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1 BBEJAEHUE

BaxHyio 4acTh TeOpeTHUECKOW M MPO(PECCHOHANBHOM MPAaKTUYECKONH MOATOTOBKU CTYAEHTOB
COCTaBJIAIOT IMpPAKTHYECKHME M Ja0OpaTOpHbIC 3aHATHUA. SIBIAACH YACTbIO M3Yy4eHHUs Y4eOHOI
JUCLUMIUIMHBI, OHM IPU3BaHbl AKCIEPUMEHTAIBHO IIOATBEPAUTH TEOPETUUYECKHE IIOJOXKEHUS U
(dopmupoBath ob1mKe 1 MPoheCCHOHATBHBIE KOMIIETEHLIUH, TPAKTUYECKHE YMEHUS.

CoctaB U conep)kaHHE NMPAKTHUECKUX M JAOOpaTOpHBIX pabOT HANpPaBIEHBI Ha pPEAN3aLHUI0
®denepanbHOr0 TrocyIapcTBEHHOrO0 00pa30BaTENIbHOIO CTaHAApTa CpeIHEero MnpodecCHOHaIbHOrO
o0OpazoBaHusl.

Benymelh numpakTHMueckoW —LedbH0  MPAKTUYECKUX 3aHATUH  sABIsercs  (OpMHUpPOBaHME
npoeCCUOHATBHBIX TMPAKTUYECKUX YMEHHMHA (YMEHUH BBINOJHATH ONPEACICHHBIE JICHCTBHUA,
olepanuu, Heo0XOAUMBbIE B IOCIEAYIOLEM B TPO(ECCHOHAIBHON €SI TeNbHOCTH).

Benymeld aunakTudeckoil Ienbl0  J1a00paTOpHBIX pabOT SBISETCS HKCHEPUMEHTAIBHOE
HOJTBEPKICHUE U IIPOBEPKA CYIIECTBEHHBIX TEOPETUYECKUX MOJI0KEHU (3aKOHOB, 3aBUCUMOCTEN).

B cootBerctBHM ¢ pabouel mporpamMmoi ydeOHON aumcuuiuiiHbl «MeTponorus U
JIEKTPOTEXHUYECKUE H3MEPEHMs» NPEAYCMOTPEHO IPOBEACHUE MNPAKTHUECKUX MU J1aOOpaTOPHBIX
pabor.

B pe3ynbraTe ux BBIIOIHEHUS, 00YUAIOLIMNACS JOJIKEH:

ymembo:

—KJ1acCU(UIMPOBATH OCHOBHBIE CPEJICTBA U3MEPEHUH;

—IPHUMEHATH OCHOBHBIE METO/IbI U IPUHLIMIIBI U3MEPEHHUS;

—IPUMEHSATh METO/BI U CPEACTBA O0ECIIEUeHUs €IMHCTBA U TOYHOCTH U3MEPEHUH;

—NPUMEHATh AHAJIOrOBble U  LMU(POBBIE HU3MEPUTENIbHBIE TNPUOOPBL, HU3MEPHUTEIbHbIE
TEHEPATOPBHI.

CoznepxaHue PaKTHYECKHX M JIA0OpaTOpPHBIX PabOT OPHEHTHPOBAHO HA MOJTOTOBKY CTYIEHTOB K
OCBOEHHIO IIPOTPAMMBbI IOATOTOBKHU CIIELUAIMCTOB CPEAHETO 3BEHA IO CHEUUATBHOCTA U OBJIAJCHUIO
npogheccuoHaIbHBIMU KOMNEMEHUUAMU.

[1K 1.4. BpInonHATh OPOTOTUIIMPOBAHUE IM(PPOBBIX CUCTEM, B TOM YHUCIE — C MPUMEHEHHEM
BUPTYaJIbHBIX CPE/ICTB;

1K 3.1. [IpoBOIUTH KOHTPOJIb APAMETPOB, JUATHOCTUKY U BOCCTAHOBJIEHHE PAOOTOCIIOCOOHOCTH
U (POBBIX YCTPOUCTB KOMIBIOTEPHBIX CUCTEM U KOMILIEKCOB.

A Taxoke GOPMHUPOBAHUIO 0OU4UX KOMNEM EHYUTL:

OK 01. BeiOupats criocoObl pelieHus 3aaad npodeccnoHanbHON 1eATeNbHOCTH MPUMEHUTEIBHO
K Pa3JIM4HbIM KOHTEKCTaM;

OK 04. D¢pdexTnBHO B3aNMOJIEHCTBOBATh U pabOTaTh B KOJUIEKTUBE U KOMaH/E.

BeinonHenne cTyAaeHTaMH TPaKTUYECKUX W J1aObOpaTOpHBIX PaboT Mo y4eOHOM AMCLUIUIMHE
«MeTposorus 1 3J1eKTPOTEXHUUECKHE U3MEPEHUS HAIIPABIIEHO HA:

- 00001IeHre, CUCTEMaTH3alMio, YIIyOJieHHe, 3aKperieHHe, pa3BUTHE U JeTalIN3alHIo
MOJIyYEHHBIX TEOPETUUECKUX 3HAHUM 110 KOHKPETHBIM TeMaM y4eOHON AUCLUITIINHBL;

- (hopMupoOBaHUE YMEHUI IPUMEHATH MOTy4YE€HHbIE 3HAHUS Ha MPaKTHKE,

- peau3alni0 €IMHCTBA UHTEIJIEKTYATbHOM M IPAKTUYECKOMN AEATEbHOCTH;

- (hopMHpOBaHKE U pa3BUTHE YMEHUil: HaOMOAATh, CPABHUBATH, COMOCTABIIATh, aHATM3UPOBATH,
JieNiaTh BBIBOABI U OOOOIIEHHS, CaMOCTOSITEIbHO BECTH HCCIIEAOBAaHUS, MOJb30BAaThCS PAa3IMYHBIMU
npueMaMy U3MepeHHid, oopMIIATh pe3ynbTaThl B BUAE TaOIMII, CXeM, IpadUKOB;

- NMpUOOpeTeHNe HAaBBIKOB pabOThl C PA3IMYHBIMU MPUOOpaMH, anmapaTypold, yCTaHOBKaMH U
JPYTMMH TEXHUUECKUMHU CPEICTBAMU JJIsl IPOBEICHMSI OIIBITOB;

- Ppa3BUTHE UHTEIUIEKTYyaJbHBIX YMEHHH Yy OyAylmMX CHENHATUCTOB: aHATUTHYECKHX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;

- BBIpaOOTKY IIPH pEUICHUH OCTaBICHHBIX 3aJa4 MPOPECCHOHATBLHO 3HAUUMbIX Ka4eCTB, TAKHX
KaK CaMOCTOSITEIbHOCTb, OTBETCTBEHHOCTb, TOUHOCTh, TBOpYECKAsi MHUIIMATHBA.

[TpakTrueckue u 1a00paTOpHbIE 3aHATHUS IPOBOJATCS MOCIE COOTBETCTBYIOLIEH TEMbI, KOTOpas
o0ecrieynBaeT HATMUYKE 3HAHUH, HEOOXOTUMBIX JUIsl €€ BBIMOJIHEHUS.



2METOJUYECKHUE YKA3AHUSA

Tema 1.1
Crangaprusanus u cepruduranmst

IIpakTuyeckoe 3ansaTue Nel

OdopmieHue rnepeyuHs JIeMEHTOB Ha MPUHIUIHATIBHYIO SJIEKTPUUECKYIO CXEMY

Hesb: HayuuTHCSI OPOPMIIATE IIEPEUEHB JIEMEHTOB U CHELU(UKALIUI0 B COOTBETCTBUHU C
TpeOOBaHUSMH JICHCTBYIOIIETO CTaHapTA.

Boinosinus pa6ory, Bel Oynere:
YMemb: IPUMEHSATh METO/IbI U CPEJCTBA OOeCreueHus: €IMHCTBA U TOYHOCTU U3MEPEHHIA

MarepuanbHoe olecneueHue: I MPOBEACHUS MPAKTUYECKON paboThl TpeOyeTcs Hamudue
CHEIHAJIbHOM JITEpaTypbl, UHTEPHET-PECYPCHI.

HOpﬂ)IOK BbIIIOJTHCHUSA paGOTbI:

CocTaBUTh IEpeyeHb 3JEMEHTOB B BHJE TaONMMLbl M JOKYMEHT «llepedeHb 311€MEHTOBY
dopmaTa A4 11 CXeMbI CHHXPOHHOT'O F€HEpaTOpa UMITYJIbCOB (puc. 1)
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Pucynok 1 — CxeMa CHHXpOHHOTO T€HEpaTOpa UMITYJILCOB

[TpuimMep BBIMIOJIHEHUS 33/1aHUA: CXEMa MPUHLMUIUAIbHAS JIEKTpUUecKass MPUEMHHUKA MPSIMOTO
ycuneHust (puc.2), tabnuma ¢ mnepeuHeM snemeHToB (puc. 3), dopma mo ['OCT «llepeueHn
anemeHToB» (pu.4). Ucrounuk: [Hummapes, B.FO.Merponorus, cranmaptuzanus, cepTHQHUKaAIuS,



TEXHUYECKOE perynupoBaHue u JOKYMEHTOBEICHHE Pexxum JocTyIma:
https://znanium.com/read?id=360382, ctp. 37.

