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INOACHUTEJIBHASA 3AIIMCKA
JlaHHBIE METOMYECKHE yKa3aHUS IIPEAHAZHAYECHBI JIUIS 3aKPEIICHUS TEOPETUUECKUX

3HAHWIN ¥ MPUOOPETEHUSI HEOOXOIUMBIX MPAKTHUECKUX HABBIKOB M YMEHHM 10 TIPOTrpamMme
JUCIUTUTHHBL " DIIeKTpoTeXHUUeCKre n3mepenus " st cnenuanboctu CI1O
09.02.01 KomnproTepHBIE CHCTEMBI U KOMITJIEKCHI

[IpakTHdeckue 3aHITHS COCTABIICHBI B COOTBETCTBUU ¢ TpeboBanusmMu OI'OC mo
CHIEIUATBFHOCTH.
HensiMu mpoBeeHUS MPAKTUUECKUX 3aHATUM SIBIISIIOTCSA:
- 00001Ienne, cucTeMaTH3aInIo, YIITyOJIeHHe, 3aKPETUICHUE TTOTyYEeHHBIX
TEOPETUYECKHUX 3HAHUHN
- ¢opmMupoBaHHEe YMEHUN IPUMEHATH MOTyUYEeHHBIC 3HAHUS Ha TIPAKTHKE,
peain3anuro CANHCTBA I/IHTeJIHeKTyaJIbHOﬁ )41 HpaKTquCKOﬁ ACATCIBbHOCTH,
B pesynbTaTe ocBoeHMs y4eOHOM TUCITUTIIMHBI O0YYarOIIHIACS TODKEH YMeTh:
— KJaccu(uIMpoBaTh OCHOBHBIE BUIBI CPEICTB NU3MEPEHUI;
— HNPUMCHATH OCHOBHBIC MCTObI U TPUHIHIIBI HBMGPGHHPJI;
— HOPUMCHATH METOJbI U CPEACTBA o0ecrieueHns €AUHCTBA U TOYHOCTHU HSMCpeHHfI;
— TPUMEHSATH aHAJIOTOBbIE U IU(POBBIE U3MEPUTEIbHBIE TPUOOPHI, U3MEPUTEIbHBIE
TeHEPATOPHL;
— HOPUMCHATH 'CHEPATOPHLI IIYMOBLIX CUTHAJIOB, aKYCTUYCCKUC U3Ty4aTCIIN, U3MCPUTCIIN
IIyMa u BUOpanuii, usMepuTeNbHble MUKPO(GOHBI, BUOPOIATUHKY;
— TPUMEHSTh METOJUYECKHE OICHKH 3alUIIEHHOCTH HH(POPMAITMOHHBIX 00BEKTOB;
B pe3ynbpTaTe ocBoeHMs yueOHOM TUCIUTIIUHBI O0yYarOIIHIACS TODKCH 3HATh:
— OCHOBHBIE MTOHITHS 00 U3MEPEHUIX U eUHHUIAX (GU3NYECKUX BEINUHH;
— OCHOBHBIC BUJIBI CPEJICTB U3MEPEHHI U UX KJIACCU(DUKAIIUIO;
— METOJBI U3MEPEHHUN;
— METpOJIOTUYECKHUE MOKA3aTeNu CPEICTB U3MEPEHU;
— BUJBI ¥ CTIOCOOBI ONPE/IENICHNUS TOTPEIIHOCTEeN U3MEPEHMIA;
— TNPHUHLUN AEHCTBUA MPUOOPOB (HOPMUPOBAHMS CTAHJAPTHBIX U3MEPHUTEIBHBIX CUTHAJIOB,;
— BJIMSIHME U3MEPUTENIbHBIX IPUOOPOB HA TOYHOCTh U3MEPEHUI;
— METObl U cIocoObl aBTOMATH3AIMU U3MEPEHUN TOKA, HAIIPSHKEHUS U MOIIIHOCTH



IIpakTuuyeckas padora Nel.
Tema 1. 1. BBenenne. OcHOBHBIC BBl 1 MEeTOAbI H3MEPEHMIl, HX KIACCH(PUKALHSA
Mertponorusi — HayKa O CpeICTBax U METOJaX U3MEPEHUH.
Ieanb padorei: M3yueHne 0CHOB METPOJIOTHH.
TeopeTnyeckasi 4acTh:

K uMcny TEXHHYECKHMX CPEICTB M3MEPEHUS OTHOCATCS MEpPbI, W3MEPUTEIIbHBIE
npeoOpaszoBareiny, U3MEpUTETIbHbIE MPUOOPHI M W3MEPUTENbHBIE CUCTEMBI. M3MepuTenbHbIM
npeoOpa3oBaTelieM  Ha3bIBAIOT  YCTPOMCTBO, TpeAHa3HAaYeHHOe s IpeoOpa3oBaHUs
M3MEPSIEMOT0 MapaMeTpa B CUTHaJ, YAOOHBIN JUIsl TadbHEHIIeH mepeaur Ha pacCTOSSHUE WU B
LIEMb YIIPABJISIOLIETO YCTPONCTBA.

[IpeoOpazoBarenu mMOApa3eiSIIOT HAa TEPBUYHBIC (MAaTYUKH), TPOMEKYTOUHBIE,
nepefamone M MacimrabHele. V3mepseMylo BENIWYMHY Ha3bIBAIOT BXOJHOM, a pe3ynbTaT
peoOpa3oBaHusl — BBIXOJHBIM CUTHAJIOM.

[lepBuunble TpeoOpa3oBaTeNy NpeAHA3HAYECHbI s MPeoOpa3oBaHMs (PUIUUECKUX
BEJIMYMH B CHUTHANIbBI, a MepeAalllne U MPOMEeXYTOuHble mpeolOpa3zoBaTenu (HOPMHUPYIOT
CHTHAJIBI, yTOOHBIE [T IIepejaud Ha PAaCCTOSIHUE U PETUCTPALIUU.

K MacmraGHbIM OTHOCAT mpeoOpa3oBaTeiad, € IMOMOIIBIO KOTOPBIX H3MepseMas
BEJIMYMHA U3MEHSETCS B 3a/JlaHHOE YMCIIO pa3, T. €. OHM He Mpeobpa3yroT oJIHY (U3NYECKYIO
BEJIMYMHY B JIPYTYIO.

W3meputenbHbIM TPUOOPOM Ha3bIBAIOT YCTPOWUCTBO, NMpeIHA3HAUYEHHOE ISl BRIPAOOTKH
u3MepuTensHol umHbopManuu B ¢GopMe, JOCTYMHOM [UIsi HEMOCPEACTBEHHOTO BOCIPHUSTUS
HabmroareneM (onepatopom). M3amepurensHbie TpUOOPHI IENAT Ha JBE TPYIIIIHL.

K nepBoil rpymnie oTHOCAT aHanIOroBble MPHOOPHI, MOKAa3aHUSI KOTOPBIX SBJISIOTCS HE
NpepbIBHON (yHKIMEH H3MepseMOro apamerpa.

Bropas rpynmna Bximrodaet B cedst mudpoBbie TpuOOpsl. OHU BBIPAOATHIBAIOT JUCKPET-
HBIE CUTHAJIBI U3MepsieMoit nHpopmanmu B iudpoBoit hopme.

N3mepurtenbHas cucteMa oObEAUHSIET M3MEPHUTEIbHBIC TPeoOpaoBaTen U MPUOOPHI,
o0ecrieunBas U3MEPEHUs IapameTpa 0e3 yJacTus yeloBeKa.

['ocynapcTBeHHBIN CTaHIAPT YCTAHABIMBAECT MPUMEHEHUE MeXTyHapOAHOM CUCTEMBI
enunull (CH) Bo Bcex 00acTaX HAYKA U TEXHUKH.

B coctaB CU BX0IAT ceMb OCHOBHBIX €AMHMII, JBE AOMOJHUTENbHbIE U IBAATh CEMb
BOKHEHIIINX MPOU3BOAHBIX SIUHUIl. B COCTaB OCHOBHBIX €AMHHUII BXOASAT: METP (M), KHJIOTPaMM
(xr), cexynna (c), ammep (A), kenbBuH (K), Mmonb (MoJib), kanmena (Ki).

K nononnutensusiM eaununam cucrembl CH OTHOCSTCS pajauaH W CTEpajuaH, a BCE
ocTajbHbIE EIUHMIIBI SIBISIOTCSA Mpou3BoAHBIMU. Hampumep, eaununa cunbsl — HbioTOH (H),
cooObImaer ey Maccoii 1 kr yckopenue 1 m/c?; eqununna nasinenns — nackanb (I1a), 3a eauauiy
NaBJIEHHS IPUHUMAETCS TAKOE PABHOMEPHO PACIIPENEIEHHOE JaBICHHUE, PH KOTOpoM Ha 1 m?
J€MCTBYET HOPMAJIBHO K TIOBEPXHOCTH cuia, paBHas 1 H.

Bce n3mepenus nenar Ha npsMble M KOCBEHHbIE. [Ipy MpsIMBIX U3MEPEHUAX YHCIIOBOE
3HAYEHUE U3MEPSIEMOro MapaMeTpa ONpPeesSOT HEMOCPEACTBEHHO U3MEPUTEIbHBIM IPUOOPOM:
HampuMep, H3MEpPEeHHe TEeMIEPaTypbl TEPMOMETPOM WM JIMHEMHBIX pa3MepoB JIeTalH
MEPHUTETHHBIM HHCTPYMEHTOM.

KocBennble m3MepeHus NpeaycMaTpUBAIOT OMNpENEIeHHe HCKOMOIO IapameTrpa Ha
OCHOBAaHUM IMPSIMOIO M3MEPEHUSI BCIIOMOTaTEbHON BEIMYMHBI, CBSI3aHHOM C H3MEpSEMBbIM
nmapamMeTpoM OIpeAeICeHHOW (DYHKIIMOHAIBHOW 3aBHCHMOCTHIO. Hampumep, omnpeneneHue
o0beMa Tena 1o ero JJUHe, IIUPUHE U BBICOTE MM U3MEPEHHE TeMIIepaTyphl MO W3MEHEHHIO
AJIEKTPONPOBOTHOCTH TEPMOMETPA COTIPOTUBIICHUSI.

Xon paboThI:

1. V3yuuTh OCHOBBI METPOJIOTHH, BUIBI U METOJIbI U3MEPEHUH, UX KJIacCUPHUKAIUSI.

2. W3yuuTh JEKUMOHHBIN MaTepuan U OTBETUTH B TETPAIX Ha CJIEAYIOIINE BOIIPOCHIL:

1. Yto u3yyaer quCUMILUIMHA METPOJIOTHA?
2. Kakoe MecTo 3aHUMaeT METPOJIOTHSI CPelId APYTrUX HAyK?



3. JlaiiTe onpeneneHne GU3NIECKON BETUYUHBI.

4. Yto Takoe pa3MepHOCTh (PU3HUECKOU BEITMUNHBI?

5. IlpuBeanTe MpUMEpBl OCHOBHBIX, JIOTIOJTHUTENBHBIX U IPOU3BOIHBIX (PU3HMUECKUX
BEJIMYMH.

6. ITo xkakuM npu3HaKaM KJIACCUPHUIUPYIOTCS METO/IbI H3MEPEHUI?

7. Kakne MeToasl N3MEPEHH BaM U3BECTHBI?

8. Uro takoe ycnoBus u3Mepenuit? Kakumu onn 6b1BatoT?

9. Uto Takoe pe3ysIbTaT U3MEPEHHS U YEM OH XapaKTepu3yercs?

10. JlaiiTe onpenenaeHus NPsIMBIX, KOCBEHHBIX, COBMECTHBIX U COBOKYITHBIX BUJIOB
U3MEPECHUM.

11. IlpuBenute npumepsl U3MEPEHNI KaXKA0r0 BUJA.

IIpakTuuyeckas padora Ne2.
Temal. 2. MeTpoJiornyeckue nNoKa3aTejim CpecTB H3MepeHHit
O3HakoMJIeHHE €O IIKAJAMH 3JIeKTPOU3MEPHUTEIbLHbIX PUOOPOB.
Llesas padoThl: V3ydyeHne MIKai 3I€KTPOU3MEPUTENBHBIX IPHOOPOB.
IlepeyeHb UCIOJIB3YeMOTr0 000PYyI10BaAHMS
DNeKTpOU3MEpHUTENIbHBIE MPUOOPHI.
TeopeTnyeckasi 4acTh:

Kontpons  paboTel  371€KTpOOOOpPYNOBaHMS  OCYHIECTBISIETCS € MOMOILBIO
Pa3HOOOpAa3HBIX  AJIEKTPOU3MEPHUTENIBbHBIX  TpubopoB. Hambonee  pacmpocTpaHEHHBIMH
AJIEKTPOU3MEPUTENILHBIMU TPUOOPAaMU ABISIOTCS MPUOOPHI HEMIOCPEICTBEHHOTO oTcueTa. Ilo
BHJly OTCUETHOTO YCTPOWCTBA pA3jIMYalOT aHAJOrOBble (CTpeNOYHbIe) W MHU(POBHIC
U3MEpPUTENIbHBIE TPUOOPHI.

OCHOBHBIE YHACTU 2JIEKTPOU3SMEPUTEJIbHBIX TTPUEOPOB

Y MHOTHX MpUOOPOB €CTh O0IIKE 0 HA3HAYCHUIO YaCTH. ITO KOPITYC, 35KUMBI, IIKaJa,
yKaszarejbHasi CTpelika, OTpaHUYUTeNd, BUHT Koppekropa (puc.l). Ha kopmyce HeKOTOpBIX
npuOOPOB PACIONIOKEHBI MEPEKIIIoYaTesb MPeIeIoB U3MEepeHHst U appeTup. BHyTpu kaxxmoro
npuOopa HaXOJIUTCS €ro IiaBHas 4acTh — U3MEPHUTENbHBIM MeXaHu3M. OTaenbHble MPHOOpHI,
HarpuMep OMMETpPHI, CHAOXKEHBI KaMepol, B KOTOPYIO MOMELIAI0T MCTOYHUK AJIEKTPOIHUTAHUS
(ranbBaHUYECKUM 3JIEMEHT). Y HMHTETPUPYIOUINX MPUOOPOB, HAIIPUMEP Y AJIEKTPOCUETUYHUKOB, B
OTJINYHUEC OT IOKa3bIBAIOIIHX HpI/I60pOB OTCYTCTBYCT YyKa3aTClibHasd CTPCJIKa, HO Y HHUX CCTb
CUYETHBI MEXaHU3M.

puc.1

Kopnyc cimykuT ans  3amuThl  M3MEPHUTENBHOTO MEXaHW3Ma OT MEXaHHYeCKUX
MOBPEXAEHUNH, OT mbuid. B 3aBHcHMMOCTH OT crnoco0a 3amuThl BHYTPEHHEIro YCTpOiicTBa
npubopa OT BHEIIHUX BO3JEHCTBHH Kopmyca HpUOOpPOB MOTYT ObITh OOBIKHOBEHHBIE, BOJO-,
ra3o- W IbUIC3ALIUIICHHbIE, T'epMETHYEeCKHe U B3pbIBoOe3omacHble. K 3axkumam npubopa
IPUCOETUHSIOT ITPOBOJIA /7Sl BKIIIOUEHHS €10 B DJICKTPUYECKYIO LIETIb.

Mo mxane mpudopa OTCUUTHIBAIOT 3HAUEHUE U3MEPSIEMOI BETUUNHBI.

BHemHuii BUI IIKaJdbl M HAaHECEHHbIE HA Hee YCIOBHbIE OOO3HAYEHMS 3aBUCAT OT
Ha3HAa4eHWs] W KOHCTpyKuuMuM mnpubopa. Ha mikamy HaHOCAT 4YepTOUYKH (BEpTHKAJIbHBIE,
TOPU30HTAJIbHBIE, HAKJIOHHbIE), Ha3blBaéMble O T M € T K a M M. OTMeTKy IIKabl,
COOTBETCTBYIOILYI0 HYJIEBOMY 3HAUE€HHUIO U3MEpsieMON BEJIMYMHBI, Ha3bIBAIOT HYJIEBOM.



WHTepBan Mexy AByMs COCEAHMMH OTMETKaMHM HOCUT Ha3BaHME JEJICHUS IIKaJIbl, a 3HAYCHHE
JNIEKTPUYECKON BEIMYMHBI, MPUXOIAIIECECS Ha OJHO JIE€JCHUE IIKAJIbl, — IEHbl JICJICHUS.
3HaueHUE U3MEPSIEMON BEIUYMHBI, COOTBETCTBYIOLIEE HAdalbHONW OTMETKE ILKAJIbl HAa3bIBAIOT
HayaJIbHbIM 3HAYECHHEM IIKAJIbl, a 3HAYECHHE W3MEPSIEMON BEJIIMYMHBI, COOTBETCTBYIOLIEE
KOHEYHON OTMETKE HIKaJIbl — KOHEYHBIM 3Hau€HHEM. Pa3HOCTh MEXIy KOHEUHBIM M HA4aJIbHBIM
3HAYEHUSIMH U3MEpsieMOM BENMYMHBI SBJSETCS pabouyuM Auamna3oHoM usMepeHuid. [llkanbr
ObIBaIOT paBHOMEPHBIMU (BCE AENCHMS IIKaJbl OJWHAKOBHIC) W HEPABHOMEPHBIMHU (JICIEHUS
IIKanbl HeoAMHakoBbl). Ha mikame MHOrux npuOOpoOB MapajuiebHO OTMETKAM paclojoXeHa
3epKaJibHasl M0JI0Ca, YTO MO3BOJISET YMEHBUINTD OIIMOKH NMPH CHATUY MOKa3aHui. a3, ctpenka
U €€ OTPaKEHUE B 3epKAIIBHOM ITOJIOCE JOJDKHBI HAXOAUTHCS Ha OJTHOM JIMHUH.

VYka3zarenpHas CTpesika HyXKHa AJI OTCUEeTa I10 IIKaJle 3HAUYE€HUS U3MEPSAEMOIl BEJIMUNHBL.
Crpenky AenarT W3 aJIIOMUHUSA WIA €ro cruiaBoB. CTpenka CO€IMHEHAa C M3MEpPUTEIbHBIM
MEXaHU3MOM, TOJ JeHCTBHEM KOTOPOro OHa OTKIJIOHsAeTcs (mepemernaercs). YToObl mpu
JIBUKEHUH CTpeJKa He Kacajach Kopryca (M B pe3yjbTaTe HE NOTHyJach), Ha IIKaje ecTb
aMOPTHU3UPYIOLUE OTPAHUYUTEIH.

C nomomp BHHTAa KOPPEKTOpAa HEMOCPEICTBEHHO IEpel H3MEPEHUEM CTpPEIIKY
YCTaHABIMBAIOT TOYHO MPOTHUB HYJEBOW OTMETKH IIKaJbl. /{151 3TOr0 BUHT KOppEKTOpa Clerka
ITOBOPAYNBAOT OTBEPTKOM.

[epekmoyarenu npeaesoB U3MEPEHUST YCTAHOBJIEHBI y T€X MPUOOPOB, KOTOPBIE CITy>KaT
JUISL. U3MEPEHMS DJIEKTPUYECKHX BEIWYMM B HECKOJBKHMX Ipeaenax. B 3ToM ciydae mnepen
BKJIIOYEHUEM MpUOOpa MepeKiIoyaTeNlb YCTaHABIUBAIOT TaK, YTOOBI UMEIOIIAsACA Ha HEM TOYKa
(momeTka) oOKaszajiach TPOTUB TpeOyromierocs mpenena u3MepeHus. llepeHocHbie NPUOOPHI
CHAa0>XEHBl appeTUPOM, C IOMOIIBIO KOTOPOTO 3aKPEIUISIOT B HEMOABHXHOM IOJIOKEHUH
M3MEPUTENbHBIM MeXaHu3M, 4TOObl MPH TPAaHCHIOPTHPOBKE Npubopa oH He moBpeawscs. Ha
JMIIEBOMl  CTOPOHE  CTPENIOYHBIX  MPHOOPOB  M300pakeHbl  YCJIOBHbIE  00O3HAYCHMS,
OTIpeIeTSIoNINe KIaccu(GUKalMOHHYI0 Tpymiy npudopa. OHU MO3BOJIAIOT MPAaBWIBHO BBIOPATH
npuOOpsl U Jal0T HEKOTOPhIE yKa3aHHs MO X AKCIUTyaTaluu.

B memsix moCTOSHHOrO TOKa JUIsi U3MEPEHUN TOKOB WM HAINPSIKEHWW INPUMEHSIOTCS B
OCHOBHOM  NpPUOOpPBI  MarHUTORJEKTPHUUECKOM  cucrtembl. [IpuHIMD — JOefcTBUS — TaKuUX
npuOOpOB OCHOBAaH Ha B3aMMOJEWCTBUM MArHUTHOTO TMOJISI TIOCTOSIHHOIO MarHuTa |
U3MEPSIEMOr0 TOKa, IPOTEKAIOIIEro IO KaTylIKe. YIoJl IOBOPOTa CTPEJIKH O MPSIMO
nponopiuoHaieH wusMmepsieMmomy Toky I[: o = K - 1. [lIkambl MarsuTO3JIEKTPUYECKUX
npuOOPOB pPaBHOMEPHBHIE.

B u3sMepuTenpHBIX MeXaHU3Max »JJIEKTPOMArHUTHOM CHUCTEMbI, NPUMEHSIEMBIX JUIS
U3MEPEHUIl B IIEMAX MEPEMEHHOT0 M TOCTOSHHOIO TOKA, BpAlAOMIMKA MOMEHT 00yCJIOBJIECH
JeCTBMEM MAarHUTHOTO IO M3MEpPSEMOro TOKa B HEMOABI)KHOM KaTylike npudopa Ha
MOJBM)KHBIM (DepPOMArHUTHBIN SKOPb. YTOJ MOBOPOTa CTPENKH 0O 3/1€Ch MPONOPLUOHAICH
kBagpatry Toka: o = K - 2I. Ilosromy mikana >1€KTpOMarHUTHBIX HPUOOPOB OOBIYHO
HEpaBHOMEpHas, YTO SBIISAETCS HEIOCTATKOM 3TuUX MNpuOopoB. HawanmbHas uyacTh IIKambl He
WCTIONB3yeTCs sl  WU3MepeHuil. [[ns u3MepeHud TOKOB W HANpPSHKEHWH B LEMsIX
NEPEMEHHOTO TOKa NPUMEHSIOTCA TaKkKe NPUOOpPHI BBIMPAMHUTEIbHON cucteMbl. Takue
npuOOpbl  colep’kKaT  BBIIPSAMUTENbHBIA  MpeoOpa3oBaTelb W MarHUTOAJIEKTPUYECKUI
U3MepUTEeNbHBIA  MexaHu3M. OHM uMeroT OoJjiee JIMHEHHYIO IIKady, 4YeM HpuOOpbI
AJIEKTPOMArHUTHOW CUCTEMBI U JOCTATOYHO MIUPOKHUI YaCTOTHBIN JUATIA30H.

JUis  MpakTHYECKOro  HWCMOJb30BAHUS  CTPEJIOYHOTO  HM3MEpPHUTEIBHOro  mnpubdopa
HEOOXOUMO 3HaThb €ro mpelnen HU3MepeHHi (HOMHHAJIbHOE 3HAYE€HHWE) W LEHY JeJCHHS
(mocrostnayto) mpubopa. Ilpenen m3MepeHuii — 3T0 HauOousbllee 3HAYEHUE DIIEKTPUUECKON
BEJIMYMHBI, KOTOPOE MOXXET OBITh H3MEPEHO JaHHBIM MPUOOPOM. DTO 3HAYEHHE OOBIYHO
yKa3aHO Ha JMIEBOH cropoHe mpubopa. OAMH W TOT e HPUOOP MOXKET UMETh HECKOJIBKO
npenenoB wu3Mmepenuit. lleHol meneHuss mpubopa Ha3bIBaeTCAd 3HAYCHHE HU3MEpsSEMOU
BEJIMYMHBI, COOTBETCTBYIOIIEE OJHOMY JAEJCHMIO IIKanbl mpubopa. Llena nemenus npubopa



- C nerko ompezensieTcs Kak OTHOILEHHE Ipesesia U3MEpeHU Apom K YUCITY JICIEHUH IIKaIbI
N:
C= AHOM / N.

Ha nuneBoil cTopoHe CTperaoyHbIX NMPUOOpa yKas3bIBAeTCs KJIAcC TOYHOCTH, KOTOPBII
OTpeeNIIeT MPUBEACHHYI0 OTHOCHTEIBHYIO MOTPEIIHOCTh MpHOopa Yip.

B Tabn. 1 mpuBemeHBI HEKOTOpPHIE YCIOBHBIE OOO3HAYCHWs, NPUBOJAWMBIC Ha
JIMILIEBBIX TAHENAX CTPEJIOYHBIX H3MEPUTENBHBIX MPHUOOPOB, OMpPEIEISAIONINEe UX CBOWCTBA U
YCIIOBUS HKCIUTYaTal|H.

[Ipu mnpoBeneHMHM U3MEpPEHMH B AJIEKTPUUYECKHX LEMAX IIHPOKOE MpPUMEHEHHE
MONMYYMSIM  TUQPOBBIE  W3MEPUTENbHBIE  MPHOOPHI,  HANMpUMEp  MYJIBTUMETPHI  —
KOMOWHUpPOBaHHbIE  IM(PPOBBIE  H3MEPUTENbHbIE NPUOOPHI, MO3BOJSIIOMIME  HU3MEPAThH
MOCTOSTHHOE M TIEPEMEHHOE  HANpsDKCHHWE,  TOCTOSHHBIA M TEPEMEHHBIH  TOK,
COIIPOTHBIICHHS, TIPOBEPATh JUOABI U TpaH3UCTOpHL. llpeacraBieHue pe3yibTaTa U3MEPEHHS
MPOUCXOMUT Ha MH(POBOM OTCYSTHOM YCTPOWCTBE B BHIE OOBIYHBIX YIOOHBIX ISt
CUMTHIBAHUS JIeCATHYHBIX uyHced. Haumboinblnee pacmpocTpaHeHue B IU(PPOBBIX OTCUETHBIX
YCTPOMCTBAX  MYJBTUMETPOB  TOJNYYHJIH JKUAKOKPUCTAUNIMYECKHE W CBETOJMOIHBIC
MHAMKaTOpbl. B 1abopaToOpHOM CTeH[E MCIONB3YIOTCS HU(PPOBBIE NMPHOOPHI A U3MEPEHHUs
MOCTOSIHHBIX W TIEPEMEHHBIX TOKOB, a TaKXke IUPPOBOW M3MEpUTENIh MOIIHOCTH. Jlis
NEepeKIIIoUeHUsT pexkuma padboTsl nudposbix ammnepmerpoB ctenaa (PA1, PA2, PA3 u PA4) na
€ro nepegHeil maHeau YCTaHOBJIEH TyMOJiep, KOTOpBIM [UIsi M3MEpPEHHUs IMOCTOSHHOTO TOKa
CIIElyeT YCTAaHOBUTH B TMO3UIMIO «=», JJIS M3MEPEHHS ICHCTBYIOIIMX 3HAYEHUH MEepeMEHHBIX
TOKOB — B TMO3UIHUIO0 «~». [l u3MepeHHs TIOCTOSHHOTO ToKa BXOAHas Kiemma (+)
U(POBOro aMIepMeTpa BblIeJIeHa KPACHBIM I[BETOM.

[MudpoBoii  m3MepUTENs  MOIIHOCTH  NpEAHA3HAYCH Ui W3MEPEHHUs  IapaMeTpoB
AIIEKTPUYECKON IIeTIH:

— neuctBytomiero 3Hadenus HanpspkeHus U (True RMS) B quanazone 0...30 B;

— nevictByroniero 3HaueHus Toka [ (True RMS) B nuanazone 0...300 MA;

— aktuBHOM MomHOocTH P B muamasone 0...600 Br;

—ygactotsl f B quamasone 35...400 I'i;

—cos O;

— yraa casura ¢a3 ¢ (Fi) Mexry TOKOM M HalpsyKCHUEM.

Tao0mmma 1

npuOOp MAarHUTOANEKTPHUUECKUH C TTOJBMKHOM paMKoOn

]

JloromeTp” MarHUTOANEKTPUUECKUIA

[TpubGop 37eKTpOMarHuTHBINA

Jloromerp 351€KTpOMarHuTHBIN

[Tpubop 311eKTOOAMHAMUYECKUMA

[TpuGop dheopoauHaMUYECKUA

JloromeTp 31€KTpOAMHAMUYECKU I

k| @+ R j|o




Jlorometp ¢eppoarHaMUUECKUI

[TpuGop MHAYKITMOHHBIN

[TpuGop TerioBoii ¢ HarpeBaeMoil HUThIO

[Tpubop GumeramIUnyecKuit

[Tpubop BUOpaLIMOHHBIN

RN S——
1 [TpubGop amekTpocTaTHIECKU
[Tpubop acTaruueckuit
agaf

HpI/I60p WM BCIIOMOTraTeJibHasA 4aCThb IO BBICOKHUM HAIIPSI)KCHUCM

[TpuGop MpUMEHSATH PU BEPTHKATEHOM TOJIOKEHHUHN IIKAIIBI

[Tpubop NpUMEHATH MPU TOPU3OHTATILHOM MOJIOKEHUH

[IpuGop mnpuUMeHATb TpPU  HAKIOHHOM  [OJIOKEHHH  IIKajbl
OTHOCHUTEJILHO TOPU30HTAJIBHOM INIOCKOCTH, HAIpUMED Mo yriaoM 60°

TepmonpeoOpazoBaTesib HEU30IUPOBAHHBIN

TepMonpeodpazoBaTellb U30THUPOBAHHBIN

[IpeoOpazoBaresnb IMEKTPOHHBIN B U3MEPHUTEILHOMN TSN

Hpeo6pa3OBaTem> BHGKTpOHHBIﬁ BO BCIIOMOTaTeIIbHOM 1IeH

DKpaH 3JEeKTPOCTATUUECKUN

OKpaH MarHUTHBIN

? MarnutHas MHIYKIUS, BbIpakeHHass B Mwwuutecnax (2 mT),
BBI3bIBAIOLIAS U3MEHEHHNE MOKa3aHuM, COOTBETCTBYIOIIIEE
0003HAYEHHIO KJIACCa TOYHOCTH

r—;—ﬂ—'} DJeKTpUUecKoe Moje, BhIpakeHHOe B KuwiloBoibTax Ha merp (10 k

VA

B/Mm), BbI3BIBarolee M3MEHEHWE TIOKa3aHWH, COOTBETCTBYIOIIEE
0003HAYCHHIO KJIacCa TOUHOCTH

KoppekTop




3aXuM I 3a3€MIICHUSA

Hampsokenne ucnsitatensnoe 500 B

Hampsokenne ucnsitatensroe Boiie 500 B (2 kB)

HpI/I60p HC IMOJICKUT UCHBITAHUIO ITPOYHOCTH U30JISIUN

O6o3Hauenue kiacca TouHocTd (1,5) mpu HOPMUPOBAHUU TPEIEIOB
JIOMyCKAeMBIX IMOTPEHIHOCTeH B MPOIEHTaX OT HOPMHPYEMOTro
3HAaYCHUA, OMNPCACIICHHOIO0 B CIMHHIAX I/ISMepS[eMOI\/’I BCJIIMYHUHBI, 3a
'"MCKIIIOYCHHEM CITydash» KOTJia HOPMHUpPYEMOE 3HAUeHUE PAaBHO JJIMHE
HIKAJIbI

O6o3nauenue kiacca TouyHoctd (1,0) mpu HOPMHUPOBAHUU MPEIETIOB
JIOITyCKAEMBIX IOTPEHIHOCTEH B MPOLEHTaX OT HOPMHPYEMOTO
3HAYEHMs], KOrJa HOPMUPYEMOE 3HaYEHHUE PaBHO JUIMHE HIKAJIbI

O6o3nauenue kinacca tounoctu (0,2) mpu HOPMUPOBAHUU MPEIECIOB
JIOTTYCKaeMbIX TOTPEIIHOCTE B MPOLEHTAX OT JEUCTBUTEIBHOIO
3HAYCHHUSI

Cchblika Ha COOTBETCTBYIOIINI JOKYMEHT K pUOopy

O6o3HaueHue, ykas3blBallllee Ha OpPUEHTUPOBaHHE MpudOpa BO
BHEIIHEM MAarHUTHOM IOJIE

Tok nocTOSIHHBIHN

Tok nepeMeHHbIH 0gHO(a3HBII

TOK IOCTOSIHHBIN U IEPEMEHHBIN

Tok Tpexda3nblii nepemenHblid. OO11ee 0003HaYeHNE

B1; B2; B3

A (wmm orcyrcTBUE OYKBBI) — MPUOOpP IS CyXUX OTaIlJIMBaeMbIX
nomenieHuit ¢ temmneparypoit +10°C ...+35°C u Bnaxnoctu 10 80%
pu 30°C;

b — npubop s 3aKpHITBIX HE OTAIUTMBAEMBIX TIOMELICHUH C
temneparypoit - 30°C ...+40°C u Bnaxxnoctu 10 90% npu 30°C;

B — mpuGops! A5 ONIEBBIX U MOPCKUX YCIIOBHIA:

B1 — mpu temneparype -40°C ... +50°C u B2 — npu temneparype -
50°C ... +60°C u Braxxroctu 10 95% mipu 35°C;

B3 — npu Temneparype -40°C ... +50°C u Bnaxuoctu 10 98% mpu
40°C

30 —200 Hz

Pabounii yacTOTHBIN qUana3oH npuoopa

[Tpubop comepxur:




— KJIEeMMbI NOJJaud BXOJHOTO M3MEpSIeMOro CUrHasia (remeparopa): kiemMmy «Bx» u oOiyro
KJIEMMY, KJIEMMbI MOJKIIOUEHUS TOoTpeOuTeNs (Harpy3ku): kiemmy «BbIx» U 00IIyto KiIeMMy.
IyHT A5 M3MEpeHHs TOKA Harpy3KH MOJAKIIOYEH MEXIy KieMMaMu «Bx» u «Bbix»;

— JKUJKOKPHUCTANIMYECKUN YEThIPEXCTPOYHBIH WHAMKATOP JUIsl BbIBOJA MH(GOpPMAIUY;

— KHOMKY «f/cosd/¢» wn3MeHeHHs BbIBOJa HH(POPMALMU B YETBEPTOM CTPOKE MHIMKATOpa
(COOTBETCTBEHHO, 4YacTOTHI, KO3 (uIMeHTa MOIIHOCTU cosd wiu yria casura a3z Fi mexmy
TOKOM U HalPSKEHUEM).

C 3amHeil CcTOpOHBI TNpPUOOpa YCTAaHOBJEHBI PO3ETKA ISl MOJKIIOYEHHS THUTAHUS CeTH U
KOJIOJKA IIPETOXPAHUTETIS.

C nomompto KHOMKU «f/cosd/d» MOXKHO H3MEHSATh BbIBOA HH(POpPMALMU B YETBEPTOM
CTpoke MHAuKaTtopa. s BbIBoJa TpeOyeMoro mapamerpa B YETBEPTOM CTpOKe MHIMKATOpa
KHOIIKY HEO0OXO0IMMO Ha)KaTh Ha 1...2 CEKyH/IBI.

H3menenusn cxemvl noOKIO4UeHUA npudopa u n1adOpamopHoil yCmAaHOGKU 6bINOTHAMb
npu GLIKNIOYEHHOM Rumanuu npudopa. B TPOTUBHOM Cilydyae BO3MOXKHBI H3MEHEHHs
NoKa3aHui mpubopa, a Takke BO3ZHUKHOBEHHE HapyIICHUH B paboTe MHIUKATOpa Mmpubopa.
3. I1ops1OK BBIMOIHEHUS PAOOTHL.

3.1. HM3yueHue TACHOPTHBIX  XapaKTEPUCTHK  CTPEJOYHBIX  3BJIEKTPOU3MEPHUTEIbHBIX
npubopoB. s  3TOro  BHUMATENbHO  PACCMOTPETh  JIMIEBbIE TMAHEIU CTPETOYHBIX
aMIIepMEeTpOB U 3alOJIHUTH Ta0I. 2.

TaOmnwma 2
XapaKkTepucTUKA JIeKTPOU3MEPUTEILHOr0 Npudopa
HanmenoBanue npu6opa BoJsbT™meTp Nel BouabTtmerp Ne2
CucrteMa  HM3MEpPUTEIIBHOTO
MeXaHu3Ma

[Ipenen usmepenus
Ilena nenenus
MunHuManeHoe 3HaYCHUE
U3MEPSEMON BEJTMYNHBI
Kitace Tounoctu
JlomycTrmasi MakcHMallbHast
abCOIIOTHASI TIOTPEHTHOCTh
Pop Toka
HopwmansHoe MOJIO’KEHUE
TITKAJTBI
[Tpoune xapakTepUCTHKU
4. ConepxaHue oTyeTa
a) HAUMEHOBaHKE PAa0OTHI U 1IEJIh PabOTHI;
0) TEXHUYECKHE JaHHBIC U3MEPHUTEIIBHBIX TIPUOOPOB;
T') pe3yabTaThl U3MEPECHUIA;
1) BBIBOJIBI TIO padoTe.
5. OTBETHUTH HA BOMPOCHI
1. YTto mO3BOJSIOT NPaBWIBHO BBIOpaTh NPUOOPHI M JAIOT HEKOTOpHIE
yKa3aHUsl MO HX HKCIUTyaTaluH.
2. Yto Takoe npeaena usMepeHus?
3. Kak onpenensiercs 1ieHa aeneHus mpuoopa?
4. Yto xapakTepu3yeT KJIacc TOUHOCTH mpudopa?
5. B kakoii yactu mikansl npudopa U3MEpeHHe TOUHEE U 1o4YeMy?




IIpakTuuyeckas padora Ne3.
Tema 2.1. U3MepeHue 3j1eKTPOMEeXaHNYeCKMMH H3MEPHTEIbHBIMHA NPHOOpamMHu
H3y4yenune nzmMepuTeIbHbIX IPUOOPOB PA3JIHYHBIX CHCTEM.
Lesas padoThi: M3yunts cucreMy 0003Hau€HUI U3MEPHUTENBHBIX TPUOOPOB B COOTBETCTBHUHU C
I'OCT 15094-89. O3HaKOMHTHCS C MPUHIIMIIOM JEUCTBUS U3MEPUTEIbHBIX MEXaHU3MOB
pa3iaMyYHBIX cUCTEM. JlaTh CpaBHUTEIBHYIO XapaKTEPUCTHUKY .

