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MeToauueckue yka3aHusl MO BBIITOJHEHUIO MPAKTUYECKUX pabOT COCTaBJICHBI B
COOTBETCTBUM COCTaBJIEHbl B COOTBETCTBUM C paboyeil MNporpaMMmon y4eOHOMU
JTUCLUUIUIMHBI, pa3paboTaHHOM Ha ocHOBe DenepaibHOTO TOCYIApPCTBEHHOTO
oOpazoBarenbHOro craHjgapra mno crneuranbHoct 09. 02 .01  KommbloTepHbie
CUCTEMBI U KOMIUIEKChI, YTBEPIECHHOIO MpHKa30M MHHHCTEpCTBA 00pa3oBaHUs U
Hayku P® (28 urons 2014 r. N 849



I[TOACHUTEJIbHAA 3AIINCKA

Hacrosimue metonuyeckue ykasanus no aucuuiuinie «OI1.04 DnexTpoTeXHUYECKUE U3MEPEHUS
JUTSL CHICTIMAIbHOCTH (KOJl, HA3BaHME) COCTaBIECHBI B COOTBeTCTBHHM C TpeboBanusmu DI'OC
TPETHEro MOKOJICHHS.

[TpakTrueckue 3aHATUS IpeHa3HAaYeHb! Ui cTyAeHTOB crennaibHoctu 09.02.01 KommnbroTepHbie
CUCTEMBEI H  KOMIUIEKCEI 0a30BOM  MOATOTOBKHM, H3y4aromux aucuuminay  «OI1.04
DNEKTPOTEXHUUECKNE U3MEPEHHUS ».

[TpakTnyeckue 3ajaHus HaNpaBiIeHbl Ha SKCIEPUMEHTAIBHOE IOJITBEPXKAECHUE TEOPETHUECKUX
NOJIOKEHUH M (QOpPMHpPOBAaHUE Y4YEOHBIX W TNPO(ECCHOHAIBHBIX MPAKTUYECKUX YMEHUH, OHHU
COCTaBJIAIOT BAXKHYIO 4YaCTh TEOPETUYECKOHM U NPO(EeCCHOHAIBHOW MNPaKTUUYECKOW IOArOTOBKU
CHEeIUaINCTOB cpeaHero 3BeHa 1o crnenuansHocTd 09.02.01 KommbroTepHble CHCTEMBI U
KOMILJIEKCHI, (JOPMHUPOBAHUIO:

3HAHUU:

— OCHOBHBIE IOHATHUS 00 U3MEPEHUSAX U €ANHULIAX PU3NUECKUX BEIUUMH;

— OCHOBHBIC BHIBI CPEJICTB U3MEPEHUN U UX KJIacCU(PHUKAIHIO;

—  METOJAbI U3MEPEHHUIA;

— METPOJIOTMYECKHUE TTOKA3ATEIN CPEACTB H3MEPEHU;

— BWJIBI M CLIOCOOBI OTIPEICIICHUS MIOTPEIIHOCTEN N3MEPEHU;

— TNPUHIHUI JAHCTBUS MPUOOPOB (HOPMHUPOBAHKS CTAHAAPTHBIX H3MEPHUTEIIBHBIX CUTHAJIOB;
—  BIIMSIHUE U3MEPUTEIBHBIX TPUOOPOB HA TOUHOCTh U3MEPEHUM;

—  METOJBI U CIIOCOOBI aBTOMATH3AIMN U3MEPEHUI TOKA, HAPSHKEHUS M MOIITHOCTH

YMeHui:
— KJacCU(QUIIMPOBATh OCHOBHBIE BUIbI CPEJCTB U3MEPEHMIA;

— NPUMCHATH OCHOBHBLIC MCTOABI U IIPUHIHUIIBI I/I3M€p€HI/II\/II;
— [PUMCHATH MCTOABI U CPEACTBA obecrieueHus CANHCTBA U TOYHOCTHU H3MepeHHI>i;
— [NPUMCHATH aHAJIOTOBBIC U I_II/I(l)pOBLIe HU3MCPUTCIIbHBIC HpI/I60pH, HU3MCPUTCIIbHBIC TCHEPATOPHI;

— TPUMEHSATH N€HEPaTOPhl IIYMOBBIX CUTHAJIOB, aKYCTUYECKHE U3TydaTean, U3MEPUTEIH IIymMa U
BUOpaLIUii, U3MEPUTEIbHbIE MUKPO(OHBI, BUOPOJATUNKH;

— HNPUMCHATbD MCTOANYCCKUC OLICHKH 3allIUIIICHHOCTU I/IH(I)OpMaLII/IOHHBIX O6’beKTOB;

ConepxaHue IUCHUIUIMHBI JOKHO OBITh OPHMEHTHPOBAHO HA MOJTOTOBKY CTYIEHTOB K
oBJIaJieHHI0 ipodeccuoHanbHbIMU KomneTeHuusiMu (I1K):
I1IK 1.4. IIpoBoanTs N3MepeHUs MapaMeTPOB MPOEKTUPYEMBIX YCTPONCTB U ONPEIEIATh TOKA3aTENIN
HaJEKHOCTH.
IIK 2.2. [Ipon3BOaUTh TECTUPOBAHUE, OMPEACICHUE MapaMeTPOB U OTIAAKY MHUKPOIPOIIECCOPHBIX
CUCTEM.
1K 3.1. IIpoBOOUTH KOHTPOJb MMapaMeTPOB, TUATHOCTUKY U BOCCTAHOBJIEHHE pabOTOCIOCOOHOCTH
KOMIIBIOTEPHBIX CUCTEM U KOMIIJIEKCOB.

B nporiecce 0cBO€HUS AUCIUIUIMHBI Y CTYAEHTOB JODKHBI (DOPMUPOBATH



obmne kommereniuu (OK) (ITpunoxenue 2):

OK 1. IloHumatp CymHoOCTh U COLMATIBbHYIO 3HAYMMOCTb CBOEH Oyayieit nmpodeccuu, MposBIsATh K
HEl yCTOWYUBBIN UHTEPEC.

OK 2. Opranu3oBblBaTh COOCTBEHHYIO J€SATEIbHOCTb, BBHIOMPATh THUIIOBBIE METOJbI U CIOCOOBI
BBINOJIHEHUS TPO(ECCUOHANIBHBIX 3a/1a4, OLIEHUBATh UX 3()()EeKTUBHOCTh U KAYECTBO.

OK 3. IlpunHumarh pemieHus B CTAHAAPTHBIX W HECTAHJAPTHBIX CHUTyalUsX M HECTH 3a HUX
OTBETCTBEHHOCTb.

OK 4. OcymecTBisaTh MOUCK W HMCMOIb30BaHKWE MH(OpMAIK, HEOOXOUMON It APPEKTUBHOTO
BBINOJIHEHUS TPO(ECCHOHATBHBIX 3a/1a4, TPOPECCHOHATBHOTO M JMYHOCTHOTO Pa3BUTHSI.

OK 5. Hcnonb3oBare HH(GOPMAIIMOHHO-KOMMYHHMKAIIMOHHBIE TEXHOJOTHH B MPOGECCHOHATBHON
JESTENIbHOCTH.

OK 6. PabGoraTh B KOJIIEKTHBE U KOMaH[E, Y3PPEKTUBHO OOIIATHCSA C KOJUIEraMH, PYKOBOJCTBOM,
MOTPEOUTEIIAMHU.

OK 7. bpatb Ha ce0s OTBETCTBEHHOCTh 3a padOTy WIEHOB KOMaHIbl (OJYMHEHHBIX), Pe3yIbTaT
BBINOJIHEHUS 3a/IaHUH.

OK 8. CamocTrosTenbHO OIpeesiaTh 3afayd Npo(ecCHOHANIBHOTO M JMYHOCTHOTO pPa3BHUTHS,
3aHUMAaThCS caMo00pa30BaHUEM, OCO3HAHHO TNIAHMPOBATH MOBHIIICHNE KBATH(UKAIIHH.

OK 9. OpueHTHpOBaTHCS B YCIOBHSX YaCTOH CMEHBI TEXHOJOTHH B MNpPOopeCcCHOHATBLHON
JeSITEIbBHOCTH

BrimontHeHHas paboTa 10pKHA OBITH IPEICTABIICHA B BUJIE OTYETA 10 33aJIaHHON (hopMme.

Pe3ynbrar BhIMOTHEHHS MPAKTUYECKUX 3a/1aHUi OLIEHUBAETCS — 3aueT/He3ayeT.

KpurepusiMu OLIeHKHU CIlIy>)KaT HCIOJIb30BAHUE OCHOBHBIX METOJOB U MPUEMOB, IIPE/ICTABICHHbBIX B
JaHHOM METOINYECKOM IIOCOOHUH.

C y4€TOoM BBIIIEU3TI0KEHHOTO B JAHHBIX METOJUYECKUX YKA3aHHSIX MpHUBEACHO 19 mpakTHuecKux
3aHATHIH.

Kaxnoe mpakThdeckoe 3aHATHE COACPKHUT 1EIb, METOJUYECKOE PYKOBOJCTBO K BBINOJHEHUIO,
MepeveHb OCHAIIEHUs PaObOThI, COJEpPKaHNe pabOThl, KOHTPOJILHBIE BOIIPOCHI.

COJIEPYKAHUE



Tema 1.3. MeTponoruyeckue noka3areian Cpe/ICTB U3MEPEHUH.
[Ipaktuueckoe 3anstue Nel Pacuer morpeniHoctu pe3ynbTaTa KOCBEHHOTO U3MEPEHHUS.
Tema 1.4. [TorpemHocT U3MEPEHUH.
[TpakTrueckoe 3ansTue Ne2 Illkansl anekTpudeckux mpudopoB. PacueT morpemHocTelt n3MepeHHit
JNEKTPUYECKUX BEINYMH
[TpakTnyeckoe 3anstue Ne3 BinusiHue n3MepuTeNbHBIX IPUOOPOB HA TOYHOCTh U3MEPEHUS.
Tema 1.5. AHasioroBbI€ 3JEKTPOU3MEPUTENBHBIE TPUOOPHI
[TpakTuyeckoe 3ansTue Ned4 DieKTpoMexXaHHUECKUE PHOOPHI 11 H3MEPEHHS SIEKTPHIECKUX
BEJIMYUH
[Tpaktudeckoe 3anstue NeS Boi6op nprubOpoB, HCIIONB3YeMbIX IJIsl ONIPEIeSICHHS TapaMeTpOB
JIEKTPUYECKOM Lienn
[TpakTuyeckoe 3anstue Ne6 VizmMepurenbHble MEXaHU3MbI aHAJIOTOBBIX TPUOOPOB U PACIIMPEHUE
IIPENIEIOB U3MEPEHUS aMIIEPMETPOB
[Tpaktuyeckoe 3anstue Ne7 [IpoBepka aHaIoroBsIx NpHOOPOB U PACIIMPEHHE NPEAETIOB U3MEPEHUS
BOJIETMETPOB
[TpakTraeckoe 3ausTue No§ DneKTpoHHBINH TUGPOBOH BoibTMETp B7 — 26
Tema 1.6. VM3mepenue Toka, HaNpsHKEHUsI U MOILIHOCTH
[Tpaktrdeckoe 3anstue Ne9 CocTaBieHHE HIEKTPHUECKON CXEMBI C H3MEPUTEIFHBIMU MPHUOOpaMHU
JUISL U3MEPEHUS TOKA, HAIPSDKEHUS U MOLITHOCTH.
Tema 1.7 U3mepenue napaMeTpoB U XapaKTEPUCTUK IEKTPOTEXHUYECKUX LENEN 1 KOMIIOHEHTOB
ITpakTueckoe 3ansaTue Nel0 Pe3oHaHCHBIE METOIBI U3MEPEHHUS TAPAMETPOB JIMHENHBIX
KOMIIOHEHTOB.
[TpakTnueckoe 3ansatue Nell M3mepenue napameTpoB NaCCUBHBIX 3JIEMEHTOB AIEKTPUUECKUX
LEIEH.
[TpakTrueckoe 3anstue Nel2 M3mepenue conpoTUBICHUS KOCBEHHBIM METOJIOM
Tema 1.8 UccnenoBanue u n3mMepeHue napaMeTpoB U GOpMbl CUTHATIOB
[TpakTueckoe 3ansaTue Nel3 M3ydyeHne TeXHMUECKOM TOKYMEHTALUK U OPTaHOB YIIPAaBJICHUS
3JIEKTPOHHOI0 ocIuIIorpaga
[Tpaktuyeckoe 3anstue Nel4 Ilpumenenue ociusuiorpada uis uccie10BaHus CUTHaANIA U
onpezeneHus ero napamerpos. Ourypsl Jluccaxy.
[Tpaktuyeckoe 3anstue Nel5 Pabota ¢ ocipiorpagoM. M3smepenne HanpsiKeHus1, 4aCTOTHI U
casura ¢as.
[TpakTrueckoe 3ausaTue Nel6 ['enepaTop curHanoB Hu3Kko4acToTHBIN ['3-36A
[Tpaktuueckoe 3anstue Nel7 M3ydenue ycTpoiicTBa U mpUHIMIIA paOOTHI 3BYKOBOTO T€HEpaTopa.
[TpakTrueckoe 3ansTue Nel8 M3yuenue ycTpoiicTBa u npuHIKNIa paboThl FeHepaTopa Kadarouen
YaCTOTHI U CUTHAJIOB CHell. (POPMBI.
[Tpaktuyeckas pabora Ne 19 M3ydenue ycTpoiicTBa U MpUHIMMIA pabOThl FeHEpaToOpa IMYMOBBIX U
IIYMOIOTOOHBIX CUTHAJIOB.

I{I/ICHI/IHHI/IHa ((SJIGKTPOTCXHI/I‘ICCKI/IG HU3MCPCHUA»



[TpakTuyeckas padora Nel

Pacuet norpentHocT pe3ynbTaTa KOCBEHHOTO U3MEPEHUS

Lens paboter: Omnpenenenue cpenHeapudmeTnyeckasi MOrpeurHoCTh a0COMOTHOW OIIUOKU
n3Mmepenns. Pacder cpenneit abcomoTHON ommOku. OnpeneneHue OTHOCUTEIBHOW MOTPENTHOCTH
M3MEPEHUN U pacyeT CTENEeHU TOYHOCTH IMPOBEACHHBIX M3MepeHuid. llorpemHocts meTona win
npubopHass morpeurHocTs. Pacyer npuOOpHOM MOTpemHOCTH KOCBEHHBIX H3MEPEHHH ¢
UCIIOJIb30BaHUEM TIPaBHIIa MPHOIMKEHHBIX BhrancieHuil. ChopMyIupoBaTh BHIBOABI O TOYHOCTH
BbluMcieHn. [IpaBuiia okpyriieHus: yucel.

1.1 Cpeoneapugpmemuueckas nocpewnocms. Kak yxke OTMEUaJlOCh paHbIIE, U3MEPEHUs
MPUHIUIIMAILHO HE MOTYT OBITh a0COJIIOTHO TOYHBIMU. [l03TOMY B XOA€ M3MEpEHHS BO3HUKAET
3ajava 00 ompeieseHUN MHTEpBaia, B KOTOPOM BEPOSITHEE BCET0 HAXOAUTCS WCTUHHOE 3HAUYCHUE
U3MepsieMOi BeTUUYUHBI. Takol MHTEepBaj YKa3bIBAaIOT B BUJI€ A0COIIOTHON OIIUOKU U3MEPEHHUS.

Ecnu npeanonaokute, 4To rpyOble IPOMaxy B U3MEPEHUSX YCTPAHEHbI, a CUCTEMaTHYECKHUE
OMMOKH CBEJCHBI K MHHHMYMY TINATE€IbHONH HACTPOHKOW NMPHOOPOB M BCEH YCTAaHOBKH U HE
SBIISIIOTCSL ONPENEISIIOIUME, TO Pe3yJabTaThl U3MEPEeHU OyayT, B OCHOBHOM, COJEpXkKaTh TOJBKO
CIIy4alHbIE ITOTPEUIHOCTH, KOTOPBIE SBIIAIOTCS 3HAKOIIEPEMEHHBIMU BennuuHaMmu. [loaromy, ecin
IPOBE/IEHO HECKOJbKO IOBTOPHBIX H3MEPEHUIl OJHOM M TOH >XK€ BEJIWYMHBI, TO Hauboiee
BEPOSITHBIM 3HAUCHUEM U3MEPSAEMON BEIMUMHBI SIBIIIETCS €€ cpeiHeapuPpMeTnieckoe 3HaYeHHE:

rac ai, - 3HA4YCHUC OTACIBHBIX I/ISMGPGHI/II\/JI, n - YUCJIO MPOBCACHHBIX I/I3M€p€HI/II7L

[TorpentHOCThIO MM a0CONIOTHOM OIIMOKOW OTAEIHHOTO M3MEpPEHHs HA3bIBAIOT Pa3HOCTh
MEXy 3HaYCHHMEM, NOJYYEHHBIM B JIaHHOM H3MEPEHHHU, U CpeAHeapu(PMeTHUYEeCKUM 3HauYCHHEM
U3MEpSAEMON BETNYMHBI:

Az, =2 —a,. (2)

Cpenneit aOCOJIFOTHOM OMIMOKON Ha3BIBAECTCS CpelHeapu(dMETHUEeCKOoe MOJyJIe aOCOTIOTHBIX
OIMMOOK OTACIIBHBIX U3MEPEHUN:
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ITpn nocraToyHo GOJIBIIOM YHCIIE M3MEPEHUH CllydaiiHble OIIMOKM BO3ZHMKAIOT C PAaBHOM
BEPOATHOCTBIO KaK B CTOPOHY YBEIMYEHHS, TAK U B CTOPOHY YMEHBIIECHUS U3MEPSAEMON BETUYUHBI,
TO €CTh MOKHO CYMTaTh, YTO HCTUHHOE 3HAYEHHE U3MEPIEMON BETMYMHBI 3aKIFOUYEHO B MHTEPBAJIE
G, —Aa, 24, 24, Tha. (4)

[TocneaHee HeEpaBEHCTBO OOBIYHO MPUHSATO 3aMUCHIBATH KaK OKOHYATEIbHBIN PE3yIbTaT U3MEPEHUS
CJIEIYIOIIUM 00pa3oM:
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rze abCoMOTHAs MOTPEIIHOCT acp JODKHA BBIYUCIATHCS (OKPYIJIATHCS) ¢ TOYHOCTBIO 10 OJHOM-
IBYX 3Hauvamux nupp. AOcomoTHas ommOKa MOKa3bIBAaeT, B KAaKOM 3HAKE YHUCIA COAEPIKATCS
HETOYHOCTH, IIO3TOMY B BBIPOKCHHH IS acp OCTABISIIOT BCE BEPHBIE LU(PPBI U  OOHY
COMHUTENBHYIO. TO €CTh CpefHee 3HaYeHUE U CPEHssl OMIMOKa W3MEpsIeMO BEIMYMHBI JTOJIKHBI
BBIUUCIIATHCS 10 MUQPPHI OAHOTO U TOTO ke paszpsaa. Hanpumep: g = (9,78 + 0,24) m/c2.

Omnocumenvhas nozpewHocms. AOcomroTHasg  omuOKa OIIpeaAcCIAICT HHTCPBAJI Hauboee
BCPOATHBIX 3HAYCHHI I/I3Mep516MOI71 BCJIMYMHBI, HO HC XapaKTCPpU3YCT CTCIICHb TOYHOCTU
MMPOU3BCACHHBIX HSMCpCHHfI. HaanMep, pacCToOsAHUC MCKAY HACCIICHHBIMHU  ITYHKTAMH,
HN3MCPCHHOC C TOYHOCTBIO 1O HCCKOJIBKUX MCTPOB, MOKHO OTHCCTHU K BECbMa TOUYHBIM U3MCPCHUAM,
B TO BPCMs KaK UBMCPCHUC AHaMETpa IIPOBOJIOKH C TOYHOCTBIO OO 1 MM, B OONBIIMHCTBE CJIydacB
6yz[eT ABJIATBCA BECbMa HpI/I6J'II/I)KeHHBIM HU3MCPCHHUCM.

CreneHpb TOYHOCTH IMPOBCACHHBIX I/ISMepCHI/Iﬁ XapaKTCPU3yCT OTHOCUTCIIbHAA ITOI'PCITHOCTD.

CpenHeil OTHOCUTENBHON TMOTPEIIHOCTHI0 WM MPOCTO OTHOCUTEIBHOW OIIMOKONW H3MepeHUs
Ha3bIBACTCSI OTHOIICHUE CpelHer aOCONMIOTHON OIMMOKKM W3MEPEHUs] K CpEeAHEMY 3HAYCHHIO
M3MEPSAEMON BETUYNHBI:

HJIK BBIpAXXKCHHAA B IIPOLCHTAX
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OTtHocutenbHas omMOKa sABisieTcs: 6e3pa3MepHON BETMYMHON U OOBIYHO BBIPAYKAETCSI B IPOLICHTAX.

1.2 TlorpemHocTh MeToAa WM NpUOOpHas morpemHocTb. CpenHeapupMeTHuecKoe 3HaYeHHe
U3MEepseMON BEIMUYMHBI TeM OJMKe K UICTUHHOMY, 4eM OoJibllie MpoBeAeHO u3MepeHuid. [lpu satom
abCoIIIOTHAs MOTPELIHOCTh U3MEPEHUS C YBETMUEHUEM UX YHCIIa CTPEMUTCS] K 3HAUEHHUI0, KOTOPOe
OonpeacsICTCd  METOAOM H3SMEPCHUA W TCXHUYCCKUMHU  XAPAKTCPUCTUKAMU  HCIIOJB3YCMBIX
npuOOpOB.

[TorpemHocTh METOAA WM MNPUOOPHYIO TMOTPEHTHOCTH MOMKHO PACCUUTATh IO OJHOPA30BOMY
M3MEPEHHUIO, 3HAas KJIacC TOYHOCTH MpUOOpa UK APYTHe TaHHBIE TEXHUYECKOTO MacropTa npudopa,
B KOTOPOM YKa3bIBaeTcs JHOO Kjacc TOYHOCTH mpubopa, nuOO ero abconroTHas WU
OTHOCHUTEJIbHAS NIOTPEIHOCTh U3MEPEHUS.

Knacc touHocTH mnpubopa BbIpakaeT B NPOLEHTAX HOMHHAJIBHYIO OTHOCHUTENBHYIO OIIMOKY
npubopa, TO €CTb OTHOCUTENIbHYIO OLIMOKY H3MEpEeHHs, KOI/a u3MepsieMas BellMYMHa paBHA
npeieIbHOMY ISl JaHHOTO MpruOopa 3HaYEHUIO

K= 2 100% | (8)
..



Kiacc TounocTn ykaspiBaeTcsl Ha Imikaie npubopa nudpoi, oOBeneHHONW KpykoukoM. CoriacHo
['OCTy Bce a1eKTporu3MepuUTENbHBIE PUOOPHI pasznenstores Ha 8 kimaccos: 0,05; 0,1; 0,2; 0,5; 1.0
1,5;2,5; 4,0.

AOcComIoTHAsl TOTPEeHIHOCTh MpHOopa paBHA MpeAeNbHOMY s JAaHHOTO Npubopa 3HAUEHUIO
H3MEPSIEMON BEIMYMHBI, YMHOKEHHOMY Ha kitacc TouHocT (K) u pazaenennomy Ha 100:
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AOCOII0THAs IOTPELIHOCTD TPUOOpPa HE 3aBUCUT OT 3HAYEHUSI U3MEPSEMOI BEINYNHBI.

OTtHocuTeNbHAS TOTPEHIHOCTH Mprdopa (M0 OMPEaeIeHHUIO):

LT :Ki% (10)
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OTKyJa BHJHO, YTO OTHOCHTEIbHAs MPUOOpHAs OIMMOKAa TeM MEHBINE, YeM OJIMKEe 3HAuCHUE
U3MEpPSIEMOI BEIMYMHBI K TIpeleidy HW3MEpPEeHUs IaHHOro mpuoOopa. [lodToMy pekomeHmyercs
no0upaThk NpUOOPHI Tak, 4TOOBI M3MepsieMas BenuunHa coctaBisuia 60 -90% oT BenMYMHBI, Ha
KOTOpYI0 paccuuTaH npubOop. Ilpu paboTe ¢ MHOrOmpeneiabHBIMH MPUOOPAMU TOXKE CIEIYeT
CTPEMHTBCS K TOMY, YTOOBI OTCYET MPOU3BOIUIICS BO BTOPOM MOJIOBHHE IIKAJIBI.

[Ipu pabGote ¢ mpocTeiMH mpuOOpaMu (JIMHEHKa, MEH3ypKa W T.I.), KJIacChl TOYHOCTH U
HOTPEIIHOCTH KOTOPBIX HE OIpEes]eHbl TEXHUYECKUMHU XapaKTePUCTUKAMH, a0OCOIIOTHYIO
NOTPEIIHOCTh MPSAMBIX H3MEPEHUH MNPUHUMAIOT PABHOM IIOJOBHHE LIEHBI JAEJIEHUS JaHHOIO
npubopa. (LleHoit neneHust Ha3bIBAaIOT 3HAYEHHUE U3MEPSIEeMOI BeIMYMHBI IPU MMOKa3aHUAX Mprodopa
B OJTHO JICJICHHE).

[IpubopHyI0 TOTPENIHOCTh KOCBEHHBIX HW3MEPEHUNW MOXHO pPacCUUTaTh, HUCIOJIb3Ys TMpaBHIIA
NpUOIMKEHHBIX BBIYHCIECHUI. B OCHOBE BBIYMCIIEHUS MOTPEITHOCTH KOCBEHHBIX U3MEPEHH JIeKaT
JIBa YCJIOBHS (TIPEANOJIOKEHUS):

1. AGcomoTHblE OMIMOKM H3MEPEHUH BCEerja OYeHb Majbl IO CPAaBHEHHMIO C H3MEpsSEeMbIMHU
BenuurHaMu. [losTomy aOcontoTHbIE OMIMOKH (B TEOPHHM) MOKHO paccMaTpuBaTh Kak OECKOHEYHO
MaJible MpHUpaIeHUs] U3MEpSAEMBbIX BEIUYMH, U OHU MOTYT OBITh 3aMEHEHbI COOTBETCTBYIOILUMH
TuddepeHmaIaMu.

2. Ecnu ¢u3nyeckas BeIMUMHA, KOTOPYIO ONPENENSIOT KOCBEHHBIM IyTEM, SIBIsEeTCS (yHKIUEH
OJTHOW WJIM HECKOJBKHX HEMOCPEJICTBEHHO H3MEpsSeMbIX BEJIMYMH, TO aOCOJIOTHas OIIMOKa
¢yHKIIMKM, 00ycioBIeHHass OECKOHEYHO MalIbIMU NPUPAIICHUSMH, SBISETCS TaKKe OECKOHEUHO
MaJio BEJIMYNHOM.

[Tpu yka3aHHBIX JOMYHIEHUAX aOCOJIIOTHYIO M OTHOCHUTENBHYIO MOTPEHIHOCTh MOXKHO PacCUUTaTh,
HCIIOJIb3YS U3BECTHBIE BBIPAXEHUS U3 TeopuH NudPepeHInalIbHOT0 HCYUCTEHUS QYHKIIUNH MHOTHUX
MIEPEMEHHBIX

_5f{xl,..1ﬂ:}ﬁ,¥ L clix,,..x .}
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AOCOMOTHBIE OMMOKH HEMOCPEICTBEHHBIX U3MEPEHHUI MOTYT UMETh 3HaKu "tumoc" uin "mMunyc",
HO KakoW MMEHHO - Heu3BecTHO. IloaTomy Ipu ompeneneHuM MOTpeIIHOCTeH paccMaTpuBaeTcs
HauOosee HEBBIMOJHBIM Ciy4yail, KOrja OMMOKU MPSAMBIX U3MEPEHUN OTIENbHBIX BEIMUYUH UMEIOT
OJIUH U TOT K€ 3HAK, TO €CTh a0COJIIOTHAs OIIMOKAa MMEeT MakcuMallbHOe 3HaueHue. IloaTomy npu
pacuere npupamenuii ¢pynkuuu f(x1 ,x2 ,...,.xn) o popmynam (11) u (12) yacTHble mpUpaLICHUS
JOJDKHBl  CKJIQABIBAThCSl MO aOCONMIOTHOM — BenmuuHe. Takum — o0Opa3oM,  HCHOJB3YS
npubmmxenue Dxi~  dxi,m  Beipaxenus (11) wu  (12), gns  OeCKOHEYHO  MaJbIX
npupameHuid Da MOKHO 3anucars:

ciz ca
iﬁwaﬁ:‘ﬂ_‘ixl'}“-_i_ﬂ_i-{» (13)
: & B,
A chna
—=E_ o =—|Ar .=
Iy i co '

3mech: a - KOCBEHHO HM3MepseMas (U3W4YecKash BEIMYMHA, TO €CTh OlpenesiemMas 1Mo pacueTHON
dopmyne, Da - abcomoTHas ommubka ee uamepenus, x1, x2,...xn; Dx1,Dx2,..., Dxn, - ¢pusnyeckue
BEJIMYMHBI MPSAMBIX U3MEPEHHI U UX a0COIIOTHBIC OIIMOKHA COOTBETCTBEHHO.

Takum oOpazom: a) abconoTHas OomKOKa KOCBEHHOTO METOAa M3MEPEHHs paBHA CyMMeE MOJyJen
NPOM3BEACHUIN YaCTHBIX MPOU3BOJAHBIX (PYHKIIUM H3MEPEHHsS] M COOTBETCTBYIOMIMX aOCOIIOTHBIX
OomMOOK TPSMBIX M3MEPEHUit; 0) OTHOCHTEIbHAS OIIMOKAa KOCBEHHOTO METOJa M3MEPEHHUs paBHA
cymmMe Moayned nuddepeHIuanoB OT Jorapudgma HaATypalbHOTO (DYHKIUMH H3MEpEHHS,
oTpezensieMoil pacueTHON GpopMysIoH.

Beipaxxenus (13) u (14) no3BosisitoT paccuuTarh abCOMIOTHBIE U OTHOCUTENIBHBIE MOIPEIIHOCTH 110
OJIHOPa30BOMY M3MEPEHMIO. 3aMETUM, YTO JUIsl COKpPALIEHHs] pacyeToB IO YKa3aHHBIM (Qopmyiaam
JIOCTAaTOYHO PACCUUTATh OJHY M3 MOTPEIIHOCTeH (aOCOMIOTHYIO MM OTHOCHUTENBHYIO), a JAPYTYIO
paccuuTaTh, UCIOJIb3Ys IIPOCTYIO CBSI3b MEXY HUMM:

Ag=a-E (15

Ha npaktuke wame monb3yrorcs ¢opmynoit (13), Tak kak npu jJorapuMUPOBAHUU PACUETHOM
(dbopMyJbl NMPOU3BEACHMS PA3IMYHBIX BEIUYMH MPEeoOpa3yloTcs B COOTBETCTBYIOIIME CYMMBI, a
CTEIICHHBIC M TIOKa3aTelbHbIe ()YHKIIMU MPEOOPa3yIOTCs B TPOU3BEACHUS, YTO HAMHOTO YIPOIIAET
nporuecc nuddepeHupoBaHusl.

21.]'[5[ MMPAKTUYCCKOIr0 PYKOBOACTBA IO PACUCTY IIOrpCIIHOCTU KOCBECHHOI'0O MCTOAa H3MCEPCHHA
MOXHO ITOJIB30BaTbCA CICAYIOUIUM ITPABUIIOM!

YToOBI BEIUMCIUTH OTHOCUTEIBHYIO OUTHOKY KOCBEHHOT'O METO/1a U3MEPEHUSs, HY)KHO:
1. Onpenenuth abGCOMOTHBIE OMIMOKHU (MTPHUOOPHBIE MU CPETHUE) MIPSIMBIX U3MEPEHUI.

2. IlponorapumMupoBaTh pacueTHyto (pabouyio) hopmyiy.



3. TlpuHuMas BETWYUHBI TPSMBIX H3MEPEHUN 3a HE3aBHUCUMBIE TNEPEMEHHBIC, HANTH MOIHBIN
nuddepeHnran oT MoJy4eHHOTO BRIPAKCHHS.

4. Cnoxutrh Bce dYacTHblie nuddepeHMaNbl MO0 aOCONIOTHOW BENWYWHE, 3aMEHHB B HHX
mubdepeHansl  MePEMEHHBIX  COOTBETCTBYIOIIMMM  aOCONIOTHBIMH — OIIMOKaMU  MPSMBIX
W3MEpPEHU.

5. Vcronb3ys MOJTy4eHHOE BBIPAKEHHE, PACCUUTATh OTHOCHTEIBHYIO MIOIPEIITHOCTb.
6. ITo popmymne (15) paccuntars aGCOMIOTHYIO OIIHOKY.

Hampumep, mIoTHOCTH Tena MIUIHHAPUYIECKO (POpMBI BRIUUCIIETCS IO popmyrie:

m dai
=—= - 16
P Frooomyh (16)

rae m, D, h - usmepsiembie BETMYUHBI.
[Tomryuum dopMyiy a7s pacyeTa MOTrperIHOCTEH.

1. Ucxonsa u3 ucnosib3yemMoro 000pynioBaHus, OnpenessieM aOCOMOTHBIEC OTPEIIHOCTH U3MEPEHUs
Macchl, AMAMETpa U BbICOTHI uauHApa (Am, AD, Ah coOTBETCTBEHHO).

2. Jlorapudmupyem Boipaxkenue (16):

hp=mi-lam-lar-2hDl-lnk

3. Iuddepenuupyem:

2

o

ap:"}+@—ﬂ—:£ “
o, i i

g |

4. 3amensis auddepeHnran He3aBUCUMBIX TEPEMEHHBIX Ha a0COJIFOTHBIC OIIMOKH W CKJIaJIbIBas
MOJIYJTH YaCTHBIX IPUPAIEHUHN, TIOJTYyIaeM:

E_&,o_:jm_ LAY A
s m Dk

5. Ucnonw3ys uncienHsie 3Hadenust m, D, h, AD, Am, Ah, paccuntsiBaem E.
6. Beruucisiem abCOMOTHYIO OITHOKY

Ap=p-E

rzie r paccuutaso no ¢opmyie (16).

[Ipennaraem camum yOeOUTHCS, YTO B Cllydae IMOJIOTO IWIMHIpA WIU TPYOKH C BHYTPEHHUM
muametpom D1 u BHemHUM quametrpom D2

B A it -
i #i - i}; —ﬂ.f A

DAD +DAD, AR

'
-

E

K pacucry OIINOKH MCTOAa U3MCPCHUA (HpﬂMOF O HJIHM KOCBCHHOI! O) MPpUXOAUTCH HpI/I6CF aTb B
ClIydasx, Korjga MHOT'OKpPaTHBIC H3MCPCHUSA 00 HEBO3MOIKHO IMpOBECTU B OJHUX H TEX KE
YCII0OBHAX, 00 OHM 3aHUMAIOT MHOT'O BpPEMCHHU.
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Ecnu ompeneneHrne MOTPEeNIHOCTH W3MEPEHUs SIBIISICTCS NMPUHIHMIHAIBHON 3aqadeii, TO OOBIYHO
U3MEpPEHUS MPOBOMAT MHOTOKPATHO WM BBIYHCISIOT U CpeqHeapu(PMETUYECKYI0 TMOTPEITHOCTh U
MOTPEIIHOCTh MeTo/a (MPUOOPHYIO MOTPENIHOCTh). B OKOHYATENBHOM pe3ylibTaTe YKa3bIBAIOT
OOJIBIITYIO U3 HUX.

O TOYHOCTH BEIUYHCICHUN

Omnbka pe3ynabTara ONpeAeseTcs HE TOJIbKO HETOYHOCTSAMHU HM3MEPEHHH HO U HETOYHOCTSIMU
BBIYUCIICHUH. Bpruncienns HeoOXOAMMO MPOBOJMTH TaK, YTOOBI MX OIIMOKa ObUIa Ha TOPSIOK
MEHbIIE OLIMOKM pe3yiapTaTa HM3MepeHHH. s 3TOro BCHOMHUM NpaBMIa MaTEeMaTHYEeCKOIro
JefcTBUs ¢ NPUOIMKEHHBIMU YU CIaAMHU.

PesynbraTtel u3mMepenuit — npuOnmxEHHbIe uncia. B mpubmmkéHHOM ymcne Bce HUGPHI JOKHBI
ObITh BepHbIMH. [locienneil BepHON nudpoit NpUOIMKEHHOIO YHMCla CUUTAETCS Takas Ludpa,
omOKa B KOTOPOW He MpeBBILIAeT 0OJHONM equHULEI €€ pa3psaaa. Bee uudpst ot 1 1o 9 u 0, ecnu on
CTOMT B CEpeAMHE WJIM B KOHIIE YMCJa, Ha3bIBalOTCs 3Havamumu. B yucne 2330 - 4 3Hayammx
mudpsl, a B yucne 6,1x102 — tonpko nBe, B uncae 0,0503 — Tpu, Tak Kak HYJIH cleBa OT MATEPKU
He3Hayalue. 3anuch 4yucia 2,39 o3HayaeT, 4TO BEPHBbI BCE 3HAKU /10 BTOPOrO IOCJE 3alATOH, a
3anuch B 1,2800 — uTto BepHO Takke M TpeTuil U ueTBEPTHIN 3Haku. B uncne 1,90 Tpu 3Hauvammx
UGPbl U 3TO 3HAYUT, YTO MPH U3MEPEHUU MBIl YUYUTHIBAIN HE TOJIBKO €IMHUIIbI, HO U JIECATHIE U
COThIC, a B uucie 1,9 — TonpKo ABe 3HAYanMX HUGPHI U 3TO 3HAYUT, YTO MBIl YUUTHIBAIHN LIEJIbIE U
JIeCSIThIE M TOYHOCTh 3TOr0 uncia B 10 pa3 meHblie.

[IpaBuia okpyriieHUs YKCel
[Tpu okpyrJieHHH OCTaBIISAIOT JIHILb BEPHBIE 3HAKH, OCTAJIbHbIE OTOPACHIBAIOTCS.

1. OkpyrieHue TOCTUTAeTCsl MPOCTBIM OTOpachiBaHWEM IHM(p, eciau mepBas U3 OTOPAChIBAEMBIX
u(p MEHblIE, yeM 5.

2. Ecnu nepBast u3 otOpacsiBaeMbIX U(p OoIblIe, 4eM 5, TO mocneaHsis nudpa yBelanynuBaeTcs Ha
emuuuny. [locnmennss mmdpa yBenIWYMBAaETCS TakKe MW B TOM Clydae, KOTJa TiepBas W3
oTOpacbIiBaeMbIX TGP 5, a 32 HEl ecTh 0HA UM HECKOJIBKO IU(P, OTIUYHBIX OT HYJIS.

Hamnpumep, paznuunbie okpyrienns uncia 35,856 oyayt: 35,9; 36.

3. Ecnu orGpaceiBaemas nudpa 5, a 3a Hell HET 3HavaluXx HUdp, TO OKpyTIeHNEe IPOU3BOJUTCS Ha
Onmkaiiniee 4€THOE YUCIO, TO €CTh, MOCEIHAS coXpaHseMas Iudpa ocTaércss HEM3MEHHOM, eciu
OHa 4€THasl ¥ yBEJIMYUBACTCS Ha €JMHMILY, €CIIM OHA HEYETHAS.

Hampuwmep, 0,435 oxpyrmnsiem no 0,44; 0,365 oxpyrasiem 1o 0,36.

[Ipaktrueckast pabora Ne 2 / 3
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[ kanbl aeKTpUYeCKUX MpUOOPOB. Pacuer morpemHocT pe3yiabTaTa KOCBEHHOTO
u3MepeHus. BiusHue u3aMepuTenbHbIX TPUOOPOB Ha TOUHOCTh U3MEPEHUS.

Llenb pabotel: OmnpeneneHre OCHOBHBIX MapamMeTpoB mpuOopoB. PacuimdpoBbiBaHE CHMBOJIOB,
HaHECEHHBIX Ha MIKaJIbI TprOOpoB. OnpeeneHne 3HaYeHUH U3MEPSEMBIX dJICKTPUIECKUX BEJIINYHH,
COOTBETCTBYIOIIMX TOJOKEHUSIM CTpPEJIOK Ha ImiKanax mnpubopoB. OmpeneneHue HOrpeurHocTen
U3MEPEHUs ), SJICKTPUYECKON BenMuMHBI mpubopamu. I[IpoBeneHue cpaBHUTEIBHOTO —aHAIM3a
npuOOPOB C YKa3aHHUEM UX OTHOCUTEIBHBIX JIOCTOMHCTB M HEJOCTATKOB.

KITACCUDOUKALNA SJIEKTPOUSMEPUTEJIBHBIX ITPUEOPOB

DIEeKTpOU3MEpPUTETbHBIE PUOOPHI MOKHO KIACCU(DUIIUPOBATH CIEAYIOUIMM 00pa3oM:
1) mo ¢ynknmoHaNTbHOMY TpH3HaKy (coOuparomue, oOpabaThiBarolme W (TPEIOCTABIISIONINC
U3MEPUTENTbHYIO0 HH(POPMAIIHIO; aTTECTYIONIUE U TTOBEPSIOIINE),

2) 1o croco0y mpeCTaBIeHHsI PE3yIbTaTOB U3MEPEHUS (ITOKA3bIBAIOIINE U PETUCTPUPYIOIIUE);
3) 1o mMeTony u3MepeHus (HEMOCPEICTBEHHO OIIEHUBAIOIINE U CPABHUBAIOIIHE);
4) 1o crocoOy MPUMEHEHUSI U KOHCTPYKIINH (IIIUTOBBIE, IEPEHOCHBIC, CTAllHOHAPHBIE);

5) 1O TOYHOCTM HU3MEpEeHUs (M3MEpUTEIbHbIE, B KOTOPbIX HOPMHPYIOTCS IOIPEIIHOCTH;
UHAUKAaTOPHbIE WM  BHEKJACCHbIE, B  KOTOpPBIX  IOTPEIIHOCTb HU3MEpeHHsl  Oosblie
IpelycMaTpUBAaEMON CTaHAAPTaMU; YKa3bIBAIOIIKE, B KOTOPBIX MOIPEUIHOCTh HE HOPMUPYETCS);

6) TO TPHUHIUITY ACUCTBHS WIH (PU3NYCCKOMY SIBJICHUIO, TOJOKEHHOMY B OCHOBY pPabOTHI
npudopa
(3MeKTpOMEXaHUYECKHE, SJICKTPOHHBIC, DIICKTPOXUMHUYCCKHUE).

OCHOBHbIE METO/IbI UBMEPEHU S DJIEKTPUYECKHNX BEJIMUMH
Jns u3MepeHus pa3MYHbIX dJIEKTPUYECKUX BEIWMYWH, HANpUMEP TOKA WA
HaIpsLKEHUS, HauOoJbIIEe
pacnpoCcTpaHEeHUE UMEIOT METO bl HEMOCPEACTBEHHOM OLIEHKH U METOJ CPABHEHHS.
HenocpencrBenHas oreHka. [IpoBOAST ¢ MOMOIIBIO aMIIepMETPOB U BOJIBTMETPOB - MPUOOPOB CO
CTPEJIOYHBIM UJTU ITU(POBBIM CIIOCOOOM OTCYUETA.

AMrepMeTpbl BKIIOYAIOT B pa3pblB I[EMH C HU3MEpsieMbIM TOkoM [,;,. HWx cobcTBeHHOE

COIIPOTUBJICHUEC RA u HOTpe6HHeMa${ MOIIIHOCTH P:RAIZ n3M JOJIZKHBI OBITH HE3HAYUTENLHBIMU 110
CpaBHCHHIO C
IMMOJIHBIM COITPOTUBJIICHUEM U MOITHOCTBIO I/ISMCpreMOfI OCITHN.

BOHBTMeTpH MNOAKIIOYAKOT K TOYKaM MCIHU, PA3HOCTb JJICKTPUYCCKUX IIOTCHLHUAJIOB U MCKIAY
KOTOPBIMH  CJICAYCT ONPEACIUTD. YroOBl HE HCKa3HICS PEXKUM pa6OTBI OErM, BXOAHOC
COIIPOTUBJICHUEC

BOJILTMETPA Ry, IODKHO OBITH OONBINNM, @ HOTPeOIAEMas MOITHOCT P:sz Ry manoi.

HaunGosiee BRICOKYIO TOYHOCTh U3MEPEHUN MOTYUYaloT B IETSIX MOCTOSHHOTO Toka. Ha mepeMeHHOM
TOKE TOYHOCTb 3aBUCUT OT YACTOTHI U C TIOBBIILIEHUEM €€ CHUYKAETCHI.

Merton cpaBaenus. [To3BossieT uamepsats HanpsikeHue U 3J1C ¢ 6osiee BEICOKOM TOUHOCTHIO. DTOT
METO/1 UCTIOJB3YIOT B KOMIIEHCAIIMOHHBIX CXeMaX U 3JE€KTPOHHBIX BOJIBTMETPAX.
KoMneHncaimoHHbIi TPUHIUI U3MEPEHUS HAMPSXKEHUS TI03BOJISIET KOCBEHHBIM ITyTEM U3MEPSTh
TOK C BBICOKOH TOYHOCTBIO. CyTI) METOJa CPaBHCHUA COCTOUT B TOM, UYTO U3MEpsACMas BEJINYHHA,
HaIpUMep HampsDKEHHE, CPABHUBAETCS B IPUOOPE ¢ HANPSHKEHUEM BBICOKOCTAOMITHHOTO
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MCTOYHHKA, 1 B MOMEHT UX PAaBEHCTBA MPOM3BOIUTCS MHIUKALUS ITOTYyIEHHOTO 3HAYCHUS.

B Hacrosiee BpeMs IUPOKOE pacrpoCTpaHEeHHE NOTYUHUIIN 3JIEKTPOHHbIE HU(POBBIE BOIBTMETPHI
nprOOpPHI C HU(PPOBBIM OTCUETHBIM YCTPOMCTBOM U aHAIOTO-IU(POBBIM IIpeoOpa3oBaTenem, B
KOTOpOM m3MepsieMasi pruzndeckasi BeIMYnHa (HapspKeHHe, TOK, COPOTUBIICHHUE U T.J1.)
ABTOMATHYECKH NMPEoOpaszyeTcsi B UNCIOBOM KoA. Takue BOIBTMETPBI UMEIOT Psiji IPEUMYIIECTB IO
CPaBHEHHIO CO CTPEIOYHBIMH prubopamu. OHM 001aJaf0T IUPOKUM JHANa30HOM H3MEPSIEMBIX
HanpsbkeHui — ot enuHul MKB o 1000 B, GpicTposelicTBHEM - OT OAHOTO U3MEpEeHHs B 2-3 ¢ 10
HECKOJIBKUX THICSY B 1C, a TaKKe MO3BOJISIOT IPOBOANUTH U3MEPEHHSI C MaJIbIMH HOTPEITHOCTAMHU
(0,01 ...0,005), Tak KaK IPUHIMI ASUCTBUS TUX IPUOOPOB, KaK MPaBUIIO, OCHOBAH Ha METOJIE
CpaBHEHMSI, a IU(PPOBOI OTCUET UCKITIOYAET MOTPEIIHOCTh CUUTHIBAHHUS.

OCHOBHBIE XAPAKTEPUCTHUKHN OJIEKTPOU3SMEPUTEJIbHBIX ITPUEOPOB

W3meputenbHble NpUOOPHl XapaKTEpU3YIOTCS AMAa30HOM HW3MEPEHUH, YYBCTBUTEIbHOCTBIO,
LIEHOW JIEJICHNs LIKAJIbI U KJIACCOM TOYHOCTH.

