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Texymas arrecrauus Mo AMcCHUIVIMHE (MOAY/IH0) KOCHOBBI CXeMOTEXHUKH U
U3MEPUTEJIbLHOU JJIEKTPOHUKU»

Texy1as arrecTaus CTyI€HTOB 10 AUCHUIUIMHE «OCHOBbI CXeMOMEXHUKU U
USMEPUMENbHOU  INIeKMPOHUKU» TIPOBOJIUTCA B COOTBETCTBUU C JIOKAJIbHBIMU
HOpMaTUBHBIMU akTaMu JIBOY u siBnsieTcst 00s3aTeIbHOM.

Texymas arrectaiys Mo AUCHUILIUHE MPOBOAUTCS B (POpME KOHTPOJBHBIX
MeponpusATUN (MpOBEJACHUE JUCKYCCUM, BBINMOJHEHHE JabOpaTOpHBIX padoT,
KypCOBOTO TMPOEKTAa) IO OLCHUBAHUIO (AKTHUSCKUX PE3YJIbTATOB OOy4YCHUs
CTYJIEHTOB U OCYLIECTBJISETCS BEYILUM IIPEIIOAABATEIEM.

l. OueHo4vHbIE CPeACTBA IS TEKYILIEro KOHTPOJIS

1. Temwt 0na ouckyccuu:

1. CoBpeMeHHOE COCTOSIHUE OTpaciyd HAHOTEXHOJOTUM M HaHOAJIEKTPOHUKH,
NEPCIEKTHUBBI PA3BUTHS.

2. CpencrtBa U3MEPEHUM IEKTPUUECKUX BEJIHUKH.

3. CBs3p JIEHCTBYIOIIUX, CPEIHEBBINPAMICHHBIX, JCHCTBYIOIIUX 3HAYCHUI
HANpsDKEHUS M TOKa B 3aBUCUMOCTH OT (JOPMBI CUTHATIA.

4. IludpoananoroBble U aHAIOrO-IU(POBLIE MPEOoOpPa30BATENU, OCHOBHBIEC THIIbI
HAIT u AIIII, cpaBHEHHE MO CIIONKHOCTH CXEMOTEXHHUYECKOTO PEIICHUSI, CKOPOCTH
paboThl, SHEPrONOTPEOIECHUIO, TOUHOCTH.

5. Mynbtumerpsl. CTpyKTypHasi cxema, IpUHIHUI paboThl, TOYHOCTb.

6. XapakTepuCTUKH MEPBUYHBIX U BTOPUUYHBIX UCTOYHUKOB AJIEKTPOIUTAHHUS.

7. V3mepeHne MajiblX U CBEPXMAJIBIX TIOCTOSHHBIX TOKOB U HAMPSKEHUM, METOTBI
MOBBIIICHHUS] TOYHOCTH U3MEPEHUH.

8. HM3Mmepenue mnapamMeTpoB TMEPEMEHHOTO0 HANpPSOKEHUs M TOKa; H3MEpEHHUe
K03 duIMeHTa TapMOHUK; U3MEPEHUE YaCTOThI, Ieproja, (passl;

9. IlonsiTHe MMIIEAHCA, AIMUTAHCA U UIMMHTAHCA, UX U3MEpPEHUE.

10. AnanoroBeie T€HEPATOPHl CUHYCOUJAIBHBIX CHUTHAJIOB, OCHOBHBIE CXEMBI,
CIOCOOBI CTaOMIN3alUU YaCTOTHI.

11. [Indporoit cuHTE3 4aCTOTH U (POPMBI CUTHAJIOB, IITyMbl KBAHTOBaHMS, ()a30BbIi
TITyM.

12. Ycunenue curnana. OCHOBHbIE ONPEIEACHUS. Y CHINTEIbHBINA KaCKaIbl.

13. YcunutenbHble Kackaabl Ha OUTIONAPHBIX TPAH3UCTOPAX.

14. Tlonatue pexuma paboThl W padodeidt Touku. CrnocoObl 3alaHusl peKUMa
paboTHI.

15. OHOTaKTHBIN BBIXOIHOM Kackajl. JIByXTaKTHBIM BBIXOHOM KacKal



16. Ycwmrenu noctosHHOTO TOKa. OniepaliioHHbIe YCHIINTENN
17. llpuniun  paGoThl TpaH3UCTOpPHOTrO aBToreHeparopa Tuma RC. OO6nactb
NPUMEHEHUS.

Tpebosanus k npedcmasienuro u OYeHUBAHUI Mamepuanlos (pe3yibmamos):

Jluckyccus 1O BBIOpAaHHBIM TEMaM IPOBOJUTCS B paMKax JICKIUOHHBIX H
NPaKTUYECKUX 3aHATHM I 3aKpeIUIEHWs Marepuajga M IOJy4YEHHsS HaBBIKOB
apryMeHTallud CcBOero MHeHus. Tema [uis JAUCKyccUHM BBIOMpaeTcs 3apaHee U
COIJIACOBBIBAECTCS € mpenoaasareneM. /s MOATOTOBKM K TEME JIUCKYCCHUM MOXHO
II0JIb30BAThCS JIMTEPATYPON U3 CHUCKA OCHOBHBIX U JIONOJHUTENIBHBIX MCTOYHUKOB, A
TaKke JII000H T0CTyImHON nHpOopMaIue.

Huckyccus npoBoautcs B ¢opme 10-15-muHyTHOrO Auanora B Hayaida WIH B
KOHLE 3aHATHsA. Hadamo nuckyccuy MHUIMUPYET NPENoJaBaTeib, U3jaras HEKOTOpPOe
yrBepxaeHue. CTyeHTaM, y4acTBYIOIIUM B IUCKYCCUU, HEOOXOAUMO OATBEPAUTD WU
ONPOBEPrHYTh YTBEPKACHHE, MPUBOJS COOTBETCTBYIOIIYIO aprymeHTanuio. B xoxe
JUCKYCCUU TaKk)XK€ MOTYT 3aTparuBaThCsi BOIMPOCHI, HA KOTOpPbIE HET NPSIMOro |
OJIHO3HAYHOTO OTBeTa. B TakoM ciyyae HEOOXOJUMO OUEPTUTH KPYT BO3MOXKHBIX 33]1a4,
BOIIPOCOB U HAMETUTH BO3MOYKHBIE ITYyTH UX PELICHUS.

VYyacTue CTyA€HTOB B JUCKYCCUM OLEHHUBAETCSI B OCHOBHOM II0 JBYM
IIOKAa3aTeJIsIM: KOPPEKTHOCTh OTBETOB (YTO XapaKTEPU3YyET 3HAHHE TEOPETUYECKOTO H
IPAaKTUYECKOr0 MaTepuala), a TakKe ClIoCOOHOCTh apryMEHTHPOBATh CBOE MHEHHE (UTO
XapaKTEepPU3yeT CIOCOOHOCTh JIOTUYECKH MBICIIUTh U CBSI3bIBATH MaTEPHAIl B LIEIOCTHYIO
KApTUHY).

2. Omuyemul no 1a60pamopHvImM padbomam

HpI/I INOATOTOBKE M BBIIIOJIHCHHUHA Ha60paTOpHBIX pa60T MOKHO ITIOJb30BaThCA
CICAYIOIIHNM IIPAKTUKYMOM:

Tutos ILJI., HanpimoB A.B., Ilonsuckuit JI.A. AHajgoroBas CXeMOTEXHHKA Ha
obopynoBanun NI Elvis II+: ans ctyneHtoB HampasiaeHus mnoarotoBku 11.03.02
«MHDOKOMMYHUKAITMOHHBIE TEXHOJIOTHU U CUCTEMBI CBSI3M» OYHOW M 3a04HOM (opm
o0yueHuUs: TIPpaKTUKyM [ONeKTpoHHBIN pecypc] / WmxkenepHas mkona JBDY. —
BnanuBoctok: lansHeBoct. denepan. yH-T, 2018. — [41 c.]. — 1 CD. — ISBN 978-5-
7444-4229-3.

Coneprxanue 1abopaTOpHBIX padOT B TEKCTOBOM BapHaHTE MPUBEICHO HIDKE.

JlaGopaTopnas padora Nel. U3mepeHne NMOCTOSSHHBIX U NMePeMEHHbIX TOKOB U
HANPSIZKEHU I MOJYNPOBOJIHUKOBBIX NPUOOPOB Ha MpUMepe TPAH3UCTOPA B KacKajae


https://www.dvfu.ru/upload/medialibrary/489/Titov_P.L.,_Nadymov_A.V.,_Polyanskij_D.A._Analogovaya_sxemotexnika.pdf
https://www.dvfu.ru/upload/medialibrary/489/Titov_P.L.,_Nadymov_A.V.,_Polyanskij_D.A._Analogovaya_sxemotexnika.pdf

NpPeABAPUTEIBHOT0 YCHJICHHUS 10 cXeMe ¢ 001mmM 3MUTTepom (9 yac.)

1. Jlns cOopku cxembl BbIOepUTE 3yieMeHThl. HoMUHANBI MOXKHO OMpEneianTh MO
MapKUpPOBKe (I[BETOBasi MAPKUPOBKA PE3UCTOPOB, HMU(PpOBas Win OyKBEHHO-IU(POBaAs
KOHJIEHCATOPOB) WJIM [IPY IOMOILIM 3aMepa NapameTpa MyJIbTUMETPOM.

W3meppre (akTHyecKkne 3HAUYCHHUS HOMHUHAJIOB DJIEMEHTOB TIPU  TOMOIA
MYJIbTUMETPA. 3aMUIIUTE PE3YIbTATHl U3MEPEHUM.

CocTtaBbTe cXxeMy KackaJa NpPEIBApUTEITBHOTO YCHICHHS IO CXEeME C OOIIMM
YMUTTEPOM.

Janee ais ynoOcTBa MOCIEAYIOIUX U3MEPEHUI HANPSHKEHUI U TOKOB TPAH3UCTOpa
€ro MOKHO BBIHECTH MU MOMOIIU TPeX MPOBOJHUKOB Ha CBOOOJHOE MECTO MAaKETHOM
TJIaTHI.

2. llomaiiTe muTanue Ha cxeMy OT THe31a +15 B.

WU3mepbTe (pakTUUECKOE 3HAUYEHHE HANPSKEHHUS MUTaHUS MYJIBTHUMETPOM.
Pesynbrar 3anummre.

Onpenenute NoOJI0KEHHE paboyel TOUKH KacKaa.

Hanpspkenne MOXHO M3MEpPUTH MPHU MOMOIIM BCTPOEHHBIX MHCTpyMeHTOB Digital
multimeter uiau Oscilloscope (MyabTUMETP U OCHUILTOrPad COOTBETCTBEHHO).

[IpoBeauTe u3MepeHus MOTEHIIMATIOB AIMUTTEPA, KOJUIEKTOPa U 0a3bl OTHOCUTEIILHO
oOmelt TOYKM TPU MOMOIM ocuuiuiorpadga u MynbTUMeTpa. Ha ocmmmnorpade ms
KOPPEKTHOTO OTOOpa)K€HUsl pe3yjibTaTa HEOOXOJIMMO YCTAaHOBUTH COOTBETCTBYIOIIYIO
LEHY JEJIeHUs, YTOObl YPOBEHb H3MEPSIEMOro HAaNpsDKEHHs HAXOJWJICs B 00JacTH
oToOpakeHus. YuciaeHHOe 3HAYEHUE MOCTOSIHHOTO HANpsDKEHWs B JIAHHOM Cllydae
CUMTBIBAETCA OKOJ0 abOpeBuatypsl RMS (root mean square — cpeaHEKBaAPATHUYECKOE
3HaueHue). Pesynbrarel 3anummTte. Bpluncnaute HampsokeHuss 0aza-dMUTTEp U
KOJUIEKTOP-IMUTTED.

[Ipu momoI BCTPOEHHOTO MYJIbTUMETpPa U3MEPHTE TOK KoJUlekTopa. Tok 6a3sl B
JAHHOM CJIy4ae COM3MEpPUM C MOTPEHIHOCThIO (€IMHULIECH MIIQJAIIEro pa3psaa) U Mo
MOKa3aHUSIM BCTPOEHHOTO MYJIbTUMETpPa MOXHO TOJIBKO C HEKOTOPOW BEPOSITHOCTHIO
CyIUTh O €ro HAJIUYUU/OTCYTCTBUM (€CIHU €CTh BO3MOXHOCTh, TOK 0a3bl MOXHO
U3MEpPUTH OTAEIIbHBIM MYJIBTUMETPOM C OoJiee MIHUPOKUM Juana3oHoM TokoB). Ilepen
KOKIBIM H3MepeHHeM HeoOxonumo yctaHoButh Null Offset mms kommeHcanum
MOKAa3aHU BCTPOEHHOT'O MYJIbTUMETPA B OTCYTCTBUE U3MEPSIEMOTO CUTHAJIA (YCTaHOBKA
HYJIA).

3anumuTe nojiydeHHsle 3HaueHus. [1o cnpaBoYHBIM JaHHBIM TpaH3ucTtopa 2N3904
(TouHnee, mo BenuuuHe Kod(hPUIMEHTa Mepenadyd Toka 0a3bl B CXeMe € OOIuM
smutTepoM H213) Ha OCHOBE TOKa KOJUJIEKTOpa paccuuTanTe TpeOyeMblil TOK Oa3bl
(I6 = Ik/H215). CpaBHHTE pacUeTHBIN TOK C U3MEPEHHBIM.

3. TlomaiiTe Ha BXOJ Kackaja MEPEMEHHOE HAMPSXKEHUE CUHYCOUIATbHON (POPMBI
py TIOMOIIM BHUpTyasibHOro MHCTpyMeHTa Function Generator. Ilpu sTom rHE3m0 Ha
MakeTHOH T1iate ¢ obo3HaueHMeM FGEN Heo0XoauMo cCOequHUTH MPOBOIHHUKOM CO



BXOJIOM Kackaja. [lapameTpbl yCTaHOBKM IeHepaTopa: CHUHYCOMJAIbHOE HaIpsKEHUE,
yactota 1 kI'u, pasmax nHanpspkenus (Vpp) 0,02 B (ammntyna npu 3tom paBHa 10 mMB).
AKTHUBAIMS MPOUCXOAUT MO KHOMKE Run.

[Ipucoenuaure K BBIXOAY Kackama ocruwuiorpad u mpoHabmomaite ¢Gopmy
BBIXOJHOTO HampspkeHus. OOparute BHUMaHUE Ha 3allyMJICHHOCTh CHTHAjA.
3adukcupyiTe CKpUHIIIOTOM.

W3mepbTe mnepeMeHHOE HamnpsbKeHHE Ha BBIXOJIE Kackajla B TpPEX BapUaHTaX:
ocimuuiorpadom  nmo  BenuumHe RMS, ocummmorpagom  mo  BenuuumHe  Vpp,
MYJIbTUMETPOM  (CPEIHEKBaAPATHUECKOE 3HAYEHHE IEPEMEHHONW COCTAaBJISIOLIEH).
[TockoJbKy H3MeEpsieMble 3HAYEHHSI TOJBEPKEHBI OCHWIUISAIUSIM  (KOJIEOaAHUsIM),
HEOOXOAMMO ISl KaXXJO0r0 BapHaHTa MPOU3BECTH IO JECSATh 3aMEpOB B pexume Run
Once (omHOKpaTHOE H3MEpeHue; 3amaercs B TyHKTe Acquisition Mode). 3ammcarthb
MOJIy4YeHHbIE 3HAYEHUS, BBIYMCIUTH YCPEAHEHHbIE XapakTepucTuku UBBIX rms,
Ussix_Vpp, UBBIX CKB (MyJIbTHUMETD).

Jlmst BceX TpeX BapUaHTOB BBIUMCIUTE KOIPOHUIIMCHT YCHICHUS KacKaja I10
HampspkeHuto. [lpu 3TOM aMIIUTYTy BXOAHOTO HAIpPSOKEHUS TOJarath paBHOM
Ugx = 10 MB (3HadeHue, KOTOpOE 3a1aBajoCh Ha TEHEPATOPE).

KoaddurmenT ycunenus mo HanpsH»KEHUIO BBIYUCISETCS 10 CTaHAApTHON hopmyrie
Ku = UBbix/UBXx. BxomHO€ ¥ BBIXOJHOE HAMPSHKCHHUS JOJKHBI OBITh BBIPAKEHBI B
OJIMHAKOBBIX 3HAYCHMIX: Oepercs pa3Mmax, aMIUITyAa WM CPEIHEKBaJIPaTHYECKOE
3HAYCHHE.

CpaBHHTE MTOTYYCHHBIC PE3YIbTATHI.

4. TlpucoenwHWTE  TApAUICIBHO  HArpy3ke €MKOCTHYH)  COCTaBJISIOIIYIO
BenuunHoU CH = 0,01 Mx®. [Iponabmronaiite popMy BHIXOHOTO CHUTHAJA MPU TTOMOIITH
ocimuiorpada. CpaBuute ¢ ¢dopMoi curHama B 1.3. 3apUKCUPYUTE CKPHUHIIIOTOM.
Crenaiite BBIBOJIBI.

N3mepbTe ocmuiorpadoM BETMYMHY BBIXOJIHOTO HANPSDKCHHS B JBYX BapHaHTaX:
RMS u Vpp. [ns xkaxaoro BapuanTa npoBeauTe mo 3+5 uaMepeHuil B pexume Run
Once. Beruncnure ycpenHeHHble 3HaUYeHUs. Beraucnure kodhQUIUEHTH YCHIICHUS TI0
RMS u Vpp.

CpaBHUTE C aHAJIOTMYHBIMU 3HAYEHUSMHU, TOJMydeHHbIMH B 1.3. Kakywo 100
3HaueHuss RMS oTdunbTpoBbIBaeT EMKOCTH?

[Tocne BoimoHEHUS 1.4 (7151 BCEX MOCIENYIONUX IMYHKTOB) eMKOCTh CH OCTaeTcs
B CXEME.