IlepeyeHb UCIOJIB3YeMOTr0 000PY10BaAHMS

Onextpousmepurensabie mpuOopbl. [OCT 15094-89 «IIpubopsl AMeKTPOHHBIE

paanou3MepUTEIbHBIE.
Teopernyeckast 4acTh:

B cootBercTBun ¢ 'OCT 15094-89 «IIpuGopsl 31eKTpOHHBIC PAIHOU3MEPHUTEIIBHBIC.
Knaccugukanus. HaumenoBanus u 0003Ha4eHUs», BCE SJICKTPOHHBIE PaIHOU3MEPUTEIbHBIE
pUOOPBI, B 3aBUCUMOCTH OT XapaKTepa U3MEPEHUI U BUAa U3MEPSIEMBIX BEJIMYHH AETATCSA Ha
20 noarpynmn. Kaxnas noarpynmna o6o3HauaeTcs 3arjiaBHBIMUA OyKBaMU pycCKOTo ajndaBuTa U
COCTOUT U3 HECKOJIBKUX BUJOB, 0003HayaeMbIX Iidpamu 1o nopsaaxy. Kaxnomy tumy npudopa
MIPUCBOCHBI MOPSAAKOBBIE HOMEpa, MEpe] KOTOPBIMU CTAaBUTCS yepTouka (aeduc), Hampumep, B3-

17.

Krnaccudukaius nperycMaTpiuBaeT CIeAYIONUE MOATPYIIILI M BHJIBI IPUOOPOB:

Hoarpynna A. IlpuGopsl ajisi u3MepeHusi
CHJIBI TOKA.

Al - ycTraHOBKM WMJU TPHOOPHI Ui MOBEPKU
aMIIEpMETPOB;

A2 - aMriepMeTpbl MOCTOSIHHOTO TOKA;

A3 - amnepMeTpsl IEPEMEHHOTO TOKA;

A7 - aMIiepMeTpbl YHUBEPCAIbHBIE;

A9 - npeobpazoBaTenu TOKa.

Hoarpynna b. MWMcTOYHUKH NHUTAHUSA
H3MepeHN WM U3MepPUTeIbLHBIX MPUOOPOB.
B2 - ucTOYHUKHM TEPEMEHHOT0 TOKA;

b4- ucTouHMKM KanMOPOBAHHOIO HANpPSIKEHUS U
TOKA;

b5 - ncTOYHMKM TTOCTOSTHHOT'O TOKA,

b6 - UCTOYHUKH C peryaupyeMbIMU [TapaMeTPaAMU;
b7 - HCTOYHHKYM TIOCTOSIHHOTO ¥ MEPEMEHHOIO TOKA
YHUBEpCaJbHBIE.

Jil) b |

Hoarpynna B. IlpuGopsl ajsi u3MepeHust
HAIIPSIZKeHUS.

B1 - npubopsl win yCTaHOBKHM Ul TOBEPKU
BOJIETMETPOB;

B2 - BOIbTMETPBI TOCTOSSHHOTO TOKA;

B3 - BOIbTMETPBI IEPEMEHHOTO TOKA;

B4 - BoIbTMETPBI UMITYJIBCHOTO TOKA;

B5 - BompTMeTphl  (pa304yBCTBHUTENbHBIE
(BEKTOPOMETPHI);

B6 - BOIBTMETPBI CENEKTUBHBIE;

B7 - BOIBTMETpBI YHUBEPCAIIBHBIE;

B8 - m3MepuTenu OTHOLIECHUS HANPSHKECHUN U
(unM) pa3HOCTH HAIPSLKEHU;

B9 - npeoOpa3oBaTenu HaNpsHKEHUsL.

Hoarpynna I'. I'enepaTopsl H3MepHUTENbHbIE.

I'l - ycraHOBKM Uil TIOBEPKH W3MEPUTENBHBIX
T€HEPaTOPOB;

I'2 - reHepaTOpBI IIYMOBBIX CUTHAJIOB;

I'3 - reHepaTOphl CUTHAJIOB HU3KOYACTOTHBIE;

I'4 - reHepaTOpBl CUTHAJIOB BBICOKOYACTOTHBIE;

I'5 - reHepaTOpBI UMITYJIBCOB;

I'6 - reHepaTOpBl CUTHAJIOB CIIELHATIBHON (OPMBI;
I'8 - reHepaTOphl KayaroLIEICs YaCTOTHI.

[Toarpynna /I. AtreHaTopsl W mpuOOpHl i
U3MEPEHUs 0CIa0JICHUs.

[Monrpynna E.  Ilpubopsr st
I1apaMeTpoB KOMIIOHEHTOB "
COCPEIOTOYEH-HBIMU IIOCTOSIHHBIMU.
El - ycraHoBku wium mnpuOOpbl A7 TOBEPKH
M3MEpUTENIEN MapaMeTPOB KOMIIOHEHTOB U LIETIEH;
E2 - n3mepurenu nojaHbIX CONMPOTHBICHUHN U (MITH)
MPOBOAUMOCTEN;

E3 - usmepurenn MHIyKTUBHOCTH;

E4 - usmepurenu 100poTHOCTH;

E6 - u3mepurenu conpoTUBIEHUN;

E7 - n3amepurenu napameTpoB YHUBEPCAIbHBIE,

W3MEPEHUS
nereun C




E8 - usmepurenu eMkocrei;
E9 - npeobpa3zoBarenu mapaMeTpoB KOMIIOHEHTOB U
LICTIEH.

[Moarpynma W. IlpuGopsl st HMMITYIBCHBIX
U3MEPECHUM.

[Toarpynma K. KomIiiekcHble HW3MEpUTEIbHbBIC
YCTaHOBKHU

[Moxarpynma JI. TIpuGopsr o01Iero mpruMeHEHUs
IUIe  U3MEpPEHMs MapaMeTpoB 3JIEKTPOHHBIX
JIAMII ¥ TIOJTyTIPOBOHUKOBBIX TIPUOOPOB.

J12 - U3MEpUTENN apaMeTpoB
(XapaKTepuCTHK) IIOJIYITPOBOTHUKOBBIX
MpUOOPOB;

JI3 - U3MEpUTENn IapaMeTpoB
(XapaKTepUCTHK) IMEKTPOHHBIX JIAMIT;

JI4 - wu3MepHTeNnH UIYMOBBIX IApaMETPOB
MOJIYIIPOBOIHUKOBBIX TPUOOPOB.

IToarpynma
MOIIIHOCTH.

M. IlpubGopsl [  U3MEpEHUs

IMoarpynna II. IlpuGopbl 111 u3MEpeHUs
HaNPsDKEHHOCTH IOJIS U paJUOIIOMEX.

[Mogrpymma  P.  IIpuGops
apamMeTpoB 3JIEMEHTOB u
pacrpeneneHHbIMU TTOCTOSTHHBIMH.

P1 - nuHMM n3MEpUTENIBbHBIE;

P2 - m3meputenu xodhduipienTa crosiueii BOIHBI;
P3 - u3mepuTeny nojgHbIX CONPOTUBICHUH;

P4 - w3mepurenw KOMIUIEKCHBIX KO3(h(HUIIMEHTOB
nepezaay;

PS5 - uamepurenu napaMeTpoB JIMHUM Nepenay;

P6 - usmepurenu 106pOTHOCTH;

P9 - npeoOpaszoBaTenu mapamMeTpos.

JJIA HU3MCPCHUA

TPAKTOB C

[Toarpynna C. IlpubGopsl ans HaOmroneHus,
M3MEPEHUs] W MCCIeoBaHus (GOpPM CUTHANIA H
CIIEKTpa.

C1 - ocumsuiorpadbl yHUBEpCAJIbHBIE;

C2 - U3MEpUTENN K03 unnenTa
aMIUIUTYTHOM MOAYJISILUH (MOIYJIOMETPHI);

C3 - u3Mepurend  J€BHALIMM  YaCTOTHI
(neBuametpsbl);

C4 - ananu3aropsl CIEKTPa;

C6 - u3MepuTeN HETMHEWHBIX UCKAXEHUH;

C7 - ocuuiorpagsl CKOPOCTHBIE,
CTPOOOCKOTTMYECKHUE;

C8 - ociuutorpadsl 3alIOMUHAOLIHE;

C9 - ocumsiorpadsl crienuagbHEIE.

[Toarpynma Y. Ycunurenn usmepuTeabHbIE.

[Moarpynna @. Ilpubopsl s H3MepeHHS
¢azoBoro caBura W TIPYNIOBOIO BPEMEHU
3aras/ibIBaHusl.

@1 - ycTaHOBKM WM MPHOOPHI Ui MOBEPKU
U3MepUTeIen ¢azoBoro CABUTa  WIH
IPYIIIOBOTO BPEMEHH 3aa3/bIBaHUs;

@2 - uzmeputenu $pa3zoBOro CIBUTa;

@3 - pazoBpamniatenu U3MEPUTEIbHBIE;

®4  -u3MepuTenu  TPYNIOBOTO  BPEMEHU
3ana3pIBaHUsI.

[Moarpynna X. IlpuGopel st HaOMIOIEHUS H
WCCJIEI0BAHMS XAPAKTEPUCTUKHU PAINOYCTPONCTB.
X1 - npubopbl UIsl KCCIEAOBAHUS aMILIUTY/IbI
YaCTOTHBIX XapaKTEPUCTHUK;

X2 - mpubopsl Il UCCIENOBaHMUA TEPEXOTHBIX
XapaKTEePUCTHK;

X3 - npubops! I HccieqoBaHus (Ha3049acTOTHBIX
XapaKTEePUCTHK;

X4 - mpuOopsl AN UCCIEAOBAHUS aMIUIUTYTHBIX
XapaKTEePUCTHK;

X5 - uzmeputenu KodphuIMeHTa Iyma;




X6 - npuOOphI JUIs HCCIIEOBAHUS
KOPPEJSILIMOHHBIX XapaKTEPUCTHUK;

X8 - yCTaHOBKM WM TpPHOOPHI sl TOBEPKH
M3MEpUTEIIEH XapaKTEePUCTUK PaJIn0-yCTPOUCTB.

[Moarpymma Y. IlpuGopsr mns wm3mepenus | [loarpynma L. ITpuGopsl mns  u3MepeHUs

4aCTOThl U BPEMCHHU.

Yl - ycTaHOBKM /U1 THOBEPKU H3MEPUTEIEH
4acTOThl,  BOCIPOU3BEACHUS  0OpPa3LOBBIX

Y4acTOT, CJIMYEHUS YaCTOT CUTHAJIOB;
Y2 - yacToTOMETPHI pE30HAHCHBIC;
U3 - 4acTOTOMETPBI AIEKTPOHHO-CUETHHIE;

Y4 - YaCTOTOMETPEBI Ir€TCPOUTHBIC, CMKOCTHBIC,

MOCTOBBIE;
Y5 - npeoOpas3oBaTean 4acTOThl CUTHAJIA;

U6 - cuHTE3aTOpHl YACTOT; JMACIUTEIH U

YMHOXHUTEINU 4YaCTOTEI,

Y7 - npuEMHHUKN CUTHAJIOB TAJOHHBIX YaCTOT;
KOoMIapaTopbl YaCTOTHBIC, dazoBble,

BPEMEHHBIE; CHHXPOHOMETPHI;
Y9 - npeobpazoBaTeIM YaCTOTHI.

SJICKTPHUYCCKHUX U MAarHUTHBIX CBOICTB MaT€puraioB.

[Moarpynna 3. W3meputenbHbie ycTpoiictBa | [loarpynma . brnoku  paanou3sMepHUTENbHBIX

KOAKCHUAJIbHBIX W BOJIHOBBIX TPAKTOB.

pruOOPOB.

I/I3MepI/ITe.TII>HLIe MEXAHU3MbI MaFHI/ITOZ)JIeKTpH‘-IeCKOﬁ CHUCTECMBbI.

MaI‘HI/ITOSJ'ICKTpI/ILICCKaSI cucrema.

1'Ycrpoiict
BO MarHUTOAJIEKTPHYECKOTO
HU3MCPUTCIIBHOTO MEXaHHu3IMa C
HETIOABIKHBIM MarHUTOM.

MarauTo3neKTpuueckue MEXaHU3Mbl  KOHCTPYKTHUBHO
MOTYT OBITh BBITIOJIHEHBI C HEMOABUXHBIM MarHUTOM H
MOJABMKHOM pPaMKOW HJIM C TOJBM)KHBIM MAarHUTOM M
HETOJIB)KHOM paMKoil. bojee MmuMpokoe npuMEHEHHE
HaxoIAT MEXaHWU3Mbl C HEMOJBM)KHBIM MAarHUTOM.
YCeTpolCTBO MarHUTOAIEKTPUYECKOTO H3MEPUTEIBHOTO
MEXaHU3Ma C HEMOABUKHBIM MAarHUTOM.

MarnuTHas 1enb U3MEPUTEIBHOIO MEXaHU3Ma COCTOUT
U3  IOCTOSHHOIO  MarHuta | ¢ IOJIIOCHBIMHU
HAKOHEYHUKaMU 2 WU HENOJBWKHOTO  CTaJIbHOI'O
cepaeyHuka 3. IlomrocHblE HAKOHEUYHUKH  UMEIOT
HWIMHIPUYECKYI0 PACTOUYKY U BBIIIOJHEHBI, TaK K€ KaK 1
CEpJIeYHMK, M3 MArHUTOMSTKOW cTajud. B Bo3xymHOM
3a30p€  MEXKIy [OJIOCHBIMA  HAaKOHEYHUKAMH U
cepJeyHUKaMu 0O0pa3yeTcs pPaBHOMEPHOE paJualibHOE
MarHutHoe mnosne. B asTtom mosie MoxkeT CBOOOAHO
MOBOPAYMBATHCS JIETKAsl allOMUHUEBas pamka 4, Ha
KOTOpOM HaMOTaHa OOMOTKa M3 TOHKOTO MEIHOTO WJIH
QIIOMUHHMEBOIO  M30JIMPOBAHHOIO  mpoBoja. Pamka
YCTaHOBJIEHA Ha MOJYOCSAX 6 M UMEET MPSIMOYTOJbHYIO
dopmy. Ilpyx’uHbl 5 CO3AAIOT MPOTUBOACHUCTBYIOIIHIA
MOMEHT U OJHOBPEMEHHO CIIyXaT I MOJBOJA TOKa K
oOmMotke. Ha opHoii w3 momyocelt 3akperuieHa
yKa3arelibHasl CTpesiKa 8 ¢ MPOTUBOBECAMH 7.

213mepuTenbHbIe MEXaHU3MBI
3JIEKTPOMArHUTHOW CUCTEMBI.

CymectByer JIBE OCHOBHBIE Pa3HOBUIHOCTH
WU3MEPUTEIIBbHBIN MEXaHU3MOB 3IIEKTPOMATrHUTHOMN
CUCTEMBI: C IUIOCKOW KaTYIIKON U ¢ KPYTJIOM KaTyIIKOMN.
Puc. 2. YcTpoilcTBO U3MEPUTENBHOTO MEXAHU3MA
HenonsukHas karymka 1 MMeeT BO3IYNIHBIA 3a30p B




BUJIe Y3KOU mienu. [ToABMXKHBIA TUIOCKUM CepIeYHUK 2
AKCIEHTPUYHO 3akperieH Ha ocu 3. Ilpu mporexanuun
TOKa TO KaTymke oOpa3dyercs MarHuTHOE TM0Je |
CEeplIeYHUK BTATUBAETCA B IIedb. TakuM 00pazom
CO3J1a€TCsl BpAILAOIIMA MOMEHT, OCh IOBOPAYHUBAETCS
BMECTE€ C YyKa3aTeJIbHOW CTpEeNKoW, mnpyxuHa 4
3aKpy4YMBaeTCsI, B  pE3yJbTare dYero  BO3HUKAET
MPOTUBOJCHUCTBYIOIIUA ~ MOMEHT.  YCIOKOWUTEIH B
AIEKTPOMATHUTHBIX MeXaHu3Max MPUMEHSIOT
BO3JYIIHbIE WJIM MarHUTOMHIYKIMOHHbIE (HA PHUCYHKE
YCIIOKOUTEJNb HE MOKa3aH).

YerpoiicTBo U3MEPUTEIIBHOTO

MEXaHu3Ma C IUIOCKOM HEINOJBUXKHOMN

KaTYIIKOM.

3AcraTudeckue n3mepurenbHble | [[pakTHYecKu HCKIIFOUUTh BIWSHHAE BHEIITHUX MarHUTHBIX
MEXaHU3MBI. MOJIEM  yAaeTcs B aCTaTMYECKUX  U3MEPUTEIIBHBIX

b, &,

Puc. 3. YerpoiicTeo actaru-
4ECKOT0 HeKTPOMAarHHTHOTO

MEXaHMU3Max. Y CTPOMCTBO TaKOrO0 MEXaHW3Ma IOKa3aHO
Ha puc. 3, a. DTOT MEXaHU3M HMEET [JBE KaTylIKH,
COEJIMHEHHBIE MEXJy CO00OM MOocien0oBaTeNIbHO, U JBa
CepACUHMKA, YKPEIUICHHBIE Ha OJHOM ocH. Bpamaromme
MOMEHTBI, JCHCTBYIOIIME HAa OCb IIPU BTATMBAHUH
CEepPACYHUKOB, HAIIPaBIEHbl B OJHY CTOpPOHY. Takum
o0pa3oM, TMOJBMXKHAsI 4YacTh IOBOPAYMBACTCS IOJ
JIEHCTBUEM CyMMBl JBYX MOMEHTOB. Hanpasnenus
00MOTOK BbIOpaHbI TaK, YTO MarHUTHbIE IOTOKU KaTyIIEK
®1 u P2 (puc. 3, 0) HampaBieHbl BcTpeuHO. l[lpum
MOSIBJICHUM BHEIIHETO0 MAarHUTHOIO TOJs C ITOTOKOM
O®BHel MoJIe OJHOM KaTyLIKW YCWIIMBACTCS, APYIOU -

;Z";ggﬁ;:ﬂ:"om 5) ocnabnsgercs. Torma oaWH  BpallarolUii  MOMEHT
yBeJIM4YMBaeTCs, Apyrod - ocnabmnsgercs. Cymma
BpalalOIMX MOMEHTOB, ACHCTBYIOIIMX Ha IOABUXKHYIO
4acTh NpUOOPa, OCTAETCS] HEU3MEHHOH.

413mepuTenbHbIE MexaHu3Mbl | Cxema ycTporcTBa npejcTaBiieHa Ha puc.4 a. OH COCTOUT

JJIEKTPOAUHAMUYECKOU U | U3 HENOABW)KHON KAaTyIIKH A, BHYTpPHU KOTOPOH MOKET

beppoanHAMUYECKON CUCTEM.

YerpoiicTBo U3MEPUTEIILHOTO
MeXxaHu3Ma AIIEKTPOIMHAMUYECKOM
CUCTEMBI (a) U cXema, MOSICHSIOIA
MIPUHITUT €T0 AeicTBUA (0)

MOBOpauMBaThcs MOJBMXKHAS KaTymka b. HemonsmxHas
KaTyllKa, cocTosdmas oOOBIYHO M3 JBYX  CEKIHH,
HaMaTbIBAE€TCS TOJICTBIM MEJHBIM MPOBOJAOM U HMeEET
Majioe KOJIM4YeCTBO BUTKOB. [loaBMKHAs KaTylIka MMeEeT
OosbIIOE  KOJIMYECTBO BUTKOB  IIPOBOAAM  Majoro
ceueHnd. Ha ocm 1 momMumMo NOABMKHOM KaTyIIKH
YKpeIUIeHbl CHHUpajbHble MPYKUHBI 2, YyKa3aTelbHas
cTpenka 4 W KpbUIO BO3AYIIHOTO YCHOKOMTENS 3.
MarauTonH 1y KIMOHHbIE YCHOKOUTENH B
AJIEKTPOAMHAMHUYECKUX MPUOOPaxX MPUMEHSIOTCS PEIKO.

Toxk K TOABMXKHOM KATyIIKE MOABOJUTCA 4epe3
CIIMpalibHble TPYXHUHBl (MM  PACTSIKKH), KOTOpBIE
OJHOBPEMEHHO CITy>KaT U1 CO3JaHusd

IIPOTUBOIECHCTBYIOIETO MOMEHTA.

[Ipy mpoxokIeHNH H3MEpPSEMOro TOKa IO KaTylIKaM B
pe3yibTaTe  B3aMMOJEHUCTBHMS ~ MAarHUTHOIO  IIOJA
MOJABMKHOM KATyHIIKM C MArHATHBIM IIOJIEM TOKa
HEIMOABUKHOM KaTYIIKU CO3AACTCS BPAIIAOLINI MOMEHT




2

YerpoiictBo  (heppoIMHAMUUECKOTO U3-

MCPUTCIIbHOI'O MCXaHN3Ma

(puc. 4, ©). IlogBwkHas KaTyllKa CTPEMHTCS 3aHATh
MOJIOXKEHUE, KOrjJa  MArHWTHbIE  MOJS  KaTyIIeK
coBnaaaroT. Ha mOCTOSIHHOM TOKE NMPUHLMIBI IEUCTBUSA
ANEKTPOJAMHAMHYECKOTO W MarHUTOAJIEKTPUYECKOTO
MEXaHU3MOB AQHAJIOTUYHBI. Tosnbko B
AIEKTPOJIMHAMUYECKOM  Npubope MarHUTHOE  IIoJie
CO3JaeTCsl HE TIOCTOSHHBIM MAarHUTOM, a TOKOM
HEIMOABUKHOM KaTyIIIKH.

S. YcrpoiicTBo (peppoaunamuyeckoro
U3MEPHUTEIBLHOI0 MeXaHU3Ma.

deppoAMHAMUYECKUE  U3MEPUTENIbHBIE  MEXaHU3MBI
OTJIMYAKOTCS  OT  JJEKTPOJAMHAMMYECKUX  HAJIUIUEM
MarHUTONPOBOAA BHYTPU HE MOJBMXKHOW KaTymiku 1 u
MOJABIKHOM KaTymku 2. OTO TMO3BOJSET MOJYyYHUTh
CHJIbHOE MAarHUTHOE TI0JIe B BO3AYLIHOM 3a30pe |
0O0JIBIION BpaIArOIIH MOMEHT. VBennueHue
BpalIalOLIEr0o MOMEHTa IOBBIIIAET YYBCTBUTEIHLHOCTh
puOOPOB U Aa€T BOZMOXKHOCTh MOBBICUTH UX MPOYHOCTb.

Buemnue MarHuTHbIE 0JIs Ha IIOKa3aHue
beppoanHaMUYECKUX TPHOOPOB BIUSIOT OYCHH MAJIO.
6. N3mepurenbHbie MexaHu3Msl | [IpuHnmn JIEUCTBUSA JIEKTPOCTATUYECKUX
NIEKTPOCTATUYECKON CUCTEMBI WU3MEPUTEIIBHBIX MEXAHU3MOB OCHOBaH Ha

B3aUMOJICCTBUH DSJIEKTPUUYECKH 3aAPSIKEHHBIX IUIACTHH.
Ha puc. 6 cxeMatnyHO MOKa3aHO yCTPOMCTBO OJHOIO W3
MEXaHU3MOB JJIEKTPOCTATUYECKOW CHUCTEMBbL. Mexay
HEMOABWKHBIMM ITUIACTUHAMM | MOXET NepeMeIarbes
NOJIBUYKHAs IUIacTMHA 2, YKpeluleHHas Ha ocu 3. Ilpu
MOJKIIOYEHUN K TpUOOpY HAMpsDKEHUs MOJABIDKHAS U
HETIOJIBM>KHBIE TUUIACTUHBI MOJYYAOT MPOTHUBOIIOI0KHBIE
3apsAlbl U MEXAY HUMHM BO3HUKAET JIEKTPUUYECKOE IOJIE.
B pesynbprare noasukHas riiacTUHA BTATUBAETCSA B 330D
MEXy HEMOABUKHBIMH, CO3/1aBasi BpallatOUIUil MOMEHT,
MoJ JEHMCTBUEM KOTOPOIO MNEPEMELIACTCS YKPEIICHHAS
Ha OCU yKaszaTenbHas crpenka. [IpoTuBoaeicTByronuit
MOMEHT CO3JaeTcsi chupajibHOM TmpykuHout 4. s
MOBBIICHUS] YyBCTBUTEIBHOCTH MPUOOPOB yBEIUYUBAIOT
KOJINYECTBO TMOJBWXHBIX M HEMNOJBUHBIX IUIACTHH.
Ycnokoutenu B 3JEKTPOCTATHUECKUX  MPUOOpax
MIPUMEHSIFOTCS. MATHUTOUHIYKIMOHHBIE WM BO3AYILHbIE.

7. H3zmeputenbHbIe
WHYKIIMOHHOMN CHUCTEMBI.

MCXaHU3MBbI

NHAyKIMOHHBIE — M3MEpUTENIbHbIE  NMPHOOpPBI  MOTYT
paboTaThb TOJNBKO Ha mepeMeHHOM Toke. (Cxema
YCTPONCTBA M3MEPUTENIBHOTO MEXaHW3Ma IpEeJCTaBICHA
Ha puc. 7. OCHOBHBIMHU €T0 3JEMEHTaMHU SIBISIOTCS Ba
HEMOABIKHBIX 3JeKTpoMarHuta 1 u 2, a TaKxe
AITIOMUHHUEBBIA UCK 4, KOTOPBIN 3aKpeIieH Ha ocu 3 U
MOXeT  cBoOoaHO  Bpamatecs. Ilo  oOMoTkam
AIIEKTPOMArHUTOB TEKyT mnepemeHHble Toku [1 m 12,
CABHMHYThIE N0 (pa3e Ha yroa ¢. DTH TOKU CO34AIOT J(Ba
MarHUTHBIX 1otoka @1 u @2, caeuHyTHIE TIO (pa3e Ha TOT
Ke yros. MarHutHele TOTOKH, IPOHM3bIBAs JMCK,
HaBOJAAT B HEM 3.1.C., MOJ JEHCTBUEM KOTOPBIX TEKYT
BuxpeBble TOKH. [ToTok @1 BbI3bIBaET MOSIBIEHHE TOKA




[1x, motok @2 - Toka I2n (HampaBiieHHs BCEX TOKOB
MarHUTHBIX TTOTOKOB JaHBI /TSI ONIPENIEICHHOTO MOMEHTA
BpemMeHM). B pesyinbrare B3aumozeiicteus noroka @1 c
TokOoM I2n m moroka P2 ¢ TokoM Ilnm mosgBnsgroTCs
Bpamjaromme MoMeHThl. Cieayer  OTMETUTh, 4TO
00s13aTeIbHBIM ~ YCJIOBHEM  paOOThl  MHIYKIIMOHHOTO
W3MEPUTEILHOTO MEXaHW3Ma SIBJISIETCS CHBHT 1O (ase
Mexy motokamu @1 u d2.

YerpoiicTBo MHYKIAOHHOTO

U3MEPUTEIIBHOTO MEXaHU3Ma.

I/ISMepI/ITCJIBHBIe MEXaHU3MBbI BI/I6paHI/IOHHbI€ HU3MCPUTCIILHBIC MEXaHU3MBbI
BUOPAIIMIOHHON CUCTEMBI. (SI3BIYKOBBIC) SBIISFOTCS Pa3sHOBUIAHOCTHIO

- | [==

o)

Puc. 8. VYcrpoiicTBO BHOpanMOHHOTO
JacTOTOMEpA.

AJIIEKTPOMAarHuTHOW  cucteMbl. (CxeMa  yCTpoOMCTBa
nmokazaHa Ha puc. 8. OOMOTKa »diekTpoMarHurta |
MUTAeTCS NEPEMEHHBIM TOKOM, YaCTOTYy KOTOPOTO HY>KHO
U3MEpUTh. TOHKHE CTalbHbIE MUIACTHHBI 2, Ha3bIBAEMbIE
A3blYKaMU  (HAa pPHUCYHKE BMJIEH TOJBKO | $3BIYOK),
YKpeIieHbl Ha oOmied 1iaHke 4. DTa IUIaHKa KECTKO
CKpeIUIeHa C SKOpeM 3, pacHoJIO)KEHHBIM BOJIU3U
ceplIeYHHKa 3IEKTPOMArHuUTA. S3b1ukH UMEIOT
pazUYHbBIE YacTOThl COOCTBEHHBIX KojeOanuil. [lox
JNEHCTBHEM TMEPEeMEHHOTO MAarHUTHOTO TIOJIA  SIKOPb
JBaX/bl 3a IEPUOJ TNPUTATUBAECTCA K CEPICYHHMKY U
OTXOJIUT OT Hero. BmecTe

C sKopeM BHOpUpPYIOT s3blYkH. Haumbonbmiedr Oyxaer
aMIUIMTy/la KoJeOaHWW JTOro s3blYKa, Y KOTOPOTO
4acToTa COOCTBEHHBIX KOJIe€OaHUI COBMAAAET C YacTOTOM
BBIHYKJEeHHBIX. Ha puc. 8, 0, moka3aH BUJ IIKaJIbI, KOTJa
u3Mepsiemas yactora pasHa 49 I'm.

Oco6ennocTu npudopoB.

Jlist npruOOpPOB MArHUTO3JIEKTPHYECKON CUCTEMbI XapaKTepHa BbICOKasi TOUHOCTb. OHU
SBIIAIOTCSA HanOoJiee TOYHBIMU, TI0 CPABHEHMIO C MPUOOpaMK HETTOCPECTBEHHON OLIEHKH APYTUX
CUCTEM U MU3rOTaBIUBAIOTCS BIUIOTH A0 Kiacca TouHocTH 0,1.

bonsmmm JOCTOMHCTBOM MArHUTOSJICKTPHUYCCKUX HpI/I60pOB ABJIACTCS PaBHOMCPHOCTDH
LIKaJIbl, BBICOKAsl 4YyBCTBUTEIBHOCTh U MaJIasi MOLIHOCTB ITOTEPD.

OCHOBHBIM HEOOCTAaTKOM HpI/I60pOB MaFHHTOBHeKTqueCKOfI CHUCTEMBI ABJIACTCA
HEBO3MOXXHOCTb MX NPUMEHEHUs 0e3 cIelUajabHbIX IpeoOpa3oBaTeneil B IENIX MepeMEeHHOIro
Toka. KpoMe Toro, oHa 0TJIN4ar0TCs OTHOCUTENIBHO CI0KHOM KOHCTPYKIUEH.

[TpuGopsl MarHUTO3JIEKTPUUECKOM CHCTEMbl MCIIONB3YIOTCS, IJaBHBIM 00pa3oM, B
KauCCTBC IraJiIbBAHOMETPOB, aMIICPMETPOB, BOJIbTMETPOB U OMMCTPOB.

[TpuGops! 3JIEeKTPOMArHMTHON CHCTEMBI MOXHO MCIIOJIb30BaTh B IIEMAX MEPEMEHHOIO
TOoKa. TOYHOCTh X MEHbIIIE, IO CPABHEHHIO C MPUOOPAMH MarHUTOAIEKTPUUECKONW CUCTEMBI.

Z[OCTOI/IHCTBO QJICKTPOMArHUTHBIX

npuOOpOB; MPOCTOTa KOHCTPYKLUH, CPAaBHUTEIHHO

HHU3KaA CTOMMOCTb, HAAC)KHOCTD B OKCILTyaTalluu, yCTOﬁ‘-IHBOCTL K ICPErpys3Kam.
He,Z[OCTaTKI/II HU3KasA 9YYBCTBUTCIIBHOCTb U TOUHOCTD, 0oJIbIIIOE HOTpGGJ’IeHI/Ie MOIIHOCTH,

HEPaBHOMEPHOCTD IIIKAJIBI.




[TpumeHsFOT mpUOOPHI PIEKTPOMATHUTHON CHCTEMBI B IEMSAX MEPEMEHHOTO TOKa Kak
aMIIepMETPBI, BOJIBTMETPHI, IMJIOTOMETPHI, UCTIOIB3YIOT B YaCTOTOMETpax M (pazoMeTpax.

OTCyTCTBHE CTalbHBIX CEPACYHUKOB B IJIEKTPOAMHAMHYECKHX H3MEPUTEIbHBIX
MEXaHU3MaX HCKIIYAeT MOTPENIHOCTH OT THUCTEPE3UCa U BUXPEBBIX TOKOB, HO OHU OYEHb
YYBCTBUTEIbHBI K BJIUSHUIO BHEIIHUX MarHUTHBIX MOJIECH.

Bricokass TOYHOCTH AIEKTPOJMHAMHUYECKHX MPUOOPOB TO3BOJISIET MPUMEHSTh HX B
KauecTBe 00pa3loBbIX. [IpuOOPHI SIEKTPOAMHAMHYECKON CHUCTEMBI MOXKHO TPHUMEHATH Ha
MOCTOSIHHOM M TIEPEMEHHOM TOKE.

Henocratku: BiMsHME BHEUIHUX MAarHUTHBIX TIOJIEW, HHU3Kas YyBCTBUTEIbHOCTD,
OTHOCHUTEJIHFHO OOJIBINIOE MOTPEOIeHNE MOIITHOCTH, BBICOKAsi CTOMMOCTh. Kpome Toro, oHU I10X0
MIEPEHOCSAT MEXaHUYECKHE BO3ICUCTBUS, TPeOOBATEIBHBI K YXOMY.

Hcnosnp3ytoTcst B KaueCcTBE aMIEPMETPOB, BOJIBTMETPOB  BATTMETPOB.

B ¢depponnnamuyeckux mnpubopax HaIWYUEe CTAIbHBIX CEPACUYHUKOB CYIIECTBEHHO
YBEITUYMBAET TMOTPEITHOCTh. [IpuOOpPBI 3TOH CHUCTEMBI HCIIOJNB3YIOTCSA B aMIlepMeTpax,
BOJIbTMETpPAX, BATTMETPaX, YaCTOTOMETPax, pazoMeTpax.

[TpuGops! 1eKTPOCTATHYECKOH CUCTEMBI IPUMEHSIIOTCS JIJI1 U3MEPEHUS TTOCTOSTHHBIX 1
MepeMEHHbIX HanpshkeHui. [oka3aHus ux He 3aBUCAT OT BHEUTHUX MArHUTHBIX MOJEH, YaCTOTHI.

JlocTOMHCTBO: OOJIBIIIOE BXOJHOE COMPOTUBIICHNE, aKTHBHOW MOIIHOCTH TPHUOOPHI 3TOM
CUCTEMBI IPAKTUYECKU HE MOTPEOIISIOT.

Henocrarok: HU3Kast 49yBCTBUTEIIBHOCTh, HEPABHOMEPHOCTD IIKAJIBI.

[TprbGopbl MHAYKUMOHHO# CUCTEMBI MOTYT MPUMEHSTHCS B IETSIX MIEPEMEHHOTO TOKa C
OJIHOM OMpEIETIEHHON YaCTOTOM.

JlocTOMHCTBO WX - Majoe BIUSHUAC BHCIIHUX MATCHUTHEIX TIIOJIEH, CTOMKOCTh K
neperpy3kam, HaJIe)KHOCTh B pab0oTe, HEBBICOKAs CTOMMOCTb.

Hcnosnb3yroTcst OHU B CYETYMKAX JJIEKTPOIHEPTUH.

Bubpaunonnsbie HU3MEPUTEITLHBIE MEXaHU3MBI SIBIISTFOTCS Pa3HOBUIHOCTHIO
ANIEKTPOMATHUTHON CUCTEMBI. [IpUMEHSAIOTCS OHM B YAaCTOTOMETpax - JUIsl U3MEPEHUS HU3KOU
Y4aCTOTHI, TJIABHBIM 00pa30M, TPOMBIIIUICHHON, ¥ TOJBKO B CTAIIMOHAPHBIX yCIOBUSX.

Xon padoTsI:

3. 3apanue
3.1 PacuudpoBath 0603HaYCHHSI TpEiaraeMbIX MPUOOPOB B COOTBETCTBUU C TaOmuieH 1.

3.2 I3yuuTh TpPUHIUI JEHCTBUA, JTOCTOMHCTBA, HEAOCTAaTKH MW 0OJAcTh TNPUMEHEHUS
M3MEPUTETbHBIX MEXaHU3MOB PA3JIMUHBIX CUCTEM.

3.3 Pe3ynbpTaThl paboTHl CBECTH B TaOIHIBI 1 1 2.

Tabmuma 1.

Ne

A2-, B2-, B2-, T2-, V2-, JI2-, P3-, Cl1-, ®2-, X1-, U3-
A3-, B5-, B3-, [3-, E3-, JI3-, P4-, C2-, ®4-, X2-, U5-
A7-, B5-, B7-, T4-, E4-, J14-, P5-, C4-, ®3-, X3-, Y9-
A2-,B7-, B7-, '5-, E6-, JI2-, P6-, C6-, ®2-, X4-, U3-
A3-, B2-, B7-, [6-, E8-, JI3-, P3-, C8-, d4-, X1-, U5-
A7-, B5-, B2-, I2-, E2-, JI4-, P5-, C9-, ®3-, X2-, U9-
A2-, B7-, B3-, [3-, E3-, JI2-, P5-, C1-, ®2-, X3-, U3-
A3-, B2-, B7-, T'4-, E4-, JI3-, P6-, C2-, ®4-, X4-, U5-
A7-, B5-, B7-, 5-, E6-, JI4-, P3-, C4-, @3-, X1-, U9-
0 | A2-,B7-, B7-, [6-, E8-, JI2-, P4-, C6-, d2-, X2-, U3-

— (O[O0 [|Q N[N [ [W ([N |—

TaoOmmra 2.

Bunel [Mpunun JlocTomHcTBa Henocratku O0m1acTs
M3MEPUTEIbHBIX | JCHCTBHUS MIPUMEHEHUS
MCXAaHHN3MOB




4. Conepxkanue oTuéTA.
4.1 enb pa®oTHI.
4.2 3amaunue.
4.3 PacumdpoBky 0003HauYeHUH TIPUOOPOB B COOTBETCTBHUHU C TaOJIUIIEH 2.
4.4 TaOnuily XxapakTepUCTUK U3MEPUTEIbHBIX MEXaHU3MOB Pa3IMYHbIX cucTeM (Tadu. 1).
4.5 OTBeTHl Ha KOHTPOJIBHBIE BOITPOCHI
1. UYro MO3BOJNSIOT TPABWIBHO BHIOpAaTh TNPHOOPEI M JAalOT HEKOTOPHIE
yKa3aHusg MO MX 3KCIUTyaTalluu.
2. Pacmmdposate 0603HaueHHs BobT™MeTpoB B3 — 38, B7 — 26, B7 — 22.
3. PacmmdpoBats 0603HaueHus renepatopos I3 — 106, I'4 — 107, 'S — 54.

IIpakTuuyeckas padora Ned.