[unana3oH u3MepeHuil - 00J1acTh 3HAUEHUH M3MEpSIEeMON BEJIMYUHBL, JJIS1 KOTOPOH HOPMHPOBAHbI
JIoITycKaeMble morpemHoctu npudopa. I[Tpubopsl, umMeromye HeCKOJAbKO HANa30HOB MU3MEPEHHH,
Ha3bIBAKOTCA  MHOTONpENEIbHbIMU.  Jlnana3oH  W3MEpEeHUH  HM3MEHAKT IpU  [TOMOIUH
nepeksrJaTesiell uiu 100aBOYHBIX YCTPONUCTB, HAIPUMED HIYHTOB, COMPOTHUBICHUH.

HNudopmanuto o mponecce, T.€. pe3yabTaTbl U3MEPEHUs, HAOII0JaTelb [10JIy4aeT, KaK IIPaBUIIo,
BU3YaJIbHO. J{J1s1 3TOr0 B U3MEPUTENIbHBIX MPHOOpax UMEIOTCS OTCUETHBIE ycTpoiicTBa. Hampumep,
B @HAJIOTOBBIX PUOOPAX, HEMPEPHIBHO U3MEPSIOINX HIIH PETUCTPUPYIOIINX H3MEPSIEMYIO
BEJIMYMHY, €CTh LIKaNa (MM HECKOJIBKO ILIKAJ) U YKa3aTellb.

[lkanoif Ha3bIBAETCSl COBOKYITHOCTh OTMETOK, M300pakaroluX psij] IOCIEeI0BaTEIbHbBIX YHCEl,
COOTBETCTBYIOIIMX 3HAYECHUAM U3MEPAEMON BEIIMYUHBL. B pe3ynbrare u3MepeHust MOryT
IIEPEMEIATHCS KAl WX YKa3aTellb.

YyBcTBUTENBHOCTHIO E prOopa Ha3bIBAIOT OTHOIIEHUE NEPEMEIIEHNUS YKa3aTelsl K BbI3BaBLIEMY
€ro U3MEHEHUIO U3MEepseMOM BeNMUMHBL. [lepemernienne ykazarens MOKET BbIpaXaThCs B

dl do
E=— HJIH E =
JMHEHHBIX UM YTJIOBBIX BelMUMHaX. Takum o6pazom, dx dx rue di. dy -
JUHEWHOE U YTJII0BOE MEepPEMEIIEHUE YKa3aTells COOTBETCTBEHHO; dX HM3MEHEHHE N3MepsIeMOit
BEJINYUHBI.

B 3aBucumoct ot Buma ¢QyHkuuuM I = f(x) wim (= f(x) 4yBCTBHTEIBHOCTb MOXKET OBITH
MOCTOSIHHOM

BEJMYMHOMN (eci [ ~X u () ~X) WM BEIUYUHOM, 3aBHCALIEH oT x. B mepBom ciydae npudop umeer
JUHENHYIO KAy, BO BTOPOM - HETMHENHYIO.

[Topor YyBCTBUTEIBHOCTH (MM TIOPOrOBasi YyBCTBUTEIHHOCTh) - MHUHHMAJIbHOEC H3MEHEHHE
U3MEpSeMON BEJIMYMHBI, KOTOPOE MOXXET OBITh 3aperucTpupoBaHo mpudbopoM. Yem Ooublie
YyBCTBUTENBHOCTh E, TeM Hmxke ee mopor. Ilopor 4yBCTBUTENBHOCTH 3aBUCUT U OT YCIIOBUM
HaOo1eHus1 (BO3MOXKHOCTh pa3finyaTh Mallble OTKJIOHEHMS, CTa0MIIbHOCTh MOKa3aHUM, BEINYUHY
TPEHMSI U T.1.).

IleHa jieneHus MKaIbl MPUOOPA - M3MEHEHHE U3MEPSEMOI BEIMYNHBI, BBI3BIBAIOIIEE TIEPEMEIIICHNE

dx dx
C=— HH C=—

yKaszaTens Ha oJiHO AeneHue. Kak cienyer u3 onpeneneHus, dl 49
Ilena peneHus OOBIYHO BBIOMpAETCS NpEBbIMIAIONIEH aOCOTIOTHYIO MOIPEIIHOCTh MOKa3aHUs
npubopa A. ¥ muorux npubopoB C=24 wiin C =44 .
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ITorpenrHocTy ¥ KJIacchl TOYHOCTH IEKTPOU3MEPUTEIbHBIX TPHOOPOB. 3HAYCHUS KaKOH-THO0
BEJIMYMHBI, [TOJTy4YCHHbIE B PE3Y/IbTAaTe U3MEPEHUI C TOMOIIIBIO H3MEPHUTEIBHOTO NpHOopa,
OTJIMYAIOTCS OT UCTUHHOTO 3HaYEHUS HA HEKOTOPOE YHCIIO, Ha3bIBAEMOE MOTPEIIHOCTHIO MPHOOpA.
OTa NOrpelHOCTh BKIIOUAET B c€0sl CHCTEMATHUECKYIO U CIIy4ailHyI0 COCTaBIISIOIIUE.
COOTHOIICHUS MEXKTy HUIMU MOTYT OBITh Pa3IMYHBIMU M TOITOMY 0OIIast HOTPEITHOCTh UMEET
HEOIpEIeNIEHHOE, HO 3aK/II0YEHHOE B 3aJJaHHBIX NIpeJieax 3HaYCHUE.

[TorpenrHoCTH N3MEPUTENBHBIX NPUOOPOB OMPENEINSIOTCS TOBEPKOW, T.€. CPAaBHEHUEM ITOKa3aHUI
IIOBEPSEMOTro NpuOOopa ¢ IMoKazaHUAMHU 00JIee TOUHOro, 00pa30BOro Npudopa MNpyu U3MEPEHUN UMHU
OJHOHM M TOH XK€ BENUYMHBI. 3HAUCHHE M3MEPSIEMOHN BEIWYHHBI, ONPENEIICHHOE MO 00pa3oBOMY
npubopy, MPUHATO CUUTATh NEHCTBUTENBbHBIM. OHAKO JEHCTBUTEIBHOE 3HAUCHHE OTIUYACTCS OT
HCTUHHOTO Ha MOTPEIIHOCTh, IPUCYIYIO JaHHOMY 00pa3IioBOMY IpUOOpYy.

AOCONIOTHAS TMOTPEIIHOCTh - 3TO PA3HOCTh MEXKIY BeIWYMHON X W3MepeHHOW mnpubopom, U

JICUCTBUTEIIbHBIM €€ 3HaueHueM @ : A =X — &, (1)
OTHOCHTEIbHASI MOTPEIIHOCTh - 3TO OTHOIIEHUE a0CONIOTHOW MOTPEUTHOCTH K JICHCTBUTEIHLHOMY

3HAa4YCHUIO H3MepﬂeMOI>'I BCJIMYHHBI, BBIPAXKCHHOC B OTHOCHUTCIIbHBIX CAWMHHUIAX WM B IIPOLICHTAX:

A
E =
a (2
HDI/IBGI[GHHaH HNOI'pC€IIHOCTh - 3TO OTHOLICHHEC a0COIOTHOM NOrperHOCT K HOPMHUPYIOLIEMY
3Ha4dec-

’Y = —
HUIO (y U3MEPSAEMON BETUYNHBI: a4y  (3)

Benuuuna dy onpeaensercs AMana30HOM MOKa3aHU mkamsl (puc. 1).

Knacc tounoctu K - 06001meHHas XapaKTepUCTUKA M3MEPUTENLHOTO MPUOOpa, ONMPEAEIIAIONmast
MIpEIeIIbl IOMYCTUMBIX OCHOBHBIX U JOTOJTHUTEIIBHBIX MOTPEIIHOCTEH:

OCHOBHas TOTPEHIHOCTh - 3TO MOTPEIIHOCTh NpHOOpa B YCIOBHUSAX OJKCIUTyaTallMH, KOTOPbBIE
PEKOMEH-

JIOBaHbI JAHHOMY TIPHOODY;

JOTOJHUTEIbHASL MOTPEIIHOCTE - 93TO TMOrPEIIHOCTh MpuOopa, BO3HUKAIOMIAS TMPU  €Tr0
SKCIUTyaTaIlH B
YCJIOBHSIX, OTJIMYAIOIINXCS OT PEKOMEH/TyEMBIX.

Knacc tounoctu mpubopa He sSIBISIETCS HEMOCPEICTBEHHBIM MOKA3aTeleM TOYHOCTH H3MEPEHUH,
BBI-

MOJTHSAEMBIX C MOMOIIBIO ATOrO Tpudopa. [t 31eKTpou3MepUTEeNbHBIX MPUOOPOB KJIACC TOYHOCTH
K YKa3bIBaeTCd B BHJA YHWCJIA, PABHOIO MAKCHUMAaJbHOW JOMYCTUMON OCHOBHOM NPHUBEICHHOU
norpemHocTd (B %), T.e. K = Ymax -100% 4)

Cormacao 'OCT 1845-59, snekTpousMepuTelbHbIe TPUOOPHI JACNST Ha 8 KJIACCOB MO TOYHOCTH:
0,05;

0,1; 0,2 - obpazuossie ipudopsr; 0,5; 1,0 - madboparopusie; 1,5; 2,5; 4,0 - TexHUUecKre TPUOOPHI.
OOpasioBble MPUOOPHI CYUTAIOTCS 0oJiee BBICOKOTO KJacca TOYHOCTH IO OTHOIICHHIO K
7a00paTOPHBIM U TEXHHYECKUM IIpHOOpam, a 1ab0paTOPHBIE - MO OTHOIICHUIO K TEXHUYECKUM.

2 3 10 0
1 4 20 10 20
30 Mso
A mB
0 5

an=5 A an=60 mB

Puc.1

TaK, IpH KJIacC€ TOYHOCTHU 1,0 OCHOBHAad MPUBCACHHASA NMOTPCHIHOCTL HC IMPCBLIIACT 1 %, a JTO
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< K/1
O3HAYaer, 4To B O0IIeM ciydae | — K/100
[To ky1accy TOYHOCTH MOKA3bIBAIOIIUX MPHOOPOB MOXKHO OIPENEIUTh MAaKCUMAJIbHYIO a0COIIOTHYIO
HOTPEIITHOCTD Apax, KOTOPYIO MOXKET HMETh MTPUOOP B JIFOOOH TOYKE IIKAJIBI

_aK (5)
100

i\‘m:u»: = aNYma:{

OtHocuTenbHAsT MOTPEHIHOCTH TPU OITOM  OMpEHeNsercs U3
cpaBHeHUA BipaxkeHut (2) u (3);

_ Yay
€= (6)

a
C yuerom (4) u TOrO, YTO @ =X ya ocnosanun noxasamuit npubopa U ero Kiacca TOYHOCTH
MOKHO

IIOJIy4YUTh OLICHKY BEPXHETO 3HA4YeHUs E:
ad; (/5%
e<K— =K—
a-100 x-100 )

Kak cnenyet u3 (7), 17151 MOBBIMICHUS TOYHOCTH U3MEPEHUS TIPUOOP HAI0 BHIOMPATh TaK, YTOOBI, BO-
MIEPBBIX, OH UMeT 00Jiee BHICOKHN KIIACC TOYHOCTH, U YTOOBI, BO-BTOPBIX, TIPS U3MEPEHUS ObLI
0u-

30K K 3HAYCHUIO U3MEPSIEMOU BEITMIMHBI.

=xtA

I[Tpumep. Tok cumoit 2,5 A u3MepsA0T ABYMS amIepMeTpaMM, KJIacc TOYHOCTH KOTOPBIX
cootBercTBeHHO 0,5 u 1,0. lnanazoH m3mepeHuil neporo ammepmerpa 25 A, a Broporo 5 A.
O1eHUTh OTHOCUTEIIBHYIO MOTPEITHOCTh U3MEPEHHSI TOKA B 000UX CIy4asx M 3alMucaTh pe3ysbTaThl
u3Mepenuii B oomem Buze. [lo popmyne (7) nmeem
05— =005 e, = 10— =00

2,5-100 i 2,5.100
PesynbTaThl U13MEpeHUii ¢ y4eTOM IPABHII OKPYTJIEHUSI HYKHO MPEICTaBUTh KaK
I;=(2,5+0,1) A; I, =(2,50 + 0,05) A.
W3 npumepa BUIHO, YTO U3MEPEHHE aMIIEPMETPOM Oo0Jiee HU3KOrO Kj1acca TOYHOCTU MOKET ObITh
6oJiee TOYHBIM.
CrnenoBarenbHO, UIsl JOCTHKEHUS 3aJJaHHOW TOYHOCTH M3MEpPEHUS MOXKHO BapbUPOBATh KJIACCOM
TOYHOCTH NMpHOOpa U €ro 1uana3oHoOM U3MEPEHUH.
CnenyeTr npaBWIbHO (OPMYJIUPOBATH NPEIOKEHHE, B KOTOPOM JaHa KOJIMYECTBEHHAsl OIEHKa
norpemHoctd. Hampumep: "H3mepenwe Toka ¢ aOCOMIOTHON morpemHocThio a0 1 MA",
"N3MepeHue ToKa ¢ OTHOCUTENbHON morpemHoctbio 10 1 %. (Bolpaxkenue "M3mepeHue Toka c
TOYHOCTHIO 10 1 MA" HeNpaBUILHO.)

OHpe,I[eJ'II/IB 8, pe3yibTaT UBMCPCHUA B 06H_[6M BH /A 3aIIMCBIBAIOT TaK: X

BrmonHnenne paboTsr:

[lonyunts 3amaHue y mpenojaBaTens. Ha pucCyHKkax mpeacTaBieHbl MIKalbl JBYX
U3MEPUTENIbHBIX MPUOOPOB.

Onpenenutb OCHOBHBIE MTAPAMETPhI 3TUX MPUOOPOB U 3aMoIHUTE Tabauiy 1. PacimdpoBats

BCE CHMBOJIbI, HAHECEHHBIE Ha IIKaJe KaXKJ0ro Mpudopa, U MPOBECTH CPABHUTEIBHBIN aHAIN3 ITUX

puOOPOB C YKa3aHUEM UX OTHOCUTEIbHBIX JIOCTOMHCTB M HEJOCTATKOB. PaccunTaTh MOrpenIHOCTh

U3MEPEHUs ),y HapsHKeHUs 000MMHU MPUOOpaMu (BETMYMHY HAIIPSDKEHUS MTOJTYYUTh Y
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Ha IIKajiaX MpruoOOpOB.

npenonasatens). Tabmuma 1
OnpenenuTh 3HAYCHUST U3MEPSEMBIX HANPSDKEHHI, COOTBETCTBYIOIIHMX TOJI0KEHHUSM CTPEIIOK

Cucrema

[Ipubopa

Tun

npubopa

IH()A/b

MmrA

Knacc

TOYHOCTH

Lena YUyBCTBUTETDL
nenenns C | HOCTH
VA \yucd/oen. | mpuGOpa
S oen/mrA

Uy

P,
Bm

Jlmanazon
N3MEPECHNUS
n3MepseMoi
BEJTMYNHBI

YacToTHBIE
Mana30HbI
mpudopa

Kpatkue Teopernueckue cBe1eHUA

Jlnis u3MepeHust TeX WK UHBIX TapaMeTPOB B yUEOHBIX J1a00paTOpUsX WK Ha MIPOU3BOICTBE
ObIBaeT HEOOXOAUMO BHIOpPATh MPUOOP, OLIEHUB €TO XapaKTEPUCTHKH.

PaccMOTpuM OCHOBHBIE METPOJIOIMUYECKHE XapaKTEPUCTHKH TPUOOPOB, IPUMEPHI paclInppoBKU
CHMBOJIOB, H300pa)XaeMbIX Ha WX JIMIIEBHIX MAHENSIX, KPUTEPUU CPABHUTEIBHOTO aHAIN3A U IPYTHE
¢dakropsl (puc.l). OcHOBHBIE XapaKTEPUCTUKHU 3TUX IPUOOPOB BHOCATCS B Tabnuiy 1.

OHpe,I[eJ'II/IM HOMMWHAJIBHBIC 3HAYCHHNA TOKOB AJIsA oboux HpI/I60pOB, HMCHOIIUX OAHOCTOPOHHIOIO

HIKaIy:

Lyomi = 50 - 0 = 50mkA; 1 1002 =50-0 = 50mKA.

Knaccsl TouHOCTH TPHOOPOB:

Yip 1=1,5%

Yp 2=4,0 %

BuyTpeHHee conpoTuBiieHHE MUKPOAMIIEPMETPOB:

Ilena nenenuii npubOpPoOB:

C, =

__ (50-40)MxA
10pen

MHUKPOaAMIIEPMETPOB:

1 _ 1pen

S, =—=
1 Cl

MKA

MKA
=1—

nen

1 _ lpen

G

MKA

C, =

__ (50-40)mMkA
10pen

Paccunraem MaagCHUEC HAIIPAKCHUSA HA HpI/I60an:
Uy =50-107%4-2-1030M = 0,1B

Onpenensiem moTpedisieMyro mpudopamMu MOITHOCTH (TaK KaK MOIIIHOCTb B TaOJIHILy

}"A1:2 KOM;

T4 =3 kOm;

MKA
= 1—YyBCTBUTEIBHOCTH

e

JIOJDKHA OBITh IPEJCTaBIeHa B MUJUIMBATTAX, TO pe3ybTaT pacyéra cieayeT
yMHOXHTH Ha 10°);

Py=50-10"50-10"A%2-50 107 Om -10°= 0,005 mBm;
P=50+10"-5010"° A’3- 50 .10~ Om -10° = 0,0075 mBm;

Haiiném paboune yyacTku mkai o00oux npruOopoB:

I wing 1~

=10 mkA, 1 ,,,c1= 50 mMKA,
=20 mrA, I ,,,.> =50 mkA.

1 min 2

COOTBETCTBEHHO Auarna3oHbl U3BMCPCHUS TOKA Y HpI/I60p0B CIICAYIOIIUC:

Uy, =50-10"%4-3-1030m = 0,15 B
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Dll= 4 maxl ~ 1 miu.l = (50' ]()) “”KA.= 40 -‘"’\’A; :
D/g= 1 max2 - 1 min2 = (50— 20) MKA = 30 mKA.

YacToTHbIE AHUaIa30HbI IPUOOPOB OMPEIEINIAIOTCS aHATOTMYHO IUana3oHaM U3MEPEeHUs TOKa.
OTanyne 3aKII04aeTcs JUIIb B TOM, YTO MPUOOP MarHUTODIEKTPUUECKONU CUCTEMBI MOKET
UCIOJIb30BaThCS TOJIBKO Ha MOCTOSHHOM TOKE, T. €. Yy Hero auamnasoH D , = 0, uadopmanus, o 4ém
yKa3aHa Ha M300paKeHUHU JTUIEBOM NaHenu mpubdopa M265.

YacToTHBIN AMANa30H MPUOOpa FIMEKTPOMATHUTHON CHCTEMBI.

D I.7=fma.\'2'fmin2= (100—' 0)r‘( = 1001-‘{'

puc.1

3HAKU ¥ CUMBOJIbI, HAHOCHUMBIE Ha JIMIIEBOM MaHeIu mpudopa

[MpuBeném mis npumMepa pacupoBKy BCeX 3HAKOB M CHMBOJIOB, TOMEIIEHHBIX HAa N300payKEHHSIX
JMLIEBOI MaHesn NpUOOpPOB, MOKa3aHHBIX HA PUCYHKE.

IMpudop M265

M — OyKkBeHHBbII NP MArHUTOAIEKTPHIECKOMH CHCTEMBI;
265 — HoMep pa3pabOTKH {MOIEIH);
1983 r. — rox BeimycKa;
A  — MHKpOoaMIepMeTp;
2 k€ - BHyYTpeHHee CONMpOoTHBIEHHE 2 1'<O.\1;
— - [IpeJIHa3HaYEeH JUISl HCIOJb30BaHMs B LIETSIX [TOCTOSIHHOIO TOKa;
a)
_—_I- rpaduueckoe 0603HauUECHNE MATHUTOIEKTPHYECKOH CHCTEMBI, 3aLMILEHHOIT OT
Je¥cTBUSI MarHUTHBIX TOJIEH;
1,5 — knacc TouHOCTH npubopa;
—’-ﬁ- pabouee 1oyioKeHHe BePTHKAJIBLHOE;

- M3MEPHUTEJIbHBIH MEXaHH3M H30JILHH, U CONPOTHBIIEHHE H3O0JISILIMH
UCrnpITaHO HanpsbkenueM 2 kB.

CpaBHUTENBHBIN aHAIN3 TIPUOOPOB

[TpuBeném KpuTepUHU, UCOIB3yEMbIE MPU CPABHUTEILHOM aHAIM3€ U3MEPUTEIbHBIX PUOOPOB.

* Kinacc Tounoctu (4em MenbIe Yzp ; - TEM JIydIle);

* BHyTpeHHee COnpOTHUBIICHHE (U€M MEHBIIIE 2 5, TEM JIY4Ile aMIIEpMETp, YeM OOoJIbLIE 2 B, TEM
Jy4llle BOJIBTMETD);

* UyBCTBUTENHHOCTH (4eM OOJIbIIE S, TeM Jydlie mpudop);
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* [Tanenue HanpspDKeHUs Ha aMmIiepMerpe (ueM MeHbire U, TeM iydiie npuodop, Tudo moTpedaseMplid
BOJITMETPOM TOK , YeM MEHBIIIE TeM Jydiie Tpubop);

* [loTpebisieMass mpuOOPOM MOIMHOCTH (YeM MeHbIne P TeM nyuiie npubdop);/uanazon
H3MEPSIEMBIX TTapaMeTpoB (deM OoJIbIle, TeM Jydlie Ipruodop);

* JacToTHBIN Arana3oH (4eM OoJIbIe, TeM JIydIle Mpuoop);
* Bua mkaiel (Jrydire npuoop ¢ paBHOMEPHOM IIKaIO0N);

* Hanmmuue 3amyThl OT BHEIIHUX MAarHUTHBIX MOJIEH (TeM Jrydie npruOop Mpy HAJTHMYUHU TaKOH
3allUThI);

* ['on BBITTyCKA (YeM mpuOOp HOBEE, TEM OH JIYUIIIE);
* Pabouee monosxenue (ydrie nprudop, paboTAIOIIHK B JIFOOOM ITOJIOKEHUN);
* [1o pony Toka (Jiydie mpubOp YHUBEPCATBHBIN);
Ha ocHoBaHuM npuBeIEeHHBIX KPUTEPHEB CPABHUM paccMaTpuBaeMbie mpudopsl M265 u D412.

IIpeumyitectsa npudopa M265:

* PaBHOoMepHas 1IKana;

* Hagnume 3alllUThl OT BHCIIHUX MAarHUTHBIX noneﬁ;

* Menbimii Knacce TouHoCTH Y p7p 1=1,5%
* MeHblllee BHYTPEHHEE COMTPOTUBIICHHE;
* MeHbllIee MajeHue HAaNPsHKCHHE;

* MeHbImas notpediisiemMasi MOITHOCTb;

* bosiee MPOKUI TUAa3oH U3MEPEHUS.

Henocratku npubopa M265:
* He ynuBepcanbHblii;

* bosiee pa"Hero roja BhITYCKA;
* PaGoTaeT TOIBKO B BEPTUKATHHOM IOJI0KEHUH,

* MeHbIIIMiT YaCTOTHRIN JUANa30H.

KOHTPOJIBHBIE BOITPOCHI

1. ITo xakuM TIpU3HAKAM KIacCUDUIMPYIOTCS SIEKTPOU3MEPHUTENbHBIE TPHOOPHI?

2. Ilepeuncnute OCHOBHBIC METOJIBI H3MEPECHHUS IICKTPHUSCKUX BEITHIHH.

3. Uto Takoe Kj1acc TOYHOCTH Ipudopa’?

4. Kak ompesieuTh OTHOCUTEIBHYIO MTOTPEITHOCTh H3MEPEHHS IO TTOKa3aHUIO CTPEIOIHOTO
npubopa?

5. Kak nmoiy4nTs 6oJiee BBICOKYIO TOYHOCTh M3MEPEHHS TOKA WIIH HANPSHKEHUS, TTOJIB3YSCh
MHOTOTPEEIbHBIM pUOopoM?
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6. B uem cocTout npuHIUI paboThl TPUOOPOB FIEKTPOMATHUTHONW U MarHUTOXJIEKTPUUECKON
cucrem?

7. Kakyto nnhopmaiinio MOXHO MOJYYUTh HA OCHOBE YCIIOBHBIX 0003HAUEHU, TIPUBOJUMBIX Ha
mkane? Yto Takoe 1eHa JIeJIeHus IKabl?

[TpakTrueckas pabora Ne 4
DJeKTpOMEXaHUYECKHe MPUOOPHI ISl U3MEPEHUS SJCKTPUUECKUX BETUYNH

Lenv pabomer: 1. IlpakTHyecku U3y4yUTh KOHCTPYKLUMHU HM3MEPHUTEIBHBIX MEXaHM3MOB HaunOolee
pacIpoCTPaHEHHBIX ANEKTPOU3MEPUTEIBHBIX TPUOOPOB (aMIIEPMETPOB, BOJILTMETPOB, BATTMETPOB)
pa3IMYHBIX CUCTEM.

2. Hay4nTbCsi 4uTaTh TEXHUUYECKUE XAPAKTEPUCTHKH IO YCIOBHBIM OOO3HAUEHMSM Ha IIKanax
nprOOPOB U BBISICHUTD ISl KAKUX U3MEPEHUH MOKHO MPUMEHSTH 3TH MPUOOPHI.

3. IIpakTHUeCKH U3YYUTh CXEMbI BKJIIOUEHUS IPUOOPOB B 3IEKTPUUECKYIO 1IETb U OCBOUTH
JJIEKTPUUECKUE U3MEPEHUS CHIIbI TOKA, BEJIMYMHBI HAIIPSDKEHUSI U TOTPEOIIieMON MOIITHOCTH.

OO0I111HE TTOJI0KEHUS

N3MepuTh Kakyro-1100 BEIUUYHUHY - 9TO 3HAYUT CPABHUTH €€ C APYTroil OJJHOPOIHOM BEJIMYUHOM,
IIPUHATOM 3a €IMHULY U3MepeHus. Yucio, Noiny4eHHOe IpU CPaBHEHNH, HA3bIBAOT YMCIIEHHBIM
3HAYECHUEM U3MEPSEMOM BEJIUYNHBI.

DNeKTpOU3MEPUTEIbHBIMU TPUOOpaMH HA3bIBAIOT CPEJCTBA IIEKTPUUECKUX U3MEPEHUI],
npeIHa3HauYeHHbIE I BRIPAOOTKH CUTHAJIOB U3MEPUTENIbHONW HHpOopMannuu B GOpMe, TOCTYITHOH
JUIsl HEMIOCPEACTBEHHOTO BOCIIPHUSTHS HaOIr01aTeNIeM.

1. CTpyKTypHBIE 3JIEMEHThI U3MEPUTEIILHOTO MEXaHU3MA

Kaxxaplit m3MepUTeNnbHbI MEXaHU3M UMEET OJIHY MU HECKOIBKO INIEKTPHUUEeCKUX 00MOTOK. 1o
HUM TpY BKJIIOUEHUH MPUOOpa B 3JIEKTPUUECKYIO IeMb MPOXOAUT EeKTpudeckuil Tok. Kpome
00MOTOK, B U3MEPUTEIHHOM MEXaHNU3ME €CTh ITOCTOSIHHBIA MarHuT WK (heppoMarHuTHBIN
CepJICYHHK, KOTOPbII HAMarHU4YMBAETCS IPU MIPOXOKICHUH 10 €r0 0OMOTKaM Toka. TOK U
MAarHuTHOE MOJIE, CO3/1aBAEMOE CEPACUYHUKOM, B3aUMOJIEUCTBYIOT IPYT C IPYTOM, COTJIACHO 3aKOHY
Awmrepa, BCIEACTBUE ITOTO CO3/1a€TCSI BPAIIAIOIINN MOMEHT, JIEHCTBYIONTUI Ha HEMOABIKHYIO
qacTh MpUOOpa, B pe3yabTaTe YETrO CTPENIKA OTKIOHSETCS.

Puc. 1. YcTpoilcTBO TOJIBMKHON YacTH
U3MEPUTENBHBIX MEXaHU3MOB!

1- monmsATHUK; 2- och (y HEKOTOPBIX
nmpuOOpPOB MONYOCh); 3- yKazaTelbHas
CTpelKa; 4- IOBOJOK; I, 6- CIIUpabHBIE
NpPYXHHBL;7- BHWIKA KOppekTopa; §-
Tajiels AKCIICHTPHUKA;9- BUHT
KoppekTopa; / 0- MpOTUBOBECHI

B npubopax, y KOTOpBIX HET CEpJICYHNKA, HO €CTh JIB€ OOMOTKH, CTPEJIKA OTKJIOHSETCS B
pe3ynbTaTe B3auMOICHCTBUS MAarHUTHOTO TIOJISl OJJHOM OOMOTKH C TOKOM JApyroii. B 3aBucumocTtn
OT BHJIa TAKOTO B3aUMOJICUCTBHUS PA3IUYAIOT CUCTEMBI U3MEPUTEIbHBIX MEXaHU3MOB:
MarHUTORJIEKTPUIECKYIO, AIEKTPOMArHUTHYIO, AIEKTPOAMHAMUYECKYTO, PeppoIuHAMUYECKYIO,
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UHAYKIMOHHYIO U AJIEKTPOCTaTUYECKY10. M3MepuTenbHble MEXaHU3MbI PA3IMYHBIX CUCTEM UMEIOT
P OAMHAKOBBIX MEXaHMYECKHUX YacTel. K TakuM 4acTsiM OTHOCSITCS CIIUPANIbHBIE MPY>KUHBI, OCH
WM TIOJIYOCH C MOJISTHUKAMU, IPOTHUBOBECHI, KOPPEKTOP U YCIOKOUTENb (puc. 1).

2. CucTeMbl 3JEKTPOU3MEPUTENBHBIX MEXaHU3MOB
2.1. MarauTosneKkTpuyecKkas cucrema

[IpyHIMD ~ OEHCTBUS MEXaHM3Ma MarHUTOAIEKTPUUYECKOMN
CUCTEeMbl -  B3aUMOJICWCTBHE  DJEKTPHUYECKOTO  TOKa,
OpOXOAANIero 1Mo OOMOTKE paMKH, C MAarHUTHBIM IIOJIEM
noctosiHHoro maruuta (puc. 2). Korga mo oOMoTke pamku
IPOXOJUT 3JEKTPUUECKUN TOK, OHA IIOBOPAUYMBAETCS HA Yrod,
3HaYeHHE KOTOPOTO MPOMOPLHOHAIBHO H3MEPIEMO cuie
TOKa (HanpsbkeHuto). HanpspkeHne moBopoTa pamMKy, a 3Ha4MT,
U CTPETKU, 3aBUCHUT OT HANpaBlEHUS TOKAa B OOMOTKE paMKHU.
MarauTosyieKTpuueckie MpuOOphl  BBINOJIHSAIOT Kak ¢
HEMOJIBYKHBIM MarHUTOM U TOJBUXHOU paMKo# (puc. 2, a,0),
TaK ¥ C HEMOJBMKHOM KaTyIIKON U MOABM>KHBIM MarHUTOM Ha
OJIHOI1 ocH C yKazareseMm (puc. 2,B).
MaruaurosnekTpuyeckiue npubopbl MPUMEHSIOTCS B KaueCTBE
BOJIbTMETPOB, aMIIEPMETPOB, OMMETPOB, METaOMMETPOB U
raJlbBAHOMETPOB.
OcCHOBHBIE [TOCTOMHCTBA MPUOOPOB MarHUTOIIEKTPHUUECKON
CUCTEMBI: BBICOKas TOYHOCTb, PABHOMEPHOCTh  ILIKAJbI,
HE3aBHCHMOCTh TOYHOCTH TMOKa3aHUMl OT JEHCTBHS BHEIIHUX
ANEKTPUYECKHUX TOJIEH.
OcHOBHbBIE HEJJOCTATKU - HEBO3MOXKHOCTb M3MEPSTHh OJHUM U
TEM e MPUOOPOM MOCTOSHHBIN U MEpEMEHHBIH TOKHU (eciu B
npubope HEeT BBIIPSMUTEIBHOTO YCTPOWCTBA), CPABHUTEIBHO
BBICOKAasi CTOMMOCTb.

PaBHOMEpHOCTP mIKabl M BBICOKas  TOYHOCTH
noka3aHui  oOecneuuBalOTCs  Onaronapsi  MOCTOSIHCTBY
BEJIMYMHBI 3a30pa MEX1y MarHUTOIIPOBOJOM M BpalllaroLIEiCs

———,
.L | |

Puc. 2. 3mMepurenbHbIit
MEXaHU3M
MarHUTORJIEKTPHYECKON
CHCTEMEI U €ro cxema: a,0- ¢
MOJIBMKHOM paMKoii; B- ¢
MOABUKHBIM MarHUTOM; 1-
KOPPEKTOP;2-CIIUpaIbHEIC
TPY>KUHBL;3- aMIOMUHUCBAS
pamka ¢ 0OMOTKOIA; 4-
arHUTONPOBOI;S- CTpEIKa;6-
CTaTFHON IHITHHID

PaMKOM.
2.2. DnekTpoMarHuTHasi cUcTeMa

[TpuHIMI IeNCTBUA MEXaHH3Ma
AIIEKTPOMAarHuTHOM cuctembl (cM. puc. 3,a) -
B3aMMOJCHCTBHE MAarHMTHOI'O TOJA, CO3JaHHOTI'O
HETMOJABMKHOM  KaTyIIKOW, 10 OOMOTKE KOTOpOH
MPOTEKAaeT M3MEpsAEeMbId TOK, C OJHUM WJIHU

C N 1 -
_-
- " J -'H
—

HECKOJIbKUMH  (PEpPOMAarHUTHBIMU  CEepICUHUKAMU,

SKCHOCHTPUYHO YKPCIUICHHBIMHU Ha OCH. BCJ'IG,I[CTBI/IG
9TOro CEPACYHHUK BTATWBACTCA BHYTPb KaTYHIKU U
YKa3aTeCibHasd CTPCJIKa OTKIOHSACTCA. HpI/I N3MCHCHUU
HaIlpaBJICHUA TOKa B 00OMOTKE MEHSAETCA U MOJIAPHOCTH
HaMarHn4uBarouicro CCpACUHHKA. HOBTOMy npu
JIFO00M HaIlpaBJICHHUU TOKa B 00MOTKE CEPACHHHUK
BTAIUBACTCA BHYTPb €€, a CTpPCIIKa, CJICHOBATCIIBHO,

Puc. 3. 3MmepurenbHble MEXaHU3MBI
IpUOOPOB: a- 3JIEKTPOMArHUTHOM
cucTeMsl: | - karymka;2- deppo-
MarHUTHBIN CEPIEYHUK; 3-
cImpabHas IpyXuHa;4- 0Ch; 0-
3JIEKTPOIMHAMHUYECKOH CUCTEMBI U
ero cxema: |- HeMoIBIKHAS
KaTyIIKa;2- TOABIDKHAS KaTyIIKa

OTKJIOHSIETCSI B OJTHY U TY K€ CTOPOHY.
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OCHOBHBIE JIOCTOMHCTBA TMPHOOPOB AJIEKTPOMATrHUTHON CHCTEMBI: TPOCTOTA YCTPOWCTBA,
OTHOCHUTEIIEHO HEBBICOKASI CTOUMOCTb, IPUTOAHOCTH 3TUX MPUOOPOB K MEeperpy3Kam.

OcHOBHbIE HEIOCTATKU - HEBBICOKAs TOYHOCTb, HEPAaBHOMEPHOCTb MIKAJIbl, 3aBUCHMOCTh
TOYHOCTH IIOKa3aHUM OT BIWUSHHUSA BHEIIHUX MArHUTHBIX HOJIGI>'I, CpPaBHUTCJIILHO 0oJIBIIIOE
noTpedIeHue NIEKTPOIHEPTUH.

2.3. DNeKTpoaguHaMH4eCcKasi CUCTEMA

[TpuHIMn AEHCTBHS MeXaHW3Ma CUCTEMBI (pHc. 3,0) - B3aMMOACHWCTBHE MAarHUTHOTO TIOJIA,
CO3/IaHHOT'O HENOJBM)KHOM KaTYIIKOH, IO 0OMOTKE KOTOPOH MPOTEKaeT U3MepsieMblil TOK (TOKOBasI
00MOTKa), C TOKOM TOJBMKHOM OOMOTKH (OOMOTKA HANpPsHKEHUs ). DIEKTPUUECKOE COTPOTUBIICHUE
TOKOBOI OOMOTKM Majlo, OHa BKJIIOYAETCs B LIEMb MociieAoBaTebHO0. OOMOTKA HAIPSKEHHUST UMEET
00JIBIIOE DIIEKTPUYECKOE COIPOTUBIICHUE U BKJIIOYACTCS B L€ NAPAJLICIIBHO.

IIpu BkIrOYEeHHMH HpUOOpa B LENb MEKTPUUECKUH TOK HPOXOAUT MO OOMOTKaM 00enx
KaTyIlIeK OJHOBPEMEHHO U BO3HUKAET MarHUTHOE 1oJie. B pe3ynpTaTe B3auMOIeHCTBUS MarHUTHBIX
1oJje MOJBMXKHAsA KaTylIKa OBOPAaYMBAETCS Ha Yroj, 3HAYEHHE KOTOPOIo MPONOPLUOHAIBHO
IIPOU3BENICHUIO TOKOB, IPOXOIALINX B 0OMOTKAaX KaTyIIEK.

HanpsixeHne Toka B 0OMOTKaX MOKET U3MEHATHCS JIUILb OJHOBpeMeHHO. [ToaTomy
HE3aBHCHMO OT HalpaBJCHUs TOKA B LIENH MOJBU)KHAS KaTyIlIKa, a 3HAYUT, U CTPEJIKa
IIOBOPAYMBAETCS TOJIBKO B OJJHY CTOPOHY. MeXaHU3M 3JIeKTPOANHAMHYECKOW CUCTEMBI IPUMEHSIOT
B aMIIepMeTpax, BOJIbLTMETPaxX U BaTTMETpax.

Hapsiny ¢ u3smepuTenbHbIME MEXaHU3MaMU JIEKTPOANHAMUUYECKONW CUCTEMBI IIUPOKO
NPUMEHSIOTCSI MEXaHU3MBI (heppOTMHAMUYECKON CHCTEMBI, IPHHIIUI ICHCTBHS KOTOPBIX
onuHakoB. KoHCTpyKIus jxe peppoAMHaAMUYECKOT0 MEXaHU3Ma OTIMYAETCS TEM, YTO €ro
HETOABIDKHAS 0OMOTKA IMOMEIeHa Ha MarHUTOIIPOBO/IE, OJaroapst Y4eMy IMOBBIIIAETCS
qyBCTBUTEIBHOCTH NIPHOOpA.

JlocTonHCTBa MPUOOPOB AIEKTPOAUHAMUYECKON CUCTEMBI: BHICOKASI TOUHOCTD,
BO3MOXKHOCTbh U3MEPEHUS OJTHUM U TEM e IPUOOPOM IOCTOSHHOTO U IIEPEMEHHOTO TOKOB.

HenocraTku: cpaBHUTENBHO BBICOKAsi CTOUMOCTD, 3aBUCUMOCTbh TOYHOCTH ITOKAa3aHUM OT
BHEIIIHUX MarHUTHBIX MOJIEH, CPAaBHUTEIBHO MaJlasi yCTOMYHUBOCTD K [IEPErpy3Kam.

2.4. IunyKyoHHas cuctema

[TpuHuun neicTBUS U3MEPUTEIHHOTO MEXaHU3Ma UHIAYKITMOHHON cucTeMBblI (puc. 4) -
B3aMMO/IeIICTBHE MarHUTHBIX MOJIEH, CO3/JaBaeMOe TOKaMH, TPOXOAALIMMHU O ABYM 0OMOTKaMm, ¢
TOKOM, HHIYLUPYEMBIM B AJIFOMUHUEBOM JIUCKE, HAXOSAIMIUMCS MEX1Y 3TUMU OOMOTKaMHU.

MexaHn3Mbl HHAYKIIMOHHON CHUCTEMBI OOBIYHO MPUMEHSIOT B MHTEIPUPYIOIUX MpUOOopax,
M03TOMY OCb, Ha KOTOPOH YKpEIJIEH JIUCK, Yepe3 CUCTEMY Nepeiad COSIUHSIIOT CO CUETHBIM
MeXaHU3MOM. Takoil MexaHM3M IPUMEHEH, HAIIPUMED, B YCTPONUCTBE CUETUYMKOB DIIEKTPUUECKON
SHEPIHH.

['maBHBIE YAaCTH CUETYMKA MIEKTPUUECKON FHEPTUu (CM. puc. 4) - TokoBasg oOMoTKa 1,
00MOTKa HanpsKEHUA2U aTFOMUHUEBBIA TUCK3. BHyTpu cueTunka BbIBOJIbI 0OMOTOK COETUHEHBI C
3akuMaMuSH6. [ BKIIIOYEHHS CUETUHKA B IIETIb €r0 TOKOBYI0 OOMOTKY COEIMHSIOT C Harpy3Kon
MoCJe0BaTENbHO, @ 0OMOTKY HaNpsKEHUS - napajienbHo. [Ipu npoxoxaeHun no oOMoTKaM
CUETYMKA MEPEMEHHOI0 TOKa B CEPJIEYHUKAX OOMOTOK BO3HUKAIOT IE€PEeMEHHbIE MarHUTHbIE
MOTOKH.

OTH nepeMeHHbIE MarHUTHBIE TIOTOKHU, IPOHU3BIBAsI ATFOMUHUEBBIN TUCK, UHAYLUPYIOT B HEM
BUXPEBbIE TOKU. B pe3ynbpTaTe B3auMoIeHCTBUSI MAarHUTHBIX TOJIE CEpAEUHUKOB U BUXPEBBIX
TOKOB B INCKE CO3JAE€TCsl BPAIIAIOIINNA MOMEHT, KOTOPBINA JEHCTBYET Ha JUCK U BPAILLAET €TO0.
YacroTa BpalieHus Jucka U notpedisiemMast 3JeKTprUIecKast SHEPrusl HaXOASATCs B IPSMOM
IPONOPLUOHAIBHON 3aBUCUMOCTH. 3HAYMT, IIKaJIy CYUETHOTO MEXaHU3Ma MOYKHO ITPOrpa ynpoBaTh
B €MHMIIAX DJIEKTPUUYECKON IHEPTHH.
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Puc. 4. OnekTtponameputenbHbIii
npunbop MHAYKLMOHHON CUCTEMBI:
1,2- 0OMOTKM TOKa U HanpsiKeHus;
3- guck;4- marnur;5,6- 3axkumsl B
npnbopax NHAYKLUMOHHOW CUCTEMBI,
B YACTHOCTM B cYeTYMKax

3neKTpuyeckom aHeprum (puc. 4),

ycnokouTesnb COCTOUT U3
NOCTOSIHHOrO MarHuTa 4u

antoMUHUEBOro gmcka 3

2.5. DneKTpoCcTaTUYeCKUE MEXaHU3MbI U UX IPUMEHEHHE

B anekTpocTaTuecKuX MEXaHU3MAX MEPEMEILICHUE TOABUKHOM YaCTH MPOUCXOIUT O
JIEMCTBUEM SHEPIUU 3JIEKTPUUECKOIO MO ACHCTBYIOIIET0 Ha 3apsKEHHBIN MPOBOAHUK, COTJIACHO
3akoHy JlopeHna, cienoBaTeabHO, B JAHHOM MEXaHU3ME, B OTJIMYUE OT MEXAHU3MOB JIPYTUX
CUCTEM, IEPEMEIICHHE MOJBUKHON YaCTH OCYILECTBIISIETCS 32 CUET JIEUCTBUS HEMOCPEACTBEHHO
MPUII0KEHHOTO HanpskeHus. [[03TOMy B OCHOBHOM 3JIEKTPOCTATUYECKUE MEXAHU3MBbI
MPUMEHSIOTCS B MPUOOpax, U3MEPSIIOMINX HAMPsHKEHUE, BOIbTMETPaXx.

[Tepemenienre nMOABMKHOM YaCTH BO BCEX KOHCTPYKIUAX AJEKTPOCTATUYECKUX
BOJILTMETPOB CBSI3aHO C U3BMEHEHUEM €MKOCTH CUCTEMBI. PacnpocTpaHneHne noay4dnsiu ABa BUaa
MEXaHU3MOB: U3MEHEHUE EMKOCTH B OJJHUX OCYLIECTBIISIETCA 3a CYET U3MEHEHUS IO N
AIIEKTPOJIOB (pHC. 5, a), a B IPYTroi - 3a CUET U3MEHEHUS PACCTOSIHHS MEXKIY 3JIEKTpoaaMu (puc.
5,0). [lepBBle IPUMEHSIOTCS B IEPEHOCHBIX BOJIBTMETPAX.

Puc. 5. YcrpoiictBo
AIEKTPOCTATUYECKOTO
HU3MEPUTEIILHOTO MEXaHU3Ma:
1- HEMTOABMKHBIHN IIEKTPOI;2-
MOJBH>KHBIN 3JIEKTPO]T

a) &)

HenoasuxHas yacTh 3JIEKTPOCTATUYECKOI0 MEXaHU3Ma COCTOUT U3 CUMMETPUYHO
PAaCIOJIOKEHHBIX U 3JIEKTPUUECKU COETUHEHHBIX 31eKTpooB 1. CekTopooOpa3Has miacTuHa 2
BMECTE C YKa3aTelleM, YKpeIIeHHas Ha OCH, 00pa3yloT MOABIKHYIO yacTk. [loa neiictBuem
HOBEICHHOTO K 3JIEKTPO/IaM HAIPSDKEHUS CO3/1aeTCsl SJIEKTPUIECKOE MOJIe.

Cuutbl 3JIEKTPUYECKOTO TOJIsE CTPEMSTCS OBEPHYTH MOABHKHYIO YaCTh TaK, YTOOBI SHEPTHSI
3TOrO MMOJIs OblJIa HAUOOJIBIIEH, T.€. YTOOBI MOIBMXKHBIN IEKTPO BTSITUBAJICS B IPOCTPAHCTBO
MEX/y HETOABM)KHBIMH 3JIEKTPOJIaMH ¥ TOBOpAaYMBall ykazarelsb. [[oABMKHAS YacTh MOXKET OBITh
YKpeTIeHa Ha OIIopax, pacTsHKKaX MM TIO/IBECE, a B KAYeCTBE yKas3aTesss KpOMe CTPEIIKU
OPUMEHSIOT CBETOBOH JTy4. DIEKTPO/IbI U3TOTOBIISIOT U3 ATFOMUHHUSL.

B SJICKTPOCTATUICCKUX MCXaHU3MaX IMPUMCHSAIOT 00JIbIIIEH YACTBIO MAarHuTOMHAYKIIHOHHEBIC
YCIIOKOUTEIH, PEXKE - BO3TYIIHbIE.
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DNeKTpOCTaTUUECKHE BOJIBTMETPBI UCTIONB3YIOT ISl U3MEPEHHSI TIOCTOSIHHOTO U
NepeMEeHHOT0 HanpspkeHust yactotoit o 20 ' 1o 40 MI'n. Illkana takux npuOopos B paboueii
YacTH MOYTU PaBHOMEPHAsl, TOYHOCTh U UyBCTBUTEIBHOCTb UX HEBEJIUKU.

DJeKTpUYECKHEe BOJBTMETPHI IPU U3MEPEHUU Ha TOCTOSIHHOM HAIPSKEHUH COBEPILEHHO HE
NOTPEOIIAIOT ANEKTPUUYECKYIO SHEPTHUIO, a HA TIEPEMEHHOM HAIPSHKEHUH MOIIHOCTH MOTPEOICHNUs ee
HUYTOKHA. [l pacIiupeHus NpeaeaoB U3MEPEHUs Ha IEPEMEHHOM HAPSKEHUH PUMEHSIOT
OJIMH WJIH J1Ba T00ABOYHBIX KOHACHCATOPA, KOTOPHIE BKIIOYAIOT MOCIEI0BATEIBHO ¢ IPUOOPOM.

