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HHOACHUTEJBbHAA 3AIIUCKA

I[aHHBIG MCTOANYCCKUC YKa3aHU MPCAHA3HAYCHBI IJI1 3aKPCIIJICHUA TCOPCTHUICCKUX

3HaHUH U TproOpeTeHNs] HeOOXOAMMBIX IPAKTUYECKUX HAaBBIKOB U YMEHHI MO Mporpamme

JUCUHUILTUHBIL " DJeKTpoTeXHuYecKue usmepenus " mis cnenuaibHoctu CI1O

09.02.01 KoMnibtOTEpHBIE CUCTEMBI U KOMILIEKCHI

[IpakTrueckue 3aHATHS COCTaBJIEHBI B COOTBETCTBHH ¢ TpeOboBaHusiMu ®I'OC o

CIICIUaJIbHOCTH.
]_[CJ'IHMI/I IIPOBCACHUA IMTPAKTUICCKUX 3aHSATHHI SBIISIIOTCS:

- 0000uieHne, cuCTeMaTU3aIMIo, YIiayOJieH!e, 3aKpeTICHHE MOTyYeHHbIX
TEOPETUYECKUX 3HAHUI

- (opMupoBaHHE yMEHUH IPUMEHATH MOIy4YEeHHbIC 3HAHUS Ha MPAKTHKE,
peanu3annio eIMHCTBA UHTEIUIEKTYaJIbHOM U MPAKTUYECKOM 1eATEIbHOCTH;

B pesynbrare ocBoeHUs y4eOHON NUCIUTUIHHBI O0YYAIOITHIICS TOJDKEH YMeTh:

KJIaccu(UIIMPOBATh OCHOBHBIE BHIBI CPEACTB U3MEPEHUH;

IPUMEHSTh OCHOBHBIE METO/IbI M IIPUHIIUIIBI U3MEPEHMUIA;

IPUMEHSTh METOJIbI U CPEJICTBA OOECIICUEHNS €MHCTBA U TOUHOCTH U3MEPEHU;
MPUMEHSTh aHAJIOTOBbIE M IU(PPOBBIE U3MEPUTENIbHBIE TPUOOPHI, U3MEPUTETILHBIC
TEHEepPaTopHlI;

IPUMEHSTh F€HEPATOPhl ITYMOBBIX CUTHAJIOB, aKyCTHUYECKHUE U3JIydaTelu, U3MEPUTENN
nrymMa u BUOpamuii, usMmepuTeNbHble MUKPO(OHBI, BUOPOAATUMKY;

MPUMEHSTh METOINYECKUE OLEHKU 3alUIIEHHOCTH HH()OPMALIMOHHBIX OObEKTOB;

B pesynbrare ocBoeHUs y4eOHON NUCIUTUIMHBI 00YYaAIONTHICS TIOJDKEH 3HATH:

OCHOBHBIE MOHATUS 00 U3MEPEHUAX U CANMHUIAX (PU3NYECKUX BEITUUHH;

OCHOBHBIC BHJIBI CPEJICTB U3MEPEHUH M UX KJIacCH(PHUKAIHIO;

METO/Ibl U3BMEPEHUN;

METPOJIOTUYECKHE MMOKA3aTENIN CPEICTB U3MEPEHUI;

BUJIBI U CTIOCOOBI OTIpeIeTICH I MOTPEITHOCTEN U3MEPEHUI;

MPUHIINI JEHCTBHS MPUOOPOB (HOPMHUPOBAHHS CTAHIAPTHBIX U3MEPHUTEIbHBIX CUTHAJIOB;
BIIMSTHUE U3MEPUTEIBHBIX MPUOOPOB HA TOUHOCTH U3MEPEHHIA;

METOJIBI ¥ CLIOCOOBI aBTOMATU3AIMY U3MEPEHHH TOKa, HAMPSHKEHUS U MOIIIHOCTH



IpakTnueckasi padora Nel.
Tema 1. BBenenne. OCHOBHbIE BBl 1 MeTObI H3MePEHMIl, HX KIacCH(PUKALMSA
Mertposorus — Hayka 0 CpeicTBaX U METOJIaX U3MEpEHUH.
Hean padotbl: M3yueHne 0CHOB METPOJIOTHH.
TeopeTnyeckas 4acTh:

K 4ncny TEXHHYECKHMX CpPEICTB M3MEPEHUS OTHOCSTCS MeEpbl, H3MEpPUTEIbHbIE
npeoOpa3oBaTesid, U3MEpUTENIbHbIE NMPUOOPHI M H3MEPUTENbHBIE CHUCTEMbI. M3MepuTenbHbIM
npeoOpa3oBareieM  Ha3bIBAIOT  YCTPOMCTBO, IMpeIHAa3HAYeHHOE s npeoOpa3oBaHUs
U3MEpSEMOro napameTpa B CUTHaJl, y0OHBIN s AajbHEHIIeH nepefadn Ha pacCTOSIHUE UIIH B
LIEMb YIIPABJIAIOLIErO YCTPOMCTBA.

[IpeoOpa3oBarenn MoapasAesslOT Ha NEpBUYHbIE (JATUYUKU), IPOMEKYTOUHBIE,
nepepamone M MacmrabHble. 3MmepseMyio BelMYMHY Ha3bIBAIOT BXOJHOW, a pe3ylbTar
peoOpa30BaHUsl — BBIXOJHBIM CUTHAJIOM.

[TepBuuHble TpeoOpa3zoBaTeN TMpPEAHA3HAYCHBI I MpeoOpa3oBaHusl (U3HUECKUX
BEJIMYMH B CHUTHAJbl, a MEepelarolllue M IPOMEXYyTOUYHbIE INpeoOpazoBaTend (OPMUPYIOT
CHUTHAJIBI, yTOOHBIE /IJIS TIepelaur Ha PACCTOSIHUE M PETUCTPALIHH.

K wmacmraGHBIM OTHOCAT TpeoOpa3oBaTeNid, C IMOMOIIBIO KOTOPBIX H3MepsieMast
BEJIMYMHA U3MEHSETCS B 33/laHHOE YMCIIO pa3, T. €. OHU He MpeoOpa3yloT oJHYy (U3NYECKYIO
BEJIMYUHY B JIPYTYIO.

W3mepurenbHbIM IpUOOPOM Ha3bIBAIOT YCTPOUCTBO, NMPEIHA3HAYEHHOE /1711 BRIPAaOOTKHU
U3MEpUTENbHON uH(popManuu B (opMe, JOCTYIHOW il HENOCPEICTBEHHOIO BOCIPUSATHUS
HaOmroareneM (onepatopom). M3amepurenbHble IpUOOpPHI AEST Ha JIBE TPYIIIL.

K mepBoii rpynmne OTHOCAT aHAJIOrOBble IPUOOPHI, OKa3aHUS KOTOPBIX SBIISIOTCS HE
pepbIBHON (yHKIMEN U3MepsAeMoro napamerpa.

Bropas rpynma Bximouaer B cebst nudpoBbie mpubopsl. OHHM BBIpaOATHIBAIOT
JMCKPETHBIE CUTHAJIBI U3MepseMoil nHpopManuu B 1udpoBoit popme.

W3mepuTtenbHas cucteMa oObeAUHIET U3MEPUTENIbHBIE ITPeo0pa3oBaTen U MPUOOPHI,
oOecrieunBas U3MepeHUs apamerpa 0e3 yyacTus 4eaoBeKa.

['ocynapcTBEHHBIN CTaHIAPT YCTAHABIMBAECT NPUMEHEHUE MeXyHapOaHON CUCTEMBI
enunul (CH) Bo Bcex 001acTAX HAYKH U TEXHUKH.

B coctaB CH BX0AST ceMb OCHOBHBIX €IMHUILL, IBE TOTIOJHUTENbHbIE U JIBAIaTh CEMb
BOXHEHIINX MPOU3BOJHBIX €MHUL. B cocTaB OCHOBHBIX €IUHMII BXOJAT: METP (M), KHJIOTpaMM
(xr), cexynna (c), amrep (A), kenbBuH (K), monb (Mosib), kanaena (Kx).

K nononnutensHbM equHunaMm cuctembl CU oTHOcATCS paauaH M crepaauaH, a Bce
OCTaJIbHbIE €UHUIIBI ABIIAIOTCS MPOM3BOAHBIMU. Hampumep, enununa cuisl — HbOTOH (H),
cooOmraer Tenry maccoi 1 kr yckopenue 1 m/c2; eaunHuna nasineHus — nackaib (I1a), 3a equ-
HUILY JaBJIEHUS IPUHUMAETCS TAKOE PABHOMEPHO paclpeieieHHOE JaBJIeHHe, TPU KOTOpoM Ha 1
M2 IEHCTBYET HOPMAJIbHO K ITOBEPXHOCTHU cuiIa, paBHas 1 H.

Bce n3mepenus nendr Ha npsiMble U KOCBEHHBIE. [Ipy MpsSMbIX M3MEpPEHUSIX YUCIOBOE
3HaYeHHE U3MEPSIEMOT0 MapameTpa ONpeessioT HEMOCPEICTBEHHO N3MEPUTENIbHBIM TPHOOPOM:
HalpuMep, HM3MEpEeHHe TeMIlepaTypbl TEPMOMETPOM WM JIMHEHHBIX pPa3MEpOB JeTalu
MEPUTEIBHBIM HHCTPYMEHTOM.

KocBenHble n3MepeHHs] NpeaycMaTpUBAIOT OMNpENeIeHHe HCKOMOIO IapameTrpa Ha
OCHOBAaHUHU IMPSIMOTO M3MEPEHMsI BCIIOMOIATEIbHOW BEJIWYUHBI, CBA3aHHOW C H3MEPSIEMbBIM
apaMeTpoM OINpPEENIEHHON (QYHKIIMOHAIBHOM 3aBHCHUMOCTBIO. Hampumep, onpeneneHnue
o0beMa Tena Mo ero JUIMHE, IMPUHE U BHICOTE WJIM M3MEpPEHHE TeMIEepaTyphl M0 U3MEHEHHUIO
AIIEKTPONPOBOIHOCTH TEPMOMETPA COTPOTUBIICHUS.

XoJ paboThI:

1. U3yuuTh OCHOBBI METPOJIOTUH, BUIBI U METObI U3MEPEHUM, UX KiIacCU(UKALINS.

2. V3y4nTh JIEKIMOHHBIA MaTepHal U OTBETUTh B TETPAJH Ha CIEIYIOIINE BOIPOCHL:

1. Yo u3yyaet JUCHMIUINHA METPOJIOTHSA?
2. Kakoe MecTo 3aHMMaeT METPOJIOTHSI CPENN APYTHUX HAYK?



3. MaitTe onpenenenne GuU3NIECKOM BEIIMUNHBI.

4. Yro Takoe pa3MepHOCTh GU3UUYECKON BETUIMHBI?

5. IlpuBenuTe npuMepbl OCHOBHBIX, JOMOJHUTENIBHBIX U IPOU3BOAHBIX (PU3NUECKUX
BEJIMYHH.

6. [To xakuM TIpU3HaKaM KJIACCUDUIIMPYIOTCS METObI U3MEPCHUH ?

7. Kakue MeTo/ibl U3MEPEHNU BaM U3BECTHBI?

8. Uro Takoe ycnoBus u3mepennii? Kakumu onn ObiBaroT?

9. Yto Takoe pe3yabTaT U3MEPEHUS U YEM OH XapaKTepU3yeTcs?

10. JlaiiTe onpeaeneHus NpsMbIX, KOCBEHHBIX, COBMECTHBIX U COBOKYITHBIX BUJIOB
U3MEPECHUM.

11. [IpuBeauTe npuMepbl U3MEPEHUM KaXKI0TO BUA.

IIpakTuyeckasi paGora Ne2.
Tema 2. MeTposiornueckue nNoKa3aTeju CpeacTB H3MepeHuil
O3HakoMJIeHHE CO IIKAJIAMM 3JIeKTPOU3MEPHUTEIbHbIX IPUOOPOB.
Heap padorei: M3yueHue mikai 3JIeKTpOU3MEPUTEIbHBIX IPUOOPOB.
Ilepedennb ucnoib3yemMoro 000pya0BaHus
ONeKTpOU3MEpPUTEIbHbIE MPUOOPHI.
TeopeTnyeckas 4acThb:

Kontpons ~ pabGoTel  371€KTpOOOOpPYNOBaHMA  OCYLIECTBISIETCS € [TOMOILBIO
pa3HOOOpa3HBIX  BJEKTPOM3MEpPUTENbHbIX  npubopoB. Haubonmee  pacnpocTpaHeHHBIMU
3JIEKTPOU3MEPUTENIbHBIMA IIPUOOpaMU SIBJISIFOTCA IPUOOPBI HerocpencTBeHHOro orcuera. [lo
BUAY OTCYETHOTO YCTPOMCTBAa pa3NUYalOT AaHAJIOrOBbIe (CTpENIOYHBIE) © LU(POBBIC
U3MEpUTENIbHBIE TPUOOPBI.

OCHOBHBIE HACTU 2JIEKTPOU3SMEPUTEJIbHBIX ITPUEOPOB

Y MHOrux npubopoB e€cTh 00IIMe 0 HA3HAYCHUIO YaCTH. DTO KOPIYC, 3aKUMBI, LIKaa,
yKazaTejabHasi CTpelika, OTPaHUYUTENIM, BUHT Koppekropa (puc.l). Ha kopmyce HeEKOTOpbIX
nprOOPOB PACHONIOKEHBI MEpeKItoyaTesb MpeeoB U3MepeHus U appetup. BHyTpu kaxxaoro
npuOopa HAXOIUTCS €ro riaBHas 4acTb — HU3MEpPUTENbHBIN MexaHu3M. OTAenbHble NpUOOpHI,
HalpuMep OMMETpPBI, CHAOKEeHbI KaMepol, B KOTOPYIO MOMEIAIOT UCTOYHHUK 3JIEKTPOIUTAHUS
(ranbBaHUYECKUN 3JIEMEHT). Y HMHTETPUPYIOLUIUX MPUOOPOB, HAIIPUMEP y JIEKTPOCUETUHKOB, B
OTJIMYUE OT IOKAa3bIBAIOIIMX MPUOOPOB OTCYTCTBYET yKa3aTelbHas CTpeNKa, HO y HHUX €CTh
CUYETHBIA MEXaHH3M.

puc.1

Kopnyc cinyxur pang 3amuTsl  M3MEPUTENBHOTO MEXaHM3Ma OT MEXaHUYECKHUX
HNOBPEXJCHUN, OT MbulM. B 3aBHCHMOCTH OT crocoba 3aluThl BHYTPEHHEro YCTpOWCTBa
npulopa OT BHEIIHUX BO3AECUCTBUU KopIyca MpUOOPOB MOTYT ObITh OOBIKHOBEHHBIE, BOO-,
ra3o- W TbUIC3ALIMIIEHHbIE, TepMETHYEeCKHe U B3pbIBoOe3omacHele. K 3axumam mpubdopa
MPUCOEAUHSIOT MPOBOJIA AJIS1 BKIIOUEHHS €10 B DJIEKTPUUECKYIO LETb.

ITo mixane nmpubopa OTCUUTHIBAIOT 3HAUEHUE U3MEPSIEMOI BETUUNHBI.

Buemnuii Bua mKansl M HAHECEHHbIE Ha HEE YCIOBHbIE 0O0O3HAYEHUS 3aBUCAT OT
Ha3HAuYeHUs M KOHCTPYKUMH npubopa. Ha mkamy HaHOCAT YepTOYKH (BEpTUKAIbHBIE,
TOPU30HTAJIbHbIE, HAaKJIOHHBIE), Ha3blBa€éMble O T M € T K a M H. OTMeTKy IIKaJbl,
COOTBETCTBYIOIYI0 HYJIEBOMY 3HAYEHHIO H3MEPSEMOW BEJIWYMHBI, HAa3bIBAlOT HYJIEBOM.



WNHTepBan mexay AByMs COCEIHMMHM OTMETKAaMU HOCUT HA3BAHME JIEJICHUS IIKAJbl, & 3HAUCHUE
IIEKTPUYECKON BEJIMYMHBI, NPUXOIALIEECS] HA OJHO JAEJICHHE IIKajlbl, — IIE€HBl JEJICHUS.
3HaueHHE M3MEpSEMOM BEJIIMYMHBI, COOTBETCTBYIOIIEE HAYAJbHONM OTMETKE IIKAJIbl HA3bIBAKOT
HAYaJbHbIM 3HAYEHUEM WIKalbl, a 3HAYEHHE HU3MEPSIEMON BEJIMUYUHBI, COOTBETCTBYIOLIEE
KOHEYHOM OTMETKE IIKaJbl — KOHEYHBIM 3HaUeHHEM. Pa3HOCTh MEKy KOHEUHBIM U Ha4aJIbHbIM
3HAYCHUSAMHU HU3MEPSEMON BEIMYUHBI SBISIETCS pabo4ynM Juama3oHoM u3MepeHuil. Illkansr
OBIBAlIOT pPaBHOMEPHBIMU (BCE JAENEHUS IIKAJIbl OJMHAKOBBIC) M HEPAaBHOMEPHBIMU (IeNICHUs
Kbl HEOAMHAKOBBI). Ha mikame MHOTMX HpUOOPOB MapajuleIbHO OTMETKAM PacCIOJIO0kKeHa
3epKajbHas 10JI0Ca, YTO MO3BOJISIET YMEHBIIUTD OMIMOKY MPU CHATUM NoKa3aHuil. [na3, crpenka
Y €€ OTPa)XEHUE B 3€PKAIIbHOM MOJIOCE TOJKHBI HAXOAUTHCSA HA OJJTHOM JIMHUH.

VYka3zarenpHas CTpeiKa Hy»KHa JUJIsl OTCYETa IO IIKale 3HAYEHUs U3MEpPsEMOM BEIIMYMHBI.
Crpenky JenamT U3 allOMUHHUS WK ero ciuiaBoB. CTpellka COeAMHEHAa C HU3MEpPUTENIbHBIM
MEXaHHU3MOM, MOJl JCHCTBHEM KOTOPOrO OHa OTKJIOHsAeTcs (mepemeriaercs). YToOwl mpu
JBUKEHUM CTpeJIKa HE Kacajach Kopmyca (M B pe3ysibTaTe HE IOTHYJACh), Ha LIKaJle €CTh
aMOPTU3UPYIOLINE OrPAHUYUTEIN.

C mnoMompl0 BHHTa KOPPEKTOpa HENOCPEACTBEHHO IEepell M3MEPEHUEM CTPEIIKY
YCTaHABJIMBAIOT TOYHO MPOTUB HYJIEBOW OTMETKH IIKaibl. J[JIsl 35TOr0O BUHT KOPPEKTOpPA CIIErKa
IIOBOPAYMBAIOT OTBEPTKOM.

[lepexmrouarenu npeaenoB U3MEPEHUs YCTAHOBJICHBI Y TE€X MPUOOPOB, KOTOPBIE CIIyKaT
JUISL U3MEPEHMS JJIEKTPUUYECKUX BEJIMYMM B HECKOJBKUX Ipeaenax. B arom ciywae mnepen
BKJIIOUEHUEM MpUOOpa MepeKitoyaTellb yCTAaHABIMBAIOT TaK, YTOOBI MMEIOIIASCS HAa HEM TOYKa
(moMeTka) okaszajiach MPOTUB Tpelyromierocs mpenena usmepenus. IlepeHocHble MmpuOOpHI
CHAOXXEHBI appPEeTHUPOM, C TOMOIIBID KOTOPOTO 3aKPEIUISIIOT B HEMOJBMXKHOM IMOJIOXKEHUU
U3MEPUTENIbHBIN MEXaHU3M, 4TOObI MpU TPaHCHOPTHUPOBKE IMpubopa oH He mnospenwica. Ha
JUIEBOM  CTOPOHE  CTPENOYHBIX MPUOOPOB  HM300paKEeHbl  YCIOBHBIE  O0OO3HAYEHUS,
OTIpeIeNAIONINe KITAaCCUPUKAIIMOHHYIO IpymiTy nprudopa. OHM MO3BOJSIOT MPAaBUIBHO BBIOPATH
npuOOpbl U AAIOT HEKOTOphIE YKa3aHUS MO HX IKCIUTyaTallHH.

B mensix mocTOsSHHOro TOKa JUIi M3MEPEHHMM TOKOB M HANPSHKEHUN NPUMEHSIOTCS B
OCHOBHOM  INpPHOOpPBl  MAarHUTORJIEKTPUYECKOH cucTembl. [lpuHIum  geHCTBUS — Takux
npuOOpOB OCHOBAaH Ha B3aWMOJEWCTBUM MArHUTHOTO TOJS IOCTOSHHOTO MarHura u
U3MEpSEMOrO TOKA, IPOTEKAIOIIEro IO KaTylmlKe. YTroJl IIOBOPOTa CTPENKH O MPSIMO
nponopuuoHaneH wusmepsemomy Toky I|@ a = K [ |. Illkansl MarHMTO3JIEKTPHUYECKHX
npuOOpPOB PaBHOMEPHBIE.

B u3MmeputenbHbIX MeXaHHW3MaX DSJIEKTPOMATHUTHOW CHCTEMBI, MPUMEHSIEMbIX IS
U3MEPEeHU B LENSAX NEPEeMEHHOr0 W TOCTOSHHOI'O TOKAa, BPAIIAIOUIMH MOMEHT 00YyCIOBJIECH
JNEHCTBMEM MAarHUTHOTO IIOJII M3MEPSIeMOro TOKa B HEMOJBWKHOM KaTylike mpuOopa Ha
HOJBMKHBIM (DepPOMArHuUTHBIN SKOpb. YTOJ MOBOPOTa CTPEIKH O 3/1€Ch MPONOPLHMOHATICH
kBagpaty Toka: o = K [J 2. Tlosromy mikamxa SJ€KTPOMarHUTHBIX TNPHOOPOB OOBIYHO
HEpaBHOMEpHas, 4TO SBIISIETCS HEIOCTATKOM 3TUX NpuOopoB. HawanmpHas uyacTh IIKanbl He
WCTIONB3yeTCA ISl  WU3MEpeHuil. [[ns wu3MepeHuid TOKOB W HANpsHKEHUHW B HEMIX
NEPEMEHHOTO TOKa MPUMEHSIOTCS TaKXkKe NpUOOpHI BBIIPSIMUTENBHONH cHUCTeMBbl. Takue
npuOoOpbl  colep’kKaT  BBIIPSAMUTEIbHBI  NpeoOpa3oBaTelb U MarHUTORJIEKTPUYECKUMN
U3MEpUTENbHBIH  MexaHu3M. OHM uMeoT Ooniee  JMHEHHYIO IIKaly, YeM HpuOopsl
ANEKTPOMATHUTHON CUCTEMBI U JOCTATOYHO IIMPOKUN YACTOTHBIN JUAIAa30H.

JUisi  TNpaKkTHYECKOTrO0  UCHOJb30BAHUS  CTPEIOYHOTO  M3MEPUTENBHOro  Ipubopa
HEOOXOUMO 3HaTh €ro Impelnen H3MEpeHHi (HOMHHAJIbHOE 3HAYEHHE) W LEHYy JeJeHUS
(mocrosiHHyt0) mpuOopa. Ilpenes m3mMepeHuii — 3TO HaumOoJblIee 3HAYEHUE DIIEKTPUUECKON
BEJIMYMHBI, KOTOPOE MOXKET OBITh M3MEPEHO JAHHBIM MPUOOPOM. DTO 3HAUE€HUE OOBIUYHO
yKa3aHO Ha JHUIEBOM cTOpoHe mnpubopa. OAMH M TOT Xe NPHOOpP MOXKET UMETh HECKOIBKO
npenenoB u3Mmepenuil. lleHol neneHuss mpubopa HaA3BIBaeTCA 3HAYCHHE H3MEpPSIEeMOU
BEJIMYMHBI, COOTBETCTBYIOIEE OJHOMY JEJeHHIO IIKanbl mpubopa. Llena nenenus mpubopa



- C nerko ompenensieTcs Kak OTHOLICHHWE Mpenaesia U3MEpEeHU AHom K YUCITY JETEHUM IIKaJIbI
N:
C=Anom/N.

Ha nuneBoit cTopoHe CTpenodHbIX NpuOOpa YKa3bIBAaETCS KIACC TOYHOCTH, KOTOPBIM
omnpezeNsieT MPUBEICHHYI0O OTHOCUTENbHYIO MOTPEHIHOCTh Mpubopa ymp.

B Tabn. | mpuBeneHbl HEKOTOpBIE YCIOBHBIE O0O3HAYCHHUs, TMPUBOJUMEIC Ha
JUIEBBIX IMAHENSX CTPEJTOYHBIX H3MEPUTEIBHBIX MPUOOPOB, OMpEAeNsIoNne HX CBOICTBA U
YCIJIOBHS SKCILTyaTaliu.

[Ipu mnpoBeneHuu u3MEpEHUNH B OJICKTPUUECKUX LEMAX I[IUPOKOE MPUMEHEHHE
NONMydniaIn  IU(GPOBBIE  W3MEPUTENBbHBIE  MPUOOPHI,  HAIpUMEpP  MYJBTUMETPBHl  —
KOMOMHHMpPOBaHHbIE  IU(PPOBbIE  H3MEPUTENbHbIE MPUOOPHI, IMO3BOJSIOUINE  U3MEPATH
MOCTOSIHHOE M NEPEeMEHHOE  HalpsDKEHHWE,  TMOCTOSIHHBIM M TEpPEeMEHHBIM  TOK,
COMPOTUBIICHUS, TMPOBEPSITh TUOJBI U TpaH3UCTOPHL. llpencraBienue pe3yibpTaTa U3MEPEHUS
MPOUCXOIUT HAa UU(DPOBOM OTCUETHOM YCTPOMCTBE B BHUAC OOBIYHBIX YIOOHBIX JUIS
CUMTHIBAHUS JAECATUYHBIX uuced. Haubomnblee pacmpocTpaHeHue B HU(POBBIX OTCUYETHBIX
YCTPOMCTBAX  MYJIBTUMETPOB  TOJYYWJIM O KHJAKOKPUCTAUIMYECKHME W CBETOAHOJIHBIC
UHAMKATOpPBL. B mabopaTopHOM cTeHe HUCTIONb3YIOTCS HU(PPOBbIE MPHOOPHI IS HU3MEPEHUS
MOCTOSIHHBIX W TIEPEMEHHBIX TOKOB, a Takxke IudpoBOl u3MeputTeab MoOIHOCTU. Jist
MePEKITIOUEHUs pekuma padoTsl UdpoBbix amnepmerpoB crenna (PA1, PA2, PA3 u PA4) na
€ro mnepeaHel MaHedd YCTaHOBJIEH TyMOJEp, KOTOPBIA [JIi M3MEPEHMs] TOCTOSHHOTO TOKa
ClIelyeT YCTaHOBUTH B MO3UIHIO «=», JUUISI U3MEPEHHUS ICHCTBYIOIIUX 3HAYCHUU MEPEMEHHBIX
TOKOB — B TO3HMIHUIO «~». IS wW3MepeHHss MOCTOSIHHOIO TOKa BXOaHas Kiaemma (+)
1u(pOBOro aMIepMeTpa BblAeNIeHa KPACHBIM IIBETOM.

[HudpoBoit  u3MepuTesb  MOIIHOCTA  MpPEJHA3HAUYEeH Ui  M3MEpPEHUs  IapaMmeTpoB
AIEKTPUUYECKOM 1IeTIH:

— nevictBytouiero 3HaueHus HanpspkeHus: U (True RMS) B nuanaszosne 0...30 B;

— nevictBytomiero 3naueHus Toka [ (True RMS) B nuanazone 0...300 MA;

— akTUBHOM MomHOCTH P B quanasone 0...600 Br;

—vacToTsl f B quanazone 35...400 I'm;

— cos O;

— yrna casura ¢a3 ¢ (Fi) Mexy TOKOM U HallpspKEHHEM.

Tabnuma 1

npuOOp MarHUTOIIEKTPUUECKUH C MOJIBUKHOM pamMKon

JloromeTp” MarHUTOAJIEKTPUIECKUI

[Ipubop 3neKTpoMarHUTHBIN

.HOTOMCTp BHCKTpOMaFHI/ITHHﬁ

[Ipubop snexTooAMHaAMUYECKU I

[Ipubop dpeopoanHamuueckuit

JloromeTp 25€KTpOIMHAMUYECKU I

k@ F N o




Jlorometp eppoauHAMUYECKHIA

[Tpubop MHIYKIIMOHHBIHN

[Ipubop TenI0BOI ¢ HarpeBaeMO HUTHIO

[Tpubop OGumeTamMIecKuit

[TpuGop BHOpaLMOHHBIN

1 [Tpubop snexTpocTaTuIeCcKuit
; [Tpubop acraTuueckuii
48

HpI/I60p WK BCIIOMOTraTCiibHasd 4aCThb 110 BBICOKHM HAIIPSKCHUCM

[Tpubop npuMeHSTH NPU BEPTUKATEHOM MOJTOXKEHUH LIKAJIbI

[TpuGop MpUMEHATH PU TOPUZOHTATBHOM IOJIOKEHUH

[IpuGop mTpPUMEHATH TPU  HAKIOHHOM  TIOJIO)KEHUH  IIIKAJIbI
OTHOCHUTEJIBHO TOPU30HTAJIBHOM INIOCKOCTH, HAapUMep noA yriom 60°

TepmonpeoOpazoBaTesib HEU30IUPOBAHHBIN

TepmonpeobpazoBaTenb U30IMPOBAHHBIN

[IpeobOpazoBarenb IMEKTPOHHBINA B U3MEPHUTEIILHOMN TEMH

Hpeo6pa30BaTenL BHCKTpOHHHﬁ BO BCIIOMOTaTeNIbHOM 1IeIH

3KpaH 3HeKTpOCTaTI/I‘{eCKHI>'I

DKpaH MarHUTHBIN

MaruutHas MHAYKUWSA, BbIpakeHHas B Muwudrecnax (2 mT),
BBI3BIBAIOIIIAS U3MEHEHUE IIOKa3aHUM, COOTBETCTBYIOIIIEE
0003HAYEHHIO KJIacca TOYHOCTH

DNEeKTpUUeCKoe MoJie, BRIPAKEHHOE B KHIIOBOIbTaXx Ha meTp (10 k
B/M), BbI3BIBaroliee M3MEHEHHE IIOKa3aHWW, COOTBETCTBYIOIIEE
0003HAYEHHIO KJIacca TOUYHOCTH

Koppexkrop




3aXuM 1A 3a3€EMIICHUA

Hanpsixenue ucneitatensnoe 500 B

Hanpspkenune ucnbitatenpHoe Boie S00 B (2 kB)

Y| -2 ¢

HpI/I60p HC IOJIC)KUT UCIIBITAHHUIO IIPOYHOCTHU U3O0JISAIUN

O6o3nauenue kiacca TouyHoctd (1,5) mpu HOPMUpPOBAHMM MPEIETIOB
JOIYCKaeMbIX IOTPEIIHOCTeH B MPOIEHTaX OT HOPMHUPYEMOTO
3HA4YCHHA, OHNPCACICHHOIO B CAMHUIAX H3MepHeMOﬁ BCINYNHBI, 3a
'MCKITIOYEHHEM CITydasi» KOTJia HOPMHUPYEMOE 3Ha4eHUE PaBHO JJIHHE
HIKaJIbI

O6o3nauenue kinacca Tounoctu (1,0) mpu HOPMUPOBAHUU TPEIEIOB
JIOTIyCKaeMbIX IOIPEUIHOCTEH B MPOLEHTaX OT HOPMHUPYEMOIO
3HAYEHMs], KOTJIa HOPMUPYEMOE 3HAUEHHE PABHO JUIMHE IIKaJIbl

O6o03nauenue kinacca TouHoctu (0,2) mpu HOPMUPOBAHUU IPEIEIIOB
JOIYCKaeMbIX TIOTPEIIHOCTEH B TIPOLEHTAaX OT JCHCTBUTEIBHOTO
3Ha4YCHUA

Cchplika Ha COOTBETCTBYIOIUI TOKYMEHT K IIpUOopy

O6o3HaueHue, yKas3blBallllee Ha OPUEHTUpPOBaHHE IpudOpa BO
BHEITHEM MAarHUTHOM I10JIe

Tok mocTOSITHHBIN

Tok nepemeHHbII 01HODA3HBIN

TOK IOCTOAHHBIN U IEPEMEHHBIN

A = > @ €

X

Tok Tpexdasznblit nepemenHslid. OO1ee 0003HaUCHNE

B1; B2; B3

A (w1 oTcyTCTBUE OYKBBI) — MPUOOp AN CyXHUX OTaIlJIMBAEMBIX
nomernieHu#t ¢ remneparypoit +10°C ...+35°C u Bnaxuoctu 10 80%
pu 30°C;

b — mpubop /uis 3aKkpbITBIX HE OTAIJIMBAE€MBIX MOMEIIEHUH C
temneparypoii - 30°C ...+40°C u Bnaxuoctu 10 90% mpu 30°C;

B — npubopsI 1 OJIEBBIX U MOPCKHUX YCIOBHUI:

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

B3 — npu temneparype -40°C ... +50°C u Bnaxxknoctu 10 98% mpu
40°C

30 — 200 Hz

Pabounii 4acTOTHBIN Mana3oH npuodopa

[Tpubop conepxur:




— KJIEMMBI II0JIa4d BXOJHOTO M3MEpSEMOro CHUrHaia (reHeparopa): kiemmy «Bx» u o0uryro
KJIEMMY, KJIEMMBbI MMOJAKIIOYCHUS NOTpeOUTeNs (Harpy3ku): kieMMmy «Bbix» u o0Iyro Kiemmy.
HIyHT A5 U3MepeHust TOKa Harpy3KH MOAKII0YEH MeXIy KieMMaMu «Bx» u «Bbix»;

— KUJIKOKPUCTANTMYECKUN UYETHIPEXCTPOUYHBIN WHAMKATOP JUIsl BBIBOJA MH(pOpPMAIINU;

— KHOIIKY «f/cos¢/¢p» wu3MeHeHHs BbIBOJAa HWH(OpPMAIMM B YETBEPTOM CTPOKE HMHIUKATOpa
(COOTBETCTBEHHO, YacTOThI, Ko3(dduimenta MomHocTH cosd wam yria casura a3z Fi mexay
TOKOM U HaIIPSDKEHHEM).

C 3agHeld CTOpPOHBI HPUOOpa YCTAHOBICHBI PO3ETKA Ul MOJKIIOUEHHS TUTAaHUA CETH H
KOJIOZIKA ITPEJOXPAHUTEIIS.

C mnomompro KHOMKH «f/cos¢/¢» MOXKHO U3MEHATH BBIBOA HH(GOPMAMM B YETBEPTOM
cTpoke HHIuKaTopa. /lig BbIBoja TpeOyemoro napaMerpa B YETBEPTON CTPOKE MHIUKATOpa
KHOTIKY HEOOXOIMMO Ha)KaTh Ha 1...2 CeKyH/BbI.

H3menenun cxemovl nooknwoyenus npudopa u 1a60OpAmMOPHONl yYCMAHOBKU GbINOJIHAMb
npu  GLIKNIOUEHHOM Rumanuu npudopa. B TPOTHBHOM Ciydae BO3MOXHBI HM3MEHEHUS
NOKa3aHUH Mpuobopa, a Takke BO3HUKHOBEHHE HapylIeHUH B paboTe MHIUKATOpa Ipudopa.
3. ITopsAn0OK BBINOJIHEHUS PAOOTHIL.

3.1. M3yueHue macHOPTHBIX  XapaKTEPUCTUK  CTPEJIOYHBIX  BIEKTPOM3MEPUTEIBHBIX
npubopoB. [ 3TOro  BHMMATENBHO  PAcCCMOTPETh  JIMIEBBIE IIAHENH CTPEIOYHBIX
aMIIepMETPOB U 3aIOJIHUTH Ta0I. 2.

Tabmuna 2

XapakTepucTHKA 3JIEKTPOU3MEpPHUTEJIHLHOI0 Npudopa

HaumenoBanue npuéopa BoabTmerp Nel BoabTmerp Ne2
CucremMa  U3MEPUTEIBHOTO

MeXaHHU3Ma

[Tpenen usmepenus

Ilena nenenus

MuHumansHoe 3HA4YEHHE
M3MEPSEMON BEJTUUUHBI

Knacc Tounoctu

Jlonmyctumasi MakcUMasbHast
a0COTIOTHASI TOIPEHIHOCTh

Pon Toka

HOpMaJ'ILHOC IMOJIOKCHUC
ITKaJIbI

HpO‘{I/Ie XApPaKTCPHUCTUKHU

4. ConeprkaHue oT4yera
a) HalMEHOBaHUE pabOTHI U 11e1b padoThI;
0) TeXHUYECKHE JaHHbIE U3MEPUTETbHBIX PUOOPOB;
I') pe3y/ibTaThl U3MEPEHUH;
1) BBIBOJIBI TIO paboTe.
5. OTBETUTH HA BOMPOCHI
1. Yto mo3BONSAIOT MPaBWIBHO BHIOpAaTh MPUOOPHI W JAIOT HEKOTOpHIS
YKa3aHHUs MO HUX JKCILTyaTalluu.
2. Yto Takoe npenen u3MepeHus?
3. Kax omnpenensercs 1eHa Jienenus npudopa?
4. Yo xapakTepu3yeT KJIacc TOYHOCTH mpudopa?
5. B xakoif yactu 1mkasusl mpudbopa u3MepeHne TouHee U nodemy?

IpakTuyeckasi pa6ora Ne3.
Tema 3. U3mepeHne 3/1eKTPOMEXaHNYECKUMH U3MEPHUTENIbHBIMH IPHOOpaMu
N3ydenne nzmMepuTebHbLIX NPUOOPOB Pa3INYHBIX CHCTEM.



Hean padorbl: M3yunTth cuctemMy 0003HaAYCHU H3MEPUTENBHBIX TPHOOPOB B COOTBETCTBHH C
I'OCT 15094-89. O3HaKOMUTBCS C IPUHLIMIIOM AECHCTBUS N3MEPUTEIBHBIX MEXAHU3MOB
pa3anyYHbIX cucTeM. JlaTh CpaBHUTENBHYIO XapaKTEPUCTHUKY.

ITepeyennb ucnoib3yemMoro o00pyaoBaHus

Onekrpousmepurenbabie TpuOopsl. [OCT 15094-89 «IIpubopsl 21eKTPOHHBIS

paguou3MEpUTEIIbHBIE.
TeopeTnyeckas 4acTh:

B cootBerctBum ¢ OCT 15094-89 «ITpuGopsl 31EKTPOHHBIE paiiOU3MEPHUTEIbHBIC.
Knaccugukanus. HaumenoBanust 1 0003HaYSHUS», BCE SJIEKTPOHHbIE PaIMOU3MEPHUTEIbHbIE
npuOOpPHI, B 3aBHCUMOCTH OT XapaKTepa U3MEPEHUH U BUa U3MEPSIEMbIX BEJIMYHUH ACTATCS Ha
20 noarpynn. Kaxnas noarpynmna o603HadaeTcs 3arjiaBHbIMUA OyKBaMU pycCKOro andaBuTa U
COCTOUT M3 HECKOJIbKHX BHJIOB, 0003HaUaeMbIX uppaMu 1o nopsaky. Kaxaomy tumy npudopa
IIPHUCBOEHBI NTOPSAKOBBIE HOMEpPa, IIepe] KOTOPBIMU CTaBUTCS yepTouka (aeduc), Harpumep, B3-

17.

Knaccudukanus npegycMaTpiuBaeT CIASAYIOUME MOATPYIIbI U BUJIbI IPUOOPOB:

Hoarpynna A. IlpubGopsl aasi M3MepeHUst
CHJIBI TOKA.

Al - ycTaHOBKM WM NpPUOOpPBI IJs MOBEPKU
aMIIEpMETPOB;

A2 - amnepMeTpsl IOCTOSSHHOT'O TOKA;

A3 - amnepMeTpsl IEPEMEHHOTO TOKa,

A7 - amnepMeTpsl yHUBEpPCAJIbHBIE;

A9 - mpeoOpazoBaTeNn TOKA.

Hoarpynnma b. MHMcToyHMKH nHMTAHUA
U3MepeHHii MM U3MePHUTEIbHBIX NPUOOPOB.
b2 - ncTouyHuKM NEpeMEHHOT0 TOKA;

b4- wucrouyHMKM KalMOpPOBAaHHOTO HANPSHKCHHUS U
TOKa;

b5 - ucTOYHUKM TTOCTOSIHHOT'O TOKA,;

b6 - uCTOYHUKM C peryaupyeMbIMU IapaMeTpamus;
b7 - uCTOYHUKY TTOCTOSTHHOTO Y IEPEMEHHOT0 TOKa
YHHUBEPCAJIbHBIE.

Jid 01

IMoarpynna B. IlpuGopsl Ajasi u3MepeHusi
HANPSKEHHUs.

B1 - npuGopbl unM ycTaHOBKHU [JIsl [TOBEPKU
BOJIETMETPOB;

B2 - BonbTMETpBI TOCTOSHHOT'O TOKA;

B3 - BonbTMETPBI IEPEMEHHOTO TOKA,

B4 - BonbTMETpBI HMITYJIBCHOTO TOKA;

B5 - BompTMeTpsl  (pa304yBCTBUTEIbHBIE
(BEKTOPOMETPHI);

B6 - BONbTMETPBI CENEKTUBHBIE;

B7 - BOIBTMETPBI YHUBEPCAIILHBIE;

B8 - n3meputenu OTHOIIEHUS HANpPsDKEHUN U
(MM) Pa3HOCTH HANPSKEHUH;

B9 - npeoOpazoBarenn HapsHKEHMSL.

Hoarpynna I'. I'eHepaTopbl H3MepuUTeIbHBIE.

I'l - ycraHOBKM 11 TIOBEPKH W3MEPUTEIBHBIX
TEHEPaTOPOB;

I'2 - reHepaTOpBl IIyMOBBIX CUTHAJIOB;

I'3 - reHepaTOpbl CUTHAJIOB HU3KOYACTOTHBIE;

I'4 - reHepaTOpBl CUTHAJIOB BBICOKOYACTOTHBIE;

I'5 - reHepaTOpbI UMITYJIBCOB;

I'6 - reHepaTOpBl CUTHAJIOB CIIELMATbHON (hOPMBI;
I'8 - reHepaTOphl KayaroIEHCs YaCTOTHI.

[Toarpynna /I. AtreHaTopsl U mpuOOpHl Is
U3MEpPEHUs 0CIabJIeHus.

[Tonrpynna E.  [Ipubopsr s
[apaMeTpoB  KOMIIOHEHTOB W
COCPEIOTOYEH-HBIMU MOCTOSIHHBIMU.
El - ycraHoBkn wnu mnpuOOpBl AN TOBEPKH
M3MEpUTENeH MapaMeTpOB KOMIIOHEHTOB U LETIEH;
E2 - u3mepurteny mojgHBIX CONMPOTUBICHUN U (WIIN)
IIPOBOJIUMOCTEH;

E3 - usmepurenu MHIyKTUBHOCTH;

E4 - uzmepurenu 1o6poTHOCTH;

E6 - usmepurenu conpoTUBICHUI;

E7 - n3amepurenu nmapameTpoB YHUBEPCAIbHBIE,

E8 - usmepurenu eMKocTen;

E9 - mpeobpazoBaTenu mapaMeTpoB KOMIIOHEHTOB 1
enen.

U3MEPEHUS
nerneun C




[Moarpynna W. IlpuGopsl Ui HMMITYJIBCHBIX
W3MEPEHU.

[Mogrpynna K. KoMiiekcHble H3MEpHUTENbHbIE
YCTaHOBKH

[Toarpynma JI. [IpuGops! 0011eT0 NMPUMEHESHUS
JUIST U3MEPEHUs] MapaMeTpPOB AJIEKTPOHHBIX
JIaMIl U MOJIyIPOBOJAHUKOBBIX TPHUOOPOB.

J2 - U3MEPUTEIN 1apamMeTpoB
(XapaKTepUCTHK) MOJTYIPOBOIHUKOBBIX
npuOOpoOB;

JI3 - U3MEPUTETHU rapaMeTpoB
(XapakTepUCTHUK) JIECKTPOHHBIX JIAMII;

JI4 - wu3MmepuTenu I1IYMOBBIX IapamMeTPOB
HOJYTIPOBOIHUKOBBIX MTPUOOPOB.

[Togrpynmma M.  IIpuGopsl

MOIIIHOCTH.

JJIA HU3MCPCHUA

[Toarpynma II. IlpuGopsl i W3MepeHUs
HaIPSKEHHOCTH TOJISl U PAIUONIOMEX.

[Togrpynma  P.  IlpuGopsl
I1apaMeTpoB 3JIEMEHTOB 51
pacnpeieIeHHBIMU TOCTOSIHHBIMH.

P1 - nMHMM U3MEpUTEINbHBIE;

P2 - usmeputenu korduimenHTa crosiuel BOJIHBI;
P3 - u3mepuTeny NOJHBIX COMPOTUBIIEHU;

P4 - u3mepurenn KOMIUIEKCHBIX KO3(h(UIIMEHTOB
nepenad;

P35 - uamepurenn napameTpoB TUHUY MEPEAY;

P6 - m3meputenu 1oOpOTHOCTH;

P9 - mpeobpa3zoBarenu napamMmeTposB.

JJIA HU3MEPCHUA

TPaKTOB C

[Moarpymma C. IlpuGopsl ans HaOMIOACHUS,
U3MEPEHUs] U MCCICOBaHUs (OPM CUTHANIA W
CIIEKTpa.

C1 - ocumunorpadsl yHUBEpCAIbHBIE;

C2 - WU3MEPUTEIN KO3 pumeHTa
aAMIUTUTYHON MOAYJIALUHN (MOYJIOMETPHI);

C3 - wu3MepuTeNM  JICBHANMA  YaCTOTHI
(eBuaMeTpBhl);

C4 - ananu3aTophl CIEKTPa;

C6 - n3mepuTeNn HEMMHEHHBIX HCKAKEHUH;

C7 - ocrutorpadb CKOPOCTHEIE,
CTpOOOCKOITMYECKUE;

C8 - ocumorpadbl 3alIOMUHAIOIINE;

C9 - ocruinorpagsl cientaibHbIE.

IToarpynna Y. Ycunurenun u3MepuTeIbHBIE.

[Tonrpynna @®. Ilpubopsl ans HU3MEpeHHUS
¢da3oBoro caBUra M TIpPyNIOBOrO BPEMEHH
3aras/ibIBaHusl.

@1 - ycTaHOBKM MM NMPHOOPHI ISl MOBEPKH
u3MepuTenen (dazoBoro CIIBUTA WITH
IpyIIIOBOIO BPEMEHM 3ama3/bIBAHNUS;

®2 - uzmepurenu (Ha3zoBoro CIBUTA;

@3 - (hazoBparaTen U3MEPUTEIIbHBIE;

®4  -uzMepuTenu  IPyNIIOBOTO  BPEMEHH
3aras3abIBaHusl.

[Mogrpynma X. IlpuGopsl nmns HaOMOACHHUS U
MCCJIEI0BAHUS XaPAKTEPUCTUKHU PAJIUOYCTPOMCTB.
X1 - mpubopbl MJIS WCCICIOBAHUS AMILTHTYIBI
YaCTOTHBIX XapaKTEPUCTHK;

X2 - mpubopbl ISl WCCIAEAOBAHUS TEPEXOTHBIX

XapaKTEPUCTHK;

X3 - mpubopsl 1 uccaeaoBaHusl (Pazo4acTOTHBIX
XapaKTEPUCTHK;

X4 - mpuOOpHI I WCCIAEAOBAHUS aMIUTUTYTHBIX
XapaKTEPUCTHK;

XS - u3ameputenu korppuimeHTa myma;

X6 - npubopsI JUIS VCCIIEIOBAHMS

KOPPESIMOHHBIX XapaKTEPUCTHUK;
X8 - YCTaHOBKM WJIM TNPUOOpPHI Ul TOBEPKHU




U3MEPUTEIICH XapaKTEPUCTUK PAJHO-YCTPOMCTB.

[Moarpynma Y. IIpuGoper mus wusmepenus | [lonrpymma I, TlpubGopsr  mis  u3MepeHHs

YaCTOThI U BPCMCHU.

