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IHHOACHUTEJBHAA 3AIINCKA

HaHHI)Ie MCTOANYCCKUEC YKazaHW MMPECAHA3HAYUCHBI JJI 3aKPCIIVICHUSA TCOPETUICCKUX

3HaHUU U MPUOOPETeHHsI HEOOXOIMMBIX IPAKTUYECKUX HABBIKOB U YMEHUH IO MIPOrpaMMe

JUCHUIUIMHBL "' DIeKTpoTeXHUYeCKue u3Mepenus " misa cnenuanbHoctu CITIO

09.02.01KoMmibroTepHBIE CUCTEMBI K KOMILIEKCHI

[TpakTHueckue 3aHITHUsI COCTABIIEHBI B COOTBETCTBUHU ¢ TpeboBanusimu ®I'OC no

CIICOHaJIbHOCTH.
HCJISIMI/I IMPOBCACHUA IMTPAKTUICCKUX 3aHSATHHI SBIISIIOTCS:

- 00o01IeHne, CUCTEeMaTU3allHI0, YTIyOIeHne, 3aKperIeHHEe MOJIy4eHHbIX
TEOPETUYECKUX 3HAHUHI

- (QopmupoBaHue yMEHUN NIPUMEHATD MOJy4YE€HHbIE 3HAHUS HA TPAKTHKE,
peam3anuo CANHCTBA HHTGJIJIGKTyaHBHOﬁ n HpaKTH‘IeCKOﬁ JACATCIIbHOCTH,

B pe3ynbrate ocBoeHUs y4eOHOM TUCIUTUTMHBI O0YYaOIIHICS TOMKEH YMeTh:

KJ1accu(UIMPOBATh OCHOBHBIE BHJIBI CPEACTB U3MEPEHUH;

IIPUMEHATH OCHOBHBIE METO/IbI M IIPUHLINAIIBI U3MEPEHUN;

IPUMEHSTh METOJIbI U CPEJICTBA 00ECIICUEHUs €JUHCTBA U TOUHOCTH U3MEPEHUM;
IPUMEHSTh aHAJIOTOBbIE U LU(POBBIE U3MEPUTEIIbHBIE IPUOOPHI, U3MEPUTEIIbHbIE
TEeHEePaTopkl;

IIPUMEHSATH T€HEPATOPBI IIYMOBBIX CUTHAJIOB, aKyCTUYECKHUE U3ITy4aTeNId, U3MEPUTEIIN
HrymMa v BUOpaIuii, i3MepUTEIbHbIE MUKPO(QOHBI, BAOPOIATYNKHY;

OPUMEHATh METOJJMUECKUE OLIEHKH 3aLUILEHHOCTH HH(POPMALIUOHHBIX OOBEKTOB;

B pe3ynbraTe ocBoeHHs y4eOHOM TUCIUIUIMHBI 00YYarOIMCs TOIKEH 3HATh:

OCHOBHBIC IMOHATHUS 00 M3MEPECHUSX U eIUHUIAX (DU3UUCCKUX BEIIMYUH;

OCHOBHBIC BHJIBI CPEJICTB U3MEPEHUH M UX KJIacCH(PHUKAIHIO;

METO/Ibl U3BMEPEHUN;

METPOJIOTHUYECKHUE NTOKA3ATENIN CPEICTB U3MEPEHUN;

BU/JIBI U CIIOCOOBI OTIpeIeTICHHsI MOTPEITHOCTEN U3MEPEHUI;

MPUHIINI AEHCTBHS MPUOOPOB (HOPMHUPOBAHHS CTAHIAPTHBIX U3MEPHUTEIbHBIX CUTHAJIOB,
BIIUSTHUE U3MEPUTEIBHBIX MPUOOPOB HA TOYHOCTH U3MEPEHHIA;

METOJIbI ¥ CIIOCOOBI aBTOMATU3AIIMH U3MEPEHUN TOKA, HANPSHKEHUS M MOIITHOCTH



IIpakTuyeckast padora Nel.
Tema 1. 1. BBenenune. OcHOBHBbIE BHAbI 1 METO/IbI H3MEPEHUI, X KJIaccu(puKanusi
MeTtponorus — Hayka 0 CpeACTBax U METOJaX U3MEPEHUI.
Hean padoTbi: MI3yyeHre OCHOB METPOJIOTHH.
Teopernueckas 4acTh:

K d4ucily TeXHUYECKHUX CpEICTB H3MEPEHUs OTHOCSATCS MEphl, W3MEpUTENIbHbIE
peoOpa3oBarTeiny, U3MEPUTEIbHBIE MPUOOPHl M H3MEPUTENIBHBIE CUCTEMBI. 3MepUTEIbHBIM
npeoOpa3oBaTesieM  Ha3bIBalOT ~ YCTPOMCTBO, IMpeAHa3HadeHHOoe s IpeoOpa3oBaHUs
U3MEpPSIEMOro mapameTpa B CUTHaJI, yIOOHBIN s JaibHEeHIIed nepeaadn Ha pacCcTOsHUE WIH B
LeNb YIPaBJIAIOLIEr0 yCTPOUCTBA.

[IpeoOpa3zoBareny MNOAPA3JENAIOT HA IEPBUYHbIE (JATUYUKU), TPOMEKYTOUHBIE,
nepepamone M MacmrabHele. M3mepsemMyro BelMUMHY Ha3bIBAlOT BXOJHOW, a pe3yibTar
IpeoOpa30BaHUsl — BBIXOJHBIM CUTHAJIOM.

[lepBuuHble npeoOpa3oBaTeNy NpeAHA3HAYEHbl Ul NpeoOpa3oBaHUs (PU3MUECKUX
BEJIMYHMH B CUTHAJIBI, a IEPEIAI0IINE U IIPOMEXYTOUHBIE Tpeodpa3oBarenn (OPMHUPYIOT CUTHAIIBL,
yJ100HBIE AJIS Iepe/laui Ha pacCTOSIHUE U PETUCTPALUH.

K wmacmraGHbIM OTHOCAT TpeoOpa3oBaTelid, € IOMOUIBI0 KOTOPBIX H3MepseMast
BEJIMYMHA U3MEHSETCS B 33/JIaHHOE YHCIIO pa3, T. €. OHM He MpeoOpa3yloT oIHYy (U3NYECKYIO
BEJIMYMHY B JIPYTYIO.

N3mepuTenbHbIM IPUOOPOM Ha3bIBAIOT YCTPOMCTBO, NPEIHA3HAYEHHOE JIJIsl BBIPAOOTKHU
u3MepuTenbHo uMHpopManuu B (opMme, JOCTYMHOH Al HEMOCPEICTBEHHOI'O BOCIPHUATHS
HabmroareneM (oneparopom). M3amepurenbHbie TpUOOPHI IENAT Ha IBE TPYIIIIHL.

K nepBoii rpymnne OTHOCAT aHaJIOroBble MPUOOPHI, MOKA3aHUS KOTOPBHIX SBISIOTCS HE
pepbIBHON (YyHKIHEH H3MEPSEMOro mapamerpa.

Bropas rpymnmna Bkitodaet B ce0st iudpossie pubopsl. OHU BbIpaOaThIBAIOT JUCKPETHBIE
CUTHAJIBI U3MepseMoi nHdopmaiuu B iuppoBou hopme.

N3meputenbHas cucreMa oObeIMHSACT U3MEPUTENIbHBIE MTPeoOpaoBaTed U MpUOOPHI,
oOecrnieunBasi U3MEPEHUs NapaMerpa 0e3 ydacTus 4eJoBeKa.

["ocynapcTBEeHHBIN CTaHIApT YCTaHABIMBAET NpUMEHeHHe MeXayHapoIHOW CHCTEMBI
equaull (CH) Bo Bcex 00acTsIX HAYKH U TEXHUKH.

B coctaB CU BXOJAT ceMb OCHOBHBIX €MHUIL, IBE JONOIHUTEIbHbIE U JIBAILIATh CEMb
BOXHEHIINX TPOU3BOJHBIX €MHMIL. B cOCTaB OCHOBHBIX €IUHHII BXOJST: METP (M), KHJIOTPaMM
(xr), cexyHna (c), ammep (A), kenpBuH (K), Monb (Momb), kannena (K1).

K nononnurtensHbM equHunaMm cuctembl CU oTHoOcATCS paauaH M crepaauaH, a Bce
OCTaJIbHbIE €MHMUIIBI SBISAIOTCS Mpou3BOAHBIMU. Hampumep, eaununa cwisl — HbOTOH (H),
coobmiaer Texy Maccoii 1 kr yckopenue 1 m/c?; enunnna napnenns — nackans (I1a), 3a equHmITy
JaBIEHNs TIPUHUMAETCS TAKOe PABHOMEPHO pAcIpeleeHHOE JaBIeHHe, TIPH KOTOPOM Ha 1 M2
JIEHCTBYET HOPMAJIbHO K TOBEPXHOCTH cuia, paBHas 1 H.

Bce u3mepenus nensT Ha NpsMble U KOCBEHHBIE. IIpy MpsSMBIX U3MEPEHUSIX YHCIOBOE
3HaYEHHE U3MEPSIEMOro MmapaMeTpa ONpeaeIsiioT HEMOCPEACTBEHHO U3MEPUTENIHLHBIM MTPHUOOPOM:
HampuMmep, H3MepeHHe TeMIepaTypbl TEPMOMETPOM WIM JIMHEHHBIX pa3MepoB JeTallu
MEpPUTEIEHBIM HHCTPYMEHTOM.

KocBeHHble HM3MepeHHs] TMpeayCMaTpUBAIOT OIpeJesieHHe HCKOMOro IapaMerpa Ha
OCHOBAHHHU TIPSIMOTO HW3MEpPEHHS BCIIOMOTATEIbHONW BEIMYHHBI, CBSI3aHHOH C H3MeEpsSEeMBIM
napaMeTpoM OIpeesieHHON (YyHKIMOHAIBHOM 3aBUcUMOCThI0. Hampumep, ornpenenenue oobema
Tela MO €ro JUIMHe, HIMPUHE W BBICOTE WM HM3MEpPEHHE TEeMIEpaTypbl MO W3MEHEHUIO
AIIEKTPONPOBOIHOCTH TEPMOMETPA CONPOTUBIICHUS.

Xox paboTshl:

1. M3yuuTh OCHOBBI METPOJIOTUH, BUJBI K METO/IbI U3MEPEHH, UX KIlacCU(UKAIUS.

2. M3y4nTh NIEKUMOHHBIA MaTepuaa U OTBETUTh B TETPAAM Ha CIEAYIOIIUE BOIPOCHL:

1. Yo n3yvaer AUCUMILIMHA METPOJIOTHSA?
2. Kakoe MecTo 3aHMMaeT METPOJIOTHUS CPEU APYTUX HAyK?



3. JlaiiTe onpenenenue pU3NIECKON BETMYUHBI.

4. Yo Takoe pa3sMepHOCTh (PU3NIECKON BETUINHBI?

5. IlpuBeuTe mpuUMepbl OCHOBHBIX, JOMOTHUTEIBHBIX M MMPOU3BOAHBIX (PH3HUECKUX
BEJIMYMH.

6. ITo KakuM mpu3HaKaM KJIACCH(PHUIMPYIOTCS METOJIbI N3MEPEHUI?

7. Kakue MeToibl ”3BMEPEHUN BaM U3BECTHBI?

8. Uto Takoe ycnoBus usmepenuit? Kakumu onu 6s18aror?

9. Uto Takoe pe3ysbTaT U3MEPEHUS U YEM OH XapakTepusyercs?

10. JlaiiTe onpeneneHus NpsIMbIX, KOCBEHHBIX, COBMECTHBIX U COBOKYITHBIX BUJIOB
M3MEPEHU.

11. IlpuBenuTe npumeps U3MEPEHUN KaXKA0r0 BUJA.

IIpakTunueckas padora Ne2.
Temal. 2. MeTpoJjiorudyeckue MoKa3aTejn CpeacTB H3MepeHuit
O3HakoMIIeHHE €O HIKAJIAMHU 3JIeKTPOU3MepHUTeJbHBIX NPHUOOPOB.
Iesab padoThl: V3ydeHne MIKan 3JI€KTPOU3MEPUTENbHBIX IPUOOPOB.
IlepeyeHb UCMOIB3YEMOr0 000PY10BaAHUS
DNEKTPOU3MEPUTENBHBIE MPUOOPBHI.
Teopernveckasi 4acTh:

Kontpons  paboTel  31€KTpOOOOPYNOBaHUS  OCYIIECTBISIETCS € MOMOIIBIO
pa3sHOOOpa3HBIX  AJIEKTPOM3MEpUTENbHBIX  npubopoB. Haumbomnee  pacnpocTpaHEeHHBIMU
AIIEKTPOU3MEPUTEITEHBIMU npubopamu SIBIISTFOTCSE pruOOPEI HETIOCPEACTBEHHOTO
orcyera. Ilo BHMIy OTCUETHOrO YCTPOWHCTBA pAa3/IMYalOT AHAIOTOBbIE (CTPEIOYHBIE) U
1M (poBbIE U3MEPUTEIIHHBIE IPUOOPHI.

OCHOBHBIE YACTU 2JIEKTPOU3MEPUTEJIBHBIX ITPUEOPOB

Y mMHOTUX pUOOPOB €CTh 00IIKEe IO Ha3HAYEHHIO YaCcTU. JTO KOPITYC, 3aKUMBI, IIIKaja,
yKa3aTellbHas CTpelika, OrpaHUYMTeNld, BUHT KoppekTtopa (puc.l). Ha xopmyce HEKOTOpPBIX
nprOOPOB PACIIONOKEHBI MEPEKIIIoYaTesh MPEIeIoB U3MEpEeHHsl U appeTup. BHyTpu Kakmaoro
npubopa HaxXOJUTCS €ro INIaBHAs 4acTh — HM3MEPUTENbHBIN MexaHu3M. OTnenbHble NpHOOpHI,
HalpuMep OMMETpPHI, CHAOKEHBI KaMepod, B KOTOPYIO IMOMENIAI0T MCTOYHHK AJIEKTPOIUTAHUS
(ralbBaHUYECKUH AIIEMEHT). Y MHTETPUPYIOLUIMX MPUOOPOB, HAIPUMED Y IEKTPOCUETUUKOB, B
OTJIMYUE OT TOKAa3bIBAIOIIMX IMPHOOPOB OTCYTCTBYET yKaszaTelbHas CTpelka, HO y HUX €CTb
CUETHBIN MEXaHU3M.

puc.1

Kopriyc cinyXuT uis 3alIMTBl  M3MEPUTENBHOIO MEXaHHM3Ma OT MEXaHHYECKHX
MOBPEXICHHMA, OT MBUTH. B 3aBHCUMOCTH OT cItoco0a 3aluThl BHYTPEHHETO YCTPOCTBa MpUOOpa
OT BHEIIHUX BO3ACUCTBUI KOpIiyca HNpuOOpPOB MOTYT ObITh OOBIKHOBEHHBIE, BOJO-, ra30- H
IbIIe3alUIIeHHBIE, TEPMETHYECKUE U B3pbIBoOe3omacHbIe. K 3akmMamM mprbopa nMpucoeanHs 0T
IIPOBO/JIA JUISI BKIIFOUEHHUS €10 B DJICKTPUUECKYIO IIETIb.

ITo mikane mpudopa OTCYUTHIBAIOT 3HAUCHUE U3MEPSIEMOI BEITHUNHBI.

BHemHuii BUA IIKadbl M HAaHECEHHBIE HAa HEE YCIOBHbIE 0003HAUEHUS 3aBHCAT OT
Ha3HAYCHUS M KOHCTPYKIMM mpubopa. Ha mkamy HaHOCAT 4YepTOUYKH (BEpPTHUKAIBHBIC,
TOPU30HTAJIbHBIC, HAKJIOHHBIE), Ha3blBaeMble 0 T M € T K a M Hu. OTMeTKy IIKaJbl,
COOTBETCTBYIONLIYIO HYJICBOMY 3HAUEHHIO H3MEPSEMO BEJTMYMHBI, HA3bIBAIOT HyeBOW. MiHTEpBaI



MEXIY JABYMsSI COCEAHMMHM OTMETKAMHM HOCUT Ha3BaHWE [EJIEHUs IUKajdbl, a 3HAYEHUE
3JIEKTPUYECKON BEJIMYMHBI, NPUXOASAIIEECS] HAa OIHO JEJICHHWE IIKalbl, — LEHbl JCICHMUS.
3HaueHUue U3MEpSIEMON BEIUYMHBI, COOTBETCTBYIOLEE HAuyaJIbHOW OTMETKE HIKAJbl HA3bIBAIOT
HayaJIbHbIM 3HAQYEHHEM IIKaJbl, a 3HA4YCHHE H3MEPSIEMON BEIMYMHBI, COOTBETCTBYIOLIEE
KOHEYHON OTMETKE IIKajbl — KOHEYHBIM 3HaYeHHEM. Pa3HOCTh MEXly KOHEUHBIM U HauyaJlbHBIM
3HAYCHUSIMU U3MEpsieMOW BEIUYMHBI SBJSETCS pabouuM auamna3oHoM uzMepeHuil. Illkanbr
OBIBaIOT paBHOMEPHBIMHU (BCE JIEJIEHUS IIKAJIbl OJIMHAKOBBIE) W HEPABHOMEPHBIMU (JIC€ICHUS
HIKanbl HeOAMHAaKoBbI). Ha mikame MHOruX mpuOOpoOB MapajieibHO OTMETKaM pacHojio’KeHa
3epKajibHas 0JI0CA, YTO MO3BOJISICT YMEHBIIUTH OMIMOKY MIPU CHATHHM MoKa3aHuid. ['1a3, crpenka
U €€ OTPaKEHUE B 3epKAIIbHON OJIOCE JOJIKHBI HAXOAUTHCS HA OJTHOM JIMHUH.

VYka3zarenpHas CTpesika Hy)KHa JJIs OTCUeTa 10 IIKaJle 3HAUE€HUsI U3MEPSAEMOIl BEITMUNHBI.
Crpenky nenaroT W3 aIOMUHHS WIM €ro crjaBoB. CTpelika COEIMHEHA C U3MEpPUTEIbHBIM
MEXaHU3MOM, TIOJ] JIEHCTBHEM KOTOPOTO OHa OTKIIOHseTcs (mepemeniaercs). UToOsl mpu
JIBUKEHHH CTpelika He Kacaiach Kopmyca (M B pe3ylbTaTe HE IMOTHYNACh), Ha IIKale eCTh
aMOPTHU3UPYIOLME OTPAHUYUTEIIH.

C nomouipi0 BHUHTAa KOPPEKTOpPA HEMOCPEICTBEHHO IIEpPEe] HU3MEPEHHEM CTPENKY
YCTaHABJIMBAIOT TOYHO NPOTUB HYJIEBOM OTMETKM LIKajibl. J[Ji1 3TOro BUHT KOPPEKTOpa ClErKa
MIOBOPAYMBAIOT OTBEPTKOM.

[epexirouareny MpeaeoB U3MEPEHUsT YCTAHOBJICHBI Y T€X MPUOOPOB, KOTOPHIE CIIy)KaT
JUIST U3MEPEHUsl DJIEKTPUUECKUX BEIMYMM B HECKOJIBKUX Ipefenax. B 3Tom ciywyae nepen
BKITIOYCHHEM TPUOOpa NEepEKITIoYaTeNlb yCTaHABIUBAIOT TaK, YTOOBI MMEIOMIAsCS Ha HEM TOYKa
(momeTKka) okazanach MNPOTHB TpeOyromierocs mnpeaena uzMepeHus. llepeHocHble TPUOOPHI
CHAOXXEHbl appeTHUpPOM, C IMOMOIIbI0 KOTOPOIO 3aKPEIUIAIOT B HEMOJBUKHOM IIOJIOKEHUU
MU3MEPUTENIbHBIM MeXaHH3M, YTOObI MPU TPAHCHOPTHPOBKE Mpubopa oH He moBpedwics. Ha
JIMIIEBOM CTOPOHE CTPEIOUYHBIX IPUOOPOB U300paKEHBI YCIOBHBIE 0003HAYEHMUSI, OIPEEIIAIOIINE
KJIaCCU(UKALMOHHYIO rpymnimy npubopa. Onn
MO3BOJIAIOT TMPaBWIBHO BbIOpaTh NpuUOOpPHl M JAIOT HEKOTOpble yKa3zaHUsi [0 HX
IKCILTyaTaluy.

B mensix mocTOSHHOrO TOKa JUIi M3MEPEHHMM TOKOB M HANpPsDKEHUN NPUMEHSIOTCS B
OCHOBHOM  INpPHOOpPBI ~ MAarHUTORJIEKTPUYECKOM  cucTembl. IlpuHIum  AeWcTBUS — Takux
npuOOpOB OCHOBAaH Ha B3aWMOJEWCTBUM MArHUTHOTO TOJS IOCTOSHHOTO MarHura u
U3MEpSEMOrO TOKA, IPOTEKAIOIIEr0 IO KaTylKe. YroJl TOBOpPOTa CTPENKH O MPSIMO
npornopimoHasien u3mepsiemomy Toky |1 o =K [J . Ilkanber MarHuTO3IEKTPUUECKUX PUOOPOB
paBHOMEpPHBIE.

B wu3MmepuTenbHbIX MeXaHHW3MaX JJIEKTPOMAarHUTHOM CHCTEMbI, HPUMEHSEMbIX JJIs
U3MEpPEHUI B  LEMAX IEPEMEHHOIO M IIOCTOSIHHOTO  TOKA, BpALAIOIIMM ~ MOMEHT
0OyCIIOBJIEH JIEHCTBMEM MAarHMTHOIO IIOJII H3MEpPSEMOro TOKa B HEMOJBHYKHOW KaTyIIKe
npubopa  Ha  TOABIKHBIA  (EPPOMArHUTHBIA  SIKOPb.  YTOJd  IOBOPOTa  CTPENKU
o 37ech mpomopuuoHaieH kBagpary Toka: o = K [J 2I. Tlosromy mikana
AIIEKTPOMArHUTHBIX MPUOOPOB OOBIYHO HEpPaBHOMEpHAas, 4YTO SBIIETCS HEIO0CTaTKOM
3TUX npubopoB. HavanpHas dacTe IIKaJbl HE WCMONb3yeTcs s  u3MepeHuid. Jlns
U3MEpPEHUII TOKOB M HAaNpPsKEHUH B LEMAX IEPEMEHHOIO TOKAa MPUMEHSIOTCS TaKkKe
npuOOpbl  BBIMPSMUTENBHONM  cUCTeMBbl. Takue mpHOOpPHI CcoJEp’KaT  BBIIPSIMUTEIbHBIN
npeoOpa3oBaTesib M1 MarHUTOIJIEKTPUYECKUH HM3MEpHUTENbHbI MexaHu3M. OHU HMelT Oolee
JUHEHHYI0 MIKaly, 4eM MpUOOpHI 3JIEKTPOMArHUTHOW CHUCTEMBI W JOCTATOYHO LIMPOKUMN
YaCTOTHBIN AMAIA30H.

JUis  [pakTUYEeCKOro  HCIIOJIb30BAHUS  CTPENIOYHOTO  M3MEPHUTENBHOro  mpubdopa
HEOOXOMMO 3HATh €ro mpeaen H3MepeHHd (HOMUHAJIBHOE 3HA4YeHHWE) M LIEeHY JeJICHUsS
(mocrosinayto) mpubopa. Ilpemen u3MepeHmii — 5T0 HauOoJbIIee 3HAYCHUE DIECKTPUUECKON
BEJTUYUHBI, KOTOpOE MOXET OBITh U3MEPEHO JTAHHBIM prudopoMm. Jt10
3HaUYCHHE OOBIYHO YKa3aHO Ha JIMIEBOM cTOpoHe mpuOopa. OAWH W TOT XK€ MPUOOP MOXKET
UMETh HECKOJBbKO TpenenoB u3MepeHuid.  LleHoit  nmenmenuss mnpubopa  Has3bIBaeTcs



3HAQUCHHE  M3MEpPSEMON  BEIMYMHBI, COOTBETCTBYIOIIEE OJHOMY  JEJICHHUIO  IIKaJbl
npubopa. llena pnenenus mnpubopa - C 5erko omnpenensieTcss Kak OTHOIICHHE IIpeena
U3MepeHUl AHom K YHCITY AeJIeHUN 1Kaibl N:

C=Anom/N.

Ha JmneBoil cropoHe CTpeNOYHBIX MpuOOpa yKas3bIBaeTcs KJIAcC TOYHOCTH,
KOTOPBIH OmpeesnsieT MPUBEICHHYI0 OTHOCHUTENbHYIO MOTPEHIHOCTh Mpudopa yp.

B Tabn. 1 npuBeneHbl HEKOTOpBIE YCIOBHBIE O0O3HAYCHHWs, TMPUBOJUMEIC Ha
JUIEBBIX IMAHENSX CTPEJTOYHBIX H3MEPUTEIBHBIX MPUOOPOB, OMpEAeNsIoONue HX CBOICTBA U
YCIIOBUS IKCIUTyaTallUH.

[Ipu mnpoBeneHuu u3MEpEHUNH B OJICKTPUUECKUX LEMAX I[IUPOKOE MPUMEHEHHE
NONydnian  [UGPOBBIE  WM3MEPUTENBbHBIE  MPUOOPHI,  HAIpPUMEP  MYIbTUMETPBl  —
KOMOMHHMpOBaHHbIE  IIU(PPOBbIE  W3MEPUTENbHbIE  MPUOOPHI,  IMO3BOJSIONIME  U3MEPATH
MOCTOSIHHOE M TMEPEMEHHOE  HalpsDKEHHWE,  MOCTOSIHHBIM M TEpPeMEHHBIM  TOK,
COMPOTUBIICHUS, TPOBEPSATh JAMOABI W  TpaH3uCTOphl. IlpencraBienuwe  pesynbrara
U3MEpPEHUS TPOUCXOIWT HAa MHPPOBOM OTCYCTHOM YCTPOWCTBE B BHUAC OOBIYHBIX
YIOOHBIX JUIsl CUMTHIBAHUS JCCATUYHBIX uucen. Haubonbinee pacmpocTpaHeHHEe B
U (POBBIX OTCUETHBIX yCTpOHCTBAX MYJIbTUMETPOB MOTY YN
KUJKOKPUCTANIMYECKUE W CBETOJIMOJAHBIE HWHAMKATOpHl. B maboparopHoM — creHze
UCTIONB3YIOTCS.  IUQPOBBIE  TPUOOPBI  JUISI HW3MEPEHUS IMOCTOSHHBIX W TEPEMEHHBIX
TOKOB, a Takke HU(POBOH H3MEpUTENb MOIMHOCTU. JlJis mepextoyeHusl pekuMa padboThl
mudpoBeix ammepmerpoB creHna (PAl, PA2, PA3 u PA4) Ha ero mnepenHei
MaHEeJW YCTAaHOBIEH TyMOiep, KOTOpBIM JJs HW3MEpPEHUs IMOCTOSHHOTO TOKa CIEAyeT
YCTAaHOBUTH B TO3UILIHUIO «=», JUII WU3MEPECHHS JCUCTBYIOIIMX 3HAYCHHH MEPEMEHHBIX TOKOB —
B MO3UIMUIO «~». Jls W3MepeHuss NOCTOSHHOrO TOKa BXoAHas kKiemma (+) 1udpoBoro
aMIepMeTpa BblJEJIEHAa KPACHBIM I[BETOM.

[MudpoBoit  u3MepuTeNnb  MOIIHOCTH  NpeJHa3HAYeH [  U3MEpPeHHs  IapaMeTpoB
ANEKTPUYECKOMN LETIH:

— nevictBytoriero 3HaueHus HanpspkeHus U (True RMS) B nuanazone 0...30 B;

— neictByromiero 3HaueHust Toka [ (True RMS) B quanazone 0...300 MA;

— akTuBHOM MomHocTH P B muanazone 0...600 Br;

—yacrtotsl f B nuanazone 35...400 I'1y;

—cos ¢;

— yrua casura ¢a3 ¢ (Fi) Mexxay TOKOM U HalpsKEHUEM.

Tabmuna 1

1

prUOOpP MarHUTOAIEKTPUUECKHM € TOJBUKHON paMKOil

JloromeTp” MarHUTO3JIEKTPUUECKUN

[TpuGop 371eKTpOMarHUTHBIN

JloromeTp 31€KTPOMarHUTHBIN

[TpuGop 31eKTOOIUHAMUYECKUI

A
£
¥
T

% [Tpubop peopoannammueckuit




JloromeTp 3M€KTpOIMHAMUYECKU I

&

JloromeTp peppoarnHAMUYECKUT

a
——

[TpuGop MHIYKIMOHHBIH

[TpuGop TernoBoii ¢ HarpeBaeMoOil HUTHIO

IR

[Tpubop OumeTamIMyecKuii

-
-
S

T

[TpuGop BHOpaMOHHBIN

|

[Tpubop 31eKTpOoCTaTHUECKUI

[Tpubop acraTuueckuii

HpI/I60p HJIM BCTIOMOTaTCJIbHAad 4acCThb 110 BBICOKUM HAIPSAKCHUCM

[TpuGop npuUMeHATh NPU BEPTUKAILHOM MOJIOKEHUH IIKAJIbI

[TpuGop npUMEHATH NPU TOPU30HTATBHOM IOJIOKEHUH

HpI/I60p MNPUMCHATH IIpu  HAKJIOHHOM MMOJIOKCHHUHM  IIKaJIbl

OTHOCHUTEIIBHO TOPU30HTAJIBHOM IUIOCKOCTH, HAllpUMEp IOJ YIVIOM
60°

TepmonpeoOpazoBaTesib HEN30IMPOBAHHBIN

TepmonpeobpazoBatenb U30JIUPOBAHHBIIN

[TpeobOpazoBarenb INEKTPOHHBIA B U3MEPHUTEIIBHON 11ETTH

[TpeobGpazoBarenb 3MEKTPOHHBIN BO BCIIOMOTATEIbHOMN TEMH

DKpaH 3JEKTPOCTATUYECKHI

DKpaH MarHUTHBIN

“Og,x\/@kkﬁx]}‘@‘b

MarnuTHass WHAYKIUS, BbIpaXeHHas B wmwumaTecnax (2 MT),
BBI3BIBAIOIIAS A3MEHEHUE [MOKa3aHUM, COOTBETCTBYIOIIIEE
0003HAYEHUIO KJIACCa TOYHOCTHA




DNEeKTpUUYECKOe TI0JIe, BRIPAKEHHOE B KWJIOBOJbTaX Ha meTp (10 k
B/M), BbI3BIBalOIIEE H3MEHEHHE IOKa3aHUil, COOTBETCTBYIOIIEE
0003HAaYEHHIO KJIacCca TOYHOCTHU

Koppexkrop

3aXuM 1A 3a3€EMIICHUA

Hanpsixenue ucneiratensnoe 500 B

Hanpspkenue ucnbirarenshoe Boimie 500 B (2 kB)

HpI/I60p HC IOJIC)KUT UCIIBITAHHUIO IIPOYHOCTHU U30JIAAIUN

O6o03Hauenue kiacca TouHOCcTH (1,5) mpyu HOPMUPOBAHUU IIPE/IEIIOB
JOIYCKaeMBIX MOTPEIIHOCTe B MPOLEHTaX OT HOPMHPYEMOTO
3HA4YCHHA, ONPCACIICHHOrO B CAMHHLIAX H3MepﬁeMOﬁ BCJIMYHNHBI, 3a
'"MCKITIOUYEHHEM CIIy4ash» KOTJa HOPMHUPYEMOe 3HAUeHHE PAaBHO JTHHE
HIKaJIbI

O6o03nauenue kinacca TouHoctd (1,0) mpu HOPMUPOBAHUU TIPEIETIOB
JIOTTYCKAaeMBbIX IIOTPEIIHOCTEH B MPOLEHTaX OT HOPMHUPYEMOTO
3HAYEHMs], KOTJ1a HOPMHUPYEMOE 3HAUEHHE PABHO JUIMHE IIKaJIbl

O6o03nauenue kiacca TouHocTH (0,2) mpyu HOPMUPOBAHUU MPEIETIOB
JIOMYCKAEMBIX TOTPEIIHOCTEH B MPOLIEHTaX OT JeHCTBUTENBLHOTO
3Ha4YCHUA

CcpliKa Ha COOTBETCTBYIOITUHM JOKYMEHT K IPUOOPY

OO6o3HaueHue, ykas3bplBaloOlllee Ha OPHEHTHPOBAHHWE IpUOOpa BO
BHEIIHEM MAarHUTHOM I10JIe

Tok mocTOSIHHBIN

Tok nepemeHHbII 01HODA3HBIN

TOK IOCTOAHHBIN U IEPEMEHHBIN

Tok Tpexda3ublit nepemenHblid. OO1IEe 0003HAYCHHE

A (wu oTcyTcTBHE OYKBBI) — MPHOOP JUISI CYyXHX OTAITUBAEMBIX
nomenieHu# ¢ remneparypoi +10°C ...+35°C u Bnaxknoctu 10 80%
nipu 30°C;

b — npubop ans 3aKpbITBIX HE OTAIUIMBAEMbIX ITOMELICHHHA ¢
temneparypoii - 30°C ...+40°C u Bnaxxnoctu 10 90% mipu 30°C;

B — mpuOopb! 17151 MOJAEBBIX M MOPCKUX YCIOBHI:

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




Bl1; B2; B3 B3 — npu temniepatype -40°C ... +50°C u Bnaxxnoctu 10 98% npu
40°C

30— 200 Hz Pabounii yacTOTHBIN Hana3oH npudopa

[Tpubop conepxur:

— KJIEMMBI TI0/Ia4¥l BXOJHOTO HM3MEpSEMOTo curHaia (reHepartopa): kiemmy «Bx» u olmryro
KJIEMMY, KJIEMMbI MOJKIIIOUEHUSI OoTpeduTens (Harpy3ku): KiemMmy «BbIxX» U 00IIyI0 KIeMMy.
yHT 11t U3MEPEHUs TOKA Harpy3KH MOAKIIOYCH MEX Ty KiieMMaMu «Bx» u «BbIx»;

— JKUJKOKPUCTAJUIMYECKUN YEThIPEXCTPOUHBIM WHAUKATOP ISl BBIBOJAA MH(OPMALIUU;

— KHOmNKY «f/cosd/¢» wu3MeHeHus BBIBOJA HH(GOpMAIMM B YETBEPTOW CTPOKE WMHAMKATOPA
(COOTBETCTBEHHO, 4YacTOThI, KO3 HUIIMEHTa MOIIHOCTH COs¢ WM yria casura (a3 Fi mexmy
TOKOM U HallPSDKEHUEM).

C 3amHedl CTOpPOHBI MpUOOpa YCTAaHOBIEHBI PO3ETKA MJI MOJKIIOYEHHS MHUTAHUA CETU U
KOJIOJIKA TTPEOXPAHUTEIIS.

C nomompto  KHONKH  «f/cos¢/¢0»  MOXKHO  HM3MEHSITh  BBIBOA  HHPOpMAIMK B
YeTBEPTOH CTpoke HHIUKaTopa. s BeIBoga TpeOyeMoro mapamerpa B YETBEPTOH CTpPOKE
WHAMKATOpa KHOMKY HE00XO0IUMO HaxaTh Ha 1...2 CeKyH/bI.

H3menenun  cxemvl  NOOKNIOYeHUsA  npubopa u  1AOOPAMOPHON  YCHAHOGKU
6bINOJIHAMbL  NPU  GLIKIIOYEHHOM  Rumanuu  npuéopa. B  TPOTUBHOM  clilydae
BO3MOXXHBI M3MEHEHUS TOKa3aHWi mpuOopa, a TakKe BO3SHUKHOBEHHE HApYyIICHWH B pabote
UHAMKATOpa nmpuodopa.

3. [TopsiA0K BBIMOJIHEHUS PAOOTHI.

3.1. Nzyuenue MACHOPTHBIX XapaKTePUCTHK CTPEIOYHBIX
AIIEKTPOU3MEPUTENBHBIX TPUOOPOB. J[Isi 3TOr0 BHUMATENBFHO PACCMOTPETH JIMIIEBHIC TTAHETH
CTPEJIOYHBIX aMIIEPMETPOB U 3aIOJIHUTH TalI. 2.

Tabmuna 2
XapaKkTepucTHKA YJIEKTPOU3MEPHUTEJHLHOI0 Npudopa
HaumenoBanue npudopa BoabsT™merp Nel BoabT™merp Ne2
Cucrema  U3MEPUTEITBHOIO
MeXaHU3Ma

[Ipenen usmepenus

Ilena nenenus
MunumanbHOe 3Ha4YEHHE
U3MEPAEMON BETMYUHBI
Kiace Tounoctu
JlonycTuMass MakcuMallbHas
a0COIOTHASI TOTPEITHOCTh
Ponx Toka

Hopwmanbsnoe MIOJIOKEHUE
HITKAJIBI

[Ipoune xapakTepuCTUKH

4. CozxeprxaHue oT4eTa
a) HalMEHOBaHUE pabOTHI U 11eb padoThI;
0) TeXHUYECKHE JaHHbIE U3MEPUTETBHBIX MPUOOPOB;
T') pe3y/bTaThl U3MEPEHUIL;
1) BBIBOJIBI TIO paboTe.
5. OTBETUTH HA BONPOCHI
1. Yto mo3BOJNSAIOT MPaBWIBHO BHIOpAaTh MNPUOOPHI W JAIOT HEKOTOpHIS
YKa3aHHSA IO HUX JKCILTyaTaluy.
2. Yrto Takoe npenes u3MepeHusi?
3. Kax ompenensercs neHa JiesneHus npudopa?




4. Yo xapakTepusyeT Kjacc TOYHOCTH mpudopa?
5. B xako# yacTu mKaisl Ipuoopa U3MEPEHUE TOYHEE U IMoYeMy?

IIpakTnyeckas padora Ne3.
Tema 2.1. I3MepeHue 3JIEKTPOMEXaHUYECKUMU U3MEPHUTEIbLHBIMU NPUOOpaMu
N3yuyeHue nu3mMepuTeTbHBIX NPHOOPOB Pa3IHYHBIX CHCTEM.
Hesas padoThi: M3yunTts cucreMy 0003Hau€HHUI N3MEPUTEIBHBIX TPUOOPOB B COOTBETCTBUU C
I'OCT 15094-89. O3HaKOMUTBCS C MIPUHITAIIOM JACHCTBUS U3MEPUTEILHBIX MEXaHU3MOB
pa3IMYHbIX cCUCTeM. JlaTh CPaBHUTEILHYIO XapaKTEPUCTHUKY.