3. TexHn4yecKue XapakTepUCTUKU

OCHOBHOM XapaKTEpUCTUKOH JIEKTPOU3ZMEPHUTEIBHOTO NpHOOpa siBiIsgeTcs Kiacc TouHocTu. Kiace
TOYHOCTH ONPEAEIAETCA B 3aBUCMOCTH OT IIpe/elia TOIMyCTUMOM MOTPeuIHOCTH Mpubopa, HO HE
ABJISICTCSA XaPAKTEPUCTUKON CTENIEHH TOYHOCTH ITPOU3BOAUMBIX U3MEPEHUH.

:yOTHOIIEHUE a0COMIOTHOM MOTPEUTHOCTH MPUOOpa K 3HAYCHUIO KOHEUHOW OTMETKH IIIKaJbI,
Ha3bIBAIOT IIPUBEIEHHON MOTPEIIHOCTHIO

AA

Y=—" 100% rae AA - aGcomoTHas NOrpemHocTh; A - KOHEYHAs OTMETKA IIKAIIbI
B s K .
<

Haubonpmras gomyctumast puBeIeHHAs OTPEIIHOCTD ONPENENsieT KIacC TOYHOCTH
npubopa. J{1s 3eKTpou3MepUTENbHBIX IPUOOPOB YCTAHOBIEHO BOCceMb KiiaccoB TouHOCTH: 0,05;
0,1;0,2; 0,5; 1,0; 1,5; 2,5; 4,0. ITpubops! kinacca Tounoctu 0,05 - Hanbosiee TOUHBI.

B nmacnopre npubopa u Ha ero mkale TaKke YKa3blBaloT IPYrHe CBEIEHUS, KOTOPbIE
MO3BOJISIOT NIPaBUIIBLHO BBIOpaTh MPUOOP B 3aBUCUMOCTH OT YCJIOBHM 3KCILTyaTalluy ¥ IOMOTa0T
MPABUJIBHO MOJIH30BATHCS UM MPH BBIMOJIHEHUN U3MEPEHUIA.

CreneHsp 3alIMIIEHHOCTH OT BHEITHMX MAarHUTHBIX MOJIel 0003HavaoT puMckumu mudpamu I, 11,
11, IV (uem menbie nudpa, Tem npuOOp JIydIie 3aluiieH OT MArHUTHBIX MOJICH ).

Ha mikane npubopa yka3bIBaroT TakXe poJl TOKa U MOJSIPHOCTh 3aKUMOB (CM. Tabu. 1);
IIpeJIEeNbHO AOMYCKAEMOE 3HAUEHUE U3MEPSIEMOI BEJIMUMHBI, XapaKTEPU3YIOIllee YCTOMUNBOCTh
npubopa Mo OTHOUICHHIO K HArpy3Ke; YCTOMUMBOCTh K MEXaHUYECKUM BO3ACUCTBUSM (HAIIPUMeED,
OII- o6sikHOBeHHBIE, BII - BUbponpounsie, YII - yaraponpouHsle); 3alIMIIEHHOCTh KOpITyca OT
BO3/EUCTBUS BHELIHEN cpeabl (Hanpumep, b - Opbi3ro3amuiienssiid, I'm - repmernyeckui, 113 -
NbUIE3alUIIEHHBIN ); 3HAYEHHE HAIIPSHKEHUS, TPU KOTOPOM HCTIbITaHA U30JISILHS, 3aBOJICKON HOMED,
T'OJl BBIITYCKa U THII IpHOOpa.

VYcnoBust paboThl mpubOpa Mpu COOTBETCTBYIOIIUX TEMITEpATypax M BIAKHOCTH 0003HAYAIOT HA
mikane OykBamu:

C u otHOCHTeNnbHOM BiaxHOCTH 110 80 %;°10 +35°A - HOpMalIbHO paboTaeT MpH TEMIEpaType
OKpY’Karo1ero Bo3ayxa ot +10

C u otHOCHTeNbHOU BiaxHOCTH 110 80 %;°10 +50°b - HOpManbHO paboTaeT Mpu TemMIeparype
OKpY>Karoiero Bo3ayxa ot -20

C u oTHOCHUTENBHOM BraXHOCTH 10 98 %.°10 +60°B - HOpManbHO paboTaeT mpu TemrepaType
OKpY>KaroIero Bo3ayxa ot -40

Tabauya 1Y cnoBHble 0003HAYEHMSI HA IIKAIAX 3JIEKTPOU3IMEPUTEIBHBIX TPUOOPOB

YcnoBHbIE PacmudpoBka ycioBHOr0 0003HauEHUS
0003HaYeHHS

N MarHuTo31eKTpUIecKuil mpudop

-

{ DJIeKTPOMarHUTHBIA TIPHUOOP
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DIEKTPOUHAMUYECKHA TPHOOP

NHayKImoHHBIN prbop

DeppoarHaAMUYECKUI TIPHOOP

JloromeTp MarHUTO3IEKTPUIECKUI

Jloromerp 31€KTpOMarHUTHBIN

Hanpsixenue ucnbitatensHoe 2 kB

(% W 2@ el

[Tpubop NMpUMEHSTH MPH BEPTUKATLHOM IMOJIOKEHUH HIKAbI

O0o3HaueHe KiIacca TOUYHOCTH

W

KoppekTop

Appetup

> Q)

CMOTpI/I AOIOJTHHUTECIbHBIC YKAa3aHU B IMACTIOPTE WJIM MHCTPYKIHHU 10 SKCILTyaTalluu

HOpHIIOK BBIITOJIHCHU S pa6OTBI

1. O3HaKOMUTBCS C TEXHUUECKHUMH XapPaKTEPUCTUKAMU IIIEKTPOU3IMEPUTEIHHBIX PUOOPOB,
BBICTABJICHHBIX HAa CTCHAC.

2. CocTaBuTh TaOIUIy TEXHUYECKUX XaPAaKTEPUCTHK U3YUYEHHBIX TPUOOPOB MO IpUIaraeMoi
dbopme (cM. Tabd. 2).

3. I3y4nTh CXeMbI BKIIFOYCHHS aMIIEpPMETPa, BOJIbTMETPA, BATTMETPA U CUCTYHMKA AICKTPHUECKOM
SHEPTHHU B ICIIb, COTJIACHO IMMPpHUJIAaracMbIM K HUM MHCTPYKIUAM WA TEXHUYCCKUM IMACIIOpTaM.

4. CoOpatb cxemy AJisl DIEKTPUIECKUX U3MEPEHHI CUJIbI TOKA, HAMIPSHKEHUS, TOTPEOIIsieMoit
MOIIIHOCTH B AJIEKTPUUYECKUX LIETIAX TabopaTopHoro cteHaa. [Ipudopsl BEIOpATh MO YKa3aHUIO
nperno/iaBaTers.

5. ITox koHTpOJIEM TIpernoaaBaTes IPOBECTH U3MEPEHHUS.

TexHuueckue XapakTepuCTUKU PUOOPOB Tabruya 2

XapakTepUCTHKH PHUOOPOB [Ipubopmn

Ha3Banue npubopa

Cucrema npubopoB

Tun npubopa

Bup usmepsiemoil BenuuuHbI

IIpenens! uamepennit

Ilena nenenus

Knacc Toynoctu

3aBoJCKOI HOMEpP
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T'ox Brimycka

Coneprkanue oTyeTa

1. Ha3Banwue u 11enp paboThI.

2. PUCYHKH ¥ CXEMBI, MOSICHSIOIIME TPUHIUIT ICHCTBUS IPUOOPOB, M3YUCHHBIX B JIAOOPATOPHOU
pabote, ux ycioBHbIe 0003HaueHus (puc. 1, 20, 28, 3, 50).

3. TexHuuecKre XapaKTEPUCTHKH TPUOOPOB.

KoHTponbHbIE BOIIPOCHI

1. Kak yCTpo€H U U3 KaKUX YacCTe COCTOUT U3MEPUTEIbHBIA MEXAHU3M JIEKTPOMEXAHUUECKUX
npubopoB?

2. B yem 3akiroyaeTcs NPUHIMI JEHCTBUS JIEKTPOU3IMEPUTEIBHBIX MEXaHU3MOB
MarHUTORJIEKTPUUECKON CUCTEMBI?

3. IlpuHuun aecTBusi NpUOOPOB ANEKTPOMArHUTHOU CUCTEMBI.

4. ITpuHuun nefcTBrs NpUOOPOB AIEKTPOAUHAMUYECKON CUCTEMBI.

5. Ilpunnun aeicTBUs NpHOOPOB UHAYKLIIMOHHOM CUCTEMBI.

6. IlpuHiun aelicTBUs NPUOOPOB IJAEKTPOCTATHUECKONW CHCTEMBI.

7. CpaBHUTb TOCTOMHCTBA U HEJOCTATKU U3MEPUTEIIBHBIX MEXAHU3MOB Pa3JIMYHbIX CUCTEM.

8. CxeMmbl BKIIIOUEHUS aMIIEpMETPa, BOJTMETPA, BATTMETPA, CUETUHKA IJIEKTPUUECKOIN SHEPTUH.

9. Kakue u3 pacCMOTPEHHBIX B pabOTe CHUCTEM MPHOOPOB MOXKHO NMPUMEHSTH JIUIsl U3MEPEHUHN B
LENIX ITOCTOSIHHOI'O TOKa?

10. IIpubop Kakoi cUCTEMbI HEJB3sI IPUMEHSTH B LIETIAX MOCTOSIHHOI'O TOKa?

11. IIpubop xakoii cucreMbl UMeeT Hanbosiee MMPOKUH AUana3oH paboyux 4yacToT?

12. Kak onpenensieTcs 1ieHa AeICHUs Kbl TPHOOPOB?

13. Ha xakue Kj1acchl TOYHOCTH JEIATCS 3IEKTPOU3MEpHUTEIbHbIE TPUOOPHI?

14. Yto 03Hay4aroT yCIOBHbIE 0003HAYEHUS Ha LIKae IpubopoB?
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OTYET
[To mpaktuueckoi padore Ne 5

Br160op npubopoB, UCTIOIB3YEMBIX ISl ONIPEACIICHUS TAPAMETPOB IEKTPUUECKON
Henu

Lenb paboTel: OnpenenuTs U BIOpAaTh HEOOXOAUMBIX JIJISl H3MEPEHUS AIEKTPUUECKUX ITapaMeTpOB
B IIeTIH U3MEPUTENIBHBIX MPUOOPOB. PaccunTarh Kitacc TOUHOCTH MprOopa, aOCONIOTHYIO U
OTHOCHUTEIIbHYIO MOTPEUTHOCTH H3MEpeHUs. BKIIIOUNTh U3MepuTenbHble MPUOOPHI B
IIEKTPUYECKYIO LIEIIb.

JList u3MepeHus 3IEKTPUIECKUX MapaMeTpOB B LIEMTH HEOOXOMMO BKIIOUUTH
U3MepHUTeNbHbIE TPHOOPHL.  JIJ1s M3MEpeHHsI TOKa B KaKOH- THO00 yJacTKe IMEKTPUIECKON [eTn
amIepMeTp HaJ0 BKIIOYUTH TaK , YTOOBI H3MEPSIEMbIH TOK MPOXOHI uepe3 Hero. Crie1oBaTenbHo ,
aMIIepMETP BKIIIOYACTCS HOC/1€008AMENbHO C TEM COIPOTUBICHHEM ,TOK B KOTOPOM
HE00X0UMO U3MEPUTh

R
[

BonpT™MeTp BKIIOYAIOT nApaniensHo TOMY CONPOTHBICHUIO, HANpsHKEHHE Ha KOTOPOM
HE00X0IUMO U3MEPUTh

R;
]

Jis M3MepeHusT MOIIHOCTHM B LEMSAX IOCTOSHHOTO TOKa
UCTIONB3YIOT ~BAaTTMETP  AJIEKTPOJUHAMHUYECKONW  CHCTEMBI.
HenoasmwxkHyto  (aMnepMeTpoByr0) OOMOTKY  BaTTMeTpa
BKIIIOYAIOT B IIeMb  IOCJIEJOBATENbHO,  MOJIBMKHYIO
(BOJIBTMETPOBYIO) —apajlIeIbHO TOTPEOUTEITIO.

B cooTBeTcCTBMM C STHM Ha JIMIEBYIO MaHENlb BaTTMETpa
BBIBEJICHBI YETHIPE 3aKHMMa, JBa W3 KOTOPHIX 0003HAYAIOT
cuMmBoiioM —* I (TOKOBBIE 3aXUMBI), a JBa JPYIHX—
cumBosioM —*U (3axxuMbl HampspkeHus). /JIBa 3axuma
MOMEUEHBI 3BE3JJ0YKAMHU * Ha3bIBAIOT T€HEPATOPHBIMHU.

Cxema BKIIIOUCHHUS BATTMETpa

PaCCMOTpI/IM PCHICHUC TUIIOBOTO ITPUMEPaA
I_[CHB MNEPpEMCHHOTO TOKa CO CMCIIAHHBIM COCAWHCHUEM PCE3UCTOPOB COCTOUT U3 I-ICTI:IpéX

pesuctopoB. B anekTpuueckoii nemnu uepes pesuctop R 4 nmpoxoaut Tox I 4= 1,3 A,
a Ha pesucrope R ; nanaer Hanpsokenune U ;=113 B.
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Jns u3MepeHusi HampsHKEHHUS HA 3aJlaHHOM PE3UCTOpe, TOKa B 3aJaHHOM PE3UCTOpe M oOiIeit
MOIITHOCTH BCEH LIeTM HEOOXOJMMO B 3JEKTPUUECKYIO CXEMY BKJIIOUUTH BOJIBTMETP, aMIEPMETpP U
BaTT™MeTp. HauepTuTh sneKkTpuuecKkyr Ienb C u3MepurenbHbiMU mpuOopamu. IlomoOpath mo

TabMUIlaM  BOJIBTMETP M aMIepMeTp Ui HW3MEPEeHUs 3aJaHHBIX TapaMeTpoB  LIEMH,
o0ecrevynBaroIyl0 HAMMEHBIIYIO OTPEITHOCTA U MOJCUYUTATh 3TY MOTPEIIHOCTh!
R
R, R; R,
L=
Tadoauuna Ne 1 Knacc mounocmu u éepxnuii npeoen uzmepenus amnepmempos
Ne | Knacc Bepxnuii No Knacce Bepxnuii Ne Knacce Bepxnuii
mounoc | npeoen mouHocmu | npeoein mouHocm | npeoen
mu 'y % usmepeHusl, Y % usmepenus A uy % usmepenus, A
A
1 1,5 1 7 1,5 5 13 1,5 20
2 2,5 1 8 4,0 5 14 1,0 20
3 2,5 2 9 1,0 10 15 1,5 25
4 1,0 2 10 2,5 10 16 2,5 25
5 1,5 3 11 2,5 15 17 1,0 30
6 2,5 3 12 4,0 15 18 4,0 30
Tadoauua Ne 2 Knacc mounocmu u éepxnuii npeden uzmepenus 6016mMempos
Ne | Knacc Bepxnuti Ne Knacc Bepxnuii Ne Knacc Bepxruti
mouHoc — ppeoen mouHocmu | npeoein mouHocm  ppeoern
muy%  uzmepenus B Y % usmepenus B u y% usmepenus, B
1 1,5 0,5 8 1,5 10 15 1,5 50
2 2,5 1,5 9 2,5 250 16 2,5 70
3 2,5 1,0 10 4,0 300 17 4,0 75
4 2,5 2,0 11 2,5 10 18 1,5 100
5 4,0 2,0 12 1,5 15 19 1,5 300
6 2,5 3,0 13 2,5 30 20 2,5 500
7 4,0 5,0 4,0 30

Tak kak He0OXOAUMO U3MEPHUTH TOK B YETBEPTOM PE3UCTOPE TO aMIIEPMETP BKITIOUAEM
MIOCJIEI0BATEIBHO C UETBEPTHIM PE3UCTOPOM
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Q

I[J'IH HU3MCPCHUA HAIIPSXKCHHA HAa BTOPOM PE3UCTOPC BOJIBTMCTP BKIIHOUACM ITAPAJIJICIIBHO EMY.
R

— 1

O [
Ay

Q

I[JI?I HN3MCPCHUSA MOIIHOCTHU SHCKTpI/I‘ICCKOﬁ LCIK BKIKOYaEM BaTTMECTP

(=

Yrto6b! IpaBUIILHO BHIOpATh ammnepMeTp it usmepenus toka I 4 = 1,3 A, nonb3yemcs
tabnuueit Ne 1 mo npaBuny I ,, =1 4 Jlydie Bcex moaxoauts amnepmetp ¢ I goy =2 A u
kjaccoM ToyHoctd ¥y = 1,0 % ( B Tabnuue amnepmerp cTouT Ned)

Knacc TounocTu nmpubopa 4rciaeHo paBeH NpUBeIEHHON MOrPeIHOCTH Mprudopa

y = a4 100% > The A moy —HOMMHAJIBbHAS BEJIMYMHA IPUOOpPa (BEpXHUI IpeAes ero

HOM

U3MEpEHUs)
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W3 BeIe mpuBeAEHHOM (OPMYITBI HAXOIUM a0COIOTHYIO TIOTPEIIHOCTh U3MEPEHHUS
_y A, 1.0%-2A
©100%  100%

Onpez[emleM OTHOCHUTCIIbHYIO ITIOI'PCIIHOCTDb I/I3MepeHI/I$I I10 (bopMyne:

8= &100% = 0,024 100% = 1,54%
A 1.3A

1
UT0oOBI MpaBWIIBHO BEIOPATh BOJBTMETP B Tabsuiie Ne 2 111 M3MepeHus HaNpsDKSHUS Ha
BTOpOoM pe3ucrope U ; =113 B. npumeHsieM 10 ke ycinoBue, a uMeHHO Ugoym = U>
Jlyume Bcex moaxoauth BoabT™MeTp B Tabmuie Ne 9 ¢ U gou = 250 B v K1accoM TOYHOCTH Y =
5%.

AHaJIOTHYHO OTPEENsieM MOTPEITHOCTH U3MEPECHHS

=0,02A

AGCOJIOTHas TIOrPELIHOCTb [P M3MEPEHHH HAPSKEHHS.  AA = 2 A _25%-250B _ 6,258
OmnpejienseM OTHOCUTENBHYIO TIOIPEIIHOCTh U3MEPEHUS 110 100% 100%
dopmyre Al 0258 1000 = 5.53%

0 =—-100% =
113B

1
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[TpakTudeckas padora Ne 6

W3mepuTenbHble MEXaHU3MbI aHAJIOTOBBIX PUOOPOB U PACIIUPEHUE TIPEIETIOB
U3MEPEHHUS AMIIEPMETPOB

Lenp paboTel: 3HAKOMCTBO C NPUHILIMIIOM  JEHCTBUS, C KOHCTPYKLIMEW, OCHOBaMHU TEOPHUH U
MPUMEHEHUSI HM3MEPUTEIbHBIX MEXaHM3MOB M  PACIIMPEHUs TMPEACIOB HM3MEpPEHUsi MpPUOOpPOB
MarHMTORJIEKTPUIECKON CUCTEMBI.

KPATKHUE TEOPETUYECKHUE CBEJIEHM A

W3meputenbHplid  TpUOOP MAarHUTO -  AJICKTPUUYECKON d
cuctembl (puc.l, 2) ycrpoen ciemyrommm obOpasom. Ha '
JETKYI0 QIIOMHUHHEBYIO pPaMKy 2 TPSIMOYTOJIbHON (Gopmbl
HaMaTbIBAIOT KAaTYILKY U3 TOHKOTO npoBoja. PaMky kpendar Ha
aByx monyocsix O m O, K KOTOpPBIM TaKXke IpHUKpEIIeHa
crpenka mpubopa 4. Och ynaepXKUBaeTcs ABYMS TOHKUMH
cnupagbHbIMU npyXuHamu 3. Cuasl ynpysocmu TPYKHH,
BO3BpAIllAlOIIME€ pPAMKy K TIOJIOXKEHUIO paBHOBECHS B
OTCYTCTBHE TOKa, TMOAOOpaHbl TaKWMH, YTOOBI  OBLIU
IPONOPLUUOHAIBHBIMA Y2y ~ OMKIOHEHUs — Cmpenku  OT
MOJIOKEHUs  paBHOBecHs. KaTymiky mOMeHmaloT Mexay
ROMIOCAMU  NOCMOSIHHO20 MazHuma M ¢ HaKOHEYHHKaMU
dbopMbI MONOr0 UWIMHApA. BHYTpHM KaTyIIKH pacroyiararoT
mwmHIp 1 U3 MArKOoro keneza. Takasgs KOHCTPYKIIHS
o0OecrieunBaeT pagualbHOE HAMpaBICHUE JIMHUM MarHUTHOMN
MHAYKIUA B OONACTH HAXOXKJCHHS BUTKOB KaTyWKH . B pyc | Buemmmii Bun
pesyiabrare IpU  JIOOOM  MOJOXEHUH  KAaTYWIKH — CHIbBL,  \arguTodNeKTpUYeCKOro MeXaHu3Ma
JEUCTByIOIME Ha HEE CO CTOPOHBl MAarHUTHOIO IOJIf,

MaKCHMaJbHbl U IPU HEU3MEHHOM CHJIE TOKA OCTOSTHHHBI.

Bpamaromuii MOMEHT, TOBOPAYMBAOIINNA CTPEIIKY, CO3AAETCSA B3aUMOICCTBUEM KATYIIKH C
TOKOM C TIOJIEM TIOCTOSTHHOTO ~ MarHuTa (3aKoH AMIIepa):

Mpepr=kiBll=k>/

IIpoTnBOAEHCTBYIONINII MOMEHT CO3JIAETCS KPYUEHUEM PACTSKEK WU NPYKUH. OHU cITyKaT
BMECTE C T€M JJIs 10/IBOJIa TOKA B MOJIBU)KHYIO YaCTh!

Mnr=k:a D

IIpu n3mMepenn MOMEHTEI paBHBI M gp =M pp. CiieioBaTenLHO,

YroJI OTKJIOHEHUS IOJBUKHOW 4acTH MPSIMO ITPONOPLUOHATIEH Puc. 3 YcIoBHOE 0603HAYCHIE
U3MCPACMOMY TOKY: MarHUTOXJIEKTPUYECKON CUCTEMBI
a=c/ Ha 1IKaje mpubdopa
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Puc. 4 Cxema HOIKIIFOUYEHUS
LIYHTa K aMIIEPMETPY

Hocmouncmea: 601bIIasi TOYHOCTD, BBICOKAS
YyBCTBUTEIBHOCTh, PABHOMEpHAs LIKAJIa, MaJIoe
noTpe0IeHne SHEPTUH, MAJIOE BIIMSIHUE HA HUX
BHEITHUX MarHUTHBIX MOJEH, I0CTaTOYHO ObICTpOE
YCIIOKOEHHUE CTPEIIKH.

Heoocmamku. BbICOKasi CTOUMOCTb,
YyBCTBUTEIBHOCTB K IIEPETPy3KaM, IIPUTOTHOCTh
TOJIBKO J1JIs1 TIOCTOSIHHOTO TOKA.

Puc.2 Cxema o0pa3oBaHUs
MexaHudeckon cwiabl F, aBwxkymen

aMKy ¢ TOKOM 10 3akoHy Amnepa
PaMKy 3 y p Llynm npuUMEHSIOT Il paCIIMPEHUS MPEIEIIOB

(0. — yrosa OTKJIOHEHHUS PaMKH). n3Mepenus amnepmerpa. OH npeacTasiser coooi
YETBIPEX 3aKUMHBIN pe3ucTop. JlBa BXOIHBIX

3a)KUMa, K KOTOPBIM MOJIBOJAUTCS TOK, HA3bIBAIOT MOKOGbIMIUL, A IBA BBIXOJHBIX 32KHMa, C KOTOPBIX
CHUMAETCS HallPsHKEHHUE, MX HAa3bIBAIOT NOMEHYUATIbHBIMUL.
K moTeHnuanbHbIM 3aKUMaM MPUCOCAUHSIOT U3MepUTelbHbIN Mexanu3M (MM) mnpubopa (puc. 4).
ConpoTuBJICHNE IITYHTA OMPEIEIIETCS:

R, =4

ur —
n—1

rae R4 - BHyTpEHHEE CONPOTHUBIICHUE AMIIEPMETPA;
n - KoO3(Q(PUIMEHT UIYHTUPOBAHUS MTOKA3bIBAET, BO CKOJIKO Pa3 paclIMpsIOTCS Mpeiesbl

H3MEPEHUS aMIIEpPMETPA. I
n=—
1 A

I[NOPAIOK BBIITIOJIHEHMA PABOTbI

1. Os3HakoMuThCS ¢ TpUOOpPaMH, TMPEJICTABICHHBIMH B MPAKTUYECKOH paboTe, MCIONb3ys
0003HavYeHUsI Ha TaHeJsAX NpubopoB, 3aHecTH B Tabmuiry Ne 1.
2. H3yuyuTb KOHCTPYKTHBHBIE 0OCOOEHHOCTH, MPUHLUI JIeiicTBUA prOOpoB B Tabmuiy Ne 1

31



Taommma Ne 1

A,

Az

.| Kimacc mpubopa 1o ycioBusiM SKCILTyaTaiuu

1. | HammenoBanue mpudopa
2. | Tun npubopa

3. | Cucrema npubopa

4.| Pox Toka u yncio ¢a3
5.| Knacc Tounoctu

6. | Ilpenensl usmepenus
7. | Tun mkanel

8. | Llena nenenus

9./ TOCT

10

11

. KaTeI‘OpI/ISI 3aII_II/IIJ_IéHHOCTI/I OT BJIMSAHHUA BHCIIHUX

MarHUTHBIX ITOJICH

12.

Pabouee monoxenune npudbopa

13.

HpO‘IHOCTL N300

14.

HomuHanbsHas 4acToTa WM IUAIa3oH 9acToT,
B KOTOPOM paboTaeT nmpudop

15.

Hannune koppekropa

16.

I'onx BeImycka

17.

3aBOJICKOI HOMED

18.

[Ipumeyanue

3. Onpenenuth CONPOTUBIIEHNE U3MEPUTEIBLHOTO MeXaHu3Ma Ry, MyabTuMeTpoM (mpenen 2 kOm)
U 3amucarhb ero 3HaueHue B Tabnuiry Ne 2.
4 .BpIYMCIINTD BEIUUMHY TOKA, IPOTEKAIOLIETO Yepe3 U3MEPUTEIbHBIA  MEXaHU3M 10 3akoHy OMa u

3anucath B TaOmuy Ne 2, U=9B. I yyy= U/ Ry = 9/ R um

5. 3amepuTh BETMUNHBI COTPOTUBIIEHUH IIYHTOB (334aETCs MPENoAaBaTesieM) MYyJIbTUMETPOM
(kana Q, npenen 200 Om) u 3anucaTh UX BEIUUUHBI B Ta0nuiy Ne2.

Tao6mmia Ne2
N3mepeno Brruncieno
Tun R um| N oen N  Oen R w Tum == Tnom=
npubopa no wiKkane | mMax no R, =n Iyy
amnepmemp| wikae +1
a Ry,
Om Om A A
! 1
2
1
2
2
|
3
2

6. Beruncnuth koaguuueHT myntupoBanus n. [U3 dopmyinsl Rzu = RHM/ (n—1)]

omnpenenseM K03(pPUIueHT IIyHTUPOBaHUSI.
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7.. BEIUMCIIUTB 3HAUYEHUE U3MEPSIEMOTO TOKA B PE3YJILTATE PACIIMPEHHS TIPEIEIA U3MEPEHUS
npubopa (NaHHBIA MIYHT MOAKIIOYAIOT IapaLIEIbHO H3MEPUTEILHOMY MEXaHU3MY) 110 HOpMYIIE:
Trom = n Iy

Brmonnaunte 3aJaHuC:

1./I1s1 4ero NpUMEHSIIOT UIYHTHI JJI1 aMIIEPMETPOB

2. IyHT K amMmnepMeTpy BKJIIOYAIOT

3. 3anummuTe u3BeCTHRIE BaM crcTeMbl OJICKTPOU3SMEPHUTECIIBbHBIX HpI/I60pOB

4 .Knacc ToyHocTH npubopa 0603HavYaeTcs y =

5. Kakme  oOmme  27€eMEHTBl  HMMEIOTCSI B MEXaHM3Max  3JIEKTPOU3MEPUTENbHBIX
puoopoB?

6. [Ipenen u3mepenus: amnepmerpa

7. Leny JCIICHUS npudopa, BKJIFOYEHHOTO c LIYHTOM,

OIIPEICTISIFOT

8. 3apI/ICOBaTI> CXEMY NOAKIIKOYCHUS NIYHTA K aMIICPMETPY.

JIABOPATOPHA PABOTA Ne 7

[IpoBepka aHaIOTOBBIX MPUOOPOB U PACIIUPEHUE TTPEACIOB U3MEPEHUS BOJIBTMETPOB

Ilens pabGoTbl: O3HAKOMHUTBCS C METOJMKON NPOBEPKM AaHAJIOrOBBIX NPUOOPOB U ONPEAEIUTH
HEKOTOpBhIE METPOJIOTMUECKHUE XapaKTepUCTHKU NpubopoB.  M3yduuTh crnocoObl paciiupeHus
IIPEIEIIOB U3MEPEHMS BOJILTMETPOB.

KPATKHUE TEOPETUYECKHUE CBEJAEHWA

[ToBepka cCpencTB HM3MEpEeHUsT — 3TO YCTAaHOBJIEHHE IPUTOJHOCTU CPENCTB HM3MEPEHHH K
MPUMEHEHHIO Ha OCHOBAaHUH 3KCIEPUMEHTAIBHO ONpPEAEsieMbIX METPOJIOTHUYECKUX XapaKTEPUCTHK
U KOHTPOJIS UX COOTBETCTBUS YCTAHOBJIEHHBIM TPEOOBAHUSIM.

[ToBepky mNpOU3BOAST OpraHbl TOCYAAPCTBEHHOM METPOJIOrMYEcKOl CiayXObl, BO3JIaraeMble
['occranmaprom, wuiaM Jpyrue OQUIMAIBHO YIOJHOMOYEHHbIe opraHuzanuu. Ilpocreiimmm
METOJIOM TOBEpPKU SIBJISIETCS CpaBHEHHE IIOKa3aHUM MOBEpsAeMOro npubopa ¢ TMOKa3aHUSIMHU
o0pa3noBoro (3TanoHHOro) npubdopa. Beibop ob6pasuoBoro mpubopa mpou3BOIUTCS MO POIY TOKA,
M0 €r0 HOMUHAJIbHOM BETMYHMHE, MO KJIACCY TOYHOCTH.
OCHOBHOH  METPOJIOTMYECKON XapaKTEPUCTUKOW CpENCTB
M3MEPEHUS SBIISETCS €ro MOrPEHIHOCTh, KOTOpasi BBIPAXKAETCs
B BUIe aOCONIOTHOH, OTHOCHUTENBHOH © MPUBEAEHHOMN
MTOTPEUIHOCTEM.




Bapuanuu mokazaHuii — 3TO pa3HOCTh MOKa3aHWi MpUOOpa B OJHOM M TOW K€ TOYKE Jraria3oHa
M3MEPEHUI MPU MIIAaBHOM MOJIXO0/I€ «CIPABa» U «CJIEBa» K 3TOM TOUKE.

Jlomyckaemasi Bapualiys He J0JKHA IPEBBIIIATH Mpeiesa TOMYCKaeMOi OCHOBHON MOTPEIIHOCTH.
[TprbGopbl ¢ HECKONBKUMH IIKAJIAMU WM TPUOOPBI, U3MEPSIONINE HECKOIHKO BEIWYHH, JTOJKHBI
OBITh MOBEPEHBbl HA KaXJOW IIKaJe W MO KaxI0i u3MepseMoil BenuuuHe. [[ns pacumupeHus
NPENeNoB M3MEpPEeHHs TPHOOPOB MPUMEHSIOT IMYyHTHI W J00aBOYHBIE COMPOTUBICHHS. J[s
paciiupeHusi MpeaesoB H3MEpPEHHUs M0 HANpsHKEHHIO CIyXaT J00aBOYHBIE COMPOTHBIICHHUS,
KOTOpBIE BKJIIOYAIOT MOCIIEIOBATENBHO ¢ u3MepuTesbHbiM nprudopom (UM) puc. 1 ConpoTusieHue
nobaBoyHoe onpexaenserca no popmyne: Ry = Ry (m — 1), 20e m = U/ U py — x03ppunimeHt
pacIIMpeHHUsl.

MMOPAIOK BBITIOJIHEHU S PABOThI
1.3anucarp B Tabnuily 1 OCHOBHBIE TEXHUYECKUE XaPaKTEPUCTUKH TPUOOPOB

Tabmuna 1
OcHOBHBIE Tun nmpubopa
TEXHUUYECKUE OJ1. BOJIBTMETP [Tudposoii BoasT™merp
XapaKTEPUCTUKHU B3-38 MS890G 2-545
IIpenensl n3MepeHus
Tun mkansl

Howm nuamaszon uyactot, I'11.

Knacc Tounoctu

Ilena neneHus

CobOpaTh DJIEKTPUYECKYIO IeMb IO puc. 2 U ToKa3aTh &
MPENo/IaBaTelo. @
W3MeHsst CONpOTUBIICHUE PEOCTaTa, BEICTABUTh HANpPsDKEHUE Ha
HEM COIJIacHO TabiuLe. @
Hanpsbkenue cHayana yBeInuuBaTh OT HYJIS O MAKCUMATIBHOTO o
3HA4YEHUS, a TOTOM YMEHBIIATh OT MAKCUMAIBHOTO 3HAYEHUS 10 |~
nyni. [lokazanue mpubopoB 3anucath B Tadauiry No2. AN ( ) —

220B

Tao6muma Ne2

Mo U3MEPEHO Puc 2

n/n U, U, U, I

B B B A

0B
10 B
20B
30 B
40 B
50B
60 B
70 B
80 B
70 B
60 B
50B
40 B

~NINO[|CoOIN [N alKN|[WN |~

S

~
~

~
\S)

~
W
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14 30B
15 20 B
16 10 B
17 0B

4. Bapuanus nokazanud AU = U;- Ur,um AU = U;- U;
Onpenenuts HaMOOJBIIYIO BapHalHIio MokazaHuit A U

5. 1o6aBOYHBIE COMTPOTHUBIICHHS CITYKAT JIJIsl PACIIMPEHUS MPEIeia U3MEPEHHUS BOIbTMETPA.
Onpenenutb HOBBIN Tipeaen usmepenus Boibt™merpa U, AU, m, S u Cpp,

[Ipaktuueckast pabora Ne 8

DneKTpoHHBIH M(POoBOI BobTMETp B7 — 26

I{ens paGoThI:

1. O3HAaKOMHUTBCS C YCTPOHUCTBOM M IMPUHIIUIIOM JCHCTBHSI AJIEKTPOHHOTO IIU(PPOBOTO BOJIBTMETPA,
¢ 00001IEHHON CTPYKTYPHOU CXEMOM 3JIEKTPOHHOI0 LIU(PPOBOTo BOIBTMETPA.

2. [IpakTuyeckoe 03HaKOMJIEHUE C BOJIBTMETPOM YHHUBEpcaabHbIM B7 — 26, ero TeXHUYeCKuX
naHHbIX. OrnpeneneHue Tuana3oHoB HU3MepsieMbIX IPUOOPOM MEPEMEHHBIX HAPSKEHUH,
CONPOTHUBIICHUH ITOCTOSIHHOMY TOKY. Paccunrars npenen 1onyckaeMoi IpuBEACHHON OCHOBHON
HOTPEIIHOCTY NpUOOpa MpU U3MEPEHUH NEPEMEHHOTO HAPSKEHUsI, IPU U3MEHEHUHU
COINPOTUBIICHUS IOCTOSTHHOMY TOKY. [IpoBecTH MOAroTOBKY K IPOBEJAEHUIO U3MEPEHUI U TPOBECTU
WU3MEpEHMUS.

KPATKHUE TEOPETUYECKUE CBEJAEHW A

DneKTpoHHbIe BOJIBTMETPHI (DB) cocTaisitor Hanbosiee OOIMPHYIO TPYIITY 3JIEKTPOHHBIX
npuOopoB. OCHOBHOE MX Ha3HAUEHHUE — U3MEPEHUE HANPSHKEHUS B LIETISIX TOCTOSTHHOTO U
NIEPEMEHHOI0 TOKA B IIMPOKOM JIMAIla30HE YacToT.

DNEeKTPOHHBIE BOJIBTMETPBI IOCTOSTHHOTO TOKA COCTOSIT U3 IEIUTENS BXOJHOTO HAIPSHKEHUS,
YCHJIUTEIS TIOCTOSSHHOTO TOKA, MarHUTORJIEKTPUUECKOI0 MUKpOaMIIepMeTpa. J(nanazoH u3sMepeHus
100 MB ... 1000 B.

CrpykrypHas cxema OB nepeMeHHOro Toka MOXKET UMETh 2 BUJIA:
- BeIpAMUTEND, YCUIIUTEND MTOCTOSHHOTO TOKA, MAarHUTO3JIEKTprueckuii M
" YCWJIMTENb IEPEMEHHOTO TOKA, BBITPSIMUTEIND, MarHUTO3JIeKTprueckuii IM.

DIEKTPOHHBIE BOILTMETPHI, BHIMOIHEHHBIE 110 IEPBON CXEME, UMEIOT MEHbIIIYIO
4yBCTBUTEIBHOCTD, MEHBIIYIO TOYHOCTD, TAK KaK ITPY HU3KUX HANPSIKEHUSIX BBIIPAMUTEIN IIJIOXO
paboTaroT, HO UMEIOT OoJsiee MUPOKUN YacTOTHBIN AuamnazoH — ot 10 I'q 1o (100 ... 700) MI'n. Ilo
TaKOM cxeMe OOBIYHO BBIMOJIHSIOTCS YHUBEPCAIbHBIE BOJIBTMETPhI IEPEMEHHOI0 U MTOCTOSTHHOTO
Toka. HiwxHuit npenen n3MepeHus Takux BOJIbTMETPOB OIPAaHUYMBAETCS IOPOIOM
qyBCTBUTEIBHOCTH BBIIPSAMHUTENS U cocTaBiseT oobruno 0,1 ... 0,2 B.

DJEeKTPOHHBIE BOILTMETPHI, BHIMOIHEHHBIE 110 BTOPOH cxeme, 0oJiee UyBCTBUTENbHbI, HO
UMEIOT OoJiee y3KUi yacTOTHBIHN auana3oH (10 50 MI'1r), KoTOphIi OrpaHUYUBACTCS YCUIIUTEIEM
MIEPEMEHHOTO TOKA.

DnexmponHbvle 60IbMMeEMPbL CPEOHe20 3HAUeHUs CITYKaT [ U3MEPEHUsT OTHOCUTENEHO
BBICOKHX HamnpspkeHui. Takoi BOJIBTMETP MOXKET OBITh BBHIIOJIHEH IO BTOPOH CXEMeE C
MCII0JIb30BAaHUEM B KQ4ECTBE BBIIPSIMUTENS MOJIYITPOBOJHUKOBOIO TMOIHOIO MocTa. /nana3on
u3mepenus: no yactore — ot 10 I'u go 10 MI'; mo manpsbxkenuto — ot 1 MB 1o 300 B.
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Amnaumyonsiii OB unu 0uo0HO-KOHOeHCamopHbili BEITIOIHIETCS 110 TIEPBOI CXEMeE ¢
MCIIOJIb30BaHUEM peoOpa3zoBaTelis MUKOBOro 3HadeHus. [lokazanus takoro OB
MPONOPLUUOHANIbHBI aMIIUTYAHOMY 3HAUEHUIO U3MEPSEMOro HarpsikeHus. /J{uanazoHsl U3MepeHus:
o yacrote — oT 20 I' ;o 1000 MI'; mo nanpsixenuto — ot 100 MB 1o 1000 B. Bxonnoe
conpotuBiieHue — ot 100 kOMm 10 5 Mowm.

OnexmponHvle 801bMMeEmpPbl OUCMBEYI0Uie20 3Ha4eHus: — 3T0 TPUOOPHI, B KOTOPHIX
npeoOpazoBaTeb BBHITOIHAETCS Ha 3JIEMEHTAX C KBAAPAaTUYHON BOJIbT-aMIIEPHOMN XapaKTepUCTHKOM
(BAX). Inanazonsl uzmepenus: mo yacrore — ot 20 I'u 1o 50 MI'u, no Hanpsbkenuto — ot 1 MB 10
1000 B.

Dnekmponnwvlil oMmemp TIPEACTABIAET COOON AIEKTPOHHBIN BOJIBTMETP ITOCTOSHHOT'O TOKA,
UMEIOLINI U3MEPUTEIBHYIO CXeMY, IPeoOpa3youlyto U3MepsseMoe COIPOTUBIICHHE B
IIPONOPLUOHAIEHOE EMY ITIOCTOSIHHOE HarnpshkeHue. J{uana3on uaMepenust 3tux npuoopos ot 10
Owm 1o 1000 MOwm.

OBOBIIEHHAS CTPYKTYPHAS CXEMA U ITPUHIAII JIEMCTBIM S DJIEKTPOHHOI'O
[MUOPOBOI'O BOJIbTMETPA

OO600611eHHass CTPYKTypHasi cxeMma 3JEKTPOHHOro U(POBOro BOIBTMETpa M300pakeHa Ha
puc.l.

Bxoonoe ycmpoiicmeéo tpencraBisieT co0oil KaluOpPOBaHHBIM AEMUTENb C OOJBIIMM BXOJHBIM
COINpPOTHUBIIEHUEM, focTUraroumm 10 Om.

Cpasnusarowjee ycmpoiicmeo CIyKUT JUid cpaBHEHUs u3MepsieMoro U, u 06pa3noBoro Uyg,
HANPSDKCHUH M (PUKCAIIUN X PABCHCTBA.

IIpeobpasosamenv Hanpsdicenus 6 k0O co3laeT o0pasuosoe (onopHoe) HanpsukeHue Uygp ,
KOTOPOE IIOCTyNaeT B cpaBHuBaromiee ycrpouctso. IIpu pasencrse U,= U,z 5T0 3HaYeHME
HANpsDKEHUsT TpeobpasyeTcss B ONpeAeNieHHBbI KoA (YHUCIO0 UMIYIbCOB, WMHTEpBAll BPEMEHHU,
4acTOTy U T.1.), KOTOPBIA (UKCHUPYETCS SJIEKTPOHHBIM CYETUYMKOM M IOCTYIACT B yCTPOWMCTBO
uppoBoro orcuera. Ycmpoiicmeo yugposoco omcuema 4YACTO U3TOTOBISAIOT Ha IU(PPOBBIX
ra3opa3psIHbIX JIAMIIaX.

Vnpasnarowee ycmpoticmeo o0ecrieuuBaeT COTJACOBAHHYIO paboOTy Y3IIOB, pa3iUYHBbIC
MIEPEKITFOYCHUS U BBIMOJTHCHHUE JIOTHYECKHUX OICPAITHIA.

BXOIOHOE | CPABHHB AIQLIEE IMPEOLRPAIOBATENE SMEKTPOHUBLIA
VCTPOHCTBO > VCTPOHCTBO € UBKOI CUETYHEK
- \
YIPABJUAIOWEE | )] VCTPOIICTBO L
YCTPOHCTRO LHTPOBEOTD OTCYETA
Puc.1

PaccmoTpuM npuHIUTT ASWCTBUS AIEKTPOHHOTO IU(POBOTO BOJIBTMETpPA C
BPEMAUMNYTIbCHBIM Npeobpasoeamenem usmepsaemo2o nanpsicenus. IIpuHINI JeMCTBUS COCTOUT B
CIIEIYIOILIEM.

H3MCpHCMOC HAIIPs’>KCHUEC HpeOGpa3yeTc;1 BO BpCMeHHOﬁ HHTCPpBAJI, HpOHOpI_II/IOHaJ'IBHHﬁ
1/13Mep51eM0171 BeIWYHHE. BuIgemeHHbIi HUHTCPBAJI 3aIIOJIHACTCA CHCTHBIMU UMITYJIbCAMU, KOTOPBIC
NMOACUYUTBIBAIOTCS SJICKTPOHHBIM CUCTUYUKOM, U PE3YJIbLTAT U3MCPCHUA 1/1306pa>KaeTc;1 B I.lPI(I)pOBOﬁ
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dbopme yCTpoicTBOM HU(PPOBOTO OTCUYETA.

Ha puc.2 npuBenena BpeMeHHas 1uarpaMma, MosICHSOIMAs padboTy BPeMsIMMITYILCHOTO
1 poBoro BobT™METpa. BonbT™MeTp u3mepser HanpsbKeHUE [UKIaMU, KOTOPBIE 3aJal0T C
YIPaBJISAIOLUM yCTpoiicTBOM. B Havane mukia, no curnany "3amyck" (puc.2a) (KOTOPBIN MOXET
BbIIaBATbCA BPYUYHYIO MU aBTOMATHUYECKH), COpAChIBAIOTCS HA HYJIb MIPEIbIAYyIINe TOKa3aHus
CUETYMKA U 3aIlyCKaeTcs I'eHepaTop MUa000pa3Horo HanpskeHus, ¢ Uyg KOTOPOro cpaBHUBAETCS,
Kak ¢ 00pa3nosbIM, usmepseMmoe Uy (puc.20). B momenr, korga U,g = 0, BelpabaTbIBacTCs
umiynbe U; (puc.2B) 3amycka cueTdyuKa UMIYJIbCOB, KOTOPBIE MOCTYNAIOT ¢ FeHepaTopa
00pa31oBbIX UMITYIbCOB Uy, ¢ yacToToit Vo (puc.21) Ha BXOJ CUETYHKA.

Ilpu U, = U, (cm. puc.20) 5

F

BoIpa0OaTeiBaeTcs uMmnyiasc U, (puc.  Uowe ¥Ux —

2r), KOTOpBIN MpeKpalaeT 0 ——

MOCTYIUIEHHE O0pPa3lOBBIX HMITYJIECOB
B CUETYMK M HX cyeT. 3a Bpems & U

Tx

.
Y

A J

cueTynk (ukcupyer Ny HMITYIbCOB &

(puc.2e). U3 puc.26 cnenyer, uto U,= 0 \ i
t.. tgo. U

Ho Tak kak #ga paBeH CKOpPOCTH 2 2

U3MEHEHUS MMUJI000pa3HOTO 3 \

Hanpsbkenus v (B/c), aty = N, /V,, 1O
Upnans 7]
U,=t V=n N, rac koohpduuueHT n

= VIV, =const 1A TAHHOTO 0 IIIIIIIIIIIIIII IIIIIIIIIIII I

v

BOJIFTMETpA U BbIOMpaeTcst paBHbiM 10" Ucy
(n =0, 1, 2,..). Kak BugHo wu3

€

Y

-

coornomenuss Uy =~ n-N,, MoOKa3aHus 0 N
X

CUETYMKA COOTBETCTBYIOT 3HAYEHHIO <
U, B 1npOBOM BBIPAKEHHH.

