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OTOT OHNANHOBbIN MHTEPAKTUBHBIA MHCTPYMEHT NO3BOAAET
BbIOVPaTL NPOOHMKY MO CEPUK, MOAEAM MAK NO CTaHaapTam,/
MPUNOXEHVAM NMYTEM TOHKOM HACTPOWKI nMomncka ¢ ykasa-
HEM KOHKPETHbIX TpeO0BaHW 1 napaMeTpoB. Cmcok
YOOBNETBOPSIOLLMX KDUTEPVISIM U3AENNIA OOHOBASETCS MO
Kaxaomy Lenyky. Onpobyinte cenekTop Npsamo cendac:
www.ru.tek.com/probes.

NHpopmaumoHHble pecypcbl Tektronix

[OCTOSIHHO pacLMpAIOLLaaca OMOANOTEKA TEXHUHECKIMX CTaTeN,
PEKOMEHAALUMIA N0 NMPUMEHEHWIO 1 MPOYMX NMHDOPMALIMOHHBIX
PECYPCOB MOMOXET MCNOML30BATL MPOOHNKYM 11 APYroe 000pY-
JOBaHME C MakcManbHom apGeKTMBHOCTbIO. [pocTo 0bpa-
TUTECH B NPEACTaBUTENLCTBO Tektronix 1 NoceTuTe camnt
www.tektronix.ru.

KopoTko 0 Mepax 6e30nacHoOCTm

[PV BLINOAHEHNN M3MEPEHNIA B SNEKTPUYECKIX UV SNEKTPOHHbIX

YCTPOMCTBAX W CUCTEMAX BaXXHENLLYIO POfb MrpaeT cobnoaeHue
TpeboBaHuin 6e30MacHOCTU. HyXHO YeTKO NpeacTaBaaTb cebe
BO3MOXHOCTV U OrPaHnyeHIst MPUMEHAEMOr0 N3MEPUTESNb-
HOro 060pyA0BaHUa. Kpome Toro, nepen, BuiMoHEHEM MObIX
VBMEPEHWI HYKHO TLLATENBHO O3HAKOMUTLCA C YCTPOWNCTBOM
UK CUCTEMOW, C KOTOPOW Bbl COBMpaeTech paboTars. May4unte
BCIO JOKYMEHTALIMIO Ha M3MEPSEMOE YCTPONCTBO MW CUCTEMY,
obpalliasg 0coboe BHUMaHWE Ha PacnoaoXeHne Lenen, Haxo-
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OAWLVXCA NOoA4 HaNPAXEHEM, NPEBLILLAIOLLINM 6630ﬂ8CHO€
CBEPXHM3KOE HaMpsxXeHne, a Takxe Ha Bce npeaynpexnaloLme
COOOLLEHNSA 1 3HAKN.

Kpome Toro, BO M30exaHve TpaBM 1 NMOBPEXAEHU U3MEPH-
TEbHOIO AW UCCIEAYEMOro 000PYL0BaHUSA, 00A3aTENBHO
cobnopaTe cneayloume NpeaoCTopoXHOCTY. JJononHUTENbHbIE
NOSACHEHUA NEPEYVCIIEHHBIX MPEA0CTOPOXHOCTEN NPUBEOEHD!

B pasgene «[1ogpobHoe onvcaHme mep 6e30nacHOCT».

m Henb3s neperpyxarb BXOAb! V1 BbIXOAb! MCNONb3yEMOro 060pY-
JI0BaH/s

m HeoOXxoOMmo 1CNob30BaTh 3a3eMEHNE, COOTBETCTBYIOLLEE
TpeboBaHusaM Y3

m [loaKnoYeHne 1 OTKIYeHe NPOOHNKOB HEOOXOAMMO BbINO-
HATb B COOTBETCTBUM C UHCTPYKLMEN

m Henbas nprkacarbCAa K HeM30MpPOBaHHbIM TOKOBEAYLLVIM Ha-
CTAM 000PY0BaHMA

m HeobXxooMMo NPVHATL MEPBI MPOTVB PaAVIOYaCTOTHOIO 0OMY-
YyeHus npu paboTe ¢ NPOOHKKaMK

m He gonyckaeTcs BK04aTh MPrOOPBI CO CHATBIM KOXYXOM

m He gonyckaetca paboTarb B YCAOBUSAX NOBbILLEHHON BNax-
HOCTU

m He gonyckaerca paboTtatb BO B3PIBOOMACHON aTMOChEpPE
m He gonyckaetcd paboTtath ¢ HeMcnpaBHeIMU NPYGopamm

m HeoOxoOoMmo CrneawTb 3a TeM, YTOBB! MPOBHVKY BBV YACTEIMY
Y CyXvmK

m Henb3s norpyxarb NPOGHUKM B XUAKOCTY
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TOYHbIE NBMEPEHUNS HAYMHAIOTCS
C HaKOHeYHMKa NPOBHMKA

[pOBHMKIM UFPaOT BECbMA BaXHYIO PONb B ocumAnorpaduye-
CKUX M3MEPEHNsX. YTOObI B MONHOM MEPE MOHATL WX 3HAYEHME,
OTKIOUUTE NPOBHKK OT OcuMnnorpada 1 NonpobynTe YyTo-
HUOYAb M3MEpPUTb. Y Bac HUYEro He nonydmtes. Mexay uccneay-
EMOW CXEMOW 11 BXOAHBIM KaHanoM ocupnnorpada 06s3atensbHo
JOMKHO MPUCYTCTBOBATb NEKTPMHECKOE COEAVHEHNME, MO KOTO-
POMY NepeaaeTcs U3MEPSEMbI CUrHan.

MNepenaBas namMepaemblii curHan Ha ocupnnorpad, Npoo-

HIKM OKa3bIBaIOT OFPOMHOE BAVSIHWE Ha Ka4eCTBO U3MEPEHUI,
MoaknoyYeHre NPoBHMKA K MCCNEAYEMOI CXEME MOXET MOBAUSATL
Ha ee paboTy, Npu 3ToM ocumnnorpad dbyaeT oTobpaxaTtb CUrHan,
ABAAIOLUMIACA PE3YALTaTOM B3aMMOAENCTBYS NPOOHKKA CO
CXEMOW, a He TOT CUrHan, KOTOPbIN JOMKEH ObITb HA CaMOM Oene.

Takim 006pasoM, 04eHb BaXHO, HTOOBI MPOOHMK
0KasblBasl MUHVUMAaNbHOE BIINSHWE Ha UCCNELYEMYIO
cxemy 1 obecneyvBas afekBarHyio JOCTOBEPHOCTb
CUrHana An1st BbINONHAEMbIX N3MEPEHWIN.

Ecnn npobHuk He obecneumsaeT TpebyemMol 4OCTOBEPHOCTH
curHana, ecnm OH KakumM-To 06pa3oM M3MEHSAET CUrHaN Uaw
BAUAET Ha paboTy UccnemyemMon Lenu, To ocumnnorpad oyoet
oTobpaxarb peanbHbI CUrHan ¢ UCKaxeHnamn. B pesynstate
Mbl BEINOMHUM HEBEPHOE M3MEPEHNE,
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1 Wccnepyemas
cxema

Ocuunnorpad

Mpo6Huk

4

KoHTponbHas
TOYKa

Puc. 1.1. Tpo6HyK — 8T0 YCTPOICTBO, 06ECneurBaloLLEE SNEKTPUYECKOE COeANHEHE
KOHTPOMBHOW TOYKM C BXOAHbIM KaHanom ocupunnorpada.

[MPOBHNK ABNSETCS NEPBBHIM 3BEHOM U3MEPUTENBHOMO TpakTa
ocunnnorpada, v HAAEXHOCTb 3TOrO TPakTa 3aB1CUT OT NPOD-
HVKa He MeHbLLIE, YeM OT ocumnnorpada. Bocnons3osaBLwmnCh
HENOOXOAALMM NPOOHWKOM M HEBEPHO MOAKIOHMB NPOOHMK,
Bbl HapyLLMTe paboTy BCEro TpakTa.

B aTOM 1 nocnenyioLmnx pasaenax Bel y3HaeTe, U3 Hero cknaapl-
BAOTCS AOCTOMHCTBA U HeOCTaTKM NPOOHNKOB, 1 Kak MPaBMIbHO
BbIOpPaTh NPOOHNK ANd ONpeaeneHHon sanaqn. Kpome Toro,

Bbl NOMYYUTE NONE3HBIE COBETH MO MPABWIIBHOMY MPUMEHEHNIO
NPOOHNKOB.

Y70 Takoe NpoBHMK?

Lna Havana gasante onpeaenim, 4to Takoe ocumnnorpadude-
CKMIA MPOBHYIK.

B cywHoCTM, NPOBHMK 0OECneynBaEeT aNekTpuyeckoe coeam-
HEeHne Mexy KOHTPOJbHOW TOYKOW U MCTOYHWMKOM CUrHasa

1 ocumnnorpadom. B 3aBUCKMMOCTH OT U3MEPEHNA 3TO COEaN-
HEeHME MOXHO BBINOMHWTL NPOCTEIM KYyCKOM NPOBOAA WM TakmM
CNOXHbBIM YCTPOWCTBOM, KaK A1 HepeHLUmansHbiv MPOOHNK.

HO noka 4oCTaTto4HO CKasdarb, YTO OCUMNNOorpaduUyeckmn
NPOOHKK — 3TO HEKOE YCTPOMCTBO (M CXema), COeamHaoLLEee
MCTOYHVWK CUTHANa C BXOAOM ocumnnorpada. 310 nokasaHo Ha
puc. 1.1, rae NPOOHKK N306PaXeH MEXY KOHTPOMBHOM TOUKOW
1 ocumnnorpadom.



KomneHcaTtop

npo6Huka Ocuunnorpad

[1 Uccnepyemas
cxema

[onoBka
npo6Huka

MpoGHuk Kabenb npobHuka

KoHTponbHast
TOuKa

Puc. 1.2. BonblUMHCTBO NPOBHMKOB COCTOWT 13 FONOBKY, Kabens v KoMneHcaropa v apy-
roi cxeMbl GOPMMPOBaHNA CUrHaNa.

Ho kak Obl HY BeIMSaen NPOBHVIK, OH A0MXEH 00ecneyrBarb
YOOBHOE 1 KQYECTBEHHOE COEMIMHEHNE MEXOY NCTOYHVKOM
CuUrHana v Bxogom ocupnnorpada (puc. 1.2). Kauectso coeau-
HEHMA ONPefENseTCa TPEMS KITIOHEBEIMY NapaMeTpamn — Mexa-
HUYECKOE NOAKNI0YEHVE, BIVAHKE Ha paboTy Lenu v nepefada
CurHana.

B nepsyto o4epesp, Ans BEINOMHEHWS OCUMIIOrpaduyeckoro
M3MEPEHNS HYXHO MEXAHNYECKM NOOKMIOUNTL NMPOBHMK K KOHT-
PONBbHOWM TOHKe. g 3TOro 60NbWWHCTBO NPOOHUKOB 000PYA0-
BaHO kabenem AIMHOM HE MEHEE OIHOrO AW IBYX METPOB, Kak
nokasaHo Ha puc. 1.2. 3ToT kabenb N03BONAET AePXaTb OCLMI-
norpad B CTALWOHAPHOM MOJOXEHUM HA TENEXKE UK CTONe, a
NPOBOHVIK NEPEMELLIATb OT TOHKM K TOYKE UCCNEOYEMOM CXEMbI.
Ho 3a Takoe yaobCTBO npuxoamtea nnatts. Kabens npobHmka
OrpaHNYNBaET MOIOCY NPOMYCKaHUS, Hem OnHHee Kabenb, Tem
yXe nonoca.

Kpome kabens 60MbLIMHCTBO NPOOHMKOB UMEIOT FOIOBKY MK
PYYKY C HAKOHEYHWKOM. [0noBKa NPOBHYVKA NO3BONAET OEPXaTb
ero 1 nepemeLars HakOHEYHVK K HEOOXOAVMOW KOHTPOJBHOM
TO4KE. HacTo HaKOHEYHVK NPOBHMKA NPEACTaBNseT coboi
NOANPYXMHEHHbIA KPIOYOK, NO3BONAOLLMIA MPUKPEMNSATE MTPOOHNK
K NPOBOIHNKY KOHTPOIBHOM TOYKM.

MpobHuk 0T A 0o A

MexaHu4eckoe NoaKIoHeHVe NPOBHMKA K KOHTPOMLHOM TOYKe
06ecrneynBaeT 1 aNeKTPUHECKOE COBANHEHNE MEXIY HAKOHEY-
HVKOM NPOBHMKa 1 BXOAOM ocUynnorpada. Jng nony4eHrs 4ocTo-
BEPHBIX PE3Y/ETATOB NOAKIOYEHHbI MPOBHUK AOMKEH 0Ka3bIBaTh
MUH/MABHOE BAVAHUE Ha MCCAEOYEMYIO LieMb, 8 CUrHam C HaKo-
HEeYHVIKa NPOBHYIKa JOMKEeH aaeKBaTHO NepeaaBaTbes Yepes
ronoBKy Npo6HYKa 1 kabenb Ha BXxom, ocuuinorpada.

STV TPU acnekTa — MexaHU4ecKoe NOAKMIoUYEHMEe, BAMAHME Ha
paboTy Lenu 1 ageksaTHas nepegaya curHana — AensioTc
OCHOBHBIMY NMOKA3aTENAMM, KOTOPbIE HAAO0 Y4UTHIBATL MPK
BbIGOpE NPo6HYKa. MockonbKy Havbonee CAOXHBIMY MyHKTaMK
ABNAIOTCA BAVAHWE NPOBHMKa v afekBaTHas nepejada curHana,
OCHOBHOE BHUMAaHWE B 9TOM y4eBHUKE YAeNAeTCH UMEHHO
9TUM XapakTepucTkam. Tem He MeHee, NpoBnemolt MexaHnde-
CKOr0 NOOKIIOYEHVS TOXE HeNb3s npeHedperats. CROXHOCTL
NOAKIOYEHNS MPOBHMKA K KOHTPONBHOM TOYKE 4aCTO NPUBOAMT
K CHUXEHWIO KauecTsa curHana.

NpoeanbHblin NpOOHNUK

VineanbHbi NPOBHYIK B MaeansHOM Ciydae JomxeH o6nagars
CNenyoLLVIMMU XapakTepUCTUKaMIA:

m [1pOCTOE 1 ynOBHOE NOAKNIOYEHVE

m ABCOMIOTHO AOCTOBEPHas Nepefada curHana
m Hynesad Harpyska Ha UCTOYHWK CUMrHana

m [10/1Has HEBOCMPUUMHMBOCTS K LyMam

MpocTtoe 1 ynobHoe noakoHeHne

MexaHn4eckoe NoaKNIOUEeHNE K KOHTPOMbHOW TOUKE YKe YnoMu-
HAMOCh, KaK OAVH 13 KNIO4EeBbIX GAKTOPOB, XapakTepu3yIoLLX
NPOGHVK. aeanbHbI NPOGHNK AOMKEH BLINONHATL MEXaHU4e-
CKOE COoeMHEHNe NPOCTO 1 yA06HO.

NS MUHNATIOPHBIX YCTPOWCTB, MCNOMb3YIOWWX MOBEPXHOCTHbIN
MOHT&X BbICOKOW MNOTHOCTK, yAOOCTBO 1 NPOCTOTa COEANHEHNS
06ecneyrBaloTCs 3a CYET NPUMEHEHMS CBEPXMUHNATIOPHbIX
FONOBOK U Pa3NMYHbIX HAKOHEYHMKOB, CneumanbHO NpeaHasHa-
YEHHBIX 419 NOAKMNOYEHNS K KOMMNOHEHTaM 19 NOBEPXHOCTHOIO
MOHTaxa.
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CucTema Takoro Tvna nokasaHa Ha pvc. 1.3a. OnHako, atu
NPOBHNKM CAVLIKOM Manbl ANs MPakTUYeCKOro NPUMEHEHS

B TakVIX NPUNOXEHNSX, Kak MPOMBILLIEHHOE C1A0BOE 0O0PY-
JI0BaHe, rae 4acTo BCTPEHAIOTCS BbICOKME HANPSKEHWS U
npoBoda 60bLOro ceveHnd. s crnoBbiX CUCTEM HEOOXO-
JAMbl NPOBHKKM BOMBLLOTO pasMepa C KOHCTpYyKLUmen, obec-
nevnBaloLLer 6e3onacHyto padboTty. Obpasibl Takvx NPOOHNKOB
nokasabl Ha puc. 1.36 1 1.38, npuyem Ha puc. 1.36 nokasaH
BbICOKOBOMLTHBIN NMPOBHMK, @ Ha puUC. 1.3B — TOKOBbIA NPOBHNK
C 3@XMMOM.

13 3TX HECKOMBKMX MPUMEPOB MEXAHNYECKOTO NMOOKIOHYEHNS
ACHO, 4TO HE CYLIECTBYET OMHOr0 MaEabHOro pasMepa win
KOHCTPYKLMM NPOOHMKa A8 BCEX NPUNOXEHWIA. B CBA3K C aTuM,
ANS yAOBNETBOPEHVS TDEOOBAHUI MEXAHUHECKOrO NOAKTIOHEHMS
PasHbIX MPVNOXEHNI, BEINYCKAIOTCA NPOOHKKM PasHbIX Pa3MepoB
W KOHbUrypauwmn.

ABCONIOTHO JOCTOBEPHAs Nepefaya curHana

\neanbHel TPOOHK AOMXEH NEepeaaBarb CUrHan oT HakoHeY-
HKKa 40 BXoda ocumnnorpada ¢ abConoTHOM AOCTOBEPHOCTHIO.
Jpyrmm cnosamu, CUrHan, NpucyTCTBYIOLLNA HA HAKOHEYHIKE
NPOOHVIKA, OMKEH B TOHHOCTM NOBTOPATLCS Ha BXOAE OCLMANOr-

pada.

[na nonyy4eHns abConioTHOM AOCTOBEPHOCTY Lienb NPOOHYIKa
OT HaKkOHe4YHKMKa A0 BXxoda ocumnnorpada AomkHa 06naaath
HyneBbIM ocabeHrem, GECKOHEYHOI NONOCOV NPONYCKaHWs
Y IMHENHOV (a30BOV XapakTepUCTMKOM Ha BCEX YacTOTax.
Mano Toro, 4To B peanbHOCTV 3TV TPeb0BaHWS HEAOCTUXUMEI,
OHW elLLe 1 HenpakTUYHbl, Hanpumep, ecnv Bol paboTtaeTe co
3BYKOBBIMM CUrHanamu, To 6eCcKoHeyHas nonoca nponycKkaHms
npoBbHKMKa, Aa v ocuunnorpada, BaM COBEPLLIEHHO HU K HEMY.
[a v 3a4em HyxHa 6eCkoHeYHas nonoca NPonyckanus, ecnm
nonoca 60MbLIMHCTBA CKOPOCTHLIX LMPPOBbIX LLVH, TENEBU-
3MOHHbIX CUTHANOB W APYTUX TUMUHHBIX OCUMANOrpaduyeckmx
npunoxeHuit He npesbiwaet 500 MIL,

1 BCE €, HYXHO CTPEMUTBLCS K IOCTUKEHMIO aDCONIOTHOW
JOCTOBEPHOCTM CUrHana B AaHHOM paboyei nonoce.

Hynesas Harpyaka Ha MCTOYHMK CUrHana

Llenb, nexatiyio 3a KOHTPOMBHOM TOYKOW, MOXHO Npeacrta-
BWTb, K&K HEKMIA UCTOYHMK curHana. Jlioboe, NoakIioYeHHoe K
KOHTPOSBHOM TOYKE BHELIHEE YCTPOMCTBO, Takoe Kak MPOOHMK,
CO30aeT JONONHUTENBHYIO HAarpy3sky Ha 3TOT MCTOYHMK CUrHana.

[MoTpebaasa TOK MCTOYHMKA CUrHana, BHEeWHee YCTPOMCTBO

CO3Aa€eT Harpysky. 91a Harpyska, vnn NnoTpebnaemMblil 0T UCTOH-
HUKa TOK, BAMSET Ha paboTy Lenn 3a KOHTPONBHOW TOHKOM U TEM
CaMbIM M3MEHSET cuUrHan, HabnioaaeMblii B KOHTPOMBHOW TOYKE.
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Puc. 1.3. 15 pasHbix TEXHONOTW 11 BUAOB M3MEPEHNI BbINYCKAIOTCS PasHble MPOBHUKA.

a. HDOGHMK aons \/CTDO\ZCTB, MCNONb3YIOLLNX TEXHONOMMIO NOBEPXHOCTHONO MOHTaxa.

6. BbICOKOBONBTHbIA NPOGHMK.

8. TOKOBbIV NPOBHUK C 3aXUMOM



ipeansHbi Npo6HKK BOOOLLE HE HArpyXaeT MCTOYHUK CUrHana.
[pyrimmn cnosamu, OH He NOTPeOAET TOKa OT UCTOYHMUKA
CWrHana. 9T0 3Ha4MT, 4TO ANa obecneyeHrs HyneBoro NoTpedna-
eMOro Toka NpoBGHMK AOMXeH 061a0aTh GECKOHEYHBIM BXOAHbIM
YMMeaaHcoM, B CYLLIHOCTV, NPeACTaBnsas cobol Pa3OMKHYTYIO
Lenb.

Ha npaktuke co3aatb NPOOHKK C HYNEBOI HArpy3Kow Ha
WCTOHYHMK CUTrHaNa HEBO3MOXHO. OTO CBA3AHO C TEM, YTO NS
CO30aHVs HaNPXeHWs Ha Bxoae ocumnnorpada npodHMK
JOMXEH NOTPEONATb HEKOTOPHIN HEHYAEBOW TOK OT UCTOYHMKA
curHana. Moatomy no6OM NPOBHMK BCEraa co3naeT HeKo-
TOPYIO Harpysky. Tem He MEHEE, HYXHO CTPEMUTLCA K NPEAeb-
HOMY CHUXEHMIO HAarpy3ku 3a CHeT BbIBOpa COOTBETCTBYIOLLErO
NPOOHMKA.

MNonHas HEBOCNPUMMYMBOCTD K LLIYMaM

Bokpyr Hac NpucyTCTBYET MHOXECTBO VCTOYHIKOB LLYMA,
HaNPYMEP, NOMUHECLEHTHBIE Namnbl Y ABUTraTeN/ BEHTUNA-
TOPOB. STV UCTOYHVIKM MOTYT HABOAMTb LLYMbl Hal COCEAHNE
anekTpudeckme kabenn 1 Lemnm, Bbi3biBas HaNoXeHWe Wyma Ha
CWrHaU1. B CBA3K C YyBCTBUTENBLHOCTLIO K HABEAEHHLIM LLyMaM,
NPOCTOM KyCOK MPOBOAA ABMAETCHA AANEKO HE AganbHEIM Bapyi-
aHTOM OCLMNNOrpaduieckoro NPoBHYKa.

lneanbHbIN ocumanorpaduieckmnin NpoOHKK OOMKEH ObITb
abCOoMOTHO HEBOCMPUUMHMBBLIM K NI0OBIM MCTOYHMKAM LYMOB.
B pesynkrare curian, noctynalowmii B ocumnnorpad, oyoet
coaepxarb He 60MblLUE LLIYMOB, YEM CUrHa B KOHTPOSBHOM
TOYKE.

Ha npakTuke NnprMeHEHVe 3KPaHNPOBAHWA NO3BONAET AOCTUYb
BbICOKOW CTOMKOCTM NPOOHMKA K LymMaM Ans O0NbLMHCTBA
PACNPOCTPaHEHHbIX CUrHANOB. TeM HE MEHee, Nt HEKOTOPbIX
H3KOYPOBHEBBIX CUrHAMOB LLUYM NO-NPEXHEMY MOXET CO3AaBaTb
CEPbE3HbIE NPOBAEMBI. B 4aCTHOCTH, Kak Mbl OOCYAMM HIUXE,
CHMHDA3HHBIN WyM MOXET co3naBarb Npobnembl gaa anddepeH-
LaTbHBIX U3MEPEHWIA.

PeanbHble NPOOHNKM

B npegwecTayiollem 06CyXxaeH npeanbHoro npobHuka
YNOMUWHAIOCh HECKONBKO OCOOEHHOCTEN, HE MO3BOASIOLLMX
J00WTbCS MaganbHbIX XapakTepUCTUK peanbHOro NPOBHMKa.
YTOObI NOHATL, KaK 3TO MOXET NMOBAUATL Ha OCLMNOrpaduye-
CKME UBMEPEHNS, HYKHO NOAPOOHEE PACCMOTPETL XapakTepn-
CTVIKM peanbHbIX MPOBHVIKOB.

MpobHuk 0T A 0o A

ﬁ Mpo6Huk
AVAVAVAV AVAVAVAV AVAVAVAV AVAVAVAV
— R R R R
_— Ocuwmnnorpad
R R R
AvAvAvAv AvAvAvAv AvAvAvAv AvAvAvAv
L
=3 = MpoBoaHWK «3eMnny»
a. PacnpeneneHHoe conpoTuBneHue
Ans curHanoB noctosiHHoro Toka (0 'u)
R L Mpo6Huk
X
’
Ocuunnorpad

R L [MpoBoaHuk «3eMnm»

6. PacnpegenenHbie R, L u C ans curHanoB nepemMeHHoro Toka

Puc. 1.4. Mpo6HvKn NpeacTaenstoT cob0i LEMb, COCTOSALLYIO 13 PACNPeAeNEHHbIX CONpPo-
TUBNEHWIA, UHOYKTUBHOCTEN 1 emkocTelt (R, Lu C)

BO-nepBbixX, BaXHO NOHUMATb, YTO MPOOHWK, AAXKE €CM 3TO
NPOCTOW KYCOK MPOBOAA, NOTEHUMANBHO ABNAETCA OHEHb
CNOXHOW 9NEKTPUHECKOM LIEMbIO.

[na curHanos NoCTosHHOMO Toka (YacTtoTa 0 1) NPoBHMK
BbIMAAMT NPOCTONM Napo NPOBOAHMKOB C HEKOTOPLIM NOChe-
J10BATE/bHbIM CONMPOTVBAEHMEM 1 CONPOTUBAEHNEM HArPy3Ki
(puc. 1.4a). OgHako gns CUrHanoB NEPEMEHHOrO TOKa KapTyHa
CYLECTBEHHO MEHAETCH C POCTOM 4acTOThl curHana (puc. 1.40).

