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ABSTRACT

Master’s degree in 11.04.04 Electronics and Nanoelectronics

Study profile “Nanotechnologies in Electronics”

Course title: Electronic measurements in nanotechnologies and

nanoelectronics

Variable part of Block 1, 5 credits

Instructor:

P.L. Titov, Cand. of Phys. and math., associate Professor of the Physics of
low-dimensional structures department, School of Natural Sciences of Far Eastern
Federal University.

Learning outcomes:

Specific Professional Competences

SPC-16, the ability to develop architectures and technologies for the
production of functional electronics materials with topological dimensions of
elements not exceeding 100 nm;

SPC-22, the ability to conduct laboratory and practical classes with students,
to lead the course design and the implementation of graduation qualification works
of bachelors.

Course description: studying methods for measuring small and ultra-small
electrical quantities such as voltage, current, resistance, capacitance, inductance,
for direct and alternating current for various semiconductor components; studying
methods for measuring the dynamic characteristics of semiconductor devices and
materials in different frequency ranges; the study of modern measuring instruments
designed to solve these tasks; study of the simplest electronic circuits designed to
generate, amplify and convert electrical signals.

Main course literature:

1. Afonsky A.A. Electronic measurements in nanotechnology and in

microelectronics [Electronic resource] / Afonsky A.A., Dyakonov V.P. — Electron.



text data. — Saratov: Professional education, 2017. — 688 p. — Access mode:
http://www.iprbookshop.ru/63585.html — EBS "IPRbooks".

2. Afonsky A.A. Measuring instruments and electronic measurements

[Electronic resource] / Afonsky A.A., Dyakonov V.P. — Electron. text data. — M .
SOLON-PRESS, 20009. — 541 p. — Access mode:
http://www.iprbookshop.ru/8696.html — EBS "IPRbooks".

3. Tietze, U. Semiconductor circuitry. Volume | [Electronic resource] /
U. Tietze, K. Shenk. — Electron. data. — Moscow: DMK Press, 2009. — 832 p. —
Access mode: https://e.lanbook.com/book/915.

4. Tietze, U. Semiconductor circuitry. Volume Il [Electronic resource] /
U. Tietze, K. Shenk. — Electron. data. — Moscow: DMK Press, 2009. — 942 p. —
Access mode: https://e.lanbook.com/book/916.

5. Metrology [Electronic resource]: guidelines for laboratory work Ne 1, 2, 3
for the course "Metrology, standardization and certification in construction” for
students of full-time and part-time tuition in areas 270800.62 "Construction" / -
Electron. textual data.— Lipetsk: Lipetsk State Technical University, EBS DIA,
2014.— 23. - Access mode: http://www.iprbookshop.ru/55112.html

Form of final knowledge control: exam.
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AHHOTAIUA

PabGouass mporpamma TpegHazHadeHa IS MarucTpaHtoB 1 Kypca,
oOydJarommxcst MO0 MporpaMMe «IJEKTPOHWKA ¥ HAHOAJIEKTPOHHWKA», oOmas
TPYAOEMKOCTh AMCHUILIMHBI 5 3aueTHbIX eaunull (180 gacoB).

Y4eOHBIM TUIAaHOM MPETyCMOTPEHBbl JabopaTopHble paboTel (36 uyac.),
npakTruueckue 3aHaTusA (9 dac.), camocrosTenpHas pabora cryaeHta (63 gac.).
HuctumuHa ~ «OJNEKTPOHHBIE U3MEpPEHUS B HAaHOTEXHOJOTHSIX  H
HAHODJICKTPOHUKE» BXOJUT B BAapUATUBHYIO YacTh IIMKJIA JUCIHIUIAH
o0Opa3oBaTeILHOM MPOTPaMMEI, peau3yeTcs Ha 1-M Kypce, Bo 2-M ceMecTpe.

Leab: 3HAKOMCTBO C METOJAaMU M3MEPEHUSI MaJbIX W CBEPXMAaJBIX
AIEKTPUUECKUX BEITUYMH, TAKMX KaK HAMPSOKCHHUE, TOK, COMMPOTHUBIICHNUE, EMKOCTD,
WHIYKTUBHOCTh, Ha TIOCTOSSHHOM H TIEPEMEHHOM TOKE€ [UJISl Pa3IUYHBIX
MOJIYIPOBOJHUKOBBIX ~ KOMIIOHEHTOB;  HM3YY€HHE  METOJOB  H3MEpPEHHUS
TUHAMAYECKUX XapaKTePUCTHUK TOJYIPOBOJHUKOBEIX MPHUOOPOB U MATEPHAIOB B
pa3IMYHBIX AMana3oHax 4acTOT; 3HAKOMCTBO C COBPEMEHHBIMH H3MEPHUTEIbHBIMU
npubopamMu, TPEIHA3HAYCHHBIMH I PEUISHUS JaHHBIX 3a7a4; W3Y4YCHUE
MPOCTEUIIUX CXEMOTEXHUYECKUX PEIICHUH, MpeIHa3HAYCHHBIX ISl TeHepalluu,
YCWJICHHS ¥ IPE0Opa30BaHUS DJIEKTPUUECKUX CUTHAJIOB.

3axayu:

® 3HAKOMCTBO C AaHAJOTOBBIMHU HM3MEPUTEIbHBIMU TpHOOpaMH IS
U3MEPEHUS dIEKTPUUCCKUX BEIHUNH;

® 3HAKOMCTBO C ITU(GPOBBIMH H3MEPUTEIBHBIMU MPUOOPAMH JIJIST U3MEPCHHUS
AIEKTPUYECKUX BEIIMUWH;

® W3y4YCHHE CIOCOOOB M3MEPEHHUS OCHOBHBIX JJICKTPUUYCCKUX BEIUYHH HA
MTOCTOSTHHOM TOKE;

® 3HAKOMCTBO CO CIIOCOOAMH HM3MEPEHUS IWHAMHYECKHX DJICKTPUUICCKUX

XapaKTEePUCTHUK Ha IEPEMEHHOM TOKE B pa3IMYHbIX AHalla30HaX 4acCToOT,



® U3y4YCHHME CTAHIAPTHBIX CXEMOTEXHUYECKMX PELICHUM I YCUJICHHS,
TeHepalui W MpeoOpa3oBaHMsl AJIEKTPUUYECKUX CHTHAIOB Ha JAUCKPETHBIX
MOJIYITPOBOJTHUKOBBIX MPUOOpPAX U MHTETPATBHBIX CXEMaX.

® U3y4YeHHE METOJ0B OOpabOTKM  pE3ysNbTaTOB  OJHOKPAaTHBIX H
MHOTOKpPATHBIX HaOJIIOAEHUH, BBISIBICHHUS 3aBUCUMOCTEN MEXKy BEINYMHAMH;

bazoii a1 ocBO€HMST JAHHOW IUCLHUIUIMHBI SIBISIIOTCS Kypchl «®Du3ukay,
«Bpiciiass Marematuka», «MeTtposorus», «PU3NUECKHE OCHOBBI AJIEKTPOHUKH,
«Teopus anekTpudeckux 1enei», «Cxemorexuukay. Kypc «®uszukmn» HeoOxoaum
JUIsl TOHMMAaHUs IPUPOBI ABJICHUN. «BpIciias MareMaTnkay B 4acTh psaaoB Pypee
WCIIOJNB3YETCSl JUISl CIEKTPAJIbHOTO TMPEACTABICHUS CHUTHAIOB. «Metponorus»
3HAKOMUT C OCHOBaMH IPOBEICHHS U3MEPEHUU U OOpaOOTKOM HX PE3yJIbTaTOB.
«Pu3NyecKue OCHOBBI 3JEKTPOHUKW» BBOJAT B IMPEAMETHYIO  00JacTb
MOJYIIPOBOJHUKOB M YCTPOMCTB HA UX OCHOBE. « T€OpHs AEKTPUUECKUX LENEN» U
«CXeMOTEXHUKa» JAOT IEPBUYHBIE HABBIKM AHAIM3a W CUHTE3a IPOCTEUIIUX
IIEKTPUYECKUX CXEM.

W3yyaemplii Matepuan sBiseTcs 0a30il a1 U3YYEHHUS MOCIEAYIOIIMX
JUCLUUIUIMH  TNPAKTHYECKOW HANpaBICHHOCTH, B KOTOPBIX 3aTparuBaroTCA
U3MEPEHUS WU KOHTPOJb XAPAKTEPUCTUK TMOJYIPOBOJHUKOBBIX MATEPHAIIOB U
KOMIIOHEHTOB.

B pesynpraTe M3yueHUs JAAHHOM JUCHUUIUIMHBI Y  OOy4aroluxcs
dbopmupyroTcs  caeAymomme oouenpodeccuoHanbHblie M MPOodeCCUOHAIbHbBIC

KOMITETCHIIUU (DJIEMEHTHI KOMITETEHIIUH).

Koa u Jtanbl GOpMHPOBAHMA KOMIIETCHIIMH
(popmymposka
KOMIIETCHIIUH
[1K-16, 3Haer TEOPETUYECKHE OCHOBBI METPOJIOTHH u
CII0OCOOHOCTD AIEKTPOPATUOU3MEPEHNUN;
paspabarhiBath OCHOBHBIE pasfenbl (U3UKH, JUIA H3YYeHHWs 3a1ad

ApPXUTEKTYPBI nu
KOTOPBIX TPHUMEHSIOTCA DJJEKTPOHHBIE M3MEpPEHUs Ha

TEXHOJIOTUH

MPOM3BOCTRA IIOCTOSIHHOM U IIEPEMEHHOM TOKE;

() YHKIHOHAIBHBIX NEPCIIEKTUBHBIE HarpaBJICHUS AIIEKTPOHUKHU "
MaTepHasoB HAHODZJIEKTPOHUKH, B KOTOPBIX MCHOJIb3YIOTCS WJIH MOTYT




ANEKTPOHUKHU c
TOMOJIOTHYECKUMU
paszMepamu
3JIEMEHTOB, HE
npesbimaromumu 100
HM

HCITIOJIB30BAaThCA BHGKTpOHHBIe I/ISMCPCHI/DI Ha COBpeMeHHOM
00opynoBaHUY;
OCHOBHLIE CIIOCOOEI

peuieHus Hay4HBIX u

WHHOBAIIMOHHBIX 3aJa4, BO3HHKAalOIIUX B KOHerTHOfI

HpCHMeTHOfI obOnacTu QJICKTPOHUKH U HAHOJJICKTPOHUKHMU.

VYmMmeer

M0JIb30BATHCSl TEOPETHUECKUMH OCHOBAMHU METPOJIOTUU U
AIIEKTPOPATUOU3MEPCHHUH;

MPUMEHSTh JJICKTPOHHBIC W3MEPEHHUS Ha MOCTOSHHOM W
MEPEeMEHHOM TOKE IS U3Y4YeHHs (PH3NIECKUX MPOIIECCOB;

OTIPE/ICIIATh TEPCIIEKTUBHBIC HAMPABJICHUS JJICKTPOHUKHU
Y HAHODJICKTPOHUKH, B KOTOPBIX HCIIONB3YIOTCS WA MOTYT
HCIIOJIb30BAThLCS DJIEKTPOHHBIE U3MEPEHUsSI HAa COBPEMEHHOM
000py1I0BaHUH;

UCIIOJIb30BaTh OCHOBHBIC CIIOCOOBI PEIICHHUS HAYYHBIX U
WHHOBAI[MOHHBIX 33Ja4 3JCKTPOHUKH W HAHOAJICKTPOHUKHU
JUTSL JOCTHDKEHHSI KOHKPETHOTO PE3yJIbTaTa.

Bnaneer

HaBBIKaMU IMPAKTUYICCKOI' 0O HCIIOJIb30BaHUA OCHOB
MCTPOJIOTHU U 3H€KTpOp3I[HOH3M€p€HHfI;

HaBbIKaMU TIPUMCHCHHA JJICKTPOHHBIX I/ISMepeHI/Iﬁ Ha
IIOCTOAHHOM n INEPEMCHHOM JJIA HU3YUCHUA
(1)I/ISI/I‘ICCKI/IX IMpOoHCCCOB U PCIICHUS U3MECPHUTCIIBHBIX 3a1a4;

crocodbamMu u HaBbIKaMM, IIO3BOJIAIOIIUMU OIPCACIIATH

MCPCIICKTHUBHLIC HaIpaBJICHUA QJICKTPOHHUKH n

TOKC

HAHOJ3JICKTPOHUKH, B KOTOPBIX AKTUBHO HCIIOJIB3YIHOTCA HIIN

MOTYT HCHOJB30BATbCA  JJICKTPOHHBIC HU3MCPCHHUA  HaA
COBPEMEHHOM 000pY/I0BaHHH;

METOJMKAMU JTOCTUKEHUS! KOHKPETHOI'O pe3ysibTaTa Ha
OCHOBE HCIIOJb30BaHUSI OCHOBHBIX CIOCOOOB pELICHUS
HAayyHbIX M HWHHOBAIIMOHHBIX

3aa4  JJICKTPOHUKHU U

HAHOJ3JICKTPOHUKH.

IK-22,

CIOCOOHOCTh
MIPOBOJTUTH
nabopaTopHbIe U
MPAKTUYECKHE
3aHATHUS co
CTY/IEHTaMH,
PYKOBOJIUTH
KYpCOBBIM
MPOEKTUPOBAHUEM U
BBITIOJTHEHUEM
BBIITYCKHBIX
KBaJIM(UKAITTOHHBIX
pabot GakanaBpoB

3Haer

OCHOBHBIC OTallbl INNIAHUPOBAHUSA OKCIICPHUMCECHTAJIBbHBIX
HCCIICIOBAHNIA;
METOAUKHN MMPOBCACHUA OKCIICPUMCHTAJIBHBIX
HCCIIeIOBAHUII;
OCHOBHBIE€ QJITOPUTMBI MPOBEICHUS dKCIIEPUMEHTAIBHBIX
HCCIIEIOBAHUI C IIPUBJIICUEHUEM DJIIEKTPOHHBIX U3MEPEHUN;
CrocoObl MIIAHUPOBAHUS BPEMEHHU, ayAUTOPHOTO (OHIA,
dboHma oOOpymOBaHHS IS

SKCIICPUMCHTAJIBHBIX HCCJ’IGHOB&HHﬁ.

YCHEIIHOW  OpraHu3aluu

Ymeer

IJIaHUPOBATb OCHOBHBIC J3Tallbl JSKCICPUMCHTAJIbHBIX

MCCJICIOBaHMI B BEIOpAHHOM TIPEIMETHON 00J1acTH;

HCIIOJIB30BaTh METOJHUKU IMPOBEACHUA

SKCIICPUMCHTAJIBHBIX I/ICCJ'ICJIOBaHI/Iﬁ Ha MMPAKTHUKE;

IMPUMCHATH OCHOBHBIC AJITOPUTMBI IMPOBECACHUA

SKCIICPUMCHTAJIbHBIX HCCIIENOBAaHUM C MMPUBJICYCHHUEM




AIIEKTPOHHBIX U3MEpPEHUI TUISL perieHus
AKCIIEPUMEHTAJIbHBIX 33724,

BBIOUpATh COOTBETCTBYIOLIUE CIIOCOOBI IJIAHUPOBAHUS
BpEMEHH, ayAUTOpHOro Qonaa, ¢boHma odOpyAOBaHUS s

YCHEITHOM OpraHu3aIHiH AKCIIEPUMEHTAIIbHBIX
HUCCIIEIOBAHUMN,
Brnaneer HaBBIKAMH TIJIAaHUPOBAHMS AKCIIEPUMEHTAIILHBIX

MCCJICI0BaHMI B BEIOpAHHOM IIPEIMETHON 00J1acTH;

HaBBIKAMH MIPOBEACHUS AKCIIEPUMEHTAIILHBIX
HCCJIEIOBAaHUM B COOTBETCTBHUU C 3aJaHHBIM IIJIAHOM;

HaBBIKAMHM HCIIOJB30BaHUS OJHOI'O W3 M3BECTHBIX
aJITOPUTMOB MIPOBEICHUS AKCIIEPUMEHTAIbHBIX
MCCJICIOBAHUI C TPHUBJICUCHUEM DJICKTPOHHBIX H3MEpPEHUMN
IIPU PEIICHUH KOHKPETHOW 3a/1auu;

HaBBIKAMM  BBIOOpPA  COOTBETCTBYIONIUX  CIIOCOOOB
IUTAHUPOBAHUS BpEMEHH, ayauTopHoro Qouma, doHma
o0opynoBaHus IS yCTIeUTHOU OpraHu3aIuu
AKCIIEPUMEHTAJIHBIX HCCIICIOBAHUM.

|. CTPYKTYPA U COJEP)KAHUE TEOPETUUYECKOMN YACTHU KYPCA

PABJEJl |I. OCHOBHBIE DJ2JJEKTPUYECKHUE BEJIMUUHBI.
N3MEPEHUSA HA ITIOCTOSIHHOM U IEPEMEHHOM TOKE

Tema 1. CoBpeMeHHOe COCTOSIHME OTPAacJaH  HAHOTEXHOJIOTHIA,
nepcneKTHBHI pa3BuTusi. KoOMIoHeHTHI HHTErpajibHBIX MHKPOCXEM

O0630p COBPEMEHHOTO COCTOSIHUS MPEIAMETHOM 00JaCTH HAHOTEXHOJOTUH U
HAHORJICKTPOHUKU: JOCTIKECHUS, TPOOJIEMBbI, BO3MOXKHBIC TyTH WX pEIICHUS.
DNeKTpOHHAsT M PEHTTCHOBCKAsT MUKPOCKONHWH, OTIHYWSA, Chepbl NMPUMEHEHUS.
KOMITOHEHTHl HHTETpaJIbHBIX MHUKPOCXEM: OWIIOJSPHBIE TPAH3UCTOPHI, MOJIEBbIC
TPaH3UCTOPBI, PE3UCTOPBI, KOHACHCATOPHL. MHTErpadbHbIE  MHKPOCXEMEI,
YMEHBIIICHUE TEXHOJOTHYECKOTO0 TIpollecca Ha TIPUMEpPE COBEPIICHCTBOBAHUS

MUKpoIpoleccopoB. [IpuMeHeHre HaHOTEXHOJIOT Ui, NEPCIIEKTUBBI Pa3BUTHSL.

Tema 2. CpeacrBa usMepeHuii JIeKTPUYECKUX BeJTUYNH




OOmue cBeneHUs. DIEKTPUUECKUE H3MEPUTENbHbIE NPHOOPHI U CHUCTEMBI.
DNEeKTPOMEXAaHUYECKUE U3MEPUTEIbHBIE TPUOOPBI. DIEKTPOHHBIE H3MEPUTEIIbHbBIE
npuOopsbl. CBA3b AEUCTBYIOUINX, CPEIHEBBIIPSIMIICHHBIX, JEUCTBYIOLIUX 3HAUEHUN
HANPSDKEHUS M TOKA B 3aBUCUMOCTH OT ()OpMBI CUTHANIa. AHAJIOTOBBIEC U ITU(POBLIE
U3MEpPUTENIbHbIE  NPUOOpBI,  OCHOBHBIE  OTIMYMs.  TepModIeKTpUYEecKHe

U3MEpUTETbHBIE PUOOPHI.

Tema 3. DiekTpoMexaHHuyeckHe H3MepPUTEJbHbIE NMPHOOPHI MPSIMOIO
aelcTBUSA

OCHOBBI TEOPUHM U  KOHCTPYKIUM MOPUOOPOB  MPSAMOro  ACHCTBUS.
MarsnurosaeKkTpuueckue MpHOOpbl. MarHuTodJIeKTPUYECKUE TajJbBaHOMETPHI.
MarnurtosnekTpuueckue npuOopsl ¢ MOpeoOpazoBaTeIsIMU. IJIEKTPOMATHUTHbBIC
IPUOOPHI. DJIEKTPOJMHAMUYECKUE U dheppoarHAMHUYECKHE IPUOOPHI.

DnexTpoctatTnueckue npudopsl. MHAYKIIMOHHBIE TPUOOPHI.

Tema 4. IudpoBble W 3j1eKTPOHHBbIE H3MepHUTEJbHbIe NPHOOPHI M
npeodpasoBarTesu

Knaccudukanusa mudpossix npudopos. I[ludpoanamoroBeie u anaioro-
nudpoBeie mpeodOpazoBarenn, ocHoBHbIe THIbI [IAIl m AIIIl, cpaBHeHue MO
CJIOKHOCTH CXEMOTEXHUYECKOTO pelenus, CKOpPOCTH paboTHI,
HHEPronoTpeOIeHNI0, TOYHOCTU. AHAJOTOBBIE JJIEKTPOHHBIE  BOJBTMETPHI.
[Muppossie BonbT™METpHL. LlppoBbIe YacToTOMEpHI. PexxuM n3MepeHus: 4acTOThI.

Pexxum nzmepenus nepuona. MynbTUMETPBI.

Tema 5. CpeacrBa BU3yajbHOIo 0TO0pakeHHsl, BLIBOA W perucrpaunus

pe3yJIbTaTOB U3MepPEeHU

OTobOpakeHue pe3ysIbTaTOB U3MEPEHUN MEJJICHHO U3MEHSIOIMIMXCS BETUYMH.
BusyanbHoe oTOOpakeHHE BEIMYMUH, OBICTPO M3MEHSIIOIIMXCS BO BPEMEHHU.
Otobpaxkenne UUPPOBBIX JaHHBIX. OToOpakeHHWe AMCKPETHBIX CHUTHAJIOB,

MPEICTABICHHBIX B IU(PPOBOK GopMe, Mpu MoMoIu ocuuiuiorpada. TexHuueckue



cpenctBa sl TpadUIeCKON PETUCTPAIMK aHAJIOTOBBIX AJICKTPUYECKUX BEIIMYUH.

Peructparnus mupoBbIX JaHHBIX U3MEPEHUM.

Tema 6. I/I3MepeHne OCHOBHBIX YJICKTPHYCCKHUX BECJIUIUH HA ITOCTOAHHOM

TOKE

[IaccuBHBIC U aKTUBHBIC KOMIOHEHTHI QJICKTPOHHBIX CXCEM. XapaKTepI/ICTI/IKI/I
ICPBHUYHBIX u BTOPHUYHBIX HCTOYHHNKOB QJICKTPOIINTAHUA. I/IBMepeHI/IC
COHpOTI/IBJIeHI/Iﬁ PE3UCTUBHBIX KOMIIOHCHTOB, B T.4. CBCPXMAJIbIX U CBerGOJ'IBHII/IX
BCJINYHH. H3MCp€HH€ MaJIbIX U CBCPXMAJIBIX IMOCTOSAHHBIX TOKOB H HEll'[p?DKGHHfI,
MECTOAbI ITOBBIIICHU A TOYHOCTHU H3M€p€HHI>i. OcHOBHBIE COBPCMCHHBIC
IMIPONU3BOAUTCIIN 060py,Z[OBaHI/I$I JJI I/IBMepeHI/Iﬁ Ha IMOCTOAHHOM TOKC, ITPHUMCPBI

HN3MCPUTCIIbHBIX HpI/I60p0B.

Tema 7. I/I3MepeHHe AUHAMHAYECCKHUX JJICKTPHYCCKHX BC€/JIHYMH Ha

NMEPEMECHHOM TOKE B PAa3/IMYHBIX JHAITA30HAaX 4aCTOT

OcHOBHBIE TapaMeTpbl MEPEMEHHOr0 HampsDKeHUss W Toka. M3mepeHue
napamMeTpoB MNEPEMEHHOr0 HAINpSHKEHUS W TOKa; H3MEpeHue KoddduuueHta
rapMOHMK; M3MEPEHHE YacTOThl, nepuoaa, ¢asbl; uamepeHue mourHoctu CBU-
CUTHAJIOB. PeakTHBHBIE KOMIIOHEHTHI IIE€Nell IEPEMEHHOr0 TOKA U UX MapameTphl,
U3MEPEHUE 3TUX NapaMeTpoB. [loHsATHE UMIIeaHca, agMUTaHca U UMMHTaHca. x
n3Mepenre. (OCHOBHbIE COBPEMEHHBbIE MPOU3BOAUTENN OOOPYIOBaHUSA IS

M3MEPEHUI Ha IEPEMEHHOM TOKE, IPUMEPBI U3MEPUTENIbHBIX TPUOOPOB.

Tema 8. U3MepuTe/ibHbIE FeHEPATOPHI CUTHAJIOB

AHaJIOTOBBIE TEHEPATOPhl CHUHYCOWIAIBHBIX CUTHAJIOB, OCHOBHBIC CXEMBI,
CIIOCOOBI CTAOMIIM3AIMY YaCTOTHl. AHANIOTOBBIC (DYHKIIMOHATIBHBIE TEHEPATOPHI HA
mukpocxemax. IludpoBoit cuHTE3 dYacTOTBI W (POPMBI CHUTHAJIOB, IIIYMBI
KBaHTOBaHUS, (pa3oBeIi MIyM. ['eHepaTophl CTaHIAPTHBIX CUTHAIOB C IHU(POBBIM

CHHTC30M. FeHepaTopLI HMITYJIbCHBIX CHUI'HAJIOB, B T.H. UMIIYJIbCOB CBerMaJ'IOf/i



JIUTCIBbHOCTH. OcHOBHBIC COBPCMCHHBIC  IIPOU3BOAUTCIIN  HU3MCPUTCIIbHBIX

TEHEPATOPOB, MPUMEPHI TEHEPATOPOB. Y pasieHue reHeparopamu c 11K,

PA3JIEJI I1. CXEMOTEXHUYECKHUE PEIHNEHUSA IS YCUJIEHUSA
N I'EHEPAIIMU CUT'HAJIOB

Tema 9. Ycuienne curnajga. OcHOBHbIE onpeaeeHHsl. YCHIUTEIbHBIN
KacKa/

VYcunenne curHana. OCHOBHBIE ONpENENCHUS. Y CUIUTEIbHBIA KacKall.
CrpykrypHasa cxema. Kiaccudukanusa ycunureneid. OCHOBHBIE TOKa3aTenu
YCWIATENEN AIEKTPUYECKOTO CUTHAJIA. Koadpdunuent nepenayu.
JlorapupmMuueckne eIMHULIBI U3MEpPEHUs — AeuOenbl. J[MHaMuueckuil 1ruarna3oH.
Koadpounuent noneznoro AeicTBUs. AMIUIMTYAHO-4aCTOTHAs XapaKTEPUCTHUKA.
da30-4yacToTHAs XapaKTEpPUCTHKA. AMIUIMTYJHAs XapakTepucTtuka. IlepexoaHas

XapaKTEPUCTHKA.

Tema 10. YcuaureibHble KacKaabl Ha OHIOJSIPHBIX TPAaH3UCTOPAX.
Yceunurem HU3KOM 4aCTOThI

YceunutenbHbld Kackag ¢ obmuM smuttepoM (O3).I'paduueckuii aHamus
pexuMa paboThl Kackaga ¢ OD. CtaTudyeckuil 1 AUMHAMUYECKUN pexxuM. Pabouast
Touka. llpenenbHO  fmomycTUMBIE — TapaMeTpbl  pabOThl  TPaH3UCTOpA.
[IpenBapuTenbHble KacKaabl yCUJeHUs. Pe3UCTHBHBIN Kackal Ha OWIOISPHOM
Tpanzucrope. Cxembl MOJaud CMeElIeHHs Ha 0a3y TpaHzuctopa. (Cxema c¢
(buKCUpOBaHHBIM TOKOM 0a3bl. Cxema ¢ (UKCHUPOBAHHBIM MOTEHIIMAIOM O0asbl.
TemneparypHass cTaOMIBHOCTH Kackajga. Cxembl TepMmocrabunuzanuu. Cxembl

TepMoKomIieHcaruu. OmuttepHas RC-tepmocrabunm3anus.

Tema 11. OnHOTAKTHBIM BBIXOJHOH Kackal. JIByXTaAKTHBII BBIXOJHOI
KacKa/
OOHOTAKTHBIM  BBIXOJAHOM  Kackaa. (Cxema, OCHOBHBIE  pPACUETHBIE

cooTHolienus. ['paduueckuii ananu3 paboOThl Kackaaa. AMIUIUTYIHO-4aCTOTHAs



XapakTepUCTUKa Kackaga. HemocTtaTku OJHOTAKTHOIO KacKaja yCUJICHUSA
MOIIIHOCTH. J[ByXTaKTHbIE BBIXOJHbIE Kackabl. [ papuueckoe onrcanue npuHIMna
paboThl kackana. [IpenMyIiecTBa IBYXTaKTHBIX KAacKalOB NEPEN] OJHOTAKTHBIMHU.
Pexumbl paboOThl TpPAaH3UCTOPOB B JBYXTAKTHBIX Kackanax. {®a3oMHBEpPCHBIC
CXEMbI IPETOKOHEUHBIX KackaloB. bectpaHcopMaTOpHbIE IBYXTaKTHBIE KaCKa bl
Ha KOMIUIEMEHTApPHBIX TPAH3UCTOPaX. 3aBUCUMOCTb PACCEMBAEMOM Ha KOJIJIEKTOPE

MOIIHOCTH OT YPOBHA BXOJHOT'O CUT'HAJIA IJIA OI[HOTaKTHOﬁ n I[BYXTaKTHOﬁ CXCEM.

Tema 12. Ycuinresm NOCTOSTHHOr0 ToKa. OnepanuoHHbIe YCHJIUTEIH

Ocobennoctu mnoctpoenusa YIIT. Paznounnoctu VYIIT. VIIT npsmoro
ycwienus. [peitd nyns. bamancueie cxembl YIIT. PacuerHbie cooTHOIEHUS.
AMIuTyaHas ~— Xapaktepuctuka — OamaHcHot — cxembl  YIIT. Cxema
mubdepennuanbioro  kackaga YIIT. VYcwimmrenn mNOCTOSHHOTO TOKa €
npeoOpazoBanueM. biok-cxema VYIIT ¢ mpeoOpa3zoBanuem. Bumbl Momymsiuu.
JlvnonHpie W TpaH3UCTOpHBIE MOAYJIATOPBL. Jlemonynsatopsl. OY kak VYIIT.
Oco6ennoctu OY. HuBeptupyronmii ycuiautenab. Cxema. BbIBog OCHOBHOTO
cooTHomeHus. Cxema cioxeHuss (cymmarop). Cxema HMHTErpUpOBaHUS
(uaterpatop). Cxema auddepennmpoanus (nuddepenimarop). OnepaioHHbIE
YCWINTENM Ha JIMHEHMHBIX UWHTErpaidbHbiXx Mukpocxemax (MMC). MC
OJIHOKACKaAHOro U PepeHInalbHOTO yCHINTENsA, NOpuHIMO padotel. MC

OTIePAIlMOHHOTO YCUITUTENS, MpUHIUI paboTel. OcHOBHBIE TapameTpbl OVY.