Tema 2.1. U3MepeHue 3j1eKTPOMeXaHNYeCKMMH U3MEPHUTEIbHBIMHA NPHOOpamMu
HN3y4denue padorsl amnepBosibToMmMerpa TJI-4M nipu ucnbITAHUM TPAH3UCTOPOB
Heaw padotei: M3MepeHne napameTpoB TpaH3UCcTOpa amnepoiabToMMerpoM TJI-4M.
IlepeyeHb UCIOJIB3YeMOro 000pyaoBanusi: amrnepBoibTomMeTp TJI-4M, TpaH3uCTOPHI.
Teopernyeckast 4acTh:
AMIEPBOIBTOMMETP — HCHBITaTeNb TpaH3UucTOpoB TJI-4M mnpenHazHaueH Il M3MEpPEHUS
IIOCTOSIHHOTO TOKA U HANPSKEHUs, IEPEMEHHOTO0 CUHYCOMJAIIBHOIO TOKA M HAINPSKEHHsI 4aCTOTON
50 I'n, mepeMeHHOTO CHHYCOMJaIbHOrO HampsbkeHus yactoToil 40... 15000 I'u, compoTuBieHUs
IIOCTOSIHHOMY TOKY ¥ IIapaMeTPOB TPaH3UCTOPOB MaJIOM MOILIHOCTH:
Iko — o6paTHOTro TOKa KOJIJIEKTOPHOTO MEPEX0a;
[0 — 00paTHOrO TOKa SMUTTEPHOTO MEPEXO/IA;
[xH — HavaIbHOrO TOKA KOJUIEKTOPA;
B — craTrueckoro KO3 QHUIKUEHTa YCUIICHHS IO TOKY, ONPEAEIIEMOr0 pacueTHBIM ITyTeM:

B= Al,

Al
Texunueckue qaHHbBIE

IIpenens! n3MepeHu:

CHJIBI ITOCTOSTHHOT'O TOKAa, MA 0,1;0,3; 1; 3; 30;300; 3000
CUJIBI IEPEMEHHOTO TOKa, MA 3; 30; 300; 3000
MOCTOSIHHOTO HalpsbkeHus, B 0,1;1; 3;10; 30; 100; 300; 1000
MEPEMEHHOTO HamnpshkeHus, B 1;3;10; 30; 100; 300; 1000
CONPOTHBJICHU;

yucao 300 B koHIIE mKkansl, KOM:

IIPU MHOKHTENE X 1 0,3

pu MHOXHTENE X.10. 3

pu MHOkHTene x100 30

pu MHOHTene x1000 300

pu MHO)kutene X 10000 3000

yucao 500 B koHIIE mkansl, KOM:

IIPU MHOKHTENE X 1 0,5

pu MHOkuTene x10 5

pu MHOkHTene x100 50

pu MHOuTene x1000 500

pu MHO)kutene X 10000 5000

N3mepenus npu Muoxutene x10000npon3BoasTcs ¢ MOMOIIbIO BHEIIHETO UCTOYHHUKA MTOCTOSTHHOTO
Hanpsbkenus 24...30 B.

[TapameTpsl TPaH3UCTOPOB B MHTEPBAJaX:

Iko, MKA 0...100

IkH, MKA 0...100



I»0, MKA 0...100

B 0...500

OcHOBHasI TIOTPENIHOCTh MPUOOpPa OT KOHEYHOTO 3HAYeHUsS pabodeid mKambl, %, Ipu U3MEPEHUHU:
CHJIBI IOCTOSIHHOTO TOKa Ha npeaenax 0,1, 0,3, 1 u 3 MA,

He OoJiee +2,5

CHJIbI IOCTOSITHHOTO TOKA Ha Ipeeiax 30, 300, 3000 MA,
He Oolee +4

CHWJIBI IIEPEMEHHOTO TOKa CHHYCOHIATBHON (hOPMBI

gacroroit 50 ', He  Ooitee +4
MTOCTOSTHHOTO HAIPSDKCHUS, He OoJiee +4
MIEPEMEHHOTO HAMPSKEHHSI CHHYCOUTAIBHON (OPMBI

B- TIpejiesiax HOMHHAJIBHOW 00J1aCTH 9acToT, He Oojee +4
OMHYECKUX COMPOTUBJICHUNA OT JUTMHBI paboueii 4acTu

IIKaJkl, He 0oJjiee 12,5
MapaMeTpoB TPAH3UCTOPOB OT KOHEYHOTO 3HAUCHUS

IIKaJkl, He 0oJjiee 12,5
Bxonnoe conpotusienue npubdopa, kOm/B:

IIOCTOSIHHOMY TOKY 10
IIEPEMEHHOMY 2,5
["aGaputHblie pazmMepsl, MM 160x114x60
Macca, kr 0,85

KoHCcTpyKTUBHO NpUOOP COCTOUT U3 CIEAYIOMINX OCHOBHBIX YacTeil:

U3MEPUTENIb MAarHUTORJIEKTPUUECKON cucteMsl (Mukpoamnepmerp 100 MKA) ¢ OJBHUKHOW 4acTbhIO
Ha KepHax;

nepefHss NaHenb (KpbIIKa), K KOTOPOW KpemATcs H3MEpHUTesb, KIEMMBbI, JBa IEPEeMEHHbBIX
pesuctopa (sl yCTAaHOBKU HYJISA M TOKa 0a3bl), 4eThipe nepekmtouarens: [UR — Bunx pabdot; m-p-m,
p-1I-p —

THUI TPAH3UCTOPA; —, pon Toka; Ik...Is - nens TpaH3ucropa;

JMCKOBBIN NEPEKIIIOUATEIND MTPEIETIOB U3MEPEHUS C MOJABUKHBIMU KOHTAKTAMHY;

MOHTa)KHasl 1JI1aTa;

KOXXyX Ipubopa.

N3mepeHue napaMeTpoB TPAH3MCTOPA

Otcuer mnokazanuil mpubopa MPOU3BOIUTCS NPU YCTAHOBKE IMEpEKIovareNs «BHI padoT» B
MOJIOKEHUE «TpaH3uctopy». M3mepenune [ko — puc. 2.1.
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Pre, 2.1, Crema wamependn obpaiHong TORA
ROAAIK TORHGTS NEpeRoqa;

R — peawciop » npefope; 5, K — snewop gnm npecocsmeen Bass
I ROPERTORA Tpae 30 TORa
Y CTaHOBUTH CIIEYIONIEE MOJOKEHNUE MEPEKITI0YATEIICH:
«THII TPAH3UCTOPA» — COIIACHO THUITYy IPOBEPSEMOI0 TPAH3UCTOPA;
«IIeMb TPAH3UCTOPa» — B MOJ0XKEHUE IK;
«pOJ TOKa» — B MOJIOKEHUE «—»;
«ITHACKOBEIN» — B MOJ0KEHHE «IKOY



[TpoBepsieMblil TPaH3UCTOP YCTaHABIMBAETCS B COOTBETCTBUHU ¢ MapKupoBKkoil kiemm (O K b)—-
KoJuteKTOp K KieMMe «K», 6aza k kinemme «b». OMuTTEepHBIN BBIBOI HE mpucoeanHseTcs. CTpenka
npubopa nokassiBaeT Iko Ha mpenene 100 MkA,

N3mepenue 130 — puc. 2.
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Pug, 2.2, Cxema namepenva o0paTHOra TOKa
IMHITERHOND NepeXand TpaH3IHCTORS

[TonoxxeHue nepexiroyaTescit To e, 4To U Ipu u3MepeHuu Iko. basa tpansucropa npucoeauHsaeTcs
Kk kiemme «b», amutrep k kinemme «K». KomnextopHsiii nmepexon He mpucoeaunserca. Crpenka
M3MEpPUTENILHOTO Mpubopa rnokaseiBaeT 3HaueHue [»o Ha mpenene 100 MKA.
N3mepenue Ikn — puc. 2.3.

[Tonoxenue mnepekaovarened To ke, 4ro ¥ npu usMepenuu /0. baza Tpan3uctopa
npucoenuHsercss K kieMMme «b», smutrep k knemme «K». Komnexkrtopsslli mepexon He

npucoeaunnserca. CTpeiaka M3MEpPUTENLHOTO MpuOopa MOKa3blBaeT 3HAUEHUE /70 HA Tpererne
100 MKA.

W3mepenne moxka — puc. 2.3.
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Puc, 2.3, Caema HIMEDEHWSA HAYANLHOTD TOKA
KOJIAEKTOPA TPAH3UCIOpA
[Tonoxenue nepexirouareneil To ke, 4YTo U npu usMmepeHuu I xo. baza u smurrep Tpansucropa

IPUCOEIUHAIOTCA K KieMMe « by», komrektop — k kiemme «K». Crpenka npudopa Mokas3bIBaeT
3HaueHue [k Ha npenene 100 MKA.

Omnpenenenue cTaTUYECKOro K03 uirenta ycuneHus puc.2.4

f I.I

"
e

Puc. 2.4 Cxema ompeneneHus cTaTndeckoro koddduimenrta ycuaeHus TpaH3ucTopa




ITpu sTOM BBIBOJIBI TpaH3HMCTOpa MpUcoeqUHIOTCA K KiemMaMm D, K, b. Heobxoaumo yuectb THIl
TpaH3ucTopa (p-n-p uiu n-p-m). Cratuueckuii K03 GUIMEHT yCUIeHHs onpeensieTcs no Gopmyse
Al Al =0T,
AT Al -alg
riae [,,— Tok xoyutekTopa npu Toke 0asbl I ; [,o — TOK KosutekTopa mpu Toke 6a3sl Ip..
JINCKOBBIN IIEpEKIIOYaTeNIb yCTaHaBIMBaeTCa B mojoxeHue «b..K», mnepexmrodarens «uemns
TpaH3UCTOpa» — B MOJOXKEHHE «lp» IOJNIOKEHUE OCTANBHBIX MEpEeKIoYaTenel — Kak IpH
n3MepeHuu Ixo-
JlonycTuM, Npy U3MEPEHUH MOJYyUYEHBI cieayronme qanubie [s = 50 MKA, [iki= 2,6 MA,
I];z =80 MKA, IKz = 4,4 MA.
A 152151_152: 80-50230MKA
AlL=I,—1,=44-2,6=1,8MA = 1800 MkA

Koadduuuent ycunenus

AIK_1800:

= 60
Al; 30

Xox padboTsl

1. 3amarp BenuuuHYy TOKa 0a3bl, IPU KOTOPOH YI0OHO OMPENETUTh TOK KoJuiekTopa (okoio 50
MKA).

2. Jlns u3aMepeHus ToKa KOJIJIEKTOpa NEepeKIItoyaTellb CIelyeT YCTAHOBUTh B MOJIOKEHUE «JK».
BennuunHa Toka KOJJIEKTOpa ONpeAessieTcs: o BepXHe IIKalle MOKa3bIBaroIlero npuoopa,
KOHEYHOE 3HAa4eHUE KOTOpOH cooTBeTcTBYET 10 MA.

3. Ilepekmouarens «Is—Ix» CHOBa yCTaHABIMBAIOT B MOJIOKEHHE «Ip» U YBEIMUMBAIOT TOK 0a3bl HA
20,..40 MKA.

4. 1lpu nocneayroueM NepeKIOYECHUN «I5-Ix» B monoxxenue «Ixk» cHOBa omnpexensercs
BEJIMYMHA TOKa KOJUIEKTOpA.

5. V3mepeHus 3aHecTd B TaOIUILY

6. Haiitu xorddunmenT ycunenus
I5, MKA 50 70 90 110
Ix, MKA

7. OTBETUTH HA BONIPOCHI

1. OCHOBHBIE METO/BI U3MEPEHHUS ITOCTOSHHBIX TOKOB U HANIPSKEHUH.

2. Ha3nauenwue, cxeMa BKJIIOYEHHS U 00JaCTh MPUMEHEHUS JOOABOYHBIX PE3UCTOPOB.

3. Meronbl U3MEPEHNUs IEPEMEHHBIX TOKOB POMBIIIEHHOW 4acToThl. Mi3MepuTenbHble
TpaHcpopMaTopsbl TOKA.

4. W3mepurenbHble TPaHC(HOPMATOPHI HAIPSHKEHHUS.

5. UYrto Ha3bIBaeTCs aMIUTUTYIHBIM, CPETHUM, CPEIHEBBIIPSIMIECHHBIM U CPETHUM
KBa/IpaTUYECKUM 3HAYCHUSIMH HANpPSKEHUs WU TOKa?

6. Kakune ko3pduImeHTsl ycTaHaBIMBAIOT CBSA3b MEXAY aMIUIUTYIHBIM U CPETHUM
KBaJIpaTUYECKUM, MEX]Ty CPEAHUM KBaJAPAaTHUYECKUM U CPETHUM 3HAUCHUSIMHU
HarnpsiKeHus (Toka)?

7. Uemy paBHBI KOAPGUIUEHTHI aMIUIUTY Il U (POPMBI J1JIsi TAPMOHUYECKOH (POpMBI
curxana?

8. H3-3a yero MoXxeT BO3HUKATh METONYECKAs MIOTPEIIHOCTh IPU U3MEPEHUHN
HECHHYCOMIaIbHOTO CUrHaia?



IIpakTuuyeckas padora Nes.
Tema 2.1. U3MepeHue 3j1eKTPOMEeXaHNYeCKMMH H3MEPHTEIbHBIMHA NPHOOpamMHu
HN3mepenue MOIIHOCTH B Tpex(pa3Hoil Lenu ABYX3J1eMEeHTHBIM BATTMETPOM.
Lesas padoThl: M3MepeHre MOITHOCTH B TpeX(a3zHOH IeNH ABYX3JIEMEHTHBIM BATTMETPOM.
IlepeyeHb UCIIOJIB3YeMOTr0 000PY10BAHMS
Tpexdasznas menb; onHOGa3HbIE BATTMETPHI, JBYXIJIEMEHTHBIM BaTTMETP; aMIEpMeETp,
BOJIBTMETD.
Teopernyeckasi 4acTh:
J51s n3MepeHust MOITHOCTH TpeX(a3zHOro MpueMHUKA IPUMEHSIOT Pa3INuHbIe CXEMbI
BKJIIOUEHUS] BaTTMETPOB.
[Ipu cuMMeTpUYHON Harpy3Ke akKTUBHYIO MOIIHOCTb P MO>XHO U3MEPUTh OJJHUM BaTTMETPOM,
BKJIFOYEHHBIM 110 cxemam puc. 7.13, a, 6.
OO6m1ast MOIITHOCTH TOTPEOUTENS

rae W— nokaszaHue BaTTMETpa.
* A I,,q *

8 @ 8}

Puc 7.13 Cxembl BKJIIOUEHHUSI BATTMETPOB JJIs1 U3MEPEHUS aKTUBHON MOIIIHOCTHU B Tpex(hazHOI

ceTd omHUM (@, 0) U TpeMs (8) BaTTMETpaMu

[Ipu HECUMMETPUYHON Harpy3Ke MOIIHOCTb TpeX(a3zHOro MPUEMHUKA MOXHO H3MEPUTH

Tpems BartMerpamu (puc. 7.13,6). OOmias MOIIHOCTh IPUEMHHUKA B 3TOM Clydae
P=wW1+ W2+ W3.

B TpexnpoBoaHbIX cucTeMax Tpex(a3HOro Toka Npu CHMMETPUYHON U HECUMMETPUUHON

Harpys3kax M JIro0oM criocode coeIMHEHUs TPUEMHUKOB IIUPOKO PacIpOCTPaHEHA CXeMa

M3MEpPEHUs MOIIIHOCTHU ABYMs BarTMeTpami (puc. 7.14, a). Ha 3Toit cxeme TOKOBbIe 0OMOTKH

BAaTTMETPOB BKJIIOUEHBI B JIMHEWHbIE MPOBOJA A U B, a 0OMOTKU HaNpsKEHUSI — Ha JIMHEHHbIE

Hanpspkenuss UAC n UBC 1.

1 TokoBble OOMOTKH MOTYT OBITh BKJIFOUEHBI U B ApYTHe JUHEHHbIE TpoBoAa, Hanpumep B A u C.
IIpu aTOM nmapaienbHble 0OMOTKH BaTTMETPOB BKJItoUaroTcsl Ha nuHeitHble Uag u Ucs.

JlokakeM, 4TO cyMMa MOKa3aHU BaTTMETPOB, BKIIIOUEHHBIX 110 cxeMe puc. 7.14, a, paBHa
aKTUBHOM MoOIIHOCTH P TpexdazHoro mpuemMHUKA.
MrHoBeHHOE 3Ha4eHHe 00IIei MOIIHOCTH TpeX(ha3HOro NPUEMHHUKA, COSAMHEHHOTO 3BE3/I0H,
p =uAdiA + uBiB + uCiC.

Tak kak

iA+iB+iC=0,
TO

iC=-(iA+iB)

Puc. 7.14. Cxema BKJIIOUEHUS ABYX BaTTMETPOB JJIsl U3MEPEHUSI aKTUBHON MOIIHOCTH B
Tpexda3HbIX ceTsX (a) ¥ BEKTOpHAas AuarpamMma, MOsCHSIOIAs U3MEPEHNE aKTUBHOW MOILITHOCTH
IBYMs1 BaTT™MeTpamu (0)



Puc. 7.14.

flpuemyux

[Toxcrasmnss 3nauenue iC B BRIpOXKEHUE IS p, TIOTydaeM

p =uAid + uBiB - uC(iAd + iB) = (uA - uC) iA + (uB - uC) iB = uACiA + uBCiB.
BbIpa3uB MrHOBEHHBIC 3HAYCHHUS ¢ U [ UePe3 UX aMIUTUTYIbI, MOXKHO HAHTH CPEITHIOI0
(aKTUBHYI0) MOIITHOCTD:

T

1
Pcp = T{) p dt,

KOTOpasi COCTaBUT
P= UAclACOS( UAc, ]A )+ UBclB COS( UBc, IB )= W1 + Wz.
Tak kak UAC, UBC, IA u IB — COOTBETCTBEHHO JINHEMHBIE HATIPSYKEHUS U TOKU, TO MTOJTYUYEHHOE
BBIpQKEHHE CIIPABEAJIMBO U MPU COSAMHEHUU MTOTPEOUTENICH TPEYTrOILHUKOM.
CrnenoBartenbHO, CyMMa MOKAa3aHUM IBYX BATTMETPOB JIEUCTBUTEILHO paBHA aKTUBHOM
MOIIHOCTH P Tpex¢a3HOTo MpueMHUKA.
[Ipu cumMeTpruyHON Harpy3ke
Li=1p=1Ic, Usc = Upc = U,.

N3 BekTopHOI muarpammsl (puc. 7.14, 6) momydaem, 9To yroy o Mexay Bekropamu [, u Uyc
paBen ¢ — 30°, a yron B mexxay BekTopamu [z u Upc coctaisiet ¢ + 30°.
B paccmarpuBaemoMm ciyyae nmokasaHusl BATTMETPOB MOKHO BbIpa3uTh hopmyrnamu

Wi = Un In cos (¢ - 30°); W>= Un In cos (¢ +30°).

»*
é a4 o e Puc. 7.15. Cxema BKIIIOUEHUS
* \j"’ FA 99°~g BATTMETpA JUISl H3MEPEHHS
z z ERL‘ PEaKTUBHOM MOIIHOCTH B Tpex(da3HO
g % CETH OJTHUM BaTTMETPOM (@) U
g_ a) &, liy ¢ §) BEKTOpHas Auarpamma (0)

CymMmma noka3aHuii BATTMETPOB
W, + Wy = Un In [cos (¢ - 30°) + cos (¢ + 30°)] =3 Un Ir cos ¢.

1o pa3HoCTH MOKa3aHUN BAaTTMETPOB MOKHO ONPEIEIUTh PEAKTUBHYIO MOILIHOCTh
CUMMETPUYHOH Tpex(a3HOU CUCTEMBI:

Wy - Wy = Un In [cos (¢ - 30°) - cos (¢ + 30°)] = Ux In sin ¢ = O/3.
Orcrona 0 = (W - Wy\3.
[Ipu cummMeTpuuHOi akTUBHOM Harpyske (¢ = 0) nokazaHusi 000MX BaTTMETPOB OyAyT

OJIMHaKOBBIMU. [Tpy cMemaHHON CUMMETPUYHOM Harpyske u ¢ > 60° nokazaHue 0JHOTO U3
BAaTTMETPOB OYJET OTpULIATENIbHBIM 1.



1 BarTmeTpsbl, Kak nMpaBuiio, CHa0XKar0TCs BCTPOCHHBIM MEPEKITI0YATENIEM, TTO3BOJISIOLINM
M3MEHTH (ha3y TOKa B OJJHOW 3 0OMOTOK IprbOpa (Jarie BCero TOKOBOH). ITO yCTPOUCTBO
JaeT BO3MOXKHOCTb MTPOU3BOIUTH OTCUET MOKa3zaHUi mpudopa mpu ¢ > 60°, Kkoraa cTpenka
OTKJIOHSIETCS BJIEBO JI0 YIIOpA.
[Tpu cuMMeTpUYHON Harpy3Ke peakTUBHYIO MOITHOCTh O Tpex(a3zHON CHCTEMBI MOXHO
U3MEPUTh OJHUM BaTT™MeTpoM (puc. 7.15, a). B 30l cxeme TokoBast 0OMOTKa BKJIIOUEHA B
JMHEHHBIN TPOBOJ 4, a mapasiesbHas OOMOTKa HAINPSDKEHHUSI — Ha JIMHEWHOE HaNpsHKeHUe
UBC. U3 BekTOpHO# nuarpammel (puc. 7.15, 6) ciiemyeT, 4To moka3aHus BaTTMETpa

W = Uscln cos (90 - ¢) = Un In sin .
YMHOXkas IOKa3aHWe BaTTMETPA Ha \3, MI0JIy4aeM 3Ha4Y€HHE PEaKTUBHOW MOITHOCTH ()
TpexdazHOU ceTr Npu CUMMETPUYHOI Harpyske.
Xox padoTbI

1. O3HaKOMUTKCS C MPUOOPaMHU, TIPeTHA3HAYCHHBIMU JIJISl BHITIOJIHEHUS TaHHOW TabopaTopHOit
paboThl. BHECTH B POTOKOJ MX MACIIOPTHEIC TAHHBIC.
2. Cobpath cxeMy, M300paKEHHYIO Ha pHUC., 0OpaTHB 0c000€ BHUMaHHE Ha MPABUILHOCTH
BKITFOUCHUS TCHEPATOPHBIX 32)KHMMOB BATTMETPOB
=
_ o
=)
x
HA. g
Iz
XPWT 4 PO0 07
a @ % 14 Tzf’ ¢ |
8 (D1 R R
- e
¢ * AN
7R

puc.1
Puc. Cxema BKIIOYeHHsT TNPHOOPOB s U3MEPEHUs] AKTUBHOM MOIIHOCTH B Tpexda3zHou
TPEXIIPOBOAHOM LIETIH.
3 OnpenenuTs MOCTOSTHHBIE TPUMEHIEMBIX JTA00PATOPHBIX BATTMETPOB 110 (hopmyie

CHOM :UHOM IHOM/aH.IK
rae Uwow —HOMHHAJIBHOE 3HAUYECHUE HAINPSDKEHMS HCIOJIB3YEMOrO AMANa3oHa BaTTMETPA, luow —
HOMMHAJIbHOE 3HAY€HHE TOKa BBIOPAHHOIO JAMAIa3oHa BaTTMETPA; Ayx — YHUCIO JIEJICHUN IIKAJIbI

BaTTMETpPA
4 Ilpou3BecTy U3MEpPEHHE MOIIHOCTH NP CUMMETPUYHON aKTUBHOM Harpyske (cos@=1) Tpems
CIIOCO0aMH.

A) c IOMOIIIBIO BOJIBTMETPA U aMIIEPMETPOB
' 3T .
P =V 33Uyl
3aech Uv—IioKa3aHue BOJIBTMETpA, BKJIFOUYEHHOIO Ha (pa3HOE HampshKeHue; /a — IO0Ka3aHue

aMIIEpMETPa, U3MEPSIOLIETO JINHEHHBIN TOK;
b) ¢ momomipro AByX 0JHO(A3HBIX BATTMETPOB

P = Py + Py,

rre Pe u Pug— nokasania onnothasibx sattverpor PW/I! v PW2;
Pyt = Conr %)
Pua= C, a9y,

SOACCL @ H Gz — OTCYETH B NEICHHAX NO MKAJaM  OINOPALNX naTT-
MCTPOB; ;
B) € NOMOUILIO AARYXINEMERTHOrO BatT™MeTpa PIWS:

PT = Clmm Qs,



1€ @3. OTCYET B JIEJICHUSAX M0 HIKAJIE JBYXJIEMEHTHOTO BaTTMETpa
Ecnu ucnonp3yercs IMUTOBOM ABYX3JIEMEHTHBIN BATTMETP C I'PaJlyUpPOBAHHOW MIKAJIOH, TO Pw,
OIIpeIeIIIeTCs] HEMOCPEICTBEHHO T10 IIKajie Mpubopa B BaTTax MU KHUJIOBATTaX.

5. CpaBHuth nonyuyeHnsle 3HaueHus P', P" u P", oOparuB BHUMaHHe Ha y100CTBO M3MEPEHUS
aKTMBHOM MOIIHOCTH JIByX?JIEMEHTHBIM BAaTTMETPOM, HE TPEOYIOUIMM MPeaBAPUTEIBHBIX
apu(MeTHyecKuX BHIYMCICHUM.

6. IlpomsBecTH M3MEpEHHE AKTUBHOW MOIIHOCTH NPU CHUMMETPUYHOW pPEAaKTHBHOM HarpyskKe
(cosp=1) nByms criocobamu;

a) C IOMOINBIO JBYX OAHO(A3HBIX BATTMETPOB;

0) ¢ IMOMOIIBIO ABYXAJIEMEHTHOTO BaTTMETpa.

JUist OMydeHusl peakTUBHOM Harpy3Kd HEOOXOIMMO BKIJIFOYHMTDH MAaKETHBIN BBIKJIIOYATEdh SA B
cxeMe, n300pakeHHoi Ha puc. 1.

IIpu ompeneneHUH akKTMBHOM MOIHOCTH C MOMOILBIO JIBYX OAHO(A3HBIX BaTTMETPOB CJEIyeT
MIOMHHTb, YTO B 3aBUCUMOCTHU OT yTJa () U €ro 3Haka MOKa3aHHs OJHOTO M3 BaTTMETPOB MOTYT
OBITh OTPHUIATEIILHBIMUA WJIM BOOOIIE paBHBIMH HYIO. He3aBHCHMO OT 3TOTrO sl MOJTyYeHHs
o011eil MOIIHOCTH Bceraa Heo0Xo1uMo OpaTh anredpanyecKyro CyMMy OKa3aHUIl BATTMETPOB.

7. CpaBHUTH pe3yJbTaThl, MOJYUYCHHBIE ITPU BHIMOJHEHUH 1. 6, a U 6, 0.
8. CocrtaButh 0TUET HO TpeOyemoit popme.

IIpakTuyeckas padora Ne6.
Tema 2.2. AHAJIOTOBBIE 3JIEKTPOHHbIE BOJIbTMETPHI
N3yuenue padoThl 3JIEKTPOHHOT0 BOJIbTMETPA.
Hean padoTbi: O3HAKOMHUTBCS C OCOOCHHOCTSAMHM CXEMOTEXHHYECKOTO DEIICHUS OCHOBHBIX
OJIOKOB BOJIBTMETA.
IlepeyeHb UCIOJIB3YeMOTr0 000PY10BaAHMS
MunnuBonet™metp B3 — 38 (macmopr).
MunnuBoneT™MeTp B3 — 38 mpennazHadeH Juisi U3MEpPEHUs] HANPsHKEHUS NMEPEMEHHOTO TOKa OT
0,1 MmB o 300B B mnama3zone gactoT ot 20 I'y o 5 MI'm.
[Tokazanus mpubopa MPOMOPLUOHATBHBI CPEIHEMY 3HAYEHMIO, a IIKalda MpOorpaaydpoBaHa B
3¢ (HEeKTUBHBIX 3HAYCHHUSIX CHHYCOMJAIBHOTO HampspkeHus. [Ipubop nMeeT OTAETbHYIO MIKATY,
MPOrpagyupoOBaHHYIO B Aerubdenax.
VYpogens "0" nermuben pasen 0,775 B.
TexHuYecKue XapaKTepUCTUKH
1) ananazon umepsiembix HanpspkeHuit ot 100 MxkB 1o 300B nepekpbiBaeTcs mojaiMana3oHaMu
(1, 3, 10, 100, 300 mB, 1, 3, 10, 30, 100, 300)B;
2) nuamna3oH 4acTOT U3MEPSEMbIX IEPEMEHHBIX HanpspkeHuid ot 20 I'm no 5 MI'L;
3) Ki1acc TOYHOCTH MpUOOpa JOMYCKAETCsl YKA3bIBaTh Pa3HbIM JIJIsi HOPMaJIbHBIX YCIOBUM U IS
IBYX o0acTell u3MepseMOoro HalpsKEHUS:
- mogauanazon ot 100 MmB mo 300 MB ximacce - 2,5;
- nmoaauanazon ot 1B mo 300B kiacc - 4,0.
4) mpuBeIEeHHbBIE TOTPEITHOCTHU ISl pa00YMX yCIIOBUM NMPUBEICHBI B TabuIe 1;
5) [JONONHUTENbHAs TMOTPEIIHOCTh TNPUOOpa, BBHI3BAHHAS OTKJIOHEHHEM TEMIIepaTyphI
OKpy’Karolled cpenbl OT HOMHHAJIBHOTO 3HAUYEHUS, HE IMPEBBILNIACT Mpejesia MPUBEIECHHOM
norpemHocTy Ha kaxaple 10°C n3MeHeHus Temneparypsl;
6) HOpMaJIbHBIE U paboyvre YCIOBUS IKCILTyaTally MprOopa 3aaHbl B TAOIHIIE 2;
7) BXOJHOE CONPOTUBIIEHUE Ha yacToTe 55 'l He MeHee:
- Ha nognuamna3oHe ot 1 1o 300 MB - 5 Mowm;
-Ha nogauana3one ot 1 g0 300B - 4 Mowm.
8) BXOAHAasi EMKOCTb HE MPEBbIIIALT:
- Ha nmojaauamnasone ot 1 1o 300 MB - 30 nd;
- ga mogauana3oHne ot 1 1o 300 MB - 15 nd.
9) eMKOCTH MpHIaBaeMOro K npudopy xabens He npessiiiaet 80 nd;



10) pononHMTENbHAs MOTPEIIHOCTh MNpHOOpa, BbI3BaHHAs OTKJIOHEHHEM (HOPMBI KPHUBOM
M3MEPSEMOTro HaNpsKEHUS! OT CUHYCOMIaIbHOU ¢ kKoagdunuentom rapmonuk ot 0,5 no 20 % ,
HE MPEBOCXOAUT BEJIIMYMHBI, ONIpeiesiieMoii 1o (hopmyIie:

o =Ux/U1 * 100 % ,

rae Ul - amminTyia nepBoi TapMOHUKH;

UK - aMIUIMTy1a TAPMOHHUKH M3MEPSIEMOTO CUTHAJIA,

K - HOMEp TapMOHUKH.

11) mpubop nomyckaer padboTy B TEUEHHE 8 4aCOB;

12) notpebisiemast npuOGOPOM MOIIIHOCTH ITPH HOMUHAIBHOM HaNpsKEHUH

He npesbimaet 10 B * A;

13) raGaputsl mpubopa coctaBistor 152 * 206 * 285 mwm;

14) macca mpubopa He Ooiiee 5 KT;

15) Bpems pa3orpeBa npubopa He O6onee 15 muH;

16) napaboTka npubopa Ha oTKa3 coctaBisieT 2500 yac.

Tabnuma 1 - [Ipenensl nprBeIeHHBIX TOTPEITHOCTEN B PA3IMYHBIX 00JIACTAX YACTOT

[Ipenensl npuBEEHHBIX MOTPENTHOCTEH B 00IACTH YaCTOT

IToanuana3oHsl ot 20 10 45 ' or 1 1o 3 MI'n ot 3 10 5 MI'y

1 - 300 MB 4.0 4.0 6.0

1-300B 4.0 6.0 6.0
Tabmmia 2 - YcnoBus dKCIuTyaTauu npudopa

HopmanbHbie yCIOBHS SKCIUTyaTalluu

Temneparypa oOKpyKaruen cpeanbl 293 + 5K

OTHOCHUTENNBHAS BIIAXXHOCTH MPU HOpMasbHOU | 65 £ 15%

TEMIIEpaType Cpebl

ATMochepHOe TaBICHHE 101 + 5 klla

Pabouwne ycnoBust skcIyatanuu npudopa

TeMmneparypa OKpyKarIieil cpeabl ot 283 1o 308K

OTHOCHUTENbHAs BIAXHOCTh Npu Temneparype | 1o 80%

298K

ATMOcdepHOe 1aBIeHHe 96 + 10 klla

Hanpsiokenue nuranust 220B + 20B gactota 50+ 0,511

YCTpoiicTBO M NPUHLMI AeHCTBHSA

Koncrpykuus

[TpuGop BHINIOIHEH B IEPEHOCHOM HUcTIONHEeHHH. Kapkac, paMbl 1 O0OKOBBIE CTSXKKU U3TOTOBJICHBI
METOJIOM JIUThS O[] 1aBJICHUEM.

Best cxema mpubopa, 3a MCKIIOUEHHEM MEPEKIYaTessl MPeleioB M3MEPEHUs U BXOAHOIO
JEIINTENS, pa3MEIeHa Ha OJJHOU MEYaTHOM IUIaTe, MPUKPEIUIEHHON K KapKacy C JIEBOM CTOPOHBI.

Ha 3amneii manenu 3akperyieH TpaHchopMmaTop, Aep)KaTellb NPEJOXpAaHUTENsT MU KIeMMa
3a3¢MJICHUSI M BBIBEJEH IIHYp IHUTAHHA. DJIEMEHTHl BXOAHOIO JAEIUTEN DKPAaHUPOBAHBI M
YKPEIUJIEHBI HA NIEpEIHEN TTaHENH.

Ha nepenHeil maHenum pacmoJOXeHbI: CTPENOYHBbIM OTCUETHBIM MpUOOpP, BXOAHBIE THE3Ja,
MHIMKATOp M TyMOJIep BKIIFOUSHHUSI IPUOOpa.

Onncanne GQyHKIIHOHAIBHON CXeMbI

Ha pucynke 1 npencrasieHa @pyHKIHOHaIbHAs cxema puoopa.
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Pucynok 1 - @ynknuonansHas cxema B3 — 38

Ha Bxopn BeicOkOOMHOro aenurens B/l momaercs m3mepsemoe HamnpspkeHHE. BBICOKOOMHBIN
nenuTenb OT HuzkoomHoro HJI otnensercs mpeoOpasoBarenem mmnenanca [IM. C Beixoaa
JeNUTEINsI HU3KOOMHOTO HAIpsiKeHHE M0/1aeTCsl Ha MIMPOKOMOIOCHBIN yennurens HIY.

K Beixomy LY nongkiarodeHbl JETEKTOP M HMHIUKATOP, KOTOPHIE COEIMHEHBI CO BXOJOM
oOpatHoro mpeoOpazoBatenst OIl, mnpemHa3HAYEHHOTO IS YMEHBIICHUS IOTPEITHOCTH
BHOCHUMOH JHOAAMH JETEKTOpA.

JleanTeb BLICOKOOMHBIM

Jlenurenb BBICOKOOMHBIN MPEICTABIEH HA

pUCYHKE 2 u KpOME PE3UCTOPOB
|[|©3  ©4 SN COJIEPIKUT KOPPEKTHPYIOLINE EMKOCTH.

|| /|’ >_H ; Ero kodQQuuUUEHT JeNeHus paBeH

Brmog

R4 1:1000. [Ipn NEPEKIIOUEHNN c

S nomgguamna3ona 300 MB Ha moanuamazoH

1 * | 1B BXOJIHOE COTMPOTHBIICHUE MEHSETCS C

8 1o 5 MOwm. Pesucrop R2 mo3zBosser

) —_— TOYHO OTPETyIUpOBaTh KOIPQPUIMEHT

b [25 i JIeJIEHHs] IEJIUTENST Ha JacToTax MeHee |

— 1 MI'n. Ha Ooilee BBICOKMX YacTOTax

-l T | oxaseiBaroT CBOE BIIMSHUE

koppektupytomme nenu (Cl, R3 - C2,

1 R58 - C25 u nemouka C3 cOBMECTHO C

Pucynok 2 - Jlenre)ib BbICOKOOMHbIH tpuMmMmepoM C4). EMxocTs C5 BBINIOJIHSAET

pOJIb  pa3e/IUTEIbHOH €MKOCTH W He

MIPOITYCKAET TOCTOSTHHYIO COCTABJISFOIIYIO

MIEPEMEHHOTO CHTHAJIA.

Bxog

f

LJJJJCH]
111

IIpeoOpa3oBaTesib UMIIEJAHCA

Cé

OH BbITIONIHEH Ha Jiamrie - HyBucrope 6C63H,
o0ecreunBaroIen 00JIBIIIOE BXOJIHOE
CONPOTUBIEHUE W  JBYX  TpaH3UCTOpax.
Tpansucrop VT1 oOecrieunBaer ycuiieHue, a
VT2, KaK SMUTTEPHBIN [IOBTOPUTEIb,
o0ecrnieurBaeT Majoe BBIXOJTHOE
COTPOTHUBJICHUE TAaKOW BEJIWYUHBI, YTOOBI OHO
HE OKa3bplBAIO BIMSHHUA Ha KO3(G(OUIHUEHTHI
JIeJIEHUs] HU3KOOMHOTI'O JICJIUTESL.

I'myOokasi oTpumarensHas oOpaTHas CBs3b C
BbIxoAa mnoBTopuTens (uemb R16 - R17)
o0ecrnieunBaeT BBICOKYIO CTaOUIILHOCTD
XapaKTEPUCTHUK npeoOpasoBarens u
OJIHOBPEMEHHO COXpPAHSET YCWJIEHHE MOpsAIKa
TpexX.

Pucynok 3 - [Ipeo6pa3oBarens uminenanca

ATTeHaTop

ATTeH10aTop (PUCYHOK 4) CIYXUT Ui TEPEKIIOUSHUS MIPEIEIOB U3MEPEHHs] MUJUIMBOJIBTMETPA
U uMmeer mectb cryneHeil mo 1010. ATTeHroaTop coOpaH Ha BBICOKOYACTOTHBIX PE3UCTOPAX
tuna C2-10, a BBINOJHEH Ha JBYX IUIaTax C SKPaHOM MEXJy HUMHU TakKMM 00pazoMm, 4TO €ro
HKBUBAJIEHTHOE CONPOTHUBIEHHE [UI HMHUTTEPHOIO IOBTOPUTENS U  IIUPOKOIOJIOCHOTO
YCWJINTEISI BCETJja HEU3MEHHO U COCTaBIIsIeT BenuuuHy 521 Om.

IIupoOKONMOJIOCHBII YCHIUTENb

LY - mupoKOIONIOCHBIN YCUIIUTEIh COCTOUT U3 YeThipex Tpan3uctopoB VT3 - VT6 (puc. 5).