I3MEHEHWE KapTWHbl 4N9 CUFHAN0B NEPEMEHHOrO TOKa CBA3AHO
€ Tem, 4To NOo NPOBOA 0bNafaeT pacnpeneneHHoON MHayKTB-
HocTsio (L), a nobas napa NPoOBOAOB — pacrnpeaeneHHoN eMKo-
cTeio (C). PacnpeneneHHas HAYKTUBHOCTb BAUSIET Ha CUTHAbI
NepeMEHHOr0 ToKa, Bce O0MbLLe NPENATCTBYA NPOTEKAHMIO
NepPEeMEHHOr0 TOKa C POCTOM Eero 4acToThl. PacnpeaeneHHas
EMKOCTb BAVSIET Ha CUrHabl NEPEMEHHOIO TOKa, BCE B0MbLLE
CHMXas CONPOTVBNEHME NEPEMEHHOMY TOKY C POCTOM €ro
4acToThl. B3anmoaencTamne atvx peakTueHbix anemeHTos (L 1 C)
mexay cobow 1 ApyrMn PE3NCTUBHBIMU anemeHTamu (R) onpe-
JensieT NONHBIN MMNEAaHC NPOOHKKE, 3aBUCSLLAIA OT HacTOThl
curHana. B npaBunbHO pa3paboTaHHOM NPOOHMKE B3anMO-
JencTane anemMeHToB R, L n C TwarensHo coanaHcuMpoBaHo,
obecneumsas HeoOX0AVMYIO CTENEHb JOCTOBEPHOCTI CUrHanNa,
0CNabneHvst U Harpy3ky Ha UCTOYHKK CUrHana B ykasaHHOM
AanasoHe 4acToT. HO aaxe Takue npOOHUKM UMEIOT HEKOTOPbIE
APVICYLLME UM OrpaHuyeHns. T1oaToMy npuy BeIOOPE NPOOHYIKA
0YEHb BaXHO 3HaTb 00 3TUX OrPAHNYEHIISX U YIUTHIBATE MX
BAVSHNE Ha PE3YbTaThbl USMEPEHN.
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Amnnutyna

Paboyas
nonoca
npomnyckaHus

Pa6ora 3a
npegenamm
nonocsl

nponyckaHusi

YactoTta

Puc. 1.5. MpoGHviky 1 ocuunnorpadbl paccimTaHbl Ha BEINOAHEHUE UBMEPEHNI C ONpeae-
NEHHBIMI XapakTeprcTkamm B pabodeil Nonoce Nponyckaxya. Ha yactotax, nexatyx 3a
npeaenamy noaocs No yposHio 3 Ab, amMnanTyaa curHana HauvHaeT cnaaarb, v pesynsrarsl
I3MEPEHNS MOTYT ObiTb HENPEACKa3yeEMbIMU.

OrpaHu4eHns No nosioce NPOonycKaHUs U BPEMEHN
HapacTaHus

[onOCoM NpoNycKaHWs Ha3biBaeTCa Avanal3oH 4acToT, Ha paboTy
B KOTOPOM paccyntaH ocuunnorpad unm npobHvk. Hanpumep,
NPOOHWK 1N ocuunnorpad ¢ nonoco nponyckaxua 100 ML,
PACCYNTaH Ha BLINOMHEHNE N3MEPEHNI Ha BCEX YaCTOTax B
Ananasore ot 0 0o 100 ML, Ecnv yacToTa curHana BeIXoamT

3a NPeaentl yKasaHHoM NoNoChl, PesynbTarkl U3MEPEHNIn MOryT
0Ka3aTbCst HEAOCTOBEPHBIMA (pUC. 1.5).

B o6uweM cnyyae ang TOHHOrO U3MEPEHUa aMnauTyasl nonaoca
nponyckaHus ocumnnorpada AomkHa NPeBLILIATh YacToTy N3Me-
PAEMOro CUrHana He MeHee 4eM B NATb pas. ITo «MpaBuio
NATUKPATHOIO NPEBLILUEHWS» rapaHTUPYeT COOTBETCTBYIOLLIMIA
3anac 19 BHICOKOYACTOTHbIX COCTABSIOLLYIX HECUHYCOMAAbHBIX
CWrHauI0B, TaKKMX KaKk MeaHzp.

AHanormyHbIM 06pa3oM, BPEMS HapacTaHusg ocuunnorpada
JOMKHO COOTHOCUTBCA C AAUTENBHOCTBIO GPOHTA N3MEPSIEMBIX
curHanoB. Bpemd HapacTaHusa ocumnnorpada unm npobHuKa
onpepenaeTcs, kak Habnogaemas AamMTeNsHOCTb GPOHTA Npu
nojaye Ha BxoA, MaganbHOro MrHOBEHHOMO Nepenana Hanps-
XeHWs. Ans AOCTVXEHUA NPUEMAEMO TOYHOCTN N3MEPEHNS
ANUTENBHOCTV GPOHTOB UMMYNbCOB, BPEMA HApaCTaHWs
KOMOVHaLMM NpOBHUK-0cUmnnorpad AONXHO ObiTb B TPU-NSATh
Pa3 MeHbLLe AMUTENbHOCTV GPOHTa N3MEPSEMOrO UMMNYNbCa
(puc. 1.6).
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OTHOLLEHVE BpEMEHM HapacTaHusa ocumniorpada
K ANMTENBbHOCTM (OPOHTa MMMymbCa

Puc. 1.6. 91a amarpamma no3BONSET OLUEHUTH MOrPELUHOCTb 3MEPEHNS AIMTENBHOCTM
dpoHTa. Ecnv Bpems HapacTaHus ans KoMOuHaumy npobH1k/ocumnnorpad B Tpy pasa
MEHbLLE ANUTENBHOCT BPOHTa M3MEPFEMOTO MMMY/bCa (OTHOWEHWe 3:1), TO Nnpeanonara-
emasi NOrpeLHOCTb M3MepeHus nexut B npeaenax 5 %. Mpy oTHoweHMy 5:1 NorpeLuHocTb
ymeHbliaeTcs [0 2 %.

Ecnv Bpemd HapacTanud (Td) He ykazaHo, ero MOXHO Bbl4M-
CnnTh MO Nonoce nponyckanna (M) no cnenyowlen Gopmyne:

T = 0,35/NnN

Kaxaein ocumnnorpad® MMeeT onpeaeneHHsii npeaen no nonoce
NPONYCKaH!s U BPEMEHW HapacTaHns. AHanormyHeIM 06pasom,
Kaxapli TPOOHMK TOXE UMEET COOCTBEHHbIE NPEENbHbIE
3HaYeHnd NoN0Ch NPOMYCcKaHWA 1 BDEMEHW HapacTaHws. W korga
NPOBHWK NOAKMIOHAETCS K OCUMNOrpady, Bl NoNy4aeTe HOBbIE
CMCTEMHbBIE OrpaHnyYeHnd Ha NOAOCY U BPEMSA HApPaCTaHNS.

K coxanennio, B3anMOCBA3b CMCTEMHOI NOOCH NPONYCKaH!A
C MHAVBWOYyabHBIMW NON0CaMu NpobHKKa v ocumnnorpada

HE Tak O4eBMAHA. ITO Xe CNpaBeIMBO 1 A9 BPEMEHW Hapa-
cTaHus. [1o3ToMy MHOTUE U3rOTOBUTENN BEICOKOKAYECTBEHHbIX
ocuunnorpadoB ykasbisaoT NOAOCY NPOMYCKAHWS UK BPEMS
HapacTaHus 115 HaKOHeYHMKa NPOBHYKA NPK UCMNONb30BAHUM
ocumnnorpad®a ¢ onpeaeneHHbIMY MoaensiMn NPOGHUKOB. 3TO
BaXHQO, NOTOMY YTO ocumnnorpad 1 NpoGHUK 06PasyioT eavHYi0
N3MEPUTENBHYIO CUCTEMY, 1 PE3YNBTUPYIOLLVE U3MEPUTENBHBIE
BO3MOXHOCTV ONPEeAensioTcs 00LWMMI XapaKTepUCTKamm 3TON
cucTembl. ECnv Bbl npuMeHUTE NPOGHMK, HE BXOAALLWIA B Nepe-
4eHb PeKoMeHyeMbIX MPOOHKKOB [/ JaHHOro ocumnnorpada,
Bbl PUCKYETE NOMYYMTb HENPEACKa3yeMble PesynsTars.



OrpaH n4yeHnsa AMHaMnN4eCckoro ananas3oHa

Bce npoGHMKM MMEIOT BEPXHII Npeaen BXOAHOIO HAnpaXeH/s,
KOTOPbIM HeNb3A NPeBLILATL. 9 1acCuBHBIX NPOOHWKOB

9TOT NPeAen MOXET NIeXaTb B AManasoHe OT HECKOMbKMX COT
J0 HECKOMBKYIX ThICAY BOMLT, @ A9 aKTUBHbIX MPOOHMKOB 3TO
3HaueHNe 06bIYHO HE NPEBLILLIAET HECKONbKMX JECATKOB BOMLT.
Bo nsbexaHune nonydeHnsa TpaBmbl UM NOBPEXAeHNA Npob-
HVIKa HYXXHO 3HATb, KAaKOEe HanPAXeH1e N3MEePAEeTCs, 1 KakoBO
npeaenbHoOe HaNPSXeHVe UCNONb3YEMOro NPOGHNKA.

MoMMMO CO0BpaxeHnin 6e30MacHOCTU UMEIOTCA Takxe 1
NpakTU4eckme coobpaxeHus, kacaloLmecs AnHaMMIecKoro
JmanasoHa nsmepenuin. Bee ocupnnorpadsl UMEIOT CBOU
AanasoHbl YyBCTBUTEABLHOCTI NO amnavTyae. Hanpumep,
TUNUYHBIA AMana30oH YyBCTBUTENBHOCTM NPOCTMpasTea oT 1 MB
1o 10 B Ha penenvie. Ha aucnnee ¢ BOCEMbIO AENEHWSMMN 3TO
03HAYaeT, 4TO Bbl MOXETE BBINOAHATb U3MEPEHWS C NPUEMIEMOIA
TOYHOCTbIO B AmanasoHe oT 4 MB go 40 B gBoiHOrO pa3maxa.

To ecTb, NpeononaraeTcs, H4To AN BLINOMHEHNA NSMEDPEHW C
NPVEMIEMON TOYHOCTBIO, padMax CurHana AomkKeH 3aHnMarb
MUHUMYM YeTblpe OeNeHNs.

Mpu NCNOAL30BaHWK NPOBHKKa 1X (6e3 genuTens curHana), ouHa-
MWYECKMIA Anana3oH COBNaaaeT C AMHaMMYECKMM AMana3oHoM
ocupnnorpacda. B nprBeaeHHOM BhILLE MPVIMEPE 3TO COOTBETCT-
BYET AManasoHy n3mepsaemoro curHana ot 4 mB go 40 B.

Ho 4TO ecnm Bam HyXHO 13mepwTs curHan 6onslue 40 B?

Bbl MOXETE CABUHYTL AVHAMUYECKMIA AMana3oH ocuunnorpada
B CTOPOHY 60N1e€ BLICOKMX HAMPSKEHWI, BOCNONb30BaBLUMCH
NPOOHMKOM C aTTeHioaTopoM. Hanpumep, npobHuk 10X capu-
raeT AMHaMn4eckmii anana3oH B obnacts ot 40 MB oo 400 B.
970 pocTuraeTes 3a cyet aenennd curHana Ha 10, B pesynerare
4ero LeHa aeneHus wkansl ocupnnorpada ymHoxaetcsa Ha 10.
B 60NbWUHCTBE TUMMYHBIX CyYaeB NPeAnoYTUTENLHO UCNOMb-
30BaTb NPOOHMKK 10X, BO-NEPBbLIX, MOTOMY YTO OHW PACLUMPSIOT
AVanas3oH HanpskeHui, a BO-BTOPbBIX, MOTOMY YTO OHU MeHbLLIE
HarpyxxaloT MCTOUHMK curHana. OaHako ecnm Bul cobMpaeTech
V3MEPSATH LUMPOKMIA AViana3oH HanpsxeHuin, TO NydLle UCnonb-
30BaTh Nepekyaembl NpobHuk 1X/10X. 510 naeT oMHamuye-
ckuin oruanasoH ot 4 MB 0o 400 B. OgHako B pexume 1X HyXHO
¢ O0ONbLLEH TLATENBLHOCTBIO YUNUTbIBATL HArpy3Ky UCTOYHMKA
curHana.

MpobHuk 0T A 0o A

R;
A o E,
100 Om
£ — R,
b 5100 kOm

a. Llenb nocTtosiHHOro Toka
¢ Harpy3kon 100 kKOm

R; E,
A Ot———
100 Om
I R, Rp

E, _—
100 kOm =100 kOm

| I

0. Ta e uenb NOCTOSAHHOIo ToKa
C napannenbHO BKIHOYEHHbIM MPOGHMKOM

Puc. 1.7. lNpumep pesncT1BHOM Harpyskn

Harpyska ncto4Huka curHana

Kak yxxe roBopvnoch, ANs CO30aHNs HANPEKEHVS Ha BXOAE
ocupunnorpada, NPOGHUK A0MKEH NOTPEONSATH HEKOTOPHIN TOK
OT UCTOYHMIKA CUrHana. 310 CO30aEeT Harpy3ky Ha KOHTPOSBbHYIO
TOYKY, B PE3Y/bTaTe Hero MOXET MCKasUTLCs GopMa CurHana

B 9TOM LENN.

B kayecTBe NpocTenLlero npuMepa BInAHWS Harpysku nasare
PacCMOTPNM N3MEPEHVE PESUCTUBHOW LIENK, MATAEMON OT
Oatapen. 91a cxema nokadaHa Ha puc. 1.7. Ha puc. 1.7a, oo
NOAKIOHYEHNA MPOOHKIKA, NOCTOSAHHOE HanpskeHve Garapen
pacnpenensieTca Mexy BuIXOAHbIM CONPOTUBNEHNEM OaTapen
(R) n conpotusneHvem Harpyaku (R ). ns ykasaHHbix Ha cxeme
3HAYEHUIN PE3YNBTUPYIOLLEE BBIXOAHOE HanpskeHve Oyaet
paBHo:

E,=E, *R/(R +R) =100 B * 100 000/(100 + 100 000) =
10 000 000 B/100 100 = 99,9 B

Ha puc. 1.76 nokasaH NOAKMOYEHHBIN K CXxeMe NPOBHVIK, CONPO-
TVBNEHVE KOTOPOTO (Rp) BKMoYaeTcs napannensHo ConpoTyB-
nenwio Harpysku R . Ecnv Rp pasHo 100 kKOwm, addexTnsHoe
CONPOTVIBAEHME Harpy3kn Ha puc. 1.76 cHuxaeTcsa Ao 50 kOwm.

B peaynbrare BbIXOAHOE HAMNPAXEHNE CTaHET PaBHbIM:

E,=100B * 50 000/(100 + 50 000) =
5000000 B/50 100=99,8B
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Puc. 1.8. [1ns cyurHanos NepemMeHHOro Toka OCHOBHYIO Harpyaky CO3aeT eMKOCTb NPOBHMKa
(Cp). C poCTOM HaCTOThI CUrHana eMKOCTHOE COMPOTUBNEHNE (XC) CHXAETCS, B Pe3ynsTare
4ero 4epes KOHAEHCATOP Ha4MHaEeT NpoTekars GONbLUNIA TOK.

B aaHHOM Cnydae BAVSIHWE HAarpy3kv NPYBENO K CHKEHMIO
BbIXOOHOMO Hanpsxermna ¢ 99,9 B 0o 99,8 B, To ecTb BCero

Ha 0,1%, 1 BO MHOIMX Cydasx TakviM BAUSHUEM MOXHO NpeHe-
bpeudb. OpHako ecnm bl conpoTneneHne Rp 66110 MeHbLue,
ckaxem 10 kKOM, TO ero BavsHMeM NpeHebpeYb Obi1o Obl yxe
HeNb3s.

Jna CHUXEeHWs Harpy3ku npoOHKKK 1X 0OBIYHO UMEKOT BXOAHOE
conpotusneHve 1 MOwm, a npobrukn 10X — 10 MOwm. B 60nb-
LWMHCTBE Cy4aeB Takasd PesncTUBHAS Harpy3ka NpakTuyeckn

HE 0Ka3blBAET BINAHMA Ha MCCNeayemMyio Lienb. Bnpodem, Heko-
TOPOE BAVSHWE CneayeT OXMAATb NPU N3MEPEHNMN BEICOKOOMHbIX
Lenei.

Kak npaBuno, HanbonbLUne NpobAeMbl CBA3aHbLI C HArpy3Kou,
C034aBaeMOon BXOOHON EMKOCTbIO NPOOHMKa (CM. puc. 1.8).

Ha Manbix 4aCcToTax peakTMBHOE COMPOTUBIEHNE STOW EMKOCTM
QYEHb BENVIKO 1 MPAKTUHECKM HE OKA3blBAET 3aMETHOMO
adgdexTa. Ho ¢ pOCTOM 4aCTOThl PEAKTUBHOE CONPOTUBNEHME
EMKOCTV CHUXAETCA. 3TO NPUBOANT K YBEIMYEHWIO HArpy3Ku Ha
BbICOKVIX YaCTOTaXx.

Takas eMKOCTHas Harpyska HeNnoCPeACTBEHHO BAVAET Ha NOOoCY
NPOMYyCKaH1s 1 BDeMs HapacTaHWs U3MEPUTENLHON CUCTEMBI,
CcyXas nonocy 1 3atarvisas GPOHTHI.

BnusiHne eMKOCTHOM Harpy3ky MOXHO CBECTY K MUHUMYMY,
BbIOpaB NPOOHWK C Manoi BXOAHOW eMKOCTLIO. B cneaytoLlen
TabnVLe NPUBEAEHEI HEKOTOPbIE TUMOBLIE 3HAYEHNS BXOAHO
EMKOCTI Pa3HbIX MPOOHMKOB.

Mpobuuk  Koadpdpuument R C
Jenenus

P6101B 1X 1 MOwm 100 n®

P6109B 10X 10 MOm 13 n®

P6139A 10X 10 MOm 8 nd

P6243 10X 1 MOm <1n®

Tabn. 1.1. BxonHas eMKoCTb MPOGHYIKOB.
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|/|H£l,yKTI/IBHOCTb NPOBOOHUKA «3EeMITN»

Puc. 1.9. MpoBoaHMK «3eman» NPpoBHIKa YBENMYMBAET MHAYKTUBHOCTb LENK. Yem AnvHHeN
NPOBOAHMK «3eMM», TeM B0NbLUE UHAYKTVBHOCTb M TEM BbILIE BEPOSATHOCTb BO3HUKHOBEHNS
3BOHa Ha MMybCax C KPYTbIMU (DPOHTaMU.

[OCKONBKY TMHUS «3eMn» NPOOHMKA NPEACTaBNAET OO0
00bI4HbI TPOBOM, OHa 061aAAET HEKOTOPOW pacnpeaeneHHoNn
MHAYKTUBHOCTBIO (CM. pyc. 1.9). 3Ta MHOYKTVBHOCTbL B3au-
MOIENCTBYET C EMKOCTbIO MPOOHNMKA 1 MOPOXAAET «3BOH» Ha
HEKOTOPOW YacToTe, onpeaenaemon 3HadeHnamn L v C. 31oT
«3BOH» HEN3DEXEH U BLIMSAONT, KAk HANOXEHHAA HA UMMYTbChI
3atyxaiouias cuHycouaa. BavsHme 3B0Ha MOXHO CHU3UTb, CKOH-
CTPYMPOBAB 3a3em/ieHre NPOOHMKa TaK, YTOObI 4aCcToTa 3BOHA
nexana 3a npeaenamy Noockl NPONYCKaH!a CUCTEMBI MPOBHNIK/
ocumnnorpad.

Bo n3bexaHnve npobnem, CBs3aHHbIX C IMHNEN «3eMW», BCEraa
MCMONb3YNTE Camblil KOPOTKMI 13 Mpuaaraembix K MpOOHNUKY
NPOBOAHVKOB «3eMn>». [IPUMEHEHNE BMECTO HETO APYrVIX
NPOBOAHVKOB MOXET MPVBECTY K MOABNEHMIO 3BOHA HA 13Meps-
EMbIX VMMYNbCaXx.

MpPOBHNKM 1 JaTYMKK

Pabotas ¢ ocumnnorpadu4eckiMy npOOHNKaMK, BaXHO HE
3a0bIBaTh, 4TO, B CYLIHOCTY, OHW SBASIOTCA AaTtyvkamu. bonb-
LWMHCTBO OCUMNOrpadu4eckux NnpoOHNKOB NPEACTABNSIOT
co00 AaTyYnKM HaNPKEHNs. To eCTb, OHW PEMUCTPUPYIOT HaNps-
XEHNE CUrHana 1 nepeaaloT 3T0 HaNPsSXeHWe Ha BXOA, OCLMI-
norpada. OaHako CyLLECTBYIOT NPOOHWKN, KOTOPbLIE NO3BONAOT
PErVCTPUPOBATH U APYrie GU3NHECKNE BENNHUHDI.
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Puc. 1.10. KomneHcauus npobH1Ka OCYLLECTBASETCA PEMYAVPOBKO MO0 B rONOBKE, NGO B
KOMreHcaTope, NoAKNIoHaeMOM K Bxody ocumnnorpada

Hanpumep, ona pervictpaumy Toka, NpoTekaloLLero 4epes
NPOBOIHYIK, NCNONb3YIOTCA TOKOBLIE MPOBHMKY. Takol NpoGHIK
npeo6pasyeT TOK B COOTBETCTBYIOLUMIA CUMHAN HANPSXEHUS 1
noJaeT ero Ha BXoA, ocLpnnorpada. AHanornyHuIM 06pasom,
ONTUYECKIME NPOOHUKM PErUCTPMPYIOT APKOCTL CBETA U NPEeo-
6pasyioT ee B CUrHan HanpPSXeHvs ONa 3aMepeHns oCUMIor-

padoMm.

Kpome Toro, NpoBHUKM HAaNPSAXeHWUs MOTYT KCMONb30BaTbCA

C MHOXECTBOM [pyrix AaT4uKoB vnv npeobpasosarenei ang
VI3MEPEHNS PA3INYHBIX DU3UYECKIX BENVYMH. Hanpumep, gardmnk
BMOpaLMmM No3sonaeT HabnioaaTs Ha akpaHe ocuunnorpada
BMOPALMIO CTAaHKOB. BO3MOXHOCTI 30€Ch OrpaHiyeHb NnLlb
HaUTM4MeM Ha PLIHKE TeX UMW VHbIX JaT4Y/KOB.

Ho B0 Bcex cnyyasx kombuHaLmio npeobpasosarens, Npob-
HVKa 1 ocupnnorpada cneayeT paccMaTprBaTh, Kak eayHyio
V3MepUTeNbHYIO cucTemy. 1 6onee Toro, paccMOTPEHHBIE BbILLE
0C06EHHOCTV NPOBHMKOB PACMPOCTPAHAINTCA 1 Ha Npeobpaso-
BaTenu. Mpeobpas3oBarenu ToXe UMEeIOT OrpaHUdEHHYIO MOocy
NPOMYyCKaH1s 1 MOTyT BO3AEMCTBOBATL Ha UCCNEdyeMblil OObEKT.

MpobHuk 0T A 0o A

CoBeTbl MO MCMOJIb30BaHMIO NPOOHMKOB

[MpaBWbHLIN BbIGOD FIDOGHI/IKa, COBMECTMMOrO C Bawunm ocumnn-
norpadom 11 COOTBETCTBYIOLLErO HAMEYEHHOMY MPUIOXEHWIO,
MO03BONAET KOPPEKTHO BbINOHATL HEoOXooMMbIe N3MEPEHNA.
HO kpOMe 3TOro, KOPPEKTHOCTb M3MEPEHWNI 11 IOCTOBEPHOCTb
PE3YNbTatoB 3aBUCAT TaKXe 1 OT cnocoba NMPUMEHEHNA 3TNX
NHCTPYMEHTOB. [Np1BEOEHHbIE 30ECh COBETHI NnoMoryT n3bexarb
HEKOTOPbIX Hanbonee PacnpoCTpaHeHHbIX ownboK.

KomneHcauusa npobHMKoB

KoHCTpyKUWSt OOMbLUMHCTBA NPOOHMKOB paccymnTaHa Ha NoAKo-
4eHWe K onpeaeneHHbBIM MOAENsM ocumnnorpados. Tem He
MEeHee, CyLLECTBYIOT HEKOTOPLIE OTAMYMSA Pa3HbIX OCLMANOT-
padOB OOHOV 1 TOV Xe MOAEM, 1 AaXe PasHbIX BXOAHbIX
KaHanos 0aHoOro ocuunnorpada. Ansa peLeHmns aTon npobnemsl
MHOT1e NPOBHUKK, 0COBEHHO NPOBHMKK ¢ genvtenem (10X n
100X) 060pyA0BaHbl BCTPOEHHbIM KOMIEHCATOPOM.

Ecnn I_IDOGHI/IK O60p\/,£I,OBaH KOMMEHCATopoMm, HyXHO HaCTPOUTb
ero Tak, 4TOObI HDOGHMK Oblf1 COMMACcoBaH C MCNONb3YyEMbIM
KaHa10M ocumnnorpad)a. ﬂ,ﬂﬂ aTo0ro HeOGXOJ:LVH\/IO BbIMOMHUTE
CneqyioLLLyio NpoLeaypy:

1. MookniounTb NPOBHUK K ocumnnorpady.

2. MookNIouNTb HAKOHEYHUK NPOBHYIKA K BLIXOOY KanMOGpOBOY-
HOrO CUrHaNa Ha NMLEeBO NaHeny ocumnnorpada (CMm. puc.
1.10).

3. C nomoLLpbio NpraaraeMoro K NPOBHYKY CneumnansHoro
MHCTPYMEHTa WK APYroro NOAXOAALLErO HEMArHUTHOIO
VHCTPYMEHTa HaCTPOWTE KOMNEHCATOP Tak, YTo0kl Kannbpo-
BOYHbI CUrHAN MMEeN NNOCKYIO BEPLUMHY 63 BEIOPOCOB MW
3akpyrmenuin (cm. puc. 1.11).

4. Ecnw ocumnnorpad umeet BCTPOEHHYIO Npoueaypy Kanv-
6DOBKV], 3anyctuTe aty npouenypy ona OCTxXeHNA MakCu-
MaJslbHOW TOYHOCTH.

HekomneHcrpoBaHHbIN I‘IDO6HI/IK MOXET NMOPOXA4aTb padiyHble
MOrpewHocTn, 0COBEHHO npn namepeHnn onTenbHOCT
(OPOHTOB ¥ CNaaoB IMMNYNbCOB. Bo nsbexaHvie Takmx norpeLwHo-
CTeV BCEraa BbINONHANTE KOMMNEHCALMIO I‘IDOGHI/IKa Cpagy nocne
NOAKMO4YEeHNA ero K ocumnnorpa(by 1 NEPMOONYECKM NPOBEPATE
Ka4eCTBO KOMMeHcauuyn.
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JCh] TVh M250M5 Ch1 7 130mV jCh 1] TV M250us Ch1 J 180mV TVA M250us Ch1 7 180mV
136bITO4Has KOMNeHcaLys HenocTtaroyHas komnexcauyis HopmarnbHas komneHcaums

Puc. 1.11. MNpumepsl BAnsHUS KoMneHcaumy NnpobHuka Ha GopMy MeaHapa

Tek Run: 2GS/s Average Tek Run: 2GS/s Sample
[ T 1 T 1
Ref1 Rise Ref2 Rise
4.74ns 5.97ns
ki
M 5ns Ch1 J —d44mv M 5ns Ch1 £ —-T16mV
200mv 5ns 200mv 5ns
HenocpeacTBeHHbI KOHTaKT NPOOHYKa Mpo6HVK NOAKNIOYEH Yepesd NPOBOA, AIMHON
C KOHTPOSbHOW TOHKOM 50 MM

Puc. 1.12. laxe KopoTk1iA NPoBOA, NpMNasiHHbINA K KOHTPOALHOM TOYKE, MOXET MCKadnTb GOPMY CrrHana.
B naHHOM cydae onnTensHoCTs GpOoHTa MaMeHnnack ¢ 4,74 0o 5,67 He.

