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O0mme cBeeHUs

BupryanpHas nabopatopus ¢ mnpumenenuem I[I9BM, sBisercs mOpocThIM |
JOCTYITHBIM ~MHCTPYMEHTOM  JUIsl MPOBEACHUS AKCIEPHUMEHTANbHBIX HCCIIeIOBaHUN
INEKTPUYECKUX U ANEKTPOHHBIX CXEM.

[Ipu BeIMONHEHHM JTa0OPATOPHBIX PabOT MO AUCHUILIHHE «DJIEKTPOTEXHUKA U
OCHOBBI ~ MPOMBINUICHHON  3JIEKTPOHHMKW»  HCIOJIb3yeTcst mporpamMma  Electronics
Workbench. (EWB). Ilporpamma EWB paccuutana mist pabotel B cpexe Windows.
Oco0eHHOCThIO MPOTpamMMbl SIBIISICTCS HAIMYUE KOHTPOJIbHO-U3MEPUTEIbHBIX MPUOOPOB,
10 BHEITHEMY BU/1Y U XapaKTEPUCTUKAM HPUOIMKEHHBIX K UX MTPOMBIIIICHHBIM aHAJIOTaM.

OcHoBHbIe mocTorHCcTBa porpammel Electronics Workbench.

[IpocThie KOMIOHEHTHI OMHUCHIBAIOTCS HAOOPOM MapaMeTPOB, 3HAYCHHSI KOTOPBIX
MOYKHO H3MEHSTh HETOCPEACTBEHHO C KIIABHMATYPHI, AKTUBHBIE 3JEMEHTBHI - MOJEIBIO,
MPEJICTaBISIIONICH, CO00M COBOKYMHOCTh IapaMeTpPOB U OIMMCHIBAIOUIEH KOHKPETHBIH
AJIEMEHT WK €T0 MJiealbHOE Mpe/cTaBieHne. Mozaens BelOUpaeTcs U3 crucka 0MOInoTex
KOMIIOHEHTOB, MapaMeTpbl MOJIEIM TaKXKE MOTYT OBbITh H3MEHEHBI I0JIb30BATENEM.
PesynbraTel MoOIenMpoBaHUS MOXHO BBIBECTH Ha TPUHTEP WIM HMIOPTUPOBATH B
TEKCTOBBIN WM rpaUUecKuii pelakTop sl UX JaidbHeuiel o0paboTKu.

B Electronics Workbench Bce aieMeHTBbI ONHMCHIBAIOTCSI CTPOTO YCTAHOBIICHHBIMU
napaMeTpamu, Mo3TOMY KaX/Iblil pa3 B X0/1€ dKCIIEpPUMEHTA OyIeT TOBTOPSTHCS Pe3yibTar,
OTIpeNIeNIIEMBIN TOJIBKO MapaMeTpaMH IEMEHTOB U aJITOPUTMOM pacyerTa.

Electronics Workbench mno3Bosser pasmecTuTh CXeMy TakuM 00pa3oM, YTOOBI
ObUTM YE€TKO BUIHBI BCE COCTUHEHUS JIEMEHTOB, U OJHOBPEMEHHO BCSI CXEMa IEITNKOM.

Bo03M0OXHOCTh M3MEHEHUS 1BETa MPOBOJHHKOB IO3BOJISET clenaTh cxemy Ooiee
yoOHOM A BocnpusATha. MOXHO OTOOpa)kaTh pa3iMYHBIMU I[BETaMH U IpaduKu, 4TO
OYEHb y1I00HO TP OJTHOBPEMEHHOM HCCIICJOBAHUHM HECKOJIBKUX 3aBUCUMOCTEH.

DKCIIEpUMEHTAIbHOE  HCCIIEOBAaHUE  DJIEKTPUYECKHX  IeNed C  IOMOIIBbI0
nporpamMbl EWB nono6Ho uccnenoBanuio ux pusnueckux mojenel Ha pabouem croie.
BoluncnuTenbHbI  OKCHEPUMEHT, KaK M pealbHbl, TNPOBOAUTCA C  OOBIYHOMN
MOCJIEI0BATEIbHOCTBIO  ONepaluii: cOOpKa CXeMbl JJIEKTPUYECKONW IeNH, YCTaHOBKA
nMapaMeTpoB €€ TACCUBHBIX W AaKTHBHBIX JJEMEHTOB, IOJKIIOYCHUE W3MEPHTEIbHBIX
npubOpOoB M MX HACTpOWKa, 3allyCcK MOJEIUpOBaHHUS. Pe3ynabrarel  U3MepeHui
CUMTBIBAIOTCS C TMaHeNed TMpUOOPOB: amMIiepMeTpa, BOJIBTMETpa, BaTTMeTpa, (asomerpa
WIH B BUJIE OCHIIIJIOIPAMM.

O6u1iue npaBusa nNpoBeeHus 1a00paTOPHbIX padoT

1. B nmaboparopun HeoOXoauMo COOIIOAATh THUIIMHY, YHCTOTY H MOPSIIOK.

2.K mpencrosimiedt  maboparopHold  paboTe CTYIEHTBI TOTOBSTCS 3apaHee,
03HAKOMUBIIMCH C OMHMCAaHUEM pabOThl U PEKOMEHJI0BAaHHON JUTEpaTypoil. Pe3ynbTarhl
MOJITOTOBKH 3alMCHIBAIOTCS B TETPaIb MPOTOKOJIOB, HAIMYHE KOTOPOW O0S3aTETBHO IS
KaX/I0T0 CTYyJICHTA.

3. B TeTpaap MpOTOKOJIOB TpH TOATOTOBKE HEOOXOIMMO BHECTH IENIb PabOTHI,
OCHOBHBIC COOTHOIICHHUS, CXEMbI, 3arOTOBKM TaOJHIl, OTBETHl HA KOHTPOJBbHBIE
BOTIPOCHI.

4. Tlo pesynbTaTaM BBIMOJHEHHOH pabOThl KaXIbIM CTYAEHTOM aKKypaTHO
opopmisiercss oTu€r. B oruére mnpuBomATcs: 1enb pabOTHI, JJIEKTPUYECKas CXeMa,
OCHOBHBIC COOTHOIIEHUS, TaOJMIBI C pe3yJbTaTaMH OIBITOB M pacu€ToB, NPUMEPHI
pacu€éroB, rpadUKH  3aBHCUMOCTEH,  CONMPOBOXKAAEMBbIC  TIOSCHEHHSMH,  aHAJIN3
MOJYYEHHBIX PE3yJIbTaTOB U BBHIBOIBI.
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5. IlpenomaBarenb OpUHUMAET OTYETHI MO MPEBIAYIIEH paboTe W TPOBEpseT
FOTOBHOCTH CTYJEHTA K MpeacTrosieid padore. HemoaroToBneHHbIe CTYIEHTHI, Y KOTOPBIX
OTCYTCTBYIOT OTUYETHI MJIH TE€TPaJlb MPOTOKOJIOB, K pab0OTe HE TOMYCKAIOTCS.

6. [TomyunB gomyck K paboTe, CTYACHTHI COOMPAIOT II€Mb Ha pabouyeM IIoJe.
CoOpaHHasi 1eNb MPEenbIBIAETCS Ha MPOBEPKY MPETO1aBaTeIo.

7. Tllocie mpoBepkd IeNM MpENojaBaTeleM CTYIEHThl MPUCTYMAIOT K
9KCHiepuMeHTaM. Pe3ynbraThl HaOMIOAEHUI W BBIYMCICHHWNA BHOCATCS B  TaOJUIIBI
MIPOTOKOJIA.

8. Ilo okoH4YaHUM PabOTHI MPOTOKOI MPEIBSBIISCTCS MPEOIaBATEIIO.

9. Ha ocHOBaHUM MNPOTOKOJOB CTYAEHTHI MPOHU3BOIAT OOpabOTKY pE3ysIbTaTOB
HaOMOACHUN 1 OPOPMIISIOT OTYETHI.

[Ipy BbINOSHEHUHU J@HHBIX JIAOOPATOPHBIX PadbOT MNPEAYCMOTPEH CIEAYIOLIUI
MOPSAIOK.

1) B cOOTBETCTBUU C 3aJaHHBIM BAapHAHTOM 3aJaHUS CTYACHT B YEPHOBUKE
BBITIOJTHSET JIOMAIllHee 3aJjaHKe, IPeLyCMOTPEHHOE B paboTe.

2) Ilocne mpoBepkH JOMAIIHETO 3aJaHusl TperojaBaTelieM M IOJyYeHHs
MOJATBEPXKJAIOIIEH MOJIMUCH BBIMOIHSIETCS IKCIIEPUMEHTAIbHAsl YacTh B COOTBETCTBHHU
¢ onucaHusMM Ha JsaboparopHyro pabory. Ilpm »sTOomM MomenupoBaHuE U
9KCIIEPUMEHTANIbHBIE HCCIIEIOBAHUS AJIEKTPOHHBIX YCTPOMCTB MPOBOAATCA B Y4eOHOI
JabopaTopuy Ha IEPCOHANBHBIX KommbioTepax B cpeae Electronics Workbench, a
pe3ynbTaThl MOKAa3bIBAIOTCS MPEIO01aBaTeNIo.

3) [lo pe3ynbraTaM BBIIOJIHEHUS JOMAIIHETO 3aJaHUsl U DKCIICPUMEHTAIbHBIX
UCcleIoBaHUi Oo(opMIISIETCS OTUeT, KOTOPBIM JOKEH COIepKaTh:

— TUTYJABHBIA JIUCT 1O (hopme, MpeayCMOTPEHHOM Ha COOTBETCTBYIOIIEM CTEHJIE
Kadeapel MO0 O0QOPMIIEHUIO OTYETOB MO J1aOOPaTOPHBIM paboTam;

— 1eJIb PabOoTHI;

— pe3yJIbTaThl BHIIOIHEHHUS JIOMAITHETO 3aJaHUs;

— pe3yinbTaThl TMPOBEACHUS  JKCIEPUMEHTAIBHBIX  HMCCIICOBAHUN  TOJKHBI
BKJIIOYATh B ceOsi:

— CXEMBI 9KCIIEPUMEHTOB;

— pacrnedaTKu pa3BepHYTHIX MaHeJIed BHUPTYaIbHBIX HPUOOPOB C pe3ylbTaTaMu
OKCIIEPUMEHTOB W YCTAHOBJICHHBIMH HAa HUX PEKUMaMH pPadOTHI, HUCTOIB3yEeMBIMHU IPH
HPOBE/ICHUU SKCIIEPUMEHTOB;

— TIOJIy4YeHHBIE TPHU OJKCIIEPUMEHTE TaONIHUIBI MCTUHHOCTH W (WMJIM) BpEMEHHEIE
JarpaMMbl paboThl YCTPONCTB;

— pazgen oO0pabOTKH  DKCIEPUMEHTAIBHBIX JTaHHBIX JOJDKEH  COJepKaTh
CBEJICHUS U BBIBOJBI, MPEIYCMOTPEHHbIE B KaXJ10H KOHKPETHOH JabopaTopHoii pabore.
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JlabopaTopans paGora Nel

Tema 1: 3HeKTpI/I‘leCKHe nenu. Pouanb IJICKTPOTCXHUKH B odJacTu HAYKHM U TEXHOJIOI'MHA

HA COBPEMEHHOM JTare
Heabr pa6Gorsi: Ilpoiith wmHcTpyktaxk no Tb. M3yuuts conepkaHne MEHIO
Electronics Workbench

Iopsinok BbINOJHEHHUS PA0OTHI

1. O3HaKOMHUTBCS C BO3MOXXHOCTSIMH IpHUMEHEHUs mporpammel Electronics
Workbench.

2. 3anyctuth nporpammy EWB (ITyck — nporpammer - Electronics Workbench —
Electronics Workbench).

3. [IpocMOTpeTh OCHOBHBIE MEHIO.

Okno mporpammbl EWB comepkutr 1oje MEHIO, JIMHEHKY KOHTpPOJIbHO-
U3MEPUTENIbHBIX TNPHOOPOB U JMHEWKY OMOIMOTEK KOMIIOHEHTOB. B pabGouem mnose
IIPOrpaMMbl pacHojiaraeTcs MoOJAeIupyeMas CXema C IMOAKIYEHHEM K HEeW HMKOHKaMH
KOHTPOJBbHO-U3MEPUTENbHBIX ~ HIPUOOPOB UM KpaTkoe omucaHue cxemsl. Ilpu
HEOOXOIMMOCTH KKIBIH U3 TIPUOOPOB MOKET OBITh, Pa3BEPHYT IJIsi YCTAHOBKU PEKHMOB
ero pabotel M HaOmroAeHUs pe3ynbraToB. [locie cOOpKH CXeMbl ee MOJKIIUEHHE K
MCTOYHUKY MMUTAHUS IPOU3BOAUTCS IIETYKOM OOBIYHOIO BKIIIOUATEIS.

Menio nporpammsl «Electronics Workbench»
PaccmotpuMm ocHOBHBIE MeHIO mporpammsl «Electronics Workbenchy.
Menno File cootBercTByeT nporpammam cpeast Windows:

New Chlsh New —co3iaTh HOBYIO CXEMY

Dperx Cirl+0 Open —OTKpBITh CXemy

Save —CoXpaHUTh CXeMy

Save as... —COXpaHHUTh KaK...

: Revert to Saved —BepHyTCSI K COXpaHEHHOMY
[Revert ioteayed.: Import u Export —umMmopt 1 s3kcopT ¢aiios
Print —BeIBO/] Ha meYaTh

Save Clrl+5
Save bz

[rpart.... ) <
Export Print setup —HacTpolika npuHTEpa
EXit —Bbxoa n3 nporpammsr EWB
Print... Ctrl+F
Frint Setup. .
Ezit &lt+F4
= YacTh KOMaHJ TakXe MOBTOPSIIOTCS Ha MaHENIU
D |[i| El%l MHCTPYMEHTOB: (CO34aThb, OTKPBITh, COXPAHUTb,

1eyaTh).
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Menio Edit Cut -BeIpe3aTh
Copy -konupoBaThb
it Clrl+ Py P
Paste -scTaBuTh
Copy Chl+C Delet
Pazte Chrl+ Blete Sy Aate
Delete Del Select All —BBIICIATD BCE
S alect Al il Copy as Bitmap — xonupoBats B Oydep (mannas
_ KOMaHa
Popy Spyelmap npenHa3HadeHa [y Nepejadd CXEMbl B BHJIE

pUCYyHKa B  J1000H  TEKCTOBBIH  pPENaKTop,

Hanpumep Word).
Yacte KoMmaH[ (BbIpe3aTh, KOMHMPOBATh, BCTABUTH), TAKIKE BHIBCICHBI Ha MaHEIb
HHCTPYMEHTOB.
Memnro Circuit Menro Circuit (cxema) COCTOMT U3 KOMaH/I:
Hatate Clrl+FR
Flip Harizontal Rotate —mosopor Ha 90° mnpotuB YacoBoii
Flip % ertical CTpEIIKU
Companent Properties... Flip Horizontal —3epxansnoe n3o6paxkenue mo
Create Subcircuit... Ctrl+B TFOPH30HTAIH
oo o) Chl++ Flip vertical - 3epkaibHOe H300paXKeHHUE 110
Zoom Ot Ctrl+- BCPTHUKAJIN.

Ot KOMaHbI TAKKE ITOBTOPAIOTCA HA MMAHCIIN HHCTPYMCHTOB:

Component Properties —HacTpoiika mapameTpoB
JIIEMEHTa

;_F.hl ﬂ[l ﬁ | :ﬁl Create Subcircuit -co3nath moacxemy

Zoom In —yBenu4uTh MacuITad

Zoom Out —yMeHBIIMTH MaclITa0

Mewnro Analysis

A ctivate Chl+G Menro Analysis (ananu3) BKIOUaeT B ceOs:
s =) Activate - BKITFOYHTb
St (St Pause - mayza

Stop - BBIKITIOYUTH

hnglgieptiogs- ~ G Analysis Options - mapaMeTpbl aHaIH3a

Kpatkuit 0030p HCMONB3yeMbIX OUOIHOTEYHBIX KOMITIOHEHTOB Tiporpammer EWB.
4. C mOMOIIIBI0 MBIIIH OTKPBITH TIOJMEHIO Passive.

I'pynma Passive-naccuBHbIe KOMIIOHEHTBI

- Y3en npumeHsieTcs Uil COeIMHEHHs MPOBOJAHUKOB U CO3JaHUS
KOHTPOJIBHBIX TOYEK. K KaKaoMy Y37y MOXKET MPUCOETUHSATCS HE
OoJiee yeThIpex NPOBOJAHUKOB (BETBEH).
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- 3a3eMJIeHHE HMeECT HYJICBOC HAIIPSXKCHUC W TaKUM o6p330M
o0ecreynuBacT HUCXOJHYIO TOUKY I OTYCTA NOTCHIIMAIOB.

- MHcrounuk mnoctossHHOro HampspbkeHus. IJIC  ucroyHuka
_10) MOCTOSTHHOTO HANPSOKEHUST WU OaTapen u3Mmepsiercs: B Bonbrax u
AZs A 3a/1aeTcs MPOM3BOIHBIMH BellmunHaMu (0T MKB 10 kB) kopoTkoit
T XKUPHOW 4epTol B M300pakeHnu OaTapen 0003HAYaeTCsl BHIBOJ,
MMCIOIIMH OTPHIATSIIBHBIA MOTSHIIMA MO OTHOIICHUIO K

JIPYrOMY BBIBOZY.
- McTouHMK TOCTOSSHHOTO TOKa. TOK MCTOYHUKA IMOCTOSHHOTO
TOKa u3MepsieTcss B AwIepax H 3aJaeTcs pPOH3BOIHBIMHU
BenuurHaMu (0T MKA 10 KA). Ctpenka yka3bplBaeT HalpaBlieHUE
TOKa (0T «+» K «-»).
- HcrodyHHMK TEpEeMEHHOrO0 CHHYCOMIAIBHOTO  HAMPSIKCHHUS
@ (o dexkTrBHOE 3HAUCHUE HAIPSDKEHMS, 4acTOTa, (a3a).

=P - Pesucrop (conpoTtusnenue).
' T

- Karymika (MHAyKTUBHOCTb).

_{ |_ - Konpiercarop (€MKOCTB).

Jns paboThl HEOOXOIMMO BBIOPATH DJIEMEHT, Ha)KaTh Ha JIEBYI KHOIKY MBIIIIH,
neperanuth ero Ha Pa6ouee moJie mporpammer Electronics Workbench.

B MeHI0 yCTaHOBKH 10 YMOJIYaHHUIO JaHbl BHYTPEHHHE MapaMeTpbl dyieMeHTa. J{is
TOTO, 4TOOBI M3MEHHWTH 3HAUYEHHE JAHHOTO 3JIeMEHTa HEO0OXOIMMO HABECTH Kypcop Ha
HEro W JIBOMHBIM IIETYKOM JICBOM KHOIKU MBIIIA OTKPHITh MEHIO YCTAHOBKH BHYTPEHHHX
apaMeTpoB, 3aTeM BbIOpaTh MmojMeH0 Valie B OKHe 3JieMeHTa U BCTaBUTh HYKHOE
3HaueHue. B mogmenro Label 3amuceiBaetcst 0003HaYeHUE DIIEMEHTA.

Hamnpumep:

Bri6paB pesucTop, HaxaTh Ha JIEBYIO KHOIIKY MBIIIIH, TEpETaluTh ero Ha PaGouee
noJie nporpammsl Electronics Workbench.

[To ymom4aHuio CONpPOTHBIIEHHE PE3UCTOpPA paBHO OAHOMY kmioomy (1kQ). Jlns
TOT0, YTOOBI U3MEHHUThH 3HAYCHHE JIAHHOTO COMPOTHBIICHHUS HEOOXOIMMO HABECTH KYpCOp
Ha CONPOTHBICHHWE M JBOMHBIM MLICTYKOM JI€BOH KHONKH MBIIIH OTKPBITH MEHIO
YCTAaHOBKU BHYTPCHHHUX IMapaMeTpoB, 3aTeM BbIOpaTh moamento Valie B okue Resistor u
BCTaBUTHh HY)XHOE 3Ha4eHHe conportuBieHus. B moamenro Label 3ammcars o6o3nauenne
anemenTta R.

Tenepr BoiHeceM Ha PaGodee moJie MCTOYHUK MOCTOSIHHOTO TOKa (0Oarapero), To
YMOJIYaHUIO €ro HampsbkeHue paBHO 12 B. [Iisg Toro drtoObl HM3MEHHTh JAHHOE
HanpspKeHne HeoOXOJMMO HaBEeCTH Kypcop Ha 0arapero M JIBOWHBIM IIEITYKOM JIEBOU
KHOITKM MBIIIH OTKPBITh MEHIO YCTAHOBKHM BHYTPEHHHX MapaMeTpOB, 3aTeM BHIOPATh
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noamento Valie B okue Voltage u BcraBuTh Hy)KHOE 3Ha4Y€HHE HanpspDKeHUs. B moaMeHto
Label 3amuceiBaercst o603naveHue snemenTa E.

I'pynna Indic - UnankaTopHbie NPpUOOPHI

Bonbrmerp  (BHyTpenHee —compotuBieHue, DC-pexum
U3MEpEHUs IOCTOSAHHOrO ToKa, AC - IEpEMEHHOr0 TOKa).

Awmnepmerp (BHyTpeHHee —compotuBieHue, DC-pexum

] o3 HU3MCPCHUA ITIOCTOAHHOI'O TOKA, AC - MNEPEMCHHOT'O TOKa).

OTtpunarenbHas KjaeMMa JAJs MOAKIIOYEHUs 3TUX NpUOOpPOB 0003HAYEHA IIHUPOKOIL
YepHOU MOJIOCOM M MOKET OBITh pa3MelieHa Ha JI000W T'paHW MKOHKW MPU BpalleHUH
n300pa’keHNsI KOMIOHEHTA.

KoHTposbHO-U3MepuTeIbHbIe IPUOOPHI

_d [lanenb KOHTPOJBHO-U3MEPUTENBHBIX MPUOOPOB HAXOIUTCS TIOJ
Ifl e IoJIeM MeHI0 pabodero okHa mnporpammel EWB u comepxur
u(ppoBOr MYyJIbTUMETP, PYHKIIMOHAIBHBINA T€HEPaTop,

JBYXKaHAJIBHBIA OCHHIUIOTpad, M3MEpUTENh aMILTUTYIHO-YaCTOTHBIX M (ha30YaCTOTHBIX

xapaktepucTuk. OOmmii MHOpsSAOK padoThl ¢ MNpubOpamMH Takoil: HKOHKAa mpudopa

KypcoOpoM IEPEHOCHUTCS Ha paboyee 1oJie U MOKII0YaeTCsl MPOBOJHUKAMHU K HCCIIe1yeMOn

cxeme. Jlns mpuBenenust mpubopa B pabouee (pa3BEpHYTOE) COCTOSIHHME HEO0OXOIUMO
JBaK]IBI IEIKHYTh KypCOPOM II0 €T0 HKOHKE.
PaccMoTpuM Kaxplit TpruOOp OTAEIBHO.

MyabsTHMeTp

Ha nuneBoil maHenn MyJIbTUMETpa pACIONOXKEH AWCIUIEH s

O0TOOpaXKeHHs pEe3yJbTaTOB U3MEpEHUS, KJIEMMBI JiliE:
| | MOJKJIIOYEHHS K CXEME U KHOIIKH YITPaBJICHUS:
-BBIOOp peXMMa U3MEPEHUS TOKa, HAMPSHKEHUS, CONTPOTUBICHUS U
L sl al el | ocJ1abeHus;
Y — -BBIOOp peXUMa U3MEPEHHUS IEPEMEHHOT0 HIIH TTOCTOSIHHOT'O TOKA.
Settings
= +
] ]
I'eneparop
_ Yupasnenue reHEepaTopoOM OCYILIECTBJISETCS
« = Function Generator
CIEAYIOIIMMH OpraHaMH yIIPABJICHUS:
| G e Ve N [ B o N | -BBIOOp (OPMBI BBIXOJHOTO CHUTHAJNA: CHHYCOMIaIbHOM,
T BHOU U IIPAIM bHOU;
Frequency |1 H Hz & PEYTOJIHHO PAMOXLSJIb HUr,
Duty cydle » - YCTAaHOBKA YaCTOTHI BBIXOJAHOTO CUTHAJIA;
Amplitude  [10 3 [v 5 - YCTaHOBKA aMIUIMTYZbI BBIXOJHOI'O CUTHAJIA.
Offset
— Zammon +
0} IO 0}
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Cnenyer ydecTb, UTO Ha BXOJE I'€HepaTopa 3aJaeTcs aMIUIUTYIHOE 3HAYEHUE, [03TOMY
IUTSL PACUETOB HEOOXOIMMO PACCUUTAThH JEHCTBYIOIIEE 3HAUCHUE BXOIHOTO HAIIPSKCHHUS.
Ocumiiorpadg

~ Dscillozcope

Expand Ground (%
—Time base ——————— - Triagger
[0.05ms/ div S | Edge £

LA L AL L | o | 5 2
THTTTTVTTT VT VTV TV |l o Gl SR

[10 wrDiw [100 e O
¥ position [0.00 B | ¥ posiien [000
AC olpe] @ [AC 0lDgl @

Ocummtorpad wumeer nBa kanama (CHANNEL) A u B ¢ pasnmenbHOi
PErylupoBKOM YYyBCTBUTENBHOCTH B AuamazoHe oT 10 mxB/men (mV/Div) no 5 xB/men
(kV/Div) u perynupokoii cmemenus mo Beptukaiu (Y POS). Beibop pexxuma mo BXomy
ocymiecTBisieTcss HaxkatueM knonok DC , AC

[T Bis | A | |

Pexum Pa3BCPTKHU BBI6I/IpaeTC$I KHOIIKaMu:

Peanu3yroTcst cieayronie pexkuMbl pa3BePTKH:

— 10 BEPTUKAJIU - HAMIPSDKEHUE CUTHANA, [0 TOPU3OHTANIU - BPEMS;

— B pexxume B/A: mo BepTukanum — curHanm kaHana B, Mo rOpu3OHTaNM — CHTHA
KaHana A;

— B pexxume A/B: Mo BepTHKanMm — CUTHaN KaHana A, MO TOPU3OHTAIH — CUTHAI
KaHaza B.

3azemiienue ociuuiorpada ocymectisercs ¢ nmomornibio kiieMMbl GROUND B
MpaBOM BEPXHEM YTIIy Iprbdopa.

IIpn Haxatuu Ha kHOMKYy ZOOM — yBenmuumBaeTcsl pa3Mep JKpaHa, MOSBISETCS
BO3MOXKHOCTh TIPOKPYTKH H300paKEHUS TTO TOPU30HTAIN U €T0 CKAHUPOBAHUS C TTIOMOIIBIO
BEPTHKAIBbHBIX BHU3UPHBIX JUHHUHN (CHHErO0 W KPacHOTO I[BETA) KOTOPbIE MOTYT OBITh
YCTaHOBJICHBI KYPCOPOM B JIFOOOE MECTO IKpaHa.

ConepxaHue oT4era:
1. HaumeHoBaHUE U 11e1b PaOOTHI
2. OTBeTHI Ha KOHTPOJIBHBIC BOIIPOCHI.
3. BrBogbI

Jlureparypa:
OCHOBHAf:
1. Dnextporexuuka / [Tox Pen. B.C. [Tanttomuua M.-Hayka u texanka 2001 r.-

410 c.
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2. Eropos, H. M. E30 Dnekrponuka. Bepcust 1.0 [DaexTponHsIii pecypce] :
KoHcrekT jekuuii / H. M. Eropos. — Dnekrpon. gas. (3 M6). — Kpacnosipek : UTTK
CoYy, 2008.

3. Maudwunos [.M. DnekTpoTEeXHUKA U SJTEKTPOHUKA B IKCIIEPUMEHTAX U
ypaBHeHusx. [Ipaktukym Ha Electronics Workbench. Tom 1: DnekTporexHuka, ToM 2:
Onektponuka, -M.: JJOJEKA, 2002 r. 1 Tom -303c. u 2 Tom -287¢.

4. bopucos I0.M. Dnekrporexnuka- M. Hayka u Texanka 1998 r.

5. Kyrukouu @.I'. Dnexrporexauka-M. Beicmas mkona 1999 r.-450 c.

6. BeO-caiit AO «FOKMA» YMK]] na o6pa3oBareinbrHoM nopTaie ukma.kz.

JIONOJIHUTEIbHAS:
1. JlexunoHHBIN MaTepHal
2. IlporpamMmuoe obecrieueHne: MporpaMMa CXEMOTEXHHUYECKOTO MOJICITHPOBAHUS
«Electronics Workbench»; mnporpammer i pacuera CHUCTEM JMHEHHBIX YpaBHCHUI
«Excel» u «Mathcad».

KoHTposibHBbIE BONIPOCHI:

Omnucatb Bo3MOkHOCTH Tiporpammel Electronics Workbench

Omnucath Ha3HaYeHUe OUOIMOTEYHBIX KOMIOHeHTOB I'pynmnbl Passive
Omnwucars nanens KoHTpoJibHO-U3MepHuTeIbHbIE IPHOOPHI

OO0BsIcCHUTH Ha3HAYEeHHE oclMIuIorpada

KaxoBbl ocHoBHbIe TpeOoBanusi Th, mokapHoi Oe3omacHOCTH TpU padoOTe ¢

O E

OBM?

JlabopaTopHasi pa6ota 2

1. Tema 2: DuexkTpuyeckue Lenu ¥ ypaBHeHusi coennHeHuil 3axkon Oma u
3akoHbl Kupxroga. DJiekTpuyeckas uenb IMOCTOSSHHOIO TOKAa ¢ JHMHEHHBIMHU
U HeJIMHEeHBIMH 3J1eMEeHTaMH.

Heans pabdorbl: 3akpenuTb TEOPETUYECKUE OCHOBBI U TNPAKTUYECKUE HABBIKK 10
ANEKTPUUECKUM LETSIM TIOCTOSIHHOTO TOKA. YOeIUThCSl B COOJIFOACHUN M O3HAKOMUTHCS C
npumMeHeHrneM 3akoHoB Oma u Kupxroda s pacuera pa3BeTBICHHOW JTUHEHHOW 1EMU U
MPOCTENILIEH HEIMHENHOM LENH MPH MOCTOSIHHBIX TOKAX:

— mpoBepka cobOmoneHuss 3akoHoB Oma u  Kupxroda B pa3BeTBIeHHOM
AIEKTPUYECKOH LIETIH MOCTOSIHHOTO TOKA;

— 03HaKOMJICHHE C U3MEPUTEILHBIMH MPUOOPAMH HETIOCPECTBEHHOTO OTCUETa
(ammepMeTpaMu U BOJTTMETPAMH );

— OCBOCHHME METOJMKH M3MEPEHHS] TOKOB, HANPSHKEHUH U COMPOTHUBJIEHUN B
DNEKTPUUECKUX LETISIX.

[IpoBeputh BBIMOMHEHHWE 3aKOHOB Kupxroda, TpUHINIOB HAIOKEHUS U
B3aMMHOCTH, TEOPEMBI O JTUHEUHBIX COOTHOIICHUSIX.

3. Kparkue Teopermyeckue CBeIeHHS

10
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Ilepsbiii 3akon Kupxrodga. Anrebpandeckas cymMmMa TOKOB B y3iie paBHa Hym0. C
OJIHMM 3HAKOM YYHUTBIBAIOTCS TOKH, MOATEKAIOUIME K Y311y, a C IPYITMM — OTXOASIIUE OT
HETO:

2I=0.

Bropoii 3akon Kupxroga. AnreOpamueckas cyMMa NaJCHUN HamnpspDKeHUS B
KOHType paBHa anrebpanueckoir cymme DJIC KoHTYpa (B JICBOM YaCTH CO 3HAKOM «ILITIOCH
YUNTBHIBAIOTCS NaJ€HUS HAIPSDKEHUS Ha TEX AJIEMEHTax, TOKU B KOTOPBIX COBIAJAIOT C
BbIOpaHHBIM HampaBieHHEeM 00Xo0/la KOHTYpa, B npaBoil — DJ[C TeX MCTOYHUKOB, CTPEIIKH
KOTOPBIX COBMAIAIOT C HAMPABICHUEM 00X0/1a):

LIR=ZE.

B3auMHO HE3aBUCHMBIMM ypPAaBHEHUSIMU SIBJISIFOTCS. YPAaBHEHHs A TOKOB BCEX
y3JI0B LEeNH, 3a MCKIYeHHEeM ofHoro. /[Ins mo0oi 1nenu B3aMMHO HE3aBHCHMBbIE
yYpaBHEHMs Ui HANpPSDKEHUM MOJIy4aroTCs, €CM, 3alKcaB ypaBHEHHE Ul J1t000ro
KOHTYpa, MBICJIEHHO pa30pBaTb B HEM OJIHY BETBb, a CIECAYIOLINE YPAaBHEHHMs, TAKXKE C
pa3pbIBOM BETBH, 3aIlUCBIBATH JUISL OCTAaBLIMXCS LEIBIX KOHTYPOB O MX HCYEpIIaHUs.
VYpaBHeHUs ISl HAPSDKEHUN BCEX KOHTYPOB — SU€eK IUIOCKOM (TU1aHapHOM) Liemu, KpoMme
BHELIHETO KOHTYpa, B3aUMHO HE3aBUCUMBI.

[Ipunuun HajgoxeHusa. Tok 000N BETBU JMHEMHON 3JIEKTPUYECKON LENMU C
HECKOJIbKUMHM HMCTOYHMKAMU MOXET ObITh NPEJICTAaB/IEH B BHUJE alreOpandyeckoil CyMMBI
COCTABJISIFOIIMX OT ACHCTBUSA KaXK10I'0 HCTOYHHMKA B OT/AEIBHOCTH.

Hpunoun B3auMHOCTH. ECiiv B MAaCCMBHOM JIMHEMHOM LEMU BBIIECIUTH JIBE BETBU
ab u cd, B ogny u3 Hux Bkimounth IJIC Eap = E, a B apyroit usmeputs Tok leg = I, 3arem
nepectaButh Ty ke J/1C Bo BTopyto BeTBb (Ecd = E), a TOk n3mMepuTh B IepBOM, TO 3TH JIBa
TOKa OKayTCsi paBHBIMU (Tap = 1).

Teopema 0 JJUHEHHBIX COOTHOLICHHUAX. ECIIM B JTMHEWHON 3JEKTPUYECKON LENU
W3MEHATh Kakou-nmu0o oauH mapameTrp (comportuBienue, DJIC wiam 3amaromuid TOK
UCTOYHUKA), TO JIOOBIC JABE BEIWYHHBI (TOKU WM HANPSDKEHUS) OKKYTCS CBSI3aHHBIMU
JMHEWHBIM COOTHOIICHHEM BHJa y = ax + b.