Tpanzuctop VT3 moabupaercst co cTaTudecKuM Ko3((UIIMEHTOM YCHJIEHHS MO TOKY MOpsaKa
(100 — 120). Ycunurens obecnieunBaet ycusienue pasHoe 300.

OOparnast cBsizp uepe3 pesucrop R22 obecneunmBaeT cTaOMIBHOCTH Xapakrtepuctuk LY.
BrixomHOW curHam CHUMAaeTCs C BBIXOAA MOBTOPHUTENsS, cCOOpaHHOTO Ha TpaH3zuctope VT6, u
COCTaBJISICT BEJIMUMHY, paBHYIO 1B (Ipu 3TOM cTpenka MHIUKATOpa OTKIOHIETCS Ha Mpe/iebHOe
3HAYCHUE).

Onementsl R37, C16*, C22 u tpummep C17 oOecneyMBarOT KOPPEKLHUIO aMIUIUTYIHO —
YaCTOTHOM XapaKTEpPUCTUKHU UIMPOKOMOJIOCHOTO YyCWiuTeds. DJTa TiyOokas oOpaTHas CBS3b
OpraHM30BaHa TaK, YTO B HEE€ BXOIUT JECTEKTOPHBIN MOCT, coOpaHHbIii Ha auoaax VD1 - VD2 u
pesuctopax R43, R44

CHumaercsi HampspkeHHe oOpaTHOM cBsizu ¢ jaenurtens R43 - R44 wu nomaercs Ha >MUTTEp
Tpan3ucropa VT3.
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Pucynoxk 4 — AtreHtoatop Pucynox 5 - IIupoKOIMOIOCHBIN yCUIIUTEND
CrtpesiouHbIi 0TCUETHBIH TPUOOP

CTpenouHblil OTCUETHBIN PUOOP ABIIAETCS MUKPOAMIIEPMETPOM C MOJIHBIM TOKOM OTKJIOHEHUS
100 MKA. JIMHEWHOCTh MepeJaTOYHON XapaKTEPUCTHKU JHUOJHOTO MOCTa 3aBHCHUT OT TITyOWHBI
00paTHOH CBsI3U M Ha YacToTax MeHee 1 MI'I] mpakTHYecKH JTUHEWHA.

Ha uvacrore 5 MI'y rmyOuHa oOpaTHOM CBSI3M yKe€ HEAOCTATOYHA M HEJIMHEWHOCTH IIKAJbl B
touke 1/10 coctaBnsier Bennunny 4%, a B Touke 1/3 mkanbl okoio 1 % OT ycTaHOBIIEHHOTO
Mo/iMana3oHa n3mMepenus. IcCTOYHMK nUTaHus BBIMOJIHEH 0 MOCTOBOM cxeMme Ha nauonax VD7
- VD10. ®unbtpsl BeinoiaHeHs! 1o tumy RC nenei.

BreimmpsimiienHoe HampsbkeHHe crabunusupyercs crabunmutpoHamu VD3 - VD6. Bennuuna
BBITIpsIMJICHHOTO Hampspkenust  (+24B u — 24)B. TlepemenHoe HanpsbKeHHE HaKalla HyBUCTOPA
cHuMaercs ¢ oOMoTku (21 — 22) TtpaHcdopmaTopa U 3alIyHTHPOBAHO MOTEHIIMOMETpoM RS53.
OTHUM NOTEHIMOMETPOM JTOOMBAIOTCSI HAMMEHBIINX ITYMOB CXEMbl MHJUIMBOJIbTMETpa. CpemHsis
Touka TpaHcopmaropa 12 3a3zemieHa.

Xoa padoTsl

1) U3y4UTh METPOJIOTUYECKHE U TEXHUYECKHE XapaKTEPUCTUKH CPEACTB M3MEPEHUS M O0bEeKTa
UCCIJIEIOBAHMSI;

2) 10 TEXHUYECKOMY MAacCMopTy U3YYUTh MPUHIUN AeUCTBUS (YHKIIMOHATIBHBIX Y3JI0B IpUOOpa;
3) Ha4YePTHUTH OJIOK - CXEMY BOJBTMETPA C BHIOPAHHBIMH (DYHKIIMOHAILHBIMHE Y3JIaMHU;



4) mpeACTaBUTh CXEMY IpernojaBaTello U MONYyYUTh 3aJaHue IS pacdera (yHKIIMOHAIBHOTO
y371a;

5) HauepTUTh NS 33JaHHOTO  (PYHKIHMOHAIBHOTO  y37la CXEMY  JIIEKTPHUYECKYIO
MPUHITUTTHATIBHYTO;

Conepxanue or4yera

1) uens paboTHI;

2) TabnuIly ¢ METPOJIOTUYECKUMHU XapaKTEPUCTUKAMHU U TTapaMeTPaMH CPEICTBA HM3MEPEHHUS;

3) byHKIIMOHATBEHYIO OJIOK - CXEMY JIEKTPOHHOTO BOJIBTMETPA;

4) cxemy DJIEKTPUYECKYI0 MPUHIUITHATBHYIO 71 (PYHKIIMOHAIBHOTO OJIOKa;

0JIOK — CXeMy TSI BBIYMCIICHUS TTOTPEITHOCTEH BRIOpaHHOTO (PYHKIIMOHAIBHOTO Y3J1a;

5) OTBeTHI Ha BOMIPOCHI.

KoHTpoJibHbIE BONIPOCHI

1) [louemy Ha BXoJie BOJILTMETpPA BEIOpAH HYBUCTOP, a HE OUMOJISAPHBII TpaH3UCTOP?

2) nst 9ero B IENH KaTo/1a HYBUCTOPA BKIIFOUEHO COMPOTHUBIICHUE?

3) Ilouemy MIUPOKOMOIOCHBIE TPAH3UCTOPHBIE YCWIUTEIH HAMNpsOHKEHUS Jpyr OT Jpyra
OTJIETICHBI SMUTTEPHBIMH TIOBTOPUTEISIMHU ?

4) CKOIbKO MECTHBIX OOpaTHBIX CBSI3€H UCIOIB30BAHO B CXEME DJIEKTPOHHOTO BOJIBTMETpA?

5) Kakyto posib BBITIOJIHSET B cXeMe 00111ast 00paTHasi CBs3h?

6) B 4yem npenmyniecTBO MOCTOBOM CXEMBI BBITIPSIMIICHUS TIEpe]] OTHOMIOIYIEPUOTHOMN?

7) Pemiena nmu B maHHOM cxeme MpoOjemMa yMEHBIICHUS BJIMSHHUS HEJITUHEHHOCTH IUOJIOB HA
MOTPEUTHOCTh I€TEKTUPOBAHUS?

8) Kak BiusieT Ha MOTPENIHOCTh BOJIBTMETPA KJIACC TOYHOCTH MHIUKATOpa?

9) B deM cOCTOMT OCOOEHHOCTh MOCTPOCHUS HHU3KOOMHOTO MHOTOMPEICIBHOTO JCTUTEINS
HaIpsKeHUs?

10) Kakue QpyHKIIMOHAIBHBIE Y31l BOIBTMETPA BHOCST IIYMBI: BBICOKOYACTOTHBIE, ApEH(OBBIE,
OT TEMITepaTyphl CPEIbl, OT KOJCOAHUI YacTOTHI CETH U BETUIMHBI HAMIPSIKEHUS.

11) Ilepeuucnute Bce IeMH, BHOCAIIME TNOTPEUTHOCTH Ha HU3KUX YaCTOTaX B JIAHHOM
BOJIBTMETDE.

12) IlepeurcnuTh MaCCUBHBIE IETIH, BHOCSIINE TOTPEITHOCTH Ha BBICOKUX YaCTOTaX.

13) IlepeuncauTh aKTUBHBIE JIEMEHTHI BHOCSIINE CYIIECTBEHHYIO MOTPEIIHOCTh Ha BBICOKHX
4acTOTaXx.

14) IlepeuncnuTh 3EMEHTHI CXEMBI, KOTOPBIE BHOCAT OOJIBIIIYIO MTOTPEITHOCTh MPU U3MEHEHUHN
TEMIIEpaTypbl OKPYKAIOILIEH CPEbI.

15) Kakue nenu KOppeKTUPYIOT MOTPEITHOCTh MPUOOpa Ha BBICOKMX YacTOTaX, M KaKOW y HHUX
MPUHIUT PabOTHI?

16) Kakue 1ienu KOppEeKTUPYIOT MOTPEIIHOCTh MPUOOpa Ha HU3KUX YacTOTaX, M KaKOW y HHX
MPUHIUT PabOTHI?

17) Kakue nenu B3-38 xoppekTupyloT MOTpemHocTh MpruOopa, 3aBUCAIIYI0 OT TeMIIepaTyphbl
OKpY>KaroIllen CpeJibl U KaKOB UX MPUHITUN pabOThI?

IIpakTuuyeckas padora Ne7.
Tema 3. 1.I'eHepaTopbl CHTHAJI0B HU3KO0H 4aCTOTHI.
H3y4yenne nu3MepuTeIbHBIX T€HEPATOPOB HU3KHUX YaCTOT
Heap padorel: M3yunTts Ha3HAUYEHHE, HOPMUPYEMBIE NTapaMETPhl, YCTPOMCTBO U CTPYKTYpPHBIE
CXEMBI I€HEPATOPOB HU3KHUX YaCTOT.
Ilepedyenn ucnobL3yeMoro o00pyao0BaHuA
Cxewmsl renepatopoB HU (uHTEpHET pecypchl).
Teopernyeckast 4acTh:
Cxema mipocTtoro reHeparopa 3BykoBbix yactoT (HY) npencraBnena Ha puc. 1. Cxema
reHeparopa codpaHa Ha TpaH3MCTOpaxX Pa3HON MPOBOAMMOCTH, YTO yrpouiaeTr cxemy. Puc. 11.a



SB1

VT1
KT315A

Puc. 11.a G1 1,58 Puc. 11.0

I'enepatop HY paborocnocoOeH npy HaIpsKEHUU TUTAHUA OT 2X 10 12 BOJBT, a )KEJIaeMylo
4acTOTy U TOH noaduparot pesuctopoM R1 u konnencaropom Cl.

CriexTp nmpUMEHEHHUs yCTPOICTBa pa3HOOOpaseH, T.e. reHeparop HY no npeanaraemoii cxeme
MOJKET OBITh IPUMEHEH B CXEMax pa3IMYHbIX CUTHAIM3ALUM, a TaK k€ B KaueCTBE 3BYKOBOTO
re’epaTopa Jjs u3yueHus az0yku Mop3se u Jip.

I'enepaTopoB 3BYKOBOM 4acTOTHI [l U3yueHHs TenerpadHoi a30yku ObuIo pa3paboTaHo U
OINHCaHO Ha CTpaHULax XypHana «Paano» Hemano. U Bc€ jxe npenaraemblii reHepaTop (CM.
cxemy Puc. 11.6) npencraBuT onpenenéHHbI HHTEpEC.

Bo-miepBbixX, B HEM HET YacTOTO33AAI0MIETO KOHACHCATOpa. BO-BTOpHIX, paboTaTh OH HAYMHAET
IIPY HAIIPSDKEHNUU IUTaHUS B HECKOJIBKO IECATBIX J0JIEH BOJIBTA, AAKE B CIIy4ae UCIOJIb30BaHUA
TPaH3UCTOPA ¢ MUHUMAJIBHBIM KOd(pPUImeHToM nepeaaqn (Ho He meHee 10).

I'eneparust BO3HUKAET MpHU HaxaTuu Tenerpaduoro kimovya SB1 u3-3a neiictBus cuibHON
MIOJIO’KUTEBHON 0OpaTHOM CBS3U MEXy KOJUIEKTOPHOU 1 6a30BOM LEMSIMHU TPaH3UCTOpa 3BYK
CIIBIIUTCA U3 TosIoBHOTO Tenedona BF1, noaxmou€HHOro Ko BTopuuHoi 00MOTKe
Tpanchopmatopa. Pesuctopom R1 ycraHaBIMBarOT HYKHYIO TPOMKOCTh 3ByKa U €T0
TOHAJILHOCTb.

Tpanzuctop MokeT ObITh JIF000I MaJOMOIIHBIN KPEMHUEBBIN CTPYKTYpHhI n-p-n. [lonoitnér u
TPaH3UCTOP CTPYKTYPBI P-N-p, HO NPUIAETCS U3MEHUTD MOJSIPHOCTD NMOAKIIOUEHUs ieMenTa Gl.
TpancdopmaTop - BEIXOJHOH OT JIF0O0T0 MasiorabapuTHOTO TPAH3UCTOPHOTO MPUEMHUKA
(nampumep, «Cenrayn, «Cokom», «Anmazy. «tOHocts KIT101». I'onoBHO# TenedoH -
MuHuaTIOpHbIA TM-2A unu npyroii ananoruusslii conpotusiienueM 60..300 Om. ITogoiaér
TaKxe Kancrib JIOM-4M, JIDMIII,

['enepaTopbl HU3KOM YaCTOTHI

(I'HY) ncnonb3yroT AJs MOTy4EHHUs He3aTyXaloMUX MepHOANYECKUX KOJleOaHui
JJIEKTPUYECKOrO I0Ka B IMANA30HE 4acToT oT poJsier ' no aecsatkos kl'n. Takne renepaTopsl,
KaK [PaBUJIO, MPEICTABIIAIOT COOON YCUIIUTENH, OXBau€HHbIE MOJIOKUTENIbHONH 00paTHON CBSI3bIO
(puc. 11.7, 11.8) uepe3 ¢pazocaBuraromiye Hernodku. /st ocyecTBieHns 3ToN CBA3M U IS
BO30Y:KJI€HHsI FeHepaTopa HEOOXOIUMBI CIIEAYIOIINE YCIOBHUS: CUTHAJ C BBIXO/1Aa YCHIIUTENS
JOJKEH MOCTyNaTh Ha BXOJI CO ¢ABUTOM 110 (haze 360 rpaaycoB (WM KpaTHOM eMmy, T.e. 0, 720,
1080 u T.11. rpagycoB), a caM YCHIJIUTEIb JOJKEH UMETh HEKOTOPBIH 3anac ko3dduiuenrta
yeunerust, Kycu,n. [IocKombKy yciioBre onTuMansHOTo caBrra (a3 it BOSHUKHOBEHUS
reHepaly MOXKET BBIIOJHATHCS TOJIBKO HAa OJHOM YacTOTE, MUMEHHO Ha 3TOM 4acToTe U
BO30Y)KIIaeTCS yCUIIMTEINb C TIOJIOKHUTEIBHON 00paTHOM CBS3BIO.
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Jnsa casura curnana no ¢ase ucnons3ytot RC- u LC-nienu, kpome TOro, cam YCHUIUTENh BHOCUT
B curHai ¢a3oBbIN CABUT. [[71s1 TOTydeHHS TTOJIOKUTEIIBHON 00paTHOM CBS3M B TEHEpATOPax
(puc. 11.1, 11.7, 11.9) ucnons3oBan nBoitHoi T-06pasueiit RC-moct; B reHeparopax (puc. 11.2,
11.8, 11.10) — mocTt Buna; B reneparopax (puc. 11.3 — 11.6, 11.11 — 11.15) —
dazocasuratonue RC-1ie- mouku. B reneparopax ¢ RC-mienoukaMu 4ucio 3B€HbEB MOXKET OBbIThH
JOCTaTOYHO OoybIUM. Ha mpakTuke ke JJIs yIPOIISHHS CXeMBbI UX YHCIIO HE MPEBHIIIACT JIBYX,
Tpex
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PacuetHbie popMyIBI U COOTHOIIEHUS ISl ONIPEICTICHIs] OCHOBHBIX XapakTepucTuk RC-
TE€HEPATOPOB CUTHAJIOB CUHYCOUIaTbHOM (hopMbl ipuBeAeHBI B Ta0aume 11.1. s mpocToTsl
pacuera U ynpolieHus noadopa AeTaaeil HCIoIb30BaHbI 2IEMEHTHI C OJJUHAKOBBIMH
HOMHHAJIAMU. [[J1s1 BEIYHMCIICHUS 9acTOTHI TeHepanud (B ['1) B opMyIIbI MOACTABIISAIOT 3HAYCHUS
COIPOTHUBIICHUH, BeIpaskeHHbIe B OMax, eMkocTeit — B Dapanax. st nmpumepa, onpeaenum
yacTtoTy rerepanuu RC-reneparopa ¢ ucnonas3oBaHueM Tpex3peHHoM RC-1ie- mu
HOJIOXKUTENLHON 00paTHOi cBszu (puc. 11.5). ITpu R=8,2 kOm\ C=5100 nd (5,1x10~° @)
pabouas yacToTa reneparopa Oyaer paBHa 9326 I'm.

Tabmuma 11.1

DazocnBu- [Hamvenosanue| Yacrora remepamuu. I'm; | Koadd. [Iprmeyanue
raroras LIETTOYKH WU const. _,,,, (—)R, yCUIIEHUS
[ernovka, CXEMBI Owm; C, @ RC YCUIIUTENA,
uc. min
11.1 JBoiinoii T- 0,159/RC 11 C1=C2=C; C3=C/0,207;
MOCT R1=R2=R;
R3=0,207R
11.2 Moct Buna 0,159/RC 3 R1=R2=R; C1=C2=C
113 3xRC — 0.065/RC 29 R1=R2=R3=R;
“[TAPAJIJIEJID| C1=C2=C3=C
11.4 4xRC — 0,133/RC 18,6 R1=R2=R3=R4=R;
“[TAPAJIJIEJIb C1=C2=C3=C4=C
11.5 3xRC — 0,39/RC 29 R1=R2=R3=R;
“[TAPAJIJIEJIb C1=C2=C3=C
11.6 4xRC — 0,19/RC 18,6 R1=R2=R3=R4=R;
“[TAPAJIJIEJIb C1=C2=C3=C4=C

J11s TOro YTOOBI COOTHOILIEHUE PE3UCTUBHO-EMKOCTHBIX 2JIEMEHTOB I'€HEPATOPOB
COOTBETCTBOBAJIO PACUETHBIM 3HAUEHUSIM, KpaiiHe *KelaTeIbHO, YTOObI BXOAHbIE U BBIXOJHBIE
LENHU YCUIUTENS], OXBAUEHHOTO METIEH MONI0XKUTENbHON 00paTHON CBA3H, HE IIYHTUPOBAIU 3TU
AJIEMEHTBI, HE BIIMSJIM HAa UX BEJIMUYUHY. B 3TOM CBSA3M U1l IOCTPOEHMSI TEHEPATOPHBIX CXEM
11e1eco000pa3HO UCIOJIb30BATh KACKA bl YCUJICHHUS, UMEIOIINE BHICOKOE BXOJIHOE U HU3KOE
BBIXOJIHOE COIIPOTUBIICHMSI.

Ha puc. 11.7, 11.9 npuBeneHbl «TeopeTHUECKas» U HECIOKHASI TPAKTHYECKAsI CXEMBbI
TEHEPaTOPOB € UCIOJIb30BAaHUEM JIBOWHOTO T-MOCTa B 1IeTIH MOJI0KHUTEIbHON 00paTHOM CBS3H.
['eneparopsl ¢ MocTom Buna nokasans! Ha puc. 11.8, 11.10 |P 1/88-34]. B kauectBe YHY
HCIIOJIb30BaH JABYXKACKaIHBbIM yCHIINTENb. AMIUIUTYAY BBIXOJAHOIO CUTHAIA MOXKHO
perynupoBath norennuoMerpom R6. Ecnu TpeOyetcst co3naThk reHepatop ¢ Moctom BuHa,
nepecTpanBaeMblii IO YacTOTE, MOcienoBaTeNsHO ¢ pesuctopamu R1, R2 (puc. 11.2, 11.8)
BKJIIOYAIOT CABOEHHBIN MOTEeHIMOMETP. YacTOTOM Takoro reHepaTopa MOXHO TaKXKe YIIPaBIISTh,
3ameHuB KoHaeHcaropsl C1 u C2 (puc. 11.2, 11.8) Ha cABOCHHBIN KOHJIEHCATOP NEPEMEHHON
eMKocTH. [TockonbKy MakcHMalibHas EMKOCTh TAKOTO KOHAeHcaTopa peako npessimaet 500 nd,
yJlaeTcs nepecTpanuBaTh 4acTOTy IeHepaluy TOJIbKO B 00J1aCTH IOCTATOYHO BBICOKHX YaCTOT
(mecsitku, cothn KI'1m). CTaOMIBHOCTH YaCTOTHI T€HEPAIIUU B TOM JIHAIla30HE HEBBICOKA.
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Puc. 11.9

Ha npaktuke 171 i3MEHEHHsI 4aCTOThI T€HEPAIUY TTOTIOOHBIX YCTPOMCTB YaCTO UCTIONB3YIOT
nepeKIrouaeMble HAOOPhl KOHACHCATOPOB WIIM PE3UCTOPOB, @ BO BXOAHBIX LIETSAX MPUMEHSIOT
MOJIEBBIE TPAH3UCTOPBL. BO BCEX MPUBOIUMBIX CXeMaX OTCYTCTBYIOT 3JIEMEHTHI CTAOMITH3AIIN
BBIXOJHOTO HaNPsHKEHUS (IS YIIPOLIEHHUS ), XOTS 71l TeHEPaToOpoB, pabOTAIOIIMX HA OJHOM
4acTOTE WM B Y3KOM JIMaNla30He €€ NEPECTPONKH, X UCIIOJIb30BAHUE HE 005A3aTEIBHO.
CxeMbl reHepaTOpOB CHHYCOMIAJIBHBIX CUTHAJIOB C UCIOJIb30BaHUEM TPEX3BEHHBIX

dazocapuratonux RC-niemovex (puc. 11.3)
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noka3zanbl Ha puc. 11.11, 11.12. T'eneparop (puc. 11.11) padoraet na yactote 400 I'r; [P 4/80-
43]. Kaxxaslil 13 2JIeMEHTOB TPEX3BEH- HOM (hazocaBuraromeid RC-1iernodku BHOCUT (ha30BBIid
caBur Ha 60 ¢aaycoB, MpH YeThIpeX3BeHHON — 45 rpagycoB. OJHOKACKaIHbIN yCHIUTENb (PHC.
11.12), BEINOJHEHHBIH TIO cCXeMe ¢ OOIUM SMUTTEPOM, BHOCHT HEOOXOIUMBIH JIJIst
BO3HUKHOBEHUS TeHeparu Gpa3ossiid caBur Ha 180 rpagycoB. 3aMeTuM, 4TO reHepaTop o
cxeme Ha puc. 11.12 paborocrocoOeH Mpu UCTIOIB30BAaHUH TPAH3UCTOPA C BHICOKUM
Kod(pUIIMEHTOM TIepeiadn 1Mo TOKY (00bI9HO cBbIe 45...60). [Ipy 3HaYNTETFHOM CHUXCHHUH
HANPSDKEHUS MTUTaHUS U HEONITUMAaJIbHOM BBHIOOPE JIEMEHTOB AJIs 3aJJaHUsl pexuMa TpaH3ucTopa
IO MOCTOSIHHOMY TOKY T€HepaIusi COPBETCSI.

+39 B
R ix RI"S1K RZ ©,33...5.1K
47K +E
B, BF1
2 TH=—67
Fad e
VTl -
KTIIS 2,622
(5 | o
RS ]
1K UT1 KT31ST
1t Puc. 11.12 Puc. 11.13
" RLIDBK R2 1.1K
&ii -
]
1,1k BF1 BF 1
FLS1 TH-&7 ﬁr—;sgs_)
N o T CTH=—282 m
=1 cL,Cc2 ci,ce
AP 0,022 0,022
19 l-b'lr'-. L

VTL KTE1EN YUT1 KTILS

Puc. 11.14 Puc. 11.15



3ByKoBbIe TeHepatopsl (puc. 11.13 — 11.15) 6au3ku Mo TOCTPOSHUIO K TEHEpaTOpaMm C
¢dazocnsuraromumu RC-niemoukamu [P 10/96-27]. OnHako 3a c4eT UCIOIb30BaHUS
WHAYKTUBHOCTH (TenedonHbIi karnctonb TK-67 unun TM-2B) BMecTo 0AHOTO U3 PE3UCTUBHBIX
371eMEeHTOB (ha30CABUTAIONIEH TIETTOYKH, OHH PA0OTAIOT C MEHBIIIMM YHCIIOM JJIEMEHTOB U B
0oJbIIIeM AMANa30He U3MEHEHUS HAPSHKEHUS TTUTAHUS.

Tak, 3BykoBoii renepatop (puc. 11.13) paboTocrocoOeH npu U3MEHEHUH HATPSKEHUST TUTAaHUS
B nipezenax 1...15 B (motpebasiemsbrit Tok 2...60 MA). [Ipu 5TOM 9acToTa reHepauu
m3mensercs ot [ k' (Mwe =1,5 B) mo 1,3 k[ mpu 15 B.

3BYKOBOW MHAMKATOP C BHEUTHUM ympasiieHueM (puc. 11.14) taxxe padoraet npu Uy =1... 15
B; BKITIIOYEeHHE/BBIKIIIOYEHHE TeHEpaTopa MPOU3BOANTCS MOAAYeH Ha ero BXO/ IOTHUYECKUX
YPOBHEH €IMHUIIBI/HYIIS, KOTOPBIE TaKXKe JTODKHBI OBITH B mpefenax 1...15 B.

3BYKOBOM T€HEpaTOp MOXKET OBITh BHITIOJIHEH U 10 pyroi cxeme (puc. 11.15). Yactora ero
re"epanuu Mensiercs ot 740 ' (Tok nmotpednenus 1,2 MA, Hanpsbkenue nutanus 1,5 B) no 3,3
k[ (6,2 MA 1 15 B). Bonee crabuinpHa yacToTa reHepaluy NpU U3MEHEHUH HaIPSKSHUS
nuTtanus B npeaenax 3... 11 B — ona cocraBnser 1,7 k['i+1 %. @aktuuecku 3TOT TeHEPATOP
BBITNIOJHEH yke He Ha RC-, a Ha LC-anemenTax, npuyem, B KaueCTBE HHAYKTHUBHOCTH
HCIIOJIb3YyeTCsl 0OMOTKA TeIe(POHHOTO KarCIOIs.

Hu3zko4acTOTHBIN reHepaTop CHHYCOMJAIBHBIX Kojebanuii (puc. 11.16) cobpan mo xapakTepHon
1151 LC-reHepatopoB cXeMe -€MKOCTHOM TPEXTOUKW». OTINYue 3aKII0YaeTCs B TOM, YTO B
Ka4yecTBE MHIyKTUBHOCTH UCIIOJIb30BaHa KaTyIlIKa TeJIe()OHHOTO KarCIoJsl, a pe30HaHCHAas
4acTOTa HAXOJIUTCS B IMaIia30He 3BYKOBBIX KoJieOaHUil 3a cueT mog00pa eMKOCTHBIX 3JIEMEHTOB
CXEMBI.
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Puc. 11.16 - Puc. 11.17

Hpyroit Hu3kodacToTHbIN LC-reneparop, BBIMOIHEHHBIH 10 KaCKaJHOW cXeMe, M0Ka3aH Ha PUC.
11.17 [P 1/88-51]. B xauecTBe HHAYKTUBHOCTH MOHO BOCTIOJIH30BAThCSI YHUBEPCATLHON UITU
CTHPAFOIICH TOJIOBKaMU OT MarHUTO()OHOB, 0OMOTKAMH JIPOCCENICH UM TPAHCPOPMATOPOB.
RC-reneparop (puc. 11.18) peanuzoBan Ha noneBbix Tpanzuctopax [Pm 10/96-27]. [lonobnas
CX€Ma UCIOJIb3YETCsI 0OBIYHO MIPU MOCTPOCHUU BhICOKOCTAOMIBHBIX LC-reneparopos.
['enepaiyst BO3HUKAET Y€ IPU HANPSHKEHUU NMUTaHus, npesbimatonieM 1 B. [Ipu usmenenun
HanpsiokeHus ¢ 2 1o 10 6 yactora reneparuu nonmwkaercs ¢ 1,1 k[’ 1o 660 I'n, a
MOTPeOIIIEMBI TOK YBETUYHBAETCSI, COOTBETCTBEHHO, € 4 710 11 MA. IMmynbChl 4acTOTOM OT
equauI ['11 10 70 x['11 1 BBIIIE MOTYT OBITH MTOJTYYEHBI U3MEHEHUEM €MKOCTH KOHIeHcaTopa (; [
(ot 150 n® mo 10 MxD) u CONPOTHBIEHN PE3UCTOPa R2.

VTL,VTZ KMN20311

Puc. 11.18



[IpencraBieHHbBIE BBIIIE 3BYKOBBIE T€HEPATOPHI MOTYT OBITH HCIIOJIb30BAHBI B KAYECTBE
SKOHOMUYHBIX HHANKATOPOB COCTOSTHUS (BKIIFOUECHO/BBIKIIFOUEHO) y3JI0B U OJIOKOB
PaarOdIEKTPOHHOM anmnaparypbl, B YaCTHOCTH, CBETOU3IYYAIOIINUX JUOI0B, IS 3aMEHBI WA
nyOIupOBaHUs CBETOBOM MHIMKAIIWH, JJISI aBAPUMHON U TPEBOKHOW WHIUKAIIMH | T.]I.
IIpocroii reneparop HY 15I'u-16xI'1.
Cxema c mammior HakainuBaHuS B 1ierti OC
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I'enepaTopsl CHHYCOMIAIBHOTO CUTHAJIA HU3KOM 4acTOTHI AJI1 M3MEPUTEIBHON anmnaparypsl 1
ycrporictea APY.

1. JIupuueckoe BcrymuieHue. Hexkoropoe BpeMst Ha3al y MEHs BO3HHUKJIIA 3aJa4a CAEIaTh
re’epaTop cuHycouganbHoro curnaiga 1000Hz nnst oqHOro u3mMepuTesnbHOro npudopa.
[ToHATHO, 4TO XOTENOCh MPUAYMATh cXeMy 0e3 KaKUX-TH0O0 peIKUX MIIH TOPOTHX jaeTaneil. B
pe3ynbraTe ObUIO ONPOOOBaHO HECKOJIBKO Pa3HBIX cXeM reHeparopoB. Hazxeroch, ux onucanue
MOKET KOMY-HUOY b ipuroauthes. [1o xomy paboThl 10 MEHS AOIIIO, YTO MOCKOJIBKY MHOTHE
reHepaTopbl UMEIOT JAETall CTa0MIN3allM aMIUTUTYAbl, UX CXEMbI MOTYT OBITh JIETKO
npeoOpa30BaHbl B yCTPOHCTBA aBTOMAaTHUECKON PeryIupoBKH ycuneHus (APY), nanpumep, s
aBTOMATUYECKOTO PEryJIMpPOBaHUS TPOMKOCTH.

2. Ilpo reHepaTopbl CHHYCOHJIAILHOTO CUTHAIA 0e3 CXeMbl aBTOMATHYECKOTO
peryIupoBaHus ISl CTa0MIN3alMK aMIUIUTYAbl. Kak u3BeCTHO, B OOIBIIMHCTBE T€HEPATOPOB
UCTIOJIB3YIOTCS CXEMBbl CTAa0MIN3aIMK aMILUIUTY /16l KoJleOaHui. Takue cXxeMbl UIMEIOT TpU
BaYKHBIX HEJIOCTATKa: BO-MIEPBBIX, B HUX KaK B CUCTEMaX aBTOMATUYECKOTO PEryIMpOBaHUS
MOTYT BO3HMKATh Napa3uTHHIE KOJeOaHHs aMIUIUTY/ bl CUTHAJIA TeHepaTopa. Bo-BTophIX, mocine
BKJIIOUEHUS TUTaHUS aMIUIMTY/a YCTaHABIIMBAETCS HE cpasy, a rociie 6osee Uil MeHee
JUTUTENIHHOTO TIEPEXO0IHOTO TMpoliecca. B-TpeTbux, AeTanu cTabuiIn3aiul aMIUIUTY 151
YCIOXKHAIOT renepaTop. [103ToMy BO3HUKAET jkellaHue 000UTHCH 0€3 CXeMbI CTa0OUTU3aIHI
aAMIUIATY 1B

2.1. TpeyronbHuK — B cuHyC. OIMH U3 BAPUAHTOB MOJIYYEHHUS] CHHYCONUIaIbHOIO CUTHAJIA
6e3 cxeMbl cTabMIM3alluy aMILTUTYAbI TAKOM: HalpsbKEHHE TPEYrodbHON (OpMBI TOAAETCs Ha
CHEIUAaTbHBIN OrPAHUYNTENb aMILIUTYIbI. “CIUIIOCHYB” BEpLIMHBI TPEYTOIBHOTO HAIPSIKEHUS
nojlyyaeM cUHycouzaainbHoe. B xxypHanax “Paano” 6b110 0my0IMKOBaHO HECKOIBKO MOTOOHBIX
CXEM Ha JUCKPETHBIX 35ieMeHTax. Ceifuac 3TOT MPUHLIKIT UCTIOIB3YETCSI B MUKPOCXEMax
MAXO038 ¢upmer Maxim Integrated Products (CILIA) u XR-2206 ¢upmer Exar (CLLIA).
Oxka3zanoch, yto Mukpocxema MA X038 oueHb goporas (HECKOJIbKO COT pyOJsieil Ha MOMEHT
HamucaHus ctaThi). Mukpocxema XR-2206 oka3anach femieBine (0koio cta pyoreit). 5 ee
UCIBITAN B TUIIOBOM cxeMme BKIo4YeHUs. OKa3anoch, YTO XOTS KOOPPHUIIMEHT FrapMOHHK y Hee 10
JNOKyMeHTaM 1-2% (1oIycKaro 4To TaK M €CTh Ha CaMOM JI€JI€), HETMHENHbBIE NCKAXKEHUS BCE KE
3aMeTHBI Ha KpaHe ociuiorpada. Okas3piBaeTcs, 4TO Ha BEPIIMHAX CHHYCOM/IbI OCTaeTCs
HeOoubII0# BEIOpOC. IT0oCKONBKY s pazpabaThiBal TeHEpaTOP JUIsl K3MEPUTEIIBHON anmapaTypsl,
OT ATON MUKPOCXEMBI PEINI 0TKa3aThCs. XO0TH Ul TeX Cclay4yaeB, Korja kodGuinent
rapMOHUK HE UMEET pelarolero 3HaueHust Mukpocxema XR-2206 noyonuia 661 04€Hb XOPOILIO
— MPULENNIT HECKOJIBKO JIeTajiell M TeHepaTop roToB.

3amMedy elie OHy OCOOEHHOCTb CXEM C NMpeoOpa3oBaHUEM TpeyrojbHUKA B CUHYC. Eciu
aMepUKaHCKHe TOBApHILY HAMKMCAIU B TEXHUYECKUX JaHHBIX, YTO MUKpOCcXeMa padoTaeT Ha
gactoTax 10 |MHz, To 310 He 3HaunT, yro oHa XOPOIIIO pabotaer Ha yactore 1 MHz.
HcnpiTannas MHOIO MUKpocxeMa XR-2206 xopoiro paboTaiia Ha 3ByKOBBIX 4acTOTax, T. €.
MCKa)KEHUSI CHHYCOU/IbI U U3MEHEHUE aMILTUTY/IbI TIPH MEPECTPOKe YaCcTOTHI ObLTH MaJio
3aMETHBI Ha 3BYKOBBIX YaCTOTax, HO Ha yacToTax Oosee | MHz ammunTya 3aBucena OT 4acTOTHI
Y CTAHOBWJIMCH 3aMETHBIMHU MCKa)KEHHUS.

2.2. [IpsMoyToJIbHHUK — B CHHYC. [[pyroii cmocob moayduTh CHHYCOHIy 0€3 yCTpOHCTBa
CTaOMIIM3AIH aMIUIUTY/IbI KOJIEOaHUH — GUIIbTpaliieil mpsMOYToNbHOTO HanpshkeHus. Takoi
TEHEPATOP YJAI0Ch ClIeJaTh HAa OJTHOM MUKpPOCXEME — ONEpallMOHHOM ycuinrtene tuna TLO72.
Ota MUKpocxeMa Obula BIOpaHa MOCKOJIbKY O4€Hb pacpOCTpaHEHa U JCIIEBO CTOUT. XOTS B
MHUKpOCXEMe UMEIOTCS JIBa YCUIINTENS, U3 HUX UCIIOJIb30BAaH TOJIBKO oJInH. CXxema reHepaTopa
IIpUBE/IEHA Ha puc. 1.

Ycunurens oxBaueH 0OpaTHOM CBsA3bIO Uyepe3 Tpex3BeHHyto RC-1enouky, koTopas
OJTHOBPEMEHHO sIBJIsieTcs (hazocBuraronieit u ¢puiptpytomei. [lockonsky B cxeme puc. 1
OTIepaIOHHBIN YCHIINTENb HE 0XBaY€H OTPUIIATEIbHON 00paTHOM CBSA3bIO, Y HETO HA BBIXOE
(BbIBOJ 1) monydaeTcs HanpsHKeHUe NpsAMoyronbHoi opMel. [poiins yepe3 RC-nens curnan
noJsrydaeT ¢a3oBbIi CBUT, HEOOXOIUMBIN U1 MOA/IepkaHus reHepanuu. Kpome toro, Beiciive



TapMOHUKH MPSMOYTOJIEHOTO HANPSKEHUSI OT(HUIBTPOBBIBAIOTCS, TIOATOMY Ha BXOJIE YCHIIUTENS
(BBIBOJ 2) HampsiKeHHEe uMeeT popMy, OJIM3KYIO K CHHYCOUIaTbHON. AMIUINTY/1a CUTHAIa
reHepaTopa OIpeNEseTCsl OTPAaHUYEHUEM B MUKPOCXEME YCUIIUTENS IO YPOBHAM OKOJIO HYJIA U
OKOJIO HampspkeHus nuTtanus. [1ocKkoyibKy orpaHueHUe B MUKPOCXEME HE CTPOTo
CUMMETpPUYHOE, IETUTENh B LIEMTH BBIBOJIA 3 MUKPOCXEMBbI IOJJ00paH TaKUM 00pa3oM, YTOObI
MOJIyYUTh CAMMETPUYHYIO CHHYCOUIY Ha BBIBOJE 2.

Cxema nmMeer aBa HeocTatka. [1epBblii — TOBOJIBHO 3aMETHBIE HCKAKEHUS
CHUHYCOH/IaJIbHOTO CUTHaJIa. BTOpOii — 3aBUCMMOCTD aMIUIMTYAbI BEIXOJHOTO CUTHAIA OT
HanpspKeHus nutanus. Kpome Toro, mockojabKy MUKpocXeMa paboTaeT B peXUMe OrpaHUueHUs,
4acToTa U aMIUIMTYAa MOTYT OKa3aThCsl HECTaOMIbHBIMU. J|0CTOMHCTBO cXeMbI puc. 1 —
nemeBnu3Ha. Kopoue, 1u1st ©3MepUTENBHON anmapaTypsl cxema puc. 1 He nopomuia.