IlepedyeHb UCIOJIB3YeMOro 000Py10BaAHUS

Onektpousmepurenbbie pudopsl. [OCT 15094-89 «IIpubopsl 31€KTpOHHbBIE

pazrou3MepHUTENbHBIE.
TeopeTuyeckasi 4acTh:

B cootBerctBuu ¢ 'OCT 15094-89 «IIpuGopsbl 371€KTPOHHBIE PaIuON3MEPUTETbHBIE.
Knaccugukarnus. HanmenoBanust 1 0003HaYSHUSD», BCE SJICKTPOHHBIE PaIMON3MEPHUTEIbHbIC
puOOpkI, B 3aBUCUMOCTH OT XapaKTepa U3MEPEeHUH U BUIa U3MEPSEMBIX BEIIMYUH JCTSATCS HA
20 moarpynm. Kaxnas moarpynma o003HavaeTcs 3arjiaBHBIMUA OYKBaMH PyCCKOTO andaBuTa U
COCTOMT U3 HECKOJBKUX BUI0B, 0003HaUaeMbIX I pamu 1o nopsaxky. Kaxaomy tumy npudopa
IIPHUCBOCHBI MOPSKOBBIE HOMEpPA, Mepe]] KOTOPBIMU CTaBUTCS YyepTouka (neduc), Hanpumep, B3-

17.

Krnaccudukanus nperycMaTpuBaeT CIeAYIONUe TOATPYIIIEI U BHJIBI IPUOOPOB:

IHoarpynma A. IlpuGopbl 1jsi M3MepeHHs
CHJIBbI TOKA.

Al - yCTaHOBKM WM NPHUOOPHI sl NOBEPKHU
aMIIepMETpPOB;

A2 - amniepMeTpbl MOCTOSTHHOTO TOKA;

A3 - amnepMeTpsl IEPEMEHHOTO TOKA;

A7 - aMnepMeTpbl YHUBEpCAIIbHBIE;

A9 - npeobpazoBaTenu TOKa.

Hoarpynna b. MHWcroyHUKM 0UTAaHMA IS
HU3MepeHNH WM U3MePUTeILHbIX MPUOOPOB.

B2 - uCTOYHMKHN IEPEMEHHOTO TOKa;

b4- ucrtouHuku KanuMOpPOBAHHOIO HANPSKEHUS U
TOKa,

b5 - HCTOYHUKM TTOCTOSTHHOTO TOKA;

b6 - UCTOUHUKY C peryaupyeMbIMU MapaMeTpamus;
b7 - HCTOYHHMKH TOCTOSTHHOTO U IEPEMEHHOTO TOKa
YHUBEPCAIbHBIE.

Hoarpynna B. IlpuGopbl ajsi uM3MepeHHs
HATIPSIKeHUS.

B1 - npubopsl win ycTaHOBKHM JUIsl MOBEPKHU
BOJILTMETPOB;

B2 - BOIBTMETPBI IOCTOSSHHOTO TOKAQ;

B3 - BOIbTMETPBI IEPEMEHHOIO TOKA;

B4 - BosIbTMETPBI UMITYJIBCHOTO TOKAQ,;

B5 - BompTMeTpsl  (Pa304yBCTBUTEIbHBIE
(BEKTOpOMETPBHI);

B6 - BONbTMETPHI CENEKTUBHBIE;

B7 - BobTMETpBI YHUBEPCAIIBHBIE;

B8 - m3mepuTenn OTHOLIEHHS HANpPSKEHUN U
(M1K) pa3HOCTH HATIPSIKEHMUI;

B9 - npeobpaszoBareny HaNpsKEHHUSI.

Hoarpynna I'. I'eneparopbl u3MepuTe/IbLHbIE.

I'l - ycraHOBKM &1 NOBEPKHM H3MEPHUTEIBHBIX
TE€HEPATOPOB;

I'2 - renepaTopsbl IyMOBBIX CUTHAJIOB;

I'3 - remepaTopsl CUTHAJIOB HU3KOYaCTOTHBIE;

I'4 - renepaTopbl CUTHAJIOB BBICOKOYACTOTHBIE;

I'S - renepaTopsl UMITYJIBCOB;

I'6 - renepaTopbl CUTHAJIOB CIIEIUATIEHON (POPMBI;
I'8 - reHepaTopsl KayaroMIencs YaCTOTHI.

[Moarpynna /I. Atrenatopsl U mpuOOpHl IS
U3MepeHus ocnabaeHusl.

[oarpynna E. IIpubopsr  mis
[IapaMeTpoB  KOMIIOHEHTOB  H
COCPEOTOYEH-HBIMU IOCTOSIHHBIMH.

HU3MEPEHUSI
nerneun c




El - ycraHoBku wiauM mpuOOpHl ISl TTOBEPKHU
HU3MEPUTEIIEH ITapaMeTPOB KOMIIOHEHTOB U LIETIEH;
E2 - u3mepurenu mosHBIX COMPOTUBICHUN U (WIIH)
MPOBOJIUMOCTEM;

E3 - usmepurenn MUHAYKTUBHOCTH;

E4 - uzmepurenu 106poTHOCTH;

E6 - u3amepurenn ConpoTrUBICHUN;

E7 - n3amepurenu napameTpoB YHUBEPCAIbHBIC,

E8 - uamepurenu eMmkocTei;

E9 - npeo6pazoBaTenu napameTpoB KOMIOHEHTOB U
ene.

[onrpynna W. ITpuGopsl s HMITYyJIbCHBIX
HU3MEpPEHHUIA.

ITogrpynna K. KoMIiekcHble H3MEpPUTEIbHbBIE
YCTaHOBKH

[Moarpynmna JI. ITpuGops! ob1ero npuMeHeHUs
JUIsL U3MEPEHHs MapaMeTpOB AIEKTPOHHBIX
JIaMII ¥ TIOJIYTIIPOBOAHUKOBBIX IPUOOPOB.

JI2 - u3mepuTeny napaMeTpoB (XapaKTEpUCTHK)
MIOJTyITPOBOITHUKOBBIX TPHOOPOB;

JI3 - u3mepuTeny napaMeTpoB (XapaKTEPUCTHK)
NIEKTPOHHBIX JIAMII;

JI4 - wu3MepuTenu UIYMOBBIX IapaMeTpOB
HOJIYITPOBOJIHUKOBBIX TPHUOOPOB.

[Hoarpymnna
MOIITHOCTHU.

M. IlpubGopel 1  HU3MEPECHHS

[Moarpynna II. IlpuGopsl ans u3MepeHUs
HaIPSDKEHHOCTH I0JIA U PaJUOIIOMEX.

Honrpymma  P.  IIpuGopst
apamMeTpoB 3JIEMEHTOB u
pacnpeeIeHHbIMU TOCTOSTHHBIMH.

P1 - nuaMM n3mepuTeNnbHLIE;

P2 - usmepurenu kord¢uiueHTa crosiueid BOJIHBI;
P3 - n3mepuTenu NoJHBIX CONPOTHUBIICHUM;

P4 - usmepuTenu KOMIUIEKCHBIX KO3(P(HUIIUNEHTOB
nepenay;

PS5 - uzmepurenu napaMeTpoB JIMHUH epenay;

P6 - usmeputenu 100pOTHOCTH;

P9 - mpeobpa3oBarenn napameTposB.

JUIS N3MCPCHUA

TPAKTOB C

IMonrpynna C. IlpuGopsl myis HabIOACHUS,
M3MEpEHUsl U MccieoBaHus (GOpM CUTHAIA |
CIIEeKTpa.

C1 - ocumsnorpadsl yHUBEpPCATbHEIE;

C2 - U3MEpUTENN kod(umenra
aMIUTUTYIHOM MOZYJISIMH (MOIYJIOMETPHI);

C3 - wu3MepuTenu  J€BUHALMM  4acTOTHI
(neBuametpsnl);

C4 - ananu3aTopsl CIIEKTPA;

C6 - u3MepuTeny HETMHEMHBIX HCKAKEHUI;

C7 - ocuuiorpagsl CKOPOCTHBIE,
CTpPOOOCKOITMYECKHUE;

C8 - ocumnorpadbl 3aIOMHUHAOIINE;

C9 - ocumsorpadsl CrieaIbHbBIC.

[Toarpynna V. Ycunurenu usMepuTebHbIE.

[Monrpynna @. Ilpubopsl s H3MEpeHHS
¢Ga3oBOro caBUra M TIPYNIOBOTO BpPEMEHH
3ana3/bIBaHusl.

Honrpynna X. IlpubGopsl it HAOMIONEHHUS H
MCCIIEIOBAaHMSI XapaKTEPUCTHKH PATHOYCTPOIHCTB.
X1 - npubopbl sl MCCIENOBAHUS aAMILTUTY/IbI
YJaCTOTHBIX XapPaKTEPUCTHUK;




@1 - ycTaHOBKM WJIM MPUOOPHI ISl TTOBEPKU

U3MepuTeNen ¢dazoBoro CABUTA  WJIH
IPYIIIOBOrO BPEMEHHU 3ama3/bIBaHNUS;

@2 - uzmepurenu $pazoBOro CIBUTA;

@3 - (hazoBpamaTeaIn H3MEPUTEILHBIC,

®4  -u3MepHuTeNH  TPYIIOBOTO  BPEMEHH

3aria3JIbIBaHMs.

X2 - mpubOphl ISI UCCICIOBAHHS TMEPEXOTHBIX

XapaKTEPUCTHK;
X3 - mpubopsl Ans uccienoBaHus (Ha304acTOTHBIX
XapaKTEePUCTHK;
X4 - npubopsl Ui UCCIETOBAHUS AMILTUTYIHBIX
XapaKTEePUCTHK;

X5 - u3meputenu kod3phuirenHTa nmyma;

X6 - mpuOOpHI AJIs UCCIEIOBAHNS KOPPEISAIIUOHHBIX
XapaKTEPUCTHK;

X8 - yCTaHOBKM WM TPHOOPHI Uil TOBEPKH
U3MepUTENIeH XapaKTepUCTUK PAaJHO-yCTPOMCTB.

[onrpynma Y. IIpuGops
YaCTOThI U BPEMEHH.

Yl - ycTaHOBKM Ui TOBEPKHU H3MEpHUTENEH
YacTOThl,  BOCIPOM3BEJNCHUS  OOPa3LOBBIX
4acTOT, CJIMYEHUS YaCTOT CUTHAJIOB;

Y2 - 4acTOTOMETpPbI pE30HAHCHBIE;

U3 - yaCTOTOMETPHI ANEKTPOHHO-CUETHBHIE;

Y4 - yacToTOMETpHI F'€TEPOUIHbIE, EMKOCTHBIE,

AJil U3MCPCHUA

Hoarpynna L. TIlpubopsl nns  u3MepeHUs
JNEKTPUYECKUX U MArHUTHBIX CBOMCTB MAaTE€pPHAJIOB.

MOCTOBEIE;

Y6 - cuHTE3aTOpPHI
YMHOXHTEJIN YaCTOTBI;

YacToT;

KOMITIapaToOphI YacTOTHBIE,
BPEMEHHBIE; CHHXPOHOMETPHI;
49 - npeoOpazoBaTenu 4acTOTHI.

U5 - nmpeoOpazoBaTenyu 4acTOTHI CUTHAIA;
JIeIUTeNId |

Y7 - npueMHUKH CUTHAJIOB 3TAJIOHHBIX YaCTOT;
(dazoBbIe,

0

[Mogrpynna 3. W3meputensHbie ycTpoictBa | [loarpynma . brnoku  pagmon3sMepUTENbHBIX
KOAKCHAJIbHBIX U BOJIHOBBIX TPAKTOB. npuOOpOB.

HN3MepuTebHbIe MEXaHU3Mbl MATHUTOJICKTPHYECKON CHCTEMBI.

MarauTo3JIeKTpHYeCKas CucTema. MarHuTO3JIEKTPUYECKUE MEXAHU3Mbl KOHCTPYKTHUBHO

MOTYT OBITh BBITIOJIHEHBI C HEMOJBWKHBIM MarHUTOM U
MOABMKHOM paMKOM MM C TOABW)XHBIM MAarHUTOM U
HEMOJIBUKHOM paMKkoi. bojee mmpokoe NpUMEHEHUE
HaxoJSIT MEXaHM3Mbl C HEMOJBM)XHBIM MAarHUTOM.
YCTpOUCTBO MAarHUTOAIEKTPUYECKOTO H3MEPUTEIBHOTO
MEXaHU3Ma C HEMOJABUKHBIM MarHUTOM.

MaruuTtHas 1enb U3MEPUTETLHOT0 MEXaHU3Ma COCTOUT U3
MOCTOSIHHOTO MarHuta | ¢ moJtOCHBIMA HAKOHEYHUKAMHU 2
YU HENOABMKHOTO CTajJbHOro cepaeuHuka 3. IlomrocHble
HAaKOHEUYHUKU HMEIOT LWIMHIPUYECKYI0 pacTOUYKy |
BBITIOJTHEHBI, TaK K€ KaK U CEPJICUYHUK, U3 MATHUTOMSTKON

X ctani. B Bo3mymHOM 3a30pe MeXAy MOJIOCHBIMHU

8 o432 HAKOHEYHUKAMU 54 cepaeYHUKaMU obpazyercs
6 pPaBHOMEpHOE panuagbHOE MarHUTHOE 1noje. B aTom nose

=T MOXET CBOOOJIHO TTOBOPAYMBATHCS JIETKAsI ATFOMUHHEBAS
1VCTpoiicTBO  MarHHTOMJIEKTpHUecKoro | PAMKa 4, Ha KOTOpOW HaMOTaHa OOMOTKa M3 TOHKOTO
M3MEPUTENBHOTO MEXAHI3MA C | METHOTO WM ATIOMUHUEBOTO M30JHUPOBAHHOTO MPOBOJIA.
HETIOIBHYKHBIM MArHHTOM. Pamka ycranoBneHa Ha monyocax 6 M UMeEeT
npsMoyrosibHytro  ¢opmy. Ilpyxkunsr 5  co3maroT

IIPOTUBOACUCTBYIOIIMIY MOMEHT U OJTHOBPEMEHHO CIIyXaT




JUTsl TIOJIBOJIa TOKa K oOmoTke. Ha omHOW W3 mosryoceit
3aKperUieHa yKka3aTelabHasi CTpeJika 8 ¢ MPOTUBOBECAMHU 7.

2W3MepuTenbHbIC
3JIEKTPOMATHUTHON CUCTEMBI.

MCXaHU3MBbI

CymiectByet 1B OCHOBHBIE Pa3HOBUHOCTH
W3MEPUTEIbHBIN MEXaHU3MOB AIEKTPOMATHUTHOMU
CHUCTEMBI: C IUIOCKOM KaTYIIKOW M C KPYTJIOH KaTyIIKOH.
Puc. 2. YcTpoilcTBO M3MEPUTENBHOTO MEXaHU3MA
HenonuxHas kaTyiika | umeeT BO31yIIHBIN 3a30p B BUIE
y3koi menu. IloaBMKHBIM IIOCKMM cepaeyHUK 2
SKCLIEHTPUYHO 3aKperuieH Ha ocH 3. [Ipu nporekanuu Toka
M0 KaTymke o0pa3yeTcss MarHUTHOE IOJIE M CEpIACUYHUK
BTATMBaeTCS B IeNb. TakuM oOpa3oM co3gaercs
BpallalOIUii MOMEHT, OCh II0BOPAYMBAETCSI BMECTE C
yKa3aTeJIbHOW CTPEJIKOM, Mpyx’uHA 4 3aKpydyHBaeTcs, B

pe3yibpTaTe dYero BO3HUKACT IPOTUBOJACHCTBYIOLIMI
MOMEHT. Ycnokourenu B AJIEKTPOMAarHUTHBIX
YcTponcTBo U3MEPUTENIBHOTO | MEXaHMU3Max IIPUMEHSIOT BO3J1yIIHbIE WU
MeXaHU3Ma C IUIOCKOW HEMOJBMKHOW | MATHUTOMHAYKIMOHHbIE (HA PUCYHKE YCIOKOUTENIb HE
KaTyIIKOM. MIOKa3aH).
3AcraTtudeckue u3MepuTeNbHble | [IpakTHuecKkn UCKIIIOUNTD BIUSHUE BHEIIHMX MAarHUTHBIX
MEXaHU3MBI. IOJIEM  yAaercs B aCTaTMYECKUX  M3MEPUTENbHBIX

—_—
— T OHEULR.

MeXaHu3Max. Y CTPOMCTBO TAKOIO MEXaHU3Ma I10Ka3aHO
Ha puc. 3, a. DTOT MEXaHHW3M HMMEET JIBE KaTYUIKH,
COEZIMHEHHbIE MEeXay co00il mocienoBaTenbHO, U /1B
CepACYHUKa, YKPEIUICHHbIE HAa OJHOM ocHu. Bpamaromme
MOMEHTHI, JACUCTBYIOLIIME HA OCb IIPU BTITMBAaHUU
CepJICYHUKOB, HAINpaBiI€Hbl B OJHY CTOpPOHY. Takum
o0pa3oM, TMOABMKHAs 4acTb IOBOpAuyMBaeTCid IMOJ
JNEHUCTBHEM CyYMMBI JIByX MOMEHTOB. Hanpasnenus
0OMOTOK BBIOpaHBI TaK, YTO MAarHUTHbIE MIOTOKU KaTyIIEK
®1 u P2 (puc. 3, 0) HampaBneHsl BcTpeuHo. [lpu

@ ¢,
g MOSIBJICHUHA BHEIIHEr0 MAarHUTHOIO IIOJIA C IIOTOKOM
Puc. 3. YerpoiicTBo acraTu- o o
A oo — @BHEI MOJE€ OJHOW KaTyIIKH YCWJIMBAETCS, APYrou -
HSMEPHTEINLHOTO ocnabnsercs. Torma OOUMH  BpalalOIlMd  MOMEHT
MEXaHH3Ma. 6) o
yBeIMUYMBaeTcs, Jpyro - ocnabasercs. Cymma
BpalAIOIUX MOMEHTOB, NEHCTBYIOIIUX Ha IOIBUKHYIO
4yacTh NpUOOpPa, OCTAETCsl HEM3MEHHOM.
413meputenbpHble MexaHu3Mbl | CxeMa ycTpolicTBa npejcTaBieHa Ha puc.4 a. OH cocTout
3NEKTPOIMHAMUYECKON U | U3 HEMOABMXHOM KaTyIIKH A, BHYTPH KOTOpPOHl MOKET

(beppoAMHAMUYECKOM CUCTEM.

YerpolicTBo
MexaHHu3Ma

I/IBMepI/ITeJII:HOFO
3JIEKTPOIUHAMUYECKOMN

[I0BOPAYMBAThCA MOJBMKHAS KaTymka b. Henonsuxnas
KaTylika, CcocTosimias OOBIYHO M3 JIBYX CEeKIHH,
HaMaTbIBa€TCAd TOJCTBIM MEIHBIM IPOBOJAOM M HUMEET
Majioe KOJIMYEeCTBO BUTKOB. IlonBmKHas KaTymka umeer
00JIBIII0€ KOJTMYECTBO BUTKOB ITPOBOIaM MaJIOT'O CEUEHHUS.
Ha ocm 1 nmomMumo NOIBM)KHOW KaTyIIKH YKPEIUIEHBI
CIUpajbHble MPYXHHBI 2, yKa3aTelbHas cTpesnka 4 u
KpBUIO BO3JIYIITHOTO YCIIOKOUTEIS 3.
MarsuToMHAYKIIMOHHbIE YCIIOKOUTEIIH B
ANEKTPOAUHAMUYECKUX MPHOOpax MPUMEHSIIOTCS PENKO.

Tok Kk TOABWXHOM KaTylIKe MOABOJUTCS 4epes
CIUpaJbHBIC TPYXKHHBI (WM PACTSDKKH), KOTOPBIE
OIHOBPCMCHHO CJIy’KaT JJISL CO31aHusA

MIPOTHBOICUCTBYIONIETO MOMEHTA.




cucteMbl (a) W cXema,
MIPUHIIMII €r0 AcicTBHS (0)

2

MOACHAIOIIast

YcTpoiicTBO  (heppoAMHAMUYECKOTO W3-

MCPUTCIIBHOT'O MCXaHU3Ma

[Ipy nmpoxoxkaeHUM U3MEpPAEMOro TOKa IO KAaTylIKaMm B
pe3yiabTaTe  B3aUMOJEUCTBUSL ~ MAarHUTHOTO  TOJIA
MOABMKHOM KaTylIKM C MarHUTHBIM IIOJIEM TOKa
HEMOJIBUKHOM KaTYIIKU CO3/1A€TCS BPAILAFOUIMNA MOMEHT
(puc. 4, 6). IlogBwKkHasg KaTylmiKa CTPEMHUTCS 3aHITh
MOJIOKEHUE, KOT/1a MATHUTHBIE TOJIS KATYIIEK COBITAIAOT.
Ha  mocrossHHOM  TOKe NPUHUUIIBL  JIEHCTBUS
3JEKTPOJUHAMUYECKOTO U MarHUTORJIEKTPUYECKOTO
MEXaHHU3MOB AQHAJOTUYHBI. Tonbko B
INEKTPOJAMHAMUYECKOM  TpHOOpe MarHUTHOE  I0JIie
CO3JaeTCsi HE TMOCTOSHHBIM MAarHUTOM, a TOKOM
HEIOJBUKHOM KaTyILIKH.

5. YcrpoiicTtBo (eppoanHaMmmnyeckoro
U3MEPUTEJIbHOT0 MEeXaHHU3Ma.

deppoAHAMUYECKUE  M3MEPUTENbHBIE  MEXAHU3MBbI
OTJIMYAIOTCSI  OT  DJIEKTPOJAMHAMHYECKUX  HAJTUYHEM
MarHuTONPOBOJA BHYTPU HE MOABMXHOW KaTymKud 1 u
MOJBWKHOM KaTymiku 2. OTO TMO3BOJSET MOJYyYUTh
CUJIbHO€ MAarHuTHOE TIIOJIE B BO3AYIIHOM 3a30pe M
OOJIBIIION BpaIlaroIn MOMEHT. YBelnueHue
BpalIalONIEro MOMEHTa IOBBIIIAET YYBCTBUTEIBHOCTH
pruOOPOB U Ja€T BOZMOKHOCTH OBBICUTH UX MIPOYHOCTb.

Bremaue MarHuTHBIC oJIs Ha [IOKa3aHue
dbeppoarHaMUYecKuX MPUOOPOB BIUSIOT OYEHBb MaJIo.
6. W3meputenbHbie MexaHu3mbl | [IpuHImn neicTBUs AIIEKTPOCTATUYECKUX
AIEKTPOCTATUUECKOU CUCTEMBI U3MEPUTEIBHBIX MEXaHU3MOB OCHOBaH Ha

B3aUMOJCUCTBUU JJIEKTPUYECKU 3aPSDHKEHHBIX ILIACTHUH.
Ha puc. 6 cxemMatnyHO MOKa3aHO YCTPOMCTBO OJHOTO U3
MEXaHU3MOB DJIIEKTPOCTATUYECKOM CHCTeMBbL. Mexny
HEIMOJBVKHBIMU IUIACTHHAMM | MOXET IepemMeImarbes
MOJIBWJKHAs IUIACTHHA 2, yKperuieHHass Ha ocu 3. Ilpm
MOJAKJIIOYEHUN K NpuOOpy HaIpsHKEHUs TMOABMXKHAS U
HEIOJABUKHBIE TUIACTUHBI IOJIy4atOT IIPOTHUBOIIOIOKHBIE
3aps/ibl U MEX1Y HUIMHU BO3HUKAET JIEKTpUIecKoe noie. B
pe3yabTaTe MOJABHMKHAs IIJIACTUHA BTATUBACTCA B 3a30p
MEXIy HENOJABHKHBIMU, CO3aBasi BPalalOIUA MOMEHT,
IO/, IEMCTBUEM KOTOPOTO MEpEMENIAETCS YKPEIUICHHAs Ha
OCH yKasarenpHas crpenka. [IpoTuBoaelcTBYrOIIMI
MOMEHT CO3JAaeTCsl CHUpaJbHOW mpyxkuHOM 4. [lna
MOBBIIIEHUS] YYBCTBUTEIBHOCTH MPHUOOPOB YBEINYHBAIOT
KOJIMYECTBO IIOJBMKHBIX W HEMOJBM)KHBIX IIJTACTHUH.
Ycnokoutenu B DIEKTPOCTATHUECKUX  MpHOopax
MIPUMEHSAIOTCS MArHUTOMHTYKIIMOHHBIE WIM BO3AYIIHBIE.

7. N3mepurenbHble
MHIYKIIMOHHOW CHUCTEMBI.

MEXaHU3MBbI

NHnyknnoHHbIE  W3MEPUTENbHBIE  MPUOOPHI  MOTYT
pabotaTh TONBKO Ha mepeMeHHOM Toke. (Cxema
YCTPOWCTBA M3MEPUTEIHPHOTO MEXaHHM3Ma TPE/ICTaBIICHA
Ha puc. 7. OCHOBHBIMHU €rO 3JIEMEHTaMH SIBIISIIOTCS JBa
HEMOJIBMKHBIX JJeKTpoMarHuta | w® 2, a Takxke
QITIOMUHMEBBIA AUCK 4, KOTOPBIM 3aKperuieH Ha ocu 3 U
MOYKET ¢BOOOIHO BpaIiaThCsl. ITo oOMOTKaM
JNIEKTPOMAarHuTOB TEKYT mepeMeHHble Toku 1 m 12,
cABUHYTHIC 0 (ha3e Ha yroa ¢. DTH TOKHU CO3JAIOT JIBA




MarHuTHbIX motoka @1 u d2, casunyThIe 1O (a3e Ha TOT
e yroj. MarHuTHbIe TOTOKH, POHU3bIBAS IUCK, HABOJIST
B HEM 3.].C., IOJ JEHCTBUEM KOTOPBIX TEKYT BUXPEBBIC
TokH. [ToTok @1 BrI3BIBaET nosiBiaeHue Toka 111, moTox P2
- Toka 127 (HampaBieHHST BCEX TOKOB WM MAarHUTHBIX
MOTOKOB JaHbI I ONIPEACIICHHOI0 MOMEHTa BpeMeHu ). B
pe3yibrate B3auMozencTBus nmoroka ®1 ¢ tokom 121 u
notoka ®2 ¢ TokoMm Ila mMOSABIAIOTCS BpallaronIe
MoMeHThI. ClenyeT OTMETUTh, 4YTO 00S3aTeIbHBIM
yClIOBUEM pPabOThl HHIYKIHOHHOTO HU3MEPUTEIHLHOTO

MEXaHHM3Ma SBJIICTCS CJIBHT 1O (a3ze Mex a1y morokamu @1
u O2.

- | [==]

a)

[

Puc. 8. VYcrpoiicTBo BHOpanOHHOTO
4acTOTOMeEpa.

YerpoiicTBo MHYKIIHOHHOTO

U3MEPUTEIBHOIO MEXaHU3Ma.

W3mepurenbHble MexaHu3Mbl | BubpanuonHnsle U3MEpUTEIIbHbIE MEXaHU3MBI
BUOPALIMOHHOW CUCTEMBI. (SI3BIUKOBBIE) ABJISIIOTCSA Pa3HOBUIHOCTBIO

JIEKTPOMArHuTHOM  cucreMbl. (Cxema  yCcTpOHCTBa
nokaszana Ha puc. 8. OOMoTKa 31ekTpoMaraura | muraercs
[IEPEMEHHBIM TOKOM, YaCTOTY KOTOPOT'O HY>KHO U3MEPUTb.
Tonkue cranbHbIC TUTACTHHBI 2, HA3bIBAEMBIC S3BIYKAMHU
(Ha pUCYHKE BHJIEH TOJBKO | $3bIUOK), YKpEIJIEHbI Ha
o01ei r1anke 4. JTa M1aHKa )KeCTKO CKPEIUIeHa € SIKOpeM
3, pacroJio>KEHHBIM BOJIM3U CEpIC€UHUKA 3JIEKTPOMArHuTa.
SI3pIYKHM  MMEIOT pas3IM4yHble YacTOThl COOCTBEHHBIX
kosneOanuil. Ilox neiicTBUEM NEPEMEHHOTO MarHUTHOIO
MOJISl  SKOPb JABAXABI 3a TMEPHOJA NPUTATHUBAETC K
CepJICYHUKY U OTXOJUT OT Hero. Bmecre

C sKopeM BUOpUpPYIOT s3blukd. Haumbonbmedr Oyxper
aMIUIATY/1a KoJIeOaHUH ATOrO SI3bIYKA, Y KOTOPOTO YacToTa
COOCTBEHHBIX KOJIEOAaHMH  COBMAgaeT C  YacTOTOH
BbIHYXeHHbIX. Ha puc. 8, 6, moka3zaH BUJ IIKaibl, KOT1a
n3MepsieMas yactora pasHa 49 ['n.

Oco6ennocTu npudopos.

Jliis mprOOpOB MATHUTORIEKTPUYECKOMH CHCTEMBbl XapaKTepHa BBICOKAs TOUHOCTh. OHU
ABIIAIOTCS HanboJiee TOYHBIMU, IO CPAaBHEHUIO ¢ TPUOOpaMU HEMOCPEACTBEHHOM OLIEHKH JIPYTHX
CUCTEM U M3rOTABIIMBAIOTCA BILIOTH 10 Kj1acca TOYHOCTH 0, 1.

bonpmmm AOCTOMHCTBOM MArHHUTO3JICKTPHYCCKUX HpI/I60p0B ABJIACTCA PAaBHOMEPHOCTH
LIKAJIbl, BBICOKAsl YyBCTBUTEIBHOCTh U Majiasi MOIIHOCTD IIOTEPb.

OCHOBHBIM HEOOCTAaTKOM HpI/I60p0B M&FHHTOSHGKTqueCKOfI CHUCTEMBI ABJISACTCA
HEBO3MOXXHOCTb MX NPUMEHEHUs 0e3 clielualbHBIX MpeoOpa3oBaTesiell B IENIX MepeMEHHOTro
Toka. KpoMe Toro, oHa 0TJINYar0TCsI OTHOCUTENBHO CI0KHONW KOHCTPYKIUEH.

[TpuGopsl MarHUTOZIEKTPUUECKOM CHCTEMBI MCIONB3YIOTCS, TJIaBHBIM 00pazoMm, B
KauCCTBC raJILBAaHOMETPOB, aMIIECPMETPOB, BOJIbTMETPOB U OMMCTPOB.

[TpuGops! 3JIEKTPOMATHUTHOM CHUCTEMBI MOXKHO HCIIOJIb30BaTh B LEMSAX MEPEMEHHOTO
ToKa. TOYHOCTh UX MEHBIIIE, 10 CPABHEHHUIO C MPUOOPAMU MarHUTODJIEKTPUIECKON CUCTEMBI.

JIOCTOMHCTBO 3JE€KTPOMAarHUTHBIX MPUOOPOB; MPOCTOTAa KOHCTPYKIIMH, CPABHUTEIBHO
HU3KasA CTOUMOCTb, HAACKHOCTD B OKCILUTyaTalluu, yCTOfI‘-IPIBOCTB K IICPErpys3Kam.

HenocraTku: Hu3Kas 4yBCTBUTEIIBHOCTh U TOYHOCTh, OOJIBIIIOE OTPEOIEHUE MOLIHOCTH,

HCPAaBHOMCPHOCTDL IKaJIbI.




[TpuMeHsFOT MPUOOPHI SIEKTPOMATHUTHONM CHCTEMBI B IEMSAX MEPEMEHHOTO TOKa Kak
aMIIepPMETPHI, BOJIBTMETPHI, IMJIIOTOMETPHI, HCTIOIB3YIOT B YaCTOTOMETPax U (a3oMeTpax.

OTCyTCTBUE CTaJbHBIX CEPACUYHUKOB B IJIEKTPOAMHAMUYECKHX HU3MEPUTEIbHBIX
MEXaHM3MaX HCKIIYaeT MOTPEHIHOCTH OT THCTEPE3Uca M BHUXPEBBIX TOKOB, HO OHU OYECHb
YYBCTBUTEIbHBI K BIUSHUIO BHEIIIHUX MAarHUTHBIX TOJICH.

Bpicokass TOYHOCTH AJICKTPOJAMHAMHYECKUX IPUOOPOB TO3BOJSET MPUMEHITh HX B
KauecTBe 00pa3noBbiX. [IpuOOPHI 3IEKTPOJUHAMHYECKONH CHUCTEMBI MOKHO MPUMEHSTh Ha
MOCTOSIHHOM M TIEPEMEHHOM TOKE.

HenocraTku: BAMSHME BHEIIHUX MAarHUTHBIX I[0J€H, HU3Kas YyBCTBUTEIBHOCTD,
OTHOCHUTEIILHO OOJIBIIIOE MOTPEOICHNE MOIIIHOCTH, BBICOKAsi CTOMMOCTh. Kpome Toro, oHM 1m10Xo
MEPEHOCIT MEXaHUUECKUE BO3JICHCTBUS, TPEOOBATEIIbHBI K YXOIY.

Hcnonp3ytoTcst B KauecTBE aMIIEPMETPOB, BOJILTMETPOB U BATTMETPOB.

B depponnnaMmuyecknx mpudopax HAIWYHE CTAIBHBIX CEPICYHHKOB CYIICCTBEHHO
YBEJIMYUBAET NOrpemHocTb. [Ipubopbl 3TOM CHCTEMBl HCHOJB3YIOTCS B aMIepMeTrpax,
BOJIETMETpPAxX, BATTMETPaX, YaCTOTOMETpPax, azoMeTpax.

[TpuGOpHEI 31eKTPOCTATHIECKON CUCTEMBbI IPUMEHSIFOTCS JIJI1 U3MEPEHUS TTOCTOSTHHBIX 1
NepeMEeHHbIX HanpspkeHui. [loka3anus uX He 3aBUCAT OT BHEIIHUX MAarHUTHBIX MOJIEH, YaCTOTHI.

JlocTOMHCTBO: 00JIBIIOE BXOAHOE COMPOTHUBIICHHE, aKTUBHONW MOIITHOCTH MPUOOPHI ITOU
CHUCTEMBI MPAKTUYECKU HE TTOTPEOIISIOT.

Henocrarok: HU3Kas 4yBCTBUTENbHOCTh, HEPABHOMEPHOCTD LLIKAJIBI.

[TpuGopsl MHAYKIMOHHOM CHCTEMBbI MOT'YT NMPUMEHSTHCS B LIETSIX MEPEMEHHOTO TOKa C
OJHOM OMpe/IeICHHON YacTOTOM.

JIOCTOMHCTBO HX - MaJlO€ BIMSHHUE BHEIIHMX MAarHWTHBIX II0JE€Hd, CTOWKOCTh K
neperpy3kam, HaJe)KHOCTh B paboTe, HEBBICOKAs! CTOUMOCTb.

Hcnonb3ytoTes OHU B CYETUMKAX DJIEKTPOIHEPTUH.

Bubpaunonnsbie MU3MEPUTEIIbHbBIE MEXaHU3MBI SIBIISIIOTCS Pa3HOBHUIHOCTBIO
ANIEKTPOMATrHUTHON CUCTEMBI. [IpUMEHSAIOTCS OHM B YaCTOTOMETpax - JJIsi U3MEPEHUs] HU3KOU
94acTOTHI, TTIAaBHBIM 00pa30oM, MPOMBIIIIIEHHOM, U TOJIBKO B CTALIMOHAPHBIX YCIOBHSIX.

Xoa padoThl:

3. 3aganue
3.1 PacumdpoBats 0003HaYCHUS TIPETIaraeMbIX IPHOOPOB B COOTBETCTBUH C Tabmuiew 1.

3.2 I3yunTh TpPUHLUII JEHCTBHS, JTOCTOMHCTBA, HENOCTaTKM U OOJNACTh MPUMEHEHUS
MU3MEPUTEIIbHBIX MEXaHU3MOB PA3JIMUYHBIX CHCTEM.

3.3 Pe3ynbraThl paboTh! CBECTH B TaOIMLbI 1 1 2.

Tabnwmmna 1.

[=)

A2-, B2-, B2-, [2-, Y2-, JI2-, P3-, C1-, ®2-, X1-, U3-
A3-, B5-, B3-, [3-, E3-, JI3-, P4-, C2-, ®4-, X2-, U5-
A7-, B5-, B7-, [4-, E4-, J14-, P5-, C4-, ®3-, X3-, U9-
A2-,B7-, B7-, ['5-, E6-, JI2-, P6-, C6-, ®2-, X4-, U3-
A3-, B2-, B7-, ['6-, E8-, JI3-, P3-, C8-, ®4-, X1-, U5-
A7-, B5-, B2-, [2-, E2-, JT4-, P5-, C9-, @3-, X2-, U9-
A2-, B7-, B3-, [3-, E3-, JI2-, P5-, C1-, ®2-, X3-, U3-
A3-, B2-, B7-, ['4-, E4-, ]I3-, P6-, C2-, ®4-, X4-, U5-
A7-, B5-, B7-, ['5-, E6-, Jl4-, P3-, C4-, ®3-, X1-, U9-
A2-, B7-, B7-, [6-, E8-, JI2-, P4-, C6-, ®2-, X2-, U3-
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Tabauua 2.