Pucynok 2 — Cxema IpSAMOTO YCUJICHUS
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Pucynoxk 3 — Tabnuia ¢ mepedHem 3JIEMEHTOB



llo3.
0d03Ha- HaumeroBarue Kon. npUMe YyaHue
YeHue
BAT [pomkozobBopumens 0,125 419 Om 1
KorHdeHcamopsi
1 KIl1-4-12B-5/380+5% 0X0.460.010TY | 7 nepeMeHHsIU
2 KM-5A-12B-310+5% 0X0.460.043TY | 7
3 Kl-4-12B-5/380+5% 0X0.460.043TY | 7 nepemMeHHsIU
C4 KM-5A-12B-0,01+5% 0X0.460.043TY | 7
5 KM-5A-12B 0,033+5% 0X0.460.043TY | 7
(6 KM-5A-128 0,01:5% 0X0.460.043TY | 7
(7 (8 K50-16-68B-0,033+5% 0X0.461.087TY | 2
£9 K50-16-6B-20,0:5% 0X0.461.087TY | 7
(10..C12 K50-16-6B-10,0+5% 0X0.461.087TY | 3
13, (14 K50-16-6B-20,0£5% 0X0.461.087TY | 2
GB1 HcmosHuk numaxusa 68 1
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R7 R8 (2-33-0,125 Bm-20k+5% 0X0.467.099TY | 2
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Pucynok 4 — IlepedeHp 3J1€eMEHTOB

®opma npeacTaBiIeHus pe3yjabTara:
Otuer o paboTe JOIKEH COIEePKaTh:
a) HauMEHOBaHUE PaOOTHI U 11ETh PaOOTHI,

6) MNpUHIOHUIIHAJIbHAA 3JICKTPUICCKAs CXCMaA,




B) CBEJCHHS 00 AJIEMEHTaX B BUC TaOIUIIbI;
r) nokymeHt «llepeueHsb anemMeHTOB» hopmaTa A4;
1) BBIBOJIBI IO padore.

Kpurepum ouenku:

OlLieHKa «OTJIMYHO» CTABUTCS, €CJIM 3aJ]aHUE BBITIOJHEHO BEPHO.

OneHka «XOpOUIO» CTaBUTCS, €CIIM JOMyIleHa OJHAa WM JBE OIIMOKH, IpHUBEILINE K
HEIPaBUILHOMY PE3YJIbTaTy.

OrneHka «y0BIETBOPUTEIBHO)» CTABUTCS, €CIIU MPUBEICHO HEMOJIHOE BBHIITOJHEHUE 3aJaHUS.

OrneHka «HeyI0BIECTBOPUTEIBHOY» CTABUTCS, €CIIU 3aJ]aHKe HE BBHIIIOJHEHO.

Tema 1.2
OcHOBHBbIE IOHATHS B 00J1aCTH U3MeEPEHU I

IIpakTuyeckoe 3ansitue No2

VcnoBHbIe 0003HAYEHHUS Ha IIKaIax HpI/I60pOB

I_[e.m,: HAaYYUTBHCA OIPCACIIATD XaPAKTCPUCTHUKU DJICKTPOU3MEPUTCIIbHBIX HpI/I60pOB 10 3HaKaM
Ha mIKaJIC

Boinosinus pa6ory, Bel Oynere:
ymems.
— HNPHUMCHATH OCHOBHBIC MCTO/bl U MMPUHIUIILI U3MCPCHU.

MarepuanbHoe odecriedyeHHe: Ui MMPOBEACHUS MPAKTHUECKOW pabOThl TpeOyeTcs Haimudue
CIIeUaTIbHOM JIUTEPaTyphl, HHTEPHET-PECYPCHI.

IMopsaok BhIMOTHEHUS PadoTHI:
O3HaKOMUTBCS C MPUMEpaMH paciii(pOBKU 3HAKOB U CUMBOJIOB Ha npudope (puc.5).
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M — OyxpeHsiil WHEP MAMHUTOICKTPHYUCCKON CHCTCMBL,

265 — nomep papaborxy (Moacau);

1983 r. — rost BEINYCKE,;

HA — MHKPOAMIICPMCTD; |

2K8) — BHYTpeHHee conporuaieHie 2 xOwm;

e — [IPCAHATHAYEH JUIH HCNONB3OBAHMA B LCTIAX NMOCTOSHHOIO
TOKa; )

U — rpaduueckoe 0DOGHAUCHNE MATHUTOVIEKTPHYCCKON CHCTEMBI,
SAUMIICHHON OT ACHCTEMA BHCIIHMX MarHMTHRIX nonei;

1,5 — K1ace ToMHOCTYH;

I — paGoyce NONOXKCHHE BCPTHKAILHOC,

Y — HIMEPHTCABHBIT MEXAHIM HIONNPOELH, H CONPOTHRICHHE
HIONAUMH HCHBTAHO HanpskeHieMm 2 kB,

Pucynok 5 — ITpumep pacunpoBKu 3HAKOB U CUMBOJIOB



3ananue:
1. 3apucyiite mkansl npubOpoB (puc. 6).
2. PacmmdpyiiTe 3HaKU U CHMBOJIBI HA ITKAJIe TPHOOPOB:

987 r.
Pucynok 6 — llIkainsl 31€KTpOU3MEPUTENBHBIX TPUOOPOB

3. IlpoBeauTte cpaBHUTENBHBIN aHATH3 TPUOOPOB.

dopma npeacTaBiIeHus pe3yJabTarTa:
Otuer 1o paboTe T0JIKEH COAEepPKAaTh:

a) HauMEHOBaHWE PaOOTHI U 1IEJIb PaOOTHI;
0) HapHrcoBaHHas IIKaia npudopa;

B) TaOJIUIIBI C TApaMETPaMHU MPUOOPOB;

T') BBIBOJIBI 110 padoTe.

Kpurepun onenku:

OneHka «OTJIMYHOY» CTaBUTCS, ECJIN 3a/IJaHUE BBINOJIHEHO BEPHO.

OneHka «XOpOUIO» CTaBUTCS, €CIIM JOMyIleHa OJHAa WM JBE OIIMOKH, NpHUBEILINE K
HENPAaBUWJIbHOMY PE€3YJbTary.

OrneHka «y0BIETBOPUTENBHO» CTABUTCS, €CJIU MPUBEIEHO HEMOJIHOE BBIITOJHEHUE 3aJaHUS.

OneHka «HeyI0BIETBOPUTEIBHO» CTABUTCS, €CIIU 3aJJaHUE HE BBIIIOJHEHO.

Tema 1.3
MeToabl 1 cpeCcTBA MOJYYeHHS U3MEPUTEIbHON HH(pOpMAIIUH

IIpakTnueckoe 3ansaTue Ne3

N3yuenue ycrpoiicTBa mpudOPOB U oNpeesieHue UX napaMeTpoB

He.]'ll): HAYUYUTHCA ONIPCACTIATE METPOJIOTUUCCKUEC XAPAKTEPHUCTUKU IJICKTPOU3SMEPHUTCIIbHBIX
npubopoB

Beinosnus pabdory, Bel Oyaere:

ymems:

—KJIacCU(HUIMPOBATH OCHOBHBIE CPEJICTBA U3MEPEHUH;

—MPUMEHATh AaHAJIOTOBbIE M  LMU(POBBIE HU3MEPUTENIbHBIE TNPHOOPHL, HU3MEPHUTEIbHbBIE
TeHepaTopBHl.

MarepuanbHoe odecriedyeHHe: Ui MPOBEIACHUS MPAKTHUECKOW paboThl TpeOyeTcs Halnuyue
CIIELMAJIbHOM JINTEpaTypbl, HHTEPHET-PECYPCHI.

IHopsinok BeINMOIHEHHs PA0OTHI:



1. Ompenenute OCHOBHBIE METPOJIOTMUECKHE XApaKTEPUCTHUKH MUIUIMAMIIEPMETPOB, IIKAJIbI
KOTOPBIX MOKAa3aHbl HA PUCYHKE /.
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Pucynok 7 — llIkaibl MyJbTUMETPOB
2. 3anonauTe Tadnmiy 1:
Tabnuna 1 — MeTponoruueckue XapakTepUCTHKU MPUOOPOB
n(v:it:z{cB:o-e Wy g ¢ s D= by
o6osna- | (T Ly | Yops | R, MKA/ | men./ Pas | Uns | = Fin = | = Iin =
npu- |MKA| % | Om MBT| B | — Fiavs | — Imax
YyeHue Jen. | MKA
bopa 11 MKA
CUCTEMBI
1
2

rae |, — HoMuHanbHOE 3HaYEHHUE TOKA;

Y np — IPUBEJECHHAS MIOTPEITHOCTH (KJIACC TOUHOCTH);
Ra — BHyTpeHHEE CONPOTUBIICHHE TIPUOOPA;

C — 1eHa JeneHus 1IKansbl,

S — 9yBCTBUTENHHOCTH MTprbopa S=1/C;

P4 — nmoTpebmnsiemast MOLITHOCTH;

Ua - majieHue HamnpsKeHus Ha npubope;

Dr — yacToTHBIN AMaNa3oH;

D| — mnama3oH u3MepeHust CHUITBI TOKA.