Tema 13. IIpocTeiiline renepaTopsl

['eneparopsl CUHYcOMIANBHBIX KoJieOaHui. Kiaccudukaius TeHepaTopoB.
[TpuHun paboTsl TpaH3UCTOpHOTO aBToreHeparopa tuna LC. Cxema reneparopa.
Pacuetnbie coorHomieHus. [IpuHimn padoTbl TPaH3UCTOPHOTO aBTOTEHEPATOpa
tuna RC. O6nacts npumenenus. CTpykrypHas cxema. [IpuHiunuanbHas cxema.
PacyeTHble cooTHOomeHus. BexkTopHas auarpamMma  HamnpsDKEHUM  CXEMBI.
['enepatopsl nuHeHO n3MeHstomero Hanpsbkenus (['JIMH). Cxema npocteiiniero

reHeparopa Ha HeoHOBOM Jamrie. HenneanbHocth hopmbl Hanpspkenus. ['JIMH nHa



TPAH3UCTOPE C BHEIIHUM BO30yxkaeHueM. (Cxema, auarpaMMbl HaMpsSKEHHH.

MynetuBubparop. Cxema, pacdeTHbIE COOTHOIIICHHUS .

1. CTPYKTYPA U COJEP)KAHUE MPAKTUYECKOM YACTH
KYPCA

JlaGopaTopHubie padorsi (36/ uac.)

Jlabopatopuasi paGora Nel. M3MepeHne NOCTOSIHHBIX M IepeMeHHbIX
TOKOB M HANPSKEHUIl TMOJYNPOBOAHMKOBBLIX NPUOOPOB Ha mpuMepe
TPAH3UCTOPAa B KacKaje NPeABAPHUTEJbLHOI0 YCWIEHHS MO0 cXeMe C O0LIUM
yvurTepom (9 /  wac.)

1. Jlns cOopku cxeMbl BbIOEpUTE dJIeMEHThl. HoMHMHAIBI  MOXKHO
OTIPEJICTUTh M0 MApKUPOBKE (I[BETOBass MapKUPOBKA PE3UCTOPOB, MUQPPOBAS WU
OykBeHHO-IIM(POBasi KOHJIEHCATOPOB) WM TNpU TOMOIIM 3amepa Iapamerpa
MYJIBTHMETPOM.

N3mepbTe (pakTHyeckrue 3HAYEHUS HOMHHAJIOB AJIEMEHTOB IPH IMOMOIIH
MYyJIBTUMETpPA. 3aIUIINTE PE3YIBTATHl U3MEPEHU.

CocraBbTe cXeMy KacKkaja MpeaBapUTEIbHOTO YCUIICHUS 110 CXEME C O0IIHUM
OMUTTEPOM.

Hanee nnst ymoOCTBa MOCHEAYIONMX HW3MEPEHUN HANPSHKEHUH U TOKOB
TPaH3UCTOPA €T0 MOYKHO BBIHECTH IPH MTOMOIIH TPEX MPOBOJIHUKOB HA CBOOOTHOE
MECTO MaKETHOU IUIATHI.

2. TlomaiiTe nmuTaHue Ha cxemy OT THe3ma +15 B.

N3mepbTe (akThyeckoe 3HAYCHUE HANPSDKCHHS MUTAHHUS MYJIBTHUMETPOM.
Pe3ynprar 3anummure.

OnpenenuTe MOIOKEHHE pabodeii TOUKH KacKasa.

Harmpspkenne MOXHO W3MEPHUThH MPH TOMOIIY BCTPOSHHBIX MHCTPYMEHTOB
Digital multimeter wumm  Oscilloscope  (MymbTEMETp ©  ocumwiorpad
COOTBETCTBEHHO).

[IpoBeauTe wu3MepeHUs TNOTCHIIMAIOB SMUTTEPA, KOJUIEKTOpa ©  0a3bl
OTHOCUTEIBHO OOIIeH TOYKM TPH MOMOINM ocumwuiorpada u MyibTuMeTpa. Ha
ociuiorpade Il KOPPEKTHOTO  OTOOpaKEeHHsI pe3ysibTara HEOO0XOIUMO
YCTAaHOBUTH COOTBETCTBYIOIIYIO IICHY JEJICHUs, YTOObI YPOBEHb H3MEPSEMOTO
HaMpsHDKEHUST HaXOQWwiIcs B 00JacTH  oToOpakeHus. YwucieHHOE 3HAa4YEHUE



MOCTOSIHHOTO HAaNpsDKEHHS] B JAHHOM CIIydae CUMTBIBAETCS OKOJIO abOpeBUATypbl
RMS (root mean square — cpeaHeKBajJpaTHYEeCKOe 3HadeHHe). Pe3ynbrarhl
3anuiuTe. Berauciure HanpshkeHus: 6a3a-3MUTTEP U KOJJIEKTOP-IMUTTED.

[Ipn moMou BCTPOEHHOTO MYJbTUMETpPAa U3MEpPhTE TOK KOJUIEKTOpa. ToK
0a3pl B JaHHOM CIIy4a€ COU3MEPHUM C TOTPEIIHOCTHIO (EAWHULICH MJIIAIIIETO
paspsiga) M MO IOKa3aHUSIM BCTPOEHHOTO MYJIbTUMETpPAa MOXHO TOJIBKO C
HEKOTOPOM BEpPOSTHOCTHIO CYAWTH O €ro HaJIU4YuHh/OTCYTCTBUU (€CIH €CTh
BO3MOXKHOCTb, TOK 0a3bl MOKHO H3MEPHUTHb OTACIBHBIM MYJIBTHMETPOM C Ooliee
HIMPOKUM JTMANa30HOM TOKOB). Ilepen KakIbIM H3MEpeHHUEM HEOOXO0IUMO
ycranoBuTh Null Offset 1151 komneHcalu nokazaHuil BCTPOEHHOTO MYJIBTUMETPA
B OTCYTCTBHE U3MEPSIEMOI0 CUTHaja (yCTaHOBKA HYJIA).

3anuimure Mnoy4eHHble 3HaueHud. [1o crpaBOYHBIM JaHHBIM TPAH3UCTOPA
2N3904 (TouHee, 1Mo BeAMYMHE KOA(PUIMEHTA NEpenadyn Toka 0a3bl B CXEME C
oOmuM sMutTepoM H213) Ha OCHOBE TOKa KOJUIEKTOPA paccuyUTalTe TpeOyeMbIi
tok 0a3bl (10 = Ik/H213). CpaBHUTE pacueTHBIN TOK C U3MEPEHHBIM.

3. TlomaiiTe Ha BXOJA Kackajua MepeMEHHOE HANpsHKEHUE CHHYCOUTATBHOM
(GbopMBbI ITpH MOMOILIM BUPTyalnbHOro nHcTpyMeHTa Function Generator. [Ipu atom
rHe3qo0 Ha MakeTHou miiate ¢ obOo3HaueHueM FGEN HeoOxoauMo cOeIUHUTH
IIPOBOJHUKOM CO BXOJOM Kackajga. [lapaMerpsl YCTaHOBKM reHeparopa:
CUHYCOUJaNbHOE HampsbkeHue, yactora 1 kl'n, pazmax nanpsoxkenus (Vpp) 0,02 B
(ammumutyzna npu 3ToMm paBHa 10 mB). AkTuBanus mpoucxoauT mo kHomke Run.

[IpucoenuuuTte K BBIXOAY Kackaja ocuuiiorpad u npoHadionaite popmy
BBIXOJIHOTO HampspkeHus. OOpaTuTe BHUMaHHE Ha 3alIyMJIEHHOCTh CHUTHAalA.
3adukcupyiTe CKpUHIIIOTOM.

N3mepbTe mepeMeHHOE HaIIPSKEHUE Ha BBIXOJE KacKaJa B TPEX BapUaHTaX:
ocuwiiorpagom 1o BenumuuHe RMS, ocmwmnorpadgom mno BenuuuHe Vpp,
MYJBTUMETPOM (CpeHEKBaIpaTHUECKOE 3HAUECHUE MEPEMEHHON COCTaBIISIOLICH).
[TockonbKy H3MepsieMble 3HAUYEHHs MOABEPKEHbI OCHMJUISILUAM (KOJIeOaHUsIM),
HEOOXOMMO JIsi Ka)/JI0ro BapHaHTa MPOM3BECTH IO JIECATh 3aMEPOB B PEKUME
Run Once (ogHOoKpaTHOE H3MepeHME; 3anaercs B myHKTe Acquisition Mode).
3anucaTh TOJMYyYCHHBIE 3HAYEHUWS, BBIYUCIUTH YCPEIHCHHBIC XapaKTEPUCTUKHU
Usbix_rms, UBbix_Vpp, UBbIX CKB (MyJIbTUMETP).

Jljis Bcex TpexX BapMAaHTOB BBIYUCIUTE KOIPPHUIIMEHT yCUTICHUS KacKaja Mo
HarnpspkeHuto. [Ipy 3ToM aMIUIMTYly BXOJHOTO HaNpsDKEHMs ToJlaraTh paBHOU
Usx = 10 MB (3HaueHue, KOTOpOE 3a/1aBajoCh Ha TEHEPATOPE).

Koadduiment ycunenuss mo HampsKEHUIO BBIUMCISETCS MO CTAHIAPTHOM
dopmyne Ku = UBbix/UBx. BxomHOe M BBIXOJHOE HAMPSHKEHUS JOJKHBI OBITH



BBIPDAKEHBl B OJMHAKOBBIX 3HAYEHUsX: Oepercd pa3max, aMIUIUTyAa WId
CPEIHEKBAAPATUIECKOE 3HAYCHUE.

CpaBHUTE MTOTYYEHHBIE PE3YIIbTATHI.

4. IlpucoenuHuTe NAPAIEIBHO HArpy3ke €MKOCTHYIO COCTaBIISIONIYIO
BenuunHo CH = 0,01 Mx®. Ilponabmrogaiite HopMy BBIXOAHOTO CHUTHANIa MpU
nomomy ocumwuiorpadga. CpaBHute ¢ dopmoit curHama B 1m.3. 3adukcupyinTte
CKpUHIIOTOM. CliesiaiiTe BbIBOJIBI.

N3meppTe ocmmutorpadoM BEIWYWHY BBIXOJHOTO HANPSDKEHHS B JBYX
BapuanTax: RMS u Vpp. [Ing kaxxaoro Bapuanta npoBeauTe 1o 3+5 u3MepeHuil B
pexnme Run Once. Bbluncnure ycpelHEHHbIE 3HA4YeHUS. Bprumcnure
ko3 urrenTs! ycuiienus no RMS u Vpp.

CpaBHUTE C aHAJOTWUYHBIMH 3HAYEHUAMH, MOJydeHHbIMU B 11.3. Kakyro
701110 3HaueHus RMS oT(uinbTpoBbIBAET EMKOCTH?

[Tocne BbmosHeHusa m.4 (s BCEX IMOCIEAYIONIIUX MYyHKTOB) eMKOCTh CH
OCTAETCS B CXEME.

5. Omnpenenure BXOJHOE CONPOTUBIICHUE KAacKaja 110 IEPEMEHHOMY TOKY.

CraHIapTHO BXOJHOE COTPOTHUBIICHHE OMPEICISETCS KaK [Ihy = Uyl TIE
Upyx, Izx — IEPEMEHHBIC BXO/IHBIC HAIPSKCHHUE U TOK KacKaja.

B nmanHom ciywyae u3-3a MajocTH TOKa 0a3bl U3MEPUTh €ro (TOK) ¢
JIOCTATOYHOW TOYHOCTBIO CPEACTBAMHU CTEHAA HE MPEACTABISIETCS BO3MOXKHBIM.
[ToaTOMy pacyeT BXOJHOTO CONPOTHUBIICHHS MPOBOAMTCS MO PAa3HULE BBIXOIAHBIX
HalpssKEHU B HMCXOJHOM BapHaHTE CXEMbl U BapUaHTE C JIOMOJIHUTEIbHBIM
MOCJIEI0OBATEIbHBIM COITPOTUBICHUEM HA BXOJE.

JI71s1 HICXOTHOTO BapuaHTa CXEMbI MOKHO MCIOJIb30BaTh UBBIX, TOJIYYEHHOE
B 11.4.

Hanee nHeoOxomumo mocienoBarenbHo ¢ Cl cOeAMHUTH COMPOTHUBIICHHUE
BeMMurMHOM nopska 1 kOM (uim apyroe, HanboJiee MOAXOAIIee 0 HOMUHAIY) U
noaaTh curHai ¢ reaeparopa FGEN 4depe3 3To cOpoTUBIIEHHE HA BXOJI KaCKaa.

Jlist BapraHTa CXeMbl C MOJAaYeld CUrHaia OT reneparopa Ha R' u3mepnTe
Usbix _rms win UBBIX vpp mpu momolnu ocuuiuiorpada 3+5 pa3 B pexxume Run
Once.

BxonHoe compoTuBieHHE Kackaja MO MOJYYEHHBIM JaHHBIM BBIYUCIISIETCS
Kak

Tex = Ul;bIX ) R'/(UBI)IX - Ul;bIX)’

rae Ugx U U,y — BBIXOJHBIC HANPSDHKCHHS B HMCXOJHOM M HU3MEHEHHOM

BApHUAHTAX CXEMbl COOTBETCTBEHHO.



T.k. BXOOHOE CONPOTHUBJIEHUE KAacKaJla OIpPEAENsIeTcs MapalyIeIbHbIM
BKJIFOYCHHEM COTPOTUBIEHUH I, = R1//R2//h113, TO mo u3BecTHBIM I, R1, R2
MOxHO onpeaenutb hlls. IlompoOyiite BbuucauTh hlls, cpaBHUTE CO
CIIPaBOYHBIM 3HAUYECHHUEM, €CJIM TAKOBOE MPUBEICHO B ONMKMCAHUU TPAH3UCTOPA.

6. W3menss orHomenue conpotuBieHuid R1 u R2 B cropoHy ymeHbIIeHHs
¥ yBEIWYCHUS, MPOHAOII01aTh, KaKoi OyZeT (opMa BBIXOTHOTO HANPSDKCHHS MIPU
nojiaue Ha BXOJI CHHYCOMJAIbHOTO HampsbkeHus pasmaxoM 20 MB (kak B m.3 —
0,02 Vpp).

B cropony ymensbiienuss — ycraHaBinuBaercs R2=1 xOMm (BepxHee Ha
cxeme), R1 (HmxHee Ha cxeme) coxpaHsercss HCXOAHBIM (2 kKOM); B CTOpPOHY
yBenuueHuss — R2 ycranaBmuBaeTcsi paBHbIM 10 kOM (MCXOAHOE 3HAYCHHE),
R1=200 Owm.

B o6oux ciydasx ompenenuTh padoure TOYKU (M3MEPUTh MOTECHIIUAIIBI
BBIBOJIOB TpaH3UCTOpa OCHUUIOrpad)oM, BBIYMCIUTH HAMPSKEHUSI KOJUIEKTOP-
SMUTTEP U 0a3a-aMUTTEP; HU3MEPUTh KOJUJICKTOPHBIA TOK MYJIBTUMETPOM C
npenapurenbHoil ycranoBkoi Null Offset).

[ToouepenHo pa3benUHUTH IENb (T.€. clieJaTh OOpBIB) CHayajga Ha MECTe
conpotupieHus: R2 (R1 ocraercst ucxognsim), a 3arem Ha Mecte R1 (R2 ocraercs
UCXOJHBIM). OrmpeAenuTh MOJIOKEHUE paboueld TOUKM Kackajga MpHU KakIIOM
W3MEHEHUH.

BepHyTb cxeMy B MCXOJHOE COCTOSIHUE.

7. Ilo pesynpbraram 1.5 oOmNpeAeiauTh, KaK BIUAET COMNPOTUBJICHUE
R'=1 kOM Ha k03¢ dUIUEHT YCUJICHUS T0 HAIpSKEHUIO Bceil cxembl. Crenaiite
BBIBOJIbI B TMPEANOJIOKEHUH, uYTo R' sBIsgercs, Hamnpumep, BHYTPEHHUM
CONPOTHUBJIICHUEM HCTOYHUMKA CUTHAJIA WA BBIXOAHBIM  COINPOTUBICHHEM
MpeAbIIYIIEro Kackaia.

8. IlomaBas Ha BXOJ Kackaja CHUHYCOWJAIBHBIA CHTHAl M YBEIUYUBas
pasmax ot 0,02 Vpp u panee, onpeneinTh, MPU KAKOM 3HAYEHUH BXOJHOTO
HaIpPSHKEHUST BBIXOJTHOE TEPSAET CUHYCOMAANBbHYIO (DOpMYy (HMXKHUE TMOTYTIEPUOIbI
«yromaroTces»). M3MepuTh pa3Max BBIXOJHOTO HampsikeHus. 3apukcupoBaTh
CKPUHIIIOTOM.

YBenuuuBas nainee aMmruiMTyay BxoaHoro curHana go 0,5 Vpp u OGosee,
ONpENENUTh, MPH KAKOM 3HAYEHUU BXOJHOIO HANPSKEHUS MPAKTUYECKU
nepecrtaeT pacTd pa3Max BBIXOJHOTO CHUTHajda (MMIYJIbChI MPU ITOM OyAyT
OTpaHUYCHBI CBEPXY M CHHU3Y, T.K. OHU BBIXOAAT 3a pabouyro 00JacTh Kackazia).
N3mepuTh pazmax BBIXOJHOTO HANpPsHKEHUS. 3aUKCUPOBATh CKPUHIIIOTOM.



JlaGopaTtopnass paGora Ne2. H3mepeHMe aMILUIUTYAHO-4ACTOTHON M
(pa304acTOTHOI  XapaKTepUCTHK  CcXeMbl Ha  IpUMepe  KacKaJaa
NpeIBaAPUTEIbHOI0 YCHJIEHHS N0 cxeMe ¢ o0muM 3vutTepom (9 /  uyac.)

1. Omnpenenute, kak BausioT Ha AUX n ®UX kackama BeIUIMHBI €MKOCTEH
Cl1, C2, Ca.

AUX um ®UX MOryT CTpOUTHCS B aBTOMAaTU3UPOBAHHOM PEXUME C
WCIIOJIb30BAaHUEM BUPTyalnpbHOTO mpubOopa Bode Analyzer. [lms mpoBeneHus
u3MepeHus Bxoa kackaaa coenunsiercs ¢ rue3goM FGEN, a FGEN coeaunsiercs ¢
aHasioroBeiM BxoJoM AQ+. Beixon Kackajga COEOUHSIETCA C aHAJIOTOBBIM BXOJIOM
Al+. AmnanoroBeie BXxonabl AO- um Al- coemunsiorcs ¢ GROUND. TIlepen
npoBesieHueM u3Mepenus Function Generator HeOOXOIUMO OTKJIIOUUTH, T.K. JJIS
m3mepenuss AUX Ucnonp3yrTCsl pecypchl reHepaTopa.

B BepxHuxX mossix auanoroBoro okHa Bode Analyzer Heo6xomumo BRIOpaTh
COOTBETCTBYIOIIIME aHAJOTOBBIE BXOJbl, K KOTOPHIM MOABOMASTCS BXOOHOM U
BBIXOJIHOM CUTHaIbl Kackaja. Eciu Bce MOJICOEMHEHO, KaK yKa3aHO BBIIIE, TO
HeoOxouMo BeiOpaTh AO u Al. Ilpu ncrnonb3oBaHUK aHATOTOBBIX BX0OJ0B A0, Al
MakcuMasibHas yactorta noctpoeHuss AUX n @YX orpannuena BenmuuHou 200
k[l (HO 3TOro ¢ 3amacoM JOCTAaTOYHO JUIsl aHaIM3a YCHIIUTENEH 3BYKOBOTO
Jharna3oHa).

VYcranoBuTe BepxHIO TpaHully mnoctpoeHuss AUYX pasnoit 200 kI,
HIWKHIOK — paBHOM 3 I'm. Yucno u3mepeHuidt Ha nekagy (Ha JECSITUKPATHOE
yBEJIMYEHHE 4YacTOThl) ycrtaHoBute paBHbiM 10. Peak Amplitude ycranoBute
paBHoii 0,02. Bce AUX/DUX pukcupyroTcs CKpUHILIOTAMU U 3allMChIO 3HAaYEHUH B
daiin no HaxkaTuto kHomku Log.

N3meppre AUX, PUX kackama qna BemmuumH Cl, paBebix: 1 Mk®
(ucxomnas), 10 mMx®d, 0,1 wmxd. Ilocme mnpoBeneHHUs HBMEPEHHN B CXEMY
YCTaHAaBJIMBAETCS KOHAEHCATOP UCXOAHOM eMKOCTH Cl1=1 MKD.

Mameppre AUX, ®UX kackama g BeauuuH C2, paBHbIX: 1 MK®
(ucxopnas), 10 mMx®d, 0,1 mx®d. Ilocie npoBeneHHUs H3MEPEHHH B CXEMY
yCTaHaBJIMBAETCA KOHJIEHCATOP NCX0IHOM eMKocTh C2=1 MKD.

NM3meppTre AUX, ®UX kackaga miug BenuuuH (o, paBHbix: 100 Mx®
(ucxonnas), 47 Mx®, 10 mMxd, 0wmMxd (6e3 emxoctn). Ilocie mnpoBeaeHUS
W3MEPEHU B CXEMY YCTaHABIMBAETCA KOHJEHCATOP MCXOJHOM €MKOCTH
Cs=100 MKD.

Jns KaXAoll BEIWYMHBI Kaxaou u3 eMkocted no AUYX onpenenure
MaKCUMaJbHBIA KOA(PGUIIMEHT yCUIIeHHs B nenudenax U paszax, a TakkKe IMOJIoCcy



MPOIYCKaHUs Ha YpOBHE -3 1b 0T MakCUMaJIbHOTO (BEPXHIOIO M HIXKHIOKO YACTOThI
MIOJIOCKI POIYCKaHU).

CpaBHUTEe MakKCHUMalbHBIM KOX(POHUIIMEHT yCHIICHHS, HalAeHHBIN mo AUX
Ipy HUCXOAHBIX TapaMmeTpax ¢ Kodh(UIMEHTaMH YCUJICHUS, HaWJACHHBIMHA B
.3, 4.

Bce msmepenus (MakcuManbHOTO KOd(UITMEHTa YCWICHUS, HIKHEH W
BEpPXHEH 4acTOT MOJOCHl MPOITYCKAHUSI) CBECTH B TaOJUILY.

2. Omnpenenutsh, kak BiausgeT Ha AUX 1 @YX kackaga BeTUIHHA eMKOCTHOM
COCTaBJIsAIONIEN HAarpy3ku. M3meHsass HoMuHaibl CH, ONIPEAEUTE B KaXKIOM ClIydae
MaKCUMaJbHBIA KOIPPUIIMEHT YCHIEHHUS M TOJIOCY NPOMyCKaHHWs Kackaja Ha
ypoBHE -3 1B OT MaKCHUMaJIbHOTO (aHAJOTUYHO 11.1).

Psn Benuund Cu: 0,01 Mx® (ucxoanas), 0,1 Mmx®, 1 Mx®, 0 Mmx®d (0e3 Ch).
[Tocne npoBeaeHuss u3MepeHuil BepHyTh ucxoanoe 3HaueHue CH = 0,01 mx®d.

Pe3ynbpTaThl ©3MEpeHU CBECTH B TAOJIUILY.

3. Ompenenure, Kak BIUSIOT HA KOA(PGUIUEHT YCUIICHUS 110 HATIPSHKEHHUIO
conpotuBieHusi Rk, Ru, R3. Ananornuyno m.l., u3MeHsiss HOMUHAJBI AJIEMEHTOB
Rk, RH, R3, B cTOpOHY yMeHbllIeHUSI U yBelnudeHwus, omnpenenure no AUYX B
KaXJIOM clly4ae MaKCUMaJbHbIA KOA(PHUIIMEHT YCUIICHHS KacKaa.

Psn 3nauenuit Ro: 680 Om (ucxomnoe), 6800 Om, 68 Om. MoxHO
WCIIOJB30BaTh U APYrUe 3HAYEHHUS CONMPOTHUBJICHUM, Ba)KHO, YTOOBI OHHM OBLIU
CYIIIECTBEHHO OOJbIIE W MeHbIe HcxoaHoro. Ilocie mpoBeneHUs H3MEPEHHI
YCTaHABJIMBAETCS UCXOHOE 3HaUeHUE conpoTuBieHuss Ra=680 Om.

Psn 3nauennit Rk: 2 kOm (ucxomuoe), 200 Om, 10 kOMm (wnm Haumbomee
omm3koe 1o HomuHany). Ilocnme mpoBeneHUsT HM3MEPEHUM YyCTaHABJIWBAECTCS
HCXOHOE 3HaUeHue conpoTuBieHus Rk=2 kOwm.

Psn 3nauenuit Ru: 240 kOm (ucxoanoe), 10 kOM (wim Hanbosee Oau3Koe
no HoMuHaily), oo (0e3 Harpy3ku). Ilocine mpoBeneHus U3MEpEeHUMN
YCTaHABJIMBAETCS UICXOJHOE 3HaUeHUE conpoTuBieHUs: RH=240 kOmMm.

Pexxum 0e3 Harpy3ku COOTBETCTBYET PEXKHUMY XOJOCTOro Xxoja. Eciu B
JAHHOM CiIy4ae Oe3 Harpy3Kd BBIIOJTHUTh HU3MEPEHHWE HE TMPEICTaBIISETCS
BO3MOXXHBIM  (Hampumep, TOSBISAIOTCA  HEKOPPEKTHBIE  PE3ylbTaThl WU
OTCYTCTBYET CHTHAJI), TO BMECTO HCXOJHOTO CONPOTUBICHUS MOJKIIOYUTE
HauOoJbIIEE MO0 HOMUHAIY W3 BBIJJAHHBIX (HO OHO JOJKHO OBITH OOJIbIIIE
HCXOJHOTO, T.¢. Oonbie 240 kOm).

[Ipu KaxJ10M U3MEHEHUU COMPOTHUBJICHUS OMPEACIIUTH MOJIOKEHUE padodeit
TOYKH (M3MepUThH MOTEHIAATIBI BBIBOJIOB TpaH3UCTOpa
ocIuuIorpadoM/MyJIbTUMETPOM, BBIYUCIUTh HAMPSIKEHUS! KOJUIEKTOP-AMUTTEP U



0a3a-3MUTTEP; U3MEPUTH KOJUIEKTOPHBIM TOK MYJbTHUMETPOM C IpPEIBaApUTEIHHOM
ycranoBkoi Null Offset).

Bce u3mepenus cBectu B TaOIHILy.

4. TlomaiiTe Ha BXOJ KacKaja CHUTHAJI TPSAMOYrojbHOW (opmbl. Pazmax
ycranoBuTe Ha ypoBHe 0,02 Vpp. CriekTp JaHHOTO CUTHaja COCTOUT U3 HEUETHBIX
rapMOHUK OCHOBHOM uactoTel: (2n+1)-fo, rme fo — mepuon cruenoBanus
UMITYJIbCOB, 3aJlaBacMbIX Ha reHeparope. CHEKTp TaKoro CUrHaja MOKHO
MpOHA0II0aTh B peajbHOM BpeMeHU Ha crekTpoaHanu3artope (Dynamic Signal
Analyzer), ycTaHOBUB HEOOXOIUMYIO aMILTATYY.

3anaB uvactoty paBHoM 1 kl'l, mpoHabmonath, kakas ¢opma CUTHalA U
CHeKTp OyIyT Ha BRIXOJC Kackama. YacToTHbI auana3oH (Frequency Span) 3amath
paBubIM 20-f0 = 20 k't ritr 20000. 3apuKCHPOBATH CKPUHIIIOTOM.

3agate yactoty nopsiaka 250 ' unmm HeMHOTO HUKe. YacTOTHBIN Auana3oH
3agaTh paBHBIM 20-f0 =5 kI'm mim 5000. B manHOM cilydae Ha BBIXOJ Kackaja
MPOUIYT TOJIBKO BBICIIME TAPMOHUKH B COCTaBE CUTHAJIa MIPSIMOYTOJBbHON (hOPMBI
U OyJeT HaOJII0AAThCS TOJBKO BBICOKOYACTOTHASI COCTABIISIOIAs. 3aUKCUPOBAThH
CKPUHILIOTOM.

3anmate yactoTy mopsaka 12 k' wiam HemHOTO BhITe. YaCTOTHBIN IUAIa30H
3agaTh paBHBIM 20-f0 = 240 x['m wum 240000. B sToM ciydae Ha BBIXOJ Kackaja
YAaCTUYHO MPOUIYT TOJBKO HU3IIME TapMOHUKH M BBIXOJHOW CHUTHaN Oyner
chopMHUpOBaH HU3KOYaCTOTHBIMU COCTaBJIFOLIUMHU. 3adukcupoBaTh
CKPUHIIIOTOM.

JlaGoparopHass padora Ne3. U3mepeHue CTaTUHYeCKUX U AMHAMMYECKHUX
NapaMeTpoOB MHTErpajJibHbIX MHKPOCXeM Ha NpuMepe ONePANUOHHOIO
yeuaurteasi. McciegoBanue cxeM HHBEPTHPYIOIIET0 U HEMHBEPTHPYIOLIETO
yenaurens (9 /  ugac.)