Bunnl [TpunIMn JlocTonHCTBA HenocraTtku Oo6nacrts
U3MEPUTEIIbHBIX e CTBUS MIPUMEHEHUS
MEXaHU3MOB




4. Conepxxanue oTuyéra.
4.1 llens paboOTEHI.
4.2 3amanue.
4.3 PacumdpoBky 0003HaueHHI TPUOOPOB B COOTBETCTBHH € TaOIULIEH 2.
4.4 Tabnuiry XapakKTepUCTHK U3MEPUTEILHBIX MEXaHU3MOB PA3IMYHbBIX CHCTEM (Tadm. 1).
4.5 OTBeTHl HAa KOHTPOJIbHBIE BOIIPOCHI
1. Yro mo3BONSIOT MpaBWIBHO BBIOpaTh HpUOOPHI W JAIOT HEKOTOphIE
yKa3aHUs MO WX AKCIUTyaTaI|H.
2. PacmmdpoBats 0603HaueHus BoabT™MeTpoB B3 — 38, B7 — 26, B7 — 22.
3. Pacmmdposare o603nauenus reneparopos I3 — 106, I'4 — 107, 'S — 54,

IIpakTuyeckass padora Ned.
Tema 2.1. U3mepeHue 3JIeKTPOMeXaHUYECKUMU U3MePHUTEJIbHbIMU NPUOOpaMu
HN3yuyenue padorsl amnepBojibToMMeTpa TJI-4M npu ucnbITAHUU TPAH3UCTOPOB
Hean padoTsbi: 3MepeHue mapameTpoB TpaH3UCTOpa aMnepBoiabToMMeTpoM TJI-4M.
ITepedenns ucnosb3yemoro odopyaosanus: amiepBoasTommerp TJI-4M, TpaH3ucTOpBI.
TeopeTuyeckas 4acThb:
AMINEpBOJIBTOMMETP — HCHBITaTeNb TpaH3ucTopoB TJI-4M mnpenHazHaueH [uisi HU3MEPEHUS
MMOCTOSTHHOTO TOKa ¥ HAMPSKEHUS, IEPEMEHHOTO CUHYCOUIAJIbHOTO TOKA M HAIIPSKEHUs 4acToToi 50
['u, mepemeHHoro cunycomjanbHoro HampsbkeHuss yactorod 40.. 15000 I'u, compoTuBiieHus
MOCTOSTHHOMY TOKY M IapaMeTPOB TPAH3UCTOPOB MAJIO MOIIIHOCTH:
Ik0 — 0OpaTHOro TOKa KOJIEKTOPHOT'O IIepexo/a;
[0 — 00OpaTHOTO TOKA SMUTTEPHOTO MEPEXOa;
IKH — HayaIbHOrO TOKA KOJIJIEKTOPA;
[} — craruueckoro k03¢ HUIMEeHTa YCUICHUS IO TOKY, ONPEISISIEMOTO PACUETHBIM ITyTEM:
Al
Al
TexHuueckue JaHHbIE

IIpenenbr n3MepeHnii:

CHIIBI TIOCTOSTHHOT'O TOKa, MA 0,1; 0,3; 1; 3; 30;300; 3000
CHWJIBI TIEPEMEHHOTO TOKa, MA 3; 30; 300:; 3000

MOCTOSIHHOTO HamnpshkeHus, B 0,1: 1; 3; 10; 30; 100:; 300; 1000
MIEPEeMEHHOTO HanpshKeHus, B 1; 3; 10; 30; 100; 300; 1000

COIIPOTUBIICHHUI;

yucio 300 B koHIe mKaibl, KOM:

IIPY MHOKHTENE X | 0,3
npu MHOX#HTENE X.10. 3
npu MHOxHTene X100 30
npu MHOXxwuTene x1000 300
npu MHOxuTene X 10000 3000
quciio 500 B KoHIIE mKaibl, KOM:

pu MHOXHUTENE X | 0,5
npu MHOuUTeNe X 10 5
npu MHOXkHTene X100 50
npu MHOXx#uTee x1000 500
npu MHOxuUTene X 10000 5000

Nzmepenus npu maOkuTene x10000mpon3BoasATCS C TIOMOIIBIO BHENTHETO UCTOYHHUKA TIOCTOSTHHOTO
HanpspkeHus 24...30 B.

[TapameTps! TpaH3UCTOPOB B HHTEPBAJIAX:

ko, MKA 0...100

IkH, MKA 0...100



0, MKA 0...100

B 0...500

OcCHOBHas TOTPEUTHOCTh MPUOOpPa OT KOHEYHOTO 3HauyeHUs pabodeil mkaimbl, %, Ipu H3MEPEHUU:
CHUJIBI ITIOCTOSIHHOTO TOKa Ha npenenax 0,1, 0,3, 1 u 3 MA,

He OoJtee +2.5

CHUJIBI IOCTOSIHHOTO TOKA Ha Mpejenax 30, 300, 3000 MA,
He Oolee +4

CHWJIBI TIEPEMEHHOTO TOKa CUHYCOUIaTbHOM (DOPMBI

gactoToii 50 I'r;, He ©OoJtee +4
MOCTOSTHHOTO HAIPsDKCHUs, He Ooliee +4
MIEPEMEHHOTO HANPSHKECHUS CHHYCOUTATBHON (hOPMBI

B- IIpeJieiax HOMHHAJIBHOM 00J1acTH 4acToT, He Ooee +4
OMMYECKHX COIPOTUBJICHUH OT JIJTMHBI paboueii 4acTu

LIKaJIBI, HE OoJiee +2.5
apaMeTpoOB TPAH3UCTOPOB OT KOHEYHOTO 3HAUCHUS

LIKaJIBI, HE OoJiee +2.5
BxoaHoe conporuienue npudopa, kOm/B:

MIOCTOSIHHOMY TOKY 10
MEPEMEHHOMY 2,5
["abaputHble pazMepsl, MM 160x114x60
Macca, kr 0,85

KoHCTpyKTHBHO TPHOOP COCTOUT U3 CIEAYIOUIMX OCHOBHBIX YaCTEH:

W3MEPHUTENIb MarHUTORJICKTPUUECKOM cucTeMbl (Mukpoammepmerp 100 MKA) ¢ MOJABMKHONW YaCThIO
Ha KEpHax;

nepeaHsis MaHemb (KPBIIIKa), K KOTOPOU KPeTsITCS U3MEPHUTENh, KIIEMMBL, /1B IEPEMEHHBIX PEe3UCTOpa
(17151 yCTAaHOBKM HYJISl M TOKa 0a3bl), ueTsipe nepekiatoyarens: IUR — Bug pabort; n-p-n, p-n-p —
THUII TPAH3UCTOPA; —, ~ pon Toka; k...l - ens TpaH3uCTOPA;

JMCKOBBIN MEpeKIIoUaTeb NPeaesioB U3MEPEHUS € TIOIBUKHBIMU KOHTaKTaMU;

MOHTa)KHasl IUIaTa;

KOXYyX Mpuodopa.

HN3mepenne napaMeTpoB TPAaH3UCTOPA

Orcuer mnoka3aHuil MpuOOpa NPOU3BOJUTCS IpPH YCTAaHOBKE IEPEKIIIoYaTess «BHA paboT» B
HOJIOXKEHHE «TpaH3ucTop». M3mepenue lko — puc. 2.1.
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Pre, L1, Crema wamependn oDpaiHong ToRa
ROANIK TORHOTS NEReRGRa;

R = peasciop @ npedope; 5, K — drewsg 0nn npcor g Dot
I ROFTESTORS T 30 TORa
YcTaHOBUTH CJICAYIOIICC IMMOJIOKCHUC HCpCKJIIO‘-IB.TCJ'ICfIZ
«THII TPAH3UCTOPA» — COTJIACHO TUITY TPOBEPACMOIr0 TPAH3UCTOPA,
«OECIb TPAaH3UCTOPaA» — B IMOJIOKCHUC |K,
«pOoa TOKa» — B MOJIOKCHUC «—,
((HHCKOBBIﬁ)) — B nonokeHue «lkoy»



[TpoBepsieMblli TPaH3UCTOP YCTAaHABIMBAETCS B COOTBETCTBUU C MapkupoBkod kiemm (D K B)—-
KOJUTEKTOp K KieMMme «K», 0aza k kinemme «b». DMUTTEpHBIN BBIBOJ HE TpucoenunseTcs. CTpenka
npubopa nokaspiBaet ko Ha npeaene 100 MKA,

Nsmepenue I30 — puc. 2.

Ill+

(wA)

Puc, 2.2, Cxema namepenva ofipatnora toka
IMHITERPHOND NEPeXOna TpaH3HCTOpa
[TonoxxeHne nepexiioyaTesel To e, 4To U npu u3Mepenuu lko. basza tpansucropa npucoenuHsercs
Kk kiemme «by», smutrep k kinemme «K». KomnektopHslii nmepexoa He mpucoenuusiercs. Ctpenka
U3MEPUTENILHOTO Npubopa rnokassiBaeT 3HaueHue 170 Ha npenene 100 MxA.
N3smepenue Ikn — puc. 2.3.

[Tonoxxenue mnepeknmrodaresied To e, 4to W npu u3Mepenun /0. ba3za TpaH3ucropa
npucoeaunsercas kK kiemme «b», smurrep k kiemme «K». KomnmektopHblil mepexon He
npucoeannsiercs. CTpelika H3MEpUTEIbHOTO TPUOOpa MoKa3kIBacT 3HaUEHUE /30 Ha npeaene 100
MKA.

W3mepenune moka — puc. 2.3.
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Puc. 2.3, CHema HIMEDREHMA HASAALHOTO TOMA
KOAAEKTONA THAH3UCTOPA
[Tonoxenue mepekiouaTeseil To ke, 4To U npu usmepenun | xo. baza u smutTep TpaHzucropa
MPUCOSANHSIOTCS K KiIemMMme « by, xomtektop — k kiemMMe «K». Crtpenka mpubopa mokasbiBaeT
3HauyeHue |k Ha npenene 100 MkA.
Omnpenenenue cTaTHUECKOro KodgduimeHTa ycunenus puc.2.4

——

Puc. 2.4 Cxema onpeienieHrs CTaTUuecKoro K03 puiineHTa yCuIeHHs TpaH3uCTopa



[Tpu sTOM BBIBOJIBI TpaH3UCTOpa MpucoenuHsoTea Kk kiemmam 3, K, b. Heo6xoaumo ydects Tun
TpaH3ucTopa (p-n-p uiau n-p-m). Cratnyeckuii Ko3PPUIMEHT yCHIICHUSI OTIpeAesieTcs mo Gopmyrie
Al Al =AT,
[ ' L N
'ﬁ"lﬁ J‘.ll!'l‘: _.'.‘I |r£|=
rie lxi— Tok Komaekropa rnpu Toke 0asel Ip1; Ik — Tok kosekTopa npu Toke 0assl Ips.
JIMCKOBBIN IIEepeKiroyaTeb ycTaHaBiuBacTcss B nosoxkeHue «b...K», mnepexiodarens «uenb
TPaH3UCTOPa» — B MOJOKEHHE «|p» MMOJI0KEHNE OCTAIBHBIX IEPEKIItoUaTeN el — Kak MPU U3MEPEHUH
Ixo-
Jomyctum, Ipu U3MEPEHUH MOTYUYCeHBI ciaeaytomue nanubie lgr = 50 MKA, lk1= 2,6 MA,
Is2 =80 MKA, lx2 =4,4 MA.
AIB:IBI - IBZ: 80-50=30MKA
AL =l — I, = 4,4-2,6 = 1,8MA = 1800 MKA

Koadduruent ycunenus

AL, 1800
= =60

B =31, = 30

Xoxa padoTsbl

1. 3agate BenmuuuHy TOKa 0a3bl, IPU KOTOPOU YAO0OHO ONMpEaeanuTh TOK KouiekTopa (okoio 50
MKA).

2. Jlns u3MepeHus TOKa KOJUIEKTOpa MepeKIItoYaTeib CIeyeT YCTAHOBUTH B MOJIOKEHUE «lK».
BennunHa ToKa KOJJIEKTOpA OIpeiessieTcsl 0 BEpXHeH IIKalie MoKa3bIBaloIIero npuoopa,
KOHEYHOE 3Ha4eHHUE KOTOpoil cooTBeTCcTBYET 10 MA.

3. Ilepekmtouatens «lp—Ik» CHOBa ycTaHaBIUBAIOT B MOJIOKEHUE «|p» M YBETMUHUBAIOT TOK Oa3bl
Ha 20,..40 MKA.

4. Tlpu nocneayroieM nepeKItoueHun «Ip-lx» B monosxenue «lk» cHOBa ompezensercs

BEJIMYMHA TOKa KOJUIEKTOpA.

W3mepeHus 3aHECTH B TaOIHILY

Haiitu ko3 duniuent ycuneHus

I5, MKA 50 70 90 110

Ix, MKA

7. OTBeTUTH HA BOIIPOCHI

oo

1. OcHoBHEBIE MCTOABI USMEPCHUA ITOCTOAHHBIX TOKOB U H&pr[)KGHHfI.

N

Ha3nauenue, cxema BKJIIOUEHHs U 00J1aCTh IPUMEHEHUS T00aBOYHBIX PE3UCTOPOB.

3. Metozas! u3MepeHust IepeMEeHHbIX TOKOB POMBIIIIICHHOH YyacToThl. I3MepHuTenbHbIe
TpaHc(hopMaTOphl TOKA.

4. W3mepurenbHble TpaHC(HOPMATOPI HANIPSKEHUS.

5. Yro Ha3bpIBaeTCS aMIUIUTYIHBIM, CPEAHUM, CPEIHEBBITPSIMICHHBIM U CPEIHUM
KBaJ[PaTHYECKUM 3HAUCHHUSIMH HATPSHKCHUS I TOKa?

6. Kakne koo punmeHTsl YCTaHABIMBAIOT CBS3bh MEXK/Ty aMIUTUTYIHBIM H CPETHIM
KBaJJPaTHYECKUM, MEXKTy CPETHUM KBAIPATUIECKUM U CPETHUM 3HAUCHHSIMA
HanpspkeHus (Toka)?

7. Yemy paBHbI KOG GUIIMEHTHI aMILUTUTYABI U (POPMBI IJ1s1 TAPMOHHUYECKON (hOPMBI
curHana?

8. U3-3a yero MoxeT BO3HUKATh METOIMYECKasl IIOIPEIIHOCTh IPU U3MEPEHUH

HECHHYCOHMIATbHOTO CUTHaja?



IIpakTuyeckast padora Ned.
Tema 2.1. U3mepeHue 3JieKTPOMeXaHMUYECKUMHU U3MEPHUTETbHBIMH MPUOOpaMu
HN3mepenne momHocTH B TPex¢a3HOM Lenu ABYX3JIeMEeHTHBIM BATTMETPOM.
Lesan padoThi: 3MepeHre MOLTHOCTH B TpeX(pa3HOM IeNU ABYX3IEMEHTHBIM BATTMETPOM.
Ilepeyennb ucnoib3yemMoro o00pyao0BaHus
Tpexdaznas nenb, oxHO(da3Hble BaTTMETPbI, JBYX3JEMEHTHBIH BaTTMETp; aMmIepMeTp,
BOJIBTMETD.
TeopeTuyeckasi 4acTh:
Jis u3MepeHusi MOIHOCTH TpeX(a3HOTO MPHUEMHUKA IPUMEHSIOT PA3JIMYHbIE CXEMBI
BKJIIOUEHUSI BaTTMETPOB.
IIpu cuMMeETpUYHON Harpy3Ke akTUBHYIO MOIIHOCTb P MOKHO U3MEPUTH OJHUM BaTTMETPOM,
BKJIFOYCHHBIM I10 cXxemaMm puc. 7.13, a, 6.
OO0111ast MOIIHOCTH NOTPEOUTEIS

P =3W,
rae W— nokaszaHue BaTTMETpA.
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Puc 7.13 CxeMbl BKJIIOUEHHS BATTMETPOB JJI1 U3MEPEHUS aKTUBHOM MOIIIHOCTH B
TpexdazHoi ceTn oJHUM (a, 6) U TpeMs (8) BaTTMETpaMU

[Tpu HeCUMMETPUYHON Harpy3Ke MOIIHOCTh TpeX(a3zHOTo
IpUEeMHHKAa MOXHO H3MEpHUTh Tpems BarTMeTpamu (puc. 7.13, ). OOmas MOIIHOCTh
IPUEMHHKA B 3TOM CIy4yae

P=WI1+W2+W3.
B tpexnpoBoHbIX cucTeMax Tpex(a3zHoro ToKa Mpyu CUMMETPUYHON U HECUMMETPUYHOMN
Harpyskax M Jro00oM crocode CoeIMHEHUs IPUEMHUKOB IIMPOKO PaclpoCTpaHeHa cXxeMa
M3MEpPEHUs] MOLTHOCTH IByMs BaTTMeTpaMmu (puc. 7.14, a). Ha sToii cxeme TOKOBbIe 0OMOTKHU
BaTTMETPOB BKJIIOUEHBI B JIMHEHHBIE TPOBO/Aa A U B, a OOMOTKHU HaNpsDKEHUS] — Ha JIMHEHHbIe
Hanpsokenus UAC w UBC 1.

1 ToxoBble 0OMOTKHM MOTYT OBITH BKJIFOUEHBI U B IpyTUE JIMHEHHBIE TPoBOa, Hanpumep B A u C.
[Tpu 3TOM mapasuienbHble 0OMOTKH BaTTMETPOB BKIIIOUal0TCs Ha IuHelHble Uas u Ucs.

JlokaxkeM, 4TO cyMMa MOKa3aHUI BaTTMETPOB, BKJIIFOUEHHBIX 10 cxeme puc. /.14,
@, paBHa aKTUBHOW MOIIHOCTU P Tpex(a3zHOro MpueMHHUKA.
MrHoBeHHOE 3HaYeHHUE OOIIe MOITHOCTH Tpex(Ha3zHOTO MPUEMHHUKA, COSTMHECHHOTO 3BE3/I0H,
p = UAIA + uBiB + uCiC.
Tak kak
IA+iB+iC =0,
TO
iIC=-(IA+iB)



Puc. 7.14. Cxema BKJIIOYEHHS JBYX BaTTMETPOB JJI1 U3MEPEHUS AKTUBHOW MOIIIHOCTH B
Tpexda3HbIX ceTsX (a) M BEKTOpHas AUarpamMma, MOsACHSIONIAs U3MEPEHNEe aKTUBHOM MOIIIHOCTH
IBYMs1 BaTT™MeTpamiu (0)

Puc. 7.14.

fipuemuun

[ToxcraBnss 3nadenue iC B BRIpOXKCHUE IS p, TTOJTydaeM

p = UAIA + uBIiB - uC(iA + iB) = (UA - uC) iIA + (UB - uC) iB = uACiA + uBCiB.
BbIpa3uB MrHOBEHHBIC 3HAYCHHS U U | Ye€pe3 UX aMILUIUTY/Ibl, MOYKHO HAalWTH CPEIHIO0
(aKTUBHYIO) MOIIIHOCTbD:

T

1
Pcp =ff p dt,
0

KOTOpasi COCTaBUT
P = Uaclacos( Uac, Ia ) + Uscls cos( Ugc, Is ) = W1 + Wa.
Tak kak UAC, UBC, IA u IB — cooTBeTCTBEHHO JIMHEWHbIE HAMIPSHKEHUSI U TOKH, TO MOTYYEHHOE
BBIPQXCHHE CITPABEIIMBO ¥ IPU COSAMHCHUH MTOTPEOUTEIICH TPEYTOILHUKOM.
CrnenoBarenbHO, CyMMa MOKa3aHUH JIBYX BAaTTMETPOB JCHCTBUTENHHO paBHA AKTUBHOM
MOIIHOCTH P Tpex(a3HOro MpueMHUKA.
IIpu cuMMeETpUYHON HarpysKe
la=1ls=lc, Usc=Upsc=U;.

W3 BekTOpHOM auarpammsl (puc. 7.14, 6) momxydaem, 4To yroi o MeXIy BekTopamu Ia u Uac
paBen @ — 30°, a yron B mexay Bektopamu |g u Usc coctasnsier ¢ + 30°.
B paccmarpuBaemMoM ciyyae moka3aHusl BATTMETPOB MOXKHO BBIPA3UTh popmynamu

W1 =Un i cos (¢ -30°); Wz =Umn lacos (¢ +30°).

o

A W da, Puc. 7.15. Cxema BK/IIOUYEHHUS
° * \ L/ 2 . BaTTMETpa ISl H3MEPEHHSI

1 50 ~®_ peakTHBHOI MOIIHOCTH B
8 4 Z Yse rpexdasHoii ceTr oTHIM
o BaTTMETPOM (@) U BEKTOpHast
g e) 8 nuarpamma (6)
O- p

CyMMa noka3aHuii BATTMETPOB
Wi + W2 = U L [cos (¢ - 30°) + cos (¢ + 30°)] = V3 Ux 1 cos ¢.

1o pa3HOCTH MOKa3aHU BATTMETPOB MOKHO ONPEIETUTh PEAKTUBHYIO MOILIIHOCTh
CUMMETPUYHON Tpex(ha3HOU CUCTEMBI:



W1 - W2 = Ui L [cos (¢ - 30°) - cos (@ +30°)] = U lx sin ¢ = Q/A3.
Orcrona Q = (W1 - W3.

[Tpu cumMMeTprUyHO#M akTUBHOM Harpyske (¢ = 0) moka3aHus 000UX BaTTMETPOB OYAYT
oauHaKoBbIMU. [Ipy cMelIaHHON CHMMETPUYHOM Harpy3ke u ¢ > 60° nokazaHue ogHOTO U3
BaTTMETPOB OYAET OTPULIATENILHBIM 1.
1 BarTMeTpbl, Kak MpaBuiio, CHa0XKarOTCsI BCTPOCHHBIM IEPEKIII0UaTesIeM, TO3BOJISIOIUM
U3MEHATH (ha3y TOKa B OHON U3 0OMOTOK Mpubopa (Jamie BCero TOKOBOi ). ITO YCTPOHCTBO
JTAeT BO3MOXHOCTh ITPOU3BOIUTH OTCUET MOKa3aHui mpubopa npu ¢ > 60°, koraa cTpenka
OTKJIOHSIETCS BJIEBO 0 yIopa.
[Tpu cuMMeTpUUHOM Harpy3Ke peaKTUBHYIO MOLTHOCTh Q Tpex(ha3HOM CUCTEMbI MOXKHO
U3MEPUTh OJHUM BaTT™MeTpoM (puc. 7.15, a). B 310l cxeme TokoBast 0OMOTKa BKJIIOUEHA B
JUHEHHBIN TPOBOJ A, a mapajuienbHas 0OMOTKA HANPSKEHUS — HA JJMHEHMHOE HAMPSIKEHHE
UBC. U3 BekTopHO# muarpammsl (puc. 7.15, 6) ciieqyer, 9To Mmoka3aHus BaTTMETpa

W = Usgcla cos (90 - ¢) = Un l sin o.
VMHOXasl TOKa3aHKe BATTMETPa Ha \'3, IIOyJaeM 3HAUCHHE PEaKTHBHON MOIIHOCTH Q
Tpex(da3HOW CeTH MPU CUMMETPUYHOI Harpys3Ke.
Xoa paboTsl

1. O3HaKOMUTKCS ¢ MIPUOOPaMHU, MpeJHA3HAYCHHBIMH ISl BHITIOJIHEHUS TaHHOUW JTabopaTopHOn
paboTel. BHECTH B IPOTOKOJ MX ACIIOPTHBIC JTAHHEIC.
2. Cobpath cxeMy, H300paKEHHYIO Ha pHC., 00paTHB 0c00O€ BHUMAHUE HA MPaBUIBHOCTh
BKIIFOUCHUS TCHEPATOPHBIX 32)KMMOB BaTTMETPOB
*
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puc.1
Puc. Cxema BKIIOYEHHMS TNpPUOOPOB JJIi H3MEPEHUs aKTUBHOW MOINHOCTH B TpexdasHOH
TPEXITPOBOJHOM LIETIH.
3 Onpenenutb MOCTOSHHBIE PUMEHSIEMbIX JJAOOPATOPHBIX BATTMETPOB IO PopMyJie
CHOM = UHOM IHOM/aHJK

rae Unow —HOMHHAJIbHOE 3HAUEHUE HANPSHKEHUS HCIOJB3YEMOro Juana3oHa BaTTMETPa, luow —
HOMUHAJIBPHOE 3HAaUY€HHE TOKAa BBIOPAHHOIO JMAaNa30Ha BATTMETPA; Amx — YHCIO JEJICHUN IIKaJIbI
BaTTMETpa
4 Tlpou3BecTu U3MEpPEeHHE MOIHOCTH ITPH CUMMETPHUYHOI aKTUBHOW Harpyske (coSp=1) Tpems

Croco0amH.

A) c TOMOILIIBIO BOIBTMETPA U aMIIEPMETPOB

S VA .
P =V38Uyly
31E€Ch UV—HOKaSaHI/Ie BOJIBTMETpPA, BKIIIOYCHHOI'O Ha (i)aSHOC HaIpsPKCHUE, Ia — IIOKAa3aHUue

aMIIEpMETpPa, U3MEPSIOLIETO JIMHENHBIN TOK;
b) c nomomkio 1ByX 0/1HOGA3HBIX BAaTTMETPOB



P" = Py, + P,
rie Pey U Ppg— nokasanna oinohasiwx sattverpor PW! v PW2;

PWI = CHHMI a5

Py = Con2 92

SOCCL @i H @z — OTCHETH B NEJICHHAX N0 WKAJA2M  OANODAIEHX naTT-
MCTPOB; y
B) C NOMOUILIO ARYX3NEMERTHOrO BatTMerpa PIWS:

P = C:m.\la ag,

/1€ a3- OTCUET B JICJCHMSIX 110 LIKAJIE IBYX3JEMEHTHOI'O BaTTMETPa
Ecnu ucnonb3yercs MUTOBOM ABYX3JIEMEHTHBIA BAaTTMETP C I'PaJAyUPOBAHHOM LIKAJIOW, TO Pw,
OIpeEIAETCS HEMOCPEACTBEHHO M0 IIKajle NpruOopa B BaTTaxX WM KWJIOBATTaX.

5. CpaBHuth nonyueHnsie 3HaueHus P', P" u P", oOpaTuB BHUMaHue Ha yA0OCTBO M3MEPEHUs
AKTUBHOM MOIIHOCTH JBYXAJIEMEHTHBIM BaTTMETPOM, HE TPEOYIOIHNM TMPEABAPUTEIIBHBIX
apuQMEeTUYECKUX BBIYUCICHUM.

6. IlpomsBecT M3MEpeHHWE AKTUBHOW MOIIHOCTH IMPH CHMMETPUYHON PEaKTUBHOW Harpyske
(cos@p=1) nByms ciocobamu;

a) C IOMOIIbBIO IBYX OJHO()a3HBIX BATTMETPOB;

0) C IOMOIIBIO IBYX3JIEMEHTHOT'O BaTTMETPA.

Jlist monmydeHusl peakKTUBHOW Harpy3Kd HEOOXOIMMO BKJIFOYHTH IMAKETHBIA BBIKIIOYATETh SA B
cxeme, n300pakeHHoH Ha puc.l.

[Ipu onpeneneHnH aKTUBHON MOITHOCTH C MOMOIIBIO JIBYX OAHO(A3HBIX BaTTMETPOB CIEAYET
MOMHHTD, YTO B 3aBUCHMOCTH OT yrja () U ero 3HaKa MOKa3aHUs OJHOTO U3 BaTTMETPOB MOTYT
OBITh OTPULATENILHBIMM WJIM BOOOIE paBHBIMU HYit0. HezaBucHMO OT 3TOro yis MOJIydyeHus
o011elt MOIITHOCTH Bcerjja Heo0X0MMO OpaTh areOpandecKyro CyMMy MOKa3aHU BaTTMETPOB.

7. CpaBHUTH pe3yibTaThl, IOJTYYECHHbIE IPU BHIMOJIHEHUH 1. 6, a 1 6, O.
8. CocraBuTh 0T4eT HO Tpedyemoii hopme.

IIpakTuyeckasi pa6ora Neb.
Tema 2.2. AHAI0TOBBIE 3JIeKTPOHHbIE BOJIbTMETPBI
H3y4denue padoThl 3JIEKTPOHHOI0 BOJIBTMETPA.
Heasb padorbl: O3HAKOMHUTBHCS C OCOOCHHOCTSMHU CXEMOTEXHMUYECKOTO PEIIECHHs] OCHOBHBIX
0JIOKOB BOJIbTMETpA.
ITepedens ncnoib3yemMoro 000pyaoBaHus
MuummBoneT™eTp B3 — 38 (macmnopr).
Munnusonst™erp B3 — 38 npenHasHaueH 1715 U3MepeHus HalpsDKEHUs TepeMeHHoro Toka ot 0,1
MB 1o 300B B qnamazone gactot ot 20 I'tt 1o 5 MI'm.
[Tokazanus mpubopa MPONMOPIMOHAIBHBI CPeIHEMY 3HAYEHMIO, a IIKaja MpOrpagyupoBaHa B
3¢ (EeKTUBHBIX 3HAYEHUSIX CHUHYCOUJAIBHOrO HampsbkeHus. [Ipubop nMeer oTAenbHYO HIKaly,
IpOTpalyipOBaHHYIO B JenuOenax.
VYposens "0" nenuben pasen 0,775 B.
TexHn4yeckHe XapaKTepUCTHKH
1) nuanazon u3mepseMbix HanpspkeHuit ot 100 MxB 10 300B nepexpsiBaeTcst moaanana3oHaMu
(1, 3,10, 100, 300 MB, 1, 3, 10, 30, 100, 300)B;
2) Auamna3oH 4acTOT U3MEPSEMbIX MTepeMEeHHbIX HanpsbkeHud ot 20 I'm o 5 MI';
3) kJacc TOYHOCTH MpUOOpa TOMYCKAeTCs YKa3bIBaTh PAa3HbIM JUUIsl HOPMAJIbHBIX YCIOBUM M /IS
JIBYX o0JjacTel N3MepseMOro HarpsKeHHs:
- mogauana3od ot 100 MmB go 300 MB xitace - 2,5;
- mognrana3sod ot 1B mo 300B ximacc - 4,0.
4) npuBeeHHbIE TOTPELIHOCTH Il pa0OYHX YCIIOBHUH NMpHUBEICHBI B TadmuUIE 1;



5) [omoNHUTENbHAs TOTPEIIHOCTh MpHOOpa, BbI3BaHHAs OTKJIOHEHHWEM TeMIepaTypbl
OKpY)XKarolled cpeabl OT HOMUHAJIBHOTO 3HAYEHUS, HE MPEBbIIAET Mpeaena NpPUBEICHHON
HorpemHocTy Ha Kaxasle 10°C u3MeHeHus Temneparypsl;

6) HOpMaJIbHbIE U paboyre YCIOBUS dKCILTyaTalluy Mpudopa 3a/1aHel B Tabnue 2;

7) BXOJHOE CONPOTUBIIEHUE Ha yacToTe 55 'l He MeHee:

- Ha nogauamnaszone ot 1 1o 300 MB - 5 Mowm;

-Ha noaauana3one ot 1 10 300B - 4 Mowm.

8) BXOAHAsi EMKOCTh HE MPEBBIIIALT:

- Ha noaauana3one ot 1 7o 300 MB - 30 nd;

- gHa nogauanasoHne ot 1 1o 300 MB - 15 n®.

9) eMKOCTb MpHIaBaeMOro K npudopy kadens He npessimaet 80 nd;

10) nomonHUTENBHAS MOTPEUIHOCTh, NpUOOpa, BBI3BaHHAs OTKJIOHEHHWEM (OPMBbI KPUBOM
U3MEPSIEMOT0 HAIPSDKEHUS! OT CUHYCOMJIANBHOM ¢ K03 dunmentom rapmonuk ot 0,5 1o 20 % ,
HE MPEBOCXOIUT BETMYHUHBI, ONpeaesieMoi o Gopmyiie:

6 =Ux/U1 * 100 %,

rae Ul - ammuntyna nepBoii TapMOHHKHY;

Uk - aMIuIMTy/1a TApMOHHUKH U3MEPSIEMOT0 CUTHAIA;

K - HOMEp TapMOHUKH.

11) mpubop nomyckaer paboTy B T€UE€HUE § YACOB;

12) notpebsiemast (puOOPOM MOIIHOCTH IIPH HOMUHAIBHOM HalpsHyKEHUH

He mipeBbimaet 10 B * A;

13) raGaputsl npubopa coctaBisitoT 152 * 206 * 285 mwm;

14) macca npubopa He 6oiiee S Kr;

15) Bpems pasorpesa npubopa He Oojee 15 muH;

16) napaboTka npubopa Ha oTKa3 coctaBisieT 2500 gac.

Tabmuua 1 - [Ipenensl npuBeIeHHBIX MOTPENTHOCTEN B Pa3IMUHBIX 00JACTAX YaCTOT

[Tpenenbl npuBEACHHBIX TOTPEITHOCTEH B 001aCTH YaCTOT

Ilognmnamna3zoHsbl or 20 1o 45T’ or 1 o3 MI'1t oT 3 1o 5 MI'g

1-300 MB 4.0 4.0 6.0

1-300B 4.0 6.0 6.0
Tabnuia 2 - YcnoBus dKCIutyaTaliuu npuoopa

HopmasbHble ycnoBusl 3KCIUTyaTalluu

TeMieparypa OKpyX aruiei cpepl 293 +£ 5K

OTtHocuTeNnbHAS BIAXKHOCTh MPU HOpMaJbHOU | 65 + 15%

TEMIEPATYPE CPEJIbI

ATMochepHoe naBiieHne 101 £ 5 klla

Pabouwne ycinoBus sKcITyaranuu mpudopa

TemnepaTypa OKkpysKarouen cpesl ot 283 o 308K

OTHOcHTeNbHAs BIAXHOCTh Ipu Temnepatype | 1o 80%

298K

ATMocdepHoe naBiieHne 96 + 10 klla

Hanpsiokenve nutanus 220B £+ 20B gactota 50 £ 0,5 I'n1
YCTpoiicTBO M NPUHLMI ACHCTBUS
Koncrpykuus

[TpuGop BhINONHEH B IepeHOCHOM HcnoiaHeHnH. Kapkac, paMbl 1 OOKOBBIE CTSKKU N3TOTOBJIEHBI
METOJIOM JIUThS O] 1aBIICHUEM.

Bes cxema mpubopa, 3a MCKIIIOYEHHEM IEpEKIIoYaTelNss MPEJesioB M3MEPEHHs U BXOJHOTO
JIeIIUTENIS, pa3MEILeHa HAa OJHOW [TeYaTHOM IIaTe, IPUKPEIUICHHON K KapKacy C JIEBOM CTOPOHBI.



Ha 3amHeil manenmu 3akperuieH TpaHcpopMmaTop, [epiKaTelb MNPEAOXPAHUTENS] W KJIeMMa
3a3eMJIEHUS M BBIBEJCH ILIHYp MHUTAHUS. DJEMEHTHl BXOIHOIO MACNUTENS SKPaHUPOBAHBI U
YKpEIUICHBI Ha MepeHel TaHeu.

Ha nepenneit maHenu pacrosiiokeHbl: CTPENOYHBIM OTCUETHBIM MNpuOOp, BXOAHBIE THE3JA,
WHAUKATOP B TyMOJIep BKIIFOUEHUS Ipudopa.

Onncanne GQyHKIUOHAIBHON CXeMbI

Ha pucynke 1 mpencraBnena GpyHKIIMOHAIBHAS cXeMa Mpuodopa.
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Pucynok 1 - @ynknuonanpHas cxema B3 — 38

Ha Bxon BeicokoomHOro nenutens BJ[ mopaercs m3mepsiemoe HanpspkeHUE. BBICOKOOMHBIN
nenutenb oT Hu3koomHoro HJI otaensercs mpeoOpazoBatenem umnenanca [IM. C Bwixoma
JIEIUTENS] HI3KOOMHOT'O HallpsKEHUE T0/1aeTCs Ha IIMPOKOIOJIOCHBIN yernutens LY.

K Beixony IIY noakmtodeHsl JETEKTOP U HHIUKATOP, KOTOPBIE COEIMHEHBI CO BXOJOM
o0paTHOrO npeoOpazoBaTes OIl, IpeHa3HaYEeHHOT O JUTSt YMEHBUICHUS
IIOTPEIIHOCTH BHOCHMOM JUOJAMH JETEKTOpa.

JleuTesib BbICOKOOMHBIH

JlenuTenb BHICOKOOMHBIN TpeICTaBICH
Ha pUCYHKE 2 H KpPOME PE3UCTOPOB
| &3 C4 | R COIEPIKUT KOPPEKTUPYIOIIHE EMKOCTH.
| A ’ ’_‘ ‘ \ Ero xosddumment neneHus paseH
Broog
1:1000. Ilpm  mnepexnrodyeHHHn ¢
s noxauanasoda 300 MB Ha moxnuana3son
1 + | 1B BX0/1HOE CONTPOTUBIIEHUE MEHSETCS C
8 1o 5 MOwm. Pe3ucrop R2 no3zsosmsier
— TOYHO OTPEryaupoBaTh KO3 UIIMEHT
JIeJIEHUs IeTTUTEIIs Ha yacToTax MeHee 1
_ = | MI'm. Ha Oonee BBICOKMX YacTOTax
—J "] | oka3biBarOT CBOE BIIUSTHUE
koppektupyrone nermu (Cl, R3 - C2,
I | R58 - C25 u uenouka C3 coBMeCTHO C
PucyHok 2 - Jlesintesib BbICOKOOMHBII tpummepom  C4).  Emxocte  C5
BBIIIOJIHSIET  pOJIb  Pa3AelIUTEIbHON
€MKOCTH U HE IPOIYCKAaeT MOCTOSHHYIO
COCTABJISIOUIYIO IEPEMEHHOIO CUTHAJIA.

Bxog

»
P

1111
||

f

IIpeoOpa3oBare/ib MMIIEIAHCA
6

OH BBINOJHEH Ha Jamne - HyBuctope 6C63H,
o0ecrieunBaroIen 00JIBIIIOE BXOJHOE
COMPOTHUBIICHWE U JIBYX TPaH3UCTOpax.
Tpansucrop VT1 obecrnieunBaer ycuieHue, a
VT2, Kak OMUTTEpHBIH  IMOBTOPUTEIb,
o0ecIieynBaeT Majoe BBIXOJHOE
COMPOTHUBIICHNE TaKOW BEIMYUHBI, YTOOBI OHO
HE OKa3bIBAJIO BIMSHUA Ha KOA(DPHUITMEHTHI
JIEJICHUS HU3KOOMHOTO JICITATESI.

I'myGokast oTpunatenbHas oOpaTHas CBS3b C
Bbixonma moBTopurens (menb R16 - R17)




Pucynox 3 - [Ipeobpa3zoBatenb uMmneaanca obecrieunBaeT  BBICOKYIO  CTaOMIJIBHOCTH
XapaKTePUCTHUK npeoOpaszoBaress "
OJTHOBPEMEHHO COXPaHSET YCUJICHUE MOPsIKa
TpeX.

ATTeHW0aTOp

ATTeHI0aTOp (PUCYHOK 4) CIIYXKUT Ul NEPEKIIOUEHUS NIPEAEIOB U3MEPEHUS MUJUIMBOJIBTMETPA
U UMeeT 1iecTh crymneHeil mo 1010. AtteHioatop coOpaH Ha BBICOKOYACTOTHBIX PE3UCTOpAX TUIA
C2-10, a BBIOMHEH Ha ABYX IUIaTaX C HKPAHOM MEXIy HHMHU TaKHUM OOpa3oM, 4TO €ro
SKBUBAJIEHTHOE COMPOTUBIICHUE JIJIS1 SMUTTEPHOTO IOBTOPUTEISI U IIMPOKOIIOJIOCHOTO YCHUITUTENS
BCEr/la HEM3MEHHO U COCTaBJIsAET BeNUuuHy 521 Om.