®opma npeacTaBieHus pe3yabTara:
Otuert o paboTe JOIKEH COEePKaTh:

a) HauMEHOBaHWe PabOTHI U 11€JIb PAOOTHI;
0) HapuCcOBaHHasl LIKaa Ipudopa;

B) TaOJIMIIBI C XapaKTEPUCTUKAMU MTPHUOOPOB;
T') BEIBOJIBI 110 padoTe.

Kpurepun onenkn:

OrneHka «OTJIMYHO» CTABUTCS, €CIIH 33JaHHE BBIIIOJIHEHO BEPHO.

Or1eHKa «XOpOIIOY» CTAaBUTCS, €CIIU JIOMYILEHA O/1HA WJIK JIBE€ OLIMOKU, TPUBEALINE K
HENPaBUJILHOMY Pe3yJIbTary.

OrneHka «yA0BIETBOPUTENBHO» CTABUTCS, €CIIU IPUBEIECHO HEMOJIHOE BBIITOJHEHUE 3aJaHUS.

OrneHka «HEeyIOBJIETBOPUTEILHO» CTABUTCS, €CIIU 3a/1aHUE HE BBIIIOJIHEHO.
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Tema 1.4
MeTtpoJiornyeckue noKasaTejau H3MepeHuin

IIpakTnueckoe 3ansaTne Ned

Omnpenenenue MOrpeHOCTH U3MEPEHUH U KJIaCCOB TOYHOCTH MPUOOPOB

Hesb: HAYYUTHCS PACCUUTHIBATH MTOTPEUTHOCTH U3MEPEHHH U ONIPEeNsATh KJIacC TOUHOCTH
npuOOpOB.

Boinosinus pa6ory, Bel Oynere:
ymems.
— [NPUMCHATH MCTOABI U CPCACTBA oOecrieyeHus CAMHCTBA U TOYHOCTHU H3MepeHHfI;

MarepuanabHoe obecnedeHue: JIs IPOBEICHHS MPAKTHYECKOW pabOThl HATMYHUE CIICITHATBHBIX
MaTepualioB U 000pyI0BaHHS HE TpeOyeTCs.

3anaHme: pemnTe 3a1a4u

1 TIlpuGop mokaspiBaeT HampspkeHue 9,9 B. [lelicTBurenbHas BenuumHa Hanpsokenus 10 B.
Ornpenenure aOCOIIOTHYIO IOTPEITHOCTD MpUOopa.

2 AwmmepMmeTp Mokaszal BEJIUYMHY TOKa 5,9 A., a pacueTHoe 3HaueHue Toka 6 A. Ompenenute
OTHOCHUTEJIbHYIO MOIPEUTHOCTh U3MEPEHMUSL.

3 Ammepmerp mokazan 26A, a AelcTBUTENbHOE 3HaYeHHWE Toka 25A. Ompenenute aOCOMIOTHYIO U
OTHOCHUTCJIbHYIO MOTPCIIHOCTb U3MEPCHUU.

4  VcTuHHOE 3HaYCHHE TOKa B 1lenn 5,23 A, n3MepeHHbIC 3HAYCHUs TOKA, TOIydeHHBIE C
MOMOIIBIO ABYX aMIIEPMETPOB, cOCcTaBmwiIn 5,3 U 5,2 A. UeMy paBHbI OTHOCUTEIbHBIC U
a0COJIOTHBIE IOTPELIHOCTH U3MEPEHUS?

5 KakoBa ocHOBHasi IpUBEIEHHAs TIOTPELIHOCTh MPUOOpa C BEPXHUM MPEIEIOM U3MEPEHUs S A,
€CIIM HanOOoJIbINas TOTPEIIHOCTE pU u3Mepernu coctasmia 0,12 A?

6 Tox pe3uctopa, conpoTuBieHue kotoporo 8 Om, pasen 2,4 A. [1pu usmepeHun HanpsHKEHUS
Ha 9TOM PE3HCTOpE BOJIBTMETP TOoKa3an HanpspkeHue 19,3 B. Onpenennuts abCOMOTHYIO U
OTHOCHUTEJIbHYIO TOTPEUTHOCTH U3MEPEHUSI COIIPOTUBIICHUS B IaHHOM CIIyYae.

7 Tlpu u3MepeHuH HanpsHKEHUs: NOTPEOUTEs], BKIIOUEHHOTO B 3JIEKTPUUECKYIO LIEMb,
BOJIbTMETp mokazan 13,5 B. HaiiTi aGconmoTHYIO M OTHOCUTEIBHYIO MOTPEIIHOCTH U3MEPEHUS,
ecym conpotuBiieHne norpedurenst 7 Om, 3JIC ucrouHmKa dIeKTpHIecKoit sueprun 14,2 B,
ero BHyTpeHHee conpoTusienue 0,1 OM.

8 OmnpenenuTh KJIacC TOYHOCTH aMIlepMeTpa ¢ mpenesnom m3meperns10 A, ecau ToukaM IIKajbl

2,4,6, 8,10 A cooTBeTcTBYIOT 3HaueHus TokoB 2,041; 3,973; 6,015; 8,026; 9,976 A.

®opma npeacTaBieHus pe3yJbTarTa:
Otuyet no paboTe JOJKEH COIePKaTh:

a) HauMEHOBaHHe PabOTHI U 11eNIb PaboTHI;
0) pe3yabTaThl pacyEToB;

B) BBIBOJIBI 110 paboTe.

Kpurepun onenkn:

OrneHka «OTJIMYHO» CTABUTCS, €CIIH 33JaHHE BBIIIOJIHEHO BEPHO.

O1eHKa «XOpOII0» CTAaBUTCSI, €CIIU XO/1 BBIIOJHEHHS 3aJaHUs BEPHBIH, HO ObUIa I0MyIIeHa
OJlHa WJIM JIB€ OLINOKH, MPUBEAIINE K HEMPABUILHOMY pe3yibTary.

OrneHka «yA0BIETBOPUTEIBHO» CTABUTCS, €CIIU IPUBEIEHO HEMOJIHOE BBIITOJHEHUE 3aJaHUS.

OneHka «HEyIOBJIETBOPUTEIBLHOY» CTABUTCS, €CIIU 33/1aHUE HE BBIITOJIHEHO.
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IIpakTuyeckoe 3ansiTue Ne 5

[ToBepka 37eKTpON3MEpPUTENBHBIX TPHOOPOB

Iesb: 03HAKOMUTBLCS C YCTPOMCTBOM TEXHUYECKUX U OOpPa3LIOBBIX U3MEPUTENIBHBIX MPHOOPOB.
[TosyunTh NpakTUUYECKHE HABBIKU 11O OMPEIEIICHUIO ITOTPEIIHOCTEN N3MEPUTENIBHBIX TPHUOOPOB.

Boinosinus pa6ory, Bel Oynere:
ymems.
— [NPUMCHATH MCTOABI U CPCACTBA oOecrieyeHus CAMHCTBA U TOYHOCTHU H3MepeHHfI;

MarepuanbHoe oOecrniedeHue: I TPOBEJACHUS MPAKTHUYECKOW pabOThl TOBEPSIEMBIN
aMIepMETp U 00pa3LOBbIM aMIIepMeETp (MYIbTUMETP).

ITopsinok BbINOJIHEHHS PadOTHI:

1. Osnakomuthcs ¢ mpubopamMu U 060PYLOBAaHUEM U 3alMCaTh UX NMACHOPTHHIE JaHHbIC.

2. Ha crenpe snekTpuyeckue ey N3MEPHUTh 3HaYeHNE TOKA B HECKOJIBKUX TOYKAX TTOBEPSIEMbIM
aMIIEpMETPOM U MYJIIbTUMETPOM;

3. Borumcnute 1o pesynbraTaM M3MEpPEeHHs a0CONIOTHYIO MOTPEUIHOCTh B HECKOJBKHX TOYKaX

LIKaJIbl [IOBEPSEMOI0 aMIIEpMETPa,

BpIunciauTh OCHOBHYIO IIPUBEICHHYIO ITIOIPEIIHOCTD IIOBEPSIEMOT0 aMIIEPMETPA;

5. CpaBHUTb OCHOBHYIO NPUBEACHHYIO IMOTPEUIHOCTh IOBEPSEMOI0 amMmIepMeTpa C KIaccoM
TOYHOCTH, HAHECCHHOI'O Ha IIKAaJIE IIOBEPSEMOTr0 aMIIepMeTpa.

&

®opma npeacTaBiieHus pe3yJibTaTa
Otuer no paboTe TOJKEH COAEePKATh:
a) HaMMEHOBaHHE PadOTHI U 1IEJIb PA0OTHI;
0) pe3ynbTaThl U3MEPEHUN aMIIEPMETPOM U MYJIbTUMETPOM;
B) Ppe3y/IbTaThl pacu€ToB;
T) BBIBOJIBI 110 padore.

Kpurepun onenkn:

OHGHK& COTJIUYHO» CTABUTCH, €CJIN 3aIaHUC BBITIOJTHECHO BEPHO.

