JIHO(a3HBIM MEPEMEHHBIM TOKOM M MO3TOMY MOJy4HIa MIUPOKOe MpuMeHeHue. Yare
BCET0 AJIEKTpUUECKasi SHEPrusl BhIPaOATHIBACTCS, MEPEIACTCS U PACTIPEACISICTCS MEXIy
HOTPEOUTENSIMU Tpex(azHbIMU CHUCTEMAaMHU. [TopaBnsroniee OOJIBITMHCTBO
AIIEKTPOJBUTATENICH SIBISIETCS ABUTATEISIMU TPEX(Pa3HOTO MEPEMEHHOTO TOKA.

YrtoO6sl B Tpexda3HoW cucTeMe MOXHO ObUIO OJTHOBPEMEHHO MOJIb30BAThCS ABYMS
pa3nuYHBIMU HarpspkeHussiMu (Hanpumep, 380 B — s nmutanust 3J€KTpoABUTaTeNeH U
220 B — s muTaHUS DNEKTPUYECKUX JIaMII U JIPYTUX OJHO(MA3HBIX MOTpeOuTEsei)
MPUMEHSIOT YEeTHIPEXMPOBOAHYIO CHUCTEMY dJIEKTpOoCcHaOkeHus. YeThIpeXIpoBoIHAS
nuHUs Tpexda3HoW CUCTEMBbI UMEET YeThIpe MPOBOJA: TPU JUHEHUHBIX, MO KOTOPHIM
MIPOTEKAIOT JUHEHHble TOKU 14, Ip Ic W ONMH HyJEBOM (HEHTpalbHBI) NPOBOJ,
MpeHA3HAYCHHBIA IS TIOIEPKAHMsI OJMHAKOBBIX 3HAYCHUH (ha3HBIX HANPSDKCHUN Ha
Bcex Tpex (¢aszax morpedbutens. [lo HyneBoMy TpPOBOIY MOXKET TPOTEKATh
YPaBHUTEIBHBIN TOK /), HA3bIBAEMBI HYJIEBBIM WM HEUTPAIBHBIM TOKOM. Takas cucrema
COEIMHEHHUsI OOMOTOK Tpex(a3HOro TeHeparopa M MPUEMHUKOB (TIOTpeOUTeNei)
HAa3bIBAECTCA «3BE30M» U TOKa3aHa Ha puc. 11.

[Ipu coenuHenuu B 3Be31ly TOK [y, MpOTEKaeMbId Mo (ha3ze MCTOYHMKA MUTAHUS,
paBeH TOKY, MPOTEKAEMOMY 10 JIMHEHHOMY MpoBoAY (a3bl A. DTOT e TOK MPOTEKAET U
no ¢aze A norpedutens. CrenoBaTeNbHO, NMPU COSAUHEHUU B 3Be31y (Ga3HbId TOK [y
PaBEH JIMHEUHOMY TOKY [

1 N I e

Hanpsoxkenne  Mexay — JIMHEWHBIMM — [IPOBOJAM,  HA3bIBAEMOE  JIMHEHHBIM
HanpspbkeHueM (Hampumep, Uyp), OKa3bIBaeTcsi B V3 pa3 Oonbine, 4em (Qa3zHoe
HanpsbKeHUe ucrtounuka nuranusa Uy, Up unum Ug,:

U g = \é U D -

Ecmu tpexdasnas cuctema cuMMmeTpuyHas (BCE€ COIMPOTHUBICHHUS M MOIIHOCTH

(ha3HBIX TOTpEeOUTENEH OIMHAKOBBI), TO TIO BCEM

TpeM (¢a3zaM MPOTEKaIOT OJUHAKOBBIC IIO b ﬁ_
BEJIMYMHE TOKH, CIABUHYTHIE 10  (ase A

OTHOCUTENBHO Apyr apyra Ha 120°. Tok B Uy

HEUTpaIbHOM TPOBOJE MPH 3TOM PABEH HYIIO. Iy

HavyanbHOU (haze Ha 120° (puc. 12).

Hanpsokenuss Ha Beex (asax IOTpeOUTens
TaK)Ke OTJIMYAIOTCS JAPYr OT APyra TOJIBKO IIO F\PJWB TUC I 7
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[Ipn BrirOUYEHWH B pasHBIX (a3zax pa3TUYHBIX IO MOIIHOCTH MOTpeOuTeneit
(HeCUMMETpUYHAsl Harpys3ka), TOKH Kaxaoh (a3pl (B KaXJIOM JHHEHHOM MPOBO/IC)
OTIMYAIOTCS JAPYr OT Jpyra HE TOJNbKO HadanbHOW (a3oif, HO u BemumuuHOW. Ilo

UCPHC_ 12 Puc. 13

C Puc. 14

HEUTPAIbBHOMY MPOBOJY IPU 3TOM MPOTEKAET TOK, BEKTOP KOTOPOTO HAa OCHOBAHHMH
nepBoro 3akoHa Kupxroga paBeH reoMeTpHyecKOoil CyMMe BEKTOPOB (a3HBIX TOKOB

(puc.13)

]A+ IB+ ]C: ]().
O6pBIB HeﬁTpaHBHOFO IIpoBOJda (TpeXHpOBO,IIHaH CI/ICTCMa) IIpu HCCHMMeTquHOﬁ

Harpys3Ke MPUBOIUT K U3MEHECHHIO
HanpsDKeHU Ha BcexX (azax morpeduTenei u
MOSIBJICHUIO HaTPSHKCHUS CMEIICHUS
Hertpanu Uy, (puc. 14). [lonoxeHnue Touku
«n» HA  BEKTOPHOW  JOuWarpaMme  Mpu
U3MEPCHHBIX 3HAUCHUSX HANPSOKCHWA Ha
dazax norpedureneit U,y Upy n Uy MOXKET
OBITH OMpEJIETIEHO METOI0OM 3acedek (puc. 15)
WM PACCYUTAHO aHATUTUICCKH.

[ToTpeOuTenu ANEeKTPUUECKON IHEPTrUuu
IpU MUTAHUM OT Tpex(a3HOro UCTOYHHUKA, KaK
U UCTOYHHUKH DJIEKTPUYECKON IHEPTUU, MOTYT
OBITH COCIMHEHBI B TPEYTOJIbHUK (puC. 16).

Cnegyer  MOMHHTB,  4YTO  CXema
BKJIFOUEHHSI 0OMOTOK Tpex(a3zHoro reneparopa
HE TPENONpeNeNisieT CXeMy  COSIUHEHUs
Harpy3ku. Tak, nmnpum coenuHeHun (a3
reHeparopa B 3BE3[y Harpy3ka MOXET OBITh
COeAMHEHAa B  3Be3ly C  HEUTPAJIbHBIM
OpOBOJOM, B 3Be3ldy 0€3 HEUTPaIbHOTO
IPOBO/IA WIIH B TPEYTOIBHUK.

[Ipy coegwHEHWHM B  TPEYTOJbHUK

AO — L e :_‘ZAB
In L Inc  Zgc
Bo—= _':I—‘
Ie L Ica  Zca
Cco© [
No
Puc. 16

CUMMETPUYHON Tpex(a3zHON HaArpy3KH JIMHEWHbIE HAMPSHKEHUS OKAa3bIBAIOTCS PABHBIMU

dazubiM Hanpspkenusam Uy = Uy, a TuHEHHbIE TOKU B NE) pa3 Oouibliie, 4eM TOKHU B (azax

noTpeOuTeNs:

Iﬂ:\/§ I(p .
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[Ipu »TOM Bce ¢a3Hble TOKU paBHBI IO
BEJIMYMHE W OTIMYAIOTCS APYT OT Apyra no ¢ase Ha
120°. To e camoe OTHOCHUTCS U K JIMHEHHBIM TOKaM
(puc. 17).

IIpy HECUMMETPUYHOM  Harpy3ke CBA3b Ia
MEXAy  JUHEHHBIMH W (a3HBIMH  TOKaMu
BBIPaXAETCA  YPaBHEHMAMH, —SallUCAHHBIMH  Ha  j,
OCHOBaHMM  TmepBoro  3akoHa Kupxrodpa B
KOMIUIEKCHOW WUJTM BEKTOPHOU (popme:

Iy= Lig— Icy, 1= Ipc— Lup, Ic= Ica— Ipc.

[Ipn coenviHEHWHM B TPEYTOJBHUK HYJIEBOU
MPOBOJ OTCYTCTBYET, HO Bce (pa3HBIC MOTPEOMTEIN B ITOM CiIydae JIOJDKHBI OBITh
paccuuTaHbl HA HOMUHAJIBHOE JINHEMHOE HANPSIAKEHUE.

BaxxHbIM 53JIEMEHTOM KOHCTPYKLHMH PA3JIMYHBIX JJIEKTPUYECKUX MAIIUH H
amnrnapaToB, YCTPOMCTB 3JEKTPOABTOMATHUKH SBJISIETCS KATylllka MHAYKTUBHOCTU. [lpum
MPOTEKAHUM TOKA MO BUTKAM KATYIIKH CO3JA€TCsi MAarHWTHOE I0JIe, WHTEHCUBHOCTH
KOTOPOr0 XapaKTEPU3YeTCS MAarHUTHOW WHIAYKIMEW B W MarHuTHBIM TOTOKOM @,
KOTOPBIM MPOIOPIIMOHAJICH HaMarHWYMBAIOIIEH (MarHUTOABMXKYIIEeH) cuine F=Ilw,
PaBHOM MPU3BEJACHUIO TOKAa / KaTylIKH Ha YUCJIO €€ BUTKOB . 3aBUcUMOCTh D(I) npu
OTCYTCTBUHU (DEPPOMATHUTHOTO MarHUTOTIPOBOAA (CEPACUHUKA) SIBISICTCS JIMHEHHOM.

Ilpy HanMuuu cepAeYHHMKa MAarHUTHBIA IIOTOK, CO34aBAEMBIM TaKOM KaTyILIKOH
MpU MPOYUX PABHBIX YCJIOBUSAX 3HAYUTEIBLHO BO3PAcTaeT, TaK Kak B 3TOM Ciyyae
MarHUTHBINA MOTOK CO3JAETCs HE TOJIBKO MPOBOJHUKAMU C TOKOM (MCTOYHUKOM BHEITHETO
MarHUTHOTO  TMOJsI), HO M  COOTBETCTBYIOUIMM  (PEpPPOMArHUTHBIM  BEIIECTBOM
MarHUTONpPOBOIa (MCTOUHUKOM BHYTPEHHEI0 MarHUTHOTO TOJIs).

MarnuTHass UHAYKIUSA B KaTylIKM MHAYKTUBHOCTH CBSI3aHA C HANPSHKEHHOCTHIO
H MarHUTHOrO 1MOJIsi ¥ MarHUTHOW MPOHUIIAEMOCTBIO L U3BECTHBIM COOTHOIIEHUEM B =
MH, MarauTHBIN TOTOK @ = BS = uHS, rae S — nonepeyHoe ceueHne KaTyKy.

Orcroma cnegyer, 4YTO MAarHUTHBIA TMOTOK MPONOPLHOHAIIEH MAarHUTHOU
MIPOHUITAEMOCTU CPEIbl 4, KOTopas s (peppOMArHUTHBIX MAaTEpPUAJIOB 3HAYUTEIHHO
OomnpIie, YeM MarHuTHas MPOHHMIIAEMOCTh JApPYyTWX MarepuaioB. [loatomy s
YMEHBIIICHUSI HAMarHW4YMBaloenl cuibl F, a cleaoBaTelbHO, U U1 YMEHBIIEHUS TOKA,
HEOOXOIUMOro  JJisi  CO3JaHusi  TpeOyeMOro MAarHMUTHOTO  TMOTOKa,  KaTyIIKU
WHJIYKTUBHOCTH CHA0KAIOTCS MarHUTOMPOBOJOM (CEpJI€UHUKOM) U3 (HeppOMArHUTHOIO
MaTepuaa, 4yalle BCEro U3 MEKTPOTEXHUUECKON CTalu.

Tak Kak 3aBUCMMOCTh MAarHUTHOM MPOHUIAEMOCTH  (PeppOMarHUTHBIX
MarepuanioB f(H) sBisieTCs HEIUHENHOUN (pHC. B, 1 B
18), To u 3aBucumocts @(H) wim B(H) npu
HaJU4YUU MarHUTOINPOBOAA OKa3bIBACTCS TOXKE
HenuHeHou. 3aBucumocth B(H) — kpuBas
HaMarHWYMBaHUS —  SIBJAETCS  OJHOW U3
BOKHEHIINX XapaKTEPUCTUK (eppOMarHUTHBIX H
marepuanoB (puc. 19). Kpusas, mnpoxojsiias Puc. 18
Yyepe3 Hadyalo KOOPJHHAT, SIBJIIETCS OCHOBHOM
KpYBOW HaMmarHnuuBaHuA. OHa CHUMaeTcs MpuU
OJIHOCTOPOHHEM HaMarHMYMBAaHUM HEHAMAarHWYE€HHOTO MPEIBAPUTEIBHO MaTepHraa.
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[Ipy nmuTaHUM KaTYIIKU MEPEMEHHBIM TOKOM (heppOMArHUTHBIM MarHUTOIPOBOJL
M3-32 TMEPEMEHHOT0 MArHUTHOTO TIIOTOKA IIMKJIWYECKHU, C
YaCTOTOM TOKa MEpPEMarHUYMBAaEeTCS MO KPUBOM THCTEpE3uca,
00yCITOBJICHHON HAJIMYMEM OCTaTOYHON MArHUTHOW WHIYKITUU
By m xospuutuBHOU cunel He (puc. 19). 3a Heckoabko
MOJYIIEPUOJ0B MEPEMEHHOTO TOKA B MPOLECCE HUKINYECKOTO

nepeMarHMYMBaHUS yCTaHaBJINBAETCS 3aMKHYTas
CUMMETPHUYHAS METII TUCTEPE3UCA.

Ha nuxnndeckoe nepeMarHM4MBaHUE MarHUTONPOBOAA
3aTpayMBaeTCsd MOUIHOCTb, BBIJEIsieMas B BHUJIE TEIUIOTHI,
KOTOpasi OTHOCHUTCS K MOTEPSIM MOIIHOCTH B MarHUTOIPOBOJIE. Puc. 19
[ToTepr MOILIHOCTH B MarHUTONPOBOAE (MOTEPH MOILHOCTH B
cTanu) Pcr BKIIOYAIOT B ce0sl OTEPU Ha TMCTEpe3nuc Pr M MOTEpH OT BUXPEBBIX TOKOB
Pgr, HABOIUMBIX IIEPEMEHHBIM MarHUTHBIM IIOTOKOM B METaJUIE MATHUTONIPOBOJA, : Per =
P T +P BT-

JUIs yMEHBILIEHHsI TOTEPh MOIIHOCTH Ha TMCTEPE3UC B KAYECTBE Marepuaia I
MarHUTONPOBOJIa HCIOJIB3YIOT (PEeppOMArHUTHBIE MaTepuaibl C Y3KOM meTnei
TUCTEPE3UCA. YMEHBIICHUE MOTEPh MOIMHOCTH HA BHUXPEBBIE TOKH JIOCTUIAETCS
OPUMEHEHUEM JJI1 MarHUTONPOBOAA METANIOB C OOJBIINM YyJEIbHBIM AJIEKTPUYECKUM
CONPOTUBJIEHUEM 3a CUET MOBBILIEHHOTO COJAEpXaHUsA KpeMHHUs B metaiuie. [Ipu stom
MarHUTOINPOBOJ COOMpPAETCA U3 TOHKUX 3JEKTPUUYECKH W30JUPOBAHHBIX APYr OT Apyra
IUTACTHH, YTO CIIOCOOCTBYET YMEHBUIEHUIO HABOAUMBIX B KaXK/I0M IUIACTHHE BHXPEBBIX
TOKOB ¥ CHU)KEHHIO MTOTEPh MOUTHOCTH OT 3THX TOKOB.

[Ipy nUTaHUM CUHYCOMJAIbHBIM  HAOpsDKEHHMEM TOK B KaTyIIKEe C
(eppOMarHUTHBIM CEPICYHUKOM HUCKaXKAET CBOIO (DOPMY M SBISETCS HECUHYCOUIAIbHBIM
Bo BpemeHu. Ha puc. 20 mokasaHO IIOCTpOEGHHE KpPUBOM TOKa B KaTyIIKE C
(eppOMArHUTHBIM CEPJICYHUKOM C YYE€TOM MAarHuTHOro rucrepesuca. M3 pucyHka
BUJHO, YTO HayajibHbIE ()a3bl MArHUTHOTO MOTOKA U TOKA HE COBMAJAIOT (YroJj clBUTa O).
B cBs3u ¢ 3TMM  mepBas rapMOHUMKAa TOKAa (WM 3KBHBAJICHTHBIA TOK) OTCTAaE€T OT
OPWIOKEHHOTO HampsbKeHust Ha yroa ¢ < 90° Hanuuue cnsura no daze Mexay
HAIpsDKEHUEM M TOKOM MEHbIIEro, 4eM 90° yka3bIBaeT Ha TO, YTO aKTUBHAs MOIIHOCTH B
[eNy HE paBHAa HYJIO JaXX€ €CIU aKTHBHOE COINPOTHUBICHHE OOMOTKM KaTyIIKH PaHO
Hyaf0. I109TOMY TOK KaTyliku g ; . O
M3-3a IOTEPh Ha THUCTEPE3HC [
HMEET aKTUBHYIO [0)) 7
cocraBisioIyro 5, a cpennss ,/

MOIITHOCTh 3a TIEPHOJ] HE paBHA
35 Shi< // j

HYJTIO. Ta aKTUBHAs S /
MOIITHOCTh XapaKkTepu3yeT s
pacxon SHEPTUH Ha =
niepeMarH9uBaHA
cpe © Puc. 20
dbeppoMarHuTHOTO
CeplIeUHUKA.

[Ipy HANMMYUU HECHHYCOUIAIBHBIX TOKOB JIJISI YIPOIICHHS PAcYeTOB OOBIYHO
NIEPEXOJIAT K IKBUBAJICHTHOMY CHHYCOUJAILHOMY TOKY Isk, MMEIOIIEMY OJMHAKOBOE C
COOTBETCTBYIOIIMM  HECHHYCOHMJAIBHBIM  TOKOM  JCHCTBYIOIIEEe 3HAYCHUE IPHU
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OHHHaKOBOﬁ JaCTOTC U pa3sBHBAOINICMY OJHMHAKOBYIO C HUM AKTUBHYIO MOIODHOCTL IIPpH
OIHMHAKOBOM 3HA4YCHHH KOB(b(bI/IHI/ICHTa MOIIHOCTHU

T

1= I/Tjizdt :Ig[(:]mg[(/\/z,'
0

cos@ =P/UI = cos @ »x= P/U I

[lonHOE COMpPOTHBIEHUE KAaTyWIKM HWHAYKTUBHOCTH C MAarHUTONPOBOJOM IIPH

pacderax HaxoJAT 1o 3akoHy Oma
Zg[(: U/l

DKBHUBAJIEHTHOE AKTUBHOE COIPOTUBJIEHUE KATYIIKW OIPEAENSIOT MPHU 3TOM IO
3HAYEHUIO aKTUBHOM MOIIHOCTU P, moTpebisieMoil KaTyIIKOW M3 MUTAIOMIEH ceTH, U eé
TOKY WJIHA [0 3HAYEHUIO IIOTEPb MOLIHOCTH B ceplaeyHuke Pcr U akTUBHOMY
COIIPOTHUBJICHUIO R IIpOBONOB KaTylIKu

Rox =P/F =Pcy/F +R.
OKBUBAJICHTHOE MHAYKTUBHOE COIIPOTHUBIICHNE KATYIIKH

2 2
X31< :VzaK _RQK'

[Ipu 5TOM UHIYKTUBHOCTD KaTymku L= X/ =X/2 nf.

[Ipy yBenWYEHWH aMIUIMTYJBl HANpsSOKEHUS Ha
KaTyIIKe UHIYKTUBHOCTU C (PEPPOMATHUTHBIM CEPICYHHUKOM
aMIUIATyJa W JCHCTBYIOIEE 3HAYCHHWE TOKAa B HEH OyayT
BO3pactaTth  ObicTpee. B pesynapTaTte  BoJbTaMIEpHas
XapaKTepUCTUKA KATYIIKU C EPPOMATHUTHBIM CEPACYHUKOM
okaspiBaeTcs Henuuewnou (puc. 21). Ilo dopme ona
MOBTOPSAET KPUBYIO HAMarHM4MBaHUs ceplieuHuka B(H).

B nensix, comepxamux KaTymky ¢ ¢heppoMarHUTHBIM
CEepJCYHUKOM U KOHJICHCATOp, PE30HAHCHBIC SIBJICHUS,
CBSI3aHHBIC C HEIMHEHHBIM XapaKTepOM UHIYKTUBHOCTH, HAa3bIBAIOTCS (hepPOPE30HAHCOM.
B ortnuumu ot nuHelHON nenu (peppope3oHaHC MOXKET HACTYNUTh B TaKOW LENH MpH
M3MEHEHHH TOKa B LIEMH WJIU MPUIOKEHHOTO HaNpsbKeHHs 6e3 Kakoil 1100 perysnpoBKU
KaTyIIKU WM KOHJeHcaTopa. Ha pwuc. 22 moka3aHa BOJbTaMIIEpHAs XapaKTEPUCTHKA
MOCJICIOBATEILHOM IIEMH, B KOTOPOM BO3MOXEH (eppope3oHaHC HaNpPsHKCHHM.
BonbramnepHass ~ XapakTepUCTMKa €MKOCTH  (2)  IepecekaeT  BOJIbTAMIIEPHYIO
xapaktepuctuky katymku (1). Touka mepeceueHust A sBisieTca TOUKOM pe3oHaHca. B
aToil Touke U, m Uc OIMHAKOBBI, a UX Pa3HOCTh paBHA Hymwo. [Ipu HenpepriBHOM
YBEIUYECHUHN HAIpPSOKEHUS MCTOYHUKA TOK IUIABHO {J
pacter 10 [, 3aTeM ckaykoM yBenuuuBaeTcs 10 I, u
nanee miaBHO pacteT. [Ipy yMeHbIIEHUN HaNpsHKEHUs
TOK IUIABHO yMeHbIaercs 10 I3 , 3arem ckaukoMm 110 I
M CHOBA IU1aBHO magaeT. CkaukooOpa3HOE W3MEHEHUE
TOKa COMPOBOXAaeTcsa n3MeHeHueM Ha 180° da3zbr Toka
[0 OTHOLIEHHWIO K HAMpPSIKEHUIO (OMPOKHUIbIBAHUE
¢asbl).

SIBneHne pe3Koro M3MEHEHHs TOKa B IENU IPU
HE3HAYUTEIbHBIX U3MEHEHUSIX HAMpPSKEHUSI HA BXOJIE
e  WHOTJA  Ha3bIBAIOT  TpUITEpHBIM  3dPekToM B MOCHeq0BaTEIbHON
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dbeppope3onancHoit 1enu. OH HMeeT MECTO NpPH MajblX 3HAYEHUSX AKTUBHOTO
CONPOTHUBJICHUS LETIH.

IIpu HaIpPsKEHUSIX
MCTOYHMKA, OONBIIMX HANpsOKeHHs U
OTPOKUJIbIBAaHUS (ha3bl, HANPSHKCHHE /_\/UBX / N\ U
Ha KaTylIKE H3MEHSAETCS Majo, 4To
CBS3aHO c IIEPEX0A0M 1o /
XapaKTEepUCTUKE HaMarHWYMBaHUS B
00JaCTh MAarHUTHOTO  HACHILICHUS. \ / \ /
OTO HUCHONB3YeTCs] B NPAKTUKE IS
CTaOMIIN3aIMU HATIPSKEHHUSL.

OrpaHuyuTeny aMIUIUTYIbl —
3TO  YCTpOWCTBa, 'y  KOTOPBIX
BBIXO/IHOE HAIPSIKEHUE HW3MEHSAETCS t
IPONOPLUHUOHAIBHO  BXOJHOMY  JO
HEKOTOPOTO 3HAYEHUS, Ha3bIBAEMOIO
ypoBHEM orpanuueHus. Ilocie 3toro
3HAYEHHE BBIXOJHOI'O HANPSHKEHHS HE Puc. 23
3aBUCUT OT BXOJHOIO M OCTAaeTCs
NOCTOSIHHBIM ~ (puc.23). B HHM3KOYAaCTOTHBIX YCTPOMCTBAX YacTO  HCIOJB3YIOT
OrpaHUYUTENIM Ha crabuiauTpoHax (puc.24). BonbTammepHas XapakTEepUCTHUKA
JBYyXaHOJHOTO CTaOMJIMTPOHA IMOKa3aHa Ha puc. 24. C MOMOMIBIO 3TUX YCTPOUCTB JIETKO
(GopMHpOBaTh TpaneueugaIbHOE HANPSIKEHUE W3 CHHYCOUJAIBHOTO HampsDKeHHs (puc.
25). Ecnmun ammnutyaa Upy™>>Ucr MOKHO TONYYUTh HamnpsbkeHue, Onu3koe mo (opme K
IPSIMOYTOJIbHBIM UMITYJIbCAM.

R Usux
g—1
Usx
Us PY v
jo ]
Puc. 24 Puc. 25

Tpancpopmarop — cTaTUYECKHI 3JEKTPOMArHUTHBIMA armapar, npeoOpa3yronui
napaMmeTpbl AJIEKTPUUECKON SHEPTUH IEPEMEHHOTO TOKA W MEPEAAIOIINI 3Ty IHEPTUIO U3
onHOM wnenu B Apyryro. C mnomoiipio TpaHchopMaTropa MOXKHO MpeoOpa3oBHIBATH
OCHOBHBIE€ MapaMeTpbl IEKTPUUECKON IHEPTUH NEPEMEHHOr0 TOKa (TOK, HAIPSKEHUE).
OnexTpudecKkas MOIIHOCTb IPHU 3TOM OCTAeTCs IOYTH HEM3MEHHOW. B 3aBHcHMMOCTH OT
COOTHOLIEHUS] HOMMHAJIBHBIX HAIpsDKEHUH Yy TpaHcopMmaTopa pa3ivyaroT OOMOTKY
BBICILIETO HANPSKEHUSI 1 OOMOTKY HU3LIETO HANPSKEHMUSL.

Koaddunment tpanchopmaruu mo HaNpsHKCHHIO TTOKa3bIBAET, KaK COOTHOCHTCS
YKCIIO BUTKOB MEPBUYHON OOMOTKH K YMCITYy BUTKOB BTOPUYHON OOMOTKH, a TaKXke 3.1.C.,
UHAYKTHPYEMbIE B 0OMOTKAx

K]gz C()]/C()ZZE]/EZ.
Koaddumment tpancpopManuu MOXKHO ONPENETUTh C JOCTATOYHOM TOYHOCTHIO,
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U3MEpUB TIPU XOJIOCTOM Xoj€ TpaHchopmaropa (BTOpUYHAs OOMOTKA pPa30MKHYTA)
HANPsDKEHUS Ha 3a)KUMaX MEePBUYHON M BTOPUYHOM OOMOTOK.

B pexxume xonocroro xona tpanchopmaTop moTpedseT U3 CEeTH IIEKTPUUECKYIO
SHEPIUI0, KOTOpas UAET Ha MOTEPH B CTaNU (M3-32 BUXPEBBIX TOKOB U MTE€pEMarHuYMBaHUs
MarHuTonpoBoAa). OIBIT XOJOCTOTO XOJa IO3BOJSET ONPENECIUTh COCTOSHUE CTalH
TpaHchopmaropa.

[TogkmoueHne mOTpeOUTENICH SIEKTPUUYECKOM DSHEPruu K TpaHnchopmaTopy
MO3BOJISIET NEpeNaBaTh UM SHEPTUI0, MOBBIIIAS WM NOHMXKAs HampsbkeHwe. B gaHHOM
pabote wuccheayercss  ogHO(A3HBIA  MOHIDKAIOIUN  TpaHchoOpMarop, KOTOPBIN
OJIHOBPEMEHHO B TAKOM K€ COOTHOILLIEHUHU YBEIMYMUBAET CUITy TOKA

K[g = CO]/COQQ’U]/UZ z[g/[}.

Tak kak mepBUYHAasE U BTOPUYHAST OOMOTKH TpaHcpopMaropa dSICKTPUUYECKH HE
COEIMHEHBI, SJICKTPUUECKass MOIIHOCTh U3 NEPBUYHON OOMOTKH BO BTOPUYHYIO OOMOTKY
IepeaeTcsl NMpyu MOMOLIM MAarHUTHOIO IOTOKA, 3aMBIKAIOLIErocs M0 MarHUTOIPOBOIY
(cepneunuky) TpanchopmaTopa.

MorHocTh, moTpebnsiemast TpaHchopMaTopoM, OOJBIIE MOIIHOCTH, OTAaBaEMOMN
TpaHcGOpMaTOPOM MOTPEOUTEN0, HAa BEIWYHHY IOTEPh B CaMOM TpaHc(opmaTope.
[lotepu MomHOCTH B OOMOTKax M cepAedHUKEe TpaHchopmaropa HeBeluku. [lomHas
HOMUHAaJIbHasi MOIHOCTh TpaHcpopMaTopa 00bIYHO onpeaensaerca kak Sy = Uy Iy,

rae Uy — HOMUHAJIbHOE HAIPsHKEHHE Ha BTOPUYHOM 00MOTKE TpaHchopmaTopa;

I — HOMUHANBHBIA TOK BTOPUYHOM 0OMOTKH TpaHchopmaTopa.

C yBenMueHHEM HArpy3Kd OT XOJOCTOTO XOJa 0 HOMUHAJIBHOW HaIlpshKeHUE Ha
3aKMMaxX BTOPUYHOM OOMOTKH MOHMKAETCS M3-3a YBEJIMYEHHUS MAJICHUs] HANPSOXKEHUS Ha
BHYTPEHHEM CONpPOTUBJICHUM TpaHchopmaropa. I[lpm sToM yBennuyuBaeTcss U TOK,
noTpeOIsieMbIil TpaHCHOPMATOPOM U3 CETH, & OOIIMI MarHUTHBIM MOTOK B CEPJICUHUKE
TpaHcopmaTopa OCTaeTCs MPAKTUYECKH IOCTOSIHHBIM. 3aBUCUMOCTb  BEJIMYUHBI
BTOPUYHOTO HampspkeHus U, OT TOKa Harpy3kd [, OpH HEW3MEHHOM NEPBUYHOM
HanpsbkeHUU U; M 9acToTe HAas3bIBACTCs BHEIIHEHW XapaKTepUCTUKOW. HaknoH BHemHen
XapaKTePUCTUKH 3aBUCUT OT KO3(PQPHUIMEHTa MOIIHOCTH NOTpeOuTeNns (xapakrepa
noTpeOUTENS).

PabGora TpaHcopmaTopa ONUCHIBAETCS TAaKXKE PAOOUYMMHU XapaKTEPUCTHKAMH, K
KOTOPBIM OTHOCATCS 3aBUcUMOCTH [;, U, cos ¢, n = [ (P;) npu U,y = const, cosp,=
const, 20e P, = U,l,cosp, — akTUBHas MOIIHOCTh TpaHc(opmaropa, oTAaBaemas
Harpy3ke. Pa0oune XapakTepUCTUKH CHHUMAIOTCA JJIsi BbBIOOpAa ONTUMAJIbHOW 30HBI
paboThl TpaHcpopmaTopa.
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Pa6ora Ne 2-1. SJKCHEPUMEHTAJIBHOE OITPEAEJIEHUE TIAPAMETPOB
3JIEMEHTOB IIENEA IEPEMEHHOI'O TOKA

1. Hean padoTsl

[IpuoOpeTeHue HaABBIKOB OMNpENEICHUS TapaMeTpoB JJIEMEHTOB B  IIEMAX
IIEPEMEHHOIO TOKa II0 pe3yJibTaTaM HW3MEPEHHM, BKJIIOUYEHUS B LENb BOJBTMETPA M
aMIlepMeTpa, HM3MEpPEHHs TOKA W HaNpsDKEHUs, NpuUMEeHeHHs 3akoHa Oma B 1enu
IIEPEMEHHOT0 TOKa.

Ilepeyens MuHUMOAYJIeH

HanmMenoBanne MUHUMOTY 151 KonmuecTBo
bartapes KoHIEeHCAaTOPOB 1
Hpoccenb 1
Pesucrop 2

2. llopsAioK BBINOJTHEHHUSA PadOThI

2.1. OzHakomutThcsi ¢ JaOOpPaTOPHOM YCTaHOBKOW (MCTOYHMK MUTaHUS,
(GYHKUMOHANBHBIA TeHEpaTop, HW3MEPUTENh MOIIHOCTH, MYJIbTUMETP, LHUPPOBHIE
amriepmeTpbl PA1...PA4, HaGopHOE 1M0OJie ¥ MUHUMOIYJIU PE3UCTOPOB).

2.2. IIpoBecTn U3MEpPEHHUE 3HAUYCHHS AKTHMBHOIO CONPOTHUBJICHUS UHIYKTHUBHOTO
noTpebutenss Ry ciemyrommm 00pa3oM. YCTaHOBUTh Ha HAOOPHOM TIIOJIe B KadecTBE
UHIYKTUBHOTO moTpeduTens Zx apoccenb L. YCTaHOBUTH Ha MYJIbTUMETPE peHcum
u3MepeHus conpomuenenusa N NOJKIOYUTh €r0 K BBIBOJIaM MHAYKTHUBHOI'O TOTPEOUTENS
Zy. Ilocne mpoBepKU cXeMbl MPETNoaBaTesieM pe3yabTaT 3anucath B Ta0. 1. BeIkatounuTh
MyJIbTUMETp (TIepeBecT B pexxuM «OFF»).

2.3. CoOpatb JE€KTPUUECKYIO LIETh JUIsl ONPEICIICHHS BEIMUYMHBI MUHYKTUBHOCTH L
UHAYKTUBHOTO moTpedurens (puc. 1). B kauecTBe BOJBTMETpa HCIOIb30BAThH
MYJIBTUMETD 6 pedcume UZMEPEHUsA NepeMeHH020 Hanpaxcenusn. lIpeqbsBUTH CXeMy
JUTSl IPOBEPKHU MPEMNOIaBATEIIO.

PA1 PA1
A 7~ A Vi
o—o{ A }o 1 PV1 o—of A > = PV1
—_ N
_ ) - —
o 9gQ { O Q0
~U| Zx L ~U ¢ |
|
e foee |
N t R122 v N { R147 |y
Puc. 1 Puc. 2

2.4. BKJIIOYNTh WCTOYHUK NMHUTaHUs (BbIKIOYaTeNh SA3) u 3amucath B Tabm. 1
MOKAa3aHMs aMIIEPMETPa U BOJIbTMETPA (MyJIbTUMETPA). BBIKIIOUNTH HCTOYHUK TTUTAHUSI.

Tabmumna 1

2 Rg, Om U,B I, MA Zx =U/l, Om Xi, Om L, Tu

o]

Z
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2.5. CoOparh 2JIEKTPUYECKYIO IIEMb JJIsI OMNpelesieHus] BeIuduHbl eMKocTu C
€MKOCTHOTO MoTpeduTens (puc. 2). YCTaHOBUTH 3aJlaHHOE IPENoiaBaTesieM MOJI0KEHUE
nepexiroyaTens Oaraped KoHAeHcaTopoB. llpenbsBUTH cXxeMy Uil  MPOBEPKU
MpEnoAaBaTeto.