Puc.2

BoJsbT™MeTp YyHHBepcaJbHbIii B7 — 26
1. Ha3HauYeHMe
Bonvmmemp ynueepcanvuwiit B7 — 26 0THOCHTCS K KJIaCCy 3JIEKTPOHHBIX BOJIBTMETPOB U
npeHa3HayeH JJIsl U3MEPEHHUS TOCTOSIHHOTO, IEPEMEHHOT'0 CUHYCOMIaIbHOTO HANIPSKEHUS U
COIIPOTHUBIIEHUS IOCTOSSHHOMY TOKY B JJAOOPAaTOPHBIX U IIEXOBBIX YCIOBHUSX.
Paboune ycnoBus skcmtyaTanuu:
- TeMIeparypa okpyxaromiero sozayxa ot — 10 1o + 400 C; - orHocuTenpHas BiaxkHOCTb 10 80%
npu Temneparype Bo3ayxa +250 C; - nutanue npudopa oT CeTH NEPEMEHHOT0 TOKA HallpsHKEHUEM
220 B gactoroit 50 I'm.
2. Texundeckue JaHHbIE
2.1. Jlnana3oH u3MepsieMbIX IpuOOPOM MOCTOSHHBIX HanpsbkeHuit ot 10 MB 10 300 B
MepeKphIBACTCS MOIMana3oHaMu ¢ Bepxuumu npeaenamu 0,1; 0,3; 1; 3; 10; 30; 100 u 300 B.
[TpumeHeHueM guewnezo denumens nanpaxcenus J[H-518 obecnieunBaeTcst U3MEepeHue
HanpspkeHuit 1o 1000 B.
2.2. Jlnana3oH u3MepsieMbIX IPUOOPOM MEePEMEHHBIX HAPSHKEHUH 10 HUZKOUACMOMHOMY 6X00) OT
200 MB 10 300B mepekpriBaeTcs noaananazoHamu ¢ Bepxaumu npegenamu 1; 3; 10; 30; 100 u 300
B o6xactu wactot ot 20 't 1o 20 I'n1. [Ipumenennem BHemHero aenutens JJH-518 B obnactu
gactoT oT 20 't 1o 3 kIt obecneunBaeTcst n3mepenue Hanpspxkenui 10 1000B.
2.3. Jlnana3oH U3MepsieMbIX IPUOOPOM NEPEMEHHBIX HAPSIKEHUN 10 8bICOKOUACMOMHOMY 8X00Y
ot 200MB g0 100 B nepekpriBaercs noaauanazoHamMu ¢ BepxHumu npeaenamu 1; 3; 10; 30 u 100 B
B obnactu yactot ot 1 kI'p 1o 1000 MI'm.
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[Tpumenenuem euewneco denumens /J[H-519 B odnactu gactot ot 3 kI'1 10 300 MI'n
oOecnieunBaeTcs n3Mepenue Hanpsbxenuit 1o 1000 B.
2.4. Jlnana3oH u3MepseMbIX TpUOOpoM conpomusnernuti nocmosuuomy moxy ot 10 Om mo 1000

MOw nepekpoiBaeTcs nogauanazonaMmu co cpeaneit ormetkoi 100 Owm; 1; 10; 100 kOwm; 15 10; 100

MOwm.

2.5. Ilpeden oonyckaemoti npusedenHol 0CHOBHOU NOCPeuHOCY NPUbopa TP N3MEPCHHUH
IOCTOSIHHOTO HAIPSDKCHUS, BBIPAKEHHAS B IPOIICHTaX OT KOHEYHOT'O 3HAYEHUS YCTAHOBJICHHOTO

noJauana3oHa, He npesbliaeT + 2,5% Ha noaauana3zoHax ¢ BepxHumu npeaenamu 0,1 —300 B u +
4,0% c npuMmeHeHuem BHemHero aenutens JIH-518
2.6. Ilpeden oonyckaemoti npusedenHol 0CHOBHOU NOCPeUHOCU NPUOOpa TIPU U3MEPCHHUH
IEPEeMEHHOT0 HAMPSHKEHUsI, BIPAKEHHAs B IPOILEHTaX OT KOHEYHOT'O 3HAYEHUsI YCTAHOBJICHHOTO

MO/1IMara3oHa, He MPEBbIIIACT 3HAUCHHH, YKa3aHHbIX B Ta0d. 1 u 2.

2.7. Ilpeden donyckaemoti OCHOBHOU nNo2peuHoCmu npubopa NP K3MEHEHUH COTTPOTHUBIICHHS

MOCTOSTHHOMY TOKY, BBIPQ)KCHHAS B MIPOLIEHTaX OT JUTHHBI pabouyeil 4acTH IIKaJIbI, HE TIPEBHIIIACT +
2,5%. Jlnuna pabodyei yacTu mkaabl 68 MM.
3. YcTpoiiCTBO 1 PUOOpa M €ro COCTaBHBIX YacTel

Tabnuua 1.

|_|F}E'.',.EI,E'.'J'I ,EI,UI'IYCKHEMUﬁ I'IpHEIE'.',.EI,E'.‘HHDﬁ OCHOBHOR NorpelHoOCT Ha HHAKOYAacTOTHOM BXOOE

Bug wamepeHun MNopgowanazonsl ¢ eepxHumuMHactota, [[lpepen  gonyckaemod NpUMBEESEHHOA  OCHOBHOH
npegenami kY norpelwHocTH, %
Hepea xonHele rHeana |1 - 3008 1 + 4.0
 BHeWHWM gendTeneml B 1 + 4.0
MH-518
Tabnuua 2.
Mpenen gonyckaeMol NPMEELEHHOR OCHOBHOR NOMPEWHOCTH HA BEICOKOYACTOTHOM BX00E
Bug wamepeHun Mogowanazonsl  c©  BepxHuMuHacToTallpenen  nonyckaemod NpWEESEHHOR OCHOBHOW
npenenami norpelHocTH, %
NpOBHUKOM 1B Tl 4.0
3-1008
C BHeWwHWM  gendTeneml, 3 10 B 1MMy 6,0
MH-519

3.1. Ilpunimn aeict

BUA

CrtpyktypHas cxema npudopa (puc. 1) COCTOUT U3 CIeAYIOMINX YacTei:

- BBICOKOYACTOTHBIN aenutens JIH-519;

- ACJIUTEIIb TOCTOSHHOI'O U ICPEMCHHOT'O HAIIPAKCHUA HM3KOM 4aCTOTHI I[H—SIS,

- IETEKTOP;

- BLICOKOOMHBIM JienuTenb Ha Bxoje YIIT;

- yeunutenb noctosHHoro Toka (YIIT);

- pPE3UCTOp IeTH 0OpaTHOM CBSI3H;
- I3MEPUTENBHBIN PUOOP — MUKPOAMITEPMETP;
- 6ok utanus (BII).
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Usi 1-1008

Uwg 13008
Uey 30010008 e—o NH-519 HetexTop Y dennTens « YT
3
- )
Ure 10000 —
U 10008 An-518
R
Un4-3000 @
Bl
R 100 0w 100 MOk

Puc.3

N3Mepsemblil CUTHAT MOCTOSIHHOT'O TOKA MOCTYMAET HEMOCPEACTBEHHO WM Yepe3 ACIUTEND
JIH-518 na BpicOKOOMHBIN AenuTens U aanee Ha Bxoa YIIT. Curnan nepeMeHHOro Toka nocTynaet
HenocpeacTBeHHO win uepe3 aenutensd IH-519 unu JIH-518 Ha nerextop u aanee uepes
BBICOKOOMHBIN Aenutens Ha YIIT.

Ha Bcex nopnmanasonax, kpoMe nogauanasonos 0,1 u 0,3 B, ypoBeHb curnaiia Ha BXoze
VIIT npu nojsHOM OTKJIFOYEHUHU yKa3aTessd usmepurensHoro npudopa UII cocrasnsier 1 B. VIIT
OXBayeH II1y0OKOH OoTpuIaTeabHON 0OpaTHOM CBSI3BIO 110 TOKY.

Ha Beixone YIIT noakirodeH B 1ienb 00paTHOM CBS3M U3MEpUTENbHBIN npudop PA1 ¢
pe3ucTopamu, MOAKIFOYAEMBIMU B COOTBETCTBUU € YCTAHOBJIEHHBIM MOAAAAIIa30HOM. biiok
nurtanud bII ciyxut nius nuranusa YIIT n HakanbHOM ey quoa B IETEKTOPE, a TAKKE
MCIIOJIb3YETCS ISl KOMIIEHCALUU NIa/ICHNs HAIIPSDKEHUS HA BXOJHOM JIEJIUTENE.

3.2. Koncrpykuus.

BonbT™meTp yHUBepcanbHbli B7-26 BBINONHEH B BU/E HACTOIBHOTO IEPEHOCHOTO nprbdopa. O6muit
BU/J] IpuOOpa co CTOPOHBI NEepeIHEN aHeNIN ToKa3aH Ha puc. 2.

Kapxkac mpubopa cocTouT u3 nepeaHeit u 3ajiHeil paM, COeAMHEHHBIX cTshkkaMu. Ha 3agHeit pame
3aKperyieHa OTKU/bIBAIOIIAsACS [TeYaTHas I1aTa ¢ 3JIEMEHTaMH CXEMBI.

Ha nepenneii nanenu npubopa pacrnonoxensl (puc.4):

- U3MEPUTEIBHBIN MOKA3bIBAIOIINUN TPUOOP;

- pydKa MepeKItoueHus poaa pador;

- pyuKa MepeKIIoUYeHUs MoIIMana30H0B U3MEPEHUS;

* .
- Bxoanswle rHe3na U, © , 1y,
- py4Ka NOTEHIIMOMETPA YCTAHOBKHU 3IEKTPUUECKOTO HYJIS IPU U3MEPEHUH ITOCTOSTHHOTO
HaIPSKEHUS U COTIPOTUBIICHUS TOCTOSTHHOMY

0 ADJ VY Toxy O AD) US

- pyuka MIOTEHIIMOMETPA
YCTaHOBKHM AJIEKTPUUYECKOTO HYJIS MPU U3MEPEHUH
MEPEMEHHOTO HANPSIKEHUS
- py4YKa MOTEHITMOMETPA YCTAHOBKUA O€CKOHEYHOCTH
MIPU U3MEPEHUU CONTPOTUBIICHUS IOCTOSSTHHOMY

o0 ADJ
Toky &2
- THE3/10 TSI POOHMKA;
- UHJIUKATOp BKIIFOUEHUs IpuOopa;

BO/NbTMETP
YHUBEPCA/NbHbIA B7-26

Puc. 4 Tlepenusis manens npudopa



- TyMOnep BkiroueHus HanpspkeHus cetu CETD

- BBIBEJICH IIHYpP MPOOHHKA.

Ha 3aaH1010 CTEHKY BBIBEJICHBI IIHYP MUTAHUA, THE3/1a BBIX0/1A, IPETyCMOTPEHHBIE [
aBTOMATH3aIMK KOHTPOJIs MpHOOpa MPH €ro BBITYCKe, U KIeMMa 3a3eMIICHUS.

2y

URS  Uwu 2QMg-20mis

v
U 1
ULl Uy 1Mz =100 MHE 105054

Puc.5 Ilkana mpudopa B7 - 26

[Ipaktuueckas padora Ne 10
Pe3onancHBIE METOIBI U3MEPEHUS TTAPaMETPOB JTMHEWHBIX KOMIIOHEHTOB.

Pezonancnvie memoouwl Uusmepenus napamempoes JUHEUHBIX KOMINOHEHMO8 —IIpcamnojgararoT
HCIIOJIB30BaHHUC (I)I/I3I/I‘IGCKI/IX SIBJICHUH B KOJIeOaTeNbHBIX KOHTYpax u LC—reHepaToan.
COOTBETCTBEHHO MOTr'yT OBITH pa3aciICHbI HA KOHTypHLIﬁ n FCHCpaTOpHLIﬁ MCTOABI.

KOHTYPHbBI METO/I.

KocBeHnHbIe n3MEpeHNst eMKOCTH KOHACHCATOPa U HHAYKTUBHOCTH KaTYIIKHOCHOBAaHBI Ha
M3BECTHOMN 3aBHCHMOCTH PE30HAHCHOI JaCTOTHI KOHTYpa 0T ero mapamerpos:f0 = 4mVLC. KouTyp,
COCTaBJIEHHBIN M3 HCIIBITYEMOr0 U 00pa310BOr0 KOMIIOHEHTOB, ¢1a00 CBSA3BIBAIOT C
U3MEPUTENIbHBIM TeHepaTopoM. HacToTy MOCIeAHEro peryIupyroT 10 HaCTYIJICHUs Pe30HaHca,
UH/INKaTOPOM KOTOPOT'O CIYXHT 3JIEKTPOHHBIN BOJIBTMETP. EMKOCTB MM HHAYKTUBHOCTH HaXOZSAT

u3 popmyin

Ce = 2,83 10"/ f2Leg,
Lx - 2.53' 1010/;5(:06;\

rae Cx u Cobp — u3mepsiemasi U oOpasioBasi eMKOCTh, Nd; Lx u LOOp — uzmepsiemas u
oOpa31oBast HHIYKTUBHOCTH, MKI'; fp — pe3oHaHcHas yactoTa, K[ 1I.

KoHTypHBIM METOJIOM U3MEPSAIOT U JOOPOTHOCTH KosiebaTenbHOro KouTypa Q. Oaus u3 cnoco0oB
peanu3yercsl B KyMeTpe, /1Ba BapuaHTa CXeM KOTOPOro MOKa3aHbl Ha pUC. a U 0.

VYrpolieHHbIe CXEMBI KyMETPOB
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Katymky nHAyKTUBHOCTH MOJAKIIIOYAIOT K 3aKuMaM Lx, a KoHaeHcaTop — K 3axuMaM Cx.
YcTaHaBIMBalOT MUHMMAaJIbHOE 3HAUCHHE EMKOCTU 00pa3lioBoro KoHaeHcaropa.Hacrory
reHepaTopa MepecTpanBaroT J0 HACTYIJICHUS pe30HAHCA HANPSHKEHUH B TIOCIIEIOBATEILHOM
KoHType. Hampspkenue Ha kongercatope Uc ipyu HEM3MEHHOM HANPSHKEHHUH €, BO30YKIAI0IIeM
KOHTY, TOJIy4aeTCst TPOMOPIHOHAIBHBIM JOOPOTHOCTH KOHTYpa (€ci T0OPOTHOCTh TOCTATOYHO
BBICOKA, 110 KpaitHeit mepe Q > 10) :

Uc=Qe

[Ikana 31eKTPOHHOTO BOJILTMETpa rpagyupyercs B eaunumax Q. [lorpemHocts, 00yCI0BICHHYIO
MOJKITIOYEHUEM K KOHTYPY 00pa3ioBOro KOHJAEHCATOpa, UCKITIOYAIOT PACUETHBIM ITYTEM.

JIoOpOTHOCTH KOHTYpa MOXKHO U3MEPHUTH TaKKe KOCBEHHBIM METO/IOM, KOTOPBIi
Ha3bIBAIOTMETOZOM IIEPEMEHHOMN 4acTOThI. HemocpeicTBEHHO U3MEPSIOT IOJIOCY ITPOIYCKAHUS
koHTypa AF Ha otHOcuTensHOM ypoBHE A = U/Up u pe3oHaHCHYIO 4acToTy fp, a 10OpOTHOCTH
BBIYHCIISIIOT TIO popMyJie

o | — A2
Q=m y7

Cawmas BbICOKasi TOUHOCTh U3MEPEHHI moaydaercs, koraa A =0,707.

HaubGonpimuii yienbHbIN BeC B 00IIElH MOTPEIIHOCTH U3MEPEHUN T0OPOTHOCTH KOHTYpa
ONMCAHHBIM METOJ0M UMEET MOTPEIIHOCTD onpeneneHus nonocsl AF. [Toatomy ee HykHO
U3MEPSATH C OOJIBIION TOYHOCTHIO (HAlIPUMeEp, 3JEKTPOHHO-CYETHBIM 4YaCTOTOMEPOM ).

T'EHEPATOPHBII METO/I.

BricokouacTotHble reHepaTopsl I u I cobpaHbl 1O 0JUHAKOBOH cxeMe.
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Cxema npubopa Ui U3MEepeHHsl eMKOCTeH M MHIYKTUBHOCTEH reHepaTOPHBIM METOAOM

| Jemexmop
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éb é é&é | menegona

B xoHType nepBoro reneparopa BKIHOUEHbI 00pa31l0Bble KOHIEHCATOPBI IEPEMEHHBIX EMKOCTEH,
3HAYEHMS KOTOPBIX OTIINYArOTCs Apyr oT aApyra B 100 pa3. McnbiTyeMyro KaTylKy HHIYKTUBHOCTH
BKJIFOYAIOT B KOHTYP BTOPOT'O T'€HEPATOPA ITOCIEA0BATENBHO C €r0 KaTyIIKONH HHIYKTUBHOCTH,
3HA4YECHUE KOTOPOU MOKET U3MEHATHCA. VICIIBITyeMblll KOHJIEHCATOP BKJIOYAETCS NapalIeIbHO
KOHTYpY rerepatopa Il (3axum Cx).

[Tpu u3MepeHur eMKOCTH KOHIEHCATOpa JI0 MOAKIIIOYSHHS MTOCIIeTHET0 00a reHepaTopa
HACTPauBalOT Ha OJIMHAKOBYIO 4yacToTy. COBMaJIEHNE YaCTOT (PUKCUPYETCS C BBICOKON TOUYHOCTHIO
10 HYJIEBBIM OMEHUSIM, JJIs IOJyYEHUS U BBIJCIICHUS KOTOPBIX B CXEME IIPEyCMOTPEHbBI CMECUTEND
¥ QUIBTP HIDKHUX 9acTOT. HampspkeHne 3ByKOBOW 4acTOTHI (HYJIEBBIX OMEHUH ) HHAULUPYETCS C
HOMOIIBIO TeNe(OHA U CTPEITOYHOT0 HHIAUKATOPA.

[Tocne BKIIOYEHMS KOHIEHCATOpa U3MEPAEMOI eMKOCTH yacToTa reHeparopa Il nsmensercs.
[TepecTpolikoii 4acToThl TeHeparopa I ¢ moMoipo 06pa3oBOro KOHAEHCATOpa BHOBb JOOUBAIOTCS
paBeHCTBa YaCTOT 000MX T€HEepPaTOPOB, T.€. HYJIEBbIX OueHuil. M3mepseMas eMKOCTh

paBHA U3MEHEHMIO EMKOCTH 00pa3lloBOro KoHAeHcaTopa reneparopa . J{ng nomyyenus npsmoro
oTcYeTa IIKaly 00pa3lioBOro KOHAEHcaTopa Mpy HaYallbHOW HacTpoike

reseparopa I ycraHaB/IMBaIOT Ha YCIOBHBIA HYJIb.

4. Ilopsnok paboTel
4.1. IloaroroBka K NpOBEACHUIO U3MEPEHUI

HepeKJ'IIO‘IaTeHB noaanuaria3oHOB IIOCTABUTH B ITOJOXKCHUC 0,3B — M HEPCKIIYATCIIb poaa pa60T
nocrasuts B nonoxenne — U mm + U | mocne yero ycranosuts ykasarens nmpubopa Ha HyJIEBYIO
[

OTMETKY HIKaJIbI pyukoit ycranosku Hyist U '€ . Tlepen ycraHoBKOH HyJIst

roes;aUm ™ 3aMKHYTb HaKOPOTKO.

[Tocne aToro nepesecTu nNepekitoyaTeslb poja padoT B MOJ0KEHUE Iy U TPOBEPUTH HYJIEBOE

MI0JIO’KEHUE yKa3aTells IPU 3aMKHYTBIX HAKOPOTKO THE3/1ax Iy U * . 3arem Pa30MKHYTb KJIEMMBI U
oo ADJ

YCTAaHOBUTH YKA3aTCJIb B ITOJIOKCHUC Q0 Ha IKaJic Q py‘-IKOI/I Q2

3arem MNEPCBCCTU NCPCKIIIOYATCIIb MMOAANAIIa30HOB B ITOJIOKCHUEC 1 HepeKJ’IIO‘-IaTCJ'IB POALL pa60T B
U

MOJIOKEHHE Y~ U 0 ADJ 1V U YCTAaHOBUTH YKA3aTCJIb HA HYJICBYIO OTMCTKY HIKaJIbI ~ 1V

0 ADJ 1VU
COOTBETCTBYIOILEH PYUKOM YCTAaHOBKH HYJISI
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o %
I[lepen ycranoskoi Hyns rHe3na U 1 * TOIKHEI OBITH 3aMKHYTBI HAKOPOTKO, a MPOOHUK JI0JDKEH
HaxomuThcs B rae3ne I'ml .
[Tocrne 3Toro MpUOOP TOTOB K H3MEPEHUSIM.

4.2. IlpoBenenue naMepeHuit
4.2.1. U3MepeHre NOCTOSTHHOTO HAIPSAKEHUS
[TpoBepsTh ycTaHOBKY HYyJIs Ipubopa Ha noaauamnasone 0,3 B, a 3areM BEIOpaB HYKHBII
TIOIMAIIA30H M3MEPEHNS, MIOIaTh u3MepseMoe Hanpsokenne Ha ruesaa U u * . Bxomble rHesaa
mpubopa U30JIMPOBAHBI OT KOPILyca. DTO MO3BOJISET MPOU3BOAUTH U3MEPEHUS TTOCTOSIHHOTO
HATPSDKEHUS B TENSIX, T/Ie TOYKU MOKIII0OUEHUS TPUOOopa KMEIOT MOTEHITNA OTHOCUTEILHO 3EMIIH.
MakcumalibHOE 0MYCTUMOE HANPSKEHUE MEXY THE3/IOM U * 4 xemmoit 250 B.
Hnst u3mepenus Hanpsbkenus cebiie 300 B ucnonsiyercs nenurens JIH-518. O noaknroyaercs K
ruesnam Un ™. N3mepenune HanpspKeHUs! TPOU3BOIUTCSA HETTOCPEACTBEHHO KOHTAKTOM JISITUTENS
(myTem KacaHusl).
4.2.2. 3MepeHue NepeMEHHOI0 HallPSKEHUS

U
[epexrouareb poaa paboT MOCTABUTH B HojIoxkeHne - . [IpoBepuTh YCTaHOBKY HYJIs PpUOOpa
Ha nojgauanasone 1B. [Ipu n3Mepennn HU3KOYaCTOTHOTO HAIPSHKEHUS TPOOHUK (6e3 Komauka)
YCTaHOBUTH B THE3/I0 M BHIOPATh HYXKHBIN MOAIMANIA30H U3MEPEHUS, TIOJaTh H3MEPSIEMOe
Hanpsxenue Ha THe3ga Un ™

PesynbTatrhl BeluncieHni 3anucath B Tabnuiy Ne 3.
Tabmuma Ne 3

Jano Beruucnurs
BOJIBTMETP R AU m U S Cp
2545 ¢ Ry
B kOm B B oen/B B/ oen
IIpenen nusmepenus 50
Unom=150 B

Knacc Tounoctu 75
1=15%

ComnpoTuBieHne
npudopa 100
R UM — 25 kOm

_ y-Unom
100%

A U- AGconroTHas MOTPEIIHOCTh U3MEPEHUs TPUO0pa ONpeaesisieTcs.

OmnpenensieM KOXQGHUIMEHT paclIupeHus npuodopa T = Rﬂ +1;
UM

7. U, — HOBBIH Mpesien u3MepeHus npudbopa ¢ 106aBOYHBIM conpoTuBieHueM. U, = m Uy,
8. OnpenenseM 4yBCTBUTEIBHOCTh U MOCTOSIHHYIO TprOOpa
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N 1 U
S -4yBCTBUTENBHOCTH TIpHOOpa § = — C,p - mocTosHHas npudopa. C,, = —=—=

2 S N
PesynbraTsl BeIUHMCIeHNH 3anucath B Tabmuiy Ne 3

Brinmonaute 3amadue:

1. 3anummuTe yCTAaHOBJICHHBIE KJIACCHI TOYHOCTH I 0OPa3LOBBIX MPHOOPOB.

2. IlpuBemute hopMyssl s ONpeIeieHUsT AOCOMIOTHONW, OTHOCUTEILHON M TIPUBEAEHHON
IIOTPELIHOCTEM.
AU = 8 = ’Y =

JaiiTe onpenenenre 4yBCTBUTEIBHOCTH MPUOOPA U 3aUIIUTE €€ BETUUUHY
Bapuanus nokasanuii 5To

Kaxkue BoabTMETPBI HCIIONIB3YETCS B Tab0OpaTopHOit paboTe (cuctema npudopa, TUI mpubdopa)
Jlo6aBOUYHBIE CONPOTUBIIECHUS CITYXKAaT
JloGaBOUHBIE COMPOTUBICHUS BKIIOYAIOTCS C BOJIbTMETPOM

Koadduument pacumpenus nprudopa 0003Ha4aeTCss M HAXOAUTCS 110 popmyie

Nk wWw

8. Kiacc rounoctu npubopa 2 545 paseH

9. B uém 3akmoyaercs 0COOEHHOCTh MOBEPKH MHOTOIPEIEIbHBIX
prudopoB?

10. ITocrosiHHOM pUOOpa Ha3bIBACTCS

11. YyBCTBUTEIBHOCTHIO TPUOOPA HA3BIBACTCS

12. 3apucyiite cxemy BOJbTMETpaA € J00ABOYHBIM
COIIPOTUBIIEHUEM

[IpakTuueckas padora Ne 11

N3mepeHne napaMeTpoB MAaCCUBHBIX AJIEMEHTOB 3JIEKTPUUECKUX 1ETEH.

[{enb paboOThI — O3HAKOMIIEHHE C METOJIaMU M CPEACTBAMH U3MEPEHUS CONIPOTHUBIICHUS,
UHIYKTUBHOCTH U €MKOCTH Ha IIOCTOSIHHOM U IIEPEMEHHOM TOKE, IIPUBUTHE HABBIKOB PAOOTHI C
M3MEPUTENIbHBIMU PUOOPAMHU U OTIPECNIEHUE UX METPOJIIOTUYECKUX XapaKTEPUCTHUK.

OO01He MoI0KEHHUS.

XapakTepUCTUKH U TapaMeTpbl KOMIIOHEHTOB 3JIEKTPUUECKUX IIeTel. DIeKTpuyecKas 1enb
IpeCTaBisieT COOOH COBOKYIHOCTb COEAMHEHHBIX JIPYT C IPYTOM 3J€MEHTOB ( ICTOYHUKOB U
NPUEMHUKOB 3JIEKTPUYECKOM SHEPTUN), 110 KOTOPBIM MOXET MPOTEKATh dJIEKTPUUECKUN TOK.
IIpuEMHUKY 3JIEKTPUYECKON SHEPTUU: PE3UCTOPBI, KOHIEHCATOPBI, KATYIIKNA WHIYKTUBHOCTH U T. II.
OTHOCST K IIACCUBHBIM 3JIEMEHTAM JJIEKTPUYECKOM LEMN U XapaKTEPU3YIOT PsIOM TapaMeTPOB —
COIIPOTHUBIIEHUE, EMKOCTBIO, HHAYKTUBHOCTBIO, B3AUMHON MHIYKTUBHOCTbIO, JOOPOTHOCTBIO U JIp.

[TapameTpbl MaCCUBHBIX 3JIEMEHTOB JIEJIST Ha OCHOBHBIE U TPOU3BOAHbIE. K OCHOBHBIM MapameTpam
AIIEMEHTOB OTHOCST CONPOTHUBIIEHNUE PE3UCTOPOB, EMKOCTh KOHJIEHCATOPOB, UHAYKTHBHOCTh
(B3aUMHYI0 MHIYKTUBHOCTb) KaTyieK. K mpon3BoJIbHBIM ITapamMeTpaM OTHOCST 100pOTHOCTD,
MIOCTOSIHHYIO BPEMEHH, TAHI'€HC yIila oTepb U Ap. KpoMe Toro, o HOMMHaJILHOMY 3HAUYEHUIO
napaMeTphbl JJIEMEHTOB JIEJT Ha TJIaBHbIE U OCTaTOYHbIE (ITapa3UTHbIE).
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I'maBHBIE MapaMeTpbl COOTBETCTBYIOT OCHOBHOMY HA3HAYEHHUIO DJIEMEHTA, a Iapa3UTHBIC
napameTpsl 00yCIOBICHBI HECOBEPIIEHCTBOM KOHCTPYKIIMH 3TUX 3JIeMEHTOB. Hanpumep, riaaBHbBIM
[IapaMeTPOM KaTYILUKH SIBJISETCA €€ MHIYKTUBHOCTb, aKTUBHOE COITPOTUBIIEHUE U EMKOCTh
ABJISIFOTCS [Tapa3UTHbBIE TapaMeTpshl. 110 cpaBHEHMIO C TIIaBHBIM ITapaMeTPOM MTapa3UTHbBIE
IapaMeTpsl UMEIOT MaJIbIE 3HAYCHHUS.

C y4érom napa3uTHBIX IapaMETPOB PE3UCTOPBI, KOHACHCATOPBI U KATYIIKH XapaKTEPU3YETCs
HEKOTOpbIE APPEKTUBHBIMHA 3HAYCHUSIMHU COMPOTUBIICHHS, EMKOCTH U UHAYKTUBHOCTH
COOTBETCTBEHHO, KOTOPBIE 3aBUCHUT OT 4aCTOThI TOKa. B cBsA3U ¢ 3TUM 3¢ (heKTuBHBIE 3HAUEHUS
apaMeTPOB AIEMEHTOB HEOOXOIMMO U3MEPUTH Ha PA0OYHX YaCTOTaX, YTOOBI U30eKaTh OOJIBIION
IIOTPELIHOCTH U3MEPEHUM.

JIByXIIOTIOCHBIE 3JIEMEHTBI AIEKTPUUECKON 1ETH MPECTaBISAIOT B BUAE MOCIEA0BATEIbHON (pHC.
1a,0) wim mapasuienbHol (puc. 2a) cxeM 3amernenus. [Ipu mocnenoBarensHON cXxeMe 3aMeleHu i
AJIEMEHT XapaKTepU3YIOT aKTUBHBIM R 1 peakTuBHBIM X COIPOTUBIICHUSIMH, a MIPU NapaJLICIHHOM
CXeMe 3aMellleHHs akTUBHBIM G ¥ peakTUBHON B nmpoBoaumMocTsiMu.

Puc. 1.

[TomHOE CONPOTHUBIICHHUE AJIEMEHTA JIJIS TOCIICAOBATEIILHON CXEMBI 3aMEIEHUS ONPECIISIOT 110
dbopmyie

Z=A R+ X =% (1)

rne Unl I[eﬁCTBYIOHlHe 3HAYCHUA HAIIPAKCHUA U TOKA B LCIIH.

[TostHYIO TPOBOMMOCTB JIEMEHTA JUTS TTapalIeIbHON CXEMBI 3aMENIeHHS ONPEIEIISIOT IO
bopmyne

Y =G+ 5B =% 2)

OTtKyna cienyer, uto

y=z1 3)
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4 Lnap
%
I*.._....._.S[— Puc 3

Puc 2

BexTopHas nuarpaMma JJist OCIe0BaTeIbHONM CXeMBI 3aMeIICHHsI, N300pakeHHas Ha pucyHKe 1.0,

IMOKAa3bIBACT, YTO HAIIPAKCHUC U MOXHO Pa3I0XuTh HAa ABC COCTABJIAKOIINC — CI/IHCt)a?;HYIO UR C

TokoM | u kBagpatypHyto Ux. AHAJIOTMYHO BEKTOpHAs UarpaMma Jiisl HapajijieIbHOM CXEMBbI
3amereHus (puc.20) Mmokas3pIBaeT, 4TO TOK | MOKHO pa3JIOKHUTh HA JABE COCTABIISIFOIINX —
cundasnyio I c Hanpsokenrem U u kBagpatypHyto Ip.

JIro0o0ii U3 MacCUBHBIX ABYXIIOJFOCHBIX 3JIEMCHTOB MOKHO ITPEACTABUTL KaK HOCHeﬂOBaTeHBHOﬁ,
TaK U HapaJIJICJIBHOﬁ CXEMaMu 3aMCIICHNA. OTHU CXEMBI 3aMCIICHUA DKBUBAJICHTHLI ITPU YCJIOBHH,

4To IMapaMeTpbl 3JICMCHTOB OIIPCACIIAIOTCA (I)OPMYJ'IaMI/I

& g
Nt T F e @
R A
o)

=" _B=__=
R+ x? R+ X

Taxum o6pazoM, ucnonbiyst popmysl (4) u (5), IPU U3BECTHBIX MapaMeTpax OAHOM U3 CXxeM
3aMeIIeHUs] MOXKHO pacCUUTATh MapaMeTphl APYror cxeMsbl. [IpuBeieHHbIE IBYXIIEMEHTHEIE
HKBUBAJICHTHBIE CXEMBI MIO3BOJIAIOT OTPA3UTh KaK IVIaBHBIE, TAK U Mapa3uTHbIE TapaMeTphbI

anemMeHToB. Ha puc. 3 nmpuBeneHs! ABYX3JI€MEHTHBIE CXeMBI 3aMeIIeHHus pe3nucTopoB. Cxema ,

1300pakeHHas Ha pyuC. 3a COIEPKUT rIaBHbIM napameTp R u nmapasutHyto eMKocTb Cqp BBIBOJIOB

pesucropa. Cxema, n3o0paxeHHast Ha puc.30 coep>KUT IIaBHbIN napameTp R 1 mapasutHyio
MHIYKTUBHOCTb Lo, HAMOTKE pe3HucTopa.

% TN SJ € fner

Puc.4.

Ha puc. 4 npuBeeHsl cXeMbl 3aMeLEeHNs KOHIeHcaTopa. [ TaBHBIM MapaMeTpoM 3THX CXEM

3aMCIICHUA ABJISICTCA EMKOCTD C KOHACHCATOpa, a4 TapaSUTHBIMU — ITPOBOAUMOCTD CYT YTCUKU 1A
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napajuieIbHON cXeMbl (puc.4,a) UK COMPOTUBIIEHNE R jop TOTEPH TSI MOCTIEA0BATEIEHON CXEMBI
(puc. 4,0).

AHAJIOTMYHO Ha PUC. 5 MPUBEICHBI CXEMbI 3aMEIICHUS KaTYIIKA WHIYKTUBHOCTHU. [ TaBHBIMU
napamMeTpaMH 3THX CXEM 3aMEIIECHUS SIBJISICTCS MHAYKTHBHOCTh L KaTyIIIKH, a Mapa3uTHBIMHA —
conpoTuBIeHUE Ryoc U IOCIIENOBATENBLHOM CXEMBI (PHC.5,a) WM POBOIUMOCTD Giap JJIS
napajuieIbHON cXeMsbl (puc.5,0).

I[JISI OIICHKH Ka4d€CTBa 3JICMCHTOB BHCKTpI/I‘{eCKOﬁ LCIHU UCITOJIB3YIOT OTHOIICHUC COHpOTI/IBJIeHI/Iﬁ
HOCHGHOB&TGHBHOﬁ CXEMBbI 3aMCIICHUS U1K OTHOLICHUEC HpOBO,I[I/IMOCTeﬁ napannenLHoﬁ CXEMBbI
3amemneHus. KauecTtBo KOHACHCATOPOB XapPAKTCPU3IYCTCA TAHTCHCOM YTJia IOTCPb.

g8 = = =

g (6)
z

P |

rae ¥ - yros norepk, onpeesseMblil U3 BEeKTOPHBIX AnarpaMm puc.l,a u 2.6.

KauecTBo KaTylI€K MHAYKTUBHOCTH XaPAKTCPU3YIOT I[O6pOTHOCTLIO

X
===, )
“TRTG

KOTOpAst SIBIIICTCS BETMUMHOM, 00paTHOI tg e .

TanreHc yriia notepb U 100pPOTHOCTH MOKHO MUCIIOJIb30BATh AJIS ONPEIETICHUS Mapa3uTHBIX
napaMeTpoB cxeM 3ameleHus (puc. 4 u 5), noab3ysich GopmMynamMu

R=Xgd=XiQ @®)
NnIn

G=BgS =510 ©)

PeakTHBHYIO COCTaBIIAIONIYIO PE3UCTOPOB [T CXEM 3aMEIlleHUs], U300pakKeHHBIX Ha puc.3,
OTpeNeNsIoT 1o hopmyie

A =—=0 (10)
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&

Puc.5a,0

Kpome Toro, peakTHUBHYIO COCTaBJISIOLIYIO PE3UCTOPOB OLIEHUBAIOT 10 OCTOSIHHON BpEMEHU

T=— (11)

rie ¥=900- 5.

B HEKOTOPBIX CITydasiX UCIIOJIB3YIOT TPEXAIEMEHTHBIC CXEMbI 3aMEIICHHUS JIEMCHTOB
NIEKTpUYEeCKUX Ienei. Tak, HanpuMep, CXeMy 3aMeIIeHUs KaTyIIKA WHIYKTHBHOCTH MOYKHO
NPEJICTaBUTh, KaK M300pakeHO Ha pucC.6. [JIaBHBIM apaMeTPOM ITOM CXEMBI SIBIISCTCSI
UHJYKTUBHOCTb L KaTymiky, a conpoTuBiaeHue R, 00MOTkH U ee eMKOCTb Ciyp SBISIOTCS
napa3suTHBIMU MapaMmeTpaMu. [lapa3uTHbIe mapaMeTphl KaTyIIKK B TOM CITydae XapaKTepU3yIoT
n06poTHOCTBIO Q (7) COOCTBEHHOM PE30HAHCHON YacTOTOM.

T s S L L R"”r__ﬂ
C
s nap
id
Puc.6.
1
L
¥ LC’M,F (12)

Meronabl U3MEpeHHs MapaMeTPOB IACCUBHBIX KOMIIOHEHTOB JIEKTPUYECKUX LENEH AT Ha
IpsIMbIE U KOCBEHHbIE. KOCBEHHBIN METOI M3MEPEHHUSI TAPAMETPOB OCHOBAH HA H3MEPEHUHN
HaIPSDKEHUS ¥ TOKA B AJIEMEHTE U MOCIIENYIOIIEM pacueTe napaMeTpoB 1o 3akoHy Oma.

pr[MBIe MCTOABI USMCPCHUA PAa3ACIIAOT HAa METO/IbI HGHOCPCHCTBCHHOﬁ OLCHKHU U METOIBI
CpaBHCHMU. MeTO)IBI HCHOCpeHCTBeHHOﬁ OLICHKHU PCAJIN3YIOTCS B HpI/I60an npsaMoro HeﬁCTBHH, B
KOTOPBIX U3MCPACMas BECINYMNHA OUCHUBACTCA HEIMMOCPCACTBCHHO 110 HIKAJIC, 3apaHEe

OTT pauprOBaHHoﬁ B COOTBCTCTBYIOIIIUX CANHUIIAX. K HpI/I60paM npsaMoro ﬂeﬁCTBHH OTHOCAT
OMMCTPBI, KOTOPBIC IO MPHUHIHITY HeﬁCTBHH ACIAT Ha SJICKTPOMEXaHUYCCKUE U DJICKTPOHHBIC.

K nmpubopam HemocpeACTBEHHOM OLIEHKH OTHOCAT TakkKe U(PPOBHIE U3MEPUTETH TTapaMETPOB
AIIEMEHTOB, B KOTOPHIX 3HAUEHUS TapaMeTPOB OTCUYUTHIBAIOT HEMIOCPEACTBEHHO C IIU(PPOBOTO
OTCYETHOT'O YCTPOMCTBA.
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MCTOI[BI CpaBHCHHS PCAIN3YIOTCA B MOCTaX IMOCTOAHHOT'O UJIW IIEPEMEHHOT'O TOKA U B
PC30HAHCHBIX HpI/I60an IMpU UCIOJIb30BAHNU MCTO/1a 3aMCILICHU .

I/I3MepeHHe napamMeTpoOB 3JIEMCHTOB KOCBCHHBIM MCTOIOM IPU IMTOMOIIU BOJIBTMETPA U aMIICPMETPaA

o cxeme, n300pakeHHo! Ha puc.7. Cxema, U300pakeHHas Ha PUC. 7.a, UCIIONb3YEeTCs IS

u3MepeHus OONIBIINX COMPOTUBIICHUH, a CXeMa, n300pakeHHast Ha puc.7.0, - IS N3MEPEHUS MaJTbIX
COIIPOTHUBJIEHUH. DTO 00YCIOBICHO METOANYECKMMHU NOTPEIIHOCTAMH, CBSI3aHHBIMH ¢ KOHEYHBIMU

3HAUEHUSMHU BHYTPEHHUX COMPOTUBIICHUIN H3MEPUTEIHHBIX MPUOOPOB — aMIiepMeTpa A u
BOJILTMETpaA V.

JleiicTBUTENEHOE 3HAUEHUE H3MEPUTEIHLHOTO COMPOTHUBIICHUS B 000UX CITy4asiX paBHO

’ (13)

a)

)
Roysriifig ST HY
HLI hr HAI RS
Bis iy
Puc.7

CormnpoTuBieHHE ~ * U3MEPEHHOE 10 CXeMe, MPUBEACHHOM Ha puc.7.a, OyaeT OombIie
JIEUCTBUTEIIBHOTO ~ ¥ , TAK KaK BOJIbTMETP U3MEPSET TAKKE HANIPSIKEHHUE Ua Ha aMIIepMeTpE,
IIO3TOMY

Ri:{ =(UptUiig =R, + R,

OTtHOCHUTEILHAS METOANYECKA MOTrPCIIHOCTE USMEPCHUA COIIPOTUBJICHHA B OTOM ClIydac NMECT

R
S3HAYCHHUEC U YMCHBIIACTCA C YBCIIMYCHUCM ¥

_R R,

Ry

100% =

N X

5, 100% (14)

. R
[Tpu ucronb30BaHUM CXeMbl, H300paskeHHON Ha puc.7.0, U3BMEPEHHOE CONPOTHBIIEHHE ~* OyneM
MCHbBIIC HeﬁCTBHTeHBHOFO, TaK KaK aMHepMeTp I/IBMepﬂeT TAaKX€ TOK BOJ‘IBTMeTpa, HOBTOMy
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R, =Ui(ly +13) = RyR Ry + R)

OTtHOCHUTCILHAS MOrpCHOCTb UBMEPCHUA COIIPOTUBJICHUA B 3TOM CJIydaC UMCCT 3HAUCHUC

R -R R
8, =2 T 100% = ———* 100% (15)

Rx F‘F + Rx

R
Y YMEHBIIAECTCS C YMEHBIIEHHE ~ ¥ .

CxeMbl, n300paXKeHHBIE HA PUC.7, MOXKHO HCIOJIb30BATh IS U3MEPEHUS TIOJTHBIX COMTPOTUBIICHHIA
WM IPOBOJMMOCTEH, €CITU UX MUTaHHE MTPOU3BOIUTCS OT UCTOYHHUKA MEPEMEHHOTO HaIPSHKEHHUS.
Jlist pacuéra COnpOTUBICHUS WM TIPOBOJAUMOCTH MOKHO UCTIONIB30BaTh hopmyny (1) wim (2).
Ecnu yactoTa HCTOUHMKA HAMPSHKEHUS U3BECTHA, TO 3TH CXEMbI MOKHO HCIOIb30BaTh JJIs
WU3MEPEHHS EMKOCTH WIM UHAYKTUBHOCTH (0€3 yueTa Mmapa3uTHBIX MapaMeTPOB CXEM 3aMEIICHUs )

o4 .U
2L - o

MocToBEIE MCTOBI I/ISMepeHI/Iﬁ HCITOJIB3YIOTCA AJISI U3BMCPCHUS ITOJIHBIX COHpOTHBJ’ICHHﬁ,
HHIAYKTUBHOCTHU U éMKOCTI/I, TaHI'CHCA yIJjia IOTCPhb U I[O6pOTHOCTI/I IHaCCHUBHBIX KOMIIOHCHTOB
QJICKTPHUYCCKHUX ueneﬁ. Cxema OJJMHAPHOI'O YCTBIPCXIIJICUCBOT'O MOCTa H306pa>1<eHa Ha pI/IC8
Takoit MOCT SBIISICTCS YCTBIPEXITOJIIOCTHUKOM, K BXOJHBIM 3a)KMMaM KOTOPOI'0 MOAKIOYACTCA
HCTOYHHUK IIUTAHUA, a K BBIXOJHbIM — I'aJIbBAHOMCTP I (I/IHI[I/IKaTOp PpaBHOBCCHUA MOCTa). Ycnosuem
PAaBHOBCCHUA MOCTA ABJISACTCA OTCYTCTBUC TOKA B raJIbBAHOMETPE U, CIICA0OBATCIILHO, PABCHCTBO
HpOI/IBBeI[eHI/Iﬁ COHpOTI/IBJICHI/Iﬁ IMPOTHUBOIIOJIOXXHBIX ILIICY:

18y = 2,24, (17)
£, =ze'"
rae
= Jr2
L, =z,.8
= Jr:
£y =258
Z, =z,e
4 4 - KOMIUIEKCHOE COMTPOTHBIICHHE TIJIEY MOCTA;
Z),E5.25,2,4

- MOAYJIU KOMIIJICKCHBIX COHpOTHBJ’IGHHfI;

P12 T30 Py apryMEHTBI ITOJIHBIX COIPOTUBIICHUN.

50



Taxum 00pa3oM AJ1 ypaBHOBEIINBAaHUS MOCTA Ha IEPEMEHHOM TOKE HEOOXOAMMO BBINOJIHEHHE
JIBYX YCJIIOBUH

a) [717s = 225

B) [P TP P T

(18)

KOTOpHﬁ JOCTHUTaCTCA USMCHCHUCM JIBYX WUJIN Ooiee mapamMeTpoOB 06paSHOBBIX QJICMCHTOB IIJICY
MOCTa.

Z
Eciu B 0IHOM W3 TJIeY MOCTa BKJIFOYEHO HEM3BECTHOE COMPOTHUBIICHUE ~ ¥ , TO MIPH BBHITTOJHEHUHN
ycnoBus paBHOBecue (17) ero MoKHO ONpeIeuTh 1Mo Gopmyie

Zy=E = —/— (19)

MocTh! a1t HU3MCPCHUA IIapaMETPOB KOMIIOHCHTOB 3JICKTPHYCCKUX ueneﬁ ACJAT Ha MOCTBI

MOCTOAHHOI'O TOKAa 1 MOCTBI ICPEMCHHOI'O TOKA. MoOCTBI TOCTOSHHOI'O TOKA OBIBAIOT OAVHAPHBIC U

,I[BOIZHBI@. MocThl MNEPEMCHHOI'O TOKAa OTJIMYarOTCs 0OIBIINM p33H006p8.31/I€M. KpOMe IMPOCTBIX

YCTBIPEXIIIICUUX MOCTOB ITPUMCHATOT CJIOKHBIC IICCTH- 1 CEMUILTICYHNEC MOCTHI, Tpchq)OpMaTOpHBIG

MOCTBI U MOCTBI CO CJIO)KHBIMU MHAYKTUBHBIMU CBA3SIMU.

MocTbI MOCTOSTHHOTO TOKA UCIIONIB3YIOT AJI1 M3MEPEHUS COITPOTUBIICHUS PE3UCTOPOB, KaTyIIEK
WHJIYKTUBHOCTEH U MPOBOJIMMOCTEN yTeueK KOHIeHCAaTOPOB. OIMHAPHBIE MOCTHI TOCTOSIHHOTO
TOKA UCTIOJB3YIOTCA ISl UBMEPEHHUsI conpoTuBienus ot 10 1o 10° Om. IIpn n3mMepeHnn Mabix
conpotubiieHui (< 10 OM) 3aMEeTHYIO MOTPEIIHOCTh BHOCAT COMPOTUBIICHUS COSTMHUTEIBHBIX
MIPOBOJIOB U KOHTAaKTOB. [Ipu u3mepenuu 6omnpiumx conpotusienuii (> 1 MOm) yBennunBaercs

MOrpCIIHOCTb U3-3a orpamneHHoﬁ YYBCTBUTCIIbHOCTHU IdaJIbBAHOMETPA U IIYHTUPYIOLIETO
COIIPOTUBJICHUA U30JIATOPA, HA KOTOPOM YKPCIIJICHBI BXOJAHBIC 3aKUMbBI MOCTA.

