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ITpencenarens H.HM. BopmoTosa

PABPABOTUYHKH:

Amnncumos Esrennii Bragumuposuy — npenonasarens KPY Komnacckoro ¢ummana ®IBOY
BO «I'YMP® umenn anmupana C.0. Makaposay;

Bopmorosa Hanesxna HzocumosHa — npenonasarens KPY Kormacckoro drnara ®TBOY BO
«'YMP® umenu anmupana C.0O. Makaposay,

Bepxosues Banepbsn Muxaiinopuy — npenogasarens KPY Kotnacckoro ¢mmuana ®IBOY BO
«'YMP® nmenn anmupana C.0. Makaposay

PaGouas mporpamma yweOno# mucuumiuHer «OI1.03 DneKTpOTEXHHKA H 2NIEKTPOHHKaY
paspaboTana B cooTBeTcTBHH ¢ (DelepalbHBIM [OCYJAPCTBEHHBIM O0OPA30BATENBHBIM
CTaHNAPTOM  CPEeIHero MNpo(ecCHOHANPHOrO 00pa3’oBaHHA, YTBEPXKJIEHHBIM  IPHKA30M
Murncrepersa npocpemenns Poccmiickoif @emepauuu ot 26 Hos6ps 2020 r. Ne 675
(3apernctpuposan MunmHcTepeTBOM focTHUMH Poccuiickoii ®enepanun 3 despams 2021 r.,
perHcTpammonHeiii  Ne  62348) mo cnemmanmeroctH  26.02.06  «DKcmlyaTanms — CyZOBOIO
9JIeKTPOOOOPYAOBAHMS U CPEJICTB aBTOMATHKH», MPOQeCCHOHANEHBIM craHmaproM 17.070
«/IHCIIEKTOp ~ rOCYZapCTBEHHOTO  MOPTOBOTO KOHTPOIIS»,  YTBEPKACHHBIA  [PHUKA30M
MunucTepeTBa Tpyaa u conuanbHoi 3awnTel Poccuiickolt  ®enepanmn ot 4 mions 2018
r.Ne 357u (3apermctpupoBan MumucTepcTBoM rocTHIAN Poccuiickoii Menepatnn 28 HIOHS
2018 r., perncTpanuonnbii No 51468), npuMepHOH OCHOBHON 0GPa3OBATENLHON MPOrPaMMOI
NeTl-41 rocynapcteennoro peectpa ITOOII, ¢ yuétom CTpaTerns pa3BHTHS BOCIHTAHHSA B
Poccuiickoii ®enepanmn Ha meproy 10 2025 rona, paGoyeit mporpaMME! BOCIIHTAHUS.
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COJEPKAHUE

OBIIASI XAPAKTEPUCTUKA PABOYEHN ITPOT'PAMMBI YUEBHOM
JANCHUITINHBI

CTPYKTYPA U COJEPXAHUE YUYEFHOM JUCIHUATILJIMHBI
YCJOBHUSA PEATIU3ALIMNA YUYEBHOM JUCIIUILIVHBI

KOHTPOJIb U OLIEHKA PE3VJBTATOB OCBOEHUS YUEBHOMH
JANCHUITVINHBI
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1. OBIIIASL XAPAKTEPUCTHUKA PABOYEA TIPOT'PAMMBI

YYEBHOM TUCHUTILINHEI
«OI1.03 DJIEKTPOTEXHUKA U QJIEKTPOHUKA»

1.1. MecTo 1MCUMIJIMHBI B CTPYKTYpP€e OCHOBHOM 00pa30BaTe/ibHOI MPOrpaMMbi:

VYyeOHas

«OI1.03

IUCIUIIINHA

DNEeKTpOTEXHUKA U

OJICKTPOHUKA)»  ABJIACTCA

o0si3aTenbHOM 4YacThio oOmenpodeccuonanpioro nukma OI1.00 mporpamMmbl TOATOTOBKH
CIEMAJINCTOB cpeaHero 38eHa B coorsercTBuu ¢ ®I'OC CIIO

mo cnenuaiabHOCTH: 26.02.06 «DKCIutyaTanus CyJOBOTO JJIGKTPOOOOPYIOBAaHHS U
CPEICTB aBTOMATUKID)

YKPYIHEHHOU

rpynmnbl  CHENHUATBHOCTEH:

KOpabIECTPOSHUS M BOAHOTO TPAHCIIOPTay.

Ocoboe 3HaveHHWE MAUCHUIUIMHA HWMEET TpH (OPMHUPOBAHWM M PA3BUTUU OOIINX
kommeteHimi (OK 01, OK 02, OK 03, OK 04, OK 05, OK 06, OK 10) B coorBerctBrn ¢ ®I'OC
CIIO, TMYHOCTHBIX PE3yJIbTATOB peann3aluu nporpammel Bociutanus (JIP 14).

26.00.00

«TexHUKa W TEXHOJIOTHH

1.2. Heab ¥ ni1aHupyemble pe3yJabTaThl 0CBOCHHUS] AUCHUIIMHBI:
B pamkax mporpammsl yueOHOH AMCHUIUIMHBI 00Y4YaIOIMIMMUCS OCBAWBAIOTCS YMEHUS U
3HaHus B cootBercTBUU ¢ I'OC u [T0OOI1

Ig;? YMenus 3HaHus

OK 01 — pacro3HaBarh 3ajauy U/WJIM | — aKTyaJbHOro MpoeCCHOHANILHOIO U
npobiaeMy B TPOQECCHOHAIBHOM | COIIMAIIBHOTO KOHTEKCTa, B KOTOPOM
W/WJIHA COITMAIbHOM KOHTEKCTE; MPUXOJUTCS PadOTATh U )KHTh;
— aHaJIM3UpOBaTh  3aJady  W/WIM|— OCHOBHBIX MCTOYHHMKOB MH(OpMAaLUU
npo0iieMy U BBLACTATH €€ COCTaBHBIC |[M DPECYpPCOB IJsi pEIIeHHs 3agad U
4acTy; npobieM B MpO(EecCHOHANTBHOM /WU
— ONpEeNeNsITh JTarnbl pelIeHus | COLUaTbHOM KOHTCKCTE,
3a]a4u; — aNTOPUTMOB BBIMIOJTHEHHUS PabOT B
— BBUSIBJIAITh M 3Q(EKTHBHO WMCKATh|TPOPECCHOHANBHOM M CMEXKHBIX
UHOOPMAIMIO, HEOOXOAMMYIO  JUIst | 00JIACTAX;
pelieHus 3a1auu /Ui IpoOJIeMBbl; — METOJOB paboThI B
— COCTAaBJIAATH IIJIaH JICHCTBUSI; npohecCHOHABLHOM u CMEXHBIX
— OIpEAENsITh HeoOxoaumeIe | chepax;
pecypchl; — CTPYKTYpBl IUJIaHA [JJIsl  PEUICHHS
— BJAJETh AaKTyaJlbHBIMHU MeTOAaMmHu |3ada4;
pabotel B mpodeccHoHANbHON  ©|— MOpsIKa OLICHKH pe3yabTaToOB
CMEXHBIX chepax; pemieHust 3amad  MpodecCHOHAIBHOM
— peau30BLIBATh COCTaBJICHHBII | ACATCIIBHOCTH
TUIaH,
— OLICHUBATh pe3ynbTar u
IIOCJIEICTBUS CBOHUX NEUCTBUH
(caMOCTOSITEIbHO MIM C TOMOIIBIO
HACTaBHHKA)

OK 02 — OMpe/eNATh 3a]a4d ISl TOKMCKA|— HOMEHKJIATYPHl  MH(OPMAIMOHHBIX
uH(pOpMaInK; HUCTOYHUKOB, MIPUMEHSIIEMBIX B
— ONpEeNeNsITh HE0O0X0AUMBIE | TPO(ECCUOHAIBHON AEATEIbHOCTH;
UCTOYHUKU WH(POPMAITNH; — puémMoB CTPYKTYpHUPOBAHUS
— INIaHUPOBATh MPOLECC ITOUCKA, uH(pOopManuu,

— CTPYKTYpPHpOBATh
nHpopmarmio;

MOJIy4aeMyIo

— ¢opmara odopmIIeHHsS] PE3YyIHTATOB
NOUCKa UHPOPMALIUU
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— BBIICSITh HauOoyiee 3HAYMMOE B
nepevyHe HHPOpMaInH;
— OIICHUBATh MPaKTHYECKYIO
3HaYMMOCTb Pe3yJIbTAaTOB IOMCKA,
— 0(OPMIISTH PE3YJIbTATHI IIOUCKA

OK 03 — OnpenensTh aKTyalIbHOCTD | — COIEPKAHMS aKTyalbHON
HOPMAaTHBHO-TTPABOBOM HOPMAaTHUBHO-TIPABOBOM JOKYMEHTAIIHH;
JOKYMEHTalluM B NPOQECCHOHATBHOM | — COBpEMEHHOM HAY4YHOM u
JIeSATEIbHOCTH; npodeccuoHanbHON TEPMUHOJIOTUY;
— MIPUMEHATh COBPEMEHHYIO HAYYHYIO | — BO3ZMOKHBIX TpaeKTopuit
npo(eCCHOHANBHYIO TEPMUHOJIOTHIO; | IPO(ECCHOHATIBHOIO  pPasBUTUS U
— ONpeAeTATh U BBICTPANBATh | CAMOOOPa30BaHUS
TPaeKTOPUHU npodecCuOHaTHLHOTO
pPa3BUTHSA U CaMOOOpa30BaHMS

OK 04 — OpraHU30BbIBAThH paboTy | — MCHXOJIOTHYECKUX OCHOB
KOJIJICKTHBA U KOMaH/IbI; JeSITeIbHOCTH KOJIJICKTHBA,
— B3aMMOJICHCTBOBATh C KOJIJIETaMH, | ICUXOJIOTHYECKUX 0coOeHHOCTEeH
PYKOBOJICTBOM, KJIMEHTAMH B XOJE | IHYHOCTH,
po¢eCCHOHATILHOM 1A TETbHOCTH — OCHOB IPOCKTHOM JeSITEITHHOCTH

OK 05 — IPaMOTHO H3JIaraTh CBOM MBICIIH U |— OCOOCHHOCTEH  COIMAJIBHOTO  H
opopMIIATH JOKYMEHTBI 10 | KyJIbTYPHOTO KOHTEKCTA;
npo(ecCMOHANBHON  TEMATUKE  Ha|— mpaBuil O0pOPMIIEHHS JOKYMEHTOB M
TOCYIapCTBEHHOM SI3BIKE, IIPOSIBIATH | TOCTPOEHMS YCTHEIX COOOIIECHMI
TOJICPAHTHOCTh B pabouem
KOJIJICKTHBE

OK 06 — ONKCBLIBATH ~ 3HAYMMOCTH  CBOEH |— 3HAYMMOCTH poheCCHOHATBLHON
CTHEUATBHOCTH JIESITEIIbHOCTH 110 CHICTIHATBHOCTH;

OK 10 — MOHMMAaTh OOIIMH CMBICH YETKO |— MpaBWja IOCTPOSHHUS MPOCTHIX H
MIPOM3HECEHHBIX BBICKA3bIBAHUW HA | CIIOAKHBIX MPEII0KEHU I Ha
W3BECTHBIC TEMBI (MpodecCHoHANbHBIE | TPO(ECCHOHATILHBIE TEMBI,
¥ OBITOBBIE), MOHMMATh TEKCThl HA|— OCHOBHBIE  OOLIEYNOTPEOUTENLHEIE
0a30BbIe MPO(DECCHOHATILHBIE TEMBI, | TJIaroJibl (ObITOBas 51
— y4acTBOBaTh B  Jauajorax Ha|OpodeccHoHaIbHas JIEKCUKA);
3HaKOMBIE obmme U | — JIEKCUYECKHUI MUHUMYM,
npo¢eCCHOHATIHLHBIE TEMBI; OTHOCSIIMICS K OMHMCAHUIO MPEIMETOB,
— CTPOHUTH TNPOCTHIE BHICKA3bIBAHUS O |CPENCTB " MPOIIECCOB
cebe W 0 cBoel mpodeccuoHaTbHOH | TPO(EeCCHOHATBHON AEATEIbHOCTH;
NeSITeITbHOCTH, — 0COOCHHOCTH TIPOU3HOIICHUS;
— KpaTko OOOCHOBBIBATH U OOBACHATH | — IpaBUIIa YTEHUS TEKCTOB
CBOM  JEHCTBHA  (TeKymue M |mnpoecCHOHATBHOMN HAMPABICHHOCTH
IUTAHUPYEMBIE);
— mucartb IPOCTHIC CBSI3HBIC
COOOImICHUsT HAa  3HAKOMBIE WK
UHTEpecylolmue MnpodeccHoHalbHbIC
TEMBI

OcBoeHne  copepkaHusi  y4eOHON  AMCHMIUIMHBI ~ OOECIIEYMBACT  JOCTHDKCHUE

00y4aloIMMUCS CIETYIOMNX JIUYHOCTHBIX PE3YIbTaTOB MPOrpaMMbl BOCITUTAHUS:

JInyHOCTHBIE pe3yJIbTAaThl peaju3alu NPOrpaMMbl BOCITUTAHUS

JInuHOCTHBIE pe3yJIbTaThl peaju3alui NPOrpaMMbl BOCIIUTAHUS, ONIpe/ieIéHHbIE
0TpacjieBbIMH TPeOOBAHUSAMM K /1€JI0BbIM Ka4eCTBAM JIMYHOCTH
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Kon DopMyIHPOBKA

JIP 14 | ITposiBisiomuii co3HaTeNIbHOE OTHOLICHNE K HETIPEPHIBHOMY 00pa30BaHHIO KaK YCIOBUIO
yCHenrHon mpodeccnonaabHOM U 00IECTBEHHOM NEeITebHOCTH

2. CTPYKTYPA U COJAEP)KAHUE YUEBHOM JUCIHUILIAHBI

2.1. O0beM yueOHOI JMCHMIIJIMHBI M BUABI Y4eOHO# padoThI

Buj yueOHoi1 padoThl O0bem B yacax
O0bem o0pa3oBaTeIbHOM NPOrpaMMbl y4eOHOM AU CHHUIIIMHBI 189
B T.4. B opMe NPaKTHYECKOH MOATOTOBKH 82
BT. 4..

TEOPETHUECKOe 00yUeHne 71
IPAKTUYECKHE 3aHITHS 20
71a0opaToOpHbIE 3aHATHUS 62
caMOCTOsTeNIbHAas paboTa 26
Koncynpranuu 4
IIpome:xkyTouHnass arrecrauuss B ¢dopme AupPepeHHPOBAHHOIO 6
3a4eTa M IK3aMeHa




2.2. TeMaTH4ecKHH IUIAH U COJePKAHNE YUEOHOM M CIUNINHbBI

Koanbl
KOMIIETeHIIHI "
JIMYHOCTHBIX
pe3yJIbTaToB,
HaumeHnoBaHue Coaep:xanue yue0HOro MaTepuajia u (pOpMbI OPraHU3aNUU
pa3iesioB U TeM AeATeJIbHOCTH 00y4aroluxcst Obnem b vacax (bopmmpoBario
KOTOPBIX
crnoco0cTByeT
3JIeMEeHT
NMPOrpamMmbl
1 2 3 4
Paznen 1. DaekTpuyeckne nenu NOCTOAHHOIO TOKA OK 01, OK 02,
36 OK 03, OK 04,
OK 05, OK 06,
OK 10, JIP 14
Tema 1.1. Coaep:xkanue yueOHOro MaTepuajia 6
JuexkTpuyeckoe mojae | 1. Dnekrpuyueckoe nojie. 3akoH KysoHa. OK 01, OK 02,
2. Hanpsok€HHOCTD, HaNpsDKEHUE, TTOTSHITUAI, SJIEKTPOABIKYIIAS CHJia OK 03, OK 04,
BAC) 6 OK 05, OK 06,
3. DIEKTpUYECKOE T0JIC B MPOBOJTHHUKAX M TUDJIEKTPUKAX. OK 10
4. KonzeHcaTopsl 1 ux cBoiictBa. CoeMHEHNE KOHEHCATOPOB.
Tema 1.2. OcHoBHble |Conep:kanue yueOHOTro MaTepHuaJia 6 OK 01, OK 02,
3J1eMEHThbI 1. DnexTpuueckuii TOK B IpoBoJHUKAX. CONPOTHUBIICHUE. OK 03, OK 04,
IEKTPHYECKOi Henmn |2, DeKTpuuecKas 1erb U ed 2IeMEHTHL. 5 OK 05, OK 06,
IOCTOSIHHOI0 Toka |3, 3akon Oma, Jixoynsa-Jlenna, Kupxroga. OK 10, JIP 14
4. CoenuHeHne pe3ucTOpOB.
B Tom unciie, npakTuyeckux 3aHsatuii no Pazneny 1. 12
[Tpaxtrueckoe 3ansatue Nel. CoequHenne KOHAEHCATOPOB. PacueT meneii. 4
[IpakTrueckoe 3anstue No2. Pacyér neneil noCTOSIHHOTO TOKa. 8
B Tom umuciie, 1abopatopHbIx 3aHsaTHii mo Pa3zneny 1. 12
6

JlaGopatopnas pabota Nel. MccrnenoBaHue 3JIEKTPUUYECKUX IIETIEH MPH COSAMHEHUH PE3HCTOPOB.




OnbITHas mpoBepka 3akoHa OMa

JlaGopatopHnas pabora Ne2. MccienoBanue JIMHUU MOCTOSHHOTO TOKA. 6
Pazjnen 2. DiekTpoMarHeTusm OK 01, OK 02,
4 OK 03, OK 04,
OK 05, OK 06,
OK 10, JIP 14
Tema 2.1. OcHoBHble |Conep:kanue yueOHOro MaTepHuaJia 2 OK 01, OK 02,
cBoiicTBAa MarHuTHOro |1. XapakTreprCTUKN MarHUTHOTO MOJIS. OK 03, OK 04,
noJst 2. DJIeKTPOMarHUTHBIE TIOJISL. 2 OK 05, OK 06,
OK 10
Tema 2.2. Conep:xxaHue y4eOHOro Marepuaja 2 OK 01, OK 02,
JuiekTpoMaruuTHasi | 1. 3aKOH 3JICKTPOMArHUTHON HHTYKITUH. OK 03, OK 04,
HHIAYKIIHS 2. CaMOWHIYKIHS ¥ B3aMMHASI HHTYKITHSI. 2 OK 05, OK 06,
OK 10, JIP 14
Pazgen 3. OnHodga3Hble nenu nepeMeHHoro ToKka OK 01, OK 02,
28 OK 03, OK 04,
OK 05, OK 06,
OK 10, JIP 14
Tema 3.1. Coaepxkanue yueOHOro MaTepuajia 2
Cunycouaanabhbie IJIC |1. IlepeMeHHBIH TOK B €r0 MOJYYECHHE. OK 01, OK 02,
yeout P = OK 03, OK 04
U TOKH 2. OCHOBHBIE XapaKTEPUCTUKH EPEMEHHOTO TOKA. ’ ’
= 2 OK 05, OK 06,
3. JlelicTByroliee 3HaYeHNE MEPEMEHHOT 0 TOKa. OK 10
4. ®a3a, casur (a3. BekTopHble 1uarpaMMbl U UX IPUMEHEHHE.
Tema 3.2. Coaepxkanue yueOHOro MaTepuajia 6 OK 01. OK 02
Juexkrpuyeckue uenu ¢ | 1. [lens nepeMeHHOr0 TOKa ¢ aKTUBHBIM CONMPOTUBIICHUEM. OK 03’ OK 0 4’
AKTHBHBIM H 2. llenb IEpPEeMEHHOT0 TOKA C HHIYKTUBHOCTBIO. 6 OK 0 5’ OK 06'
P€AKTUBHBIM 3. llens mepeMeHHOTO TOKA C EMKOCTBIO. OI’< 10 '
CONPOTHBJIEHHEM
Tema 3.3. Conep:xxaHue y4eOHOro Marepuaja 4 OK 01, OK 02,
HepasserBiaénnas nens |1. [locienoBaTtenbHOe  COCIMHEHME  AKTUBHBIX M PEAKTUBHBIX OK 03, OK 04,
4
2JIeMEHTOB. BekTopHas quarpamma. OK 05, OK 06,

NMEPEMECHHOI0 TOKa




2. PezonaHc HanpsHKEHUSI. OK 10
Tema 3.4. Coaep:xkanue yueOHOro MaTepuajia 4
Pa3perBiénnas uenb | 1. [lapamiensHoe — coeiMHEHHWE  AKTUBHOTO,  HMHAYKTUBHOTO U
MePEeMEHHOI0 TOKA €MKOCTHOI'O COITPOTHUBJICHUM. 4
b 2. Pe3onanc TOKS. OK 01, OK 02,
- OK 03, OK 04,
B Tom umuciie, 1aboparopusbix 3anaTuii mo Pasneny 3. 12 OK 05. OK 06
Jlaboparopuass pabora Ne3. VcciemoBaHue M€y MEPEMEHHOIO TOKa C TIOCIIEIOBATEILHBIM 5 OK 10” 1P 1 4'
COEJTMHEHNEM 3JIEMEHTOB.
JlaGopatopnass paGota Ned. VcciemoBaHue LeTIM MEPEMEHHOTO TOKa C MapajuIeIbHBIM 5
COEJIMHEHHEM 3JIEMEHTOB.
Paznen 4. TpéxdasHuble nenu nepeMeHHOro TOKa OK 01, OK 02,
18 OK 03, OK 04,
OK 05, OK 06,
OK 10, JIP 14
Tema 4.1. Coenunenue |Coaep:kaHue y4eOHOr0 MaTepuaJia 4 OK 01, OK 02,
oomoTok Tpéxdasnbix |1. ['enepupoBanue Tpéxdaznou I/[C OK 03, OK 04,
reHepaTopoB 2. CoennHEeHHE OOMOTOK I€HEepaTopa B «3BE3AY. 4 OK 05, OK 06,
3. CoenHeHEe 0OMOTOK T€HEPAaTOpa B «TPEYTOJIbHUKY. OK 10
Tema 4.2. Bkiawudenune |Cojaep:kanue ydeOHOro MaTepuasia 4 OK 01, OK 02,
HArpPy3KH B leNb 1. CoenuHeHne nOTpeOUTENel HEKTPUIECKON SHEPTUH B «3BE3Y». OK 03, OK 04,
Tpéx(a3Horo Troka 2. CoequHeHre  moTpeduTeneil  ANEKTpPUYECKOW  JHEpruM B 4 OK 05, OK 06,
«TPEYTOJIBLHUKY. OK 10, JIP 14
B Tom unciie, npakTuyeckux 3ausatuii no Pasneny 4. 6
ITpaktryeckoe 3ansTue Ne3. Pacuét cCMMMETPUYHBIX 1 HECUMMETPUUHBIX TPEX(Da3HBIX ceTe. 6
B Tom uunciie, 1adopaTopHbIx 3aHATHI 0 Pa3neny 4. 4
Jlabopartopnast pabora No5. MccnenoBanue TpéxdazHou 1enu Ipu COSTUHEHUN «3BE37[0M». 2
JlaGopatopnas pabora Ne6. MccnenoBanne TpéxQasHol ey Ipu COSAUHEHUH «TPEYTOIbHUKOM. 2
Paznen 5. DiekTpousmMepurteibHbie NPUOOPHI U U3MEPEHUS NIEKTPHUYECKHX BeJTHYHH OK 01, OK 02,
16 OK 03, OK 04,
OK 05, OK 06,

OK 10, JIP 14
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Tema 5.1. Conepxanue yueOHOro Marepuasa 2 OK 01, OK 02,
JiieKkTpousMepuTeabHblie | 1. TUIBI U BUABI 3IEKTPOU3MEPUTEIBHBIX TPUOOPOB. OK 03, OK 04,
npudopbl 2. VCTpOHUCTBO M MNPUHUUI  JAEHCTBHUS  3JIEKTPOU3MEPHUTEIbHBIX 2 OK 05, OK 06,
npuOOpPOB. OK 10
Tema 5.2. U3mepenue |Coaep:xanue y4eOHOro Mmarepuaja 4
OK 01, OK 02,
JJIeKTPHYECKUX BeJH4HH | 1. M3Mepenue cribl TOKa ¥ HAPSDKCHHUS. OK 03. OK 04
2. Pacimpenue npenienoB M3MEpeHus CUJIbl TOKA M HAPSHKCHMUS. ’ '
= 4 OK 05, OK 06,
3. M3mepeHne 31eKTpuIecKOi MOITHOCTH M DHEPTHH. OK 10. JIP 14
4. VI3sMepeHue CONPOTHBIIEHHS. ’
Tema 5.3. U3mepenne |Coaep:xaHue yueOHOro Marepuasa 2 OK 01, OK 02,
HEIEKTPHYECKHX 1. OcHOBHBIE OHATHS 00 U3MEPEHUHN HETEKTPHUECKUX BEIUYHH. OK 03, OK 04,
BeJHYHH 2. TTapaMeTprUECKUE U TeHEPATOPHEIE TIPE0Opa3oBaTeny (IaTYUKN). 2 OK 05, OK 06,
3. LludgpoBsie H3MepHTENbHBIE TPHOOPEL. OK 10
B Tom uunciie, 1adbopaTopHbIx 3aHATHI 0 Pa3neny 5. 8
Jlaboparopnast pabota No7. [loBepka 371eKTpON3MEPHUTEIBHBIX TPHOOPOB. 2
JlaGopatopHnas pabota Ne8. M3mepeHne conpoTUBICHUH. 4
Jlaboparopnast pabota Ne9. VMccienoBanue peocTaTHBIX IpeoOpa3zoBaTesci. 2
Pa3neu 6. DjiekTpuyeckne MAIIUHBI OK 01, OK 02,
12 OK 03, OK 04,
OK 05, OK 06,
OK 10, JIP 14
Tema 6.1. Conep:xaHue y4eOHOro MaTepuaja 2 OK 01, OK 02,
DJIeKTpHYecKHne 1. YcTpoiicTBO M NpUHLMI AEWCTBUS MAllIMH IOCTOSIHHOTO TOKA. OK 03, OK 04,
MaIIMHbI NOCTOAHHOIO |2, ['eHepaToOpbl MOCTOSTHHOT'O TOKA. 2 OK 05, OK 06,
TOKA 3. DIIEKTPOABUTATENH MTOCTOSHHOTO TOKA. OK 10, JIP 14
Tema 6.2. Conep:xxaHue y4eOHOro Marepuaja 4
DJIeKTpUUYecKHe 1. YerpoiictBo " HPUHIAI necTBus ACHMHXPOHHBIX OK 01, OK 02,
MAIIMHBI IEPEMEHHOI0 |3JIEKTPOIBUTATEIICH. OK 03, OK 04,
TOKA 2. ITyck u peBepcHpOBaHUE ACHHXPOHHBIX JIEKTPOIBUTATEIICH. 4 OK 05, OK 06,
OK 10, JIP 14

3. YcTpolCTBO M IPUHIIKI JEHCTBUS CHHXPOHHBIX MAIIIHH.

4. PaboTa CHHXpOHHOTO reHepaTopa oI Harpy3Koi.
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Tema 6.3. Conep:xaHue y4eOHOro Marepuasa 4 OK 01, OK 02,
TpanchopmaTopsbl 1. Ha3nauenwue, yCTpOMCTBO M MPUHIUN IEHCTBUS TpaHCPOpMaTopa. OK 03, OK 04,
2. IlapaMeTpsl, XapakTepusylomue paboTy TpaHc(opMaropa. OK 05, OK 06,
3. Pexxumbl paboTsl Tpancdopmaropa. 4 OK 10, JIP 14
4. Tpéxdaznpie TpaHCHOPMATOPHI, TPYIIIBI COSAMHEHUS! OOMOTOK.
5. ABroTpancdopmaropsl. CBapouHbIe TpaHCHOPMATOPHI.
B Tom uunciie, 1abopaTopHbIx 3aHATHI 110 Pa3neny 6. 2
Jlaboparopnast pabora Nol0. MccnenoBanue 351eKTpoABUTATENS TOCTOSIHHOTO TOKA. 2
Pasnen 7. OCHOBBI 3JIEKTPOHUKH OK 01, OK 02,
75 OK 03, OK 04,
OK 05, OK 06,
OK 10, JIP 14
Tema 7.1. Coaep:xkanue yueOHOro MaTepuaJjia 4
HHonynpoBoaHuKkH 1. DeKTPONPOBOTHOCT TOIYIPOBOJTHUKOB. DJIEKTPOHHO-ABIPOYHBII OK 01, OK 02,
HepexoL, OK 03, OK 04,
2. [TonynpOBOTHUKOBBIE ~ JTHOJIBI TPaH3UCTOPHI TUPUCTOPHI 4 OK 05, OK 06,
’ ’ ’ OK 10, JIP 14
CTAOMJIMTPOHBI.
Tema 7.2. Coaep:xkanue yueOHOro MaTepuajia 2
Beinpsimureinn, 1. DyeKTpOHHBIE YIIPaBIIsIEMbIC U HEYPABIISIEMBIC BBITPSIMHUTEIIH. OK 01, OK 02,
CIVIAKUBAOIIHE 2. Ctabuiu3aTopbl HANPsHKEHUS U TOKA. DUIIBTPBL OK 03, OK 04,
GuabLTPLI U 3. IpeobpazoBareny 4acToThl. IHBEPTOPEL. 2 OK 05, OK 06,
CTA0MIM3ATOPbI 4. ®OTO>IEKTPOHHEIE TPUOOPEL. OK 10, JIP 14
HANPSKeHUs!
Tema 7.3. Coaepixkanue yueOHOro MaTepuajia 2
DJIeKTPOHHbIE 1. OGmue cBegeHust 00 SIEKTPOHHBIX YCHIIUTEIISX. OK 01, OK 02,
YCHJIMTEIHN 2. YCUIIUTENh HAIPSDKEHUS HA TPAH3UCTOPAX. OK 03, OK 04,
3. Ycunurens MOITHOCTH. 2 OK 05, OK 06,
4. Ycunntenb MOCTOSTHHOTO TOKA. OK 10
5. OOpaTHbIE CBA3M U CTAOMIIN3ALUS PEXKUMOB pabOTHI.
Tema 7.4. Conep:xxaHue y4eOHOro Marepuaja 2 OK 01, OK 02,
DJICKTPOHHbIE 1. OOume cBereHUs 00 IMEKTPOHHBIX TEHEPATOPaAX. 2 OK 03, OK 04,
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reHepaTopbl 2. 'enepaTopbl CHHYCOUAABHBIX U UMITYJICHBIX KOJI€OaHUH. OK 05, OK 06,
OK 10
Tema 7.5. Conep:xxaHue y4eOHOro Marepuaja 2 OK 01, OK 02,
3ammTa 371eKTPOHHBIX | 1. 3amuTa 3JeKTPOHHBIX YCTPOMCTB. OK 03, OK 04,
YCTpPOHCTB 2 OK 05, OK 06,
OK 10
Tema 7.6. Conep:xaHue y4eOHOro Marepuaja 1 OK 01, OK 02,
HNuTerpanbHblie 1. Obmiee ceenenust 06 U.M.C.
OK 03, OK 04,
mukpocxembl (M.M.C) n | 2. Knaccudukanus u Texauka npousBoactsa 1.M.C. 1 OK 05. OK 06
MHKponpoueccopuas |3, MukponpoleccopHasi TEXHHKA U €& IPUMEHEHHUE Ha CY/IaXx. OI,< 10 '
TeXHHKA
B ToM 4nciie, npakTHYecKux 3aHdaTuil no Pazneay 7. 2
[Tpaktrueckoe 3anstue Ned. M3yueHue ycTpolcTBa 3JIeKTpOHHOTO ocimiorpada. Mcnomb3oBanue OK 01, OK 02,
ocrmorpada it BU3yajabHOT0 HaOMIOIEHUS U U3MEPEHUS SJCKTPUUECKUX CUTHAJIOB. 2 OK 03, OK 04,
OK 05, OK 06,
OK 10
B Tom unciie, 1abopaTopHbIx 3aHaTHI 0 Pa3neny 7. 24 OK 01, OK 02,
Jlaboparopnast pabora Nell. MccnenoBanne paboThl TPaH3UCTOPA B CXEME C OOIIIUM ASMUTTEPOM. 4 OK 03, OK 04,
JlaGopatopnas pabora Nel2. VccienoBaHue 0JJHO- U ABYXIIOJYIEPHOJHOTO BHITPSIMUTEIIS. 4 OK 05, OK 06,
Jlaboparopnast pabora Nel3. VccnenoBanue paboThl CTaOMIM3ATOPOB. 4 OK 10
JlaGopatopnas pabora Nel4. MccnenoBanue pabOThl 2JIEKTPOHHBIX YCUIIUTEIICH. 4
JlaGopatopnas pabora Nel5. iccrnenoBanue paboThl ONepallHOHHBIX YCUIUTEICH. 4
JlaGopatopHnas paborta Nel6. MccnenoBanue paboTel MyJIbTUBHOpATOpA. 2
Jlaboparopnast pabora Nel7. MccnenoBanre paboTsl TpUITEPA. 2
CamocrosiTesbHas pabora o0y4yarommxcs no Pasneny 7.
?OéTaBJ'IeHI/Ie KOHCIIEKTa TI0 TeMaM: OK 01, OK 02,
. CtabunusaTopbl HaPSHKEHUS U TOKA.
2. DnekT (a3HbBIX BBIIPSIMUTENICH. 26 OK 03, OK 04,
PUYECKHE CXEMBI OJTHO P OK 05. OK 06
3. DneKkTpuuecKkue cxembl TpexX(a3HbIX BRITPSIMUTEIICH. OI’< 10 ’

4. JIByXTaKTHBIE BBITPSIMUTEIH.
5. IlpuMeHeHue BBIIPSIMUTEIIECH B TEXHUKE.
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6. BHenIHne XapakTepUCTUKU BBIIPSIMUTEICH.

KouncyabTanuu 4
IIpomexxyTouHAast aTTECTANMS 6
Bcero: 189




14

3. YCJIOBUSA PEAJIU3AIIMU TPOTPAMMBI YYUEBHOM TV CHUIIIMHBI

3.1. [Jas peanu3anmuM NPOrpaMMbl Y4YeOHOH JMCHMIUIMHBI [JOJKHBI OBITH
NpeaycMOTPeHbI cJieAyolue creluaJbHble NOMelleHUs:

VYuebnas aynutopus: kabuner Ne207  Jlaboparopus «Duzuka». Kabuner
«DIEeKTPOTEXHUKA U 3NIeKTpoHUKa. O611e00pazoBaTeNbHbIE TUCHUTIINHBI», OCHAIIEHHAS !

- obopynoBanueM: KoMruiekT yueOHO# MeOenu (CTOMBI, CTYbs, TOCKA);

- TEXHUYECKUMHU U HaIJIJIHbIE CPEICTBAMU OOYUYEHHsI: KOMIIBIOTEP B cOOpE (CUCTEMHBIM
omok (Intel Celeron 3 GHz, 1 Gb), mouurop Philips 193 XK, kmaBuatypa, mbiiip) - 1 mrT.,
npunTep Jazepusidi HP 1102 - 1 mr., TeneBuzop Samsung 20" DJIT - 1 mT., JokaimbHas
KOMIIBIOTEpPHAsl CE€Th, KOAOCKOI; AmmapaT NPOEKIMOHHBIM YHUBEPCAJIBHBI C ONTHYECKON
ckambeit ®OC-67; Buneodunsmer; Mukpokanbkymstop; [Inakarsr; Kogorpamwmer, [Tpubop ans
U3y4EHUS  Ta30BBIX  3aKOHOB; l'azoBbli1  TepmoMeETp; Manomerp; Tepmomerp
neMoHcTpaimoHHbIi; KonaeHcanuoHuslid rurpometp; Ilcuxpomerp snekTponHsiii; Hacoc
Komosckoro; Becwl ¢ paznoBecom; Mukpomerp; Lltanrennupkyns; Ha6op rups; [pubop mis
ompeneneHus JuHeHHOTo pacmupenus; [lapooOpaszoBarenb; DnekTporuiuTka; MeTp y4eOHBIN;
Awmnepmerp; Bonermerp; HabGop xonnencaropos; Pesucrop (1,5-2 Owm); Brikmouarensb
nByxmnoitocHbd; Habop mpoBonoB; Mcrounnk nurtanus, Peoxopm; HaGop mo snexkTtpudecTy;
[Tpubop ans ompeneneHus: TemreparypHoro kosg¢uienta auHeiiHoro pacmmpenus; Habop
XHMHYECKOW TOCybl; ['allbBaHOMETp NEMOHCTPAlMOHHBIN; BOJbTMETp NEMOHCTPALIMOHHBIN;
Habop momynpoBoauukos; Ammeponbt™eTp ABO; IlnacTuHka ¢ mapaiieabHbIMU TpaHIMH;
Pemerka mudpaxmuonnas; [Ipobop mns onmpeneneHus IIUHBI CBETOBOM BOJIHBI; Habop nuH3;
Muxkpoamnepmerp; Habop s u3ydeHHMs 3aKOHOB OCBelIeHHOCTH; Habop crekTpaabHBIX
TpyOOK; BeImpsmMuTenb BHICOKOBOIBTHBIN; Beimpsimutens (4 — 12B)

- JIMIICH3UOHHBIM NporpaMMHbIM obecrieuenueM: Microsoft Windows XP Professional
(xouTpakT Ne323/08 or 22.12.2008 r. WII Kabakos E.JI.); Kaspersky Endpoint Security
(xouTpakT Ne311/2015 ot 14.12.2015); Libre Office (texcroBbiit penakrop Writer, pemakrop
tabaur; Calc, pemakTop mnpeseHTanuii IMpress u mpouee) (pacmpocTpaHseTcss CBOOOIHO,
munersuss  GNU  LGPL  v3+, The Document Foundation); PDF-XChange Viewer
(pacmpoctpansieTcs 6ecrutatho, Freeware, nmuniensus EULA V1-7.x., Tracker Software Products
Ltd); AIMP (pacnpocrtpansiercst OecriaTHO, Freeware i JOMAIIHEro M KOMMEpPYECKOTO
ucnonp3oBanus, Artem Izmaylov); XnView (pacmpocrtpansercst OecruiaTtHo, Freeware s
YacTHOTO HEKOMMEpPYEeCKOro MM oOpa3oBaTelibHOro Hcrmonb3oBanus, XnSoft); Media Player
Classic - Home Cinema (pacnpoctpansiercsi cBoooano, nutensuss GNU GPL, MPC-HC Team);
Mozilla Firefox (pactipoctpansiercs cBo6oaHo, nuren3ust Mozilla Public License u GNU GPL,
Mozilla Corporation); 7-zip (pacmpoctpansiercss cBoboxno, smieHsus GNU LGPL,
npaBooOusiaaarens lgor Pavlov)); Adobe Flash Player (pactpoctpansiercss cBoOOIHO, JTHIICH3HS
ADOBE PCSLA, npasoo6namarens Adobe Systems Inc.).

VYuebnas aynmutopust kaOuHer Ne220 Cryauss HMH(DOPMAIMOHHBIX — PECypCOB
JlaGopatopusi, kabunet «HpOpMaAIIMOHHBIE TEXHOJIOTUU B TPOPECCUOHATBHON IEITEITHOCTI.
Kabuner «WHOCTpaHHBIH s3bIK (MIMHTaOHHBI). OO0meoOpa3oBaTebHBIE JAUCIUTLIIHHBD),
OCHaIIEHHAas:

- 00opynoBaHMEM: KOMIUIEKT y4eOHOU MeOenu (KOMIbIOTEPHBIE U YUEHUYECKHE CTOJIB,
CTYJIbsI, TOCKA),

- TEXHHYECKHMH CPEJCTBaMH OOy4YeHHs: KOMIbIOTep B cOope (cucremHubiid 6mok (Intel
Celeron 2,5 GHz, 1 Gb), mouurop Samsung 152v XK, kmaBumatypa, Mbimb) — 15 mT.,
KommbioTep B coope (cuctemusiii 6510k (Intel Core 2 Duo 2,2 GHz, 1,5 Gb), morutop Benq XK,
KJIaBHATypa, MbIIIb) — | MT., MyJIbTUMEANIHBIN TTpoekTop Benq — 1 mT., 3kpaH HacTeHHBINH — 1
IIT., KOJIOHKK — | IIT., JIOKaJIbHAsi KOMIBbIOTEpHasl CeTb, KOMMYyTaTop — | IUT, NMEpeHOCHBIE
HaylIHUKHU — 161T.;

- JIMIIEH3UOHHBIM [TPOrPAMMHBIM 00eCIIeUeHUEeM:
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Microsoft Windows XP Professional (koutpakt Ne323/08 ot 22.12.2008 r. UIT Kabakos E.JI.);
Kaspersky Endpoint Security (koutpakt Ne311/2015 ot 14.12.2015); Libre Office (TexcToBbrii
pemakrop Writer, pemaktop Ttabmuir Calc, pemakrop mnpesentanmii Impress u mpouee)
(pactpoctpansiercsi ceodonHo, munensuss GNU LGPL v3+, The Document Foundation) — 16
ITK; Microsoft Office 2010 Professional Plus B coctase TekcroBoro pegaktopa Word, pegakropa
tabmui, Excel, pemakropa mpesenranmit Power Point, CYBJl Access u mnpouee (KoHTpakt
Ne404/10 ot 21.12.2010 r. 3AO0 «CodtJlaiin Tpeiin») — 1 TIK; PDF-XChange Viewer
(pacnpoctpansiercs 6ecruiatHo, Freeware, nmunensuss EULA V1-7.x., Tracker Software Products
Ltd); AIMP (pacnpoctpansiercs OecraTHO, Freeware st goMamHero M KOMMEPYECKOTO
ucnons3oBanus, Artem Izmaylov); XnView (pacmpoctpansiercs OecruiatHo, Freeware s
YaCTHOTO HEKOMMEPYECKOTO WJIM 00pa3oBaTeIbHOTO HCIONb30BaHus, XnSoft); Media Player
Classic - Home Cinema (pacnpoctpansiercsi cBoooano, smiensuss GNU GPL, MPC-HC Team);
Mozilla Firefox (pacmpoctpansiercs cBo6oauHo, murensuss Mozilla Public License 1 GNU GPL,
Mozilla Corporation); 7-zip (pacmpoctpansercs cBobonHo, mmuen3us GNU LGPL,
npaBooOagarens lgor Pavlov)); Adobe Flash Player (pacmipoctpansiercss cBOOOIHO, JTHIICH3HS
ADOBE.

Kabuner 102-a JlaGopartopusi «DJIEKTpOHHKA M DJIEKTPOTEXHHKA. JICKTPOHHAS
TEXHHMKa», OCHAlIEHHAsl B COOTBETCTBUU C M. 6.1.2.1. mporpaMMbl MOATOTOBKM CHELMAIUCTOB
cpemHero 3BeHa 1o crnenuaibHocTH 26.02.06 «Dkcmyaramust Cy10BOro 3JIeKTpoo0opya0BaHUS
U CPEJICTB aBTOMATHUKHUY.

Kabuner Nell5 «DnekrporexHuueckas mabopatopus Ne 2: «DIeKTpOTEXHHKA.
DNEKTPOTEXHUKA M JJIEKTPOHUKA. DIEKTPOHHAS TEXHUKA». DJIEKTPOMOHTAaXKHAS MacTepcKas,
OCHaIIEHHAas B COOTBETCTBUM C M. 6.1.2.1. mporpaMmbl MOATOTOBKH CHEHHUAIHUCTOB CPEIHETO
3BeHa o cnernuanbHocT 26.02.06 «Dkcmmyaraius cyaoBOro 3JIeKTPOo0OOPYAOBaHUS U CPENICTB
ABTOMATUKU».

3.2. UnopmannonHoe odecnevyeHne peajau3amumn NporpamMmmbl

Jns  peanuzanuu TporpaMmbl B OMONIMOTEYHOM (OHIAE MMEIOTCS IIeYaTHblE U
3JIEKTPOHHBIE 00pa3oBaTeNbHbIE U HH()OPMALIMOHHBIE PECYPCHI, B TOM YHCIIE PEKOMEH/I0BaHHBIE
OYMO, nans wucnoib3oBaHus B oOpasoBarenbHOM —mpouecce. llpu  dopmupoBanun
OouOmmoTeyHoro (QoHAA YYTCHBl UW3JaHMs, TMPETyCMOTPEHHBIE TMPUMEPHOH OCHOBHOM
oOpa3oBaTenbHON mporpaMMoil mo cnemuanbHOocTH — 26.02.06 «OxcrutyaTamusi CyaoBOTO
3EKTPOOOOPYIOBAaHUS U CPEACTB ABTOMATUKUY.

3.2.1. OcHOBHBIE TeYATHLIE U3TaHUS

1. DnekTpoTeXHUKA W DJEKTPOHUKA : YYCOHHWK /I CTYH. YUPEXKIACHUH cpen. mpod.
oopazoBanuss / b.W.[letnenko, FO.M.MupkoB, A.B.KpameHHHKOB W Jp.; TOA pen.
b.N.ITetnenko-5-¢ u3x., crep. — M : U3narensckuii eHTp «Akamemusi», 2009. - 320 c.

3.2.2. lonoJHUTEIbHbIE HCTOYHUKH

1. DnekTporexuuka © dnekTpoHnka B 3 T. Tom 3. OCHOBBI SJIEKTPOHUKH |
DIIEKTPUYECKUE W3MEPCHUS . YYEOHMK U TMPAKTUKYM JJs CpPEJHEero MpoQecCHOHATHHOTO
obpazoBanus / O. B. Ky3nenos, E. A. Kynmukoga, I1I. C. Kyneruacos, B. I1. JIyaun ; mon o0meit

penakmueii B. I1. Jlyauna. — 2-e u3n., mepepab. u mon. — Mocksa : M3narensctBo HOpaiiT,
2021. — 234 ¢. — (IlpodeccuonanpHoe oopazoBanue). — ISBN 978-5-534-03756-2. — Tekcr :
NeKTpOHHBIH  //  OOpazoBarenbHas  miatgopma  FOpaiir  [caiit]. —  URL:

https://urait.ru/bcode/472745

3.3. Opranu3anusi 06pa3oBaTeILHOIO Mpoiuecca

3.3.1. TpeOoBaHMsl K YCJIOBHUSAM NPOBeAeHNs] Y4eOHbIX 3aHATHI

VYuebHas AMCUUIUIMHA C IENbI0 00ECTeYeHNs AOCTYIMHOCTH OOpa3oBaHUs, MOBBIIICHUS
€ro KadyecTBa MpPU HEOOXOAMMOCTH MOXET OBbITh peaii30BaHa C NMPUMEHEHHUEM TEXHOJOTUM
JUCTAHIIMOHHOTO, 3JIEKTPOHHOTO U CMEIIAaHHOTO 00Y4eHUsI.


https://urait.ru/bcode/472745
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DOnekTpoHHOe  O0y4eHHMe M JUCTaHIIMOHHBIE  00pa3zoBaTelbHBIE  TEXHOJOIHU
UCTIONIBb3YIOTCS JUISL:

— OpPTraHM3allid CaMOCTOSTEIIbHONW PaboThl 00yJaromuxcs (MpeaoCcTaBiICHUE MaTepruaIoB
B DJIEKTPOHHON (opMme Juisi caMONOATOTOBKH; OOecleyeHHe MOATOTOBKH K MPAaKTUYECKUM U
71a00paTOPHBIM 3aHATHUSAM, OpPraHU3aLNs BO3SMOXKHOCTH CAMOTECTUPOBAHUS H p.);

— NPOBEJICHUsI KOHCYJbTAIlMl C UCHOJb30BAaHUEM pA3UYHBIX CPEICTB OHJIANH-
B3aUMOJICUCTBUS (HampuMmep, BeOMHAPOB, (OPYMOB, YaTOB) B DJIEKTPOHHO-MH(GOPMAIIMOHHON
oOpazoBatensHO cpene Kornacckoro punuana ®I'BOY BO «'YMP® umenn agmupana C.O.
MaxkapoBa» U ¢ NpUMEHEHHEM ApPYTrux IIaTopM U CEPBHCOB MJs OpPraHU3alllyd OHJIAIH-
oOydeHus;

— OpraHu3aluy TEKYILIEro U MPOMEKYTOYHOTO0 KOHTPOJISI 00yJaromuxcs U JIp.

CwmemianHoe oOyueHue peaan3yercs MOCPeICTBOM:

— OpraHM3aLMU  COYETAHUS AyIUTOPHOM paboThl ¢ paboToOl B  3JIEKTPOHHO-
nHpopmanmonHoi obpazoBarensHOil cpene Kormacckoro ¢mmana ®I'BOY BO «I'YMP®
umenn agmupana C.O. MakapoBa» U ¢ IPUMEHEHHEM JpPYyrux IiaaropM U CEpBUCOB IS
OpraHHU3aIy OHJIAH-00yUeHus;

— PEryJISIpHOTO B3aWMOJICHCTBUS TpenojaBaTess ¢ 00y4aloUUMUCS C UCIOJIb30BaHUEM
TEXHOJIOTUH 3JIEKTPOHHOTO U IUCTAHLIMOHHOTO 00yUYEeHHS;

— OpraHu3alliyd TPYNIOBOW Yy4eOHON [eATENbHOCTH OOYYaloIIMXCS B 3IIEKTPOHHO-
nHpopmanmonHo oOpazoBarensHOil cpene Kormacckoro ¢mmana ®I'BOY BO «I'YMP®
umenu agmupana C.O. MakapoBa» WM C NPUMEHEHHEM JIPYrux IIaTGopM U CEpPBHCOB IS
OpraHHu3alH OHJIAMH-00yUeHN .

OCHOBHBIMU CPEJICTBAMH, HCIOJIb3YyEeMBIMU Il peaju3allMd JaHHBIX TEXHOJIOTHUH,
SBJISIOTCS: CUCTEMbI IMCTAHIIMOHHOTO OOYYEHHUs, CUCTEMbl OpraHU3alluid BUJCOKOH(EpeHIuH,
3IIEKTPOHHO-OMOJIMOTEUHbIE CUCTEMBI, 00pa30BaTeIbHbIC CAUTHI U OPTAJIbI, COLUANIBHBIEC CETH U
MECEHJIXKEPHI U T.1.

3.3.2. TpeGoBaHus K yCJOBHUSIM KOHCYJIbTAMOHHOI MOMOIIH 00y4Ya0IINMCH

®opmbl TPOBEAEHUS KOHCYNIbTALUNA: TPYIIOBbIE M MHIUBUTyaIbHBIE.

3.3.3. TpeOGoBanuss K YCJOBHSIM OPraHM3alMU BHEAYIUTOPHON [esITeIbHOCTH
o0y4aromuxcs

Peanuzanus yaeOHON TUCHUIUIMHBI 00ECTIEYMBACTCS TOCTYIIOM Ka)XI0TO 00Y4aroierocs
K 2JICKTPOHHO-MH(GOpPMAIIMOHHONW oOpa3oBatenbHOM cpene Kotmacckoro ¢umana ®I'6OY BO
«'YMP® umenu agmupana C.O. MakapoBa» u 6u0110TeYHOMY (OHAY, YKOMIUIEKTOBAaHHOMY
MEYAaTHBIMU U JIEKTPOHHBIMU YYEOHBIMU U3JaHUSIMH.

Bo Bpemst caMOCTOSATENIbHOM MOATOTOBKM O0YyYaromuecss 00eCcIieYnBaOTCS JOCTYIIOM K
cetu MHTEpHET.

JlocTym K DIIEKTPOHHO-MH(OPMAIIMOHHON oOpa3oBarenpHOM cpene Kormacckoro
dumuana ®I'BOY BO «'YMP® umenu agmupana C.O. MakapoBay u 6ubanoredsomy GoHIY,
BO3MOXEH C JI000ro KOMIIbIOTEpa, MOAKIOYEHHOro K cetn Murtepner. [lns mocryma K
yKa3aHHBIM pecypcaM Ha tepputopun Kotmacckoro ¢mmana ®I'bOY BO «'YMP® umenn
anmupana C.O. MakapoBa» oOyuaromuecss MOTyT OECIJIAaTHO BOCIIOJIb30BATHCS KOMIIBIOTEPaMH,
YCTaHOBJICHHBIMH B OMOJIMOTEKE MIIM KOMIIBIOTEPHBIMH KJlaccaMu (BO BHEY4YEOHOE Bpemsi).

3.4. KagpoBoe ob0ecnieueHne 00pa3oBaTe/JIbHOIO NMpouecca

KBamudukamms mnenarorudeckux padbotHukoB Kotmacckoro ¢umuana ®I'bOY BO
«T'YMP® umenu agmupana C.O. MakapoBa», y4acTBYIOIIUX B peai3aliii 00pa30BaTEIbHON
IpOTpaMMbl, a TaKXXe JIUIl, MPUBJIEKAEMbIX K pealn3alud o0pa3oBaTelIbHOIN MpOrpamMmbl Ha
JIPYTHUX YCIIOBHUSIX, B TOM YHUCIIE€ U3 YUCIa pykoBoauTenei u pabotuukos Kotmacckoro ¢guinana
OI'bOY BO «I'YMP® umenu agmupana C.O. MakapoBa» MW HHBIX OpraHU3alMi, IOKHA
OoTBeuaTh  KBaNU(UKALMOHHBIM  TpeOOBaHUSM,  YKa3aHHbIM B  KBaIM(PHUKAIMOHHBIX
CIpaBOYHHUKAX, U B mIpodeccuoHanbHoM ctangapre 17.070 «MHcmekTop rocynapcTBEHHOTO
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IporpaMMam MOBBIIIEHHs KBaTHPUKaUU He pexke | pa3a B 3 rofa.