2.6. BKIIOYNTH JJICKTPONMTAHWE M 3alucarh B Ta0d. 2 IMOKa3aHWs MNpHOOpPOB,
yCTaHaBJIWBas IOOYEPETHO 3aJaHHBIC TpPErojaBaTelIeM IOJIOKEHUS TepPEeKIToYaTes
OaTapen KOHJIEHCATOPOB.

Tabmma 2
BkiaroueHo Cl C2 C3
U,B
I, A
Xc, Om
C, MxD

2.7. Tlo pe3ynbTaTam H3MEpPEHUN paccuUTaTh, UCHOJB3Yys 3akoH Oma, MoJHOe
COMPOTHUBJICHUE UHAYKTUBHOTO OTpEOUTENS Zy.

2.8. Tlo pe3ynbTaraM U3MEpPEHUN paccunuTaTh, UCHOIB3Ys 3aKOH OMa, eMKOCTHBIE
conpoTuBieHus: Xc. Pe3ynbrarsl 3anucars B Ta0. 2.

2.9. Cuwmras, yto yactoTta nepemenHoro Hampspkerus f = 50 I'u, ompenenuTs
BEJIMYMHY MHIYKTUBHOCTH MHIYKTHUBHOTO moTpebutens L u eMkocTell KOHAEHCATOPOB
C1, C2 u C3. Pe3ynbTarsl 3aHECTH B COOTBETCTBYIOLIUE TAOJINLIBI.

3. Conep:xanme oTueTa

OTuet no paboTe JOMKEH COACPKATh:

a) HAMMEHOBaHUe padOoThI U 1ENIb PaOOTHI;

0) SIEKTPUUECKUE CXEMBI OTBITOB,;

B) TaOJIUIIBI C PE3YyJIbTaTaMH ONBITOB U BHIUUCIICHHUI;

I') pac4eTHbIE COOTHOIICHHUS;

1) BEKTOPHBIE AHarpaMMBbl JIJIsl PE3UCTOPa, PealIbHON KaTYIIKU U KOHJEHCATOPA;
€) BBIBOJIBI 110 padoTe.

4. KoHTpoJIbHBIE BONPOCHI

1. B xakux eguHULIAX U3MEPSETCA TOK, HAIIPSKEHUE, COTPOTUBJIEHUE?

2. Yrto takoe Om, Amniep, Boabt?

3. UTo Takoe «IOJHOE COPOTUBIICHUE) ?

4. Yto TaKoe «aKTUBHOE CONPOTUBIECHUE) !

5. Uto Takoe «peakKTUBHOEC WHAYKTUBHOE COMNPOTUBJIICHUE» U KaK OHO
onpenensercs?

6. UTo Takoe «peakTUBHOE €eMKOCTHOE COMPOTUBJICHUE» U KaK OHO ONpeAesieTcs?

7. Kakasi cBSI3b MEX]y TOJHBIM, aKTUBHBIM U PEAKTUBHBIM COMPOTUBJICHUSMHU
LIENHU TIEPEMEHHOTO TOKA?

8. Kak dopmymnupyercs 3akod Oma Jy1st 11enu nepeMeHHOro Toka?

9. Moxert 11 yepe3 KOHIEHCATOp MPOTEKATh MNOCTOSIHHBIN TOK?
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Pa6ora Ne 2-2. QJIEKTPUUYECKAS LHEIIb IIEPEMEHHOI'O TOKA C
HOCJIEJOBATEJIBHBIM COEAUHEHHUEM 3JIEMEHTOB

1. Hean padoTsl

[IprnoOpeTeHne HaBBIKOB COOPKH MPOCTHIX DJIEKTPUUYECKUX IENed U M3MEepeHus
HalnpsDKEHWM Ha OTHEIBHBIX yYacTKax LENH, W3YYEHUE CBOWMCTB LENEeW Npu
IIOCJICIOBATEIbHOM COEAMHEHUN AKTUBHBIX M PEAKTUBHBIX SJIEMEHTOB, 3HAKOMCTBO C
SIBICHHEM PE30HAHCA HAIIPSKEHUN, IIOCTPOCHUE BEKTOPHBIX JUArpaMM.

Ilepeyens MuHUMOAYJIeH

HanmMenoBanne MUHUMOTY 151 KonmuecTBo
bartapes KoHIEeHCAaTOPOB 1
Hpoccenb 1
Pesucrop 2 Bt 47 Om 1

2. Ilopsaok BbINOJHEHHUS PadoT

2.1. OzHakomuThcsi ¢ Ja0OpPaTOPHOM YCTAaHOBKOW (MCTOYHMK MUTaHUS,
(YyHKUMOHANBHBIA T€HEPATOp, W3MEPUTENb MOIIHOCTH, MYJbTUMETP, LHUPPOBHIE
amriepmeTpbl PA1...PA4, HaGopHOE 1M0JIe ¥ MUHUMOIYJIU PE3UCTOPOB).

2.2. CoOpaThb »3JIEKTPUUYECKYIO 1I€Tb C TMOCJIEI0BATEIbHBIM COCAUHEHUEM
AJIEMEHTOB, YCTAaHOBUB MUHUMOJYJIM PE3UCTOpa, OaTapen KOHIEHCATOpPOB, npoccens L,
UCIIOJIb3yeMOT0 B KadecTBE WHAYKTHUBHOTO morpedutens Zgx (puc. 1). Ilomkmrouutsb
coOpaHHYIO 1IeTlh K UCTOYHUKY MEPEMEHHOTO HANpPsHKEHUS (KIeMMBI «A-N» HCTOYHUKA
nutanus). sl u3MepeHusl HanpssKeHW Ha OTAENbHBIX Y4YacTKax LENH HCIOJIb30BaTh
MYJIbTUMETP B PeKHUMEe HU3MEPEHUSl IMEePeMEHHOr0 HANpsiKeHus. YCTaHOBUTh
nepeKIIoyaTeNb OaTaper KOHICHCATOPOB B 33JaHHYIO MIPErogaBaTesieM MO3HUIIHIO.

N3MEPWUTESb —
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: : loge
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2.3. TlogcoenuHuTh NapajuleJIbHO KOHJEHCATOPY JONOJHHUTENBHBIA NPOBOIHUK
(MCKJIIOYMB 3TUM KOHAeHcaTop U3 uenu). llpenpsaBurh cxemy i TNPOBEPKHU
IIPENIOIABATEIIO.
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2.4. BKJIIOYNTh UCTOYHUK NMUTAHUS (BBIKIIOUaTeNb SA3), U3MEPUTENIb MOITHOCTH
(SA2), a Takke MyIbTUMETP B pPEKUME U3MEPEHUS TEPEMEHHOI0 HAMPsKEHUS.
[IpousBecTu M3MepeHHs YKa3aHHBIX B TaOiuile 1 BEIUYMH B LIETH C MOCJIEI0BATEIbHBIM
coenvHeHneM pesuctopa R u mHAyKTHBHOTO TOTpeOuTeNns Zyx. Pe3ynabTaThl U3MepeHuit
3aHecTH B Ta0. 1.

Tabmuma 1
Cxema U, I, Ur, | Uk, | Ug, | P, Q, S, [cos | o
B | MA | B B B Br | BAp| BA | ¢

Zx, R
R: XC
R: ZK) XC

2.5. BBIKIIOYNTH JJCKTPONUTAHUE, YOpaTh JOMOJHUTEIBHBIA MPOBOJHUK,
MOJKJIIOYECHHBI K KOHAeHcaropy. lloacoenuHuTs mapaminenbHO WHAYKTUBHOMY
noTpeOuTeNt0 Zx MOMOJHUTETBHBIM TPOBOAHUK (MUCKIIOUYMB OSTUM €r0 W3 IIETH).
[IpenpsBUTH CxeMy JJ1s1 MPOBEPKHU MPETIOAABATEINIO.

2.6. BKIIFOUUTH AIEKTPONUTAHUE U MPOU3BECTH U3MEPEHUS YKA3aHHBIX BEJIUYUH
UL LEeNU C TOCJIENOBATENbHBIM COECIMHEHHEM pe3uctopa R u koHmeHcaTtopa Xc.
Pe3ynbTaThl u3MepeHuil 3aHecTd B Tabd. 1. BeIKIOUMTH 3JeKTponuTaHue, yOpaTh
JOTIOJTHUTEJIbHBIN TPOBOIHHUK.

2.7. BKJIIOYUTH 37EKTPONUTAHUE U TPOU3BECTU U3MEPEHUS YKa3aHHBIX B TaOJIUIIE
BEJIMYMH JUIs LIENH C [TOCIEI0BATENbHBIM COeAMHEeHUEM pe3uctopa R, konaencaropa X¢ u
UHAYKTUBHOTO NIoTpeduTens Zg. Pe3yabTaThl U3MepeHuil 3aHecTy B TaouI. 1.

2.8. U3MeHsas BeIWYMHY €MKOCTH OaTaped KOHJIEHCATOpOB, JOOUTHCA
HauOOJIBIIIEr0 3HAYCHUSI TOKA, T.€. 00ECIEUUTh COCTOSIHHE e OJM3K0e K PE30HAHCY
HanpsokeHul. Pe3ynbTaTsl u3MepeHuii 3aHecT B Ta0. 2.

Tabmua 2
Cxema U, I, Ur, | Uk, | Ug, | P, Q, S, [coso | @
B | MA | B B B Br | BAp| BA

R9 ZK: XCpe3
R, Zx, Xcl
R, Zx, X2
R, Zx, X3
R, Zx, X4

2.9. YMeHbIlIas ¥ yBeJIUYMBasE BEJIWYMHY €MKOCTH OaTapeu KOHIEHCATOpPOB (OT
PE30HAHCHOTO 3HAYeHUsS €MKOCTH) co37aTh B IEMK JiBa peXUMa JI0 pPE30HaHCa
HaIpsDKEHUH U JIBa peKrUMa 1moclie pe3oHaHca. Pe3ynbTaTel u3MepeHuii 3aHecTH B Ta0. 2.
BBIKTIOYNTB 27I€KTpONUTAHUE.

2.10. [ns menu ¢ mocjie1oBaTeNIbHBIM COSMHEHUEM TpeX 3JeMeHTOB (R, Zg, C) 1o
pe3yiibTaTaM U3MEPEHUH MpY Pe30HAHCE HAIPSHKCHUM pacCUUTaTh BEJIMUUHBI, YKa3aHHbBIC
B Ta0J1. 3: aKTUBHBIC M PEAKTUBHBIC MOIIHOCTH OTISIBHBIX yuacTkoB Pr 1 Py, Qg 1 Qc,
KO3 (UIIUEHT MOIIHOCTA HWHIYKTHUBHOTO MOTpeOUTENs cos (g M yroi casura a3 Qg
MEXIy HampsHKeHUEeM Ha WHIYKTHUBHOM moTpedutene Uyx M TOKOM, a TakKe IOJHOE
CONPOTHUBJICHUE IIeNu 7, AaKTHUBHBIE COINPOTUBICHHUS pE3UCTOpAa W HWHIYKTUBHOTO

HOTp€6I/IT€J'I$I R mn RK, PCAKTHUBHBIC COIIPOTUBJICHUA HHAYKTHUBHOTO
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norpebutens Xx U KOHJeHcaTopa X, BETUYMHY MOJHOTO COMPOTUBIICHUSI MHYKTUBHOTO
notrpebutens Zy. Pe3ynbraTel 3aHectu B Tabu. 3.

TabOmuma 3
Cxema PR, PK, QK) Qc, COSQPx | Pk Z, R, RK, XK, ZK, Xc,
Bt | Br | BAp | BAp OM |OM | OM | Om | OMm | OM

RaZKaXCpes

2.11. Ilo pe3yinbTaTamM H3MEPEHUNA TOCTPOUTH IJIsi HUCCIEAOBAHHBIX ILEMEN B
MaciuTabe BEKTOpHbIE JuarpaMMbl M CAEJNAaTh BBIBOJL O XapakTepe KaxIou
UCCIIENOBAHHOM LIETIH.

2.12. TlocTpouTh 3aBUCUMOCTH MOTPEOIIEMOro Toka [, mMOJTHOTO CONMpOTUBIEHUS
uenu Z,, pEaKTUBHOIO COMPOTHUBJICHUS Ienu X,, yria ciasura a3 ¢ B IENU C
MOCJICIOBATEIbHBIM COCTMHEHUEM TpeX dJeMeHTOB (R, Zx, C) OT BEIMYUHBI €eMKOCTHOTO
conporunenus Xc: I = f(Xc); Zs = f(Xc); X5 = f(Xc); ¢ = fiXo).

2.13. Cpenate BBIBOA O TMpuMeHeHHWH 2-ro 3akoHa Kupxroda B memsx
NEPEMEHHOT0 TOKa.

3. Coaepxanue oTyera

OTuer o paboTe TOIKEH COAEPIKATh:
a) HAaMMEHOBaHUe padOTHI U LENb padOThI;
0) cxeMmy ucclieryeMoH 1enu;
B) TaOJIUIIBI C PE3YIbTaTaAMU OIBITOB U BHIUYMCIICHU;
I') pacyeTHbIE COOTHOIICHHUS;
1) BEKTOPHBIE AHarpaMMbl;
€) BBIBOJIBI 110 padoTe.

4. KoHTpOJIbHBIE BONIPOCHI

1. Yto Takoe akTMBHAs, pEaKTUBHAs U IOJHAS MOLIHOCTH B LIENHM NEPEMEHHOIO
TOKa?

2. Kakas B3auMOCBS3b MEXAY MTOJHOW, aKTUBHOW U PEAKTUBHOW MOIIHOCTSMHU?

3. Yro Takoe «K03(PPUIUEHT MOILHOCTH»?

4. Kak BBIYMCIUTH IOJHOE COPOTUBIICHUE KATYIIKU, €CJIA U3BECTHBI €€ aKTUBHOE
CONPOTHUBIJIEHUE, UHAYKTUBHOCTD Y 4aCTOTa CETU?

5. Kak BBUHCIHTH TMOJHOE CONPOTUBIECHHE LENH C MOCIECI0BATEIbHBIM
COEMHEHNEM PE3UCTOPA, pEAIbHOM KaTyIIKK U KOHJIeHcaTopa?

6. OT yero 3aBUCHUT yroJ cABUra (a3 Mexay HanpsKEHHEM M TOKOM Ha y4acTKe
IIEKTPUYECKON LIETIH IIEPEMEHHOI0 TOKa?

7. UTO TaKO€ «TPEYTrOJbHUK COMPOTUBICHUIN?

8. Uemy paBHBI p€aKTHBHOE COIPOTUBJICHUE LIENIA U PEAKTUBHAs MOLIHOCTh LENU
IIpU pe30HaHce?

9. B kakom cnydae uccienyemas Lenb OyJIeT HOCHUTh aKTHBHO-WHIYKTHUBHBIN
XapaKTep U B KAKOM — aKTUBHO-EMKOCTHOM Xapakrep?
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Patora Ne 2-3. QJIEKTPUYECKASA LHEIIb IEPEMEHHOI'O TOKA C
ITAPAJIVIEJIBHBIM COEAUHEHUEM 2JIEMEHTOB

1. Hesan padoThl

O3HAaKOMHUTBCS C OCOOCHHOCTSIMH PEXKUMOB pabOTHI IEMU C TapaJlIeIbHBIM
COCIMHEHUSI AaKTUBHBIX U PEAKTUBHBIX DJIEMEHTOB, SBJICHHEM pE30HAHCA TOKOB,
MOBBINICHHEM KOd(hHIIeHTa MOIIIHOCTH, MpuMeHeHneM 1-ro 3akoHa Kupxroda B memsix
MEPEMEHHOTO TOKA.

Ilepeyens MUHUMOAY 1M

HanmeHoBaHME€ MUHUMOTYJISI KonuuectBo
barapes koHJIEHCAaTOPOB |
Hpoccenb |
Pesuctop 2 Bt 100 Om 1
TymOnep 3

2. ITopsiiok BHINOJIHEHUS PA0OTHI

2.1. OzHakomuThCcsi ¢ J1a0OpPaTOPHOM YCTAaHOBKOW (MCTOYHHMK MUTaHUS,
(yHKUHMOHAIBHBIA TE€HEpPATOp, M3MEPUTENIb MOIIHOCTH, MYJIbBTUMETP, IU(PPOBHIC
amnepmetpsl PA1...PA4, nabopHoe noje 1 MUHUMOIYJIH PE3UCTOPOB).

2.2. CoOpaTh 3JIEKTPUYECKYIO LIEMb C MapajlIelbHbBIM COEIMHEHUEM pe3ucTopa R,
MHAYKTUBHOTO norpedurens Zx u Oatapen konaeHcaropoB C (puc. 1). YcraHoBuTh B
3aJaHHYI0 TperojaBaTeiaeM MO3UIMI0 IepekitouaTens Oatapen KonaeHcaropo C. B
KayecTBE MHAYKTUBHOIO MOTPeOUTENs Zi UCIONB30BaTh apoccenb L. CxeMy npeabsiBUTh
IUISI IPOBEPKH ITPEMNOIaBATEIIO.

2.3. UByuuth paboOTy »3IEKTPUYECKOM LN NpU NapajuleIbHOM COEIWHEHUU
pa3iIuuHbIX norpedurteneit (cM. Tabda. 1). BKIoUHTh 31eKTponuTaHHe CTE€HAA, HCTOYHUK
NUTaHUA W HU3MepuTelb  MomHocTU. [loodyepenHo moakmoyas — TymOiepamu
COOTBETCTBYIOIIME BETBU, U3MEPUTh BEJIIMYMHBI, yKa3aHHble B Ta0n. 1. Pe3ynpTaThl
M3MEpEeHU 3aHeCTH B TabJ. 1. BBIKIIIOUNTH HCTOYHUK MTUTAHUS.

2.4. UccnenoBath BiusHUE eMKOCTU C, BKIIOUEHHOM MapamiebHO UHIYKTUBHOMY
noTpeduTento Zg, Ha Ko3(Q(GUIMEHT MOIIHOCTU LU U BETUYMHY TOKa [, HOTpedIsieMoro
OT UCTOYHHMKA NMUTaHUs. JJis 3TOro pa3oMKHYTh BETBb ¢ pe3uctopoM R. Ilepekmtouarens
Oarapen koHaeHcatopoB C ycraHoBuTh B no3umuio «1» (C=0). Bxiarouuts UCTOYHMK
nutanus. [Ipy HanmuuMM B LENM TOJBKO HMHAYKTUBHOTO NOTpeOUTENst Zgx WU3MEPUTh
BEJIMUMHBI, YKa3aHHble B TaOy. 2. YCTaHOBUTH Takoe€ 3HAYEHUE EMKOCTH OaTapen
KOHJCHCATOPOB, TMpPU KOTOPOM OT MCTOYHHMKA JJIEKTPONUTAHUS MOTpeOIseTcs
MUHUMAJIbHBIH TOK [ (COCTOSHME IienH, ONHM3KOe K PEe30HaHCYy TOKOB). W3meputsb
BEJIMUMHBI, yKa3aHHbIE B Ta0J. 2. YMeHbIIas U YBEIUUYMBAs BEIMYMHY €MKOCTH OaTapen
KOHJIEHCATOPOB (OT PE30HAHCHOTO 3HAYEHHUS] EMKOCTH) CO3/1aTh B LIEMH JBa pEXUMa J0
pE30HaHCa TOKOB W JBa PEKHUMa IOCJIE pe30HaHca. Pe3ynbTrarbl M3MEpEeHUN 3aHECTH B
Ta0. 2. BRIKIIOUYNTh HCTOYHUK TTUTAHMUS.
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MOLLHOCTM
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Puc. 1.
Tabmuma 1
Cxema U, I, Ik, Ik, Ic, P, Q, S, | cos | ¢

B | MA | MA | MA | MA | Bt |BAp| BA | ¢
Zx, R
R, Xc
R, Zx, Xc

2.5. Tlo pe3ynbraram uzMepeHui (Tabi. 2) paccuuTaTh BEIUYUHY E€MKOCTHOTO
CONMpPOTUBJIECHUSI X M BEJIMYMHY €MKOCTH OaTapeu koHuaeHcatopoB C. PesyibTaThl

3aHECTH B TA0JI. 2.

Tabmura 2

Cxema

U,
B

b

MA

IK:
MA

IC)
MA

Bt

Q,
BAp

S,
BA

COS @

Zx

ZK: XCpes

ZK) XC 1

Zx, Xc2

Zx, Xc3

Zy, Xc4

2.6. IloctpouTts rpaduxu 3asucumocteit cos ¢ = f(C), I = f(C), Ix = f(C), Ic =
HO), P =f(C).

2.7. I1o OTBITHBIM TaHHBIM MOCTPOUTH B MaclITabe BEKTOPHBIC AUAarpaMMbl TOKOB

u HaprDKCHI/Iﬁ JUIA KaXXKJ0Ir0 OIIbITA.
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2.8. CnenaTe BBIBOJLI:
— O BJIMSTHUH MapaJijIeIbHO BKIIFOYEHHBIX MOTpeOUTENeH IPYT HA IPYTa;
— O BJIMSHUU KOHJICHCATOpa, TMOAKIIOUYEHHOTO NapajlieIbHO WHIYKTUBHOMY
MOTPEOHUTENI0, HAa BEIMYMHY TOKa, IOTPEOIIEMOr0 W3 CETH, AaKTHBHOM
MOIITHOCTH TIeNHU U KO3(PGUIIMEHT MOIITHOCTH IICIIH;
— o npuMmeHeHnH 1-ro 3akoHa Kupxroda B 1emnsx nepeMeHHOro TOKa;

3. Conep:xxanue oTyera

a) HAMMEHOBaHUE padOTHI U 1EJIb PaOOTHI;

0) cxeMy PKCIepUMEHTa U TaOJIHIly TOTYyYEHHBIX Pe3yIbTaToB;
B) BEKTOPHBIE IMAarpaMMBbl JJIsl BCEX MPOBEJEHHBIX OMBITOB;

I') BBIBOJIBI 11O paboTe.

4. KOHTpOJIbHbIEC BONIPOCHI

1. Kak npu napauieabHOM BKIFOUEHHH MMOTPEOUTENEH ONPEIETUTh BETUUUHY TOKA,
noTpedseMoro u3 cetu?

2. C KaKoil 11eIbI0 MOBBIIIAIOT KO3()PHUIIMEHT MOITHOCTH LETH?

3. Kak M0HO onpeaenuTsb Ko3Pp(HUIHUEHT MOIIHOCTHU LEenu?

4. Kak u3MeHsTCs BeTMYMHA TOKa, MOTPEOIIEMOr0 U3 CETH, U aKTUBHAsI MOIIHOCTh
LEeMy, €clid MapajyieJbHO  aKTUBHO-UHAYKTHBHOMY  IOTPEOUTENI0  BKIIOYHTH
KOHJIeHcaTop?

5. Ilouemy yMeHbIIaeTCd TOK, HOTPEOISEMBIM W3 CETH, NPU MOAKIIOUYEHUU
napasuieIbHO UHAYKTUBHOMY MOTPEOUTEINO KOHeH caTopa?

6. Kak npumensiercs 1-ii 3axon Kupxroda B 1iensax nepeMeHHoro Toka?

7. Kak mocTpouTh BEKTOPHYIO JUarpaMmy LENU, KOTOpas COAECPKUT NapajuiesIbHO
BKJIFOYECHHBIE MHAYKTUBHYIO KaTYIIKy U KOHAEHcaTop?

8. Uto Takoe «pe3oHaHC TOKOB»? [Ipn KakoM yCJI0BUM OH BO3HUKAET?
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Pat6ora Ne 2-4. TPEX®A3HAS LHEIIb IPU COEJIUHEHUU
HOTPEBUTEJIEA 110 CXEME «3BE3/1A»

1. eab padoThl

O3HakOMUTBCS C Tpex(a3HbIMU CHCTEMaMHU, U3MepeHHeM (a3HbIX U JIMHEWHBIX
TOKOB M HalpsokeHUu. IIpoBepuTh OCHOBHBIE COOTHOILUEHHS MEXKIYy TOKAMH U
HaNpsOKEHUSIMU  CUMMETPUYHOTO M HECUMMETPUYHOIO Tpex(a3zHoro MoTpeOUTess.
BbIsICHUTH pOJIb HEHTPaJbHOTO IMPOBOJA B UYETHIPEXNPOBOTHON Tpex(a3HOW CcHCTEME.
Hayuutbcst cTpOUTh BEKTOPHBIE AMArPAMMBI HAIPSIKEHUHA U TOKOB.

Ilepeyens MuHUMOAY IeH

HaumeHnoBanne MUHUMOTY IS KonmuecTBo
Pesucrop 2 Bt 100 Om 1
Pesucrop 2 Bt 120 Om 1
Pesuctop 2 Bt 150 Om 3
TymOnep 2

2. IlopsinoK BBHINOJIHEHUS] PA0OTHI

2.1. OzHakomuThCs C Ja0OpPaTOPHOM YCTAaHOBKOW (MCTOYHHMK NUTaHUS,
(YHKIIMOHANBHBIA TE€HEpPaToOp, M3MEPUTETh MOIIHOCTH, MYJIbBTUMETP, IU(PPOBLIE
ammepmetpsl PA1...PA4, HabopHOE noje 1 MUHUMOIYJIH PE3UCTOPOB).

2.2. YCTaHOBUTHh MYJIBTUMETP B Pe:KUM M3MEpPEeHUsl NePpeMEeHHOIr0 HANIPSKEHHS,
U (pOBBIE AMIIEPMETPHI — B PEXKUM U3MEPEHUS EPEMEHHOIO TOKA. BKIIIOUNTh HCTOYHUK
nuTaHus (BbIKIouatedb SA3) W u3MepUTh JIMHEWHblEe W (a3Hble HANPSKEHUS
Tpex(a3HOro UCTOUYHUKA MUTAHUSA HA XOJIOCTOM X01y. Pe3ynbrarel H3MepeHuil 3aHECTH B
Tabs. 1. BEIKIIOUNTH UCTOYHUK UTAHUSL.

Tabmuna.1

M3MepeHo Ha K1eMMax HCTOYHHMKA MUTAHUS Braucineno

JIuHeitHbIe HaNpsSKeHUS ®da3Hble HANIPSHKEHUS
Uas, B Upe, B | Uca, B | Ua, B Ug, B Uc, B Un B Up, B | Up/Uo

2.3. CoOpatb cUMMETpUUYHYIO Tpex(da3zHyr »dJeKTpudecKkyro 1enb (puc. 1).
3amkHyTh TyMONEpsl SA4 u SAS. IlpenssaBUTh cxeMy 7151 TPOBEPKH MPENOAaBaTENIO.

2.4. BxuouyuTh HMCTOYHUK nUTaHUs. W3mMeputh TOKHM, (a3Hble U JIMHEWHbIE
HAnpsDKEHUs TpH  BKJIIOYEHHOM HEUTpanbHOM TmipoBoje (TymOnep SAS 3aMKHYT).
Pesynbrarel 3aHectTn B Tabn. 2. IIpoBepuTh COOTHOIIEHHE MEXAY JMHEHHBIMH U
(pa3HBIMM HaIIPSDKEHUSMHU TOTPEOUTENEH.

2.5. PazoMkHyTh TymMOnep SAS. [IoBTOPUTH T€ K€ M3MEPECHUS MPU OTKIIOYCHHOM
HEWTpaJIbHOM MpoBojJie. Pesynbrarhl 3aHecTH B TaOu. 2. BBIKIIOYUTL HCTOYHHK
Tpex(azHoTro HAMPSHKEHUS.

2.6. UccnenoBarh BIMsHHUE OOpbIBA JIMHEWHOTO MPOBOAA Ha PEXUM padOTHI LENU
IpU HATMYUK HEUTpanbHOTO mpoBoja. [jig 3Toro pazoMKkHyTh TymMOiep SA4 1 3aMKHYTh
TymOnep SAS. BkIOYUTh HCTOYHHK TpexdazHOro HampsokeHus. M3Meputbh Toku u
HanpsokeHus. Pesynbrarel 3aHecTH B Tabn. 2. BBIKIIOUNTH HCTOYHHK Tpex(ha3HOro
HaIPSKEHHUS.

54



Ow
I%
o
o
O
@)
-
? B

MynbTUMETP

V @ COM
O O
R3 150 PA3 .

vy

o0
O
®
®
>

N SA5

Puc. 1

2.7. UccnenoBaTh HECUMMETPUUIHYIO Tpex(a3Hyto memnb. J[s a3Toro codpats cxemy
nmo puc. 2. IlpenpsaBuTh cxemy Uil TNPOBEPKH Ipenogasarento. M3Meputs TOKH,
JUHEHHble W (a3Hble HANpsDKEHUS B Kaxaod (¢a3e mnoTpeduTens Mpu HaTUYUU

HEUTpaJIbHOIO NMPOBOa. Pe3ynbTaThl 3anucaTh B Ta0JI. 2.
2.8. Pa30MKHYTH 11eTIh HEUTPATBLHOTO MPOBOJIA C MOMOIILI0 TymMOsiepa SA4 1 BHOBb

M3MEPUTh TOKU U HaIpsKeHus. Pe3yabpTaThl 3anucaTh B Ta0II. 2.
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2.9. Tlo pe3ynpTataM W3MEpPEHUN BBIUUCITUTD
— CpeIHEE 3HAYEHHUE JIMHEWHBIX HAaNpsHKeHUH Uj HICTOYHMKA TUTAHWUSA,

— cpennee 3HaueHue (a3Hbix HanpsbpkeHU Ugp MCTOYHUKA MUTAHUS,

— otHomenue Uy /Uy ;
— CpeIHEe 3HAYEHHE TOKA IPH CUMMETPUYHON HATPY3KE.
2.10. Jlma Bcex MPOBEJEHHBIX OIBITOB METOJOM 3aceyek MOCTPOUTh B MacliTade

BEKTOPHBIEC THATPAMMEBL.
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2.11. CpaBHHTH BIUSHHE HEHTPAIBHOT'O IIPOBOJIa Ha PabOTy Tpex(a3Hoi cHCTEeMbI
IIPY CAMMETPHYHON M HECUMMETPHYHON HarpysKe.
Tabmura 2

Pexxum Harpysku Toku, MA Hanpsioxenus, B

I I I I dasnrie JInHenHbIe
A i c | Uan | Usn | Uen | Uag | Usc | Uca | U

HeurpanbHeii  1poBox

BKJIFOYEH, Harpyska
CUMMETpHUYHAs

HeltpansHelii  mpoBof
BBIKJIFOYEH, Harpyska
CUMMETpUYHAas

HeurtpanbHeii  1poBox
BKJIFOYEH, 00pbIB

JIMHEWHOT O IIpoBOJa

HeittpasnbHblii  11poBOJ
BKJIIOYEH, Harpyska
HECUMMETpUYHAas

HelitpansHelii  mpoBof
BBIKJIIOYCH, Harpyska
HECHUMMETPUYHAs

3.  Coaepxanme oT4yeTa

OT4er 1o paboTe TOMKEH COACPKATh:

a) HauMEHOBaHue PabOTHI U 11ETb PaOOTHI;

0) TEeXHUYECKHE TaHHBIC AICKTPOU3MEPHUTEIHHBIX IPUOOPOB;

B) CXEMY DKCIIEPUMEHTA C BKIFOUEHHBIMU U3MEPUTEIHHBIMH MPUOOpaMH;

T') TaOJIHIIBI C PE3yJIbTaTaMU SKCTIICPUMEHTA,

1) BEKTOPHBIE JUArpaMMBbI JIJIs1 BCEX MTPOBEICHHBIX OIBITOB;

€) BBIBOJ O POJIM HEUTPAJBHOrO MPOBOJA B Tpex¢a3zHOHl Lenu NMpu COCAUHEHUU
NOTPEOUTEINS O CXEME 3BE3/a.

4. KoHTpoJibHBIE BONPOCHI

1. Kakoe coenuHeHne Ha3bIBaeTCs 3B€3/10M 7

2. KakoBo cooTHOomieHWE MexAy (azHbIM U JMHEHHBIM HaNpPSHKEHUSIMU
Tpex(a3zHOTro UCTOUYHMKA MUTAHUS IIPU COEAMHEHUHU €ro OOMOTOK MO cXeMe 3Be3jia’?

3. Kakoe cooTHoIeHne MeX 1y (pa3HbIMU U JIMHEMHBIMUA TOKaMH MPU COETUHEHHUH B
3BE3Y?

4. Kak onpenenuTs BEIMYMHY TOKA B HEUTPAIBHOM MPOBOAE, €CIIM U3BECTHBI TOKU
noTpeourtens?

5. 115 4ero NpuMEeHSIIOT HEUTPAJIbHBINA MPOBOJ?

6. K xakuM 3akuMaM cienyeT NOJKIOYUTh BOJIBTMETP, YTOOBI U3MEPUTH (a3zHOEe U
JMHEWHOE HanpshKeHue?

7. Kakas Tpexda3znas Harpy3Ka Ha3bIBa€TCSI CHMMETPUYHOM?

8. IToueMy py HECUMMETPHYHOM Harpy3ke 0OpbIB HEUTPAIbHOIO MPOBOAA
ABJISIETCS] aBAPUITHBIM PEKUMOM?
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Pat6ora Ne 2-5. TPEX®A3HASA LHEIIb I1PU COEIMHEHUU
MOTPEBUTEJIEN 1O CXEME «TPEYT'OJIbHUK»

1. Heas padorsl

UccnenoBath ocobeHHocTH paboThl  TpexdaszHOW Ienu TMpu COCIUHEHHUH
CUMMETPUYHOTO ¥ HECUMMETPHUYHOTO IMOTpeOuTeNel  TpEeyroJbHUKOM, YCBOUTH
MOCTPOEHUE BEKTOPHBIX AUArpaMM IO pe3ybTaTaM IKCIIEPUMEHTA.

IIepeyeHb MUHUMOYICH

HanmMenoBanne MUHUMO Y151 KosmmuecTBo
Pesucrop 2 Bt 150 Om 3
Tym0nep 2
2. Ilopsiaok BBINOJIHEHUS] padOTHI

2.1. Os3HakOMHTBCS C JIa0OpAaTOPHOW yCTAHOBKOM (MCTOYHUK TMHUTAHUA,
GYHKIMOHANBHBIA ~ TeHEepaTop, HW3MEPUTEIh MOIIHOCTH, MYJIbTUMETpP, LHQPPOBHIE
ammiepmeTpsl PA1...PA4, nabopHoe moje 1 MUHUMOIYJIH PE3UCTOPOB).

2.2. BxmounTh HMCTOYHMK MNHUTAHUS (BbIKIOYaTeNnb SA3). YcTaHOBUTH Ha
MYJIBTUMETPE PEKUM U3MEPCHHUSI IEPEMEHHOTO HANPSDKCHHSI U U3MEPUTHh MYJIHTUMETPOM
JTMHEHHBIC HATIPSHKCHUST HCTOYHUKA TTUTAaHUST HA XOJIOCTOM XOAy. Pe3yibpTaTsl u3MepeHui
3aHecTH B TabOi. 1. BBIKIIOYNTH WCTOYHWK NHTAaHWS. BBRUUCIHTH CpelHEe 3HAUYCHUE
nuHenHoro Hanpsbkenus Uy

Tabnuua 1
Uag, B Ugc, B Uca, B Un B

2.3. B cootBerctBuM ¢ puc. 1. cobpaTh cxeMy CUMMETpUYHOUN TpexdazHoil 1enu
IIpU COCAMHEHUHU MOTPeOUTENEH B TpEyTroiabHUK. [IpeabsiBUTh cXeMy ISl TPOBEPKH.