1. Cobepure COOTBETCTBYIOIIYIO CXEMY ISl OIPEACIICHUS HaIPSKEHUS
cmemeHus OY. Onpenenute 3HAYECHHE BBIXOJHOTO HAMPSKEHHUS MPU MOMOIIU
ocmmorpada (Oscilloscope) u mynetumetpa (Digital Multimeter) (cnenaiite 1o
3+5 uW3MepeHuil s KaKI0Tro u3 mpuOopoB B pexume Run Once, momydeHHBIC
pe3yabTarhl ycpeaHuTh). 1o pesynbpTaTaM HM3MEpeHMs] BBIYMCIUTE HaIPsHKEHHE
cmerieHns: UcM, UCTIONB3Ysl pacueTHOE 3HaueHne KOd(DPUIMeHTa yCUIeHus CXEMbI
Ha OV (mo napameTrpam cxembl). CpaBHUTE CO CITPABOYHBIMU JAHHBIMH.

2. W3mepeHue BXOAHOTO COMPOTUBIICHUS



Cnoco6 1 (muddepennumansHoe BxoaHoe cornpoTusieHnue). Cobepute
cxemy. Ha nnBepTupyIoiuii BX0J1 CHauasna moAaeTcs HanpspkeHue nutanus +15 B,
3ateM -15B. B kaxiaoMm ciaydae u3MepseTcs BXOJHOW IOCTOSHHBIA TOK IpHU
nomonu Digital Multimeter. [lepen nHayanom uzmepeHnii HEOOXOIUMO YCTaHOBUTH
rasiouky B mosie Null Offset qst yctanoBku Hyinda. [TockonbKy uM3MepsieMblii TOK
(eIMHUIIBI-TECATKA MUJUITMAMIIEP) COM3MEPHUM C IMOTPEITHOCTHIO aMIIepMETpa, TO
HEOOXOJMMO MpHU TEPBOM HM3MepeHHH (Tpu Tojade Ha Bxoja +15 B) BeIOpath
MOJIIPHOCTh IIYNOB, TPHW KOTOPOW ITOKa3aHUS MaKCHMaJIbHBI, U BO BTOPOM
u3MepeHun (mpu mnojade Ha BXxox -15B) mnpunepxkuBarecs ee. BxomHoe
mudpepeHnnanTbHOe COMPOTURIICHUE BRIYUCIUTE 1O (hopMyJIe.

Cnoco6 2 (crtaTudyeckoe BXOAHOE COMPOTUBIICHUE IO OJTHOMY W3 BXOJOB).
CobGepute cxemy. lloaxmtounte pe3ucTop OOJBIIONO HOMHHaNa (HE MEHee
100 kOm, xenarenbHo Ooubine, mopsiaka 1 MOw). Ilomaiite HampsbkeHHE OT
OJIHOTO U3 HCTOYHMKOB (Hampumep, +15 B) Ha Bxox OV uepe3 pesuctop.
Ocuumiorpapom unu myistumMerpoMm (Oscilloscope wmm Digital Multimeter)
U3MEphTE HAMpPSOHKEHHE CHayalla Ha OJJHOM KOHIIE Pe3ucTopa (MOJACOSAMHEHHOM K
uctounuky) — Ul, 3aTtem Ha apyrom (moacoemuneHHoMm k OY) — U2. Tlo stum
pe3ynapTaTaM MOKHO OIPENeTUTh BXOJHOE cTaTHdeckoe compoTuBieHne OV u3
CJIECIYIOIIUX TPOTIOPIIHHM:

(Ul-U2)/Ul =R/(R+RBx) mmu (Ul —-U2)/U2 = R/RBX, 4TO NPUBOAUT K
BeIpakeHuto Rex=U2-R/(U1l — U2).

[IpoBeaute wu3MepeHUs JABYMS CIIOCOOAMH, CpPaBHUTE TMOJTYYCHHBIC
pe3yIbTaThI.

3. H3mepenne ckopoCTH HapacTaHUS BBIXOIHOTO HampsukeHus: OY

CobGepute cxemy. B nannoit cxeme OY oxBaueH 100%-noit OOC wu
SBJISIETCSI @HAJIOTOM SMHTTEPHOTO TMOBTOPUTENS HAa TpaH3uctope. JlaHHas cxema
BKJIFOUCHHUS o00JagaeT OONBIIMM BXOJHBIM COMPOTHUBICHUEM U CAMHUYHBIM
kod(durreHToM ycuneHus no HamnpspkeHuto. [logaiiTe Ha BXOJ CXeMbl CUTHAN C
reHepatopa Function Generator. YcTaHoBUTe Cileayrolue mapamMeTphbl CUTHaja:
dopMa curHaiga — npsmoyroyibHas, yacrora — 1 k[, ammauryna — (1+5) B. Ha
ocummtorpade (Oscilloscope) wucmonb3yiite THI cuHXpoHH3anuu Edge, manmee
YCTAaHOBUTE TaKOW MacmTad mo OCsiM BPEMEHHU U aMIUIUTY/bI, YTOOBI (PPOHT OO0
cpe3 ummyibkca 3anuMai He menee (30+50)% obmactu otoOpakenus curnana. [1o
OCHIJIJIOTpaMMe OTIpeNIeTuTe pa3Max (mapameTp Vpp) BBIXOJHOTO HaIPSKCHUS,
BpEMs €ro YCTAaHOBJICHHS U BBIUUCIUTE CKOPOCTh HApACTaHUS BBIXOIHOTO
HaIpsHKeHUs, BeIpa3ute B B/Mkc. CpaBHUTE CO CIIPaBOYHBIMH JIAHHBIMHU.



B nanHOM myHKTE yJ0OHO BOCHOJIB30BaThCS MapKepamu, KOTOPbIE €CTh B
OKHE oToOpaxeHus ocmwuiorpadga. HMx HeoOXoguMo  TepeTamuTh Ha
COOTBETCTBYIOIIUE TOYKM (Hampumep, Havyaio ¢GPOHTa HUMIyJIbCa M €ro
OKOHYaHHE), COOTBETCTBYIOIIME Pa3HOCTH BPEMEHHBIX METOK M YPOBHEW CHUTHala
OyIyT MOCYUTAHbl ABTOMATUYECKU U OTOOPAKEHBI Ha DKpaHe.

4. W3mepeHue BBIXOJAHOTO conpoTusiieHus OY

OTcoenMHHUTE COIMPOTHUBIICHHE HArpy3kd (YTO PaBHO3HAYHO OECKOHEYHO
OOJBIIOMY COINPOTUBJICHUIO Harpy3ku). Jlamee ycTraHOBUTE Takoe 3HAYCHUE
HapspDKEHUs reHeparopa, 4ToObl Ha Bbixoge OV curHan OblT  pa3zMaxom
(200+500) MB. H3mepbTe mNOIy4YHBIIEECS 3HAUYCHHE BBIXOJHOTO HAMPSIKCHHS
UBbix npu mnomomn ocuumiorpada (2+3 usmepenus B pexume Run Once ¢
NOCIEAYIOUUM  YCPEAHEHHEM).  YCTaHOBUTE  CpPaBHUTEIBHO  HEOOJbIIOE
conpoTuBiieHue Harpy3ku Ru (500+-1000) OM. Omnpenenure 3HaUYCHHE BBIXOTHOTO
HanpspkeHus: UBbIX H npu nomoinu ocuuiorpada (2-3 usmepenus B pexxume Run
Once ¢ nocneayoLUmMM ycpeaHeHneM). PaccunTaiite no nojyyeHHbIM pe3ysibTaTaM
3HAYEHHE BBIXOJHOTO conpoTusieHus OY:

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

5. HuBepTupyrOmHil yCUITUTEND

Cobepure cxemy. ConpOTHBIIEHHE MEXKIY HEHMHBEPTHPYIOUIUM BXOJOM U
o0Iiei Toukoil MOXKHO B3sATh B mpeneiax (0+5) kOm. Ho sxenarenbHO ero B3sTh
paBHbiM | KOMm (paBHbIM R1) a1 koMmeHcauuyd TOTPEIIHOCTH OT Pa3HHUIIbI
BXOJIHBIX TOKOB. Paccuuraiite kod3(pduuueHt ycuneHus HanpsbkeHus Ku
YCUJIUTENS 110 3HAUYCHUSIM [TapaMETPOB KOMIIOHEHTOB CXEMBI.

ITonaiite Ha BXOJ cXxeMmbl curHaia c reHeparopa Function Generator.
VYcraHoBuTe — cienyroliMe — mapaMeTpel  curHama:  Qgopma  curHama  —
cuHycouaanbHas, gacrota — 1 kI'1, ammutyma — 10 MB (0,02 Vpp).

[Ipu mnomomnm ocuuuiorpaga W MyJIbTUMETpPa H3MEPhTE AMIUIUTYIY
BBIXOJJHOTO UBBIX CHHYCOMAAIBHOTO HAIPsKEHUs (MIEPEMEHHYIO COCTaBIISIONIYIO),
MOCTOSIHHYIO COCTAaBJIIOUIYK0 BbIXOJHOro HampsbkeHust UoBbix'  (M3MepeHus
npoBectd 3+5 pa3 B pexume Run Once, monyyeHHbIE pe3yJbTaThl YCPEIHUTH).
[Tpu momomu uHCTpymMeHTa Bode Analyzer ompenenute pasHocth (a3 mexmy
BXOJHBIM M BBIXOJIHBIM HANPSKCHUSMH.

IlepemenHas cocTaBistomas (€€ CpeJHEKBaAPaTUYECKOE 3HAYEHUE WU
RMS) usmepsiercs ocuumiorpadom mpu Beioope nynkra AC (Alternating Current
— MEPEMEHHBIN TOK), B 3TOM ClIydae B OKHE OTOOpakeHUs! OyJeT MoKa3aHa TOJIbKO
ona. ITpu Bb160pe myHnkta DC (Direct Current — mOCTOSIHHBIA TOK) OTOOpaXKaroTCst



U TepeMEHHass M IOCTOsHHas cocTaBiisitolme. [[OCTOSHHYIO COCTaBISIOLIYIO
MO’KHO BBIYMCIIUTH 1O 3HaUeHUsIM RMS, n3mepennsix B pexkumax DC u AC:

Ubgux =  RMS3. — RMS2, .
B cnyuae msmepenuii mynbrumerpoMm nepemenHas (RMS) m mocrtosiHHAs

COCTABJISIFOIIME M3MEPSIOTCA HEMOCPEACTBEHHO BBHIOOPOM COOTBETCTBYIOLIUX
PEKUMOB KHOITKAMH «~», «—H.

[To pe3ynpraTam u3MepeHUN ocUUILIOTPadoOM U MYITBTUMETPOM BBIYUCINTE
dakTrueckue K03pHUIUEHTHI YCUJIeHUs 1o Hanpspbkenuto Ku' yeunurens.

Hcnons3ys 3HaueHUE BXOJHOTO HampspkeHHs cMmemleHns UcM, pacyeTHoe
3HaueHue ko3¢ dunrenTa ycuinenus Ku, BEIUUCIUTE MOCTOSIHHYIO COCTAaBJISIONLYIO
BBIXOJHOTO HampsbkeHus UoBbiIX. CpaBHUTE pacyeTHOE 3HAYEHUE MOCTOSHHOMN
cocrapistouei ¢ pakrnueckum UoBbIX'.

YcranoBute 3Hauenue comnpotuiieHus R1 paBubiM 20 kOMm (10+20 kOm),
aMILTATYTy CHHYCOMJIaJIbHOTO HanpsbkeHus reHeparopa — (40+50) MB. st HOBBIX
MapaMeTPOB CXEMbI TOBTOPUTE BCE U3MEPEHHUSI I BBIUMCIICHHUS.

Cnur ¢a3z, KOTOPBIA I CXeMbl HHBEPTUPYIOLIETO YCUIIUTENS Ha HU3KUX
gacToTax npuommxeHHo paBeH £180°, MokHO IPOHAOII0aTh HEMOCPEACTBEHHO B
okHe ocuwiorpada, monkmtouuB oauH myn (or CHO) ko Bxomy cxembl (K
resepaTopy), a npyroi (ot CH1) — k ee Bbixony. Takxke HEOOXOAMMO YCTaHOBUTH
COOTBETCTBYIOIIME MACIITAOBI [0 OCU aMIUTUTYI JAJI KaKJ0TO U3 KaHAJIOB, YTOObI
HaOJII01aeMble aMIUIMTY/bl CUTHAJIOB OBLIN MPUOJIM3UTEIHHO PABHBI MO BEIMYMHE
B OKHE 0TOOpakeHus ocuuiiorpada.

7. HerHBEpTUPYIOIIMUI YCUIIUTEIIb

Cobepure cxemy. Paccuuraiite koadduument ycunenus Hanpsbkenus Ku
YCUJIUTENS 1O 3HAYCHUSIM [TapaMETPOB KOMIIOHEHTOB CXEMBI.

[Tonaiite Ha BXOJ cXxembl curHaid ¢ reHeparopa Function Generator.
VYcraHoBuTe — cienyronide — mapaMeTphl  curHama:  Qgopma  curHama  —
CUHycouaaabHas, yactora — 1 k', amrmumuryna — 10 mB (0,02 Vpp).

W3meppTe amMmmuTyay BBIXOAHOTO UBBIX CHHYCOHWIAIbHOTO HATPSKEHUS,
MOCTOSTHHYIO COCTaBJISIOLIYI0 BBIXOAHOTrO HampspkeHus UOBBIX' MpU MOMOIIU
MyIbTUMETpa U ocimuiorpada. Onpenenute pazHoCcTh Ga3 MEXKAY BXOAHBIM U
BBIXOJIHBIM HampsoKeHUssMH mpu momotnu Bode Analyzer.

[To pe3ynbraram u3MepeHui OCUUILIOrPaGoM U MyJIbTUMETPOM ONPEIETUTE
dakTrueckue K03 GUIUEHTHI YCUJIeHUs 10 Hanpspkenuto Ku' ycunurens.



Hcnonb3yst 3HaUCHUS HAMPSDKEHUS cMeleHus, Kodpduiuent ycunenus Ku,
OTIPEIETUTE PACUETHYIO MOCTOSIHHYIO COCTABIISIONIYIO0 BBIXOJHOTO HAMPSIKCHHUS
UoBsix. CpaBHHUTE ¢ (PaKTHYECKUM 3HAYCHHUEM.

YMenbmuTe 3HaueHwe comnpotuBieHus RI1 ¢ 200 kOm g0 50 kOm
(20+70 kOm), aMITUTYy CHHYCOHMJAIBHOTO HAIPSDKEHUS IeHepaTopa yBEINIbTE
no (30+50) MmB. TIloBTroputre BCe W3MEpeHHsS] W BBIYUCICHHUS TIPH HOBBIX
napaMeTpax KOMIOHEHTOB.

W3smeppre AUX/OUX mpu 4+7 3naueHusax emkoctu Ck, nHampumep: O,
4,7 (5) n®, 10 nd, 30 nd, 39 (40) nd, 100 nd, 0,01 mxD. Jpama3oH YacToT
BbIOpaTh oT 3 I'm g0 200 I'm; kommdectBo m3MepeHwi Ha nekamy — 10; Peak
Amplitude — 0,02+0,04 (MOXXHO B3SITh W OOJIBIIME 3HAYCHHUS TPU YCIOBHH, UYTO
BBIXO/IHOE HAIpsDKEHHWE HE JOCTUTHET HachimeHus). CpaBHUTH CO CIIPaBOYHBIMU
AUYX mpu HaTUYHUA TAaKOBBIX JIJIs1 BEIOpaHHBIX 3HaUYeHUi CK.

JlabopaTtopnass padora Ne4. HcciienoBanume padorbl M aMILIMTYAHO-
YACTOTHBIX  XAPAKTEPUCTHK  AHAJOIOBBIX  YCTPOIICTB HAa  OCHOBe
onepanuoHHoro ycuiurens (9 /  4gac.)

1. Pabota omeparimoHHOTO YCHIIMTENS O€3 HABECHBIX 3JIEMEHTOB

B nmanHom ciywyae HanpspkeHue Ha Bbixoge OV Oyner ompeaessiThes
caeayromM BbIpakeHUEM: Uy = (Upe — U)Ky, Paxtuueckn OV Oymer
paboTaTh B KaudecTBe KoMIIapaTopa, T.€. Ha BBIXOJE OyIeT ABYXIOJSIPHOE
HanpspkeHne tE, 3HaKk KOTOPOro B TEKYIIMA MOMEHT  OIpPEIeIsIeTCA
COOTHOIIIEHHEeM BenmunH Hanpsokenuit Uy, Uy Ecim oamH u3 BX0OJ0B
MPUCOEAUHUTL K OOIIeMy NpOBOAY, TO CHUTHaJl Ha JPyroM BXoje Oyaer
CpaBHUBaThCid ¢ HyJeM. Hampumep, mnpu 1mojaye BXOAHOTO CHUTHaJla Ha
HEUHBEPTUPYIOIIUI BX0oa B ciaydae, eciu U,,>0, To Ha BbIxoje OyAeT muTaroiiee
Hanpspkenne +E, a ecin U,,,.<0, To —E (1711 “”HBEpTUPYIOIETO BXOJIa MOJSIPHOCTD
BBIXOJ/IHOTO HAIPSIKEHUSI MEHSETCSI Ha IPOTUBOTOJIOKHYIO).

YcranoBute Ha reHepaTope Function Generator gactoty 1 kI't. Haunnas ¢
aMILUTATYbl, PAaBHON HYJIIO, ONPENENUTe, MPU KaKOM pa3Maxe BXOJIHOIO CHUTHaja
Ha BBIXO/IC MOSIBISIETCS] YCTOMYMBBIN IBYXIOJSIPHBIN CUTHAJI C pa3MaxoM, PaBHBIM
yABOCHHOMY HampspkeHuto nutanus (~30 B). OObsicHuTE 3TO MpU MOMOIIU
COOTBETCTBYIOIICH OCHUJIOIPAMMBI BXOJIHOTO CUTHAJIA.

[Iponenaiite nmaHHbIe IOEWCTBUS IJII BCeX TpexX naocTynmHbiXx B Function
Generator ()opM CUTHaA: CHHYCOUJIAIbHOM, MPSIMOYTOJIBHOM, TPEYTOIbHOM.

2. CyMMuUpOBaHHUE MOCTOSHHBIX HAMIPSKEHUM



Cobepute cxemy cymmaropa. Hampsokerne +5 B Gepercst HemocpeaCcTBEHHO
C MakeTHOHW matel. McTtounuk HampspkeHuem +3 B peanmsyercss ma Variable
power supply monoxuTenbHONU NoJisipHOCTH WK Tojaercs ¢ Function Generator,
Ha KOTOPOM 3a/1aeTCsi COOTBETCTBYIOIIEE IOCTOSHHOE CMelleHue. B kadecTBe
amriepMeTpa ucnosibdyercs Digital Multimeter B pesxxume u3MepeHus: MoCTOSHHOTO
Toka. Bkmounte cxemy. M3mepwpre ykazanusie Toku 11, 12, loc. Tok memnwu
oOpaTHOM CBSI3U JOJDKEH OBITh MPUONM)KEHHO paBeH cymMme TokoB |1+12.
Wzmeprre Hampspkenus Ul, U2, Usbix npubopom Digital Multimeter B pexxume
U3MEPEHHUSI IOCTOSTHHOTO HANPSIKEHMUS.

PaccuunTaiiTe BBIXOJHOE HANPS)KEHWE CHavalla Mo 3HayeHusM TokoB 11, 12 u
3HAYEHUIO CONPOTUBIICHUS LENU OOpaTHOM CBs3U. 3aTEM pacCUMTANWTE BBIXOJHOE
HalpspKEHWE MO 3HayeHusAM BXxOAHbIX HampsbkeHnd Ul, U2 wu 3HadyeHUAM
COIIPOTUBIICHUI CXEMBI.

CpaBuuTe 00a pacCUUTaHHBIX 3HAYCHHS C U3MEPEHHBIM UBBIX.

3. CymMMupoBaHUE MTOCTOSHHOTO U MIEPEMEHHOTO HANPSKCHHM

Ucnonp3yercs cxema cymmaropa. Bwmecrto Hanpsbkenus +3 B Ha
COOTBETCTBYIOILIEE CONPOTHUBJIIEHUE TMOJACTCA MEPEMEHHOE CHHYCOMIAIBHOE
HanpsbkeHue yactotoit 1 kI'ip u pasmaxom 4 B ¢ Function Generator.

N3meppre  Urms  nepeMEHHOM  COCTaBISIONIEH W IMOCTOSAHHYIO
COCTaBISIIOIIYI0 Ha BBIXOAE CXeMbl. V3MepeHHsi MOXKHO NPOBOJUTH WJIU
mynbTuMeTpoM (Digital Multimeter), nnu ocummnorpadom (Oscilloscope). [Ipu
U3MEPEHUU MYJIbTUMETPOM POJ HU3MEPSAEMOW BEIUYMHBI yCTAaHABIIMBAECTCSA
HEIMOCPEJICTBEHHO Ha maHenu npubopa. [lpm wu3Mepenun ocuuuiorpadom
MepeMeHHasi  cocTaBiisAromias wu3Mepsercss B pexume AC, NOCTOSIHHas

COCTABJIAIONIAas BRIYUCIIAETCS MOce u3MepeHuit 3HaueHnd Urms B pexxnmax AC u
DC:

Uppx = V RMS2. — RMS2. .

PaccunraiiTe 3HaYeHUA MEPEMEHHOM M TOCTOSIHHOM COCTABJISAIOIIMX Ha
BBIXOJIC, HUCMOJb3ysl  BEJIWYMHBI  BXOJHBIX HAMpSOKEHUHM U HOMMHAJbBI
conpoTuByieHU. CpaBHUTE pacueTHBIC 3HAUCHUS C U3BMEPEHHBIMM.

4., CymMMHpOBaHHE TIEPEMEHHBIX HAIPSHKSHUM

Ucnone3yercs cxema cymmaropa. OmHo u3 compotuBieHuid R1 wmmm R2
YMEHBIIIACTCS WM YBEJIMYMUBAETCS BABOE (IJI1 yMEHBIICHHUS BIBOE MOYHO
NOAKIIIOUYNUTH MapajuieNIbHO JBa pe3ucTtopa HoMUHaAIOM 4,7 kKOM, U1l yBEeITUYEHUS
MOYHO TOJAKIIOUUTB pe3ucTop 10 kOm).



Ha o00a BXOIHBIX CONMPOTHUBIICHUS MOJAETCA IEPEMEHHOE HaNpsLKEHHE
npsIMOYTOJIbHOM (opmbl yacToToit 1 kI'1, ammumrymoit 2 B.

Bpluncnure aMIuMTyy BBIXOJHOrO HampspkeHus UBBIX IO W3BECTHOU
aMIUTUTY[€ BXOJHOTO HAMNpsDKEHUST W HOMHHAJIaM COINPOTUBIICHUNM CXEMBI.
N3mepbTe aMIuiuTyay BbIXOAHOTO HampsbkeHus ocuusuiorpadom (Oscilloscope)
i myastumerpoMm (Digital Multimeter). CpaBHuTe pacdyeTHOE 3HAYCHUE C
WU3MEPEHHBIM.

Ecim momath Ha 00a BXOJHBIX CONPOTHUBICHUS ycwimtens (puc. 4)
NEepPEeMEHHbIE  HAMNPSOKEHUS  OJUHAKOBOM  (OpMBI M aMIUIMTYAbL, HO
MPOTUBOIONOKHON ¢a3bl (caBur ¢a3z 180°), ToO OHM JOHKHBI CKOMIIEHCHPOBATH
JpYT ApYyTa, U Ha BBIXOJE YCHINTENS HANPSDKEHUE JOJKHO ObITh MUHHUMAJIbHBIM.
JJ1s TpOBEPKHU ATOTO MOJIOKEHUSI COOEPUTE COOTBETCTBYIOIIYIO CXEMY.

B »stoit cxeme koadduuuent ycwienuss nepBoro OY 3amaH paBHBIM
CAMHUIIE, YTO 0OECIICUNBAET PABEHCTBO aMILUIUTY I HAIIPSKEHUM, MPUXOISIIUX Ha
conpotuBieHuss R2, R3. B cBow ouepenb, Ko3DPUIMEHTHI YCHIEHHS 3TUX
HarnpspkeHuil BTopeiM OV 3a/1aHbl OJMHAKOBBIMU. BcCleAcTBHE 3TOr0 BBIXOIHOE
HaIpsHKEHUE T0JKHO OBITh OJIM3KO K HYJIIO.

Ecnu B koMmIuiekTe JAeTaneil HET HYKHOTO YHCIa CONPOTUBJICHUMN
HoMuHasioM 4,7 kOM, To nna mnepBoro OVY MOXHO B34Th JIOObIE JBa
COMpOTHUBJIEHUS omHakoBoro HomuHana (R1=Rocl), a qist BTOporo — HOMUHAIBI
R2 n R3 Takke IOKHEI COBIIAIATE.

[Tonalite Ha BXOJ MEPEMEHHOE HANpPSKEHUWE aMIUIMTYJ0M 2 B u yacTtoToii
1 xI'n cunyconpanbHoi GopMel. [IponabnronaiiTe HaNPsHKEHUE HA BBIXOJIE CXEMBbI
npu nomou ocuwuiorpada. M3mepbre XapakTepUCTHUKUA STOTO HAIMPSIKEHUS.
[Iponemaiite 3TM [OEUCTBHA TAaKKE C BXOJHBIM CHUTHQJIOM TPEYTOJBHOM U
MPSIMOYTOJILHON (DOPMBL.

5. MHurerparop va OY

Cobepure cxemy wuHTerparopa. IlomaiiTe Ha BXOJ CXEMBI CHTHAJ
npsIMOYTOJIbHON (Gopmbl ammutyaoit (1,5+2) B, wactoroit 1 k['11 ¢ reHepaTopa.
Onpenenure MO OCUMIUIONPAMME CPEIHIOID CKOPOCTh HM3MEHEHHSI BBIXOJHOTO
HanpspkeHus. M3MmepbTe aMIUIUTYAy BBIXOAHOTO HampspDKeHus. 3adukcupyirte
dbopMy U XapaKTEPUCTUKHU BBIXOHOTO CUTHAIA CKPUHIIIOTOM OCIUAJIIOTPAMMBI.

YcraHoBute aMIuiMTyay reHeparopa pasHoi (0,5+1) B. Ompenenure mo
OCLIJIJIOTPaMME  CPEJHIOI0 CKOPOCTb HW3MEHEHUS BBIXOJAHOIO HAIpPsHKEHUS.
N3meppTe aMIIUTYyAy BBIXOJHOTO HampsokeHus. CpaBHHUTE  OCUHMAIIIOTPAMMY
BBIXO/IHOTO HAIPSDKEHUS C TTOTYUYEHHOU JJIs MPEIbIAYIIEeTro 3HaUeHUsT HanpsHKeHUs

reHepaTopa.



YMeHbIIHTe 3HaUeHUE COMPOTHBIICHUS Ha Bxoje 10 (1+5) kOwm, yctaHoBHTE
MIEPBOHAYAJIbHYI0 aMIUIMTYJly HampsDKEHHsT Ha reHeparope. Omnpenenure Mo
OCIIWJIIOTpaMME CPEAHIOID CKOPOCTh M3MEHEHUS BBIXOJHOTO HAMPSHKCHUSI.
CpaBHUTE OCHMIUIOrPaMMY BBIXOJITHOTO HAMPSKEHUS C IEPBOHAYAIIBHOM.

YBenmnubTe eMKoCcTh KoHaeHcatopa g0 0,02 Mx®. Onpenenute 10
OCIIMJIIOTPAMME  CPEAHIOKD CKOPOCTh HM3MEHEHUS BBIXOJHOIO HANPSHKCHUS.
CpaBHUTE OCIIUIUIOrPAaMMY BBIXOJIHOTO HAMPSIKEHUS C IEPBOHAYATIBHOM.

YCTaHOBUTE NEPBOHAYAIBHBIE IMAPAMETPBI CXEMBI, IOTOM OTKJIIOUYUTE
OonpIIOE  CTAOMIM3HPYIOUIEE CONPOTHMBIEHHE B LEeNd OOpaTHOM  CBA3M.
[Tponabmrogaiite opMy BEIXOHOTO CUTHANA. 3aUKCUPYUTE CKPUHIIIOTOM.

JIns mepBOHAYAIBHBIX MapaMETPOB CXEMbl OMNPEIACTUTE TOCTOSHHYIO
BPEMEHU MHTErPaTopa U €ro 4acToTy cpe3a kKak ¢puiabTpa HIKHUX yacToT (DHY).

YMeHbIIaliTe 4acToTy BXOJAHOTO CHUTHajda J0 TeX mnop, mnoka dopMma
BBIXOJTHOTO CHTHAaja HE CTaHET MPUOJIU3UTENTHHO IMOX0XKa Ha (OpMy BXOJTHOTO
(Toxe cra”eT mnpsAMOyroyibHOM). Ha 3Toil yacToTe HWHTErpatop TepsSeT CBOU
CBOMCTBa IO OTHONIICHUIO K MPSAMOYTOJIbHOMY CHUTHaNTY (3HAYUTEIbHAs 4YacTh
CIEKTpa CUTHAJIa MonaaaeT B nojocy npomnyckanus GHY).

BoccTanoBute nepBOHAYaNIbHBIE MAPAMETPHI CXEMBI, AMIUTUTYAY U YacTOTY
curHaia. YCTaHOBUTE TPEYrojbHyIo (popmy curHana. [Tponabmtogaiite curuan Ha
BbIXOJE. [Iponenaiire 10O )€ caMoe JJ1s CHHYCOUAAJIbHOIO CUTHAJIA.

6. Juddepenmmarop nHa OY

Cobepute cxemy auddepenimaropa.