HInpoKonoJI0CHbIH yCHIUTEIb

IV - mupoKONOIOCHBIN YCHITUTEIb COCTOUT U3 YeThipeX TpansuctopoB VI3 - VT6 (puc. 5).
Tpansucrop VT3 nmoxbupaercs co craTudeckuM KO3 (GUIIMEHTOM YCHIJICHHS MO TOKY HOpsIKa
(100 — 120). Ycunurens odecrieunBaet ycuieHue pasHoe 300.

OOpatHas cBs3p yepe3 pesuctop R22 obecreunBaer cTaOuiIbHOCTH XapaktepucTuk LY.
BbIXOqHOM CHTHAJI CHUMAeTCsl C BBIXOJA IMOBTOPHUTEINSI, COOpaHHOrO Ha TpaH3ucrope VT6, u
COCTaBIISICT BEIMYUHY, paBHYIO 1B (IIpu 3TOM cTpenka HHAUKATOpa OTKJIOHSAETCS Ha MpeesibHOe
3HAYCHHUE).

Onementsl R37, C16*, C22 u tpummep Cl7 o0ecneunBaOT KOPPEKIHUIO AMIUTUTYAHO —
YaCTOTHOM XapaKTEPUCTUKH HIMPOKONOJIOCHOTO YCHIIMTENs. DJTa TiIyOOoKas oOpaTHasl CBS3b
OpraHH30BaHa TakK, YTO B HEE BXOJUT JETEKTOPHBIA MOCT, coOpaHHbIN Ha quonax VDI - VD2 u
pesuctopax R43, R44

CHumaetrcsi HampspbkeHue oOpaTHoW cBs3u ¢ aenutens R43 - R44 u momaercs Ha SMUTTEp
tpansucropa VT3.
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Pucynok 4 — ArrentoaTop Pucynok 5 - [lIMpOKOIIOIIOCHBIN YCUIIUTEND
CTpesiounblii 0TCUYETHBII NPUOOP

CTpeno4HbIil OTCUETHBIN MPUOOP SBIIAETCS MUKPOAMIIEPMETPOM C MOJIHBIM TOKOM OTKJIOHEHHS
100 MKA. JIMHEHHOCTh NepeaTOYHONW XapaKTEPUCTHUKU JUOJHOTO MOCTA 3aBHCHUT OT IIyOWHBI
00paTHO# CBs3M M Ha yacToTax MeHee | MI Il mpakTHYecKH JIMHEHHA.

Ha gacrote 5 MI'1 rimyOrHa 0OpaTHOM CBSI3M YK€ HEIOCTATOYHA M HETMHEHHOCTH KBl B TOYKE
1/10 cocraBnser Benuuuny 4%, a B Touke 1/3 mkansl okomo 1 % OT ycTaHOBIEHHOTO



NoAauarazoHa usmMepenus. MICTOUHUMK NUTaHus BBIMOJIHEH IO MOCTOBOM cxeMe Ha quojax VD7 -
VD10. ®unbtpsl BeimoaHeHs! 10 THITY RC 11emei.

BrimpsimiienHoe HampspkeHHe crabunusupyercs cradmnutponamu VD3 - VD6. Benmuuna
BBITIpSAMIICHHOTO HanpspkeHus  (+24B u — 24)B. IlepemenHoe HanpspDKeHHE HaKajga HYBHCTOpa
cHumaercst ¢ oomotku (21 — 22) Tpanchopmaropa U 3aMIyHTHPOBAHO MOTEHIIMOMETPOM R53.
OTUM NOTEHIIMOMETPOM J10OMBAIOTCSI HAUMEHBIIMX LIYMOB CXE€Mbl MUJUIMBOJIBTMETpA. CpenHss
Touka TpaHcopmaropa 12 3azemieHa.

Xoxa padoTsbl

1) U3y4uTh METPOJIOTUYECKHE U TEXHUYECKHUE XAPAKTEPUCTHKHU CPEICTB M3MEPEHUsI U 00BEKTa
UCCIICJOBAHUSI,

2) IO TEXHUYECKOMY MAaCHOPTY U3YYUTh IPUHIHI JeHCTBUS (PYHKIMOHAIBHBIX y3JI0B IPHOOpa;
3) HauepTUTH OJIOK - CXEMY BOJIBTMETPA C BEIOPAHHBIMU (DYHKIIMOHAJIbHBIMH Y3J1aMU;

4) mpencTaBUTh CXEMy INPENOAABATENI0 M MOJYYHTh 3aJaHue Uil pacyera (PyHKIMOHAIBHOTO
y3I1a;

5) Ha4YepTUTh TUISt 3aJJaHHOTO (yHKIIMOHAJILHOTO y3i1a CXeMy
JNEKTPUYECKYIO NPUHIUINAIBHYIO;

Cozaepxanue oTyera

1) uenpb paboThI;

2) Tabauiy ¢ METPOJIOTMYECKUMU XapaKTEPUCTUKAMU U TapaMeTPaMU CPEICTBA U3MEPEHMUS;

3) pyHKIMOHANBHYIO OJIOK - CXEMY 3JIEKTPOHHOT'O BOJIbTMETPA;

4) cxeMy SIIEKTPHUYECKYIO MPUHIUIHAIBHYIO s QYHKIIMOHAIBHOTO OJIOKA;

0JI0K — cXeMy JUIsl BBIYMCIIEHUS MOIPEIIHOCTEH BEIOPAHHOTO (PYHKIIMOHAIBHOTO Y3J1a;

5) OTBeTHI Ha BOIIPOCHI.

KoHTpoJibHbIC BONPOCHI

1) I[Touemy Ha BXxoJie BOJITMETPA BEIOpAH HYBUCTOP, @ HE OUIOJISPHBIN TpaH3UCTOP?

2) Jlnst gero B Lenu Katoja HyBHCTOpPA BKIFOUCHO COMPOTHBIICHUE?

3) Ilouemy HIMPOKOIOJIOCHBIE TPAH3UCTOPHBIE YCUITUTENN HAMIPSKEHUs APYT OT Ipyra OT/IEIEeHbI
AMUTTEPHBIMU [TOBTOPUTEIAMU?

4) CKoJIbKO MECTHBIX OOpaTHBIX CBSI3€H MCIOJIb30BAHO B CXE€ME 3JIEKTPOHHOTO BOJbTMETpa?

5) Kakyto poib BBITONHSET B cxeme o011as oOpaTHas CBsI3b?

6) B uem npenmyniecTBO MOCTOBOM CX€MBbl BHIIPSIMIICHUS TIEPe]] OHOMOIYIEPUOAHOMN ?

7) Pemiena nu B JaHHOM cxeme mpo0OiieMa yYMEHBIIEHUS BIMSHUS HEITMHEWHOCTH IHMOAOB Ha
MOTPEIIHOCTh JIETEKTUPOBAHUSA?

8) Kak BrusieT Ha MOrpeImHOCTh BOJBTMETPA KJIacC TOYHOCTH MHAMKATOpa?

9) B ueM cOCTOUT OCOOEHHOCTh IMOCTPOECHHUS HHU3KOOMHOI'O MHOTOMNPEAEIBHOTO JETUTEINS
HaNpsUKEeHUsA?

10) Kakue pyHK1IMOHAIBHBIE Y3JIbl BOJIBTMETPA BHOCAT IIYMBI: BBICOKOYACTOTHBIE, ApEH(OBBIE,
OT TeMIIEpaTyphl CPEbl, OT KOJeOAHUH YacTOThI CETH U BEIMYMHBI HAIPSKEHHUS.

11) [lepeuncnuth Bce 1ENU, BHOCSIINE MOTPEUTHOCTH Ha HU3KUX YacTOTaX B JaHHOM BOJIBTMETPE.
12) IlepeuncanTh NacCUBHBIE LIETIH, BHOCSIINE NOTPEITHOCTY HA BBICOKUX YacCTOTaX.

13) IlepeuncnuTh aKTUBHBIE AJIEMEHTHI BHOCSIINE CYIIECTBEHHYIO MOTPEUIHOCTh Ha BBICOKHX
4acTOTax.

14) TlepeuncauTh 3EMEHTHI CXEMBbI, KOTOPbIE BHOCST OOJIBIIYIO MOTPEIIHOCTh IPU U3MEHEHUHU
TEMIIEPATYPHI OKPYKAIOLIEH CPEIBI.

15) Kakue menu KOPppeKTUPYIOT MOTPEITHOCTh MPUOOpa Ha BHICOKMX YaCTOTAaX, M KaKOW y HHUX
OpUHIUI paboThI?

16) Kakue 1mienu KOppeKTUPYIOT MOTPENIHOCTh MPUOOpa HAa HU3KHUX YaCTOTax, M KaKOW y HHUX
OPUHIUI paboThI?

17) Kakue nenu B3-38 KoppeKTHpYIOT MOTPEIIHOCTh MpUOOpa, 3aBUCSIIYI0 OT TEMIEpaTypbl
OKpY’KaloIIel cpeibl M KaKOB UX MPUHIUI paboThI?

IIpakTHyeckast pabora Ne/.



Tema 3. 1.I'eHepaTopbl CHTHAJIOB HU3KOH YaCTOTHI.

N3y4yenune nu3MepuTeIbHbIX T€HEPATOPOB HU3KHUX YaCTOT

Heap padorbl: M3yunTs Ha3HAaUEHHE, HOPMUPYEMBIE ITApaMETPhl, YCTPOICTBO U CTPYKTYpPHBIE
CXEMBI T€HEPATOPOB HU3KHUX 4aCTOT.

ITepeyennb ucnoib3yemMoro 000pya0BaHus

Cxewmpbl rereparopoB HU (MHTEpHET pecypcehi).

Teopernueckasi 4acThb:

Cxema npoctoro renepaTtopa 3BykoBbix 4actoT (HY) mpencrasiena Ha puc. 1. Cxema
reHepaTopa codpaHa Ha TPaH3MCTOpPax pa3HON MPOBOJMMOCTH, 4YTO yrpouiaer cxemy. Puc. 11.a

SB1

KT315A
Puc.11l.a G11,5B Puc. 11.0

I'enepatop HY paGorocniocobeH mpu HanpsKeHUU MUTaHKUs OT 2X A0 12 BOJIBT, a XKeJaeMyro
4acTOTy U TOH noaduparot pezuctopom R1 u konnencatopom Cl.

CriekTp mpUMeHEeHHsl yCTpoHCTBa pa3HooOpaseH, T.e. reHepaTop HY no nmpeiaraemoii cxeme
MOJKET ObITh MPUMEHEH B CXE€MaX pa3jIMYHbIX CUTHAJIM3alMH, a TaK ke B KAaUeCTBE 3BYKOBOT'O
re’eparopa s u3ydeHus a3oyku Mopse u zip.

['enepaTopoB 3BYKOBOM 4acTOTHI Jis M3y4ueHUs TenerpadHoi a30yku ObuIo pazpadboTaHo u
OIMCAHO Ha CTpaHuIax xypHana «Paano» Hemano. 1 Bcé sxe nmpezsiaraeMelii reHepaTop (CM.
cxemy Puc. 11.6) npeacraBut onpeenéHHbIN HHTEPEC.

Bo-nepBbIX, B HEM HET 4acTOTO3aJal0IEro KoHAeHcaTopa. Bo-BTopbIX, paboTaTh OH HAaUWHAET
IIPU HalPsDKEHUY MTUTaHMS B HECKOJIBKO JIECATHIX J0JI€H BOJIbTA, JaKe B CIIydae UCIOJIb30BAHUS
TpaH3MCTOpa ¢ MUHUMAJIbHBIM KO3 GUIMeHToM nepeaayn (Ho He MeHee 10).

['enepaiiyisi BO3HUKAET NpHU Ha)kaTuu Tenerpaguoro kiovya SB1 n3-3a neficTBus cIIbHOM
MOJIOKHUTETHHON 00paTHOM CBA3HM MEX]ly KOJJISKTOPHOM M 6a30BOH LIETISIMU TPaH3UCTOpPa 3BYK
CHBIIUTCS 13 TosioBHOTO Tenedona BF1, moakmrou€HHOro Ko BTOpUYHON 0OMOTKE
Tpancpopmaropa. Pesucropom R1 ycTraHaBIMBaroT Hy>KHYIO TPOMKOCTb 3BYKa U €T0
TOHAJIBHOCTb.

TpaH3ucTop MOKET OBITh JIFOOOK MaJIOMOIIHBIM KPEMHUEBBIA CTPYKTYpHI n-p-N. Ilogoiaér u
TPaH3UCTOP CTPYKTYPHI p-N-p, HO IPUIETCH UIMEHUTH MOJSIPHOCTH MOAKIIOUeHus neMenTa Gl.
Tpancdopmarop - BEIXOJIHON OT J1I000r0 MaorabapuTHOTO TPaAH3UCTOPHOT'O IPUEMHHKA
(manmpumep, «Cenray, «Coxomn», «Anmasy. «lOnocts KI1101». 'onoBHO#M TenedoH -
MuHUaTIOpHbIA TM-2A nnu npyroii ananornusslil conpotusienrneM 60..300 Om. ITogoiaér
TaKxe Kancroib JJOM-4M, JIDMIII,

I'eneparopsl HU3KON 4aCTOTHI

('HY) ucnonb3yroT U1l MOTy4YeHHUs He3aTyXarouX NepuoAnYecKuX KojeOanun
JIEKTPUYECKOr0 I0Ka B AMAra3oHe 4acToT oT noiser I'n no aecsatkos kl'n. Takue renepaTtopsl,
KaK [IPAaBUJIO, MIPEICTABIAIOT COOOH YCHUIIUTENHN, OXBAUYCHHBIE MTOJIOKUTENILHON 0OpaTHOM CBSI3bIO
(puc. 11.7, 11.8) uepes ¢azocnBuraromniye mermovku. st oCymecTBICHUS dTOW CBI3HU U IS
BO30YXJIEHHsI FeHepaTopa HEOOXOIUMBI CIIEAYIOIINE YCIOBHUS: CUTHAJ C BBIX0/1a YCUIIUTEINS


http://radiolub.ru/page/shema-dvuhpoljarnogo-stabilizatora-naprjazhenija

JOJIKEH MOCTYNAaTh Ha BXOJ O caBuroM 1o ¢asze 360 rpaaycoB (wiu KpaTHoM emy, T.€. 0, 720,
1080 u T.71. TpagycoB), a caM YCHUIIUTENb I0JDKEH UMETh HEKOTOPHIH 3amac kodduiinenra
yemnenusi, Kycm,n. TIockonbKy yciioBue onTuMaibHOTO cABUTA (Da3 JyIsi BOSHUKHOBCHHS
reHepaluy MOXKET BBIIOJIHATHCS TOJILKO Ha OJHOW 4acTOTE, UMEHHO Ha 3TOM 4acTOTe U
BO30YXKIAeTCS YCHIIUTENb C TOJIOKUTEILHOW 0OPaTHOM CBSI3BIO.

(oF !
R1 RrR2

B x.

- Bor=,

Puc. 11.1 Puc. 11.2

s cnpura curnania no ¢asze ucnonb3yroT RC- u LC-1ienu, Kpome TOro, caM yCHIJIMTENb BHOCUT
B CUTHAJ (a30BbIiA CABUT. J1JIs MOIyYEeHUS MTOJIOKUTEIHHONW 00paTHOM CBSI3U B T€HEpaTOpax
(puc. 11.1, 11.7, 11.9) ucnionws3oBan nBoiHo# T-o6pa3ubiit RC-moct; B renepaTtopax (puc. 11.2,
11.8, 11.10) — mocrt Buna; B reneparopax (puc. 11.3 — 11.6,11.11 — 11.15) —
dazocasuratoniue RC-1ie- mouku. B reneparopax ¢ RC-mienoukamMu 4uciio 3BeHbEB MOKET ObITh
nocTatoyHo OonbimM. Ha npakTuke e ajis yIponieH|s! CXeMbl UX YHUCIIO HE MPEBBIIIAET JIBYX,
Tpex

<l iﬁfé e |w| niuiw-.

T el Puc. 11.3 Puc. 11.4

R1 RZ R3 Bx., R1 R2 i) R4 Broix
0 {‘ ]»l 1+ij — Bk, WSG
e

g i Puc.115 L L L I Puell6
PacquHHe (GbOopMyIIbI U COOTHOIICHUS IS OTIPEIeNIEHUs] OCHOBHBIX XapakTepucTuk RC-
T€HEePaTOPOB CUTHAJIOB CHHYCOUIaTbHOM (hopMbI TipuBeaeHbl B Tabmuie 11.1. [{1s mpocToTh
pacueTa ¥ yIpoIlIeHus 1moadopa AeTaseil HCIoNIb30BaHbl 2JIEMEHTHI C OJJUHAKOBBIMH
HOMHHAJIAMU. [[J1s1 BEIYHMCIIEHUS 9acTOTHI TeHepanu (B ['1) B hopMyITbI MOACTABIISIOT 3HAYCHUS
COTPOTUBIIEHUH, BbIpaskeHHbIe B OMax, eMkocTelt — B Dapamax. J{is npumepa, onpeaenum
yacToTy redeparuu RC-reHepaTopa ¢ HCIIoIb30BaHHEM TpeX3BeHHOH RC-11e- i
TIONIOKUTENBHOH 06paTHO# cBs3u (puc. 11.5). TIpu R=8,2 kOm\ C=5100 n® (5,1x10~° D)
pabouas yacTora renepaTopa Oyner paBHa 9326 I'.
Tabmuma 11.1

Dasocnsu- [Hamvenosanne| Yactora remeparmm. I'm; | Koadd. [TprmMeyanue
raroras LICTIOUKU WITH const. _,,,, (-)R, YCHIIEHUS
lernouka,  [cXxembl Om; C, ®'RC YCHIIUTES,
YIC. min
11.1 JBoiinoit 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;
TIAPAJIJIEJIb| C1=C2=C3=C
11.4 4XRC — 0,133/RC 18,6 R1=R2=R3=R4=R;
TIAPAJIJIEJIH) C1=C2=C3=C4=C
11.5 3XRC — 0,39/RC 29 R1=R2=R3=R;
NTAPAJIJIEJIB| C1=C2=C3=C
11.6 4XRC — 0,19/RC 18,6 R1=R2=R3=R4=R;
NTAPAJIJIETT) C1=C2=C3=C4=C

I[J'IH TOI'0 YTOOBI COOTHOILICHHE PE3UCTUBHO-CMKOCTHBIX 3JIEMCHTOB I'CHEPATOPOB
COOTBETCTBOBAJIO PACUCTHBIM 3HAYCHUAM, KpaﬁHe KEJIaTCIbHO, YTOOBI BXOIHBIC U BBIXOJHBIC
LCIHU YCHIIUTECIIA, OXBAYCHHOT'O METIeH MOJ0KUTEIbHOM O6paTHOﬁ CBs3H, HC HIIYHTHUPOBAJIN 3TU
OJIEMCHTEI, HE BJIMAJIU HA X BCIIMYUHY. B st10i1 cBsA3M JJI1 TIOCTPOCHUA TCHEPATOPHEBIX CXEM
uenecoo6pa3Ho HCIIOJIB30BAaTh KAaCKa/Jibl YCUJICHH A, UMCIOIIIMEC BBICOKOC BXOOIHOC U HU3KOC
BBIXOJHOC COITPOTHBIICHUS.



Ha puc. 11.7, 11.9 npuBeneHs! «reopeTrueckas» U HECI0KHAs IPAKTHYECKAsI CXEMBI
TE€HEPATOPOB C MCTOJIB30BAaHUEM JBOMHOTO T-MOCTa B I1ETH MTOJIOKUTETHFHOU 00OPAaTHON CBSI3H.
I'erepaTopsl ¢ MocTom Buna nmokazans! Ha puc. 11.8, 11.10 |P 1/88-34]. B kagectee YHY
MCIOJIb30BaH JABYXKACKaIHBIM YCHIIUTENb. AMIUTUTYAY BBIXOAHOT'O CUTHAJIA MOXKHO
perynupoBath nmoteHmoMerpoM R6. Eciu TpedyeTcs co3mathk reneparop ¢ MoctoM BuHa,
IepecTpanBaeMblii 110 YacTOTE, MOCIEA0BATEILHO ¢ pe3uctopamu R1, R2 (puc. 11.2, 11.8)
BKJIFOYAIOT CABOCHHBIN IMOTEHIUOMETP. HacTOTOM TaKOro reHeparopa MOKHO TaKKe yIPAaBIIATH,
3ameHuB KoHieHcaTopbl C1 u C2 (puc. 11.2, 11.8) Ha cIBOCHHBIN KOHIEHCATOP MTEPEMEHHON
eMKkocTH. [lockosibKy MakcHMaibHasi EMKOCTh TAaKOTO KOHJIeHcaTopa peako npesbimaeTr 500 nd,
ylaercs IepecTpanuBaTh YaCTOTY I'€HEPALUU TOJIBKO B 001aCTH JOCTATOYHO BHICOKUX YACTOT
(mecsitku, cotHH KI'11). CTaOUIBLHOCTD YaCTOTHI TEHEPAIMK B 3TOM JTHAIa30HEe HEBBICOKA.

+9 B

MK R4 2k

Puc. 11.8

Puc. 11.9

Ha IMPAKTUKE OJId UBMCHCHUSA 4aCTOTHI ICHCpaAllun HOZIO6HI>IX YCTpOﬁCTB YaCTO HCIIOJIB3YIOT
nepeKIrouYaeMbie HAOOPbl KOHIECHCATOPOB WIIH PE3UCTOPOB, a BO BXOAHBIX LIETISAX MPUMEHSIOT
IMOJICBBIC TPAH3UCTOPHI. Bo Bcex MPUBOJUMBIX CXE€MaX OTCYTCTBYIOT 3JICMCHThI CTa6I/IJ'II/ISaIII/II/I
BBIXOJHOTO HAMPSDKEHUS (1S YIPOIIEHHUSI ), XOTS AJIsi TeHEepaTopoB, padOTAIOIINUX HA OJHON
4acTOTe WM B Y3KOM JIMANa30HE €€ MePECTPOIKH, UX UCIOIB30BaHNE HEe 0053aTENbHO.
CxeMbl TeHepaTOPOB CUHYCOUABHBIX CUTHAJIOB C UCIIOJIb30BAHHEM TPEX3BEHHBIX
dazocasuraromux RC-nienouex (puc. 11.3)
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nokasansl Ha puc. 11.11, 11.12. T'eneparop (puc. 11.11) paboraer Ha yactote 400 I'ry [P 4/80-
43]. Kaxxnprit u3 21€MEHTOB Tpex3BeH- HO (hazocnBuraromieir RC-iemouku BHOCUT (Da3oBbIi
caBur Ha 60 ¢axycoB, pH YeTbIpeXx3BeHHON — 45 rpaxycoB. OHOKACKaIHbBIN YCUITUTENb (PHC.
11.12), BBIOJHEHHBIN TIO CXeMe C OOITUM AYMUTTEPOM, BHOCUT HEOOXOTUMBIH JIJIst
BO3HUKHOBEHUS reHeparu (a3oBelii casur Ha 180 rpaaycoB. 3aMeTHM, 4TO reHepaTop 1o
cxeme Ha puc. 11.12 pabotocrnocoOeH nMpu UCIOJIb30BAHUN TPAH3UCTOPA C BHICOKUM

K03 puLIHEeHTOM nepeaun o ToKy (00bruHO cBbImIe 45...60). [Ipu 3HaYUTENTHHOM CHUKEHUU
HaANPSDKEHUS TUTaHUSI U HEONITUMAJIbHOM BBHIOOPE 3JIEMEHTOB JJIs 3aJJaHUsl peXXrMa TpaH3UuCTopa
10 IOCTOSIHHOMY TOKY I'€Hepalusi COpBETCSI.
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3ByKoBbIe TeHepaTopsl (puc. 11.13 — 11.15) 6u3ku o MOCTPOSHHIO K TEHEPATOpaM C
dazocasuraromumu RC-nienmoukamu [P 10/96-27]. OnHako 3a cueT UCIoJIb30BaHUS
UHIYKTHBHOCTH (TenedonHbIi Kancioub TK-67 nim TM-2B) BMecTo 0JJHOTO M3 pe3UCTUBHBIX
3JIEMEHTOB (ha30CIBUTAOLICH LIENOYKH, OHU PAa0OTAIOT C MEHBILIUM YHCIIOM 3JIEMEHTOB U B
0oJbIIEM JUana30He U3MEHEHUS HaPSDKEHUS TUTaHMSL.

Taxk, 3ByKoBoi#i reHepatop (puc. 11.13) paboTocrnocoOeH nMpu H3MEHESHUH HAIIPSHKCHUS TUTAHUS
B nipezaenax 1...15 B (moTpebasemsrii Tok 2...60 MA). [Ipu 3TOM YacToTa reHepaluu
u3mensiercs ot | k' (Mmwr =1,5 B) o 1,3 x['y mpu 15 B.

3BYKOBOHM MHAMKATOP ¢ BHEHIHUM ynpaBieHueM (puc. 11.14) taxxe padoraet npu Upur =1... 15
B; BriIFOUCHHE/BBIKITIOUEHUE TEHEPATOPA TPOU3BOIUTCS MOJa4eii Ha €r0 BXOJI JJOTHICCKHX
YpOBHEHN eTMHUIIBI/HYISI, KOTOpPbIE TaK)Ke JOJKHBI ObITh B peaenax 1...15 B.

3BYKOBO# TeHEepaTOp MOXKET OBITH BHITIOJIHEH U 10 Apyroi cxeme (puc. 11.15). YacroTa ero
redeparuu MeHsetcs oT 740 ' (Tok motpebnenus 1,2 MA, Hanpsbkenue nutanus 1,5 B) mo 3,3
kI’ (6,2 MA 1 15 B). bonee ctabunpHa yacToTa reHepauy Npyu U3MEHEHUHN HapsyKeHUS
nuTaHud B npeaenax 3... 11 B — ona cocraBnser 1,7 kI'ut+1 %. @akTuuecku 3TOT reHepaTop
BBITIOJIHEH yke He Ha RC-, a Ha LC-anemenTax, mpudem, B Ka4eCTBE UHIYKTHUBHOCTH
UCIIONIB3YETCsI 0OMOTKA TeIe(OHHOTO KATCIOI.

HwuskouacToTHBIN TeHEpaTOp CHHYCOUAAIBHBIX Kosiebanuii (puc. 11.16) coOpan mo xapakTepHOM
1151 LC-reHepaTtopoB cxeMe -€MKOCTHOM TPeXTOUKU». OTINYNE 3aKII0YAeTCs B TOM, YTO B
KaueCcTBe MHIYKTUBHOCTH MCIIOJIb30BaHa KaTyIIKa TeJe(OHHOTO KarcClos, a pe30HaHCHAs
4acTOTa HAXOJUTCS B JAMANa30HEe 3BYKOBBIX KOJIeOaHUH 3a cUeT Mog00pa eMKOCTHBIX JIEMEHTOB
CXEMBI.
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Hpyroit Hu3kodactotHblid LC-reHepaTop, BHIMOJIHEHHBIN IO KACKaIHOW CXEMe, MOKa3aH Ha PUC.
11.17 [P 1/88-51]. B kauecTBe HHAYKTUBHOCTH MO>KHO BOCIIOJIb30BATHCSl YHUBEPCAILHON WIIN
CTUpAIOIIeH TOJOBKaMH OT MarHUTO(OHOB, 0OMOTKaMU APOCCENeH Wi TpaHCHOPMATOPOB.



RC-renepatop (puc. 11.18) peanu3oBan Ha noseBbix Tpanzuctopax [Pi 10/96-27]. [TomobOHas
CcXeMa MCIOJIb3yeTCs OOBIYHO MPH MMOCTPOCHUH BHICOKOCTAOMIBHBIX LC-reneparopos.
["'eHepalyisi BO3HUKAET YXKe IIPU HANPsHKEHUM NUTaHus, npepbimaomeM 1 B. [Ipu usmenenun
HanpspbkeHus ¢ 2 10 10 6 yacrora renepauuu nonmxkaercs ¢ 1,1 kI'u 1o 660 ', a
NOTpeOJIIEMBIN TOK YBEIMYUBAETCSI, COOTBETCTBEHHO, ¢ 4 10 11 MA. IMnysbChl 4acTOTON OT
equauI ' 1o 70 x['11 1 BeIIIe MOTYT OBIThH MOTYYEHBI H3MEHEHUEM €MKOCTH KOHAeHcaTopa (; |
(ot 150 n® no 10 MkD) u conpoEmBneHHsI pesucropa R2.

+

VTL, VT2 KN203U
Puc. 11.18
[IpencraBieHHbIE BBIIIE 3BYKOBBIE T€HEPATOPHI MOTYT OBITh HCIIOJIb30BAHBI B KAUECTBE
YKOHOMHUYHBIX HHJIUKATOPOB COCTOSIHHS (BKJIFOUCHO/BBIKJIFOUYEHO) Y3JI0B U OJIOKOB
PaaNoO3JEKTPOHHOM anmnaparypbl, B YaCTHOCTH, CBETOM3IIYHAOIIUX TUOAOB, JUIsl 3aMEHbI WIH
JTyONMpOBaHUsI CBETOBOM MHIUKALIUM, JJISI aBAPUITHOM U TPEBOKHOM MHIMKAIIUU U T.]I.
IIpocroii reneparop HY 15I'u-16xI"1.
Cxema ¢ nammon HakanuBanus B renu OC
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['eHepaTopbl CHHYCOMIAJIBHOTO CUTHAJIa HU3KOM YacTOThI Il U3MEPUTEIBbHOM armaparypsl 1
ycrpoiictBa APY.

1. JIupuyeckoe BcrymiieHue. Hekoropoe BpeMst Ha3a/l y MEHsI BO3HHUKIIA 3ajada c/1eNaTh
re’eparop cunycouaaibHoro cursana 1000Hz s ogHOro M3mMepuTensHOro npuodopa.
[ToHATHO, UTO XOTENOCh MPUAYMATh CXeMy 0e3 KaKUX-T1100 peKUX WU I0porux aeraieil. B
pe3yibTare OblI0 OIPOOOBAHO HECKOJIBKO pa3HbIX cXxeM reHeparopoB. Hazierock, ux onucanue
MOJKET KOMY-HUOYAb npuroauthes. [Io xomy paboThl 10 MEHS JOIUIO, YTO MOCKOJIBKY MHOTHE
reHepaTopbl UMEIOT JETaU CTAOMIN3AMK aMIUTUTYAbI, UX CXEMbI MOTYT OBITh JIETKO
peoOpa3oBaHbl B YCTPOICTBA aBTOMaTHUECKON peryaupoBku ycuienus (APY), nanpumep, 1is
ABTOMATUYECKOTO PEryIUPOBAaHUSA TPOMKOCTH.

2. IIpo renepaTopbl CHHYCOUAAIBHOTO CUTHANA O€3 CXeMbl aBTOMAaTH4YECKOTO
peryaupoBaHus JAJIsl CTA0MIIN3AUKN aMIUIUTYIbl. Kak n3BecTHO, B OOJBIIMHCTBE T€HEPATOPOB
MCIIOJIb3YIOTCSI CXEMbI CTa0MIIM3AIMK aMITTUTYAbI KoseOaHuil. Takue cxembl UMEIOT TpU
BaYXHBIX HEJIOCTATKA: BO-NIEPBBIX, B HUX KaK B CUCTEMAX aBTOMATUYECKOTO PETYIMPOBAHUS
MOTYT BO3HHMKATh MMapa3uTHbIE KOJeOaHusl aMIUIUTY bl CUTHaJIa TeHepaTtopa. Bo-BTropheix, mocie
BKJIIOYEHHUS TUTAHUS aMIUIMTYJIa YCTaHABIMBAETCS HE Cpasy, a mocie Oosee Wi MeHee
JUTUTEILHOTO MEPEXOAHOTO0 Mpoliecca. B-TpeTbux, neranu cTabuin3aliuy aMIuIATY bl
YCIOXKHSIOT reHeparop. IloaToMy Bo3HUKaET xenaHue 000MTHCH 0e3 CXeMbl CTa0MIIN3aLuU
aAMIUTUTY/IBI.

2.1. TpeyronpHuk — B cuHyc. OJIuH U3 BapMaHTOB NOJYyYEHUs] CHHYCOMJIAIbHOTO CUTHAJIA
0e3 cxeMbl CTaOMIN3alMK aMILUTUTY/AbI TAKOH: HaIllpsKEHHE TPEYroJbHON (POPMBI TOAAETCS Ha
CIEMAJIbHBIN OrpaHUYMUTENb AMILTUTYbL. “CIIIIOCHYB” BEPIINHBI TPEYTOJIBHOIO HAIPSKEHUS
noyrydaeM cuHycougainbHoe. B xxypHamax “Pamno” Op110 0myOIuKOBaHO HECKOJBKO MOA00HBIX
CXEM Ha AMCKPETHBIX AeMeHTax. Celiyac 3TOT MPUHIIMII UCIOJIB3YETCSI B MUKPOCXEMaxX



MAX038 ¢pupmber Maxim Integrated Products (CILHA) u XR-2206 ¢upmsr Exar (CLIA).
Okazanoch, uto Mukpocxema MAXO038 oueHs goporast (HECKOJIBKO COT pyOJieii Ha MOMEHT
HanucaHus ctathi). Mukpocxema XR-2206 oka3anachk aemieBie (0Koio cta pyoneit). 5 ee
UCTIBITAJl B TUIIOBOM cxeMe BKIItoYeHus. Oka3anoch, 4To X0TA K03()PULMEHT rapMOHUK y Hee 110
JoKyMeHTaM 1-2% ([10mmycKaro YyTo Tak U €CTh Ha CAMOM JI€JI€), HEJIMHEIHbIE UCKAKEHUSI BCE KE
3aMeTHbI Ha KpaHe ociuuiorpaga. Okas3piBaeTcs, UTO Ha BEPIIMHAX CUHYCOUIbI OCTAeTCs
HeOoubII0# BEIOpOC. ITocKONBKY s pa3pabaTbiBall TeHEPATOP I M3MEPUTEIBHON anmnapaTypsl,
OT ATOI MUKPOCXEMBI peIlnI OTKa3aTbes. XOTs Ul TeX CiIydaeB, Koraa Ko3dduunueHt
TrapMOHUK HE MMEET pelaromiero 3naueHust Mukpocxema XR-2206 nmopomiia 6b1 04eHb XOPOLIO
— IPULIENINI HECKOJIBKO JIeTaJIel U TEHEPaTop roTOB.

3amMeuy elie 0iHy OCOOCHHOCTh CXEM C Ipeodpa3oBaHueM TpeyrojbHHUKa B cUHycC. Ecin
aMEepUKaHCKUE TOBAPUILY HAMKUCAIN B TEXHUUECKUX JAHHBIX, YTO MUKpOCXeMa paboTaeT Ha
gacrotax 10 |MHz, To 3To He 3HauuT, ytro ona XOPOIILIO paboraer Ha wacrore 1MHz.
HcnbiTanHas MHOIO Mukpocxema XR-2206 xopomro paboTana Ha 3ByKOBBIX 4acTOTax, T. €.
MCKa)KEHUSI CHHYCOHJIBI 1 U3MEHEHUE aMIUTUTY IbI ITPH MEPECTPONKE YaCTOTHI OBLITH Majio
3aMETHbI Ha 3BYKOBBIX YacTOTax, HO Ha yacTtoTax 6osiee 1MHZ ammuTtyna 3aBucena oT 4aCTOThI
Y CTAaHOBUJIMCH 3aMETHBIMU CKAKEHHUSL.

2.2. [IpsMoyronbHUK — B cuHYC. J[pyroi crnocod noay4uuts cuHycouay 6e3 ycTpoicTBa
CTa0MIIN3alU aMIUTUTY Bl KoJleOanuii — puibTpanueld mpsiMoyrojJbHOTO HanpspkeHus. Takoit
reHepaTop yJajloch CAeIaTh Ha OJHON MUKpOCXeMe — orepallMoHHOM ycuiutene tuna TL072.
Ota Mukpocxema Oblla BbIOpaHa MOCKOJIBKY OUY€Hb PaclpoCcTpaHeHa U JElIeBO CTOUT. XOTs B
MHUKPOCXEME UMEIOTCS J1Ba YCUIIMTEIS, U3 HUX MCIIOJIB30BaH TOJIBKO onH. CXxema reneparopa
IpuBesieHa Ha puc. 1.

Ycunutens oxBaueH 00paTHOM CBA3bIO uepe3 Tpex3BeHHyo RC-nenouky, koropas
OJTHOBPEMEHHO sBIsieTcs (hazocnBuraromeii u punbrpyromei. [Tockonpky B cxeme puc. 1
OTIEPALIMOHHBIN YCUINTENb HE OXBaueH OTpULIATEIbHON 00paTHO CBS3bIO, Y HETO Ha BBIXOJIE
(BbIBOJ 1) mOsTydaeTcst HanpsHKeHUe MpsMoyTosbHOM hopmel. [poiins yepe3s RC-niens curnan
nojy4aer ¢pa3oBbIi CIBUT, HEOOXOIUMBIH I TOoIiepKaHus reHepaui. Kpome Toro, Beicine
TapMOHUKH IPSIMOYTOJILHOTO HaNpsKEHUs! OT(QUIBTPOBBIBAIOTCS, IO3TOMY Ha BXOJIE€ YCUIIUTENS
(BBIBOJ 2) HampspKeHHe umeeT popmy, OJIM3KYIO K CHHYCOMIAIbHON. AMIUIUTY/AA CUTHANA
reHepaTopa OIpeeNsieTcs] OrpaHUYeHHEM B MUKPOCXEME YCUIIMTENS IO YPOBHSAM OKOJIO HYJIS U
OKOJIO HaIpsDKEHUsI MUTaHus. [10CKOIBbKY OrpaHU4YEHNE B MUKPOCXEME HE CTPOTO
CUMMETPUYHOE, JIETUTEIb B LIENHU BbIBOJA 3 MUKPOCXEMBI I10JI00paH TaKUM 00pa3oM, 4TOObI
MOJIyYUTh CUMMETPUYHYIO CHHYCOUAY Ha BBIBOJE 2.

Cxema umeer Ba HeocTaTKa. [1epBhIif — JOBOJIBHO 3aMETHBIC UCKAKEHUSI
CHUHYCOMJAJIBLHOTO CUTHaJIa. BTOpOI — 3aBUCHMOCTb aMILIIUTY/bl BEIXOJAHOIO CUTHAJA OT
HanpspkeHus nuTanus. Kpome Toro, mockosibKy MUKpocxeMa paboTaeT B peXUMe OrpaHUYCHHUS,
4acTOTa M aMIUIUTY/Ja MOTYT OKa3aThCs HECTaOMIIbHBIMU. JIOCTOMHCTBO cXeMBbI puc. 1 —
nemeBusHa. Kopoue, 1st usmepuTeabHON anmapaTypsl cxema puc. 1 He mojgomuia.