2.4. BKJIIOYUTh UCTOYHUK MUTAaHMS (BbIKIIOYaTesnb SA3). M3meputh (asHbie TOKH
IaB, Igc, Ica w1 muHEHHBIN TOK A, a Takke HampspKEHUS Ha MOTpeduTensx. PesynbpraTs
3aHeCTH B Ta0J. 2.

2.5. Pa3oMKHYTHh c moMmolibio TymOnepa SA4 nuHelHbld npoBoj ¢a3bl «By» u
u3MepuTh (QazHbie TOKU Iap, Ipc, Ica ¥ JuHENHBIH TOK 5, @ Takke HampsHDKEHUsS Ha
norpedutensx. Pe3ynbrarsl 3aHecTy B Ta0II. 2.

2.6. BeikimounTth ¢ momoibio TymOepa SAS Harpy3ky B ¢aze notpeodurtenss «CA»
U TIpoBecTU u3MepeHus. Pedynbrarsl 3anectu B Ta01. 2.

2.7. Pa3oMKkHYTHh ¢ moMmolbio TymOnepa SA4 nuHelHb TipoBoa ¢a3zsel «B» u ¢
nomolieo Tymonepa SA2 Harpysky B (daze norpedurens «CAy». U3meputs (a3Hbie TOKU
Iag, Igc, Ica ¥ nuHEHHBIN TOK 15, a Takke HampsSKEHUS HA MOTPeOMTENsAX. Pe3ymbrarhl
3aHeCTH B Ta0I. 2.
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PA4

O >

| R1

R3
150

PA3

Tabmura 2

PexxuMm Harpysku

Toxk Harpy3ku, MA

Hanpsokenue Ha dazax
norpedurens, B

Ia

Ig

Ic

IaB

Igc

Ica

Uab

ch

Uca

CuMMeTpuuHas Harpyska

OO0psIB nuHENHOrO nposoja «By»

OO0psIB da3zel moTpeduTes «CA»

O6peiB ¢azer morpedutens «CA» u
0OpBIB IUHEHHOTO MpoBoia «By»

2.8. Jliis Bcex ombITOB MOCTPOUTH B MaclITabe BEKTOPHBIE JUATPAMMBI.

2.9. Ilo BCKTOPHBIM AdHarpaMMaMm OIPCACINUTb 1A HCCICOOBAHHLBIX PCKHUMOB

JuHeNHbIe TOKU Ig 1 Ic.

2.10. CpaBHUTb pe3yJbTaThl HM3MEPECHHH JHHEHHBIX W (Aa3HBIX TOKOB IpHU
COCIMHEHUH MOTPEOUTENSI B TPEYTOJIBHUK JJIS UCCIEAOBAaHHBIX PEKUMOB.
2.11. IIpoananu3upoBath BIUSHUE OOPHIBOB JMHEHHOTO M (Pa3HOTO MPOBOJOB HA

PEXKUMBI paOOTHI TOTPEOUTENECH.

3. Conep:xanme oTuera

Otuer 1o paboTe TOIKEH COAECPKATh:
a) HAaMMEHOBaHUe pabOThI U LENb padOThI;

0) TEXHUYECKHUE JaHHbIE ANEKTPOU3IMEPUTEILHBIX TPUOOPOB;
B) CXE€MY SKCIEPUMEHTA C BKIFOUEHHBIMU U3MEPUTEIBHBIMU PUOOpaMHU

I') TaOJIUIIBI C Pe3yJIbTaTaMU SKCIIEPUMEHTA;
1) BEKTOPHbBIE AUArpaMMBbl JJIsi BCEX MTPOBEICHHBIX OIBITOB;

€) BBIBOJIBI 110 padoTe.
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4. KoHTPOJIbHBIE BONIPOCHI

1. Kakum 06pa3zom Tpu ojiHO(hA3HBIX TOTPEOUTENS COSAUHSIOT B TPEYTOJIbHUK?

2. Kyna crnenyer moakiIo4YaTh BOJBTMETP, YTOOBI M3MEPUTH (a3HOE U JIMHEWHOE
HarpsoKeHus TpexdasHoro norpedurens?

3. B KakoM COOTHOIICHMHM HaxXxoJsATcs ¢a3Hble H JMHEHHBIC HANPSHKCHUS
CUMMETPUYHOTO MOTPEOUTENS, COSAUHEHHOTO B TPEYTOIbHUK?

4. Kakoe COOTHOIIEHHE MEXy (Da3HBIMU U JTUHEHHBIMH TOKAMU CHMMETPUYHOTO
noTpeOUTENsl, COEAMHEHHOTO B TPEYTOJNbHUK?

5. Beerga v cripaBeyIMBBI IPU COETMHEHUH B TPEYTOJIBHUK COOTHOLIEHUS

In= Iag— Ica, Ig= Igc— IaB, Ic= Ica— Igc.
5. Bcerna nu nipu coeAMHEHNUH B TPEYTOJIbHUK CIPABEJIMBO COOTHOUIEHUE
IA + IB + IC =0?

7. Kak 0Tpa3uTcsi OTKIIOYEHHE OJHOM (pa3bl MOTpPEOUTENsE Ha PEXUM pPadOThI
npyrux a3 u Ha pekuM paboThI Beel TpexdazHoH 11enu, COSTUHEHHON B TPEYTOJIbHUK?

8. Kak noBnusieT oOpbIB IMHEWHOTO MPOBOJIa HAa PEXXUM padOThI MOTpeOUTENIeH Ipu
UX COCIMHEHUU I10 CXEME TPEYTOJIbHUK?
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Pa6ora Ne 2-6. HEJIMHEMHAS IEITb IEPEMEHHOI'O TOKA

1. Heas padoTsl

DKCNIEpUMEHTAIBHOE HUCCIIEJOBAHUE BOJIbTAMIEPHBIX XapaKTEPUCTUK KaTyIIKH
UHAYKTUBHOCTH C (DEppOMarHUTHBIM CEpIEYHUKOM U KOHJIeHcaTtopa. M3yuenue popmbl
KPUBOM TOKA B KaTYIIKE C cepeyHUKOM. CpaBHEHHE 3KCIIEPUMEHTAIBHBIX PE3YJIBTATOB C
pacueTHbIMU pe3yJibTaTaMH. 3HAKOMCTBO C pabOTOil JBYCTOPOHHErO OrpaHUYUTENs
YPOBHSI HANIPSKEHUS.

Ilepeyens MuHUMOAYJIeH

HanmeHoBaHre MUHUMOY IS KomnmuecTBo
Pesuctop 2 Bt 22 Om 1
Pesuctop 2 Bt 680 Om

Karymka "HIyKTUBHOCTH
barapest KoHAEHCATOPOB
JIByXaHOHBIN CTaOMIUTPOH

[Ua VNI (FUN, U

2. llopAaaOK BHINOJTHEHUSA PadOThI

2.1. OzHakomuThcsi ¢ Ja0OpPaTOPHOM YCTaHOBKOW (MCTOYHHMK MUTaHUS,
(GYHKUMOHANBHBIA TeHEpaTop, HW3MEPUTENh MOIIHOCTH, MYJIbTUMETP, LHU(PPOBHIE
ammnepmeTpsl PA1...PA4, nabopHoe noje, MUHUMOIYIH PE3UCTOPOB U ocuuiuiorpad).

2.2. Jlma cHATHS BOJBTAMIIEPHOW XapAaKTEPUCTUKHU KaTYIIKW WHAYKTUBHOCTH C
(eppOMarHUTHBIM CEPJCYHUKOM COOpaTh JIEKTPUUECKYIO Ienb 1o puc. 1. B kauectse
amIepMeTrpa UCIoJIb30BaTh HU(POBON MpHOOp, B KAYECTBE BOJIBTMETPA - MYJIbTHUMETP B
COOTBETCTBYIOILIEM pexume paboTel. B  KkauecTBe peryiaupyemMoro HUCTOYHHKA
CHUHYCOMIaJIbHOTO HAINPSKEHUS MUCMOIb30BaTh (QYHKIIMOHAJIBHBIA I€HEPAaTOp Ha 4acTOTE
50 T't. TlogkmrounTh mapayienbHO J00aBOYHOMY pe3uctopy R1 BwIBOIBI ociimmiorpada.
[IpencraBuTh cxeMy M MPOBEPKHU IIPENOAABATEIIO.

PA1
[
PV
®YHKLMOHATbHbIW MyIbTUMETP
TEHEPATOP
Bbixog O Vv COM

YacToTa u
Amvnnutyga

dopma i L

R1 22

K ocuunnorpady

Puc.1

2.3. CHATh BOJIbTaMIEpHYIO XapakTepucTtuky U,=f(1,) KaTylku HHIyKTUBHOCTH L.
VYcraHoBUTh pyuky mnorteHuuomerpa Um, B B kpaiiHee JieBoe MOjoXeHHe. Brimrountsb
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UCTOYHUK NMUTaHUS (BbIKItOUaresb SA3) u pyHkiuonansHbiii TeHepaTop (SA1). IlnaBHo
yBEJIMYMBAs OT HyJs HampsbKeHHE MoTeHImoMeTpoM Um, B, u3MepsATh HampsuKeHUs Ha
karymke Uy u Tok . PesynpraTel m3mepenmii 3anectu B Tabn. 1. Ilpu mpoBenenun
M3MEpeHU HaOI0aTh € MOMOIIBI0 ocuwiiorpadga ¢opmy KpuBOH TOKa B IICIH.
3apucoBaTh BHJ KPUBOH TOKAa. BBIKIIOYNTH WCTOYHWUK TMHUTAHUS, (YHKIIMOHATLHBIN
reHepaTop U MyJIbTUMET.

Taomuna 1

Uk, B 0

Ik, A

2.4. ]Insa cHATHS BOJBTAMIIEPHOM XAPAaKTEPUCTHKU KOHJIEHCATOPA MOAKIKOYMTH
BMECTO KAaTYyUIKH C CEpJEYHUKOM OaTapero KoHaeHcaTopoB C (MHHMMOIYJb OaTapeu
KOHJIEHCATOPOB). YCTAHOBUTH IMEPEKIIOYATEIh MUHUMOIYJS OaTaper KOHAEHCATOPOB B
3alaHHYI0 [PENoJaBaTeyieM NO3ULUI0. BKIIOYUTP HMCTOYHUK NUTAHUS M CHATH
BOJIbTAMIIEPHYIO XapaKTEPUCTUKY KOHJIEHCATOpa. BhIMOAHATH aHajmoruyHo mn. 2.3.
Pe3ynbraThl u3MepeHud 3aHecTH B TaOi. 2. BBIKIIOYNUTH HCTOYHUK MUTAHUS H
MYJIBTUMETD.

Tabnuua 2

Ue, B 0

Ie, A

2.5. Hcnonp3ys IONy4YEHHBIE SKCIIEPUMEHTAIBHBIE PE3YJbTAThl, MOCTPOUTH B
OIHOW  CHCTEME  KOOpPAMHAT  BOJITAMIEPHBIE  XAPAKTEPUCTUKU  KATYIIKH  C
(eppOMarHuTHbIM CEPACYHUKOM U KOHJeHcaTopa. Jlius ciydas mociaeaoBaTesbHOTrO
COCIMHEHMSI KAaTyIIKM C (EeppOMarHUTHBIM  CEpJACYHMKOM U  HUCCIEIO0BAHHOIO
KOHJICHCATOpa OCTPOUTH BOJILTAMIIEPHYIO XapaKTEPUCTUKY TAKOW LIETIH.

MynbTUMETP MYNbTUMETP

O O O
mA COM mA COM

®YHKLUMOHANBHbIN ®YHKUMOHATbHbIA
FEHEPATOP FEHEPATOP
MynbTUMETP MYynbTUMETP

Bbixog O— Bbixog O
YacToTa COM @ L Yacrora COM
AmnnuTyaa AmnnuTyga u VD1
dopma j dopma i
R1 22 Clr

Puc. 2 Puc. 3

2.6. CoOpath AICKTPUUSCKYIO IIETh ¢ TOCIICI0BATEIbHBIM COSAUHEHUEM KaTYIIKH
¢ peppoOMarHuTHBIM CEPACYHUKOM M KOHJIeHcaTopa (puc. 2).
[Toce mpoBepk:u CXeMBbI TPEMOJaBaTeleM BKIIOYUTH AJIeKTponuTanue. [lmaBHO
yBeIU4MBas TOTeHIIMoMeTpoM Um, B BxomHoe Hamnpspkeawne U OT HyJs, CHSTH
BOJIbTAMIIEPHYIO XapaKTePUCTUKY BCeH 1enu. Pe3yabTaThl U3MEPEHUH 3aHECTH B Ta0II. 3.

K ocumnnorpady

R1 680

Tabmuna 3

U,B 0
LA
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2.77. Tlo »kcnepuMEHTabHBIM pe3yibTaram nocTpouTh BAX 1memn ¢
MOCJIEIOBATEIbHBIM COCIMHEHUEM KATYUIKA C (EeppOMArHUTHBIM CEPACUYHUKOM U
KOHJIeHcaTopa. CpaBHUTH MOJYUYEHHYIO XapaKTEPUCTUKY C PACUETHOW XapaKTEPUCTUKOM.

2.8. O3HaKOMUTBCS ¢ PabOTON OrpaHMUUTENs] YPOBHSA HampspkeHus. st aToro
coOpath cxemy 1o puc. 3. [loakmrOYNTH MapayieNbHO JABYXaHOJHOMY CTAOWJIMTPOHY
VD1 ocnumnorpad.

[InaBHO yBenuuMBas OT HYJIS HaMpsbKeHHE OoTeHroMeTpoM Um, B HabmoaaTh 1o
ocuusuiorpady GopmMy BBIXOAHOTO HampspkeHus. M3aMeputs ociumiorpagoM aMIUIUTYAy
HalpsDKEHWsT Ha CTAOWIIUTPOHE U MYJIbTUMETPOM 3HAUYEHUE TOKA, MNPHU KOTOPBIX
HAYUHAETCS OTPAHWYEHHUE aMIUIMTYAbl BBIXOJHOTO HAIMPSHKEHUSI W CPaBHUTh HMX C
NacOPTHBIMU  JaHHbIMU  cTabuiutpoHa 2C162A. 3apucoBaTh OCHHIIIOTPAMMBI
HauOOJBUIETO0 BXOJHOIO U COOTBETCTBYIOIIETO BBIXOAHOTO HAMNPSKEHUW, W3MEPUTH
aAMIUTUTY]Ty BBIXOJHOIO HANpPsDKCHUS U BETMUYMHY TOKa Yepe3 CTaOMIUTPOH. BBIKIIIOUHUTD
UCTOYHUK MUTaHUS, GYHKIMOHAIBHBIA TEHEPATOP U MYJIbTUMETD.

3. Conep:xanme oTuera
Otuer mo paboTe TOHKEH COAEPIKATh:
a) HAMMEHOBAHUE U 1171 PaOOTHI;
0) CXeMBbI SKCTIEPUMEHTOB U TAOJIHIIBI C pe3yJIbTaTaMU U3MEPECHHI;
B) PaCUETHBIE U IKCIIEPUMEHTATIbHBIE BOJIbTAMIIEPHBIC XapaKTEPUCTHUKY,
') OCHWIJIOTPAMMbl HAPSKEHUN U TOKOB;
1) CpPaBHEHHUE PE3YyJIbTATOB PAacueTa C SKCIIEPUMEHTAIbHBIMU JAHHBIMU;
€) BBIBOJIBI O CBOMCTBAX MCCJICAOBAHHBIX IICTICH.

4. KoHTpoJbHBIE BONPOCHI

1. OObscHUTH, Ha3HAaYeHUE  (PEPPOMATHUTHOTO  CEPACYHMKA  KATYIIKH
WHyKTUBHOCTH.

2. IlosicHUTh BIMSIHUE CepACUYHUKA HA BETUYUHY UHIYKTUBHOCTH KaTYIIKH.

3. Kak u3meHUTCsS BOJbTAMIIEpHAsl XapaKTEPUCTHUKA KATYIIKA WHIYKTUBHOCTH
pU HAJTUYUHU BO3IYIITHOTO 3a30pa B CepACUHUKE?

4. TloueMy ceplieYHUK OOBIYHO BBITIOJHSAETCA U3 M30JMPOBAHHBIX APYT OT Apyra
IJIACTUH AIEKTPOTEXHUYECKOU cTanu?

5. OOBICHUTH NPUUUHY HUCKAXKEHUSI CUHYCOUJATBHOU (POPMBI TOKA IPU MUTAHUU
KATYIIKU UHAYKTUBHOCTH CUHYCOUJATbHBIM HAIIPSKEHUEM.

6. Kak onpenennTs nmapaMeTpbl CXeMbl 3aMEIICHUsT KaTyIIKH ¢ GeppoMarHUTHBIM
CepIACYHUKOM?

7. Kakum oOpa3oM B IemH C TOCIEAOBATCIBHBIM COCIMHEHUEM JIMHCHHOM
KATYIIKM WHAYKTUBHOCTM M KOHJEHCATOpa MOXHO OO€CIEeUYUTh BO3HUKHOBEHUE
pEe30HaHCa HAIPSHKEHU?

8. B uem ocobenHOCTH sIBICHUS eppope30HaHCca HATPSKCHUA?

9. Tlouemy c YyBEJIUYEHHEM EMKOCTH KOHIEHCATOpa BO3MOXHO HW3MEHEHUE
BEJIMYMHBI TUTAIOIIETO HAMPSIKEHUS, TP KOTOPOM MPOUCXOAUT TPUTTEPHBIN 2P DHeKT?

10. KakoBo npakTuueckoe npumMeHeHue (heppope3oHaHCHBIX SABJICHUMA?

11. OObsCHUTH, TPUYMHY HU3MEHEHUS (POPMBI BBIXOJAHOIO  HAMPSKEHUS
OTPAaHUYHUTEIISA YPOBHS HANPSIHKEHUS.
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Pa6ora Ne 2-7. OTHO®A3HBIA TPAHC®OPMATOP

1. Hean padoTsl

O3HaKOMUTBHCSI C HAa3HAYEHUEM M OCHOBHBIMHU XapaKTEPUCTUKAMU OJHO(A3HOTO
Tpancopmatopa, padboToii TpaHnchopmaTopa mpu pa3IUIHOM XapaKTepe HArpy3KH.

Ilepeyens MUHUMOAY Il

HanmMeHoBaHMEe MUHUMOTYJISI KonnuectBo
Tpancdopmarop 1
Pesuctop 2 Bt 22 OMm 1
TymOnep 3
baTtapest KOHIEHCATOPOB |
[Torenumometp I1115-3A-150 1

2. IlopsaoK BbINOJTHEHHUS PA0OTHI

O3HakOMHUTBCS ¢ JIaOOPATOPHOM  YCTAaHOBKOW  (MCTOYHUK  THUTAHMS,
(YHKIIMOHAIBHBIN  TEHEpaTop, HU3MEPUTEIh MOIIHOCTH, MYJIBTUMETP, U(POBHIS
amriepMmetpbl PA1...PA4, HabopHOE 1M0JIe 1 MUHUMOIYJIN PE3UCTOPOB).

Co0patb 31eKTprUIecKyto 1ens (puc. 1).

N3MEPUTESb

A MOLLHOCTM
o—=Fo0 o}
L1 L2

B

B bl

X X

O 0

A il

]

Puc. 1

B kadecTBe MEpBUYHOIO HANPSDKEHUS HCIOJIB30BaTh HaNpsDKEHUE Tpex(dazHOro
UCTOYHHMKA. B KadecTBe BOJBTMETpa Ha BTOPHUYHOH CTOpPOHE TpaHchopMaropa
WCIIOJIb30BaTh MYyJIbTUMETP B PEKUME U3MEPEHUS IIEPEMEHHOT0 HAIIPSDKEHMs. B KaduecTBe
eMKOCTHOM Harpy3ku C HCHOJB30BaTh MHHUMOAYJIH OaTaped KOHACHCATOPOB.
Yemanosums nepexknwouamens 6amapeu konoencamopoé é nosuyuiro «0». B kauectse
AKTUBHOM HArpy3Ku HCHOJIb30BAaTh MOCTOSIHHBIN pe3uctop R=22 Om m nmoTeHuuoMeTp
RP1 ¢ conporusnennem 150 OM, BKIIOUEHHBIN MO CXEME MEPEMEHHOTO COMPOTUBIICHUS.
[IpenbsaBUTH CXeMY IJI POBEPKH MPETOIABATENIO.

BxJIrOUNTh UCTOYHMK MUTAHUS, MYJIBTUMETP U U3MEPUTENDL MOIIHOCTH. M3MepuTh
BEJIMYMHY NepBUYHOTO U;y 1 BTOpUUHOTO U,y HANPSIKEHHS B PEKHME XOJOCTOTO XOJa
Tpanchopmaropa. Pe3ynpraThl u3MepeHuid 3aHectd B Tab6bn. 1. Ilo pesynbraram
M3MEPEeHUI paccYuTaTh K0dpdunueHTt Tpanchopmanuu Tpanchopmaropa K.
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Tabmuna 1

Ui, B Uy, B K12

HccnenoBath TpancopmaTtop B paboueM pexume MpH aKTHUBHOM XapaKTepe
Harpy3ku. /[[ns storo 3amkHyTh TymOnepsl SA4 u SAS u, U3MEHSS BEIUYHUHY
compoTuBiieHUs: Harpy3ku RPI1, u3meputrp BenunuuHbl, ykazanHele B Tabm. 2. Ilo
pe3yibTaTaM HCCJIEJIOBAHMS BBIYHMCIATh AKTUBHYIO MOIIHOCTh BTOPUYHOW LENH U
KOO(QQUIUEHT TMOJE3HOro JeHCTBUS TpaHcopmaropa #, IOCTPOUTh BHEIIHIOK
XapakTepucTuky Ttpanchopmaropa U2 =f(I2) mpu aKTUBHOM XapaKTepe Harpys3Ky,
3aBHCHUMOCTH MEPBUYHOIO TOKa OT BEJIMYMHBI BTOPUYHOTO TOKa /1 =f(12), 3aBUCUMOCTHU
KO3 dUIMEHTA MOJIE3HOT0 AEHCTBUS TpaHchopMaTropa U ero KoddpuimeHTa MOITHOCTH
OT aKTUBHOW MOITHOCTH BTOPUYHOM LIeTH P.

TaOmuma 2
N3mepeHo Brrancieno
Bropuynas nens [lepruuHas nenp
I,, MA U,, B U,,B I, MA P,, Bt cos @1 P,, Bt n

CHATb BHEUIHIOI XapaKTepUCTUKY TpaHcpopmaTopa TMpU EMKOCTHOM
xapakTtepe Harpy3ku. J[Jis aToro pasoMkHyTh TymMOIep SAS. Benuunny emkoctu 6atapeu
KoHAeHcaTopoB C H3MEHSTh C MOMOILIBI0 MEpEeKIYaTesass MUHUMOIYJs OaTapeu
koHsieHcatopoB C. Pesynbrarel u3Mepenuii 3aHectu B Tabn. 3. Ilo pesynbratam
UCCIIEJIOBAHMSI IOCTPOUTHh BHEIIHIOID XapaKTEPUCTHKY TpaHCPopMaTopa MpU €MKOCTHON
Harpy3ke, CpaBHUTb €€ C XapaKTEPUCTUKOW, IOJYy4YEHHOM IIPM aKTUBHOW HarpyskKe.
BBIKIIOYNTE 2JEKTPONUTAHUE CTEHAA.

TaOmuna 3

U,,B

L, A

3. Conep:xxanue oTuera

Otuer o paboTe TOJKEH CONePKaTh:

a) HauMEHOBaHME PaOOTHI U TIEJTh Pa0OTHI;

0) cxeMy AKCIEPUMEHTOB C BKIIOUYEHHBIMU U3MEPUTEIBLHBIMU TPUOOPAMU;
B) TaOJIMIIBI C pe3yJIbTaTaMH KCIIEPUMEHTOB;

T') SKCIIEPUMEHTAJIbHBIC XapaKTePUCTUKH;

1) BBIBOJI 11O padoTe.

4. KoHTpOJIbHBIE BONIPOCHI

1. Jns yero npegHa3HaueH Tpancpopmatop?

2. KakoB npuHIMI AeiicTBus Tpancpopmaropa?

3. Kak onbITHBIM IyTeM onpeaenuTb KodpPuimeHT tpanchopmarm?

4. lloueMy mpu yBEIMYEHUM TOKA HArpy3Kd YBEIMYMUBAETCS TOK, MOTPEOISEMBbIii
Tpanchopmaropom u3 cetu?

5. [Nouemy mipu u3menenuu Harpy3ku uzmensercsa KIIJ[ tpancdopmaropa?

6. Kakme mporecchl — XapakTepu3yeT  aKTHUBHAs  MOIIHOCTh,  IOTpebIsiemas
TpaHc(hOpPMaTOPOM B peKHME XOJIOCTOrO X0J1a U B PEKUME KOPOTKOTO 3aMbIKaHHsI?

7. Ilouemy Tipu aKTUBHOW HArpy3Ke YBETWYCHHE TOKA BEIET K YMEHBIIICHUIO BTOPUYHOTO
HaIpsKeHUs ?

8. IToueMy BHeUIHSSI XapaKTepUCTHKa TpaHC(hopMaTopa 3aBUCUT OT XapakTepa Harpy3ku?
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3. METOANYECKHUE YKA3AHUA K ITPOBEJIEHUTIO
JIABOPATOPHBIX PABOT 11O PA3JAEJIY «OCHOBBI JIEKTPOHUKN»

Pa6ora Ne 3-1. UCCJIEJOBAHUE JTUOJ10B
1. Heab padoThI

N3yyeHne xapakTEpUCTHK U MapaMETPOB IHUOJ0OB — BBIIPSIMUTENBHBIX, [IIOTTKH,
CTAOMIUTPOHOB U CBETOAMOJIOB.
Ilepeyens MUHUMOAY 1M

HanmeHoBanne MUHUMOTYJIsI KomnaectBo
Beimpsmurensnsiii guon 1 A 1
Hwonm lottkm 1 A
Crabunutpon 4,7 B
Caeroauon 20 MA
ITorenmmometp 150 Om
Pesucrop 10 Om
Pesucrop 150 Om
Pesuctop 1,0 kOm

(U JUNINY (U U (U U -

2. 3ajaHue U MeTOAMYECKHE YKA3ZAHUA

2.1. IlpenBapurenpHOE TOMAIIHEE 3a0aHUE:

a) U3YYUTh TEMBI Kypca «p-n nepexon», «luoas» u cogepxanue 1aHHOM paboThl,
OBITh TOTOBBIM OTBETUTH Ha BCE KOHTPOJIbHBIE BOMPOCHI;

0) monb3ysach NPUHIUIHAIBHBIMH CXE€MaMH, NPUBEIECHHBIMH B PYKOBOJCTBE,
HAYEPTUTh CXEMbl COCIMHEHUM IS NPOBEICHUS JKCIIEPUMEHTOB, IEPEUYMCICHHBIX B
nabopaTopHOil paboTe;

2.2. DKCEepUMEHTAIIBHOE UCCIIEI0BAHNE BBIIPSIMUTEIBHOTO AUOIA:

a) cobpaTh cXeMy IJIsl MCCIIEOBAaHUS BBIMPAMHUTEIBHOIO JAMOJA HA NOCTOSHHOM
TOKE B COOTBETCTBUHU C NPUHUHUNHAIBHON cxeMoH puc. 1. [{nsg u3MepeHnst aHogHOTO TOKa
BKJIIOYUTh UU(POBON aMrepMeTp B pPEXKHUME NOCTOSHHOrO Toka. Jljis u3MepeHus
AHOJHOI'0 HANIPSKEHUs HCIIOIb30BaTh MYJIBTUMETP B PEKUME U3MEPEHUS IOCTOSHHOIO
HanpspDKeHus. [locienoBaresnbHo ¢ AMOI0M BKIOYUTH TOKOOTPAaHUYUBAOIIUN pe3ucTop R
=150 Om.

+2B/T5 B
FAT

P ()
5 \_/

0O

PV v

— &

Puc. 1
CHSTHh BOJTBTAMIIEPHYIO XapaKTEPUCTUKY BBHIIPSIMHUTEIBHOTO JM0/Ia HA TIOCTOSTHHOM TOKE
TUTSE TIPSIMOM BeTBU (pHUC. 1); I CHATHS XapaKTEPHUCTHK PETYIMPOBATh HAMNPSIKCHHUE Ha
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BBIXOJIE TMOTEHIIMOMETpA; pe3yJbTaThl M3MEPEHUN 3aHECTH B TaOJUIly, MO KOTOPOM
MOCTPOUTH NPsIMYI0 BeTBb BAX;

0) coOpath cxeMy sl cHATHsL oOpatHoW BetBu BAX VD (puc. 2); cHATH
obpatHyro BeTBr BAX nuona;

+558
FAT

R
P o (1)
150 O/

Puc. 2

B) OIIPCACINUTD IMapaMCTPbl INOJAAd: MAKCUMAJIIBHOC HAIIPSIKCHUC MCKIAY dHOAOM H
KaToaoM B OTKPBITOM COCTOSHHU Uam IIpu MaKCHUMaJIbHOM aHOJHOM TOKC [a max s

1

noporooe HanpspkeHue Uy u nuddepeHnnanbHoe CONPOTUBICHUE 7y ;

r) coOpath cxeMy s moiydeHus BAX nuoma Ha skpane ocruuiorpada.
Bxatounts  TOKOOrpanmumBaroumii  pesuctop R = 150 Owm. HccnepoBanue
BBIIIPSIMUTENIBHOTO JIMOJIa BBIMIOJHSAETCA Ha IEPEMEHHOM TOKE B COOTBETCTBUU C
npuHIUnuanbHou cxemoit puc. 3. Bxog Y (CH2) ocumsiorpada moaKIOYUTh K IIYHTY
Ry, a kopryc ocrmmnorpada (L) coenunuTs ¢ 06mmm nposogom (L). Bxog X (CHI)
ocimiiorpada MOAKIIOYUTH K aHoxy sauona. Ilpum 3ToM mnepekitouareiab pa3BEepTKU
ocimiorpada AoikeH ObITh mepeBefeH B mnosoxeHue X/Y. CBeTsAUIyrocs TOUKY Ha
sKpaHe ocuuwiorpada MOMECTUTh B Hadano koopauHat. [logate mutanue. 3apucoBarth
BAX nuona, onpeaenuts MaciuTadbl 1O TOKY U HAMPSHKEHUIO;

~ A
R
KP o X
750 Vi
Y
R
0

o
o 7

Puc. 3

1) OIIPEAEIUTH MO OCHMIIIIOTPaMMe TapaMeTphl IH0J1a: MAKCUMAIIbHOE HAIIPSKEHUE
MEXKy aHOJOM M KaTOIOM B OTKPBITOM cocTosiHuM U ,,, NPU MaKCUMaJIbHOM aHOJHOM

Toke [ noporooe HampspkeHue Ug u auddepeHnnanbHoe CONPOTHBIECHUE 7,

amax>
CpPaBHUTH C pe3yJibTaTaMu, MOJYYEHHBIMU Ha TTOCTOSTHHOM TOKE;

2.3. DKcnepuMeHTaANIbHOE uccienoBanue nuoaa HlorTku:

BrimonHuTh nyHKTH 2.2a, B 114 quoaa [loTTku, ncnosb3oBas cxemy puc. 1. BAX
MOCTPOUTHh Ha TOM K€ pHUCYHKe, uTo U B Mm.2.2. CpaBHuth BAX u mapameTpbl nuojaa
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[oTTku ¢ mapameTpamu © BAX 00bIYHOrO BBIPSMUTEIHLHOTO AUOIA.

2.4. DKcepUMEHTAIIbHOE UCCIIeIOBaHNE CTAOMIUTPOHA:

BBITIOJIHUTh MYHKTHI 2.2a, O, T JUIsl CTaOUJIUTPOHA, BKIIOUKMB B CXEMY PE3UCTOP
R =150 Om. BAX mnoctpouth Ha TOM e puCYHKe, 4yTOo U B m.2.2. CpaBHuth BAX
ctabumutpona 1 BAX o0buHOrO BhIIpsMUTENbHOTO auona. I[lo BAX, cHATBIM Ha
MOCTOSTHHOM U TIEPEMEHHOM TOKE, OMNpeAeNuTh HampsbkeHue crabwnmmzanuu U, u
muddepeHnanbHOE CONMPOTUBICHUE 7, (HAa YydacTke CTaOWIM3aluu), CpPaBHUTh

pE3yNbTATHI.

2.5. DKcepUMEHTAIbHOE UCCIIeIOBAHUE CBETOIMO/IA:

coOpaTh cxeMy Juisi uccieioBaHus mpsiMoil BetBM BAX cBetonuona Ha
NOCTOSIHHOM TOKe (puc. 1), yCTaHOBUB TOKOOTrpaHMuMBaromuii pesucrop R = 1 xOwm;
cHATh BAX U MOCTpOUTH €€ Ha TOM K€ PUCYHKE, 4TO U B m.2.2. Onpenenuts TOK, IPU
KOTOPOM CTAHOBUTCS 3aMETHBIM CBEUCHHUE.

3. Conep:xanme oTyera

Otuet 1o paboTe JOJKEH COJEPKAaTh:

a) HAMMEHOBAHHE U 1eNb PabOTHI;

0) CXeMBbI COeITMHEHUH JJI BHITTOJTHCHHBIX YKCIIEPUMEHTOB,;

B) pE3yJbTaThl 3KCIECPUMEHTAIBHBIX MCCICIOBAHUNA W TPOBEICHHBIX IO HUM
pacueToB, MOMEIICHHBIE B COOTBETCTBYIOIIHNE TAOJIUIIBI;

T') SKCTICPUMEHTAIILHO CHATBIC U MIOCTPOSHHBIE XapaKTePUCTHKH,

1) 00paboTaHHBIE OCIMIIJIOTPAMMBI;

€) BBIBOJIbI MO paboTe; B BBIBOJAX 0053aTE€IbHO OTBETUTh HAa KOHTPOJIbHbBIE
Borpockl 11 —13.

4. KoHTpOJIbHBIE BONIPOCHI

KakoBsI cBOlCTBa p-n Tiepexoaa?

O6sicaute Bug BAX p-n nepexoma?

Kak BiausgeT Temneparypa Ha pa3inuHbie yuacTku BAX nuona?

Kak caate mo Toukam BAX nuona?

[Touemy Ha cxemax puc. 1 u 2 nmo-pazHoMy BKIIOYEHBI U3MEPUTEIbHBIE TPUOOPHI?
Kaxk casate BAX nuona ¢ moMornisto ocriorpada?

Kakue morpemHocTd MOXHO OXXKHJATh TP OCIMILIOTpadUpPOBAHUU 1O CXEME PHC.

NownkLbhe=

3?