Tek Run: 1GS/s sample  HEKE Tek Run: 1GS/s Sample  [IEEKG
t s 1 I T 1

L G
Foomve W 30ns ChT 7 =T16mV Z06mvy W Sons ChT 7 —TTemv
POBOAHVIK «3eMAM» AAVMHON 165 MM. TMpoBOAHVIK «3eMn» yanuHeH Ha 700 M.

Puc. 1.13. YamHeHne npoBoaHyika «3emin» NpobHVKa MOXET CTaTb NpUYMHOI 3B0HA

KpoMme TOro, peKOMEHAYETCS NMPOBEPSTL KOMMEHCALMIO NOCE 3aMEHbI HAKOHEYHMKA I‘IDOGHVIKa.
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Mo BOBMOXHOCTM UCNONB3YNTE NOAXOAALLME HAKOHEYHMKN

HakoHEUHWK, KOHCTPYKLMSA KOTOPOrO COOTBETCTBYET TUMY
KOHTakTa KOHTPOMABHOW TOUKKM, 06eCcneunBaeT BbICTPOE, YA0OHOE,
3NeKTPUYECKM BOCTIPOM3BOAMMOE 1 CTabUbHOE NOAKNI0YEHME
npo6HMKa. K coxaneHuio, J0BOLHO YaCTo NPUXOAUTCS Habnio-
JaTb NpynasHHbIA K MCCNEAyeMol Lienn KyCoK NPOBOAA, KOTOPLIN
VICNONb3YETCA BMECTO COOTBETCTBYIOLIErO HaKOHEUHMKA.

Mpobnema B TOM, 4TO Aaxe KOPOTKMA NPOBOA, MOXET CyLLECT-
BEHHO M3MEHWUTb BXOOHOE CONPOTUBAEHNE Ha BBICOKMX YaCTOTaX.
BavsHme Takoro npoBoAa nokasaHo Ha puc. 1.12, roe name-
PEHVE BBINOMHANOCH NPV HENOCPEACTBEHHOM MNOAKMOHEHNN
HaKoHEe4YHMKa NPOOHMKA K KOHTPOMBHOM TOYKE, a 3aTeM Yepes
KOPOTKMI KYCOK MPOBOAA, BKMOHEHHbBIA MEXY KOHTPONBHOM
TOYKOW 1 HAKOHEYHUKOM.

MpobHuk 0T A 0o A

MPOBOAHMKM «3eMMN» [OKHBI ObITb Kak MOXHO KOpoYe
1 npsMee

Mpun N3MEPEHNN XapakTepUCTVIK VAV AMarHOCTVKE HeMCnpaB-
HOCTEN BONLLUWX MAAT UK YCTPOMCTB BO3HMKAET COONasH
YAWMHWUT NPOBOAHVIK «3EMIN» NPOBHMKA. YA IMHEHHbIA
NPOBOAHVIK «3eMNV» NO3BONAET NPUCOEANHUTL €r0 B OAHOM
mecTe 1 cB060AHO Nepemelatb NPOBHUK, NOOKI0YaACsH K
Pa3HbIM KOHTPOMbHBEIM TOYKaM no Bcer nnate. OgHako AoMnos-
HUTENbHAA VHOYKTUBHOCTL OANHHOMO NPOBOAA MOXET BbI3BaTh
«3BOH» CUIHAOB C KPYTHIMM GPOHTaM. ITO ABAEHNE NoKasaHo
Ha puc. 1.13, roe V3aMepeHVs BLINONHANUCH C NTPOBOAHNKOM
«3eMW» CTAHOAPTHOM ANVHbI, & 3aTeM C YAJMHEHHbIM NPOBOA-
HKOM «3eMNN».

BbiBOObI

B 970l nepBoVi rase Mbl NONbITaN1Ch COOpaTh 6a30BbLIe
CBEIEHUS, HEOOX0AVMbIE 15 NPaBUALHOrO BLIGOPA NPOO-
HIKa 1 FPaMOTHOrO Ero NpUMEHEHUs. B cneayioLLyix rmaBax Mbl
pacLUMPUM 3Ty MHDOPMALMIO, a Takxe NpeacTaBum AONONHN-
TeNbHbE CBEAEHNSA O NPOBHVIKaX U MeTodax paboThl C HAMM.
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Pa3Hble NpoOHMKM ans pasHbix 3a4a4

CerofiHs Ha pbiHKE MMEeIOTCS COTHM, & MOXET [axe U ThicAdm
OCLMNNOrPapUIECKX NPOBHUKOB.

JIenCTBUTENBHO NN HYXEH TakOW LWMPOKNIA BEIOOP?
[NpaBubHbIN OTBET — [1A, 11 B 3TOW MaBe Bbl y3HAETE,
no4emy.

[MOHMMaHNE IaHHOTO BOMPOCA NO3BOMAET NOATOTOBUTHCS K
BLIOOPY NPOOHMKA B COOTBETCTBUM C XaPaKTepUCTUKaMu OCUWN-
norpada 1 BbINOAHAEMbIMA U3MEPEHVSMU. [1paBUIbHBIN BEIOOP
NPOOHVIKA PACLIMPSET BOSMOXHOCTM U YNYHLIAET KA4ECTBO
N3MEPEHVS.

3a4emM Tak MHOrO NPOOHUKOB?

LLInpokwui BEIBOP Mogenein ocumnnorpados 1 pasHoobpasne 1x
BO3MOXHOCTEW ABNSIETCSH OAHOW 13 OCHOBHBIX MPNYMH Pa3HO-
06pasus NPOBHNKOB. PagHbiM ocupunnorpadam HyxHel pasHele
NPOOHMKN. Hanpumep, ocuunnorpady ¢ N0A0CON NPOMyckaHus
400 MIL, HyXHbl NPOBHKMKK, nogaepxmsatoLLme nonocy 400 ML,

B 10 xe Bpems, Takue npoBHMKM OyayT N3OBITOHHEIMY MO Xapak-
TepUCTUKaM v No CTOMMOCTL AN ocumnnorpada ¢ noaocon
nponyckarua 100 MIu,. Inga Takoro ocuunnorpada nyyie
1CNoNb30BaTb NPOOHWKK ¢ nonocon 100 ML,

B obuiem cnyydae, NPOBHUKM HYXHO BEIOMPATL B COOTBETCTBUM
C NON0COM NponyckaHna ocumnnorpada. Ecnm ato He yoaetcs,
TO HYXXHO 1cKaTb NPOOHKK ¢ OONEE WMPOKOW NOAOCON.

Bnpoyem, nonoca — 310 TOMLKO Havano. Y ocupnnorpad®os
MOTYT ObITb Pa3Hble BXOAHEIE PASbEMbI 1 PA3HbBIN BXOAHOW UMMNe-
JaHc. Hanpumep, 60nbLUMHCTBO ocummnorpadoB OCHaLLEHO
npocTeiMy padbemamyt BNC. B HEKOTOPbIX ocumnnorpadax
MOMYT UCMONb30BATLCS pasbemMbl SMA. HO MOMyT MpYMEHSTBCS

¥ cneupvanbHble pa3dbeMel, Kak NokasaHo Ha puc. 2.1, ang yyeta
ocnabnenvst aTTerinaropa B pesy/ibrarax U3MepeHur, Ins
VAEHTUVKALMY OCUMIIOrPAMMBI, MATAHUS MPOOHMKA U APYIAX
cneumanbHbIX QYHKUNNA.

Takvm 06pasom, Npu BEIOOPE NPOBHMKA HYXHO YYUTHIBATE €r0
COBMECTUMOCTb C BXO[IHBIM Pa3beMoM ocuunnorpada. Cosme-
CTUMOCTb MOXET ObITb NPsIMas UM 4epes COOTBETCTBYIOLLMIA
apantep.
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CraHpapTHble Npo6HUKM ¢ pa3beMoM BNC. Mpo6HYIKM ¢ 06bI4HBIM PagbemMom
BNC noaknioyaiotes npaktuyecku k nio6omy ocumnnorpady Tektronix. Henoporve
NacCuBHLIE MPOGHMKYM 0ObIMHO 0BOPYAOBAHbI NPOCTHIM pagbemom BNC.

Mpo6Hukun BNC TekProbe™ ypoBHs 1. Mpo6Hyiki ¢ pasbemom BNC TekProbe
ypOBHs 1 nepeaaioT B ocuunnorpad nHdopmaumio 06 ocnabneHnmn arreHioaropa,
TaK Y10 OCUMANOrpad MOXET KOPPEKTHO BbIBOANTL 3HAYEHUS aMMINTYbI.

Mpo6Huku BNC TekProbe™ ypoBHs 2. Mpo6Hyiky ¢ pagbemom BNC TekProbe
YPOBHA 2 NepesaioT Ty Xe MHPOPMALMIO, HTO v NPOBHUKM YPOBHS 1, HO, KPOME
3T0r0, MOAAIOT NMTaHNE AN LIeNoro psifia akTVBHbIX 31EKTPOHHbIX MPOBHIIKOB.

Mpo6Hukn TekVPI®. Mpo6HukM TekVPI npeanaraiot GyHKLMM ynpasneHus nita-
HUEM W AnCTaHLMoHHOe ynpasneHve. MpobHuki TekVPI noeansHo noaxoasT ang
NPUIOXEHUIA, re He06X0AVMO YNPaBNEeHNEe C KOMMbIOTEPA.

Mpo6Hukn TekConnect®. MpobHukK ¢ nHTepdericom TekConnect nopaepxu-
BAIOT Npea/iaraemele komnaHmel Tektronix akTviBHbIe NPOBHUKM C CaMOM LLIMPOKO
nonocoi nponyckaxus. Vintepdelic TekConnect paccuuTaH Ha noakoyeHre
npo6H1KoB ¢ nonocoit >20 ML,

Puc. 2.1. MoakmniodeHne npo6HUKOB K ocuunnorpady.



YueT ocnabneHvs atTeHinaTopa B pesyasratax amMepeHuit
0OCOOEHHO BaxeH A9 06ecnedyeHmns COBMECTUMOCTN NPOOHWIKa/
ocupunnorpada. Mpu noo4epeaHOM NOAKMOHEHNM K OCLANNON-
pady NnpobHMkos 1X 1 10X BepTUKabHas Wkana ocupunnorpada
JIO/KHa COOTBETCTBOBAThL 3TOMY M3MEHEHMIO. Hanpumep, ecnm
NPY NOAKNIOHEHHOM NPOBHWMKE 1X HyBCTBUTENBHOCTL NO BEPTU-
kanu ocumnnorpada pasHa 1 B/nen (oavH BONLT Ha AeNEHVe)

V1 Bbl MeHsieTe NpobHMK Ha 10X, TO YyBCTBUTENBHOCTL NO BEPTU-
Kanm gomkHa uameHnTsea B 10 pa3 1 ctats pasHon 10 B/gen.
Ecnu Takaa 3ameHa NnpobHmka ¢ 1X Ha 10X He ByaeT yumnThi-
BaTbCHA OCLMNNOrPAPOM, U3MEPEHHBIE 3HAYEHWS aMIIUTY b
npwv 1Cnonb3oBaHUM NpobHuka 10X 6yayT B 10 pas MeHbLue
peaNbHOM BENNYMHDI,

HekoTopble YHUBEPCaNbHBIE MPOBHMKM MOMYT HE NOALEPXMBATL
yyeTa ocnabneHns atreHioaTopa ans BCex 0CUMANorpados.

B pesynbtare, npu “Cnonb30BaHUM TakvX YHUBEPCANbHBIX MPO6-
HVKOB, BMECTO NPOGHKOB, CNeLyanbHO PeKOMeHI0BaHHbIX
V3roToBWTENEM OcUMNorpada, HyxHoO cobnioatb NpeaenbHyIo
OCTOPOXHOCTb.

Kpome nonocel nponyckaHus v OTANYMA pasbeMOB Pa3HbIe
ocumnnorpadsl MoryT 06naaarb pasHbIM BXOAHbIM CONPOTMB-
NEHNEM 1 eMKOCTbI0. OBbIYHO BXOAHOE CONPOTUBAEHWE OCLINI-
norpada pasHo 50 Om uan 1 MOM. OgHako BXxogHas eMKOCTb,
B 3@BMCHUMOCTV OT NOAOCH NPONYCKaH!sa 1 APYrX KOHCTPYK-
TVIBHBIX OCOOEHHOCTEN, MOXET CUNbHO OTAMYaTbCs. [ns
NpaBWNbHOM Nepeaayn curHana BaxHo, YToObl CONPOTUBAEHNE
¥ EMKOCTb MPOOHWKa COOTBETCTBOBANM BXOAHOMY COMPOTUB-
NIEHWIO 1 eMKOCTI ocupnnorpada. Hanpumep, 50-oMHble Npob-
HUKV HYXHO NOAKTI0YaTh K BXOAaM ocuunnorpada ¢ ConpoTme-
neHvem 50 OM. AHanornyHbIM 06pa3omM, NPOOHUKN C CONPO-
TvBneHmeM 1 MOM HyXHO MCNONb30BaTh C ocumunnorpadamu

C BXOOHbIM conpoTuenexnem 1 MOm.

VIcknioYeHremM 13 aToro npaswna ABnsoTCs MPOOHIMKM C arTe-
Hioatopom. Hanpumep, npobHvk 10X, npeaHa3Ha4eHHbIn gas
noAKMoYeHNs K Bxoay ocuunnorpada 50 Om, 6yoeT nMeTb
BxoaHoe conpotueaerne 500 Om, a npobHuk 10X ans Bxoga
ocuunnorpada 1 MOM ByaeT UMETL BXOAHOE CONPOTUBAEHME
10 MOM. [MpOoBHUKK C aTTeHI0ATOPOM, Takme kak 10X, HasbiBaloT
Takxe NPOOHVKaMK C AEAUTENEM UK C YMHOXUTENEM. DTV
NPOBOHVIKM YMHOXAIOT M3MEPUTENBHLIA Anana3oH ocumnnorpada
B COOTBETCTBUM C KOIPOULMEHTOM AENEHWS BXOAHOrO CUrHana.

Kpome cornacoBaHusa ConpoTYBASHUSA HYXHO 06ecneqnTs
COMIacoBaHMe eMKoCTU NPOBHIKA C BXOAHOW EMKOCThIO OCLMII-
norpada. 3a4acTyio Takoe COrnacoBaHne BLINONHASTCA MyTem
NOACTPOKM KOMNEHcaTopa NpobHMKa. Bnpoyem, aT0 BO3MOXHO

MpobHuk 0T A 0o A

T

HecvMMeTpuyHBbIn
curHan

'

I[—e—

OudbdpepeHumansHbin
curHan

L

Puc. 2.2. HecrmmeTpryHble CUrHansl NepefatoTes No OAHON IMHK OTHOCUTENBHO «3EMAN»
(a), Toraa kak anddepeHumansHble curHasl NepeaaioTes no ABYM CUrHANbHBIM AUHUSM U
npeacTaBnsior coboi NPoTYBOMGa3HbI curHan (6)

NLLb B TOM CIIy4ae, eCNv HOMVHaIbHasA BXOOHAsA eMKOCTb
ocumunnorpada NexuT B Npeaenax ananasoHa KoMneHcauuy
npPoO6HKKa. [03TOMY 4aCTO BCTPEYAOTCS NPOOHNKM C Pa3HbIMM
AvanasoHamy KOMNeHcaLM1, COOTBETCTBYIOLVE TPEBOBaHNUAM
pasHbiX ocuMnNorpados.

3rotosutenn ocumnnorpadoB CyLLECTBEHHO YIPOCTIN
npobnemy cornacoBaHna NPoOHVKa ¢ ocunnnorpadom. OHu
CTapatoTcs paspabarsbiBars NPOGHVKN 1 OCUMANOrpadsl, Kak
e[INHYI0 c1ucTemy. B peaynsrate nyydliee cornacoBanue npoob-
HWKOB C ocumMnnorpadamm Bcerga A0CTUraeTcst Npw UCnosb-
30BaHWM CTaHOAPTHOrO NPOOHMKA, YKa3aHHOIO 3rOTOBUTENEM
ocunnnorpada. MpvmereHre niobsix OPyrnx MPOOHUKOB, KOOME
yKa3aHHbIX M3rOTOBUTENEM, MOXET MPUBECTU K AANEK0 HEOMNTU-
MasbHbIM PESYIETATaM.

OaHo n1wb TPeOOBaHKE COMAacoBaHna NPOOHMKA C OCLMI-
norpadoM NOPOXOAET WMPOKMIA aCCOPTUMEHT NPOOHNKOB Ha
COBPEMEHHOM PhIHKe. W K HUM A06aBnAoTCA ele 1 NPOBHKKK,
npeaHa3HaveHHble 115t BLINOMHEHUA BCEBO3MOXHbIX CNEL-
abHbIX M3MepeHui. CambiM PACIPOCTPAHEHHBIM PA3INYNEM
ABNSIETCA PasIMyne AvanasoHoB M3MEPSEMOrO HAMPKEHNS.
[Ina 3mepeHns MUANMBOILT, BOMBLT 1 KANOBOJLT 0ObIYHO Tpeby-
I0TCS NPOOHVIKL C PasHbiMU KO3hduumeHTamu nenerns (1X,
10X, 100X).
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Kpome TOro, BO MHOIVIX Cydasx NPUXOANTCS U3MeEPATb andde-
PEHUManbHOE HanpskeHre. B aToM cnydae curHan npucyTcTeyeT
MEXIy OBYMS TOYKaMM U ABYMSt MPOBOAHMKAMM, HI OOMH 13
KOTOPbIX HE KOHTAKTUPYET C «3emne» nim 0OLLWM NPOBOAHKOM
(cM. puc. 2.2). Takme anpdepeHumanbHble CUrHasbl LUIKPOKO
MCNOMb3YIOTCH B CxeMax 06paboTku ron0COBOrO cyrHana Tene-
(OHOB, B KaHanax CYMThIBaHMA ANCKOBbLIX HAKONUTENEN 1 B
MHOrOdasHbIX Lensx nutaHnd. [ns MsmMepeHuns Takux CUrHanos
HY>XHbI CneunanbHele TPOOHNKY, KOTOPbLIE HadbliBaloTCs andde-
PEHUMaNbHBEIMU.

CyLLECTBYET TakKe MHOrO Cily4aeB, 0COOEHHO NPV U3MEPEHY
Lienei NuTaHug, Koraa TOK UMEET He MeHee BaxXHOe 3HayeHue,
v paxe Gonbliee 3HaueHve, 4eM Hanpsaxervie. B Takux ciydasx
AyHLLIE NOAXOAMT CrieumanbHbI Knace npoBGHUKOB, KOTOPLIE
npeaHasHaueHbl A9 PerncTpaLmum Toka, a He HanpPsXeHUs.

TokoBble U auddepeHLmanbHbie TPOOHWKN NPEeACTaBAROT

[1Ba cneuynanbHbix Knacca NPOOHUKOB CPEAy MHOMMX APYrX
umetoLmxcs TMnos. OcTaBWwancs YacTb STOW MaBbl NOCBALLEHA
HEKOTOPLIM 60Nee PacNPOCTPAHEHHBIM TNaM NPOOHUKOB 1 WX
0COObIM MPENMYLLECTBAM.

Pa3Hble TUMbl NPOOHUKOB 1 UX NPEUMYLLIECTBA

Mpexae yemM NPUCTYNTb K 0OCYXAEHMIO Pa3HbIX, LUMPOKO
PACNPOCTPAHEHHbIX TVMOB MPOOHNKOB, BAXHO NOHATH, YTO STK
TMNbI 334aCTYI0 NEpecekalnTCcs. HekoTopble NPOOHMKK Hanps-
XEHNA PEMUCTPUPYIOT UCKTIOHUTENBHO HANPSKEHME, HO MPY 3TOM
NPOBOHVIKN HANPSKEHMS MOTYT ObITb NACCVIBHBIMY UV aKTUB-
HBIMW. AHANorMYHbBIM 006Pa3oM, AUpdepeHUMansHEIe NPOBHNKN
TOXE MOMYT OblTb aKTVUBHBIMM WM NACCHBHEIMI. Tam rae 3To
YMECTHO, Mbl ByaemM 06paLlatb BHUMaHMe Ha Takoe nepece-
4eHune TMNOoB.

MaccmBHble NPOGHUKN HANPAXEHNS

[accuBHbIE NPOOHWIKM COCTONT U3 Kabenel 1 pasbemoB 1, ECAK
3TO HYXXHO A5t KOMNEHCALWM WA AENEHUS, U3 PE3VCTOPOB 1
KOHAEHCATOPOB. B HIX HET aKTUBHBIX KOMNOHEHTOB — TPaH3M-
CTOPOB MM MHTErPaNbHbIX CXEM — 11 MO3TOMY OHW HE HyXXAaI0TCS
B NUTAHWUM,

Bnarogapst OTHOCUTENbHOWM NPOCTOTE, NACCUBHbBIE MPOOHWIKM
06bI4HO ABASIOTCA CaMbIMW HAAEXHBIMU 1 HeooPOrUMuU. OHK
NPOCTbI B 0OPALLEHWN 1 OTHOCATCS K CaMOMYy PAcrpOCTPaHEH-
HOMY TUMY MPOOHMKOB.

MaccuBHble NPOBHUKIM HANPSIKEHVI BbINYCKAIOTCS C PasHbIMY
koadduumeHTamu genexnd — 1X, 10X n 100X — n paccumTaHsl Ha
pasMuHble HaNPSKeHUS. V13 NpPOBHMKOB aTOro Tvina Hambonee
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LUIMPOKOE NPUMEHEHWE HaXOAUT NACCUBHBIA NPOOHWK Hanps-
xeHust 10X, 1 UMEHHO Takme NPOOHKM 0BbIYHO BXOOAT B CTaH-
JAPTHbIM KOMMAEKT NOCTaBK/ OCUMNNOrpadoB.

[l NpUROXeHUi, rae 3MepsIoTCa HanpPsKeHUs MeHee 0AHOrO
BOJ/bTa ABOVHOrO pasMaxa, AydLle NoaxXOoasT, Uav Aaxe Heoo-
XOAMMbI NPOBHKMKK 1X. ECAn B cxeme NpucyTCTBYIOT pasHbIe
CUrHabl Manoi v CpeaHern aMnanTyabl (0T AECATKOB MUMAVBOMLT
J10 NECATKOB BOALT), TO O4EHb YAOOHO MCNONb30BaAThL NEPEeKio-
yaemble NpobHukn 1X/10X. Bnpouem, He cneayeT 3abbiBath, 4TO
nepeknodaembiii npobHuk 1X/10X, 370, B CyWHOCTY, ABa NPOO-
HI1Ka B 0AHOM. OHWM HE TONbKO OTAMHAIOTCS MO KO3D ULINEHTY
0cnabneHvs, HO 1 N0 NOAOCE NPOMYCKaHUs, BDEMEH) Hapa-
cTaHnd 1 no umnegarcy (R v C). B pesynstare aTv NpoOHUKN
MOTYT ObITb HETOYHO COMACOBaHbl CO BXOAOM ocumunnorpada v
N03TOMY He ByayT 06ecneyrBaTh ONTUMabHbIE XapakTepucTUKN,
npuUcyLme cTaHaapTHLIM NPo6HKKam 10X.

BONbLIMHCTBO NaCCUBHBIX NPOOHUKOB NPeaHa3HaYeHo Ang
paboThl ¢ ocumnnorpadamm 00LWero HasHaueHus. Moatomy
00bIYHO BEPXHAA rPaHKLa VX MOAOCH NPOMYCKaHWS NEXNT B
npeaenax ot MeHee dyem 100 ML, oo 500 MIL, 1 6onee.

Tem He MeHee, CyLEeCTBYET cneuyvanbHas Kateropus NacCuBHbIX
NPOOHWKOB, 06A8AAI0LLINX 3HAYMTENBHO OOMBLLEN MONOCON.

VIx MoryT HasbiBaTb 50-0MHbIMM NPOBHKami, NPOOHNKami Z
UM NPOBHUKaMKM C AENUTENEM HanPSXEeHUs. ST NPOOHWKN
npeaHasHa4YeHbl s paboThl C LENAMU, MEIOWWMM BXOAHOE
conpotvenerne 50 OM, 4To TUIMYHO NS BEICOKOCKOPOCTHbIX
UmdpoBbIX yeTpoincts, CBY ¢BA3W 1 AMHaMUYECKon pednekTo-
meTpun (TDR). TUnMYHBLIA NPOBOHWIK C BXOAHBIM CONMPOTUBAEHNEM
50 Om gnsa Takux NpuinoXeHun 0bnagaeT Nnonocor NPOnycKaHms
B Heckonbko L v BpemereM HapacTanua 100 NC nn MeHbLLe.

AKTVBHbIE NPOBOHMKIN HANPSAXEHMS

AKTVIBHbIE NPOGHVIKI COAEPXaT CXeMY C aKTVBHLIMI KOMMO-
HEHTaMW, TaKVMI KakK TPaH3MCTOPLI. B 6ObLWNHCTBE Cy4aes B
KaYeCTBE aKTVBHbLIX KOMMOHEHTOB CMONb3YIOTCA NONEBLIE TPAH-
31CTOPHI.

MpenMyLLECTBOM MOAEBOr0 TPAH3NCTOPa ABNAETCA O4eHb Masas
BXOAHAasA eMKOCTb, 0BbIYHO NopsaKa HECKOMbKUX N, a B HeKo-
TOPLIX CAyYanx faxe Mexblle 1 nd. Takas cBepxManas emKocTb
NoNes3Ha no HeCKOMbKVIM NMPYYMHAM.

Bo-nepBbix, BCMOMHMUTE, YTO Manoe 3HayeHne eMKOCTH 03Ha-
46T BbICOKOE 3HA4EHME PEAKTUBHOMO CONPOTMBNEHNS X . ITO
cnenyet 13 GopmMynbl ans X



CuntbiBatowas Mpepo-
rornioBka AUCKOBOrO ycunu-
HakonuTens Tenb

b

Puc. 2.3. HekoTopble npumMepsl avddepeHumansHbix CUrHanos.

[1OCKONBKY EMKOCTb OKa3blBAET PELLAIOLEE BAVSHIE HA BXOOHOM
“MMeaaHc NPpobHUKa, Manoe 3HadeHre C NpuBOAWT K POCTY
BXOOHOMO MMMNeAaHca B LWMPOKOM AMana3oHe 4acToT. B pesynb-
Tare akTUBHbIE MPOOHVKL C NONEBBIMU TPAH3UCTOPaMM OObIHHO
UMEIoT nonocy nponyckanua o1 500 MIL, 00 Heckonbkmx L.