Rey 7 R

Puc.9

JIBOIHBIE MOCTBI MIOCTOSTHHOTO TOKA UCHOJIB3YIOTCS ISl U3BMEPEHUS MAJIbIX COPOTUBIECHUM OT 10

¥ 10 10 Om. Cxema JABOIMHOr0 MOCTa JOCTOSHHOTO TOKA IPHBEACHA Ha prC.9. JUTsS HCKITIOUSHHS
BJIMSTHUS COITPOTUBIICHUM COEIMHUTENBHBIX TPOBOJIOB U KOHTAKTHBIX COSMHEHHUN H3MepsieMoe

COIIPOTUBJICHUC Ry MMPUCOCIAUHACTCA 11O quBIpeXSa)KHMHOﬁ CXCEMC BKIIFOUCHUA: IBYMS TOKOBBIMU

3aKUMaMHU OHO BKIIHOYACTCA B LCJIb ITIMTAaHUA MOCTA, a4 IBYMs IIOTCHIHUAJIBHBIMHU 3a)KUMaMHU B
HU3MCPUTCIIBHYIO LICTIb. AHanoruyHele 3aKMMEI IMCET U 06p33HOBOC COIIPOTUBJICHUC RN.
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B nienb ucTOYHMKA MUTAHUS BXOJAT PETYJIUPOBOYHOE CONTPOTUBIIEHHE Rp, H3Mepsemoe
conpotusiieHue Ry , o6pasnoBoe conpoTurienne Ry u conpoTusienne Riur coeqmHUTENHHOM
muHbl. ConpotuBieHus Ri. Ry,R3,R4, BXoasmue B u3MepuTEIBHYIO 11€)1h, BBIOUPAIOT JOCTATOYHO
00JBIIMMHU (COTHU U THICSYH OM).

Takum oOpa3om, pu padboTa TBOHHOTO MOCTA B IIETIM UCTOYHUKA ITUTAHUS 00€CIIeUNBACTCS
60Jb110# TOK (710 10 A}, TO3BOJISAIOMININ MTOTYYUTh 3aMETHOE HAIIPSKEHUE HA MAJTBIX
conpotuBiieHUsIX Ry u Ry, uem obGecnieunBaercs Tpedyemasi 4yBCTBHTEITLHOCTD CXeMbI. B TO ke
BpeMsl uepe3 NOTEHIIUATbHbBIE 32KMUMbI U BBICOKOOMHYIO H3MEPHUTEIbHYIO IIeTlh OTBETBISETCS
MaJiblid TOK, CO3/IAOIINM MaJIble MaJICHUs HAPSHXKEHUM B KOHTAKTHBIX COSAMHEHUSX, YTO 3aMETHO
CHIYKAET UX BJIMSIHUE HA MOTPEIIHOCTh U3MEPEHHUS.

ITpu paBHOBECHM MOCTa TOK Yepe3 raJIbBAHOMETP PABEH HYJIIO, YTO COOTBETCTBYET PABEHCTBY
HNOTEHIMAJIOB 3aXUMOB 1 u 2, MI3MepsieMoe CONPOTUBIICHUE ONIPENENIAETCS U3 YPaBHEHMUS

v = +£(i—£} (20)
R,Y R, +R +R, R, F

Ry = R-’-y
I1py BHIIONHEHHMH paBeHCTBA < 412 K2 ¢ nocTaTouHO MAIOM COMPOTHBICHHH

Ry =0
muHel & BTOPBIM WwieHOM GopMyiibl (20) MOXxHO npeHeOpedb, Toraa padbodast popmyna
IlBOfIHOFO MOCTa NPUHUMACT BUJ

R
R =R, 1)
RE

JIBoiiHOI MOCT mocTosiHHOTO ToKa Thna P329 npennazHadeH uist U3MEpEHUs: CONPOTUBIIEHUH OT 5
MOwm 10 1 MOwm ¢ norpermHocTbio He 6onee 0,5%. M3mepsiemoe conpoTUBIEHHE TOKOBBIMU
3aKMMaMU TOJIKITIoYaeTcs K KoHTakTaM I; u I, a moTeHuuanbHbIMU 32KMMaMH U KOHTaKTaM X .
WMHaKaToOpoM HyJIS CIIYXKHUT FalbBaHOMETP, MOAKIIOUaeMbli K 3akuMaM I'.. Conporusnenue Ry u
conpotusiieHus1 Ry=R3 BbIOMpaIOT 3aMbIkaHUEM KOHTAKTOB Ha MaHenu npudopa. ConpoTuBIeHUE
R=R4 1uCKpeTHO N3MEHSIOT NEpEKIIOYaTEsIMU. 3HaUeHus conpoTusieHus R1=R4 oTrcunTeiBaroT
I10 TOJIOKEHUSM PYUEK NEPEKIII0UaTeNnei.

MocCTBI IEPEMEHHOT0 TOKA UCIIONB3YIOT JJIsI U3MEPEHUS COIPOTUBIICHUS HA IEPEMEHHOM TOKE,
MHAYKTUBHOCTEN M €MKOCTEM. DTH MOCTBI MOYKHO TaK)K€ MUCIOJIb30BaTh ISl U3MEPEHUS TaHT€HCa
yria noTepb KOHJAEHCATOPOB U JOOPOTHOCTH KaTyIIEeK HHIYKTUBKOCTEH.

Cxema MOCTa IEPEMEHHOT0 TOKA JJI U3MEPEHUS TapaMETPOB KATYIIEK WHIYKTUBHOCTEN
npuBesieHa Ha puc.10. YpaBHOBENIMBaHHE MOCTA BBITIOHIIOT U3MEHEHHUEM 00Pa3IOBBIX
COTIPOTUBIICHUH Iy, I3, T4 1 eMKOCTH 00pa3iioBoro koHjaeHcaropa C. YpaBHeHHE paBHOBECHS MOCTa
MMEET BU/T

. n _
(ry * Jﬂlﬂx)(m) 1 (22)
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OTKYy/Ia CIEYyeT, YTO

Puc.10 Puc.11
alr, =rnln,
e, = Chr iry, (23)

altgd, = I:ﬂ_ﬂ3r3 )_1

Cxema MocTa mepeMeHHOro TOKa JJIsi U3MEPEHHS MapaMeTPOB KOH/IEHCATOPOB MPUBEICHA Ha
puc.11. YpaBHOBEIIMBaHNE MOCTA OCYIIECTBISIOT U3MEHEHUEM COMTPOTUBIICHUI 00Pa3II0BbIX
PE3UCTOPOB M EMKOCTH 00Pa3OBOr0 KOHJEHCATOpa. Y paBHEHHE PABHOBECHS MOCTA UMEET BU]L

1
(ry T — Jry =iy +— Iy (24)
Jﬂ'ﬂx Jﬂ_ﬂ3
OTKY/Ia CIIEYET, UTO
alr, =rrley,
B0, =i r, (25)

gltgd, = (ﬂﬂa’" 3 )_1

YHuBepcanbHbI MOCT IEPEMEHHOT0 TOKa TUNaE7-4 npeaHazHaueH 1uisi u3MepeHus
conpotusiieHui B auamnaszone ot 0,1 Om 10 10 MOM Ha IOCTOSIHHOM TOKE U IEPEMEHHOM TOKE
gactoroi 100 u 1000 I'u, unnyktuBHOCTEM B nuana3one ot 10 MxI™ o 1000 I', emkocreit ot 0,5 nd
10 1000 mx®, Tanrenca yria moreps B guanazone ot 0,005 go 0,1 u 70OpOTHOCTH KaTyIIeK
uHayKTUBHOCTHU OT 1 70 30. [TorpemrHocTs n3MepeHus napaMeTpoB 3JIEMEHTOB He MpeBbIaeT 2%.
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HCTOYHII | tag o] WSMEZ{TAIEHAR * B

Mo | o b OO *| e o
1001 U.- _

Puc.12

YrpouieHHas cxema nmpudopa rnpusezieHa Ha puc.12. B kauecTBe H3MEpUTEITHHON CXEMBI
MCIIOJIb30BaH YEThIPEXIUICYHI MOCT, 3JIEMEHTHI IJIed KOTOPOTO MEePEKII0YaOTCSl B COOTBETCTBHUHU C
U3MEpsieMON BeIMUYMHOMN. MI3MeHsIsl BBIXOAHOE HANPSHKEHHUE UCTOYHUKA MTUTAHUS, MOXKHO
HCCJIEIOBATh 3aBUCUMOCTD MTapaMETPOB IEMEHTOB OT MPUIIOKEHHOTO HaNpPshHKeHUs. Bo3aMOXKHOCTh
M3MEPEHHUS Ha JIBYX YaCTOTaX MO3BOJISIET U3y4aTh YACTOTHBIE CBOMCTBA UCCIIEAYEMBIX 3JIEMEHTOB.

Lo Tx

8y T CT

Puc.13.

Pe3oHaHcHBIE METO/1bI U3MEPEHUSI TPUMEHSIIOTCS B BBICOKOYACTOTHBIX U3MEPUTENAX
UHYKTUBHOCTEH, EMKOCTEH U CONPOTUBIICHUH, TaK KaK B 00JIaCTH HU3KHUX YaCTOT PE30HAHCHbBIE
CBOICTBa MPOSIBIIAIOTCS ¢1a00 U HEe oOecrieunBaeTcsi Tpedyemasi TOUHOCTh U3MEPEHUH.
HauOonbIiee pacpocTpaHeHue MONTyYHIA PE30HAHCHBIE U3MEPUTENH JOOPOTHOCTH (CXema Ha
puc.13). UcTOYHNKOM NUTaHUS CXEMBI SIBJISIETCS FeHepaTop BbIcOKOM yacToThl ' BU. BhIXOHOE
HaIpsHKEHHEe KOTOPOro MOJBOIUTCS K IOCIE10BaTEIbHOMY K0JIeOaTeIbHOMY KOHTYPY,
COCTOAIIEMY U3 UHIYKTUBHOCTU Ly 11 0Opa3ioBoro konaeHcaropa ¢ éMkoctoio C,. M3mepenue
BXOJIHOTO HAIIPSDKEHHME FeHepaTopa MPOBOANUTHCS DJIEKTPOHHBIM BOJIBTMETPOM V|, a HANIPSYKEHUS
Ha KOHJIEHCATOpE — BOJILTMETPOM V.

Ecnu xonebaTenpHBIN KOHTYP HACTPOEH Ha pe3oHaHC ¢ yacTotoi ['BY, To BeIMOMHsAETCS paBEeHCTBA
U, =U n U, =0, (26)

JloGpoTHOCTB KOJIEOAaTENBHOTO KOHTYpA oTpeiensiercss GopMyInoit

o

¥ 2y
. = _ - = 2
< F. U, 7)

o o v, 7
rae ¥ m ¥ - mokasaHue BOJILTMETPA ¢ M ! TPU pE30OHAHCE.

L, = const Uy, =FiQ,)
Ecnu manpspkenne renepatopa F , TO BBIXOJTHOE HANPSDKEHHE KOHTypa 2 LR W3

I
[IKaJia BOJIbTMCTpPaA ¥ MOXKET OBITh rpaayvupoBaHa B 3HAUCHUAX ,Z[O6pOTHOCTI/I Q
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W3meputenu 106pOTHOCTH MOKHO TaKKe UCIOIB30BaTh JIs1 U3MEPEHUs EMKOCTH KOHIEHCaTopa,
WHAYKTUBHOCTH KaTYIIEK U X JOOPOTHOCTH.

C . . L
I[J'IH H3MCPCHHUA EMKOCTH ~ ¥ KoJieOaTeIbHBIH KOHTYP, COCTOAIINN U3 HHAYKTUBHOCTHU 7|

- o
06pa?>L[OBOI/I CMKOCTHU 0 , HaCTpaI/IBaIOT B pGSOHaHC Ha 4aCTOTC f-” . HOCJ‘IG A9TOTIO HapaJ'IJ'IeJ'II)HO

N C
émkoctu U MOAKIYa0T U3BMEPUTCIBHYIO EMKOCTh ~ ¥ M, HC U3MCHSI 4aCTOThI TCHEpaATopa,

YMEHBIIAIOT 00Pa3IOBYI0 EMKOCTb JI0 3HAYCHUsST  ° , IPH KOTOPOM HaOJIF0IaeTCs pe30HaHC Ha

T

. C’
npekHeld yactore * ¥ . 3HaYCHHE EMKOCTH ~ ¥ PACCUYUTBIBAIOT 1O hopMyIie

C,=Cp-Cs (28)

.. . L.r
Jliist u3MepeHust MHAYKTHBHOCTH KATYIIKK U €€ JOOPOTHOCTH KOHTYP, COCTABICHHBINA M3 ~* " ¥ 1

. C
O6paSI_IOBOI/I €MKOCTH ~ ¥, HACTpauBarOT B pE30HAHC U3MCHCHHUEM YaCTOTHI IeHEpaTopa. ITocne
9TOI'0 UHAYKTUBHOCTDb KaTYHIKHU PACCHUTLIBAKOT 110 Q)opMyne

L, = (29)

JloOpOTHOCTH KOHTYpa QonpenenﬁeTc;I IO0OPOTHOCTSMHU MHAYKTHBHOCTH 9y émxoctu ©e p
COOTBETCTBUH C (HhOpMYIION

e

Y0 0.

(30)

. . >
[Ipu ucnosib3oBaHUM 00PaA3IIOBON EMKOCTH, TOOPOTHOCTH KOTOPOM e QI, JTOOPOTHOCTH
KOHTYpa B OCHOBHOM OTIpEIeINsIeTCsl JOOPOTHOCTHIO KaTYIIKH UHIYKTUBHOCTH, T.€.

L~

Wzmeputens nodpotHocty tuna E4-4 npennaznaden 11t usMepeHus J0OpOTHOCTH KOHTYPOB U
KaTyIIeK WHIYKTUBHOCTH, EMKOCTU U MHIYKTUBHOCTH. [Iprbop mo3BosisieT u3mMepsth JOOPOTHOCTh
KOHTYpoB Ha yactotax oT S0kl no 35 MI'ny B mpenenax ot 5 1o 500. emkxocts ot 25 10 450 nd u
uHAYKTUBHOCTH OT SOHI" 10 400 MI". OcHOBHAs MOrpeIHOCTh U3MEPEHU He peBbIIaeT 4%.
BrixogHoe HanpspbKeHUE reHepaTopa KOHTPOIUPYETCS AIEKTPOHHBIM BOJIBTMETPOM, IIIKasa
KOTOpOro o0o3HavyeHa kak "YposeHs". [yt moaaep:kanusi TOCTOSSHHOTO 3HAUYEHUS BBIXOHOTO
HANPSDKEHUS TeHepaTopa yKaszaresb mpubopa «YpOBEHbY MPU MOMOIIH PETYIATOpa «Y POBEHBY
CJeMyeT yCTaHABIMBATh HA PUCKY B IIPABOM YacTh MIKabl. JJ0OpOTHOCTh KOHTYpa OTCUUTHIBAIOT 110

IIKAJIC SJICKTPOHHOI'O BOJIBTMETPA, UMCIOIIICTO 00o3HaueHNE Q .
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Y

Puc.14

[{udpoBbie METOIBI H3MEPEHUS MAPAMETPOB JIEMEHTOB OCHOBAHBI Ha MIPOMEKYTOUHOM
peoOpa3oBaHNU 3HAYEHUsI TapaMeTpa BO BPEMEHHOM MHTEpBaJl MM YaCTOTy UMITYJIbCOB. Cxema
npeoOpa3oBaTesisi EMKOCTH BO BpEMEHHOM MHTEpBaJ MPUBE/CHA Ha puc. 14a, a BpeMeHHast
nuarpamma Ha puc.140.

C
[lepen Hauamom U3MepeHuss EMKOCTh ~ ¥ 3apspkaercs uepe3 kiou K 1o nanpspkenus E ucrounuka.

R .
3aTeM 3apsHKeHHAs eMKOCTh MOAKIIFOYaeTcs K 00pa3oBOMy PE3UCTOPY ~ ¢ W HaunHAeTcs e

pasp4ana. B MmomenT BpPCMCHU r”‘ ’ HAIMpsKCHUE Ha CMKOCTh YMCHBINACTCA 10 3HAYCHHUA
[.(r)= Be™l = 036798 (31)

DTOT MOMEHT BpeMeHU (UKCUPYETCsl CXEeMOU CpaBHEHHUS, Ha BXOJ KOTOPOil moAaércs omopHoe
HaIpsHKEHUE

R
7 =E——% =03679F
Rl +Rﬂ

I[J'II/ITGHI)HOCTB HNMITYJIbCAa Ha BXOAC CXEMbI CPABHCHUA ITPOIIOPIIMOHAJIbHA I/ISMepeHHOﬁ C€MKOCTH

t =r=C.R,

AHaJIOrMYHBIM 00pa3oM IpeodpaszyroT CONPOTUBIEHUE B UHTEPBAJI BpEMEHU & = &0 .
[Mudposoit mynsTumeTp ©4800 npenHazHadyeH Uil U3SMEPEHUsI EMKOCTH, HHAYKTUBHOCTH U
comnpotuBienus. [IpuHuun padoTsl mprudopa OCHOBaH Ha MPE0OPa30BAHUU U3MEPSIEMOTO
napaMeTpa BO BpEMEHHOW MHTEPBAJ U MOCJIEIYIOIIET0 3al0IHEHHs] 3TOT0 HHTEpBaJla UMITYJIbCaMH1

TaKTOBOI 4aCTOTHI j:’ , TaK 9YTO YHUCJIO UMITYJILCOB
N =t 71,

MyabTUMETP OTHOCUTBCS K TPUOOPaM HETOCPEACTBEHHOMN OLIEHKH, a 3HaU€HUE U3MEPSIeMOro
napaMeTrpa OTCUUTHIBAeTCs 10 HUPPOBOMY OTCUETHOMY ycTpoicTBY. OcHoBHas [lorpemHocts
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u3MepeHus He npessimaet 0,5%. Bung namepsiemoii BeTMUMHbBI BBIOUPAETCs IPU MOMOUIH
KHOIIOYHOTO MEePEKITI0YaTeIs.

XapakTepUCTUKU PUOOPOB ISl U3MEPEHHUS TApaMETPOB KOMITOHEHTOB JICKTPUYECKUX LIEMEH.
BonpmHcTBO MPUOOPOB AJ1s U3MEPEHUS TapaMeTPOB KOMIIOHEHTOB LieNeH sABIseTcs
MHOTO()YHKIIMOHAJIEHBIMH, ITPEeTHA3HAUCHHBIMH [T U3MEPEHUS KaK TJIaBHBIX, TAK U TPOU3BOIHBIX
napameTpoB. K OCHOBHBIM XapaKTepUCTHUKaM TaKUX MPUOOPOB OTHOCAT: JUANa30H U3MEPEHUS
[IapaMeTPOB JIEMEHTOB, IMaIla30H YaCTOT U3MEPEHUS, IOIPEUTHOCTh U3MEPEHUS U
YYBCTBUTEIBHOCTb.

JnanazoH u3MepeHus XapakTepu3yoT MUHIMAJIbHBIMU U MaKCUMAJIbHBIMHU 3HAYCHUSIMU
U3MepsEMBIX MapamMeTpoB. M3mepeHne 60IbIIMHCTBA TapaMeTPOB OOBIYHO BBINOJIHAETCS HA OJHOM
WA HECKOJIBKUX (PMKCHPOBAHHBIX YaCTOTaX, a MPUOOPHI, paboTaroIIKeE 110 PE30HAHCHOMY METO.Y,
XapakTepu3yeTcs AUana3oHoM pabounx 4acToT, B Ipeieaax KOTOPhIX BBIIOIHAETCS U3MEPEHHUE
apaMeTPOB JIEMEHTOB.

OCHOBHOI METPOJIOTMUECKOI XapaKTEepUCTUKON MPUOOPOB SIBJIIETCS NOTPELIHOCTh U3MEPEHUS,
KOTOpasi ONPEAEIAETCS B 3aJaHHOM JHMAINla30HE U3MEPEHUs [1apaMeTPOB HA KaKJOU U3
(uKCHPOBAHHBIX YaCTOT,

s Xy

33
N (33)

Fig

A . . .
rac a o JACUCTBUTCIIbHOC 3HAYCHUC U3MEPACMON BCIIMYUHBI, A €C UBMCPCHHOC 3HAYCHUC.

Becpma BayKHO XapaKTepUCTHKON MPUOOPOB SIBIISETCS YyBCTBUTEIBHOCTh, KOTOPYIO OIIPEEIISIOT
KaK OTHOIICHHE OTKIOHEHHS YKa3aTe/Isl L4% K IPUPAIICHHIO H3MEPSIEMON BETHINHEI L3

it (34)

I[J'ISI MOCTOB ITOCTOSAHHOI'O WJIM IEPEMECHHOI'O TOKA ONPEACTIAIOT HyBCTBUTCIbHOCTD K
OTHOCUTCIIbBHOMY N3MCHCHHIO COIIPOTUBJICHHUA

5 = Mo den
AR "0
100 (35)
¥
rae LR, "Ir s - OTHOCHUTEIBHOC MIPUpPAIICHUE CONPOTUBIICHUS.

KoHTpoisibHBIE BOTPOCHI

Kakue Mozienu nacCUBHBIX 3JIEMEHTOB UCIOJB3YIOT IPU U3MEPEHUH UX MapaMeTpoB?
2. Kakue nmapameTpbl 2JIEMEHTOB Ha3bIBAIOT OCHOBHBIMH U ITPOU3BOJIHBIMU?

3. YeM oTiMyar0TCA IVIaBHbIE TApaMETPhI 3JIEMEHTA OT OCTATOYHBIX?

4. KakuMu napaMeTpamMy XapaKkTepU3yIOT Ka4eCTBO JJIEMEHTOB?
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5. Kakumu napameTpaMu XapaKTEepU3yIOT YaCTOTHBIE CBOMCTBA 3JIEMEHTOB?

6. [laiiTe XapakTepUCTUKY METOJ0B U3MEPEHUSI [TapaMETPOB IMACCUBHBIX 3JIEMEHTOB.

7. B yem 3akirovaercs CyniHOCTh KOCBEHHOTO METO/a U3MEPEHUs TapaMeTPOB AJIIEMEHTOB?
8. Kakue morpenitHoct CBOMCTBEHHBI METOAY BOJIBTMETpa-amrnepmerpa’?

9. Ilepeuncnure ycaoBusi paBHOBECHS MOCTa MIEPEMEHHOTO TOKA.

10. J17s1 uero ucnomab3yroT ABOWHBIE MOCTBI IOCTOSIHHOTO TOKa?

11. O6BsicHuTe TPUHIMT paboThl MOcTa P329.

12. YeM 0T/IMYAIOTCS CXEMa MOCTOB NIEPEMEHHOTO TOKA ITPU U3MEPEHUU EMKOCTHU U
WHIYKTUBHOCTH?

13. Kak pabotaer MocT nepeMeHHoro Toka E7-4?

14. Kakue napaMeTpbl 3JIEMEHTOB U3MEPSIOT PE30OHAHCHBIMUA METOIaMU?

15. Kak paboTaet usmepuresb 100pOTHOCTH?

16. Kak u3mepstoT npu MOMOUIN U3MEPUTENS TOOPOTHOCTH EMKOCTh KOH/IEHCATOPOB?

17. O6bsacHuTE NPUHIUT HU(POBOTO METOJA U3MEPEHHUS TApAMETPOB JIEMEHTOB.

18. Kak pabotaet mudpopoii mynbTumeTp ©4800?

19. Ha3oBuTE OCHOBHBIE XapaKTEPUCTUKH MTPHOOPOB IJIsI U3MEPEHUS MTApaAMETPOB JIEMEHTOB.
20. Kak onpenensitoT 4yBCTBUTEIbHOCTh MOCTA IOCTOSIHHOTO TOKa?

[Ipaktrueckas padora Nel2

I/IBMepCHI/IG COIIPOTHUBJICHUA KOCBCHHBIM MCTOAOM

Llenb paboTel: OCBOEHUE METOAMKH U3MEPEHUS CPEAHUX CONMPOTUBICHUN METOIOM aMIepMeTpa 1
BOJIBTMETpA.

Copnepxanue: B npeayiaraeMbIx cxemax oo4epeHo u3MepuTh conpotusienus R1, R2, R3.
Kparkast Teopust u pacdeTHsie (GOpMYIIbI.

HpI/I HU3MEPCHUU COITPOTHUBIICHUA KOCBCHHBIM METOJA0OM NIPHUMCHIAIOT ABC CXCMbI BKIIFOUCHU S
amIepMeTpa 1 BOJIbTMETpa.

| \JEI——@—
® wl

| I

-

g

Puc.1 Ra=1,3 Om; Rv=1MOwMm
B cxeme, nzobpaxeHHblii Ha puc.l, moka3zanust BonsTMeTpa UV paBHBI CyMMe HaIpsKeHUI Ha
conpotuiiennd Rx u na amnepmerpe Ua . B aToMm cimyuae uzmepsieMoe COpOTHUBIICHUE:

RM=(Uw-Ua)= (Uv -la* Ra) - Uv

-Ra
la la la

T.€. HOSABISETCA MOTPEHIHOCTh U3MEPEHUs, paBHast Ra (BHyTpeHHEMY COIPOTHBIICHHIO
amrepmerpa). [loaTomy 3Ty cxemy NpUMEHSIIOT [yl U3MEPEHUs] CONPOTUBICHUH, OOBIINX IO
CpaBHEHHIO ¢ conpoTuBieHreM ammnepmerpa (B 100 pa3 u 6ombliie), 4TO MO3BOJIAET MIPEHEOPEUb
conpotusiieHueM Ra, 1.e. cuntath uto: Rx =Ua/ Ia
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Puc.2
ITpu ncnonbp3oBaHUM BTOPOl cxeMbl (puc.2) mokazaHue ammnepMerpa la paBHO cymMMe TOKOB B

COIIPOTUBJICHUU Rxu BOJIbTMETPEC IV, CJICOOBATCIIbHO U3MCPACMOC COIMPOTUBIICHUC!

Uv _ Uv
la-Iv ~ Uv
la - RV

Rx =

OTy cxemy NPUMEHSIOT IJIs1 U3MEPEHUSI CONPOTUBIIEHN, MEHBILNX 110 CPABHEHUIO C
conpotusiieHneM BoabTMeTpa (B 100 pa3 u meHble). B 3ToM ciiyyae TOKOM uepe3 BOJBTMETP
MOYKHO TIpeHeOpeus, T.e. cuntaTh: Rx = Uv / la. Ho npu TOYHBIX U3MEPEHUSIX MOIB3YIOTCS
HOJHBIMU (POPMYJIaMH, B 3aBUCUMOCTH OT NIPUMEHSAEMON CXEMBI.
O6opynoBanue u MprUOOPHI:

HcTouHuK nMuTaHus — IEKTpUYEcKas CETh IEPEMEHHOI0 TOKa Ha HanpsbkeHue 150B.

Mara3uH 00pa3LoBbIX CONPOTUBICHUIN

Peocrar, coennauTENBHBIE TPOBOAA

[TpuGopsr: -Ammepmetp A (A)— uzMepser cuiry Toka B iienu: Bonstmetp U (B)- nu3mepsier

B

MaJICHUE HAIMPSKEHUS Ha PE3UCTOPE

[Topsinox BbIIOIHEHUS PaOOTHI:

1. 3ammcaTh TEXHUYECKHE JaHHBIE IICKTPUIECKUX MPUOOPOB B TaOmmIryNel
Ta6muma Nel

HaunmenoBanue | O6o3nauenue | Cucrema Kracc [Ipenen Lena nenenus
npudopa Ha cXeMe npudopa TOYHOCTHU M3MEPEeHHS

1.Cobpatb cxemy (puc.1), MpoBEpUTH CONTPOTHBIIEHUE pe3UCTOpa s JaHHOH paboTsl. (114 Om)
2.IlooyepenHo Ha Mara3uHe conpoTuBIeHUH BhicTaBUTh R = R1, R2, R3.

3.IIpousBecTu 3aMephl U 3aHECTH X B TAOIUILY.

4.AHanOrMYHO MPOBECTHU 3aMEPHI 0 CXEME PHC.2.

5.Pacuutare RX, monp3ysack MOJHBIMU U COKpaIIeHHBIMHA (popMysiamu. Pe3ynbTaTel 3aHeCTH B
Ta0NuILy.

6.Haiitu 151 Bcex cimy4yaeB aOCONIOTHYIO U OTHOCHUTENBHYIO ITOTPEIIHOCTh, CUUTAs

R, — (Ha Mara3uHe CONPOTHUBIIECHHIA) — AEHCTBUTEIHHBIM 3HAUCHHEM.

Rysu— (10 popmynam) — U3MEpEHHBIM 3HAYCHHUEM.

AR = RusMm — Rp;

Y= (AR /Rm)* 100%
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7.Pe3ynbpTaThl BEIYMCICHUH 3aHECTH B TAOIHILY.

Ne [ Rnm 3amepsl CoxpateHHbIE (HOPMYITBI [Tomabie hopMyITBI
mm | (Om)
I(A) U@B) Rx (Om) AR v (%) | Rx(Owm) AR(Om) Y (%)
(Om)
1 114
2 114

8.Caenath MUCHMEHHBIEC BBIBOABI 110 JTAOOpAaTOPHOI padoTe.

KoHTpoJibHbIE BONIPOCHI:

1). MeToapl u3MepeHus COTPOTHBIICHHS ?

2). K xakum MeToiaM OTHOCHUTCS AaHHas 1JabopaTopHas pabora?

3) Ot yero 3aBUCUT NOCIIEA0BATENBHOCT BKIIOUEHHUSI AMniepMeTpa u BosnbTMeTpa npu u3mepeHuu

COTNPOTHUBIICHUS?

[Ipaktuueckas pabora Ne 13

N3yyeHne TeXHUUECKOW JOKYMEHTAIIMU U OPTaHOB YIIPaBJICHUS JIEKTPOHHOTO
ocmiorpaga

Llens paboTel: M3yuuTh TEXHUYECKYIO JOKYMEHTAIMIO 3JIEKTPOHHOTO ocumiuiorpada, Ha3HaYeHne
€ro y3JI0B U OCBOUTH MpaBuja MOATOTOBKH K paboTe mpudopa.

O3HAaKOMHUTBCS C TEXHUYECKOU JOoKyMeHTaruei ociumiorpaga C1-94

a) YHuBepcaibHbIi cepBUCHBIN ociimutorpad C1-94 npegHazHaueH Uil HCCIIEIOBAHUS
MMITYJIbCHBIX CUTHAJIOB B AMIUIUTYAHOM JIMaIla30HE
Y BO BpPEMEHHOM JIUana3oHe
Y CUHYCOUJIAJIbHBIX CUTHAJIOB B AMIUIMTYIHOM JIMANa30He
Y BO BPEMEHHOM Jarna3oHe
6) YcnoBus sKCIuTyaTanuu npubopa:

e TeMIlepaTypa OKpYXarouiei cpeabl
® OTHOCHTEJbHAsI BIAXHOCTh BO3IyXa
® HanpsHKEHUE MUTAKOLIEH CETH
B) 2JIEKTPUUECKHE MTapaMETPhl U XapaKTEPUCTUKHI
paboyast yacTh dKpaHa
HMIMPHHA JTyya He Oosee
BXOJIHOE COIPOTHBIIEHNE
MaKCHMaJbHasi aMILTUTY 1a BXOJJHOTO CUTHAaJIa
BUJI pa3BEPTKU
YCUJIUTEIb TOPU30HTAIIBHOTO OTKJIOHEHHUS Ha yactote 10 'y
MOIIIHOCTb, TOTpebdIIieMas IpruOoOpoM OT CETH

N3yunTh ynpoumEHHYIO CTPYKTYpHYIO cxemy npubdopa C1-94 HazHaueHHe OCHOBHBIX OJIOKOB
(puc.1) tabmuma Nel.
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Bx. ¥

BXOOHOH TIPE/TBAPHTEI. TTHHHA OEOHEYHEH
)—ll—' OEMHTENE || Y-HHIEE *| zamEpwm ™| YCHIMTEIR
1 ‘—n
KATHEPATOP T ' = '/
CEMA | CFnA ._34 ||+
OOCEETKH HTAHHA 50T L3
LT
Bx.X 'r | 1
VCHIHTETE TPHITEF CHEMA TEHEPATOF YCHIHTENR
)—\- CHHYPOHIS cmmmomms [] 3alvers [ pasBEPTIHM ™ PAZBEPTEKH
-~

CHEMA
ENOKHPOBEH

Puc.1 CtpykTypHas cxema npudopa

Tabmura Ne 1

HaumenoBaunue
0JI0Ka

Ha3znauenwue 610kxa

B koHCcTpyKIIHIO 070Ka BXOJIUT:

KBO cocrour u3
BXOJHOH IIENU U

Bxoa Y KBO (kananm BepTHKaIbHOTO
OTKJIOHEHHS JIyya) MpeAHa3HAUYeH IS
YCUJICHUS AJICKTPUYECKUX CUTHAJIOB J0
BEJIMYMHBI, oOecrneunBaronieil ynobHoe

® BXO1HOM pazbem 11 1

® KHOIIOYHBIM  IE€PEKIII0YaTaTelb

V-3B-1
® BXOIHOU JAEIUTEID

yenmTens paccMOTpeHHe H300paKeHUusT U €ro o [IpE/IBAPHTENBHBIH YCHITHTEND
uccnepoBanne Ha odkpaHe OJIT ¢ | ¢ ppmng 3a7ePKKH CHrHANA
MUHUMAJIbHBIMA HCKKCHHUSIMU (HOPMBI npubmusuTensHo 110 He
HMCCIICAyeMOro CHIHaIa. ® OKOHEYHBIN YCUIINTEIh
KBO - (xaHalm TOpHM30HTAILHOIO | ®  YCHJIMTENb CHHXPOHU3ALUH
OTKJIOHCHHSI JIy4a)- MPEIHA3HAYCH U | @  TpUTTEp CHHXPOHM3AIUK
KTO obecrieyeHns: JIMHEHHOrO OTKJIOHEHUS | o  cxema 3aIycka
Jy4ya C 33JaHHBIM KO3(PQHUIIMEHTOM | o reHEpaTop Pa3BEPTKN
PasBEPTKHU. e cxema GJOKHPOBKH
®  YCUJIUTEIb Pa3BEPTKU
3JIEKTPOHHO-TTY4€BOM uHaukarop, | Cxema nuranust DJIT
NPEJAHA3HAYEHHBIH JUIA  BU3YalbHOIO | e  KaToza (Hakaa)
OJIT MCCIICJIOBAHUs. ~ CUTHAJIOB,  KOTODBIA | @  momymnsaTOpa
BKJIFOYAET CXEMY MOJICBETKH W CXEMY | o aHogna 1
MUTaHUS. e amoma?
KanOpaTop mpeaHa3HaYeH s
Kamubpatop PATOP TIPEL
(dhopMUpOBaHUS CUTHATIA,
aAMIUTUTYBI U
KaIMOPOBAaHHOTO TI0 aMIUTUTY/IC U
BpEMEHU

BPEMEHH.
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Bueunwuit Bua ocuniiorpaga C 1 - 94:

2. [IpousBecTtu MOATr0TOBKY ocuuiuiorpada k padore:
W3yunth Ha3HaUE€HUE OPraHOB YIPABIICHUS:
@ - BIIFOUCHUE TTPHOOPA,
L - peryampoBKa SpKOCTH,
- perynupoBaHue (OKYCHPOBKH,
<> - CMEILIEHHE JIyya 10 TOPU30HTAIIH,
t - CMeEUIEHHeE JTyya [0 BEpTUKAIH,
YpoBeHb — BBIOOp YPOBHS 3aIlycKa pa3BEPTKU,
Pa3zpém @ y — mOJIKJTI0YeHHE ucciienyembix curHanoB k KBO, 1 MQ 40pF
THe3mo @3AHVCKA - OJIKJIFOUYEHUS CUTHAJIA BHEIIHEN CUHXPOHU3AIUH,
BPEMSA/AEJT - cryneHuaroe nepekitodeHne Ko duuueHTa pa3BEpTKH,
V /IEJI - nepexmtouenne kodhPuimeHTa OTKIOHESHHUS,
ms
ps - }rpy60e nepexstoueHne ko3 huiinenpa pa3BéPTKH,
ABT XAV - nepexitoueHHe aBTOMaTHUECKOIO U 5KIYLIEr0 PeXKUMOB pa3BEPTKH,
S gy —__— ~ UCPEKIIOYEHHE MOJAPHOCTH 3aMyCKAIOIIEr0 CHIHANA,

BHYTP BHEII - nepexiroueHne pe:KMMOB CUHXPOHU3ALINH,

~o
~C- IePEKITIOYEHIE OTKPBITOrO U 3aKPBITOTO BXO/I0B KBO,
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Knemma J_ - KJIEMMa 3a3eMJICHUS.

Ocy1ecTBUTh BKIIOYEHHE U IPOBEPKY paboTocmnocoOHOCTH ocuuiuiorpada.

CoOpaTh 2JIEKTPUUECKYIO CXeMY pHucC. 2

r3_36A * Bx C1-94

Puc. 2

Ha reneparope curnanos ['3-36 A ycranoButs yactory 600rm. ammutynoit U=5B u
noakIouuTh ero Ha Bxo OY ocmumnorpada C1 — 94. JloOuThcs ycTOMUHMBOTO N300pakeHUS
MCCJIeyeMOT0 CUTHAJIa Ha dKpaHe ocIuuiorpada pydykoi ypoBeHb. 3apUCOBATh UCCIEAYEMOM
CUTHAJI B TETPAIb.

4. CocTaBUTh QITOPUTM BKJIIOYESHHSI U TPOBEPKHU ocuiuiorpada Ha paboToCmocoOHOCTb.

Curnan CuHyCOUAANBHON (POpMBI

BremonnuTte 3a1anue:
1. Haznauenue ocumiorpada

2.Tun ocummnorpada

3.3anummTe HauMEHOBaHHUs OJIOKOB, BXOSIINX B COCTaB ocIuiuiorpada

4. Kanan BCPTUKAJIBHOI'O OTKJIIOHCHUSA CITYKUT JJISA

5. Kanas ropr30HTAIBHOTO OTKJIOHEHUS CITYKUT IS

6. UTOOBI MOTYYUTh YCTOHYMBOE H300pakKeHUE CUTHAJIA HA dKpaHe ocuusuiorpada Heo6XoumMo
7. HazHaueHue 31eKTpOHHOIYy4YEeBON TpyOKU
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[TIPAKTUYECKAS PABOTA Ne 14

[Tpumenenue octiorpada st UCClIeJOBaHUSI CUTHANIA U OTIPEICTICHUS €r0
napameTpoB. Ourypsl JIuccaxy.

Lenb pabotsl: [onydyeHrne HaBBIKOB U3MEPEHHUS [TAPaMETPOB CUTHAJIA C IIOMOIIIBIO OcHuuIorpada:
BEJIMUMHBI HAMIPSKEHUSI, YaCTOTHI, yIJia cABUTra ¢as.

KPATKHUE TEOPETUYECKUE CBEJIEHUW A

[TpuHIMNI AEHCTBUS STEKTPOU3MEPUTENBHBIX TPUOOPOB TAKOB, YTO HEKOTOPHIE MPHOOPHI U3MEPSIOT
JEUCTBYIOIIEE 3HAYCHHE, a HEKOTOPBIE CPEAHEE NI MAKCUMAJIBHOE.

Hanpumep, y ammepmeTrpoB U BOJIBTMETPOB 3JIEKTPOMATHUTHOM CHUCTEMBI Yrod OTKJIOHEHUS
MOJABUKHOM CHUCTEMBI TPOIIOPIMOHAIIEH JEHCTBYIOIEMY 3HAYEHHUIO UCCIEAyEMOr0 CUTHaNa;

y HpI/I60pOB MaFHHTOBHeKTqueCKOﬁ CUCTEMbI — CPCAHEMY 3HAUCHHUIO 3a IEPpHUOA HUCCICAYCMOI'O
CUTrHaJIa, a Y aMIUIMTYAHBIX BOJIBTMETPOB — MAKCUMAJIbHOMY 3HAYCHUIO.

Ocuusutorpadsl MO3BOJIAIOT U3MEPUTh HE TOJNBKO MaKCHMMajbHOE, HO U MTHOBEHHOE 3HAauyeHUE
curHana. [lepeMeHHOe CMHYCOMIaIbHOE HAIIPSHKEHUE XapaKTEPU3YyeTCsl aMIUIMTYAHBIM (ITMKOBBIM),
CPEIHEBBINPSAMICHHBIM U CPEHEKBAAPATUYHBIM 3HAUYCHUEM.

Ha pucynke 1. mpuBenéH rpadvk CHHYCOUIATBHOTO HAPSIKEHUS.

—

+U o

Puc. 1.

ITapameTpsl curnana:

AMHJ]I/ITy,Z[HOC 3HadueHue Um (HI/IKOBOC) — 3TO HAuOOJbIIIECE MTHOBEHHOE 3HAUCHHE HaIIpsPKCHUA 3a
nepuona. HpI/I Pa3HOMOJIAPHBIX HCCUMMCETPHUYHBIX KPUBBIX HAIIPAKCHUA PaA3JINYarOT

IIOJIOKHUTCIbHOC, MAaKCUMAJIbHOEC: + Um wu OTpULATCIIBHOC, MUHUMAJIBHOC — Um AMIINIMUTYIHOC
3HA4YCHUC.

CpenneBbIIpsMIIeHHOE (MOCTOssHHAsA cocTapistomas) Uc,, HanpsyKeHHE ONpelensercs Kak
cpenHee apuMeTHIecKoe a0COFOTHRIX MTHOBEHHBIX 3HAUCHH 3a TIEPHOI.

UCP.B. -
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CpenunekBaaparuueckoe (aeiicTBytomee 3HaueHue) U — ornpeaensercs,, Kak KOpeHb KBaJIpaTHBIN
U3 CpeIHero KBajJpaTa MTHOBEHHOTO 3HAUEHHUs HaNpsbkeHUs 3a  mepuon — HawumOombimas
MOTPEOHOCTh CYHIECTBYET B M3MEPEHUU JICUCTBYIOIIETO 3HAYEHUS HAIMPSHKEHUS, MOCKOJIBKY 3TOT
rapameTp CBSI3aH C MOIIHOCTBIO, HATPEBOM, IIOTEPSIMH.

T
L ¢
U= |—[u()-dt
T 5
Yacro jxe mpouie M3MEpUTh aMIUIMTYJHOE WIM CPEIHEBBINPSAMIIEHHOE 3HAYCHHE M TPOM3BECTH
1epecuéT ¢ IpUMEHEHUEM KO PUIMeHToB aMIuTyasl K, u Gpopmbl Ky,

K,= Um/U,K¢= U/Ucp.g.
B vacTHOCTH, /U1 CHHYCOMAAnbHOro Hanpsbkenus: K, =1,41; Ky= 1,11
Ha pucynke 2 npueaéH rpaguk HanmpspKEHHS MPSIMOYTOIBHON (OpMBI.

JIns mepruoAMYecKuX CUTHAJIOB, OJU3KUX K MPSMOYTOJbHOW, K BPEMEHHBIM IapamMeTpaM OTHOCST
TaK >K€ JJIMTEIbHOCTh UMMyJbca A ty U CKBaXHOCTh Q, MPEICTaBIAIONIYI0O COOON OTHOIICHHE
nepuofa curHana T k pmutensHocTd uMnynbca A ty: Q=T /Aty .

Aty

£

w

-
.|

U m

¥

w

Puc. 2.

[HOPAOK BBIIIOJIHEHUA PABOTbI

1. CoOpats cxemy ( puc. 3.)

Ha renepatope 13-36 A ycTaHOBUTH CHTHal

cunyconaanbHoil opmbel vactoroit 600 I, I3-364° ) C1-94
ammuityaon U = 5 B ¥ NOJIKIKOYUTH €ro Ha
Bx0oa OY ocnumiorpaga C1 — 94.

Jo6uthes YCTOWYUBOIO N300paxeHust

Puc. 3
HCCIIETyEMOro CUTHaJa  HA  DKpaHe "
ocrmuiorpada.
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3apucoBaTh (popMy CUTHaJIA B TETPa/b U ONPECTUTh YaCTOTY U aMIUIUTY/y CHTHAJIA.

CurHan cuHyCOUIaaIbHON (OPMBI

2. Wsmepsas npubOpoOM aMIUIMTYAY MCCIEIYEeMOIO CUTHala ¢ OOJbIION TOYHOCTHIO, MOJIb3YHTECH
CIEYIOIUMU PEKOMEHIAIUSMHU:

® COBMCCTUTC pydyKaMH <—>» CUTHaJI C ACJICHUAMMU IIKAJIbI, TaK YTOOKI OBLIO yI[O6HO
IIPOBOAUTE U3SMEPCHHUA,

e BBIOMpaiiTe nmonoxenue nepekntouatens Y/AEJI takum, 4To0bl pazMep HcciaenyeMoro CUrHana
MOJTyYaJICsl HAaMOOJIBIIUM B ITpejiesiax paboueil yacTu sKpaHa.

® [IPOBOJUTE M3MEPEHHE CUTHANA JHOO IO HIDKHHUM, JHOO 10 BEPXHHM KpasMm JUHUA  Ha
9KpaHe ocuuorpada;

Benuumnnaa wmccnemyeMoro CHMTHalla B BOJIBTaX, paBHA MPOW3BEICHUIO U3MEPCHHOW BEIMYMHBI
n300pakeHus (B JENCHUAX ), YMHOKEHHON Ha IUPPOBYIO OTMETKY nepekitodarens Y/EJL.

U=

3. I/ISMepeHI/Ie YaCTOThI CUT'HaJIa IIPOU3BOJUTHCH 110 (bopMyne:

= 1
T
I'ne f—wuckomas uactora curnana, I'n; 7' — mnepuox curnana (cekynaax).

W3mepbTe pazMep LEeI0ro Yyucia NepruooB CUrHasla (B AETICHUAX ), YKIIAAbIBAOIINXCs Hanboee
o6m3ko k 10 nenenusm mikanel. Hampumep, mycTh 5 mepro10B 3aHUMAIOT PacCTOSHUE 9 AeTIeHU
HIKaJIbI IpU KOAPGUIIUEHTE pa3BEPTKU 2 IS /JIeIeHHUE.

Tor):[a HCKOMas 4aCToTa CUIrHalia:

n
f_z-Tp

re 1 — YKCII0 MIEPHOJIOB Ha SKpaHe ocumiorpada | — paccTosHus, KOTOPOE 3aHUMAIOT

f= 3 227-10°Iy.

9.2.10°
W3MEPEHHBIE TIEPUOJIBI, JeNeHue; 1, p — KOOQDUIMEHT Pa3BEPTKH Ha U3MEPSIEMOM JMAIIa30HE,

f: n/l ‘Tp:
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Ha renepatope 1'3-36 A yctaHOBHUTBH CHUTHAJI IpAMOYTOJIbHOU (opmbl yactoToi 1000 I,
ammmtynoit U =4 B u noaxmounts ero Ha Bxox OY octmmiorpaga C1 — 94,

JoOuThcs ycTOMYMBOTO N300pakeHUS UCCIIEyEeMOro CUTHAJa Ha SKpaHe ociuiorpada.
3apucoBaTh CUTHAJ B TETPaJb U OMPEICIIUTh €r0 YaCTOTY U aMIUIUTYAY ..