O1eHKa «XOpOI0» CTAaBUTCSI, €CIIM XO/1 BBINOJIHEHHS 3aJaHNUs BEPHBIH, HO ObUIa T0OMYyIIEeHa
OJlHa WJIM JIB€ OLIMOKH, IPUBEAILLINE K HEMPABUILHOMY pE3yNbTaTy.

OrneHka «yA0BIETBOPUTEIBHO» CTABUTCS, €CIIU IPUBEIEHO HEMOJIHOE BBIITOJHEHUE 3aJaHHUS.
OneHka «HEyIOBJIETBOPUTEIBLHOY» CTABUTCS, €CIIU 331aHUE HE BBIIIOJIHEHO.

Tema 1.5
Nudopmanuonno-usmepuresanbubie cucrtemsl (MUC)

IIpakTnyeckoe 3ansaTue Ne 6
Bupryanbubie mpruOopbl

Heab: nprobdpecTy HaBBIKK U3MEPEHHUS AMEKTPUUECKUX BETUYHH B TporpaMMHoil cpeae NI
Multisim

Bbinosnus padory, Bel Oyaere:
ymems:
—NpPUMEHATh AaHAJIOrOBble M IM(POBBIE HU3MEPUTENbHbIE NPUOOPHI, H3MEpPUTEIbHBIE

TCHCPATOPHI.

MarepuanabHoe obecnedenne: nporpammiuas cpena NI Multisim

12



IMopsinok BbINOJTHEHHS PAdOTHI:

W3yunTte XxapakTepUCTUKN BUPTYaJTbHBIX TPUOOPOB U MpaBUiIa UX BKIIOYECHHUS.

CoOepure cxemy (puc. 8) B mporpammuoit cpeae NI Multisim. OOparute BHHMaHHE Ha
BKJIIOUEHUE BHPTYaJbHBIX M3MEPUTEIbHBIX MPUOOPOB: ammepMeTpa, BOJBTMETPA, BAaTTMETPA,
ocumuiorpada.

N3MennTe napaMeTpbl HCTOYHUKOB nuTanus: yctanoBute DJIC ncrounuka 48 B, wactoty 50 'y
- U BBIIIOJIHUTE U3MEpEHUs elI€ pa3. Pe3ysbTaT npeACcTaBbTe NIPENOAABATEIIIO
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Pucynok 8 — Cxema ¢ BuptyanbHbiMu ipubopamu B NI Multisim

®opma npeacTaBiIeHus pe3yJabTaTa

Otuet no paboTe TOJKEH COAEePKATh:

a) HauMEHOBaHHE PabOTHI U 1ENTb PabOTHI;

0) XapaKTepUCTUKU BUPTYaAIbHBIX IPHOOPOB;
B) pe3yJbTaThl U3MEPEHUH;

I') BBIBOJIBI IO padorTe.

Kpurepun onenkn:
O1neHka «OTJIIMYHOY CTaBUTCSI, €CJIM 3a/1aHNE BBINOJIHEHO BEPHO.
OreHka «XOpOILO» CTaBUTCS, €CIU XOJ BBINOJIHEHUS 3aJaHHs BEpHbIH, HO Obula JOMyIIeHa
OJIHa WJIM JIB€ OLIMOKH, IPUBEAILINE K HEMPAaBUILHOMY pE3yJbTaTy.
OrneHka «yAO0BIETBOPUTENBHO» CTABUTCS, €CIIU IIPUBEIEHO HEMOJIHOE BBIITOJIHEHUE 3aJaHHUS.
OneHka «HEyIOBJIETBOPUTEILHOY» CTABUTCS, €CIIU 33/1aHUE HE BBIIIOJIHEHO.

Tema 2.1
HN3mepenue HanpsizKeHUS M TOKA

JladopaTopHoe 3ansitue Nel

I/I3M€p€HI/I€ HAIMpsOKCHUA U TOKA B LCIIAX IMMOCTOAHHOTO TOKa

HCJII): HpI/IO6peTeHI/Ie HaBBIKOB OINPEACICHUA MapaMCTPOB 2JIEMCHTOB B ICIAX IMOCTOAHHOI'O
TOKa 110 pe3yJibTaTaM HSMCPCHHﬁ, BKJIFOUYCHUS B LCIIb BOJIBTMETPA U aMIICPMETPA.

Beinosnus padory, Bel Oyaere:
ymems:
— TPUMEHATh OCHOBHBIE METO/Ibl ¥ IPHHLIUIIBI U3MEPEHUS;
— TMPUMEHATh AaHAIOTOBblE W LU(GPOBbIE HM3MEpPUTEIbHBIE NPUOOPBI, HU3MEPUTENbHBIC
TeHEPaTOPBI.

MarepuaiabHoe obecnedyenue:
JlaGopatopusrii ctenn O1-MP-01
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IHopsiiok BHINOJHEHUS PAGOTHI
1. CoGparts cxemy (puc. 9).
2. BBIOTHUTH U3MEPEHUs, 3aHECTH PE3yJIbTaThl U3MEPEHUN B Ta0:I. 2.

PV

PI/ICYHOK 9 — Cxema LOCITH ITOCTOAHHOT'O TOKA

3. Paccuntarh BeNMYMHY CONMPOTHRICHUsS R M MomHOcTH pe3uctopa P, pe3ynbTar 3amucarh B
Tadi. 2.

Tabnuia 2 — Pe3ynbraTel H3MEepeHHii U pacuéToB

U, B I, A R, Om P, Bt

dopma npeacTaBJeHus pe3yabTaTa:
Otuet no paboTe TOJKEH COAEePKATh:
a) HaMMEHOBaHKE PabOTHI U TENIb PabOTHI;
0) DIIEKTPUYECKHE CXEMBI OIIBITOB;
B) TaOJIMIIBI C PE3yJIbTATaAMH OIIBITOB U BEIYMCIICHHIA,
I') paCYEeTHBIC COOTHOIIICHUS;
1) BBIBOJIBI TIO paboTe.

Kpurepun onenku:

OneHka «OTJIMYHO» CTABUTCS, €CIM ODKCIEPUMEHT MpoBeAEH, 0O0paboTaHbl pe3yJbTaThl,
BBITIOJIHEHBI BCE 3a7aHusl, paboTa opopMiIeHa B COOTBETCTBUHU C TPEOOBAHUSIMHU.

OreHKa «XOpOIIO» CTaBUTCS, €CIIM OblIa JOMYLIEHB! OIMOKU MPU MPOBEICHUH SKCIIEPUMEHTA,
00paboTKe pe3yabTaTOB WU MpHU 0HOPMIICHUH OTYETA.

OneHka «yAOBIETBOPUTENBHO» CTABUTCS, €CIIU IKCIEPUMEHT IIPOBEJEH, IPUBEJEHO HEMOJIHOE
BBIIIOJIHEHHE 3aaHU.

OneHka «HEYIOBIETBOPUTENBHO» CTABUTCA, €CJIM DKCIIEPUMEHT HE MPOBOJWIICS, 3aJlaHUE He
BBITIOJTHEHO.

JlaGopaTopHoe 3ansiTue No2

I/ISMepeHI/IC HAIIPAKCHUS U TOKA B LCIIAX ICPEMCHHOTI'O TOKaA

IIe.m:: HpI/IO6pCTCHI/IG HAaBBIKOB OINPCACICHUA MAPaAMCTPOB 3JICMCHTOB B ILCIIIX NHNCPEMCEHHOI'O
TOKa IO pE3yjibTaTaM I/I3MepeHI/II71, BKJIFOUYCHUSA B LCIIb BOJIBTMETPA U aMIIEPMETPa, USMEPCHHUA TOKA U
HAITPsS>KCHU.

Beinosnus padory, Bel Oyaere:
ymems:
— TNPUMEHATh OCHOBHBIE METO/Ibl M IPHHLIUIIBI U3MEPEHUS;
— TMPUMEHATh AaHAJIOTOBble U LUGPOBbIE M3MEPUTEIbHBIE NPUOOPHI, H3MEPUTEIbHBIC
TeHepaTopHl.

14




MarepuasbHoe o0ecrieyeHue:
JlaGopatopusrii ctern O1-MP-01

IMopsiioK BHINOJHEHUS PAGOTHI
1. Cobpats cxemy (puc. 10).
2. BpIMONMHUATE U3MEPEHHS, 3aHECTH PE3YNIbTAaThl U3MEPEHHi B Ta0I. 3.

PA

—— .

E

PV
L 120V 1€
“~+50Hz -

- p°

Pucynok 10 — Cxema nienu nepeMeHHOT0 TOKa ¢ KOHAEHCATOpPOM

Tabmuna 3 - Pe3ynbraTel n3mMepeHuii U pacuéToB

uaB LA f, T C, Mmx®

3. Cobpath cxemy (puc. 11).

4. BpINOTHUTH U3MEPEHUS, 3aHECTH PE3YIIbTAaThl U3MEPEHUI B Ta0I. 4.
PA

30

1ov
~50Hz
0° L

Pucynok 11 — Cxema nenu nepeMeHHOro TOKa ¢ KaTyIIKOH MHAYKTUBHOCTH

Tabnuua 4 - Pe3ynbraTsl H3MepeHHi U pacuéToB

u,B LA f, T R, Om L, mI'a

3

Conep:xanue oT4yeTa
OtueTt no paboTe JOJKEH CO/IePKaTh:
a) HaUMEHOBaHME Pa0OTHI U 11E€Ib paboTHI;
0) PIEKTPUUYECKUE CXEMBI OIBITOB;
B) TaOJIUIIBI C pe3yIbTaTaMu OIBITOB,;
T') BEIBOJIBI 110 paboTe.