8. Tlosicaute Bun BAX crabunuTtpoHa.

9. T'me paboumii yuactox Ha BAX ctaOunurpona?

10. Kak 3aBUCHUT HanpsKeHUE CTaOMIM3aUU OT TEMIIEpaTyphl?

11. B yem oriinunie BAX BeimpsiMutensHoro auoaa, amoaa llorrku u cBeronaunoaa?

12. Ot 4ero 3aBUCHUT SIPKOCTh CBEYEHHUSI CBETOAMOAA?

13. Kakotii aeMeHT 00s13aTeNieH B CXeMe MHIUKATOpa Ha CBETOAUO0 1e?

14. Kakum oOpa3zom Ha 9dKpaHe ocuwuiorpadga mojaydaroT H300pakeHHue
(YHKITMOHATBHOM 3aBUCUMOCTHU JIBYX HAIPSKCHUM?

15. Kakum oOpazom Ha »2KpaHe ocrHwuiorpada MojaydaeTcs HU300paxeHue
nepuoandecKoi GyHKIIMU BpeMeHH ?
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Patora Ne 3-2. UCCJIEJOBAHUE BUITOJIAPHOI'O TPAH3UCTOPA

1. Heas padoTsl

W3yuenue  XapakTepUCTUK ¥  TapaMeTpoB  OUMOJSPHOTO  TPaH3UCTOPA,
BKJIFOUEHHOTO 110 CXEM€ C OOIIUM SMUTTEPOM.
IlepeyeHb MUHUMOAYJIEH

HaunmeHoBaHne MUHUMOYJISI KosmmuecTBo
Tpanzuctop n-p-n 1 A |
ITorenumometp 10 kOm
[Torerunometp 150 Om
Pesuctop 10 Om
Pesucrop 22 Om
Pesucrop 150 Om
Pesuctop 330 Om
Pesucrop 10 kOm
Huom 1 A

—t | [ [ [ [ = | = | —

2. 3agaHue U MeTOAUYECKHNE YKA3AHUSA

2.1. [IpenBapurenbHOE TOMAIIHEE 3aJaHUE:

a) m3y4nuTh TeMy Kypca “TpaH3ucTopsl” W cojaepkaHue AAaHHOW paboOThHI, OBITh
TOTOBBIM OTBETUTh Ha BCE KOHTPOJIbHBIE BOIIPOCHI;

0) MOJB3YyACh NPUHIUIIUAIBHBIMM CXEMaMHU, NPUBEJICHHBIMH B PYKOBOJCTBE
HAYEePTUTh CXEMbl COCIMHEHHMH JUIsl MPOBEACHUS 3KCHEPUMEHTOB, IMEPEUYHMCICHHBIX B
nabopatopHoil paborte;

2.2, DKCHEpUMEHTaJIbHOE  HUCCJIEJOBAHME  XAPAKTEPUCTUK  OUIOJIAPHOTO
TPaH3UCTOPA:

a) coOpaThb CXeMmy /Jis CHSITHS XapaKTEepUCTUK MPSMON TNepeaadyd Mo TOKY
ounomnsipHoro Tpansucrtopa (puc. 1). g usmepenus: Toka 6a3bl BKIIOYUTH MYJIBTUMETP B
pexrMe U3MEPEHHUs MOCTOSIHHOTO HaIpsKEHUs mapaiiensHo R1, a nis u3mepeHus toka
KosuiekTopa — nudposoit amnepmetp PA1. Jlna u3mepenus: HanpsoKeHUsT HA KOJJIEKTOPE
UCII0JIB30BaTh CTPEJIOYHBIN BOJIBTMETP; B Ka4eCTBE pe3UCTOpa Ry MCIOIB30BaTh MOIYJIH
R= 150 iz R =330 Owm (110 ykazaHuro npenogaBarTes);

+5 B PV o +/56
/P71 I:I( KT 0% :I/epz
Dk 150
< 0

J_ <
Puc. 1

0) CHATH CTAaTMUYECKYIO0 XapaKTEPUCTUKY MpsSMOM mepenauu mo Toky [.=f(l;) tpu
U,, paBHOM 3aJJaHHOMY 3HadeHHIO E, U R,=(. DKCIIepuMeHTaIbHbIC TOUYKH 3/7I€Ch U Jaliee
3aMuChIBaTh B TAOJIUILy M HAHOCUTH Ha rpaduk. [Ipu CHATUU XapaKTEPUCTHKHU CIEIUTH 3a
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NOCTOSTHCTBOM HamnpsbkeHust U

B) CHATh XapaKTEPUCTUKY MPsSMON Mepenayd MO TOKY NpHU HAIMYUU 33JaHHOTO
conpoTuBieHus: Harpy3ku R, (puc. 1). C nomomnpsto norennuromerpa RP1 ycranoBure Tok
0a3bl, paBHBIN HYIIIO, a C IOMOIIIBIO TTOTeHITMOMeTpa RP2 ycraHoBUTe 3a1aHHOE 3HAUYCHUE
E.. B nanpHeiimeM pydky peryiaupoBku RP2 ue tporats. B o6mactu BOIM3U HACHIIICHUS
TOYKW CHUMAaTh Yalle;

I) IO NOCTPOEHHOW B I. 2B XapaKTEPUCTUKE ONPEAEIUTh OO0JACTH AKTUBHOIO
YCUJIEHUS, OTCEYKU U HachIeHus1. OnpenennTs MaKCUMaIbHbIA TOK g iy, IPU KOTOPOM
emle oOecreunBaeTcs JUHEHHOE yCUIICHHE;

1) CHATHb BbIXOJHBbIE cTaTtmdyeckue BAX c¢ momonipio ocumiiorpaga. CoOpaTh
cxeMmy B cooTBeTcTBUU ¢ puc. 2. Bxon Y (CH2) ocummiorpada nogkatouuTh K myHTY Ry,
a xopryc ocummmtorpada ( L) coemuruts ¢ o6mmmM mposomoM (L). Bxox X (CHI)
ocuuorpaga MOAKIIOUUTE K KOJUIEKTOPY. IIpHM 3TOM IIepeKIrodaresb DOIKEH ObITh
npuBeneH B moyiokeHue X/Y. YcranoButh mnoteHimomerp RP1 B kpailiHee meBoe
MoJIOKEHUE. BKITIOUNTH NCTOUYHUK NUTaHus. MI3MeHaTh TOK 6a3bl oT 0 10 MakcuMyma (HO
He O6onee 1 MA), mpoHaOII0OIaTh CEMEHCTBO BBIXOJHBIX XapaKTEPUCTHK; 3apUCOBaTh Ha
OJIHOM PUCYHKE BBIXOJHBIE XapaKTEPUCTUKH I TPEX 3HaA4eHMM Toka 0asbl: I = 0; I, =
0,5 Is max; Iss = Is max, 3ammcaTh MacmTaObl MO HAMNPSHKEHUIO M TOKY. BBIKIIOYUTH
HMCTOYHUK MUTAHUS.

1558 i 7 R2 22
o— /\ [ — o ~A
) ST
K7 10k V. ) /\/
RPT |:—| — -
vk LI —
Y
Ru
0
T L )\ JT_
Puc. 2

3. Conep:xanme oTuera

Otyet mo paboTe AOHKEH COAEPIKATh:

a) HAMMEHOBAaHUE U 11eJ1b PabOTHI;

0) CXeMBbI COeIMHEHUH IS BHITTOJTHCHHBIX YKCIIEPUMEHTOB,;

B) pE3yJbTaThl JKCIEPUMEHTAIBHBIX WCCICIOBAHUNA W TPOBEICHHBIX IO HUM
pacdyeToB, TIOMEIICHHBIE B  COOTBETCTBYIOIIME  TAONWIBI;  ONPEACIUTH IO
AKCIIEPUMEHTAILHBIM  XapaKTEPUCTHKAM TPSIMOW TIEpeladyd IO TOKY CTaTHYSCKHM
kod(duiueHT mnepenayn Toka 3 U KodQPUIMEHT ycuiaeHus Kackaaa mo Toky K; mpu
3aJlaHHOM Harpy3ke BOJIM3HM paboyeil TOUKH TOKOS s Kiacca A:

8- Al Al
A AL
T') SKCTIEPUMEHTAIILHO CHATHIE U MMOCTPOCHHBIE XapaKTePUCTUKH;
1) 00paboTaHHBIC OCHMIIIOTPAMMBI;
€) paccuMTaTh IOTEPH B TPAH3UCTOpPE B paboyel TOYKe MOKOoA B Kiacce A (P,
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=U, 1), B pexxuMme HachlleHusa P, OTCeukun P, ¥ CpeIHHE INOTEPH B KIIOYEBOM
peXUMe IIPH OTHOCHUTENBHOM anurensHocTH umiyisca 0,5 (P = 0,5P+ 0,5P,),
BOCTIOJIB30BABIINUCH JKCIEPUMEHTAIBLHO CHSATBIMUA BBIXOAHBIMHU XapaKTEPUCTUKAMMU.
CpaBHHUTH TIOTEpU B KjJacce A M B KIIOUEBOM pEXKHUME. YKa3aTh, Kakhe IOTEPU B
KJIFOUEBOM PEXKHUME HE YUTEHBI,

4. KOHTpPOJIbHbIE BONIPOCHI

1. KakoB npuHIUI JeHCTBUS TpaH3UCTOpA?

2. Kakue cymecTByIOT CX€MbI BKIIFOUEHHS TPAH3UCTOPOB?

3. KakoBa mOJSPHOCT, TOCTOSIHHBIX HAMNPSOKEHUH, MNPUKIAIBIBAEMBIX K
TPaH3UCTOPY TUNIA H-p-N TPH PA3IMYHBIX CXeMaX BKIIOYEHUS?

4. Kak BBITJISIIAT BBIXOJHBIE U BXOJIHBIE CTATHUECKHUE XAPAKTEPUCTUKHU B CXEME C
OOIIIUM SMUTTEPOM?

5. Uto Takoe craTMyeckas XapakKTepUCTHKa MpsAMOW nepenadu no Toky? Kak ee
nocTpouTh? Kak oHa BUJIOM3MEHSIETCS TPU HamnuuK Harpy3ku? Kak ee cHATH?

6. Kak onpenenutsh craTudeckuid K03(p(GUIHUEHT Mepeadyl TPaH3UCTOpa MO TOKY
B?

7. Kak CHSTh CTaTUYECKUE BBIXO/IHBIE XapaKTEPUCTUKU?

8. Kak mocTtpouTs TMHUIO HArpy3Ku?

9. Uto Takoe 00JaCTh aKTUBHOTO YCHJICHUS, HACBIIIICHUS, OTCEUKU?

10. Yto Takoe KI0YEBOU pEeKUM?

11. KakoBbI IpenMyIiecTBa KIHOYEBOr0 pekumMa?
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Pa6ora Ne 3-3. UCCJIEJOBAHHUE YCUJIMTEJIBHOI'O KACKAJIA HA
BUITOJIAPHOM TPAH3UCTOPE

1. Heab padoThI

N3yyenue XapakTepuUCTUK, TapaMeTpPOB U PEKUMOB pabOThl yCHIUTEIHLHOTO
Kackaja Ha OUIIOJISIPHOM TPAH3UCTOPE, BKIIFOYCHHOM I10 CXEME C OOIIUM SMUTTEPOM.

IlepeyeHb MUHUMOYJICH

HanmeHnoBanne MUHUMOIYJIS KonunuectBo
Tpansucrop n-p-n 1 A
[Torenmometp 10 kOMm
[Torentmometp 150 Om
Konpencarop 22 Mx®
Pesucrop 150 Om
Pesucrop 1 kOm
Pesucrop 1,5 kOMm
Pesucrop 10 kOm

2. 3agaHue U MeTOANYECKHE YKA3ZaHUA

2.1. [IpenBapurenbHOE JOMAIIHEE 3aJaHUE:

a) u3yuuThb TeMbl Kypca «TpaH3uctopel», «YCHIHUTEIbHBIE KaCKaabl» U
coJiep KaHue TaHHOU PabOThI, OBITh TOTOBBIM OTBETUTH HA BCE KOHTPOJIBHBIE BOTIPOCHI;

0) MoNB3ysCh MPUHIIUITUATIBLHON CXEMOM, MPUBEJCHHON B PYKOBOJICTBE HAYEPTHUTH
CXEMbl COCMHEHUN ISl MPOBEJICHUS HKCIEPUMEHTOB, MEPEUNCICHHBIX B J1A0OpaTOPHOU
pabore;

2.2. DKCIepUMEHTaJIbHOE UCCIEI0OBAaHNE YCHIIMTEIHHOTO Kackaga Ha OUMOJISIPHOM
TPAH3UCTOPE B Kiacce A:

a) coOpaTh CXeMmy AJi1 UCCIENIOBAHMS YCUJIMTEIBHOIO KAacKaZa B COOTBETCTBUU C
puc. 1. [Hoaxmouute kanan CHI ocmumnorpada ko Bxony ycunurens, a kanan CH2 k
BBIXOJly yCWIHTENs. BKIIOUMTH BpEMEHHYIO pa3BepTKy ocuwuiorpada. Bximountsb
(yHKITMOHAIBHBIN T'eHEepaTOp U YCTAaHOBUTh CHHYCOWAANBHBIN curHain yactorod 50 I,
YMEHBIINTh CUTHAN N0 HyJs peryiasaropoMm amrutyasl. [lepexmtounts Bxoaer CHI
ocuiiorpada Ha MoJ0KEeHHUE «BXOJ 3akopoueH». BximtounTs nutanue crenna. [Ipu toke
I; = 0 yctaHOBUTH ¢ TTOMOIIIBIO NoTeHoMeTpa RP2 3aganHoe 3Hauenue E, u nanee He
M3MEHATH €T0 MPU BCEX AKCIIEPUMEHTAX (HE Tporath pydky noreHuuomMerpa RP2!);

0) ompenenuTh AKCIEPUMEHTAIFHO MAaKCUMAJbHYI0 aMIUIUTYAY HEUCKaKEHHOTO
BBIXO/IHOTO CHHYCOUJANBHOTO HANPSKEHUS! Uy m. I 3TOTO MpH Toke 6a3bl, paBHOM
HYJIIO, TIPOBEPHTE MOJOXKEHUE JIMHUU Ha 3KpaHe ocimuiorpada. [Ipu 3akopoueHHOM
BXOJIe ociuiorpada oHa JOJIKHA COBMAAaTh C HYJEBOM JIMHUEH, a IPU PA30MKHYTOM —
OTKJIOHSITHCSI IPUMEPHO HA TPU YETBEPTHU OT MOJOBUHBI dKpaHa. HyleByto JTMHUIO MOKHO
CMECTUTh BHU3 JUIsl YBEJIMYEHUsI MaciiTaba, HO 0053aTeIbHO OTMETUTH €€ IMOJIOKEHHUE.
[li1aBHO yBenMYMBaNTE aMIUIUTYAy BXOJHOTO CUTHAJa U IMOCTOSIHHYIO COCTaBIISIOLLYIO
TOKa 0a3bl JI0 TOSBJICHHUS BUJAMNMOTO VYIUIOHMIEHUS BEPIIMH CHHYCOHWJBl BBIXOJHOTO
HampspkeHusi. OOpaTuTe BHHUMAaHHE, OJHOBPEMEHHO JIM HAYMHAIOT  YIUIOIMIATHCS
MOJIOKUTENIbHAS. W OTPHIATENIbHAs TMOJMYBOJHBL. [lpm HEOOXOMUMOCTH YTOYHHUTE

71



NoJIoKeHUEe paboyeill TOUKM MOKOs. 3apUCyWTe Ha KaJlbKe BBIXOJHOE HAIpSKEHUE C
UCKOKECHUSAMH U TpeiesibHoe 0e3 wuckaxenus. [lpu 3apucoBke ocILIorpaMM He
3a0yAbTe HAHECTH MOJIOKEHUE HYJIeBoM MuHuu.  Onpenenute MacIITaObl o
HaANPsHKEHUIO U 10 BpeMeHH. JlabHeie n3MepeHus BhIXOJHOTO CUTHAIa He0OX0AMMO
IPOU3BOJIUTH B TOM K€ MacIiTade;

o  R2 15k R Tk

[Hlﬁ—:l—:l— ”
L1 7/5?0

2B/BB 22 k==
R1 10k

—o+hH 5

] Re2
0

Puc 1

B) ONpeAeIUTh NOoJoKeHne padouel TOUukH MOoKos. J{Jisi 3TOro yMEHBIIUTh BXOJAHON
CUHYCOMIAJIbHBIA CHUTHAl [0 HyJId M ONPENCIHUTh BEIMYUHBI TOKOB [g,, Iy, TIO
ocuiorpady onpenenuts U,,;

T') UCCTIEI0BATh SKCIIEPUMEHTAIILHO BIMSHHUE TOJ0KEHUSI pabodeil TOUKM MOKOs Ha
(opMy BBIXOJHOrO HampsiKeHHs. I 3TOro yCTaHOBHUTE BHOBb Pad04yr0 TOUKY Iop, Jip,
Uqp ¥ MaKCHUMajbHYIO aMIUIMTYJy CHUHYCOMJAJILHOTO HEUCKA)KEHHOTO BBIXOIHOIO
HaIlpSDKEHMs. 3apuCcOBaTh KPUBBIE BBIXOJAHOTO HAIPSHKEHUS — TIPU U3MEHEHUH
IIOCTOSSHHOM COCTaBJIAIONIEH Toka Oasel [ '5p = 05 I, n I ”5p = 1,5 Iz, npu dTOM
IIEPEMEHHBIA BXOIHOM CUTHAJ U3MEHATH HE CIIEYET;

1) OIpeneiauTh KO3(PPHUIMEHT YCUIeHHs Kackada Mo HampsbkeHuto Ky. [[ns atoro
yCTaHOBUTb I; = I5,, Bxox CHI1 ocummnorpada, nepekiarounTs Ha 3aKphIThid BXox (AC).
N3MeHsisi miepeMEeHHBIM BXOAHOW CHUTHaAl, JOOUTHCS CHHYCOUJAIbHOTO T0 (dopme
MaKCHUMAaJIbHOT'O BBIXOJHOTO cUTrHana. M3MepuTh ¢ momolpio ocruuiorpada aMIinTy bl
BbIXOTHOTO U,y 1 BXxoaHoro Uy, curnanoB. Onpenenuts KodQPUIIMEHT yCUleHus, yuecTb
MacCIITaO0FbI,

2.3. DKCnepUMEeHTAIbHOE UCCIIEA0BAHNE YCUIUTEIBHOTO Kackaia Ha OUIOJISIPHOM
TpPaH3UCTOpE B Kiiacce B:

a) ONPENENIUTh aMIUIUTYly BBIXOJHOIO HanpspKeHUs (I0JIyBOJIHBI) B Kiacce B. [lns
3TOro ¢ nomouipto noreHuuomerpa RP1 ycranoButs /; = (), u perynupys aMIUIUTYy
BXOJIHOI'O CHUTHaja JOOUTHCA MAKCUMAJIbHON HEYIUIOIMIEHHOW MOJYBOJHBI CHUHYCOUBI
BBIXOJJHOT'O HANPSKEHUS; 3apUCOBAaTh U 00pad0OTaTh OCHHILIIOTPaMMY;

0) ecid JUIMTENbHOCTh TIOJYBOJHBI ~MEHBINE MOJYNEpUONa, TOBBICHTE
noteHuuoMeTpoM RP1 moCTOSHHBIN TOK /; M M3MEHSS NEPEMEHHBIM BXOJHOW CHUTHAI
no0elTech BOCIPOU3BEACHUSI YCUIIUTEIEM POBHO IMOJIOBUHBI MEPUOJA HEUCKAKEHHOTO
CHUHYCOMJIAIBHOT'O HAINPSKEHUs ¢ MAKCUMAaJIbHOM aMIUITUTYIO0U. Y MeHbIIUTE Uy 10 HYJIA
U 3aIUIIUTE TOK /5, KOTOPBIM MPUIILIOCH YCTAHOBUTH B pabouell TOUKE MOKOsI, YTOOBI He
OBLIIO HCKaKeHUI. DTa paboyasi TOUKa MOKOSI COOTBETCTBYET Kiiaccy AB.

2.4. DKCHIepUMEHTAIbHOE UCCIIEA0BAHNE YCUIUTEIBHOTO KacKaa Ha OUIOJISIPHOM
TpaH3UCTOpE B Kiacce D:

72



a) uccienoBarb paboTy TPaH3UCTOpa B KIHOYEBOM pexkume (kiacc D). YcraHoBurte
I; = 0 w yBenW4UTH CUTHAJN OT (QYyHKIMOHAIbHOro TreHeparopa @®I' no mepexona
TpPaH3UCTOPA B KIIOYEBOM pEKUM; 3apUCyiTe U 00paboTaiiTe OCIMILIOTPAMMY BBIXOJHOTO
HaIpsKECHMUS;

0) MOBTOPUTE OMBIT MPH T0/1a4e Ha BXOJ IPSIMOYTOJILHOTO CUTHAIA.

3. Conep:xanue oTyera

Otyer no padboTe AOHKEH COAEPKATh:

a) HANMEHOBAHUE | I1eJTb PaOOTHI;

0) CXeMBbI COeIMHEHUH JJI BHITTOJTHEHHBIX YKCIIEPUMEHTOB,;

B) PE3yIbTaThl DKCIIEPUMEHTATBHBIX UCCIICIOBAHUHN U TPOBEJECHHBIX 10 HUM
pacyeToB, MOMEIIEHHBIE B COOTBETCTBYIOIINE TAOIUIIbI;

r) 00paboTaHHbIE OCIIUILIOTPAMMBI;

1) paccYMTaTh IOTEPH B TPAaH3UCTOpE B paboyell Touke Mokosd B knacce A (P,
=U, 1), B peKUME HACBIEHUSA P, OTCeYku Py, (€ciu TOK I, O4eHb Mall, PUHATH
P, =0) u cpennue morepu B KIOUEBOM PEXKHUME IMPU OTHOCUTEIBHON IJIMTEIBHOCTH
numiryasca 0,5 (P, op = 0,5P,,+ 0,5P,,), BOCIIOJIb30BaBIIMCH DKCIIEPUMEHTAIBHO CHATBIMH
ociuiiorpamMamMu. CpaBHUTH MOTEPU B Kiacce A M B KIIOYEBOM pEKUME. YKazarh,
KaKue MOTEPHU B KIIFOUEBOM PEKUME HE YUTECHBI,

4. KOHTpPOJIbHbIE BONIPOCHI

Kak nocTpouTs IMHHIO HATPy3KU?

Kak BrIOpath pabouyio TOUKy mokos B kiaccax A, AB, B, D?

HapucyiiTe cxemy yCHIIUTEIBHOTO KacKa/ia ¢ OOIIMM SMUTTEPOM.

KakoBo Ha3HaueHUE 3JIEMEHTOB YCHIIUTENA?

Kak onpenenuts KO3(QPUIMEHT yCHIIEHHS KackKala MO TOKY U HaNpsSKEHUIO
(rpaduyecku U SKCIEPUMEHTAIIBHO)?

Uto Takoe KI04YEeBOU pekuM?

KaxoBbl mpenMy1iecTBa KI0YEBOI0 pexxuma?

DN A W -

=N o
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Pa6ora Ne 3-4. UCCJIEJOBAHUE PABOTbHI TPAH3UCTOPOB B KIIFOYEBOM
PEXXUME

1. Heab padoThI

N3yuyenue pabOTHl YCWIHMTEIBHOTO Kackala Ha OWIOJSAPHOM TPaH3UCTOPE B
KJIFOYEBOM PEXKUME MPU PA3JIMUHBIX BUAAX HATPY3KHU.

Ilepeyens MUHUMOAY Il

HaunmMeHnoBanne MUHUMOYJIsI KomnaectBo
Tpansucrop n-p-n 1 A 1
Humom 1 A
Hpoccens 200 mI'H

Pesucrop 10 Om
Pesuctop 150 Om
Pesucrop 1,5 kOM

2. 3az1a1me H METOAUICCKHUE YKaA3aHUS

2.1. IlpegBaputenbHOE TOMAIIHEE 3aJaHUE:

a) U3y4nuTh TeMy Kypca «KiroueBoil pexuM TPaH3UCTOpa» U COAEP)KaHHE TaHHON
paboThl, OBITh TOTOBBIM OTBETUTH HAa BCE KOHTPOJIbHBIE BOITPOCHI;

0) MoAB3ysCh MPUHIUITUATIBLHON CXeMOMU, MPUBEJECHHON B PYKOBOJCTBE HAYEPTHUTH
CXEMbl COCAMHEHUN IJi1 MPOBEJACHUSI HKCIIEPUMEHTOB, MEPEUYHCICHHBIX B J1a00OpaTOpHO
pabore;

2.2. DKCIIepUMEHTAIBLHOE UCCIE0BaHUE OUIOJISIPHOTO TPAH3UCTOPE B KIHOYEBOM
peXUME IPHU aKTUBHOM Harpys3ke:

a) coOpaTh CXeMy JJIsl UCCIIEIOBaHUS B COOTBETCTBUU ¢ puc. 1. [loaxmrounts kaHan
CH2 ocummiorpadga Ko BXOAYy YCHIUTENbHOro Kackaga, a kaHain CHI1 k Beixony.
BxmrounTs BpeMEHHYIO pa3BepTKy ocuwuiorpada. BximounTs (GyHKIHMOHATBHBIN
TEHEPATOP U YCTAHOBUTH NMPAMOYTOJBHBIN curHai yactotou 40 k[ . Bxirounts nuranue
CTeHJA. YBEIUYMBAs CUTHAJ PETyJSITOPOM aMIUIMTY]Ibl HAOII0AaTh U3MEHEHHE CUTHAJIa
Ha BBIXOJI€ KaCKa/a; 3aprUCOBATh OCLIMILIOIPAMMBI HAIIPSKEHUI HA BXOJIE U HA BBIXOJE;

° 5 A
> (]
@l o
(H?
I 1

Puc. 1
0) B COOTBETCTBUU ¢ puc.2. mepekatounTh kKaHan CH2 ocummnorpada Ha myHT;
3apUCOBATh OCIIUJIOTPAMMBI HAIIPSHKEHUSI HA KOJUIEKTOPE U, M TOKA KOJIJIEKTOpa I, (TOKa
AMUTTEpA); MPHU 3aPHUCOBKE OCIUIIIOTpaMM HE 3a0yJbTe HAHECTH IOJOKCHUE HYJIECBOMU
auaun. Omnpenenure MacmTadbl M0 HANPsOKCHWIO, TOKY W BpeMeHH. JlanmpHeimine
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N3MCPCHUA CUTHAJIOB HCO6XOI[I/IMO IMPOU3BOAUTDL B TOM XK€ MaCHITa6€;

o .5 A
Rk
50
R1 15 > (11X
@F Vi
> (12 [Y)
R
0
1 1

Puc. 2

B) CHATh C MOMOUIBIO OcHmIIorpadga TPAeKTOPHUIO IBIKEHUS pabodeil TOuku B
KIIIOYEBOM pEeXHME MPU aKTUBHOM Harpyske. J{ist aToro mepexirodarensb ocuusuiorpada
J0JbKeH ObITh mepeBenieH B mojoxkeHue X/Y. He 3a0yapTe mpu ocuumsmiorpadupoBaHuu
HAHECTH OCH KOOPJMHAT; BHIKIIOUUTH TUTAHUE MOIYJIS.

2.3. DKCIepUMEHTAJIbHOE UCCIEAOBaHUE OUIOJISIPHOTO TPAH3UCTOPE B KIHOYEBOM
pEeXHUMe TIPH aKTUBHO-UHAYKTUBHON HarpysKe, ITyHTHUPOBAHHOM TNOIOM:

a) cobpaTb cXeMy Ul HCCIEelIOBaHHS B COOTBETCTBHM C pHuC. 3. Umoobwt ne
evlgecmu u3 cmpos Mmpam3ucmop, odopamume 0codoe 6HUMAHUE HA NPAGUILHOCHb
éKntouenusn ouooa. llogxmounts kanan CH2 ocmwiiorpaga Ko BXOJIy YCHIMTEIBHOTO
Kackaga, a kanan CHI x Beixonqy. BxiarounTs BpeMeHHYIO pa3BepTKy ociuiorpada.
BximrounTe (QyHKIMOHANBHBIA TE€HEpPAaTOp M YCTAHOBUTH MPSAMOYTOJbHBIA  CHUTHAJ
gactrotod 40 k'l mpyM MHUHMMAaIbHOM 3HAUYEHWU aMIUIMTYZAbl. BKIIOUNTH HCTOYHUK
NUTaHUs. YBEJINYUBasi CUTHAJ PETYJIATOPOM aMIUIMTYAbl HA0JIt01aTh U3MEHEHNE CUTHAlla

Ha BBIXOJIC KaCKa/ia; 3apuCoBaTb OCHUJIJIOTPAMMBI HaHp;DKeHI/Iﬁ Ha BXOJZ€ U Ha BbIXOJE,
< 0 +755

). N7

(H1
@ o

(He

1

=

Puc 3.

0) B coorBeTcTBUU C puc 4. nepekmounth kaHan CH2 ocuumiorpada Ha miyHT;
3apUCOBATh OCIMIJIOTPAMMBI HAIIPSKEHUST HA KOJUIEKTOPE U, U TOKAa KOJJIEKTOpA i, (TOKa
OMUTTEPA); MPU 3aPHCOBKE OCIILIOTPAMM HE 3a0y/IbT€ HAHECTU IOJOKEHUE HYJICBOU
muaun. Onpenenute MacmTaObl 1O HANPsHKEHUIO, TOKY W BpeMmeHH. JlampHeimme
M3MEPEHUS CUTHAJIOB HEOOXO0IUMO TIPOU3BOIUTH B TOM K€ MacITaoe;
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B) CHATH C MOMOIIBIO ocuyuiorpada TPaeKTOPHIO NBIKCHHUS padodell TOYKH B
KITFOUEBOM PEXUME TTPU aKTUBHO-UHIYKTUBHOW HArpy3Ke, ITyHTHPOBAHHOW quoaoM. J1is
ATOTO TEepeKIIoYaTeNb ocuuworpada nomkeH ObITh mepeBeneH B mojoxkeHue X/Y. He
3a0ybTe MPU OCHMILIOTPAPUPOBAHUN HAHECTH OCH KOOPAWHAT. BBIKIIOUHTH MCTOYHHUK
NUTaHus U QYHKIIMOHAIBHBIA TEHEPATOP.

3. Conep:xanue oTyerTa

a) HAMMEHOBAHME U LIeTb PaOOTHI;

0) cXeMbl COSIMHEHUM JIJIs BBIMOJHEHHBIX YKCIICPUMEHTOB;

B) PE3yJIbTaThl IKCIIEPUMEHTATLHBIX UCCIICIOBAaHUHN U TTPOBEJICHHBIX TI0 HUM
pacyeToB, MOMEIIEHHBIC B COOTBETCTBYIOIINE TAOIHUIIbI;

r) oOpaboTaHHBIC OCHWIJIOTPAMMBI; CPAaBHUTh OCHMJIJIOTPAMMBI TIPH Pa3IUYHBIX
BUJIaX Harpy3KH;

1) paccuuTaTh MOTEPHU B TPAH3UCTOPE B KIIOUEBOM PEKUME MPU OTHOCUTEIHHOM
mmTenpHoctd  uMiynsca 0,5 (Pyyep = 05P,+ 05P,), BOCIOJb30BABIINCH
AKCIEPUMEHTAIBHO CHSATBHIMHU OCHHILIOrpaMMaMi. MOITHOCTh ONMPEACNSITh EPEMHONKAs
OpJIMHATHI OCHWJJIOTPAMM [, U U,, U ONPENENIUB IUIOMIA[b MOJ KPHUBOM MIHOBEHHOMU
MOIITHOCTH p,. OmnpenenuTs CPeAHIO MOIIHOCTH 3a mnepuos. CpaBHUTH MOTEPU MpHU
Pa3JIMYHBIX BUJIaX HATPY3KH.

4. KoHTpO/ILHBIE BONIPOCHI

1. UTo Takoe KIIF0YEBOU peKUM?

2. KakoBbI NpeuMyIIeCTBA KIIOUYEBOTO pekruma?

3. Kak Bnusier BUJ Harpy3ku Ha TPAeKTOpUIO paboyeil Touku?
4. Kak BIus€T BUJl HATPY3KU HA TOTEpHU?

5. JI1st 4ero BKIIOYAETCs A0/, IIYHTUPYIOUIUA HArpy3Ky?
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Padora Ne 3-5. UCCJIEJOBAHME ITOJIEBOI'O TPAH3UCTOPA

1. Hesan padoThl
O3HaKOMHUTBCS C pPaOOTOH, OCHOBHBIMM XapaKTEPUCTUKaMH W MPUMEHEHUEM
IIOJIEBOTO TPAH3UCTOPA.
IlepeyeHs MUHUMOAY1EH

HanMenoBaHne MUHUMOAYJIS Konnuecto
Tpanszucrop nonesoit MOSFET c kanamom n-tumna 1
[Torenumomertp 2,2 kOMm
[Torenimometp 150 Om
Pesuctop 10 Om
Pesuctop 100 Om
Pesuctop 150 Om
Pesucrop 330 Om
Pesuctop 1,5 kOm

2. Kparkue TeopeTHyecKme CBeIeHUA

[ToneBoii TpaH3UCTOP TPENCTaBIACT COOOW MOTYNPOBOIHUKOBBIN YIpaBIsieMbIi
puodOp, TOK B KOTOPOM OOYCJIOBJICH JAPEe(PoM HOCUTENEH OJHOTO 3HAKA IOJ] IEHCTBHEM
IIPOJOJBHOIO  JJEKTPUYECKOTO TOKA. YIIPABICHHWE BEJIMYMHOW  IPOBOJUMOCTH,
CJIEI0BATEIbHO, U TOKA OCYILIECTBISAETCS MONEPEUHBIM MOJEM. JTO JIEKTPUUYECKOE MOJIE
CO31aeTCs HAIPSLDKEHUEM, ITPUII0KEHHBIM K YIIPABISAIOLIEMY 3JIEKTPOLY - 3aTBOPY.

B pabote uccnenyercs noneBoit MOII-TpaH3ucTop ¢ M30JIMPOBAHHBIM 3aTBOPOM U
UHAyIMpoBaHHbIM KaHaioMm n-tuna (MOSFET), mapamerpsl KOTOpOTO NpPUBENEHBI B
tabn. 1. CTpyKkTypa Takoro TpaH3HCTOpa MOKa3aHa Ha puc. 1, a yCIOBHOE Ipaduyeckoe
0003HaYeHNE HA TPUHIIUIHAIBHBIX JJIEKTPUUECKUX CXemMaxX — Ha puc. 2.