OnHako uHTEpecHa uzes. B mo0oM remeparope MMeeTcsl yCUIUTEIb U 4aCTOTO3a/1a01Iast Lielb.
Bcro ncroputo uenoBedecTBa CUrHaJI CHUMAIIU € BbIX0Ja ycunuTensa. Kak U3BECTHO, yCUIIUTEND
BbIJIA€T CUTHAJ C OOJIBIIMMHU UM MEHBIIMMU HETMHEHHBIMU UcKaxeHusIMH. [loaTomy eciu
HY’KHO TOJIYYUTh CHHYCOUIY C HU3KMM YPOBHEM MCKa)XEHMH, CUTHAJ JIydllle CHUMATh C BBIX0/1a
yacToTo3aaaromlel renu. Kak nokasaiu onbIThl, ypOBEHb HCKa)KEHUN TaM MOXKET 0Ka3aThCs
HIDKE, YeM Ha BeIxoJe yeunutens. Cxema puc. 1 — apKkuil ToMmy npumep: yCHIIUTENb paboTaeT B
SIBHO HEJINHEHHOM PEXXHMME U BbIIaeT HANpsHKEHUE MPSMOYTOJIbHON (DOPMBI, a Ha BBIXOJIE
¢azocaBuraromiei ey — Mo4Tu CUHYCOUa.
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Puc. 1.

2.3. I'enepaTop CMHYCOMIAIBHOTO CUTHAJIA HA MOCTE BHHA C HETMHENHBIM JIEMEHTOM B
nenu OOC. Moct Buna u3apesie BoIUTCS B cXeMaxX reHepaToOpoB HU3KOM 4acTOThl. ABTOD
TaKXKe PEelInl ero UCIoab30BaTh. MocT BuHa y00eH TeM, 4TO 1M03BOJISET EPeCcTPanBaTh
4acTOTY CABOCHHBIM MEPEMEHHBIM COMPOTUBIIEHUEM HIIH CABOCHHBIM NEPEMEHHBIM
KoH/leHcaTopoM. Kak n3BecTHO, MPHOOPECTH CABOSHHOE NIEPEMEHHOE CONPOTHUBIEHUE HAMHOTO
Ipolie YyeM, HalpuMep, CTPOEHHOE WK cueTBepeHHoe. B kauecTBe ycunurens Obuia
HCII0JIb30BaHa IIMPOKO paclpocTpaHeHHast U Heaoporas Mukpocxema NES532. Cxema
IIPEACTABJICHA HA pUC. 2.




Haudorbwee Puixod yoe

Haemoma tenepamopoa. om 36@HZ Ao 13.8RHx (Mpy neddeptanuu UBsix = 2V)

B kouedmbe orpanutiument ucnsiMbibaAdce wpermrucbeie Quodet INLERT
u obemoducdsr ANBIER RpaCHBIE , oBHaK0 @ 2epmanie B mparademepa-
MUy BrArOderHHeiMu war ddodel uckaXeHHA dpopmbl cuHYcoHATALHBIX
RoreSomud OKAMAAAL Ch  HOUME HEWUMHA U PacWuPUAlsS JuanasoH
pewugrtpobru  odpamnod cﬁaau conpomuBacnuen dRRS2 ,npu koM oPom
He npouexofusp oOpaHUHeHde KoreSanul MO HANPAXEHWO nPHUMarHA
wad  cpetba 2erepaguu.

Jonoarumennrsnd Byxed npednajHauen 44Q uccaedobarud fozmokHoery
POAYHEHUD  CuHy Cou daabHBIX Roredarud ¢ oceSo mMaAbipu
YokajeHudimy npwy CZEMe ux Heno Q_PeﬂdMEtHHﬂ @ mocme BuHa

Brumanue | Boxodroe pgnpakeHue cuasHo Pe Qrokob 12 Mapma 20QR

‘éaﬁ-uc'urn om mMemMRepamypbl. MPAH3UEMopo
CLPAHW YL MeA 1,

[TogoGHBIE cXeMBI B H300MIUH My OJIMKOBAIKMCH B )KypHAIaX U KHUTax. Pasnuune Mexay HUMU —
B HEJTMHEHHOM JJIEMEHTE B IIETH OTpHUIaTeIbHOM 00paTHOH cBs3u (OOC) onepamoHHOTO
YCUIIUTCIIA. qume HJIN XYK€ CXCMa MOXKET pa6OTaTB C 4€M YyIroagHo — IuoaMu HUJIin
CTaOMIMTPOHAMHU U3 KPEMHUS, TEPMaHUEBBIMU JUOJAMH, apPCEHUTAJUTMEBBIMU CBETOIUOIAMHU.
ns Pa3HbBIX BUAOB HEJIMHEUHEBIX 3JIEMEHTOB CaMble HU3KHE HEJINMHENHBIC HCKAXKCHUS YAaJ10Ch
MOJIyYUTh C TEPMAHUEBBIMU TPAH3UCTOPAMHU B JMOJHOM BKJIIOUEHUU. M3-3a cliibHOI
3aBUCUMOCTH aMIUIUTY bl OT TCMIICPATYPhI PCILICHO 6BIJ'IO OTKa3aThbCs OT IPUMCHCHUS CXCMbI
puc. 2.
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[Ipo6nema oOHapyxunack Takas. CIBOCHHbIE TIEpEMEHHBIE COTIPOTUBIICHUSI UMEIOT
OonbLIMIA WM MEHBIINH pa3opoc nojoBuH. Kpome Toro, ko3¢ uiueHT nepeaadu
YCWJINTENBHBIX 3JIEMEHTOB T€HepaTopa 3aBUCUT OT 4acToThl. [loaToMy eciu reHepaTop JOKEH
paboTaTh B IMana3oHe YacToOT, HY>KHO 00€CIeYnTh aBTOMAaTHUECKYIO PETryJIMPOBKY YCHIICHHS B
IUPOKKX Npezaenax. Cxema ¢ OorpaHU4MTENIEM TUIIA PUC. 2. COPABUTHCS € ITOU 3a1a4ei He
MOJKET T. K. IPU HEJOCTaTOYHON OOpaTHOM CBSI3M CKJIOHHA K MCKa)KEHHIO (POpMBI KojieOaHMid, a



IIPY CIIMIIKOM TIyOOKOI — K CphIBY reHeparuu. I1oaToMy OT cxeMbl pHc. 2 TpyIHO JOOUTHCS
Xopoleil paboThl B IIMPOKOM JHaIa30He 4acToT. Takke MOKHO MPEANON0KUTh, YTO MOCKOJIbKY
HEJIMHEHHBIN AJIEMEHT UMEET HEKOTOPYIO €eMKOCTb, Ha BBICOKHMX YacTOTax OOpaTHas CBSA3b OyJeT
riry0xe, a yCHUJIEHUE — MEHBIIIE.

3. I'eHepaTopsl ¢ CUCTEMOM aBTOMaTHYECKOIO PETYJINPOBAHUS aMIUIUTYAbL. IlockonbKy y
MeHs ObUIO JKellaHue pa3paboTaTh YHUBEpCAIbHBIN reHepaTop, ClIOCOOHBIN paboTaTh B
[IMPOKOM JIMANa30He YaCTOT, OBbLJIO OMPOOOBAHO HECKOIBKO CXEM C aBTOMATUYECKUM
peryIMpoBaHHEeM aMIUIUTYbl. B KauecTBe ympaBiisieMoro 3JieMeHTa JiIsl peryIupoBaHus
YCHJIEHUS UCTIOJIb30BAJINCH MIOJIEBBIE TPAH3UCTOPBI UM JJAMIIOUKH HAKaJIUBaHUS.

3.1. I'eHepaTop ¢ aBTOMaTUYECKUM PErYJIMPOBAHUEM aMILIUTY bl HA MIOJIEBOM
Tpan3ucTtope. C TaBHUX MOP MOJIEBBIE TPAH3UCTOPHI IPUMEHSUINCH KAaK DJIEMEHTHI C
YIpaBIIsieMbIM CONPOTHBIICHHEM. BKITIOUUB M0JIEBOI TPAH3UCTOP B IIeTb 0OPAaTHON CBS3U
OIIEPAIIMOHHOTO YCUJIMTENS MOYKHO MEHATh ycuieHue. CxeMa reHepaTtopa ¢ MoJIEBBIM
TPaH3UCTOPOM IIpe/iCTaBjIeHa Ha puc. 3. 31eCh YTOObI YIIPOCTUTH CXEMY JIEIUTENh 1/2
HaNpsDKEHUS MTUTaHMS Ha BXOJI€ MUKPOCXEMBI UCIIOIb30BaH KaK OJMH U3 PE3UCTOPOB MOCTA
Buna. HenoctatkoM aHHOW CXeMbI OKa3anach CKIIOHHOCTh K CAMOBO30YKIECHUIO CUCTEMBbI
aBTOMAaTHYECKOT'O PETYJIMPOBAHUS, T. €. MAPA3UTHBIM KOJICOAHUSIM aMIUTUTY Ibl. ABTOD MIPOBEI
HEMaJIo BPEMEHH MbITasACh N30aBUTh CXEMY OT CKJIOHHOCTH K Mapa3uTHBIM KOJIEOaHUSM, HO 3TO
caenaTh He yaanock. [Toaromy ot cxemsl puc. 3. mpHILIIOCH OTKa3aThes. CxeMa ¢
aBTOMATHYECKOM PETryJIMPOBKOM aMITUTYbl HA TIOJIEBOM TPAH3UCTOPE UHTEPECHA TEM, UTO
MOJKET OBITh ClIeJIaHa ¢ OUYEHb MaJIbIM TOKOM noTpebsienus. [loaromy aBTop Oyzaer Becbma
MIpU3HATEJIEH €ClIi KTO-TM00 MOJEIUTCS CBOMM OIBITOM B pa3pabOTKe MOJTOOHBIX CXEM.
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3.2. APY Ha noneBom Tpan3uctope. OKa3anoch 4ToO XOTS CXEMY aBTOMaTHYECKOTO
peryIMpoOBaHMs AMILTUTY/Ibl HA TIOJIEBOM TPAH3UCTOPE TPYIHO 3aCTaBUTh pabOTaTh IS
NOJIepKaHus aMIUIUTY/ bl TeHEpaTopa, OHa XOPOIIo paboTaeT Kak yCTPOHCTBO aBTOMATUYECKOM
perynupoBKu ycuseHus. T. e. ee MOKHO IPUMEHUTh, HallpUMep, ¢ MUKPOPOHOM ISt
aBTOMaTHYECKOI'O PEryJIMpoBaHus ypoBHs 3anucu (APY3).

B kauectBe npumepa cxeMbl APY Ha mosieBOM TpaH3UCTOPE MOKHO IPUBECTH
naboparopHsblii MakeT, u3rorosneHHbid B [1I'Y Ha xadenpe PTuPOC (cMm. puc. 4). [Turanue
MakeTa — JByxmnoussgpHoe. s gemoHcTpauuu padotsl APY ¢ pa3HbIMM TOCTOSSHHBIMH BPEMEHU
B Hell nepekitovareseM (yCJIIOBHO He MOKa3aH) MOJKII0YAETCsS OJIMH U3 HECKOJIBKUX
KOHJIeHCAaTOpOB. 3aaepkka APY (T. e. HanpsDKeHHE, HAUWHAS ¢ KOTOPOTO YCUJICHUE HAUMHACT
YMEHBIIIATHCS ) MEPEKITI0YAETCs BKIIOUEHHEM OT OJTHOTO J0 JIECATH JUO0B (MCIIOIb30BaHbI
J1814 B [IPSIMOM BxItOU€HUH T. K. CYUTAETCS, UTO Y HUX pe3kuit neperud BAX u Ha npsimoit
BETBHU TOXKE) MEKIY AeTeKTOpoM APV u 1enbro 3aTBOpa MOJIEBOr0 TPaH3UCTOPA.
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Puc. 4.

[Tockonpky ycrpoiictBo APY Ha mosieBoM TpaH3uCTOpE XOPOLIO cedsl M0Ka3alo, cXxema
nogo0Hast puc. 4. MOXKET MIPUTOAUTHCS B 3ByKOBOCIIPOM3BO/IAILEH anmaparype. ABTOp
M3TOTOBWJI MAKET CUCTEMBI ABTOMATHYECKOU peryanpoBku ycuwieHus HY, ymnoOHoM mist
MPAaKTUYECKOT0 HCII0NIb30BaHus (puc. 5).
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Puc. 5.

Cxema nmeer onHonossipHOE nutanue +12V. Ha Bxoae npeaycMOTpeH IenuTeNnb, KOTOPbIi
MO>KHO MOA00patTh /it paboThl C TEM WM MHBIM UCTOYHUKOM curHaia. Kak Toiapko HalgeTcs
JUIsL 3TOTO BpeMsI HY>KHO OyJIeT onpoOOBaTh CXEMY PHUC. 5. U OTpaHUYEHUsI TPOMKOCTH
TEJIEBU30pPa BO BPEMsI PEKJIAMBI.

3.3. 'enepaTop c aBTOMaTHYECKUM PETYIMPOBAHUEM AMILIUTY/bI HA JIAMIIE HAKAJIUBAHMSL.
[Tockonbky reneparop HY ¢ aBToMaTH4ECKUM PETYIMPOBAHUEM AMIUIMTYbI, HE CKIIOHHBIN K
Napa3uTHBIM KOJICOAHUSIM MPH MEPECTPOIKe YaCTOTHl Ha IMOJIEBOM TPAH3UCTOPE U3TOTOBUTH HE
yAanoch, ObljIa OPOOOBaHA CXEMa C JIAMIIOUYKOW HaKaJuBaHUS (CM. puc. 6).
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Puc. 6.

Cxewma puc. 6. paboTana BIOJHE yA0BICTBOPUTENHHO, TIO3TOMY Ha HEMl perieHo Obu10
OCTaHOBUTHCS. HemocTaTkoM cXeMbl SBIISIETCS JOBOJILHO OOJIBIIION TOK MOTpeOIeHus (0KOJI0
150mA). ITockonbKy TOK TOTpeOICHHS 3aBUCUT OT THIIA IPUMEHSIEMOH JIaMIIbI, €€ JTydIlle B3sITh
MaJIOMOIIIHYI0. ABTOP MCHOIB30Ba]l KOMMYyTaTOpHYto JlaMity KM6-50 6V 50mA. Tlockonbky
BBIXO/IHAsE MOIIIHOCTH MUKpocxeMbl NE5532 Henoctatouna asis paboThI € TaMIO HaKaTUBaHUS,
K MHUKpoOcXeMe ObUT 100aBJIeH SMUTTEPHBII noBTOpUTENb. [loBTOpUTENH paboTaeT B pexxume A,
YTO MO3BOJISIET XOPOIIIO UCTIOIH30BaTh YaCTOTHBIE CBOWCTBA TpaH3ucTopa. Komnekrop
TpaH3UCTOPA 3a3€MIJICH, IOATOMY PaJHATOP MOKHO He u30HupoBath. ConpoTusieHus mo 50 B
e SMUTTEPA U TIOCTIEA0BATENBHO C IAaMIIOUKOH nogo0pans! ams gammnouku KM6-50. Eciu
yacTCsl HAlTH JTAMITOYKY C MEHBIITUM pabodnM TOKOM, MOXKHO Oy/eT IPUMEHUTH Oolee
BBICOKOOMHBIE COTIPOTUBIIEHUS, YTO YMEHBIIUT NOTPeOIsieMblii TeHEpaTOPOM TOK. B pesynbTare
JOpabOTKHU CXEMBbI pUC. 6. TOJIyYHJIach cXeMa pHcC. 7, KOTopas Obliia B3siTa 32 OCHOBY JIJIst
pa3paboTKu 3aKOHYEHHON KOHCTPYKITHH.
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UEMOUMUROL o MO NoAYHYUMES  ycuaumess ¢ abmomamuueciod peugripebiof yeurenus (APY)
Conpomubaerue RS nobuwaem ygemeddubBocme gempodemba npu nodade ka Brod Sossuwix (e cnowsw
Bomm Sdpermubtczo H-IHHEH-!!} Hanpskesud, O pesucmepor RS cmpodiemBo npodmo
u'z.puuuﬂuﬁunm Bxcdrwe cutHowel., Ecau nodame Seasitol duzHas” Ses RS dpasy Ha C3,moc ua
Buizode cuznoa mokem douezngme (W nesBumecs Buobe Hotla Hanpagerue e brode ByBem cuieno)
E‘O"PDWE.AEHHE B9 mMogdo ‘I'_.:Eléﬁbl'-lurrlh do iﬁﬁ_‘ﬁ.? npy  #moH 18HE pamop Ebrpnﬁammﬁqem
HEuoRafdHHDe  cuHyooudassHbie RoseBaHus npu CHufedun  HAnpAkEHUA  numadus o BV,

[:{:npom--fmeuult R4 nodcbparo dis LBk L L e el annHMHahl L33 Hedorraco barmo o
noackun cdbee urotc Bi. O nodelpamnitt B4 ulsmenedde amhaimyde: we Sonee 10% npu noamom nabopo

Puc. 7.
[TockonpKy cABOCHHOE MEpeMEHHOe conpoTuBieHne R1 00s13aTebHO IMEET HEKOTOPHIH
pa3dpocC MOJIOBHH, PELIEHO OBLIO MPEITyCMOTPETh MOAOOP AOMOIHUTEIBHOTO COIPOTUBICHUS
MOCJIEIOBATEIHLHO C OJJHOM M3 MOJIOBUH YTOOBI YMEHBIIIUTh HU3MEHEHNUE aMILTUTY bl TIPH
MepecTporike 4acToThl. B MoeM ciydae nmoTpeboBanoch ycraHoBUTh R4 Ha 270Q).

Comporusnienne RS npenorspaiiaer neperpy3ky Bxoaa MUKpocxeMsl. [Ipu nanpHenmmx
OTIBITaX CO CXeMOMW 0Ka3ajocCh, UTO U3-3a HAIMYMsI RS BX0J MUKPOCXEMBI CTAHOBUTCS
MOJIBEPIKECH JEHCTBUIO HABOJIOK M OT HETO OBLIO PEIICHO OTKA3aThCsl (3AMEHUTH TIEPEMBIYKON ).

UToOb! OLIEHUTH CTAOMIH3UPYIOLIEe IeHCTBUE JIaMITbl HAKAJIMBAaHUS ObLI OCTaBJICH
CIIETYFOIINN dKCTIepuMeHT. MocT BruHa ObUT OTKIIFOUEH, @ BMECTO HETO K TOUKe “A”
noakmoumy revepatop HY. Tak yganoch CHATh aMIUIMTYAHYIO (pUc. 8) U aMILTUTYTHO-
YACTOTHYIO XapaKTEPUCTUKY YCUIIMTENS C TaMIIOW HAKaJIUBaHUS B Ier oOpaTHOU cBs3u. Kak
BUJIHO U3 PUC. 8, YCHUIICHHWE MEJIEHHO CHUKAETCA MPH YBEIMUYEHUU BXOJHOTO HAIPSKEHUS.
AUX ne umeet uckaxxenuit 10 200kHz (Heuem ObuTO IpOBepHTH Ha YacToTax Oonee 200kHz).

Cxema puc. 7 nokasaia cedst yIOBIECTBOPUTEIILHO U Ha €€ OCHOBE ObLI pa3paboTan
Monayib renepatopa H4 LFO1MO. IIpunnunuaneHas cxema MoayJisl IokazaHa Ha puc. 9. Jlanee
MIPUBOJUTCS €€ MOAPOOHOE OMUCAHHE.

I'enepatop HY coOpan Ha HIDKHEH 10 cxeme mosioBuHe MUKpocxembl DA tuna NE5532.
B renepartope umeroTcs Be Lenu 00paTHOM CBSI3U — MOJIOKUTEIBHOMU, 33 CUET KOTOPOi U
MIPOUCXOUT TeHepaIus KOJIeOaHUH 1 OTPUIIATEIILHON ISl CTA0MITH3AIMH AMILTUTYIbI
Kosie0aHuil.

[ens nonoxxutenbHO# o0patHoii cBsizu (R2 C1 R1.1 R1.2 R3 C2) npexncrasnsier cod6or0
MocT Buna. [Ipu nomouu ciBoeHHoro nepeMenHoro conpotusienust R1.1 R1.2 Bo3moxxHa
perynupoBka 4acToThel kKosiebanuii. Conporusienust R2 u R3 orpannumnBaior auamnasox



perynupoBaHus 4acToThl. Eciiu Moaynb coOupaeTcs /Ui UCTIONIb30BaHUs B KaUueCTBE
nabopartopHoro reaeparopa HY, conporusnenus R2 u R3 MmoxHo mogo0paTe TakuMm o0pazom,
4TOOBI JOOUTHCS HAUMEHBIIUX KOJIEOaHUN aMIUTUTYAbI IPH MTOBOPOTE PYYKU YCTAHOBKU
4acTOThI U3-3a pa3zdopoca nmonoBuH R1.1 u R1.2. JIns paGoThkl B HECKOIBKUX JUANa30HaX 4acTOT
MO’KHO nepekitoyarh konaeHcatops! Cl u C2.
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Yepes nepembruky RS u konznencatop C3 curna noctynaeT Ha HEMHBEPTUPYIOIIUN BXOJ
Mukpocxembl. ConpoTtusieHuss R7 u R8 o0pasyroT nenurens, ¢ KOTOPOro CHUMAETCS
HaIpsDKEHUE, paBHOE M0JIOBUHE HanpshkeHus nuranus. Konaencatop C7 cityxut i
noaasiieHUs omex. Yepes conporusiieHne R6 ¢ nenurens HanpsKeHUe CMELEHUs oAaeTcsl Ha
BXOJ] MUKPOCXEMBI U 33JIa€T €€ PEKUM pabOTHI 10 TTOCTOSHHOMY TOKY.

[lerb oTpuaTeIbHON 00pAaTHOM CBS3M COCTOUT U3 pe3nuctopa R10, yepe3 koTophrit
JeicTBYeT 0OpaTHast CBA3b MO MOCTOSTHHOMY TOKy 1 nenouku R11 HL1. Konnencaropsr C4 u C5
— pazaenurensHbie. ConporuBienne R11 u mamna vakanuBanus HL1 o6pasyroT nenurenb
OTpHULIATENILHON 00paTHOM CBSI3H, MPH MOMOIIU KOTOPOTO CTAaOMIM3UPYETCS aMIUIUTY 1A
kosebanuii. PaccMoTpuM Kak mpouCcXoauT cTabuiu3anus aMIuiuty abl. [Ipeamnonoxum, 4yTo mo
KaKUM-HHOYIb IPUYMHAM aMIUIMTY1a YBEIHUMIach. [Ipyu yBenn4eHUu BBIXOAHOTO HAIPSHKCHHUS
rerepaTopa (Ha BeiBoJie Tuiatel OUT) yBenuuuBaeTcs U TOK Yyepe3 AeIUTeNb. Y BeIMYeHne TOKa
yepe3 HL1 npuBoauT k pazorpeBy ee HUTH. [loCKoJIbKY HarpeTasi HUTh JIaMIIbl HAKAJIMBaHUS
“MeeT OoJIbIliee COMPOTUBIICHUE, YeM XO0JIoHAas, KodddunmeHT nepeaaun aeautenst R11 HL1
YBEIMYMUBACTCS. DTO MPUBOAMT K YBEITMUEHHIO TITyOUHBI OTPUIIATEIILHON 00paTHOM CBS3U U
YMEHBIICHUIO aMIUTUTYbl KOJeOaHui.

[TockonbKy BBIXOJHAS MOITHOCTh MUKpocxeMbl DA 1 HenocTaTouna aist paboThl C JaMIToin
HaKaJMBaHUs, HArpy3Ka U Leru oOpaTHOM CBS3U MOJKIIIOYEHBI K Hel Yepe3 SMUTTEPHBIN
noBToputenp Ha Tpansucrope VT1. Ilockonbky npumenen tpansuctop VT1 ctpykrypsl PNP,
€ro KOJUJIEKTOP OKa3bIBA€TCS COEIMHEH C OOIIKUM MPOBOAOM, IIOATOMY pagraTop He HY>KHO
U30JIMPOBATh.

B cxeme puc. 9 Takxke nmpeaycMoTpeHa BO3MOKHOCTh YCTAHOBKH MUKPOCXEMBbI-
crabunuzatopa DA2 B uenu nutanus. IIocKoIbKy €€ TemI00TBO COSTUHEH C O0IIUM
IIPOBOJIOM, pauaTop MUKpocxeMbl DA2 Takke He Hy’KHO U30JIMpOBaTh. VICTOUHUK NUTaHUS
noJpKeH obecrieunth B Touke POW?2 Hampspkenue +12V.



B cxeme ucmnonbp3yercs 0JIMH U3 ABYX ycuiureneil MukpocxeMmbsl DA1. Bropoil ycunurens
MOJKET OBITh HCIIOIb30BaH B KaUeCTBE MOBTOPUTENSA. Eciiu BTOpO yCHIIUTENb HE HYKEH, HYKHO
COeAMHUTH BBIBOJIBI Tu1aThl U/2 u FI.
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Puc. 9.

Jlnst cxemsl puc. 9 Obia pazpadorana nevarHas miara (cM. puc. 10). B Helt ncrons3oBaHbI
nocTostHABIe conpoTtuBiienus turna MJIT (C2-23, C2-33, MF) momtHocThio 0.5W, Kpome
conpotuieHuit R9 u R11 tuna SQP (B mpsMOyroibHOM KepaMHUE€CKOM KOPITYCe) MOIIIHOCTHIO
SW. V¥ conpoTuBieHU# U KOHIEHCATOPOB, KOTOPBIE OBIBAET HYKHO MOA00OPATH MPETyCMOTPEHO
IO JIBa OTBEPCTHS JIsl KaXKJ0TO U3 BEIBOAOB. B 3TH 1Ba OTBEPCTHSI MOKHO MPOITYCTUTH
MIPOBOJIOYHYIO METIII0, CBUTYIO CO CTOPOHBI YCTaHOBKH paauojeTtaneid. CHU3y (T. €. CO CTOPOHBI
MeYaTHBIX MTPOBOIHUKOB) ATy METIII0 HYXKHO MPUIIAATh K IEYaTHHIM MTPOBOJIHUKAM, a CBEPXY K
Hel yn00HO mpuriauBath noaoupaemsie aetanu. Konnencaropsr C6, C7, C8 u C3
MaorabapuTHBIE KEpaMHUYECKUE C PACCTOSTHUEM Mk 1y BeiBogamMu Smm. C5 — tuna K73-17
WM ¢ MEHBIIMMHU pazMepaMi (IIpelyCMOTpEHa JOTIOHUTENbHAS TTapa OTBEPCTUH).

Xoa padoTsl
1) U3y4uTHh CXEMBI IPOCTOTO TeHepaTopa 3ByKoBbIX yacToT (HY), npeacraBneHHbIX Ha puc. 1.au
0, BEIYCPTHTD, JaTh XapaKTCPUCTHKY.
2) Natb xapakTepucTHKy y31oB npuodopa (Puc. 11.1- Puc. 11.6)-mo BeiGopy npemnogaBaTens;
3) Haueptuts 6110k — cxemy (Puc. 11.7- Puc. 11.18) no BbiOOpy npernonasarens;
4) Haueptuth u 00BsACHUTH paboTy cxembl HY 150'n-16kI1; I'eHepaTOpbl CHHYCOMIAILHOTO
CUTHaJa HU3KOW YacTOThl Ul M3MEPUTEIbHOW ammapaTypsl U ycTpoiictBa APY; BrixonHoii
YCHINUTENb C aTTEHI0ATOPOM;
IpakTuyeckas padora Ne§.
Tema 3.2. 'eHepaTOpbl CUTHAJIOB BHICOKOI 4YaCTOTHI.
N3yuyenune n3MepuTeIbHbIX F€HEPATOPOB BHICOKMX YaCTOT



Heap padorebl: M3yunTts Ha3HaUY€HNE, HOPMUPYEMBIE NTapaMETPhl, YCTPOMCTBO U CTPYKTYpPHBIE
CXEMbI TeHepaTopoB Tuna ['4, MeTo/bl MOBEPKH OCHOBHBIX METPOJOTHUYECKHX XapaKTEPHCTHUK.
[TpuoOpectu mpakTUYeCKHe HaBBIKK pabOThl C HM3MEPHUTENbHBIMH TE€HEpaTOpaMU BBICOKHX
4acToT.

Ilepedyenn ucnobL3yeMoro o00pya0BaHuA

I'eneparop tuna ['4

Teopernyeckast 4acTh:

BricokouacToTHblil TeHepaTOp curHainoB ['4-106 ¢ aMmuMTyIHOW MOAYJIALIMEN MpeTHAa3HAYCH
JUI HAaCTPOWMKH, KOHTPOJISI U MCIBITAHUM PAJIUOTEXHUYECKHX YCTPOMCTB YJIBTPa3BYKOBOIO H
YaCTUYHO PaJIMOBEIIATEIbHOIO JUaNa30Ha YacToT.

2. OCHOBHOE TEXHUYECKUE JJAHHBIE

2.1. Ilpubop obecnieunBaeT cieayomue peKuMbl padboT: a) HenpepbiBHast reHepanus HI;

0) BHYTpEHHssI aMIUIUTYAHas MOJYJSIIMS CHHYCOWAAJbHBIM HamNpshoKeHUEe; B) BHELIHSSA
aMIUIUTYIHAs MOJIYJISALIMSA CHHYCOUAABHBIM HAIIPSHDKEHUEM; T') PeKUM MaKCHUMaJIbHOTO CUTHAJIA.
YACTOTHBIE ITAPAMETPHI (F - napametpsr)

2.2. Ilpubop obecneunBaer auamnasoH uvactor ot 0,01 go 12.5 Mru. /luanazon yactoT
MIEPEKPBIBAETCS CEMBIO MOJIMANIa30HaMHU.

B reneparope mmeeTcss BCIIOMOTaTeNbHBIM Juana3oH ¢ rpaHu4HbIMHA dactotamu: 0.430-0,510
MIn.

2.3. Ilpenen nomyckaeMOl OCHOBHOM ITOTPENIHOCTH YCTAaHOBKM 4YacTOTBI T€HEparopa He
IIPEBBILIACT:

+ 0.5% - Ha BcIiOMOTaTEILHOM JUaIa3oHe;

+ 1.0% - B ntnanazone yactot 0.1-12.5 MI'n:

p 1,5% - B tuanazone 0,01-0,1 MI' (1 mogauana3zoH) ¢ mMOACTPOUKOM YaCTOTHI,

3.4. HecTaGMibHOCTh 4acTOTHI 3a JitoOble 15 MUH. paboThl reHepaTopa Mociie caMOnporpeBa B
tedeHre 30 MUH. B HOPMaJIbHBIX YCIIOBHUSIX HE TPEBbIIIAET

1 (250 10-6 fr+30) I'u.

2.5. Ilapa3uTHasi neBUALMS YaCTOTHI B pEKUME HEMPEpbIBHOM reHepanuu B nojoce 30-15000 '
He npesbimaet (1.0 10-6 fr+30) I'.

[TAPAMETPbl  BBIXOJHOI'O HAIIPSDKEHUS B PEXUME  HEIPEPBIBHOM
I'EHEPAIIUU (U - mapameTpsl)

2.6. BeixogHoe HampsDKeHHE TeHepatopa Ha corjacoBaHHoW Harpyske (50ul) Ow,
MOJKITIOUEHHOH uepe3 kadesnb K OCHOBHOMY BBIXOJly F'eHepaTopa

8
" " peryaupyercs B HopMaibHbIX npenenax ot 0.5 1o 5 10-7 B; ¢ BBIHOCHBIM aTTEHI0ATOPOM Ha
201b Bo3mMoOkHa perynupoBka g0 1 10-7 B.

PerynupoBka npoussogurcs cryneHsMmu depe3 10ab ot 0 no 110ab u mumaBHO B mpexpenax
Ka)XJ0M CTYTECHHU.

2.7. llpenen nomyckaeMONM OCHOBHOM TIOIPEHIHOCTHM YCTAHOBKM OIOPHOTO 3HAYECHMS
HanpspkeHus: 0.5B u yCTaHOBKM HampspKEHUs MO IIKaje IJIaBHOM PEryJIMPOBKU HE MPEBBIMIACT
plab, mpu paboTe renepaTropa Ha COrJIacCOBaHHYIO Harpy3ky (50pl) Om.

2.8. Ilpenen momyckaeMoil OCHOBHOW TMOTPENTHOCTH YCTAHOBKH OCJAOJICHHsI CTYIEHYATOTO
aTTEHI0AToOpa He npesblaet +11ab.

2.9. Ilpenen momyckaemMoil OCHOBHOM TOTPEIIHOCTH OCJIa0JICHUS BEIHOCHOTO aTTEHI0aTopa He
npessimaeT plab; BerxogHoe conporusienue arreHroaTopa 50 Om p5%, 75 Om p5%.

2.10. HectaOuiabHOCTh YPOBHS BBIXOJHOTO CUTHANa 3a JIFOObIe 15 MuH. paboThI TeHepaTtopa
nociie camonporpesa B TeueHue 30 muH. He npessimaet p0.11b.

2.11. Koadpdunuent mo000i1 M3 TapMOHUK BBIXOJHOTO CHIHajla Ha OCHOBHOM BBIXOJE
reHeparopa, a TakXKe YpOBEHb KOMOMHALIMOHHBIX COCTaBJSAIOIIMX Ha | mMmojaauana3zoHe, IO
OTHOILIEHUIO K YPOBHIO [IEPBOM rapMOHUKH He npeBbimaeT 5% (126 nb).

2.12. Ilapa3uTHas aMIUINTyIHas MOJYJSALMS CHUTHaJla Ha OCHOBHOM BBIXOJIE TI'€HEpaTopa B
peXuMe HenmpephIBHOM TeHepanuu He npesbliiaet 0.5%.



2.13. BbIxogHOE HampspDKEHHE N0 HeKaJTuOpPOBAaHHOMY BBIXOJAY Ha MOJHOM Harpyske (50uS) Om
e menee: 0.3 B Ha 1 mogananazone. Hanbompiee HanpsiKeHUE 110 HEKATHOPOBAHHOMY BBIXOTY
He npesbimaet 3 B. [lapameTpsl curnana Ha 3TOM BBIXOJE HE FapaHTUPYIOTCS.

[TAPAMETPbl AMIUIMTYJHOM CHUHYCOUJAJIBHOM MOAYJIALMU (AM -
napameTphbl)

2.14. AmMmuTtynHas MOAYJSALHS CUTHAJIA OCYHIECTBJISIETCS OT BHYTPEHHErO0 HWCTOYHHKA
Moayssinuu yactotor 1000 I'n ¢ morpemnocTthio 5% u wacroramu 50-10000 I'n oT BHemHero
MCTOYHUKA MOJYJISIINU.

2.19. KoapuumeHT aMIumuTy THOH MOIYJISALUK PEryupyeTcs B HOMUHAIBHBIX mpenaenax ot 0
10 90 2 u orcuutkiBaetcsa B mpeaenax oT 10 mo 80% crynensmu mo 10% Bo BceM nuara3oHe
MOJYJIUPYIOIIMX U HECYIIUX YaCTOT.

[Ipenen pomyckaeMoil OCHOBHOM TOIPEUIHOCTH YCTaHOBKM KO3 (UIUMEHTa aMIUIUTYIHOM
MoysuK He npesbimaeT (10 % (B mpoueHTax MOJIYJISINH ).

2.16. KoadduuueHt rapMoHUK orubaromieil aMIUIMTYAHO-MOJYJIMPOBAHHOTO CHTHala IpH
koddpurmente moayisiiuu 10 80% BKIIOUUTENHHO (IO MIKAJIE TeHepaTopa) He mpeBbiaeT 5%
B HOPMaJIbHBIX YCIOBUAX DKCIUTyaTallUH.

KoadduimeHT rapMOHUK BHEIIHEro MOAYJIMPYIOLIETO0 CUTHANAa MPU 3TOM JIOJDKEH OBbITh HE
oonee 1%.

2.17. CurHan BHELIHETO0 MOJYJHUPYIOIIEr0 T'eHeparopa, HEOOXOJUMBINM Ui oOecrevyeHus
kodddurmenta ammmutynHod moxymsmuu  90%. momwkeH ObiTh He Oonee 2 B mpm
COIIPOTHUBIICHUH BX0Ja MoayJsatopa (600pu220)Om.

2.18. Ilpenen npomyckaeMoOW TMOTPEIIHOCTH YCTAHOBKH OIOPHOTO 3HAYEHUS BBIXOJHOTO
HaANPsDKEHUS Y 3HAYEHUH BBIXOJHOIO HAIIPSDKEHUS IO 1IKajJaM IUIABHOM peryJIupOBKH BbIXOJA, B
peXuMe aMIUIMTYJHOW MOZXyJiAnMH, He mpessimaer u2.0 b npu yactorax moxynsuuu no 10
k[ 1 ko3 durnmente moyssiuuu 10 80%.

2.19. T'enepatop coxpaHS€T CBOM TEXHHYECKHE XAPAKTEPUCTUKM IPH NMHUTAHUH €r0 OT CETH
nepeMeHHoro Ttoka HampspkeHueM 220B p 10%, wacrotoit 50 I'm + 1% wu copepxkanuem
rapMoHUK 10 5%.

2.20. MoutHocTb, moTpedasieMas TeHepaTOpoM OT CETH NMPH HOMUHAJIBLHOM HANpPSKEHWH, HE
npesbimaet 35 BA.

2.21 T'abGaputHble pa3Mepbl NpuOOpa, MOCTABISAEMOrO B YKJIAJOYHOM SIIMKe, He Ooiee
190x385x240 MM.

2.22. Macca npubopa He 6onee 11 kr.

3. CTPYKTYPHAA CXEMA

CrpyktypHas cxema npubopa 1'4-106 npuBeaena Ha puc.l. PaGora mpubGopa reHepatopa B
3aBHCHMOCTH OT BBIOPaHHOT'O MOJIIANa30Ha YacTOT MPOUCXOIUT IO Pa3HOMY.

CHauana paccMOTpUM paboOTy reHepaTropa NpU BKIIOYEHHWH JI0O00ro Mojaguana3oHa 4YacTorT,
KpoMe nepBoro, T.e. Ha nogauana3zonax 0.1 —12.5MI'n u BcnomorarensHoM nuanasone 0.430-
0.510 MTI'm.