Yl - ycTaHOBKM [Jisi MOBEPKH H3MEpPUTENCH
9acTOTBI,  BOCIPOM3BEICHUS  OOPa3IOBBIX

4acTOT, CIMYEHUS YaCTOT CUTHAJIOB;
Y2 - yaCTOTOMETPBI PE30HAHCHBIE;
Y3 - yacTOTOMETPHI AIEKTPOHHO-CUETHBIE;

U4 - yacToTOMETpBI F€TEPOUIHBIE, EMKOCTHBIE,

MOCTOBBIE;
U5 - npeoOpa3oBaTesnn 4acTOThl CUTHAIA;

U6 - cuHTE3aTOphl YacTOT; MACJIHUTEIN U

YMHOKHUTCIN 4aCTOTHI;

Y7 - npueMHUKH CUTHAJIOB TAJIOHHBIX YacTOT;
KOMIIapaTopbl YaCTOTHBIE, ¢bazoBwie,

BPEMEHHbBIC; CHHXPOHOMETPBI;
Y9 - npeoOpazoBarean 4acTOTHI.

QJICKTPHUYCCKUX U MAIrHUTHBIX CBOMCTB MaTCcpHraJIOB.

[logrpynna 3. HM3meputensHble ycTpoictBa | [loarpynma . brnoku  paguonsMepuTenbHBIX

KOAaKCHUAJIbHBIX YU BOJTHOBBIX TPAKTOB.

puOOpOB.

I/I3MepI/ITeJII>HI>Ie MEXaHU3MbI MaFHI/ITOC)JIeKTpI/I'—IeCKOﬁ CHUCTEMBbI.

MarsuTosiieKTprudecKkas CUCTEMa.

1 YCTpOﬁCTBO MAarauTO3JICKTPUICCKOTO
HU3MCPUTCIBHOTO MEXaHu3Ma C
HCTIOABMKHBIM MarHuTOM.

MarHuTO3JIEKTPUYECKHE MEXAHU3Mbl  KOHCTPYKTHUBHO
MOTYT OBITh BBIMOJIHEHBI C HEMOJBHUYKHBIM MarHUTOM U
MOJABM)KHOW pPAMKOW WJIA C MOJBUKHBIM MAarHUTOM U
HEMOABMKHOM paMkoil. bosiee mupokoe npuMeHeHHE
HAaXOAAT MEXAHU3Mbl C HEMNOJBUXHBIM MarHUTOM.
YCTpOoWCTBO MAarHUTORNEKTPUUECKOTO H3MEPUTEIBHOTO
MEXaHHM3Ma C HEMOABUKHBIM MarHUTOM.

MaruuTHas Uenb U3MEPUTEIBHOIO MEXaHW3Ma COCTOUT
W3  TIOCTOSHHOTO  MarHuta | ¢ TIOJIOCHBIMH
HAaKOHEYHMKaMU 2 U HENOJABMKHOIO  CTaJlbHOTO
cepaeunuka 3. TlomrocHble HAKOHEYHUKH  HUMEIOT
UUJTUHAPUYECKYIO PACTOUYKY M BBIIIOJIHEHBI, TAK K€ Kak U
CEepACYHUK, W3 MArHUTOMSTKOM cTaJu. B BO3IymiHOM
3a30p€  MEXKIy  IIOJIOCHBIMM  HAKOHEYHHKAMH U
cepleuHUKaMu o0pa3yeTcsi pPaBHOMEpPHOE paauaIbHOE
MarHuTHoe Tmoje. B 9SToM mone MoxkeT CBOOOIHO
MOBOPAYMBAThCS JIETKasl alllOMUHUEBass pamMka 4, Ha
KOTOpO HaMoOTaHa OOMOTKAa M3 TOHKOTO MEIHOTO WU
AJTIOMUHHUEBOTO  HM30JIMPOBAaHHOIO  mpoBojaa. Pamka
YCTaHOBJIEHA Ha MOJYOCAX 6 U MMEET MPSAMOYTOJIbHYIO
dopmy. I[lpyxkuHBl 5 C€O3MaI0T MPOTHUBOACHCTBYFOIIHI
MOMEHT U OJHOBPEMEHHO CIy>KaT Uil MOJBOJA TOKa K
obmotrke. Ha omHOM W3 momyocel  3akpervieHa
yKa3zaTesbHasi CTpeJika 8 ¢ IpoTHBOBECaMHu 7.

213mepuTenbHbIe MEXaHU3MBbI
ANEKTPOMATHUTHON CUCTEMBI.

CymecTtByeT JIBE OCHOBHBIE Pa3HOBUIHOCTH
M3MEPUTEIbHBIN MEXaHU3MOB 3JIEKTPOMATrHUTHOMN
CHUCTEMBI: C IUNIOCKOW KaTyIIKOW U € KPYTJIOM KaTyIIKOM.
Puc. 2. YcTpoiicTBO M3MEPUTEIBLHOTO MEXaHU3MA
HenonwxHas karymika 1 wmeeT BO3IYyIIHBIA 3a30p B
BUJIe Y3KOM mienu. [1oABMKHBIM TIIOCKUI CEepACHYHHK 2
SKCIEHTPUYHO 3aKperuieH Ha ocu 3. Ilpu mporexkanuun
TOKa TO KaTymike oOpa3yercs MarHuTHOE T1oJe |




CEepJICYHHK BTATUBACTCA B IIelb. TakuMm o0pazoMm
CO3JAeTCsl BpaALAIOIIMK MOMEHT, OChb ITOBOPAYMBAETCS
BMECT€ C YKa3aTelbHOW CTpeiKoH, mnpyxuHa 4
3aKpY4YMBaeTCs, B  pE3yJbTaTe€ Yero  BO3HHUKAET
MPOTUBOJCUCTBYIOIIMM ~ MOMEHT.  YCIOKOUTEIU B
ANEKTPOMArHUTHBIX MeXaHU3Max MIPUMEHSIOT
BO3JIYIIHbIE WJIM MarHUTOMHIYKIMOHHBIE (HA PUCYHKE
YCHOKOUTENb HE MTOKa3aH).

YerpoiictBo W3MEPUTEIIBHOTO

MEXaHM3Ma C IUIOCKOW HENOABUKHOU

KaTYIIKOMH.

3 Acraruueckue n3mepurenbhbie | [[pakTHYecKu UCKITIOYUTH BIUSHUE BHEITHUX MarHUTHBIX
MEXaHU3MBI. MoJIe  yAaercss B aCTaTUYECKUX  HU3MEPUTENbHBIX

—_—
— T BHEULR.

MEXaHH3Max. YCTPOMCTBO TAKOTO MEXaHMU3Ma IIOKa3aHO
Ha pHuCc. 3, a. DTOT MEXaHU3M HMEET JIB€ KaTYIIKH,
COCIMHEHHBIC MEXJy COOOW TOCIEeIOBATEIBHO, W JBa
CepICUYHMKA, YKPEIUICHHbIC Ha OJHOHM ocu. Bpammaromiue
MOMEHTHI, JICWCTBYIONIME HA OCh NPU BTITHBAHUU
CEpICYHMKOB, HANpPaBJICHBI B OJHY CTOPOHY. Takum
0o0pa3oM, TIOJBMXKHAS 4YacTh IOBOPAYMBACTCS O]
JICHCTBUEM CyMMBI JIBYX MOMEHTOB. HampapneHus
00MOTOK BBIOpaHBI TaK, YTO MAarHUTHBIC TOTOKH KaTYIICK
®1 u D2 (puc. 3, 0) HampaBieHbl BCTpeuHO. I[Ipum

@ #;
g IOABJICHHUHN BHCIIHECIO MAarHMTHOI'O IIOJIA C IIOTOKOM
Puc. 3. YerpoiicTBo actatu- o o
4€CKOT0 2/1eKTPOMArHHTHOTO ®BHEN I0OJI€ OIHOM KaTyllKu YCHUJIIMBACTCA, APYIrou -
:Z':zfl‘:gif;”om 5) ociabnsiercs. Torma oAWH — BpallarOIIMii  MOMEHT
YBCIINYINUBACTCA, ,I[perfI - ocia0IseTcs. CYMMa
Bpalmaromnux MOMCHTOB, ﬂeﬁCTByIOHIHX Ha TOJABHXHYIO
4acCTb an60pa, 0CTaeTCsI HEU3MEHHOM.
4H3MepI/ITCJ'II)HBI€ MexaHu3Mbl | Cxema YCTpOfICTBa MnpeacTaBjCHa Ha pI/IC4 a. O cocTouT
BJICKTpO,I[I/IHaMI/I‘ICCKoﬁ U | U3 HEMOABHKHOMU KaTyHlIKHu A, BHYTpH KOTOpOﬁ MOXKECT

beppoauHaMUYECKON CUCTEM.

VYerpoiicTBo HU3MEPUTEIBHOTO
MeXaHHU3Ma INEKTPOAMHAMUYECKOM
cucTeMbl (a) M cXema, IMOSCHSIOIIAs
MIPUHIIUII ero jaelicTBus (0)

MOBOpauMBaThcs MOJABMKHAsA Karymika b. Henmoneuknas
KaTyllka, cocTosmas oOObYHO M3 JBYX CEKIUil,
HaMaTbIBAE€TCS TOJICTBIM MEJIHBIM IPOBOJOM U HMEET
MaJioe KOJIM4ecTBO BUTKOB. [loaBM)KHasA KaTyllka MMeEET
00JbIlIOE  KOJIMYECTBO BUTKOB IIPOBOJAM  Majioro
ceueHnd. Ha ocm | mnomMumMo NOABMXKHOM KaTyLIKU
YKpEIUIeHbl CHHUpajbHble MPYKUHBI 2, YyKa3aTelbHas
cTpenka 4 W KpbUIO BO3AYIIHOIO YCIOKOMTENS 3.
MarauTonHIyKINOHHbIE YCHOKOUTEH B
AIIEKTPOAMHAMUYECKUX TPUOOpax MPUMEHSIOTCS PEIKO.

Tok K TNOABMXKHOM KATyIIKE MOABOAUTCA 4epe3
CIUpANbHBIE TPYXKUHBI (WIH PACTSHKKH), KOTOpBIE
OJHOBPEMEHHO CITy>XaT JUIST CO3/IaHus

IIPOTUBOJIECUCTBYIOIIETO MOMEHTA.

[Ipy mpoxoxkaeHUM HU3MEpPSEMOro TOKa IO KaTylIKaM B
pe3yiapTaTeé  B3aUMOJEWCTBUS  MAarHUTHOIO  IIOJA
MOABMKHOM KAaTyIIKM C MAarHATHBIM TIOJIEM TOKa
HEIOABUKHOW KaTYyILIKU CO3LACTCS BPAILAIOIINI MOMEHT




2

YcTpoicTBO  (heppOoAMHAMUYECKOTO W3-

MCPHUTCIIbHOI'O MCXaHU3Ma

(puc. 4, 0). IlogBmwxkHas KaTylIKa CTPEMHTCS 3aHATH
MOJIO)KEHHEe,  KOrJa  MarHUTHbIe  TOJiA  KaTyllek
coBnazawT. Ha NMOCTOSSHHOM TOKE NPUHLMIIBI JEHCTBUS
AIIEKTPOJAUHAMUYECKOTO M MarHUTORJIEKTPUUYECKOTO
MEXaHHU3MOB AQHAJIOTUYHBI. Tonpko B
AIIEKTPOJAMHAMUYECKOM Npubope MarHUTHOE  II0Jie
CO37aeTCsi HE IOCTOSHHBIM MAarHMuTOM, a TOKOM
HEMOJIBUYKHOM KaTYIIKH.

S. YcrpoiictBo (¢eppoannamMmnueckoro
U3MEpPHUTEJHLHOI0 MeXaHN3Ma.

@®eppoMHAMUYECKUE  HU3MEPUTENBHBIE  MEXAHU3MbI
OTJIMYAIOTCS  OT  DJEKTPOJUHAMHYECKHX  HaJIHYUeM
MarHuTONPOBOJa BHYTPU HE MOABWKHOW KaTymkud 1 u
MOABMKHOM KaTylIKH 2. OTO TMO3BOJSAET MOJIYYUTh
CWJIBHOE MAarHMTHOE II0Ji€ B BO3JAYIIHOM 3a30pe U
00bI1I0H BpalaroLui MOMEHT. VYBenuuenue
BpAIllAlOIIEr0 MOMEHTa IIOBBIIIAET YYBCTBUTEIBHOCTH
puOOPOB U AAET BOZMOKHOCTH IIOBBICUThH UX IPOYHOCTb.
Buemnue MarHuTHBIE oIS Ha MOKa3aHue
deppoiMHaMUYeCKUX MPUOOPOB BIMSIIOT OYEHb MAJIO.

6. W3meputenbHbie

MEXaHU3MbI

BHGKTpOCTaTquCKOﬁ CHUCTCMBbI

[TpuHIIMI JNIEUCTBUS BIIEKTPOCTATUYECKUX
MU3MEPUTEIIBHBIX MEXAHU3MOB OCHOBaH Ha
B3aUMOJICVCTBUU DJIEKTPUYECKU 3aPSIKEHHBIX IIJIACTHUH.
Ha puc. 6 cxemaTH4HO MOKa3aHO yCTPOMCTBO OJHOTO W3
MEXaHU3MOB JJIEKTPOCTATHYECKOM CHUCTEMBI. Mexay
HENOJBWKHBIMHM IIJJACTUHAMHU | MOXET IepeMeIarbes
MOJIBUKHAsl IUIacTMHA 2, YKperuvieHHass Ha ocu 3. Ilpu
MNOJKIIOYEHUN K MpUOOpYy HampsKeHUs MOABIKHAS U
HEIOABWKHBIE TUIACTUHBI MOJYYarOT IMPOTHBOIIOIOKHBIE
3apAabl U MEXAY HUMH BO3HHUKAET JJIEKTPUYECKOE IOJIE.
B pesynbrare noaBukKHas IJIACTUHA BTATMBACTCA B 3a30pD
MEXJly HETOABM)KHBIMH, CO3/1aBasi BpaILlAlOIMN MOMEHT,
IO/ JIEWCTBUEM KOTOPOTO IEPEMEIIAECTCS YKPEIUICHHAs
Ha OCU yKasaTelnbHass crTpenka. [IpoTuBomelcTBYrOIIMI
MOMEHT CO3JaeTcsi CHupanpHOW mpyxkuHon 4. Jlns
MOBBILICHHUS] YyBCTBUTEIBHOCTH MPUOOPOB yBEINYUBAIOT
KOJIMYECTBO IOJBMKHBIX M HEMOJBUKHBIX IUIACTHH.
VYcnokoutenu B 3JIEKTPOCTATHUECKMX  MpUOOpax
IIPUMEHSIFOTCSI MATHUTOUHYKIIMOHHBIE UM BO3/1YILIHBIE.

7. N3mepuTenbHble
WHAYKIIMOHHOW CHUCTEMBI.

MCXAaHU3MBbI

WHAyKIMOHHBIE  M3MEpUTENbHble  HPUOOPBI  MOTYT
paboTaThb TONBKO Ha mepeMeHHOM Toke. (Cxema
YCTPOMCTBA HU3MEPUTEIIBHOIO MEXaHM3Ma IPEICTaBIICHA
Ha puc. 7. OCHOBHBIMHU €0 3JIEMEHTaMHU SIBJISIOTCA JIBa
HENOJBWKHBIX JJIEKTpoMarHuTa 1 wu 2, a Takke
AQITIOMHUHMEBBIN JUCK 4, KOTOPBIN 3aKpeIuvieH Ha OCH 3 U
MOXKET  cBOOOgHO  Bpamatecs. [lo  oOmoTkam
AJIEKTPOMArHUTOB TEKYT NepemMeHHble Toku 11 u 12,
CABMHYTHIE TIO (pa3e Ha yroa ¢. ITH TOKU CO3AAIOT J[BA
MarHuTHbIX oToka @1 u @2, caBuHyTHIE TIO (Pa3e Ha TOT
)K€ yrojl. MarHuTHble IIOTOKH, IIPOHU3BIBAs JUCK,
HaBOJAT B HEM 3.J.C., NOJ JEHCTBHEM KOTOPBIX TEKYT
BuxpeBble TOKU. [lorok @1 BBI3BIBAET MOSBICHHE TOKA




[1xa, motok @2 - Toka I2n (HampaBieHHs BCEX TOKOB U
MarHUTHBIX TTOTOKOB JIaHBI JIJISl ONPEACIICHHOT0 MOMEHTA
BpeMeHM). B pesynbrare B3aumozeiictBus notoka @1 c
TokoM I2n m moroka P2 ¢ TokoM Iln mosgBiAroTCA
Bpamjaronme MoMeHThl. Cleayer OTMETUThb, 4TO
00s13aTeILHBIM ~ YCJIOBHEM  pabOThl  MHIYKIIHMOHHOTO
U3MEPUTEIILHOTO MEXaHHW3Ma SIBJIISICTCS CIBHT 1O (Qas3e
Mex 1y motokamu @1 u O2.

YerpoiictBo WHIYKIIMOHHOTO

M3MEPUTEIIBHOTO MEXaHU3Ma.

N3meputenbHbie MeXaHu3MbI | BubpanuoHHbIe U3MEPUTEIIbHBIC MEXaHU3MBI
BHOPAIMOHHOW CHCTEMBI. (SI3BIYKOBBIC) SIBIISIIOTCS Pa3HOBHIHOCTHIO

—

[

a)

Puc. 8. VYctpoiictBO BHOpaMOHHOTO
4acTOTOMEpa.

AIIEKTPOMAarHuTHOW  cucreMmbl. (Cxema  ycCTpoOMCTBa
nokazaHa Ha puc. 8. OOMOTKa »syekTpomarHurta 1
MIUTAETCS] IEPEMEHHBIM TOKOM, YaCTOTY KOTOPOTO HY>KHO
u3MepuUTh. TOHKME CTajbHbIE IUIACTUHBI 2, Ha3blBaeMble
A3blYKaMHU  (Ha PHUCYHKE BUACH TOJBKO 1 $3BIYOK),
YKpeIuieHbl Ha o0mel Iuianke 4. DTa IJIaHKa JKECTKO
CKpeljieHa C sKOpeM 3, pacHojOXEeHHbIM BOJIU3U
CepJIeYHHKa  DJIEKTPOMAarHuTa. SI3bIYKM  UMEIOT
pasnyHble 4YacTOThl COOCTBEHHBIX KojeOanuil. Ilox
JNEHCTBUEM IIEPEMEHHOTO MAarHUTHOIO IIOJIA  SIKOPb
JBXIbl 32 IEPUOJA NPUTITUBACTCS K CEPACYHHUKY MU
OTXOAUT OT Hero. Bmecte

C sKopeM BHOpUpPYIOT s3blukd. Haumbonbmedr Oyzaer
aMIUIUTYyla KOJIeOaHWHW 3TOro s3plYKa, y KOTOPOTO
4acToTa COOCTBEHHBIX KOJI€OaHUH COBIAJAET C YaCTOTOU
BbIHYXeHHbIX. Ha puc. 8, 6, moka3aH BuJ HIKaibl, KOT1a
u3Mepsiemas yactora pasHa 49 I'm.

Oco6ennocTu npudopos.

Jiis mprOOpOB MATHUTORIEKTPHYECKOH CHCTEMbl XapaKTepHa BbICOKask TOUHOCTh. OHU
ABIIAIOTCS HanboJiee TOYHBIMU, IO CPAaBHEHHIO C IPUOOpaMu HEMOCPEICTBEHHOM OLEHKU JPYTUX
CUCTEM U M3TOTABIIMBAIOTCA BIJIOTH J10 Kjlacca TOYHOCTH 0, 1.

BonpMM JOCTOMHCTBOM MAarHMTORJEKTPUYECKUX NMPUOOPOB SIBIISETCS PAaBHOMEPHOCTh
IIKaJIbI, BBICOKAsi YyBCTBUTEIBHOCTH M MaJiasi MOLTHOCTb MOTEPb.

OCHOBHBIM ~ HEIOCTATKOM TPUOOPOB MAarHUTOAJIEKTPUUYECKOH CHCTEMBl SIBISETCS
HEBO3MOKHOCTbh HX MPUMEHEHMs 0e3 creluaIbHbIX MpeoOpa3oBareseil B HEensX MepeMEeHHOTo
ToKa. KpoMe Toro, oHa OTIIMYar0TCsl OTHOCUTENBHO CII0KHON KOHCTPYKLHUEN.

[TprGopbl MarHUTOANEKTPUYECKOW CHUCTEMBI MCIIONb3YIOTCS, TJIABHBIM 00pa3oMm, B
KaueCTBE rajlbBaHOMETPOB, aMIIEPMETPOB, BOJIBTMETPOB U OMMETPOB.

[TprOopbI JIEKTPOMATHUTHOM CHUCTEMBI MOXXHO HCIOJIb30BaTh B IIEMSIX MEPEMEHHOTO
ToKa. TOYHOCTh UX MEHBIIIE, 10 CPABHEHUIO C TPUOOPAMU MarHUTORJIEKTPUIECKON CHCTEMBI.

JIOCTOMHCTBO 3JIEKTPOMAarHUTHBIX

puOOpPOB; NMPOCTOTa KOHCTPYKIUHU, CPABHUTEIHHO

HU3Kasi CTOMMOCTD, HAJIE)KHOCTh B DKCIUTyaTalliy, yCTOMYMBOCTD K NIEPETPY3KAM.
Henocratku: HU3Kas 49yBCTBUTEIBLHOCTh U TOYHOCTH, OOJIBIIIOE TTOTPEOIEHNE MOIITHOCTH,

HCPAaBHOMCPHOCTDL IKAaJIbI.




[IpuMeHsI0T mpUOOPHI 3IEKTPOMArHUTHON CHCTEMBI B ILEMSAX NEPEMEHHOTO TOKa Kak
aMIepMeTphl, BOJIBTMETPbI, SMIIOTOMETPHI, HCIOJIB3YIOT B YaCTOTOMETpax M (pazomerpax.

OTcyTCTBHE CTaIBbHBIX CEPJCYHHKOB B JJIEKTPOAMHAMHMYECKHX HW3MEPHTEIBHBIX
MeXaHM3MaX HMCKJII0YaeT IMOTPEIIHOCTH OT THCTepe3nca M BHXPEBBIX TOKOB, HO OHHM OYEHb
YyBCTBUTEIILHBI K BIMSHUIO BHEITHUX MarHUTHBIX TOJIEH.

BricOkass TOYHOCTH DSJEKTPOAWHAMHYECKUX NPHOOPOB IMO3BOJSET NPUMEHSTH HX B
KadyecTBe 00pa3moBbIX. [IpnOOpPHI 37EKTPOAMHAMUYECKOW CHUCTEMBI MOXKHO IPHMEHSTH Ha
MOCTOSTHHOM U TIEPEMEHHOM TOKE.

Henmoctarku: BIMSHME BHEIIHMX MAarHUTHBIX II0JIeH, HU3Kas YyBCTBHTEIBHOCTD,
OTHOCHUTEJIHO OOJIBIIIOE MOTPEOICHNE MOLTHOCTH, BEICOKAsi CTOMMOCTh. Kpome Toro, oM Mmiioxo
HEPEHOCAT MEXaHUYECKUE BO3/ICHCTBUS, TPEOOBATEIbHBI K YXOY.

Hcnonb3yloTcest B Ka4eCTBE aMIIEpMETPOB, BOJIbTMETPOB U BATTMETPOB.

B ¢eppoamnamMuyeckux npuOOpax HaIMYUE CTaIbHBIX CEPACYHUKOB CYIIECTBEHHO
YBEJIMYMBACT TMOTPEIIHOCTh. [IpHOOpHI 3TOH CHCTEMBI HCIOJB3YIOTCS B aMIepMeTpax,
BOJIbTMETpax, BATTMETPax, 4aCTOTOMETpax, pa3oMeTpax.

[TpuGOpHI 1EKTPOCTATHYECKOI CHCTEMBI IPUMEHSIOTCS JJIS1 U3MEPEHUS TIOCTOSTHHBIX U
nepeMeHHbIX HanpsokeHui. [lokazaHus uX He 3aBUCSAT OT BHEIIHUX MarHUTHBIX TOJICH, YaCTOTHI.

JlocTOMHCTBO: 0OJBIIOE BXOAHOE CONPOTHUBIICHHE, aKTHBHON MOIIHOCTH HPUOOPHI 3TOM
CHCTEMBI ITPAKTUYECKH HE MOTPEOIISIOT.

Hepnocrarok: HU3Kas 4yBCTBUTEIBHOCTh, HEPABHOMEPHOCTH IIKAJIBI.

[TpuGopsl MHAYKIMOHHOM CHCTEMBI MOTYT IIPUMEHATHCS B LEMAX MEPEMEHHOIO TOKA C
OJIHOM OIIPENIEIICHHON 4aCTOTOM.

JIOCTOMHCTBO HX - MaJlo€ BIMSHHE BHEIIHUX MAarHUTHBIX TIIOJICH, CTOWKOCTH K
neperpysKam, HaJIeXKHOCTh B paboTe, HEBBICOKAsi CTOMMOCTb.

Hcronp3yroTcsi OHM B CYETYHKAX JIEKTPOIHEPTHH.

BuOpauuoHHble  W3MEPUTENBHBIE  MEXaHU3MBl  SBIAIOTCS  Pa3HOBUIHOCTHIO
9JIEKTPOMAarHUTHOM CHCTeMBL. [IpHMEHSIOTCS OHM B YacTOTOMETpax - JJISi M3MEPEHHs HU3KOU
9acTOTBHI, TJIABHBIM 00pa3oM, MPOMBIIUIECHHOH, M TOJIBKO B CTAIIMOHAPHBIX YCIOBHUSX.

Xoa padoThl:

3. 3ananne
3.1 Pacimdpoare 0603HaYeHUs IpeJIaraeMbIX IPHOOPOB B COOTBETCTBUU € Tabmuuel 1.

3.2 I3yunth TpUHIOMII JCWCTBUS, JOCTOMHCTBA, HENOCTaTKW M 00JacTh IMPUMEHEHHS
U3MEPUTENIbHBIX MEXAaHU3MOB PA3JIMUHBIX CUCTEM.

3.3 Pesynbratsl paboThl cBeCcTH B TAOIUIBI | 1 2.

Tabmuna 1.

=)

A2-, B2-, B2-, [2-, V2-, JI2-, P3-, C1-, ®2-, X1-, U3-
A3-, B5-, B3-, [3-, E3-, JI3-, P4-, C2-, ®4-, X2-, U5-
A7-, B5-, B7-, T4-, E4-, JT4-, P5-, C4-, ®3-, X3-, U9-
A2-,B7-, B7-, ['5-, E6-, JI2-, P6-, C6-, D2-, X4-, U3-
A3-, B2-, B7-, ['6-, E8-, JI3-, P3-, C8-, ®4-, X1-, U5-
A7-, B5-, B2-, [2-, E2-, Jl4-, P5-, C9-, @3-, X2-, U9-
A2-, B7-, B3-, [3-, E3-, I2-, P5-, C1-, ®2-, X3-, U3-
A3-, B2-, B7-, T4-, E4-, JI3-, P6-, C2-, ®4-, X4-, U5-
A7-, B5-, B7-, ['5-, E6-, Jl4-, P3-, C4-, ®3-, X1-, U9-
A2-,B7-, B7-, T6-, E8-, I2-, P4-, C6-, ®2-, X2-, U3-
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Tabmwnra 2.

Bunaer [TpuHIMT JlocTonHcTBa Henocratku O06m1acTh
MU3MEPUTEIIBHBIX JEUCTBUSA MIPUMEHEHHUS
MEXAaHU3MOB




4. Copep:xkanue oT4éTA.
4.1 Ilenwb pabOTHI.
4.2 3ananwue.
4.3 PacmnpoBky 0003HaUYCHHI PUOOPOB B COOTBETCTBUHU C TAOJIHIICH 2.
4.4 Tabnuily XapaKTepUCTUK U3MEPUTEIBHBIX MEXaHU3MOB Pa3IMUHBIX cucTeM (Tadum. 1).
4.5 OTBeThl Ha KOHTPOJIBHBIE BOIPOCHI
1. Yto mo3BONAIOT TNPaBWIBHO BBIOpAaTh NPHOOPHI M JAIOT HEKOTOPHIE
yKa3aHHs MO WX KCIUTyaTalluu.
2. PacmmdpoBats 0603HaueHus1 BoabTMETpoB B3 — 38, B7 — 26, B7 — 22.
3. Pacmmudposats 0603HaueHms renepaTopoB '3 — 106, '4 — 107, I'S — 54.

IIpakTuyeckas pa6ora Ne4.
Tema 3. U3mepeHne 3/1eKTPOMEXaHNYECKMMH H3MEpPUTeIbHBIMHI IPHOOpaMu
HN3y4yenue padorsl amnepBojbToMMeTpa TJI-4M npu ucnbITAHUU TPAH3UCTOPOB
Hean padotbl: M3MepeHnue napamMeTpoB TpaH3UuCTOpa amnepoiibrommerpom TJI-4M.
ITepeyennb ucnosb3yemoro odopyaosanus: amiepBoiasTommerp TJI-4M, TpaH3ucToOpsI.
Teopernyeckasi 4acTh:
AMIIEpBOJIBTOMMETP — HCIBITaTenb TpaH3ucropoB TJI-4M mnpenHasHaueH i HU3MEpPEHUs
MIOCTOSIHHOTO TOKa M HaIpsKEHUs, IEPEMEHHOTO CUHYCOMIAJIbHOTO TOKA M HAIPSKEHUS YaCTOTOU
50 T'u, mepeMeHHOr0 cUHycouaanbHOro HampspkeHus yactotou 40... 15000 I'u, compoTuBiIeHUS
MOCTOSIHHOMY TOKY M IapaMeTPOB TPAH3UCTOPOB MAJION MOILIHOCTH:
k0 — 00OpaTHOTO TOKa KOJJIEKTOPHOTO MEPEX0/1a;
[0 — 006paTHOrO TOKa SMUTTEPHOTO MEPEXOa;
IKH — HauYaJIBLHOTO TOKA KOJUIEKTOPA;
B — cratuueckoro ko3¢ GuueHTa YCUICHUS M0 TOKY, OIPEIEIIeMOr0 PACYETHBIM TyTEM:
5= Al
Alg
TexHuyeckue nqaHHbIe

IIpenensr n3MepeHu:

CHJIBI IIOCTOSTHHOTO TOKa, MA 0,1; 0,3; 1; 3; 30;300; 3000
CHUJIBbI IEPEMEHHOT0 TOKa, MA 3; 30; 300; 3000

MOCTOSTHHOTO HaIpshKeHus, B 0,1; 1; 3; 10; 30; 100; 300; 1000
MEPEMEHHOTO HanpskeHus, B 1: 3; 10; 30; 100:; 300; 1000

CONPOTHUBJIICHHUI;

yyrciio 300 B koHIe mKanel, KOM:

IpH MHOKHTENE X | 0,3
npu MHOXxHUTENE X.10. 3
npu MHOX#HTENE X100 30
npu MHOXxHTene x1000 300
npu MHOX#HTee X 10000 3000
ypcio 500 B koHIle mkansl, KOM:

pyu MHOXHTENE X | 0,5
npu MHOkuTene x10 5
npu MHOX#HTEIe X100 50
npu MHOXxHTene x1000 500
npu MHOX#HTee X 10000 5000

Nzmepenus npu mHoxkuTene x10000mpon3BoAsSTCs ¢ TOMOIIBIO BHEITHETO UCTOYHUKA TIOCTOSTHHOTO
Hanpsbkenus 24...30 B.

[TapameTpsl TPaH3UCTOPOB B MHTEPBAJIAX:

ko, MKA 0...100

IkH, MKA 0...100



I0, MKA 0...100

B 0...500

OcHOBHasi MOTPEUIHOCTh MPUOOpa OT KOHEYHOTO 3HAa4YeHUs1 pabouell mkambl, %, NpU U3MEPEHHH:
CHJIBI IOCTOSTHHOTO TOKa Ha nipeaenax 0,1, 0,3, 1 u 3 MA,

He Ooee +2.5

CHJIbI IOCTOSTHHOT'O TOKa Ha Mpeenax 30, 300, 3000 MA,
He Oonee +4

CHUJIBI IEPEMEHHOT0 TOKa CUHYCOMIaIbHONU (hOPMBI

gactoroit 50 I'm, He Ooiee +4
MOCTOSTHHOTO HaIpshKEeHUs, He Oolee +4
MIEPEMEHHOTO HAMPSKEHHSI CHHYCOUTATBHON (POPMBI

B- TIpeJiesiax HOMUHAIbHON 001acTH 4acToT, He OoJee +4
OMMUECKUX COIIPOTUBIIEHUM OT IJIMHBI paboueli 4acTu

HIKaJbl, He OoJjiee +2.5
napaMeTpoB TPAH3UCTOPOB OT KOHEYHOTO 3HAUCHUS

HIKaJbI, He 0ojiee +2.5
Bxomnoe conmporunenue mpudopa, kOm/B:

MOCTOSIHHOMY TOKY 10
EPEMEHHOMY 2,5
["abapuTHbIE pa3mMepsl, MM 160x114x60
Macca, xr 0,85

KoHCTpyKTHBHO TPUOOP COCTOUT U3 CIEAYIOLIMX OCHOBHBIX YaCTEH:

U3MEpUTENIb MarHUTOIEKTpUUECKor cuctembl (Mukpoammepmerp 100 MKA) ¢ mOJABUIKHOM 4acTbiO
Ha KepHax;

nepeaHss naHenb (KphIIIKa), K KOTOPOM KpEemsTcs HU3MEpUTENb, KIEMMbI, JBa I[EPEMEHHBIX
pe3ucTopa (Ui YyCTaHOBKM HYJI M TOKa 0a3bl), yeTbipe nepekmodarens: IUR — Bux pabot; n-p-m,
p-1-p —

THUII TPAH3UCTOPA; —, ~ pon Toka; k...l - mens TpaH3ucTopa;

JMCKOBBIN MEpeKIovaTeb NPeaesioB U3MEPEHUS C TIOJIBUKHBIMU KOHTaKTaMU;

MOHTa)KHas IUIaTa;

KOXyX mpuodopa.

HN3mepenne napaMeTpoB TPaH3HCTOPA

Orcuer mnokazaHuil NpuOOpa NPOU3BOAUTCS IpPHU YCTAHOBKE MEPEKtouaTess «BUA pPadoT» B
HOJIOXKEHHE «TpaH3ucTopy. M3mepenue lko — puc. 2.1.
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Pre. 2.1, Crema wameperin obpaiHong Toxa
OANEN TOPRHOTD NEpenoqa:

B — peavciop o ppedope; 5 KN — srewws gnm npecor geesnen Gatw
I HOFERTORS T ecTopa
YCcTaHOBUTH CIIEYIONIEE OJIOKEHUE EPEKITFOYATENECH:
«THI TPAH3UCTOPA» — COTJIACHO TUITY MTPOBEPSIEMOTO TPAH3UCTOPA;
«IIeTh TPAH3UCTOPa» — B TOJIOKEHHUE IK;
«pOJ TOKa» — B MOJIOKEHHUE «—»;
«IUCKOBBIN» — B IOJIOKEHUE «lKO)»



[TpoBepsiemMbIii TPaH3UCTOP YCTAaHABIMBAETCS B COOTBETCTBHHM ¢ MapkupoBkou kiemm (D K b)—-
KoJUTeKTOp K Kiemme «K», 6a3a k kinemme «by. DMUTTEpHBIN BBIBOJ He mpucoenuusercsa. CTpenka
npubopa nokaspiBaeT ko Ha mpeaene 100 MxA,

N3mepenue Iz0 — puc. 2.

Ill+

®

Puc. 2.2, Cxema namepenva ofipatnora toka
IMHITERPHOND NEpeXana TpaH3HCTORa
[TonokeHue nepexiirouaTeNel To ke, 4To U npu u3Mepenuu lko. baza Tpan3ucropa npucoeanHseTcs
K kiaemme «by», amutrep Kk kiemme «K». KomnexkrtopHsiii nepexon He mpucoeaunsiercs. Ctpenka
U3MEPUTENIbHOTO Mpubopa nokassiBaeT 3Hadenue 1ro na npenene 100 MxA.
W3mepenue lkn — puc. 2.3.

[Tonoxxenue mnepekiarovareneit To ke, yto u npu usmepenun /0. baza Tpanszucropa
npucoenuHsercss K kieMMme «b», smurrep Kk kinemme «K». KosexktopHeli nepexonx He
npucoeaunnsierca. CTpenka M3MEpUTENbHOrO Mpubopa MOKa3blBaeT 3HAUEHUE /70 Ha Mperelie
100 MKA.

N3mepenne moxa — puc. 2.3.
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Puc. 2.3, CHema HIMEDREHMA HASAALHOTO TOMA
KOJIEKTONA THEH3UCTOpA
[Tonoxenue nepexiroyateneil To ke, yto U npu usmepeHuu | xo. baza u smuTTep TpaHsucropa
NPUCOEANHSIOTCS K KiemMme « by, xomnektop — k kiemMMme «K». Crpenka npubopa mokasbiBaeT
3HayeHue |k Ha npenene 100 MKA.
Omnpenenenne cTaTUHYECKOro Ko3ppuueHTa ycuienus puc.2.4

Puc. 2.4, Crrma CAPRALNEEYR CIATHHRCRDID KE e pe dna Ty
:"\-l:lllll_'l-uil-l L+ II-'h;'rﬁi:IJ



[Ipu 5TOM BBIBOJBI TpaH3UCTOpA MpHUcoenuHstoTcsa K kinemmaMm I, K, b. HeoOxonumo yuects Tum
TpaH3zucropa (p-n-p wim m-p-m). CraTuueckuii Ko3pPUIMEHT YCUIICHUS onpeaensercs no popmyre
Al Al =AT,
[ ' L N
M ;.-? ||"|| I'l‘: - .'.‘I |r£|=
rze lki— Tok KoJutekTopa npu Toke 0asbl Ip1; lxo — TOK KosekTopa mpu Toke 6a3sl Ipo.
JIucKoBBI TepekitouaTeNlb ycTaHaBiuBaeTcss B mnonoxeHue «b...K», mnepekitouatens «iemnb
TPaH3UCTOpa» — B TOJIOKEHUE «lp» TMOJIOKEHHE OCTAIBHBIX MEepeKioYarened — Kak Npu
u3MepeHuu lko-
Jomnyctum, pu U3MEpEHUH NoIy4YeHsb! cienyromue gaubie Is1 = 50 MkA, lki= 2,6 MA,
Is2 = 80 MKA, Ix2 =4,4 MA.
AIB:IM — IBZ: 80-50=30MKA
AL=I 4 — I, =4,4-2,6 = 1,8MA = 1800 MKA

Koaddurment ycunenus

AL, 1800

Al 30

Xoa padoTsl

1. 3aparte BennuMHYy TOKa 0a3bl, MPU KOTOPOIl YJOOHO OMPEEeNIUTh TOK KoJIeKTopa (okoio 50
MKA).

2. JIns u3mepeHus ToKa KOJUIEKTOpa MepeKIoYaresb CleyeT YCTAaHOBUTh B MONIOKEHUE «lK».
BennunHa Toka KOJUIEKTOpa ONpeAessieTcs Mo BEpXHEH MIKaie oKa3bIBaloLIero npuoopa,
KOHEUYHOE 3HaYeHUe KOTOpoil cooTBeTcTBYET 10 MA.

3. Tlepexmrouatens «ls—Ix» CHOBa yCTaHABIUBAIOT B MOJIOKECHHE «|p» M YBETTMYHUBAIOT TOK 0A3bI
Ha 20,..40 MKA.

4. Ilpu nocneayrouieM NepeKItOUeHUN «I-lx» B monoxxkenue «lk» cHOBa onpenensiercs

BEJIMUYMHA TOKA KOJUIEKTOPA.

N3mepenns 3aHectu B TaOIHUILY

6. Haiitu kospuuueHT ycuneHus

I5, MKA 50 70 90 110

Ik, MKA

7. OTBEeTUTH HA BOIPOCHI

o

1. OcHoBHBIE METO/IbI U3MEPEHUS TOCTOSIHHBIX TOKOB U HaNpsKEHUH.

Ha3nauenue, cxema BKJIIOUEHHS U 00J1aCTh IPUMEHEHUS T00aBOYHBIX PE3UCTOPOB.

3. Metozas! U3MepeHus IepeMEeHHBIX TOKOB TPOMBIIIIIEHHON 4acToThl. MI3MepuTenbHbIe
TpaHc(hOopMaTOphl TOKA.

4. W3mepurenbHble TpaHC(HOPMATOPHI HAIPSKEHMS.

5. Uro Ha3bIBaeTCs aMILTUTYAHBIM, CPETHUM, CPEAHEBBINPSMIEHHBIM U CPETHUM

N

KBaJJPaTHYECKUM 3HAUCHUSIMH HATIPSHKSHUS WK TOKa?

6. Kakne koo punmeHTs! YCTaHABIMBAIOT CBS3b MEXKIy aMIUIUTYTHBIM M CPETHIM
KBaJJPaTHIECKUM, MEXKITy CPETHUM KBAIPATUIECKUM U CPETHUM 3HAUCHHSIMA
HanpspkeHus (Toka)?

7. Yemy paBHbI KO3 GUIIMEHTHI aMILUTUTYbI U (POPMBI 1J11 TApMOHHUYECKON (hOPMBI
curHana?

8. MU3-3a yero MoxeT BO3HUKATh METOJMUECKas IOIPEIIHOCTh IPU U3MEPEHUH
HecHHycouaiabHoro curnana? [Ipuseaure npuMeps! NpUOOPOB, B KOTOPHIX
HaOJIF01aeTCsl TaKast OTPEIIHOCTb.

IIpakTuyeckasi pa6ora Ned.
Tema 3. U3mepeHne 3/1eKTPOMEXaHNYECKUMH U3MEPHUTENIbHBIMH IPHOOpaMu



N3mepenue MOIIHOCTH B Tpex(pa3HOil Lenu ABYX3JIeMEeHTHBIM BATTMETPOM.

Heanb padoThi: Mi3MepeHre MOIITHOCTH B TpeX(a3HOH LEMu ABYXIJIEMEHTHBIM BATTMETPOM.
IlepedyeHb UCIOJIB3YyeMOro 000Py10BaAHUS

Tpexdasznas 1enb; oxHo(a3zHble BATTMETPHI, JBYXDJIEMCHTHBIH BAaTTMETP; aMmIepMeTp,
BOJIBTMETD.

Teoperuueckasi 4acTh:

s u3mMepeHust MOIHOCTU TpeX($a3HOro MPUEMHHUKA IPUMEHSIOT Pa3IUYHbIE CXEMBI
BKJIFOYEHHUS] BAaTTMETPOB.

[Tpu cuMMeTpHUUHOM Harpy3Ke aKTUBHYIO MOIIIHOCTh P MOXHO U3MEPHUTh OJHUM BaTTMETPOM,
BKJIFOYEHHBIM 110 cxemam puc. 7.13, a, 6.

OO011as MOIIIHOCTH MOTPEOUTES

rac W— noka3zanue BaTTMCTpaA.

w A I‘ *
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Puc 7.13 CxeMbI BKITIOYECHHUSI BATTMETPOB JIJIsl U3MEPEHUS aKTUBHON MOIIHOCTH B Tpex(da3Hoit
CeTH OJIHMM (a, 0) ¥ TpeMms (8) BaTTMETpaMu

[Tpy1 HECUMMETPUYHOI HATpy3Ke MOIIHOCTh TPeX(a3HOro MPUEMHUKA MOXXHO H3MEPUTh

Tpems BarTMmerpamu (puc. 7.13, ). OOmmas MOUTHOCTh MPHUEMHHUKA B 3TOM CIIydae
P=WI1+W2+W3.

B TpexnpoBoaHbIX cucTeMax Tpex(a3HOro Toka Npu CUMMETPUYHON 1 HECUMMETPUYHOM

Harpyskax 1 Jr000M crocode coeTMHEHUs TPUEMHHUKOB IIHPOKO PacIpoCTPaHEHA CXeMa

U3MEpPEHUs] MOIIHOCTH JIByMsl BaTT™MeTpami (puc. 7.14, a). Ha 3Toit cxeme TOKOBble 0OMOTKH

BaTTMETPOB BKJIIOUEHBI B JIMHEWHbIE TPOBOJA A U B, a 0OMOTKU HaNpsHKEHUS — Ha JIMHEIHbIE

Hanpsbkenus UAC u UBC 1.

1 TokoBble 0OMOTKH MOTYT OBbITh BKJIFOUEHBI U B ApyTHe JUHEHHbIE TPpoBo/a, Hanpumep B A u C.
[Tpu sTOM MapasienbHble 0OMOTKHM BATTMETPOB BKIItOUaroTcsl Ha nuHelHble Uag u Ucs.

Jlokaxkem, 4TO CyMMa NOKa3aHUH BaTTMETPOB, BKIIOUEHHBIX 0 cxeMe puc. /.14, a, paBHa
aKTUBHOM MOUTHOCTH P TpexdazHoro nmpuemMHUKa.
MrHoBeHHOE 3HaueHHE 00IIel MOIIIHOCTH TpeX(pa3HOro NPUEMHHKA, COEAMHEHHOTO 3BE3/I0M,
p = UAIA + uBiB + uCiC.
Tak kak
IA+iB +iC =0,
TO
iC=-(IA+iB)
Puc. 7.14. Cxema BKJIIOYEHHS JBYX BaTTMETPOB AJI1 U3MEPEHUS AKTUBHOW MOIIIHOCTH B
Tpex(da3HbIX CeTAX (a) U BEKTOpHAs AUarpaMma, MOSICHSIOIIAs N3MepEeHNEe aKTUBHON MOIITHOCTH
IBYMs BaTT™MeTpamiu (0)



Puc. 7.14.

flpuesiun

[Toncrapnss 3Hauenue iC B BbIpaXKEHUE IS p, T10JIy4aeM
p = UAIA + uBiB - uC(iA + iB) = (UA - uC) iIA + (UB - uC) iB = uACiAd + uBCiB.
BrIpa3uB MrHOBEHHBIC 3HAUYCHHs U U | Yepe3 UX aMIUTUTYIbl, MOXKHO HAalHTH CPEIHIOK
(aKTHBHYI0) MOIIIHOCTb:
T

1
Pcp =-|-fp dt,
0

KOTOpasi COCTaBUT
A A
P =UACIAcos( UAC, IA ) + UBCIB cos( UBC, IB ) =W1 + W2.
Tak kak UAC, UBC, |IA u IB — cooTBeTCTBEHHO JTMHEMHbIE HAMIPSKEHUS U TOKH, TO MOJTYYECHHOE
BBIpa)KEHHUE CIIPABEUINBO U MIPU COCAMHEHUM MOTPEOUTENEH TPEYTOIbHUKOM.
CrnepnoBarenbHO, CyMMa NOKa3aHUM JIBYX BATTMETPOB JCHCTBUTENHHO paBHA AKTUBHOM
MOILTHOCTH P Tpex(a3Horo nprueMHUKa.
IIpu cuMMeETpUYHOM Harpyske
IA=1IB=1IC, UAC=UBC=Un.

13 BexTOopHOM Auarpammsl (puc. 7.14, 6) nomyyaem, 4to yroi o Mexy Bekropamu |1A u UAC
pasen @ — 30°, a yroxn B mexy Bekropamu IB u UBC cocraBnsier ¢ + 30°.
B paccmarpuBaemMoMm ciyyae moka3aHHsi BATTMETPOB MOKHO BBIpa3uTh (popMysiaMu

W1 = U i cos (9 - 30°); W2 =Umn li cos (¢ + 30°).

L

A W da, t Puc. 7.15. Cxema BKIIOUYEHHUS
° # \L/ 7 . BaTTMETpa ISl U3MEPEHUS
1 50 "‘59_ PEaKTUBHOU MOIIIHOCTH B
8 4 Z Ye¢ tpexdasnoii cetn omHIM
o 57 BaTTMETPOM (@) U BEKTOpHas
i (4
' o) Uy 8 8 marpamma (6)

CyMMa noka3aHuii BATTMETPOB
W1 + W2 = Un ln [cos (¢ - 30°) + cos (¢ + 30°)] =3 Ux 1 cos ¢.