Kpurepun ouenku:

OneHka «OTJIMYHO» CTABUTCS, €CJIM ODKCIEPUMEHT MpoBeNEH, 0O0paboTaHbl pe3yiabTaThl,
BBITNOJIHEHBI BCE 3a7aHusl, paboTa oopMiIeHa B COOTBETCTBUHU C TPEOOBAHUSIMHU.

OreHKa «XOpPOIII0» CTaBUTCS, €CJIM ObljIa JOMYIIEHbI OMMOKH IPU MPOBEIEHUH YKCIEPUMEHTA,
00paboTKe pe3yabTaTOB WU P O(HOPMIICHHH OTUETA.

OrneHka «yA0BIETBOPUTENBHO» CTABUTCS, €CIIM IKCIEPUMEHT IPOBEIEH, IPUBEACHO HETOIHOE
BEIIOJIHEHME 3aJaHn.

O1neHka «HEyI0BIETBOPUTEIBHO» CTABUTCS, €CIIU KCIIEPUMEHT HE TPOBOAMIICS, 3aJJaHUE HE
BBITIOJTHEHO.
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Tema 2.2
Hudpossie uzmepurensusie npudops! (LUIT). Mynstumerp

JlaGopaTopHoe 3ansitue Ne3

N3mepenue mapaMeTpoB 3JIEKTPUUYECKUX LENeil U AJIEMEHTOB MYJIbTUMETPOM

Heab: nmprobpereHne HaBBIKOB MU3MEPEHUS MApaMETPOB AJIEKTPUUECKUX ILIETIeH U AJIEMEHTOB C
HOMOIIBIO IU(PPOBOTO MYJIBTUMETPA

Boinosinus pa6ory, Bel Oynere:
ymems.
— HNPHUMCHATH OCHOBHBIC MCTO/bI U IMTPUHIIUIIBI H3MepeHHﬁ;
— TMPUMEHSATh AaHAJOroBble U UU(POBBIE H3MEPUTEIbHbIE MPUOOPBI, H3MEPHUTEIbHBIC
TE€HEPaTOPBhI;

MatepuanbHoe obecnieuenue: mynstumerp DT-830B

Ilopsinok BbIMOTHEHHS PA0OTHI

. TexHuka 6€30MaCHOCTH MpU paboTe C MYIBTUMETPOM

— HE [IPOU3BOJUTE 3aMEPBI BO BIAXKHOM IOMEUIEHUH

HE IIEPEKIIIOYaNTe IIPEIeIbl U3MEPEHUN B MOMEHT CaMUX 3aMepOB

— He 3aMepsiiiTe HalpsDKeHHEe W CHIIy TOKa, €CIIM WX BEJIMYUHBI OOJbIIE TEX, Ha KOTOpHIC
paccuMTaH MyJbTUMETP

— HCIOJB3YWUTE IIYTbI C UCIIPABHOW U30JISIUEH

2. Nsmepenue nepeMeHHOTro HanpsbkeHus (puc. 12:

— VcraHOBUTE TIEPEKIOYaTe b HA MYJIbTHMETPE) B COOTBETCTBYIOIIEE IIOJIOKEHHE -
nepexiaoyaTens B nojnoxenue ACV.

— Illynei BctaBbTe B pazbeMbl COM u VOQmMA.

— HaunnaiiTe n3MepeHrue ¢ MakCUMaJIbHOTO 3HaueHus Ha npudope — 750V. Ecnu Ha sxpane
BBICBETUTCS 3HAUE€HHE IOopa3J0 MEHbIE, a Iepe] HUM Oyaer crosaTh uudpa «0», 3TO 03HA4YaeT, yTo
Ui 0oJjiee TOYHOTO 3aMepa MOXKHO MEPEKITIOUUTHCS B JPYTroM pexuM, ¢ MEHbIIEH MIKaJIOH ypOBHS
HaNPSDKEHUS, KOTOPYIO MTO3BOJISIET U3MEPATh MYJIbTUMETD.

-

ACV

NepemeHHoe HANPRKEHNE
or 0200 07508 :

Pucynok 12 - 3mepenne nepeMeHHOro HapsKEeHUs

3. H3mepenne mocTossHHOTO HanpspkeHust (puc. 13):
— VYcTaHOBUTE MEpEKNIoYaTelb Ha MYJIbTUMETPE B COOTBETCTBYIOIIEE IIOJIOKEHHUE -
nepekouaTens B nonoxenne DCV.
— HauwnnaiiTe 3aMepsl ¢ HAUOOJIBIIICH MITKAJBI, TOCTENEHHO TTOHIKAS TIPE/IET H3MEPEHUSI.
— Jlns 3amepoB HanpsKEHUS MOAKITI0YATh LIYTbl HYKHO MapajuIeIbHO U3MEPSEMO LIETH.
— Ecnu Ha nuciuiee BHICBETWIIOCH 3HAUYEHUE HANPSHKEHUSI CO 3HAKOM «MHUHYC», 3TO O3HAYaeT,
4TO HEOOXOMMO U3MEHUTH MOJIAPHOCTD.
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Pucynok 13 - I3MepeHne NOCTOSSHHOTO HaIIPSKEHUs

4. W3mepenwue Toka (puc. 14):
— TIpubopoM MOKHO 3aMepsITh TOIBKO CHITY MTOCTOSSHHOTO TOKa. [lepekirrouarens 1omkeH ObITh
B mosioskenuu — DCA.
— Ilpu u3mepeHuu Toka, €Clii HEU3BECTHO, B KaKuX Mpezenax OyAeT cuiia TOKa, JIydlle HayaTh
u3MepeHus, BcraBuB 1yn B pazbeM 10ADC, unaue 3amepsisi Tok Oosiee 200MA Ha pazpeme VQmA,
MO>KHO JIETKO CTIAJIUTh BHYTPEHHUN MIPEAOXPAHUTEb.

Pucynok 14 - 3mepenue Toka

5. Usmepenue conpotusnenus (puc. 15):
BriOupats Hy)XKHOE 3HaUEHHE CONMPOTUBIICHUS HY>)KHO C CAaMOTO OOJIBIIOTO.
Ecnu u3mepsieTe conpoTuBieHHE Ha pabOTaoLIEM ammapaTe WM MPOBOAE, PEKOMEH]YeTCs
OTKJTIOYHTH TUTAHUE.
Ecnu npu u3mepeHny Ha TUCIUIee Y Bac BHICBETUIIOCH 3HaueHue «1, OL» — 3To o3Havaer, uTo
prOOp MeperpyKeH M MePeKII0YaTeb Hy)KHO TOCTAaBUTh B OOJBIINI TUAra30H 3aMepOB.
Ecnu BricBeunBaetcst «0» — TO HAOOOPOT, YMEHBILIUTE MPees H3MEpEeHHH

Pucynok 15 - I3mMepenue conpoTUBIIEHUS

dopma npeacTaBJieHus pe3yabTaTa:

OTtyeT mo paboTe JOKEH COJIEPKATh:

a) HaMMEHOBaHKe PabOTHI U 1IeNb PabOTHI;

0) mpaBWJIa BKJIFOYCHHUS NMPHOOpA JUTSI U3MEPEHUS IJICKTPUYSCKUX BEIIMYUH M CXEMATHYHOE

M300pakeHNe MOAKITIOUYCHUS MYIbTUMETPA;
B) BBIBOJIBI 11O padoTe.

Kpurtepuu ouenku:
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OneHka «OTJIIMYHOY CTABHUTCS, €CIIN SKCIIEPUMEHT IPOBEAEH, 00paboTaHbI pe3yIbTaThI,
BBITIOJIHEHBI BCE 3aJlaHMsl, paboTa 0(hopMIIeHA B COOTBETCTBHHU C TPEOOBAHUSAMHU.

OmeHka «XOpOIIO» CTaBUTCA, €CIIH ObliIa JOMYIIEHB! ONIMOKH ITPY IPOBEACHUH YKCIIEPUMEHTA,
00paboTKe pe3ynbTaTOB WK NpU 0(hOPMIICHUHU OTYETA.

OneHka «yIO0BIETBOPUTEIBHOY» CTABUTCS, €CIIH HKCIIEPUMEHT POBE/EH, IPUBEACHO HETIOIHOE
BBIIIOJIHCHHE 3aaHUI.

OreHka «HEyIOBICTBOPUTEIHHOY CTABUTCS, €CJIN SKCIIEPUMEHT HE IPOBOMIICS, 3a/1aHHE HE
BBITTOJIHEHO.

Tema 2.3
DJleKTPOHHbBbIE U M (POBbIE OCHULIOTPA(PBI

JlabopaTopHoe 3ansitue Ned

[Tpumenenue ocrusuiorpada i OIpeAeieHus apaMeTpoB CUTHAIA

Lesib: HAYIUTHCS OMPEACTUTH ApaMETPhI CUTHAIOB TPH TIOMOIIH ocuuiutorpada
Beimosiaue padory, Bel Oynere:
ymemv:
— TNPUMEHATb OCHOBHbIE METO/Ibl Y IPUHLIUIIBI U3MEPEHUS;
— TMPUMEHATh AaHAIOTOBble U  LU(POBbIE U3MEPHUTEIbHbIE NPUOOPHI, H3MEpPUTEIbHBIE
TeHepaTophl.