5. Ompexnenurte BXOJHOE COTIPOTUBIICHUE KacKaaa IO IEPEMEHHOMY TOKY.

CraHaapTHO BXOJIHOE COMPOTHBIICHHUE ONMPEACIACTCS KaK Iy = Upy/iny, TIAC Ugy, lpx —
NepeMEHHbIE BXOAHbIC HAMIPSKEHUE U TOK KacKaJa.

B nanHOM cimyuae m3-3a MajgocTé Toka 0a3bl M3MEPUTH €ro (TOK) C JOCTATOYHOMN
TOYHOCTBIO CPEACTBAMHU CTEHJA HE MPEACTABISICTCS BO3MOXHBIM. [loaToMy pacyer
BXOJIHOTO COTIPOTUBJICHUS TIPOBOJUTCS TIO PA3HUIIC BHIXOJHBIX HANPSHDKCHUN B



MCXOJHOM BAapUaHTE€ CXEMbl M BapUaHTE C JIOMOJHUTEIbHBIM IOCIEI0BATEIbHBIM
CONPOTUBIIEHUEM Ha BXO/IE.

JIJ1s1 ICXOAHOTO BapHAHTA CXEMbI MOYKHO MCHOJIb30BaTh UBBIX, OJYyYEHHOE B I1.4.

Hanee Heo6xoaumo nocnenaoareabHo ¢ Cl coequHUTH CONPOTUBIICHUE BETUYHMHON
nopsiaka 1 kOM (umu apyroe, Hanbosee MOAXOAIIEe M0 HOMUHANY) U TIOJJaTh CUTHAT C
reneparopa FGEN uepe3 310 conpoTuBieHre Ha BXOJ KacKaja.

Jlns BapuaHTa cXxeMmbl C IOJadel curHajga oT TeHepatopa Ha R' usmeppre
Usbix_rms unu UBBIX _vpp Ipu oMol ocuuiuiorpaga 3+5 pas B pexxume Run Once.

BxoaHoe conpoTuBIIeHHE KaCKaa MO MOJIYYEHHBIM TaHHBIM BBIYHCIIAETCS KaK

Tex = U(;blx ) R’/ (Ueblx - Ué;blx)l

rae U, u U, — BEIXOIHbIE HANPSKEHHSA B NCXOZHOM U M3MEHEHHOM BAPHAHTAX
CXEMBI COOTBETCTBEHHO.

T.K. BXOJHOE CONPOTUBJIEHUE KACKala ONPEAEIIAETCS NapalyieIbHbIM BKIFOUEHUEM
compoTuBieHu I, = R1//R2//h113, To mo u3BecTHBIM I, R1, R2 MoxHO ompenenutsh
h11s. [ompoOyiite Berumciauth hlls, cpaBHUTE CO CHpPaBOYHBIM 3HAYCHHEM, €CIH
TaKOBOE ITPUBEJEHO B ONMCAHUH TPAH3UCTOPA.

6. M3Mmenss otHomeHue compotuBieHuid R1 m R2 B cTOpoHy yMmeHbIIEHHS U
yBEJIMYEHHUS], TPOHAOII0aTh, Kakoil Oy/ieT opMa BBIXOJHOTO HANPSKEHUS TIPU TT01a4ue
Ha BXOJ CHHYCOUJJAIBHOTO HamnpspkeHus pasmaxom 20 MB (kak B 1.3 — 0,02 Vpp).

B cropony ymenbiienusi — ycranaBnuBaercss R2=1 kOwm (BepxHee Ha cxeme), R1
(HIDKHEE Ha cXeMe) coxpaHseTcss UCXOAHbIM (2 kOM); B CTOpOHY yBenuueHus — R2
ycraHaBiauBaercs paBHbIM 10 kOM (ncxonHoe 31auenue), R1=200 Owm.

B o0oux ciydasix omnpeaenuTh paboyre TOUYKH (M3MEPUTh MOTEHIMANIBI BBHIBOJIOB
TPaH3UCTOPA OCHUIUIOrPAPOM, BBIYUCIUTH HAMPSHKEHUS] KOJUIEKTOP-DMHUTTEp U 0Oaza-
OMUTTEP; HU3MEPUTHb KOJUJIEKTOPHBIM TOK MYJBTUMETPOM C MpPEBAPUTEIHHOU
ycranoBkoi Null Offset).

[loouepenHo pa3benuHUTH ILenb (T.€. cAenaTb OOpbIB) CHayajlla HAa MECTe
conpotuBieHusi R2 (R1 ocraercs ucxomueiM), a 3arem Ha mecte R1 (R2 ocraercs
UCXOAHBIM). ONpenenuTh MOoJI0KeHHe pabodeil TOUKH Kackada Mpu KaXXJI0M U3MEHEHHUH.

BepHyTbh cXxeMy B HCXOJHOE COCTOSIHUE.

7. Tlo pesynbTatam 1.5 ompenenuThb, Kak BiauseT comnpoTuBieHue R'=1kOm Ha
KO3 PUIIMEHT ycCuJeHUsT N0 HanpsbKeHUro Bcedl cxembl. (Crhenailte BBIBOJBI B
NpeanojoxkeHud, yto R' sBasercs, HampuMmep, BHYTPEHHUM CONPOTUBICHUEM
MCTOYHMKA CUTHAJIA WK BBIXOJHBIM COMPOTUBIEHUEM MPEABIAYIIEr0 KacKaa.

8. IlomaBas Ha BXOJ Kackaja CUHYCOMJIAJbHBINA CUTHAJ U YBEJIMYUBas pa3Max OT
0,02 Vpp u nanee, onpenenuTb, Py KAKOM 3HAUYEHUU BXOJHOTO HANIPSHKEHUS BBIXOJTHOE
TEpsieT CUHYCOMAAIbHYI0 (GOpMYy (HHKHUE MOJIYNEPHOIbl «YIUIOLIAIOTCA»). M3MepuTh
pa3Max BBIXOJHOTO HampsbKeHUs. 3aUKCUPOBaTh CKPUHIIIOTOM.

VBenuuuBasg Jajnee aMmIuiMTyay BxoaHoro curHaima g0 0,5 Vpp u  Ooree,
ONpENENNTh, P KAKOM 3HAYEHHHM BXOJHOIO HANPSDKEHHS MPAKTUYECKH IEepecTaeT



pacTu pazMax BBIXOJHOIO CHUTHaja (MMITYJIbChI MPU ATOM OyAyT OrpaHUYeHbI CBEPXY U
CHHU3Y, T.K. OHU BBIXOJAT 3a pabouyio o0nacth kackana). I3MepuTs pazmMax BBIXOJHOTO
HarpsHKeHUs. 3aQuKCHpPOBaTh CKPUHIIIOTOM.

JlaGopaTopuass padora Ne2. H3mepenne aMIUIUTYJIHO-4ACTOTHOH U
(}a304acTOTHON XapaKTEePUCTHK CXeMbl HA NMPHMeEpe KACKaAa MpeIBAPUTEJIbHOIO
YCHJICHHSI 10 cXeMe ¢ 001uM 3MuTTEpoM (9 vac.)

1. Omnpenenute, kak BausitoT Ha AUX u @YX kackana BeauuuHbl eMkoctedt Cl,
C2, Ch.

AYX wu @YX MOryr CTpoUTbCS B aBTOMATU3UPOBAHHOM pEXKUME C
UCIOJIb30BaHUEM BUpPTYyalibHOTO npubopa Bode Analyzer. Jlns nmpoBeneHus: u3mMepeHus
BX0J Kackajga coenunsercs ¢ rHe3noM FGEN, a FGEN coeaunsieTcs ¢ aHaJIOTOBBIM
BxoaoM AOQ+. BeIxoa kackalia cOeqUHAETCS ¢ aHAJIOrOBEIM BxoaoM Al+. AHallorosrle
Bxoabl AO- u Al- coenunsitorcs ¢ GROUND. Ilepen nposenenriem nsmepenus Function
Generator HEOOXOIUMO OTKJIIOYUTH, T.K. 17151 u3MepeHuss AUX ucnosib3yroTcsi pecypcehl
reHeparopa.

B BepxHux mnojsx auanoroBoro okua Bode Analyzer neobGxomwmo BbIOpaTh
COOTBETCTBYIOIIIME AHAJIOTOBBIE BXOJIbI, K KOTOPBIM MOABOMSITCS BXOJHON U BBIXOJHOMN
CUTHAJIBI Kackama. Eciam Bce mojacoequHeHo, KaKk yKa3aHO BBINIE, TO HEOOXOIUMO
BbIOpath A0 u Al. Ilpu ucnonb3oBaHUM aHaIoOroBbIX BxonoB A0, Al MakcumanbHas
yactora noctpoenuss AUX m dUX orpanunyena enmnuumHoil 200 kI’ (HO 3TOrO C
3armacoM JOCTATOYHO JUIsl aHAJIW3a YCUITUTENEH 3ByKOBOTO JUaNa30Ha).

VYcranoBute BepxHIOK TrpaHully noctpoeHus AYX pasnoit 200 kl'n, HHKHIOIO —
paBHoi 3 I'l. Uucno usmepeHuil Ha Aekany (Ha JECATUKPATHOE YBEIMYEHUE YACTOTHI)
ycranoBuTe paBHbIM 10. Peak Amplitude ycranoBute paBnoit 0,02. Bce AUX/DUX
(UKCUPYIOTCS CKPUHIIIOTAMH U 3alUChIO 3HaYEHUH B (Daiisl Mo HaXkaTuio KHOMKU Log.

N3smeppre AUX, ®UX kackaga ans Benuuud Cl, paBabix: 1 Mx® (ucxognas), 10
MKD, 0,1 Mx®. Ilocne npoBeAeHUs] U3MEPEHUN B CXEMY YCTaHABJIMBACTCA KOHJICHCATOP
ncxomauon eMxkoctu Cl1=1 Mx®.

N3mepbre AUX, ®UX kackana ang BenuuuH C2, paBHbix: 1 Mk® (ucxoanas), 10
MKD, 0,1 Mk®. [Tocne npoBeneHNsT U3MEPEHUI B CXEMY YCTAHABIMBAETCA KOHJIEHCATOP
ucxoanout emxkoctu C2=1 mx®.

N3meppre AUX, ®UX kackana g senuuuH Co, paBHbIX: 100 Mx®D (ucxomnas), 47
MKD, 10 Mx®, 0 mMx® (6e3 emkoctu). Ilocie mnpoBeneHUss U3MEPEHUNH B CXEMY
YCTaHaBIIUBAETCS KOHAEHCATOP UCX0aHOM eMKocTh Cr=100 MkD.

JIns xaxxJ10M BETMYMHBI KaXI0M U3 eMKocTer mo AUX onpenennte MakCUMalbHbBIN
kod(phuULMEeHT ycuieHus B jJenubenax M pa3ax, a TakKKe I0JO0CY MPOIMYCKaHUs Ha
ypoBHEe -3 4B OT MakCUMalbHOTO (BEPXHIOKO U HIDKHIOIO YacTOTHI IOJOCHI
MPOITYCKAHMS).

CpaBHUTE MaKCUMAaJIbHBINH KOA(DPUIMEHT ycwieHus, HaWjaeHHbIM 1o AUYX mpu



MCXOJIHBIX MapaMeTpax ¢ KodhpuimeHTaMu ycuiieHus, HalJIeHHbIMU B 111.3, 4.

Bce u3mepenus (mMakcuManabHOTO Kod((duiMeHTa yCUJIeHHs, HIKHEH U BepXHEH
YaCTOT IMOJIOCHI MPOIYCKAHUs) CBECTH B TAOJIHITY.

2. Ompenenuth, kak BiauseT Ha AUX m OUX kackama BeIWMYMHA EMKOCTHOM
cocTaBisifoneil Harpy3ku. M3mensis HomuHainbl CH, ONpENEIUTE B KaXJIOM Cllydae
MaKCUMAaJIbHBIA KOA(PPUIMEHT yCUIIEHHUS U MOJIOCY MPOIYCKaHUs Kackaja Ha YpOBHE -
3 n1b ot MakcuManbHOTO (AHAJIOTHYHO I1.1).

Psin Benmuuun CH: 0,01 Mx® (ucxoanas), 0,1 Mk®, 1 Mk®D, 0 MkD (6e3 CH). [Tocne
MPOBEJCHUS U3MEPEHUI BepHYTh ucxoaHoe 3HaueHue CH = 0,01 Mx®.

Pe3ynbrarel u3MepeHnii CBECTH B TAOIHILY.

3. Omnpenenure, Kak BIMSAIOT Ha KOIP(GUIUEHT YCUJICHHS IO HaIPSHKEHUIO
conpotuBiieHus Rk, RH, Ra. Ananoruuno n.1., u3MeHsiss HOMUHAJIBI 2JiIeMeHTOB Rk, RH,
R», B CTOpOHY yMEHBIIIEHUA W yBeJIMYeHUd, ompeaenuTe no AUX B KaxiaoMm ciiyyae
MaKCUMaJIbHbIA KOA(DPUITMEHT yCUIIEHUS KacKaza.

Psin 3nauenuit Ra: 680 Om (ucxoanoe), 6800 Om, 68 OM. M0XHO HCTIOJIB30BATh U
JIpYTUE 3HAYCHUS] COMPOTHBIICHUM, BaKHO, YTOOBI OHU OBLIM CYIIECTBEHHO OOJIBIIE U
MeHbIlle ucxogHoro. Ilocne mnpoBeAeHUS W3MEPEHHM YCTaHABIMBAECTCS HUCXOJHOE
3HaueHue conpotunieHus Ra=680 Owm.

Psn 3nauennii Rk: 2 kOwm (ucxognoe), 200 Om, 10 kOwm (viiu Haubosiee OJIU3KO0E 10
HoMuHay). [locrme mpoBeneHUs W3MEpPEHUN YCTaHABJIMBAETCS HCXOJHOE 3HAUYEHUE
conpoTuBiieHUd Rk=2 kOwm.

Psn 3naduenuit Ru: 240 kOm (ucxonnoe), 10 kOm (uwnm Haubosee OJU3KOE IO
HOMHUHaTY), o (06e3 Harpy3ku). [locie mpoBeneHUsT HU3MEPEHH YCTaHABIUBACTCS
HCXOJIHOE 3HaUeHHUE conpoTuBieHUus Ru=240 kOwm.

Pexxum 0Oe3 Harpy3ku COOTBETCTBYET PEKHMMY XOJIOCTOro xoja. Eciu B manHOM
ciydae Oe3 Harpy3Kd BBITIOJIHUTh W3MEPEHHE HE TMPEACTABISIETCS BO3MOKHBIM
(HampuMep, TOSBISIOTCS HEKOPPEKTHBIE Pe3yJbTaThl WM OTCYTCTBYET CHUTHAJI), TO
BMECTO MCXOJHOTO COINPOTUBICHUSI MOJKIIOYUTE HauOOJbIIee IO HOMHUHAIY W3
BBIJIaHHBIX (HO OHO JIOJKHO OBITH OOJBIIIE HCXOAHOTO, T.€. OoJbiie 240 kOM).

[Ipu xax10M U3MEHEHUH COMPOTUBIICHUS OTPECIUTh MOJOKEeHNE pabodeil TOUKU
(M3MepuTh TMOTEHIHMAJIBI BBIBOJOB TPAH3UCTOpPA OCHUILIOTPadoM/MYyIbTUMETPOM,
BBIYHCIIUTD HAMPSIKEHUS KOJUIEKTOP-IMUTTEP U 0a3a-dSMUTTEP; U3MEPUTH KOJUIEKTOPHBIN
TOK MYJIbTUMETPOM C TpeniBapuTensHoit ycranoBkon Null Offset).

Bce usmepenust cBecTu B TaOIUILy.

4. TlomaiiTe Ha BXOJ Kackajga CUTHal NpsAMOyrojbHOHM (opmbl. Pazmax
yctanoBuTe Ha ypoBHe 0,02 Vpp. CHekTp MaHHOTO CHWTHaja COCTOUT W3 HEYCTHBIX
rapMOHUK OCHOBHOW wacToThl: (2n+1)-fo, rae fo — mepuoxa ciemoBaHHs UMIYJILCOB,
3alaBaeMbIXx Ha reHepaTope. CHEKTp TaKoro cuUrHajga MOXKHO MpPOHAONII0AATh B
pearbHOM BpeMeHHM Ha crnekTpoananusatope (Dynamic Signal Analyzer), ycranoBuB
HEOOXOAUMYIO AMILTUTYY.



3anaB yactory paBHo 1 kl'n, mpoHabmonath, Kakas (opMa CUrHajga U CHEKTP
OynyT Ha BbIXOne Kackama. YactoTHerii nuamazon (Frequency Span) 3amate paBHBIM
20-fo = 20 k' mam 20000. 3apuKCHUpPOBATH CKPHUHILIOTOM.

3agath yactoTy nopsiaka 250 'l uiin HeMHOro Hke. YacTOTHBIN TUana3oH 3a4aTh
paBabM 20-f0 =5 x['y wum 5000. B manHOM citydae Ha BBIXOJ] KacKajia MPOUIyT TOIBKO
BBICIIIME FAPMOHUKHU B COCTAaBE CUTHAJIa MPSIMOYTOJIbHON (pOpMBI M Oy/ieT HaOII0AaThCs
TOJIBKO BBICOKOYACTOTHAsI COCTaBIIsAOMAs. 3a)UKCUPOBATh CKPUHILIOTOM.

3anath yactoTy nopsiaka 12 k'l uam HeMHOTO BbIlie. YacTOTHBIN AMana3oH 3a1aTh
paBubiM 20-fo = 240 k' miu 240000. B sToM ciiyyae Ha BBIXOJA KacKaja 4YaCTHUHO
IPOUIYT TOJBKO HH3IINE TAPMOHUKH W BBIXOAHOW cHWTHalI OyneT chopmMupoBaH
HU3KOYAaCTOTHBIMH COCTaBIISIONMIMMHU. 3a(DUKCUPOBATH CKPUHIIIOTOM.