Taomuna 1
Tun Tpan3ucropa BS170
MakcuManbHO AOMYCTUMBINA TOK CTOKA ¢ max, MA 500
MakcuMabHO JOMYCTUMOE HaNpsDKeHHE CTOK-UCTOK Ucy vaxe, B 60
MakcuManbHas paccenBaeMas MOIHOCTD Pe . ipu t=25°C, Bt 0,83
MakcumanbHOe HanpsiKEeHHE 3aTBOP-UCTOK U3y max, B 20
MakcuManbHOEe 3HaUCHHE CTATHUYECKOTO COMIPOTHUBIICHHS CTOK-UCTOK B 5

OTKPBITOM COCTOSIHUU, Ry ore. ,OM (U3n=10 B, Ic=200 MA)

Hanpspxkenne ornupanus tpansuctopa Usu op, B (Ucu=Uswn, Ic=1 mA) | 0,8...2,0...3,0

B moneBbIX TpaH3UCTOpax C M3O0JMPOBAHHBIM 3aTBOPOM JJIEKTPOJ 3aTBOpa
U30JIMPOBAH OT MOJYIPOBOAHMKOBOM 0O0JacTH KaHaja clloeM JudiekTpuka. Eciu B
KayecTBE TUAJIEKTPUKA HCIOIB3YIOTCS OKUCIBI, Hampumep, Si0,, TO TpaH3UCTOp MMEET
CTPYKTYpPY MeETaJUT-OKUCEN-MOoaynpoBoIHUK uiu MOII-ctpykrypy. Ilpuniun nenictBus
TaKUX TPAaH3UCTOPOB OCHOBaH Ha 3¢ (deKTe M3MEHEHUs! MPOBOJUMOCTU MOBEPXHOCTHOIO
CJI0sI TOJIYIIPOBOJHHUKA ITOJ AEHMCTBUEM IIONEPEYHOIO IEKTpUdecKoro mnoussi. Ilonesbie
TPaH3UCTOPBl — TBEPJOTENbHBIE AHAJIOTH JJIEKTPOHHBIX Jami. OHU XapaKTepU3yrTCs
aHAJIOTUYHOW CHCTEMOW mapaMeTpoB — KpyTtusHou xapaktepuctuku (0,1...400 mMA/B),
HanpspkeHueM otcedku (0,5...20 B), BXOJHBIM CONMPOTUBIECHUEM IO MOCTOSHHOMY TOKY
(10" ...10" Om) u T.11.
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Puc. 1 Puc. 2

[Ipu nyneBoMm HamnpsixeHun Uszy= () KaHal MKy UCTOKOM M CTOKOM OTCYTCTBYET.
Pn-nepexonapl, HampaBlIeHHbIE BCTPEYHO, MNPEMATCTBYIOT JBH)KEHHUIO 3JIEKTPOHOB OT
UCTOKA K CTOKY, TO €CTh KaHanl oTcyTcTBYyeT. [Ipu Us; > () Bo3HHKaroOLIEe MOJl 3aTBOPOM
AJNIEKTpUUECKOe Moje OylneT OTTAJIKUBATh  IOJOXKUTEIbHBIE  3apsibl  (IBIPKH,
SABJISIIONIMMUCS ~ OCHOBHBIMM ~ HOCUTEISIMU B p-TIOJYNPOBOJHUKE) BIUIYOb
NOJIyIIPOBOAHUKA. [Ipy HEKOTOPOM MOPOTOBOM 3HAYEHHUH HAMNPSHKEHUS MEXKIY CTOKOM U
UCTOKOM TMOJ 3aTBOPOM HAKAIUIMBAETCSA JOCTATOYHBIA CJIOW 31eKTpoHOB. Co3maercs
(MHAYUMpYyeTCs) TPOBOMSIIMN KaHall, TOJIIMHA KOTOPOrO MOXET COCTaBUTh 1...2
HAaHOMETpPA, KOTOpas Jajieeé NPAKTUYECKH HE MEHsETCs. YIenbHas IMPOBOAMMOCTD
KaHAJIBHOTO CJIOSl 3aBUCUT OT KOHILIEHTPALMM 3JIEKTPOHOB B HeM. M3MeHss Usy, MOXKHO
MEHSTh BEIMYMHY TOKa cTOKa. [[puMepHbIil BU CTOKOBBIX (BBIXOJHBIX) BOJbTAMIIEPHBIX
xapaktepuctuk /-=f(Ucy) Tpu MOCTOSHHBIX 3HaUeHUSIX Uszy =const W CTOK-3aTBOPHOM
(mepenaTouHoi) BoJbTammnepHo xapakrepuctuku [c=f(Usy) upun Uy = const
TPaH3UCTOpa C MUHAYLUMPOBAHHBIM KaHAJIOM I[IOKa3aHbl Ha puc. 3a u puc. 30.
OCOOEHHOCTBIO XapaKTEPUCTUK SBJISAETCS TO, YTO TOK BO3HUKAET MPHU MOJOXKHUTEIbHBIX
HanpsokeHustx Usy > Usyop , ti€  Usy pop — HaNIpsSKEHUE OTNIMpaHus TpaH3ucropa. Kak
BHUJIHO U3 PUC. 3, BCE XAPAKTEPUCTUKHU PACIOJIATAOTCS MPHU MOJOKHUTENBHBIX 3HAYEHUAX
HAIPSKCHUM.

alc A lc

Usn,4>Usns

Uuc = const

Usn,3>Us3m2

Usu,2>Us3m 1

Usn,1>0

Ucu Usu
/ Usu, nop
Puc.3a Puc.30
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K OCHOBHBIM mapameTpaM MOJIEBBIX TPAH3UCTOPOB C HM30JMPOBAHHBIM 3aTBOPOM
OTHOCST:

— muddepeHimaabpHoe COMPOTURIICHUE CTOKA Ha YYacTKe HachIeHus Re;

— JOMYCTUMBIA TOK CTOKA /(y0x;

— JIOMYCTUMOE HanpsKeHUE Ucyax;

—JIOMYCTUMAas MOITHOCTD Py

K HeocnmopumbIM IOCTOMHCTBAM TaKUX TPAH3UCTOPOB OTHECTH:

— MUHHAMAJIGHYIO MOITHOCTH YTPAaBICHUS W OONBIION KOI(DPUITUEHT yCHICHUS TIO
TOKY;

— OOJIBIIIYIO CKOPOCTh MEPEKITIOUCHUS;

— BO3MOXHOCTh MPOCTOTO MAPAJJICTBHOTO BKJIIOUEHUSI TPAH3UCTOPOB IS
YBEJIUYEHUSI BHIXOTHON MOIITHOCTH;

— YCTOMYHMBOCTH TPAH3UCTOPOB K OOJIBITUM UMITYJIbCaM HaIPsHKCHHUS;

— BO3MOKHOCTh NPUMEHEHHS COBPEMEHHBIX TEXHOJOTMH IO3BOJISIET CO31aBaTh
HMHTErpaIbHbIE MUKPOCXEMBbI HEOOJIBIITUX Pa3MEPOB C MAJIOW MOTPEOJISIEMO MOIIIHOCTHIO
U COJEpKaINEC 10 10° aKTUBHBIX HJIEMEHTOB.

B ornuuuu oT OUIONSAPHOrO TPaH3WCTOpA, B IOJEBOM TPAH3UCTOPE TOK
YIIPABJISIONIETO 2JIEKTPOJa — 3aTBOPAa Ha HU3KUX YacCTOTaX 3HAYWUTEIIBHO MEHbIIE, YeM
TOK 0a3bl OUIOJISIPHOTO TPAH3UCTOPA.

3. Topsinok BbINOJHEHHSI padOThI

3.1. O3HaKOMHUTHCS ¢ 1a0OPATOPHOIN YCTAHOBKOM.

3.2. CoOpaTh cxeMy njsi CHSITUSL CTOK-3aTBOPHOW M CTOKOBOW XapaKTEpUCTUK
MOJIEBOTO TpaH3ucTtopa Oe3 Harpy3ku (puc. 4). B kadectBe BosbTMeTpa PV2
UCII0JIb30BaTh MYJIbTUMETP B PEKUME U3MEPEHUs MOCTOSTHHOTO HAIPSKEHUS C MPEEIOM
20 B, a B kauectBe PVI1 — crpenounbiii npubop moctossHHOTO Toka Ha 15 B. [ns
U3MEpPEHHsS TOKa MCIOJb30BaTh LU(PPOBOM amMmepMeTp B PEXKUME U3MEPEHUs
MOCTOSTHHOTO TOKa (TymMOnep «=I/~I» ycraHoButh B mojoxenue «=I»). IlpenssBurh
CXEMY JIJIA MPOBEPKU MPENOAABATEIIO.

PAT  R2100 +1%B
58 R ()~
v
—
/?P7i} =Y Q/ PYI :I/epz
2 1% P
J_ < O < < 0
Puc. 4

3.2.1. CHATh CTOK-3aTBOPHYIO XapaKTEpUCTUKY Tpanzucrtopa I-=f(Uszy) mnpu
3aITaHHOM TIOCTOSTHHOM 3HaueHuu Ucy = const 1 Rc=0. Bxmounth TymOnep SA3
ucTouHrka nutanus. C MoMoONIbI0 MOTeHIIMOMeTpa RP2 yCTaHOBUTE 3aJaHHOE 3HAUYCHUE
Ucy. N3mensis nanpsikenue Uszy (HaunHas ¢ «0») CHATh XapaKTEPHUCTHKY, HE 3a0bIBas
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nojajaepxkuBaTh 3agaHHoe Ucy. DKCIEpUMEHTANBHBIC pPE3ybTaThl 3amucarh B TaOm. 2.
Beikimrounte TymOnep «llutanume». IlocTpouTh TONYYCHHYIO SKCIEPUMEHTAIBHYIO
XapaKTEPHUCTHKY.

Ucu= Tabmauia 2

Usy, B 0

Ic, MA

3.2.2. CHATh CEMEHCTBO CTOKOBBIX XapakTepUCTHK TpaHzucropa I[-=f(Ucy) npu
3a/laHHBIX TOCTOSIHHBIX 3HaueHusaAx Usy =const. BximounTe nutanue moaynis. M3meHnss
HanpsbkeHue Ucy (HaumHas ¢ «0») CHATh XapaKTEpUCTUKY. ODKCIEPHUMEHTAJIbHbIE
pe3yJsbTaThl 3anucaTh B Ta0J. 3. BoikimtounTs nurtanue Moayis. [loctpouts nosyueHHble
AKCIIEPUMEHTAJIbHbIE XaPAKTEPUCTUKH.

Usu= Tabmuma 3

Ucy, B

Ic, MA

3.
CobpaTh cxemy ISl CHATHUSI CTOK-3aTBOPHOM XapaKTEPUCTHKH IOJIEBOIO TPaH3UCTOpa C
Harpy3koi (puc. 5). B xauectBe BonbT™METpa PV2 ncnonb3oBaTh MyJIBTUMETP B PEXHME
U3MEPEHUsI TNOCTOSHHOrO HampspkeHus ¢ npeaenom 20 B, a B kawectBe PVI1 —
CTPEJIOUYHbIA TPUOOP MOCTOSSTHHOTO Toka Ha 15 B. g m3mepeHusi Toka HUCMOIb30BAThH
u(ppOBOI aMIIepMETpP B pEKUME U3MEPEHUS OCTOSHHOTO TOKa. [IpenbaBuTh cxemy s
IIPOBEPKU NIPEIIOAABATEIIO.

PAT  Rr +158
158 R I5« —o
V7
. RFP2
KP71 1
il » I
’ PV2
J_ <> < < O O—0
Puc. 5

3.3.1. CHATh CTOK-3aTBOPHYIO XapakTepucTtuky Tpansucropa Ic=f(Usy) npu
3aJJaHHOM TIOCTOSSHHOM 3Ha4eHWHM MHUTaHus E =const mpu Hanumuuu Harpy3ku Rc. C
MOMOIIBI0 TOTEHIIMOMETPAa RP2 yCTaHOBUTE 33/IaHHOE 3HAYCHUE UCTOYHHMKA NUTAHUA E.
B nmanpHeiimem pyuky perynupoBkn RP2 He Tporatb. M3mensss Hanpsikenue Usy
(maumHas ¢ «0»), CHIATH xapakTepucTuky. B o6mactu BOmm3u Hacwimenus (Ucy 10 1 B)
TOYKH CHUMATh Yallle. DKCIepUMEHTAIbHbIC PE3yIbTaThl 3anucaTh B Ta0J. 4. BRIKIIOUUTH
TymbOiep «Iluranuey». [TocTpouTh NOMYYEHHYIO SKCIEPUMEHTAIBHYIO XapaKTEPUCTHUKY .

E= Tabmuna 4

Usy, B 0

Ic, MmA
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3.4. TIlo MMOJIYUYCHHBIM OSKCICPUMCHTAJIBHBIM  XAPAKTCPUCTUKAM  OIIPCACINUTDH

KPYTU3HY TMEepelaTOyHON (CTOK-3aTBOpHOM) xapaktepuctuku S = (dlc/dUs) upu
OTCYTCTBUU M HAJIMYUU HATPY3KU U AU depeHIInanbHOe COMPOTUBICHHE TPAH3UCTOpA Ha
y4acTKe HaChIEeHUsA Re=dUc/dlc ipu Us=const.

4.

Conep:xanue oTyera

a) HAMMEHOBaHUE padOTHI U 1IEJIb PAOOTHI;

0) BIIEKTpUYECKHE CXEMBbI TPOBEICHHBIX SKCIIEPUMEHTOB;

B) Ta0JIULIBI C pe3yJbTaTaMHU HKCIIEPUMEHTA U OCLIIIJIOTPaMMBI;

T) pe3ynbTaThl JIKCIEPUMEHTATBHBIX HCCIEJOBAHUNA W TIPOBEACHHBIX IO HUM

pacdeToB, IOMCIICHHBIC B COOTBCTCTBYIOIIIHC Ta6J'II/II_IBI;

B =N

1) OCIAJUIOTPAMMBI;
€) BBIBOJIBI.

KonTposbHbIE BONPOCHI

Kakue pasHOBUIHOCTH MOJIEBBIX TPAH3UCTOPOB BbI 3HAETE?

KakoBbI OCHOBHBIE IPEUMYLIECTBA U HEJOCTATKH ITOJIEBBIX TPAH3UCTOPOB?

Kakue cymecTByrOT cXeMbl BKIIOUEHUS MTOJIEBBIX TPAH3UCTOPOB?

[Touemy TOK TpaH3UCTOpaA JOCTUraeT HACBHIICHUS TP U3MEHEHUH HAIPsDKEHUS Ha
cToke?

KakoBa noJIIpHOCTh HANPSHKEHU, MPUKIIABIBAEMBIX K MOJEBOMY TPAaH3UCTOPY C
M30JIMPOBAHHBIM 3aTBOPOM M KaHaJaMU «N» U «p» TUIIOB TIPHU CXEME BKIIIOUECHHS
¢ O0UIUM UCTOKOM?

Kak BBIMISAST CTOKOBBIE BOJBTAMIEPHBIX XapaKTEPUCTUK M CTOK-3aTBOPHBIE
BOJIbTAMIIEPHBIE ~ XAaPAaKTEPUCTUKU  TpPaH3MCTOpPa C  HHAYLUMPOBAHHBIM U
BCTPOCHHBIM KaHAJIOM?

Hapucyiite cxeMmy yCWIMTEIBHOIO Kackaga ¢ oOmuM ucTokoM. KakoBo
HA3HAYEHUE IIEMEHTOB YCHUIIUTENS?
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Pa6ora Ne 3-6. UCCJIEJOBAHUE TUPUCTOPOB

1. Heas padoTsl
N3ydeHne XxapakTepUCTHUK U TapaMeTPOB TUPUCTOPOB.

IlepeyeHb MUHUMOAYJIEH

HaumeHoBaHre MUHUMOAYJISI KonnuecTto
Tupucrop 1 A |
[Torenunomerp 2,2 kOm
Pesucrop 10 Om
Pesuctop 150 Om
Pesucrop 10 kOm

2. 3anaHne U METOAUICCKUE YKA3aHUA

1. [IpenBapurenbHOE TOMAIIHEE 3aJaHUE:

a) U3y4uTh TeMy Kypca «TUpPHUCTOpB» U COAEp’KaHHE JTaHHOW paboOThI, OBITh
TOTOBBIM OTBETUTH HA BCE KOHTPOJIbHBIE BOIPOCHI;

0) MoaB3ysICh MHEMOCXEMOM HAYepTUTh CXEMBbI AJIs MPOBEACHUS SKCIIEPUMEHTOB,
NEPEUNCICHHBIX B JaOOpaTOpHO padoTe;

2. DKCIIEpUMEHTAILHOE UCCIIEIOBAaHUE TUPUCTOPA:

a) coOpaTh CXeMy Ui HCCIEIOBAaHUS TUPHUCTOpPA Ha IOCTOSHHOM TOKE B
COOTBETCTBUH ¢ puc. 1. Jlud u3MepeHHs TOKa ynpaBieHHUs [, BKIIOYUTh MYJILTUMETD B
peXUME H3MEPEHHUS] IOCTOSHHOIO HampsbKeHus napauienbHo R, mis u3mepenus

aHOJIHOTO TOKa [, BKIOUMTh LudpoBoit ammepmerp PAl. Jlnsg uzmMepeHuss aHOAHOIO

HanpsbkeHus: U, uCnosib30BaTh CTPEIOYHBIN BOJIBTMETP MOCTOSIHHOTO HANPSDKEHUS, a JJIs
U3MEpEHUs HalnpshKeHus ynpasienus U, - MyJIbTUMETD.

+ 58
PV
2 B/15B ( )
RP7 /\702/7 1k
22k —
o
Puc. 1

0) onpenenuTh OTIHMPAIOLMNA ITOCTOSIHHBIA TOK YNpPaBI€HUS [, U OTHHUPAIOILEE
IOCTOSHHOE HanpsbkeHue ynpasiieHus Uy, @IpH KOTOPHIX IPOUCXOIMT BKIIIOUEHHUE
tupucropa. JlJis 3TOro miaBHO BpalllaTh py4yKy MOTEHIHOMETpa RPI, yBenuuuBas TOK
ynpasieHust [,, 3aQUKCUpOBaTh, IIPM KAaKOM 3HAYCHUU TOKA YyOpaBleHHUd [, U
HanpspkeHus ynpasineHus Uy, BKIHOYHTCS TUPUCTOP. O BKIIOYEHHHM THPHCTOPA CyIUThH
10 PE3KOMY YMEHBIICHUIO HATPSKEHUS Ha aHoAe U, U YBEIUYEHHIO aHOHOTO TOKa /;

B) HUCCJIEIOBATh BO3MOKHOCTD BBIKJIIOUCHHS TUPUCTOPA MO LIEMH YIPABICHUS U 110
aHOZHOM LenH. JIas 5TOro, BKIKOYMB TUPUCTOP, YMEHBIIATE 10 HYJS TOK yNpaBiIeHUs /.
Brikitounth TUpUCTOP, pa3opBaB 1ienb aHoja. Habnrogas 3a m3BMEHEeHHEeM aHOJIHOTIO TOKa
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1, n nanpspkenust U,, caenaTh BBIBOJ 00 YNpaBIsIeMOCTH THUPUCTOPA, CHOPMYIIHNPOBAB
YCIJIOBUS BKJIIOUYEHUS U BBIKIIOUEHUS TUPUCTOPA. BBIKIIOUYNTH UCTOUHUK MUTAHUS;

I) CHATh M IIOCTPOMTH BXOIHYIO XapaKTepHUCTHKy Tupucropa U, = f (I,) (npm
Pa30pBaHHOM aHOJHOM LIENH), HAHECTU HA HEE TOUKY, COOTBETCTBYIOUIYIO TOKY /),,;

1) coOpaTb cXeMmy MJis HCCIEIOBAHMUS TUPHUCTOpAa Ha TMEPEMEHHOM TOKE JUIs
nostydeHus: anogHoi BAX tupucropa Ha skpane ocuusuiorpada (puc. 2). [oaxmroduTs K
cxeme oOmMe TOYKM «L1» HMCTOYHHKOB MOCTOSHHOIO M TEPEMEHHOTO HaNpsHKEHHM.
[Topars Ha Bxog CH?2 (Y) ocuunnorpada HanpspKeHue ¢ myHTa R, TpOnoplLHOHaIbHOE
TOKY B aHOJHOW Lenu i, a Ha BXog CHI (X) — aHOqHOE HaIlpshKEHUE TUPUCTOpA U, (IpH
ATOM MEPEeKIIoYaTeNlb Pa3BepTKU ocuuiorpada J0JKeH ObITh MEPEeBEICH B MOJ0KEHHUE
X/Y). Kopniyc ocumtorpada (| ) npucoequuauth K o0mmemy npoBoay (1). 3apucoBath
BAX THpHCTOpa MpH JBYX 3HAUECHUSX TOKA YIPABICHUS [,, ONPENETUTh MACIITA0BI 110
TOKY ¥ HANPSHKEHUIO. BBIKIIOYNTh UICTOYHUK MMUTAHMS;

o/

PV
+5F ( )
VST CHT (X)
P71 /?02;7 1k
—J CH2 (V)

22K

1 1
Puc. 2

€) OoMpeaeauTh N0 OCHUIIIOrpaMMaM MaKCHUMAaIbHOE HANPSKEHUE MEXKIY aHOJIOM
1 KaTtooM Upry B OTKPBITOM COCTOSIHUM TIPU MaKCUMaJIbHOM aHOJHOM TOKE I, max, TOK
yaepxkanus Iy, noporosoe HanpsbkeHue Urro) 1 quddepeHInanbHoe CONPOTUBIEHHE 7.
3. Conep:xxanue oTuera

Otyet no paboTe AOHKEH COAEPKATh:

a) HAMMEHOBAHUE U 11eJ1b PabOTHI;

0) NPUHITUTTHATILHBIC DJIEKTPUYECKUE CXEMBI JJIsI BRIMIOJTHEHHBIX AKCIIEPUMEHTOB;

B) pe3yNbTaThl SKCIEPUMEHTAIBHBIX HCCIEAOBAHUNA U TPOBEACHHBIX MO HUM
pacueToB, MOMEIICHHBIE B COOTBETCTBYIOIINE TAOIUIIbI;

I') SKCIIEPUMEHTAJIBHO CHATHIE U IOCTPOCHHBIE XapaKTEPUCTHKHY;

1) 00paboTaHHBIE OCIUIIOTPAMMBI;

€) BBIBOBI 110 padoTe.

4. KOHTpOJILHBIE BONIPOCHI

1. [MosicauTe BU BeIXOaHOM (aHOHOM) BAX THpHCTOpA.

2. Tlosicaute Bua BxoaHoit BAX tupucropa.

3. Kak ompegenuTh  moOporoBoe  HampsbkeHue W AuddepeHImairHoe
CONPOTHUBJICHUE TUPUCTOPA BO BKIIFOUEHHOM COCTOSIHUU?

4. Kak cHaTb BeiXoJiHy10 BAX Trpucropa?

5. CpaBHUTE CBOWCTBA TUPUCTOPOB U TPAHZUCTOPOB IO YNPABISIEMOCTH.

6.00bsCHUTE HA3HAYEHUE AUArpaMMBbl YIIPaBICHUS TUPUCTOPA.

83



Pa6ora Ne 3-7. UCCJIEJOBAHUE UHBEPTHUPYIOLIEI'O 1
HEUHBEPTUPYIOIEI'O YCUJ/IUTEJIA

1. Heab padoThI
N3yuyenue cxeM BKIIOYEHUS! OMEPAIIMOHHOTO YCUIUTENSI C OOpAaTHBIMHU CBSI3IMU B
KaueCTBE MHBEPTHUPYIOIIETO U HEMHBEPTUPYIOIIETO YCUITUTENS.

Ilepeyens MUHUMOAY Il

HanmeHoBaHne MUHUMOYJISI KosmmuecTBo
oy |
[Horenunomerp 2,2 kOm 1
Pesuctop 10 kOm 3
Pesucrtop ¢ nepexmoyarenem 10 — 470 kOm 1

Tabnuia nepexIroYeHHi

Tabauma 1
[TonoxxeHue nepextoyaTesns 1 2 3 4 5 6 7 8 9 10 | 11
ConpoTuBieHue 10k | 20k | 30k | 52k | 74k | 96k |152k |208k |264Kk |364Kk |470k

2. 3anaHue U MeTOAUYECKHNE YKA3AHUSA

2.1. IlpenBapurenbHOE TOMAIIHEE 3aaHUE:

a) U3y4YUTh TEMBI Kypca "XapaKTepUCTUKHU U MapaMeTpsl ycunutenen", "OOpaTHbie
cBsi3u B ycunutensx", "AHanoroBble HHTErpajbHble cXembl', "CXxembl BKIIOUECHUS
OMEpPALMOHHOTO YCHIUTENA"; M3Yy4YUTh COAEp’KaHWE AaHHOW paboThl, ObITh T'OTOBBIM
OTBETUTh Ha BCE KOHTPOJIbHBIE BOIIPOCHI;

0) moJIb3ysICh MNPUHLUUNHAIBHBIMU CXEMaMH, MPUBEIECHHBIMU B PpPYKOBOJICTBE
HAuYepPTUTh CXEMbl COCAMHEHUH NJIsl NPOBEAEHHUS HKCIEPUMEHTOB, INEPEUMCICHHBIX B
nabopaTtopHoil pabore;

B) JJs HUHBEPTUPYIOIIETO YCWIMTEIS HApUCOBaTh B MacliTade BpPEMEHHbIE
TUATPAMMBbl Ugy(?) U Ugyx(!) TIPU 3alaHHBIX TPENOAABATENEM 3HAYEHHUSX BXOIJHOTO

CHHYCOUJAILHOTO  HampsbkeHuss M pesuctopoB.  Koodduumenrt  ycunenus
MHBEPTUPYIOIIETO yCUIUTENS 110 HAIPSHKEHUIO
R
K,= —-—;
Rl

r) A HEHMHBEPTUPYIOLIETO YCWJIMTEIS HapUCOBaTh B MacliTabe BpeMEHHbBIC
TUATPAMMBbl  Ugy(1) U Ugy(!) TIPU 3aJlaHHBIX TPENoAaBaTeeM 3HAYEHHUSX BXOIHOTO

CUHYCOUJIAJILHOTO  HampspkeHuss u pesuctopoB.  Koadduinment  ycuieHus
HEMHBEPTUPYIOMIETO YCUIUTENS IO HAIPSIKEHUIO
R
K, = 1+—=;

1

2.2. DKCIepUMEHTAIBLHOE UCCIEIOBAHUE UHBEPTUPYIOIIETO YCUITUTEIIS.

a) coOpaTh cxeMy corjlacHo puc. l; B kadecTBe R3 BKIIOYHTR MUHHUMOIYJIb
pesuctop ¢ nepexirodeHuemM 10...470 kOM; ycTaHOBUTH 3aJJaHHOE IMIpErojaBaTeIeM
3HaueHHe R3; B KadecTBe BOJBTMETPOB HCIIOJIB30BaTh CTPEIOYHBIA TPHOOpP U
MYJIBTUMETP;
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R3

D 6 Mﬁb//\/
7 +755
o7 [ o8 vz
R
5 mD
Puc. 1

0) CHATh aMIUIUTYJIHYIO XapaKTEPUCTUKY YCHIUTENIS Ha MOCTOSHHOM Toke U, =
F(U,). B xadecTBe HCTOYHMKA CHUTHaJa HCIIOJb30BaTh HAIPSOKCHHUE, DPETYIUPYEMOe
noreHimoMmeTpom RP1.

[To aMmIuTyAHOW XapaKTEPUCTUKE OMPEeAeTuTh KOAXDOUIMEHT YCUICHHS 10
HanpsikeHnIo Kyjgc; BBIKIIOUNTH ITUTAHUE;

B) CHATh aMIUIUTYJHBIC XapaKTEPUCTUKU YCWJIMTENSI MPU TMOMOIIM ocIuiuiorpada
st aByx 3HaueHud Rge (R3). Jns ombita HEOOXOAUMO MOAKIIOYUTH K MOIYIIIO
(dbyHKIIMOHANBHBIN TeHepatop (puc. 2). s CHATHSA 3aBUCUMOCTH OJIHOW BEJIMYMHBI OT
JIpYroll HaJao HUCIOb30BaTh ABa Bxoja ocuuuiorpada X u Y. Bxon Y (oguH BBIBOI)
MOJKJIIOUAETCS] K BBIXOJY YCHJIMTEINS, BX0J X — K BXOJy yCWiuTens, a kopryc ( =)
obmemy mpoBofay (). PassepTka nyua mepexitogaetcss B nmonoxenne X/Y. YCTaHOBUTH
Ha BBIX0JIe (PYHKIMOHAIBHOTO TeHepaTopa HanpsbkeHue yactoroi nopsiaka 100...200 I';
OMPENICNIUTh MO XapaKTePUCTHUKaM KO PUITUEHTHI YCUICHUS;

%

@F U@( Pl:l7 s 2> [> Ui
6 L s
Ne | 3 7 5B 4
—o
o2 ] DAT |4 o-158 R4
1
Puc. 2 )

I) CHSATh aMIUIMUTYJAHO-YaCTOTHYIO  Xapaktepuctuky (AUX) ycunurens
Ky, = F(f) npu ugy = const s mMakcuMmaiibHoro 3HadueHust Rge (R3). IlepexmtouaTens

pa3BepTKu ocuuuiorpada yCTaHOBUTh Ha BPEMEHHYIO pa3BEepTKy. BrixonmHoil curnan
YCUIIUTENSA JOJDKEH HAXOIWUTHCS HA JMHEWHOM yYacTKE aMIUIUTYJHOM XapaKTEPHUCTHKH.
AMIUIUTYABI CUTHAJIOB Ugy, Ugpyy U3MEPSITH OCLHUILIOTpa oM.

[To AYX omnpeaenuth MOJIOCY MPOMYCKAHUS YCWIMTENS s Koddduimenrta
YaCTOTHBIX UCKAKEHUN HA BBICOKUX 4acTOTax Mg = V2 ;

1) ONpEeNeanTh MaKCUMaJIbHYI0 CKOPOCTb HApacTaHHs BBIXOJHOTO HaIPSKEHUS
OVY. Jlns storo mojmath OT (GYHKIHMOHAIHHOTO TE€HEpaTopa MPsSIMOYTOJIbHBIA CHUTHAI
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yactorou 20...40 xI'n 1 MakcuMaabHOU aMIUIUTYAbl. CKOpPOCTh HapaCTaHUsI OMPEACIUTD

o ocuusuiorpady.
€) MO pe3ybTaTaM ONbITa MOCTPOUTH XaPAKTEPUCTUKU YCUIIUTEINS, ONPEACIIUTD €T0

napameTpbl, 00paboTaTh OCHWIIIOTPAMMBI, CPABHUTDH PACUET U OTIBIT.

2.3. DKCIepUMEHTAIBLHOE UCCIEJOBAHNE HEMHBEPTUPYIOIIETO YCHIIUTEIIS.
a) coOpaTh cxeMy corjacHo puc. 3. YCTaHOBUTH 3aJaHHOE TIperojaBaTeIeM

3HaueHue R3;
) ],

158 R1 10k
2> D 5 Uﬁb/)(
RPITT . ; gy
22k / Vi R4
R mxk DAT |4 o158 D Q/ V2%
158 PV 3] Uk
Puc. 3

0) CHATh aMIUIUTYAHYIO XapaKTEPUCTUKY YCWIUTENS HA MOCTOSHHOM Toke U, =
F(U,). B xauecTBe HCTOYHHMKA CHUTHAJa MCHOJH30BATh HAMNPSHKEHHUE, PETryIUpyeMoe
noteHuuoMerpom RP1.

[lo aMmIuTygHONM XapaKTEPUCTUKE OMpeAeauTh KOAIDOUIIMEHT YCUICHHS 10
HanpspKeHio Kyj; BBIKITIOUNTh UTAHUE;

B) CHATHh aMIUIMTYJIHbIE XapaKTEPUCTUKU YCUJIUTENS IMPH MOMOIIU ocuusuiorpada
st aByx 3HaueHuid Rge (R3). Jus ombita HEOOXOAUMO MOAKIIOYUTH K MOIYIIIO
¢dyHKIMOHANBHBIN TeHepatop (puc. 4). Jas CHATHS 3aBUCHMOCTH OJHOW BEIHMYUHBI OT
JIpYrol HaJIo HUCIOab30BaTh ABa Bxoja ocuuuiorpadga X u Y. Bxon Y (oauH BBIBOX)
MOJKJIIOYAETCS] K BBIXOAY YCHUIIUTENs, BXOA X — K BXOJy YCHUJIUTENs, a Koprnyc ( =) K
obmemy npoBoay (L). PazBepTka nyua nepekitoyaercs B nosioxenue X/Y. YCTaHOBUTH
Ha BbIXOJIe PYHKIIMOHAIBHOIO TeHepaTopa HanpsbkeHue yactotoit nopanka 100...200 I'i;
OTPENICNIUTh MO XapaKTepUCTUKaM KO (DUITUEHTHI YCUICHUS;

{%

R1 1k
2) [> p Uy
L R2 0k - Y
Ao—o  —— 7 sbB
7 DAT |4 158 R
X@ 5| 10k
Puc. 4

I) CHSATh AaMIUIMTYAHO-4acCTOTHYIO  XapakTtepuctuky (AUX) ycuiurens
Ky = F(f) npu ug, = const ansg MakcuMaiabHOTO 3HaueHHst Rgc. Ilepexmrouarens

pa3BepTku ocuuiorpada yCTaHOBUTh Ha BPEMEHHYIO Pa3BEPTKy. BBIXOHOW curHamn
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YCUJIUTENS NOJKEH HAaXOAUTHCS HA JTUHEUHOM y4YacTKE aMIUIUTYJHON XapaKTEPUCTHKH.
AMIUTUTYIBI CUTHAJIOB Ugy, Ugpyy U3MEPATH OCHUILTOTPaOM.

[To AUX ompeaenuTh NOJOCY NPONMYCKaHHUS YCHUIMTENs g Koddduimenrta
YaCTOTHBIX UCKa)KEHUI Ha BBICOKMX 4acToTax My = V2,

1) IO pe3yJbTaTaM OIbITa MOCTPOUTH XapaKTEPUCTUKU YCUIIUTENS, ONPEAEIUTH €r0
napaMmeTpsl, 00padoTaTh OCHMIIONPAMMBI, CPABHUTH PACUET U OTIBIT.

3. Conep:xxanue oTuera

OTdet no paboTe TOMKEH COACPKATh:

a) HAMMEHOBAaHME U 11eJIb PaboThI;

0) TONB3ysCh NPUHIMUIHAIGHBIMA CXEMaMH, TPUBEICHHBIMH B PYKOBOJCTBE
HA4YEePTUTh CXEMbl COCIMHEHUM Uil MPOBEACHHUS SKCIEPUMEHTOB, IMEPEUYHUCICHHBIX B
nabopatopHoi pabore;

B) pe3yJIbTaThl 3KCHEPUMEHTAIbHBIX HCCIEOBAHUNA W NPOBEJIECHHBIX IO HUM
pacyeToB, MOMEINICHHBIE B COOTBETCTBYIONIUE TAOIHUIIbI;

T') SKCTIEPUMEHTAJIHO CHSTBHIE U MOCTPOCHHBIE XapaKTePUCTUKH;

1) 00paboTaHHBIC OCIMIIOTPAMMEI.

€) BBIBOJBI TIO paboTe: caeNaTh BBHIBOABI O BIUSHUU CONMPOTHUBIICHUS OOpAaTHOU
CBsI3M Ha KOY(PDUIIMEHTHI yCWICHHS] MHBEPTUPYIOIIETO U HEMHBEPTUPYIOIIETO YCHUITUTEIIS
1 UX aMIUTATYIHBIC XapaKTEPUCTHKH.

4. KoHTpOJIbHBIE BONIPOCHI

1. Yto Ha3pIBaeTCs ONEPALMOHHBIM YCHIIUTEIEM?

2. KakoBbI OCHOBHBIE IAPAMETPHI ONEPALUOHHOTO YCHIIUTENA?

3. IloueMy omnepalMOHHBIN YCUJIUTENb, BKJIIOYEHHBIH 0€3 oOpaTHON CBSI3H,
paboTaeT Kak peJICHHBIN dJIeMEHT?

4. Kakue AOMyLIEHHS NPUHUMAKOTCA Uil OINEPALMOHHOTO YCWIHTENS MpH
BBIBOJIE KOA(DPUIIMEHTA YCUIIEHUS C Pa3IMYHBIMU OOPATHBIMU CBSA3SIMU?