I1o pasHOCTH MOKa3aHUN BATTMETPOB MOKHO OIIPEIEIUTh PEAKTUBHYIO MOLIHOCTh
CUMMETPUYHON TpeX(a3HOH CHCTEMBI:

W1 - W2 = Ux I [cos (¢ - 30°) - cos (¢ + 30°)] = Ui lx sin ¢ = Q//3.

Orcroma Q = (W1 - W2)\3.



[Tpu cummeTpuvHON akTHBHOM Harpy3ke (¢ = 0) mokazaHust 000MX BaTTMETPOB OyAyT
onnHaKkoBbIMU. [Ipy cMelaHHONM CUMMETPUYHON Harpy3ke u ¢ > 60° nokasaHue 0HOTO U3
BaTTMETPOB OyAeT OTpULIATEIbHBIM 1.
1 BarTmeTpsl, Kak MpaBuiio, CHA0XKAar0TCs BCTPOCHHBIM MIEPEKII0YaTEIeM, TTO3BOJISIOIIUM
WU3MEHATH (ha3y TOKa B OJJHOW M3 0OMOTOK IprOOpa (Yalie BCEro TOKOBOM). DTO yCTPOHUCTBO
JlaeT BO3MOXHOCTH IPOU3BOANTH OTCUET MOKa3aHui npubdopa mpu ¢ > 60°, koraa crpenka
OTKJIOHSIETCS BJIEBO 0 yIopa.
[Tpu cuMMeTpUYHOM HAarpy3Ke peaKTUBHYIO MOIIHOCTh Q Tpexda3zHoW CHCTEMBI MOXKHO
HU3MEPHUTH OJJHUM BaTrT™MeTpoM (puc. 7.15, a). B 310l cxeme TokoBasi 0OMOTKa BKJIIOUEHA B
JMHENHBIN IPOBOJ A, a mapajuieapbHas 0OMOTKa HANPSKEHUS] — HA JTMHEWHOE HAIpSKEHUE
UBC. U3 BekTopHOU quarpaMMsl (puc. 7.15, 6) ciemyeT, 4To MoKa3aHUs BaTTMETPa

W = UBCli cos (90 - ¢) = Un la sin @.
YMHOKast TOKa3aHHe BATTMETPa Ha \'3, IIOTydacM 3HAYCHIE PEaKTHBHON MOIIHOCTH Q
TpexdazHOU CeTH NPU CUMMETPUIHOI Harpys3Ke.
Xoa padoThl
1. O3HaKOMHTBCS ¢ IPUOOPaMH, MpeTHA3HAYEHHBIMU IS BBITOJIHEHHS JAHHOW J1a0OpaTOPHOM
paboThl. BHECTH B MPOTOKOJ UX MACIOPTHHIE TaHHBIE.
2. Cobparb cxemy, M300paKEHHYIO Ha puC., 00paTUB 0c000€ BHUMAHUE HA MPaBUIBLHOCTH
BKJIIOUEHUS TeHEPATOPHBIX 32)KUMOB BAaTTMETPOB
:i_wa
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puc.1
Puc. Cxema BkiOueHHs NpUOOPOB JJIsi M3MEpPEHUS AaKTUBHOW MOIIHOCTH B TpexQazHoi
TPEXIIPOBOAHOM LIETIH.
3 OrnpenenuTh MOCTOSTHHBIE MPUMEHSIEMBIX JTA00PATOPHBIX BATTMETPOB 110 (hopMyIie
Criom = Unon lrow/@umx
rae Unow —HOMMHAJIBHOE 3HAUEHUE HANPSHKEHUS HCIOJB3YEeMOro Juarna3oHa BaTTMETPa, luow —
HOMUHAQJIBHOE 3HAaUY€HHE TOKAa BBIOPAHHOIO JMaNa30Ha BATTMETPA; Amx — YHCIO JEICHUN IIKabI
BaTTMETpa
4 TIpow3BecTH HW3MEPEHHE MOIIHOCTH NP CHUMMETPUYHOW AaKTHUBHOW Harpyske (coS@=1)
Tpemsl crioco0amu.
A) ¢ TOMOIIIBIO BOJIBTMETPA U aMIIEPMETPOB

S Ve .
P =V3Ug, 1,
31E€Ch Uv—i1oka3zanue BOJIBTMETpPA, BKIIIOYCHHOI'O Ha (i)aSHOC HAIPsPKCHUE, la — mnoka3sanue

aMIIEpMETpPa, U3MEPSIOLIETO JIMHENHBIN TOK;
b) ¢ momompko AByX 0qHO(a3HBIX BATTMETPOB

P"':Pi:,'r'i'Pu-';,
rie P u Pug— nokasanna onnohasiwx sartverpor PW/! v PWZ;
PW'I = Cmﬂ.\llai;

pW-’-' = C}rGHE 4y,



SOCCL @ H Gz — OTCMETH B NEJICHHAX NO WMIKAA2M OANGDAZLEHX NaTT-
MCTPOB; y
B) C NOMOUILIO ARYX3NEMERTHOrO BatTMerpa PIWS:

P¥ = Cno.\n as,

/1€ a3- OTCUET B JICJCHMSIX 110 LIKAJIE IBYX3JIEMEHTHOIO BaTTMETPa

Ecnu ucnonb3yercs MMTOBOM JBYXAJIEMEHTHBIM BAaTTMETP C TPAAyUPOBAHHOMN MIKaJIOW, TO Pw,
OIpeAEIAETCS HEMOCPEACTBEHHO I10 IlIKajle Tpubopa B BaTTax WIM KWJIOBATTAX.

5. CpaBuuth noxydeHnsle 3HaueHnus P', P" u P", oOpaTtuB BHMMaHuEe Ha yA00CTBO M3MEPECHUS
AKTUBHOW MOIIIHOCTU JIBYX?JIEMEHTHBIM BaTTMETPOM, HE TPEOYIOMIMUM TNpeaABAPUTEIHHBIX
apuQMEeTUYECKUX BHIYUCICHUM.

6. IlpousBect M3MEpEeHHE AKTUBHOW MOIIHOCTU IMPH CHMMETPUYHON PEaKTUBHOW Harpyske
(cosp=1) nByms criocobamu;

a) C IOMOIIbIO IBYX OAHO(DA3HBIX BATTMETPOB;

0) C IOMOIIBIO ABYXAJIEMEHTHOTO BaTTMETPA.

s mony4yeHusl peakTUBHOW Harpy3KH HEOOXOJMMO BKJIIOYMTH MAKETHBIA BBIKIIOYATETh SA B
cxeme, n300pakeHHo! Ha puc.l.

[Tpu ompeneneHUU aKTUBHOW MOILTHOCTH C MOMOIIBIO JBYX OJHO(A3HBIX BATTMETPOB CIEIYET
NOMHUTB, YTO B 3aBHCUMOCTH OT yrjia ¢ W ero 3Haka MOKa3aHUs OJHOTO M3 BAaTTMETPOB MOTYT
OBITH OTPUIIATENFHBIMH WJIM BOOOINE paBHBIMU HYJI0. HezaBHCHMO OT 3TOro A MOSydeHus
o01Ielt MOIITHOCTH Bceria HeoOX0aMMO OpaTh alreOpandecKyto CyMMy MOKa3aHUH BaTTMETPOB.

7. CpaBHUTH pe3yJbTaThl, NOJYYCHHBIE ITPH BHITIOJIHEHUH 1. 6, a 1 6, 0.
8. CoctaBuTh oT4ET HO TpeOyemoii hopme.

IIpakTuyeckasi pa6ora Neb.
Tema 4. AHa/10r0BbI€ 3JIEKTPOHHBbIE BOJIbTMETPbI
H3y4denne paboTsl 3JIEKTPOHHOI'0 BOJIbTMeETPA.
Heapr paGorbl: O3HAKOMUTBHCS C OCOOEHHOCTSMU CXEMOTEXHHYECKOI'O PEIICHHS OCHOBHBIX
0JI0KOB BOJIETMETpA.
Ilepeyennb ucnoJib3yemMoro o00pyaoBaHus
MunuBonst™metp B3 — 38 (macnopr).
TeopeTnyeckas 4acTh:
Munnusonst™erp B3 — 38 npenHazHaueH A1 U3MEpPEHUS HAIPSHKEHUS IIEPEMEHHOIO TOKA OT
0,1 MB o 300B B nuana3one yactot oT 20 I'tt 1o 5 MI'11.
[Tokazanus mpubopa MPONOPIMOHAIBHBI CPeHEMY 3HAUCHMIO, a IIKaja MpOrpagyupoBaHa B
3¢ (EeKTUBHBIX 3HAYEHUSIX CHUHYCOMWJAIBHOIO HamnpspkeHus. [Ipubop nMeeT oTaenbHYIO HIKay,
IpOTpayMpOBaHHYIO B JennOenax.
VYpogens "0" gerubden pasen 0,775 B.
TexHu4yeckne XapakTepUCTUKHU
1) nuanazon u3mepseMbix HanpspkeHuit ot 100 MxkB no 300B mepekpsiBaeTcsl moaanana3oHaMu
(1,3, 10, 100, 300 mB, 1, 3, 10, 30, 100, 300)B;
2) nuamna3oH 4acTOT U3MEPSEMBIX IEPEMEHHBIX HanpspkeHud oT 20 I'm no 5 MI'L;
3) KJ1acc TOYHOCTH MpUOOpa JOMYCKAETCs YKa3bIBaTh Pa3HbIM JI1 HOPMaJIbHBIX YCIOBUN U ISt
JIBYX o0JsacTell U3MepsieMOoro HalpsKeHUs:
- mogmuana3od ot 100 MmB no 300 MB xiace - 2,5;
- mogauana3on ot 1B go 300B kiacce - 4,0.
4) npuBeCHHbIE MOTPEITHOCTH 71l paboUYuX yCIOBUHM MpUBEIEHBI B Tabnue 1;
5) JomoNHUTENbHAas MOTPEIIHOCTh MNpHOOpa, BbI3BaHHAs OTKJIOHEHHWEM TeMIlepaTypbl
OKpYyXarolel cpeapl OT HOMUHAJIBHOTO 3HA4YeHMs, HE TMPEBBIIIACT Mpejesia NPUBEACHHON
HOrperHocTy Ha Kaxaple 10°C u3MeHeHus TeMneparyphl;
6) HOpMaJIbHBIE U paboYKe YCIOBHS IKCIUTyaTallui IprOopa 3a1aHbl B TaOIHUIE 2;
7) BXOZHOE CONPOTUBIICHUE Ha YacToTe 55 ['11 He MeHee:
- Ha mogaunana3one ot 1 7o 300 MB - 5 Mowm;



-gHa noaauanasone ot 1 no 300B - 4 Mowm.

8) BXOIHAsl EMKOCTh HE IPEBBIIIAET:

- Ha nogauama3one ot 1 1o 300 MB - 30 nd;

- Ha nmoaamanas3one ot 1 7o 300 MB - 15 nd.

9) eMKOCTh MPHIABAEMOI0 K IpuOopy Kabes He npessiinaet 80 nd;

10) momonHHTENbHAs TMOTrPEIIHOCT, NPUOOpPa, BBI3BaHHAs OTKJIOHEHHWEM (HOpPMBI KpPUBOH
U3MEPSIEMOTr0 HaNpsHKEHUSI OT CUHYCOUAANBHOM ¢ Koadduuuentom rapmonuk ot 0,5 1o 20 % ,

HE MPEBOCXOAUT BEIIMYHMHBI, OTIPeIeIsIeMoii 1o popmyie:

o0 =Ux/U1 * 100 % ,

rae Ul - amuintyna nepBoi rapMOHMKUY;

UK - aMIUIUTy1a TApMOHUKU U3MEPSIeMOro CUTHANIA;

K - HOMEp TapMOHHKH.

11) mpubop momyckaer paboTy B TeUeHHE § YacOB;

12) norpebisiemast mpuOOPOM MOIIHOCTH IPY HOMHUHAJILHOM HarpsKEHUH
He mipeBbimaer 10 B * A;

13) rabaputsl mprbopa cocrtaBisioT 152 * 206 * 285 mwm;

14) macca npubopa He Oosee 5 KT;

15) Bpemst pazorpesa npubopa He 6omee 15 muH;

16) napaboTka npubopa Ha oTka3 cocraBisser 2500 yac.

Tabmmna 1 - [Ipenenbl nprBeIeHHBIX MOTPENTHOCTEH B Pa3IMYHBIX 00JACTAX YaCTOT

Hpez[em,l IIPUBCICHHBIX HOFpGH.IHOCTCﬁ B 00JIaCTH YacCTOT

ITonnuana3oHbl ot 20 10 45 ' ot 1 1o 3 MI'n ot 3 10 5 MI'n
1-300 B 4.0 4.0 6.0
1-300B 4.0 6.0 6.0
Tabnuna 2 - YciaoBus SKCITyataiuu npubopa

HopwMmanbHble YCI0BHsI SKCILTyaTalluu

TemnepaTypa OKpY>KarIIe cpeibl 293 £ 5K

OTtHocHTeNbHAST BIAXKHOCTh IPU HOPMaJIBHOU | 65 + 15%

TEMIEPATYPE CPEIbI

ATMOC(epHOe aBIeHHE 101 + 5 klla

Paboune ycinoBus 3KcIIyaTanuy npudbopa

TemmnepaTypa OKpy>KarIIe cpeibl oT 283 o 308K

OTtHocHTebHAST BIAKHOCTH mpu Temiieparype | 1o 80%

298K

ATMOC(epHOe aBIeHHE 96 + 10 lla

Hanpspkenue nuranus 220B + 20B gactoTta 50+ 0,5 T'11
YcTpoicTBO M NPUHLMI AeHCTBUSA

Koncrpykuus

HpI/I60p BBITTIOJIHCH B IICPEHOCHOM HCITIOJTHCHUH. KapKac, paMbl 1 OOKOBBIE CTSIKKU M3TOTOBIICHBI

METOJAO0M JIMThA IO JAaBJICHUEM.

Bes cxema mpubopa, 3a MCKITIOYEHHEM IEpeKiIrovaTesiss MpPeesioB M3MEpEeHHs M BXOJHOTO
JIEIUTEIIS, pa3MeIlleHa Ha OJTHOW ITeYaTHOM ITaTe, MPUKPEIUIEHHON K KapKacy € JIEBOM CTOPOHBI.
Ha 3anmneit manenu 3akpemieH TpaHchopMaTop, Jepxkarenb MpeJoXpaHuTeNns H KiemMma
3a3€MJICHHUA W BBIBCACH IIHYP IMUTaHUA. JJIEMEHTBHI BXOAHOTO JOCIUTCIIL 3KpaHUPOBAHBI U

YKPEIUIEHBI Ha IEPEHEN TaHETH.

Ha nepenneil maHenu pacrosiokeHbl: CTPEOYHBIM OTCUYETHBIM MNpubOp, BXOAHBIE THE3JA,

UH/IMKATOp U TyMOJIep BKIIFOUSHHS Tpubopa.
Onucanue cxeMbl QyHKIMOHAIbHOM
Ha pucynke 1 npencrasiena (yHKIMOHAIBHAs cXxeMa Ipudopa.
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Pucynok 1 - ®ynkuunonansHas cxema B3 — 38

Ha Bxon BeicokoomHOro nenutens BJ[ mopaercs m3mepsiemoe HanpspkeHUE. BBICOKOOMHBIN
JnenuTenb oT Hu3koomHoro HJI otaensercs mpeoOpazoBatenem umnenanca [IM. C Beixoma
JIETIUTEI HU3KOOMHOTO HaIPSKEHUE MTOJAETCSA HA IIUPOKONOJIOCHBIN yeunuTens LY.

K Beixomy HIY mnoakimtodeHbl JETEKTOP U HHIUKATOP, KOTOPHIE COCIAMHEHBI CO BXOJO0M

obparaoro mnpeobpazoBatens OIl,
BHOCHUMOW AHOJaMH JETEKTOpa.
JleauTes b BLICOKOOMHBIM

NpeaAHa3HAUYCHHOTO JId YMCHBIICHHA TOIrPCIIHOCTU

||C3 Cdl Cc5 1
|| /I’ EH /
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Jlenurensb BEBICOKOOMHBIN IIPECTABICH HA
pUCYHKe 2 U KpOME pE3UCTOPOB
COJICPIKUT KOPPEKTUPYIOIINE EMKOCTH.

Ero xoodduument pgenenus paBeH
1:1000. [Ipu MEePEKITIOYECHU M c
noaauana3zona 300 MB Ha mojgauanasoH

Brog

LJJJJC[\]

* | 1B BXOIHOE CONPOTUBIICHUE MEHSIETCS C
8 1o 5 MOM. Pesucrop R2 mnozpomnser
TOYHO OTPETyIUpPOBaTh KOIPPHUIHECHT
JIeNICHUs JeNuTelId Ha JYacToTax MeHee 1
MI'u. Ha 0osiee BBICOKMX 4YacTOTax

;.
=

OKa3bIBaroT CBOC BJIMSHHC

PucyHnoxk 2 - Jle1ure/ib BBICOKOOMHBIH

koppektupyromue nenu (Cl, R3 - C2,
R58 - C25 u menouka C3 COBMECTHO ¢
tpuMMepoM C4). Emkxocts C5 BhInONHSET
pOJb  pa3NENUTENIFHOW €MKOCTH W He
IPOMYCKAeT MOCTOSHHYIO COCTaBIISIONLYIO
NEPEMEHHOT0 CUTHAJIA.

IIpeoGpa3oBaTesib MMIeTaHCA

Cé

Pucynok 3 - [IpeobpazoBarenb uMmeaaHca

OH BBINONHEH Ha JaMie - HyBucrope 6C63H,
oOecrneunBaroIen 00Jb11I0€ BXOJTHOE
CONPOTHUBIIEHUE U  JBYX  TPaH3UCTOpax.
Tpanszucrop VT oOecrieunBaer ycuiieHue, a
VT2, KakK OMUTTEPHBIN IIOBTOPUTEID,
o0ecrieynBaeT Majoe BBIXOJHOE
COIIPOTHUBIJIEHUE TAKOH BEIMYMHBI, YTOOBI OHO
HE OKa3blBAJIO BIMSHHUS Ha KO3()(OUIHNEHTHI
JIEJIEHNS] HU3KOOMHOTO JEJIUTESL.

['myGokast orpuiarensHas oOpaTHas CBs3b C

BbIxojma moBroputens (umenb R16 - R17)
obecrieynBaeT BBICOKYIO CTa0WJILHOCTD
XapaKTePUCTHK npeoOpazoBaTes u

OJIHOBPEMEHHO COXpaHSeT yCHJIEHUE TMOopsIKa
TpexX.

ATTeHaTOp

ATTeHI0aTOp (PUCYHOK 4) CIYXHUT Ui NEPEKIIOUeHUs MPEAETIOB U3MEPEHUST MUJUTHBOJIBTMETPA
W UMEeT ImecTh crynened mo 1016. ATTeHroatop coOpaH Ha BBICOKOYACTOTHBIX PE3UCTOPAX




turma C2-10, a BBIMOJTHEH Ha JBYX IUIaTaX C AKPAHOM MEXIy HUMH TaKUM 00pa3oM, 4TO €ro
SKBUBAJIECHTHOE COMPOTUBIEHUE [UII HSMUTTEPHOTO TMOBTOPUTENE M IIMPOKOIOIOCHOIO
YCUJIMTEISI BCET1a HEM3MEHHO U COCTaBIIsIeT BenuunHy 521 Om.

HInpoKonoJIOCHbIH yCHJINTE/Ib

IV - mupOKOIOIOCHBIN YCHINTEIb COCTOUT U3 YeThIpeX TpauzuctopoB VI3 - VT6 (puc. 5).
Tpanzuctop VT3 mogbupaercst co ctaTudeckuM KO03()(HUIIMEHTOM YCHIIEHUS MO0 TOKY MOpSIKa
(100 — 120). Ycunurens obecnieunBact ycuiacHue pasaoe 300.

OOpatHas cBs3b 4epe3 pesuctop R22 obecreunBaer cTaOWIbHOCTH Xapakrtepuctuk LY.
BrIxoHOW cHUTHAN CHUMAETCs ¢ BBIXOJA MOBTOPUTENsS, COOpaHHOrO Ha TpanH3uctope VT6, u
COCTaBJISIET BEIMUUHY, paBHYIO 1B (IIpu 3TOM cTpenka MHAMKAaTOpa OTKIOHSAETCS Ha IPEJeIIbHOE
3HAYCHHUE).

Onementsl R37, C16*, C22 u tpummep C17 obecrednBaiOT KOPPEKIHIO AMIUIUTYAHO —
YaCTOTHOM XapaKTEPUCTUKHU IIMPOKOIOJIOCHOTO YCHUIUTeNsd. JTa riiyOokas oOpaTHas CBS3b
OpraHM30BaHa TaK, YTO B HEE€ BXOJAUT JAETEKTOPHBIA MOCT, coOpaHHbIi Ha quogax VDI - VD2 u
pesucropax R43, R44

CHuMaeTcsl HampspDKkeHue oOpaTHOW cBs3u ¢ jgenutens R43 - R44 w momaercs Ha SMUTTEp
Tpan3ucropa VT3.
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Pucynok 4 — ArreHtoarop PucyHok 5 - [lInpOKOITOIOCHBIN YCUIINTEND
CTpes10o4HbIil 0TCYETHBIN NPUOOP

CtpeniouHbIil OTCUETHBIN MPUOOP SABIIAETCS MUKPOAMIIEPMETPOM C MOJIHBIM TOKOM OTKJIOHEHHUS
100 MKA. JIMHEHHOCTh TIepeaTOYHON XapaKTEPUCTHKH JUOJHOTO MOCTA 3aBHCUT OT ITyOWHBI
oOpaTHOH cBsi3M U Ha yacToTax MeHee | MI'1| mpakTuyecku JMHenHHa.

Ha uactore 5 MI't rimyOuna oOpaTHOH CBSI3M YK€ HEOCTaTOYHA W HEMTUHEMHOCTh IIKaJbl B
touke 1/10 cocraBisier Benuuuny 4%, a B Touke 1/3 mxkansl okosno 1 % OT yCTaHOBIEHHOTO
noaauana3oHa u3MepeHus. VMICTOUHMK NUTaHKs BBIIOJIHEH 110 MOCTOBOM cxeme Ha auojax VD7 -
VD10. ®wibTpsl BRIMOTHEHH 110 TUITY RC 1ienei.

BrinpsiMiieHHOE HampspkeHHe crabunusupyercs crabunutpoHamu VD3 - VD6. Bennuuna
BRITIpSAIMIICHHOTO HanpspkeHust  (+24B u — 24)B. [lepemenHoe HanpspKeHHE HaKajga HyBHUCTOpa
cHUMaeTcst ¢ oOMoTkH (21 — 22) TpaHchopmaTopa U 3alIyHTHUPOBAHO MOTEHIIMOMETpoM R53.
OTHUM NOTEHIIHOMETPOM J0OMBAIOTCS HAUMEHBIINX IIIYMOB CXEMbl MUJUIMBOJIbTMETpA. CpenHss
Touka TpaHcopmaropa 12 3azemieHa.



Xoxa padoTsbl

1) M3y4uTh METPOJOTMYECKUE M TEXHHUUYECKHE XapaKTEPUCTHKH CPEACTB M3MEPECHUS M OOBEKTa
UCCIICJOBAHNSI,

2) IO TEXHUYECKOMY MacHOPTY U3YyUYUTh MPUHIHUI JeHCTBUS (PYHKIMOHAIBHBIX y3JI0B IPHOOpA;
3) HauepTUTH OJIOK - CXEMY BOJIBTMETPA C BEIOPAHHBIMU (DYHKIIMOHAIBHBIMH Y3J1aMU;

4) mpeACTaBUTh CXEMY IPENOJABATEINI0 U MOJYYHUTh 33JaHue Uil pacyera (QYHKIMOHAIBLHOTO
y31a;

5) HauepTdTh JUIA  33aJaHHOTO  (YHKIMOHAJIBHOTO y3Ja CXEMy  JJIEKTPUYECKYIO
IIPUHLIAIIAAIBHYIO;

Conep:xanue oT4eTa

1) uens paboThI;

2) Tabauiy € METPOJIOTUYECKMMU XapaKTEPUCTUKAMU U ITapaMETPaMM CPEICTBA U3MEPEHMUS;

3) pyHKUIMOHANBHYIO OJIOK - CXEMY 3JIEKTPOHHOT'O BOJIBTMETPA;

4) cxemy JIEKTPHUECKYIO MPUHIUIHAIBHYIO 1151 PYHKIMOHATBHOTO OJI0KA;

0JIOK — cXeMy JUIsl BBIYMCIIEHUS MOrPEeIIHOCTEN BHIOPAaHHOTO (PYHKLMOHAIBHOTO Y3714,

5) OTBeTHI Ha BONIPOCHI.

KoHTpoJibHbIC BONPOCHI

1) ITouemy Ha BX0/1€ BOJIBTMETPA BEIOpaH HYBHCTOP, a HE OUTOJISIPHBINA TPAaH3UCTOP?

2) Jlns yero B Lenu Katoja HyBHCTOPa BKIIFOYCHO CONMPOTUBIICHUE?

3) IloueMmy IIMPOKONOJOCHBIE TPAH3UCTOPHBIE YCWIMTENM HANpsHKEHUs Jpyr OT Jpyra
OTJIEJIEHbl SMUTTEPHBIMU IIOBTOPUTEIAMU ?

4) CKOJBKO MECTHBIX OOpATHBIX CBS3EH MCIIOJIB30BAHO B CXEME AJIEKTPOHHOTO BOJIBTMETpa?

5) Kakyto posb BBIIOJHSIET B cxeme o011ast oOpaTHas CBsi3b?

6) B yem npenmyniecTBO MOCTOBOM CXEMbI BHIIPSIMIICHUS TIEPE]] OJHOTIOITYIEPUOTHOMN ?

7) Pemena nu B JaHHOHM cxeme mpoOiieMa YMEHBIIEHUS BIMSHUS HEJIMHEHMHOCTH JHOIOB Ha
HOTPEIIHOCTh IETEKTUPOBAHUSA?

8) Kak BiusieT Ha MOrpeImHOCTh BOJBTMETPA KJIacC TOYHOCTH MHAMKATOpa?

9) B ueM cOCTOUT OCOOEHHOCTh IMOCTPOEHHUS HHU3KOOMHOI'O MHOTOMNPEIEIBHOTO JETUTEINS
HanpsDKEeHUs?

10) Kakue pyHKIIMOHANBHBIE Y3JIbl BOJIBTMETPA BHOCAT LIYMBI: BBICOKOYACTOTHBIE, IpeiiOBbIE,
OT TeMIIEpaTyphl CPEbl, OT KOJeOAHUM YacTOThI CETH U BEIMYMHBI HAIPSHKEHHUS.

11) Ilepeuucnuth Bce IeNM, BHOCAIIME MOTPEIIHOCTH HAa HU3KUX YaCTOTaX B JIaHHOM
BOJIBTMETE.

12) TlepeuncauTh NaccCUBHbIE LIETIH, BHOCSIINE NOTPEIIHOCTH HA BBICOKHUX YaCTOTaX.

13) IlepedncnuTh aKTHBHBIE JEMEHTHI BHOCSIINE CYIIECTBEHHYIO MOTPEHIHOCTh Ha BBICOKHX
4acTOTax.

14) IlepeuncanTh 3JIEMEHTHI CXEMBbI, KOTOPBIE BHOCST OOJIBIIYIO MOTPEIIHOCTh NPU U3MEHEHUH
TEMIIEpaTypbl OKPYKAIOIIEH CPEIBI.

15) Kakue nenu KOppeKTHPYIOT HOTPEIIHOCTh MPUOOpa Ha BBICOKMX YacTOTAaX, W KakoW y HHUX
IpUHLNI PabOTHI?

16) Kakue nenu KOppeKTHUPYIOT MOTPEUIHOCTh MprOopa Ha HU3KUX YacTOTaX, M KAKOW y HHUX
IpUHLINI PabOTHI?

17) Kakue nenn B3-38 KOppeKTHPYIOT MOTPENIHOCTh MpHUOOpa, 3aBUCAIIYI0 OT TEMIIEPaTyphl
OKpYaroIiei cpesibl U KaKoB UX MPUHLHUIT pabOThI?

IIpakTuyeckasi pa6ora Ne/.
Tema 9. 'eHepaToOpbl CUTHAJI0OB HU3KOH YACTOTHI.
H3yyenne n3mMepuTeJbHBIX FTeHEPATOPOB HU3KUX YaCTOT
Heap padorbl: M3yunTh Ha3HAUeHHE, HOPMUPYEMBIE MTapaMETPhl, YCTPOMCTBO U CTPYKTYPHbBIE
CXEMBbI T€HEePaTOPOB HU3KHUX YaCTOT.
Ilepeyennb ucnoib3yemMoro o00pya0BaHus
Cxewmpl renepatopoB HY (nHTEpHET pecypchl).



TeopeTnyeckas 4acTh:
Cxema npocrtoro reseparopa 3BykoBbIx yacToT (HY) npencrasnena Ha puc. 1. Cxema
reHeparopa coopaHa Ha TPaH3UCTOPax pa3HON MPOBOAMMOCTH, YTO ynpouaer cxemy. Puc. 11.a
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Puc. 11.a G11,58B Puc. 11.6

['enepatop HY paborocrocoben mpu HanpsHKEHUU MUTAHKS OT 2X 10 12 BOJBT, a XKeJaeMyto
4acTOTy U TOH noabupatot pesuctopoM R1 u konaencaropom Cl1.

CrniekTp npUMEHEHHUs yCTPONCcTBa pa3HooOpaseH, T.e. renepaTop HY no npegnaraemoii cxeme
MOYET OBITh IPUMEHEH B CXEMax pa3jIMYHbIX CUTHAIM3ALMHI, a TaK jK€ B KaUeCTBE 3BYKOBOT'O
reHepaTopa Jjs u3ydeHus azoyku Mopse u 1p.

['enepaTopoB 3BYKOBOM 4acTOTHI [UIs U3yueHUs TenerpadHoi a30yku Obu10 pa3paboTaHo U
OINMCAHO Ha CTpaHMLAX KypHaia «Paguno» Hemaino. U Bcé ke npennaraemblii reeparop (cm.
cxemy Puc. 11.6) npeacraBut onpeenéHHbII HHTEPEC.

Bo-nepBbix, B HEM HET YaCTOTO33al0IIEr0 KOHAeHcaTopa. Bo-BTOphIX, paboTaTh OH HAUUHAET
IIPYU HaIIPSDKEHUU TUTaHMSL B HECKOJIBKO JIECATBIX JI0JIEH BOJIBTA, JAKE B CIIy4ae UCIIOJIb30BaHUs
TPaH3UCTOPa C MUHUMAJIbHBIM KO3 duimeHToM nepenauu (Ho He menee 10).

["'eneparus BO3HUKAET MPpHU HaXxaTuu Tenerpaduoro kitoya SB1 u3-3a neiicTBys CHIIbHOM
MOJIOKUTEIBHON 00paTHOM CBSI3U MEXy KOJUIEKTOPHOU 1 6a30BOM LEMSIMHU TPaH3UCTOpa 3BYK
CJIBIIIUTCS U3 TrosioBHOrO Tenedona BF 1, moakmouéHHOro Ko BTOpUYHOM 0OMOTKE
tpanchopmatopa. Pesuctopom R1 ycraHaBnmuBaroT HY>KHYIO TPOMKOCTh 3ByKa U €T0
TOHAJIBHOCTb.

TpaH3uCTOp MOXKET OBITH JIF0O0H MaJIOMOIIHBIA KPEMHUEBBINH CTPYKTYpbI n-pP-n. [Togolaér u
TPAH3UCTOP CTPYKTYPHI P-N-p, HO IPUIETCS U3MEHUTH MOJSIPHOCTD NMOAKIIOUEHUs ieMeHTa G1.
Tpanchopmarop - BBIXOHOM OT J1F000ro ManorabapuTHOro TPaH3UCTOPHOTO MPUEMHHKA
(manpumep, «Cenray, «Coxom», «AnMasy. «lOunocts KI1101». ['onoBHoit Tenedon -
MuHuaTIOpHbIA TM-2A unu npyroii ananoruussiii conpotusienreM 60..300 Om. TTogoiaér
TaKxe Kancroiib J[OM-4M, JIDMIII,

I'enepaTopbl HU3KOM YaCTOTHI

(I'HY) ucnionb3yroT A MOIydYeHUs! He3aTyXaloMX MePHOANYECKIX KoleOaHui
ANEKTPUYECKOT0 I0Ka B IMana3oHe 4acToT ot poisier [' no aecsatkos kIl 1. Takne renepatopsl,
KaK [PaBUJIO, MPEICTABIAIOT COOON YCUIIMTENH, OXBAYCHHBIE MTOJIOKUTENBHON 00paTHOMN CBSI3bIO
(puc. 11.7, 11.8) uepe3 ¢azocnpuraromiye nenovxku. /st ocyuecTBieHns 3Toi CBA3U U IS
BO30Y:KJIEHHsI FeHepaTopa HEOOXOJUMBI CIIEIYIOIINE YCIOBUS: CUTHAJ C BBIXOJIA YCHIIUTEIsS
JIOJIKEH MOCTYIAaTh Ha BXOJ cO cABUTOM 1o dasze 360 rpagycoB (uiu KpaTHOM emy, T.€. 0, 720,
1080 u T.11. rpaaycoB), a caM YCHIIUTEIb JOJDKEH UMETh HEKOTOPBIH 3anac ko3 puineHTa
ycunenusi, Kycm,N. TIoCKONBKY yCIOBHE ONTUMAIBLHOTO cABUTA (a3 JJIsl BOZHUKHOBEHUS
TEHEPALMU MOKET BBIIIOJIHATHCA TOJIBKO Ha OJHON 4acTOTE, UMEHHO Ha 3TOM 4acTOTe U
BO30Y’KIaeTcs yCUINTENb C MOJIOKUTEILHOU 00paTHOM CBS3bIO.
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st ciBura curnana no ¢ase ucnons3ytor RC- u LC-ienu, Kpome TOro, cam yCHIUTEIh BHOCHT
B cUTHAJ (a30Bblid cABUT. J1Ji MOTydYeHHUs MOJI0KUTEIHHON 00paTHOM CBSI3U B TeHEpaTopax
(puc. 11.1, 11.7, 11.9) ucnionp3oBan nBoitHON T-00pa3ubiit RC-MocT; B reneparopax (puc. 11.2,
11.8, 11.10) — moct Buna; B reneparopax (puc. 11.3 —11.6, 11.11 — 11.15) —
dazocasuraromue RC-1ie- mouku. B rerneparopax ¢ RC-1ienoukamMu 4ruciio 3B€HbEB MOXKET ObITh
noctatoyHo OonbiM. Ha npakTuke e a1 yIpoIIeHUsI CXeMbl X YHUCIIO HE MPEBBIIIAET JIBYX,
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PacuetHbie popMyIIbI U COOTHOLIEHUS IS ONIPEIeTICHIs] OCHOBHBIX XapakTepucTuk RC-
TeHEePaTOPOB CUTHAJIOB CHHYCOMJANIbHOW (hopMBbI ipuBeAeHbI B Tabmue 11.1. J{ns mpocToTs
pacueTa ¥ ynpolieHus noadopa Aetasneil HCIoNIb30BaHbl 2JIEMEHTHI C OJJUHAKOBBIMH
HOMUHaJIaMU. 111 BEIYMCIIEHHUS YacTOThI reHepanud (B ['11) B hopMyIIbl MOACTABIAIOT 3HAYCHUS
COIMPOTHUBIICHUH, BbIpaskeHHbIe B OMax, eMkocTeit — B Dapanax. [ npumepa, onpeaenum
yacToTy reHepanuu RC-renepatopa c ucrosib30BaHuEM Tpex3BeHHON RC-1ie- nu
TIOJIOKUTENBHOI 06paTHO# cBs3u (puc. 11.5). TIpu R=8,2 kOm\ C=5100 n®d (5,1x10~° ®)
pabouas yacTora renepaTopa Oyner paBHa 9326 I'm.

Tabmuna 11.1

Dasocnsu- [Hamvenosanne| Yactora reneparmm. I'm; | Koadd. [Tpumeuanue
raromast L(CTIOUKH WITH const. _,, ,, (-)R, YCHIICHUS
[leroYKa,  [CXEMBI Om; C,®YRC YCUITUTEIIS,
TC. min
11.1 JBoitnoit T- 0,159/RC 11 C1=C2=C; C3=C/0,207;
MOCT R1=R2=R;
R3=0,207R
11.2 IMoct Buna 0,159/RC 3 R1=R2=R; C1=C2=C
11.3 3XRC — 0.065/RC 29 R1=R2=R3=R;
TTAPAJIJIEJIb C1=C2=C3=C
11.4 4xRC — 0,133/RC 18,6 R1=R2=R3=R4=R;
MIAPAJIJIEJIb| C1=C2=C3=C4=C
11.5 3xRC — 0,39/RC 29 R1=R2=R3=R;
NTAPAJIJIEJID| C1=C2=C3=C
11.6 4xRC — 0,19/RC 18,6 R1=R2=R3=R4=R;
MIAPAJIJIEJIb| C1=C2=C3=C4=C

J1st TOro 4To0Bl COOTHOIIEHUE PE3UCTUBHO-EMKOCTHBIX JIEMEHTOB I€HEpaTOpOB
COOTBETCTBOBAJIO PACUETHHIM 3HAUECHHUAM, KpailHe JKenaTeabHO, YTOObl BXOJHBIE U BBIXOIHBIE
MU YCUIIUTENsI, OXBAUEHHOTO METIIEH MOJI0KUTENbHOW 00paTHON CBSI3U, HE IIYHTUPOBAIH ITH
3JIEMEHTBI, HE BIMSUIA Ha UX BEIUUMHY. B 3T0i CBA3M /17151 MOCTPOEHUS T€HEPATOPHBIX CXEM
1esecoo0pa3Ho UCTONIb30BaTh Kacka bl yCUIICHHS, UMEIOIIIE BHICOKOE BXOJIHOE U HU3KOE
BBIXO/IHOE COIIPOTUBIICHHUS.

Ha puc. 11.7, 11.9 npuBeneHs! «TeopeTHUEcKasd» U HECI0KHAS TPAKTUYECKAS] CXEMBI
TE€HEPATOPOB C MCTOJIB30BAaHUEM JBOMHOTO T-MOCTa B 11ETTH MOJIOKUTEITHFHOU 0OpaTHON CBSI3H.
['enepatopsl ¢ MocTrom Buna nokaszans! Ha puc. 11.8, 11.10 |P 1/88-34]. B kauectse YHU
MCIIOJIb30BaH JABYXKACKaIHBIM yCHIIUTENb. AMIIUTY/Y BHIXOJHOI'O CUTHAJIA MOXKHO
perynupoBath noreHuomerpoM R6. Ecniu Tpebyercs co3naTh reHeparop ¢ MoctoM Buna,
nepecTpanBaeMbIii 10 YaCTOTE, MOCIe0BaTeIbHO ¢ pe3uctopamu R1, R2 (puc. 11.2, 11.8)



BKJIFOYAIOT CABOCHHBIN MOTEHIIMOMETP. YacTOTOH Takoro reHeparopa MOKHO TaKKe YIIPABIISITh,
3ameHuB koHjencaropsl Cl u C2 (puc. 11.2, 11.8) Ha cABOCHHBIN KOHIEHCATOP MEPEMEHHON
eMKOCTH. [10oCKOJIbKY MakCUMaJIbHasi EMKOCTh TaKOro KoHAeHcaTopa peako npesbimaer 500 nd,
yaeTcs IepecTpanBaTh YaCTOTY I'eHEPALUU TOJIHKO B 00JIACTH JOCTATOYHO BBICOKHX YacTOT
(mecarku, cothu KI'1m). CTaOUILHOCTH YaCTOTHI T€HEPAIIMU B ’TOM JIMAIla30HE HEBBICOKA.
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R4 2k

Ha npaxTuke 11 H3MEHEHHs 4acTOThl FeHEepaluu MOJO0HbBIX YCTPOICTB YacTO UCHOIb3YIOT
nepeKIrovYaeMbie HA0OPHI KOHIEHCATOPOB HITH PE3UCTOPOB, a BO BXOJHBIX LEMSAX IPUMEHSIOT
HOJIEBBIE TPAH3UCTOPBL. BO Bcex MPUBOJUMBIX cXeMaX OTCYTCTBYIOT JIEMEHTHI CTaOMIN3aIIH
BBIXOTHOT'O HANPSHKEHUS (U1 YIIPOLICHHUS ), XOTS JIJIsl TEHEpaTOpOB, pabOTAIONINX Ha OJHOM
4acTOTe WIK B Y3KOM JIMaNa3oHe ee MepecTPOilKy, UX UCIOIb30BaHUE HEe 0053aTeNbHO.
CxeMbl reHepaTOpOB CUHYCOUJIAIbHBIX CUTHAJIOB C UCIIOJIb30BAaHUEM TPEX3BEHHBIX
dazocasuratonux RC-nienoyex (puc. 11.3)
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VT1,VT2 KT31S

Puc. 11.10 Puc. 11.11
noka3anbl Ha puc. 11.11, 11.12. I'enepatop (puc. 11.11) paboraet na yactote 400 I'rg [P 4/80-
43]. Kaxnplil U3 >IeMEHTOB TPeX3BeH- HOM (pasocaBuraromelt RC-1iemoyku BHOCUT (ha30BbIi
casur Ha 60 daxycoB, pu YeThIpeX3BeHHON — 45 rpaaycoB. OMHOKACKAIHBIN YCUIIUTENh (pUC.
11.12), BEINOTHEHHBIN TIO CXEME C OOIIMM SMUTTEPOM, BHOCUT HEOOXOAUMBIHN st
BO3HUKHOBEHHUsI reHeparuu (a3oBsiif ciur Ha 180 rpagycoB. 3aMeTuM, 4TO T€HEPATOP MO
cxeme Ha puc. 11.12 paboTocrnocodeH npu KCIOJIb30BaHUH TPAH3UCTOPA C BBICOKHM
koa(urmenTom nepeaadu mo Toky (00braHO cBbItie 45...60). [1pu 3HaAYNTEIPHOM CHIKEHUH
HANPSDKEHUS TUTAaHUSI U HEONITUMAILHOM BBEIOOPE PJIEMEHTOB IS 3aJJaHUS peXKrMa TPaH3UCTopa
0 MIOCTOSIHHOMY TOKY T'€Hepalus COpBETCSI.
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3BykoBbIe reHepatopsl (puc. 11.13 — 11.15) 6au3ku o HOCTPOEHUIO K TeHepaTopam ¢
dazocapuratronumu RC-nienoukamu [P 10/96-27]. Oxrako 3a c4eT UCIOJIb30BAHUS
UHAYKTUBHOCTH (TenedoHnHbli kanctonb TK-67 unn TM-2B) BMecTo 04HOTO U3 Pe3UCTUBHBIX
9JIEMEHTOB (Pa30CIBUTAIONICH IIETTOYKH, OHU PaOOTAIOT C MCHBIIIUM YHCIIOM 3JICMEHTOB U B
OOJIBIIIEM TUAITa30HE M3MECHEHUS HAIIPSDKCHUS U TAHMUS.

Tax, 3BykoBoii reHeparop (puc. 11.13) paboTocrnocoOeH npu U3MEHEHUH HAIIPSHKEHUS TUTAaHUS
B nipezenax 1...15 B (motpebasiemsbrit Tok 2...60 MA). [Ipu 3ToM "yacToTa reHepanuu
n3mensiercs ot I kI'n (Mpwr =1,5 B) mo 1,3 xI'iy mpm 15 B.

3BYKOBOM MHAMKATOP C BHEUIHUM yrpasiieHueM (puc. 11.14) takxe padoraet npu Upur =1... 15
B; BriIIOYeHHE/BBIKIIIOUEHUE TEHEPATOPA TPOU3BOUTCS MOJaueii Ha €ro BXO/ JOTHUYEeCKUX
YPOBHEH €IMHUIIBI/HYJIS, KOTOPBIE TaKKe JOJDKHBI OBITh B mpeaenax 1...15 B.

3BYKOBOM T'€HEpaTop MOXKET OBbITh BHITIOJIHEH U MO pyroi cxeme (puc. 11.15). Yacrora ero
reHepanuu Mensiercst oT 740 I'u (Tok notpebnenus 1,2 MA, Hanpsbxenue nutanus 1,5 B) no 3,3
k[ (6,2 MA 1 15 B). Bonee crabunpHa yacToTa reHepaluy Npy U3MEHEHUH HaIlpsDKEHUS
nuTanud B npenenax 3... 11 B — ona coctaBnser 1,7 kI'i+1 %. @akTuuecku 3TOT TeHEpaTop
BBINIOJIHEH yke He Ha RC-, a Ha LC-anemenTax, mpu4em, B Ka4eCTBE UHIYKTUBHOCTH
HCIIOJIb3YETCSl 0OMOTKA TEIE(POHHOTO KaICIOJIs.

Hu3zko4acTOTHBIN reHepaTop CUHYCOMANIbHBIX KojeOanuii (puc. 11.16) coOpan o xapakTepHon
st LC-reHepaTopoB cxeMe -eMKOCTHOM TpeXTouk». OTIndue 3aKI04aeTcss B TOM, 4TO B
KaueCcTBE MHIyKTUBHOCTH MCIIOJIb30BaHa KaTyIIKa TeIeQOHHOTO KaTCIOJs, a Pe30HaHCHAs
4acTOTa HAXOJIUTCS B AMAINa30HE 3BYKOBBIX KOJeOaHuH 3a cueT noJ00pa eMKOCTHBIX AJIEMEHTOB
CXEMBI.
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Hpyroit auzkouactoTHbi LC-renepaTop, BBINOJHEHHBIN IO KACKAaIHOM CXeMe, MOKa3aH Ha PUC.
11.17 [P 1/88-51]. B xauecTBe MHAYKTUBHOCTH MOXHO BOCIIOJIb30BaTHCSl YHUBEPCATBLHOMN WU
CTHpAIOIIEH TOJIOBKAaMH OT MarHUTOQOHOB, OOMOTKaMHU Jpocceliel Win TpaHnchopmMaTopos.



RC-renepatop (puc. 11.18) peann3oBan Ha moyieBbIX Tpan3uctopax [Pm 10/96-27]. Ilomobnas
cXeMa MCIOJIb3yeTcss OOBIYHO MPHU MOCTPOCHUH BBICOKOCTaOMIBbHBIX LC-renepaTopos.
['enepartiuisi BO3HUKAET yXKe NPU HANPsHKEHUH MUTaHus, npesbimaomeM 1 B. [Ipu usmenenun
HanpspkeHus ¢ 2 10 10 6 gacrora renepauuu nonuwxkaercs ¢ 1,1 kI'n no 660 I'n, a
MOTPeOIIEMBIi TOK YBEIIMUYNBAETCSI, COOTBETCTBEHHO, € 4 10 11 MA. UMIyIbCchl 4acTOTO# OT
eauaul ' 1o 70 kI’ 1 BbIIE MOTYT OBITh MOJTYYEHBI U3MEHEHUEM EMKOCTH KOHJeHcaTopa (; |
(ot 150 n® mo 10 MkD) u CONPOTHBIIEHNS PE3ACTOPA R2.

+

VT1,VT2 KN303U
Puc. 11.18
[IpencraBieHHBIE BBIIIE 3BYKOBBIC TEHEPATOPHI MOTYT OBITh HCIIOJIB30BAHBI B KAUCCTBE
SKOHOMMYHBIX MHAUKATOPOB COCTOSTHUS (BKIIOYEHO/BBIKIIOYEHO) Y3II0B U OJIOKOB
PaIuOodJIEKTPOHHOM anmaparypsbl, B YaCTHOCTH, CBETOU3ITYYAIOIIUX JUOOB, JIJIsl 3aMEHbBI UITH
IyOIrpoBaHUS CBETOBOM MHAMKAIIMU, JJI ABAPUIHON U TPEBOKHON UHIUKALIUU U T.1I.
IIpocroii reneparop HY 15I'u-16kI 1.
Cxewma ¢ mamnoi HakamuBanus B 1enu OC
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I'enepaTopsl CHHYCOMIAIIBHOIO CUTHAIA HU3KOM 9acTOTHI U1l U3MEPUTEIIBHOM anmnaparypsl U
ycTporictBa APY.