[TOMUMO LUMPOKOW NONOCH BEICOKWIA BXOAHON NMNEAAHC
aKTVIBHBIX MPOBHUKOB C MOMEBbIM TPAH3UCTOPOM Ha BXOME
NO3BONAET NOAKINIOHATECH K KOHTPOMBHBIM TOYKaM C HENS-
BECTHBEIM MMMNELAHCOM, 3HA4YMTENBHO CHXAEA PUCK BAUAHNS
Harpyskv. Kpome Toro, Takme npoOHKKM NO3BONSOT MCMOMb30-
BaTb O0Nee AIMHHBIE MPOBOOHVKY «3EMW», MOCKObKY Manoe
3HaYeHNEe EMKOCTU CHUXAET BIVAHNE NPOBOLHVKOB «3EMW».
Ho cambiM BaXXHBIM ABNAETCA TO, YTO NPOOHWKA C NONEBLIM
TPaH3MCTOPOM CO3AAI0T CYLLECTBEHHO MEHbBLUYIO HArpy3Kky Ha
M3MEPSEMYIO LIEMNb 1 MOTYT UCMONb30BATLCA 18 3MEPEHNS
BBICOKOOMHBIX LIEMNEN, Ha KOTOPBIE NACCUBHLIE MPOOHNKY
okaganv Bbl O4YEHb CUNBHOE BAMAHNE.

C y4eTOM BCEX STUX NPEUMYLLIECTB, BK/IIOYaA NOAOCY NPOmny-
CKaHMst OT NOCTOAHHOIO TOKAa A0 HECKOMbKMX [TL, MOXHO
noaymarb: 3a4eM BOOOLLE HYXXHbl MACCUBHbIE MPOBHMKNA?

OTBET 3aKI04AETCH B TOM, HTO aKTUBHbIE MPOOHKKM C NONEBLIM
TPaH3MCTOPOM YCTYNaloT NACCUBHBIM NMPOBGHMKaM MO OMana3oHy
BXOOHOrO HANPKEHNd. JIMHENHBIA OVHAMUYECKUI OMana3oH
aKTVBHOrO NPOBHYMKa 00BIMHO NexuT B npeaenax ot +0,6 1o
+10 B. Kpome Toro, MakCuManbHOe HanpsikeHne, KoTopoe
OHV CNOCOBHbI BBIAEPXATL, MOXET PaBHATLCS BCero +40 B
(NOCTOSIHHOE + NMKOBOE NepeMeHHoe). IpyruMuy cnoBamu, atm
NPOOHUKM HE MOTYT U3MEDPSATb HANPSKEHWS B AMANA30HE OT
HECKONBbKNX MUNMBONLT 40 OECATKOB BOJILT, KK 3TO LenatoT
NacCuBHbIE NPOOHMKN. KpoMeE TOro, akTUBHbIE MPOOHWKIA MOTYT
BBIMTY 13 CTPOSA NPY CyYarHOW NOJAaYe Ha HKX BEICOKOIO
HaNPAXEHWS U B Cy4ae aNekTpOCTaTUYEeCKOro paspama.

1 BCe Xe, lmpokasa nonoca NPpoOHUKOB C NONEBLIM TPaH-
31CTOPOM SBNAETCA O4EHb BAXHBIM NPENMYLLECTBOM, 1 1X

MpobHuk 0T A 0o A

KaH1 — KaH2

OundbdepeHumanbHbIn NPobHMK

6.

Puc. 2.4. lnddepeHupansHble CUrHanbl MOXHO M3MepPsTh C MOMOLLBIO Npeobpa3osarens 1
DYHKUMM CNOXEHUS CUTHANOB ABYXKaHaNbHOro ocumnnorpada (a), aw, 4o NPeAnoYTUTENb-
Hew, ¢ NOMOLLLIO AndGepeHUmanbHoro NpobHuka (6)

JIMHENHBIA 01aNa30H N0 HANPSXXEHWIO NePEKPLIBAET PABOHI
Q1anasoH MHOTVIX CXEM Ha NOMYNPOBOOHVKOBBIX MPUOOPAX.
[03TOMY aKTVBHBIE NMPOOHMKM C MONEBBIM TPAH3UCTOPOM HacTo
NPUMEHSIOTCA N9 U3MEPEHUS MaTbIX CUTHANOB, BKIKOHAs
CEeMeWCcTBa BbICOKOCKOPOCTHOM NOrkn, Takme kak CJ1, GaAs
Mt .

AnddepeHumansHble TPOGHUKM

b depeHupansHbiMU CUrHanaMmn HasbiBaloTCd CUrHabI, M3Me-
PAEMbIE OPYT OTHOCUTENBHO [IpYra, @ HE OTHOCUTENBHO «3EMI».
HekoTopble NPUMEPBI Takmnx CUrHANOB NOKa3aHbl Ha puc. 2.3.
OHW BKIOYAIOT CUMHAN Ha PE3UCTOPE B LENW KOMNEKTOpa TpaH-
31CTOPA, CUrHaN CHATLIBAIOLLIEH FONOBKM OMCKOBOrO HAKOMUTENS,
CUMHabl B MHOTOMAa3HbIX CUCTEMAX NUTAHUS 1 MHOTVE Opyrvie
CXEMbI, T1e CUrHaNbI HE UMEIOT HENOCPEOCTBEHHOW CBA3N C
«3eMnen».

Nopasarb ouddepeHLUmanbHele CUrHabl Ha M3MEPUTESbHBIN
NPUBOP MOXHO ABYMS OCHOBHbIMU cnocobamu. O6a OHM noka-
3aHbl Ha puc. 2.4.

Hacto ond nsmepernsa anddepeHumanbHeIX CUrHaN0oB UCNosb-
3YI0T ABa NPOOHMKA, BEINOMHAOLLMX [1BA HECUMMETPUYHBIX
M3MEPEHNSA, Kak Noka3aHo Ha puc. 2.4a. Bnpodem, sTo cambli
HEXenaresbHbI CNOCO0 BHINONMHEHNA ONDOEPEHLMATBHBIX
N3MEepPeHu. TeM He MeHee, 3TOT METOM, NOMYYUN LMPOKOe
PaCNpPOCTPaHEHNE, NMOCKOMbKY ABYXKAHASIBHBIE OCLMANOT-
padbl NOCTaBNAOTCA C ABYMSA MPOOHMKaMK. V3mepeHrne
060VX CUTHANOB OTHOCUTENBHO «3EMW» (HECUMMETPUYHOE
N3MEPEHVE) N MPUMEHEHNE MaTEMATUYECKON QYHKLIAM OCLN-
norpada Ans BblYUTaHUA OAHOMO CUrHana ud Apyroro (CurHan
kaHana A MUHYC curHan kaHana B) BuirmaamT aneraHTHbIM
peleHnemM and nonydeHnd b depeHUmnansHoro curHana.

I OHO BNOMHE NPUEMAEMO B CUTYALMAX, KOTAA CUTHaNLI UMEIOT
HEBbLICOKYIO YaCTOTY U IOCTATOYHYIO aMMIUTYAY, NO3BONSAIOLLYIO
npeHebpedb Wymamiu.

www.tektronix.ru/accessories 17



YyebHoe nocobvie

OaHako KOMBMHALKIS ABYX HECUMMETPUYHBIX U3MEPEHNIA MOXET
nopoxaarb HekoTopele NpodnemMsl. OfHa 13 HX 3aKNI0YaeTcs B
TOM, YTO B 3TOM CJlyqae NPUCYTCTBYIOT ABA A/IVHHBIX OTAEbHbBIX
TpakTa NPOXOXAEHNSA CUrHaNa Yepes pasHble MPOOHUKM 1 pasHbe
KaHanel ocumnnorpada. Jliobas pasHuua B 3aaepxke mMexay
STUMM TPaKTamv NPUBOAMT K CABWIY ABYX CUrHAN0B MO BPEMEHN.
ns BbICOKOCKOPOCTHBIX CUTHAIOB TakoW CABUM MOXET Bbl3BaTb
3HAYMTENbHBIE aMMIUTYAHBIE U PA30BbLIE UCKAXEHWS PACCHM-
TaHHOrO 0TOOPAXaEMOro CUrHana No CPaBHEHWIO C PeabHbIM
IndGepeHUmnanbHbM CUrHanoM. g MUHUMU3aLMn 3TOro
addekTa cneayeT MCNoNb30BaTb COMACOBaHHLIE MPOOHMKY.

[pyras npobnema AByx HECUMMETPUYHBIX M3MEPEHNIA 3aKITI0-
4aeTCs B TOM, YTO OHW HE 0BECNeYMBaloT JOCTATOYHOrO NOAAB-
neHns crHdasHoro Lwyma. MHOrme H3KOYPOBHEBLIE CUrHanNbI,
Takue Kak CurHabl roNoBOK AVCKOBOrO HaKonuTend, nepeaa-
l0TCA 1 06pabaTsiBAIOTCH B AMPPEPEHUMANTBHOM BUAE, HTOOI
MCNOMb30BATb NPENMYLLIECTBA NOAABNEHNSA CUHDA3HBIX LLYMOB.
CuH®a3HbIM LYMOM Ha3blBaETCS LLUYM, KOTOPBIA HABOAUTCH Ha
06e CUrHabHbIE NMHWK OT Takmux MCTOYHMKOB, Kak reHepaToph
TaKTOBOW 4aCTOThl UM NIOMUHECLEHTHBIE NamMnbl. B andde-
PEHUMANBHbBIX CUCTEMAX TakoM CUHMA3HbIN LLIYM BLIMUTAETCS 13
AnddepeHLnanbHoro curHana npy obpabotke. IPPEKTVBHOCTL
CHUXEHNA CUH(A3HOrO LyMa OLEHVBAETCA NapaMeTpoM, Nony-
YYBLLUVM Ha3BaHNe KO3pGuLMEHTA NOAABIEHS CUHMA3HOIO
curHana (CMRR).

I13-3a OTAMYMA KaHANOB NPU HECUMMETPUYHBIX N3MEDPEHNHAX
CMRR GHICTPO yXyAWAETCSH C POCTOM HaCTOThl. ITO NPVBOANT K
TOMY, HTO CUrHaN BbIMSAANT 60nee 3allyMeHHbIM, 4eM OH MOr Obl
ObiTb, €CIM Bbl COXPAHANOCh BEICOKOE 3HAYEHNE KOIDOULINEHTA
nonaBneHnsa CUHGA3HOro curHana.

B oTndme o1 aToro anddepeHumanbHbii NpoOHUK MCnonb3yeT
LS BBIYMTaHVIS CUTHAIOB A MEPEHLNANBHBIA YCUITUTEb,
KOTOPbIM CO30AET OOMH PESYNBTUPYIOLLAIA CUTHAN N9 U3ME-
PEHVIst OAHUM KaHanom ocumnnorpada (puc. 2.46).

970 NO3BOASET NONYYNTL CyLEeCTBEHHO Gonbmii CMRR

B LUVMPOKOM AManasoHe 4actoT. Kpome TOro, NpUMEHeHue
COBPEMEHHbBIX MUHMATIOPHBIX KOMMOHEHTOB AaeT BO3MOXHOCTb
Pa3MECTUTb AN OEPEHLMANBHBIV YCUANTEND MPSIMO B TOIOBKE
NpoBHMKa. MNpKn 3TOM HOBbIE AndPEPEHUMAaNbHBIE MPOOHNKM
CNOCOOHBI BEINOAHAT M3MepeHus B nonoce 1 i, ¢ CMRR or
60 b (1000:1) Ha yacTtoTe 1 MM, go 30 ab (32:1) Ha yacToTe
1 ['Tu. Takoe coveTanre nonockl nponyckanua n CMRR ctaHo-
BUTCA BCE 60Nee HEOOXOANMbBIM MO MEpe TOro, Kak CKOPOCTb
CYWTBIBAHVIS/3aNMCW AVMCKOBbBIX HAKOMUTENEN JOCTUraeT

v npesocxoaut otMeTky 100 MéuT/C.
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Puc.2.5. BbICOKOBOSLTHLIE MPOBHUKI MOMYT M3MEPSiTh NOCTOsIHHBIE HanpsxeHus A0 20 kKB 1
umnynscel 10 40 kB B nonoce 75 MIL,

BbICOKOBOMLTHBIE I'Ip06Hl/lKVI

[MOHATUE «BLICOKOE HaNPSXeHWe» BeCbMa OTHOCUTENLHO. T,
4TO HA3bIBAETCH BLICOKMM HaNPsXeHemM Ans noaynpoBOAHN-
KOBbIX MPUOOPOB, CYMTAETCA NPaKTUYECKY OTCYTCTBUEM Hanps-
XEHVs B an1ekTpoaHepreTuke. OAHAKO C TOYKM 3peHWs Npoo-
HIKOB, BLICOKOE HanpsXeHue MOXHO ONpeaeniTb, kak nioboe
HaNPSXeHWe, 3Ha4eHne KOTOPOro NpeskILlaeT NpeagensHo Jony-
CTUMbIE 3HAYEHUS 0N TUMOBOIO NACCUBHOrO NPOOHVKa 10X
0OLWEro HazHa4YeHvs.

O6bYHO MakcVManbHOEe paboyee HanpsXeHNe NacCyBHbIX
NPOBHNKOB 00LLEero HasHaveHus gocturaet 400-500 B (nocTo-
AHHOE + MMKOBOE NEPEMEHHOE). B oTn4me oT 3T0ro, Makcu-
Ma/bHOE HanPSXeHNE BBICOKOBOSBTHLIX MPOOHMKOB MOXET
aocturats 20 000 B. O6pasuipl Takvix NPOOHVKOB NoKa3aHsl

Ha puc. 2.5.

NPy “3MEPEHISAX C MOMOLLBIO BHICOKOBOMLTHBIX MPOOHMKOB
0C000 BaXHYIO PO/b UrpaeT 6e30MacHOCTL. B CBA3K C 9TUM
MHOT1E BLICOKOBOMLTHBLIE MPOBHUKIA UMEIOT Kabenb 60bLIel
JJIMHBI MO CPaBHEHMIO C 0BbIYHBIMM NPOBHVKaMK. TnnYHas
J/MHa kabensa pasHa Tpem MeTpam. 10 AenaeTcs ang Toro,
4T06bI MOXHO ObII0 PACHONOXNTL OCLMANOrpad 3a npeaenamu
3aLLMTHOrO OrPXAEHUSA UK 3a 3aLLUTHBIM 3KPaHOM. VIMelTcs
TaKXe ONLMOHANbHBIE 7,5-METPOBLIE Kabenu ans Tex Cydaes,
Koraa ocuunnorpad HyXHO YaanuTb el Jablie 0T UCTOYHUKA
BLICOKOTO HAMPAXEHNS.



TokoBble MPOOHUKN

Tok, NpoTeKaloLLW Yepes NPOBOAHWK, MOPOXAAET BOKPYr HEro
MarHuTHOE none. TOKOBbIE AATYMKN PETUCTPUPYIOT HAMPAXEH-
HOCTb 3TOr0 NoAsA U NPeobpasyioT ee B COOTBETCTBYIOLIEE
HaNPsAXeH1e, KOTOPOE MOXHO M3MEPATb OCLWNIOrPadOM.
ST0 N03BONAET HABMIOOATL M aHANM3UPOBATL CUrHaUTEI TOKA

C NOMOLLBIO ocupunnorpada. Kpome Toro, B COBOKYNMHOCTM C
NPVCYLLMMI ocUMANOrpady GyHKUMAMN U3MEPEHNs Hanps-
KEHUS, TOKOBLIE MPOBHUKIA NO3BONAOT BLINONHATL BCEBO3-
MOXHbIE M3MEPEHS MOLLHOCTUW. B 3aBMCMMOCTM OT MaTe-
MaTUYECKVX BOSMOXHOCTER ocumnnorpada, aTv M3MepeHus
MOTYT BKIOYATb M3MEPEHNS MIHOBEHHOM MOLLHOCTW, aKTUBHOM
MOLLIHOCTW, KaXyLLeVica MOLLHOCTW U ¢asbl.

CyLLEeCTBYET ABa OCHOBHbIX TVNa TOKOBbLIX MPOOHVKOB N9 OCUMA-
norpados. MNpobHVKN NEPeMEeHHOro Toka, KOTopble 00bIYHO
ABNAIOTCA NACCUBHLIMU, V1 MPOOHVKM NEPEMEHHO0/NOCTOAHHOMO
TOKa, KOTOpbIe 0BbIYHO ABASOTCA akTvBHbIMK. Oba T1na npob-
HKOB MCMONB3YIOT OOLLMIA NPUHLKMN NPeobpasoBaHvis aid name-
PEHVSA NepeMEeHHOro Toka B NPOBOOHUKE.

Y1066l NPOGHUK MOT PaboTaTh, N0 NPOBOAHYIKY AOMKEH NPOTe-
KaTb NepeMeHHbI TOK. STOT NepeMeHHbIV TOK CO30aeT BOKPYr
NPOBOOHMKA NEPEMEHHOE MarHUTHOe none, KonebaHwsa KoTo-
POrO COOTBETCTBYIOT aMNAUTYAE W HANPABAESHWIO TOKa, NpoTe-
KaloLLLero B NpoBOAHUKE. ECAM B 9TO None NOMECTUTb KaTyLUKy
VHOYKTVBHOCTM, KaK NOKa3aHOo Ha pyc. 2.6, TO M3MEHeHVs nons
VHOYLMPYIOT HANPsKeHUe B KaTyLIKe, NOA0OHO TOMY, kak aTo
NPOMCXOaUT B TPaHCHOPMATOpe.

Takas cxema nexuT B OCHOBE BCEX NPOBHWKOB NEPeMeHHOro
TOKa. B CYLWHOCTK, ronoBka NpoBHYViKa NepeMeHHoro Toka
npeacTaBnfeT cobow KaTyLKy VHOYKTVBHOCTW, HAMOTaHHYIO Ha
MarHUTHOM cepaedHuke. Ecam Takas ronoska pacrnonoxeHa B
ONPeaeNeHHOM NONOXEHUM 11 Ha ONPEaENeHHOM PacCTOAHUM OT
NPOBOOHVIKA C NEPEMEHHBIM TOKOM, Ha BbIXOAE NPOGHIIKA NosB-
NAETCA HANPAXeH1e, NPONOPLMOHAILHOE TOKY, MPOTEKAIOLLIEMY
B NPOBOOHVKE. ITO CBA3AHHOE C TOKOM HaNPSXeHNE MOXET
oTO6paxaTbcs Ha aKpaHe ocumnnorpada.

Nonoca nponyckaHusa Npo6H1Ka NepemMeHHOro Toka onpeaens-
ETCS KOHCTPYKLUMEN KaTYLLKI MHOYKTUBHOCTY 1 ApYrMI dakTo-
pamu. Nonoca Taknx NPOBHUKOB MOXET AOCTUraTb HECKOMbKIX
[T, OgHako bonee pacnpoCTpaHeHbl MPOOHWKN C NOAOCO
nponyckaxusa He 6onee 100 ML,

B nio6om cnydae nonoca nponyckaHus NpobHKa NepemMeHHOro

MpobHuk 0T A 0o A

MarHuTHOe none ﬁ\

Puc. 2.6. B nio6oii kaTyLLKe HAYKTVBHOCTU, MOMELLEHHON B NEpeMEHHOe MarHuTHoe none,
KOTOPOE BO3HMKAET BOKPYI MPOBOAHMKA C NEPEMEHHbBIM TOKOM, UHAYLMPYETCS NEPEMEHHOE
HanpskeHve.

TOKa UMEET OrpaHnyeHne CHU3Y. ITO KacaeTcs 1 MOCTOSH-
HOrO TOKa, MOCKOMbKY MOCTOAHHbIN TOK HE NMOPOXOAET U3Me-
HAIOLLErOCa MarHUTHOIO NOAS W, CNEOOBATENBHO, HE MOXET
MHAYLWPOBATL HanpskeHne B kaTyLuke npobHmka. Kpome Toro,
Ha YacToTax O4eHb OANBKMX K MOCTOSHHOMY TOKY, HAaNPUMEP,
Ha yacToTe 0,01 U, MarH1THOE None MeHseTcs HeJOCTaTOuHO
ObICTPO ANt CO3AAHMA NPUEMIEMOro HanpsxeHus. B ntore
HWXHSAS YacToTa NPOOHMKa COOTBETCTBYET TOUKE, B KOTOPOW
Ha BbIXOAE NPOBHMKA HAYMHAET reHepUPOBaTbCs NPUEMNEMOE
LN9 U3MEPEHNA HanpsaxeHue. B 3aBUCUMOCTH OT KOHCTPRYKLN
NPOOHMKA HKHAA YaCcTOTa MOXET Nexars B Auanasoxe ot 0,5 ML
0o 1,2 kM,

[Insi n3amepeHnsa NOCTOSHHOMO TOKa B NPOOHMKax MOXET MCMOMb-
30BaTbCa garyuk Xoana. B pesynsrate nonyqaercs npooHuK
nepemMeHHOro/NOCTOAHHOrO ToKa C NOMOCOW, Ha4YMHAIOWENCS OT
MOCTOAHHOMO TOKA M NPOCTMPAIOLLENCA 10 YKa3aHHOW BEPXHEN
4aCTOTHI, M3MEPAEMON MO YPOBHIO 3 AB. MP0oBHMKY Takoro

TMNa HEOBXOAMM, K&K MUHUMYM, UCTOYHWK NIATAHUSA [ NOOA4M
CMelleHnd Ha aatunk Xonna. B 3aBMCMMOCTH OT KOHCTPYKLMM
NPOBHMKA, [ OObEAMHEHVS 1 MACLITAOMPOBAHUA CUTHAIOB
NePEMEHHOTO 1 NMOCTOAHHOIO TOKA, TOKOBOMY NMPOBHMKY MOXET
NOHANOBUTLCHA YCUUTENb, KOTOPLIN 0OECNeYMBaET e1HbIA
BBIXOOHOW CUrHan ans 0TOOPaxeHus Ha ocumnorpade.
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YuebHoe nocobue

®eppnToBLIN
CepaeyHIK

= (IBX/n)RH

N, N,

YpaBHeHus TpaHchopmaTopa
HanpsikeHnue, v: vo/vi=N,/N,
Tok, i 1,/i,=N/N,
WmnepaHc, Z: Z,=(N,/N,)*Z,
MolwuHocTb, P: P,=P,

Puc. 2.7. B coOTBETCTBUM C NPUHLMNOM paboThl TRaHCHOpMAaTopa NeEPEMEHHOr0 TOKa, OAMH
BVTOK TOKOBEAYLIEro Nposoarmka (N,) MHAyLMpyeT Tok B 06MOTKe NpoGHviKa (N,), nopoxaas
NPONOPUMOHATEHOE TOKY HaNPAXEHE Ha Harpy304HOM PE3MCTOpe NpobHwKa (R,).

BaxHO NOMHWTL, YTO TOKOBHI NPOOHMK paboTaeT Noa0oHO
TpaHchOPMaToPy. ITa KOHLENLMS UANKCTPUPYETC pyc. 2.7,
Ha KOTOPOM NPUBEAEHbI 6A30BbIE YyPaBHEHUS TpaHCHOPMAaTOpa.
B cTaHOoapTHOM pexume paboThl TPOBOOHVIK C U3MEPSIEMbIM
TOKOM NpeacTaBaaeT cobon 0OMOTKY, COCTOSALLYIO U3 OOHOIO
BiTKa (N, ). Tok aT0ro BrTKa NpeotpasyeTcs B BbixOAHOE Hanps-
XEHME MHOTOBMTKOBOWN 0OMOTKM Npo6HYKa (N,), mponopuy-
OHaUIbHO OTHOLEHNIO Yncna BKuTkos (N,/ N, ). B T0 xe Bpema
“MIedaHc NPOOHVIKA OKasbiBaeT 0OPAaTHOE BO3OENCTBIE Ha
NPOBOAHWK B BUAE NOCAEA0BATENBHO BKIIOYEHHON Lenwn. 31T
BHECEHHbIN UMMNEAAHC 3aBUCUT OT YaCTOThl 1 B 3aBUCUMOCTM OT
KOHCTPYKUMM NpoOHMKa nexmT B gvanasdoxe o1 30 go 500 MOwm
B npegenax nonocsl 1 MM, B 60nbLINHCTBE CyYaeB Manbii
BHECEHHbIN MNEJaHC TOKOBOrO MPOOHMKA CO34aeT NnpeHebpe-
XUMO Manyio Harpysky.

CornacHo ypaBHEHMIO TpaHCHOPMATOpa, HyBCTBUTENBHOCTbL
NPOOHMKa MOXHO NOBLICKTb, MPOMNYCTNB MPOBOAHVIK Yepe3
NPOOHMK HECKOMBKO Pas, kak nokasaHo Ha pwvc. 2.8. [lga Butka
yOBaVBaloT YyBCTBUTENBHOCTD, & TP BUTKA YTPANBAIOT ee.
OpHaKo Npu 3TOM PACTET 1 BHECEHHbI MMNeJaHC, NpUyiem
NPOMNOPLMOHANBLHO KBaaparty OT YnCna BUTKOB.

Kpome Toro, pyc. 2.8 nnniocTpupyeT OnpeaeneHHsIn Knace
MPOBHVIKOB, KOTOPBIE HAa3bIBAIOT MPOOHKKaMM C PA3bEMHbIM
cepagyHukomM. OBMOTKa Takoro NpobHMKa HamoTaHa Ha
U-00pasHbiii cepaeyHmK, KOTOPbLIN AONONHAETCS NOABVKHON
bEeppUTOBOI HaCTbIO, 3aMblkaloLLEV BEPXHIOD YacTb U-06pa3Hon
dopMbl. MperMyLLECTBO TaKOro NPOOHMKa 3aKI04aeTCs B TOM,
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Puc. 2.8. Mprmep NpobH1Ka NEPEMEHHOTO TOKA C PASLEMHBIM CEPAEHHVKOM. [15 yBeNmMYeHns
YyBCTBUTENBHOCTM MPOGHYIKA B N Pa3 HYXHO HAMOTaTb Ha CEPAEYHVIK N BATKOB NPOBOAHMKA.

4TO MOABUXHYIO HaCTb CepAeYHNKA MOXHO OTKWHYTb, V1 1ErKO
HanEeTb NPOOHMK Ha NPOBO/HWK, TOK KOTOPOro NPeaCcTouT 13Me-
pUTh. 110 3aBepLUEHWN M3MEPEHWS NOABWXHAsA YaCTb CHOBa
OTKWOBIBAETCS, ¥ NPOBHWK MOXHO NEPECTABUTb Ha APYrOi
NPOBOAHNK.