C reHeparopa Ha BXOJ CXEMbl MOJANUTE CHUIHAJ TPEYroJbHOU (HOPMBI
amruatynoit (1+2) B. Hacrory B npenenax (0+5) k' mogdepute TakuM 00pazom,
yTOOBl HA BBIXOJE OBUI CHUTHA MPUOIUZUTEIBHO MPSIMOYTOJBHOU (hOPMBI.
3adukcupyiiTe CKpUHIIOTOM. PaccumTaiiTe CKOPOCTh HM3MEHEHUS BXOJHOTO
HanpspkeHus. [lo HaliileHHOMY 3HAYEHUI0O W 3aJaHHBIM MapaMeTpaM CXEMbl
paccuMTaiTe aMIUIMTYJy BBIXOJHOTO HampspbkeHus (popMyna TpuBeAcHa B
TeopeTudeckoi yactu). [lo ocuumiorpaMMe OonpeAeuTe aMIUIMTYy BBIXOJTHOTO
HanpsbkeHusi. CpaBHUTE U3MEPEHHOE 3HAUYCHHE C PACUETHBIM.

YBenuubTe YacTOTy TeHepaTopa BaBoe. IloBropuTe wu3MepeHuss u
BbluncieHns. CpaBHUTE OCHMIJIOTPAMMY C UCXOHOM.

BoccranoBute — HauyajgpHYIO ~— 4acTOTy  IeHeparopa, a  BEJIMYHUHY
COTPOTHUBJICHUS B IIEMU 0OpaTHOW CBS3M yBeNIMUbTE BABOE. [loBTOpUTE M3MEepeHUs
Y BblunciieHUs. CpaBHUTE OCHMILIOTPAMMY C UCXOJHOM.



BoccranoBute mepBoHauadbHOE 3HAUYCHHUE COMPOTHBIICHUS, BEIUYHHY
E€MKOCTH KOHJEHCaTopa yBelnuybTe BABOE. [[0BTOpUTE M3MEpEHUST M BBIUMCIICHUSI.
CpaBHUTE OCIIMILIOTPAMMY C HCXOIHOM.

JIis TepBOHAYaNbHBIX MApaMeTPOB CXEMBI OMNPEICIUTE YacTOTy cpes3a
nuddepennraropa kak GuIbTpa BICOKHX 4yacToT (OPBY).

VYBenuuuBaiTe 4acToTy A0 TeX MOp, Mmoka ¢opMa BBIXOJHOTO CHTHAaja HE
CTaHeT MPHUOJIM3UTEIBHO TOX0Xa Ha (GopMy BXOJIHOTO (CTaHET TpeyroipHOW). Ha
3TOH yactore audQepeHnuaTop TepseT CBOM CBOWCTBA IO OTHOLICHUIO K
TPEYrOJIbHOMY CHUTHATYy (BCE€ WJIM TOYTH BCE KOMIIOHEHTHI CHTHAJIA TOIMAAl0T B
noJsiocy nponyckanust ®BY).

BoccranoBute nepBoHavyalbHBIEC MapaMETPbl CXEMbl M BXOJIHOTO CHUTHAaJA.
VYcraHoBuTe MNpsSMOYroJibHYH0 (¢GopMmy BXOAHOTO curHana. IlponaGmronaiite
ocluyiorpamMmy Ha Bbixozie nuddepenmuaropa. [Iponenaiite To ke camoe Jyis
CHHYCOHJIaJIbHOTO CUTHAJIA.

IpakTuyeckue 3ansatus (9/  4yac.)

IIpakTuyeckoe 3anaTHe Nel. AHaau3  NPOCTBIX  CXeM Ha
MOJIYNIPOBOTHHKOBBIX IM0AAX Pa3iMyHOro HasHaveHusi(1l / wJac.)

1. Cxembl genutesneit ¢ NpUMEHEHUEM JTUOA0B, CTAOMIUTPOHOB B PA3IUYHBIX
BKJIFOUCHHAX.

2. OTHOMIONYNEPUOAHBIA W ABYXMOJYNEPUOJHBIA  BBIIPAMUTEIN  HA
Ka4€CTBEHHOM YPOBHE

3. OrpaHnuuTeNn Ha TU0ax. Pa3IMuHbIe CXEMBI.

4, TlapamienbHOE M TIOCJIEIOBATEIBPHOE BKIIFOYEHHUE JIHOJIOB, CBETOJIHMOIOB.

Pacuet nmuranusa u KIIJI cxeM Ha cBeToMo1aX (CBETOAMOIHOM JICHTHI).

IIpakTuueckoe 3ansaTue Ne2. IIpocreiimuii yCHJIUTEb HA TPAH3UCTOPE
0e3 neneii cmemenns (1_/  4ac.)

1. Yeunutenb MOCTOSHHOTO TOKa Ha TPAH3UCTOPE IO CXEMe C O0IuM
sMUTTEPOM (0€3 pa3fenuTeNbHbIX e€MKocTed W uened cmenieHus). OCHOBHbIE
BBIpQXEHUS, AaMIUIMTyJHAas XapakTepucTuka (Bxon-Beixoxa). Kackan Ha

TPAH3UCTOPE KAK HHBEPTOP U KaK JIEKTPOHHBIN KIIIOY.



2. [Ipocreiimmii yCUIUTENNb HU3KOW YaCTOTHI (€CTh pa3/ieIUTeIbHbIe EMKOCTH,
HO HeT 1meneil cmerieHus). Ilokazare Buj BeIXOAHOTO cuTHana. HeobOxomumas
MOAU(UKALMS CXEMbI, YTOOBI YCUIIUTENh KOPPEKTHO 3apaboTall: CTajl YCUIIUBAThH
00€ MOJIYBOJHBI BXOJHOTO CUTHAJIA.

3. Yeunurens ¢ nensiMu cMeleHus. By HanpskeHUil B pa3iuyHbIX TOYKaX
(10 BXOJIHOHM pa3ienuTelbHOM €MKOCTH, Ha 0a3e TpaH3UCTOpa, Ha KOJJIEKTOPE

TPaH3UCTOPA, ITOCJIE BBIXOIHOM Pa3ACIUTEIbHON EMKOCTH).

IIpakTnueckoe 3anaTue Ne3d. CnocoObl 3aJaHHMsl peKUMa pPadOThI
YCHJIMTEJIbHBIX 3JieMeHTOB (1 /  w4ac.)

1. CmocoObl  3aaHusl  LENed CMEIIEHUsT OWIONSPHBIX TPAH3UCTOPOB!
(UKCUPOBAaHHBIA TOK 0a3bl, (PUKCUPOBAHHBIM TOK Oa3bl (CTAOMIM3UPOBAHHAS
cxema), GUKCUPOBAHHBIN MTOTEHIIUAI 0a3bl.

2. [IpnOnu3uTenbHbIE pacyeTHbIE COOTHOLIEHMs BO Bcex ciiydasx. [Ipumepsl
pacyeTa CONPOTUBIICHUN 10 33JJaHHBIM TOKAM H JIp. TapaMeTpam.

3. Cnoco0 3afaHusl aBTOMATUYECKOTO CMEUIEHMs Ul JIaMIl M IOJIEBBIX
TpaH3ucTopoB. HezaBucumoe cmernieHue.

4. T"'paHuIIbl MPUMEHUMOCTH KaXKI0TO U3 CIIOCOOOB.

IIpakTuueckoe 3ansaTue Ned.Oo0patHasi cBsa3b B yeusaurenasix (1 / uac.)

1. [Tonsitue 0OpaTHOM CBSI3M B YCWIMTENSAX. BbIpakeHuwe s pacyeTa
Kod(pdulIeHTa YCUICHUS C LIETTbI0 0OpAaTHON CBSI3H.

2. [IpaBuna ompenenenuss Buga oOpaTtHOi cBsizu. [lpocteitmme mpumeps
oTpeeNieHus Buaa 00paTHON CBS3H.

3.Kak Biuser Tum oOOpaTHOM CBA3M HA pa3jIMYHbIE TapameTpbl
YCUJIUTENBHOTO Kackana (KO3(pGUIMEHT YCWICHHS 0 HaNpsHKEHUIO, BXOJIHOE U

BBIXOJHOC COHpOTI/IBHeHI/Iﬂ).

IIpakTnueckoe 3ansaTue NeS. IlpyHiuun padéoThbl yCHIUTEIbHOT0 KACKaAa

(1_/_ 4ac.)



1. Ilpunuun paboThl YCHIUTEIBHOTO KacKaa.

2. [loctpoenne paboueld TOUKH HAa BXOJHBIX U BbIXOAHBIX BAX. YpaBHeHus
JJISI BXOJHOM U BBIXOJHOM IIETICH.

3. Crartuyeckasi ¥ IMHAMUYeCKas JIMHUU Harpy3Ku.

4. HenuHelHbIE UCKAKEHUS.

IIpakTuyeckoe 3ansitue Ne6. BiiusiHe HOMHHAJIOB 3JIEMEHTOB CXeMbl HA
napaMeTpsbl yCWJInTeJabHOro kackaaa (1 /  wyac.)

1. Pemienue 3a1a4: ONPEIECITICHUE k03P duULreHTOB YCUJICHUS
MHOT'OKaCKaJIHbIX CXEM C 3aJaHHBIMU [MapaMeTpaMu 0OpaTHOM CBSI3H.

2. BnustHue conpoTUBIEHUN U eMKOCTEH Ha MOJIOKEHUE paboyelt TOUKU U Ha
HalpspKeHUE  HACBIEHHMS (MAKCUMaJbHOE  HAMpSHKEHHE, KOTOPOE  MOKHO
MOJIYYUTh Ha BBIXOJI€ YCUIIMTEIIS).

3. Onpez[eneHHe THIIA 06paTHOﬁ CBSI3HU B 00JIee CIIOKHBIX Clydasx.

IIpakTuyeckoe 3ansiTue  Ne/.  AJropurM  pacuyera  Kackajaa
NpeABAPUTETLHOI0 YCHJIEHHS HA OUMOJsIpHOM Tpan3uctope (1 /  w4ac.)

1. Anroputm pacueTa Kackajia MpeaBapUTEIILHOTO YCUIICHHUS.

2. OnpenenenneRk, 3aganne HAMPSHKEHUS MUTAHUS U BBIOOp paboyeit TOUKH.

3. OmpenenenneR>.  Omnpenenenne  koddduimeHTa  TEMIEPaTypHOI
crabmim3anuuu, HaxoxaeHueRO, namee R1, R2.

4. OnpeneneHue eMKOCTEN KOHIEHCATOPOB sl obecriedeHust MH.

5. I[IpoBepka3HaueHust MB Ha BEpXHEH YaCTOTE YCUIICHHUS.

6. Onpenenenne K03PGUIMEHTOB YCUICHHUS.

7. ITocTpoeHME TMHUN HATPY3KH.

8. [IpuMepHBIii TOPATOK BCEX HOMHHAJIOB B MPAKTHUYECKUX CXEMax

YCHHHTeHeﬁ Ha MaJIOMOIIIHBIX BEICOKOYACTOTHBIX TPAaH3HUCTOPax.

IIpakTnueckoe 3ansaTue Ne8. Biausinue 3/ieMeHTOB CXeMbl HA YaCTOTHbIE

U JUHAMUYECKHE XapaKkTepucTuku kackaaa (1 /  uyac.)



1. Peuienue 3a1a4 Ha ONpeACIICHUE TUIOIIAA YCUICHUS.

2. Bua 3aBucumoct MH, MB OT pa3jiMYHBIX COMPOTUBJICHUH, E€MKOCTEH,
WHIYKTUBHOCTH TpaHchopMaTopa u mp.

3. Kak w3Mmensercs ¢opma wuMOydbca TMNPU WU3MEHCHUH Pa3IMYHBIX
MapaMETPOB CXEMBI.

4. Pemmenue 3aJa4 Ha I[I/IHaMI/IIIeCKI/Iﬁ AWaIra3oH YCHUIIUTCIIA.

IIpakTuyeckoe 3ansaTue Ne9. VYcewaureab HU3ZKOH 4YacToThl Ha
ONepanuoOHHOM YCHWJIUTEJIE C OJHONOISIPHBIM nuTanueM (1 /  4ac.)

1. Iuranue ycunutens Ha OY OT 0JIHOTO0 UCTOYHUKA (OJTHOTIOJISPHOE).

2. Pacuer uerneii cMeleHus.

3. Pacuet conpoTuBieHni, 3aAar0MMX KOIPPHUIIUCHT yCUIICHUS.

Onpenenenue HEOOXOIUMBIX €MKOCTEH KOHIAEHCATOPOB JJIsi 00eCIeueHUs
K03 dulIeHTa YaCTOTHBIX CKaKEeHU MH Ha HIDKHEH 4acTOTE YCUJICHHUS.



I1l. YYEBHO-METOAMYECKOE OBECIIEYEHHUE
CAMOCTOSATEJBHOMN PABOTHI OBYUAIOIIUXCSI

VY4eOHO-METOANYECKOE oOecrnieueHue CaMOCTOSATEJIbHON paboThI
oOyJarouuxcs Mo JUCHUILINHE «DJIEKTPOHHBIE U3MEPEHUSI B HAHOTEXHOJIOTHUSIX U
HAHOAJICKTPOHUKE» MpezAcTaBiieHo B [Ipunoxennn 1 u BkiIrodaer B ceOst:

IUTaH-TPa(UK BBINOJIHEHUS CaMOCTOSITEILHOW padOThl O AUCUUIUIMHE, B TOM
YUCIIE IPUMEPHBIE HOPMbI BPEMEHU Ha BBIITOJIHEHUE 10 KAXKIOMY 3aJJaHHUIO;

XapaKkTepUCTUKa 3a/JlaHui JJI1 CaMOCTOSITENIbHOM paboThl 0Oydaromuxcs M
METOANYECKUE PEKOMEHIALIMU 110 UX BBIIIOJIHEHUIO;

TpeOOBaHUS K  MPEACTAaBICHUI0O U OQOPMIIEHMIO  PE3YJIbTAaTOB
CaMOCTOSITENIbHON paboThI;

KPUTEPHUH OLICHKHU BBINOJHEHUSI CAMOCTOSITEIbHON PaOOTHI.

IV. KOHTPOJIb JOCTUXXEHUS LIEJENA KYPCA

Ne KoHnTtposmpyemsie Koasl 1 3Tansl OueHoyHble cpeacTBa
n/n pasjeiibl / TeMbI (bopMHPOBAHNSA | Tekymmii KOHTPOJIb | IPOMEKYTOYH
JAUCUMIITUHBI KOMIIeTeH Ui ast aTTecTalus
1 Tema 1. CoBpemenHoe [1K-16, | 3Haer JlabopaTopHas 9K3aMEH,
COCTOSIHME OTpaciu [1K-22 pabora (ITP-6) BOMPOCHI 1-3
HAHOTEXHOJIOT U, CobecenmoBanune
MIEPCIIEKTUBBI Pa3BUTHS. (YO-1)
KomnoneHTsI yMeeT JlaGoparopHas DK3aMe€H,
MHTErPAIBHBIX pab6ora (ITP-6) 3a/1aHue,
MHKPOCXEM Tur 1
CobecenoBanue
(YO-1)
Biajaeer | JlabopaTopHas 9K3aMeEH,
pabora (ITP-6) 3aJlaHue,
Tum 1
CobecenoBanue
(YO-1)

2 | Tema 2. CpexactBa [1K-16, | 3Haer JlaGoparopHas 9K3aMeEH,
U3MepeHui [K-22 pabora (ITP-6) BOIIPOCHI 4-6
JIEKTPUUECKUX BEIUYNH CobecenoBanue

(YO-1)
yMeeT JlaGoparopHas 9K3aMeH,
pabora (ITP-6) 3ajJlaHue,
THI 2
CoOecenoBanue
(YO-1)




BJIAJIEET

JlabGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJlaHue,
THUII 2

CobecenoBanune
(YO-1)

Tema 3.
DJICKTPOMEXaHHYECKUE
M3MEpUTENbHBIE TPUOOPHI
MPSIMOTO JCHCTBUS

[1K-22

3HaACT

[IpakTueckoe
3aHSATHE

9K3aMEH,
BOIPOCHI 7-9
CobecenoBanue

(YO-1)

yMeeT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3a7aHue,

THII 3
Co0OecenoBanue
(YO-1)

BJI1aaCCT

JlaGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJaHue,
THII 3

CoOecenoBanue
(YO-1)

Tema 4. LHudpossie u
3JIEKTPOHHbBIE
U3MEpUTENbHbIE PUOOPHI
U ipeoOpa3oBaTenu

[1K-16,
I1K-22

3HACT

JlabopaTopHas
pa6ora (I1P-6)

9K3aMEH,
Borpockl 10-12
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pa6ora (ITP-6)

9K3aMe€H,
3a7aHue,

THI 4
CobecenoBanune

(VO-1)

BJIagcecT

JlabopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

Tun 4
CobecenoBanue
(YO-1)

Tema 5. Cpencrsa
BHU3YyaJbHOTO
0TOoOpaXkeHUsl, BEIBOAA U
perucTpanus pe3yinbTaToB
U3MEPEHUN

I1K-16,
[1K-22

3HaACT

JlaGoparopHas
pabora (TTP-6)

DK3aMEH,
Bonpocsl 13-15
CobecenoBanue
(YO-1)

yMeeT

JlaGoparopHas
pa6ora (TTP-6)

9K3aMeH,
3a7aHue,

THN 5
CoOecenoBanue

(VO-1)

BJIagcCT

JlaGoparopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THI 5
CobecenoBanue
(YO-1)

Tema 6. U3mepenue
OCHOBHBIX JIEKTPUYECKUX
BEJINYNH Ha IIOCTOSIHHOM
TOKE

[1K-16,
I1K-22

3HACT

[IpakTueckoe
3aHATHE

9K3aMeH,
Bompockl 16-19
CoOecenoBanue
(YO-1)




yMeeT

JlabGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJlaHue,
TUII 6

CobecenoBanune
(YO-1)

BJIaACCT

JlaGoparopHas
pa6ora (ITP-6)

JK3aMeEH,
3a7aHue,

THII 6
Co0OecenoBanue
(YO-1)

Tema 7. U3mepeHue
JUHAMHUYCCKUX
ANEKTPUUYECKUX BETUUHH
Ha MePEMEHHOM TOKE B
Pa3IMYHBIX JUana30Hax
4acToT

I1K-16,
[1K-22

3HACT

JlabGopaTopHas
pa6ora (ITP-6)

JK3aMeH,
Bornpockl 20-23
Co0OecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pabora (ITP-6)

9K3aMEH,
3aJ1aHNE,
THI 7

CoOecenoBanue
(YO-1)

BJIagCcCT

JlaboparopHas
pa6ora (I1P-6)

9K3aMeEH,
3aJaHue,

THI 7
CobecenoBanue
(YO-1)

N3mepurenbHbie
reHEepaTOpbl CUTHAJIOB

[1K-16,
I1K-22

3HACT

JlaboparopHas
pa6ora (I1P-6)

9K3aMEH,
BOIIPOCHI 24-27
CobecenoBanue
(YO-1)

yMeeT

JlaboparopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THI 8
CobecenoBanue
(YO-1)

BIaJieeT

JlaGoparopHas
pabora (TTP-6)

9K3aMeH,
3a7aHue,

THII 8
CobecenmoBanune

(VO-1)

VYcuiieHue curtana.

OcHoBHBIC OIIPCACIICHUA.

VceunnTensHBIN KacKas

I1K-16,
[1K-22

3HACT

JlaboparopHas
pabora (ITP-6)

IK3aMEH,
BONpOCHI 28-31
CoOecenoBanue
(YO-1)

yMeeT

JlaGoparopHas
pabora (ITP-6)

JK3aMeH,
3a7aHue,

THI 9
CobecenoBanue
(YO-1)

BJIAJIEET

JlaGoparopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THI 9
CobecenoBanue
(YO-1)
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YcunurensHble KacKa bl
Ha OUTIOJISPHBIX
TPaH3UCTOpaX.
Yceunurenu HU3KoU
4aCTOTHI

I1K-16,
[1K-22

3HACT

JlabGopaTopHas
pabora (ITP-6)

9K3aMeH,
Bompockl 32-35
Co0OecenoBanue
(YO-1)

yMmeeT

JlaGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJlaHue,
Trm 10

CobecenoBanune
(YO-1)

BJIaACCT

JlaboparopHas
pa6ora (ITP-6)

9K3aMeEH,
3a7aHue,

Tum 10
Co0OecenoBanue
(YO-1)

11

OIHOTAKTHBIN BBEIXOJHOHU
Kackal. J{ByXTaKkTHBIN
BBIXOJHOM KacKaJl

[1K-16,
[1K-22

3HacCT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeH,
BOMpocH 36-39
CobecenoBanue
(YO-1)

yMeeT

JlaGopaTopHas
pa6ora (ITP-6)

9K3aMe€H,
3aJaHue,
Tam 11

CoOecenoBanue
(YO-1)

BJI1aacCCT

JlaGopaTopHas
pa6ora (ITP-6)

9K3aMe€H,
3a7aHue,

T 11
CobecenoBanune

(VO-1)

12

Yceunutenu mocTOTHHOTO
ToKa. OnepanuoHHbIE
YCUITUTENH

I1K-16,
I1K-22

3HACT

JlabopaTopHas
pabora (ITP-6)

9K3aMEH,
Bornpockl 40-43
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pabora (ITP-6)

JK3aMEH,
3a7aHue,

THno 12
CobecenoBanue
(YO-1)

BIajJieeT

JlaGoparopHas
pa6ora (TTP-6)

9K3aMeH,
3a7aHue,

I 12
CoOecenoBanue

(VO-1)

13

IIpocreiimme renepaTopsl

I1K-16,
I1K-22

3HaACT

JlaGoparopHas
pabora (ITP-6)

9K3aMEH,
BONpockl 44-47
CoOecenoBanue
(YVO-1)

yMeeT

JlaGoparopHas
pabora (TTP-6)

JK3aMe€H,
3a7aHue,

tum 13-14
CoOecenoBanue
(YVO-1)




Biajgeer | JlabopaTopHas 9K3aMeH,
pabora (ITP-6) 3aJlaHue,
tun 13-14
CobecenoBanne
(YO-1)
Tumosrle KOHTPOJIBHEBIE 3aJIaHUs, METOJNYECKUE MaTepHallbl,

OTIpEEIISIONINE MPOIEAYPhl OICHUBAHUSA 3HAHUM, YMEHUW U HABBIKOB M (WJIM)

OIIbITa ACATCIBHOCTHU, ad TaAKXKC KPHTCpUMU H II0OKA3aTCIIH, H€06XOI[I/IMBIC JJIA

OLICHKHM 3HaHHWM, YMEHHM, HABBIKOB U XapaKTEPHU3YIOIIME 3Tarbl (POPMUPOBAHUS

KOMHCTGHHI/Iﬁ B IIpoHecce OCBOCHUA

npeacrasiieHsl B [Ipunoxennn 2.

oOpa3oBarenbHOI

IPOTPamMMBl,




V. CHUCOK YYEBHOM JIUTEPATYPbI © TH®OPMAIMOHHO-
METOIUYECKOE OBECIIEYEHHUE JUCHUIIJINHBI

OcHoBHas JuTeparypa
(onexmponnvie u neuammvie uz0anus)

1. Adonckuit A.A. DNEKTpOHHBIE H3MEPEHHS B HAHOTEXHOJOTHSIX U B
MUKPO3JIEKTPOHUKE [DneKTpoHHBINH pecypc] / Adouckuii A.A., pskonos B.I1. —
DnexTpoH. TekcToBble AaHHbIe. — CapatoB: [IpodobpazoBanme, 2017. — 688 C. —
Pexxum moctyna: http://www.iprbookshop.ru/63585.html — 3BC «IPRbooks».
2. Adonckuii A.A. M3sMmeputenbHble TpUOOPHl M MACCOBBIE 3JIECKTPOHHBIC
u3MepeHust [OnekTpoHHbii pecypc]/ Adouckuit A.A., JpsxkonoB B.II. —
OnekTpoH. TekcToBbie AanHbie. — M.: COJIOH-ITPECC, 2009. — 541 c. — Pexum
nocryma: http://www.iprbookshop.ru/8696.html — 95C «IPRbooksy.
3. Turue, VY. IlonynpoBoaHukoBas cxemoTexHuka. Tom | [DiaeKTpoHHBIN
pecypc] /Y. Tutne, K. llenk. — Dnexrpon. naH. — Mocksa : JIMK Ilpecc, 2009. —
832 c. — Pexxum nmocryna: https://e.lanbook.com/book/915.
4. Twurue, Y. IlonynpoBoanukoBas cxeMoTexHuka. Tom Il [DnexrpoHHBIN
pecypc] /Y. Tutne, K. llenk. — DnexrpoH. naH. — Mocksa : JIMK Ilpecc, 2009. —
942 c. — Pexxum nocrtyma: https://e.lanbook.com/book/916.
5. Merponoruss [DNEKTPOHHBIA  pecypc]: METOAMYECKHE  yKa3aHus K
BBITIOJIHEHUIO J1abopatopHbix pabor Ne 1, 2, 3 mo kypcy «Merposorus,
CTaHJapTU3aIus U cepTU(UKAIUS B CTPOUTEIBCTBE» ISl CTYJEHTOB OYHOW WU
Oo4HO-320uHOM (popM oOydeHus HampapieHus 270800.62 «CtpouTenbcTBO»/ —
ONEeKTpOH. TEKCTOBble JaHHble.— Jlumenk: JlMmeukuii rocyaapCTBEHHBIM
texuudyeckuit yHuBepcuter, ObC ACB, 2014.— 23 c. — Pexum pocryna:
http://www.iprbookshop.ru/55112.html

JlonoTHUTEIbHAA JTUTEpPATypa

(neuammwie u snexmporHHbIe U30aHUs)

1. Myxaaun JLI. CxemMOTeXxHUKA M3MEPUTENBHBIX YCTPOUCTB. YueOHOe
nocobue [DJIEeKTPOHHBIM pecypc] : yued. mocobue — DnekTpoH. aaH. — CaHKT-
[lerepoypr : Jlamp, 2009. — 288 c¢c. — Pexum  nmocrymna:
https://e.lanbook.com/book/275.

2. Acraiikua A.M. Metpomorus u paaupou3sMepeHusi [IJIEKTpOHHBIN pecypc]:
yaeOHoe nmocooue / Actaiikua A.U., [TomazkoB A.Il., [llep6ak FO.I1. — DnexTpoH.
TekcToBble naHHble. — CapoB: Poccuiickmii ¢enepanbHbIil SAEPHBIA LEHTP —
BHUNDO, 2010. — 405 C. — Pexxum JOCTYyTIA:
http://www.iprbookshop.ru/18440.html — 3BC «IPRbooks».
http://lib.dvfu.ru:8080/lib/item?id=chamo:385119&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:672017&theme=FEFU

3.  Merponorusa. Cranmaptuzanus. Ceprudukanusa: yueonuk / A.I' Ceprees,
B.B. Tepereps. — M.: U3natensctBo FOpaitt; U/ FOpaiit, 2014. — 838 c.



http://www.iprbookshop.ru/63585.html
http://www.iprbookshop.ru/8696.html
https://e.lanbook.com/book/915
https://e.lanbook.com/book/916
http://www.iprbookshop.ru/55112.html
https://e.lanbook.com/book/275
http://www.iprbookshop.ru/18440.html
http://lib.dvfu.ru:8080/lib/item?id=chamo:385119&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:672017&theme=FEFU

http://lib.dvfu.ru:8080/lib/item?id=chamo:742070&theme=FEFU

4. Mertposorusi, craHgapTu3auus, cepTudUKanus U 3IEKTPOU3MEpUTENbHAs
texHuka: YueoHnoe nocodue / K.K. Kum, I'.H. Aaucumos, B.}O. bap6aposuu, b.4.
JlutBunoB.— CII0.: ITutep, 2010. — 368 c.
http://lib.dvfu.ru:8080/lib/item?id=chamo:276568&theme=FEFU

5. BoneroB A.C. DieKTpOHHBIE CPEICTBa U3MEPEHUN JIEKTPUUECKUX BEIHMYUH
[DnekTpoHHBIN pecypc]: yueOHoe mocobue / BomeroB A.C., Hesnaxun /[I.C.,
CrenanoBa E.A. — DnekTpoH. TEKCTOBbIE JNaHHblEe. — ExarepunOypr: Ypanbckuid

benepanbubiii  yHuBepcuteT, 2014, — 104 c¢. — Pexum jgoctyma:
http://www.iprbookshop.ru/66229.html — 35C «IPRbooks».

HOpMaTl/IBHO-HpaBOBbIe HAOKYMEHTBI

1. 3akon Poccuiickoit @eneparuu «O0 oOecrieyeHUU €IMHCTBA U3MEPEHUIN OT
26 mronst 2008 r., Ne 102-D3.

2. PMI 29-99. I'CH. Metpomnorus. OCHOBHbIE TEPMHUHBI U OTIPEICICHHUSI.

3. MU 2222-92. I'CHU. Buns uzmepenuit. Knaccudukarms.

4. TOCT 8.417-02. I'CH. EnuHuiibl BETUYHH.

5. TOCT 8.401-80. I'CH. Knaccbl TOYHOCTH CPEJICTB U3MEPCHHIA.

6. TOCT P 8.563-96. T'ocymapcTBeHHass cucTeMa OOECICUCHUS CIMHCTBA
U3MepeHnd. MEeTOOMKY BBIIOJIHEHUS U3MEPEHUN.

Ilepeyenb HHPOPMALMOHHBIX TEXHOJIOTHH
U POrPaMMHOI0 o0ecreYeHnst
[Tpu ocymecTBaeHNH 00pa30BaTENLHOTO MpoLEecca MO JAUCLUUIUIMHE MOXKET
UCIIOJIB30BAaThCA  CTAaHAAPTHOE MPOTrpaMMHOE O0ECHEYeHHEe KOMIIBIOTEPHBIX

yuebHbIx ki1accoB (Windows, Microsoft Office).