MarepuanabHoe obecriedeHne: Uil IPOBEACHUS MPAKTUYECKONW PadOTHl HATMYHE CIICUATIbHBIX
MaTepuaioB U 000pya0BaHus HE TpedyeTcs.

IMopsaok BhIMOTHEHUS PadOThHI

1. MByunre mpumepsl 10 (POPMUPOBAHUIO CHHYCOMIATBFHOTO W UMIYJIBCHOTO CHTHAJIOB TPHU
oMoty ocipuiorpada C1-67 (puc.16).

Ipumep. Onpenennuts TapaMeTpbl CHHYCOMIATHHOTO CUTHAJIA MTPH CIIETYIONINX TOJI0KESHUIX
nepexirovareneit u Tymonepa ocunstorpada C1-67: «Boabt/nen.» - 2; «Bpems/nen.» - 50 mc/nen;
tymOnep «Pa3BepTka» - x0,2.

=t

Pucynok 16 - JInnesas HaHeJ‘IBv 6cu1xmn0rpa®a 61-67

Pewenue. icxons n3 CHHYCOH/IBI, TOKa3aHHON Ha SKpaHe ociuiuiorpada, aMIinuTya CurHaia

COCTaBJIET 3 JIETICHHUS], a €r0 NMEPUoJ — 8 JIETCHUI.

3a/laHHBI CUTHAI SBJISETCS] CHHYCOMANBHEBIM ¢ mapamerpamu Um, U, T, F.

AMIUTATYTHOE 3HAUEHHE HAIPsDKEHUS orpeesseM 1o ¢opmyite: Um = Cyny = (2 B/oexn.) - (3
oen.) =6 B.

CpenHekBagpaTHUECKOE 3HAUCHUE HaIpsbKeHHs onpeaenseM u3 ¢popmynsi: U = 0,707 -6 B =
4,2 B.

[lepuon noBTopeHus curnaia onpeaesseM o popmyne: T = Cx -nx = (50 mc/oen.) - (0,2 -8
oen.) = 80 mc.
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Yacrorty noBTopenus onpeneinsieM mo ¢opmyne: F = 1/T =125 T'y.

2. BemonHuUTe 3a/1aHus, UCIONB3Ys n300pakeHue 3kpana ocumiorpada C1-67 (puc. 17).

3aganue 1. OnpenenuTs aMITUTYbl UMITYJIBCHBIX CUTHAJIOB, ITPE/ICTABICHHBIX Ha DKpaHe
ocumuiorpada C1-67, npu monoxeHun nepexaodarens «Boapt/men.» - 20.

3aganue 2. OnpeaenuTs JIUTEIbHOCTh UMITYJIbCA Y CUTHAJIA, IPEICTABICHHBIX HAa SKpaHe
ocumutiorpada C1-67, npu cleayronmx MoJI0KESHUSIX OPraHOB YIIPABJICHHUS: IOJIOKCHIE
nepekaouatens «Bpems/nen.» - 50 mc, monoxxenue Tymonepa «Paspeptkay - X0,2.

3aganue 3. OnpenenuTs UIMTETFHOCTh UMITYJILCA Y CUTHAJIA, MPEICTABICHHBIX HA SKpaHE
ocumiutiorpada C1-67, npu cieayoumx MoJoKeHUIX OPraHoB yIIPaBICHUS: TOJI0KEHHIE
nepekiouatens «Bpems/nen.» - 0,1 mc, monoxxkenue Tymonepa «Paszpeptkay - X1.

""@'““ c1.67 %‘
6 X
o 0L
=
O -~

n

Pucynok 17 — Jluuesas nanens ocumuiorpada C1-67

®dopma npeacTaBiIeHus pe3yJabTara:

Otuer 1o paboTe T0JIKEH COAEepPKAaTh:

a) HauMEHOBaHWe PaOOTHI U 11EJIb PaOOTHI;

0) mpumMepsl 10 (POPMUPOBAHUIO CHHYCOMJATIBHOTO M MMITYJIbCHOTO CHUTHAJIOB IPH ITOMOIIN
ocrmutorpada C1-67;

B) pe3yJIbTAT BBITOJHEHUS 3aJaHH;

T') BBIBOJIBI 110 padoTe.

Kpurepun onenku:

OreHka «OTJIMYHO» CTaBUTCS, €CIIM SKCIIEPUMEHT POBEIEH, 00paboTaHbl pe3ysIbTaThl,
BBITNIOJIHEHBI BCE 3a7aHusl, paboTa 0popMiIeHa B COOTBETCTBUHU C TPEOOBAHUSIMHU.

OreHKa «XOpOIIO» CTAaBUTCS, €CIU ObliIa TOMYIEHb! OIIMOKY MPU MPOBEIEHUH SKCIIEPUMEHTA,
00paboTKe pe3yabTaTOB WU MpHU OHOPMIICHUH OTYETA.

OLeHKa «yA0BIETBOPUTEIBHO» CTABUTCS, €CITU IKCIIEPUMEHT MTPOBEAEH, IPUBEICHO HEMOJIHOE
BEINIOJIHEHME 3aJaHnH.

OI_ICHKa «HCYHOBJICTBOPUTCIIBHO» CTABUTCS, €CJIU SKCIICPUMCHT HC ITPOBOAWJIICS, 3aIaHUEC HEC
BBITIOJTHCHO.

Tema 2.4
HN3MepuTebHbIC TeHEPATOPBI

JlabopaTopHoe 3ansitTue NeS

HpI/IMCHCHI/IG HU3MCPUTCIIbHBIX T'CHEPATOPOB AJIA IMOJTYYCHHA CUTHAJIOB C 3aIaHHBIMU
XapaKTECPUCTUKAMHA

Heab: HayuyuThcss GOPMUPOBATH CUTHAJIBI C TOMOIIBIO U3MEPUTEIHLHOTO TeHepaTopa

Boinosnus padory, Bel Oyaere:
ymemy:
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— TPUMEHATH OCHOBHBIE METO/IbI M MPUHIIUITBI U3MEPEHNUS;
— TPUMEHATH aHAJIOTOBbIE U HHU(POBBIE U3MEPUTEIbHBIE TPUOOPHI, U3MEPUTEIbHbBIE
TeHepaTOpHI.

MarepuanabHoe obecnedeHue: JIsl IPOBEICHHS MPAKTHUECKOW pabOThl HATMYHUE CIICITHATBHBIX
MaTepualioB U 000pyI0BaHUs HE TPeOyeTcsl.

3amanmue:
1. U3yuute npumepsl 10 (HOPMUPOBAHUIO CHHYCOUIAIBHOTO W HUMITYJIBCHOTO CHUTHAJIOB IPH

oMoty reaeparopa ['3-109 (puc. 18).

IIpumep 1. Onpenenutp, Kakue OpraHbl yIPaBICHUs B KAKOE MMOJI0KEHUS YCTAHOBUTD IS
nosyueHus Ha BbixoJie reneparopa ['3-109 curnana Buaa, npeacraBieHHOro Ha pucyHke 19.

Pucynok 19 — CunyconaanbsHbli cursain

Pewenue. I3 pucynka ompenensieM mapaMmeTpbl CHHycouaanpHoro curnana: Um=5 B. Torna
U=0,7B, Um=3,5B.

[lepexntouarens mpeaesnoB BOJIbTMETpA I'€HEpaTOopa yCTAaHOBUM Ha OTMETKY 5 V, a CTpenky
BOJIETMETpPA Py4YKoil «PerynmpoBKa BbIX.» - 10 HUJKHEH IIKaJIe HA OTMETKY, COOTBETCTBYIOIIYIO 3,5 B.

ITo pucyHky | onpenenum nepuo NOBTOPEHUs CHHYCOMIAIIBHOIO CUTHAIA

T =(7,5-2,5) Mc =5 mMc=5-10"%c.

Paccunrtaem yacrory nosropenus curnana F = 1/T =200 I'm.

CrnenoBarenbHO, A MOJIy4YeHUS TpeOyeMoro CHUrHajia BHU3Hp IUIABHOM YCTAHOBKH YacTOTHI
cieayer coBMmecTuTh ¢ mudpoit 200, a mepekimrouaresnb «MHOXKHTEIb YacTOTh» YCTaHOBUTH B
nosioxkeHnue 1.

IIpumep 2. Onpenenuts, Kakue OpraHbl YIPABICHUS B KAKOE MOJIOKEHHUE CIIEYET YCTAaHOBUTH
JUTSL TIOJTy9YeHHUs Ha BbIxoe reHepaTopa ['5-54 curnana ¢ 3aganaeiMu Ha pucyHke 20 mapameTpamu.
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Pucynox 20 — IMnysibCHBIN CUTHAI

Pewenue. I1o pucyHky HailiéM 3HauU€HUs BCEX 3aJlaHHBIX TaPaMETPOB:
Um = 60 muB, tu = (17-15) mxc, T = (110 — 10) mxc = 100 mxc, 13 = (15— 10) mxc = 5 mxc.
Jis obecniedyeHust Ha BBIXOJIE I'€HEpaTopa aMIUIMTYIAHOro HamnpsbkeHus 60 mMB HeoOGxoaumo
PYUKON «AMILL» MJIaBHOM peryinupoBku UM yCTaHOBUTBH CTpENKy MHAMKATOpa Ha 3HadeHue 20, Ha
0JI0KE CTYNEHYaTOro NMepeKroyaTesst BBIXOJHOIO HANpsDKEHUS HakaTh KHONKY X0,03 ¥ CHATH CUrHal
C BBIXOJIHOTO pazbéma 1:10.