JlaGoparopuass padora Ne3. H3mepeHHe CTATHYECKHUX H JUHAMHYECKHX
napaMeTpoB MHTErpajbHbIX MUKPOCXEM Ha NMpHUMepe ONePANMOHHOIO0 YCUJINTES.
HccnenoBanue cxeM HHBEPTHPYIOLIEr0 1 HEMHBEPTUPYOLIEro yeuauress (9 yac.)

1. CoOepute COOTBETCTBYIOIIYIO CXE€My JJsi OIpENeNCHHUs  HampsHKeHUS
cvemenus OVY. OmpenenuTe 3HAYEHUE BBIXOJHOTO HANPSDKEHUS TMPU  TOMOIIU
ocimsuiorpada (Oscilloscope) u myasTumeTpa (Digital Multimeter) (cnenaiite mo 3+5
U3MEpPEHU ISl Kaxaoro u3 npubopoB B pexkume Run Once, nmogydeHHbIE pe3ybTaThl
ycpenuuth). [lo pesynbratam u3MepeHHsl BBIYMCIWTE HampsbkeHue cmelneHus Ucw,
UCIIOJB3Ys pacyeTHOoe 3HaueHue KoddpduumeHnta ycuieHus cxembl Ha OV (1o
napametpam cxembl). CpaBHUTE CO CIPAaBOYHBIMU JaHHBIMU.

2. VI3MepeHue BXOJHOTO COMPOTUBICHHUS

Cnoco6 1 (muddepenmmansHoe BXxogaHoe compotuBienue). Cobepure cxemy. Ha
WHBEPTUPYIOIIMI BXOJ CHa4YaJIa oAaeTcsl HanpsbkeHue nutanus +15 B, 3atem -15 B. B
KOKJIOM Ccllydae HU3MeEpsieTcsl BXOJHOM TMOCTOSHHBIM TOok mpu mnomomm Digital
Multimeter. [lepen HayanoM u3MepeHuit HEOOXOUMO YCTAHOBUTH ranoyky B mose Null
Offset nns yctaHoBku Hynsa. [lockonmbky w3MepsieMblid TOK (€AMHUIIBI-IECATKU
MUJUIMAMIIEP) COM3MEPUM C MOTPEIIHOCTHI0 aMIIEpPMETPa, TO HEOOXOAUMO MPHU MEPBOM
u3Mepenun (mipu mojgade Ha BXoj +15 B) BbIOpaTh mONSIPHOCTH IIYTMOB, MPU KOTOPOM
MOKa3aHUsI MaKCHUMallbHbl, U BO BTOPOM H3MEpeHHM (IpuU mojadye Ha Bxoja -15 B)
npusiepkuBaTtbesa ee. BxomHoe nuddepeHnmranbHoe CONPOTUBICHUE BBIYHCIUTE IO
dbopmyie.

Cnoco6 2 (cTaTMyeckoe BXOJHOE CONPOTHBJICHUE [0 OJHOMY M3 BXOJIOB).
CobGepute cxemy. Iloakmrounte pesuctop Oombiioro HomuHaida (He Menee 100 kOwm,
KenatenapHo Oonbie, mopsiaka 1| MOw). Ilomaiite HampsikeHHe OT OJHOTO U3
ucTouHUKOB (Hampumep, +15 B) Ha Bxog OV wepe3 pesucrop. Ocumorpadom wiH
mynbTuMeTpoM (Oscilloscope unu Digital Multimeter) u3mepbre HanpsbKeHUE CHavdasa
Ha OJIHOM KOHIIE pe3ucTopa (mojacoequHeHHOM K uctouHuky) — Ul, 3arem Ha apyrom
(nmopcoenunenHoM k OY) — U2. Ilo 3TuM pe3ynbTataM MOKHO OINPEIEIUTh BXOJHOE



cratudeckoe conpotusieHre OY U3 cieayronmx nponopuui:

(U1-U2)/Ul=R/(R+RBx) wm (Ul-U2)/U2=R/RBX, 4YTO NPUBOIUT K
BeipaxkeHunio Rex=U2-R/(Ul — U2).

[IpoBenuTe U3MepeHus AByMsl cioco0aMu, CpaBHUTE TOTYyUYEHHBIE PE3YIIbTATHI.

3. H3mepenue ckopocTu HapacTaHMs BBIXOJAHOTO HamnpshkeHus OY

CobGepure cxemy. B nannoit cxeme OV oxBaueH 100%-noit OOC u sBisercs
aHAJIOrOM HMHUTTEPHOIO TOBTOPUTENI Ha TpaH3ucTope. JlaHHas cxema BKJIIOYEHHS
oOnagaeTr OOJBIIMM BXOJHBIM CONPOTUBIECHUEM M €IMHUYHBIM KO3(DPUIIMEHTOM
ycunieHusl o HanpspkeHuto. [lomaiite Ha BXOJ cxeMbl curHall ¢ reHeparopa Function
Generator. YcTaHOBUTE CIEOyIOIIME TMapaMeTpbl CcurHana: ¢opMa CurHajga -
npssMoyrosiibHas, dactora — 1xkI'm, ammmryna - (1+5)B. Ha ocuumiorpade
(Oscilloscope) wucnomnp3yiite Thun cuHxpoHusanuu Edge, manee ycTaHOBHUTE TaKoOi
MaciTad Mo ocsiM BPEMEHU M aMIUIUTY/IbI, YTOOBI (POHT JMO0 Cpe3 UMITYJIbca 3aHUMAJl
He MeHee (30+50)% obnactu oroOpaxenus curHaia. [lo ocumiiorpaMMe OnpeenuTe
pasmax (mapameTp Vpp) BBIXOJHOTO HANpPSDKCHHs, BpPEMsl €ro YCTAaHOBJICHUS U
BBIYHCIIUTE CKOPOCTb HAapacTaHUs BBIXOJHOTO HANpsDKEHMs, BbIpasute B B/MKC.
CpaBHHTE CO CIIPABOYHBIMU JTAHHBIMU.

B nanHOM myHKTE ymO0OHO BOCIOJIB30BATHCS MapKepaMH, KOTOPHIE €CTh B OKHE
oToOpaxxeHust ocuuiuiorpada. Mx HeoOXoAMMO MeEpeTaluTh Ha COOTBETCTBYIOIIUE
TOUKM (HampuMmep, Haudajao (poHTa MMITYyJIbCA M €r0 OKOHYAHHE), COOTBETCTBYIOIINE
Pa3HOCTH BPEMEHHBIX METOK M yPOBHEH CHTHaja OyayT MOCUYMTAHBI aBTOMATHYECKH U
OTOOpPaKEHBI HAa DKPAHE.

4. HW3mepeHue BBIXOJIHOrO conpoTuBiieHus OY

OTcoenMHHUTE COMMPOTUBIICHNE HArPY3KH (UTO paBHO3HAYHO OECKOHEYHO OOJIBIIIOMY
COTIPOTUBIICHUIO Harpy3ku). Jlamee ycTaHOBUTE Takoe 3HAYCHUE HAMNPSKCHUS
rereparopa, utoOsl Ha BbIxoje OV curnan Owu1 pasmaxom (200+500) MB. UsmepbTe
MOJTyYMBIIIEECs] 3HAYCHHE BBIXOIHOTO HampspkeHus: UBBIX MpHU MOMOIM ociuiuiorpada
(2+3 m3mepenus B pexkume Run Once ¢ mocieayronyM ycpeaHeHreM). Y CTaHOBUTE
CPaBHHUTEILHO HEOOJIbINOE compoTuBiIeHne Harpy3ku Ru (500+1000) Om. Onpenenurte
3HAUYCHHUE BBIXOJHOTO HampsbkeHuss UBBIX H mpu momomu ocmwuiorpada (2-3
u3MepeHuss B pexkume Run Once ¢ mocnenyronuMm ycpennenuem). Paccuuraiite 1o
MOJTy4YeHHBIM pe3yJibTaTaM 3HAYeHHE BBIXOHOTO conpoTuBiieHus OY:

RBLIXOy = RH'(UBLIX - UBLIX_H)/UBLIX_H'

5. HuBepTupyronmi yCuianuTe b

Cobepute cxemy. ConpoTHBIEHHE MEXIYy HEMHBEPTHPYIOIIUM BXOJIOM M OOIIEi
TOYKON MOKHO B3sTh B npezenax (0+5) kOm. Ho »xenareiapHo ero B3aTh paBHbIM 1 KOM
(paBEbIM R1) m1g KomMmeHcauuu NOTPEMIHOCTA OT PA3HUIBI BXOAHBIX TOKOB.
Paccuuraiite xod(pduumeHt ycuneHus Hanpsbkenuss Ku ycunurens mno 3HaYCHHSIM



apamMeTpOB KOMIIOHEHTOB CXEMBI.

[Tomaiite Ha BXOHI CXeMmbl CUTHAII ¢ reHepaTopa Function Generator. YcraHoBuTe
CIeyIoIIre mapaMeTphl CUrHana: opma curHaia — CHHycouaaibHas, yactora — 1 k[,
ammuiutyna — 10 MB (0,02 Vpp).

[Tpn momoum ocumsuiorpada U MyJIbTUMETPAa HU3MEPHTE AMIUIUTYIY BBIXOJHOTO
UBBIX CHHYCOUJAQJIBHOIO HaIpsKEHUs! (MEPEMEHHYI0 COCTABJISIOIIYI0), MOCTOSHHYIO
COCTABJISIFOLILYIO BBIXOJHOTO HampsbkeHuss UoBbIX' (M3MepeHusi mpoBecTd 3+5 pa3 B
pexume Run Once, nmonyyeHHbIe pe3yJbTaThl yCpeaHUTh). [Ipu moMomnm uHCTpyMeHTa
Bode Analyzer omnpenenute pa3HOCTh (a3 MeXAYy BXOAHBIM U BBIXOJHBIM
HANPSHKEHUSIMU.

[lepemennasi cocraBisitomias (ee cpeaHEKBagpaTHYecKoe 3HaueHue win RMS)
u3Mepsiercss  ociuiorpagom npu  Beibope myHkta AC (Alternating Current -
MIEPEMEHHBIM TOK), B 3TOM CiIyyae B OKHE OTOOpakeHHs OyJeT MoKa3aHa TOJIbKO OHa.
[Ipu BeiOOpe mynkra DC (Direct Current — MOCTOSHHBIM TOK) OTOOpakaloTCs U
nepeMeHHasi UM TOCTOSIHHAsl cocTaBiisiomue. [lOCTOSIHHYIO COCTaBIISIONIYIO MOYKHO
BBIUMCIIHTD 110 3HaueHUusAM RMS, n3mepennsix B pexumax DC u AC:

U(;eblx = \/RM‘S%C - RMSA%C '

B cmywae wusmepenuii mynpTUMeTpoM mnepemenHas (RMS) wu  mocrosHHas

COCTaBIISIFOIIUE U3MEPSIOTCA HEMOCPEICTBEHHO BHIOOPOM COOTBETCTBYIOIIMX PEXHMOB
KHOIIKaMU «~», «—»,

[Io pe3ynpTaTaM uH3MEpeHHN ocUWIOrpadoM U MYJIBTUMETPOM BBIUMCIUTE
baxkTryeckue KodOPUIMEeHTHl yCUIICHUS 1Mo HanpspbkeHuto KU' yeunurens.

Hcnonb3yst 3HaueHHE BXOJHOTO HampsbkeHusi cmemienus UcMm, — pacdeTHoe
3HaueHue kodp¢uuuenta ycuieHuss Ku, BBIYUCINTE MOCTOSHHYIO COCTABIISIFOIIYIO
BbIXoiHOTO HampspkeHus: UoBbiX. CpaBHHTE pacueTHOE 3HAYEHHE MOCTOSHHOU
cocTaisitoneit ¢ pakruueckum UoBbIx'.

YcranoBure 3HaueHue comportuBieHuss R1  pasabiM 20 kOm (10+20 kOwm),
aMIUTUTYly CHHYCOMJAIBHOTO HampspkeHust reHepatopa — (40+50) MB. [lns HOBBIX
apaMeTPOB CXEMbI IOBTOPUTE BCE U3MEPEHUS U BHIYMCIICHHUS.

CnBur (a3, KOTOpbI MJii CXEMbl HMHBEPTUPYIOUIETO YCHIUTENS Ha HHU3KUX
yacToTax npuoamkeHHo paBeH +180°, MoxHO mpoHAOIII0AaTh HEMOCPEICTBEHHO B OKHE
ocmuiorpada, noakmouns oauH myn (ot CHO) ko BXxomy cxemsl (K reHEpaTtopy), a
npyroi (ot CHI) — k ee Bbixoay. Takke HEOOXOJIMMO YCTAHOBUTH COOTBETCTBYIOIIHE
MacmTabbl MO OCH AaMIUIUTYA JUIsl KaXJIOTO W3 KaHAJIOB, 4YTOObI HaOI0/1aeMble
aAMIUIUTY/Ibl CUTHAJIOB OBLIM MPUOIU3UTENLHO PABHBI 110 BETUYMHE B OKHE OTOOPasKEHHUS
ocrsuiorpada.

7. HeunBepTUpyOMUi yCUIUTED

Cobepute cxemy. Paccuumtaiite koapdunuent ycuneHuss HampspkeHus Ku
YCUJIUTEJIA 110 3HAYCHUSM [TapaMEeTPOB KOMIIOHEHTOB CXEMBI.



[TonaliTe Ha BX0a cxeMbl curHai ¢ reHeparopa Function Generator. YcraHoBute
CJIeyIOIMe MapaMeTphl CUTHANIA: hopMa CUTHANIA — CHHYCOUAaNIbHAs, yactoTa — 1 kI '1,
ammumatyna — 10 MB (0,02 Vpp).

W3meppTe aMmiuTyay BbIXOogHOro UBBIX CHHYCOHMJAIBHOTO — HANpsDKEHUS,
MIOCTOSTHHYIO ~ COCTAaBIISIIONIYIO  BBIXOJHOTO HampspkeHuss UoBBIX' TIpU  TIOMOIIH
MyIbTUMETpa u ocuwuiorpada. OmpenenuTe pa3sHOCTh (a3 MEXKAY BXOAHBIM U
BBIXO/IHBIM HampsDKEHUSIMH 1pu ioMotnu Bode Analyzer.

[To pesynabraram wu3MepeHHil ocuWIOrpadoM U MYIBTUMETPOM OMPEICIIUTE
dakTryeckue Ko3pPUIMEHTHI yCuiIeHus 1o Hanpsikenuto Ku' yeunurens.

Hcnonp3ys 3HaueHUs HaNpsDKEHHUsT cMelleHus, kodpduuuent ycunenus Ku,
OTIpEe/ICNIUTE PACUETHYIO MOCTOSHHYIO COCTAaBIISIONIYI0 BEIXOAHOTO HamnpsikeHus: UOBBIX.
CpaBHuTe ¢ (haKTHUECKUM 3HAYCHUEM.

YMmenpmute 3Hauenue conpotuBieHus R1 ¢ 200 kOm g0 50 kOm (20+70 kOm),
aAMILTUTYy CHHYCOUJAIbHOIO HAaIpsDKEHUs reHepatopa ysenuubre 10 (30+50) MB.
[ToBTOpHUTE BCE M3MEPEHUS M BBIYMCIICHUS IIPU HOBBIX MapaMeTpax KOMIOHEHTOB.

N3mepbre AUX/DUX npu 4+7 3nauenusx emxoctu Ck, Hanpumep: 0, 4,7 (5) nd,
10 nd, 30 nd, 39 (40) nd, 100 nd, 0,01 mxd. /Inamna3oH 4acToT BeIOpaTh oT 3 I'1| /10
200 I'; konmuecTBO M3Mepenuit Ha aekany — 10; Peak Amplitude — 0,02+0,04 (MoxHO
B3SITh W OOJbBIIME 3HAYCHUS MPHU YCIOBUH, YTO BBIXOJHOE HAIMpPSDKEHHWE HE JOCTUTHET
HacheieHus ). CpaBHUTH O cipaBOYHBIMU AUX TIpy HATMYMH TaKOBBIX JIJIs1 BRIOPAHHBIX
3HaueHuil Ck.

JlabGopaTopHuasi padora Ne4. UccienoBanue padboThl 1 AMILUIUTYIHO-YACTOTHBIX
XaPaKTEePUCTHK AHAJIOTOBBIX YCTPOHCTB HA OCHOBE ONEPANMOHHOIO ycuiauress (9
qac.)

1. PabGota onepalilOHHOTO yCHJIUTENS O€3 HABECHBIX 3JIEMEHTOB

B nannom cnydae HampsibkeHue Ha Bbixosie OV Oyner onpenensiThes CIeayIONM
BhIpaKEHUEM: Upyy = (Ut — U)Ky, @axtuueckn OY OGyzneT paboTaTh B KauecTBeE
KoMIaparopa, T.e. Ha BbIX0jie OyJeT ABYyXIoyspHoe HampsikeHue tE, 3HaK KOoToporo B
TEKYITUH MOMEHT ONPENIEIAETCS COOTHOMEHEM BemnmurH HanpspKeHud Uy, U,y Ecu
OJIMH U3 BXOJIOB MPUCOCIUHUTH K 00IIIEeMy TPOBOAY, TO CUTHAJI Ha IPYTOM BXoje OyJeT
CpaBHMBATbCcsl ¢ HyJeMmM. Hanpumep, mpu mnomadye BXOAHOTO CHTHAJa Ha
HEUHBEPTUPYIOIIMK BXOJ B ciydae, ecid U,>0, TO Ha BbIXoje OyJeT MHTaroIIee
Hanpspkenne +E, a ecnu U, <0, To —E (a1 uHBepTHpYOIIEro BXOJia MOJSIPHOCTH
BBIXOJTHOTO HANPSDKCHHSI MEHSETCS Ha TIPOTHUBOIIOIOKHYIO).