NpUBJIEKaeMble K pealu3aluu
MoJy4yaTh JIOMOJHUTENIbHOE TNpoQecCuoHaIbHOe 00pa3oBaHHE IO

4. KOHTPOJIb 1 OHEHKA PE3YJIbTATOB OCBOEHMSI
YYEBHOU JUCIIUITJIMHbI

PesyabTaThl 00y4eHHs

Kpurepun onenkn

MeToabl OEHKH

3HaTE:

— OCHOBHEIE pazziensl
ANEKTPOTEXHUKH U SJIEKTPOHUKH,
— TIOPSZIOK MIPOBEICHUS

IEKTPUYECKUX U3MEPEHUN;
— DJIEKTPOU3MEPUTEIILHBIC
IpUOOPHI, B TOM
MHUKPOIPOLIECCOPHBIE
U3MEpPUTENIbHBIE IPUOOPBI;
— aKTyaJbHBIH TPOQecCHOHATbHBIN
U  COIHaJIbHBIA  KOHTEKCT, B
KOTOPOM MpPHUXOAUTCS paboTaTh U
KUTh;

YHUCJIIC

— OCHOBHBIE UCTOYHHUKH
uHQOpMAIMM W PECypchl UL
pemieHust 3amady U mpodieM B
po¢eCCHOHATBHOM u/unu

COIIMAIbHOM KOHTEKCTE;
— aNTOpPUTMBI BBIMOJIHEHHS padoT B

NpoeCCHOHAIBHOW W CMEXHBIX
o0J1acTsX;
— METOJBI paboThI B
NpoeCCHOHAIBHOW W CMEXHBIX
chepax;

— CTPYKTYpY IUIaHA JUIsl pEHICHUS
3ajady;

— MOPSAZIOK ~ OIICHKH  Pe3yJIbTaTOB
pelieHus 3aaa4 npodeccuoHalIbHON
NesITebHOCTH;

— HOMEHKJIaTypy
UHPOPMALIMOHHBIX  HCTOYHHUKOB,
PUMEHSIEMbIX B
Ipo¢eCCHOHATIBHOM 1€ TENbHOCTH;
— MPUEMBI CTPYKTYPUPOBAHUS
uHpOpMaLnu;

— ¢opmar odopmIteHUS
pe3yabTaToOB MOMCKA HH(OpMAIH;
— coJepKaHue aKTyaJIbHOMN
HOPMAaTUBHO-IIPaBOBOU
JOKYMEHTaIUH;

— COBPEMEHHYIO Hay4HYIO0 u
npo¢eCCHOHATBLHYIO
TEPMHUHOJIOTHIO;

- JIEMOHCTpalusi 3HaHUU
OCHOBHBIX paznenoB
ANEKTPOTEXHUKH u
ANEKTPOHUKHY;

- JIEMOHCTpalusi  3HaHUU
MOpsIIKa MPOBEACHUS
AJIEKTPUYECKUX U3MEPEHUI;

- JIEMOHCTpalusi 3HaHUU
ANEKTPOU3MEPUTETHHBIX
npubopoB, B TOM 4YHUCIE
MHUKPOMPOIIECCOPHBIX
HU3MEPUTENBHBIX TPHOOPOB;

- aKTyaJIbHOCTb
npodeccrnoHaIbHOTO u
COLIMAJILHOTO KOHTEKCTa, B
KOTOPOM MIPUXOAUTCS
paboTtathb KHUTb,
ompenensieTcss  TOYHO U
MOHSTHA,

- OCHOBHBIE  HMCTOYHUKH
nH(pOpMaLUK U pecypehl AJis
pemeHus 3a1a4 U IpodiaeM B
npoeCCHOHATPHOM  W/WJTH
COLIMAILHOM KOHTEKCTE
MIPaBWJIBHO OIPEAETSIOTCS;

- JEMOHCTPUPYIOTCS 3HAHUS

)51

AJITOPUTMOB L
BBITIOJIHEHUS pabor B
npo¢eCcCuOHATBHON u

CMEXKHBIX 00JIacTSX;

- JIEMOHCTPUPYIOTCS 3HAHUS
METOJI0B paboThI B
npo¢eCcCuOHAITBHON u
CMEXHBIX chepax;

- CTpyKTypa IUlaHa
pelleHus 3a/1a4 MOHSITHA;
- OLICHKa  pe3yJbTaToB
pelieHus 3a1aq
npo¢eCcCuOHATBHON
NESTEIbHOCTH TPOBOJUTCS B
COOTBETCTBUU c
YCTaHOBJICHHBIM MTOPSIKOM,

- JIEMOHCTpalusi  3HaHUU
HOMEHKJIATYPhI

TS

Texkymmii  KOHTpPOJb B
dbopme AKCIIEPTHOTO
HaOJIIONEHWSI W OILIEHKH
pE3yJIbTaTOB  JTOCTHIKEHUS

KOMITETEHIIMM Ha Y4eOHBIX
3aHATUAX.
[TIpoMexxyTOUYHBII
aTtecraius B hopMme:

- nuddepeHTMpOBaHHBIN
3a4€T;

- 9K3aMeH
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— BO3MOJKHBIC TPaeKTOPUHU
MpOoQECCHOHAIBHOTO PAa3BUTHS H
camMo00pa3zoBaHus;

— MICUXOJIOTUYECKHE OCHOBBI
JeSITeTbHOCTH KOJIJICKTHBA,
MICUXOJIOTHYECKUE 0COOCHHOCTH
JMYHOCTH;

— OCHOBBI IIPOECKTHOMN
NeSITeITbHOCTH,

— OCOOGHHOCTH  COIMAIILHOTO |
KYJBTYPHOTO KOHTEKCTA,;

— TIpaBWJIa odopmIIeHUS

JOKYMEHTOB M TIOCTPOEHUSI YCTHBIX
COOOIIIEHUI;

— CYIIHOCTb rpaXKIaHCKO-
MaTpUOTUYECKOMN MTO3HIINH,
00111e4eI0BEUECKHUX LIEHHOCTEH;

— 3HaYUMOCTh TPOo(dheCcCHOHATBLHOM
JESTENIbHOCTH 110 CIEeHaTbHOCTH;
— MpaBUJIa MOCTPOSHUS MPOCTHIX H
CII0KHBIX IIPEMIOKECHU N Ha
po¢eCCHOHATbHBIC TEMBI;

— OCHOBHBIC
001IeynoTpeOuTENbHBIE  TJIATOJIbI
(OpiToBast u  mpodeccuoHanIbHas
JIEKCHKA);

— JICKCUYECKUI MHHUMYM,
OTHOCSILHNCS K OIMCAHUIO
IPEIMETOB, CPEICTB U TMPOIECCOB
npohecCHOHALHON IS TEIILHOCTH;
— 0COOCHHOCTH MPOU3HOIICHUS;

— npaBuia YTEHUS TEKCTOB
npodecCHOHATbHON
HAPABIEHHOCTH

nH(pOpPMaIMOHHBIX
HUCTOYHUKOB, MPHUMCHACMBIX
B npodeCcCuOHATBHON
ACATCIIbHOCTH,

- JIECMOHCTpalusi 3HaHUU

IPUEMOB CTPYKTYPUPOBAHUSA
nH(popManuu;
- JIEMOHCTpalusi 3HaHUU
dbopmara odopmITeHHS
pE3yJIbTaTOB IIOMCKa
nH(popManuu;

- COJEp:KaHUE aKTyaJlbHOU
HOPMAaTUBHO-TIPABOBOM
AOKYMCHTAIIUH ITOHATHO,

- 3HAQUYEHUS COBPEMEHHOU
Hay4HOU u
npodeccuoHabHas

TEPMHUHOJIOTUU TIOHSATHBI U
MOTYT OBITh OOBSICHEHBI,

- BO3MOJXKHBIE TpAEKTOPUU

po¢eCCHOHATBHOTO
pa3BUTHUA u
caMmo00pa3oBaHUs
OIPCACIIAIOTCA NPABUJIIBHO U
MOHSATHBI;

- JIEMOHCTPUPYIOTCS 3HAHUS
MICHXOJIOTHIECKUX OCHOB
ACATCIIbHOCTH KOJUICKTHBA U
TICUXOJIOTHIECKUX

0COOEHHOCTEH JTUYHOCTH;

- JIEMOHCTPUPYIOTCS 3HAHHS
OCHOB IIPOECKTHOMI
JeSATeIIbHOCTH;

- JIEMOHCTpalusi 3HaHUU
0COOEHHOCTEH COIMAIILHOIO
U KyJIbTYPHOTO KOHTEKCTA;

- mpaBwia  0hOPMIICHHS
JOKYMEHTOB M TOCTPOCHHUS
YCTHBIX COOOIIIeHNI
IMOHMMAIOTCSI TOYHO;

- CYHUIHOCTh TPa)KAaHCKO-
MMaTPUOTUYECKON  MO3ULIHH,
00I1IeYeIOBEYECKHE
[IEHHOCTH TOHSITHBI U MOTYT
OBITE OOBICHEHEI;

- JEMOHCTPHUPYETCS
IMOHHMaHHE 3HAYUMOCTH
npodeccroHabHOI
JeSATeIIbHOCTH
CIICLIMAIbHOCTH;
- TpaBWiIa

o

MIOCTPOCHHS
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MPOCTHIX u
IpEAIOKECHUN
npo¢eCcCuOHATBHBIC
MMOHUMAIOTCS TOYHO;

- OCHOBHBIC
o0mIeynoTpeduTenbHbIC
TJIaroJIbl (6bp1TOBAsS "
npodeccuoHanbHas JIEKCHUKA)
MOHUMAIOTCS TOYHO W HX

CJIOKHBIX
Ha
TEMBI

3HAYCHUC MOJKET OBITh
00BACHEHO;

- JIGKCUYECKUH MHHUMYM
JIOCTATOYHBIN ISl ONMHMCAHUS
MPEeIMETOB, CpeICTB u
MPOIIECCOB
npodeccroHanbHOM
NeSATeIIbHOCTH;

- 0COOCHHOCTH
MIPOU3HOIICHUS

OIMPCACIIAOTCA TOYHO,
- IpaBujla YTCHHA TCEKCTOB

npodeccroHabHOM

HaIpPaBICHHOCTH

MTOHMMAIOTCS] TOYHO
YMmeTs: - JeMoHcTpauusi yMeHul | Tekymuid  KOHTpOJb B
— MPOU3BOANUTH U3MEpeHUs | IPOU3BOAUTh u3MepeHus | hopme AKCIIEPTHOTO
AIICKTPUUYCCKUX BEIINYHH; ANEKTPUYECKUX BEITUYHH; HaOJIOACHUST W OIECHKH
— BKJIIOYATDH IJIEKTPOTEXHUYECKUE | ~ ACMOHCTpal A yMeHI/Iﬁ PE3YyJIbTAaTOB JOCTHKXCHUA
npubOpBI,  ammaparhl, MAIlINHBI, | BKIIOYATh KOMIICTEHIINH Ha YYeOHBIX
yIPaB/IsTh UMH M KOHTPOJIHUPOBATH | DJICKTPOTEXHUUECKHE 3aHATHUSIX.
ux >(dexTuBHYI0 U Oe3omacHyro | IPUOOpBI, anmaparsl, | [ I[poMexxyTouHbIH
paborty; MAIllMHBI, YIPaBIAThH UMH U |aTTecTarus B hopme:
— YCTpAHSATH OTKAa3bI 11 | KOHTPOJIMPOBATh ux| - muddepeHITuPOBaAaHHBIN
TTOBPEXKICHHS 3¢ (eKTHBHYIO U OE30TMACHYIO | 3a4ET;
3JIEKTPOOOOPYAOBAHUS; pabory; - OK3aMCH
— pacnosHaBaTh  3ajauy  w/mma|”  JCMOHCTpalMs  yMeHMH
npobiaeMy B mnpodeccroHanbHOM |YCTPAHATE OTKa3bl "
VI/MJTH COLIMAIIBHOM KOHTEKCTE; HOBPEXKACHHA
— aHANIU3MPOBaTh  3a4ady  M/WIH D7EKTPOOOOPYIOBAHNS;
npobneMy ¥ Bblenars  eé| afaua u/mma - mpodrema
COCTABHBIE YACTH; pacIo3HacTes B
— ONpENeNSITh  JTamlbl  PEIICHUS NPO(ECCHOHAILHOM  1/HlH
saau; COITUATEHOM KOHTEKCTE
— BBISBJIATH U d(P(HEKTUBHO HCKATh TOUHO;
MHPOPMALIUIO, HEOOXOAUMYIO JUIsl| saaua w/um npobrema

aHAIM3UpPYeTCI W TOYHO

peleHus 3a1a41 U/uin npo0IeMsl,
— COCTAaBJIATH IUIAH JICHCTBHS;

— OTIpPEneNsATh HEoOXOoaNMBbIC
pecypcsl;

— BJIQJIETh aKTyaJIbHBIMH METOJaMH
paboTtel B TNPOPECCHOHATHPHOU |

OIPEIEISIOTCS €€ COCTaBHBIE
YacTH;

- JTambl pElIeHUs 3aJayu
ONPENENSAI0TCS TOYHO;

- uHpopMarys, He0OX0IUMast
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CMEXHBIX cepax;

— peaJII/IBOBBIBaTB COCTaBJIeHHI:II\/'I
J1aH;

— OLICHUBATh pe3ynbTaT n
IOCJIEACTBUSI  CBOUX  JIEHUCTBUU

(caMOCTOSITENBHO HMJIM C TOMOUIBIO
HAaCTaBHHKA);

— ONpENeNATh 3a/Jaud Ui IOHCKA
nHpopmanuu;

— ONpeeTATh HEOoOXO0AUMBIE
UCTOYHUKU MH(POPMALINY;

— IJTAHUPOBATH MPOIIECC MOKCKA,

— CTPYKTYpPHpOBATh  TOJIY4aeMYIO
uHpopmarmio;

— BBIJICIATh HauOoJiee 3HAYMMOCE B
nepevyHe HHPOpMaLuu;

— OIICHUBATh NPaKTUIECKYIO
3HAYMMOCTb PE3YJIbTATOB MTOHUCKA;

— oopMIIATH pe3yNbTaThl MOUCKA;
— OTIpEe/CTIATh aKTyaJbHOCTb
HOPMaTHUBHO-TIPAaBOBOM
JOKYMEHTALUH B
poeCCHOHATLHOMN 1A TETLHOCTH;
— NMPUMEHSTh COBPEMEHHYIO
HAYYHYIO npodeccroHABHYIO
TEPMUHOJIOTHIO;

— ONpeNensiTh U  BBICTPAHBATh
TPAaeKTOPUU  MPOPECCHOHATBLHOTO
pa3BUTHS U CaMOOOPa30BaHUS;

— OpraHHU30BbIBATH paboty
KOJUIEKTUBA U KOMaH/IbI;

— B3aMMO/ICHCTBOBATH C KOJIETaMH,
PYKOBOJICTBOM, KIUEHTaMH B XOJI€
npoecCHOHALHON IS TEILHOCTH;
— IPaMOTHO H3J1aratb CBOW MBICIH

U 0opOpPMIIATH  JOKYMEHTHI IO
npo(ecCHOHANFHOM TeMaTHKE Ha
rOCyJapCTBEHHOM SI3BIKE,
IMPOSBJIATH TOJICPAHTHOCTD B
paboueM KOJUICKTHBE;

— OIKMCHIBATh 3HAYMMOCTb CBOEU
CTECIUATBHOCTH;

— MOHUMATh OOIIUN CMBICT YETKO
MIPOM3HECEHHBIX BBICKA3bIBAHWI Ha
U3BECTHBIC TEMBI
(mpoceccroHabHBIE U OBITOBBIE),

NOHUMAaTh TEKCTHl Ha 0a30BbIC
npohecCHOHATLHBIC TEMBI,

— y4acTBOBaTh B JHMAjOrax Ha
3HAKOMBIC obmue u

JUTSL PEIICHMs 3aadul W/Uin

POOIIEMEI, BBISBIISIETCS
TOYHO u MOUCK eé
OCYIIECTBIISIETCS

a3 dexTuBHO;

- jaaH JEHUCTBUS
COCTAaBJISIETCSI M YCIEIIHO

pealn3yeTcst Ha MPaKTUKE;
- METOIbI paboTsl B
npodeccroHanbHOM u
CMEXKHBIX C(epax aKTyaTbHBI
U YCIIEITHO MPUMEHSIFOTCS Ha
MIPAKTHKE;

- pe3ynabTaT W MOCIEICTBUS
CBOUX NEeUCTBUI
(caMOCTOSITETBHO WM C
IIOMOIIBI0 HACTaBHHKA)
OIICHHUBAIOTCS TOYHO;

- I Toucka WHGOpPMAIHI
TOYHO OTIPEACTISIOTCS
3aJla4M, MPOIeCC  TOUCKa
TUTAHUPYETCS, OMPEACISIOTCS
ONTHMAJIbHBIE HCTOYHHUKHU
uH(pOpMaINH;

- TOJydYeHHas WH(pOpMAIIH
CTPYKTYpUPYETCS H Cpenu
Heé BeIIEIIEeTCI Hambosee
3HAYUMas;

- MpaKTHYeCcKas 3HAYUMOCTb
pEe3yNIbTaToB MOWCKa
OLICHUBACTCS TOYHO,
pE3yJIbTaThI IIOMCKA
oOpMIISIOTCS B
COOTBETCTBUHN C

YCTaHOBJICHHBIM MOPSIKOM;
- aKTyaJlbHOCTh HOPMATUBHO-
MPaBOBOM JTOKYMEHTAllUM B
npodeccroHanbHOM
NEeSITeIbHOCTH ONpeesIeTcs
TOYHO;

- COBpEMEHHas
npodeccruoHaIbHast
TEPMHUHOJIOTHSI TIPUMEHSETCS
MIPAKTUIECKH;

- npodeccuoHaIbHOE
pa3BuTHE u
caMmoo0Opa30oBaHHE
TUTAHUPYETCS
pealin30BbIBACTCS
BBICTPOCHHOU TPACKTOPHH;
- MeToAbl  OpraHu3aluu

Hay4yHas

u
1o
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poQeCCHOHAIBHBIC TEMBI;

— CTPOUTH MPOCTHIC BLICKA3bIBAHUA
0 cebe u 0 CBOCH
poeCCHOHATBLHOMN 1A TEILHOCTH;

— KpaTkKo 000CHOBBIBAaTh U
O6’b$ICH$ITB CBOU ,Z[GI>'ICTBI/I$I
(Texymme U MIaHupyeMbIe);

— IIAUCaThb IMPOCTHIC CBA3HBIC
COOOIICHUsST Ha 3HAKOMBIC WM
UHTEpECYIOIINe

po¢eCCHOHATBHBIC TEMBI

paboThl KOJIJICKTHBA "
KOMaH/Ibl YCIICTITHO
MPUMEHSIIOTCS Ha MTPAKTUKE;

- NIpaBUJIa B3aMMOJIECHUCTBUS C
KOJUIETaMH, PYKOBOJCTBOM,
KITMEHTaMH B Xo7e
npodeCcCuOHATBHON

NS TebHOCTH, JIeIOBOTO
STHKETA u JIEJIOBOTO
OOIICHHSI TMOHUMAKOTCS U
coOJII01ar0TCs;

- B3aUMOJICICTBHE c
neaarornyecKuMu
paboTHUKaMU
00yJarouMuCs;
- MBICITH U3IIAraloTCs
IPaMOTHO U B JJOCTYITHOM IS
noHUMaHus opme;

- JIOKYMEHTBI o
npodeccroHabHOM
TeMatuke odopMIsIOTCS B
COOTBETCTBUU c
YCTaHOBJICHHBIMHU
MpaBUIIAMHU;

- MpaBuja B3aUMOJICHCTBUS,
JICIIOBOTO JTHKETa u
JIEJI0BOTO oO01IeHNs C
pabounm KOJIJIEKTUBOM
ITOHUMAIOTCS u
COOJIIO A0 TCS;

- JIEMOHCTPHUPYETCS MHTEPEC
K CBOEM CHEUHaJIbHOCTH,
3HAYMMOCTb CBOCH Oymyrieit
CIICLIMAJIbHOCTH u eé
KBaTM(UKAITHOHHBIC

XapaKTePUCTHKU MOTYT OBITh
OTHCaHBI,

- TEeKCTBl  Ha
nmpoeCCHOHAIBHBIE  TEMBI
MOHUMAIOTCS, MOTYT OBITh
MPOYUTaHBl U OOBSICHEHBI,
o0t CMBICTT 9ETKO
MMPOU3HECEHHBIX
BBICKA3bIBAaHUY Ha M3BECTHBIC
TeMbl (MpodeccuoHaIbHbBIE U
OBITOBBIC) MTOHSTEH;

0a30BbIC

- BeJGHWE Juajora Ha
3HaAKOMBIE o0rrme u
npodeCcCHOHAIbHBIE TEMBI B
pa3IMYHBIX CUTYaIUIX

PO eCCUOHAITBHOTO
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OOILIEHHUS;

- MPEICTABIEHUE B YCTHOU
pedn cBeleHu o cede U o
CBOCH  mpodeccHOHATHHON
JIeITEIbHOCTH;

- 3aMa4d U  CIIOXKHOCTH,
BO3HHUKAWOIIMX B MPOIECCe

npodeccrnoHabHOM
JIEATEIILHOCTH, 9ETKO
bopmynupyrorcs;

- MpEeCTaBICHHUE B
MUCEMEHHOM dbopme
CcBeleHU 0 cede U 0 CBOEeH
npodeccroHanbHOM

JCATCIIBHOCTH




®deaepanbHOE ATEHTCTBO MOPCKOI0 H PEYHOI0 TPAHCIOPTA
®egepanbHOe rocyIapcTBEeHHOE 0I01KeTHOEe 00pa30BaTe/IbHOE YUpeKIeHne
BbICIIEr0 00Pa30BaAHUA
«l'ocynapcTBeHHBIN YHHBEPCHUTET MOPCKOI0 M pe4yHoro ¢g.iora
umenu aamupasa C.0O. Makaposay

Koraacckuii puaunan ®I'bOY BO «I'YMP® umenn agmupanaa C.0. Makaposay

KOMIIJIEKT KOHTPOJIbHO-OIIEHOYHbBIX CPEACTB
O YYEFHOM JUCIUATIJIMHE
«OI1.03 QJIEKTPOTEXHUKA U 3JIEKTPOHUKA»
ITPOI'PAMMBI ITIOAT'OTOBKH CIIEUAJIUCTOB CPEJHEI'O 3BEHA

MO0 CIeHATBHOCTH
26.02.06 DxcruryaTanus CyJI0BOT0 JIEKTPOOOOPYAOBAHHS U CPEJICTB AaBTOMATHKHU

KBaJTU(PUKALMS
TEXHHK- JIEKTPOMEXAHUK

Kotnac
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2
COI'TTACOBAHA YTBEPXKJIEHA
3aMecTHTENb TUPEKTOpPA [0 yueOHO- eKTop (HIHAKA

MeTonHyeckoi pabote pumuana : % o

g O.B. lllepruna

H.E. T'nanpnmesa £ 7

; ): es 20232
15 (34 203 f
OJIOBPEHA

Ha 3aCeJaHAH IUKIOBOH KOMHCCHY
INEKTPOMEXAHHYECKUX TUCIUTLTHH
ITpotokon ot JL .4 20275 Ne 7

T
Tpencenarens 2 H.W.BopmotoBa

COI'JTACOBAHO
Havansnuk KOHCTpYKTOpPCKOTO GIOpO

000 «CTAJIKEP»
= — 3.A. Bpatman

19 0 2023

PA3PABOTYHK:
Bopmotosa Hanesxnia M3ocumoBaa — npenogasarens KPY Kotnacekoro ¢punuana ®TEOY BO
«['YMP® nmenn agmupana C.0. Makaposa»

KoMniekT KOHTPONBHO-OLEHOYHBIX CcpefcTB Mo yueGHoH mucnmmmmre «OI1.03
OneKTpoTeXHHKAa W  JNEKTPOHHKA» pa3spaboTal B  COOTBETCTBHH ¢  (elepaibHEIM
rOCyAapCTBEHHBIM 00pa30BaTeNbHEIM CTAHAAPTOM CPEIHEro Npo(ecCHOHATBHOTO 06pa3oBaHus,
YTBEPXKACHHEIM MpHKa3oM Munucrepcra npocBemeHus: Poccuiickoit Menepanuu 26 HosOps
2020 r. Ne 675 (3apermcTpupoBan MuHHCTepeTBOM IocTHUMH Poccwitckoit ®efepamun 3
(espans 2021 r., perucrpaumonssii Ne 62348) no cnenuansmocts 26.02.06 «IxcmmyaTamms
CYZIOBOTO 3JIEKTPOOOOPYI0BAHHA H CPEICTB ABTOMATHKHY, NMPOQECCHOHATLHBIM CTAHIAPTOM
17.070 «MHcnekTop rocynapcTBEHHOrO NOPTOBOTO — KOHTPOMA», YTBEPXK/ICHHBIH NPHKAa30M
MuHncTepeTBa TpyIa B COlMAIbHOI 3amuTel Poccuiickolt  ®emeparmmn ot 4 wmions 2018
r.Ne 357m (3apermctpupoBan MumucTeperBom ety Poccmitekoit Menepanun 28 HioHs
2018 r., peructpannonHsni Ne 51468), paGoueii nporpaMme! yueOGHOH THCIHILTHHEL
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COJIEPJKAHUE crp.

ITACIIOPT KOMIIVIEKTA KOHTPOJIBHO-OHEHOYHBIX CPEACTB
KOAU®UKATOP OIIEHOYHBIX CPEACTB

CAUCTEMA OIEHKH OBPA3OBATEJBHBIX JOCTHWXEHUM
OBYYAIOUIUXCS IO KAXKIOMY OHEHOYHOMY CPEJACTBY

BAHK KOMIIETEHTHOCTHO-OIIEHOYHBIX MATEPHAJIOB JJISI
OLIEHKM YCBOEHMSI PABOYENl TNPOTPAMMBI YYEBHOW
T CHATIIAHBI

25

27

27

29



KoHTposbHO-01IEHOUHBIE

27

1. MACIHHOPT KOMIIJIEKTA KOHTPOJIbBHO-OHEHOYHbBIX CPEACTB
O YYEFHOM JUCIHATIIMHE
«OI1.03 QJIEKTPOTEXHUKA U 3JIEKTPOHUKA»
1.1. O0sacTh NpMMEHEHUsI KOHTPOJIbHO-OLICHOYHBIX CPEACTB

CpeacTBa

(KOC)

SABIIAKOTCS qacCTbIO HOPMAaTUBHO-

MCTOAHUYCCKOT'O o0ecreueHns] CHUCTEMBI OLICHUBaHUA Kad€CTBa OCBOCHUA O6y‘IaIOH_II/IMI/IC$I

IPOrpPaMMBI

MMOATOTOBKMA  CIEIUATUCTOB CpeAHEro 3BeHa 1o crnenuadbHoctd 26.02.06

«DKCITyaTalsi CyJI0BOrO 3JIEKTPOOOOPYIOBAaHUS M CPEACTB aBTOMATHUKHW» U O00ECIEUMBAIOT
NIOBBIIIEHUE KauecTBa 00pa30BaTEIbLHOrO Mpolecca.
KOC no y4eOHON NUCHMIUIMHE MPEACTaBIIET cO00 COBOKYMHOCTh KOHTPOJIHPYIOLINX

MaTepHaloB,

Npe€aHa3sHAUYCHHBIX [JId HU3MCPCHUA

YCTAHOBJICHHBIX PE3Y/IbTATOB O0OYUECHHS.
KOC mno yueOHOW AMCHMIUIMHE HMCIOIB3YETCS TMPHU MPOBEACHHH TEKYIIETO0 KOHTPOJISI
YCIIEBAEMOCTH M MPOMEKYTOUHOM aTTecTaluu oOydarommxcs B BUAC TU(PEpEeHIIMPOBAHHOTO
3a4€Ta U DK3aMeHa.
1.2. Pe3yabpTaThl 0CBOCHHUSI Y4eOHOM JMCIUILIHHBI, MOAJIeKALINEe TPOBEPKe

YPOBHS  JTOCTHDKCHHUSI  OOyJaronIuMcs

I(()(;? YmeHus 3HaHus
OK 01, Vi -IIPOU3BOIUTH n3Mepenusi |31 -OCHOBHBIE pa3/ieiibl ANEKTPOTEXHUKHU
OK 02, AJIEKTPUYECKUX BEJIMYHH; U DJIEKTPOHHUKHU;
OK 03, V2 -BKIIOYATH JJIEKTPOTEXHUYECKHE |32 -MOPSAIOK MPOBEACHUS SIEKTPUUECKUX
OK 04, puoopHI, arraparsl, MAILIUHbL, | ©3MEPEHU;
OK 05, YIPaBIATH UMH U KOHTPOJIUPOBATH WX |33 -AIIEKTPOU3IMEPHUTEIIBHBIC TTPUOOPHI, B
OK 06, 3¢ (deKkTHBHYIO U O€30MMaCHYIO padoTy; | TOM yucie MHUKPOIPOLIECCOPHBIE
OK 10 V3 -yCTpaHSTh OTKAa3bl U | M3MEPUTENTbHBIC TTPUOOPHI;

MOBPEKACHHSI STIEKTPOOOOPYAOBAHNUS;
Y4 -pacmo3HaBaTh 3amavy W/WIH
npobieMmy B IpodeCcCHOHATHLHOM
U/WIH COITUAIBHOM KOHTEKCTE;

VY5 -aHanu3WpoBaTh 3adady W/WIN
npo0sieMy W BBLACTATH €€ COCTaBHbBIE
qacTu;

Y6 -onpenensaTh 3Tambl
3a/1a4u;

VY7 -BoIsABIATh U 3(H(PEKTUBHO UCKATH
uH(pOpMaIIUI0, HEOOXOIUMYI0 s
peIIeHus 3a/1a4u U/WUIH TIPOOJIEMBI;

pelieHus

V8 -cocTaBnsTh IJ1aH ACHCTBUS;

Y9 -ONpPENETATh HE00XOaUMBIE
pecypcehl;

V10 -BJIaJETh aKTyaJIbHBIMU
METOJIaMHU paboThI B
NpopECCHOHAIBHOW M CMEKHBIX
cdepax;

V11 -peanu3oBbIBaTh COCTaBJICHHBII
TUIaH;

VY12  -oneHuBath  pe3ydbTaT W
IOCJIEACTBUSA CBOMX JIeCTBUI
(caMOCTOATENPHO WM C MOMOUIBIO
HaCTaBHHKA);

VY13 -onpenensaTe 3amaud A1l IOMCKA

34 -akTyadbHBIH MPO(eCCHOHANBHBIA H
COLIMAJIbHBIA  KOHTEKCT, B KOTOPOM
MIPUXOAUTCS PadOTATh U )KUTh;

35 -OCHOBHBIE UCTOYHUKHA HH(POPMALIUH U
pecypchl Ui peleHus 3a1a4 U mpoodiem
B Mpo(heCCUOHATFHOM W/UJIH COIMAIbHOM
KOHTEKCTE;

36 -anTOpUTMBI BBHIMIOJHEHHUS PAabOT B

npodeccroHanbHOM u CMEXKHBIX
0011aCTaX;
37 -METOAbI paboTbI B

po¢eCCHOHAIBPHON U CMEKHBIX cepax;

38 -CTpyKTypy IUIaHa [UIsl pELICHUS
3ajau;

39 -mOpsAAOK  OLIEHKM  pe3ysIbTaToB
pemieHust  3amad  IpodecCuoHaNbHON
NeSATeIbHOCTH;

310 -HOMEHKIATypy HWH(OPMAIMOHHBIX
HCTOYHHUKOB, PUMEHIEMbIX B
poeCCHOHATILHOMN IEATEIbHOCTH;

311 -IIPUEMBI CTPYKTYpUPOBaHUS
nH(popManuu,

312 -popmar odopmieHus pe3ylbTaTOB
MoucKa nHQpOpMaIuu;

313 -coZiepKaHHe aKTyaJIbHOI
HOPMAaTHBHO-ITPABOBOI TOKYMEHTAIINH;
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nH(popManuu;

Y14  -onpenmenstb  HEOOXOIUMBIC
WCTOYHUKU WH(OPMALINH;

V15 -nnanupoBath NpoLECC TOUCKA;
V16 -cTpyKTypupoBaTh MOIYy4YaeMYO
uH(pOpMaIINIO;

V17 -Beimenars HanOoJiee 3HAYNMOE B
nepevyHe NHPOpMaLuy;

V18  -ouneHuBaTh  MPAKTUYECKYIO
3HAYUMOCTb PE3YJIbTAaTOB MOUCKA;
VY19 -obopmiaTh pe3ynbTaThl IOMCKA;
Y20  -ompenenATh  aKTyaJlbHOCTb
HOPMAaTUBHO-TIPABOBOM
JTOKYMEHTAIlMH B MpPOodeCcCHOHATBbHON
NEeATEIbHOCTH;

V21  -npUMEHATH  COBPEMEHHYIO
Hay4HYIO poQeCCHOHATHHYIO
TEPMHUHOJIOTHIO;

V22 -ompenensiTh W BBICTpauBaTh
TPAEKTOPUHU po¢eCcCHOHATBLHOTO
pa3BUTHS U CaMOOOpPA30BaHUS;
y23 -OpraHu30BbIBaTh
KOJUIEKTHBA U KOMAH/Ibl;

V24 -B3aUMOJICHCTBOBATH c
KOJUIETaMH, PYKOBOJACTBOM,
KJIINEHTaMH B xoJe
npodeccuoHaNbHOM 1eATeNbHOCTH;
VY25 -rpaMOTHO U3JIaraTh CBOM MBICIIH

paboty

u  ohopMIATH  JOKYMEHTHl IO
npodeccnoHalbHOM ~ TeMaThKe  Ha
rOCy/IapCTBEHHOM SI3bIKE, MPOSBIIATH
TOJIEPAHTHOCTh B pabouem
KOJIJIEKTHBE;

Y26 -onuchiBaTh 3HAYUMOCTH CBOEU
CHEIHAIbHOCTH;

VY27 -noHUMaTh OOIIMIA CMBICT YETKO
MPOM3HECEHHBIX BbICKA3bIBAHUN Ha
W3BECTHBIE TeMbI (TIpoheCcCHOHATbHBIC
U OBITOBBIC), TOHMMATh TEKCTHI Ha
0a3oBbIe TPOECCHOHATLHBIC TEMBL;
V28 -ydactBOBaTh B JMaliorax Ha
3HAKOMBIE o0rue u
po¢eCCUOHATBHBIC TEMBI;
VY29-cTpouTh NpOCThIE BHICKA3bIBAHUS
0 cebe 1 0 cBoel MpodecCHOHATBHOU
JeSITeNbHOCTH,

Y30 -kpatko  OOOCHOBBIBATH W
OOBSICHSITE CBOM JCHCTBHS (TEKyIIHE
Y TJTAaHUPYEMBIC);

V31 -nucark IpocThie CBA3HBIE
COO0OIIIeHUs] HAa 3HAKOMBIE WU

314  -COBpeMEHHYIO  HAy4YyHYIl0O H
po¢eCCHOHATIBHYIO TEPMUHOJIOTHIO;

315 -BO3MO>KHbBIE TPaeKTOPUU
npodeccrnoHaIbHOTO pa3BUTHS u
caMmo00pa3oBaHus,

316 -IICUXOJIOTUYECKUE OCHOBBI
JeSTEeITbHOCTH KOJIJICKTHBA,
MICUXOJOTHYECKHE 0COOCHHOCTH
JMYHOCTH;

317 -0CHOBBI IPOEKTHOU JEATENBHOCTH;

— 0COOEHHOCTH COLMAJIBHOTO u

KYJIbTYPHOT'O KOHTEKCTa;
318 -nmpaBuna opopmIIeHUS JTOKYMEHTOB
Y TIOCTPOCHUS YCTHBIX COOOIICHHIA;

319 -CYILIIHOCTh IPaKJaHCKO-
MaTPUOTUYECKON MMO3HIINH,
0011IeUeIOBEUeCKUX LIEHHOCTEH;

320 -3HaYUMOCTH MPOQPECCHOHATBHOU
NEeSTENbHOCTH T10 CIIeIIUATBbHOCTH;

— IpaBHJa TIOCTPOCHUS  IMPOCTHIX
CIIOKHBIX NPEeJI0KEHU N
npodeccroHabHBIC TEMBI,

321 -ocHOBHBIE OOIIEYNOTPEOUTETHHBIC
riaroiisl (ObITOBas M MpodeccuoHanbHas

n
Ha

JIEKCHKA);

322 -JIEKCUYECKUI MUHUMYM,
OTHOCSIIIIUICA K ONUCAHUIO IPEIMETOB,
CpeAcTB U MPOIIECCOB

npodeccnoHaNbHOM 1eATENbHOCTH;

323 -0c00E€HHOCTH MPOU3HOIICHHUS;

327 -IIpaBuiia YTEHUS TEKCTOB
npodecCHOHATBLHON HANPaBIECHHOCTH
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WHTEPECYIONIHE TPOPECCHOHATBLHBIE
TEMBI

OcBoeHue  comepkaHus  y4eOHOW  TUCIUIUIMHBI  OOECIEYMBaeT  JIOCTH)KCHUE
00yJarOMIUMUCS CISTYIOINX JHYHOCTHBIX PE3YIbTATOB MPOTPAMMBbl BOCITUTAHHUS:

JInyHOCTHBIE pPe3yJIbTAaThl peajn3alui NPOrpaMMbl BOCIIUTAHUS, ONIpe/ieIéHHbIE
0TpacjieBbIMH TPeOOBAHUSAMM K J1€J0BbIM Ka4eCTBAM JMYHOCTH

Kona DopMyIHPOBKA

JIP 14 | ITposiBnsomuii CO3HATENIFHOE OTHOIIEHUE K HENPEephIBHOMY 00Opa30BaHUIO KaK YCIOBHIO
yCHENHON MpodecCHOHaTLHOM U 00IIECTBEHHOH ESITEIHOCTH

2. KOJUPUKATOP OINEHOYHBIX CPEACTB

QO yHKIMOHAIBHBIN NIPU3HAK

OIICHOYHOT'O CPE/ICTBA Merton/dbopma KOHTPOIIS
(THUIT KOHTPOJIBHOTO 3aaHUS)
CobecenoBanue Vel onpoc, nuddepeHITMPOBaHHBINA 3a4€T, YK3aMEH
3amaHus UI1 CaMOCTOSATENbHON
IIncemenHas npoBepka
paboThI
IIpakTyeckoe 3ananue [TpaxTrueckue 3anatusi, T GepeHITMPOBAHHBIN 3a4€T, SK3aMEH
JlaGopaTopHsble 3apanus|JlaboparopHas pabota
3ajaHue

3. CACTEMA OIIEHKH OBPA3OBATEJIBHBIX JJOCTH)KEHUH OBYUYAIOIIIUXCHA
MO KA’KKAOMY OHEHOYHOMY CPEJACTBY
OreHKa MHIUBUAYATBHBIX 00pa30BaTENbHBIX JOCTIKEHHH MO pe3yiabTaTaM TEKYIIETO
KOHTPOJIA U IIPOMEXYTOYHOM aTTeCTALMM IIPOU3BOAMUTICS B COOTBETCTBUU C YHMBEPCAIBHOU
IIKajIoi (Tabnuia)

IIponent KauecTBeHHas olieHKa HHAUBUYaIbHBIX
pe3yabTaTUBHOCTU 00pa30BaTENbHBIX TOCTHXKEHUI
(mpaBUIIBHBIX OTBETOB) 6asu1 (OTMETKa) BepOaJIbHBIN aHAJIOT
90-100 5 OTJIMYHO
80-89 4 XOPOIIIO
70-79 3 yJIOBJIETBOPUTEIHHO
Menee 70 2 HEYJOBJIETBOPUTEIILHO

Kpurepuu o11eHKHM OTBETOB B X0/1€ YCTHOTO OIIPOca

OneHuBaeTcss NPaBUIBHOCTH OTBETa OOydaromlerocs Ha OJUH U3 TMPUBEAEHHBIX
BOIIPOCOB. [Ipu 3TOM BBICTaBIISAIOTCS CIEIYIOLIME OLICHKH:

«OTIUYHO» BBICTABIISIETCA IPU COOIIIOICHUH 00YUYaIOIIUMCS CIEAYIOMINX YCIOBHIA:

— [OJIHO PacKphlI coJAep)KaHHe Marepuaia B 00bEéMe, MPeayCMOTPEHHOM MPOrpaMMoii,
CoJIep’KaHUEM JIEKIIMH U y4eOHUKOM;

— W3JIOKWJI ~ MaTepuall TPaMOTHBIM  fA3BIKOM B OIPEAEICHHONM  JIOTUYECKOU
MIOCJIEIOBATEIbHOCTH, TOYHO UCIIOJIB3YS CIEHUATN3UPOBAHHYIO TEPMUHOJIOTHIO U CUMBOJIUKY;

— [I0Ka3aJl YMEHUE WJUIIOCTPUPOBATH TEOPETHUECKUE IOJOXKEHUS KOHKPETHBIMU
npuMepamu, NPUMEHSITh UX B HOBOW CUTYaIlMU IIPU BBINOTHEHUU IPAKTUYECKOTO 3a/1aHHUS;

— NPOAEMOHCTPUPOBAI YCBOCHHE paHEE W3YYEHHBIX COIYTCTBYIOIIMX BOIPOCOB,
c(OpMUPOBAHHOCTH U YCTOWYMBOCTD UCIIOJIb3YEMBIX IIPU OTBETE YMEHHM U HABHIKOB;

— OTBEYAJl CAMOCTOSTENILHO 0€3 HaBOASALIMX BOIIPOCOB MPEIO1aBaTesl.

IIpumeuanue: 1 MONY4YEHHUsS] OTMETKH «OTJIIMYHO» BO3MOJKHBI OJIHA-JBE HETOUYHOCTH
IIPU OCBEUICHUH BTOPOCTENEHHBIX BOMPOCOB MJIM B BBIKJIA/KaX, KOTOpPbIe 00y4arOMIUNCs JIETKO
VCIIPABUJI IO 3aMEUYaHUIO IIPENOAABATENS.
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«Xopouio» - 0TBET 00y4YaIOIIErocss B OCHOBHOM YAOBJIETBOPSET TPeOOBaHUSIM Ha OLIEHKY
«OTJIMYHOY, HO TIPH STOM UMEET OJIUH U3 HEIOCTATKOB:

— B M3JI0KEHUHM JOMYIIEeHbl HeOOoJbIINe MpoOeNbl, HE HCKA3UBIIKE JOTHYECKOr0 H
MH(OPMALIMOHHOTO COJIEP’KaHUs OTBETA;

— JIOMYIICHBl OJIMH-JIBA HEM0UY€Ta TPU OCBEIICHUH OCHOBHOTO COJICpP)KaHUS OTBETA,
MCIIPABIICHHBIC IO 3aMEYaHUIO0 MPETOaBaTeNs;

— JIOMyIIeHbl omMOKa WM Oojiee OBYX HENOYETOB MPU OCBEUICHHMH BTOPOCTEIEHHBIX
BOIPOCOB WUJIM B BBIKJIAJIKaX, JIETKO MCIIPABIIEHHBIE M0 3aMEYaHUIO MTPEenoJaBaTes.

«Y TOBIIETBOPUTEITHHOY BBICTABIISETCS PU COOIIOICHUN CIETYIOIINUX YCIOBHIA:

— HETOJIHO WJIM HEMOCJEeI0BaTENbHO PACKPBITO COJEp)KaHWE MaTepualia, HO MOKa3aHo
o0Im1ee MOHUMaHUE BOIIPOCA U MPOJAEMOHCTPUPOBAHBI YMEHUS, IOCTATOYHBIE NI TajdbHEHIIero
YCBOGHHS MPOTPaMMHOI0 MaTepuana, HWMENHCh 3aTPyAHEHUS WM JOMYyUIEeHbl OIIMOKU B
OTIpe/ICNICHUU TIOHSATUH, WCIOJIB30BAHUU TEPMHUHOJOTUU M BBIKJIAJIKaX, HCIPABJICHHBIE IMOCIEe
HECKOJIbKUX HaBOJSIIUX BOIIPOCOB MPENO/1aBaTeNs;

— oOydJaromumiics HE CHOpaBUJICS C TPUMEHEHHEM TEOPHUH B HOBOW CHUTyallud WpH
BBITIOJTHEHUH TMPAKTUYECKOTO 3aJaHHs, HO BBINOJHHUI 3aJaHus 0053aTeIbHOTO YpPOBHS
CIIOJKHOCTH I10 JaHHOH TEME;

— pu 3HAHUU TEOPETUIECKOTO MaTtepuana BBHISIBJICHA HEJ0CTaTOYHAs
c(hOpMUPOBAHHOCTH OCHOBHBIX YMEHUI U HABBIKOB.

«HeynoBneTBOpUTENBbHO» BBICTABIISIETCS MIPH COOJIIOIEHUU CIIEAYIOIINX YCIOBUA:

— HE PACKPBITO OCHOBHOE COZIEpKaHKE YIeOHOT0 MaTepHuaa;

— 00Hapy>KEHO HE3HaHHE WU HEMOHMMaHue oOydarouumcs Oousblied win HauOojee
BaXHOW YacTH yueOHOTO MaTepuana;

— JIOTMYIIEHBI OIMUOKU B OMPEIEIIEHUU MOHATHH, IPU HCIOIb30BAaHUH TEPMUHOJIOTUU U
UHBIX BBIKJIAJIKaX, KOTOpbIe HE KCIPABICHbl IOCIE HECKOJIbKUX HaBOJSIINX BOIPOCOB
MperoaaBaTes;

— oOyyarommiicss 00OHapyKUJI TIOJITHOE HE3HAHWE M HEMOHUMAaHWE M3y4aeMOro yuyeOHOTO
MaTepuana UJId HE CMOT OTBETUTh HM Ha OJMH U3 MOCTABJIEHHBIX BOMPOCOB IO H3y4aEMOMY
MaTepuany.

KpuTepry OIIeHKU BBIMOJIHEHHOTO MPAKTHYECKOTO 3a/1aHHsI/ MUCEMEHHOHN MPOBEPKH

OrneHka 5 ctaBHUTCS 3a PabOTYy, BBHITTOJTHEHHYIO TIOJTHOCTHIO 0€3 OIMTMOOK M HEIOYETOB.

Orenka 4 craBuTcs 3a paOOTy, BBHIOJHEHHYIO TOJHOCTHIO, HO MPU HAJIWMYUU B HEH HE
OoJiee 0THOM HErpyOOi OITMOKU U OJTHOTO HEIOUETa, He OoJiee TPEX HEeOUETOB.

Onenka 3 crtaBUTCA, €ciaM OOYYalOIIMKCS NPABUIIBHO BBHIMOJHWI HE MeHee 2/3 Bcei
paboThl WM AOMYCTHI He Oosiee OJHOW TpyOOH OMMOKM M JIBYX HEIOUYETOB, HE OoJjiee OHOM
rpy0oii u onHOM He rpyOoil ommOku, He Oonee TPEX HErpyObIX OMIMOOK, OIHOW HErpyOoii
OImMOKHU ¥ TPEX HEAOUYETOB, MPU HATTUIMH YETHIPEX-TIATH HEJOUETOB.

Orenka 2 cTaBUTCA, €CIIM YUCIIO OUIMOOK U HETOUETOB MPEBBICKIIO HOPMY JUIS OLEHKH 3
WJIU TIPABWJIHHO BBITTOJTHEHO MeHee 2/3 Bceil paboThI.

Omnenka 1 craBUTCS, €Clii 00YYarOIUIiCsl COBCEM HE BBIOIHHIII HU OJHOTO 33JJaHMUS.

KDI/ITGDI/II/I OLOCHKH BBIITOJHECHHOT'O HaGODaTODHOI‘O 3a1aHusA

«3a4eT» - CTAaBUTCSA, €CJIM OOYYAFOIIHUIICS BBIMOIHAET padOTy B MTOJIHOM 00BEME C COOII0IEHUEM
H€O6XOI[HMOﬁ MOCJICAOBATCIIBHOCTU MNPOBCACHUSA OIIBITOB U H3M€peHHﬁ; CAMOCTOATCIIBHO U
palMOHATILHO MOHTHUPYET HeoO0Xoaumoe o0OpyAOBaHUE; BCE OMBITHI MPOBOJIUT B YCIOBUSX U
pexuMax, 00ecreyuBarOIMX MOJYYeHHUE NPAaBUIBHBIX PE3yJIbTATOB M BBIBOAOB; COOIIONACT
TpeOOBaHUS MPaBWJI TEXHUKU OE30MMACHOCTH; MPAaBUIBLHO U aKKypaTHO BBIMOJIHSET BCE 3aIUCH,
TaONMUIIBI, PUCYHKH, YEPTEeXKH, TrpaduKH, BBIYUCICHUS; TNPABWILHO BBIIOJHSICT AaHAIN3
MOTPEIIHOCTEH;

«HE3a4eT»- CTABUTCS, €CIIM HE BBITIOJHEHBI TPEOOBAHUS K OLICHKE «3a4eT.
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Kpurepuu orienku B xo11e 1udPepeHIMpPOBaHHOTO 3a4eTa

OTtBer OLCHHUBACTCA Ha «OTJIMYHO», €Clin O6y‘{aIOH1HI>'IC$I HNCYCPIBIBAIOIIIC,
MIOCJIEIOBATEIbHO, TPAMOTHO M JIOTMYECKH CTPOWHO HW3JaraeT Marepuai 10 BOIpocaMm, He
3aTPyAHACTCA C OTBCTOM IpU BUJOHU3MCHCHHUH 3aJlaHUA, CBO60,Z[HO CIIPaBJISICTCA C PCUHICHUCM
MPaKTUYECKHX 3a/1a4 ¥ CIIOCO0eH 000CHOBATh MPUHSATHIC PEIICHUS, HE JOMYCKaeT OMMOOK.

OTBeT OIEHUBAETCS Ha «XOPOIIO», €CIU OOYYAIOUIMIiCs TBEPAO 3HAET MPOTPAMMHBII
MaTepHall, TpaMOTHO U IO CYIIECTBY €r0 M3J1aract, He JOIMYCKAeT CYNIeCTBEHHBIX HETOYHOCTEH
IpU OTBETAX, YMEET TI'PaMOTHO NPUMEHSATh TEOPETUYCCKUE 3HAHWs Ha MPAKTHUKE, a TaKke
BJIaJiceT HEOOXOAMMBIMU HaBBIKAMH PEIICHUS MPAKTHUECKUX 3a]1ad.

OtBer OLICHUBACTCA Ha «YAOBJICTBOPUTCIILHO», CCJIA O6y‘{aIOH1HI>'IC$I OCBOUJI TOJIBKO
OCHOBHOM MaTepHuall, OJHAKO HE 3HAaeT OTIENBHBIX JeTajeid, JOMyCKaeT HETOYHOCTH H
HEKOPPEKTHBIE (OPMYIUPOBKH, HApYIIAeT IMOCIEIOBATEILHOCTh B HM3JIOKCHHH MaTepualia u
UCTIBITHIBACT 3aTPYAHCHUS TIPU BBITOJHECHUN PAKTUICCKUX 3a/IaHU.

OTBeT OICHMBAETCS Ha «HEYJOBJIETBOPUTEIBHO», €CIU OOYyYaroMIMNCS HE pPacKpbLI
OCHOBHOE COJICp)KaHHWE MaTepHalia, JOIYCKAeT CYIIECTBEHHbIC OMIMOKH, C OOJNBIIMMHU
3aTPYAHCHUSAMU BBITTOJIHACT MIPAKTUYCCKUC 3a1aHU.

Kpurepuu o1leHKH B X0/1€ IK3aMEHa

B ocHoBe oneHku mpu caade dK3aMeHa JISKUT MATHOAUThHAs cucteMa (5 «OoTIMIHO», 4
«XOpOILO», 3 «yJOBIETBOPUTEIBHOY, 2 «HEYIOBIETBOPUTEIILHOY).

OTBeT OLEHMBAETCS HAa «OTIMYHO», €ciau  OOy4aroIlMiCsi  HCYEPIbIBAIOILE,
MI0CJIEI0BATENIBHO, TPAMOTHO M JIOTMYECKH CTPOMHO M3JIaraeT MaTepHuall 1o BOIpocaMm Owusera
(TecTa), HE 3aTpyIHSETCA C OTBETOM IPU BUIOM3MEHEHUU 3aJlaHMsl, CBOOOJHO CIIPaBIsAETCS C
pelIeHreM MPAaKTUYECKHX 337a4 U Ccroco0eH 00OCHOBATh MPUHSATHIE PEIICHUs, HE JOIMYCKaeT
OLIMOOK.

OTBeT OIICHMBAETCS Ha «XOPOLIOY», €CIM OoOydarouuiics TBEPAO 3HAET MPOTrPaMMHBIN
MaTeprai, 'paMOTHO M IO CYILECTBY €ro M3JIaraeT, HE JOIYCKAeT CYIIECTBEHHBIX HETOYHOCTEN
IPU OTBETAX, YMEET I'PaMOTHO INPUMEHATh TEOPETUYECKUE 3HAHMSI Ha IMPAKTHUKE, a TaKKe
BJIaJIe€T HEOOXOAMMBbIMU HABBIKAMH PEILICHUS MPAKTHUECKUX 3ajau.

OTBeT OlIEHMBAETCS Ha «YIOBJICTBOPUTENBHO», €CIH OOYYAIOUIUIICS OCBOMII TOJIBKO
OCHOBHOM MaTepuaj, OJHAKO HE 3HAcT OTHENBHBIX JAETalcH, NOINyCKaeT HETOYHOCTH U
HEKOPPEKTHbIE (HOPMYTUPOBKH, HAPYIIAET IOCIEIOBATEIBHOCTh B W3JIOKEHUU Marepuaia H
HCIBITHIBACT 3aTPyAHEHUS IIPY BBIIIOJHEHUH NPAKTUYECKUX 3aJaHUN.

OTBeT OLIGHWBACTCA HA «HEYJOBIETBOPUTEIHHO», €CIM OOYYArOIIMIHCS HE PaCKpBLI
OCHOBHOE COJIep)KaHHME MaTepHuaa, JOIYCKaeT CYIIECTBEHHbIE OHIMOKHM, ¢ OONbIINMHU
3aTpyJHEHUSAMU BBINOJIHSIET IPAKTUUECKUE 3a/1aHU.

4. BAHK KOMIIETEHTHOCTHO-OLEHOYHBIX MATEPHUAJIOB JJI5s1 OHEHKHA
YCBOEHMS YYEFHOM JUCHUTLJINHBI
4.1 Texymmii KOHTPOJIb
4.1.1. IPAKTUYECKAA PABOTA
KommnekT onenounsix 3amanuil Nel mo Pazpeny 1. DnekTpuueckue nenu nocTOSSHHOTO
Toka, Tema 1.1. Dnexrpuueckoe nosie (AyauTopHasi caMOCTOSATENbHAs paboTa).
HaumenoBanue: Coequnenue KoHaeHcaTopoB. Pacuer nenei.
3amaHue: pemwMTh 3amady. BapuaHT ykaspiBaeTcs mpernojaBareieM (CM. TabnuIy
BapHaHTOB).