Teopema kommnencauuu. Jlo0ol  JBYXIOIIOCHUK — MOXHO 3aMEHUTD
ucrounnkoM OJIC, paBHOI HaNpsHKEHHUIO Ha 3aXUMaxX JBYXIIOJIIOCHUKA W MUMEIOLIEH
Ty Xe HOJ'IS[pHOCTI), nu HpI/I 9TOM TOKH H HaHpﬂ)KeHI/IH OCTaﬂBHOﬁ qaCcTH 1Tenu HE
W3MEHSTCS.

Cxema 3J1eKTpUYECKOil Henu
B pabote wucnonb3yercss NBYXKOHTYpHasi cxeMma, IOKa3aHHas Ha puc. 2.1.
3uauenuss DJIC MCTOYHHMKOB MOCTOSIHHOTO HAMPSDKEHHUS M CONPOTUBICHUM B MCXOTHON

CXeMe 3aJaloTcsl coryacHo Tabia. 2.1 (HomMep BapmaHTa yKasbIBaeT MpernojaaBarenb). B
nporiecce paboTel 3HadeHue El npuaeTcs "3MEHUTh B COOTBETCTBHH C MMPOTPaMMOiA.
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Tabmuna 2.1

Ne BapuanTa 1 2 3

4 5 6 7 8 9 10

E1 B 4 6 6

10 12 5) 7 9 11 3

E> B 9 11 6

4 8 10 12 14 3) 7

Ri1 Om 120 | 100 | 140

80 160 | 180 | 200 | 220 | 240 | 80

Rz Om 50 60 80

30 40 50 60 80 100 | 20

Rs Om 80 40 60

100 | 120 80 120 | 150 30 50

No BapmanTa | 11 12 13

14 15 16 17 18 19 20

E1 B 4 6 6

10 12 8 8 12 11 3

E> B 10 10 8

6 10 10 12 14 7 9

R1 Om 120 | 100 | 140

80 160 | 180 | 200 | 220 | 240 80

R2 Om 50 55 80

40 60 50 50 80 100 | 20

Rs Om 80 40 50

100 | 120 80 120 | 120 40 40

Ne 21 22 23 24 25 26 27 28 29 30 | 31
BapUaHTa

E: B 4 9 8 10 12 11 10 8 10 11 5

E2 B 7 15 8 6 8 9 12 12 14 9 12

Ri | Om 110 | 100 | 120

60 | 160 | 160 | 180 | 180 | 210 | 250 | 210

R2 | Om 50 40 60

30 40 80 60 50 90 | 110 | 70

R3 | Om 60 40 60

100 | 120 | 110 | 60 | 110 | 110 | 50 | 100

[Tonoxenuem kmoueit K1, K2 (Ha cxeme B kBaipaTHbIX CKOOKaxX yKa3zaHbl UX
WH/IEKCHI) MOXKHO YIPABIATh C TIOMOIIBIO KJIABUII | ¥ 2 COOTBETCTBEHHO.

R1 R2
1] Al 20 Otm 50 Ohm A2 [2
R . B S e S
—Ef < ' E2
T = foom ==
Al a3 .
13 '
DI e § * »
Pucynok 2.1
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IoaroroBka Kk paGore

IIpopaboTaB TeopeTHueCKuii MaTepuall, OTBETUTh Ha BOIIPOCHI.

1. Kak BbIOMpaTh KOHTYpBI, uTOOBl ypaBHeHHMs Kupxroda st HHX OKa3aauch
B3aMMHO HE3aBUCUMbIMU?

2. Ha puc. 2.2 nana cTpyKTypHas cXeMa HEKOTOpOil menu (BeTBH H300paKECHBI
JUHUAMH, Y3716l — Toukamu). Omnpepenure Al HEEe 4YHUCIO B3aUMHO HE3aBUCHMBIX
yYpaBHEHHIA, KOTOPhIE MOXKHO COCTaBHUTH 10 MEPBOMY M BTOpoMy 3akoHam Kupxroda.

3. Ha puc. 2.3 uzobpakena ucciemayeMas Iienb 0€3 H3MEPHUTEIbHBIX MPUOOPOB
U KJITI0YeH. 3anuiuTe Uil Hee He00X0AMMOE YMCIIO B3aMMHO HE3aBUCHMBIX YPaBHEHUH 11O
3akoHaMm Kupxroga.

‘rl Jr]
Pucynok 2.2 Pucynok 2.3

4. KakoBbl MpaBujia 3HAKOB MpH 3anucy ypasHenuit Kupxroda?

5. B 4ueM cymHOCTh NpPHUHIIMIIA HAJOXKEHUS U KaK €ero IpOBEpPUTh Ha MpUMepe
uenu puc. 2.1?

6. IloscHUTe NPUHOMN B3aWUMHOCTH TPUMEHHTENHHO K menu puc. 2.3 #
BbIBEIUTE (QOpPMYNbl Ui AHAINTHYECKOM €ro MpoBEpKU (JOKaXHUTE TOXKIECTBO
BBIPQXEHHH JIJIsl IBYX TOKOB).

IIporpamma padoTtbl

1. Cobpats cxemy u ycranoButh 3HadeHust JJIC Ei, Ez> u conporusnenuit Ri, Rz,
Rs, BeIOpaB u3 Tabm. 2.1 BapuaHT, yKa3aHHBIN MPETOIaBaTEIIEM.

2. DKcniepUMEHTaNbHAS IPOBEPKa 3aK0HOB Kupxroda v MpUHIKIIA HATI0KEHHUS.

Omnsit 1. Kiirou K1 ycraHoBuTs B BepxHee mosiokeHue, kinou K2 — B HMKHee,
KaK 2TO IO0Ka3aHo Ha pucyHke. B cxeme npelictByet tonbko DJIC E1, BMecTO Ez BKiItOUYeH
MIPOBOJIHUK C COMPOTHUBICHUEM DPaBHBIM HYJIO («3aKOPOTKaA»).

Onsit 2. Koy K2 ycranoButh B BepxHee moioxeHue, kimod K1 — B HmkHee.
B cxeme neiictByer Tonpko 3/IC Ez, BMecTo E1 BKiItOUeHa 3aKOpOTKA.

Onsit 3. Tlepesectu kimou K1 B BepxHee nosoxenue. Ilpu 3Tom BkItOUeHBI 00€
SMC.

[Toxa3anust mprOOPOB BHECTH B BEpXHHE TPH CTPOKH Tabn. 2.2. B dwerBepryro
CTPOKY OTOH TaOIuIbpl 3amucath CyMMY TIOKa3aHMH mpubopoB B ombiTax 1 um 2.
CpaBHHTB pe3yJbTaT ¢ TOKa3aHUSAMHU IPUOOPOB B OMBITE 3.

Tabmuma 2.2
o SC [Tokazanus npubopoB Pe3ynbTathl BeIUMCIEHUI
TR | B L | &L [ & SIR(W) | ZIR@) [ =i
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B B MA MA MA B B MA
1
2
3
Pacuer [IpoBepka npuHIMIIA HAIOKECHUS

[IpocymmupoBaTh 3Hau€HUs TOKOB B OIBITax 1+3 B COOTBETCTBMM C IEPBBIM
3akoHOM Kupxroda. Pe3ynbrarsl 3anucars B paBblid cTonoe Tadir. 2.2.

2.1. VOemuthbcs, uTO 3aKOH BbImoNHAeTcA. [lomcumrare cymmy mnageHuit
HanpsbkeHud B JieBoM (1) u mpaBoM (2) KOHTypax CXeMbl Uil BCEX TPEX OIBITOB.
Pesynbrartel BHeCTHM B Tabi. 2.2 M CpaBHUTH UX ¢ coorBercTBYytOMME D/IC B Kaxkaom
U3 OIBITOB.

3. [IpoBepka TeopeMbl O JMHEHHBIX COOTHOIIeHMSX Mpu Ei=var, Ey=const mus
TOKOB |2, |3 1 mpuHIIMIIa B3aUMHOCTH 7151 TOKOB |1, 2.

OnsIt 4. N3menuts 3Hauenue D/JC Ei. g 3T0ro yCTaHOBUTH Kypcop Ha CUMBOJI
9TOr0 MCTOYHMKA M IIOCJIE€ JBOMHOTO IIENYKa JIEBOM KIJIABUIIEW MBIIIM 3a1aTh
Bennuuny Ei1=E;. [lokazanus npubopoB BHectu B Tabn. 2.3. Cioja >xe mepenucarb U
pe3yNbTaThl ONBITOB 2 U 3 U3 Tadi. 2.2.

Tabnuma 2.3
Howmep Ui U, I2 I3 IIpumeyanue
OTIBITA B B MA MA
4 Koaddurmentsl 3aBucumMocT
Is=a I>+b
a=b=
3
2

OmnbiT 5. Kimou K2 mnepesectu B HukHee nosokeHue. Ilpu satoMm B cxeme
nerctByeT b uctouHuk DJIC E1 ¢ ee HOBbIM 3HaueHueM. [lokazanusi mpruOOpPOB BHECTH
B Tabn. 2.4. Ilepemucarh croja ke MoOKazaHus NpubopoB u3 omnbita 2. CpaBHHUTH
MOKa3aHMUs aMIIepMETPOB. BBUMCINTE Te e TOKH 1O (popMynam, BBIBEJCHHBIM TpHU
MOJATOTOBKE K pabote (M. 6), U pe3yabTaThl TAKKE BHECTH B Ta0I. 2.4.

Tabnuna 2.4
[Tokazanus npuGopoB Pacuer
OrnsIT U1 Uz I I2 I1 I2
B B MA MA MA MA
5 0 ¢ -
2 0 - -

2. CpaenaTp BBIBOJIBI TIO paboTe.

Conep:xkanue oTyera:

1. HanmeHoBaHUE U 11€Th paOOTHI

2. KpaTkue oTBeThI Ha KOHTPOJIBHBIE BOITPOCHI.

3. PesynpTaTel  MpOBEACHUS ~ DKCIEPUMEHTAIBHBIX  WCCIICOBAHUIA JOJKHBI
BKJTIOYATh B CeOSI: CXEMBI IKCIIEPUMEHTOB;
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4. PacrieyaTKu pa3BEpHYTHIX IMaHEJEH BHPTYaIbHBIX MPUOOPOB C pPe3yIbTaTaMH
9KCIIEPUMECHTOB M YCTAHOBJCHHBIMH HAa HHUX pPEXUMaMH PaOOThI, HCIIOJIb3YEMbIMH IIPH
MIPOBEJICHUH SKCIIEPUMEHTOB;

5. TaGmu1el 00pabOTKH AKCIIEPUMEHTATBHBIX JTaHHBIX.

6. BEIBOAEL.

Jlureparypa

OcHoBHas:

1. JKaBoponko M. CO60pHUK 3a1a4 IO TEOPETUIECKUM OCHOBAM DJIEKTPOTEXHUKH.
[on penakumeii JI.A. becconora. - M.:Beiciiast mkosna, 2008

2. A. DrnexTpoTexHuka M ayekTponuka. M.; Axaaemus, 2005. Mypsun FHO.M.,
Bounkos 0.U. Dnekrporexuuka. - CI106.: TTurep, 2007. - 443c.

3. AtabekoB I'.H. TeopeTrueckue OCHOBBI AIEKTPOTEXHUKH. - M.: Bpicimas mkoia,
2016, 4.1,2,3

4. MMandunos JI.M. DnekTpoTeXHMKa U DIIEKTPOHMKA B OJKCIEPUMEHTaX U
ypaBaeHusx. [lpaktukym Ha Electronics Workbench. Tom 1: DnekrporexHuka, TomM 2:
Onekrponuka, -M.: JIOJAEKA, 2002 r. 1 Tom -303c¢. u 2 Tom -287c.

5. BeO-caiit AO «IOKMA» YMK]/I Ha oOpa3oBatensHoM moptaie ukma.kz.

JONOJIHUTEIbHAS:

1. JlexunoHHBIN MaTepHal

2. IlporpammHOe oOecreueHHe: MPOrpaMmMa CXEMOTEXHHUECKOTO MOICTHPOBAHHUS
«Electronics Workbench»; mporpammsel uis pacuera CHUCTEM JIMHEHHBIX YpaBHCHHUN
«Excel» u «Mathcad».

3. Dnextporexuuka / ITox Pen. B.C. INautiommua M.-Hayka n Texauka 2001 r.-
410 c.

KoHnTpoJsbHbIE BOIPOCHI:

1. Kakoe coenHeHe pe3ucTOPOB Ha3bIBAETCS MOCIIEA0BATENbHBIM, apalieIbHbIM
Y CMEIIAHHBIM?

2. 3anumuTe BeIpakeHue 3akoHa OMa JyIst TaCCUBHOTO y9acTKa | JUTsl 3aMKHYTOH
LEMH, COCTOALIEH U3 TpeX pe3ucTopoB. CxeMy COeIMHEHHs pEe3UCTOPOB BHIOEPUTE JTH00YIO,
[IPE/IBAPUTENILHO HAYEPTHUB €€.

3. 3anumuTe BeIpaXKeHHe 0000IIeHHOro 3akoHa OMa s aKTUBHOW BETBH,
[Ipe/IBApUTENILHO HAYEPTHUB €€.

4. Yemy paBHO SKBUBAJICHTHOE COIPOTHUBIIEHUE TPEX PE3UCTOPOB, BKIIOUEHHBIX
napayensHo, eciim R1 = R2 =R3 =15 Om?

5. BeruepTHTe cXeMy CMEIIaHHOTO COEAMHEHUS MATH pe3ucTopoB. Hamummure
dbopMyIibl pacuera 3KBUBAJIEHTHOTO COMPOTUBIICHUS ITON CXEMBI.

6. Chopmynupyiite 3akoHbl Kupxroda u Hanummte nx 0000IIeHHOE BEIpaskeHHE.

7. CocTaBbTe CHCTEMY ypaBHEHHUH 10 3akoHaM Kupxroda asist cXembl, 3a1aHHON
IIpenoaaBaTesieM.

9. HazoBuTE CHCTEMBI YJIEKTPOU3MEPUTEIHHBIX TPUOOPOB, UCIIOIB3YEMbIX B
IEKTPUYECKUX LEMNAX TOCTOSHHOTO TOKA.

12. Hapucyiite cxeMbl Uil U3MEPEHHS METOIOM aMIIEPMETPA U BOJIBTMETPA MaJIbIX
U OOJIBIINX COMPOTUBIICHUH.
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JlabopaTopHasi paGora Ne 3

Tema 3: MeToabl aHaIU3a CJIOKHBIX dJIeKTpuYeckux neneid. UccienoBanue
HEPAa3BeTBJIEHHO JIEKTPUYECKOH 1enu 0JHO(PA3ZHOI0 CHHYCOMIATBHOI0 TOKA

esab padoThI:

1. I/ICCJIGI[OBaTb SJICKTPHUYICCKOC COCTOSAHHC HepaSBeTBHCHHOfI CIIn
O,I[HO(baSHOFO CUHYCOHUAAJIBHOTO TOKa IIPpHU Pa3JIMYHbIX YCIIOBUAX.
2. 3KCHepI/IMeHTaHLHO MOATBCPANUTD TCOPCTUUCCKUC 3HaHHUA 1o

HEPA3BETBJICHHBIM AJIEKTPHUUECKUM LENSAM OAHO(PA3HOTO CHHYCOMAAIHHOTO TOKA.
3. Ompenenenne napamMeTpoB Iienel, yCTaHOBJIEHHE YCIOBUM BO3HUKHOBEHMS
PE30HAHCOB HANPSHKEHUM U TOKOB.

3. KpaTRue TCOPETUIECCKHUE CBCACHUA

IIapameTpbl CHHYCOMIAJIBHBIX (PYHKIHH
B nuHelHBIX HensX CHHYCOUMAAIbHOTO TOKA 3JIEKTPUYECKUE BEIUYUHBI
OJC, HanpsKeHHUs] M TOKa SBIISIOTCS CHHYCOMJAIbHBIMU (YHKIMSMH BpPEMEHHU:

U = Umsin(wt + wy); e = Emsin(wt +ye); I = Imsin(wt + yi),

3leCh U, e, [ -COOTBETCTBEHHO MIHOBeHHbIe 3HayeHusi Hanpspkenus, DJ[C, Toka,
T. €. 3HAUCHHsI STHX BEJMYMH B PacCMATpUBAEMbIii MOMEHT BpEeMEHH; w! + wu, wt

+We, @t + i - apryMeHTHl CHUHYCOMJAIBHBIX (YHKIMA, Ha3biBaeMble (azoil wim
¢azoBbiM yriiom. Paza OTCUMTHIBAETCA OT TOYKM TMEpexoja CUHYCOUIATbHON
GyHKIMU Yepe3 HyJdb K IMOJOKUTEIbHOMY 3HaueHWIo. CHHYCOMIAIbHOE HANpsIKCHUE
U ¥ TOK I oka3aHsl Ha puc. 3.1.

180" /360" wt

Tl

Pucynok 3.1

Kaxnas cunycomnmanpHas (QyHKIHUS BpEeMEHH OIHO3HAYHO  OIMpPEAeTseTCs
TpeMsi TapaMeTPaMH:
ammutryaod  Um, Em, Im (MakcumanpHOE€ 3HAaYCHHWE CHHYCOMJAIBHOW

$yHKIHMN);
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YIVIOBOH 4YacTOTOH W (CKOpOCTh H3MEHEHHMs apryMeHTa CUHYCOUJAIbHOM
GyHKIUN), TIe W U3MEPSAETCS B pajuaHax, JCICHHBIX HA CEKYHIY;

HavaiabHOW a3oii wu, Y., i (3HaueHue apryMeHra CUHYCOUJIaIIbHOMU
(yHKIMM B MOMEHT Hayana oTcyeTa BpeMeHH, T. €. mpu t = 0) B pagumaHax wiH
rpamycax.

Kpome TOro, s XapakTepUCTHUKU CHUHYCOMUJAIbHBIX (QYHKIUNA BpEeMEHU
UCIIOJIB3YIOT CJICIYIOLIUE BEIUYHHBIL:

nepuox T = 2m/® - HauMeHBIIUH MHTEpBaJl BPEMEHH, IO HUCTEUEHHU KOTOPOIO
MIHOBEHHBIC 3HAYEHUS NIEPUOJNYECKON BEJIIMYUHBI IOBTOPSIOTCS;

yactora f = [/T, T. e. 4ucIO TEpUOAOB B CEKyHAy. YTIIOBas YacTtoTa © M
gactota f CBsi3aHBI W3BECTHBIM coOTHOmIeHMeM: ® = 2 m f. EjnuHuna 4actoTel -
repr (I'm), 1 T'm =1 cl:

caBUT (pa3 MeKIy HANpPsSKEHHEM H TOKOM ¢ - ainreOpandeckas BEIMYHHA,
ompenensieMas Kak pa3HOCTh Ha4aJIbHBIX (a3 HANPSHKEHUS U TOKA:

¢ = Yu — Vi Cnoeur ¢a3 MexIy OJHOMMCHHBIMH CHHYCOUJATbHBIMU
BelnnuMHaMu (Tokamu, HampspbkeHusiMu, JJ1C) mpunsTo o0003Ha4yaTh ApYyroi OYKBOH,
HaTIpuMep o;

neiicrByomee 3Hayenme U, E, | - cpegHekBagpatuyHoe 3Ha4YCHHE
MEpEMEHHON BEJIWYMHBI 3a mepuoia. HammeHoBaHue — «I€UCTBYIOIIEE»  OOBACHICTCS
TE€M, YTO CpEAHsISl MOIIHOCTh CHHYCOMJAIBHOTO TOKa 3a MEpUOJ pPaBHA MOIIHOCTHU
MOCTOSTHHOTO ~ TOKa, 3HAYCHHWE KOTOPOTO0  PaBHO  JCWCTBYIONIEMY  3HAUCHUIO
cuHyconaansHoro Toka. Ilpu cuHycoumanpbHOM TOKe 3a mepuoj I B COMPOTHBICHHUU
R B TermioByro SHEprur0 mMpeodpa3yeTcss Ta K€ JJIEKTPUYECKas JHEPrus, 4TO U IPH
MOCTOSTHHOM TOKe | 3a To ke Bpems:

W, = | Ri*dt=RI’T .

B COOTBCTCTBHUH C OIpCACIICHUEM — ((HeﬁCTBYIOHlee>>, T.C.
CPCAHCKBAAPATUYIHOC, 3HAYCHUC CUHYCOUJAJIBHOT'O TOKa

1=1n 07071

A2

AHaJOTMYHO ONpEeNeNsIoTCs JeHCTByIomure 3HadeHus Hanpspkenus u o JJC:
U= UwA220,707Um; E = Em/\V2~0,707Em. BaxHO 3HaTh, 9YTO B NACIOpPTE
AIIEKTPOTEXHUYECKUX YCTPOMCTB CHHYCOMJAIBHOIO TOKa YyKa3aHbl  JIEHCTBYIOIINE
3HaYeHUs HANpsDKEHUH W TOKOB M YTO OOJBIIMHCTBO NPUOOPOB, NMPUMEHSEMBIX IS
U3MEPEHUIN CHHYCOMAAIBHBIX HANpPSDKEHWM M TOKOB, I'PAaJyHMpOBAaHBI B JEHCTBYIOLIUX
3HAUEHUSX.

Cpennee 3HauyeHUHe CHHYCOMIAIbHON (GYHKIIMM 3a TEPUOA PABHO HYIIO
OJIMHAKOBbIE TUIOIIAAM IOJIOKUTEIbHOM W OTPULATENBHON TOJYBOJIH CHHYCOM/IBI).
[Toaromy ycnoBuiauch moj cpeaHuM 3HadeHHeM lep, Uep, Ecp cunycomnmanbHoU
GyHKIIMM TOHUMaThb €€ CpeJHee 3HaueHHWe 3a I[OJIOKUTEIBHBIM  TOJyNepuos
MTHOBEHHBIC 3HAYEHUs IOJIOXKHUTENbHBIE). [ TOKa, M3MEHSIOMErocs Mo 3aKkoHy | =
Imsin(wt), cpenHee 3HaAUCHUE TOKA
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Ti2 ~
lp=—— | idt==1, ~0.637I,.
/2 T '

CpenHee 3Hau€HHE CHHYCOMJAIbHON BEIMYMHBI HE 3aBUCUT OT €€ HadyaJbHOMN
(a3pl. AHAJIOTUYHO OMPENEIAIOTCS CpeaHue 3HadeHus: Hanpsokenus u D/C:

n
lLr‘l" =:er = ﬂ’{a}?{‘w" E:P =

) s

E. =~0637E, .

=

Pe3onanc HanpsikeHHH

B npocreiiniem ciydae pe3oHaHC HamnpsOKEHUH MOXKeT ObITh IOJIydyeH B
3JI€KTpI/I‘~I€CKOI\/J1 Oenu IMCpeMCHHOr0O TOKa IIpU IMOCJICAOBATCIBHOM BKJIFOUCHHUH
KaTylIIKd HHAYKTUBHOCTM M KOHJeHcartopoB. IIpu  3ToM, HU3MeHSsI  €MKOCTh
KOHJIEHCATOPOB IpU  IOCTOSHHBIX IapaMeTpax KaTylIKH, IOJy4aloT  pE30HaHC
HaNpsDKEHUH NpU HEM3MEHHBIX 3HAUYEHUSAX HaNpsHDKeHUsS M UHIAYKTMBHOCTH, YacTOTHI
N AKTHUBHOI'O COIIPOTUBJICHHA LCIIHN. HpI/I HN3MCHCHUHN CMKOCTH KOHICHCATOPOB C
OPOMCXOIUT HM3MEHEHHE PEaKTUBHOIO €MKOCTHOro  compotuBieHus. [lpy  stom
[IOJIHOE COIPOTUBJIEHUE LENHU TAKXKE HM3MEHSETCS, CIEHOBAaTENbHO, H3MEHSIOTCS TOK,

KOB(l)(bHI_[I/ICHT MOIIHOCTH, HaIpsAKCHUA Ha KaTylIKe WHAYKTUBHOCTH,
KOHACHCATOpAax, a TAaKKC AKTHUBHAA, PCAKTUBHAA W IIOJHAad MOIIHOCTH BHGKTpH‘ICCKOﬁ
OCIIN. 3aBHCHMOCTH TOKa I ) KOB(l)(i)HL[PICHTa MOIIIHOCTHU CosSp u ITOJIHOT'O

CONMpOTUBIIEHUSI Z NEeNu TMEePEMEHHOro0 TOKa B (YHKIIMH €MKOCTHOTO COINpPOTHUBIIEHUS
(pe30oHaHCHBIE KpHBBIE) ISl paccMaTpUBaeMoil Ilenu MpuBeIeHbl Ha puc. 3.2, a.
BekropHas nuarpamMma TOKa M HaIlpsDKEHUM 3TOM LENW NPH PE30HAHCE IIPEJICTaBIICHA
Ha puc. 3.2, 6.

Z 1 cosp = 1
Cosp

i~
=

a) i)

Pucynok 3.2

Kak BuaHO U3 3TON nuarpaMMmbl, peakTHBHas COCTaBifoIas HampsokeHus Ui
Ha KaTylIKe OpW pe3oHaHce paBHa HanpsbkeHuto Uc Ha konaeHcartope. [Ipu sTom
HanpsDKeHUWEe Ha KaTylke HHIAYKTUBHOCTH Uk mpu pe3oHaHce BCIEACTBUE TOTO, YTO
KaTyllka KpOME pEaKTUBHOTO CONpOTHBICHUA XL 00Jajaer eme M aKTHUBHBIM
COTMPOTHUBIIEHHEM R, HECKOJILKO OOJIBIIE, YeM HaIpsDKEHHUE Ha KOHJEHCATOpe.

AHanmu3 TpeJCTaBICHHBIX BhIpaXeHWit (2), a Take puc. 3.2, a u O
MOKa3bIBAIOT, YTO PE30HAHC HAIMPSDKEHUH UMeEeT psij OTIMYUTEIbHBIX OCOOCHHOCTEH.
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[Ipu pe3oHaHce HaNpsHKEHWM TIOJHOE  COIPOTUBICHHE — AJIEKTPUYECKOM  Lienu
HNEPEMEHHOT0 TOKa MPUHUMAET MMHHMMAJIbHOE 3HAU€HHE M OKa3bIBAaeTCs pPAaBHBIM ee
AKTUBHOMY COIIPOTHBIICHUIO, T.€.

Z=\R+(X, -X.) =R

2.3 storo ciemyer, 4yTO NMpH HEU3MCHHOM HampspkeHHM nuTaromiend cetn (U
= const) mpu pe3oHaHCE HANPSDKEHHH TOK B IIEMH JOCTUTAeT HAMOOJBINEro 3HAUCHUS
| = U/Z = UIR. Teopernyeckh TOK MOKET JOCTHraTh OOJBINHX  3HAYCHHIA,
OTpEICNIIEMbIX HAINPSHKCHHEM CETH M aKTUBHBIM CONPOTHBIICHHUEM KATYIIKH.

3. Kospoumumenr momHOCTH Opu pe3oHance COSe = R/Z=R/R =1, t.e.
MPUHUMACT HanOOoJIbIIIee 3HAYCHHE, KOTOPOMY COOTBeTCTBYeT yroia ¢ = 0. Dro
03HAYAET, YTO BEKTOpP TOKA | ¥ BEKTOp HampsukeHMs cetd U IpH 3TOM COBIAJAOT
M0 HAIPaBJICHUIO, TaK KaK OHU UMEIOT paBHbIC HayalbHbIE (a3bl Yi= Y.

4. AKXTHBHAs MOITHOCTb TIpH pe3oHance P = RI? mmeer Hambonbliee 3HAaueHHe,
paBHOE TONHONW MOIIHOCTH S, B TO K€ BpeMs peakTHBHas MoIIHOCTH nemu Q = XI?=
(XL- Xc)I? oxaspiBaercs paBHOit Hymo: Q = Qi- Qc = 0.

5. Ilpu pe3oHaHCe HANPSHKEHUN HAMpPsHDKEHUS HA €MKOCTH WM HUHIYKTUBHOCTH
okaszpiBatoTcss paBHbIMU Uc = UL = Xcl = Xl u B 3aBucuMoctd OT TOKa U
PEaKTUBHBIX COMPOTUBJICHUI MOTYT NPUHUMATH OOJIBIIIME 3HAYEHUs, BO MHOTO pa3
MPEBBINIAIOIINE HaNpsDKeHUE MHTaromeid cetu. [Ipu 3TOM HampspDkeHHWe Ha aKTHBHOM
COINPOTHBIICHUU OKa3bIBACTCS PAaBHBIM HaINPsDKCHHIO TUTaromieit cetu, T.e. Ur = U.

Pe3oHaHc HampskeHHl B TMPOMBIIIIEHHBIX 3JIEKTPOTEXHUUYECKUX YCTaHOBKAaX
HEKENIaTeIbHOE M OIAaCHOE SBJICHWE, TaK Kak OHO MOXET TMPUBECTH K aBapuu
BCJIE/ICTBHE HEIOMYCTUMOTO IEperpeBa OTAENbHBIX D3JIEMEHTOB DJIEKTPUYECKON IIenu
WA TPOOO0 H30JIAIUKA OOMOTOK JJICKTPUYCCKUX MAIlMH W allllapaTtoB, W30JISIHA
kaleneldi M KOHJEHCATOPOB TMPH BO3MOXKHOM TIEpEHANpPsDKEHUH Ha OTIENbHBIX
ydacTKkax TIenmd. B To e BpeMs pPE30HAHC HANPSHKEHUH IMHPOKO HCIOIB3YeTCsS B
Pa3IMYHOTO pojia Mpubopax U yCTPOHUCTBAX DJIEKTPOHUKH.

JlabopaTopHasi ycCTaHOBKa

Mogenupyemas ¢ MOMOLIbIO KOMIIbIOTEpa J1a0OpaToOpHasi YCTaHOBKA COCTOMT M3
VUCTOYHHMKA TIEPEMEHHOIO0 HANPSIKEHUs, IOAKIIOYEHHBIX K HEMY IOCIEA0BATEIBHO
coequHeHHBIX Ri-, Li- m C- smementoB (R« m Ly — cocraBisionye KaTymiku
UHAYKTUBHOCTH) U KOHTPOJIbHO-U3MEPUTENIbHBIX MPUOOpOB. MoJienupoBaHie peKUMOB
paboThl HCCIETyeMON 3JIEKTPUYECKON HENH OCYIIECTBISETCS MPU MOMOIIN KIIAaBUATYpPHI
KommbioTepa W MblM. Ha puc. 3.3 mokazaHa 3JeKTpHYEcKash cxema JiabopaTopHOU
YCTAaHOBKH JUUI MCCIIEIOBAaHHs JIMHEMHOW HEPAa3BETBICHHOM JJIEKTPUYECKON LENU
CUHYCOUJIaJIbHOT'O TOKA.

IIporpamma padoTsbl

1.3KCHepI/IMeHTaHBHO BBIIBUTH 3aKOHOMCPHOCTH H3MCHCHUSA DJICKTPHYCCKOI'O
COCTOSAHUA ICTIU U IO JAHHBIM OIBITOB IIOCTPOUTH rpa(pnqecm/le 3aBUCUMOCTH:

U= f1(c); Uec = F2(c); | = f3(c).

19




«OHTYCTiK KaszakcTaH MeavunHa akaaemusicol» AK

ONTUSTIK-QAZAQSTAN
MEDISINA
AKADEMIASY

SOUTH KAZAKHSTAN

MEDICAL

ACADEMY

AO «HOxHo-KasaxcTaHCKast MEAULMHCKAS aKaneMuUsy

Kadenpa «mxeHepHbIe TUCTATUTHBDY 044/76-11

«MeTtoanuecKie peKOMEHIAHH TSl IPAKTHIECKUX paboT» 20ctp. u3 70

2. OnBITHBIM IIyTEM ONPEIAEINUTH MapaMeTPhl MIEKTPUYECKOW LENH MPU PE30HAHCE
HaIpPsKCHUN.

3. Cnenatb BbIBOAIBI 1O paboTe. ComnocTaBUTh MOTYYEHHBIE PE3YIbTAaThl PACUETOB U
OIBITOB C W3BECTHBIMM 3aBHCHUMOCTSAMHM M3 TEOPETUYECKOrO0 Kypca II0 JIMHEWHBIM
HEPA3BETBIICHHBIM 2JIEKTPUYECKUM LIEISIM CHHYCOUAAIBLHOTO TOKA.

Iopsiiok BbINOJIHEHHUS PA0OTHI

1. O3HaKOMHUTBCS C IEKTPUUECKON CXeMOH, MpudOpaMu U dJIEeMEHTaMH (CM. puc.
3.1). U3yunTh NpUHIUNIHATIBHYIO CXEMY 3JICKTPHUYECKOM LICIIH.

2. OTBETUTh HAa KOHTPOJBHBIE BOMPOCHI U PACIHCATHCA B KypHAlle MO TEXHUKE
6e3onacHoctr. [lomyunth paspenieHne mIpenojaBaTelsi Ha BBINOJIHEHHE JIaOOPaTOPHOU
paboThl. BkimounTh KommbioTep. 3amyctuth nporpammy Electronics Workbench.

=~ Y

Pucynok 3.3 - DnexkTpruyeckas cxeMa JMHEHHON Hepa3BETBIECHHOM IEKTPUYECKOM
LENH CUHYCOUIATbHOTO TOKA

3. Ilpuctynmuth K HENOCPEICTBEHHOMY KOMIBIOTEPHOMY MOJAEIHMPOBAHUIO
HKCIIEPUMEHTOB B CIEAYIOIIEM MOPSAKE:

1) coOparh KOMIBIOTEPHYIO MOJENIb cXeMbl. sl 9TOro, UCHONb3ys MaHelb TPYII
OMOJIMOTEKH KOMIIOHEHTOB M MBI, TOMECTUTH Ha pabodee mose nporpammel Electronics
Workbench moznenu 3meMeHTOB cXeMbl M U3MEPHUTEIbHBIX MPUOOPOB. M3 3THX 37€MEHTOB
coOpaTh MOJeNIb D3JEKTPUUECKONM CXEMbl U TMOJKIIOUEHHBIX K HEW M3MEpUTEIbHBIX
npuOOpoOB B COOTBETCTBHHU ¢ pUC. 3.3. CoequHEeHNE HIIEMEHTOB MPOU3BOAUTCS C TIOMOIIBIO
MBIIIIH;

2) yCTaHOBUThH HayalIbHbIE TAPAMETPhI JJIEMEHTOB CXEMbI H HCTOUYHHKOB!