PEXXUM HEIPEPBIBHOM 'EHEPALIMU

B pexume HempepbIBHOW TIeHepallMyd B 3aJalollleM TeHeparope paboTaeT TOJbKO IUIaBHBIN
reHeparop. IlnaBHBI reHepaTop BBINOJIHEH [0 WHIYKTUBHOW TPEXTOYEYHOM CXEMeE.
Ilepectpoiika 4acTOThl B Mpeenax MOAAHaNa30Ha IPOU3BOAUTCA KOHJAEHCATOPOM MEPEMEHHOMN
€MKOCTH, NIEPEX0/]I OT MOAIUaNa30Ha K MOIMaNa3oHy - KOMMYyTaluel KaTyleK HHAYKTHUBHOCTH.

CurHan c¢ IUIaBHOTO TeHepaTopa IIOCTyMaeT Ha MOAYJATOp, TNPEACTaBIABIINN coOoit
HIMPOKONONOCHBIH ycunutenab. C BbIXOJa MOIYJISATOpA CUTHAJ IMOJAETCS HA HIMPOKOIOIOCHBIN
YCHJIMTENIb OCHOBHOTO KaHana (nepexitouatenu 11, [12 u 13 Bo BTOpoM nosoxeHun).

JI1st aBTOMaTH4YECKOro NOAIEP>KAHMS YPOBHS CHTHAIa HA BXOJIE aTTEHI0ATOPa TPAKT OCHOBHOTO
KaHaja F€eHepaTopa 0XBAayY€H LIETIbl aBTOMAaTUYECKON PETyJIMPOBKH YpOBHA curnana APY.

BBIXOTHOM CUTHAQJI yCWJIMTENE OCHOBHOTO KAaHAJIa BBIIPSAMIISETCS JETEKTOPOM M IOJAETCS Ha
nepBblil BxoJ nuddepeHiuanbHoro ycunutens noctosHHoro Toka (YIIT) cucremsr APY. Ha



BTOPOM BXOJ IOJAETCA IOCTOSHHOE OIOPHOE HAIPSHKEHUE C PEryJsATOpa OIOPHOIO YPOBHS.
VYennennas YIIT pa3HOCTh MeXIy ONOPHBIM HANpPsUKEHHEM M HAIPSDKEHUEM C JIeTEKTopa
U3MEHSET CUTHAJI Ha BXOJE ILIMPOKOINOJIOCHOIO YCWIIMTEIS TaK, YTO YPOBEHb BBIXOAHOIO
HaIlpSDKEHUST OCHOBHOTO KaHaJa CTAHOBUTCS IPOINOPIUOHAIBHBIM  YPOBHH  OIOPHOTO
HanpspkeHus. [Ipy  TOCTOSHHOM OMOpHOM HampsbkeHHMM cucrema APY  obecneunBaet
cTaOMIM3alMK BBIXOJIHOTO YPOBHA Mpubopa B npeaenax 10 1b ¢ moMolpio pydku peryisropa
OIIOPHOTI'0 YPOBHHI.

Takum obpazom, cucremMa APY ncrnonb3yercs u s IIaBHOW PETryJIMPOBKU BBIXOAHOIO CUTHAJA
B npenenax 10 nb. B aTom ciyyae M3MEHEHHE BEIMYMHBI ONIOPHOTO HANPSIKEHHSI Ha BTOPOM
Bxoae nuddepernuanbHoro YIIT BbI3BIBaCT COOTBETCTBYIONIEE W3MEHEHHE BBIXOJTHOTO
CUTHAJIA.

Cucrema ctaOunu3anuy ypoBHS 00ecreurBaeT HyJIEBOE BBIXOJHOE COMPOTHBIIEHUE MpHOOpa B
TOYKE MOJKIIOUEHUs JeTekTopa. Bce KkonebaHus CONMPOTHBICHUS HArpy3Kd HE H3MEHSIOT
BBIXOJHOTO  HampspKeHUss  mpuOopa, 4YTO  OKBHUBAJCHTHO  HYJEBOMY  BHYTPEHHEMY
conpotuBieHuio. RI=0. bamnactHoe comportuBienue RO= 50 Om oOecrneuynBaeT BBIXOAHOE
COIIPOTHUBIICHHE PUOOpa B TOUKE MOJKIIOUEHHS aTTeHoaTopa paBHbIM 50 OM. Onaromaps yemy
JOCTUTaeTCsl XOPOIIIEE COINIACOBAHKUE B BBIXOJHOM TPAKTE€ OCHOBHOI'O KaHABaA.

NueprmonHocth cuctembl APY TakoBa, 9To OHa cpabaThIBaeT TOJBKO IO CPEIHEMY 3HAYEHUIO
BBICOKOYACTOTHOTO CUTHaJIa U MOKET OBITh MCIIOJIB30BaHA B PEKUME MOTYJISIIHH.

I'myGokast perynmpoBKa aMILTUTYIBI BBIXOJHOTO HampsbkeHus cpoimie 10 nb ocymectisiercs
CTyIIEHYaThIM aTrTeHraropom BY.

BxiroueHue 1 BBIKITIOUYEHHNE OCHOBHOTO KaHaja ITPOU3BOAUTCS CHATHEM HAIIPSKEHUS MUTAHMS C
YCHIIUTEIISI OCHOBHOTO KaHaina Tymbnepom "V" (Ha cxeme He TIoKa3aH).

PexxnM BHYTpeHHEH aMIUIUTYTHON MOIYJISLUN

B pexume BHYTpeHHEH aMIUIMTYAHOW Moayisiuvu (mepexmodarens 114 B monoxeHun
"BHYTP". nepexmrouarenu I1l, T12 u I13 HaxomsTcs BO 2 TMOJIOKEHWUH) TEHEPATOP 3BYKOBOMU
4acToThl BbIpabaTeiBaeT HampspkeHue vactotoil 1 xI'm. Ilpum sTOoM Ha BXoje MoaynsTopa
CYMMHUPYIOTCSI cJaOblii BBICOKOYACTOTHBIM CHUTHaAJl C IUIABHOTO TeHeparopa U OOoNbIIOH
MOZYJIUPYIOIIMM CUTHAJ C TEHEpaTOpa 3ByKOBON YaCTOTHI.

Monynarop npeiacTtaBisieT co0OM MIMPOKOMOJIOCHBIM ycmiutenb, koddpouuueHt I[lepemaun
KOTOPOTO YIPABISETCd MOIYJUPYIOIIUM CHUTHAJIOM. MOJyJIHpYIOIUM CHUrHAT Kak Obl
nepeMekaer pabouyr0 TOYKY YCHJIMTENs MO HEJIWHEHHOW XapaKTepUCTUKE Ha YYacTKe C
Pa3NIUYHON KPyTHU3-HOM, U3MEHSS TEM caMbIM K03(pPULIMEHT nepeaayu KaHama.
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Takum oOpa3om, B MOIYJIATOPE y BBICOKOYACTOTHOTO KojiebaHus (opma He HCKaxaercs, a
TOJIbKO M3MEHSIETCSI €r0 aMIUIMTYyJa B COOTBETCTBHHM C 3aKOHOM HM3MEHEHHSI MOJYJIHPYIOLIEro
CUTHaJA.



BbixonHol curHan moaynaropa mocie (QUIbTpaldyd MOJIYJTUPYIOIIEH YacTOThl OKa3bIBAeTCS
MIPOMOIYJIMPOBAHHBIM 1O amIutuTyae. [Ipu aTom rirybuHa MOIySALMU OKa3bIBAE€TCS 3aBUCALICH
TOJIBKO OT BEJIWYMHBI MOJYJUPYIOLIETO CHUTHAJa M HE 3aBUCUT OT aMIUIMTYJbI
BBICOKOYACTOTHOTO. JTO OOCTOSATENBCTBO TIO3BOJISIET M3MEPSATh W HU3MEHATh TIIyOuHY
MOJYJISILIMY, U3MEPSIS U U3MEHSISI BEIMYMHY 110/1aBa€MOT0 MOYJIMPYIOLIETO CUTHAIA.
PerynupoBanue 1 OTCUeT BETUYMHBI MOIYJIUPYIOUIET0 CUTHalIa, HEOOXOIUMON ISl TOTy4YEeHUS
TpeOyeMoro Kod(pQHUIMEHTa MOIYJISALIUH, MNPOU3BOIUTCS JBYMs CTYNCHSIMH: CHauaia
noteHuromeTpoMm "YPOBEHDb MO/IVYJL." ycTanaBiuBaeTcs: onpeAeieHHOE OMOPHOE 3HAYEHUE
MOJIyJTUPYIOILEro CUrHajia 1Mo MHIUKaTopHOMY Ipubopy (Ha pucky "K"), 3aTeM oHO nenutcs B
TpeOyeMOM OTHOILLIEHUH CTYNEHYAThIM AaTTEHI0ATOPOM HU3KOM YacTOThI, MPOKAIHOPOBAHHOTO
HETOCPEJCTBEHHO B IMPOLEHTaX TITyOMHBI MOAYJISALUH. YCTaHOBKA Ko3(dduimeHTa Moaynsauuu
muckpetHo mo 10 % ocymectBisiercs nepekimodareneM "M%". Ilorenmmomerp "VYPOBEHD
MOJIVJL" u nepexmtouarens "M%'" HaxonaTcst B 6JI0Ke PEryJIMpPOBKH U OTcyeTa TiyOonHsl AM
Y BBIHECEHBI Ha JIMIIEBYIO MaHeb puodopa.

Cucrema APY mnopnepkuBaeT ONOpPHBIM ypOBEHb B 3aJaHHBIX IEpeAciax M B pEXHUME
aMIUTUTYTHOM MOJyJILIMY, TaK Kak MocTosiHHas BpemeHH APY BbiOpaHa Takoif, 4To cucteMa He
pearupyer Ha aMILUTUTYJHYIO MOAYJISILIUIO CUTHAA.

[IpomoaynupoBaHHasi curHai yepes arteHroaTop BU moctynaer Ha OCHOBHO# BBIX0JT pubopa.
Pesxxum BHelIHe#l aMINIUTYAHOM MOAYJISILMU

B pexume BHeUIHEN aMIUTUTYTHOW MOIYJISIIMA CHHYCOUAAIBHBIM CUTHAJIOM Iepekirouarens [14
nepesogutcss B nosnoxeHnne "AM.BHEII". Ilpm »TOM reHeparop 3BYKOBOW YacTOTHI
oTkirouaercss oT moxyisstopa. K raesny "AM.BHEI" noaBoauTcs OT BHEIIHETO MCTOYHHKA
HanpspkeHue 1.5-2B ¢ wactoramu ot 50 1o 10000 I'm.

OTO HANpPSKEHHUE MTOJAETCS Ha MOAYJATOP, B KOTOPOM OCYIIECTBIISIETCS MPOLECC AMIUIMTYIHOU
Monynsiuu. Bo Bcem ocraibHOM pabora mpuOopa aHAJOTMYHA PEXHUMY BHYTpPEHHEH
MOAYJISALUN.

Pexum MakcUMalIbHOTO CUTHaJIa

B pexume makcuMmanbHOrO curHana nepekirodarens I11 mepeBoautcst B nepBoe nosoxxenue. B
3aJialoIleM reHepaTope paboTaeT TONbKO IUIaBHBINA reHepaTop. BricOkOYacTOTHOE HANPSKEHHUE C
BBIXO/Ia IJIABHOTO I'eHepaTopa MOCTYMaeT Ha BXOJ IIMPOKOIMOJOCHOTO OydepHOro ycumurens
BCIIOMOTAaTEIbHOIO KaHajla. BBIXOIHOM CHUTHAl 3TOr0 YCHUJIMTENS CHHMMAETCS C BBIXOJIHOTO
pazbema mpubdopa "1V".

BxitoyeHne ¥ BBIKIIOYEHHE BCIOMOTATEIbHOIO BBIXOAA MHPOM3BOIUTCA TymOiepom "1V"
MOJIKJIFOUYEHUEM WM CHSTHEM HaIPsHKEHUS MHUTAHUS C yCWIMTENs. BbIXoAHOE HampspKeHue Mo
HEKAIMOPOBAaHHOMY BCIIOMOTaTeIbHOMY BbIXOAy He mpeBbimaeT 3B. Ilapamerpsl curnama Ha
3TOM BBIXOJI€ HE TaPAHTUPYIOTCA.

Pa0ora reseparopa Ha nepBoOM NoAHAINA30HE

Huanazon uactotr 0.01-0.1 KI'mm dopmupyeTcs MeETOIOM TE€TepOJAMHHOTO MpeoOpa3oBaHUS
4acToThl BHU3. B 3a1aroiiemM renepatope npu 3ToM paboTaroT IUIaBHBIA FeHepaTop U IeHepaTop
¢buKcupoBaHHOM YyacToThl 415

k['. B mmaBHOM reneparope npeycMOTPEH ClIeNUalIbHbIN noaanana3zos 425-515 kl'.
[Tepexmrouarenu 111 - mepeBoguTcs Bo Bropoe nonoxenue. 112 — B mepBoe. Curnai ¢ BeIxoaa
MOAYJATOpa  (IPOMOAYJIMPOBAHHBIA WM HENPOMOAYJIUPOBAHHBIA B  3aBUCHMOCTH  OT
YCTaHOBJICHHOT'O PEKKMMa) MOJaeTcs Ha BXOJ CMECHUTES.

Ha Bropoil ero BXoa mojgaH CUTHalI OT reHeparopa (UKCHUPOBAHHOM wyacToTbl. CHrHamI
pazHoctHOi yactoThl 0.01-0.1 MI'n Beimensiercs (UIBTPOM HMKHUX YacTOT CMECUTENs U
MoJaeTcss Ha BXOJbl YCHJIUTENICH OCHOBHOIO HJIM BCIIOMOIaTeJIbHOTO KaHaioB. Pabora wux
OIMCAaHa BBIIIIE.

IIpy reTepoAMHHOM NEPEHOCE YacTOThl YXYALIAETCS TOYHOCTh OTCYETAa YacTOThl B HUKHEU
YaCTH MOJYYEHHOI'O UAIa30Ha.

JUnisi yMEHBIIEHUS] TOTPEIIHOCTH OTcyeTa 4acToTel B mnpubope 1'4-106 mpumenena cxema
KOPPEKIIUH YacTOTHI.



K BbIXxOqy ycwinTensi BCIOMOIAaTEIbHOIO KaHaja MNOJKIOYEH BoJHOMEp. OH COCTOHUT u3
KOHTYpa, HacTpoeHHoro Ha yactoTy 0.01 MI'n, nerexTopa u uHauKaTopHoro npudopa. Curxai c
nerektopa 4depe3 HaxkaTryro kHomky "KOPPEKIUA YACTOTDBI nomamaer Ha WHAMKATOP
npubopa. /{oOuBasch MakCHMaIbHOIO OTKJIOHEHMsSI CTPEJIKH MHAMKATOPA, YaCTOTY BBIXOJIHOTO
CHTHaJIa TeHepaTopa MOXXHO TOYHO YCTaHOBUTH paBHOM 0.01 MI'n (mpu 3TOM BH3HpP 4acTOTHOM
IIKaJIBI TOJDKEeH HaxoauThes Ha pucke 0.01 MTI'm).
Cucrema wunaukauuu npubopa [4-106 oOecrmeunBaeT yCTaHOBKY OINOPHOTO HAampsDKEHUS
MOJIYJIUPYIOIIEr0 CUTHAa, a MPH HaXKaTHM COOTBETCTBYIOUIMX KHOIMOK KOHTPOJb BXOJHOTO
HanpsbkeHue ("VBbIX"); KOHTPOJIb HANPSDKEHUS TUTAHUS
(" Vout" ); KOHTPOJIh HACTPONKH MPU KOPPEKITUH YaCTOTHI.
[Tutanue Bcex OJIOKOB M y3710B mpubopa obecreunBaeTcsi OJOKOM, COCTOSIIIUM U3 JBYX
CTaOMIM3UPOBAHHBIX UCTOYHUKOB M HCTOUYHUKA ITEPEMEHHOI0 TOKa.
IHopsiiok NoaAroToOBKH K padore
1. N3yuuTh TeXHUYECKHE JaHHbIE M TPUHLHWII JEWCTBHUS TeHepaTopoB Thma [4- 1o
CTPYKTYPHBIM CXEMaM.
2. TloaroToBUTH KOHCIIEKT C KPATKUMHU OTBETaMHU Ha KOHTPOJIbHBIE BOIPOCHI.
3. ToxaroroBuTh OJaHK OTUYETA, COACPKALIMMA TAOIHUIIBI U CTPYKTYPHBIE CXEMbI H3MEPEHUH.
KoHTpoJibHBIE BOIPOCHI
KakoBbl Ha3HaueHUe U KIaccu(UKAIUS U3MEPUTEIbHBIX T€HEPATOPOB?
KaxoBbl OCHOBHBIE HOPMUPYEMbIE ITapaMeTphbl FT€HEPaTOPOB
CHUHYCOMIaJIbHBIX CUTHAJIOB?
KakoBa TunmuHas CTpyKTypHas cxema IeHepaTopa BBICOKMX YacTOT C aMILUIUTYIHOU
MoAyJsiuuen?
5. KakoBa cTpykTypHas cxemMa (GOpPMHUPOBAHHUS TOJAUANA30HOB TEHEPATOPOB BBICOKUX
4acTOT Ha OCHOBE JIEJIEHUS 4aCTOTHI?
6. Kaxk ocymectBnsiercs pabora renepatopa ['4- B pexxumax:
7. - HENpepbIBHOM T'€HEPALNH;
Xoxa padoTsl
1. BBINONHUTE MOBEPXY CIEAYIOLIMX XapaKTEPUCTUK reHeparopa ['4:
- OCHOBHOM MOTPEUIHOCTHIO YCTAHOBKH YaCTOThI Ha OJTHOM M3 MOJIMAINa30HOB;
- HECTaOMJIBHOCTH YacTOTHI 32 15 MUHYT.
2. HWccnenoBath renepatop 1'4- B pexumax:
- BHYTPEHHEH aMIUIUTYIHON MOIYJISLIUY;
- BHEILIHEW aMIUTUTYAHON MOIYJISIUY.
Conep:xanue oT4yeTa
1. 1ens paboThI;
2. mepeyeHb MpUOOPOB, UCITIONIB3YEMBIX B padoTe;
3. mepedeHb MprOOPOB, UCTIONB3YEMbIX B paboTe;
4. Tabmuipl C pe3yJbTaTaMi U3MEPEHUN U pacueToB;
5. BbIBOABI 11O TTyHKTaM 7.1.,7.2.,7.3. u 7.4.
MeToanyeckue yKa3aHus
7.1. Ilpou3BecTr MOBEPKY TPATYyMPOBKH IIKAJIBI 4acTOT TeHeparopa ['4- BKIIOYAIONIYIO B ceOst
OIIpEIENIEHNE OCHOBHOM NOTPEIIHOCTH YCTAHOBKH YacTOTHI M CPAaBHEHUS €€ C HOPMOH.
7.1.1. Onpenenenre OCHOBHOW MOIPEIIHOCTH YCTAHOBKU YacTOTHI reHeparopa ['4- BeIosHseTCS
JUIl yKa3aHHBIX B Tabuuie | BBIXOJHOTO HampsOKEHHMs Mojjuana3oHa yactoT. Ilpu stom, k
BBIXOJYy TeHepaTopa
MOJIKJIIOUAETCsl coriacyroniee conpoTtusieHne 50 OM. CUTHaa ¢ KOTOPOIO IOJAeTcsl Ha BXOJ
AIIEKTPOHHO-CYETHOTO YacToToMepa (Hampumep U3-33).

b

1. 2. 3. 4. 5. 6. 7. 8.
No Gpuraap

Hanpspkenne g | 300 250 450 400 350 300 450 400
I'4-106 MB nna




I'4-154 B 1,50 2,75 9,45 7,75 8,25 3,75 2,25 4,25

YacTOTHEIH 2,0-0.4 |0,8-2,0 |2,0-5,0 | 0,8-2,0 | 0,2-0,4 | 2,0-5,0 | 0,8-2,0 | 0,1-0,2
nuano3oH ['4-106

MI'1g I'4-154
MI' (mecsaTh
3HAYCHUM B
JTMapO30He)

0,1-0,5 | 0,4-0,9 | 1,1-4,5 | 1,5-3,8 | 2,1-4,7 | 3,5-5,9 | 5,0-7,3 | 7,1-9,7

VYcTaHoBKa BBIXOAHOIO HampsbkeHusi reHepatopa ['4-106 ocymiectBisieTcss IByMsl pydyKaMmH -
CTYIIEHYATOH U IJIaBHOM PETyJIMPOBKH, PACIOI0KEHHBIMU Ha JIMLIEBOM MaHenu npudopa. Otcuer
YCTaHOBJICHHOTO 3HAUEHUS B MHMKPOBOJITAX IPOU3BOAMTCA IO COOTBETCTBYIOIIMM ILIKAJIaM -
P KPACHOM MHOKMTEJIE IO KPaCHOM, BHYTPEHHEH IIKaJe, IIPU YEPHOM - 110 YEPHOU BHEIIHEU
mkane. Ilpumep: HeobGxomaumo yctanoButh 200 MB. [l 3TOro BbICTaBUTH HO KpPacHOM
BHYTpEHHel Ikaie 2 u KpacHbld MHOxkutTenb 105 . torma 2 105 = 200000 mxB = 200 mB.
BreixogHoe HampspbkeHue cHuMaercs ¢ pasbema "BBIXO/[" "" mpu BKIOYEHHOM TymoOlepe
BBIXOJTHOTO curHaia reHeparopa [4-106. Ilpu pabGote c reHeparopom [4-154, mnepen
BKJIIOYEHHEM €ro B Ce€Th, HEOOXOJMMO K OCHOBHOMY BbIxony (O-12)B mnonkimrouuTh
coriacoBaHHyr Harpy3ky 50 Owm. YcTaHOBKa BBIXOJHOTO HampspkeHHs reHeparopa [4-154 B
PYYHOM pEXHMME OCYLIECTBIIIETCS ¢ IOMOIIbIO pyukH "ycraHoBka — AM" u kHonku HI'-AM
(3aropaercs cseroauof "HI™ pacroyioskeHHbI B mpaBoil yacTu jauiieBoi nanenu). [Ipu stom Ha
TPEX3HAUHBIA MHIUKATOP BBIBOJUTCS 3HAUEHHE HANpsDKEHUS Ha OCHOBHOM Bbixoje (0-12)B. 50
Om. YBenuueHre BBIXOJHOTO HANpsKEHHs IPOU3BOJUTCS IIyTEM CMEILEHUS! pyuKH '"yCTaHOBKa
— AM" BmpaBo oT cpeaHero nonoxeHus "©O". YMeHblIEHHE HANpsOKEHHWsI BBIXOJA
IIPOU3BOAUTCS IyTEM IEPEMEIIECHNS HA3BAHHOM PYYKH BJIEBO OT CpEIHEro mnosioxkeHus. 7.1.3.
VYcTaHoBKa 4acTOThl BBIXOAHOrO curHana reseparopa ['4-106 ocymiecTBiisieTcss BKIIOUEHHEM
OJIHOTO M3 MOJAMAaNa3oHOB M PYYHOM YCTAHOBKM YacTOTHI. [l YCTaHOBKM ITPOM3BOJIBHOU
YaCTOThI MEX/y JUIMHHBIMU PUCKAaMH YaCTOTHOH ILIKaJIbl TeHepaTopa HEOOXOAMMO MOJIb30BATHCS
JENCHUSIMU Ha JUMOe pydku '"ycTraHoBKa dacToThl MII". Bpamias 3Ty pyuky OmpenenuTs,
CKOJIbKO JIeJIeHUH JuMO0a NPUXOAUTCS HAa YYacTOK MEXIY JUIMHHBIMH PHCKaMHU YacTOTHOM
mkansl. Onpenenuth, ckoidbko MI'T mpuxoautrcs Ha onHO nAeneHue aumOa. [lns storo
HEOOXOMMO PA3HOCTh YaCTOT HAa PACCMATPUBAEMOM YYaCTKE pa3JefuThb Ha KOJIMYECTBO
nesieHui 1uMoa.

Jlnst onpeneneHusi KoJIM4yecTBa AeIeHUN 1uMOa OoT Onvpkaliield JTMHHON PUCKH 10 MCKOMOM
4acTOThI, Pa3HOCTh YAaCTOT Ha 3TOM y4YacTKE pa3leiuTh HA LEHY JeJIeHUl JTumMba U yCTaHOBUTD
Ha JIUMOE IMOJyYeHHOE KOJUYECTBO JEJIEHHH, YTO OyAeT COOTBETCTBOBATH 3HAYECHUIO HCKOMOM
YaCTOTBHI.

VYcTaHOBKa 4acTOTHI BBIXOJHOTO CUTHaia reHeparopa 1'4-154 npousBoauTCs ¢ MOMOILBIO PYUYKU
"ycranoBka f'. B ciydae mepemenieHus ee BIpaBo OT CPEAHETO MOJIokKeHUsT © 3HAYeHHE YacTOThI
BBIXOJTHOT'O CUTHaJIa Oy/IeT YBEIMYMBATHCS AUCKPETHO C IIaroM:

0.1 xI'n B quanazone 100.0 - 999.9 kI'n

1.0 k't B quanazone 1.000 + 9,999 MI'y

10 xI'x B auanaszone 10.00 —: 50,00 MI 1.

CKopocTh W3MEHEHHUs IPONOPLUOHAIBHA BEIMYMHE CMEIIEHUS OT CPEOHErO IIOJIOKEHUS.
[lepBoHayasnbHOE 3HAUEHHME 4YACTOThl M €€ JaJibHElllee M3MEHEHHE OTpaXkaeTcsl Ha
YeThIPEX3HAaYHOH IM(PPOBOM HHIMKATOpPE. YMEHBIIEHHE YacTOThl OOECIEeYMBAETCS MyTeM
CMellleHus py4Kku "ycTaHoBKa ' BJI€BO OT CpeIHEro MOJIOKEHHUS 110 aHAJIOTHH.

7.1.4. B ykazaHHOM JMarna3oHe BbIOpaTh MPOU3BOJILHO TPHU 3HAa4YeHUs 4acTOThl. C MOMOIIBIO
OTCYETHBIX YCTpPOMCTB reHeparopa ['4- ycTaHOBUTH NEpBOE 3HAYEHHE YACTOTHI U MPOU3BECTH
U3MEpPEHHUE C MOMOLIBI0 YaCTOTOMEpA. AHAJIOTMYHbIE MU3MEPEHUS IPOU3BECTU B JBYX APYTHUX
BbIOpaHHBIX TOYKaX. OnpenenuTsb

BenuuuHbl abcomoTHOU = (fr — fuu) I'n u otHOCUTEeNnbHOM f=(f / firu)100%. morpeurHocTei
YCTaHOBKH YacCTOThI. 3HAUEHUE U3MEPEHUN U BBIUMCIICHUN CBECTH B Ta0IHILy 2.




Ne YcraHoBieHHOE N3mepenHoe OcHoBHas
3HAYEHUE YaCTOTHl Ha | 3HAYCHHE 4aCTOTBI | OTHOCHUTENIBHAS
rerepatope fr firu MOTPEITHOCTD

YCTaHOBKH 4aCTOTBI

k' Kkl %

|

2

3

7.1.5. U3 nony4yeHHbIX BenuuuH b BRIOpaTh MakCUMalIbHYI0 U CPAaBHUTH €€ C JIOMYCTUMOU I10

HOpPME:

st 1'4-106 6o0n = 1 1.0 %

st [4-154 640, = 1 0.01 %

Ecmn(6,) max >0,,n TO >0oon TO IE€TAETCS BBIBOJ, YTO T€HEPATOP HE MPHUTOACH K IKCIUTyaTaI|H.
7.2. BBINOJHUTH TOBEPKY KpaTKOBpeMEHHOH (3a 15 MMHYT) HecTaOMIBHOCTH YaCTOTHI
reHepatopa [4-. [Ins 3TOoro ¢ mMOMOIIBIO OTCYETHBIX YCTPOMCTB YCTAaHOBUTH Ha BBIXOJIE
reHeparopa HOMUHaIbHOE fH 3HAaYeHHME YacTOTHI paBHOE OOJbIIEH M3 YacTOT 3a/JaHHBIX B
n.7.1.4. C unrepBaioM B 1 MuH. mpousBectu 15 m3mepenuil yactoThl. J[aHHBIE 3aHECTH B
Tabnuiy 3.

Tao0mnuma 3

Ne I. | 2. | 3. |14 |5 | 6. | 7. 18 |09 10. | 11.) 12.) 13.] 14.] 15.

Fr
Kl'1g

7.2.1 BblUMCAUTD KPaTKOBPEMEHHYIO HeCTaOUIbHOCTh 4acToThl F = (fr)max — (fr)min

rre: (frymax u (fr)min - MakcUManbHOE 1 MUHUMAJIbHOE 3HAYCHHS YacTOT U3 Ta0.3.

7.2.2. CpaBHUTH MOTYYSHHBIN PE3YIbTAT C JOMYCKaeMOM BEIMUYNHONW HECTAOUILHOCTHU MO HOPME
Jlapon. [Tocne 30 muH. camomnporpena:

st '4-106 Foom = (290-10 fa + 30) I'm;

s ['4-154 Fron = 107 fu ',

Cnenatp BBIBOJI O IPUTOHOCTH TeHEpATOpa K JalbHEUIIeH SKCILTyaTaluu.

7.3. HccnenoBatb paboTy reHeparopa Tuma ['4- B pexume BHYTPEHHEH aMIUIUTYIHOU
MOJIYJISIINY.

7.3.1. IlepeBectu reHepatop B peXKMM BHYTPEHHEH aMIUIUTYIHON MOIYJISLUH.

Hna T'4-106 tym6nep "BHYTP.-BHEIILL" nepesectu B monoxkenue "BHYTP.". Jlna ['4-154
kHonkoi "HI',AM" nobuthcs cBeuenus ceeroguoaa "BHYTP. AM".

7.3.3. YcTaHOBUTH Ha BBIXOJIE TeHEpaTOpa HANpsKEHUE:

s T'4-106 - (50 - 80) 107 B;

st ['4-154 - (1.0 - 2.0) B.

7.3.3. YcranoBuTh K03 PHUIMEHT MOTYJISAIIUN B COOTBETCTBUH C Ta0JL.3.

Taobnuua 3

Koaopdpummen | A. b. Musm [orpemnocts M%

T MOZYJSALUH | MM MM %
Ha a0cour. OTHOCHT.

reHeparope, M
%

20

40

60

80

YcranoBka kodduuuenta ans ['4-106 mMomynsuuu mpoM3BOAUTCSA IBYMsI pydkamu. Pydkoit
"YPOBEHb MOJAVJL" ctpenka uHaukatopa ycraHaBiuBaetrca Ha pucky "K". HeoOxomumbiii
KOA(PUITUEHT MOYJISIIUHN YCTaHABIUBACTCS TieperouaresieM "M %",




Hns T4-154 ycranoBka ko3(dduumenTa MOIyISIUKA MPOU3BOJAUTCSA IyTEM CMEILEHHS PYUYKH
"YVCTAHOBKA ( — AM". IlepBoHauanbHOe 3HaueHus koddduimeHta MOAYISAUH U €ro
M3MEHEHHUs] MHAUIUPYETCs Ha TPEX3HAUHOM LU(PPOBOM MHAUKATOPE.

7.3.4. llogxmounTh K BBIXOAY TeHepatopa ['4- ocuwmiorpad M TOMYYHTh Ha DKpaHe
OCIIMJUIOTPAaMMy MOJTYJTHPOBAHHOTO KOJIEOAHUS.

nn

Jlnsa renepatopa ['4-1006 Beixon " ". Jlnst renepatopa ['4-154

BbIxoJ "(1-12) V: 50 Om. YactoTy reHeparopa pa3BepTKU IPU 3TOM HEOOXOUMO BBIOpATh B 2-3
pasa Hike 4acToThl Moayiupytomero curaaia (1000 I'm).

YcranoBuTh Ha ocuwuiorpade peKMM BHYTPEHHEH CHHXPOHM3AIMU U pydykaMu "YpoBeHb" u
"CTaOUIBHOCTh JOOHUTHCSA YCTOWYMBOTO H300pakeHUs. OnpenenuTb W3MEpEHHBbIC 3HAUCHHS
Kod(dUIMEHTa aMILTUTYJHOW MOIYJISILIMU CIIETYIOIIUM 00pa3omM

| aUn n Unvnﬂﬁ b
AR A

e 1 i

Musm = (A-B)/(A+b) 100%

JlaHHBIE U3MEPEHHI U PacyeToB CBECTH B Tabm.3. 6

7.3.6. 110 KOTMYECTBEHHOM OIIEHKE MOTPEUIHOCTH U3MepeHusi M cienaTh BbIBO/I.

7.4. UccnenoBath paboty reneparopa ['4- B pexxume BHEIIHEH MOTYIISIINH.

7.4.1. IlepeBectu renepatop ['4- B pe>kuM BHEIIHEH MOYJISIITUY.

Hns renepatopa ['4-106 tymOnep "Buemn.-BuyTp." nepeBectu B monoxkenue "Buemn.". Jlns
rereparopa ['4-194 knonkoit "HI',AM" no6uthcst cBeueHus ceeroauoaa "Baemn. AM".

7.4.2. YCTaHOBHTD Ha BBIXOJI€ T€HEPATOpa HANIPSHKEHUE U YaCTOTY B COOTBETCTBHH C TaO.4.

Tabmuma 4
Ne Opurazst I. 2. 3. 4. 5. 6. 7. 8.
Fuec |I4-106 | 0,24 0,35 0,43 0,52 0,64 0,71 1,52 1,63
MI'n |TI'4-154 | 0,382 0,54 0,83 0,94 1,43 1,84 2,15 2,87
Ussix | ['4- 90 92 88 66 84 75 97 69
106MB
r4-154 5,8 4.8 3,9 4.4 4.2 3,5 5,1 3,8
B
Fxon | I'3- 120 140 210 230 370 410 530 610
I
M% | T'4-106 60 90 70 80 90 60 80 50
I'4-154 50 80 60 70 80 90 80 90

7.4.3. [Toakm0uuTh MOIYJIUPYIOIINN CUTHANI BHELTHETO TeHepaTopa CUHYCOHIabHBIX CUTHAJIOB
HU3KOM "acToThl Tumna I'3- ¢ yactoroit PmMos Ha pazsem "AM" (Bueurn. AM").

s reneparopa ['4-106. Perynupys HampsbkeHHE MOAYJIHPYIOIIETO CHUTHAajla, YCTaHOBHTH
crpenky uuamkaropa Ha pucky "K". HeoOxomumprii (3amaHublii mo Ta6m.4) KodpUIMEHT
MOAYJISILIMY yCTaHABIMBAETCA nepek- arouarenem "M %"




Jia renepatopa [4-154. Perynupys HanpsbkeHHME MOIYJIMPYIOLIETO CHUTHAJA YCTAHOBUTH
3aJaHHBIA KOA(PGUIUEHT MOAYIISILIMU [0 TPEX3HAYHOMY OTCYET- HOMY yCTpoiicTBy. CBeTonnon
"KOHTp.AM" cBETUTBCS HE NOJIEK.

7.4.4. IlonyunTh OCHMIUIOIPAaMMYy CUTHAJIA C 3aJIaHHBIMH IIapaMETPaMH U OINPENENINUTh 110 HEU
KO3 PUIIMEHT aMIUTUTYTHOH MOIYJISLIHUS.

7.4.5. Paccuntarh aOCONIOTHYIO M OTHOCHTENBHYIO IOTPEIIHOCTH H3MEPEHHOIO 3HAYECHUS
Kod(ppHIIMEeHTa aMIUTUTYAHON MOAYJISLUN OTHOCUTEIBHOTO 3Ha4eHHs M. yCTaHOBJIEHHOTO Ha
reHepaTope.

7.4.6. Ilo xonMueCTBEHHO! OLIEHKE MOTPEIIHOCTH U3MepeHuss M crienarb BbIBOA

IIpakTuuyeckas padora Ne9.

Tema 4.1. DeKTpOHHO-Iy4eBOH ocuIorpag
1.U3y4yeHue 3J1eKTPOHHOT0 OCIUJLIOrpada
Leas pabGorbl: O3HakoMJIeHME C TPUHIMIIOM JeicTBUsA ocuwuiorpada, HcciaeIoBaHue
XapaKTepUCTHK, IPUMEHEHHE ocLuiiorpada B KauecTBe M3MEPUTENIBHOTO Mpubopa.
Ilepedyenn ucnobL3yeMoro o00pya0BaHuA

1. Ocuumnorpad yausepcanbubiii GOS-610FG.
Teopernyeckast 4acTh:
biok-cxema
Ocummorpadp  sto  mpuodop,
NIEKTPUUYECKHUX IPOLIECCOB

i
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Puc.1 bnok-cxema npocteiimero ocumorpada.
brok-cxema (puc.1) mpocreiiniero ocuumiorpada COCTOUT U3 CIASAYIONINX YJIEMEHTOB:

1. OgHMM M3 OCHOBHBIX JIEMEHTOB OCLMJUIOrpada sBISETCS 3JIEKTPOHHO-ITydeBas TpyOka, B
KOTOpPOM Y3KHUI IyUOK JIETSIIMX 3JIEKTPOHOB MTPOXOIUT Yepe3 JIBE Maphbl IIIACTUH (TIJIACTHHBI
“X” m mmactunbel “Y”’) W BbI3bIBaeT cBeueHue dKkpaHa. [lmactunbl “X” u mmactunsl “Y”
pacCIIOJIOKEHBl NEPIEHAUKYIApHO Apyr Apyry. Eciam mnopaBaTe Ha 3TH  IUIACTHHBI
HaIpsDKEHUE, JIyd ONUIIET Ha SKpaHe KPUBYIO, HA3bIBAEMYIO OCLHAJUIOTPAMMOM.

2. Jlns monmydeHus OCHHIUIOTPaMM, M300pa)KarolIMX 3aBUCHUMOCTh HANpSHKEHUS OT BPEMEHH,
HEOOXOAMM TEHepaTop TOPU3OHTAJIBHON pa3BEepPTKU. ITO TEHEpaTop MUI000Pa3HOTO
HaIpsKEHUsl, KOTOPOE MOJAETCS Ha TOPU3OHTAIBHO OTKJIOHSIONIKE TIACTHHBI “X” U MOXKET
MCHATBHCA 110 aMILIUTYJC U YaCTOTE.

3. AMIUIMTYJa HCCIEeIyeMOro CHrHaja vacto ObiBaeT Majia. /[lng yBenuyeHus curHaiga
MPEyCMOTPEH YCUIIUTENb BEPTUKAJIBLHOTO OTKJIOHEHHMS, a JUid oOecredyeHuss HeoOX0oaAuMOoM
[IMPUHBI U300pAXKEHUS — YCUIIUTENIb TOPU30HTATILHON pa3BEPTKH.