\ Bapuant \ Ycnosue 3anaun \ Cxema coelMHEHMsI KOHIEHCATOPOB |




32

B nemu C; = 8 Mx®, Cy, = 4 MKD,
C3=6MK(D,C4=4MKCD,U=36B.
Onpenenuts 5KBUBAJIEHTHYIO €MKOCTh
LENH, a TakkKe 3aps] U DHEPIUro
JNEKTPUYECKOTO 0JIsA KaXKI0r0
KOHJIEHCAaTOPa U BCEU LIETIN

B nermn C; = 10° n®d, C, = 3-10°
n®, C3 = 4-10" n®, C4 = 5-10*n®, U =
100B.Onpenenuthb SKBUBAJICHTHYIO
CMKOCTb LCIH, 3apsAd U SHCPruro 3Jic-
KTPUYCCKOT'O 10151 KaxXaoro
KOHACHCATOpAa

B nemm C1 = 80 nd, C, = 80 nd, Cs
= 40 nd, C4 = 30 nd, U = 100B.
Onpenenutb 3KBUBAJIEHTHYIO €MKOCTb
LIETIH, 3apsn u SHEPTHIO
AIEKTPUUYECKOTO TOJISI KaXKJI0H €MKOCTH
U BCEH lIenu

B menu C; = 0,1 mx®, C, = 0,15
MKD, C3 = 0,3 Mx®d, C4 = 0,2 MxD, U
=100B.OnpenenuTh SKBUBAJICHTHYIO €
MKOCTh II€TH, 3apsii W DHEPTHIO
ANEKTPUUYECKOTO IOJIs Ka)KJI0r0
KOHJIEHCATOpa U BCE 1enu

B uenu C; =30 Mx®, C, = 15MkD,
Cz =5 Mx®, C4 = 60MxD, U; = 30 B.
Onpenenutb 3KBUBAJIEHTHYIO €MKOCTb
LENH, HaNpsDKEHUE, MPHIOKEHHOE KO
BCEM LEMH, a TAKXKE 3apsi U DHEPrHUIO
AIEKTPUYECKOTO OJIS KaXJI0TO
KOHJIEHCATOpa U BCEH Lenu

B nenu C; = 4 Mmx®, C, = 6 MKOD,
C3 =10 Mx®, C4 = 20Mx D, U; =20 B.
Onpenenutb 3KBUBAJIEHTHYIO €MKOCTb
LENH, HaNpsDKEHUE, MPHIOKEHHOE KO
BCEM LEMH, a TAKXKE 3apsii U DHEPIHUIO
AIEKTPUYECKOTO OJIS KaXJI0TO
KOHJIEHCATOpa U BCEH 1enu

Buemn C; =3 1®, C, =1 nd, C3
=2H®,C4=3H®,U2=20B.
Onpenenuth KBUBAJECHTHYIO E€MKOCTh
LEMH, HAaNpsDKEHUEe, MPHIOKEHHOE KO
BCE  1Lemu, 3apsigi M DHEPruio
AIEKTPUUYECKOTO TOJIST Ka)KJ10TO
KOHJIEHCATOpa U BCEH 1enu

Boemn C; =40 n®, C, =40 nd, C3=
20 n®, C4 = 15 n®. IlpunoxenHoe k
nern  Hanpsbkeane U = 100 B.
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Onpenenuth KBUBAJECHTHYIO E€MKOCTh
LIETIH, HAMIPSKEHUE Ha KaXKIOM y4acTKe
LIENH, DSHEPrul0 U  3apsaa  KaKaou
€MKOCTH U BCel 11enu

9 Buemu Ci =1 Mx®, C, = 2 MxD, c ' Cy
C; = C4 = 2 wxd, U = 60 B. — I —F

+
Onpenenutbh SKBUBAJIEHTHYIO €MKOCTh )

LIEITH, 3apsn u SHEPTUI0 I " I
AJIEKTPUYECKOTO TTOJIS Ka)KJI0TO | i
KOHJIEHCATOpa U BCEH Lenu _ C_"’ U G |
e : gl
10 Buemn C; =2-10° n®, C, = 6-10° c, &
1, Cs = 3-10° 1, C, = 6-10° b, U = ] |
100 B. OmnpenenuTh HSKBUBAJICHTHYIO | + ' =
€MKOCTh LIENH, 3aps] W DHEPIHUIO | c, c. '
AJIEKTPUYECKOTO OJIS KaK10r'0 || ||
KOHJIEHCATOpa U BCEH Lenu ! u I

KommnekT onenounslx 3amanuii Ne2 nmo Pazgeny 1. DnekTpuueckue nenu nocTOSSHHOTO
Toka, Tema 1.2. OCHOBHBIC PJIEMEHTHI JICKTPUUECKOW IIEMH MOCTOSHHOTO TOKa (AyauTOpHAs
caMmocTosiTeNbHas paboTa).

Haumenosanue: PacuéT nemei mocTOSHHOIO TOKa

3amaHue: pemuTh 3amady. BapuaHT ykasbpIBaeTCsl mperojaBaTeneM (CM. TaOIuIy
BapUAHTOB).

[lenb NMOCTOSSHHOTO TOKa COAEPKUT HECKOJIBKO PE3HCTOPOB, COECIUHEHHBIX CMELIAHHO.
Cxema 1enu ¢ yKa3aHUEM COINPOTHBICHUN PE3UCTOPOB NpPHUBEAEHA HA COOTBETCTBYIOLIEM
pucynke. Homep pucyHka, 3alaHHble 3HaUE€HUS OJHOIO U3 HAIPSUKEHUHN WM TOKOB M BEJIMYUHA,
noJJiexaniasl onpeneyeHuto, NpuBeaeHbl B Tabu. 3. Bcrogy MHAEGKC TOKa WM HaNpsKEHUs
COBIMAJIAET C MHJIEKCOM PE3UCTOPA, 10 KOTOPOMY MPOXOAUT 3TOT TOK WJIM HA KOTOPOM JEHCTBYET
310 Hamnpsbkenue. Hampumep, depe3 pesuctop R3 mpoxoauT Tok I3 M Ha HeM JEWCTBYET
HanpsbkeHue Us. OnpenenuTs TakkKe MOLTHOCTh, OTPEOIIieMyI0 BCEHl 1IENbl0, U pacxXoJl 3JEeKT-
pUYECKON aHEePTHH IIETIhIO 32 § 4 pabOTHI.

[TosicHUTB C MOMOILBIO JIOTUYECKUX PACCYKACHUN XAPAKTEp U3MEHEHUS AJIEKTPUYECKON
BEJIMYMHBI, 3aJaHHOW B Talbivlle BapuaHTOB (YBEIWYHUTCS, YMEHBUIUTCS, OCTaHeTcs 0e3
U3MEHEHHUs), €CIM OJUH U3 PE3UCTOPOB 3aMKHYThb HAKOPOTKO HJIM BBIKIIOYHMTH M3 CXEMBIL.
Xapaktep JACUCTBUS C PE3UCTOPOM W €ro HoMmep yka3aHbl B Ta0n. 3. Ilpum sToM cuurtarth
HanpspkeHue Uap Hem3MeHHbIM. IIpu TpyIHOCTSX JIOTMUECKHX MOSICHEHMHM OTBETAa MOXHO BBI-
MOJIHUTH pacyeT TpebyeMoil BelTWYHHbI B U3MEHEHHON CXeMe M Ha OCHOBaHUM CPaBHEHUS €€ B
JIByX CXEMax JaTh OTBET HA BONPOC.



R,=2 Om
+
A —=—1
=
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('] o
R,=4 Om e
14 L'
R,=3 Om
B —=
Puc.11
R,=2 Om
R.=6 Om
R,=4 Om
& R,=10 Om
il ] R,=2 Om
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R,=10 Om
K R,=4 Om
—
R.,=5 Om
R,=15 Om[
Bt
Puc.12
R=40M R=40m R=100M
A ———— 1
+
R,=10 Om[] [IrR=15 Om
R.=5 Om
Bies —
Puc.14
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Howmep Howmep 3agaBaemasi | Onpene | JelicTBue ¢ pe3ucTOpOM N3menenue
BapuaHTa | pUCYHKa BEJIMYMHA JIATH 3ambikaeTcsi | BeikirodaeTcs | Kakou
HaKOpPOTKO N3 CXEMbI BCJINYHHBI
PacCMOTPETh
1 11 UAB =100B |3 R1 - |5
2 11 |1 =20A |4 - R4 U5
3 11 U2 =30B |5 RG - |2
4 11 |5 =10A UAB - R2 |5
5 11 UAB =50B |1 R1 - |3
6 11 |2 = 3,75A |5 - R5 U1
7 11 |4 =5A UAB R1 - |3
8 11 U5 =30B |1 - R3 U4
9 11 135=1,25A U; Rs - P
10 11 UAB = 80B U4 - R4 |5
11 12 UAB =50B |3 R1 - IG
12 12 |2 =2A UAB - Rz U1
13 12 |1 =5A U4 R2 - |1
14 12 U5 =18B |1 - R6 |2
15 12 |3 = 1,2A UAB R5 - U1
16 12 |5 = 6A |1 - R3 U2
17 12 UAB = 80B |5 R1 - U5
18 12 |6 =3A U1 - R5 U1
19 12 U4 =10B UAB R3 - IG
20 12 U1 =20B |4 - R2 |5
21 13 11 =12A Us R - Us
22 13 |4 =3A UAB - R2 U1
23 13 UAB =120B |5 R2 - |1
24 13 U3 =24B UAB - R6 |3
25 13 IG =4A Ul RG - U2
26 13 |1 = 24A |4 - R3 |3
27 13 UAB =30B U5 R1 - |4
28 13 U1 =96B |2 - R4 |1
29 13 |5 =2A |1 R3 - U1
30 13 Uag = 60B I3 - R, I3
31 14 I, =50A I3 Rs - Uy
32 14 |2 = 15A UAB - R6 |2
33 14 U3 =120B l4 R - Us
34 14 UAB =250B |1 - R4 |2
35 14 IG =8A Ul R4 - U1
36 14 |4 =4A |2 - R2 |1
37 14 |5 = 4,8A UAB RG - |2
38 14 U1 =200B |6 - R5 U2
39 14 U4 =48B UAB R3 - IG
40 14 |5 =6A U2 - R6 |2
41 15 |5 = 1A UAB R3 - |1
42 15 U,=12B U; - R» U,
43 15 |3 = 6A UAB R5 - U4
44 15 UAB =60B |1 - R4 |3
45 15 |1 = 24A UAB R1 - UG
46 15 U1 =54B |6 - Re U1
47 15 IG =3A Ul R4 - |2
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48 15 Us=12B P - R3 I
49 15 |1 =12A UAB Re - U1
50 15 U, =36B U - Rs P

Kommuiext onenounsix 3ananuii Ne3 mo Pazneny 4. Tpexda3zubie 1ienu nepeMeHHOro TOKa,
Tema 4.2. Bxmouenue Harpy3ku B 1ienu TpexdasHoro Toka (AyauTopHash CcaMOCTOsITEIbHAs
pabota).

HanmvenoBanwme: Pac4ér CHMMETPHYHBIX 1 HECUMMETPHYHBIX TPEX(HA3HBIX CETEH.

3amanue: pemuTh 33dady. BapuaHT ykasbIBaeTCs TpernojaBareieM (CM. TaOJIHIBI
BapUaAHTOB).

3amaga 1. Jlnsg ocBelieHUs TpeX OAMHAKOBBIX Y4acTKOB MPOM3BOACTBEHHOI'O IOMEILEHUS
YCTAaHOBWJIHM JIIOMHUHECIIEHTHBIEC JIaMIThl MOITHOCTRIO P, = 40 Bt kaxkmas. OO1ee 4ncio aMIl B
MIOMEILEHUH I PaCIPEEIICHO TOPOBHY MEX]y ydyacTKaMu. Jlammbl paccuuTaHbl Ha HallpsHDKEHUE
U,; nmuHeitHoe HanpshkeHue TpexdazHoi cet paBHO Uyoy. Kakaplil yqacTok mosryyaeT muTaHue
OT OAHOM (ha3bl CETH MPU COSIUHEHHUHU JIaMIT 3BE3/101 JTMOO OT JIBYX COOTBETCTBYIOIIUX (a3 MpH
COCIMHEHUHU JIaMIl TpeyroJbHUKOM. Jlisg paOoThl JaMIl HKCIIOJIb30BaHbl — CIIEHAaIbHBIC
IIyCKOPETYIHUPYIOIINE almapaThl, COAEPKAIIME KAaTyIIKH CO CTaJbHBIMM MarHUTOIPOBOAAMH,
MO3TOMY KO3 (DHUIIMEHT MOIITHOCTH JIaMIT MEHbIIEe equHUIbL: COS ¢ = 0,95.

BriOpath HEOOXOIUMYIO CXeMy MPUCOCTUHEHHUS JIaMIl K Tpex(a3zHoi ceTH (3Be30W MU
TPEYroJIbHUKOM) W HauepTuTh ee. Ompenenuth JTUHEHHBbIE TOKM [; B IPOBOJAHMKAX CETH,
NUTAIONICH JaMIlbl TpU paBHOMEpHOH Harpy3ke (a3. Haueprute B Macimitabe BEKTOPHYIO
JuarpamMmy Henu U MOsICHUTh ee mocTtpoeHue. Kakas axkTuBHas 3Heprust OyJaeT u3pacxooBaHa
BCEMH JIaMIIaMH 3a § 4 paboThI?

JlaHHBIC 17151 CBOETO BapuaHTa B3STh U3 Ta0I. 1.

Tab6muna 1

Howmep I, T Uy, B Uy, B

BapHaHTa

01 120 220 380

11 90 127 220

21 150 220 220

31 60 127 220

41 300 220 220

3amaua 2. Kaxxnas daza TpexdazHOro CHMMETPUYHOTO TOTPEOUTENS (IIEKTPOIBUTATETh
NEpPEeMEHHOTO TOKa) paccuumTaHa Ha (asHoe Hampsbkenne Uy M uMMeer akTuBHOe Ry u
UHAYKTHUBHOE Xg¢ comnporuBieHusa. HomuHanbHoe HampsbkeHue cetd Upi. BeiOpats cxemy
COCMHEHUS] OTPEOUTENS B 3aBUCUMOCTH OT HOMUHAJIBHOTO HampspkeHus cetd Uy (3Be3noi
WIH TPEYroJbHUKOM) U HauepTuth ee. OnpenenuTs akTuBHyI0 P, peakTuBHy0o Q u monHyoo S
MOITHOCTH, PACXOAyeMble MOTpeduTeneM. BEMUCIUTh MOTPeOIsieMblii TMHEHHBIN TOK.

Kaxk Hyx)HO coemuHUTh (a3bl MOTpeOUTeNs (3BE3/I0M MIIH TPEYTOIBHUKOM) 711 BKITFOUCHUS
€ro B CETh C HOMUHAIBHBIM HampspkeHueM Uy, ? BeuuciuTh TUHEHHBIE TOKH B TIPOBOJAAX MPHU
TaKOM BKJIOUEHHUH. [laHHbBIE 171 CBOETO BapuaHTa B3ATh U3 TalI. 2.

Ha ocHOBaHWM BBIUMCICHHBIX JHHEWHBIX TOKOB Tpu HampsokeHusix Uy u Upp chenats
3aKJII0UYEHUE O HEOOXOIUMBIX CEUEHUSX MPOBOJIHUKOB JJIsl MPUCOEAUHEHUS TOTPEOUTENS K CETH.

Tabnuma 2
HOMep Uq), B Rq), OMm Xq), OMm UHI, B UHZ, B
BapHaHTa
02 220 8,5 5,25 380 220
12 380 17 10,5 380 660
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22 127 34 21 220 127
32 220 4,25 2,6 220 380
42 380 5,4 2,6 660 380

3amaua 3. B Tpexda3Hyl0 UeTHIPEXIpPOBOJHYIO CETh C JIMHEHHBIM HampspkeHueM Ugy
BKJIFOUIJIM 3BE3/I0M pa3Hble MO XapakTepy comnpoTuBieHus (cm. puc. 46—50). Onpenenutsb
JUHEWHBIE TOKM W HA4YepTUTh B MaciuTabe BEKTOpHYIO auarpammy nenu. [lo BekTopHOI
JyarpamMMme OIPEAEIUTh YMCIOBOE 3HAYEHHE TOKAa B HYJICBOM INpoBoOJe. JlaHHBIE UIA CBOETrO

BapuaHTa B3ATh U3 Ta0I. 3.

Kakue comporuBnenus Hagao BKIHOYUTE B Pa3bl B u C npuBeneHHON CXeMbl, YTOOBI TOK B
HYJIEBOM IPOBOJIE CTaJl paBEH HYIIO NMPH HEU3MEHHBIX 3HAYCHHUSAX COMPOTUBIICHUH B (aze A?

pi—— A —F———
o —— B ———=
C | S— C ——
N c2> E N
7l 8 5| 51 3
: 37| 3[] = z[] ¢
Q n, n, n 0:0
i & I
<
Puc.46 Puc.47
A — A —
B —/—— o ——
C —_ C ——1
“‘ 2 (] TE))
e o] [{e]
L gt 3 <3
) oy =—— 4 o
cl"ll[] s ‘F = ”u
14 o < Ol = N
© = o T ©
||m II( Tlr
> P o
Puc.48 Puc.49
A =
B |——
Oy ——
N— s
shlelé
o N D
- 1 ™
II( ><cn IIO
4 4
Puc.50
Ta0mumna 3
Howmep Howmep Uy, B Howmep Howmep Uy, B
BapHaHTa pHUCYHKA BapHaHTa pUCYHKA
03 46 380 33 49 380
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13 47 220 43 50
23 48 660

220

3amaua 4. B TpexdasHyo 4eThIpeXmpoBOAHYIO ceTh (puc. 51) BrIoUMiIn Tpexda3zHyro
CYIIMJIBHYIO TI€Ub, MPEACTABISIONIYI0 cO00M CHMMETPHUHYIO aKTUBHO-UHAYKTUBHYIO HArpy3Ky
C CONMPOTHUBJIECHUAMHU Ry M Xy, U JJaMIIbl HAKaJIMBAaHUS MOIIHOCTHIO Py kaxkaas. OOMOTKM nedn
COCIMHEHBI TPEYTOJIbHUKOM, JIaMIIbl HaKalWBaHUS — 3Be3/10i. KomuuecTBo jaMm B Kakaou
Gaze 1, np ¥ M¢ 3anaHo. HoMunaneHoe HanpsbkeHue ceth Uy. Cxema ceTu pHUBEEHA Ha pHUC.
56. Onpenenuts nokasanus amnepmerpos Al, A2, A3, A4, AS u BoasT™merpa V. Haueptuts B
MaciTade BEKTOPHYIO AMarpaMmy LeNHy )i COSMHEHUS JIaMII HaKaJUBaHUs, U3 KOTOPOM HalTH
YHCIIOBOE 3HAYCHUE TOKa B HYyJIEBOM IpoBoje lo (mokasanue ammepmerpa Ap). JlaHHblE s
CBOET0 BapuaHTa B3sTh U3 Ta0I. 4.

A — I PA2
L1 u
pU,,
Bo—FH—

— oU, pA3 | pAd [pAS5
N
PAs P,
Puc.51
Tabnuna 4
Howmep Ry, Om X, OM Py, Bt M, T g, LT ¢, T Uy, B
BapHaHTa
04 4 3 200 50 80 30 380
14 6 8 300 40 30 60 220
24 12 16 500 20 40 30 380
34 3 4 200 80 50 40 220
44 8 6 150 100 60 50 220

3agaya 5. Tpu OZMHAKOBBIX

pe3ucTopa C COMPOTUBICHUSAMH R Kaxaplii coequHMIn

3Be3/10i, BKIIOYMIM B Tpex(a3Hyl0 ceTh C JMHEHHBIM HampspkeHueM Upp M U3MEpUiIH
noTpebasieMbie TOKU Iyj. 3aTeM pe3UCTOpPBl COSTUHUIN TPEYTOJbHUKOM, BKIIOUHMINA B Ty K€
ceTh U m3Mepunu ¢asueie oy u nmuHeiHbe Iy, Toku. OnpenenuTh, BO CKOJIBKO pa3 IpH TaKoM
MEePEKITIOUYCHUN W3MEHWINCh (pa3HbIe W JIMHCWHBIE TOKW W TOTPEOJIsIeMBbIC IETbI0 aKTUBHBIC

l,, V.. P,
]

MOIIIHOCTHU, T.€. HaWTH OTHOIICHHUS I I

1
[P Pl. Hayeptuts B MacmrTabe BEKTOPHYIO

JqUarpaMMmy IEMH MPH COCAMHEHUH PE3UCTOPOB TPEYTrOJbHUKOM. JlaHHBIE ISl CBOETO BapuaHTa
B3SITh U3 Ta0JI. 5.
Tabmuma 5

| Homep | R, Om | Uy, B | Homep | R, OM | Uy, B
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BapHaHTa BapHaHTa

05 10 380 35 20 380
15 20 220 45 40 220
25 30 660

[=22A

©:=36°50

U.=127B

Puc.56

U.=127B

U.=220B

U,=127B
Puc.53
U,=220B
[,=44A
/ 0s=—36°50
U,=220B
Puc.55

U.,=127B

3amaua 6. [lo 3amaHHON BEKTOPHOW AmarpamMMme sl TpexdasHOW IMemH ONpPEeNeTUTh
XapakTep COMPOTHBIICHUN B Kaxaou (aze (aKTHBHOE, MHIYKTHBHOE, EMKOCTHOE, CMEIIaHHOE),

BBIYHMCIINTD

S3HAYCHUEC KaXOOTO0 COIPOTHUBJICHHUA W HAYCPTUTH CXEMY TMPUCOCANMHCHUIA

conpoTuBIieHUN K ceTu. CONMPOTUBIICHHS COETMHEHBI 3B€3/101 ¢ HYJIEBbIM MPoBoAOM. [lomb3ysich
BEKTOPHOHN IHUarpaMMou, MOCTPOSHHON B MacmiTade, OnmpeneinnuTh Trpauueckl TOK B HYJIEBOM
ImpoBOJC. HaHHBIG AJid CBOCTO BapuWaHTa B3ATb U3 Ta6.]1. 6. IlosscHuTs C IIOMOIIIBIO JIOTHYECKUX
paccyXAeHH, Kak M3MEHUTCS TOK B HYJIEBOM IPOBOJE MPH YMEHBIICHUH YaCTOTHI TOKA B JIBa

paza.
Tabmauma 6
Howmep BapuanTa Howmep pucynka Howmep BapuanTa Howmep pucynka
06 52 36 95
16 53 46 56
26 94
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3amaua 7. TpexdazHas HarpeBaTelbHas TMEYb COCTOMT U3 TPEX OJUHAKOBBIX PE3UCTOPOB
CONIPOTUBIIEHHEM R, KaxIplil, COEAMHEHHBIX 3Be3/10M. lleup BKIIFOYEHA B CETh C JIMHEWHBIM
Hanpsokennedr Upy.  Kak crnenyer W3MEHHTH CONPOTUBIICHHSI PE3UCTOPOB, YTOOBI TPHU HX
COCIMHEHUHU TPEYTOJILHUKOM M BKIIIOUEHUH B Ty K€ CETh JIMHEWHbIE TOKH M HOTpedisieMbie
AaKTHBHBIE MOIIHOCTH OCTaIMCh MNpexHuMu? s ciaydas COEAMHEHUsT pPE3UCTOPOB Tpe-
YrOJIbHUKOM HA4YepTUTh B MacliTabe BEKTOPHYIO auarpammy uenu. JlanHble 17 CBOEro
BapHaHTa B35ATh U3 TA0I. 7.

Tabnuma 7
Homep BapuanTa Ra, OM Uy, B
07 10 380
17 11 220
27 20 660
37 76 380
47 44 220

3amaua 8. Ilo 3amaHHOW BeKTOpHOW Juarpamme sl Tpex(as3HOl ILenu OnpenenuTh
XapakTep COMPOTHBICHUH BO Bcex (hazax (aKTMBHOE, MHIYKTUBHOE, EMKOCTHOE, CMEIIaHHOE),
BBIYHMCIIUTh 3HAYEHUS KaXJOrO CONPOTUBIICHUS M HAUYEPTUTh CXEMY MPUCOCIUHEHUS
conpoTuBiieHu# K ceTH. CONMpOTUBIIEHUS COEAMHEHBI TPEYTOJIbHUKOM. 3aKOHYUTH MOCTPOCHUE
BEKTOPHOM JMarpamMMbl, MOKa3aB Ha HEMl BEKTOPHI JIMHEHMHBIX TOKOB la, g, lc. JlaHHble nmu
CBOET0 BapuaHTa B3ATh U3 Ta0II. 8.

U,.=380B U,=220B

U,,=380 B Upi=380 B U.=220B Upi=220 B

Puc.57 Puc.58
U.=127B U,.=380 B

Pu=—33°10

I.=12.7A
1.,=127 Pec=—36°50

A

U,=1278 Up=127 B U.,=380 B U,.=380 B

Puc.59 Puc.60

U,.=220 B

1,,=22A

06c=36°50
1.,=44A

B U.=220 B
U..=380 B 1L~44A

Puc.61

Tabmuua 8
Howmep BapuanTa Howmep pucyHka Howmep BapuanTa Howmep pucyHka
08 57 38 60
18 58 48 61
28 59
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KoMmmiekt oneHouyHEBIX 3agaHuid Ned 1o Pazneny 7. OcHOBBI 3neKkTpoHUKH, Tema 7.4.
DJEeKTPOHHBIE TeHEPATOPhI (AyAUTOpHAS CaMOCTOATENbHAs paboTa).

HanmvenoBanme: M3ydeHune ycTpoiicTBa 3JeKTpOHHOTO ocuwiorpada. Mcmomp3oBaHue
ocumiorpada s BU3yalbHOTO HAOIIOACHUS U U3MEPEHHSI AIEKTPHUECKUX CUTHAIIOB.

3aganue:

- TIO3HAKOMHTBHCS € pabOTOM AIEKTPOHHO-TYYEBOrO OCHMIUIOTpada; HayduThCs

HaOMIoaTh Ha dKpaHe ocuwuiorpada GopmMy MEpHOAMYECKUX U HEMEPUOIUYECKHX CUTHAJIOB;
HAYYUTHCS U3MEPATh aMIUIUTYY, [UTMTEIbHOCTD, MIEPHO HJIEKTPHUECKUX CUTHAJIOB; HAYYUThCS
MoJIyyaTh (PYHKIIMOHAIbHBIE 3aBUCUMOCTH MEXAY JBYMS CUTHAJIaMU; MOJTYYUTh IIPEICTaBICHNE
0 TOYHOCTH, KOTOPYIO MOXKET oOecmeuuTh ociiorpad, ¥ 00 OCHOBHBIX HCTOYHHKAX
MOTPEIIHOCTEM.

Kpatkue Teopetnyeckue u cipaBOYHO-MH(POPMALIMOHHBIE MaTepUabl:
Ocummtorpad — (oscillum mar. — xomebanus grapho — mumry rped.) 310 mpuOOp, KOTOPHIHA
NO3BOJISIET HAONMIOaTh HAa JKpaHe (OpMY IIIEKTPHUUECKUX CHUTHAJIOB (TO €CTh 3aBHCHMOCTH
HANpPsDKEHUS. OT BPEMEHH) M M3MEpTh UX HapameTpbl. Ero mpenMyIiecTBoM Mo CpaBHEHHIO C
JIPYTUMH  M3MEPUTENBHBIMU TpUOOpaMH  SBISIOTCS Majlash HMHEPIHMOHHOCTb, HATJIIHOCTD
BOCHIpUATHA HWH(MOPMALIMM U YHUBEPCAIBHOCTh — MOXXHO U3MEpATh Cpa3y HECKOJBKO
napamMeTpoB curHaia. K HemocTarkaM MOXHO OTHECTH HEOOJbIIyI0 TOYHOCTH (2-5%) wu
OTHOCHUTENIbHO OOJIBIIYI0 TPYAOEMKOCTh u3MepeHuid. C momolpio ocuuuiorpaga MOXKHO
U3MEpATh BCE IapaMeTpbl JIOOBIX CHUTHAJOB, B TO BpeMs Kak Ooiee TOUYHBIC
CHelualn3upoBaHHbIE TPUOOPHI U3MEPSIOT OOBIYHO KAaKON-TO OJIMH MapaMeTp.

Ocummtorpad MOXeT TakKe HCIONb30BATHCSA ISl HCCIEIOBAHUS HEIICKTPUUECKUX
MPOLIECCOB, MIPH YCIOBUH, UTO MOCJIEHUE MPeoOpa3yroTCs B 3JEKTPUUECKUE CUTHATIBL.
CoBpeMeHHbIe ocIIIOrpadsl MO3BOJSIOT HCCIENOBATh CUTHAJIBl aMIUIUTYAOH OT J0Jel
MUJUTMBOJIBTA JIO COTEH BOJIBT B JMANa30HE YacTOT OT OCTOSTHHOTO TOKA /10 ecATKoB [ urarepir.
YCTpoiCcTBO M MPUHLMI ACUCTBUS 3JIEKTPOHHOTO ocumiuiorpada. DIeKTPOHHBIA ocuuiuiorpad
npelHa3HayeH A HUCCIeNoBaHHUs (OPMBI 3JEKTPUUECKUX CHUTHAJIOB IYTEM BHU3YallbHOTO
HaOJIOCHUST U M3MEpPEHHs] MX MapaMeTpoOB Ha JKpaHe 3JIEKTPOHHO-IydeBoil TpyOku (DJIT).
DIIeKTPOHHO-JIy4eBasi TPyOKa MPEACTABISIET CO00M 3JIEKTPOBAKyYMHBIN NPHOOP ¢ OAHUM HIIH
HECKOJIbKUMH JTy4aMH, C IIOMOIIbIO KOTOPBIX HA SKPaHe, MOKPHITOM JIIOMUHO(OPOM, MoTydaeTcs
n300pakeHNe UCCIeyeMOoro CUrHana.

YHUBepcallbHbIe OCIMIIIOrpadbl IEIAT MO0 YUCIy KaHAJIOB Ha OJHOKAHAIbHbIC, IBYXKaHAIbHbIC
U MHOTOKaHaJbHbIE, a MO YHUCIY Jy4yed SJIEKTPOHHO-Ty4eBOW TpPYyOKH, Ha OJHOIYYEBBIE,
nByxyiyueBble 1 MHorosryueBbie. [Io 'OCT 15094-69 ynuBepcambHble OCIMULIOrpadbl UMEIOT
o6o3nauenne C1, mociae KOTOPOro yKa3bIBaIOT MOPSIKOBBI HOMED Pa3padOTKH.
[Ipu momMouM 3JIEKTPOHHOTO OCIHILIOrpada MOXKHO U3MEPATh HANPSIKEHUE, TOK, JITUTEILHOCTD
UMITYJIBCOB WJIM WX OTAETBHBIX YYAaCTKOB, 4acTOTYy U (hazy 3JEKTPUUECKUX CHUTHAJIOB, MEPUOJ
CJICZIOBAaHUSI MMITYJIbCOB, MapaMeTphl aMIUIUTYJHOW M YAaCTOTHOM MOIYJISILIMH, aMILTUTYIHO-
YaCTOTHBIE XapaKTEPUCTHKHU, YACTOTHBIE CIIEKTPBI, HCKAKEHHE CUTHAIIOB U JIp.
Ocuusutorpadsl pa3iaMyHBIX TUIOB UMEIOT OOIIME MPUHIUIBI MOCTPOCHUS M PabOThI, U3YYUB
KOTOPBIE, MO’KHO 3HAUYUTEILHO OBICTpee pa3o0paThesi B paboTe KOHKPETHOTO MprUOopa.
brok-cxema ocumsuiorpada.

CraHmapTHBI  SJEKTPOHHO-TyYE€BOM  ocCIWUIoOrpad  COCTOMT W3  CICIYIOUIUX
(GyHKIHMOHATIBHBIX 0JI0KOB (puc. 1):

* 3JICKTPOHHO-Ty4eBO# TpyOku (DJIT);

* BXOJIHOTO JCJIUTENS (aTTEeHI0aTopa);

* YCHJINTENSI BEPTUKATIBHOTO OTKJIOHEHUS;

* CXEMbI CHHXPOHU3AIIUH U 3aITyCKa TeHepaTopa pa3BepTKH;

* renepatopa pa3septku (I'P);

* YCUJIMTENS] TOPU30HTAIBHOTO OTKIOHEHHUS;

* KaIMOpaTopa aMIUTUTYABI M JUTHTEITLHOCTH;

* OJ0Ka MUTaHus (HE TTOKa3aH).
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Puc. 1. brok-cxema 311eKTpOHHO-JIEBOr0 ocuusuiorpada

DNEeKTPOHHO-ITydeBas TpyoOKa

OcHOBHBIM  y37mOM  ocumiuiorpada  sBIsieTCs  DJIEKTPOHHO-IIyueBass — TpyOka,
npeoOpasyronias 3JeKTPUYECKMH CUTHAI B BUAMMOE H300pa)xKeHHE. ODJEKTPOHHO-ITydeBas
TpyOka (puc. 2) mpexacraBiseT coO0il BaKyyMHUPOBaHHYIO KOJIOY C CHCTEMOW 3JIEKTPOJOB,
BKJTIOUaronied HuTh Hakana H, katon K, monynstop M, nepeiit Al u BTopoilt A2 aHOIbI U JIBE
napbl MIACTUH — BEPTUKAIBHOIO Y ¥ TOPU30HTAIBHOTO X OTKJIOHEHHUS JTyda.
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Puc. 2. DnexTpoHHO-TTy4yeBast TpyOKa

DNEeKTpOHBI, BBUIETEBIIME W3 HArpeToro Karojaa, MOMAJalT B I0JE€ MOAYJIATOpA
(YIpaBIISIONIETO 3JEKTPO/1a), KOTOPBIA HAXOAUTCS MO OTPUIATEIBHBIM MOTEHIIUAIOM K KaTOy.
MHTEHCHBHOCTh Ty4YKa, BBIXOJALIETO 3a MpEAesibl MOAYJIATOPA, a CIIEI0BAaTEIbHO, U SPKOCTh
CBEUEHMSI IIITHA HA 3KPAHE PETYIUPYIOTCS MOTEHLIUAJIOM MOAYJIATOPA.

NanpHeimee QopMupoBaHWE TydyKa TMPOUCXOIUT TIOA JEHCTBUEM HAIPSDHKEHUS,
IPWIOKEHHOTO K JIBYM aHOJaM, OJMH U3 KOTOPBIX SBISETCS YCKOPSIOLUM, APYyro —
doxycupyromuM. Cuctema 3JIE€KTPOJIOB: HakKall, KaToJ, MOIYJIATOp M aHOoIbl oOpa3yeT Tak
Ha3bIBAEMYIO DJICKTPOHHYIO MYIIKY, Ha3HaYeHHE KOTOPOH c(HOpMHUPOBATH Y3KHH 3JIEKTPOHHBIN
My4OK (71y4) HEOOXOIMMOW HHTECHCUBHOCTH.

ONEKTPOHHBIM IMy4YOK, HPOHAS MEXAy ABYMs IapaMH B3aUMHO IEPHEHAUKYISPHBIX
OTKJIOHSIIOIIMX IUIACTHUH, MONAJAacT Ha JIIOMUHECHEHTHBIM 3KpaH, BbI3bIBas €ro cpeyeHue. B
3aBHUCUMOCTH OT THIIA JIIOMHHO(GOpAa CBEUYEHHWE MOMKET MPOAOIDKATECA OT HECKOJIbKUX
MUKPOCEKYH/I 10 JECATKOB CEKYH]I.

Ha mnpakTuke NpUMEHSAIOTCS OJHO-, IBYX- W MHOTOJYYEBble TPYOKH, YTO TO3BOJISIET
HaOI0aTh OJHOBPEMEHHO HECKOJIBKO cUTHaoOB. CymecTByloT Takke 3anmomuHaromue JJIT,
CTIIOCOOHBIE «XPAHHUTh)» Ha IKpaHe H300paKeHUE CUTHAJIA JUTUTEIbHOE BPEMSL.

[TpyHIMMI TOJTy4EHUsT OCIMIIONPaMM

Ecnu k mnactunam X unu Y OpUIOKUTH Pa3HOCTh MOTEHIIMAIOB, TO AJIEKTPOHHBIN Iy
OyZeT OTKIIOHSTHCS B TOPU30HTAIILHOM WJIM BEPTHKAJIBHOM HAIPaBICHUH. DTO OTKIOHEHHE h
IpsIMO MIPOMOPLMOHAIBHO OTKJIOHSIOUIEMY HampsbkeHuto U, NpUIokKEeHHOMY K IUIaCTUHAM
h=USy rme S - 4yBCTBHUTENBHOCTH TPYOKH, KOTOpas, B CBOIO Ouepelb, 3aBHCHUT OT
KOHCTPYKTHUBHBIX OCOOCHHOCTEH TPyOKH 1 HAIPSDKEHUSI HA YCKOPSIIOIIEM aHO/IE.
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Ecnu Ha BepTHKaIbHO OTKJIOHSIOIIME IJIACTUHBI Y TOJATh MEPEMEHHOE HalpsKeHHeE,
HarpuMep, CHHYCOMIATbHON (POPMBI, TO AJIEKTPOHHBIH JIyd HAUYHET K0JIe0aThCsl B BEPTUKAIBHOM
HaAIpaBJICHUU U Ha 3KpaHe oOpa3yeTcs BepTUKaidbHas JuHUA. Ecnu Takoe ke HampsbKeHue
NOJaTh TOJIBKO Ha TOPU30HTAIBHO OTKJIOHSIONIME TUIACTHHBI X, TO Ha SKpaHe OyJeT CBeTAIascs
TOPU3OHTANIbHAS JTUHHUSL.

IIpu omHOBpEMEHHOM BO3/CHCTBUU TNEPEMEHHBIX HANpsHKEHWH Ha o0e maphl IIIACTHUH
MO’KHO MOJYYHUTh Pa3jiNyHble OCIMIJIOTPAMMBI B 3aBUCUMOCTH OT COOTHOIIEHUSI (GOpMBI, (ha3bl
Y 4aCTOTHI ATUX HamNpsKeHUil. B ciyyae CMHYCOMIaIbHBIX CUTHAJIOB ¢ OJIMHAKOBBIMHM YacTOTaMU
¥ COBMAJAOIMMMHU (pa3aMu Ha SKpaHE MOJYUIHTCS MpsMasi JUHUsA (puc. 3, a), yrojd HakJIOHA
KOTOPOH 3aBUCHT OT OTHOIIEHHUS aMIUMTyH. lIpum paBHBIX 4YacToTaxX, HO Pa3IMYHBIX (azax
nostyauTcs e (puc. 3, 0).
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Puc. 3. Cnoxenue cuHycounanbHbiX curHaioB Puc. 4. Omnpenenenue capura ¢asz 1o
AIUTUTICY

[Ipu paBeHcTBe amrmuMTya u ciasure ¢as, paBHOM /2, TONXYy4aeTcs OKPY>KHOCTb
(«xpyroBasi pa3septka»). [Ipu caure a3 OospmeM, 4eM /2, OKpY)KHOCTh BHOBb IIEPEXO/IHT B
AJUTHATIC ¢ OOJBIION OChIO, PACIIOJIOKEHHOM B APYrUX KBajapaHTax. MI3MepuB Ha OCIMILIOrpaMMe
napaMeTphl AIUTUIICA, MOKHO OIPENICTUTh BEIMYMHY CIBHTa 10 (ase.

Jns nByx curnanoB Y = Uy sin(ot +¢) n X = Uy m sin(ot +¢), ¢ ammumurygamu Uy 1 Hy,
Y4acTOTOW ® U CABUTOM TIO (haze (¢ CIIpaBeIIMBO COOTHOIICHHE

Uy U
U, U«

rae Uoy — HanpsKEHUE MPHU NEPECCUEHUH DIIIMICA ¢ 0Chl0 Y, U Ugy — HaIpsKeHue npu
nepecedeHnn ¢ ocbio X (puc. 4).

[Ipu npyrux COOTHOLIEHHMSIX 4acTOT W (a3 modydaroTcsi Oojiee CII0KHBIE KPUBBIE,
Ha3bpIBaeMble purypamu Jluccaxy (puc. 5).

CoomHowmeHHe CootHommenne a3
yactor Y/X

singp =

0 /4 /2 3/4r T

Puc. 5. @urypsl Jluccaxy

['enepartop pa3BepTKH.

Jlnst moy4eHust Ha 9KpaHe ocuuiuiorpada BpeMEeHHOM 3aBUCHMOCTH CUTHAJa, TOIaHHOTO
Ha BXOJ Y, HEOOXOAMMO 3JIEKTPOHHBIN JIyd MepeMeliaTh B TOPHU30HTAILHOM HAINpaBICHUH C
MOCTOSTHHOM CKOpOCThIO. [l 3Toro Ha tuiacTuHbl X ClieqyeT MOAaTh MHIO00pa3sHOe
HampsbkeHue (puc. 6), Ha3bIBaeMOE HampsOKeHHEM pas3BepTKu. [locimemHee BbIpabaThIBaeTCs
CHeMaTbHBIM TeHepaTopoM pa3BepTkH. [loa neficTBreM nMuaoo0pa3HOro HAPSHKEHUS 32 BpeMs
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pocta HanpsbkeHus tl yyy mepeMecTHTCsSl MO TOPU30HTANM ClieBa HAmpaBo, 3a BpeMs craaa
HanpspKeHus 12 1yd Bo3BpalaeTcsi B UCX0qHOe cocTosiHue. Takum oOpaszom, 3a Bpemst T=t1+t2,
Ha3bIBAEMOE MEPUOJOM Pa3BEPTKH, Jyd OCYIIESCTBHUT MPsIMOM B oOpaTHbIA xo. [Tmnoobpaznoe

HarnpsbkeHue GopMHupyeTcs Tak, 4ToOsl t1>>t2, T.e. T=t1
Y o,
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Puc. 6. Ilunoobpa3Hoe HampspkeHHe pa3BepTku Puc.7. Pa3zBepTka CHHYCOMAAIBHOTO
CHTHaJIa BO BpEMEHU

N3-3a OONBIION CKOPOCTM M CHEIHMAIBHOTO TallleHUs 3alypaloliuM HanpsKeHUEM
00paTHBIH X071 JIyda 0OBIYHO HE TIPOCMATPUBACTCA.

ITockonbKy HampsbkeHHE Ha IUTacTHHaX X BO3pacTaeT NPONOPLUUOHAIBHO BPEMEHH, TO
0cb X MO>KHO OTOX/IECTBUTH C OCBIO BPEMEHHU.

Ecin BO Bpems pa3BepTKH K BEPTUKAJIBHO OTKJIOHSIOLIUM IIACTUHAM Y IPUIOKUTH
UCCIIelyeMO€e HaNpsDKEHUE, TO MOJI0KEHHUE JIyda B KaX/Iblii MOMEHT BPEMEHHU OyAET OJTHO3HAYHO
COOTBETCTBOBATh 3HAUCHHUIO STOrO HAINpPSDKEHUs W Ha 3KpaHe ocumuiorpada Oyaer BUACH
Y4acCTOK HCCIIEAYeMOro curHana (puc. 7). 3aTeM HanpspKeHHe MUIbI pe3KO MaJaeT 0 HyJsl U Iy
BO3BpalllaeTcsl B UCXOAHOE NojiokeHue. Ilpu cneayromem nepuoae Nuiibl Ha 3KpaHe MOSBUTCS
HOBBII y4acCTOK UCCIIEyEMOI0 CUTHaIA.

OueBHIHO, YTO IIPH PABEHCTBE NIEPUOJIOB UCCIIe yeMoro HanpsokeHus Tyu pasBepTku T,
Ha SKpaHe MOJy4UTCsl OJUH mepuon ucciaenyemoro curnana. Ilpu T,=nT, (1 — nemoe uucio)
ocuwiorpaMma OyJIeT TMpenCTaBlIsATh COOON HEMOABWKHYIO KPHBYIO U3 1 TIEpHOJIOB
uccienyemMoro HanpspkeHus. Ilpn HeGOIbIIMX OTKIOHEHUSX OT 3TOr0 YCJIOBHUS OCHMIUIOrpamMMa
Oyzner nBurartbcsi BIOJb ocu X. BoszHukHeT >(dekT Oerymero n300pakeHus WM K€ JKpaH
OyZeT 3alloJHEH CEMEHCTBOM CIBHUHYTBIX OTHOCHUTENIBHO JIPYT Apyra KpHUBBIX. Y CTOHYHMBOCTbH
N300pakeHHsI JOCTUTAETCS TP MOMOILM CXEMBbl CHHXPOHM3ALUH (CM. HUXKeE).

[Tnnoo6pa3zHoe HanpskeHue, GopMUPYEMOe TeHEPaTOPOM Pa3BEPTKH, JOHKHO

HUMETB!

* BBICOKYIO JINHEMHOCTb y4acTKa, CO3AI0IIEro MPSAMOM X0/ JTyya;

* OOJIBIIYIO KPYTU3HY YYaCTKa, BHI3BIBAIOIIETO OOpATHBIHN X0/ Tyya;

* aMIUIUTYAY, 1OCTaTOYHYIO AJIsl OTKJIOHEHUS JIyda Ha BECh IKPaH.

ONEKTPOHHO-Ty4YEBBIE ocumiorpagsl JlnrenbHOCTD pa3BepTKU JOJDKHA
peryaupoBaThcs B IIUPOKUX Mpeesax.

JlHg ynoOCTBa H3MEpPEeHMH B TeHepaTope pPa3BepTKU MPEAYCMOTPEHO CTYNEHYaToe
NEPEKIIIYEHUE AIUTEIbHOCTH Pa3BEPTKU U IUIABHAS PErYJIMPOBKA B Mpeenax KaxXI0W CTyNeHH.
Kpowme Toro, nmeercs aBa nuanasona (Hanpumep, ¢ MHokuTensmu 1 u 0,2).

Cnenyer MNOMHMTb, YTO KaluOpPOBaHHOE 3HAYEHHWE JUIMTEIBHOCTH  Pa3BEPTKU
COOTBETCTBYET YCTAaHOBKaM CTYNEHYAaTOro IEpPEKIYarenass TOJbKO TOrJa, KOrja pydka
IUTAaBHOT'O PETYJIATOPA NOBEPHYTA 10 YACOBOM CTPEJIKE 10 XapaKTEPHOrO LIETYKA.

I'enepatop pa3BepTKM MOXET paboTarb B JBYX pEeKUMax: aBTOKOJIEOaTeIbHOM
(HEeTIPEPBIBHOM) H JKIYIIIEM.

B HempepbIBHOM peXHMMe 3allyCK I€HepaTropa pa3BepTKU MPOUCXOJUT aBTOMATHUYECKH,
IPY 3TOM JIyd COBEpILIAET M0 HKPAHY MEPHOJUUECKOE IBUIKEHUE C ONPENEIEHHOW CKOPOCTBIO.
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HenpepriBHasi pazBepTka HCIOJIB3YETCS IpPH HCCIEIOBAHUU HEMPEPBHIBHBIX TMEPUOIUYECKUX
IPOIIECCOB WJIM TNEPUOTUYECKON MOCIEeN0BATEIBHOCTH HMITYJIBCOB HEOONBIIONW CKBAKHOCTU
(ckBaxkHOCTH Q €CTh OTHOIIIEHWE TIeproIa /' cUTHaNA K ero JymTtenbHocTy T, Q = T/T).

Jliis HaOMrOACHHSI MMITYJIBCHBIX CUTHAJIOB OONBIION CKBAKHOCTH M HETIEPUOIUICCKUX
(OOMHOYHBIX) HUMIYJIbCOB HCIONB3YeTCS SKAylas pa3BepTka. B a3ToMm pexuMe 3amyck
reHepaTropa pa3BepPTKH IMPOUCXOAMT TOJBKO MpPH MOCTYIJICHUH CHEUHUATbHOTO HMITYJIbCa,
BbIpa0aThIBAEMOr0 CXEMOW CHHXPOHHU3aluu U 3amycka. [Ipu 3ToM reHepupyercs TOJIbKO OJUH
NEepUoJI THJIBL, TIOCJIE Yero FeHepaTop Pa3sBEPTKU <OKAET» MPHXO0/a OYEPEAHOTO 3aITyCKAIOIIETO
UMITyJIbCa OT OJI0Ka CUHXOOHU3aUHH.

[lepeBon TeHepaTopa B OKAYIIMH pPEXHM OCYIIECTBISETCS WM  CIEHUATBHBIM
MEePEKIII0YaTEeNIeM, WIH PETYIATOPOM «CTAOUIBHOCTDY.

KpomMe BHyTpeHHEro reHeparopa pa3BepTKy Jyda MOXHO OCYIIECTBJIATH BHEIIHUM
HUCTOYHUKOM, CHUTHAJI KOTOporo mojaaercs Ha Bxoj X ocmuwuiorpada. Ilepexmtouarens pona
paboThI reHepaTopa pa3BEepTKU B 3TOM CIy4ae CTaBUTCS B IMOoxeHue X.

biiok cunxpoHuzammmu.

Kak yka3pIBaloCh BBINIE, NMPH HECOBMAJACHUU MEPUOJIOB HCCIEIYEeMOTO CHTHala H
pa3BepTKU ocuuuiorpamMma Oyner mepememiatbes 1o JKpaHy. Jlisg ycTpaHeHHs 3TOro
HEJIOCTaTKa B OCIIIIorpade nperycMoTpeH OJI0K CHHXPOHHU3AIHH.

CuHxpoHHU3ausi — Opolecc, MpU KOTOPOM paboTa reHepaTopa pa3BEPTKH CTAaHOBUTCS
3aBHCUMOM OT UCCIIEYEMOTO CUTHATIA.

Pexxum cuHXpoHHM3auM MOXKET ObITh BHYTpeHHUM U BHemHuUM. [Ipu pabote
ocumuiorpada B pexkruMe BHYTPEHHEW CHHXPOHU3AIMU U3 KaHalla BEPTHUKATBHOTO OTKIOHEHUS
CHUMAETCsl YacTh YCHJICHHOTO HCCIEIyeMOro CHUTHala M TOJAeTcsi Ha BXOJ CXEMbl
cuHXpoHM3almu. llocneaHssi, COBMECTHO CO CXEMOM 3amycKka TIeHepaTopa pa3BepTKU
BbIpa0aThIBaeT KOPOTKHE UMITYJILCHI ONPEAeIEHHON (POPMBI, MOJISIPHOCTH U AMIUTUTY/IbI.

dopMHUpOBaHUE 3ayCKAOIIUX HMITYJIbCOB TMPOMCXOAUT B TOT MOMEHT, KOrja
HanpsDKEHWE Ha BXOJe OJIOKa CHUHXPOHHU3ALUW JIOCTHTaeT ONpPEENICHHON BEeNUYMHBI. OTa
BEJIMYMHA BBIOUPAETCS PETYISATOPOM «YPOBEHb CHUHXPOHH3AIUN». [I0ISIPHOCTh CHHXPOHU3ALIUT
orpezenseT, Kakoi y4acTOK CUHXPOHU3UPYIOIIEro CUTHAJa UCMOJIb3yeTcs Mpu GOpMUPOBAHUU
UMITYJIbCOB 3aITyCKa: TOJIOKUTEIBHBIN («1»), KaK Ha PUC. 8, WK OTPULIATEIBHBIN («-«).

[Ipu »TOM aHaMM3UPOBATHCSI MOKET AaOCOJIOTHBIM ypOBEHb CHUTHala, T.e. 00e ero
COCTABJISAIONINE — TIEPEMEHHAass M TMOCTOSHHAs (=), WJIM TOJIBKO aMIUIMTyJa €ro NnepeMeHHOU
coctapisitonield ( -). OTH pexuMbl pabOThl OJIOKa CHHXPOHHW3AIUHA AaHAJIOTHYHBI padoTe
YCHIIUTEISI BEpTUKATBLHOTO OTKIOHEHUS C «OTKPBITBIM» U «3aKPBITHIMY» BXOJIOM (CM. HIIKE).

[Ipu pabore B pekuMme BHEIIHEW CHUHXPOHHU3AIMH CUTHAN, YIPABJISIIONIUN 3aIyCKOM
reHeparopa pa3BepTKH, OJAeTCs U3BHE.

TpeOyemblii peskxuM paboThl OJIOKAa CHHXPOHM3AIMU 3a/1aeTCs TEPeKIoYaTesieM pojaa

paGOThI (BHYTPEHHSIS, BHEIIHSS), IEPEKITI0UATEIEM PEKIMa CHHXpoHu3amuy (= tumu ~ +)

Yceunurenb BEPTUKAILHOTO OTKIOHEHUS

[TockonbKy 4yBCTBUTEIBHOCTh TPYOKH JTOBOJIbHO HHM3Kas (B JIyYILEM Clly4ae HECKOJBKO
BOJIBT Ha | cM), TO J71s1 HAOMIOACHUS CIa0bIX CUTHATIOB HEOOXOAMMO UCIIOIh30BATh YCHIIUTEIIH.

He ocranaBnuBasch moapoOHO Ha MNpUHIUNAX pabOThl YCUJIMTENS, HA30BEM JIHUIIb
HEKOTOPBIC BKHEHININE €r0 mapaMeTphl, HEOOXOAUMEBIE PU paboTe C OCHUILIOTPaAdOM.

* BxogHoe conpoTuBiieHne — 00Iee COMPOTUBIICHUE JENUTENs], KOTOPbI MpUCOeInHEH
HETMOCPEJICTBEHHO K BXOJHOMY pazbeMy ociuiuiorpada. MoxXHO CUUTATh, YTO

MOJKIIIOUYEHUE OcHuuIorpadga SKBUBAJICHTHO BKIIOYEHHIO B COOTBETCTBYIOIIME TOUYKH
cxemsl conporuneHus Rex. Kak npasuno, RBx >1Mowm.

* [lpenenbHast 4yBCTBUTEIBHOCTh MOKA3bIBACT, KAKOM MUHHUMAJIbHBIA CUTHAJI MOYKET
OBITH 3aPETUCTPUPOBAH OCITUILIOTPAPOM.
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* YacToTHas XapakTepuCTUKa (MOJoca MPOIMYCKaHUS) — OCHOBHAs JHMHaMUYecKas
XapaKTepUCTUKA, I[IOKa3bIBAIONas, B KAaKOM JHMama30HEe 4YacTOT MOXKHO HaOIIoaaTh
CUHYCOM/IaJIbHBbIE CUTHAJIBI 0€3 CYHIECTBEHHBIX HCKAKEHU.

Uy

Yo X L\ !

V| V| V x

Vo

U,

r
- Ja fa la()

Puc. 8 Cunxponusanus reneparopa pazseptku: Uy- uccaenyemsiii curnan, Uo —ypoBeHb
CHUHXpOHM3aIMH, L,, — cuaxpoummynsc, U, — HanpsbkeHHe pa3BepTKU

Puc 9. Ilonmoca nmponyckaHusi yCUIUTENS:

1 — ¢ «OTKPBITBIM» BXOJIOM; 2-€ «3aKPBITBIM» BX0J0M; Kg- - ko duuuent nepenaun; fy
— HIDKHSISI TPaHULIA TTOJIOCHI MPOMYCKAHUS; /,'. — BEpXHSIsl TPAaHUIIA MTOJIOCHI IPONMYCKAHUS YaCTOT

[Tonocoit mporyckaHusi YCHIMTEINST Ha3bIBAIOT IUANa3o0H 4acToT OT /, J10/5, B Mpenenax
KOoToporo ko3 duunent nepenaun curuaina u3Mensiercs He 6onee ueM Ha 30 % (puc. 9).

OrpaHu4eHHOCTh TOJOCHI  TMPOMYCKAHUS YCWIHTENS BHOCUT HWCKaXCHHS TIpHU
HAOJI0/ICHUU UMITYJIbCHBIX CUTHAJIOB: CTJIaKMBAaHUE MEPEIHEr0 U 3a/IHEr0 (DPOHTOB, MOSBICHUIO
BBIOPOCOB, CIa]l TUIOCKOM YacTu curHaia u T.4. (puc. 10).

XapakTep UCKa)XKeHUI CUTHajia 3aBUCUT OT €ro ()OPMbI U UTUTEIBHOCTU U PA3JIUYEH IS
pa3HBIX YYacCTKOB 3TOro curHaia. OrpaHMyYeHHE MOJOCHl YaCTOT CBEPXY NMPHUBOIUT B IEPBYIO
odepeb K UCKaXeHUI0 PpoHTOB (Hambosee pe3ko MEHSIOMIMXCS YIaCTKOB CUTHAA), a CHU3Y — K
HCKa)KEHUIO TUIOCKON BEpIIMHBI CUTHAA.