R« =120 Owm;

Ly= 1TH;

E =20B; f=50T1m;

3) 3amaTh MapamMeTpbl M3MEPHTENBHBIX MPUOOPOB. YCTaHOBUTH HM3MEPUTEIHHBIC
npuOopbl (BOJIBTMETPHI M amrepMeTp) B pexum padotel AC (u3MepeHue MepeMeHHOIro
HaANpsDKEHUs WK Toka). OcTalIbHBIE TApaMETPhI 110 YMOJIYaHUIO;

4) peIbSIBUTH MOITOTOBJICHHYIO MOJICITh CXEMBI JIJISI TPOBEPKH MPETOIaBATEIIO.
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C paspenieHusi NpPENoOJaBaTeliss BKJIIOYUTh CXEMY M TMPOU3BECTH HU3MEPEHUs
clenyomuM o0pa3oM: U3MEHSsT eMKOCTh KoHuaeHcartopa oT 5 10 30 mx®d, uzMmepsTb c
nomoiibio BobTMETpoB PV2 u PV3 Bennmuunsl Hanpspkenus Uk, Uc, a Takke Tok [ ¢
nomoInbio amnepmerpa PAL;

5) BrirOUnTh ocumiLiorpad (IByMs IIEIYKaMHU MO MHKTOrpaMMe ocuuuiorpada) u,
HaOII0/1as1 110 HEMY YTroJl cJBura a3 MeKIy TOKOM U HANpPSKEHUEM B UCCIIeNyeMON Lienu

Py U3MCHEHHH EMKOCTH KOHjeHcartopa, ompeaenuts Bemwuuabl Uk, Uc, | mpu
pe3oHaHce.

[Ipumeuanue:

YCTaHOBHUTh JUIMTEIBHOCTh pa3BepTku Jiyda 5 mc/men (Time base = = 5/00
ms/div);

YCTAaHOBUTH JIA KaHalla A YYBCTBUTCIIbHOCTh OTKJIOHCHHUSA Jyda 11O BCPTUKAIN
10 B/men (Channel A =10 V/div);
YCTAaHOBUTDH JIsI KaHAJIa B YYBCTBUTCJIIBHOCTH OTKJIOHCHHA JIyda 11O BEPTUKAIN
100 mB/nen (Channel B = 100 mV/div).
Jlanuble HaOII0IcHKH 3aHeCTH B Ta0. 3.1;
6) OCTaHOBUTH MIPOIECC MOJACTUPOBAHMS.
Ta6muma 3.1

Ne omnibiTa C, Mx® Nsmepsiemble BenuuyuHbl | BbluncieHHbIE
BEJIMYMHBI

I, A Uk, B Ue, B Z, Om COSQ

5

10

15

20

25

30

~N|O|O AW N

cpes

4. llpenbsiBUTH JaHHBIE ONBITOB JUISI MPOBEPKM IMPENOAABATENO HC €ro
paspelIeHnss MOJIeSb YCTAaHOBKM pazo0parh. 3aKpbITh CO3JaHHBIA (ailn 0e3 coxpaHeHus
€ro JaHHbIX. Paboyee MecTo MPUBECTH B HCXOJHOECOCTOSIHUE U MPEIbSBUTH JTa00paHTY.

5. Ocy1ecTBUTh pacyeT Mo pe3ybTaTaM dKCIEPHUMEHTAIbHBIX 1aHHBIX.

[1o onBITHBIM JaHHBIM NOJICYUTATH Z, COS !

R,

)
L =—: cosp=
I Q

ITocTpownTs:
a) rpaMKu 3aBUCUMOCTEH:

Ui = f1(c); Uc =T2(c); I = f3(c).

Bce xapakTepuCTHKH CTPOUTH Ha OJTHOM rpadUKe ¢ YCIOBHBIM pa3HECCHHEM OCel
(Ux, Ug, 1) mo BepTukau;
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6) TpHU BCKTOPHBIC THarpaMmbl HCCHeHyeMOﬁ HOCHeﬂOBaTeHBHOﬁ LEIu IpHu XL <
Xc, XL = Xc, XL > Xc.

Conep:kanue oTyera

HanmeHnoBanue u 11e31b pabOTHI

KpaTkue oTBeTHl Ha KOHTPOJIBHBIE BOIIPOCHI.

[Tporpamma paGoTHI.

DNeKTpUUecKas CXeMa IKCIIEPUMEHTAIbHOM YCTaHOBKH.

TaGnu1el ¢ UI3BMEPEHHBIMU BEIMYHMHAMHU.

DKCIIepUMEHTATBHBIC XapaKTePUCTHKH.

BekropHbie TuarpamMMel.

Hcnons3oBanHbIE HOPMYIIBL.

Kpatkue BbiBobl. COnMOCTaBIEHUE IKCIIEPUMEHTAIBHBIX XapaKTEPUCTHK C
W3BECTHBIMH XapPaKTEPUCTUKAMU U3 TEOPHH.

CoOoNoOAWNE

Jlureparypa

OcHoBHas:

1. XKaBoponkoB M. COOpHUK 33/1a4 IO TEOPETUUECKUM OCHOBAM 3JIEKTPOTEXHUKH.
ITox penakuumeii JI.A. becconona. - M.:Beicmias mkona, 2008

2. A. DnexrporexHuka W 3ekrponmka. M.; Akamemus, 2005. Myp3un HO.M.,
Bonkos FO.U. Dnextporexnuka. - CII0.: ITutep, 2007. - 443c.

3. AtabekoB .M. Teoperndyeckne OCHOBBI JIEKTPOTEXHHUKH. - M.: Bricmas mkona,
2006, 4.1,2,3

4. Tlanpuno .M. DnexTpoTeXHHWKA U DOJIEKTPOHUKA B DKCIEPUMEHTAX U
ypaBHeHusx. IIpaktukym Ha Electronics Workbench. Tom 1: DnekrporexHuka, Tom 2:
Onektponuka, -M.: JIOJEKA, 2002 r. 1 Tom -303c. u 2 Tom -287¢.

JAONOJHUTEIbHAS:

1. TIporpammuOe 0oOecmeUeHHE: MpOrpaMMa CXEMOTEXHHYECKOTO MOICTHPOBAHUSI
«Electronics Workbench»; mporpamMmser aist pacuera CHCTEM JIMHEHHBIX YpaBHEHHMH
«Excel» u «Mathcad».

2. Omnekrtporexnuka / [log Pen. B.C. Ilantrommua M.-Hayka n Texnuka 2001 r.-
410 c.

KoHTpoJibHBIE BOIPOCHI

1. Ilens 1 mporpamMma paboTHI.

2. UTo Ha3BIBaETCSI PE30HAHCOM HAIPSKEHUH?

3. Ilouemy mnpu pe3oHaHCe HaNpPsHKEHUH TOK B IENMHM JIOCTUTAET CBOETO
HauOOJbIIEro 3HAYEHUS?

4. ITpu KakoM yCJIOBUH B LI€TIM HACTYNAET PE30HAHC HANIPSKECHUNA?

5. Kak paccuuTaTh AeMCTBYIONUI TOK B HEPA3BETBICHHOM 1LIEMH CUHYCOUIATbHOTO
TOKa?
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6. Kak 3anuceiBaercs 3akoH Oma Jjisl EMH C TOCIEI0BATSILHBIM COSTUHEHUEM
Pa3HbIX 10 XapaKTEPy HArpy30K?

[Tpu 3amuTe MabOpaTOpHON PabOTHI CTYJEHT JOJDKEH 3HATh OTBETHI HA BOIPOCHI
IUTsL TOITyCKa K J1abopaTopHO# paboTe, a TakKe Ha CIEAYIOLIHE:

1. Kak ompenenuts KO3GGHUIMEHT MOITHOCTH B LIENH, YEMY OH paBeH MpHU
pe30HaHCe HANPSKEHUN?

2. OT KaKuX BETUYMH 3aBHCUT 3HAYCHHE yria cBUTa (a3 Mexay HamnpsHKCHHUEM U
TOKOM?

3. Tlo kxaxoii (hopMysie pacCUUTHIBAIOT AKTHBHYIO, PEAKTUBHYIO M TOJTHYIO
MOILIHOCTb B JIMHEHHOMN AJIEKTPUYECKON 1IENU CUHYCOUJAIBHOTO TOKa?

4. Kak cTposTcs BEKTOpHBIE AUarpaMMBbl JUIsl LIEMH C MOCIeA0BaTeIbHBIM
COEIMHEHUEM KaTYUIKU UHAYKTUBHOCTH U EMKOCTHU?

5. Kak u3 BeKTOpHBIX AHAarpamMm MOJIYYUTh TPEYrOJbHUKH COIPOTHUBICHUHN U
HaNpsHKEHUN?

6. UeMy paBHO MOJIHOE CONIPOTUBJICHUE [IEMH MPU PE30HAHCE HAMIPSHKEHUN?

7. Kaxkoit xapakrep (1Mo Harpy3ke) HeceT B ce0e IeMb C MOCIeA0BATEIbHBIM
COEIMHEHUEM KaTyIIKU UHAYKTUBHOCTH U €MKOCTH IIPU PE30HAHCE HANIPSKEHUMN?

JlabopaTopHas padora Ne 4

1.Tema 4: HcciaenoBanue  pa3BeTBJIEHHOH  JJIeKTPUYECKON  LeNnu
0JHO(A3HOr0 CHHYCOUJAAIBHOI0 TOKA

2.llenab padoThI:

1. HccnenoBaTh 2JIEKTPUUYECKOE COCTOSHUE JUHEHHON pa3BETBICHHON IeNH
CHUHYCOMJAJIBLHOTO TOKA MPU PA3JINYHBIX YCIOBUSX.

2. V3yunTh 0COOEHHOCTH PE30HAHCHBIX SBJICHUU B AJIEKTPHUECKON IIETIH TIPH
napauienbHoM coeauHeHun R-, L- u C-anemeHToB.

3.DOKcriepuMeHTaIBbHO MIOATBEPAUTD TEOPETHUYECKUE 3HAHUSA 1o
Pa3BETBICHHBIM NIEKTPUYECKUM LIENSIM CHHYCOMJAIBHOIO TOKA.

3.KpaTrkue TeopeTrH4eckKme CBeICHUS

[TapannenpHOE COEIMHEHNE DJIEMEHTOB B IIEMM CUHYCOUJAIIBHOIO TOKa

B osnekTpuueckux LensX MEpeMEHHOro TOKa WMMEIOTCSA LEeNH C MapajljiesIbHbIM
COEMHEHUEM MOTpPeOUTENeH AIEKTPOIHEPTUH, TP KOTOPOM BCE MOTPEOUTETH HAXOAATCS
MOl OJTHUM U TEM K€ HampsikeHueM. [Ipu 3ToM Ha TOK B IIeNH KaXKJIoro M3 MmoTpeduTeneit
HE BIUAET UX YNCIO0. 3HAYEHUE TOKA B KAXKJIOM U3 HUX ONPENENAETCS TOJIBKO 3HAUEHUAMU
COOTBETCTBYIOILMX COMPOTHUBIIEHUI U 3HAUEHHEM I10ABOIUMOro HanpsikeHus. Hanuuue Ha
pa3’IMYHBIX Y4YacTKax LENed IEePEMEHHOIO TOKa KaK AaKTHBHBIX, TaK M PEAKTHBHBIX
AIIEMEHTOB MPHUBOJAUT K TOMY, YTO COMPOTHBICHHE ITHX YYACTKOB UMEET KOMILJIEKCHBIN
xapakTtep. B kauecTBe npumepa pacCMOTpPUM Li€Nb, NPEACTaBIEHHYIO Ha puc. 4.1, a.
JlanHas uenp COCTOMT M3 JIBYX MapajuleIbHO COEIMHEHHBIX BETBEH, Xapakrep
CONPOTHUBIIEHUI KOTOPBIX Pa3aMY€H. JTa CXe€Ma MOXET PacCMATPUBATHCS KaK cxema
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3aMeILEHUs] PEaJbHOM LIEeNH, COJEepKalled HeuJeanbHble KaTyIIKy HHAYKTHUBHOCTH H
koHzeHcarop. ComnporuBieHune Ri yduTbiBaeT Hajuyue IOTepb B BHUTKax OOMOTKHU
KaTylIKH, a R2 — oTepu sHepruu B AUIIEKTPUKE KOHJEHCATOPA.

a) &) &)
Pucynok 4.1

AHanu3 paboOThl JaHHOM I€NM IPOBEJEM Ha OCHOBE IOCTPOEHHUS BEKTOPHOU
JuarpaMmbl TOKOB U HampsbkeHuil. BHagane paccmoTpum rpadoaHaluTHUECKUNR METO
pacuera. OnpenenuM AeUCTBYIONINE 3HAUE€HUSI TOKOB BETBEH, NCIOJIB3YS 3aKoH OMma:

JlaHHBIE COOTHOIICHMS] TMO3BOJISIIOT OMPENENIUTh JIWHBI BEKTOPOB TOKOB Ha
KOMIUIEKCHOW THUIOCKOCTH. JIJIsT TIOCTPOEHUsT BEKTOpa TOKA HAa KOMIUICKCHOW IUIOCKOCTH
HE00XO0UMO, TIOMUMO JIJUHBI BEKTOpa, 3HATh €ro OPUEHTAIMI0 OTHOCHUTENIBHO BEKTOpa
HaIpsKEHUsT Ha COOTBETCTBYIOIIEM y4yacTke menu (yron casura ¢asz). Yriel cuBura a3
(1 1 (2 MEXTy HANPSHKCHUEM W TOKAMH BETBEW MOTYT OBITh ONPEACIICHBI U3 CIICIYIOIIHX
COOTHOULICHUMN:

R R,

COS(, = ———=! [OS(, = :

R+ X7 JRE+ X2

Pe3onanc ToxoB

Pe3oHaHC TOKOB BO3HMKAET B JJIEKTPUUYECKUX LEMAX MNEPEMEHHOrO TOKa IIpU
napauyieIbHOM ~ COSAMHEHWW BETBEW C  pa3HOXapaKTepHBIMH (MHIYKTUBHBIMH |
€MKOCTHBIMHU) PEAKTHUBHBIMHU CONPOTHUBICHUSAMU. B pexuMe pe3oHaHCca TOKOB PeaKkTHUBHAs
WHIYKTUBHAS MPOBOJMMOCTh IEMU OKA3bIBAETCS PABHOM €€ PEaKTMBHOW EMKOCTHOM
IPOBOAMMOCTH, T.€. BL = Bec.

[Tpocreiimiel IEKTPUUECKON €TI0, B KOTOPOH MOXKET HaOIIOJaThCS PE30HAHC
TOKOB, SIBIISIETCS LEMb C MapajulebHBIM COEIWHEHUEM KaTYIIKA HWHIYKTUBHOCTH U
KOHJeHcaTopa. JlaHHas cxema COOTBETCTBYET IIeNH, IpeACTaBiIeHHoN Ha puc. 4.1, a, nus
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kotopoi R, = 0, a Ri=R« (3mecb R« — aKkTHBHOE COMNPOTUBIIECHHUE KATYIIKH

UHAYKTUBHOCTH). [TosiHas mpoBOAUMOCTH TaKOH 1enH Y= ‘J{ G +(BL=Bc) .

VYcnosue pezonanca TokoB (BL = Bc) MoxHO 3amucath 4epe3 COOTBETCTBYIOIINE
mapamMeTpbl ANIEKTpUYeCKOW Imenu. Tak Kak peakTUBHAs TMPOBOJMMOCTb KaTYILKH,
uMeronIeit aKTUBHOE COIPOTUBIICHUE Rk, onpesensercs BBIPAKCHUEM

BL=X/Z, =wl/(Ry to'l’) , @ IPOBOJAMMOCTb KOHJICHCATOpa O€3 y4eTa €ro aKTUBHOIO
conporusienns (Rc = 0) Bc = Xc/Z? ¢ = 1/Xc = oC, TO ycioBHE Pe30HAHCA MOXKET OBITh

i HE Iply _
3al1CaHo B BUJE wli{ R, +wl’)=wl.

M3 »Toro BBIPpAXKCHUS CICAYCT, YTO PCE30HAHC TOKOB B TaKOM IeNU MOXKHO
MOJIYYUTb IpHU U3MEHEHUUN OJHOI'O M3 I1apaMCTPOB RK, L, Cuw IIpU MOCTOAHCTBC APYI'UX.

JlaGopaTopHasi ycTaHOBKa

KomnbrorepHas  Mozaenb  J1abOpaTOpHOW — YCTAaHOBKM IO HCCIJIEZOBAHUIO
Pa3BETBIEHHON 3JIEKTPUUECKON Lenu BKJIIOYAET UCTOYHUK IIEPEMEHHOTO
HaNpsDKeHUs, TOJKIIOYEHHBIX K HEMy MapaJjielbHO COCIUHEHHBIX Ry-, L m C-
anemeHTOB (R M Li — cocTaBisiolMe KaTyIIKd WHIYKTUBHOCTH) M KOHTPOJBHO-
U3MEPUTENBHBIX ~ MPHOOpPOB. MojenupoBaHne pPEeKUMOB  pabOTHI  UCCIEAYeMOMH
JJIEKTPUUECKONW 1LIeMM OCYIIECTBISACTCS MpH IOMOLIM KJIaBUATypbl KOMIbIOTEpPA U
MBIILIY.

Ha puc. 4.2 mnoka3zaHa siekTpuyeckas cxeMa JabopaTOPHOM YCTAHOBKH IS
VCCIICIOBAHMS JIMHEMHOW pPAa3BETBICHHOW DJIEKTPUYECKOW LENU  CHHYCOMJAJIbHOTO
TOKa.

IIporpamma padoTsl

1. 3KCHCpI/IMeHTaJ'ILHO BBISIBUTH 3aKOHOMCEPHOCTHU HU3MCHCHHA
SJICKTPHUYCCKOIO0 COCTOAHUA LEINMHU W II0 JAHHBIM OIIBITOB IIOCTPOUTDH Fpa(l)I/I‘IGCKI/Ie
3aBUCHUMOCTH:

I = f1(c); I = f2(c); Ic = f3(c).

2. OnbITHBIM IyT€M ONpPEACTUTh TapaMeTpbl DBJICKTPUYECKOH Lenu  INpu
PE30HAHCE TOKOB.

3. Cpenatp BbIBOABI 1O padoTe. CoONoCTaBUTHh IOJYYEHHBIE PE3YNIbTAThI
pacueToB M OMNBITOB C HW3BECTHBIMU 3aBUCHMOCTSIMH W3 TEOPETUYECKOrOo Kypca I10
JMHENHBIM Pa3BETBICHHBIM 3JIEKTPUUECKUM LIENSIM CHUHYCOWJAJIBHOTO TOKA.
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Pucynok 4.1 — Dnektpudeckasi cxeMa pa3BETBICHHON AJIEKTPUUECKON LIEMU
CHUHYCOHMIAJILHOTO TOKA

Ilopsinok BbINOJHEHHS PAGOTHI
1. O3HaKOMUTBCS C PNEKTPUYECKON CXeMoM, MpubopaMu U 3JIeMEHTaMHu (CM.

puc. 4.1). N3y4unuTh NPUHIHMIHAIBGHYIO CXEMY 3JICKTPHUYCCKOH LICIH.
2. OTBETUTh HA KOHTPOJBHBIE BOIMPOCHI U PACIUCATHCS B JKypHAJe IO TEXHUKE

o0e3zonacHocTu. [lomyuuTs paspenieHue IIpenoaaBaTesIs Ha BBIITIOJTHEHUE
nmabopaTtopHoil paboThl. Bkimrounth KoMmbroTep. 3amyctuTh nporpammy Electronics
Workbench.

3. IlpuctynuTh K HEMOCPEACTBEHHOMY KOMIBIOTEPHOMY — MOJEINPOBAHUIO
9KCIIEPHMEHTOB B CIICAYIOIIEM MOPSIKE:

1) cobOpaTh KOMIBIOTEPHYIO MOJCIb CXeMbl. JIjis 3TOro, HCMOJB3ys MaHEb
rpymnn OMOJIMOTEKH KOMIIOHEHTOB W MBIIIb, TIOMECTHTh Ha pabouee IMoje MPOrpaMMbl
Electronics Workbench momenu 351eMEHTOB CXeMbl M H3MEPUTEIbHBIX MpuOOpoB. U3
9THX DJJEMEHTOB COOpaTh MOJENb DIIEKTPUUYECKOW CXEeMbl M IIOJKIFOUEHHBIX K HEH
U3MEPHUTENBbHBIX TMPHOOPOB B cooTBeTcTBUM ¢ puc. 4.1. CoenuHEeHHE 3JEMEHTOB
HPOM3BOIUTCS C TIOMOIIBIO MBIIIIH;

2) yCTAaHOBHUTDH HaYalIbHBIC MapaMeTpPhbl 3JEMEHTOB CXEMbl W HMCTOYHHUKOB:

Rk = 200 Owm;

L = 1TIm;

E = 100B; f=50 In;

3) 3amath napameTphbl HU3MEPHUTEITBHBIX puOOpPOB. VYcraHOBHTE

U3MEPUTENbHBIE TPHOOPBI  aMIepMEeTphl W BOJNBTMETp B pexum paborer AC
(M3MepeHHE IEepeMEHHOr0  HampsDKeHUS WM~ TOKa). YCTaHOBUTh  BHYTPEHHeEe
comportuBienue ammnepmerpa PA3 paaeiM 1 Owm. OcranpHble TapaMeTpsl 110
YMOJIYaHHUIO;

4)  mpenbsBUTh  TOATOTOBICHHYKD  MOJCIb  CXEMbI  JUIs IIPOBEPKHU
IIPENnoAaBaTelto.

C paspenieHust mpenojaBareisi BKIIOUUTh CXEMY;
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5) mpou3BeCTH HU3MEPEHHsT B  OJJCKTPUYCCKOW  IIeMH, CHHUMas [OKa3aHHs
npubopoB. Ilpu >TOM HEoOX0AMMO MeHATh BenuuuHy eMkocTh C B Iuama3oHe
ot 2 10 25 Mx® u uzmeputh Toku |, Ik u IC;

6) Bxmouuts ocmwuiorpad  (ABymMs  IIeTYKaMH IO  MHKTOIpamMMe
ocumwuiorpada) u, HaOmOgas 1O HeMy yroil caura (a3 MEKIy TOKOM H
HANpsSHKCHUEM B HUCCIEAYeMOH Tenu MpH  HM3MEHEHHWH €MKOCTH  KOHJIEHCAaTopa,
onpenenutsh Benuunabl Uk, Uc, | npu pezonance.

[Ipumeuanue:

YCTAaHOBUTH JIUTEIBHOCTH pa3BepTku jryda 0,01 c¢/nen (Time base = 0,01 s/div);

YCTaHOBUTH ISl KaHATA A 4yBCTBUTEIBHOCTh OTKJIOHEHHUS JTy4a 10 BEPTHKAIH
50 B/nen (Channel A =50 V/div);

YCTaHOBUTH JUIs KaHana B 4yBCTBUTEIBRHOCTh OTKIOHEHHUS Jy4a 0 BEPTHKAIH
100 mB/men (Channel B =100 mV/div).

Jlanublie HaOJIIOICHNH 3aHEeCTH B Ta0. 4.2,

7) OCTaHOBHUTb MPOLIECC MOJICTUPOBAHUSI.

Tabmauua 4.2
N3Mepsembie BETUYUHBI Brruncnensoie
Ne omrpITa C, Mx® BEJIMYMHbI
I, A Ik, A e, A y,1/0m COS®
1 2
2 5
3 10
4 15
5 20
6 25
7 Cpes

4. IlpenvsBUTH JaHHbBIE OMNBITOB [ MPOBEPKU MPENOJaBATEN0 U C €ro
paspelieHuss MoOJeTb  yCTaHOBKHM  pa3o0paTh. 3aKkpbITh CO3MaHHBIA  Qaitn  6e3
COXpPaHCHUA €TI0 OaHHBIX. Pabouee mecTo NpUBECTH B HUCXOAHOC COCTOSIHUEC U
MPEIbSBUTEH Ta0OPAHTY.

5. OcyllecTBUTh pacyeT MO pe3yibTaTaM HSKCIIEPUMEHTAIbHBIX JIaHHBIX.

Ilo omBITHBIM [aHHBIM MOJACYMTATHL Y W COS @, HCHOJNB3YyS Mg pacyeTa
cnenyromue GopMyIbl:

_]_—i oos LI}: g_h
E._ L .

AKTHBHasg OpOBOAUMOCTL KaTyHIKU HHIAYKTUBHOCTU

ITonHoe COIIPOTHUBJICHUEC KATYIIKW HWHAYKTUBHOCTH
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Z,=./R:+X} .

NHIyKTUBHOE CONPOTHUBIICHUE

X, =2nfL..

ITocTpouts:
a) rpaduKH 3aBUCHMOCTCH:

I =fi(c); Ik =T2(c); Ic = f3(c).

Bce xapakTepucTUKH CTPOUTH Ha OJHOM TpaduKe ¢ YCIOBHBIM pa3HECEHHUEM ocei

(Ix, Ic, I) no BepTHkanu;

6) TpH BEKTOPHBIE MATPAMMBI HCCIIELYEMOM TTapauIeibHOM 1enu
npu b < be, b = be, b > be.

Conep:xaHue oT4yera
1.HaumeHoBaHuUeE U 11eJIb PaOOTHI
2.KpaTtkue oTBeThl Ha KOHTPOJIbHBIE BOIPOCHI.
3.0nexkTpuyeckas cxema 3KCIepUMEHTAIbHON YCTAaHOBKHU.
4 .ITporpamma paGoOTHI.
5. TaGnu1iibl ¢ BBIYMCICHHBIMHA U U3MEPEHHBIMH BETMUUHAMU.
6.OKCrIepUMEHTAIbHbBIE XapaKTEPUCTHKU.
7.BexTopHbIE JUarpaMMBl.
8.Mcnonbp30BaHHbIE (HOPMYIIBI
9.Kparkue BbIBOAbI. CoOMOCTaBIEHHE  JKCIEPUMEHTAIBHBIX XapaKTEPUCTUK C

HN3BCCTHBIMU XApPaKTCPUCTUKAMU U3 TCOPHHU.

1.

2

3.

4.

Jlureparypa
OcHoBHas:

XKasoponkoB M. COOpHHK 3a]1a4 IO TEOPETUYECKUM OCHOBAM JIEKTPOTEXHUKH.
ITox penakuumeit JI.A. becconona. - M.:Beicias mkona, 2008

A. DieKTpoTexHuKa U ekTporuka. M.; Axagemus, 2005. Mypsun FO.M., Bosikos

FO.U. Dnextporexnuka. - CII6.: [utep, 2007. - 443c.
ArtabekoB I'.I1. Teoperuueckne OCHOBBI 3JIEKTPOTEXHUKU. - M.: Bricmas mkoua,
2006, 4.1,2,3
[Maudpunos .M. DnexkTpoTeXHHMKAa U DIEKTPOHMKA B OJKCIIEPUMEHTaxX |
ypaBuenusx. [Ipaktukym Ha Electronics Workbench. Tom 1. DnexkrporexHuka,
ToM 2: Onektponuka, -M.: JOAEKA, 2002 r. 1 Tom -303c. u 2 Tom -287c.
BeO-caidT AO «IOKMA» YMK]/] Ha oOpa3zoBateiproM nopraie ukma.kz.

JAONOJIHUTEIbHAA:
JIexuMOHHBIN MaTepUall
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7. TlporpammHoe obecriedeHre: MmporpaMmMa CXeMOTEXHHUYECKOTO MOJIEITUPOBAHMUS
«Electronics Workbench»; mporpaMmsr 11st pacueTa CHCTEM JTHHEHHBIX ypaBHEHHIM
«Excel» u «Mathcad».

8. DOmektporexnuka / [Tog Pex. B.C. IlanTrommuaa M.-Hayka u Texauka 2001 r.-

410 c.

KoHTpoJibHBbIE BONPOCHI

1. B xako# 31eKTpUYECKON LENH U IPU KaKUX YCIOBHSIX MOXET BO3HUKHYTh
pEe30HaHC TOKOB?

2. Kak MOXHO 100UThCS pe30HaHCca TOKOB B Ienn?

3. Kak ompemenmuTs  TOJMHYI0  IPOBOJUMOCTH  DJCKTPUYECKOH  IemH
CHUHYCOUJAIBLHOI'O TOKa?

4. Kak onpenenuTs aKTUBHYIO U PEaKTHUBHYIO IPOBOJUMOCTD LIenu?

5. Kakoe BbIpaxkeHue sIBJISIETCS YCIOBUEM PE30HAHCA TOKOB?

6. Bwipaxenue mis 3akoHa OMma, COOTBETCTBYIOIIEE IIETIH C MapauICIbHBIM
COEIMHEHUEM KaTYUIKU MHAYKTUBHOCTH U KOHJIEHCATOPA.

[Tpu 3ammre mabopatopHOW PabOTHI CTYACHT JOJDKEH 3HATh OTBETHI Ha BOIPOCHI
JUIs IOMYyCKa K J1abopaTopHOii padoTe, a TakkKe Ha CIIelyIoIue:

1. JTo kakoro 3Ha4€HUs IeIECO0OPA3HO MOBHIIATH KOAPPUITUESHT MOIITHOCTH?

2. Kak paccuutarh JAeHCTBYIOLIee 3HaU€HHE TOKAa B HEPa3BETBJIEHHOW 4yacTu
AIIEKTPUYECKON LIENU CUHYCOUJIAIbHOIO TOKa?

3. Kak ompenenuth K03 GUIUEHT MOLITHOCTH LIETH, YEMY OH PaBEH MPU PE30HAHCE
TOKOB?

4. BekTopHble auarpaMMbl Ui TApaJUIEIbHOTO  COCAMHEHHUS  KaTYIIKH
WHAYKTUBHOCTH U €MKOCTH.

5. TpeyroabHUKH TOKOB U MPOBOAUMOCTEH.

6. UYem paznuyaroTCsi pe30HAHCHI TOKOB U HANPSHKEHUH TI0 TPOTEKAIOIIHM
npoleccaM U B BEKTOPHOM MX U300pakeHUN?

JladbopaTopHas padora Ne §

1. Tema 5: Tpexda3znas nenb Npu coeAMHeHUN NOTPeduUTe el 3Be3101

2.lleas pa6otbl: IlpoaHanu3upoBaTh peXUMBI pabOTBl CHMMETPUYHOIO U
HECUMMETPUYHOI0 TMOTpeOUTENed 3IEeKTPUUECKONM SHEpruud B TpexdaszHoil uenu mnpu
COEIMHEHUN "3B€3/101" NMpU HATUYMU U OTCYTCTBHM HENTpaiabHOro mposoja. Hayumtecs
CTPOUTH BEKTOPHBIE JMarpaMMbl HAPsHKEHUH U TOKOB Tpexda3Hoil emnu.

3.Kparkue TeopeTnuecKkne CBeIeHHs:

IIpu coenuHeHuM Tpex(a3HOW IENU 3BE3/0M JIHMHEHHBIA TOK paBeH (a3HOMY, a

JUHENHOE HaNps KEHHE PaBHO pa3HOCTU (ha3HBIX HAPSHKEHUH, HalIpUMep: Uw =Us=Uy .
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B CHMMETPHYHOM peskuMe 7 =3t @,

HecumMerpuunas Harpy3ka B LenM 0O€3 HyJIEBOrO NPOBOJA  BBI3BIBAET
TIOSBJIEHWE HANPSDKEHHMS MEXKTy HEWTPaIbHBIMM TOYKAMHM NPUEMHHKA M TEHEPATopa,
YTO IPUBOJUT K HECUMMETPHH (a3HbIX HAPSHKEHMI PUEMHHEKA.

R, Ry
do—o Tro— Ao—o 1
R:
R Bo—ao ll n
Bo—o ro—A ¢~
R3
CO—O 1
s
Co—o So—f }- No
Neo
Pucynok 5.1 Pucynok 5.2

Ecim k cetn Tpex(a3HOro TOKa MOJIKIIOYUTH MPUEMHUK, COCTOSIIMNA U3 KaTYIITKH
WHIYKTUBHOCTU WJIM KOHJEHCATOpa M JIBYX OJMHAKOBBIX AKTUBHBIX CONPOTUBIICHUH,
TO 10 CMEIIEHUIO HEUTPATHHON TOYKH MOYKHO OTIPEISIIUTh MOPSIOK YepeoBaHus ¢as.

B tpex(da3Hpix mensx ¢ HyJIEeBbIM MPOBOAOM (PHUC. 5.2) HECUMMETpPHUS HArpy3KH
BBI3BIBACT TOK B HYJIEBOM MPOBOJIC, HANPsOKEHUS ke (a3 MPUEMHUKA OCTAIOTCS
MPaKTUYECKH CUMMETPUYHBIMHU.

Cxema 3J1eKTPpHYECKOH Lenu

B pabote npoBoauTcs MccieloBaHME LEMHU, CXeMa KOTOpOHM IoKa3zaHa
Ha puc.5.3. [luraHue menu OCYHIECTBISAETCS OT TPEX HCTOYHUKOB CUHYCOMIAJIbHOTO
HanpspkeHus dactorod 50 I'm. 3/IC MCTOYHHMKOB MMEIOT OJMHAKOBYIO aMIUIMTYAY, a MX
¢da3er caBuHYTHl Ha 120° Tak, 4YT0 O0OO0pa3ylOT CHMMETPUYHYIO CHCTEMY IPSIMOMN
nocienoBarenbHocT. 3HaueHua OJIC m mapaMeTpoB Harpy3kH, COOTBETCTBYIOIIHE
BAapUAHTY LIETH, HOMEP KOTOPOTO YKa3bIBaeT MPENoaBaTeib, MIPUBEACHBI B Ta0d. 5.1.

C mnomompro kmouedn Kl + K4, Homepa ynpaBiasfrolux KIaBUII KOTOPBIX
COOTBETCTBYIOT MX HMHJEKCaM (Ha CXeMe yKa3aHbl B KBaJIpaTHBIX CKOOKax), MOXHO
W3MEHSTh XapakTep Harpy3ku B ¢asze A, a ¢ momomipio kimoda K5 — moakimtouats u
OTKJIFOYATh HYJEBOW MIPOBOJ.

Jnst m3MEeHeHus aKTHUBHOTO COMPOTHBICHUS (a3bl A CIeayeT IMocie IBOWHOTO
IIeJYKa JIEBOW KHONKOW MBIIIK, KOIZAa Kypcop HaxOAUTCS Ha CHMBOJE 3TOrO
COINPOTUBIIEHUS B CXEME, B/IBO€ YMEHBIINUTh WM YBEIUYUTH 3HAUEHUE COMPOTHUBIICHUS 110
CPaBHEHHIO C TaOJIMYHBIM.