1. JIupuyeckoe BcrymiieHue. Hekoropoe BpeMs Haszall y MeHsl BO3HHUKJIA 3ajada c/ieJaTh
re’eparop cunycouaaabHoro cursana 1000Hz ans ogHOro u3mMepuTensHOro npudopa.
[ToHATHO, UTO XOTENOCh MPUAYMATh CXeMy 0€3 KaKUX-T100 peKUX WU I0porux aerajieil. B
pe3yibTare Obl10 OPOOOBAHO HECKOJIBKO pa3HbIX cXxeM reHeparopos. Hazierock, Mx onucanue
MO’KET KOMY-HUOY b puroauthes. [Io xomy paboThl 10 MEHS JOIILIO, YTO MOCKOJIbKY MHOTHE
reHepaTopbl UMEIOT JETaU CTAOMIN3AIMH aMIUTUTYbl, UX CXEMbI MOTYT OBITh JIETKO
peoOpa3oBaHbl B yCTPOICTBA aBTOMAaTHUECKON perynnpoBku ycuienus (APY), Hanpumep, ans
ABTOMATHYECKOTO PEryJIUPOBaHUS TPOMKOCTH.

2. IIpo renepaTopbl CHHYCOUAAIBHOTO CUTHANIA 0€3 CXeMbl aBTOMaTHYECKOIO
peryaupoBaHus Uil CTAOMIIN3AUN aMIUTUTY bl Kak n3BecTHO, B OOJBIIMHCTBE T€HEPATOPOB
MCIIOJIb3YIOTCSL CXEMbI CTa0MIIM3AIMH aMITIUTY (bl KosieOaHuil. Takue cxeMbl UMEIOT TpU
BaXHBIX HEJIOCTATKA: BO-NIEPBBIX, B HUX KaK B CUCTEMAX aBTOMATUYECKOTO PErYJIMPOBAHUS
MOT'YT BO3HUKATh IIapa3sUTHBIC KoneOaHus AMIUIMTY bl CUTHAJIa r€HEpaTopa. BO'BTOpBIX, I10CJIE
BKJIIOYEHUS TUTAHUS aMIUIMTY/1a YCTaHABIMBAETCs He Cpasy, a mocie Oosee uinu MeHee
JUIUTETIBLHOTO MEPEXOIHOTO Mpoliecca. B-TpeTbux, netanu cTabuian3aliuy aMIuIuTy bl
YCIOXKHSIOT reHepatop. IloaToMy BozHUKaeT xenaHue 000MTHCH 0e3 CXeMbl CTa0MIIN3aluU
AMIIIMTY IbI.

2.1. TpeyronpHuk — B cuHyc. OJIMH U3 BapMaHTOB MOJYUYEHUS] CHHYCOHMJIAIbHOIO CUTHAJIA
0e3 cxeMbl cTadMIIN3alMK aMIUTUTYAbl TAKOM: HANPsKEHUE TPEeyroiabHON (OpMBbI MoAaeTcs Ha
CIEMAJIbHBIN OIrpaHUYMUTEb AMILTUTYIbL. “CILTIOCHYB” BEpUIMHBI TPEYTOJIBHOIO HANPSKEHUS
noJiygaeM cuHycouaanpHoe. B sxypHamax “Panno” O6p110 0myOIuKOBaHO HECKOIBKO MOA00HBIX



CXEM Ha IUCKPETHBIX 3JIeMeHTax. Celyac 3TOT NPUHLHUII UCIIOIb3YETCS B MUKPOCXEMax
MAX038 ¢pupmber Maxim Integrated Products (CILHA) u XR-2206 pupmsr Exar (CIIA).
Oka3zanoch, uto Mukpocxema MAXO038 oueHs goporast (HECKOJIbKO COT pyOJsieii HAa MOMEHT
HanucaHus ctathi). Mukpocxema XR-2206 oka3anachk aemieBie (0koio cta pyoseit). 5 ee
UCIBITAJ] B TUIIOBOM cxeme BKiIoueHus. OKa3anoch, YTO XOTS KOOPGUIIMEHT rapMOHUK y Hee TI0
JIoKyMeHTaM 1-2% (J10mycKaro 4yTo Tak U €CTh Ha CAMOM JI€JI€), HEJIMHEIHbIE UCKAKEHUSI BCE KE
3aMeTHBI Ha KpaHe ociiorpada. Oka3piBaeTcs, 4TO Ha BEPIIMHAX CUHYCOMJIbI OCTaeTCs
HeOoubII0# BEIOpOC. I1ocKonbKy s pazpabarbiBall TeHEpATOP I M3MEPHUTEIBHOM anmnapaTypel,
OT 3TOM MHUKPOCXEMBI PEIINII OTKA3aThCsl. XOTs IS TEX ClIydaes, KOrjaa KodQpuIueHT
TrapMOHUK HE MMEET pelaromiero 3naueHust Mukpocxema XR-2206 nmogomiia 661 04eHb XOPOIIO
— IPULENUI HECKOJIBKO JIETajell U TeHEepaTop roToB.

3ameuy ele 0iHy OCOOCHHOCTh CXEM C IpeoOpa3oBaHKUEM TpEeyroibHUKA B cHHYyC. Ecin
aMEepUKaHCKUE TOBAPHILY HAIMCAIU B TEXHUYECKUX JaHHBIX, YTO MUKpOCcXeMa paboTaeT Ha
gacrotax 10 |MHz, To 310 He 3HaunT, yro ona XOPOIIIO pabotaer Ha wacrore 1MHz.
Hcnbitannas MHOI0 MUKpocxema XR-2206 xopoio padoTana Ha 3ByKOBBIX 4acTOTaXx, T. €.
MCKaXEHUSI CHHYCOMJIbl U U3MEHEHUE aMIUIUTY bl IIPU IEPECTPONKE YaCTOThI ObLIM MaJIo
3aMeTHBI Ha 3BYKOBBIX YacTOTaX, HO Ha yacToTax 6onee 1 MHz ammnuTyna 3aBucena oT 4aCTOTHI
Y CTAaHOBUJIMCH 3aMETHBIMU MCKAXKEHMUS.

2.2. IIpssMOYTONBHUK — B CUHYC. [[pyroi crnocob moiy4uts CHHycouay 0e3 yCTpoicTBa
CTa0MIIN3alMU aMIUIUTY bl KOJleOaHuii — puibTpanmeidl mpsiMoyroilsHOTO HanpspKeHus. Takoit
reHepaTop YJAIoCh CliejaTh Ha OJIHOM MUKPOCXEME — ONepallMoHHOM ycunuTene tuna 1L072.
Ora MUKpocxema ObuTa BEIOpaHa MOCKOJIBKY OYE€Hb PAaCIpOCTPaHEHA | JICTIEBO CTOUT. XOTS B
MHUKPOCXEME UMEIOTCS JIBA YCUIIUTEINSI, U3 HUX UCIIOJIb30BAH TOJIBKO OJuH. Cxema reneparopa
npuBesieHa Ha puc. 1.

Ycunurens oxBaueH 00paTHOM CBS3bIO Uuepe3 Tpex3BeHHyto RC-1enouky, kKoTopas
OJTHOBPEMEHHO sBIIsieTcs (hazocnBuraromneil u ¢pubrpytonieid. [lockonbky B cxeme puc. 1
OTIEpPAIIMOHHBIN YCHUIIUTEh HE OXBau€H OTPHUIATEIbHOM 00paTHON CBA3BIO, Y HETO HA BBIXOJE
(BbIBOJ 1) MOTydaeTcst HanpsHKeHUe MpAMOyTobHOM hopmet. [poiins yepe3s RC-niens curnan
noiy4aer ¢pa3oBbIi CIBUT, HEOOXOIUMBIH JUIs MTOIepKaHus reHepanuu. Kpome toro, Beicime
TapMOHUKHU IPSIMOYTOJIBHOTO HaNpsKEeHUs! OT(QUIBTPOBBIBAIOTCS, IO3TOMY Ha BXOJI€ YCUIUTENS
(BBIBOJ 2) HampsbkeHHe umeeT GopMy, OJIM3KYI0 K CHHYCOUIaIbHON. AMIUINTY/1a CUTHAjIa
reHepaTopa OIpe/IeNseTCs] OrpaHUYeHHEM B MUKPOCXEME YCUIIUTENS IO YPOBHSAM OKOJIO HYJISI U
OKOJIO HaIpsDKEHUs MUTaHus. [10CKOIbKY OrpaHU4YeHNE B MUKPOCXEME HE CTPOTO
CUMMETPUYHOE, JIETUTEIb B IIETH BBIBOJIa 3 MUKPOCXEMBI TI0JI00paH TaKUM 00pa3oM, YTOOBI
MOJIyYUTh CAMMETPUYHYIO CHHYCOUY Ha BBIBOJE 2.

Cxema nmMeet 1Ba HemocTaTKa. [1epBhIif — JOBOJIBHO 3aMETHBIC UCKAKEHUS
CHUHYCOUJAIBHOIO CUrHaJIa. BTOpOil — 3aBUCHMOCTb aMILJIUTY/Ibl BBIXOAHOIO CUTHAJIA OT
HanpspkeHus nuTanus. Kpome Toro, mockosibKy MUKpocxeMa padoTaeT B pexXUMe OrpaHUdYEeHMUS,
4acTOTa M aMIUIUTY1a MOTYT OKa3aThCsl HECTAOMIbHBIMU. JJOCTOMHCTBO cXeMBbI pHc. 1 —
nemesusHa. Kopoue, 1151 ©13MepuTeIbHON anmaparypsl cxema puc. 1 He nojouuia.

OpnHako uHTEpecHa ujes. B 10060M remeparope UMeeTcsl yCHIINTENb U YaCTOTO3a/Jar0Ias 1eTb.
Bcro ncropuio yenoBedyecTBa CUrHaJ CHUMANIU € BbIXo/1a ycunutens. Kak u3BecTHO, ycuianTensb
BBIJIA€T CUTHAI C OOJIBIIMMHU WJIM MEHBUIMMHU HETMHEHHBIMU UCKaXeHUusMH. [TlosToMy ecnu
HY’KHO MOJIYYUTh CUHYCOUY ¢ HU3KUM YPOBHEM MCKa)XKEHMI, CUTHAJ JIy4llle CHUMAaTh C BBIXOJ1a
qacToTo3azarouel neny. Kak nokasain onbITel, ypOBEHb HCKQ)KEHUH TaM MOXKET 0Ka3aThCs
HIDKE, 9eM Ha BbIXoJie ycmuTensa. Cxema puc. 1 — spkuii ToMy puMep: yCHIUTENb paboTaeT B
SIBHO HEJIMHEHHOM PEXHMME M BbIIaeT HaIlPsDKEHHE MPSIMOYTOJIBHOM (POPMBI, @ Ha BBIXOJIE
¢dazocaBuraroiieil enu — Mo4YTH CUHYCOUA.
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2.3. 'eHepaTop CHHYCOMIAIBHOTO CUTHAIa Ha MOCTe BuHa C HelMHEHHBIM 3JIEMEHTOM B
nenu OOC. Moct Buna usapesie BogUTCs B CXeMax FeHepaTOpOB HU3KOM 4acTOThl. ABTOD
TaKKE PEINII eT0 UCIIONB30BaTh. MocT BuHa y100eH TeM, 4To 1M03BOJISET epecTpanBaTh
YacTOTY CIBOCHHBIM IIEPEMEHHBIM COTIPOTUBIICHUEM HITH CIBOCHHBIM IIEPEMEHHBIM
KOHJeHcaTopoM. Kak n3BecTHO, MpHoOPECTH CIIBOCHHOE MEPEMEHHOE COIPOTUBIICHHE HAMHOTO
IpolIe YeM, HalpuMep, CTPOSHHOE WK cueTBepeHHoe. B kadecTBe ycunurens 6buia
UCIIOJIb30BaHa IIUPOKO paclpocTpaHeHHas U Hegoporas mukpocxema NES532. Cxema
IpeJicTaBjlIeHa Ha puc. 2.
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[Tono6HbIE cXeMBbl B H300MIIMK TyOIMKOBAINCH B )KypHaJIaX U KHUrax. Pasnuyne Mexay HUMH —
B HEJIMHEHHOM 3JIeMEHTe B LIENH OTpHIaTeNbHOM 00paTHoii cBsizu (OOC) onepalnoHHOro
yeunutens. Jlyuiie nian xyse cxemMa MoKeT paboTaTh ¢ 4YeM YyroJIHO — JUOJaMH WU
CTaOMIINTPOHAMHU U3 KPEMHUS1, TEPMAaHUEBBIMH TUOJJAMH, apCEHUITAJUIMEBBIMU CBETOIMO/IaMU.
U3 pa3HbIX BUJOB HETMHEWHBIX AJIEMEHTOB CaMble HU3KHE HEJIMHEHHbIE HCKa)KEHUS y1aJI0Ch
MOJIyYUThb C TEPMAHUEBBIMU TPAH3UCTOPAMHU B JUOJHOM BKJIIOUEHUH. M3-3a CHIIBHOI



3aBHCUMOCTH aMIUTATYBI OT TEMIIEPaTyphl PEUICHO OBLJIO OTKA3aThCsl OT IPUMEHEHHS CXEMBI
puc. 2.
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[Ipobnema obHapyxunack Takasi. CIBOCHHbIE TEPEMEHHBIE COTIPOTUBIICHUS UMEIOT
OonbIIMiA WM MEeHbIINI pazopoc noiaosuH. Kpome Toro, koadduument nepenauu
YCUJINTENbHBIX 3JIEMEHTOB T'€HEpaTopa 3aBUCUT OT 4acToThl. [loaTOMY eciu reneparop J0JKeH
paboTaTh B Mana3oHe YacToT, Hy>KHO 00€CIIeYlTh aBTOMAaTHUECKYIO PETryJIMPOBKY YCHIICHHS B
HIMPOKUX npesaenax. Cxema ¢ orpaHUYUTENEM TUIIA PUC. 2. CIIPABUTHCS € 3TOH 3a7aueil He
MOXET T. K. IP1 HEI0CTaTOYHON 0OpaTHOM CBSI3U CKJIOHHA K MCKa)KEHHIO (OpMbI KoJieOaHmii, a
IIPU CIUIIKOM IITyOOKOM — K CpbIBY reHepanuu. [1oaTromMy ot cxemsl puc. 2 TpyaHO JOOUTHCS
Xopoliel padoThl B IUPOKOM JHANa30He 4acToT. Takke MOXKHO MPEANOIOKNTh, YTO TTOCKOJIBKY
HEJIMHEWHBIN 3JIEMEHT UMEET HEKOTOPYIO EMKOCTb, Ha BBICOKMX YacTOTax 00paTHas CBs3b OyAeT
riry0xe, a yCHJIeHHE — MEHBIIIE.

3. I'enepatopsl ¢ cUCTEMOM aBTOMaTHYECKOTO PETYJINPOBAHUS aMIUIUTYAbL. [I0CKONbKY ¥
MeHsI ObLJI0 JKeTaHue pa3padoTaTh YHUBEPCAIbHBINA T'€HepaTop, CIOCOOHBIN paboTaTh B
HIMPOKOM JIMaNa30He YacTOT, ObUIO ONPOOOBAHO HECKOJIBKO CXEM C aBTOMaTHYECKUM
pEryJaupoBaHUEM aMIUIUTY/Ibl. B KauecTBe ynpaBisieMoro 3JIeMEHTa JIsl peTyJIMPOBaHUS
YCHJIEHUS UCIIOJIb30BAJIKCh MOJIEBBIE TPAH3UCTOPHI UJTU JIAMIIOUYKH HaKaJIMBaHUS.

3.1. 'enepaTop ¢ aBTOMaTUYECKUM PETYJIMPOBAHUEM aMIUIUTY/ bl HA MOJIEBOM
Tpansuctope. C TaBHUX MOP MOJIEBbIE TPAH3UCTOPHI IPUMEHSIIUCH KaK 3JIEMEHTHI C
yIpaBIsIeMbIM COIPOTUBIIEHUEM. BKITIOUMB 110JIEBOM TPaH3UCTOP B LIENb OOPATHOM CBA3H
OTIEPA[MOHHOTO YCUJIUTENS MOKHO MEHATh ycusieHue. CxeMa reHeparopa ¢ MoJieBbIM
TPaH3UCTOPOM NpeCTaBIeHa Ha pHC. 3. 3ech YTOObI YIPOCTUTh CXeMY AeTIuTeNb 1/2
HaANpPSDKEHUS TUTaHMS Ha BXOJI€ MUKPOCXEMBI UCIIOIb30BaH KakK OJUH U3 PE3UCTOPOB MOCTA
Buna. HenoctatkoM 1aHHON cXeMbl OKa3alach CKIIOHHOCTh K CAMOBO30YKJICHUIO CUCTEMBI
ABTOMATUYECKOTO PEryJIUpOBaHus, T. €. MAPa3UTHBIM KOJIeOaHUSIM aMIUIUTYAbl. ABTODP NMPOBEI
HEMaJI0 BPEMEHH INbITasCh U30aBUTh CXEMY OT CKJIOHHOCTH K Mapa3UTHBIM KOJIEOaHUSM, HO 3TO
clienaTh He yaanock. [1oaToMy oT cxemsl puc. 3. mpuUIuIOCh OTKazaThea. Cxema ¢
aBTOMATUYECKOM PEryJIMPOBKOM aMILIUTY Ibl HAa IOJIEBOM TPaH3UCTOPE UHTEPECHA TEM, UTO
MOKET OBITh C/IeJIaHa C OY€Hb MaJIbIM TOKOM moTpeodsienus. [loaTomy aBTop OyaeT BecbMma
MPU3HATENIEH €CIH KTO-TH00 MOAETUTCS CBOUM OIBITOM B Pa3paboTKe MOJAOOHBIX CXEM.
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3.2. APY na noneBoM Tpan3uctope. OKazalioch 4TO XOTS CXEMY aBTOMAaTHYECKOTO
PEryJIUpOBaHUS aMIUTUTY/bl Ha OJIEBOM TPAH3UCTOPE TPYAHO 3aCTaBUTh pabOTaTh A
MO/IepKaHUsI aMILTUTY/ Ibl TeHEepaTopa, OHA XOPOIIO pabOTaeT KaK yCTPOHCTBO aBTOMAaTHIECKON
PETyJIUPOBKHU ycuieHus. T. e. ee MOKHO IPUMEHHUTh, HAIPUMEP, ¢ MUKPO(POHOM JJIsi
ABTOMAaTUYECKOT0 peryjanupoBaHus ypoBHs 3anuck (APY3).

B kauectBe npumepa cxeMbl APY Ha 11os1€BOM TpaH3UCTOPE MOYKHO IMTPUBECTH
naboparopHblil MakeT, n3roropiaeHHbId B [II'Y Ha kadeape PTuPIOC (cM. puc. 4). [lutanue
MakeTa — IByxnojsipHoe. [l nemoHcTparuu padbotsl APY ¢ pa3HbIMU MOCTOSTHHBIMH BPEMEHU
B Hell mepekyroyaTesieM (yCIOBHO HE MT0Ka3aH) NOJIKII0YAeTCsl OAMH U3 HECKOJIbKUX
KOH/IeHCcaTopoB. 3asiepxkka APY (T. e. HanpshKeHHe, HAYMHAsl C KOTOPOTO YCUJIEHHE HAYMHAET
YMEHBIIATHCS) MEPEKITIOYAETCs BKIFOUEHUEM OT OJHOTO A0 AECSITH JUOJI0B (MCIOJIb30BAHbI
J1814 B ITPSAIMOM BKJIIOUYEHUH T. K. CYMTACTCS, UTO Y HUX pe3kuii nepern6 BAX u Ha npsimoit
BETBU TOXKeE) MEeXAy AeTekTopoM APY u 1ienbio 3aTBOpa MoJIeBOro TpaH3UCTOpa.
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[Tockonbky ycrpoiictBo APY Ha moneBoM TpaH3HCTOpE XOPOIIO ce0sl IMOKa3ajo, cxema
noo0Hast puc. 4. MOXKeT IPUTOJUTHCS B 3BYKOBOCIPOM3BOIAIIEH anmaparype. ABTOp
M3TOTOBWJI MAKET CUCTEMBI aBTOMATUUECKOU peryaupoBku ycwienus HY, ymoOHou st
IPaKTUYECKOI0 MCII0JIb30BaHus (puc. 5).
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Cxema nmeet ogHOMOIsIpHOE TUTanue +12V. Ha BXxozie mpeaycMOTpeH eTuTeNb, KOTOPBIH

MOYKHO TI0JJ00paTh J1st pabOThI ¢ TEM WJIM MHBIM HCTOYHUKOM cuTHana. Kak Tonbko Hainercs
JUISL 5TOTO BpeMs HY>KHO OyzieT ornpoOoBaTh CXeMy pPHC. 5. ISl OrpaHUYEHUS IPOMKOCTH
TEJIEBU30pa BO BPEMs PEKIIaMBbI.

3.3. I'eHepaTop ¢ aBTOMaTUYECKUM PErYJIUPOBAHUEM aMIUIMTY/Ibl HA JIJAMII€ HaKaJIUBaHUSI.
[Tockonpky reneparop HY ¢ aBToMaTH4eCKUM PEryJIMPOBAHUEM aMIUIMTY/Ibl, HE CKJIIOHHBIN K
Mapa3suTHBIM KOJIeOaHUSIM MPU MEPEeCTPONKE YaCTOTHl Ha MOJIEBOM TPaH3UCTOPE U3TOTOBUTH HE
yAanoch, OblIa ONIPOOOBAaHA CXEMa C JIAMITOYKOW HAaKaTUBaHUs (CM. puc. 6).
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Cxema puc. 6. paboTana BIOJIHE yAOBIETBOPUTEIHHO, TOATOMY Ha HEM perieHo ObUI0
OCTaHOBUTKCS. HemocTaTkoM cXeMBI SIBISIETCS JOBOJIBHO OOJNBIION TOK MOTpeOieHus (0KoIo
150mA). [TockosbKy TOK MOTPEOICHHS 3aBUCUT OT THIIA IPUMEHSIEMOH JIaMIIbI, €€ JTy4Ile B3Th
MaJIOMOIIIHYI0. ABTOp MCII0JIb30Ball KOMMyTaTopHyto Jamny KM6-50 6V S0mA. TTockoabky
BBIXOJIHAsE MOIITHOCTh MUKpocxeMbl NES532 HemocTaTouHa 115t pabOoTHI C JIAMIONM HaKaJIMBaHUSA,
K MUKpOcXeMe ObUT 0OaBIeH SMUTTEPHBIN MOBTOpUTENb. [loBTOpUTENL paboTaeTr B pexxume A,
YTO MO3BOJISIET XOPOIIIO UCIIOIH30BaTh YaCTOTHBIE CBOMCTBA TpaH3ucTopa. Komekrop
TpPaH3UCTOpPA 3a3eMJICH, TOITOMY PaJIuaTOpP MOKHO HE M30upoBaTh. ConpotuBieHus mo S0 B
e SMUTTEPA M MOCIEA0BATEIBHO C JIAMITOYKOW 1To100pans! jyist tammouku KM6-50. Ecnn
yAacTCs HANTH TaMIIOYKY C MEHBIITUM pabOYUM TOKOM, MOXKHO OyJIeT MPUMEHUTH OoJee
BBICOKOOMHBIE COITPOTHBIICHUS, UTO YMEHBIIIAT OTPEOIAEMBIN TEHEPATOPOM TOK. B pe3ynbraTe
JOpabOTKH CXeMBI pUC. 6. TOMyUYUIach CXemMa puc. 7, KoTopast Obliia B3STa 32 OCHOBY TS
pa3paboOTKH 3aKOHYEHHON KOHCTPYKIUU.
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Ecau om mounu "A" omcoedunume mMoom Bura u noldabame Bamy moury cueHaa om Brewweeo
UCMOUHURA o MO  NOAYHUMIR  yCuAdmMens ¢ abmomamuuecrod ampobrol ycusenud (APY),
? Petd A
Conpomubaeriue RS nobeiwaem yemoduuBoome yempodemBa npu nodaue ma Bxod Soacumax (He cRoALK
Boasm 3dcpcpermubiozo auauenus) wanpskeruk, C pesucmopem RS yompodemBo npedmo
ozpanuuubaem BxodWwe cuinausi, Ecau nodame Somwou':p cuznan” en RS cpasy Ha T3, mo wa
Buixode cuzman moem ucuernyme (W nosBumecs BHobe Ro23a Hanpakenue Ha brxode Slgaem cmnkeuo:
Conpormubaerue R9 Moo ybeauuurm do 45052 9 Npu 9mom weHepamop BsipaBameBaem
HeuCRAKEHHDIR CUHYcoudaAbhbie ROAeSAHUS Npu CHu¥eruu HanpikeHud numanua do 8V,
Conpomubienue R4 noloSparo dra ymerbuierusi usmenerud ammaumydsl us-3o Hecozaacobarno dm
noaobun cdboe uHoro Ri. C nodoSpamnbim R4 udmenerue amhaumydp we Sonee 10% npu noarom nobopo

Puc. 7.
[TockonbpKy cIBOEHHOE TMEpEMEHHOE conpoTuBiieHne R1 00s13aTenbHO UMEET HEKOTOPHIi
pa3dpoc MOJIOBUH, pEIIEHO ObUIO MPELyCMOTPETh MOI00P JOMOTHUTEIBHOIO COPOTUBICHUS
MOCJIEZI0BATENBHO C OJJHOW U3 MOJIOBUH YTOOBI YMEHBUINTh U3MEHEHHUE aMIUIUTYAbI IPU
nepecTpoiike 4acToTel. B MoeM ciyuae notpedoBasioch ycraHoBUTh R4 Ha 270€2.

Conporusienue RS mpenorBpaliaer neperpy3Ky Bxojaa Mukpocxemsl. [1pu nanpaenmmx
OTBITAaX CO CXEMOH 0Ka3ajock, YTO U3-3a HAMMUYUSA RS BX0J MUKpOCXEMbI CTAHOBUTCS
MOIBEPKEH JIEHCTBUIO HABOJOK M OT HErO OBLIO PEIIEHO O0TKAa3aThCs (3aMEHUTh IEPEMBIYKON ).

YToOb! OLIEHUTH CTAOUIH3UPYIOIIEe NEHCTBUE JIaMITbl HAKATMBAaHUS OB MOCTABIICH
cienyromuii sxkcnepuMerT. Moct BuHa OblT OTKITIOUEH, @ BMECTO HETO K Touke “A”
noakmtounn reHepatop HY. Tak yaanoch CHATH aMIUTUTYAHYIO (pHC. 8) U aMILTUTYTHO-
YaCTOTHYIO XapaKTEPUCTUKY YCUIIMTENS C JJaMIIOM HaKaJMBaHUs B LIenH oOpaTHOM cBsa3u. Kax
BUJHO U3 pUC. §, YCWIEHNE MENJIEHHO CHUKAETCS IIPHU YBEIMUEHUHU BXOAHOTO HAIIPSKEHUS.
AYX ne umeer uckaxenuit 10 200kHz (neuem O6bUTO TPOBepUTH Ha YacToTax Oosee 200kHz).

Cxema puc. 7 noka3zana ce0si yIOBIETBOPUTEIBHO U HA €€ OCHOBE ObLJ1 pa3paboTaH
moynb reHepatopa HY LFO1MO. IpuanmmuansHas cxema Moy sl Toka3aHa Ha puc. 9. [lamee
IPUBOJUTCS €€ MOAPOOHOE ONUCaHHE.

I'enepatop HU coOpan Ha HIKHEH 1o cxeMe mojioBuHe MuKpocxeMbl DAT tuma NES532.
B reneparope nmerorcs ABe e 0OpaTHOM CBA3H — MMOJIOKUTENBHOMN, 32 CYET KOTOPOH U
MIPOUCXOJUT reHepalus KouedaHuil 1 OTpUIATEeNIbHOM ISl CTa0MIIN3allM aMIUTUTY b
KoJie0aHui.

[{ens monoxutenbHO# o0patHO# cBsi3u (R2 C1 R1.1 R1.2 R3 C2) npecraBisieT co00r0
mocT Buna. [1pu nomomu casoenHoro nepemenHoro conporusienust R1.1 R1.2 Bo3moxHa
peryinupoBka 4yacToThl kosiebanuii. Conporusnenus R2 u R3 orpaHnunBarOT Auana3zoH



PETyIUpPOBaHUS YaCTOTHL. ECIT MOTYyIIb COOMpaeTCs ISl MCIIOJIb30BaHMsI B KAUYECTBE
naboparoproro reaeparopa HU, conporusnenus R2 u R3 MoxxHO mogo0path Takum 00pazom,
YTOOBI MOOUTHCS HAMMEHBIINX KOJICOAHUIH aMILUTUTY/IbI TIPU TIOBOPOTE PYYKH YCTAHOBKH
4acTOTHI U3-3a pazopoca mososuH R1.1 u R1.2. Jlnst paGoThl B HECKOIBKUX JHara3oHax 4acToT
MO>KHO Tepekitouath konaencaropsl Cl1 u C2.
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Yepes nepembruky RS u konaencarop C3 curnan noctynaer Ha HSMHBEPTUPYIOLIUM BXOJ]
Mukpocxemsbl. ConpoTtusieHus: R7 u R8 00pa3yoT nenurens, ¢ KOTOPOTO CHUMAETCS
HarnpspKeHUe, paBHOe MOoJI0BUHE HanpshkeHus nutanus. Konaencatop C7 ciryxuT Juist
nojasieHus momex. Yepes conporusiieHre R6 ¢ nenmuTens HanpspkeHUE CMEIIEHUS TT0/1aeTCsl Ha
BXOJ] MUKPOCXEMBI U 33J1a€T €€ PeKUM paboThI 110 MOCTOSHHOMY TOKY.

Henb orpunatensHoil 00paTHON CBA3M cOCTOUT U3 pesuctopa R10, uepe3 koTopsiit
JeiicTByeT oOpaTHasi CBs3b 110 MOCTOsSHHOMY ToKy M nenouku R11 HL1. Konaencaropsr C4 u C5
— paznenutenshble. Conporusienue R11 u namna nakanueanus HL1 o6pasyror genurens
OTPHILIATENIbHOM 00paTHOMN CBSA3U, P MOMOIIHM KOTOPOTO CTAOMIIN3UPYETCs aMILTUTYda
kosebaHuii. PaccMoTpyM Kak MpoMCXOAUT cTabuan3anus aMIuintyabl. [Ipeanonoxum, 4To no
KaKMM-HHOY1b IPUYMHAM aMIUIMTY1a YBeIUYmiIach. [Ipu yBeIn4eHnH BBIXOAHOTO HAPSKEHUS
redeparopa (Ha BeBojie Tuiatel OUT) yBenmnauBaeTCst ¥ TOK Yepe3 ACITUTENb. Y BETHUCHUE TOKA
yepe3 HL1 mpuBoaut k pasorpeBy ee HUTH. [IoCKOIBKY HarpeTast HUTh JaMITbl HAKAIUBAaHUS
uMeeT OoJibliiee CONPOTUBIICHHE, YEM X0JI01Has1, K03 duient nepenaun genurens R11 HL1
YBEIMYHUBACTCS. DTO MPUBOAMT K YBETUUEHUIO IITyOUHBI OTPUIIATEIbHOM 00paTHOM CBSA3M U
YMEHBIIECHUIO aMILIUTYbl KOJeOaHU M.

[TockonbKy BbIXOJIHAsI MOIIHOCTE MUKpocxeMbl DA HeocTaTouHa A1 pabOTHI € TaMIIOi
HaKaJIMBaHUs, HATpy3Ka U IeH 00paTHOW CBSI3M MOKITIOUEHBI K HEW 4epe3 SIMUTTEPHBIN
nostoputelns Ha Tpanzuctope VT1. ITockonbky npumenen tpansuctop V11 crpykrypst PNP,
€ro KOJIJIEKTOP OKAa3bIBAETCSI COEAMHEH C OOIIMM MPOBOJOM, IOITOMY PauaTOp HE HYKHO
U30JIUPOBATh.

B cxeme puc. 9 Taxxe npeaycMoTpeHa BO3MOXHOCTb YCTAHOBKH MUKPOCXEMBI-
crabminzaropa DA2 B nenu nutanus. IlockosbKy ee TemI00TBO] COETUHEH ¢ 00IUM
IPOBOJIOM, paauaTop MUKpocxeMbl DA2 Takke He HY)KHO U30JIMPOBaTh. VICTOUHUK MTUTaHUS
noJpkeH obecrieunts B Touke POW?2 nanpspkenue +12V.



B cxeme ucnonb3yeTcst OIMH U3 IBYX ycrinTenei mukpocxembl DAL, Bropoii ycunuTenb
MOJKET OBITh HCIOIH30BaH B KAUECTBE MOBTOPUTENSA. ECIiu BTOPOI yCHIIUTENb HE HYKEH, HYKHO
coeqnHUTh BhIBOAGI miaTtel U/2 u FI.
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Jlns cxemsl puc. 9 Ob11a pa3padborana neyaTHas miata (cM. puc. 10). B Hell ucnons3oBaHsbl
noctosiHHbie conpotusnenus tuna MJIT (C2-23, C2-33, MF) momuocThio 0.5W, kxpome
comnporuBienuit R9 u R11 tuna SQP (B npsMOyToJbHOM KEpaMUYECKOM KOPITYCE) MOLTHOCTHIO
SW. V conpoTtuBiieHu# 1 KOHJIEHCATOPOB, KOTOPBIE OBIBAET HYXKHO 110A00paTh MPETyCMOTPEHO
0 JIBa OTBEPCTHS U1l KaXJI0T0 U3 BBIBOJOB. B 3TH 1Ba 0TBEPCTUS MOXKHO HPOIYCTHTh
IIPOBOJIOYHYIO METIII0, CBUTYIO CO CTOPOHBI YCTaHOBKH paauojeraneid. CHu3y (T. €. cO CTOPOHBI
MEYaTHBIX TPOBOJIHUKOB) ATY METIIIO HY>KHO MPUIASATh K MEYaTHBIM ITPOBOJIHUKAM, a CBEPXY K
Hel ynoOHo mpunauBaTh nmoxoupaemele neranu. Konnencaropsr C6, C7, C8 u C3
MaJiorabapuTHbIE KepaMUUYECKHE C PacCTOSTHUEM MeXy BbiBogamMu Smm. C5 — tuna K73-17 niu
C MEHBIIMMH pa3MepaMu (TIpeTyCMOTpeHa TOTIOIHUTENbHAS ITapa OTBEPCTUH ).

Xoa padoTsl
1) U3yuuTh CXEMBI IPOCTOrO reHeparopa 3ByKoBbIX yacToT (HY), mpencraBnenHbix Ha puc. l.an
0, BEIUEPTUTD, JaTh XapaKTEPUCTHUKY.
2) ate xapakTepucTUKy y310B mpubdopa (Puc. 11.1- Puc. 11.6)-mo BeIOOpY npernogaBaTers;
3) Haueptuts 6iiok — cxemy (Puc. 11.7- Puc. 11.18) no Beibopy npenopaBarens;
4) Hayeptuth U 00BsICHUTH pabory cxembl HU 15T 1-16kI'11; ['eHepaTopbl CHHYCOMIATBHOTO
CUTHAJIa HU3KOM 4YacTOTHI JUIsl M3MEPUTENBHOM anmaparypbl U ycrtpoiictBa APY; BeixogHoit
YCUIIUTENb C aTTEHI0ATOPOM;
IpakTnueckasi padora Ne8.
Tema 10. I'enepaTopbl CHTHAJIOB BHICOKOH YaCTOTHI.
N3ydenne n3MepuTeJbHBIX FT€HEPATOPOB BHICOKHX YACTOT



Heab padoTbi: M3yunTh Ha3HAYCHUE, HOPMUPYEMBIE TTAPAMETPHI, YCTPOMCTBO U CTPYKTYpPHBIC
CXEMBI TeHepaTopoB Tuma ['4, MeToabl TOBEPKH OCHOBHBIX METPOJOTUYECKUX XaPAKTEPUCTHK.
[IproOpecTu mNpakTUYECKUE HABBIKU pabOThl C HM3MEPUTEIbHBIMU TE€HEPATOpPaMU BBICOKHX
4acToT.

IlepedyeHb UCIOJIB3YeMOro 000Py10BaAHUS

I'eneparop tumna I'4

TeopeTnyeckas 4acTh:

BricokouacToTHbIl reHepaTop curHaioB ['4-106 ¢ aMIIuTyaHOW MOIYJIALMEN NpelHa3HAuYeH
JUISL HACTPOMKHU, KOHTPOJS M HCHBITAHUN PAIUOTEXHUYECKUX YCTPOMCTB YyIbTPa3ByKOBOTO U
YaCTUYHO PaJMOBEIIaTeILHOTO AUana30Ha 4acToT.

2. OCHOBHOE TEXHUYECKUE JJAHHBIE

2.1. TIpubop obecrieunBaeT CleAYIONINE PeKUMBI paboT: a) HenpepbiBHAs reHeparus HI;

0) BHYTpEHHsA AaMIUIUTyJHas MOIYJIALUS CUHYCOMJANBHBIA HANpsDKEHUE; B) BHELIHSS
AMIUTATYIHASE MOAYJISIIVSI CHHYCOUJATBHBIM HAMPSKCHUEM; T') PEKUM MaKCHMaJIbHOTO CUTHAJIA.
YACTOTHBIE ITAPAMETPHI (F - napameTpsr)

2.2. Tlpubop obGecmeumBaer nuama3oH yactor ot 0,01 go 12.5 Mru. [mama3oH 4YacToT
MEPEKPHIBAETCS CEMbIO MOJIMANa30HaAMHU.

B reneparope mmeercss BCOMOTATeNbHBIA AMAana3oH ¢ rpaHuuHbiMd dactoramu: 0.430-0,510
MI 1.

2.3. Ilpenen nomyckaeMoil OCHOBHOM IOTIPEIIHOCTHM YCTAHOBKM 4YacTOThl TIeHepaTropa He
MIPEBBIIIACT:

+ 0.5% - Ha BCIloMorareIbHOM JHAIIa30HE;

+ 1.0% - B nuanasone gactor 0.1-12.5 MTI'm:

[11,5% - B muanazone 0,01-0,1 MI' (1 moaamanazoH) ¢ moJACTPORKON 4acTOTHI,

3.4. HectaOMIBHOCTH 4acTOTHI 3a Jt0Oble 15 MUH. paboThl TeHepaTropa Mocjie caMonporpeBa B
tedeHue 30 MUH. B HOPMAJIbHBIX YCIOBHSIX HE MPEBBIMIACT

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

2.5. [Mapa3zutHas geBUaIus 4acTOTHI B PEXKUME HENPepbIBHON renepaiuu B nosioce 30-15000 I'a
He npesbimaet (1.0 10-6 fr+30) I'm.

[IAPAMETPbl BBIXOJIHOI'O HAIIPSDKEHMS B  PEXHWME  HEIPEPBIBHOI
I'EHEPAIIUU (U - mapameTpsl)

2.6. BrixomHoe HampsbkeHHWE TeHepaTopa Ha coryiacoBanHou Harpyske (50001) Ow,
HOJKJIIOUEHHOHN uepe3 Kadeslb K OCHOBHOMY BBIXOJly F'eHepaTopa

8
" " perynupyercs B HopMalbHbIX npenenax ot 0.5 go 5 10-7 B; ¢ BBIHOCHBIM aTTEHIOATOPOM Ha
201b Bo3MoxHa perynupoBka 10 1 10-7 B.

PerynupoBka npousBogutcs cryneHsmu depe3 10ab or 0 mo 110ab u mnaBHO B mpenenax
KQKJIOM CTYIICHH.

2.7. llpemen nomyckaeMOH OCHOBHOM NOTPEIIHOCTH YCTAaHOBKM OIIOPHOIO 3HAYEHUs
HanpspkeHus 0.5B 1 ycTaHOBKM HampsbKEHHs IO ILIKaje IUIABHON PEryJUpOBKH HE MPEBBIIIAET
[111b, npu paboTe reHeparopa Ha coriacoBaHHyto Harpy3ky (50011) Om.

2.8. Tlpemen mnomyckaeMoil OCHOBHOW TMOTPEUTHOCTH YCTAaHOBKH OCJIA0JCHHUSI CTYNEHYATOTrO
aTTeHIoaTopa He mpeBbllIacT +11ab.

2.9. Ilpenen pomyckaeMoll OCHOBHOHM TOTPEIIHOCTH OCJIA0JEHUS BBIHOCHOTO aTTEHIOATOpa HE
npesbiaer [J11b; BeIxogHoe conpotuBieHue arreHoaTopa 50 Om [15%, 75 Om [15%.

2.10. HecTtaGuibHOCTh ypOBHSI BBIXOJHOTO CUTHAaja 3a JtoOble 15 MHH. paboThl reHepaTopa
nocse camonporpesa B TedyeHue 30 muH. He npeBbimaer [10.11b.

2.11. Kosdpdumument mo060K H3 TapMOHUK BBIXOJHOTO CHUTHAJIa HAa OCHOBHOM BBIXOJIC
reHeparopa, a TakKe YpOBEHb KOMOWHAIIMOHHBIX COCTABISAIONIMX Ha 1 mojjauamnasoHe, MO
OTHOLICHMIO K YPOBHIO IEPBOI rapMOHUKHU He TpeBbliiaet 5% (126 ab).

2.12. Ilapa3uTHas aMIUIMTyJHas MOJIYJIALMS CHUTHaJla Ha OCHOBHOM BBIXOJIE TI'€HEparopa B
peXrMe HenmpephIBHOM reHepanuu He npesbiiiaet 0.5%.



2.13. BrixogHOE HampsHKEHUE MO0 HEKATMOPOBAHHOMY BBIXOAY Ha MOJHOM Harpyske (50015) Om
He meHee: 0.3 B Ha 1 mognuanasone. Hanbonpiee HanmpshKeHUE IO HEKATHOPOBAHHOMY BBIXOY
He npesbimaet 3 B. [lapameTpsl curnana Ha 3TOM BBIXOJIE HE FApaHTUPYIOTCA.

[IAPAMETPbl AMIUIMTYJIHOM CHHYCOUJAJIBHOM MOAYJIALUNA (AM -
napameTphl)

2.14. AMmuuTynHas MOAYJSIIMS CUTHajda OCYIIECTBISETCS OT BHYTPEHHETO HCTOYHHUKA
Moy yactoto 1000 ' ¢ morpeminocthio [15% u wactotamu 50-10000 'ty oT BHEHIHETO
MCTOYHUKA MOJYJIALIUU.

2.19. Koaddurment aMImuTy AHOM MOIYJISIITUN PETYIUPYETCsS B HOMHUHAIBHBIX mpeaenax ot 0
10 90 2 u orcuuteiBaercs B npenenax or 10 no 80% crynensmu o 10% Bo Bcem auanasoHe
MOJIyJIUPYIOIIUX U HECYIIUX YACTOT.

[Ipenen pnomyckaeMoil OCHOBHOHM TOTPEIIHOCTH YCTAHOBKH KO3((UIMEeHTa aMIUIUTYyTHOU
Moyssauuu He npesbimaet [110 % (B mpolieHTax MOAYIISILIIH ).

2.16. KosdpoumueHT rapMOHHMK OruOaromeil aMIUIUTYIHO-MOJIYJUPOBAHHOTO CHUTHAja IpH
koddpunmente moaynsauuu a0 80% BKIIOUUTENBHO (IO LIKAJIE TeHepaTopa) He mpeBblaeT 5%
B HOPMAJIbHBIX YCJIOBUSX 3KCILTyaTallUH.

KoadduimenT rapMOHUK BHEIIHEr0 MOJYJHPYIONIErO CUTHAjda MPU ATOM JOKEH OBITh HE
6onee 1%.

2.17. CurHan BHEIIHETO MOJIYJIUPYIOLIEro TeHepaTopa, HEOOXOAUMBIA [UIsi oOecredeHus
KodpuimeHTa aMmIuuTy o Moxyisiun 90%. momkeH ObITh He Oonee 2 B mpm
COMPOTHUBIIEHUH BXoa MoayisTopa (6001220)Om.

2.18. Ilpemen nomyckaeMoO#l TMOTPENIHOCTH YCTAHOBKH OIOPHOTO 3HAYEHUSI BBIXOJIHOTO
HANPSDKEHUS U 3HAYCHH BBIXOJHOTO HAIPSKEHUS T10 IIKallaM TUIaBHOW PEeryJIMpPOBKHU BBIXO/1A, B
peXUMe aMIUIUTYAHON Monynauuu, He npesbimaer [12.0 n1b npu yactorax moxynauuu ao 10
k[ 1 kospunrente moaynsuu 10 80%.

2.19. I'enepatop coxpaHs€T CBOM TEXHUYECKHE XAPAKTEPUCTUKH IPU MUTAHUU €0 OT CETU
nepemeHHoro toka HampspkeHueM 220B [0 10%, wacroroit 50 I'm + 1% wu conmepxaHuem
rapMoHuK 10 5%.

2.20. MouHocTb, noTpedasieMas TeHepaTOpoOM OT CETH NMPU HOMUHAJIBHOM HAIPSDKEHHH, HE
npesbiiiaet 35 BA.

2.21 T'abapuTHble pa3Mepbl NpUOOpPa, MOCTABIAEMOrO0 B YKJIAJOYHOM sIIMKe, He Ooisee
190x385x240 mm.

2.22. Macca npubopa He 6osee 11 kr.

3. CTPYKTYPHAA CXEMA

CrpykrypHast cxema mpubopa I'4-106 mpuBenena Ha puc.l. PaGora mpubopa reneparopa B
3aBUCHUMOCTH OT BBIOpAHHOIO MOIIMANa30Ha YaCTOT MPOUCXOANT MO Pa3HOMY.

CHavana paccMOTpUM paboOTy reHepaTropa IMpH BKIIOYEHHM JHOOOro MoJjiMana3oHa 4acror,
KpoMe nepBoro, T.e. Ha nogauana3onax 0.1 —12.5MI'y u BcnomorarensHoM auanaszone 0.430-
0.510 MI'w.

PEXXMM HEIPEPbIBHOI 'EHEPAITUN

B pexumMe HempepblBHOW TeHepalu B 3aJalolleM reHeparope paboTaeT TOJbKO IUIaBHBIN
reHeparop. [InmaBHBI TreHepaTOp BBINOJHEH 10 MHAYKTMBHOM TPEXTOYEYHOM CXEME.
ITepecTpolika 4acTOThI B Mpeeiax MOJAHANa30Ha IPOU3BOJUTCS KOHJIEHCATOPOM IIEPEMEHHOMN
€MKOCTH, [Iepexo/1 OT MOo/IMana3oHa K MoJiuana3ony - KOMMyTallel KaTyleK HHIyKTUBHOCTH.

CurHan ¢ TMJIaBHOrO TeHepaTopa IOCTyHaeT Ha MOIYJATOpP, NPEeJCTaBISABIIMNA CcOOOH
HIMPOKONOJIOCHBIN ycunutens. C BbIXOJa MOJYJIATOpAa CUTHAN MOJAETCA HA IHUPOKOIMOJIOCHBIN
YCUJIUTEh OCHOBHOTO KaHauna (nepexitoyarenu [11, I12 u I13 Bo BTopoM NOJI0KEHUN).

JIns1 aBTOMaTH4YECKOro NMojA/IepKaHusl YPOBHS CUTHAJIA HA BXOJI€ aTTEHI0ATOPA TPAKT OCHOBHOI'O
KaHaja T€eHepaTopa OXBayeH LIENbl aBTOMAaTUYECKON PETYJIMPOBKHU YpOBHsI curHaina APY.

BBIXOTHOM CUTHaJI YCHJIMTENSI OCHOBHOTO KAaHAJIa BBIIPAMIISETCS JETEKTOPOM M IMOJAETCS Ha
nepBblii BxoJ nuddepenpanbHoro ycunurens noctosaHoro Toka (YIIT) cucremer APY. Ha



BTOPOW BXOJI MOJAETCS MOCTOSIHHOE ONOPHOE HAIPSIKEHHWE C PEryJiATopa ONOPHOIO YPOBHS.
VYeunennasa YIIT pasHOCTb MEXIy OIOPHBIM HAIpPSDKCHUEM M HANPSHKEHHUEM C JIETEKTOpa
M3MEHSET CUTHAJl Ha BXOJE WIMPOKONOJIOCHOTO YCWIMTENS TaK, YTO YPOBEHb BBIXOJHOIO
HAIpsDKEHUST OCHOBHOTO KaHajla CTAHOBUTCS IPONOPIMOHAIBHBIM  YPOBHH  OIIOPHOTO
HanpspkeHus. llpu mocrossHHOM omopHOM HampsbkeHHMH cuctema APY  obecneunBaet
CcTa0WIM3alMK BBIXOJIHOTO ypOBHs mpudopa B npenenax 10 n1b ¢ momousio pydku peryistopa
OIIOPHOTO YPOBHS.