OOBACHUTH 3TU HCKAKEHUS MOXHO JOCTATOYHO JIETKO, €CIIM Y4YECTh, YTO MUMITYJIbCHBIN
curHan 000 (GopMbl MOKHO MpPEICTaBUTh B BUAE CYMMBI TapMOHHUYECKHX CHTHAJIOB C
HEKOTOpPhIM HA0OpPOM aMITUTYJ U 4acToT. Eciaum Obl yCHIMTENb YCHJIMBAJI BCE YacTOTHI
OJIMHAKOBO, TO HMX CyMMa BO3pocja Obl POBHO B TO K€ KOJMYECTBO pPa3, 4TO M Kaxaas
cocrapisiomas, u (opma curHama coxpanuiach Obl. OJHAKO, peajbHbIE YCUIUTENIN HUMEIOT
OTPaHUYEHHYIO TIOJIOCY MPOIYCKAaHUS YacTOT 3a MpeAesaMu KOTOpo KOI((UIMEHT YCUJICHUS
3HAYUTENIbHO MaJIaeT U YCUJIEHHBIM CUTHAJI MOKET 3HAUUTEIbHO OTJINYAThCA OT UCXOIHOTO.

TakuMm 06pazom, 4eM IIUpe M0JI0ca YCHINBAEMbIX YaCTOT, TEM TOYHEE BOCTIPON3BOAUTCS
CHUTHAJL

B ycunurensx mpenycMoTpeHa BO3MOXKHOCTH CTYNEHYaTOro M IUIABHOTO W3MEHEHHUS
Kod(ppHIIMEeHTa YCHIICHHUS] CHUTHAJIA, HO TMPHU ATOM MacimTad Ha dKpaHe OyJIeT COOTBETCTBOBATH
YKa3aHHON Ha TMepekioyaresie YyBCTBUTEIBHOCTH TOJBKO TOTJa KOI/a pydka IUIaBHOU
PEryIupOBKY MOCTABJICHA B MOJIOKEHUE «KAIUOPY.

BxonaHas 1emns.

Hccnenyemblii curnan nojaercss Ha BXxoa Y ocuuiniorpaga, KOTOpbIi UMEET JIBe CXEMBI:
OTKPBITYIO (=) M 3akpbITyt0 (~). Ilpu oTkpeiTom Bxoae (puc. 11, mo3. a) curHan mojaeTcs
HEMOCPEJCTBEHHO Ha JIENUTENh U MEPeAaeTcsl C MOCTOSHHOW COCTAaBIISIONICH; MPU 3aKPHITOM
Bxoje (puc. 11, mo3. 6) —depe3 pa3AeIUTENbHBIH KOHICHCATOP W HE MPOITYCKaeT MOCTOSHHYIO
COCTAaBJISIOLIYIO.

U ocn BanY 01md
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Puc. 10. UckaxeHnne npsiMOyroabHOI0 UMITYJIbCa YCUITUTEIIEM
Puc. 11. OTkpbITHIH () ¥ 3aKPBITHIH (0) BXOIBI

KamuGparop.

[Ipu mpoBeneHWH M3MEPEHMI AMIUIMTYAHBIX W BPEMEHHBIX XapaKTEPUCTHK CHUTHAJIOB
HeoOxoauMma KaiauOpoBka macmTaboB mo ocsim Y u X. [lng sroro B ocumiuiorpadax umeercs
MCTOYHUK UMITYJIbCHBIX CHTHAJIOB C M3BECTHOM aMIUTUTYIOW W JJIMTEIbHOCTHIO, Ha3bIBAeMbIN
kanuOparopoMm. C BbIXOAAa KanuOpaTopa HalpsDKEHHE IOAAeTCsl Ha BXOA Y, IOCIE Yero
IIPOBEPSIETCS] COOTBETCTBUE aMIUIMTYAHBIX U BPEMEHHBIX MapaMeTpoOB KAIHMOPOBOYHOIO CHUTHAlIA
MOJIOKEHUIO TIepeKIItoyareseil YyBCTBUTENbHOCTH ocumniorpaga mo ocsim X u Y. B ciyuae
HECOOTBETCTBUSI HEOOXOJUMO BBECTH KOPPEKLHUI0 KO3(PPHUIMEHTa YCHIIEHUS CHEelUuaTbHbIM
COIIPOTHUBIIEHUEM, BBIBEJICHHBIM «I10]1 IILJIUID» U 0003HAYEHHBIM 3HAYKOM Y IO OcH Y U IO OCH
X COOTBETCTBEHHO.

Buumanwue! [1pu kanuOpoBKke U U3MEPEHUAX PYUKHU IUIABHOM PEryJIMpPOBKH aMIUIUTYIbI U
JUIUTETILHOCTHU JAOKHBI OBITh TOBEPHYTHI IO YACOBOW CTPEJIKE A0 yIopa.

ITorpemnoctu.

B mo6om ocummiorpade norpeHocTi U3MepeHuil CKIIaAbIBAlOTCS U3 HECKOJIBKUX MCTOYHUKOB!
MOTPEIIHOCTH KaTUOpPOBKH, HEIMHEHHOW 3aBHCHMOCTH OTKJIOHEHHS JIydya MO BEPTHKAIU OT
BXOJIHOTO HaNpsDKEHUs, 3aBUCUMOCTH KO3 (UIMEHTa YCUJIEHHsS OT YacTOThbI, MOrPEUIHOCTH
BXOJIHOTO YCUJIMTENS, HEIMHEHHOCTH Pa3BEPTKU BO BPEMEHHU, IIyMOB, KOHEUHOM TOJILMHEI JIyya
u T.11. [lonpoGHee ¢ BeMMUMHON NOTPEIIHOCTENH MOKHO O3HAKOMHUTHCS B TEXHUYECKOM OMHMCAHUU
KOHKPETHOro ocuuwuiorpaga, B KOTOPOM OOBIYHO YKa3bIBAIOTCSI OCHOBHOM W pacCIIMPEHHBIH
JUana3oH U3MEPEHUH 1 COOTBETCTBYIOUINE MOTPEIIHOCTH.
Cpencts oOyueHus:

1. DnekTpoHHO-Iy4YeBbie octmiuiorpadsl Tuma C1-55.
2. I'enepaTopbl cUTHaNIOB rapMoHKUYecKoi Gpopmbl Tumna u ['4-106.
3. BosnbT™MeTp; MUWITHAMIIEPMETP; UCTOUHUKU MTUTAHUS.
4. ITaHenu co cXxeMaMH: JaMIIOYKOHM HaKaJIMBaHUs, HECOHOBOM tammoii, RC- 1iemoukoi.

[IpakTuueckue 3a1a4uu, 3a1aHus, yIPaKHEHUS:
W3mepenue aMminTy bl 1 4aCTOThl TAPMOHMYECKOIO CUTHAJIA.
[TocTpoiiTe 4acCTOTHYIO XapaKTEPUCTHKY ocuuiuiorpada B amamazoHe dactoT otllTi mo
0,5MIL.
[TpousBenute HaOIIOIEHUE U U3MEPEHUE UMITYILCHBIX CUTHAJIOB.
N3yunTe npouecc HarpeBaHUst HUTH HaKajla JJaMITbl HAaKaJIWBaHUSI.
N3yuute mporuecc paboThl peakcalliOHHOTO Ir'eHepaTopa Ha ra3opa3psiiHON JiaMIie.
Nzyuaute paboty RC — nenouky no ¢urypam Jluccaxy.

[Topsimok BBIMOJIHEHUS:
1. O3HaKOMBTECH C TEXHUUECKUM OIUcaHueM ociuiorpaga. ConocraBbTe pydKH peryJInpOBKH,
pacroyioyKeHHbIE Ha JINIIEBOW MaHen Mpruodopa ¢ PyHKIIMOHATHHOM cXeMOi (0JI0K-CXeMOi).

W3mepenne aMImiuTy (el 1 4aCTOThI TAPMOHMUYECKOTO CUTHAJA.

» Tlomarite Ha BxOA ocuuiorpada M 3JIEKTPOHHOTO BOJBTMETpPA CHHYCOWIATHHBINA
CUTHAJI OT T€HepaTopa HU3KUX YacTOT YEPE3 COIIACOBAHHYIO HArpy3Ky.

CornacoBaTh — IOCTaBUTh MapajyieIbHO HAarpy3ke JIOMOJHUTEIBHOE CONPOTUBJICHHE
paBHOE BEIMYMHE BBIXOIHOTO COIPOTHBIICHUS T'€HEPATOpa, MPH 3TOM OT UCTOYHHKA OTOMpaeTcs
MaKCHUMaJIbHasi MOIITHOCTh U HET UCKAKEHUH (POPMBI HMITYJILCOB (CM. TIPHIIOKEHUE 2).

* [lonyunte ycTouMBOe H300paK€HHE CHHYCOMIBI M HM3MEPhTE IO OCHIIIOrpaMMe
aMIUIMTYY CUTHajla U ero 4actoty. OIeHUTe MOrpeiHoCTh U3MEPEHUH.

* CpaBHUTE TOJYYEHHBIE 3HAYEHMsI C IIOKa3aHUSMU DJIEKTPOHHOIO BOJBTMETpAa M
MOKAa3aHUSMU HIKAJIbl YaCTOT TeHepaTopa.

A

oA W
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WwmeiiTe B BUIy, YTO pa3Max CHHYCOMAAJILHOTO CHUTHAJa Ha JKpaHe ocluuiorpada
COOTBETCTBYET YABOCHHOMY 3HAUEHMIO AMIUIMTY[bl HANpPSDKEHUS, @ BOJBTMETP IOKa3bIBAET
o Us

V2

2. [lonydyeHne 4acTOTHON XapaKTEPUCTUKH.

* [TopaiiTe OT reHepaTopa HU3KOM YacTOTHI Yepe3 cTaHgapTHYIO Harpy3ky 50 OM Ha Bxon
Y ocumwmwiorpada CHHYCOMJTAIBHBIA CUTHAN TOCTOSHHOW ammuTyael Uren. CHumwute
3aBHCHMOCTh aMIUIUTY bl CUTHaA Ha 9KpaHe ocuuuiorpada Uocty oT yacToThl fB quana3zoHe OT
1 T'u go 0.5 MI'u. IIpoBeaute 3TH M3MEPEHHS IIPU «OTKPBHITOM (- )» U «3akpeiToM (- )» Bxoae
ocumtorpadga.

[TocTOSIHCTBO aMILTUTY bl BHIXOJHOTO HANpPSDKEHHs] TeHepaTtopa B auana3zoHe yactot 20
I'm -1 Mru kKoHTpoJIUpyeTcsl 3MEeKTPOHHBIM BOJbTMETpOM. [Ipu vacToTax, BBIXOASIIHUX 33 ITH
npenenbl, aMIUIMTYAY MOXHO CYUTaThb IOCTOSSHHOW MpU HCIIOJIb30BaHUU COTJIACOBAHHOM
Harpy3KH.

 3aMeHUTe HU3KOYACTOTHBIA T€HEpaTop Ha BHICOKOYACTOTHBIN U CHUMHUTE 3aBUCUMOCTh
aMIUTATY/BI OT 4acToThl B nuanazone 500 KT -10 MI'w.

* [Toctpoiite rpaduk 3aBucumoctd K(f)=Uociy/Uren Bo Bcem nuanazone yactot ot 1 I'
a0 10 MI'm, oTkiaasiBasg Ha OCH aOCIMCC 4acTOTy B jorapudmuueckom macmrabde (X=Ig f).
Omnpenenure rpaHUYHbIE YaCTOTHI (CM. pHC. 9).

3. HaGmonenre n n3MepeHrne UMIYIbCHBIX CUTHAJIOB.

* [lonaiite Ha BXxox VY ocmuuiorada mpsMOYTOJBHBIM UMIYIbCe 4acToThl — 1 MI'IT oT
reHeparopa crnenuanbHol (opwmel. [lomyunte Ha dKpaHe ocmwuiorpada yCTOMYHBOE
n300pakeHNe UMITYJIbCa B JKIYIIEM PEeXHME paOdOoThl TeHepaTopa pa3BepTKU. 3alycK pa3BEepTKU
OCYIIECTBUTE KaK OT CaMOro CHUTHaja (BHYTPEHHHH 3amyck), TaKk W OT CHHXPOUMITYJIbCa
re’eparopa (BHEIIHUHN 3amycK). 3apucyiTe OCIHIIOIPaMMBI.

 U3mepbre AMUTENBHOCTH 3a7HEr0 (poHTa CUTHAAa HU3KOYACTOTHBIM U
BBICOKOYACTOTHBIM octriuiorpadgamu. OOBsICHUTE pa3HUIY TOJTYYCHHBIX 3HAUCHUH.

4. 3yueHue npoliecca HarpeBaHUsl HUTU HaKaJIMBaHUA.

[Tpu BKIIFOUEHUH JIAaMITOYKH HAKAJTHUBAHUS B LIEMb NCTOYHUKA CTAOMIIM3UPOBAHHOTO TOKA
B HAYaJbHBIi MOMEHT BpEMEHHM Ha HeW BO3HHUKHET HEKOTOpO€ MaJeHHE HaIpsHKEHUS,
OIpeENsEMOE CONPOTUBICHUEM HHUTH IIpM KOMHaTHOW Temmneparype Ilo mepe mporpesa
JAMIIOYKH TaJIeHUE HAIpPsOKEHUsl Ha Hel OyzieT pacTH IPOMOPIUOHATIBLHO POCTY COMPOTUBICHUS
JI0 MOMEHTa TEIUIOBOTO paBHOBecUsi Eciin M3MepuTh najieHue HANpsOKeHUs Ha HUTH, TO, 3HAs
BEJIMUMHY TOKa, MOYXXHO IMOCTPOUTH 3aBUCUMOCTb CONPOTUBIICHUSI HUTH OT BPEMEHHU.

N3yuenue mpouecca HarpeBaHWs HUTH HaKaJIMBaHUS JIAMIIOYKH MPOBOJUTCA Ha
YCTaHOBKE, cxeMa KOoTopou npuBeneHa Ha puc 12. [luranune namnouku (JIH) ocymectBisieTcs ot
ucrounuka 12 B uepe3 perynupyemsiii crabunuzatop (CT), KOTOpbIil moagepKuBaeT B IENH
MOCTOSIHHBIA TOK, HE 3aBHUCSIIMNA OT CONMPOTUBJICHMS] HArpy3ku. BennumHa Toka u3mepsercs
Mumammnepmerpom. [logxmounB ocumwuiorpad MmapaielbHO JTaMIIOYKe, MOXKHO MOJYYHUTh
OCLMJUIOTPaMMYy HaIpsDKEHUsSI Ha Hell.

3 PEKTUBHYIO BETUYUHY ATOTO HATIPSHKCHUS

Puc 12 Cxema ¢ namMmon HaKaJIWBaHUS
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Cobepute cxemy, nokasannyio Ha puc 12. [Ipu Haxxkaroit knonke (K) ycranoBute B menu
Tok 100-300 MA

[Ipu ucnonb3oBaHUM JBYXKAHAJIBLHOTO OCIHIIIorpada.

* Haxumas u OTmycKas KHOIIKY, MOJYYUTE YCTOMYMBOE H300pak€HHE CHUTHAJIOB,
3apUCYUTE OCIUIIOTPAMMY.

Ilonymaiite, mpu KakoM (OTKPBITOM WM 3aKpbITOM) BXoA€ Y U PEKHUME 3alycka
reHepaTopa pa3BepTKH HaJ0 MPOBOJUTH TaHHBIM SKCIIEPUMEHT?

* [IpOKOHTpOIIMPYHUTE TOCTOSHCTBO TOKA B L[EIN JIAMIIBL.

 3mepbTe HanpsbKEHUE Ha JIaMIle cpa3y Mocie BKIIOUYEHUS KHOMKH.

* H3MeppTe yCTAaHOBUBLIMICS ypOBEHb HANpPSDKEHUS II0CJIE€ HarpeBa HUTH (peliuB
IpeBapUTENHLHO BOIIPOC, YTO CYUTATh YCTAHOBUBIIUMCS YPOBHEM).

« M3meppTe Bpems 3a KOTOpOE HampspDKeHHe Ha JaMie jpocturaer 95 % ot
YCTaHOBUBIIETOCS YPOBHSI.

* PaccuuraiiTe CONPOTUBICHUE HUTU IIPU KOMHATHOM TEMIIEpaType U B pa3orpeToM
COCTOSTHUHU.

* Ilponenaiite momoOHBIE W3MEPEHUs NpPU JAPYrUX 3HAYCHHAX Toka. OreHuTe
MOTPEIIHOCTH MOJIYYEHHBIX PE3yIbTaTOB.

[Tpu ucnonbp30BaHUM OAHOIYUEBOTO OcuuIuIorpada.

* [Tonkmounte BXxoA Y MapajjieibHO MUJUIMAMIIEPMETPY, HaKMMasi KHOIKY, MOJTy4UuTe
OCLIMJUIOIPaMMy TOKa.

* [IpokOHTpOIMPYHTE TOCTOSHCTBO TOKA.

* Ilepexmounte BXxoA Y ocuwwuiorpadga mnapajuielbHO JaMIle, a CHTHaI C
MUJUTHAMIIEPMETpa ToJaiTe Ha Bxoa Onoka cuHXpoHusammu ([Ipocrmenure 3a Tem, 4TOOBI
Kopimyc ociuuiorpadga ObUT MOAKIIOYEH K OOmed TOoYKe JaMmbl W MHJDIHammepMeTpa) B
KAYIIEM peXHME C BHEIIHEW CHHXpPOHHM3aluell MOJydyuTe OCHUIUIOrpaMMy HaIpsDKEHHsI Ha
Jamrie.

e IlomyunTe yCTOWYMBYIO OCHHJIUIOTPAaMMY U TPOBEAUTE M3MEPEHHs] COTJIAcCHO
YKa3aHHBIM BBILIE TYHKTaM.

5. PenakcaiimoHHBIN Te€HEPATOP.

Cobepure cxemy, mokazaHHylo Ha puc. 13. Ilomyuute Ha »dKpaHe ocmLiorpaga
yCTONYMBOE M300pakeHNE PETaKCAllMOHHBIX KOJIeOaHUN U OIpeeuTe HalpsHKEeHNE 3aKUTaHUs
U rameHus HeoHoBoW sammbl (cMm. Ilpunoxkenue 1). «OTKpBITBI» WIIN <«GaKPBITBIN» BXOJ
ocumsuiorpada Hy>KHO UCIIOIb30BATh MPHU MPOBEACHUN ITUX U3MEPEHU?

Puc. 13. PenakcaiinoHHslii reHEpaTop
* UsmepbTe nepuoa kojaebaHuil, CpaBHUTE C paCYETHBIM 3HAUCHHUEM

T=r mu
Uﬂ -U3

e [Ipocnenutre 3a H3MEHEHUEM OCIIIJIOTPAMMBI PEIAKCAIIMOHHBIX KOJIeOaHUM mpu
n3MeHeHuu T, u U.

» KakoBa ponp compotuBiennss R = 3 Mom, u Kak OHO BJIHMSET Ha pPeE3YyIbTaThl
U3MEpeHUs?

RC nenouka u ¢purypst JIuccaxy

Ecnu cunycoupansnoe Hampspkenue nonatb Ha RC memouky (puc. 14), To mMexamy
HanpsbkeHusMu UX 1 Uy Oyner perucTpupoBaThes CABUT 10 ¢ase, BETMYMHA KOTOPOTO 3aBUCHUT
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or R, C u wyacTtorhl ® curHajga. OTO CBOWCTBO MOXHO WCIOJb30BaTh I TOTYYCHUS
npocreimmx uryp Jluccaxy.

* Cobepute cxemy (puc 14). IlomaiiTe Ha BXOJ CXEMbl CHHYCOMJAIBbHBIA CUTHAJI OT
reHepaTopa 3BYKOBOM YaCTOTHI.

- : T # Baoa X
H ] §
ok f
T6-28 | ]
H Hxoa Y
: e J_
e }: ¥ Ofm.

Puc. 14. RC nerrouka

* M3MeHss 4acTOTy reHepaTtopa M CONPOTUBICHME R, moiyuyuTe pa3inyHble BapHAHTHI
amrnca (cM. puc. 4), u3MepbTe €ro mapameTpsl U 1mo dopmysne (1) ompenenure BETUUHUHY
cneura no ¢ase (¢). CpaBuure ¢ pacuetHoit (tge =owRC). O0wsacuutTe pazuuiy. [lomymaiire,
MoYeMy IO TaHHOM cXeMe HeNb3sl MOIYYUTh OKPYKHOCTb.

Jns momydeHust Oojiee CIOXKHBIX (UTyp HEOOXOIMMO MCIIONb30BaTh JBa T'€HEparopa
HU3KOM 4YacTOThl, CHUTHaJbl C KOTOPBIX TMomaroTcs Ha Y W X BXOAbl ociuuiorpada
OJTHOBPEMEHHO.

* [TonaiiTe Ha Bxoa X ocimsuiorpada curaain ot reaeparopa ['4-106 gacroroit 100 —

500 I'u. k Bxoay Y MOJKIIIOYMTE JIPYToil reHeparop, paboTaromuil B TOM K€ IUana3oHe
yacToT. MeHsi1 4YacTOTy TeHepaTopoB, IMOJYyYUTe Ha OHKpaHe ocuwuiorpada pasiuyHbIe
BapuanThl uryp Jluccaxy, onpenaenuTe 4acTOThl TeHEepaTOPOB, MPU KOTOPBIX MONY4alOTCs T
WJIU UHBIE (PUTYPBHL.

Jlns u3MepeHus ciBura mo ¢ase MOKHO HCIIONIB30BaTh ABYXKaHAJIBHBIN ocuusuiorpad,
Hanpumep C1-55. OH maeT BO3MOKHOCTh TPOBECTU U3MEPEHUS JBYMS METOAAMU:

1) MOXHO OIHOBpPEMEHHO HaONIONAaTh Pa3BEPTKy BO BPEMEHH J[BYX CHUTHAIOB U
OTIpeeNATh CABUT MO (a3e HEMOCPEICTBEHHO M0 OCHUILIOTPaMME;

2) B pexume «X-Y» Iepekiaodareis KaHaJIOB YCWINTEIb OJHOTO W3 KaHaJOB
MOJIKJII0YAEeTCs K Tu1acTuHaM X BMECTO TeHepaTopa pa3BepTKU.

» IlpoBenaure HM3MepeHHs U OTBETHTE HAa BOMPOC — KaKOil W3 METOJOB H3MEpPEHUS
(HEeTOCPEeICTBEHHBIM MM IO BUJY SJUIMIICA) JIYYIlEe HCIOJb30BaTh JJI U3MEPEHUs MajbIX U
OonbpIIMX CABUTOB 1O (haze?

[TpaBuna opopmieHus padoThl

1. Pabora odopmusercs B TeTpaau sl Ja0OpaTOpHBIX pabOT BHJE OTYETa O
MIPOBEJICHHOM HCCIIEIOBAaHUH.

2. CozmepxaHue oTUeTA:

- KpaTKHe CBeJIeHHs 00 OCHOBHBIX XapaKTEPUCTUKAX YCTPOMCTB AJIEKTPOU3IMEPHUTEIHHOM
anmaparyphl,

- PUCYHKH OCIIMJIJIOTPaMM;

- rpaUK1 XapaKTePUCTUK KaHAIOB BEPTUKAIBHOTO U TOPU30HTAIBLHOTO OTKIOHEHHS;

- pacueTHble (POPMYJIBI C TOSICHEHUSAMU;

- 3aKJIIOYCHHE.

Peuensupyercs mpernopaBareneM, €ciid paboTa BBIIOJIHEHA HEYAOBJIETBOPUTEIBHO, TO
IPOBOJSATCS UCIIPABJICHHUS U JIOTIOJIHEHUS U paboTa BTOPO pa3 MpeIoCTaBIsAeTCs Ha PELICH3HIO.

4.1.2. JABOPATOPHA PABOTA

Kommnekt oneHounbix 3amanuii Nel mo Paspeny 1. DnekTpuyeckue menu MOCTOSTHHOTO
ToKka, Tema 1.2. OCHOBHBIE 3JIEMEHTBI AIEKTPUUYECKOM LENM MOCTOSHHOIO ToKa (AyAMTOpHas
CaMOCTOSITeIIbHAs paboTa).

HasBanue: MccnenoBanue 31€KTpUUYECKUX LENEH NPU COSAMHEHUU Pe3UCTOPOB. OmbITHAs
npoBepka 3akoHa Oma.
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3amaHue: pacyeT M SKCIEpPUMEHTAJIbHAs MPOBEpKa padOThl MPOCTOH IEMU IOCTOSHHOTO
TOKa.

ITopsimok BBIMOJIHEHUS:
1. TIlepexmouarenu «R1», «Ry», «R3» ycTaHOBUTH B MOJOKEHUH, YKA3aHHOM IIPENOIABATENEM.
2. Cobpats cxemy 1. [Tokazanust BompTMETpa 3aHECTH B TaOIHILy 1.
3. CoOpats cxemy 2 (mpenen uzmepenus ammnepmerpa - 2[A]). [Tokazanust npuOOpoB 3aHECTH
B Ta0mIy 1.
4. CoOparb cxemy 3 (mpenen usmepeHus ammnepmerpa - 2[A]). Ilokazanust mpuOopoB 3aHeCTH
B Ta0mIy 1.
5. CoOparts cxemy 4 (npenen uzmepenus ammnepmerpa - 2[A]). [Tokazanust npuOOpoB 3aHECTH

B Ta0wmIy 1.

Tab6muna 1

Cxema 1 Cxema 2 Cxema 3 Cxema 4

U U U [ R U [ R, U [ R;

[B] [B] [B] [A] [Om] | [B] [A] [Om] | [B] [A] [Om]

U
6. BbruncauTh conpoTuBieHue pe3ucTopoB Ry; Ry; Rz mo gpopmyne: R = T [OM]

7. Bemucnuts U* = U - 1,5 (1,5 [B] - yMmeHbleHHE HampsOKeHHsS HAa HCTOYHUKE IpU
BKJIFOYCHUU HATPY3KH).
8. PaccunTaTh TOKHM U HampspKEHUE ISl KAKI0ro pesuctopa cxemsl 5 (puc. 2) 3nauenus U; Ry,
R, R3 - n3 Tabmume! 1:

R, R,
a) paccumTath conpoTusieHue yaactka «BC»: Ry = R, = ———-[Om]
R, +R,
0) paccunTaTh SKBHBaNIEHTHOE conpoTuBieHue cxeMsl: R, = R, + R, [OM]
B) paccumTath TOK 11 |, = U— [A]
R,

I') paCCYMTATh HAMPSHKEHHS HA PE3UCTOPAX:
U, =1LR, [B]
U,=U,=1R,mmU,=U,=U"-U, [B]

2 Y
) paccuntats Toku [ u [0 |, = = [A]

R, R,
PesynbTaThl pacueToB 3aHeCTH B TAOIUITY 2.
Tab6muna 2
1 2 I3 U, U, Us
[A] [A] [A] [B] [B] [B]

Paccuurano
M3mepeHo
9. Cobpats cxemy 5. [Ipenensl H3MEpEHHS aMIIEPMETPOB:
PA;1 - 2[A]
pAz- 1[A]
pAs - 1[A].

[Toxazanuss ammepMeTpoB 3aHECTH B Tabmuiy 2. M3MepuTh BOJBTMETPOM HAMPSIKCHHS HaA
pe3ucTopax, pe3ylbTaThl 3aHECTU B TAOIUILY 2.
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CopneprkaHue oTyera:

HOMeEp, Ha3BaHUE, 11eTb pa0OTHI,
CXEMBI,

TaOJIULIBL;

pacderTsl.

Bomnpocs! k 3a4ery:

1.

2.
3.
4

oo

© o~

Cxema 1

JlaTb onpeienenne AIeKTPUIECKOro HaMPsHKEHUS.

CdhopmynupoBats 3akoH OMa A1 ydacTKa HENH U A7 3aMKHYTOHU IIETIH.
CdopmynupoBath nepBbIii U BTOpo 3akoHBI Kupxrodaoda.

3anucatb (QOpPMYIIbI, 1O KOTOPHIM PACCUUTBHIBACTCS SKBUBAJICHTHOE COIPOTHBIICHHUE
MOCIIE0BATENbHO COETUHEHHBIX PE3UCTOPOB, MapalIeIbHO COETUHEHHBIX PE3UCTOPOB.
JlaTb ompernenenue Kiacca TOUHOCTH puodopa.

Onpenenutb CUCTEMY HM3MEPUTETbHBIX MEXaHU3MOB 3JIEKTPOU3MEPUTENLHBIX TPUOOPOB,
UCIIONIE3YEMBIX B JIA0OpaTOpPHOIA padoTe.

[lepeuncnuTh JOCTOMHCTBA U HEAOCTATKU MPUOOPOB 3TOM CUCTEMBI.

OnpenenuTh KJ1acc TOYHOCTH MPHOOPOB, UCTIONB3YEMBIX B padoTe.

Onpenenuth aOCONMIOTHYIO TOTPENTHOCTh U3MEPEHUH, TIPOBEICHHBIX B TAHHOW paboTe.

pA
Vg \pA "\DA TN
l T 7 L . J "
+ + ] - ) .
-~ “T— =
=128 (| )pv R1 =128 (| )pV Rz =128 [~ PV 3
] . s
[ I IR
Cxema 2 Cxema 3 Cxema 4
pV
TN
SN
pAZ R2
N,y LY
N I
pA1 R1 -
L |

Cxema 5
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Kommexkt oneHounbix 3amanuii Ne2 mo Paspeny 1. DiekTpuyeckue menu MOCTOSTHHOTO
ToKka, Tema 1.2. OCHOBHBIE 3JIEMEHTBI IEKTPUUYECKOM LIENM MOCTOSHHOIO ToKa (AyAMTOpHas
CaMOCTOSITEeIIbHAs padoTa).

Hazpanwue: Mccienopanue IMHUN HOCTOSHHOTO TOKA.

3amanme: wuccienaoBaHue paboThl JMHUM AnekTporiepenad (JIDII) B 3aBucumoctd OT
HArpy3KHd, CEUEHUs TPOBOOB U JITUHBI JTMHHH.

[TopsimoK BBIMOJIHEHUS:

1. Tlonp3ysiCh UNCICHHBIMU JTaHHBIMHU:
p =0,98 [OM-MM? / M] - YZI€IIbHOE CONPOTUBIIEHNE HUXPOMA;
I = 3,0 [m] - mmwuaa JIDII 1;
I, =2,0 [M] - myuna JIDIT 2;
SH=0,20 [MMZ] - CCUCHHUE HWKHUX MMPOBO/IOB;
Sg = 0,14 [MM] - ceuenue BEPXHUX IIPOBOJIOB,
o popmysne R = 'DTI paccuuTars:
Ry - conporuBienune HIxHUX poBoaoB JIDII 1;
R g -conporusnenune BepxHux nposoaos JIOII 1;
R2g - conpoTtuBieHue Bepxaux mporoaos JIDII 2.
Pesynbrarel 3aHecTr B Ta0nmiy 1.

Tabmauma 1
| S RHP
[m] [Mm?] [Mm°] [Om]
R 3,0 0,20 0,98
Ris 3,0 0,14 0,98
R.s 2,0 0,14 0,98

2. CoOparb cxeMmy (4acThb CXeMbl, NOKa3aHHas IMyHKTHpoM, coOpana). Ilpexen m3mepenus
amniepmeTrpa pA - 1[A].

3. HUccnenoBanue pabdoty JIDII npu u3mMeHeHnN HArpy3Ku:

a) [lepexmrouarens «i <> a» JIDII 1 ycTaHOBHUTH B MONOKEHHUE « H »(HUKHUE MPOBOJIA).

0) BkimounTh yka3aHHOE MperoaaBaTesieM KOJTUIeCTBO JaMIl Ny.

B) [lokazaHust ammepmeTpa 3aHECTH B TaOJIHILY 2.

r) BonbrmerpoM m3meputh HanpsbkeHuss B Havyane JuHud (Upg) u B konue sunuu (Uj). [pu

M3MEPEHUH HaIPSDKEHHS YYeCTh, YTO Mpenes udMepenus BoiabT™MeTpa pV-150 [B]. PesynbTaThl

U3MEpEeHUH 3aHeCTH B TaOIHILy 2.

1) Bxirounth ykazaHHOE Tperno/iaBaresieM Koau4ecTBo jJaMil No. [ToBTopuTh n3mepeHusl.

Tab6muna 2
Rup I Uy U AU AU”
[Om] [A] [B] [B] [B] [B]
JIDIT 1 Nl R1H =
N>

¢) Beraucnute notepro HanpsHKeHus AByMsl CIocoOaMu:

- Kak pa3HOCTh IMOKa3aHW BOJILTMETpa B Hadalie U B Konue auann: AU =U, —U, [B]

mo 3akoHy Owma Ui ydacTKa Iend, TNpeIcTaBisiomero coboir mposoma JIOII:

AU* =1-Ry, [B]

4. UccnenoBanue padotel JIDII npu u3MeHEeHUH TUIOIIAAH MTOTIEPEYHOT0 CEYSHHSI TPOBOJIOB.

a) BxkimrounTth ykazaHHOE TIpernojiaBaTesieM KOJIUIeCTBO JaMIl N.

6) IlpousBecTn wu3MepeHUs CHayaja IMpPU YCTAaHOBKE IMEpeKirovarens «i <>a» B
MOJIOKCHUE «HY» (HIKHUE MPOBOJIA), 3aTEM B MOJIOKECHHE «B» (BEPXHUE MTPOBOJIA).
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*
B) Pesynbrarel n3amepenuii 3anectu B Tabauiy 3, Beraucauth AU u AU .

Tabmmia 3
Rp ! Uy U; AU AU”
[Om] [A] [B] [B] [B] [B]
JIDIT 1 N3 R1H =
Rig =

4. Uccnenoanue padotsl JIDII npu u3mMeHeHnn JJTMHBI TUHUH.
a) BxirounTh yKa3aHHOE IpenoiaBaTeaeM KOJU4eCcTBO JIaMIl Ny.
0) [IpousBecTr U3MepEeHUs IPU YCTAHOBKE MEPEKITFOUATENS « | <> &)» B MOJIOKCHHUE «BY.
B) JIDII 1 3amenuts Ha JIOII 2.
r) Ilepexmouarens «i <> a» JIOII 2 ycraHoBUTH B moyokeHHE «B». KonnyecTBo
BKJIIOYEHHBIX JaMII - Ny.
1) [IoBTOpUTH OMBIT.
¢) PesynbraTsl u3mepeHuii 3anecT B TabIuIy 4.
) Beraucnute AU n AU”,

Tabnuna 4
Rup I Uy U1 AU AU”
[Om] [A] [B] [B] [B] [B]
JIDIT 1 N4 R1B =
JIDII 2 RZB =

CopneprkaHue oTyera:

- HOMEp, Ha3BaHHE, IENb PabOTHL;

- cxema;

- TaOIHUIEL

- pacuersl.
Bompocs! k 3a4ery:

1. Tlo kako# hopmyse BEIYUCISIOT COMMPOTUBIICHUS TPOBOIOB?

2. W3 xakux MarepuaioB HM3TOTOBIAIOT MPOBOAA KaOenbHbIX W BO3AymHbIX JIOII, yemy
PaBHO yAETBbHOE COMPOTUBIICHUE ITUX MaTepraIoB?

3. U3 kakoro marepuasia U3roTOBISIOT IPOBOJA CYIOBBIX KaOenei?

4. B xakux eIWHUIIAX U3MEPSETCs YIeIbHOE CONpOTHBICHUE MaTeprana B cucteme CU, B
TEXHUUYECKON CHUCTEME EANHMIL?

5. Ot yero 3aBUCUT NOTEPS HANPSIKEHUS B MPOBOJIaX, KAK OHA BBIUUCIISIETCA?

6. Kak 3aBucHT CONMpOTUBICHHWE MPOBOAA OT TemmepaTyphl? bbuta 1M MOCTOSHHOM
tTeMriepatypa rnpoBooB JIDII B mporiecce BEIMOIHEHHS paOOThI?

7. K xakoii cucrteme OTHOCSATCS M3MEPUTENbHbIE MEXaHU3MbI MPUOOPOB, UCIIOJIB3YEMbIX B
nabopaTopHoi pabote? Y CTpOWCTBO U MIPUHITUI ICHUCTBUS TPUOOPOB ITON CHCTEMBI.
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KowmrnekT oneHouHbIx 3amanuit Ne3 mo Pasneny 3. OnHodasHble 1ienu MepeMeHHOTO TOKa,
Tewma 3.3. Hepa3BeTBiieHHas 1IeNb IEPEMEHHOTO TOKa (AyIUTOpHAsT CaMOCTOsITeIbHas paboTa).

HasBanme: HccnenoBanue menu MEPEeMEHHOTO TOKa C IMOCIEIOBATEIBHBIM COCIUHEHUEM
3JIEMEHTOB.

3amanue: onpeaencHue mapaMeTpoB SJIEMEHTOB U PEKUMa paOOTHI HIETIH.

[Topsimok BBIMOJIHEHUS:
1. Ilepekmtouatenu «R», «Ly», «C» yCTaHOBUTH B YKa3aHHOE MPEIIOAaBATEIIEM MTOJIOKEHHE.
2. CoOpats cxemy (puc. 1).
3. CusTb mOKa3aHUs MPUOOPOB U 3aHECTH B TadiuUIy 1.

Tabmauma 1

Ug U, Uj Uy I

[B] [B] [B] [B] [A]

4. BEIUUCIUTE:

1) MIOJTHOE COMIPOTUBJIEHUE CXEMBI: Z = Tl [Om]
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U
2) COMPOTHBJICHHE pe3rcTopa: R = TZ [OM]
3) MOJIHOE COMPOTUBJICHUE KaTYIIKu: Z, = TS [Om]
4) MHTyKTHBHOE CONPOTHBIIeHNe KaTymku: X, =+/Z7 — R} [Om], rie

R - akTUBHOE CONPOTUBIICHHUE MTPOBOOB KATYIIIKH.
RL =3 [OMm] (nepexmtouaTens «Ly» B mosoxxkeHuu 1) mim
R = 3,5 [Om] (mepexitouatens «Ly B monoxxeHuu 2).

X
5) uHAyKkTHBHOCTS KaTymku (I'n): L = > Lf (f =50 /7 14)
T
u,
6) CONPOTHUBIICHHE KOHeHCaTopa: X = T [Om]
1
7) emkocTh KoHzeHcaropa (d): C = ——— (f =50 T L;)
2 f X.
8) HANpSHKEHHE HA 2IEMEHTAX CXEMBI:

Ur = U, - HanipsbKeHHE HA PE3UCTOPE;

Uc = U4 - HanpsiKeHME Ha KOHAEHCAaTope

UarL = IR - akTuBHas cocTaBstomas HapsDKEHUS Ha KaTYIIKE,
U, = I-X| - peakTHBHas COCTaBIISIIOIIAs HAIIPSDKEHUSI HAa KAaTYILKE;

9) Hanpsokenue Ha Bxone cxemsl: U 5, = \/(U U, )2 +(U, -U, )2 [B]
U, +U,
10) k03¢ unreHT MomHocty nenu: COS @ = ————
BX
11) yroi ciBura (a3 Mex1y HanpsoKeHHEM Ha BXOJIE CXEMBI M TOKOM:
¢ = arccos(cos )
12) Pe3ynbrarhl BeUMCIeHN 3aHECTH B TAOIUITY 2.
Tab6muna 2

Z R X|_ L XC C UR UA|_ U|_ UC UBX COS @ 0]
[Om] | [Om] | [Om] | [tT'H] | [Om] | [wF] |[B] |[B] |[B] |[B] |[B] [rpan]

5. TlocTpouTh BEKTOPHYIO AHAarpaMMy HaNpsHKEHUN (MPUOTM3UTENIBHBIN BHJ JAHArpaMMbl

MOKa3aH Ha puc. 2).

Coneprxkanue oTyeTa:

- HOMep, Ha3BaHME, 11eJIb PaOOTHI;

- CXEMa;

- TaOIUILIBL;

- pacuersl;

- BEKTOpHasl IuarpaMma.

Bomnpocs! k 3a4ery:

1. HasoBure pexxuMbl, B KOTOPBIX MOXET paboTaTh nocineaoBatensHas RLC nemns.

2. Omnpenenure peXxuM pabOTHI UCCIETYEMOMN B pabOTE CXEMBI.

3. Ompenenute HEOOXOAUMYIO BEJIWYMHY €MKOCTH KOHJIEHCATOpa, YTOOBI JlaHHAs cXema
paboTana B pexXMMe pe30HaHCa HampspkeHH. OnpenenuTe IMOJHOE CONPOTUBIEHUE CXEMBI,
KO3(QHUIMEHT MOIIHOCTH, YroJ cABHra (a3 MeXIy BXOJHBIM HANpsHKEHUEM M TOKOM IpH
paboTe CXeMBbI B PeXHME PE30HAHCA HAIIPSKEHUH.

4. Ormpenenure CHCTEMY HW3MEPHUTEIBHBIX MEXaHU3MOB IPHOOPOB, HCIOIB3YEMbIX B
nabopaTopHoi pabdore.




5. TlepeuncnuTh TOCTOMHCTBA M HEIOCTATKH TAHHON CUCTEMBI.
R L o}
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KowmrnekT oneHouHbIx 3amanuit Ned4 mo Pazneny 3. OnHodasHble 1ieny MepeMeHHOTO TOKa,
Tewma 3.4. PazBeTBiIeHHAs 1IETIb IEPEMEHHOTO TOKa (AyIUTOpHAs CaMOCTOsTeIbHas paboTa).
HasBanme: HccnemoBanue menud TNEPEeMEHHOTO TOKa C MapaUIeTbHBIM COCTUHEHUEM

3JICMCHTOB.

3amanue: OmnpeneneHrue mapaMeTpPoOB AJIEMEHTOB Mo paboTe mapamnenbHoit R-C menw,

pacuer uenem.

[Topsiiok BBIIOJIHEHUS:

1. TIlepexmrouarenu «R» u «C» yCcTaHOBUTH B YKa3aHHOE MPEMOIABATEIEM MTOJI0KEHUE.

2. Cobpatb cxemy | (cxema mokaszana Ha puc.l).
[Ipenensr namepeHus amMmnepMeTpoB: pAj - 2 [A]

pAz -2[A]
pAsz - 1[A]
3. CHATbh NOKa3aHUs NPUOOPOB U 3aHECTH B TadIHIy 1.
Tabmauma 1
N3mepeno Beruucneno
U | 1 |3 |1* R XC C COS ¢ (0]
[B] [A] [A] [A] [A] [Om] | [Om] | [uF] [rpan]

4. BBIYHCIUTE:

2

TOK B HEPa3BETBJIEHHON uacTh nenu: |, = /12 + 12 [A]

U
CONpOTHUBIIEHUE pe3ucTopa: R = T [Om]

U
CONpPOTHBIIEHUE KOHJCHCATOpa: X = T [OMm]

3
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- emxkocTh KoHaencaropa: C = _ (f =50 77 14)
2 T X¢

|
- K03(PUIUEHT MOIIHOCTH CXEM: COS(Q = |—2
1
- yroun caBura (a3 Mex/1y HanpsKEHHEM U TOKOM B HEPa3BETBJICHHOM YacTH LEIH:
¢ = arccos(cos ¢)

Pe3ynbraThl BRIYHCICHUN 3aHECTH B Ta0MILy 1.

5. TlocTtpouTh BEKTOPHYIO AuarpaMmy TOKOB s mapayuienbHoi RC nenu. (ITpubnusutenbHbIi
BU/JI IMarpaMMBbl TTIOKa3aH Ha puc. 2).

6. PaccuntaTh TOK M HampspDKEHMS Ha PE3UCTOPE M KOHJEHCATOpE MNPU MOJIKIIOYEHHUH
nocsenoBareabHOi R-C cXeMbl K TOMY € UCTOUHHUKY MUTAHUS:

- paccuMTaTh MOJHOE CONPOTHBIEHHE cXeMbl: Z = /R? + X & [OMm]
U
- paccuurarh TOK: | :2[OM]

- PaCCUUTATh HAPSKCHUSA HA 3JICMCHTAX CXCM!:
- va pesucrope: U, =1-R[Owm]
- Ha koH1eHcaTope: U, =1 - X [OMm]

- K03 (HUIIMEHT MOITHOCTU cXeMbl: COSQ = E

- yroJ ciBura (a3 MeXy TOKOM M HAPsHKEHHEM Ha BXOJIE CXEMBI: () = aI’CCOS(COS (0)
- Pe3ynbTarhl pacueToB 3aHECTH B TaOIHIy 2

Tabmauma 2
Brruncieno M3mepeHo
z cose | o | Ur Uc | Ur Uc Usx
[Om] [rpan] | [A] [B] [B] [A] [B] [B] [B]

7. Cobpatb cxemy 2 (puc. 3).
[Ipenen usmepenus amnepmerpa pA - 1[A].
8. U3Meputh BOIBTMETPOM HAIPSHKEHUS HA BXOJIE CXEMBI, Ha pe3UCTOPE U Ha KOHJEHCATOPE.
9. Pesynbrarhl 3aHECTH B TaOIUILY 2.
10. TTocTpouTh BEKTOPHYIO AMArpaMMy HampsDKEHUH 1Jis rmocienoBareabHoit RC nenm.
(mpuOAM3UTENBHBIN BUJ TUArpaMMBbI ITOKa3aH Ha PUC. 4).
CopneprkaHue oTyera:
1. HoMmep, Ha3BaHUE, 1IN PAOOTEHI;

2. CXEMBL,
3. TaOIuIEL
4. pacuersl;

5. BEKTOpHBIE JUArpaMMBbl.
Bomnpock! k 3auery:

1. Hamucates ¢Gopmynbl, 1O KOTOPBIM PACCUMTHIBAIOTCS IIOJHOE COMPOTHBIICHUE
nocienoBareabHoii RC memu, compoTuBieHue KOHIEHcAaTopa (€CiM M3BECTHA €ro €MKOCTh U
4acTOTa MUTAIOIICH CETH).

2. Ompeznenute MOPsSAOK M3MEHEHHUs (YBETUUMUTCSA, YMEHBIIUTCS) COS (@ MPH YBEIUYECHUU
€MKOCTH KOHJIeHcaTopa B cxeme | win B cxeme 2 (10 yKa3aHUIO MPErnoaaBaTes).
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3. Omnpenenurte MOPSAIOK U3MEHEHUS (YBEIHMYUTCS, YMEHBIIIUTCS) yIiia cBUra a3 ¢ Mexmay
TOKOM W HaIlpsHKEHHEM IMPH YBEIMUYEHUU COMPOTUBIIEHUS pe3rcTopa B cxeme | miu B cxeme 2
(1Mo yKa3aHUIO MPEnoaBaTes).

4. Omnpenenutre CUCTEMY H3MEPUTEIBHBIX MEXAaHHW3MOB MPUOOPOB, HCIOJIB3YyEMBIX B
nabopaTopHoii pabore.

5. OnumuTe yCTpONCTBO M MPUHIIMIT ICHCTBUS JTAHHOW CHCTEMBI.
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KowmrnekT onenounbix 3ananuit Ne5 mo Pazpeny 4. TpexdaszHsie 1ienu nepeMeHHOro ToKa,
Tema 4.2. Bxitouenue Harpy3kw B Ienb Tpex@aszHoro Toka (AyauTopHasi CamMOCTOSTEIbHAs
pabora).

Hassanue: UccnenoBanue TpéxdazHoil 1ienu npu COeAMHEHUHN «3BE310M».

3amanue: UCCIIeJOBaHNEe HOPMAIBLHBIX U aBAPUIHBIX PEKUMOB pabOThl Tpexda3Hoii menu
IIPU COETMHEHUHU Harpy3Ku 3Be370H.

[Topsiiok BBIIOJIHEHUSA:

1. CoOparp cxemy (cxema Moka3zaHa Ha puc. |, 4acTh CXEMbI MOKa3aHHAs CHUHHUM IIBETOM,
coOpaHna).

2. B nabopaTopHoii paboTe HEOOXOIUMO BBIOJIHUTEL 6 OMBITOB. B Ka)xa0M ombiTe HEOOXO0AUMO
U3MEPUTH TOKU B JIMHEWHBIX U HEUTPAIbHBIX MPOBOJAX, JUHEHHBIC HAIIPSIKEHUS. 3HAUYCHUE
MOIIIHOCTEW MOTpeOuTeNe 1715 Ka)X/I0T0 OIbITa 3a/1a€TCs MPEIoaBaTeseM.
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OmnmiT 1.

CummerpuuHas Harpyska (Pa = Pg = P¢) ¢ HeliTpanbHBIM IPOBOIOM.
S1; S2; S3; S4 - BKIFO4YEHBI

S5 - BEIKITIOYEH.

OngiT 2.

CumMMeTpudHas Harpy3Ka 6e3 HeUTpaIbHOTO IPOBO/IA

S1; S2; S3 - BKIIIOUEHEBI

S4:; S5 - BBEIKITIOYEHEL.

OmgiT 3.

He cummerpuunas narpyska (P, > Pp = P¢) ¢ HeliTpaibHBIM IPOBOAOM
S1; S2; S3; S4 - BKIIFO4YEHBI

S5 - BEIKITIOUEH

OngiT 4.

He cummerpuunas Harpyska 6e3 HEUTpaIbHOTO IPOBO/IA

S1; S2; S3 - BKIIIOUEHEBI

S4:; S5 - BBEIKITIOYEHEL.

OmngiT 5.

OOpsIB (a3l A pu CUMMETPUYHOI Harpy3ke

S2; S3 - BKIIFOYEHEI

S1; S4; S5 - BEIKIIIOYEHBI.

OngpiT 6.

KopoTtkoe 3ambikanue B paze A npu CHMMETPUYHOIN HarpysKe.
BxirounTs TyMOIEp S5 MOYKHO TOJBKO IOCHE OTKIIOUYCHHS TymOiepa S4.
S4 - BEIKIIIOUEH

S1; S2; S3; S5 - BKIIOYEHBI.

3. Pe3ynbTaThl M3MEpEHUH 3aHECTH B TAONIHUILY.

Tabnumua

Ne P, | Pg Pc Ia Is Ic In Ua [Ug [Uc [ Uag | Ugc | Uca

n/m | [Br] | [Br] | [Br] | [A] |[A] |[A] |[[A] |[B] |[[B] |[B] |[B] |[B] |[B]

1
2
3
4
5
6
4. TlocTpouUTh BEKTOPHBIE JUArpaMMbl HANPsDKEHUH M TOKOB Ul YKa3aHHBIX IpenojaBaTeieM
OTIBITOB (MPHOIM3UTENBHBIN BUJ BEKTOPHBIX AUAarpaMM IOKa3aH Ha pUc. 2).
CopneprkaHue oTyera:
- HOMep, Ha3BaHUe, 11e]Tb PaOOTHI;
- CXEMBI;
- TabIuIa;
- COOTHOILIEHUS MEX Ay HAIIPSDKEHUSMH U TOKaMu (CM. II. 2);
- BEKTOPHBIE AMArPaMMBI.
Bomnpock! k 3auery:
1. [laiite ompenenenus ¢pa3HbIX U IUHEHHBIX HATPSIKCHUH.
2. Jlaitte ompeneneHus (pa3HbIX U TUHEHHBIX TOKOB.
3.  VYKaxuTe COOTHOLICHUS MEXIY (PasHBIMHU M JTUHEWHBIMU HANPSDKEHUSIMU M TOKaMU IPH
COEJMHEHUY Harpy3KH 3B€3/101 U TPEYTOJIbHUKOM.
4. VYkaxuTe cTaHJapTHbIC 3HAYCHUS (Pa3HBIX U JMHEHHBIX HANPSHKEHUH Ha MOTPEOUTENIX U

Ha MCTOYHHKAX DJIEKTPOSHEPTUU.
5. Ompenenute HOMEpa OMBITOB, B KOTOPHIX 1T padoTalla B aBApUIHBIX PEKUMAX.
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6. OnumuTe cUTyaluu, B KOTOPBHIX HEOOXOAUMO NMPUMEHSATh HEUTpanbHBINA TTpoBo. Kakoe
ceuyeHue (10 CPaBHEHUIO C CEYEHHEM JIMHEWHBIX IIPOBOJAOB) JOJDKEH HMMETh HEUTpaibHBIN
MpoBo. B Kakux ciydyasx JMHEHWHBIA MPOBOJ HE HYXKEH?
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KowmrnekT onenounbix 3ananuii Ne6 mo Pazneny 4. Tpexdaszusie 1ienu nepeMeHHOro ToKa,
Tema 4.2. BxitoueHue Harpy3kw B Ienb Tpex@aszHoro Toka (AyauTopHasi CcamMOCTOSTEIbHAs
pabora).

Hassanue: UccnenoBanue TpéxdazHoil 1ienu npu COeAMHEHUN «TPEYTOIBHUKOMY.

3ajaHue: UW3y4eHUE BIMSHUS CTENEHH 3arpy3Kd DJEKTPOABUTATENSI U E€MKOCTH
KOMIIEHCUPYIOIIMX KOHIEHCATOpOB Ha KO3 ULIHEHT MoImHOCTU ceTu. OOMOTKM JBUTATENs
COEIMHEHBI TPEYTOJIbHUKOM.

CpenctBa 00yueHus:
1. JlaGopaTopHbIii CTEH].
2. Awmmepmerp.
3. Bombr™mertp.
4. Barrmetp TpexdazHbIi.
5. dazomerp.
[Topsimok nmpoBeneHus:
1. Cobpath cxemy (4acTh CXeMbl IOKa3aHHAs CHHUM I[BETOM, COOpaHa).
2. YCTaHOBUTH BBIKJIIOYATEIb HArpy3KH DIEKTPOJBUTATENS B IOJOKEHUE «BBIKILY,
MOTEHIIMOMETP PETyIUPOBKH HArpy3KH B MOJIOKEHHE «miny, mnepekiaodarenu «C» u «R» - B
CpelHee MOJI0KEHHE.
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3. 3amycTUTh AJEKTPOABUraTelb. BKIIIOUNTE HArpy3Ky, U IUIABHO YBETUYMBAs €€ 100UThCS
3aJIaHHOTO TIPEIo/aBaTejeM 3HaueHHUs MOTpedssieMoil npurateneM MomHOCTH Pj. Ilokazanus
pUOOPOB 3aHECTU B TAOIHILY.

4. He u3MeHsia Harpy3Kd Ha 3JIEKTPOIBUTATENIe MOAKIIOYUTH CHayana KoHaeHcatop Ci, a
3atem C; (C, > C). ITokazanus mpruOOpoB 3aHeCTH B TaOIUIy. OTKIIOYHTH KOH/ICHCATOPBI.

5. He u3MmeHsst Harpy3Ku Ha 3JIEKTPOJBUTATENE MOJKIIOUUTh CHavyaia peoctar Ri, a 3arem
R, (R2 > Ry). ITokazanus mpubopoB 3aHecTd B Ta0IUIly. OTKIIOYUTH PEOCTATHI.

6. VYBenuuuTh HArpy3Ky A0 3aJaHHOTO TIPerojaBaTeleM 3HAueHUs MOoTpeOIseMoii
motHocTH Py. [Tokazanus npubopoB 3aHectu B Tabnuiy. [IoBTOpUTE ONMBITH ¢ KOHAEHCATOPAMU
Ci, Cy u peocraramu Ry, Ry. YcranoButs nepexmouarenu «C» u «R» - B cpeliHee MOI0XKEHUE.

7. OTKJIIOYHUTH JBUTATENb, U1 3TOTO YCTAHOBUTH MOTEHIIMOMETDP PETYIUPOBKH HAarpy3KH B
MOJIOKEHUE «miny, BBIKIIOYATENIb HArpy3KH DJJIEKTPOJBUTATENSI B TOJOXKEHUE «BBIKILY,
OTKJIIOUUTH MUTAHUE.

