JlabopaTopHasi padora Ne 4B (BBogHOE 3aHATHE)

IIpouecchl ycTaHOBJIEHHSI TOKA
NpPH 3apsiiKe U pa3psiAKe KOHAeHCATOPa

Jlabopamopnyio pabomy "lIpoyeccovt ycmanognenus moka npu
3apsaoke u pazpsaoke KoHOeHcamopa" Bvl 6yoeme 8blnoHAmMb HA Clle-
Oyiowem 3ansamuu nocie nped8apumenbHoll NOO20MOBKU U NOTYYEHUs.
oonycka k pabome. Cezoonsuinee 6600H0e 3aHAMUE NOCBAUEHO NPU-
0bpemenuo Hasvlkos pabomoel ¢ npubopamu u o0opabomku Kcnepu-
MEHMANLHBIX Pe3Yibmamos.

O0opyaoBanue U npuHALIe:RHOCTH: KoMMyTannonnas miata ¢
KOH/ICHCATOPaMH, COITPOTHBIICHUSMH, TTOTyTIPOBOTHUKOBBIM JTHOJIOM H

MepeKiTiovaTeNsIMi, UCTOYHHUK IMOCTOSHHOTO HAIPSKEHHs, TeHepaTop
IPSIMOYTOJIBHBIX UMITYJIBCOB, JIBa MYJIETUMETPa, ocLuuiorpag.

Onucanue H3MEPHUTETLHOTO CTEHIA

Kormna nepexmiouatens I11 Ha puc.] HaXOIUTCS B MOJTOKEHUU 2,
TOK TPOTEKAET B 3aMKHyTOM 1enn «E - Ry - mA — R». AMmepMmeTp
«mA)» U3MepseT TOK B IIEIH, BOJLTMETP «V» — HaNpsHKESHUE HA PE3U-
cTope Ry, nepexitouarens [12 mo3BonseT BHIOpATh OJHO U3 TPEX CO-
npoTuBIeHU# pe3nctopa R. Cxema, m300pakeHHAs Ha prcC. 2, IpeaHA-
3HA4YCHA JJI M3YYCHMS C MOMOIIBI0 OCHMUIOTpada 3aBUCUMOCTUA OT
BPEMCHHU HANPSDKEHUS Ha PE3UCTOPE MPH €To MOAKIIOUSHUH K TeHepa-
TOpy «I"» MPSIMOYTONBHBIX IMITYJIbCOB.
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Puc. 1. Onexkrpudeckas cxema yCTaHOBKH Puc. 2. Dnexrpuueckas cxe-
Ma ISl HaOJII0IeHHS OBICT-
PBIX IIPOLIECCOB



BoInmoJiHeHHE PA0OThI

B paboueii TeTpagy HanuIIMTe Ha3BaHUE JabOpaToOpHOU paboTHI,
BBIJICTIMTE €r0 [[BETOM HJIH TOTYEPKHUTE.

3apucyiTe B TETpaIu IEKTPHICCKYIO CXEMY YCTaHOBKH (puc.1).

BaumaTenbHO W3yuHWTE W3MEPUTENBHBIM CTeHA, yOeauTech B
HAJIMYUN BCEX HEOOXOAMMBIX MPUOOPOB W KOMIIOHEHTOB, TIPO-
BEpbTE DJIEKTPUUECKYIO cXeMy coennHeHuil. Ha3zHaueHue Bcex
KOMIIOHCHTOB U COCAHWHHUTECIIBHBIX IIPOBOJOB Ha CTCHIAC HOJIKHO
OBITh TIOHATHO — MIPY HEOOXOIUMOCTH OOPATHTECH C BOMPOCAMH K
WH)XCHEPY WIJIN TPETo1aBaTeNIo.

®dopma MpeaCcTaBICHUs pe3yNbTaToB JabopaTOpHON pabOTHI pHU-
BeneHa B [Ipunoxenun 1.

O3HAKOMBTECH C UCIOJB3YEMBIMHU B paboTe MpuOOpaMu: MYIIbTH-
METpPOM U reHepaTopoM (mpounraiite [punoxenns 2, 3).

CHauana Bce TPUOOPHI JOMKHBI OBITh BBIKIIOYEHBI. [lepekmroua-
tens [11 ycranoBute B monoskerue 3", mepexmodarenem [12 BeI-
Oepute conportuicHne R ~5 kOM.

B kauectBe BoapTMETpa M amnepmerpa (cM. puc.l) HCIONb3yI0TCS
MYJBTHUMETPHI, KaXIbli U3 KOTOPBIX MOXKET U3MEPATHh HaIlpsDKe-
HUe, TOK W comnpotuBicHue. OOuH W3 3TUX NpPHOOPOB Oyaem
YCJIOBHO Ha3bIBaTh amrepMeTpoMm (o0o3HaueH "mA" Ha puc. 1),
JIPyroi — BOJIbTMETPOM.

IlepeBenute BonbTMETp V B PEKUM HM3MEPEHMSI CONPOTUBICHUN
(Ha)XMHTE COOTBETCTBYIOLIYIO KHONKY M TPOBEPHTE IMPaBHIIb-
HOCTh IIOACOCIUHEHHUS IPOBOAOB K KIEMMaM BOJIETMETPA).
BxurounTe BOIBTMETP, OH MOKAKET BEIMYMHY CONIPOTUBIEHUS K.
Iloka3anust BonbTMETpa B TeueHHe npuMepHo 30 cekyHa OyayT
MOCTETIEHHO YBEIMYMBATHCS IIOKA HE YCTAHOBMTCS HEKOTOPOE
HEU3MEHHOE BO BpPEMEHM 3HA4Y€HHE. OJTO CBSA3aHO C 3apsAKoON
KOHJIEHCAaTOpa B MIPOLIECCE U3MEPEHUS COMPOTUBIICHHS. 3alUILIUTE
[IOKA3aHUs BOJIBTMETPA, BBIOpaB Ha BOJIBTMETpE Ipejiel1, odecre-
YUBAIOIIHUN MaKCUMaJIbHYIO TOYHOCTb U3MEPEHHUS.