VI.METOANYECKUE YKA3AHUSA 10O OCBOEHHUIO JUCHUITJINHBI
B mpouecce oOydeHusi CTYIEHT AOJDKEH HE TOJBKO OCBOUTH YYEOHYIO

nporpaMMy, HO W TPUHOOPECTH HABBIKM CaMOCTOSTENbHON paboTel. CTymeHT
JOJDKEH yMETh IUJIaHUPOBaTh M BBINOJHATH CBOIO paboOTy. YAenbHBIA Bec
CaMOCTOATENLHON pabOoThl 00BIYHO cocTaBisieT 1o BpemeHu 30% oOT Bcero
BPEMEHU M3y4aeMOro IHKJIa. DTO OTPAKEHO B Y4YEOHBIX IJIaHAX U rpadukax
yu4eOHOro mpoiecca, ¢ KOTOPHIMH KaKIblii CTYIEHT MOXKET O3HAKOMHUTBCS Y
npernoaaBaTess AUCIUILTNHBI WK Ha Kadeape.

['maBHOe B mepuoa 0O0y4deHHs] CBOEH CHEIUAJIbHOCTH — 3TO HAYUYHUTHCA

MCTOJaM CaMOCTOATCIBHOTIO YMCTBCHHOT'O TpYyJd, CO3HATCIIBHO pa3sBUBATL CBOU


http://lib.dvfu.ru:8080/lib/item?id=chamo:742070&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:276568&theme=FEFU
http://www.iprbookshop.ru/66229.html

TBOPYECKHE CIOCOOHOCTH W OBJIAJ€BaTh HAaBBIKAMU TBOpPUYECKOW paboThl. Jlims
ATOTO HEOOXOUMO CTPOTO COOJIOIATh TUCITUTIIINHY Y9€Obl U TIOBEICHMUS.

Kaxomy cTyneHTy clelyeT COCTaBISITh €XKEHEACNbHbIH M CEeMECTPOBBI
IJIaHBl PabOTHI, a TaKXKe TUTAH Ha Kaxabld padouuit aeHb. C Beuepa Bcerja Hajo
pacnpenenarb paboTy Ha Cleaylomuid JeHb. B KOHIlE KaXaoro JHs
1eJeCO00pa3HO TMOABOJIUTh UTOT palOThl: THIATENIbHO NPOBEPUTH, BCE JIU
BBITIOJTHEHO TI0 HAMEUYEHHOMY IUIaHy, HE ObUIO JIM KaKUX-JIHMOO OTCTYIUICHUH, a
ecnu ObUTM, MO KakoW NpHYMHE HTO Tmpousonuio. HyKHO oOcCylecTBIsATh
CaMOKOHTPOJIb, KOTOPBIM SIBISETCS HEOOXOIUMBIM YCIOBHEM KaK YCIEUIHOMN
y4eObl, TaK U mocleaytomed paboTel. Ecaum 4To-TO OCTanoCh HEBBINOJIHEHHBIM,
HE0OXOMMO M3BICKATh BpeMsl JUIsl 3aBEPIUICHUS 3TON 4acTH paboThl, HE yMEHBIIIas
o0beMa HeIeIBbHOTO TIJIaHa.

Opranuzanus AesTeIbHOCTU CTYACHTA.

Jlexyus. Hanrcanue KOHCIIEKTA JIEKIUN: KPATKO, CXEMATUYHO, MOCIEA0BATEIBHO
(UKCUpPOBATh OCHOBHBIE TOJOKEHHS, BBIBOJABI, (OPMYIUPOBKH, OOOOILEHHUS;
MIOMEYaTh BaXKHBIE MBICIIH, BBIIEIATH KIIIOUEBBIE CIIOBA, TepMHUHBL. [IpoBepka
TEPMHUHOB, TOHSATHI TMPOU3BOJIUTCS C MOMOIIBI SHIMKIONEAUN, CIIOBapeH,
CIIPAaBOYHHUKOB C BBIMHMCHIBAHUEM TOJKOBaHWM B TeTpaab. HeoOxomumo
0003HAYUTh BOMPOCH, TEPMHUHBI, MaTEpPHaJl, KOTOPHIA BBI3BIBAECT TPYIHOCTH,
MOMETUTh U TOMNBITAThCSI HANUTH OTBET B PEKOMEHJyeMoW uTepaTtype. ToybKo
€CJIM CaMOCTOATENIbHO HE YyJaeTcsi pa3o0paThCsi B MaTepuayie, HEOO0XOIUMO
chopMynHpoBaTh BOMPOC U 3aJaTh TMPENOAaBaTeNIl0 Ha KOHCYJbTAllMU, Ha
MPaKTUYECKUX padoTax.

Marepuan jexiuid HE0OXOIUMO 3aKpEIUIsTh CaMOCTOATENIsHO. B mepByto
ouepeqlb, Ha CIEAYIOIUM JeHb HEO0OXOAMMO eIlle pa3 MpopadoTaTh Marepuas
nekiuu. [IpakTruka Nokas3bIBaeT, YTO €CJIM HE CAENaTh 3TOr0 B TEUEHUE JBYX-TPEX
nHEeW, To OojbImas yacTh Marepuana 3al0yzaercs. B nmampHeiimeM mporecc
3a0bIBaHUsI MJAET N0 OHKCroHeHTe. [lpum wu3ydeHuM Matepuasia o0s3aTelbHO
WCITIOJIb30BAaHUE YUYEOHWKOB M JIPYTUX MaTepHAIOB Mo auciunianHe. Heobxonumo

HAUTU KOHTPOJIBHBIE BOIPOCHI MO COOTBETCTBYIOIIEH TE€ME, OTBETUTh HA HUX. B



cllydae €cClM IO TeMe €CTh 3aJaud, TO MX HEOOXOJUMO PEIIUTh U CBEPUTH C
paBUIbHBIMM BapuaHTaMU OTBETOB (MpH Haiuuyuu). B cioyyae 3arpyaHeHUi
HEOOXO0JMMO ITPOKOHCYJIBTUPOBATHCS Y MPENOIaBATENS.

Bo Bcex pa3nmMuHBIX CUTyalUsX, TPUBOISAIIUX K OIIMOOYHBIM JIEHCTBUSM,
HEKOPPEKTHBIM BBIBOJAAM W/WJIM OTBETaM HEOOXOAMMO MPOaHAIU3UPOBAThH
OpUYUHBI, TpuBeaIMre K omuOkaMm. Pabora Hax ommOKaMu SBISETCS OJHUM U3
YCJIIOBUM TIPOLIECCAa COBEPLICHCTBOBAHMWS 3HAHUM M HABBIKOB, a CIIEOBATEIBHO,

yCHenHon yueObl 1 paboThl.

VIl.  MATEPUAJBHO-TEXHUYECKOE OBECIEYEHUE
JUCHUTUIMHBI
I[JI)I HpOBeI[eHI/ISI I/ICCJICI[OBaHI/Iﬁ, CBJA3aHHBIX C BBIIIOJJHCHHUEM 3aJdaHH I1O

JTUCLIUIUIMHE, a TaKXe ISl OpraHu3alliid CaMOCTOSTEIbHOW padoThl CTyACHTaM
JIOCTYITHO J1abopaTopHOe OOOpyAOBaHHWE U CIEHHAIM3UPOBAHHBIC KaOWHETHI,
COOTBETCTBYIOIIME JACHCTBYIOIINUM CAaHUTAPHBIM M MPOTHUBOMOXKAPHBIM HOpMaMm, a
TaKke TPEOOBAaHUAM TEXHUKH 0€30TIaCHOCTH IPH MPOBEICHUH YUYeOHBIX U HAYIHO-

MIPOU3BOICTBEHHBIX PA0OOT.

HaumeHoBaHue

000py10BAHHBIX

nomMemenuii U mnomemenuii | [lepeyeHb 0CHOBHOrO 000py10BaHNSA

st CaMOoCTOSITeJIbHOIH

padoThl

CnennannsupoBaHHas [kad nns XxpaHeHHs] peaKTUBOB C 4 BBIIBUKHBIMU SLIUKaMU

nabopaTopust KadeIps JIAB-PRO 11IP45 50.50.195, mikad BbITSKHOU, paboyas

OHC: JIabopaTtopus MOBEPXHOCTH - kKepaMmorpanuT (B komiuiekte) JIAB-PRO IIIB

MIJIEHOYHBIX TEXHOJIOTHII. 180.8, mapTsl U CTYINbS

kopnyc L, ayn L444 KonmgecTBo 1mocajoqHbIX paboYMX MECT JJIsl CTYIEHTOB - 25

Yuranbubie 3a1b1 Hayunoit | Mono6iok HP ProOme 400 All-in-One 19,5 (1600x900), Core

6ubmnorexku IBOY ¢ 13-4150T, 4GB DDR3-1600 (1x4GB), 1TB HDD 7200 SATA,

OTKPBITBIM JOCTYIIOM K DVD+/-RW,GigEth,Wi-Fi,BT,usb kbd/mse,Win7Pro (64-

donay (kopmyc A - bit)+Win8.1Pro(64-bit),1-1-1 Wty

ypoBeHb 10) Cxkopoctb noctymna B Uateprer 500 MoOuTt/cek.
Pabouune mecta nis rofei ¢ OrpaHUYeHHBIMU BO3MOXKHOCTSIMU
3I0pOBbsl OCHAILIEHbl JAMCIUIEIMM W TpuHTepamu bpaiins;
000py/ZOBaHbl: TMOPTATUBHBIMU YCTPOMCTBAMHM JUIsl YTEHHS
IUIOCKONIEYATHBIX TEKCTOB, CKAaHUPYIOLUIMMH W YHUTAIOLIUMHU
MallMHAMU BUJECOYBEJICYUTENEM C BO3MOXHOCTBIO DPETYJISIUU
IIBETOBBIX CIIEKTPOB; YBEJINYMBAIOLUIMMHU JIEKTPOHHBIMU JTyllaMU
U yJIbTPa3BYKOBBIMU MapKUPOBIIMKAMU




JIekiMOHHBIE  3aHATHS TPOBOASATCS B CTAHAAPTHBIX  JICKIIMOHHBIX
aynutopusx JiabopatopHoro kopmyca (kopmyc L). JlabopaTopHbie pabOThl MOTYT
NPOBOJANUTHECS B JIA0OPATOPUHM  DJICKTPOTEXHUKH, OCHAIICHHOW CIETYIOIIUMU
BUJIaMA OOOPYJOBAaHUS: HWCTOYHWUKH THUTAHUS, TEHEPATOPHl CHHYCOUIATHHBIX
CUTHAJIOB, TEHEPAaTOphl CHUTHAJIOB MPOU3BOJBLHOW (OPMBI, OCIHILIOrpadHl,
BOJIbTMETPBI, amrepMmeTpel. COOpka H HCCIEAOBaHUE CXEM TaKkKe MOXKET
IIPOBOJNTHCS Ha MakeTHBIX miaTax creHnoB NI Elvis 11+ ot National Instruments,
YIPaBISIEMBIX C KOMIBIOTEpa IO YIPaBICHUEM OINEPANMOHHOW CHCTEMBI

Windows.
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IInan-rpa¢guk BHIMOJTHEHHUSA CAMOCTOATEIbHONH padOThI MO IMCHMILIMHE

Ne | lata/cpokn Bua camocTosiTeIbHOI padoThI IIpumepHsbie | Popma
1n/n | BbINOJHEHHUS HOPMBI KOHTPOJIs
BpeMeHHU Ha
BbINOJIHEHHE
1 1-6 nenenu [ToaroroBka k adboparopHoit padore Nel | 15 yac. 3amura
oTyeTa 1o
pabote
2 7-10 genenn [Toaroroska k ytaboparopHoit padore No2 | 16 yac. 3amura
oTYeTa 1Mo
pabore
3 11-14 wenenu | IlogroroBka k tabopatopHoit padote Ne3 | 16 wac. 3amura
oTyeTa 1o
pabore
4 15-18 nenenmu | I[oaroroBka k taboparopHoit padore Ne4 | 16 yac. 3amuTa
oTYeTa 1Mo
pabore
Hroro 63 gac.

XapakTepucTHKA 3aJaHUI VISl CAMOCTOSATEJILHON PadoThl 00y4aK0IINXCH U
METOAMYECKHUEe PEKOMEHIALMHU 10 UX BHINOJIHEHUIO

3a,Z[aHI/I$I U MCTOAUYCCKHC PCKOMCHIAIWMN IJIs CaMOCTOSITCIIbHOM pa6OTBI
00eCIIeYnBaroOT MMOATOTOBKY IPAKTUYCCKUM 3aHATHUAM. Nx momHoe COACPIKAaHHC
MNPpUBCACHO B IIPOTrpaMMC U MCTOINYCCKHUX YKAa3aHUAX. MGTO,Z[I/ILIGCKI/IC YKa3aHH:A K
MNPAKTHYCCKUM 3aHATHAM B JJICKTPOHHOM BHAC W IICYATHOM BHIC 6CPYTC5{ y

BEJIYLIETO MPENOoJaBaTeIs.

TpeOoBanus Kk npeAcTaBICHUIO U 0POPMJICHHIO Pe3yJIbTATOB
CaMOCTOAITEe/IbHON PadOThI

Pe3ynbTaThl camMOCTOSTENBHOM pabOThl OTPaXarTCd B KPaTKUX CBOJHBIX
MaTepuanax, e MPUBOAATCS pe3yibTaThl KaKIOTO W3 MPAKTUYECKHUX 3aHSATHUHU.
CBongHble  MaTepualibl MO  MPAKTUYECKUM  3aHATHSIM  MPEJAOCTaBISIOTCS
OpErnoAaBaTesllo B 3JIEKTPOHHOM BHJe (Tae HEOOXOAMMO KOMIBIOTEPHOE

MOJICTMPOBAHUE U TIOCTPOCHHE TPA(PHUKOB C TTOMOIIHIO BEIYUCIUTEIHHBIX CPEJICTB)




WIM THCHbMEHHOM BHJE (€Clid 3aHSATHE MPOBOIUTCA O€3 WCIOJIb30BaHUS
KOMITBIOTEPOB).

K mpencraBieHnio mMarepualioB MO pe3yibTaTaM TMPAKTHYSCKUX 3aHATHH
IPEIBABISIOTCS CIIEAYIOINE TPEOOBAHMS.

CTDVKTVDa KPaTKOI'O OTUCTA I10 PC3VJIbTATaM IMPAKTHUICCKOT'O 3aHATHA

Ecimu nnst maHHOTO 3aHATHS HEOOXOAMMO IPEIOCTaBUTh MaTEpHUalbl B
AJIEKTPOHHON (hopMe, TO OHM TMOATOTABIMBAIOTCS KAaK TEKCTOBBIC JTOKYMEHTHI B
penakTope MS Word.

Kpatkuii oTd4er mo pe3yabTraraM NPAKTUYCCKOTO 3aHATHSA JOHKCH OBIThH
0000IIaOIMUM JIOKYMEHTOM, BKJIIOYaTh BCIO HWH(OPMALUIO IO BBIOJIHEHUIO
3aJlaHdld, B TOM YHCIE TOCTPOCHHBIC JHAarpaMMbl, TaOJIUIIbI, PACUYETHI,
COMPOBOXKIasE HEOOXOIMMBIMU TOSCHEHUSAMH M WJUTIOCTPAIMSIMH, HAlpuUMeEp, B
BU/IE DKPAHHBIX (HOPM («CKPUHIIIOTOBY») U T.I.

CTpyKTypHO KpaTKUil OTYeT IO pe3yibTaTaM MPaKTUYECKOro 3aHSATHUS
OTIIMYACTCS OT OT4YeTa IO JIAOOpaTOpHOW pPaboTe B CTOPOHY YIpoImmeHHs (He
TpeOyeTcss HaMYue TUTYJIBHOTO JIMCTA, CIIUCKA JIUTEPATyphl U npuioxenus). OH
COCTOMT U3 CIEAYIOIINX YaCTEH:

e lcxonHble JaHHBIE K BBHITIOJIHEHUIO 3aJlaHUi — 00s13aTebHAss KOMIIOHEHTA
OTuYeTa, HAYMHAETCS C HOBOW CTpaHUIIBI, COACpKAT yKa3aHHE BapHaHTa, TEMY,
1J1aH paboThl U T.1.);

e OcCHOBHasl 4aCTh — MaTepUalibl BBITIOJIHCHUS 3aJIaHWUN, pa3OMBaETCS IO
pyOpuKaM, COOTBETCTBYIOIIUX 3aJaHUSM PabOThI, C UEPAPXUUYECKON CTPYKTYpOil:
pa3iesnsl — MOAPA3CIbl — ITYHKTHI — MOATYHKTBI U T.].

e BriBoabl — oOs3aTenbHasi KOMIIOHEHTA OTYETa, COACPKHUT 0000IIaroIme
BBIBOJIBI 110 paboTe (Kakue 3a7add PeIieHbl, OIEHKAa pPe3yJhTaTOB, YTO OCBOCHO

IIPU BBIMOJHEHUU paOOTHI);

Kpatkuii oTder mo pesysibTaTaM MPaKTHUECKOTO 3aHITHS O(QOPMIIIETCS O

npaBuiiaMm o(popMIIeHUsI MUCbMEHHBIX padoT crygeHTamu J[BOY.



Heo0Oxoaumo oOpaTuTh BHUMaHHE Ha CIEAYIOIIHUE aCMeKThl B 0(hOpMIECHUN
KPaTKUX OTYETOB:

e HaboOp TeKcTa (ecIM HEOOXOMM OTUET B DJIEKTPOHHOU popMme);

® CTPYKTypUpOBaHHE pabOTHI;

e oopmIIeHHE 3arojIOBKOB BCEX BHAOB (pyOpHUK-TIOAPYOPUK-ITYHKTOB-
MOJITYHKTOB, PUCYHKOB, TaOJUII, IPUIIOKECHUN );

¢ oQopMIIEHHE IEPEUUCIICHUN (CIIMCKOB C HyMepaluei Win MapKUpPOBKOK);

e odopmieHue Tabuil;

e odopmileHHE WIUTIOCTpaluii (rpaduku, pucyHkd, (ororpaduu, CXeMmbl,
«CKPHUHILIOTBD?);

e HaOop U opopMIIeHHE MATEMATUIECKUX BhIpakeHUH (hopmyn);

Ecnu Habop TekcTa OCYIIECTBISETCA HAa KOMIIBIOTEPE, TO HEOOXOIUMO
MPUACPKUBATHCS CIEAYIOMMNX TPEOOBAHUIA:

® [eYaTh — Ha OJHOM CTOpOHE jucTa Oenoit 6ymaru dopmara A4 (pazmep
210 Ha 297 MMm.);

® WHTEpPBaJ MEXCTPOUYHBIN — MMOJYTOPHBIN;

e mpudt — Times New Roman;

e pasmep mpudra — 14 OT., B TOM 4YHMCIEe B 3arojioBKax (B Tabiumax
nomyckaercs 10-12 nr.);

® BBIPAaBHUBAHHE TEKCTA — IO MIUPUHEY;

e 110J1s1 cTpaHulbl — JgeBoe — 30 MM, npaBoe — 10 MM, BepXHEEe U HUKHEE —
20 MM,

® HyMepalus CTPaHUI] — B TPAaBOM HUXKHEM YTy CTPAHULBI (JJ11 CTPaHULL C
KHUKHOM OpHUEHTAallMel), CKBO3HAas, OT THUTYJBHOTO JHUCTAa JO0 TMOCIeIHEN
CTpaHHUIIbI, apaOCKUMU I pamu;

® pEXUM aBTOMATHYECKOTO MEPEeHOCa CJIOB, 33 MCKIIOYEHHEM 3arojIOBKOB

BCEX YpOBHEH (IEpEeHOC CJIOB JUIsl OTACIBHOTO ab3ara OJOKUpYyeTCs CpeiacTBaMU



MSWord ¢ nomompio komanmel «®opmar» — ab3al mpH BBIOOpE OIIUH

«3aIpETUTh ABTOMATHUYECKHUI IEPEHOC CIIOBY).

['padmyeckue KOmuU SKpaHa (CCKPHUHIIOTHI»), OTpa)karouye Trpaduku,
auarpamMmbl  MOJIEJ€, CXEMbl, JKpaHHble (OpPMbl U T.M., JOJDKHBI OTBEYATh
TpeOOBaHUSAM BU3YaJbHOM HAIVIAJHOCTU IMPEACTABICHUS WILIIOCTPATUBHOIO
MaTepuajga Kak MO0 pa3MepaM rpapuueckux OOBEKTOB, TaK W pa3peliaroieit
CIIOCOOHOCTH OTOOpaKE€HUsI TEKCTOB, IIBETOBOMY O(OPMIIEHHUIO U IPYTMM Ba)KHBIM
M0JIb30BATEIBCKUM MapaMeTpam.

Pekomennyercss B cpefie IpOrpaMMHOTO MPUIIOKEHHS] HACTPOUTH «IKPaH»
Ha MapaMeTpbl MacIITaOMpPOBAaHUS M Pa3MEILEHUS] CHUMAEMbIX JUIsI WJUTFOCTPalluu
00bekTOB. [Ipr 3TOM HEOOXOIMMO yOPATh «JIMIIHUEY» OKHA, KOMAaH/bl, BBIJICICHUS
OOBEKTOB U T.II.

B mnepeHeceHHBIX B OTUET «CKPUHUIOTAX» PEKOMEHIYETCS «Cpe3aThy»
HEHY)XHbIE 00JIaCTU IMyTEM  PENAKTUPOBAHMUS  «U300paXeHWi», a IpHu
HEOOXOJMMOCTH OTMAcUITAOMPOBATh WX JUISl 3alIOJHEHUS] CTPAHUIbl OTUETa «IIO
HIUPUHEY.

«CKpUHILOTBI» B KpaTKOM oOT4YeTe OQOPMIISIIOTCS KaK PHUCYHKH, C

3arojJOBKaMiM, ITIOMCIIAaCMbIMHU HMKC obOiacTn PUCYHKOB.

Kpurepuu oueHKH BbINOJHEHHUS CAMOCTOATEIbHON PadoThI

OHGHI/IBaHI/Ie PE3VIIBTATOB  ITPAKTHYCCKHUX 3aHATUM IIPOBOANTCA IIO

KPpUTCPUAM.!

e [I0JIHOTA M KAYE€CTBO BBLIMIOJIHEHHBIX 3aJaHUH,

® BIIQJICHUE METOJIaMH W TNpPHEMaMH KOMIIBIOTEPHOTO MOJCIMPOBAHUS B
UCCIICAYEMBbIX BOIMpOCaX, TNPUMEHECHHE CIICIHAIM3UPOBAHHBIX IPOTPAMMHBIX
cpeacTB (eciau HeoOX0auMO);

® OTCyTCTBHE (haKTHUECKHX OITUOOK, CBSA3aHHBIX C TOHUMAHUEM MPOOIIEMbI

WJIH 3a1a9H;



¢ OTCYTCTBHUC 3HAYUTCIBHBIX onbOK B MMPUBOAUMBIX KOJIMYCCTBCHHBIX

pe3ynbTarax.



[Ipunoxenue 2

MUHUCTEPCTBO OBPA3OBAHUS M HAYKU POCCUMCKOM ®EJEPAIIMN

denepanbHOE rOCyJapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BBICIIETO 00Pa30BaHUs

«/{aJabHEeBOCTOYHBIN (eepabHbIN YHUBEPCUTET»
(ABDY)

HA3BAHME HIKOJIbI (PUJINAJIA)

®OHJ OHEHOYHBLIX CPEJACTB
N0 JMCHHUILIHHE «DJIeKTPOHHbIE U3MEPEeHHNs B HAHOTEXHOJIOTHAX U
HAHO3JIEKTPOHUKE»
Hanpagiienue noaroroBku 11.04.04 DjiekTpoHMKA 1 HAHOYJIEKTPOHUKA
npopuib «HaHOTEXHOIOTUHU B JIEKTPOHUKEY
dopma NOArOTOBKYU OYHAS

BiaaauBocTok
2017



MMacnopt ®OC

Kon n
(popmymposka
KOMIIETCHIIUH

Jrtanbl GOPMUPOBAHUA KOMIETEHIMHI

[1K-16,

CIOCOOHOCTh
pa3pabaThiBaTh
apXUTEKTYPHI "
TEXHOJIOTHH
IIPOM3BOCTBA
(GyHKIMOHATBHBIX
MaTepuanoB
AIIEKTPOHUKHU c
TOIOJIOTHYECKUMHU
pa3mepamu
3JIEMEHTOB, HE
npesbimatoumu 100
HM

3Haer

TEOPETUYCCKHE OCHOBBI METPOJIOTHH u
IIEKTPOPATUOU3MEPEHUH;

OCHOBHBIC pa3fenbl (U3WKH, I8 HM3y4eHUs 3aaad
KOTOPBIX TPUMEHSIOTCS JJICKTPOHHBIE W3MEpPECHHsI Ha
MOCTOSTHHOM U TIEPEMEHHOM TOKE;

MEPCIICKTHBHBIC HaTPaBIICHUS AIIEKTPOHUKHU 51
HAHOYJICKTPOHUKH, B KOTOPBIX HCIOJIB3YIOTCS WM MOTYT
HCII0JIb30BaThCS 3JICKTPOHHBIC U3MEPEHHUS Ha COBPEMEHHOM
000pyI0BaHUY;

OCHOBHBIE CITIOCOOBI peleHus HAYYHBIX u
WHHOBAIIMOHHBIX 3a/1a4, BO3HUKAIOIIUX B KOHKPETHOMH
MPEIMETHOM 00JIACTH JICKTPOHUKH U HAHOAJICKTPOHUKH.

VYmeer

MOJIb30BaThCSl TEOPETUUECKUMHU OCHOBAMHU METPOJIOTUU U
ANEKTPOPATUOU3MEPEHNUN;

MPUMEHATH 3JIEKTPOHHBIE MU3MEPEHUSI Ha MOCTOSIHHOM M
MEPEMEHHOM TOKE JUIS U3Y4eHUs (PU3NIECKUX MPOIIECCOB;

ONpeeNsATh NEePCIEKTUBHBIE HAIPABICHUS AJIEKTPOHUKHU
Y HAHOBJIEKTPOHHUKHU, B KOTOPBIX HCHOJB3YIOTCS MU MOTYT
WCIIOJIb30BaThCS JIEKTPOHHBIE U3MEPEHUS] HA COBPEMEHHOM
000py10BaHUH;

HCIIOJIL30BaTh OCHOBHEBIE CIIOCOOBI PEeIICHNA HAYYHBIX U
HHHOBAIIlMOHHBIX 3a4a4 J3JICKTPOHUKHW H HAHOJJICKTPOHUKH
JUISL TOCTUIKEHUS] KOHKPETHOTO PE3YIIbTATA.

Bnaneer

HAaBBIKAMH  TPAKTHYECKOTO  HCIOJNB30BAHUS  OCHOB
METPOJIOTHH U BIIEKTPOPAINON3MEPEHUIA;

HAaBBIKAMHU TIPUMEHCHUs DSJIEKTPOHHBIX H3MEPEHUI Ha
IIOCTOSIHHOM u MNEPEMECHHOM TOKE JJIA N3YUCHUA
(1)I/I3I/I‘-ICCKI/IX IMpoNHeCCOB U pCHICHUS U3MEPUTCIIBHBIX 3a1a4;

cnocobamMu u HaBbIKaMH, ITO3BOJIAIOIIUMU OIPECACIIATH
MEPCIICKTUBHLBIC HaIrpaBJICHUA SJICKTPOHUKHU u
HAHODJIEKTPOHUKH, B KOTOPBIX aKTHBHO HCIIOIB3YIOTCS HIIH
MOTYT HCIOJIB30BaThCS  3JIEKTPOHHBIC H3MEPEHUS] Ha
COBPEMEHHOM 000pPYy/I0BaHNUH;

METOMKAMH JIOCTHKEHUSI KOHKPETHOTO pe3yibTaTa Ha
OCHOBE WCIOJIb30BaHUS. OCHOBHBIX CIOCOOOB pEIIEHHs
HAay4YHbIX W HWHHOBAIIlMOHHBIX 3aJa4 OJCKTPOHUKHU U
HAHODJIEKTPOHHKH.

[1K-22,
CIIOCOOHOCTD
IIPOBOJUTH

3Haer

OCHOBHBIEC JTalbl IUIAHUPOBAHUS SKCIIEPUMEHTAJIBHBIX
HCCIIeIOBAHUIMI;
METOAUKHN IMPOBCACHUA OKCIICPUMCHTAJIBHBIX




nabopaTopHbIe U
MIPAKTUYECKHE
3aHATHSA co
CTyIICHTaMH,
PYKOBOJIUTH
KypPCOBBIM

HCCIICIOBAHUIA;
OCHOBHBIE€ QJITOPUTMBI IPOBEACHUS 3KCIIEPUMEHTAIBHBIX
HCCIICIOBAHUH C TIPUBIICUCHUEM AJIEKTPOHHBIX U3MEPEHUN;
crocoObl TUIAHUPOBAHUS BPEMEHHU, ayJUTOpPHOro (HhoHma,
dboHga oOOpymoBaHMsS IS YCHENTHOW  OpraHu3aIuu
AKCIEPUMEHTATBHBIX UCCIICI0BAaHUM.