Tabnnma

[Tonmoxxenue P U | COS @
nepekoyarencii | [Br [B] [A]

0 P, =

C, P, =

C2 Pl =

Rl Pl =

R2 Pl =

0 P; =

C1 P2 =

C, Py =

Rl P2 =

R2 P2 =

Conepxanue oTyeTa:

- HOMep, Ha3BaHME, 11eJIb PaOOTHI;

- DIIEKTPUYECKAs CXEMa;

- Ta0uIa.

Bompocs! k 3a4ery:

1. Jlate ompeneneHrWe aKTHBHOW, PEAaKTMBHOW M TMOJHOW MOIIHOCTAM. Kakumm OykBamu HMX
0003HAYAIOT, B KAKUX €IUHUIIAX OHH U3MEPSIOTCA.

2. Jlatp onpenenenue ko3 GUIMeHTa MOIITHOCTH, KaK €ro 0003Ha4aroT.

3. TlpuBecTu mpuMepsl aKTUBHBIX, aKTUBHO-UHYKTHBHBIX, YUCTO PEAKTHUBHBIX MOTPEOUTEIICH.
4. Onpenenutb BETUYUHY KO3(PPHUIMEHTa MOIIHOCTH, €CJIA B CETh BKIIIOYCHBDI:

- TOJIBKO JIaMIThl HAKaJIMBaHUS;

- TOJIbKO KOHJICHCATOPBI;

- aCHHXPOHHBIN AJIEKTPOJIBUTATEIb HA XOJIOCTOM X0y (IPUOIH3UTENBHO);

- ACMHXPOHHBIN JIEKTPOJABUTATENb C HOMUHAIBHOW HArpy3KoH (IpUOIU3UTEIHHO).

5. HauepTuTb TpeyroJbHUK MOIIHOCTEN (HAarpy3Ka - aCHHXPOHHBIA JTBUTATEIND ).

6. Hcnone3yss UTOTM NPOBEIACHHBIX HM3MEPEHUH yKa3aTh, KaK M3MEHSIOTCS aKTHUBHasi,
peaKTHBHAsA, TIOJIHAS MOLUIHOCTD, MOTPEOIIEMBIN TOK, KOO PHUIIMEHT MOIIIHOCTH:

- [P YBEJIMYEHUHU HArpy3KU Ha Bally JIBUraTels;

- TP TNOJKIIOYCHUH KOMIIEHCUPYIOIINX KOHJECHCATOPOB;

- P NOJKJIIOYEHUH PEOCTaTOB.

7. Onpenenuth CUCTEMY HW3MEPUTENIBHBIX MEXaHU3MOB TPUOOPOB, HCIOIB3YyEMbIX B
nabopaTopHoOi pabore.
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MoHnraxknas

KommexT onenounsix 3ananuii No7 mo Pazneny 5. DnexkrpousMepurenbHbie MpruOOpsl U

W3MEPEHUs] DJICKTPUYECKUX BeIWYuH, Tema 5.2, U3MmepeHue »dIEKTPUUYECKUX BEJIMYUH
(AynuTopHas caMmocTosiTeNbHas paboTa).
Hazsanwue: [ToBepka 31eKTpON3MEPUTEIBHBIX MPUOOPOB.
3ajaHue: U3y4UTh METOJIUKY:
- pacuera MHOTOIIPEAEIbHBIX TPUOOPOB;
- OIIPEJIEIEHNE NOTPEIIHOCTEN U KJIacCa TOUHOCTH.
CpenctBa 00yueHUs:
1. JlaGopaTopHbIii CTEH].
2. OO0pa3noBsIil BosbTammepmerp M2044.
3. Marasun conporuBienuii P4831.
ITopsimoK BBIMOJIHEHUS:
bpurana 1 2 3 4 5 6 7 8
Bapuant 1 2 3 4 5 6 7 8
p1 Iy TA 5 10 15 20 25 40 30 50
Uy B 30 25 20 15 S) 30 10 15
P2 Iy TA 300 250 200 150 50 100 250 250
Uy B 1 2 5) 10 2 5) 10 4

1. Onpenenuthb
otknonenus Uyy:

uis mpubopa pi TOK IOJHOTO OTKIOHEHHA I WM HampshkeHHe MOJIHOTO

a) cobpatb cxemy |
npenen usMepeHus obpasiosoro npudopa pAg — 1,5 TA
0) U3MEPUTH TOK TOJIHOTO OTKJIOHECHHMS Iy
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1) y uctounuka 1 ycTaHOBUTH TOK, PaBHBIN HYJIO (JJIs1 TOTO PyYKY MOTEHIIMOMETPA MOBEPHYTh
B KpaliHee MOJI0KEHHUE IPOTUB YacoBOH cTpenky). [lepexntodarens yCTaHOBUTh Ha UCTOYHUK 1.
2) BrtounTh TyMOIIEp 220B

3) BKIIOUUTH TYyMOJIEp «3auTar»

4) BKITIOUUTDH TyMOIIep «VICTOUHUK MUTaHUS

5) nOTeHIMOMETPOM | YCTaHOBUTH TOK MOJTHOTO OTKJIOHEHUS Iy = ............ (TA)

6) moreHuuoMeTp 1 BepHYTh B HCXOJHOE IIOJIOKEHUE, OTKIIIOUUTh HCTOYHUK IUTaHUS,
pazobpaTh cxemy

B) coOpaTh cxemy 2

npeen usmepenus obpasionoro mnpudopa pVo — 1,5 TA — 0,75B

T') U3MEPUTH HaNpsHKEeHUE MOoMHOro otkioHeHus Ury:

1) noreHunomerp | yCTaHOBUTH B HYJIEBOE IOJOXKEHHUE ([UIs1 3TOrO PYyYKy HNOTEHLIHMOMETpA
MOBEPHYTH B KpaitHee MOJI0KEHUE TIPOTHUB YACOBOUW CTPEIIKH).

2) BKIIIOUUTH TYyMOJIEp «3aiurar»

3) BKIFOUUTH TyMOJEep «VICTOUHMK MTUTAHUS

4) nOTEHIMOMETPOM | yCTaHOBUTH HANPSYKEHUE MOITHOTO OTKJIOHEHUS U= ...... (B)

5) moTeHHHOMETp 1 BEepHYTb B HUCXOAHOE IMOJIOXKEHHUE, OTKJIIOYUTh HCTOYHUK MHTAHUS,
pazobpaTh cxemy

1) pacCYMTaTh CONMPOTHUBIEHUE mpubopa: R; = lIJ—' (Owm)
|

2. Ompenenuts g npubopa pp TOK TOJIHOTO OTKIOHEHHUS Iy, HampshkeHHe MOJHOTO
otkionenus Uy u conporuBierue npubdopa Ry. s 3Toro moBTOpUTH NEHCTBUS MyHKTa
1

- B cxeMe | MCrosib30BaTh UCTOYHHUK 2, TIPEACI U3MEPEHUs 00pa3IioBoro npudopa pAg—75T

- B CXeMe 2 HCIOIb30BaTh HCTOYHHK 2, TIPEIEN U3MepeHus o0pasioBoro npudopa pVo — 0,150B

3. Pacyer myHra:

a) paccuMTaTh COMPOTUBIICHUE IIIYHTA JJIs TpHOopa p1:

R

R, = T rae N =" - xosddurment mynTHpPOBAHHUS,
n-1 H

|y — HOBBII MpeeN U3MEpPEHUs TOKa, BEIOMpAeTCs U3 TaOJIUIIBI BAPHAHTOB.
0) HaOpaTh paccUMTaHHOE CONPOTUBJICHUE IIYHTAa Ha OOPa3IOBOM Mara3vHe CONpPOTHBIICHHIA,
cobpaTh cxemy 3, MOJKIIOYUTh K UCTOUYHUKY 3 WK 4, B 3aBUCUMOCTH OT Iy (KiIeMMBbI Mara3uHa
1 u 9). l[Ipenen nzmepenus o6pasoBoro npudopa pAo — ommkaimmit 6oemmii ot Iy.
B) OMPEIETUTh MOTPEITHOCTH U KJIACC TOYHOCTH TIprbopa:
1) u3MeHssT BeNMYMHY TOKa OT Hyns A0 ly, CHATH mokaszanus mpubopa Iy um oOpasuoBoro
npubopa lp, 3anmucars B Tabnuiy 1 (CHATH 5 — 6 TOUEK)
2) mOACYUTATh BEJIMYMHBI IOTPELTHOCTEH 1Mo hopMynam

- abcomroTHas norpemHocTs A =1, -1,

1w =1
- OTHOCHUTEJIBbHAS MMOTPEIIHOCTh O = B -100
0

-1y

- mpuBeaeHHas morpemHocth ¥ = —— - 100, rae Iyopm — HOpMHEpYIOIIIEE 3HAYCHHE
113]]
3) onpenenuTh KJiacC TOYHOCTU
4) pe3yabTaThl OIbITa M PaCYETOB 3aHECTH B TaOIUITYy 1a.
Tabmuma la

lo In A 5 y Kitacc TouHoctu

[TA] [TA] [TA] % % [TpuGop p1
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') paccuuTaTh IIYHT U OMPEAENUTh MOTPEIIHOCTH, KJIacC TOYHOCTH sl Mpudopa p2, MOBTOPUB
NeicTBUS B MyHKTE 3a), 0), B). Pe3ynbTarhl onbiTa M BEIUMCIICHHI 3aHECTH B TabmuIry 10.

Tabnuma 10
lo In A 5 y Kuacc TounocTH
[TA] [TA] [TA] % % [TpubGop p2
4. Pacuet 100aBOYHOTO COMPOTUBIICHUSI.
a) paccuuTaTh J00aBOYHOE COMPOTHBIICHUE IS TPUOOpa P1:
U
R, =R, (m — 1), rae m = — - ko3(OHUINEHT pacIIUpeHHs Ipeaeaa H3MEPEHNS,

17

Uy — HOBBIN Npeiest U3MEPEHHS TOKA, BRIOUpPAETCS U3 TaOIUIbl BAPUAHTOB
0) HaOpaThb paccUMTaHHOE JOMOJHHUTEIBHOE CONpPOTHBIEHHE Ha OOpa3LOBOM MarasuHe
COTIPOTUBIICHUH, cOOpaTh cxemy 4, MOAKIIOYUTh K UCTOYHHKY 3 WM 4, B 3aBHCHUMOCTH OT Iy
(xnmemmbl marazuHa 1 u 9). Ilpenen m3mepenust obpasuoBoro npubopa pUp — Ommkaimmid
oot ot Ug.
B) ONPEACTUTH MOTPELTHOCTH U KJIacC TOYHOCTH pudopa:
1) u3MmeHsst BenMYMHY HanpsbDkeHuss oT Hyas a0 Uy, cHATh mokaszanus mpubopa Uy u
obpasiroBoro npubdopa Uy, 3anucarh B Tabnuiy 2 (CHITh 5 — 6 TOYEK)
2) MOACYNTATH BEIIMIMHBI TOTPEITHOCTEH 110 (hopMyIam

- abcomroTHas norpemHocts A =U, —U,

_Ma =Y
- OTHOCHTEJIbHAS TOrperHocTh 0 = ——— - 100
0
— |U H 0|
- mpuBeneHHass mnorpemHocth ¥ =———-100, rae Upopm — HOpMEpYIOIICE
1]5]]
3HAaYCHHE
3) onpenenuTh KJiacC TOYHOCTU
4) pe3yabTaThl OIbITa M PACYETOB 3aHECTH B TaOIUILY 2a.
Tabnuia 2a
Uo Un A 5 y Kitacc Tounoctu
[B] [B] [B] % % TpuGop p:

r') paccuuTaTh N100ABOYHOE COMPOTHUBIICHHE ISl IprOOpa P2, A 3TOTO IMOBTOPUTH JCUCTBUS
MIYHKTOB 4a), 0), B). Pe3ynbTarhl onpiTa U BEIYMCICHUN 3aHECTH B Tabuiry 20.
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Tao0numa 20
Uo Un A 5 y Kitacc Tounoctu
[B] [B] [B] % % Ipu6op p>

Coneprxanue oTyeTa:

Howmep, Ha3BaHue, 11e1b pabOTHI.

DNIEKTPUUECKHE CXEMBI.

Tabausl.

Pacuersl.

I'paduky wW3MEHEHUs TPUBEICHHBIX IMOTPEIIHOCTEH B 3aBUCHMOCTH OT
M3MEHEHHUS U3MEPSEMBIX BEIMYUH (110 JaHHBIM Ta0muil la, 16, 2a, 20).

Bomnpock! k 3auery:

agrwnE

1. Knacc Tounoctu npubopa 1.0. Uemy paBHa npuBeeHHast IOTPEeIHOCTH prdopa

2. [lIkxana ammepmerpa 0 — 50A. IlpubGopom m3mepensl Toku: 3A, 30A. Kakoe u3
MU3MEPEHHBIX 3HAUYEHUsI TOUHEE?

3. C noMompio Kakux NpUOOPOB MPOBOJIUTCS pacIIMpPEHHE MPEIesioB M3MEpPEHUs Ha
MOCTOSTHHOM TOKe. Kak OHM MOAKITIOYaloTCs B 1IEMb, KaK BEIOMpAIOTCs?

4. C noMompio Kakux NpUOOPOB MPOBOJIUTCS pacIIMpEeHHE MPEIesioB W3MEpPEHUs Ha

nepeMeHHOM Toke. Kak OHM MojKIIoYaoTes B 1IeTb, KaKk BEIOUpatoTcs?

pA, pA, puU,
Iff\ ,f/ﬁh\‘ - \"ﬁ \\ -
] _ A
pU,
-« > —
+ 1(2) & - ‘\7_ /:‘
-+
+0 1( 2)
CXEMA 1 CXEMA 2
PA;
ra pU, R‘.-'l.
“— Ry PA —
- pU,
I‘\_, 4 ’/“‘\\
-,
< >
3(4 + o b =
v @ o 34) °
CXEMA 3 CXEMA 4

Kommuiext oneHounbix 3amanuii Ne§ mo Pazgeny 5. DnekrpousMepuTenbHble TpUOOpH U
M3MEPEHUsI DJICKTPUYECKUX BeIW4uH, Tema 5.2. H3mepeHue »dIEKTPUUECKUX BEJIMYUH
(AynuTopHas caMmocTosiTeNbHas paboTa).

Haspanue: 3MepeHre conpoOTUBICHUN.



67

3ajaHue: U3y4eHHe KOCBEHHBIX METOJ0B U3MEPEHUS COTPOTUBIICHUM.
[Topsiiok BBINIOJIHEHUSA:
1. U3mepeHune conpoTUBICHHUS PEOXOPAHBIM MOCTOM:

1. CoOpatb cxemy | (CHHUM IIBETOM H300pakeHa KaTMOpOBaHHAS ITPOBOJIOKA PEOXOP/a).
2. IlepexmtouaTens HAMPSDKEHHS Ha BXOJIE CXeMbI B mostoxkeHuu «0,5 [B]».
3. Ilpenen uzmepenus amnepmerpa: pA —50 [pA].
4. Dranonnoe conpotunienue Ry = 100 [Owm].
5. [Ilepemermasi CKOJNB3SIIIUII KOHTAaKT MO PEOXOPAY, YPAaBHOBECHTH MOCT (T.€. TOOUTHCS
HYJIEBBIX MMOKa3aHui npudopa). [To nmunHeiike onpenaenuts — |3 [Mm].
6. Bsruucauts: |, =500-1, [mm]; R, = ROII—2 [OMm].
1
7. PesynbTaThl 3aHECTH B TAO/MIy 1.
2. 3MepeHune conpoTUBICHUS METOAOM OHOTO aMIiepMeTpa (METOIOM 3aMEIICHNs ):
1. CoOpatb cxemy 2.
2. Ilepexmtouarenb HAMPSKEHUS HA BXOJIE CXEMBI B IOJIOKEHUH «5 [B]».
3. Ilpenen uzmepenus amnepmetpa: pA — 50 [TA].
4. Drtanonnoe conpotusieHue Ro =100 [Owm].
5. W3meputs Tok B niepBoMm (I1) u Bo Bropom (1) monoxkenun nepexitovarens S.
I
6. Beruumcauts: R, = R,—+ [Om].
2
7. Pesynbrarbl 3aHecTH B Tabnuy 1.
3. 3mMepeHue conpoTUBICHUS METOOM OJTHOTO BOJIBTMETpPA:
1. Cobpatb cxemy 3.
2. TlepexmtouaTens HAMPSDKEHHS HA BXOJIE CXEMBI B MOJI0KeHUU «15 [B]».
3. Ipenen uzmepenus BoabT™erpa: pV — 15 [B].
4. WM3meputsb Hanpspkenue B nepBoM (Ui) u Bo Bropom (Uy) MosioskeHUH TepeKIrodaTens
S.
U 1
5. Bbmuumcmute: Ry =R, 0. —-1| [Om], rae Ry — BHyTpeHHee COIpPOTUBIEHUE
2
BOJIbTMETpA (YKa3aHO Ha IIKaJIe Ipuoopa).
6. Pesynbrarsl 3aHecTH B Tabnuy 1.
Tabmmia 1
PeoxopaHbIil MOCT Merop 3aMenieHus Meroz 0JHOTO BOJIbTMETPA
Ro 4 P Rx Ro I P Rx Ry U U, Rx
[Om] | [mm] | [mm] |[Om] |[OMm] |[A] |[A] [[Om] |[OMm] |[B] |[B] |[Om]

4. 3mepeHue CONpOTUBIIEHUSI METOJJOM aMIIEPMETPa U BOJIbTMETpA!

1. CoOpatb cxemy 4.1.
2. Ilepexmtouarenp HAMPsHKEHUS HA BXOJIE CXEMBI B MOJIOKeHUH «15 [B]».
3. IIpenen uzmepenus npudopos: pA — 100 [TA]: pV - 15 [B].
4. CHATb OKa3aHUs TPUOOPOB M BBIUUCITUT:
. U
Ry = T 0e3 yueTa BHYTPEHHUX COMPOTHUBJICHUI TPUOOPOB;
U N
Ry = T R, - ¢ y4eroM BHYTPEHHHX CONpPOTHUBIEHHH NPHOOPOB, Tae Ra —
BHYTpPEHHEE CONPOTHUBIICHHE amIiepMeTpa (yKa3zaHo Ha HIKajle Ipudopa)

5. Pesynbrarel 3aHecTd B TaOIHILY 2.
6. Cobpartb cxemy 4.2.
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[Tepexmtouarenb HAaMPSKEHUS HA BXOJE CXEMBI B MTOJIOKEHUU «S5 [B]».

8. [Ilpenen uzmepenus npudopos: pA — 100 [TA]: pV - 15 [B].

9.

Rx

CHsATB MOKa3aHUs TPUOOPOB U BEIYUCIUTH:

T 0e3 yuera BHYTPEHHHX CONPOTHBICHUH MPUOOPOB;
_ YR
IR, -U
BHYTPEHHEE CONMPOTUBIIEHNE BOIBTMETPA (YKa3aHO Ha IIKaJie Tpruoopa)

X - C YYeToM BHYTPEHHHX CONpPOTUBJICHUN mnpubopoB, rme Ry -

10. PesynbTarhl 3aHECTH B TaOIHILy 2.

Tabnuma 2
Cxema 1 Cxema 2
U | Ra Rx Rx U | Rv Rx Rx
[B] [TA] [Om] | [Om] |[[Om] |[B] [TA] [Om] | [Om] | [OmM]

ConeprkaHue oTyera:
- HOMeEp, Ha3BaHUeE, LI PaOOTHI;

ANEKTPUUYCCKUE CXEMBI,
TaOJIUIIBL,
pacueThl.

Bompocs! k 3a4ery:

1.

2.

ok~

[TepeuncnuTh METOABI M3MEPEHHS CONMPOTUBIeHUN. Kakoii M3 HHUX sBIseTCS Haubosee
TOYHBIM

[Ipu u3mMepeHnn peoXOPIHBIM MOCTOM TIEPBOTO CONMPOTHUBIICHUS MOaydeHo: 11 = 490 mwm,
npu u3MepeHuu Broporo: l; = 240mm. B kxakoMm ciydae CONpOTHBICHHE H3MEPEHO
TOYHEE, 0OOCHYHTE OTBET

Kakoe cooTHOLIEHHE IOKHO BBIOJHATHCA MEXKIY M3MEPSIEMBIM CONPOTUBIECHUEM U
BHYTPEHHUMH COINPOTHUBIICHUSMHU MPHUOOPOB, YTOOBI pe3yabTaThl pacueToB Mo Gopmyse

U

Ry :T UMeNM HE3HAUWTENbHYI0 IOTPEHIHOCTh B cxemMe 1 u B cxeme 2 (MeTof

amIiepMeTpa 1 BOJIbTMETPA)

Haiite onpeneneHre abCONMOTHOM U OTHOCUTENFHON MOTPEIIHOCTH U3MEPEHHIH
Bbruncnute  aOCOMIOTHYIO M OTHOCUTENBHYIO IOTIPEIIHOCTh IPU  ONpPEIeICHUH
CONPOTHUBIIEHUS METOAOM 3aMelleHUs (MCTUHHBIM 3HAYEHHEM CUUTaThb 3HAUEHUE
COIIPOTHUBIIEHUS, TOJYYEHHOE METOJJOM PEOXOPIHOIO MOCTA) .

I
Beiectu popmyny: R, =R, I—l (MeTon 3amelleHus).
2

U
BeiBectn popmyny: R, =R, U—l —1| (MeTox 0THOTO BOJIBTMETPA).
2
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CXEMA 4.2

KommiekT onieHounbIX 3aganuii Ne9 o Pazpeny 5. DnekTponsmepHuTenbHbIe TPUOOPHI U
U3MEpPEHUs DJEKTpUUecKux BennuuH, Tema 5.3. l3MepeHHe HEIEKTPUUYECKUX BEIUYUH
(AynutopHasi camMoCTOsTENIbHAs padoTa).

Haspanwme: MccnenoBanue peocTaTHBIX MpeoOpa3oBaTeiei.

3amaHne: 03HAKOMUTHCS C yCTPOMCTBOM M paboroit pene temrepatypbl P/IK, KPM u

TW; pa3Butre yMeHUsI IPUMEHATh TEOPETUUECKUE 3HAHUS B IPAKTUUECKUX CUTYaLIMSIX;

[Tpubops! u 060pynOBaHHE:
CTEH/] 110 HACTPOIKe TaTYMKOB U peJie JaBICHUS;

0a4yoK ¢ HarpeBaTeNIsIMU U CUCTEMOH OXJIAXKICHHUS.
[Topsinok BeIoIHEHMS paOOTHI:
1. Osnakomutbcs ¢ pacnonoxenueM pene temneparypsl PJIK, KPM u TW Ha crenpe.
2. TloarotoBuTth K paboTe Oa4OK ¢ HarpeBaTEISIMU U CUCTEMOM OXJIaXKICHHUSI.

3. Usyuuts

4. Bpryeptuth Tabmumb 1u 2 .

dbopMupOBaHNE OTBETCTBEHHOCTH, CAMOCTOSITEIbHOCTH, YMEHHs paboTaTh B TPYIIIIE.

OCHOBHBIE TpeOOBaHMS K TEXHUKE OE30MaCHOCTH TMpPHU TEXHUYECKOH
9KCIUTyaTalliy CUCTEM HarpeBaHUsl.

Taonuma 1
Temmneparypa B 6ayione
Tun > >
N Jlo HacTpoiiku (ITyHKT 2) [Tocne nactpoiiku (MyHKT 3)
[ToBbimenne | [lonmxkenue | dudde | [loBemmenune | [lonmxenue | dudde
TEMIIEPATYPHI | TEMIEPATYPhI | pEHIIUAN | TEMIIEPATYypPhl | TEMIEPATYPHI | peHIIUAT
t1' C t2°C tl1-12 t1' C t2°C tl1-12

KPM
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KP/I-4
TW
Tabmuma 2
Temmeparypa t'C
Tun [Tapamerpsl
AaTauKa 20 30 40 50 60 70 80 90

Tepmopesucrop | R[Om]

Tepmonapa E[mB]

5. OmpezeneHne HACTPOEK pesie TEMIEPATYPHhI.

Brrounts TymOnep B éMkoctu ¢ natunkamu B nonoxenne «HAT'PEB» u ompenenuts
YCTAHOBKH peJie Ha MmoBbinieHue Temmeparypsl t1°C mo TepMoOMeTpy U CBETOBOW CHTHATH3AIINH.
3anectn mokazaHus B TaOnuuy 1. OJHOBpEMEHHO 3amlOJHATH TaOJaHIy 2 MO TOKa3aHUSIM:
TEpPMOMETpa, MILIUBOJIbTMETpa U omMmeTpa. (He mpeBbimate TemmepaTypy B €MKOCTH Ooliee
90°C!) Otxkmounts «HATPEBY. ITocTaButh
TymMOsep B éMkoctu ¢ aataukamu B mosioxeHue «OXJIAXKIIEHUE». Jlopectn TemmnepaTypy A0
yKa3aHHO# mpenogaBateraeM. ONpeaenuTh HACTPOUKH pelie Ha MOHIKEeHHe Temmeparypst t2°C.
3anecTr u3Mepenus B Tabnuity 1. Beraucnuts nuddepeniman t1'C —t2°C.

6. Ilo Tabnune 2 noctpouts rpaduku 3aBucumoctern  E=f(t): R=f(t).
7. Hactpoiika pese TeMneparypbl Ha MapaMeTpbl, YKa3aHHbIE MPENo/1aBaTeIeM.
BrImonHuTE Bee neiicTBUS MyHKTA 2, HO ¢ APYTrUMH L paMu. 3aHeCTH OKa3aHus B Tabuuiy 1.
8. U3yunth ocHOBHBIE TpeOOBaHUSI K TEXHUKE 0€30MacCHOCTH MPH TEXHUYECKOW SKCILTyaTalluu
CUCTEM HarpeBaHMUs
9. CocrtaBuTh OTUET IO padoTe:
- Ha3BaHME PabOTHI
- 1e7b paboThI
- Tabmune! 1 u 2
- rpaduku 3aBucumocteit E=f(t): R=f(t)
- T1peboBanus Perucrpa PO k cuctemam Harpesa u pene
- BBIBOJIBI.
KoHTpos1bHBIE BOIPOCHI:
1. VYcrpoiicTtBo u mpunnmn aeicteus pene temneparypsl PJIK, KPM u TW.
2. YcTpoHCTBO M TNPUHIMI  JOSHCTBUS  JAaTYMKOB TEMIEpaTypbl TepMOIapbl |
TEPMOPE3UCTOPA.
3. B uém 3akmouaercs pa3nuyne B HacTpoiikax pene remnepatypsl PIK, KPM u TW.
4.  Kaxk noctpouts rpaduku 3asucumocteii  E=f(t): R=f(t).
5. IlpaBmna pabotsl ¢ pene temmneparypsl PJIK, KPM u TW u natuukamu Temmeparypsl
TepMOIlapaMH U TEPMOPE3UCTOPAMH.

Kommnekr onenounsix 3amanuii Nel0 mo  Pazgeny 6. DnekTpuyeckue MallvHBl,
Tema 6.1. DnekTpudeckue MaIIMHBI IIOCTOSHHOTO TOKa (AyIuUTOpHAas  CaMOCTOSITENbHAs

pabora).
Haspanwme: MccnenoBanue 31MeKTPOIBUTATENS TTOCTOSTHHOTO TOKA.
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3aaHue: MOCTPOCHUE XapaKTEPUCTUK JBUTATENsl MMOCTOSHHOTO TOKA C MapalieIbHBIM

BO30Y)XJICHUEM.
ITopsimok BBIMOJIHEHUS:

1. O3HaKOMHTBCS CO CXEMOH. YCTaHOBUTBH: TyMOJIEp «HArpy3Ka» B IOJIOKCHHE «BBIKI,

peocTaT «Harpy3ka» B TOJIOKEHUE «miny.
2. PerymupoBodHasi XapaKTepUCTUKA JBUTATEIIS.
1) 3BamyctuTh [OBUTATENb, CHATH ITOKA3aHHWs TaxoMeTpa M ammepMmerpa pA; (TOK
BO30Y)KJICHHSI) ¥ 3aHECTH B MEPBYIO Tpady Tadmuusr 1.
2) UWsmeHnss compoTHBIeHHE peoctata Rp B mernu oOMoTku Bo30yxacHue ot 0 g0 200

[OM] cHEMATh TTOKa3aHusl TPHOOPOB U 3aHOCUTH B TAOIUITY 1.
Tabmauma 1

Is [A]
11 [00/MUH]
3. Paboune xapaKkTepUCTHKH JBUTATEIIS.

1) VYcranosuts Rg = 0.
2) CHaTh OKa3aHKs IPUOOPOB ISt XOJIOCTOTO XO/a JABUTATENS  3aHECTH B TaOuMILy 2.
3) BrmounTh TyMONep «HArpy3ka» W, peryjaupys Harpy3Ky Ha Bally JIBUratens Tak,
yToObl TIOKa3aHMA JUHaMoMmeTpa yBenumuuBaiuchk Ha 0,5 +0,7 [kr] B Kaxaom
HOCJIEIYIOLEM ONbITE, CHUIMATh IIOKAa3aHUs IPUOOPOB U 3aHOCUTH B TAOIHUILY 2.
4) TlocnenHuii OMBIT BBINOJIHUTH, KOTJIA YCWIHE, CO3JaBAaEMOE€ 3JIEKTPOMArHHTHBIM
TOPMO30M JIOCTUTHET MPUOIU3UTETHHO 4 [KT].

Tab6muna 2

N3mepeno Brrancieno
F 1} U lq Ig I Py M P; n
[xr] [06/muH] | [B] [A] [A] [A] [Br] [Hm] | [B1] [%]

4. BbIlUKCINUTD:
1) rox, norpebusemsrii aurarenem: | =1, + 15 [A]

2) mnotpebiasemas momHocth: P, =Ul [BT]
3) wmomenrt Ha Bany gsuratens: M = F gl [H-m], rae
- F - ycunue, cozgaBaemMoe 31€KTpOMarHUTHBIM TOPMO30M;
- g=98 [M/CZ] - YCKOpEHHEe CBOOOTHOTO TaICHNS;
- 1=0,036 [M] - mieyo cumibl (paccCTOSHUE OT LEHTpPa Baja JO TOYKH KPEIUICHUS

HUTH).

Mn
4) MOIIHOCTb Ha Baly dJeKTpoasurarens: P, = 955 [H-Mm]

N P.
5) k03¢ (UIHEHT NOJE3HOro ACUCTBHS ABUTATEIS: 7] = FZ -100 [%]
1

5. MexaHu4ecKHe U JIEKTPOMEXaHUUECKUE XapaKTEePUCTUKH.

1) Mexanuueckue [N = f (M)] u snekrpomexanudeckue [ = f(I4)] xapakTepucTUKH ABUTATEIS
MOCTOSIHHOTO TOKA C MapaJuIeIbHBIM BO30YKICHHEM MPEICTABIAIOT COOO0M MPSAMBIC, TOITOMY JIJIS
UX TIOCTPOCHHS JOCTATOYHO UMETh JIBE TOUKHU.
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2) VYCTaHOBHUTH 3HAYCHHS COMPOTHBICHUI B MM SKOPS W B IEMH BO30YXICHHS COTJIACHO
JTAHHBIM TaOIUIIEI 3.

3) Cusarp mokasanust nmpubopoB Ha xojoctoM xoay (F = 0; M = 0), ¥ npd HOMHHAJIBHOM
narpyske (F =3 [kr]; M =1 [H-M]), 3anectu ux B Tadnuiy 3.

Tabmuna 3
R q R B M 11 | q

[OmMm] [OMm] [H-m] [06/MuH] [A]
1 0 0 0
1
2 10 0 0
1
3 20 0 0
1
4 0 200 0
1

6. Ilo manHbIM TabaMUbl 1 MOCTPOUTH PETYIUPOBOYHYIO XAPAKTEPUCTHUKY JIBUTATEIS
n=f (I B) (TpuMepHBIN BUJT XapaKTEPUCTUKH TTOKa3aH Ha puc. 1);.

7. Tlo manHbIM TaOmUIBI 2 MOCTPOUTH paboume xapakrtepuctuku n = f (Py), 1= f(Pz)

(TpuMepHBIN BUJT XapaKTEPUCTUKHU TTOKa3aH puc.2).
8. Ilo manHBIM TabIUIBI 3 TOCTPOUTH Mexanuueckue n = f (M) u aeKTpoMexaHndecKue
n = f (I4) XxapakTepucTuky (MIPUMEPHBINA BH]T XapaKTEPUCTUKHU TTOKa3aH puc.3).
Conepxanue oTyeTa:
- HOMep, Ha3BaHHE, 11eJIb PaOOTHI;
- CXEeMa;
- TaOIUIIBL;
- pacyeTHbIe (HOPMYIIBI;
-XapaKTePUCTUKHU.
Bompocs! k 3a4ery:
1. YcrpoiicTBo, IpUHLMIT IEUCTBUS ABUTATENs MOCTOSHHOTO TOKA, MAapKHUpPOBKA BBIBOJOB
0OMOTOK.
2. IlepeuncanTb ciocoObl PEryIUpPOBaHMs YaCTOThI BPALLEHUS JBUTATENS C MapalieIbHbIM
BO30YKJICHHEM.
3. Kaxk mpousBoauTcs peBepc IBUraTens
4. Jlaiite onpeneneHue peryIupoBOYHOM, pabounx, MEXaHUYECKOH, SJIEKTPOMEXaHUYECKON
XapakTepucTuK. Kakoil BUJI UMEIOT 3TU XapaKTEPUCTUKHU
5. Uto mpowmsoiiner npu oOpbiBe B LeMU BO30YXKIEHHUsS, €CIHM ABUTATelIh paboTaeT Ha
xosoctoM xoAy? UTo mpou30MIET, €CIIU ATO CIIYYUTCS Y HArpy>KEHHOT'O JIBUTATENs?
6. O6nacTb MpUMEHEHHSI JBUTaTelNeil TOCTOSHHOTO TOKA, UX JIOCTOMHCTBA M HEIOCTATKH.
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XAPAKTEPUCTUKH

lli

Perynuposounas Mexannueckas DleKTpoMexaHHIecKas

KommiekT omenounsix 3amanuit Nell mo Pazgemy 7. OcHoBwl smektponuku, Tema 7.1.
[MonmynpoBonHuKH (AyIUTOpHAsT CaMOCTOsTENbHAs paboTa).

HasBanue: VccienoBanue paboThl TpaH3UCTOPA B CXEME € OOIIUM SMUTTEPOM.

3aaHue: 03HAKOMHUTBCSI C YCTPOMCTBOM M IPHUHLUIIOM JIEHCTBUS HOJYNPOBOJIHUKOBOIO
TPAaH3UCTOpPA U TOIYYUTh NMPAKTUYECKUE HABBIKM IO HCCIIEAOBAHUIO BXOJIHBIX M BBIXOJHBIX
XapaKTEpUCTHK TPaH3UCTOPA.

Kpartkue Teoperndeckue U cripaBOYHO-UH(OOPMAIIMOHHBIE MaTepUaJIb:

bunonspHblil TpaH3UCTOP MPEACTABISAET COOOI TPEeXdIEKTPOIHBINA MOIYINPOBOIHUKOBBII
npubop ¢ ABYMS 3JIEKTPOHHO-ABIPOYHBIMHU MEPEXOJIaMH, UMEET TPU BbIBOJAA U NpEeAHa3HAYEH
JUISl yCWJIEHUSI U TEHEPUPOBAHUS JIEKTPUUECKUX CUTHATIOB. DJIEKTPOHHO-ABIPOYHBIE IIEPEXO/IbI B
TpaH3UCTOpe 00pa3yroTcsa TpeMs OOJACTSAMM Pa3IUYHON JIEKTPONPOBOAHOCTU. B 3aBuCcHMMOCTH
OT TOpSAJKa YepepoBaHMsI 00JIaCTe TPaH3UCTOPbI MOTYT OBITH THIOB p-N-p U n-p-n. B o6oux
CIIy4asx TPaH3UCTOP COJAEPKUT JiBa p-n (v N-p)-niepexoaa. Ha puc. 1, a, 6 mokazaHo ycioBHOE
0003HaueHHE TPAH3UCTOPOB TUIIOB P-N-p U n-p-N.
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n-p-n

a) 0)

Puc. 1. YcnoBHble n300pakeHnsl TPAaH3UCTOPOB PA3HBIX THIIOB:

a) — TPaH3UCTOP M-P-TI TUTA: 6) — TPAH3UCTOP P-TI-p TUTIA

Kpaiinuii, cuiapHO JETMPOBAaHHBIN CIIOM ¢ MEHBLIEH MIIOLIAAbI0 HA3bIBAETCA IMUTTEPOM,
a cJIo¥ ¢ OONbBIIeH TUTOMAABI0 - KOuiekTopoM. CpeHuid CJIOH TpaH3UCTOpa Ha3bIBAIOT 0a30i.
BunonspHbIil TpaH3UCTOP MOXKHO MPEICTABUTH B BU/I€ SKBUBAIEHTHON CXeMBI (pHC. 2.)

al, al,
K
S T L TINIC
— ™~ L1
11=f1(Us) ] I>=f> (Uk)
Us | s Uk

Puc. 3.2. DxBUBaJIeCHTHAs cXxeMa OUTIOJSIPHOTO TPAH3UCTOPa

B cxeme ¢ 001M SMUTTEPOM TOK 0a3bl YIIPABISET TOKOM KOJIJIEKTOPA, B CXEME € O0IIHUM
KOJUIEKTOPOM TOK ©0a3bpl ympaBisieT TOKOM »HMmuTTepa. Hawmbonee wyacTo MCHOIB3YIOT
TPAH3UCTOPHI MPU UX BKIIOUEHUU IO CXeMe C OOLIUM SMUTTEPOM. BXOTHBIM HANpsHKEHUEM B
cxeme ¢ oomum smMutTepoM sBisiercst Ups- Ha 6aze 1omkHO OBITh OTpUIIATEILHOE HAMPSHKEHUE
(B cmyuyae TpaH3UCTOpa THHA P-N-p, 4TOOBI MEPBBIA MEPEXO 0KA3aJCs OTKPBITHIM). BBIXOIHBIM
HanpsbkeHueM 31ech sBisercss Ugs. HampshkeHune Ha KOJUIEKTOpE TakKe JOJKHO OBITh
OTPUIATEIILHBIM OTHOCUTENIBHO OSMHUTTEpA, a 4YTOOBI BTOPOH Mepexo] OBLT 3aKPBITHIM,
HaNpsDKEHUE Ha KOJUIEKTOPE 10 MOYJIIO JOJDKHO MPEBHIIATh HANpsbKeHre Ha 0ase.

[MpuHIMI JEHCTBUS TPaH3UCTOPA, BKIIOYCHHOTO IO CXEME C OOIIUM JMHUTTEPOM,
MOKa3aH Ha puc. 3.

Puc.3. Tpansucrop tuma n-p-n: a) - CTpykTypa; 0) -ycioBHOE 0003HaUEHUE

CrpykTypa TpaH3ucTopa THmIa N-p-m, BKIOYeHHOro o cxeme OO (puc.3, a). YcinoBHoe
0003HaYECHHE TAKOTO TPAH3UCTOPA MPUBEICHO Ha pHC. 3. 0. J{7s1 yno06cTBa OTCUYeTa MOTCHIIMAIOB
AMHUTTEP TPAH3UCTOPA 3a3eMJIUM. BXOTHBIM 3JIEKTPOAOM TpaH3HCTOpa sBiIseTcs 0aza p-TUIa,
BBIXOJIHBIM - KOJUIEKTOp N-TWMA. B COOTBETCTBHHM C HW3IIOKEHHBIM paHee MEXIy 0a3oi u
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SMUTTEPOM MOJAeTCsl HEOOBIIOE MOJIOKUTEIbHOE HanpsbkeHue Ugs, a MEXIy KOJUIEKTOPOM U
sMUTTEpOM HampsikeHne Uk Takke MOIoKUTENbHOE U Oombiee, ueM Ugs (HeCKOIbKO BOJBT).
Toraa Ha mepexoaax TpPaH3UCTOpa MOJIYYAIOTCS HANPSDKEHUs, COOTBETCTBYIOIIKE €ro paboTe B
YCUIIUTEIHHOM PEXUME.

[Ipy mnomaue yKa3aHHBIX HANpPsSHKEHU B CTPYKTYpe TPaH3UCTOpa MPOUCXOMAST
cienytomue sBieHus. [10CKONbKYy Ha AMHUTTEPHBIA P-N-TIEpEeXo MOAAHO MPSAMOE HaIMpPsLKEHHE,
BO3HUKAET MHXKEKLHS, T, €. BBEJCHUE D3JIEKTPOHOB U3 sMHUTTEepa B 0a3zy. OmHOBpEeMEHHO
UH)XEKTUPYIOT U IBIPKU U3 0a3bl B SMUTTEP, HO ATUM SIBICHUEM MOXKHO MpeHeOpeub, T, K. 0aza
MMEET MEHBIIYI0 KOHIIEHTPAIUIO MPUMECel MO CPAaBHEHUIO C AIMHUTTEPOM, a, CIEAO0BATEIbHO, U
MEHBIIYI0O KOHI[EHTPAllMI0 HOcUTeNned 3apsma. HeOonbmias dYacTh WHXKEKTUPOBAHHBIX
anekTpoHoB (1-3 %) pexkoMOuHHMpyeT C JblpkamMu 0a3bl. 3a CUET H3TOr0 IO MPOBOLY,
coequHEeHHOMY C 0a3oi, Oyaer mnporekarb HeOombIIoW TOK ©0a3el 16. OcranbHas YacTh
anektpoHoB (a = 0,97-0,99) nponukaer pgajsee B KOJUIGKTOP. OJTOMY CIIOCOOCTBYET
MOJIOKUTEIBHBIA 3aps]] KOJUIEKTOpa, a TakkKe TO, 4yTOo 0a3y HaMEPEHHO BBHITIONHSIOT OYEHb
TOHKOH (TIopsizika 1 MKM).

W3 Takoro paccMOTpeHMs JIETKO IMOHSITh MEXaHH3M ycuwieHus cxembl OD 1Mo TOKy U
HanpspKeHUto. J[efCTBUTENbHO, MYCTh 3a CUET BXOJHOTO MEPEMEHHOIO CUTHalla HaIpsDKeHHe
U u3MeHsiercs. DTO MpHUBENeT K 3HAYUTEIbHBIM KOJICOAHUSIM MHKEKTHPOBAHHOTO AYMHUTTEPOM
Toka. Hanbosiee 3HaunTeNnpHas 4acTb 3TOr0 TOKa OYJET MPOTEKaTh B KOJJIEKTOp, a Ha JOJIO
0a3bl OIATH OyIeT MPUXOJUTHCA TOJIBKO HEOOIbIIAs YaCTh TOKA. DTO 03HAYAET, YTO XOTS BXOA-
HOM TOK 0a3bl HEOOJBIION, OJHAKO OH BBI3BIBAET 3HAUYUTEIbHBIE KOJIEOAHUS TOKAa HAa BBHIXOJE.
Ecnu ke B KOJUIEKTOPHYIO II€TIb BKJIIOYUTH PE3UCTOP C IOCTATOYHO OOJIBIIUM CONMPOTHBIICHUEM,
TO B COOTBETCTBUU € 3akoHOM Owma KkosneGaHUs TOKa BBI3OBYT YBEIMYEHHE aMIUIUTYIbI
KoJIeOAHUsl HANPSDKEHHS, T. €. MPOM30WIET YCHJIEHHUE CHTHAJIA U 10 TOKY, M IO HAaIpPsDKEHHIO.
[TockonbKy MOJNIIPHOCTH HANPSHKEHUH, 0JJaBaeMbIX Ha 0a3y U KOJIJIEKTOp, MOJIOKHUTEIbHAs, 00e
[eN¥ MOXKHO MHUTaTh OT OJHOTO MCTOYHHMKA, Ha 0a3y HampsHpKeHUWEe MOJA0T C MOMOILBIO
JIEJIUTENA, T. K. OHO JOJKHO OBITH HEOOJIBIIINM,.

[TapameTpsl TpaH3UCTOpPAa MOXKHO ONPEICIUTh IO €ro BXOJHBIM H  BBIXOJHBIM
XapaKTepuCTUKaM. Bxo/lHble XapakTEepUCTUKU TPAH3UCTOPA, BKIIOUEHHOTO MO CXEMe C OOIIHUM
IMHUTTEPOM, IPEJCTABISIOT COOO0 3aBHCHMOCTH TOKa 0a3bl OT HaNpsHKEHH Ha 0ase:

|.=f (U 6)npuU ., =const.

Ha puc. 4. npuBeaeHbl BXOAHBIE XapaKTEPUCTUKU TPAH3UCTOpPA MPU €r0 BKIIOYEHUU C
00LIMM SMUTTEPOM.

lc A
Uk

el

I
0 | >
Uson Uss
Puc. 4. BxonHas XxapakTepucTUKa TpaH3UCTOpa
ITpu oTKpbITOM mEpBOM Mepexoje ToK 0a3bl lg (T, €. BXOAHOH TOK) CHJIBHO 3aBHCUT OT

psSIMOTO HanpspkeHus Ha 6aze Ugy W Marmo 3aBHCHT OoT oOpartHoro HanpspkeHus Uy (TIpu ero
OOJIBIIIOM 3HAYCHHH).
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[Ipu yBenumvenuu oOpaTHoro HampspkeHus Ugs BXOJHAsS XapaKTEPUCTHKA HEMHOTO
CMEIIAaeTCss BHU3, UYTO OOBSACHSAETCS YMEHBIICHHEM TOKa 0a3bl W3-3a YBEIWYCHHS TOKa
KOJUIEKTOPA.

Hcnonb3ys BXOAHYIO XapaKTEPUCTUKY TPAH3UCTOPA, MOKHO ONPEAEIUTh €ro BXOJHOE
COTIPOTUBIIEHUE Rpx UIsI ONMpEACIICHHOT0 TMOJOoXKeHUus padouedt Touku A. [[ns storo mpu
IOCTOSIHHOM HamnpspKeHWH Ha Kojuiektope Ugs 3amaroT mpupamieHue Toka 0Oasel Alg u
OTIPENIETISIOT TOJyvaronieecs Mpyd ATOM HM3MEHEHHME HampspbkeHus Ha 0aze AUgs. Bxomnoe
CONPOTHUBIICHUE TPAH3UCTOPA OMPEACIIAIOT KaK OTHOIICHUE

R :AU63
6x AI5

BrixoHble XapakTepUCTUKH TPAH3UCTOPA, BKIIOUYEHHOTO [0 CXEME C OOIIUM SMUTTEPOM,
MPEJICTABIISIIOT COO0M 3aBUCHMOCTH KOJIJIEKTOPHOTO TOKA OT HAMPSDKEHUS HA KOJIJICKTOpE:

[, =H{U,) npu 5 = const.

Ha puc. 5. nmpuBeneHbI BEIXOAHBIC XapaKTEPUCTUKH TPAH3UCTOPA BKIIFOUEHHOTO TI0 CXEMe
C OOITUM AIMHUTTEPOM.

C yBennyenueM Toka 0a3bl 16 XapakTepUCTHKHU cMematoTcst BBEpX. CBsI3b MEXIy TOKOM
KoJutekTopa |, u TokoMm 0assl |g onmpenensercs ko3pHUIMEHTOM TTepeaadyn Toka 0asbl

ﬂ — AI K
AU,
KOTOpBIﬁ JICTKO MOJXHO BBIPa3uTb YCPE3 U3BECTHBIHI KOB(b(l)I/IHI/ICHT nepeaayn TOKa
SMUTTCpPA a:

B = Al /Al;= Al /(AL-AL) =a /1 - a).

Koaddurnment nepenayun Toka 6a3sl f 3aBUCUT OT HanpspKkeHUs Ha Koyuiektope Uy, 1 OT
TOKa 3MUTTEpA 1.

|k

A
l6o+Als
o
\
" >
Uss 0 _AU K9 \MK_ Ul{a

Puc. 5. BeIxogHbIe XapaKTepUCTUKU TPAH3UCTOPA

Ul < 1Ug,l

[Ipu ManbIX HaNpsHKEHUSIX Ha KOJUIEKTOpE TPaH3UCTOP NEPEXOJUT B
pPEXXHUM HACBILIEHUS, NP KOTOPOM HEOCHOBHBIE 3aps]bl MHXKEKTHPYIOTCS B 0a3y HE TOJBKO
AMHUTTEPOM, HO M KOJUICKTOPHBIM Iepexofamu. s coxpaneHust Toka 6a3bl HEM3MEHHBIM (T. K.
XapaKTepPUCTHKH CHUMAIOT TpU lg = CONSt) HyXHO YMEHBUIMTH HaNpsHKEHHE Ha 0ase, 4TO
NPUBOJIUT K PE3KOMY YMEHBIICHHIO TOKOB SMHUTTEPA U KOJUIEKTOpa. B 3TOM MecTe BBIXOAHBIC
XapaKTePUCTUKH WMMEIOT pe3Kui crman, KodhduiueHT mnepemauyn Toka 0a3el 3 pe3ko
yMeHbIIaeTcs, 3Q(HEeKTUBHOCTD YIPABICHHS KOJIEKTOPHBIM TOKOM CHIKACTCH.

[To BBIXOJHBIM XapaKTEPUCTUKAM MOYKHO OINPEAETUTh TaK)Ke BBIXOJHOE CONMPOTUBIICHHE
tpansucropa Rgux. st storo B paboueit Touke A mpu lg =CONnst 3amaroT mnpupaineHue
KoJuteKTopHOro HampsibkeHus AUks U ONpenessioT Molyqaroleecs Mpy 3TOM MpUpalleHrue Toka
kosiekTopa Al. BeixoqHOE CONpOTUBICHHE TPAH3UCTOPA HAXOAAT KaK OTHOIICHHUE:
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CpenctBa 00ydeHus:
1. CripaBOYHHK IO TTOJTYNPOBOIHUKOBBIM TPAH3UCTOPaM
2. UcnpiTaTrenbHblil cTeH «BUNOISAPHBINA TPAaH3UCTOP»
[IpakTHueckue 3a1auu, 3aJaHNs, YIPAKHEHUS:
1. ITocTpouTh BXOJIHBIE XapaKTEPUCTUKU TPAH3UCTOPA.
2. ITocTpoUTh BBIXOHBIE XaPAKTEPUCTUKHU TPAH3UCTOPA
KoHTpos1bHBIE BOIPOCHI:
1. OOBACHUTH MPUHIIUTI JEHCTBUS TPAH3UCTOPA.
2. IIpuBecTy BO3MOXHBIE CXEMBI BKIIOYEHHS TPAH3UCTOPA.
3. Kak onpenenuTe mnapaMmeTpbl TpaH3UCTOpa € MOMOLIBIO BXOJHBIX M BBIXOJHBIX
XapaKTepUCTUK?
[Topsimok BBIMOJIHEHUS:
1. I3y4uuTh cxeMy Ha MCTBITATEIbHOM CTEH/IE

PA2
A

P2

VT

Ui

. o)

2. Usmensis nanpsbxenue 6a3sl Ug ot 0 1o 230 MB, u3mepste no nmpubopy PA1 Tok 6a3bi
Iy m1a AByX (DMKCHPOBAHHBIX 3HaUeHUN KosutekTopHOTO Hampspkenus: Uk = 0; Uk = 3V; Uk =
7V. monyueHHbIE pe3yabTaThl OTPA3UTh B TadIuUIE 1.

3. Usmenss kosutekTopHoe HampstkeHue Uk ot 0 mo 10 V, usmepsTe mo npudopy PV2
KOJIJIGKTOPHBIA TOK 1 17151 ABYX (PMKCHUPOBAHHBIX 3HaYeHUU ToKa 0a3bl: lg =2 MA; : lg = 3 MA;
ls = 4MA. moaydeHHbIE pe3yJbTaThl OTPA3UTh B TAOIUIIE 2.

4. Ha 0CHOBaHUU TOJIyYECHHBIX PE3YJbTAaTOB IOCTPOUTH IPA(UKU BXOJHBIX U BBIXOIHBIX
BOJIbTAMIIEPHBIX XaPaKTEPUCTHK.

[TpaBuna opopmiieHust paboThI:

- Ha3BaHHE J1TaOOpaTOPHOU PabOTHI;

- LI€JIb;

- IepeYeHb U HOMUHAJIbHBIE JJAHHBIE HCIIOJIb3YEMOH anmnaparyphl;

- cxema JIabopaToOpHON yCTaHOBKH;

- BXO/JIHBI€ 1 BBIXOJIHbIE€ XapAKTEPUCTUKH UCCIEI0BAaHHOTO TPAH3HCTOPA;

- DKCIIEPUMEHTAIILHOE ONPECNICHHE XapaKTePUCTUKH UCCIIE0BAHHOTO TPAH3UCTOPA;

- BBIBO/IBI.

PaGora odopmisercs B Terpaau i JabopaTopHbIX  pabor. Peuensupyercs
IpernojiaBaTesieM, 3aliuTa OCyIECTBISETCA OCe MOIyUYeHHs JOMyCKa.

Tab6muna 1
BxoHble XapaKTepUCTHKHU TPaH3HCTOpa

|

Uk=0V Uk=3V Uk=7Vv
0

100

150

200

250
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KommiekT onenounsix 3amanuii Nel2 mo Paspeny 7. OcHOBBI 25ekTpoHukH, Tema 7.2.
Beimpsimurenu, criaxuBaromme (QUIBTPel W CTAOMIU3aTOpPhl HANpsDKEHUs (AyAUTOpHAS
CaMOCTOSITEeIIbHAs padoTa).

HazBanue: MccnenoBanue 01HO- ¥ IBYXIIOJIYIIEPHUOIHOTO BBITPSIMUTEIIS.

3ajmaHune: aHamM3 TPOIECCOB B CXEMaX BBIIPSIMUTEIBHOTO JHUOJHOTO MOCTA.
HccnenoBanue ocumiiorpaMM BXOAHOTO M BBIXOJHOTO HAMPSDKEHUS ISl BBIMPSIMHUTEIBHOTO
MoOCTa.

Kpatkue TeopeTrueckue u CripaBOYHO-MHPOPMAITMOHHBIE MaTEPHAIIBI:

B kadecTBe HCTOYHMKOB TIMTAHUS PA3IUYHBIX OSJEKTPOHHBIX YCTPOMCTB YacTO
UCIIONB3YIOT BhIIpsAMUTENU. B coctaB BeimpsimMutenss (puc. 1) BXOIAT CIAEAYyIOIIME OCHOBHbBIE
37eMeHTHI: TpanchopmaTop: Tp — yCTpOHCTBO Il MpeoOpa3oBaHuUsl HANPSDKEHHS TIEPEMEHHOTO
TOKa MUTAIONIEH ceTH B TpeOyemoe MepeMEeHHOE HAMpPSHKCHHE M Pa3/ICTCHHS DJICKTPUUYSCKUX
nernen, BeHTWIb B — mpubop, o0iamaroniuii 0JTHOCTOPOHHEH MPOBOAMMOCTBIO JIEKTPUUECKOTO
Toka, ¢umeTp @ - ycTpolcTBO, oOecmeuMBaroIIee HEOOXOAMMOE OCIIA0JNICHHUE ITyIbCAIluH
BBITIPSIMJICHHOTO HANPSHKCHHMS.