YcranoBute Ha reHeparope Function Generator gactory 1 k['m. Haumbas c
aMIUTUTY/IbI, PABHOUW HYJIIO, ONPENETUTE, MPU KAaKOM pa3Maxe BXOJHOTO CUTHAJa Ha
BBIXOJIC TIOSIBIISICTCS YCTOWYMBBIA JIBYXTOJSPHBIM CHUTHA C pa3MaxoM, pPaBHBIM



yABOGHHOMY Hamnpspkenuto mnuTanusi (~30 B). OObgcHuTe 3TO TMNpU MOMOUIU
COOTBETCTBYIOIIEH OCUMIUIOIPAMMBbI BXOJHOI'O CUTHAJIA.

[Iponenaiite nanHble AEHCTBUS ISl BceX Tpex AoctynHbix B Function Generator
(dbopM curHana: CHHyCOUJANbHOM, MPSMOYTOJIBLHOM, TPEYTOJIbHOM.

2. CyMMupOBaHUE MTOCTOSTHHBIX HANPSHKCHHM

CobGepure cxemy cymmatopa. Hampsbkenue +5 B Oepercss HEMOCPEICTBEHHO C
MaKeTHOW IaTel. Mcrounmk HampspbkeHMeM +3 B peammsyercss Ha Variable power
supply mosioxuTeNnbHON MOJISIPHOCTH UM noaaetcs ¢ Function Generator, Ha KOTOpOM
3a/1aeTcsd  COOTBETCTBYIOLIEE IIOCTOSIHHOE cMelleHne. B kayecTBe ammepmerpa
ucnomns3yercst Digital Multimeter B peskxuMe u3MepeHHs MOCTOSIHHOTO Toka. Bxirounte
cxemy. M3mepwTe ykazanubie Toku 11, 12, loc. Tok menu oOpaTHOM CBA3M JOJKEH OBITh
npubamKeHHo paBeH cymme TokoB I1+12. Usmeppre nampsokenus Ul, U2, Usbix
npubopoMm Digital Multimeter B pexxume u3MepeHus MOCTOSSHHOTO HAIPSIKEHUS.

Paccuuraiite BBIXOJIHOE HampsDKEHUE CHaudaja 1Mo 3HadeHusiM TokoB 11, 12 u
3HAQUYEHHUIO COTMPOTHUBJICHHUS II€MM OOpaTHOW CBSI3U. 3aTeM pacCUMTalTe BBIXOJIHOE
HalpsoKeHWE 10 3HAYeHWSM  BXOJHbIX Hampsbkenut Ul, U2 wu 3HavueHUsIM
COINPOTUBJIICHUMN CXEMBI.

CpaBHuTe 00a pacCYMTaHHBIX 3HAYEHUS C U3MEPEHHBIM UBBIX.

3. CymMMupoBaHHE MTOCTOSHHOTO U MEPEMEHHOTO HANPSKCHHM

Hcnonp3yercs cxema cymmaropa. Bmecro Hanpsbkenns +3 B Ha cooTBeTcTBYROIIEE
COMNPOTHUBIIEHUE NTOIAETCS IEPEMEHHOE CUHYCOUIalIbHOE HanpsbkeHue yactotor 1 k' u
pasmaxom 4 B ¢ Function Generator.

N3mepbre Urms nepeMeHHON COCTaBISIONIEH M MOCTOSHHYIO COCTAaBJISIOLIYIO Ha
BBIXOJIE CXeMbl. M3MepeHuss MOXXHO TpOBOAUTh WM MyiabTuMerpom (Digital
Multimeter), unu ocuuorpagom (Oscilloscope). [lpu nu3mepennn MyIbTUMETPOM PO/
U3MEpSAEMON BEJIMUMHBI YCTAHABIMBACTCS HETOCPEJACTBEHHO Ha mMaHenu npubdopa. [pu
U3MEpPEHUH ocuuuiorpagoM mepeMeHHasi cocTaBisiomas usMmepserca B pexume AC,
NOCTOSIHHASI COCTABIISIIONIAS BBIYUCISIETCSl TOCie HW3MepeHud 3HaueHuit Urms B
pexunmax AC u DC:

Uc;eblx = \/RMSBC - RMSAZC '

PaccuuTaiiTe 3HaYeHHs MEPEMEHHON M TMOCTOSHHOM COCTaBIIAIOIIMX Ha BBIXOJIE,

UCIIOJIb3Ysl BETUYMHBI BXOJHBIX HANPSKEHUA U HOMHHAJIBI CONPOTUBIEHUN. CpaBHUTE
pacyeTHbIE 3HAUYEHUS C U3MEPEHHBIMU.

4. CyMMHpOBaHHE MTEPEMEHHBIX HAIIPSKEHUN

Hcnone3dyercst cxema cymmaropa. OnHo w3 comporuBieHnid R1 wm R2
YMEHBILIAETCS UM YBEJIIMYUBAETCS BABOE (11 YMEHBIICHUS BABOE MOYKHO IOJKIIOYUTh
napajuleIbHO J1Ba pe3ucropa HoMuHaioM 4,7 kKOM, Uil YBEIUYEHHUS MOXHO
NOAKIIOUUTE pe3uctop 10 kOm).

Ha o00a BXOJHBIX CONPOTHBJICHHUA TMOAACTCA IEPEMEHHOE HaNpsDKEHUE
npsIMOYTOJIbHOM (opmbl yacToToi 1 k11, ammuurynoi 2 B.



Brluncnure aMIMTyly BBIXOJHOTO HanpspkeHUs: UBBIX MO M3BECTHOM aMILTATYAE
BXOJIHOI'O HANpsDKEHHWsT M HOMHUHAJIaM CONPOTUBIIEHHWA cXeMbl. M3MepbTe aMIUITUTYy
BBIXOJHOTO Hampspkenus ocumiuiorpadgom (Oscilloscope) nnum mynsTumerpom (Digital
Multimeter). CpaBHHTE pacue€THOE 3HaYECHHE C U3MEPEHHBIM.

Ecnu mopate Ha 00a BXOJHBIX COMPOTUBICHUS ycwiHTens (puc. 4) mepeMeHHbIC
HaIpsHKEHUs! OJIMHAKOBOW (DOPMBI M aMIUIUTY/bl, HO MPOTUBOMNOJIOKHOU (Da3bl (CABUT
¢da3 180°), TO OHM MOJKHBI CKOMIIEHCHPOBATH APYT Jpyra, U Ha BBIXOJE YCHUIMTEIS
HaIpsHKEHUE JOJDKHO ObITh MUHMMAJIBHBIM. [[J11 MPOBEPKU ATOTO MOJIOKEHUSI COOEpUTE
COOTBETCTBYIOILYIO CXEMY.

B sroii cxeme koapdurment ycunenus neporo OV 3amaH paBHBIM €IUHUIIE, YTO
oOecreurBaeT paBeHCTBO aMIUIUTY 1 HANPSKEHUM, MPUXOSAIINX HA CONPOTUBICHUS R2,
R3. B cBoto ouepenn, k03 PUIMEHTHI YCUIEHHS 3TUX HanpshkeHui BTopeiM OY 3a1aHbl
OJIMHAKOBBIMH. BCHEACTBHE 3TOr0 BBIXOJHOE HAMPSIKEHUE JIOJDKHO OBITh OJIM3KO K
HYJIIO.

Ecnu B KoMmIUIEeKTe neTaned HET HYKHOIO YHCJA CONPOTUBICHUM HOMHUHAJIOM
4,7 xOMm, To nns nepBoro OY MOXKHO B3ATh JHOOBIE 1Ba COMPOTHUBICHUS OJMHAKOBOIO
HomuHana (R1=Rocl), a nyig BToporo — HomuHaibel R2 n R3 Takxe J0JKHBI COBIAIATh.

[TopaliTe Ha BXOJA MepeMeHHOE HampsbkeHue amruntynoil 2 B u vactoroi 1 k'
cunycounianbHo (opmbl. [IpoHabmromaiiTe HampsHKEHHE Ha BBIXOAE CXEMBI TIPH
nomoiu ocuuiorpada. M3Mepbre xapakTepucTUKU 3TOro HampsbkeHus. [Iponenaiite
3THU JCUCTBUS TAaKXKE C BXOJIHBIM CUTHAJIOM TPEYTrOJbHON M NPSIMOYTOJIbHON (POPMBI.

5. MHurerparop na OY

Cobepute cxemy uHTerparopa. [lomaiite Ha BXOJ CXE€MbI CUTHAJI MPSIMOYTOIHHOM
dopmbl  ammumatynor (1,5+2) B, wactrotoit 1 k['1p ¢ renepatopa. Ompenenure IO
OCLIUJIOTPAaMME CPEJHIOK CKOPOCTh M3MEHEHUs BBIXOAHOIO HampspkeHus. M3meppre
aMIUTUTYZy BBIXOJHOTO HampsokeHus. 3adukcupyiite (GopMy U XapaKTepUCTUKH
BBIXOJTHOTO CUTHAJIa CKPUHIIOTOM OCIMJLIOTPAMMBI.

YcTaHOBUTE aMILIUTYyay TeHeparopa pashoir (0,5+1) B. Ompenenure 110
OCIIJLJIOTPAaMME CPEJHIOI0 CKOPOCTh HM3MEHEHHUsl BBIXOAHOrO HampsbkeHus. M3mepbTe
aMIUIMTYZy BBIXOAHOro HanpspkeHus. CpaBHHTE OCHMJUIOTPAMMY  BBIXOJHOIO
HaIPSHKEHUS C MOJYYEHHOM IS MPEABIYILEro 3HaYEHUsI HaPSLKEHUS TeHepaTopa.

YMEHbBIIUTE 3HAYCHUE COMPOTUBJICHUsS Ha BXoae 10 (1+5) kOM, ycraHoBHUTE
NEPBOHAYAJIbHYIO aMIUIUTYly HampsbDKeHuss Ha reHepatope. Ompexaenure 1o
OCIIJLJIOTPAMME CPEJHIOI0 CKOPOCTh M3MEHEHUS BBIXOAHOrO HampsbkeHus. CpaBHUTE
OCIIMJLJIOTPAaMMYy BBIXOAHOT'O HAMPSKEHHUS C IEPBOHAYAILHOM.

YBennubte eMKOCTh KoHJeHcaTopa 10 0,02 Mx®d. Onpenenure no OCHUILIOrpaMMe
CPEIHIOI0 CKOPOCTb M3MEHEHHUs BBIXOJAHOro HampsbkeHus. CpaBHHUTE OCLHMILIOTpamMMy
BBIXO/JJTHOT'O HANPSKEHUSI C IEPBOHAYAIIBHOM.

YcraHoBUTE TNEpBOHAYAIbHBIE MApaMeTpbl CXEMbl, TOTOM OTKIIOUUTE OOJIBIIOE
CTaOWIIM3UPYIOILlEEe COMPOTUBIIEHUE B 1ienu oOpaTHOW cBaA3u. [Iponabmiomaiite Gopmy



BBIXOJTHOTO CUTHAaJIA. 3aQUKCUPYUTE CKPUHILIOTOM.

JInsi mepBOHAYaJIbHBIX IMAPAMETPOB CXEMbl ONPENEIUTE IMOCTOSHHYIO BPEMEHU
MHTErpaTopa U ero 4acToTy cpe3a kak ¢puibTpa HIkHUX yacToT (OHY).

VYMeHbpIIaiiTe 4acTOTy BXOJHOTO CUTHaja A0 TeX MOop, Moka (opma BBIXOJAHOTO
CUTHajla HE CTaHET MNPHUOJU3UTENBHO MOX0XKa Ha (POpPMY BXOAHOTO (TOXKE CTaHET
npsiMOyroJibHOM). Ha 3Tol yacToTe MHTErpaTop TepseT CBOM CBOMCTBA 1O OTHOLIEHUIO K
IPsIMOYTOJIBHOMY CUTHaNly (3HauuTEIbHAsl YacTh CIIEKTpa CHTHaja MOMNaJaeT B IMOJIOCY
nponyckanust ®HY).

BoccranoBute mnepBOHayaldbHBIE MMAPAMETPbl CXEMbl, AMIUIMTYYy M YacTOTY
CUTHaja. YCTaHOBUTE TpeyrojpHylo ¢Gopmy curHana. [IponaGmiomaiite curHai Ha
BbIXOJE. [Iponenaiire TO ke caMoe Il CHHYCOUJAJIbHOTO CUTHAJIA.

6. Huddepenmuarop na OY

CobGepute cxemy nuddepeHiuaTopa.

C reneparopa Ha BXOJ CXEMbI MOJANTE CUTHAII TPEYTOJbHON (POPMBI aMIUIUTYIOM
(1+2) B. Yactoty B npeaenax (0+5) k['t1 mogdepure TakuM 00pa3oM, YTOOBI Ha BBIXOJIE
ObLT CUTHANT TPHUOTUZUTEIHHO MPSMOYTOJbHOU (OpMbI. 3adUKCUPYHTE CKPUHIIIOTOM.
PaccuuraiiTe CKOpOCTh U3BMEHEHUSI BXOJIHOTO HampspkeHus. 110 HallieHHOMY 3HAYEHUIO
Y 33JaHHBIM IMapaMeTpaM CXEMbl PACCUUTAWTE aMIUIUTYAY BBIXOJHOTO HAIPSIAKEHUS
(popmyna mnpuBeneHa B Teoperuyeckoil wactH). Ilo ocmmorpamme omnpenenure
aMIUTUTYy BBIXOJHOIO HarpsikeHuss. CpaBHUTE U3MEPEHHOE 3HAUEHUE C PACUETHBIM.

VYBenuubTe 4acToTy reHeparopa BiaBoe. [loBTopute HU3MEpeHHs U BbIYHMCICHUS.
CpaBHUTE OCIMIIIOTPAMMY C UCXOJHOM.

BoccTaHoBuTEe HayajdbHYI0 4YacTOTy T€HEpaTopa, a BEIMYHMHY CONPOTUBIIEHUS B
nenu oOpaTHOW CBsI3M yBeIMYbTE BABOE. [loBTOpHUTE H3MEPEHHS UM BBIYUCIICHHUS.
CpaBHUTE OCIUILIOTPAMMY C UCXOJTHOM.

BoccraHoBuTe mepBOHAYaIbHOE 3HAYEHUE COMPOTHUBIICHUS, BEIUYUHY EMKOCTH
KOHJIeHCaTopa yBennuybTe BABOE. [loBTOpuTe M3MepeHus U BblUUCieHHS. CpaBHUTE
OCHMJIJIOTPAMMY C UCXOJTHOM.

/I nepBOHaYaNbHBIX NAPAMETPOB CXEMBI  ONPENEIIUTE 4YacTOTy Cpes3a
muddepennnaropa kak GuibTpa Beicokux yactot (OBY).

YBenuuuBaiite 4acToTy /10 TE€X IMOp, MOKa (popMa BHIXOJAHOTO CUTHAJIa HE CTAHET
pUOJIM3UTENBHO MOX0XKa Ha (OpMY BXOJTHOTO (CTaHET TpeyroyibHoW). Ha aToit yactote
muddepeHIaTop TepsieT CBOM CBOWCTBA 110 OTHOUIEHUIO K TPEYTOJIbHOMY CUTHAITY (BCe
WJIU TIOYTH BCE KOMIIOHEHThI CUTHAJIA MOMAJIal0T B mojiocy mponyckanus GBY).

BoccraHoBute mnepBOHAayYadbHbIE MApaMeTpbl CXEMbl M BXOJHOTO CHUTHAA.
VYcranoBute — mpsiMoyrosibHyro  (GopMy  BXojaHoro curHana. IlponaGmronaiite
ocuuiiorpamMmmy Ha Bbixoae auddepenuuaropa. Ilponenaiite To ke camoe s
CUHYCOMJAJIbHOTO CUTHAJA.



Tpebosanus k npedcmasienuto u OYeHUSAHUI Mamepuanlos (pe3yibmamos):

K mnpencraBinenuto u 0oQOpMIICHHIO OTYETOB IO Ja0OpaTOpHBIM paboTam
IPEIbSABISIOTCS CIIEAYIOINEe TPeOOBaHMUS.

OTtueTsl 1O JAOOPATOPHBIM pabOTaM MPEICTABISIOTCS B 3JEKTPOHHOU (opme,
TIOATOTOBIICHHBIE KaK TEKCTOBBIE JOKYMEHTHI B penakrope MSWord.

Otyer mo pabore MOMKEH OBITH O0OOIIAIONIMM JOKYMEHTOM, BKJIIOYATh BCIO
MH(POPMAIIMIO TI0 BBINOJIHEHUIO 3aJaHUi, B TOM 4YHUCIE, MOCTPOCHHBIE IUArpaMMBlI,
TaOJUIbl, TPUIOXKEHUS, CIUCOK JHUTEpaTypbl W (WIM) pacyeThbl, COMPOBOXKIAS
HEOOXOJUMBIMU TOSICHEHUSIMU M WUIIOCTpPAlMsIMH B BHUJE CXEM, SKpPaHHBIX (opm
(«CKpUHIIOTOBY) U T.1.

CtpykTypHO oTuYeT mo JabopaTopHOl paboTe, Kak TEKCTOBBIM JIOKyMEHT,
KOMIUIEKTYETCS 110 CIEIYIOIIEN CXEME:

- TuTynpHBIA JUCT — oOs3aTerbHas KOMIIOHEHTa OT4YeTa, MepBas CTpaHHUIla
OTYeTa, MO MPUHATOM ISl JIaOOpaTOpHBIX paboT (opme (TUTYNBHBIM JUCT OTYETa
JOJKEH pa3MeniaThes B 001eM daiine, Tie IpeaCTaBIeH TEKCT 0TYETA);

- Hcxonnble maHHbIE K BBIIOJHEHUIO 3aJaHUN— 00s3aTelibHas KOMIIOHEHTa
OTYeTa, C HOBOM CTPAHUIIbI, COJIEP)KAT YKa3aHUE BapuaHTa, TEMbI U T.]1.);

- OcHOBHasi 4YacTb — MaTepuaibl BBIMNOJIHEHUS 3aJaHUN, pa30UBaeTCs IO
pyOpHKaM, COOTBETCTBYIOIIMX 3aJaHUsAIM pabOThl, C HEPAPXUUYECKON CTPYKTYpOM:
pasaenbl — oIpa3Aebl — MYyHKTHI — OJMYHKTHI U T.1I.