OpnHako uHTEpecHa ujes. B mo0oM reneparope UMeeTcsl yCHIIMTENb U YaCTOTO3a/JaroIast eTb.
Bcto ncroputo yenoBevyecTBa CUrHall CHUMAIIU € BbIX0/1a ycunuTens. Kak U3BECTHO, yCHIIUTENh
BBIJIA€T CUTHAI C OOJIIIMMHU WJIM MEHBIIMMU HEJIMHEHHBIMU UCKakeHussMH. [ToaTomy ecnu
HY>KHO TOJIYYUTh CHHYCOUY C HU3KUM YPOBHEM MCKa)KEHUI, CUTHAJ JIy4llle CHUMaTh C BBIXOJ1a
qacToTo3azarolel neny. Kak nokasain onbITsl, ypOBEHb HCKAKEHUH TaM MOXKET OKa3aThCs
HIDKE, 9eM Ha BbIXoJie ycmmnTensa. Cxema puc. 1 — spkuii ToMy NpUMep: yCHIUTENb paboTaeT B
SIBHO HEJIMHEHHOM PEXHMME M BbIIaeT HaIPsDKEHHE MPSIMOYTOIbHOM (OPMBI, a Ha BBIXOJ1E
¢dazocaBuraronei enu — NoYTH CUHYCOU/IA.
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2.3. I'enepaTop CMHYCOMAAJIBLHOIO CUTHAJIa HA MOCTe BuHa C HETMHEIHBIM JIEMEHTOM B
uenu OOC. Moct Buna u3apesie BOIUTCA B CX€Max I'€HepaTopOB HU3KOM 4acTOThl. ABTOp
TaK)Ke PELINI €ro UCIO0Ib30BaTh. MocT BuHa yn00eH TeM, 4To M03BOJIseT IepecTpanBaTh
4acTOTY CABOCHHBIM IIEPEMEHHBIM CONPOTUBIIEHUEM WIIN CABOCHHBIM IIEPEMEHHBIM
KoHAeHcatopoM. Kak u3BectHO, MpruoOpecTy CABOCHHOE IEPEMEHHOE CONTPOTHUBIIEHUE HAMHOTO
IpoILe YeM, HallpuMep, CTPOEHHOE Wl cueTBepeHHoe. B kauecTBe ycunurens Oblia
MCII0JIb30BaHa IIUPOKO pacrpocTpaHeHHast U Hegoporas mukpocxema NE5532. Cxema
IIpeJICTaBJIEHA Ha PUC. 2.
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Hacmoma 2emepamopa. om 36@H2 Ao 13.8RHx (Mpy nedleptaruu Ussx =2V)

B kaueombe orpamudumens ucnbiMbiBavce wpemnucbeie Auodet IN4EGT
u cobemoducdsl’ ANDER RpaCHbIE , 0AHaKO ¢ 2epManue Ber mpar3uemepa-
MU, BRArOUEHHLIMY  Raw  duodel uckaXCHHA PopMbl cuHYcOHAQALHLIX
RoAreSaHUL OKNZAAUCE HAUME HoWUMA U PACWUPUALS Auana3om
peagAupobuu  oSpamiok cBogu conpomuBaenuem 4RRS2  npu koMOPoM
He Npouex©8urc OPAHUHEHUE koreSamul N0 HANPARXEHUFO nUMarHHi
uad epoiba 2eHepouguu.

Jonoarumebrsil Buixod npednajHayen AaQ ucereloBarug foamoknoery
NOAYYEHUR  CUH Cou AaAbHbIX KoAedAHKE © ocefS0 MAAbIMU
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[Tomo6HBIE cXeMbI B M300MIHH MyOJMKOBAIKCH B KypHAIaX M KHUTax. Paznuuue Mexay HUMU —
B HEJTMHEHWHOM DJIEMEHTE B IIETIH OTpHUIaTeIbHOM 00paTHO# cBs3u (OOC) onepaimOHHOTO
yeunutens. Jlydie uim xyxe cxeMa MOKeT padoTaTh ¢ 4eM yroJIHO — JUOJaMH HITN
CTaOWIINTPOHAMH U3 KPEMHUSI, TEPMAaHUEBBIMH TUOJAMH, APCCHHU T aJUTMEBBIMUA CBETOAMOIaMHU.
N3 Pa3HbBIX BUAOB HEJIMHEUHBIX 3JIEMEHTOB CaMble HU3KHUE HEIUMHEMHBIC NCKAKCHUS yaajioChb
MOJYYHTh C TEPMaHUEBBIMHU TPAH3UCTOPAMH B TUOJHOM BKJIFOUEHHUH. M3-3a crimbHON
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[Tpobnema oOHapysxunack Takast. CIBOCHHbIE IEPEMEHHBIE COITPOTUBIIEHUS UMEIOT
OonbpImMi WM MeHbIIUI pazopoc noaosuH. Kpome toro, koadduunent nepenauu
YCHJINTENBHBIX 2JIEMEHTOB T€HEPATOPa 3aBUCUT OT 4acTOThl. [l03TOMY eciu reneparop AOKEH
paboTaTh B IMaIa30He YacTOT, Hy’KHO 00€CIIeYUTh aBTOMAaTHUECKYIO PETYJIMPOBKY YCHIICHUS B
HIMPOKUX npenenax. Cxema ¢ OorpaHuYUTENEM TUIIA PUC. 2. CIIPABUTHCS € 3TOH 3a7a4uei He
MOJKET T. K. [IPH HEJJOCTATOUYHOM 00paTHOM CBSI3U CKJIOHHA K MCKaXXEHHUIO (OpMbI KosieOaHuH, a
IIPU CJIUIIKOM TIyOOKO# — K cphIBY reHepaiuu. [1o3ToMy oT cxeMsl puc. 2 TpyAHO JOOUTHCS
Xopoliei paboThl B IIMPOKOM JHMANa30HEe 4acTOT. Takke MOXKHO IPEANOI0KUTh, YTO IIOCKOJIBbKY
HEJIMHEHHBIN 2JIEeMEHT UMEET HEKOTOPYIO EMKOCTb, Ha BBICOKHX YacTOTax oOpaTHas CBs3b OyaeT
ri1y0’e, a yCUIEHNE — MEHbIIIE.

3. I'eHepaTopsl C CHCTEMOM aBTOMaTHYECKOIO PETYJIUPOBaHNs aMIUIUTYAbI. [[ockonbKy y
MeHs ObUIO JKeJlaHue pa3paboTaTh YHUBEPCAIbHBIN F€HEpaTop, CIOCOOHBIN padoTaTh B
HIMPOKOM JIMAa30He YacTOT, OBLIIO OMPOOOBAHO HECKOIBKO CXEM C aBTOMAaTHUYECKUM
peryJiMpoBaHUEM aMIUIMTY/Abl. B KauecTBe ynpaBiiieMOro 3JeMeHTa JUIsl peryJIupOBaHUs
YCHJIEHUS UCTIOIb30BAIMCh M1OJIEBBIE TPAH3UCTOPHI UJIU JIAMIIOUYKH HaKaJIMBaHUS.

3.1. I'eHepaTop ¢ aBTOMaTUYECKUM PETyJIUPOBAHUEM aMIUIUTY/ bl HA IOJIEBOM
Tpan3ucTtope. C 1aBHUX MOP MOJIEBBIE TPAH3UCTOPHI IPUMEHSIIUCH KAK 3JIEMEHTBI C
yIpaBisieMbIM COMPOTUBICHUEM. BKITIOUUB M0JIEBOI TPAaH3UCTOP B IIEMb OOPAaTHOM CBS3U
OIIEPALMOHHOT0 YCUJIMTENS MOKHO MEHATh ycuieHue. CxeMa reHeparopa ¢ MoJIEBbIM
TPAH3UCTOPOM TPECTaBIeHa Ha pHC. 3. 371eCh YTOOBI YIIPOCTUTH CXEMY JeIuTeNs 1/2
HaANpPsDKEHUS TUTaHMSI Ha BXOJ1€ MUKPOCXEMBI UCIIOJIb30BaH KaK OJWH U3 PE3UCTOPOB MOCTA
Buna. HenoctatkoM naHHOW CX€MbI OKa3alach CKJIIOHHOCTh K CAMOBO30YKJIEHUIO CHCTEMBbI
ABTOMATHUYECKOTO PETYJIMPOBAHHUS, T. €. TAPA3UTHBIM KOJIEOAHUSIM aMIUTUTYIbl. ABTOD MPOBEI
HEMaJIo BPEMEHH MbITasACh N30aBUTh CXEMY OT CKJIOHHOCTH K IMapa3UTHBIM KOJeOaHUsIM, HO 3TO
caenaTh He yaanock. [1oaTtomy oT cxemsl puc. 3. mpHUILIOch oTKa3zaTecsa. Cxema ¢
aBTOMAaTHUYECKOW PEryJIMpPOBKON aMILTUTYAbI Ha II0JIEBOM TPAaH3UCTOPE UHTEPECHA TEM, UTO
MOXeET OBITh ClIeJIaHa ¢ OYEHb MaJIbIM TOKOM noTpebienus. [loatomy aBTop Oyaer Bechbma
MIPU3HATEIIEH €CITH KTO-JIM0O MOJEITUTCSI CBOMM OITBITOM B pa3pabOTKe MOJOOHBIX CXEM.
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3.2. APY Ha noneBom Tpan3suctope. OKa3anoch 4ToO XOTs CXEMY aBTOMAaTHYECKOTO
perylIMpoBaHUs aMILTUTY/ bl Ha IOJIEBOM TPAH3UCTOPE TPYIHO 3aCTaBUTh paboTaTh 1is
HOJ/Iep)KaHUs aMIUIMTY/ bl TEHEpaTopa, OHa XOPOIIo paboTaeT Kak yCTPOMCTBO aBTOMAaTHYECKOM
perynupoBKu ycuneHus. T. €. ee MOKHO IPUMEHUTb, HalpUMEpP, C MUKPO(POHOM /ISt
aBTOMATHUYECKOTO PEryJIMpoBaHus ypoBHs 3anucu (APY3).

B kauectBe npumepa cxembl APY Ha mojeBoM TpaH3UCTOPE MOYKHO MTPUBECTH
naboparopHsblii MmakeT, usroropieHHbId B [II'Y Ha kadeape PTuPOC (cm. puc. 4). [Tutanue
Makera — AByxnoiisipHoe. s nemoHcTpanuu pabotsl APY ¢ pa3HbIMH TOCTOSSHHBIMHU BpEMEHU
B HEHl MepekioyaTesieM (yCIOBHO HE IT0Ka3aH) NOJKI0YAeTCsS OJMH U3 HECKOJIBKUX
KOHJIeHCaTOpoB. 3ajaepxkka APY (T. e. HanpspKeHHe, HaunHasl ¢ KOTOPOTO YCHJICHHE HAUWHAET
YMEHBIIATHCS ) MEPEKITI0YAETCs] BKIIOUEHUEM OT OJIHOTO JI0 AECATH TUOJ0B (MCIIOJIb30BaHbI
/1814 B [IPAAMOM BKJIIOYEHHH T. K. CYUTAETCS, YTO y HUX pe3kuil nepern6 BAX u Ha npsimoii
BETBU TOXE) MeXAy AeTekTopoM APY 1 1iensro 3aTBOpa MoJIeBOro TpaH3UCTopa.
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[Tockonbky ycTpoiicTBo APY Ha moneBom TpaH3UCTOpE XOPOUIO cedsl MoKa3ano, cxema
noo0Hast puc. 4. MOXKET IPUTOJUTHCS B 3BYKOBOCTIPOM3BOIAIIEH anmaparype. ABTOp
U3rOTOBHJI MAKET CHCTEMbI aBTOMATHUYECKOW peryIupoBky ycuienus HY, ymoOHo# s
MPaKTUYECKOT0 UCTIOIB30BaHUs (puC. 5).
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Cxewma umeer onHonosipHoe nutanue +12V. Ha Bxoae npeaycMoTpeH IeauTenb, KOTOPbII
MOYKHO TIOJJOOpaTh JJIst pabOTHI ¢ TEM WIIM WHBIM HCTOYHUKOM cUTHaa. Kak ToibpKko Haiimercs
JUISL ATOTO BpeMs HY)KHO OyJeT onmpoOoBaTh CXeMy pUC. 5. UIsl OTpaHUYCHUS TPOMKOCTH
TEJIEBU30Pa BO BPEMSI PEKJIAMBI.

3.3. 'enepaTop ¢ aBTOMaTHYECKUM PETYIUPOBAHHEM aMILTUTYAbI HA JIAMITEe HAKATUBAHHSL.
[Tockonbky renepatop HU ¢ aBTOMaTndeckiM peryIMpoBaHUEM aMILTUTY/IbI, HE CKIIOHHBIH K
napa3uTHBIM KOJICOAHUSIM IIPH MEPECTPOMKE YAaCTOTHl Ha IMOJIEBOM TPAH3UCTOPE U3TOTOBUTH HE
yaaJIoCh, OblJIa ONMPOOOBaHa CXeMa C JJaMIIOYKOW HaKalIuBaHUA (CM. puc. 6).
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Puc. 6.

Cxema puc. 6. paboTasa BIIOJIHE YAOBIETBOPUTENILHO, TOITOMY Ha HEH PEIIeHO ObLI0
OCTaHOBUTKCS. HeocTaTkoM cXeMbl SIBISIETCSI JOBOJIBHO OOJIBIIION TOK MOTpebeHus (0OKOJI0
150mA). [TockoabKy TOK MOTPEOICHHS 3aBUCUT OT TUIA IPUMEHAEMOH JIaMIIbl, €€ JIy4lle B3STh
MaJIOMOIIIHYI0. ABTOP HCIIOJIB30BaJI KOMMYyTaTopHYIO Jlamiry KM6-50 6V 50mA. TTockoibky
BBIXOJIHast MOIIHOCTh MHKpocxeMbl NES532 HenoctaTouna 1711 paboOThI € TaMIION HaKaJTUBaHMS,
K MHUKpocXeMe ObUT J0OaBJIeH SMUTTEPHBIN MOBTOpUTENb. [loBTOpUTENH paboTaer B pexxume A,
YTO MO3BOJISIET XOPOIIO MCIIOJIb30BaTh YaCTOTHBIE CBOMCTBA TpaH3ucTopa. Komiekrop
TPaH3HUCTOpPA 3a3EMJICH, IOATOMY PaIUaTOP MOXKHO He n3oiupoBath. ConpotusieHus mo S0Q B
LENH SYMUTTEPA U MOCIIEA0BATEIBHO C JAMIIOUKOH Moao0pans! s sammnoukn KM6-50. Ecnu
yIACTCS HAWTH JTAMITOYKY ¢ MEHBITUM paboduM TOKOM, MOXHO Oy/IeT MPUMEHUTH Oolree
BBICOKOOMHBIE COMPOTUBIICHHS, YTO YMEHBIIUT MOTPeOIsIeMbIif TeHepaTopoM ToK. B pe3ysbrare
OpabOTKH CXEMBI PHC. 6. TIOIyYnIach cXxeMa puc. 7, KOTopas ObLTa B3siTa 32 OCHOBY JUISI
pa3pabOTKU 3aKOHUYECHHON KOHCTPYKIIUH.
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Ecau om mournu "A" omcoedurume mMocm Bura u noldabams Bamy moury cueHaa om Brewwreeo
UCMOUHURA o MO  NOAYHUMIR  yCuAdmMens ¢ abmomamuuecrod ampobrol ycusenud (APY),
? peid 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.
[TockonbKy cIBOEHHOE MepeMeHHOe conpoTuBiIeHne R1 00s13aTeIbHO MMEET HEKOTOPBIN
pazbpoc MOJOBUH, PEIIEHO OBLIO MPEAYCMOTPETH MOI00P JOTOTHUTEIHFHOTO COTPOTHBICHUS
MOCJIEI0BATENBHO C OJTHON U3 MOJOBUH YTOOBI YMEHBIIUTh U3MEHEHUE aMIUIUTY/Ibl TIPU
nepecTpoike 4acToThl. B MoeM ciydae moTpedoBanoch ycranoBuTh R4 Ha 270Q).

Conportusnenue RS npenorBpamaer neperpysKky Bxoja Mukpocxemsl. [Ipu nanpHemmx
OTIBITAaX CO CXEMOH 0Ka3aJocCh, YTO M3-3a HAMMUIUS RS BX0J MUKpOCXEMBI CTAaHOBUTCS
HOJBEPKEH JIEHCTBUIO HABOJOK U OT HEr0 OBUIO PEIIEHO 0TKA3aThCs (3aMEHUTh NEPEMBIUKOI).

UToObI OIICHUTH CTAOMIU3UPYIOIIEe NEHCTBHE JTAMIThI HAKaJTHBAHUS OBLT TIOCTAaBIICH
CJIEAYIONIMH SKcIepuMeHT. MocT BrHa OblT OTKIIFOUEH, a BMECTO HEro K Touke “A”
nonkitoumy reHepatop HY. Tak yaanoch CHATh aMIUIMTYAHYIO (pUc. 8) U aMIITUTYIHO-
YaCTOTHYIO XapaKTEPUCTHKY YCHUIIMTEIN C JIAaMIION HaKaJuBaHU B Lienu oOpaTHOi cBs3u. Kak
BUIHO M3 PUC. 8, yCHIIEHNE MEUIEHHO CHIDKACTCS TIPY YBEITHUSHUH BXOIHOTO HAIIPSKESHHUSL.
AYX ne umeer uckaxenuit 10 200kHz (seuem O6buT0 TpOBEepHTH Ha YacToTax 6oiee 200kHz).

Cxema puc. 7 mokasayia ce0sl yIOBJIETBOPUTEIBHO U HA €€ OCHOBE OBbLIT pa3paboTaH
moayib reaeparopa H4 LFO1MO. IIpunuunuansHas cxema Moyl MokazaHa Ha puc. 9. [lanee
MIPUBOAUTCS €€ IMOJPOOHOE OMUCAHUE.

I'enepatop HY coOpan Ha HikHE# mo cxeme monoBuHe Mukpocxembl DAL tuma NES532.
B renepaTope nmeroTcs ABe 1ienu 00paTHOM CBS3H — MOJIOKUTEIBHOM, 32 CUET KOTOPOH 1
IPOMCXOIUT reHepanus KoJeOaHui 1 OTPUIIATEIbHOM /Il CTa0MIIN3allul aMILTATY/IbI
Kosie0aHui.

Hens nonoxxurtensHoi odpatHoit csa3u (R2 C1 R1.1 R1.2 R3 C2) mpencrasinsier coboro
mocT Buna. [Ipu momonu casoerHoro nepemenHoro conporusienns R1.1 R1.2 Bo3moxHa
perynupoBka 4actoTsl konebanuii. Conporusnenus R2 u R3 orpannunBaroT quana3ox



perynupoBaHus 4acTOThl. Eciii Momynib coOupaeTcst sl HCTIOIb30BAHMSI B KAUeCTBE
nabopaTtopHoro reHeparopa HY, conporusnenus R2 u R3 MoxHO mogo0paTh TakuM 00pa3om,
9TOOBI JTOOWTHCSI HAMMEHBIINX KOJICOAHUIN aMILTUTY/BI IPH MOBOPOTE PYYKH YCTAHOBKH
4acTOTHI U3-3a pazopoca nosoBuH R1.1 u R1.2. Jlng paGoThl B HECKOJIBKHX JUANa30HAX YaCcTOT
MOYHO Tiepekirouath konaencatopsl Cl u C2.

(s, Babucurtocme Bvixoduozo manpakerun

v om. BxodHozo dns
22 1 yempodicmba APY
5 ¢ Narnott
B Hanambanusu.
.8 +
1.8 _}, Pediokob.
Lanp. 2007,
1.4 + Ugx UBsix Uﬁ%u
/.2 ¥l 1 4IDV /9mV 4.75
2mV | SemV | 4.75
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UYepes nepembruky RS n kornencarop C3 curaai mocrymnaer Ha HSHHBEPTHPYIOLIHA BXO]T
mukpocxemsl. Conporusnenust R7 u R8 o6pasyror nenurens, ¢ KOTOPOro CHUMAETCS
HaIpsDKeHUE, paBHOE TTOJIOBUHE HanpspkeHus nutanus. Kongencarop C7 cirykuT uist
nojasieHus nomex. Yepes conpotupieHre R6 ¢ nenutens HanpspKeHUE CMEIEHUs T0/1aeTcsl Ha
BXOJl MUKPOCXEMBI U 331a€T €€ PEeXKUM pabOThI 110 OCTOSIHHOMY TOKY.

Llenb oTpunarenbHOI 00paTHOM CBsA3M cocTOUT U3 pezuctopa R10, uepe3 koTopslii
JeicTByeT 0OpaTHast CBS3b 10 MOCTOSTHHOMY TOKY ¥ nenouku R11 HL1. Konxencaropsr C4 u C5
— paznenutensHble. ConpoTtusinenue R11 u namna nakanusanus HL1 o6pa3yroT nenutens
OTpULIATENIHON 00paTHON CBA3H, IPH MOMOILM KOTOPOI'O CTAOUIM3UPYETCS aMILUIUTY1a
KosiebaHuil. PaccMOTpUM Kak MPOUCXOIUT cTabuau3anus aMmuTyasl. [Ipennonoxum, 4To no
KaKUM-HUOYIb TPUUMHAM aMILTUTYa YBeTuYuiaack. [Ipu yBenmuueHnn BHIXOAHOTO HAPSKEHUS
re"eparopa (Ha BeiBojie Tuiatel OUT) yBenuumnBaeTcs M TOK 4epe3 JeNuTelNb. Y BeIHUeHHE TOKa
yepe3 HL1 npuBoaut k pa3orpeBy ee HUTH. [lockoNbKy Harpetast HUTh JaMIlbl HAKAJIUBAHUS
uMeeT OoJbliiee COMPOTUBIICHUE, YeM X0JI0AHas, Koadduiment nepenaun aenutens R11 HL1
YBEJIMYUBAETCS. DTO NPUBOIUT K YBETUUEHHUIO MTyOUHBI OTPULIATEILHOW OOpaTHOM CBS3H U
YMEHBIICHUIO aMILTUTY/AbI KOJIeOaHMiA.

[TockonpKy BbIXOHAS MOIITHOCTh MUKpocxeMbl DAT HemocTaTouHa Jy1st pabOTHI € JTaMIION
HaKaJIMBaHUs, Harpy3Ka U 1enu oOpaTHON CBS3U MOAKIIOUEHBI K HEW Yepe3 SMUTTEPHBIN
noBTopuTeNb Ha Tpansuctope V1. Ilockonabky npumenen tpansuctop V11 ctpykrypst PNP,
€ro KOJUIEKTOP OKa3bIBACTCS COEAMHEH C OOLIUM MTPOBOJIOM, TIOITOMY PAIUATOpP HE HYKHO
M30JIUPOBATh.

B cxeme puc. 9 Taxxe npeaycMoTpeHa BO3MOXHOCTb YCTAaHOBKM MUKPOCXEMBI-
crabmmm3aropa DA2 B nenu nutanus. [IockosbKy ee TErI00TBOA COSUHEH ¢ O0ITUM
MIPOBOJIOM, paauaTop MUKpocxeMbl DA2 Takxke He HYKHO U30JIMPOBaTh. ICTOUHHMK MUTaHUS
noJpkeH obecrieunth B Touke POW2 nanpsoxenue +12V.



B cxeme ucnionb3yercs oMH U3 ABYX ycunurteneil Mmukpocxemsl DAL, Bropoil ycunurens
MOYET OBITh MCII0JIb30BaH B KaUeCTBE NOBTOpUTENSA. Eciy BTOpol ycunuTesb He Hy>K€H, HY’KHO
COeIUHUTH BBIBOJIBI T1aThl U/2 u Fl.
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Jnist cxembl puc. 9 Obla pazpabotana neyarHas miata (cM. puc. 10). B Helt ucniosnb30BaHb
nocrostHHBIE contpoTtuBiieHus Tuna MJIT (C2-23, C2-33, MF) momrHocThIO 0.5W, Kpome
comnporusienuit R9 u R11 tuna SQP (B npsMOyrojisHOM K€paMUYECKOM KOPITYCE) MOLTHOCTHIO
SW. V¥ conpoTuBieHH U KOHJEHCATOPOB, KOTOPbIE OBIBAET HYKHO MOJ100paTh NPEAYCMOTPEHO
0 JIBa OTBEPCTHS JIJIs1 KaX/10T0 U3 BBIBOJIOB. B 3TH 7Ba OTBEpCTUSI MOKHO IIPOIYCTUTh
IPOBOJIOYHYIO METII0, CBUTYIO CO CTOPOHBI YCTAaHOBKH pajnuojeTaneil. CHu3y (T. €. cO CTOPOHBI
MEYaTHBIX IPOBOJHHUKOB) ATy NETIIIO HY)KHO IPUIAAThH K T€YaTHBIM IPOBOJIHUKAM, a CBEPXY K
Hell ynoOHo mpunauBath noxoupaemsle neranu. Konnencaropsr C6, C7, C8 u C3
MayiorabapuTHBIE KEpaMHYECKUE C PACCTOSHUEM MeX Ty BeiBogamu Smm. C5 — tuna K73-17 wim
C MEHBIIMMHU pa3MepamMu (TIpeycMOTpEeHa JOMOTHUTEIbHAS [Tapa OTBEPCTUH ).

Xoa pa6oTsl
1) U3y4uTh CXEMBI IPOCTOTO Ir'eHeparopa 3ByKoBbIX yacToT (HY), npencraBneHHbIX Ha puc. 1.an
0, BBIYEPTUTD, 1aTh XapaKTEPUCTHUKY.
2) [late xapakTepucTuKy y310B npuodopa (Puc. 11.1- Puc. 11.6)-1mo BeiO0Opy npernogaBaTess;
3) Haueptutsh 6siok — cxemy (Puc. 11.7- Puc. 11.18) no Beibopy npenonaBares;
4) Hayeptuth 1 00BsICHUTH pabory cxembl HU 15T1-16kI'11; ['eHepaTopsl CHHYCOMIaIBHOTO
CUTHAJIA HU3KOM YacTOTHI Ul M3MEPUTEIBHOM ammaparypbl U ycrpoiictBa APY; BrixogHoi
YCHJIUTEND C aTTEHI0ATOPOM;
IpakTueckasi padora Ne§.
Tema 3.2. 'eHepaTopbl CHTHAI0B BBICOKOI YaCTOTHI.
H3yuyeHnne n3MepuTEIbHBIX TEHEPATOPOB BHICOKHX YaCTOT



Ieas padorbl: M3yunTs Ha3HAaUEHHE, HOPMUPYEMBIE NTApaMETPBl, YCTPOICTBO U CTPYKTYpPHBIE
CXEMBbI TeHepaTopoB Tuma ['4, MeToabl MOBEPKU OCHOBHBIX METPOJIOTUYECKUX XaPAKTEPUCTHUK.
[TproOpectu mpakTUYECKHE HABBIKK PaOOThI C MU3MEPUTEIBHBIMH IT'€HEPAaTOPaMH BBICOKHX YacTOT.
IlepedyeHb UCIOJIB3YyeMOro 000Py10BaAHUS

I'eneparop tumna I'4

TeopeTuyeckasi 4acTh:

BricokouacToTHbIl renepaTop curanoB ['4-106 ¢ aMmuTyAHOM MOAYISIIIMEN IPeIHa3HAYCH IS
HACTPOMKHU, KOHTPOJISI M UCTIBITAHUH PaIUOTEXHUUECKUX YCTPOMCTB YIbTPa3BYKOBOI'O U YACTUYHO
paZivoBEIaTEIbHOrO Uana3oHa yacToT.

2. OCHOBHOE TEXHUYECKUE JAHHBIE

2.1. TIpubop obecrieunBaeT CleAyIONINE PeKUMBI paboT: a) HenpepbiBHAs reHepanus HI;

0) BHYTpPEHHSS AaMIUIMTyJIHAs MOIYJSALUS CHUHYCOMJAJIbHBIA HaANpsOKEHHE; B) BHEUIHSSA
aMIUTUTYAHAsE MOIYJISIHS CHHYCOUJAIbHBIM HANPSHKEHUEM; T') PKUM MaKCHUMaIbHOTO CUTHAJIA.
YACTOTHBIE ITAPAMETPBI (F - mapameTpsr)

2.2. Tlpubop obGecneunmBaer auama3oH yactor ot 0,01 mo 12.5 Mru. Jlmama3oH dYactor
MEPEKPHIBAETCS CEMbIO MOJIMANa30HaAMHU.

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

2.3. Ilpenen nomyckaeMoil OCHOBHOM TIOTPEIIHOCTH YCTAHOBKM 4YacTOThl I'€HepaTopa HeE
MIPEBBIIIACT:

+ 0.5% - Ha BCIIoMorareIbHOM JHAIla30HE;

+ 1.0% - B nuanasone gacrtor 0.1-12.5 MI'm:

1 1,5% - B nuanazone 0,01-0,1 MI'1 (1 moxauana3on) ¢ moACTPONKOM 4aCcTOTHI,

3.4. HectaOMIBHOCTH 4acTOTHI 3a Jt0ObIe 15 MUH. paboThl TeHepaTopa Mocie caMonporpeBa B
tedeHue 30 MUH. B HOPMAJIbHBIX YCIOBHSAX HE MPEBBIMIACT

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

2.5. [Mapa3zutHas AeBUaIUs 9YacTOTHI B PEXKUME HENPepbIBHON renepaiuu B nosioce 30-15000 I'a
He npesbimaeTt (1.0 10-6 fr+30) I'm.

[IAPAMETPbl BBIXOJIHOI'O HAIIPSDKEHMS B  PEXHME  HEIPEPBIBHOI
I'EHEPAIIUU (U - mapameTpsbl)

2.6. BpixonmHoe HampsbkeHHE TreHepaTopa Ha coryacoBaHHoi Harpyske (50001) Ow,
MOJKJIIOUEHHOHN uepe3 Kadeslb K OCHOBHOMY BBIXOJly T€HepaTopa

8
" " perynupyercs B HopManbHbIX npenenax ot 0.5 1o 5 10-7 B; ¢ BBIHOCHBIM aTTEHI0aTOPOM Ha
201b Bo3MoOkHa perynuposka 10 1 10-7 B.

PerynupoBka npoussoaurcs crynensaMu uyepes 10ab ot 0 go 11015 u nnaBHO B peaenax Kakaon
CTYIIEHHU.

2.7. Ilpenen nonmyckaeMol OCHOBHOM IOTPEIIHOCTH YCTAHOBKHM OIOPHOT'O 3HAUYEHHUS HANPSKEHUS
0.5B 1 ycTaHOBKM HamnpspDKEHHUs 10 IIKaJIE TJIABHOW PEryJIMpOBKH He IpeBbiaet [11ab, npu
paboTe reHeparopa Ha coriacoBaHHyro Harpy3ky (50011) Owm.

2.8. Tlpemen mnomyckaeMoil OCHOBHOW TMOTPEITHOCTH YCTAaHOBKH OCJIA0JICHHUSI CTYIEHYATOTO
aTTeHIoaTopa He nmpesbllIacT +11ab.

2.9. Ilpenen gomyckaeMoll OCHOBHOHM MOTPEITHOCTH OCJIA0JEHUS BBIHOCHOTO aTTEHIOATOpa HE
npesbimaet [111b; BerxoHoe conpoTtuiienre arteHoaropa S0 Om [15%, 75 Om [15%.

2.10. HectaOuibHOCTH YPOBHS BBIXOJHOTO CUTHAJIA 32 JTIFOOBIE 15 MUH. paboTHI reHepaTopa mocie
camornporpena B TeueHue 30 muH. He npeBbimaet [10.1ab.

2.11. Koo dumueHt 11060i 13 rapMOHUK BBIXOJHOTO CUTHAJIa HA OCHOBHOM BBIXO/IE T€HepaTopa,
a TaKXe YpOoBEHb KOMOWHAIIMOHHBIX COCTaBISIOMIMX Ha 1 mojaauanasoHe, 1O OTHOLICHHIO K
YPOBHIO NIEPBOM rapMOHUKH He TipeBbItaeT 5% ([126 nb).

2.12. TTapa3uTHas aMIIUTYHAsI MOYJILIMSI CUTHAJIAa HA OCHOBHOM BBIXOJI€ TE€HEPATOPA B PEKUME
HEIpepbIBHOW reHepanuu He npesbimaet 0.5%.



2.13. BeixogaHOE HaANpsKEHUE 10 HEKATMOPOBAaHHOMY BBIXOJY Ha MoJHOHM Harpyske (50015) Om
He Menee: 0.3 B Ha 1 noganana3zone. HanGosnbiee HanpshkeHHE 110 HEKATHOPOBAaHHOMY BBIXOY
He npesbimaeT 3 B. [TapameTpsl curnana Ha 3TOM BBIXOJIE HE FapaHTUPYIOTCS.

ITAPAMETPBI AMITJINTY JITHOM CUHY COUJTAJIBHOM MOYJISILINU (AM - napamerpsi)
2.14. AmmuuTynHas MOAYJSLMS CUTHajda OCYIIECTBISIETCS OT BHYTPEHHETO HCTOYHMKA
Moayssiun yactotoit 1000 'y ¢ morpemnocthio [15% u wactotamu 50-10000 I'ty oT BHELIHEro
MCTOYHUKA MOJYJISALIUH.

2.19. KoapdpunueHT aMITuTyTHONH MOTYJISIITUN PETYJIUPYETCS B HOMHHAIBHBIX Tpeenax oT 0 10
90 2 u orcuursiBaercs B npeaenax or 10 mo 80% crynensmu no 10% Bo BceM auamna3oHe
MOJIYJIUPYIOIIUX U HECYIIUX YaCTOT.

[Ipenen pomyckaeMoil OCHOBHOHM TOTPEIIHOCTH YCTAaHOBKH KOd((UIMEHTa aMIUIUTYIHON
MOyJIsiuK He npeBbimaeT [110 % (B mpoIrieHTax MOIYJISIITUH ).

2.16. KosdpounueHt rapMOHMK OTuOaromedl aMIUIUTYJHO-MOIYJIHPOBAHHOTO CUTHAja MpU
koadpunmente moaymsituu 10 80% BKIIIOUUTENBHO (T10 MIKalle TeHepaTopa) He MpeBbimaeT 5% B
HOpPMAaJIbHBIX YCJIOBUSX 3KCIUTyaTallUH.

KoadduimenT rapMoHUK BHEIIHETO MOAYJIUPYIOIIETO CUTHATIA TIPU 3TOM JIOJIKEH OBITh He Ooliee
1%.

2.17. CurHan BHEIIHETO MOJIYJIHPYIOUIEr0 TeHepaTopa, HEOOXOAMMBIN g oOecreyeHus
Kod(duImenTa aMITyAHOH Moy siiuu 90%. mommkeH ObITh He Ooliee 2 B mpu conpoTHRICHUN
Bx0o1a MojyJsitopa (6001220)Om.

2.18. Ilpemen nomyckaeMoO# TMOTPEIIHOCTH YCTAHOBKH OIOPHOTO 3HAYEHUSI BBIXOJIHOTO
HANPSDKEHUS U 3HAYCHHI BHIXOJHOTO HAMPSDKEHUS M0 MIKaJlaM TUIaBHOM PeryIupoOBKH BBIXO/A, B
pexuMe aMIUTUTYTHON MOy isaiuu, He peBbimaet [12.0 n1b npu yactotax moayssiiuu a0 10 k'
u kodpdurmente moaynsiauu 10 80%.

2.19. I'enepatop coxpaHseT CBOM TEXHUYECKHE XApAaKTEPUCTUKH IPU MUTAHUU €r0 OT CETU
nepeMeHHoro Toka HanpspkenueM 220B [1 10%, gacroroit 50 I'n + 1% u conepkaHueM rapMOHHUK
1o 5%.

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

2.21 T'abaputHble pa3Mepbl NpuOOpa, MOCTABIAEMOrO0 B YKJIAJOYHOM sIIMKe, He Ooiee
190x385x240 mm.

2.22. Macca npubopa He 6osee 11 kr.

3. CTPYKTYPHAA CXEMA

CrpykrypHast cxema mnpubopa 1'4-106 mpusenena Ha puc.l. PaGora mpubopa reneparopa B
3aBUCHUMOCTH OT BbIOPaHHOIO MOIIMaNa30Ha YacTOT MPOMCXOAUT IO Pa3HOMY.

CHauaza paccMOTpUM paboTy reHepaTopa IpH BKIFOUEHUH JII000Tr0 MO IMana3oHa 4acToT, KpoMe
nepBoro, T.e. Ha nogauanasonax 0.1 —12.5MI'm u BcnomorarensHoM auamna3zone 0.430-0.510
MI.

PEXMM HEIPEPBIBHOM I'EHEPALH

B pexume HempepblBHOW TeHepaly B 3aJalolleM TIeHepaTrope padoTaeT TOJIBKO IJIaBHBIM
reHeparop. [ImaBHbII reHepaTop BBIIOJIHEH IO MHAYKTUBHOM TpexToueuHou cxeme. [lepectpoiika
4acTOTHl B MpeZesiax IOAJuana3oHa IMPOU3BOIUTCSA KOHIAEHCATOPOM IEPEMEHHON €MKOCTH,
nepexo/1 OT MoAauana3oHa K MojiMana3oHy - KoMMyTaluen KaTylmeKk HHAYKTUBHOCTH.

CurHan ¢ TMJIaBHOTO TeHepaTopa IOCTyMaeT Ha MOAYIATOpP, NPEeACTaBISBIINN COOOM
HIMPOKONOJIOCHBIM ycunutenb. C BbIXOJa MOJYJATOpa CUTHAJ MOJAETCS Ha MIMPOKOMOJIOCHBIN
YCUJIMTENh OCHOBHOTO KaHana (nepexitoyarenu [11, I12 u I13 Bo BTOpoM MOJI0KEHUN).

Jl1s aBTOMAaTHYeCKOro MoIIEpKaHusl YPOBHSI CUTHAJIA Ha BXOJIE€ aTTEHI0ATOpa TPAKT OCHOBHOTO
KaHaja TeHepaTopa OXBay€H LIETIbl aBTOMAaTUUYECKON PETryJIMPOBKH YpOBHA curtaina APVY.