HpOBepI/IM MPpaBUIIBHOCTb YCTAHOBKHW HAIIPSKCHUS:

20B-0,03
U =——5— = 0,06 B = 60 uB.

U1 yCTaHOBKM JJIMTEIBHOCTH HMITYJIbca 2 MKC PYYKOW IIJIaBHOW PETYJIHMPOBKU CIELYET
COBMECTHTbH BU3UD B 0€NOW YacTH IIKaJbl «/[MUTeTbHOCT US» ¢ mudpo 2 U HaxaTh Oy KHOTKY
x].

Jls ycTaHOBKM 1epuojia NOBTOpeHus uMnyiabcoB 100 MKc cienyeT paccuuTaTh €ro 4acToTy:

F =1/T =10000 Iy = 10 xl'y.

3areM py4KOi IUTaBHOM PETyIUPOBKU UMITYJIECOB CJIEIyeT COBMECTHTh BU3UP ¢ udpoii 10 B
4y€pHOil yacTH mkanel «4actora noBropenuii Hz» u HaxaTh YEPHYIO KHOIIKY X 103,

JI1s1 yCTaHOBKM 33JaHHOTO BPEMEHHOT'O CABUTA 5 MKC CIIEYET PY4YKOH IUIABHOM PEryJIupOBKH
COBMECTHTb BU3UP ¢ HUPPOii 5 B 4EPHOI YyacTH LKA/l «BpeMeHHOM cIBUT LIS» U HaXKaThb YEPHYIO
KHOIIKY X 1.

2. BoInoJHuTE 3a1aHUS

1. Omnpenenuth, Kakue OpraHbl YIpaBiIeHHUs B KaKOe MOJOXKEHHE HEOOXOAMMO YCTaHOBHUTD JJIS

NOJTy4eHus Ha BbIxoe npuoopa ['3-109 curnana, mokazaHHOTO Ha pucyHke 21.

¥ e

Pucynok 21 — CuHyconaanpHelil curHai

2. OnpenenuTh, KaKue OpraHbl YIpaBiI€HUSI B KAKOE€ MOJIOKEHUE CIeAYyeT YCTAaHOBUTH AJIS
noJTydeHus Ha BeixoJie 1:1 mpubopa ['5-54 curHaia, moka3aHHOTO HA PUCYHKE 22.

Th \

2.5 1, MAC

i 4 1%

B
Pucynok 22 — IMnynibCHBINA CHTHAI
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®opma npeacTaBiIeHus pe3yJbTaTa

OtueTt o paboTe JOIKEH COAEPIKATh:

a) HauMEHOBaHUE PabOTHI U 1IETh PaOOTHI,

0) pe3ynbTaT BHIIOJHEHHUS 3aaHUi, 0()OPMIIEHHBIH, KaK B IPHUMEPE;
B) BBIBOJIBI 1O paboTe.

Kpurepum ouenku:

OLIGHKa COTJIMYHO» CTAaBUTCH, €CJIU 3aaHUC BBIIIOJIHCHO BCPHO.

OneHka «XOpOIIO» CTaBUTCS, €CIU XOJ BBIMOJIHEHMs 3aJaHHsl BEpHBIH, HO Oblia JOIYyIleHa
OJIHA WJIM JIBE OLIMOKH, MPUBEAIINE K HEMPAaBUILHOMY PE3yJbTaTy.

OLIGHKa «YAOBJICTBOPUTCIIBHO» CTABUTCS, €CJIM NPUBCACHO HCIIOJIHOC BBIIIOJIHCHUC 3aJaH .

OneHka «HeyI0BIECTBOPUTEIBHOY» CTABUTCS, €CIIN 3aJaHUE HE BHITIOJIHEHO.

Tema 2.5
HN3mepeHue napamMeTpoB 3J1eKTPUUYECKHUX Lieneil 1 KOMIIOHEHTOB

JlaGopaTopHoe 3aHsiTue Ne6

I/I3M€p€HI/I€ COMMPOTUBJICHHA, MTHAYKTHBHOCTU 1 I-)JICKTpOéMKOCTI/I

Iean: mpuoOpeTeHne HAaBBIKOB ONPEEICHIUS IapaMeTPOB HIEMEHTOB 0 Pe3yJIbTaTaM
U3MEpEHUH, BKIFOUCHHS B LIEIIb BOJIETMETPA M aMIIEpMETpa, U3MEPEHHUS TOKA U HAIIPSDKEHUS

Beimosiaue padory, Bel Oynere:
ymemv:
— TPUMEHATb OCHOBHbIE METO/Ibl Y IPUHLIUIIBI U3MEPEHUS;
— TNPUMEHATh aHAJOTOBbIE U LIM(PPOBBIE U3MEPUTEIbHbIE TPUOOPHI, U3MEPUTEIbHBIE
TeHepaTophl.

MatepuanbHoe o0ecniedenue: JIs IPOBEIACHHS MPAKTUYECKON pabOThI HATUYKE CIIEIIUATBHBIX
MaTepHaioB U 000PYyIOBaHUS HE TpeOyeTcs.

ITopsinok BbINOJIHEHHS PadOThI
JIsst orpeieNieHnsl BEIMYMHBI EMKOCTH KOHJICHCATOpa MCIONB30BaTh cxeMy (puc. 23). 3aHecTn
pe3ynbTarhl U3MepeHuil B Tabn. 5. Paccuumrtarh BenMuMHY eMKOCTH KoHJeHcatopa C. Pesynprar

3aHeCTH B Ta0II. 5.
PA

— .

E

PV
L 120V 1€
~50Hz -

- 0°

PI/IcyHOK 23 — HCHB NMEPpEMECHHOT'O TOKAa C KOHACHCATOPOM

Tabnuua 5 — Pe3ynpTaThl U3MEepeHHid U pacuéToB

U, B I, A f, T C, Mx®

4. Jlnsa ompeneneHuss BEIMYMHBI WHIYKTUBHOCTH KAaTYIIKH HCIIONIB30BaTh cxemy (puc. 24).
3aHecTu pe3yabTaThl M3MEpeHHil B Tabn. 6. PaccuMtarh BeTMUYMHY WHAYKTUBHOCTH KaTymku L.
PesynbTar 3anectu B TabI. 6.
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Pucynok 24 — llenb nepeMeHHOr0 TOKa C UHIYKTUBHOCTBIO

Tabnuua 6 — Pe3ynpTaThl H3MepeHHii U pacuéToB

U B I, A f, T R, Om L, M’

Conep:kanue oTyera

Otuer 1o paboTe T0JIKEH COAEepPKAaTh:

a) HaMMEHOBaHWe PabOTHI U 11EJIb PaOOTHI;

0) PIEKTPUUYECKUE CXEMBI OIBITOB;

B) TaOJIUIIBI C pE3yJIbTaTaMH OIBITOB;

T') BBIBOJIBI 110 padoTe.

Kpurepum ouenku:

OrneHKa «OTJIIMYHO» CTaBHUTCS, €CIH SKCIIEPUMEHT MPOBEAEH, 00paboTaHbl pe3ysIbTaThl,
BBINOJIHEHBI BCE 3a/IaHusl, paboTa 0(hopMIICeHA B COOTBETCTBHHU C TPECOOBAHUSIMHU.

OreHKa «XOpOIIOY» CTAaBUTCS, €CITU ObliIa TOMYIIEHbI OITMOKH MPU POBEICHUH YKCIICPUMEHTA,
00paboTKe Pe3y/IbTaTOB WM IPU O(POPMIICHUN OTYETA.

OrneHka «yI0BJIETBOPUTEIBHOY» CTABUTCS, €CIIN YKCTIEPUMEHT MPOBENIEH, TPUBEJCHO HETIOIHOE
BBITTOJIHCHHUE 33 JaHUH.

OreHKa «HEYIOBJIETBOPUTEILHO» CTABUTCS, €CIIU SKCIIEPUMEHT HE TIPOBOAMIICS, 3aJJaHHE HE
BBITIOJTHEHO.