IPOEKTHPOBAHUEM M | Vet
BBITIOJTHEHHEM
BBIITYCKHBIX
KBTU(DUKAITMOHHBIX
pabot GakanaBpoB

IJJAHUPOBATh OCHOBHBIC JTaIlbl AKCIIEPUMEHTAIBHBIX
MCCJICI0BaHMI B BEIOpAHHOM IIPEIMETHON 00J1acTH;

HCIIOJIL30BATh METOIUKU MIPOBEICHHS
AKCIIEPUMEHTANIbHBIX UCCIEIOBAaHUMN HA MIPAKTUKE;

MIPUMEHSATD OCHOBHBIE AITOPUTMBI MIPOBEICHUS
AKCIIEPUMEHTANIbHBIX ~ UCCJEIOBAHMM C  MPHUBJICYCHUEM
AIIEKTPOHHBIX MU3MEpPEHU ISt perieHus
AKCIIEPUMEHTAJIbHBIX 3a7a4;

BBIOUpATh COOTBETCTBYIOLIUE CIOCOOBI IJIAHHUPOBAHUS
BpEMEHH, ayAUTOpHOro QoHaa, ¢boHma oOOpydOBaHUS IS

YCTEITHOM OpraHu3aluu AKCIIEPUMEHTATbHBIX
HCCIIE0BAHUN.
Brnaneer HaBbIKAMU TUTAHUPOBAHMUS AKCIIEPUMEHTATBHBIX
UCCJIEIOBAaHHUM B BHIOPAHHOM MPEAMETHOM 0071aCcTH;
HaBBIKAMU MIPOBEICHUS IKCIIEPUMEHTAITLHBIX
WCCJICIOBAHHI B COOTBETCTBUU C 33JaHHBIM TUIAHOM;
HABBIKAMHU  HCIIOJIb30BAHHUSI OJTHOTO W3  HM3BECTHBIX
ITOPUTMOB MIPOBEICHUS AKCIIEPUMEHTATHHBIX
WCCIICIOBAHUIA C TMPUBJICUCHUEM DJICKTPOHHBIX H3MEPEHUI
MIPH PEIIeHUH KOHKPETHOH 3aauu;
HAaBBIKAMU  BBIOOpa  COOTBETCTBYIOIIMX  CIIOCOOOB
IUTAHUPOBAHHUS BpEMEHH, ayauTopHoro Qouma, ¢doHma
o0opynoBaHus TUISt yCTIeUTHOU OpraHu3aIuu
IKCIIEPUMEHTAIBHBIX HCCIICTOBAHUH.
Ne Koutposmpyemsie Koasb! 1 3Tansl OueHoyHbIe cpeacTBa
n/m pa3jiesibl / TeMbl q’OPM“POBaHI’iﬂ TeKyIUi KOHTPOJIb | MPOMEKYTOUYH
AUCHUTLITHHBI KOMIeTeHIU asi aTTecTanus
1 Tema 1. CoBpemenHoOe [1IK-16, | 3Haer JlabopaTopHas 9K3aMEH,
COCTOSIHME OTpaciiu [1K-22 pabora (ITP-6) BOMNPOCHI 1-3
HAHOTEXHOJIOTHA, CoOecenoBanue
MEePCIEKTUBBI PA3BUTHSL. (YO-1)
KomnoneHTsI yMeeT JlaGoparopHas JK3aMeEH,
MHTETPAIbHBIX pabora (ITP-6) 3a/1aHue,
MHKPOCXEM trn |
CobecenoBanue
(YO-1)
Brnageer | JlaGopatopHas 9K3aMEH,
pabora (ITP-6) 3ajlaHue,
TUn 1




Co0OecenoBanue
(YO-1)

Tema 2. Cpencrsa I1K-16, | 3Haer JlabGopaTopHas JK3aMEH,
U3MepeHuit [K-22 pabota (ITP-6) BOIIPOCHI 4-6
IEKTPUUECKUX BEITUYNH CobecenoBanue
(YO-1)
yMmeeT JlaGoparopHas 9K3aMeH,
pa6ora (ITP-6) 3aJlaHue,
™I 2
Co0OecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMeH,
pa6ota (ITP-6) 3aJjaHue,
THII 2
CobecenoBanue
(YO-1)
Tema 3. [1IK-22 | 3nHaer [IpakTnueckoe 9K3aMeEH,
DJIEKTPOMEXaHUYCCKHE 3aHATHE BOIPOCHI 7-9
U3MEpUTENbHbIE IPUOOPHI CobecenoBanue
MPSIMOTO JCHCTBUS (YO-1)
yMeeT JlaGoparopHas 9K3aMeH,
pa6ora (I1P-6) 3aJlaHHe,
T 3
CobecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMeH,
pa6ora (I1P-6) 3aJlaHHe,
T 3
CobecenoBanue
(YO-1)
Tema 4. Iludpossie u I1K-16, | 3Haer JlaGoparopHas 9K3aMeEH,
AJEKTPOHHBIE [1K-22 pab6ora (ITP-6) Bompockr 10-12
HU3MEpUTENbHBIE TPUOOPHI CobecenoBanue
U peoOpa3oBarenu (YO-1)
yMeeT JlaGoparopHas HK3aMeEH,
pabora (TTP-6) 3aJlaHue,
Tun 4
CobecenoBanue
(YO-1)
Bianeer | JlaboparopHas 9K3aMeH,
pabora (ITP-6) 3aJlaHue,
T 4
CobecenoBanue
(YO-1)
Tema 5. Cpencrsa [1K-16, | 3Haer JlaGoparopHas 9K3aMeEH,
BH3YyaJIbHOTO [K-22 pabora (ITP-6) Bonpockl 13-15
0TOOpakeHHUsl, BEIBOJIA U CobecenoBanue
perucTpanus pe3yabTaToB (YO-1)
U3MEPEHUIN yMeeT JlaGoparopHas JK3aMeEH,
pabora (ITP-6) 3aJlaHue,

THI 5




Co0OecenoBanue
(YO-1)

BJIAJIEET

JlabGopaTopHas
pabota (ITP-6)

JK3aMeH,
3aJaHue,
THIO 5

CobecenoBanune
(YO-1)

Tema 6. I3mepeHue
OCHOBHBIX 3JICKTPUYCCKUX
BEJIMYMH HA TTOCTOSIHHOM
TOKE

I1K-16,
[1K-22

3HACT

[IpakTrueckoe
3aHsTHE

JK3aMeH,
Bompockl 16-19
CobecenoBanune
(YO-1)

yMmeeT

JlabGopaTopHas
pa6ota (ITP-6)

9K3aMe€H,
3aJlaHue,
THII 6

CoOecenoBanue
(YO-1)

BJIagCcCT

JlabopaTopHas
pa6ora (I1P-6)

JK3aMeEH,
3a7aHue,

THII 6
CobecenoBanune
(YO-1)

Tema 7. 3Mepenne
JTUHAMUYECKHUX
3NEKTPUUYECKUX BEIHYUH
Ha MIEPEMEHHOM TOKE B
pa3IMYHBIX JUaNa30Hax
4acToT

[1K-16,
[1K-22

3HacCT

JlaGopaTopHas
pabora (ITP-6)

JK3aMeH,
Bonpockl 20-23
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pa6ora (I1P-6)

JK3aMeEH,
3a7aHue,

THI 7
CobecenmoBanune
(YO-1)

BJIaJIeeT

JlaGoparopHas
pabora (TTP-6)

9K3aMeH,
3a7aHue,

THI 7
CobecenmoBanune

(VO-1)

N3mepurenbHble
TE€HEPATOPBI CUTHAJIOB

[1K-16,
I1K-22

3HACT

JlabopaTopHas
pabora (ITP-6)

9K3aMEH,
BOINpockl 24-27
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

THI 8
CobecenoBanue
(YO-1)

BJIaACCT

JlaGoparopHas
pabora (ITP-6)

JK3aMe€H,
3a7aHue,

THIT 8
CoOecenoBanue

(VO-1)

YcueHue curuaa.
OcHOBHBIE OIpeIeTICHUS.

I1K-16,
[1K-22

3HaACT

JlaGoparopHas
pabora (TTP-6)

HK3aMeH,
BoTpock 28-31




VY CUITUTENLHEBIN KacKal

Co0OecenoBanue
(YO-1)

yMmeeT

JlabGopaTopHas
pabota (ITP-6)

9K3aMe€H,
3aJlaHue,
THI 9

CobecenoBanune
(YO-1)

BJIAJIEET

JlabGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJlaHue,
THI 9

CobecenoBanune
(YO-1)

10

YcunurenbHble KacKaJlbl
Ha OUTOJIIPHBIX
TpaH3HUCTOpax.
Yceunurenu HU3Kou
YaCTOThI

[1K-16,
I1K-22

3HaACT

JlaboparopHas
pa6ora (ITP-6)

9K3aMEH,
Borpockl 32-35
CobecenoBanue
(YO-1)

yMeeT

JlabopaTopHas
pa6ora (I1P-6)

JK3aMeEH,
3a7aHue,

THum 10
CobecenoBanune
(YO-1)

BJI1aaCCT

JlaGopaTopHas
pabora (ITP-6)

9K3aMe€H,
3aJaHue,
Tum 10

CoOecenoBanue
(YO-1)

11

OIHOTAKTHBIA BEIXOIHOM
Kackaj. J{ByXTaKkTHBIN
BBIXOJJHOM KacKaJl

[1K-16,
[1K-22

3HacCT

JlaGopaTopHas
pabora (TTP-6)

JK3aMeH,
BOTpOCH 36-39
CobecenmoBanune
(YO-1)

yMeeT

JlaGoparopHas
pabora (TTP-6)

9K3aMeH,
3a7aHue,

Tam 11
CobecenmoBanune

(VO-1)

BJIagcecT

JlabopaTopHas
pabora (ITP-6)

JK3aMeEH,
3a7aHue,

Tin 11
CobecenoBanue
(YO-1)

12

VcunnuTenu NOCTOSIHHOTO
Toka. OnepanroHHbIE
YCHWINTENN

I1K-16,
[1K-22

3HaACT

JlaGopatopHas
pabora (ITP-6)

DK3aMEH,
Bonpockl 40-43
CobecenoBanue
(YO-1)

yMeeT

JlaGoparopHas
pabora (ITP-6)

JK3aMe€H,
3a7aHue,

I 12
CoOecenoBanue

(VO-1)

BJIaAcCT

JlaGoparopHas
pabora (TTP-6)

9K3aMEH,
3a7aHue,




THn 12
CobGecenoBanue
(YO-1)
13 | [Ipocreiimme renepatopsl | [1K-16, | 3Haer JlaGoparopHas 9K3aMeH,
I1K-22 pa6ora (ITP-6) BoIpochl 44-47
CobGecenoBanue
(YO-1)
yMeeT JTaGopaTtopHas DK3aMEH,
pa6ora (ITP-6) 3aJlaHue,
tun 13-14
Co0OecenoBanue
(YO-1)
Biajgeer | JlabopaTopHas 9K3aMEH,
pa6ora (ITP-6) 3aJjaHue,
tun 13-14
CobecenoBanue
(YO-1)
IIkana oueHUBaHUA YPOBHSA C(POPMHPOBAHHOCTH KOMIIETEHIIUI
Kon u dransl popMupoBaHus KpHUTEpHH 0KAa3aTeH 6aJLIIBI
(OpPMYJIMPOBK | KOMIIETEHIHU
a
KOMIEeTEeHIIHH
I1K-16, 3Haer TEOPETHYECKUE Moxer 3Haer 60-74
CIIOCOOHOCTD OCHOBBI METPOJIOTHH M | IIEPECKA3aTh U | OIpeeieHne
paspabatbiBath SIEKTPOPAJHOM3MEPEH | OOBACHHTE U3MEPUTEIBHOM
ApXUTEKTYPhl H o N
TOXHONOMI Wi, y4eOHbIH ) 3aJa4u,  OCHOBHbBIE
MpOHM3BOCTRA OCHOBHBIE Pa3feibl | JEKIMOHHBIH HOJIOKEHHS  TEOPUH
byHKIHOHATBH bu3uKM, U1 U3yIEHUs | MATEpHal C | u3MepeHwui,
BIX MAaTepHaloB 3a/a4 KOTOPBIX | JOCTATOYHOM KacCU(UKAIUIO
9IIEKTPOHUKH  C [PUMEHSIOTCS CTENEHBI0 HAYYHOW | CPEICTB U3MEPEHUIA;
TOMOJIOTHICCKH JNEKTPOHHBIE TOYHOCTH u 3HaKOM c
MH - pasMepamMu H3MEpCHHS Ha | MOJIHOTHI, C | OCHOBHBIMH
JJIEMEHTOB, HE
S — HOCTOSIHHOM U | IpUBEICHUEM pazgenamu GU3UKH U
1 100 mM EePEMEHHOM TOKE; PHMEPOB TEXHUKHU, IUISE
[EPCIEKTUBHBIE paccMOTpeHust
HaIpPaBJIEHHs KOTOPBIX
DIIEKTPOHUKH u [PUMEHSIIOTCS]
HAHODJIEKTPOHHUKH, B 3IIEKTPOPaIHOM3MEpE
KOTOPBIX HHS;
UCHONB3YIOTCA WK 3Haer, KaK
MOTYT HCIIOJb30BaThCs OIIPE/IENUTD
SIIEKTPOHHBIE BO3MOKHBIE
U3MEpEHHs Ha HEPCIEKTUBHBIE
COBPEMEHHOM HaIpaBJICHUsI
060pyIOBaHHH; SIIEKTPOHUKH u

OCHOBHBIE CITOCOOBI
pemeHI/m Hay‘{HBIX u
HMHHOBAIITMOHHBIX
3a371a4, BO3HHUKAIOIIMX

B KOHKPETHOH

HAHORJIEKTPOHHUKH, B
KOTOPBIX
UCTIONB3YeTCST WA
MOJXET

HCIIOJIB30BAThCA




MpeAMETHON  0bnacTu

TEOpUSI W TPAKTHKA

JJIEKTPOHUKHU u 3JIEKTPOPATHON3IMEDPE
HAHO3JIEKTPOHHUKH. HUH,
3HaeT, KaK MOKHO
pEIuThH Hamnbonee
TUIIOBBIC HAYYHBIE W
HMHHOBAIIMOHHBIE
3a1a4,
3aTParkuBaroIIUe
ANEKTPOPATHUOUIMEPE
HUS B
HAaHOTEXHOJIOTHUSX.
VYmeer TOJIE30BATHCS VYmeer VwMmeer 75-89
TEOPETHYECKUMHU HCIIONIE30BaTh, TIE | IMOJIB30BATHCS
OCHOBAMH METPOJIOTUH | 3TO OCHOBaMH TEOPUH
U MIPEACTABIACTCS nU3MepeHul,
3JIEKTPOPATHOUIMEPEH | BO3MOXKHBIM, OTpeneNiaTh 00JIacTu
Hﬁ, OCHOBBEI HCIIOJIb30BAHUA
NIPUMEHATH METPOJIOTUH U | CPEICTB U3MEPECHUH,
JNEKTPOHHBIC HU3MEPUTEbHON HCXOIS 3 1504
HU3MEpeHUs Ha | TEXHUKH B YacTH | TEXHHYECKHX u
ITOCTOSSHHOM U | 3JEKTPOPAJHOU3ME | METPOJOTUYECKUX
MEPEMEHHOM TOKE JUisl | peHUi JUISL | XapaKTEPUCTHK;
n3ydeHUs] (PU3NYECKUX | peIieHUs YMeeT npoBOIUTH
MIPOIIECCOB,; BO3HUKAOIIHNX ANEKTPOPATHOU3IMEPE
OHpeHeHHTb HpaKTI/I‘IeCKHX HUA IS peIHeHI/IH
IIEPCIIEKTUBHBIE Hay4HO- 3a1a4  (GU3MKH U
HaHpaBHeHHH TEXHUYCCKUX nu TeXHI/IKI/I;
3J'IeKTPOHI/IKI/I u MHHOBAITMOHHBIX yMeeT Ha
HAHOYJIEKTPOHUKH, B | 3a/1a4 MPaKTHKE
KOTOPBIX OTpe/IeTUTh
HCTIOJB3YIOTCS WA BO3MOXHBIE
MOTYT UCIOJIb30BATHCS MEePCIEKTHBHbIC
JNIEKTPOHHBIE HArpaBJICHUsI
I/I3MepeHI/I$[ Ha 3J'IeKTpOHI/IKI/I nu
COBPEMEHHOM HAHODJICKTPOHHUKH, B
000pyI0BaHUH; KOTOPBIX
UCIOJIH30BaTh UCTIONB3YETCSl WM
OCHOBHBIC CIIOCOOBI MOXKET
pELICHUSI HAYYHBIX H HCIIOJIBE30BATHCS

HWHHOBAIIMOHHBIX 3aJ1a4

INEKTPOHUKH u
HAHOYJIEKTPOHUKHU IS
JOCTHKEHHS
KOHKPETHOT'O
pe3ynbTara.

TEOpUSI W TMPAKTHKA
ANEKTPOPATHOU3IMEPE
HUH JUIsI MHUKpPO- H
HaHODJIEKTPOHUKH;
YMmeer  pewatsb
TUTIOBBIC HAYYHBIE M
WHHOBAIIUOHHBIC

3amadd B 00JacTAX

Gu3MKM, eciaum OHHU
CBSI3aHbI c
MIPUBJICYEHHEM

3JEKTPOPaTUOU3MEPE
HUH B

HaHOTCXHOJIOI'HAX.




Brnageer HaBbIKAMU Brnaneer Bnaneer 90-100
MPaKTUIECKOTO HaBBIKAMHU OCHOBaMH TEOpUH
WCTIONB30BaHUSl OCHOB | PEHICHHS TPOCTHIX | W3MEpPEHUI;
METPOJIOTHH W | Hay9HO- Bnaneer
AIEKTPOPATNON3MEPEH | MHHOBAIIMOHHBIX HaBBIKAMHU
Hif; 3a/ma4, TPEOYIOIMX | ompeaeiacHus

HaBBIKAMHU MIPUMCHCHHUS MIPUTOTHOCTH
MIPUMCHCHHUS JIEKTPOPATUOU3ME | CPEICTBA H3MEPCHHUS
AJIEKTPOHHBIX peHui u | s peleHus
U3MEpEHUi Ha | HAYaJbHBIX KOHKPETHOU
MMOCTOSTHHOM ¥ | HABBIKOB U3MEPUTEITFHON
MIEPEMEHHOM TOKE IUIS | CXEMOTEXHHUKH. 3a7a4d, HUCXOIsd U3
M3yYeHUS (PI3HMYECKUX BH]IA, TOYHOCTH,
MIPOIIECCOB M PEUICHUS TIPEEIIOB,
HM3MEPHUTEIBHBIX TIPOU3BOTUTEIHHOCTH
3a1ad; , MaccoradapHuTHbIX

crocobamu u oKasareJjen u
HaBBIKAMHU, CTOMMOCTH CpECTBa
IIO3BOJIAKOIITUMHA I/ISMepeHI/Iﬂ;
ONpeneNsATh Bnaneer
TIEPCIICKTHBHEIC HaBBIKAMU
HaTpaBJICHUS MIPUMEHCHUS
AIEKTPOHUKHU " OCHOBHBIX
HAaHORJIEKTPOHUKH, B MOJIOKCHAN  TEOPHH
KOTOPBIX aKTHBHO HU3MEpeHuH u
HCTIONB3YIOTCS WK MPAKTUKA
MOTYT HCIIOJIb30BAThCS ANEKTPOPATHOU3IMEPE
3J'IeKTpOHHLIe HUH JJIs peIHeHI/IH
I/I3MepeHI/IH Ha pa3HI/I‘IHbIX 3aaa4
COBPEMEHHOM (U3UKK ¥ TEXHUKH,
000pyIOBaHUM; Bnaneer

METOUKAMU HaBBIKAMU
JIOCTHIKEHHS OTIpe/IeIICHUS
KOHKPETHOTO MEPCICKTHBHBIX
pe3ynpTaTa Ha OCHOBE pa3nenoB (GU3UKA H
HUCIIOJIB30BAHUS TCXHUKH, B KOTOprX
OCHOBHBIX  CITOCOOOB MOYXET
peHIeHI/IH Hay‘IHLIX u HUCIIOJIB30BATHCA
MHHOBAIIMOHHBIX 3a1a4 TeOpI/IH nu HpaKTI/IKa
3JIEKTPOHUKHU u 3JIEKTPOPATHOU3IMEPE
HAHOAJIEKTPOHUKH. HUH B MHKPO- H

HAHORJICKTPOHHUKE;
Bnaneer
HABBIKAMU PCIICHHUS
TUTIOBBIX HAYYHBIX H
MHHOBAIIMOHHBIX
3a1a4 B 00dacTaX
(U3UKH, CBSI3aHHBIX C
HpI/IMeHeHI/IeM
3JIEKTPOHHBIX
U3MEpeHui B
HaHOTEXHOJIOTHSX.
TIK-22, 3Haer OCHOBHBIE  JTaIlbl Mosker 3HaerT, kak | 60-74
CITOCOOHOCTH IUTAHUPOBAHHUS repecKasaTth U | IUIAaHHPOBATh




MIPOBOAUTD
nabopaTopHbie

U TpPaKTHYECKUE
3aHATHS co
CTy/ICHTaMH,
PYKOBOJIUTH
KYPCOBBIM
MIPOEKTHPOBAHU
eM "
BBITTOJIHCHHEM
BBIMYCKHBIX
KBaJTN(QHUKAINOH
pabot
0axanaBpoB

HBIX

AKCIIEPUMEHTAITLHBIX OOBSICHUTH JKCIIEPUMEHTAIHHBIE
HCCJICIOBAaHUMT; YIeOHBIH HUCCIIEIOBAHHUS B
METOIUKH JICKITUOHHBIH CTaHJAPTHBIX
TIPOBEACHUS MaTepHuan C | cHTyausx;
SKCIEPUMEHTAIBHBIX IIOCTATOYHOM 3Haer 0a30BBIE
HCCIIeI0OBaHUI; CTCTICHBIO HAYYHOW | METOIMKH
OCHOBHbIE TOYHOCTH U | TIPOBEICHHUS
AITOPUTMBI MTOJTHOTEI, C | 3KCIICPUMEHTATBHBIX
MIPOBEACHUS MIPUBEICHUEM HCCIIeT0OBaHUIT B
IKCICPUMECHTAIBHBIX MIPUMEPOB COOTBETCTBYIOIICH
HUCCIIEI0BaHUAMN c [IpEAMETHOM
MIpUBJICUCHUEM obrmacry;
AIIEKTPOHHBIX 3HaeT  THUIOBBIC
HM3MEepeHuii; IIOCJICI0BATEIbHOCTH
CIIOCOOBI TIPOBEICHUS
HHaHHpOBaHI/IH 3KCHepI/IMeHTaJ'II)HI)IX
BpEMEHH, HCCIIEJOBAaHUM,
ayauropHoro  (Gonna, TpeOyronux
¢dbonma oOoOpyIOBaHUS MIPUBJICUCHUS TCOPHUH
JU1st YCIEIIHOMI U NIPaKTUKH
OpraHU3aIud ANEKTPOPaTHON3MEpE
9KCIEPUMCHTAIBHBIX HUI TPUMEHUTEIHHO
HCCIICJOBAHUM. K 00JIaCTSIM MHKPO- H
HAHORJICKTPOHUKH,
3HaeT  CHOCOOBI
HHaHI/IpOBaHI/IH nu
OIITUMHU3AIIUU JJISA
yCIEUTHOMN
OpraHu3aIiK
3KCHepI/IMeHTaHBHI)IX
HCCIIEIOBAHUMN.
Ymeer [UIAHUPOBATh Ymeer Ymeer 75-89
OCHOBHBIE STambl | IIAHUPOBATh, IUTAHUPOBATH u
AKCIEPUMEHTAIBHBIX TaKKe YaCTUYHO | MPOBOJIUTH
UCCIIEJOBAHMH B | OpraHW30BBIBATH 9KCIEPUMEHTAILHBIC
BBIOpaHHON MPOCTEIE HCCIIEOBAHNS B
NpeAMETHON 00JIacTH; | SKCTIepUMEHANIbHBIE | CTaHAAPTHBIX
HCITOJIB30BATh HCCIIeIOBAHMUSI, CUTYyaIHsX;
METOOUKHN HpOBeI[eHI/ISI OTHOCAILIIHUECS K yMeeT
AKCIEPUMEHTAIBHBIX MIPEeIMETHBIM 10JIb30BaThCS
HCCIIeOBaHUI Ha | obiacTsaMm WIA | Pa3THIHBIMU
MIPAKTHKE; TpeOyromrie METOJUKAMHU
MIPUMEHSTh MIPUBIICUCHUS MIPOBEICHUS
OCHOBHBIC aNTOPUTMEI | TEOPUU H3MEPCHUN | 3KCIIEPHMEHTAIbHBIX
TIPOBEAECHUS U U3MEPUTEIbHOIN | UCCIeoBaHUM B
BKCHepI/IMeHTaJ'H)HLIX TEXHUKU B 4YacCTH COOTBGTCTBy}OH_ICﬁ
HCCIIeIOBAaHUIH C | DIICKTPOPAAMOU3ME | IMPEAMETHON
MIpUBJICYCHUEM peHnit obrmacty;
3JIEKTPOHHBIX Ymeer Ha
HU3MEpeHUit JUTSE MPAKTHKE
pelreHus HCIOJIb30BAaTh
9KCIEPUMECHTAIBHBIX THIIOBBIE
3a/1a4; MOCJIEI0BATEIbHOCTH
BEIOMpATH MIPOBEICHUS




COOTBETCTBYIOIIIHE AKCIIEPUMEHTAITBHBIX
CIT0COOBI HCCIIEJOBAHMI,
TUTAHUPOBAHUS KOTOpBIE  TpeOyroT
BpPEMCHU, MIPUBJICUCHISI TEOPHH
ayauropHoro  (QoHna, u MIPAKTHKH
¢dbonma obopymoOBaHUsS JNEKTPOPaTUOU3IMEPE
s yCIIEIHON HUI;

OpraHu3aluu YMmeer BbIOUpAaTh

IKCICPUMECHTAIBHBIX u HCII0JIb30BAaTh

HCCIIeTOBAHUA. CIIOCOOBI
TUTAHUPOBAHHS u
ONTUMH3AIUN TS
YCHEIHOM
OpTraHU3aINH
AKCIEPUMEHTAIBHBIX
HUCCIICIOBAHMM.

Bmaneer HaBBIKAMH Bianeer Bnaneer 90-100
HJ'IaHI/IpOBaHI/IH HaBbBIKAMH HaBbIKaAMH
3KCHepI/IMeHTaJ'H)HLIX OpFaHI/ISaHI/II/I, l'[J'IaHI/IpOBaHI/IH nu
HCCIIeIOBaHUM B | IUTAHUPOBaHUA ¥ | MPOBEACHUS
BEIOpaHHOM TIPOBEACHUS AKCIEPUMEHTAITBHBIX
MIPEeIMETHOM 00IacTH; | HayYIHBIX HCCICIOBaHUM B

HaBBIKAMHU HCCIIeOBaHUM B | CTaHOApPTHBIX
TIPOBEACHUS obmactu pu3mKwH, a, | CUTyaIHIx B
9KCIEPUMEHTAIBHBIX 3aTparuBaroIUe COOTBETCTBYIOIICH
HCCIIEeI0BaHUI B | IIpEAMETHBIE IPEAMETHOMI
COOTBETCTBUU obJacTu Wy | obnacry,
3aIaHHBIM IIJIAaHOM; TpeOyrolue YBepeHHo

HaBbBIKAMH HpI/IBJ'Ie‘-IeHI/IH BJIaACCT HaBbBIKAMH
HCIIOIb30BaAHUS TEOPHH HW3MEPEHUH | MCIOIb30BaHUSL

OITHOTO M3 HM3BECTHBIX
AITOPUTMOB
MIPOBEACHUS
AKCIEPUMEHTAIBHBIX
Ucce0BaHuMN c
TMPUBJICYCHUEM
DJIEKTPOHHBIX
U3MEPEHUI npu
peUIeHUH KOHKPETHOH
3a1a4uu;

HaBBIKAMH BEIOOpa
COOTBETCTBYIOIITUX
CIIoco00B
IUTAHUPOBAHHUS
BPEMEHH,
aynutopHoro  (oHa,
¢bonma obopymoBaHuUs
IS
OpTraHHu3aIH

yCIIEeUTHOM

SKCIIEPUMEHTAIBHBIX
HCCJICTOBAHUMN.

U U3MEPHUTENILHON
TEXHUKA B 4YacTH
JIEKTPOPATHON3ME
peHuit

METOJIVK TPOBEICHHUS
AKCIIEPUMEHTAITBHBIX
HCCIIEIOBAHUNI B
COOTBETCTBYIOIICH
MpeaIMeTHOUW obiacTu
bu3uKy;

Brnaneer
HaBBIKAMHU
HCII0JIb30BaHMS
OOHOM U3 THUIIOBBIX
[IOCJIEI0BATEILHOCTE
171 MPOBEICHUS
IKCIEPUMEHTAITBHBIX
HCCIIEIOBAHUH,
KOTOpBIE  TpeOyroT
MIPUBJICYEHUS] TEOPUH

nu HpaKTI/IKI/I
3JIEKTPOPATHOU3IMEDPE
HUH B obmacTu

HAHOTCXHOJIOTHA |
HAHORJICKTPOHUKH;
Bnameer BreIOOpa
u HCTIOJIb30BaHUS
HHCTPYMEHTOB




IJITAHUPOBAHUSA 51
OINTHUMH3AITAN IS
YCHEIHOM
opraHu3anuu
3KCIIEPUMEHTAIBHBIX
HCCJIEJOBAHMIM.

MeToanyecKkue peKoMeHAaIuN, ONpeaesiionue nNpoueaypbl OlleHUBAHUSA
pe3yJabTATOB OCBOEHHSI JUCHMILIUHBI

Tekymas arrecranus CTYA€HTOB

Tekymass arrecrauus CTYJEHTOB II0 JUCHUILIMHE  «OJIEKTPOHHBIE
WU3MEPEHUS B HAHOTEXHOJIOTHUAX U HAHODJIEKTPOHHUKE) MTPOBOAUTCS B COOTBETCTBUN
C JIOKAJIbHBIMU HOPMAaTHUBHBIMU akTamu J(BOY u sBisieTcst 00A3aTeNbHOM.

Texymass arrecranyss 0HO JUCLHUIUIMHE «OJEKTPOHHBIE W3MEPEHHS B
HAHOTEXHOJIOTUSX M HAHOAJIEKTPOHUKE» MPOBOAUTCS B (opMe 1abopaTOpHBIX
paboT U MPaKTUYECKUX 3aHITUMN, 110 PE3yJIbTaTaM KOTOPHIX IMPOU3BOAMUTCS OLIEHKA
pe3ynbTaTtoB  00yuyeHust CTylaeHToB. OIlleHKa OCYHIECTBISETCS  BEAYLIUM
IIPENoAaBaTeNIEM.