BBIXOOHON CUTHAN YCHJIMTEIS OCHOBHOIO KaHasla BBINIPSAMIISIETCS IETEKTOPOM M IOAAETCS Ha
nepBblii Bxoa nuddepenuansHoro ycunurens nocrosaoro toka (YIIT) cuctemsr APY. Ha
BTOPOM BXOJ MOJACTCS IOCTOSHHOE ONOPHOE HAIPSDKEHUE C PEryisiTopa ONOPHOIO YpPOBHS.



VYeunennasa YIIT pasHOCT MEXIy ONOPHBIM HAIPSKCHUEM M HANPSHKEHUEM C JIETEKTOpa
MU3MEHSAET CUTHAJI Ha BXOJE€ IIMPOKOINOJIOCHOTO YCWJIMTENIS TaK, YTO YPOBEHb BBIXOIAHOIO
HAIpsDKEHUST OCHOBHOTO KaHajla CTAHOBUTCS IPONOPIMOHAIBHBIM  YPOBHH  OIIOPHOTO
HanpsbkeHus. [Ipy  DOCTOSHHOM ONOpHOM HampsbkeHuM cucremMa APY  obGecniednBaer
CTa0MIIM3allMK BBIXOJIHOTO ypOBHS mnpubopa B npenenax 10 n1b ¢ momousio pydku peryiasaropa
OIIOPHOTO YPOBHS.

Taxum obpazom, cucrema APY ucronbs3yercs U s IUIABHOW PETyIUPOBKU BBIXOTHOTO CUTHAIA
B npeaenax 10 nb. B 3Tom citydae n3MeHeHNe BEIMUMHBI OIIOPHOTO HAIIPSYKEHUS HA BTOPOM BXOJIE
muddepenmanbHoro YIIT BeI3bIBa€T COOTBETCTBYIONIEE H3MEHEHUE BHIXOIHOTO CUTHATIA.
Cucrema crabunM3anuu ypoBHsA 00eCIEUMBAET HYJIEBOE BBIXOAHOE COIPOTHBIIEHHE Npulopa B
TOYKE MOJKIIOUEHUS JeTeKTopa. Bce KonmebaHus CONMPOTHBICHUS HArpy3Kd HE H3MEHSIOT
BBIXOJIHOT'O HANpPsDKEHUS MPHOOpa, YTO SKBUBAJICHTHO HYJIEBOMY BHYTPEHHEMY CONPOTUBIICHHUIO.
RI=0. BamnactHoe comportuBinernne RO= 50 Owm oOecreunBaeT BBIXOJHOE COIPOTUBIICHHE
npubopa B TOYKE MOJKIIOYEHHUS aTTeHroaropa paBHbIM 50 Om. Oiarogaps yemy J1OCTUTAeTCs
XOpOIllIee COIJIACOBAaHUE B BHIXOJJHOM TPAKTE OCHOBHOI'O KaHAaBa.

NuepuuonHocTh cucteMbl APY TakoBa, 4To OHa cpabaThIBAaeT TOJBKO 10 CPEIHEMY 3HAUYECHUIO
BBICOKOYACTOTHOT'O CUTHAJIa M MOXKET OBITh UCII0JIb30BaHA B PEKUME MOYJISALIUN.

['myGokas peryaupoBKa aMILIMTYbl BBIXOAHOTO HampspbkeHus cBbime 10 nb ocymectsisercs
CTyIEHYaThIM aTTeHaropom BY.

BxuroueHue u BBIKJIIOUEHUE OCHOBHOT'O KaHajla IIPOU3BOJUTCS CHATUEM HaNpsKEHUS [TUTaHUS C
YCWJIMTEJISE OCHOBHOTO KaHasia TymOiepom "V" (Ha cxeMe He TToKa3aH).

Pexum BHYTpeHHEN aMIUIMTYIHON MOILYJISLUN

B pexxume BHyTpeHHEH aMIUIUTyIHOM Moaysiuuu (nepexiitouatens [14 B monoxenun "BHYTP".
nepexitovaresnu 111, 112 u I13 HaxoasTcs BO 2 MOJIOKEHUHM) T'€HEPATOpP 3BYKOBOH 4acTOTHI
BbIpabaTbiBaeT HampspkeHue yactoto 1 kl'n. [Ipu 3TOM Ha BXozae MOAyJIsSTOpa CyMMUPYIOTCS
cJ1a0bIil BBICOKOYACTOTHBIM CUTHAJ C TJIABHOT'O TeHepaTopa M OO0JIBIION MOIYIMPYIOLINI CUTHAT
C TeHepaTopa 3ByKOBOM YaCTOTHI.

Monynsarop npeacraBiser coOOH HIMPOKOIMOJNOCHBIA ycwinTenb, kodpounuent Ilepenaun
KOTOpPOTO YIpaBiIIe€TCd MOAYJIUPYIOIIMM CHTHajIoOM. MoJaynupyromuid CcUrHaal Kak — Obl
nepeMekaeT pabdodyl0 TOUKY YCHJIUTENS IO HETUHEHHOM XapaKTepHCTUKE Ha Y4YacTKe C
Pa3IUYHON KPYTH3-HOM, U3MEHAS TeM caMbIM KO3 (UIIMEHT Nepeay KaHaa.

i , ]4 ; ’ Bcromozomensnond
| |reneraTon (MECHTER YC. Bonomol o
| | ouncue T | KaHAAA' <18
U saomoumun |
| reweparon | .
: i

reneparoe| | n 0 T
| p— o VC.0CHOBY | . XonTve ¢f
| | maswbii : DETE
bmmmm s I RE

A B&xod
OEr: w OTCY,
rAybuib: AM] m”m;’l'%/"
7
7
8HyTH
(EKERPATOR Byan. JUODEP, PETSTOR
3B YACTOT S - yor On. Bbixol

Taxum 06pazom, B MOJIyJISITOPE Y BHICOKOYACTOTHOTO KoJieOaHus (hopMa He UCKAXKAETCsI, a TOJIBKO
U3MEHSETCS €ro aMIUIUTY/1a B COOTBETCTBUH C 3aKOHOM U3MEHEHUS] MOYJIUPYIOLIEro CUTHaIA.

BoixonHo# curHan mopynaropa mocie (GUIbTpalMM MOAYIUPYIOIIEH YacTOThI OKa3bIBACTCS
IPOMOJYJIMPOBAHHBIM 10 aMIuIuTyae. [Ipu 3ToM rimyOrHa MOAYNSALMN OKa3bIBA€TCs 3aBUCSILIECH
TOJIBKO OT BEJIMYMHBI MOAYJIMPYIOIIErO CUTHANIA M HE 3aBUCUT OT aMILIUTY/bl BLICOKOYaCTOTHOTO.



3T0 00CTOATENBCTBO MO3BOJSAET U3MEPATH M U3MEHSATH IITYOUHY MOJYJISIIUH, U3MEPSISt U U3MEHSIS
BEJIMYMHY [TOJAaBAEMOT0 MOAYIUPYIOIIETO CUTHAJIA.

PerynupoBanue u 0TCYET BEIMYUHBI MOIYJIMPYIOLIETO CUTHATA, HEOOXOAUMOW Il TIOTYYECHUS
TpeOyemoro koddduurenta MOAYIALUMU, NPOU3BOAUTCS JBYMS CTYNEHSMHU: CHadyala
notenmomerpoM "YPOBEHb MOJVYIJL." ycranaBnuBaercs onpeaeieHHOE OIMOPHOE 3HAYEHUE
MOAYJIUPYIOIIETO CUTHAJIA 10 MHAMKATOpHOMY Ipubopy (Ha pucky "K"), 3aTem oHO nenuTcs B
TpeOyeMOM OTHOIICHWH CTYINEHYATHIM aTTEHIOATOPOM HH3KOH YacTOThI, MPOKATUOPOBAHHOTO
HEMOCPEJICTBEHHO B MPOLEHTaX TITyOMHBI MOIYIALUU. YCTaHOBKA KOd(pUIIMEHTa MOIYIALUN
nuckpetHo no 10 % ocymectBisiercs nepexnmodareneM "M%". Ilorenuuomerp "YPOBEHb
MOJYJL." u nepekitouatens "M%" HaxoasTcs B OJ0Ke peryJIupoBKU U oTcueTa riyounsl AM u
BBIHECEHBI Ha JIMLIEBYIO MMaHEeIb Mpudopa.

Cucrema APY mnopnepxuBaeT ONOpPHBIA YpPOBEHb B 3aJlaHHBIX I€peliesiax U B PEKUME
aMIUIMTYIHON MOJYJIALIMY, TaK KaK MOCTOssHHAs BpeMeHu APY BpiOpaHa Takoii, 4TO cucrema He
pearupyeT Ha aMIUIMTYJHYI0 MOAYJISIIUIO CUTHAJIA.

[TpomonynupoBaHHas curHai yepe3 arteHroaTop BY nocrynaer Ha 0CHOBHO# BBIXOJ] IIprbopa.
Pexxum BHelIHel aMIVIMTYAHOM MOXYJIALMU

B pexume BHeLIHEN aMIUTUTYIHOM MOAYJISIIMM CUHYCOUJAJIbHBIM CUTHAJIOM Nepekitodarens [14
nepeBoautcs B nosnoxenue "AM.BHEII". [Ipu 3ToM renepaTop 3ByKOBOM 4aCTOThI OTKJIOYAETCS
ot moaynstopa. K ruezny "AM.BHEII" nogBoauTcst OT BHELIHETO UCTOYHUKA HanpskeHue 1.5-
2B ¢ yactortamu ot 50 1o 10000 I'm.

OTO HalpsHKEHHUE TOJAETCsl HA MOIYJISTOP, B KOTOPOM OCYIIECTBIISIETCS MPOLIECC aMIUIUTYIHOMN
Monynanuu. Bo BceM octanbHOM paboTa npubopa aHaIOrHYHa PEXKUMY BHYTPEHHEH MOYIIALIHH.
PexxuM MakcMManbHOTO CUTHAIA

B pexxume makcumallbHOro curHajia nepekitovarens [11 nepeBonurces B nepBoe nosoxeHue. B
3a/1al01leM TeHepaTope paboTaeT TONbKO IJIaBHbIM reHepatop. BeicokouacTOTHOE HaNpsKEHHE C
BBIXOJIa IJIABHOT'O T€HEepaTopa IMOCTYNaeT Ha BXOJ LIMPOKOIIOJIOCHOTO Oy(epHOro yCHIUTENs
BCIIOMOTaTeJIbHOTO KaHajla. BBIXOIHON cHUTHA 3TOrO YCHUJIMTENs CHUMAETCS C BBIXOJHOTO
pa3bema npudopa "1V".

BxiroueHrne W BBIKJIFOYEHHE BCIIOMOTATEIBHOTO BBIXOJA MPOU3BOAMTCS TyMOiepom "1V"
MOJKJIFOUEHUEM WIIM CHATHEM HAIPSDKEHMSI IUTAHUS C YCHWIMTENSA. BbIXOAHOE HaIpshKEHHE IO
HEKaJMOpOBaHHOMY BCIIOMOTaTeIbHOMY BbIXOAy He mpesbimaer 3B. Ilapamerps! curnana Ha
3TOM BBIXOZI€ HE TAPAHTUPYIOTCS.

Paborta renepaTropa Ha nepBoM NoAAHAIIA30HE

Huanazon wacror 0.01-0.1 KI'm dopmupyercs MeTonoM TIeTEepOAWHHOIO NpeoOpa3oBaHUs
4acTOThl BHU3. B 3ajaroiieM reHeparope npu 3ToM paboTaroT IJIaBHBIA T'eHEpaTop U reHepaTop
(buKcupoBaHHOM yacToThI 415

k['11. B maBHOM reneparope npeycMOTpEH crieualbHbIi nojananazon 425-515 k.
[Tepexmouarenu I11 - nepeBoautcs Bo Bropoe nonoxenue. I112 — B nepBoe. Curnan ¢ BeIxoaa
MonynaTopa (IPOMOAYJIMPOBAaHHBIA WM  HENMPOMOJYJIMPOBAHHBIM B  3aBUCHMOCTH  OT
YCTAHOBJICHHOT'O PEXXHMMa) MT0IaeTCsI HAa BXO/ CMECUTEIIS.

Ha BTOpOI#1 ero BX0/ ojiaH curHal oT reHepaTopa (puKcupoBaHHON YacToThl. CUTHAN pa3HOCTHON
gactoTsl 0.01-0.1 MI't BeIIENsI€TCS (PUIBTPOM HHXKHUX YaCTOT CMECHUTEINS U TIOJAETCsl Ha BXOIbI
YCUJINTENEH OCHOBHOTO MJIM BCIIOMOTaTeNbHOr0 KaHaioB. PaboTa ux onucaHa BbIIIE.

ITpu reTepoIMHHOM NIEPEHOCE YACTOTHI YXYIIAETCS TOYHOCTh OTCYETA YACTOTHI B HU)KHEH 4acTH
MOJIy4YEHHOT0 TMana3oHa.

JUiss yMEHBIIEHUs MOTPEHIHOCTH OTcyeTa 4acToThl B mpubope [4-106 mpumeHeHa cxema
KOPPEKIIUU YacTOTHI.

K BpIXOZly yCHIIMTENS BCIIOMOTaTENbHOIO KaHaJIa MOAKIIYEH BoJTHOMEP. OH COCTOUT U3 KOHTYPA,
HacTpoeHHoro Ha yactoty 0.01 MI'1, nerekTopa u MHAUKATOPHOTO MTprOOpa. CHTHAJ ¢ IETEKTOpa
yepe3 Haxaryto kHonky "KOPPEKIMA YACTOTHI nomamaer Ha wuHAMKAaTop mpudopa.
JloOuBasich MakCUMAaJIbHOTO OTKJIOHEHHUS CTPENIKM WHAMKATOpa, 4aCcTOTY BBIXOJHOTO CHTHajia



reHepaTopa MOKHO TOYHO ycTaHOBUTH paBHOW 0.01 MI'ny (mpm 3TOM BH3Mp YaCTOTHOW IIKajbl
J0JDKEH HaxoauThes Ha pucke 0.01 MI ).
Cucrema wunaukanuun nupubopa [4-106 obOecneumBaeT YCTaHOBKY OMOPHOTO HANpsOKEHUS
MOJIYJIUPYIOIIErO CUTHANA, a MPU HAKaTUU COOTBETCTBYIOIIUX KHOIMOK KOHTPOJIb BXOJHOTO
HanpspkeHue ("VBbIX"); KOHTPOJIb HANIPSKEHUSI TUTAaHUS
(" Vout" ); KOHTPOJIb HACTPOMKH MPH KOPPEKITUU YaCTOTHI.
[Tutanme Bcex OJOKOB W Y3JIOB MpHOOpa oOecreyuBaeTcs OJIOKOM, COCTOSIIUM W3 ABYX
CTaOUITM3MPOBAHHBIX HCTOYHUKOB U HCTOYHHKA MIEPEMEHHOTO TOKA.
ITopsinok moaroroBkM K padore
1. U3yunth TEXHHMUYECKHE JaHHBIC W TPUHIUI ACHCTBUA TreHepaTopoB Tuma ['4- 1o
CTPYKTYpPHBIM CXEMaM.
2. TloaroToBUTH KOHCHEKT C KPATKMMH OTBETAMH HAa KOHTPOJIbHBIE BOIPOCHI.
3. TloaroroButk O6JIaHK OTYETA, COJEPIKAIIMI TAOIUIBI U CTPYKTYPHBIC CXEMBI H3MEPEHUIA.
KonTposbHbie BONPOCHI
KaxoBbl Ha3HaUeHUE U KIacCU(PUKALUSA U3MEPUTEIbHBIX T€HEPATOPOB?
KakoBbl OCHOBHBIE HOPMUPYEMBIE ITapaMeTPhl FTEHEPATOPOB
CUHYCOMIAJIbHBIX CUTHAJIOB?
KakoBa TumuyHas CTpYKTypHas cXema TI'eHepaTopa BBICOKMX YacTOT C aMIUIMTYAHOMI
MoayJsiuen?
5. KakoBa cTpykTypHas cxema (GOpPMUPOBAaHHUS MOAJUANIA30HOB TE€HEPATOPOB BBICOKHX
4acTOT Ha OCHOBE JIEJIEHUS YacTOThI?
6. Kak ocymectBnsiercs pabora renepatopa ['4- B pexxumax:
7. - HempepbIBHOM reHepaluy;
Xoxa padoTsbl
1. BbInogHUTE NOBEPXY CIAEAYIOIUX XapaKTEpUCTUK renepatopa ['4:
- OCHOBHOM TIOTPELIHOCTHIO YCTAHOBKH YacCTOTHI HA OJTHOM M3 IOJINAIIa30HOB;
- HeCTaOMIIBHOCTH YacTOTHI 3a 15 MUHYT.
2. UccnenoBath reneparop ['4- B pexxumax:
- BHYTPEHHEU aMIUTUTYITHOW MOIYJISILINH;
- BHEILIHEW aMIUTUTYAHON MOAYJISALIUY.
Conep:xaHue oT4yeTa
1. uenb paboTHI;
2. mepedyeHb NpuOOPOB, HCIIOBE3YEMBIX B padoTe;
3. mepeyeHb MPUOOPOB, UCIIOJIb3YEMBIX B paboTe;
4. TaOnuIbl C pe3ysbTaTaMu U3MEPEHUN U PACUETOB;
5. BBIBOJBI MO yHKTam 7.1.,7.2.,7.3. u 7.4.
MeTtoauyeckue ykazaHusi
7.1. IIpou3BecT MOBEPKY I'PaJAyHMPOBKH IIKaJIbl 4YacTOT reHeparopa ['4- BkIoYaomyo B ceds
orpeziesieHue OCHOBHOW MOTPEIIHOCTH YCTAHOBKH YacTOThI M CPAaBHEHHUS €€ C HOPMOH.
7.1.1. Onpenenenne 0OCHOBHOM NOTPEIIHOCTH YCTAHOBKH YacTOThI reHeparopa ['4- BelnosiHsAeTCS
JUTSl yKa3aHHBIX B Tabuuiie 1 BBIXOAHOTO HAIIPSKEHUs Toinara3oHa yactoT. [1pu aTom, K BEIXOAY
reHeparTopa
MOAKJIIOYAETCS coryacyromiee conporusiieHne 50 OM. CUrHaJI ¢ KOTOPOro IOJAETCS Ha BXOJ
3JIEKTPOHHO-CYETHOTO YacToTomepa (Hanpumep Y3-33).

NS

1. 2. 3. 4, 5. 6. 7. 8.
Ne 6purass

Hanpsoxenne ans | 300 250 450 400 350 300 450 400
I'4-106 mMB nua

F4-154B 150 [275 [945 [775 [825 [375 [225 [425




YacTOTHBIN 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
nuaro3oHn '4-106

MI'1 ['4-154
MI'g (ecsaTh
3HAYEHUI B
JTMAPO30HE)

0,1-05 [ 0,4-09 | 1,145 [15-38 |2,1-4,7 | 3559 |5,0-7,3 | 7,1-9,7

VYcraHoBka BBIXOJHOTO HanpspbkeHus reHepatopa ['4-106 ocyiectBisieTcss IByMsl pydkamu -
CTYNEHUYATOH | IUIABHOM PEeTyIUpPOBKH, PACIIOIIOKEHHBIMU Ha JIMIIEBOM MaHenu npubdopa. Orcuer
YCTaHOBJICHHOT'O 3HAYEHUSI B MUKPOBOJIBTAX ITPOU3BOAMUTCS 110 COOTBETCTBYIOIIMM LIKAJIAM - IPU
KPaCHOM MHOJKUTEJIE 10 KPACHOU, BHYTPEHHEH LIKaJIe, [IPA YEPHOM - I10 YEPHOM BHEIIHEH ILIKAJIE.
[Tpumep: Heobxogumo ycranoButh 200 mMB. JIj1s1 3TOro BBICTaBUTH MO KPaCHOW BHYTPEHHEH
miKane 2 v KpacHbli MHOxkuTenb 105 . Ttorma 2 105 = 200000 mxB = 200 MB. Brixonnoe
HampspkeHue cHumaercss ¢ pazbemMa "BBIXOJ/[" "' mpu BKIIOUYEHHOM TyMmOJIepe BBIXOJIHOIO
curnana reaeparopa ['4-106. I1pu pabote ¢ renepaTtopom ['4-154, nepen BKIIOUESHUEM €TO B CETh,
HE00X0uMO K OCHOBHOMY BbIxoy (O-12)B moxakmiouuTth coriacoBanHyto Harpysky 50 Owm.
VYcTaHOBKa BBIXOJHOTO HampsbkeHHUs reHeparopa ['4-154 B pydHOM pexuMe OCYLIECTBIISIETCS C
noMmouiplo pyuku "ycrtaHoBka — AM" u kHomku HI-AM (3aropaercs cerogmon "HI™
PacIoJIOKEHHBIM B MpaBoil yacTu jiuueBod naHenu). Ilpu 3Tom Ha Tpex3HAUHBIM MHIUKATOP
BBIBOJIUTCSl 3HAUYCHHE HamNpspKeHUsT Ha ocHOBHOM Bbixone (0-12)B. 50 Owm. VYBenuuenue
BBIXOJHOT'O HANPSKEHUS IPOU3BOAUTCS IIyTEM CMelleHusl pyuku "ycraHoBka — AM" Bopaso ot
cpenHero mnojoxkeHus "O". YMeHbIIEHME HANpPsKEHUsS BbIXOJAa IPOU3BOAMTCS IIyTEM
NepeMEeNICHUs] Ha3BaHHOM pPYUYKH BJIEBO OT CpeAHEro mojoxkeHus. 7.1.3. YcTaHoBKa 4acTOTHI
BBIXOJIHOTO curHaia reHeparopa [4-106 ocymecTBiusercd BKIIOYEHHEM OJHOIO U3
MOJIIMANIa30HOB U PYYHON YCTAaHOBKH YacTOTHL. J{JIs1 yCTaHOBKM IIPOM3BOJIBHON YAaCTOTHI MEXIY
JUIMHHBIMH PUCKaMU YaCTOTHOMW MIKAaJbI TeéHepaTopa HeoOXOIUMO MOJIb30BAThCS JEICHUSIMU Ha
aumbe pydku "yctaHoBKa yacToThl MI'I". Bpamas 3Ty pyuky ompenenuTb, CKOJbKO JEIeHUN
auMOa MPUXOJUTCA HAa YYacTOK MEXAY JJIMHHBIMH PUCKaMU 4YacTOTHOM mIKajibl. OmnpeaenuTs,
ckosbko MI'11 mpuxoauTCs Ha 0JIHO JeseHue uMoa. 11 3Toro HeoOX0MMO Pa3HOCTh YacTOT Ha
paccMaTpUBAaEMOM y4acTKe pa3/ieiuTh Ha KOJIMYECTBO JIeIeHUH TuMoa.

s onpeneneHus KOJIMYECTBA JAENEHUM JuMMOa OT Onmkailiied AIMHHOW PUCKU 10 MCKOMOM
YaCTOThI, PA3HOCTh YAaCTOT HA 3TOM y4acTKe pa3Je/IuTh Ha LIeHY AeJIeHU TuMOa U yCTaHOBUTH Ha
IUMO€ TOJIy4eHHOE KOJIMYECTBO JEJIEHUWH, 4TO OyleT COOTBETCTBOBAaTh 3HAYEHHIO HCKOMOM
4aCTOTBHI.

VYcTaHOBKa 4acTOTHI BBIXOJIHOTO CUTHaja reneparopa ['4-154 npousBoauTcs ¢ NOMOIIbIO PYyUKU
"ycraHoBka f'. B ciydae nepemenieHus ee BOpaBo OT CPEeTHEr0 MoiokeHust © 3HaueHHe 4acTOThI
BBIXOJIHOTO CUTHaJIa Oy/1eT YBEIUYMBATHCS AUCKPETHO C LIIarOM:

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 IPONOPLMOHAIBHA BEJIMYMHE CMEUIEHHMSI OT CPEIHEr0 IOJIOKEHUS.
[lepBoHayanpHOE 3HAUEHHME 4YACTOThl M €€ JalbHelllee W3MEHEHHE OTpakaeTrcs Ha
YeThIPEX3HaYHOH IM(PPOBOM HMHIMKATOpPE. YMEHBIIEHHE YacTOThl OOECIEeYMBAETCS MyTeM
CMellleHUs py4yKkH "ycTaHoBKa f' BIE€BO OT CpeHETro MOJI0XKEHHS 110 aHAJIOTHH.

7.1.4. B ykazaHHOM JMara3oHe BHIOpaTh MPOU3BOJILHO TPH 3HAYeHHs 4acTOThl. C MOMOIUIbIO
OTCUETHBIX YCTPOWCTB reHeparopa ['4- yCTaHOBUTBH IEpBOE 3HAYEHUE YACTOTHI M IPOU3BECTH
M3MEpPEHUE C MOMOUIBI0 YacTOTOMEpa. AHAJIOIMYHbIE MU3MEPEHUs NMPOU3BECTU B ABYX APYTHUX
BbIOpaHHBIX TOUYKax. OnpenenuThb

BenmmunHbl adbconmotHoi T = (fr — fur) 'y u otHOCHTenbHOU T =(f / fira)100%. morpenrHocTei
YCTaHOBKH YacTOThl. 3HAUE€HUE U3MEPEHUN U BBIYUCIIEHUN CBECTH B TaOnuily 2.

No YcraHoBieHHOE H3mepennoe OcHoBHas
3HAYEHHUE YacTOThl HA | 3HAUEHUE  YACTOTHI | OTHOCUTEIbHAS
reHeparope fr fia




MOTPEIIHOCTb
YCTaHOBKHU YaCTOThI
k[ k[ %
1
2
3
7.1.5. VI3 monydeHHbIX BeaudruH b BBIOpaTh MakCHMaJIbHYIO U CPAaBHHUTH €€ C JIOIYCTUMOM IO
HOpME:

i 1'4-106 800n = 01.0 %
st ['4-154 690, = [1110.01 %
Ecnmu(df)max >040n TO >89on TO JA€TAETCS BBIBOJ, UTO TEHEPATOP HE MPUTOJICH K IKCIUTyaTaIHH.
7.2. BEIIOJIHUTH TOBEPKY KPAaTKOBPEMEHHOM (32 15 MUHYT) HECTaOMIBHOCTH YaCTOTHI TeHEpaTopa
['4-. Jlng 3TOro € IMOMOIIBIO OTCUETHBIX YCTPOMCTB YCTaHOBHTh Ha BBIXOJE IeHeparopa
HOMUHAJIbHOE fH 3HAa4YeHHWE YacTOTHl paBHOE Oonblied w3 4YacToT 3amaHHeix B 1.7.1.4. C
UHTEpBAJIOM B | MUH. mpousBecT 15 n3Mepenuii yactorsl. [lanHble 3aHecTH B Tabauiy 3.
Tabnuma 3
Ne 1. |2 |3 |4 |5 | 6. |7 |8 |9 | 10 11| 12| 13.| 14.| 15
Fr
kg
7.2.1 BeI4ucIuTh KPaTKOBPEMEHHYIO HecTabMIbHOCTh YyacToThl F = (fr)max — (fr)min
rae: (frymax u (fr)min - MakcUManTbHOE M MUHUMAJIbHOE 3HAYEHUS YacTOT U3 Tabi.3.
7.2.2. CpaBHUTb [OJyYEHHBIH pe3yabTaT ¢ IOMYCKaeMON BEJIMYMHOM HECTAOMIBHOCTH IO HOpMeE
Jlagon. [Tocne 30 muH. camornporpena:
st 1'4-106 Froon = (290-10 fa + 30) I';
st [4-154 Froon = 107 fu I
CnenaTb BBIBOJ O IPUTOAHOCTH T'€HEpaTopa K JalbHENIIel SKCITyaTallu.
7.3. ccnenoBatk paboTy reneparopa tumna ['4- B pexxume BHyTpEeHHEN aMIUIUTYIHON MOy ISLIUN.
7.3.1. IlepeBecTr reHepaTop B peXXUM BHYTPEHHEH aMITTUTYIHOW MOTYJISIMH.
Jna I'4-106 tym6nep "BHYTP.-BHEIL" nepesectu B nonoxenune "BHYTP.". lna 1'4-154
kHonkou "HI',AM" nobuthcs cBeuenus ceeroauona "BHYTP. AM".
7.3.3. YcTaHOBUTD Ha BBIXO/JIE TEHEPATOPA HAMPSIKEHUE:
nst '4-106 - (50 - 80) 10° B;
st '4-154 - (1.0 - 2.0) B.
7.3.3. YcTraHoBUTH KO3(PULIMEHT MOYIISIMH B COOTBETCTBUU € Tab.3.
Tabnuua 3
Koadduuuent | A. b. Muzm ITorpemHocts M%
MOJTYJISIIIAH Ha | MM MM %
reHepaTope,
M%
20
40
60
80
VYcranoBka koddduumenta s ['4-106 mMoxynsiuuu TpOU3BOAUTCS ABYMS pydkamu. Pydxoi
"VPOBEHb MOJIVJL." ctpenka uHaukatopa ycraHaBnuBaercs Ha pucky "K". HeoOxomumprii
K03 PUIIMEHT MOYJIAIMH yCTaHABIMBaeTCs nepekitodareneM "M %"

abcour. OTHOCHT.

Hns I'4-154 ycranoBka ko3dduiMeHTa MOIYIALUUN HPOU3BOAUTCS MYTEM CMEIICHUS PYUYKU
"VCTAHOBKA ( — AM". IlepBoHayanpHOe 3HaueHHs Ko3(duuumeHTa MORyISIUH U €ro
U3MEHEHHS MHAUIUPYETCS Ha TPEX3HAYHOM U(PPOBOM UHAUKATOPE.



7.3.4. llogxmiounTh K BBIXOAY reHepatopa ['4- ocummmorpad M TOTYyYUTh Ha DKpaHe
OCLMJIJIOTPaMMy MOJTYJIHPOBAHHOTO KOJIEOaHHMS.

nn

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

BeixoJ "(1-12) V: 50 Om. Yacroty reHepaTopa pa3BepTKH IIPH 3TOM HE0OXO0AUMO BBIOpaTh B 2-3
paza Hike 4acToThl Moaynupytoiero curnaia (1000 I'm).

YcranoBuTh Ha ocuwiiorpade peKMM BHYTPEHHEH CHHXPOHU3AIMH U pydKkamu "YpOBEHb" U
"CTaObUIBHOCTh JOOHUTHCS YCTOHYMBOTO H300pakeHus. OnpenenuTh HW3MEpPEHHBIE 3HAYEHUS
KOd(UIMEHTA aMITTUTYTHOW MOIYIISALIUU CICTYIOIINM 00pa3omM

oot \
oA

4 Ju“v“unh A
vy

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

JlanHble U3MEpEHU U pacyeToB CBECTHU B Tabi.3. 6

7.3.6. ITo konnyecTBEHHOM OLIEHKE MOTPEIIHOCTH U3MepeHus M caienaTh BBIBOL.

7.4. UccnenoBaTh paboTy reHeparopa ['4- B pexxrMe BHEITHEH MOTYISIUH.

7.4.1. IlepeBectu reneparop 1'4- B peskUM BHEIIHEN MOIYJIALIMH.

s renepatopa 1'4-106 Tym6Onep "Buemn.-Buytp." nepeBectu B mnosnoxenue "Buemn.". Jlns
re"eparopa ['4-194 knonkoii "HI',AM" nobutbcsi cBeuenus cseronuosa "Buemn. AM".

7.4.2. YCTaHOBUTD Ha BBIXOJI€ T€HEpaTOpa HANPSKEHUE U YaCTOTY B COOTBETCTBHHM € Ta01.4.

Tabmuma 4
No 6purassl 1. 2. 3. 4, 5. 6. 7. 8.
Fuec |1'4-106 | 0,24 0,35 0,43 0,52 0,64 0,71 1,52 1,63
MI'm |T'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
'4-154 |5,8 48 3,9 4.4 42 3,5 51 3,8
B
Fxon | I'3- 120 140 210 230 370 410 530 610
I'n
M % | I'4-106 60 90 70 80 90 60 80 50
I'4-154 |50 80 60 70 80 90 80 90

7.4.3. IToaKIIOUNTE MOIYJIUPYIOIIMI CUTHAJI BHEITHETO T€HEpaTOpa CUHYCOMIAJIbHBIX CUTHAJIOB
HU3KOM yacToThl Trma ['3- ¢ vactoroit PmMox Ha pazsem "AM" (Buemmn. AM").

Jna reneparopa 1'4-106. Perynupys HampspkeHHe MOIYJHPYIOLIETO CHUTHala, YCTaHOBHUTH
cTpenky uHaukaropa Ha pucky "K". HeoOxomumelii (3agaHHblii mo Ta0n.4) ko3dduumeHt
MOIYJISIIIAN YCTaHABIMBAETCSA Mepek- Jrouatenem "M %",

Hns reneparopa ['4-154. Perymupysi HampspK€HHE MOMYJIUPYIONIETO CHUTHAjda YCTaHOBUTH
3a/laHHbIA KOA((UIIUEHT MOIYIISINH 110 TPEX3HAYHOMY OTCYET- HOMY yCTpOcTBY. CBETOIMO
"KoHTp.AM" CBETUTBCS HE JTOJIEK.



7.4.4. llony4nTs ocUMIUIOTPAaMMy CHTHala C 3aJaHHBIMM IIapaMeTpaMH U ONPEIEIUTh 10 HEH
KOA(DPUITUEHT aMIUTUTYTHON MOTYJISIIHS.

7.4.5. PaccuntaTh aOCOJIIOTHYIO M OTHOCHUTEIIbHYIO TOTPEIIHOCTH M3MEPEHHOTO 3HAYCHUs
Kod(uImenTa aMIUTMTYTHONH MOIYJISIIIUM OTHOCHUTEIBHOTO 3Ha4ueHUss M. yCTaHOBJIEHHOTO Ha
reHeparope.

7.4.6. 110 KOIMYECTBEHHOM OIIEHKE MOTPEIIHOCTA U3MEpEeHUsI M clienaTh BBIBOJ

IIpakTuyeckasi pa6ora Ne9.

Tema 4.1. DnekTpOHHO-Iy4eBO# ocuuIorpadg

1. A3y4yeHue 3JIeKTPOHHOTIO ociuIorpaga

Heas padorbl: O3HakOMJICHME C TPUHIMIIOM JEHCTBUsA ocuwuiorpada, HcciIeIoBaHUe
XapaKTepUCTHK, IPUMEHEHHE ocLuIorpada B KaueCTBe U3MEPUTEIBHOTO proopa.

ITepeyennb ucnoib3yemMoro 000pyaoBaHus

1. Ocuumnnorpad ynusepcanbnbiit GOS-610FG.

TeopeTuyeckas 4acTh:

brnoxk-cxema

Ocmmtorpad 3To mpudop, MpeaAHa3HAYCHHBIHN T UCCIICTIOBAHUS U PETHCTPAIMH JIEKTPUICCKIX
MPOLIECCOB

Brom XY Y¥CHIIHTE b

=

Bepruxanzn it SuexTporHo- Topua oHTANEHEH Teneparop

Ty EEad pasEepTEH
YCHIHTENE %
TpybEa

EBorok
TH TaHHA

Puc.1 brok-cxema npocreiiero ociuuiorpada.

bnok-cxema (puc.1) npocreiiiiero ocuumiorpada COCTOUT U3 CIETYIOLUUX IEMEHTOB:

1.

OfHUM M3 OCHOBHBIX DJIEMEHTOB OCLMIUIOrpada sBIAETCS JIEKTPOHHO-Iy4eBas TpyOka, B
KOTOPOH Y3KHMI My4OK JETALUIMX IEKTPOHOB MPOXOIUT Yepe3 JIBE Maphl MIIACTUH (TJIACTUHBI
“X” m nmactuHbl “Y”) W BbI3bIBaeT cBedeHHE 3kpaHa. [lmactunbel “X” u mumactussl “Y”
pacroI0keHbl IEPIEHANKYIIIPHO IpYr Apyry. Eciin mogaBaTh Ha 9T IJIACTUHBI HAIIPSYKEHUE,
JIy4 OMUUIET Ha SKpaHe KPUBYIO, HA3bIBAEMYIO OCIHIIJIOTPAMMOIA.

Jist modmydeHusi OCHUIUIOTpamMM, H300pakaroluX 3aBUCHMOCTh HAIPSIKEHHS] OT BPEMEHH,
HEOOXOJMM TEHepaTop TOPU3OHTAIBHON pa3BEepPTKH. OITO TEHEpaTop MUI000Pa3HOTO
HaIpsKEHUs, KOTOPOE MOAAETCsl Ha TOPU30HTAIILHO OTKJIOHSIOIINE TIACTHHBI “X” M MOXKET
MCHSATBCA 110 aMITUTYAC U 4aCTOTE.

AMIUIMTY]a HMCCIENyeMOro CHrHaja 4vacTo ObiBaeT Mamna. J[is yBenuueHHs curHaia
MPEyCMOTPEH YCUJIUTENb BEPTUKAIBLHOTO OTKJIOHEHUS, a Jjs obecreyeHus: HeoOXoIuMoit
IIMPUHBI U300paXKEHUS — YCUIIUTENb TOPU30HTAIIBHON pa3BEPTKH.