BoasT™meTrp V u3MmepseT NHMHEWHOE HaIpsHKEHHME, BOJIBTMETP VN — HaIpsbKEHHE
CMEIIEHNs HEWTpaJlli Harpy3kKu, OCTalbHble — (Qa3Hble HANpsOKeHUs HarpysKu.
Amrniepmetp AN ITOKa3bIBaeT TOK B HYJIEBOM IIPOBOJIE, OCTAJIbHBIE — JINHEHHBIE TOKH.
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Pucynok 5.3

IMoaroroBka k padore

ITpopaboTaB MaTepua, OTBETUTH Ha BOIPOCHI:

1. Kakas narpyska cunrtaercsi cumMmeTpuuyHoi? Kakoil Tpexda3Hblii HCTOUHUK
Ha3bIBAIOT CUMMETPHYHBIM?

2. Yto Takoe (asHble U JIMHEIHbIe HanpsKeHus? 3anucarh ypaBHEHUs
CBSI3W MEXIY JIMHEHHBIMA W (a3HBIMU HANPSDKEHUSMH TIPH COCTMHEHWU HArpy3KH
CUMMETPUYHON U HECUMMETPUYHOM 3BE3110M.

3. B cxeme 0e3 HyneBoro mpoBoga (puc. 5.4, a) yMmeHbIneHHE (yBEIHUCHHE)
aKTUBHOM Harpy3ku ¢(azpl A NPUBOAMT K CMEIIEHUIO HYJIEBOM TOUKM Harpy3ku Ha
quarpaMMme HamnpspkeHUH. B kakyro 1Mo CpaBHEHHIO C CUMMETPUYHOM 3B€3/10i CTOPOHY?

4. Kyna cMecTUThCs HyJleBasi TOUKA Ha JUarpaMMe B cilyyae KOPOTKOTO 3aMbIKaHUS
¢a3bl A U Kya — pu OTKJIIOUYEHUU HArpy3ku ¢assl A?

5. Bo3MOXXHO 1M CMelleHHe HeUTpaJpHOW TOYKM HArpy3Kd Ha JuarpaMme
HaNpPsDKEHUH IpU BKIIIOYEHHOM HYJIEBOM ITPOBO/IE, ECIIH €0 CONPOTUBIIEHNE PABHO HYIIO?

6. Ilouemy Hemb3ss JenaTb OMNBIT  KOPOTKOTO — 3aMbIKaHus  (a3bl  MpH
BKJIFOUEHHOM HYJIEBOM MPOBOJIE?

7. lns cinyudas BkIo4YeHus B (a3y A karymku ¢ mapamerpamu R, L (uenp 6e3
HYJIEBOTO MPOBOJA) HA JUarpaMMe MOCTPOEHBI BCE HAIPSKEHMsI U TOKH JBYX JIpyrux ¢as
(puc. 5.5). Kak, 3nas toku B ¢azax B m C, mo numarpamme OnpenenuTh HarpaBlieHUE
BekTOopa Toka (a3pl A u yronm casura ¢a3 ¢ karymku? M kak 3aTteM paccuuTaTth ee
napaMmeTpbl, MCIONb3ysd HU3MEPEHHbIE TOK U HAPsHKEHUE Ha KaTyIlke?
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Pucynok 5.4

Pucynok 5.5

8. Kynma cmectutcs HelitpanbHast Touka O1 Ha quarpamme puc. 5.50, ecnu B a3y

A cxeMbl puc. 5.5a, BMECTO KaTyIIKH BKIIOYUTH KOHJIEHCATOP?

IIporpamma pa6oTsl

1. CoOpath cxemy, MOKa3aHHYIO Ha pHC. 5.3, U yCTaHOBHTH

coryiacHo Ta0J1. 5.1 B COOTBETCTBHH CO CBOUM BApHUAaHTOM CXCMBIL.

ee TmapaMeTpsbl

Tabnwua 5.1
K 1 2 3 4 5 6 7 1 8] 9| 10
BapHUaHTa
E(B) 380 220 127 380 220 127 | 380 | 220 | 127 | 380
R(Om) 200 150 100 250 200 150 | 300 | 250 | 200 | 150
L(vln) | 0,64 0,48 0,32 0.8 0,64 048 | 095 | 08 | 0,64 048
Cur®) 16 21.2 318 127 16 212 | 106 | 127 16 | 212

2. CHATb moka3aHus MPUOOPOB B CUMMETPUYHOM pEKUMe (3aMKHYTHI Kitoun K1 +

K3, pasomkuyt K4) u moncuutars otaomerue Uy /Uo.
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VYkazanwue: y6€III/ITBCSI, YTO BKJIIOYCHHUC M OTKIOYCHHC HYJICBOI'O IIPOBOJA C
nmomMompio kimoda K5 He BiIuseT Ha moKka3aHUA HpI/I60p0B.

Pe3ynbpTaThl H3MEpeHU BHECTH B BEPXHIOIO CTPOKY Tab. 5.2.

Tabmuma 5.2
[MTokazanwust mpuOOPOB s Xapakre
JIarpaMmbl p
Ua | Us | Uc Ia I Ic In Un In Un | narpysku | Ilpumeuane
0co0oi
(ha3bl
B B B A A A A B A B Cumm.pexxum
0 0 0 a)
y 0) Cxema 6e3
Q B) HYJIEBOTO
2 r) IpoBoJIa
0 )
0 0 a)
0 0 0) Cxema ¢
0 0 B) HYJIEBBIM
0 0 r) IIPOBOIOM
0 0 )
K.3. 6e3
0 HYJIEBOTO
POBOJIA

3. HccaenoBathk TpexnpoBoaHyto (6e3 HyneBoro nposojaa — Ks pa3oMkHyT) u
YETBIPEXITPOBOAHYIO (C HYJIEBBIM MPOBOJIOM — K5 3aMKHYT) LIeNb B CJIETYIOIINX pPeXKUMax:
a) yMEHbILEHHE aKTUBHOM Harpy3ku B ¢aze A, A 4ero conpoTuBieHne B gaze A

CIICAYCT YBCINYNUTE BJABOC IO CPABHCHUIO C TaOJTMIHEIM 3HAYCHUECM,

0) yBenuYeHHe aKTUBHOM Harpy3ku B ¢aze A, s 4ero cCOnpoTHBIEHHE B aze A
ClIelyeT YMEHBIINUTh BBOE 10 CPABHEHUIO C €r0 TaOIMYHBIM 3HAUYEHUEM;
B) OTKJIIOUEHHE HArpy3KkH B ase A (pa3oMKHYTh Kitod Ki);

I') BKJIIOUEHUE MHAYKTUBHOCTH B (pasy A (mpu 3aMkHyThIX Kirouax Ki, Ko, Ka,

pPa3oMKHYTh Kitto4 K3);

1) BKIIFOYEHHE eMKOCTH B a3y A (mpu 3aMKkHYThIX Kimouax Ki, K3, K4, pazoMkHYTH

Koy K»).

4. CHATHh TOKa3aHUs MPUOOPOB B PEXKHMME KOPOTKOTO 3amblkaHus (a3bl A mpu
Pa30MKHYTOM HYJeBOM NPOBOJE, JJIs 4ero HeoO0XoanMmo 3aMkHyTh Kimoun Ki — Ki u

pa3oMKHYTb Kitou Ks.

PesysnbraThl Becex namepenuii (1. 3, 4) BHecTH B Ta0II. 5.2,
5. IlocTpouts TOMOTpaduyeckre auarpaMMbl HANpPSHKEHWH, COBMEIIEHHBIE C
JTYYEeBBIMH TUarpaMMaM# TOKOB JUTSI BCEX PEKUMOB.
Vkazanue. Bcero 12 pmarpamm, NOCTpOE€HHE KaXKIOW H3 KOTOPBIX CJIEIyeT

HaYUHATh C€ HCU3MCHHOI'O IJid BCCX JUHarpaMm paBHOCTOPOHHCETO

TPEyroJbHUKa

JMHENHBIX HanpskeHui. [lostoxkeHne HeWTpaabHOW TOYKH HArPy3KH Ha JAUarpaMmax
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HECUMMETPUYHBIX PEXKHMMOB 1. 3 IpPU OTCYTCTBHUM HYJIEBOI'O MPOBOJA OIpPEAEIAETCS C
IIOMOUIBIO 3acedyeKk LupKyieMm. [Ipm Halinyuu HyneBOro MpoBOJa 3Ta TOYKA JICKHUT B
LIEHTPE TSKECTU TPEYTOJIbHUKA.

6. Onpenenutrh TOK B HYJIEBOM IpoBOAE IN M3 BEKTOPHBIX JAuarpamm Juis

YETBIPEXIPOBOTHON LENHM M HampsDKeHHE cMelleHus HelTpaneil Un w3 amarpamMm uis
TPEXIPOBOJHOM Ienu. Pe3ynbraThl Takke BHECTH B TaON. 5.2 M MOCTPOUTH Trpaduku
zaBucumocteir Ua m Un oT Toka ¢a3el A npu M3MCHEHUHM €€ aKTHBHOW HArpy3KH OT
XO0JIOCTOTO X0/1a 10 KOPOTKOT'O 3aMbIKAHHSL.

7. Ilpoananu3upoBaTh auarpammbl U c(hOPMYIHPOBATh BBIBOJBI MO paboTe.

Conep:xkanue oTuera

HaumenoBanue u 1ienb pabOTHI.

Cxema dJIeKTPUIECKOM LICTIH.

OTBeTHI HA BOMIPOCHI MOJATOTOBKH K padoTe.

OCHOBHBIE COOTHOIIIEHUS.

Tabu1. 5.2. BekTOopHBIE THarpaMMBbI 1O JaHHBIM K Ta0. 5.2.
I'paduxn 3aBucumocteit Ua u Un OT ToKa dassl A.
BriBoasl.

NoakownE

Jlureparypa
OcHoBHAaf:

JKaBoponkoB M. COOpHHK 3a/1a4 110 TCOPETUUESCKHM OCHOBAM 3JICKTPOTCXHHUKH.
[Tox penaxuueii JI.A. becconosa. - M.:Briciias mkosa, 2008

2.A. DnexTpoTexHuKa u 3nekTpoHuka. M.; Akagemus, 2005. Myp3un FO.M., Boikos

3.

4.

2

FO.W. Dnexrporexnuka. - CII6.: [Turep, 2007. - 443c.
ATtabexoB I'.11. TeopeTnueckue OCHOBBI IEKTPOTEXHUKHU. - M.: Beicmias mkona,
2016,4.1,2,3
[Mandpunos .M. DnexkTpoTeXxHUKAa U DICKTPOHMKA B O3KCIEPUMEHTax M
ypaBuenusix. [Ipaktukym Ha Electronics Workbench. Tom 1. DnektpoTexHuka,
ToM 2: Onektponuka, -M.: JIOAEKA, 2002 r. 1 Tom -303c. u 2 Tom -287c.
BeO-caiit AO «IOKMA» YMK]] Ha oOpa3oBarerpHoM nioptaie ukma.kz.

JAOMOJTHUTEJIbHAS:

JIexuMOHHBIN MaTepUall

IIporpamMMHOe o0ecrieueHne: MporpaMMa CXEMOTEXHMUYECKOTO MOJIEIMPOBAHUS
«Electronics Workbench»; nporpammer 1i1st pacueTta cucreM JTMHEHHBIX YpaBHEHUH
«Excel» u «Mathcad».

Onexrporexnuka / [log Pen. B.C. [Tantiommua M.-Hayka u Texnuka 2001 r.-
410c.

JlabopaTopHasi padora Ne 6

1. Tema 6: IlepexoaHble MPOLECCHI B JIMHEHHBIX JJIEKTPUYECKHUX LENsiX
2.10ean padorel: MccnenoBanne NePeXoIHbIX MTPOLIECCOB B LEMSAX C

KOHJIEHCATOPOM, XapaKkTepu3yromuxcs AuddepeHnnanbHbIMU ypaBHEHUSIMUA IEPBOTO
HOpsAIKA.
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3.KpaTkue TeopeTnyeckme CBeJAeHHA

IIpu BcsikOM HM3MEHEHHMU peXHMa paboThl LENH, coiepxkaleil XoTs Obl OJUH
HAKOIUTENIb 3JIEKTPUYECKON 3Hepruu (MHAYKTUBHOCTb L uiu emkocts C) BO3HUKAIOT
IIEPEXOJHBIE MPOLIECCH — MPOLIECCHI Mepexoja OT OAHOIO YCTAHOBUBILEIOCS PEXKHMMaA K
apyroMy. MOIIHOCTh pealbHBIX MCTOYHHMKOB B LIENIM KOHEYHA, MIO3TOMY CBS3aHHBIE C
JHEpruedl BEJIWYUHBI — TOK B MHAYKTUBHOCTHM M HAIPSDKEHHE HAa €MKOCTU — MOTYT
U3MEHATHCS TOJBKO IIaBHO, 0€3 CKauKOB. B 3TOM CyTh 3aKOHOB KOMMYTAI[1H.

Pemenne cucrembl auddepeHUMANbHBIX — ypaBHEHMH,  XapaKTepU3YHOILUX
COCTOSIHUE LI€MH, MOXKET OBITh HAlJEHO B BUAE CYMMBbI NPUHYXKIEHHOH M CBOOOIHON
cocrapiisttonx. Harpumep, 11 TOKa: 1= iup + Ica.

IIpuny:kaeHHasi cocTaBjsilomasi Py NOCTOSTHHBIX U IEPUOIUYECKUX UCTOUHHUKAX
olpesieNsIeTcss U3 pacueTa YCTaHOBUBLIErOCs pexuMma (t —o0) 1ocie KOMMYTalMOHHON
LIEIIU U BUJI €€ COOTBETCTBYET XapaKTEPy HCTOYHHUKOB.

CpoOogHasi coCTaBJSIIOIIAS  3alMCBHIBA€TCS B BUAE CYMMbl 3KCIIOHEHT

e = Z At IPH Pa3IMYHBIX BEIIECTBEHHBIX KOPHIX XapaKTEPUCTUIECKOTO
ypaBHEHUS Pk.

IMocTosiHHbIE MHTErPHPOBAHUSA Ak ONPEICIAIOTCS M3 HAYAIBHBIX YCIOBHMA —
3aBUCHMBIX M HE3aBHCUMBIX.

HesaBucumble yciaoBus (HavalbHbIE 3HAYEHHS TOKAa B HHAYKTHBHOCTH U
HANpPSOKCHHUST HA EMKOCTH) OINPENENIAIOTCS 0 3aKOHaM KOMMYTalldi M TpeOyroT
IPEIBAPUTEIILHOTO pacyeTa yCTAHOBUBILETOCS PEXHMa JOKOMMYTAIIMOHHON IETIH.
HauansHble e 3HAY€HHs OCTAJbHBIX BEJIMYHH (3aBHCHUMBIE YCIIOBHSI) OIPEAECIISIOTCS M3
YpaBHEHUH, OMHUCBHIBAIOIINX COCTOSIHUAE MOCIEKOMMYTAI[MOHHOM IEMH B MEPBBI MOMEHT
nocyie kommytanuu (t = +0).

B 1ienu ¢ ogHMM HaKOMHMTEIEM CBOOOIHASI COCTABIISAIONIAs COAEPIKUT TOJIBKO OJIUH
P!

KOpPEHb M OJHY 3KcroHeHTy. Hampumep, mis cxemsl puc. 6.1, , IpHYEM | =
Ice, TOCKOJIBKY B YCTAHOBHMBIIIEMCS PEKUME TIOCTOSIHHBINA TOK Yepe3 KOHJICHCATOp HE TeYeT

U ipp = 0. Jlo xoMMyTanuu KOHJEHCATOp HE ObLI 3apsyKeH, TaK YTO MO BTOPOMY 3aKOHY
kommyTanuu Uc(+0) = uc (—0) = 0. [Tostomy A = ics (0) = [U — uc (+0)]/R.

.= A e
4 k

Torma Tox u HAaIIpsPKCHUC IIPU 3apiai€ KOHACHCATOPA

ety =U—i()ikR =U(l-e £C),

31ech KopeHb XxapakTepucTuueckoro ypaBHeHus p = —(RC) !, a nocrosmuas
BpEMEHU

r=}( =RC.

) U V
f . OHa MOXeT OBbITh Hal/IeHa 10 AKCIECPUMEHTAIBHO MOJYUCHHOM
3aBrcuMocTH i(t) Kak JaTMHA ToKacaTeabHou (puc. 6.1, 0).
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Pucynox 6.1

AHanoru4yHpIM 00pa3oM MOIYT ObITh IOJYYEHBl BBIpRKEHUA JJI1 TOKa U
HanpsDKEHUs TP paspsiie KOHeHcaTopa Ha CONpoTHBIiIeHHE R:

I I

{7 . \ :
i(f)j=——¢ fC; u-(t)=Ue fC.

Cxema 3J1eKTPpUYECKOH 1enu

100 k Ohm 100 uF

EJ EJ

100 s

f
FJ m

4
— 12V LE 100s |

Pucynoxk 6.2

JInst wccienoBaHusl MPOIIECCOB 3apsijga M pas3psia KOHIEHCATOpa HCIOJb3YeTCs
DIIEKTpHYECKasl IIelb, CXeMa KOTOPOi MmoKa3aHa Ha puc. 6.2.

[lutanue wnenu ocymiecTBISETCS OT MCTOYHHMKA IOCTOSHHOIO HAaMpsKeHMUs,
BenuunHa KoToporo U, a Ttakke 3HaueHuss R u C BbIOuparoTcs B COOTBETCTBHM C
BapranTtoM u3 Tabmn. 11.1. Bpemsi cpabarbiBaHusi Kiro4el JOKHO OBITH Oosible

JUIMTETIBHOCTHU TIEPEXOJHOTO IpolLiecca (3T=35-RC j')

Tabmuma 6.1
Bapuant 1 2 3 4 5 6 7 8 9 10
U(B) 10 11 12 13 14 3 4 4 | 5 | 6
R(kOwm) 100 122 133 147 200 22 22 33 33 47
C(mk®D) 100 100 100 100 100 470 470 | 470 | 470 | 470
Bapuant 11 12 13 14 15 16 17 18 19 20
u(B) 10 11 12 13 14 3 4 4 | 5 | 6
R(kOwm) 200 222 233 247 300 32 32 43 43 57
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3. ArabekoB .. Teoperndeckrne OCHOBHI 3JIEKTPOTEXHUKU. - M.: Bricmas mkouia,
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5. BeO-caiit AO «FOKMA» YMK]JI na o6pasoBarensaom mopraie ukma.kz.

JAONOJIHHTEIbHAS:
JIexMOHHBIN MaTepHUall
7. TIporpammMHOe oOecreueHre: MporpaMma CXeMOTEXHUYECKOTO MOJICIUPOBaHHS
«Electronics Workbench»; nporpammsr uist pacuera cucTeM JIMHEHHBIX YpaBHEHUN
«Excel» u «Mathcad».
8.  Dnexrporexnuka / [Tox Pen. B.C. [lanTrommua M.-Hayka u Texauka 2001 r.-
410 c.

o

KonTpoJsbHbie Bopocsl

1. Yo Ha3bIBaeTCs YCTAHOBUBIIMMCS PEXKUMOM U NMEPEXOAHBIM IIPOLIECCOM B B

AJIEKTPUUECKON 1enn?

2. Chopmynupyiite 3aKkOHBI KOMMYTallMM. BBIMONHSIOTCS UM OHM  JUId
PE3UCTUBHBIX LIeTei?

3. Yto ompenensieT mopsAaoK TudGepeHIHaTbHBIX YPaBHEHHH, OACHIBAIONINX
ANIEKTPUUYECKHUE LIENH ¢ PEAKTUBHBIMU 3JIEMEHTaMH?

4. Kakas cocTaBisiolas Mepexo HbIX MPOLECCOB UMEET anepuoinyeckuil Bua?

5. Kakumu Moryt ObITh XapaKTepHCTHUYECKHE KOPHM, YTO 3TO O3HA4aeT JJs
ANMEKTPUUECKUX 1IETICH?

6. B TedeHue kakoro mpoMexxyTka BpeMEHU MPAaKTUYECKH 3aKaHUYMBAeTCs
[IEPEXOIHBIN MpolIecC B AJIEKTPUUECKON Lenu?

7. Onpenenure  MOCTOSHHYIO  BPEMEHM  JJIEKTPUYECKOM  LEmu 10
HKCIIEPUMEHTAJIbHBIM 3aBUCUMOCTSIM TOKA U HANPSOKEHUS IPU MEPEX0JHOM IIpoIecce.

YeMy paBHa ee BEJIMYMHA HAa BPEMEHHBIX 3aBUCHMOCTAX MEPEXOIHBIX TOKA U
HampsKeHus?

8. MoXHO JM MO0 OCHMJUIOTPaMMaM MEPEXOJHBIX MPOILECCOB ONPEICTUTD
MapaMeTpbl AIEKTPUUECKOMN LETH?

9. Kaxwue pexxumsl peanuzytorcst B RLC—uensx npu kommyranun?

10. Yro xapakTepu3yeT AeKPEMEHT KOJIeOaHut?

11. Ha3zoBuTe ycTpoiicTBa, B KOTOPBIX MCIOJIB3YIOTCS SIBICHUS, BO3HUKAIOIINE IPU
MEPEXOIHBIX MPOIECCaX B ANEKTPUUECKUX LIETX.
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JlaGoparopuasi pabora Ne 7

1.Tema 7: MWHcciaenoBaHue CTATHYECKHX XaPaKTEPUCTHUK OHIOJSIPHOTO
TPaH3UCTOPA

2.lleab padoOTHI. OKCIEPUMEHTAJIbHO IIOJYYUTh BXOAHBIE U  BBIXOJHBIE
XapaKTepUCTUKU TPaH3UCTOpPA, BKIIOYEHHOTO IO cXeMe C obmel 0a3oi u o0umum
SMUTTEPOM; PACCUUTATh TapaMETPhI TPAH3UCTOPA.

3. Teopernyeckasi 4acThb

bunouasipuslii TpanzucTop. OCHOBHBIC IOHATHSA

bunonspHbIM TpaH3UCTOPOM HAa3bIBAIOT IOJIYHPOBOJHUKOBBIA HpPUOOP C JIBYMs
B3aMMOJICHCTBYIOIIMMHU P-N mepexoJaMu U TpeMs wiu OoJiee BbIBOJaMHU. TeXHOJIOrHs
U3rOTOBJICHUS] OUIOJSIPHBIX TPAH3UCTOPOB MOXKET OBITh PA3IMYHONM — CIUIABJICHHUE,

T y3ust, SIMATAKCHSL.
.

i

I
=
=

I

| b
Pucynok 7.1 — CTpyKTypHas cxema IUIOCKOCTHOTO OMIOJISPHOTO TPaH3UCTOPA

Kak BHIHO M3 pUCYHKa, TPAH3UCTOP MMEET TPU OOJACTH MOJTYIMPOBOJIHUKA,
npuYeM JIBe KpalHUEe 00JIACTH HMMEIOT OJMHAKOBBIA THII TPOBOJAMMOCTH, a CPEIHSIS
o0nacTh - MPOTHBOMONOXHBIA. OfHA W3 KpaHUX oO0NacTed TpaH3UCTOpa HAa3bIBACTCS
smutTepoMm (3), apyras KpaiiHsis oOnacTb TpaH3UCTOpa HasbiBaeTcs koJuiekTopoM (K).
Konnexkrop nmeer HaubompIme pa3Mepsl cpean obiactel Tpanzuctopa. CpeaHss o0i1acThb
TpaH3uCcTOpa Ha3zbiBaeTcs 0a30ii (b). BHemHre BBIBOIBI, C TOMOIIBIO KOTOPBIX TPAH3UCTOP
BKJIFOUAETCS B DJIEKTPHUUECKYIO CXEMY, Ha3bIBAIOTCS DIEKTPOIaMHU.

Mexnay p- u N-objmacTsaMH TpaH3UCTOpa 00pazyroTcs P-N-mepexonbl. [lepexon,
pa3zensomuil IMUTTEp U 0a3y, Ha3pIBaeTCa dMUTTEpHBIM mepexoaom (DII), a mepexon,
pa3aensomui 6a3y U KOJIJIEKTOp, - KOJUIEKTOpHBIM nepexoaom (KIT).

B 3aBUCHUMOCTH OT TOTO, B KaKUX COCTOSIHHSX HaXOSITCS TEPEXO/Abl TPaH3HCTOpa,
pa3ianyaT pekuMbl ero paboThl. IIockoibKy B TpaH3UCTOpE MMEETCs ABa Mepexoja, U
KOKIBIA W3 HUX MOXKET HaXOJUThCA B JBYX COCTOSHHUSAX (OTKPBITOM M 3aKPBHITOM),
pa3IryaloT YeThIpe peskuMa paboThl TPAH3UCTOpA:

JIUHEUHBIN (AKMUBHBIU UNU  VCUTUMETbHDIL) pPeXcuM — IMUTTEPHBIA TMEePEXOT
HAXOJHUTCSI B OTKPBITOM COCTOSIHHH, 8 KOJUIEKTOPHBIN - B 3aKPBITOM, T.€. HANpsOKEHUE HA
AMUTTEPHOM IEPEX0/Ie IPAMOE, Ha KOJIJIEKTOPHOM 00paTHOE (3amuparoiiee);

- pexcum omceyku — 00a mepexoaa 3aKphIThI, T.€. HA 000MX TEpexoaax 0O0paTHOe
HANPSDKEHUE;
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pedicum HacviujeHus — 00a Iepexo1a OTKPBITHL, T.€. HA 000UX Mepexoaax MpsMoe
HalnpsKeHue;
UHBEPCHDIU pedicUM — SMUTTEPHBII IEPEXO0J 3aKPBIT, a KOJIEKTOPHBIA — OTKPBIT.
KpoMme paccMOTpeHHBIX peXHMOB BO3MOXKEH €IIE OJUH PEXXHUM, KOTOPBI sSIBIIsETCS
He pabouymnM, a aBapUIHBIM — 3TO pedrcum npooosl.
B 3aBucuMocTH OT nopsiJiKa pacrnoioKeHus oosacTei ¢ pa3InuyHbIM TUIIOM
IPOBOAMMOCTH Pa3IM4yatoT TPAH3UCTOPBI N-p-N U p-N-p TUIIOB.

a) + - 8- +
3 K 3 K

b b
L L
Pucynox 7.2 — YcioBHble 0003HaUY€HUS TPAH3UCTOPOB:
a - TpaH3uCTOp p-N-p; O - TpaH3UCTOp N-p-N.

Knaccupukauus OMNOJsIPHBIX TPAH3UCTOPOB
I[To Tumy npoBOAMMOCTH:
® D —N—p (ocHo8HbIE HOCUMeENU ObIPKU);
® N —P—n (ocHo8HbIE HOCUMENU INEKMPOHDL).
[Io Tuny ncxomHOro Marepuania:
® - KpeMmHuesble,
® - cepmaHuesble.
[To crmocoOy U3roToBICHHUS:
® Oughgdhyzuonnvie;
® cniasHvle,
® SNUMAKCUATILHO - NIIAHAPHbIE.
ITo MomHOCTH, paccenBaeMoi KOJIJIEKTOPHBIM MEPEXOIOM:
o manou mowrnocmu P < 0,3 Bm;
o cpeoneit mownocmu 0,3 Bm <P < 1,5 Bm;
o oonvwotl mownocmu P > 1,5 Bm.

YceuauTeu Ha OUNOJISIPHBIX TPAH3UCTOPAX

B ycunurensx Ha OUIONSAPHBIX TPAH3UCTOPAX HCIOJB3YETCS TPHU CXEMBbI
MOJIKIIIOUEHUST TpaH3ucTopa: ¢ obmiel 6azoit (OB), ¢ obmuM smutrepom (0O3I), ¢ obmuM
kosuiekTopoM (OK).

Kackan ¢ 061uum sMuTTEPOM
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Pucynok 7.3 — Cxema Bkitouenust 09

[Tpu cxeme BKJIIOYEHUSI OMIOISPHOIO TPAH3UCTOPA C OOIIUM SMUTTEPOM BXOIHOMN
CUTHAJI IO EPEMEHHOMY TOKY IOJaeTCsl Ha 0a3y, a BBIXOJHOW CHHUMAETCs C KOJUIEKTOPA.
Paboraer cxema cneayromuMm 00pa3oM: MHpU MoAauye BXOAHOIO HaNpsHKEHUS Ha 0asy
TPaH3UCTOpa, HANPUMEp, IOJIOKUTEIBHONW MOJAPHOCTH, TOK 0a3bl PacTET, BCIEICTBUE
9TOTrO YBEJIMYMBACTCS TOK KOJUIEKTOpa M MaJeHUE HANpsIKEHUs Ha CONpPOTUBIEHUU Ry, a
NOTEHLMAN KOJUIEKTOpa OTHOCUTENBHO 3E€MJIM CTAHOBHUTCS MEHEE IOJIOKUTEIbHbBIM.
V3MeHeHne HalpsDKEHHs Ha KOJUIEKTOPE OTHOCHUTENBHO 3€MIIM  SIBJISIETCS  BBIXOIHBIM
HaIpsDKEHUEM ISl 3TOM CXeMbl, NMPUYEM BBIXOJHOE HAINpSKEHHE CABUHYTO MO (pase
OTHOCHTEJIbHO BX0oiHOrO Ha 180°.

Conporusinenust R1, R2 u Rk npeanHazHayens! Juisi TOro, 4ToObI 3a7aTh PEXUM
NOKOS WM HayaJbHBIA pexuM palboTbl Tpanizuctopa. ComportuBnenue Ro s
TepMocTabunmzanuu padoueit Touku. Kpome Toro 3to pesucrop o0paTHON CBSA3H, KOTOPHIH
II0 CBOEH CYTH YBEIMUYMBAET BXOJHOE CONPOTHUBIIEHHE KacKaJa M YMEHBIIAET yCHUIICHUE
BXOJHOIO cHrHanma. EmkocTh C5 CIYKHMT i MOBBILEHHS KOd(P(HIMEHTA YCHUIEHHS
KacKkajia 1o MepeMEHHOMY TOKY, OH YCTpaHseT OTPHUIIATEIbHYI0O OOpaTHYIO CBsI3b KacKasa,
NOJTy4eHHYI0 ¢ MOMOIIbI0 R> Ha paboumx wactorax. Emxoctn Cl1 m C2 Ha3bIBalOTCS
pa3fenuTeNbHBIME  EMKOCTSIMM, WX Ha3HayeHHe - OJOKMpPOBAaHUE TMOCTOSHHOU
COCTaBJISIONIEH BXOJHOIO CUTHAJIA M BBIXOHOTO HANPSKEHUS.

Oco0eHHOCTH TaKOTO BKIFOUECHHUS:

e Hu3zkoe RBX (0T Heckonpkux coTeH OM 10 necatkoB KOM) M OTHOCHTEIBHO
6ombiioe RBbIX (0T HeckonbkuX KOM 70 coTeH KOM);

® [03BOJISIET TMOJYYUTh Hanbosnee BBICOKMH KOI(OUIMEHT YCHJIEHHUS 10
HanpspkeHuto Ky (AecsaTku enuHul) U O0oibpmioNn KodQUIUEHT ycuieHus nmo Toky K
(lecsATKU eAMHHII);

® BBIXOJHOHM CHTHAJ CIBUHYT 1O (pa3e OTHOCHTENBHO BXoMHOTO Ha 180°;

® Y3KHil IMaNa3oH 4acToT.
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Pucynok 7.4 — PeanpHble cTaTUYECKHE XapaKTEPUCTUKU cXeMbl O2:

a - BBIXOJHBIC, 0- BXOIHBIC.

Pacuém napamempos xacxkaoa O3

Cxema ¢ OD ycunuBaerT HampsbkeHHe U TOK. KoaduuueHT ycuieHus mo TOKY

K; o5 onpenensiercs mo gopmyie:

Kio3 = hyis

(7.1)

rne hpq5 — craTmdeckuii KO3Q(UIMEHT yCUIEHHS MO TOKY (CIPaBOYHBIH

napamerp).
Kosddunuent  ycunenus
paccuuThIBaeTCs o GopMyIie:

_  RIR,
Kyos=——"7—

3

no HampsokeHutoo Ky g3  YIPOUIEHHO

(7.2)

Koraa compoTuBiieHre HArpy3kd OTCYTCTBYET B cxeme, T.e. R, = 90, dopmyria

(7.2) 6ymet umeTh BUI:

A WY R?‘.‘
Kyos=——

3

Kackaj ¢ 001mm KoJ1JIeKTOpoM
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Pucynox 7.5 — Cxema Brirouenust OK

Pesucropst R1, R2 1 R, 3anaror pexxum nokos. Ci, Co SABISIOTCS pa3aenuTeaIbHbIMU
eMKOCTsIMU. BXOnHOI curHai mo nepeMeHHOMY TOKY IoJaeTcsi Ha 0as3y, a BBIXOJHOU
cHuUMaeTcst ¢ SMuTTepa. Kosiekrop mo mepeMeHHOMY TOKY 3a3eMJICH uepe3 Mayloe s
MIEPEeMEHHOTO TOKA BHYTPCHHEE COMPOTHBIICHUE UCTOYHUKA MUTaHUS. B cxeme BeiencTre
takoi monaun curHana cymectsyer 100% OOC mno wnHanpsokenuto. Ilpu momaue
MOJIOKUTEITHPHOTO BXOJHOTO CHTHala Ha 0a3y TPaH3HMCTOpA, TOK, MPOTEKAOIIMHA Yepes3
TPAH3UCTOP YBEIMYUBAETCS, CIEAOBATENbHO, YBEIMUMBACTCS TOK, MPOTEKAIOUINI uepes
compotuBiieHue R>, M TajeHWe HaNpsOKEHUS HA HEM, KOTOPOE W SBISETCS BBIXOIHBIM
HampspkeHueM it cxeMbl. 13 atoro cienyer, uto kackan OK He moBopaumBaetcs ¢azy
BXOJIHOTO CHTHAJIa. JTa cXeMa HOCHUT eI OHO Ha3BaHUE — SMUTEPHBIN TTOBTOPUTEIb.

OC00EHHOCTH TaKOT'O BKITIOUEHUS:

® BBIXOJHOM CHTHAN U BBIXOJHON UMEIOT OJIMHAKOBYIO (a3y;

® JIOBOJBHO BhICOKOE (necsaTku KOM) RBX 1 moBoIbHO Manoe RBBIX.

e cxema uMmeeT crabmibHyIo Bennunny Kux1l;

e OOJBIION TUHAMUYECKHUN TUAa30H BXOJHOTO CHUTHAJA 32 CUYET CTOMPOIICHTHOM
O0C.