BuumaHue: moka3aHus mpruOOpPOB HEOOXOAMMO 3aIUCHIBaTh B pado-
4yl0 TeTpaab 0e3 UCKaKeHUH, MpeoOpa3oBaHuil U OKPYTICHUH ¢ 00s-
3aTeJbHBIM YKa3aHHEM eAHHUI] H3MEPEHUH.

9.

10.

11.

12.

Hcrnone3yst macmopTHeIE JaHHBIE MYJIBTHMETPA, paccuuTaite abd-
COJIIOTHYIO TIOTPEIIHOCTh Ry (MHpOpMAIHs O MOTPEIIHOCTAX MPH-
6opoB coxepxurcs B [IpunoxkeHnu 5). 3anummre pe3ynbTaT W3-
MepeHuil B pabouyro Terpaab. [loBTOpHTE M3MEPEHHS M pPaCUCTHI
JUTA OOJIBIIEro Mpezena U3MEPEHHH CONPOTHUBICHHUS.

[lepeBeanTe BOJABTMETP B PEXHUM HU3MEPEHHS IOCTOSIHHOTO
HanpsDKEHUs! (MTOJIKII0YUTE NMPOBOJA K COOTBETCTBYIOLIUM KIIEM-
MaM BOJBTMETpPa, HAKMUTE COOTBETCTBYIOILINE KHOIKHU Ha BOJBT-
MeTpe). YOeanuTtech, YTO Ha aMIEPMETPE YCTAHOBIICH PEKUM H3-
MEpEeHUsI TIOCTOSIHHOTO Toka. Bkirouute ero. IlepeBeaute mepe-
kimovarens [11 B monoxenue "2", BKIIOUHTE UCTOUYHUK HampsiKe-
Hua. Yepez 10...15 ¢ koHAeHCAaTOp MOJHOCTBIO 3apsIAUTCA,
HanpsDKeHHE U Ha pe3rcTope Ry U TOK B LENH i CTaOWIM3UpY-

foTcs (TIepecTanyT U3MEHSThCA). V3MepbTe HamnpsHKeHHEe u M TOK
i . Ilpenensl m3aMepeHuii MPUOOPOB BHIOEPUTE ONTHMATHHBIMH.
PaccuunTaiiTe abCONMIOTHBIC TOTPENTHOCTH HAIIPSDKCHHSI M TOKA.

PaccuuraiitTe cmiry Toka B Iemd Ipu momomu 3akoHa Owma
iy =u/Ry . CpaBHUTE i, C N3MEPEHHBIM TPH MTOMOIIH aMIlepMeTpa

3HAYCHUEM 1 .

Boasrmerp u ammepmerp BoikounTe. Kimtou K (puc. 2) momkeH
OBITE pa3oMKHYT. IlpoumTtaitre I[lpmnoxenue 4. Brmoumre oc-
mutorpad. Pyuky, peryimpyromyr aMIUIMTYAy BBIXOAHOTO
HaANPsDKEHVsI HAa TeHepaTope, YCTAaHOBHTE NMPUMEPHO B CpEIHEe
noJiokeHue. 11ob3ysach WHCTPYKIHEH 1o paboTe ¢ OCIUILIOrpa-
¢om, mpoHabmofaiiTe Ha SKpaHe ocuwiorpada 3aBUCHMOCTD
HaNPsDKEHMs Ha pe3nucTope Ri OT BpeMeHH. V3mepbTe mpu momo-
my ocuwutorpada ammuryay U, u nepuof I MOBTOPEHUS UM-

MyJIbCOB, PacCUMTalTe YacToTy KoneOaHuil v =1/T . 3MepeHus
NPOBEIUTE NPH ABYX Pa3IMYHBIX ITOJIOKEHHAX TepeKiIrouaTeeH
"Bonbt/nenenue” u "Bpemst/nenenune" ocuniorpada.



IMpunoxenne 1

dopMa npeacTaBIeHUs Pe3yJbTATOB B padoueil TeTpaaun

[puboper:  I'enepatop: BonsT™meTp:

Awmnepmerp: , Ocrmmmorpad

H3mMepeHne conpoTUBICHUS R

[Ipenen, Om ConpoTuBieHue
Ry=(....2...) Om
Ry=(....2...) Om

Pacuer morpemHocTei: (moApoOHO: (HOpMyIbI, Yucia, pe3yJbTaThl
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H3mepenne Toka 1 HampsHKEHUS
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Pacuer morpemtHocTeid: (TompoOHO: (HOPMYIIBI, YHCIa, PE3YJIBTAThI
pacuera)




IIpuno:xkenue 2
Kpartkue cBeneHusi 0 MyJabTUMeTpax (BOJbTMETPAX)