B pesynbraTe menoro psaa mpUYMH 4acTOTa CUIHajla He BIOJHE cTaOwibHa. M3-3a sToro
OCLIMJIOTPaMMa CTAHOBUTCS HEYCTOMUYUBOMU. JIJI1 MCKIIIOUEHUs HEYCTOMYUBOCTH I'€HEPATOP
TOPU30HTAJILHON Pa3BEPTKH CBS3BIBAIOT C UCCIEAYEMBIM CUTHAJIOM, 3aCTaBIIss €ro padoTaTh
CHHXPOHHO C M3MEHEHHMSMM MCCIEeIyeMOoro curHaima. OTy (yHKIUI0 B ocmuuiorpade



BBIMOJIHSACT OJIOK cuUHXpoHu3anuu. Hccnemyemblii cHrHalm MOXHO MOJaBaTh JHOO

HEIOCPEICTBEHHO Ha TUIacTUHBI “X” uiun “Y”, mnbo yepe3 BepTUKATBHBIA U TOPU3OHTAIBHBIN

YCUJIUTEIH.
DJIeKTPOHHO-J1y4yeBasi TpyOKa
DJEeKTPOHHO-Ty4eBass TPYOKa C DJIEKTPOCTaTUYECKUM YIPABICHHEM COCTOMT M3 BaKyyMHOMH
KOJIOBI HMJIMHIPUYECKOH (POPMBI ¢ paclIMpeHrueM K OJHOMY KOHITY B BHie KoHyca (puc.2). [Toutu
IUIOCKOE OCHOBAHME KOHYCA MOKPBITO CIOEM JIIOMUHO(OpPA. ITO 3KpaH TPyOKH D. DIEKTPOHBI,
BBUIETEBIINE C KaTOJa MOJ Pa3HbIMU YIJaMH K €ro MOBEPXHOCTHU, MOMAAIOT B 3IEKTPUUECKOE
noyie UWIMHAPa M, OKpyKaroliero katoja (MOIyJsTOpa), WU, KaK €ro €lie WHaye Ha3bIBaloT,
YIPaBIISIOLIETO 3JEKTPOa, UMEIOIIETO0 OTPUIIATENIbHBIN MOTEHIIMA OTHOCUTENIBHO KaToa. DTUM
[I0JIEM, IOTOK DJIEKTPOHOB C)KMMAETCS M HAlpaBseTCsl B OTBEpCcTHE MoayisaTopa. Tak
dbopMupyeTcsi 3JEKTPOHHBIM My4oK. MHTEHCHMBHOCTH Iydka, a CJIEAO0BaTEIbHO M SPKOCTb
CBETSIIEroCsl Ha HKpaHe ISATHA MOYKHO PETYJIUpPOBaTh € MOMOIBIO IoTeHmoMeTpa R, T.x. mose
VIPaBISIOUIETO AMEKTPOAa TOMUMO CKUMAIOIIETO ACHCTBHS Ha MOTOK 3JIEKTPOHOB OKAa3bIBAET
eme u Topmossiee aeiicrBue. Ilpum gocraToyHO OOJBLIIOM OTPHULATEILHOM IOTEHIMAIIE
MOAYJSATOPAa MOXKHO COBCEM “TIOTacUTh~ MYYOK.
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Puc.2 DnexkrponHo-11yueBast TpyOKa ¢ 3JI€KTPOCTaTUYECKUM YIIPABICHUEM.

IToce MoxynsATOpA 3JIEKTPOHHBIN ITY4OK ITONAAAET B DJIEKTPUUECKOE MOJIE IIEPBOr0 aHOa, WIIH,
KaK €ro emie HasblBaloT, (okycupyrouiero IwinHApa. Ha Hero mopaercss MoOJOXKHUTEIbHOE
OTHOCHUTEJIbHO KaToJla HampsyKEeHHE TMOpsSAKa HECKOJbKMX COT BOJIBT. JTO MOJ€ YCKOpSET
AJIEKTPOHBI B Iy4Ke U, Ojaronaps cBoeil KOHPUrypauuu, CXKUMaeT 3JIEKTPOHHBIN MydoK. Takum
o0pa3oMm, (poKyCHpOBKa JTyya JOCTUTAETCS U3MEHEHUEM MOTEHIMaIa IEPBOr0 aHO/1a C IOMOIIIbIO
noreHiomerpa Rz, Bropoil aHon mnpencrtaBnsier W3 ceOs KOPOTKMHA IMIMHIP, KOTOPBINA
pacrosaraioT HENOCPEJCTBEHHO 3a IEpPBbIM aHOJOM M IOJAal0T Ha HEero 0ojee BHICOKOE
MOJIOKUTENbHOE HampspkeHne (1-5 kB). 3TOT aHOJ Ha3bIBAIOT €Ule YCKOPSIOUIMM aHoAoM. B
pe3yJbTaTe AMEKTPOHAM COOOIIAETCs JOCTATOYHAsI CKOPOCTh, YTOOBI BBI3BATh CBEUEHHUE IKpaHa, a
6naroaapst GOKyCHpPOBKE Ha HKpaHe MOJydaeTcs CBeTsmascs Touka. Cuctema 3J1eKTpoJI0B: KaTo-
MOJIYJIATOP-TIEPBBIA AaHOJ-BTOPOIl aHOJ 00pa3yloT TaK HAa3bIBAEMYIO AJIEKTPOHHYIO MYIIKY.
Jlanpme pacrosiokeHsl [B€ Mapbl NapajyieNbHbIX IUIACTUH. OpHAa M3 HUX YCTaHOBJIEHA
TOPU30HTANIBHO, a JApyras BepTUkaiabHO. Ecim k mnactuHaMm “X” U “Y” NpUIIOKUTH Pa3HOCTh
MOTEHIMAJIOB, TO AJIEKTPOHHBIN Jy4 Oy/AeT OTKIOHATHCS B TOPHU3OHTAIILHOM MM BEPTUKAILHOM
HanpasieHusXx. Takum oOpa3om, MpeTeprieB Ha CBOEM IYTH JIBa B3aUMHO HEPIEHIUKYISIPHBIX
OTKJIOHEHUS, DJIEKTPOHHBIN Jyd MOXeT ObITh HampaBlieH B JI0OyI0 TOYKYy 3KpaHa. [lpum
OTCYTCTBHM OTKJIOHSIOIIMX HAIpPSHKEHUN Ha IUIACTHHAX AJIEKTPOHHBIM JIyd IONAJaeT B LEHTP
JKpaHa.

1.3. IlpyHIMI MOJYyYeHHUS OCHMIJIOTPaMM



Puc.3 Ilpuniun rpaguaeckoro mocTpoeHus.

Eciu Ha BepTUKaJbHO OTKIOHSIONIME IJIATHHBI Y™ 3JIEKTPOHHO-TYy4eBOH TpPyOKH IOAATH
MEePEMEHHOE HaIpsHKEHUE, TO OJJICKTPOHHBIA JIyd HAYHET KOJIeOaThbCsi B BEPTHUKAIBLHOM
HAIPaBIIEHUU U OCTABUT HA JKpaHE TPYOKU CBETANIYIOCS BEpTUKANbHYIO NuHUI0. Ecimm ke
MepEeMEHHOE HAIIPSKEHUE IMOJATh TOIBKO Ha TOPU30HTAIBLHO OTKJIOHSIOIINE IJIACTUHBI “X”, TO Ha
SKpaHE MOJYYUTCS TOpPU3OHTaJbHAsA cCBeTsIascs JUHUA. 1Ipy OqHOBpEeMEHHOM BO3IEHCTBUU
MEPEeMEHHBIX HAIpPsHKCHUH Ha 00€ Maphl IJIACTHH B 3aBUCHMOCTH OT COOTHOIICHHS MX 4acToT,
aMIUIUTYA U (a3 MOXKHO MOITYYUTh Pa3InyHbIe OCIIIIIOrpaMMbl. PaccMoTpuM, 4TO mostydaercs,
€cJIM Ha 00€ Maphl IUTACTHH M0/1aBaTh 1Ba CHHYCOUJATBHBIX HAMPSKEHUSI, B KAYECTBE HCTOYHUKOB
CHHYCOMJIAJIbHBIX HAMNPSDKEHUM MOXKHO B3STh HampspkeHue u3 cetd 4dactotod 50 I'm wim
HaAIPsDKEHUE OT 3BYKOBOT'O T'€HEpaTopa JIF000M YacTOThI B 3BYKOBOM JIMAIIa30HE MPUOIM3UTEIHHO
1o 20 x['u. Bo3bMmeM 11711 IPOCTOTHI JIBa CUHYCOUJAIBHBIX KOJEOaHUsS OJAMHAKOBOW YacTOTHI U
OJIMHAKOBOM aMIUIMTYABl W METOAOM Trpau4eckoro IOCTPOSHUs Hahjaem  (dopmy
ocuuuiorpaMMel. [IpuHIMI mocTpoeHust BUIEH U3 uepTexa (puc.3).

Wtak, ecnu cuHycoMaanbHbIE HAIPSOHKEHUS COBIAJAIOT MO YacToTe U Mo (a3e, TO Ha dKpaHe
MONTy4yaeTCsl HEMOJBIDKHAS TpsiMasi JIMHUA. MeToaoM Tpaduveckoro IMOCTPOSHUS JIeTKO
PaccMOTPETh, YTO TOIYUUTCS HA dKpaHe ociruiorpada, eCiiy 3TH HAaPsHKEHUS CIBUHYTH 10 ¢aze

T 3T

Ha J11000# yron. B obmem ciayyae Oyaet HaOIIOAaTHCS SIUTHIIC, TIPH cABHTre (a3 2, 2wurag —
OKPYXKHOCTb, a ipu 0, ™, 2Ty T, — npamas. MaTeMaTUYeCKH JTO BBIPAKAETCA CHCTEMOM
YpaBHECHU:
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VckmiounB 13 IPUBEICHHBIX YPaBHEHHUH BpeMs t, TOTYIHM:
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B o0miem cirydae 5To BRIpaKeHHE €CTh YPaBHEHHE JIIIHUIICA, @ B YACTHOM — OKPY)KHOCTH U TIPSIMOIA.
Ecnu nonaBath Ha MIIACTUHBI CHHYCOUAATIbHBIC HAITPSDKEHUS Pa3IMYHOM YacTOThI, TO KapTHHA Ha
9KpaHe YCIOKHUTCS, HO SICHO, YTO €CITH YaCTOTHI 3TUX HANPSHKEHUH OYAYT OTHOCHTCS IPYT IPYTY
KaK IeJIble 4YHCiIa, TO Yepe3 OINpe/eleHHble MPOMEXYTKH BPEMEHH CUTyalus JOJDKHA
MIOBTOPSTHCS, M OCIIMJUIOTPaMMa TIOJYYHTCSl HETOJBIKHOW. DTH HETOABIKHBIE KPUBBIE HOCST
Ha3BaHus Guryp Jluccaxy.
Xoa padorsI:
1. I3yunts GyHKIMOHATBHYIO CXeMy ocuuiiorpada.
2. VI3yunTh Ha3HAUYEHUE OPTaHOB YIIPABJICHHUS.
3. OTBETUTH HA BOIIPOCHI

1. KakoBo Ha3HaueHHMe ®  00JacTh  TNPUMEHEHHS  DJIEKTPOHHOTO

ocuuiorpaga?
2. Kak oOecrieunBaeTcst yCTOMYMBOCTh H300paK€HUs Ha dKpaHe?



3. B kakux pexumax MOXeT paboTaTb T€HEepaTop pa3BepTKu?
4. Kak uzmepsercst HanpspkeHUe MPY TOMOIIU octmniorpada?
5. Kak n3mepsiercss AMUTETBHOCTH MPH MOMOIIX ocumiiorpaga?
IIpakTuyeckas padora Nel0.
Tema 12. D1eKTPOHHO-Ty4eBOi ocuuIorpad.
Onpenesienne nmapamMeTrpoB pa3BepTKH ocHuLIorpada.
Heanb padorsl: HayunThes onpenensaTs BUABI U IApaMETPhl HEIPEPHIBHOM U XK AYIIEH pa3BepTKU
JUIs IOJIy4EeHHUsl YETKOTO U HEMOABMKHOTO N300paKeHMsI Ha 3KpaHe ocluiuiorpada.
Ilepeyennb ucnoib3yemMoro o00pyaoBaHus
2. Ocmumiorpad yausepcanbubiii GOS-610FG.
3. T'eneparop curnanos GAG-810.
TeopeTuyeckasi 4acTh:
I'enepaTop nu1000pa3Horo HanpsKeHusi (reHepaTop pa3BepTKH)
Jlis mosryyeHust OCHMIIIOrpaMMbl, M300paxaromeil 3aBUCUMOCTb UCCIIElyeMOro HalpsHKEHUs OT

BpPEMEHHU Uy = f{t), BcriomMoratenbHoe HanpspkeHue Ux JOMKHO OBbITh MPONOPIMOHATIBHO
BpeMeHHU. [Ipy 3TOM 3JEKTPOHHBIA JIy4, OTKJIOHSICH B BEPTHKAJIHLHOM HANpAaBICHUU B
COOTBETCTBUU C 3aKOHOM HCCIIEIYEMOTO HAIPSHKCHHsI, OJHOBPEMEHHO OyIeT JBHUTaThCs
pPaBHOMEPHO BJOJIb 3KpaHa. 3Ha4yuT, HampsbkeHue Ux pa3BepTKH JODKHO CpPaBHUTEIBHO
MEJICHHO BO3pacTaTh B TEYCHWHM HEKOTOPOrO BPEMEHH, a 3aTE€M MTHOBEHHO IMaJiaTh JIO HYJIS
(puc.4a). rpaduk Takoro HampspKeHUS Mo (opMe HalOMHUHAET 3yOLbl MUJBI, MO3TOMY 3TO
HaINpsHKEHUE HAa3bIBACTCS MIII000pa3HbIM. PeanbHO miit000pa3Hoe HAMIPSHKEHHE TTOTYYaloT TyTeM
q&penymmnxcx MeXy coOoM 3ap}I[II[KI/I (puc.406) (Bpems t1) 1 pa3psaku (BpeMs t2) KOHIEHCATOpA.

Puc.4a Puc.46
OueBUHO, YTO MPU PABEHCTBE MEPUOJOB HccienyemMoro HanpsbkeHus Tn u pasBeptku Tp Ha
9KpaHe MOJYYHUTCS OJUH TEepHOJ ucciaeayemoro Hampsokerus (puc.S). Ipu Tp=nTh (N — memnoe
YHCII0) OCHUJUIOTpamMMa OylleT MPEeACTaBIsATh COO0OM KPUBYIO U3 N MEPUOJIOB HCCIEAYEMOTO
HanpspkeHus. Ilpy He3HauuTeNnbHOM HapyIIEHWH HTOrO YCIOBHS OCHMIUIOrpaMMa HayHET
neuratbest 160 BrpaBo (Tn >Tp) mubo BaeBo (Th<Tp) BHOIB OCH X.
Y 40y Taxum o6paszom, A HOIYyUEHHUS] BpPEMEHHOM
OCIMJUIOTPAMMBl  HaJ0 Ha BEPTHUKAIBHO
OTKJIOHSIIOIIME TUTACTHHBI TPYOKHM TOJaBaTh
ﬂ , L | MccIeayemMoe HaIpsKEHUe, a Ha
U * \ \j \// TOPU30HTAJILHO OTKJIOHSIIOIINE TUIACTUHBI —
| T nuia000pazHoe HampsikeHne. YacTOThl ITHUX
HamnpsDKEHUH MeXAy coO0W JOKHBI OBITh
U. PaBHBIMU WJIM OTIMYAThCS APYr OT Apyra B
uenoe uyuciao pas. [‘eHepatop pas3BepTKH
MOXET paboTaTh B pPa3NUYHBIX PEKHUMAX.
Hamo mnomumTh, uTO 111  HAOMIOACHUS
vt MEePUOJNYECKHUX CHUHYCOUJIAJIbHBIX
Puc.5 HaIpsDKEHUH, CIIYKUT HENPEPhIBHASA, NN KaK
€e Ha3plBalOT WHA4Ye, aBTOKoJeOaTeNnbHAS
pa3BeprKa.
[Ipoueccol ke nepexoaHble, TOBTOPSIONIUECS Yepe3 HEOJUHAKOBbIE MTPOMEKYTKA BPEMEHH HIIU
UMEIOLINE BUJI OY€Hb KOPOTKUX MEPUOJIUYECKUX UMITYJIHCOB (MM OJTHOKPATHBIX UMITYJIbCOB), HE
yJIaeTCsl UCCIIEZIOBATh BU3yaJIbHO MPH MOMOIIM TTOBTOPSIFOIICHCS MUI000pa3HOM pa3BepTKHU.
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YroObl MOXHO OBLIO HAOMIOAATh KOPOTKHE HMITYJbCHI, Kak NEpUOJUYECKHEe, TaK U
HETIePUOINYECKHE, JIUTEIBHOCTh PAa3BEPTKU JOIDKHA OBITH HECKOJIBKO OOJBINE JIHTEIbHOCTH
uccnenyemoro currana. [lomoOHble pa3BepTKH HA3bIBAIOTCS SKAYUIMMH WJIA OJHOKPATHBIMH.
['eneparop xmymel pa3BepTKH COOMpaeTcs Ha OCHOBE CXEMBbl I'€HEpaTopa IMHIO0OPa3HOTo
HaNpsOKCHUs, HO OH MPUBOJUTCS B JCHCTBUE MPH MOMOIIM BHEIIHETO 3aIlyCKaIOIIero CUrHaa,
1O/ ACHCTBHEM KOTOPOTO T€HEepaTop >KAYIIEH pa3BepTKH CO3JaeT TOJIBKO OAMH MUI000pa3HbIHA
umnynsc. [lo mpexparieHnn AEWCTBUS 3alyCKAIOLIEr0 CHUTHAjla TEeHepaTop BO3BpAIIAETCs B
COCTOSIHHE TIOKOSI JI0 CJIETYIOIIEro CUrHaa.
Knuymass pasBepTka XapakTepuszyeTrcs TEM, UTO CKOPOCTb M3MEHEHHUS MHI000pa3HOro
HANpsDKEHUST MOJXKHO PEryJIMpOBaTh COBEPLICHHO HE3aBUCHMO OT YacTOTHl H3MEpSeMOro
HanpspkeHus. CrenoBaTesibHO, OTMAfaeT HEOOXOIMMOCTh B CHHXPOHM3ALMU M CO3IAETCS
BO3MOXKHOCTh HaOJIIOJaTh Ha OJKpaHE YacTh MCCIEAYeMOro HampsbkeHus. Yacto 3amyck
reHeparopa pa3BepTKH MPOU3BOAUTCS CAMUM HCCIIETyEMbIM CUTHAIOM
Jlns modydeHusl HETOJIBM)KHOTO HM300payKeHHs Ha SKpaHe ocuwuiorpada mepuon pasBepTKH
JOJDKEH OBITh paBeH WM KpaTeH MepuoNy CHrHama, T.e. TP = N * TC mpu ucciiegoBaHUH
CHHYCOMJAJIbHBIX CHTHANOB. IIpM HCCIeNOBaHMM CHUTHAJOB, CIEAYIOMMX C  OOJNBLIONH
CKBaXHOCTBIO (Q Ooutblie 5) NCIONIB3yeTCs K ITyIas pa3BepTKa, CyTh KOTOPOU COCTOHUT B TOM, YTO
UMITYJIbC Pa3BEPTKHU MOAaeTCs Ha X-TIACTHHBI TOJBKO TOT/AA, KOT/Aa €CTh MCCIIETyEeMbIi CUTHAI,
NpUYEeM JUIUTEIBHOCTh UMITYJIbCA PA3BEPTKU COM3MEPHMA C JIUTEIFHOCTHIO CHUTHAJNIA, a BpEeMs
3aJIep)KKM CHTHAJa OIPEIEISeTCS HMCXOAS W3 TOro, 4YTO HMMITYJIbC CHTHaja JOJDKEH OBITh
MIOCEPEIMHE PA3BEPTKHU.
Xoxa padoTsbl
1. Ompenenuth BHJ pPa3BepPTKH, 4YacTOTy pas3BepTku fp, mnepuon paseeptku Tp,
JUTUTEIBHOCTh MMITYJIbCA Pa3BEPTKH TP, BpeMs 3aJEpKKU CUTHanA 13 Ui sKaymneit
Pa3BEPTKH.
VcxonHble JaHHBIC IS pacueTa B3sTh U3 Tabmaumsl 3.1

Ne  mo| HenpepeiBHas pa3BepTka Knymas pazseprka
CIHICcKy Cunyconpanpubiii | [IpsmoyronbHbIi IIpssMOyTONBHBIN
CUTHAJI CUTHAJI CUTHAJI
Yacrtor Koin-Bo Yacrora JlmarensHOCT Koi-Bo Yacrora | Inut-1h
a IIEPUOJIOB CUTHaJIa b uMmnynascoB | Curiana | uMmysbca
curHan | Ha 9kpaHe | FC, k'l UMITyJIbCa Ha DKpaHe fc, k' CUTHAJIA,
a OCLIILIOTpa CUTHAJIa, MKC MKC
ba ocuuitorpagda
N N 1,2,3 0,8N 0,5T 1,2,3 N 0,1T
1.1 Pe3ynbTathl pacyera 3aHecTy B Tabauiy 3.2
Tabnuua 3.2
Ne o HenpepsiBHas pa3sepTka AKnymas pazBepTka
cnucKy| CHHYCOHUIaIbHbIN CUTHAI [IpssMOyTONBHBIN CUTHAT [IpssMoyToNbHBIN
CUTHAJI
fc, fo, | Tp, | 1p, Koun- fc, fo, | Tp, | tp, | Kom- fc, fo, | Tp, |1p, |13
kI'm | kI'm | Mkc | mkc BO k[ | kxI'm | MkC | Mkc | BO k['m | kI'm | MkC | mMKc
nep. Iep.
Ha Ha
OKpaHC 9KpaHe
OCII. OCII.
1 1
2 2
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Conep:kanue oT4yera.
OT1uéT no/IKEeH coepKaTh
1.2 Ha3Banue paboTHhl.
1.3 [enn paboTHI.
1.4 TabGau1el pe3yabTaToOB pacuera.
1.5 Bun ocumiuiorpaMM HanpsKEHUH pa3BEPTKU U CUTHAJIA.
1.6 OTBeThI Ha KOHTPOJIBHBIE BOIPOCHI.
1. Korna ncnonp3yercsi HeMpepbIBHAS pa3BepTKa?
2. Korga ucnionb3yercs kyiias pa3peprka?
3. Kak momyuuts Ha 3KkpaHe ociuuiorpada HenoABMKHOE N300paskeHre CUrHana’?

IIpakTuyeckas padora Nell.

Tema 4.2. U3mepeHue napaMeTpoB CUTHAJIOB.
H3mepenne 4acToThl M BpeMeHHBIX HHTEPBAJIOB
Hesas padorsl: [Ipnobpectn ¥ cucTeMaTH3MpPOBATh 3HAHUS MO TeMe «l3MepeHue YacToTh U
BPEMEHHBIX HHTEPBAJIOBY.
IlepeyeHb UCNOIB3YEMOr0 000PY10BAHUS

4. Ocuumnorpad yausepcanbabii GOS-610FG.

5. T'eneparop curnamos GAG-810.
Teopernveckasi 4acTh:
Ocumitorpag-4yacroromep
a) OnpenenuTh 4acTOTHl CHHYCOUAIBHOTO HANPSHKEHHST MOXKHO ¢ omouibio ¢uryp Jluccaxky.
Jlns 3Toro uccieayeMblil cUrHai MoJaeTcs Ha OAHY Hapy IulacTUH “Y”, a Ha JApyryi mnapy
TUIACTHH MOJIAeTCs HATIPSDKEHHE OT 3BYKOBOTO reHepaTopa. Eciim yacToTsl OyIyT OTHOCHTBCS KakK
uensle yucna (Hanpumep 1/1, 2/3, 4/5, u T.1.), TO M300paxKeHHE MOTYUUTCS HEMOJBUKHBIM.
[TogOupas 4acToTy 3ByKOBOT'O T€HEpaTopa MOXKHO TOOUTHCS TAKOTO TOJIOKEHHUS, YTOOBI (PHUrypa

T o 3w
) bo=7 to== M=
Jluccaxy Obuta pazsepHytoit (puc.6). [Ipu sToMm 4 2

Aep=0,m

4 , T.C. JMHHUHN HC

CIIMBAKOTCA KaK IIpH

Torma, eciiv MBICIEHHO 3aKIJIFOYMTH €€ B KBAJPaT M MOCYUTATh YKMCIIO KaCAHUN K BEPTHKAIBHON

CTOpOHe KBaI[paTa H K l“OpI/I3OHTaJ'ILHOI71 CTOpOHe KBaI[paTa, TO COOTHOHLICHHUEC 3TUX YHCCII 6yﬂeT
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DTO JIETKO MOHSITH U3 CICAYIONINX PACCYXKICHHH: MyCTh IEPUOJT Yepe3 KOTOPBIN CUTyanus Oyaer

MOBTOPSATHCS, T.C. JIyd HAUHET JBUTATHCS IO TIPEKHEH TpaekTopuu OyaeT (puc.7). 3a 3To BpeMms

HanpspkeHue Uy TpUKABI TOCTUTAI0 MAaKCUMYyMa, T.€. YUCIIO KaCaHWM K BEPTHKAIbHON CTOpOHE

KBajpata OyzaeT paBHO TpeM nx=3, Uy MakcuMyMma, T.e. YUCII0 KAaCAaHWH K TOPU30HTAIBHOM CTOPOHE
£, 3

KBajipaTta OyaeT paBHO IByM ny=2. Takum oOpazom: f 2

OnpenenuTs 4aCTOTy NEPUOTNIECKUX CUTHATIOB JIF000H (hOPMBI MOKHO HCTIONB3YS HETIPEPHIBHYIO
pa3BepTKy. s 3TOro HEOOXOIMMO Ha BEPTUKAJIBHO OTKJIOHSIOUIME IUIACTMHBI MOJATh
MCCJIETyEMbIil CUTHAJI, a HA TOPU30HTAIbHO OTKJIOHSIOLINE IIJIACTUHBI HANPSKEHHUE ¢ TeHepaTopa
pasBepTKH W MNOA00paTh TAaKyl 4YacTOTy MHJIOOOpa3HOro HampsKeHWs, 4TOObI Ha SKpaHe
noyty4ymiiach ocuporpamma (1-2 nepuona). s Toro, 4ToObl OHA CTajia HETIOABUYKHOM, HYKHO
o100paTh YpOBEHb CUHXPOHU3ALUU. B coBpeMeHHbIX ocLuuiiorpadax UMeeTcs epeKIoyaTesb
CTpOro KanuOpOBaHHOHN 4acTOTHI TeHepaTopa pa3BepTku. [lockoybKy BpeMs ABMXKEHUS JTyda IO
TOPU30HTAJIM TOYHO PABHO MEPUOAY MUIOOOPA3HOIO HANpPsDKEHHs, OChb X  MOXKHO
pOrpagyupoBaTh B eAMHUIIAX BpeMeHH. Mcnonb3ys maciitad “Bpemsi-neneHue’”’, ykasaHHbIA Ha
NIEPEKIIIOYATENE YaCTOThI TEHEpAaTOpa pa3BEPTKU, U3MEPSIOT IIEPUOJL UCCIIEyEMOTO CUTHAJA.
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Xoa padoTsbl
Paccmotpets Ha ocumiutorpade curHaisl ¢ reHepatopa JI31 (mpsMoyronbHble, TPEYTOIbHbBIE U
CHUHYCOMJIaJIbHbIE HMMITYJbCHI). VI3MEpUTh mepuoJi CUrHAIOB Ha pa3HBIX JUana3oHax dYacToT
ocumiorpa)oM 1 CpaBHUTH €T0 C MOKa3zaHUsIMU reneparopa JI31.
Pe3ynbratel 3aHecTu B Tabnuny 1.

Tabnuna 1.

Bua umnynbca £ 1 T

Ocunnnorpa(b-(ba?.OMeTp. ®daza XapaKTCPU3lyeT COCTOAHUC TapMOHHUYCCKOr'o IIponecca B

U= 1J,cosa

OTpeNIeTICHHBIT MOMEHT BpeMeHH. Da3oil TapMOHUYECKOTO KOJICOAHUS CUUTAIOT

apryment == @+ %y 3necs U — aMIUTUTY/a KoJleOaHul, ™ — Kpyropas 4acToTa, paBHas anf



t — Bpems, ¥0— mavanbHas (asa XapakTepu3yIONIas COCTOSHME TAPMOHMUYECKOTO KOIeOAHUS B
MOMEHT Hauaja oTcueTa BpeMeHH, T.e. npu t=0. 13 nousaTus ¢a3pl BEITEKaeT NOHATHE O CIIBUTE
a3 IByX TapMOHHYECKUX KOJICOAHHI OJTHON M TOH K€ 4aCTOTHI:

=0y - oy =(et+ o) - (ot+ @)= @ - %2 (1)

CnBur ¢a3 MOXXHO OMPEAeTUTh, METOIOM 3Jutnrica. Eciu Ha turacturbl “X’ MOJaHO HaMpsHKEHUE

- ' . T _=Banfwt+
Ve = £8008 5 ya nnactumbl “Y” — HanpskeHHe TOM ke 4acToThl 7 wt+e)

OKpaHE ocummor‘pa(ba MMOJYYHUTCA I/I306pa)KCHI/IC QJIJIMIICAa B BUJC!

E
v = E(XCOS@ +a8* —x? zing)

, TO Ha

. )
Ny ]
e

rie A u B — ammmrynasie, a X U Y — MIHOBEHHbIC 3HAUECHHUS OTKJIOHEHMUS IISITHA B
TOPU30HTAILHOM M BEPTHKAIHLHOM HAMPABIEHUSX COOTBETCTBEHHO (pHC.1).
Puc.1 Pe3ynbraT ciioxeHus ABYX TAPMOHHUYECKUX KOJICOAHUIN OJIMHAKOBOM YaCTOTHI BO B3aMMHO
NEPHEHANKYIISIPHBIX HAPABICHUSIX — AJLIHUIIC.
Jlns onpeneneHuss TOUKU MEPECEUEHUs 3TOTO AJUIUIICA C OCSIMU KOOPAMHAT MOJIOKUM CHavaja
y=0, a norom x=0. Torga nosy4uunm:
sing =% Fo i&

A E (3
Ecnu otperynupoBats ycuienue no “X” u no “VY” tak, yto6sl A=B=D, T0 noxyuum, uyto

X
sin(a:'=i—u=iE
D I

TakuMm 00pa3oM, 10 TOUKaM MepeceyeHus JUIUICA C OCIMU KOOPAMHAT X0 M Yo 1 MAKCUMAJIbHOMY
OTKJIOHEHUIO Jyda A u B ompenenstor casur (a3 Mexnay JIByMsl KoJeOaHUSMHU OJMHAKOBOM
YacCTOTBI.

IIpakTuyeckas padora Nel?.

Tema 4.2. U3mepeHue napaMeTpOB CUTHAJIOB

Ocunsiorpaguyeckne MeTobl M3MEPEHUI.

Hesas padotei: [IpuobGpereHre U cucTeMaTH3aIMsI HAaBBIKOB PA0OTHI € OCIIMIIIOrpad oM.

IlepeyeHb HCIO/1b3yeMOro 000pyA0BaHUSA

1. Ocuumnorpad ynusepcanbubiit GOS-610FG.
2. T'eneparop curnamos GAG-810.

Teoperuyeckas 4acThb:

[Ipy Hanuuuu IUHEHHOW pa3BepTKH ocIIorpada TOpU30OHTaJIbHAS OCh SIBISIETCA OCHIO
BPEMEHM, a BEPTUKAJIbHAs OCBbIO HaNpspDKeHMH. JlomycTwM, 4TO pa3BepTKa HAEaIbHO JIMHEHHA M
CKOpPOCTb JIBJKEHUS JIyda B TOPU30HTAIbHOM HAIlpaBJICHUN U3BECTHA.

Torpaa 3ama4a onpeeneHns BpEMEHHOIO MHTEpBaja CBOAUTCS K N3MEPEHUIO JIMHEWHOTO pa3Mepa
MHTEPECYIOIIEH HAC YaCTH OCLMIJIOTPAMMBI U JIEJICHHUIO MOJyYEHHOTO YHCia Ha CKOPOCTh Pa3BEPTKU.
C ToukM 3peHus M3MEPEHHs BPEMEHHOIO0 HHTEpBaja BBIFOJHO IIKATY PETyJIATOpa pPa3BEPTKU
rpajlyipoBaTh B BEJIMYMHAX CKOPOCTU OTKJIOHEHUS Tyda. OOBIYHO UCHONB3YIOT BEIMUUHY, OOPATHYIO
CKOPOCTH, KOTOPYIO Ha3bIBaIOT K03(h(PULIMEHTOM pa3BEepTKHU:



Kr =Tmp/ Lr
I'ne Lr — nuHa oTpe3ka ropu30HTAIBHON OCH, COOTBETCTBYIONIAS JUIMTEILHOCTH IPSIMOTO XoAa T mp.
KoadduureHT pazBepTku Ha pa3HbIX JUara3oHax BBIPAXKAETCS B MKC./JEI., MC./A€., C./ el
3HaveHNe BPEMEHHOI'0 MHTEPBaa ONpeesieTCs YMHOKCHHEM U3MEPEHHOTO pa3Mepa Hy)KHON 4acTH
OCIIHJUIOTPaMMBbI Ha KO3 PHIMEHT pa3BepTku K .
AHAJIOrMYHO IS XapaKTEPHCTHUKH BEPTHKAJIbHOM ocu ocuwmiorpada BeeaeH KoddduiueHt

OTKJIOHEHUS.
Kr =Usx/LB

I'me UBx - ammiuuTyna curHaia, mnojaBaemas Ha BXoJ Y; LB-oTkioHeHHE jyya B BEpTHKaIbHOM
HaInpaBlIeHWH, COOTBETCTBYOMEee 3HaueHne UBx. KoadduimeHT oTkiioHeHHs BhIpaxkaercs B B/men.,
MmB/nein.

Xox padoTsi:

1. I3Meputh aMIITUTYAY UCCIIEyEMbIX CUTHAIIOB.

Jlist m3MepeHus HaNpsDKeHHs ToJaTh Ha BXoJ Y curHan ot reHepatopa GAG-810 ¢ wacroToi
1000l . ITogoGpath Takyro JIUTEIHHOCTH pa3BEPTKU, YTOOBI HA HKpaHe HabI0anock 2-3 nepuoa
n3MepsieMoro curnana. [lepexirodarens BXOIHOTO aTTeHI0aTopa «BOoJIBT/IeN.» TOCTaBUTh B TAKOE
MOJIOKEHHE, YTOObI M3MEpSEMBIii CUTHAJ M0 BEPTUKAIU HE BBIXOAMI 3a mpeiensl skpaHa DJIT.
3amaBasich BENIWYMHON HANpsOUKCHUs HA BBIXOJE T'€HEpaTopa COTjacHO AaHHbIM TaOmuisl 4.1.1
WU3MEpUTh aMIUTUTYAHOE 3HAYCHHE HAMNpsHKEHUS ocIuuiorpagoM M paccuuTaB JICHCTBYIOIIEE
3Hauenne U, cpaBHUTH ero ¢ HampsibkeHueM UreH. J[aHHble W3MepeHUN M PacueToB BHECTU B
tabnuny 4.1.1

Taoauna 4.1.1

Bapuant HanpsixeHne ycTaHOBJICHHOE Ha BBIXOJIE.
Urem, redepaTtopa Uren , B
B 1/4|7]10 |0,03 0,08 0,15 0,25 0,35/ 0,45/ 0,8 [15]25|35[45]|55
2/5/8]11 |0,0501]02|03|04|05]|1 2 |3 |4 |5 |6
316[9]12 |0,06 0,12 0,18 0,28 0,38 06 |12 [23|38 |42 |56 6,8
Uamma, B
U,B
0, %

rae U=Uamrn / J2

8 %= (Uren-U) ¢ 100% / Uren

5.2 V3MepuTh ATUTETBHOCTH MEPHOAA HENPEPHIBHBIX CUTHAIOB. J{J1s1 U3MEpeHHs yCTaHOBUTH Ha
reaepatope ['3-102 nanpspkenne 1B, u mogatek curaan Ha Bxon Y ocmmuiorpada. imureasHocTh
pa3BepTKU BBIOMpATh Takol, yToObI HabmoAaTh 1-10 nmepronoB n3MepsieMoro curnana. OTcunTan
KOJIMYECTBO JCTICHUI IO TOPU3OHTAIH JJIs 8 TMEePHOI0B HAOII0JaeMOTO CHTHAJIAa U YMHOXXHB Ha
LEeHy JAeNeHHs KaluOpaTopa UIMTENbHOCTH, OIPEASNIUTh JIUTEIBHOCTh & mepuonoB. Jlns
OTIpeIeNICHUS JUTUTEIBHOCTH OTHOTO TIEpHO/Ia TTOTyYSHHBIN Pe3ysIbTaT pa3IesIuTh Ha §.

JlaHHbIe U3MEpEHUH U pacyeToB BHECTH B Tabuuity 4.1.2

Tadauua 4.1.2

Bapuanr YacToTa ycTaHOBIICHHAS Ha BBIXOJIC.
frew, reHeparopa fren , I'n
'y 1/4]7]10 | 1000 | 2000 10000 20000 30000 50000
215]8|11 | 1500 | 3000 15000 25000 40000 60000
3[16]9]12 | 2500 | 4000 20000 35000 70000 100000
T, Mc
Tpacu, mc

AT




[To n3MepeHHON ATUTETFHOCTH MepHoia T MOKHO ONPEAETUTh YacTOTY,
f=1/T.

5 ConepxaHue oTyera.

OTuéT JOMKEH colepKaTh

5.1 Lenb paboTHI.

5.2 3apanue.

5.3 Ilepedenb mpuOOPOB U 0OOPYTOBAHHUS.

5.4 Tabnuupl U3MEPEHUN U PacUeTOB.

5.5 BeiBogsl o paboTte

5.6 OTBeTHI HA BOIIPOCHI.
1. Kak onpenensercs uyBcTBUTENBHOCTH DJIT?
2. Bwuabl cunxponuzanuu ocuusuiorpaga?

IIpakTuyeckas padora Nel3.
Tema 4.2. U3mepeHue napaMeTpoB CUTHAJIOB.
H3y4yenue padoTsl nndpoBoro yacroromepa.
Heas pa6orbl: M3yunTh (GYHKIMOHAJIBHYIO CXEMYy 4YacTOTOMepa, Ha3HaYeHHE OPraHoB
ynpasieHus npudopa. Hayuntbcs npons3BoIuTh U3MEPEHHUS.
IlepeyeHb HCNOIB3YEeMOI0 060PY10BAHUS
1.I'enepatop GAG-810.
2. Yacroromep U3 — 57.
TeopeTuyeckas 4acTh:

M3mepenue yacToThl — OJlHA M3 BaXKHEMIIMX 3a7ay U3MepUTENbHOM TexHukH. Hannuue
BBICOKOYACTOTHBIX 3TAJIOHOB ONPEAEIAET BO3MOKHOCTh U3MEPEHUSI YACTOTHI C MOTPEIIHOCTHIO +
5-10™.

[TapameTp TMEPHOAMYECKOTO CHUTHANA, XapaKTePH3YIOUIMA HAMMEHBIINA WHTEPBAJI BPEMEHH,
yepe3 KOTOpBIM IMOBTOPSIOTCS €ro MTHOBEHHBbIE 3Ha4YeHHWs, Ha3blBaloT nepuojgoM T. Benuuuha,
oOpatHast nepuoy, Ha3zbiBaeTcst yactoroil: f= 1/T. Eaununeid nuamMepeHus 4acTOThI SBIISETCS TepI]
(1T = Ict, T.e. enuHMIa YacTOTHl ompenensercss MPHUHATHIM Pa3sMEPOM EIHHMIIBI BPEMEHH).
[pumenstoTcs kpaTHble equnuibl: kugorepr ( 10° 'y ), merarepr ( 10° ' ), rurarepr ( 10° I'm ),
teparep ( 102 Ty ).