5. Jlns yero mpuMeHseTcs oTpuuaTesibHas oOpaTHast CBSI3b B yCUITUTEISAX ?

6. Kakoii 3Hak Oyner HMeTb BBIXOJHOE HANpPSDKEHWE HMHBEPTUPYIOLIETO
YCUJIMTEJISA, €CIIM Ha BXOJ| IIOJJAHO OTPULATENBHOE HaIpsKEeHUE?

7. Uro Takoe aMIUINTyJHas M aMIUIMTYJHO-4aCTOTHAs XapaKTEPUCTUKHU
ycunurens?

8. Kak omnpenenuts mosocy NponyCKaHus yCUIUTEN?

9. Kak CHATh aMIUIMTYIHYIO XapaKTEPUCTUKY MWHBEPTUPYIOLIETO YCUIMTENS WU
KOMITapaTopa Mpu MOMOIIN ocuusuiorpada?
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PABOTAN: 3-8. UCCJIEJOBAHUE UHTEI'PATOPA U AKTUBHOI'O
OUJIBTPA

1. Heas padoTsl
N3yuenue cxem BriIrodeHHUs: omneparuoHHoro ycuiutens (OY) ¢ obpaTHbIMEU
CBS3SIMU B KQU€CTBE MHTETPaTOpa U aKTUBHOTO (PUIIBTpA.

IlepeyeHb MUHUMOAYJIEH

HanmeHnoBanne MUHUMOYJISI KomnaectBo
oy 1
Konpnencarop 100 Hd
Konnencarop 10 H®
Pesucrop 10 kOm
Pesuctop ¢ nepexntoyarenem 10 - 470 kOm

N L e )

Tabnuia nepexaoueHnin

Tabnuma 1
[Tonoxxenue nepexmtouarens | |1 2 3 4 5 6 7 8 9 10 | 11
ConpoTuBieHue 10k | 20k | 30k | 52k | 74k | 96k |152k |208k |264Kk |364Kk |470k

2. 3agaHue U MeTOAUYECKHNE YKA3AHUSA

2.1. IlpenBapurenbHOE TOMAIIHEE 3aJaHUE:

a) M3yunTh TeMbl Kypca "CXeMbl BKIIOYEHHS OIEPALMOHHOIO YCHIMTENA",
coJiep>KaHue TaHHOM pabOThI U OBITH TOTOBBHIM OTBETUTH Ha BCE KOHTPOJIbHBIE BOMPOCHI;

0) MOJb3ysACh NPUHLUIHAIBHBIMU CXE€MaMHU, IPUBEIECHHBIMU B PYKOBOJCTBE,
HAYEePTUTh CXEMbl COCIMHEHHMH JUIsl MPOBEACHHUS SKCHEPUMEHTOB, IMEPEUYHMCICHHBIX B
n1abopaTtopHoil padorte;

B) HApUCOBAaTb B MaclmITa0e BPEMEHHBIE IUarpaMMmbl u, W U, IS 33JaHHON

6blX

IPENOAABATENIEM YACTOTHI f 3HAKOIIEPEMEHHOI'0 IPSAMOYTOJIBHOIO curHana u, . Ilpu atom
IPEABAPUTEIBLHO HAWTH aMIudTyay U, TIpsAMOYrOJbHOIO CUTHAJIA U, , IIPU KOTOPOU

BBIXO/JIHOM CUTHAN u,, WHTErpaTropa MMeeT MuiIoo0pasHyo gopmy ¢ ammurygoud U, ,

8blX

PaBHOI MakCHUMalbHOMY HalpsiKeHUto Ha Beixoae OY (U, .. =12B).

Hanpsoxkenne Ha BbIXOAE UMHTETparopa MOpU IIOCTOSHHOM BXOJHOM CHUTHAJIE
VU3MEHSETCS 110 JIMHEWHOMY 3aKOHY

U, -t
u8blx (t) == ;): + U(fblx (0)’ (1)

u

rae T, =R, - C, — IoCTOsIHHAs! BPEMEHU UHTETPUPOBAHUS;
U,..(0) — HampsbkeHUe Ha BBIXOJIE MHTErpaTopa B MOMEHT BpemeHH 0.

[Ipu nmepuoanyeckoM MpsIMOYTOJIBHOM BXOJHOM CHUTHAJIE HAMpsHKEHUE Ha BBIXOJIE
UHTErpaTopa UMeeT NmIooopasHyro Gopmy ¢ ammurynoit U, (puc. 1).
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i /

u BBIX 1

Puc. 1

B peanpHoif cxeme uHTErpaTopa BeieAcTBUe apeiida Hyns OY curHan Ha BBIXOJE
U, ~ OKa3blBACTCA CMEILIECHHBIM OTHOCUTEIBHO HYyJA. 11 IONy4YeHHs CUMMETPUYHOTO

6blX
CUTHAJIa U OTHOCUTENIIBHO HyJId npumeM U, =U U HailgeM Tpedyemyto

8blX 8blX.max

aMIUIUTYly IPSIMOYTOJIBHOTO BXojHOro curHaia U, . [lng uHTepBana BpeMeHu ¢, (puc.

3.7.1) moacraBum B ypasuenue (1): u, (t)=-U,  =-U t=t =T/2;, U,=U,;

U,.. (0) =U, =U TOrIa |

8bix.max ?
4.U -T
u =—m v, (2)
T
rne T = 1/ f — mepuoa npsMOyroJIbHOTO BXOJHOTO CUTHAA.
2.2. UccnenoBanue HHTErpaTopa:
a) coOpaTb CcXeMy WHHTErpaTopa COIJIaCHO pHUC. 2, YCTaHOBUTH 3aJaHHOE

mpernogaBaTciicM 3HaYCHHUA CMKOCTH C,

4
|
I
R1 10k
o o—<>—|:|—o£() > p Ui
S0 (A2
(H . 7-ga/s56
2 — DAT 14 o R3
10k 5| o5 | 0k
Ubx
J_ & & JT_
Puc. 2

0) wuccienoBatb pabOTy HUHTErpaTopa B pPEXKHUME TeHeparopa MUI000pa3HOTO
HanpsokeHust (puc. 1). nsg storo Ha (QyHKIMOHAJIBHOM TIE€HEpPAaTOpe YCTAaHOBUTH
MPSIMOYTOJIbHOE 3HAKOIIEPEMEHHOE HAIPSKEHUE C 3aJJaHHON 4YacTOTOW f U aMIUIMTYIOU
U,, paccunrtanHoi B mn. 2.1 B). HanpsbkeHme Ha BXone u,, U BBIXOAE U

B8blX
KOHTPOJUPOBaTh MpH TMomomu ocuuuiorpada. [Ipm HeEoOXoAMMOCTH TOJICTPOUTH
noreHnroMerpom RP1 ammmutyny U, 3HaKonepeMEHHOrO IPSIMOYIOJBHOTIO CHUTHAIA

TaKk, 4YTOOBl THUI000PA3HBIM BBIXOJAHOM CHUTHAJI MHTErparopa CTal CHUMMETPUYHBIM
OTHOCUTEIBHO HyJIA ¢ ammumrygoun U, =U (puc. 1). 3apucoBaTh OCIUIIOTPAMMBI

8blX.max

89



u,(t) nu, (t). CpaBHUTb [IOJy4YEHHbIE PE3YJIBTATHI C PacUETOM IO 3HaueHusm U , f,
Up'>

nm

B) CHSTh W TOCTPOUTH 3aBUCUMOCTb AMIUIMTYIbl BBIXOJHOTO HAIpPSKEHUS OT
gactrotel U, =F(f) 1OpH NOCTOSHHON aMIUIMTYAE€ CHHYCOMIAJIbHOIO BXOAHOIO

HanpspkeHus. Amrmutynel U,, u U 3aMepATh MpU TMOMOIIM ocuuiorpada.

8xm 8blXm

Pesynbratel 3anocuth B Tabnuily. [loctpoutsh 3aBucumocts U, = F(f). BBIKIIOUHTH

MUTAHUE MOJTYJISL.

2.3. UccnenoBanue akTUBHOTO (PUIIbTpA:

a) cobparh cxemy akTHUBHOro ¢uiabTpa corjiacHo puc. 3. ComnpoTHUBICHUE
pesucropa ¢ nepekitoueHueM RP2 u Benuunny emkocTu koHjaeHcaropa C yCTaHOBHUTH B
COOTBETCTBHUH C YKa3aHHBIM MPETOaBaTEIIEM;

4
|
I
RP2
R1 10k
@fo—o— 220 > p Ubeix
(H?
(HT < ’ 7 s58
R2 1 | par 4_0-755D R3
0K - ‘ 10k
Uy
1 | 1
Puc. 3

0) CHATb W TOCTPOUTH AMIUTUTYJHO-YACTOTHYIO XapaKTEPUCTHKY aKTUBHOIO
¢unbTpa npu 3aJaHHBIX TapaMeTpax JIEMEHTOB (QUIbTPA;

B) MOBTOPUTH OTIBIT MPH APYTUX 3HAUYCHUSAX MAPAMETPOB QUIBTPA;

T') OTIPEIENUTh TOJOCH! MPOMYCKAHNUS UCCIIEIOBAHHBIX AKTUBHBIX (PHUIIBTPOB.

3. Conep:xanue oTyera

Otuet mo paboTe JOMKEH COACPKATh:

a) HAUMEHOBAHUE U 11eJIb PaOOTHI;

0) TONB3ysICh NMPUHIMIHAIBLHBIMA CXEMaMH, TPUBEICHHBIMA B PYKOBOJICTBE
HAYCPTUTh CXEMBI COCJAMHCHUU ISl MPOBEICHUS JKCIECPUMEHTOB, IMEPCUMCICHHBIX B
nabopaTopHoil paboTe;

B) pe3yNbTAaThl SKCIIEPUMEHTAIBHBIX HCCICIOBAHWA W TIPOBEACHHBIX 110 HUM
pacueToB, MOMEIIECHHbBIE B COOTBETCTBYIOIINE TaOINLIbI;

T') SKCIIEPUMEHTAJIBLHO CHATHIE U IOCTPOCHHBIE XapaKTEPUCTHKU;

1) 00paboTaHHBIE OCIIMIIOTPAMMBI.

€) clenarb BBIBOABI MO paboTe: O BIUSHUM YaCTOTHl BXOJHOTO HANPSKEHUS U
€MKOCTH KOHJIECHCAaTOpa OOpaTHON CBsI3W HAa AMIUIMTYAY BBIXOJHOTO MHUIO00pPa3HOTO
HaNpsOKEHUST B MHTETPATOPE; O BIUSHUU NTapaMeTPOB Ha MOJIOCY MPOIYCKAaHUS aKTUBHOTO

dunbTpa.
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4. KoHTpOJIbHBIE BONIPOCHI

l.Yro Takoe aMIUIUTyAHAss W aMIUIUTYJIHO-4aCTOTHAs  XapaKTEPUCTUKHU
YCUITATEIIS?

2. Kak mnonmyunTh Ha BBIXOJIE HMHTETPUPYIOIIETO YCHIUTENS MHJI0O00pa3HOe
HaIpsHKeHUe?

3. Kak onpenensiercst 1OCTOSHHAs BPEMEHU UHTETPUPOBAHUSA?

4. Kakoe COOTHOIIICHHE MAOKHO OBITh MEXAY JUIMTEILHOCTHIO HMITYJIbCA,
MOCTYNAIOIIET0 Ha BXOJ MHTETPUPYIOIIETO YCHIMTENS, W TOCTOSHHOM BpEeMEHU
WHTETPUPOBAHUS ISl TOTO, YTOOBI HAa BBIX0]1€ N30€KaTh OMMUOKN HHTETPUPOBAHHS?

5. Uto Takoe akTUBHBIN HUIBTP?

6. Kak omnpeneanuTs 0O aMIUIUTYJAHO-4aCTOTHOM XapaKTEPUCTUKE IOJIOCY
MpoInycKaHus GpuibTpa?

7. OT KakuX 2JIEMEHTOB CXE€Mbl M KaK 3aBUCHUT MOJ0CA MPOIMYCKAHUS aKTUBHOTO
dbunbTpa?
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Pa6ora Ne 3-9. UCCJIEJOBAHUE KOMITAPATOPOB

1. Heas padoTsl
N3yueHne cxeM BKIIOYEHHS OIEPAlMOHHBIX  YCHUJIMTEIEH B  KadecTBE
JIBYXBXOJIOBBIX OOBIYHBIX U pEr€HEPATUBHBIX KOMIIAPATOPOB.

IlepeyeHb MUHUMOAYJIEH

HanmeHoBaHne MUHUMOYJISI KosmmuecTBo
oy |
[Torenmmometp 2,2 kOm 1
Pesuctop 10 kOm 3
Pesucrop ¢ nepexmouarenem 10 — 470 kOm 1

Tabnuia nepexIroYeHmi

Tabauma 1
[TonoxxkeHue nepextoyaTens 1 2 3 4 5 6 7 8 9 10 | 11
ConpoTuBieHue 10k | 20k | 30k | 52k | 74k | 96k |152k |208k |264Kk |364Kk |470k

2. 3ajaHue U MeTOAMYECKHE YKAZAHUSA

2.1. IlpenBapurenbHOE TOMAIIHEE 3aJaHUE:

a) U3y4uTh TeMy Kypca "CxemMbl BKIIOUYEHHUS OTIEPAIMOHHOTO YCUIUTENSA'"; U3yUUTh
coJiepKaHue TaHHOU pabOThl, OBITh TOTOBBIM OTBETUTH HA BCE KOHTPOJIbHBIE BOMPOCHI;

0) MoAb3ysCh MPUHUMUITUATIBHON CXeMOM, MPUBEAEHHON B PYKOBOJCTBE HAYEPTUTh
CXEMY COEIMHEHUMN NJIsl MPOBEAECHUS SKCIEPUMEHTOB, MEPEUUCICHHBIX B J1a0OPaTOPHO
pabore;

B) HapHcOBaTh B MacluTaOe BpPEMEHHBIE IHWarpaMMbl BXOJHOTO U BBIXOJHOTO
HaIIPSDKEHUM B PEr€HEPATUBHOM KOMIIAPATOPE, €CIM HAa UHBEPTUPYIOLIUM BXOJ IOJAHO
CUHYCOMJANbHOE HampspkeHue ¢ aMmrygoil 3,0 B u 3agaHHBIM mIpenoaaBaTeieM
3HAYEHHUEM 4YacTOThI fgx, @ HA HEMHBEPTUPYIOIIMI — NOCTOSHHOE ONOPHOE HANpPSHKEHHUE
Uon.

Omnpenenuts mupuHy nernu rucrepesuca U, = 2U,,,, rae Uy, — HanpsbKeHHe

nopora cpadaTbhIBaHUS.
vop = Yl , rne U, =+E=+158B.
R, +R,

2.2.  MHUccnepgoBanue  JBYXBXOJOBOTO  KOMIIApaTopa M PEreHEpPaTUBHOTO
KOMIIapaTopa C MOJI0KHUTENbHON 00paTHOM cBs3bto (Tpurrepa IlImuara):

a) coOpaTb cXeMy JBYXBXOJIOBOTO KOMIIapaTopa € IOJIOKUTEIbHOW OOpaTHOMN
CBs3bI0 cornlacHO puc. 1. B kauecTBe pesuctopa oOpaTHOM cBA3M R3 mnpuMeHHTH
nepekiirouaembiii pesuctop 10...470 kOm. B kauectBe omopHoro HampspkeHus Uy
UCIIOJIB30BaTh PETYJIHPYEMOE IIOCTOSIHHOE HampsbkeHne. Ha WHBepTUPYIOIIHMKA BXOA
HOJKITIOYUTH (PYHKIIMOHATBHBIN T€HEepaTop, UCMOJb3Ys y Hero Beixox "~";

0) CHATH XapaKTEPUCTHKU Mepeaadynd Komnaparopa 0e3 oOpaTHON CBSI3U U JJIS IBYX
3HAUYEHUU CONPOTUBIEHUN OOpaTHOM CBSI3W NpPH 33JaHHOM OINOPHOM HAaNpPSHKEHHH.
N3mepeHre ONMOpHOrO HAIPSDKEHUS MOXHO IMPOU3BOAUTH MYJIBTHUMETPOM Ha IpEIele
20 B. BrixogHoe HampspbkeHHE HEOoOXOAMMO IMOAKIIOUMTh Ha Bxon Y ocuuiuiorpada,
BXOJIHO€ HAaNpspKeHHEe — Ha BXxoA X. V3MeHssd BenWYMHY IIEPEMEHHOIO CHUrHajga Ha
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MHBEPTUPYIOIIEM BXOJI€, JOOUTHCSA MOSABJICHUS HA BBIXOJIE MPSMOYTOJIbHBIX UMITYJIHCOB.
[locne mnepexnroyeHus pas3BepTku ociuuiorpadga B mosnoxenue X/Y 3apucoBarth
xapakTepuctuku. Onpeneauts MacTadbl o ocsiM Y u X;

U 1 o R1 1k
— % P Ui
Re1 ; 7|58
a A7 |4 R4
22k R2 |-
0 k
5 g Yy 0K 5
- o ﬂ
PV -

R3 ]%
Puc. 1

B) CHATHh OCHIJIJIOTPaMMBbI PabOThI KOMIapaTopa MPU CPaBHEHWU TMOCTOSHHOTO
(OTIOPHOTO) M MEPEMEHHOIO HAaIpPSHKEHW. YCTAaHOBUTh AaMIUIUTYAy MEPEMEHHOTO
HanpspkeHuss 3,0 B ¢ gacroroit 1 kl'm. YcraHOBUTH 3aaHHOE ONMOPHOE HAIPSHKEHUE.
3apucoBaTh ¢ JKpaHa ocuuuiorpada BXOJHBIE HANPSIKEHUSA Ugy, U,y W BBIXOJTHOE

HaIPSKEHUE Ugy -

3. Conep:xanme oTuera

OTtyet mo paboTe TOHKEH COIEPIKATh:

a) HAUMEHOBAaHUE U 11e7Ib PaOOTHI;

0) IpPUHIUIIHATHHBIC IEKTPUIECKUE CXEMBI JUIS BRIIOTHEHHBIX SKCTICPUMEHTOB;

B) Ppe3yNbTaThl SKCIEPUMEHTAIBHBIX HCCICAOBAaHUNA W TMPOBEACHHBIX IO HUM
pacyeToB, MOMENICHHBIE B COOTBETCTBYIOIIUE TAOIHUIIbI;

T') SKCTIIEPUMEHTAIILHO CHATHIE U MTOCTPOCHHBIE XapaKTePUCTUKH;

1) 00paboTaHHBIC OCIMIIOTPAMMEI.

€) BBIBOABI 1O PabOTe: chenaTh BHIBOJABI O BIUSHWUW COMPOTHUBIICHUS B IEMHU
oOpaTHOM CBSI3U PETCHEPATUBHOTO KOMIIAPATOPa HA €T0 MEePEJATOUYHYIO XapaKTEPUCTHKY.

4. KoHTpOJIbHBbIE BONIPOCHI

1. Uto Ha3bIBAETCA KOMIIAPATOPOM?

2. 3aueM B KOMITapaTope MPUMEHSIETCS MOJIOKUTENIbHAs oOpaTHast CBS3h?

3. Kak mnoay4uTh TNEpUOAMYECKHUE TMPSIMOYTOJIbHBIE WMIYJIbChI Ha BBIXOJIE
Kommaparopa?

4. Kak 3aBUCHT BHUJ XApaKTEPUCTUKHU MEpeNayd PEreHEpPATUBHOIO KOMIIapaTtopa
OT COIIPOTHUBIICHUSI OOPATHOM CBSI3H.

5.Kak CHATh aMIUIMTYJIHYIO XapaKTEPUCTUKY KOoMIlapaTopa IpH IOMOIIU
octiorpada?
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Pa6ora Ne 3-10. UCCJIEJOBAHUE MYJIbTUBUBPATOPOB

1. Heas padoTsl
N3ydyenne cxeM  BKIIOYEHUS U XAapaKTEPUCTUK  CUMMETPUYHOIO U
HECUMMETPUYHOTO  MYJIBTUBUOpPATOpa, BBHIMIOJIHEHHOTO Ha 0a3e  OmeparmoHHOIrO
ycunutens (OY).
IlepeyeHb MUHUMOAYJIEH

HanmeHoBanne MUHUMOYJISI KommuecTBo
oy 1
Konpencarop 100 H®
Kongencarop 10 H®
Pesucrop 10 kOm

N == W= =

Pesucrop 200 kOm
Pesucrop ¢ nepexmouarenem 10 — 470 kOm
Huon 1 A
Tabnuia nepexaoueHnn
Tabauma 1
[Tonoxenue nepexmouarenst | 1 2 3 4 5 6 7 8 9 10 | 11
ConpoTuBieHue 10k | 20k | 30k | 52k | 74x | 96k |152k |208k |264k |364k |470x

2. 3ajaHMe U MeTOAMYECKHE YKA3AHUA

2.1. I[IpenBapurenbHOE TOMAIIHEE 3aJaHUE:

a) U3y4nuTh TeMy Kypca "MynbTuBHOpaTOphl", coAepKaHue JaHHON paOOThl U OBITH
TOTOBBIM OTBETUTH HAa BCE KOHTPOJIBbHBIE BOIIPOCHI;

0) MoNB3ysACh MPUHIMITUAIBLHOW CXEMOMW, MPUBEICHHON B PyKOBOJICTBE HAUEPTHUThH
CXEMY COEIMHEHHUN NJIsl MPOBEIAECHUS SKCIEPUMEHTOB, EPEUUCIEHHBIX B J1a0OPaTOPHOI
pabore;

B) B COOTBETCTBUU C 3aJaHHBIMU IPENOJABATENIEM IapaMeTpaMu ONPEIEIUTh
4acTOTYy Ha BBIXOJI€ MYJIbTUBUOpaTOpa:

f=1T, (1)
T:Z-RJ-C]-ln(1+2-&j. (2)

3

HapI/ICOBaTL B MacmTade BPCMCHHBIC JHAI'PAMMBbI HaHpH}KeHI/Iﬁ Ha BBIXOAC U Ha

8bix

UHBEPTUPYIOLLEM BXOJE U, U HEMHBEPTUPYIOLIEM BXOJE U, B cxeMme puc. 1.

2.2. UccnenoBanne CHMMETPUYHOTO MYJIbTUBHOpaTOpa:

a) cobOpare cxemy MylIbTHBHOpaTopa (puc. 1), YCTaHOBUTH 3aJaHHBIC
IpernojaBareyeM 3HaueHHsl eMKOCTU KoHeHcartopa C u conpoTuBieHus pesucropa R1; B
kayecTBe R1 ncnonb3oBaTh pe3ucTop ¢ NEPEKI0YaTENEM;

0) CHATH OCUMJUIOIPaMMBbl HalpsDKEHU B cXeMe MyJIbTUBUOpaTopa. 3apucoBaTh C
sKpaHa ociuiorpada BBIXOJHOE HANPSDKEHUE U, ¥ HANpsHKEHHE HAa MHBEPTHUPYIOIIEM

6blX

Bxoge u,. OOpaborate ocumwuiorpammsl. ONpenenuTe 4YacTOTy Ha  BBIXOJE

MyJbTHBHOparopa. OnpenenuTs Macitadbl. CpaBHUTH 3HAYEHUE YACTOTHI, MOIYYEHHOE
AKCIEPUMEHTAIIBHO, C PACUETHBIM 3HAYECHHUEM;
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—Zi >
(H] <4 6 —o U
: P
| o1 |-558
5]
[ ——
1
P RI 200k Ri
0k 0k
1 ‘ J__
Puc. 1

B) HCCJeNOBaTh BIMSHHUE conpoTuBieHuit R/ um R3 u konupencaropa C Ha
M3MEHEHHE YacTOThl Ha BBIXOJE€ MYJbTHUBUOpaTopa. st 3TOro OnpenenuTh BBIXOIHYIO
4acTOTy MYyJbTUBUOpaTopa IMpW JPyroM 3HA4YeHHH pe3uctopa RI. YCTaHOBUTH
NepBOHAYAIBLHOE 3HAYEHUE COMPOTHUBIICHUS R/. AHAJIOTMYHbIE IEUCTBUS TOBTOPUTH IS
koHzaencatopa C. IlomensaTe Mmectamu pe3uctopsl R/ u R3; ucciaegoBaTh BIHSHUE
00paTHOM CBS3H.

2.3. UccnenoBanne HECUMMETPUYHOTO MYJIbTUBHOpaTOpA:
a) coOpaTh CXeMy HECHMMETPUYHOIO MyJbTHBHOpaTopa (puc. 2); yCTaHOBHTH
3aJlaHHbIE 3HaYEHUs1 EMKOCTH KOHJIeHcaTopa C U CONPOTUBIICHHSI pe3ucTopa R1;

o
B
vz R5 Tk
m | I
| R S
(H] <4 ; 6 o—o Ubux
7
o | L
L~
o e,
5
[__
—
o R3 200k RL
0k 10k
| |
Puc. 2

0) CHATH OCUMJUIOIPAMMBbI HAaNPsDKEHUI B CXeMe MyJIbTUBHOpaTopa. 3apucoBaTh C
9KpaHa ocIuIIorpada BbIXOJHOE HANPSKEHUE U, W HAIPSDKEHHWE HAa MHBEPTUPYIOLIEM

B8blX

Bxoge u,. OOpabortate ocmuwuiorpamMmsl. OIpenennTs YacTOTy Ha  BBIXOJE
MynbTHBHOpaTopa.  OmpenenuTh  COOTHONIICHWE BPEMEHH  TOJIOKHUTEIBHOTO |
OTPHUIIATEIHLHOTO UMITYJIbCOB. OMpeeTuTh MacIITa0bI.

B) WCCIEAOBAaTh BIUSHUAC COMPOTHBICHHWS R/ Ha W3MEHEHHE YaCTOTHI U
COOTHOIIICHHE BPEMEHU TIOJOKHUTEILHOTO M OTPHIATEIILHOTO HMITYJIbCOB Ha BBIXOJIEC
MyJIBTUBHOpATOpA.
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3. Conep:xxanue oTyera

OTuet no paboTe JOMKEH COACPKATh:
a) HAaMMEHOBAHUE U 11eJIb PaOOTHI;
0) cXxeMbl COeIMHEHUH 1JIs1 BBITIOJTHEHHBIX SKCIIEPUMEHTOB;
B) pe3yibTaThl SKCIEPUMEHTAIBHBIX HCCIEIOBAHUNA W MPOBEACHHBIX IO HUM
pacueToB, IOMEIIEHHbIE B COOTBETCTBYIOIINE TaOJINLIbI;
T') 9KCIIEPUMEHTAJIBHO CHATHIE U IOCTPOCHHBIE XapaKTEPUCTHKY;
1) 00paboTaHHBIE OCIIUIUIOTPAMMBI;
€) BBIBOJIBI 110 paboTe:
O BJIMSIHUM COTPOTUBIICHUIN PE3UCTOPOB M €MKOCTH KOHJIEHCATOpa Ha BBIXOTHYIO
4acTOTy MYJIbTUBHOpaATOpa;
O BJIHUSHUHM COMPOTHBICHUH HA COOTHOILICHHE BPEMEHH IMOJIOKHTEIBHOTO U
OTPUIATEILHOTO UMITYJIbCOB Ha BBIXOJI€ MYJITUBHOpATOpA.

4. KoHTpOJIbHBIE BONIPOCHI

1. Uto Takoe MynbTUBUOpATOpP?

2. IIpuHnun paboThl CAMMETPUYHOTO MYJIBTHBHOpPATOPA.

3. [Ipuniun paboTel HECUMMETPUYHOTO MYJIBTUBHOpATOPA.

4. Kak MOXXHO U3MEHHUThH YaCTOTY Ha BBIXOJE MyJIbTUBHOpaTOpa’?

5.Kak MOXHO W3MEHHUTH COOTHOIIEHWE BPEMEHU TMOJOKUTEIBHOTO U
OTPHUIIATEITLHOTO UMITYJIbCOB Ha BBIXOJIE MYJIBTHBHOpaTopa?
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PaGoraNe 3-11. UCCJIEAJOBAHUE HU®POBBIX UHTEI'PAJIbHBIX MUKPOCXEM

1. Hean padoTsl
N3ydeHne XxapakTepUCTUK U (PyHKINH IPOCTEHIINX JIOTHYECKUX FTIEMEHTOB.

IlepeyeHb MUHUMOAYJIEH

HanmMeHoBaHME MUHUMOAYJIS KonnuecTtBo
Mukpocxema 21-HE |

[Torenunometp 10 kOMm 1
Pesucrop 1 kOm 1
Pesucrop 10 kOm 2
Crabunutpon 4,7 B 1
Tymbnep 2

2. 3agaHne U MeTOANYECKHE YKA3ZAHUSA

2.1. IlpenBapurenbHOE TOMAIIHEE 3aaHUE:

a) m3yuuth Temy kypca “LludpoBbie MHTETrpadbHBIE MHKPOCXEMBI’, COICpKAHUE
JaHHOM pabOoTHI U OBITH TOTOBBIM OTBETUTH HA BCE KOHTPOJIbHBIE BOIIPOCHI;

0) MOCTPOUTH BPEMEHHbIE AUArpaMMbl pabOTHI il orudeckoro snementa 21-HE
MIPH 33JJaHHOM MOCJIEA0BATENbHOCTH UMITYJIbCOB.

2.2. Uccnenosanue normdeckoro dieMenra 21-HE:

a) cobpaTb CXeMmy COIJIacHO puc. l; B KadecTBe BOJBTMETpPa MCIOJIb30BaTh
MYJIbTUMETP;

+ 5B °

R1
0k

Uk | pA7

5/14{ \S/H
s

Puc. 1
0) mpoBeputh Jioruky paboTsel 3nementa 2M-HE. Ha Bxoawsl simemeHTa uepes
pesuctopbl R1 u R2 nonaercs +15 B (enununa). Ilpu Brirouenun tymoiepoB SA4 u SAS
Ha BXOJbl MOJAIOTCS HYIW. 3ajaBas pa3iMyHble KOMOMHAIIUK BXOJHBIX JIOTMYECKUX
CUTHAJIOB 3aHECTH pe3yibTaThl B Taba. 1. BbIXogHOW CHUTHaJI KOHTPOJUPYETCS
MYJIbTUMETPOM;

Tabmuma 1
Usxi Usx» Usbix
0 0
1 0
0 1

1 1

B) MpoBepuTh padory soruueckoro anementa 2M-HE, nomaBas npsMoyronbHOE
Hanpspkenue yactotoit 10 kI' Ha Bxox 1 u nmoctosunoe Hanpsikenue (5 wiu 0 B) Ha Bxoa
2 syneMeHTa ¢ momoibio TymoOnepa SA4. /I KOHTpoNis BUJA BXOJHBIX W BBIXOJHBIX
CUTHAJIOB K COOTBETCTBYIOIIMM THE3/laM MOJKIIYATh JIBYXKaHAJIBHBIN ociuuiorpad
(puc. 2). 3apucoBaTh OCHWIJIOTPAMMbl BXOJHBIX M BBIXOAHBIX cHrHajioB. Ha ocHoBe
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ocuuiorpaMm COCTaBUTH Ta6J'II/IIIy nctuHHocTU 31eMenTa 21-HE.

+ 58 o o
o (H1
Dk DAT
T &
o o—=(H
2 &
544\ Vo
L—w o o 1

Puc. 2
I') CHATh NEPENATOYHYIO XapaKTepUCTUKY Jiornueckoro 3nementa 2U-HE. Cobpatb
CXeMy corjacHo puc. 3. M3MeHss HanpshKEeHUEe Ha BXOJ1€, KOHTPOJUPOBATh HANPSKEHUE
Ha BbIXoAe. M3MepeHHs NpPOU3BOAUTH TNOBBINIAA BXOAHOE HampsbkeHue or 0 1o
MaKCHUMaJIbHOTO, a 3aTeM cHIkas ero A0 0. [TocTpouTs nepenaTouHyro XapakTEepUCTHKY.

0 .rrl 170 .77l
Onpenenuthb YPOBHHU U’ Ui Uy U 5 OIIpCACIUTh CTaTU4YCCKY1O
OMEXOYCTOWYUBOCTh U! U’
+ 58 o—o
DAT
RP [
0« q
PVZ

Puc. 3
) CHSTh MEPEJATOUYHYI0 XapaKTEpUCTUKY Jorudeckoro siemenra 2U-HE Ha
NEPEMEHHOM TOKE B COOTBETCTBUM C puc. 4. Onpenenuts mnapameTrpbl MUKPOCXEMBbI
aQHAJOTU4HoO 1.2.2,T.

+ 558 o
7
10
DAT
(H7
~ & (H2
@
2 K
v
10,
I 1
Puc. 4

2.3. UccnenoBanne RS-Tpurrepa ¢ HHBEpCHBIM YIIPaBICHUEM:
a) coOpaTh CXeMy COTJIaCHO puC. 5;

0) 3a/1aTh pa3TUYHbIE KOMOMHAIIMHA BXOJAHBIX JIOTHUECKAX CUTHAJIOB Ha BXOJaX R M
S, ¢ momompo TyMOiIepoB SA4 u SAS; cocTaBUTh TaONMUIYy MEPEKIIOUCHUN TpUTTEpa.
Pesynbrarel 3anectu B Tab. 3;
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Ta0muna 3

—_— O = = = O W
»—A»—A»—AO»—A»—A*}U|
OOO'—"—"—‘Q

Ilpumeuanus:

1) Unnekc ¢ COOTBETCTBYET HACTOSIIEMY COCTOSIHUIO TPUTTEPA, {-1 — mpeapIayiemMy.

2) B cocrossnue Q, Tpurrep MnepeBOAMUTH, MOJAaBasi COOTBETCTBYIOIIME JIOTUYECKUE
CUTHaJIbl Ha BXOABI S U R.

3) KombOunamus Bxoaubix curHaioB R = § = 0 cumraercs 3anpemeHHoi. [logymaiite
IIOYEMYy.
BbINONHUTE 3Ty KOMOWHAITMIO CUTHAJIOB.

B) COCTaBUTH TabIUIly nepekioueHunii RS-rpurrepa.

+ 156

o
N

oy7 vz

5A4\1 }w (V)
o O < O O

Puc. 5

3. Conep:xxanue oTyera

OTder no paboTe TOMKEH COACPKATh:

a) HAMMEHOBAaHME U 11eJIb PabOThI;

0) MoJIb3YysICh MNPUHLMUIHUAIBHBIMU CXEMaMH, IPUBEICHHBIMU B PYKOBOJICTBE
HAYEePTUTh CXEMbl COCIMHEHUM JUIsi MPOBEACHHUS SKCIEPUMEHTOB, IMEPEUYHUCICHHBIX B
nabopatopHoi pabore;

B) TaOJMIIBI COCTOSIHUM W BpPEMEHHBIE JUarpaMMbl BXOJHBIX U BBIXOJHBIX
HaIpsHKECHNM;

T') IOCTPOCHHBIE XapaKTEPUCTUKH;

1) 00paboTaHHBIC OCIMIIJIOTPAMMBI;

€) BBIBO/JIBI 11O paboTe.

4. KoHTpOJIbHBIE BONIPOCHI

1.Yem oTIMYAIOTCS HOCIEA0BATEILHOCTHRIEC CXEMBI OT KOMOMHAIIMOHHBIX ?