Pacuém napamempos xacxaoa OK

JlaHHBIN KacKaJ WCIONB3YeTCsA JUIsl YCHJICHHUS MO TOKY, TaK KaK HMEET
OTHOCHUTEIIEHO BBICOKOE BXOJTHOE U HM3KOE BBIXOJTHOE CONPOTHUBIICHUE:

Kf OF — h213 + 1 > 1. (74)

Hanpspkenne BxogHoro curHana kackag OK He ycunuBaeT M He
unaBepTupyer. Kospdurment ycunenus mo HamnpsokeHuto Ky gp  paccymThIBaeTCs 1Mo

dbopmyre:

5 (Rs | |R}J

Ky ok = TSR IR (7.5)
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I
e S — KpyTU3Ha yCuIeHus: S = tp—s, a ¢t - TeMIIepaTypHbI NOTEHIUAIL.
T

B cnydae, koryia conpoTHBIIEHHE HArpy3KH OyaeT OTCYTCTBOBATh, (hopMyIia
OyJleT UMEeTh BHJI:

S-R,
Kyox = sp- (7.6)

Tax kak npoussenenue S - R, >> 1, nonyunm:

SRy _
HU Ie) SR =~ 1. (77)
Kackan ¢ o01eii 0a3oii
Ca
I
i
C
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Pucynox 7.6 — Cxema Briouenust Ob

B 3T0i1 cxeme BXOJHOW CHUTHAJ MO MEPEMEHHOMY TOKY MOAAETCA Ha 3MUTTEp, a
BBIXOJHOM CHUMAETCsI C KOJIJIEKTOpa, 0a3a B JaHHOM cxeme 3azemieHa. ConportusieHue R,
u Ry 3amaror pexxum mokos. EMkoctn C1 u Co SIBISFOTCST pa3AeTUTEIIBHEIME €MKOCTSIMH.
[Ipy momade Ha BXOJ HANPSIKEHUS] OTPULATEIBHOM MOJSAPHOCTH KOJUIEKTOPHBIA TOK
YBEJIUYUBACTCS, YBEJIIMUMBAs MMaJICHUE HAMpPSOHKEHUs Ha CONMpOTHUBIEHHE Ry, a moTeHmuan
KOJUICKTOpAa OTHOCHUTENIBHO 3eMJIM yMeHbInaeTcs. [lomspHOCTH BXOJHOTO M BBIXOJHOTO
HaIpsKEHUs1 COBIAIAIOT.

Oco0eHHOCTH TaKOTO BKITFOUCHHUS

e Hu3koe RBx (aecsatku Om) u Bbicokoe RBbIX (enuHuULIB, aecaTku MOwm)
COTIPOTHBIICHUE;

e Kimensbmme enunuipl, a Ky 3aBUCHT OT CONPOTHBIICHUS HATIPSDKCHHS HATPY3KH,

® KacKaJ XapaKTCPU3YCTCA XOPOUIMMHU YaCTOTHBIMU U IEPEXOAHBIMU CBOMCTBAMH
Y1 MaJbIMU HETMHEWHBIMU UCKaXKCHUSIMU.
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Pucynok 7.7 — PeanbHble cTaTUYECKHE XapaKTepUCTUKH cxeMbl Ob:
a - BBIXO/IHbIC; O - BXOJHbIE.

Pacuém napamempos xacxaoa OB
VYcunenus toka B kackane Ob HeT — apyroe Ha3BaHUE CXEMBI MIOBTOPUTENH TOKA.
Koa¢durment ycunenusi no Toky K; op Bcerjia HEeMHOTO MEHbIIE ¢THHHUIIBL:

179
hoi5+1

Kio5 = (7.8)

VipoméHHo Ko3GUIMEHT YCHICHHs 0 HanpsukeHHio Kiy o5 MOYKHO paccYuTaTh

o ¢opmye:
_  RJR
KU 05 — a - R—H; (79)
gX
rae & - kodhpuIreHT nepegauu Toka,
R, - BXonHOe comnpoTtusnenue kackana Ob.
Ry =1+ (1 —a) 1 (7.10)

re 15 U T; — BHYTPEHHUE CONPOTUBIIEHUS IMUTTEPA U 0a3bl COOTBETCTBEHHO.
Ecnu He yunThIBaTh CONMPOTHBIICHUE HArpy3ku, ¢hopmyna s pacuéra
KOX((UIIMEHT YCUIICHHUS 110 HAMIPSHKEHUIO TIPUMET:

Ry

K, AL S\ PPN T
U ob r+H(1—a)rs

(7.11)

B nanHo#t n1abopaTopHOit pabote Oosiee MOAPOOHO OCTAHOBUMCS Ha JIBYX CXeMax
BKITIOUEHUS TpaH3HuCcTOpa: ¢ obtmel 6a3oii (OB) u ¢ 0buum smurrepoMm (03).

Yacrts 1. Cxema Briawuenus Ob

Ha pucynke 7.8 npezacrasiena cxema Ob.
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Ukia

W

Pucynox 7.8 — Cxema Brimouenust Ob

Hns cxembl ¢ OB BXOAHBIM TOKOM sBJsieTCS TOK BSMuUTTEepa |, BXOAHBIM
HarnpshkeHneM — HanpsbkeHne U,s , BBIXOIHBIM TOKOM — TOK KOJUIEKTOpaA |l , a BBIXOJIHOE
HanpspkeHne Uy,

Bxogusimu BAX st cxemsl ¢ Ob sBistoTCs 3aBUCUMOCTH BXOAHOTO Toka I, oT
BXOJHOTO HanpsbkeHuss U,s Ipu nmocTosiHHBIX HanpsbkeHusx Uyxs. Ha pucynke 2 mokasan
npuMepHbIi BUJ BXoaHbIx BAX Tpan3ucropa ¢ Ob.
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40
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0,4 0,45 0,5 0,55 0,6
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Pucynok 7.9 — Bxogubie xapaktepuctuku Tpanzucropa ¢ Ob

BxongHbple  XapakTepHUCTUKHU

rpaduky BeIXxoqHbIX BAX.

3HAYUTENbHOM  CTENEHU  OMNpEenessoTCs
XapaKTEPUCTUKOM OTKPBITOIO 3MHUTTEPHOrO P-N-Epexona, MO3TOMYy OHHM aHAJOTUYHBI
BAX nuoja, CMEIIEHHOTO B IPSIMOM HAMPABIICHUH.

BoeixonueiMu BAX i cxembl ¢ OB sBisioTCS  3aBUCHMOCTH BBIXOJHOTO ToKa |y
oT HanpspkeHus: Uys mpu MOCTOSAHHBIX TOKax |,. Ha pucynke 3 moxaszaHbl mpuMepHBIE
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on | Hachimenne AKTHBHHIII pEXKIIM

L=l -
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< < < <
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(e}
©

o=13=66,2 mA =8=|3=10,8 mA epem | 3=38 9 MA

Pucynok 7.10 — BeixoHble XxapaktepucTuku Tpanzucropa ¢ Ob

W3 pucynka BUJIHO, YTO TOK | cTaHOBUTCS paBHBIM HYNO TONBKO MpH Uiks<0, TO
€CTh TOJIBKO TOTJIa, KOTJa KOJUIEKTOPHBIM IEpeXo]] CMEIICH B MPsIMOM HAalpaBJICHUH.
JaHHBI pexuM paboThl TPAaH3WCTOpPA HA3BIBAIOT PEKUMOM HACHIIIEHUS, a JIMHUU B
obmacti U<0, Ha3pIBaroTCS JUHHUAMM HachllleHHs. Ecnu roBopuTh TOuHee, TO TOK |k
CTaHOBUTCA paBHbIM Hymo npu U < -0,75 B. Ilpu U>0 u Toke 1,=0, Tpansucrop
HAXOJUTCS B pexuMme oTcedkH, rpapuk BAX, coorBerctByrommii 1,=0, mpaktudecku
CJINBAETCS C OCBIO HANpPsHKEHUH.

IIpu yBenmuenwn Toka |, m monoxutenbHBIX HampspkeHusix Uxs TpaH3ucTOp
NEPEeXOANT B aKTUBHBIM PEKUM paboTHI.

Tpan3ucTop, BKIFOUEHHBIH MO0 cXeMe ¢ 001eil 6a30i, HCIOIB3YeTCs] B YCHUIIUTEIAX
HalpsDKEHUsT U MOLIHOCTH, TaK KaKk HECMOTpPS Ha TO, YTO BBIXOAHOH TOK MOYTH paBeH
BXOJIHOMY, BBIXOJTHO€ HANPSHKCHHE 3HAYUTEIHHO OOJIBIIE BXOAHOTO. M3-3a TOCTaTOYHO
0OJIBIIOrO BBIXOJHOTO COINPOTHBIEHUS TpaH3UCTOp ¢ OB HCHONB3yIOT B HMCTOYHHMKAX
CTaOMIJIBHOTO TOKa.

OCHOBHBIMU napameTpamu TPaH3UCTOPOB B cxeme C Ob
SABISTIOTCSL: T hepeHITMaNBHBIA KOd(DPHUITMEHT TIepe1adu IMUTTEPHOTO TOKa:

dl,
¥ =
dl,’
npu U,=const; (7.12)

g depeHInaTbHOE COPOTUBIIEHNE SMUTTEPHOTO Mepexoia:
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du,
T =
3 »
dl,
npu U,=const; (7.13)

nuddepeHnnaIbHOe CONPOTUBIICHUE KOJUIEKTOPHOTO IIEpexo/ia:

K

T, = :
o d&
npu U,=const. (7.14)

Yacre 2. Cxema BrIouyenus 0D

Ha pucynke 7.11 npencrasnena cxema O0.

Ek

e
N
—=al
LOY
:\\w’{ LT
.

Pucynoxk 7.11 — Cxema Bxiitouenus O3

Hazpanue «cxema ¢ OD» oOBSCHSETCS TEM, UTO SMUTTED SIBISETCS OOIIUM IS
BXOJHOM M BBIXOAHOM Leneil. BxomueiM TokoM anst cxembl OO sBnsercs TOk 6a3bl |,
BXOJIHBIM HampspkeHueM — HampsikeHue U, , BBIXOIHBIM TOKOM — TOK KoiuiekTopa li , a
BbIX0HOE HanpsikeHue Uy,.

BxomueimMu BAX mia cxembl ¢ OD SIBIAIOTCS 3aBUCHMOCTHA BXOIHOTO TOKa ls oT
BXOZHOrO HampspkeHus U,s; Ipu MOCTOSHHBIX HampspkeHusx Ux,. Ha pucynke 5 mokasan
npuMepHsId BU BXoAHBIX BAX tpan3ucropa ¢ O3.
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Pucynok 7.12 — BxoiHble XapakTepicTUKH TpaH3uctopa ¢ 0D

Bxonnbsle xapakrepuctuku TpaHzuctopa ¢ OO ormnnyarorca or Ob: mpu yBeIMYEHHH BBIXOIHOTO
HanpsokeHus Uy, XapaKTepUCTHKH CABUIAIOTCA BIPABO. Bexonusimu BAX mns cxemer ¢ OO
SIBJISTFOTCSI 3aBUCUMOCTH BBIXOJHOTO TOKa |, oT Hampspkennst Uy, npu mocrosHHBIX Tokax lg. Ha pucynke 6
MIOKa3aHbI MPUMeEpHBIe rpaguky BeIX0IHBIX BAX Tpanszuctopa c O3.
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Pucynok 7.13 — BbIxo/1HbIe XapakTepUCTUKH TpaH3ucTopa ¢ 0D

Beixogaele BAX Tpan3ucropa ¢ OO Takke OTIMYAIOTCS OT BBIXOJIHBIX
xapakrepuctuk Ob. B cxeme BkiatoueHuss OO BBIXOAHOM TOK |« CTAHOBUTCS paBHBIM HYIIIO
npu HanpsokeHusX U =0 W oTpHULATeNbHBIM NpPU OTPHULATENBHBIX 3HaueHusX U.. B
o0acT HachlleHWsT BenuuMHa HanpsbkeHus U, cTosp Mama, 4TO CTaHOBHTCSA
HEJ0CTAaTOYHOW JJIi CO3JIaHUs OOpaTHOrO CMEIIEHMsI Ha KOJUIEKTOPHOM mepexoje. B
pEeKUME HACBIIEHUS] TOK KOJIJIEKTOpa HE 3aBUCHT OT TOKa 0a3bl U BCE BETBU BBIXOJHOM
XapaKTEpUCTUKHU CIIUBAIOTCS B OHY.

BeixogHble XapakTepucTUKH TpaH3ucTopa ¢ OO B aKTMBHOM pEXUME HIYT C
00BIIMM HAKJIIOHOM, YTO 03HAYaeT MEHBIIYIO BETUYMHY AUPPEpEeHIINaTLHOTO BBIXOJHOTO
conpoTtusiieHus TpaHzucropa OO no cpaBHenuto ¢ Ob.

Cxema BrumroueHus: OO mpuMeHsieTcsi HanboJiee 9acTo, TaK KakK 3/16Ch UMEET MECTO
yCUJIEHHE KaK IO TOKYy, TaK W IO HampsbkeHuto. [loaTomy B crpaBOYHMKax OOBIYHO
3aJ]al0TCS TapaMeTpbl UMEHHO JUIS TOTO TUIA BKIIOYEHUS TPAH3UCTOPA.

Jlng TpaH3ucTopa, BKIIOYEHHOro Mo cxeMe ¢ OD, OCHOBHBIMH NapaMeTpaMu
SABIISIIOTCS:

T epeHIMaIbHbIN KOAPPHUIMEHT NepeJaun ToKa 0a3bl:

K

dl,’

npu U,=const; (7.15)

I[I/I(b(l)epeHI_[I/IaHBHOe BXOAHOC COIIPOTUBJICHHUEC TPAH3UCTOpPA:
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dU
Rsx < ’
dl,
pu U,=const; (7.16)
nuddepeHnraIbHOE COMPOTUBIIEHNE KOUIEKTOpa:
A K
B L
dl_
pu ls=const. (7.17)

HapaMeprl ou B CBs3aHbl MCXKIY co0ou CJICAYIOIIUM COOTHOIICHUCM!
[ird
= — 7.18
B = (7.18)

Ecan TPAH3UCTOP HUCIIOJIB3YCTCA B CXCMC YCUWIHTCIIA, TO HCHOJB3YHOT KPYTHU3HY

XapaKTEPUCTHKU:
o dl
dUs (7.18)
s-F
R, (7.19)

npu U,=const.

JMHAMHU4YeCKHH pe;KkuM padoThl TPAH3UCTOPA

JluHamMuueckuM pexuMoM pabOoThl TPaH3UCTOpA HA3BIBAETCS TAKOM PEXHUM, MpU
KOTOPOM B BBIXOJIHOM IIETIM CTOUT HATPY30UHBIH PE3UCTOP, 32 CUET KOTOPOTO U3MEHEHHE
BXOJIHOTO TOKa WM HAmpsHKeHUs OyIeT BBI3bIBATh W3MEHEHHE HAIpSHKeHHs Ha
KOJIJICKTOPE.

Ha pucynke 7.13 pesuctop Rk — 3TO KoIIeKTOpHas Harpyska Uisi TPaH3UCTOpa,
BKJIFOUEHHOTO 110 cxeme ¢ O3, obecreunBaromas TMHAMUYECKUN PEXKUM PaOOTHI.
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Pucynok 7.13 — JlunamMmudeckuii pexxum paboTHI TpaH3UCTOPa, BKIFOYEHHOTO 1o cxeme OO

C MOMOIIBIO TaKOHW CXeMbI MOXKHO TOJIYYUTh JUHAMHUYCCKYIO XapaKTePUCTUK TPAH3UCTOPA
¢ OO — pucyHok 8.
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ANHaMuyecKan xapakTepucTuka

Pucynox 7.14 — Beixomnast BAX tpanzucropa ¢ O3
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BrixonHas quHaMuveckasi XapaKTEpUCTHKA MPEACTABIAECT COO0W MPsMYIO JTHHHIO,
KOTOpasi CTpPOUTCS 10 JBYM TO4YkaM I max W Ex Ha BBIXOIHBIX CTaTHYECKHUX
XapaKTepuCTHKaxX. J(MHamMuueckas XapakTepUCTHKa AAET BO3MOXHOCTb BBIOPATh pPEXHUM
paboThl TpaH3UCTOpA, 3a/laBas COOTBETCTBYIOILEE IMOJOXKeHHe pabouel Touku. BoiOpas
pabouyio TOUYKY, OIpeessieM COOTBETCTBYIOLIMIA el 0a30BbIil TOK ls, KOTOpBI 0becreunT
paboTy TpaH3HCTOpa B HEOOXOJMMOM pEKUME.

Boinosnenue B mporpamme Electronics Workbench

[Tpu BeImOMHEHUU PabOTHI U3 OUOIMOTEKH BBIOMPAIOTCS CIEAYIOLIHE TPAH3UCTOPHI
(o Bapuantam): 2N1711, ideal, 2N2218.

1. CoOpare cxemy BrmoueHuss O3 — pucyHok 7.11. TlocTpouTs ¢ HOMOIIBIO
nporpamMbel Microsoft Excel cemeiictBo BXomHbIX XapakTepucTHk Tpausuctopa ls(Uss)
npu U,=const u BeixoaHbix xapakrepuctuk l«(Uy,) npu ls=const.

2. Cobparp cxemy BkIroueHus OD aiusd JMHAMHYECKOTO peXuMa pPabOTHI
TpaH3ucropa — pucyHok 7.13. TIocTpouTh AMHAMUYECKYIO XapaKTEPUCTUKY Ha BBIXOIHBIX
CTaTMYECKUX XapaKTEPUCTUKAX MO ABYM TOUKAM lx max 1 Ex.

3. Cobparp cxemy Bkmodenns OB — pucyHok 7.8. IlocTpouTh ¢ HOMOIIBIO
nporpammbl Microsoft Excel cemelictBo BXomHbIX Xapaktepuctuk TpaH3uctopa |,(Uss)
npu Uys=const u Beixoansix xapakrepuctuk l«(Uxs) mpu I, =const.

HOpﬂI{OK BbIITOJTHCHU A paﬁDTbI:

HcceaenoBanne xapakrepucTuk kackaga 09

1. YcranoButs Ha uctounuke nuranus E2 B pexxume OUTPUT/OFF orpanuuenue
no nHampspkeHuio 30 B, mo Toky 250 MA. VcTOYHMK TUTaHUS TIEPEBECTH B PEXHUM
OUTPUT/ON Tosbko mociie TOro, Kak cxema OymeT cobpaHa 10 KOHIIA M MPOBEpPEHA
MPEToIaBaTeIIeM.

2. Bxmounte mynastMeTpsl V1 u V2. VYceranoBute V1 u V2 - B pexum
WU3MEPEHUs MMOCTOSIHHOTO HampspkeHus. Bxon mynstuMerpa V1 moncoeqnHEH K pa3beéMy
Ha maHenu {V1}, a Bxox MmynbTuMeTpa V2 H0ACOSANHEH K pa3béMy Ha maHenn {V2}.

3. nst Toro, 4roObl cxema pabortana B pexxume OO, HEOOXOAWMO YCTAaHOBHUTH
nepeximouarerii SW1 u SW2 B nonoxxenne OE. ITlepexmouarens SW4 ycTaHOBUTH B
nonoxenne OFF — monoxenue, B KOTOpoM RK OTKIHOYEHO, T.e. CTaTHYECKUN PEXUM
paboOTHI CXEMBI.

4. BxomHo# Tok IBXx 3amaércs yCTaHOBKOW MEPEMBIUKH C TIAaHENTU B pa3beémbl {P1}.
Hampsbxenne nuranus kosutektopa UK 3a1aéTcs yCTAaHOBKOM IEPEMBIYKM C IIaHEIW B
pa3zeémbl {P2}. Ero mossipHocTh ompexpensiercs mnepexitrouarenem SW3. M3HavanbHO
YCTaHOBHTH TIEPEKITIOYATEIh B TIOJI0XKEeHUE «+UKY.

5. TlepeBectu ucrounuk nuranus E2 B pexxum OUTPUT/ON.

ITocTpoenne cemelicTBa BXOAHBIX XapaKTEPUCTHK cxeMbl OJ

6. Coemuuuth ¢ momouipto kabenst passémbl {V1} m {IB} s ompeneneHus
BxoaHOro Toka lp. [l ompeneneHus HampspKeHUS MEXAy O0azoi u smuttepoM - Upd
COEIMHUTH C MOMOIIIBI0 Kabens pa3sémbl {V2} u {Ugg}.

7. JIns  mocTpoeHHsi OJHOW BETBH BXOJHOM XapakTepuUCTHKH cxemMbl OO
yCTaHaBJIMBaeM NepeMbluky B pa3béM {Uk8}. M3mensem 3HaueHus IBx, mepectapisis
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noouepéaHo nepeMbruky B pazbémax {P1} or {I9} mo {Il} u ¢uxcupys mpu 3ToM Ha
mynbtumeTpax V1 u V2 3nauenus Is u Ups. [lomyueHHble 3HaUeHUs 3aHOCUM B TaOiuIry 1.
[Tocne wu3mepenus: Bcex 3HaueHuid Iy u Upy HEOOXOAMMO OMNpPENENIUTh 3HAUYCHUE
HanpspkeHuss U8, 11 kotoporo Obuiv noitydeHsl 3Tu I m Ups. st aTOro coeauuum c
nomoineio kadesst pazbémbl {V2} u {Uke}. @ukcupyem 3nauenne Ukg U 3amuchiBaeM €ro
B Tabmuny 7.1 BMecto 3HadeHus: UKS.

8. IloBTOpUTH ACHCTBHS, OMMCAHHBIC B MyHKTax 6 U 7, I OCTAJIbHBIX 3HaueHU UkE,
HepecTaBisis MOOYEPENHO mepeMbIuky B pazbémax {P2} ot {Uk7} no {Ux0} u dukcupys
pe3ynbTaThl U3MEpeHui B Tabaume 7. 1.

9. Tlo nanHbIM TaOMUIBI 7.1 TOCTPOUTH CEMEHCTBO BXOIHBIX XapAaKTEPUCTHK CXEMBI
093 - I (Us») ¢ momorsto mporpammbl Microsoft Excel.

Tabmuma 7.1. Cxema OD. BxonHas xapakTeprUCTHKA

Uxo, B 16, mxA Uo6s, B

Uxk8

Uxk0

HOCTpOCHHe ceMeicTBa BBIXOAHBIX XaApPaKTEPUCTUK CXEMBI 09

10. Coenuuuth ¢ momoinsio kabens passémbl {V1} u {Ik} mis onpemencHus
BBIXOJTHOTO TOKa cxeMmbl lk. s ompeneneHus HampsoKeHHsS MEXIY KOJUIEKTOPOM U
aMUTTEPOM - Ukn COCTMHUTD ¢ TIOMOIIBI0 Kabens pa3béMbl {V2} u {Uke}.

11. Mna cHATHUS OAHOM BETBM BBIXOAHOW XapakTepUCTUKH cxembl O3
ycTaHaBiIMBaeM nepembluky B pasbém {19}, M3mensiem 3Hauenuss Uk, mnepecTaBisis
noovepéaHo nepeMeluky B pazbémax {P2} or {Uk8} no {Ux0} u ¢ukcupys npu 3ToM Ha
mynapTuMeTpax V1 u V2 3nauenus Ik u Uks. [lonyyeHHble 3HaYeHUS 3aHOCUM B TaOIHILy 2.
ITepeBens nepexmouarens SW3 B nosoxenue «-Uk», mponssectd usmepenue Ix u Uk s
Bcex orpunarenbHblx Uk oT Uk8 no UkO m Takke 3aHECTH pe3ynbTaTbl U3MEPEHHN B
tabmuny 2. [Tocne uamepenus Bcex 3HaueHu |k 1 Uks HE0OX0AMMO ONpeeTuTh 3HaUeHUEe
BXOJHOTO ToKa Ip, mist kKotoporo ObutM mosnydeHsl 3t Ik u Uks. s aTOTO coenuHuM ¢
nomoIeio kabens pazsémsl {V2} n {Ik}. ®uxcupyem 3HaueHue I U 3amuceiBaeM €ro B
TadymIy 2 BMecTo 3HaueHus 19.

12. TloBroputh neiictBus, ommcaHHble B myHkTax 10 m 11, nmus ocTampHBIX
3HaYeHUH IBX, mepecTaBiisis MOouepEAHO nepeMbluky B pazbémax {P1} ot {I8} mo {I1} u
buKCUpyst pe3yabTaThl N3MEPEHUH B TaOIHUIE 2.

13. Ilo nanHbIM TaOnMIBI 2 TMOCTPOUTH CEMEWCTBO BBIXOJHBIX XapaKTEPHUCTUK
cxembl O - Ik (Uk») ¢ momormibto nporpammel Microsoft Excel.
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Ta6mmma 2. Cxema OD. BeixoiHas xapakTepuCTHKA

I5, MKA Ik, mMA Uk», B

JAunamMuyeckuii pexxum padoThl TPAaH3UCTOPA

14. Tlepexnrouarens SW4 yctanoBUTh B mojoxeHne ON — nojoxkeHue, B KOTOPOM
Rk BKITIOUEHO B CXEeMY, T.€. ITMHAMUYCCKUHN PEKUM PaOOTHI.

15. Coenuuuth ¢ momoinsio kabens pazsémbl {V1} u {Ik} s onpenencHus
BBIXOAHOTO ToKa cxeMmbl lx. [lns ompeneneHus HampsDKEHUS MEXAY KOJUIEKTOPOM H
IMUTTEPOM - Ukn COCTMHUTD ¢ TOMOIIBI0 Kabeis pa3béMbl {V2} u {Uke}.

16. Jlns mocTpoeHust AMHAMHUYECKON XapaKTepUCTHKH cxeMbl OO HeoOX0aMMO JiBe
TOUKH:

MEPBYIO TOUYKY, COOTBETCTBYIOLIYIO |« max, TOJlydyaeM, yCTaHABIMBAs MEPEMBIYKH B
pazsémbl {Uk0} u {I9}; BTOpYyIO, COOTBETCTBYIOIYIO Ex max, — B pazbémbr {Uk8} u {10}.
ITpu sTom 3HaueHus lx u Uks pukcupyem Ha mysnbTuMeTpax V1 u V2 cOOTBETCTBEHHO.

17. Tlo mTOMy4YEeHHBIM TOYKAM IIOCTPOUTH JWHAMHUYECKYIO  XapaKTEPHCTUKY
TpaH3uCTOpa B cxeme BkimtoueHuss OD - ¢ momompio mporpammbr Microsoft Excel wa
BBIXOJIHOM cTaTHueckoi xapakrepuctrke A cxembl OO Ik (Uks) (cM. pucyHok 8).

18. TlepeBectu uctounuk nuranus E2 B pesxxum OUTPUT/OFF.

HccnenoBanne xapakrepucruk kackana Ob

1. YroOb1 mnepeBectu cxemy B pexum Ob, HeoOXoauMo YCTaHOBHTH
nepeximovarenn SW1 u SW2 B nonoxenue OB. Ilepekmtouatens SW4 ycraHOBUTH B
nonoxkenne OFF, npu kotopoM Rk OTKIIOYEHO, T.€. CTAaTHUECKUN PEKUM PabOThI CXEMBI.
[Tepexmouarens SW3 ycTaHOBUTH B IOJI0KEHUE «+UK».

2. TlepeBectu ucrtounuk nuranus E2 B pesxum OUTPUT/ON.

IHocTpoenue ceMeiicTBa BXOJAHBIX XapaKTepucTHK cxembl Ob

3. Coemunuth ¢ momompio kabens pasbémbl {V1} u {le} mns onmpeneneHus
BXoaHOTO TOKa ln. [lns ompenenenus HampsokeHHs Mexay 0azoit u smurrepom - Ugps
COEIMHUTH C OMOUIbI0 Kadens pa3sémbl {V2} n {Ugg}.

4. Jlnst cHATUS OAHOW BETBU BXOJHOM xapaktepucTtuku cxembl Ob ycTanaBiuBaem
nepemMbluky B pazbéMm {Uk8}. M3meHseM 3HaueHus IBX, mepecTaBiss MOOYEpPENHO
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nepemMbluky B pazbémax {P1} ot {I1} no {I9} u Puxcupys npu 3ToM Ha MyabTEMETpax V1
u V2 3nauenus | u Ups. [lonyuennbie 3HaueHus 3aHocuM B Tabnuiy 4. [locie usmepeHus
Bcex 3HaueHuM |» m Ups HeoOxoammo ompenenuTh 3HadeHUe HamnpspkeHus UKS, mis
KoToporo Obutn momy4eHsl 3TH |s u Ups. st 3TOro coemwHuM ¢ MOMONIBIO Kabems
pazpémbl {V2} u {Uxs}. ®ukcupyem 3nauenue Uxp W 3amuceiBaeM ero B Tabimiy 4
BMecTo 3HaueHust UkS.

5. [ToBTOpPUTH NEUCTBUS, ONUCAHHBIEC B TyHKTaX 3 U 4, 115l ocTaibHbIX 3HadyeHnd Ukg,
HIepeCTaBIIsis MOOYEPENAHO MepeMbIuky B pazbémax {P2} ot {Uk7} no {Uk0} u ¢ukcupys
pe3ynbTaThl U3MEPEHUH B TabmuIe 3.

6. Ilo manHbBIM TaOAMLBI 3 TOCTPOUTH CEMEMCTBO BXOAHBIX XapakTepucTuk cxemsl OB -
15(Us») ¢ nomomnisto nporpammer Microsoft Excel.

Tabmuma 7.3. Cxema Ob. BxongHas xapakTepucTrKa

Uks, B | I3, mA Uss, B

Uxk8

Ux0

HOCTpOCHI/Ie ceMelCTBA BLIXOHBIX XApPaKTEPUCTUK CXEMBbI Ob

7. Coenmuuuth ¢ momomipto kabens pazsémbl {V1} u {Ik} ans ompeneneHus
BBIXOJTHOTO TOKa cXeMsl lk. s onpeneneHus HanpspKeHUsT MEXTy KOJUIEKTOPOM M 0a30i
— Ukp COeTMHUTSD € TOMOIIIBI0 Kaberns pazbémbl {V2} u {Uks}.

8. Ins cHATHA OAHOM BETBM BBIXOAHOM XapakTepucTHKH cxembl O3
yCTaHaBJMBaeM TmepeMbluky B pa3bém {19}. M3mensem 3uadenuss Uk, mnepecramisis
noovyepéaHo nepeMbiuky B pazbéMax {P2} ot {Uk8} no {Ux0} u ¢ukcupys npu 3ToM Ha
myabTuMeTpax V1 u V2 3navenus Ik u Ugs. [lonyueHHble 3HaYeHHUS 3aHOCUM B TaOJIUILy
7.5. [lepeBens nepeximouatens SW3 B nonoxxkenue «-Uky, npoussectu nuzmepenue Ik u Uks
i Beex orpunatensHbix Uk o Uk8 1o UkO u Takke 3aHEeCTH pe3yiIbTaThl U3MEpEHU B
tabmuiyy 7.5. Ilocnme wm3mepenus Bcex 3HadyeHH |k m Uxp HEOOXOIMMO OIpPEACIIUTH
3HaYeHHEe BXOJHOro Toka I», mms koroporo ObuM mosyueHsl 3TH Ik u Uxps. st aToro
COeMHUM C momombio kabens pa3pémbl {V2} u {Ik}. dukcupyem 3HaueHue I|r u
3aMuchIBaeM €ro B Tabnuiy 5 BMecTo 3HadeHus 19.

9. IloBTOpUTH AEHCTBHS, ONMMCAHHBIC B MYHKTaX 7 M 8, A OCTAJIbHBIX 3HAUCHHIA
IBx, mepecTanisis moouepé€nHo nepembruky B pazbéMmax {P1} ot {I8} no {I1} u pukcupys
pe3ynbTaThl U3MepeHuil B Tadnuie 7. 4.

10. ITo manHbIM TabMULBI 7.4 TOCTPOUTH CEMENWCTBO BBHIXOAHBIX XapAaKTEPUCTUK
cxembl OB - lx(Uxks) ¢ moMormsio mporpammbl Microsoft Excel.

11.  IlepeBectu ucrouynuk nutanus E2 B pesxkum OUTPUT/OFF.
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Tabmuma 7.4. Cxema Ob. BeixogHas XxapakrepucTuka
I5, MA Ik, mMA UKB, B

11

Pacuér mapamerpoB TpaH3ucropa

Hcnonb3ys nomyuennsie BAX B wactu | u 2, paccuuTars napameTpsl TPaH3UCTOPA
a, f u S no popmynam (1), (4) u (8) COOTBETCTBEHHO, 3aMEHSS MPH 3TOM NPOU3BOHEIE
KOHEYHBIMH NPHUPALICHUSMH COOTBETCTBYIOLIMX BEJITHYHH.

Jlureparypa
OcHoBHas:

1.  XaBoponkoB M. CO0pHHUK 3ajau MO TEOPETUUYECKUM OCHOBAM DJIEKTPOTEXHHUKH.
IMox penakuwmeii JI.A. becconosa. - M.:Beictrast mikosa, 2008

2.A. DnexTpoTexHHuKa U 3ekTpoHuka. M.; Akagemus, 2005. Myp3un FO.M., Bosxkos
FO.U. Dnexrporexnuka. - CII6.: [Tutep, 2007. - 443c.

3. ArabekoB I'.I. Teopernueckrue OCHOBBI 3JEKTPOTEXHUKU. - M.: Boicmias mkoua,
2006, 9.1,2,3

4. TlanpunoB JI.M. DnekTpoTeXHHMKAa M JJIEKTPOHMKA B HKCIEPUMEHTaX U
ypaBuenusx. [Ipaktukym Ha Electronics Workbench. Tom 1. DnektpoTexHuka,
ToM 2: Onektponuka, -M.: JIOAEKA, 2002 r. 1 Tom -303c. u 2 Tom -287c.

5. BeO-caiiT AO «IOKMA» YMK]] Ha oOpa3oBareiproM nopraie ukma.kz.

JOTIOJTHUTEIbHAA:

6. JlekMOHHBIN MaTepuan

7.  IlporpammHoOe obecrieueHue: MporpaMMa CXEMOTEXHUYECKOTO MOJEINPOBAHUS
«Electronics Workbench»; nporpammer 1i1st pacueTa cucteM JTMHEHHBIX YpaBHEHUH
«Excel» u «Mathcad».

8. DOnextporexuuka / [Tox Pen. B.C. [lanTromunua M.-Hayka u texauka 2001 r.-
410 c.

KoHTpoJib (BOMpOCHI, TECTHI, 3a1a4d U TIp).

1. Cxema tpansucropa c O3.
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Cxema tpansucropa ¢ Ob.
Bxonnbie u Beixoansie BAX tpan3ucropa ¢ O0.
Bxonnsie u Boixoausie BAX tpansucropa ¢ Ob.
OcHOBHbIE TapaMeTpbl TPAH3UCTOPA, BKIFOUEHHOTO 10 cxeme ¢ 0.
OcHOBHBIE IMapaMETPhl TPAH3UCTOPA, BKIFOYEHHOT 0 110 cxeMme ¢ Ob.