Ha3znauenue. CoBpeMeHHBIC MPUOOPHI AT U3MEPEHHS HaIps-
KEHUS U TOKa OOBIYHO SIBISIIOTCS MHOro(yHKIMOHaIbHBIMH. C HX
MOMOIIIBIO MOYKHO M3MEPSITh TIOCTOSHHOE HaIpsDKEHHE W TOK, d(hdek-
TUBHBIE 3HAYCHUS! MEPEMEHHOTO (CHHYCOMAAIBHOTO) HANpPSDKECHHUS U
TOKa, compoTusieHue. HexoTopsle mpuOOpHl MO3BOJSIOT TAKXKE Te-
CTHpPOBaTh TUOIBI U TPAH3UCTOPHI, U3MEPATH YACTOTy IEPEMEHHOTO
curHana. Takue n3MepuTenbHble MPUOOPHI YAaCTO HA3BIBAIOT MYJIbTHU-
MeTpaMu. MyJbTUMETPHl Pa3iNUYHBIX THIIOB MOTYT HUMETHh DPa3HbBIE
BO3MOXXHOCTH U XapaKTEPUCTHKH, OIHAKO OCHOBHBIC IIPHEMbI paOOThI
C MyJIbTUMETPAMHU MPAKTUYECKH OJMHAKOBBI.

Bui6op pe:xxmma m3mepenmii. Ha manenn mpubopa HaxomsTcs
KHONIKM WM TIEPEeKIodaTeNy Al BBIOOpa pexuMa H3MEpEHUil:
1) IocTosSiHHOE HampsbKeHHe; 2) CHHYCOMIallbHOE HampspKeHHue; 3)
MMOCTOSIHHBIN TOK; 4) CHHYCOMIAIBHBIN TOK; 5) CONMPOTHBICHHE; 6)
JIOTIOJTHUTENIbHBIE BO3MOYKHOCTH, HAlpUMep, TECTUPOBAHHUE MOIYTIPO-
BOJIHMKOBBIX NpHOOpOB. bernoro 3HakomMcTBa C BHEIIHUM BUIOM
npubopa 0ObIYHO OBIBaE€T JOCTATOYHO, YTOOBI OIpPENENUTh €ro OC-
HOBHBIC H3MEPHUTEIbHBIE BO3MOXKHOCTH.

Bri0op mpenesia u3MepeHuii. Y BOJBTMETpPA UMEIOTCS KHOIKH
WIN TepeKIoyaTesy, NpeAHa3sHaueHHbIe U BEIOOpa Ipeaena n3Me-
penuii. Hammpumep, ecnmu BeIOpaH mpenen m3meperuit "2 B, To mpu-
00p MOXET M3MepsTh HalpsKeHus, He mpeBblmatomue 2 B. B mpo-
THUBHOM CIIy4ae Ha WHAWKATOpE MOSBIAETCS CIelualbHas KOMOMHA-
st nugp, CUTHATM3UPYIONIAS O Meperpyske (HampuMep, racHYT BCe
paspsapl, KpOME CTapIlero, WM MOKa3aHWs HAaYMHAIOT MUTaTh). Pe-
JKUM Tieperpy3ku ('3amkanuBanuda’) HeOMaromnpusTeH Juid npudopa u
HYXXKHO KaK MOXXHO OBICTpee BBIMTH M3 HEro, BHIOpaB MHOW Hpeaem
W3MEPEHUHN UM YMEHBIIIUB BXOIHOW CUTHAI.

Crenyer uMeTh B BHULY, UYTO, YeM OOabUie YCMAHOBIEHHbI npe-
oen usmepenuti, mem 60avuie abCoNOMHASL NOSPEUIHOCIb USMEPEHU.
[ToaToMy m3MepeHHs HyXHO IPOBOJIUTH NMPH MUHHUMAIBbHO BO3MOXK-
HOM npezene (T.e. IpU MaKCHUMalIbHOW YyBCTBHTEIBHOCTH) MpuoOOpa,



HO He Jomyckas ero "3amkanuBaHus". HekoTopsie mpuObOpsl UMEIOT
PEXUM aBTOMATHYECKOTO BEIOOpA TAKOTO ONTHMAIBHOTO PEKHMA H3-
MEpEHUI.

Bxoaunbie kiaemMmMbl mpudopa. HeoOxonnmo copueHTHpOBATHCS
BO BXOJHBIX KJIeMMax MpuOopa, Ha KOTOPBIE MOAAETCS M3MEPSIeMBbIi
curHai. Ha aTom sTame ciiefyeT mposiBIsTH OCTOPOKHOCTh, HE JeH-
CTBOBATh METOOM "Tpo0 1 omuOoK", a 00A3aTEIEHO TO3HAKOMHUTHCS
C ONMHMCaHWEM WM MHCTPYKIHMEH Mo JKciulyaTauuu. HempasuibHOe
UCIIOJIb30BaHME BXOJHBIX KIIEMM MOJKET TPUBECTH K BBIXOAY MPHOO-
pa u3 cTpos. OOBIYHO OfHA M3 KiIeMM ObiBaeT "oOmiel" (kK Hel moj-
KITIOYAal0T OJWH W3 TPOBOJOB C HW3MEPSEMBIM CHTHAJIOM), ApyTas
KJIeMMa TIpeHa3Ha4YeHa Uil W3MEPEHHs HAIpPsDKEHUS, TPEThbs - JIs
U3MepeHHs ToKa U compoTusieHus. CrienuanbHble KIEMMBI CIyXar,
KaK [PaBUIIO, ISl K3MEPEHUS TPEINbHO OONBIIUX ISl JAHHOTO TPH-
Oopa HanpsOKEHUH U TOKOB.