OObeKkTaMH OILICHUBAHUS BBICTYTIAIOT:

- yueOHas JUCUMIUIMHA (AaKTUBHOCTh HA 3aHATHUSX, CBOEBPEMEHHOCTH
BBIIIOJIHEHUS PA3JIMYHBIX BUJIOB 3aJaHUM, ITOCELIAEMOCTh BCEX BUIOB 3aHATUU I10
aTTecTyeMON JUCLUILINHE);

- YPOBEHb OBJIAJICHUS INPAKTUYECKHMMHM YMEHUSMHM M HABBIKAMHU IO BCEM
BUJIaM y4eOHOM pabOoThI;

- pe3yNbTaThl CAMOCTOSITEIbHON PaOOTHI.

OueHvBaHuE pPE3YJAbTATOB OCBOCHHS IUCLMIUIMHBI Ha JTane TEKyLIen
aTTeCTallUM IPOBOAUTCA B COOTBETCTBUU C MCIOJIB3YEMBIMH OLIEHOYHBIMHU

CPEACTBAMH M KPUTEPHUSIMH.




Kpurepuu oieHKH KpaTKHUX OTYETOB MO Pe3yJIbTaTaM NPAKTHYECKHUX

3aHATHN

OueHuBaHKe pe3yNbTaTOB PabOThl HA MPAKTUYECKOM 3aHSITHHU MPOBOJAUTCS
IPY NMPEACTABICHUN KPATKOTO OTYETA B JICKTPOHHOM WJIM MUCBMEHHOM BHJIE 1O
NBYXO0aJUIbHOM IIKAJIE: «3aYTEHOY, «HE 3aUTCHO.

OueHka «3a4TE€HO» BBICTABISIETCS CTYJIEHTY, €CIM OH MHPEACTABISAET
MpenojaBaTeslio  KpPaTKUM  OTYET, YJOBJIETBOPSIOMIMK  TpeOOBaHUSIM 1O
MIOCTABJICHHBIM 33/IaHUSIM, JIEMOHCTPHUPYET BIAJICHUE METOJaMH W NpHUeMaMu
TEOPETUUYECKUX U/WIJIH MPAKTUYECKUX ACTIEKTOB paOOTHI.

OueHka «HE 3a4YTE€HO» BBICTABISIETCA CTYAEHTY, €CIM OH HE BIAJCET
METOJIaMH U TpPUEMaMU TEOPETUUYECKUX W/MIM TMPAKTHUYECKUX AaCIEKTOB,
paccMaTpUBaeMbIX Ha 3aHSTUH, JOMYCKAeT CYIIECTBEHHbIE OLIMOKUM B padoTe,

npcaAcCTaBJICT HEIIOJIHBIN OTYET 110 BBIIOJHECHUIO SaﬂaHHﬁ.

IIpomexyToyHasl aTTECTALUA CTYACHTOB

[IpomexyTouHast arrectalusi CTYJECHTOB IO JUCHUIUIMHE «DJIEKTPOHHbBIC
M3MEPEHUSI B HAHOTEXHOJIOTUSX Y HAHOJJIEKTPOHUKE) MPOBOJUTCS B COOTBETCTBUU
C JIOKaJIbHBIMU HOpMaTHUBHBIMU akTamu JIBOY u siBisieTcst 00a3aTENbHOM.

[TIpomMexyTouHast aTTecTalus N0 AUCIHUIIMHE «DJIEKTPOHHBIE U3MEPEHHS B
HAHOTEXHOJIOTUSAX W HAHOARJEKTPOHUKE» MPOBOJUTCS B BHJE dK3ameHa, (popma
9K3aMEHa — «YCTHBII Ompoc B (opMe OTBETOB Ha BOIMPOCHD», «IIPAKTHUYECCKUE
3aaHus 1Mo Tunam». Jlomyck K DK3aMEHY BO3MOXEH TOJBKO IIOCIE 3alllMThI

OTUYETOB IO BCEM J1abOpaTOPHBIM paboTaM Kypca.



Kpurepun

BBICTABJICHHA OHCHKHUH CTYACHTY Ha 3JK3aMEHE 110

((3J'leKTp0HHbIe H3MEPECHUA B HAaHOTEXHOJIOINAX H

TpeboBanus k chopMUPOBAHHBIM KOMITETCHIIUSAM

OrneHka «OTJIMYHO» BBICTABIISETCS CTYJEHTY, €CIIM OH IIIyOOKO
U MPOYHO YCBOWJI IPOTPAaMMHBIN MaTepHall, HCUEPIIBIBAIOLIE,
IIOCJIEZI0BATENBHO, YETKO U JIOTUYECKU CTPOWMHO €ro W3J1aracr,
YMEET TECHO YBS3bIBaTh TEOPUI0 C MPAKTHUKOH, CBOOOIHO
CIpaBIsAETCA C 3aJadyaMy, BOIIPOCAMM M JPYTMMH BHUAAMH
IIPUMEHEHHUs 3HaHWM, IPUYEM HE 3aTPYAHSIETCSA C OTBETOM IIPH
BUJIOU3MCHCHUU 3aJaHMM, MCIOJb3YyeT B OTBETE Marepuai
MOHOTpaUUeCKOr JUTEpaTyphl, MPABHILHO OOOCHOBBIBAET
IIPUHATOE PEIICHHUE, BIAACET PA3HOCTOPOHHUMHU HABBIKAMU U
IIPUEMAaMU BBIIIOJIHEHUS IPAKTUYECKUX 3aa4.

Onenka «XO0pOo1o» BBICTABJIACTCA CTYACHTY, €CIIM OH TBEPIAO
3HACT Marcpuall, rpaMOTHO M IO CYHICCTBY H3JIara€t €ro, HE
JAO0ITYyCKasl CYICCTBECHHBIX HETOYHOCTEH B OTBETE Ha BOIIpOC,
MNpaBUJIbHO HNPUMCHACT TCOPCTHYCCKUC IIOJIOKCHUA IIPU
pemieHun  MPAKTHUYCCKUX  BOIIPOCOB W 3a1ad4, BJIaACCT
H€06XOI[I/IMBIMI/I HaBbIKaMHU U IIPUCMAMH HUX BBITTIOJIHCHUS.

OneHka «yJOBJIETBOPHUTEILHO» BBICTABISIETCS! CTYACHTY, €CIIU
OH MMeeT 3HaHWS TOJBKO OCHOBHOTO MaTepralia, HO He YCBOWII
ero  Jeraned, JIOMyCKaeT HETOYHOCTH, HEJOCTaTOYHO
NpaBWIbHbIE  (OPMYIUPOBKH,  HApYIIEHHUs  JIOTUYECKOU
MIOCJIEZIOBATENEHOCTH B U3JI0KEHHH TPOTPAaMMHOTO MaTepHala,
HCIBITBIBACT 3aTPYAHCHUSA IIPU BBIIOJIHCHUNW HNPAKTHYCCKUX
pa0or.

JTUCHHUILINHE

HAHOJ3JICKTPOHUKE) .

bannbt Onenka

(pedTUHTOB | (cTaHmapTHAas)

O OLIEHKN)

86-100 «OTJINYHOY

76-85 «XOPOIIOY

61-75 «yZIOBIIETBOPUT
eIIbHOY»

0-60 «HEYIOBIIETBOP
UTEITHHO»

OueHka «HEYAOBIETBOPUTENIBHO» BBICTABIAETCA CTYIEHTY,
KOTOpBIM HE 3HAeT 3HAYMTEIBbHOW YacTH INPOTrPAMMHOIO «HE
MaTepHana, J10MyCKaeT CyIIeCTBEHHbIE OIINOKH, HEYBEPEHHO, C
OOJIBIIMMHU 3aTPYJHEHUSMH BBIMOJHSET MPAKTUYECKHE PaOOTHI.
Kak mpaBuio, oOLEHKa «HEYJOBIETBOPUTEIBHO» CTABUTCS
CTYAEHTaM, KOTOpble HE MOTYT MpPOJOUKUTH OoOyueHue Oe3
JIOTIOTHUTEIIBHBIX 3aHATHH 110 COOTBETCTBYIOUIEH TUCIUIUIMHE.

OueHovHbIe cpeacrea aJjs leOMe)KyTO‘lHOﬁ arrecranumu

CobecenoBanue (YO-1)

Bonpocsl k 3k3amMeny




10.

11.

12.

OCHOBHBIE KOMIIOHEHTBI HHTETPAJIbHBIX MUKPOCXEM, UX XAPAKTEPUCTUKH.
CpeactBa  W3MEPEHHMM  DJIEKTPUYECKHX  BEIMYMH.  JJEKTPUYECKUE
U3MEpPUTENbHBIE PUOOPHI U CUCTEMBI.

DNEeKTPOMEXAHUYECKUE HW3MEPUTENbHBIE MPUOOPHI OPSIMOro  JEHCTBUA.
OcCHOBBI TEOpMM UM  KOHCTPYKIMM MPUOOPOB NPSIMOrO  JACUCTBHA.
MarauTosneKkTpudeckue nprudophl.

DneKTpOMarHuTHbIE PUOOPBHL. DNeKTpOIUHAMHYECKHE 51
(deppoMHaMUYECKHE IpUOOpHI. DIIEeKTPOCTaTUYECKUE puOOpHI.
NHykimoHHbBIE TPUOOPHI.

OCHOBHBIE THIBl IIKaJd M3MEPEHUW: HEMETPUYECKHUE, METPUYECKUE U
abcomoTHble MIKanbl. CpaBHUTENbHBIN aHanu3 ImKan u3mepeHuil. Illkamb
norapudmuyeckas u ouopuzudeckas.

[Tonsitue o morpemHocTy wu3MepeHuid. Krnaccudukanus mnorpenHocTei
WU3MEPEHHSI.

Ciyualinble TOrpeIIHOCTU. Pacripenenenust ciiydalHbIX BEIUYHUH. YHCIOBBIE
XapaKTEPUCTHUKU CIIYYaiHbIX BEIUYMH. MOMEHTBHI CIIy4aiiHbIX BEJIMYHH.
WU3mepenust ¢ OJHOKpaTHbIMH HaOmoneHusmMu. OO0paboTka OpsIMBIX
MHOTOKPAaTHbIX PaBHOTOYHBIX H3MepeHui. HckmoueHue rpyObIX W
CUCTEMATUYECKUX MOIPEIIHOCTEN.

O6paboTka  pe3yJbTaTOB  HEPAaBHOTOYHBIX  u3MepeHui.  OOpaboTka
pEe3yJIbTaTOB KOCBEHHBIX U3MEpEeHUN. KpuTeprii HUYTOKHBIX OTPEIIHOCTEN.
KoHTakTHBIE METOABI M CpPENCTBA MU3MEPEHUN TEMIIEpaTypsl. TepMOMETphI
COIIPOTUBIICHUS. Tepmonapsl. TepMmuctopsi. WNHTerpanpHbie
MOJIyIPOBOJHUKOBBIE JATUYHUKH.

beckoHTaKTHBIE METOJBI W CpPEACTBAa M3MEpeHuil Temiepatyp. Onrtuyeckoe
n3nydenue. Y crporcrso UK-repmomerpa.

[{udpoBbie U MEKTPOHHBIE U3MEPUTENIbHBIC MPUOOPHI M MPEOOPa30OBATEIH.
Knaccudukanusa uudpossix npudopos. Ludpoananoroseie u aHaaoro-

1 poBbIe MPeoOPa30BATEIIH.
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14.

15.

16.

17,

18.

19.

20.

21.

22,

OcHoBubie Tunbl ALl CpaBHeHHE IO CKOPOCTH, TOYHOCTH, MOTPEOISIEMOiT
MOITHOCTH.

OcuoBubie Tunbl LIAII. CpaBHeHHE TTO CKOPOCTH, TOYHOCTH, MOTPEOIIEMOi
MOITHOCTH.

AHaNoroBble  JJIEKTPOHHBIE  BOJBTMETpHL.  LludpoBbie  BOIBTMETpHI.
[Mudpossie yacroromepsl. PexxuM u3MepeHus: 4yacToThl. PexxuM u3mepeHus
nepuoaa.

CpencTBa BU3YyaJbHOTO OTOOpa)KEHHUs, BHIBOJA M PETUCTpAILUS PE3yIbTaTOB
WU3MEPEHUN. OtoOpaxkeHne  pe3yJabTaToOB U3MEPEHUN  MEMJICHHO
U3MEHSIOIMXCSl BEJIMYMH. BusyanbHOoe OTOOpa)kKeHHE BEJIWYMH, OBICTPO
U3MEHAIOIUXCS BO BpeMeHH. OToOpakeHrne Hu(pOBbIX JaHHbBIX.
OTtoOpaxkeHne TUCKPETHBIX CUTHAJIOB, MPEJCTAaBIECHHBIX B LU(PPOBOH popme,
npu nomoum ocuuwuiorpaga. TexHuueckue cpenctsa uisl IpaduyecKoit
pEerucTpalyy aHaJIOTOBBIX IEKTPUUECKUX BEIMYHH. Peructpanus uudpoBsix
JTAaHHBIX U3MEPEHU.

OCHOBHBIE JIEKTPUYECKHUE BEIMYHUHBI [P U3MEPEHUSX HA MIOCTOSTHHOM TOKE,
crocoObl M3MepeHHsl. TOYHOCTh COBPEMEHHBIX CpPEICTB HM3MEPEHHUs MpHU
U3MEPEHUAX Ha ITIOCTOSTHHOM TOKE.

NneanbHbli WCTOYHUK  HampspkeHus.  MaeanbHbIM  HMCTOYHUK — TOKA.
Xapakrepuctuku. Harpy3ouHas cCmocOOHOCTh HCTOYHHUKA.

N3mepenne BAX u mapaMeTpoB MaJIOMOIIHOIO KPEMHHEBOTO AuoAa Ha
npumepe 1N4148. Tlopsimoxk TokoB M HampspkeHuid. CoONpOTHUBIEHUE MIPH
npsMoM U oOpaTHOM BKIrOYeHHsX. Crarhuueckue U JAUHAMUYECKUE
CONPOTHUBIICHUS.

N3mepenne BAX u mapamMeTpoB MaJIOMOIIHOTO  BBICOKOYACTOTHOTO
KPEMHHUEBOrO0 n-p-n TpaH3zuctopa Ha npumepe 2N3904. I[lopsaok TOKOB U
HanpspkeHuil. ComnpoTHBIEHMS 1O BXOAy W Bbixoay. Crartmyeckue u
JVHAMUYECKHUE CONTPOTUBIICHHUS.

[TapannenbHOE M MOCIIENOBATENBHOE COCAUHEHHUE TUOAOB Ul YBEIIMYCHMS

TOKa HUJIN HAITPSKCHUA.
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31.

32,
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34,

35.

36.

CBsi3b  aMIUIUTYJHOTO, JEHUCTBYIOMIETO  (CPEIHEKBAIpPaTUUYECKOr0) U
CPEIHEBBINPSMICHHOTO 3HAYCHHUH JIsI HAMIPSHDKCHUN Pa3inuyHOl (OPMBI.
OCHOBHBIE 3JIEKTPUYECKUE TapaMEeTphl MPU H3MEPEHUAX Ha INEPEMEHHOM
TOKE, CIOCOObI 3MepeHHs. TOUHOCTh COBPEMEHHBIX CPEJICTB U3MEPEHUS MPH
U3MEPEHUAX HA IEPEMEHHOM TOKE.

CnocoObl  m3MepeHuss HUHAYKTUBHOCTH. CrocoObl H3MEpEeHUsi E€MKOCTH.
N3mepenre eMKOCTH METOJIOM 3apsifa-pa3psia KOHJAEHCATopa.

[Tapa3uTHble  mapamMeTpbl  pPE3UCTOPOB,  KOHAEHCATOPOB,  KaTYIIEK
WHIYKTUBHOCTH U MOJYNPOBOJHUKOBBIX TPUOOPOB HA BBICOKHX YaCTOTAX.
[upposbie MmynbTUMETphL. CTPYKTYypHAs CXE€Ma, MPUHIUI paOOTHI.
[Mudpossie ocummtorpagsl. CTpyKTypHas cxema, IPUHIMI PabOThlI.
CrniocoObl u3MepeHus Ko3pPuimeHta rapMOHUK.

AHanu3 CHEKTPAIBHBIX XapaKTEPUCTUK CHUTHajga B PEXHUME PEATBHOTO
BPEMEHH IPHU MOMOIIHU U(PPOBOTo ocuusuiorpada.

[lonsiTue ycuieHus, NOPUHIUOBI YCWIEHHS CUTHaIoOB. Ha3sHaueHue
YCUJIMTENBHBIX YCTPOMCTB M 00jacTH uX mNpuMmeHeHus. Knaccudukanus
YCUIIUTEIIEH.

[TapameTpsl ycuiuTenel: BXOJHbBIE M BBIXOJHBbIE HaHHbIE, KOI()PUIMEHTHI
YCWIECHHS IO TOKY, HalpsDKEHHWIO, MOLIHOCTH. JIMHAMWYECKWI JHMAara3oH,
KOA(PPUIIMEHT YaCTOTHBIX UCKAKEHUH.

XapakTepuCTUKU: aMIUIMTYIHAs, aMIUIMTYJHO-4aCTOTHAs, aMILIUTYIHO-
YaCTOTHAsI, IEPEXO0IHAS.

[loHsiTHE O CTaTMYECKOM W JAMHAMHYECKOM pexumax. CrnocoObl 3agaHus
pexxuma paboThl pabOTHI.

CrabuinbHOCTh peskuMa. MeToibl TEpMOCTA0OUIN3AMHA U TEPMOKOMIIEHCAIIUU
pexuma.

[IpyHUMNIMANBHBIE W SKBUBAJIEHTHBIE CXEMbl YCWIMTEIBHBIX KACKaJOB C
OOIIUM SMUTTEPOM M HCTOKOM, OOIIer 0a3oif, OOIIHUM KOJJIEKTOPOM H

HCTOKOM.
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OcoGenHoct pabOThl KacKajoB MpU YCWJICHUU HMITYJIbCHBIX CHTHAJOB.
CBs13b IEPEXOIHBIX U JTUHEHHBIX UCKAKEHUN.

[lonsitue 00 wuHTErpanbHBIX YycUIUTENIX. OCOOEHHOCTH CXEMOTEXHUKHU.
OcoOeHHOCTH TOCTPOEHUS] YCHJIMTENCH MOCTOSHHOTO TOKa MPSIMOTo
YCUJICHUS.

[lonsitue gpeiipa nyns. [loctpoenune nuddepeHIMATBHBIX —KaCKaloB.
MeTtop1 moaBneHus: CHH(A3HBIX CUTHAJIOB.

Onepanuonnsie ycwurenu (OY): mocTtpoeHue, OCHOBHBIE MapaMeTphbl U
XapaKTEPUCTUKHU, IKBUBAJICHTHBIE CXEMBI.

[TapameTpsl HMHBEPTUPYIOUIEH, HEMHBEPTUpPYIOIIEH U auddepeHnnanbHon
cxeM BkioueHus OY.

Crarnueckue norpemwrHoctd OY U meTonbl ux ymeHbuieHus. OcoOeHHOCTH
ucnonp3oBanusg OY B aHAJIOTOBBIX YCTPOMCTBax. YCTPOWMCTBA aHAJIOTOBOM
00pabOTKH CUTHAJIOB.

[TocTpoenue ycuiureneil MOIHOCTU: OTHOTAKTHBIE U IBYXTAKTHBIE CXEMBI.
DHEpPreTUYeCcKUe COOTHOLIEHUS B PEKUMAaX KIaccoB «Ay», «B», «AB».
Kackanpl, pabotaroniue B pexxume kinacca «Dy.

@da30MHBEPCHBIE KaCKabl.

[IBetoBass u OykBeHHO-IIM(pOBas MapKUpoBKa pe3uctopoB. [ludposas

MapKHUPOBKa KOHJIEHCATOPOB.

Tunol 7K3aMeHAMOHHBIX 3aJaHUH

Tun 1. CobGepure cxemy nns cuarus BAX nuoma. Mameppte BAX

ManomonHoro auona. Ilo BAX ompegenute craTuyeckue M JAUHAMHYECKHUE

rapameTpbl AM0Aa.

Tun 2. CobGepure cxemy s cHATUS BxoaHblx BAX TpaH3ucropa.

N3meppTe cemelictBo BXoAHbIX BAX. Ilo HUM omnpenennTe BXOAHBIE CTATHUYECKUE

U JTUHAMHUYECKHE MMapaMeTpbl TPaH3UCTOPA.



Tum 3. Cobepute cxemy nansi cHATUA BBIXOAHBIX BAX TtpaH3ucropa.
N3mepbre cemeiictBo BbIXOAHBIX BAX. Ilo HHMM omnpenenutre BBIXOIHBIE
CTaTUYECKUE U TUHAMUYECKUE TTapAMETPhI TPAH3UCTOPA.

Tun 4. Omnpenenure 4YacTOTy SJIEKTPUYECKOIO CHUTHAla MPU OMOIIU
aHaAJIOrOBOr0 OcCIMIIIOrpada, 3JIEKTPOHHO-CUETHOTO YacTOTOMEpPa U LHU(PPOBOTO
ocunsuiorpaga. CpaBHUTE pe3yJIbTaThI.

Tun 5. Omnpenenure 3HAYEHHWE CONMPOTHUBICHHUS MPHU IOMOIIM MOCTA
IIOCTOSIHHOTO TOKa. OmnpenennTe 3HAYEHHUE CONPOTUBIICHUS ITyTEM H3MEPEHUS
HaIlpsDKEHUST Ha CONPOTUBIEHHM W CHIBI TOKA, IPOTEKAIOLIEro Yepe3 3TO
conporuBieHue. CpaBHUTE PE3yNbTATHI.

Tunm 6. CoOpaTh cxeMy yCWINTEIBHOIO Kackaja Ha OWIIOISIPHOM
TPaH3UCTOPE IO CXeMe C OOmMM BMUTTEepoM. M3Meputh ee aMIuIMTyAHO-
YaCTOTHYIO XapaKTEPUCTHKY.

Tun 7. CobOpaTh COOTBETCTBYIOIIYIO CXEMy U HM3MEPUTh KO3(DPUIMEHT
CTaOMJIM3alMM TMApaMETPUUYECKOTr0 cTaduiau3aropa Ha cTadumiuTpoHe. M3Mmeputh
K03 PUIIMEHT cTadMIM3aluy HHTETpaIbHOTO cTabmim3aTopa tuna LM7805.

Tun 8. M3mepuTh KOIDPUIMEHT HEIMHEWHBIX HCKAXEHUM 3alaHHOTO
CUTHAJIa ITPY IIOMOLIM CEKTpoaHanu3aTopa. OLeHUTE NOrpeHOCTh U3MEPEHUS.

Tun 9. Omnpenenure  yaAenbHOE  3JEKTPOCONPOTHBJICHHE  oOpasia
Matepuana. OueHuTe NOTPEIIHOCTh U3MEPEHHS.

Tun 10. Jlan psng wu3MepeHudt  HanpspbkeHusa. VICKmouuTh  rpyOble
NOTPEIIHOCTH, HAWTH JOBEPUTEIbHBIE TPAHULBI PE3yJbTaTa WU3MEPEHUs C
3aJJaHHOU BEPOSITHOCTBIO.

Tun 11. TlpuGop ¢ HETEKTOPOM  CPEIHEBBINPSIMICHHOTO  3HAYCHUS
rpagyvpyeTcss MO AaMIUIMTYJHbIM 3HAY€HUsIM MPSMOYTOJIBHOTO  CHUTHAJA.
Omnpenenutb, KakuMu OYyIyT IOKa3aHHMs NHpubopa MpH MOoJadye Ha €ro BXOJ
CUHYCOWJAJIbHOIO CUTHAJIA 33JaHHON aMIUIUTYABI.

Tun 12. IlpuGopoM ¢ u3MepuTeneM HCTUHHOTO CPEIHEKBAAPATUYECKOIO

3HaueHus (True RMS) u OOBIUHBIM MYJBTHUMETPOM H3MEPSETCS HaIPSKECHUE



IPSIMOYTOJIBHOHM (hOpMBI. AMILTUTY/1a IPSIMOYTOJIBHOTO HanpsbkeHus pasHa 100 B.
Omnpenennutpb, KaKUMH OyTyT MOKa3aHUS KaXKJOTO U3 MPUOOPOB.

Tun 13. CoOpaTe cxeMy yCHJIMTENBHOIO Kackajga C OOLIUM 3MUTTEPOM.
[lopate Ha BXOJ CXE€MBbI HOPSIMOYTOJBHBIM CHUTHAJ 33aJaHHOW aMILIMTYAbl M
yacTtoThl. Ocuuiuiorpad)oM ONpeaeIuTh BpeEMsl YCTAHOBJICHUS! CUTHANIA Ha BBIXOJE
YU OTHOCUTEJIBHYIO BEIMYMHY CHaJa BEpIIMHBI uUMIysibca. Ilo HUM OLICHUTH
HWKHIOIO Y BEPXHIOKO YaCTOTHI MOJIOCHI TPOITYCKAHHUS.

Tun 14. Paccuurate u coOpaTh cXeMy TeHepaTopa T'apMOHMYECKHUX
KOJI€OaHWI 3aJaHHON YacTOThl M aMIUIMTYJbl Ha ONEPAllMOHHOM YCHIIUTEJE C
MocTtoM Buna. M3meputh ocmuuiorpadgoM 4YacTOTy MU aMIUIMTYAY CHrHaja.

CpaBHHTB C 3alaHHbIMH 3HAYCHUSIMU.



OueHouHbIe CPpeACTBA IS TEKYLIEH aTTeCTAlNH
Tunossie 3a1anus K 1a00paTOPHBIM paboTam

Hsmepenue nocmosHHbIX U NEPEMEHHbIX  MOKO8 U  HANPANCEHUL
NOJYNPOBOOHUKOBLIX ~ NPUOOPO8 HA  HNpumepe  MpPAH3UCMOpad 6  Kackade
npeosapumenbHo20 YCULEHUs No cxeme ¢ 00WUM IMUMIMEPOM

1. Jnst cOopku cxeMbl BBIOEpUTE DJIEMEHTHl. HoMUHaNIBI MOXKHO
OTIPEJIEIUTh M0 MApKUPOBKE (I[BETOBasi MapKUPOBKA PE3UCTOPOB, LU(pOBas WM
OykBeHHO-IIM(pOBasi KOHJIEHCATOPOB) WJIM MpPU TOMOIIM 3amMepa Iapamerpa
MYJIBTUMETPOM.

N3meppTe (akTHueckue 3HAYCHHST HOMHHAJIOB JJIEMEHTOB MPHU TMOMOIIU
MYJIBTUMETPA. 3alUIIUTE PE3YIbTaThl U3MEPEHUM.

CocraBbTe cXeMy Kackaja MpeaBapUTEIbHOTO YCUIICHUS MO CXeMe ¢ 00IIuM
AMUTTEPOM.

HNanee nnst yaoOCTBa MOCHEAYIONMX HW3MEPEHUU HANPSHKEHUH U TOKOB
TPAH3UCTOPA €r0 MOXKHO BBIHECTH IIPHU MOMOIIU TPEX MPOBOJHUKOB Ha CBOOOIHOE
MECTO MAKETHOM IIATHI.

2. ITonaiiTe muTaHue Ha cxemy ot ruesna +15 B.

N3meppTe (pakTrueckoe 3HAUYCHHE HANPSKEHUS] MUTAHUS MYJIbTUMETPOM.
Pesynbrar 3anummre.

OnpenenuTe MOOKEHHE pabodeii TOUKH KacKasa.

HanpspbkeHue MOXXKHO HM3MEPUTH MPU MOMOIINM BCTPOEHHBIX MHCTPYMEHTOB
Digital multimeter wumu  Oscilloscope  (MynapTUMETp U ocimuiorpad
COOTBETCTBEHHO).

[IpoBenute wu3MepeHUss NOTEHIMAIOB SMHUTTEpa, KOJUJIEKTOpa | 0asbl
OTHOCUTEIBHO O0OIIel TOYKM TpH TMOMOIIM ocuwiiorpada u MyibTuMmerpa. Ha
ociyuiorpade s KOPPEKTHOTO  OTOOpa)Ke€HUsl pe3yibTaTa HEoOXOAUMO
YCTAaHOBUTH COOTBETCTBYIOIIYIO IIEHY JEJICHUS, YTOObI YPOBEHb H3MEPSEMOTO
HaMpsDKEHUST HaxoAWIcs B 001acTH  oToOpaxkeHus. YucieHHOe 3HadyeHue

MOCTOSIHHOT'O HAaNpsDKEHHS] B JAHHOM CIIy4ae CUMTBHIBAETCS OKOJIO abOpeBUATypbl



RMS (root mean square — cpemHEKBaJpaTHYEeCKOe 3HadeHue). Pe3ynbrarsl
3anuirTe. Beraucinre HanpspkeHus: 0a3a-3MUTTEP U KOJUIEKTOP-3MHUTTED.

[Ipu momouM BCTPOEHHOTO MYJIBTUMETpPAa U3MEpPhTE TOK KOJUIeKTopa. ToK
0a3pl B JAHHOM CJIy4a€ COU3MEPHM C TMOTPEIIHOCTHIO (EAMHULIECH MJIIAIIIETO
paspsia) M MO IMOKa3aHUSIM BCTPOEHHOTO MYJIbTUMETpPAa MOXKHO TOJIBKO C
HEKOTOPOM BEpPOSTHOCTHIO CYAWTH O €ro HaJIM4YuHh/OTCYTCTBUU (€CIM €CTh
BO3MOXKHOCTb, TOK 0a3bl MOKHO H3MEPHUTHb OTACIBHBIM MYJIBTHMETPOM C Ooliee
HIMPOKUM JTMANa30HOM TOKOB). Ilepen KakIbIM H3MEpeHHUEM HEOOXO0IUMO
ycranoBuTh Null Offset qy1s1 koMIeHcanuu NoKa3aHWii BCTPOEHHOTO MYJIbTHMETPA
B OTCYTCTBHE U3MEPSEMOT0 CUTHANIA (YCTAHOBKA HYJIS).