BeinyckatoTes Takke NPOOHVKNA C Hepa3beMHbIM CEPAEHHUKOM
TpaHchopmartopa Toka. Takme TpaHCHOPMaTopbl HEMb3S HAAETb
Ha U3MEPAEMbIA MPOBOAHKK. [103TOMY Nepe[, U3MepeHnem
MPOBOAHWVK HYXHO OTCOEOMHNUTb, NPOAETL €0 B TPAHCHOP-
Marop 1 CHOBA MPUCOEAMHUTL K Leni. OCHOBHBIM NPEnMyLLEe-
CTBOM NMPOOHNKOB C HEPA3bEMHbBIM CEPAEHHVKOM FBNSETCA KX
HeOOMbLWOM Pa3Mep 1 Q4EHb XOPOLLAs HaCTOTHAsA XapakTepn-
CTUKa, NO3BONAIOLLAA 3MEPATL UMNYNbChHI TOKA C KPYThIMM OPOH-
Tamu ¥ Manov amnanTyaon, a Takxe NepemMeHHbIN TOK B LUMPOKOM
[nanasoHe Y4acToT.

Havbonbluee pacnpoCTpaHEHUe NONy4nav TOKOBEIE MPOOHNKM
C pasbeMHbIM cepaeyHnkoM. OHK BBINYCKAIOTCS Kak Ana nepe-
MEHHOTO, Tak 1 A9 NePEMEHHOr0/NOCTOAHHOIO TOKa U UMEIOT
PA3HYIO YyBCTBUTENBHOCTb.

BenvymHa, xapakrepusytouas MakcuMansHe npeaen paboTsl
noBOro TOKOBOMO MPOOHMKA B TIMHENHOM PEXUME, UMEET
Pa3MepPHOCTL [A-C]. 3Ta BeNMYMHA ONPENENAeTCs Kak npouns-
BELleHNe CPEAHEe aMNANTYObl UMMYNbCa TOKa Ha [UTNTESb-
HOCTb 3TOr0 UMNyNbca. [py NPEBLILLEHMI 3TOTO NPOU3BE-
LeHNA CEPLEYHNK BXOANT B PEXUM HACHILLEHVS. [TOCKOMbKY
HACHILLEHHBIZ CEPAEHHVK HE MOXET MPONYCTUTL B0MbLIee
MarHWTHOE Nnone, NPONOPUMOHANBHOCTE MEXAY BXOOHBIM
TOKOM ¥ BBIXOAHBIM HANPSXEeHNEM HapylaeTcd. B pesynesrare,
B 00NacTaX, rae NPEeBbILLAETCA NPoM3BeaeHUe «A-C», NMMKOBLIE
3HaYeHVs curHana OTcekalTCy.



Puc. 2.9. MpoGHYiK ¢ yHKUMEN AekoampoBaHys. Takie NpoBHYIKY NO3BONSIOT MCNONb30BaTh
ocumnnorpadbl 4ng aHannaa cneumanbHbix THGOPMALMOHHBIX CUrHANO0B NPV OTaake und-
POBbIX YCTPOWCTB.

Kpome Toro, HachILLEH1e CepagyHIKa MOXeT ObiTb Bbi3BaHO
BLICOKMM YPOBHEM NOCTOAHHOIO TOKa B Y3MEPSAeMOM NpoBO/-
Hvke. [ns NpeaoTBpaLLeHys HACKILEHNS CepABYHIKa U 9DdEeK-
TMBHOIO PaCLUMPEHNS AManasoHa N3MepaemMoro Toka HeKo-
TOPbIE aKTVBHbLIE TOKOBLIE MPOBHUKM MOTYT NOAaBATL KOMMEH-
CUPYIOLMI TOK. KOMNEHCUPYIOLLMWIA TOK YCTaHABAMBAETCA NyTEM
V3MepeHIs TOKa B UCCNeayeMOM NPOBOOHIKE C NOCNeayIoLLe
nogjayel B NPOBHVK PABHOTO MO BEANYVHE, HO MPOTUBOMONOX-
HOrO MO HanpPaBneHWIo Toka. MOCKONLKY TOKM NPOTUBOMONOX-
HOrO HANPAaBNEHWA BLIHUTAIOTCS, KOMIEHCUPYIOLMIA TOK MOXHO
HaCTPOWTb Tak, 4TOOLI NPEeAOTBPATUTL HACKILLIEHNE CepaeyHMKa.

B ¢BA3K C LWMPOKUM A1anasoHoM U3MepsemMblX TOKOB, OT MUMK-
amnep 40 K1noamnep, U AnanasoHoM YacToT OT NOCTOAHHOIO
TOKa [0 MerarepLl, BbinyckasTcs LUMPOKMA aCCOPTUMEHT COOT-
BETCTBYIOLLVIX TOKOBBIX MPOOHMKOB. BbIGOP TOKOBOTO NPOGHMKa
JN9 KOHKPETHOTO MPUAOXEHUS BO MHOTUX OTHOLLEHUAX aHano-
rnyeH BbI6OpY NPOBHMKa HANPAXEHUA. KMIOYeBLIMA KDUTEPUAMM
BLIGOPA ABAFIOTCA AVANas3oH N3MepaemMoro Toka, AvanasoHbl
YYBCTBUTENbHOCTM, BHOCUMBIA UMNEAAHC, CNOCO6 NOAKIOHYEHNS
VI MON0Ca,/BpemMs HapacTaHusa. KpoMe Toro, Haao y4uTLIBaTb
CHVIXEHVe amanasoHa U3amMepsaeMoro ToKa C 4acToTON U He
J0NyCKaTb NPEBLILLEHNA NPOV3BEAEHUS TOKa Ha AfNTENbHOCTL
VIMIYNbCA.

JNornyeckune NpoGHUKK

HencnpasHOCTY B LIDPOBbLIX CUCTEMAX MOMYT BO3HMKATb M0
CaMbIM PasHbIM NPUYMHaM. V1 x0T OCHOBHbLIM NPMOOPOM 4715
novcka 1 yCTPaHEeHVs Taknx HEMCNPABHOCTEN ABNAETCS NOrUHe-
CKUIM aHanM3aTop, peanbHble NPUYMHLI HENPaBWNbHOM PaboThl
NOTNYECKMX CXEM 3a4aCTyIO CBA3aHbl C aHaIOrOBOV NPUPOOOW
LMPPOBOro curHana. ZDKuTrep onTenbHOCTU UMNYbCa, aMnimv-
TYOHbIE MCKaXEHWS, aHaNIOrOBbIV LLIYM ¥ NEPEKPECTHBIE MOMEXN —
BOT NMLLb HEKOTOPbIE BO3MOXHbIE NPUYMHbI HAPYLLIEHWS paboThl
LMPPOBbIX CXEM.

Ina aHanm3a aHanoroBbIx XapakTepucTyK LMGPOBOro CUrHana
HeoOxoouM ocupnorpa®. OaHako Ons BoIABIEHUA TOYHBIX

MpobHuKKM 0T A 0o A

Puc. 2.10. Jlornyeckuii npo6HUK ans ocumnnorpada cmellaqHbix curHanos (MSQO) ynpota-
€T NoAayy CUrHanoB Balero YCTPOCTBA Ha LMBPOBbIE KaHambl.

NPUYMH HEMCNPABHOCTY Pa3padoTumKaM UMPPOBLIX CXEM YACTO
HEo6X0OMMO PACCMOTPET KOHKPETHbIE MMMY/BChI AaHHBIX,
NOSBNSIOLLNECS B ONPeaeneHHbIX TOrM4ecknx yenosvsx. ns
3TOr0 UCNONb3yeTcs GYHKLMS NOrMYECKOro 3amycka, Kotopas
Gonee NpUCYLLA NIOTMYECKOMY aHanM3aTopy, HEeXeny OCLMNor-
pady. GYHKLMIO NOr1MYecKoro 3anycka MoxHO 406aBuTs B 60sb-
LWMHCTBO OCUMNOrPadOB CMELLAHHBIX CUrHANOB, OCHACTMUB WX
CMCTEMOI EKOAMPOBAHMS NPOTOKONA 1 LMGPOBLIM NPOGHMKOM,
NOOKNOYAEMBIM K LMAPOBLIM KaHaNaM.

MpoBHMK, NOKa3aHHbIN Ha py1c. 2.8, npeaHa3HadeH ans norukin
TT 1 TTN-coBmecTumon norvkn. OH 06ecneynsaeT nogady

Ha ocumnnorpad oo 17 umdpoBbX CUrHanos (16 paspsnos
JAaHHbIX MII0C KNaccnduKarop) U COBMECTUM C CUHXPOHHbIMY

N aCUHXPOHHBIMI CMCTEMaMK Nepetaqn oaHHbix. Kooosoe
CNOBO, KOTOPOE HYXHO PaCcnO3HaTh 415 BEINOHEHWS 3amnycka,
NPOrpaMMMPYETCst B NPOOHVIK BPYYHYIO MYyTEM YCTaHOBKM MUHMa-
TIOPHBIX NEPEKTIoYaTENE Ha rON0BKE NPOOHYKA. [Py NOSBAEHNM
COOTBETCTBYIOLLErO CNOBA NPOOHMK NOAAET Ha BIXOA, UMMY/LC
BBICOKOMO YPOBHS (€OMHMNLLY), KOTOPBIM MOXHO MCNOb30BaTh A1
3anycka ocumnnorpada 1 3axsara COOTBETCTBYIOLLETO CUrHaa
N COBBITUS.

Jlorvyecknin npoBHMK, NokadaHHbI Ha puc. 2.10, umeeT age
rpYNMel MO BOCEMb KaHaNoB. i ynpoLieHns nogcoeaum-
HEHWS K TECTVPYEMOMY YCTPOWCTBY NPOBOL, KaXa0ro kaHana
3aKaH4YMBaETCA HAKOHEYHUKOM C «YTOMIEHHbIM» 3EMIAHbBIM
KOHTaKTOM. KoakcvansHblil kabenb NepBoro kaHana Kaxaow
FPYNMbl OKPALLEH B CUHWIA UBET 419 YNPOLLEHNS ero naeHTun-
kauum. ObLas WuHa 3a3emneHmns MCNoab3yeT KneMmy aBToMO-
OWNBHOMO TWNA, YTO YNPOLWLAET Co3aaHne cneuyansHelx ToHek
3asemnenud ona NoACOeAnHEHNS K TECTUPYEMOMY YCTPOW-
cTBY. [InA NOOKMOYEHNA K LUTEIDEBLIM KOHTAKTaM KBaaparHoro
CEYEHNA MOXHO MCNONb30BaTh aaanTep, KOTOPLIA KPenmuTCs K
roONoBKe NPOOHMKA, YAAMHAA YTOMNEHHbIN 3EMASHOWM KOHTaKT.
Takue NpoBHWKM 06NaJAaI0T NPEBOCXOAHBIMM 3NEKTPUHECKMMY
xapakTepncTnukammn 1 co3aanT MUHUMATTBHYIO EMKOCTHYIO
Harpysky Ha UCcneayemyto Lenb.
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Puc. 2.11. TTpymep 30HA0BO CTaHLMW Ans paboThl C MUHMATIOPHBIMU YCTPOCTBAMM, Tak/-
MU Kak rmbpuaHsle 1 TBepaoTensHble VC.

OnTnyeckmne NPOBHUKM

C WMPOKMM pacnpoCTPaHEHNEM ONTOBONOKOHHbIX INHMIA
CBsI3V OBICTPO pacTeT NOTPEOHOCTb B PErMCTpaLLMM U aHanm3e
ONTUYECKMX CUrHaNOoB. 119 yaoBNeTBOPEeHNa NOTPEOHOCTN B
ANarHoCTUKE ¥ aHann3e KOMMYHUKALWIOHHBIX CUCTEM ObINO
paspaboTaHO MHOXECTBO CNEeUManbHbIX ONTUYECKMX aHann3a-
TopoB. OfHaKO NapannefbHoO C 3TVM BO3HMKAET M PacTyLLas
NOTPEOHOCTb B ONTUHECKMX U3MEPEHMSAX U aHanv3e 00LWero
Ha3Ha4eH1s B Npouecce paspadboTky U NPOBEPKY OMTUYECKMX
KOMMOHEHTOB. 3Ty 3adady pewaloT ONTUYecKmue NPOOHNKM,
NO3BONAIOLLME NepeaaBaTb ONTUYECKME CUrHANbI Ha OCLMA-
norpad ana nx 0TodpaxeHus.

OnTnyecknii NPoBHNUK NpeacTaBaseT cobor NpeobpasoBaTenb
ONTUYECKOrO CUrHana B anekTpuieckuii. C onTu4eckor CTOPOHI
NPOOHWK JOMXEH BEIOMPATLCA B COOTBETCTBUM C KOHKPETHEIM
ONTNYECKMM PA3bEMOM 1 TUMOM ONTOBONOKHA UV ONTUYECKON
MO0V 1MCCeayemoro yeTporctaa. C anekTpuyeckoi CTOPOHb
JENCTBYIOT CTaHAAPTHBIE KPUTEPUM COOTBETCTBMA NPOBHIKA
ocuunnorpady.

Opyrue Tvnsl NPoOHUKOB

Kpome BCex NepeHvCNeHHbIX BhLLIE BNOMHE CTaHAAPTHBIX NPOO-

HIKOB, CYLLIECTBYET TaKkKe MHOXECTBO CreuyanbHbiX NPOOHMKOB

V1 30HO0BbIX CTaHUMIA. Cpeaw HuX:

m [1pOOHUKM ANst KNMMATUHECKMX Kamep, CNOCOOHbIE paboTaTb
B O4eHb LUIMPOKOM Avana3oHe Temneparyp.

m [1POBHUKM ANF M3MEPEHVIS TeMNepaTypbl KOMMNOHEHTOB W [py-
X 06bEKTOB, BLIAENAIOLMX TEMNO.

= 30HA0BBIE CTAHUMN U LIAPHUPHBIE MaHUIyNATOPsl (puc. 2.11)
[ON9 A0CTYNa K KOMMOHEHTAM C MaslbIM WaroM MEXy KOHTaK-
Tamu, TakvM Kak MHOFOKPUCTaTbHBIE MOAYN, TMOPUOHBIE 1
MOHONUTHBLIE VHTErPa/IbHLIE CXEMBI.
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Puc. 2.12. B aToM npusozae Tpexpa3Horo aNekTpoasmrarTens Hit OHa U3 KOHTPOSbHbIX TOUeK
He VIMeeT ranbBaHV4eCKol CBA3N C «3emMeit», YTO NopoXaaeT NOTPEBHOCTL B 3MEPEHUSIX C
ranbBaHNYeCKo Pa3BA3KoN.

CeTtb
nepemeH-
HOTO TOKA

O

[®opmmpo-
BaTenb C_
pa3BAIKOV

Cxema, He umetoulas
CBA3M C «3eMNEN»

N3mepeHns ¢ ranbBaHM4YeCcKon pa3Bsa3kom

I3MepEHNAMU C ranbBaHUYECKOV Pa3Bsi3KOM Ha3bIBAIOTCH
M3MEPEHNS, BEINOMHAEMbIE MEXAY ABYMS TOHKaMW, HU OAHA U3
KOTOPbIX HE COEAMHEHA C «3eMnen». Ecnmn ata cutyauma noka-
3a/1aChb BaM MOXOXew Ha ON1CaHHbIe Belle AnddepeHumansHble
N3MEPEHNS, TO Bbl COBEPLIEHHO NPaBbl. I3MepeHna ¢ ranbBaHu-
4EeCKOW PasBsa3KoV NPeacTaBnstoT cobow anddepeHumanbHele
N3MEPEHNS 1 PaKTUHECKN X MOXHO BBINOAHATL C MOMOLLBIO
InddepeHumanbHbiX TPOOHKKOB.

OpHako Yalle BCEro M3MEpPEHNst C raibBaHUYECKONM Pas3Bsa3Kow
NPVMEHSIIOTCA B CUCTEMAX NUTaHus. Mprmepamin Taknux CUCTEM
ABASIOTCS UMMYNbCHBIE UCTOYHWKL MUTaHKSA, NPUBOAbI SNeK-
TpoaBurarenew, nyckoperyampyioLLIMe annaparsl OCBETUTENbHbIX
npPUOOPOB U UCTOUHVKM BECNEPEOONHOIO MUTaHUS, B KOTOPbIX
HI OAHAa 13 13MEPSIEMbIX TOYEK Ha NPUBA3aHa K NOTEHLMany
«3eMNN», a «0bLas» To4Ka CuUrHana MOXeT OblTb CMeLLeHa Ha
HECKOMbKO COTEH BOJLT OTHOCUTENBHO NOTEHLIMANE «3EeMAN».
3avacTyio Takne nsmepeHnsa TpebyioT noaaBneHnsa CUHMasHbIX
CUrHanoB Ana M3MepPEeHVsa nepefaBaemMblx NOBEPX HUX CUTHANOB
H3KOrO YPOBHS. BHELWHME 3eMASHBIE TOKM TOXE MOryT 106aBUTb
LIYM, AONOMHWUTENBHO YCNOXHSAS U3MEPEHNS,

TUNNYHBI NPUMED N3MEPEHWSI C raNbBaHUYECKOM Pa3BA3KOW
nokasaH Ha puc. 2.12. B aTo cucteme npvsoga aurarens
HanpaxeHne TpexdasHom CeTh NePEMEHHOr0 TOKa BbIMPSIM-
NAETCS M NOAAETCA B LMHY MOCTOAHHOIO TOKa, KOTOpas He
NMEET raNbBaHN4YEeCKOW CBA3W C «3eMnel». HanpsxeHue Ha
aTon wuHe coctasnsaet 4o 600 B. Cxema ynpaeneHvs, ranb-
BAHWYECKM CBA3AHHARA C «3EMNEN», TeHEPUPYET CUrHabI
yNpaBneHvs ABUraTenem ¢ UMMIynbCHOM MOAYNSLWEN, KOTOPbIE
NOAAI0TCA Heped PasdBsa3biBaIOLLME LIENW Ha TPAH3UCTOPHI,
BKJIIOYEHHbBIE MO MOCTOBOW cxeme. C BbiXOaa TPaH3UCTOPHbIX
KoYl MOAYNMPOBaHHOE NONHOE HAMPSKEHWE LLUVHBI NOAAETCs
Ha ABurateNb. TO4HOE M3MEPEHWE HANPAKEHNS MEXY AMUT-
TEPOM W 3aTBOPOM TPEOYET NOAABNEHNUA HANPXEHNS WWHBI.
[OMVMO BCErO MPOYEro, KOMNakTHas KOHCTPYKUMA NPVBOAA,
MUMMYAbCHI TOKA C KPYTEIMU POHTamu 1 6a13K0e pacnono-
XEHWE BPaLLAIoWIerocs ABMrarens Co3aaioT O4eHb CIOXHYIO
3NEKTPOMArHUTHYIO 0OCTaHOBKY.
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Puc. 2.13. TTprmep v30AaLmm Npo6HYKa 4151 BINONHERVS U3MEPEHWIA C ranbBaHNYECKON
Pa3BA3KON.

Kpome Toro, CoeanHeHne NpoBoaHMKa «3eMn» NPOOHMKa C
No60oi1 YaCTbIO NPUBOAA ABWraTens Bb30BET KOPOTKOE 3aMbl-
KaH1e Ha «3eM1i0».

BmecTo T0ro 4106kl 06€CneymBaTh ralbBaHNHECKYIO pa3Ba3ky
BCEro ocupmnnorpada, n3onsatop NpodHUKka AenaeT ranbea-
HWYECKM Pa3BA3aHHbIM TOABKO Cam NPOBHMK. Takas 13onauus
NPOGHMKA MOXET BbINONHATLCA C NOMOLLBIO TpaHChopMaTopa
U OMTUYECKOM PasBA3KM, Kak NokasaHo Ha puc. 2.13. B aTom
cnydae ocumnnorpad OCTaeTcs 3a3eMNEHHbBIM, KaK 1 IOMXHO
ObiTb, @ ANddEPEHLMANbHBIM CUrHaN NOAAETCH HA HAKOHEHHNIK
v 06U NPOBOA, M30AMPOBAHHOIO NPOBHYKa. Cxema pasBasku
nepenaet andGepeHLManbHbIA CUrHaN 4epes n3ondTop Ha
NPUEMHVIK, KOTOPBIN CO3AAET CUrHAN OTHOCUTENBHO «3EMIN>,
NPOMNOPLUNOHANBHBIN BXOLHOMY ANDGEPEHLaNbHOMY CUrHANY.
9710 0b6ecneynBaeT COBMECTUMOCTb M30IMPOBAHHOIO NPOOHMKa
NPaKTU4ECKM C NoOBIM NPYOOPOM.

[Inst yaoBNeTBOpeHns padHbix NOTPeBHOCTEN BhiNyCKaloTCs
M30NATOPEl Pa3HbIX TUMOB. CPean HUX ECTb MHOTOKAHAbHBIE
130N9TOPbI, NpeaiaraioLLve Aga 1 6onblie KaHanoB ¢ He3aBw-
CUMbIMKW 0OLWMMM NPOBOAHMKAMW. KpoMe TOro, Ans Cy4aes,
KOrfla U30A9TOP A0MXEH HAXOAUTLCA Ha 6ONbLIOM PaCCTOAHNM
0T n3mMepwuTensHOro nprbopa (Hanpumep 100 M 1 bonee),
BbIMYyCKAIOTCS U30MATOPEI HA OCHOBE OMTOBOMOKHA. Kak 11 B
cnyyae ¢ anddepeHUmanbHbiMi NPOBHMUKaMM, KNIOYEBBIMM
KpuTepuaMy BeIbopa ABASIOTCA nonoca nponyckanus n KOSd-
OULMEHT NOOABIEHNA CUHBASHOIO CUTHAJA. Kpome
TOr0, BAXHOW XapakTepUCTKON N30NNPYIOWEN CUCTEMbI ABIIA-
eTCs MakcumManbHoe paboyee HanpsxeHne. OBbIHHO OHO PaBHO
6008 ,, w850 B,
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Puc. 2.14. OTKni04EHHbIN OT 3aLLUMTHOrO 3a3eMNEHNT OCLMANOrPad He TOMbKO ona-
CEH, HO V1 MOXET NOPOXAATH CUbHbI «3BOH» Ha OCLIMNIOrPaMMax U3MEPSEMbIX CUr-
Has0B (@) MO CPaBHEHMIO C NPYMEHEHVEM 6E30MacHOro 13onsTopa NPobHIKa (6).

OCTOPOXHO!

B0 nsbexaHmne KopoTKOro 3aMblKaH1s Ha «3emitio» HEKO-
TOPbIE NOAL30BATENV MPUMEHSIIOT ONACHbIA METOA OTKIIO-
4eHusa ocuunnorpada ot 3aLMTHOro 3a3emneHns. B peayb-
Tate 3eMIgHON NPOBOAHWK OCLMANorpada He MMEET CBA3K

C «3emnel», Kak 1 cxema npvBoda ABUratens, 4To No3BonseT
BbINOMHATH AVDPEPEHUMANBHBIE N3MEPEHNS. K COXANEHNIO,
NP MCMONb30BAHMM TaKOro METOAA KOPMYC ocumnnorpada
MOXET 0KadaTbCs Nof, MOTEHLMANOM, ONaCHbIM A9 XXU3HW
Yenoseka.

HO OTKNIOYEHHBI OT 3aLLUWTHOTO 3a3EMNEHNS OCLII-
norpad He TOMbKO OMACEH, HO 1 MOXET NOPOXAATH LLYMbI

W apyrve shdeKTh, cKaxatoLme pesynsratsl M3MEpeHUs.
STO UNNKDCTPUPYETCS Ha puc. 2.14a, roe nokasaHo 13me-
PEHVIE HANPSXXEHWS 3aTBOP-SMUTTED NPVBOAA ABUraTend ¢
NOMOLLIO TAaKOrO ocuUmnnorpada. HkHas ocumnnorpamma
Ha puvc. 2.14a COOTBETCTBYET HANMPSKEHNIO 3aTBOP-3MUTTED
HKHErO TPaH3UCTOPa, a BEPXHSS OCLMIorpaMma —
BEPXHEro TpaHaucTopa. O6patuTe BHUMAaHNE Ha CUNbHbIN
«3BOH» 3TVX OCLMANOrPaMM. STOT «3BOH» BbI3BaH OOMbLLIOW
napasuTHOM EMKOCTbIO MEXAY KOPMYyCOM ocumnnorpada v
«3EMEN>.

Ha puc. 2.146 nokasaHbsl pe3ynsrarsl TOro Xe M3MepeHus,
HO BbIMOAHEHHOrO C MOMOLLIBIO MPaBUIbHO 3a3EMAEHHOO
ocuunnorpada 1 30anpoBaHHOrO MPOOHMKa. OTO HE
TOMBKO YCTPAHAET 3BOH, HO V1 IENAET U3MEPEHNWE 3HAUM-
TeNbHO 6E30MacHeN, MOCKOAbKY Ha Kopnyce ocumnnorpada
HE MOXET NOABUTLCA ONACHOE AN XM3HW HAaNPSKEHNE.
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Puc. 2.15. Mpo6HYiK HanpskeHns 06LLEero HadHauYeHyst Co CTaHaapTHLIMY NPUHAANEXHO-

CTaAMN

MpyHaanexHocT NPOOHNKOB

BOonbLIMHCTBO NPOBHMKOB NOCTABNSETCA C KOMMIEKTOM CTaH-
JAPTHBIX NPYHAANEXHOCTEN. B COCTaB Takux NPUHaAIEXHOCTEN
4aCTO BXOAWT NPUKPENNFEMbIN K TPOOHNKY NPOBOL, «3EMITN»

C 32XMMOM, MHCTPYMEHT ANS HACTPOMKM KOMNEHCALMN U OINH
W HECKOMBKO CMEHHbBIX HAKOHEYHWKOB [N NOOKMOYEHNS
NPOBOHKKA K PA3HBIM KOHTPOSbHBIM TOYKaM. TMMOBOW NpUMEp
NPOBOHMKA HANPSXEHUSA CO CTAHAAPTHBIMY MPUHAANEXHOCTAMN

nokasaH Ha puc. 2.15.

B KOMMeKT NOCTaBKM CReuvanv3vpoBaHHbIX MPOOHUKOB,
HanpvMep, NPOBHVIKOB 151 YCTPONCTB MOBEPXHOCTHOO MOHTaXa,
MOTYT BXOOUTb AONONHUTENBHBIE HAKOHEYHMUKM. KpOomMe TOro,
pa3NMyHbIE CneuyanbHele MPUCNOCOONEHNS MOTYT NpunararbCs

K NPOOHMKY B BUAE ONumit. Ha puc. 2.16 nokasaHbl pasHble TUMb
HAKOHEYHVIKOB, NPeAHasHauYeHHbIX A9 MPOOHMKOB HEOONbLLIOO

pasmMepa.