IoaroroBka k padore. CoBpeMeHHBIC TPHUOOPHI OOBIYHO HE
TpeOyIOT IpeBapUTENBHON HACTPOWKH U KannOpoBku. [locie Hempo-
JOJDKUTEIBHOr0 mporpeBa (00bdHO 5 - 10 MHH) OHM TOTOBBI K pabo-
Te.

[HorpemHocTH, YacTOTHBIH AUMANA30H, BHYTPEHHee CONPO-
THUBJeHUe. HekoTopyro BakHYI0O HHPOPMAIHI0O O TPHOOPE MOMKHO
MOYEPITHYTh TOJIBKO M3 €T0 OMHCAaHUSA. DTO MPEXkIe BCErO OTHOCHUTCS
K MHQOpMALMU O MOTPEIIHOCTH U3MEPEHHI, KOTOpasi 3aBHUCUT OT BBI-
OpaHHOTO pEeXHMa, YCTAaHOBIEHHOI'O MpereNia MU3MEepPeHHUil, 4acTOThHI
CUTHaJA.

HeoOxoammo 3HATH YacTOTHBIA JHMAMMAa30H, B KOTOPOM paboTacT
IaHHBIH TpuOop. "BBITOBBIE" MYyIBTUMETPHI, KOTOPBIMH OOBIYHO
NOJB3YIOTCS JOMAIIHUE YMENbLbI, UMEIOT MAaKCUMAaJbHYIO YacTOTYy
paboTocrnocoOHOCTH BCero B Heckonbko coteH repi. "[Ipodeccuo-
HaJbHBIEC" TIPHOOPHI UMEIOT CYIIECTBEHHO OOJBIMUN YaCTOTHBIN JHa-
Ma30H, W 3TO OJHA U3 TMPUYHH, KOTOpas ONpeNessieT UX BBICOKYIO CTO-
UMOCTb.

BaxHpIM mapameTpoMm SBIIsSIETCS BXOAHOE (BHYTPEHHEE) COMpO-
TUBJICHHE BOJBTMETpa. UeM OHO BBIIIE, TEM MEHBIIHNHA TOK MOTPEOIIs-
€T BOJIETMETP MPH U3MEPEHUIX. BOTBTMETPOM C BXOIHBIM COTIPOTHB-
neHueM, Hampumep, paBHBIM 100 kOM, HETb3s TPABUIIHBHO H3MEPHUTH



HalpsDKCHHUE Ha Pe3nucTope compoTuBiecHUeM | MOM: Npu HOIKITIO-
YEHHWH BOJIbTMETPA MapajlieIbHO PE3UCTOPY 3HAYUTEIbHA YacTh TOKa
OyIeT mpoTeKaTh HE 4epe3 Pe3UCTop, a 4depe3 BoibTMeTp. MHBIMU
CIIOBaMHU, MOJAKIIIOYEHHE MpHOopa K UCCIeayeMON cXeMe CYILIeCTBEH-
HBIM 00pa30M U3MEHUT MIPOTEKAIONINE B HEW TOKH.

IIpunoxkenue 3

I'enepaTopbl CHTHAJIOB HU3K0YACTOTHBIE

Ha3znayenmne. ['eHepaTOphl CHTHAIIOB MPEACTABISIFOT COOO0M MCTOY-
HUKHU TIEPUOANICCKUX CUTHAJIOB HAMPSDKCHUS PETyIUPYEeMbBIX aMILTUTY-
IIbI ¥ 94acTOTHI. [ 'eHepaTophl 0OBIYHO UMEIOT CIEYIOIINE OpraHbl YIpaB-
JICHUS ¥ PETYJIMPOBKH.

Boi6op ¢opmbl curnana. Hekoropsie reHEpaTOpbl, KPOME CHUT-
HaJla CUHYCOUJATbHOH (DOPMBI, MOTYT TEHEPHPOBATH IMPSIMOYTOJIb-
HBIC, TPEYTOJIBHBIE U JPYTHE UMITYJILCHL. B 3TOM citydae mMeercs rie-
peKITIoYaTeNh WM TPYMIa KHOMOK JJs BbIOOpa (hOpMBI BBIXOTHOTO
CUTHaA.

PeryaupoBka 4yacrtorbl. OOBIYHO Ha TIaHETW TeHepaTopa uMe-
FOTCS TIEPEKITI0YaTeTh YaCTOTHRIX TUANa30HOB (WK "MHOXHTEEeH") 1
pydYKa IUIaBHOM PETyIUPOBKH 4acTOThl. C UX MOMOIIBIO JOCTUTACTCS
BO3MOXXHOCTh TOYHOH YCTaHOBKHM 3HAYEHHUS YaCTOTHI U3 IHPOKOTO
JIOTTyCTAMOTO THANa30Ha.

PeryiimpoBka aMnJuMTyabl BHIXOHOT0 cHUTHAaja. Pydka ruias-
HOW perynupoBKH u nepekirodarensd "Ocmabnenue" ("AtreHtoaTop")
MO3BOJISIIOT PETryJIMPOBATh aMIUTUTYTy BBIXOJHOTO CHTHaja B IIUPO-
koM guanazone. OcnabneHue OoOBIYHO JaeTcs B nenubenax (nb wiu
dB): ocnabnenne Ha 20 nb o3HayaeT ymeHbIIeHHE aMIUTUTYI6I B 10
pas, ocmabnenne Ha 40 1b - ymeHbImeHHe aMIuATY A6 B 100 pas.