Tema 2.6
HN3mepeHue MOIHOCTH M NOKAa3aTeliell KauecTBa 3JIEKTPOIHEPIruu

JlaGopaTopHoe 3ausiTue Ne7

I/ISMepeHI/IC MOIITHOCTH M IIOKa3aTejIe KauecTBa QJICKTPOSHCPIUn

Iesb: mprOOPECTH HABBIKK U3MEPEHHUST MOLTHOCTH U TIOKa3aTeliel KaueCcTBa AJICKTPOIHEPTHH B
nporpammMHuoit cpeae NI Multisim

Boinosinus padory, Bel Oyaere:
ymemy:
—TIPUMEHSATH OCHOBHBIE METOIbI U TIPUHITUTIBEI H3MEPEHUS;

MarepuanabHoe obecneyenue: nporpammuas cpeaa NI Multisim

IMopsiioK BHINOJHEHHST PAGOTHI:
W3yuuTe XapaKTEpUCTHKH BUPTYAIbHBIX MPUOOPOB M MIPAaBUJIA UX BKIIIOUYCHHUS.
CoOepure cxemy B mporpammuoi cpene NI Multisim (puc. 25). OOpatute BHHUMaHUE Ha
BKJIIOYEHHE BUPTYAIbHBIX H3MEPUTEIILHBIX IIPUOOPOB.
W3MepbTe aKTUBHYIO MOIIHOCTh, YaCTOTY, OTKJIOHCHHME YacTOThl. Pe3ysibTaThl TpeicTaBbTe
HperoaaBaTelio.
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PI/IC}’HOK 25 — Cxema AJI1 UBMEPEHUSA MOITHOCTH, YaCTOThI, OTKIIOHCHHUEC YaCTOThI

®opma npeacraBiaeHus pe3yJabTara

Otuer 1o paboTe T0JIKEH COAEPKATh:

a) HaMMEHOBaHUE PabOTHI U 11Eb PaOOTHI;

0) XapaKTepUCTUKU BUPTYaJIbHbBIX IPHOOPOB;
B) pEe3y/bTaThl U3MEPEHUIL;

I') BBIBOABI IO padoTe.

Kpurepun onenku:
OrneHka «OTJIMYHO» CTaBUTCS, €CIIU 3a/laHUE BBIIOJIHEHO BEPHO.
OrneHka «XOpOIIO» CTaBUTCS, €CIU XOJ BBINIOJHEHUS 3aJaHHs BEPHBIH, HO ObUIa JOMyIICHA
OJIHA UJIM JIB€ OIIMOKH, IPUBEIIINE K HETIPABUIILHOMY Pe3yJbTary.
OrneHka «yZ0BIETBOPUTEIBHO» CTABUTCS, €CJIU IIPUBEICHO HEIIOJIHOE BBIIIOJIHEHUE 3aJaHU .
O1eHKa «HEy10BJIETBOPUTEILHOY» CTABUTCS, €CIIH 3a/laHUE HE BBIIIOJIHEHO.

Tema 2.7
HN3mepeHue napaMeTpoB NMOJYNPOBOAHMKOBBLIX NIPHOOPOB U MUKPOCXeEM

JlabopaTopHoe 3ansitue Ne8

I/ISMepeHI/Ie napaMeTpoOB IMOJTYIIPOBOJHUKOBBIX HpI/I60p0B U MHUKPOCXEM

Iesb: npruobpeTeHne HABBIKOB U3MEPEHUS MApaMETPOB NEKTPOHHBIX 3JEMEHTOB C ITOMOIIBIO
1 (pOBOro MyJIbTUMETPA

Boinosinus pa6ory, Bel Oynere:
ymems.
— NPUMCHATH OCHOBHBIC MCTOABI 1 IPUHIHUIIBI U3MCPCHUS,
— NPUMCHATH AHAJIOT'OBBIC u III/I(l)pOBBIG HN3MCPUTCIIBHBIC HpI/I60pI>I, HU3MCPUTCIIBHBIC
TeHepaTOpHI.

MatepuanbHoe odecneyenue: myiprumerp DT-830B
IHopsinok BeINOIHEHHS Pa0OTHI.

1. Ilpumep npumeHenus wucnsitarens JI2-41 (puc. 26) ans COCTaBIEHUS TNPOrPaMMbI
WCIIBITAaHUH U POBEpKH MUKpocxeMbl KS61JIAT7.
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Pucynok 26 - M300paxenne nuieBoii nanenu ucneirarens JI1-42

N3 cipaBOYHMKA BBIIMCHIBAEM CIIEIYIOLIUE CBEICHHUS O MUKPOCXEME:!
— HanpspkeHue uctounuka nutanus U,;=5 B (£5%);
0 " 1
— HamnpspkeHue jgorudeckoro Hyns U <0,5 B, noruueckoii equnnnst U>2,7 B.
YcnoBHO-Tpaduueckoe 0003HaUYCHHE IPUBEACHO HA pUCYHKE 27.

Pucynok 27 - YcnoBHo-Tpaduyueckoe 0603HaueHne Mukpocxembl KS61JIA7
Mukpocxema comepkut uetsipe snemeHTa 2M-HE, ciemoBatenbHO, mporpamma MpOBEpKH
OyZIeT cocToATh M3 Habopa JIOTUYECKHX COCTOSIHUM, MOBTOPSEMBIX UYETHIPE pa3a, HO C pa3HBIMU

HOMEpaMH BXOJOB U BBIXOJ0B. Ta6m/1ua COCTOSIHUM IIPpUBCJ/ICHA B Ta6n1/1ue 1.

Tabmuna 7 — Tabauna cocTosHUi

Bxozbt M3mepeHHOE BOJIBTMETPOM
1 (X)) 2 (Xy) SR HanpsokeHue Uy, B
0 0 1 3,6
0 1 1 3,6
1 0 1 3,6
1 1 0 0,2

[TonxmroueHHBI K BBIXOAY «3» BOJBTMETP TMOKa3ajl HAMpPsDKCHHs, YKa3aHHBIE B IOCIICIHEH

rpage TabIuIbL.

Ha ocuoBanun CpaBHCHHUA OKHUAACMbBIX ypOBHGI\/'I HaMpsKCHUA ¢ UBMCPCHHBIMU JI€JIaCM BBIBO/ O

HUCIIPABHOCTHU JIOTHYCECKOI'O0 J3JICMCHTA.

MHKPOCXEMBIL.

2. CocraBurh

(ananmoruyso 1.1).
3. Ucnonb3ys cripaBodHbIe JaHHBIE, OMpeAenuTh rogqHocts auoaa K103 A, ecnu B pesynbrare
U3MEPEHNH MTOTy4EHBI CIIEAYIONE 3HaYeHHs TapaMeTpoB: log, = 2 MKA, Uy, = 0,8 B.
4. Omnpenenuth roaHocTh TpaHsuctopa KT207B, ecnu B pe3ynbTare U3MEpPEHUS MOTYYSHBI

CIIEAYIOIINE 3HAYEHUS TTapaMeTpoB: Nyi5 = 45, ko = 5 MA.

nporpaMMy ucibelTanusg  Mukpocxem  KSO1JIES,

AHaT0ruyHO MMPOBEPAIOTCA OCTAJIBHBIC TpU DSJICMCHTA

K561JIA9, KS61JIELO

5. Ilpumenenue mynpTumerpa. [Ipo3BoHKa — MpoBepKa JUO0B, MPOBEpPKa IETOCTHOCTH 1IETH,
oOHapyxeHHe o0pbiBa. PexxuM NPO3BOHKM MPOMCXOAMUT IMPH MOJOKEHUU yKazaTels — MpoBEpKa
JIMOJI0B. 3BYKOBOM CUTHAJI pa3JaeTcs Mpu CONpOTUBICHUH 1ienH He 6oiee 80 Om.

[ToaroToBka MyIbTHMETpA /IS IPO3BOHKH JAMOJIOB ITOKa3aHa HAa PUCYHKe 28.

25



6. ITo 3amanHuto MpernoaBaTelis BHIIOJHUTE MPOBEPKY JTHOOB.

Pucynok 28 — MynbTUMETp AJ1 IPOBEPKU AMOOB

®opma npeacrabjeHus pe3yJbTara:
Otuer no paboTe T0JKEH COAePKATh:
a) HaMMEHOBaHME PabOTHI U ENIb PabOTHI;
0) mporpaMMy HCTIBITAaHUSI MUKPOCXEM;
B) pe3y/ibTaT TECTUPOBAHUS AMOA U TpaH3ucTopa (1.3 u 4);
I') pe3y/IbTaThl TECTUPOBAHMSI JUOJIOB C IIOMOLIbIO MYJIBTUMETPA;
1) BBIBOJIBI 11O paboTe.

Kpurtepuu onenku:

OneHka «OTJIMYHO» CTABUTCS, €CJIM OSKCIEPUMEHT MNpoBeAEH, 0O0pabdoTaHbl pe3yJbTaThl,
BBINTOJIHEHBI BCE 3a/1aHMs, paboTa 0(hopMIIeHA B COOTBETCTBHHU C TPEOOBAHUSAMHU.

OreHKa «XOpOIIO» CTaBUTCS, €CJIM OblIa JOMYLIEHb! OIIMOKU IPU MPOBEICHUH SKCIIEPUMEHTA,
00paboTKe pe3yabTaTOB WM MPU O(HOPMIICHUH OTYETA.

OreHka «yZOBJIETBOPUTEIIBHOY» CTABUTCS, €CJIM SKCIIEPUMEHT MPOBEAEH, IPUBEICHO HEIMOJIHOE
BBIIIOJIHCHHE 3aaHUI.

OrneHka «HEYAOBJIETBOPUTEIILHO» CTABUTCS, €CJIM SKCHEPUMEHT HE MPOBOIMICSH, 3a/laHUe He
BBITTOJTHEHO.
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