BaxHO noHMMaTh, 4TO OOMbLIMHCTBO MPVHAONEXHOCTEN K NPOo0-
HKAM, OCODEHHO HAKOHEYHMKI, NPpeaHasHa4eHo ans paboThl

C ONPeneneHHbIMU MOAENSMU NPOOHMKOB. [pUMEHeHVE anan-
TEPOB NOA, APYrvie MOAENM NPOOHUKOB AW UCMONb30BAHME
NPOOHVKOB [IPYrUX N3rOTOBUTENEN HE PEKOMEHYETCH, MOCKOMBKY
3TO MOXET YXyALLIUTb KAa4ECTBO COEAMHEHNIS C KOHTPOSBbHOM
TOYKOW MV NOBPEONUTL NPOOHNUK UM HAKOHEYHWK.
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a. HakoHeuHviK «curHan-semns» s
MOAKMIOYEHNS K WTHIPEBEIM KOHTaKTam 6. HakoHeuHuk SureFoot™ ana C B kopnyce
kBagparHoro ceverns 0,635x0,635 MM, PQFP BbinyckaioTes MCNONHEHMS B COOTBET-
PaCNONOXEHHbIM C LAroM 2,54 MM. cTBuM co ctanpaptom JEDEC (war BbBOAOB

0,635 MM) 1 B COOTBETCTBIM CO CTAHAGPTOM
EIAJ (war BeiBozos 0,5 1 0,65 MMm)

B. H/3konpodunbHbI NPOBHYK 415 paboTsl T HakoHeuHyk KlipChip™ ans MC B kopny-
C nnaramu, yCTaHOBNEHHbIMY B KOPMYyCax. ce SOIC/SOP ¢ warom BeiBoaos 1,27 MM.
MoAKMIo4aeTCs K LWTLIPEBLIM KOHTaKTaM

kBappatHoro ceyeHns 0,635x0,635 mm,

PACMNONOXEHHBIM C Warom 2,54 Mm.

Puic. 2.16. MpyMepsl HaKOHEYHUKOB A/15 ManorabapuTHbix MPOBHYIKOB. HekoTopble HakoHey-
HUKI 3HQYUTENBHO YIPOLLAIOT NOAKMIOYEHNE K MYHUATIOPHBIM KOHTaKTaM ¥ MOTYT MOBLILLATL
TOYHOCTb M3MEPEHUS, NPENAaras BICOKOMHTErPYPOBAHHOE PELUEHME ANF NOLKIIOHEHNS K
KOHTPOMbHbIM TOYKaM

Mpv BEIOOPE NPOOHMKOB BAXHO Y4MTHIBATD, K KAKVIM KOHTaKTam
WM KOMAOHEHTaM Bbl OyaeTe 1x NoAKioyaTh. Heobxoanmo
yoeamuTbCa B HaMMUmMM COOTBETCTBYIOLLMX aAanTEPOB AV NPUHaa-
NEXHOCTEN, 00NEryaloLLmX 1 YCKOPSIOLWYMX NogknoyeHne. Bo
MHOMVX Cly4asx AeLeBbe CEePUIHBIE NPOOHMKN HE NPEA0CTaB-
NS0T LWMPOKOro BeIBOPA ONUMiA. B 0Tnn4mne oT 3TOro, MPOBHWIKK,
BbIMyCKaeMble M3roToBUTENAMY OcLnorpadoB, obecneymsaiot
OYEHb LUMPOKMIA BLIDOP NPUHAANEXHOCTEN ANs Pa3HO0OPa3HbIX
obnacTen npuMeHeHna NpobHuka. Ha puc. 2.17 nokasaHbl
Pa3NNYHbIE CReUMabHble NPYHAONEXHOCTH 1 ONLMM, BbINyCKa-
emMble 4N NPOOHMKOB. PagymeeTcs, NPOOHMKM PasHbix MOagnen
1 KNaccoB ByayT MMETb Pas3NNYHBIN aCCOPTUMEHT MPUHAONEXHO-
CTeW v Onuumn.
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003-0825-00 013-0084-02|  344-0046-00

HakoHe4Huku CpeacTtBa NoAKAIOYEHUS «3eMJIN»
013-0097-01
013-0107-07 196-3286-00 (8")
. 206-0114-00
214-4125-00 éﬁ? e
@a 196-3287-00 (3")
214-0283-00
f@ 103-0051-01 196-3302-00 (6")
- e RSN NG ) |
131-4353-00 & 103-0131-00
2% P612X
015-0201-07/08
o0 & o
131-0258-00 @ 186-0404-01
ﬁ 206-0209-00
013-0085-00 M
175-0849-00 (3")
175-0849-01 (6")
//
003-1433-01 $ 013-0084-01
N\

195-6176-00 (3")

015-0325-00
el 175-0263-01 (3")
175-0124-01 (5"
_206-0183-00 175-0125-01 (12")
103-0177-01 % _344-0046-00
_206-0364-00 |

(SMG 50) 196-3120-00 (6"
196-3121-00 (12" L

196-3198-00 (6") //uB,

Bes cobnioaeHusa maclutaba

Puc. 2.17. ACCOPTUMEHT NPUHaANEXHOCTEN, BEINYCKAEMBIX [AN1S CUCTEMbI MUHNATIOPHBIX TPOBHUKOB (5 MM). [lpyrie cemeincTaa npobHKOB ByayT UMETb APYrvie NPUHAANEXHOCT B 3aBVCHMO-
CTV OT HasHaueHws.
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PykoB0oACTBO No BbIOOPY NPOOHMKA

B npeablayLwmx masax onvcsIBaaMch NPUHLMALI paboThl OCLwA-
norpaguieckyx NPOOHKOB, X TUMLI 1 WX BAVSHME Ha Ka4eCTBO
13MEepeHwin. B 0OCHOBHOM BHUMAaHKME YAENSN0Ch TOMY, YTO NPOMUC-
XOOMT NPV NOOKMIOHEHUM NPOBOHMKA K KOHTPONBHOM TOUKE.

B 3101 mage OyoyT onucaHsl UCTOYHUKY CUrHANa, 1x CBOMCTBA
v Npasunna GopMUPOBaHNA KpUTEPKEB BIGOPa NPOOHNKKA Ha
OCHOBE 3TVIX CBOUCTB.

Llenbio, kak 1 Bceraa, Oyoet BulOop NpooHwKa,
006ecneymBaloLLLEero HavyyLwmnii cnocob nepenaym
curHana Ha ocupnnorpad. OgHako 3TUM Mbl HE
orpanninmcd. Ocumnnorpadsl TOXe NpeabsBadioT
onpeaeneHHele TPeOOBaHWS, KOTOPbLIE HYXHO
Y4MTBIBATH B MPOLIECCE BEIOOPA NPOOHYIKA.

B 3101 mage Mbl nccneflyem pasdmele TpeboBaHns K BbIGOPY
NPOOHVIKa, HauYMHast ¢ TpeBoBaHNI, NPEabABISEMbIX UCTOHHUKOM
CuUrHana.

BbiGop HY>XHOro NpobHmka

B ¢Bs13v ¢ MHOrO00Opas1em 3anad, TpebyioLwyx ocuunnorpa-
(OUYECKNX M3MEPEHNI, HA PBIHKE CYLLECTBYET LWMPOKWIA aCcCop-
TUMEHT OCUMNNOrPadUyecknx NPOOHNKOB. ITO MOXET CUIIbHO
3aTPYAHNTE BEIOOP NPOBHMKA.

YT0ObI CY31Th 11MAMNA30H NOWCKa, BCEraa CneaynTe PeKOMeH-
JlauMamM n3rotoBuTend ocumnnorpada no Beibopy NpOOHKKA.
3TO BaXHO NOTOMY, YTO PA3HBIE OCUMNIOTPAdbI UMEIOT Pa3HYIO
NOJI0CY NPOMYCKaHWsa, BPEMSA HapacTaHns, YyBCTBUTENBHOCTb

Y BXOOHOE CONPOTUBNEHME. YTOOHI B NOMHOM MEPE BOCMOSb-
30BaTbCA N3MEPUTENBHBEIMI BOSMOXHOCTAMM ocumnnorpada,
HY>XHO MCMNOMb30BaTh MPOOHNMK, COOTBETCTBYIOLINA KOHCTPYK-
TVBHBIM OCODOEHHOCTAIM ocumnnorpada.

Kpowme Toro, B npoLecce Bulbopa NPpoBHMKA HYXHO Yy4UTHIBATL
NOTPEOHOCTN M3MEPEHUI. HTO BBl COBMPAETECH N3MEPHATL?
HanpspxkeHne? Tok? XapakTepucTkiA ONTUHECKIX CUTHANOB'?
BbiGop NpoOHMKa, COOTBETCTBYIOLLETO TUMY MCCNEAYEMOro
cuUrHana, no3BoUT BbICTPEE NOMYHNUTL HEOOXOOMMBIE PESYNETATHI.
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HeobxooMmMo TakxXe y4uThiBaTh aMnanTyay N3Mepsembix
CUrHanoB. YknaoplBaeTcs N OHa B NPeAensl AuHamMude-

CKOro amanasoHa ocumnnnorpada? Ecnm Het, HyXHO BeIOpaThb
NPOOBHMK, CNOCOOHBIN OrpaHnyMBaTh OUHAMUYECKUI AaNas3oH.
OB6bIYHO B TakMX Cnyyaax noaxoamt npobHuK ¢ nenutenem 10X
1 GonbLe.

CneauTe 3a Tem, 4ToObl MONOCA NPOMYCKaHWS BCEro TpakTa
npoOHMKa NpeBbillana Nonocy N3MepaemMoro curHana. He 3absi-
BalTE, HTO HECUHYCOMAANbHLIE CUTHABI COAEPXAT AOMOMHN-
TeJbHbIE YACTOTHBIE COCTABNAOLLUME NN FADMOHVMKM, 4aCcToTa
KOTOPbIX MPEBLILLAET OCHOBHYIO HaCTOTY cUrHana. Hanpumep,
LIS y4eTa B M3MEPEHUAX NATOM rapMOHUKI MEaHApa YacToTowm
100 MIu, nameputensHas cuctema fomxHa 001aaate Noaocon
nponyckaHus 500 MIU. AHanornyHeiM 00pasoM, Bpems Hapa-
CTaH1s OCUMNNOrPadUIECKON CUCTEMBI IO/KHO BbITh OT TPEX
[10 NATN Pa3 MeHbLIE ANNTENBHOCTY GPOHTA N3MEPAEMOrO
curHana.

I BCerna yumthiBanTe BO3MOXHOE BIUAHME HA CUMHAN CO
CTOPOHbI NPOGHKMKa. CTapanTecs NPUMEHATL BEICOKOOMHbIE
NPOOHVIKM C Manow BXOOHOM eMKOCTbIO. 15 OONbLUMHCTBA
NPWIOXEHNUI AOCTATOHHO MaTYIO HArpy3ky Ha MCTOYHMK CrrHana
obecneyrBatoT NPOBHUKY C BXOAHBIM conpoTvenenrem 10 MOm
1 eMKOCTbIO He Bonee 20 Nd. OnHaKo [ HEKOTOPbIX BEICOKO-
CKOPOCTHBIX LMMPOBBIX LENern MOXET NoTpeb0oBaTLCs 3HA4W-
TEIbHO MEHbLLAs EMKOCTb, 00eCneyBaemas akTMBHbIMU NPOO-
HUKaMW,

I, HakoHel, He 3a0bIBalTE, YTO NEpPe[ BLINONHEHVEM U3ME-

PEHNUSA HYXHO HAAEXHO NOAKIIOHNTE MPOBHNK K NCCNeayeMon
uenw. [1na aToro, BEPOATHO, NPUAETCA Y4eCTb Takmne Cneuy-

abHble GakTopbl, Kak pasMep rofoBky 1 TUM HAKOHEYHMKOB,
obnerdatoue nNoakmIoyeHme NPOBHKKaA.
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Twun curHana

Tok

TokoBble NPOGHWKH

L

AKTUBHbBI

[MaccuBHbIN

HanpshxeHne

MpOGHWKM HaNPsKeHNs

—

AKTUBHbBIN

[MaccuBHbIN

[ |
Mepem. Mocr.

Mepem.

OudpdepeHumanbHbin
YyBCTBUTENbHbI

BbICOKOOMHBIVA

Henutenb
HanpsKeHUs!

BbICOKOOMHbIN
BbICOKOBOMBTHbIN
OudpbepeHumanbHbin

Puc. 3.1. PasHble Kareropmmn ﬂpOﬁHV]KOB LN PASNNYHBIX TUNOB N3MEPAEMOro CurHana.

YT0 HYXHO 3HaTb 00 MCTOYHMKE CUTHaNa

CyLLEeCTBYIOT YeThipe dyHaaMEHTaNbHLIX NapaMeTpa UCTOYHYIKA
CWrHana, KOTopble HAAO Y4MTHIBATL NP BLIGOPE NPOGHNKA.

STO TVIN CUrHana, CNekTp CUrHana, ConpoTVIBAEHUE NCTOYHMKA
VI GU3NYECKME XapaKTEPUCTVIKI KOHTPOLHOM TOYKM. Bce 9Tu
napameTpbl GyayT 06CyXOaThCa B CNEAYIOLVX pasaenax.

Twn curHana

Ha nepsom aTane BbiGopa NpoGHMKa HYXHO ONPEAEeUTL THN
V3MepsaemMoro curHana. Jaa aToro curHabl MoXHO pasouTb Ha

CneayloLye KaTeropum:
m CurHanbl HanpsxeHus
m CurHansl Toka

m JIornyeckne curHansl
m [Ipoyne curHansl

Yallle BCero npuxoauTtcs M3MepATb CUrHaNb HaNPAXeHs.
M03TOMY CamMbiM PACMPOCTPAHEHHbIM TUMOM OCUMANOrpadude-

Norunyeckui Opyron
Jlornyeckme npoBHMKK MNpeobpaszosatenu
AKTUBHbBIN AKTUBHbBIN NaccuBHbIN
JNornyeckuin 3anyck OnTtuyeckun Temnepatypa
[lekoaupoBaHve cnos Bubpaums
Jlornyeckuin aHanms 3BYK U T.0.

CKOro Npo6HMKa ABAETCA NPOOHWK HANpsxeHnsa. Kpome Toro,
cneayeT OTMETUTb, HTO MOCKOMbKY Ha BXOA, ocumnnorpada Haoo
NOAAaBaTb CUrHAN HANPXEHNs, BCE OPYrve TUMbl ocumnnorpadu-
4ECKMX NPOOHUKOB ABAAIOTCH, B CYLLHOCTM, MPpeobpa3oBarensimm
N3MEPAEMON BENNYMHBI B COOTBETCTBYIOLLWIA CUHAN Hanpsi-
XeHnd. PacnpocTpaHeHHsIM NPUMEPOM Takoro Npeobpas3oBa-
Tend SBNAETCA TOKOBbIM MPOOHMK, KOTOPLIM NpeobpasyeT curHan
TOKa B CUrHaN HanpsxeH1a 4na NPOCMOTPa ero Ha akpaHe
ocupnnorpada.

Jlornyeckume curHanbl, No CyLLECTBY, ABASIOTCS, CNeumansbHOM
KaTeropmer CMrHanoB HanpseKeHud. V1 XoTa normdeckme
CUrHanbl MOXHO HabNIAaTb C MOMOLLBIO CTaHAAPTHLIX MPOO-
HWKOB HaNPSXeHWS, Yalle BO3HUKAIOT cuTyauuy, Tpeby-
loLe HabMOAEHWA CNELMPUHECKMX NOTUHECKMX COOBITUI.

B Takux cnydasx nydie UCnoab30BaTb NOMMHECKM MPOBHMK,
CMOCOOHBIN BHINOAHATL 3anyck ocuunnorpada no ykasaHHoOM
NOrNYECKOM KOMOUHaLWN.

970 NO3BONAET HABNIOAATL Ha 3KpaHe ocumnnorpada cneundu-
Yeckue norudeckne codbiTms.
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MOMUMO HaTAXEHUS, TOKa U NIOMVYECKUX CUrHANOB, CYLLIECT-
BYIOT APYrWe TWMbl CUrHANO0B, KOTOPHLIE TOXE MOTYT NpeacTas-
N9Tb MHTEpeC. K HYM OTHOCATCA ONTUYECKME, MeXaHUIeckue,
TEMN/OBbIE, aKyCTUYECKME W apyrue curHansl. nsa npeobpaso-
BaHWA TaK1X CUrHANOB B COOTBETCTBYIOLLME CUrHANLI HAMPS-
KEHUSA 1 U3MEPEHNA X OCLIMNNOrpadOM MOMYT MCMOIL30BATLCS
BCEBO3MOXHbIE NpeobpasoBatenu. B TakoM Cydae NCTOYHUKOM
CWrHana CTaHOBWTCA NPeoBpasoBaTess, U NPOGHUK HYXHO
BLIGPATL Tak, 4To6bI OH MOT NepeaaTh CUrHan NpeoopasoBaTens
Ha Bxop, ocuunnorpada.

Ha puc. 3.1 npeactaBneHa gmarpamma kateropuii npOOHWKOB
B 3aBVICMMOCTM OT T1Na U3MepsemMblx curHanos. Obparute
BHVUMaHME, YTO B Kaxa0W kaTeropuu NPOOHMKOB CYLLECTBYIOT
noaKaTeropui, KOTopbe ONPEAENsIOT AONONHUTENbHBIE aTpu-
OyThl curHana, a Takxe TpeboBaHKs K ocumnnorpady.

CnekTp curHana

Bce curHanbl, He3aBUCUMO OT VX TUNA, UMEIOT HEKOTOPbIN
CNekTp (Habop COCTaBAAIWYX HaCTOT). Tak CUrHanbl NOCTO-
AHHOrO TOKa UMetoT YacToTy O [, a YUCThIe CUHYCOMAaNbHbIE
CUrHansl UMEIOT eAMHCTBEHHYIO YacTOTy, ONPEAENIEMYIO
neproaoM CrHycouabl. Bce apyrve curHanbl cogepxar CMech
HECKOMbKIX 4aCTOT, 3Ha4eHNS KOTOPbIX 3aBUCAT OT GOPMbI
curHana. Hanpvmep, CUMMETPUYHBIN MeaHap COAEPXMUT
OCHOBHYIO 4acTOTHl (f,), onpenensemyio ero NneproaoMm,

W HE4ETHbIE FaPMOHUKI OCHOBHOW YacToThl (3f , &f , 7f , ...).
OcHoBHadA YacToTa onpeaenseT 0CHOBY CUrHana, a rapMOHUKN
CKNaaplBalOTCA C OCHOBHOWM 4aCTOTOM, CO3AaBas CTPYKTYPHbIE
JeTanu, Takue Kak nepenaasl 1 Nepexoas.

Y1066l NPOBHKMK MOF NEpeaaTb CUrHan B ocumanorpad

He nckaxas ero GOpMbl, OH A0MXEH 061aaaTb A0CTaTOYHON
NONOCONM NPONycKaHna A9 nepeaadyt OCHOBHbIX YaCTOTHbIX
COCTaBASIOLMX CUrHANA C MUHUMaTbHBIMN NCKAXEHWUSMU,

B cnydae meaHapa v opyrux nepruoanmyecknx CUrHanoB aTo
03Ha4aeT, YTo NoAOCca NPONYCKaHws NPOBOHVIKa AOMAXHa OT
TPEex A0 NATY pas NPEeBbILATh OCHOBHYIO YaCTOTY CUrHana.

970 N03BONSET NEpeaaBarb OCHOBHYIO HaCTOTY U HECKONbKO
NEPBbIX FAPMOHVK 6€3 OTHOCUTENBHOMO U3MEHEHWS X aMMn-
Tyobl. bonee BbiCOKME rapMOHVKM TOXE NEPeaaloTcs, HO C
O0nbLWWM 0cnabneHnem, Tak kak 3TV BBICOKME rapMOHUKY
BbIXOAAT 3a NPeaensl N0A0CH NPONYyCKaHWs NpoOHMKa No
ypoBHIO 3 Ab. HO NOCKOMbKY BbICLWIME FapMOHMKA 0 HEKOTOPOW
CTENEHW BCe-Taky NPUCYTCTBYIOT, OHW BCE ELLIE BHOCAT HEKO-
TOpbI BKNag, B GOpmMy curHana.

28 www.tektronix.ru/accessories

lMonoca nponyckaHus

MSMepMTeﬂbHOVI CUCTEMBbI Monoca npomycKaHus
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6.

Puc. 3.2. Ecnv OCHOBHbIE HaCTOTHbIE COCTABNSIOLLME CUrHana Nexar 3a npeaenamu no-
JI0CHI NPOMYCKaHWS 3MEPUTENBHOI CUCTEMBI (a), OHW UCMBITHIBAIOT CUbHOE OCTAbNEHNE.
3TO NPYBOAUT K NOTEPE MENKVIX AETANE CHrHana 3a CHET CKPYIMEHNUS YIIIOB 1 3aTArMBaHUs
nepenanos (6).

B nepsyio o4epenb, OrpaHn4eHHOCTb NOMOCH! NPUBOONUT K
YMEHbLLIEHWIO aMnIUTYAbI CUrHana. Yem 6avxe 0CHOBHas
4acToTa CUrHana Kk BEPXHEN rpaHnue nonockl MponycKaHus

no YPOBHIO -3 0B, TeM MeHbLie 06Las amnanMTyaa curHana Ha
BbIxOAe NPobHWKa. Mpu ocnabnenun —3 ob amnanTyaa cHuxa-
etcs Ha 30 %. Kpome Toro, rapMOHUKM Uin ApYrne KOMMOHEHTHI
CurHana, BbIXOAsLLIME 3a Npeaensl NoN0Ck NPOnyckaHus Npoo-
Huka, ByayT ocnabnsatbes cunbHee 13-3a cnaga AHX. bonbuiee
0cnabnenne Ha BbICOKMX YacToTax NPOSBNAETCA B BUAE CKPY-
MEHWS YIOB U 3aBana KpyThIX Nepenamnos (CMm. puc. 3.2).



CnepyeT Takxe 0TMETUTb, YTO BXOOHASA EMKOCTL NPOBHMKa TOXe
MOXET 3aTArnMBaTb GPOHTH curHana. OpHako STo CBA3AHO C
COMPOTUBEHNEM UCTOYHIMKA CUrHANA 1 €ro HarpysKoM, 4To Mbl
o6cyaviM B creayioweM pasaene.

Con poTmBneHne NCTOYHUKa CUrHana

BavsiHne CoOnpoTUBAEHUA MCTOYHIKA NPAKTUYECKN MOAHOCTHIO
ONnCbIBAETCH CneaytolwyMm yTBEPDXOEHNAMN:

1. BxogHoe conpoTueaeHne npobHnka 06beauHAETCS C CONpPO-
TVBAEHMEM UCTOYHMKA CUrHAaNa, co3aaBas HOBYIO Harpy3ky
Ha cvrHan, KoTopas BAUAET Ha ero aMmnanTyay 1 KPYTU3HY
(DPOHTOB.

2. Ecnv BxogHoe conpoTyBReHre NpoGHKa CyLLECTBEHHO
60AbLE CONPOTVBAEHUSA UCTOYHMKA CUrHANA, BAVAHMEM
NPOBHVIKA Ha aMNAUTYAY CUrHana MOXHO npeHebpeyb.

3. BxooHas eMKoCTb NPOOHYIKa 3aTarnBaeT GPOHTHI CUrHana.
3TO CBA3AHO CO BPEMEHEM, YXOOALLYIM Ha 3apsif, BXOOHOM
eMKOCTU NPoBHIMKa 0T ypoBHA 10 % A0 yposHs 90 %, koTopoe
ONWCHIBAETCA YPaBHEHUEM:

tr=2,2xR

X
WCTOYHMKA npoGHuKa

13 nprBEeaEHHbIX BbILLE YTBEPXAEHWUA CNEAYET, HTO MUHW-
MabHYIO HAarpysKy Ha MCTOYHMK CUrHaNa OKasdbiBAIOT NPOOHMKN

C BbICOKMM COMPOTUBIEHNEM 1 MANIOV EMKOCTBIO. Kpome Toro,
BAVSIHUE Harpy3kvt NPOOHMKA MOXHO OONONHUTENBHO YMEHb-
WKTb, BEIOMPAs, N0 MEPE BO3MOXHOCTH, KOHTPOMbHbIE TOHKM C
ManbiM CONPOTUBNEHMEM. [leTanbHOE PaCCMOTPEHME CONPOTUB-
NEeHNs NCTOYHMKA CUrHana 1 ero B3aMmoaenCTBIS C CONPOTUB-
NeHnemM NPobHVKa NpUBEAEHO B pasaene «PasHble MPOOHWKM
A5 Pa3HbIX 3a0a4».

Dusmnyeckme xapakTepUCTUKN KOHTPOSTLHON TOYKM

[ONOXEHME 1 FEOMETPYS KOHTPOMBbHBIX TOYEK TOXE UrpatoT
BAXXHYIO POJIb MPK BbIBOPE NPOOHKMKa. JOCTaTOYHO N1 IPOCTO
NPVKOCHYTHCS MPOOHNKOM K KOHTPOMbHOW TOUKE 1 YBUOETb
CUrHan Ha ocumnnorpade umn HyHoO 3aKpennTb MPOOHWK B
TOYKE N9 AAVTENBHONO MOHUTOPUHIA CUrHaa B NPOLECCe
HACTPOWIKM CxeMbl? B nepBoM Ciydae xopowo NogonasT
NPOOHMK MroNbYaToro TMna, TOraa Kak BO BTOPOM NOTpedyeTcs
HAKOHEYHWK C BbABUTAIOLLIMCS KDIOYKOM.

Ha BbIOOP MPOBHMKA MOXET NOBAVATL 1 PA3MEP KOHTPOBHOW
TOYKM. TTPOBHMKN 1 NPUHAANEXHOCTH CTaHAapTHOro pasMepa

MpobHuk 0T A 0o A

xopowwn ong BbIBOAOB Pa3beMOB, PE3NCTOPOB N 06beau-
HUTENbHBIX Nnat. OaHako ang nprncoegnHeHs K KOMNoHeHTam
MOBEPXHOCTHOIO MOHTaXa PEKOMEHOYETCHA NCNOIb30BATb
cneunanbHble MUHMATIOPHBIE I'IDO6HI/IKM, npegHa3Ha4YyeHHble
MMEHHO NS 3TON LENN.

BaxHo BbiGpaTh NPOOHIK 1 NPUHAAIEXHOCTI TAKOro pasmepa u
KOH®UIYpaLWK, KOTOPLIE MaKCMarbHO COOTBETCTBYIOT BalLEMy
KOHKPETHOMY MPUAOXEHVI0. ITO NO3BOAWT BHICTPO, NPOCTO

Y HAOEXHO NOAKNIoYaTb NPOBHWKM K KOHTPOMBbHBLIM TOYKaM 1
BLINOMHATL JOCTOBEPHbIE M3MEPEHVA.

Y710 HY>XHO 3HaTb 00 ocuunnorpade

MNapameTpbl ocumanorpada CTosb Xe CUIbHO BAVSIOT Ha BbIGOP
NPOBHMKA, KaK 11 NapameTpsl UCTOYHVIKA CUrHana. ECim npoBHUK
HE COOTBETCTBYET OCLMMNOrpady, AOCTOBEPHOCTL 0TOOpaxae-
MOTO CUrHaNa CHUXAETCH.