BrixoaHbie M BXOIHbIE KJeMMbI Npudopa. ['enepaTtopsl MOTyT
UMETh HECKOJIbKO KJIEMM JJISl BBIXOJA W BXOJla CHTHAJIOB: OTIEIHHO
JUTSL BBIXOJIHOTO CHUTHaja OOJIBIION aMIUTUTYIBI U OCIAa0JIEHHOTO CHUT-
HaJIa, BEIXOJI CHHXPOHMMITYJIbCA, BXOJ CHHXPOUMITYJIbCA, CIICIIHAIbHBIC
BBIXOJIBI JUTsI TECTUPOBaHMSI MUKpocxeM. HeoOXoqumMo 03HaKOMHTECS
C MHCTPYKIMEH MO 3KCILTyaTaluu npudopa (W IPOKOHCYJIBTHPO-
BaThCS C MHXKEHEPOM ), YTOOBI MTOHSITh HA3HAYCHUE BXOIHBIX U BBIXOJI-



HBIX KJIEMM TeHepaTopa. byapTe BHUMaTepHBI! MeTona "mpol 1 omm-
00K" MOXeET MPHUBECTH K BBIXO/y T€HepaTopa U3 CTPOS.

IIpnioxenue 4

DJIeKTPOHHO-JIy4eBoi ocuuiaorpadg

DNEeKTPOHHO-TYYEBOH ocnuyuiorpad - U3MEpUTEIBHBIA TTPHOOD,
NpeAHa3HAYCHHBIN IS BU3YyallbHOTO HAONIOJIEHHUS W HMCCIEeJOBaHMS
(hopMbl 3NeKTpHUECKUX cUTHaIoB. OH MO3BOJISIET U3MEPSATH OCHOBHBIC
napaMeTpbl CUTHAJIOB: aMIUIMTYLy, 4YacTOTY, BPEMEHHbIE HWHTEPBAJIHI,
(ha30BBIiA CABUT U T.1.

W300paxkeHne curHana OCYLIECTBISIETCS ¢ TOMOIIBIO CHOKYCH-
POBAaHHOT'O 3JIEKTPOHHOTO JIy4a, KOTOPbIH BBI3bIBAET CBEUCHHUE JTFOMHU-
HO(Opa FKpaHa AMEKTPOHHO-TyuUeBoM TpyOKH (DJIT).

CmpykmypHnas —cxema 3IEKTPOHHO-ITy4E€BOro ocuuiorpada
BKJIFOYAET CJIEAYIOLINE OCHOBHBIE OJIOKU:!

1) 6a30BHIH, B cocTaB koToporo BxoauT JJIT, cxema ynpaBieHuUs
JTy4oM (SIPKOCTh, (POKYC, CIBUT TI0 BEPTHUKAIU M TOPU3OHTAIH), OJIOK
IUTaHWS,;

2) OJNOK yCHJIMTENs] BEpTUKAIBHOTO OTKJIOHEHHUS yda. Ha Bxone
YCHUJIUTENSI UMEETCS MHOTOCTYIIEHUYAThIH AEINUTENb HAlpspKeHus (at-
TEHI0ATOp), 3aJal0IIUi YyBCTBUTEIBHOCTh ocuuiuiorpada mo BepTH-
KaJIbHOM ocH Y;

3) OnOK pa3sBepTKH B KaHaje TOPU30HTAIBHOTO OTKJIOHEHUS JIy-
ya. B cocraB 3TOro G;i0ka BXOAWT I'€HEPATOp MUIO0OPA3HOrO Hampsi-
JKCHUS Pa3BEPTKH, YCHIUTENb TOPU30HTAIBHOTO OTKIOHEHHMS, CHCTEMa
CHUHXPOHH3ALIH.



OcHoBubME d1eMeHTaMu DJIT (puc. 3) ABIAIOTCS TTOMEIIEHHBIC
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Puc.3. DnexTpoHHO-Ty4eBas TpyOKa

B OTKAa4YaHHYI0 00O0JIOYKY SJEKTPOHHBIN MpokekTop I, (popmupyto-
U y3KUH TYy4YOK AJIEKTPOHOB 2, CBETALIUICS TOJ BO3JCHCTBUEM
3JIEKTPOHHOTO IyYKa JIOMHUHECIIEHTHBIA 9KpaH 3 M 3JEKTPOCTaTHIe-
CKas cucrema 4-5, OTKJIIOHSIOIIAs IIyYOK B JIBYX B3aMMHO NEPIEHIH-
KYJISIpHBIX HarpaBieHusx. OTKIIOHSOIIAs CUCTeEMa 00pa3yeTcs IByMs
OPTOTOHAJIBHO PACIOJIOKEHHBIMU IapaMH IUIACTUH 4 U J, KaxKaas u3
KOTOPBIX TpPH TOJlaue Ha HUX HANpPSDKEHUS CO3JAaeT 3JIEKTPUUEecKoe
nosie, nonepeunoe k ocu JIT. [TosTomy mosnoxkeHue ayda (3aCBEUCH-
HOTO TIATHA) HA JKpaHe OMpEeIeNsIeTcsl HaNpsSHKEHHSIMH, TOJaHHBIMHU
Ha OTKJIOHSIOIIHE IIJIaCTUHBI.

Hcenenyemsrit curaan u(¢) moctymaet Ha BXof Y ocmmimiorpada

Y TI0/Ia€TCsl Ha BXOIHOW aTTEHIOATOp, C MIOMOIIHI0 KOTOPOTO BRIOMpa-
I0T YyBCTBUTEIBHOCTD ocLuniorpada mo BeprukanbHoii ocu Y. [Tocne
aTTEHI0ATOpa CHUTHAJ TMOCTYMAaeT Ha BXOJ YCHIIUTENS BEPTHKAIBHOTO
OTKJIOHEHHS, C KOTOPOTO YCHIIEHHBIN CUTHAJ TOJaeTCs Ha BEPTHKAIIb-
HO OTKJIOHsromMe tacThHbl 4 DJIT.