2.Kakue onepanuu BbINOJHSET Jorndeckuii aneMmenT 21U-HE?

3.Yto Takoe nepenaTovyHasi XapakKTepUCTUKA JIOTUYECKOTO 3JIEMEHTA?

4.Kax BBIMISAAT IEpeJaTOUYHbIC XapaKTepucTUKU 3aeMeHToB M-HE?

5.CoctaBpTe TaOJWIly HWCTUHHOCTH W HAPHUCYWTE CXEMHOE 00O03HAYEHUS
TPEXBXOJOBBIX JIoTH4eCcKux 3nemeHToB M-HE.
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Pa6ora Ne 3-12. UCCJIEJOBAHHUE OJJHONOJYHEPHOJHOI'O
HEYHPABJIAEMOI'O BBIIPAMMUTEJIA

1. Heab padoThI

O3HakoOMJIEHHE C MPUMEHEHUEM BBIIPSMUTEIBHBIX JTHOJ0B B HEYIPaBISEMbIX
BBITIPSIMUTEIISIX.
Ilepeyens MUHUMOAY 1M

HanmeHnoBanne MUHUMOYJISI KommgectBo
Boeinpsimurensubiii auon 1 A 1
Pesuctop 120 Om
Pesuctop 10 Om
Konnencarop 220 Mx®
Hpoccens 200 mI'H

(S NN (SR j—

2. 3ajaHue U MeTOAUYECKHE YKA3AHUSA

2.1. [IpenBapurenbHOE JOMAIIHEE 3aJaHUE:

a) wW3yuuTh TeMmbl Kypca «Jlumonb», «Heymnpapisembie BBIIPIMUTENN» U
coJiepkKaHue TaHHOU PabOThI, OBITh TOTOBBIM OTBETUTH HA BCE KOHTPOJIBHBIE BOPOCHI;

0) TONB3YySICh NPUHIUMHUAILHBIMH CXEMaMH, TMPUBEICHHBIMH B PYKOBOJCTBE
HAYEPTUTh CXEMbl COCIUHCHHWH JUIsI TPOBEACHHUS SKCIEPUMEHTOB, IMEPEUYHCICHHBIX B
nabopaTtopHoil paboTte;

B) TMOCTpOMTH B  MacmiTabe BpPEMEHHbIE JHUarpaMMbl  MEPEMEHHOIO
CHUHYCOUJAJIBHOTO HAIPSKEHUS U , BBIIPSAMIICHHOTO HANPSDKEHUS Uy, AHOJHOTO TOKA i, U

HalIps’KCHUA Ha BEHTHWIIC U, .

2.2. DKCIEpUMEHTAIBHOE UCCIEN0BAHUE OJHONOIYIIEPUOIHOTO BBIIPSIMUTENS Ha
TUOAE:

a) coOparb cxemy BbIIpAMUTENsl 1O puc. 1. B kadecTBe BOJBTMETPOB
ucronb3oBaTh: PV2 B pexxume n3MepeHus nepeMeHHoro Hampspkenus, PV1 B pexume
U3MEpPEHUsS  TMOCTOSHHOTO  HampsbkeHus.  [logkmiouuTs  BXoAbl  ocuuiuiorpada.
[lepexmrouaTens pa3BepTkH ocuuiorpada IepeBecTd Ha BPEMEHHYIO pa3BEPTKY.
YcTaHoBUTh CHHXpOHHM3alMIO OT ceTtu. Ha »skpane ocuuuiorpadga Bwi yBuaute
OCLIJIJIOTPaMMBbl aHOJHOT'O TOKa M HAIIPSKEHUS Ha JUOJIE;

(HT
R A
PV, PV7
©
N
1
Puc. 1

0) CHATH OCHMIITIOIPAaMMBbI HaIIPSKEHUS HA IUOJE U, Y aHOAHOTO ToKa i, . CHATH
OCILIIIIIOrPAMMY HATIPSIKEHHS Ha HATPY3KE iy, MEPEKIIOYHB Kopryc octpiorpada (L)
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Ha oOmuit mpoBo/ (L), He 3a0yIbTe ONPEEIUTh MACIITA0kI 110 TOKY U HANPSHKEHUIO;

B) M3MEPUTh C TOMOIIBI0 MYJBTUMETPOB W ONPEICIHUTh CBSI3b MEXIY
MePEMEHHBIM HAMPSHKCHUEM MMUTAHUS U TIOCTOSTHHBIM HAMPSHKEHUEM Ha Harpy3Ke;

I) BKJIIOYUTH KOHJIGHCATOp MapaJUyie]bHO COMPOTUBICHHUIO HArpy3ku (puc. 2);
CHATh OCLMJUIOTpAMMBI HaIpsDKEHUs Ha [UOAE U, W aHOAHOro Toka i,. CHATBH
OCLIJIJIOTpaMMy HAaMpsDKEHUs Ha Harpys3Ke Uy, MEepPEeKITounB Kopnyc ocuuuiorpada (| )

Ha 001wt mposox (L);
> (H]

Vo
Ao L —— (H?
AN . i
Ry —T— [¢J7‘
120
v | 7 220
1
Puc. 2

7) ONpPENCIUTh CBSI3b MEXKIY TIEPEMCHHBIM HAIpPSKEHUEM U TIOCTOSHHBIM
HaIpsHKEHUEM Ha Harpy3Ke;

€) BKIIOUUTH JpOCCENh IOCIEN0BaTeIbHO C Harpy3koi (puc. 3); CHSATH
OCIIJIJIOTPaMMBbI HANPsHKCHHUS HAa THOJE U, ¥ aHOJAHOTO TOKa i,, CHATh OCIHJIIOTPAMMY
HAMPSDKCHHS Ha HArPY3Ke u,, MepeKIiounB Kopiryc ocuumtorpada (_|) Ha obmumii mpoBos

(L)
(HT
(H?

N
il

Puc. 3
k) OINpEACITUTh CBSI3b MEXKIY IIEPEMCHHBIM HAINPSHKCHHEM | IOCTOSHHBIM
HaIPSOKEHUEM;
3) CPaBHHUTD PE3yJIbTAThI OTBITOB.
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3. Conep:xxanue oTyera

a) HAaUMEHOBAHUE U 11eJIb PaOOTHI;
0) cXeMbI COeIMHEHUH JJIs1 BEITIOTHEHHBIX SKCTIEPUMEHTOB;

B) pe3yNbTAaThl JKCIIEPUMEHTAIBHBIX HCCICIOBAHWA W TIPOBEACHHBIX 110 HUM
pacyeToB, MOMEIICHHBIC B COOTBETCTBYIOIIHE TAOJIHIIBI;

1) 00paboTaHHBIE OCITUIOTPAMMBI.

¢) BBIBOJIBI 110 pabOTe, OTBETUTH Ha KOHTPOJBHBIC BOIPOCHI 3 — 6.

4. KoHTpOJIbHBbIE BONIPOCHI

1. Kak paboTaet HeynpaBiasieMblil BBIIPSIMUTEIND?

2. Kak u aJis 4ero cTposIT BpEMEHHBIE TUarpaMMbl TOKOB U HAIIPSHKEHUM B CXeMe
BBITIPSIMUTEIIA?

3. Kak u mouemy BIHMsA€T KOHJEHcAaTop (GuibTpa Ha (QopMy HANpPsHKEHHUS Ha
Harpy3ke 1 Ha popMy aHOJHOTO TOKa?

4. Kak BnusieT KOHJEHCATOp HA BETUYMHY HAIPSKEHUS HA HArpy3Ke?

5. Kak u moueMy BIHMsET ApOCCEllb Ha HaNpsHKEHUWE Ha Harpys3ke U Gopmy
aHOJHOTO TOKa?

6. Kak 1 moueMy BIUsET IpOCCEIb HA BEIMUMHY HAINPSYKEHUS HA HArpy3Ke?
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Pa6ora Ne 3-13. UCCJIEJOBAHHUE OJHONOJYHEPUOJHOI'O
YIIPABJIAEMOI'O BBIIIPAMUTEJIA

1. Heas padoTsl
O3HaKOMIIEHHE C TPUMEHEHNEM TUPUCTOPOB B YIPABIISIEMBIX BBIIPIMUTEISX.

ITepeyeHb MUHUMOAYJIEH

HaunmMeHnoBanne MUHUMOYJIsI KomnaectBo
Tupuctop 1 A |
Pesuctop 1,5 kOm
Pesuctop 120 Om
Pesucrop 10 Om
Kongencarop 220mMk®P
Konpgencarop 1 mx®
Hpoccens 200 mI'a
[Torenmometp 10 kOMm

—t | e [ | = [ = | = | —

2. SaHaHne N METOAUIECCKUE YKA3aHUSA

2.1. IIpeaBaputenbHOE TOMAIIHEE 3aJaHUE:

a) U3Y4YUTh TeMy Kypca «YTpaBiisieMble BBITIPSIMUTEIIN» U COJEpKaHUE JaHHOU
paboThI, OBITH TOTOBBIM OTBETUTH HA BCE KOHTPOJIbHBIE BOMPOCHI;

0) TONB3ysCh NPUHIUIHAIBHBIMU CXEMaMH, TPUBEICHHBIMH B PYKOBOJCTBE,
HAYEPTUTh CXEMBl COCIWHEHUW [JI TMPOBEACHUS SKCIEPUMEHTOB, IMEPECUUCICHHBIX B
nabopatopHoi paborte;

B) IOCTpOMTH B  MacmrTabe BpEMEHHBIE JHUarpaMMbl  IIEPEMEHHOIO
CUHYCOMIaJIbHOTO HAIIPSKEHMSI U , BBIIPAMIICHHOTO HAIIPSKEHUS Uy, AHOJAHOTO TOKA i, U

HalIpsPKCHHUSI Ha BCHTWIIC U, UIA 3aJaHHOI'O IIPCIIOAAaBATCIICM YyIJla YIPaBJICHUA IIPHU

AKTUBHOW Harpyske.

2.2. DKCIEepUMEHTAIbHOE HCCIEAOBAaHUE OJHOMOIYINEPUOJAHOTO YIPABISIEMOTO
BBIIIPSIMUTEIIS] HA TUPUCTOPE:

a) coOpaTh cxeMy ymnpaisieMoro BainpsamuTens no puc. 1. lens RP1, C ciyxut
I W3MEHEHHus (a3bl HampsHKEHHs, IMOJAaBaeMOro Ha YIPaBISIOMMNA 3iekTpoa. B
KaueCcTBE BOJITMETPOB MCHOJIB30BaTh: PV2 B pexumMe HU3MEpEeHUs INEPEMEHHOIO
HanpsbkeHuss U1 PV1 B pexuMe u3MepeHuss MOCTOSHHOTO HampspkeHus. [loakmrounThb
Bxoabl ociwmorpada. Ilepexmouatens pa3BepTkH ocuuwuiorpada mnepeBecTH Ha
BPEMEHHYIO Pa3BEPTKY. Y CTAHOBUTh CUHXPOHH3ALHIO OT CETH;

~A4 o
RP7 Ry
1k 4 )
(HT
Py2 Ry 15 s
CD ] o - (H
T RST
s 0
N
T 1
Puc. 1

0) yCTaHOBUTD 3aJJaHHBIN yroJl YIPABICHUS, PETYIUPYS COTPOTUBIICHHE peocTaTa
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RP1; cHATH ocumiuiorpaMMsel HaNpsDKEHUS. HA TUPUCTOPE U, U aHOJHOTO TOKa i, . CHATH

OCIIUIJIOTPAMMY  BBITIPSMIICHHOTO HANpsDKCHUST Ha  HArpy3kKe Uy, TEPEKITIOYnB
ocmmorpad cormacHo puc. 2 (He 3a0yAbTe ONPEACIUTh MACIITA0Bl MO TOKY H

HANPSHKEHUIO);
A o (HT
RP7 R
1k ﬁe 4 120
PV2 Ry 15 Vs J——
) -
::7[ RS7
MK
" 0
il
Puc. 2

B) CHSTh PETYJIMPOBOYHYIO XapaKTepucTuky Boimpsmutens U,=f(a). Perynupys
conporuBieHue peocrara RPl,u3MmeHATs yrom ympasileHMss « UM IIOCTPOUTH
PEryJIUpPOBOYHYIO XapAKTEPUCTHUKY;

I) BKIIOYHTHh B LI€Nb HArPY3KHU MHAYKTUBHOCTH L, (puc. 3 u 4), CHATh T€ XK€
OCLIJIJIOTPaMMBbI TP 33JIaHHOM YTJI€ YIIPABIEHUS U aKTUBHO-UHIyKTUBHOW Harpys3Ke;

1) CHSTHb PEryJMpOBOYHYIO XapaKTepUCTUKY Tupucropa U,=f(a) npu aKkTUBHO-
UHAYKTUBHOM Harpy3ke M HaHECTH €€ Ha TOT XK€ IpauK, YTO U PEryJIUpOBOUYHYIO
XapaKTEPUCTHUKY IPU aKTUBHOW Harpys3kKe;

.../4 o o "'/4 <, 0 € 4 [H7

ld ld
RP1 VI e RP1 VI Py

Tk 0 Tk o

= [H] 2
PV2 Ry 15 / VS PV2 Ry 15« / VS ]—_
DI s S L O

= 5[—73- 7 — RS7

N 7 mr [ N 7 MK o
L L I
Puc. 3 Puc. 4

€) BKJIIOYUTh KOHAEHCATOP MapajuleIbHO aKTUBHOMY CONPOTHUBJICHHUIO HArpy3Ku
(puc. 5), CHATH T€ K€ OCLUMWIIOTpaMMbl NPHU 3aJaHHOM YIJI€ YNpPaBICHUS U AKTUBHO-
UHAYKTUBHO-EMKOCTHON Harpy3ke (IIpd MajblX MyJbCalUsAX HaIpsDKEHHUS Ha
KOH/IEHCATOpe 3TO 3KBUBAJIEHTHO pabore Ha mnpotuBo-1/(C); NOMOIHUTEIBHO CHSATH
OCLIMJUIOTpaMMy HAamNpsDKEHHsT Ha KOHJeHcaTope (puc. 6), yCTaHOBUB OJMHAKOBbIE
MmaciTabbl o HanpspkeHuto B kananax CH1 U CH2;

) CHATH PETYJIMPOBOYHYIO XapaKTepUCTHKYy Tupucropa U,=f(c) npu aKTUBHO-
UHIYKTUBHO-€MKOCTHOM Harpy3ke W HaHECTH €€ Ha TOT e TIpaduk, 4YTOo H
PEryJIUpPOBOYHYIO XapAaKTEPUCTUKY MTPU aKTUBHOU Harpys3Ke;
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ld
RP1 V1 v Lo
1k 20 —|_ 220 mx
P12 Ry 15¢ ;Z s U
) O —R—
= RS7
N 7 m o
I 1
Puc. 5

3. Conep:xxanue oTuera

Otuer no paboTe AOHKEH COAEPKATh:
a) HAMMEHOBAaHUE U 11eJ1b PabOTHI;
0) CXeMBbI COeIMHEHUH I BHITIOJTHEHHBIX IKCIIEPUMEHTOB;

B)

pe3yJIbTaThI

(o,

9 (HT
ld
LH?
RP7 PV7 R (p
1k 120 —|_220 MK
P2 C‘D Ry 15 Vs L
N 7 mx
1
Puc. 6
HCCIeAOBaHUM, IIOMCIICHHBIE B

OKCIICPUMCHTAJIbHBIX

COOTBETCTBYIOIINE TAaOIHUIIBI U TIOCTPOCHHBIE [0 HUM PETYJINPOBOYHBIC XapaKTEPUCTUKH;
r) 00paboTaHHbIE OCIUIIOTPAMMBI;
1) BBIBOJBI 110 pab0Te, OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI 3 — 5.

4. KoHTpOJIbHBIE BONIPOCHI

1. Kak pabGoTtaet ynpaBisieMblil BBITPSIMUTEINb?
2. Kak u a51g 4ero cTposiT BpEMEHHbIE TMarpaMMbl TOKOB U HANIPSDKEHHUM B CXeMe

BBITIPAMUTEIA?

3. Kak u mouemy BiusieT KoHAeHcaTop ¢uiabTpa Ha (OpMy HAMpsHKEHUS Ha
Harpy3ke v Ha (popMy aHOJHOTO TOKa?

4. Kak BIMsET KOHACHCATOP Ha BEJIMUMHY HaNPsDKEHUS Ha Harpy3ke?

5. Kak u moyemy BIMSET JpocCellb Ha HaNpsHKEHWE Ha Harpyske u Gopmy

aHOJIHOTIO TOKa?
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PaGota Ne 3-14. UCCJIEJOBAHUE OJJHO®A3ZHOM MOCTOBOM CXEMBI
BBIITPSIMJIEHU S

1. Heab padoThI
HccnenoBanne 3JI€KTPOMArHUTHBIX MPOLECCOB M XAaPAKTEPUCTUK BBIIPSIMUTEISA,
BBITIOJIHEHHOTO 10 0JTHO(a3HONH MOCTOBOM CXEMeE.

Ilepeyens MUHUMOAY Il

HanmeHoBanne MUHUMOYJISI KosmmuecTBo
BoinpsimurenpHblii MocT 1 A 1
Pesuctop 10 Om
Pesuctop 68 Om
Pesucrop 150 Om
Pesuctop 330 Om
Pesucrop 680 Om
Konpgencarop 220 Mmx®
Hpoccens 200mI'H

| et [ | e [ | [

2. BaHaHne U METOAUICCKUE YKA3aHUA

2.1. [IpenBapuTebHOE JOMAIIIHEE 3a1aHNUE:

a) U3Y4YHTh TeMbl Kypca «HeympapisieMbie BBIPIMUTEIN» U COJICPIKAHUC TaHHOU
paboThI, OBITH TOTOBBIM OTBETUTH HA BCE KOHTPOJIbHBIC BOTIPOCHI;

0) TONB3ysICh NPUHIMIHAIBLHBIMA CXEMaMH, TPUBEICHHBIMA B PYKOBOJICTBE
HAYCPTUTh CXEMBI COCJAMHCHUU ISl MPOBEACHUS JKCIECPUMEHTOB, IMEPCUMCICHHBIX B
nabopaTopHOil paboTe;

B) TIIOCTpOWTH B MacmrTabe BpEeMEHHBIC JHWarpaMMbl TIPH  3aJaHHOM
IperioIaBaTeyieM 3HAUYeHUH CHHYCOHWJIAJIBHOTO HANPSDKEHUS u, a TaKKe JHarpaMMbl
BBIIPSIMIICHHOTO HATPSDKEHUS Uy, AaHOAHOTO TOKA i, W HANPsDKCHUS HA BEHTWIE U, TPH

AKTUBHOW Harpy3Ke U P aKTUBHO-UHAYKTHUBHOM Harpy3ke (mpu L, = o).

2.2. DKcrepuMEHTaJbHOE HCCIEeOBaHHE OJHO(A3HOM MOCTOBOWM  CXEMBbI
BBIIPSIMIICHMSI IPYU aKTUBHOM HArpys3Ke:

a) cobpaTh CXeMy BBIIPAMUTENA MO puc. 1. YCTAaHOBUTH 3a/laHHOE 3HAUYEHUE
CONPOTHUBJICHUSI HAarpy3ku R; B kadecTBe BOJBTMETPOB UCIOJIB30BaTh: PV2 B pexume
U3MEPEHUSI NEPEMEHHOI0 HampsbkeHus, a PV1 B pexnme wu3mepeHus NOCTOSIHHOTO
HanpsoKeHus. BKounTs mu@poBoil aMnepMeTp B peKUM U3MEPEHUs MOCTOSTHHOTO TOKA.
[Mopxmounts BXxOABI ocimuuiorpada. Ilepekmiouatens pas3BepTku —ocuusuiorpaga
NIEPEBECTH HAa BPEMEHHYIO Pa3BEPTKY. Y CTAHOBUTH CMHXPOHM3aLMIO OT ceTH. Ha skpane
ocumiorpada HaOJI0AAaTh OCHUIUIOIPAMMbl BBIIPSIMIIEHHOTO TOKAa W BBIIPSIMIEHHOTO
HaNPsHKEHUS;

0) CHATh OCHWJIOTPAMMY BBIIIPSIMIICHHOTO HAMPSIKEHUS Uy W BBIIPSIMIECHHOTO
TOKAa iz; CHATh OCLHMWJUIOTpAMMy HANpsDKEHUS Ha OUONE U,, IEPEKIIOYHUB BXOJbI
ocmmorpada coriacHo puc. 2. (He 3a0yabTe OMpEeNeNnuTh MacITaObl MO TOKY H
HAIPSHKEHUIO);

B) U3MEPUTHh HANPSIKEHHUS C TOMOLIBI0 MYJBTUMETPOB U ONPEIEIUTh CBA3b
MEX1y NEPEMEHHBIM HANPSHKEHUEM MMUTAHUS U IOCTOSTHHBIM HANPSKEHUEM Ha Harpys3Ke;
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ZanmmiBil IW

iCVSV 7 }g:-» G (V)

_L—@ I____e IJ__ J_C

Puc. 1 Puc. 2

') IUCKPETHO U3MEHSSI COPOTUBIICHHE HArpy3Kku R;(68; 150; 330;680 Om), cHATH
BHEIIHIOW Xapaktepuctuky U, =f(1,).

2.3. DKCHepuMEHTaJIbHOE HCCleoBaHUuE OJHO(A3HOW MOCTOBOM  CXEMBI
BBITIPSIMJICHUS TIPU aKTUBHO-WHIYKTUBHOW Harpy3Ke:

a) BKJIIOYUTH Jpoccellb L, TociefoBaTellbHO C Harpy3kod (puc. 3); CHSTh
OCHIWJIJIOTPaMMBbl  BBIIPSIMIICHHOTO HANPSDKEHUSI Uy W BBIIPSIMIIEHHOTO TOKa ij; CHATH
OCHIIJIJIOTpaMMy HampspKeHUs! Ha TUOJIE U,, TIEPEKIIIOUUB BXOIbI OcIuiIIorpada corimacHo
puc. 4 (He 3a0yAbTE ONMPEICTUTh MACIITAOBI 110 TOKY ¥ HAIIPSIXKEHUIO);

0) W3MEpPUTh HANPSDKEHHS C TOMOIIBIO MYJIbTHUMETPOB U OMPEICIUTh CBA3b
MEXIy MepEMEHHBIM HANPSHKEHUEM MUTAHMS U IOCTOSTHHBIM HAPSOKEHUEM Ha Harpys3Ke;

B) TUCKPETHO U3MEHssl compoTuBieHue Harpys3ku (68; 150; 330;680 Om), cHATH
BHEIIHIOIO Xapaktepuctuky U, =f(1,)
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Puc. 3 Puc. 4
2.4. DKCIEepUMEHTAJIBHOE HCCIIECIOBaHUE OJHO(A3HOH MOCTOBOM  CXEMBI
BBITIPSIMJICHUSI TIPH aKTUBHO-€MKOCTHOW Harpyske:
a) BKJIIOYHUTH KOHJICHCATOp MapaJIeJIbHO COINPOTUBICHUIO HArpy3ku (puc. S);
CHSATH OCIUJUIOTPAMMBI BBIIPSMIICHHOTO HAMPSHKEHUS Uy; U BBIMIPSIMICHHOTO TOKa Iy
CHATh OCLMJJIOTPAMMY HAampsDKEHUS HAa JUONE U, , MEPEKIIOYUB BXOAbI ocLusuiorpada

COTJIaCHO pHC. 6 (He 3a0yIbTE ONpPEETUTh MACIITA0bI IO TOKY M HAIIPSIKEHUIO);
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PV2

O
I

Puc. 5 Puc. 6
0) W3MEpUTHh HAIPSHKCHHUS C TOMOIIBI0 MYJIBTUMETPOB M OIPEICITUTh CBS3h
MEXK]1y IEPEMEHHBIM HAIPSHKEHUEM MTUTAHUS U TOCTOSTHHBIM HaIPsHKEHUEM Ha Harpys3Ke;
B) U3MEHSS CONPOTUBIICHUWE HArpy3kd CHATh BHEIIHIOK XapaKTEPUCTUKY

Ud :f(Id)

3. Conep:xanue oTyera

Otuet no paboTe JOIKEH COAEPKATh:

a) HAMMEHOBAHUE U LIeTb PaOOTHI;

0) cxemMbl COeAMHEHUH /JIs1 BBIIOJIHEHHBIX 3KCIIEPUMEHTOB;

B) pe3yJibTaTbl SKCIEPUMEHTAIBHBIX HCCIEIOBAHUA W NPOBEACHHBIX IO HUM

pacueToB, MOMEIICHHBIE B COOTBETCTBYIOIINE TAOIHIIBI; CPABHUTH PE3YyJIbTAThI OTBITOB
r) 00paboTaHHBIC OCIIUIIOTPAMMBI.

1) BBIBOJIBI 110 paboOTe, OTBETUTHh HA KOHTPOJIbHBIE BOIIPOCHI 3 — 6.

4. KOHTpOJIbHBbIE BONIPOCHI

1. [TokaxuTte myTh TOKa B 01HO(GA3HON MOCTOBOM CXEME.

2. Kak # ju1s1 4ero cTposiT BpeMEHHbBIE IMarpaMMbl TOKOB U HAIIPSKEHUU B CXEME
BBIIIPSIMUTEIIA?

3. Kak u mouemy BimMseTr KoHJeHcaTop (uiabTpa Ha (opMy HampspKEHUs Ha
Harpy3ke v Ha GopMy aHOJTHOTO TOKa?

4. Kak BIUsET KOHJICHCATOP HA BEJIMYMHY HANPSKEHUS HA Harpy3ke?

5.Kak u modemy BiuseT Jpoccelb Ha HaNpsOKeHUE Ha Harpyske u (opmy
aHOJIHOTI0 TOKAa?

6. Kak 1 moueMy BIIHSIET APOCCEb HA BEJIMUYUHY HANPSHKEHUS HA Harpy3Ke?
7. UTo Takoe BHEIIHSS XapaKTEpUCTUKa?

8. OT yero 3aBUCUT BU/JI BHEIIHEN XapaKTEPUCTUKU ?
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Pa6ora Ne 3-15. UCCJIEJOBAHUE TPEX®A3HbBIX CXEM BbIITPAMJIEHUA

1. Heas padoTsl
HccnenoBanue 37I€KTPOMAarHUTHBIX MPOIIECCOB M XapaKTEPUCTUK TpexdazHou
HYJIEBOU U TpeX(a3zHOil MOCTOBOM CXEM BBINPAMIICHUS.

IlepeyeHb MUHMMOAYJIEH

HaumMeHnoBanne MUHUMOYJIsI KonnuectBo
BeinpsiMurenbHblil Mmoct 1 A |
Huon 1A

Jwonm ottkm 1 A
Pesucrop 1 Om
Pesuctop 10 Om
Pesucrop 100 Om
Pesuctop 150 Om
Pesuctop 330 Om
Pesuctop 680 Om
Pesucrop 1 kOm
Hpoccens 200mI'H

—t | [ | [ | = [ = | = | = | —

2. 3ajaHue U MeTOAMYECKHE YKA3ZAHUSA

2.1. IlpenBapurenbHOE TOMAIIHEE 3aJaHUE:

a) W3y4uuTh TeMy Kypca «HeympaBnsemble MHOrogasHble BBIIPSIMHUTEIN» U
coJiep>KaHue TaHHOM pabOThI, OBITH TOTOBBIM OTBETUTH HA BCE KOHTPOJIBHBIE BOIIPOCHL;

0) MoNB3ysACh NPUHIMIHAIBHBIMH CXEMaMH, NPHUBEICHHBIMH B DPYKOBOJCTBE,
HAYEePTUTh CXEMBbl COCAMHEHWN MJIsi TPOBEACHUS JKCIEPUMEHTOB, MEPEUMCICHHBIX B
nabopatopHoi pabore;

B) MOCTPOHTH B MaciiTabe BPEMEHHBIC AHarpamMMmbl 3aJaHHOTO IMPENoI0BaTeIeM
CHUHYCOUJAJILHOTO HAPSKEHUS U , BBIIPSAMIICHHOTO HANPSDKEHUS Uy, aHOHOTO TOKA i, U

HalIpsKCHUA Ha BCHTHIIC U, IIPH AKTUBHOM Harpy3kec U IIpu aKTI/IBHO-HH,Z[YKTPIBHOP'I

Harpy3ke (1mpu L, = o) ains TpexdazHoil MOCTOBON CXEMBI.
I') MOCTPOUTH B MacuiTabe BpPEMEHHbIE JUarpaMMbl 3aJIaHHOTO IPEMNo/iaBaTesieM
CHUHYCOMIaJIbHOTO HAIIPSKEHMSI U , BBIIPAMIICHHOTO HAIIPSHKEHUS Uy, aHOJAHOTO TOKA i, U

HAIIpSOKCHUA Ha BCHTHIIC u, IIPH AKTUBHOM Harpy3kec u IIpHu aKTI/IBHO-I/IH,ZIYKTI/IBHOﬁ

Harpy3ke (mpu L, = oo) s Tpex@a3zHoi HyJIeBON CXEMBI.

2.2. DKcnepuUMEHTAJIbHOE HcclefoBaHWe Tpex(da3HOW  HyJIEBOM  CXEMbI
BBITIPSIMIICHUS TTPU aKTUBHOM Harpys3kKe:

a) coOpaTh cxemy BeIIpsiMUTeNs 1o puc. 1. B xauectBe nuoma VD1 BKirOUMTH
quon IIOTTKM. YCTaHOBUTH 3aJJaHHOE 3HAYEHHUE COINPOTUBIIEHUS Harpy3ku R,. B
Ka4eCTBE BOJIBTMETPOB MCIIONB30BaTh: PV2 B pexnMme HU3MEPEHUs NEPEMEHHOTO
HanpspbkeHus, a PV B pexuMe wn3MepeHHs IOCTOSHHOIO HAaNpspKEHUs. BKIIOYWTH
u(poBOI aMIIepMeTp B PEKUM MOCTOSTHHOTO ToKa. [ToakmrounTh BX0AB! ocnuiuiorpada.
[lepexntouaTens pa3BepTKH ocuwiorpada mMepeBecTH Ha BPEMEHHYIO pPa3BEpTKY.
YcTaHOBUTh CHUHXpOHHU3AIMIO OT ceTtd. Ha »skpane ocuumiorpada HaOMI0IATh
OCITUJJIOTPaMMBI BBITIPSIMIIGHHOT'O TOKA U BBITIPSIMIICHHOTO HAIIPSIKEHUS;

0) CHATH OCHWIJIOTPaMMYy BBINPSMIICHHOTO HANPSKEHUS Uy U BBIIPSIMIECHHOTO
TOKa igz; CHATh OCLWJUIOTPAaMMBbl HAIpPSDKEHUS Ha JUONE U, W TOKa 4epe3 IUon i,,
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NEPEeKIIOYMB BXOJAbl ociuuorpada corjacHo puc. 2. (He 3a0yabTe OINpeAesuTh
MacHITabbl IO TOKY U HAPSDKEHUIO);

B) U3MEpPUTh HAMNPSHKEHHUS C TIOMOUIBI0O MYJIBTUMETPOB U ONPENEIUTh CBA3b
MEX Ty TIEpEMEHHBIM HAMPSHKEHUEM IMUTAHUS U TIOCTOSTHHBIM HAPSKEHUEM Ha HarpysKe;

Rd

A (H?

B

r Run

PV 0

N

= 1
Puc. 1 Puc. 2

') AUCKPETHO M3MeHssi conpoTuienue Harpysku (100; 150; 330; 680 Om), cHATH
BHEITHIOW Xapaktepuctuky U, =f(1,).

2.3.  DOKcnepuMEHTAJIbHOE HccleAoBaHUEe  Tpexda3HOM  HyJIEBOM  CXEMbI
BBINPSMIICHUSI IPU aKTUBHO-UHYKTHBHON HarpysKe:

a) BKJIIOYUTH JApPOCCENb IOCIEAOBATEIbHO C Harpy3kod (puc. 3); CHSATh
OCLIMJUIOTPAaMMBl BBIIIPSIMJIICHHOTO HAMpPSsDKEHUS U,; M BBIIPSAMIICHHOTO TOKa iy CHATH
OCLIJIJIOTpaMMbl HANPSKEHUS Ha JUOJE U, U TOKA 4epe3 TUOJ i, MEPEKIIOUYUB BXOJbI
ocimuuiorpada corijacHo puc. 4 (He 3a0yAbTe ONpENeIuTh MacliTadbl MO TOKY U
HANPSHKEHUIO); OMPEEIUTh YToJl KOMMYTAIUH v;

0) U3MEpPUTh HANPSIKEHHUS C IMOMOIIBI0O MYJIbTUMETPOB M ONPEIEIUTH CBSI3b
MEX]ly IepEMEHHBIM HaNPsXKEHUEM MUTAHUA U TIOCTOSTHHBIM HaNPsKEHUEM Ha HarpysKe,

B) IUCKPETHO M3MeEHss conpotuBieHne Harpy3ku (100; 150; 330; 680 Om), cHATH
BHEIIHIO Xapaktepuctuky U, =f(1,).

Puc. 3 Puc. 4

2.4. DKCcHepUMEHTAbHOE HCCieoBaHue Tpex(a3zHoil MOCTOBOM  CXEMbI
BBINIPSIMJICHUS] TIPY aKTUBHOM Harpys3Ke:

a) coOparh cXeMmy BBIIPAMUTENS MO puUC. 5. YCTaHOBUTH 3aJaHHOE 3HAYCHUE
CONPOTHUBJICHUSI Harpy3ku R,. B kauecTBe BOJIBTMETPOB UCIOJIB30BaTh: PV2 B pexume
U3MEPEHUsT TEPEMEHHOT0 HaNpsKEHUsS, a MYJIbTUMETP B pPEXUME U3MEPEHUs
MOCTOSIHHOTO HAamNpsDKEHUs. BKIIOYNTh 1UGPOBOM aMmepMeTp B PEXUM MOCTOSHHOTO
toka. [lomkmounth Bxoawl ocmmmiorpada. Ilepexmrodarens pa3BepTku ocruiuiorpada
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INEPCBCCTH HAa BPCMCHHYIO pPa3BCPTKY. YcTaHOBUTH CUHXPOHU3AIIUIO OT CCTHU. Ha 9KpPaHC
ocuﬂﬂnorpa(ba Ha6J'IIOI[aTL OCHUIIOTPpAMMBI  BBIIIPAMIJICHHOI'O TOKa W BBIIIPAMIICHHOT'O

HaIIPSKEHUS;
0) CHATH OCHIIJIOTPAaMMY BBINIPSIMIICHHOTO HAMPSHKEHUS Uy W BBIIPSIMIEHHOTO

TOKa ld, CHATHb OCHUJUIOTPAMMBI HAIIPSDKEHUA Ha AUOAC U, W aHOJHOI'O TOKa ia,

MEepPEeKIIOYUB  BXOJbI ociuiorpada cormacHo puc. 6. (He 3a0ynbTe ONpeneauTb
MacmTadbl O TOKY U HAIPSKEHUIO);

B) U3MEPUTH HANPSDKEHHS C MTOMOIIBIO BOJIBTMETPOB U OMPEACIUTH CBSI3b MEXKIY
NEepEeMEHHBIM HAIMPSHKEHUEM MUTAHUS U TOCTOSIHHBIM HAIPSYKEHUEM Ha Harpys3Ke;
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I') JUCKPETHO U3MeHsa conportusieHue Harpysku (330; 680 Om; 1 kOM), cHATH
BHEIHIOI Xapaktepuctuky U, =f(1,).