Monoca n Bpemsl HapacTaHus

BaxHO NOHMMATb, 4TO ocumnnorpad 1 NpoOHWK COCTaBNAIOT
E0MHYIO MBMEPUTENBHYIO CUCTEMY. [103TOMY MCMOAL3YEMBIN
ocupunnorpad omKeH 06ecneYnBaTb NOAOCY W KPYTU3HY
(DPOHTOB PABHYIO WAV TYYLLYIO HEM Y NPOOHNKKA 1 COOTBETCTBY-
IOLLYIO MCCneayemMoMy CurHany.

B 06Luiem cnydae B3anMOAENCTBIE NONOCH NPONYCKaHUs 1
BPEMEHV HapacTaHvs NPoBHMKa 1 ocumnorpada aBdeTcs
J0CTATOYHO CNOXHBIM. B CBA3K C 3TWM BOALLUMHCTBO 13rO-
TOBWUTENEN OCLMANOrPadOB yKasbiBaloT NOAOCY NPONYCKaHNS
ocupunnorpada v Bpems HapacTaHusa no Bxody Npo6HuKka ans
onpeaeneHHbIX Moaenen NPOOHVKOB, NPeaHasHaYEHHbIX ANs
NPVIMEHEHMS C KOHKPETHBIM ocumnnorpadom. [ns obecnedeHus
anekBaTHOW NONOCk! ¥ ANNTENBHOCTU (DPOHTA A9 CUrHANOB,
KOTOPbIE Bbl COOMPAETECH M3MEPSTH, Ny4LLE BCEro CNeaoBaTth
PEKOMEHAALMAM M3rOTOBUTENSA OcUMAnorpada.

BxopHoe conpoTuBAeHe N eMKOCTb

Bce ocupnnorpadbl 06nagaoT BXOOHbIM CONpoTuBAeHreM (R)
1 emkocTbio (C). Ind MakcumanbHO ahdeKTMBHOM nepeaaqm
curHana exogHole R 1 C ocumnnorpada aomxHel ObiTb CBA3aHD
C BbixOAHbIMM R 1 C npobHuKa no cnegyowen dopmyne:

R c =R osumea C

pada pada

p

= OnTumanbHas nepepgavya curHana
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[MpoLLe rosops, ocumnnorpady ¢ BXOAHIM CONPOTVBAEHNEM
50 OM HyxeH npobHuk Ha 50 Om, a ocumnnorpady ¢ BXOAHbIM
conpotusneHrem 1 MOM HyxeH npobHvk Ha 1T MOwm. Ocumn-
norpad ¢ BXogHbIM conpoTveaeHem 1 MOM MOXHO 1Cnons30-
BaTb C 50-OMHbIM MPOBHUKOM MPW HAMWYMK COOTBETCTBYIOLLETO
aganTtepa.

BxopHas emMKocTb ocumanorpada 1 BuxogHas eMKOCTb Npoo-
HVIKa Takxe JOMKHbI ObiTb COrMacoBaHbl. 3T0 AenasTcs nyTem
BLIGOPa NPOBHUKOB, NpeaHa3Ha4eHHbIX 18 paboThl C KOHKPET-
HbIMV MOZENAMM ocLUnorpadoB. Kpome Toro, MHorue npoo-
HVKV UMEIOT perynnpyemMbili KOMNeHcaTop, No3BOASIOLWMIA TOYHO
comacoBarb NPOBHKK C ocUMnnorpadoM. Mpu kaxaom noakio-
YeHUM NPoBHYKa K ocLmnnorpady B NepByio o4epeab HykHO
HaACTPOWTL KOMMEHCATOP NPOBHMKA. MpeHebpexeHVe TOUHLIM
COMmacoBaHMem NPoBHUKa C 0cUMANOrpadoM — NyTeM Npasib-
HOro BbIGOpa NPOGHYKA U COOTBETCTBYIOLLIE PeryNnpOBKA
KOMMEHcaTopa — MOXET MPUBECTY K CYLLIECTBEHHBIM NOrPEeLIHO-
CTAM U3MEPEHNS.

YyBCTBUTENLHOCTb

[lnanas3oH YyBCTBUTENBHOCTM ocumnnorpada no BepTukani
onpeaensieT 0o AYHaAMUHECKU AnanasoH aMnanTyasl u3me-
pAemMoro curHana. Hanpumep, ocunnnorpad ¢ 10 geneHmsamm
BEPTUKANbHOW LKabl U 4yBCTBUTENLHOCTLIO OT 1 MB/nenexne
no 10 B/genenvie nveeT oMHaMmn4eckmnii anana3oH npuMepHo
o1 0,1 MB go 100 B. Ecnv curHansl, KoTopble Bbl cObupae-

TEChb M3MepPATb, nmetoT amnnutyay ot 0,05 MB oo 150 B, 10
6a30Bblit AMHAMUYECKUI AUana3oH ynoMsaHyTOro ocumnnorpada
OKaXETCH HEAOCTATOYHBIM A9 M3MEPEHMS CaMblX OOMBbLLVIX 1
CaMblX ManblX CUrHaNOB. TeM He MEHee, 3TOT HeA0CTaTOK MOXHO
000NTV COOTBETCTBYIOLLVIM BHIOOPOM NPOBHMKA.

[lnst curHanos 6OAbLLLIOK aMNAMTYas! AMHAMUHECKMIA AMana3oH
ocumnnorpada MOXHO PaCLLIMPUTL BBEPX, MPUMEHNB MPOOHMK

¢ nenutenem. Hanpumep, npobHmnk 10X addekTnsHo copuraet
AVanasoH YyBCTBUTENBHOCTM ocumunnorpada Ha Aekaay BBEPX,
TO €CTb /15 PACCMAaTPUBAEMOro OcLMnorpada B AvanadoH ot
10 MB/nenenve ao 100 B/aenenne. 310 He Tonbko obecneyn-
BAET afekBaTHOE 0ToOpaxeHue curHanos amnamtyoon 150 B,
HO 1 pacwmpseT amanasor 4o 1000 B, 4TO CBOMCTBEHHO OCUMN-
norpadam BLICLLEro knacca. Tem He MeHee, npy NOAKNI0HEHNN
NPOBHVKa K KOHTPONBHOM TOUKE BCEraa yoexaanTech, HTO CUrHasn
HE NPEBbILLIAET MAKCUMANBbHOMO HaNPKEHMS MPOBHWIKA.
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BHuMaHme

Hukoraa He npesbillaiiTe MakcmanbHoe A0nyCTMMOe
HanpsxeHne NpobHwka. MNoaada Ha NPOBHK BEICOKOrO
HanPsXeHUs MOXET MPMBECTM K TPaBMam U1 K MoBpe-
XOEHWIO 000PYA0BAHUS.

[N curHanos Manon aMnanTyas MOXHO PacluMpmUTb OManasoH
ocunnnorpada B CTOPOHY MEHBLLIMX 3HAYEHMIA C NOMOLLBIO
NpoBHKKa C yeunutenem. Kak npasuno, ato anddepeHLm-
anbHbIN YCUAUTEND, OOECNEUMBAIOLLIAIA BEICOKYIO YyBCTBUTEb-
HOCTb, Hanpumep, 10 MkB/nenerve.

Takvie NPOBHWKL SBASIOTCA CNELMan3nPOBaHHBIMU 1 MOTYT
paboTaTh TONBbKO C ONPeagNEHHbIMM MOAEAAMI OCLMANOrpadoB.
MoaToMy, BEIOMPasA ocumnnorpad, BaxHoO 006patuTb BHUMAHWE Ha
nepeyveHb PEKOMEHA0BAHHBIX M3rOTOBUTENEM NMPUHAANEXHOCTEN
1 y0eauTbCs, YTO B HEM MPUCYTCTBYIOT ANddEepeHLmnansHele
NPOBHKKM, OTBEYAIOLLWE BALIUM TPEOOBAHMSAM K M3MEPEHMIO
Marblx CUrHaNOB.

BHUMaHne

dnddepeHupansHble MPOBHWKI HYacTo COAePXar YyBCT-
BUTENbHbIE KOMMOHEHTbI, KOTOPbIE MOXHO NOBPEANTb
BbICOKMM HAMNPSKEHNEM, B TOM Y1CIE CTATUHECKMM
paspsaoM. Bo n3bexaHne noBpexaeHuin npoOHMKOB
BCErda CnemynTe PEKOMEHAALMAM N3rOTOBUTENS 1 COOMIO-
[avTe BCe NpenoCTOPOXHOCTH.



YyeT xapakTepucTuk NnpobHMKa B pe3ynbTaTtax UsMepeHuin

BOMbLWMHCTBO COBPEMEHHbBIX OCLMNNOrpad OB BbIBOAUT Ha 3KpaH
3HAYEHWS HyBCTBUTENBHOCTM MO BEPTVKAIM 11 MO FOPU30HTaNN
(BONbTHI/AENEHNE 1 CEKYHOBI/AENEHNE). 3a4aCTyio Takme ocuma-
norpadbl 061a0aI0T BO3MOXHOCTbIO Y4WTHIBATH YCUAEHNE NN
ocnabneHvie NpobHwKa, B Pe3ynbTate 4ero otobpaxaemas
YYBCTBUTENBHOCTL TOYHO COOTBETCTBYET TUNY NOAKMNIOYEHHOIO
npoOHMKa. Hanpumep, npv nogknioyeHnn npobHrka 10X ocumn-
norpad 0TpaswT 3TO COOTBETCTBYIOLLMM 0OPa3oM, N3MEHNB
LeHy 0eneHms sepTukansHo wkansl B 10 pas. Minu ecnn Bbl
MCNOMb3yeTe TOKOBLI NPOOHUK, Pa3MEPHOCTb BEPTUKaTBHOM
LKabl UBMEHWUTCH C BOMBT/ACNEHNE Ha amnepbl/aeneHu1e B
COOTBETCTBUM C HEOOXOANUMbBIMY EANMHULAMN V3MEPEHMS,

HTOObI QYHKLWS y4eTa XapakTepucT1k NPoOHMKa B pesynsTarax
“3MepeHuii paboTana KOPPEKTHO, BaXXHO NPUMEHSTb MPOOHUKM,
COBMECTUMbIE C UBMEPUTENBHOW CMCTEMOK ocumnnorpada.
Kak v npexae aTo 03HayaeT, YTo HyXHO CneaoBaTb PEKOMEH-
JaUVsaM M3roToBUTENA OTHOCUTENBHO MPVMEHEHMS NPOOHNKOB
C KOHKPETHLIMM ocumnnorpadamu. 310 0COOEHHO BaxXHO ANns
HOBbBIX OCLNOrPadoB, KOTOPbIE MOMYT MMETb PACLUNMPEHHBIE
“3MepUTENbHbIE PYHKLMK, HE MOAHOCTBLIO NOOAEPXMBAEMbIE
MHOMVIMW YHUBEPCANBbHBIMU AW HECAELWANN3UPOBAHHBIMM
NPOOHMKaMN.

MpobHuk 0T A 0o A

Monbop HyXHOro npobHmka

13 nprBEOEHHOIO BbILLE ONUCAHWSA CTOYHMKOB CUrHana 1
ocumnnorpados cnenyert, 4Tto 6e3 COOTBETCTBYIOLEN NOMOLLM
BbIGOp HYXHOro I_IDO6HI/IKa MOXET OKadarbCA BECbMa CMOXHbIM
npoueccoM. Ha camom aene, MOCKOJIbKY HEKOTOPbIE KIMO4YEBbIE
KpUTepun — Takre Kak BpemMda HapactaHua ﬂpOGHMKa 1 BXOAHadA
EeMKOCTb ocumnnorpada — yKa3blBaloTCA HE BCErga, BbI60p, B
HEKOTOPbLIX CNy4adX, OCHOBbLIBAETCA Ha MOJIbIX MPEANONIOXEHNAX.

Y106bl M36EXaTh HEONPEAENEHHOCTI, NyYLE BLIGPATL OCLWN-
norpad, B CANCOK PEKOMEHAYEMbIX MPUHAANEXHOCTER KOTOPOro
BXOAWT LWMPOKWMIA HABOP NPOBHMKOB. Kpome Toro, koraa Bl
CTONKHETECH C HOBBLIMM M3MEPUTENbHBIMI 3a0a4amu, BCera
y3HaBAMTE Y M3rOTOBUTENS, HE NOABUNCH NV HOBLIE MPOBHUKM,
CNOCOBHbIE PACLINPUTL BOSMOXHOCTY BALLErO OCUMAIorpada.

W, HakoHeL, He 3abbiBaliTe, 4To Ha CaMOM AENe «MPaBUILHOIO»
npo6HYKa He cyllecTayeT. CyLecTBYET MMLb «NpaBubHas»
koMBuHaLMa NpoBHKMK/ocUMnnorpad, kKotopas onpenendercs
cnenyloLyMm1 napameTpamm N3MepsemMoro curHana:

m TN curHana (HanpsxeHue, ToK, ONTUHECKMI CUTHaN 1 T.I.)

m CnekTp curHana (nonoca v4actor)

m Bpema HapacTaHus

m VImnepaHc nctodHuka (R un C)

m AMNAWTYAA CUrHana (MakcvmanbHasd, MUHUManbHas)

m [EOMETPUS KOHTPOJBHBIX TOYEK (BBIBOALI KOMMOHEHTOB, MNOBEP-
XHOCTHBIZ MOHTaX M T.N.)

YyutbiBad NepedncnenHble Bollle GakTopsl B CBETE CTOSALLEN
nepen saMy 3aga4qn, Bl CMOXETE BbIGDaTb ocupnorpad n
pasnn4Hble COBMECTVIMbIE FIDOGHI/\KI/], oTBEvalome Bblasmra-
EMbIM TDG6OBHHMFH\/I.
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I'= lyarpyaku + locuunnorpaca
—-

L Zs ]

JT1)5

IHarpyaKm

ZSZ

Puc. 4.1. V13mepsemblil B KOHTPOSBHO To4Ke (KT) CUrHan MOXHO NpescTaBuTb MCTOYHUKOM
CUrHana ¢ HeKOTOPLIM COMPOTUBAEHMEM W Harpy3Koii (a). Moakmioderre NPOBHIKa K KOHT-
PONBHOW TOuKe [OOABNAET K BHYTPEHHE HArpy3Ke MCTOHHMKA COMNPOTUBAEHVE NPOOHNKa

1 ocumnnorpada, 4To NPUBOAUT K NOTPEBAEHMIO TOKa M3MEPUTENBHOI CUCTEMON (6)

BnusiHne NnpoOHUKOB Ha pe3ynbTaThl
N3MeEPEHNIA

[ns oToOpaxeHus curHana Ha akpaHe ocumnnorpada HyxHo
OTBETBMTb HEKOTOPYIO YaCTb CUIHAIA Ha BXOL ocumnnorpada.
370 NoKas3aHo Ha puc. 4.1, rae Lenb 3a KOHTPOMLHOM To4kon KT
npeAcTaBeHa NCTOHHUKOM CUrHana E 1 cOOTBETCTBYIOLLMN
nMnepaHcammn Z ., 1 Z ,, KOTopble CO3AaI0T HOPMaSbHYIO Harpy3ky
Ha E. Mpy noaknodeHrn ocuunnorpada K KOHTPO/bHOM TOUKE
VMnenaHc NpobHuka Zp VI BXOOHOW MMnenaHc ocumnnorpada Z
CTAHOBATCA HaCTbO HArPY3KM UCTOYHMKA CUTHANA.
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Puc. 4.2. HYem Gonblue UMNeaaHc 1CToUHYKa, TeM BOMbLLYIO HAarpyaKy CO3AAET NOAKMIOHEHNE
npo6HuWKa. B naHHOM Criy4ae BCe MNEeAaHChl paBHb Mexy COB0M, v NOAKMoHEHE NPOBHM-
Ka NPVBOAMT K CHXEHMIO amnanTyabl curHana 6onee yem Ha 30 %

B 3aBMCUMOCTI OT OTHOCUTESbHBIX 3HAYEHWN
MMMNeaaHcoB, NOOKMOYEHNE K KOHTPOMbHOW TOHKE
AOMNONHUTENBHOW HArpPy3KkK B BUOE NPOOHMKa

C ocuMInorpad®oOM MOXET BbI3blBATb PA3NYHBIE

3O hEKTHI.

B aToln mase nogpo6HO paccMaTpUBaeTCs BAMSHUE Harpysku,
a Takxe apyrve addekThl, CBA3aHHbIE C NOAKII0HeHEM Npob-
HUKa.

BbIxogHOEe CONpoTMBIIEHME UCTOYHNKA

BbIXOOHOE CONPOTUBAEHME UCTOYHMKA MOXET CUABHO BAMATHL

Ha CyMMapHbI aQeKT NoaKNoUYeHns NpobHKKa. Hanpumep,
€C/N BbIXOAHOE CONPOTUBNEHME UCTOYHMKA Mano, BANAHME
Harpy3ky TUNOBbIX BEICOKOOMHbIX MPOOHMKOB 10X eaBa 3aMeTHO.
9T0 CBA3AHO C TEM, YTO BKITIOHEHME BOMBLIONO CONPOTUBAEHNS
napannefnbHo ManoMy NPakTUYecKn He MEHSET CYyMMapHOro
CONPOTVBAEHNS.



OpaHako cuTyaumus B KOPHE MEHSIETCS, €CAM UCTOYHIK CUrHana
vmeeT BoNbLLIOoEe CONPOTVBAEHYE. [laBaliTe pacCMOTPUM Clydai,
KOrJa nokasaHHble Ha puc. 4.1 ConpoTUBAEHNS NCTOYHMKA
VIMEIOT paBHbIe 3HA4YEHNS 1 PaBHbI CyMMapPHOMY BXOAHOMY
CONPOTVBAEHMIO NPOBHMKA C ocupnnorpapomM. 3ta cutyaums
nokasaHa Ha puc. 4.2.

[Mpw paBHbIX 3HaYeHNAX Z Harpyska MCTO4HMKa 683 NPOBHYIKa

¢ ocumnnorpadom pasHa 27 (cM. puc. 4.2a). B pesynstate B
HEHarpyXXeHHOM M3BHE KOHTPOSBHOM TOYKE NPUCYTCTBYET CUrHaN
amnutyaoi 0,5E,. OnHako npy noakIio4eHmn NpodHIKa ¢
ocuunnorpadom (puc. 4.26), cymmapHas Harpyska ncTouHmka
CTaHOBUTCS paBHOW 1,57, 1 aMnanTyda CuUrHana B KOHTPONLHOM
TOYKE CHVXAETCs 00 ABYX TPETbVX HEHArPYKEHHOrO 3HaYEeHNS.

B nocnegHeM cnydae CyLIecTByIoT ABa MeToaa, KOTOPbIE MOXHO
NPVMEHUTL AN CHUXEHNS BAMAHUA NPoBHMKa. OAWH 13 HIX
3aK/I04aeTCHA B MPUMEHEHN BEICOKOOMHOIO NPoBHMKa. [pyroi
3aK/I04aeTCS B M3MEDEHUW CUrHana B ApYrovi TOYKe Lemm,
KOTOpas UMEET MeHbLUee CoNpoTMBAEHVe. Hanpumep, Lemnu
KaToda, SMUTTEPA U UCTOKA 0BLIYHO MMEIOT MEHbLLIEE COnpoTUB-
NEHWe, Yem Lienv aHoaa, KoMnekTopa 1 cToka.

EMKocTHas Harpyaka

C pOCTOM YaCTOThl UM KPYTU3HBI PPOHTOB CUrHaNoB npeobna-
JaloLLelt CTaHOBUTCA EMKOCTHas COCTaBngiowasn uMnefaHca.
Bcnenctsue aToro Boe Gonbliee BAMAHNE HaYMHAEeT OKasbiBaTh
eMKOCTHas Harpyska. B 4aCTHOCTY, eMKOCTHas Harpyaka BinseT
Ha LINTENLHOCTb GPOHTOB CUHAOB C KPYTHIMI GPOHTAMI 1 Ha
aAMMUTYOY BEICOKOYACTOTHbIX COCTABASIOLLMX.

BnuaHue Ha Bpems HapacTaHus

Y1066l NPOVANIOCTPUPOBATL BAUAHME EMKOCTHOM HArpysKu,
[laBaiiTe PacCMOTPUM FreHeparTop VMNYIbCOB C OYEHb KPYTHIMM
dpoHTamMK. 3Ta cuUTyaLms NokasaHa Ha puc. 4.3, rag onuTenb-
HOCTb PPOHTA BLIXOAHOMO MMMNYAbCa MAEANBHOrO reHeparopa
pasHa Hy/o (t = 0). OoHako B pesynsTare UHTErprpoBaHya Ha
BbIXOAHOWM EMKOCTV U CONPOTUBNEHWN, AJINTENBHOCTL GPOHTA
CTAHOBUTCH HEHYNEBOWA.

HnvtensHocTb GpoHTa Mexay yposHamMu 10 % 1 90 % ong
nHTerpupyowen uenu RC onpepensetca senmunHon 2,2RC.
9T0 CneayeT 13 YHMBEPCAIbHOMO YPaBHEHWS 3apsaaa KOHAEH-
caropa. 3HadeHve 2,2 npeacTaBndeT coOom YMCN0 NOCTOSHHBIX
BpemeHr RC, HeobxoanmMbix Ans 3apsaa koHaeHcatopa C yepes
pesuctop R ot yposHa 10 % g0 yposHsa 90 % OT amMnanTyabl
VMMNyAbCa.

B cutyaumm, nokadaHHom Ha puc. 4.3, peauctop 50 Om 1
koHgeHcatop 20 Nd co3gaoT GPOHT AMUTENBHOCTLIO 2,2
HC. 370 3HauveHve 2,2RC onpenensaeT camblii KpyTon GPOHT,
KOTOPbIMA MOMYT UMETb UMMYNbCHI,

Korpa K BbIxoay reHepatopa CUrHanos noakniodaeTca NpoBHMK,
BXOAHOE COMPOTUBNEHUE ¥ EMKOCTb NPOOHMKA [06aBNSI0TCS

MpobHuk 0T A 0o A
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Puc. 4.3. innTensHoCTb GPOHTa reHeparopa vMnynsCos onpeaensaeTcs Harpyskon RC.
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Puc. 4.4. lo6asnexne emkoCTy NpOGHYIKa yBennyvBaeT 3HadeHve RC v, cneposarensHo,
YBENVYMBAET U3MEPEHHYIO ASINTENBHOCTL GPOHTA

K BbIXOAHOMY COMPOTUBAEHMIO U EMKOCTU reHepatopa. 9Ta
CUTyaLwms nokasaHa Ha puc. 4.4, roe 406aBvnNCh TUNUYHBIE
Ans npobHukoB conpoTnenerre 10 MOmM 1 emkocTs 11 nd.
[Mockonbky conpoTuenerne npobHrka 10 MOM 3HauTENBHO
bonblue conpoTnenenus reHepatopa 50 OM, CONpoOTUBAEHNEM
NPOOHKKa MOXHO NpeHebpedb. OaHako eMKOCTb NPOOHMKA
BKJIOHAETCS NapannensHo eMKOCTU Harpy3kiu v CKNaapiBAeTCs
C HEI0, YTO JAeT CyMMapHYy0 eMKoCTb 31 nd. 3T0 yBEanIu-
BaeT 3HadeHvie 2,2RC 1 NprBOOUT K YBENUHEHMIO N3MEPEHHON
ONUTENbHOCTY GPOHTa A0 3,4 HC, B OTAMYME OT 2,2 HC A0
NOOKMIOYEHNA MPOOHMIKA.
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BavisiHue eMKOCTU NPOBHYKA Ha AATENBHOCTL HPOHTE MOXHO
OLEHUTL MO OTHOLIEHWIO HOMUHANBHOM eMKOCTY NPOBHMKA K
V3BECTHOM UK NpeanonaraeMoi emMkoCT UCTOYHIKA. [puBe-
JEHHbIe Ha puyC. 4.4 3HaYeHUs Jal0T CReayIoLLYI0 OLEHKY 13Mme-
HEeHVS DANTeNLHOCTY BPOHTa:

C,/C1x100 % =11 nd/20 n® x 100 % = 55 %

113 Bcero ckasaHHoro cneayeT, YTo BeiBop NpobHuka, 0Co6eHHO
C Y4ETOM €ro eMKOCTU, MOXET BNATL Ha U3MEepPEeHUe ANnTeb-
HOCTW GPOHTa. [19 NacCcKBHbIX NPOBHWKOB 0OLIYHO OECTBYET
cnenyoulee obLiee Npasuno — 4em 60nbLIe KOIPOULMEHT
JENeHUS, TeM MeHbLLe BXoaHas eMKOCTb. ITO UANIOCTPUPYET
1a6n. 4.1, B KOTOPOV NPVBEAEHbI 3HAYEHNS EMKOCTU HEKOTOPBIX
NaCCUBHBIX MPOBHMKOB.

Mpo6Huk Koadpduuument BxopHas eMKOCTb
nenexus

P6101B 1X 100 n®

P6109B 10X 13 n®

P5100 100X 2,75 n®

Tab6n. 4.1. BxoaHas emMKoCTb NpoGHVKOB

Tam roe HyXHa MUHMMalbHadA BXOAHadA EMKOCTb, Cneayet
CNONBb30BaTb aKTNBHbBIE ﬂpOGHMKI/I C noneBbiM TPAH3NCTOPOM
Ha Bxo4e. B 3aBMCMMOCTI OT MOAENN aKTUBHOMO ﬂpO@HMKa,
BXOOHas EMKOCTb MOXET ObiTb 1 NP 1 MEHbLLE.

BnaunsHue Ha amnanTyay n dpasy

Kpome BnnaHnsA Ha 0N1TENbHOCTb GPOHTA, EMKOCTHAsA Harpy3ka
BAMAET Ha aMnAnTyay v pasdy BEICOKOHACTOTHLIX COCTaBSIOLLIMX
curHana. B cBeTe 3Toro BaXHO NOMHWTb, YTO BCE CUrHANbI
COCTOSIT U3 CUHYCOMIANbHBIX KOMMOHEHTOB. MeaHap 4acToTow
50 MIU, umeeT rapMoHukn yactoTor seite 100 MIL, Moatomy
BAXHO Y4MTbIBATb BIMAHNE HATPY3KM HE TONBKO HA OCHOBHYIO
4aCTOTY CUrHaNa, Ho W Ha YaCTOTY HECKONBKMX FAPMOHWIK.

Harpyska onpeaenseTcs NoMHbIM BXOOHBIM MMNeaaHcoM npoo-
Huka. OH 0603Ha4aeTCa Kak Z, 1 CKNafbIBaeTCs 113 akTVBHON

RD 1 PEaKTUBHOW ><p COCTaBNAoWYX. B peakTMBHOM COCTaBNgA-
IoWer AOMUHUPYET EMKOCTHOE COMPOTUBEHME, XOTS B MPOOHMK
MOMYT HaMEPEHHO A00aBAATLCH MHOYKTUBHEIE KOMMOHEHTbI ANS
4aCTVYHOM KOMNEHCALMIM EMKOCTHOM Harpysku,
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Puc. 4.5. Tunosas 3aB1MCUMMOCTb BXOAHOO MMMNeaHca akTvBHOMO HpOGHV]Ka 0T 4acCTOThl.