_I_
Usx~1 Tp B ® [ Ussi

Puc. 1. Bemmpsimurenb

BenTmiie mpeoOpa3syeTr nepeMeHHOE HaNpsHDKEHUE B MyJIbCUPYIOLIEe, YTO 00ecreunBaeTcs
€ro CBOMCTBOM OJHOCTOPOHHEH HpoBOAMMOCTH. IIpym mnpsIMOM HanpsKEHUH BEHTWIb HMEET
COIIPOTHBIJIEHUE, OJM3KOE K HYNI0, a IpU OOpaTHOM HANpPSIKEHUU €ro CONPOTHUBIICHHE
CTaHOBHUTCA OYEeHb OONBIIMM. B KauecTBe BEHTHJICHI MOXKHO HCIIOJNB30BaTh JIAMIIOBBIEC IHOJIBI,
pa3nuuHble ra3zopaspsiHble NPUOOpPHI, Ia30TPOHBI, TUPATPOHBI, UTHUTPOHBI U Jp. OpHaKko B
HacTosIee BpeMsi OOJBIIMHCTBO BBINPSMHUTENCH BBITIOIHIIOT HA MOJYIMPOBOJIHUKOBBIX JMOJAX
IrepMaHUEBBIX M KpeMHHUEBBIX. CHIIOBBIE MOJYNPOBOJHUKOBBIE BEHTHJIM IO CPaBHEHHIO C
JPYTUMH MUMEIOT psit mpeumyniects: 6oiee Bbicokuit KIIJI, mocTosiHHast rOTOBHOCTH K padoTe,
OOJIBIIION CPOK CITY)KOBI, Majlasi Macca U rabapuThl, BRICOKAsI HAIC)KHOCTb.

BonbramnepHast xapakTepUCTHKA MOIYIIPOBOAHUKOBOTO uoa (puc. 2, 6) oTiuyaercs ot
UJCATHbHON XapaKTEPUCTHUKUA BEHTWIS (pUC. 2, a), T. K. MPU OOpPAaTHOM HANPSHDKCHUH JTUOJ
IpoBOIUT TOK. OHAKO Yy XOPOILIUX MOJIYIIPOBOAHUKOBBIX JHOA0B 0OpaTHBIE TOKM BEChbMa Majlbl
Y HECYILIECTBEHHO BIIUAIOT Ha Pa0OTY BBINPSIMHUTEI.

I, & I, 4

a) 0)

Puc. 2. BonbTammnepHast XapakTepuCTHKa

Ha puc. 3 npexncraBinena mnpocteiias cxema OJHOINOIYNEPUOJIHOTO BBIIPSMUTENS, B
cocTaB KOTOpoil BXoIaT Tpanchopmarop T, Bentwis VD u aktuBHas Harpyska R. Jlmarpammsl
HaIPSKEHUHN U TOKA B CXEME OJJHOMOJYIIEPUOJHOTO BBIIPSIMUTEINS OKa3aHbl Ha pUC. 4.
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Puc. 3. IIpocreiimas cxema Puc. 4. lnarpaMMbl Hanps>KEHUN U TOKA B

Tok B enu Harpy3Ku, BKJIIOUEHHOM MOCIeI0BaTEIbHO C BEHTUJIEM, POXOUT JIUIb B T€
MOMCHTBI BPEMCHH, KOI'/Ja K BCHTHUJIIO MMPUJIOKCHO MPAMOC HAIPSAKCHUC. Kamﬂme noJimepuruoaa
HaIpsHKEHUE BTOPUYHOM OOMOTKH TpaHcpopMaTropa MeHseT cBou 3Hak. [loaTomy B TeueHue
OI[HOﬁ IMMOJIOBUHBI TICpHUOAa K BCHTUIIIO IMPUKIAABIBACTCA MNPAMOC HAIPSKCHUC, B TCUCHUC
CJIEYIONIETo MOoJIynepruoaa — obpatHoe. Uepe3 BEHTHIIb U HArpy3Ky TOK HMPOXOJIUT TOJIBKO B
OJHOM (HpHMOM) HalpasJICHUHU, T. €. TOK B HArpy3ke¢ MOJYy4aCTCsad IMOCTOSAHHBIM IIO
HAIpPAaBJICHUIO, HO NYJIbCUPYIONIMM. BhINpsiMiIeHHOE HampspKeHHe coBHagaer mno ¢opme ¢
BBITPAMIICHHBIM TOKOM. Yacrora Hynbcaunﬁ BBIIPAMIICHHOI'O HAIIPSIZKCHUS paBHA YaCTOTC CCTH.
[Tynecupyrolue TOK 1 HalpsHKEHHUE COIeP KaT MOCTOSHHBIE cocTaBisomue. CpeaHee 3a nepuo
3HAYEHUE  BBIIPSIMIIEHHOIO (HyJIBCI/IpyIOH_IeI‘O)l HaNpsDKCHUs, T. €. €ro IOCTOSHHAs

. U, = Un/m, roe Upy

COoCTaBJIArOImIas, OHNpEeACIACTCSI BCIMYHNHOU AMIINIMTYAHOC 3Ha4YCHUC

HaIpsDKEHUST BO BTOPUYHOM OOMOTKe TpaHchopmaTopa, I/IJ'II/IUO =y2U,/n =0,45U,, raeUz—
JEWCTBYIOIIEE 3HAUCHHUE HATIPSKCHHUS.

MakcumanbHOe 3HaueHHe OOpaTHOIO HANpPsDKEHUS, MPUKIAABIBAEMOTO K BEHTHIIIO,

PABHO aMILTMTYAHOMY 3HAYEHHIO U2m:
Uoﬁp,m =Uyp =nUq

KadecTBO BBIIpAMUTENST XapaKTEPU3YETCS OTHOIICHUEM ITOCTOSHHOM COCTABIISIONICH

BBIMPAMIICHHOTO HAMpPsDKEHUS K JCHCTBYIONIEMY 3HAUEHHUIO MTEPEMEHHOTO HANPSKEHHUS: U/Us.
Yem Oomblle 3HAUEHUE 3TOTO OTHOIIEHUS, TEM BBIIIE KAa4ecTBO CXEMbI BhIIpsMuTensd. s

OJITHOIIOJYIIEPUOJHOTO BBIITPSIMUTENS Uy/Uz = 0,45.
BaxupiM  TpeboBaHMEM K  BBIIPSMUTENIIO  SIBISIETCS ~ CHIDKEHUE  TIEPEMEHHOM
COCTABJISIFOLIEH BBINIPSAMIICHHOIO HANpPsDKEHUS MPU TMOJYYEHUHW TOCTOSHHOM COCTaBIISIOIICH.

BrimonHenue 3Toro TpeOOBaHUS XapakTepu3yeTcss KOA(PQHUIMEHTOM IyJIbCalui KlbpaBHHM
OTHOUICHUIO aMIUIUTYZHOTO 3HA4YEHUS TIEPEMEHHOM  COCTAaBIIAIOMICH  BBIIPSIMIICHHOTO

HANPSDKEHHs K ero noctosuHoi cocraisromeii: Ko = Un/Uo.
Koapduuuent  mymbcanuii  4acTo  ONpEAENsAOT 1O  TMEpBOH  TapMOHUKE:

Kot = Um/Uo, 1€ Ui — ammnuryna nepBoii rapMOHHKH BBIPSMIEHHOTO HanpsukeHus. JUis

OHOTIOTYIIEPHOIHOTO BhIIpsamuTens Knt = 1,57,

K BeImpsiMHUTENnsIM TIpeIBABISIETCS TakKe TpeOOBaHHE, Kacarolieecsi pekuMma paboTh
BEHTHJICH: OOpaTHOE HampsKEHUE, NPUKIAIbIBAEMOE K 3aKpPBITHIM BEHTWISIM, HE JOJDKHO
HAMHOTO TIPEBBIIATh BBHINPSMIICHHOE HampspKeHuWe. BeimomHeHne 3Toro  TpeGoBaHUS
XapaKTepU3yeTcsi OTHOLUICHUEM MAaKCHUMAJIbHOTO 3HAYCHHUsT OOpPAaTHOTO HANpsHKEHUS K CpeHEMY
suauennio Bempamiernoro: Uosn/ Uo

JUst oxHONONTYIIeproaHoro Bempsmurens: Uospm / Uo = .

CxeMbl OJTHONOIYIIEPHOIHBIX BBINPSIMUTENCH NMEIOT PSJI CYIIECTBEHHBIX HEIOCTAaTKOB!
MaJioe 3HAUYEHHUE BBINPSIMICHHOTO HampspKeHHs, 00nbInoil koadduuueHt nmynbcanuii u ap. Ha
HpPaKTHKE Y9acTO MCIIONB3YIOT PAa3INYHbIC CXEMBI JBYXITONYNEPHUOIHBIX BhIpsiMuTenei. Ha puc.
5, a, 0 TpeACTaBICHbI CXEMBbl ABYXIIOJIYIIEPHOIHOTO BBIIPSIMUTENS C BBIBOJOM OT CEPEIHHBI
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BTOPUYHONW OOMOTKHM TpaHc(opmaTopa u MOcTOBas cxema. Hambomee pacmpocTpaHeHa W3 HHUX
MOCTOBasi cxeMa, B KOTOpoW He Tpeldyercs TpaHC(hHOpMAaTop, MMEIOIIUNA OTBOA OT CEpEIHHBI
BTOPUYHONU OOMOTKH.

%::[_" __1p \'D1
1 o]~ v |
o :
VD2 2) R o
Puc. 5. JIByxmomynepuoaHble BBIIPSIMUTENIN: a) — CXEeMa JIBYXIOJYIIEPUOIHOTO

BBITIPSIMUTENISL C BBIBOJIOM OT CEpeAMHBI BTOPUYHONW OOMOTKH TpaHcdopmaTopa; 0) -

MOCTOBAsI CXeMa

Yerblpe BEHTWISI CXeMbl 00pa3ylOT MOCT, K OJHOW JUaroHalid KOTOPOTO
NPUCOCTUHSIIOTCS KOHIIBI BTOPUYHOW OOMOTKM TpaHcdopmaropa, a K Apyrod Harpyska
BHIMIpSMUTENS. BEHTUIM B cXeme paloTalT MOOYEepeHO TIOMApPHO: MPH MOJOKUTEITHHON

TOJTYBOJIHE HAMPSDKEHNS ULKOTOpas COOTBETCTBYET MPSAMOMY HAIPSDKCHHIO ertmis Abrok
MPOXOAUT qepesﬂl Harpy3ky uAsa TpM  OTPHULATEIBHON TOIYBONHE HANPSKCHHS _Uz-

COOTBETCTBYIOIICH IPSIMOMY HANPSKEHUIO entrst A2 Tok IIPOXOIUT qepe3m Harpy3Ky nla.
Ha puc. 6 mnpencraBieHbl AuarpamMMbl HalpsskeHUM W TOKa B MOCTOBOM cxeme. Yacrtora
NyJIbCALUI BRITPSIMICHHOTO HAMPSDKEHUS 371€Ch B /IBa pa3a 0oJIbllle, YeM B OJJHOMOIYIEPUOIHOM
CXEMe, UTO YBEJIMUMBAET CpPe/IHEE 3HAYCHHE BBIITPSIMIIEHHOTO HAMIPSKECHHUS:

Up=2Uy, /1 =242 Uy/x

Koaddurmment mynbcamuii  BBHIIPSIMICHHOTO HAMPSDKEHHUs] TIO  TMEPBOM  TapMOHHUKE
Knl = 0,667 .

MakcumanbHOe 3HAaueHHUE OOpaTHOTO HAMPSIKCHUs, NPUKIAIBIBAEMOTO0 K 3aKPBITHIM

BCHTHUJISIM, PaBHO aMIINIMTYJHOMY 3Ha4YCHUIO Hal'ImeeHI/ISIUEmJT. K. IaJICHUC HaIPsOHKCHUA Ha
OTKPBIThIX BEHTHUIIAX OJIU3KO K HYJIO, T. €.
Uospm = Uom = Ue/2 = 1,57 U,

Puc. 6. /IlnarpaMMbl HanpspKEHU U TOKOB B MOCTOBOM cXeMe

[Ipocreimme cxembl BBIIPAMUTEICH HMMEIOT OO0dbIION KOADHUIIMEHT Mmynbcarui
BBIMIPSMIICHHOTO HampshkeHus. [losTomy nanee mpeaycMaTpHUBArOT CTIKHUBAIOIIME (UIBTPHL
OO6pruHO wcnonb3yOT [- wnu Il-o0pa3Hbie (GUIBTPHI, BKIOYAIOMAE B Ce0S  JIPOCCEIH,
KOHICHCATOpbl W pe3uctopbl. Yame Bcero wucnons3yloT LC-¢unbtphl (puc. 7, a, 0),
o0ecrnevynBaroIIne Xopolee CriIakKiBaHue MyJIbCalluil MpU Pa3InYHbIX Harpy3Kax.

Konnencarop ¢uibrpa C BKIIIOYAIOT MapauieIbHO Harpy3Kke R. Torna MIPY BBITIOJTHEHUH

yenoust Xe = 1 /(@ C) <<Ryoppencatop cnibHO UIyHTHpYeT HATPY3Ky I10 TEPEMEHHOM
COCTaBJISIOLIEHN U 3HAUUTENBHO YMEHBIIAET IEPEMEHHOE HANIPSKEHUE Ha HAarpy3Ke.

JIpoccens L BKiTIOUaroT 1moCIeI0BaTeNbHO ¢ Harpyskoii K. . TIpy BBINONHEHWH YCIOBHUS
X, = ® L >> R nepemMennoe HanpsokeHue ¢ BBIX0/1a BBIIPSIMUTE JIsl 331€PKUBAETCS HA JIPOCCEIIE
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dbumbTpa U B Harpysky He momagaer. OgunoBpementoe Brmodenne L uC raer Gombimoit sddexr
CTJIQKUBAHUS ITyJbCAIlM  BBIIPSIMIICHHOTO HamnpspkeHus. KadecTBo (uiabTpa OIEHHBAIOT

K03 pureHTOM crmaxuarms Keex = K s /K more Ko exu Knox — K023 pHULIHEHTHI

K

NyJIbCallMii BBIIPSIMUTENS HA BXOJAE M BbIXoAe (uibTpa. Yem Oosbiie MereteM 3(QeKTHBHEE

paboTtaeT QuIbTp.

Upx| C C | IR
|

Puc. 7. Cxemsl ucnonn3oBanusi LC-QuiabTpoB Ui CriakKWBaHUS ITyJIbCALUI MPH Pa3IMYHBIX
Harpyskax: a) - ['-o06pa3usiii punbTp, 0) - [1-o0pa3ubit GunbTp

[Ipu pabote BBHIIPSAMHUTENS YacTh BBHINPSAMIEHHOTO HANpSHKCHUS MaJaeT HAa AaKTUBHOM
COIIPOTHUBIIEHUN BTOPUUYHONH OOMOTKH TpaHc(opMaTopa, Ha MPsIMOM CONIPOTUBIIEHUN OTKPBITOTO

BCHTUJIA, Ha 3JICMCHTaX CIJIa>XHBArOIICIo (I)Hanpa. C YBCIMYCHUEM BBIIIPAMIICHHOI'O TOKa IIJ

noJ00HBIE TIOTEPU HANpPsDKEHUS YBEIMYUBAIOTCS, @ HANpsHKEHUE HA Harpyske U YMEHBIIAETCH.

3asucumocts Yo = f (lo)naswisator Bremneit XapaKTEepUCTUKON BBIIPSIMUTENSA (puUC. §).
UOJL

—

lo
Puc. 8. BHemHss XxapakTeprucTHKa BBITPSIMUTENSA

UeMm MeEHBIIE M3MEHSETCS HAaNpPsHKEHUE Ha HArpysKe Uo npu m3Mernernn tokalo, Tem
BBIIIIE KAYECTBO BBIIPAMUTEIIS.

IIpakTyeckue 3ana4u, 3a1aHus, yIPa)KHCHUS:
1. W3yuuts cxemsl cTeHAa «BhIIpAMUTENN) 1aTh ONMCAHNUE THUIIOB BBHIIPSIMUTENIEH.
2. CHATb ¥ IOCTPOUTH BOJIBTAMIIEPHYIO XapaKTEPUCTHUKY MOCTOBOTO BBIITPSIMUTEIIS.
3. 3apucoBaTh OCHIIIIOIPAMMY U3MEHEHHUS BBIXOTHOTO HANPSDKEHUSI.

[Topsimok BBIMOJIHEHUS:

1. MByunuth YCTpOMCTBO, MPUHIMII JACUCTBHS M 00JacTh NPUMEHEHUS OXHO(A3ZHOTrO
MOCTOBOTO BBIITPSIMUTEIIA.

2. HauepTuTh cXeMy YCTAaHOBKH U TaOJIUILY JJIsl CHATHS XapaKTEPUCTHUK.

( ) HIT1
vD1 VD2

0

0-250V VD3 VD4
o, |

Puc. 9. Cxema nabopaTOpHO# YCTaHOBKHU:

UII1 — amnepmerp nepemeHHOro toka ~ 1 mA; UI2 — MunmnuamMnepmMeTp nepeMeHHOro TOKa
300 mA; UII3 — BonbTMeTp nepemeHHoro toka 250 V; UII4 — BonbTMETp MOCTOSIHHOTO TOKa
450 V; UIIS - wmwmmmamnepmerp mnoctosHHOro Toka 300 mA; HWII6 — ocmumiorpad
anexTpoHHbI; J{1-114 — nuoast KJ{ 209A; JI1-JI3 — Harpy3ounsie ammsl; Bl, B2— Tym6nepsr
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1. CobGepute cxemy coriacHo puc. 9.

2. YcranoBure Ha 0s1oke nutanus nepekiaodarens JIATP B monoxenune «~0-250 V.

3. [ToakmrounTe cxemy K kjaemmaM nutanus «~ 0-250 Vy npubopHoro mrarusa.

4. V3mensas HanpspkeHue Ha Bxoje BeimpsMutens or 0 mo 250 V, cHuMmuTe U moctpoiire
BOJITAMIIEPHYIO XapaKTEPUCTUKY OAHO(PA3HOTO MOCTOBOI'O BBIITPSIMUTEIIS.

5. Iokasanus MpuOOPOB 3aHECHUTE Loy = £ (Useanp)
[IpaBuna opopmieHust paboThI:
- YKa3aTh BXO/JHBIC U BBIXOHBIC TAPAMETPHI BBIIPSIMUTEIICH;
- cxeMa J1abopaToOpHON YCTaHOBKM OJTHO(A3HOTO U TPEX(Pa3HOI'0 MOCTOBOT'O BHIIPSIMUTEIIS;
- TaOJIUIIBI C HKCTIEPUMEHTAIEHBIME JJTAHHBIMH;
- PUCYHKH € DKpaHa ocIuuiorpada;
- BBIBOJIBL.
PaGora odopmisercs B Terpaau ans  JabopaTopHbIX  pabor. Peuensupyercs
IpernoiaBaTesieM, 3aliuTa OCyIeCTBISETCS MOCe MOTyYeHHS JOITyCKa.
TaGmuis! 1 BEIBOJBIL:
Tab6muna 1

B Ta0m. 1.

[TapameTpsl [OnHOGa3HBIN BRITPSIMUTEID
U2, B 0 20 (0 100 120 140 (160 180 200 220 250
IIpu akTUBHON Harpyske
(UBnim, B
[BEIIT, A
12, A
IIpy akKTUBHO-MHYKTUBHOW Harpyske
(UBnbin, B
IBBIII, A
12, A
[Ipu akTUBHO-EMKOCTHOW Harpy3ke
(UBnbin, B
[BBIIT, A
12, A

KoHTposabHbIE BONPOCHI:
. [losicHUTh Ha3HAUEHUE PTIEMEHTOB CXEMbI BBIIPSIMUTEISL.
. 1300pa3uth BOIBTAMIIEPHYIO XapaKTEPUCTUKY BEHTHIIS.
. Kakne sanemMeHThl MOXHO MCIOJIb30BaTh B KAYECTBE BEHTHIIEH?
. [lepeuncnuTh U3BECTHBIE BAM CXEMBI BBITIPSIMHUTEIICH.
. OT 4ero 3aBUCHUT YaCTOTA MYJIbCAIIUN BBIMPSIMIEHHOT'O HATPSAKEHUS?
. atb onpenenenue KodpUIMEHTOB MyIbCAUN U CTIIAKUBAHUS
. I3 xakux cooOpakeHui BEIOMPAIOT DJIEMEHTHI CTIIAKUBAIOIIETO GUIbTpa?
N300pa3uTh BHENIHIOK XapaKTEPUCTHKY BBIIPAMUTENS. V3MEHUTHCS JM OHA MpHU
MOJIKJIFOUEHUH K BBIPSMUTEINIO CTiIa’kKuBaroero puibTpa’?

0NN AW~
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KommiekT onenounsix 3aganuii Nel3 mo Pazmeny 7. OcHOBBI 2sekTpoHHKH, Tema 7.2.
Beimpsimutenu, criaxuBaromme (QUIBTPel W CTAOMIU3aTOpPHl HANpsDKEHUs (AyAUTOpHAS
CaMOCTOSITEeIIbHAs padoTa).

HasBanue: MccnenoBanue paboTsl cTaOMIN3aTOPOB.

3ajaHue: M3Yy4UTh TPUHLUIBI TOCTPOCHUS MapaMeTPUUEcKOro craduin3aTopa
HaNpsDKCHUs, UCCIIEA0BAaTh HArpy304HYIO CIIOCOOHOCTH, OIPECNATh aMIUIUTYAY IyJIbCallii
BBIXOJHOT'O HaMpsKEHUSI.

Kpartkue TeopeTnyeckue u CipaBOYHO-MH()OPMAITMOHHBIE MaTEpUabl:

DNEeKTPONUTaHUE MAJIOMOIIHBIX LEMel 3JIEKTPOHHBIX CXEM C HEeOOJBIIUM IpeaeoM
U3MEHEHHUS TOKa TMOTPEOJICHUS OCYIIECTBISIETCS OT MapaMeTpUYeCKUX CTa0MIIM3aTOPOB
HanpstkeHus (IICH). Kpome Toro - IICH mmpoko HCHONIB3YIOTCS B KAa4eCTBE HCTOYHHKOB
OTIOPHOTO HANPSHKEHUS B KOMIIEHCAIIMOHHBIX CTA0MIN3aTOpaxX HAMPsHKEHUS U TOKA.

Jlnst ctabunm3anuu moctosiHHOro HanpsbkeHuss B IICH mpuMeHSrOTCS 37IeMEHTHI ¢
HEJIMHEHHOM BOIbTaMIIEpHON XapaKTePUCTUKOM, HapuMep, KPEMHUEBBIE CTAOMITUTPOHBI.

[Tpunmunuanenas cxema uccineayemoro IICH npuBenena na puc.l. Huoast VI+V4
IPEICTaBISIOT COOOW MOCTOBOW BBINpsIMUTENb, KoHAECHcATOps! Cl - C2 - ¢unbTpyromue, R1-
OTPAaHUYUTENBHBIA pe3ucTOp, R2 - Harpy304HbId pe3ucTop, VS5 - KPEeMHHUEBBIN CTAOWJIMTPOH,
PA - uzmepurens Toka.

[Ipu yBenuueHUM HampsHKEHUs] Ha BXOJE MapaMETPUUYECKOro craduiMzaropa
HaNpsDKEHUS TOK Yepe3 CTa0MIIMTPOH B COOTBETCTBUU ¢ ero BAX pe3ko yBenuuuBaics (puc.2),
YTO NPUBOAMT K YBEIMUEHHUIO TOKa depe3 pe3uctop R1 M COOTBETCTBYIOIIEMY YBEIMUEHUIO
naJieHus] HapsDKeHUs Ha 3TOM pe3uctope. HanpshkeHne Ha CTaOMIIMTPOHE, a CIeI0BaTeIbHO, U
Ha Harpyske (pe3uctop R2) mpum 3TOM mpaktuuecku He MeHsieTcs. [Ipu yMeHbIIeHHH Hamps-
KEeHHUs, HA00OPOT, MaJeHue HanpsDKeHus Ha R1 yMeHbIaeTcs TakuM 00pa3oM, 4To HalpsbKeHHE
Ha CTaOWJIUTPOHE M HArpy3Ke OCTAETCS HEM3MEHHbIM. 3HaueHUE M3MEHEHHUS HaNpsDKeHUs Ha
crabunutpone V5

(+tAUH) 3aBHCHT OT U3MEHEHHS BXOJHOTO HampspkeHus (£AUBX) cONmpoTHBICHHS
orpanuuuBaroiiero pesucropa R1 u auddepennnanbHOro conpoTUBICHUS CTAOMIUTPOHA

DU cm
D I cm

Koaddumnument crabmmmzanuu (mo BxogHoMmy HanpsikeHuto) cxemsl [ICH

U.U._U. R
K+"T07U. U, R,

Bayrpennee comporuBnenue [ICH ompenensiercs B ocHOBHOM AuddepeHInaIbHbBIM
COIIPOTHUBIJICHUEM CTAOUIIMTPOHA.

TemnepaTypHblli KO3(h(ULIMEHT HampsKeHHs! rt CTaOUIUTPOHA OIpENesseT BETUYHHY
OTKJIOHEHUS BeIxoaHoro Hanpsbkenus [ICH npu usmenenun temmneparypsl. s cTaOMIMTPOHOB
¢ Ucr> 5,5 B npu TOBBIIICHHH TeMIIEpaTyphl HaNpsDKEHHWE Ha CTAOMJIMTPOHE BO3PACTaeT.
[TosToMy TemmepaTypHasi KOMIIEHCALIUA B 3TOM CIIydae MOXET OBbITh JOCTHTHYTa BKJIIOUYEHUEM
MOCJIEI0BATENbHO CO CTAOMIUTPOHOM JHOJOB B MIPSIMOM HAIPaBJIEHUH, HO MIPH 3TOM BO3pacTaer
BHyTpeHHee compotuBienne IICH 3a cuer auddepeHunanbHbIX — COMPOTHBICHHMA
TEPMOKOMITEHCUPYIOIINX MOJOB B MPSMOM HampaBiICHUH, KOTOPOE 3aBHCUT OT BbIOPAHHOIO
TUIA JUOJA U PeXXUMa ero padoThI.

CpenctBa oOy4deHUsI:

JlaGopatopuslii ctenn «Cradunuzatopshy; Ociuuiorpag C1-55.
[IpakTnueckue 3a1auu, 3aaHNUs, YIPAKHEHUS:
1. Omnpenenuth HOMHMHAJIbHOE 3HAUYEHUE TOKAa HArpy3KH, /Uil YKa3aHHBIX KOMOHMHAaLUi
anemenToB [ICH.
2. TIpousBectu ananutuueckuit pacuet I[ICH, cpaBHUTH ¢ ACHCTBYIOIMMH 3HAYCHUSMHU.
[Topsimok BBIMOJIHEHUS:

re=




84

N3yuuts cxemy IICH (puc.l). Bxmouuts crenn mpoBectu wu3MmepeHusi padborsl [ICH mo
npubopamM CTeH1a KOHTPOJIMPOBATh PEKUMBI PabOTHI CTaOMIM3aTOpA.

ITpu momMomm ABYXIy4eBOro ociuuiorpaga U3MEpUTh U 3apUCOBATh B MacIITabe BEIH-
ynHy mynbcanuu Ha Bxoze [ICH, B Toukax X3, X4 cxemsl npu Hannuuu koHaeHcaropa Cl u 6e3
HEro, U Ha BBIXOJIe HanpsbkeHus (rHe3aa 3,4 cxeMsbl puc. 1).

HccnenoBats padory IICH. Onpenenuts nmpenensl Toka Harpy3ku l,, obecneunBaromue
YCTOMUMBYIO CTAaOMIIM3ALMIO HANpPsDKEHUs Npu u3MeHeHuu R2. Ilpu BeinosHeHMH HEOOXOAUMO
IPOBOIUTH M3MEPEHHE aMIUIUTYAbl mynbcanuii Un crabunmsupoBanHoro Hampspkenuss UH ¢
IOMOIIBI0 MIJIJIMBOJIBTMETPA 2 ¥ ocuuiuiorpada. Pe3ynbTaTsl ncciejoBaHui CBECTH B TaOIUILY.

[IpaBumna opopmieHust paboThI:

- 11e7Tb PaboTHI;

- CXeMa dJIeKTpHUUecKas NpuHIMnuanpHas uccaeayemoro [1CH;

- pacuet cxembl [ICH npu Ug,- 15 B, u,.=788B Il =5MA;
- pe3y/bTaThl U3MEPEHUH, CBEICHHBIC B TAONHUIY, U HEOOXOIUMBIE TPpaUKH;

- BBIBOJIBI O pabO0Te, HEOCTATKH MpeuMyItiecTBa U obyacts npumenenuii [ICH.

PabGora odopmisercs B Terpaau i JabopaTopHbIX  pabor. Peuensupyercs
IpernoiaBaTesieM, 3aliuTa OCyIECTBISETCA OCe MOTyYeHHs JOMyCKa.

TaGnuiel U BBIBOABIL:

Tabmwnma 1.
BxoHbIe 1 BBIXO/IHBIE BEIMYMHBI IAPAMETPUYECKOTO CTa0MIn3aTopa

Benmuunna Usx, B U, B U,, MB Un. yB
COTIPOTHBIICHUS, (ocummorpad) (ocummorpad) (JIBH12)
R2,0m

KoHTposibHBIE BOIPOCHI:
1. OObsacHuTe Ha3HaueHUE dMeMeHTOB cxembl [ICH.
Yro Takoe KO3(PGUIMEHT CTaOWMIM3anMs M KaK 3aBUCHUT €r0 BEJIWYHMHA OT PEKHUMOB
pabOThI AJIEMEHTOB CXEMBbI?
OObsicHUTE, UTO O3HAYACT YBEIMUEHUE U YMEHBIICHUE HAarpy3Ku ctabunuzaropa’?
Kak Brusier BeMuuHa CONPOTUBIICHUS HArpy3ku Ha KO (UIIMEHT CTa0MIn3aumn?
Hatite onpenenenue nudhepeHInaibHOTO COMPOTUBICHUS CTAOMIUTPOHA.
Kakwue nacoptHblie mapamMeTpsl CTAOMIUTPOHOB ClIEAYeT yUuThIBaTh npu pacuete [ICH?
O0psicauTe MeToauky pacueta [ICH.

o

No ok w

Kommuiekt ouenounsix 3amanuii Nel4 mo Paspmemy 7. OcHoBbl 31ekTponukH, Tema 7.3.
DNeKTPOHHBIE YCUIUTENH (AyIUTOpHAs CaMOCTOsTENIbHAs padoTa).
Haszpanue: MccnenoBanue paboThl 3JEKTPOHHBIX YCHIIUTEINEH.
3ajaHue: HM3y4yUTh IOCTPOEHHE U paboTy YCWIMTENS HM3KOM YacTOThl Ha
Tpan3uctope. MccaenoBaTe aMIUINTYIHYIO M YACTOTHYIO XapaKTEPUCTUKH.
KpaTkue TeopeTrueckue U CpaBOYHO-MHGOPMAITMOHHBIE MaTepHAaIbl:
Pe3ucTuBHbI  Kackaj ABISETCA OCHOBHBIM THIIOM KacKaJOB yCWJIMTENEH Ha
Tpan3uctopax. OCHOBHBIMU THapaMeTpaMH YCHJIMTEIBHOTO KacKada SIBISIOTCS KO3()PHUIMEHT

YCWICHHUS II0 HaAIpPsHKCHUIO Ky = Yaus U ; KO3(h(QUIMEHT YCWIEHHUS 110 TOKyK-’ “‘&m/ ]61;

K0oD(bMHUIHEHT YCHITEHHS 110 MOIHOCTH W = BounfRu= Ky K,

B cBa3m c TemM, 4YTO BOCHPUATHE OPraHOB UYBCTB YEJIOBEKA ITOAYMHSACTCS
JOrapu(pMHUECKOMY 3aKOHY, KO (DUIIMEHTHI YCUIICHUS HEPEIKO BBIPAXKAIOTCA B AennOenax nin
HeTiepax, sl 4eTo TMONIb3YI0TCSl COOTHOIICHUSMU

K, a8)= 208K, - Ky 1n6)=20 G Ky K, [a6}= 10 CoKp !
Kiwa)=Cn Ky Kpeny=bn Ky Ko Jueni=05€nkK,
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AMIUTUTYAHOH XapaKTEepPUCTUKOW YCHJIMTENS HAa3bIBalOT 3aBUCHUMOCTh aMILIATY/IbI
HANPSDKEHUST CUTHAIAa Ha BBIXOJE OT aMIUIUTY/bl HANpsOKEHUS CHTHAIA Ha BXOJE. Y CHIUTEINb
MOXET YCHJIMBATh MOABOJUMBIEC K €0 BXOAY CUTHANIbI C HAMPSHKEHUEM HE HH)KG“rmEn, TaK Kak
Oonee cnadble CUTHAJBI 3aIIyINAlOTCS HANPSIKEHHEM COOCTBEHHBIX INYMOB YCHIIMTENS M HE

BBIIIC Vv max , TAK KaK MHA4Ye yCWIMTEIb BHOCUT OU€Hb OOJbIINE HEIMHEHHbIC MCKaKEHUS.

OTtHoleHnEM L“M"/ Uow i XapaKTepU3yeTCsl AUara3oH HAIpPsUKEHWM CUTHasa, YCHUIMBAEMbIX

D= Usy may

JAHHBIM yCHJIMTENeM 0€3 YpEe3MEpHBIX MOMEX W HCKOKCHUH, H U min  naseBaercs
g[,;}., gg@ D= m@ g!&"i
JUHAMUYECKUM X min  JTUATTIA30HOM YCHJIMTEIIS

YacToTHast XapakTepucTHKa (aMIUTATYAHO-9aCTOTHAs) - 3TO 3aBUCUMOCTh Kod(durimenra
YCWJIEHMS OT 4acTOThl. [IpocTeHmmuil yCUIINTENbHBIN KacKa] Ha TPaH3UCTOPE, BKIIOUYEHHBIN 110
CXeMe ¢ OOIIMM SMUTTEPOM, PUBEJEH HAa PUCYHKE. 1.

C1

}_.

0,1 rakd>

R2
1K2 +
50D

Puc 1. Ycunurenab HU3KOH 4aCTOTEI

A4
! RS
: K4
-T_

O+E

Harpys3koii KOJUIEKTOpHOI 1enu sBnserca pesuctopRS, pesucropsl R ,RZ206ecreunBaoT
mojady HAyadbHOTO cMeleHMss Ha 6a3y tpamsuctopaVlf, Répmecre cRfmRZapnsorcs
>JI€MEHTAMH CXEMBbI cTabunm3anuu padoueii Touku. KonnencaroplSmynrupyer pe3HCTOpR4_H_O
IIEPEMEHHOMY TOKY, Tak Kak BenuuuHa eMxocTul’3. 3naumtennua. KOHz[eHcaToprCf nC2-
Pa3saCIUTCIILHBIC.

[Ipy momaye Ha BXOJA YCHUJIUTENs HANpSOHKEHHUS CUTHAJAa HEM3MEHHOM aMIUIUTyAa MpH
PA3JIMIHBIX YaCTOTax YHY BBIXOJHOC HAITPSPKCHUC B 3aBUCUMOCTHU OT 4AaCTOTHI CUT'HAJIa 6y,Z[GT
M3MEHSAThCS, TaK Kak compoTuieHne konpencatopos€&d £2ua pasnbix yacrorax pasmmuno, C
YMEHBIIEHHEM YacTOTa BXOJHOIO CHTHAJa BEJMYMHA CONPOTUBIEHHs KoHaeHcatoposlf,C2
YBEJIMYUBACTCH, cneILOBaTenLHO,quxyMeHbmaeTCﬂ. C yBenuyeHHeM YacTOThl COINPOTHBIECHUE
KOHJIEHCATOPOB, INYHTHPYIOIIMX /A4, yMEHBIIAETCHA, YTO TAKKE YMEHBIIAET BeanHqu“.
[ToaTomy, 4TOOBI Upx ocranocs nocrosuusiv (Ky=co0et) g TpeOyeMOM Juamna3zoHe 4acToT,

BennunHy eMmkoctn konaeHcatopos {f CZ2crpemsarcs cmenath kak MOXKHO OonbIIeH, a G,
CTPEMSTCSI YMEHBIIUTH 10 MUHUMYMA.
CpenctBa oOydeHus:
Ocnumnorpad CI-55, maboparopusiii crern YHUY.
[TpakTryeckue 3aaauu, 3aaHUs, YIIPAKHCHUS:
1. V3y4uTh NpUHIKT PaOOThI YCHUIUTENSI HU3KOH YaCTOTHI MPE/ICTABICHHBIN Ha J1a00paTOPHOM
CTCH/IC.
HccnenoBars aMIUTUTYHYIO XapakTepucTuky Y HU
3. MHccnenoBaTh ¥ MOCTPOUTH AMIUTMTYTHO-4aCTOTHYIO XapaKTEPUCTHKY YCUITUTEIIS.

o
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4. HWccnenoBath NpOX0XkKIEHHUE UMITYJICHBIX CUTHAJIOB HA YEThIpEX (PUKCHUPOBAHHBIX YaCTOTaX:
f1=50I'm f2=1kl'1 f3=10xI'uy  f4=50xI"1t
5. Ompenenuts Ku[/10]
[Topsimok BBIOJIHEHUS:
Ilposepurp pexum pabotel YHY 1m0 MOCTOAHHOMY TOKY M pPaccuuTarh TOKH

IM![O ’ IK . [B . HpI/I pacucTe HGOGXOZ[I/IMO ONnpeaACIMTb MOIIHOCTH, BBIACIIEICMBIC Ha
DJIEMEHTaX CXEMBI.

[locnenoBarh aMIUIMTYAHYIO XapaKTEPUCTHUKY YCWIMTENS JJs JBYX CIydaeB
CONIPOTUBJICHUA B LCIH KOJIJICKTOPA (HO YKa3aHUuto npeno;[aBaTemI) JJI1 4aCTOThI BXOAHOTO
curHana 2 kl'u. OnpenenuTe TMHAMUYECKUI AUANa3oH ycuiauTtens. /[JaHHble U3MEpEHU CBECTH
B Tabmuiy 1.

HccnenoBaTh 4acTOTHYIO XapakTepucTuky ycrmrens npu fn = 200w, f8 S0k st aByx
CIy4aeB BKJIOYCHHS EMKOCTeH B IemsX O0a3bl, SMUTTEpa U KOJUIEKTOpa (M0 YyKa3aHUIO
npenoaasarens). JlaHabie n3MepeHuit cBectu B Tadbimiy 2.. [Toctpouts AUX.

I/ICCHG,Z[_OBaTB .HpOXO_)KI[GHI/Ie HUMITYJIbCHBIX CHUTHAJIOB JJISL YCTBIPEX qacToT (

fi= 60 Ty, fp=1 5T, f4 = 10 kTN, f = 50 KTU) 3an11coBATH OCIIMITOrPAMMEL.

Onpenennts Ke fa67

[TpaBuna opopmieHust paboThI:

- 11eJIb PaboTHI;

- CXeMa dJIeKTpUYecKas MPUHLIUIHAIbHAS UCCIIEAYEMOTO YCHUIIUTEIS;

- pe3yibTaTbl HUCCIEAOBaHUM, M3MEPEHMH M pacueToB, IpaUKu, IOCTPOECHHBIE IO
pe3yabpTaTaM U3MEPEHU;

- BBIBOJIBI O Pa0OTE, OTMEUCHHBIE HEOCTATKH, IPEUMYIIIECTBA U 00JaCTH IPUMEHEHNUS;

PabGora odopmisercs B Terpaau i JabopaTopHbIX  pabor. Peuensupyercs
IpernojiaBaTesieM, 3aliuTa OCyIECTBISETCA OCie MOTyUYeHHs JOMyCKa.

TaGnuiel U BBIBOABL:

Tabmuma 1.

AMIUIUTYAHAs XapaKTEePUCTUKA YCUIIUTENS

Rk=R3= Rk=R3=

Usx, MB Usnix, MB Usx, MB Usnix, MB
Tabmua 2.

YacToTHast XapaKTepUCTUKA YCUITUTENS

Rk=R3= Rk=R3=

Usx, MB Usnix, MB Usx, MB Usnix, MB

KonTpoJsibHBIE BOPOCHL:
1. [latp onpeneneHre OCHOBHBIM MapaMeTpaM YCHIIUTEIS.
- et
2. Kplab]=108Kp K, lab]=2089 Ky
3. Tlouemy nepen morapudmamu pasHbie KOIPHUITUESHTHI?
4. Kak 3aBucut Ku oT pexuma pabOThl Kackaja yCHJICHHUS IO MOCTOSTHHOMY TOKy? JlaTh
KAaueCTBCHHBIN aHAJIN3.
5. Kak obecrieunBaercst cTabmiIn3anus pexxuMa padoThl IO TOCTOSHHOMY TOKY?
6. Uro mpom30iiIET ¢ MapaMeTPaMH CXEMbI, H300PaKEHHOI Ha PUCYHKE, ECIIH HIEeMEHTEIA 1

uR2 nomensts mecramu? JlaTh KaueCTBEHHBIN aHAIM3.

7. UYemy paBeH KOd(pPUITMEHT yCHIICHUS TPaH3UCTOpa?

8. Kax BrIOpath pabouee HanpsikeHue konaencatopos C2 ,C3?

9. Kak ompenenuth MOCTOSHHYIO MOLTHOCTbh, PACCEMBAEMYIO Ha KOJIJIEKTOpE TpaH3ucTopa?
JlaTh HECKOJIBKO BapUaHTOB OTBETA.
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10. O6BsicHUTE, YeM ONPEACISIIOTCS PEKUMBI padOThl KacKala yCHIICHHS 110 MOCTOSIHHOMY U
MEPEMEHHOMY TOKaM.
11. O6BsicHuTe 0COOEHHOCTH MPOXOKACHUS UMITYJIbCHBIX CUTHAJIOB Y€PE3 YCHIIUTEb.

KommiekT omenounbix 3amanuii Nel5 mo Pazgemy 7. OcHoBwl amektponuku, Tema 7.3.
DJeKTpOHHBIE yeuIuTeNn! (AyAUTOpHAsT CaMOCTOATENbHAs paboTa).

Hassanue: UccnenoBanue paboThl OneparimOHHBIX YCHIIUTEIIEH.

3aaHue: U3y4E€HUE OCHOBHBIX IIapaMETPOB U XapaKTEPUCTHUK ONEPALMOHHOIO YCHIIUTENS
(OY), m3yuenue wu wuccienoBanne OY BKIIOYEHHOTO 10 CXEME II0Ja4d CHUTHAJIOB Ha
MHBEPTUPOBAHHBIN BXOJ U HEMHBEPTUPOBAHHBINA BXOI.

KpaTkue TeopeTrueckre u CipaBO4HO-MH(POPMAIIIOHHBIE MaTepUaIbl:

Onepanuonnsiii ycwmurenb (OY) - 3T0 MOAYIbHBIH MHOTOKAHATBHBIA YCHIUTEIh C
muddepeHIaTbHBIM BX0JIOM, IO CBOMM XapaKTepUCTUKaM MPUOIMKAIOUIUIICS K HUICaIbHOMY
YCHJIUTEIIO.

C wupeanbHBIM  ycwiUTeNleM OOBIYHO  acCCOUMUPYIOTCA — CJENyIOIIMe  CBOWCTBA!
OecKOHEUHBIN KO3(DPUIMEHT YCUIICHUS O HanpshkeHnio K,—00, 6eCKOHEUHOE TIOTHOE BXOAHOE
CONPOTUBIIEHUE Z zx—>00, PABEHCTBO HYJIIO BBIXOJHOTO HAIPSKEHUS IPU OTCYTCTBUM CUTHAJIA HA
BxoJie Upyx = 0 mpu Uy = 0, 6eCKkOHEYHO mUpoKas moJioca npomyckanus D f—oo (oTcyrcTBHE
3aJIep>KKH MPH MPOXO0XKJICHUU CUTHAJIA Yepe3 YCUIIUTENb).

Camo Ha3BaHuE "ONEPALMOHHBIA YCUIINTEND" CBA3aHO ¢ MAaTEMETUUECKUMHU ONIEPALIUAMH,
KOTOpbIE B Hauyaje pa3BUTHS BBIYMCIHUTEIBHBIX YCTPONCTB OCYHIECTBISZIUCH C ITOMOIIBIO
onepaunoHHbIX ycunurened (OY). OyHKIMU COBPEMEHHBIX MHTerpaibHbiXx OV cramu Oonee
yHUBEpcalbHbIMM, a camu OV, SBIAACh HMCTOYHHKAMHU HAIPSKEHUS, YIPABISIEMbIMU
HaIpPsDKEHUEM, HAXOAT IIUPOKOE IPUMEHEHHUE B yCTPOUCTBAX COBPEMEHHON AIEKTPOHUKH.

HNuterpanbasie OY HCHONB3YIOTCS B KAa4acTBE MHBEPTUPYIOUIMX U HEMHBEPTUPYIOIIUX
YCWINTEIIEH W IOBTOPUTEIEH HANpPsDKEHUS BO MHOIMX JJIEKTPOHHBIX YycTpoucrBax. Ha ux
OCHOBE CO3Jal0TCA pPAa3IUYHble HMHTErpaTtopbl, auddepeHnraroppl U CyYMMaTOpbl; CXEMbI
YMHOXXEHUS,  JIeJIeHUs,  JorapuMHUpPOBaHMSA,  aHTWIOrapupmupoBaHus.  Pasnuynble
(GbyHKIIMOHAJIbHBIE TPEOOpa30BaTENIM, CXEMbI C)KAaTHs CUTHAJNIA, UICTOYHUKH MOCTOSSHHOTO TOKa U
CTaOMJIBHOTO HAIPSDKEHHs, KOMIApaTOpbl, TAPMOHHYECKUE M PEIaKCallMOHHBIE T'€HEPATOPHI,
aKTUBHbIE QWIBTPHl U JpYrHe YCTpoiicTBa B OOJBIIMHCTBE CIy4aeB pAeIU3yIOTCS Ha
uHTerpasnbHbix OY. MHorue ycrpoiicTBa Ha OCHOBE HMHTErpadbHbiXx OV HMET Maible
rabapuThl, Maccy ¥ CTOUMOCTb.

Ycnoaoe o6o3nauenue OY nokaszano Ha (puc. 1)

+ —— meunsspmMUpYRILLL

T LHBEDMIL YR A1

Da3 D&

Y — UHEETILR YRILLUD —JJT

+ [ HEUMBSPMURYIWLL

Puc. 1 YcnoBHo rpadudeckoe 0603HaUeHNE OMEPALIIOHHBIX YCUIIMTENEH, yCTapeBIee U
JIEUCTBYIOIIIEE

OpnuH U3 BXOJOB yCUIIUTENs (+) Ha3bIBACTCS HEMHBEPTUPYIOMIUM, a BTOPOi (-) uiu (0) -
uHBepTUpyomuM. [Ipu nogaue curHansa Ha HEMHBEPTUPYIOIIUN BXOJ MPHUPAIICHUE BBIXOIHOTO
CHTHaJIa COBIIAJAET 10 3HaKY (¢a3e) ¢ npupalieHueM BXOAHOro curnana. Eciu sxe curuain nojan
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HAa UWHBEPTUPYIOIIMHA BXOA, TO MpPHUpAIICHUE BBIXOJHOTO CHUTHajla HMEET OOpaTHBIN
3HAK(TPOTHAOMOJIOKHBEIN 10 (a3e) Mo CPAaBHEHUIO C IPUPAIICHUEM BXOIHOTO CUTHAJIA.

Y CTpoiCTBO ONEpALIMOHHBIX YCUITUTEIEH

bnok - cxema OV npuseznena Ha (puc. 2)

HHE €D THD ¥ HUFF .
B3ON e}l epernos TPOMEHIT O THEES BHOIO X HOM BLOLOT
m}ﬁ SHEACKEADH M CRHIIeHMA HEaCkKamg C _E-‘
—_— HaoEam I ZBROC
HEMHNE P THP YW
UG EHOR

Puc..2 bnok-cxema yctpoiicta OY

BonpummucTBO MHTErpanbHbIX OY BBINOIHSAETCS B BUAE MHOTOKACKAIHBIX YCHIIMTENEH,
COoAEpKaIllMX BXOJHOMW, MPOMEXKYTOUHBIE M BBIXOAHOM Kackaael. Bxomnou kackam OY - sto
muddepeHManbHbI yeunuTens. [uddepeHnnanbHblii Kackag UMeeT BBICOKMNA Kod(duuueHt
YCWJIEHHMSI 10 OTHOLICHHWIO K OJIMHAaKOBBIM CHUTHAJaM, IMOJAHHBIM Ha BXOAbl OJHOBPEMEHHO
(cuH(a3HbIe CUTHAIIBI).

CuH(pa3HbIMU CUTHAJIAaMU HA3bIBAIOTCS MO/IAHHbBIE OJJHOBPEMEHHO Ha 00a BX0Jja CUTHAJIbI
C OZIMHAKOBOM (ha30il ¥ aMILTUTYO0M.

JuddepeHunanbHbplii  YCHINTEIh HMEET BBICOKOE IIOJIHOE COINPOTHUBIIEHUE IIO
OTHOIIIEHUIO K JIFOOBIM ITOJaHHBIM HA €ro BXOAbLI CUrHajgaMm. BxomHo# kackan OV sBisercs
Haubosee OTBETCTBEHHBIM, TaK KaK UM OINpeeNsercs BelWYHMHa TOJHOTO BXOIHOTO
COMPOTHUBIICHUS M B HEM MHUHHUMHU3HPYETCS YYBCTBUTEIHHOCTh K CHH(A3HBIM CHTHAIAM U
HaIlpsKEHUE CABUTA.

Hanpsoxenue capura - 3To HEOOJIBIIHE 110 BEIUYHHE HEXeIaTeIbHbIEe CUTHAIIBI, KOTOPBIE
BO3HUMKAIOT BHYTPU YCHJIUTEIS U NPHUBOJAAT K IMOSBICHUI0 HEKOTOPOIO HAIpPSKEHUS Ha €ro
BBIXO/IC ITPU HYJIEBBIX HAMPSHKCHHUSIX HA 00OUX BXOZAX.

[IpyurHON MX TOSBJICHUS SIBJSIETCS HETOYHOE COrJIACOBAHUE HAIPSIKEHUM HMUTTEP -
0a3a BXOJHBIX TPAH3UCTOPOB.

3a BXOJIHBIMH KAaCKaJaMu CIENYyeT OJMH WM HECKOJIbKO IPOMEXYTOUHBIX , OHH
00ecreynBaOT YMEHbBIICHUE HANpsOKCHUS TOKOS Ha BBIXOJIE YCHIIUTENS 10 OJIM3KOW K HYJIIO
BEJIMYMHBI U YCHJIEHUE T10 HAIPSHKEHUIO U MO TOKY. YCHJIEHHE IO HANpPSLKEHHI0 HEO0OXOIMMO
JUISL TIONTyYeHHS BBICOKOTO 00IIero ko3gduureHTa ycuaeHus 1o HarpspKeHUIo, a YCHIICHHE 110
TOKY - 1Jis1 00ecrieueHUs TOKa, I0CTaTOYHOT 0 JJis pab0Thl OKOHYEHHOTO KacKaja.

BbixonHoi Kacka 10KeH 00ecreunTh HU3KOE MOJTHOE BhIXOIHOE conpoTuBienue OY u
TOK, JOCTaTOYHBIN JJIs MUTAHUS 33JaHHON Harpy3ku. B xadecTBe BBIXOJHOTO Kackaga OOBIYHO
UCIIOJIB3YETCS IIPOCTON WIIM KOMIUIMMEHTAPHBINA SMUTTEPHBIA IOBTOPUTEIID.

[Mutanue cxembl OCYHIECTBISIETCA OT IBYX HCTOYHUKOB +Uy; U -U,y ¢ OJMHAKOBBIM
HanpsokeHueM. VICTOYHMKK MUTaHUS UMEIOT OOIIyr0 To4Ky. [IpyM MBYX HMCTOYHHMKAX MUTAHUS
YIPOLIAETCS CXEMOTEXHHUKA M TEXHOJIOTUs U3TOTOBJIEHUS HE TOJBKO BBIXOJHOIO Kackaja, HO U
BXOJHOro. JlBa MCTOYHMKAa THUTAaHUS [IO3BOJISIIOT YBEJIWYUTh BXOJHOE CONPOTHUBIIEHUE
nuddepeHaIbHOTO0 KacKkaga, Tak KaK MPU JBYX MCTOYHHMKAX MUTAHUS MOXKHO OOOWTHCH 0e3
PE3UCTOPHBIX JenuTesneil B 0a30BbIX ILEMAX WIM IENAX 3aTBOPOB BXOJHBIX TPaH3UCTOPOB,
YMEHBLIAIOIINX BXOHOE CONPOTUBJIEHUE KACKaaa.

Takum obOpa3om, uHTerpanbHbie OY NODKHBI UIMETh KaK MHHHMYM TISITh BBIBOJIOB: JIBa
BXOJIHBIX (MHBEPTUPYIOLINI U HEMHBEPTUPYIOIIHIT), BEIXOJHOM U J1Ba BBIBOJIA AJIS MTOAKIIIOUEHUS
UCTOYHUKOB mHTaHus. [loMmuMo Toro y wmHTerpanbHbix OY MoOryr OBITH JBa BBIBOJA IS
OaTaHCHPOBKH U JIBA BBIBOJIA JUIsI KOPPEKITUH aMIUTHTYIHO-4aCTOTHOM XapakTepuctuku (AUX).

XapaKTepUCTUKU ONEPALMOHHBIX YCUIUTENICH:

- YCUJIUTENbHBIE,

- BXOJHBIE,

- BBIXOJHBIE,

- SHEPreTUYECKUE,
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- npetidoBrle,

- YaCTOTHBIC U CKOPOCTHBIE XaPaKTEPUCTUKH.

YcunurenbHble XapaKTEPUCTUKH.

Koaddunment ycunennst K paBeH OTHOLICHUIO MPHUPAIICHUS BBIXOTHOTO HAIMPSHKCHHUS
(TOKa) K BBI3BABIIEMY 3TO MPHUPAIICHUE BXOJHOMY HANPsDKCHHIO (TOKY) MPU OTCYTCTBUH
obparroii csizu (OC). On u3mensiercs B npeaenax ot 103 go 107.

Baxneitmmmu  xapaktepuctukamu OV SBIAIOTCS aMIUIMTYAHBIC (TIEpEIaTOYHbBIC)
XapaKTepUCTHKH (puc. 3).

Ux nmpeacraBisioT B BUAE JBYX KPHUBBIX, OTHOCAILIUXCS COOTBETCTBEHHO K
WHBEPTHPYIOIIEMY U HEUHBEPTHPYIOIIEMY BXOJaM. XapaKTePUCTHKH CHUMAIOT TpPH TOJade
CUTHAJIa Ha OJIMH M3 BXOJIOB MPU HYJIEBOM CHTHaje Ha aApyroMm. Kaxmas U3 KpUBBIX COCTOHUT U3
TOPU30HTAILHOTO M HAKIIOHHOTO YYaCTKOB.