CurnHan npsaMoyrojibHOH (hopMbI

5. OHpe,I[eJ'II/ITB JJIMTCIIbHOCTb U CKBA)KHOCTb UMITYJIbCA

JnutenbHOCTh uMITysbea A ty

CxBaxHOCTH QQ, IPEICTABIISIONIYIO CO0O0I OTHOIIEHUE TIepro/ia CUurHaa T K IITUTeTbHOCTH
umnynsca Aty: Q=T/Aty .
6.0mnpenennTe 4acTOTy CUTHalIa CUHYCOU1adbHOU (hopMbl MeToioM ¢uryp Jluccaxy, s yero:

® Ha BXOJ YCWJIUTEJS TOPU30HTAILHOTO OTKJIOHEHUS MT0/IaTh HAMPSHKEHHE OT BTOPOTO
rerepatopa ['3-36 A ( Bxox ¢ oOpaTtHO# cTopoHs! ociimuniorpada ). [Ipu commkeHnn 4acToT Ha
HKpaHe TMOSBIISIETCS BPALIAIOIIUICS SIUTUIIC, OCTAHOBKA KOTOPOTO YKa3bIBACT HA ITOJIHOE
coBMajieHre 49acToT. [Ipr KpaTHOM COOTHOILICHUHU YacTOT Ha KpaHe MmoirydaeTcs oosee
CJIOKHAs puUrypa, MpuyéM 4acToTa 1o BEPTUKAIHN TaK OTHOCHTCS K YaCTOTE IO TOPHU3OHTAIIH,
KaK YKMCJIO TOYCK KaCaHUsl 10 TOPU30HTAIM OTHOCUTCS K YUCITY TOUCK KaCaHHs KacaTeIbHOM 10
BEPTUKAJIH.

Ha puc 4. npusenen npumep ¢urypsl Jluccaxxy ¢ cooTHomeHrueM Touek nepecedeHuss N . / N
= 6 / 4. OT0 3HAYMT, YTO YacTOTa CHTHaJa Ha BXoJe Y B MOJTOpa pa3a OoJjblle, YeM 4acToTa
CUTHaJIa Ha BXoJe X.

@urypsl JIuccaxy npu COOTHOIEHUH YacToT f/f ypaBHOoM: a—3; 6—-2; B-3/2; r—1; n—1/2

a 6 d 2 ad

Puc 4. Onpenenenne Toyek nepeceyeHusl.

Beinonnute 3aganue:

Haznauenue ociuiorpada
2. Jlnd ompenieneHust aMILTUTY Il HEOOXO0AUMO
[Tpu KakKX yCIOBHAX OCIIIIIOrpaMMa OyAeT HeTOABHKHON?
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4. J1nst onpeieieHnst 4acTOThl He0OX0IMMO

5. Ha skpane ociuniorpada HabIt01allu OJUH MEPUOJ CHHYCOUABI. YKa3aTh, UTO CIEAYyeT
U3MEHHTH B ocLmiorpade (Ha Kakoi OpraH yrnpaBlIeHHs BO3JICHCTBOBATh) M KaKKMM 00pa3oM,
YTOOBI HAOJIIOIATh J1BA MIEPHOA UCCIEAYEMOI CHHYCOMIbI

6. Ocuorpad BKIHOYEH, IPKOCTh U (DOKYC JTyda OTperyiupoBaHbl. Kak yCTaHOBUTH OpraHbl
yhpaBieHus: ocuusuiorpada ass IoaydyeHusl yCTOMUYMBOTO N300pakeHUs MCCIeAyeMOoro curnana’?

[Ipaktrnueckas padora Ne 15

Pabota c ocummiorpadom. U3mepenre Hanps>KeHUs, 4aCTOTHI U ciBUTa (as.

Ocuumnorpad — npubop, Moka3pIBarOIIUi (HOpMy HaNpsKEHHS] BO BpeMeHH. TakyKe OH MO3BOJISET
U3MEPATH PsiJi TApaMETPOB CHUTHAJa, TaKWe KaK HalpsOKEHHe, TOK, 4acToTa, yroi casura das. Ho

IJIaBHas 10Jb3a OT ocuuuiorpaga — BO3MOXKHOCTb HaOIIOACHUS
dopmbl curHaima. Bo MHOrmx ciydasx uWMeHHO (opma curHama
IIO3BOJIIET OINPENEIUTh, YTO MMEHHO Ipoucxoaut B nenu. Ha puc. 1
[IOKa3aH IpUMep NOJ00HON CUTYALIUH.

B sToM ciydae HampspkeHUE COIEPKUT KaK MOCTOSHHYIO, TaK U T
[IEPEMEHHYI0  COCTaBJISIONIME, IpuueM  (GopMa  MEPEMEHHOU |umsw='s.sev

COCTABJIIONICH JajeKka OT CHHycOMaadbHOW. Ha Takom curHaie
BOJIETMETPHl  JTAIOT OOJBIIYI0 OMIMOKY: CTPEJIOYHBI BOJBTMETP
NEPEMEHHOTO TOKa TI0Ka3ajl HamnpspKeHue 2,2 BOJNBT, a Hu(poBOil —
BooO1e 1,99 BonbsT. BonsTMeTp mocTostHHOTO TOKa mokasain 4,8 BosbT. [IpaBuiibHOE nelicTByoMIEE
3HAYCHUE HANPSHKCHUs MoKasan ocumuiorpad — 5,58 BonbT (1udpoBbie ocimimiorpadbl U3MEPSIOT
HANPSDKEHUE W TO3BOJISIFOT COXPAHATH PE3YJIbTaThl B KOMIbIOTepHOM (opmare). Kpome Toro,
OCLIMJIOTpaMMa MO3BOJISET YBUIETh HEKOTOPBIC CBOMCTBA CUTHANA:

Puc. 1. Ocummnorpamma
CJIO’KHOT'O CUTHaJIa.

e  CHUTHAQJI UMEET UMITYJIbCHBIN XapaKTep;

e CHUTH&JI HE MPUHMMAET OTPHULATEIbHBIX 3HAYEHUH (U3MEPEHO C OTKPBITHIM BXOAOM
ocuuiiorpaga);

e CHUTHAQJ OYEHb OBICTPO M3MEHSETCS OT HyJs N0 3HaueHus 6,4 BoibTa U OOpPATHO O HYJSA
(4yBCTBUTENILHOCTh KaHaJla BEPTUKAJILHOTO OTKJIOHEHUS 2 V/nen);

e JUIMTEIBHOCTb UMITYJILCOB O0JIee UEM B TPH pa3a MPEBBIIACT JIUTEIbHOCTD Nay3.

1. Ilpyanun aeficTBus ocuuliiorpaga
cucmemMa QoxycuposKu Iyua
/

«Cepauem» mnpubopa sBISIETCS DIEKTPOHHO-
nyueBas Tpyoka (3JIT), puc.2.

9-76’;{?.'1])0#361!} Jara

OJIT siBnsieTcss ANEKTPOHHOW JaMIION, H,
KaK M BCE JIaMIIbl, OHA «3aIl0JIHEHA» BAKYYMOM.
Karon wm3mydaer 2IeKTpoHB, a  CHCTEMa
(GOKyCHUpOBKH (QOpPMHUPYET M3 HUX TOHKHMU JIyd.
OTOT DJEKTPOHHBIA JIyd TONAaJaeT Ha JKpaH,
HOKPBITBIA  JTFOMHHOGOPOM, — KOTOPBIA  IIOJ N ommnonanan ngna | -
BO3/ICIICTBMEM  DJIEKTPOHHON  OOMOapIupOBKH
CBETUTCS, W B ILEHTPE DJKpaHa BO3HUKAET
cBersmiasicss Touka. JlBe mapel mimactuH OJIT

o Puc. 2. VYcTpoHCTBO 3IEKTPOHHO-Ty4EeBOU
OTKJIOHSFOT JJIEKTPOHHBIM JIy4 B JBYX B3aHMHO

TPYOKH C 3JIEKTPOCTATHYECKUM YIIPABJIICHUEM.
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NEPIEeHIUKYISAPHBIX HAMpaBICHUIX, KOTOPbIE MOKHO pacCMaTpUBaTh Kak KOOPIUHATHBIE OCH.

[TosTomy mns HaOmoaeHuss Ha skpane DJIT wuccaegyemMoro HampspKeHUsS HEO0OXOIMMO,
YTOOBI JTy4 OTKJIOHSUICS MO TOPU30OHTAIILHOM OCH MPOMOPIIMOHAIIBHO BPEMEHH, a MO BEPTUKATHHOU
OCH — IIPOMOPIUOHAIBHO UCCIIEYEMOMY HAMPSHKEHUIO.

Ha mmacTuHBl TOPHU3OHTAIBHOTO OTKJIIOHEHHS Jy4a (pacloiOXEHHBIE BEPTUKAIBHO)
nojaeTcss HanpsbkeHue pa3BepTkd. OHO HMMEeT HHIO00pa3HYo
dbopMy: MOCTEIIEHHO JIMHEHHO HapacTaeT M OBICTPO cramaer (puc.
3). OrpunareibHOE HANPSHKCHWE OTKIOHSAET JIyd BICBO, a
MOJIOKHUTEIPHOE — BIPABO (€CJIM CMOTPETh CO CTOPOHBI KpaHa). B spenn
pesyibTare Jyd JBWXKETCS IO OKpaHy ClieBa HalpaBO C
OTIpeNIeIEHHON MOCTOSTHHOM CKOPOCTBIO, TIOCIIE Yero OYeHb OBICTPO
BO3BpalllaeTCsl K JICEBOM TpaHWIE HKpaHa U TMOBTOPSET CBOE
IBWKEHHE. PaccrosHue, KOTOpoe MPOXOAUT JIyd  BJOJb
TOPU30OHTAILHOW OCH, MPOIMOPIUOHAIEHO BPEMEHU. DTOT IMPOIIECC
HA3BIBACTCSI Pa3BEPTKON, a TOPU3OHTAIbHAS JIMHHS, KOTOPYIO JIyd
NPOYEPUYUBACT IO DKPaHy, Ha3bIBACTCS JIMHUEH Pa3BEPTKU (MHOT/A NPU M3MEPCHUSAX €€ Ha3bIBAIOT
HyJIeBOU ymauel). OHa UTpaeT poiab OcH BpeMeHH f rpaduka. YacToTa MOBTOPEHUS MUI000pa3HBIX
UMITYJIbCOB HAa3bIBACTCSI YAaCTOTOM Pa3BEPTKH, HO OHA JUIi M3MEPEHHUH He Hcrmoib3yercs. s
WU3MEPEHUI HY)KHO 3HATh CKOPOCTh Pa3BEPTKHU, IIPO KOTOPYIO OYIET CKa3aHO HIKE.

HanpsiKeHue

Puc. 3. ®opma
HaTPSDKCHUS Pa3BEPTKH.

Eciu mnpu  »TOM Ha T[JIAaCTUHBI  BEPTUKAJIBHOTO OTKJIOHEHMsI  (PacloiOoXKEHHbIE
TOPU30HTAJILHO) M0/1aTh UCCIIEAYEMOE HAPsHKEHUE, TO JyY HAUHET OTKJIOHATHCA U IO BEPTUKAJIM:
IIPU MOJOXKUTEIBHOM HaNpsyKEHUU BBEPX, a IIPU OTPULIATEIbHOM — BHM3. J|BUJKEHUS 110 BEPTUKAIIN
U 10 TOPU3OHTAIM MPOUCXOAAT OJHOBPEMEHHO M B pe3yibTaTe MCCIeNLyeMblii CUTHAI
«pa3BopaunBaercs» Bo BpeMeHH. [lonyunBiieecs n300paxeHre Ha3bIBa€TCsl OCLUIIOTPAMMON.

Ha camom nene xpome JHMHEHHOHN CyLIECTBYET €lle KpyroBas M CHHMpalbHas pa3BepTKH, a
takxe purypsl JIuccaxy, Korja oJIluH U3 CUTHAJIOB SIBJISIETCS] pa3BepPTKON A1t BToporo. Ho 310 yxke
COBCEM JIpyrast UCTOPHS. ..

Ba)xHpIM MOMEHTOM SIBJISIETCSI COOTHOIIEHHUE YacTOT PAa3BEPTKU U CUTHajiA. ECy 9TH 4acTOTHI B
TOYHOCTH PaBHBI, TO HAa DKpPaHE 0TOOPAXKAETCSI POBHO OJMH NEPUO]T HCCIEeyeMOoro curnana. Eciau
4acTOTa CUrHajia BJIBOE OOJIbIIIE€ YaCTOThI Pa3BEPTKHU, TO Mbl YBUIUM J/IBa IEPUOJIA, €CIIU BTPOE — TO
Tpu. Ecnu yactoTta curHana BIBO€ MEHbILIE YACTOTHI Pa3BEPTKH, TO Mbl YBUJIUM TOJBKO IMOJIOBUHY
nepuojia curuana. Yactoty (CKOpOCTh) pa3BepTKU MOXKHO PEryJIipoBaTh B IIMPOKUX npeaenax. Ho
n3o0paxeHue OyaeT cTabuIbHBIM TOJIBKO B TOM ClIydae, €CJIM 4acTOTHI pa3BEPTKH U CUTHAJIA TOUb-
B-TOYb coBMajaroT. [Ipyu Maneiimem HecOBaJEHUH YaCTOT, KaX/10€ HAa4aJIo0 ABM)KEHHUS JIyda 110
9KpaHy OyJeT COOTBETCTBOBATh HOBOM TOUKE (DYHKIIMH BXOJAHOI'O CUTHAJA, U €€ rpapuK KaXKabli
pa3 OyJeT pucoBaThCs B HOBOM MOJI0KeHUH. [Ipr HEOOIbIIIOM HECOBMAICHUH YaCTOT (JIOJIU repia)
9TO OYZAET BBITTIAJAETh KakK Ipa UK, «IBIBYLIUI» BIE€BO UM BIpaBo. [Ipyu HecoBmaieHnu 4acToT B
HECKOJIBKO IepI] U OoJiee, OCIMIUIOrpaMMa CTAaHOBUTCS HeunTaeMoit (puc. 4).
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A Beab M0OHUTHCS aOCOJMIOTHO TOYHOTO COBIIQJEHUS YacTOT (OCOOEHHO B JECSITKU-COTHU
KUAJIOTEpI]) TPaKTHUYECKH HEBO3MOXkHO. I[losToMy pasBepTkoii B ocuwmiorpade yrnpaBiseT
crienManbHas cxema CHUHXpoHM3auuu. OHa 3aJep)KMBaeT Hayalo JBM)KEHUS Jyda 10 JKpaHy Tak,
4qTOOBl JIyd HA4YMHAJl JBUraTbCsl B TOT MOMEHT, KOI/Ia BXOJHOE HAIpsDKEHHWE JOCTUIIIO
ONpENIeNIEeHHOro 3HaueHus. B asToM cioywyae Jiyd HayMHaeT JBW)KEHHE (M pHCOBaHME
OCLMJIIOTPaMMBbl) KQKIBIA pa3 C OJHOM M TOM K€ TOUKH rpaduka BXOJHOTO cUrHana. B pesynbraTe
Ka)J10€ ClIeAyIollee IBUKECHUE Jy4ya PUCYeT KapTUHKY B OJJHOM U TOM K€ IOJIOKEHHUH, JTaXKe €CIH
YaCTOTHI CUTHAJIA M Pa3BEPTKU 3aMETHO HE COBMAAAOT. M300pakeHue moyrydaeTcsi CTabUIbHBIM U
ycroiuuBeIM. HampsbkeHue curHaia, mpud KOTOPOM IIPOMCXOAUT CHUHXpOHHU3alus (ypOBEHb
CHHXPOHH3AIIMN), 3aJ]aeTCs OpraHaMH YIpaBJIeHUs ociuiorpada. BuzyanabHo M3MEHEHHE 3TOTO
HalpsDKEHUs BbBI3bIBAET CMEILICHME Hayaja H300pa)xkaeMoro rpaduka OTHOCUTENIBHO Hadyaja
IIepuoia CUrHaa, puc. 5.

L'cﬂﬂxﬂ =0
/‘ \ \ / Puc. 5. Ocuunnorpammsl
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JUis Toro 4ToObl MOXHO OBLIO HAOJIOJATh HECKOJIBKO CHUTHAJIOB OJHOBPEMEHHO,
BBIMTYCKAIOT MHOTOJYYEeBbIe U MHOTOKaHAJIbHbIE ociuiorpadpl. OOBIYHO YMCIO KaHAJOB PaBHO
JIBYM (MHAYe MOTydaeTcsl O9€Hb CIIOKHO U joporo). DJIT neyxiydeBsix ocrumiorpadgos padboraer
OJIHOBPEMEHHO C JABYMs JydaMH Ha oOIIeM SKpaHe, KOTOpbIe MO3BOJISIIOT HA0MI0AaTh JBa CUTHAIA
abcomoTHO He3aBucumo. Ho Takume mpubopbl cinoxHbl U jgoporu. [loatomy Oosblie
pacmpocTpaHeHbl AByxkaHanbHble ocimmiorpadgsl. Ux DJIT camas oObluHasi, HO OHHM UMEIOT JIBa
OTIENBHBIX BXOJa W JIBa HE3aBUCHMBIX YCHIIUTENS BEPTHUKAIBHOTO OTKIOHEHHUS, KOTOPBIE
00CIIy’)KMBAIOT BXOJIHbIE CUTHaJbl. KpoMe TOro, OHM MMEIOT BCTPOEHHBIN BBICOKOCKOPOCTHOM
KOMMYTaTOp, OueHb ObicTpo mepexmrovaronuit DJIT (mmacTuHbl BEPTHKATBLHOTO OTKJIOHEHHUS) OT
OJIHOTO KaHaja K apyromy. M300pa’keHus CUTHAJIOB MpPU 3TOM HE SBISIFOTCS HEMPEpPBIBHBIMU
JMHUASMH, a COCTOSAT M3 MHOXKECTBa IITPUXOB. HO Ha 9KpaHe MITPUXHU CIUBAIOTCS, U B PEe3yJbTaTe
nonydaeTcss ABa Tpaduka BXOIHBIX CHTHajoB. Jlumb mpu HaOMIOAEHHH BBICOKOYACTOTHBIX
CHUTHAJIOB M HEYJAYHOW YaCTOTE pa3BEPTKH N300pakeHNE MOKET CTaTh MyHKTHPHBIM.

2. MoakJ/oueHue ocuuuiorpaga

[Tockonbky HampsiKeHHE H3MEpSeTCs MEeXAY JABYMs TOYKaMH, TO BXOJA ocuuiuiorpada
uMeeT JBe KiIeMMbl. [lpudemM oHM He paBHO3HauHbl. OnHa KiIemMMa, Ha3biBacMmas «hazay,
MOJIKIIIOUEHA KO BXOJy YCHJIMTENS BEPTHKAIBHOTO OTKJIOHEHUS JTyda. BTopas kiemma — «3eMis»
Wi «koprryc». OHa Ha3bIBaeTCS TaK TIOTOMY, YTO AJIEKTPHUECKU COSTUHEHA C KOPITycOM Ipubopa
(9T0 00IIast TOUKA BCEX €ro AMEKTPOHHBIX cxeM). Ocumniiorpad nokaspiBaeT HanpsikeHue Ga3bl
110 OTHOIIEHHIO K 3eMmJe. OueHb BakKHO 3HaTh, KaKoH U3 BXOAHBIX IMTPOBOAHUKOB ABJIACTCA (1)3301\/’1.
B umnopTHBIX mpubopax OOBIYHO HCIONB3YIOTCS CIENUATN3UPOBAHHBIC IIYMBI, 3eMJS KOTOPBIX
UMEeT 3aXHM THIA «KPOKOIWI» TaK Kak dYacTo MOJKIIYAETCS K KOPIYCY HCCIeNyeMOro
ycTpoiicTBa, a (asa okaHYMBAeTCs JHOO «UTOJNKOW», KOTOPOM MOXXHO YAOOHO M HaJeKHO
«BOTKHYTBCSI» JaK€ B KOHTAKT MaJIeHBKOTO pa3Mmepa, Jibo 3akumoM (puc. 6). B stom ciyuae
nepenyTarh a3y u KOpIyc B MPUHIIUIIE HEBO3MOXKHO.
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Puc. 6. [y HMIIOPTHOTO
ocumyutiorpada, clieBa «HIjia», ClpaBa
3aKUM.

Ocumsutorpadsl OTEYECTBEHHOTO MPOU3BOJICTBA Yallle BCETO KOMIUICKTYIOTCS HIHYpaMH,
UMEIOIIUMH CTaHJapTHbe uid Poccun 4-MM mTekepsl (K HUM MHOIJA INPUMEHSETCA Ha3BaHME
«baHaHy, IpULIEIIIee U3 ayJUOTEXHUKHN), puc. 7. B 3ToM cityuae 06a mrekepa OJUHAKOBBI, U JUIs
TOro, 4TroObl HX pAa3jIM4yaTh HCIOJIB3YKOTCS [JOINOJHUTEIbHbIE IPHU3HAKK. OTUX IPU3HAKOB
HECKOJIbKO, U OHM MOTYT BCTPEYATHCS B JIIOOOM COUYETaHUU:

. 3EMJISIHOM MPOBOJT JJIMHHEE;
. 3eMJISTHOM MPOBOJ] UMEET KOPUYHEBBIN (CTaHAaPT) WM YEPHBIH 1IBET;
. Ha KOpIlyce INTeKepa 3EeMJITHOIO TIPOBOJAA HAHECEHBI YCJIOBHBIE O0O3HAYCHUS

«KOPITYC» L WIN <«GEMIIS» =

OpHako, K COXKaJCHUIO, 3TH MpaBHJa BBIMONHAIOTCA He Bcerga. Oco0EHHO ATO OTHOCHUTCS K
Ka0eJsiM, TIPOIISAIIUM PEMOHT: Ty/Ia MOTYT IIOCTaBUTH JIF0OO0H MPOBOTHUK, UMCIOIIHMICS B HATTMYNUN
U TepBbIil nonasmwuiics mrekep. [loaTomy ecth eme oauH crnocod onpenenenus $assl U Kopiyca,
JTAOIIUM CTOMPOLIEHTHYIO FapaHTHIO.

Jnist ompeneneHust Kakoil M3 MPOBOJHHUKOB sBIIsieTcs (a3oi, a
KaKOM KOpILyCOM, Haa0 IpU HUKyJAa HE MOAKIYCHHOM
ocuusuiorpage B3AThCSA PyKOH 32 KOHTAKT OJJHOTO U3 BXOIHBIX
IIPOBOJHMKOB, IIPU 3TOM JPYroil pyKOM HH JO 4YEro He
JOTparuBarbes. ECiM 3TOT IPOBOJHUK — KOPILYC, TO HA DKPAHE
OyZeT TOJBKO JIMIIb TOPU3OHTATIbHAS JIMHUS pa3BepTKu. Eciu
3TOT NPOBOJHUK — (pa3a, TO HA 3KpaHE BO3ZHUKHYT JOBOJBHO
3HAYUTENIbHbIE IIOMEXM, TMPEJICTaBIAIONIME COOONH CHUIIBHO

) HCKaXXeHHYIO0 cuHycouay yactotoi S0 I'ty (puc. 8).
Puc. 7. lllTekep 0TEYECTBEHHOTO Ot R— —
ocuyuiorpada. MOMEXH | ; s =

BO3HHUKAIOT U3-3a
TOTO, YTO CYHIECTBYET €MKOCTb MEXIy TeJIOM
YelloBeKa M TMPOBOJAMHM CETHU, NPOJOKEHHOW B
noMemeHnu. M BO3HUKAET TOK, MPOTEKAIOMHUA IO
Tako# 1enu: ¢aza OCBETUTEIHHOM CETH MEPEMEHHOTO
toka 220 B 50 I'1 — emMKOCTh MEXIy POBOJAAMH CETU
U TEIOM YellOBeKa — pyKa YelloBeKa — BXOJ
yewutens (dha3a BXOTHOTO Kalens) — AJIEKTPOHHAS

cXemMa YCHIUTeNnss — Kopmyc ociwuiorpagpa — | : -
€MKOCTb MEXKy KOPITYCOM U 3eMJIeH — HEUTPATBHBIN b iiivnd :

npoBoJI ceTH (OH Bcera 3a3emicH). llens 3aMkHyTa, Puc. 8. Ilomexu Ha dkpane ocumiorpada
TOK TEYET. MpH KaCaHWHU PyKoM (ha3bl BXOJAHOI'O KadeJs.
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Bennunna storo Toka cocraBmser 107-8...107-6 ammepa, HO Bxoja ocuuiuiorpadga uMeeT
O4Y€Hb BBICOKOE compoTuBieHue (mopsaka 1076 Om), mO3TOMYy Ha HEM BO3HHMKAET JOCTATOYHO
Oonbiioe HanpspkeHre. CHHYCOU/a BRIMISIIUT UCKaXEHHON OTTOT0, YTO EMKOCTHOE COTPOTHUBIICHUE
y4acTKa CE€Thb — TEJIO 4YeJIOBEKa 3aBUCUT OT YaCTOThI: YEM YACTOTa BBIIIE, TEM COMNPOTHUBICHUE
MeHbIIe. [103ToMy BBICOKOUACTOTHBIE COCTaBistoNIME (FAPMOHMKH CETH W TMPOHUKIINE B HeEe
MIOMEXH) CO3JAI0T OOJIBIINI TOK M OOJIbIlIee HAMPSDKEHHE Ha BXOJIE OCImuIorpada.

OnpenenuB (a3sy u KOPIYC BXOAHOTO KaOels, MOXHO TOJKIYaTh ocuuuiorpad K
uccienyemoil menu. Eciau B Hell HET YeTKO BBIPAKEHHOTO OOIIEro MpOBOJAA, TO KOPIYC
MOJIKJTFOYACTCS K JIF0O0H M3 TOUEK, HAMPSHKEHUE MEXTy KOTOPhIMHU TpeOyercs uccienoars. Eciam B
eny MPUCYTCTBYET OOLIUI MPOBO — TOYKA, YCJOBHO IPUHUMAEMasi 32 HYJIEBOIl NMOTEHINAJL,
COeIMHEHHAas ¢ KOPIYCOM YCTPOiiCTBa MJIN peajibHO 3a3eMJIeHHasl, TO KOPIyc ocuuiuiorpada

Jay4qie NOAKJII0YATE K ITOiA
0c ®
priiiidag To4Ke. HeBBINONHEHWE JTOrO NpaBUIa  MOMKET
[ | NpUBECTH K  3HAYUTEIBHBIM  IIOIPELIHOCTIM
U3MEpPEHU (MHOTJa HACTOJBKO OOJIBIIUM, YTO
0 B M3MEPEHUSM H BOBCE HEJIB3S JIOBEPSTH ).
—G .
i RT [To cBoedt cyrm  ocmwuiorpad — SBISETCS
<> BOJILTMETPOM, IOKa3bIBAOLIUM rpauk
Hanpsokenus. OIHAKO C €ro MOMOLIBI MOYKHO
VicTounmk vieeneayenan Habmomate u  ¢Gopmy Toka. Jlug  3TOrO
Rr uens A P y :
— MOCJIENOBATENBLHO € MCCIENYEMOM  LENbIO
_

i BKJIIOUAIOT pe3uctop RT (3mech HHAEKC «T»
O3Ha4yaeT TOKOBbIM), puc. 9. ConpoTuBicHUe
pesuctopa RT BRIOMparOT HAMHOTO MEHBILIMM, YeM
COIIPOTHUBIJICHUE IIETIH, TOTJA PE3UCTOP HE BIUSET
Ha ee paboTy M €ro BKIIOYEHHE HE NPHBOAUT K
U3MEHEHHAM pexnMa paboTel menu. Ha pesuctope mo 3akoHy OMa BO3HUKAeT HampspKEHUE:

u(t) = i(t) - Rt

Puc. 9. 3mepenue Toka ociuiorpadom.

HenpasunsHo MNpasuneHo

9t0 HAIPs>)KCHUEC u HU3MCPACTCA

Ocumnnorpa
ocumiuiorpadgoM. A 3Has BeTUYMHY RT TN
MOXHO MEPEBCCTU HaIps>KCHUC,
IIOKAa3bIBA€CMOC OCL[I/IJIJIOFpa(I)OM B TOK.

Ocuwnnorpady

)

| wewan ||

7 Bx. Bx. &

JIByxKaHalIbHBIH (M JBYXJIy4EBOM) —1° 19
ocuuuiorpad MOKET IIOKa3bIBATh —‘
OCIIMJIOTPaMMBI JBYX CUTHAJIOB
OJHOBPEMEHHO. JlJI1 9TOr0 y HEro uMeercs
Ba BXOJa (xanana), 0OBIYHO a w2 ]% a Dm s
ob6o3Hauaembix I u II. Cregyer moMHUTB, . o
qTO0 OJHA W3 BXOIHBIX KJIEMM Ka)XIO0TO B — ‘5 —
KaHala COCIMHEHA C KOpIIyCOM a) 6)
ocumiuiorpada, ciae10BaTeNbHO, KJIAEMMbI
«Kopmyc» 000MX KAaHAJIOB COeJHHEHbI
Mexay coOoi. IloaTomMy 3T KiIeMMBI
JIOJKHBI TOJKIIIOYAThCsl K OJHOM M TOW K€ TOUKE LIEMM, MHA4Y€ B LIENM IPOU30MAET 3aMbIKaHUE
(puc. 10).

C

Puc. 10. IToaxmrodenne MByXKaHATHHOTO OCIIMLIOTpada.
«3eMim» BXOJ0B MOTYT CO37aTh 3aMBIKaHUE B TIEITH

Ha puc. 10a Touku nmemu B m D oxazamuch 3aMKHYTBIMH MEXIy COOOW depe3 KOPITyC
ocumiorpada (3aMbIKAIONIUI MPOBOJHUK IMOKa3aH MYyHKTUPOM). B pesynbrare KoH(uUTryparms
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1enyd u3MEeHuIach. BO3MOKHOCTh HaOMIOAaTh HE JHOOBIC JBa HANPSHKEHUS, a TOJBKO HUMEIOIINE
oOIIyI0 TOYKY, SIBISETCS HEAOCTATKOM, HO HEOONBIIUM — B JJIEKTPOHHKE OJIWH W3 TOIIOCOB
HMCTOYHHMKA TMTAHUS BCErAa SBJISETCS OOIMMM TPOBOJOM, M BCE HAIPSHKEHUS H3MEPSIOTCS
OTHOCHUTEIBLHO HETO.

Hcnonb3yst AByXKaHAIBHBIA OCHIIUIOrpad MOKHO OJHOBPEMEHHO HAONIOAATh M HAIpPSDKCHHE, U
TOK B 1ienu. Y Takum o0pa3om u3MepsATh CABUT (a3 MeXAy TOKOM U HANpSKECHUEM.

Cxema moJKIIIoueHus ocIuiorpada B 3TOM cliydyae rmoka3aHa Ha puc. 11.

Ocumnnarpady Ccuunnarpady Ocuunnarpady

() ()

| reman 1] | kewan 1] | ewan 1]

| 7 Bx Bx 3 L¢3 Bx Bx. &3 & Bx [, S E—

FQ’.T. .T.‘}—‘ 7?1l 197 L 17

Wecocnegyeman

WMcenepyeman Wcenegyeman

McTouHuk MeTouHuK

R uens R uens Rr uene

MeTouHuk

I 1+ 1+
MpaeuneHo HenpasuneHo HenpasuneHo
a) 6) B)

Puc. 11. INoxkmoyenue ocuuiutorpada s u3MepeHus CABUra ¢as.

Kanan I usmepser nHampspkenue, a kaHan Il mamepsier tok. Takoe BkiItoueHue HauOoliee
ONTHMAaJIbHO, T.K. HaNPsLKEHUeE, najaroniee Ha pe3uctope RT u momaBaemoe B kanan Il, B 30...100
pa3 MeHbllle, 4yeM B KaHaie [, cienoBarenpbHO, OHO OOJbIIE TMOJBEPKEHO IIOMEXaM U
CHUHXPOHM3alMs OT HHU3KOIO HampshDKeHHUs He Takas xopoumias. Kpome Toro, KOHCTPYKIUS
OOJBIIMHCTBA OCHWIIOrPAa(OB HECKOIBKO «HECUMMMETPUYHAs» — CHHXPOHHM3alUsi OT CHUTHaia
kaHana | oObryHO OoJiee kauecTBeHHas U crabuibHas. TakuMm oOpa3om, moAkIouYeHHe KaHana [ k
HanpsDKeHUIo o0ecrieunBaeT 6osiee cTabMIbHOE N300paXKeHNE OCHMIITIONPAMMBI.

Omnbka mojakiIo4YeHuss Ha puc. 110 coCTOMT B TOM, YTO KJIEMMBI Kopmyca OOOMX BXOJOB HE
COCIMHEHBI B OJHOW TOYKe. B pesymbrare pesuctop RT Oka3piBaeTcs 3aMKHYT HAaKOPOTKO dYepes
Kopmyc ocuusutorpada. Camoe HeMpUATHOE, YTO MPHU STOM HampsKeHUEe Ha pe3uctope Rt He paBHO
HYJII0O — HU3-3a2 TOTO, YTO CONPOTHBJIEHHE IPOBOJAOB BXOJHBIX KaOenel (depe3 KOTOpble 3TOT
pe3UCTOp 3aMbIKaeTcsl) He HyJeBoe. [103ToMy MpHu TakoM MOJKIIOUEHHH MOKHO HE 3aMETHTh ITY
omunOKy (Belb ocHuuIorpad 4ro-To MOKa3bIBAaeT), a pPe3yibTaT U3MEPEHUs TOKa MPH 3TOM OyaeT
HEBEPHBIM.

Brutouenue, nokasanHoe Ha puc. 11B HeynmauHo TeM, uTo KaHai | ocmwiorpada usmepsieT He
HaIpsDKEHUE B MCCielyeMoH LIeTd, a CyMMY HalpsbKeHUH B LIETIH U Ha pe3ucTtope RT (HanpskeHue
U3MepseTcs He Ha Harpyske, a Ha ucrouHuke). Hampspkenume Ha RT XOTh M HeOonbloe IO
BEJIMYMHE, HO BCE PABHO BHOCUT IOTPEIMIHOCTh B U3MEPEHUE HAPSIKCHHUSL.

[TogxmoueHue oculzmnorpa(ba, IMMOKa3aHHOC Ha pPHUC. 11a He TONBKO OOECIEeUUBACT HaI/I60J'IBIJ_IyIO

TOYHOCTH I/I3MepeHI/II71, HO W MO3BOJISIET B PAAC CIIy4YacB HCIIOJIB30BAaTH PE3UCTOP Rt c JOBOJIBHO
OOJIBIIINM COIMPOTUBJICHUCM. OTO Ba)KHO npu MU3MCPCHHUU MaJIbIX TOKOB: C€CJIM U TOK B LCIIHU U
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COIIPOTUBJICHUEC Rt MaJiIbl, TO BO3HHKAKIIECEC Ha Rt HAIps>KEHUE MOXKCET OBITb HACTOJILKO
MaJICHbKHM, YTO YYBCTBUTCIIbLHOCTHU ocm/mnorpaq)a HEC XBaTUT AJIA €TI0 0T06pa)KCHI/I$I.

IIpu n3mepennu casura a3 HeoOX0AUMO HHBEPTHPOBATH CUTHAJ B KaHaje II, mockoabky
kaHaJ Il BK/II0YeH BCTPEYHO 110 OTHOIIEHHIO K KaHaJuy I.

3. Ynpasaenue ocuuiiorpagpom

PaccmoTpuM nepenHioro maHens AByXkKaHainbHOTo ocuuiuiorpada C1-83 (puc. 12).
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Puc. 12. [lepenuss nanens ocipumiorpada C1-83.

A — ynpaBneHue kaHajiom .

b — ynpaBienue oToOpaxeHneM KaHaJOB.

B — ynpasnenue kananowm II.

I' — perynupoBka spKOCTH Jy4a, (POKYCUPOBKHU U MOJICBETKHU 3KpaHa.
[ — ynpaBieHue pa3BepTKOM.

E — ynpaBieHne cHHXpOHU3aLUEH.

Xopomo BUAHO, YTO SKpaH ocuuwmuiorpada pazOuT Ha
KIETKA. OTH KJICTKH HAa3bIBAIOTCS JICTICHUSAMH, |
WCIIONIB3YIOTCSL TP M3MEPEHUSAX: K HUM TPUBS3BIBAIOTCS
BCE€ MacmTaObl MO BEPTUKAIM W TOPU30HTaIM. Macmitabd
M0 BEpTUKAIM — BOJBLTHI Ha nenenue (B/nen umu V/gen),
MacmTad 1O TOPU3OHTAIM CEKyHAbl (MIULIH- H
MHUKpPOCEKYHIbI) Ha neneHue. OObIYHO ociuorpad
umeet 6...10 neneHuit mo ropu3oHTAIU U 4...8 JCICHUM
mo BepTukanmu. LleHTpanbHBIE  BepTUKAIbHAs U
TOPHU30HTANIbHAS JTMHUU UMEIOT JOMOJHUTEIBHBIE PHUCKH,
nensimue aenenue Ha 5 unu 10 ygacreit (puc. 13, Ha puc.
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12 Toxxe BUAHO). Pucku ciykat jyist 60J1ee TOUHBIX U3MEPEHU, OHU SBIISFOTCS A0JSIMU JICTICHHUS.
VYnpasnenue 060MMH KaHAJIaMH OJITMHaKoBoe. PaccMoTpum ero Ha mpumepe kaHana I (puc. 14).

1. IlepexirouaTenp pexuMa BXoJa. B BepXHEM MOIOKEHUH «~=» Ha BXOJ MIOCTYIAET U MOCTOSHHOE
U TIepEMEHHOE HampsDKeHHe. OJTO Ha3bIBaeTCs <<OTKpLITI>II/I BXOJI» — TO €CTh OTKPBITHIH IS
MOCTOSIHHOTO TOKa. B HW)KHEM MOJIOKEHUH ~ o

«~» Ha BXOJ] TPOXOJIUT TOJBKO IMEPEMEHHOE
HaNpsDKEHUE, JTO TMO3BOJSIET HU3MEPSThH
MaJICHbKOE TMEPEeMEHHOE HaIpsKeHHe Ha
¢oHe GONBIIOrO MOCTOSIHHOTO, HAIPUMED B
yeunutensx. Peanusyercs 3TO  OuYeHb
[POCTO: BXOX YCHIATEN MONKIIOYACTCA 4
yepe3 KOHJEHcaTtop. OTO  Ha3bIBaeTcs
«BaKpBITBIA  BXOI». YUTUTE, 4YTO IIpU
3aKpBITOM BXOJI€ OYEHb HHU3KHE YacTOThI
(mmxe 1.5 I'm) cuibHO oOcHabIsAIOTCH, 5
MO3TOMY U3MEPATh UX MOXHO TOJBKO IpHU
OTKpPBITOM BX0Je. B cpemHeM mMoyiokeHUH
nepexiouatens 1 BXOA — yCHIIMTENs 2"'--
ocumiorpada OTKIIIOYAeTCs OT BXOJHOTO
pazpeMa M 3aMBIKaeTcs Ha 3eMIII0. OTO
MO3BOJISIET TP MIOMOIIU PYYKH 7 BBICTAaBUTh Puc. 14. Opranel ynpasinenus kanana I.
JMHUIO Pa3BEPTKH B HY’)KHOE MECTO.

KAHA/\ |
v @ VIAEA

2. BxogHoil pasbem kaHana. 3, 4, 5, 6. Perynsatop 4yBCTBUTEIBHOCTH KaHalla BEPTUKAIBHOIO
oTkioHeHus1 (MacmTaba mo Beprukanu). Ilepexmowarens 4 3agaer MacmrTad CTYMEHYATO.
3agaBaeMble UM 3HAUEHUS HAHECEHbI psAAoM ¢ HUM. Ha BbIOpaHHOE 3HaUeHUE yKa3bIBaeT pUCKa 5 Ha
nepexirouaresnie. Ha pucynke oHa ykaspiBaeT Ha 3HaueHue 0,2 Bosbra/nmenenue. Pyuka 3,
pAacIoNIO’KEHHAsE COOCHO C  IEpeKIIroyaTeseM,
MO3BOJISET IJIABHO YMEHbINIAaTh MacTad B 2...3
pasa.

B kpaitHem mnpaBoMm mnosoxxeHuu (Ha puc. 14
pyUKa «IIJIJaBHO» HaXOJAUTCS UMEHHO B HEM) 3Ta
pydyka mMeeT (uKcanuio, Torga Macmrad o
BEPTUKAJIM B TOYHOCTU PABEH 33aJaHHOMY
nepekiarouareneM 4. 3HaueHUs MacimTadoB,
BBbIJICJIEHHbIE ~ CKOOKOM 6,  yKa3aHbl B
MWIIABOJIBTAX Ha JIeJIeHHe — 00 dTOM TOBOPHT
HA/IMUCh «MV>» BHYTPHU CKOOKH.

7. Pyuka BbmonHser aBe ¢yHkuuu. Ilpu
BpAILlIEHUH OHA IepeMeniaer rpaduk KaHaia 1o

BepTHKanu  BBepx win  BHU3 Y.  Ilpu
«BBITSTUBAHUMY 33/1a€T MHOXXUTENIb MaclTada
[0 BEPTUKAJIN: BBITAHYyTas pydka (puc. 15)
3aJa€T  MHOXHTENb X1, a  yToruieHHas
MHOXHUTENb X10. VYTOIUIEHHOE U BBITAHYTOE
MOJIO’KEHUSI CUMBOJIMYECKU TTOKa3aHbl HAJl U MO/ PYUYKOM.

Puc. 15. Pyuka mHOXxuTens macmraba 1o
BEPTHKAJIH BBITSIHYTA B TIOJIOKEHHUE «X 1.
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Kanaun II (puc. 16) ananoruden kanamy I:

1 — mepekmroyarennb pexkruma BXoja;

2 — BXO/IHOM pa3beM;

3 — macmTad MiIaBHO;

4 — macmTad cTyneH4aro;

5 — mepeMelieHue J1y4a 1o BepTUKaIU U
MHO>KHUTENh MacTada.

Ho BTOpOH KaHas HMEET
JIOIIOJIHUTEILHEIN MepeKIIIoYaTehb 6,
MO3BOJISIONINN MHBEPTUPOBATH €r0 BXOJAHOM
curHa. B HaXaTOM [ONOKCHMM KaHal 2
paboTaeT kak OOBIYHO, @ B BBHITSIHYTOM —
WHBEPTHPYETCS, TO €CTh MPU OTPUIATEIIEHOM
BXOJIHOM CHTHaje JIyd JBIXKETCS BBEpX, a
OpU  TOJOXHUTEIBHOM —  BHHU3. OTO
HEOOXOUMO TPU U3MEPEHHH, HaIPUMED,
casura ¢as.

Ha puc. 17 noxkazano  ympaBieHHE
0TOOpaxXKeHHEM KaHaJOB, KOTOpOe
OTIpE/ICIIACTCS HAKaTHEM Ha OJHY U3 KHOIIOK.

1 — Paboraer Tompko kaHan I, kamam II
OTKJTFOUCH.

2 — O6a kaHasia 0TOOpaXKaITCsI OAHOBPEMEHHO
(Jlyy oueHb OBICTPO NEPEKITIOYACTCS MEXIY
KaHaJIAMH ) u B3aMMHOE MOJI0KEHUE
OCIIJIOTpaMM 00OMX KaHalloB BepHoe. B aTom
PEeKUME MOKHO U3MEPSTH CABHT (ha3.

e
3 — Ocummrorpad mMoKa3pIBaeT CyMMY WU
Pa3HOCTh CHTHAIOB B KaHalaX (3HaK BTOPOTO
KaHaJla OMpPE/eIIsIeTCs MOJIOKCHUEM PYYKH 6 Ha
puc. 16).

4 — OrobOpaxaroTcsi CUTHAJIBI 000MX KaHAJIOB,
HO OHHU HE3aBUCUMBI BO BpPEMEHH, IOITOMY
HUKAKOE CPAaBHCHHE CHUTHAJIOB OTHOCHTEIHHO
BpPEMEHHU U cABUTA (ha3 MPOU3BOIUTH HENb3S.

Puc. 17. Ynpasnenue otoOpaskeHIEM
KaHaJIOB.

5 — Paboraer Tonpko kanan I, kanan I otkirouen. Ilanens ympasieHust paszsepTkoit (puc. 18)
MO0X0’Ka Ha MaHelb YIPaBJIEHUs KaHAJIOM BEPTHKAIbHOIO OTKJIOHEHHUs Jiyda. OHa COAEPKUT PYUKY
4, MO3BOJIAIOUIYIO CABUraTh MU300pakKeHUE BJIEBO-BIPABO «ill=e 11 KOMOMHUPOBAHHBIN PETYIATOP
(1 — crymenuaTto, 3 — TUTAaBHO) CKOPOCTH pa3BepTKH (Macimitaba Mo ropu3oHTanu). Pucka 2 Ha
NEPEKIIIOYaTeNIe IOKA3bIBAET YCTAHOBJIEHHOE 3HaueHue. Kak M B KaHamax BEPTUKAJIBHOIO
OTKJIOHEHMS, TepeKtoyaTellb CKOPOCTH pa3BepTKU MMEET pa3Hble €AMHMUIBI H3MEpPEeHHS:
CEKYH/Ibl §, MHJUIMCEKYHJIbI MS, MHUKPOCEKYHJbI us. BBITAHyTas/yTomieHHass pyuka 4 «siii=iime))
3a/1a€T MHOXKHUTENb CKOpocTH pa3BepTku x0,2 u x1 coorBercTBeHHO. OOpaTHTe BHUMAHHUE: HA PHC.
18 pyuka 3 peryinpoBaHMsI CKOPOCTH Pa3BEPTKH «IUIABHO» YCTAHOBJIEHA HE B KpailHee NpaBoe
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MOJIOXKEHHEe. 3HAYUT CKOPOCTh pa3BEepPTKH HE paBHA 3HAUCHHIO, 33IaHHOMY IepekiodyareieM 1, a

MEHbIIIE HEro (CKOPOCTh JIBHKEHHUS Jyda

2

MAABHO
PA3BEPTKA

Puc. 18. Oprans! ynpaBieHUs pa3BEepTKOM

MEHbIIIE, a 3HaYeHUE BpeMsi/aeneHne oonpe!).

Ha manenu ympaBieHust cUHXpoHM3aluen (puc.
19) 3anmaercs:

1 — MHcroyHUK BHYTPEHHEH CUHXPOHM3ALMU:
HaIpsHKEHUEM KaKoro KaHajla CHHXPOHU3UPYETCS
JBUYKEHUE ayy4a. Ota CHUHXPOHHM3AIUA
MPOU3BOJUTCS BXOJHBIM CHUTHAJIOM, TO3TOMY
Ha3bIBaeTCsi  BHYTpeHHed.  Takoll — pexum
WCIIONIb3YETCS Ui OOJIBIIMHCTBA W3MEPCHHUIA.
Bapuantsl 37ech Takue: MO0 CHHXPOHHU3ALUA
TOJNILKO cuUrHaioM KaHama [. JIubo mombiTKa
CUHXpOHHM3allMM OT KaHaia [, a ecium He
MOJIy4aeTcsi, TO CHHXPOHHM3aLUMs IPOU3BOIUTCS
curHaiom kaHaya II. IlepBwiii BapuaHT WHOTrAA
paboTaeT HEMHOro Jydlle, TIO3TOMY HaJIO
cTapaThCsi, 4TOOBI CUTHAJI MEPBOrO KaHanma ObLI
JOCTATOYHO 00J1b11101 JUIS cTaOUIbHOU
CUHXpOHM3alMK. B monasmistoniemM OOJIbIIMHCTBE
ClIy4aeB Ui HOpPMajdbHOM paboOTHl CleayeT
BBIOMpATh UMEHHO 3TOT PEKUM CHHXPOHH3AIHH,
BKJIFOYUB KHOIIKY «I».