7. JluHaMHYeCKUU PeXUM paboThl TPAH3UCTOPA U BBIXOJHAS XapaKTepUCTUKA s
cxembl O3.

Ipumeyanue

K BemonHenwro nabopaTopHOi pabOThI JOMYCKAIOTCS CTYIEHTBI, WMEOIINE
TETPaghb C KPAaTKUM TEOPETUYECKUM KOHCIIEKTOM IO JaHHOW TeMe H XOJ paboThI
MPAKTUYECKON YacTH.

Otuét k 3ammuTe Ja60paTOpHON PabOTHI JOJKEH COACPIKATh CXEMBI, PacuéThl U
rpaduku, MOJy4eHHBIE P BBHIMTOJIHEHUU MPAKTUYECKON YaCTH.

oM wN

Jladboparopnasi pabora Ne 8

1. Tema8: UccienoBanue nuddepennupyronieii 1 MHTErpupyOllei Henu Ha
ocHoBe QY

2.11lesn padoThI:

1. UccnenoBanue cxembl nHTErpatopa Ha OY.

2. AHanu3 BIMSHUS BXOJIHBIX BO3ACHCTBHI Ha BBIXOHOW CUTHAT HHTETPATOpA.

3. UccnenoBanue BIUSHUS MTapaMETPOB SJIEMEHTOB HHTETpaTOpa Ha BHIXOJHON
CUTHAJL.

4. UccnenoBanue cxemsl auddepenunaropa Ha OY.

5. AHanu3 BIUSHUS BXOIHBIX BO3IEHCTBHI Ha BBIXOJHONW CUTHAIT
nuddepeHmaTopa.

6. UccrienoBanue BIUSHUS TapaMETPOB AJIEMEHTOB Ju(depeHnraTopa Ha
BBIXOJTHOM CUTHAJI.

Ipubops! 1 316MEHTEI

Octnanorpad AONE NPUEOPOB

@ " NOAE TNMPABOPOR
VHKIHOHAILHELIT 'FeHepaTop

Myawsramerp NONE NPHEOPOR

. Active T
Onepanuonuniil yeuanrens LM741 ﬂ SUYS

Peaucrops

KougercaTopst

Kparkue cBenenuss m3 Teopum Ha ocHoBe OV MOXHO MOCTPOUTH IOYTH
naeanbHele nHTErpaTopbl. Ha puc. 8.1 mokasana mpocreimas cxema, BBITOJIHAOMAS 3Ty
¢yukuuio. Ee BbixonHoe HampspkeHue UBBIX CBS3aHO C BXOJHBIM HampspkeHHeM UBX
CJHEIYIOINMH COOTHOIICHUSMM:
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Use _ @,

R dt

I, 1
Ui = —~—J-UM--'.I§,+ const

R-C/

Henocratkom 3TOH  cXeMbl  sBiIsieTCSl  Apei(  BBIXOJHOTO  HANPSKCHHS,
00yCJIOBJIEHHBIN HANPsDKEHUEM CMELIeHUs U BXOAHBIMU Tokamu OY. DTo HexenarenbHoe
SIBJICHHE MOYKHO OCJIa0WTh, eciil K KoHeHcaTopy C moakmounTs pesuctop R2 ¢ Gonpmmm
conpoTtuBiieHueM (puc. 8.2), oOecrneunBarOmMi CTAOWIN3AIMI0 padoyell TOYKH 3a CUYET
00paTHOW CBSI3M O MOCTOSSHHOMY TOKY. Pe3uctop oOpatHoil cBs3sum R2 mpenorBparmmaer

TaKxke Hacelmenue OY

C
BonuF

& o 2

WVin 10K L7471

3
Pucynok 8.1

A2
1002

AAA
Wy

c
DO uF

AR =03 iadl

.- VWA~ - Vout
*

Pucynok 8.2

-

3apsa KOHACHCATOpPA, KOTAa TOK 4Y€pe3 KOHACHCATOP CTAHCT PaBHLIM HYIIHO. BLIXO,Z[HOG
HAITps’>KCHUEC 3TOHN CXEMBEI IIpH MmoAgavue€ Ha HECC CKa4YKa BXOJHOI'O0 HAITPSKCHUA aMHJ'II/ITYJIOI\/JI
UBX U3MEHSETCS B COOTBETCTBUHU C BBIPAKCHUCM!

Rj t
Ugiir =—U o —=[l —exp(——)].
BhIX B R, [ Py R, C ]

Ha nagaiibHOM HHTEpBasie nepexoqHoro npouecca npu t<<R2YC, n3sMeHeHne BBIXOIHOTO
HanpsokeHus: UBBIX OyJeT JOCTATOYHO OJIM3KO K JMHEHHOMY U CKOPOCTh €r0 M3MEHEHUS
MOJKET ObITh BBIYUCIIEHA U3 BHIPAKEHUS:

ﬂUth}{ = _Unx

At R;C
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Husa  cxembl guddepennmaropa (puc. 11.28) BbixomHoe HampspkeHHe —UBBIX
IPONOPLHUOHATIBHO CKOPOCTH M3MEHEHMsI BXOAHOTO CUTHAIA U BBIUUCIIAETCS 110 (hopmyie:

AU gl
Uy =—Ry-C—8
BLIX 2 At

Ilopsiiok npoBeaeHus IKCIIEPUMEHTOB

Oxcnepument 1. Ilepexonnsiii mporecc B cxeme uHTerparopa. OTkpoiiTe daiin
cll 018 co cxemoii, u300paxeHHor Ha puc. 8.2. Bximounmte cxemy. 3apucyire
OCLMJUIOIPaMMBbl  BXOJHOT'O M BBIXOJHOTO HANpsDKEHHWs CXEMBbl IPU IMOJadye Ha BXOJ
HAlpsDKEHUST B BUZE [OCIIENOBATEIbHOCTH MPSIMOYTOJBHBIX HMITYJBCOB B pasJiene
"Pesynbrartel skcriepuMeHTOB". M3MeppTe aMIUIMTYAy BXOAHOIO HANpPSOKEHUS U
ONpeAeNuTe MO OCHMIUIOrpaMME CKOPOCTh HM3MEHEHHS BBIXOJIHOTO HampsokeHus. [lms
YCTaHOBUBIIETOCS IIpoLecca U3MEpPhTE aMIUIUTYy BBIXOJHOTO HampsiKeHHs. Pe3ynbTaTsl
3anuIInTe B pasznen "Pe3ynbrarsl 5KCIIEpUMEHTOB" .

JKcnepuMeHT 2. BiusHHe aMIUIMTYy[bl BXOJHOI'O HANPSIKEHMs] Ha NEPEXOHBIN
mporecc B CXeMme HWHTerparopa. B cxeme, m3o0paxkeHHOW Ha puc. 8.3, yCTaHOBHTE
aMIUIUTYAy TeHepaTtopa paBHoil 2 B u ycranoBuTe mMacmtad HanpsbkeHUs Ha Bxojnax A u B
ociuuiorpada 2 V/div. Briounte cxemy. 3apucyiiTe OCHHUIOTPaMMbl BXOJHOTO H
BBIXOJHOTO HampspKeHUs B pazfene "Pe3ynbTaThl skcriepuMeHToB". M3MeppTe aMImuTyny
BXOJIHOTO HANpsOKEHUS U ONpEeAEIUTe MO0 OCHUIOTpaMME CKOpPOCTb HM3MEHEHUS
BBIXOJAHOTO HampsbkeHusa. CpaBHUTE OCHMIUIOTPAMMBI  BBIXOJHOTO  HampsDKEHUS,
IIOJIyUEHHOT'0 B 3TOM M IpPEIbIIYyLIEM 3KclepuMeHTax. [ ycTaHoBHBILIErocs mpoiiecca
U3MEphTE aMIUIMTYAY BBIXOJHOTO HampsbkeHus. Pe3ynbraThl 3aHecuTe B pasnen
"Pe3ynbTaThl 3KCIIEPUMEHTOB'".

OkcnepuMeHT 3. BimsHue mapaMeTpoB CXeMbl Ha TEPEXOJHBIM IPOIECC B CXeMe
uHTerpatopa. a) B cxeme puc. 8.3 ycranoure comportuBieHue R1 paBHeiM 5 kOM,
aMIUIMTyy resepatopa 5 B. Bkitounte cxemy. 3apucyiTe OCHMIUIOIPAMMBbI BXOJHOTO U
BBIXOJTHOTO HAaIpsDKEHUs B pazzene "Pe3ynbraTsl SKCepuMeHTOB". 3alMIINTe aMIUTUTYLY
BXOJHOTO HANpPsDKEHUS M ONpEAETUTe MO0 OCIHUIOTPaMME CKOPOCTh W3MEHEHHs
BBIXOJIHOTO HAaNpspKeHUs B Hadaie nporecca. CpaBHUTE OCLMILIOTPaMMY BBIXOJHOTO
HaINpsKEeHUs, MOJYYEHHYIO B JaHHOM 3KCIIEPUMEHTE C OCILIIJIOrpaMMOM, MOJIYYEHHOU B
sKcriepuMenTe 1.
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Pucynoxk 8.3

6). B cxeme puc. 8.3 yctaHoBuTe eMKOCTh KoHjeHcaTopa paBHoi 0.02 Mkd. Bxmrounte
cXxeMmy. 3apucyiTe OCHUWJIOTpaMMbl BXOJHOTO M BBIXOJHOIO HANpsKEHUS B pasjiene
"Pe3ynbTarhl OKCHEPUMEHTOB". 3anuIIMTE aMIUIMTYAY BXOJHOTO HANpPsDKEHUS U
OINpeAeNnuTe MO OCIIIJIOTPAMME CKOPOCTh M3MEHEHUS BBIXOJHOIO HAIpsLKEHUS B Hayalle
nporecca. CpaBHUTE OCHMIIOTPaMMY BBIXOJHOTO HaNpsDKEHUS, MOJNYYEHHYIO B JTaHHOM
SKCIIEPUMEHTE, C OCHMIIOTPaMMOH, MOJIYyYEHHON B SKCIIepuMeHTe 1.

OkcnepumenT 4. [lepexoansiii nmporece B cxeme nuddepenimaropa Ha OY. a). OTkpoiTe
daitn cll 019 co cxemoil, nzobpaxkeHHoit Ha puc. 8.4. Bxkmouure cxemy. 3apucyiite
OCHMJUIOTPaMMBI  BXOJHOTO ¥ BBIXOJHOTO HampspDKeHust B pasnene "PesynbraThl
skcnepuMeHToB". 1o MOMTyYyeHHBIM OCLHJUIOIpaMMaM OIPENeIUTe CKOPOCTh U3MEHEHUs
BXOJIHOTO HANpSDKCHUS W aMIUIATYIY BBIXOJHOTO HANpPSDKEHUS, Pe3yJbTaT 3alHIINTE B
paszaen "Pesyabrarel oskcmepumeHToB". 0). [lo 3amaHHBIM TapameTpaM CXEMbl H
HAWJCHHOMY 3HAQUCHHWIO CKOPOCTHM W3MEHEHHUS BXOIHOTO HANpsDKEHHS pacCunTaiTe
aMIUTUTYAY BBIXOJHOTO HampspkeHus. Pesymprar 3anumute B paszzaen "Pe3ynbraTh
AKCTIEPUMEHTOB".

Pe3ynbTaThl 3KCIEpUMEHTOB

3KCHepI/IMeHT 1. HepeXOI[HBIﬁ nponecc B CXCME HMHTErparopa. OCI_[I/IJ'IJ'IOI‘paMMLI
BXOJHOT'O M BBIXOIHOI'O Hal'IprKeHI/Iﬁ
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Hamepenue

=
=RH

AMmary s BX0QHOrO Hanpsixkenus, B =

CropocTh H3MEeHEeEHRA BRIXOAROTO Banpaxesnd, B/c

AMIIUTYAR BRIXOAHOTO HAUPsKeand, B

BKCHepI/IMEHT 2. Bimusaue AMINIMTYABI BXOAHOTI'O HAIIPSIPKCHUA Ha HepeXOI[HHﬁ ponecc B
CXEME€ UHTEIrparopa. OCI_[I/IJ'IJ'IOI"paMMLI BXOJHOI'O M BBIXOAHOI'O HaHpH)I(eHI/Iﬁ

Hamepenue

AMIUTRTY/I& BROAHOTD Hanpsaxenna, B —
Pacuem
CropocTs B3MeHeHRA BRIXOAHOIO Hanpsxenus, B/c i)

Hamepenue
Kb
=HE]

AMIIRTYAS BRIXOAHOTO HANDSAKeausn, B

JkcnepuMeHT 3. BiusiHue napaMeTpoB cXeMbl Ha IEPEXOAHOMH MPOLECC B CXeME
uHTerparopa. a). Conporusienue R1 =5 kOm. OcuniiorpaMMbl BXOJHOTO M BBIXOJHOTO

HaITPSXKCHUA

62




ONTUSTIK-QAZAQSTAN

SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KaszakcTaH MeavunHa akaaemusicol» AK AO «HOHo-KaszaxcTaHCKass MeQUUMHCKas aKkanemus»
Kadenpa «mKeHepHbIe TUCIUMIHHBD) 044/76-11
«MeTomrIecKre PEKOMEHIAINHY I IPAKTHIECKHX paboTy 63ctp. n3 70

AMIIBTY/IA BXOAHOPO HANDAMenus, B

CROPOCTE HaMEHeHT S BEIXOAHOrO Hanps#enns, B/c

0). Emxocts koHnencaropa C = 0.02 mk@. , OcuuuiorpaMMbl BXOJHOTO U BBIXOIHOTO
'"HanpsKEHUs

Hamepenue
AMILIHTY 18 BXOZHOrO Banpaxkenns, B 25

s )

Pacye
g

CropocTs HaMeHeHH BRIXOAHOIe HANpsAMKennd, B/c

IOxcnepumenTt 4. [lepexoausiii mporiecc B cxeme nuddepenmuaropa Ha OY. a).
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Haneperue

AMnnnTyAs BEIXONHONO HANpsZKeHudA, B

CKODOC‘l'b HOMEeHeHNS BHXOAHOrO Hanpazenns, B/c

OCHI/IJ'IJ'IOI‘paMMBI BXOAHOT'O U BBIXOJHOI'O HAITPSXKCHUA

0).
Hamepenue
=
AMIIAATYAE BXOAHOT'O HANpAXKenus, B
Pacwem
Buxonuoe ganpaxenue, B 224

Jlureparypa
OCHOBHAasI:

1. KaBoponkoB M.A. DieKTpoTeXHHKA U dJeKTpoHHKa. M.; Axkanemus, 2005. Myp3un
HO0.M., Bonkos KO.U. Dnexrporexnuka. - CI16.: [Tutep, 2007. - 443c.
2. ArabekoB .. TeopeTndyeckue OCHOBBI JJICKTPOTEXHUKH. - M.: BrIcias 1mkora,
2006, 4.1,2,3
3. IMaurdwuno JI.1. DireKTpoTeXHUKA U JIEKTPOHNUKA B IKCIIEPUMEHTAX M YPABHCHHSIX.
[Mpaktuxym Ha Electronics Workbench. Tom 1: Dnektporexnuka, ToMm 2: DIEKTpOHHKA,
-M.: JIOJEKA, 2002 r. 1 Tom -303c. u 2 Tom -287c.

JAOTOJTHUTEILHAS
1. COopHUK 3a/1a4 110 TEOPETUYECKUM OCHOBaM 3JIeKTpoTexXHUKH. [loa penakiueit
JI.A. becconoaa. - M.:Bricias mikoma, 2008
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2. IlporpaMmMHOe oOecrieueHue: MporpaMma CXEMOTEXHHYECKOTO MOJICTUPOBAHUS
«Electronics Workbench»; mporpammsl s pacdyera CHCTEM JIMHCHHBIX ypaBHEHUI
«Excel» u «Mathcad».

3. Daexrporexuuka / I[Tox Pex. B.C. INanTromuna M.-Hayka u Texauka 2001 r.-410 c.

4. Bbopucos KO.M. Dnektporexnuka- M. Hayka u rexauka 1998 r.

KounTtpoJibHbIe BOIPOCHI

1. CpaBHUTE CKOPOCTH U3MEHEHUS BBIXOJHOTO CUTHAJIA B AKCIIepUMeHTax 1 u 2.

2. Kakyro poib urpaet conpotupieHre R2, moakiroueHHOe HapayienbHO
KOHJICHCATOpPY B CXeMe Ha. puc. 8.27

3. Ha xaxue mapaMeTphl IEpexoJHOTO MPOIIecca B CXeMe puC, 8.3 BIMsAET BETUYNHA
conpotuBieHus R2?

4. SIsnsiercs v cxema puc. 8.2 ujeaabHbIM HHTETPATOPOM BXOHOTO HAIIPSDKCHUS?

5. OT napaMeTpoB KaKUX KOMIIOHEHTOB CXEMbI pUC. 8.2 3aBUCUT TOYHOCTb
WHTETPUPOBAHUS BXOIHOTO HAMPSIKEHUS?

6. OT mapamMeTpoB KaKiX KOMIOHEHTOB CXEMBbI pUC. 8.2 3aBHCUT CKOPOCTh
M3MEHEHUS BBIXOIHOTO HAMPSDKCHUS MPU MOJade Ha BXOJI CKauKa HAMpPSHKEHUS?

7. BoiBeuTe COOTHOIIEHNE MEK/Y BXOJHBIM U BBIXOAHBIM HAIPSHXKEHUEM JITIS
CXEMBI puc. 8.2.

8. BriBeauTe COOTHOIIEHNE MEK/Ty BXOJHBIM U BBIXOJHBIM HAIPSHKEHUEM TS
CXeMbl puc.8.3.

9. [Touemy cxema puc. 8.3 aBnsgercs AUPpHEPEHIUPYIOMIUM KacKaioM?

10.0T mapaMeTpoB KaKUX KOMIIOHEHTOB CXEMBI pUC. 8.3 3aBHCUT BETMUNHA
BBIXOJTHOTO HAIIPsKEHUS MPU MoAaue Ha BXO/I IMHEHHO N3MEHSIOIIET0Cs HAPSKEHUS?

11. 3aBucHT 11 BBIXOIHOE HampsbKeHUe nuddepeHIUpPYIOIero Kackaua oT
CKOPOCTH U3MEHEHHUSI BXOAHOTO HanpspkeHus1? [1osiIcHUTS.

12. 3aBUCHUT JIM BBIXOHOE HANPsHKCHHUE MU (HEPSHIIMPYIOIEro Kackaia ot
BEJIMYMHBI COMPOTUBJICHUS B LIETTH OOpaTHOM CBS3U?

13.3aBucHUT 1 BEIXOJHOE HampshKeHue audepeHupyroniero kackamaa puc. 8.3 ot
eMKoCTH KoHjieHcaTopa C?

14. TloueMy BbIXOJHOE HaMpspKeHUE TUDPEPEHIMPYIONIETO Kackaaa
MPONOPIUOHAIBHO OTPULIATETLHOMY 3HAYEHHIO POU3BOIHOM BXOIHOTO HAPSKEHUS ?

IIpumeyanue

K BemmonHenuto m1abopaTopHOil pabOTHl OMYCKalOTCS CTYACHTHI, HMEIOIIHE
TETpaab C KPAaTKUM TEOPETHMUYECKUM KOHCIEKTOM I10 JaHHOM TeMe U XO0Ja paboThl
IIPaKTUYECKON YacTH.

OTtuéT K 3ammre 1a00paToOpHOIl paboOTHl JOKEH COAEPIKAaTh CXEMBI, PAcUEThl U
WU3MEPEHMS], TOJTyYEHHBIE IPH BBIITOJIHEHUH YKCIIEPUMEHTATIbHON YacTH.

JlabopaTopnasi padora Ne9

1. Tema 9: UcciienoBanue mmdpparopos u aemmdpparopos.
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2.leabp paGoThl: O03HAKOMJICHHE C TMPHHLUIIOM pPa0dOThl IMUPPATOPOB U
Jen(ppaTopoB, UCCIICIOBAHNE BIMSHHS YIPABIISIONIMX CUTHAJIOB.

3. Teoperuueckasi yactn: lludparopsl (Komepbl) HUCHOMB3YIOTCS 4Yalle BCEro
JUIsl TIPeoOpa3OBaHMsl JICCATHYHBIX YHCENT B JBOMYHBIA WM JBOUYHO-ICCATUYHBIMN
KOJI, HalpuMep, B MHKPOKAJbKYJIATOPAaX, B KOTOPBIX HAXKaTHE JCCSITUYHOW KIIABUIIN
COOTBETCTBYET T'€HEPAL[H COOTBETCTBYIOLIETO JBOMYHOTO Koza. [I0CKONBKY BO3MOXKHO
HaKaThe cpa3y HECKOJIbKAX KIAaBHII, B MH(PATOPax HUCIOJIB3YETCS  MPUHIIHIT
IPUOPUTETA CTapIIero paspsjaa, T.e. NpU HaxaTtuu kimaBum 9, 5 m 2 Ha BBIXOJC
umdparopa Oyner renepuposathbest koa 1001, coorBercTByromuii nugpe 9.

Jemmudparop - noruyeckas KOMOWHALMOHHAs CXeMa, KOTOpas HMeeT I
MH(OPMAIMOHHBIX BXOJOB M 2N BbIX010B. Kax10ii KOMOMHALINK JIOTHYECKUX YPOBHEH
Ha BXOJaxX OyIeT COOTBETCTBOBATh aKTHBHBIA YPOBCHb Ha OJHOM M3 2N BBIXOIOB.

3ananue Nel. MccnenoBanue mudparopa
1) Cobepure cxemy, mokasannyro Ha pucynke 9.1

| [ 0d0o HAHH |2|

SO0 00000

L1
g 1 ED 14
3 a EI 13
4 3 GS 12
H4 s rEt—"]
B 5 Al 2 |
I 6 a2
i 7
g3enc

Pucynok 9.1. Cxema BrirtoueHus mudpartopa B Hell HCTIONIB3YIOTCS CIeIyroIIne
DJICMEHTHI:
umdpatop (ENC) Generic 8-t0-3 Enc; renepatop ciioB, aemmdpyromuii CeMUCerMeHTHBIH
unaukarop (Dec SSD)

[Ipu MopenupoBaHUM HEOOXOAMMO OOpaTUTh BHUMaHHE Ha  peaNTHU3aliio
NPUHIUIIA NPUOPUTETA, TIPU ITOM CIEAyeT Yy4ecTb, YTO BCE BXOJbl M BBIXOJbl —
uHBepcHbIe (B mporpamme EWB onu oniOouHo noka3zaHbl IPSIMbBIMU).

2) CremaiiTe fBOMHOH INETYOK 1O TEHEPAaTOpy CIOB U 3aHECHTE
COOTBETCTBYMOIIME KOoAbl B moje Binary B aapeca ¢ 0000 mo 0007. 3amyctute
MOJIeJIb B TOIIAroBoM pexuMme (kHomka Step). ['eHepatop cioB mokazaH Ha puc.9.2.
3aHecuTe MOJIy4eHHbIe Ha TabJI0 pe3yIbTaThl B TAOIUIY HICTUHHOCTH
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B Word Generator @
| —Pddrezs

ZFFF | =
EFFF :I Edt  [0000 | Covole]
E F F F Current D000 Burst |
FZFF i
E &R Initial  [Do00 Step |
II:: E II:: II:: Final J02E7 Breakpoint |
BEER ; Pattemn...

Jlaaaa@ —Trigger

{2283 IEGEN Exemal | EE |

E S S S S — Frequency

— — Data
oaag [1 B [kHz B | ready &
BEEE
AEEa AECI. ] .
paag - | | Binary [T (1T |
Pucynok 9.2.Bun reHeparopa CJIOB.
Tabnuia UICTHHHOCTH
Bxonsr Brixonsl
1 2 3 4 5 6 7 Tabio A2 Al A0
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3ananme Ne2. VccnenoBanue nemudparopa

1) Cobepure cxemy, nokazaHHy0 Ha pucyHke 9.3

b 00 14
—(,-""—l—l A 01 13
2B 02
1)—/D—,—3 |: 03 11
A 4
[©l —N

Gea’ 04 L
Ger’ 03 2
——"  —8& G 06FE
G 07 7
[ 3Bdec

Pucynok 9.3.- Cxema BKJIO4YeHHE jaemudparopa B Hell UCHONB3YIOTCS CIICIYIOIINE DJICMEHTHI:
nemmmdparop (DEC) Generic 3-t0-8 Dec; 8 mpoOHHUKOB JIOTHYECKOTO YPOBHS;HCTOYHUK CHUTHANIA
«IOTHYECKas SANHUIIA»; 3a3eMIICHUE;6 COCMUHSIONINX Y3JIOB; 4 KIII0Ya, yIpaB/isieMble KIIaBHIICH
(xromka Switch Ha manenu Basic).
Kiroun Moryr OBITH 3aMKHYTBI WJIH DPa3’OMKHYTHI TPH IIOMOIIM  YIIPABIISFOIINX
KJIaBUII Ha KiIaBUaType. VMMs ympaBisrollieil KIaBUIIA MOXXHO BBECTH C KJIaBHATyphl B
JIMaJIOrOBOM OKHE, IOSIBISIFOIIEMCS TI0CIE JIBOMHOIO IIETYKAa MBIIIBI0 Ha HM300paKeHUH
KJTFOYa.
3aHecuTe TOJNYyYCHHBIE PE3YJbTaThl MOJCAMPOBAHMS B TaOJWIy WMCTHHHOCTH.
Beisicaure, mus gero nyxen sxon G1.

IIpumeyanue

K BrImomHEeHNIO Ta00paTOpHON pabOTHI JOMYCKAIOTCS CTYACHTHI, UMEIOIINE TETPaIb C
KpPaTKUM T€OPETUYECKMM KOHCIIEKTOM MO JAHHOW TeMe M X0 paboThl MPAKTHUECKOH 4acTH.

OTuér Kk 3amure 1a00paTOPHOM pabOThI TOJKEH COAEPKATh CXEMBbI, paCUEThl M U3MEPEHMUSI,
MOJTyYEHHBIE IPU BBINOJHEHUH YKCIIEPUMEHTAIBHOM YacTH.

Jlureparypa
OCHOBHAas:

4. aBopoHkOB M.A. DieKTpoTexHHKa U 3JeKTpoHUKa. M.; Akagemusi, 2005. Myp3un 10.M.,
Bonkos 10.U. Dnekrporexnuka. - CI10.: ITutep, 2007. - 443c.
5. Ara06ekoB [.1. TeopeTndeckre OCHOBBI JIEKTPOTEXHUKH. - M.: Breicmas mkona, 2006,
q.1,2,3
6. Tlaadunos .M. DiekTpoTeXHUKA U AIEKTPOHUKA B SKCIIEPUMEHTAX W YPAaBHEHHSIX.
[Tpaktukym Ha Electronics Workbench. Tom 1: DnexTpoTexHuka, ToM 2: DIeKTpOHUKA, -M.:
JOJIEKA, 2002 r. 1 Tom -303c¢. u 2 Tom -287c.

AOIMOJTHUTCJ/IbHAA:
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AKADEMIASY | |, | ACADEMY
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5. COOpHHK 3a/1a4 IO TEOPETHUCCKUM OCHOBaM 3JIeKTpoTexHUKH. [Toa penakumeit JILA.

becconora. - M.:Bricmas mkosna, 2008

6. TIporpaMmMHOe obOecriedeHne: MporpaMMa CXeMOTEXHHUYECKOro MmozeiaupoBanus «Electronics
Workbench»; mporpammel 1j1st pacueTa ciucTeM IMHEHHBIX ypaBHeHui «Excel» u «Mathcad».

7. Dnexrporexuuka / [lon Pen. B.C. [Nantionmua M.-Hayka u texauka 2001 r.-410 c.

8. bopucos 0.M. Dnekrporexnuka- M. Hayka u texauka 1998 r.

JlabopaTopnasi padora Nel(

1. Tema 10: UccienoBanue cBOMCTB HUPPOBHIX PyHKIMOHAJIBHBIX Y3J10B
KOMOMHAUMOHHOTO THINA. McciieoBaHne MYJIbTHILICEKCOPOB.

2. Hean paGorpr: 1.O3HaKOMIIEHHE C MPUHLIUIIOM pPabOThl MYJbTUILIEKCOPA.
Peanuzanuss u  ucciaenoBaHue — (PyHKUMOHAJIBHBIX  MOAYJEH Ha  OCHOBE
MYJIBTUILIEKCOPOB.

[TpubOpHI U 3IIEMEHTHI

['eneparop cnoB

['eHepaTop TaKTOBBIX UMITYJICOB
JIByXnIO3UIIMOHHBIE MEPEKITIOYATEIN
Hcrounuk Hanpsokenus + 5 B

Hctounnk curnasna "norudeckas equauia’
Jlornueckue npoOHUKHU

MynpTumiexkcop

Muxkpocxema 74138 - nemmdparop 3xX8

Kparkue cBenenus u3 Teopuu

1. MyJabTHILIEKCOPBI.

MynbTHIUIEKCOpP - KOMOMHAIIMOHHAS JIOTUYECKas cXema, MPeCTaBIISIONIas
CO0OM ympaBIseMbIid MEPEKIIOYaTeh, KOTOPHIA MOJKIIOYACT K BBIXOAY OJIWH M3
WH(GOPMAIIMOHHBIX BXOJIOB JaHHBIX. Homep moakioyaeMoro BXOJa paBeH YUCITY
(agpecy), omnpenenseMoMy KOMOWHAIMEH JIOTMYECKUX YpPOBHEM Ha Bxojax
ynpasieHusi. KpoMe UHPOPMAIMOHHBIX W  YNPABJSIOUIMX BXOJOB, CXEMBI
MYJIBTUIUIEKCOPOB COAEPKAT BXOJ pa3pelleH s, Py Mojaye Ha KOTOPbI aKTHBHOTO
YPOBHSI MYJIbTUIUIEKCOP MEPEXOANUT B aKTUBHOE cocTostHue. [Ipu mo-
Jadye Ha BXOJ pa3pelleHus IMacCUBHOTO YPOBHS MYJIBTUIUIEKCOpP MEpeueT B
MIACCUBHOE COCTOSTHUE, JJII KOTOPOTO CHUTHAJI Ha BBIXOJE COXPaHSET MOCTOSHHOE
3HaY€HHE HE3aBUCUMO OT 3HAYCHMH MH()OPMALMOHHBIX M YIMPABJIAIOIINX CHUTHAJIOB.
Yucno nHGOPMALIMOHHBIX BXOJOB Y MYJbTUILIEKCOPOB 00bIuHO 2, 4, 8 miu 16. Ha
puc. 10.1 npencrasien mynabturuiekcop 8X1 ¢ MHBEPCHBIM BXOJ0M pazperieHus G,
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npssMbiM Y 1 uaBepcHbIM W-Bbixogamu (W =Y )e

0

MLUX

0

c<anmd>
TTOTTT

Ll llilll

8IRERAS |

Pucynoxk 10.1

2. YpaBHeHHe MYJIbTHILJIEKCOPA.

OyHKIIMOHUPOBAHUE MYJIBTUIUIEKCOPA, MPEICTaBIeHHOr0 Ha puc. 13.9,
OIMCBIBACTCS XAPAKTCPUCTHUCCKUM YpaBHCHHUEM, CBA3BIBAIOIIAM CUTHAJ Ha BBIXOJIC
(Y) c¢ pagpemaromum (G), BxomuHeiMu uHpopMmanuonueiMu  (DO0..D7) u
ynpasistonumu (A, B, C) curnanamu:

B 'C-B-A-DOvC-B-A-DIvC-B-A-D2vC-B-A-D3v -
= — S A AV ®
vC-B-A-D4vC-B-A-D5vVC:B-A-D6vCBA-D7

Kak BHUIHO H3 YpAaBHCHHA, Ha MYIBTHUINICKCOPEC MOXHO pPCAIN30BATH
JJOT'MYCCKHC (bYHKI_[I/II/I, I 9€T0 HYKHO OIIPpCACINTb, KAKHMC CUI'HAJIbI U JIOTHYCCKUC
KOHCTAHTEI CJICAYCT IIOJaBaTh HAa BXOAbI MYJIBTHUIIIICKCOPA.

3. Peasiu3aums 3a1aHHO (PyHKIIUM C TOMOIIBIO MYJILTHILJIEKCOPA.

Jlormueckast ¢GyHKIMS N TEpEeMEHHBIX ompeneneHa s 2" KOMOWHAIH
3HAYEHUN MEPEMEHHBIX. DTO MO3BOJISIET PEATM30BaTh (PYHKIUIO N-TIEPEMEHHBIX HA
MYJIBTHILIEKCOpPE, UMEIOIIEM nN-yrpaBisitomux 1 2" uHpopManmoHHBIX BXOA0B. B
TOM Cllydyae KaXKIOW KOMOMHALMKM 3HAYEHHH apryMEHTOB COOTBETCTBYET
€IVMHCTBEHHBIN MHPOPMAIMOHHBIN BXOJ MYJIBTHIUIEKCOPA, HA KOTOPBIM MOJAETCs
3HauYCHUE (DYHKIIHH.

Hampumep, Tpedyetcs peanuzoBath GpyHkuuio F1 = c* b *a v c*b*av c* b* a
veceb*a.

Ota (QyHKUMS omnpeneraeHa TOJBKO i 8 KOMOWMHAIMK — 3HAYCHUM
NEPEMEHHBIX, TIOITOMY ISl €€ pealu3alli MOXXHO HMCHOJIb30BATh MYJIbTHILUIEKCOP
8X1 ¢ Tpems ynpapisomuMH Bxogamu. CoctaBuM TabJIdIly ICTUHHOCTH (DYHKIUU:

N F1

Ol B WIN O
[l i e]ie] o] o] e
OO KR O|lOo|IT
ROl Ol O
(eliell Jieliell
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AKADEMIASY | .|, | ACADEMY
«OHTycTik KasakcTaH MeanumHa akanemmsicel» AK WY/ AO «KOxHo-KasaxcTaHckast MeAULIMHCKAST aKanemMust»
Kagenpa «mKeHepHble JUCIUITITHHBI 044/76-11
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6 1 1 0 1
7 1 1 1 1

W3 Tabnuimbl BUAHO, YTO IS peanu3anud (YHKIMA Ha MYJIBTHUIUIEKCOpPE
HEOOXOMMO TOAaTh Ha MH()OPMAIMOHHBIA BXOJ MYJIBTHILIEKCOpa ¢ HOMepoM N
CHTHAJI, 3HAUYCHHE KOTOPOTO PaBHO COOTBETCTBYIOIIEMY 3HadeHHIO GpyHkuuu F1, T.
€. Ha BXOJIbI ¢ HOMepamu 1, 2, 4, 5 cnenyer noaats ypoBeHb JIOTHYESCKOTO HyIIS, a Ha
OCTallbHBIC - YPOBEHb JIOTHYECKOH eAWHUIBI. TakuM 00pa3oM, MpH mojaye
KOMOHMHAIMH JIOTHYECKAX YPOBHEH Ha YIPABISIONIAE BXOIbI MyJIbTUILIEKCOPA, K €T0
BBIXOY IOAKIIOYUTCS BXOJA, 3HAUYEHHE CHUTHaJa HAa KOTOPOM  paBHO
COOTBETCTBYIOIIEMY 3Ha4eHUI0 (yHKIMHU. CXeMHasi peann3aius MpuBeeHa Ha PHC.
10.