Taxum obpazom, cucrema APY ucnonbs3yercs u s TUIaBHOM PETyITUPOBKU BBIXOJHOT'O CUTHANA
B npeaenax 10 nb. B 3ToM ciyyae M3MeHEHHE BEJIIMYMHBI OIOPHOTO HAIMPSIKEHUS HAa BTOPOM
Bxoge aupdepenunansuoro VYIIT BbI3BIBACT COOTBETCTBYIONIEE HW3MEHEHHE BBIXOIHOTO
CUTHAJIA.

Cucrema crabunm3anuu ypoBHS 00€CIEUMBACT HYJIEBOE BBIXOJAHOE CONPOTHBIEHHE MprOOpa B
TOUKE MOJKIIOYEeHHs JeTeKkTopa. Bce koneOaHus COMPOTHBICHUS HArpy3KH HE HM3MEHSIOT
BBIXOJHOI'O  HAampsDKEHUsT  NpuOopa, YTO  HDKBUBAJEHTHO  HYJIEBOMY  BHYTPEHHEMY
conpotuBiennto. RI=0. bamnactHoe comporupienne RO6= 50 Om obOecrneunBaeT BBIXOIHOE
COIIPOTHUBIIEHUE TPUOOPA B TOUKE MOAKIIOYCHHS aTTeHI0aTopa paBHbIM 50 Om. Onaromaps yemy
JIOCTUTA€TCs XOPOLIEE COrIaCOBAHUE B BBIXOAHOM TPAKTE OCHOBHOI'O KaHaBa.

Nuepumonnocts cuctembl APY TakoBa, 4To OHa cpabaThIBaeT TOJBKO MO CPEIHEMY 3HAUYCHUIO
BBICOKOYACTOTHOT'O CUTHAJIA M MOXKET OBITh UCIIOJIb30BaHA B PEKUME MOYJISALIUU.

I'my0Ookasi peryinpoBKa aMIUIUTY[Abl BBIXOJHOTO HampsbkeHus ceiie 10 ab ocymectBiseTcs
CTyIIEHYaThIM arTeHtoaropoM BY.

BxiroueHne 1 BBIKIIIOUEHUE OCHOBHOTO KaHajla IPOU3BOJUTCS CHATHEM HaNpsyKEHUS TUTaHUS C
YCHIIUTENsI OCHOBHOT'O KaHaia Tymbnepom "V" (Ha cxeme He ToKa3aH).

PexuM BHYTpEeHHEN aMIUTUTY AHOW MOIYJISLIAN

B pexume BHYTpeHHEW aMIUTUTYJHOW MOAyJsAuu (mepekitodyarens [14 B monokeHuu
"BHYTP". nepexmouatenu I1l, I12 u II3 HaxomsaTcs BO 2 TMOJIOKEHWN) TEHEPATOP 3BYKOBOM
4acTOThl BbIpabaThiBaeT HampspkeHue uvactotod 1 kl'm. Ilpu sTom Ha BXxoae MomymsiTopa
CYMMHpPYIOTCSI CNaOblii BBICOKOYACTOTHBIM CHTHal C IUIABHOTO TeHepatopa M OOJbIION
MOJYJINPYIOIINN CUTHAJI C TEHEPATOpa 3ByKOBOM YacCTOTHI.

Mopnynstop mnpencraBisieT cOOOH IIMPOKOIMOJIOCHBINM ycuiuTenb, koddduuuent Ilepenaun
KOTOPOTO YIpPAaBIseTCS MOMYJUPYIOIIMM CUTHAIOM. MOJIyIupyromnuid CUrHal Kak Obl
nepeMexaer pabouyr0 TOYKY YCHIJIMTENsl MO HEIWHEWHOM XapaKTepUCTHKE Ha YyYacTKe ¢
pa3IMYHON KPYTH3-HOW, U3MEHSA TEM CaMbIM KO3 UIIUEHT Mepe1adu KaHaa.
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Takum 00pa3oM, B MOJYJATOPE y BBICOKOYACTOTHOIO KoJIeOaHUs (OopMa HE HCKaxaercs, a
TOJIBKO M3MEHSETCS €r0 aMIIUTYyJa B COOTBETCTBHM C 3aKOHOM H3MEHEHUs MOJYJIMPYIOILErO
CUTHaJIa.



BreixogHol curHam MoayisTopa mocie (QUIbTpaly MOIYJUPYIOLIEH YacTOThl OKAa3bIBAETCS
IPOMOYJIMPOBAHHBIM 1O aMIuIUTyie. [Ipu 3ToM riyOrHa MOIYJISIIIMK OKa3bIBACTCS 3aBUCSILECH
TOJIBKO OT BEJIWYMHBl MOAYJUPYIOIIETO CHUTHAJa M HE 3aBUCUT OT AMIUIATYZBI
BBICOKOYACTOTHOTO. JTO OOCTOATENBCTBO TMO3BOJSET U3MEPATh M HU3MEHATh IIIyOuHY
MOAYJISILUU, U3MEPSISI U U3MEHSSI BEJIMUKHY 110/1aBa€MOT0 MOJIyJIMPYIOLEr0 CUTHAaJa.
PerynupoBanue u oTcyeT BEITMYMHBI MOJYJIMPYIOLIErO CUTHAjIa, HEOOXOAUMOM /sl IOJyUYeHUs
TpeOyemoro koddduiMeHnTa MOAYNSILMMU, MPOUZBOAUTCS JABYMS CTYNEHSIMH: CHadaja
noteHmomerpoM "YPOBEHb MO VYIJL." ycTtanaBnuBaercs onpeeieHHOE OIMOPHOE 3HAYCHUE
MOAYJUPYIOIIETO CUTHAJIA 110 MHAMKATOpHOMY IpuoOopy (Ha pucky "K"), 3aTeM OHO JenuTcs B
TpeOyeMOM OTHOIICHWHU CTYNEHYAThIM aTTEHIOATOPOM HU3KOH YacTOThI, MPOKATUOPOBAHHOTO
HEIMOCPEJICTBEHHO B MPOLEHTaX TITyOMHBI MOIYJALUU. YCTaHOBKA KO3(PPUIMEHTa MOIYIAIUU
nuckpetHo no 10 % ocymectsisiercss nepexntovarenem "M%". [lorenuuomerp "VYPOBEHD
MOJYVYJL." u nepekitouatens "M%" HaxonsaTcs B OJ0Ke peryIMpoBKU U oTcueTa riryounsl AM u
BBIHECCHBI HA JIUIEBYIO MMaHETh Tpubopa.

Cucrema APY mnopaepxuBaeT ONOpPHBIA YpOBEHb B 3aJaHHBIX IE€peleiax U B PEKUME
aMIUIUTYAHON MOAYJISILIMY, TaK KaK MOCTOsiHHAs BpeMeHu APY BpiOpaHa Takoi, 4To cucrema He
pearupyer Ha aMIUIMTYJHYI0 MOAYJISILUIO CUTHAJIA.

[TpoMonynupoBaHHas curHai yepe3 arTeHroaTop BY nmocrynaer Ha OCHOBHOI BbIXOJ Iiprubopa.
Pexxum BHelIHed aMIVIMTYAHOM MOXYJIALMU

B pexume BHelIHEH aMIUIUTYIHOM MOJYJISIIUN CUHYCOMIaIbHBIM CUTHAJIOM Iepektodarens [14
nepeoautrcss B nonoxenue "AM.BHEUI". Ilpu »sTomM reHeparop 3BYKOBOM YacTOTBI
oTkiouaercss o moayisropa. K raesny "AM.BHEI" noaBonuTcs OT BHENIHETO MCTOYHHKA
HanpspkeHue 1.5-2B ¢ yactroramu ot 50 10 10000 I,

OTO HaIpsHKEHHUE MOJAETCsl HA MOYJISITOP, B KOTOPOM OCYIIECTBIISIETCS MPOLIECC aMIUIUTYIHON
Monynsauuu. Bo Bcem ocranpHOM paboTa mnpubopa aHaJIOTHMYHA PEXUMY BHYTpPEHHEH
MOJTYJIALIUH.

PexxuM MakcuManbHOrO CUTHAJIA

B pexxume makcuManabHOTO curHaia nepekitodarens 111 nmepeBoguTcs B nepBoe nosioxenue. B
3aJalo0lleM reHepaTope paboTaeT TOIbKO IUIaBHBIM reHepaTtop. BricokouacTOTHOE HANpsKEHUE ¢
BBIX0/Ia IJIABHOTO I'€HEepaTopa MOCTYMaeT Ha BXOJ IIMPOKOMOJIOCHOTO Oy(pEepHOro yCHUIUTENs
BCIIOMOTaTeJIbHOTO KaHalla. BBIXOIHOI CHUTHAJ 3TOrO YCHUJIIMTENS CHUMAETCA C BBIXOIHOTO
pazbema npubopa "1V".

BkitoueHne ¥ BBIKIIOUYEHHE BCIOMOTaTEIbHOI'O BBIXOAA MHPOU3BOAUTCS TymOnepom "1V
MOJIKJIFOUEHUEM WM CHITHEM HAIpPSOKEHMs] MUTAHUS C yCUIUTENd. BrixoqHOe HampskeHHe MO
HEKaJIMOpOBAaHHOMY BCIOMOTaTeIbHOMY BbIX0Oay He mpeBbimaer 3B. ITapameTpsl curnana Ha
3TOM BBIXO/I€ HE TaPaHTUPYIOTCSI.

Pa0orta reneparopa Ha nepBOM NOAAHAIIA30HE

Huanazon wactor 0.01-0.1 KI'm dQopmupyercss MeTogoM TeTEpPOJUHHOTO TpeoOpa3oOBaHUS
4acTOThl BHU3. B 3a1arolemM resepaTope npu 3ToM paboTaroT IUIaBHBIA reHepaTop U reHepaTop
¢ukcupoBaHHOM 4acTOTHI 415

k['11. B mnaBHOM reneparope npeycMOTPEH CleUallbHbIN noganamnazon 425-515 kl'm.
ITepexmrouarenu I11 - mepeBoauTcs Bo BTopoe nonoxeHue. [12 — B nmepBoe. CurHan ¢ BbIXoJa
MOAyJATOpa  (IPOMOAYJIMPOBAaHHBIM WM  HENMPOMOJYJIUPOBAHHBIM B  3aBUCHMOCTH  OT
YCTaHOBJIEHHOT'O PEKKMa) MOJAaeTcs Ha BXOJ] CMECHUTETIS.

Ha BTOpoii ero BXoa MojaH curHajg OT reHepaTopa (DUKCHPOBAaHHOM YacTOThl. CHUTrHan
pazHoctHOM yacToThl 0.01-0.1 MI'm Beimensiercss QUIBTPOM HMXKHUX YacTOT CMECUTENs U
NoJaeTcss Ha BXOJbl YCHJIMTENIEH OCHOBHOTO WJIM BCIIOMOTaTelbHOTro KaHajoB. PabGora ux
OIMCaHa BHIILIE.

IIpy reTepoAMHHOM NEPEHOCE YacTOThl YXYALIAETCS TOYHOCTh OTCUETa YacTOThl B HMXKHEU
YacTH IMOJIyYEHHOTO 1Mara3oHa.

JUiss yMeHBIIEHUs MOTPEIIHOCTH OTcyeTra d4acToThl B mpubope [4-106 mpumeHeHa cxema
KOPPEKIIUU YacTOTHI.



K BbIxoqy ycunurtenss BCHOMOIaTeIbHOrO KaHalla MOJKIIOUeH BosiHOMep. OH COCTOUT u3
KOHTYpa, HacTpoeHHoro Ha yactoty 0.01 MI'1, neTexTopa u HHAMKATOPHOTO npudopa. CUrxHani ¢
nerekrtopa yepe3 Haxkaryro kHomnky "KOPPEKIMA YACTOTBI nomagaeT Ha WHAMKATOP
npubopa. J{oOuBasich MaKCUMaIbHOTO OTKJIOHEHHS CTPEJIKM MHIMKATOPa, YaCTOTY BBIXOIHOTO
CHUTHaJIa TeHEpaTopa MOXKHO TOYHO yCTaHOBUTH paBHOU (.01 MI'11 (mpu 3TOM BH3UP YaCTOTHOM
HIKaJIbI TOJDKEeH HaxoauTbest Ha pucke 0.01 MI'n).
Cuctema wungukamuu mpuoopa [4-106 obecreymBaeT yCTAaHOBKY OIIOPHOTO HAIPSKEHUS
MOJIYJINPYIOIIEr0 CUTHAa, a MPU HAKaTUM COOTBETCTBYIOLIUX KHOIOK KOHTPOJIb BXOJHOTO
HanpsbkeHue ("VBbIX'"); KOHTPOJIb HAPSDKCHUS TTUTaHUS
(" Vout" ); KOHTPOJIb HACTPOUKH NPU KOPPEKLIUU YACTOTHI.
[Tutanme Bcex OJIOKOB M Y3JIOB MpuOOpa obecreyuBaeTcss OJIOKOM, COCTOSIIUM M3 ABYX
CTaOUIIM3MPOBAHHBIX HCTOYHUKOB U UICTOYHMKA IIEPEMEHHOIO TOKA.
IHopsinok MOAroOTOBKH K padore
1. U3yuuth TexXHMUYECKHE JaHHbIE M MPUHIUI JEHCTBUS TeHeparopoB Tuna [4- mno
CTPYKTYPHBIM CXEMaM.
2. TlonroToBUTH KOHCHEKT C KPATKMMH OTBETaMH Ha KOHTPOJIBHBIE BOIIPOCHI.
3. TloaroroButh O1aHK OTYETA, COACPIKAIIMMA TAOIUIIBI U CTPYKTYPHBIE CXEMbI U3MEPEHUI.
KoHnTpoJibHbIE BOnpochl
KakoBbl Ha3HaueHHE U KIaccU(PUKAIUS U3MEPUTEIbHBIX T€HEPATOPOB?
KakoBbl OCHOBHBIE HOPMUPYEMBIE [TapaMETPbl FEHEPATOPOB
CUHYCOUJANbHBIX CUTHAJIOB?
KakoBa TumuyHasi CTpyKTypHasi cXxema Ie€HEepaTopa BBICOKMX 4YacTOT € aMIUIUTYIHOMN
MOAYJISILUEH?
5. KakoBa crpykrypHas cxema (GOpPMHPOBaHHUS IIOJIMANA30HOB TE€HEPATOPOB BBICOKUX
YacTOT Ha OCHOBE JICJICHUS 4YaCTOTHI?
6. Kaxk ocymecrtBusiercs pabora reaepatopa ['4- B perxxumax:
7. - HempepbIBHOU reHepalny;
Xoa pa6oTsl
1. BBINONHUTH NOBEPXY CIAEAYIOMIUX XapaKTepPUCTUK reHepaTopa ['4:
- OCHOBHOM MOTPELIHOCTHIO YCTAHOBKH YaCTOThI HAa OJTHOM U3 MOJ/IMaIla30HOB;
- HECTaOMJIBHOCTH YacTOTHI 32 15 MUHYT.
2. HWccnenosats reneparop ['4- B pexxnmMax:
- BHYTPEHHEW aMILTUTYIHONU MOAYJISILINN;
- BHEIIHEW aMIUTUTYAHON MOAYJIALINY.
Conep:xxanue oT4yera
1. uenb paboTHI;
2. mepedyeHb NpUOOPOB, HCIIONIB3YEMBIX B paboTe;
3. mepedyeHb MPUOOPOB, UCIIONIE3YEMBIX B PadoTe;
4. Tabmuipl C pe3yJbTaTaMi U3MEPEHUI U pacueToB;
5. BBIBOABI IO myHKTam 7.1.,7.2.,7.3. u 7.4.
Meroanuyeckue ykazaHus
7.1. IIpou3BecTr MOBEPKY TPAAYyMPOBKH IIKAJIBI YacTOT TreHepartopa ['4- BKItoUaromyo B cels
OIpEEIIEHNE OCHOBHON MOTPEIIHOCTH YCTAHOBKH YacTOThI U CPAaBHEHHUS €€ C HOPMOM.
7.1.1. Onpenenenre OCHOBHOW MOIPEIIHOCTH YCTAHOBKH 4acTOThI reHepartopa ['4- BeImonHseTcs
JUISE yKa3aHHBIX B Ta0nuile | BBIXOJHOTO HAMpsOKEHHs MOAMMana3oHa 4actoT. [lpu sToMm, K
BBIXO/ly TeHepaTopa
MOJIKJIIOUAEeTCs coriacyroniee conpotusieHre 50 OM. curHanm ¢ KOTOpPOro INMOAAETCs Ha BXOJ
3JIEKTPOHHO-CUETHOTO YacToTomepa (Hampumep Y3-33).

AP

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

Hampsokenne mst | 300 250 450 400 350 300 450 400
I'4-106 MB mna




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

YacToTHBII 2,0-04 |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
nuamno3oH '4-106

MI'g I'4-154
MI'1t (necsaThb
3HAYCHHI B
JIMapO30HE)

0,1-05 | 0,4-09 |1,1-45 |15-38 | 2,1-4,7 |3,5-59 |5,0-73 | 7,1-9,7

VYcraHoBka BBIXOAHOTO HamnpsbkeHus reHepatopa ['4-106 ocyiuectBisieTcss IByMsl pydykKamu -
CTYNEHUYATOH M IJIABHOH PEeryIUpOBKH, PACIIONIOKEHHBIMU Ha JIMIIEBOH MaHenu npudopa. Orcuer
YCTAHOBJIEHHOT'O 3HAYEHHS B MHUKPOBOJBTAX IMPOU3BOAMUTCS MO COOTBETCTBYIOIIMM MIKajaM -
IIPU KPACHOM MHOXKUTEJIE 110 KPACHOW, BHYTPEHHEW LIKaJle, IPU YEPHOM - 110 YEPHOU BHEIHEH
mkane. Ilpumep: Heob6xomumo ycranoButh 200 MB. st 3TOro BBICTaBHTH IO KpacHOU
BHYTpEHHEH I1IKajle 2 U KpacHbli MHOXxuTenab 105 . torma 2 105 = 200000 mxB = 200 mB.
BrixogHoe Hampspkenne cHumaercs ¢ pasbema "BBIXOJ/[" "" mpu BkiItoueHHOM TyMOnepe
BBIXOJHOTO curHaia reHeparopa [4-106. Ilpu pabGote c¢ reneparopom ['4-154, mnepen
BKIIIOUEHHEM €ro B CeTh, HE00XoIuMo K ocHOBHOMY Bbixoay (O-12)B mnoaxmarouuthb
corjmacoBaHHyio Harpy3ky 50 OM. YcTaHOBKa BBIXOJHOIO HampsbKkeHus renepatopa [4-154 B
PYYHOM PEXHME OCYLIECTBISETCS ¢ MOMOIIbI0 pyuku "yctaHoBka — AM" u kHonku HI'-AM
(3aropaercs ceeroauof "HI™ pacrosnioskeHHbI B IpaBoil yacTu auieBoi nanenu). [Ipu stom Ha
TPEX3HAYHBIM WHAUKATOP BBHIBOJUTCS 3HAYCHHE HANpPsDKEHUs Ha OCHOBHOM Bbixoze (0-12)B. 50
OM. YBenuyeHue BbIXOAHOI'O HAIPSDKEHUS IMPOU3BOAMUTCA ITyTEM CMEIICHUs PYUYKH "yCTaHOBKA
— AM" BmpaBo oOT cpenHero mnojoxeHus "©". VYMmeHblIEHUE HaNpsHKEHUS BBIXOJAA
IIPOU3BOJIUTCS MyTEM NEPEMELICHHs] Ha3BaHHOW PYYKH BJIEBO OT CPEIHEro mnosioxeHus. 7.1.3.
VYcraHOBKa 4acTOTBI BBIXOJHOTO cuUrHana rereparopa ['4-106 ocyiiecTBisieTcs BKIOYEHUEM
OAHOTO M3 NOAAMANa30HOB M PYYHOW YCTAHOBKM YACTOTHL. J[JI1 yCTAHOBKM IPOM3BOJIBHOU
YacTOTHI MEXKY ATUHHBIMU PUCKAMU YaCTOTHOM IIKAJIbI TeHEpPaTopa HEOOXOIMMO MOJIb30BAThHCS
JeIeHUsAMHA Ha JiuMOe pydku "yctaHoBka yacTorel MI'W". Bpamas 3Ty pyuky omnpeneiuTb,
CKOJIBKO JeNieHHi numOa MPUXOAWTCA HAa Y4YaCTOK MEXIY IMHHBIMH PHUCKAaMH YaCTOTHOMN
mkanel. OnpenenuTh, CKoJbko MITI mpuxomuTcs Ha OAHO AeneHue numbOa. s storo
HEOO0XOMMO PA3HOCTh YaCTOT HAa PACCMATPUBAEMOM YYaCTKE pa3[esiuTh Ha KOJIUYECTBO
NeJeHni TuMoa.

Jns ompeneneHus KOJIMYECTBA JAENEHUN nuMOa OT Onvkailiield ATUHHOW PUCKU JO0 MCKOMOU
YacTOThI, Pa3HOCTh YaCTOT HA 3TOM YyYacTKe pa3fesiuTh Ha LIEHYy JeJeHUH TMMOa U yCTaHOBUTH
Ha JIUMOE IMOJlyYeHHOE KOJUYECTBO JeNIEHHM, YTO OyAeT COOTBETCTBOBATh 3HAUCHHIO MCKOMOMU
YacTOTBHI.

VYcraHoBKa 4aCTOTHI BBIXOJIHOTO CUTHANIa renepaTtopa ['4-154 npou3BoauTCsl ¢ HOMOIIBIO PYUYKH
"ycranoBka f'. B ciyuae nepemerieHus ee BIpaBo OT CPEAHETO MoJIokeHUs1 © 3HaYeHUE YaCTOThI
BBIXO/IHOTO CUTHaja Oy/IeT yBeIUYNBATHCS IUCKPETHO C IIaroMm:

0.1 xI'rr B mnanazone 100.0 - 999.9 kI’

1.0 xI'u B quana3one 1.000 + 9,999 MI'g

10 xI'n B amamrazone 10.00 —: 50,00 MI11.

CkopocTh H3MEHEHHs MPONOPLHMOHAIBHA BEJIMYMHE CMEUIEHHMS] OT CPEIHEro IOJIOKEHUS.
[lepBoHayanpHOE 3HAUEHHME 4YACTOThl M €€ JalbHelllee W3MEHEHUE OTpakaeTcs Ha
YeTBIPEX3HaYHOH IM(PPOBOM HHAUKATOpPE. YMEHBIIEHHE YacTOThl OOECIeyMBaeTCs IyTeM
CMellleHus py4KkH "ycTaHoBKa f' BI€BO OT CpeHEro MOJI0KEHHS 110 aHAJIOTUH.

7.1.4. B ykazaHHOM JHara3oHe BbIOpaTh MPOU3BOJILHO TPHU 3HAYeHHMs 4acTOThl. C MOMOIIbIO
OTCUETHBIX YCTPOWCTB reHeparopa ['4- yCTaHOBUTH NEpBOE 3HAYEHUE YaCTOTHI M IPOU3BECTH
M3MEpPEHUE C MOMOUIBI0 4acTOTOMEpa. AHAJIOIMYHbIE MU3MEPEHUs NMPOU3BECTU B ABYX APYTHUX
BbIOpaHHBIX TOUKaxX. OnpenenuThb

BenmunHbl adbconmotHoi T = (fr — fuu) 'y u otHOCcHTenbHOM T =(f / fira)100%. morpentHocTei
YCTaHOBKH YacCTOThI. 3HAUEHUE U3MEPEHUN U BBIYUCICHUN CBECTH B Ta0Onuily 2.




Ne YcraHOBIIEHHOE N3mepennoe OcHoBHas
3HAYCHUE YacTOThl Ha | 3HAYCHUE 4acTOTBI | OTHOCHUTEIIbHAS
rereparope fr fira MOTPEITHOCTD

YCTaHOBKH YaCTOTBI

k[ k[ %

1

2

3

7.1.5. VI3 nony4eHHBIX BeMWYUH b BBIOpaTh MakCMMallbHYIO M CPAaBHUTH €€ C JOIyCTUMOW 110

HOpME:

1t I'4-106 800n = 0 101.0 %

it ['4-154 600, = 1 10.01 %

Ecnmu(df)max >8gon TO >9on TO JEIIAETCS BBIBOJ, YTO TEHEPATOP HE MPUTOJICH K IKCIUTyaTaIlHH.
7.2. BBITIOJIHATH TIOBEPKY KpaTKOBpEMEHHOW (3a 15 MUHYT) HECTaOMJIIBHOCTH 4YacTOTHI
reneparopa [4-. Jlnsg 3TOro ¢ MOMOIIBIO OTCUETHBIX YCTPOMCTB YCTAaHOBUTH HA BBIXOJIEC
reHepaTopa HOMUHaJIbHOE fH 3HAUEHUE YACTOTHI paBHOE OOJBIICH W3 YacTOT 3aJaHHBIX B
n.7.1.4. C untepBasioMm B 1 MuH. mpou3BecTu 15 m3MepeHuil 4yacToThl. JlaHHBIE 3aHECTH B
Tabnuiy 3.

Tabmuna 3

Ne 1. |2 |38 [ 4 |5 | 6. | 7. 18 |9 |10 11 12| 13.] 14.| 15

Fr
kl'1g

7.2.1 BeIYHCINUTH KPATKOBPEMEHHYIO HecTabMIIbHOCTH YacToThl F = (fr)max — (fr)min

rzae: (frymax u (fr)min - MakcUMaTbHOE M MUHUMAJIbHOE 3HAYEHUS YaCTOT U3 TadL.3.

7.2.2. CpaBHUTH MOJTYYEHHBINA PE3YIbTAT C JOIMYCKAEMOU BEIMYMHON HECTAOUILHOCTH MO HOPME
Jlagon. [Tocne 30 muH. camornporpena:

st 1'4-106 Froon = (290-10 fa + 30) I';

st T4-154 Froon = 107 fu I

CnenaTb BBIBOJI O IPUTOAHOCTH T'€HEpaTopa K JaibHENIIeH SKCIUTyaTal|H.

7.3. HccnenoBatb paboTy reHeparopa Tuma ['4- B pexkuMe BHYTPEHHEM aMIUIUTYAHON
MOJTYJISIHH.

7.3.1. IlepeBecTu reHepaTop B peKUM BHYTPEHHEN aMIUIUTYAHON MOIYJISIUH.

Hnsa T4-106 tym6nep "BHYTP.-BHEIL." nepeBectu B monoxxenue "BHYTP.". Jlna '4-154
kunonkoit "HI',AM" noburtncs cBeuenus cseroauona "BHYTP. AM".

7.3.3. YCTaHOBHTH Ha BBIXOJI€ T€HEpaTOpa HANpsKEHHE:

nms '4-106 - (50 - 80) 107 B;

s [4-154 - (1.0 - 2.0) B.

7.3.3. YcranoBUTh KOA(PPUIIMEHT MOAYIISIIMUA B COOTBETCTBUU € Ta0J1.3.

Tabmumna 3

Koaddurmuent | A. b. Musm [Torpemrnocts M%

MOTYJISITHH MM MM %
Ha abcour. OTHOCHT.

reHepaTope,
M%

20

40

60

80

VYcranoBka kodddunmenta mist ['4-106 mMonmynsauuu mNpou3BOAMTCA JABYMs pydkamu. Pyuxoit
"VPOBEHb MOJIYJL." ctpenka mHaukaropa ycraHaBiuBaeTcs Ha pucky "K'". HeoOxomumbrit
KOd(PUIMEHT MOIYIISAIMU yCTaHABIMBAETCS Tiepekitouarenem "M %",




Hnst T4-154 ycranoBka ko3 (dUIIMEHTa MOIYJISAIHMH TPOU3BOJIUTCA IMyTEM CMEIICHHUS PYYKH
"VCTAHOBKA ( — AM". IlepBoHauyanbHO€ 3HaueHHs Ko3(duumeHTa MOIyISAUU U €ro
M3MEHEHUS UHAULIHUPYETCS Ha TPEX3HAYHOM LU(PPOBOM UHIUKATOPE.

7.3.4. llogxmounTh K BBIXOAY TeHepatopa ['4- ocumwmiorpad M TOIYYUTh Ha DKpaHe
OCIIJUIOTPaMMy MOJYJIUPOBAHHOTO KOJIEOaHuUsI.

s reneparopa ['4-1006 Beixon " ". Jlnsa reneparopa ['4-154

Beixo "'(1-12) V: 50 Om. Yacroty reHepaTopa pa3BepTKH IIPH 3TOM HEOOXOAUMO BBIOpaTh B 2-3
paza Hike 4acToThl Moayiupytomero curaaina (1000 ).

YcranoBuTh Ha ocuwiiorpade peKMM BHYTPEHHEH CHHXPOHU3AIMH U pydkamH "YPOBEHb" U
"CTaOMIBHOCTh JOOHUTHCSA YCTOHYMBOTO H300pakeHus. OmpenenuTh HW3MEPEHHbIE 3HAYCHUS
Kod(duUIIMeHTa aMITUTYTHOW MOIYJISILIMU CIIETYIOIIUM 00pa3omM

; ]
;avhn nvnﬁ
N A

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

JlanHble U3MEpEHU U pacyeToB CBECTH B Ta0i.3. 6

7.3.6. ITo konnyecTBEHHOM OLIEHKE MOTPEIIHOCTH U3MepeHus M caienaTh BBIBOL.

7.4. ccnenoBathk paboty reneparopa ['4- B pexxume BHENTHENH MOYIISAIUN.

7.4.1. IlepeBectu reneparop ['4- B pexxum BHEIIHEN MOTYJIALINH.

s renepatopa ['4-106 Tym6nep "Buemn.-BuyTtp." nepeBectu B monoxxenue "Buemn.". Jlns
re"Hepatopa 1'4-194 kuonkoit "HI',AM" nobutbkcs cBeueHus ceeroaunoa "BuemH. AM".

7.4.2. YCTaHOBUTD Ha BBIXO/IE€ T€HEpATOpa HAPSXKEHUE U YAaCTOTY B COOTBETCTBHHM € Ta0.4.

Tabmuma 4
Ne Opurazgst 1. 2. 3. 4. o. 6. 7. 8.
Fuec | I'4-106 0,24 0,35 0,43 0,52 0,64 0,71 1,52 1,63
MI1n | TI'4-154 0,382 0,54 0,83 0,94 1,43 1,84 2,15 2,87
Usbix | ['4- 90 92 88 66 84 75 97 69
106MB
T'4-154 5,8 4.8 3,9 44 42 3,5 51 3,8
B
Fxon |TI'3- 120 140 210 230 370 410 530 610
i
M % | I'4-106 60 90 70 80 90 60 80 50
'4-154 50 80 60 70 80 90 80 90

7.4.3. IloakI0UNTh MOYJIMPYIOIINI CUTHAJI BHELTHETO T€HEPaTOpa CUHYCOM1aIbHBIX CUTHAJIOB
HU3KOM yacToThl Trma ['3- ¢ yactoroit PmMos Ha pazsem "AM" (Buemn. AM").

Jna reneparopa 1'4-106. Perymupys HampsokeHHE MOJIYJIHPYIOIIETO CHUTHAJA, YCTaHOBHUTH
cTpenky uHaukaropa Ha pucky "K". HeoOxomumslii (3aganHblii mo Tabn.4) kosdduuneHt
MOJlyJIALIMM YCTAaHABIMBAETCS Nepek- rodareneM "M %".




Hns reneparopa ['4-154. Perynupys HampspK€HHE MOIYJIUPYIOIIETO CUTHala YCTaHOBUTH
3aJaHHbIN KOA(QPHUIUEHT MOIYISIUH [0 TPEX3HAYHOMY OTCYET- HOMY yCTpOHCTBY. CBETOAMOA
"KoHTp.AM" CBETUTBCS HE JIOJIEK.

7.4.4. Tlony4nTh OCHMJUIOIPAaMMY CUTHAJIa C 3a/JIaHHBIMM TapaMeTpaMHu U OMNPENEIUTh MO Hel
KOA(UIIUEHT aMILTUTYTHOU MOYJISILIMSL.

7.4.5. PaccuntaTh aOCOJIIOTHYIO M OTHOCHUTENIbHYIO TOTPEIIHOCTH H3MEPEHHOTO 3HAYeHUS
Kod(pduUIIMeHTa aMIUTUTYJHOW MOJAYJSILIMM OTHOCUTENIHOTO 3HaueHus M. yCTaHOBIEHHOTO Ha
reHepaTope.

7.4.6. 110 KOTMYECTBEHHOM OIIEHKE MOTPEIIHOCTA U3MEpEeHUsI M caienaTh BBIBOJ

IIpakTuyeckas pa6ora Ne9.

Tema 12. D1eKTPOHHO-Ty4eBOH OcuMIIOrpad

1. A3y4yeHue 3JIeKTPOHHOI0 ociuJIorpagda

Heas padorbi: O3HaKOMJICHME C TPUHIMIIOM JEHCTBUsA ocumwuiorpada, HcciIeI0BaHUe
XapaKTepUCTHK, IPUMEHEHHE ocLuIorpada B KaueCTBe U3MEPUTENIBHOTO Nproopa.

Ilepedennb ucnoib3yemMoro o00pyaoBaHus

1. Ocummnorpad yausepcansubiiit GOS-610FG.

Teopernyeckasi 4acTh:
biiok-cxema

Ocuumnorpad

9TO HpI/I60p, Hpe,I[HaSHa‘leHHHﬁ A HUCCIICAOBAHHMA WM pCrucrpaivun

SJICKTPHUYCCKUX ITPOLCCCOB

4

o—

i

Brop XV

B epTuransH st
YCHIHTENE

SNEXTPOHEO-
Tyt eBat
TpyhKa

TopuzoHTANEHELH
¥CHIHTENE

Teneparop
PasBEPTIH

g Sy pr—

TMHTaHHA

Puc.1 brok-cxema npocreiiiero ociuuiorpada.

brok-cxema (puc.1l) npocreiimiero ocuuiorpagda COCTOUT U3 CIETYIOIUX JIEMEHTOB:

1.

OfHMM M3 OCHOBHBIX JIEMEHTOB OCLMIUIOrpada SBISETCS JIEKTPOHHO-Ty4YeBas TpyOka, B
KOTOPOH Y3KHI My4OK JIETALIMX JIEKTPOHOB MPOXOJUT Yepe3 JIBE Naphl MIACTUH (IJIACTHHBI
“X” m nmactuHbl “Y”) W BbI3bIBaeT cBedeHHME 3kpaHa. [lmactunel “X” u mumactussl “Y”
pacrojoXkeHsl MEPHEHAUKYISPHO Apyr JApyry. Ecim mnomaBare Ha 3THM  IUIACTHHBI
HaNpsDKEHUE, JIyd ONMUILIET Ha SKpaHe KPUBYIO, HA3bIBAEMYIO OCIMIIJIOTPAMMOM.

Jist modmy4deHusl OCHMIUIOTpamMM, H300pakaromuX 3aBUCHMOCTh HAIMPSOIKEHHs] OT BPEMEHH,
HEOOXOAMM TEHepaTOp TOPU3OHTAIBLHON pa3BEepPTKU. ITO TEHEpPAToOp MUI000Pa3HOTO
HaIpsKEHUsl, KOTOPOE MOJAETCSl Ha TOPU30HTAIBHO OTKJIOHSIONIME MIACTUHBI “X” U MOXKET
MCHSATBCA 110 aMIIUTY A€ U 4aCTOTE.

AMITITUTY]a HMCCIEAYyeMOro CHUTHaJia 4acTo ObiBaeT Mana. /[ yBeldWdYeHus CUrHaia
MIPEAYCMOTPEH YCHIIMTENb BEPTUKAIBHOTO OTKJIOHEHHUS, a JIJIsi 00ecredeHus: He0OX0 MO
HIUPUHBI U300paKEHUS — YCUITUTENb TOPU3OHTAILHOU Pa3BEPTKHU.



4. B pesynbTare 1EJIOro psjaa NPUUMH 4acTOTa CUTHAJa HE BIIOJHE crabuibHa. M3-3a 3TOrO
OCLIMJIOTPaMMa CTAHOBUTCS HEYCTOWYMBOMU. I MCKIIIOUEHUs HEYCTOMYMBOCTH T'€HEPATOP
TOPU30HTAJILHON Pa3BEePTKU CBSI3BIBAIOT C UCCIIEAYEMbIM CUTHAJIOM, 3aCTaBlisAsd €ro paboTaTh
CHHXPOHHO C HU3MEHEHHMSMHU HCCIEJyeMOro CHrHaiga. OTy (yHKOM B ocumuiorpade
BBINOJIHAET OJIOK cuHXpoHu3auuu. Hccnemyemblii curHal MOXHO —IojaBaTh JHOO
HENOCPEACTBEHHO Ha MmuacTuHbl ‘X7 wuimm “Y”, 1ubo yepe3 BepTUKAIbHBIA U
TOPU30HTAJIBHBIN YCHIIUTENH.

DJIEKTPOHHO-JIy4eBasi TpyOka

ONEeKTpOHHO-Ty4YeBass TPyOKa C 3JIEKTPOCTATUYECKHUM YIPABIEHUEM COCTOUT M3 BaKyyMHOMH

KOJIOBI LIMJIMHIPUYECKOH (OpMBI C pacIIMpeHHEeM K OJHOMY KOHIy B BHAE KoHyca (puc.2).

[Toutn myockoe OCHOBaHME KOHYCa IOKPBITO CJIO€M JIIOMHHO(Opa. DTO 3KpaH TpyOku O.

OJNEKTPOHBI, BBUIETEBIINE C KaTOJAa IOJ Pa3HbIMM YIVIAMHU K €ro IOBEPXHOCTH, MONAJAI0T B

JIEKTPUUECKOE Toje IIuHApa M, OKpyKarolero karoj (MOIYJATOpa), WM, KaK €ro ere

MHA4Y€ Ha3blBAIOT, YIPABJSIONIETO 3JEKTPOJa, MMEIOIIEro OTPULATENBbHBI MOTEHIMAI

OTHOCHUTEJIBHO KaToJa. JTUM II0JIEM, IOTOK DJJIEKTPOHOB CXXHUMAeTCs W HAINpaBISIETCA B

oTBepcTHEe MojayiAropa. Tak (opmupyercs 3J€KTPOHHBIM My4oK. VIHTEHCHMBHOCTH IMydka, a

CJIEOBATEJIbHO U SPKOCTb CBETALLErOCSA Ha DKpaHE ISITHA MOXHO PETyJIMPOBATH C IOMOIIBIO

noreHnuomerpa Ri, T.K. mosie ynpapisioOIIEro 3J1€KTpoja NOMUMO CKUMAIOIIEro JAeUCTBUS Ha

IOTOK D3JIEKTPOHOB OKa3blBaeT elle U Topmossiee neiictBue. IIpum nocratoyHo Oo0sblIoM

OTPULIATENILHOM ITOTEHIIMAIE MOIYJIATOPA MOYKHO COBCEM “TIOracUTh’ MyUOK.
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Puc.2 DnektpoHHO-11ydeBas TpyOKa C 3J1€KTPOCTATHUECKUM YIIPABICHHUEM.

[Tocnie MomysITOpa 3JIEKTPOHHBIN MTyYOK MONAAAET B MJIEKTPUYECKOE MOJIE TIEPBOrO aHOAA, WIIH,
KaK €ro emie HasblBaloT, (OoKycupyrolero HwinHiapa. Ha Hero momaercs HOJOXUTENbHOE
OTHOCHUTEJIBHO KaTOJa HANpsDKEHUE MOpsiKa HECKOJIBKHUX COT BOJIBT. JTO IIOJIE YCKOPSET
AIIEKTPOHBI B ITyUKe U, Ojaroaaps cBoed KOH(Urypanuu, CkMMaeT 3JeKTPOHHBIN my4yok. Takum
o0pa3oM, poKyCHpOBKa JIyya JOCTUTAeTCsl U3MEHEHHEM MOTEHI[MajIa IEPBOro aHOAa ¢ TIOMOIIbIO
noTeHimomeTpa Ro. BTopoit anon mpencraBinser w3 ceOS KOPOTKUM HIUHIDP, KOTOPBIA
pacroyiaratloT HEMOCPEJICTBEHHO 3a IEPBBIM aHOJAOM MU MOJAIOT Ha Hero Oojiee BBICOKOE
noyioxuTenpbHOoe HampsbkeHue (1-5 kB). 5TOT aHOm HA3BIBAIOT €IIe YCKOPSIONIMM aHoioM. B
pe3yJbTare IEKTPOHAM COOOIIaeTCsl JOCTaTOYHAsE CKOPOCTh, YTOOBI BBI3BATh CBEUCHUE DKpaHa,
a Omarojapsa (oKycHpOBKEe Ha 3KpaHe MoJlydaercsi cBeTsmiasicss Touka. CucreMa 3JIeKTpOJIOB:
KaTOJ-MOAYJIATOP-TIEPBBIA  aHOA-BTOPOH aHOA OOpa3ylOT Tak HAa3bIBAEMYIO AIIEKTPOHHYIO
nymky. Jlanbiie pacnosoKeHsl JIBe Mapbl MapajjieNbHbIX MacTuH. OHa U3 HUX YCTaHOBJIEHA
TOPU30HTAIIBHO, a Apyras BepTHKanbHO. Ecnu k mmactuHam “X” u “Y” NpUIOKUTH pa3HOCTb
MOTEHIINAJIOB, TO 3JEKTPOHHBIN JIyd OyJeT OTKJIOHATHCS B TOPU3OHTAILHOM WJIM BEPTHKAIBHOM
HafpaBieHusX. TakuM o0pa3oM, IpeTepreB Ha CBOEM ITyTH JIBa B3aUMHO MEPHEHIUKYIISPHBIX
OTKJIOHEHMS, JJIEKTPOHHBIA JIyd MOXET OBITh HampaBieH B 00y TOuKy 5kpaHa. [lpu



OTCYTCTBUM OTKJIOHSIOIIMX HAINpPSOKEHUH Ha TUIACTMHAX AJIEKTPOHHBIN JIyd MOMAgaeT B LIEHTP
JKpaHa.
1.3. IlpyHIMI MOJYyYeHHUS OCHMJIJIOTPaMM

Puc.3 [Ipunnun rpadguieckoro nocTpoeHusl.

Eciu Ha BepTUKAIbHO OTKIOHSIOMIME IUIATUHBI Y™ 3IEKTPOHHO-TY4YeBOM TPyOKH MOAATh
MEePEMEHHOE HAaIpsHKEHUE, TO OJJICKTPOHHBIA JIyd HAYHET KOJIeOaThbCsi B BEPTUKAIBHOM
HAIPaBIIEHUU U OCTAaBUT HAa JKpaHe TPYOKHU CBETALIYIOCS BEpTUKAIbHYIO JuHHIO. Ecim ke
MepEMEHHOE HAMNPSHKEHHUE MOJaTh TOJBKO HAa TOPU3OHTAIBHO OTKJIOHSAIOIIME IUIACTUHBI “X”, TO
Ha KpaHe MOJYYUTCS TOPU3OHTANIbHAS CBeTAlIascs nuHus. [Ipu oqHOBpeMEHHOM BO3JIEHCTBUU
MEPEMEHHBIX HAIPsHKCHUU Ha 00€ Maphl IJIACTHH B 3aBUCHMOCTH OT COOTHOIICHHS MX 4acToT,
aMIUUTYA ¥ (a3 MOXKHO MOJIYYUTh Pa3IUYHbIe OCIMILIOrpaMMbl. PaccMoTpum, 4To moirydaercs,
ecnM Ha 00€ mapbl IUJIACTUH IMOJaBaTh JIBA CHHYCOMJAIBHBIX HAIPSKEHUS, B KauyecTBE
MCTOYHUKOB CHHYCOUAAIBHBIX HAMPSKEHUH MOXKHO B3SITh HampshKeHUE U3 ceTH yacTtotor 50 I'1g
WIK HAmpsDKEHUE OT 3BYKOBOIO TEHEparopa Jto0OW dYacTOTBl B 3BYKOBOM JIMAIla30HE
npubnm3utensHo 10 20 k[, Bo3pMem st mpOCTOTHI [1Ba CHHYCOMIANBHBIX KojeOaHuUs
OJIMHAKOBOM YacTOThl M OJMHAKOBOW AaMIUMTYIbl UM METOJOM TpadUyecKOro MOCTPOCHUS
Haiinem popmy ocuuiorpammsl. [IpuHIMI OCTpOeHUS BUIEH U3 YepTexa (puc.3).

Utak, ecnu cuHycOMAaIbHBIE HAMPSKEHUS COBMAJAIOT IO YacToTe W Mo ¢asze, TO Ha dKpaHe
MONTy4aeTcsl HEMOJBIDKHAS TpsiMass JHUHUA. MeTonoM Tpaduveckoro IMOCTPOSHUS JEeTKO
paccMOTpETh, YTO TMOJYUYUTCA Ha dKpaHe ocuwuuiorpada, e€Ciu 3TU HaIpsSHKEHUs CIABUHYTH IO

T AW

base Ha mr060I yromn. B obmem ciydae 6yaer HaGMIOAATHCS SIUTHIIC, IPH caBUre Ga3 < , 2 u
T.I. — OKPYXHOCTb, a Tpr 0, ®, 2%y T.j. — mpsmas. MaTeMaTHUECKH 3TO BBIPAKACTCS
CHCTEMOU YpaBHEHHUIA:

=4 asnwt
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W ckiounB U3 PUBEIEHHBIX YPaBHEHUN BpeMs t, TOJIyUUM:

B
F=E'(Xcos¢:’+ﬂiﬂj -x* sing)

B o6mem cimydae 3TO BBIpaKEHHE €CTh YpPaBHEHHME 3JUIMIICA, & B YaCTHOM — OKPYXHOCTU U
IPSIMOA.

Ecnu mopaBath Ha MIACTUHBI CUHYCOUJIAbHBIE HANPSXKEHUS Pa3IMUHOM YacTOThI, TO KapTUHA
Ha 9KpaHe YCJIOXHHUTCS, HO SICHO, YTO €CJIM YaCTOThl ITHX HAMPSUKEHUH OYyIyT OTHOCHUTCS APYT
JIpyry Kak LieJble 4Yuciia, TO Yepe3 OMpPEeNeNCHHbIE MPOMEXYTKH BPEMEHU CUTyalus JOJKHA
MOBTOPATHCS, U OCLMJUIOTpaMMa IOJyUYNUTCS HEMOJIBHKHOM. DTH HENOJBUKHBIE KPUBBIE HOCAT
Ha3zBaHus puryp Jluccaxy.

Xox paboTsr:

1. 3yuuth yHKIMOHATBHYIO CXEMY OCIIMIuIOrpada.