Pekomenayercs B OCHOBHOM 4YacTW OTYeTa 3arojioBKM pyoOpuk (moapyOpuk)
JaBaTh, MUCXOJId U3  (QOPMYJIHMpPOBOK  3aJaHuid, B  (opMe  OTIJIaroJbHBIX
CYILLIECTBUTEIbHBIX;

- BeBogsl — oOs3aTenpHas KOMIIOHEHTAa OTYETa, COJACPKHUT 000OIIarome

BBIBOJIbI IO paboTe (Kakue 3aJaud PEIICHbI, OLEHKA pPe3yJlbTaToOB, YTO OCBOCHO MpH
BBITIOJIHEHUH PAOOTHI);

- Cnucok iureparypsl — 00s13aTeNIbHass KOMIIOHEHTA OTYETa, C HOBOW CTpaHUIIbI,
COJICP>KUT CITMCOK MCTOYHUKOB, HCIOJIb30BAHHBIX MPHU BBITIOJHEHUN PaOOTHI, BKIIIOUAs
DJIGKTPOHHBIE WMCTOYHUKH (CIHCOK HYMEPOBAHHBIN, B COOTBETCTBHH C TpaBUIIAMH
onucanus oudnuorpadun);

- Ilpunoxenus — HeoOsi3aTellbHAs KOMIIOHEHTa OTYETa, C HOBOM CTpaHUIIb,
COJIEPKUT JIONOJHUTENIbHbIE MaTepHalibl K OCHOBHOM YacTH OTYETA.

JlaGopartopHas paboTa OTHOCHTCS K KaTerOpuHM «IHCbMEHHas paboTay,
odopmIIsIeTCs 110 TTpaBuiiaM 0(hOpMIIEHUsI MUCbMEHHBIX padoT cryaeHTamu J[BOY.

HeoOxoaumo 00paTuTh BHHMMAHHME Ha CIEAYIOUIME AaCMEKThl B OQOPMIICHUHU
OTYETOB padoT:
- Habop TEeKCTa;

- CTPYKTYpUpOBaHUE pabOTHI;



- odopMmieHue 3arojJOBKOB  BCE€X BHIOB  (pyOpHUK-NIOAPYOPHUK-ITYHKTOB-
MOJITYHKTOB, PUCYHKOB, TaOJIUIIT, IPHIIOKCHUH ),

- odopMIIeHHE TTEPEUHCICHNUN (CTUCKOB ¢ HyMEpaIye Wi MapKUPOBKOK );

- odopmiieHue TabauL;

- odopmieHne wWOCTpanuii (rpaduxu, pucyHkH, Qororpapuu, CXeMbl,
«CKPHUHILIOTHD»);

- Habop u opopmIICHHE MAaTEeMAaTUYECKUX BhIpaxeHun (popmymn);

- o(opMiieHHe CIIUCKOB JUTEpaTyphl (OnOIMOorpaduecKux OMUCaHMI) U CCBIJIOK
Ha UCTOYHUKH, IIATUPOBAHUSI.

HaGop Tekcta ocymiecTBiseTcsl Ha KOMIIbIOTEpE, B COOTBETCTBUU CO
CJICYIOIMMU TPEOOBAHUSIMHU:
- Te4yaTh — Ha OJTHOM CTOpOHE JucTa Oemnoi Oymaru dopmara A4 (pasmep 210 Ha

297 MMm.);

- UHTEpBaJ MEXCTPOUYHBIN — IIOJyTOPHBIH;

- mpudt — TimesNewRoman;

- pazmep mpudra - 14 nt., B TOM 4KCIIE B 3arojoBKax (B TaOJIUIIAX JOMYyCKAeTCs
10-12 mt.);

- BBIPABHUBAHUE TEKCTA — IO IIIHUPUHED;

- TOJIS CTpaHUIIBI -NieBoe — 25-30 mm., mpaBoe — 10 mMMm., BepxHee u HkHEee — 20
MM.;

- HyMepalusi CTpPaHUI[ — B MPABOM HHUKHEM YTy CTpaHUIbI (IJ1 CTpPaHUIl C
KHW)KHOM OpHEHTalMei), CKBO3Hasi, OT TUTYJIBHOTO JIUCTa JI0 TOCJIEIHEW CTpaHUIIbI,
apabckumu 1udpamMu (MEPBOM CTpaHUIEH CUMUTAETCS TUTYJbHBIA JIMUCT, HA KOTOPOM
HOMED HE CTABUTHCS, HA CIAEAYIOINICH CTpaHuIle TpocTaBisieTcs nudpa «2» u T.1.).

- PEeXHMM aBTOMATUYECKOrO MEPEHOca CJIOB, 3a UCKIIOUEHUEM TUTYJIBHOTO JIUCTA
U 3arojIOBKOB BCEX YpPOBHEW (TMEPEHOC CIOB IS OTACNBHOrO ab3aia OJoKupyeTcs
cpeactBamu MSWord ¢ momorisio koMauapl «Dopmar» — ab3al; mpu BEIOOPE OMIIUN
«3aMpPeTUTh ABTOMATUYECKHUI ITEPEHOC CIIOBY).

Ecnu pucyHoxk wnm Ttabnuia pasMmeiieHbl Ha jucte (opmara Oosbine A4, ux
cleayeT YyuYuThIBaTh, Kak OJHY cTpaHully. Homep cTpaHulbl B OSTHUX CiIy4asx
JIOMYCKaeTCsl HE MPOCTaBJISATh.

Crnucok nuTepaTypbl U BCE TMPUIOKEHHUS BKIIOYAIOTCS B OOIIYI0 B CKBO3HYIO
HYMEPAIUIO CTPAHUI] PAOOTHI.

I'paduueckne xommm dSKpaHa (CCKPUHIIOTHDY), OTpaKawoIIHe rpauku,
JMarpaMMbl MOJIEJIEH, CXeMBbl, SKpaHHbIe (DOPMBI U T.1I. IOJDKHBI OTBEYATh TPEOOBAHUSIM
BU3YaJIbHON HATJITHOCTH TPEJACTaBICHUS WLTIOCTPATUBHOTO Marepuanga, Kak IIo
pasmepam rpaduueckux OOBEKTOB, TaK W pa3peliaroieid CrnocOOHOCTH OTOOpaXEHUs
TEKCTOB, IIBETOBOMY O(DOPMIICHHIO U APYTHM BaKHBIM ITOJIH30BaTEIHLCKUM ITapaMeTpaM.

Pexomenmyercs B cpeie MpOrpaMMHOTO TMPHUIIOKEHUS HACTPOUTH «OIKpaH» Ha



napaMeTpbl MacIITaOMpOBaHHWS H pPa3MEIICHUS CHUMAaeMbIX I MILIFOCTPAIllid
00bekToB. Ilpu 3TOM HEOOXOAUMMO YOpaTh <JIMIIHME» OKHA, KOMAH[bl, BbIICICHHS
00BEKTOB U T.II.

B mepeHeceHHBIX B OTYET «CKPUHIIIOTaX» PEKOMEHIYETCS «CPEe3aThy» HEHYKHBIC
o0JacTH IyTeM pEAaKTUPOBAaHUS  «HM300paKEHUU», a TpH  HEOOXOJIUMOCTH
OTMAacCITaOUPOBATh WX VIS 3AIIOJTHEHUS CTPAHUIIBI OTYETA IO ITUPUHE).

«CKpUHIIOTB» B OTYeTe O(GOPMIISIFOTCS KaK pPHCYHKH, C 3aroJIOBKaMH,
MOMEIIAEMBbIMHA HUKE 00JIAaCTH PUCYHKOB, a B TEKCTE JIOJDKHBI IPUCYTCTBOBATh CCHUIKH
Ha YKa3aHHbIC PHUCYHKH.

3. 3adanue na Kypcoeyw pavomy

OCHOBHOM 11€/IbI0 BBIMOJIHEHHUSI KYpCOBOW pabOThl SIBISETCS MPHOOpETEeHne
HABBIKOB OOOCHOBaHHS BBIOOpA CTPYKTYPHOW CXEMbI YCHIIUTEINSI, SJIEMEHTOB U Y3JIOB,
YIOBJETBOPSIOIIMX 3aJaHHBIM TpeOOBaHUSIM Ha YCUIUTENIb B ILEJIOM, pPACUETOB
OTJIENbHBIX KaCKaJ0B, pa0OTHI CO CIPABOYHON U HOPMATUBHOMU JIUTEPATYPOH.

3ajaHue Ha  KypCcOBYyKO paboOTy COAEpPXKUT TpHU  3aJauyd, COIJVIACHO
WHIMBUAYyAIbHOMY BapHaHTy. BbIOOp KOHKPETHOrO BapuaHTa MPOU3BOIUTCS IIO
nocineAHUM IdpaM Homepa 3adeTHoM kHKku, rae N1 — mpeamocnenuss mudpa
HOMepa 3a4eTHOM KHUXKHU, N2 — nmocnenuss.

3amaua 1
ITpou3BecTy aHaIM3 CTATUYECKOIO U TMHAMUYECKOIO PEKUMOB pabOThl Kackaja C
o01mM sMuTTEpOM (puc.l) mpu ucxoaubix nanHbiX (Taoum.1).

C1 VT
——t—K
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Puc.1. Kackao c oowum smummepom

HUcxonHble nanHbIe Tabmuma 1
Bapuant | [lapameTpbl 31€MEHTOB CXEMBI
(N2) E,, R1, R2, Rq R, Tpanszucrop
B KOM kOm KOMm KOMm
1 9 22 2 1 0.2 I'T320A
2 9 24 3 15 0.5 KT312A
3 10 22 3 1 0.3 KT312b




4 10 27 3 1.0 0.2 KT301

S 12 15 3 1 0.5 I'T322B
6 12 22 2 1 0.2 I'T305A
7 15 27 3 1 0.3 I'T321A
8 15 13 2 1.5 0,5 KT315A
9 18 16 2 1,5 0.5 KT339I"
10 18 33 3 1,5 0.3 KT361B

JloToTHUTENBHBIC JJAHHBIC:

- conpoTuBiieHne uctounnka curHana R. = 100-N1 Owm;

- conpoTuBiieHne Harpy3ku kackaaa R, = 1:N1 kOwm;

- eMKocTb Harpy3ku C,= 100-N1 n®.

[To mapameTpaM cxembl Kackaja ¢ OOIIMM SMUTTEPOM:

1. Onpenenuth CcTaTUYECKHE MAapaMeTphl Kackaga ¢ OOLIUM IMUTTEPOM: TOKHU
koiekropa |, u 0Oaser lg, B paboueil Touke, TpeOyembld U (PaKTHUECKHIA
KO3()(UIUEHTHI TeMIIEpaTypHOU cTabmn3auy Kackana npu Tpe = 60 °C.

2. Onpenenuts IMHAMAYECKUE TapaMeTPhl KacKasa:

- k02 pueHTs! ycuineHus no HanpsbkeHuto Ko, Toky Ki n momnoctu K,

- ckBO3HOM Koa(dpuiment ycunenus K, = Ky Ko,

- BBIXOIHOE HarpspkeHue HACKIIEHUS Uy xmax B Upxmax

- emkoctu koHjaeHcatopoB C,, Cy,, C, npu F,; = 50-N1 I'm;

- nuama3oH ycwimBaeMbix dyactor AF = F,—F, npu xoadduimentax gacToTHBIX
nckaxeunii M,, = M,= 3 nb;

3. OmnpenmenuTh 3HAYEHUS BXOJHOTO H  BBIXOJHOTO  CONPOTHBIICHU,
K03 uieHTa yCUIeHus IPU OTKIIIOUEHUH €MKOCTH KOHJIEHCATOPa B LI SMUTTEPA.

4. TlokazaTb M3MEHEHHE BBICIIEH YACTOThl YCWJICHMS NPH BBEJIECHUU IMPOCTOU
BBICOKOYAcTOTHOM Koppekumu ¢ L, = 40-N2 mkI'H.

5. Onpenenutb napaMeTpbl BBIXOJAHOTO UMITYJILCHOTO CUTHAJIA MPH JUTUTEIbHOCTH

BXOAHOTO uMmyJibca t, = 101, (T, — MOCTOAHHAs BPEMEHU HU3KUX YacTOT KacKazia).

CrnpaBouHbI€ MAPAMETPHI TPAH3UCTOPOB Tabnuia 2
Tpanzuctop | hy; F,, MI'm | Cy, nd Toc, TIC li60 MKA | Uyon, B
KT301 20-60 30 10 2000 10 20
I'T305A 25-80 140 7 500 4 15
KT312A 10-100 80 5 500 10 20
KT312b 25-100 120 9) 500 10 35
KT315A 20-90 250 7 300 1 20
I'T320A 20-80 80 8 600 10 12
I'T321A 20-60 60 80 600 500 50
I'T322B 20-70 50 2,5 200 4 15
KT339T 40-120 250 2 100 1 25
KT361B 20-90 250 7 500 1 60




3amaua 2
BriOpaTh TpaH3UCTOPHI, HAPSHKEHNE MMUTAHUS U PACCYNTATh OCHOBHBIE TTaPaMETPhI
BBIXOJTHOTO Kackaja (puc.3), obecneunBaronero oraasaemyo Momuocte Py = 1-N1 Bt
Ha Harpy3ke R, = 4:N2 Owm, paboratomero B auamnasone dactot Af = (100-20000)-N2
['m mpu ko3 dunrenTe yactoTHbIX UcKakeHud M = 3 nb. IloctpouTh 3aBUCHMOCTH
otnaBaemoii P, u motpedisiemoit mourHocTH P, Kackajga oT ypOBHsI BXOJJHOTO CUTHAJIA.
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Puc.2. Ycunumeno mownocmu

3agaua 3
PaccunTaTh Ha OCHOBE ONEPAIMOHHOIO YCUJIMTENS T€HEpPaTOp TapMOHUYECKHX
curHaioB (puc.4) c yactoroi renepanuu F, = 1-N2 k', R,=1-N2 xkOwm.
[Tpumeuanue. Jlyist HeueTHo# N1 wacToTHO-3aBHCUMas 11enb — MocT Buna, nms N1
YEeTHOM — ABOMHOM « I» MOCT.
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Puc.3. I'enepamopui capmonuveckux xonebanuti

[TosicHuTenbHAas 3amMcKa K KypcoBOM paboTe JOJKHA COJIepKaTh:

- TUTYJIbHBIM JIUCT;

- COAEPIKAHUE;

- TEXHUYECKOE 33/1aHUE;

- OJIEKTPUYECKUN pacueT MPUHITUITNATBLHBIX CXEM 3aJJaHHBIX YCTPOUCTB;

- BBIBO/IBI 110 TIPOU3BEJICHHBIM pacyeTaMm;

- CIIMCOK MCIOJIb30BAHHON JIUTEPATYPHI.

[TosicHuTenpHass 3amucka BbITOJIHsETCs coryacHo TpeboBanusiM ['OCT 2.105-95



Ha oJiHOM cTopoHe aucta ¢popmata A4 (210 x 197 mm). TekcT MOSICHUTETLHOMN 3alUCKU
JOJDKEH COCTOSITh W3 Pa3/ieNioB, CHA0KEHHBIX 3arojlOBKAMH B COOTBETCTBHH C
COJIEPKAHUEM.

B  Tekct kaxmoro - paznena  BKJIIOYAETCS  NPUHUMIMAIbHAs — cXema
pPacCUMTHIBAEMOTO Kackaja M COOTBETCTBYIOIIUE XapaKTEPUCTUKU TPAH3UCTOPOB C
HEO0OXOAMMBIMU MMOCTPOCHUAMH.

B Tekcre 3amMcKu yKa3bIBAaIOTCS CCBUIKM Ha JIMTEpaTypy, U3 KOTOPOH
UCITIOJIb3YETCSl METO/I pacueTa JaHHOTO KacKa/la UiId OTJEIBHOTO 3JIEMEHTA CXEMBI.

Tpebosanus k npedcmagnenuio u OYeHUBaHUIO Mamepuailos (pe3yiomamos):

[Ipu pacuere mNpeACTABICHHBIX CXEM, a TaKXK€ MX OTIEIbHBIX Y3JI0B MOKHO
M0JIb30BATHCS YUEOHBIM TOCOOHEM:
[Mamma B. . AmnamoroBeie yctpoiictBa. [IpoektnpoBanue u pacuer: yueO.

nocobue / Nuxenepnas mkona JIBOY. Braguoctok: JlampHeBocT. denepan. yH-T,
2013.97 c.

B QJICKTPOHHOM BHJC NAHHOC II0CO0ME MOKHO B3SITh Y BCAYLICTO IMPCIIOdaBaTCIIA.

[losicuutenpHast 3anucka OQOpPMISIETCS B COOTBETCTBHMM C  IpaBUJIAMU
oopMJIeHUSI TTUCBMEHHBIX pabor, nmpuHATHIX B JAB®Y. Ilpu odopmieHun MOKHO
PYKOBOJICTBOBAThCSI TOCOOUEM:

BoinyckHasi kBanu(uKallMOHHAss padoTa: BBINOJHEHUE, OPOpMIIEHHE M 3alllyuTa
(mnst ctynentoB UnkenepHoit mkoisl JIBOY): yuebno-meronuueckoe mocodue / cocrT.
B.H. Crauenko, M.A. benokonb, H.M. Mapuenko, FO.I1. llynsrun, C.I1. ConoBbEB;
Nnxenepnas mkona IBOY. 2016. 71 ¢. ISBN 978-5-7444-3801-2

1. TIIpome:xkyTouHasi aTTecTAlUs MO JUCHUIINHE «JIEKTPOHHbIE H3MEPEHUS B
HAHOTEXHOJIOTHUSIX M HAHOYJIEKTPOHUKE»

[IpomexxyTounast —aTTecTamisl CTyIEHTOB. IIpomexyTodHas —aTTecTarus
CTYJICHTOB MO JUCHUIUIMHE «OJIeKMPOHHblE UMEPEHUs 6 HAHOMEXHON02USAX U
HAHOIIEKMPOHUKe» TIPOBOJUTCS B COOTBETCTBHH C JIOKAIBHBIMH HOPMATHBHBIMU
aktamu JIBDV u sBisieTcs 00s3aTeNbHOM.