2 — BuemnHsas CUHXPOHH3al M. I[BI/I)KCHI/IG JIyda CHHXPOHU3UPYCTCS UMITYJIbCaMU, TIOAABACMbIMHU CO

CIICIIHATLHOT'O BHEIIHETO HCTOYHUKA  Ha  BXOJ
cUHXpoHM3anuu ociuuiorpada. Takoi pexum uHOTIA
TpebyeTrcs sl UCCIEAOBAHUS CIEIM(PUISCKUX CUTHAIIOB.
Ecnu BHemIHEr0o HWCTOYHMKA CUHXPOHU3ALMH HET, TO
MOJIYYUTh  YCTOMYMBOE  HW300pakeHHE  HEBO3MOXKHO.
Kuaonku «0,5-5» m «5-50» 3amaror auama3oH BXOJHBIX
HaIpsOKEHUH OT BHENIHETO HCTOYHHKA CHHXPOHH3AIUU.
Kuoonka «X-Y» coBMectHO ¢ kHomkod «II X-Y»
yhnpaBieHus: OoToOpaxxeHHMeM KaHaioB (puc. 17) mopaer
curHan kaHana [l Ha muIacTUHBI  TOPU3OHTAIBHOMU
pa3BepTku. B sTOM pexume MOKHO HAOMI0aTh (UTYPHI
Jluccaxy.

3 — Pyuka «YpoBeHb CHHXpPOHH3ALUU». 3aaaeT
HanpspKeHUWe CHHXpoHu3auuu (puc. 5). B Haxarom
MOJIOKEHUN S3TOW pydykH (Kak Ha pHUCYHKE) pa3BepTKa
aBToMaTmueckas. llpm oSToM [BWKeHHE Iyda Oyzaer
HNPOMCXOIUTH JIaXKe €CJIM CUHXPOHU3AIMHM HE MPOH30UIET.
Jlya 3amepxuBaeTcss B Hauyaye JBIDKEHHsS Ha HEKOTOPOE
BpeMs JI0 MOMEHTa CUHXPOHM3allU{, HO Yepe3 HEeKOTOpoe
BpeMsi BCE paBHO HAUMHACT MABIDKEHHE. DTO «MATKHI»
pexxum, Oonee yAoOHBIN A pabOThI, TaK Kak Jy4 BCErjaa
OCTaeTcs BUAMMBIM. B BBITSHYTOM TIOJOXECHHH PYUYKH
BKJIIOYAETCS KAyIlas pa3BepTka. B 3ToM pexxume nyd He

YPOBEHb
= ABT ©

0:0

& JJu cAEAAHO B cccP

=

T T P NS T R R ANt O A

Puc. 19. OpraHbl ynpaBneHus

CUHXDOHM3aUnen.
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HAYHeT ABM)KEHUS JIO0 TeX MOp, MOKa He MPOM30ieT CHMHXpOHM3aluu. Eciu cMHXpoHM3aMU He
MPOUCXOIUT, Jyd HE JBIDKETCS. Takod pPEeXUM XOpOIIO MOAXOMUT sl HAOIIOJEHUS
HENEepUOANYECKUX CUTHAIOB. BiusiHie 3To pydyky Ha n300paskeHre moka3aHo Ha puc. 4 u 5.

4 — «llonspHocth» cuHXpoHu3zauuu. Ha I

caMOM JIeJI€ 3HAaKU «1+» M «-» O3HAYaroT
UcKuHxp
HECKOJIKO Japyroe. B monoxkeHun «+» \ \

~uill

CHHXPOHM3ALMA TPOMCXOAUT 1O  (pOHTY, \ i ‘\ / \ /

T.e. B TOT MOMEHT, KOTJa BXOJHOC
HaIpsKEHUE JOCTUTACT 3aJaHHOTO (PydKOit \ \ / / \

«YpOBEHb CHHXPOHU3ALMU») 3HAYECHUS NIPU \ \/ \

HapacTaHuu BXO/IHOT'O HaIpsDKeHUS
(m3MeHeHHH OT «-» K «+»), puc. 20. B

[IOJIOKEHU N «“» CHHXPOHHU3aluss CUHXPOHM3AUMA NO (PPOHTY CHHXPOHW3aUMA Nno cnagy
MPOUCXOIUT MO Chagy — MNpU YOBIBaHUU (HapacTaHuio) (yOisanmto)
BXOJIHOTO HAIPSDKCHUS (M3MEHEHUHM OT «+»
K «»). B ocmwmorpage B 1enn
CHHXPOHH3ALMH UCTIOJIB3YIOTCS JIBE
pa3TUYHBIE CXEMBI: OJIHA OINPEACISET PABHO JIM BXOJAHOE HANPSHKCHHUE 3aJAHHOMY M €CJIH PaBHO —
3allyCKaeT JBIKCHHE Jiyda. DTO HANPSDKEHUE 3alIaeTCs PYYKOH «YPOBEHb CHHXPOHHU3ALUUY.
Bropasi cxema ompenensier, Kak Mpyd 3TOM H3MEHSETCS BXOIHOE HANpPSHKEHUE — BO3PACTACT WIIH
yObIBaeT. M1 COOTBETCTBEHHO pa3peliaeT nepBor cxeme cpaboTaTh.

Puc. 20. «IIonasipHOCTE» CUHXPOHU3ALUU.

5 — Pexum Bxoma cuHxpoHuzauuu. OTHOCHTCS Kak K BHEIIHEW, TaKk M KO BHYTpPEHHEU
CHHXpOHM3aUMU. B MOJIOXKEHUN «~» BXOJ 3aKPBIThIM, © CUHXPOHH3ALMS MPOUCXOJIUT TOJIBKO OT
MEPEMEHHOTO HaNpsDKeHHs. B MONOXKEHHH «~=» BXOJ OTKPBITHIM, U Ha cpabaThIBAHHE CXEMBbI
CHHXPOHU3ALMU JICUCTBYET U MEPEMEHHOE HANpsHKEHUE, U MmoctosHHoe. Pexum «HUY=Z» 1O xke
camoe, HO CHTHAJ MOMAaJaeT Ha Ielb CHHXPOHMU3AINH Yepe3 GUIbTp HU3KUX YacTOT, 00pe3aromuit
BBICOKOYACTOTHBIE IOMEXH. DTO PEKUM €CTh HE BO BCEX OCIHILIOTpadax.

6 — Bxox st mo1aur curHaia BHEIIHEW CUMHXPOHHU3AIINH.
4. U3mepenus ocuuiorpagom

W3mepeHus: MpoU3BOAATCS BU3YAIbHO M UX MOTPEIIHOCTh MOIYYaeTcs AOBOJIBHO BhICOKOH. Kpome
TOTO, HAIPSHKCHUE Pa3BEPTKU MMEET HEBBICOKYIO JIMHEWHOCTH, TO3TOMY MOTPEITHOCTh U3MEPEHUS
4acToThl W cABUra (a3 moxker gocturath 5%. Jlis MUHUMH3AIMK TOTPEIIHOCTH, M300pakeHne
n0JbKHO UMeTh pasmep 80...90% ot pazmepoB skpana. [Ipu u3MepeHNH HATIPSKEHUS U YACTOTHI
(BpeMeHHBIX HHTEPBAJOB) HEOOXOAMMO PYYKH IJIABHOI peryJMpOBKH YCHJIEHHS BXOHOIO
CHIHAJIA U CKOPOCTH Pa3BepPTKH HEOOXO0AMMO YCTAHOBUTH B KpaiiHee MpaBoe MOJI0KeHHUe.

4.1. U3mepeHne HanpsiKeHU st

I[J'IH HU3MCPCHUA HAMIPAKCHUA UCIIOJIB3YCTCA U3BECTHOC 3HAYCHHUC Maciraba 1o BCpTUKAIIN. Hepe,u
Ha4YaJIOM HU3MCPCHUA HGO6XO}II/IMO 3aMKHYTb HAaKOPOTKO BXOAHBIC KJICMMBbI ocunnnorpa(ba (I/IJ'II/I

YCTAHOBHUTH MEPEKIIOYATENb PEKUMa BXOJla B MOJIOKEHHE J—) 1 py4ykoil ¥ yCTaHOBHUTH JINHHIO
pa3BepTKM Ha TOPH3OHTAIBHYIO JIMHUIO CETKH JKpaHa, uyTOObI ObUIa BO3MOXHOCTH MPaBUJIBHO
ONPEAETUTH BHICOTY OCIIUJIOTPaMMBI, puc. 21a.
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[Tocne aToro Ha BXOJX TOAAETCS MCCIEAYEeMbId CHTHA (WIM TEepEKIIouYaTellb pPEKMMa BXOJa
YCTaHABIMBAETCS B OJHO M3 paboumx monoxkeHuit). Ha skpane mosBnsiercs rpaduk (GpyHKIUU
curHaina, puc. 210.

RIGOL STOP () prrsrsrfosmianssnrd t @) 0.00u) | RIGOL STOP @) prscscrioimsassnssd |t ) 8,80uY

REBREREE N

Mi5EY 1.88U Time 200.0us 00.0000s  [MIFE 1.88U Time 2088.8us H0.0000s

a) 0)

Puc. 21. NamepeHune HanpskeHus (CKPUHLLIOT LMdpoBOro

ocumnnorpada): a — nogrotoeka; 6 — nsmepeHume.

Hns  Toro 4roObl TOYHEe
U3MEPUTh BBICOTY rpaduka,
ocLMUIOrpaMMma CABUIaeTCs
pyuKoli «l==Eee TaK, 4TOOBI TOYKa, B
KOTOpOM  M3Mepsercs  aMIUIMTyZAa
nornasna Ha LEHTPAJIbHYIO
BEPTUKAIbHYIO JIMHHUIO, HMEIOLLYIO
rpagyupoBKy B JOJSAX JelieHus (puc.
22). Ilomywaem: 4YyBCTBUTEIbHOCTh
KaHaja BEPTUKAJIbHOIO OTKJIOHEHUS =
oo - oo 1 ] B/ngen, pasmMep ocumIIIorpaMmel 2,6
Wi 1.06U Time 200.0us ©>-16@.0us JCICHUSA, CIICJOBATCIbHO aMILIUTY/a

-~ curHaia 2,6 BOJIBT.
MacwTtab no BepTukanu, Bionen

Puc. 22. Onpenenenue aMIUIUTYAbI CUTHATIA.

[IpogeMoHCTpHpyeM HM3MEpEHHE HaNpsHKeHHs Ha caMoM ocuuiuiorpade. MakcuMyM HampsiKeHUs
umeeT Bennuuny 3,4 nenenus (puc. 23). Onpenenenue macimtada no BEpTUKAIN MOKAa3aHO Ha pHUC.
24. Pyuka «I1JIaBHO» YCTaHOBJIEHA B KpaliHee IpaBoe IOJOKeHue. Pucka Ha mepekiroyaresne
YyBCTBUTEIbHOCTH TMOKa3biBaeT 0,5 BonbT/nenenne. MHoXuTenb Macmitaba yCTaHOBJIEH B
nonoxenue  x10 (yTomien). CrnenoBaTeabHO  H3MEPSIEMOE HalpsDKEHUE ~ PaBHO:

Umax =3,4-0,5-10=17B
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Puc.  23. OmpenencHue aMIumuTyAsl Ha Puc. 24. Onpenmenenme Macmraba IO
ocuumnorpade C1-83. BepTUKanu Ha ociuinorpade C1-83.

4.2. U3mepeHne 4acToOThI

Ocumyutorpad MO3BOJISIET M3MEPSATh BPEMEHHBIE WMHTEPBAJIBI, B TOM YHWCIIE M TEPHOJ CHUTHAIA.
YacroTa curHaga oOpaTHO MPOMOPIMOHATbHA €ro nepuoay. Ilepron curHaga MOKHO U3MEPSTH B
PA3IMYHBIX YacCTAX OCHHUJIJIOIrpaMMbI, HO HaI/I6OJ'I€€ YZ[O6HO U TOYHO H3MCPATH €ro B TOYKaAX
nepeceveHus: rpagukoM ocu BpemeHH. [loaTomy
nepen  M3MEPCHHMEM  JIMHUIO  Pa3BEPTKH
HEOOXOJMMO YCTAHOBHTH HAa  LEHTPAIbHYIO
TOPU30HTAILHYIO JIMHUIO CETKH OJKpaHa (pHc.
21a).

[Tpu momomy pydxy =ll==Hes HayaJI0 IIEPUOA
COBMEIIIAETCS C BEPTUKAILHON JINHUEH CeTKH,
puc. 25 (J1ydie BCero Hayajio nepuoaa
COBMEUIATh C CaMOM JIEBOM BEPTUKAJIBHON
JIMHUAEH dKpaHa, TOT/Ia TOYHOCTh OyeT
MakcumaibHa). [lepros curnana, noka3aHHOTO
CkopocTe paseepTkil  yy pyc. 25 paseH 6,8 genenuii. CKOPOCTh
Puc. 25. VisMepenne neprofia curHana. pasBepTku — 100 MKc/nenenune (MOCKOIbKY
rpedeckas OykBa |, O3Ha4aroIasi «MUKPO», HE
BCErJia JOCTYIHA JUIsl OTOOpaKEeHUs, €€ 4acTO 3aMEHSIOT JaTUHCKOM OYKBOH #, CXOHOM 1o
Ha4yepTaHUIO).

T =6,8-10010"% = 680 mKcex

Torma nepuoa Curuajia 1 €ro 4acTtora:
1

= 1,473 = 1,47 &T
T  680-10-6 a

f=

OOpaTtuTe BHUMaHKE, YTO Ha pUCYHKax 22 U 25 noka3aH OJUH U TOT K€ CUTHaJ, HO MPU Pa3InYHBIX
3HaYEHUAX CKOPOCTH pa3BepTKH. OmnpeneseHHe 4acTOThl MO pHUC. 22 maeT Oosbliee 3HAYCHHE
MOTpeIHOCTH (TouHOoe 3HaueHue 4actoThl 1,459 kI'm). Ilosromy Hambosee TOUHbIE HM3MEPEHUS
MOJIy4aloTCsl, €CIM MAaKCHUMAaJbHO pacTAHYTh M300paxeHue mo ropusontanu. U eme. Ha puc. 25
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JUTMTEIPHOCTh TIEPHOJIa CUTHAJda 4yTh-4yyTh Oousbliie, yeM 6,8 neneHuit. Pa3 mepuoxn Oodbiie,
94acTOTa CUTHAJIA HA CAMOM JIeJie€ UYTh-4yTh MEHBIIE, YeM Ta, KOTOPYIO MBI MOJIYUUIIH: PEaTbHO
1,459 k', a y nac 1,47 k['i. Ha camoM pene nmorpenHocTs U3MEPEHUsI MEHbIIIE OJHOTO MPOLICHTa
— 9TO BBICOKAS TOYHOCTh. Takyl TOYHOCTh oOecmeunBaeT mudpoBoil ocumuiorpad, y KOTOPOro
pa3BepTKa JHMHEHHa. B anamoroBom ocumiorpade MOTPENIHOCTh M3MEPEHHUs YacTOTHI, CKOpee
BCET0, ObLIa ObI BEIIIIC.

4.3. U3mepenne caBura a3

Cnur (a3 mokas3plBaeT B3aUMHOE PACIIONIOKEHHE ABYX KoJeOaTelIbHBIX MPOLIECCOB BO BPEMEHHU.
Ho ero usmepsoT He B €IMHULIAX BPEMEHM (KOTOPbIE OTKJIAbIBAIOTCS 110 TOPU30HTAIBHON OCH), a
B JIOJISIX TEepuoja CurHaia (T.e. B €IMHUIAX yria). B 3Tom ciyyae OAMHAKOBOMY B3aUMHOMY
PAcCIIONIOKEHUIO CUTHAIOB OyJeT COOTBETCTBOBATH OJUHAKOBBIM (ha30BBIA COBUT, HE3aBHCUMO OT
nepuofa M YacTOThl CUTHAJOB (T.e. HE3aBHUCHUMO OT pealbHOro macmrada rpadukoB IO OCU
Bpemenu). [losromy HamOosblIas TOYHOCTh M3MEPEHHMU IOJIYYaeTCs, €CIHM PACTAHYTb IEPHOA
CUTHaJIa HAa BECh SKPaH.

[Tockonbky B aHamoroBom ocuuuiorpade rpaduku curiaiga oO0OMX KaHAJIOB UMEIOT OJMHAKOBBII
IBET U OJUHAKOBYIO SIPKOCTb, TO JJISl TOTO, YTOOBI UX pa3nyaTbh MEXIy COOOH, peKOMEeHIyeTcs
cAenaTh UX pazHoil amruTyAbl. [Ipu 5TOoM HampsbkeHue, usmepsemoe kanainowm | nmpubopa, nydie
Jies1aTh OOJIBIIUM — B 3TOM CIIy4yae CUHXPOHU3ALUs OyJeT JIyUlle «IepkKaThy U300paxKeHue.

HOI[]"OTOBK@. K U3MCPCHUSAM IIPOU3BOAUTCA TaK (CM. pI/IC.26, Ha HCM JIA OoubIIIeH HariIsiaHOCTH
HAIPS’KCHUE U TOK IMOKA3aHbl PA3HBIMU HBeTaMI/I)I

1. Pyukamu 3 000MX KaHaJOB WX JIMHUM Pa3BEPTKU YCTAHABIIMBAIOTCS HA CPEIHIOI JIMHUIO
CEeTKH 3KpaHa (IpU OTCYTCTBUU CUTHAJIOB HAa BXO/AX).
2. Pyukamu perynupoBKU yCHJIEHUS KaHAJIOB BEPTUKAJIBHOIO OTKJIOHEHHs (CTyNEeHYaTro u

IUIAaBHO) CUTHAJ 1-ro KaHajla yCTaHaBJIMBAETCs OONBIIONW aMIUIMTY/bI, a 2-T0 KaHaja — MEHBbIIeH
aMILIUTYIBI.

3. Pyukamu peryaupoBKH CKOPOCTH Pa3BEpTKU YCTaHABIMBAETCS Takas €€ CKOPOCTb, YTOObI Ha
9KpaHe 0TOOpaXkaCcs IPUMEPHO OJIUH NIEPUOJ CUTHAIIA.

4. Pyukoil «YpoBeHb CUHXPOHHU3AIMW» JOOUBAIOTCS TOTO, YTOOBI rpauK HAMPSHKEHUS] HAauMHAJICS
C OCH BpEMEHH (C JIMHUU Pa3BepTKH) — TOUKa A.

5. Pyukoii «se=@e 1001BalOTCS TOro, YTOOBI TpaMK HANpPsDKEHUS HAYMHAJICS C KpailHel jeBoi
BEPTUKAJIBHOM JINHUU CETKHU 3KpaHa — TouKa A.

6. Pyukamu «CKOpOCTh pa3BepTKHU» (CTYNEHYAaTO U IUIaBHO) JOOMBAIOTCS TOTrO, YTOOBI MEpPHO]
rpaduka HanpsHKEHUs 3aKaHYMBAJICA Ha KpaifHel paBoil BEpTHKAIbHON JIMHUN CETKU 3KPaHa.

7. IloBTOpsitOT MyHKTH! 4...6 10 Tex

HOp, mokKa HepI/IOI[ Tpa(bHKa /\\ ——HanpsaxeHue /\ ——HanpameHue

/ N —ToK H / \ —Tok

HanpsDKeHUs: He OyJeT pacTsSHyT Ha

2N AN

BECh DKpaH, NMPUYEM €ro Hayalio u // V4 \ ¢ N
KOHEIl JIOJDKHBI COBMAAaTh C JUHUEH JA \

\
N Nar
pa3BepTkH (puc. 26). | /75 N F\

N

\ 7 /

\hn—-
[Ipexxne, 4eM H3MEPATh BEIUYHHY N /’ N7
caBUra da3s, HEOOXO0IUMO ]

OTpeNeNuTh, KaKOHl W3 CHTHAJIOB a) 0)
(HampshKeHHe WM TOK) OTepexaer, a
Kakoii orcraer. OT 3TOro 3aBHUCHUT
3HaK yria casura ¢as ¢. Ha puc. 26a

Puc. 26. Tok otcraer or HanpsbkeHusi, ¢>0 (a); TOk
onepexaer Hanpsokenue, <0 (0).
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TOK OTCTA€T OT HAIPSDKEHUS — Ha4aJlo €ro MepHoJia PACIIONOKEHO BO BPEMEHH 103K, YEM HAYaI0
nepuoja HanpshKeHUsl (Hadalo Iepruo/ia HalpsbKeHUs B TOUKe A, a nepuoja Toka — B Touke b). Tok
HA4YMHACTCS I03KE, CIEAOBATENbHO, OH OTCTACT, a HAINpPSHKEHHE OIEpekaeT. ODTOUW CUTyaluu
COOTBETCTBYIOT IOJIOKUTENIbHBIE 3HaueHus yria casura ¢as. Ha puc. 26(0) Tok omepexaer, a
HanpspkeHue otTcraeT. IlockonbKy Hawano mepuoja TOKa Ha 3KpaHe HE OTOOpakaercsi, TO
CPaBHUBAIOTCS] OKOHYAHMSI [IEPBOT'0 MOIYIEpUOa: MEPBBIM K HYJIIO BEpHETCS TOT rpaduk, KOTOPBII
Hauaycs pasplie (Toyka I' HacTymaeT paHblie BO BpeMeHH, 4yeM Touka B). Yron cnsura ¢a3 mpu
9TOM OTPULIATEJICH.

Mopnyns yrma cnsura ¢a3 ¢ 3TO PacCTOSHHUE MEXIy HadalaMd WM MEXIy KOHIIaMH Heprojaa
(TMOJIOKUTENBHOTO MOJIYIIEpHO/a) CUTHAJIOB B JAEJIEHUSAX CETKM 3KpaHa (puc. 27). Jlanee 3HaueHue
MOZYJIS (@ HAaXOIUTCS W3 IPOIOPIMHU, YUUTHIBAS, YTO OJUH IOJHBIA MEpUO]] JTH000ro KoieOaHus

360 -«

lp| =———
paBeH 360 rpaaycos: N
3gecb N —  4McIO  JAENeHMH  CeTKM, 3aHMMAaeMblIX OJHMM  IIEpUOJOM  CUTHAJa,
0. — YMCJIO JICJIEHUH CETKU MEXy HayalaMy MepuoIoB (KOHI[aMH IOJI0KUTEIBHOIO MOJIYIIEpUO/Ia).

360-0,8
ol = =——— = 36°

B npumepe Ha puc. 18 Moy ¢ B 000MX ciaydasX paBeH: 8

CrnenyeT y4uThIBaTh, 4TO JJIsl HACCUBHOTO 3J€MEHTA (B CMBICIIE, HE YCHIIUTENS WJIM TPAH3UCTOPA, a

pe3ucTopa - KaTyLIKU - KOH/AEHcaTopa) cABUT (a3 —90° = ¢ = 90°

—Hanpssenue ——HanpsamxeHue
/\\ —TOK /\ —ToK
_—

/ 4 N

VP N ke
/ N N /
N 1 N A

0-8hhererm \ \\“"/ {J,B,ue;lem&k—// J/
e N N

a) 0)

Puc. 27. Usmepenue yrina capura ¢as.

B npunnune, BennunHy caBura ga3 MOXKHO U3MEPUTH U B KoHILEe nieproza (touku /| u E Ha puc.
26), HO B IPaBOM YaCTH 3KpaHa JIMHEWHOCTb HAIIPSDKEHUS Pa3BEPTKU HAUXY/IIasl, I03TOMY
HOTPEIIHOCTh U3MEepeHus OyIeT MaKCUMaJIbHa.

Ecnu casur a3 paBeH Hy:1o (B LIETIH TOJBKO aKTUBHAs Harpy3Ka WIH IPOUCXOIUT PE30HAHC), TO
HanpsDKeHUE U TOK OyyT HAuMHAThCS U 3aKaHUYMBATbCS OJTHOBPEMEHHO, pHC. 28.
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— 1T

-\ —HanpsxeHue
—ToK

AN

\—7

N

NP
| Puc. 28. OcnowurorpaMMa TIpH  CABHUTE
http://www.electroclub.info/article/oscillograf.htm

Tema «DIEKTPOHHO — JIy4eBOM OCIUILIOrpad)»

BOHpOCBI JId TIOATOTOBKH K TCCTUPOBAHUTO

1. s Kakux LeIsX IPUMEHSIOT ocuuiiorpadsr?

2. Kaxkue 0510KU BXOIIAT B COCTaB CTPYKTYPHOU CXEMBI
ocumwuiorpada? Ux Haznauenue?

3. Jlns yero NpuMEHsI0T CUHXPOHM3ALMIO Pa3BepTOK ocuusuiorpada’?

4. Kaxoso Ha3HaueHHE  JIMHEHHO-U3MEHSIOLErocs  HaIpsDKEHUs,

TOPU30HTAJIBHBIC ILUIACTHHBI?

¢a3, paBHOM HYIIO.

YHHUBEPCAIBbHOIO

nmoaaBacMoro Ha

VYeTpoicTBO, MPUHLIMIT JEHCTBHS, OCHOBHbBIE TapaMeTpbl U XxapakTepuctuku DJIT.

Kaxk paGoTaeT reneparop nusioo0Opa3HOTO HANPsHKEHUs?

[TepeuncnruTe OCHOBHBIE BUJIBI Pa3BEPTOK.

5
6
7. OcHoOBHBbIE TpeOOBaHUS, IPEABIBIIIEMBIE K "pa3BEepPTHIBAIOLIEMY HAIIPSKEHHUIO.
8
9

Korga wucnone3yoT mauHEiHY0 pa3BEépTky? Kak oCymecTBIsSiOT KpyroByro pa3BEPTKY?

Kak u3mepsitoT aMIIuTyly CUTHaja ¢ oMoIbI0 ocipuiorpada?
10. Kak npoBoaaT u3MepeHus 4acTOThI CUrHaja MeTojoM ¢uryp Jluccaxy?
11. [TosicHUTE MPUHLIKIT TOCTPOEHUS U(PPOBHIX OCHMIIIOrPadOB.

12. I3 kakuX OCHOBHBIX y3JIOB COCTOHUT IU(POBOI ocIuiuiorpad

13.Ha3oBuTe OCHOBHBIE TAPAMETPhI U XapaKTEPUCTUKN COBPEMEHHOTO LIM(PPOBOTo ocuuiiorpada.
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[TpakTuueckas padota Ne 16
I'eneparop curnanoB HU3KOYACTOTHBIN [ 3-36A

Iens paboTer: 1. O3HAKOMHUTBCS C YCTPOMCTBOM, C 00OOIIEHHOMN CTPYKTYPHOM CXEeMOM 1
MPUHIUMIIOM JICUCTBUS T€HEPATOpa CUTHAJIOB HU3KOUACTOTHOTO. 2. [TpakTnyeckoe o3HakoMIIeHHE
T€HEepaTOpOM CHUTHAJIOB HU3KOYacTOTHOIO ['3-36A, ero TexHuueckux AaHHbIX. OnpenesneHue
METPOJIOTUUECKHUX IMApaMETPOB: MOTPEIIHOCTH YCTAHOBKU YaCTOTHI, IOTPEIIHOCTH YCTAHOBKHU
OTIOPHOTO 3HAYCHHUS BBIXOJIHOT'O HAMPSDKECHUS, MOTPEITHOCTH CKBAXXHOCTH MPSIMOYTOJIBHOTO
curHana 3. [IpoBecTu MOAroTOBKY K MPOBEACHUIO U3MEPEHUH U MPOBECTU U3MEPEHHSL.

KPATKUE TEOPETUYECKUE CBEJIEHU A

['3-36A reHepaTop CUTHAJIOB HM3KOYACTOTHBIM (puc.l) mnpencraBisier coOoil MOPTATUBHBIN
UCTOYHUK CHUHYCOMJAJIbHBIX (OCHOBHOW PEXHUM) M MPSMOYTOJbHBIX (JIOTOJHUTEIBHBIA PEXKUM)
AIIEKTPUUYECKUX KOJICOAHUH 3BYKOBBIX M YIBTPa3BYKOBBIX YaCTOT.

I'eneparopsl ['3-36A npUMEHSAIOTCA 11 PETYJIUPOBKHU U UCTIBITAHUS HU3KOYACTOTHBIX U
yJIbTPa3BYKOBBIX KaCKaJl0B pauoaraparypsl B JJaDOpaTOPHBIX U MIPOU3BOJICTBEHHBIX YCIOBUSIX.

KOHCTPYKIUA

I'eneparop I'3-36A, cTpykTypHas cxema KOTOPOTO IIpUBEACHA Ha pUC. 2, COCTOUT M3
3aJIaF0IIEr0 reHepaTopa, BBIXOHOTO YCHIIUTENS, CHHYCOMIATBHOTO CUT'HAJIA, COTJIACYIOIIETO
YCUIINTCIIA, q)OpMI/IpOBaTeJISI MNpAMOYT'OJIbHOT'O CMI'HaJla, BBIXOAHOI'O YCUIIUTCIIA MPAMOYT'OJIbHOTO
CUTHAJIa, U3MEPUTEIIS] YPOBHS, ICIIUTEIS M CTAOMIM3UPOBAHHOTO BBIIPSIMHUTEIIS.

3anaromuii reHepaTop 00ecreunBaeT CHHYCOUJANIbHBINA CUTHAIT B 331aHHOM JIMAaIla30HE YacToT,
KOTOPBIi OJTHOBPEMEHHO MOCTYIAET Ha BHIXOJHOM YCUIIMTENb U Ha BXOJ[ COTJIACYIOIIETO YCUITUTEIS
MPSIMOYTOJIBHOTO CUTHAJIA.

- e

KommyTtanueit nepexmntouaTens OCYILECTBISAETCS MOJKIOYEHHUE:
a) HanpsyKEeHUsS MUTAHUS K BBIXOJHOMY YCHIJIMTENO CUHYCOMIaJIbHOTO CUTHAJIA WIIH K
(opMHpOBaTEINIO MPSIMOYT'OJIBHOIO CUTHAJIA,
0) BBIXOJHOI'O CUTHaIAa K UHAUKATOPY BBIXOJHOTO HAIIPSDKEHUS U AEITUTEIIO.
B) CTabUIM3UpOBaHHBIN BRIIPSMUTENb 00€CIIEUNBAET CTA0MIBHOCTh BBIXOHBIX ITapaMETPOB
reHeparopa InpH KojaeOaHUsIX CeTH

) e
3oda 0w Bor100~0w 04" >—
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Ha nepennioro naHens BbIBEIEHBI CIEYIOIUE OPraHbl YIIPaBICHUSA:

nepekitouarenb «MHOXUWUTEJIb HACTOTDBI» mis Be1OOpa 4acTOTHOTO MO/IIMAIIa30Ha;

-

" e
IIEPEKIII0YaTEND U1 BBIOOpa peskuma paboThl reHepaTopa;
py4Ka ¥ mKaia «Hz» ans nnasnoit YCTaHOBKH 4aCTOTBHI;
pyuka «PET". BBIXO/IA» u mikana usmepuTenst ypoBHS JUIs IIJIaBHOW PETYJINPOBKU
BBIXOJIHOTO HAIPSIKEHUS;
rHe3na «BbIXO/IHOE HAIIPSOKEHUE» nist AMCKpETHOM peryaupoBKU BbIXOJAHOTO
HaIpsKEHUS;
tymOnep «CETb» st BKiItoueHHs MUTaHUS TEHEpaTopa;

@ ».

KJIICMMa

I[TOAI'OTOBKA K PABOTE
HcxonHoe OI0KEHUE OPTaHOB YIIPaBIICHUS:

1. tym6nep «CETb» — Bk

2. pyuka «PEI'. BBIXO/IA» — B cpeiHeM HOJI0KEHUU;
IIKaJjia 4aCTOT — B JIFOOOM IOJIOKEHHH;
nepekitouatens «MHOXUTEJIb HACTOTDBI» — B 11060M MOJI0KEHUH.

3. Ilpu pabore c reHepaTOpoM HEOOXOAUMO MPHUIAEPKUBATHCS CIEAYIOLIETO MOPsAIKa:

4. npoBepbTE MEXAaHMUECKUN HYJb MHAMKATOPA BBIXOJA U IPU HEOOXOAUMOCTH
OTKOPPEKTUPYHTE;

5. BKJIIOYHMTE BUJIKY CETEBOIO IIIHYPA B CETh;
ycTaHOBUTE TyMOJep BKiItoueHus cetu B nonoxxenue «CETby, npu aTom nomkHa
3aropeThCcsl CUTHAJIbHAS JIAaMIIOUKA.

[TOPAJIOK PABOTDI

[ToaroToBKa K IMPOBEAEHUIO H3MEPEHNUI. BBIOepuTe pesknM paboThI MEPEKTIOIATENEM

‘\’J'L(u‘

B cnyuae, koraa He0OX0IMMO MOTYYUTH OOJIBIIYIO TOUHOCTb

U CTaOMIIBHOCTB YacTOThI, K paboTe cieyeT NPUCTYIUTh MOoCIe

5-MUHYTHOT'O CaMOIPOrpeBa reHeparopa.

ITposenenue nusmepenni. Ilepexmouarenem «MHOXUTEJIb HACTOTDBI» u pyukoii naBHOU
PEeryIMpOBKHU YacTOThl YCTAHOBUTE TPEOYEMYIO YacCTOTY.

Pyukoit «PEI". BBIXOJIA» ycraHOBHTE MO IIKaJie HHAMKATOpa TpeOyeMoe BBIXOHOE HAIPsKEHHE,
ITo oxonuanuu padot BbikItOUUTE TyMOIEP «CETbHY.

OINIPEAEJIEHUE METPOJIOI'MYECKHUX ITAPAMETPOB

Omnpenenenne METPOIOrHUECKUX MapaMeTpOB IPOU3BOJUTCSI METOI0M HETIOCPEICTBEHHOTO
MU3MEPEHHUS.
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OnpezneneHye NOrPeIHOCTH YCTAHOBKH YaCTOThI FeHEepaTopa 1o IIKajle YacTOT MPOU3BOAUTCS
gactroToMepoM Y3-38 He MeHee, 1eM B IIATH ToUKax Ka)kJoro Mo iuana3oHa.

(\)an“f—flmu 2 100‘ (1)

[TorpemHocTh B MPOLIEHTaX MOACUUTHIBACTCA IO Gopmyie:
e fy — HOMHHAIBHOE 3HAYEHHE YaCTOThI, YCTAHOBJIEHHOE MO MIKaje reneparopa, [

f wsv — M3MEpEHHas yacToTa, ['1I.
P€3y.HBTaTLI IMMOBCPKHU CHUTANOTCA YAOBJICTBOPUTCIIbHBIMHU, CCJIIM 3HAYCHHUEC HC MTPCBLIIIACT

ok
i(3+—% %.

Onpedenenue nocpeuHocmu YyCmaHo8KUu ONOPHO20 3HAYEHUSL BbIXOOHO20 HANPAICEHUS
[TorpenrHocTh yCTaHOBKHM OMIOPHOTO 3HAYEHHUS BHIXOIHOTO HAIIPSKEHUST OMPEIETISIOT C
MOMOIIIbIO 00Pa3IOBOI0 BOJILTMETpPA Kjacca He Xyxke 1,5, monmyckaromuye padoTy npu JaHHBIX
yacroTax, Hanpumep D584.
IToBepka nmpousBoautcs Ha yactore 1000 'ty B Toukax 1, 3, 5, a Ha yactorax 20, 1000, 10 000, 100
000, 200 000 mpoBepsieTcst TOUKa B KOHIIE IITKAJIBI.

I[orpemHocTb Oy — ONPeEseTCs Mo GpopMmye:
8: b Uu o SRS 100(%)’ (2)

e Us.n

Tne U,, — HOMUHAIILHOE OTIOPHOE 3HAYEHHUE BBIXOHOTO HAPsHKEHHUs, B;

U, — M3MepeHHOe ONOPHOE 3HAYEHUE BBIXOJHOTO HAIPSUKEHUS, B;

U,, — Bepxuwuii mpees mpoBepsieMoii mkaisl, B.

[TorpentHoCTh YCTAaHOBKHM OIOPHOT'O 3HAUYEHHUS HE JI0JIKHA IPEBbIATh +6%.
Onpedenenue nocpeutnocmu yCmaHo8KU ONOPHO20 3HAYUEHUsL BbIXOOHO20 HANPANCEHUS
[TorpemHocTs U3MEHEHMSI OIOPHOTO 3HAUYEHUS BHIXOAHOIO HAIPSKEHUS IIPU NIEPECTPONKE

YaCTOTHI ONPEAEISIETCS IPU TOMOIIH 3IEKTPOCTATUYECKOT0 BOJIBTMETPA, UMEIOLLETO KJIacC

TOYHOCTH He Xyxe 1,5%, nanpumep 584, u conportusnenun Harpysku 600 Om. Ha yacrorte

regepaTopa 1000 I'y ycraHaBIMBaeTCs BBIXOJHOE HAIPSDKEHUE TeHepaTopa 1o BoasTMeTpy D584,

paBHoe 5 B, u moBepsiercs BeixogHoe HanpsbkeHue B quamnaszone 20 I'm — 200 kI ITpu stom

MI0JIO’KEHUE PYUKH JIOJKHO OCTaBaThCsl HEU3MEHEHHBIM.

3" u,—u (

on U' 2 (‘j)

[TorpentHocTh 8" oy B MPOIIEHTAX ONpeAesieTcs o Gopmyiie: 0

rae U, — BBIXO1HOE HanpshKEHHE Ha ONOPHOI YacToTe, B;

U’ — BeIx0j1HOE HaNpshKEHHUE Ha TIPOBEPAEMOI yacTore, B.

[TorpemHOCTh H3MEHEHMSI OLIOPHOTO, 3HAUEHUS BBIXOIHOTO HANIPSKEHMS IIPU TIEPECTPOIKE
4acTOTHI HE JI0JKHA IpeBbIIIaTh +12%.

OnpezaeneHye NOrpeHOCTH K03 puineHTa HeMMHEHHBIX UCKaKEHUH

KoadpuimeHT HenuHEHHBIX HCKaXKEHUN ONPEAEIISAIOT IPU MOMOIIY U3MEPUTENS] HETUHEHHBIX
uckaxeHui, Harmpumep C6-7.

N3mepenne npousBoautcs Ha yactorax 20, 50, 1000, 5000, 20 000, 100 000, 200 000 I'tt mpu
BBIXOJHOM HanpsbkeHuu 5 B u conporusnenun Harpysku 600 Owm.

[Tpu Hucnonb30BaHUM aHAIU3ATOPOB FAPMOHUK WM CEIEKTUBHBIX MUKPOBOJIBTMETPOB, HAIIPUMED,
C4-48, B6-1, cHumaroTcs moka3aHus IIEPBOM, BTOPOW U TPEThEN TapMOHUK B MUKPOBOJIBTaX U
KOA(DPUITMEHT HEMMHEHHBIX NCKAKEHHUH TTOJICYUTHIBACTCA 110 (hOpMyIIe:

Kfzﬂ_u‘*l‘[]s_. 100 (%),
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Ui, U, Us
rae — aMIuATysl 1, 2, 3 rapMOHMK BBIXOJHOTO CUTHaja, MB.
Onpedenenue nocpeunocmu yCmarHo8Ku ONOPHO20 3HAYEHUsL BbIXOOHO20 HANPANCEHUS
[TorpemHoCTh AeNeHUs ONPEEsatoT BoabTMEeTpoM D584 npu conpoTUBICHUU HAarpy3ku 20
kKOm£200 Owm, BeixogHoM Hanpsbkenud 5 B, Ha wactorax 20 ', 1 xI'n, 200 kI,

)
Koo duument nenenus 7', Nyay = 201g U_l
2

rae U; — ycranasinBaemoe HanpsixKenue, 5 B;
U, — HanpsizkeHHe, H3MepeHHOe BOJBTMETPOM Ha BBHIXO-
nax: X0,1; X0,01; x0,001.

A."l T nu W nHSM’ (6)
A6comroTHas nmorpemHocts An onpenensercs mo Gopmysie:
rae n', — HOMUHAJIBLHOE 3HAaUeHUe KO3 HIMEHTa AeIeHuUS;
N5y — V3MEPEHHOE 3HaUYEHUE KOIP(UIIMEHTA IeTeH S,

[MorpemnocTts nenenus An ve nomxua npessimars 0,8 1b.

Onpeoenenue no2peuHoCmuy CK8ANCHOCMU NPAMOY2OIbHO20 CUSHANLA

CKBa)XHOCTB MIPSIMOYTOJIBHOTO CUTHAJIA OMPEIEIISIFOT C TTIOMOIIBIO 3JIEKTPOHHO-CUETHOTO
yactoTomepa 43-38 na yactorax 200, 1000, 200 000 I'u. ITpu nosnoxxeHun nepexIrovaTest
N

Ha cOOTBETCTBYIOIIEN YaCTOTE YCTAHABIMBAETCS BBIXOIHOE HANPsHKEHHE J B Ipu CONpPOTHBIIEHUH
Harpy3ku 600 £6 OM 1 U3MEPSAIOTCS ATUTENBHOCTH MOJOKUTEIBHOTO U OTPULIATEIBHOTO
MOJIYTIEPHOJIOB.

Onpeoenenue nozpewiHocmu ycmanosku wacmomsi Onpeodeienue nocpeunocmu yCmano8Ku
ONOPHO20 3HAYEHUsL BLIXOOH020 HanpsiceHus Onpeodeienue noepeuHocmu yCmaHo8Ku ONOPHO20O
3HAYeHUs1 8bIXO0OH020 Hanpsidceruss Onpedenerue nocpeuHOCmu CK8ANCHOCMU NPSAMOY20IAbHO2O0
cueHana

MPsIMOYTOJIBHOTO CUTHAJa MOACYUTHIBaeTCA 1o popmye:

T
Q=7+1 (7)

Ty
rae T — IMTeNnsHOCTh OTPHIATENLHOTO MONyIeproa; T — JUTUTETbHOCTD MOJI0KUTETBHOTO
HOJIyTIEproaa

CKBa)XHOCTH HE J0JKHA MpeBbimaTh 2+0,4 110 Bce IUama3oHaM 9acTOThI CleOBaHUS

OmnpezneneHre OCHOBHOM MOTPENTHOCTH YCTaHOBKH YacTOTHI
ITorpemnocts, %

Touku no mxkane, I'n HopmaTtusHbIe N3mepennoe
JaHHbBIE 3HAYCHUE

He menee 5-tu Touek 150 +(3,0+—)/n

Ka)kJI0T0 IoAAxana3oHa

Brisox: roJcH, He rojicH

OnpeniesieHre OCHOBHON MOTPEIIHOCTH YCTAHOBKH YaCTOTHI
ITorpemnocts, %

Touku no mxkane, I'n HopmartusHbIe N3mepennoe
JTAHHBIE 3HAYCHHE
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He menee 5-tu Touek 150£(3,0+—)/n
Ka)KJI0T0 MOAuana3oHa

BriBon; TOJICH, HE TOJcH

[TpakTrueckas pabora Ne 17

N3yyenue ycTpoiicTBa U MpUHIIKMIIA PaOOTHI 3BYKOBOT'O FeHEpATOpa.

Hzmepumenvhvie 2enepamopbl CIy»KaT UICTOYHUKAMU IIEPEMEHHOIO U UMITYJIbCHOTO HANPSHKEHUH U
NPUMEHSIOTCS [T UCCIIEIOBAaHMS U HACTPOMKHU Pa3HOOOPA3HOM AJIEKTPOHHOH anmaparyphl.

W3mMepuTenbHbIe TeHEPaTOPhl OAPA3IENIAIOT Ha TPYIIIEI 110 hopme KPUBOLU 8biXOOHO20
HanpsijiceHusi: TeHePaToOPbl CHHYCOMIATBHOTO HANIPSHKEHHSI, TeHEPATOPBI PSIMOYTOJIBHBIX
UMITYJIECOB, TEHEPATOPHI HAMPSHKCHUS CIICIIUAITBHON (OPMBI (TPEYTrOIbHON, HIIO00PA3HOM,
KOJIOKOJI000pa3HOi U T. 11.) U M0 YACMOMHOMY ouanasony: Hu3kodactoTHsle reneparopsl (0,001 I'ig
— 10 MI'ny), Beicokouactothbie TeHepaTopsl (100 k['1p — 100 ['T1x). OcoOyro rpymnmy coCTaBISIOT
TeHEePaTOPhI ITYMOBBIX CUTHAJIIOB — UCTOYHUKH CUTHAJIOB C PABHOMEPHBIM CIIEKTPOM U
KaTMOPOBaHHBIM YPOBHEM, UCITIOJIb3YEMbIC JUTS PAAHOTEXHUUYECKUX U3MEPEHUH.

Husxouacmomusie cenepamopul (cenepamopsl CUHYCOUOAILHO20 HANPSICEHUS) CTPOSIT 110
CTPYKTYpHOI1 cxeme puc. 3.

"1 Puc. 3. CmpykmypHas cxema HU3KOYACMOMHO20 USMEPUMENbHO20 2eHePamopa
. .|

3anatontuii reneparop 3/ CITy’)KUT UCTOYHUKOM CHHYCOUJAIBHBIX KOJICOAHUN U TIPECTABIISCT
co00i1 aBTOreHepaTop ¢ peryJiupyeMon 4acToTo.

Yceunmurenu Y HU3K09aCcTOTHERIX rEHEPATOPOB COCTOAT U3 HECKOJIBKHMX KAaCKaa0B YCUIICHHUA
HAIMpsKCHUA 1 MOIITHOCTH.

BeixonHoe ycTpoiicTBo BY Bkitouaet B ce0s coryiacyrolye Tpanc(opMaTophl JUIsl COTIaCOBaHUS
BBIXOJIHOT'O COTIPOTHBIIEHUS TE€HEPATOpa C COMPOTUBIEHUEM HATPY304HOIO YCTPONUCTBA U
aTTEHI0ATOPBI — JEIUTEIN HANIPSHKEHUS JUIsl pETYIMPOBaHMS YPOBHS BHIXOAHOIO CUTHAJIA.

DEeKTPOHHBINH BOJIBTMETP OB (00BIYHO CTPETOYHbIN) peJHa3HAuEH JIs H3MEPEHUS BBIXOJHOTO
HaNpsDKEHUs TeHepaTopa, a MOLyIsaTop M — 71t MOIYJISIUU CUHYCOMIaIbHBIX KOJIEOaHUM 110
aMIUTUTYAE, T. €. JUI1 MEJICHHBIX IO CPAaBHEHUIO C IEPUOJIOM KosleOaHUN N3MEHEHUH aMITIUTY/IbL.

HuskouacToTHbIE reHepaToOphl IUPOKO UCIOIB3YIOT /7Sl UCCIEA0BAHUS TapaMEeTPOB U
XapaKTEepHCTHK yCHIMTENEH, HallpUMep, JJIs U3MEepEeHHs Kod(QOUIIMEHTa YCHIICHHS, TTOTyYeH s
AMIUIUTYIHBIX U YaCTOTHBIX XapaKTEPUCTHUK U T. 1.

K OCHOBHBIM TEXHUUYECKUM XapaKTEPUCTUKAM HU3KOYACTOTHBIX T€HEPATOPOB OTHOCAT: AUANIAa30H
9acTOT, MOTPEIIHOCTh YCTAHOBKH YaCTOTHI, HECTAOMIIBHOCTh YaCTOTHI, BEJIMUHUHY U MOTPEIIHOCTh
YCTaHOBKH BBIXOJIHOTO HAIPSDKEHUS, HECTAOMIFHOCTh BBIXOHOTO HAMPSHKEHUS, KOd(DPHUImeHT
HEJIMHEHUHBIX MCKAKCHUI.

VYrpouieHHast CTpYKTYpHasl CXEMa 2eHepamopa npsimoy20bHblX UMNYIbCO6 TIPUBEICHA Ha pUC. 4.
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3amaromuii renepatop 3/ BeIpabaThIBa€T UMITYJIBCHI C YACTOTOM CJIEIOBAHMS, YCTaHABINBACMOM
1100 MIaBHO, 100 TUCKPETHO. B kauecTBe 3a1atomiero reuepaTopa uCoab3yoT
MYJIBTUBUOPATOPHI UM TEHEPATOPHI TAPMOHUYECKUX KoJeOaHul (PUKCUPOBAHHOMN CTaOUIbHON
YHaCTOTHI.