2.5. DkcnepuMeHTalbHOE HCCIeOBaHHE Tpex(pa3HOl MOCTOBOH CXEMBI
BBIIPAMIICHUS MPU aKTUBHO-UHIyKTUBHOM Harpy3Ke:

a) BKJIOYUTH JpOCCElb MOCIEAOBATEIbBHO C Harpy3kod (puc. 7); CHSATh
OCLIJIJIOTPaMMBbl  BBIIPSIMIIEHHOTO HANpPSDKEHUSI Uy W BBIIPSIMIIEHHOTO TOKa i,; CHATH
OCLIJIJIOTPaMMBbl HallpsKEHUs Ha JUOAE U, U AHOJHOIO TOKa I,, MEPEKIIOYHB BXOJbI
ocrmiuiorpada corigacHo puc. 8 (He 3a0yAbTe ONpeNeauTh MacliTadbl MO TOKY U
HAIIPSKEHUIO); ONPEIEIUTh YTOJI KOMMYTAaLUH v;

0) U3MEpUTh HANPSHKEHUS C MOMOILBIO MYJIBTUMETPOB M ONPEIEIUTH CBSI3b
MEXAy NEPEMEHHBIM HANPSHKEHUEM MUTAHMS U IOCTOSIHHBIM HAPSKEHUEM Ha HarpysKe;

B) JHUCKPETHO U3MeHsIs conpoTuiieHne Harpy3ku (330; 680 Om; 1 kOm), cHATH
BHEIIHIOIO Xapaktepuctuky U, =f(1,)
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3. Coaep:xxanue oTyera

OT4et 1o paboTe NOMKEH COAEPKATh:

a) HAUMEHOBAHUE U 11eJIb PaOOTHI;

0) cxembl COeAMHEHUH /1JIs1 BHITIOJIHEHHBIX KCIIEPUMEHTOB;

B) pPE3yJIbTAaThl JKCHEPUMEHTAIBHBIX HCCIEIOBAHUNA W TPOBEACHHBIX 0 HUM
pacyeToB, MOMEIICHHBIE B COOTBETCTBYIOITUE TAOIHUIIbI; CPABHUTH PE3YJIbTAThI OMBITOB

') 00paboTaHHBIC OCHIIIJIOTPAMMBI.

1) BBIBOJIBI 110 PabOTe, OTBETUTHh HA KOHTPOJIBHBIE BOIIPOCHI 3 — 6.

4. KoHTpOJIbHBbIE BONIPOCHI

1. TlokaxuTe mMyTh TOKA B TpeX(pa3HOW HYJIEBOU CXEME.

2. ITlokaxuTe myTh TOKa B Tpex(a3HO MOCTOBOI cxeMe.

3. Kaxk u nis 4yero cTpoAT BpEMEHHBIE UarpaMMbl TOKOB M HAIIPSIKEHNUN B CXEME
BBITIPSIMUTEIIA?

4. Kak u moueMy BIUSET JIpocCeNib Ha BUJ HAIPSKEHUS HAa HAarpy3ke u Gopmy
BBIIIPSIMIICHHOTO ¥ aHOJHOTO TOKOB?

5. Urto Takoe BHELIHSAS XapaKTEPUCTUKA?

6. OT 4yero 3aBUCUT HAKJIOH BHEIIHEN XapaKTEPUCTUKU ?

7. CpaBHuTe MOKazaTenu Tpexpa3zHoi MOCTOBOM U Tpex(a3zHoil HyJIEBOH CXEM.
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Pa6ora Ne 3-16. UCCJIEJOBAHUE CIVIA’ZKUBAIOLIUX ®UJIBTPOB

1. Heas padoTsl
I/ICCJ'IG,Z[OBaHI/Ie CBOICTB CIJIa’KMBAarOIux (1)I/IJ'II>Tp0B: CMKOCTHOT'O, THAYKTHBHOTO
u ['-o6pazHoro.
IlepeyeHb MUHMMOAYJIEH
HanmenoBanue MmunumMonyen KoamnyecTBo
Beinpsimurenblbiil MmocT 1 A 1
Pesuctop 68 Om
Pesuctop 10 Om
Pesuctop 150 Om
Pesuctop 330 Om
Pesucrop 680 Om
Konnencarop 220 Mx®
Hpoccens 200mI'H

2. 3anaHne N METOAUIECCKUE YKA3aHUSA

2.1. IIpeaBaputenbHOE TOMAIIHEE 3aJaHUE:

a) M3yuuTh Temy Kypca «CrimakuBaroniue (QuIbTpe» W COACpKAHWE JTaHHOU
paboThI, OBITH TOTOBBIM OTBETUTH HAa BCE KOHTPOJIBHBIC BOIIPOCHI;

0) TONB3ySICh NPUHIMMHAILHBIMA CXEMaMH, TPUBEICHHBIMA B PYKOBOJICTBE
HAYePTUTh CXEMBl COCJAMHCHUW NJIsi TPOBEACHHUS JKCIEPUMEHTOB, MEPEUMCICHHBIX B
nabopatopHoi pabore;

B) MO 3aJJaHHBIM IMPEINOoAaBaTEeNIEM MapaMeTpaM CXEMbI paccuuTaTh KO3PPUIIUEHT

o 1
MyJIbCAllUN ¢ JUIsl EMKOCTHOTO QUIIbTpa: ¢ = — > THie — @ - yIIIoBad JaCTOTa CETH;
moCR,

m — TyJbCHOCTh (mpou3BelaeHHME uyuciaa (a3 Ha YUCIO  BBIIPAMIISIEMbIX
MOJIyTIEPUOJIOB);
I') 110 33JIaHHBIM MapaMeTpaM CXEMbI PacCUUTATh KOI(PPUIIUMEHT CTriIaKUBaHUS S U

moL
KOB(b(l)I/I v e d _ qR,
IIUEHT MYJIbCAllUi ¢ Ha BBIXOJI€ UHIYKTUBHOTO puiibTpa: s ~ —%, ¢g=—"4 |
R J mowL,
rae q; — koaduimeHt ko3 HUIMEHT MyIbcallui Ha BXoJie GUIIbTPa;
1) TIO 33JIaHHBIM MapaMeTpaM CXEMbI paccuuTaTh KOAGOUIIMEHT CTIIaKUBAHUS S U
koa(dpuimeHT myascanuii q Ha Beixoze ['-00pasnoro ¢puibTpa.
2 2r
s ~m w L,C, q= %.

u
mwC  mwC

2.2. DKcnepuMeHTaIbHOE UCCIEIOBAHUE €MKOCTHOTO PUiIbTpa:

a) coOparh cxemy 1o puc. 1. YCTaHOBUTH 3a/laHHOE MPEToAaBaTeNeM 3HauYeHHE
CONIPOTUBIICHUS Harpy3ku R; B KkadecTBe BOJBTMETpa MOCTOSHHOTO HAMPSIKESHUS
ucrnoibp3oBath mpudop PVI1. Tlomkmouuts Bxonmbl ocumwuiorpada. Ilepexmodarens
pa3BepTKu ocrHuiorpada mepeBecTH Ha BPEMEHHYIO Ppa3BEpTKY. Y CTaHOBHTH
CHHXPOHM3AIMI0 OT ceTh. Ha »skpaHe ocmwuiorpadga HaOMOIATh OCIIIIOTPaMMY
BBITIPSIMJIICHHOTO HAMPSKEHUS U,

0) CHATH OCHWIJIOTPAMMY BBITIPSAMIICHHOTO HAIPSOKEHUS Uy, OMPENETUTh
Kod(hPUIMEHT mynbcaluii coriacHo puc. 2. (He 3a0yIbTe ONpeAeNuTh MacmTad Mo

HpI/I 9TOM HOJI’KHBI BBITIOJIHATHCA YCIIOBUA: malg >> <<R,.
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B) CPAaBHUTH U3MEPEHHBIN KOA(DOUIIMEHT MyIbCallui C pACCUUTAHHBIM.

N ?20 K
Ru 10 | | |
AL—j—:l—" | —
- — (H?
Puc. 3
o Z (H?
A U g
— D Wa'e o W, 77
53 (e
T |A7
Loy
N zx<>
N |
| e °
Puc. 4 )

(H1 U
| AN AN
/
Puc. 2

T) JTUCKPETHO W3MCHSSI COINPOTHBIICHHE
Harpy3ku (68; 150; 330; 680) cHATH 3aBUCUMOCTD
kodddunpeHTa myabcaluii OT CONPOTHUBIICHUS
Harpysku U, =f(R,).

1) BKJIIOYUTH B IICMb ITUTAHUS IIYHT B
COOTBETCTBUHM ¢ pHUC. 3. K IIYHTY NOAKIIOYUTH
BXx0j ocrumiorpada. BKIIOYNTh U BBIKIIOUYNTH
TyMOJI€p TIMTaHHS HECKOJBKO pa3. 3aMeTUTh
OpOCOK TOKa TpH BKJIIOYEHUHU. [[OBTOPUTH OMBIT
P OTKIIFOYEHHOM KOHJIEHCATOPE.

2.3. DKcrnepuMEHTaIbHOE HUCCIEOBAHUE
WHIYKTUBHOTO (DUIIbTpa:

a) coOpath cxemy mo puc. 4. Bximounthb
OIMH WM JIBa JpOcceis MOCIeA0BaTENbHO.
Y CTaHOBUTH 3aJlaHHOE 3HAYEHUE COIPOTUBIICHUS
Harpy3ku R,. Ha »skpane ocuwmiorpada
HAOJIOaTh OCHMJUIOTPAMMBI  HANpsSHKEHUH Ha
BXO/JI€ U BbIXOJIe QUIIBTPA;

0) CHATh OCHMJUIOTPAMMBbI HANPSHKEHUN Ha
BXOJIE M  BbIXOJe  (uibTpa,  ONpPENeTUTh
Kod(hPUIHEHTHI MyJbcalluid ¢; U g (COTIIACHO PHC.

q; .

2) 1 K03 DUITUEHT CTITAKUBAHUS S; s =1
q

B) CpaBHUTh M3MEpPEHHbIE KOIPPUIMEHTHl MMyJIbCalluii M CriIaXUBaHUSA C
pPacCUMTAHHBIMU;
I') U3MEHssl compoTuBieHue Harpy3ku (68; 150; 330; 680), cHATH 3aBUCUMOCTD
koaddureHTa mynabcanuii ot conportuBienus Harpy3ku Uy =f(Ry).

2.4. DxkciepuMeHTalbHOE uccienoBanue ['-o6pasnoro ¢puabTpa:
a) cobOparb cxeMy 1Mo puc. 5. BkIOYMT, OJWH WIM JBa JApPOCCENs
MOCJICIOBATEIPHO. Y CTAaHOBUTH 3a/JIaHHOC 3HAYEHWE COMPOTHBIICHUS Harpy3ku R,. B
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KadecTBe BOJBTMETpPA HCIONB30BaTh MyidbTuMeTp PV. TlogkmioyuTh  BXOMBI
ocriuiorpada;

0) CHATH OCHMJIIOTPAMMBI HANIPSDKEHUH Ha BXOJE U BBIXOJC PUIBTPA, OMPEACIIUTh
KO2(PUITMEHTHI MyJIbcaliil (COTJIaCHO pucC. 2) U KOI(PPUIIUEHT CTiIaKUBaHMUS;

B) CpaBHUTh H3MEpPEHHBIE KOI(PPUIMEHTH IMyJbCallUii ¥ CrIQXHBAaHUS C
PaCCUMTAHHBIMU.

>(H7
(HT

Puc. 5

I') IUCKPETHO HM3MEHssl compoTuBieHue Harpys3ku (68; 150; 330; 680), cHsATh
3aBUCUMOCTh KOA((PUIIMEHTa MyIbcaluii OT conpoTuBiaeHus Harpy3ku U; =f(R,).

3. Conep:xxanue oTuera

Otyer 10 paboOTe AOIKEH COJCPIKATH:

a) HANMEHOBAHHE U 1IeTb paOOTHI;

0) cXeMbl COCJITMHEHUH JIJIs1 BBITIOJTHEHHBIX KCIIEPHMEHTOB;

B) pe3yJbTAaThl HKCHEPUMEHTAIBHBIX HCCIEAOBAHUA W TMPOBEICHHBIX IO HHUM
pacyeToB, MOMEIIEHHBIE B COOTBETCTBYIONIHE TAOIHUIIBI; CPABHUTH PE3YJIbTATHI OTBITOB;

r) 00paboTaHHBIE OCIUIUIOTPAMMBI;

1) BBIBOJIBI 110 padoTe.

4. KoHTpOJIbHBIE BONIPOCHI

1. KakoBo HazHaueHue (GUIbTPOB B IPE0OPA30BATENbHON TEXHUKE?

2. [lpuHnun  AecTBHs, MPEMMYINECTBa, HEAOCTaTKH M OO0JIacTh MPUMEHECHHS
€MKOCTHBIX (DUIIBTPOB.

3. IIpyHuMN nEWCTBUSA, NMPEUMYIIECTBA, HEAOCTATKM MU OO0NACTh NPUMEHEHUS
MHIYKTUBHBIX (PUIBTPOB.

4. llpyHuun JedcTBUS, NPEUMYILECTBA, HEAOCTATKU M o0siacTh npuMmeHeHus I'-
o0Opa3HbIX (PUIBTPOB.

5. Kak u nmouemMy BiuseT KOHAEHCATOp (HUIbTpa HAa GOPMY aHOJAHOIO TOKa?

6. Kak u moueMy BiusieT apoccens GuibTpa Ha GOpMY aHOAHOTO TOKA?
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Pa6ora Ne 3-17. UCCJIEJOBAHUE ITAPAMETPUYECKOI'O
CTABUWIN3ATOPA HAINIPAKEHUSA

1. Heas padoTsbl

HccnenoBanre mapaMeTpoB M XapaKTEPUCTUK MapaMETPUIECKUX CTAOMIN3aTOPOB
IIOCTOSIHHOTO HAIIPSYKECHUSL.
IlepeyeHb MUHUMOAYJICH

HanmeHoBaHne MUHUMOYJISI KomnmuecTBo
Crabunutpon 4,7 B 1
[Torenmmometp 2,2 kOm 1
[Torenmometp 150 Om 1
Pesuctop 150 Om 1

2. 3agaHne U MeTOANYECKHE YKA3ZAHUSA

2.1. IIpenBapurenbHOE JOMAIIHEE 3aaHUE:

a) M3y4uTh TeMbl Kypca «Juoawn», «CTaOWam3atopel» U COJAEpKAHHE JAaHHON
paboThl, OBITH TOTOBBIM OTBETUTH HAa BCE KOHTPOJIbHBIE BOITPOCHI;

0) MOJB3ysACh NPUHLUUIHUAIBHBIMU CXEMaMH, MPUBEIECHHBIMU B PYKOBOJCTBE,
HA4YEePTUTh CXEMbl COCIMHEHHMM JUIsl MPOBEACHUS SKCHEPUMEHTOB, IMEPEUYHMCICHHBIX B
nabopaTtopHoil paborte;

B) Uil uaeanu3upoBaHHOM BAX cTaOuiauTpoHa MOCTPOUTH JUHUIO HATPY3KH,
€CNIM HarpspkeHue crabunuzanuu crabwiurpona U= 6,8B, ero mauddepennuansHoe
CONMPOTHUBJICHUE 7y HA y4acTKE CTaOWJIM3AllMU paBHO HYIO, HampsbkeHue nutanus Up
3ajaeTcs npenojasareieM. OnpeneauTs ToK /; yepe3 OamiacTHbIA pe3ucTop;

2.2. DKCnepUMEHTAIBHOE HCCIIEIOBAaHNE MapaMEeTPUIECKOTO CTa0MIN3aTopa mpu
MU3MEHEHHUM NMUTAIOIIETO HANPSDKEHUSI IPU OTCYTCTBUM HATPY3KHU:

a) coOpaTh cxeMy MapaMeTpUUECKOro craduinzaTopa HanpsbkeHus (puc. 1). dns
U3MEPEeHHs] aHOJHOTO TOKa BKJIIOYUTH LU(POBOW aMIEPMETP B PEXHUM IMOCTOSHHOTO
Toka. [Ins u3MepeHuss HampspKEHUI Ha BXOJIE€ M BBIXOJE CTa0MIM3aTOpa BKIIOYHUTH
BoibT™METp PV1 1 MmyneTumMeTp PV2.

PA7

+ 5B

o—

RP [
50

J_ <

Puc. 1

0) CHSATH 3aBUCHUMOCTb BBIXOJIHOI'O HAMpPSKEHUSI OT HAINPSIKEHUS HMCTOYHUKA
nutanus U, = f(U,). JIns 3T0T0, N3MEHSS TOTSHITMOMETPOM HarpspkeHue nutanus U, Ha
BXOJIE CTaOWIM3aTOpa, U3MEPSATh COOTBETCTBYIOIIEE €My BBIXOJIHOE HampsbkeHue U,
Oco0eHHO THIATEIBHO OTMETUTh HANPSIKCHUE TUTaHMS, TPU KOTOPOM HAUYMHAETCS
crabmwinzanusi. OJHOBPEMEHHO U3MEpPATh TOK [;, TOTpeONsieMblid CTaOMIIM3aTOPOM.
PesynbpTaThl M3MepeHUN 3aHECTH B TaOJUIy, MO KOTOPOM IMOCTPOUTH 3aBUCHUMOCTH
BBIXOJIHOT'O HANIPSIKEHUS OT HAINPsDKCHUS UCTOYHUKA nutanus U,, = f(U,);
OrnpenenuTs HaNpsDKEHUE cTadmmu3anuu ctadmimmuzaropa U.,,.
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B) ompeaenuth kodhduimeHT crabunuzanuu crabunuszatopa K., Ha ydacTke

cTaOWIN3aIiu;
K, =2Y%
“au,,

2.3. DKCIepuMEHTaIbHOE UCCIIEIOBAHUE MAPAMETPUUECKOTO CTa0MIM3aToOpa Mpu
M3MEHEHUU Harpy3Ku:

a) MOAKIIOYUTh HA BBIXOJ IMAPAMETPUUYECKOTO CTaOWUIU3aTopa HaIpPSKEHUs
u3MeHstonytocss Harpy3ky RP2 (puc. 2). Jlnga u3mepeHus Toka Harpy3ku [, BKIIOUUTH
udposoii amnepmetp PA2;

+75

PAT A~ 5

R
B0 PA2 o~
e— /7
wR A Q_LI:J RPZ
K PV 22k
Puc. 2

0) CHATb 3aBUCHUMOCTb BBIXOJIHOIO HAIpsOKEHUsT OT Toka Harpy3ku. Ilpu
PEryJIMpOBAHUM CONPOTHUBICHHUS] Harpy3ku, mnoreHuuomerpoM RP1 mnoanepxxuBarh
NOCTOSIHHBIM Hampsbkenue nutanuss U; Ha Bxone crabunuzaropa, paBHbiM 10 B.
Oco0€HHO TIIATETbHO OTMETUTh TOK HArpy3KU I, TPU KOTOPOM MpeKpaiiaercs
crabunuzanus U,,. Pe3ynbrarel u3MepeHuil 3aHecTd B TaOIHILy, IO KOTOPOUM MOCTPOUTH
3aBUCUMOCTH BBIXOJIHOT'O HAINpPsKEHUs OT Toka Harpy3ku: U,,= f(1,);

B) ONpEIEIHUTh BBIXOJAHOE CONPOTUBICHHE R, Ha y4yacTKe CTaOWIM3alMU U
CPaBHUTH €TO C ONPEACIICHHBIM B 11.2.2.

_au,, |au,
AL, | Al |

2.4. DKcriepuMEHTaIbHOE MCCIIEIOBAHUE MAPAMETPUUECKOT0 CTa0MIM3aTopa Mpu
M3MEHEHUH MUTAIOUIEr0 HAPSDKEHUS MPU HaJTUYUK HArpy3KHU:

a) B CXeMe pHUC. 2 YCTaHOBUTH TOK Harpy3Kd PaBHBIM IOJIOBHUHE MaKCHUMAaJbHO-
JNOMYCTUMOTO 1,,,¢, OTIPEIETIEHHOTO B 1. 2.3.

0) CHATh 3aBUCUMOCTH BBIXOJHOTO HAMpPsHKEHUS OT HANpPsDKEHUS HCTOYHMKA
nutanus U, = f(Uy). 1ns 3T0r0, N3MEHSSI NOTEHIIMOMETPOM HampsikeHue nutanus U, Ha
BXOJIe CTa0MIM3aTOpa, U3MEPATh COOTBETCTBYIOIIEE €My BBIXOAHOE HampspkeHue U,
Oco0eHHO THIATENbHO OTMETUTh HamnpspkeHue nutanus U, NMpU KOTOPOM HAuMHAETCS
crabunuzarusi. OIHOBPEMEHHO U3MEPSITh TOK, TMOTPEONIeMBbId CTaOMIN3aTOPOM.
Pe3ynbraTel m3MepeHHil 3aHecTH B TaOIUIy, IO KOTOPOM IMOCTPOUTH 3aBUCUMOCTb
BBIXO/IHOTO HANpsHKEHUS OT HANpsDKEHUS UCTOYHMKA nutanus U, = f(U,); 3aBUCUMOCTh
HAaHECTHM Ha TOT e rpaduk, 4ro M B 1.2.2; 0OpaTUTh BHUMAaHHE Ha pa3IHUUsA
XapaKTEPUCTUK U OOBSICHUTD UX.
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3. Conep:xxanue oTyera

OTuet no paboTe JOMKEH COACPKATh:

a) HAaMMEHOBAHUE U 11eJIb PaOOTHI;

0) cXxeMbl COeIMHEHUH 1JIs1 BBITIOJTHEHHBIX SKCIIEPUMEHTOB;

B) pe3yibTaThl SKCIEPUMEHTAIBHBIX HCCIEIOBAHUNA W MPOBEACHHBIX IO HUM
pacueToB, IOMEIIEHHbIE B COOTBETCTBYIOIINE TaOJINLIbI;

T') 9KCIIEPUMEHTAJIBHO CHATHIE U IOCTPOCHHBIE XapaKTEPUCTHKY;

1) 00paboTaHHBIE OCIIUIUIOTPAMMBI;

€) BBIBOABI MO paboTe; B BBIBOJAX 00S3aTENIBHO OTBETUTh HAa KOHTPOJILHBIE
BOITPOCHI 35, 6.

4. KOHTpOJIbHBIE BONPOCHI

1. I'me paboumii yuactox Ha BAX crabunutpona?

2. Kak paGoTaeT mapaMeTpuyecKuii CTaOMIN3aTOp HAMIPSKEHUS?

3. Jlud 4ero ciayKuT OaJlIacTHBIA pe3ucTop?

4. Kak u3MEHUTCS HaIpsHKEHUE Ha BBIXOJIE CTAOMIM3aTOpa IMPHU MOBBIIICHUU
TeMIepaTyphl?

5. Ilpy kakoM MHUHUMAJIHHOM HANpPsDKEHWH Ha BXOJle CTa0miIn3aTopa eie
BO3MOXHA cTabunu3aius HanpspkeHusi? OT 4ero oHO 3aBUCUT?

6. OT KakuX MapaMeTpoB U KaK 3aBUCUT Ka4ECTBO CTAOMIIM3AINK HAPSXKEHUS?
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Pa6ora Ne 3-18. UCCJIIEJOBAHUE CAMOBOCCTAHABJIMBAIOIIETI'OCA
NPEJOXPAHUTEJIA
1. eanb padoThI
O3HakOoMUTBCS € pabOTOM, OCHOBHBIMH XapaKTEPUCTHUKAMU U HPUMEHEHUEM

CaMOBOCCTAHABJIMBAKOLIEr0CS IPEAOXPAHUTETIS.
ITepeyeHb MUHUMOAYJIEH

HanmenoBanne MUHUMOIY IS Komuuectso
CaMOBOCCTaHaBIUBAIOIIHUICS 1
MIPEIOXPAHUTEIb

[Torenumometp 150 Om
Pesuctop 100 Om
Pesuctop 150 Om
Pesucrop 1,5 kOm

et | et | et | e

2. Kparkue TeopeTHyecKme CBeIeHUA

Tepmopesuctop (or rpeud. thérme — Temo, »xap; OT JaT. resisto —
CONPOTHUBJISIOCH), TEPMHMCTOP — TOJYNPOBOAHUKOBBIA pPE3UCTOP, IIIEKTPHUUECKOE
CONPOTUBJIEHUE KOTOPOIO CYIIECTBEHHO YOBIBAET WJIM BO3PACTAET C POCTOM
temneparypbl. 1 TepmopesncTropa  XapakTepHBl  OOJBIION  TemIepaTypHBIN
kodpunment conporusienus (TKC) (B gecaTku pa3 npeBbIIAMINN 3TOT KOG OUITUEHT
y METauioB), TMPOCTOTa YCTPOMCTBA, CIOCOOHOCTH paboTaTh B  Pa3IUYHBIX
KJIIMMAaTUYECKUX YCJIOBUSIX MPHU 3HAUYUTEIBHBIX MEXaHUYECKUX Harpy3Kax, CTaOUIbHOCTb
XapaKTEepUCTUK BO BpeMeHHU. TepMOpe3nucTop M3TOTOBISIOT B BHUJE CTEpKHEH, TPYOOK,
JIUCKOB, 1I1ail0, OYyCMHOK M TOHKHMX IUIACTMHOK MPEUMYIIECTBEHHO METOJaMHU
NOPOIIKOBOW METAJUIypruu; UX pa3Mepbl MOTYT BapbUpOBaThCAd B mpenenax ot 1—10
MKM 110 1—2 cM. OCHOBHBIMH IapaMeTpaMu TEPMOPE3UCTOpPA SIBIAIOTCA: HOMUHAIBHOE
COMPOTHUBJICHUE, TEMIEPaTypHbI KOA(h(UIIMEHT CONMpPOTUBJICHUS, WHTEpPBal pabouynx
TEeMIIEpaTyp, MAaKCUMAJIBHO JAOIYCTUMAasi MOLTHOCTh PACCESHUS.

Pa3nuuaror TepMOpE3UCTOPbl € OTPULATENBHBIM W monoxuTenbHbiM  TKC.
BonbsTamnepHas xapakrepucTtuka TepMopesuctopa ¢ nosioxurenbHbiM TKC npuBenena
Ha puc. 1.

U

Puc. 1
Pexxum paboThl TEPMOPE3UCTOPOB 3aBUCUT OT TOTO, Ha KaKOM Yy4acTKe
CTaTUYECKON BOJbT-amMnepHor xapakrtepuctuku (BAX) BwiOpana pabouas TOUKa.
Tepmopesuctopel ¢ paboueil TOUKOM Ha HadalbHOM (JIMHEHHOM) yyacTke BAX
UCHOJB3YIOTCS JJI1  H3MEpPEHUs M KOHTPOJs TEMIEepaTrypbl M  KOMIIEHCALlUU
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TEMIIEPAaTypPHbIX H3MEHEHHUM I1apaMEeTPOB DJIEKTPUYECKOM ILEle U DIIEKTPOHHBIX
npuoopoB. TepMopesucTopbl ¢ paboueld TOYKOW Ha HHUcXojnsdmeMm ydactke BAX (c
OTPULIATEIBHBIM COIMPOTHUBICHUEM) MPUMEHSIOTCS B KayeCTBE ITyCKOBBIX pele, pelie
BPEMEHM, HU3MEPUTENEH MOIIHOCTU DJIEKTPO-MarHUTHOro wu3nydenuss Ha CBY,
CTaOMIIN3aTOPOB, TEMIIEpaTyphl, HampsokeHus W T.A. [lpumepoMm TepmopesucTtopa ¢
nonoxuteabHbIM TKC sBIs€TCS caMOBOCCTaHABIMBAIOIIUNUCS MIPEIOXPAHUTEb.

CamMOBOCCTaHABIMBAIOIIMECS TPEAOXPAHUTEIN - MPEIHA3HAYEHBI ISl 3alIUThI
3JIEKTPOHHBIX Y3JIOB OT MEPETrPy3KH MO TOKY M IMEpErpeBa. Y CTPOMCTBO MPEACTABISET
co00l pe3nCTOp C MOJOKUTEITHLHBIM TEMIIEPATyPHBIM KO3(PPHUIIMEHTOM COMPOTHUBIICHUS,
V3TOTOBJICHHBIM W3 CIELMAIbHOIO MOJMMEpHOro wmarepuana. IIpunuun npeuctsus
OCHOBaH Ha CBOWCTBE PE3KO YBEIMYMBATH CBOE CONPOTUBIICHUE NOJ BO3AEHCTBUEM
MPOXOMSIIEr0 TOKa WA TEMIIEPATYpPbl OKPYKAIOIIEW CpeAbl W aBTOMATUYECKHU
BOCCTaHABJIIMBATh CBOU II€PBOHAYAJIBHBIE CBOWCTBA IIOCJI€ YCTPAHEHUs MPUYUH
cpabaThIBaHUS.

B pabote uccnenyercs caMOBOCCTaHABIMBAIOIIUKACS MPEAOXPAHUTEIb, TAPaMETPhI
KOTOpOTrO TMpuBeneHbl B Tabn. 1, a ycinoBHoe rpaduyeckoe o0003HAUEHUE Ha
NPUHIIMITHAIBHBIX DJIEKTPUYECKUX CXeMaxX — Ha puc. 2.

Tabmuma 1
Tur caMOBOCCTaHABIMBAIOIIECTOCS IPEAOXPAHUTENS RXEO005
Pabouwnii TOK, KOTOpBIN HE U3MEHSET XapaKTEPUCTHK mpeaoxpanurtens [H, A 0,05
MakcuMalibHOE COPOTUBIICHUE B OTKPBITOM COCTOSIHUU R, OM 11,1
MakcumanbHoe pabouee HanpspkeHue Uy, B 60

1,0
Puc. 2

3. Iopsaaok BbINOJHEHHUSI PA0OTHI

3.1. O3HaKOMHTHCS C TAOOPATOPHON YCTAHOBKOIA.

3.2. CoOparb cxeMy Uil  CHATUS  BOJIBTAMIIEPHOM  XapaKTEPUCTUKHU
caMOBOCCTaHaBJIuBaromerocs: npepoxpanutens (puc. 3). B kadectBe BoiabT™MeTpa PV1
UCIIOJIb30BaTh MYJBTUMETP B PEKUME U3MEPEHUS IMOCTOSHHOTO HAIIPSKEHUS € MPEIEIIOM
20 B. Jlna u3MepeHusi TOKa UCIOIb30BaTh LIU(PPOBON aMIIEpMETP B PEKUME U3MEPEHUS
IOCTOSTHHOTO TOoKa (TyMOnep «=I/~I» ycraHoBuTH B nosoxkeHue «=I»). Iloka3aTe cxemy
JUISI IPOBEPKH MIPENOIABATEIO.

3.2.1. CHATb BOJBTAMIIEPHYI0 XapaKTEPUCTHKY CaMOBOCCTAaHABIIMBAIOIIETOCS
npenoxpanurenss [=f(U). Bxmouuts TymOnep SA3 wucrounuka mnuTaHusa. W3menss
HarpsbkeHre U ¢ ToOMOIIbIo MoTeHImomMeTpa RP1, CHITh XapakTepucTuky. Ha HauanpHOM
yuactke (mo 1,5 B) xkemnarenbHo cHATH 5-10 Touek ¢ npumepHsiM marom 0,1...0,2 B, Ha
ydyacTke Bbllle 2 B cHuUMaTh naHHble npuMepHO dYepe3 1 B. DxcnepumeHTanbHbIE
pe3ynbTaThl 3amucath B Tabn. 2. Brixmounts TymMOnep «[lutanume». Iloctpouts
IIOJIYYEHHYIO 3KCIIEPUMEHTANIBHYIO XapaKTEPUCTHKY.
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Ta0muna 2

U B 0

1, mA

3.2.2. Ilo nomy4eHHBIM 3KCIIEPUMEHTAIBHBIM XapaKTePUCTUKAM OMPEAECTUTh
MaKCHUMAaJIbHOE CONPOTUBIIEHUE B OTKPBITOM COCTOSIHUHM R, TIPH [H.

3.3. CoOparb cxeMy s SKCIEPUMEHTAIbHOTO HCCIEeAOBaHUS  pabOThI
CaMOBOCCTAHABJIMBAIOLLErOCS MpPeJOXpaHUTeNsl npu neperpyske (puc. 4). B kauectBe
BosibTMETpa PV1 ncnons3oBathk cTpesiodyHsblid npudop Ha 15 B unm MynbTUMETp B pexxuMe
M3MEpPEHUsI TOCTOSIHHOTO HampsbkeHusi ¢ mnpegenoMm 20 B. [Ins wusmepeHuss Toka
MCITI0JIb30BaTh HU(DPOBOI aMIIepMETpP B PEKUME U3MEPEHUs MOCTOSIHHOrO Toka. [lokazars
CXEMY I MPOBEPKU MPENOAABATEIO.

5B PAT f
&
K2
|:|75/( <V PV7
o
150
j:_ &
Puc. 4

3.3.1. DKcnepuMeHTaIbHOE HCCIEA0BAHME PA0OTHI CAMOBOCCTAHABIMBAKOLIETOCS
NpeloXpaHuTensl Tpu mneperpyske. Brmrounts TymOmep SA3 HCTOYHHMKA MHUTAHUA.
3anucaTh 3HAYEHHS TOKAa M HANpsDKEHUS B LIENM OPH Pa3sOMKHYTOM mnojoxeHuu (0)
nepeximoyatenss SA. Ilepexmtounts SA B mosoxenue «1». Habmogate 3a TOKOM U
HanpspkeHrneM B TedeHuH 20 cexkyHa. 3anucaTh 3HAUYEHUS TOKAa W HANPSKEHUS.
Boikimounts TtymMOnep «Ilutanue». IlocTpouTh NONYYEHHYIO 3KCHEPUMEHTAIBHYIO
XapaKTEPUCTHKY .
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4. Copep:xaHue oT4era
a) HauMEHOBaHue PabOTHI U 117 PaOOTHI;
0) DIEKTPUUECKUE CXEMbI ITPOBEJACHHBIX YKCIIEPUMEHTOB;
B) TaOJIUIIBI C pe3yJbTaTaMU HKCIIEPUMEHTA U OCIHILIOTPAMMBI;
I') pe3yJbTaThl AKCIEPUMEHTAIBHBIX HCCIECIOBAHUNA M TPOBEACHHBIX IO HUM
pacyeToB, MOMEIIEHHBIE B COOTBETCTBYIOINIUE TAOJIUIIbI;
1) OCUMJUIOIPaMMBI;
€) BBIBO/IBI.

5. KoHTpoJibHbIE BONPOCHI
8. Kakue pa3zHOBHIHOCTH TEPMOPE3UCTOPOB BBl 3HAETE?
9. KakoBbI OCHOBHBIE 00JIaCTH TPUMEHEHUSI TEPMOPEZUCTOPOB?
10.IToyemy  MeHsIETCSI  CONPOTHUBIICHHE  TEPMOpPE3UCTOpa TNpU  HU3MEHEHUU
TeMmeparypbi?
11.Kak  BBITTISAOAT  BOJIbTAMIIEPHBIE  XapaKTEPUCTUKUA  TEPMOPE3UCTOPOB €
OTPUIATEIIBHBIM U MOJ0KUTEIbHBIM TKC?
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