PeriTuHr-miaian

MuHHMaIBHOE
Hamvenoare BecoBoii MaxkcumaiabHbIH Tpedoariue
Ne KOHTPOJILHOIO ®opma KOHTPO.Is R ——— Gann I 10Ny CKA K
MeponpHATHS u ceMecTpoBoi
aTTeCcTAlUU
VYuyactue B
1 Huckyccns 10 5 0
AUCKYCCUU




JlaboparopHsbie Order 1o
3 paTop nabopatopHOH 50 5 3
paboTHI
pabote
[TosicHuTenbHa
4 | Kypcosas pabora  3anncka K 40 5 3
KYyPCOBOW
pabore
6 DK3aMeH Tect

DK3aME€H [pUHUMAETCS BEAyLMM InpenojasareneM. QPopMa MNpOBEACHUS
HK3aMEHa — MMCbMEHHBIM OTBET HA TECTOBBIE BONPOCHL. BO BpeMs MpoBEIEHUs IK3aMEHa
CTYJIEHTBI MOTYT MOJIb30BaThCsl paboyeil mporpaMmMoi AUCHUIUIMHBI, KaJIbKyJIATOpaMHu.
C paszpemieHuss npenojaBaTens, MPOBOASUIETO 3K3aMEH, BO3MOXHO HCIIOJIb30BaHUE
CIPABOYHOM JUTEPATYPHl, YYEOHUKOB, METOAMYECKUX YKa3aHWil, a B HEKOTOPBIX
Cllydasix ¥ COOCTBEHHOT'O KOHCIIEKTa JICKIIUH.

Bonpocel k 3xk3amMeHy

dopma konmpons — cobecedosanue (YO-1)

1. OcHOBHBIE KOMIIOHEHTHI HHTETPAIbHBIX MUKPOCXEM, UX XAPAKTEPUCTUKH.

2. CpeactBa  M3MEpPEHMH  JJEKTPUYECKUX  BEIUYHMH.  DJIEKTPUYECKHUE
U3MEpUTEIbHBIE MPUOOPHI U CUCTEMBI.

3. DNeKTpoMEeXaHW4YeCKue M3MEpUTENbHble MNPUOOpPHI MPSMOT0o JIEWUCTBUS.
OCHOBBI TEOpUHU " KOHCTPYKLIUU npuOopoB IPSAMOTO JENCTBU.
MarsuTrosnexkTpruieckue mpuoopsl.

4. DIeKTpOMarHuTHbIE pUOOPBHI. DONeKTpOoIMHAMUYECKUE U
dbeppoauHaMuyeckue MpUOOpBI. DieKTpocTaTuyeckue Mnpuodopsl. WHIYKIHOHHBIE
pUOOPBHI.

5. OCHOBHBIE THUIBI WIKaJl W3MEPEHUI: HEMETPUYECKHUEe, METPUYECKHE U
abcomotHble  mikanel. CpaBHUTENbHBIM  aHanu3 mkan u3MepeHuid.  [llkamsr
norapudmMuyeckas u onodpuznueckas.

6. Ilonstue o morpemHocT wu3MepeHuil. Kiaccudukamnus morpemHocTei
WU3MEPEHHS.

/. Cnyuaiinble norpemHocTd. Pacnpenenenus ciydaiHbIX BeJMYUH. YHCIIOBBIE
XapaKTEPUCTUKHU CIyYalHbIX BETMYMH. MOMEHTHI CIIy4ailHbIX BEJIUYHH.

8. Msmepenmss ¢ oOmHOKpaTHbIMH HaOmroaeHusMH. (OO0paboTka MPSAMBIX
MHOTOKPAaTHBIX PaBHOTOYHBIX M3MepeHuil. Vckiatouenne rpyObIX U CHCTEMaTHYECKUX
ITOrPETHOCTEN.

9. OO6pabGoTka  pe3yJabTaTOB  HEPABHOTOYHBIX  u3MepeHwit.  OOpaboTka
pEe3yJIbTAaTOB KOCBEHHBIX U3MEpeHUM. KpuTeprii HUUTOKHBIX MOTPEUIHOCTEN.



10. KonTakTHble METOABI U CPEICTBA M3MEPEHUN TemiepaTypbl. TepMOMETphI
conporuBieHus. Tepmomnapel. Tepmucropel. HMHTErpanapHble IOJYyNPOBOIHUKOBBIE
JATYHKH.

11. beckOHTaKTHBIE METOJABI M CPEIACTBAa M3MEpPEHUW TemiiepaTyp. OnTudeckoe
usiydenue. Y crpouncrtso UK-repmomerpa.

12. lludpoBbie U DIIEKTPOHHBIE HU3MEPHUTEIbHBIE MPUOOPHI U TpPeoOpa3oBaTEH.
Knaccuduxanus 1mudpoBeix mnpubopoB. lludpoanasoroBele u aHagoro-mu@poBbie
npeodpa3oBaTely.

13. OcuoBubie Tunsl ALIl. CpaBHeHHE MO CKOPOCTHU, TOYHOCTH, MOTPEOIIeMOit
MOIIHOCTH.

14. OcuoBubie Tunsl LIAIl. CpaBHeHHE MO CKOPOCTHU, TOYHOCTH, MOTPeOIIeMOit
MOIIIHOCTH.

15. AHanoroBsi€ JIEKTPOHHBIE BOILTMETPHI. [{udpossie BosbT™MeTphI. LludpoBbie
yacToToMephbl. PexxuM u3mMepeHust 4acToTsl. PexxuM usmepenus nepuoaa.

16. CpeacTtBa BU3yalIbHOIO OTOOpa)K€HUs, BBIBOJA U PETHCTpalUs pe3yIbTaToOB
u3MepeHuil. OrtoOpakeHHe pe3yJlbTaTOB HM3MEPEHHH MEUICHHO HN3MEHSIOIIUXCS
BeanuuH. BusyanpHoe oToOpakeHHE BEIWYUH, OBICTPO M3MEHSIOIIMXCS BO BPEMEHH.
OTtoOpaxenue MUGPOBHIX TaAHHBIX.

17. OroOpakeHne JTUCKPETHBIX CUTHAJIOB, IIPEACTABICHHBIX B MHU(PPOBOM dhopme,
npu noMmouu ocuuuiorpada. TexHuueckue cpeAcTBa Mg rpapUUYeCcKOl perucTpaluu
aHAJIOrOBBIX AJIEKTPUUECKUX BEJIMUUH. Perucrpanus uupoBbIX JaHHBIX U3MEPEHUM.

18. OcHOBHBIE AIIEKTPUYECKHE BETUYUHBI TPH U3MEPEHUSIX Ha MOCTOSHHOM TOKE,
crocoObl u3MepeHus. TOYHOCTh COBPEMEHHBIX CPEJICTB U3MEPEHUS MPU U3MEPEHUAX Ha
IIOCTOSIHHOM TOKE.

19. UneanbHblli  HMCTOYHUK  HamNpsDKeHHMs.  MaeanpHbIE  HMCTOYHHK  TOKa.
Xapakrepuctuku. Harpy3ouHast ciocOOHOCTh UCTOYHHKA.

20. Msmeperne BAX u mapamMeTpoB MaJOMOIIHOTO KPEMHHEBOTO IHOJa Ha
npumMepe 1N4148. Ilopsaok ToxkoB M HanpsbkeHUR. CONPOTUBIEHHE TMPU MPSMOM H
oOpaTHOM BKJIt0UeHUsAX. CTaTUYECKUE U AMHAMUYECKUE COIPOTUBIICHUS.

21. Ismeperne BAX wu mapaMeTpoB MaJOMOIIHOTO BBICOKOYACTOTHOTO
KpPEMHUEBOTO n-P-n Tpan3ucropa Ha npumepe 2N3904. Tlopsaiok TOKOB U HAIIPSKEHUM.
ConpoTuBiieHHs 110 BXO1Y U BeIxoAy. CTaTnyeckne U JMHAMUYECKHE CONIPOTHUBIICHHUS.

22. IlapannenbHoe M TMOCIENOBATEIbHOE COCAMHEHUE AMOAOB JUIS YBEIUYCHUS
TOKa WJIN HAPSHKEHUS.

23. CBsA3b  aAMIUIMTYAHOTO, JCHCTBYIOMIETO  (CpPEIHEKBAIPAaTHUECKOTO) U
CPEIHEBBIIPSMIIEHHOTO 3HAYEHU U JJI HANPSKEHUN Pa3IUIHON (DOPMBI.

24. OCHOBHBIE DJIEKTPUUECKHUE TMapamMeTphl MPU H3MEPEHHSIX Ha MEPEMEHHOM
TOKE, CHOocoObl H3MepeHHs. TOUYHOCTb COBPEMEHHBIX CPEACTB H3MEpPEHUs IMpH
U3MEPEHUSIX Ha IEPEMEHHOM TOKE.



25. CnocoObl  m3MepeHus HMHAYKTUBHOCTU. CmocoObl H3MEpEeHUs EMKOCTH.
H3Mepenne eMKOCTH METOJIOM 3apsiaa-paspsiaa KOHAeHcaTopa.

26. [TapazutHple  mapamMeTpbl  PE3UCTOPOB,  KOHJEHCATOPOB,  KAaTyIIEK
WHIYKTUBHOCTH M TIOJTYTPOBOHUKOBBIX MPUOOPOB HA BHICOKUX YACTOTAX.

27. Lludpossie MynbTuMeTpbl. CTpyKTypHas cxema, MPUHIIUI PabOThI.

28. ludporsie ocumuuiorpadgul. CTpyKTypHas cXxemMa, IPUHIIUI PaOOThI.

29. CniocoObI u3mepeHus kodpduireHTa rapMOHHUK.

30. AHanu3 CHEeKTpaldbHBIX XapaKTEPUCTUK CUTHAJIA B PEXKUME PEaTbHOIO
BPEMEHH IPH MOMOIIHU IIU(PPOBOTO ocuusuiorpada.

31. [lonsiTne  ycuieHWs, TPUHIUIBI yCWICHHWs CUTHaiIOB. HasHauenue
YCWJIMTEIbHBIX YCTPOUCTB U 00y1acTu UX mpuMeHeHus. Kinaccudukamus ycumuTesnei.

32. [lapameTpbl YCUIUTENCH: BXOJHBIC M BBIXOJHBIC JaHHBIC, KOA(DOUIIMESHTHI
YCWJICHHUS TI0 TOKY, HAIIPSDKEHUI0, MOITHOCTH. JIMHAMUYECKUI quana3oH, KodppuuueHT
YAaCTOTHBIX UCKAXKECHUU.

33. XapaKkTepuCTUKU: aMIUIMTYAHAs, aMIUIUTYJAHO-9aCTOTHAS, aMIUIUTYIHO-
YaCTOTHAsI, IEPEXOTHAS.

34. [lonsiTHE O CTaTMUYECKOM M JIWHAMUYECKOM pexkumax. CrocoObl 3amaHus
pexxrma paboThl pabOTHI.

35. CtabunpHOCTh pekuMa. MeTobl TEPMOCTA0MIN3aluA U TEPMOKOMIICHCAITUU
pexuma.

36. [IpuHIMNIMaIbHbIE W OSKBUBAJCHTHBIC CXEMBl YCHIIMTEIBHBIX KacKaJoB C
OOIIIUM SMUTTEPOM M UCTOKOM, 00111eH 0a30i1, 0OITUM KOJIJIEKTOPOM U UCTOKOM.

37. OcobeHHOCTH pabOTHl KAacKajoB MPH YCWICHUH HUMITYJIbCHBIX CHTHAJIOB.
CBs3b NMEPEXOIHBIX U JIUHEHHBIX NUCKAKCHUH.

38. [lonsitue 00 wWHTErpaidbHBIX yCUIUTENAX. (OCOOCHHOCTH CXEMOTEXHHUKHU.
Oco0eHHOCTH IOCTPOEHUS YCUITUTENEH TOCTOSTHHOTO TOKA MPSMOT0 YCUJICHHUS.

39. [lonstue apeiida vyns. [locrpoerune auddepeHnaaTbHbIX KackaaoB. MeToabl
MOJIaBJICHUS CHH(A3HBIX CUTHAJIOB.

40. Onepannonnsle ycwmmrenn (OVY): mocTpoeHHe, OCHOBHBIE MapaMeTphl U
XapaKTEPUCTUKHN, IKBUBAJICHTHBIC CXEMBI.

41. [TapameTpsl HMHBEPTUPYIOIICH, HEWHBEpPTUpYIOWmEeH u auddepeHraIbHON
cxeM BkioueHus OY.

42. Cratnueckue morpemHoctd OY u meTonsl ux ymeHsblneHus. OcoOeHHOCTH
ucrnosb3oBaHus OY B aHAJTOTOBBIX YCTPOMCTBAX. Y CTPOICTBA aHAJIIOrOBOM 0OpabOTKU
CUTHAJIOB.

43. TlocTpoeHne ycunuTeNneid MOIHOCTH: OJHOTAKTHBIEC U IBYXTaKTHBIC CXEMBI.

44, DHepreTuyecKkre COOTHOLIEHUS B PEKUMAX KIIACCOB «A», «B», «AB».

45. Kackanpl, paboTaroniue B pexume kiacca «Dy.

46. ®a3ouHBEPCHBIE KACKAbI.



47.1lBeroBass u OykBeHHO-IIM(poBas MapKupoBka pe3uctopoB. ILludposas
MapKHAPOBKA KOHIEHCATOPOB.

THIbI IPAKTHYECKUX 3aAAHUM

1. CobGepure cxemy misi castusi BAX muoma. Usmepere BAX manomoniHoOro
muona. [To BAX onpenenure cTaTUYECKUE U TMHAMUYECKUE TapAMETPhI THOAA.

2. Cobepute cxemy s cHITUs BXoaHbix BAX Ttpansucropa. H3mepnre
cemenictBO BXOomHbIX BAX. [lo HuM omnpegenure BXOAHBIE CTaTHYECKUE U
JVHAMUYECKHE MMapAMETPbI TPAH3UCTOPA.

3. Cobepure cxemy nnsi cHATUS BbIXxOAHbIX BAX Ttpansucrtopa. M3mepnTe
cemeiictBO BbIXOAHbIX BAX. Ilo HHMM omnpenenuTe BBIXOJHBIE CTAaTUYECKUE U
JVHAMUYECKHE MApAMETPBI TPAH3UCTOPA.

4. Omnpenenure 4acTOTy 3JIEKTPHUYECKOrO CHrHaja MPHU IMOMOIIMA aHaJOrOBOTO
ocryuiorpada, 3JIEKTPOHHO-CUETHOTO YacToToMepa U LMQPOBOro ociuuiorpada.
CpaBHHUTE pE3YIbTATHI.

5. Ompexnennre 3HaYEHUE COIMPOTHUBIICHHS IPU MOMOIIM MOCTa MOCTOSHHOIO
Toka. OmnpenenuTe 3HAYEHUE CONPOTUBICHUS NYTEM HM3MEpPEHUS HaNpsLKEHHs Ha
CONPOTUBJIEHUU U CWJIBl TOKA, IPOTEKAIOUIEr0 4Yepe3 3TO CONpOTHBIEHHE. CpaBHUTE
PE3YJIBTATHI.

6. CoOparb cxeMy YCHUIUTEIBHOTO KacKaja Ha OUIOJISIPHOM TPAaH3UCTOPE IO
cXeMe ¢ OOHIMM 3MHUTTEpOM. M3MepuTh ee aMIUIMTYAHO-4aCTOTHYIO XapaKTEPUCTHKY.
CnenaTtb COOTBETCTBYIOIINE BBIBOIBI.

7. Co0Oparb COOTBETCTBYIOILYIO CXEMY U U3MEPUTH KOADPUIIMEHT CTaOMIU3AIUU
napamMeTpuueckoro crabunuszaropa Ha crabwimtpone. M3meputh KodhuImEeHT
CTaOMIM3alMM  WHTErpajibHOTO crabunuzaTtopa Tuna LM7805. CpaButh, caenaTh
COOTBETCTBYIOIIHAE BHIBOJBI.

8. Hameputh K03hGUIMEHT HEIMHEWHBIX WCKOKCHUW 3aJaHHOTO CUTHAJIA TPH
IIOMOUIM CIIEKTpoaHann3aTopa. OLEHUTE MOTPEMIHOCTh U3MEPEHHS.

9. Omnpegenure yaenbHOE IEKTPOCONPOTUBIEHUE 00pa3ia MmaTepuaia. OueHnuTe

MNOTPCINHOCTL U3MCPCHUA.



10. lan psa uzMmepeHuit HanpsikeHusl. VICKIoUunTh TpyOble MOTPEIIHOCTH, HANTH
JIOBEPUTEIIbHBIE TPAHULIBI PE3YJIbTaTa UBMEPEHUS C 3aJaHHON BEPOSTHOCTHIO.

11. [Ipubop ¢ AETEKTOPOM CpPETHEBBINPSMICHHOIO 3HAUECHUS TPaJAyUpPYETCs IO
aMIUTUTYJHBIM 3HAUEHUAM NPSIMOYTOJbHOrO curHaia. Onpeaenutb, KakuMH OyOyT
MoKa3aHusi Mpudopa MpH IMoJaye Ha €ro BXOJ CHHYCOMJAJbHOTO CHTHAaja 3a/laHHOM
aMILTATYBI.