OOBIYHO 3aJAI0IINI TEHEPATOP MOXKET paboTaTh Kak B HEMPEPHIBHOM (aBTOKOJIEOATEILHOM), TaK U
B JKJIyLIIEM PEeKUME C BHEIHUM 3aIlyCKOM 4epe3 00K BHelIHero 3anycka 553. Kpome Toro,
IpeaycMaTpUBaeTCsl BBIBOJ HA OTAEIBHOE THE3/I0 UMITYJIbCOB CHHXPOHU3AIUH (CHHXPOUMITYIIBCOB)
OT 33/IaI0IIIET0 TeHePaTopa.

e R

P P
e i
F-:l 3|3 | e W e
_— J’ am o
Mepies e — "

Puc. 4. Cmpyxmypnas cxema usmepumensno2o 2enepamopa npsamoy201bHbIX UMNYIbCO8

bnok 3anepxku 53 CiyKUT ISl 3a1€P>KKH UMITYJIbCOB, IOCTYIAIOIIKX Ha €0 BXOJ OT 3aJa0LETr0O
reHepaTopa, Ha BpeMs, peryjiupyemMoe B IUPOKUX npenaenax. biaok

dopmupoBanus b@BeIpabaThIBaeT NPSMOYTOJIbHbIE UMITYJIBChI PETYIMPYEMOM JUINTEILHOCTH.
VYceunurens MoiHoCcTH YMTipeaHa3Hau€eH i YBEJIUUYEHUS aMILUTUTY/bl HUMITYJIBCOB J10
HE00XO0IMMOM BEIMYMHBI U JJIs COrJIacOBaHUs 010Kka (OPMHUPOBAHUS UMITYJIBCOB C HATPY304HbBIM
ycrpoiictBoM. CtyneHuyaTsiii aTTeH0aTop CA MO3BOJISET YMEHBIIUTD aMIUIUTYAY BbIXOJHbBIX
umnyiascoB B 100-1000 pa3. iMmynbcebl ¢ BbIXOJa aTTEHI0ATOPA NOCTYNAOT HA OTAEIbHOE THE3 0.
W3mepuTens aMIIUTyAbl UMITYJIBCOB M A CYXKUT JUIs1 U3MEPEHUS YCTAHOBJIEHHOI'O 3HAYCHUS
aMIUTUTY/ABI BBIXOJHBIX UMITYJICOB U IIPEJCTABISAET COOOM MMITYIIbCHBIN JIEKTPOHHBINA BOJIBTMETD.

B naGoparopHbix paboTax ucnosb3yercs 3ByKoBoi reneparop 1'3-53. Bueurnuii Bug npubopa
MOKa3aH Ha puc. 5.

Puc. 5 Brewmnuii 6uo 38yxoeoeo eenepamopa I'3-53.
Oprasbl ynpaBJieHUs U IPUCOSAUHEHMS, PACIIONIOKEHHBIE Ha JINTIEBOW TTAHEIH, IPEHA3HAYCHBI:

tymosiep «CETby - nist BKIIFOUEHUS U BBIKITIOUEHUS TPUO0Opa;
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pyuka «<HACTOTA Hz» - qyis ninaBHOM yCTaHOBKHU YacTOTHI B MpeJeax KaxKI10ro Mmoauana3oHa;
tymouep «I[TOAJINATIA3OHBI» - mist mepexiroYeHus MoAIMana3oHoB YacTOThI;

nepeximouarens « [ [PEJIEJIbI ITKAJI — OCJIABJIEHUE» - ans nepexiitoueHus mKai CTpeaoyHOro
npuodopa;

pyuka «PEI'YJIMPOBKA BbIXOA» - 1Jis miiaBHOM pEryJIupOBKH BbIXOAHOTO HANPSHKCHUS HA
HECHUMMETPUYHOM M JIONOJIHUTEIbHOM CUMMETPUYHOM BBIX0J1aX;

BOJIBTMETP — AJIA KOHTPOJIA BBIXOJHOI'O HAITPSIKCHUSA,

rue3ga «BbIXO/» - mis moakiIroueHus Kaoes.

[IpakTnueckoe 3anstue Nel8
W3ydeHue ycTpoiicTBa M MPUHLIMIIA pabOThl FT€HEPATOpa Kayaroe YacTOThl U

CUTHAJIOB criell. (POpMBI.

['enepaTop Kauaromencss 4acTOThl — 3TO FEHEepaTop NIEKTpUUECKUX Kosebanuil. Yacrora
AIIEKTPUYECKUX KOJeOaHUM NepruonYecKu Kayaercs, u3Mensaercs. Takue reneparopsl, Kak
IPaBUJIO, 00J1a1at0T MaJIOW MOLIBIO U CIEAYIOT CIELUAIbHOMY 3aKOHY U3MEHEHUS YacTOTHI.
VYerpoiicTBO renepaTopa mo3BOJIsIeT IIaBHO U3MEHATh YaCTOTY CHHYCOMIANIbHBIX KOJIEOaHUH
BBIX0/JIa B OIPEICICHHOM Juana3oHe yactoT. Konebanus nogaroTcst Ha BXOJl PaBHOLIEHHO C TEM,
KaK eciii Obl 4acToTa IepecTpousiach BpyuHyto. B pe3yibTare 3TOro aMIiMTyAa CurHaia 3aJjaHHon
Y4aCTOThI MOKET U3MEHAThCS. YTOOBI M3MEHATh YaCTOTY FeHepaTopa B IIMPOKOM JUANa30He, K HeMy
MOJIKJIFOUAIOT MHOKECTBO KacKa/l0B, UTO MPEBpAILaeT T€HEPaToOp B JOCTATOUYHO CII0KHOE
YCTPOMCTBO.

MHorue yueHble UCTIOIb30BaIM B CBOMX ONBITAX, KOHCTPYKLHUSAX T€HEPATOp KayaroLecst 4aCcTOTHI.
OpnuM u3 HuX Obl1 M. HeuaeB. OH pa3zpaboTan KOMOMHHUPOBAHHBIN reHepaTop, UCCIe Ty O
YacTOTY U YCUJIUTENN T€TePOJUHHBIX PaJUOIIPUEMHHUKOB.

OCHOBHBIMU y3JIaMHU T€HepaTOpa Kadarolencsl 4acTOThI SIBJISIOTCS IEPECTPAUBAEMBIN U
HETepeCcTpanBaeMblii reHepaTopbl. KakIblil U3 HUX BBIMIOJIHEH 10 CXEME EMKOCTHOM TPEeXTOUYKH. B
HerepecTpauBaeMoOM I'eHepaTope KojeOaHUsl BOSHUKAIOT U3 OOPAaTHOM CBSI3U MEXIY

LEeNsMU TPaH3UCTOPa, 4acToTa uX — okouso 470 k'u. IMmynbc 3aBUCUT OT MHTYKTUBHOCTH
KaTyIIKU U KOHAeHcaTopa. YacTtoTa kosiebaHuit mepecTpauBaeMoro reHepaTropa 3aBUCHT OT
€MKOCTH 1LIETIOYKH U UHIYKTUBHOCTH KaTyIIKU. YTOOBI U3MEHUTH YaCTOTY JAHHOT'O F€HEPATOpa, C
IIEPEMEHHOT0 PE3UCTOPA MOAETCA NOCTOsIHHOE HanpskeHue ot 0 1o 9 B. /lnana3on yactor
reHepaTopa Mnpu ero pabore orpanuunBaercs nHTepBajioM ot 0,5 no 100 MTI'm.

Yr1oObl MPOKOHTPOIUPOBATE YACTOTY T'€HEPATOPA, C HUM ITPOBOJAAT PSAJl MAHUIYJISIIUHA.
VYcranasnuBaroT yactoty 475 kI'1] MOACTPOEUHUKOM KaTyIIEK, 3aTEM MEPEBOIST

JIBIDKOK pe3ucTopa BBepX. Mi3MeHeHHas yacToTa 1oikHa ObITh paBHa 450—455 xI'u. Ecnm wacrora
MEHBIIIE TTOJIOKEHHOTO, TIOIOUPAIOT KOHJEHCATOP OOJBIIEH eMKOCTH, E€CITH YK€ OOJTbIIe —
UCKJTIOYAIOT KoHeHcaTop. PopMy KojeOaHUH KOHTPOIUPYIOT MPH MOMOIIN
AIEKTPOU3IMEPHUTENHHOTO MprOopa, ocimuiorpada. OH paboTaeT B aBBTOMaTUYECKOM PEXKUME, BXO/T
B HETO 3aKpbIBAIOT.

C nomolpI0 reHepaTopa Kadaroencss 4acToThl M OcHuiuIorpada MOXKHO MPOBEPUTH U HACTPOUTH
TaKue y3Jbl, KaK KBapLEBbIE U 2JIEKTPOMEXaHUUECKUE (PUIBTPBI, paAMOYaCTOTHBIN TPAKT
nepegaTyrKa Uiy npueMHuKa. Jlis onpeaeneHus 4acToT NapajuieIbHOTO U MOCJIE0BATEILHOTO

90



PE30HAHCOB KBapIEBbIX PE30HATOPOB UCTOIB3YIOT PEKUM PYYHOTO YIPABIICHUS.

Cam npubop HaCTpauBarOT BpallleHHEM PYYKH JBMXKKa pe3uctopa. C Toro MOMEHTa, Korjaa
CTaHOBMTCS HATJISTHO BUHO, YTO IIPU BpAIlIEHUH JABMXKKA KOJEOAHUS «KadaHUs» 4aCTOThI
W3MEHSIOTCSI, HACTPOMKY IeHEpaTopa 3aKaHUNBAIOT.

Kak 1 MHOTHE reHepaTophl, TeHEpaToOp Kayaroleiicss 4acTOThl MpeoOpa3yeT MepBUUHbIE
AIIEKTpUYECKHE KOeOaHus B 3aaHHbIe KOJICOAHNUS ONPEAeIEHHON YaCTOThI M (POPMBI.

B n3mepuTenbHON TEXHUKE YacTO UCIOJIb3YIOT T€HEPATOPHI TAPMOHUYECKUX CUTHAJIOB, YaCTOTY
KOTOPBIX aBTOMaTHUYECKU U3MEHSAIOT (KayaroT) B Ipeieiax 3aJaHHOM CIIeKTpaibHOM MOJIOCHI.

K reneparopam kauaromerics gactotsl (I'KY; ycrapeBiee Ha3BaHNE «CBUII-TEHEPATOP») OTHOCATCS
UCTOYHUKH F'APMOHUYECKUX KOJIeOaHU CO CrielualIbHbIM (JIMHEHHBIM, JTIOrapu(MUUECKUM U T.[.)
3aKOHOM aBTOMATHYECKOT0 U3MEHEHMSI YAaCTOTHI B Ipeeax 3alaHHOM rosiocs! kayanus. [lonocy
KayaHus Af onpenesnsitoT Kak pa3HOCTh KOHEUHOW fK M HaYalbHOM fH, 4acToT, T.e. Af =fk-fH. B
3aBucUMOCTH OT ee 3HaueHus: ' KY genst na y3kononocusie (Af e 6onee 1 % MakcumanbHOM
4acTOThl pabouero Auana3zoHa Wiu MojAuana3oHa), mupokonoiocHsie (Af > 1 %) u
KOMOMHHMPOBaHHBIE.

B noctarouHo MMpOKKX Mpesenax aBToMaTHYeckoe KauaHue 4acTOThl 0€3 KOMMYTAllUU 3JIEMEHTOB
K0JIEOATEIBHOM CUCTEMBI JIETKO PEalIn3yIOT B HU3KOYACTOTHBIX reHepaTopax Ha oueHusx. [lpu
9TOM B KaueCTBE IIEPECTPAUBAEMOI0 T€TEPOJUHA MOXKET CIyKUTh LC-TeHepaTop ¢ 2JIEeKTPOHHBIM
YIIPABJICHUEM YaCTOTOM.

Crpykrypnas cxema ['KY conepKUT HCTOUHUK MOAYJIMPYIOIIErO HAIPSDKEHUS, 3aJal0LIUH
reHeparop, cxemy (GOPMHPOBAHUS YACTOTHBIX METOK, BBIXOTHOW OJIOK U II(PPOBON HHIUKATOP
YPOBHsL, GUKCUPYIOIIUHI BbIXOHOE KojeOaHne. OCHOBHBIE MTApaMeTpPhl JTaHHBIX FEHEPATOPOB —
YaCcTOTHBIE U aMIUTUTYIHBIE. K epBBIM OTHOCAT AMana3oH paboynX 4acToT, IOJIOCY KadyaHHUs,
JUIMTEIbHOCTh aBTOMATUYECKOI0 Ka4aHus 4acTOThI U T.J1. Ko BTOPBIM — ypOBEHb BBIXOIHOU
MOITHOCTH (HampsHKEeHUs1) pHu paboTe Ha COTIIACOBAHHYIO HArpy3Ky, HEPaBHOMEPHOCTH 3TOTO
YPOBHS IIPH ITepecTporKe 4acToThl U IIp. K reneparopam kavaromieicst 4aCTOThI IPEABABIISAIOT
JIOCTATOYHO JKECTKUE TPEOOBAHUSI 110 JIMHEHHOCTU MOYJISILIUOHHON XapaKTEPUCTUKH, TIOCTOSHCTBY
BBIXOJIHOT'O YPOBHSI MOLTHOCTH U 3HAYEHUIO TOOOYHON MOIYIISALMH.

B paanoTexHuKe U3BECTHO HECKOJIBKO CIIOCOOOB YIPaBIEHUS YaCTOTON BbICOKOYAaCcTOTHBIX LC-
re"eparopoB. [IpakTuyeckoe MpuMeHEHNE HaXOAUT CIOCO0 MePeCTPONKU YaCTOTHI IMyTeM
M3MEHEHHUS BEJTMYHHBI 0apbepHOM EMKOCTH p-N - Iepexo/ia MOIYIPOBOIHUKOBOTO 110/1a —
BapHKara, KOTOpbIi BKIIIOYAIOT B II€TIb KOJIEOATENbHOTO KOHTYpa reHeparopa. Monynupyroiee
HaNpsDKEHUE, BO3AEUCTBYSI Ha P-TI-NIEPEX0/1 JU0J1a, U3MEHSET €r0 EMKOCTb, a CJIeI0BaTEeNIbHO, U
4aCTOTy F€HEPUPYEMBIX KOJIeOaHUI.

Ilpaxmuueckoe 3anamue Nel9
N3yuyenune ycTpoiicTBa ¥ MPHUHIIKMIA paOOTHI TeHEpaTOpa IMITyMOBBIX H

HIYMOHOI[06HBIX CHUI'HAJIOB.

91



[Iymomogo6ubimMr F 1iraanamu (ILTIC) Ha3sIBalOT TaKKe CUTHANBI, Y KOTOPBIX MPOU3BEICHHE
IIMPUHBI CrieKTpa  Ha juutesn B )ers T MHOTO 6OJIbIIe eIMHKIIBI. DTO MPOU3BEICHHE HA3hIBAETCSI
0a3oii curHana u o0o3Hayaercss  , T.€.

B=FT. ,

yurc B0 L [Tymonog00HbIE CUTHAJIBI HHOTIA HA3bIBAIOT CJIOKHBIMH B OTIIMYUE OT MPOCTHIX

curnayos ¢ B=1 [TockoabKy y CUTHAJIOB C OTPAHUYEHHON JUTUTEIIbHOCTHIO CIIEKTP UMEET
HEOTPAHUYEHHYIO TPOTSKEHHOCTD, TO JIJISl OTPEIEICHUS IIUPUHBI CIIEKTPA UCIOJIb3YIOT Pa3IuyHbIC
MeToibl U ipueMsbl. st peanibabix [IIIC, cocTosIMX 1 KOHEYHOTO YKClia 3JIEMEHTOB, BCEra

MOXXHO OJHO3HA4YHO OIIPEACIIUTh U F , 1 B.

B cucremax csi3u ¢ LITIC mmpuHa criektpa £ Bceraa MHOrO Goblie ITHPUHBI CIIEKTPA
nepeaaBaeMoro coodueHus. B iudpoBsix cucremMax cBA3M, NepeAaromuX HHPOPMALIUIO B BUIE
JBOMYHBIX CUMBOJIOB, qiuTeabHOCTh LITIC u ckopocTh nepenaun nHGOpManuu R cpszanpl
cootnomenuem 1 =1/R. [TosTomy 6a3a ILIIC

B=FIR (3

xapakrepusyet pacimupenue cnekrpa [IIC orHocuTenpHO criekTpa coodiienus. B ananorobsix
CHUCTEMax CBsI3H, Y KOTOPBIX BEPXHSSI 4aCTOTa COOOIICHHS paBHA Wy yacrora orcuera paBHa 2w,

B=F/2W. 3

Uecon B0 1 1o FO Ry FO 2W. Yyenno no3romy cuctemsl cBsizu ¢ IIIC nomyunnn
Ha3BaHUe HIMPOKoIoJocHbIe cucTeMbl cBs3u (LLICC).

[ymornono6HbIe CUTHAIBI TOTYYUIN IPUMEHEHHE B ITMPOKOIOIOCHBIX

CHUCTEMax CBsI3H, TaK KaK: 00€CIEeUYNBAIOT BHICOKYIO TTOMEXO03AIIUIIIEHHOCTh CUCTEM CBS3H;
MO3BOJIIOT OPraHU30BaTh OJJTHOBPEMEHHYIO paboTy MHOTHUX a0OHEHTOB B OOIIIEH MOI0CEe YacTOT
MIPU ACHHXPOHHO — aJPECHOM MPUHITUTIE PAOOTHI CUCTEMBI CBS3U, OCHOBAHHOM Ha KOJIOBOM
paszzeneHny abOHEHTOB; MO3BOJISIFOT YCIEIIHO OOPOTHCS C MHOTOTYYEBBIM PACIPOCTPAHEHUEM
PaAMOBOJIH ITyTEM pa3zesieHus JTydeil; 00ecredyMBaloT COBMECTUMOCTD Nepeaavu HHPOPMAIUH C
U3MEpEHNEM MMapaMeTPOB JIBIKEHUSI 00BEKTa B CUCTEMAaX MOBUKHON CBSA3H; 00ECIIEYNBAIOT
anekTpoMarHuTHYIO coBMecTUMOCTh (OMC) HICC ¢ y3KOMmOJIOCHBIMU CUCTEMAMU PAJTHUOCBSIZH U
paaroBelIaHNs, CUCTEMaMH TEJIeBU3MOHHOTO BEI[aHMsl, 00€CTIeYNBAIOT JIYIlIee UCTIONb30BaHHE
CIIEKTpa YacCTOT HAa OTPAHUYEHHOUN TEPPUTOPUH 10 CPABHEHHIO C Y3KOIMOJIOCHBIMU CUCTEMaMU
CBSI3U.

I'enepupoBanue MyMONOJ00HLIX CHTHAJIOB.

LIIymonooobmuvie cuehanbt MOKHO MOTYIUTh, UCIIONIB3YS MOAYIISATOPHI TOCTOSTHHOTO TOKA U
reHepaTopsl. B ciayyae npumMeHeHUs MOYISATOPOB KOJIOBBIE CIIOBA, ONPEAEISAIONINE 3aKOH
dopmuposanus LLIC, xpaHaTcs B 3aIIOMUHAIONIEM YCTPOICTBE.
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['enepaTopsl CTPOSTCS MO ABTOHOMHOM CXEMe€, CTPYKTYpa KOTOPOH OMPEACIISIETCS 3aKOHOM
dopmuposanus LIC.

Haubonee pacnpoctpanennsrii moakiacce reneparopos LIC crpoutcs Ha 6a3e yugppogwvix
asemomamos. Ecnu popmupyemasi Ha ero BbIXOJE IBOMYHAS [TOCIIE0BATEILHOCTD MOJyUeHa C
MCIIOJIb30BAHUEM ONEepaluil 3aIep>KKU U JIOTHYECKOM orepanuu CyMMUPOBAHUS IO MOJIYJIIO JIBa, TO
TaKOW aBTOMAT Ha3bIBaeTCs JIUHeliHbIM, a POpMHUpyeMas Ha €ro BhIXO0JI€ MOCIE0BaTEIbHOCTh —
JUHelHol nociedogamenbHocmyio. Eciau KpoMe yKa3aHHBIX Ollepaldii HCIOJb3YIOTCS
JOTIOTHUTEIIBHBIE JIOTHUECKUE orepaluu (Harpumep, onepauus 1), To popmupyemas HuppoBbIM
ABTOMATOM JIBOMYHAsI I10CJIEI0BATEIbHOCTD HAa3bIBACTCS HEAUHEUHOU.

PaCCMOTpI/IM MMpUMEP rCHCPUPOBAHUA JIMHEMHOM IIOCJIICA0BATCIBHOCTH.

Ha puc.1 npuBenena cxema reneparopa LIC, kogupoBaHHOTO M _pocnenoBarensHOCTBIO. byksoit
M npunsito 0603HaaTH PA3HOBHIHOCTH IMHEHHBIX ABOMYHBIX MOC/IEOBATEILHOCTEH. ['eHepaTop
COJICP’KUT PETUCTP CABUTA C OOPATHBIMU CBSI3IMHU U CyMMaTop 1o Moay:nio n1Ba. [lonkimtouenue
BXOJIOB CYMMAaTOpa K BbIXOJIaM OMPEIEICHHBIX SYEEK PETUCTPaA OMPENEseT CTPYKTYpy M-
MOCIIE0BATEIHLHOCTH.

TH
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Puc.1. I'eneparop urymonogoOnoro cunana: 1,2,3,4 — siaeiiku perucrpa CABUTa; 5 — CyMMAaTop 1o
MoAymto 2; 6 — peructp caura; TH — TakTOBbIE UMITYJIBCHI

[TycTh 10 moaun TakToBBIX UMITYNbeoB (TH) B peructp casura Obu1o BBeAeHo uucio 1000. C
MOCTYIIEHHEM 1-ro TaKTOBOTO UMITyJibca B 1-10 siueliky perucrpa 3anumiercs uugpa “0”, ..
CyMMa 10 MOAYJIIO J1Ba IU(p TPEThEero U YeTBEpTOro paspsaoB paBHa 0, a Bo 2-10 sueiiky nepeiiier
nugpa “1”, panee 3anucanHas B 1-if aueiike. COOTBETCTBEHHO B 3-10 U 4-10 STUEHKH 3aIUIIYTCS
UdpBbI, paHee coaeprkaimecs Bo 2-i u 3-i sueikax u T.J1. DTU COCTOSHUSA siUeeK NpUBEACHbI U 1-i
cTpoke Tab.l.

Tabmumna 1

HOMCp TAKTOBOI'O UMITYJIbCA CocrosiHNE STUeeK perucTtpa caBura

1 2 3 4
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1 0 1 0 0
2 0 0 1 0
3 1 0 0 1
4 1 1 0 0
5 0 1 1 0
6 1 0 1 1
7 0 1 0 1
8 1 0 1 0
9 1 1 0 1
10 1 1 1 0
11 1 1 1 1
12 0 1 1 1
13 0 0 1 1
14 0 0 0 1
15 1 0 0 0

C noctyruieHreM NOCIEAYIOIUX TAKTOBBIX UMITYJIbCOB IIPOLIECC CMEHBI COCTOSTHUI MPOIOJIKUTCS.
B pesynbpraTe Ha ux Beixogax Oynet renepuponarbes LLIC, konupoBaHHbIE HIUKINYECKU

casunyTeivu M - mocnenoBarensrocTaMI. Kaskpiii u3 51ux IIIC COCTOMT U3 €HHMYHBIX
3JIEMEHTOB — UMITYJIbCOB NMPSIMOYTOJIbHON (opMbl. MIX aMIIMTy/1a paBHA UM HE paBHA HYIIIO B

COOTBETCTBHHU C CUMBOJIOM {D-' J'} M -IIOCJICA0BATCIIbHOCTH.

JIMUTEeILHOCTh €AMHUYHEIX 3JIEMEHTOB L IIIC ONpeEesAeTCs NEPUOJIOM TAKTOBBIX UMITYJIbCOB.
Hampumep, Ha BbIX0oJie ueTBepTOH siueliku peructpa reHepupyemsiii L1IC onpenensercs
nocnenoBarenbHOcThI0 001001101011110. Ona 3anucana B nocneaHeM cronodie Tabdmn. 1. [pu
HEIPEPHIBHOM TMOCTYIIEHUH TaKTOBBIX UMITYNbCOB LIIC mepuonanuecku moBTOpsieTcst 4epes Bpems,
- L
Nt=15t, roe N=2

paBHOC —-1_ nepuon M -IMMOCJICA0BATCIIbHOCTH, OHpe)leJ'IHCMHﬁ YUCIOM

paspsmoBk perucTpa cBura (B HaleM IpuMepe k =4); T - JIMTeIbHOCTD MepHOJIa TAKTOBBIX
uMnyascoB. HauanbHyl0 KOMOMHAIIMIO MOXKHO 331aBaTh JIFOObIM U3 15 TBOMYHBIX YHCEll, KpOMeE
gucaa 0000. I'enepupyemsie ILIC ocrarores mpu 3TOM OAHUMH U TEMH K€, HO TOJIBKO [UKIMUYECKU
CABHUTAIOTCA B 3aBUCUMOCTH OT Ha4aJbHOW KOJOBOM KOMOUHAIUY.

W3mensis MoAKI0YeHre BXOI0B CyMMAaTopa 10 MOAYJIO JBa K TEM WJIU APYTHM sUEMKaM perucrpa
CABHIa, MOYKHO NOJIy4aTh pa3Hele 1o cTpykrype LIC, HO ¢ oqHMMM U TeMU ke cBoiicTBamMH. Yucio

1 o jar 4
takux IIC paBHO K , e 9\ %] _gynxima Diinepa (ducno uncen B paxy 1,2,...x-1
B3aMMHO MPOCTHIX C YUCIIOM X).
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Hampumep, nnst k=4 ancio M —nocnenoBaTenbHOCTEH paBHO 2, a uist k=11 — 176, T.e. ¢ pocTom
JJIMHBI UX YUCJIO PE3KO YBCINYUBACTCA.

M-niocnenoBateabHOCTh ¢ N=15, nepuoaudeckass HOpPMUPOBAHHAS ABTOKOPPEISIIMOHHAS ()yHKITHS
HIC u anepuoanyeckas HOpMUpOBaHHas aBToKoppesinuonHas GpyHkus ILIC npuBenens! Ha puc.2.
Orot LIC cTpoutcs U3 pa3HONOJISAPHBIX UMITYJICOB OJJMHAKOBOM aMIIJIUTY/bl U AJIUTEIBHOCTH, IO
3aKOHY, 3a/laHHOMY M-110CIIe10BaTENbHOCTBIO.

Hopmuposannas nepuoanueckast AK® ne npesbiniaer 3HaueHus 1/N, pu cIBUrax He paBHBIX

HYIIIO. HpI/I OTOM allCpuOJUICCKaA AK® nmeer 3HaueHUS HE IMPCBbIIAIOIINUC LIWN.

Ault)

0 NA 0 Clarn fe
a1 1 T UL zr

N

T=NT, ] 4

4)

A I\/Xf A A z
. T\/\/V 5| % V\/\AJ/’;,

Puc.2. M-nocnenoBarensHOCTh ¢ N=15 (a), nepuoanueckas AK®D (6),anepuoanueckas AKD (B)

CgoiictBa aBToKOppensaunonnoi pynkuuu HIC, koqupoBaHHOro M-mocieaoBaTenbHOCThIO,
OJIM3KHU K CBOMCTBaM aBTOKOPPENSIIIMOHHON (QYHKIIUH IIyMa, BOSHUKAIOIIETO BO BXOJHBIX IIETIsIX
yeunurenei. [1o 3Toil npuuuHe Takue CUrHaIbl Ha3bIBAIOTCS IIYMOMOA00HBIMH.

Moayasinusi IiyMono1o0Horo curiana no gopme. Ipu stoit Moaymsiuu cooOIieHue B BUJIE

o L
JIBOMYHOTO KOJIOBOTO CIIOBA pa3bHUBaeTcs Ha OIOKM JTHHOI B “k” cumBonos. HaGopy 2
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k=1,2,3,... ABOMYHBIX CIIOB KaXKJIOTO OJIOKA CTABUTCS B OJTHO3HAYHOE COOTBETCTBHE HAOOP
otnuyaromuxcs mo ¢popme HIC. YacTHBIMU CITydastMU 3TON MOIYIISIIIUY SIBJISTFOTCSI: aMILTUTYTHAS
moxayssitus LLC u dhazosas monymsius LIC. JIng AM u @M HIC nanuna 6;10k0B k =1, a yuciio
BO3MOXHBIX (pOpM paBHO 2.

Ha puc.3 npuenena cxema ammintyaHoro moayisitopa LIC.

I'enepaTop 1 BbIIaeT IIyMONoOA0OHYIO
uy(t) Uo(t) (1)

IIOCJICA0BATCIIBHOCTD OIIPCACIISIEM

MNEPUOANICCKUM JBOUYHBIM KOJOBBIM CIIOBOM.

1 - 2 - —— 3 — Jlis wiumrocTpanun paboThl CXEMBI (CM.

puc.8.4) 370 cI0BO BRIOPAHO PaBHBIM KOAY
Tb T bapkepa mmnroi 7 cumBosos: 1010001.
(-t‘- ) COSgt JITUTEIBHOCTH UMITYJIbCA IIYMOIIOI00HOM
t
Uy d

Puc.3. AMIUIMTYIHBIH MOTYJIATOP IIYMOTIOI0OHOTO [OCITEI0BATETbHOCTH ) pasra T . Ona

curHana: 1 - reHeparop c; 2 — YpaBIAeMblii MeHBIIE JUTHTEMHHOCTH HMITYIThCA
kirou (nepselit AM); 3 — Bropoit AM MHbOPMAILHOHHOI

b(f) MOCIE0BATEILHOCTHD()B L/ T pas.
[TonoxeHue ynpapiasieMoro Kiroya 2

4 - oTpeIeNIIeTCs AIIEMEHTOMUH(POPMAITUOHHOTO
->| ! | " KOJIOBOT'O CJIOBA: €CJIM 3TOT 3JIEMEHT paBeH 1,
1 0 TO KIIFOY 3aMKHYT, a ecii paseH 0, To —
C Uplt]

0

tq(1) pasomkHyT. [llupuna crnexrpa LI

' ONpENENAETCS IUPUHON To nmiynbca. Ecian

—| H [—| —.[0 (hopma 3TOro UMIYJIbCa UMEET

— Je— .
| | ] NPSAMOYTOJIbHBIN B, TO LIMPHUHA CIIEKTPa
141 00011010001

IC paBHa Uty Opap Tl T pa3 GobIie
Uqg(t) MIVPUHBI CIIEKTPa HHPOPMAITMOHHON
JBOMYHOM KOJOBOM MOCJIEOBATEIHHOCTH.
I_I |—| H [Ipoussenenue amurenpHOCcTH IIIC Ha

S | I nmpuny cnekrpa LLIC Ha3piBaeTcs 6a3oi
curHana. baza I1IC

B:THL:NJ

To 4)
rae N — mimHa KOJOBOI'O CIIOBa
'Ii 1M 1 IIyMOTIOA00HOM TocieIoBaTenbHOCTH. B
”_LH H_HJ m_,_l paccMmarpuBaeMoM Hamu ripumepe N = 7.
c Ul

! ug(t)

B HexotopsIx cirygasx LI
Puc.4. BpeMeHHBIE AHarpaMMBl, HETOCPEACTBEHHO MMOCTYIMAET B KaHa, a B

HOSCHSIONIME PAaOOTy aMIUIUTYAHOTO MOAYJIATOPA | Apyrux — npeodpasyercs B
IC

AM pannocurnan s t) pu nomouy 2-ro AM.

Ha puc.5, 6 npuBenens! cTpykrypHas cxema (pazoBoro monynstopa LIIC u BpeMeHHBbIE TuarpaMMsl,
HOSICHSIIOIIME ero padoTy. B 3aBucuMocTy OT CHMBOIIA ITepelaBaeéMoro Ko10Boro ciosa 1 mwim 0
Mmensercs 3Hak [IIC Ha BbIxoze nepexntodaress 2.
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U {t) ta(t) ws(t)
1 —u (1) 2 |- 3 |—»
Tb{!.‘} Tsinmﬂt

Puc.5. ®a30Bb1it MOIYISATOP HIYMONOA00HOTO
CUTHaja:

1 — reneparop LLIC;

2 — ynpaBIIIeMbIH MTEPEKITI0YaTeNhb (TIEPBBIA
OM);

3 — BTOpoit ®M

Tax e, kak 1 npu AM cursan wiu
MOCTYMAaeT B KaHaJl HEMOCPEICTBEHHO, UITH
peodpasyeTcs ¢ MOMOILIBI0 MOAYJIATOpPa 3 B
O®OM panuocursai. baza ®M IIC curnana
paBHa 6a3e AM LIC u onpenensiercs
dbopmynoit

(8.4).

B(1)
| I
O 1
() — I — —
|| || i
T
— L : || -
wafed _I'

Puc.6. /lnarpaMmel, mosicHsOIINE paboTy
¢dazoBoro moaynaropa ®M

Ha puc.7 npuBenena ctpykrypHas cxema mooyramopa LLC no ¢popme nns kz 1.

e D
L o 2
N R
! 6
TH | , 5
1 > 3 | ﬂu\ I . - _PI:IK'D,IJ,
I O :
|
I | T
GUS{!}Gt
— 4

1

Puc.7. Monynstop nmrymonoao06Horo curaasna mo gopme: 1 —

TaKTOBBIN reHeparop; 2,3,4 — 1-i1,2-i1

k
u 2 —ii reneparops! I1IC; 5 — nCTOUHMK

JMCKPETHBIX COOOIIEHUH; 6 — yrpaBiIsieMblil IepeKItoyaTens; 7 —

(ba3oBbIi MOAYIIATOD

[Tosichum ero paboty Ha
MPUMEPE UCTI0JIb30BAHUS
CHMILICKCHOTO KOJa
JJIVHOU B 7 CUMBOJIOB.
Kox n3 Ncios
Ha3bIBACTCS
CHMILIEKCHBIM, €CITH
CKaJIIPHOE MPOU3BEACHUE
000 Tapsl CIOB 3TOTO
KOJla paBHO —L/I[N—1],
N — geTHOE U paBHO -
LN, N - neuernoe.
B Ta611.8.2 mpuBeneHs
KOJIOBBIC CIIOBA
CUMILIEKCHOT'0O KOoJa Haj
andasurom 1, -1
s N=7.J114 3Toro xoga
CKaJISIPHOE TPO-

U3BEICHUE PABHO - U7 B ra6mune MPUBENICHBI TAK)Ke OJIOKU IBOUYHBIX YUCEI, KOTOPBIS
BbIJICTICHBI U3 WH()OPMAIIMOHHOTO CI0BA JUCKPETHOTO UCTOYHHKA. UHCIIO pa3psiioB ABOMYHBIX
YHUCeN paBHOK=2, YTO COOTBETCTBYET UCIIOIB30BaHMIO YeThipex (opm LIC.

Tabmnura 2
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JIBOMYHBIN KO/ Konossie cnoBa, onpenensitoniue HHIC
00 -1 1 1 |-1 1 |-1 -1
01 1 I |-1 1 |-1 -1 -1
10 1 |-1 1 |-1 -1 -1 1
11 -1 1 |-1 -1 -1 1 1

[Tonoxenue ympapiasieMOro IepeKiIrodaTesis Ha prc.9 onpeaensercs ABOMYHBIM YHCIOM OJI0Ka ¢
BBIXO/Ia HCTOYHUKA JUCKPETHOTO coobienus. Hanpumep, ecnu yucio 610ka paBHo 00, To BBIXOJ
YIIPaBIIIEMOTO MEPEKITI0YATENs COSTMHEH C BBIX0A0M reHeparopa ', renepupyromero HIC ¢
KOJIOBBIM CJIOBOM IEPBOM CTPOKH TabI.2.

I/IMHy.HBCBI C BbIXOJIa TAKTOBOI'O Ir€eHEpaTopa ONnpeCACIA0T AJIUTCIBHOCTD %o CANHUYHOI'O

unrepBaia I1IC, a Takke U JUIMTEIBHOCTh SIUMHUYHOTO HHTEpBaJIa Y4 IBOMYHBIX KOJOBBIX
KOMOWHAIIMIA Ha BBIXOJIC HCTOYHHUKA AUCKPETHBIX COOOIICHH.

B MoaynsTope npou3BOAUTCS MOIYISALNA KOCUHYCOUAANBLHOM HECyIel IyMOnoA00HbIMU
curHanamu. B paccmarprBaeMoii cxeme nmpuMeHeHa ¢a3oBas Moy, CKOpoCTh epeavn

¥ k N
ungopmarmu LIC ¢ mogymsnueii no popme £=1/Tul0g 2" =k/T, |

ecnu o6omy LIIC cooTBETCTBYET paBHOBEPOSITHOE JTBOMYHOE YUCIIO OJI0KAa UICTOUHUKA
coobmenus1. C pocrom yncna HIC ckopocTh nepesaun yBeIuuuBaeTCsl.

[Hupuna crnekrpa IC Ha BeIxon€
YIPaBIIIEMOro MePeKI0YaTes
ONpeAeNsieTcs UPUHON CIIEKTpa
AJIEMEHTapHOro umnysnbca. s
MPSIMOYTOJIbHOTOBUICOUMITYJIbCA ATA
[IMPUHA PaBHA lUt=N/z, raeN —
6a3a ILIC. C pocTom 6a3bl LIMpHHA €TI0
cnektpa yBenuuusaercs. Ha puc.8.8
IIPUBE/IEHBI CIIEKTPAJIbHbBIE TNIOTHOCTH
YACTOTA Y3KOIOJIOCHOTO CUTHaja (repBas
3aBucumocTh) U LLIC (BTOpas u TpeTbs
3a-

AMIIJIHTYIA

Af

Puc.8. Cnextpsbl curHaion

BUCUMOCTH). CUTHAJIBI UMEIOT OJIMHAKOBBIC SHEPTHH, a UX 0a3bl OMPEACIIAIOTCS HEPABEHCTBOM

By<B,<B; Ipu ipreme y3komonocHoro curnana | B momoce &1 mymonono6usie curaans: 2,3
CO3JIAI0T MIOMEXY TeM OOJIbIIeH MOIIIHOCTH, YeM MeHbIIe ux 6a3a. C yBenuueHueM 3Toi 6a3bl
MHTEHCHBHOCTH CrIeKTpanbHbIX Kommonert IIIC 3 B momoce & ymenpmaercs, Tak kak ero sHeprs
OCTaeTCs IOCTOSIHHOM , a criekTpanbHble komnoHeHTs! LIIC pacnpenensioTcs B 0obliemM
nuarnasone. [Tpu ganpHeiinem yBenudeHun 6a3el LHIC ero criekTpaibHble KOMIIOHEHTHI MOTYT
YMEHBIINUTHCSA HACTOJIBKO, YTO UX UHTEHCUBHOCTH OyJI€T HAMHOI'O MEeHbIIIE (DIYKTYalMOHHOTO
IIyMa BXOJHBIX LIeTIed NPUEMHHUKA, OCYIIECTBIAoNEero npueM curnana 1. Ilomexa, coznaBaemas
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IIIC, oka3pIBaeTcs MPEeHEOPEKUMO MAJIOW. DTOT MPUMEP MOKA3bIBa€T BO3MOYKHOCTh COBMEIICHUS B
OIHOM M TOM JK€ YaCTOTHOM JHAIIa30He KaK OOBIYHBIX CHUCTEM, TakK U cucteM ¢ 1IIC.

JleTeKTHpOBaHNE IIYMONOJ00HBLIX CUTHAJIOB

oy, () Lenp nerekTrupoBaHus Ta xKe,
1 (1) YTO U JIJISI IPOCTBIX CUTHAJIOB -
s w1 2t BbIJIEJICHHE MOAYIHPYIOIIETO
curtHana. OCHOBHBIM
* Yony () 1y, (£) CHocoO0M JIETEeKTUPOBAHUS
—p{ 4 P 5 [ 3 P HIC sBAsieTcss KOrepeHTHBII.
Herektop AM u ®M
. 4 U, (1) IIyMOTIOI06HOTO CHTHAA
el 6 |l T |l BJISIETCSI OJHOKAHATIbHBIM.

JleTexTop MOLyJIMPOBAHHOI'O
Puc.9. Korepentnsiit nerekrop LIC ¢ monymsimueit mo gpopme: | mo popme HIC Gomnee
1,4,6 — nepemuoxureny; 2,5,7 — ®HY; 3 — npeobpazoBatens | cioxkHbId. OH SABISIETCS

HOMEpa KaHaja B IBOMYHBIN KOJ MHOTOKaHAJIbHBIM (puc. 8.9).
a | tuy(l) [Ipu neTeKTI/IvaBaHHH
NPUHUMAEMBbII
rl |_ _I MoayiupoBanHsiid [LIC
it — — . 7 YMHOJKAeTCs WIN Ha OTHY
xonuto IIIC nepenocurka npu
6| Uy {f) AM u OM (puc.8.10) nin Ha
2* konuii npu monynsauuu HIC
—I |_I |_| o ¢opme (puc. 8.11) .Jlanee
10100011 01 00O 1 N pe3yabTaT GUIBTpyeTCs

I

l OJIHUM WJIA HECKOJIBKUMU

| (GuIbTpaMu HIDKHUX 4aCTOT
I

|

€ ) tgux(?) (puc.8.9).

G 2 ¢

Puc 10. Bpemennsie quarpaMmbl, OSICHSIOIINE
nerektupoBanue AM I1IC

Hanpsokenue Ha Beixone @HY B cxeme puc.9 onpenenser cumsoi 0 unu 1 nepenaBaeMoro
UH(POPMALIMOHHOTO KOA0BOro cinoBa. Hanmomuum, uto cumsoi “0” nepenaercs npu AM 11IC
oTcyTcTBHEM, a cuMBoa “1” — Hanmuuuem LLC (puc.10, a). [lepemuoxenne onopHoro LIC
(puc.10, 6) Ha HyneBoe 3HaueHue npuaumaemoro LIC (puc.10, 6) naer cumson “0”, a
nepemHoxeHue onopHoro IIIC Ha HepaBHble HyI0 3HaueHUs npuHuMaemoro LIC u ¢unpTpanus
pe3yibTara f1aet cumMBod “1”. B gerekrope (puc.9) HepaBHOE HYJIIO HANPSDKEHUE HA BBIXOJIE
onnoro u3 ®HY (puc.11, 2) o1HO3HAYHO CBSA3aHO C TBOMYHBIM KOJIOBBIM CJIOBOM IEPEIABAEMOTO
uHpopMalMoHHOro Osioka. B nepegarunke ot aToro ciosa 3aBucut ¢opma LIC.
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U, (1) ITosicHMM cKa3aHHOE Ha KOHKPETHOM

a npumepe. [Tycts croBo 00 cBsizano ¢ hopmoit

IIIC, noka3zannoii Ha puc. 11, a, cinoso 01 —

0 f dopmoii IIC, mokazannoii Ha puc.11, 6.

OcranbabiM 1ByM ciioBaM 10 u 11 B Hamem

npuMepe OyAyT COOTBETCTBOBATH €IIE JIBE

¢dopwmsr LLIC. Takum 06pazom B

5 - paccMaTpuBaeMoOM MpUMEPE JJIMHA
nepesaBaeMoro KoJIoBoro 0j0ka BbIOpaHa

paBHO# 2, a yncio ¢opm LLIC Bei6pano

Uony (£) paBHbIM 4. KorepeHTHbII 1eTEKTOp

6 pacrio3Haet nepeaaBaeMbie Gopmsl. I1ycTb

nepenaeTcst opma, COOTBETCTBYIOIIAS

0 ¢ kogoBomy cioBy 00 (puc.11, a). Ha

MIEPEeMHOKUTEN BCEX KaHAJIOB JETEKTOpa

Uyrox, (£) OJTHOBPEMEHHO ¢ npuHuMaeMbiM L1IC

MOJIal0TCA OTIMYAIOIINECs APYT OT Apyra

onopusle HIC, mpuuem onopHbIil curHai Ha

0 t MIEPBOM MEPEMHOKHUTEIIE COBMATACT 10

g iHasxg (1) dopme co Bxomubm I1IC. B sToM crydae Ha

- Bbixoge ®HY nepBoro kanana Oyner He

0 ¢ HyJieBoe HampspkeHue (puc.l1, 2), a Ha

Puc. 11. BpemeHHBIC muarpaMMbl, IOSICHsFOIpe | BRIXOAaX ®HY ocTabHbIX KaHAIOB
JICTEKTHPOBAHIE MO/IyIHPOBAHHBIX 110 (popMe | HAIPAKEHHs OYYT PAaBHBI HYJIIO.
HIC

OIly (:

[Tpu nepenaye ILIC, coorBeTcTBYIOMUX KOogoBOMY clioBy 01, Ha BXoze neTekTopa Oyaer

TIPHCYTCTBOBATH CUTHAJ, COBMAAIONIHIT 110 (hopme ¢ Honz!| t) (puc.11,6).Torna He paBHOE HYIIO
HarnpsbkeHue Oynet Ha BeixoJie BToporo ®HY, a Ha Bbixonax octanbHbix @HY HanpsikeHus OynyT
HYJIEBBIE U T.J.

[IpeoOpa3oBanueM HOMepa KaHaja, Ha BBIXOJIe KOTOPOTO HA0II0JaeTCsl HE PaBHOE HYITIO
HaMpsOKEHUE, B IBOMYHBIN KOJI, MOJYYar0T KOAOBOE CIIOBO MEpeaaBaeMoro HH(GOpMaImoHHOTO
OJIOKA.

KorepeHTHOE IeTeKTUpOBaHKE IITyMOTIOJJOOHBIX PaIUOCUTHATIOB IPUHIUITHAIBHO HE OTIIHYACTCS
oT paCCMOTpeHHOFO BBIIIC )IeTeKTI/IpOBaHI/Iﬂ Ha BBUJ€04YacCTOTE, HO €TI0 peanI/I3auM${ CTAHOBUTCIA
0oJiee CI0XKHOM.

[Tpu npueme kak BUJI€0-, TaK U PaAMOCUTHAJIOB HY>KHO MOJCTpanBaTh napameTpsl onopHeix HHIC
[0/l TapaMeTpbl IPUHUMAEMOr0 CUrHaNa. TakuMu napaMeTpaMy sIBJISIOTCA: TaKTOBAs 4acToTa,
3a/iep’KKa OMOPHBIX CUTHAJIOB, HECYIIAs 4acTOTa.

YCTpOI\/’ICTBO, C IMOMOIIBIO KOTOPOTO o0OecreunBaeTcs COBITAAICHUEC TAKTOBBIX YaCTOT IPUHHUMACMOI'O
" OIIOPHOT'O CUTHAJIOB, HA3BIBACTCSA ycmpoﬁcmeom maxmoeou CUHXPOHU3AUUU.

YcerpoiicTBa, obecrieunBatoiue copnaaeHne onopueix [HIC Bo BpeMeHH U TI0 HECYIIEH YacToTe
Ha3bIBAIOTCSI COOTBETCTBEHHO YCMPOUCMBAMU NOUCKA U CediceHUst no epemeru 3adepacku LIIC u
no Hecyujeti yacmome. Y CTpOMCTBA TAKTOBOW CUHXPOHHU3AIUH, TIOUCKA U CIICKEHHS BXOST B
cocTaB 0s10ka (pOpMUPOBAHHUS OTTOPHOTO CUTHAJIA.
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