Ecmm uccnenyemoe HampspkeHue u(f) M3MEHSETCS TMEpPUOIUYE-

CKH, TO JIy4 COBEpIIAET MEPHOAMUECKOE IBHKCHHUE MO BEPTHKAIN Ha
skpaHe ociuniorpada. [Tpu manom nepuoze konebaHui U3-3a KOHEY-
HOW JUITMTENHHOCTH CBEUYEHHS JIIOMUHO(Opa HA dKpaHe BUJICH BEPTH-
KaJIbHBIN O0Tpe3ok mpsiMoi. [Ipy U3BECTHONM YyBCTBUTEIHLHOCTH KaHa-
Jla BEPTUKAIBHOTO OTKJIOHEHUS MOXHO MU3MEPUTh pa3Max KoJeOaHu
U3MepsieMOoro HampspkeHus u(f) . UyBCTBUTENBHOCTh MEHSETCS INPHU
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MOMOIIK Tiepexrouarens "BombT/nenenne”, mpu 3TOM TPOUCXOIUT
(uKkcupoBaHHOE (CTYIEHUATOE) OCIa0JIeHHe BXOJIHOTO CUTHAIA.

Ecnmu Ha ropu30HTANBHO OTKIIOHSIONIME IUTACTHHBI 5 TMONATh
HaNpsOKEHHE, KOTOPOe JIMHEHHO YBEIMYNBAETCS CO BPEMEHEM, TO JTyd
Oyzer mepeMemarsCs B TOPU3OHTATLHOM HAMPABICHUHU C MOCTOSH-
HOW CKOPOCTBIO, 3aBHCAIIEH OT CKOPOCTH HApacTaHUs HAIPSHKSHUS.
Takoe HampspkeHHE, Ha3bIBa€MOE MIIIOO00Pa3HBIM, BBIpaOaThIBAETCS
CHCIHALHBIM TeHEepaTopoM (ICHEPaTOPOM pPa3BEPTKH), KOTOPBIH
BXOJIUT B COCTaB ocHHIuIoOrpada.

ITox meficTBHEM TEPHOIMIECKOTO MHUI000PAa3HOTO HAIPSKCHHUS,
M0J]aBa€MOr0 Ha TUIACTUHBI 5, AJIEKTPOHHBIA JIyd TEpeMeIaeTcs C
MOCTOSTHHON CKOPOCTHIO B TOPU3OHTAIBPHOM HaNpPaBICHHUHU, TPOYECPKU-
Basi Ha DKpaHe ocbh BpeMeHHU. M3mepsiemMblil curaan u(t) , mogaBaeMblit

Ha IJIACTUHBI 4, BHI3BIBACT BEPTUKAIBHOE CMEIICHUE JIyda, MMPOIIOp-
[IMOHAJIbHOE MTHOBEHHOW BenuuyuHe Hampspkenus u(t) . CrnokeHue

MepEeMEIICHUN JIyya 10 00CMM OCSM MPHUBOIUT K BBIUCPUMBAHUIO HA
JKpaHe cBeTsmierocs rpaduka (ocIuLIorpaMMbl) porecca. Macmirad
o ocu Y 3amaetcs nepekitodareneM "BonbT/menenne”, a mo ocu X -
nepekmouareneM "Bpems/nenenue".

W3o0paxkeHne Ha 3kpaHe ocrmuiorpada OyneT CcTaOWIBHBIM
TOIILKO B TOM Cllydae, €Clid IMOJIOKEHHE Jlyda Ha DKpaHe B Hadaie
KXJI0Tr0 LUKJA Pa3BepTKH OyAeT OCTaBaThCs HEM3MEHHBIM. Bbimoi-
HEHHE ATOTO YCIOBHsI 00€CIIEYHBAET CUCTEMa CHHXPOHU3AIUH.

B ocmmmnorpade mpemycMaTpuBarOT Takke BO3MOXKHOCTB ITOJIa-
Yy BHEITHETO HANpsKCHUS Ha TOPU30HTAIBHO OTKJIOHSIOIINE IIia-
ctuHbl. [Ipu 3TOM yCHUIHUTENs TOPU30HTATIBHOTO OTKJIOHEHUS OTKIIIO-
YaeTCs OT TeHEPaToOpa Pa3BePTKH U MOJKITIOYACTCS K BXOIy X.
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IMpunoxenne 5

orpemnocTu
O6o3HaueHusn:
U 0> ]H , Rn - 3HQYCHHEC YCTAaHOBJICHHOT'O Mpeaeia H3MepeHMﬁ
HaNPsDKEHUs, TOKA WU COMTPOTUBIICHHSI
U,, I, R, - IOKa3aHusI Mpuodopa
dU, oI, dR - JlolTycKaeMast OTHOCHTEIIBHAS ITOTPENTHOCTE H3Mepe-
HUH HAIPSOHKCHUS, TOKA WM COTPOTUBIICHUS
AU, Al, AR - oryckaeMasi abCOJFOTHAS TIOTPEIIHOCTh H3MEPEHHIMA

HapsOKCHUA, TOKA W COITPOTUBIICHUA

Bonvmmemp GDM-8135

Hozpemnocmb npu usmepeHuu nOCMOAHH020 HANPAHCEHUA:

oU = (O,l + 0,05 Yy j %
U

X

Hozpemnocmb npu umepeHuu nePpemernno20 HanPAINCeHuA:

[Ipenen namepenuii

OTHOCHUTEIbHAS TIIOTPEITHOCTH

Ot 40 1o 1000 I'ry

U = (0,5 + 0,0Sﬁj %
U

X

Ot 1 g0 10 xI'g

oU = (1 + 0,0Sﬂj %
U

X

Ot 10 10 20 xI'1g

X

8U=(2+0,05U“J %
U

Hanpuwmep, ycranosien npenen nzmepenuii 200 MB, wactora curaana
15 xI'u, nokaszanus BosnsT™MeTpa 50,2 MB. Torma OU =~2,2%, AU =1,1 MB,

U =(502+1,1) MB.
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HOZPBWHOCMb npu uimepeHuu noOCmoAHH020 moka:

I, <200 MA

I, >200 MA

ol = [0,2 + 0,0S;—“J %

X

ol = {0,5 + 0,05;—“] %

X

Hozpemuocmb npu umepeHuu nepemMernnozo moka:

[Ipenen namepenuii

OTHOCHTEIbHAS TIIOTPEIIHOCTH

Ot 40 1o 1000 I'ry

ol = (0,5 + 0,0Sj—“J %

X

Ot 1 g0 10 xI'g

o! =[1+0,05j—“) %

X

Ot 10 mo 20 xI'x

1
ol = (2 + O,OSI—HJ %

X

Hozpemuocmb npu umepeHuu COnpomueienus:

R, <2000 kOm

R, = 20 MOm

OR = (0,2 + 0,05%] %

X

OR = [0,5 + 0,0S%} %

X

Bonvmmemp B7-37

Hozpemnocmb npu usmepeHuu ROCMOARH020 HANPAHCEHUA:

IIpenen nzmepenuit

OTHOCHTEIIbHAS TIOTPCITHOCTD

0,2; 2B

8U = {0,25 + o,z[ﬂ - 1)} %
Ux

20; 2000 B

sU=|05+02 Yn 1| o
Ux
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Hozpeumocmb npu uimepeHuu nepemernHo20 HanpA}HCceHuA 6 ouana-

30ne uacmom om 45 I'y oo 20 xl'y:

IIpenen uzmepenuit

OTHOCHUTEIbHAS NOTPEIIHOCTh

0,2; 2B

ay:[l,mo,z[ﬂ_lﬂ "
U.X

20; 200 B

sU=|15+02 Yo 1| 5
Ux

Hampumep, ycranoiien npenen usmepenui 0,2 B, yactora curnana

15 xI'y, nokazanus BonbT™MeTpa 50,2 MB. Torna

oU = {1,0 + 0,2[

Ys 1)|=|10+02
U, 0,052

AU =50,2-0,016 = 0,8 MB;

0,2

— IH ~ 1,6%;

U =(50,2 £ 0,8) MB.

Hozpeumocmb npu usmepeHuu COnpomue1eHuA:

IIpenen namepenuit

OTHOCHUTEIbHAS TIOTPCITHOCTDH

0,2; 2; 20; 200; 2000 kKOM

SR = {0,4 + o,z(ﬁ - 1}} %
RX

Bonvmmemp B7-58/2

Hozpemnocmb npu usmepeHuu NOCMOAHHO20 HARPANHCEHUA:

IIpenen nzmepenuit

OTHOCHUTENbHAS NOTPEIIHOCTh

200 mB; 2; 20;200 B

sU :[o,lsw,{ﬂ_lﬂ "
Ux
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Hozpemnocmb npu umepeHuu nePpemernHo20 HanpA}ICeHuA 6 ouana-

30ne om 2 mB oo 20 B:

Jlnama3oH yactor

OTHOCUTEIbHAS TIOTPEIIHOCTDH

Ot 40T o 10 kI’

sU=|0.6+01 Zn 1|l
Ux

Ot 10 10 20 xI'11

sU {l,mo,{ﬂ_lﬂ "
U)C

Hampumep, ycranoiieH npenen usmepenuit 2 B, uacrora curnana
15 xI'y, nokazanus BonbT™MeTpa 0,532 B. Torna

sU={10+01 Yo _1]|=| Lo+0.1
U, 0,

AU =0,532-0,013 ~ 0,007 B;

L—l ~ 1,3%;
532

U = (0,532 + 0,007) B.

Hozpemnocmb npu uimepeHuu nOCmoAHH020 moka:

IIpenen nzmepenuit

OTHOCHUTENbHAS NOTPEIIHOCTh

200 pA; 2; 20; 200,
2000 MA

ol = {0,2 + 0,1(;—“ - lﬂ %

X

10A

ol = {0,5 + 0,1(;—“ - lﬂ %

X

Hozpemnocmb npu usmepeHuu CoOnpomueienu.;

[Ipenen namepenuii

OTHOCHTEIbHAS TIOTPEIIHOCTD

200 OmM; 2; 20; 200 kOMm

X

OR = {0,2 + O,l(& - lﬂ %
R

2000 xOmM, 20 MOmM

OR = {0,5 + O,l(ﬁ - lﬂ %
R

X
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Bonvmmemp B7-22A4

Hozpemnocmb npu usmepeHuu nOCMOAHH020 HANPAHCEHUA:S

IIpenen uzmepenuit

OTHOCHUTENbHAS NOTPEIIHOCTh

0,2; 2; 20;200B

SU:[OMQ.&} "
U

X

Hozpemnocmb npu UmMepPeHuUU NePemernnoc0 HanpAMNCeHus:

[Ipenen nuzmepeHuit

OTHOCUTEIbHAS TOTrpCIIHOCTD

0,2; 2B

sU z[o,m,sﬂ} "
Ux

B quanaszone 4actot or 45 I'n go 20 x['g

[Ipenen namepenuii

20; 200 B

OTHOCHTEIbHAS TIOTPEIIHOCTD

U
U =]0,6+0,6—""1| %
U, ]
B quanaszone 4actotr ot 45 I'uy go 10 xI'g

oU = 1,2+0,5£ %
U, i
B auanaszone dactor ot 10 mo 20 k't

Hozpeumocmb npu usmepeHuu nOCMOAHHO20 moKa:

IIpenen namepenui

OTHOCHUTENbHAS NOTPEIIHOCTh

0,2; 2; 20;200 MA

ol = {0,25 + 0,255—“} %

X

2000 MmA

ol = {0,25 + 0,3;—”} %

X
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Hozpemnocmb npu umepeHuu conpomueienus:

[Ipenen nzmepenuii OtHOcHUTENbHAs NOTPEUIHOCTh

R
0,2; 2;20; 200 kOMm SR = {0’3 + 0,25R_n} o

X

T'enepamop I'3-112/1

[orpemHocTh yCTaHOBKM 4acTOThl B AuamnasoHe gacToT oT 10 I'm mo

1 MI'11 He ipeBBIIIaeT
of = (2 + ﬂ) %,
5

H
e f,; - YCTAHOBJEHHOE 1O IIKane 3Hauenne 4actotsl B ['u. Hanpuwmep, yera-
HOBJIEHO Ha reHeparope f,, =300 I'u. Torma of =2,1%, f =(300£6) I'u.

I'enepamop I'3-109

ITorpemHoOCTh yCTaHOBKM 4acTOTHI B nuamnazoHe yactoT ot 200 I'y go

20 xI'u He npeBbIIaeT
50
5 =1+ %,
S

H

rae fH - YCTaHOBJIEHHOE 1O LIKaje 3HaueHue yactoTsl B ['. Hanpumep,

ycTaHoBIeHO Ha reHeparope f, = 500 T'm. Torma oOf =11% ,
f=(00+6) Tu.

I'enepamop I'PH-3

OcHOBHasi MOTPENIHOCTh YCTAHOBKM YacTOThl B JIMAMa3oHE 4YacToOT
ot 25 I'y o 31,5 xI'u He npeBbIaetr 3%.

I'enepamop GFG-8216A

[lorpemHoCTs yCTaHOBKM YacTOTBI 1O BCTPOEHHOMY YacTOTOMEPY
0,01%.

17



I'enepamop SFG-71003
[TorpemrHocTh YCTaHOBKH YacTOTHI IO BCTPOEHHOMY YacTOTOMeE-
py 0,002%.
Ocuyunnozpaguot

Omnuocumenvrylo nozZpewtHocmy U3MEPEHUs HANpsDKEHUS U
BpPEMEHH IIPY TOMOIIN OCLIILIIOTPad)OB MOKHO OLIEHUTH 110 (opMyJie

6=ﬂ-100%+5%,
N

rae N - OTCYEeT HaIpsDKEHHUs] WM BPEMEHU B NIEJICHUSIX KOOpAUHAT-
HOW CeTKH 3kpaHa; AN - aOCOJIIOTHAS OTPEITHOCTh STOW BEJIHMYNHBIL.

Hpumep. Ha puc.4 mpuseneHa ocuIiorpaMMa HanpspKeHUS Ha
skpaHe ocimuniorpada. [epekmouarens "BoiabT/menenre” Ha OCIIAILIO-
rpade Haxoautcs B mojoxenuu "0,2 B", mepexmouarens "Bpe-
Msi/nenenue" - B monoxenun "0,2 mc". HeoOxonumo HaiTh aMIUTUTY Iy
1 TICpUO/T KOJIeOaHNH.

Omnpenensem pazmax konebanuil "B knerkax'": N =(5,2 = 0,1).

/ N

Puc. 4. OctumnorpaMMa HanpsoKEHUS
YuTeHo, YTO NP ONPENEICHUH JJIMHBI OTPE3Ka Ha 3KpaHE OCLUJILIO-
rpada MbI MOkeM ommOuThHCs mpuMepHo Ha 0,1 xinerku. Torna oTHO-
CUTENbHAs MOTPEIIHOCTh BEMUUNHEl 2U,, paBHa

5(2U,,)=8U,, =§—’;100%+5% ~7%.

2
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YuuteiBas, 9To MacmTad mo ocu Y paBen 0,2 B Ha KIIeTKy, ToTydaeM:
2U, =52-02=104 B, U, =0,52 B.
AGcomoTHas norpemHocts: AU, =8U,,-U,, =0,07-0,52 ~ 0,04 B.
OxonHuatenbHbIl pesynsTatr: U, =(0,52+0,04) B.
AHaNIOTHYHO OTIpesieNsieM nepron Konebanwid. Mamepsiem mepros
"B kmerkax": N=63%+0,]1 . C yderoMm wMacmraba mMoIy4aeM

7=63-0,2=126 mc.

PaccunrtsiBaeM norpentHocTh: ST = oL 100% + 5% = 7%,

AobcomotHas norpemHocTh: AT =1,26 - 0,07 = 0,09 mc.

OkoHuatenbHbId pe3yabTat: T = (1,26 £0,09) Mc.
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