4. B pesynbTare 1EJOr0 psla MPUYMH YacTOTa CUTHajla HE BIOJHE cTabmibHa. M3-3a 3TOTrO
OCLIJIJIOTPaMMa CTaHOBUTCSA HEYCTOMYMBOM. {11 MCKIIFOUEHMS] HEYCTOWYUBOCTH T'€HEPATOP
TOPU30HTAJILHON Pa3BEPTKU CBA3BIBAIOT C UCCIEAYEMbIM CUTHAJIOM, 3aCTaBJIsIsl €ro paboTaThb
CUHXPOHHO C M3MEHEHMSIMM HCCIEIYyeMOro CcurHaiga. OTy (yHKIHIO B ociuiorpade
BBIMOJIHSACT OJIOK cuUHXpoHu3anuu. Mccinemyemblii cuUrHal MOXHO TMojaBaTh JHO0
HEMOCPEACTBEHHO Ha MmiuacTuHbl “X” wuimum  “Y”, n1ubo dYepe3 BEpTUKAIBHBIA U
TOPU30HTAJIbHBIN YCHUIIUTEIH.

DJIeKTPOHHO-JIy4YeBasi TPyOKa

DJNEeKTPOHHO-JTy4eBass TpyOKa C 3JEKTPOCTATMUECKUM YIIPABICHHEM COCTOUT W3 BaKyyMHOM

KOJIOBI ITMJIMHAPUYIECKON (OPMBI C pacIIUpEeHHEM K OJIHOMY KOHIy B BHjE KoHyca (puc.2).

[Toutn mIOCKOE OCHOBaHME KOHYCa IOKPBHITO CJIOEM JoMUHO(Opa. DTo 3KpaH TpyOku 3.

ONEeKTpOHBI, BBUICTEBIIME C KaTOAA MOJ Pa3HbIMM YIjJaMH K €ro MOBEPXHOCTH, MOMAJAOT B

AJIEKTPUYECKOE TOoJIe IMMIMHIpa M, OKpy’Karomero kaTtoa (MOZYJIsITOpa), WIH, KaK €ro eie

MHa4Ye Ha3bIBAIOT, YINPABISIOMIETO JJIEKTPOJA, HMMEIOIEro OTPULATENbHBIA IMOTEHINA

OTHOCHUTEIIBHO KaToja. OTHUM TIOJE€M, IOTOK 3JEKTPOHOB C)XKMMAETCS M HaIPaBIIAECTCA B

oTBepcTHe MopayisaTopa. Tak ¢dopMupyercss 3MeKTpPOHHBINM MydoK. VIHTEHCHMBHOCTH ITydKa, a

CJIEIOBATEIILHO M SIPKOCThb CBETALIETOCA HAa JKpPaHE IIATHA MOXHO PEryJIMpOBaTh C IOMOIIBIO

MoTeHIMoMeTpa R, T.K. MoJe ympaBisiomero MeKTpoJa MOMUMO CKMMAIOLIEro ACHCTBUS Ha

MIOTOK DJICKTPOHOB OKa3bIBaeT elle U Topmosdiiee aeiictBue. IIpu nocrtaToyHo Oo0JbIIoM

OTPULIATEIBHOM MOTEHIIMAJIE MOAYJISATOPAa MOKHO COBCEM “TIOTAaCUTh~ ITyYOK.
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Puc.2 DnextpoHHO-ITydeBas TpyOKa ¢ 3JI€KTPOCTaTHUYECKUM YIIPABICHUEM.

[Tocne MoaysTOpa AJIEKTPOHHBIN ITyYOK MONAAAET B AJIEKTPUUECKOE MOJI€ TIEPBOrO aHOAA, WY,
KaK ero emie HasbIBaloT, (OKycHpyoIlero IwiMHApa. Ha Hero momaercss MOJOXKUTEIbHOE
OTHOCUTEJIBHO KaToJa HANpsHKEHHE TMOPSIKa HECKOJBKUX COT BOJBT. OJTO TOJIE YCKOPSIET
AJIEKTPOHBI B Iy4yke U, Ojaroaapsi cBoel KOH(MUTYpaIiK, C)KUMaET IeKTPOHHBIN mydok. Takum
o0pa3om, hoKycHpOBKa JTyda JOCTHTAeTCsS N3MEHEHHEM TOTEHIIMAIa IEPBOTO aHO/1a C TIOMOIIIBIO
noteHuuomerpa R,. Bropoil aHom mpencrtaBisier U3 ceOs KOPOTKHM LMIMHIP, KOTOPHIA
pacrojararoT HENOCPEJCTBEHHO 3a IEPBbIM aHOJOM M IOJAIOT HAa HEro 0Oojee BBICOKOE
MOJIOKUTENbHOE HampspkeHue (1-5 kB). 9TOT aHOj Ha3bIBalOT elle YCKOPSIOUMM aHoaoM. B
pe3yJbTaTe MEKTPOHAM COOOIIAeTCsl TOCTaTOYHAs CKOPOCTh, YTOOBI BHI3BATh CBEUCHUE YKPaHa,
a Omaromaps (poKycHMpOBKE Ha SKpaHE MOJy4yaeTcsl CBeTsmascs Touka. CHUcTeMa 3JeKTPOAOB:
KaTO/-MOJAYJISITOP-TIEPBBIA  aHOJ-BTOPOM aHOJ OOpa3yloT TaK Ha3bIBAEMYIO 3JIEKTPOHHYIO
nymky. JlampIine pacnosoKeHsl JIBe Maphl NapajieNbHbIX MmiacTuH. OfHa U3 HUX YCTaHOBJIEHA
TOPU3O0HTAJIBHO, a Jpyras BepTukaibHO. Ecnu k mmactunam “X” u “Y” NpUIOKUTH Pa3HOCTb
MOTEHIIUAIOB, TO 3JEKTPOHHBIN JIyd OyJeT OTKIOHSATHCS B TOPU3OHTAIHHOM WM BEPTUKATEHOM
HarpaBieHusx. TakuMm 00pa3oM, MpeTepreB Ha CBOEM MYTH JIBa B3aUMHO IMEPHEHIUKYISIPHBIX
OTKJIOHEHHMS, DJIGKTPOHHBI Jyd MOXeT OBITh HampaBjieH B 0Oyl TO4Ky dKkpaHa. [Ipu



OTCYTCTBHM OTKJIOHSIOIIMX HANpPSDKEHUM Ha IJIACTMHAX 3JIEKTPOHHBIM Jyd MONAAaeT B LEHTP
JKpaHa.
1.3. IlppHIUN NOJIy4YeHHs OCHUIJIOTPAMM

Puc.3 IlpuHuun rpaguueckoro NocTpoeHHU .

Ecnmu Ha BepTHUKaNbHO OTKIOHSIOMIME TUIATHHBI Y™ 3JEKTPOHHO-TY4YEeBOH TPYOKM IOAATh
NEPEMEHHOE HAINpPsDKEHUE, TO JJEKTPOHHBIM Jyd HayHET KoyebaTbCsi B BEPTUKAIBHOM
HAIpaBJIEHUU M OCTAaBUT Ha 3KpaHE TPYOKU CBETSAIIYIOCS BEPTUKAIbHYIO JUHUIO. Ecimu xe
IIEPEMEHHOE HAIPSHKEHHUE TOJATh TOJIbKO HAa FOPU3OHTAIBHO OTKJIOHSIOIIUE IUIACTHHBI “X”, TO
Ha DKpaHe NOJIyYUTCsS TOPU30OHTANIbHAS CBETALIAsACSA JUHUA. [Ipyn 04HOBpEMEHHOM BO31EUCTBUU
NIEPEMEHHBIX HaNpsDKeHUH Ha 00e mapbl MJIACTUH B 3aBUCUMOCTH OT COOTHOILEHHS MX YacToT,
aMILTUTYA B (a3 MOXKHO MOJTyYUTh Pa3IMuHbIe OCHMIOTPaMMBbL. PaccMoTpuM, 4TO TOTyJaeTcs,
ecnd Ha o0e mapbl IUIACTMH I[0JaBaTh [Ba CHHYCOMJAIbHBIX HANpsOKEHUs, B KauecTBe
HCTOYHUKOB CUHYCOUAAJIBHBIX HAPSDKEHUH MOXKHO B3SITh HanpshkeHHe U3 ceTd yactoTor 50 I'ig
WIA HamnpsbkeHHe OT 3BYKOBOIO TeHeparopa Jro00i 4acTOThl B 3BYKOBOM JHara3oHe
npubmmsutensHo g0 20 k[, Bo3bMmeM sl TPOCTOTHI JBa CHHYCOMAAJIBHBIX KOJEOaHUS
OJIMHAKOBOM YacTOThl M OAMHAKOBOW aMIUIMTYJIbl M METOJOM TIpadUyecKoro MOCTPOSHHUS
HaiieM popmy ocumsuiorpammel. [IpuHIMI MOCTpoeHUs BUIEH U3 uepTexa (puc.3).

Wtak, ecnu CUHyCOUAAIbHBIE HAMPSDKEHHMS COBHAJNAIOT MO 4acToTe W Mo ¢ase, TO Ha HKpaHe
MOJy4aeTCsl HENOJBIKHAS IMpsiMasi JMHUA. MeToaoM TrpauyecKoro IMOCTPOEHHs JIETKO
paccMOTpeTh, UYTO MOJIYYHMTCS Ha FKpaHe ocuuiuiorpada, eciy 3TH HalpsiKeHUs CIBHUHYThH IO

T 3m

ase Ha moGoii yron. B o6mem ciydae GyneT HaGMOAATECS HIUIMIIC, IPH CABUTE Ba3 2, 2 u
T.1. — OKPYKHOCTb, a ipu 0, ™, Ty 1.1, — npsiMas. MaTeMaTHUeCKH TO BHIPAXKAETCS CHCTEMO
YpaBHEHUM:
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VckirounB U3 NpUBEAECHHBIX YPaBHEHUH BpeMs t, TIOITy4YHM:

B
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B obmem cinyyae 3T0 BhIpaK€HHE €CTh ypaBHEHHE JJIIMIICA, @ B YaCTHOM — OKPYKHOCTH U
MIPSAMO.

Ecny nopaBath Ha IJIACTHHBI CHHYCOMAAJIBHBIE HANPSIKEHUs Pa3IMYHON 4acTOThI, TO KapTHHA
Ha 2KpaHe YCIIOKHUTCS, HO SICHO, YTO €CJIM YaCTOThI 3TUX HAIPSLDKEHUN OYIyT OTHOCHUTCS IpYT
ApyTy Kak LEJbIE YHCcia, TO 4YEPE3 ONpEAEICHHbIE NPOMEXKYTKHM BPEMEHM CHUTyalus IOJDKHA
MOBTOPATHCS, U OCHMJIOTpaMMa TOJYYUTCS] HEMOABMKHOW. DTHU HEMOJABHKHBIE KPUBBIE HOCST
Ha3BaHus Guryp Jluccaxy.

Xox padoThI:

1. U3yunTh PyHKIIMOHAIBHYIO CXeMy OCLHuIorpada.



2. 3yunTh Ha3HaUEHUE OPTraHOB YIIPABJICHUS.
3. OTBETUTH HA BONPOCHI
1. KakoBo Ha3zHaueHMe ¥  OOJaCTh  IPUMEHEHUS  BJIEKTPOHHOIO
ocmmorpadga?
Kak oOecrnieunBaeTcs yCcTOMYMBOCTh M300pakeHUs Ha SKpaHe?
B kakux pexxumax MOXeT paboTaTh T€HEpaTOp pa3BepTKU?
Kak n3mepsercst HarpspkeHUe MpU MOMOIIM ocIuiorpada?
Kak usmepsercs JIMTeNbHOCTh MPY OMOIIH ociuiuiorpada?
IpakTuyeckasi padora Nel0.
Tema 12. J1eKTPOHHO-Ty4eBO# ocumnuiorpad.
OnpenesieHue mapamMeTpoB pa3BepTKH oclUIOrpada.
Heanb padotei: HayunThcs onpenensaTs BUABI U IApaMETPhl HENIPEPBIBHON U XKIYIIEH pa3BEPTKU
JUTS TIOJTyY€HHUSI YETKOTO U HETMOBMKHOTO N300paxKeH s Ha SKpaHe ociuiorpada.
Ilepedyenn ucnobL3yeMoro o00pyao0BaHuA
2. Ocuumnorpad yausepcanbhbiii GOS-610FG.
3. T'eneparop curnanoB GAG-810.
TeopeTnyeckast 4acTh:
I'enepaTop nu1000pa3HOro HanpsKeHus1 (FreHEPaTOP Pa3BePTKH)
Jljig moy4eHus OCUMILIOTpaMMBbl, U300paXkarolieil 3aBUCHMOCTb UCCIIEAYyEeMOT0 HAPsKEHUs. OT

= £(1)

BpPEMCHH Uy , BcriomMoratenpHoe HampspkeHne Uy JIOJDKHO OBITh TPOTOPIIHOHATBHO
BpeMeHH. [Ipu OSTOM SJIEKTPOHHBIA Iyd, OTKJIOHSACH B BEPTHUKAIHHOM HAIPABJICHUU B
COOTBETCTBHHM C 3aKOHOM HCCJICyeMOr0 HaNpsOKEHUS, OJHOBPEMEHHO OYIEeT JBUTATHCS
paBHOMEpPHO BJOJb DJKpaHa. 3HAYUT, HampshkeHue Uy pa3BepTKH JOHKHO CpPaBHHUTEIHHO
ME/JICHHO BO3pacTaTh B TEYCHWH HEKOTOPOT'O BPEMEHH, a 3aT€M MTHOBCHHO TaJaTh JIO HYJISA
(puc.4a). rpaduk Takoro HampspKEHUS MO (opMe HAMOMHHAET 3yOIlbl MHIIBI, TOTOMY 3TO
HaNpsHDKCHUE Ha3bIBACTCS MHIIOOOpa3HBIM. PeanbHO MHII000pa3HOE HANPSHKEHHE IOJTYyYaloT
MyTeM YepenyIoNuXcs MEXIy coOou 3apsanku (puc.40) (Bpems t;) u paspsaku (Bpems t,)
KOHJICHCATOopa.

il

Puc.4a Puc.46
OueBnHO, YTO MpPH PABEHCTBE MEPUOAOB HccieaxyemMoro HanpsbkeHus T, m pazBeptku T, Ha
9KpaHe MOJYYHUTCS OJWH Iepuo] ucciexyemoro HampspkeHus (puc.S). [pu T,=nT, (n — nenoe
4HCII0) ocuusuiorpamMma OyAeT MpeACTaBlATh cOOOM KpPUBYIO M3 N MEPUOJIOB HCCIEAYEeMOTro
HanpspkeHus. llpu He3HauuTEeNbHOM HApPYIIEHWH 3TOrO YCJIOBHS OCLMJLIOTpaMMa HayHET
JBUTAThCS J'II/I60 Brpaso (T, >T,) mu6o Bneso (T,<T,) Booas ocu X.

ATy Takum o0pa3zom, Ui MOJY4YEHHS BPEMEHHOM
OCHMJUIOTpaMMbl ~ HaJl0 Ha  BEPTHKAIbHO
OTKJIOHSIIOLIME IUIACTUHBI TPYyOKHM TMOJaBaTh

, L, | UcciexyemMoe HaIpsDKEHUeE, a Ha
\/ . \ \j \// TOPU30HTAJIBHO OTKJIOHSIOIIME IUJIACTUHBI —

| T nuoo0pa3Hoe HampspkeHue. YacToTel ITHX

“—T——/ HANPSDKEHUH  MEXITy CO0OM JIOMKHBI OBITh

: U, paBHBIMH WJIM OTJIMYATBCA APYyr OT JApyra B

' \ LIEJIOE€ YUCIIO0 pa3. ['eHepaTtop pa3BepTKU MOKET
pabotaTb B paszIMYHBIX pexxkumax. Hamo
[IOMHHTb, 4TO JUISL HaOII0IeHUS
vt MIEPUOANIECKAX CHHYCOUJAJIbHBIX




Puc.5 HaIpsKEHUH, CIYKUT HENpepbIBHAS, WM KaK
€e Ha3eBAIOT HWHAYe, aBTOKoJieOaTebHas
pa3BepTKa.

[Ipomeccrl ke mepexoaHbIe, TOBTOPSIONIMECS Yepe3 HEOAMHAKOBBIE TIPOMEKYTKH BPEMEHU WJTH

HMMEIOIINE BUJ OYEHb KOPOTKHUX MEPUOJANUECKUX UMITYJIBCOB (MJIM OJHOKPATHBIX UMITYJICOB), HE

yJaeTCs UCCIIEIOBATh BU3YyAIbHO MPU TTOMOIIM TTOBTOPSIOMICHCS THII000pa3HOM pa3BEPTKH.

UtoObl MOXHO OBUIO HaONIONaTh KOPOTKHE WMITYJIbCHI, Kak IEePUOJUYECKHE, TaK U

Henepnogmqecxne, JJINTCIIBHOCTD pa3BepT1<I/1 JOJKHA 6BITB HECKOJIBKO 6OJ'IBIHG JJIIUTCIIBHOCTU

uccienyemoro curHaia. [1omoOHBIE pa3BepTKH HA3BIBAIOTCS KAYIIMMU WIH OJHOKPATHBIMHU.

I'eneparop »xaymiel pa3BepTKH COOMpaeTcs Ha OCHOBE CXEMBbI T€HEpaTropa MUI000pa3HOTO

HaIpsKEHUsl, HO OH MPUBOAUTCS B JEHCTBUE MPHU MOMOIIM BHEIIHErO 3aIlyCKaIOIIEro CUrHania,

Mo/ IEHCTBUEM KOTOPOTO T€HEepaTop KAYIIEH pa3BepTKU CO3JAET TOJIBKO OJHMH MUI000pa3HbIiI

uMmnynsc. [lo mpekpamieHun OeHCTBUS 3allyCKAIOIIero CHUrHajda TeHEpaTop BO3BpalllaeTcs B

COCTOSIHHE TIOKOS JIO CJICTYIOIIETO CUTHAIA.

Knymass pasBepTka XapakTepu3yeTcsi TeM, YTO CKOPOCTh W3MEHEHHUs MHUI000pa3HOTo

HaHpﬂ)KeHI/If{ MOXHO pel"y.]'II/IpOBaTI) COBepIHeHHO HC3aBUCHUMO OT YaCTOThI I/ISMepHeMOFO

HanpspkeHusi.  CreoBaTeNbHO, OTMAAaeT HEOOXOJMMOCTh B CHHXPOHH3AIMU W CO3JAeTCA

BO3MOKHOCTh HAOJIIOJaTh HAa HKpaHE dYacTh HCCIEIyeMOro HampsbkeHus. Yacto 3amyck

reHepaTropa pa3BepTKU MPOU3BOAUTCS CAMUM UCCIIEAYEMbIM CUTHAJIOM

JIist ToTydeHusT HETOJBMIKHOTO HW300paKEHMUST Ha dKpaHe ociuuiorpada mepuosa pa3BEepTKH

JOJDKEH OBITh paBEeH WM KpaTeH MEepHoJy CHurHaia, T.e. Tp = n * Tc mpm HCcclIeqoBaHUU

CUHYCOUJIAJBHBIX CHUTHAJOB. [Ipu WCCleOBaHWM CHUTHAJIOB, CIEAYIOIUX C OOJBIION

CKBa)KHOCTBIO (Q Oombliie 5) UCHOIB3yeTCs KAyIas pa3BepTKa, CyTh KOTOPOH COCTOUT B TOM,

qTo I/IMHy.]IBC pa3BepTKI/I ImogacTcCsad Ha X-HHaCTI/IHBI TOJIBKO TOorjga, Korjga €CTb I/ICCJIGI[yeMBIf/'I

CUTHaJ, IpUYeM JJIUTEIBHOCTh UMITYJIbCA PA3BEPTKU COM3MEpHMA C JUIUTEIbHOCTHIO CUTHATIA, a

BpeMSI 3aI[ep)KKI/I CUrHaJia OHpeI[CJISICTCSI nucexoasa U3 Toro, 4ro I/IMHYJH)C CUrHaJia JOJI’KCH 6I>ITB

MMOCEPEIMHE Pa3BEPTKH.

Xoa padoTsl
1. OmnpenenuTs BUA pa3BEepTKH, YACTOTy pa3BepTku fp, mepuon passeptku Tp,
JUIMTENIbHOCTh UMITYJIbCa Pa3BEPTKU TP, BPEMs 3aJEPKKU CUTHANA t3 A KAyLen
pa3BEepTKH.
HcxonHbie JaHHbIE IS pacyera B3sATh U3 Ta0muiibl 3. 1

Ne  mo HenpepsiBHas pa3Beprka Knymias pa3BepTka
CIHMCKY Cunycoupanbnbiii | IIpsMoyronpHblii [IpssMOyTONBHBIM
CUTHAJI CUTHAJI CUTHAJI
YacroT Koun-Bo | Hactora JnmurenpHOCT Kou-Bo Yacrora | nut-th
a MEpUOIOB CUTHaJIa b nMmiynbcoB | CurHana | umimysbca
curHan | Ha 9kpane | Fc, kl'n AMITYyJIbCA | HA 3KpaHe fc, x['a CHTHAJIA,
a OCLIHJIIOrpa CUTHaja, MKC | ocuusuiorpad MKC
ba a
N N 1,23 0,8N 0,5T 1,23 N 0,1T

1.1 Pe3ynbraThl pacueTa 3aHECTH B Tabnuity 3.2

Tabnuua 3.2
Ne o HenpepsiBHas pa3BepTka Knymas pa3sepTka
ciucKy| CuHyCOMIaNbHbIN CUTHAI [IpssMOyTOIBHBIN CUTHA [IpssMOyTONBHBIN
CHUTHAJI




fc, fp, | Tp, P, Kom- fc, p, Tp, | =p, | Kox- fc, fp, Tp, [ tp, |3
kI | x['m | MKC MKC BO kl'n | x['m | MKC | MKC BO k' | x['m | MKC | MKC

ep. nep.

Ha Ha

JKpaHe JKpaHe

ocIl. ocIl.

1 1

2 2

3 3

Conep:xanue oT4era.
OTYéT 0JI2KEH COePKATH
1.2 HazBanue paboTsl.
1.3 Ilenn paGoTHI.
1.4 Tabnuibl pe3ysibTaToOB pacyeTa.
1.5 Bug ocuusuiorpaMM HanpsiKEHUM pa3BepTKU U CUTHAJIA.
1.6 OTBeThl Ha KOHTPOJIbHBIE BOIIPOCHI.
1. Korna ucnosib3yeTcs HenpepbiBHAs pa3BepTKa?
2. Korga ucnonb3yercs xayuiasi pa3BepTka’?
3. Kaxk nomyuuTs Ha 3KpaHe ocumuiorpada HemoABMKHOE N300pakeHre curnasia?

IIpakTuyeckas padora Nell.

Tema 4.2. U3MepeHue napaMeTpoB CUTHAJIOB.
HN3mepeHue 4acTOTHI U BpeMEHHBIX HHTEPBAJIOB
Heab padorsi: [Iprobpectn U cucTeMaTH3WpOBaTh 3HAHUS MO Teme «l3MepeHue 4acToThl U
BPEMCHHBIX HHTEPBAJIOBY.
Ilepeyens ucnoJib3yeMoro 000pya0BaHusA

4. Ocmmmiorpad yausepcanpabiii GOS-610FG.

5. T'eneparop curnainoB GAG-810.
Teopernyeckasi 4acTh:
Ocumiorpadg-gyacroromep
a) OnpenenuTh 4acTOThl CHHYCOMIAIBHOTO HAIMPSDKEHUS MOXKHO ¢ ToMomIsio ¢uryp Jluccaxy.
JInst 3TOro MccieayemMplii CUTHAN MOJAETCs Ha OJHY MHapy IJIacTUH “Y”, a Ha JIpyrywoo mnapy
IUTACTUH TOJAETCSl HAIpsHKEHHE OT 3BYKOBOIO IeHeparopa. Ecim 4acTtoTsl OyQyT OTHOCHTBHCA
Kak nensle yucna (Hampumep 1/1, 2/3, 4/5, u 1.4.), ToO n300pakeHre MOTYYUTCS HEMOABHKHBIM.
[ToxGupast 4acTOTy 3BYKOBOTO TeHepaTopa MOKHO JTOOUTHCS TAKOTO MOJIOKEHHS, YTOOBI (pUrypa

T am

™
) Mo== bo=s tp=—r
Jluccaxy Obuta paszBepHyToil (puc.6). IIpu 3TOM 4, 2, 4 | T.e. IMHHH He

CJIMBAIOTCA KaK IIpU ﬁq:l =0.= .

TOF,IIa, CCJIM MBICJICHHO 3aKJIFOUHUTLH €€ B KBaI[paT H I1I0CUUTATHh YHCJIIO KacaHI/Iﬁ K BepTI/IKaJIbHOf/'I

CTOpOHe KBa,Z[paTa H K FOpHSOHTaHLHOﬁ CTOpOHe KBaI[paTa, TO COOTHOLICHHUEC OTUX YUCECII 6yﬂeT
n _ &
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n
paBHO OTHOILIEHUIO YacTOT: 7
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3TO JIETKO MOHATH U3 CIEAYIONINX PACCYKICHHUIA: MyCTh MIEPHOJ Yepe3 KOTOPbI cUTyarus Oy et
MOBTOPSATHCS, T.€. JIyd HAUHET JBUTATHCS TI0 TIPEXKHEH TpaekTopuu OyneT (puc.7). 3a 3To BpeMs
HanpspkeHue Uy TPHKIBI JOCTUTANO0 MaKCUMyMa, T.€. YHCIIO KacaHWW K BEPTUKAIBLHOM CTOpOHE
KBajgpara Oyaer paBHO Tpem n,=3, U, Makcumyma, T.e. YUCJIO KAacaHHl K TOPU3OHTAIBHOMI

CTOpOHE KBaJpara OyneT paBHO AByM n,=2. Takum oOpazom: 7

Onpenenute YacTOTy TNEPHUOJMYECKUX CHTHAJIOB JHO00H (OPMBI  MOXHO  HCHOJB3YS
HETPEPhIBHYIO pa3BepTKy. /s 3TOro HEOOXOIUMO Ha BEPTUKAIBHO OTKIIOHSIONIUE TLTACTHHBI
IIoaaThb I/ICCJ'IeIlyeMBIf/'I CUTHaJI, a Ha TOPHU3OHTAJIbHO OTKJIOHAIOIIHUE IIACTHUHBLI HANPSAKCHUC C
TeHeparopa pa3BepTKH U MOJ00paTh TAKyK YacTOTy MHJIOOOPA3HOTO HANPSHKCHHs, 4TOOBI Ha
9KpaHe Mnoxyyuiachk ocimuiorpamma (1-2 nepuoaa). st Toro, 4To0BI OHA CTajla HETIOABUKHOM,
HY)KHO T0J00paTh YpPOBEHb CHHXpPOHHM3allMH. B coBpeMeHHBIX ocuuuiorpadax HMeercs
MEPEKII0YaTeNlb CTPOr0 KAIMOPOBAHHOW YacTOTHI T'eHepaTropa pa3BepTKH. I1oCKoibKy Bpems
JBYDKEHUSI JTyda 10 TOPU3OHTAIM TOYHO PABHO TEPUOIY MHI000PAa3HOTO HAIMpPSLKEHHs, 0Ch X
MOXXHO TPOTpaayHpoBaTh B €OUHHMIAX BpeMeHHW. Mcmonmp3ys macmrad “Bpems-aeneHue”,
yKa3aHHbI Ha TEpPEKIIoYaTeNie 4YacTOThl T'€HepaTropa pa3BEpTKH, U3MEPSIOT TEPUOT
MCCIIETyeMOT0 CHTHAJIA.

T
TV
[AA

f, 3
VRV
T
Puc.7

Xox paGoTsl

PaccmotpeTs Ha ocummiorpage cursaisl ¢ reiepatopa JI31 (mpsMoyrosibHble, TPEyroJbHbIE U
CHUHYCOUIAJIbHbIE HMMITYJIbChI). V3MEepuTh MEpHOJ CUTHAJOB HA pa3HBbIX JMANa30HaX YacToT
ocmmorpad)oM U CpaBHUTH €0 ¢ TTOKa3aHusIMU reHeparopa JI31.

Pesynbrathl 3aHecTH B Tabauiy 1.

Tabauna 1.

By umiysbsca £ 1 Tome

Ocmnorpad-dazomerp. @Daza xapakTepu3yeT COCTOSHHE TapMOHHMYECKOTO IIpoliecca B

U=1,cosa

onpeneneHHHﬁ MOMCHT BPCMCHH. dazoi rapMOHHUYCCKOI'O KoJIeOaHHs CUMTArOT



apryment ™= Ot+ % 3pecs Ug— aMIUTUTY/1a KoJieOaHui, “' — KpyroBas 4acTtoTa, paBHas amf

— BpewMs, %o pavanpHas (aza xapakTepusyrIas COCTOSHHE TapMOHHUYECKOTO KoJieOaHUs B
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rie A u B — ammmuryanele, a X u Y — MrHOBEHHbIE 3HAYEHHUS OTKIOHEHHS IISITHA B

TOPU30HTAJIBLHOM U BEPTHKAJIILHOM HalpaBJICHUSIX COOTBETCTBEHHO (puc.l).

Puc.1 Pe3ynbraT cnoxkeHus AByX TapMOHUYECKUX KOJIEOaHHM OJUHAKOBOW YaCTOTHI BO B3aUMHO

MEPIEeHIUKYJIIPHBIX HaNpPaBICHUSIX — SJUIUIIC.

Jlnia ompeneneHus TOYKU MEPECceueHusl STOro JIUIMICA C OCIMHU KOOPAMHAT IMOJIOKUM CHavania

y=0, a motom x=0. Toraa moxy4um:

sitnp =% Fo_ iﬁ
& E3)

Ecnu otperynupoBats ycunenue no “X” u no “Y” tak, 4to061 A=B=D, T0 noxyuum, uyto

D D

Takum oOpa3oMm, MO TOYKAM TIEPECEUCHMsI DIUIUIICA C OCAMH KOOPJAWHAT X9 M Yo H
MaKCHUMaJIbHOMY OTKJIOHEHHMIO Jiyda A 1 B ompenenstor casur a3 Mexay IByMs KojeOaHHSIMU
OJIMHAKOBOM YaCTOTEI.

IIpakTuueckas padora Nel2.

Tema 4.2. U3MepeHue napaMeTpoB CHTHAJIOB
Ocumwiorpaguyeckne MeTo bl U3MEPEHUI.
Leas padorsi: [IpnobpereHne u cucTreMaTH3aIMs HABBIKOB PA0OTHI C OCIIILIOTpadoM.
IlepeyeHb UCIOJIB3YeMOTr0 000PYy10BaAHMS

1. Ocmmnorpad ynusepcanbusiii GOS-610FG.

2. T'eneparop curnaioB GAG-810.
Teopernueckasi YacTh:

[Ipu Hanuuum JUHEHHON pa3BepTKU ocuusuiorpada TOPU3OHTAIbHAS OCh SIBISIETCS OCBIO

BPEMEHHU, a BEPTUKAJbHAs OCBIO HAINpsDKEHUU. JlomycTwM, 4TO pas3BepTKa HJICaJbHO JMHEHHA H
CKOPOCTb JIBWJKEHUS JIy4a B TOPU30HTAIILHOM HAIIPaBJIICHUH U3BECTHA.

Torma 3amaua OmnpeaciaCHusA BPEMCHHOI'0O HMHTCpBajla CBOAUTCA K H3MCPCHHUIO JIMHEMHOT O

pa3Mepa HMHTEPECYIOIEH HAac 4acTH OCHMJLIOTPaMMBbI U JCICHHUIO MOJyYEHHOTO YHCiIa Ha CKOPOCTh
pazBepTku. C TOUKM 3pEHMS] W3MEPEHUs BPEMEHHOIO HWHTEpBaja BBITOJAHO IIKAJNYy pEryJsTopa
pa3BEPTKU IPayupoBaTh B BEIMYMHAX CKOPOCTH OTKIOHEHUS Jiyda. OOBIYHO MCIIONB3YIOT BEIMYHHY,
00paTHYIO0 CKOPOCTH, KOTOPYIO Ha3bIBAIOT KOI(PPHUIIMEHTOM pa3BePTKHU:



Kr =Tnp/ Lr

[ne Lr — nmHa OoTpe3Kka TOPU3OHTAIBHON OCH, COOTBETCTBYIOUIAS JITUTEIBHOCTH MPSIMOTO Xoaa T
np. Koa¢ddumment pa3BepTky Ha pa3HbIX AMANa30HAX BbIPAXXaeTCs B MKC./AEN., MC./JIel., C./1edl.
3HavyeHHEe BPEMEHHOTO MHTEPBAJa ONPENEeNsIeTCs YMHOKEHUEM U3MEPEHHOTO pa3Mepa HYKHOW YacTH
OCLMJIJIOTpaMMBbl Ha KO3 GHUIMEHT pa3BepTku k .
AHaJOTMYHO JUIs XapaKTEepUCTUKH BEPTHKAIBbHOM ocu ocuwuiorpada BBeAeH Kod(hGUIUEHT
OTKJIOHEHHUS.

Kr =Usx/LB

['me UBx - aMIuMTyAa curHaja, mojaBaeMas Ha BXojA Y; LB-OTKIIOHEHHE Jyda B BEPTUKAJIbHOM
HalpaBJIeHUH, cOOTBeTCcTBYIoIIee 3HaueHne UBxX. Koad¢uimeHt oTkioHeHus Belpaxkaercs B B/nen.,
MB/nen.

Xox padoTsI:

1. I3MepuTh aMIUIMTYy UCCIIEyEMBIX CUTHAJIOB.

JUia u3MepeHust HalpspKeHUs MoAarh Ha BXox Y curHan ot reHepatopa GAG-810 c¢ wacroroit
1000T . TTomoGpath Takyl JIMTEIBHOCTH Pa3BEPTKH, YTOOBI Ha JKpaHe HaOMOmanoch 2-3
nepuoja u3MepsieMoro curHana. llepexirouarenb BXOJHOTO arTeHroaropa «Bonbt/men.»
MOCTaBUTh B TAaKO€ IMOJOXKEHHE, YTOObl M3MEpsieMblii CHUTHaJl M0 BEPTUKAJIM HE BBIXOJWI 3a
npenensl 3kpaHa OJIT. 3anaBasch BENIMYMHON HANpsOKEHHWs] HA BBIXOAE I'€HEpAaTOpa COIIACHO
MaHHBIM Tabmuel 4.1.1 uU3MepUTh aMIUIUTYJHOE 3HAUYEHHE HAMpsDKeHUs ociuuiorpagom u
paccuuTaB AelcTByrouiee 3HaueHue U, cpaBHUTS ero ¢ HanpspbkeHueM UreH. JlaHHble n3MepeHuil 1
pacueToB BHECTH B Tabnuity 4.1.1

Ta6auua 4.1.1

Bapuant Hanpspkenue ycTaHOBIIEHHOE Ha BBIXOJIE.
Uren, reneparopa Uren , B
B 114710 |0,03] 0,08 0,15/ 0,25] 0,35] 0,45] 0,8 1,5125135[45 (55
2 (58|11 [0,050,1]02[03[04[05]1 2 3 4 5 6
316912 10,06/ 0,12/ 0,18 0,28 0,38 0,6 | 1,2 231381425668
Uawmir, B
U,B
S, %

rae U=Uamm / \/2

0 %= (Uren-U) ¢ 100% / Uren

5.2 V3mMepuTh JUINTEIBHOCTh NEPUOAA HEMIPEPHIBHBIX CUTHANOB. JlJI1 H3MEpEeHUs] yCTaHOBUTH HA
reneparope ['3-102 nanpsokenue 1B, u mogark curHan Ha Bxoa Y ocumwiorpada. JmuTensHOCTh
pa3BepTKU BBIOMPATH TakoW, 4ToObl HabmonaTh 1-10 neprogoB u3Mepsiemoro curnana. OTcunuran
KOJIMYECTBO JICTICHUH MO TOPU3OHTAIU AJs § MEpUoJ0B HAOIIOAAEMOro CUrHalla U YMHOXKHUB Ha
IeHy JeJeHus KanuOparopa UIMTENBHOCTH, ONPEACNTUTh JUIMTENbHOCTh § mepuonos. s
oTnpeeNieHUs AMTUTEIbHOCTH OJIHOTO TIEPHO0/Ia MOJTyUYEeHHBIH pe3yNbTaT pa3/IeuTh Ha 8.

JlaHHbIE U3MEPEHUI U pacyeToB BHECTH B Tabnuiy 4.1.2

Taoaunua 4.1.2

Bapuanr YacToTa yCTaHOBIIEHHAs HA BBIXOJIE.
fren, reHeparopa fres , I'n
I'n 141710 | 1000 |2000 10000 20000 30000 50000
2 (58|11 | 1500 3000 15000 25000 40000 60000
316912 [2500 |4000 20000 35000 70000 100000
T, mc
Tpacu, Mc
AT




1o u3mepeHHOM IUTENBLHOCTU NIEpHOAa T MOKHO OIIPENENNUTH YacTOTY,
f=1/T.

5 ConepxaHue oTuera.

OTY€T NOJKEH COIepKaTh

5.1 Lenb paGoTHI.

5.2 3apanue.

5.3 Ilepeyenb mpuOOPOB U 0OOPYAOBAHHUS.

5.4 Tabnuipl U3MEPEHUN U PacYETOB.

5.5 BeiBogpl o pabote

5.6 OTBeTHI Ha BONPOCHI.
1. Kak onpenensercs ayBcTBUTENBHOCTE DJIT?
2. Bwuapl cunxponuzamnuu ocuuuiorpada?

IIpakTnueckas padora Nel3.
Tema 4.2. U3MepeHue napamMeTpoB CUTHAJIOB.
N3yuyenne padoTsl nnppoBoro yacroromepa.
Hean pa6orwi: M3yunth GYyHKIMOHAIBHYIO CXEMy YacTOTOMEpa, Ha3HAYCHHUE OpPraHoB
ynpasieHus npudopa. HayunTbcst mpon3BOAUTH H3MEPEHHUS.
IlepeyeHb UCIOJIB3YeMOTr0 000PYI10BaAHMS
1.I'enepaTop GAG-810.
2. Yacrotomep U3 — 57.
Teopernyeckast 4acTh:

N3MepeHne 4acToThl — OJHA W3 BAKHEUIIMX 3ajady M3MEPUTEIbHOW TeXHHKU. Hammuume
BBICOKOYAaCTOTHBIX 3TAJIOHOB ONpPEAEIIAET BOZMOKHOCTh U3MEPEHHUS YACTOTHI C MOTPEIIHOCTHIO +
5107

[TapameTp NepHOAUYECKOTO CUTHANIA, XaPAKTEPU3YIOIUN HAaUMEHBIIWNM WHTEPBAIl BPEMEHH,
4yepe3 KOTOpPBIM IMOBTOPSIIOTCA €r0 MIHOBEHHBIE 3HA4Y€HUs, Ha3blBalOT nepuoaoM 1. BenununHa,
oOpatHast nepuony, HaszeiBaercst yactotoit: f= 1/T. Enunnneit usmMepeHus 4acToThl ABISETCS Iepi]

(1T = Ic¢', T.e. eAMHUIA 9aCTOTHI ONPEAEISIETCS NPHHATHIM Pa3MEPOM €IUMHHUIBI BPEMEHH).
[Ipumensitorcs kpatable eauaunbl: kumorepi ( 10° ' ), merarepn ( 10° I'y ), rurarepr ( 10° T ),
teparepn ( 10 'y ).