2. 3yunTh Ha3HaYEHNE OPTraHOB YIIPABIICHUS.
3. OTBETUTH HA BOIIPOCHI
1. KakoBo HazHayeHne U  00JaCTh  NPUMEHEHHS]  AJIEKTPOHHOIO
ocmuiorpada?
Kak obecnieunBaeTcsi yCTOMUMBOCTh M300paskeHuUs Ha SKpaHe?
B kakux pexxumax MOXET paboTaTh T€HEpPaTop Pa3BepPTKU?
Kak u3mepsiercs HanpspkeHUe Ipy MOMOIIH ocimuiiorpada?
Kak n3mepsiercst AIUTEIBHOCTD MTPU MOMOIIM OCIiruIorpada?
IIpakTnueckasi padora NelO.
Tema 12. D1eKTPOHHO-Ty4eBO ocuuIorpad.
Omnpenesienne nmapamMeTrpoB pa3BepTKH ocHULIOrpada.
Heap padorei: HayuuThcs onpenensTs BUABI U IapaMETPhl HENIPEPHIBHOM U XKAYIIEH pa3BepTKU
JUTSL TIOJTYYeHHSI YETKOTO U HEMOIBH)KHOTO M300payKeHus Ha 3KpaHe ocuusuiorpada.
Ilepeyennb ucnoib3yemMoro o00pyao0BaHus
2. Ocuumnorpa¢ yausepcanbubiii GOS-610FG.
3. T'eneparop curnamnos GAG-810.
TeopeTnyeckas 4acThb:
I'enepaTop nui000pasHoro HanpsizkeHusi (reHepaTop pa3BepPTKH)
JUist mosrydeHus OCIMIIIOrPaMMBbI, H300paXaromieil 3aBUCUMOCTh MCCIIEyeMOT0 HAMpPSHKEHUS OT
T, =fit)
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BpPEMCHH , BcriomorarenbHoe HampspkeHue Ux TOIDKHO OBITh MPOMOPIIHOHATBHO
BpeMeHHU. [Ipy 3TOM 3JIEKTPOHHBIA JIy4, OTKJIOHSICh B BEPTHKAJIBLHOM HANpPABICHUU B
COOTBETCTBUU C 3aKOHOM HCCIIEIyEeMOr0 HAIPsHKCHHS, OJHOBPEMEHHO OyJeT JIBUTaThCs
pPaBHOMEpPHO BJOJIb 3KpaHa. 3Ha4yuT, HampsbkeHue Ux pa3BepTKU JODKHO CPaBHUTEIBHO
MEJICHHO BO3pacTaTh B TEYCHWHM HEKOTOPOTO BPEMEHH, a 3aTE€M MTHOBCHHO TaNaTh JO HYJISA
(puc.4a). rpaduk Takoro HampspKeHUS Mo (opMe HaloMHUHAaeT 3yOlbl MWIbI, MO3TOMY 3TO
HaNpsODKCHWE HA3bIBACTCS MHJIOOOpa3HbIM. PeanbHO mHIIO00pa3HOE HANPSHKEHHE IOYyYaroT
NyTeM YepeayIoNMXcs MEXIy co0oil 3apsaku (puc.40) (Bpems t1) m paspsaku (Bpems to)
KOHJIeHCaTopa.

T

Puc.4a Puc.46

O4eBUIHO, YTO TPU PABEHCTBE IEPHOJOB HCCIEAYeMOro HampspkeHus Tn u pasBepTku Tp Ha
JKpaHe MOJYYHUTCS OJHMH Mepuo/] uccieayemoro Hampspkerus (puc.5). Ilpu Tp=nTn (N — nemnoe
YHCII0) ocUMJuIorpaMMa OyAeT NpeacTaBisATh coOOM KpHUBYIO U3 N NEPUOAOB HCCIEAYEMOTO
HanpspkeHus. [IpM He3HauMTeNbHOM HapyIIEHHH STOr0 YCIOBHUS OCHWJIOTpaMMa HayHET
nBuratbes au6o Brpaso (Tn >Tp) mubo BieBo (Tn<Tp) Bnomb ocu X.

i N Takum o0pa3zoMm, Ui MOJYYEHHsS BPEMEHHOM
OCHMJUIOTPaMMBI ~ HaJI0 HAa  BEPTHKAIBHO
ﬂ OTKJIOHSIOIIME TIJIACTUHBI TPYyOKH MOJaBaTh

\/ , L, | ucciexyemoe HanpsHKeHue, a Ha

. \ J \j/ TOPU30HTAJILHO OTKJIOHSIOIIME IUJIACTUHBI —
T nuiooOpazHoe HampsbkeHue. YacToThl ATUX
HANPSDKEHUH MeEXJTy COOOM TOMKHBI OBITh
U. PaBHBIMH WJIH OTJIWYATBCSA NAPYT OT JApyra B
L[eJI0€ YMCII0 pa3. [ eHeparop pa3BepTKN MOXKET
paboTaTh B pa3NMYHBIX pexuMmax. Hamo
MTOMHUTB, 4TO JUTSt HaOII0IeHUS
vt NePUOANYECKHUX CHUHYCOMJIaJTbHBIX
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Puc.5 HaNnpsHKEHUHM, CIYKUT HENpEpbIBHASA, WIM Kak
€e Ha3bIBAlOT WHAaye, aBTOKoJieOaTenbHas
pa3BepTKa.
[Ipotieccol ke nepexoiHble, TOBTOPAIONINECS Yepe3 HEOJUHAKOBBIE TPOMEKYTKA BPEMEHU WUITU
UMEIOLINE BUJI OY€Hb KOPOTKUX MEPUOINYECKUX UMITYJIHCOB (MM OJJHOKPATHBIX UMITYJILCOB), HE
y/IaeTCsl UCCIIEZIOBATh BU3YalbHO MPH MIOMOIIY TTOBTOPSIFOIICHCS MUI000pa3HOM pa3BEepPTKHU.
UroObl MOXHO OBUIO HaONIOAAaTh KOPOTKHE MMITYJIbChl, KaK IEepUOAMYECKHEe, TaK U
HCMICPUOANYCCKUC, TIIUTCIBbHOCTb PA3BCPTKHU AOJDKHA OBITh HECKOJIBKO 60JIBIJ.I€ JINUTCIIBHOCTHU
uccienyemoro curtaia. [lomoOHble pa3BEepTKH Ha3bIBAIOTCA MKAYIIMMH WM OJHOKPATHBIMU.
['eneparop xaymiei pa3BEepTKH cOOMpaeTcsi HAa OCHOBE CXEMBI T'eHepaTopa MHI000pa3HOTo
HANpPSDKEHUs, HO OH MPUBOJUTCS B JCHCTBHE MPH MOMOIIM BHEIIHETO 3allyCKAOIIero CUrHaa,
MOJT ACMCTBHEM KOTOPOTO TEHEPATOP KAYIIEH pa3BepTKH CO3JACT TOJIBKO OJUH MUI000pa3HBII
umnynsc. [lo mpekpamieHun IEHCTBUS 3allyCKaloIlero CUTrHajla TeHepaTop BO3BpAIAeTCS B
COCTOSIHUE IOKOS J0 CJIEIYIOIIEro CUrHaja.
Knymass pa3BepTka XapakTepuszyeTcsi TeM, YTO CKOPOCTh HW3MEHEHHS MHI000pa3HOro
HAIllpsOKCHUA MOKHO PEeTryJIUupoOBaTb COBCPHICHHO HE3aBUCUMO OT YaCTOTBI HU3MEPSACMOIO
HanpspkeHus. CreoBaTenbHO, OTMANACT HEOOXOAMMOCTh B CHHXPOHHM3AlMU U CO3/aeTcs
BO3MOKHOCTh HAOJIIOaTh Ha SKpaHE 4YacTh MCCIENyeMOro HampsikeHus. Yacto 3amyck
reHepaTopa pa3BepTKH MPOU3BOAUTCS CAMHUM HCCIEAYEMBbIM CUTHAIOM
JIist TIoJTydeHUsT HENOJIBMXKHOTO W300paXeHHS Ha dKpaHe ociwuniorpada mepuoj pa3BepTKH
JOJKeH OBITh paBeH WM KpaTeH MepuoAy CurHaia, T.e. Tp = n * TC mpu uccieqoBaHUU
CHHYCOMJAJIbHBIX CHUTHaNOB. [Ipu wucciaenoBaHUM CUTHAJIOB, CIEAYIOMIMX C  OOJBIION
CKBaKHOCTBIO (Q Oouibliie 5) MCHONB3YyEeTCs KIylas pa3BepTKa, CyTh KOTOPOIl COCTOUT B TOM,
4YTO UMITYJIBC PA3BCPTKH IMOAACTCA Ha X-INIaCTUHLI TOJIEKO TOorga, Koraga €CTb I/ICCJIGIIyeMBII\/JI
CUTHAJI, IPUYEM JUIUTEILHOCTh UMITYJIbCAa Pa3BEPTKH COM3MEpPUMA C ITUTENLHOCThIO CUTHATIA, a
BpEMA 3aICPKKHU CUTHAJIa ONPCACTIACTCA UCXO0OA U3 TOI'O, YTO UMITYJILC CUTHAJIA JOJIKCH OBITH
MocepeIMHE Pa3BEPTKHU.
Xoa padoTsl
1. Onpenenuth BUA pPa3BepTKH, dYacToTy pa3Beptku fp, mepuom passeptku Tp,
JUTMTENIBHOCTh UMITYJIbCA PA3BEPTKH TP, BpeMs 3aJ€pKKHU CUrHaja 13 s skayuieit
pa3BEPTKHU.
VcxonHble JaHHBIE IS pacdeTa B3sITh U3 Ta0muibl 3.1

no| HenpepbiBHasA pazBepTka Knymas pa3ssepTka
CHHCKY Cunyconpanssbiii | [IpsMoyronpHbIii IIpssMoyTOnBbHBIN
CUTHAJI CUTHAJI CUTHAJI
Yacror Kon-Bo | Hacrora JnurenpHOCT Koui-Bo Yacrora | Anut-TH
a [IEPUOI0B CUTHaJIa b umnyiascoB | CurHana | ummyJbeca
curHan | Ha o9kpase | Fc, kI'ng HMILYyJIbCa Ha DKpaHe fc, k' CUTHAJA,
a OCLIMJLIIOTpa CUTHAJIa, MKC MKC
ba octutorpada
N N 1,2,3 0,8N 0,5T 1,2,3 N 0,1T
1.1 Pe3ynbTathl pacueTa 3aHecTH B Tabauiy 3.2
Taomuma 3.2
Ne o HenpepsiBHas1 pa3BepTKa AKnymas pa3BepTka
crucKy| CHHYCOMIANIbHBIN CUTHAIT IIpssMOyTONIBHBIN CUTHAT [IpssMoyTOIBHBIM
CUTHAJI




fc, fp, Tp, P, Kon- fc, fp, Tp, | tp, | Kon- fc, fp, Tp, |1, |13
k[ | k' | MKC MKC BO kl'n | k[ | MKC | MKC BO k[ | kI'm | MKC | MKC

nep. nep.

Ha Ha

JKpaHe SKpaHe

OCII. OCII.

1 1

2 2

3 3

Conep:kanue oT4yera.
OT4éT 10/12KEH coiepKaTh
1.2 Ha3Banwue paboThl.
1.3 enn paboTHI.
1.4 TabGnu1el pe3ybTaToOB pacuera.
1.5 Bun ocumsuiorpaMM HanpsiKEHUH pa3BepTKU U CUTHAJIA.
1.6 OTBeTbI Ha KOHTPOJIbHBIE BOIPOCHI.
1. Korna ncnonp3yercst HeTIpepbIBHAS pa3BepTKa?
2. Korga ucnonb3yercs x1yias pa3Beprka?
3. Kak momyunts Ha 3KpaHe ocmuiorpada HeMmoIBMKHOE U300pakeHne curaaia?

IIpakTHyeckas padora Nell.

Tema 13. OcHOBHBIE CTIOCOOBI 0TCUETA HANIPSIKEHUS] U BPeMEHHBIX HHTEPBAJIOB.
HN3mepenne 4acToThl U BpeMeHHBIX HHTEPBAJIOB
Hesas padorsl: [Ipnobpectn ¥ cucTeMaTH3WpOBaTh 3HAHUS MO TeMe «l3MepeHue 4acToThl U
BPEMEHHBIX HUHTEPBAJIOBY.
IlepeyeHb UCNOIB3YEMOr0 000PY10BAHUS

4. Ocuumnorpad yausepcanbubii GOS-610FG.

5. Teneparop curnamos GAG-810.
Teopernyeckas 4acThb:
Ocumiiorpag-4yacroromep
a) OnpenenuTh 4aCTOThl CHHYCOMAAIBHOIO HANpPsDKEHUST MOXKHO C MoMoIbio ¢uryp Jluccaxy.
Jlns 3Toro uccieayeMblil CUrHai MoJaeTcs Ha OAHY Mapy MiacTuH “Y”, a Ha ApYyrywo mnapy
IUTAaCTHH TMOJAETCs HalpsDKEHUE OT 3BYKOBOro reHeparopa. Ecnu yacToTsl OyayT OTHOCHTBHCS
Kak 1enble yncia (Hanpumep 1/1, 2/3, 4/5, u 1.1.), TO n300pakeHUE MOTYUUTCS HEMOABUKHBIM.
[Tonbupast 4aCTOTy 3BYKOBOT'O IeHepaTopa MOXKHO JOOUTHCS TAKOTO MOJIOKEHHsI, YTOOBI (purypa

e T 3
bo== bo=s bo=—
Jluccaxy Obuta pazBepHyToit (puc.6). [Ipu sToMm 4 2 4 , T.€. JIMHUHU HE

CITUBAIOTCS KaK MPH Ap=0.7

Torz[a, €CJIM MBICJICHHO 3aKJIOYUTh €€ B KBAaJApaT U MMOCHUTATh YUCIIO KacaHMH K BepTHKaﬂBHOﬁ

CTOPOHE KBajJpaTa W K TOPU30HTAILHON CTOPOHE KBajapara, TO COOTHOIICHHE 3TUX YHCEN OyaeT
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3TO JIETKO MOHSTH U3 CIEAYIOUINX PACCYKISHHI: MyCTh NEPUOJT Yepe3 KOTOPBIN cuTyanus Oyaer
HOBTOPATHCS, T.€. JTyd HauHET JABUraThcs 1O MpekHed TpaekTopuu Oynet (puc.7). 3a 310 Bpems
HanpsokeHue Ux TPUKABI JOCTUTAJI0 MAKCUMYMa, T.€. YUCJIO KAaCAHUM K BEPTUKAJIBHOW CTOPOHE
KBajgpata Oyner paBHO TpeM nx=3, Uy MakcuMyma, T.e. YMCIO KacaHWM K TIOPHU30HTAIbHOM

CTOpOHE KBajipaTa OyneT paBHO JABYM ny=2. Takum obOpazom: 7

Onpenenuth 4YacTOTy MEPHUOJUYECKHX CHUTHAJIOB JHOO0OW (OPMBI MOXKHO HCHOJIB3YS
HEMPEPHIBHYIO pa3BepTKy. JJis 3TOro HEOOXOIMMO Ha BEPTUKAIHHO OTKJIOHSIONIME TUIACTUHBI
NOJaTh MCCIIEIYEMbId CUTHAJI, a Ha TOPHU3OHTAILHO OTKJIOHSIOIIME TUIACTHHBI HAIPSOKEHHE C
reHepaTopa pa3BepTKH H MOA0OpATh TaKyK YacTOTy MWJIOOOPa3HOrO HAIpPSHKCHHS, YTOOBI Ha
9KpaHe MoJyymiachk ociuiorpamma (1-2 nepuona). st Toro, 4roObl OHA CTajia HEMOIBUKHOM,
HY)XKHO T0A00paTh ypOBEHb CHHXpPOHM3alUMH. B CcOBpeMeHHBIX ocummiorpadax HMeercs
NEPEKITI0YaTeNIb CTPOr0 KAIMOPOBAHHON YacTOTHI IeHeparopa pa3BepTKU. [1ocKonbKy Bpems
ABVOKCHUA JIyda IO TOPU3OHTAJIM TOYHO PABHO ICPUOAY HI/IJ'IOO6p213HOFO HAIps>KCHUA, OCbhb X
MOYKHO TPOTpaayHpoBaTh B CIUHHIIAX BpeMeHU. Mcmonb3ys macmrad “Bpems-aelieHue”,
YKa3aHHBIH Ha TIEpeKIIoYaTelie YacTOTHl T'eHepaTropa pa3BEePTKH, HU3MEPSIOT TEPUOJ
HCCIIETyeMOT0 CUTHAaJA.

T 4

JAWANA
VIAVARY

ANA
VIRV,
T
Puc.7

Xoa pabdoTsl

Paccmotpets Ha ocumiutorpade curHaisl ¢ reHepatopa JI31 (mpsiMoyroibHbIE, TPEYTOJbHbBIE U
CHUHYCOUJANIbHbIE HMMITYJIbChI). VI3MepuTh mepuoJi CUTHAJIOB Ha pa3HBIX JUarna3oHax dYacToT
ocumiIorpad)oM 1 CpaBHUTH €0 C MOKa3aHUsIMH reneparopa JI31.

Pe3ynbTarsl 3aHecTu B Tabnuiy 1.

Tabnuna 1.

Bux uMnyisca £ T - 1 T

OCLII/IHJIOFpa(I)-(I)aBOMCTp. ®daza XapakTCpU3lyCeT COCTOSIHUC TapMOHHUYCCKOro IIponecca B

U= 1I,cos0

ornpezieNieHHbIi MOMEHT BpeMeHH. Da30if TapMOHUYECKOT0 KojeOaHus CUUTAIOT



apryment = oL+ @y 3nech Up — ammmuTyna konebaHuii, ' — Kpyrosas 4acToTa, paBHast 2nf

t — Bpemss, "0— mauanpHas asa XxapakTepu3ylomas COCTOSHHME FAPMOHHYECKOTO KOIEOAHMS B
MOMEHT Hayajia OTcueTa BpeMeHH, T.e. npu t=0. 13 monHsTus ¢as3pl BEITEKAET MOHITHE O CIABUIE
a3 IByX TapMOHHUYECKUX KOJICOAHHI OJHOM M TOH K€ 4aCTOTHI:

(P =0y = Oy = (0t+ @) - (0t + @)= - %2 (1)
CnBur ¢a3 MOXXHO OMPEACTUTh, METOIOM 3Jutnrica. Eciu Ha turactuHbl “X’ MOJaHO HaMpsHKEHUE

- ' N T, =EBsinlwt+
Uy = Asinot , @ Ha TUIACTHHBI “Y” — HaNpsOKCHHUE TOM XKe YacTOTBl ¥ ¢ 2

9KpaHe ocruuiorpada moxyduTcs H300paKeHUe JUTAIICA B BUJIC:
E
¥ = " (zoosp +~/A% — 2% sing)

T

s ]
E
¥ *
Ve

A

, TO Ha

)

Bl

rie A u B — ammumrynssie, a X U Y — MIHOBEHHbIC 3HAUECHHUS OTKJIOHEHHUS IISITHA B

TOPU30HTAILHOM M BEPTHUKAIHLHOM HAMPABIEHUSX COOTBETCTBEHHO (pHC.1).

Puc.1 Pe3ynbTat cioxeHus: 1ByX TapMOHUYECKUX KOJIEOAHUN OJMHAKOBOW YAaCTOTHI BO B3aUMHO

NEePHEHANKYIISIPHBIX HAIPABICHUSIX — JJLIUIIC.

Jlns onpeneneHuss TOUKU MEPECEUEHUs 3TOTO AJUIUIICA C OCSIMM KOOPAMHAT MOJIOXKUM CHavaja

y=0, a morom x=0. Toraa noxy4yum:

sinp =% o _ iﬁ
A B (3)

Ecnu orperynupoBats ycunenue no “X” u no “V” tak, 4ro6s1 A=B=D, T0o noixyuum, uyto

kA ¥
- i ]
siip=t—=+—

D D

Takum oOpa3oM, MO TOYKAM TIEPECEUCHUs] DIIIIUICA C OCSAIMU KOOpPAMHAT Xo MU Yo H
MaKCHMaJIbHOMY OTKJIOHEHUIO Jyuya A U B omnpenenstor casur ¢az Mexay AByMs KoeOaHUSIMU
OJIMHAKOBOU YaCTOTEI.

IIpakTuyeckas padora Nel?.

Tema 14. U3mepenue pa3osBoro casura

Ocuniiorpaguyeckne MeToAbl U3MEPEHHH.

Lesas padotei: [IpnobpereHre U cucTeMaTH3alMsI HABBIKOB PA0OTHI € OCIIMIIIOrpad oM.

IlepeyeHb HCIO/1b3yeMOro 000pyA0BaHUSA

6. Ocmmutorpag yausepcanbubiii GOS-610FG.
7. T'eneparop curnamos GAG-810.

Teopernyeckas 4acThb:

[Ipy Hanuuuu IUHEHHOW pa3BepTKH ocIIorpada TOpU30OHTaJIbHAS OCh SIBISIETCA OCHIO
BPEMEHM, a BEPTUKAJIbHAs OCBbIO HaNpspDKeHMH. JlomycTwM, 4TO pa3BepTKa HAEaIbHO JIMHEHHA M
CKOpPOCTb JIB)KEHUS JIyda B TOPU30HTAILHOM HAIllPaBJIC€HUN U3BECTHA.

Torga 3amadya ompeneseHHs BPEMEHHOIO HWHTEpBaja CBOIAUTCS K M3MEPEHUIO JIMHEWHOTO
pa3Mepa HMHTEpecylollleld Hac 4acTU OCHMJIOTPAMMBI U JIEJIEHUIO MOJTYYEHHOI'O YHciia Ha CKOPOCTh
pazBepTku. C TOUKM 3pEHMsSI H3MEPEHUS BPEMEHHOIO HHTEpBaja BBIFOJHO IIKaJly pPETyJATOpa
pa3BepTKHU IrpalyHpoBaTh B BEIUYMHAX CKOPOCTH OTKJIOHEHUS Jy4ya. OOBIYHO UCIONIB3YIOT BEIUYUHY,
00paTHYIO0 CKOPOCTH, KOTOPYIO HA3bIBAIOT KOA(PPHUIIMEHTOM Pa3BEPTKH:



Kr =Tmnp/ Lt

I'me Lr — mnwHA OTpe3ka rOpu30HTAIBHON OCH, COOTBETCTBYIOIIAS JUIMTEIHHOCTH MPSMOTO Xoaa T
mp. KoaddunmeHnt pa3sBepTku Ha pa3HBIX AUaNa30HaX BBIpaXKaeTCs B MKC.//el., MC./ed., ¢./ei.
3HaueHue BPEMEHHOTO MHTEpBaja OMpPeAeIIsaeTCs YMHOKEHUEM U3MEPEHHOTO pa3Mepa HyKHOW J4acTh
OCIIHJUIOTPaMMBbI Ha K03 uIneHT pa3BepTku K .
AHAJOTUYHO [UISl XapaKTePUCTHKU BEPTUKAIBHOW ocu ocuwuiorpada BBeneH KodQQUIueHt
OTKJIOHEHHUSI.

Kr =Usx/LB

I'me UBx - ammuMryna curhana, mojaBaemas Ha BXoj Y,; LB-OTKJIOHEHHE Jy4ya B BEPTHKAJIbLHOM
HampaBlieHUHU, cooTBeTcTBYMOMEee 3HaueHue UBx. Koaddunuent orkiionenus Beipaxaercs B B/nen.,
MB/nern.

Xoxa padoTbI:

1. 3meputh aMIUIUTYAY UCCIEAYEMBIX CUTHAJIOB.

Jns u3MepeHus HanpsDKEHUs 1MojaTh Ha BXoj Y curHan ot reHepatopa GAG-810 ¢ vacroToii
1000T'n. ITomoOparh Takyr UIMTEIBHOCTH PAa3BEPTKH, YTOOBI HAa JKpaHE HAOIIOAANIOCH 2-3
nepuoja u3MepseMoro curHana. llepexirouatens BXOJHOTO —arTeHroaropa «BonbT/men.»
MOCTaBUTh B TaKO€ IMOJIOKEHHUE, YTOOBI M3MEPSAEMBIA CHUTHAJ IO BEPTUKAIM HE BBIXOAWJI 3a
npenensl dkpana DJIT. 3amaBasch BeNWYMHOW HANpPSDKEHUS HA BBIXOJIE T€HEpAaTopa COTJacHO
TaHHBIM TaOmuibel 4.1.1 W3MepUTh aMIUIMTYIHOE 3HAYCHHWE HAIPSHKCHUS ocIumiorpagoM u
paccuuTaB AeicTBytoiiee 3Hauenne U, cpaBHUTH ero ¢ HanpspbkeHueM UreH. JlaHHble u3MepeHuit u
pacueToB BHECTH B Tabnuiy 4.1.1

Taoauua 4.1.1

Bapuant HarmpsixeHne yCTaHOBIIEHHOE Ha BBIXOJIE.
UreH, reHeparopa Uren , B
B 114|710 |0,03 0,08 0,15 0,25] 0,35 0,45 0,8 151253545 (55
2|/5/8]11 |0,0501(0,2]03]0405]1 2 |3 |4 |5 |6
3161912 |0,06 0,12 0,18] 0,28/ 0,38/ 0,6 | 1,2 2313814256 6,8
Uammi, B
UB
0, %

rae U=Uamrn / J2

8 %= (Uren-U) e 100% / Uren

5.2 W3meputh NIUTENHHOCTh MEPHUO/IAa HEMPEPHIBHBIX CUTHANIOB. J[J1s1 M3MEpEeHUs] yCTAaHOBUTH Ha
rerepatope ['3-102 nanpspkenue 1B, u mogate curaan Ha Bxon Y ocumiuiorpada. nurensHocTh
pa3BepTKH BeIOUpaATh Takoi, yToObl HabmonaTh 1-10 nmepuomoB uzmepsemoro curnaina. OTcunuTan
KOJIMYECTBO JAENEHUHN MO TOPU30HTANHU Ui 8 MEepHUOoI0B HAOII0AaeMOro CUTHAlla U YMHOXKHB Ha
LIEHy JIeJeHUusl KajauOpaTopa IJIUTEIBbHOCTH, OINPEACIUTh JUIMTEIBHOCTh & mepuoaoB. Jlis
onpee’eHus JNIMTEIbHOCTH OJTHOTO MEPHO/Ia MOIYYSHHBIN pe3yIbTaT pa3AeauThb Ha §.

JlaHHbIe U3MEpEeHUH U pacyeToB BHECTH B TabnuIly 4.1.2
Tab6auna 4.1.2

Bapunanr YacToTa yCcTaHOBJICHHAs HA BBIXOJE.
frew, reHeparopa fren , ['n
'y 114|710 |1000 | 2000 10000 20000 30000 50000
25|8]11 | 1500 | 3000 15000 25000 40000 60000
3[6]9]12 | 2500 | 4000 20000 35000 70000 100000
T, Mc
Tpacu, mc

AT




[To u3mMepeHHOM IIUTETBLHOCTH NIEproia T MOXKHO ONPECIUTh YacTOTY,

f=1/T.

5 ConepxaHue oTYeTa.

OTuéT NOKEH coepKaTh

5.1 Llenb paGoTHI.

5.2 3apanue.

5.3 Ilepeuenp mpuOOPOB U 0OOPYIOBAHHUS.
5.4 TaOau1bl U3MEPEHUHN U PACUETOB.

5.5 BeiBoabI IO padote

5.6 OTBETHI Ha BOIIPOCHI.

1. Kak onpegensercst 4yBcTBUTENbHOCTD DJIT?
2. Bwuapl cuaxpoHu3anuu ocuusuiorpaga’?

IIpakTuyeckas padora Nel3.

Tema 15. U3mepeHnne napaMeTpoB CUTHAJIOB.

HN3yyenue padoTsl H¢poBOro 4acToromepa.

Heapr pabGorbl: M3yunTh (QYHKUMOHAIBHYIO CXEMY 4YacTOTOMEpAa, Ha3HAYeHHE OpraHoB
ynpasieHus npudopa. Hayuutbcs mpou3BoIUTh U3MEPEHHUS.

Ilepedennb ucnoib3yemMoro o00pyaoBaHus

1.I'eneparop GAG-810.

2. Yacroromep U3 —57.

Teopernyeckasi 4acTh:

N3MepeHne 4acToThl — OJHA M3 BAXKHEHIIMX 3a/1a4 U3MEPHUTENIbHOM TexHUKU. Hamnuwne

BbBICOKOYACTOTHBIX 3TAJIOHOB OIIPCACIIACT BOSMOXKHOCTh U3MCPCHHA YaCTOTHI C ITOI'PCHIHOCTBIO +
5-1070,

HapaMeTp MNEPUOAUYICCKOro CHUIHaja, XapaKTepmonmHﬁ HauMEHbBIINH HHTCPpBAJl BPCMCHHU,

4yepe3 KOTOPBIM TOBTOPSIOTCS €r0 MTHOBEHHBIE 3HAuUeHHsI, Ha3bIBAlOT mepuogoMm T. Benmuuna,
oOpartHas nepuoay, HazbiBaercst yactotoi: = 1/T. Enununei n3mepeHus 4acToThI SIBISETCS Iepi]
(1T = Icl, Te. enuHMIa YacTOTH ompenenseTcss MPHHATHIM Pa3sMEPOM EIHHUIIBI BPEMEHH).
[pumensioTcs kpaTHble emuHuIbL: Kuorept ( 10 T ), merarepr ( 108 T ), rurarepn ( 10° I'np ),
tepareprt ( 1012 T'ny).

1 3apanue.

1.1 W3yuuts 1 3HaTh HA3HAYEHHE OPraHOB ynpasieHus npudopa Y3 — 57.

1.2 V3yunth QyHKIIMOHAIBHYIO CXEMY YaCTOTOMEpA.

1.3 V3mMepuTh 4acTOTy reHepaTopa B PeKMUME U3MEPEHUS YaCTOTHI.

1.4 VI3mepuTh nepuoj reHeparopa B peKuMe U3MEpPEHHs TEpUoa.

1.5 M3mepuTh OTHOIIEHUS YaCTOT.

1.6 Pe3ynbTaThl H3MEpEHUH 3aHECTH B TAOJIUIIBI.

Xoa padoTsl

1.
2.
3.

~

[ToaroroBka nmpudopa k pabdore.

[TpoBepuTh 3a3emiieHue mpudopa.

Bxmounts npubop tymoOiepom «CeTby», IpU ATOM JOKHBI 3aCBETHTHCSI WHIUKATOPHBIE
JamIibl g poBoro Tabmao mpudopa.

Jatb npubopy mnporperbcs B TE€UEHHMH 15 MHHYT, MOCIE€ YEro MOXKHO HPUCTYNHTh K
U3MEPEHUSM.

[IpoBeppTe paboTOCIOCOOHOCTH TIpHOOpPa B PEKUME CAMOKOHTPOJIS B  CIEIYIOMIEH
MOCJIE0BATEIBHOCTH:

BKJItounTe KHOMKY «KoOHTp.»,ycraHoBuTe «Bpems wuHA.» B mNonoxeHue, ynoOHOEe IS
OTCYETA.

N3MepeHne 4acToThl.

CoenuuuTth BX0J A yacToTomepa ¢ KJIeMMaMH BBIXOJa FTeHepaTopa.
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9. Bxumrounts KHONIKY «YHacToTay.

10. INepexmrouatens  «MtO,MS/MHOXK.» yCTAaHOBUTE B TOJOXEHHE B 3aBUCUMOCTH OT
TpeObyemori TouHOCTH H3MepeHus. Ilpu stom, npu usmepennu yactor 0,1 I'm mo 10 I'ip
PEKOMEHAYETCA  BKJIKOYATh KHOIIKY 104, npu u3MepeHun 4vactotr ot 100 T'm go 1 MI'ng
BKJTIOUNTH KHONKY 10%, a mpn m3mepernu yactot cebimre 10 MI' — kaonky 10 wm 1.

11. Pyuky «Bpems uHA.» yCTaHOBHTE B YAOOHOE JUIsl OTCUYETa MOJI0KECHHUE.

12. BeixogHo€ HanpspKeHUs reHepaTopa ycraHoBuTe B nipenenax ot 0,1 1o 1 B.

13. Pe3ynbTaThl ©3MEPEHU M BHIYHUCIICHUH 3aHECTH B Tabnuiy 4.1.

Taomuua 4.1
Bapuant | YacToTta, ycTaHOBI. Ha I'eH./yCT., K[ 1T

[Tomox | M3mep. |1/4 |7 (10| 1| 3| 5| 7| 9| 11| 13| 15| 17| 19
nepexksa | dacrot, | 2|58 (1115 3555|7595 11,5]| 13,5 15,5 17,5/ 19,5
maox. | Lkl |3/6(9 (12| 2| 4| 6| 8 | 10| 12| 14| 16| 18] 20
10° fo

Af
10? fo

Af
1 fo

Af
10 fo

Af
AOGCOMIOTHAS IOTPEITHOCTD ONpPEesIeTcs 1o GopMyIie:
Af = fyer. — o

. 3mepenue nepuona.

Coenunuts BxoJ b npubopa ¢ knemmamu resepartopa.
Bxurounts kHONKY «Ilepuon by».
[lepexiroyarenb «MS/MHOXK.» YCTAaHOBHTE B MOJOKeHWEe 1, a mepekmtouarens «t/S» - B
3aBUCHUMOCTH OT TpeOyeMOl TOYHOCTH U3MEPEHUS U JJINTEIBHOCTH U3MEPSIEMOTO IEpUo/Ia.
Pyuky «Bpems una.» ycraHoBUTE B YA0OHOE JUIsl OTCUETA MOJI0XKEHUE.
[Tpu u3mepenun nepuoga curHana HampspbkeHueM ot 1 1o 10 B ans curnana cunycounaibHOU
dopmbl BKiIrounTe kHOnKy 1:10/ 1:1 B.
IIpou3sBecTH OTCYET pE3yabTaTOB U3MEPEHHUS.
Pe3ynbTaThl U3MepeHUii U BeIYKCICHNH 3aHecTH B Tabnuiy 4.2.

Tabnuua 4.2

Msmep. w  BH2 [5|8(11| 2| 4| 6| 8|10 | 12 14 16 18 | 20
BEJIHY. 3 |6]9]12] 1] 3| 5] 7]9 11 13 15 17 | 19

Bapuant YacToTa, yCTaHOBJI. Ha T'eH./ycT., K['11
1 [4|7]10]15|35|55]75|95|115 |135 |155 |[175 195

T (cex)

T pacu. (ceK)

AT (cex)

Pacder mponsBouTcs o hopmyiie:
Tpaca. = Lfren (cex)
AT = Tpacq‘TqaCT (CGK)

Conep:xanue oT4era.

Hazpanue paboTsl.
Ilens paGoThI.

[TepeueHp UCTIOIB3YEMOTO 0OOPYAOBAHHUS.
3amanue.

Pe3ynprarsl n3mMepeHnii U BBIYMCICHUH.
BriBoib1 10 paboTe

OTBeTHI HAa BOIPOCHI.

Nooakowde



1. HazHaueHue OTAENBbHBIX Y3JIOB CTPYKTYPHOM CXE€MbI YacToToMepa?

2. Kakoii cursai OTKpbIBaeT CEIEKTOP B PEKUME U3MEPEHUS YACTOTHI?

3. KakoBbI nocTonHCTBa ITU(DPOBBIX YaCTOTOMEPOB?

4. Kakoil NpuHIMI M0JI0XKEH B YCTPOICTBO AIEKTPOHHO-CYETHOTO YacToToMepa?
5. OT uero 3aBUCUT MOTPEIIHOCTh HU(POBBIX YACTOTOMEPOB?

IIpakTnueckasi padora Neld.
Tema 15. U3MepeHue napaMeTpoB CUTHAJIOB.
HccienoBanue MOAYJIIHMOHHON M 1eMOAYJIAMOHHON XaPAKTEPUCTHK IPYNIIOBOI0
TpaKTa.
Heap padorbl: M3yueHue (QyHKIMOHAIBHBIX CXEM MOJIYJATOPOB U JIEMOIYJSTOPOB, METOIbI
U3MEPEHUS] XapaKTEPUCTHK; IPOBEICHUE IPEABAPUTEIbHBIX PACUETOB IO WHAMBHUAYAIbHBIM
3aJJaHUSIM, CPaBHUTH PACUETHBIC U HKCIIEPUMEHTAIbHbIC JaHHbIE
Ilepeyennb ucnoib3yemMoro o00pyao0BaHus
1) reneparop cTaHAAPTHBIX CUTHAJIOB;
2) MUJIIUBOJIBTMETD;
3) cnektpoananu3arop (Ha quanazon yactot 0-100 MI'm);
4) neyxmyueBoit ociunorpad (o 100 MI'm);
5) u3MepUTENh YaCTOTHBIX XapaKTEPUCTHK;
6) u3zmepurenp nepexoaubix nmomex (UIII-1, UIIII-2 u 1.1.).
TeopeTnyeckas 4acThb:
YacToTHBIE MOAYJISATOPBI
YactoTHbIE MOLYJIATOPHI IPEACTABIAIOT CO00M YCTPOHCTBA, 00ECTIEUMBAIOILIUE CBSI3b MEXKTY
nepeaaBaeMbIM (MOIYJIUPYIOIIUM) CUTHAIOM U BBIXOJIHBIM CUTHAJIOM, U3MEHSIOIIMUMCS 110
yacTtoTe. OOBIYHO B IIUPOKOIOJIOCHBIX CUCTEMAX CBS3U MOJYJISALUS OCYIIECTBIISETCS Ha
pOMeXKyTOUHOI yactore. Hanbosnee yacto ucnonb3yercs nmpoMexyrounas gyacrora 70 MI ',
XOTS IPUMEHSIIOTCSI U JPYTUE YacTOTHI.
Af

UEX > ryH L‘|M N N
fo+ AF fo Usx

Puc. 1

OcHoBHOE TpeboBaHMe, IPEIbIBIAEMOE K TAKUM MOJYJIATOPaM, 3aKJI04aeTCsl B OUE€Hb
BBICOKOM CTETeHU JTMHEHHOCTH MOAYJISIIUOHHOMN XapakTepucTuku. [IpakTruuecku korhdunueHt
HEJIMHEHHBIX NCKaKEHUH MOy NIITOpa JOJKeH Nexats B npenenax 0.01-0.5%. IIpu stom OyayT
BBITMIOJTHEHBI HOPMBI Ha MOIITHOCTD MEPEXOIHBIX TYMOB, CO3/IaBa€MbIX MOJIEMaMU B
MHOTOKaHaJIbHBIX cuctemax cBsizu ¢ YPK.

VYrpouieHHast CTpyKTypHasl cCXemMa 4aCTOTHOTO MOJYJIsiTopa Moka3aHa Ha puc. 1. B obmem
BUJI€ YaCTOTHBIA MOIYJIATOP - 3T0 rereparop (I'YH), uactora koneGanuii KOTOporo
yIpaBIsieTCs HaNpsHKEHUEM, [T0/1aBaeMbIM Ha BXoJ1 Moaysitopa. Haubosee pacnpoctpaHeHHBIN
CHoco0 YaCTOTHON MOIYJISIIIMU 3aKIIF0YAETCs B BO3/ICHCTBUU HAa PEaKTUBHBIE 3JIEMEHTBI
KOJIe0aTeIbHOT0 KOHTYPA, 3a/Iaf0IIEeT0 4YacTOTy Koebanuii camoBo30yxaarorerocs LC
re”HepaTopa.

Y 106HBIM COBPEMEHHBIM 3JIEMEHTOM, PUMEHSIOIIEMCS IS 3TUX IIeJieH, SIBIIsIeTCs BapuKall
(BapaxTop). Bapukamn npezacrasiser co00i MOIyIpOBOJHUKOBBIIN M0, EMKOCTb P-n Mepexoaa



KOTOpPOT'0 MUMEET CHIIBHO BBIPA)KEHHYIO 3aBUCUMOCTB OT IIPUJIOKEHHOT0 HanpspkeHusd. s
paboThI B KAYeCTBE YNPABIIIEMON EMKOCTH HCIIONIb3YyEeTCS 00paTHasi BETBb XapaKTEPUCTHKU
JIMOJa, TaK KaK IPpU 3TOM IOJy4YaeTcsl BbICOKast JOOPOTHOCTb U TEMIIEpAaTypHasi CTaOUIbHOCTb
JJIEMEHTA.
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Puc. 2

Ha puc. 2 nokazana oiHa U3 MHOTUX BO3MOXHBIX cxeM LC reneparopa, KOTopasi MOXKET
BBIMOJHATH (PYHKIIMH YaCTOTHOTO MOAYJIsATOpa. 3aech Tpanuctop VT1 BkItOUYeH 1o cxeme ¢
o0Omreii 6a3oii. Pesucropst R1, R2 u R3 3amator pesxkuM TpaH3UCTOPA MO OCTOSIHHOMY TOKY.
[TonoxxurenbHast 0OpaTHas CBSA3b OCYILIECTBIIAETCS 3a CUET BHYTPEHHENW EMKOCTH KOJUIEKTOP-
smutTep Tpansucrtopa VT1 u emxoctu C1. YacToTa reHepaliu onpeaesseTcs napameTpaMu
napauienabHoro LC KoHTypa, cocTosiiero u3 HAYKTUBHOCTH L1, eMkocreii Bapukanos VDI,
VD2 u KOJIEeKTOPHON €eMKOCTH TpaH3ucTopa. [[jisi yMeHbIIeHNs apa3uTHBIX PEaKTUBHOCTEH U
YIPOIIEHUS CXEMbl KOHTYP 3a3€MJIEH 10 IOCTOSIHHOMY TOKY. [IpuMeHeHue 1ByX, BKIIFOUEHHBIX
BCTPEYHO, BAPUKAIIOB MO3BOJISIET YIYUYIIUTh (DOPMY HAMpPSKEHHS, BIpaOaThIBAEMYIO
reHepaTopom, npuormkas ee Kk cuHycouanbHoi. Uepes pesuctop R4 u apoccens [p2 na
BapHUKaribl 0oJ1aeTcs 3anuparoliee HanpskeHue cmeenus EcM, kotopoe 3a1aeT pabouyro TOUKy
BapHUKaIos.

Monynupyrolee HanpsHKEHUE NTOCTYIIAeT yepes pas3BsisbiBaronnil konaeHncarop C3. ITox
BO3/ICIICTBMEM MOAYJIUPYIOLIETO HANPSKEHHSI MEHSETCS EMKOCTh BapUKaroB U, CJI€A0BaTENbHO,
qacToTa KojieOaHuil, BelpabaThiBaeMasi FeHEpaTOpOM.

Ha puc. 3 mokazana TumoBasi XapakTepUCTUKaA BEICOKOYACTOTHOTO Bapukamna. [Togo0Ho#
xapakTepucTukoi obnagarot npubops! Tuna KB-102, KB-109, KB-121 u np.
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Puc. 3

N3BecTHO, U4TO CBS3H MEXTY PE30HAHCHOM YaCTOTOM KOHTYpa M €MKOCTBIO KOHJIEHCATOpa
kBagpatnuHas. CienoBaTenbHO, ISl MOYYCHUS TMHEHHON 9acTOTHON MOIYJSIIUU HEOOXOANMO
MMETh KBaJPATHYHYIO 3aBUCUMOCTh EMKOCTH W HampsikeHus1. VI3 pucyHka BUIHO, UTO
XapaKTepUCTHKA BapuKarma OJr3Ka K KBaJApaTHIHOH 3aBucuMocTd. OTHAKO COBMA/IEHUE HE



MOJTHOE W TIPAKTUYECKH JTUHEHHYIO MOAYJISIIIAIO MOYKHO TIOJTyYHUTh TOJHKO Ha HEOOIBIIIOM
yYaCTKE XapaKTePUCTHKH, BHIOMPAEMOM MPU HACTPOUKE MOIYISTOPA MHAUBUYATBHO IS
Pa3IMYHBIX YK3EMIUISIPOB BapHUKAIIOB.

Puc. 4 wiutroctpupyeTt nporecc M3MEHEHHs] eMKOCTH BapHKaria B 3aBUCUMOCTH OT
MIPUIIOKEHHOTO HANIPSHKEHUS. Y TIOBJICTBOPUTEIIbHAS IMHEHHOCTD MOTYYaeTCs TIPH JICBUAITUH
4acToThl, He npesbimatomeit 0.5-1.5% ot nenTpaibHON YacToThl MOAyAsiTOpa. Clie0BaTeNbHO,
nipu yactote 70 MI' neBuanus yactotsl coctaBuT 0.5-0.7 MI'11, 4TO ABHO HEAOCTATOYHO JIJIsI
LIMPOKOIIOJIOCHON CUCTEMBI CBSI3H.

C. np
\ KMameHeHWe emocTH
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[ToaToMy Ha MpaKTHUKE MOTyYHIIa PACIPOCTPAHEHHUE CXeMa YaCTOTHOTO MOAYJISTOpa Ha OMEHHUSIX,
YIPOIIEHHAs CTPYKTYypHasi CXeMa KOTOPOro MpejcTaBiieHa Ha puc. 5. 31ech NPUMEHSI0TCS JBa
reHepaTopa, yIpaBlseMbIX HaMpsHDKeHHEM, padoTaomux Ha yacToTax B Auamnasone 300-400
MTI'u. YacToTsl reHepaTopoB OTJIMYAOTCS APYT OT IpyTra Ha BEJIUYMHY, PAaBHYIO
npoMexyTouHoi yactore 70 MI'n, u BBIOMparoTCs TakK, 4TOOBI MPOAYKTHI MPE0oOpPa30BaAHUS
yacToThl B cMecutele (CM) He co3gaBaiiu momex B nojioce yactoT 50-90 MI'n.
[TpuHIMIIUATBHBIE CXEMBI T€HEPATOPOB MOTYT OBITH MOJOOHBI CXeMe, MPEACTaBICHHON Ha pHUC.
5.2. Bapukansl B reHepaTopax BKIIOYAIOTCS B MPOTHUBOIOIOKHBIX MOJSIPHOCTSX, a
MOJYJIMPYIOIME CUTHAJIBI TIOJat0Tcs Ha 00a reneparopa cuHpasHo. binaronaps sTomy nesuanus
YacTOThI MOJYJISITOPA yABAaUBAETCS U, KPOME TOT0, KOMIIEHCUPYIOTCS HETMHENWHbIE NCKAKEHUS
M0 YETHBIM TapMOHUKaM. CUTHAJBI C BBIXOJJOB 00OUX T'€HEPATOPOB MPOXOAT HA CMECUTEIb
yepes JUHeapu3NpyoIIMe yCTPONCTBA, YMEHbBIIAIOUINE UCKaKEHUS [10 HEYETHBIM TapMOHUKAM.
YacToTHBIE MOTYISTOPHI, BEITOTHEHHBIE TIO TTOJIOOHBIM CXeMaM, IUPOKO TPUMEHSIOTCS B
pamuopeneinoi annaparype. Hanpumep, B anmapatype "Bocxon", "Hpyxo6a", "Kypc" u nip.
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bonee coBpeMeHHBIE PEIICHUS CBA3aHbI C IOCTPOSHUEM MOAYJISTOPOB HA HHTErPAIbHBIX
cxemax. [Ipu 3Tom LC reneparopsl He TEXHOJIOTUYHBI M TOATOMY NpuMeHstoTcst RC
re"eparopsl. Hanbomb1iee pacpocTpaHeHue Uit 3TUX LeJIei HalllIi MyJIbTUBUOPATOPHI.
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Puc. 6

N3BecTHO, uTO yacToTa KosiebaHuil, BbIpabaThiBaeMas MyJIbTH-BUOPATOPOM, MOXKET MEHATHCSA
B IIMPOKUX Mpejenax Mpu u3MeHeHUH noctosinHoi BpemeHnu RC ueneit. B nuteparype
paccMaTpuBaIOTCS Pl CXEMHBIX PEIICHUHA MYyJIbTUBHOPATOPOB, MPEIHA3HAYCHHBIX I PaOOTHI
B kauecTtBe [ YH. Becbma yno6Has cxema MynbTH-BUOpaTOpa MoKa3aHa B YIPOIICHHOM BHUJIE Ha
puc. 6.