'opu3oHTanbHBIE YYaCTKH KPHUBBIX COOTBETCTBYIOT PEXKHUMY IOJHOCTHIO OTKPBITOIO
(HACBIIIEHHOTO0) TUOO 3aKPHITOrO TPAH3UCTOPOB BBHIXOJIHOTO Kackaaa. [Ipu n3MeHeHHH BXOTHOTO
HANpPsDKEHUS. Ha 9TUX y4YacTKaxX BBIXOJHOE HAMpsOHKEHHE YCUJIMTENs OCTaeTCs MOCTOSIHHBIM U
omnpezensercss HaIpsKEHUEM +U gy (max), ~Uppix (max). OTU HANPSHKEHUS OMM3KH K HAIPSIKEHUIO
UCTOYHUKOB MTUTAHMUS.

+ 1 Useix, B
1+ Uasix ma
— Llex, B + Uax, mB
-Ueasix max
— ! Usgix, B

Puc. 3 Amnnutyansie xapakrtepuctuku OY

HaknmonHoMy (IMHEWHOMY) YyYacTKy KpPHUBBIX COOTBETCTBYET MPOMOPIHOHATbHAS
3aBHCHUMOCTbh BBIXOJIHOTO HAMpPSKEHHUS] OT BXOAHOTO. DTOT AMANa30H Ha3bIBaeTCs 00JACThIO
yCHIIEHUS. YTOJI HAKJIOHA y4acTKa ompezensercs kodddumrentom ycunenus OVY: Kuoy = AUgux
/" A Ug. bonpmme 3nauenus xoddpdummenta ycuieHus OY MO3BOJSIIOT MPH OXBAaTe€ TaKUX
ycunuTene  rayOOKOM — OTpuULaTeNbHOM — OOpaTHOM — CBA3BIO  IMOJIyyaThb  CXEMBI  CO
CBOMCTBAMM,KOTOPBIC 3aBUCAT TOJIHKO OT IMapaMETPOB I OTPUIIATEIHLHOM 0OpaTHON CBSI3H.

AMIIIUTYHBIE XapaKTEPUCTHUKH, NpeAcTaBiIeHHbIe Ha (puc. 1.3), mpoxoasT uepes Hyib.
Cocrosinue, koraga Uy, = 0 ipu U, = 0,Ha3b1BaeTcs 6amancom OY. OaHako yist peanbHbix OY
ycnoBue Oananca oObIYHO HE BhIMONHSETCS (Habmomaetcs pazbananc). [Ipu Uy = 0 BeIXOIHOE
HarnpsbkeHue OY moxeT ObiTh Oosbine win MeHbIIe HYIS (Upyx = + A Upgyx i Uy = - A
UBLIX)'

HpeiidoBbie XapaKTePUCTUKHI

Ha (puc. 4) mokazan Bu nepeaaToOuHON XapaKTepUCTUKH peaibHoro OY.
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+UBx, 1B

—Upex B

Puc. 4 nepenarounas xapakrepuctuka OY

Hamnpsixenune Ugyo, mpu koTOpoM Uy, = 0, Ha3bIBaeTCsl BXOAHBIM HANpPsHKEHUEM
cMmelieHus Hyns. OHO omnpeaensieTcsl 3Ha4YeHHEeM HAaIpsKeHHs, KOTOpoe HEO0OXOAUMO IM0/1aBaTh
Ha Bxog OV st coznanus 6ananca. Hanpsokenus Uy, 1 AUgyx CBsi3aHBI COOTHOMICHHEM U gy =
AUgux /' Kyoy. OcHOBHOM npuumHON pasbananca OV sBisieTcd CYIIECTBEHHBIH pa3Opoc
napaMeTpoB 3JeMEHTOB U (dEepeHINaTLHOTO YCHINTEIFHOTO Kackaga. 3aBUCUMOCTh OT
TeMriepaTypbl mapameTpoB OV BbI3BIBa€T TEMIIEpaTypHBIH JApel] BXOAHOTO HAMPSIKCHUS
CMEIICHHUS U TeMIIepaTypHBIA qpeti) BEIXOTHOTO HATIPSKEHUS.

[Tepenarounas xapakrepuctuka OV mis cuH(}a3HOTO CUTHANIA MOKa3aHa Ha (puc. 5), u3
KOTOPOT'0 BUJIHO, YTO IPH JOCTaTOYHO OonbnX 3Ha4eHUAX Ucg (COM3MEPUMBIX C HAIPsHKEHUEM
UCTOYHMKA MUTaHK) KOdPPHULUUEHT ycueHus cuHasHoro curnana Ky pe3sko Bo3pacraer.

Hcnonb3yeMbplii quama3oH BXOJHOTO HAMPSHKEHHS HA3bIBACTCS OOIACTBHIO OCIIAOJICHHUS
cuHpaznoro curana. OY xapakrepusyercs KodhdurreHToM ocinabdieHns cuH(pa3HOro CUTHaa.

A +Upenx , B

~Ucd +Ucd

v
-Uprix ,B

BxonHble XapaKTEPUCTUKH.

BxonHoe compoTuBiieHNE, BXOIHBIE TOKH CMEIIEHHUs, Pa3HOCTh U Apeii( BXOIHBIX TOKOB
CMEIIEHUS, a TAK)KE MaKCUMaJIbHOE BXOJHOE Au(depeHITnaIbHOe HAMPSHKEHUE XapaKTePU3YIOT
OCHOBHBIE MapaMeTpbl BXOAHBIX Lened OV, KOTOpble 3aBUCAT OT CXEMbl HCHOJIb3yeMOIO
nudepeHIaATbHOTO BXOAHOTO KacKaa.

BxogHOl TOK cMemieHusi - TOK Ha BXOJAAX YCHUJIMTENS, HEOOXOIUMBIH Ui pabOThI
BxoaHOro Kackaga OY. OH o0yciiaBiIuBaeTCsi KOHEYHBIM 3HAYCHHEM BXOJIHOTO COTPOTHBIICHUS
muddepeHIMaTbHOTO Kackaga. BXOgHOW TOK CIBUTA - 3TO Pa3HOCTh TOKOB CMEIICHWS,
HEOOXOAMMBIX I JABYX BXOJHBIX TpaH3ucTopoB OY. OH MOSBISETCS BCIEACTBHE HETOYHOTO
corimacoBaHuss KOX((UIMEHTOB YCHIIEHHS MO TOKY BXOJHBIX TPaH3UCTOPOB. TOK crBura
SABJSICTCS TEPEMEHHOM BEJIIMYMHOM, JIeKallled B JHUana30HE€ OT HECKOJbKUX EIUHHUIL 10
HECKOJIbKMX COTEH HaHOaMIIep.

Hauanpaeie Bxomnbie Toku cmemeHus OV ¢ auddepeHnHaTbHBIM KackaJoM Ha
OWMOJNSAPHBIX TPAH3UCTOPAX OMPEACISAIOTCS TOKaMU 0€3 TPaH3UCTOPOB TPU 3a3EMIIEHHBIX
BBIBOJIaX, a IPY HAJIMYMU KACKaJ0B Ha MOJIEBBIX TPAH3UCTOPAX - TOKAMH YTE€UKHU 3aTBOPOB.
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Heo6xoauMocTh ydeTa BXOJHBIX TOKOB BOSHHKAET MPH MOCTpoeHnn cxem Ha OV, korma
B LIENb OJHOTO WM 0OOMX BXOJOB BKJIIOYAIOTCA pe3ucTopbl (puc. 1.6). IIpu HeonmHaKOBBIX
BEJIMYMHAX CONPOTHUBIIEHUI pPE3UCTOPOB MJIM BXOJHBIX TOKOB MaJ€HUS HANpsIKEHUs Ha
pesuctopax R u Ry OyayT HEoaMHAKOBBIMH, YTO CO3Ja€T MEXY BXOAaMu Au(QepeHIraIbHoe
HalpsDKEHUE M COOTBETCTBEHHO BBI3OBET IOSIBJIEHUE HA BBIXOJE HEKOTOPOTO HAIPSKEHMS
(pazbamanca).

D&
! 8x. cna R

BcenencrBue Hamuuusi BXOJHOIO HAIPSDKEHUS CMELIEHUS W BXOAHBIX TOKOB CMEILECHHS
cxembl OV npuUXOIUTCS AONOJHATH JIEMEHTAMH, NpPEJHA3HAYEHHBIMU MJI1 HadaJlbHOM MX
OamancupoBkH. bamaHcupoBka OCyIIECTBIsETCA Moaadeld Ha oAuH U3 BX0oA0B OY HEKOTOpOro
JIOTIOJTHUTEILHOTO HAIIPSDKEHUS U BBEJICHUS PE3UCTOPOB B €r0 BXOJHBIE LIEH.

MaxkcuManbHbIM AU QepeHInanbHbIM  BXOAHBIM  HANpsOHKEHUEM  JTUMHUTHPYETCS
HaIpsDKEeHUe, nojaBaeMoe Mexay Bxoxamu OV B cxeme, Ul UCKIIIOUEHHUS TMOBPEXKIEHUS
TpaH3UCTOPOB AuddepeHnnanbHoro kackana. s 3amursel Mexay Bxogamu OV BkirodaroTcs
BCTPEYHO - apaJlJIebHO ABa JUOA U CTAOMIUTUTPOHA.

Crnenyet paznuuath AuddepeHnrnaIbHOoe BXOJHOE COMPOTUBIIEHUE T.€. CONPOTUBJICHHE
MEXIy JBYMs BXOIHBIMH BBIBOJAAMH, U CHH(pA3HOE BXOJHOE CONPOTHBICHHE, T.€.
COTIPOTUBIIEHUE MEXy 00beTUHEHHBIMUA 000OMMH BXOJAMHU U 3€MJICH.

BbIxogHbIEe XapaKTEPUCTUKH.

BeixogueiMu mapamerpamu OV SBISIOTCS  BBIXOJHOE COINPOTUBIICHHE, a TaKXke
MaKCHUMaJbHOE BBIXOJHOE HampspkeHue u ToK. OY gomkeH 005a7aTh MallbiM BBIXOJHBIM
COTIPOTHUBIIEHUEM I 0OecreyeHHs] BBHICOKUX 3HAYCHHMI HampshKEHHS Ha BBIXOJE MPH MallbIX
COINPOTUBIICHUSAX HArpy3ku. Majoe BBIXOJHOE COIPOTHUBIIEHUE JTOCTUIAETCsl NMPUMEHEHUEM Ha
Beixoge OVY  SMUTTEpHOr0  MOBTOpUTENA. MakCUMaabHOE  BBIXOJHOE  HAIpsDKEHHE
(TTOJIOKUTENFHOE WM OTpHIATENbHOE) ONM3KO K HANPSDKEHUIO MUTaHUA. MakcuMallbHBINA
BBIXOJIHOM TOK OTPaHUYMBAETCS JOMYCTUMBIM KOJUIEKTOPHBIM TOKOM BBIXOAHOTO Kackana OVY.

DHepreTu4ecKue XapakTepUCTUKH.

Oueprerudeckue napamerpsl OY OlEHUBAIOT MAKCUMAbHBIMU OTPEOIIEMBbIMU TOKaMHU
0T 00OMX MCTOYHHKOB MUTAHUS U COOTBETCTBEHHO CYMMapHOM MOTPeOIsieMOil MOIIIHOCTHIO.

YacToTHBIE XapaKTEPUCTUKHU.

Ycunenne rapMOHMYECKHUX CUTHAJIOB XapaKTepU3yeTcs YaCTOTHRIMU napamerpamu OV, a
YCUJIEHHE UMITYJIbCHBIX CUTHAJIOB - €70 CKOPOCTHBIMU WJIM IUHAMUYECKUMU ITapaMeTpamH.

Muorue Tunsl OY o0mero u CHenMaidbHOrO Ha3HAYEHHs HMEIOT BHYTPEHHIOO
KOPPEKIIHIo, T.€. B cxeMy Takux OV BKJIIOUEH KOHACHCATOp Majioil eMkocTH (00braHO 30md).
Takoil KOHAEHCATOp BHYTPEHHEW 4YaCTOTHOM KOPPEKLMM IpenoTBpaiiaeT reHepauuio OV Ha
BBICOKMX YacTOTaX. JTO MPOMCXOAUT 3a CYET yMeHblIeHus ycuieHns OY ¢ pocTOM 4acTOTHI.
WHTepBan yacToT, Ha KOTOpOM 4acTtoTa u3MeHsercs B 10 pa3, Ha3biBaeTcs Aekanoi. M3smeHeHue
4acTOTBl B JIBa pas3a Ha3bIBAeTCs OKTaBOM. M3roTtoBuTenu NpenCTaBIAIOT YaCTOTHYIO
3aBucuMocTh ycuiieHuss OY 6e3 OC B Buae KpUBOM, HA3bIBAEMOH aMIUIMTYIHO-4aCTOTHOM
xapakrepuctukon (AUX) 6e3 OC.

Ha (puc. 7) npencraBnena AUX, tunuynas 1yis OY ¢ BHYTpeHHEH KoppeKuuei.
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Puc. 7 AUX OV ¢ BHyTpeHHEN KOppEeKIHEH

Ha Huskux uactotax kod¢p¢unument ycmienuss 6e3 OC ouenp Benuk. AUX umeer
CMaJAOUIMKA XapakTep B 00JIaCTH BBICOKOM 4acTOTHI, HAYMHAs OT 4acTOThI cpe3a fep. [Ipuunnoin
ATOTO SIBIISIETCS YaCTOTHAs 3aBHUCHMOCTH MapaMETPOB TPAH3UCTOPOB M MApa3sUTHBIX €MKOCTEH
cxembl OVY. Ilo rpanuyHoil 4actoTe fp, KOTOpOW COOTBETCTBYET CHMKEHHE KOod(duuueHTa
yeunenuss OY B KOpeHb KBaApaTHBIA M3 2 pa3, OICHHUBAIOT MOJIOCY IMPOIYCKAHUS YacCTOT
YCUJIUTESI, COCTABIISIONIYIO /17151 cOBpeMeHHBIX OY necsiTKu Merarepil.

Yacrora f1, mpu koropoil koapduuuent ycunenus OY paBeH eIuHHIIE, Ha3bIBAeTCS
4acTOTOW eIMHUYHOro ycuieHus. Eciu pa3nenuTts monocy eIMHUYHOTO YCUJIEHHSI Ha 4acTOTy
BXOJIHOTO CHUTHAJIA, TO MOJIy4UM B pe3ynbrare kodddumment ycunenus OY Ha JaHHOW 4acToTe
curHana. Ycwienne 6e3 OC Ha 4acTOTe€ paBHO IMOJIOCE MPOIYCKaHWs, JCJICHHONW Ha YacTOTy
BXOJIHOTO CHTHAaJja.

IIpu cocraBiaeHun TrpaduKOB YACTOTHBIX XapaKTEPUCTUK OOBIYHO HCHOJb3YeTCs
JorapupmMuuecKuii Macmrad.

Koaddumnuent ycunenns no Hanpspkenuro B aernuoenax paseH: Ky = 20 Ig K, rme K -
YHCIIOBOE 3HaYCHHE KO3 PHIIMEHTa YCUIICHUS IO HAMPSKEHUIO.

VYmMmenpiienne  koddduimMeHTta  ycuJIeHHST C = 4YacTOTOM  HA3bIBAaeTCsl  CIIAJIOM.
[MocnenoBarensHas RC - nens umeer ckopocts cnana AUX 20 nb/aex wnu 6 nb/okr.

Tak Kak KaxIbplil YyCUJIUTENIbHBIM Kackang OY B MpOCTEHIEM clydyae MpeacTaBiseTCs
SKBHBAJICHTHOM CXEMOM, COCTOSIICH M3 MOCICA0BATCILHO coeauHeHHBIX R 1 C, TO OH Takke
nMeer ckopocth cnaga AUX 20 ab/mek. Jns tpexkackamnoro OY kodpduUIMEHT ycUIIEHUS
YCHIIUTENSI PaBeH MPOU3BEIACHUIO KOA((UIIMEHTOB YCHJICHHSI €r0 OTIENbHBIX KackamnoB. [lpu
3TOM TOJy4YaeTcsl AOCTATOYHO TPOMO3JIKOE BBIPAKEHHE, MOITOMY YacTO MOJIb3YIOTCS BeChbMa
HATJISITHOW M TPOCTOM s TOHWMaHWS JauarpamMmmoi bome - rpadukoM 3aBUCHMOCTH
necstuaHoro Jiorapudgma Kosddumuenra ycuiaeHuss ot 1eCITUYHOTO JiorapudmMa 9acTOThl. ITO
y100HO, TaK KaK 3HaYeHHs KOA(P(PHUIMEHTOB YCHIICHHUS KacKaJloB, BbIpaXEHHBIC B JeruOenax,
MO>XHO CKJIa/IbIBaTh, BMECTO TOTO YTOOBI MX MEPEeMHOXaTh. Takum obpazoM, AUX ero xackamos
MO>KHO MOJYYHTh, TIOCTPOUB HA OJHOM Tpaduke AUX ero kackaaoB v rpaduecku UX CIOKHUB.

Tak kak wuHTerpanmpHbie OY 06e3 OC mpakTHuecKu HE MTPHUMEHSIOTCS, HE0O0XOIUMO
onpeaenuts BrusHue OC Ha AUX OVY. OrpunarensHas OC orpannuuBaeT kod(hduimeHt
yeusieHus:t OY U 3HaUMTENbHO paclIUpsieT Moyiocy nponyckanus. OTMETUM, YTO OTpULATeNIbHAs
oOparHas cBs3b He pacmupser AUX OV, a rpannunas yactota OY yBenuMuMBaeTCs 3a CYET
yMeHbIlIeHUs KO (UIIMEHTa YCHUIICHUS YCUITUTEIS.

Koadduuuent ycunenuns no koutypy OC, kak BUIHO U3 (puC. 8), €CTh Pa3HOCTh MEXIY
kodurmentamu ycmienus OY 6e3 OC u ¢ OC, BeIpaXxeHHOH B AenroOenax.
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Puc. 8 3aBucumMocTh K03 HUIIMEHTA YCUICHUS OT YaCTOTHI

B Ttom ciyuae xorma ckopocth cnaga AUX OV cocrasnsier 20 nb/nek, npousBenenue
kod¢¢umenTa ycuwiennsa OY Ha 4aCTOTy €IUHUYHOTO YCUJICHUS €CTh BETUUMHA [TOCTOSHHASI.

[Tpu ycunenun curHanoB OY OOBIYHO OXBATHIBAECTCS OTPULIATEILHOW OOPAaTHOW CBSI3BIO
0 WHBEPTHUpYIOIIEMY BXxoay. BcneacTtBue co3maBaeMoro ycuiauTeleM B OOJACTH BBICOKHX
gactor @a30BOr0 CIBUTa BBIXOJHOTO CHUTHajla OTHOCHTEIBHO BXOIHOTO (ha304acTOTHAs
xapakrepuctuka OY 1Mo HHBEPTUPYIOIMIEMY BXOy TpHOOpETaeT MONMOJIHUTENbHBIN (cBepx 180°)
dazoBsIii caBur (puc. 9).

:fu A fop £
180°

¥

3609

Jlnsi HEeKOTOPO# BBICOKOW YacTOTHI MOJHBIN (ha30BBIN CABUI CTAHOBUTCS paBHBIM 360°,
YTO COOTBETCTBYET IOJIOKUTEIHHOW OOPAaTHOW CBS3W IO WHBEPTUPYIOIIEMY BXOAY Ha ITOM
4acToTe, YTO MPUBOJIUT K CAMOBO30YXKIEHUIO cXeMbl. [l ycTpaHeHus: caMoBo30yxeHust B OY
BBOJAT BHEWIHHE Koppektupyroomue RC - nenu, mo3BOJSIIONIME HECKOJIBKO H3MEHHUTH XOJ
aAMIUTUTYIHO - YaCTOTHOW U ()a30BO - YACTOTHOM XapaKTEPUCTHK.

Kpurepuii ycroriunBoctn OY mHOTA BBRIpaKaeTcsl Yepe3 3amac yCTOWYMBOCTH 10 (dase,
KOTOpBII mpenctaBinsieTcss B Buae cymmbl ¢a3z D=180°+¢ . IlomoxutenbHbIl 3amac
yctoitunBoctr OV 1o ¢aze sBIseTcs MokaszareiieM ero yctoiunBoctu. OTpUIIaTeIbHBIN 3amac
no (daze xapakrepeH ans HeyctoiWuumBoro OVY. Jlng TmonmydeHUs MaKCUMaTbHOTO
owicTpoaeiicTBusl OV KenmareIbHO UMETh 3armac YCTOMYMBOCTH 10 (haze okojio 45° .

VcrorunBocth OY MOKHO OIICHMTH M IIO0 4YacTOTE, HaAXOIAIICHCA B IIOJIOCE €ro
npormyckanus. Ecin MonoBMHa mNepuoja 3TOM  YacTOTHl pPaBHA BPEMEHU  3aEPKKH
pacnpocTpaneHus curaaia mno KoHtypy OC, To B OY BO3HUKAIOT KOJeOaHUS.

B peanpnbix ycnoBusx pabotrel OY Bcerma MMEIOT MECTO mapa3suTHbie 3P(EKTh U
Napa3uTHHIE SJIEMEHTHI, KOTOPhIE MOTYT MPUBOJIUTH K JOMOJHUTEILHOMY YBEJIMUECHUIO CIIBUTOB
da3sl o netiie OC u HapymaTh ycronunBoe coctosiaue OY.

st oGecriedenus ycroitunBoit padotel OY HeoOX0AMMO YMEHbIIATh 3ara3/blBaHuE IO
daze, T.e. KoppekTupoBath AUX OV.

CKOpOCTHBIE XapaKTEPUCTHKHU.

Juuamuyeckumu napamerpamu OV SBISIOTCA CKOPOCTh HApAaCTaHUSl BBIXOJHOTO
HarpsKeHus: (CKOpPOCTh OTKJIMKA) M BpEMsl YCTAHOBJIEHHUS BBIXOAHOTO HampsbkeHus. OHu
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onpenenstorcss mo peakiuu OY Ha BO3JCHCTBHE CKavka HampspDkeHUs Ha Bxojae (puc. 10).

Unx

I
|
|
Uzt |
I
0.9UBsx I /\\-‘/"ﬁ\
I au
I iy
0. 1Unenx ———? .
to tycr

Puc. 10 3aBUCHUMOCTb BBIXOJIHOTO CUTHAJIA OT CKOPOCTHBIX XapakTepuctuk OY

CkopocTh HapacTaHWsl BBIXOJHOIO HanpspKeHUs:  VUBBIX HaxoAsT IO OTHOILIECHHIO
NPUPAILIECHUS] BBIXOJHOTO HAINpPSDHKEHUS K BPEMEHM Ha YYacTKe HM3MEHEHHS BBIXOJIHOTO
HanpsokeHuss oT 0,1Ugx 10 0,9U,,,. Bpemsa ycTaHOBIIEHHS BBIXOJHOIO HANpsDKEHUSA tycr
OIICHUBAIOT MHTEPBAJIOM BPEMEHHU, B TEUCHHE KOTOPOrO BBIXOJ| HOE HAINPSIKEHHWE MEHSETCS OT
ypoBHsa 0,1 mo ypoBHs 0,9 ycraHoBuBHIerocsi 3HaueHus. B psame cxem OY pomyckaercs
BBEJICHHE KOPPEKTUPYIOIMUX Lenel, ynydmaomux napaMeTpbl VUgyx U tyer. Tt OY vUgyy =
0.1:100 B/MKc, a tyer = 0.05:2 MKc.

Knaccudpukanus OY.

B pe3ynbrare mOMCKOB M 3BONIOLUN CXEMOTEXHUYECKUX W TEXHOJIOTHYECKUX PELICHUI
ob11 coznan psan OV, koropeie cornacHo kBanupukanmu 1o ['OCT 4.465 - 86 nensrcs Ha:

- yHHBepcabHbIe (001ero mpuMeHeHus ), y kotopsix K, =103 : 105; f; = 1,5 : 10 MTI'm;

- TpeLU3UOHHBIe (MHCTpYMEHTalbHbIe), Y KoTopeix Ky > 0.5%106 u rapanTupoBaHHBIC
Mmassie ypoBaH U,y < 0,5MB u ero npetida;

- OBICTPOJCHCTBYIOIIME CO CKOPOCTBIO HApacTaHUs BBIXOJAHOTO  HANpsOKCHUS
U..>20 B/MKkc;

- peryaupyemMblie (MUKPOMOIIHBIE) C TOKOM NMOTPeOiIeHus [nor < 1MA;

- MOIIIHBIE ¥ BEICOKOBOABTHEIE OV

- MHOTOKaHaJIbHBIE.

OcHoBHbIE cxeMbl BKIrodeHus: OVY.

[lIupokoe mnpakTHueckoe ucnoiab3oBaHue OV B aHAJIOTOBBIX CXEMaX OCHOBBIBAETCSA
[JIaBHBIM 00pa30oM Ha NMPUMEHEHUH B HUX pa3au4HOro pojaa BHemHuX OC, ueMy crocoOCTBYET
Oonbmioe 3HadeHue kKoddduuuenta ycuineHuss Koy, a Takxke BBICOKOE BXOJHOE M Majioe
BbIXOJIHOE comnpotuBieHre OY. Bpicokue kayecTBa mapaMeTpoB COBPEMEHHBIX MHTErPajbHBIX
OV 1no3BoJstoT 6€3 BHECEHHs 3aMETHOM MOTPEIIHOCTH MpH pacdyere cxem Ha OY mpuHUMATh
I<U0y_>OO ) Kloy_)oo u RBx.oy_)Oo .

OcHoBHbIMU cxemMamMu Ha OV ABIAIOTCA MHBEPTUPYIOLMHA M HEUMHBEPTUPYIOIUN
YCUJIUTENH, PEXUM pPabOThl KOTOPBIX OCYIIECTBISETCS B MpeAeiaXx JHMHEWHOTo ydacTka
NepeIaTOYHON XapaKTepucTUKU. Takke BeChbMa Ba)KHbl CXEMbl KOMIIEHCAIUU HAIPSKEHUS
CIBUTA.

Heunseptupyrommuii ycunurens Ha OVY.

HeunBeptupyronuii ycunurens nzoopaxkeH Ha (puc. 11).
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R1 =
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Iex Uyg =
4+ UseD

- i
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Puc. 11 Bxitouenue OY - BXOJIHOM CUTHAII MTOAACTCS] HA HEMHBEPTUPYIOLIUMA BXOJ

JlaHHas cxeMa Mo3BOJISIET UCMOJIb30BATh B KAUECTBE HEMHBEPTHUPYIOIIEro ycunurtens OV,
cxema 005agaeT BBICOKUM TIOJHBIM BXOJHBIM COIMPOTUBIEHUEM, MpuU4eM Kod(hdHuiueHt
YCHUJIEHUS BCE CXEMBI 110 HAIPSKEHUIO MOXKET OBITh ’KECTKO 3aJ1aH C TTOMOIIBIO COMTPOTUBIICHHIA
Rl )41 Roc.

B nanno# cxeMe BXOJIHOW CUTHAJI MMOJIa€TCsl HA HEMHBEpTUpYrommid Bxoa OY.

Ycunurenb COAEPKUT TMOCIEAOBATEIbHYIO OTPHUIATETBbHYI0O OOpaTHYIO CBSI3b IIO
HaIPSKEHUI0, CO3/1aBAEMYIO Ha pe3rcTope Roc 1 molaHHYI0 Ha HHBEPTUPYIOIIUI BXO/I.

[lonHoe BXOJHOE COMPOTUBIECHUE BCEM CXEMbl OKAa3bIBACTCS BBICOKMM, TaK Kak
€MHCTBEHHBIM ITyTEM JJI1 TOKA MEXIY BXOJOM U 3€MJIEH SIBISETCSA BBICOKOE MOJIHOE BXOAHOE
conpotusiieHue OY.

ComporuBnennst R; u Ry 00pa3yroT nenutens HaANpsDKEHHS ¢ 0YeHb MaJIOW Harpy3Kow,
TaK KaK TOK, HEOOXOUMBIN JIJIsl YIPaBJICHUS yCUIUTeIeM, odeHb Mat ( I, >> 0).

[TostoMy uepe3 R; m Ry TeueT OOMHAKOBBIA TOK M HAIpPSHKEHHUE, MPUIIOKEHHOE K

WHBEPTUPYIOLIEMY BXOY, PABHO:

Upx

U
U :UBblx Rl;T'K‘IRlle s 7—)00, umeem
6x.un6 R1+ ROC (v 6x
I Rl: %’ I Roc = %’ U (;)(.um;:U 1;)(+U q HOBTOMy
1 oc
Uex+Uq UKbe_(UBX+Uq)
IR]. :T’ IRBX: R =
1 oc
ng+Uq:U6W_(U“+UQ),TaKKaKU =K uJ :%
Rl Roc 8bIx l_Jq q K
U. U.-U,
toraa mpu <% U Oposkro HamuMcaTb R T R

Otcroma Haitmem kodpdumueHt ycumeHust cxeMbl Ugyy / Uy , KOTOPBIH Ha3bIBatOT
ko duumentom ycuieHus ¢ 3aMkHyToil OC (K, ), nim ko3 PpuuueHToM YCHIIEHUS 3aMKHYTOT'O
YCWJIHMTEIA, T.€.Ipeodpa3zyemM

U.R =R U_-RU_ . nmowunU (R +R)= RU_

(RacR_’—lRl) :LLJJ«: — KOC:> KOC:%”:+L xo20a K >> K,

Comnportusnenust Ry + Ry ciaenyer BEIOUpaTh Tak, 4TOOBI OOIMIMKA TOK HArpy3Kd € y4ETOM
9TOTr0 COIPOTHUBIIEHHSI HE MPEBBIIIAT MAKCUMAIBHOTO BBIXOAHOI'O TOKA YCHIICHHUS.

WNHBepTUpYyrOIUI yCUIIUTEIb

WNuBepTupyromnuit ycunurens n3o0paxeH Ha (puc. 12)
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Roc
IRl = Iex | —
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R1 =
13 IRocC
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0 Uy
+ UBEIK

A1 F

Puc. 12 Bxitouenue OY - BXOIHOM CUTHAJ MOJACTCS] HA MHBEPTUPYIOLIUNA BXOJ

BxomHo# M BBIXOJHOW CHTHAIbl MHBEPTUPYIOIIETO YCHIIMTENS CABHUHYTHI MO ¢aze Ha
180°. M3MeHeHKe 3HAaKa BEIXOAHOTO CUTHAJIA OTHOCUTEIHHO BXOJIHOI'O CO3IAaEeTCSI BBEIECHUEM I10
uHBepTupyomemMy Bxoay OV ¢ momMomisio pe3ucrtopa Roc mapamienbHoOl oOpaTHOW CBSI3U TIO
HanpsokeHWto. HenHBepTHpyROMM BXOA CBsi3aH ¢ OOIIEH TOYKOM BXOJa M BBIXOJA CXEMBI
(3azemursietcst). BxoaHoit curnan nomaercs uepes3 pesuctop R1 Ha uaBepTHpytonmii Bxoa OVY.

bnaronaps Beicokomy ko3dduumenty ycunenust ycunutens 6e3 OC s M3MEHEHUs
BBIXOJTHOTO HAMPSDKEHUSI YCUIIUTENS BO BCEM paboueM JHara3oHe JOCTaTOYHO BEChMa MaJIoro
sraueHus U (00b19HO U gy max < Upn.)-

Ecin Ha cxeMy nojarh IOJOXHMTENbHOE BXoAHoe HampspbkeHue Uy, 1o Ug craner
MOJIOKUTEIHHBIM M BBIXOJHOW TMOTEHIIMAT HAaYHET CHUXKAThCs. BhIXOqHOE HampspkeHue Oynaer
MEHSATBHCSI B OTPUIATEILHOM HANpPaBJICHUM 0 TE€X IMOpP, MOKa HANPSHKEHWE Ha MHBEPTUPYIOIIEM
BXOJI€ B TOuKe A He cTaHeT mouTu HyneBbIM: Ug = Uy, / Koy >> 0.

Takum obpazom, R; u Ry meiicTByer kak aenutens HanpspkeHUS MEKIY Ugyx U U U
UBLIX / UBX = Roc / Rl-

Touka A Ha3bIBae€TCs MOTEHUHAIBHO 3a3€MJICHHOM, MTOCKOJIBKY MOTEHIIUAJ MTOYTH PaBEH
noTteHnuany 3emau,Tak kak Uq >> 0.

Ecmu npunate Ryy oy —00  n Bxognoi Tok OV Iy, = 0, TO

IRl = (UBX - Uq) / Rl 144 IRl =- (UBBIX - Uq) / Rom

CIIeIOBATEIBHO

(UBX - Uq) / Rl =- (UBBIX - Uq) / Roc-

ITonaras,uro Ug >> 0 u K—oo , 3anmiem

UBX/Rl = UBBIX/R009 I<oc = UBBIX/UBX =- Roc/Rl

Takum oOpazoM, KO3hOUIMEHT YCWJICHHs WHBEPTUPYOIero kackamga OV 3aBHCHT
TOJIbKO OT TapaMEeTPOB BHEIIHEH IETH M HE 3aBUCUT OT Koddduimenta ycmienus camoro OVY.
OO6b1uH0 R1 BRIOMpaeTcs Tak, YTOOBI HE HArpyKaTh UCTOUHUK HanpspKeHUS! Ugy, a Roe H0MKHO
OBITH TOCTATOYHO OOJIBIIINM, YTOOBI YPE3MEPHO HE HArPYXKaTh OTICPAIIMOHHBIN YCHIIUTETb.

Ecmu BeiOpate R, = R, korma Ky, = - 1, To cxema (puc. 12) momydut cBoiicTBa
WHBEPTUPYIOIIETO TTOBTOPUTENS HANIPSHKEHUSI(MHBEPTOP CUTHAIIA).
ITockomexky Uq — 0, BXomHoe coONpoTHBICHME cXeMbl Ry = Rj, BbIXOAHOE

CONPOTHUBIICHNUE YCUIIUTEIIS:

RBLIX = ((RBBIX oy (1+ROC/R1)) / Ku,oy

HPPI Ku,oy_>OO , Rgsx — 0.

Buemnsis koMIieHcanus CIBUra.

Hekotopsle ycunuTen HWMEHOT BCTPOEHHBIE PETYJIHPOBOYHBIE JJIEMEHTBHI UL
YCTpaHEeHHs cABUTA. B ycuiuTensx, KOTopble HE UMEIOT BHYTPEHHUX CPENICTB JIJIsl YCTPAHEHUS
Hynsl Uy, TOpUXOOUTCS O00aBISATh BHEIIHIOI PE3UCTOPHYIO LEMb s KOMIIEHCAlUU
HaIpsKEHUs CIBUTA.

B cxeme Ha (puc. 13), XxoTs IcM 1 HEBEMK, HO OH BCE XK€ CYIIECTBYET U, eciu Jaxe Uy,
paBHO HymO, l.,, IpoTekas dYepe3 MapaIeIbHOE COCAMHEHUE CONpoTUBICHUNM Ri m Ry,
BBI30BET MOsBjIeHNE Ha BbIxo e HAMPSHKEHUS U g pux (len), paBHOTO IeM(R1 || Roc).
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R1 Roc
! 1

It

Puc. 8.13

[TockoabKy TOK CMEIIEHUsS] HEHMHBEPTHUPYIOMIETO BXona ley, (puc. 14) mpubausutensHO
paBeH TOKY CMEULIEHMs, IPOTEKatoIIeMy Yepe3 UHBepTUPYOIMi BXOA (Icyi), TO, MOAKIIOUNB B
1[elb HEMHBEPTHPYIOIIETO BX0a conpoTuBieHue Ry, paBHoe R || Roc, monydnM HampsbkeHue,
BO3HUKaOIIee Ha Ry, MpUOIM3UTENTFHO paBHOE HAMPSHKCHUIO CMEIIEHUSI TI0 HMHBEPTUPYIOIIEMY
BXOAY OT Ieyi (R1 || Roc)-

Rl Roc
T
IEHIL
Ug f. - —0
T o
Ten2 Rx = {R1|| Roc)

Ickl{Rl|| Roc)=IcH2?RK
Puc. 14 Crioco0 cHMXEHUS BEJIMYUHBI TOKA CMELLIEHUS
s komniencanuu Uy, Bei3BaHHOTO HebanaHcoM Usg,, CIIeAyeT YCTaHOBUTH JEIUTENb, C
MOMOIIBI0 KOTOPOTO MOXHO ObII0 OBl KOMIEHCHPOBaTh Naxe Ucppmax, HE H3MEHSS
K03 PHLIMEHT nepesaun enu oOpaTHON CBSI3U.
CxeMa yCTaHOBKHM HYJIsI HApsDKeHUS caBura (moteHmomeTp R;) mokasana Ha (puc. 15).

+UU
R4 BE Roc
1 1
Bn L1 L
o R3
-u UBEDC
o]
Bx=R1 || Roc J‘
Rl =R3 + RS Upx

L

Puc. 15 YcranoBka HyJn€BOro 3Ha4€HUsI HAMPSIKEHUS BBI3BAHHOT'O TOKAMU CMEILICHUS

B sroit cxeme R3 + Ry = Ry - 3170 ycnoBue kommneHcanum HanmpspKEHUs! CABUTA BBIXOJIA,
BBI3BAaHHOTO TOKamH cMmemieHus. ComporuBiieHne R4 BbIOMpaercs Tak, 4ToOBI HapajljieibHOE
coequnenue R3 u R4, 6pu10 mpumepHo paBHO R3. D10 03Hauaer, uto R3 BeIOMpaeTcs MansiM, a
R4 - Gonpmmm. J[Mama3zoH peryJqMpOBKH HANpPsDKCHHUS CIABUTA MPUOIM3UTENBHO paBeH + U
Rs/R4, Tak kak R4>>Rj3. [lotenummomerp R, d0WKeH HWMeETh JOCTaTOYHO OOJIBIIOE
COTIPOTUBIICHHUE, YTOOBI HE HArpy)Xarb HCTOYHHUK NHUTaHUsA, HO BMECTE€ C TEM, TOK Yepe3
MOTEHIIMOMETP JIOJDKEH ObITh Mo KpaiHeidl mepe B 20 - 40 pa3 Gonbiie I, Tak kak Rz u Ry
00pa3yroT IeauTeNb HAaPsHKCHMS.
Komnencamusi Uy, B HEMHBEPTUPYIOIIEM YCUIIUTENE OCYLIECTBISETCS AHAJIOTMYHO, OJHAKO
JIeIUTENh HanpspDKEeHUs ycraHaBimuBaeTcs B nenu OC, Tak 4TO O4YeHb Ba)kKHO, 4TOOBI R4 OBLIO
MHOTro Oombiie Ri. 3amernm, uto R; = R3 + Rs, 1 3Ta cyMMa rcmonb3yeTcst B BBIPQXKCHUH IS
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onpeneneHus kodpdunumenta ycunenus ycunurens ¢ OC. ConporuBnenus R; um Ry
BBIOMPAIOTCS] TOYHO TAK K€, KaK U JUIsl HUHBEPTUPYIOIIETO YCUIIUTEIIS.

CpenctBa oOy4yeHUsI:
JlaGopatopublii crenn «Onepanuonnele ycunurenn», Ocmwiorpag Cl1-55, Teneparop
HPSIMOYTOJIBHBIX U TAPMOHMUYECKUX CUTHANIOB, CTPENOUHBIN BOJIBTMETP.

[IpakTuyeckue 3aqauu, 3a1aHUs, YIIPaKHEHUS:
1. TIpoBecTH mcclieq0OBaHNE WHBEPTUPYIOIIETO ONEpalMOHHOTO yeunutens (puc. 8.16): Castue
AYX, K = F(F); paccuntatb KO3(pPUIHEHT YCUICHUS CXEMBI; ONPEAETUTD MOJIOCY MPOITYCKAHHS
OYVY; cuarue 3aBucuMocT kodddummenta ycunenus ot Ry, K = F(R,); cHaTHE 3aBHCHMOCTH
k03¢ durmenTa ycuieHus ot BxogHoro conpotusieHus Ry, K = F(Ry).
2. IIpoBecTn W3MEpEeHHE aMIUIUTYIHON XapakTepUCTHUKH, 1o rpaduky ompeaenutb Koc u
CPaBHUTH C PACUECTHOM.
3. IlpousBecTn pacuer compoTuBiieHUs obOpatHod cBsizu U K,=10 B 3aBUCHMOCTH OT
BbIOpanHoO# BennmuuHbl R1 (puc. 8.17), B cxeme BritoueHuss OY ¢ HHBEPTHPYIOIIUM BXOJIOM
4. TlpoBecT W3MEpEeHHE AMIUIUTYAHOM XapaKTepUCTUKH, 1O Tpaduky ompenenuth Koc u
CPaBHUTH C PACUECTHOM.
5. Paccuurare cxemy muddepennumansaoro ycunurens (puc 8.18) ¢ K,.=10, umccrmemoath
K03 duureHT ocnabieHus CUH(A3HOrO CHrHaja, MojaBas Ha o0a BXOJAa MPSIMOYTOJIBHBIN
umnyinsc 4B.

[Topsimok BBINOJIHEHUS:

PaGora BemonHseTcss Ha gabopatopHoM creHAe «OnepaluoHHbIE YCHUIUTEIN»,
IpeIHa3HauYEHHOU 1)1 TpoBeaeHUs uccaenoanuii OVY.

HccnenoBanne MHBEPTUPYIOLIETO ONEPALIMOHHOTO YCHIIUTENS

CoGpars cxemy':

R1* 10k R2* 100k
+Uun
| =
ar Uex — % O
Uphix N
-Uun FI

Casatue AUX, K =F (F).

Ot 31" noxars curnan Ha uHBepTUpytomuii Bxog OV, npuueM U< U gy max-

MakcumanbHasg BeJMYMHA BXOAHOro curHajga UBX.max, NpH KOTOPOH YCHIIMTENb
paboTaeT 0e3 3aMETHBIX HEJIMHEWHBIX MCKAKEHUH, OMpeesieTcss ¢ TOMOIIBI0 BOJIBTMETPA MPH
KOHTpoJie (hopmbl curHajia Ha Beixoae OV mo ocimuiorpady.

YacToTy BXOJIHOTO CHTHaja MEHATH B cienytoiemM nopsiake: 10, 20, 40, 60, 80, 100, 200,
400, 1000, 2000, 4000, 6000, 8000, 10000, 20000, 40000, 60000, 80000 I'r, 100k 1, 200k 1.

PacunTaTth KOA(POUIMEHT YCUICHHS CXEMBbI:

K = U/ Usx, Ky = 20LgK u noctpouts rpadpuk K, = F(F) B norapudmuueckom
maciiraoe.

Onpenenuts nosiocy nponyckanus OY.

Custue ammuntyaHou xapakrepucTuku (AX), Uyyx= F(Usy).

Bxonanoit curgan nomaercst oT 31" Ha yactote F = 10001 1.

Bxognoit curnan meHsath oT HYNA A0 2Ugpx max. MakcuManbHasi BOEIUYUHA BXOJHOTO
curHaia UBX.max BbIOMpaeTcs aHaJOTUYHO 1. 1.

! Cobpatb cxemy — 3T0, 3HAYHUT, BHIITOJHUTH KOMMYTAIIUIO U3 IEpEKITI0oUaTelNeil pacioioKeHHBIX Ha

nepeIHel mMaHeny CTeH 1a, TAKUM 00pa3oM, 9TO0BI HEOOXOAMMBIE JIEMEHTHI CTEH/Ia OKa3aJIMCh BKIIOYCHHBIMU B
CXeMy, a Te KOTOpBIE B pab0OTe HE YIaCTBYIOT — OTKIJIFOUCHEI.
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BrixogHoe HampsbkeHUE CHHUMAETCsi C IMOMOIINBI0 BOJIBTMETpa WM ocuuuiorpada c
BbIxoAa OV.

CHsTHE 3aBUCUMOCTH KO3 duipenTa ycraeHus 0T Roe, K= F(R.).

Bxonno#t curnan nonpasate oT 3I' ¢ wacroroit F = 1000I'u. CHATHE XapaKTepHUCTUKU
mpoBecTH Tt BXomHOTO curHana, Uy < Upxmax. Compotusienne R, m3menars or 10kOm no
300kOM. 3amMepuTh BBIXOJHOE HANpPSHKEHUE BHEUIHUM BOJBTMETPOM MM ocuuiuiorpadom Uy
U 3apHrcoBaTh (HOPMY BBIXOJIHOTO CUTHANIA B XapaKTepHBIX Toukax. [loctpouts rpaduxk.

CHsaTHe 3aBUCHMOCTH KOX((UIMEHTa YCWJICHHS OT BXOIHOTO CONpPOTHBICHHS Rj,
K= F(R 1).

Bxongunoii curgan nomasath ot 31" ¢ wactorout F = 10001 .

Conporusnenue Ri uamensats ot 5,1 kOM 10 51 kOM. 3amMepuTh BBIXOJIHOE HAPSIKEHUE
BHEITHUM BOJBTMETPOM miu ocuuiuiorpadom. [loctpouts rpaduxk.

[ToaxI0UnTh K MHBEPTUPYIOIIEMY KacKay BHEUIHIOIO HArPy3KYy.

Cobpath cxemy:
R1 10K Roc 100k

f—% o

3r Uex —(N\ 11 1 O !

ﬂ fl/fo" - OUBux N
-Uun j ‘”‘-_I

R*H 4 H
510/510| 1k Tk

Ot 31" momats Ha Bxox OV curuan ¢ gacroror F = 10001 .

Usx< Upxmax, T.€. AMEEM Ha BBIXOJI€ HEUCKAKECHHBIM CUTHAJI.

a) U3smeputs HanpsbxkeHue Ha BbIXoAE OV Uy, IIpu OTKIIFOUEHHOW Harpyske Ry.

0) U3meputh Hanpspkenue Ha Beixoae OY U'yx npu moaktoueHHON Harpys3ke Ry= 510
Owm. BeixoniHoe HamnpsikeHne (PUKCHUPYETCs BHEITHUM BOJBTMETPOM HIIA OCHHILIOTpadoMm.

B) Brixoanoe conporusnenue paccuutarh Mo Gopmyiie Ryyx = (Upux / U'six) - Ry

Uccnenoanue Hemnseptupyromero OVY.

Casatue AUX , K = F(F).

Cobpath cxemy:

R*1 10k R*oc 100k
+UJun
| =

UBbix N

-Uun fi *_J

Ot 3I" nopats curnan Ha HenHBepTupyroumii Bxoa OV, npuuem UBx< UBX.max.

MakcumanbHasg BEJIMYMHA BXOJHOrOo curHajga UBX.max nOpH KOTOPOM YCHIIMTENb
pabotaer 0e3 3aMETHBIX HEIWHEHHBIX UCKAKEHUH, ONPEAEIsIeTCs C MOMOIIBIO BOJIBTMETPA MPH
KOHTpoJie (hopmbl curHajia Ha Beixoae OV mo ocimuiorpady.

YacToTy BXOAHOTO CUTHaJla MEHATH B cleayromux npeaenax: 20, 40, 60, 80, 100, 200,
400, 1000, 2000, 4000, 6000, 8000, 10000, 20000, 40000, 60000, 80000 I'r, 100k 1, 200K 1.

Paccunrate koadduument ycunenus cxembl K = Uy / Uy u moctpouth rpaduk
K6 = F(F) B morapudmudeckom macmrade.

Omnpenenuts nosiocy npomnyckanus OY.



100

Cusrtue amrmuntyaHoi xapakTepucTuku (AX), Ugyx= F(Usx).

Bxonnoit curnan nomgaercs ot 31" Ha yactore F = 1000I'n. BxomHol cUKHalI MEHSITH OT
Hynd 10 2 Ujpxmax. MakcuMalibHas BeIWMYMHA BXOMHOTO CHTHaNA Upgxmax BbIOMpaeTcs
aHajornyHo 1.5.1. BpIXxoAgHOE HampsbKeHWE CHUMAETCs C IOMONIBIO BOJBTMETpa WU
ocrmutorpada OY. [Toctpouts rpaduk.

CHsTHE 3aBUCUMOCTH KO3 duienTa ycueHus oT Roe, K= F(R.).

Bxonnoii curnan nogasate oT 3I° ¢ wactoroir F = 1000I'u. CHsTHE XapaKTEepUCTUKHU
poBeCcTH i1 BXoaHOro curiana Usx< UBx.max.

Conpotunenue R, u3menars auckpetso ot 1 g0 510 kOm.

BreixogHoe HampspkeHue Uygyy 3aMepsATh BHEITHUM BOJIBTMETPOM, 3apHCcOBaTh (opmy
BBIXOJTHOTO CUTHAJIa B XapaKTEepHBIX ToUKax. [locTpouts rpaduk.

CHsaTHe 3aBUCUMOCTH KOX((UIIMEHTAa YCWICHHUS OT BXOJHOTO CONPOTUBICHHS Rj,
K= F(R 1).

Cobpath cxemy:

R1 10k Roc

1 1 &USH@E]
m—lar - s
_,_jBx B*H P ji

510/510] 1k Tk

Bxonanoit curgan nonasath oT 3I° ¢ wactoroi F = 10001 1.

CHsTHE XapaKTepUCTUKHU MPOBECTU sl BXOAHOTO cUrHaNa Upx< Upx max-

Conporusnenue Ri u3MeHsaTs auckpetHo oT 250 no S1kOwm. BeixogHoe HampshKeHUE C
BbIxoJ1a OY 3aMepsaTh BOJIBTMETPOM.

[TocTpouts rpaduk.

[ToaxmoUnTh K HEMHBEPTUPYIOLIEMY KacKaay BHEIIHIOIO Harpy3Ky.

Custue 3aBucumoctd kodpdurnenrta ycunenus K ot conporusnenus R, K= F(Ry).

Bxonguoii curgan nogaercs ot 31" ¢ wactoroit F = 10001 11.

XapakTepucTUKy CHUMATh JJ1s1 BXOAHOTO CUTHANA U gy < Uy max.

ConpoTHuBieHHE Harpy3KU MEHATh AUCKpeTHO oT 5100M 1o 1 kOm.

BrixonHoe HampsikeHHE M3MEPATHh C MOMOIIBIO BOJIBTMETPA, 3apPHCOBATh XapaKTEPHBIE
KpUBEIC.

Paccuntars K = Uy / Uy, 1 moctpouts rpaduk K = F(Ry,).

N3MepuTh BBIXOTHOE COMTPOTUBIICHUE Ry .

Cxema Ta e, 4TO U B IPEABIAYIIEM I1.5.

Ot 3I' moxate Ha Bxox OV cur”ain ¢ F = 10001, Ugyx< Ugx max, T.€. HMEEM Ha BBIXOJEC
HEUCKaKCHHBIM CUTHAJ.

a) U3meputs HanpspkeHue Ha BBIXOAE U,y MPU OTKIIIOUEHHOW Harpyske Ry.

0) Wsmeputp HampspkeHue Ha Bbixome OV U'px Npu TOAKIIOYEHHOW Harpyske
Ry = 5100M. BeixonHoe HanpsikeHHe GUKCHPOBATH BHEIIHUM BOJIBTMETPOM.

B) BrixonHoe conporuBnenne RBeIx paccunurtars mo dhopmyse

RBLIX = ((UBLIX / UIBI:IX) - I)RH

[TpaBuna opopmieHus padoOTHI:
- COZIep>KaHUE OTYETA;
- 1eJIN;
- cxeMbl ucciaenosanus OV
- TaOIUIBI U3MEPEHUH, TPAUKHU BCEX CHATHIX 3aBUCUMOCTEH, pacyeThl;
- BBIBOJBI.
Pabora odopmusercs B TeTpamu s y1abopatopHeIX  pabor.  Pemensupyercs

MpenoiaBaTesieM, 3alluTa OCYIECTBIIAETCS MOCIE MOJIYYSHHS I0MYCKa.
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KonTposibHBIE BOPOCHI:

Uto nonumaercs nog OV.

Kaxkwue cBolicTBa XapakTepHbI ISl UACATBHOTO YCUIIUTEIIS?

UTo moHUMAaETCs TI0]] THBEPTUPYIOIIUM U HEMHBEPTUPYIOIINM BX0oa0M OV ?
UYrto Takoe cuH(a3HbII CUTHAIL.

Ha3zoBute ocHOBHBIE CBOMCTBA AH(PepeHIINATBHOTO KacKaa.

Urto Takoe HanpsHKeHUe cBUra?

UYro npencrasiser coboii 0110k - cxema OY? OxapakTepu3yiTe KaXIblii U3 KaCKaI0B.
[TosicHuTe aMIITUTYIHYIO (TTEPEAaTOYHYI0) XapaKTEePUCTHKY.
[TosicHuTe MepenaTouHyI0 XapaKTepPUCTUKY sl CHH(A3HOTO CUTHANA.
0. HazoBuTe OCHOBHBIC ITapaMeTPhl BXOAHOM IIETIH.

1. [Tosicaute AYX OVY.

12. Yto moHMMaeTcs Mo 9aCTOTON €TMHUYHOTO YCHIICHHS?

13. Kakogo Bnusiuue OC Ha AUX?

14. TlosicauTe dazoByro xapakrepuctuky OVY.

15. Ha3zoBure xputepuii ycTONYUBOCTH.

16. Ilepeuncnaure nuHAMUYecKue napameTpsl OY.

17. KakoBbl OCHOBHBIE CBOWCTBA MHBEPTUPYIOLIETO YCUITUTENS?

18. KakoBbI OCHOBHBIE CBOWCTBA HCMHBEPTUPYIOIIETO KACKala YCHUITUTEIS?
19. [MosicauTe paboTy BHEUTHEH KOMIICHCAIIUU CABUTA.

20. Kakum ob6pazom kinaccuduiupyrorcst OY?

RBOONO~WNE

KommekT onenounsix 3amanuii Nel6 mo Paszpeny 7. OcHOBBI 25ekTpoHukH, Tema 7.4.
DJEeKTPOHHBIE TeHEPATOPhl (AyAUTOPHAS CaMOCTOATENbHAs paboTa).

Hazsanue: MccnenoBanue paboTel MyabTHBHOpATOpA.

3amanue: M3yduTh cXeMy NOCTPOCHHMS CHMMETPHUYHOro MyibTUBHOparopa (MB),
uccienoBarh pabory MB B pa3HbIX pexumax.

Kparkue TeopeTnyeckue u CipaBOYHO-MH()OPMAIIMOHHBIE MaTEpUabL:

MynbTUBHOPATOPBI OTHOCATCS K KJIACCY PETAKCALIMOHHBIX F€HEPATOPOB U UCHOJIb3YIOTCS
JUIS TIOJTYYEHHUS! TPSMOYTOJIBHBIX HWMIYJIbCOB C KpyThIMH (poHTamMu. CummerpuyHsii MB |
paboTtaroniuii B aBTOK0JI€0aTeTLHOM PEXKHUME, MPEACTABISIET CO00M reHepaTop MPsSMOYTOJIbHBIX
KoJieOaHui, UMeronx Bua Meanapa. CkBaxkHocTh ummynbcoB Q=2. Ha pucynke 1 npuenena
HauOosiee pacrnpocTpaHeHHass cxemMa MB Ha TpaH3ucropax p-N-p-Tuna ¢ €MKOCTHBIMHU
KOJIJIGKTOPHO-0a30BbIMU  CBs3siMH, B MB HMeIOT MecTO [Ba HEYCTOHUYMBBIX COCTOSHHS
paBHOBECHS, KOTJ1a OAMH U3 TPAH3UCTOPOB 3aKPbIT, & IPYTOf OTKPHIT.