12. TIpubGopoM ¢ u3MEpUTENIEM MCTUHHOTO CPEIHEKBaJIPATUUECKOTO 3HAUYCHUS
(True RMS) 1 OOBIYHBIM MYJIBTHUMETPOM H3MEPSAETCS HANPSDKEHUE MPSIMOYTOJIBHOMN
dbopMbl. AMIUTUTY/Ia IPSIMOYTOJILHOTO HamnpshbkeHus pasHa 100 B. Onpenenuts, KakuMu
OyAyT moKa3aHus Kaxa0ro U3 npuOopoB.

13. Cobpath cxeMmy YCHUIMTEIBHOTO Kackaga ¢ oOmmm smuttepoM. [lomate Ha
BXOJ CXEMbl MPSIMOYTOJBHBIM CHUTHAJT 3aJaHHOM  aMIUTMTYJIbl W  YacCTOTHI.
OcmuuiorpagoM — ompenenuTh BpeMs YCTAaHOBICHHS CHUTHAJIa Ha BBIXOJE W
OTHOCHUTEJIBHYIO BEJIMYMHY CIIaJla BEPLIMHBI UMITYJbCa. [0 HUM OLEHUTH HUKHIOK U
BEPXHIOIO YAaCTOTHI MOJIOCHI POYCKAHUSI.

14. Paccuntath W cOOpaTh CXeMy TEHEpaTopa TapMOHUYECKUX KOJeOaHUI
3aJlTaHHOM YacTOThl M aMIUIMTYAbl Ha ONEPAIMOHHOM YyCHJIHTENe ¢ MocToM Buna.
N3meputh ocumorpadoM 4acTOTy M aMIUIMTyQy curHana. CpaBHUTH C 3aJaHHBIMHU

3HAa4YCHUAMHM.

OueHouyHbIE CpeCTBA IJIsl MIPOMEKYTOYHOT0 KOHTPOJIS (IK3aMeH)

Bbank mecmoewix 3a0anuin
TecTbl

Bapuanr 1

1.JIByXKackaJHbIH YCHJINTENb, OXxBadueHHbIM o00mer OOC c¢ koddduimenTom
nepenaun paBHbIM [3=0.01, umeer koddpduument ycunenuss Kg=50. Uemy paBeH
KO3 GUIIMEHT YCHIICHUS NIEPBOTo Kackaaa, eciu y Broporo K = 20 nb?

2.YKaxXuTe U3MEHEHHE MOJIOXKEHHUs pabouell TOUKU Kackaaa ¢ OOUIMM SMHUTTEPOM
IpU YMEHbBILIEHUU HIKHETO pe3ucTopa R2 nenu cmemieHus:

- Uxs =Eo, Ixo =0,

- Uk» =0, Ixo =Eo/RK,

- CMecTUTCS BJICBO MO CTATUYECKOM XapaKTEPUCTHKE;



- CmecTuTCs BITpaBoO I10 CTaTUYECKOM XapaKTCPUCTUKE]

- He nusmenurcs.

3.00ecmeueHue TeMIepaTypHOil CTAaOMIIBHOCTH KacKaja Ha MOJICBOM TPAH3UCTOPE

MOKET OBITh 00ECIIEUEHO:

- UCIIOJIb30BAHUECM TPAH3UCTOPA C U30JIUPOBAHHBIM 3aTBOPOM;

- TOI00POM CONIPOTHUBIICHHUS B LIETIH 3aTBOPA;
- BBLIOOPOM TEPMOCTAOMIBLHOM paboyelt TOUKH;

- UCIIOJIb30BAHHUEM BCCX IICPCUNCICHHBIX CIT0CO00B.

41lpu yBeNIWYEHUH CONPOTHBIICHHMS HArpy3Kd YCWJIMTEIBHOIO  KacKaaa

AMIUIUTYIHAA XapaKTCPHUCTUKA:

YBenuuurcs yroi HakiaoHa, UHac He U3MEHUTCH,
YMeHbmmTcs yroy HakiioHa, UHac He UBMEHHTCH,
YBenmuuuTces yroy HakioHa, UHac yBEIIMYMUTCS,
YBenuuutcs yroi HakjaoHa, UHac yMEHBIIUTCH,
He u3smenurcs.

5.0npenenuth mapaMmeTpsl cratndeckoro pexknma (Uko u lko) kackama ¢ oOmum
smurtepoM, ecau Eo=10B, R1=15k, R2=3k, Rk=2k, R>=05k, H21 =40,
H11 = 500 Owm.

6.0Onpenenuts Usbixnac npu Emr =50 mxB, kosddurmente mnpesbinieHus
BxoAHOTO curHaia Haj mrymom 20 1b, Dy=100, K=60 nb.

7.1lpu yBenTuUYeHUM CONPOTHUBIIEHHUS B IIeNHU CTOKa Rc Kackaga ¢ 0OIIMM UCTOKOM

KO3 (PUIIMEHTHI YACTOTHBIX UCKAXKEHUM:

MH ymenbmnTces, MB yMEeHbIIUTCH,
MH ymensimrcs, MB yBennuurces,
MH yBenuuurcs, MB yMEHBIIUTCA,
MH yBenuuurcs, MB yBenuuurces,
MH u MB He u3MeHsTcs.

8.Ilokazare Bux AYX, ecaum NEpexXONHOW XAPAKTEPUCTUKE COOTBETCTBYIOT

cootHomenus: ty =0, A = 0.

9.Kak W3MEHUTCS MEpeXOoJHasl XapaKTEPUCTHUKA YCWIHMTENS MNpPH YMEHBIIECHUU

CONIPOTHUBJIEHUSI HATPY3KU?

- Cnazx BCPIIMHBI HC UBMCHHUTCS, BPCMA YCTAHOBJICHUA BO3PACTCT,

- Cnazx BCPIIKMHBI HC UIBMCHHUTCS, BPCMA YCTAHOBJICHUSA YMCHBIIIUTCA,

- Cnan BCPIIMHBI BO3PACTET, BPEMA YCTAHOBJICHUA HC USMCHHUTCA,

- Cnaz[ BCPpIIMHBI YMCHBIIUTCA, BPEMA YCTAHOBJICHUS HE U3MCHUTCH,

- Cnaz[ BCPHIMHBI BO3PACTCT, BPEMA YCTAHOBJICHUA YMCHBIIUTCS.

10. Onpenenuth KOADPUIUEHT YACTOTHBIX HCKAXEHUM, eciid (a30BBbIM CABUT

@=45°.,

11.Kakue 351eMEHTBI CXeMbl Kackaja ¢ OOIMM SMUTTEPOM OIPEACIISIIOT BXOIHOE

CONPOTHUBJIEHUE?



- Rr,RI,R2,HII,
- Ro,RI,R2,HII,
- R1,R2, H11,

- Rk, R1,R2, H11.

Bapuanr 2

l.Yemy paBeH Kkod(pPUIMEHT yCHIEHHUS  ABYXKACKQJHOTO  YCHUJIUTEI,
oxBadeHHoro obueit OOC ¢ koaddunmentom nepenaun 3 = 0.02, ecnmu K1 =40 u K2 =
20 nB?

2.YKkaxuTe U3MEHEHUE TIOJ0XKEeHUS pabodell TOUKH KacKaza ¢ OOIMM IMHTTEPOM
NpY YBEJIMUYEHUH HUKHETO pe3rctopa R2 nenu cMenieHus:

- Uxs =Eo, Ixo =0,

- Uk» =0, Ixo =FEo/Rk,

- CMecTUTCS BJIEBO IO CTATUYECKOM XapaKTEPUCTHKE;

- CMecTUTCS BITPABO MO CTATUYECKON XapaKTePUCTHKE;

- He usmenurc4.

3.TemnepatypHas cTaOUIBLHOCTH Kackaa ¢ OD ompeaensercs:
-R1,R2, R, Co

- R1, R2, Rk, C»

-R1,R2, R>

- R1, R2, Rk.

4. Ilpu yMEHBIIEHHH COMPOTUBIEHUS HArpy3Kd YCUJIUTEIBHOIO KackKaja
aMILIUTYIHAsI XapaKTEPUCTUKA:

YBenmuuutcs yroi HakioHa, UHAac He U3MEHUTCH,

YMEHbIINTCA Yrojl HakJIoOHa, UHAc HE U3MEHUTCH,

YBenuuutcs yrona HakjioHa, UHac yBeIUUUTCS,

YBenuuutcs yroi HakjaoHa, UHac yMEHBIIUTCH,

He usmenurcs.

5. Onpenenuth mapameTpsl ctatuueckoro pexuma (Uko u ko) kackama ¢ oOmum
smutrtepoM, eciau Eo=10 B, R1= 18 k, R2=2 k, Rk=2 k, R»=0.5k, S=80 MA/B.

6. Onpenenuts HOMUHATIBHBIA KOdPQuIeHT ycuneHusi Ko coriacoBaHHOTO 1O
Bxoay ycuinurens, eciu Er = 0,025 B, Beixomnas MomHocTh PH = 1 BT Ha
conpotuBieHnn Harpy3ku Ra = 100 Owm.

7.1lpu yBenmMYEeHUU CONMPOTHUBIICHUS HArpy3ku RH Kackaga ¢ OOIIMM 3SMUTTEPOM
KO3 (PUIIMEHTHI YACTOTHBIX UCKAKCHUI:



- MH ymeHnbpnTCa, MB yMEHBIINUTCA,
- Mmn ymensmutcsa, MB yBenuuurcs,
- Mmn yBenmunrcs, MB ymeHbIIHATCH,
- MHu yBenmunrcs, MB yBenuuurcs,

- Mau MB He usmensrces.

8.Ilokazatp Bua AUX, ecaum MNEepexoJHOM XapaKTEPUCTHKE COOTBETCTBYIOT
cooTtHomeHus ty > 0, A = 0.

9. Kak m3MeHHUTCS INepexojHas XapaKTEepUCTHUKA YCWIHTENS NPU YBEJIWYEHUU
CONPOTHUBIIEHUS HAarpy3Ku?

- Cnia BEpIIMHBI HE U3MEHUTCS, BPEMSI YCTAHOBJIEHHSI BO3PACTET,

- Cniazi BEpILIMHBI HE U3MEHUTCS, BPEMSI YCTAHOBJICHUSI YMEHBILUTCS,

- Cniaji BEpILIMHBI BO3PACTET, BpEMsI YCTAHOBJICHUS HE U3MEHUTCA,

- Cnaji BepIIMHbBI YMEHBIIUTCS, BPEMSI YCTAHOBJICHUSI HE U3MEHUTCH,

- Cniazy BEpILIMHBI BO3PACTET, BPEMsI YCTAHOBJIEHUS] YMEHBIIHUTCS.

10. OmnpenenuTh BBICIIYIO YaCTOTY yCHUJICHUS, eciiu Iuiomanb ycuienus [1y=500
MI 11 npu kospdurmente ycunenus Ko=60 nb.

11.TlocnenoBaTenpHast OTpUIlATEIbHASI OOpaTHAs CBS3b O TOKY:
- yBennunBaeT RBX u RBbIX comportuBienus;

- yBenuunuBaeT RBX , RBBIX ymeHbLIAET;

- yMeHbIIaeT RBX U RBBIX CONpPOTUBIICHMUS,

- yMeHbIIaeT RBX U yBennuuBaeT RBBIX.

Bapuanr 3
1./IByxkackangHblii ycunuTtenb, oxBadeHHbIM o00med OOC c¢ ko3dpdunueHtom
nepenaun paBHbiM [=0.01, umeer koddpduruent ycwienus K=50. Yemy paBeH
KO3 GUIIUEHT YCUIICHUS NIEPBOTo Kackaaa, eciu y Broporo K =20 nb?

2. YKaxuTe N3MEHECHHE TOJI0KEHUS pabouell TOUKH Kackaaa ¢ OOIIMM IMUTTEPOM
IIpU YBEIMYEHUHU BepxHero pe3ucropa R1 nenu cmenieHus:

- Ux? =Eo, Ixo =0,

- Uk» =0, Ixo =FEo/Rk,

- CMeCTHUTCS BJIEBO IO CTATUYECKOU XapaKTePUCTHKE;

- CMecTHUTCS BIIPABO MO CTATHYECKON XapaKTEPUCTHUKE;

- He u3amenwmTtcs.

3. 1715t MOBBIIIEHUST TEMTIEPATYPHOU CTAOMIN3aluA HEOOXOIMMO:



- yBenmnuuTh RO, yBenmuuuth Ra,

- ymeHbUT RO, yBennuuth Ro,

- yBenmnuuTh RO, ymenpmut R,

- yMeHbIIUTh RO, yMeHbIUTH R3.

4. Ilpm OTKIIOYEHHH CONPOTUBIICHUS HArpy3Kd YCUJIUTEIBHOTO Kackaja
aMIUTUTYTHAs XapaKTEPUCTHUKA!

5.

YBennuutces yroy HakiaoHa, UHAac He U3MEHUTCH,
YMeHbmuTcs yroy HakiioHa, UHac He U3BMEHHTCH,
YBenuuurcs yroi HakiaoHa, UHac yBEIIUUNTCS,
YBenuuurcs yroi HakiaoHa, UHac yMEHbIIUTCH,
He uzmenurcs.

Onpenenuts napameTphl ctatnueckoro pexxuma (Uko u ko) kackana ¢ oonmm

smutrtepoM, eciiu Eo=20 B, R1= 18 k, R2=2 k, Rk=2 k, R3=0.5k, S=100 mA/B.

6.

Onpenenutes AWHAMUYECKUN auana3zoH ycuiaurtensd, eciu Em=10 wmkB,

KO3 (DUIMEHT MPEBBINICHUST BXOAHOTO CHUTHAJAa HAJ IIyMOM paBeH 2, KodhduimeHT

ycunenusa Ke=60 nb, BeixoaHoe HanpsikeHue HacbleHust UBbixHac = 2 B.

7.

[Ipyn yMeHbllIEHUM CONPOTHUBJIEHUS HArpy3ku RH Kackajga ¢ OOIIUM HMCTOKOM

KO3 (PUIIMEHTHI YACTOTHBIX UCKAKEHUI:

8.

MH ymenbmnTces, MB yMEeHbIIUTCH,
MH ymensbmTcs, MB yBennuurces,
MH yBenuuutces, MB yMEHBIINTCH,
MH yBenuuurcs, MB yBenuuurces,
MH u MB He U3MeHsTCH.

Kak wm3MeHHTCS mepexo[Has XapaKTEpPUCTHUKA YCUJIUTENS MPU YMEHBIICHUHN

€MKOCTH Harpy3ku?

- Cnazx BCPIIMHBI HC UIBMCHHUTCS, BPCMA YCTAHOBJICHUA BO3PACTCT,

- Cnan BCPIIKMHBI HC UBMCHHUTCS, BPCMA YCTAHOBJICHUSA YMCHBIIIUTCA,

- Cnazx BCPIIMHBI BO3PACTCT, BpCMA YCTAHOBJICHHUA HC H3MCHUTCA,

- CHaII BCPpIIMHBI YMCHBIIUTCA, BPEMA YCTAHOBJICHUS HE N3MCHUTCH,

- [TapameTpsl UMITYyJIBCA HE U3MEHSITCHL.

9.

Ilokaszate Bupgy AUYX, ecnu nepexoqHOM XapaKTEPUCTHKE COOTBETCTBYIOT

cooTtHomeHus ty > 0, A = 0.



10. Ompenenuth BpeMsi YCTaHOBJIEHUS BBIXOJHOTO CHUTHANA, €CIAM  IJIOUIA]b
yeunenus [1y=500 MI'u ipu ko duumente ycunenus Ko=40 nb.

11. BeIXOgHOE COMPOTHUBIICHHE Kackaga ¢ OOIIMM SMHUTTEPOM OIPEACIICTCS

AIIEMEHTAMMU:
- H22, Rk, Rmn,
- H22, RH,
- H22, Rk.
Bapuanr 4
1. Uemy paBeH KO3(pPHUIHEHT YCUICHHS ABYXKACKAIHOTO YCUIUTENS, Y KOTOPOTrO

BTOpOi Kackan oxBauyeH OOC ¢ koadduimentom nepenauu B = 0.1, ecnu K1 =30, K2 =

20nBb?

2. YKaxuTe U3MEHEHUE MOJI0KEHUS paboueil TOUKH KacKaja ¢ OO0IIUM SMUTTEPOM

IIPU OTKJIFOUEHHUH COMPOTUBIICHUS HArpy3Ku RH.

3.

He u3menurcs,

Cwmectures BBEpX IpU noctosiHHOM UKo,

Cwmecturcs BHU3 ITpU nocTosiHHOM UKo,

CmMecTuTCs BIIEBO M0 CTATHYECKON XapAKTEPUCTHUKE,
CmMecTuTcs BIpaBo MO CTATUYECKOM XapaKTEPUCTHKE.

Koaddumment temreparypHoil cTaOMILHOCTH Kackaaa ¢ OOIIUM 3MHUTTEPOM

IIpUu YMCHBIICHUHU COIIPOTHUBJICHUA Ro B OCIIM SMUTTCpaA:

4.

YBenuuurcs,
YMeHbIuTCH,
He u3smenurcs.

[Ipy BBemeHMM  OTpPUUATENBHOW  OOpaTHOM  CBSI3W  AMIUIATYAHAs

XapaKTEePUCTHKA:

5.

YBennuutcs yros HakiaoHa, UHAC He U3BMEHUTCH,
YMEHbIINUTCA YroJl HakJIoHa, UHAc HE U3MEHUTCH,
YBenuuutcs yrod HakiaoHa, UHac yBeJIMUHUTCS,
YBenuuutcs yroi HakjaoHa, UHac yMEHbIIUTCH,
He n3menurcs.

Onpenenuts napameTpsl ctatuueckoro pexxuma (Uko u ko) kackana ¢ ooumum

samuttepoM, eciau Eo=15 B, R1=27 x, R2=3 k, Rk=2 k, R>=0.5k, S=100 MA/B.

6.