31ech MyJIbTUBUOPATOp BBIMOIHEH Ha KOMOMHAIIMY KackaaoB ¢ obmieit 6azoit (VT1) u obuum
kosutekropoM (VT2). Takass koMOMHAIHS ITO3BOJISIET B HAMOOJIBIIICH CTETICHH PEalli30BaTh
YaCTOTHBIE CBOMCTBA TPAH3UCTOPOB, MO3BOJISIS paboTaTh HAa yacToTax B coTHu MI'11. PaGouune
PEXUMBI TPAH3UCTOPOB 33J1at0TCS TIPU IMOMOIIH YIIpaBJIsieMbIX reHepaTopoB Toka (1),
BKIIFOUEHHBIX B Ka4€CTBE SMUT-TEPHBIX pe3UCcTOpoB. [lonoxkuTenbHas oOpaTHas CBsI3b
ocyuiecTBisieTcs yepe3 konaeHcarop C2. B xomnektop Tpanzucropa VT2 BKIIIOUEH pe3UCTOP
R2, ¢ koTOporo cHuMaeTcs BbIXOJIHOE HaNpsiKeHUE Teneparopa. [Ipu nonaye Mmoaynupyromero
HaIpsHKEHUS Ha OJIUH WK 00a TeHepaTopa TOKa MPOUCXOIUT U3MEHEHUE PEKUMOB
TPaH3UCTOPOB U, CIEA0BATEIIbHO, U3MEHEHUE CKOPOCTH 3apsa - pa3psaa konaeHcaropa C2 u,
3HAYHT, OCYIIECTBIIACTCS YACTOTHAS MOTYJISIIHA.

biu3kuii K JaHHOMY IPHUHIMI UCOJIb30BaH MPU MOCTPOECHUHU PSAJa HHTETPATbHBIX CXEM
(831IT'1, 500I'T1 u nmp.). [IpuHIIMTIMAaTBEHASA CXEMA YaCTOTHOTO MOIYJISITOPAa HA MUKPOCXEME
500IT1 moka3ana Ha puc. 7. Tam ke mokazaHa ero ctaTu4eckas MOAyJISILIUOHHAS
XapaKTEePUCTHKA.
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W3 XxapakTepuCTUKHN BUAHO, YTO IIPU U3MEHEHHH YITpaBJsAtoIero HanpskeHus ot 0 1o 2 B
BbIpabaThIBaeMasi 4aCTOTa MEHSETCS MOYTH Ha MOPSIOK MPH JOCTATOYHO BBICOKOHM JIMHEHHOCTH.
[ToaTomy naHHast cxema MOXKET ObITh OCHOBOM JIJIsl HIOCTPOEHUS! BBICOKOKAYECTBEHHBIX,



MPOCTBHIX M JICIIEBBIX YACTOTHBIX MOAYJIATOPOB. MuKpocxema BoinoiHsaeTcs mo JCJI
TEXHOJIOTMH U 3aKJII0UYEHA B II€CTHAALIATUBBIBOIHOM IJIACTMACCOBBIN MU
MeTaJuIOKepaMHUecKuil kopmyc. OOIuil HeI0CTaTOK, MPUCYIIUN cCXeMaM Ha
MYJIbTHBHOpATOpaXx, 3aKII0YACTCS B HECTAOMIBHOCTH YacTOTHI. [103TOMY P MOBBIIICHHBIX
TpeOOBaHUAX K CTAOMIIBHOCTH JJAHHBIE CXEMbI HEOOXOAMMO AOMONHATE cucteMamu AITY,
TepMocTadbunu3anuu u np. Kpome Toro, BIXOAHOH curHai no Gpopme npudImKaeTcs K MeaH1py
U COJEPKUT OO0JbIIIOE KOJIMYECTBO FapPMOHUK, JJI yCTPAHEHHS KOTOPBIX Ha Bbixoae UM
HE00XO0IMMO CTaBUTh (DMIIBTPYIOIINE IICTIH.
W3 ocHOBHBIX TpeOOBaHUH, IPEABABIAEMbIX K YACTOTHBIM MOAYJISTOPAM ISl paAHOPeSIeHHBIX
CUCTEM CBSI3U, MOXHO BBIIEIUTH CIEAYIOLIUE:
e 1) marnble HeNMMHEWHbIE HCKAKEHUS IPU IEBUAIIMH YACTOThI B HECKOJIBKO Merarepil;
e 2) OTCYTCTBHE NIAPa3UTHON aMIUIUTYIHON MOIYJISLIUY;
e 3) onTUMallbHAA KPyTU3HA MOAYJISIIHOHHON XapaKTepUCTUKU;
e 4) cTaOWIBHOCTb LIEHTPAJILHOM YaCTOTHI.
YacToTHBIE 1€TEKTOPHI
YacToTHBIE IETEKTOPHI BBIITOIHAIOT (QYHKIWH, TPOTHBOIOJIOKHBIE (PYHKIUSAM MOAYIIATOPA,
T.€. 00ecreynBaloT BblIeJICHHE MepeiaBaeMoil HHPOpPMAIHU U3 YaCTOTHO-MOYJTUPOBAHHOTO
CUTHAJA.
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YacTo 3Ta onepauus Npou3BOIUTCA B 1Ba dTamna (puc. §,a). Ha mepBoM sTare yacToTHO-
MOJ1yJINPOBaHHBIN CUTHAN MPeoOpa3yercs B aMIUIUTYAHO-MOTyJIMPOBAHHBIH, a2 HA BTOPOM JTare
- OCYILIECTBIIACTCS aMIUIUTYIHOE NETEKTUPOBAHUE.

IIepBbIil 3Tan MOYXKHO BBINOJIHUTE, 0aBast YM cursasl Ha 4aCTOTHO-3aBUCUMBII
yeTelpexnotocHUK (U3Y), c HepaBHOMEpHON 4aCTOTHOW XapakTepUCTUKOM. HacTo B KauecTBe
TaKOI'0 YETHIPEXMOIOCHUKA TPUMEHSIETCS NapaJuIeIbHbIA PE30HAHCHBIN KOHTYp. Cxema
YaCTOTHOTO JETEKTOpa JJIsl 3TOT0 ClIydasi MOXKET BBITJISAETh Kak IoKa3zaHo Ha puc. 9. B cxeme
KOHTYp paccTpoeH oTHOcUTeNbHO yacToThl 0 Tak, uTo6s1 UM curnan nomnajan Ha OMH U3
CKaTOB XapaKTEpUCTUKU. BUIHO, YTO pU M3MEHEHUH YaCTOTHI BBIXOJIHOE HAIPsDKEHUE OyIeT
MEHSATBCS U, CIeN0BaTeNbHO, UM cUrHa MOJIyYHT U aMILUIUTYIHYH0 MOIYJISALMIO, U3 KOTOPOH
MOJIE3HBIN BBIXOJIHOM CUTHAJ BBIIEIUTCS aMIUIUTYIHBIM AETEKTOPOM, 00pa30BaHHBIM
anementamu VD1, R1, C2. OgHako TMHEHHOCTH MOAOOHOTO YCTPOICTBa OyneT HEBBICOKOM 1 Ha
MIpaKTHKE IpUMeHseTcsl Oojiee CoBEpILIEHHAs CXeMa C IByMs pacCTPOEHHBIMU KOHTYpaMu (puc.

10).
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B sT0i1 cxeme oauH KOHTYp HacTpoeH Ha yactoty Hinke fO (f1), a mpyroii- cummerpuuHO
Boimie (f2). Curnanel, npoaerekTupoBanHbie quogamMu VD1 u VD2, ckiaapiBatoTCs TAKKMM
00pazoM, 94TOOBI pe3yJIbTUPYIOIIAs XapaKTEePUCTUKA YCTPOMCTBA MOJIYYHIIACh TAKOM, KaKast
nokasaHa Ha puc. 11.

[Moabupas gactotsl f1 u f2 u perynupyst TOOPOTHOCTH KOHTYPOB MPH MOMOIIH Pe3UcTOpoB R1 u
R2 M0xHO T0OHUTHCS KOMIICHCAIIMH HEJTMHCHHBIX NCKAKEHUH JIETEKTOpa TaK, 9T0 KO3 PHUIreHT
HEJIMHEWHBIX UCKaxxeHui He OyaeT npesbimath 0.05-0.1 % npu geBuanuu yactotsl 4-5 MI'm.
CxeMa 4aCTOTHOTO JIETEKTOpa C paCCTPOCHHBIMHM KOHTYPaMU CHUJIBHO pearupyer Ha Mapa3uTHYIO
AMIUTUTYAHYIO MOJYJISIIUIO U TTO3TOMY Iepel AETEKTOPOM TpeOyeTcs yCTaHaBIUBATh
BBICOKOKAYECTBEHHbBIC OTPAHUYUTENIN AMILTATYI.
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CoBpeMEHHOE PEIICHHE OCHOBBIBAETCS HA IPUMEHEHUN B Ka4E€CTBE YACTOTHBIX JETEKTOPOB
cucteM ¢ (hazoBoii aBTonoAcTpoiikoi yacToTsl (PAITY), moayyMBIINX OUYEHb IIUPOKOE
pacnpocTpaHeHHe B UHTErpaibHON TeXHonoruu. O6001IeHHas CTPYKTypHasi cCXeMa TaKux
YCTPOMCTB Moka3aHa Ha puc. 12. B 31oit cxeme ¢a3zosiii nerextop (OJ]) cneaut 3a pa3HOCTHIO
¢da3 mexay npuxoaamuM UM curHasom U CUTHaAJIOM FeHepaTopa, YIpaBIsieMOro Hanps>KeHuEM



(I'YH). Ilpu HecoBnanennn ¢a3 BeipabaThiBaeTCs HanpsokeHue noacTpoiku ['YHa, kotopoe u
SIBIISIETCS IGMOAYTHPOBAHHBIM CUTHANIOM. [1J1s1 oOecriedeHnst yCTOWIMBOM paboThl MPUMEHSIETCS
(GUIBTP HIDKHUX YaCTOT, XapaKTEPUCTHKA KOTOPOTO BO MHOTOM ompeneisieT cBorictBa GAITY.
@Da30BbIi JETEKTOP CTPOUTCS Ha MUPPOBBIX cxeMax Tuna "uckmoyaromee MJIN".
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Ha ocHoBe Takoii cxemMbl YaCTOTHOI'O JETEKTOPa BBIIIOJIHEHO O0JIBIIIOE KOJIMUYECTBO
unterpanbHbix BUC u CbUC, npuMeHsIommxcs Kak B CUCTEMaX CBA3M, TaK U Pa3IMYHON
ObITOBOM panuoanmnapaTrype (TelneBU30pax, IPUEMHUKAX, BUJIEOMAarHuTohoHax u mp.).

Oco6ennoctrio yctpoiicts @AIIY saBnsercs To, 4TO OHU MOTYT paboTaTh npu Hecymux YM u
['VH xpatabix npyr apyry. Takum oOpa3oM, mokazanHasi Ha puc. 5.12 xapakTepucTuka uMeeTcs
u Ha yacrorax 2f0, 3f0 u T.1. B pesysnbrare npumenenus mudpoBoii Texuomoruu cxembl GAITY
MEHEE YyBCTBUTEIIbHBI K IAPA3UTHON aMIUIMTYJHOM MOYJISILIUHM, YEM CXEMBI C PACCTPOCHHBIMU
KOHTypamH.

[lepeuncnum OCHOBHBIE TPEOOBAHUS, IPEABABISIEMbIE K YACTOTHBIM JETEKTOPaM:

1) Manpie HEMTMHEWHBIE UCKAKEHUS TIPU JIEBUAIIUH YaCTOTHI B HECKOJIbKO MI'1;
2) BbICOKast KPYTHU3HA AEMOYJIALIUOHHON XapaKTepUCTUKH;
3) HEUyBCTBUTEIBHOCTh K APAa3UTHON aMIUTUTYTHOM MOAYJISINY;
4) cTaOMIIBHOCTD LIEHTPAJIbHOM YaCTOTHI.
Onucanue J1aOOPATOPHON YCTAHOBKH /1JIsl IPOBEICHUS HCCJICJOBAHMM.

HccnenoBanus XapakTepUCTUK MOIYJISITOPOB U IEMOAYJISITOPOB ITPOBOSATCS HA
71a00paTOPHOM MakeTe, BBINIOJIHEHHOM Ha 6a3ze anmnapartypsl PPJI tuna "Bocxon". CTpykTypHble
CXEMBbI HCCllelyeMbIX OJIOKOB MOKa3aHbl Ha puc. 13. 31ech 4aCTOTHBIM MOYJISITOP BBIIIOJIHEH C
UCIOJIb30BAaHUEM BApHUKAIOB 0 CXeMe Ha OMEHUsIX, a YACTOTHBIN AETEKTOP - [0 CXEME C IBYMs
PacCTpPOEHHBIMU KOHTYPaMH.
MonynaTop coaepKUT JBa F€HEPATOPa, YIIPABIAEMBIX HANPSIKEHUEM C IEHTPAIbHBIMU
4acTOTaMHM, paBHbIMU 255 1 325 MI'1. Pazauna Mex iy sTuMu yactoramu coctasiser 70 MI .
B ogHOM 13 reHepaTOpoB MOXKHO B IIPOLIECCE UCCIEN0BAHUN MEHATH LIEHTPAJIBHYIO 4aCTOTY
TakK, 4YTO MPOMEXKYTOUYHAs 4acToTa OyJeT MEHAThCS B npejaenax 69 - 73 MI'n.

Jnis uccnenoBaHUN 1EMOTY IIIUOHHON XapaKTEePUCTUKU B J1a0OPaTOPHON yCTaHOBKe
HE00XO0JUMO BKJIFOUUTH MIEPE]] YACTOTHBIM JIETEKTOPOM aMILTUTYIHbIH orpanuuntens (AO) u
¢azosbrit koppekTop (PK).



Parynupozka fo

o

Bxon 255 MMy, ——3 Brixag

4 CcM vl —@

325 Mry ——*

YacToTHEIR MOgQyYNATOR

Bixon, Brixog

G—{ o AO un &)

HacToTHeA AsMOayNATOD

Puc. 13

HeoOxoaumplii KOMIUIEKT U3MEPUTEIBHBIX PUOOPOB COCTOUT U3 CIEAYIOLIUX YCTPOICTB:

1) reHepaTop CTaHIAPTHBIX CUTHAJIOB;
2) MUJJIUBOJIBTMETD;
3) cnektpoananu3arop (Ha quanazoH yactot 0-100 MI'm);
4) nByxiyueBoii ocumimorpad (mo 100 MI'n);
5) U3MepuTeNh YaCTOTHBIX XapaKTEPUCTHUK;
6) nuzmepurens nepexoaubix nomex (MUIIII-1, UIIII-2 u T.1.).
IIpuHuMN 3MepeHnst MOAYJISIHMOHHBIX XaPAKTEPHCTHK.

[TpuHIMI H3MEpEeHUs XapaKTePUCTUK YaCTOTHBIX MOAYJIATOPOB OCHOBAH HA UCIOJIb30BaHUU
Toro (hakra, yTo criektp UM curnana onucsiBaetcst GpyHKIpsiMu beccens, KOTopbie CBSI3bIBAIOT
AMIUTUTY bl COCTABILSIFOLIMX CIEKTPa C MHACKCOM 4acTOTHON Moayssiiu Mf. I'paduku
¢ynkuuii beccens A nepBbIX MATH MOPSIKOB MIpeCTaBiIeHbl Ha puc. 14. U3 pucyHka BuaHo,
4TO MPH ONPE/ICIICHHBIX HHeKcax M oTaenpHbIe cocTaBistoNnMe crieKTpa oopamiatTes B 0.
[Tpu MOAYALMK CUHYCOUJAIBHBIM CUTHAJIOM 3TH MOMEHTBI JIETKO 3aMETUTBH 110
CIEKTPOaHAIN3aTopYy.

Ha puc. 5.15 noka3zansl xapakTepHsle criekTporpammel UM CUTHAIIOB [J1s1 pa3IMYHbIX
WHJEKCOB MOIYJISLIUH.

[Tpu oTCYTCTBHMU MOIyJIMPYIOIIEro CUTHAJA CIIEKTporpamMma (a) COCTOUT U3 OJTHOM
cocTasystronIei - Hecyieit yactotsl fO. [Ipu mogaye Mogynupyromero curnana ¢ 4actotoit Fm
CHEKTp B 00I1IeM BUJIE COCTOUT U3 HECYIEH YaCTOThl U OOKOBBIX COCTABJISIOIINX, OTCTOSALINX
Jpyr ot apyra Ha FM. KonnuecTBo G0KOBBIX COCTABISIOIIMX 3aBUCUT OT MHJEKCAa YaCTOTHOM
Monyssauuu. CrieKTporpaMMbl B M T IOKa3bIBatoT oOpaiieHue B 0 Hecyliei 4acToThl UiIu
OOKOBBIX YaCTOT IIPU HHJIEKCAX MOIYJISAIMH, onlpeensseMblx o GpyHkuusam beccens. Hanpuwmep,
HYJIIO HECYIIIEH 4aCTOThl COOTBETCTBYIOT CJIEIYIOIINE 3HAUEHUSI UHAEKCOB YaCTOTHOM
monynsuuu: 2.4, 5.5, 8.6, 11.8, HynsiM nepBoii mapsl 60KOBBIX 4acToT - 3.8, 7, 10.2. Ucnons3ys
JTAaHHOE 00CTOSITENLCTBO, MOKHO PACCUYMTATh BEJTMUMHBI IEBUALIUN YaCTOTHI IS
COOTBETCTBYIOIUX MHIEKCOB MOAYJIALIUY 11O (pOpMyJIaM, IPUBEIEHHBIM HUXKE, U TIOCTPOUTH
MOy AUOHHYI0 XapakTepuctuky T = Y(Umom). [li1st 3TOoro HeoOX0[MMO U3MEPUTh BEITUIUHBI
UmMona, npy KOTOPBIX UHAECKCHI MOYJIALIMA COOTBETCTBYIOT BBILIENIEPEUNCIEHHBIM 3HAUEHUSM,
paccuuTaTh COOTBETCTBYIOIME 3HAUEHUS JIEBUAIIMHN YACTOThI U TOCTPOUTH XapaKTEPUCTUKY.
IIpu 5TOM HYHO BOCHOJIB30BaTHCS CIEAYIOIUMU COOTHOLIECHUSAMMU:

KPYTU3HA MOAYJISAIIMOHHOW XapaKTePUCTHKH , (5.1)

WHJICKC YaCTOTHON MOMIYJISIINH , (5.2)
rae F2 - BepxHss yacToTa rpyInIoBoro CeKkTpa,

: (5.3)
s yckopenust paboThl MOYKHO HCIIOJIb30BATh CHEUAIN3UPOBAaHHBIN akeT nporpamm "PPJI-
2002J1B".
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MeTOoUYeCKHEe YKA3aHUS K BHINOJHEHUIO PACYETHON YacTH padoThl

[lepen BHIIONHEHHEM SKCIEPUMEHTAIBHON YacTH PabOTH HEOOXOIMMO ITPOBECTH
npeBapUTEIbHBIC PACUETHI.
1. ITpoBecTn pacueTsl JeBHAIMH YaCTOTHI M TIOJIOCHI YaCTOT 3aHUMAEMON 4aCTOTHO-
MOJ1yJINPOBaHHBIM CUTHAJIOM i 3ajaHHoro N (ta0um. 1).

Tabmuna 1
Bapuant 1 2 3 4 5 6 7 8
N 300 600 720 1020 1320 1920 120 960 1800

Pacuetsl mpoBoASTCS IO ClieAyOMUM (HOpMYyJIaM:

MTUKOBAst ICBUAIINS YaCTOTHI

Dfnuk = 3.33Dfa¢, (5.4)

s dexTrBHAS TEBUAIUS YACTOTHI

, (5.5)

rae DfK - meBumarus yacToThl Ha OJTUH KaHaJ,

CpEeIHsIS MOIITHOCTh MHOTOKAHAJILHOTO COOOIICHHUS
Pcp =pk N, (5.6)

rae pk = 50 (32) mkBT,

I10JI0Ca YacToT, 3aHuMaeMasa UM curnaiom

N=2F(1+m, +,/m,)

/1€ MHIEKC YaCTOTHOM MOJYJISLUN
' (5.8)
F2 - BepxHss yacToTa rpynIoBOro CHeKTpa s 3alaHHOro yncia kaHaioB N.
MeTtoauyeckue yKazaHusl 10 BbINOJHEHHS IKCIIEPUMEHTAIbHON YacTH padoThl
HccnenoBanue 4aCTOTHOTO MOAYJISATOpa
1. CobpaTh CTPYKTYpHYIO CXEMY JUISl CHATHS OCLMJIIOPaMM HalpsKEHUH B YaCTOTHOM
MoayisTope (puc. 16);
a) YCTaHOBUTH YaCTOTYy CUTHaja reneparopa paBHou 500 kI
6) YcTaHOBUTH YPOBEHB BHIXOAHOTO HAIIPSDKEHHS reHepaTopa paBHbIM 0;
B) 3apHcoOBaTh OCHMJUIONPAaMMYy CHUTHaJIa Ha BBIXOJI€ YaCTOTHOTO MOJYJISATOpA ;
r) YCTaHOBHUTbH aMIUTUTYy CUTHAJIa Ha BbIX0Jle reHepaTopa paBHoii 0.1 - 0.2 B;

(5.7)
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1) 3aprCcoBaTh OCIMIUIOIPAMMBbI CUTHAJIOB Ha BXOJIE M BBIXOJI€ YACTOTHOI'O MOJYJISATOPA;
2. CobOpaTh CTPYKTYpHYIO CXeMY Ul U3MEPEHUH MOAYJISALIMOHHON XapakTepucTuku (puc. 17).
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2.1. Uccnenosats criektp UM curnana npu pa3iu4HbIX 3HAUYEHUSX YACTOTHI MOAYJIUPYIOIIETO
CUTHAJIa U Pa3JIMYHBIX 3HAYEHUAX UHJEKca MoAy situu UM curnana.

-mf =0
- 0<mf<24, F=800 kI':
- 0<mf<24, F=500 k[;
- mf=2.4, F=500«I:
- mf=3.8, F=500«Ilu;:
* MHOT'OKAHAaJIbHBIA CUTHAJ NP 3aJJaHHOM 3HaYEHHUH YMClIa KaHAJIOB.
2.2. 3MepuTh MOIYJISILMOHHYIO XapaKTepUCTUKy. s uero:
a) YCTaHOBUTH HAa F€HEPATOPE BBIXOJHYIO YacTOTy curHaia pasHou 500 xI'1;
6) IloaroroBuTh K paboTe aHATU3ATOP CIIEKTPA, IOCTABUB PYUYKHU YIPABICHUS IPUOOPOM B
CJIETYIOIINE MOJIOKEHUS:
0JIOK BBICOKOH 4acTOTBI
-YACTOTA mhz I'PYBO 70 mhz;
- tymbraep "x1", "x0.1"  "x 1";
- tymOniep ®AIIY - BBepx;
- OB30P (B cpennee nonoxeHue) - "Ha fenexHue",;
- HA IEJIEHUE -" 0.5 mhz";
- TIOJIOCA khz -"10";
- OCJIABJIEHME db -"40",
- BPEMSJ CUETAms -"2",
- tym6iiep METKA - "usmepenue";
- nepexmoyarens UISMEPEHUE - "usmepenne";

- perynsitop METKA - B CpEIHEE IOJIOKEHHUE,;
6mok T4

- HOMMHAJIbHBIM YPOBEHb "8 x dbm N";
- HOMUHAJIbHBIN YPOBEHb (minagHo) " 0 ;
- JIOT/IMHENH  "nuneiin";
- BUAEO®OUJIBTP  "BbIKI";
-3AIIYCK  "kouTp";
- BUJL "BHYTpP";
- PABBEPTKA CKOPOCTDB "ms/nen".
B) YpoBens curnana resepatopa yMeHbIIHUTH 10 0;
r) Bpamas perynstop "HACTOTA mhz 'PYBO" Ha cnekTpoananu3aTope, JOOUTHCS MOSIBIECHUS
n300pakeHHsI HeCylIel 4acTOThl MOJYJISITOpa B IIEHTpe 3KkpaHa (cM. Puc. 5.15,a);
n) N3menss nonoxenue perynsaropa "METKA ----", nepemecTuth 0TMETKY Mapkepa Ha
BEPLIMHY H300paXkeHUs HecyIlel 1 o uuppoBoMy TabI0 U3MEPUTH 3HAUEHUE LIEHTPAIbHOM
4acToThl MoayJsTopa fO;



€) YBeIM4nuTh YPOBEHB BBIXOJHOTO HampshKeHUs TeHeparopa 10 30-40 MB 1 3aprcoBaTh
MOJIYYEHHYIO CIIEKTPOTrpaMMmy;

) IlimaBHO MEHsIs1 ypOBEHb BBIXOJIHOTO curHaia renepartopa ot 0 go 20-30 MB, 100UThCS
NpOIaAaHusl HeCyIlei 9acToThl B criekTpe UM curnana, yro coorBercTByer Mf = 2.4 (cm. puc.
5.15,B). 3HavueHME YPOBHS CUTHAJIA TEHEPATOPA, MOJYUYSHHO-TO IIPH ITOM 3alMIINUTE B Ta0. 5.2
(Touka 1).

Tabnuuna 5.2 1,2|3|4|5|6|7|8]9)| 10|11 12 | 13 | 14
Howmep Touku

[Tpu3Hak H|6|H|6|H|O6|H|O6|H| 6| H | 06 | H | O

uwbd, MB

Uamii, MB

mf

Df, MI'ig

3) [Ipu nanpHelneM MmIaBHOM YBEIHUEHUU YPOBHS MOAYJIUPYIOLIET0 CUTHaNIa A00eiTech
ponajaHusi nepBoi napbl O0KOBbIX 4acToT B criekTpe UM curnana (cm. puc. 5.15,r). 3nauenue
HaIPsDKEHUS 3aMUIIUTe B Ta0. 5.2 (Touka 2);

n) [locnenoBarenpbHO OTMeUas MPOTagaHus HECYIel U MepBOi mapbl OOKOBBIX, IPU
JAIbHEUIIEM IJIABHOM YBEJIMUYEHUU YPOBHS CHTHAIIA, 3aM0JIHUTE Talm. 5.2;

k) [Ipu HanmMuuK y MOJyJsaTOpa BO3MOKHOCTH PETYJIMPOBKH IEHTPaIbHOM YacToThl fO
npojesaiTe MilL. 1), ), 3) npH 3HaucHusx fO paBHbIX 68 1 73 Mri.

1) [onw3ysce (5.5) u Tabi. 5.3, onpenenuTe Ajs KaKI0i TOUKH COOTBETCTBYIOIIEE OTKIOHECHHE
Y4acTOThI, cuuTas, uto F2 = 0.5 Mrii, u moctpoiite rpaduku 3apucumoctu Df ot Uamr.
['padmkr HEOOXOIMMO CTPOUTH B 4 KBaIpaHTaX, IPUUYEM, B TPEThEM KBAJAPAHTE BEIIMIMHBI
OTKJIAJIBIBAIOTCS] CHMMETPUYHO MepBOMY KkBaapaHTy. [lomyuenHsie rpaduku npeacTapisioT
cO00H MOJYJISIIIMOHHBIE XapaKTEPUCTHKH.

Bo3MoxHO mTOCTpoeHHE MO ISIIMOHHBIX XapaKTEPUCTHK HAa KOMITBIOTEPE TI0 TIPOTpaMMe
"MonynauuoHHas XapakKTepUCTUKa';

M) Ha mocTpoeHHBIX XapaKTepUCTHKAX HY>KHO OINPEIENUTh IIEHTPAIbHBIE YaCTOTH MOIYJISIIIUA
fO, mupuHY JIMHEHHBIX YYaCTKOB, IUPUHY PAOOYUX yUaCTKOB, PaBHBIX YABOCHHON MTHMKOBOM
JIeBHALIMN YaCTOTHI, 1 COOTBETCTBYIOIINE aMIUIUTY/IHbIE 3HAYCHUST MOYIHPYIOMIETO CUTHATIA
Unuxk.

3. [omyuuTs u 3apucoBath criekTp UM curnana npu nepeaadye MHOTOKaHAIBLHOTO COOOIIEHUS
quis 3agaHHoro N. s aToro Heo6Xo0aAuMo coOpaTh CXeMy U3MEpeHuil, MoKa3aHHYyIo Ha puc. 18.
a. Ycranouth Ha ipubope UIIII 3ananHoe komuecTBO KaHAIOB (Wi OJTHKaiiiee BO3MOKHOE
3HA4YCHHUE);

HMnao A UM » CnesTpoaHanyasTop
Ocunnnorpads . MunnueonsTMeTp
Puc. 18

6. [TpunsTh, yro HanpspkeHrne UNUK, MOTy4eHHOE B I1. 2, M) COOTBETCTBYET KBa3UITUKOBOMY
3HA4YEHUIO0 MHOTOKaHaJIbHOTO curHana. Torga, coorBeTcTByomee 3(h(hEeKTUBHOE 3HAYEHUE
curnana oyzaer pasHo Unuk/3.33 npu N>240;

B. YCTaHOBUTH HaNpsKEHUE MMUTHPOBAHHOIO MHOTOKAHAJIBHOTO CUTHAA ¢ BbIX0/1a mpubopa
HNIIII paBHBIM NIOJIy4EHHOMY 3HA4YEHMUIO;

r. [Tone3ysce pyuxoit "HA JIEJIEHUE", pacnioyioxkeHHOM HA TMIIEBON MTAaHEIN
CHEKTPOAHAIN3ATOPA, MOIYUYUTh MOJIHOE U300paKEeHHE CIIEKTpa Ha HKPAHE;




1. 3apUCOBaTh CIIEKTP, OTPEICITUTh €r0 IIUPUHY ¥ CPABHHUTH €€ C TIOTYYCHHBIM 3HAYCHUEM TIPH
pacuerax (5.4).
HccienoBanne 4acTOTHOTO 1eTEKTOPA
CrpykTypHas cxema JJisl HCCIIeI0OBaHUsl YaCTOTHOTO JIETEKTOpa MOKa3aHa Ha puc. 19.

DK H AD « yn s ATT

B A
Beixon HMameputens AHX e

Puc. 19

HccnenoBanue 4aCTOTHOTO JIE€TEKTOPA IPOBOAUTCS COBMECTHO C MOJKIIOYEHHBIM K HEMY
aMIUIUTYAHBIM OrpaHu4uTeneM. JleMonynainonHas XapakTepucTHKa HabMI0JaeTCsl Ha SKpaHe
u3mepurens AUX. Usmepurens AUX BeijaeT curHai kavarouieiics yactorsl B mosoce 40 - 100
MTI 11, KOTOPBI U TOAAETCS HAa BXOJ U3MEPSAEMOro yCTpOMCTBA. BBIXOHOM CUTHAN, COIep KaIUiA
uH(popmarnio 06 AUX ycTpoiicTBa, MOCTyNaeT Ha OCHHIUIOrpaUIECKy 0 9acTh pudopa.
Xoa padoTsl
1. TlogroToButh K padboTe U3MEpUTEIb YaCTOTHBIX XapakTepuctuk (MYX). [lns atoro
HEO0OXO0IUMO MOCTABUTh PYUYKH YIPABICHUS B CIIEAYIONINE TTOIOKEHUS:

LEHTPAJIBHYIO YaCTOTy YCTaHOBUTH paBHOU 70 MI'1;

* YPOBEHb BBIXOJHOTO HaIpsLKEHUS! YCTaHOBUTH paBHbIM 10-15 nb;
MeTkH - 10 MI'm.
2. Tlonb3ysce pyukamu "Ycunenue", "Cmemenue" u " ITonoca", 1o6UThCS MOSBICHUS HA
skpane MUX momHOro n300paKeHus XapaKTePUCTHKH YaCTOTHOTO JIETEKTOpA.
3. 3apucoBarb XapaKTePUCTHKY, OTTPAIyHPOBAB OCh YACTOT B Merarepliax.
4. OTMETUTH Ha XapaKTEPUCTUKE LIEHTPAJIbHYIO YaCTOTY U JIMHEHHBIA y4acTOK.
5. IloBTOpUTH U3MEpEHUs, YMEHBIINB YPOBEHb BbIXOJHOTO Hamnpsbkenus UUX na 15 - 25 nb.
[Tpu 3TOM HEOOXOIMMO YBEIUUUTh YCUIICHHE HHIUKATOPHOTO OJI0Ka npubdopa pyukoil Y Tak,
4yTOOBI pa3Max XapaKTepUCTUKHA COOTBETCTBOBAJ pa3Maxy, MOJyYEHHOMY B IPEIbIAYIIEM
U3MEpEHUH.
Conep:xxanue oT4yeTa
1. CrpykTypHBIE CXEMBI UCCIEAOBAHUNA MOAYJISIIIMOHHON U AEMOY ISIIUOHHOMN
XapaKTEPUCTHK.
2. Pe3ynbTaThl BCEX pacyeTos.
3. Tabnuus! ¥ rpaduku pe3ynbTaTOB U3MEPEHUH.
4. PucyHnku cnexktpoB UM CUTHANIOB NpU MOIYJISLIUN CUHYCOUAAIbHBIM KOJIeOaHUEM IS
pazHbix uHaekcoB moayssiiuu (Mf = 0, mf = 1.8, mf = 2.4, mf = 3.8). Pucynok cnekrpa
UM curnana ass 3aJaHHOTO MpernojaBaTesieM UHAEKca MOAYJISIUH.
5. PucyHok cnektpa UM curnana npu Moy Isiii MHOTOKAHAIbHBIM COOOILIEHHEM
(curHas MHOTOKaHaIbHOTO cO00IIeHNs uMUTHpYyeTcs npu nomoru WUIIIT).
6. XapakTepuUCTUKH MOJYJISITOPA U IEMOIYJISITOPa CO BCEMH HEOOXOAMMbBIMH
MOCTPOCHUSIMH.
7. BeIBOIBI.

IpakTnueckas padora Nelbs.
Tema 17. U3MepeHue mymMoB.
HN3y4yeHue miyMoOB U HIyMOBBIX IAPAMETPOB YCHJIM TS
Lesas padoThl: 3yyeHue TemaoBoro U ApoOOBOro IIyMa U IIYMOBBIX apaMETPOB YCHUIIUTEIS.
IlepedyeHb UCIOJIB3YeMOro 000PYyA10BAHUS
DKcrepuMeHTallbHasl YCTaHOBKA (MHTEPHET pecypc)
TeopeTnyeckas 4acThb:



[Tpu paccMOTpeHUH U30BITOUHBIX IIYMOB IIMPOKO UCIOJIB3YETCs MOHATHE O (PIYKTyalusax
napameTpoB cucteMbl. Hanpumep, B crily HEKOTOPBIX MIPUYUH MOTYT CIy4ailHBIM 00pa3oM
WU3MEHATHCA EMKOCTh KOHJIEHCATOPA WM CONIPOTUBIICHUE PE3UCTOPA, BBICOTA IOTEHIIMAIEHOTO
Oapbepa p-n nepexo/ia MoJayNpOBOJHUKOBOrO npuodopa. Eciiv k anexkTpuyeckoil uenu,
coJiepKalleil Takue 3JIEMEHTB, IPUIOKUTh HANIPSDKEHUE, B LIEIH BO3ZHUKHYT M30bITOYHbIE
¢uryKTYyanum Toka.

HawuOosnee npocToii sSBiseTcss MO/EIb PaBHOBECHBIX (PIyKTyaluid conpoTuBieHus. TepMuH
PaBHOBECHBIE 03HAYAET, YTO (IIYKTYallMH COMPOTUBIICHHUS CYLIECTBYIOT BHE 3aBUCUMOCTH OT
TOT0, IPOTEKAET JIU 110 COPOTUBIICHHUIO TOK WJIU HET, U YTO CBOICTBA 3TUX (PIIyKTyaluii He
3aBHCAT OT ToKa. Eciu yepe3 Takoe GpryKTyupylomiee COnpoOTUBICHHE MTPOIYCTUTh MTOCTOSTHHBIH
anektpuueckuii Tok O |, Ha CONPOTUBIEHNU BOZHUKHYT (DIyKTyalluu HaNpsHKEHUS
()O)Out=1-rt,(20)

rae r(t) - puykTyupyromas cocTaBsItoIIas OJIHOTO conpoTuBieHus. OTCro/1a CleyeT, 4To
CHEKTpaJIbHas MIOTHOCTh U30BITOYHOTO LIIyMa OIPEENAeTCs CIEKTPAIbHOM IJIOTHOCTHIO
¢uryKTyanuii ConpoTUBICHUS:

(0)2()

0STISTUR="-.(21)

MomHoCTh H30BITOYHOTO 1IyMa, BBI3BAHHOTO (DIYKTyallMsIMUA COIIPOTHBIICHUS,
POTIOPIMOHATIFHA KBAIPaTy MPOTEKAIOIIETO TOKA,  3TO OTIMYAET €r0 OT IPOOOBOTO IIyMma,
MMEIOLIETO JIMHENHYIO 3aBUCUMOCTb MOIIHOCTH OT TOKA.

Ou3nUecKUMH MPUIUHAMHU (ITYKTyaluil COMPOTUBIICHUS MOTYT OBITh, HarIpuMep, (GpIyKTyarun
quciia IOJBUKHBIX HOCUTEIIEH B IIOJYNPOBOJIHUKOBOM MaTepHalle U3-3a CIIy4aliHOro Xapakrepa
IPOIIECCOB TeHEePAMU/PEKOMOMHALINY; (PITYKTyallMi MOJBHYKHOCTH HOCUTENEH 13-3a
CJIy4alfHOT'O POXKJICHUS/ YHUUTOXKEHUS Ae(PEKTOB KPUCTAIUIMUECKON PELIETKH ITPOBOIHUKA, Ha
KOTOPBIX IPOMCXOUT PACCESTHIE HOCUTEIICH; CITyJailHbIi 3aXBaT/0CBOOOKICHNE HOCUTEIICH
3apsizia JIOBYLIKaMH, PACIION0KEHHBIMU B 00€IHEHHOM CJIO€ P-n Mepexo/ia, U ApyrHe.
N30BITOYHBIN 1ITyM, BBI3BAHHBINA (DIIYKTyalusMH TapaMETPOB, B HEIMHEHHBIX 2JIEMEHTaX Y4acTO
UMEET JpyTHe 3aBUCUMOCTH MOIIHOCTU (UIyKTYyaluil HanpsKeHUs OT TOKA.

B kauecTBe mpumMepa paccMOTPUM HOJTYNPOBOHUKOBBIN TUOJI, BOJbTAMIIEpHAsl XapaKTePUCTUKA
KOTOPOT'0 OITUCBIBAETCS BEIPAKECHUEM:

(exp()1)0l=1aU—, (22)

0 I - oOpaTHBIit TOK HacklLeHUs 1uoja, U - HanpsbkeHre Ha p-n epexojie, o — HeKoTopast
nocTtostHHas. Eciii ynucto GpopManbHO MPeanoNokKuTh, 4TO TapaMmeTpsl p-n iepexona 0 | u a
(GIIyKTYHUPYIOT, X UTO TOK no0Jia | moaep kuBaeTcs MOCTOSIHHBIM, COOTBETCTBYIOIIEE IIIYMOBOE
Hanpspkenue dU npu yenosuu 0 | >> | umeet Bua:
o[In(/)dalad/]/a000U==11-+11.(23)

CpaBHenue ¢ BoipaykeHueM (20) moka3pIBaeT, 4To IIyM, co3iaBaeMblil paykryauusmu 0 8l u da
umeet 6osee cnadyro 3aBUCUMOCTb OT TOKa, YeM IIIyM, CO3/1aBaeMblii (IIyKTyalUsIMH
COINPOTHUBIIEHUS. ITOT IPUMEP AEMOHCTPUPYET, UTO 3aBUCUMOCTh U30BITOUYHOTO IIIyMa OT TOKa
MOYET OBITh I0CTaTOYHO CIIOKHOMU. JleTanpHoe 00Cyk1eHre N30bITOYHOTO IIyMa B
MOJTyPOBOIHUKOBBIX JTMOJaX BBIXOAMT 3a paMKH JAHHOTO ONHCAHUS.

CriekTpanbHbIe CBOMCTBA M30BITOYHBIX ITYMOB MOTYT OBITh pa3IUYHbIMU. Tak,mporecchl
reHepanuu/peKoMOnHaIK, XapaKTepu3yeMble HEKOTOPOU MOCTOSIHHOM BpEMEHH T , J1a 10T
YaCTOTHYIO 3aBUCUMOCTB CIIEKTPAJIBHOM IIJIOTHOCTH, aHAJIOTUYHYIO BBIpaKEHUIO (9) 11
temioBoro myma RC-nienouku. CriekTp Takoro BUjia Ha3bIBaeTcs crekTpom JlopeHia u
XapaKTEepU3yeT IIYM B PEIAKCAIIMOHHON CUCTEME, NMEIOLIEN OJJHY TOCTOSHHYIO BPEMEHHU.
Oco0oe mecTo 3aHMMaeT GaukkepHbIi mym uian mym 1/f. YacToTHas 3aBUCUMOCTh CIIEKTpa
3TOrO IIyMa UMEET BUJI:

S(f) «x1/fy(24)

C TOKa3aTeJieM CIIEeKTpa Y , ONM3KUM K eJUHULE. Takoi BUJ CIEKTPaIbHOM MIIOTHOCTH O3HAYAeT,
yto 1ryM 1/f mposiBnsieTcs, riaBHbIM 00pa3oM Ha HU3KUX yacToTax. HeoObruHOCTD

CHEKTpa 3aKJII0YaeTCs B TOM, UTO €ro MHTErpall Mo 4acToTe (5) pacXoauTcs, U,



CJIEIOBATEIILHO, MOIITHOCTh (DITyKTyaIuii 10/hKHa ObITh OeCKOHEYHOU. PeanbHbIM akTopom,
OTrpaHMUYMBAIOLIMM POCT MOIIHOCTH IlIyMa Ha HU3KUX YacTOTaX, SIBJSETCS KOHEUHAas
JUTUTETILHOCTh U3MEPEHHUs IIyMa. B moynpoBOAHUKOBBIX YCHIIUTENSIX 3aBUCUMOCTh THMa 1/f
IIPOCIIEKEHA BIUIOTH /10 YacToT nopsaaka 10-6 I'n.

[Mywm 1/f npu Tex nian UHBIX YCIOBUIX HAOIO1aeTCs MPAKTUYECKU BO BCEX

AIIEKTPOHHBIX MPUOOpax M KOMIOHEHTax. DIIyKTyaluy 3TOTO THIIA TAaKXKe MPUCYTCTBYIOT B
OMOJIOTUYECKHX, IKOHOMUUECKHX, T€0PU3NYECKUX, ACTPODU3UUECKUX U IPYTHX CUCTEMAX.
Cronp yHUBEpCAIBHBIN XapaKTep 3TOTO SBJICHUS B HACTOsIIEe BpeMsl He 00bsicHeH. B
INEKTPUUYECKUX cucTeMax ryM 1/f 0ObI4HO cBsi3aH ¢ QIIyKTyalsiMU COITPOTUBIICHHUS.
OU3NUECKUMH MPOLIECCaMu, HanboJee MOAXOIAIIMMU ISl OObSICHEHHS IIIyMa Ha
MH(PaHU3KUX YaCTOTaX, ABIAIOTCS 3aXBAaT HOCUTEJEH MEUICHHBIMH JIOBYIIIKAMU B
HOJIYTIPOBOIHUKAX U POXKICHHUE/yHUUYTOKEHUE Ie(PEKTOB PEIIETKH B MeTayu1ax. Mojenu,
OTMKCHIBAIOIIUE 3TOT LIYyM, B OOJIBIIMHCTBE CIIy4aeB OCHOBaHbI Ha MPEANOI0KEHUH O
CYNEPIO3ULMH LIIYMOBBIX PEAKCALMOHHBIX IIPOLIECCOB, UMEIOIUX PA3JIMYHbIE [IOCTOSHHbBIE
BpeMeHHU. [ TaBHast TpyAHOCTh TAKUX TEOPUN COCTOUT B (PU3nUecKoM 000OCHOBAHUU
pacrpeneneHus BECOBBIX K03()(UIIMEHTOB, COTIIACHO KOTOPBIM JIOJIKHBI CKJIAIBIBAIOTCS
OTJIebHBIC PeJIaKCAI[MOHHBIE MPOLIECCHI ISl MOoTy4YeHus crekrpa 1/f.

HIymbl yeusuTeseid. Y CUIUTEIH IEKTPUUECKUX CUTHAIOB, KaK M JI00bIe Ipyrue
3JIEKTPOHHBIEC YCTPOWCTBA, COAEPIKAT BHYTPEHHUE UCTOUHUKH prykTyanuit. [1lymbr
JEHCTBYIOT HapsiAy C MOJIE3HBIM CUTHAJIOM U yXYALIAIOT €ro pacro3HaBaHUE. DTO OCOOEHHO
15

CYLLIECTBEHHO, KOI'JIa BEJIMUMHA CUTHaIa Maja, I03TOMY B [IEPBYIO OYEPE/Ib BaXKHbI IIyMBI,
MPUCYTCTBYIOIIME BO BXOJHOM LIETH YCUITUTENS.

[IymoBBIE XapaKTEPUCTUKH YCUIUTEIIEH ONPENEISIOTCS MHOTUMHU (PaKTOPaMHU:
KOH(UTypale yCHUINTENs, PacIoI0KEHHEM U CBONCTBAMHU BHYTPEHHUX UCTOYHHKOB IIIyMa,
peXUMOM pabOThI aKTUBHBIX 3JIEMEHTOB, UMIIEJAHCOM UCTOYHHMKA CUTHANA U T.J1. BausHue
3TUX (PaKTOPOB Ha IIyM, CO3/IaBAEMBbIi YCHIIUTEIEM, MOKHO TOYHO YCTAaHOBUTH JIUIIb JIJIS
KOHKpETHON cxeMbl ycunurtens. OIHaKo Ha MPAKTUKE JOCTaTOUHO MOJHOE OMKCAaHUE IIIyMOB
YCWINTENEH JaeT yIpolIeHHas CXeMa, IoKazaHHas Ha Puc.4.

McTouHuK cUTHAJIA IPECTaBIICH FeHEPaTOpOM HanpspkeHust eR(t) 1 BHyTpeHHUM
COIIPOTHUBIIEHUEM R, KOTOpOE MpeArnoaraeTcsi YuCTo aKTUBHBIM. PeallbHbIA ycuiIuTenb ¢
BXOJIHBIM CONPOTHBIIEHHEM, HAMHOT'O IIPEBBIIIAIOIINM R, paccmaTpuBaeTcs B BUJE
KOMOUWHAIIMK U1€aTBHOTO, HE IIYMSILIET0 YCUIUTENS U BXOAHBIX ITYMOBBIX HICTOUHUKOB
Hanpsokenus e(t) u Toka i(t). DTH HCTOUHUKH OMUCHIBAIOT PeaibHbIC IIYMOBBIEC HAMIPSHKEHUS
TOKH, KOTOPBIE YCUJIMTEIb CO3/1a€T BO BXOIHOM LIETIH.

Bceskuii peanbHbIli HCTOYHUK CUTHAJIA TIOMUAMO TMOJE3HON COCTaBISAIONIEH TPOU3BOIUT
HEKOTOpBIN IIyM. MneanbHblii HCTOYHUK C MUHMMAJIbHBIM YPOBHEM IlIyMa F€HEPUPYET
TOJIBKO TEIUIOBbIE (PIYKTyallu, OlpeiesieMble BETMUYUHON €ro BHYTPEHHETO
conpoTtusiieHUs. KauecTBO yCUIUTENS ¢ TOYKH 3pEHUS €T0 IIYMOBON XapaKTEPUCTUKH
OLICHMBAETCS TEM, HACKOJIBKO IIyM, BHOCUMBIN YCUIIUTENIEM, MaJl IO CPAaBHEHUIO C
COOCTBEHHBIM IIIYMOM MCTOYHHUKA cUrHaina. [103ToMy npu paccMOTPEHHH IIyMOB yCHUIUTEINS
JIOCTaTOYHO CYUTATh, YTO UCTOYHUK CUTHAJIA BhIpAOAThIBAECT TOJILKO TEIUIOBbIE (IIYKTYyalllHy.
Hanpsoxenne u(t), neiictByromiee Ha BX0JI€ HACATHHOTO YCUIIUTENS, SBISIETCS CYMMOM
BKJIQJIOB OT BCEX T'€HEPATOPOB CXEMBI:

u(t) e (t) e(t) Ri(t) R =+ +. (25)

Puc.4. Cxema BXOJTHOM LENU YCWIIMTENS ¢ UCTOYHUKAMU [ITyMOB.

[TyHKTHpPOM OOBEIEHBI HIEMEHTHI, OTHOCAIINECS K YCUIIUTENIO. A - WeaabHbII HEeIIyMsIIni
YCHIINTENb ¢ OECKOHEYHO OOJIBIIINM BXOJIHBIM COIIPOTUBICHUEM.

u(t)
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B npennonoxeHun, 4To HIyMOBbI€ HCTOUHUKU CTAaTUCTUYECKH HE3aBUCHMBI, CLIEKTpaibHas
IUIOTHOCTH BXOJIHOTO HAIIPSDKEHUS ONPEAEIeTCS CYMMON CIIEKTPAIbHBIX TUIOTHOCTEH
COOTBETCTBYIOIUX CJIaraeMbIX:

(26)

OurypHbsIMU CKOOKaMH BBIJIETIEHO BBIPAXKEHHE, I0KA3bIBAIOILEE, BO CKOJIBKO Pa3 MOJIHBIA 1IyM
BXOJHOH CXEMBI MPEBBINIAET TEIJIOBOM IITYM MCTOYHMKA CHUTHAJIA. DTO OTHOIICHUE HA3bIBACTCS
k03¢ PpunuenToM myma ycusmrenas. /g naeanbHoro ycuiintens 6€3 BHyTPEHHUX IYMOB

KO3 QHUIMEHT TyMa paBeH eIUHHIIC.