Ilepexon M3 OAHOTrO COCTOSIHUSI PaBHOBECHUS B JAPYroe MPOUCXOIUT ckaukoM. ITycte B
HavdaJIbHBIA MOMEHT TpaH3uctop VT1 oTkpsuics, a

VT2 3akpeuics. OtkpbiTHe Tpan3ucropa VT1 o0ycioBiIeHO HpekpalieHueMm paspsia
KoHzeHcaTtopa C4 u nosiBIeHHEM Ha ero 0asze OTPULIATEIbHOTO HAPSXKEHUS, II0AABAEMOT0 Yepes
pesucrop R3. Iloka Ttpan3zucrop VT1oTkpbIT, uepe3 Hero u R3mpoucxoauT paspsii KOHJIEH-
catopa C4. Tlo mepe paspsga TOJOXKHTEIbHOE HampsDkeHHWE Ha 0aze TpaHiuctopa VT2
YMEHBILAETCS, U Uepe3 ONpEAeIeHHBI TPOMEXYTOK BpeMeHHn Tpansuctop V12 oTkpbiBaeTcs .
[Tpu sTom kormeHcarop C2 HauMHAET pa3psukaThes yepe3 Tpansuctop V11 u pesucrop R2, tem
cambIM 3akpbiBast VT2. B 310 Bpemsi koHaeHcatop C4 Oyner 3apsKaTbCs uepe3 SMHUTTEPHBIN
nepexoy Tpansucropa V11 u pesuctop R3. MB sBisieTcsi CHMMETpUYHBIM, KOT/Ia ITTUTEIIBHOCTh

OTKPBITOIO COCTOSIHUS OJUHAKOBA I KaXZO0ro U3 TpaH3UCTOpoB. it cummerpuuHoro MB
R1=R4; R2=R3; C2=C4 .
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C1
0, 1 nagt

Beixog

W1
MN40

c3
0,033 med

WHXPOHW3AUWA

{3 +E

Puc.1 CummeTpudHbIil MyJTbTUBHOPATOP ¢ CHHXPOHU3UPYIOIIHUM BXOJIOM

Bo3MoOXHBI aBTOKOJIEOATENBHBIN U KTy PEeXKUMBI pabOTHl MYJIbTUBHOpaTOpoB. B
KIAYIMEM peXuMe (WU peKMME CHHXPOHM3AIMK) 4dacToTa koyiebanuii MB mopnmepxuBaercs
paBHOM WJIM KPAaTHOM YAaCTOTE BHEUIHETO CUHXPOHU3UPYIOIIETO HAMPSKEHUS (MMITYJILCHOTO WU
cuHycouaanbHoro). IlonsgpHOCTh MMIYIBCOB CHHXPOHHU3ALMU JOJKHA OBITH OTpULIATENIbHAS,
OTIUPAIOLIEH TPaH3UCTOPBI p-N-p-Tuma. s ycTOHUMBOCTH pabOThl HEPUOJl TOBTOPEHHS
CUHXPOUMMITYJIbCOB JOJKEH OUTh HECKOJIBKO MEHbIIIE TIeproaa cOOCTBEHHBIX KosieOanuit MB.

Cpencts oOyueHus:

Ocnumnorpad CI-55, mabopaTopHslii CTeHI MyJIbTUBUOpATOpHI, reHepaTop ['4-3.

[IpakTrueckue 3a1auu, 3aaHus, YIPAKHEHUS:

Kakue BUIIbI 37IEKTPOHHON SMHUCCUU CYIIECTBYIOT B IpUpPOAE?

[Topsimok BBIOJIHEHUS:

N3yunts cxemy MB (pucynok 1). Ilomate Ha cxemy HampspkeHue nurtaHus Ep,,=12B
[Ipu momomu ocrumtorpadga U3MEpUTh M 3apUCOBATh B MAacIITa0e SIMIOPHI HANPSDKEHUN Ha
BbIXosiIe MB u Ha 6a3e 0HOTO U3 TpaH3UCTOPOB. ONpeAeIUTh EPHO]T COOCTBEHHBIX KOJICOaHUM
MB.'

UccnenoBats padoty MB. [ns storo, m3mensisi 3HaueHuss konueHcaropoB C2 u C4,
OTIpeNleNIUTh, KaKk HW3MeHseTcs mnepuon Kosebanuit MB. PesymbraThl m3MepeHuil cBecTd B
Ta0HILy.

AHAaJOTUYHO, ONPEACTUTh BIHMSHHEC HM3MEHECHHsI 0a30BBIX CONPOTHBICHHUN Ha TMEPHO
kKonebanuit MB. myTreM IUCKpETHOTO W3MEHEHHS 3THX- CONPOTUBIEHUH. Pe3ynprarsl Takke
CBECTH B TaOJHILY.

UccnenoBats paboty MB B pexume cuHxpoHm3aruu. J[is 3TOoro mojaTh Ha BXO
CHUHXPOHHU3AIMS YIPaBIAIONIME UMIYJIbChl OT BHewrHero rereparopa MM. Omnpenenuth, Kak
U3MEHseTCs 4actota Konebanuihk MB ¢ u3MeHeHWEM  HampshKeHHsT Ha  BBIXOJE
CUHXPOHM3UPYIOUIETO TeHepaTopa. 3apucoBaTh B MacluTabe SMIOpbl HANpsSHKEHUI Ha BBIXOJE
MB u Ha 6a3e 0AHOTO U3 TPAH3UCTOPOB.

[TpaBuna opopmneHus padbOTHI:

- 11eJTb paboTHI,

- cXeMa dJIeKTpUUecKas NpUHIMIIHANIbHAS uccieayemoro MB;

- pe3yJIbTaThl U3BMEPEHUH, CBECHHBIEC B TA0IMIIbI, U HEOOXOJUMBIE TPaUKH;

- BBIBOJBI O paboTe, OTMEUEHHbIE HEJIOCTaTKH, MPEUMYIIecTBa U 00JacTh MPUMEHEHHUS
MYJIbTUBHOPATOPOB;

- pabora odopmisercss B TeTpaau Uil J1abopaTopHBIX pabot. Pernensupyercs
IpenoaaBaTesieM, 3allUTa OCYIIECTBIIETCS MOCIE MOTYYEHHsI TOMYCKa.

KonTpoJsibHBIE BOPOCHL:

1. OOBsAcHUTE Ha3HAUCHUE DIIEMEHTOB CXeMbl cUMMeTpuyHOro MB'.
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2. Ilosicaute paboTy, CXeMbI MyJbTUBHOpATOPA.

3. TlokaxuTte HampaBJIeHUs] TOKOB B KOJUIEKTOPHBIX U 0a30BBIX IHemsix cxembl MB

4. IlokaxuTe TMyTH W HampaBJICHHS TOKOB 3apsdjia M. paspsaa BpeMs3alarolux
KOHJICHCATOPOB.

5. Kakumu mapameTpaMu cxembl ONpeAesseTcsl JIUTENbHOCTh UMITYJIbCOB, T€HEPUPYEMBIX
MB?

6. Uto Takoe CUMMETPUYHBIA MYJIbTUBUOpATOP?

7. Tlosicaure paboty MB B pexxnMe CHHXpOHH3AIINH.

8. KakoBo ycnoBue OCyIIECTBICHUS BHEIIHEH cuHXpoHM3auuu MB u  dyemM oOHO
o0BsicHAeTCS?

9. Vkaxure crocoObl peryaIupoBaHUs-JIUTEIbHOCTH UMITYJICOB U. KX OCOOCHHOCTH.

KommiekT onenounsix 3amanuii Nel7 mo Paszpeny 7. OcHOBBI 2nekTpoHukH, Tema 7.4.
DJEeKTPOHHBIE TeHEPATOPhl (AyAUTOpHAS CaMOCTOATENbHAs paboTa).

Hazsanue: UccnenoBanue paboThl TpUrTEpa.

3ananue: u3yduTh paboTy TpHUrrepa.

Kpatkue TeopeTrueckne U CipaBOYHO-MH(GOPMAIIMOHHBIE MaTepUAaIbl:

Tpurrepom Ha3bIBaeTCsl yCTpPOHCTBO, 0Ojajnaroniee JByMsl COCTOSIHUSMHU YCTOHYHMBOTO
paBHOBECHs U CITOCOOHOE IO/ BO3JICHCTBUEM BHEITHETO'" YMPABIISIONIETO CUTHAIA TEPEXOAUTh
CKayKOM M3 OJIHOTO COCTOsSIHMS - B Apyroe. [Ipouecc nepexona Tpurrepa T OJHOIO COCTOSHUS
paBHOBECHS, B. JPYroe Ha3bIBAIOT OIMPOKHJbIBAaHHEM, cpaldaThlBaHHEM WK cryckoMm. Ecnu
.TPUITE€P HAXOAUTCS B OJHOM M3 JIBYX COCTOSHHM yCTOWYMBOI'O paBHOBECHUS, KOTOpBIE Oynem
ycioBHO oOo3Hauath mudpamu | u I, TO ypoBHH, BBIXOJHOIO HANpSKEHHUS OKa3bIBAIOTCS
COOTBETCTBEHHO- paBHBIMU UBx1u UBX2 V3MeHeHue, ynpaBisomero (BX0HOT0) HaPsHKEHHS
B OIpE/IeJICHHbIX MpeaeIax He MPUBOAMUT MPU 3TOM, K HAPYIIEHUIO COCTOSIHUS PaBHOBECHS.
OpHako eciy B TPUITEPE, HAXOASIIEMCS. B COCTOSIHUU |, yBEIMUMBATh BXOJHOE HANPSKEHUE J0
HekoTopoil BennuuHbl Unl, Ha3bIBaeMOil MOPOTOBBIM YPOBHEM, 0 JOCTATOYHO CKOJb YTOJHO
MaJIOTO TPEBBIIICHUST OTHOCHTENbHO BenuyuHbl Uml; 4TOOBI MpPOM30ILIO ONpPOKUABIBAHHE
Tpurrepa u3 coctostaus | B cocrosiaue II.

AHanorn4ao o0patHoe onpokuabBaHue u3 coctosiuus 1 B cocrosnue | mpousoiaer mpu
yMmeHblieHUn UBX HIKE TMOpOroBOro YypoBHsA. HeoOxomumo oOpaTuTh BHHUMaHUE Ha
0COOEHHOCTh XAapPaKTEPUCTUKH TPHUITEPA, 3aKIIOYAIONIYIOCS B PA3IMYUU MOPOTOBBIX YPOBHEU
Opy HapacTaHUU W CHaje YOpaBisoLero HampspkeHus. Jlig modydeHuss 0oOpaTHOTO
«onpokuabiBaHus» u3 cocrosHus Il B cocrostnue | Henocrarouno ymenpmmTh UBX 10 mopo-
TOBOTO, YPOBHS, IPH KOTOPOM MPOUCXOINI CKadeK u3 coctostHus | B coctostHme I, a Tpebyercs
yMmeHbMTh UBX 10 Gosiee HU3KOTrOo YpoBHS (ITOporoBoro). Takum oOpazoMm, XapaKTEpUCTHKA
TpPUTTEpa UMEET TUCTEPE3UCHBIN XapaKTep.

CymecTByeT 0OJBIIOE YHCIO TPUTTEPOB, OTIMYAIOUIUXCS JAPYT OT Jpyra pazaIduHbIMU
pU3HAKaMHU, U3 KOTOPBIX OCHOBHBIM SIBIISIETCSI CIOCOO CO3/aHUS MOJOXKHUTENIbHON 00paTHOM
cBs3u. [lo sTomy mpu3Haky HauOoJiee 4acTO BCTpPEYAIOIIMECs Ha MPAKTUKE TPUITEPHI MOKHO
pa30uTh Ha 1Ba OCHOBHBIX KJIacca: ¢ KOJUIEKTOPHO-0a30BbIMU CBSI3SIMU U C SMUTTEPHOMN CBA3bIO.

Cxema Tpurrepa ¢ KOJUIEKTOPHO-0A30BBIMU CBSI3SIMH; HA3bIBAEMOTO HWHOT/IA TaKKe
CUMMETPUYHBIM TPUITEPOM, IMpeAcTaBieHa Ha pucyHke. OTMETHM, YTO NMOMHUMO CHUMMETpPUU
CXEMBI 3/IeCh UMeeT MecTO OOBIMHO M cuMmMmeTpus ee mapamerpoB (R2=R8; R3=R7; R4=R6;
C2=C4; VT1-VT2 - tpansuctopsl ogHoro tuma). [IpumMeM, 4TO NMpU OTCYTCTBUHM BHEIIHHX
YIPABISIOIIUX CHTHAJIOB TPUITEP HAXOMUTEe \ B OAHOM M3 JBYX CIEIYIOUIMX COCTOSHUHN
YCTOMYUBOTO PABHOBECHSI:

I. VT1 - naceimen, VT2 - 3akphIT.

Il. VT2 - maceimen, VT1 - 3akpoIT.

VYcnoBue HachIeHUs. 3aKPBHITOE COCTOSHUE OAHOTO M3 TPaH3UCTOpPOB (Hampumep, VT2)
JIOJDKHO OOecreunBaTh HAChIIEHHOE cocTostHue npyroro tpansucropa (VT1). [lns storo mpu
3akpbIToM VT2 Tok 6a3wl Tpan3uctopa V11 noimkeH mpeBbimaTh TOK 0a3bl HACKIIECHUS |g) .
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VYcnoBue 3anupanus. HacbllieHHOE COCTOSIHME OJHOTO M3 TPAaH3UCTOPOB (Hampumep -
VT2) nomxHo obecrnieunBarh 3akpbiToe coctossHue VT 1. [lnu BToporo mpu HaceimieHHoM VT2
HampspDkeHue Ha 0Oasze Tpansuctopa VTl [0MKHO TMpeBHINIATh HAMPSOKEHUE 3alMpaHUs.
Bennuuna HampspkeHUs Ha 0a3e 3aKpBITOTO TPaH3UCTOpA MOPSAKA JECATHIX OJIeH BOJbTA IS
TOTO, YTOOBI TPUTTEP HE CpabdaThIBAI OT CIIyYalHBIX HABOJIOK (TTOJICH).

[Tycts Tpurrep Haxoauics B coctosinus 1 (VT1- naceiuen, a VT2 3akpsiT). Konnencarop
C2 3apshkeH 10 pa3HOCTH MOTEHIMAIOB Mexay KosuiekTopom VT2 um 6azoit VT1. Torenmman
6a3bl HachleHHoro VT 1 nmpuOIU3UTEeNbHO paBeH HYIO, a MOTEHLIUAN KOJJIEKTOpa 3aKPBITOrO
VT2 npu o06b14HO BhIMIOTHSOMEMCs yeloBun R8<<R6 6nm3ok k -Enwmr. [Ipu aToM HanpsokeHue
Ha C1 paBHo npubmmsurensHo Ukl.

+E c  Usx O +E

Konnencarop C4 3apsoken g0 Hanpsukenus |UKL|[+|U62|. 3nauenne Uk1 mamo T.x. VT1
HACBIIIIEH), a BEJIMYMHA HAIpPsDKEHUS Ha 0a3e COCTaBIAET JECATHIE JI0JIM BOJbTA (3amac Mo
3aMMpaHnuio TpaH3ucTopa). [lpu sTom HampsbkeHue Ha KoHAeHcaTope C4 MOXXKHO MPUOIMIKEHHO
NOpUHATH paBHBIM Hymio. Ilpu mogaue Ha Ga3y Tpansucropa VT1 3amyckaromero uMImynbca
MOJIOKUTEIBHON MOJIIPHOCTH B TPUTTEPE MPOUCXOMAT MPOILIECCHI, KOTOPbIE MOKHO pa3OUTh Ha
YeThIpe dTara: 3Tal paccachblBaHMs, MOATOTOBKH, PETCHEpALU W B Tajl YCTAHOBICHHS HOBOTO
COCTOSIHUSI PABHOBECHSI.

PaccmoTpuM  cmocoObl  3amycka CHMMETPUYHOTO Tpurrepa. KX pasiauuaroT Tpu:
pa3fenbHbI 3amycK (MMIyJIbCaMH OJHOW M TOM JK€ MOJSPHOCTH, IOJAaBAEMBIMH OT JBYX
TeHEepaToOpoOB B pa3HOE BpeMs Ha 0a3bl pa3HBIX TPaH3MCTOPOB); 3aMyCK HMMITYJIbCAMH
yepeayromencs MoIsIpHOCTH, 0JJaBaéMbIMU Ha 0a3y OJHOTO M3 TPAH3UCTOPOB;, CUETHBIM WM
CUMMETPUYHEH 3amycK ( MMITYJIbChl OJHOW M TOH K€ MOJIIPHOCTH, MOJaBAEMBIMU OT OJHOTO
reHepaTopa), IpH 3TOM 3aMyCKaIOLIUE HWMITYJIbChl MOTYT MOJaBaThCsl Kak Ha 0asbl, Tak U Ha
KOJIJIGKTOPBI TPaH3UCTOPOB.; [IpuHIMNHuanpHas cxeMa CHMMETPUYHOTO TPUTTEpa MpeACcTaBIeHa
Ha pucyHnke. Konnencatop Cl, pesucrop R1 u nuoasr VD1 u VD4 npenacTaBisioT 3JI€eMEHTHI
cXeMBbI KoJulekTopHoro 3amycka, a C3, R5, VD2 u VD3 6a3oBoro 3anycka. Konnencaropsr C2 u
C4 Ha3pIBAIOT YCKOPSIOUIMMH, OHU IpeIHA3HAYeHBbl U1 YCKOPEHUs Mpoliecca ONMPOKHUAbIBAaHUS
TpUrTepa.

[IpakTuueckue 3a1a4uu, 3a1aHus, yIPaKHEHUS:
N3yuuth cxemy Tpurrepa Ha 1a00paTOpHOM CTEHJIE.
HccnenoBath cxemy 6a30BOro 3amycka.
HccnenoBaTh cxeMy KOJUIEKTOPHOTO 3aITyCKa.
Onpenenuts pexXUMbl padOThI TPAH3UCTOPOB.

[Topsimok BBIOJIHEHUS:

el AN S
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1. W3yuuth cxemMy TpUITEpa, MPEICTABICHHYIO Ha CTEHJE. 3HAUYEHUS HOMHMHAJIOB
AJIEMEHTOB YKa3aHbI Ha CXEMe.

2. [ToAKIIOYUTE CTEH]T K CETH, HO HANPsKEHUE MUTaHus — By, Ha CXeMy He 10J1aBaTh.

3. IlpoBeputh pabOTOCMOCOOHOCTH TEHEpATOpa MPSIMOYTOJBHBIX WUMIYILCOB CTEHA.
[ToaKIIOYNTE HANIPSKEHUE TUTAHUS K CXEME.

4. WUccnenoBath cxemy OazoBoro 3amycka. Jlns srtoro or I'TIM momare Ha Bx;l
UMIYJIbCHL, MOAOWpas UX aMIUTUTyQy, OOOUThCS YCTOMYMBOro 3amycka cxeMbl. Yactora
uMiynbcoB 1 kI, pautenbHOCTh - 100 MKC. 3apucoBaTh OCIUILIOIPAMMBbI BBIXOJIHOT'O CUTHAA -
fi

5. HccimenoBaTh cxeMy KOJUIEKTOPHOIO 3amycka. B 3ToMm cilydae 3armyckaromiue
UMITYJIBCHI TTOaroTcst Ha Bx.2. Yacrora ummnynbcoB | kI'1, mmutensHOCTh - 100 MKc. JloOuThCs
YCTOMYUBOTO 3amycka CXeMbl. EciaM JaHHBI SKCIEPUMEHT HE TMOIYYUTCS, TO OOBIACHUTH
INPUYMHY HeyAaun. 3apUCcOBAaTh OCHUJUIONPAMMBI BBIXOJIHOT'O CUTHAJIA.

6. OnpenenuTh pexkuM padOThl TPAH3UCTOPOB IO MOCTOSSHHOMY TOKY. Paccuntarh Toku
TPaH3UCTOPOB.

[TpaBuna opopmieHust paboThI:

- COAEpIKaHHUE OTYETA;

- [1eJTh paboTHI,

- CX€Ma EKTPUYECKas MPUHIHUITAAIbHAS UCCIEAYEMOIO TPUITEPA;

- pe3yJbTaThl UCCIIEIOBAHUM, PACUETOB;

- BBIBOJIBI O paborTe.

PaGora odopmisercs B Terpaau i JabopaTopHbIX  pabor. Peuensupyercs
MIPENOIaBaTeIeM, 3aINUTA OCYIIECTBIIAETCS MOCIE OJTYYEHHS TOITYCKa.

KoHTpos1bHBIE BOIPOCHI:
Jatb onpenenenue Tpurrepa.
OOBSICHUTh TPEUMYINECTBA M HEJOCTATKH KaXJIOW M3 CXEM 3amycka CHMMETPUYHOTO
TpUrTepa.
Uro npeacrasisier co00il eTb MOJIOKUTENFHOM 00paTHOW CBS3H B TpUTTEpe?
Uto Takoe HanpsHKEeHUE HAChIEHUS TpaH3uCcTOpa?
Kak cBsizanbl Mexx1y co00# TOKH TpaH3ucTopa?
Yro Takoe ObicTpoaeiicTBUE' TpUrrepa’?
Kakue nmapameTpsl UMeeT TpUTTEP KaK YCTPOMCTBO B 1IEJIOM?

™=

No gk w

4.1.3. YCTHBIU OITPOC
Veruniit onpoc Nel mo Pazpeny 1. DnekTpuueckue 1enu MmocTosilHHOro toka, Tema 1.1.
Dnektpuueckoe nosie (AynutopHas paboTa).
1. [aiite omnpezneneHue MOHATHHM «3apsl», «TOUEUHBIM 3apsA», UTO IPUHATO 3a E€AMHHUILY
M3MEpEHU 3apsina.
2. Yro Takoe AJIEKTPHUUECKOE TI0JI€ U YeM OHO XapaKTepusyercs?
3.  Cdopmynupyiite 3akoH KymoHa.
4. Kak onpenenuTts cuily AEMCTBHS HA 3aps] MHOXKECTBA 3aps10B?
5. Ilo xakuMm mnpu3HaKaM TOAPA3JEIAIOT BEIIECTBA HAa IPOBOJHUKHU, JUIIEKTPUKH,
HOJIyIPOBOJHUKH?
6. Onumute ABICHUE NOJIAPUZALUYI TUIEKTPUKA.
7. Kakoe ycTpoiCTBO Ha3bIBalOT KOHJAEHCATOPOM?
8. Urto Ha3bIBaeTCSI EMKOCTHIO KOHICHCATOPA M OT Yer0 OHA 3aBUCUT?

Verawiii onpoc Ne2 mo  Paszpeny 2. DnektpomarHetusMm, Tema 2.1. OCHOBHbBIE CBOMCTBA
MarHUTHOTO oM (AyautopHast padoTa).
1. Yro Takoe MarHUTHOE MOJIE, OCHOBHBIE XaPAKTEPUCTUKH MArHUTHOTO TIOJISA?
2. Yro mpeacTaBisieT 000 MAarHUTHBINA TTOTOK?
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3. ChopmynupyiiTe 3aKOH TTOJIHOTO TOKA.

4. Ot 4ero 3aBUCUT MAarHUTHOE HAMPSIKEHUE MEXKY ABYMS] TOUKAMU MAarHUTHOTO MOJIsI, B KAKUX
eauHuIax oHO u3MmepsieTca? Kakas BenmnurHa HOCUT cokpaiieHHoe Ha3Banue MJIC, yto onHa
XapakTepusyeT?

5. B yem oTiMune MarHUTHBIX CBOMCTB (peppOMarHeTUKOB, TapaMarHeTUKOB, TMaMarHeTUKOB?
6. JlaiiTe mOHATUS MHAYKTUBHOCTH, IOTOKOCIIETUICHUSI.

7. Yem oTiaM4aeTcsi COrIACHOE U BCTPEYHOE BKITIOUEHUE KaTyIIeK?

8. UeM ompepensercst JHEPTUsl MATHUTHOTO TOJISI KOHTYpa C TOKOM?

VYerueiii onpoc Ne3 mo  Pasgeny 2. DOnexkrpomarHetusMm, Tema 2.2. DiaeKTpOMarHuTHas
uHayKusa (AyautopHas paboTa).
1. B uem 3axirodaercs sIBJICHHUE 3JIEKTPOMAarHUTHON MHIYKIUU?
2. Yro naseiBaercs DJIC camounaykiuu u JJ[C B3auMonHIyKIuu?
3. KakoBa npupojia BUXpPEBBIX TOKOB, BIMSHUE BUXPEBBIX TOKOB Ha KIIJ[ anekTpoMarHuTHBIX
MEXaHU3MOB?
[Tpumeps! HCIIONB30BAaHMSI BUXPEBBIX TOKOB B TEXHUKE, METUIIMHE, OBITY.
Kakune meppl MpUHUMAIOT B TEXHUYECKUX YCIOBHUSAX ISl YMEHBIICHUS MOTEPb SHEPTUU OT
BHUXPEBBIX TOKOB?
6. OnumuTe TpUHIUI PabOTHI TeHEpaTopa 1 ABUTATEIIS.

ok~

Verueii onpoc Ned mo  Pazpeny 3. Opnodasnple memu mnepeMeHHOro Toka, Tema 3.1.

Cunycounanbnbie DJ[C u Toku» (AynuropHas pabora).

1. Kakoii TOK Ha3bpIBaeTCs TMEpEeMEHHBIM. Kak MOXXHO TOJYy4YUTh CHHYCOMJAIbHBIN
ANEKTPUUYECKUN TOK?

2. Kaxkoii Bug umeeT ypaBHEHHE MTHOBEHHOT'O 3HAYECHHS CHHYCOUJATBHOTO TOK?

3. ChopmynupyiiTe 0COOEHHOCTH BEKTOPHOTO N300paKEHHSI CHHYCOUJATbHON BETHUNHBI.

4. Yro Takoe BEKTOpHas AMAarpaMMa, Kak OINpPEAETUTh CYMMY U Pa3HOCTh CHHYCOUIAJIbHBIX
BEJIMYUH?

5. JlaiiTe ompeneneHHWss MTHOBEHHOTO, JEHWCTBYIOIIETO, AMIUIUTYIHOTO, CPEIHEro 3HAYCHUS
CHUHYCOUJIaJIbHON BEJTUYHHBI.

6. JlaliTe MOHATHS: MEPHUO, YACTOTa LUKIMYECKas, 4acTOTa YIJoBas. YKaKUTE B3aHMMOCBA3b
MEXy HUMH.

VYerupiii onpoc NeS mo  Pazmeny 3. OpnodasHele 1enu nepeMeHHOro Toka, Tema 3.2.
DJeKTpUYECKHe 1IETH C AKTUBHBIM U PEaKTUBHBIM CONPOTHUBICHHEM (AyauTopHas pabora).
1. B xakoM ciry4ae 3JIeKTpHUYECKasi JHEPIHs Ha3bIBAETCS aKTUBHOM, PEaKTUBHOM?
2. Yto Ha3pIBalOT KO3((PUIIMEHTOM MOIIHOCTHU LienH U nodeMy? B kakux mpenenax U3MeHseTcs
3HaYeHHE aKTUBHOM MOIIHOCTU B 3aBUCHMOCTH OT 3Ha4eHUs K03 duimenra MorHocTu?
3. KakoBa ¢usnueckas npuposa HMHIYKTUBHOTO M EMKOCTHOI'O CONPOTHUBICHHS B LENH
nepeMeHHOro Toka? OT 4ero 3aBUCHUT UX BeJIMYUHA?
4. HanumuTe ypaBHEHMs MIHOBEHHBIX 3HAYEHMH HaNpsOKEHUS U TOKA B IEMSX C €MKOCTbIO,
IIOCTPOMTE BEKTOPHYIO JUATPAMMY
5. Hanummure ypaBHEHUsS MIHOBEHHBIX 3HAUEHMM HanpsyKeHUs W TOKa B LEMAX C
MHAYKTUBHOCTBIO, IOCTPONTE BEKTOPHYIO IHAarpaMMy.
6. Hanumure ypaBHEHHsS MIHOBEHHBIX 3HAUEHHM HANpsDKEHHMs] M TOKA B LEMSAX C aKTUBHBIM
COIPOTUBIIEHUEM, IOCTPONTE BEKTOPHYIO JUArpaMmy.
7. HazoBute pexxumMbl paboThI ienu nepemMenroro Toka RLC.

8. Kak MOXHO MOJy4yUTh PE30HAHC HANpSHKEHUH, PE30HAHC TOKOB B IIENH MEPEMEHHOTO TOKa
RLC.

VYerupiit onpoc Ne6 mo  Pasmeny 4. Tpexdasubie nenu nepemeHHoro Toka, Tema 4.1.
Coenunenrne 0OMOTOK Tpex(a3HbIX TeHepaTopoB (AyautopHas padoTa).
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Hatite onpenenenue Tpexdaznoit cucremsl DJ{C (CHMMETPUYHON U HECUMMETPUIHOMN ).
Kaxkoe coenrHenne oOMOTOK reHepaTopa Ha3bIBACTCS 3BE3I0M, TPEYTOJIbHUKOM?

JatiTe onpeneneHus TMHEHHBIX U (a3HBIX TOKOB M HATPSDKCHUM.

Kak cBsi3aHbl TuHelHbIC U (a3HbIC HATIPSKCHUS IPU COSAMHEHUU 3BE37101?

Kak cBsi3anbl TuHEHbIE U (a3HbIe HAMIPSDKEHUS IPU COETMHEHUHU TPEYTrOJIbHUKOM?

YTo NOHMMAKOT MOJ CMEIICHWEM HEWUTPAIdM M KAaKOBbI €ro mnocieactsus. llouemy B
HEHUTPaJIbHOM IIPOBOJIE HE YCTAHABIMBAIOT MPEIOXPAHUTEIN

7. UYto sBNsSETCS HEOOXOAMMBIM M JOCTATOYHBIM YCJIOBHEM TIOMYyUYEHUS BPAIIAIOMIETOCS
MarHuTHOTO 1oJIsA?

ok wdE

VYerueii onpoc Ne7 mo  Paspmeny 5. DiieKTpou3MEpHUTENbHBIE MPUOOPHI M U3MEPECHHS
AIIEKTPUUYECKUX BenndnH, Tema 5.1. DnekrponsmepurenbHbie puOopsl (AyauTopHas pabora).
1. Yto Takoe u3MepuTeIbHAas IeNb, U3MEPUTEIBHBIN MEXaHU3M, OTCUETHOE YCTPOMCTBO?
2. Kakue cymiecTByIOT 00IIHE Y3JIbI U AETAIN aHAJIOTOBBIX TPUOOPOB?
3. Kakwue cymecTByrOT criocoObI CO3/1aHUsI POTHBOACHCTBYIOIIIETO MOMEHTA?
4. KakoBbl IpUHLMII JAEHCTBUS M CXEMa MEXAaHU3MOB MarHUTOVIEKTPUYECKUX,
AIEKTPOMArHUTHBIX, JIEKTPOIUHAMUYECKHUX, (eppOIMHAMUYECKIX MTPHUOOPOB?
5. B uyem cocTosT 0cobeHHOCTH pabOTHI JIOTOMETPHUECKUX TPUOOPOB?

VYernpiii onpoc Ne§ o Paszneny 6. Dnexktpuyeckue mamuHbl, Tema 6.2. DnekTpuueckue
MaIlluHbI IEPEMEHHOTO0 ToKa (AyauTopHas paboTta).
1. Kakue MalmMHbl IEPEMEHHOTO TOKA CYIIECTBYIOT?
2. KaxoB npuHIUNI AEHCTBUS aCHHXPOHHOTO JBUTATEIS, BUIbl aCHHXPOHHBIX JIBUTATEICH?
3. CmocoObl Tmycka, peBepca, pEryJupoBaHUsS 4YacTOThI BpANICHUS W TOPMOKEHUS
ACUHXPOHHBIX JIBUTATEIICH.
4. KakoB npuHIUI J€HCTBUS CHHXPOHHBIX MAIIUH, [I€ OHU IPUMEHSIOTCS?
5. YcTpoicTBO CHHXPOHHOW MaITUHBI.

VYernoiit onpoc Ne9 o Pazneny 6. Dnexkrpuueckue mammuabl, Tema 6.3. TpanchopmaTopbl
(AynutopHas pabota).
1. Ha xakoM sIBJICHMHM OCHOBaH MPUHIUI paboThI TpaHchopmaTopa?
2. HazoBurte ocHOBHBIE YacTH TpaHCHOpPMATOpa, KAKOBO WX HA3HAYCHUSI.
3. Maiite onpenenenne ko3¢ dunuenta tpanchopmaiuu Tpaachopmaropa.
4. OOBbsCHUTE NMPUYMHY YBEIUYEHHUS TOKa B NEPBHYHONW OOMOTKE TpaHchopmaropa IpH
YBEJIMYEHUU HArpy3KHu.
5. YkaxuTte BUABI IOTEPh SHEPTHH B TpaHChOpMaTope.
6. Iloyemy MarHUTOMPOBOBI TPAaHCHOPMATOPOB ACIAIOT U3 JUCTOBOM CTAIU?

4.1.4. IMCBMEHHAS ITPOBEPKA
[Iucemennas mnposepka Nel 1o Pasneny 7. OcHoBbl 3nexkTponuku, Tema 7.1.
[TomympoBonuuku, Tema 7.2. BreimpsMuTenu, criaxuBaromme QUIBTPH W CTaOMIN3aTOPHI
HanpspkeHus, Tema 7.3. OnekTpoHHble ycunutenu, Tema 7.4. DIEKTpOHHbBIE T'€HEPATOPHI,
Tewma 7.5. 3anuTa 351eKTpOHHBIX ycTpoicTB, Tema 7.6. MnTerpansubie mukpocxeMsl (M.M.C) u
MHKPOIIPOIIECCOPHAsi TEXHUKA (AyIUTOpHAs CaMOCTOsTENIbHAsI paboTa).
3ajaHue: OTBETUTH Ha BOIIPOCHI IO BapUaHTaM:
1. DnexTpoHHO-ABIPOYHBIN MEPEX0.l U ero cBoicTBa. Buasl mpoboes.
2. BelnpsiMUTENIBbHBIE U YHUBEPCAJIBHBIE AUO/bI, CTAOUIUTPOHBI.
3. Tupucropsl, XapakKTepUCTHKA, CIIOCOOBI OTKPBITHSL, 3aKPBITUS U YIIpaBJIeHUE paboTOM.
[Ipumenenue.
4. TpaH3uCTOpHI OUNIOJISIPHBIC U MOJIEBbIE. XapaKTEPUCTHKH, IPUMEHEHHE.
5. Heynpasisiemble U yrpaBiisieMble OHO(pa3HbIe U TpeX(a3HbIe BBITPSIMUTEIH.
6. OuabTpHI, TPUMEHEHHE.
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7. Tlpubopbl MHAMKAITUH.

8. HHTerpanbHble MUKPOCXEMBI — THOPHIHBIE, TOTYIPOBOAHUKOBEIE. [lapameTpsl,

Kiaccu(uKanus, Ha3HaYeHNE, MAPKUPOBKA.
9. MuKpoIpoieccopHbIe CPEeICTBA U3MEPEHUS.
10. [IpuHIIMTT yCUIICHUS HAPSDKEHUST M TOKA.

11.

OOpatHble CBSA3M U CTAaOMIN3AIMS PEKUMOB PaOOTHI.

12. Ycunureu HOCTOSHHOTO TOKA.

13.

DJNEeKTPOHHBIE TE€HEPATOPBI CHHYCOMAATBHBIX KOJICOaHUH.

14. MynbTUBUOPATOPHI U TPUTTEPHI.

15.

DNeKTPOHHBIN ocLmiIiorpad, 3JeKTPOHHO-Ty4eBas TpyOKa.

4.2. 3agaHus 1JIA POMEKYTOYHOM aTTeCcTaAlluU

IIepedyenn

BOIIPOCOB U MPAKTHUYECKUX 3aJaHUM ISl TOATOTOBKH K MU PepeHIMpOBaHHOMY 3a4eTy

no yuebnoi qucuuruinae «OI1.03 DaeKTpoTexXHUKa U AIEKTPOHHKA
JUTsl o0ydarommxcs 1o crenuanbHocta 26.02.06
«QKcIuTyaTalyst CyJI0BOro 3JIeKTPOoOOPYAOBaHUS U
CPEACTB aBTOMAaTHKN

IIepeyens BOIIpoCcoB:
DiekTpocTaTuyeckoe nojie. 3akoH KynoHna, Hanmpsi»K€HHOCTh, MOTEHIMAJ, HAIPSKEHUE.
2. Dnextpuyeckas eMkocTh. Kongencatopsl. CriocoObl COeIMHEHUS KOHICHCATOPOB.
3. DOmnektpuuecku TOK. CONMPOTHUBIICHHE W MPOBOAMMOCTH NMPOBOJAHHMKOB. 3akoHbI Oma u
Jxoyns-JIeHna s ydacTka Lenu.

1.

4.

DnekTpuueckas 1enb. 3akoH Oma 1iis Beeit nenu. Pesxxumbl paboThI emn.

HcToyHuKkM HanpshDKEHUS UM UCTOYHUKM TOKA. VX DKBUBAJIEHTHOCTH M BOJIBT-aMIIEPHBIC
XapaKTEPUCTHUKHU.
5. DNeKTpUYecKas SHEprus U MOUIHOCTh B 3JIEKTpUYECKOW Lienu. bamaHc MomHocTed H
SHEPTrUid.

6.
7.

Pabota ncTouyHnKa MEKTPUIECKOM YHEPTUU HA IEPEMEHHYIO HATPYy3KY.
[lens ¢ 1ByMSl HCTOYHHKAMU U €€ pacuerT.

8. CwmemanHoe coenuHeHue pe3uctopoB. Ilepserii 3akon Kupxroda. Pacuer mpoctbix
enei.

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

[orennmaneHas quarpamMMa. Bropoii 3akon Kupxroda.

DKBUBaJIEHTHOE MpeoOpa3oBaHUE TPEYTOJbHUKA B 3BE3Y.

Merton nByX y370B.

Merton 3akonoB Kupxroda.

MeTto1 KOHTYpPHBIX TOKOB.

MeTo HAJIOKEHUS.

MeTto1 5KBUBAJIEHTHOTO F'€HEPATOpA.

PacueTr HeTMHENHBIX [ETEH.

MarauTHoe 1noJje U ero napaMeTpsl.

MaruutHslil ructepe3uc. MarHuTHbIE MaTEpUaIbI.

MarauTHoe 1noJje nNpoBoJa ¢ TOKOM U KaTyIIKH C TOKOM. 3aKOH ITOJIHOTO TOKa.
[IpoBox ¢ TOKOM B MarHUTHOM noJjie. KoHTyp ¢ TOKOM B MarHUTHOM I10JI€.
Camounnaykuus. MHAYKTUBHOCTD KaTylky. 3akoH Jlenna.

B3auMounnayknus. B3auMOMHIyKTUBHOCTh KaTylIEK.

MarauTHas Lenp U €€ pacyer.

JIBr>KeHHne KOHTypa B MarHUTHOM MOJI€.

[IpeoOpa3oBanne MEXaHHMUYECKOW OHHEPTUU B DIEKTPUUYECKYIO (TPUHIIMIT

reHepaTopa MOCTOSIHHOTO TOKA).

NENCTBUS
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26. [IpeoOpa3oBanre SIEKTPUUYECKOW HSHEPrMM B MEXAHUUYECKYIO (MPUHIMN JACHCTBUS
JIBUTATENS TIOCTOSTHHOTO TOKA).
27. Ilonyuenne cunycounanpHoi DJIC. [TapameTpbl mepeMEeHHOTO TOKa.
28. JleiicTByrolee 3HaYCHHE IEPEMEHHOTO TOKA.
29. CpennHee 3HaueHHE IEPEMEHHOTO TOKA.
30. Llens mepemenHoro Toka ¢ R.
31. Ilenb mepeMeHHOTO TOKA C L.
32. Uens nepemenHoro Toka ¢ C.
33. HepazpetBinennas nienb RLC u ee pacueT ¢ mOMOIIBI0 BEKTOPHBIX JHATPaAMM.
34. Pe3oHaHC HAPSKECHUH.
35. UneanpHas pa3BerBieHHas nenb R.LC 1 ee pacdeT ¢ mMOMOIIbIO BEKTOPHBIX HarpaMM.
36. Hepa3BeTBieHHass W pa3BETBICHHAs] CXEMbI 3aMEIEHHs KaTYIIKH MHIYKTHBHOCTH. KX
SKBUBAJIEHTHOCTb.
37. Pacuer mpou3BOJIBHOM HEpa3BETBICHHOW ILIEMM MEPEMEHHOTo Toka. Tomorpaduueckas
quarpamma.
38. Pacuer peanbHON pa3BETBIEHHOW IEMM C IOMOIIBIO BEKTOPHBIX JUarpaMm
(rpadoaHATUTHYIECKUM METOJIOM).
39. Pacuer peanbHOIl pa3BeTBICHHON IIEMU METOAOM IMPOBOAMMOCTEH.
40. KoapdunmeHT MOIIHOCTA W €ro 3HaueHWe B  DJIEKTpPOdHEpreTwke. Pacder
KOMIIEHCAIIUOHHBIX KOH/IEHCATOPOB.
41. Pe3oHaHC TOKOB.
42. Tpex¢aznas cCMMMETpUYHas 1IeTlb, COeAMHEHHas 3Be3101. Pacuer 1enu.
43. TpexdazHas HECUMMETPUYHAS II€TTh, COSIMHEHHAs 3Be3/101. Pacuer nenwu.
44. Ponp HEUTPAIILHOTO MTPOBOJIA B YETHIPEXIPOBOAHOM Tpex(pazHON HETH.
45. TpexdaszHasg cUMMETpUYHAs U HECUMMETpUYHAs LENU, COCAUHEHHbIE TPEYTOJIbHUKOM.
Pacuer nenu.
46. ABapuifHbIe CTy4an B TpeX(a3HbBIX HETIIX.
47. Pacuer Tpexda3HbIX HECUMMETPUYHBIX LENEH, COCAMHEHHBIX 3BE3J0H C YyYeTOM
CMEILICHUSI HEUTPAJIU.
48. Pacuer Hepa3BeTBIeHHOM onHO(a3HOH e RLC cuMBon4eckuM METOI0M.
Pacuet pa3BerBnennoi ogHodaznoit nenu RLC cumBommueckumM MeTo1oM.
[Iepeuenp MpakTUYECKUX 3a0aHUI
1. PacyeT npou3BOJIbHON HEPA3BETBICHHOM IIETIH IIEPEMEHHOTO TOKA.
2. Pacuer peanpHOW pa3BETBIEHHOW IE€MM C TIOMOIIBIO BEKTOPHBIX JAHMAarpaMm
(rpadoaHATUTHYIECKUM METOJIOM).
3. Pacuer peanbHOM pa3BEeTBICHHOM LIENTH METOJJOM IPOBOJUMOCTEH.
4. TpexdaszHas cCHMMETpUYHAs IIeTh, COSITMHEHHAs 3Be3/10M. PacueT nemnm.
5. Tpexdaznas HecuMMETpUYHAS 1IeTTh, COSNUHEHHAs 3Be3/101. PacueT nernu
6. Tpexdasnas cuMMeTprUUHas U HECUMMETPUYHAs LIEMHU, COeIUHEHHBIE TPEYTrOJIbHUKOM.
Pacuer nenu.

IIepedyenn
BOIPOCOB U MPAKTUYECKUX 3aJaHUM Ul HOATOTOBKH K SK3aMEHY
no yuebnoi qucuurumae «OI1.03 DaeKTpoTexXHUKa U AIIEKTPOHHKA
JUTst o0ydarommxcs 1o crenuanbHocta 26.02.06
«QKcIuTyaTalys CyJI0BOro 3JIeKTpooOOpPYA0BaHUS U
CPEACTB aBTOMAaTHKMN
IIepedyens BOIIpoCcoB:

1. Tlpunnun aeiicTBus TpanchopmaTopa, yCTpOMCTBO, OCHOBHBIE TIOKA3aTeIn
2. T'pynmsl coenuHeHHs TpaHchopmaropa.
3. Koaddunuent mnonesnoro neictsus TpanchopMaTopa U KIaCCUPHUKAIHS TOTEPh B HEM.
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4. ABroTpanchOpMaTOpHI, 0COOEHHOCTH KOHCTPYKITUH, MIPUHITATT NENCTBUA,
XapaKTEPUCTHKH.

5. Csapounslii Tpanchopmartop.

6. M3meputenbHbie TpaHCHOPMATOPHI.

7. YcroBus CO3/aHUS BPAIIAIOIIErOcs MarHUTHOTO TOJIS B Tpex(a3Hoii cucreme.

8. YcTpo#cTBO M MPUHLIUT IEHCTBUS ACHHXPOHHOMN MaIlIMHBI.

9. Ilyck B X0 aCHHXPOHHOTO JIBUTaTelIs.

10. KoaddunueHT none3Horo AeiMcTBUs U KIacCU(PHUKAINA TOTEPh MOITHOCTH.

11. PerynupoBaHue 4acTOTBI BpallleHNs1 aCHHXPOHHOTO IBUTaTEIs.

12. AcuHXpOHHBIN ABUTATENb € (Pa3HBIM POTOPOM.

13. PeocTaTHBIN MyCcK aCHHXPOHHOTO JABUTATENS C (Da3HBIM POTOPOM.

14. KoHCTpyKIIMS ¥ NOPUHLUII JEHCTBUS JABUraTenis IOCTOSHHOIO TOKAa HE3aBUCHMOIO
BO30YK/ICHHS.

15. PerynupoBaHusi 4acTOTHI BpalLlleHUs ABUTaTeNei MOCTOSHHOTO TOKA.

16. CriocoObI perynupoBaHus YacTOThI BpAIlEHUs IBUTATENS TIOCTOSTHHOTO TOKA.

17. IlpuHuun aeicTBrs reHepaTopa NOCTOSIHHOIO Toka. Ha3HaueHue kosiekTopa.

18. JIBuraTenu MoCTOSSTHHOTO TOKa C CaMOBO30YKICHUEM.

19. Metozs! u3MepeHuii: npsimble, KocBeHHbIE. [lorpenHocTi u3Mepenuil, ux pacuer. Bupl
HOTPEIIHOCTEN, CIOCOOBI X YMEHBILICHHSL.

20. Knaccuduxanus 31eKTpOu3MEpUTEIbHBIX TPUOOPOB, YCIOBHBIE 0003HAYEHHS HA ILIKaje
npubopa.

21. VI3mepuTenbHbIE LETIU U U3MEPUTEIbHbIE MEXaHU3MBI TPUOOPOB.

22. Bpamaromuii ¥ MpOTUBOACUCTBYIOIINI MOMEHT.

23. OTcyeTHOE YCTPOHCTBO, YCIIOKOUTEIH.

24. MarHuTo3JeKTpu4eckas CUCTEMa HM3MEPHUTEIbHOIO MEXaHU3Ma: yCTPOHCTBO, IMPUHIUI
JIeMCTBUS, YrOoJI MOBOPOTA IMOABMYKHOW YacCTH, JOTOMETPBI U MX OCOOEHHOCTH. Y CHOKOUTEIH.
HocTouHcTBa u HegocTaTku. [IpuMenenue.

25. DneKTpOMarHuTHasi CHCTEMa HW3MEPUTENBHOTO MeXaHW3Ma: YCTPONCTBO, MPHUHLUI
NeMCTBUSA, yroj MOBOPOTA MOABMKHOW YacTH, JIOTOMETPHI. 3allMTa OT BHEIIHUX MAarHUTHBIX
nojei. YCIOKOWTENH, acTaTU4eCKue CHCTeMbl. JlOCTOMHCTBA M HEJOCTaTKH JIaHHBIX
U3MEPUTENIbHBIX MEXaHU3MOB. [Ipumenenue.

26. DIeKTpoJMHAMUYECKasl CUCTEMA: CXeMa YCTPOWCTBA, Yrojl MOBOPOTA MOJIBUKHOM YacTH,
JIOTOMETPBI, 3aIMTa OT BHEIIHUX MATHUTHBIX MOJIEH, TOCTOMHCTBA U HEAOCTAaTKU. [IpumeHenue.

27. deppoauHaMHUyecKass CHCTEMa, OCOOCHHOCTHM pPAa0OThHI, MOTPEUIHOCTH H3MEPEHHUH.
JIOCTOMHCTBA U HEIOCTATKU CUCTEM, IPUMEHEHHE.

28. IHayKIMOHHAs M3MEpUTENbHAsl CUCTEMa: YCTPOMCTBO, MPUHIMUI PAaOOThI, BpAIIAIOLIHii
MOMEHT, JOCTOUHCTBA U HEJIOCTATKH, IPUMEHEHHE.

29. AMriepMeTpbl U BOJBTMETPHI, OCHOBHBIC M3MEPHUTEIbHBIE CUCTEMbI, TOYHOCTb
U3MEPEHUs, CXeMbl NoAKI0YeHNs. OCHOBHBIE TapaMeTphbl IPUOOPOB, pacueT LEHbI AETICHHUS.

30. OMMeTpbl, 0COOEHHOCTH PabOTHI, MPaBUIIA TIOJIH30BAHUS.

31. VI3amMepeHue MOIIHOCTH B LIETISIX MTOCTOSIHHOTO TOKA.

32. DNeKTpoJMHAMUYECKHI BATTMETP B e NIEPEMEHHOT0 TOKA.

33. MI3aMepenne akTUBHOW M PEAKTHBHOM MOITHOCTH B IEMAX Tpex(da3zHOro MepeMEeHHOTO
TOKA.

34. Buasl mapaMeTpuiecKux mpeodpa3oBaTeseii: peocTaTHbIC, YTOJIbHbBIE, TEPMOPE3UCTOPHI U
ap. Ipuaimn paboTel, IpUMEHEHNE

35. I'eneparopHbie npeoOpazoBaTesnu: WHYKITMOHHBIE, MbE303JIEKTPUUYECKHE,
TepMod3JIeKTpuueckue. [IpuHIum paboThl, MPUMEHEHHE.

36. IlonynpoBogHHKOBBIE TUOAbL. [IpuHIMI PabOThl XapaKTEPUCTUKH, IPUMEHEHHUE.

37. IlonynpoBOJHUKOBBIE CTAOUIUTPOHBL. [IpuHIMIT pabOThl XapaKTepPUCTUKH, IPUMEHEHHUE.

38. Tupucropsl. [Ipuniun paboTel, mapaMeTpbl, XapaKTEPUCTUKH.

39. bunossipHBIN TPaH3UCTOP, XapaKTEePUCTUKHU. [IpuHITUTT pabOTHI.
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40. TToneBoii Tpanzuctop. [lapameTpsl, XapaKTEPUCTHUKH, TPUHITUTT YCUIICHUSI, TIPUMCHEHHE.

41. OnHodaznple  cxembl  BbIIpsiMuTeneld.  [lapameTpbl, BpeMEHHBIE AHArPaMMBI,
IIPUMEHEHHE.

42. Tpéxdasnsle cxembl BeIpsMuTeneil. [lapameTpsl, BpeMeHHbIE 1UarpaMMbl, IPUMEHEHHE.

43. Yrpasisiemble BeIIpAMUATENU. [[puHITUT ACHCTBUSA, TPUMEHEHHE.

44.TlaccuBHblE  CriakKUBarOIIME ¢unbTpel.  [IpuHUMD  AEHCTBUS, Pa3HOBUIHOCTH
npumenenue. KoaddurumenT crinaxuBanus myibCcaIuu.

45. AxtuBHBIe crinaxuBatone QuiabTpbl. [IpuHnun aericteus, npumenenue. Kosppuuenrt
CTJIQ)KUBAHUS ITYJIbCALIUA.

46. THBEpTOPBHI.

47. IlapameTpuueckuii cTabUIN3aTOp HANPSDKEHUS, IPUHIIAI ISHCTBHS, IPUMCHEHHE.

48. KomrneHcalMoHHbIH CTa0UIN3aTOP HAPSHKSHUS, TPUHIIHI ACHCTBUS, IPUMEHEHHE.

49. DneKTPOHHBIC KIIFOYH, PUHIIUT PAOOTHI, TUITHI KITFOUEH, TPUMEHEHHE.

50. Ycunurens Hu3koit uactorel YHU Ha 6unonsipaom tpansucrtope ¢ OD.

51. Ycunurens BbicOKO# yacToThl Y BU Ha OGunonsipaom Tpansucrope ¢ O0.

52. I'eHepaTopbl rapMOHUYECKUX KOJICOAHUH.

53. Penakcarmonnsie renepaTopbl. MynbTUBHOpaATOpHI, paboTa, IpUMEHEHHE.

54. Tpurrepsl, paboTa, IpUMEHEHHE.

55. T'enepaTop MHMHEHHO - U3MEHSIONMIETOCS HAMPSHKCHHUS, IIPUHITAIT PAOOTHI.

56. OnepaniMoOHHbIE YCHITUTENU. Y CTPOMCTBO, MApaMETPhl, MPUHIIUI PAOOTHI, IPUMEHEHHUE.

57. Ocmwmtorpad. Haznauenue, cTpyKTypHasi cxeMa, IPUHITUIT JCHCTBUS, TPUMEHEHHE.

[Iepeuenp MpakTUYECKUX 3a0aHUI

1.IllyHTHI, IPUMEHEHNE, PAacCUeT BEIUYMHBI COMPOTHUBICHUS, MOAKIIOYEHUE K aMIEpPMETPY.
Pacuer niens! genenus, noay4eHHON MOCE NOAKIIOUECHHUS.

2. JlononHUTENIbHBIE CONPOTHUBIICHUS, NPUMEHEHHE, pacueT BEJIUYHHBl COMPOTHBICHUS,
MOJIKJIFOUEHHUE K BOJBTMETPY. PacueT 1eHsl 1eiaeHusl, oJIy4€HHOM 0Ce MOAKIIOUEHUS.

3. M3mepurenbHbie TpaHcHopMaTopsl TOKa U HanpsikeHUs. CxeMbl ToIKIItoueHus. Beibop mo
3aJaHHbBIM mapaMmerpaM. OCHOBHBIE JaHHBIE TpaHcpopmaropoB. Pacuer IeHBI [eneHus,
MOJIy4YE€HHOM IOCIIe TOIKITIOUEHUS.

4.TloaxitoueHre BaTTMETPOB Yepe3 U3MEPUTENIbHbIE TPaHC(HOPMATOPHI TOKA U HATIPSKCHHUS.
Omnpenenenue mpeneinoB U3MEpeHusl.

5. ledexTanus NOTYIPOBOJHUKOBBIX MPUOOPOB: PE3UCTOPOB, ITHOIOB, CTAOMIUTPOHOB,
TPaH3UCTOPOB, TAPUCTOPOB ABOMETPOM (MYJIBTUMETPOM)

6.PaccunTarh KOMMYECTBO AMONOB IS NMUTAHHUs JAHHOW HArpy3Kd M HApUCOBaTh CXEMY
MOJIKJIIOUEHUSI.
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