[Tpu peamu3zanuu Torudeckux GyHKIHUNA HAa MHPOPMAIMOHHBIC BXOJII MOXKHO
MOJIaBaTh HE TOJBKO KOHCTAHTHI, HO M H3MCHSIOUIMECS BXOJHBIC CHUTHAIBIL Tak,
HaIlpuMep, paccMOTpPUM Apyrou crnocod peanuzauuu pyHkuuu Fl, paccMoTpeHHON
BhImIe. [Ijig 7Toro MUHUMU3UpyeM Beipaxkenue ¢pynkmnuu: Fl = c-b-a vb-ave-b.

CoctaBuM TaONUIly WUCTHHHOCTUA (YHKIHH B 3aBUCHMOCTH OT 3HAYCHUM
MIEPEMEHHBIX a u D:

N b a F1
0 0 0 c
1 0 1 0
2 1 0 c
3 1 1 1
1kS2 BV "
+Y P
S ¢
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Pucynox 10.1

3amaHHyl0 Takod TaOnuued (yHKUUIO PEeaqu3yroT, KaKk M B MpeIblaylleM
cily4ae, IoJaB Ha BXOJ ¢ HOMEPOM N CUTHAJ, 3HAYEHUE KOTOPOTO COOTBETCTBYET
3HaueHuto ¢yHknuu F1. B nanHOM ciydyae curHanmel cue', COOTBETCTBYIOIIHE
MEPEeMEHHOH ¢, MOAAIOTCS Ha MH(OPMAIMOHHBIE BXOJbI, KaK YKa3aHO B TaOiHIile
UCTUHHOCTH. [Ipy 3TOM COKpamaeTcs Yuciao yIpapisoMKUX BXO0B.
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CxemHas peaiu3anys Takoro crnoco0a 3aiaHus (QyHKIUHU MpeICcTaBiIcHa Ha
puc. 10.2. Tak KaKk UCIOJIB3YIOTCS TOJIBKO JIBA aIPECHBIX BXO/A, YIPABIIIIOIUN BXO/
C moxHO 3azeMiuTh. [Ipu 3TOM cocrosiHue MHPOpMaAMOHHBIX BXxoA0B DA4..D7
0e3pa3uyHO. YpPOBEHb CUTHAlla Ha BBIXOJIE CXEMBI OINpPEAENseTcs KOMOMHaluen
ypOBHEH curHaioB B Toukax A, B, C, cOOTBETCTBYIOIIHMX IMEpeMEHHBIM a, b, c.
Cxema puc. 10.2. no cymecTtBy npeacTasisier coOoi mynbTumiekcop 4x1 ¢ aByms
YIOPABISIONUMHI U YETHIPHMST HHPOPMAITHOHHBIMH BXO/IaMHU.

1K BV
+V
i=8 MUX| — o
- 07 £
-0¢ A
C -8 Er-———e
: - 04 C
o3 G
73 K
01 Wi
0o
(s F1
a
Pucynox 10.2

Ecnu QyHKIMIO MOXKHO MpPEACTaBUTH B BUIE MPOU3BEACHHS OJHOYJIECHA Ha
MHOTOWIEH, TO €€ TaKK€ MOXKHO Peaju30BaTh NPU MOMOIIXA MyJbTUIUIEKCOpa. Kak
CIEAYeT W3 YpPaBHEHHUS MYJIBTUIUIEKCOPA, CUTHAJI, COOTBETCTBYIOIIMN OJHOWICHY,
HY>KHO II0JIaTh Ha BXO/J pa3peuieHus. Hampumep, TpeOyercs peanu3oBaTh PyHKIUIO
F2, onuceiBaemMyto CIeAYIONINM BBIPaKEHUEM:

F2=x(dc b avd bave ceb-avcha).

[lpu peamuzanuu maHHOW (GYHKIMM HAa  MYJIBTHIUIGKCOPE  CHUTHA,
COOTBETCTBYIOIMIA TEPEMEHHON X, CIIeAyeT IMOJaTh Ha €ro Pa3pelIaroIifil BXOJ.
PaccMoTpuM, Kakwe CHTHajdbl HEOOXOJMMO TIOJAaTh HA YIPABISIONINE BXOBI
MYJIbTHILICKCOpa. BeIpakeHHe B CKOOKaX MOYKHO paccMaTpuBaTh Kak HEKOTOPYIO
¢yukumto f maru mepemenHwix: a, b, ¢, d, €, U3 KOTOpPHIX HamOOIEEe YACTO
UCIIOJIB3YIOTCSl TIEpEeMEHHBIC a, b u ¢. [loaTOMy CUTHAJIBI, COOTBETCTBYIOIIUE YTUM
MIEPEMEHHBIM, HY)KHO ITOJIaTh Ha YIPaBJISIONINE BXOIbI MYJIbTHILIEKCOPA.

OnpenennmM, Kakue CUTHAIBI CJICAYET OJaTh Ha HH(POPMAIMOHHBIC BXOJIHI,
qT00Bl peanmu3oBaTh (yHkmwro f. s 3TOro cocraBHMM TaOJMIy HWCTHHHOCTH
(YHKIIMK B 3aBUCMMOCTH OT 3HaYCHUI TIEPEMEHHBIX &, b 1 c:

W3 Tabnuipl BUIHO, 9TO HA HH(POpPMAIMOHHBIC BXOABI ¢ HOMepamu N = 0, 2,
4, 6 HYKHO TOJaTh ypPOBEHb JOTUYECKOro Hyss. CHUTHAN, COOTBETCTBYIOIIUN
nepeMeHHo O, Hy)XHO mojaTh Ha BXoael ¢ HoMepamu N = 15, curhan,
COOTBETCTBYIOIIHIA TICPEMEHHOM €, - Ha BX0J ¢ HOMepoM 3. COOTBETCTBYIOMIAS
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CXEMHas peanu3alus npeacrasieHa Ha puc.10.3.

N C b a f
0 0 0 0 0
1 0 0 1 d
2 0 1 0 0
3 0 1 1 e
4 1 0 0 0
5 1 0 1 d
6 1 1 0 0
7 1 1 1 1
1kS2/ BV
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d ._—.:
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e O el \FEad S
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Pucynox 10.3

KOMOMHAIIMU JIOTHYECKUX CUTHAJIOB Ha BXOJbl MYJIBTHIUIEKCOpA U, OMpPEnemsis
YpOBEHb CUTHaja Ha BeIXxoze Y Jiornueckum npoonukoMm F1, 3anonaute rpady Fla) B
tabmmie 12 B pasgene "Pesynbrarel skcnepumeHTOB". YOeauTech, 4To (yHKIHUA,
peanusyemasi MyJIbTUILIEKCOPOM, OITUCHIBACTCS] BEIPAKEHUEM:

F1=C B AvB AvC B. 0). Otkpoiite daitst c13 09 co cxemoi, n300pa>keHHOM
Ha. puc. 10.4. Bximouute cxemy. [logaBas B momaroBoM pexXuMe CIIOBa OT
reHepaTopa CJIOB Ha BXOJbI MYJIBTHIICKCOpPA M HaOJIO/Ias YpOBEHb CHUTHalIA Ha
BbIxoZie Y jorumdyeckuMm mnpoOHukoM F1, 3anomnurte rpady F16) B Tabmuue 12 B
pazzene "Pe3ynbTarhl dKCIEpUMEHTOB". YOeauTech, YTO CUTHAI Ha BBIXOJIC TaKXKe
onpeaensiercs pynkuuei F1.

B). Ortkpoiite ¢aiin c¢13 10 co cxemoit, m3oOpaxenHoir Ha puc. 10.5.
[TocnenoBarensHO TO/1aBasi HA BXOBI CXEMBI BCE BO3MOKHBIC KOMOMHAIIMHN YPOBHEH
JIOTUYECKUX CUTHAJIOB, YOCAUTECh, YTO YPOBEHb JIOTUYECKOW CIMHUIIBI HA BBIXOJE
MOSIBJISIETCS TOJIBKO B CITyYasX, KOTJa Ha BXOJaX CXEMbI JEUCTBYIOT KOMOWHAITUH,
ONHMChIBa€MbI€ HIecTHaAIaTepuuHbiMu dkBUBasieHTamu 07H, 09H, OCHU, ODH, OFH,
13h, 17H, 19H, 1BH, 1CH, 1DH, 1FH, npu xotopsix ¢yHkius F2 npuHumaer

3HayeHue 1.
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Pucynok 10.5

IkcnepuMeHT 4. UccienoBanne myJbTumiexkcopa 74153.

a). Otkpoiire daiin cl3 11 co cxemoil, u3zobpaxxkeHHoit Ha. puc. 18.
Uccnenyiite  paboTy  CABOGHHOTO  YETHIPEXKAHAIBHOTO  MYJIBTHUILIEKCOPA
(mukpocxema 74153). CoctaBbre TaOMMIYy (HYHKITMOHUPOBAHUS CXEMBI /IS BEIXOJIOB
Y1 u Y2. [Ina 3T0r0 yctaHOBUTE Kito4aMu | U 2 ypOBEHb JIOTUYECKOrO HYJIS Ha
Bxofgax G1 u G2. 3arem B MONIAroBOM peXHUME IOCIEAOBATEIBHO IOJAalTEe OT
reHepaTopa BCe CI0Ba IMOCIEIOBATEILHOCTH JIJIs KaKI0H KOMOWHAIIUK JIOTHYECKHUX
ypoBHEW Ha Bxomax A m B. [Insg kaxpaoro mara ONpenennuTe BXOAbl, CUTHAJIBI C
KOTOPBIX TPOXOJAT Ha BBIXOJbI MHKpocxeMbl. OO03HAUCHHS BXOIOB 3aHECHUTC B
tabnuiy 12 B pa3zaene "Pe3ynpTaThl 3KCIIEPUMEHTOB".
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ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTik KazakcTaH meauumHa akanemusicel» AK AO «HOxHo-KazaxcTaHcKast MeBVUMHCKAsT akanemus»
Kadenpa «mxeHepHBIC TUCIUILIHHBI 044/76-11
«MeToInYeCKUE PEKOMEHIAIINH JIJIs IPAKTHIECKHX PaboT» 19ctp. u3 70
1k BV
+Y 10101 ) 9
r—— 0
3
d *
l 1-9 MUX E ’

0 *

; s |- S - ::___J ¢

. g2 &F N
e 7 X
D1 wl- l l
oo Y

J' F1

Pucynoxk 10.6

0). [Ipu momomu kio4a 1 ycTaHOBUTE YPOBEHb JIOTUYECKOW EIUHUIBI Ha
Bxosie 1G mukpocxembl. [lomaBas Ha BXOJbI MHUKPOCXEMBI CIIOBa OT T€HEpaTopa,
onpeenuTe, Kakol U3 BBIXOJIOB MUKPOCXEMBI IepecTal pearupoBaTh Ha U3MEHEHUE
COCTOSIHMSI BXOJIOB. 3amuiInTe 00O3HAYCHHE ITOTO BbIBOJAA B pasnen "Pe3ynbrarhb
AKCIIEPUMEHTOB".

B). [loBTOpuTEe nAeicTBus myHKTa 0), ycTaHOBUB Ha Bxone 2G ypoBeHb
JIOTUYECKOM eNHUIIBI, @ Ha BX0Jie 1G — ypOBEHb JIOTHUECKOTO HYJIS.
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Pucynok 10.7

Pe3ynbpTaThl SKCIEPUMEHTOB
Ikcnepument 1. UcciienoBanne MyJbTHILJIEKCOPA.

a). Ta6mmia 10
Y W

L I I =l =] f=]k=]
I =l =l k=l =] ]
R|olr|lolr|o|l~r|loln

6).

BBIBOI[BI, HC BJIMAONIUC HA COCTOAHUC BBIXOAOB MUKPOCXCMBI:
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O06o3HauecHue BBIBOJIA4, HC HBMCpeHI/IG
pearnpyromero Ha N3MCHCHHUC

COCTOsSHUA BXOOOB.

dxcnepument 2. MWcciienoBaHue MYJbTHILUIEKCOPAa ¢ NOMOLIBIO
reHepaTopa cJioB.

Taomuna 11

A B C Y w

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

OkcniepumedT  3.Peanmmzanms  3amaHHOM  (GYHKIMM C  TOMOIIBIO
MYJIBTHILIEKCOpA.
Tabmuma 10

A B C F1 pacu F1a) F16)
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

JkcnepumeHT 4. UcciieoBanue MyJibTUILIekcopa 74153.

a). Tabmmmal3.
A B 1Y 2Y
0 0
0 1
1 0
1 1
0).
O6o03Ha4YeHUE BBIBOJIA, HE PEarupyroIiero Ha N3mepenue
M3MEHCHHE COCTOSIHUS BXOJOB:
B).

OO0o3HayeHNe BBIBOJA, HE pearupyromero Ha | M3mepenne
M3MEHEHUE COCTOSIHUS BXOJIOB:

Jluteparypa
OCHOBHAas:

20
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7. JKaBoponkoB M.A. DieKTpoTeXHHKA U dekTpoHuka. M.; Akagemus, 2005. Myp3un 10.M.,
Bonakos 10.1. Dnekrporexnuka. - CII6.: ITutep, 2007. - 443c.

8. Arab6ekos ['.1. TeopeTnueckre OCHOBBI NIEKTPOTEXHUKH. - M.: Bricmas mkona, 2006,
4.1,2,3

9. Tandunos .M. DnekTpoTeXHUKA U FIEKTPOHUKA B SKCIIEPUMEHTAX M YPABHEHHSIX.
ITpaxtuxym Ha Electronics Workbench. Tom 1: DnekrpoTexHuka, ToMm 2: DJIeKTpoHHUKa, -M.:
JOJIEKA, 2002 1. 1 ToMm -303c¢. u 2 Tom -287c.

JAOMOJIHUTEIbHAS
9. COopHHK 327124 [0 TEOPETUYECKHM OCHOBaM 3eKTpoTexHuku. [lox penakuueit JI.A.
becconoga. - M.:Breicmas mkosna, 2008
10.  IlporpammHOe  oO0OecreueHHE: MmporpaMma  CXEMOTEXHHYECKOTO  MOJCITUPOBAHUS

«Electronics Workbench»; mporpammbl it pacueta CHCTeM JMHEHHBbIX ypaBHeHud «Excel» u
«Mathcad».

11. Onekrporexuuka / Ilox Pen. B.C. ITantiommuaa M.-Hayka u Texauka 2001 r.-410 c.

12.  bopucos KO.M. Dnekrporexnuka- M. Hayka u rexanka 1998 r.

KoHTpoibHbIE BONIPOCHI

1. @yHKIUIO KaKOTO 3JIEKTPUYECKOTO YCTPONCTBA BBIMOIHAET MYJIBTUIIIIEKCOP IS
JIOTUYECKUX CUTHAIOB?

2. KakuM aHamMTUYECKUM YpaBHEHHEM OIMCHIBAETCS paboTa MyJIbTHUILIEKcOpa 2x 1
C YIPaBISAIOMIMM BX0J10M? B ypaBHEHUU UCTIONB3YHTE CIEAYIOIIUE 0003HAUCHUS: BXOBI -
A, B, Boixon - Y, pazpematoniuii Bxoa G.

Kakue u B KakoM KOJIMYECTBE JIOTHUECKHE dJIEMEHTHI TPEOYIOTCS AJI peallu3aiiu
9TOr0 ypaBHEHUs?

3. Kak peanuzoBaTh cxemy MyJbTUIUIEKcOopa 2X1 ¢ ympaBigiomMM BXOAOM Ha
anementax M-HE?

4. Kak MOXHO Ha OCHOBE JBYX MYJIbTHIUIEKCOpOB 2X1 crenarb OAWH
MynbTUIIIEKCOp 4X1? Kakue 10nomHUTENbHBIC JIEMEHTBI TOHAA00ATCS 1711 TOTO?

5.DYHKIMU CKOJNBKHUX IMEPEMEHHBIX MOXKHO peajn30BaTh 0€3 JOMOJHUTEIHHBIX
AJIEMEHTOB (32 MCKIIOYEHUEM WHBEPTOPOB) Ha OJHOM MynbTuIUIekcope 4x1? Ha
MynbTuiiekcope 8x1? Ha mynptumnnexcope 16x1?

6. Ilpu kaxoil (opme aHATUTHYECKOrO MPEACTABIECHUS JIOTMYECKOW (YyHKLUU,
MpeAHa3HAUYCHHOW NJIs peaju3allii Ha MYJIbTUIUIEKCOpe, ympaBistomuii Bxon G MOXeT
OBITH UCTIONB30BAH IS MOJA4U OJTHOTO U3 BXOJIHBIX CUTHAJIOB?

7. Kakumu JIOTMUECKMMM YpaBHEHHUSMH OIKCHIBAETCS padboTa MHKPOCXEMbI
CIBOEHHOTO MyJbTHILIEKCcOpa 741537

IIpumeyanue

K Bbinonnennto 1abopaTopHOil pabOThI JOMYCKAIOTCS CTYAEHTHI, UMEIOIINE TETPab C
KpaTKUM T€OPETUYECKHM KOHCIIEKTOM IO JaHHOM TeMe M X0 paboThl MPAKTHUECKOM YacTH.

OTuér K 3amuTe 1a00paTOPHOM pabOThI TOJKEH COAEPKATh CXEMbI, pacU€Thl U U3MEPEHNUS,
IIOJIyYEHHBIE IIPU BBITIOJIHEHUH DKCIIEPUMEHTAIILHON YaCTH.
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JlaGoparopnas padora Nell
Tema pat6orbi: UcciienoBanne pe:kuMoB padoTbl MUKPONPOLECCOPHOH CHCTEMbI

HccaenoBanue cyMMaTopoB.

ean padoTsi: MccnenoBanue pexxuMOB padOTHl MHUKPOIIPOIIECCOPHON CHCTEMBI.
03HAKOMJICHHE C TPUHIIUIIOM PaOOTHI CYyMMAaTOPOB.

Apudmerndeckue CyMMaTOpbl SIBJSIFOTCS ~ COCTaBHOM 4acTbl0 TaK  Ha3bIBaeMbIX
apudmeruko-norudeckux ycrpoicte (AJIY) mukpomnponeccopoB (MII). Onu HCIOTB3YIOTCS
Takke uid (opmupoBaHus (usnueckoro azapeca sdeek mnamATH B MII ¢ cermeHTHOH
opranuszanueil namsatu. B nporpamme EWB apupmermueckue cymmaTtopsl NpeiCTaBlIEHbI B
oubnmnoreke Digital nBymst 06a30BBIMH YCTPOWCTBaMH, I[OKa3aHHBIMHU: MOJIYCYMMAaropoM U
NOJIHBIM cyMMaTopoM. OHM MMEIOT CIleAyIolMe Ha3HadeHWsl BbIBOJAOB: A, B — BXo0jbl
cllaraeMsblx, ), — pesyibTaT cymmupoBaHus. Co — BbIxoJ nepeHoca, Ci — BXOJ IepeHoca.
MHoropa3psHblii cyMMaTOp cO3JaeTcsi Ha 0a3e OJHOro IMOJyCyMMAaropa M HECKOJIBKO IOJHBIX
CYMMaTOpOB.

3ananme Nel. iccnenoBanue rnoixycymmaropa
1) Cobpars cxemy pucynka 6.1.a)

i E -“'-I:'IE
E (o BEI::I
\LQQQQQQ \L
EsX=yirl seooo 4
a) 6)

Puc. 11.1. Cxembl MOAKITIOYEHUSI CYMMAaTOPOB

2) Iocne MOAKIIOUEHHs TOMyCyMMaTopa K IpeoOpasoBaTenio cormacHo puc. 11.1.a).
JIBOMHBIM MIETYKOM IO aHAIM3aTOPy OTKPHIBAEM JHAIOrOBOE OKHO U IOCJIEI0BATEIHHO
SIHF
HaXWMaeM KHomkd: == =% doji = 1ejr =+ A FojT SIjT A

B pe3yabpTaTe MojiydaeM TaOMUIly UCTHHHOCTH U OyineBO BhIpaxeHue. OmpenenseM, QyHKIIUIO
KaKoT0 dJIEMEHTAa OH BBITIOTHSIET?

3) Wzmensiem cxemy, mnonkmounB kiemmy OUT  anmammsartop k  Beixomy Co
MOJIyCyMMaTOpa BBITIONHIEM NEHCTBUS aHanmoruyHble B m.2. OmpexnenseM, (YHKIHIO KaKOTroO
9JIEMEHTA OH BBIIOIHSICT?

3aganue Ne2. VccienoBaHune oJHOTO cymmMaropa

1) Co6pars cxemy pucynka 11.1.6)

2) Tlocne mNONKMIOUEHHS CyMMaTopa K MpeoOpas3oBaTelio COrIacHo puc. 6.1.6).
JIBOMHBIM IIETYKOM [0 aHAIU3aTOPY OTKPHIBAEM [UAJIOrOBOE OKHO M IOCJIENOBATEIbHO
HaKAMdeM KHONKM: ==t =% i@t | 1ojr -+ A Fow ST A6

B pe3yJibTaTe Mojy4yaeM TaOJuIly MCTUHHOCTU U OyneBo BblpaxeHue. OmpezaenseM, ¢ yHKIUIO
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KaKOro DJIEMEHTA OH BBITIOJIHAECT?
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«MeToInYeCKUE PEKOMEHIAIINH JIJIs IPAKTHIECKHX PaboT» 24ctp. u3 70

3) N3mensiem cxemy, noakimounB kiemmy OUT anamusatop k Beixoay Co cymmaropa
BBITIONIHSIEM JICUCTBHsI aHamoruyHbie B 1m.2. OmnpenenseM, (QYHKIHIO KaKOro 3JEMEHTAa OH
BBINOJIHSIET?

3aganue Ne3. VccrnenoBanue Tpexpa3psiHOro CyMMaropa
1) Cobpats cxemy pucynka 11.2.

| 0000 XXXX |_
vz
]B (o
AG
B(o
“Ei
B [:
Puc. 11.2. Cxema tpéxpaspsanoro cymmaropa Cxema
COCTOHT U3:
e 2-X  TMOJNHBIX  CyMMAaTOpPOB;
e IOJIyCYyMMAaTopa; reHepaTopa
CJIOB;
L J

aenmdpyronero ceMucerMenTHoro nuankatopa (Dec SSD)

[ 3

3) ChenaiiTe IBOMHOM IIENYOK MO TEHEPATOPY CIOB U 3aHECHUTE COOTBETCTBYIOIIUE
kozabl B jeBoe nosie B aapeca ¢ 0000 mo 0012. 3amyctuTe MOAETh B IOIIArOBOM PEXHME
(xHomka Step). 'eneparop ci0B mokasad Ha puc.11.3.

4) 3aHecute TTOJIYYCHHBIC Ha TabJ10 PE3YyJIbTAaThl B Ta6JII/II_Iy HUCTUHHOCTHU

B Word Generator B|
—Fddress
gEEl | -
A@RAZ :I Bt |00z Cyele|
SSSE Currert [0000 Burst |
BEBE iti
b oa2 Initial 0000 En
g?gg Final [0012 Breakpairt |
AZAG : Pattem...
Ba0E —Trigger
a2ag IEGEN Edemal | El % &
Sggs — Frequency
= = | Dat
Eééé [ B [Hz B | ready =
6483 asci. | .
geld - | | Binary [0000010000000 100 |
(@@ EEE DD

Puc. 11.3. T'eneparop kona
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ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
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AO «HOxHo-KasaxcTaHcKas MEAVMLMHCKAS aKaneMus»

Kagenpa «mKeHepHble JUCIUITITHHBI 044/76-11

«MeToauueckue peKOMEHAAINY A1 IPaKTHIECKUX PaboT 25¢tp. u3 70

HccnenoBanne nu(ppoBbIX KOMIIAPATOPOB U YCTPOMCTB YETHOCTH.

[lenp paOOTHI: O3HAKOMIICHHUE C TIPUHIMUIOM pPAa0OTBl KOMITapaTopa U YCTPOWCTB
YETHOCTH.

[{udpoBbie KoOMmapaTopbl (OT aHTJIMKWCKOrO COMpare — CpaBHUBATh) BBITIOIHSIOT
CpaBHEHHUE JABYX uucel A, B onnHakoBON pa3psAHOCTH, 3a/laHHBIX B JBOWYHOM MM JABOWYHO-
JECATUYHOM KoJie. B 3aBUCHMOCTH OT CXEMHOI'O HCIIOJIHEHHUSI KOMMAapaTopbl MOTYT ONpPENENsATh
paBeHcTBo A=B mnm HepaBeHcTBa A<B, A>B. Pesynbrar cpaBHEHHS OTOOpa)kaeTcsi B BHIC
JIOTUYECKOr0 CUTHAJIa HA OJHOMMEHHBIX BBIXO/IAX.

Onepanusi KOHTPOJIE YETHOCTU JBOMYHBIX YHCEN IO3BOJISIET IOBBICUTh HAJAECKHOCTH
nepenaun u oOpaboTku wmHpOpMmammu. Ee CyIIHOCTh 3aKiio4aeTcs B CYMMHPOBAHHH I10
MOJYNIO 2 BCEX pa3psAoB C LEIbI0 BBIICHEHUS UYETHOCTH YMCIA, YTO IO3BOJSET BBISIBUTH
HauboJsiee BEPOATHYIO OLIMOKY B OJHOM M3 Pa3psI0B JBOMYHOM 1OCIEI0BATEIbHOCTH.

O6HapyxeHre omrOOK MyTeM BBEACHHS JOMOJHUTEIHLHOIO OMTAa YETHOCTU MPOUCXOTUT
cienyomuM obpazom. Ha mnepenarouieil cTOpoHe IepenaBaeMblil KOJ aHAJIM3UPYETCs U
JIOTIONHSIETCA KOHTPOJBHBIM OUTOM 10 YETHOTO MJIM HEYETHOIO 4YHCIAa €JUHUI] B CyMMapHOM
kosie. COOTBETCTBEHHO CYMMAapHBIM KOJI Ha3bIBa€TCS YETHBIM WM HEYeTHhIM. B ciyuae
HEYETHOTO KOJia MOMOJHUTEIbHBIA OUT (QopMmMHUpyeTcs TakuM o0pa3oM, 4TOOBI cymMMa BcCexX
eAVHUI B TEepeAaBaeMOM KOJi€, BKIIIOYas KOHTPOJIbHBIA OWUT, Obla HeueTHOU. [Ipum xoHTpose
YETHOCTH BCE, €CTECTBEHHO, HA00OPOT.

3ananue Nel. MccnenoBanue nudpoBoro kommnaparopa
1) Co6pars cxemy, mokazaHHyIo Ha pucyHke 11.4

[
P
1~ L
[

Doooo00 o

T 4=p AlE

Pucynoxke 11.4. Cxema ogHOpa3psiAHOTO IIUPPOBOTO KOMIIapaTopa
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Kagenpa «mKeHepHble JUCIUITITHHBI 044/76-11
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Kowmmaparop cocrout u3 nByx sneMeHToB HE, derpipex snementoB W u omnHOro
snementa UJIM-HE.

JInst vccneioBaHusl KOMIIapaTopa K HEMY HOAKIIIOYCH JIOTHYECKUH MpeoOpa3oBarelb.

2) Tloacoenunss KieMMy Jormueckoro mnpeodpasosatenss OUT Kk KaxkmoMy BBIXOIY
KOMIIapaTopa, MOJIYYUTh TAOJIUIly MCTUHHOCTH U OYyJE€BO BBIPAKEHHE IS KaKIOrO pEXHMa
paboThI KOMITapaTopa.

3anmanue Ne2. McciienoBanue yCcTpoiCcTBa YeTHOCTH
1) 3anecure cxemy, okasanHyio Ha puc. 11.5

‘| [, HHHH |:|
I

@O

k Ohir
+V

¢ ;
G WioC

1z
12
1

dhim

o |ro [
-

NC

EWVEN
onD
GMD

74280

9
2

B B [ () B Y

IO EM™M

Pucynok 11.5. Cxema Brimrouenust UMC 74280

NMC 74280 umeet 9 BxomoB (A, B...1) u a8a Beixoma (EVEN, ODD), ogun U3 KOTOPBIX
— wuHBepcHbI. Bxox | ucmomb3yercs mns ynpaBieHus BumoM KoHTposisi (0 — KOHTpOIb
YEeTHOCTH, 1 — KOHTpOJb HEUETHOCTH) W YIpaBisieTcs MnepexiouareneM Z (ymnpaBiseTcs C
KJIaBHATYphl OJJHOMMEHHOH kiaBuiiel). BeiBom NC — not connection — mycToii, T.e. BHYyTpH
HNMC k HEMY HHYETO HE IOJKIIIOYEHO.

2) TlpoBepuTh HPaBHIBHOCTH (DYHKIMOHHPOBAHHS CXEMBI C TOMOINIBIO TeHepaTopa
CJIOBA, PU 3TOM THUIl KOHTPOJIS (UETHOCTH WJIM HEUETHOCTH) BBIOMpaeTcs IMepekiitoyareneMm Z;
Ha BXOJbl PAacCMaTPUBAEMOI0 YCTPOMCTBAa MOJAIOTCA pa3iUyHbEe JABOWYHbIE KOMOMHAILNY;
cocrosiHue BbIx00B MIMC KOHTponMpyercs MOAKIIOYEHHBIMH K HUM CBETOMHIMKATOpaMHU
(JtornyeckuMu MpoOHUKaMU). Pe3ynbTaTel 3aHeCTH B Ta0IMILy (MUHUMYM 4 3HAUYEHUS):

Bxonb1 Brixonsl
Konosoe ciioBo Z EVEN ODD
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Tema padorsi: UcciienoBanue TpUrrepos.

Lesb pa®OThI: 03HAKOMIICHHE C TPUHIIUIIOM PAOOTHI TPUTTEPOB.

J_IJ'ISI IIPOBCACHUA HCCICAOBAHUA TPUITCPHBIX CXEM YK€  HCIb3d  HCIIOJIbB30BAThH
JIOTHYSCKUMN Hp€O6paSOBaTeJIB, ITOCKOJIBKY TPUITCP ABJIACTCA 3JICMCHTOM IIaMsTH.

3amanue Nel. [TomyueHue TabIuIl MICTAHHOCTH TPUTTEPOB

1) Cosnaiite cxeMy, MokazaHHyro Ha pucyHke 11.6.

Q000 oA :

E 0 I_O
o

Puc. 11.6 - Cxema qis uccnenoBanusi RS-tpurrepa
B cxeMe Kk BXx0JiaM TpHUITEpa MOAKIFOYCH I'eHEPaToOp CJIOBA M CBETOJIUOAHBIC HWHIUKATOPHI

K BbIXOJaM.

2) TonyuuTs Tabmuily HCTMHHOCTH TPUITEpa, TMOAAaBAs HA BXOABl pa3IHUHBIE
KOMOHMHAIMKH (MUHUMYM HX 6). J[BOWHBIM HISTYKOM IO TCHEPATOPY CIOB OTKPHITH AHATOTOBOE
OKHO W 3aHEeCTH HeoOxojuMble ciioBa. YcrtaHoBuTe aapec Hadama (Initial) B 0000 u aapec
kouma (Final) B 0005(m1st 6 BapwanToB) PabotaTh ¢ TeHepaTOpOM CIIOB  HYXHO B
nomnraroBoM pexknme (kHonka STEP). Pesynbratsl 3aHecTH B TaONuUIy:

Bxoxb1 Brixonrnr

Ne i/

R

S Q Q

3ananue Ne2. [locrpoenue auarpamm

1) Co6pars cxemy, mokaszauHyro Ha pucyHke 11.7.

‘| [a]

KKK |2|

3
——||

wy
=

[ LR

Puc. 11.7. Cxema BrmoueHust RS-tpurrepa
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B cxeme ucnonedyercs rereparop cioB (Word Generator) u joruyueckuii aHaiIM3aTop
(Logig Analyzer)
2) JIBOMHBIM IIETYKOM MO TEHEpaToOpy CIOB OTKPOITE AMANOroBOE OKHO H 3ajaiite 16
CJIOB, KaK ToKa3zaHo Ha puc. 11.7. Ycranosute anpec Havana (Initial) B8 0000, a agpec koHia
(Final) B 000F. IllenkauTe 1o kHomke BUrst, yTo momact Ha BXObI TPUTTEPA TOCISTOBATEIHHO
Bce 16 cioB.

—

e A NG

7 . o —
gaaa | «
AAEE :I Bdit [Doo4 Cyrcle |
gggg Current |0000 | Eur=t |
BEA A "
Sha5 Intial  [0000 Step |
jggs Final |JO0O0OF Breakpoint |
ARGEE _ Pattem ... |
SHEE —Trigger
Gano | | EEEN Bdemal | EE |
gggs — Frequency

— — Oata

SSSS [1 B kHz B | ready &
BEEE
BEEE ascul. ] .
pags - | Binary [J00000000000GN0 |

Puc. 11.7. JIluanoroBoe OKHO reHEpaTopa CJIOB

3) OtkpoiiTe IBOMHBIM IIETYKOM JIOTHYECKHI  aHanmu3artop. YOenutech B
MPaBUJILHOCTH MOJTYYECHUS PE3YIIbTATOB.
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MEDISINA [SKMA) MEDICAL
AKADEMIASY | .|, | ACADEMY
«OHTYCTiK KazakcTaH MmeauuunHa akanemuscol» AK %)/ AO «KOxHo-Ka3zaxcTaHcKas MeOUUUHCKAs aKafeMust»
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Tema padoTsi: UcciienoBaHne CYETIYNKOB.