3anumure noJiydeHHble 3HaueHus. [lo cripaBoO4YHBIM JaHHBIM TPAH3UCTOPA
2N3904 (Tounee, mo BeauuMHE KOd(PuUIMEHTa Tepeaadyn Toka 0a3bl B CXEME C
obmmmM smurTepoM H213) Ha OCHOBE TOKa KOJUJIEKTOpa paccuuTaiTe TpeOyemblid
tok 0a3bl (10 = Ik/H213). CpaBHHTE pacueTHBIN TOK C ©3MEPEHHBIM.

3. [logaiTe  Ha  BXOJ  Kackala  IEPEMEHHOE  HAIpsHKEHUE
CUHYyCOMJIaJbHONU ()OpMBI NPU MOMOIIM BUPTYaJIbHOrO HMHCTpyMeHTa Function
Generator. Ilpu sTOM rHe370 Ha MakeTHoW tuiate ¢ oOo3HaueHueM FGEN
HEOOXOJMMO COEIMHUTh TPOBOJHUKOM CO BXOJAOM Kackana. Ilapamerpsl
YCTaHOBKHM TI'€HepaTopa: CHHYCOMJaJbHOE HampsbkeHue, yactora | xl'm, pasmax
Hanpspkenust (Vpp) 0,02 B (ammmutyaa npu stom paBHa 10 MB). AxrtuBanus
IIPOUCXOIUT 110 KHOTIKE Run.

[Ipucoenuuute Kk BBIXOJY Kackaja ocuusuiorpad u nmpoHadmronaiite popmy
BBIXOJJHOTO HampspkeHus. OOpaTuTe BHUMaHUME Ha 3alIyMJIEHHOCTh CHUTHAJIA.
3adukcupyiTe CKPUHIIIOTOM.

N3mepbTe nepeMeHHoe HalpsiKEHUE Ha BbIXOJE Kackaja B TPeX BapUaHTaX:
ocumiorpagom mo BenmunHe RMS, ocummiorpadgom mno BenmuuuHe Vpp,
MYJBTUMETPOM (CpelHEKBaApaTHUECKOE 3HAUCHUE MEPEMEHHONW COCTaBIISIOLICH).
[TockonbKy H3MepsieMble 3HAUYEHHS MOABEPKEHbl OCHMJUISIIUAM (KOJieOaHUsIM),
HEOOXOMMO JJIs Ka)XJ0ro BapHaHTa MPOM3BECTH IO JECATh 3aMEPOB B PEKUME

Run Once (omHOKpaTHOE HW3MepeHHE; 3amaercs B myHKTe Acquisition Mode).



3anucaTh NOJYyYEHHbIE 3HAYEHUS, BBIYMCIUTH YCPEIHEHHBIE XapaKTEPHUCTUKHU
Usbix_rms, UBbix_VppP, UBBIX CKB (MyJIbTUMETP).

JIJist BceX TpeX BapUaHTOB BBIUMUCIUTE KOAIP(GUIUEHT YCUIICEHUs KacKaja 1o
HampspkeHuto. [Ipu 3ToM aMIUIMTYqy BXOJHOTO HANpsDKEHHs I0Jaratb paBHOM
Usx = 10 mB (3HaueHue, KoTopoe 3a7aBajoch Ha TEHEPATOPE).

Koadduiment ycunenus: mo HampsiKEHUIO BBIUUCISETCS MO CTaHIAPTHOM
dopmyrne Ku = UBbix/UBx. BxomHOe W BBIXOJAHOE HAMPSHKEHUS JODKHBI OBITH
BBIDAKEHBl B OJMHAKOBBIX 3HAYEHUSX: Oepercs pa3Mmax, aMIUIUTyJa WU
CPEIHEKBAPATUYECKOE 3HAUCHHUE.

CpaBHHTE MOTYYEHHBIE PE3YIbTATHI.

4. IlpucoenuHurte mNapayieibHO HAarpy3ke €MKOCTHYIO COCTaBJISIOLIYIO
BennunHoi CH = 0,01 Mx®. Tlponabmromaiite ¢opmMy BBIXOIHOTO CHTHaja MpU
nomoum ocuusuiorpaga. CpaBHute ¢ ¢opMmoil curHaia B m.3. 3apukcupyite
ckpuHIIoTOM. Crenaiite BBIBOJBI.

N3mepbTe ocimuiorpadoM BEIMYKMHY BBIXOJHOIO HANpPSDKEHHS B JBYX
BapuaHTtax: RMS u Vpp. [Ing kaxaoro BapuanTa npoBeanuTe Mo 3+5 U3MEPEHUAN B
pexume Run Once. Bbluucaute ycpeaHEHHble 3HaueHHs. Beiuncnure
koadurmenTs! ycunenns mo RMS u Vpp.

CpaBHHTE C QHAJIOTMYHBIMM 3HAYCHUAMM, TOIydYeHHbIMH B 1.3. Kakyro
1010 3Ha4eHus RMS oThunbTpoBbIBa€T eMKOCTH?

[locne BbmosHeHusa n.4 (s BCEX MOCIEAYIOIIMX IYHKTOB) eMKOCTh CH
OCTaEeTCsl B CXEME.

S. Onpenenure BXOJHOE CONPOTHBICHHE Kackaga IO IEPEMEHHOMY
TOKY.

CraHgapTHO BXOJHOE CONPOTHBIIEHUE ONMPEACISAETCS KakK Iy = Uy/ly,, Tae
Usx, Isx — IEPEMEHHBIC BXO/IHBIC HATIPSHKCHUE U TOK KacKaja.

B nanHOM ciyyae u3-3a MaJlOCTM TOKa 0a3bl H3MEPUTh €ro (TOK) C
JIOCTATOYHOW TOYHOCTBIO CPEACTBAMHU CTEHAA HE MPEACTABISIETCS BO3MOKHBIM.

HOBTOMY pacdyeT BXOAHOI'O COITPOTHUBJICHHUA IPOBOAUTCA IIO PA3HHUIC BLIXOJHBLIX



HaIpsSDKEHU B HCXOJHOM BapUAHTE CXEMbl M BapUAaHTE C JIOMOJHHUTEIbHBIM
MOCJIEIOBATEIbHBIM COITPOTUBICHUEM HA BXOJE.

JI1s1 HICXOJHOTO BapUaHTa CXEMbI MOKHO MCITOJIb30BaTh UBBIX, TOJIYYEHHOE
B 1.4

Hanee HeoOxoammo mnocienoBarenbHo ¢ Cl coeAMHUTH CONMPOTHUBIICHHUE
BenuunHOM nopsaka 1 kOM (umu apyroe, Hanbosee MoAXOoAsIIee 10 HOMUHAIY) U
nojaath curHai ¢ reiepatopa FGEN yepes 310 conpoTuBieHue Ha BX0O/ Kackajaa.

Jlyist BapuaHTa CXEMBbI C IMOJauell CUrHaia OT reHepatopa Ha R' u3mepnTe
Usbix_rms wi UBBIX vpp npu noMomiu ociuiorpada 3+5 pa3 B pexkxume Run
Once.

BxoaHoe compoTuBieHHE KacKaaa MO MOJYyYEHHBIM JAHHBIM BBIYMCIISETCS
Kak

Tex = Ul;bIX ) R’/(UBI)IX - UI;I)IX)'

rae Uy, ¥ Ug,x — BBIXOTHBIC HANPSDKCHHUS B MCXOJAHOM M HM3MEHCHHOM
BAapUAHTAaX CXEMbI COOTBETCTBEHHO.

T.K. BXOJIHOE COINPOTHBIICHHE KacKaJla ONPEIEISIeTCS NapajlIeIbHbIM
BKJIIOUEHHEM CONPOTHBJICHUU Iy = R1//R2//h113, TO Mo m3BecTHBIM Iy, R1, R2
MOXHO omnpenenuts hlla. IlonmpoOyiite Bbluncauts hlla, cpaBHuUTE CO
CIIPABOYHBIM 3HaYEHUEM, €CJIM TAKOBOE IIPUBEJIECHO B ONMCAHUH TPAH3UCTOPA.

6. WM3wmenss otHomeHnue comnpotuBieHnid R1 u R2 B cropony ymeHbIeHus
Y YBEIMYEHUs, MPOHA0II01aTh, KAKOW OyZeT (popMa BBIXOJHOTO HANPSLKEHUS MpU
nmojavye Ha BXOJI CHHYCOWJAJIbLHOIO HampsbkeHus pasmaxom 20 mMB (kak B m.3 —
0,02 Vpp).

B cropony ymenbmienuss — ycraHaBiuBaeTca R2=1 kOm (BepxHee Ha
cxeme), R1 (HmkHee Ha cxeme) coxpaHseTcss UCXOAHBIM (2 KOM); B CTOpOHY
yBenuueHuss — R2 ycranaBnmuBaetcss paBHbIM 10 kOM (ucXogHOE 3HayeHUE),
R1=200 Om.

B o0oux ciyyasx omnpenenuth paboune TOYKH (MU3MEPUTH IMOTEHIIMABI

BBIBOJIOB TPaH3UCTOPA OCHMIUIOTPadoM, BBIUKUCIUTH HAMPSHKEHUS] KOJIJIEKTOP-



AMUTTEP M 0a3a-dMUTTEP; HU3MEPHUTh KOJUIEKTOPHBIA TOK MYJIBTUMETPOM C
npensapuTenbHoit ycranoBkoi Null Offset).

[ToouepeaHo pa3beIUHUTH LEMb (T.€. clejaTh OOpPHIB) CHAayajga Ha MECTe
conportupieHus: R2 (R1 ocraercst ucxognsim), a 3arem Ha Mecte R1 (R2 ocraercs
UCXOJHBIM). OrmpeAenuTs MOJIOKEHUE paboueld TOUKM Kackajga NpHU KakKIOM
U3MEHEHHH.

BepHyTh cXeMy B UCXOJTHOE COCTOSTHUE.

7. [lo pe3ynbraram 1.5 OINpeAeNUTb, KaK BIHSIET CONPOTUBICHUE
R'=1 kOM Ha K03(p(ULIHUEHT yCUIIEHUS O HAIpPSOHKEHUIO Beeil cxembl. Craenaiite
BBIBOJBI B NPEANONOXKEHWH, dYTo R' dABnsercs, Hanpumep, BHYTPEHHUM
CONPOTUBJICHUEM HCTOYHMKA CHUTHAJIA WM  BBIXOJHBIM  COINPOTUBJIECHUEM
NpeabIAYIIEro KacKaa.

8. IlomaBas Ha BXOJ KacKaJla CHUHYCOMJAJbHBIM CHTHAl W YBEJIUYMBas
pasmax or 0,02 Vpp m nanee, onpenennTh, MPU KAKOM 3HAYEHUU BXOJHOIO
HaIpPsHKEHUS! BBIXOJHOE TEPSAET CUHYCOMAANBbHYIO (DOpMY (HHIKHUE MOITYIIEPUOIbI
«YIUIOIIAIOTCS»). M3MEepUTh pa3Max BBIXOJHOTO HampsbKeHus. 3aduKCHUpOBaTh
CKPUHIIOTOM.

VYBenuuuBas najnee amIUIMTYAy BXojHoro curHana go 0,5 Vpp u Ooree,
ONpENENNTh, IPU KAKOM 3HAYEHUU BXOJHOIO HANPSDIKEHUA IPAKTHYECKU
NepecTaeT pacTd pa3Max BBIXOJHOIO CHUTHaJIa (MMIYJIbCbl TpPH 3TOM OyAyT
OTpaHUYEHBI CBEPXY M CHU3Y, T.K. OHU BBIXOJAT 3a pabouyro 00JacTh Kackanaa).

N3meputh pazmMax BBIXOJHOTO HaNpsDKEHUs. 3a(pUKCUPOBATh CKPUHIIIOTOM.

Usmepenue amnaumyoHo-yacmomuou u ¢hazouacmomHol XapaKmepucmux
cxemvl HA npumepe Kackaoa npeosapumenbHO20 YCUNEHUs No cxeme ¢ 00wum
IMUMMEPOM.

1. Onpenenute, kak BausgioT Ha AUX m ®PUX kackaga BeTUYUHBI
emkoctent Cl, C2, Co.
AUX um ®UX MOryT CTpOUTHCS B aBTOMATU3UPOBAHHOM PEXUME C

WCIIOJIb30BaHMEM BHUpTyalbHOro mnpubopa Bode Analyzer. Jlns mnpoBeaeHus



u3MepeHus BxoJ kackaga coenunsiercs ¢ rue3nom FGEN, a FGEN coenunsiercs ¢
aHaJioroBeiM BxoJoM AQ+. Beixon Kackajga COEOUHSIETCA C aHAJIOTOBBIM BXOJIOM
Al+. AmnanoroBeie Bxonabl AO- um Al- coemunstorcs ¢ GROUND. TIlepen
npoBeneHneM m3MepeHus Function Generator HEOOXOAMMO OTKIIOYUTH, T.K. IS
n3mepenuss AUX HCnonb3yrTCsl pecypchl FeHepaTopa.

B BepxHux monsx auanorooro okxHa Bode Analyzer neo6xoaumo BeIOpaTh
COOTBETCTBYIOIIIME aHAJOTOBBIE BXOJbl, K KOTOPHIM TOABOMSITCS BXOIHOM U
BBIXOJIHOW CUTHaNbl Kackajga. Eciy Bce MOJICOEAWHEHO, KaK YKa3aHO BBIIIE, TO
HeoOxoaumo BbIOpaTh AQ 1 Al. Ilpu ucnonp3oBaHuu aHanoroBbeix BXxogaoB AQ, Al
MakcuMasibHas yactorta noctpoeHuss AUX n @YX orpannuena BenmunHon 200
k[l (HO 3TOro ¢ 3amacoM JOCTAaTOYHO JUIsl aHaIW3a YCHIIUTENEH 3BYKOBOTO
Jharna3oHa).

YcranoBuTe BepxHIOW TpaHully mnoctpoeHus AYX pasnoir 200 kI,
HIDKHIOKD — paBHOM 3 I'm. Yumcino u3mepeHuii Ha nekany (Ha JACCATHUKPATHOE
yBEJIMYEHHE 4YacTOThl) ycraHoBuTe paBHbIM 10. Peak Amplitude ycranosure
paBnoit 0,02. Bce AUX/DUX bukcupyroTcs CKpUHIIIOTAMU U 3alUChIO 3HAYEHUH B
(aiin no HaxaTuto KHonku Log.

M3meppre AUX, ®UX kackama g BenuuuH Cl, paBebix: 1 MK®
(ucxomnas), 10 mMx®d, 0,1 wmxd. Ilocme mnpoBeneHHUs HBMEPEHHN B CXEMY
YCTaHAaBJIMBAETCS KOHAEHCATOP UCXOAHOM eMKOCTH Cl1=1 MK®.

Ma3meppre AUX, ®UX kackama g BeauuuH C2, paBHbIX: 1 MK®
(ucxonnast), 10 mx®, 0,1 Mx®. Ilocie mnpoBeneHUs U3MEPEHUNH B CXEMY
YCTaHABJIMBAETCSI KOHAEHCATOP UCXOAHOM eMKOCTH C2=1 MKD.

M3meppre AUX, ®UX kackaga miuga BenuuuH C3, paBHbix: 100 mMx®d
(ucxonnast), 47 Mx®, 10 Mx®, 0 mMxd (6e3 emxoctu). Ilocne mnpoBencHuUs
U3MEPEHU B CXEMY YCTAaHABIMBAETCA KOHJEHCATOP MCXOJHOM €MKOCTHU
C3=100 MxD.

Jns KaXAoWl BEIWYMHBI KaxAaou u3 eMkocted mno AYUX onpenenure

MaKCUMaJbHBIA KOA(POUIIMEHT yCUIIeHHs B Jenudenax U paszax, a TakkKe IMOJIocy



IpoIycKaHus Ha ypoBHE -3 1b OT MakKCUMAaJIbHOTO (BEPXHIOIO U HUKHIOIO YaCTOTHI
MOJIOCKI POIYCKaHU).

Bce usmepenus (MakcuMaiabHOTrO Kod(hdUIIMEHTa YCUJICHMS, HIDKHEH WU
BEPXHEH 4acTOT MOJOCHI MPOITYCKAHMSI) CBECTH B TAOIUILY.

2. Onpenenuth, kak Bausier Ha AYX um PUX kackamga BelIMYMHA
E€MKOCTHOM cocTaBisitoniell Harpy3ku. WM3mensis Homunanel CH, omnpeaenure B
KaXXIOM ClIy4ae MaKCUMaJbHBIA KOAPHUIMEHT YCUICHUS U MOJIOCY MPOITyCKaHUs
Kackaja Ha ypoBHE -3 1b 0T MakcHMaJIbHOTO (aHAJIOTHUYHO 11.1).

Psan Benmuuuna CH: 0,01 Mk® (ucxomnas), 0,1 Mx®, 1 Mmk®D, 0 Mx®d (6e3 CH).
[Tocnie mpoBeneHus u3mepennilt BepHyTh ucxognoe 3Hauenne CH = 0,01 mx®.

Pe3ynbraThl u3MepeHuit CBECTH B TaOJIUILY.

3. Onpenenure, Kak BIUAIOT Ha KO3(PQPUUUEHT YCHIEHUA IO
HarpspkeHuto conpoTtuBieHus: Rk, Ry, Ra. Anamornuno m.l., u3meHsss HOMUHAJIbI
sanemeHToB Rk, RH, R3, B CTOpOHY yMEHBIIECHUS U YBEIUYEHUS, ONPEACIIUTE IO
AUX B KaXI0M Cilydyae MaKCUMaJIbHBIN KO3((DUITUEHT yCUICHUS KacKaa.

Psn 3nauenunit Ro: 680 Om (ucxomnoe), 6800 Om, 68 Om. MoxHO
UCIIOJIb30BaTh U JIPYyTrM€ 3HAYEHHUS CONPOTUBIICHUN, Ba)KHO, YTOObI OHHM OBLIU
CYLIECTBEHHO Ooubllie U MeHbIIe HucxoaHoro. I[locie mpoBeaeHus U3MeEpeHH
YCTaHABJIMBAETCS UCXOJIHOE 3HaUeHUE conpoTuBieHuss Ra=680 Owm.

Psn 3nauennit Rk: 2 kOMm (ucxomnoe), 200 Om, 10 kOm (wiu Haumbosiee
onmu3koe 1o HomuHAy). I[locie mpoBenaeHWs HW3MEpPEHUN YCTaHABIMBACTCS
MCXOHOE 3HaYeHue conpotusieHns Rk=2 kOwm.

Psn 3nauenuit Ru: 240 kOm (ucxoanoe), 10 kOM (wim Hanbosee Oau3Koe
no HomuHaily), oo (0e3 Harpy3ku). Ilocme mpoBeneHus U3MepeHUN
yCTaHaBJIMBAETCA UCXOIHOE 3HaueHue conpoTuiaeHuss Ru=240 kOm.

Pexxum 0©e3 Harpy3kd COOTBETCTBYET peXUMY XoJjoctoro xona. Eciam B
JAHHOM ciy4yae Oe3 Harpy3Kd BBINOJIHUTh HU3MEPEHHWE HE MPEeCTaBIsAETCS
BO3MOXXHBIM  (Hampumep, TMOSIBIAIOTCA  HEKOPPEKTHbIE  PE3yibTaThl  WIIU

OTCYTCTBYCT CI/IFHaJI), TO BMCCTO HMCXOOHOTO COIPOTHUBIICHUA MMOAKIIOYHUTC



HauOOJIbIIIeE O HOMHHAIY W3 BBIJAHHBIX (HO OHO JOJDKHO OBITH OOJIBIIE
HCXOJHOTO0, T.€. OoJbie 240 kOM).

[Ipu kax10M U3MEHEHHH CONPOTUBIICHUS OMPEICIUTh MOJ0XKEHUE paboyeit
TOYKH (U3MEpUTH MOTEHIIAAIIBI BBIBOJIOB TpaH3UCTOpa
oclJIorpadoM/MyJIbTUMETPOM, BBIUUCITUTH HANPSDKEHUS KOJJIEKTOP-IMUTTEDP U
0a3a-3MUTTEP; U3MEPUTH KOJUIEKTOPHBIM TOK MYJIbTUMETPOM C IPEIBApUTEIHHOM
ycranoBkoi Null Offset).

Bce u3mepenus ceectu B TaOIHILY.

4. TlonmaiiTe Ha BXOJ KacKaja CUTHaJ MNpsMoOyrojibHou ¢dopmbl. Pazmax
ycranoBute Ha ypoBHe 0,02 Vpp. CnekTp JaHHOrO CUrHajia COCTOUT U3 HEYETHBIX
rapMOHUK OCHOBHOM uactoThl: (2n+1)-fo, rme fo — mnepuon cregoBaHus
UMITYJIbCOB, 3aJlaBaéMbIX Ha reHeparope. CHEKTp TaKoro CHUrHajla MOKHO
pOHA0II0aTh B peajJbHOM BpEMEHM Ha crekTpoaHanu3arope (Dynamic Signal
Analyzer), ycTaHOBUB HEOOXOIUMYIO aMILTATYY.

3anaB vactoty paBHoOM 1 k['1, mpoHabmonath, kakas ¢opma CUTHaJIA |
CHeKTp OyIyT Ha BeIXOJC Kackama. YacToTHbI auamna3oH (Frequency Span) 3amath
paBubIM 20-f0 = 20 k't vitr 20000. 3apuKCHPOBATH CKPUHIIIOTOM.

3agate yactoty nopsiaka 250 ' unmyu HeMHOTO HUkKe. YacTOTHBIN auana3oH
3agath paBHBIM 20-f0 =5 k['m mimm 5000. B maHHOM ciiyyae Ha BBIXOJ KacKajaa
MPOUIYT TOJHKO BBICIIIME TAPMOHUKH B COCTaBE CUTHAJIA TIPSIMOYTOJILHON (hOPMBI
u OyneT HaOJIIOAAaThCsl TOJBKO BHICOKOYACTOTHASI COCTABIIsSIONas. 3aQpUKCUPOBATH
CKPUHIIIOTOM.

3anaTh 4acToTy nopsjaka 12 k' uiau HeMHOro Bhiie. YaCTOTHBIN Auana3oH
3agath paBHBIM 20-f0 = 240 x['m wum 240000. B sToM ciydae Ha BBIXOJ Kackaza
YAaCTUYHO TPOUAYT TOJBKO HHU3IIHME TAPMOHHKHA W BBIXOJHOW CHUTHamM Oyner
chopMupoBaH HU3KOYaCTOTHBIMU COCTAaBJISFOIITUMU. 3adukcupoBaTh

CKPHUHIIIOTOM.



3anaHune HA KypPCOBOil POEKT

OCHOBHOI 11€JIbI0 KypCOBOI'O TMPOEKTUPOBAHUS SBJISIETCS MPUOOpETEHUE
HABBIKOB OOOCHOBAaHMS BbIOOpa CTPYKTYPHOW CXEMbI YCHIIUTENS, DJIEMEHTOB U
y3JI0B, YJIOBJICTBOPSIONIUX 3aJaHHBIM TPEOOBAaHUSM HA YCUJIUTEIh B IIEJIOM,
pacyeToB OTAETBHBIX KAacKaJoB, pabOThI CO COPaBOYHOM W HOPMATHBHOU
JIUTEPATYPOH.

3ajaHue Ha MPOEKTUPOBAHHE COAEPNKUT TPU 33Ja4d, COIIACHO
WHUBUyaIbHOMY BapuaHTy. BbIOOp KOHKPETHOTO BapuaHTa MPOU3BOJIUTCS IO
nocyieqHuM 1udpam Homepa 3adueTHoM KHUKKH, e N1 — npennocnenuss uudpa
HOMEpA 3a4eTHOM KHIKKHU, N2 — mocnesis.

3amava 1
[IpousBecT aHaiU3 CTATUYECKOTO W JAUHAMHUUYECKOTO PEXKUMOB PadOTHI
Kackajia ¢ 001mmmM 3MUTTEepoM (puc.l) mpu ucxoaubix gaHHbiX (Tadm.1).

Puc.1. Kackao ¢ oowum smummepom

HUcxonnvlie nanHbIC Tabmuma 1
Bapuant | [TapameTrpsl 371EMEHTOB CXEMBI
(N2) E,, R1, R2, Rq, R,, Tpan3uctop
B KOM KOM KOM KOM
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
5 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 15 0,5 KT315A
9 18 16 2 15 0.5 KT339I
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JlonoTHUTENbHBIC JaHHBIC:
- conpoTuBiieHne uctounnka curHana R. = 100-N1 Ow;

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

- eMkocTh Harpy3ku C,= 100-N1 n®.

ITo mapamMCcTpaM CXEMbI KaCKaJa € 06HII/IM OMHUTTCPOM:

1. OHpCI[eJII/ITB CTAaTUYCCKHC IIapaMCTPbl KaCKaaa C O6I[II/IM OMUTTCPOM:

TOKH Kojuiektopa |, u 0a3wl lg, B pabouelt Touke, TpeOyeMblii U (paKTHUESCKUN

KO3(GUIMEHTHI TeMIepaTypHOi cTabrin3aruu kackaaa mpu Ty, = 60 °C.

2. OnpenenuTh TUHAMAYECKHE TTapaMeTphl KacKaja:

- K03 QUIMEeHTs! ycuieHusa 1o HanpsbxeHuto K, Toky K n mommuoctu K,

- ckBO3HOM Koa(Punment ycunenus K, = Ky, Ko;

- BBIXOJIHOE HanpskeHue HACKIIEHUS Uy xmax 1 Upxmax;

- emkoctu koHjaeHcatopoB C,, C,, C, nmpu F, = 50-N1 I'my;

- auana3oH ycwimBaeMbix uactoT AF = F,—-F, npu kosddummenrtax

YaCTOTHBIX UCKaxkeHUM,, = M,= 3 nb;
3. OmpenenuTh 3HAYCHHUS BXOJHOTO W BBIXOJHOTO COIPOTHUBIICHUM,

Kod(pdulieHTa YCUJICHHS TpPH OTKJIIOYEHWHM EMKOCTH KOHJIEHcaTtopa B IIENu

IMHUTTEpA.

4. TToka3aTh U3MEHEHHE BBICIIEH YaCTOThI YCUJICHUS MPU BBEJICHUH MPOCTON

BbICOKOYacTOTHOU Koppekimu ¢ L, = 40-N2 mxI'H.

5. OmnpenenuTh mNapameTpbl

BBIXOOAHOI'O HMIIYJIBCHOI'O CHUI'HAJIa IIPpH

JUTUTEIIbHOCTH BXOAHOTO mummyibca t, = 101, (T, — MOCTOSIHHAs BpPEMEHU HU3KHX

4acTOT KacKaja).

CnpaBoyHbIE MTApaMETPBI TPAH3UCTOPOB Tabnuma 2
Tpansucrop | hy; F,, MI'nm | Cy, nd Toc, TIC l60» MKA | Ugron, 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 5 500 10 35
KT315A 20-90 250 7 300 1 20
['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




3agaua 2
BriOpaTh TpaH3UCTOpHI, HAIpPSHKEHHE NHUTAHWS M PACCUUTATh OCHOBHBIC
mapaMeTpbl BBIXOAHOTO Kackada (puc.3), oO0eclneunBaromero OTAaBacMyro
MornHocTh P, = 1-N1 Bt Ha Harpy3ke R, = 4-N2 Owm, paboTaromiero B auamnazoHe
gactor Af = (100-20000)-N2 I't mpu ko3¢ (HUITUEHTE YACTOTHBIX HCKaxeHnd M =
3 nb. Tloctpouts 3aBECHMOCTH OTAaBaeMoil P, m motpebasemoit momuoctu P,
KacKaJia OT YPOBHS BXOJIHOTO CUTHAJIA.
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Puc.2. Ycunumenv mownocmu

3agaua 3
Paccunrath Ha  OCHOBE  ONEPAlMOHHOTO  YCHIMTENS  TE€HEpPATOp
rapMOHHYECKHX CUTHAIOB (puc.4) ¢ yactoToi reHepamuu F, = 1-N2 xI', R,=1-N2
KOM.
[Tpumeuanue. [{nsa HederHo N1 wacToTHO-3aBHCHMas 1Ienb — MOCT BuHa,
st N1 getHON — 1BOMHON «T» MOCT.

Roc R2
R1
E1 b 3
2 Ugnix
Uprz
R3 R4
}2%_ K5 __1 c2
Rz | 1 R5 |03

Puc.3. I'enepamopwi ecapmonuueckux konebanuii

[TosicHuTENBHAS 3aNIMCKa K KypCOBOMY MTPOEKTY JOJKHA COJAEPHKATh:

- TUTYJIbHBIU JIUCT;

- COICPIKAHUE;

- TEXHUYECKOE 3a/IaHMUE;

- DJIEKTPUYECKUN pacyeT NPUHLIUNNAIBHBIX CXEM 3aJaHHbIX YCTPOUCTB;
- BBIBOJIBI ITO TPOU3BEICHHBIM PACUETAM;



- CIIUCOK MCIOJb30BaHHOM JIUTEPATYPHI.

[TosicHuTenpHast 3anucka BhIMOJHsETCA coryacHo TpedboBanusMm ['OCT nHa
onHou cropoHe jaucta dopmara A4 (210 x 197 mMm). TekcT MOACHUTEIHHOM
3alUCKU JIOJDKEH COCTOATh U3  PAas3fesioB, CHAOXKEHHBIX 3arojoBKaMH B
COOTBETCTBHHU C COACPIKAHUEM.

B Tekct kaxmoro pasiena BKIIOYACTCA NPUHUMNHAIBHAS —CcXema
PacCUMTHIBAEMOTr0 KacKaja U COOTBETCTBYIOIINE XapaKTEPUCTUKU TPAH3UCTOPOB C
HEOOXOIMMBIMH TTOCTPOCHUSIMH.

B Tekcre 3amucku yKa3bIBaIOTCS CCBUIKM Ha JIUTEPaATypy, U3 KOTOPOM
UCIIOJIB3YETCSl METO/I pacueTa JaHHOTO KacKa/la Wik OTJAEIBHOTO 3JIEMEHTA CXEMBI.