1 3anpanme.

1.1 W3yuuTh ¥ 3HaTh Ha3HAUYCHHE OPTAHOB yIpaBieHus npudopa U3 — 57.
1.2 M3yunTh (QyHKIMOHAIBHYIO CXEMY YaCTOTOMEPA.

1.3 N3Meputh 4acToTy reHepaTopa B peKUMe U3MEPEHHS YaCTOTHI.

1.4 M3meputs nepuoj reHepaTopa B peKUMe U3MEPEHNUs NIEPUOAA.

1.5 N3Meputh OTHOLICHHS 4acTOT.

1.6 Pe3ynbTaThl U3MEpEHHMIA 3aHECTH B TAOIUIIBL.

Xoa padoTsl
1. TloaroroBka mpubopa K padore.
2. TlpoBeputs 3a3emiieHue npuodopa.
3. Bxmounts npubop TymOiepom «CeTb», MPH 3TOM JOJKHBI 3aCBETUTHCS MHIUKATOPHBIE
namiibl nugpoBoro Tabiao mpudopa.
4. Jlate mpuboOpy mporperbcs B TEYCHUH |5 MHHYT, TMOCJIE€ Yero MOXKHO MPHUCTYIUTh K

H3MEPEHUSAM.

5. TlpoBepbTe paboOTOCIOCOOHOCT, mNpUOOpPa B PEKHUME CAMOKOHTPOJS B  ClEIyIOMIEH
MOCIIE0BATEIHLHOCTH:

6. Brmounte KHONKY «KOHTp.»,ycraHoButre «Bpemsi wHA.» B TONOXKEHHE, ymoOHOe s
oTcYerTa.

7. HW3MepeHHe 4acTOTHI.
8. CoeanHHUTh BXOJl A 4acTOTOMEpaA C KJIEeMMaMU BbIX0OJIa TeHEpaTopa.



(98]

9]

N = i

9. Bxmrounts kHOIKY «HacToTay.

10. [lepexmrouatens  «mt0),ms/MHOX.» YCTAaHOBUTE B TIOJIOKEHHE B 3aBUCUMOCTH  OT
Tpedyemoii TouHocTH u3MepeHus. Ilpu stom, mpu usmepenuun vactor 0,1 I'm go 10 I'm
PEKOMEHIYETCSI  BKJIIOYATh KHOIKY 104, npu usmepeHun yactotr oT 100 I'm mo 1 MI'n
BKJIFOYHTH KHOTIKY 10°, a nmpu u3Mepenuu yactot cebinre 10 MMy — knonky 10 wm 1.

11. Pyuky «BpeMst uHa.» ycTaHOBHUTE B yA0OHOE AJIsi OTCUETA MOJI0KEHHUE.

12. BeixoiHOE HalpsKEHUs reHepaTopa ycraHoBuTe B npenenax ot 0,1 go 1 B.

13. Pe3ynbTaThl H3MEpPEHUI U BHIYUCICHUM 3aHeCTH B Tabnumy 4.1.

Tabnuma 4.1
Bapwuant | YacToTta, ycTaHOBII. Ha reH./ycT., K[ 11

ITonox | Usmep. | 1|47 ]|10] 1] 3 51719 11| 13| 15 17| 19
nepekn | gacror, | 2| 5|8 | 11(1,53,5|55|75|9,5|11,5|13,5 15,5 17,5 19,5
MHOK. | LI [ 3|69 |12] 2| 4| 6 | 8 | 10| 12| 14| 16| 18| 20
10° fo

Af
10? fo

Af
1 fo

Af
10 fo

Af
AOGCOIIOTHAs IOTPEITHOCTD ONpeaessaeTcs 1o ¢hopmyre:
Af = fyer — o

. U3mepenue nepuona.

Coenunuts Bxoa b nmpubopa ¢ kjieMmMaMu reHepaTopa.

Bxumrounts kHOnKy «llepuon by.

[Tepexmrouarens «mS/MHOXK.» yCTaHOBUTE B MOJOXeHHE 1, a mepekimouatenb «t/S» - B
3aBHCHUMOCTH OT TpeOyeMOil TOUHOCTH U3MEPEHUS U ATUTEIbHOCTH U3MEPSEMOro Meproa.
Pyuky «Bpems nna.» ycraHOBHTE B YJOOHOE JUIsl OTCUETA MOJIOKEHHUE.

[Ipu u3mepennn nepuoga curHaiga HanpsbkeHuem ot 1 1o 10 B ang curnana cuHycougaiabHON
¢dbopmel BrrounTe KHOKy 1:10/ 1:1 B.

[IpousBectu OTCYET pe3yabTaTOB U3MEPEHHUS.

PesynbraThl u3MepeHuii U BeIYMCICHUH 3aHecTd B Tabnuiy 4.2.
Taomuma 4.2

HMamep. w82 |5 (8|11 2| 4| 6| 8|10 | 12 14 16 18 | 20
BEJINY. 3 619112 1] 3|1 5] 719 11 13 15 17 19

Bapuant UYactoTa, YCTaHOBI. HA T'eH./YCT., KL 11
| 417110(1,513,5/55|75(95 11,5 | 13,5 | 155 [17,5]195

T (cek)

Tpacs. (CEK)

AT (cek)

Pacuet npousBoauTcs 1o GpopmyIie:
Tpact{, = l/freH (CCK)
AT = Tpaca-Tuaer (CEK)

Conep:xkanue oTyera.

HazBanue paboThbI.
Lens paGoOTHI.

[lepeueHp UCHOIB3yEMOT0 000PYIOBAHHUS.
3aganue.

Pe3ynbrarel n3MepeHnii ¥ BEIYUCICHHN.
BriBoab! mo pabote

OTBeThI Ha BONPOCHI.

N U AW



1. Ha3HaueHue OTAEIbHBIX Y3JI0B CTPYKTYPHOU CXEMBI 4acToTomepa?

2. Kakoli curHasr OTKphIBaEeT CEJIEKTOP B PEKUME U3MEPEHUS YaCTOTHI?

3. KakoBbI JOCTOMHCTBA IIU(PPOBBIX YACTOTOMEPOB?

4. Kakoli MpyuHIUI NOJIOKEH B YCTPOMCTBO 3JIEKTPOHHO-CUETHOTO YacToTomepa?
5. Ot 4ero 3aBUCHUT MOTPELUIHOCTH HHU(POBBIX YACTOTOMEPOB?

IIpakTnueckas padora Nel4.

Tema 4.3. U3mepeHne cieKTPAJIbHbBIX XapAKTEPUCTHK, 3aTyXaHUs U YCHJICHHSA.
CemuHap-o0cyxaeHue NUCbMeHHbIX pedepaToB
Heas padorsl: OOcyxaeHHe MUCBMEHHBIX pedepaToB 1mo Teme «lM3MepeHne CreKTpaibHbBIX
XapaKTEePUCTHUK, 3aTyXaHUS U YCUIICHUS.
Bonpockl, BBIHOCHMBIE HA CEMHHAP:

1. DnexTpuyeckue mpouecchl,IPOTEKAIOIINE B PATUOTEXHUUECKUX YCTPOUCTBAX.

2. Amnanu3z npoueccoB B 3JEKTPUUECKUX LIETISX.
3. AHaIM3aTOpPHI CHEKTpA.
4

[udpoBsie 1 aHAIOTOBBIE aHATU3ATOPHI.

IIpakTnueckas padora NelS.
Tema 4.4. U3mepenue mrymos.
H3mepeHue mymos.
Lleasb padoThl: 03HaKOMJIEHHE C (DU3MYECKMMH MEXaHU3MaMH IIyMOOOpa30BaHMs, METOJaMHU
ydyeTra M ONUCaHUs UIYMOB U (QUIYKTyallil mapaMeTpoB B pPaJHMO3JEKTPOHHBIX MpuOopax (B
OCHOBHOM TBEPJIOTEJbHBIX).
Ilepeyenn ucnoJib3yemMoro o0opya0BaHusA
DKcnepuMeHTaIbHAas yCTaHOBKA (MHTEPHET Pecype)
Teopernyeckasi 4acTh:
Tepmuns! “nrym” u “iykTyanun’” MOKHO pacCMaTpUBaTh KaK CHHOHUMBI.
OpHako, Kak NMpaBuiio, MO/ IIyMaMH MOAPa3yMEBAIOTCS AIEKTPUUECKHUE IIIyMbl, HAIIPUMED,
IIyMbl HaNpsDKEHUS ¥ Toka. TepMuH “(iaykTyanun’” accouuupyercs ¢ GpuyKTyalusMu
[apaMeTpoB, HAIPUMEP, COIPOTUBIICHUS, TU00 EMKOCTU PaIUO3JIEKTPOHHOTO JIEMEHTA.
[ymsb! BISIOTCS (PAKTOPOM, OTPAHUYMBAIOIINM (PYHKIIMOHAIbHBIE BO3MOXHOCTH MTPAKTUYECKH
BCEX PAJMOIIEKTPOHHBIX YCTPOUCTB.

V(t)=Vy+e(t)

3neck Vo= IR — majieHne HanpsKeHUs Ha PE3UCTOpE, er(t ) — ¢ TemIoBoro myma,
T€HEPUPYEMOT0 PE3UCTOPOM.
TennoBoii nyM MozieIMpyeTCs Ha MPEICTAaBICHHOM PUCYHKE YKBUBAJICHTHBIM T€HEPATOPOM
HanpspKeHus. DTOT IIyM BCerja MpUCYTCTBYET Ha BbIBOJIaX pe3ucropa. Ero cratuctuueckue
XapaKTEePUCTUKHU HE 3aBUCST OT BEIMYMHBI TOKa [, MPOTEKAOIIET0 Yepe3 Pe3ncTop.
OTH myMHI (a Takxke (GIyKTyanuy napaMeTpoB) OrpaHUYMBAIOT KaK JajdbHOCTb, TaK U
Ha/I&KHOCTb Mepejauyl MOJIE3HOT0 CUTHAA.
JApo6oBoii mym. [[poGoBoii 1IIyM BO3ZHUKAET, KOTJIa HOCUTEIIU 3apsiia CIydaiiHO
HepeceKaroT HEKOTOPbII MOTeHIUaNbHbIN 6apbep. [Ipu 3TOM KaX/1blii HOCUTEh T€HEPUPYET B
LM UMITYJIbC TOKA, U CYTMEPIO3ULIUS ITUX UMITYIBCOB 00pa3zyeT (QIyKTyHPYIOLIHHA TOK.
[Tpumepamu sABiIAIOTCS QIIyKTYallMM TOKa 3JIEKTPOHHOMN JIaMIIbl, 00YCIIOBJIEHHBIE CITy4aliHbIM
BBIXOJIOM JIEKTPOHOB M3 KaTO/[a BCIEACTBUE TEPMODIIEKTPOHHOM SMUCCHH; (DITYKTyalluy TOKa
¢doronnoa u3-3a ciry4aifHON reHepaluy HocUTeNel 1o/ IeiiCTBUEM MaJatoIlero U3Iy4eHus;
GuryKTyaIm ToKa, MpoTeKaroIero uepes p-n mepexo/i, TakKe MMEIOT XapakTep IpoOoBOro
nryma. TepMUH «1poOOBOH LIyM» NMPOUCXOAUT U3-3a aHAJIIOTUH 3TOTO SABJICHUS IIyMYy
CBHITUTIONUXCS IPOOMHOK. J[po6oBOIi IITyM Hapsiy CO MHOTUMH JIPYTUMHU (QIIyKTYaIlHOHHBIMHU
SIBJICHUSIMU OITHUCBIBAETCSI C TIOMOIIBIO MOJEIN UMITYJIbCHOTO CIIy4aiHOTo mporecca.
[Iporekaroniuii B 1ienu ToK / (¢) IpeACcTaBiISeTCs B BUJE CYNEPIO3ULIUN OTACIbHBIX UMITYJIbCOB!



I(tJ:; Ti(t-t)

rae I (1) popma K -ro cirygaiiHOro UMITyJIbCa TOKa, Lk - CIy4ailHbIii MOMEHT €0 MOSBJIEHHS.
OGBIYHO MPEJITOIAraeTCs, 4TO BCE MMITYIIbCHI ToKa oqiHaKoBbl: Iy (t|=1,(t|
Yucno nMiysibcoB N , BO3HUKAIOUIMX HA HEKOTOPOM MHTEpBaje BPEMEHH, cllydaiiHo. Bo MHOrMX
peaIbHBIX CUTYalUsAX (MMITYJIbChl BOSHUKAIOT PABHOBEPOSTHO BO BPEMEHH, HE3aBUCUMO JPYT OT
Apyra, U BEPOSITHOCTh OJTHOBPEMEHHOTO MOSIBIIEHUS] HECKOJIBKUX UMITYJIbCOB PaBHA HYJIO) 3TO
YHCIIO UMITYJIbCOB MOTUMHSIETCS PaCpPEIeNIEHUIO BEPOSITHOCTH.
Bnustnue 1po6GoBOTro 1myMa B 3JIEKTPOHHBIX CXE€MaX 3aBUCHT HE TOJIBKO OT TOKa, IPOTEKAIOIIEro
yepes npudop, HO U OT HArpy3KH, MOJIKIOUEHHOU K pubdopy. Kak mpasuiio, npudbopsl u
CHCTEMBI, TeHepUPYIOIINE APOOOBOIl ITyM (3JIEKTPOBAKKYMHBIE IPUOOPHI, (POTOAMOBI,
KOJJIEKTOPHBIE NMEePeX0bl TPAaH3UCTOPOB) UMEIOT BHYTPEHHEE COMPOTHUBIIEHHE, HAMHOTO
MPEBBIIIAIOIIEE COMPOTUBIICHHE HArpy3KkH. Ha anexTpudeckoil cxeme ApoOoBOii mryMm mpudopa
(manpumep, GoTOaMO0a) OOBIYHO MPEACTABISIOT B BH/I€ HCTOYHUKA TOKA, BKIFOUEHHOTO
napajieIbHO BHYyTPEHHEMY CONPOTUBIICHUIO IPUOOpA.
[Ipu paccMoTpeHHH U30BITOYHBIX IIYMOB HIMPOKO MCIIOJIB3YETCS MOHATHE O (PIYKTYyalusax
napamMeTpoB cucTeMbl. Hanpumep, B ciily HEKOTOPBIX IPHUYUH MOTYT CIIy4aifHBIM 00pa3oM
M3MEHATHCS EMKOCTh KOHJIEHCATOpa WK COIIPOTUBIICHHE PE3HUCTOPA, BBICOTA MOTEHIIMAILHOTO
6apbepa p-n nepexo/ia MoIyIpOBOJHUKOBOTO nprbopa. Eciiu k anexkTpudeckoil nemnwu,
coJieprKalliei Takue AIEeMEHTHI, TPUIIOKUTh HaNpsKEHUE, B LIETIH BO3ZHUKHYT U30bITOYHBIE
GayKTyaum Toka.
Haubonee npocroii siBiisieTcss Mo/ieIb paBHOBECHBIX (UIYKTyaluii conpoTusiieHus. TepMuH
PaBHOBECHBIE 03HAYAET, YTO (UIYKTYaIL[MH COMPOTUBIICHUS CYIIECTBYIOT BHE 3aBUCIMOCTH OT
TOT0, MPOTEKAET JI 110 COMPOTUBJICHUIO TOK WM HET, U YTO CBOICTBA 3TUX (PIyKTyauuil He
3aBUCAT OT ToKa. Eciin uepe3 Takoe GpuyKTyupyrolee COnpoTUBICHUE MPOMYCTUTh OCTOSHHBIN
3IIEKTpHYECKHil TOK I, Ha COMPOTUBIIEHNN BO3HUKHYT (DIIyKTYAINH HAPSDKCHHS
ult|=I,r(t)

r(t )-gpmykTympyrommas cocrapsIomas IOIHOTO CONPOTHBIeHNs. OTCIONA CIEYET, 4TO
CHEKTpaJIbHAasl IJIOTHOCTh U30BITOYHOTO LITyMa ONpEeNseTcs CHeKTPAIbHOM MIIOTHOCTHIO
¢ryKTYyaImii ConpoTUBICHUS:

SU(f]:IOZSR(f)
MoHoCTh H30BITOYHOTO IIIyMa, BBI3BAHHOTO (DIYKTyallMsIMU CONIPOTUBIICHHUS,
MIPOMOPLMOHATIbHA KBAPATy MPOTEKAIOIIET0 TOKA, M 3TO OTJINYAET €ro OT JpoOOBOro IIyMa,
HMEIOLIETO JINHENHYIO 3aBUCUMOCTb MOIIHOCTH OT TOKA.
Ou3nyecKUMH MTPUINHAMHI (ITYKTYaIlUi COMPOTUBIICHUSI MOTYT OBITh, HaIIpuMep, (QIyKTyannuu
4KCJla IOJBKHBIX HOCUTENIEH B IIOJYNIPOBOJHUKOBOM MaTepHalle U3-3a CIIy4aliHOTO XapakTepa
MIPOIIECCOB reHepaIN/PEKOMOMHALINY; (PITYKTYaIlMH MOIBHKHOCTA HOCUTENEH 13-3a
CIIy4ailHOTO PO’KICHUS/YHUUYTOXKEHUS 1e(DEKTOB KPUCTAJUINYECKOM peIIeTKH MPOBOJHHKA, Ha
KOTOPBIX POMCXOJUT paccessHue HOCUTEIIEH; CITyJaifHbIi 3aXBaT/0CBOOOKICHNE HOCUTETIEH
3apsizia JIOBYLIKaMH, PACIOJI0KEHHBIMU B 00€IHEHHOM CIIO€ P-n Mepexo/ia, U Ipyrue.
N30bITOUHBIN 111yM, BbI3BaHHBIN (UIYKTyallUsIMU [1apaMeTPOB, B HETMHEMHBIX 3JIEMEHTaX 4acTo
UMeeT ApYyThe 3aBUCUMOCTH MOIIHOCTU (UIyKTYyaluil HanpsKeHUs OT TOKA.
B kauecTBe npuMepa pacCMOTPHUM MOITYIIPOBOAHUKOBBIN AMOJ, BOJIbTAMIIEpHAs XapaKTEpUCTUKA
KOTOPOT'O OIUCBIBAETCS BHIPAKEHUEM:
I=I,(explaU|—1),
I, -06paTHBIi TOK HackIEHUs qroa, U - HAPsHKEHUE Ha P-N MEPEXOJE, o - HEKOTOpas
nocrosinHast. Eciu 4ucTo (opMaibHO MPEIoNoKUTh, YTO mapaMeTpsl p-n nepexoaa Iy u a
(GIIyKTYUPYIOT, M UTO TOK M0J1a / OAEPKUBACTCS MOCTOSIHHBIM, COOTBETCTBYIOIIEE IITYMOBOE
HaIpsDKEHUE.



[ym, co3naBaemblil GpayKTyanusMu B Anoie UMeeT Oosee caaldyro 3aBUCUMOCTh OT TOKa, YeM
IIyM, CO3/1aBaeMblil UIyKTyalusiMU COMPOTHUBIICHUS. DTOT MIPUMEP AEMOHCTPUPYET, UTO
3aBUCUMOCTH M30BITOUYHOTO IITyMa OT TOKa MOXKET OBbITh JJOCTATOYHO CI0XKHOM. JleTanbHoe
o0cykJieHre U30bITOYHOTO ITyMa B MOJYIPOBOIHUKOBBIX AHOaX BBIXOAMT 32 PaMKU JAHHOTO
OIHCaHUS.
CriekTpasibHbIe CBOWCTBA N30BITOUYHBIX ITYMOB MOTYT OBITh pa3IUnYHbIMU. Tak, Mpo1ecchl
reHepaluu/peKOMONHAIINY, XapaKTepH3yeMble HEKOTOPOU MOCTOSIHHOM BPEMEHH T , IAl0T
YaCTOTHYIO 3aBUCUMOCTb CIIEKTPaJIbHON MJIOTHOCTH, AJis TeroBoro myma RC-nienouku. Crnektp
TaKOIo BUJa Ha3bIBAaeTCs CIEKTpoM JIopeHIa u XapaKTepu3yeT IIyM B peJaKCalluOHHON
cUCTEeMe, UMEIONIeH OIHY OCTOsIHHYIO BpeMeHU. Ocoboe MecTo 3aHUMAaeT (PIIMKKEPHBIH 1IIyM
i myM 1/f. YacToTHast 3aBUCUMOCTB CIIEKTPa 3TOTO IIIyMa UMEET BUJ:

Slflec 1/f
MoKa3aresiaeM CHeKTpa Y , OJU3KUM K enuHuIe. Takoil BUJ CIEKTpaJbHON INIOTHOCTU O3HAYaeT,
yro myM 1/f nposiBasieTcs, r1aBHbIM 00pa30oM Ha HU3KUX YacToTax. HeoObIYHOCTE crieKTpa
3aKJIFOYAETCS B TOM, UTO €r0 MHTETpaJl 110 YaCTOTE PACXOIUTCS, U, CIIEI0BATEIbHO, MOIIHOCTb
¢bykryanuil 1okHa ObITh OeckoOHeUHOM. PeanbHbIM (hakTOpOM, OrpaHUYMBAIOIIMM POCT
MOIIHOCTH LIyMa Ha HU3KUX YacTOTaXx, SBJIAECTCSA KOHEUHAs JUINTENbHOCTh U3MEPEHHUs yMa. B
MOJIyIPOBOIHUKOBBIX YCUJIUTEIIAX 3aBUCUMOCTD TUMa 1/f mpocnexeHa BIUIOTh 10 4acTOT
nopsiaka 107° .
[ywm 1/f npu Tex niaK UHBIX YCIOBUSAX HA0JI01a€TCsl MPAKTUYECKU BO BCEX AJIEKTPOHHBIX
npubopax u KoMnoHeHTax. PIyKTyaly 3TOro TUIA TaK)Ke IPUCYTCTBYIOT B OMOJIOTHUECKUX,
SKOHOMUYECKUX, Fe0YU3NUECKUX, ACTPOPU3NUECKHUX U APYTUX CUCTEMAX.
Cronb yHUBEpCabHBINA XapaKTep 3TOro SBJICHUS B HACTOALIee BpeMsl He 00bsicHEeH. B
ANEKTPUYECKUX cuctemMax 1ryM 1/f oObIuHO cBsi3aH ¢ QUIyKTyalusiIMH COIPOTUBIICHUS.
du3nyecKUMH IpolieccaMu, Haubosee NOAXOIAIIUMU 7Sl OOBSCHEHUS IIIyMa Ha MH(PPaHU3KUX
4yacToTax, BJSIOTCS 3aXBaT HOCUTENEH MeIJICHHBIMU JIOBYIIKAMH B IOJIYIIPOBOJAHUKAX U
pOXIeHNe/yHUUTOXKEHHE Ae(EKTOB pelIeTKy B MeTaiaXx. Moieu, ONUChIBAIOIINE ITOT IyM, B
OOJIBILIMHCTBE CJIy4aeB OCHOBAHBI HA MPEANOJIOKEHUH O CYNEPIIO3ULIUU IIYMOBBIX
pEJIaKCallMOHHBIX MPOLIECCOB, UMEIOIINX Pa3INYHbIE IOCTOSIHHBIE BPEMEHHU. | TaBHas TPyIHOCTD
TaKUX TEOPHUM COCTOUT B GU3NYECKOM 0OOCHOBAHUM PACHPE/IEIICHNS BECOBBIX KOO(PPHUIIMEHTOB,
COIJIACHO KOTOPBIM JIOJKHBI CKJIQJBIBAIOTCS OT/AEIbHBIE PENAKCALMOHHBIE IIPOLIECCHI IS
nosrydeHus cuekrpa 1/f.
N3MEPEHUE MOIIIHOCTHU IIYMA
N3mepenue m000# cTaTUCTUYECKOIN XapaKTEepUCTUKU LITyMa BKIIIOUAET ONEPALUIO0 YCPEIHEHUS.
IIpu TeopeTnueckoM aHaINU3€E CIyYalHBIX IPOLECCOB CPEIHUE 3HAUCHUS ONPEIEIIAIOTCS IIyTEM
YCPEIHEHUS 10 CTATUCTUYECKOMY aHCAaMOJIIO peaan3alii: BCe T0IMyCTUMBbIE 3HAYCHUS
YCpEQHIEMON BEJIMUYNHBI CYMMHUPYIOTCS C BECAMM, PABHBIMU BEPOATHOCTH 3TUX 3HAYEHUIA.
DKCIIEpUMEHTATOP K€ pacoiaraet JHILIb OJHON peanu3zanuei x(f) , u onpeaeacHue CpeIHux
3HAYEHUH POU3BOJUTCS IIyTEM YCPEAHEHHUS 10 3TOM €IMHCTBEHHON pean3aluy — yCpPeHeHH
110 BpeMeHH. BO3MOXXHOCTh TAKOTO yCPEIHEHUsI OCHOBAaHA HA TOM, YTO CIIy4alHBIN IIpoLece
o0JiazjaeT KOHEYHOH MaMsAThIO — BpeMeHeM Koppensauuu. [1oatoMy ofHy peainzanuio B
MIPUHIIAIIE MOKHO pa3OUTh Ha OT/AEIbHbIE HE3aBUCUMbIE YUACTKH, U IOJYYUTh TEM CaMbIM
o001e CTaTUCTUYECKOro aHcamOIIs.
[Ipoueccel, 4711 KOTOPBIX YCPEIHEHUE IO BpEMEHHU (IIPEIoIaraeTcs, YTo HHTEPBal YCPEeIHEHUS
MO>KHO OpaTh CKOJIb YTOJTHO OOJIBIINM) SKBUBAIEHTHO YCPEIHEHUIO [0 aHCAMOJIII0, Ha3bIBAIOTCS
IProaAu4ecKUMH.
Omnepanus ycpeiHeHHs 10 BpEMEHHU B CIIEKTPAIbHOM MPECTABICHUH SABISETCS QUIBTPOM
HU3KHX 4aCTOT, KOTOPBIM MPOIYyCKaeT HU3KOYACTOTHBIE KOMIIOHEHTHI
BXOJIHOT'O CUTHAJIa, BKJIIOYas IIOCTOSIHHYIO COCTABJIAIOLLYIO, U ITOJIaBIIsET BBICOKOYACTOTHBIE,
Ha4yMHas ¢ 4acToThl nopsaka 1/ 7. Jlns BpeMeHHOro ycpeaHeHus QayKTyaluuil B IpUHIUIIE
MOTYT HCIIOJIb30BaThCs JH0ObIe HU3KOYAaCTOTHBIE (GMIBTPBI. B yacTHOCTH, ITpH aHAIOTOBOM
00paboTKe CUTHAJIOB YacTO NpUMEHs0TCs nHTerpupytoue RC nenouku.



OyHKIIMOHAJbHAS CXeMa U3MEPEHHUS MOIITHOCTH IIyMa nokaszaHa Ha Puc.6. Ona
COJIEP’KUT: UCTOYHHUK IIIyMOBOTO CUTHAJIA, IPEICTABICHHBI F€HEPATOPOM HANPSKEHUS €ex(?) U
BHYTPEHHUM CONPOTUBJICHHUEM HUCTOYHHKA R, YCUJIUTEINb C PETYIUPYEMbIM KO3 (P (HUIIHEHTOM
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Jliig KBaipaTUUHOTO 1€TEKTOpa (BBIXOIHOM CUTHAJ AETEKTOPA NMPONOPLHUOHAJIEH KBapaTy
BXOJJHOTO CUI'HAJIa) U B NIPEAIOJIO0KEHUHU, YTO CIIEKTPaJIbHAs INIOTHOCTh UICTOUHUKA IIyMa Sk(f)
MIOCTOSIHHA B TPEJieNax MoJIOCH MPOITyCcKaHus (GUIbTpa, OKa3aHue HHIUKATopa A4
IIPONOPLIUOHAIBHO CIIEKTPAJIIBHOM INIOTHOCTH.
IKCIIEPUMEHTAJIBHAS YCTAHOBKA

OKCcIIepUMEHTAJIbHAsl YCTAHOBKA COCTOMT M3 TpeX 3JIEKTPOHBIX OJIOKOB -
HCTOYHUKOB DJJIEKTPUYECKUX IIYMOB pPAa3JIMYHOTO THUIIA, U HU3IMEPUTEIBHOIO
0J10Ka, ¢ IOMOILBIO KOTOPOI'O PETUCTPUPYETCS CHEKTPaIbHAsl IJIOTHOCTH IIyMa.

N3mepuTebHbIi 0JI0K MPeICTaBIIEeT COOON y3KOMOIOCHBIN YCHUITUTENb C
JE€TEKTOPOM BBIXOJHOTO curHasia. OCHOBHBIE y3JIbl U3MEPUTENBHOTO OJI0Ka U
OpraHsl YIIpaBJICHUs IpeIcTaBlIeHbl Ha Puc.7.

Puc.7 Cxema uzmeputensHoro 6oka. [TyHKTHpOM 00BEICHBI AJIEMEHTHI
nosiocoBoro unbTpa. CTpenkaMu yKa3aHbl y3JIbl CXEMbI, K KOTOPBIM OTHOCSITCS
COOTBETCTBYIOLIME OPTaHbl YIIPABICHHS YCTaAHOBKOM.

)

Puc.6. d}}[][\'HI-!UHH_IL)}']H}I cXeMa U3MEPCHH S MOILIHOCTH IyMa.

Bxoanoit ycunutens /1/ umeeTr noctosiHHbINA K03 punment ycuienus, paBuslil 60.C ero
BBIXOJIa IIIyMOBOW CUTHAJI MOJIAETCSl HA YCUITUTEIb /2/ ¢ peryIupyeMbIM K03 PUIIUeHTOM
ycuieHUsl. BBIXOIHOW CUTHAN peryaupyeMoro yCWInTENs BbIBEJeH Ha pazbeM BBIXO/]
JUTSL BU3yalIbHOTO KOHTPOJISI ¢ moMotbio ocimutorpada. [lomoca yactor ycunenus
cocraBisieT 20I'n-25kI 1.

Y cuneHHbIl IIyMOBOM CUTHAI MOCTYIAET Ha GUIBTP, KOTOPHIN BBIAETSAET
CHEKTpaJIbHbIE COCTABIISIONIUE CUTHAJA, JIeXkKAlllle BOKPYT HEHTPAIbHOM 4acTOThl GUIbTpPa B



1oJIoce 4acToT, npuMepHo paBHoi 50 I'u. Pabota ¢unbsTpa ocHOBaHa Ha MpeoOpa3oBaHUU
9acTOTHI BXOJHOTO curHaia. OuibTpyeMsblil ITyM U CHHYCOUIaJIbHOE OTIOPHOE HANPSKEHHE,
KOTOpOE BhIpabaThIBaET CIeNUAIbHbIN reHepaTop /3/, Ha3pIBa€MBbIi e mepoAUHOM, MOIAI0TCS
Ha aHAJIOTOBBII YMHOXHUTENh CUTHAIIOB /4/. B pe3ynbrare yMHOKEHUS TIPOUCXOUT CIBUT
CIIEKTpa IIyMa BBEpX W BHU3 10 YaCTOTE Ha BEJIIMYMHY, PaBHYIO YacTOTE rerepoauHa. B
OKpPECTHOCTH HYJIEBOH YaCTOTBI OKa3bIBAIOTCS CIIEKTPAIbHBIE COCTABIISIONINE BXOTHOTO
IyMa, pacroyio)KeHHBIE B OKPECTHOCTH YaCTOTHI TE€TEPOJMHA. DTH COCTABIISIONINE
BBIJICIISIFOTCS (PUITBTPOM HU3KHX YacTOT /35/, KOTOPBIN BKIIFOYEH Ha BBIXOJEC YMHOXKHTENS. Bee
YCTPOMNCTBO IEUCTBYET Kak (PUIBTP C MOJIOCOM MPOMYCKaHUsI, paBHOM 1M0OJI0Ce MPOITyCKaHuUs
¢bunpTpa HU3KKX 9acToT (50 ['11), 1 UMEromuniA EeHTPaIbHYIO YaCTOTY (PUIBTPAINH, PABHYIO
94acToTe reTeporHa. M3MeHsst 4acToTy reTepoinHa, MOKHO H3MEHSTh YacTOTy HACTPOHKH
¢dunesTpa.
B pesynbTare ¢punbTpanuy nrymMa MOIMIHOCTh CUTHAJIA Ha BBIXOJIE (PMIIBTPA YMEHBIIACTCS
10 CPAaBHEHHUIO C MOLTHOCTBIO Ha BXoJie. /st KoMIeHcaluu 3Toro ocinabieHus Ha
BbIX0J1€ (PMIIBTPA YCTAHOBJIEH YCUIIUTEIb HU3KOW 4acTOTHI /6/ ¢ peryiaupyeMbiM
K03 (HUIIMEHTOM YCUTICHUS.
CpenHss aMIUTUTY/a BBIIEIEHHBIX CIIEKTPAJIbHBIX COCTABIAIOLINX IIyMa U3MEPSAETCs C
MOMOIIIBIO IBYXIOJIYTIEPUOAHOTO BhIIpsMUTENS /7/ n unTerpupytomeid RC-nenouxu. K
BBIXOJly LIETIOYKH MOJKIIIOUYEH CTPEIOYHbIN HHIUKaTOp /8/.

C nomotipio nepekoyaress /9/ Ha BX0o/1e U3MEPUTEIBHOTO 0JI0Ka K HEMY MOTYT
OBITH MOJKIJIIOYEHBI BCTPOCHHBIE B YCTAHOBKY MCTOYHHUKH IIIyMOBBIX CUTHAJIOB (TI0JI0KEHUS
nepekiouarens T, S, E) unu BHewmHuid reuepaTop..

IpakTnyeckas padora Nel6.
Tema S5.1. OcHOBHBbIE HANPABJIEHUSI ABTOMATH3alMU U3MEPHUTEIbHOI0 NpoLecca.
CemuHap-o0cyxjaeHue NUCbMeHHbIX pedepaToB
Heas padorsi: OOcyxaeHHe NHCBMEHHBIX pedepaTtoB 1o TeMe «OCHOBHBIE HampaBICHUS
aBTOMATHU3AIMH U3MEPUTEIHHOTO MPOIIECCaY.
Bonpocsl, BLIHOCHMbIE HA CEMUHAP:
Llenu u 3a1a4m aBTOMaTH3ALIUH.
ABTOMaTH3AIMsI U3MEPHUTEIBHOTO MPOLECcCa.
CTpyKTypHBIE CXEMBI IIPOLIECCOB U3MEPEHHS U KOHTPOJIS.
OCHOBHBIE TIPUHIIMIIBI TOCTPOSHUS CPEJICTB ABTOMATU3UPOBAHHOTO KOHTPOJISL.
OTtarnsl pa3BUTHS aBTOMATU3AIHH.
[Tonmnas u yacTUYHASE aBTOMATH3ALIUS.

S

IIpakTHyeckas padora Nel7.

Tema 5.2. U3mepuTeibHO-UH(POPMANIMOHHBIE KOMILJIEKCHI M CHCTEMBI.
CemuHap-o00cyskaeHue NUCbMEeHHbIX pedgepaToB
Hean paGorbi: OOCyXIeHHE MHUCBMEHHBIX pedeparoB 1o Teme «lM3mepurenbHO-
WH(pOpPMAIIMOHHBIE KOMIUIEKCHI U CUCTEMBIY.
Bonpochl, BLIHOCHMbIE HA CEMHHAP:

5. ba3oBble 3MEeMEHTHI TEXHHYECKOTO O00ecreueHHs aBTOMAaTHYECKHX CHCTEM
U3MEPEHHS U KOHTPOJISL.
DJeMeHTHl IPOrPaMMHOTO 00ECTICYCHHUS.
MeTobl U cpeacTBa MPOrpaMMHUPOBAHUSL.
ABTOMAaTUYECKHE CPEJICTBA.
Mertponoruyeckue odecrieueHus aBTOMATU3UPOBAHHBIX CPEACTB U3MEPEHUM.

A s



10. YerpolicTBa KOHTPOJIS SIEKTPUYECKUX LIETIEH.
11. Yeunurenu CUTHAJIOB M COTJIACYIOIINE YCTPONCTBA.
12. Moaynu ananoro-uugposoro npeodpazosanus (AL LIAIT)



Jluteparypa.
OcHoBHas JuTEpaTypa:

1. YronpHukoB, A. B. Dnekrpuueckue u3MepeHHs |[DIIEKTPOHHBIN pecypc] : MPaKTUKyM
st CIIO / A. B. YrompbHUKOB. — DIEKTPOH. TEKCTOBBIe AaHHBIE. — (CaparoB :
[IpodobpazoBanue, At [Tu Ap Menua, 2019. — 140 c. — 978-5-4488-0266-9, 978-5-
4497-0025-4. — Pexwum nocryna: http://www.iprbookshop.ru/82687.html

2. Adonckuit A.A. DNEKTpOHHbIE U3MEPEHUS B HAHOTEXHOJIOTUSX U B MUKPOIJIEKTPOHUKE
[OnexTponnsiii pecypc] / A.A. Adounckuii, B.I1. J[psIKOHOB. — DNEKTPOH. TEKCTOBBIC
nanable. — CaparoB: I[IpodobpazoBanue, 2017. — 688 c. — 978-5-4488-0055-9. —
Pexxum noctyna: http://www.iprbookshop.ru/63585.html

3. BoctpoknytoB, H. H. Dnexrtpuueckue mn3MmepeHus [DIeKTpOHHBIA pecypc] : ydeOHOe
nocobue / H. H. BocTpoKHYTOB. — DJIEKTpPOH. TEKCTOBBIC JaHHBIC. — M. : Akamemus
CTaHAAapTH3alMU, METPOJIOTHH U cepTudukanuu, 2017. — 321 ¢. — 978-5-93088-188-2.
— Pexxum goctyna: http:/ www.iprbookshop.ru/78189.html

JonosiHuTEILHAS JIMTEPATypa:

1. KyzoBkun, B. A. DnextpoTexHuka u sekTpoHuka : yueonuk s CI1O / B.A. Ky30BkuH,
B.B. ®unaros ; Mock. roc. TexHon. yH-T "Crtankun". - M. : FOpaiit, 2016. - 431 c. -
(ITpodeccuonanproe odpazoBanue). - Ha yuebnuke rpud: Pex. YMO. - bubnuorp.: c.
431. - ISBN 978-5-9916-6223-9 (3)
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