Onpenenuts UBbixnac npu Em=10 MkB, koadduirente mnpeBbIeHUs



BXoAHOTO curHaina Haj urymom 20 1b, Dy=60 n1b, K=1000.

7. Ilpm yBeIMYEHHM €MKOCTM HAarpy3Kd Kackaga ¢ OOIIMM 3MHUTTEPOM
KO3 UIIUEHT YaCTOTHBIX UCKAXKCHHIA:

-  Mmn ymensmutes, MB yMeHbIINTCS,

- MH ymeHnpnTCca, MB yBEIIMUUTCH,

- MH yBesmuutcs, MB yMEHBILIUTCH,

- MHn yBenmmuutcs, MB yBeIUUYHUTCH,

- Muu MB He u3MeHsrcs.

8. Ilokaszarp Bux AUX, ecim nepexogHOM XapaKTEPUCTHUKE COOTBETCTBYIOT
cooTHotenus ty > 0, A > 0.

9. Kak u3MEHHUTCS IepexoJHas XapaKTEPUCTHUKA YCHIIMTENS NPH YMEHbBIIECHUU
€MKOCTH Harpy3ku?

- Cniaz BEpIIMHBI HE U3MEHUTCS, BPEMSI YCTAHOBJICHHSI BO3PACTET,

- Cna BEpIIMHBI HE U3MEHUTCS, BPEMSI YCTAHOBJICHHSI YMEHBILIUTCS,

- Cniajy BEpILIMHBI BO3PACTET, BPEMsI YCTAHOBJICHUSI HE U3MEHUTCH,

- Cnaz BEpIIMHBI YMEHBIINUTCS, BPEMSI YCTAHOBIICHHSI HE N3MEHUTCH,

- [TapameTpsl UMITyJIbCA HE U3MEHSTCA.

10. Onpenenuts momanb ycuiaenus ycunurens ¢ Ko=80 ab, obecneunBaromiero
BpEMsl YCTAaHOBJIEHUS BbIXOAHOTO curHana ty = 0.01 mkc.

11. [locnenoBarenpHas OTpULATENbHAS OOpaTHAs CBA3b MO HAIPSKEHUIO:
- yBenuurBaeT RBX U RBBIX COMPOTUBIICHUS;

- yBennunBaeT RBX, RBbIX yMEHbIIAET;

- ymeHbaeT RBX n RBbIX conpoTUBIIEHUS,

- ymenbaeT RBx u yBenuuuBaeT RBbIX.

Tpebosanus k npedcmagienuro U OYeHUBAHUI Mamepuanlos (pe3yibmamos):

TectupoBaHne — cHCTEMa CTaHAAPTU3UPOBAHHBIX 33JaHUM, I103BOJIAIOIIAS
aBTOMATU3UPOBATh MPOLIETYPY U3MEPEHHUS YPOBHS 3HAHUI U YMEHUI 00y4aroerocs.

TecT cOCTOMT M3 BONPOCOB, OXBATHIBAIOIIMX PAa3IUYHbIC Pa3eiabl TUCLUUILIMHBI.
CryneHTbl MOJY4YarOT BapUaHThl TECTOB OJHOBPEMEHHO B Haudajle »3k3aMeHa. Ha
BBIIIOJIHEHHE TecTa BbiaeisAercs 45 MuHyT. [IMCbMEHHBIE OTBETBI TAKXKE CHAIOTCA
CTYJICHTaMH OJHOBPEMEHHO II0 MCTEYCHUH BPEMEHH, OTBEICHHOIO HA IOATOTOBKY U
HamucaHue oteera. /lanee mpenonaBatesib MpoBepsieT padOThl CTYACHTOB U OOBSIBISIET
OILICHKH.



[lpr cnopHO# oOlLleHKe NpenojaBaTeeM MOTYT OBITh 3aJaHbl JOTOJIHUTENIbHBIC
BONPOCHI B paMKax M3y4yaeMOW AUCUUIUIMHBI. JlOMOJHUTENbHBIE BOIPOCH MOTYT OBITH
3aJaHbl B MUCBbMEHHOUW (opMe, B yCTHOHM (opme, a Takxke B QopMe MPaKTUYECKOTO
3ajaHusl, KOTOpPO€ HEOOXOJMMO BBINIOJHUTh Ha COOTBETCTBYIOLIEM JIa0OpaTOPHOM
000pyI0BaHUMY.

O1eHKa pe3yNbTaTOB BBIMOJIHEHUS 33JaHHi OLIEHOYHOT'O CPEICTBA OCYIIECTBISETCS
Ha OCHOBE UX COOTHECEHMS C IUIAHUPYEMBIMH Pe3yJbTaTaMHu O0yYeHUS MO TUCIHILINHE
Y YCTaHOBJICHHBIMU KPUTEPHUSIMU OLICHUBAHUS.



IIpumepHbIii nepedeHb oneHOYHBIX cpeacTs (OC)

Ne Kogn HanmenoBan IIpencraBnenue
nue KpaTKa}I XapaKTCpUCTHUKA OLICHOYHOT'O OLCHOYHOTI'O
OLIEHOYHOTO cpezcTBa cpencTaa B hoHIE
CpeicTBa
YcrHbli onpoc
1 YO- | CobGecenoBanue CpencTBo KOHTPOJIS,, OpPraHU30BAHHOE KaK CrelHalIbHAas Bomnpocsimoremam/pasena
1 OecemanpernoaaBaTensicoOyqIarImUMCIHATEMBL, CBSI3aHHBIECU3YIaeMON M MIUCLHILIAHBI
CIIUTIJIMHOM, ¥ pacCYMTAaHHOE HA BBIICHEHUE 00heMa 3HAHUH
00yJaromerocs o ONpeeICHHOMY pa3zely, TeMe, mpobdiaemMe U T.11.
2 YO- Konnoksuym CpencTBo KOHTPOJISI YCBOCHHSI YI€OHOTO MaTepHalia TeMbl, pa3iena uiu Bonpocemoremam/paszena
2 pa3nenoB AUCIUIUIMHBI, OpPraHU30BaHHOE KaK yueOHOE 3aHSATHE B MJIACITUTIIAHBI
BHJIeCOOECEI0BAHMSIPENIOIaBATENST COOYIAIONTUMUCS
3 YO- Jlokma,cooOmenu [TpomykTcaMoCTOSTENFHONPAOOTHIO0YUAIOIIETOCS, IIPEICTABIISIOIINIICO0 TeMBII0KIIan0B,COOOICHU I
3 e OUITYOIMYHOEBBICTYIICHHETIONPEICTABICHUIOTIOTYYCHHBIXPE3YIhTaTOB
pelieHusIonpeIeIeHHON yde0HO-TIPaKTHIECKOM, yueOHO-
UCCJIEI0BATEIbCKONMIMHAYYHOUTEMBI
4 YO- | Kpyrubiid OrneHOYHBIECPEICTBA,TO3BOJISIOIIUEBKIIOUUTHO0YIAIOIUX CABITPOIIECCO [TepeueHbANCKYCCHOHHBIXTEM
4 CTOII, OCYXJIEHHUS CIIOPHOTO BOIMPOCA, IPOOJIEMBI U OIICHUTH UX JUIsL  TIPOBEACHHS  KPYTJIOro
JTUCKYCCHA, YMEHUEAPTYMEHTUPOBATh COOCTBEHHYIO TOUKY3PECHHS CTOJIA,JUCKYCCUHU, TIOJIEMHUKH,
MoJIEMHKa, JUCIyTa,ne0aToB
JTUCTTYT,
ne0aThl
IIncbMeHHBIE
padoThI
1 11P- Tect Cucrema CTaHAAPTU3UPOBAHHBIX 3aJJaHUH, DdoHaTecTOBRIX3aJaHUN
1 MO3BOJISOIIASIABTOMATH3UPOBATHITPOIIEIYPYU3MEPEHUSYPOBHI3HAHUMH
yMEHUHI
o0ydJaromerocs
2 I1P- Kontposnbnas CpencTBonpoBepKH YMEHUUIPUMEHATHIIONYYCHHbIE3HAHUS KoMmieKTKOHTpOIbHBIX3aJaHI
2 paborta JUTSIPEIICHUSI3a1a40TIPEICTICHHOTOTUIIATIOTEMEHITA Pa3iey i

IOBapUaHTaM




Cpe,Z[CTBO,HO3BOJIHIOH.IGGOHGHI/ITByMGHHGO6y‘{aIOH_IGI‘OCHHI/ICBMGHHOI/BJIaF

Tematukascce

I1P- Occe

3 aThCYTHIIOCTABICHHONTIPOOIEMBI,CAMOCTOATEIBHOTIPOBOIUThaHAIN3ITON
poOJIEMBICHCIIONE30BAaHUEMKOH TN HAHATTUTUYECKOT O
WHCTPYMEHTAPHICOOTBETCTBYIONICH T CIIUTLIHHBL, IEIaThBBIBOIBI, 0000118
IOIMEAaBTOPCKYIOO3UIIUIO TIONOCTABICHHOUITPOOIEMe

I1P- Pedepar [TponyKT caMOCTOSTENHHOM pabOThl 00YJAIOIIETOC, TPEACTABIISIIONTUN Tembipedeparon

4 co0oM KpaTKoe U3JI0’KEHHE B TUCbMEHHOM BHUJIE MOTYyYCHHBIX

pe3yabTaTOB TEOPETHUECKOTO aHAIIN3a OTIPEIeIEHHON HayqHOH (y4eOHO-




HCCJIEIOBATEIbCKOM ) TEMBI,TJICaBTOPPACKPHIBAETCYTHUCCIIETyeMO
pOOIJIEMBI, IPUBOAUTPA3TUYHBIETOUKU3PEHH S, aTaK)KeCOOCTBEHHBIEB3T IS
JIbIHaHEe

OpPUEHTUPOBAHHYIOCHTYAIUIO,HEOOXOTUMYIO IS PEIICHHS
JTAHHOUTIPOOJIEMBI

5 I1P- Kypcoasipabot [TpomykTcaMoCTOSATENFHONPAOOTHIO0YyUaAIOIIETOCS, IPEICTABIAIONINICO00 | TemMbl KypCcOBBIX
5 a,KypCOBOMIIPO H  KpaTkoe U3JO0XKEHHWE B  IUCHBbMEHHOM  BHUJE  MOJYYCHHBIX | PaOOT/IIPOEKTOB,IIIAHBIKYPCOB
eKT Pe3yNIbTaTOBTEOPETHUECKOT0aHAIN3A0TIpeieICHHOMHAaYYHOM(yueOHO- BIX
UCCIIEIOBATEIbCKON ) TEMBI,I[JIEaBTOPPACKPBIBACTCYThHCCIEIyEeMOMIIpoOie | paboT/IPOEKTOB,
MBL ITPUBOIUTPA3TMYHBIETOUKHU3PEHHU S, aTaKKeCOOCTBEHHBIE METONYECKHEePEKOMEH AU
B3IJIs/IbIHAHEE no Hanucanuto KPu KIT
6 I1P- JlaGopatopHnas CpeacTBouIA3aKpeIEHUNIIPAKTHYECKOTOOCBOCHUIMAaTEpHalla Kommnekr3zananuiiais
6 pabora 10 OIIPEJEICHHOMYpPa3 eIy 71a00paTOPHBIX pabOT
7 11P- Koncmexr [IpoaykTCcamMoCTOSITENEHONPAOOTHIO0YYAIOIIETOCS, 0 TPAKAIOIIU I Pa3nenplnucuningabl
7 OCHOBHBICHIEU3aCITyILIAHHOMIEKIIUU,COOOIICHUSUT. 1.
8 IIP- | Iloptdonmo LeneBas mogdopka paboT 00y4aromerocs, pacKphIBaromas Crpykrypanoptdonno
8 €rOMHANBUAYAIbHBICO0PA30BaTEIbHBIEOCTHKEHUSBOTHONN
m
HECKOJIbKUX Y4EOHBIX TUCIUIUIMHAX
9 I1P- IIpoexr KoHeuHBIHIPOYKT,10Ty4aeMbIIBpE3yIbTaTeINIAHUPOBAHUANBBIIIOIHEH Tembl rpynmnoBbIx
9 USKOMILIeKcay4yeOHbIXUHUCCIIeI0BaTENbCKIX3a1aHn . [103BONIICTOLIEHUTh |  W/WITMUHAUBUTYaTbHBIXIT
YMEHUEO00yHaroInX CsICaMOCTOSI TEIbHOKOHCTPYUPOBaTh CBOM 3HAaHUS B| POEKTOB
MPOLIECCEe PELIEeHUs MPAKTUUYECKUX 33/a4 UIIPOOJIeM, OPUEHTHPOBATHCS B
UH(POPMALILOHHOM IIPOCTPAHCTBE U
ypOBEHbC(HOPMUPOBAHHOCTHAHAIUTUYECKUX, UCCIIEI0BATEECKUXHABBIKO
B,HaBBIKOBIIPAKTHYECKOI OU TBOPYECKOTOMBILIIEHNUS.
MO0>KeTBBINOTHATHCA
BUHIMBUAYaTbHOMIIOPSIKEUITUTPYTITONH00yUaIOIUX Csl
1 I1P- JlenoBas CoBMeCTHasACATEIBHOCTHI PYIITBIO0 yUAIOIIUX CATIOAYTTPABICHUEMITPE Tema (mpobiiema),
0 10 U/UIMposieBa M0JIaBaTeICIEIbIOPEICHUAYY€OHBIXUTIPOPECCHOHATBLHO- KOHLENIUS,POJIH U
AUrpa OpPUEHTUPOBAHHBIX33Ja4ITyTEMUT POBOIOMO/IETTUPOBAHUAPEATILHONIIPOO OKUJJaeMbIi
nemHolcuTyauuu.[1o3BonsieToneHuBaThyMEHHEaHATU3UPOBAThU PE3YJIBTAaTIOKAXKI0M UTpe
permaTbTUITNYHBICTIPO(eCCHOHAIbHBIC3aJaul
1 11P- Ketic-3amaua [IpoGnemHoe3a1aHIE, BKOTOPOMOOYHAIOIIEMYCSITTPE IaracTCst 3amanust s pelIeHust
1 11 OCMBICJIUThPEANIbHYIONPO(ecCHnoHaNbHO- Kelc-3a1aun




[

12

PaGouasiteTpans

Jn1aKTHYECKMUKOMIIEKC, IPETHA3HAYCHH I IISICAMOCTOSI TEIbHOU
paboTHIO0YYAIOIIETOCSHITO3BOJISIONUIOIIEHUBATHYPOBEHBYCBOCHUSUMY
yeOHOrOMaTepHaa

Oo6pazenpaboueitrerpaau




[N

I1P-
13

Pa3znoypoBHeB
ble3aaunn3ajia
HUS

PaznnuaroT3agaynmnszagadus:

a)penpoyKTUBHOTOYPOBHS,II03BOJISIIOIIMEOLIEHUBATE U AMATHOCTH
poBaTh 3HaHUE (akTHIECKOro marepuana (6a3oBbIC
MOHSTUS,AITOPUTMBI, (AaKThl) M yMEHHE MPAaBHJIBHO HCIOJb30BaTh
CTeLMaTbHBIETEPMUHBIMIIOHATHUS,y3HABAHUEOObEKTOBU3YUCHUSIBPAMKA
XOTpeieIEHHOTOpa3 1eaIu CLUTUINHBI;

6)pEKOHCTPYKTUBHOT OYPOBHS,TI03BOJISIFOIMEOLEHUBATHUIHATHOC
TUPOBAThYMEHUECHHTE3UPOBATh,aHATN3UPOBATH,0000MaTh(PaKTHUIECK
uitnteopeTHuecKkuitmarepuaicHopMyInpoBaHUEMKOHKPETHBIXBBIBOJIO
B,yCTaHOBJICHUEMIIPUYUHHO-CJIEICTBEHHBIX CBSI3EH;

B)TBOPUYECKOTOYPOBHSI,103BOJIIONINEOIICHUBATEUINarHOCTUPOBATh
YMEHHMsI, UHTETPUPOBATh 3HAHUS Pa3IMYHbIX 0oOacTei,apryMeHTHPOBATh
COOCTBEHHYIO TOUKY3PEHUS

Kommekt pa3HoypoBHEBBIX
3a7a4M 3aJaHUI

I1P-
14

Pacuetno-
rpaduueckaspaboT
a

CpencTBo IpOBEpKH YMEHHI MPUMEHSTh TOJYICHHBIC 3HAHUS T10
3apaHeeorpeieICHHOMMETOAUKE IS peIICHU3aJaT I3 JaHUHITOMO, 1Y
JIFO

WJIM AU CHMITINHEBLIETIOM

KommnekT 3agannii
AJIABBIITOJIHCHUAPACY
€THO-
rpaguIecKoipadOThI

[N

15

TBopueckoe3ananu
e

YacTruuHOpeTIaMeHTHPOBAHHOE3aIaHUE, IMEIOIIIECHECTaH AAPTHOEPEIICH
HNCHUITIO3BOJIAOIICCANATHOCTUPOBATbYMCHU A, MHTCTPUPOBATb3HAHUAPA3TINY
HBIX00J1aCTeH,apryMEHTHPOBATbCOOCTBEHHYIOTOUKY

3pCHUAL. MokeT BBIIOIHATHCSI B HHAUBUIYAJIbHOM TIOPSAAKEC WA
rPYNIOH00YyYarOIUXCsl

TeMBbITpyIIOBBIX U/ MITUAHIN
BI/II[ya.HBHBIXTB Op‘IeCKI/IXB aza
aHuu

Texanueckune
CpeacTra

TC-

Tpenaxep

TexHu4eckoecpeCTBO, KOTOPOEMOXKETOBITHICIIONE30BAHO
U1 KOHTPOJISI IPHOOPETEHHBIX 00YJatoIIMCS
npodecCHOHATbHBIXHABBIKOB 1 YMEHHH 1O YIPABICHHIO
KOHKPETHBIM MaTepHaIbHBIMOOBEKTOM

Kommnekr 3amanuii mis
paboThIHATPEHAXEPE
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