1 3apanme.

1.1 M3yuuTs u 3HaTh Ha3HAUYEHUE OPraHOB yIpasieHus npuodopa U3 — 57.
1.2 V3yunTth (HyHKIMOHAIBHYIO CXEMY YacTOTOMEpa.

1.3 M3mepuTh 4yacTOTy reHepaTopa B PeXUME U3MEPEHUS YaCTOTHI.

1.4 V3mepuTh nepuos renepaTopa B pexkKMMe U3MEpPEHUs Iepruoa.

1.5 V3mMepuTh OTHOIIEHUS YacTOT.

1.6 Pe3ynpTaThl M3MEPEHUH 3aHECTH B TAOIUIIBL.

Xoxa padoTsbl

1. TloaroroBka mpubdopa k padore.

2. TIpoBepuTh 3a3emiieHue MpuOOpA.

3. Bxutouuth mpubop TymbiepoM «CeTb», MPU ITOM JOJDKHBI 3aCBETUTHCS WHIAMKATOPHBIC

namIbl g poBoro Tado mpuodopa.

4. Jlate mpubOOpy MPOTPEThCS B TEUYEHHWU |5 MUHYT, MOCIE HYEero MOXKHO MPHUCTYNHUTh K
U3MEPEHUSIM.
[TpoBepbTe paboTocnOocOOHOCT, TPUOOpPa B pPEXHME CAaMOKOHTPOJIS B  CIeayroIei
MOCJIEIOBATEIBHOCTH:
BKIIIOUNTE KHOTIKY «KOHTp.»,ycTaHOBHUTE «BpemMs UH.» B MOJNOKEHHE, yTOOHOE IS OTCUETA.
N3MepeHne 4acToThl.
CoenuHATH BX01 A 4acTOTOMEpa C KJIEMMaMH BBIX0JIa TE€HEPATOPA.
Bxatounts kHOMKY «HacToTay.

o
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10. INepexmnrouatens «mMt0,MS/MHOXK.» YCTAHOBUTE B MTOJIOKEHHUE B 3aBUCUMOCTH OT ~ Tpedyemoit
TOYHOCTH u3Mepenus. [Ipu stom, ipu usmepenun vactor 0,1 I'm go 10 ' pexomenmyercs
BKiII0YaTh KHONKy 104, mpu u3mepenuu wactor ot 100 ' o 1 MI'n BkmounTts kKHONKy 10°, a
npu u3MepeHuu 4actot cBaiime 10 MI' — knonky 10 mnu 1.

11. Pyuky «Bpemst uH/.» yCTaHOBHUTE B YAOOHOE [ OTCYETa MOJIO0KECHHUE.

12. BeixogHOo€ HanpspKEeHUs reHepaTopa ycranoBute B npeaenax ot 0,1 go 1 B.

13. Pe3ynbTaThl H3MEPEHUH M BHIYMCIICHUH 3aHECTH B TabnuIly 4.1.

Taobmuua 4.1
Bapuant | YacToTta, ycTaHOBII. Ha T'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 35(55|75(195111,5| 13,5 15,5 17,5/ 19,5
muox. | 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
AOGCOIOTHAS IOTPEITHOCTh OTpEeIsIeTcss 1o hopMyIie:
Af = fyer. —To

. 3mepenue nepuona.

Coenunuts BxoJ b npubopa ¢ knemmamu resepaTtopa.
Bxmrounts kHONKY «llepuon by.
[Mepexiroyatenb «MS/MHOXK.» YCTAaHOBHTE B MOJOKeHHe 1, a mepekmiodarens «t/S» - B
3aBHUCHUMOCTH OT TpeOyeMOl TOYHOCTH U3MEPEHUS U JJIUTEIbHOCTH U3MEPSIEMOTO MEPUO/Ia.
Pyuky «Bpems uHa.» ycTaHOBUTE B YA0OHOE JUIs OTCUETa MOJI0KEHHUE.
[Tpu u3mepeHun nepuoa curHana HampspbkeHueM ot 1 no 10 B ans curnana cunycouanbHOU
dbopmsl BrrounTe kHonky 1:10/ 1:1 B.
IIpousBecTH OTCYET PE3yabTaTOB U3MEPEHHUS.
Pe3ynbTarhl n3MepeHuii ¥ BbIYMCIIEHUH 3aHecTH B Tabmuiy 4.2.

Tabnuua 4.2

W3mep. v BbIY. BE) 2 5|8|11| 2| 4| 6| 8 |10 | 12 14 16 18 | 20

Bapuant Yacrtora, ycTaHOBII. Ha TeH./ycT., K['11
1 4171101535 |55|75(95|115 |135 |155 |17,5|195

3 |6/9]12| 1] 3| 5| 7]9 |11 13 15 17 | 19

T (cex)

T pacu. (CEK)

AT (cek)

Pacuer mponsBouTcs 1o hopmyire:
Tpacu. = Lfren (cex)
AT = Tpacq‘TqaCT (CGK)

Conep:xanue or4era.

Hazpanue paboTeI.
Ilens paGoThI.

[Tepedenp ucnonb3yemMoro o0opy0BaHusl.
3amanue.
Pe3ynbrarsl H3MEPEHUN U BBIYUCIICHUN.
BriBosibI 110 paboTe
OTBeThl Ha BONPOCHI.
1. HazHaueHue oTAENBbHBIX Y3JIOB CTPYKTYPHOU CXE€MBbI yacToToMepa?

Nooakowhe



2. Kakoii cursain OTKpbIBaeT CEIEKTOP B PEKUME U3MEPEHUS] YaCTOTHI?

3. KakoBbl nocTonHCTBA ITU(DPOBBIX YACTOTOMEPOB?

4. Kakoil NpuHIMI M0JI0XKEH B YCTPOMCTBO JIEKTPOHHO-CYETHOI'O YacToToMepa?
5. Ot 4ero 3aBUCUT NMOTPELIHOCTh LHU(POBBIX YACTOTOMEPOB?

IIpakTuuyeckas pabora Nel4.

Tema 4.3. U3MepeHuUe CNIEKTPAJbHBIX XaPAKTEPUCTHK, 3aTyXaHUS M YCHJICHHUS.
CemuHap-o0cyxjaeHue NUCbMeHHbIX pedepaToB
Heasb padorsi: OOcyxkaeHne MUCBMEHHBIX pedepaToB 1mo teme «M3MepeHue CreKTpaabHBIX
XapaKTEePUCTHK, 3aTYXaHHs U YCUICHUS.
Bonpocsl, BLIHOCHMbIE HA CEMHUHAP:

1. DnexTpuyeckue Mpouecchl,IPOTEKAONINE B PaIMOTEXHIYECKUX YCTPOHCTBAX.

2. AHaiuM3 MpoIeccoB B AMEKTPUIECKUX LETISX.
3. AHamM3aTophl CIIeKTpa.
4

[{udpoBsie 1 aHAIOTOBBIEC aHATH3ATOPEI.

IIpakTuyeckas padora Nel5.
Tema 4.4. U3mepeHue urymMoB.
HN3mepenue nrymos.
Leab padoThl: 03HaKOMJIEHHE C (PU3UYECKMMU MEXaHU3MaMH LIyMOOOpa3oBaHMs, METOJaMHU
ydeTa W ONMMCAaHHs IIyMOB M (DIyKTyannid mapamMeTpoB B PaIMO3IEKTPOHHBIX MpuOOpax (B
OCHOBHOM TBEPAOTEIbHBIX).
Ilepeyennb ucnoib3yemMoro 000pya0BaHus
OKcrepuMeHTallbHasi yCTaHOBKa (MHTEPHET Pecype)
TeopeTuyeckas 4acTh:
Tepmunb! “mIyM” 1 “ayKTyalun” MOKHO pacCMaTpUBATh KaK CHHOHMMBI.
OpHako, Kak MpaBUIIo, O] ITyMaMH ITOIPa3yMEBAIOTCS DJIEKTPUIECKHE IIIyMbI, HAalIPUMED,
IIyMBI HaIIpsDKEHUS U Toka. TepMuH “aykTyanun’” accounupyercs ¢ GpryKTyalusiMu
apaMeTpoB, HaIpUMEp, COIPOTUBIIEHHUSI, TMO0 EMKOCTU PAaIMO3JIEKTPOHHOTO 3JIEMEHTA.
Iymbl ABASIOTCS (PAKTOPOM, OTPAHUIMBAIOIIUM (DYHKIIMOHAIBHBIE BO3MOXKHOCTH MTPAKTHUYECKH
BCEX PATHOIIEKTPOHHBIX YCTPOUCTB.

V() =V, + er(t)

3nech Vo= IyR — majenne HanpspKeHUsI HA pe3nucTope, er(t) — d7C TEIIOBOro IyMa,
TEeHEPUPYEMOTO PE3UCTOPOM.
TennoBoil ryM MozienupyeTcs Ha MpeICTaBIEHHOM PUCYHKE SKBUBAJIEHTHBIM I€HEPAaTOPOM
HaNpsDKeHUs. DTOT IIyM BCETJa MPHUCYTCTBYET Ha BBIBOJIAX pe3ucropa. Ero cratuctuueckue
XapaKTEpUCTUKHU HE 3aBUCST OT BEJIMYUHBI TOKA /), IPOTEKAIOLIETO Yepe3 pe3UCTop.
OtH mrymsl (a Takke GIyKTyaruy IapaMeTpoB) OTPaHUIMBAIOT KaK JaIbHOCTb, TaK U
Ha/I&KHOCTD Mepejauy MOJIE3HOTO CUTHAJIA.
J{po6oBoii mym. J[po6oBOIi ITyM BO3HUKAET, KOTJ]a HOCUTEIHU 3apsiia CIydaiiHO
nepeceKaroT HEKOTOPbIi MOoTeHIaNbHbIN Oapbep. [Ipu TOM KakIplif HOCUTEIh TeHEPUPYET B
[ETTH UMITYJIBC TOKA, ¥ CYTIEPIIO3HIINS 3TUX UMITYJIBCOB 00pa3yeT (QIIyKTyHPYIOIIHHA TOK.
[Tpumepamu sBIIsIIOTCS QIIYKTYAIMH TOKA JIEKTPOHHOMN JIaMITbl, 00YCJIOBJICHHBIE CITy4ailHbIM
BBIXOJIOM 3JIEKTPOHOB U3 KAaTO/a BCIEACTBUE TEPMOIEKTPOHHON IMUCCUM; (PITYKTYyalluu TOKa
doronmoa u3-3a CirydaifHOW TreHepaluy HOCUTENe! Mo IeHCTBUEM MaJatoIIero U3Iy4eHus;
GiykTyaluu Toka, IpOTeKaIoUIero Yepes p-n nepexo, TakkKe UMEIOT XapakTep ApoOoBOro
mryma. TepMHUH «1poOOBOI IITyM» MPOUCXOAUT U3-3a AaHAIIOTUHU 3TOTO SBJICHUS IIyMY
CBHIILTIONMXCS APOOUHOK. J[poOOBOIi IITyM HApsiAy CO MHOTMMU APYTHMHU (IYKTyallMOHHBIMU
SIBJICHUSIMU OITMCBIBAETCS C TIOMOIIBIO MOJIETTH UMITYJILCHOTO CITy4aifHOTo mporecca.
[Tporekatommii B menu Tok | (t) mpexcrasisiercs: B BUIE CYyNEPIO3UIUH OTACIBHBIX HMITYJIbCOB:



1(t) = Yxlk(ttg)

rae Ik (t) dopma K -ro ciyyaitHOro uMiryiinca Toka, ty - Cay4ailiHbIii MOMEHT €r0 MOSIBJICHHSL.
OOBIYHO MPEIIONAraeTCs, YTO BCE UMITYILCHI TOKa OMUHAKOBBL: Ik (t) = I,(t)
Yucno umnynascoB N, BO3HUKAIOIUX HA HEKOTOPOM MHTEpBajie BpEMEHH, ciiydaiiHo. Bo MHOrHx
peabHBIX CUTYAIMSIX (MMITYJIbCHI BOSHUKAIOT PABHOBEPOSITHO BO BPEMEHH, HE3aBUCHMO JIPYT OT
Jpyra, ¥ BEPOSITHOCTb OJIHOBPEMEHHOTO MOSIBIEHUS HECKOJIBKMX UMITYJIbCOB PaBHA HYJIIO) 3TO
YHCII0 UMITYJIBCOB MOAYMHSIETCS pACIpPEICTICHUIO BEPOSTHOCTH.
Bausinue 1po6GoBOro mryma B 3J€KTPOHHBIX CXEMaX 3aBUCUT HE TOJIBKO OT TOKA, IPOTEKAOLIET0
yepe3 npuodop, HO M OT HATPY3KH, MOJKII0YeHHON K mpubopy. Kak npasuio, npubops! u
CHCTEMBI, TeHepUpYIoIIKe ApoOOBOH IyM (3JEKTPOBAKKYMHbIE TPUOOPHI, POTOIUOBI,
KOJIJICKTOPHBIE MIEPEXO0 bl TPAH3UCTOPOB) UMEIOT BHYTPEHHEE COIIPOTHBIICHHE, HAMHOTO
IpEBbILIAKOIIEe CONPOTUBICHHE HAarpy3ku. Ha anexkrpudeckoii cxeme apo6oBoii mryMm npudopa
(Hanpumep, GoTOAMO0a) OOBIYHO NPEACTABIIAIOT B BU/I€ HCTOYHUKA TOKA, BKIIFOUEHHOTO
napaielibHO BHYTPEHHEMY CONPOTUBIICHUIO IpUOOpa.
[Tpu paccMOTpeHNHU U30BITOYHBIX IIIYMOB IIUPOKO UCIOIB3YETCS MOHATHE O (PIYKTyanusx
napameTpoB cucteMbl. Hanpumep, B cruily HEKOTOPBIX IPUUYUH MOT'YT CIIydaifHbIM 00pa3om
U3MEHATHCS EMKOCTh KOHJICHCATOpA WITU COIPOTUBIICHUE PE3UCTOPA, BHICOTA MOTEHIIUATEHOTO
6apbepa p-n nepexo1a NoIyIpOBOIHUKOBOIO pudopa. Eciu k anekrpuueckoit neny,
coJiep KalIei Taknue 3JIEMEHTBI, IPUIIOKUTH HAMIPSDKEHHE, B IIETTH BO3HUKHYT U30BITOUHBIC
baykTyarum Toka.
Haubouee nmpocToii SBIsIETCS MOAETH PABHOBECHBIX (DIIYKTYalMid COMPOTHBICHUS. TepMuH
PaBHOBECHBIE 03HAYAET, YTO (UIYKTYaI[MH COTPOTUBIICHUS CYILECTBYIOT BHE 3aBUCUMOCTHU OT
TOTO, IPOTEKAET JIN TI0 CONPOTHUBIICHUIO TOK HJIM HET, U UTO CBOMCTBA 3TUX (PIyKTyanuii He
3aBUCAT OT ToKa. Eciin uepe3 Takoe payKTynpyrolee COnpoTUBICHUE IPOIYCTUTh OCTOSHHBIN
AIIEKTPUUYECKUH TOK Iy, Ha COMPOTUBIIEHUH BO3HUKHYT (QUIYKTYaIl[UH HAPSKEHUS
u(t) = I, r(t)

r(t)-bayKTynpyromias cocTapisroIas MOJIHOro conpoTusiaeHus. OTcro1a ciaenyer, 4To
CHEKTpaJbHAS TUNIOTHOCTH M30BITOYHOTO ITyMa OTPEIeIIeTCS CIEKTPAIbHOM MIIOTHOCTHIO
GayKTyanuii conpoTUBICHNUS:

Sy(f) = 1o % Sr(f)
MomTHOCTh H30BITOYHOTO IIYMa, BEI3BAHHOTO (PITYKTYaIlMsIMUA COMTPOTHBIICHUS,
NPONOPLIHOHATIBHA KBaIpaTy MPOTEKAIOIIEro TOKa, U 3TO OTIMYAET €ro OT IpoOOBOro 1ryma,
UMEIOIIETO JIMHEHHYIO 3aBUCHMOCTb MOIITHOCTH OT TOKA.
Ou3nuecKuMH NpUUUHAMU QITYKTYyaluil CONPOTUBIICHUS MOTYT OBITh, HAIIPUMED, (PIYKTyaluu
YrcIIa MOABMKHBIX HOCUTEIIEH B IMOJIYIIPOBOTHUKOBOM MaTepHalie H3-3a CIyJaifHOTO XapakTepa
IPOIIECCOB FeHepaluy/peKOMONMHALINY; (PIIYKTYyallMM MOJABMKHOCTH HOCHUTENEH U3-3a
CIIy4aifHOTO POKJICHHS/ YHHUTOXECHUS 1e(DEKTOB KPUCTAIUTMYECKON pENIeTKA IPOBOTHHIKA, HA
KOTOPBIX IPOMCXOIUT paccesiHUe HOCUTEIIEH; ClTyJaiHbIi 3aXBaT/0CBOOOKICHNE HOCUTENEH
3apsizia JIOBYIIKaMH, PACIOJIOKEHHBIMH B 00€THEHHOM CIIO€ P-N Mepexo/ia, U Apyrue.
N36BITOYHBIH 1IyM, BBI3BAHHBINH (DIYKTyallusIMH N1apaMeTPOB, B HEIMHEHHBIX HJIEMEHTAX YacTo
UMEET JPYTHe 3aBUCUMOCTH MOIIHOCTH (UIYKTYAIli HANPSOHKEHHS OT TOKA.
B kauecTBe mpuMepa paccMOTPUM HOJTYIPOBOTHUKOBBII TMOJI, BOJIbTaMIIEpHas XapaKTePUCTHKA
KOTOPOTO OMHICHIBACTCSI BEIPAKEHUEM:
I'= I, (exp(al) — 1),
I, -0OpaTHBIN TOK HackleHUs 1uoaa, U - HanpshkeHne Ha p-n epexo/ie, o - HEKOTopas
nocrostHHas. Ecim uncto hopmManbHO MPEaIoI0KHUTh, 9TO TapaMeTpsl p-n repexoa Iy u o
(GIYKTYUPYIOT, U 4TO TOK 1uoja | moaaep kuBaeTcst MOCTOSIHHBIM, COOTBETCTBYIOIIEE ITYMOBOE
HarpsHKCHUE.
[Iym, cozmaBaemblil prayKkTyanusMu B 1nozie uMeeT Oosee caadyro 3aBHCUMOCTh OT TOKa, YeM
IIyM, CO3/1aBaeMblii UIYKTYyalUsIMH CONPOTUBJIEHUS. DTOT IPUMEP IEMOHCTPUPYET, UTO
3aBHCHUMOCTH U30BITOYHOTO IITyMa OT TOKA MOXKET OBITh JOCTATOYHO CI0KHOH. JleTambHOe



o0cyx/ieHue U30bITOYHOTO IIyMa B MOJTYIPOBOJIHUKOBBIX TMOaX BBIXOIHUT 32 PAMKU JAHHOTO
ONUCAHMUSL.
CriekTpanbHbIe CBOMCTBA M30BITOYHBIX ITYMOB MOTYT OBITh Pa3IUnYHBIME. Tak, Mporecchl
reHepanun/peKoMOMHALINY, XapaKTepU3yeMble HEKOTOPOIl TOCTOSIHHOM BPEMEHH T , 1AI0T
YAaCTOTHYIO 3aBUCUMOCTh CIEKTPAJIbHOM IIJIOTHOCTH, AJis TerioBoro myma RC-nenouku. Criekrp
TaKOr'0 BUJa Ha3bIBaeTCs CeKTpoM JIopeHIia 1 XapakTepu3yeT IyM B PeIaKCalluOHHOM
cucTeMe, UMEIOIIEH OJJHY MOCTOSHHYIO BpeMeHu. Oco00e MecTo 3aHMMAET (PIMKKEPHBIN IIyM
win mym 1/f. YacToTHas 3aBUCUMOCTB CIIEKTPA ITOTO IIyMa UMEET BUJL:

SCf) 1/ fY
MOKa3aTeJIeM CIEeKTpa Y , OJIM3KUM K eAMHUIIE. Takoil BU CIIEKTPpaJIbHON MJIOTHOCTH O3HAYAET,
yro wyM 1/f nposiBisercs, riiaBHbIM 00pa3oM Ha HU3KHUX yacToTax. HeoObIYHOCTH criekTpa
3aKJIF0YAETCSl B TOM, YTO €r0 MHTErpaj 0 4acTOTE PaCXOAUTCS, U, CIEA0BATENbHO, MOLUTHOCTh
GuykTyanuil 1omkHa ObITh OeCKOHEUHOM. PeabHbIM (pakTOpOM, OrpaHUYMBAIOIINUM POCT
MOIIIHOCTH LIyMa Ha HU3KUX YaCTOTaXx, SIBJISIETCA KOHEYHas JUINTEIbHOCTh U3MepeHus yma. B
HOJYIPOBOIHUKOBBIX YCUIIMTENSAX 3aBUCUMOCTh TUNa 1/f mpocnexeHna BIUIOTh 1O 4acTOT
nopsiaka 107 ',
HIym 1/f npu Tex UM UHBIX YCIOBUSX HAOI0AaeTCsl IPAKTUYECKH BO BCEX JICKTPOHHBIX
npubopax v KoOMIOHeHTax. DIyKTyally 3TOT0 TUIIA TAKXKE MPUCYTCTBYIOT B OMOJIOIMUECKHUX,
9KOHOMHYECKUX, T€OPU3NUECKUX, ACTPOPU3UUECKUX U IPYTUX CUCTEMAX.
Cronb yHUBEpCaNbHBIN XapaKTep 3TOrO SIBJICHUS B HACTOsALIEE BpeMs He 00bsicHEH. B
JIEKTPUUECKUX cucTeMax HryM 1/f 0ObIuHO CBsi3aH ¢ (PIyKTyalusMu CONPOTUBIICHHUS.
OU3NUECKUMH MPOIIECCaMU, HanboIIee OAXOIAIIMMU ISl OObSICHEHHS IITyMa Ha HHPPaHU3KUX
4acTOTax, ABJISIFOTCA 3aXBaT HOCUTEJIEH MEUIEHHBIMU JIOBYIIKAMHU B TOJTYIIPOBOJIHUKAX U
pOXIeHne/yHUUTOKEHHE TeEeKTOB PEUICTKH B MeTayu1aXx. MoJienu, OMHUCHIBAIOIINE 3TOT IIIyM, B
OOJIBIIMHCTBE CJIy4yaeB OCHOBAHBI Ha MPEAIOI0KEHUN O CYNEPIIO3ULMH ITyMOBbIX
penaKkcalMOHHBIX IPOLECCOB, UMEIOUINX pa3IMuHbIe TOCTOSHHbIE BpeMeHU. [ 1aBHast TpyJHOCTh
TaKUX TEOPHUM COCTOUT B PU3NYECKOM 0OOCHOBAHUH PaCHpPE/IENICHNs BECOBBIX KOAPPUIIUEHTOB,
COIIACHO KOTOPBIM JOJIKHBI CKJIAJBIBAIOTCS OTAEIBHBIE PEIAKCALIMOHHBIE IPOLIECCHI IS
nosyueHus cnexkrpa 1/f.
N3MEPEHHUE MOIIIHOCTHU LIYMA
W3mepenue mo00i cTaTUCTUUECKON XapaKTEPUCTUKU [ITyMa BKIIIOYAET ONEPALIUIO YCPETHEHUSI.
ITpu TeopeTnyecKOoM aHaIN3€E CIy4alHBIX IPOLECCOB CPEIHUE 3HAUECHUSI ONIPEIEISIOTCS IIyTEM
YCPEIHEHHUs 110 CTATUCTUYECKOMY aHCaMOIIIO peanu3alyii: Bce TOMyCTUMbIE 3HAUCHUS
yCpEOHAEMON BETMYHUHBI CYMMUPYIOTCS C BECAMH, PaBHBIMUA BEPOATHOCTH dTUX 3HAYEHUH.
DKCHEepUMEHTATOP XKe PACIoiaraeT JHIb OHON peanu3anueii X(t) , u onpeeneHne cpeHux
3HAYEHUH MPOU3BOAUTCA ITyTEM YCPEIHEHMSI 110 3TON €IMHCTBEHHOW pealln3allii — yCpeAHeHU s
10 BpeMeHH. Bo3M0OXHOCTh TaKOTr0 yCpeHEHHsI OCHOBAHA Ha TOM, UTO CIy4alHBIN MpoLecc
o0ajaeT KOHEYHOU MaMATBIO — BpeMEeHeM Koppessiiuu. [loaTomy oHy peanusainuio B
MIPUHIIAIIE MOKHO pa30UTh Ha OT/AETIbHbIE HE3aBUCUMBIE YUaCTKH, U TIOJYYUTh TEM CaMbIM
noo0ue CTaTUCTUYECKOro aHcamOIIs.
[Tpoueccel, A KOTOPBIX YCpEeIHEHUE 0 BpeMEeHH (IIPeIoiaraeTcs, YTo MHTEPBal YCPEIHEHUS
MOYKHO OpaTh CKOJIb YTOJHO OOJBIINM) SKBUBAIEHTHO YCPEIHEHUIO MO0 aHCAMOJII0, Ha3bIBAIOTCS
IProAM4ecKUMH.
Omnepartyst ycpeiHEeHHs 110 BpEMEHU B CIIEKTPAIIbHOM MIPEICTABICHUU ABISETCA (PUIBTPOM
HU3KHUX 9aCTOT, KOTOPBIHM MPOIMYCKAaeT HU3KOYACTOTHBIE KOMITOHEHTBI
BXOJIHOTO CUTHAJIa, BKJIIOYasl IOCTOSIHHYIO COCTAaBJISAIONLYIO, U IIOJIABIISET BBICOKOYACTOTHBIE,
HauMHas ¢ 4acToThl nopsiaka 1/ T . Jlnsg BpeMeHHOro ycpenHeHus QiayKTyaluil B IpUHIUIIE
MOTYT MCII0JIb30BaThCs JTF0ObIe HU3KOYACTOTHBIE (PMIBTPHL. B yacTHOCTH, IpH aHAIOTOBOM
00paboTKe CUTHAJIOB YacTO MPUMEHSIOTCs HHTerpupytonme RC nenoyku.

@yHKIIMOHAJIbHAS CXEMa U3MEPEHUS MOIIHOCTH IlIyMa oka3aHa Ha Puc.6. Ona

COJICPKUT: HCTOYHUK IIYMOBOTO CHTHAJIA, TPECTAaBICHHBIN reHepaTopoM HanpsbkeHus er(t) u



BHYTPEHHUM COTIPOTUBJICHUEM HUCTOYHHKA R, YCHIIUTEIND C peryiIupyeMbIM KO3 UITHEHTOM
yewienus K, GuibTp, 3a1a10MIKi 10JIOCY YacTOT u3MepeHus nryma Af, kBagpaTuunblil nim
JMHEWHBIA AETEKTOP, GUIBTP HU3KUX YaCTOT, BHIMOIHSAIOMNN (PYHKIIUIO yCpeTHEHUs, U

BBIXOJAHOM MHJIUKATOP.

YCI/IJH/ITeJ;[b OubTp Herexrop Ounstp HU
/" \

P _{ R —pt R

2 D ‘ > J \\\// J\

) R (A)
E _ \ Uumukatop 1~

McToarmk \\ i il
G —
E [yMa er() (
~]/

||l

‘ Puc.6. q)\llf“llHUH"l [bHas CXeMa U3MEPCHH A MOIIHOCTH LIyMa.

Jus KBaL[paTHquro JIeTeKTOpa (BBIXOHO CHTHAT IETEKTOpa HpOHOpI_II/IOHaJ'IQ]LLKBaI[paTy
BXOJIHOTO CUTHAJIa) U B IPE/INONOKEHUH, YTO CIIEKTpaIbHas IOTHOCTh UcTouHuKa mryma Sg(f)
IIOCTOSIHHA B IpeJieNax MoJIOChl MPOITyCKaHus GUIbTpPa, MOKa3aHue UHAUKaTopa A
IPONOPLUOHAIIBHO CIIEKTPAIIbHOM MJIOTHOCTH.
IKCIHHEPUMEHTAJIBHAS YCTAHOBKA

OKCHepUMEeHTalbHasl YCTAaHOBKA COCTOUT U3 TPEX 3JIEKTPOHBIX OJIOKOB -
UCTOYHUKOB 3JIEKTPUUYECKUX IIIYMOB Pa3IMYHOIO TUIA, U U3MEPUTEIBHOIO OJI0Ka,
C IOMOIIbIO KOTOPOT'O PErUCTPUPYETCA CIIEKTpaibHasl INIOTHOCTh HIyMa.

HN3mepureibHBII 0JI0K MPEACTaBISIET COOON y3KOMOIOCHBIA YCUIIUTENb C
JETEKTOPOM BBIXOJHOTO cUTHaia. OCHOBHBIE Y3JIbI H3MEPHUTEIHHOTO OJI0Ka U
OpraHbl ynpaBJeHUs MpeJcTaBieHbl Ha Puc.7.

Puc.7 Cxema usmepurenpHoro 0ioka. [lyHKkTHpOM 00BEEHBI 2IEMEHTHI
nojocoBoro ¢puiabTpa. CTpesikaMy yKa3aHbl y3JIbl CXEMbI, K KOTOPBIM OTHOCSTCS
COOTBETCTBYIOLIME OPTaHbl YIIPaBICHUS YCTaHOBKOM.

\—onﬂ_ - '\_BLIXOH : I =

BxonHoii yeunutens /1/ umeet noctosiHHbIN K03 duunenT ycunenus, pasusiii 60.C ero
BBIX0/Ia IIIYMOBOI CHUTHAJ MOAAETCs Ha YCHIIUTENb /2/ ¢ peryaupyemMbiM Ko3ddunneHTom
yCwiIeHNs. BBIXOJHOW CUTHAJI PETYIMPYEMOT0 YCHUIIMTENS BbIBEAEH Ha pazbeM BBIXO/]
JUIS BU3YaJIbHOTO KOHTPOJISI ¢ MOMOIIbI0 ocimuiorpaga. [Tonoca yactot ycunenus
cocraBiger 20T -25k I 11.

YcuneHHbIH ITyMOBOM CHTHAJ MTOCTYIMAET Ha GUIBTP, KOTOPBIN BBIICIISICT
CIEKTpalbHbIC COCTABIIAIOLINE CUTHATIA, JIEKAIINE BOKPYT LIEHTPAIbHON 4acTOThl (hUiIbTpa B



M0JIOCE YacToT, mpuMepHo paBHo# 50 ['11. PaGora ¢puiasTpa ocHOBaHa Ha TpeoOpa3oBaHUU
Y4aCcTOTHI BXOJHOTO cUTHaNA. OUIbTPYEMBId IIyM B CHHYCOHIATbHOE ONOPHOE HANPSHKEHHE,
KOTOpOE BhIpabaThIBaET CeNUAIbHBIN reHepaTop /3/, Ha3pIBa€MbIi remepoAUHOM, MOIAI0TCS
Ha aHAJOTOBBIM YMHOXHTEh CUTHAIIOB /4/. B pe3ynbrare yMHOKEHUS IPOUCX OJTUT CIIBUT
CIEKTpa IIyMa BBEpX U BHU3 M0 YAaCTOTE HA BEJIMYMHY, PaBHYIO YaCTOTe rerepoauHa. B
OKPECTHOCTH HYJIEBOM 4aCTOTHI OKa3bIBAIOTCS CIIEKTPAIbHBIE COCTABIIAIOIINE BXOIHOTO
[IyMa, pacroioXeHHbIe B OKPECTHOCTH YaCTOThI FETEPOANHA. DTU COCTABIISIFOIINE
BBIJICISAIOTCS (UIBTPOM HU3KHX 4acToT /5/, KOTOPHIi BKIIIOYEH Ha BBIXOJC YMHOXKHUTENS. Bee
YCTPOICTBO IEHCTBYET KaK (GUIBTP C MOJIOCOM MPOMYCKAHUSI, PAaBHOM 10J0Ce MPOITyCKaHuUs
¢mibTpa HU3KkKUX YacToT (50 ['1r), 1 UMeroUHiA HEHTPaTbHYIO YaCTOTY (PHIBTPALUHU, PABHYIO
4acToTe reTepoanHa. M3MeHss 4acToTy reTepoinHa, MOKHO H3MEHSTh YaCTOTY HACTPOUKH
¢dmibTpa.
B pesynbrare punpTpanuy nryyMa MOITHOCTh CUTHAJIA HAa BBIXO/I€ (MIBTPA YMEHBIIACTCS
M0 CPABHEHUIO C MOIIHOCTBIO Ha BXoje. J[J1s KoMIeH Ay 3TOro ocladiieHus Ha
BbIXO/ie (PUIIbTpPa YCTAHOBJIEH YCHJIUTEIh HU3KOW YacTOTHI /6/ ¢ perylnupyemMbiM
KO?((ULMEHTOM YCUIICHUS.
Cpennsisi aMIUTUTY/Ia BBIJICICHHBIX CIIEKTPaJIbHBIX COCTABISIONINX IIyMa U3MEPSIETCS C
MOMOIIBIO JBYXITOJIYIIEPUOTHOTO BBIIpAMUTEIst /7/ m uaTerpupytomei RC-nenoukn. K
BBIXO/Y I[EMOYKH IMOJKIIOYCH CTPEIIOYHBIA HHIUKATOD /8/.

C nomorpto nepexitouaTens /9/ Ha BXoAe N3MEPUTEIHHOTO OJI0OKa K HEMY MOTYT
OBITH MOAKIIIOYEHBI BCTPOCHHBIE B YCTAHOBKY HCTOYHUKH IIYMOBBIX CUTHAJIOB (TIOJIOKCHHS
nepexmouarens T, S, E) wnu BHewHuit renepatop..

IIpakTnyeckas padora Nel6.
Tema 5.1. OcHOBHBbIE HANPABJIEHUS ABTOMATH3AIMH U3MEPHUTEILHOI0 NpolLecca.
CemuHap-o00cysKaeHue NICbMEHHbIX pedepaToB
Heab padorbi: OOcyxIeHHE MUCBMEHHBIX pedeparoB mo Teme «OCHOBHbIE HAaNpaBiIeHUS
aBTOMAaTHU3AI[MN U3MEPUTEIHHOTO MPOLIECCA.
Bonpocsl, BBIHOCHMbIE HA CEMHUHAP:
Ienu u 3a1aun aBTOMATH3ALMH.
ABTOMaTH3AIMs H3MEPHUTEITHHOTO MPOIIEcca.
CTpyKTypHBIE CXEMBI POLIECCOB U3MEPEHUS U KOHTPOJIS.
OcHOBHEBIE IMPUHIUIIEI ITIOCTPOCHUS CPEACTB aBTOMATU3UPOBAHHOT'O KOHTPOJIA.
Otansl pa3BUTHS ABTOMATU3AIUH.
ITomHas 1 yacTU4UHAS aBTOMaTu3alus.

ogakrwdE

IIpakTuyeckas padora Nel7.

Tema 5.2. U3MepuTeIbHO-UH(POPMALMOHHBIE KOMIJIEKChI M CHCTEMBI.
CemuHap-o00cyskaeHue NICbMEHHbIX pedepaToB
Heas paGorbl: OOCyxaeHHe NHCbMEHHBIX pedeparoB 1o Teme «M3MepUTENbHO-
I/IH(ZbOpMaHI/IOHHI)Ie KOMIIJIIEKCBI U CUCTEMBI)).
Bonpochl, BBIHOCHMBIE HA CEMHHAP:

5. ba3oBple »iaeMEHTHl TEXHHUYECKOIO OOECHEeUYeHHUs] aBTOMATHYECKHX CHCTEM
U3MEPEHUS U KOHTPOJISL.
DeMeHTBl IPOrPaMMHOTI0 00ECTIEUEHHUS.
Meroas! U cpencTBa IPOrPaMMUPOBAHUS.
ABTOMaTHUYECKHUE CPEICTBA.
Mertposnoruueckue oo6ecredeHus: aBTOMaTU3UPOBAHHBIX CPEJICTB U3MEPEHUH.
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10. YcrpoiicTBa KOHTPOJIS ANIEKTPUYECKHX IIETICH.
11. Ycunurenu CUTHAJIOB U COTJIACYIONTUE YCTPOIMCTBRA.
12. Monynu ananoro-umgposoro mpeodpazosanus (AL LIAIT)



Jluteparypa.
OcHoBHasl JuTepaTypa:

1. VYroabaukos, A. B. Dnexrpuueckue namMepeHus [DIEKTPOHHBIN pecypc] : MPaKTUKYM IS
CIIO / A. B. VYronpbHUKOB. — DJEKTPOH. TEKCTOBbIe gaHHbIe. — CaparoB :
[TpodobpazoBanue, At [Tu Ap Menua, 2019. — 140 c. — 978-5-4488-0266-9, 978-5-
4497-0025-4. — Pexxum mocryma: http://www.iprbookshop.ru/82687.html

2. AdonHckuii A.A. DIIEKTPOHHBIE U3MEPEHUS B HAHOTEXHOJOTUSIX U B MUKPOIJICKTPOHHUKE
[Dnextponnsiii pecypc] / A.A. Adonckuii, B.I1. JIpsiKOHOB. — DIIEKTPOH. TEKCTOBBIC
nanubie. — CaparoB: IIpodobpazoBanue, 2017. — 688 c. — 978-5-4488-0055-9. —
Pexxum nocryna: http://www.iprbookshop.ru/63585.html

3. Boctpoknyro, H. H. Dnektpuueckue m3mepeHus [DIEKTPOHHBIN pecypc| : yueOHOe
noco6ue / H. H. BocTpokHyTOB. — DJEKTpOH. TEKCTOBBIE AaHHbIE. — M. : Akanemus
CTaHapTH3aIUH, METpoJioTud 1 ceptudukanuu, 2017. — 321 ¢. — 978-5-93088-188-2.
— Pexum noctyna: http://www.iprbookshop.ru/78189.html

JlonoIHUTeIbHAS JTUTepaTypa:

1. KysoBkuH, B. A. Dnekrporexuuka u snextponuka : yaeonuk as CI10 / B.A. Ky3oBkuH,
B.B. ®unaros ; Mock. roc. TexHoa. yH-T "Ctankun". - M. : FOpaiit, 2016. - 431 c. -
(ITpodeccuonanproe oOpa3oBanwme). - Ha yueonuke rpud: Pex. YMO. - bubnworp.: c.
431. - ISBN 978-5-9916-6223-9 (3)
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