CootHoleHue (26) MOKa3bIBaeT, YTO LIYM PaCCMATPUBAEMOM CXEMBbI CYILIECTBEHHO 3aBUCHUT OT
COIIPOTHUBIICHUS] HCTOYHHMKA CUTHAJA. 3aBUCUMOCTH MOIIHOCTH ITyMa U K03 duimenTa myma ot
BEJIMYMHBI CONPOTUBIICHUS CXeMaTUYEeCKH U300paxkeHbl Ha Puc.5.

[Ipu ManbIx 3HAYCHUSX CONPOTUBIICHHS JOMHUHUPYET IIYMOBOE HanpsbkeHue ycunutess e(t).

B 31011 0651acTH 1IyM cXeMbI IPAaKTHYECKU HE 3aBUCUT OT CONPOTUBIICHUS UCTOUHUKA CUTHAJIA U
paBeH HIyMy YCHJIMTEINS C 3aKOPOUYEHHBIM BX00M. [Ipy yBenrueHNH CONMPOTUBIICHNUS, HAYMHAS
co 3nauenus nopsaka SE(f)/4kBT, naunnaer npeobiagaTh TEIUIOBOM IIIyM HCTOYHHMKA CUTHANA, U
MOIITHOCTb IITyMa JINHEHHO PacTeT BMECTE C COMPOTUBIICHUEM.

HIyMbl ycUIUTENS! OTHOCUTEIBHO HEBETUKHU, U KO3(DPULIMEHT IyMa yCHIIUTeNs OJM30K K
enunuie. [Ipu eme 6onpleM yBeln4eHHH CONPOTUBICHUs, B o0mactu R> 4kBT/SI(f)
CKa3bIBAaCTCs BIMSHUE IIyMOBOTO TOKa ycumutels i(t). 31ech MOIIHOCTD IIyMa pacTeT
IPOTIOPIHMOHAIIBHO KBAZPATy COMPOTHBIICHHS, U KOA(PUIMEHT ryma yxyamaercs. O0macTb
ONTUMAJIBHBIX COMPOTUBJICHUN — 3HAYEHUH CONPOTUBIICHUS, IPU KOTOPBIX KO3((HUIIUEHT 1I1yMmMa,
OJIM30K K eIMHHMIIE, OTIPECIISICTCSI MOITHOCTBIO IIIYMOBBIX UCTOUHHKOB ycuuuTens e(t) u i(t).
Jlis ycuieHust CUTHaJIOB HU3KOOMHBIX JIaTYMKOB IPEANOYTUTENbHbI YCUIUTENN C MAJIBIMU
3HAUEHUSIMU IIyMOBOT'O HAaIIPsDKEHUS. 3/1eCh 00iee MOAXO0AATIMAJIOIIYMSIINE YCHIINTENH Ha
OUIIOJIAPHBIX TPAH3UCTOPAX.

Puc.

IIpu paboTre ¢ BBICOKOOMHBIMU UCTOUHUKAMH HEOOXOAUMBI YCUIIUTEIN ¢ MUHUMAJIbHBIM
IIYMOBBIM TOKOM. B 3TOM citydae mpuMEHSFOTCS yCUIIMTEIH Ha TTOJIEBBIX TPAH3UCTOPAX.
BcenencTBue 4acTOTHOM 3aBUCHMOCTH CIIEKTPAJTIBbHBIX TNIOTHOCTEH IIyMOBBIX HCTOYHUKOB €(t)
I(t) koo durHeHT 1ryma u 0071acTh ONTUMATIBHBIX COMPOTHBIICHUN TAKXKE 3aBUCST OT YaCTOTHI.
B wacTHOCTH, HAa HU3KUX YacToTaxX K03(pPUIMEHT nryMa 0ObIYHO yXyALIaeTcs U3-3a
(GIUKKepHBIX MTyMOB. J1JIs1 9acTOT MOPSIKa HECKOJIBKUX KAJIOTEPI] TUITUYHBIC 3HAYCHUS
CHEKTPAIbHBIX INIOTHOCTEH HANPSDKEHUS U TOKAa MAJIOIIYMSALIUX YCUIUTENel cocTaBsoT: 1HB/
I'mu 0.10A/ T’ - it yemnurene Ha OUnossipHbIX Tpansucropax, 1 10uB/ I'n u 1hA/ I'n - ans
YCUJIUTENIEH Ha MOJIEBBIX TPAaH3UCTOPAX.

[TpuBeeHBI YNCIIEHHBIE 3HAYSHHS KBAIPATHOTO KOPHS U3 CIIEKTPAIbHON TUIOTHOCTH, YTO
ABJIsIeTCS OOIICTTPUHATON MPAKTUKOM.

Jnist cpaBHEHHSI ITyMOBBIX HAPSHKEHUH M TOKOB, JEWCTBYIONIUX B CHCTEME, C YPOBHEM
PaBHOBECHBIX (MIYKTyaluii CUCTEMBI YJJOOHO BhIpa)kaTh IIyMOBOE HAINPsDKEHUE UM TOK B BUJIE
IKBHBAJIEHTHOT0 IIYMOBOI'0 CONPOTHBJIeHUsI. BenmnunHa 1IryMoBOro COpPOTUBIICHUS
omnpenensercs no ¢popmyne HaiikBucra (11) 1 paBHa cONpOTUBIICHUIO, PABHOBECHOE LITYMOBOE
HanpsbKeHue (TOK) KOTOPOro paBeH JaHHOMY IIIyMOBOMY HampsbkeHuIo (Toky). Hampumep,
3HayeHne 1HB/ 'l cooTBeTCTBYET paBHOBECHOMY HampspKeHUIo conpoTusieHus 60 Om, a
3HaueHue 1¢pA/ I'u - paBHOBecHOMY TOKY conpoTtusiieHust 17 I'Owm.

N3MEPEHUE MOIIHOCTHU LIYMA

W3mepenue mo00i cTaTUCTUUECKON XapaKTepUCTUKU IITyMa BKIIIOYAET ONEPALIUI0 YCPEIHEHUSI.
[Tpu TeopeTHUeCcKOM aHaAIN3€e CITy4aifHBIX MPOLIECCOB CPEIHUE 3HAUCHHSI ONIPEEIIAIOTCS ITyTeM
YCPETHEHUS 110 CTATHCTUIECKOMY aHCaMOITIO peaTn3aliii: BCe TOMYCTHMbIC 3HAYCHUS
yCpEeIHAEMON BEIMYMHBI CyMMUPYIOTCSI C BECAaMH, PABHBIMH BEPOSATHOCTH 3TUX 3HAYCHUH.
DKCHepUMEHTATOP XKe PacIoiaraeT JHIb OJHON peanu3anueit X(t) , u onpeeneHne cpeHuX
3HaYeHUU POU3BOJUTCA IIyTEM YCPEAHEHUS 110 3TOM €JMHCTBEHHON pealn3alui — ycpeIHeHust
110 BpeMeHH. BO3MOKHOCTB TaKOTO yCPEIHEHHsI OCHOBAHA HA TOM, YTO CIIY4aiHBINA MTPOLIECC



o0ajaeT KOHEYHOU aMATBIO — BpeMEeHeM Koppessiiuu. IloaTomy oHy peanusanuio B
NPUHIUIIE MOXKHO Pa30UTh Ha OTACIbHBIE

HE3aBUCHMBbIE YUACTKH, U MOJTYYUTh TEM CaMbIM [101001€ CTaTUCTUYECKOTI'O aHCaMOJIs.
[Tpoueccsl, A1 KOTOPBIX YCPEIHEHUE 0 BPEMEHHU (IIPEII0JIAraeTcs, YT0 MHTEPBal
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YCpPEIHEHUS] MO>KHO OpaTh CKOJIb YTOAHO OOJBIINM) SKBUBAJICHTHO YCPEIHEHUIO 0 aHCAMOJTIO,
Ha3bIBAIOTCS IProAHIeCKHMH.

[TprmMepoM BpEMEHHOTI0 YCPEIHEHUS, BAKHBIM JUISl IPAKTUKH, CITYKHUT OIPEAEIIEHNE MOILHOCTH
aryma:

(27)

rze t - Hauaslo MHTepBaja yCpeAHEHUs, | - JUIMTEIbHOCTh YCPEIHEHMS.

Ecnu npoBoauTk 3Ty nponeaypy Ui pa3IndHbIX pealn3aluil CTAaTUCTUYECKOT0 aHCaMOIIs,
NOJIy4aeMble 3HaYEeHUs CpeAHEN 10 BPEMEHH MOIIHOCTH Oy1yT OTIMYAThCs APYT OT Apyra.
Cpennee 3THX 3HAYEHUI PaBHO AUCHEPCUH IIyMa G 2 , BBIYUCICHHOHN 0 aHCaMOJIIO:

< X2 >=< X2 >=c 2 . OTKJIOHEHHUE TTOJIyYaeMbIX 3HAUYEHUN OT BEJIMYUHBI JUCTICPCUH

0 2 SBJISAETCS CTATHCTHYECKOH OMMOKOM n3MepeHnss MOITHOCTH AG 2 = X2 —6 2 .
Bennuuna ommOKu 3aBUCUT OT COOTHOLIEHUS AJIUTEIbHOCTH yCpeIHeHus T 1

Bpemern koppersiiuu mryma K 1. Ora Oyet HeOOoJIbIIoi 110 CPaBHEHHUIO C BEITMYUHOM
JUCIIEPCUU G 2 , €CIIU AJIUTEIBHOCTD YCPEJHEHUSI HAMHOT'O IIPEBBILIAET BPEMS KOPPEIIALIHH.
[Tpu BBIOJIHEHUU 3TOTO YCJIOBUS CPEIHEKBAApATUUHAsl OTHOCUTENIbHAS OIIMOKA U3MEPEHUS
MOIIHOCTH [ITyMa, UMEIOIIETr0 MOCTOSIHHYIO CIIEKTPAIbHYIO IUIOTHOCTD M HOJIOCY YacToT Af,
OIIPEEIAETCS BBIPAXKEHUEM:

Ac 262 =(1/ AfT)1/ 2, (28)

W3mepeHue crieKTpanbHON IUIOTHOCTH 10 CYLECTBY SABJISETCS U3MEPEHUEM

MOIIHOCTH COCTABJIAIOIIMX IIIyMa B JOCTATOYHO Y3KOU I10JIOCE YaCTOT, BBIIEIIIEMBIX C
MOMOIIBIO (QMIIBTPA, U MTOCIIEAYIOIIEM JISTICHHEM 3HAUSHHsI MOITHOCTH HA IIMPHHY TTOJIOCHI.
W13 BeIpaskeHus (28) BUHO, UTO yJyUIIEHUE CIIEKTPAIbHOIO pa3peliieHus (yMEHbIIeHe
HIMPUHBI [T0JIOCHI YACTOT) U YMEHbIIEHUE OIIMOKHU U3MEPEHUs CIIEKTPaIbHON MIIOTHOCTH
SBJISIIOTCSI TPOTUBOPEUMBBIMU TPEOOBAHUSIMU, M UX COOTHOIIEHUE BHIOUpAETCS U3
KOMITPOMHUCCHBIX COOOpakeHUH.

Omepanus yepenseHus o Bpemenu do K

T

tT

tfo1+

B CIIEKTPAJIbHOM IPECTABICHUN

ABIIAETCS GUIBTPOM HU3KUX YACTOT, KOTOPBIN MPOMYCKAeT HU3KOYACTOTHbIE KOMIIOHEHTBI
BXOJIHOT'O CUTHaJIa, BKJIIOYasl IOCTOSIHHYIO COCTABJISAIOLLYIO, U ITOIAaBIISAET BBICOKOYAaCTOTHBIE,
HauMHag ¢ 4acToThl nopsiaka 1/ T . Jlng BpeMeHHOro ycpenHeHus QiayKTyaluil B IpUHIUIIE
MOTYT MCIIOJIb30BaThCsl THOObIEe HU3KOYAaCTOTHBIE (GMIBTPHI. B yacTHOCTH, P aHAIOTOBOM
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00paboTKe CUTHAJIOB YacTO MpUMeHsIoTCs uHTerpupytomue RC -iienouku. B aTom cinyqae
BbIpaXEHHE JJIsl OTHOCUTEIHHON OIIMOKY N3MEPEHHSI MOIIIHOCTH UMEET BUJI:

Ac 2 /o2 =(1/2Aft)1/2, rae T - mocTosTHHAsE BpEMEHH 1IeTIOUKH. (29)

DyHKIHOHAIBHAS CXeMa U3MEPEHU MOITHOCTH ITyma rnoka3ana Ha Puc.6. Ona

COZIEP’KUT: UCTOYHHK LITYMOBOTO CHTHAJIa, IIPEJICTABICHHBIN reHepaTopoM HanpsbkeHus eR(t)
Y BHYTPEHHUM CONIPOTUBJIEHUEM UCTOYHUKA R, yCHIIUTENb C pEryIupyeMbIM

k03¢ purmenTom ycrnenust K, GuiabTp, 3a1al01IKH 1MOJI0CY 9acTOT u3MepeHus mryma Af,
KBaJIpaTUYHBIM UM JTUHEHHBIA AETEKTOP, GUIBTP HU3KUX YaCTOT, BHITOJHSIOUIUN (QYHKIIHIO
YCPEOHEHMS, U BBIXOAHON MHINUKATOP.

A

Yeunurens Ounbtp derexkrop OGunstp HY

Uctrounuk Nuaukarop



nryma

R

eR(t)

Puc.6. ®yHkimoHanbHas cxema U3MEPEHNS MOIHOCTH LIyMa.

Jl1s KBaApaTUYHOTO IETEKTOPA (BBIXOIHOM CUTHAN JETEKTOpa MPOMOPIHOHATIECH

KBaJlpaTy BXOJHOT'O CUTHAJIA) U B MIPEAIOJIOKEHUH, YTO CIEKTPaabHasl INIOTHOCTh UCTOYHHUKA
muryma SR(f) moctosiHHa B mipeienax moJochl Mponyckanus GuiIbTpa, NoKazaHue HHauKaropa A
IIPONOPLIMOHAIIBHO CIIEKTPAIbHOM TUIOTHOCTU. B cootrBeTcTBHH € (5), (6) €ro MOKHO
BBIPA3UTh B BUJIE:

AK2S(f)fTK2S(f)RR=aA =8, (30)

/1€ 0 - TOCTOSIHHAS, YUYUTBIBAIOIAsl HEpEryaupyemMblie KodhOULIUEHTHI repeadl GUIbTPOB,
JICTEKTOpa ¥ UHAUKaTOpa, B = aAf. s muHeliHOro netekTopa (BBIXOIHON CUTHAN JAETEKTOpa
MPOMOPLMOHANIEH MOIYJII0 BXOJTHOTO CUTHAJIa) ¥ FayCCOBCKOTO IlIyMa MOKa3aHue A
IIPONOPLUOHAIBHO KBAJAPAaTHOMY KOPHIO U3 CIIEKTPAIbHON IUIOTHOCTH:
AKS(f)R=p,(31)

rze B TaKxke SBISAETCS HEKOTOPOU MOCTOSTHHOM.

3nauenue noctossHHOH [ B BeipaxkeHuu (30) wu (31) MOXKHO onpeaenuTs, €ciau

3aBEJIOMO M3BECTHA CIIEKTPaJIbHAsI MJIOTHOCTh HCTOYHHUKA ITYMOBOTO curHasa. OOBIYHO IS
KaJTUOpPOBKU UCIIONB3YIOTCS CEIHalbHbIE TeHEPaTOPhI ITyMa WM TETJIOBOU IIyM
MU3MEPSAEMON CUCTEMBI.
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Jl1s cpaBHEHMSI IIyMOB, TEHEPUPYEMBIX Pa3IMYHBIMU UCTOYHUKAMU WIIK OJTHUM U TEM

K€ UCTOYHUKOM IPH PA3IMYHBIX YCIOBUSX, yI0OHO HCIOIb30BaTh OTHOCUTEIBHOE
u3Mmepenue. Eciii BXOIHOM ITyM €O CIIEKTPabHON TUIOTHOCTHIO SO BBI3BIBACT IMOKA3AHHE
unaukatopa AO npu BennunHe kodpdunrenta ycunenus KO, a mryMm co criekTpaibHON
IUIOTHOCTBIO S BBI3BIBACT MOKA3aHNUE MHIUKATOpa A pu BeU4rHE KO (HUIINEHTA YCUIICHUS
K, TO OTHOIIIEHUE 3TUX CIIEKTPATbHBIX IJIOTHOCTEH (IJ11 M3MEPUTENIS C JIMHEHHBIM
JETEKTOPOM) OTPEEIIAETCS BEIPAKEHUEM:

2

000SS=(KAKA).(32)

Ecnn oHa U3 ceKTpalbHBIX INIOTHOCTEN U3BECTHA, TEM CaMBIM ONPEACIIAETCS BENMUNHA
JIPYTOil.

IKCHHEPUMEHTAJIBHASA YCTAHOBKA

DKcrnepuMeHTalIbHAs YCTAHOBKA COCTOUT U3 TPEX JIEKTPOHHBIX OJIOKOB —

UCTOYHUKOB JIEKTPUYECKHUX IIYMOB Pa3IMYHOrO THIIA, U U3MEPUTEIBHOTO OJI0Ka, ¢
MOMOIIbI0 KOTOPOT'O PETUCTPUPYETCS CHEKTpalIbHAs IUIOTHOCTh HIyMa.

H3mepuTenbHblii 010K npeacTaBiseT OO0 y3KOMOJIOCHBIH YCUITUTEND C

JETEKTOPOM BBIXOJHOTO curHaia. OCHOBHBIE y3JIbl U3BMEPUTENILHOTO OJI0Ka U OpraHbl
yIpaBJIE€HUs NPeACTaBIeHbI Ha Puc.7.

Bxoanoit ycunurens /1/ nMeeT mOCTOSIHHBINA KO3QPUIIUEHT ycuiieHus, paBHbIi 60. C

€ro BBIX0/1a IIIyMOBOM CUTHAJ MMO/IaeTCsl HA YCHIINTENb /2/ ¢ peryiupyemMbiM K03 (GUIIMEeHTOM
ycuiieHus. PerynupoBka npousBoauTcs ¢ nomoibio nepexmtoyarens Y CUJIEHUE,
umeroriero 10 pabounx nonoxenutit (0,1,...,9). Ilpu nepexiroueHny Ha OHY TTO3UIIHIO

A

KAJIMBPOBKA

/M3MEPEHUE

Puc.7. Cxema usmeputensHoro 6yoka. [TyHKTHpOM 00BeEHBI 3JIEMEHTHI TOJIOCOBOTO (PHIIBTPA.
Crpenkamu yka3aHbl y3JIbl CXEMbI, K KOTOPBIM OTHOCSATCSI COOTBETCTBYIOIIHE OPTaHbl
YIPaBIEHUS YCTaHOBKOM.

Kod(puImeHT ycuseHus u3meHsercs B 2 paza. B monoxenun 0 ko3pHUIIUEHT yCUICHUS
paBeH 2, B noJioxkeHUH 9 — paBeH 1024. BbIXOIHOM CUTHAII PETYIUPYEMOTO YCHIIUTENSA
BbIBeJIeH Ha pazbeM BBIXO/I my1s BU3yambHOTO KOHTPOJIS ¢ TOMOIIBIO ociiiiorpada.



[Tonoca wactot ycunenus coctapisget 20 ' — 25 k',

Y cuneHHbIH IIyMOBOW CHTHAJI TIOCTYMAET Ha (PUIBTP, KOTOPBINA BBIACIISET

CHEKTpaJIbHbIE COCTABIIAIOIINE CUTHAJA, JIeKaI[1e BOKPYT EHTPaJIbHOU 4acTOTh! (PUIbTpa B
M0JI0CE YacToT, mpuMepHo paBHoi 50 I'. Pabora punsTpa ocHOBaHa Ha peoOpa3OBaHUH
YacTOThI BXOJIHOTO cUrHaia. OUIbTPYEMbIi IIyM U CHHYCOUAAIbHOE OIIOPHOE HANIPSIKEHUE,
KOTOPOE BBIPAa0aThIBAET CIEHUATBHBIN reHepaTop /3/, Ha3pIBaeMblil T€TEePOINHOM, TIOAAIOTCS
Ha aHAJIOTOBBIA YMHOXHUTEIb CUTHAJIOB /4/. B pe3ynbpTaTe yMHOXKEHUS IPOUCXOAUT CIBUT
CIIEKTpa LIyMa BBEPX U BHU3 [10 HaCTOTE HA BEJIMYMHY, PABHYIO YacTOTE rerepoaunHa. B
OKPECTHOCTH HYJIEBOM 4aCTOTHI OKAa3bIBAIOTCS CIIEKTPAIbHBIE COCTABIISIONINE BXOIHOTO
IIyMa, pacIoJIOKEHHbIE B OKPECTHOCTH YaCTOThI F€TEPOAUHA. DTHU COCTABIIAIOLINE
BBIIETSAIOTCS QUIBTPOM HU3KUX YACTOT /5/, KOTOPBIN BKJIIOUEH Ha BBIXOJIE YMHOXHTENS. Bee
YCTPOHCTBO ACUCTBYET KaK (PMIIBTP C MOJIOCON MPOITYCKAHHs, PABHOM MOJIOCE MPOITYCKaHHS
¢bunbTpa HU3KKUX YacToT (50 '), 1 UMEIOUIN LIEeHTPAIbHYIO YacTOTy (UIbTPAIU, PABHYIO
4acToTe reTepoanHa. M3aMeHnss yacToTy rerepoinHa, MOXHO U3MEHSTh YaCTOTY HaCTPONKU
bunsTpa.

[lenTpanbpHas 4acToTa U3MEPUTEIHLHOTO OJI0Ka nepecTpanBaercs B nuamas3one 0.1

k' — 11 x['1, KoTOpBI epekpbIBaeTcs YeThIpbMs nogauanazonamu: 0.1 — 0.4 xI', 0.3 — 1.2
k[, 1.0 — 3.6 xI'm, 3.3 — 11 x['u. TpeOyemsblil moaarana3oH yCTaHaBIMBAETCS C TOMOIIBIO
nepextouarens [JUAITA3OH HACTOT. B npenenax kaka0ro nojjydana3ota eHTpajibHas
yacToTa riaBHo nepectpanBaetcs peryiasitopom YHACTOTA TTIJIABHO. 3nauenue 4actoThl
HACTPOMKHU OMpeAeNsieTcs Mo HIKAIe PEryIsaTopa YacTOThI C MOMOIIBI0 KATMOPOBOYHBIX
KPUBBIX, IIPUJIaraéMplX K yCTaHOBKE, WJIH C IOMOIIIbIO YaCTOTOMEPA, U3MEPSIOLIETO YaCTOTY
rerepoauHa. Curnan rerepoauHa BeiBeicH Ha pazbeM BbIX. HACTOTA nHa 3aaHel cTeHke
KOpITyca YCTaHOBKH.

B pe3ynbrate ¢punbTpanyu nryma MOIIHOCTh CUTHANIA Ha BhIX0JIe GUIbTpa

YMEHBILAETCS 110 CPABHEHHIO C MOIIIHOCTBIO Ha BXoAe. i1 KOMIIEHCAIIMH 3TOr0 OCIa0IeHUs
Ha BBIX0JIe GUIIbTPA YCTAHOBIICH YCUITUTENb HU3KON YacTOTHI /6/ ¢ peryIupyeMbIM

K03 duLmeHTOM ycuiieHus. PerynnpoBka npon3BoAUTCS ¢ TOMOIIbIO TIEPEKITIoYaTeNs
YCWJIEHUE HY, umetomtero 10 pabounx nonoxenuit (0,1,...,9). Ilpu nepexitoueHnn Ha
OJIHY TTO3ULINI0 KO3 UIIMEHT yCUIIeHUs u3MeHsieTcs B 2 pasza. B monoxxennu 0 koaddurueHt
YCWJIEHUS PABEH 2, B NOJIOKEHUH 9 — paBeH 1024.

22

CpenHsis aMIUIUTYa BBIIETIEHHBIX CIIEKTPATbHBIX COCTABISAIOMINX IITyMa U3MEPSIETCS C
MOMOIIBIO ABYXITOIYIIEPHUOIHOTO BBIIpsiMuTeNst /7/ m uaTerpupyromieit RC-ienouku. K
BBIXO/Ty LIEMOYKH MOAKIIIOYEH CTpesouHblii nHaAnKarop /8/. Ilepexmtouarens
KAJIMBPOBKA/M3MEPEHUE cayuT 115 n3MeHeHHs TocTosiHHOM BpeMeHu RC-1ienoukw,
3HAYEHUSI KOTOPOW COOTBETCTBEHHO PaBHBI | cek. U 5 cek.

C nomotpto nepexiroyatens /9/ Ha BX0e U3MEPUTENBHOIO 0JI0Ka K HEMY MOTYT

OBITH TIOJIKITIOYEHBI BCTPOSHHBIEC B YCTAHOBKY MCTOYHHUKH IIIYMOBBIX CUTHAJIOB (TIOJOXKESHHS
nepekitouatens T, S, E) win BHemHMi renepaTtop (nonoxernune BXO/).

Hcrounuk temnoBoro myma (T) npencrasisier coboit ycunutens Ha OUTIONSPHBIX
TpaH3UCTOpaxX ¢ KOOPPUIIMEHTOM YCUJICHHS], paBHBIM 13, K BXOy KOTOPOT0 MOJKIIOYEH
pesuctop (Puc.8).

BennunHa conpoTUBIEHUS U3MEHSAETCS C TOMOIIIbIo nepekiatouaress RT, umeromiero 10
nojoxeHuid. COOTBETCTBYIOIIME 3HAUYCHHSI CONIPOTUBIICHUI PHBEICHBI B TAOJIUIIE:
Ne0123456789

RT, kOm 0 9.1 22 49 99 185 470 964 2360 5100

BxonHas eMKOCTh YCHIIMTENS U MMapa3uTHAsi EMKOCTb CXEMbl, IYHTHPYIOIIHE
COIIPOTHUBIIEHUE, B CyMMe cOCTaBIAIOT nopsaaka 10 nd. [Ipu Gonbiux 3HaYEHUAX
COTIPOTUBIIEHUS 3Ta EMKOCTh 3aMETHO BIIUSET Ha BXOJIHOM UMIIEJ]aHC U, CJIEJOBATEIbHO, Ha
TE€HEPUPYEMBIH IIIyM B BBICOKOYACTOTHOM JHAaNa30He YCTAHOBKHU.

HcTounuk ApodoBoro myma (S) cxemarndecku nokasas Ha Puc.9.



JpoOoBoii IryM TeHEpUPYETCS B KOJUIEKTOPHOM TIepexoie TpaH3ucTopa. Jjis yMeHbIIeHUS
BIIUSTHUS IIIyMOB, BOHUKAIOIIUX B 00JIACTH IMHUTTEP-0a3a, SMUTTEPHBINA MTEPEX0]T
TPaH3UCTOPA LIYHTUPOBAH KOHAEHCATOPOM. KoJImekTopHOM Harpy3koi TpaH3ucTopa
SBJISIETCS] CONPOTHUBJICHUE BeTMUUHON 47 KOM. DiyKTyaluu KOJUIEKTOPHOTO TOKa
peoOpasyroTcs Ha 3TOM CONPOTUBICHUH BO (IYKTyal[My HAMIPSKEHUSI U 3aT€M YCUIIMBAIOTCS
¢ ko3¢ purmentom 50.

RT

Puc.8. Yoporuiennas cxema HCTOYHUKA TETLNIOBOTO

myma. Mcnonbs3yercs onepanoHHbIA yCHUIIUTEIb

140Y 1708, umeronuii BXOJHOM KacKaa Ha

OUMOJISPHBIX TPAH3UCTOPAX.

K=13

T
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BennunHa KoJIJIEKTOPHOrO TOKA U3MEHSIETCS ¢ TIOMOIIBI0 nepekitovaTens IS, umeromero 10
nosioxxeHui. COOTBETCTBYIOIIME 3HAUCHUSI TOKA MPUBEICHBI B TA0JIHIIC:
Noe0123456789

IS, MmxA 1.32.55.27.4 132547100 175 225

HUctounuk u3dbiTounoro myma (E) npencrasnser cxema Ha Puc. 10.

N30bITOUHBIN IITyM F€HEPUPYETCS MOTYIIPOBOTHUKOBBIM JIHOJ0M, CMEIIIEHHBIM B TIPSIMOM
HanpaBieHuu. OIyKTyaluu HaNpsHKeHHs Ha Juoje yeunuBaroTes ¢ koddduuuentom 50. Tok,
MPOTEKAIOIIUN Yepe3 U0, PETYJIUPYETCs MyTeM U3MEHEHHUS BEJIMUYMHBI CONTPOTUBIICHHUS,
BKJIFOYEHHOTO TIOCIEA0BATENbHO ¢ quoaoM. CooTBeTCTBYIOIMN nepekitouarens IE nmeer 11
MOJIOKEHUH, 3HAUCHUS HAIIPSKEHUS Ha JUO0JIC U TOKA JAMO0JIa TPUBEJCHBI B TA0IUIIE:
Noe012345678910

IE, MmxA 0 55 100 200 400 610 980 2000 3500 5800 9700

U, MB 0 170 200 245 295 335 385 470 550 630 710

Konnencarop emxocthio 560 Mk®, BKIFOUEHHBIN B 1IETh MTUTAHUS U0/, CITYKUT JJIs
MOABJICHUS IIIyMa HCTOYHHMKA HANPSKEHUs, OT KOTOPOro nMuTaercs nuoi. B auanazone
YaCTOT YCTAaHOBKH €MKOCTHOE COITPOTHUBIJICHHE KOHJICHCATOPa MaJIo, M TIO9TOMY MOYKHO
CUUTaTh, UTO HATPY3KOU JMO/IA 110 IEPEMEHHOMY TOKY SIBIISIETCS IOCTOSIHHOE CONTPOTUBIICHHE

1 kOMm, coeTMHEHHOE MOCIEA0BATEIBHO C IUOA0M.
IE

1k

560M

Puc.10. YnpouieHHas cxeMa HCTOUHHUKA
M30BITOYHOTO IIyMa. Vcronb3yroTest repMaHueBbIT
nuon /{18 u onepaunonnsiit yeunurens 140V J117.
K=50

E

IS

+

47k

Puc.9. Ynporiennas cxema UCTOYHUKA APOOOBOTO
myma. Mcnons3yrores tpansuctop KT3107 u
onepauoHHbiil ycuurens 140V /[17. C noMombto
JTMOJIOB 33Ja€TCs MOCTOSIHHOE HaIpsDKeHUeE Ha 0aze
TpaH3ucTtopa. KouleKTopHbI TOK perynupyercs
conpotusiieHneM K=50 B nenu smurrepa..

Xoa padoTsl

1. O6uue ykazanus nmo padore.



- JIns ontuManibHOM paboThl M3MEPUTEIHLHOTO 0JI0Ka HEOOXOIUMO YCTaHOBUTD
nepexitouaresns Y CUJIEHUE B Takoe mono)keHue, 4To0bl MOJIHBIA pa3Max IIyMOBOTO
CUTHAJIa HA BBIXOJIE yCHIIMTENA cOCTaBs1 B 3 ... 5.5 B. Curnan KOHTpOIMPYETCS ¢ IOMOILIBIO
ocumutorpada, moaKI0YeHHOTo K pazbemy BbIXO/I. 3nauenus curnana, nexanue BHE
nuarnazona —3 B ...+3 B, mpuBoasT K eperpy3ke u3MepUTEIHHOTO 0JI0Ka U MCKAKEHUIO
pesynbTata uamepenus. [locne perynuposku Y CUJIEHUSA nepexmtouarens Y CUJIEHUE HY
YCTaHABIIMBAETCS B MOJIOKEHUE, IPU KOTOPOM CTpeJIKa MHAMKATOpa OTKIIOHAETCS Oojiee yeM
Ha TpeTh mKansl. Cienyer n30erath 3alKaaTuBaHUs CTPEIOYHOTO UHIUKATOPA.

- [Ipu npoBeneHnn n3MepeHnii HEOOXOAMMO YUUTHIBATh HHEPLUOHHOCTh

u3MepurenpHoro 6ioka. Koraa nepexiitoyaresb MOCTOSSHHON BpEMEHH YCTaHOBJICH B
nonoxxenue USMEPEHUE, orcuer pe3ynbrara u3aMepeHus J0JKEH TPOU3BOIUTHCS yepes 20
... 30 cek mocie ar060T0 M3MEHEHUs pexkuMa ycTaHoBKU. [lonoxxenne KOHTPOJIb
UCIIOJNIB3YETCs 17151 OBICTPOI U rpyOOi OLIEHKH pe3ysibTaTa U3MEPEHUsI. DTOT PEXUM YA0OHO
UCTIOJIB30BATh P PETYINPOBKE KOI(PPHUIIMEHTOB YCHUIICHUSI.

- [Tockonbky uccienyemble B paboTe IMIyMbl UMEIOT HIUPOKUE U IJIABHO

M3MEHSIOIINECS C YACTOTOM CHEKTPHI, U3BMEPEHUE YACTOTHON 3aBUCUMOCTH CIIEKTPAIIbHON
IUIOTHOCTH IIyMa JAOCTaTOYHO MPOBOAUTH HA YAaCTOTaX, OTJIMYAIONINXCS B JIBA pa3a.
Hamnpumep, MoxHO BBIOpaTh CAeAYIOMIMM psa yacToT udmepenus: 125, 250, 500 I'n, 1, 2, 4, 8
Kkl 1.

- B usmepurenbHOM 0J10Ke UCTIONB3YETCS TMHEHHOE I€TEKTHPOBAHUE LIIyMa, [I03TOMY
MOKa3aHue UHAUKATOpa A IPOMOPIUOHATFHO KBAIPATHOMY KOPHIO U3 CIIEKTPAIbHOMN
IUIOTHOCTH IIyMa Ha 4acToTe HacTpoiiku f . O0iiee ycuieHne nmyma onpeneseTcs
KodpduUIIMeHTaMH YCUIICHUS OJIOKOB IIyMOBBIX HCTOUHUKOB (K) 1 ycuneHuem
u3MepuTenbHoro 01oka. Beneacrsue storo cootnomenus (31), (32) MokHO IpeICTaBUTh B
BUJIE!

A=B2M+L S(f),2

000SS=(2M +L AK 2MO0 +L0 AK)) . (33)
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3neck M, L — nonosxenus nepexmovarencit YCUJIEHUE u YCUJIEHUE HY, S(f) —
CHEKTpaJibHas IUIOTHOCTH IIyMa Ha BXOJI€ YCUIIUTEINS COOTBETCTBYIOIIETO IITyMOBOT'O
MCTOYHHMKA.

- [Ipu rpadguueckoM npeicTaBICHUN PE3YJIbTaTOB U3MEPEHUH CIIEyeT UCIIOJIb30BATh
JorapupmMuyueckuii Macmrad mo o6eum ocsim rpadukos.

2. OueHKa TOYHOCTH U3MEpPeHuH 1Iyma.

[TonaiiTe Ha BXOJ U3MEPUTEIBHOTO OJI0KA CUTHAI UCTOYHUKA TEIUIOBOTO IIyMa

(BXOHOM mepekIItouaTelib B moyiokeHuu T). YcTaHOBUTE HYJIEBOE CONPOTHBIICHNE
ucTouHuKa (nepekitouatens T B monoxenuu 0) u yactoTy usmepenus nopsiaka 1 k['m. C
untepsanoM 20 ... 30 cek. B pexxume U3MEPEHUE 3anumure 10 ... 15 nokazanuii
uHaukaropa. OnpenenuTe cpeiHee 3HaUeHUe, CPEAHEKBAIPATUIHOE OTKIOHEHUE U
OTHOCHUTEJIbHYIO OLIMOKY U3MEpPEHUS CIEKTpa IIyMa.

3. U3yyeHne TenJa0BOro NiymMa u MiyMOBBIX IAPaMETPOB YCHJIUTEJIS.

[TonaiiTe Ha BXOJ M3MEPUTEILHOTO OJI0KA CUTHAJ HCTOYHUKA TEIUIOBOTO IIyMa

(BXOMHOM mepekItouaTens B monoxkeHuu T).

VYcranoBure yactoty usmepenusd B paitone 500 ['m. i3mepbTe 3aBUCUMOCTH

MOIIHOCTH IITyMa OT BETUYHUHBI conpoTuBieHust RT u moctpoiite cOOTBETCTBYOMNIA TpaduK.
[To maHHBIM, IOTyYEHHBIM I TPEX pa3InyHbIX 3HaueHui conporupieHus (RT =0,

185 kOwm, 5.1 MOwm), ¢ momoIIbio cooTHOLIeHHH (26), (33) onpenenuTe CrieKTpaibHbIE
IUIOTHOCTH MCTOYHUKOB IIIyMOBOT'O HAIIPSDKEHUS U TOKA YCUIJIMTENS], pacCUUTanTe
COOTBETCTBYIOIINE IIIyMOBBIE conpoTHUBIIeHUs. [losicHeHns 1o pacuery:

ITpu RT =0 m1ym Ha BXOA€ yCHUIUTENS CO3/1A€TCS TOJIBKO HCTOYHUKOM IIIyMOBOTO
HanpspkeHus ycumrens e(t) , a mpu RT =185 kOwm mrym 00yciI0BIeH CyMMapHBIM
JEMCTBHEM IIyMOBOT'O HAMPSKEHUS! YCUIIUTENS U TETJIOBOTO LITyMa 3TOr'0 COMPOTHUBIICHUS



(IIIyMOBBIM TOKOM YCHJIUTENSI MOYKHO TIpeHeOpeds). OTHOIIIEHHE CIIEKTPaIbHBIX
IUIOTHOCTEW HaNpsHKEHUs, IEMCTBYIOIIEr0 Ha BXOJIE YCUIIUTENS B 9THX JBYX CIIydasix,
PacCUUTHIBACTCA C TIOMOIIBIO (26) U ONpenensieTcs] OTHOIIEHUEM HEU3BECTHON
CIIEKTPAJIBbHOM INIOTHOCTH IIyMOBOTO HanpspkeHust ycuurelns SE(F) u usBectHoi
CIIEKTPAJILHOM TUIOTHOCTH TETUIOBOTO IyMa cornpotuBieHus RT =185 kOwm (popmyna
HaiikBucra). Otcrona o pesyiabratam u3mepeHuit ¢ momoiisio (33) naxogurcs SE(f). ITpu
RT =5.1 MOM 1rym Ha BXOJI¢ YCUIIUTENSA CO3AAETCS TEIUIOBBIM IIYMOM 3TOI0
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CONPOTHUBJICHUS U IIYMOBBIM TOKOM ycuiutels i(t), pOTEeKaIOIINUM 110 COMPOTHBICHUIO
(LLIyMOBBIM HAIPSKEHUEM YCUIIUTEISI MOXKHO MpeHeOpeyb). Hen3BecTHON BEMUIUHOM
SIBJISIETCSI CHIEKTpaJibHAsL TNIOTHOCTH 1ryMoBoro Toka ycusutens SI(f) . OtHomenue
CHEKTPaAJIbHOM IJIOTHOCTH HAIIPSDKEHHUS, AEMCTBYIOLIETO HA BXO/IE€ YCUIIUTEINS B 3TOM
ciyyae (cootHomenue (26) mpu R = 5.1 MOwm)), K HaliJIecHHO# paHee CIIeKTPaTbHON
IUIOTHOCTHU HanpspkeHus Ha Bxoze ycuiutens (mpu RT = 0 win 185 kOm) onpenensercs no
JAHHBIM H3MepeHuii ¢ moMoinbio (33). Tem cambiv Haxoautes SI(F) .

[TocTpoiiTe 3aBUCUMOCTH KO (HUITMEHTA IITyMa YCUIIUTENS OT COMPOTUBIICHUS

MCTOYHUKA CUTHAJA. YUYHUTHIBAs yCUJICHUE B OJI0KE HCTOYHUKA TEIUIOBOTO IIyMa, HaluTe
3HAUEHUE TIOCTOSITHHON U3MEPHUTEILHON yCTaHOBKH 3 (cooTHOMICHHE (33)).

Jlist Tpex 3HaYeHHUI COMPOTUBIICHUS, YKA3aHHBIX BBIIIE, U3MEPHTE 3aBUCUMOCTH
CHEKTPaJIbHOM MJIOTHOCTH LIyMa YCUJIUTEINS OT 4acTOThl. C IOMOIIBIO MTOJIyUYE€HHBIX JAHHBIX
OTpeeNITe KAYeCTBEHHO, KaK U3MEHSAETCS 3aBUCUMOCTh «KOA((UIIUEHT 1IymMa —
COIPOTUBIIEHUE)» C U3BMEHEHUEM YaCTOTHI.

4. U3y4enue qpo00BOro myma.

[TonaiiTe Ha BXOJ U3MEPUTENILHOTO OJI0KA CUTHAJI HCTOYHUKA APOOOBOTO IIymMa

(BXOHOM mepeKIItoyaTellb B MOJIOKEHUH S).

VYcraHoBute yactoTy u3MepeHus npumepHo 1 kl'n. M3smepbre 3aBUCUMOCTS 1IyMa OT

toka IS . Jlns Toka B paitone 100 MKA nM3MepbTE 3aBUCUMOCTb CIIEKTPAJIbHOM IIIOTHOCTH
[IyMa OT YacTOThI. Y O€IUTECh, YTO IIYM OEJbIi.

PaccuuTaiite 0XH1aeMyI0 BEIUYHHY IIyMa U CPAaBHUTE C U3MEPEHHOM BETMUUHOM.
OIIyKTyHUPYIONIHI TOK CO CIIEKTPAILHOM IITOTHOCTHIO S|, onpenensiemoii popmynoit HloTku
(cootHomenue (19), q — 3apsa 37eKTPOHA) MPOTEKAIOIINIA IO COMTPOTHBIIEHUIO HAarpy3Kku R
(47 xOM ) nomKeH co3aaBaTh HAa BXOJIE€ YCUIIUTENS (DIyKTyalluu HAMPSKEHUSI CO
cHeKTpanbHOM 1oTHOCTBIO R2SI. Micnonb3ys 3HaueHue MOCTOSTHHON U3MEepPHUTEIbHON
YCTaHOBKH [} , MOJTy4EHHOE B MPEABIAYIIEM YIIPa)KHEHUH, C TIOMOIIBI0 cOOTHOLEHUH (33)
OIPEAEIINTE 10 Pe3yJIbTaTaM U3MEPEHUN CIEKTPaIbHYIO IIJIOTHOCTh HANIPSHKEHUS HA BXOJE
YCUJINTENSI U CPAaBHUTE C PACUETHBIM 3HaUeHHEM. JJ11 HaX0XI€HUS CIIEKTPaJIbHOM
IUIOTHOCTH MOYKHO TaK)K€ MCII0JIb30BaTh OTHOCUTEIbHOE U3MepeHue. [t cpaBHeHUs OepyTcs
pe3yNbTaThl U3MEPEHUS TEMJIOBOTO IIIyMa B MPEIbIAYIIEM YIPaXXHEHUH, ISl KOTOPbIX
CHEKTpallbHas INIOTHOCTh BXOAHOTO IIIyMa yXe HaiijieHa.

IMpakTuyeckas padora Nel6.
Tema 18. OcHOBHBIE HANIPABJIEHUS] ABTOMATU3AIIUM U3MEPUTEIHLHOI0 Npolecca.
CemuHap-00CyKAeHHE MICbMEHHBIX pedepaToB
Heab paGorsi: OOCyx)aeHHE MUCHMEHHBIX pedeparoB mo Teme «OCHOBHBIE HaNpaBICHUS
ABTOMATH3AI[UU U3MEPHUTEIILHOTO TIPOIIEecCca.
Bonpochbl, BBIHOCHMbIE HA CEMHHAP:
Ilenu v 3agaun aBTOMATH3AIINH.
ABTOMaTH3aIMs U3MEPHUTEIHHOTO MpoIiecca.
CTpyKTypHBIE CXEMBI MPOLIECCOB U3MEPEHUS U KOHTPOJIA.
OCHOBHBIE MPUHIUIIBI TIOCTPOCHUSI CPEJICTB ABTOMATH3UPOBAHHOTO KOHTPOJIS.
Dramsl Ppa3sBUTHUA aBTOMAaTU3allvH.
[TonHas 1 yacTUYHas aBTOMAaTH3AIHS.
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IIpakTHyeckas padora Nel/.

Tema 19. U3mepurtebHo-UHPOPMANMOHHBIE KOMIJIEKCHI U CHCTEMBI.
CemuHap-00CyK/1eHHe MICbMEHHbIX pedepaToB
Hean paGorbi: OOcyxaeHHe MNHUCbMEHHBIX pedeparoB 1o Teme «M3MepuTenbHO-
uH(pOpMaIMOHHBIE KOMIUIEKCHI U CHCTEMBIY.
Bonpochl, BBIHOCHUMbIE HA CeMHHAP:

1. ba3zoBble »IIEMEHTHl TEXHHUYECKOTO O0O0ECHeueHUs] aBTOMATHUECKHUX CHCTEM
M3MEpEHUs U KOHTPOJIS.
DeMeHTHl IPOTrPaMMHOTO 00ECTICYCHHUS.
MeTo/b1 U CpelICTBA IPOTPAMMUPOBAHUS.
ABTOMaTHYECKHE CPEICTBA.
MeTtponoruueckrue o0ecredeHruss aBTOMaTU3UPOBAHHBIX CPEJCTB U3MEPEHUIA.
YcerpolicTBa KOHTPOIIS AIEKTPUYECKUX LETEH.
Ycunurenu CUTHAJIOB U COTJIACYIOIINE YCTPOMCTBA.
Monaynu ananoro-uudposoro mpeodpasosanus (ALIT LIAIT)
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Pexomenagyemas aureparypa
OcHoBHasi iMTEpaTypa:
1. Vronpaukos, A. B. Dnekrpuueckue uaMepeHus [ DIEKTPOHHBIN pecypc] : MPaKTUKYM

st CIIO / A. B. YronbHHKOB. — DJIEKTPOH. TEKCTOBBIC NaHHbIe. — (CaparosB :
[TpodobpazoBanue, Aii [Tu Ap Meama, 2019. — 140 c. — 978-5-4488-0266-9, 978-
5-4497-0025-4. — Pexxum gocryma: http://www.iprbookshop.ru/82687.html.

2. Adonckuii A.A. DNEKTpOHHBIE H3MEPEHHUS B  HAHOTEXHOJOTHUAX M B
MHUKpPOAJIEKTpOHHUKE [DnekTpoHHbIN pecypc] / A.A. Adonckuii, B.I1. [IpsikoHOB. —
DneKTpoH. TeKcToBbie nanHbie. — CapatoB: [IpodobpazoBanue, 2017. — 688 ¢. —
978-5-4488-0055-9. — Pexum nocryna: http://www.iprbookshop.ru/63585.html.

3. BocrtpoknyTtoB, H. H. Dnekrpudeckue usmepeHus [InIeKTpOHHBINA pecypc] : yueOHoe
nocobue / H. H. BocTpokHyTOB. — DIEKTpOH. TEKCTOBBIE AaHHBIE. — M.
AKazemMusi CTaHIapTU3AIMU, METPOJIOTHH U ceptudukammu, 2017. — 321 ¢. — 978-
5-93088-188-2. — Pexum poctyna: http://www.iprbookshop.ru/78189.html.

Jlono/IHUTeIbHASA JIUTEpaTypa:
1. Kysoskun, B. A. DnekrporexHuka u sniekrponuka : yueoHuk ans CIIO / B.A. Ky3oBkun,

B.B. ®unaroB ; Mock. roc. texnosn. yH-T "Crankun". - M. : Opaiit, 2016. - 431 c. -
(ITpodeccronansuoe obpazoBanue). - Ha yueOnuke rpud: Pex. YMO. - bubnuorp.: c. 431. -
ISBN 978-5-9916-6223-9 (3)
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