L{eb paboThI: 03HAKOMJICHHE C TIPUHITUIIOM PA0OThI CUETUHKA.
CyeTynk - YCTpOﬁCTBO o moJAcdYeTa  4Yuciia  BXOJHBIX  MMITYJIBCOB. LII/IC.]'IO,

MIPEJICTABISIEMOE COCTOSIHUEM €ro BBIXOJOB TI0 (POHTY KaXKIOTO BXOJHOTO HMITYJIbCA,
u3MeHsiercs Ha eauHuily. CUEeTYMK MOXKHO pealn30BaTh Ha HECKOJbKUX TpHUrrepax. B
CYMMUPYIOIIUX CYETUMUKAX KAXIbIA BXOJHOW HMMITYJIHC YBEJIMYMBAECT YMCIO Ha €ro BBIXOJE Ha
€IMHUIlY, B BBIUMTAIOUIMX CYETUYMKAX KaXKIBbIH BXOJHOM MMITYJIbC YMEHBIIAET 3TO YHCIO Ha
CAUHUILY.

3amanue Nel HccnenoBanne C4€ TYMKOB
1) Cobpats cxemy, mokasanHyio Ha pucynke 11.8.

=2
R

gl

—

Pucynok 11.8 - Cxema Tpexpa3psTHOT0 CyMMHUPYIOIIET0 CYETYNKA

2) JIBakasl UIEIKHHUTE TI0 UCTOUHUKY MMITyJIbCOB M yCTaHOBHUTE 4acToTy 1 I'm,
3aKpOWTE AUAIIOrOBOE OKHO.
3) Ionabmionaiite 3a M3MEHEHHEM HHANKATOPA.
4)  Boikmounte CXeMy M  OTpEJaKTUPYHTE €€, 4YTOObl  MOJNYYUTb
BBIUUTAIOIIUI CUETUHK.
BerauTaronuii cueT4nK MOXKHO MOTYYUTh ABYMS CIIOCOOaMu:
a) CuuTbIBaTh BBIXOJHBIE CUTHAJIBI CYETYMKA HE C NPSMBIX, @ C MHBEPCHBIX BBIXOJIOB
TPUITEPOB;
0) V3MeHUTh CTPYKTYpy CBSI3€il B CUeTUMKE: MOJaBaThb HAa CUYETHBIN BXOJ CJEIYIOIIETO
TPUITEpA CUTHAI HE C MHBEPCHOTO, a C MPSIMOT0 BBIXOAA MPEBIIYILETO.
5) Toncoenunure BMECTO  CEMHUCEIMEHTHOIO UHAWKATOpa  JIOTHYECKHUH
aHaJIM3aTop, KaK MoKa3aHo Ha pucyHke 11.9.
6) JIBax/bl METKHUTE MO UCTOYHMKY UMITYJILCOB M YCTAHOBHTE HACTOTY 2
KT,
7) JIBOMHBIM IIETIKOM TI0 AaHAIM3ATOPY OTKPOHTE AUArPAMMBI U 3aITyCTHTE
cxemy. Uepes HECKOJIBKO CEKYH1 OCTAHOBUTE PadOTY CXEMBI.
8) 3apucyiire U TIpOaHaJIU3UpyHTe JarpaMMbl CYMMUPYIOILIETO u
BBIUUTAIOIIETO CYETUYHKOB.
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Kadenpa «mxeHepHBIC TUCIUILIHHBI 044/76-11

«Metoanueckue peKOMEHAAINY A1 IPaKTHIECKUX PadoT 2lerp. u3 70

R MR

GRS 000D 0000

j:_i'
—
W
=
.
=

1

Puc. 11.9. Cxema cueTynka i aHAJIM3a JUArpaMMm

3amanue Ne2. Vzyuenue paboThI JEIUTENS 4YaCTOTHI
CueTyuK JOKEH HMETh S COCTOSHHUN, KOTOpble B TMPOCTEHIeM clydyae o0pa3yroT
nocienoBarenbHocTh: {0, 1, 2, 3, 4}. Ilukiudeckoe MOBTOPEHHE 3TOW IMOCICIO0BATEIBHOCTH
03HaYaeT, YTO KOAPPUIIMEHT JACICHHUS CUSTUNKA PABCH .
Cxema Takoro cuetyrka n3o0paxena Ha pucynke 11.10

p—i
—i

>
»——d

Puc. 11.10. Cxema cueTunka ¢ KO3QPHUIUEHTOM JIeIEHUs S

1) Hapucyiite cxemy pucynka 11.3.

2) ChenaiiTe NBOWHOI IIENMYOK HAa MCTOYHHUKE UMIYJIHCOB U YCTAaHOBHTE 4acTOTy 1
T
3) BxomrounTe cxemy u moHabII0/1ali TE 32 MHIUKATOPOM.



ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTiK KazakcTaH MeauuuHa akanemusicel» AK AO «KOxHO-KasaxcTaHCKas MeauuUMHCKas akanemMms»
Kadenpa «mxeHepHble JUCIUIIITHHBD) 044/76-11
«MeTomrueCKne PEKOMEH ALY TS TPAKTHIECKUX PaboT» 22ctp. u3 70

Tema padorni: UcciienoBanue perucTpos.
Ienb paGoThI: 03HAKOMJICHHE C IPUHITUIIOM pabOThI pEerucTpa.

OcHOBHOE Ha3HAUYE€HHE PErHCTPOB — XpaHEHHE U MPeoOpa3oBaHHE MHOTOPA3PSTHBIX
JBOWYHBIX uncen. Bbeimaya wHpOpManmuu K BHENIHUM YCTPOMCTBAM XapaKTEPHU3YeT OIEpaIfio
BBIBOJIa WJIM CUMTHIBaHUS. 3amuch WHGOpPMAIMU B PErHCTp HE TpeOyeT ero mpeaBapUTeIbHOTO
oOHyneHus. Bce perucTpsl B 3aBUCUMOCTH OT (DYHKUIMOHAIBHBIX CBOMCTB IMOAPAa3ACISAIOTCS Ha
JIB€ KAaTErOpUM — HAKOIMUTENIbHbIE (PErucTphl MaMsTH, XpaHEHWs) U caBuraromme. B cBoro
o4yepeab, CABHUIAOIIUC PCrUCTPbI ACTIATCA I10 CHOCO6y BBOJa HW BBIBOJA I/IH(i)OpMaI_[I/II/I Ha
napajuieNibHble, MOCJIe0BaTeNbHbIE W KOMOWHHUPOBAHHBIC (MapaJlIeIbHO-TIOCTIEI0BATENbHBIE U
MOCJIeI0BAaTEIbHO-TIApAJIICIIbHBIC), 110 HANpaBICHUIO Mepenaun (caBura) wHboOpmaluu — Ha
OJIHOHAMPABJICHHBIC U PEBEPCUBHBIC.

3ananue Nel. MccnenoBanue peructpa XpaHeHUs
1) Hapucosats cxeMy, n3o0paxennyto Ha pucynke 11.11.

Lhrr

o || 0000 R |;'|J

LW WECC e |

£ N LR S

2116 1o 4

o 2D

2 {3 3D HE

& fan 4D U

Ltk GR i

£ GND Gl 2

THT3

Puc. 11.11. Cxema BriroueHus perucrpa 74173
K155UP15 — uetsipexpaspsanblii peructp. OH umeer BbIxonbl 1Q...4Q c Tperbum Z-
cocrostuueM (mpu curHame 1 Ha BeBomax G2, Gl), a ero Bxomsl 1D..4D cHaOkeHbI
JIOTHYECKUMH DJIEMEHTaMH pa3pelieHns 3alich myTeM nojadu jorudeckoro 0 Ha Bxomsl M, N
(8 EWB ommnbo4yno mnoka3zaHbl npsiMbIMH). Mcnonb3yeTcst perucTp Kak YeTbIpeXpaspsiIHbIA
WCTOYHUK KO/, CIIOCOOHBIN OOCITYy:KMBaTh HETIOCPEACTBEHHO IMHY JaHHBIX IIH(PPOBOI CUCTEMBI.
2) JIBaxapl MEIKHUTE 110 TEHEPATOPY CIOB U 3aHECUTE B HEro HH(OPMALMIO ¢ aapeca
0000 mo 0009, mokazannyro B Tabmume 11.11
3) 3amyctuTe cxeMy B MOIIATOBOM peKUMe (KHOMKa Step) M 3alMIIMTe TOKA3aHMS
uHauKaTopa B Tabnumy 11.11.

4) TIpoaHanu3upyiTe MOTyYeHHbIE TaHHEIE.

IIpumeyanue

K BbImonmHeHuto 1a60paTopHON pabOThI JOMYCKAIOTCS CTYACHTHI, UMEIOIINE TeTPab C
KpPaTKUM TEOPETUUYECKUM KOHCIIEKTOM IO TaHHOW TeMe U XO0J pabOoThl MPAKTUYECKOM YacTH.

OTuér K 3ammuTe 1a00paTOPHON PabOTHI JOIDKEH COAEPKATh CXEMbI, pacu&Thl U U3MEpPEHHUS,
ITOJIYYEHHBIE ITPU BBIIIOJIHEHUH SKCIIEPUMEHTAIBHON YacTH.

Jlureparypa



ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTiK KazakcTaH MeauuuHa akanemusicel» AK AO «KOxHO-KasaxcTaHCKas MeauuUMHCKas akanemMms»
Kadenpa «mxeHepHble JUCIUIIITHHBD) 044/76-11
«MeTomrueCKne PEKOMEH ALY TS TPAKTHIECKUX PaboT» 23ctp. u3 70
OCHOBHAas:

10. JKaBoponkoB M.A. DneKkTpoTeXHHUKa U dekTpoHuka. M.; Akanemus, 2005. Myp3un 10.M.,
Bounkos FO.U. Dnexrporexuuka. - CI10.: ITurep, 2007. - 443c.

11. AraGekoB I'.W. TeopeTnueckue OCHOBBI JEKTPOTEXHHUKHU. - M.: Bricmias mkoma, 2006,
q.1,2,3

12. Tlandunos JI.W. DrnekTpoTeXHUKA U AIEKTPOHUKA B SKCIIEPUMEHTAX U YPABHEHHSIX.
[Tpaktukym Ha Electronics Workbench. Tom 1: DnexTporexnuka, Tom 2: D1eKTpOHUKA, -M.:
JOIEKA, 2002 r. 1 Tom -303¢. u 2 Tom -287c.

JOTIOJTHUTEIbHAS
13.  COopHHK 3a/1a4 IO TEOPETUIECKUM OCHOBaM 3JIeKTpoTexHuKu. [lox penakmueii JI.A.
becconoga. - M.:Bricmas mkosna, 2008

14.  IlporpammHOe  obecriedueHHe: MporpaMMa  CXEMOTEXHHYECKOTO  MOJCTUPOBAHHS

«Electronics Workbench»; nporpammbl i1 pacuera CHCTeM JUMHEHHBIX ypaBHeHui «Excel» u
«Mathcad».

15. Onekrporexuuka / Ilox Pen. B.C. ITantommuna M.-Hayka u Texauka 2001 r.-410 c.

16. Bopucos FO.M. Dnekrporexuuka- M. Hayka u Texaunka 1998 r.

JlabopaTtopHnasi padora 12

Tema: DiieMeHTHl TEOpUK MarHUTHOTO nouist. MccnenoBanue u pacyer
MarHUTHOM 1eru/

Karymika ¢ heppoOMarHuTHBIM CEpACYHUKOM B LIENTU UCTOYHUKA
rapMOHUYECKOTO HAPSKEHUS

Heab padoTbl. DKCIEPUMEHTAIBLHOE MTOATBEPKAECHUE CBOMCTBA
O€3bIHEPIIMOHHOT0 HETMHENHOIO AJIeMEHTa MPeoOpa30BbIBaTh CIIEKTP YaCTOT
BO3JICHCTBYIOLLErO Ha HETO CUrHAaJA.

I[HosicHeHnus k padorte

B CcOBpeMEHHBIX AJIEKTPOMAarHUTHBIX MPUOOpax M ammaparax sl YCUJICHUS
MarHUTHBIX ~ TOTOKOB  OOMOTOK  WCIIOJIB3YIOTCS ~ MAarHUTONPOBOIBI W3
(beppOMarHUTHLIX MaTepHaioB. MarHuTHas NPOHHUIIAEMOCTh TaKHX MAaTEpHUAJIOB
CYLIECTBEHHO 3aBUCUT OT HANPSHKEHHOCTH MarHuTHOro noyst H. [Toatomy karymika ¢
(beppOMarHUTHEIM CEPACYHUKOM IPEJACTABIICT COOOH HEIWHCHHBIM SJEMCHT C
BeOepaMIIepHO# XapaKTepUCTUKOM (BOAX) y(i).

Ecnu npunsars w=BSw u wi=HI, rne B — MarHuTHas MHIAYKUOUS, S — CEUCHUE
MarHATONPOBOA, W — YHCJIO BUTKOB KaTyIIKH, | — cpemHss JiMHA MarHUTHOMN
JUHUHU, TO OKa)XeTcs, 4To KpuBas (i) moaoOHa 3aBucumoctd B(H), Ha3biBaemoi
KpUBOM HAMarHWYMBaHMS MaTepHUana.
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«MeToguueckue PEKOMCHOAUU AJId TPAKTUICCKUX pa60T»

DTH KPUBbIC CHUMAIOT SKCIIEPUMEHTAIILHO JII KOHKPETHOTO MaTepualia 1
OIpPEACICHHOrO0 BHJa MArHUTHOTO TMoyisd. B 9acTHOCTH I  IEPUOIUYECKH
U3MEHSIONIEr0CsSs ~ MAarHUTHOTO — IMOJIE  CHHMAalOT  JWHAMHYECKHE  KPUBBIC
HaMarHUYHMBaHUs — 3aBUCUMOCTH MEX/y MTHOBEHHBIMHU 3HaueHusMu B u H (uau B
APyroMm Maciirade \ u i), KoTopble 00pa3yroT rucTepe3rcHbIe meTin. [lmomanb
THCTEPE3MCHOW  METIIM  NPONOPHHOHAIbHA CyMME  IOT€Ph  JHEPIUH  Ha
nepeMarHnyMBanie (HeppOMarHUTHOTO MaTepHala CepAcYHHKa K IOTEePh Ha
BUXpEBbIC TOKHU. J[Is1 YMCHBIICHHS 3TUX MOTEPh, BHIACIIEMBIX B BHUIC TEILIa,
CepACYHUK HAOMPACTCS U3 OT/ACIbHBIX, H30JMPOBAHHBIX JIPYT OT JpYra JIMCTOB
AJIEKTPOTEXHUYECCKON CTaIM. ITO MAarHUTOMSTKHI MaTepHall, y KOTOPOTo MEeTJIs
rHCTepe3rca BeChbMa y3Kasi, MOITOMY 3aBUCHUMOCTD (i) /IS KaTyIIKHA C TaKUM
CEpACYHUKOM TPUOIMIKEHHO MOXHO CYMTATh OJHO3HAYHOW M TIPEACTABUTH B BHUJIC
CUMMETPHYHOH OTHOCHTEJIBHO Hayvaja KOOPIMHAT KPHUBOW, KOTOpas MOKa3aHa Ha
puc. 11.1.

Karymka ¢  QeppoMarHUTHBIM — CEPACYHHUKOM —  OC3BIHEPIIMOHHBIHN
HCJIMHCHHBIN 3JEMEHT, IO3TOMY €€ peakiMs Ha CHHYCOMIAIbHOE BO3ACHCTBHE
OKa3bIBACTCS HECHMHYCOMAAIbHON. Tak, eClu KaTymiKy HMOAKIIOYNTh K HCTOYHUKY
rapMoHuueckoro HampspkeHus U(t) = Upcos(ot), TO ¥ MOTOKOCIEIUIeHHEe Oyaer
rapMoHuueckuMm (puc. 11.1):

V(1) = Judt = P sin (1), e Wn= Un/o = o . (11.1)

[Tockonpky BOAX kaTymiku CUMMETpPHUYHA OTHOCHUTEIHHO Hayajga KOOPAWHAT, TO
KpuBasi 1(wt) — peakius KaTylIKd Ha CHHYCOMWJIaJbHOE BO3JACHUCTBHE WY(ot) —
OKQ)KETCS CHMMETPUYHOM OTHOCUTENIBHO Ocu BpeMmeHu (puc. 11.1), a ee paznoxeHue
B piag dypre OyneT comepkarh JWIIL HEYETHBbIC TAPMOHUKH. Eciu orpaHUYUTHCS
y4eTOM TPeX HauOOJBIINX U3 HUX, TO MOXKHO 3aITUCATh:

i(wt) = 1,,, sinlwt) — I,,, sin(3wt) + I, sin(bwt)

AMIUIUTYIBI TIEPBOM, TPETHEW U MATOM FAPMOHUK OIPEAEISAIOTCS 10 METOAY

TpEX OPJMHAT, KOTOPhIE NPEJACTABIIAIOT COOOM 3HAYCHUSI TOKA B MOMEHTBI BPEMEHH
I T T
e

oAy L0 r)
. dy=i =il
" k35 T QM 2¢

0 )
TO HETPYTHO HAWTH aMILTUTY/IbI TPEX YYUTHIBAEMBIX B Pa3JI0KEHUU TAPMOHHK:

(]
%,
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JlelicTByIONIEE 3HAYECHUE TOKA "'-'““" [ + 15,012
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Kosdounment rapmonuk =TI XapakTepu3yeT  CTENEeHb

OTIMYUsl KpUBOH Toka oT cuHycouzabl (yxke mpu Kr < 0,05 TOK MOXHO CUUTATh

TapMOHUYECKHUM).
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Pucynox 11.2
Cxema 3JIeKTpUYECKON LETH
Jnst  ocumiorpadgupoBanus KpuBod Toka i(ot) (Touka 8 Ha cxeme)
HCITONIB3YETCs DIIEKTPUYECKasl IIETh, CXeMa KOTOPOH Mmoka3aHa Ha puc. 11.2.
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[lutaHue oOCyIIECTBISIETCS OT CHUHYCOWJAIBHOTO HAMpPSKEHUS, BEITUYUHY
KOTOPOTO YCTaHABIMBACTCS B COOTBETCTBUU C BapraHTOM n3 Tabi. 11.1.

Taomuma 11.1

BapuaHT 1 2 3 4 5 6 7 8 9 10

UB 10 9 8 7 9,5 85175 (125| 15 | 14

B kayecTBe HeNMHEWHOM WHAYKTMBHOCTH U3 OJlOKa BCIIOMOTaTEJIbHBIX
KOMIIOHEHTOB Favorites (y neBoro Kpas HWXKHEH CTPOKHM MEHIO) W3BJICYb
nojcxemy L, comepxanne KOTopoit n3o0pakeHo Ha pucyHke 11.3.

HenuueitnocTh BeOepamIepHon XapaKTEPUCTUKA WHIYKTUBHOCTH
OOBSACHSIETCSI ~ HEMHEWHOM  3aBUCUMOCTBIO  HHIAyKTUBHOcTH or ¥ —
notokocuemwienuss L(Y) = V¥ , 3amaBaemoit B cpege EWB ¢ momomrsio

HEJIMHEHHOT'0 3aBUCUMOI'0 MICTOYHHKA TOKa, YIIPABJISICMOTO HAIIPAKCHUCM.

1 mha
7
—
1 1wy | Bl
EI_'
wsgrt (y 1))
— _:1&
IR =
iy
Pucynok 11.3

IIpu BbIKIIOUYEHHON pa3BEPTKE ocumwuIorpada Ha €ro 3KpaHe MOXHO HaOIH0AaTh
BOJITAMIIEPHYIO XapaKTePUCTUKY HETMHEHHONW NHTYKTUBHOCTH.

AMIiepMeTp MEepeMEHHOr0 TOKa M3MepseT JEHCTBYIOIIEe 3HAYeHHE TOKa B KaTylIlKe.
AMIiepMeTp MarHUTOIJIEKTPUUECKON CUCTEMBI PETUCTPUPYET OCTOSTHHYIO COCTABIISIOILYIO TOKA.

IoaroroBka Kk padore

1. Kakoif 3aBUCHMOCTBIO XapaKTepPU3YIOT KaTYyIIKY ¢ (eppOMAarHUTHBIM CEPASYHUKOM U
KakoW BUJ UMEET 3Ta 3aBUCUMOCThL? B uem nmpuiunHa ee HeMMHEMHOCTH?
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2. W3 xakoro marepuana JOJKEH ObIThb M3TOTOBJIEH CEPJCUHUK KATYLIKH, YTOObI MOXKHO
ObUI0 NIpeHedpeyb ABJICHUEM TucTepe3uca?

3. KakoB rapMOHMYECKHI COCTaB KPUBOW TOKA B KATYIIKE MPH MOAKIIOYCHNN €€ K
HCTOYHUKY CUHYCOHUJAJIBHOIO HAIPSKEHUsA?

IIporpamma padoTsbl

1. CoOpats 1iens 1o cxeme puc. 19.2. YcTaHOBUTH BXOJIHOE HAPSHKCHUE B COOTBETCTBUH C
Tabma. 11.1 (BapuaHT yKa3bpIBaeT MPETOAABATEND).

2. Haxatp xHomky «Ilyck». Ilokasanust mpuGopoB BHectn B TabOi. 11.2.

3. 3apucoBarh OCIHHJUIOTpAMMY TOKa HETMHEHHON WHIYKTHBHOCTH.

Jliis aToro ynoOHee MCIOJIb30BaTh MEHIO AHAIOTOBOrO0 OKHa KomaHiabl Transient Analysis
(puc. 12.5.) mo mytu Analysis < Transient. Bpems nauana pacuéra TSTART ycranoButh Tak,
4yToOBI MepexoaHbIil mporece yxke 3akonumics (1 c¢. u Oomee), a Bpems okoHuanus TSTOP
ycraHoBUTh paBHbIM TSTARTHmepuon cuHycOMTanbHOIO HMCTOYHMKA, €CIIH 4acrora
ucrounuka 50 I'u, To nepuon pasen 0,02 c.

4. BpUUCINTH aMIUTUTYAY HOTOKOCHEIUIeHHsT ¥m 1Mo M MOCTPOWTh HAa MHJUIMMETPOBKE
cunyconny y(ot) = Wm sin (ot),, BeIOpaB macuitad (paa/mm) 6e3pa3MepHOro BpeMeHU ot TaKUM
Ke, KaKk U Ha ociuiorpamMe. [lepeHecTd Ha TOT kK€ JUCT MHJUIMMETPOBKM W OCIHMJUIOTPAMMY
TOKa i(mt).

Tabmuma 11.2

W3mepenus Pesynbratel pacuera

| | lim I3m Ism | kF
U
B A A/MM A A A A -

5. Iloctpouts cormacHo puc. 11.1 BeGepamiepHyro XapakTepuUCTUKY (i) KaTyIIKH,
UCTOJIb3Ysl BpeMEHHbIE 3aBUCUMOCTH i(ot) 1 y(wt). [IporpagynpoBaTh 0cu TOKa, MOTOKOCHETIIICHUS
u 6e3pa3zMepHoro BpeMeHnn B A, MBO 1 pasi COOTBETCTBEHHO.

6. Paznoxuth KpuByto i(ot) B psag @ypbe. Boruucnute aelcTByromee 3HaueHHe Toka | u
CpPaBHHUTb €ro C TIOKa3aHUWEM aMmIepMmerpa. BbraucianTh Takke KOIPQUUUEHT TapMOHUK.
Pesynprarhl pacueToB BHeCTH B Taba.11.2.

7. ChopmynupoBaTh BBIBOJbI IO paboTe.

Jlureparypa

OcHoBHas:

1. XKaBoponkoB M. COOpHHK 3agad MO TEOPETHUECKUM OCHOBAaM 3JIEKTpoTeXHUKH. [lox
penaknueit JI.A. becconona. - M.:Bricuias mkona, 2008

2. A. DnexTpoTexHHKa u teKkTpoHuka. M.; Akagemusi, 2005. Myp3un F0.M., Bomkos
FO.U. Dnexrporexnuka. - CII6.: ITutep, 2007. - 443c.

3. Arat6ekoB I'.1. TeopeTnueckne OCHOBHI JIEKTPOTEXHUKHU. - M.: Beicmas mikona, 2006,
4.1,2,3
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4. Manduno .M. DnekTpoTexXHHKA W 3JCKTPOHUKA B IKCIEPUMEHTAX M YpPAaBHCHHSX.
[Tpaktukym Ha Electronics Workbench. Tom 1: DnekrporexHuka, ToM 2: DIJIEKTpOHHKA, -M.:
JOJIEKA, 2002 r. 1 Tom -303¢. u 2 Tom -287c.

5. BeO-caiitr AO «IOKMA» YMK]I na odpasoBarenpaom moptaie uUkma.kz.

JOTIOJIHUTEITbHAS:

6. JIeKunoHHBII MaTepHa

7. IlporpamMMHOe ~ OOecriedeHHe: HpOorpaMmMa  CXEMOTEXHHYECKOTO  MOJICIMPOBAHUS
«Electronics Workbench»; nporpammsr misi pacdera cucteM JMHEHHBIX ypaBHeHHU «Excel» u
«Mathcad».

8. Onekrporexuuka [/ I[lox Pen. B.C. IManTiomuna M.-Hayka u Texauka 2001 r.-410

JlabopaTopnasi pa6ora 13

Tema: Tpancpopmatopsl. UcciienoBanune pa6otsl ogqnogasHoro rpancgopmartopa.
Hccaenosanue BO31yHIHOIO TpaHcpopMmaTopa

Ilenp pabotel. HayunmThes SKCIIEPUMEHTAIBHO OIpPENeNATh MapaMeTpbl BO3IYLIHOIO
TpaHchopMaTopa U CTPOUTH BEKTOPHBIC TUATPAMMBI IS PA3IMYHBIX PEKUMOB €T0 PAOOTHI.

ITosicuenus x pabote

Tpanchopmarop mnpeaHazHaueH [Jsi MPeoOpa3oBaHUs BEIMYMH TMEPEMEHHBIX TOKOB H
HanpsDKeHUH NpU HEeM3MEeHHOM uacTtoTe. B mpocteiiiieM ciydae OH HpeACTaBisieT COOOK JBE
HEMNOJIBU)KHbIE UHAYKTUBHO CBsI3aHHBbIE KaTylku. OpHa U3 KaTylek TpaHchopMaropa, K KOTOpoi
IIOIBOJUTCS MUTAHUE, Ha3bIBACTCS IIEPBUYHOM, Apyras, K KOTOPOU MPUCOEANHSIETCSA Harpy3Ka

— BTopuuHOH. [lepemaya sHepruum M3 OJHOW TENU B APYTYIO MPOUCXOTUT Ojaromaps
SBJICHUIO B3aUMHOW HMHAYKUMH. OOBIYHO KaTYIIKM IOMEINAIOTCS Ha  CEpJACYHUK U3
(eppoOMarHuTHOr0 Marepuasa; €clii )K€ TaKOro CepJe4yHHKa HET, TO TpaHc(hOopMaTop Ha3bIBAIOT
BO3AyIIHBIM. Cxema BO3AyIIHOro TpaHchopMmaTopa npeacTasieHa Ha puc. 12.1.

Puc. 5.1

[Tpu BEIOpaHHBIX MOJOKUTENIBHBIX HANPABICHUSIX TOKOB YpaBHEHUS
BO3AYIIHOIO TpaHC(hOpMaTOpa UMEIOT BUJL:

|' (R + joL)~1,joM = (_3"‘
\U, + L(R, + jooL,)— joMl, =0.
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3neck Lan Lo — unayktuBHOCTH KaTymiek; R1u R2— nx akTuBHBIE conpoTuBieHus; M — B3auMHas
UHJyKTUBHOCTb.
OTUM ypaBHEHUSM COOTBETCTBYET Ka4YECTBCHHAsI BEKTOPHAs IMarpaMMa

TpaHcdopMaTopa npu Npou3BOIBHON Harpy3ke (¢u> 0), mpencTaBiIeHHas HA
puc. 5.2.

Eciu nauath noctpoenus ¢ kourypa cfdc u npussats s em 15 = Iz, 1o

U,=U,e™=U, U,=R1, U,=jolLl, satem U, =-U

P P fe

_Lknh _L.'
—joM ), panee U_=~—joMi,, U, = joll, U, =Ri

fe hd *

rorja f, = LT’\

h ;'(
nakouen, U, =U. =U_+U,, +U,,.

ne be

B pexume xonocroro xoaa tpanchopmaropa (Zy=w , [,=0) ero ypaBHeHUs ynpoIamTcs U
NPUBOAATCA K CIEAYIOIIMM (opMmynam Uil ONpeAeTeHHUs I[MapaMeTpoB IEPBHUYHONH OOMOTKH

TpaHcopmaropa
) F ) . . X,
o= X = R = ',x,_"LI=n.rL= 2, -R, L=—=
' f. I ' i
15 9
L,
M=—2X
B3anmMuast ”HIYKTUBHOCTD @iy
Eciu karymku, oOpa3yromniye BO3IyIHbIi Tpanchopmarop, omuHaKkoBE, To Ro=R1, Lo=L;.
U, L
Hp = — = .
Uy M
Koapdunuent rpanchopmanuu: F

Cxema BHCKTquCCKOﬁ OCIn

[Mutanue nenu, cxema KOTOPOU MOKa3aHa Ha pPHC. 5.3, OCYIIECTBISIETCS OT HCTOYHHUKA
cunycounainsHoro Hanpspkerus ¢ J1C 200 B u wactoroit 50 '
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Hccnenyemblit 1ByXOOMOTOUHBIN TpaHCOpMATOp MPEACTaBICH B cxeMme OJIOKOM «trans»,
KOTOpBI CJIEAyeT W3BJCYb W3 IMOJS  BCIIOMOTATEJIbHBIX — KOMIOHEHTOB  «Favorites» B
COOTBETCTBUU C HOMEPOM CBOETO BapHaHTa.

Tam >xe HaxonuTCs OJIOK /711 U3MEPEHUs aKTUBHOM MOIITHOCTH Wattmeter.

wathmetr I |'r:ﬂ: 1

I-\.f:_: ml'."-'::vl:ll |_'.1: I-"'"-!;

EI . 22 ofi—— gy
i [— —=2]

Puc. 5.3

C nomompto kimouen Ki, Ko, K3, ynpasnstonine kinaBuilim KOTOPBIX YKa3aHbl Ha CXEME B
KBAJPATHBIX CKOOKaxX, MOXKHO OCYIICCTBUTH PEXHMBI XOJIOCTOTO XOJa U KOPOTKOTO 3aMBIKAHMS
TpaHcopmaTopa, a TaKkKe MOAKITIOUYNTh K HEMY aKTUBHYIO WJIM €MKOCTHYIO HAarpy3Ky.

IloaroroBka k padore

OTBETUTH HA CIIEAYIONINE BOMPOCHI:

1. ITouemy TpaHchopmMaTop HEe MOKET pabOTaTh Ha MOCTOSIHHOM TOKE?

2. 3anuimTe OCHOBHBIC YPaBHEHUS BO3IYIIIHOTO TpaHChopMaTopa.

3. Kak OnbITHBIM TyTeM ONpeNeNuTh B3aUMHYI0 HMHIYKTHMBHOCTH  BO3YIIHOTO
TpaHc(hopMaTopa, aKTHBHOE CONPOTHUBIICHHE, HHTYKTUBHOCTB?

4. Kak Haiitu k03¢ dunmeHT TpaHchopmanuu Bo3IyIIHOro Tpanchopmatopa?

5. TlocTtpouTh  Ka4yecTBEHHYIO  BEKTOPHYIO  JOUarpaMMy  JUii  BO3AYIIHOTO
TpaHcpopMmaTopa pu eMKOCTHOM Harpyske.

[Tporpamma paGoThl

1. Otkpeith ¢aitn LW5 u u3 mosns BcrmoMoraTeibHBIX KOMIIOHEHTOB Favorites
u3BIeYb OJOK trans ¢ HOMEepoM CBOEro BapuaHTa. J[BOWHBIM INETYKOM JIEBOH KHONKH MBIIIH
OTKPBITh OKHO U TOBTOPUTH JBOWHOW IIEMTYOK Ha H300pakeHuH TpaHchopmaTopa. BriOpats
moznens ideal, menknyts mo edit m 3amare mapamerpsl Tpanchopmaropa: N=0.915, LE=0.02,
LM=0.1, RP=1e-06, RS=1e-06. 3arem 3akpbiTh 0ok trans, menkays OK. WM3Bieub Takxke
osok wattmeter u coOparh OCTaIbHYIO YaCcTh CXEMBI, IOKa3aHHOHN Ha puc. 5.3.

2. IIpu nomomm xmoueit Ki, Kz, Kz ocymectButh uyerbipe pexuma pabOThI
TpaHcpopmaTopa: X0JOCTON XOJl, KOPOTKOE 3aMbIKaHHE, EMKOCTHYIO U aKTUBHYIO HArpy3Ku IMpHU

HEU3MEHHOM JICHCTBYIOIEM 3HAYEHUU BXOJIHOTO HampspkeHus. [lokazanus mpuOOpoB BHECTH B
Tadi. 5.1
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3. Tlo pesymbraram M3MEpEeHHH B PEXKHUME XOJOCTOTO XO/Aa OHPEACIUTH ITapaMeTphl
cXeMbl 3amemieHusi TpaHcpopmaropa Li=Lo.=L, Ri=R>=R, M wu ero xo3dpdunuenr
Tpanchopmaruu NT.

Tabanua 5.1
Aapakrep
HAIPYIKH

U | I i P i o, i,
B A Br B A

ey

XONOCTOH X001

E{U].'.ll]'l'[{f]L‘ Sl KOdHHC

=
=l =|E

CMEOCTR
AKTHEHAA HAI PY¥IKd

4, Brrancauts naacHus HAIPSXKCHUA Ha 9JICMCHTax CXCMBI 3aMCIICHUA
Tpchq)opMaTopa BO BCCX HCCICHAYCMBIX PCKHUMaAX pa6OTbI. Pe3y.]'ILTaTLI BBIYMCIICHHH BHECTH B

Tabm. 5.2.
Tabnuna 5.2
P Ups= | Upe= | Up= | Up= | U= A Vv
& t P f =0Ry | =LXp | =4LR | =6HX, | =LYy rlarpyska
A | B | rpafg | A B . B B . B B

1] | | | 0 | | XX
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5. Tloctpouth Tomorpaduyeckue AuarpaMMbl HAMPSHKEHUH W JIy4eBble AUarpaMMbl TOKOB
JUIS BCeX MPOBEACHHBIX OMBITOB, UCIOJIB3YS JaHHbBIE Ta0I. 5.2.

VYkazanwus:

Bo Bcex pexnMax, KpoMe XOJIOCTOTO XOJa, TOCTPOEHHE BEKTOPHOW JAMarpaMMbl
clieyeT HAaUMHATH ¢ ToKa 7.

6. CpaBHUTH 3HAUYECHUS BXOAHOTO HampsbkeHHs Ui u yrna casura ¢das HanmpsHKeHUsS U TOKa
(Pl, HOqueHHble 13 OIIbITA U U3 BCKTOpHBIX I[I/IanaMM IJIS KAXI0T0 CJ'IyLIaH.
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