Kak npasuno, ¢ pOCTOM 4aCTOThl ZD CHxaeTcst. OObIYHO B IOKY-
MEHTaLMV Ha NPOOHNK NPUBOAMTCS 3HAYEHNE R, 11 3aB1CMMOCTb
Zp 0T 4acToThl. Ha prc. 4.5 nokasaH NpuUMep Takom KprBoW Ang
TWNOBOrO akTMBHOIO NPOOHKKa. OBpaTUTe BHUMAaHKe, 4To Aas
conpoTmeneHust 1 MOM amnanTyaa 0cTaeTca NOCTOAHHOM NOYTK
10 100 kI, 3T0 AOCTUIHYTO 3a CYET TLATENBHOMO pacyeTa pesu-
CTMBHbIX, EMKOCTHbIX 1 MHOYKTUBHbBIX 3NEMEHTOB NPOOHNIKA.

Ha puc. 4.6. npuBEAEH ELLe OANH NPUMEP YaCTOTHOW 3aBUCK-
MOCTM BXOOHOrO MMneaaHca NnpobHuka. B 3Tom cnyyae noka-
3aHa 3aB1CHMOCTb Rp n ><p [Ns TYNOBOrO NACCHMBHOIO NPOOHMKA
¢ BXOOHbIM conpoTunenervieM 10 MOM. [MyHKTUpHas NHNS (Xp)
MOKa3blBAET 3aB1CUMOCTb EMKOCTHOMO COMPOTUBIEHNA OT
4acToThl. OOpaTUTE BHUMAHME, YTO ><p HaYMHAET Cnaaath yxe ¢
HYNEBOW 4aCTOThI, TOrAa Kak Rp 0CTaeTCs NPaKTU4ECKK NOCTO-
AHHbIM 00 100 kL. Kak 1 B npeabiaywem cnydae, cymmapHas
Harpyska Obina yMeHblIeHa NyTeM TLWATENbHOro pacyeTa cooT-
BETCTBYIOLLUMX anemeHToB R, C 1 L.

[Mpn OTCYTCTBUM FPaGUKOB 3aBUCUMOCTM MMNeaaHca NpoOHKKa
MOXHO CAenarb rpybyio OUEHKY HauxyaLero cnyyas no cneay-
loLen Gopmyne:

X =1/2nfC

roe:
X, = eMKOCTHOe ConpoTUBNEHNe
f=vacToTa
C = BxogHasi eMKOCTb NPOOHUKA
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Pwuc. 4.6. 3aBncnmocTs ><p " RD OT 4aCTOThl N9 TMNOBOrO NACCMBHOMO NPOBHMKa 10 MOM.

Hanpumep, ctanaapTHbIM naccyBHein npobHrK 10 MOM ¢
BXOAHOV eMKOCTbIO 11 Nd MMEET EMKOCTHOE CONPOTUBAEHME
(X,) npmepHo 290 Om Ha yactote 50 MIu. B 3aBncumMocT ot
COMPOTVBNIEHUSA UCTOYHMKA CUrHANA 3Ta HAarpy3ka MOXeT Okasbl-
BaTb CUIIbHOE BNIMAHME HA aMMIUTYAYy U3MEPSEMOrO CyrHana
(NPOCTO 3a CYET OENeHNs) 1 AaxXe MOXET BAMSTb Ha paboTy
nccnenyemon Luenu.

MNonoca nponyckaHus

[1onoca NponyckaHWs ABNAETCH XapakTepUCTUKOW BCEN N3MEPH-
TEJbHOW CUCTEMBI, COCTORALLEN 13 NPOOHMKA 1 ocuunorpada.
[onoca nponyckanus ocuwnorpada LokHa NPEeBbILATL
OCHOBHbIE 4aCTOTHbIE COCTaBNAIOWME CUrHANA, KOTOPLIN Bbl
cobuMpaeTech N3MEpPHATL, a Nonoca NPOMyckaHua NpooHMKa
LLO/XHA PABHATLCH WM NPEBOCXOANTL NOAOCY ocumnnorpada.

C TOYKM 3PEHNA N3MEPUTENBHOV CUCTEMBI, PEANbHBIV HTEPEC
NPenCcTaBnseT nonoca NPOnyckanua no BXoAy NpobHuka. Kak
NPaBWNO, N3rOTOBUTENN YKA3BIBAIOT MONOCY MO BXOMY NPOOHYKA
LNS ONpefeneHHbIX KOMOMHAUMIA NPOBHMK/ocumnnorpad, Ho aTa
XapakTepucTrka A0CTynHa He Bceraa. [1oaToMy HYXHO NOHVMMATb
BAVISIHE NONOCHI NPOMYCKaHWs ocuunnorpada 1 npodHKKa, kak
BMECTE, Tak 1 N0 OTAENBHOCTH.

MNMonoca nponyckaHus ocumnnorpaga

BepxHad rpaHmLa nonocs NPOnyckaHna Onpeaendercs, kak
TO4YKA Ha rpadvike 3aBUCUMOCTY amnanTydbl 0T 4acToTsl (AHX),
B KOTOPOW aMNanTyaa CuUrHana CHXaeTcs Ha 3 ab 0THoCw-
TENbHO OMOPHOrO YPOBHA. Takom rpadurk ¢ OTMEYEHHOW TOHKOW
3 nb nokasaHa Ha puc. 4.7.

BaxHo oTMeTUTB, 4TO cnaf, A4X N3MepnTeNsHOM CUCTEMBI

Ha 3 0b B 06nacTV BEPXHEN rPaHuLbl NOMOCH MPOMYCKAHWS
03HA4aeT, 4TO NOrPELWHOCTb U3MEPEHNA aMMINTYLb! NPU 3TOM
moxeT gocturats 30 %.

Ocumnnorpad naneko He scerna paboTtaeT BON3u BEPXHENH
rpanunel Nonocs nponyckanus. OaHako, eCin TOYHOCTb amnuv-
Tyl KPUTVHECKN BaXHA, HYXHO PACCUMTHIBATL HA DONEe y3Kyio
NONOCY, YeM Ta, YTO yka3aHa B XxapakTepucTnkax ocumniorpada.

MpobHuk 0T A 0o A
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Puc. 4.7. BepxHas rpaHmLa nonocsl NponyckaHnsa onpeagnsieTcs 4actoTow, Ha KOTOPOit am-
NNWTyaa cUrHana cHuxaetcs Ha 3 ab.
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Puc. 4.8. Tpaduk cyxeHns nonocs Nponyckaxus.

B kayecTBe npumepa aasanTe paccMOTPUM rpaduk CyXeHWs
NONOCH NPOMYCKaH1s, Noka3aHHbI Ha puc. 4.8. T10 ropr3oH-
TalbHOW OCW 3TOrO rpadrka OTNOXEH KOSDPUUMEHT CyXEHNS
NONOCkl, HEOOXOAMMBIV ANA NONYYEHNS MOrPELWHOCT aMnan-
Tyabl He 6onee 30 %. bes cyxeHvs nonockl (KOSPGULMEHT
1,0) ocumnnorpad ¢ nonocowt 100 ML, 6yaeT MMeTb NorpeLw-
HOCTb 30 % Ha yactote 100 M. Ecnu Bbl XOTWUTE NOAYYUTb
NOrPEWHOCTb U3MEPEHWS aMnInTyabl B npeaenax 3 %, nonoca
nponyckaHna ocuunnorpada gomkHa Obite yMHOXeHa Ha 0,3,
yto coctasut 30 MIL. Ha yactoTax Boiwe 30 ML, norpeLHoCcTb
amnautyasl 6ynet npesbiwars 3 %.

[MpVBEAEHHBIN BhILLIE MPUMED UNNIOCTPUPYET 00LIEee NpaBuno
Ans Belbopa ocuunnorpada. nd n3mepeHns aMnanTyapl

C NOrpeLwwHoCTbIO B Npeaenax 3 % suibvpaiite ocumnnorpad ¢
HOMMHANBHOW MONOCOW, OT TPEX A0 NATV Pas3 NPEeBbILLAIOLLEN
CaMyI0 BbICOKYIO YACTOTY M3MEPAEMOrQ CUrHana.
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Puc. 4.9. BavsiHue Tpex padHbix NpOGHWUKOB Ha AnnTensHOCTY dpoHTa: (a) npobHuk 400 MI, 10X; (6) npobHuk 100 MIL, 10X; (8) npobHuk 10 MIL, 1X. Bce naMepeHiist BbINOAHANMC OAHUM

1 TEM Xe ocupnnorpadom ¢ nonocor nponyckaus 400 ML,

Ecnv Bac B nepByio o4epes MHTEPECYET N3MEPEHNE OUTENb-
HOCTU (PPOHTOB, Bbl MOXETE NEPECHUTATb 3HAYEHWE NONOCHI
nponyckanna ocuunnorpada (M) B AnMTensHOCTb GPOHTA Mo
cnepyiowen hopmyne:

Té ~0,35/MMN

unn gns yaoocTea:

To (Hc) ~ 350/ (MIu)

Kak 11 B Cny4ae noaockl NpOnyckaHus, cneayet Bulbvparb 0CLmM-
norpad, 0becnevnBaoWmii Bpemsa HapacTaHnsa OT TPEX OO NATH
pa3 MeHbLLIEE JUTENBHOCTI CamOro KPyToro GpoHTa M3mepsi-
emoro curHana. (CnegyeT OTMETUTb, YTO NPVIBEAEHHASA BbILLE
3aBVICYMOCTb JIUTENBHOCT (DPOHTA OT NONOCH! NPOMYCKaHWS
npeanonaraeT rayccoBckyio hopmy cnaga A4X ocumnnorpada.
BONBLWMHCTBO OCUMNNOrPad OB MMEIOT MMEHHO Takylo Gopmy
cnapa A4X.)

Monoca nponyckaHmna NpobHMKa

Bce npobHMKK, Kak 1 Opyrie aneKTpOHHbIE LEenn, MMEIOT orpa-
HNYEHHYIO NONOCY NPOMNYCKaHWA. Takke Kak 1 Ans OCUMnnor-
padoB, N9 NPOOHMKOB OOLIMHO YKa3biBAETCSA HOMUHANbHAS
nonoca nponyckanuns. Takium 06pa3om, A4X npoOHMKa ¢ Nonocom
nponyckaxna 100 Ml cnapaet Ha 3 Ab Ha yactoTte 100 MIL.

AHanormM4HbIM 06Pa30M, OAUTENBHOCTL GPOHTA NPOOHMKA
TOXE MOXHO PacCHUTaThb Mo NOAOCE NPOMYCKaHWS MO TOW Xe
dopmyne, 4to 1 ans ocumnnorpada (T = 0,35/MMM). Kpome
TOro, AN aKTUBHBIX NPOBHMKOB, KOMOVHVUPOBAHHYIO [NTENb-
HOCTb PPOHTA NPOBHMKA 1 OcUMIIorpada MOXHO OLEHUTb
no cneayowen Gopmyne:

T¢cwc1’th|2 r T¢np06HuK32 + .I-d>ot:|.1V|11n<)rpe|d)a2

[Inst naccuBHbIX NPOOHMKOB 3TO COOTHOLLIEHNE CTAHOBUTCS
60nee CNOXHbIM, 1 NPUBEAEHHYIO BhILLE (DOPMYITY MCNONb30BATH
HENb3s.
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Kak npaswno, nonoca NponyckaHus NpooHuKa AonxHa
PaBHATLCA NONOCE ocuMAnorpada uv NPEBLILATL ee.
MprMeHeHne NPOoBHKKa C MEHbLLEN NONOCOW HE NO3BONAET
B MOJHOV MEPE BOCMONb30BATbCS BOZMOXHOCTAMM OCLM-
norpada. 310 unacTpUpyeTca puc. 4.9, KOTOPbLIN NOKasbl-
BAET OAVH 1 TOT Xe& PPOHT, UBMEPEHHbIN TPEMSA NPOBHMKaMM
C pasHow NOAOCON NPONYCKaHKS.

epBoe naMepeHmne, NokasaHHoe Ha puc. 4.9a, BHINOAHANOCH
C NOMOLWbIO COrNacoBaHHOM KOMBMHaLMK 13 ocumuanorpada

1 NPOBHMKA, Kaxabli 13 KOTOPbIX Mmen nonocy 400 MIL.

B aToM cnyyae ncnonb3osancd NpooHuK 10X ¢ BXOOHbLIM
conpoTumsneHnem 10 MOm n emkocTbio 14,1 nd. 3ameTsTe,
4TO M3MEPEHHAsA AANTENBHOCTL GPOHTa cocTasuna 4,63 He.
970 XOPOLLO CorMacyeTcs ¢ AUTENbHOCTbIO GPOoHTa 875 Ne
Jns KoMBUHauUmmn ocupnnorpada/npobHnka ¢ NOAOCOM Npony-
ckarusa 400 MIu.

Tenepb NOCMOTPUTE, YTO BYAET, €CAV U3MEPUTL TOT Xe
NMMNYNBC TEM Xe ocumnnnorpapom, Ho co 100 MIL, npob-
Hukom 10X ¢ nonocor 100 MIL. 3710 n3mepeHne nokasaHo Ha
pvc. 4.96, roe n3mepeHHaa ganTenbHOCTbL GPOHTa NONYYMNach
paBHOl 5,97 He. 910 no4Th Ha 30 % Gonblue NpeablayLLero
3HaueHvs 4,63 He.

Kak v cnegoBano oxuaars, Habnogaemas AnUTenbHOCTb
dPOHTa CTaHOBUTCA elle 6onble ANg NPOOHMKa C MEHbLLEN
nonocon. B nocnegrem cnydae, nokasaHHoM Ha puvic. 4.98,

ANS UISMEPEHMS TOFO Xe MMNYNbCa MCNONb30BaNcsa NPOOHUK 1X
¢ nonocort 10 MIL. Ha aT0T pas oauTenbHOCTb GPOHTa YBEAWYN-
naco ¢ 4,63 Hc 00 27 HC.

OCHOBHOW BbIBOA, KOTOPbIN MOXHO caenatb 13 puc. 4.9: Henb3aq
1CNONb30BATL NEPBHIV NONABLUMIACA NPOOHMK!

Jns peannsaumm BCEX BOSMOXHOCTEN ocumnnorpada 1
Havbonee ahpdEKTUBHOrO £ro CNONb30BaHWs BCErga npuMme-
HATE NPOOHNKM, PEKOMEHI0BAHHbIE N3FOTOBUTENEM.



OkpaH
25 0m
MpobHwK Ocuumnnorpadg a5
1 HC 100 MI'y 100 MI'y Otobpaxaemas
AIMTENbHOCTE
hpoHTa <3,5 He

Puc. 4.10. OksuBaneHTHasa cxema Ans NpOBEPKM NONOCH NPONYCKaH!s No Bxoay NpOobHYKa
[na cuctemsl ¢ nonocoit 100 MIL oTobpaxaemas AmTensHoCTs GpoHTa byaet pasHa 3,5 He
VAN MEHbLLE.

Monoca NponyckaH1a No BXoy NPodHMKa

B obuem cnydae npobnema noaoch NponyckaHusa NnpobHvKa

1 Pe3yNLTUPYIOLLEN NONOCHI CUCTEMbI MPOBHMK/OcUMANorpad
JOMXHa peLlaTbCs 3a CHeT CoObNoAeHVs cneumdukamn n
pekoMeHaaunii nsrotosutens. Komnanwa Tektronix, Hanpumep,
yKa3blBaeT Nonocy, B npeaenax kotopov NpoOHWK paboTaeT ¢
yKa3aHHbIMM XapakTepuCTKamm. ITn XapakTepucTVKL BKITIO-
4alOT CyMMAapPHbIE UCKAXEHWS, ANUTENBHOCTb GPOHTA 1 NONOCY
NPOMyCKaHs.

Kpome Toro, npw Mcnonb3oBaHny ¢ COBMECTUMbIMU OCLMNON-
padpamu, NPoBHMKK Tektronix yxyaLaoT NOA0CY NPOMycKaHus
ocuunnorpada. Hanpumep, npobHwk Tektronix ¢ nonocoi

100 MIL, npy NOaKMOUYEHUM K COBMECTUMOMY ocumanorpady ¢
nonocoi 100 MIL, obecnedvsaeT nonocy nponyckaHuna 100 ML,
(-3 Ab) Bcel cucTembl OT BXoda NPOOHKKA.

MpuHATaA B NPOMBILLIEHHOCTW CXeMa NPOBEPKM NONOCHI NPony-
CKaHvisi Mo BXOY NPOBOHVIKA UNNIOCTPUPYETCS SKBMBANEHTHON
cxemoln Ha puc. 4.10. VicnbiTaTensHbI CTOYHWK CUrHana
JOMKEH UMETL conpoTnaaeHre 50 OM 1 HarpyxatbCa OKOHEYHOW
Harpyakoi 50 Om, 4TO CO30aeT SKBUBAIEHTHOE CONPOTUBAEHME
ncTouHmka 25 OM. Kpome Toro, NPOBHNK A0MKEH NOAKNOYATHCS
K MICTOYHMKY HYepes3 NepexoiHuk ¢ HakoHeuHka Ha pasbem BNC
VN1 SKBUBANEHTHBI. 9TO NocneaHee TpeboBaHvE rapaHTpyeT
MUHUMabHYIO AJIMHY NPOBOOHMKA «3EMAV».

B onuvcaHHow BhiLLE UCABbITATENBHOM CXeMe KOMOMHALUMS OCLN-
norpada/npobHuka ¢ nonocor nponyckanus 100 ML, paet
PE3YNLTUPYIOWYIO AnnTENbHOCTL GpoHTa < 3,5 He. CormnacHo
NPVBEAEHHOMY BhILE COOTHOLWEHWIO (Td ~ 0,35/MMM), onutens-
HOCTb poHTa 3,5 HC cooTBeTcTBYET nonoce 100 MIL,

MpobHuk 0T A 0o A

BOMbLNHCTBO N3roTOBUTENEN OCUMNNOrpadoB 0OLLEro Ha3Ha-
YeHus, B KOMANEKT NOCTaBKM KOTOPbIX BXOAAT CTaHAAPTHbIE
NPOBHKKM, 06ECNEYMBAIOT 3aBAEHHYIO MOAOCY NPOMYCKaHNS
ocupunnorpacd0oB No BXOAy NPOOHMKA.

OpaHako BaxHO He 3a0biBaTb, YTO NON0Ca NPOMYCKaHUs Mo BXOAY
nNpPOOHKKa ONPEAENIETCA METOAOM, NoKadaHHbIM Ha puc. 4.10.
[MoCKONbKY peanbHbe CYrHabl PEAKO NOCTYNaloT OT UCTOY-
HIKOB C BbIXOAHbLIM CONPOTMBAEHKEM 25 OM, peanbHble nonoca
1 ANVTENbHOCTb GPOHTa ByayT OTAMYATLCS OT ONTUMANBHOMO
3HAYEHWS, 0COOEHHO NPU NBMEPEHNMN BHICOKOOMHbIX LIEMew.

MNpoBOAHUK «3eMNIN»

Mpwv BBINONHEHWN U3MEPEHWA OTHOCUTENBHO «3eMIN» HEOOXO-
J/MbI 1Ba COBOMHEHWS C UCCNEAYEMOM CXEMOW U YCTPOW-
cT8OM. OHO COEAMHEHME BLIMOAHAETCS Yepes NPOOHNUK,
KOTOPbIN PEMUCTPUPYET HANPKEHWE W APYIOV M3MEPSEMbIN
napameTp, a Apyroe CoeanmHeHne — 3T0 NPOBOAHNK «3EMAN».
OSTOT NPOBOAHMK HEOOXOAMM AN 3aMblkaHNsa TpakTa NpOTeKaH!s
1N3MEPAEMOro ToKa.

Ecnu nccneayemMas cxema v ocuunnorpad BKIYEHb! B OAHY U Ty
XE CETb MUTaHUA, COEAMHEHNE LienVi «3emnv» 00ecnednBaeTcs
yepes saluTHOe 3asemneHne ceTv nuTaHys. OaHako Takas Lenb
«3eM», NPOXOMALLAA Yepes CeTb NUTaHNs, 0ObIYHO NOY4aeTCs
CIMLLKOM AJIMHHOM. T103TOMY TaKoe peLleHe HeNb3a UCTOoNb-
30BaTh B KAYECTBE YWCTOr0, MaNOVHIOYKTVBHOrO COeAVHEHVS
«3EMAN>,

Kak npasuno, Npu BuINOAHEHWM MIOOLIX OCUMNA0rPadUIECKIAX
N3MEPEHUIA CneayeT CNONb30BaTb NPOBOAHNK «3EMAV» MUHM-
ManbHOWM OJWHbL. Hannydwen peandaumen COeauHeHs «3eMm»
ABNAETCA NEPEXOAHNK, NMPUNaMBaEMbI Ha NEYaTHYIO naaty, K
KOTOPOMY NOAKNIOHAETCA HAKOHEHHVK NPOBHMKA, Kak MoKasaHo
Ha puc. 4.11. MpunanBaemblii NEPEXOIHVK NO3BONAET NPUCOEaN-
HATb HAKOHEYHWK MPOBHMKA MPSAMO K KOHTPOMBHOM TOYKE NAarsl,
NPV 3TOM BHELLHUIA UMAMHAP NepexoaHnka 06ecneymBaeT Kkpar-
Yaree coeanHeHne ¢ 3a3eMAIIOLLIVM KOMbLOM Ha HaKOHEYHUKE
NPOOHMKA.

[ns OTBETCTBEHHbIX 3MEPEHWIA aMINUTYAb! 1 ANUTENBHOCTU PEKO-
MEHOYETCS YCTaHaBMBATb B KOHTPOMbHBIE TOUKM NeYaTHbIX maar
npvinanBaemble NepexoaHnki. 31O He TOMBKO YeTKO 0603HaYaeT
KOHTPOMbHEIE TOUKM, HO 1 rapaHTUpYeT Hamnydlee coeguHeHne

C KOHTPOMBHOWM TOYKOW AN BbINONHEHWS HAAEXHbIX U3MEPEHNI,

www.tektronix.ru/accessories 37



YuebHoe nocobue

Puc. 4.11. MpunavBaemblii NePexoaHnK AN HakOHEYHMKa NPOOHNKa.

K coxaneHuio, npunansaemblil nepexogHnK HenpakTnieH ang
MHOTVIX M3MEPUTENbHLIX 3a0a4. [103TOMY BMECTO HEro 00bIYHO
VICMONb3YeTCA KOPOTKMIM NPOBOOHMK «3EMN», MOAKMIOYaEMbIl
K «0BLUEN» TOUKe MCCRedyemMol CXeMbl. ITO 3HAUNTENLHO
yaoGHEH, NOCKOMbKY MPY 9TOM MOXHO GbICTPO NepeMeLLaTh
NPOBHVK OT TOYKM K TOYKE. KpoMe Toro, KOPOTKWA MPOBOAHMK
«3eMNV», NpUnaraembli K NpoGHYKY GONbLUMHCTBOM VU3rOTOBV-
Tenei, o6ecneynBaeT aaekBaTHbI TPAKT NpoTekaHs BO3spar-
HOrO TOKa AN GONbLUMHCTBA U3MEPUTENbHBIX 3384,

Tem He MeHee, HYXHO 3HaTb O BO3MOXHbIX ﬂp06ﬂemax, KOTOPbIE
MOTYT BO3HUKATb 113-3a HEMNpaBibHOIo NOOKMO4YEHWA NPOBOA-
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VI/ICT.

1Al

RBX - CBX
J_> 10 MOm T (npumepHo 11 nd)

LYY YA L
npOBO,D,HVIK «3emMnu»

Puc. 4.12. SkeuBaneHTHas cxema TUMoBOro NacCMBHOMO NPOGHYIKA, NOAKMIOHEHHOO K
VCTOYHVKY CUrHana

HUKa «3emn». Bo-nepBbix, 00patuTe BHUMaHWE Ha NpUcyT-
CTBVE B 3KBMBANEHTHOW CXEME NHOYKTUBHOCTH (L), CBA3AHHOW C
NPOBOAHVKOM «3EMAV», Kak NokasaHo Ha puc. 4.12. 3Ta nHayk-
TMBHOCTb NPOBOAHMKA «3EMN>» PACTET C POCTOM €r0 ANNHbI,

Kpome Toro, 3aMeTsTe, YTO MHAYKTVIBHOCTL MPOBOAHMKAE «3EMN»
L v BxonHaa emkocTb C, 006pasyioT nocneaoBarenbHeIi peso-
HAHCHBIA KOHTYD, KOTOPbI AEMIGUPYETCA TONLKO BXOAHbIM
conpotuenennem R_. Korga Ha aToT NoCneaoBareNbHbili KOHTYp
NOCTYNaeT UMMY/bC, B HEM BO3HMKAET PE30HAHC, MOPOXAAIOLLINIA
«3BOH>. /1 eN0 He TOMBKO B «3BOHE», HO Vi B TOM, 4TO 4pes-
MEpHas MHAYKTVIBHOCTL MPOBOAHMKA «3EMAM» OrpaHUiMBaAET
Lenb 3apaaa BXOAHOW eMKOCTV 1, TEM CaMbiM, OrpaHninBaeT
AJMTENbHOCTL BPOHTA UMMYNLCA.

He yrnybnaace B MateMatyeckne pacHeTsl MOXHO ckasarb, HTO
NaCCUBHbIN NPOBHMUK C BXOOHOM emMKocTbio 11 nd v ¢ 15-caHtu-
METPOBbLIM MPOBOAHMKOM «3eMAV» OYAET «3BEHETb» Ha HaCTOTE
okono 140 MTL. Mpu ncnonk3oBaHMK ocumnnorpada ¢ nonocon
nponyckarua 100 MIL, 3TOT «3BOH» OyAET nexarb Janeko 3a
npegenamu ero NoNOCkl U, CKopee BCero, OyaeT He3ameTeH.

Ho npu ncnonb3oBaHmm 6onee WIMPOKONOAOCHOMO OCUMA-
norpada, Hanpumep 200 MIL, «3BOH» NPOBOAHMKA «3EMN»
nonageT B N0OAOCY NPOnyckaHusa ocumnnorpada u byaet
3aMETEH Ha OCUMANOrpaMme UMNYbCa.
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a. [1pOBOAHVIK «3eMIN» JJIMHON 15 CM C 3aKNMOM

6. MPOBOAHVIK «3EMAN» [IMHON 71 CM C HAKOHEYHUKOM

8. [TDOBOAHVIK «3EMIN» LAVHOIN 71 CM C 3&XVMOM,
NOAKMIOYEHHbIV K KOPMYyCy ocumnnorpada

Puc. 4.13. [InvHa NpOBOAHNIKA «3EMAN> 11 TOHKA Er0 NOAKMIOHEHNS MOMYT 0Ka3aTb 3Ha4UTENbHOE BINSHIE HA PE3Y/LTaTHl 3MEPEHWIA.

Ecnv Ha ocupnnorpamme uMnynsca HabnoaaeTcs «3B0OH»,
nonpoGyiTe YyKOPOTUTL MPOBOAHNK «3EMAM». Yem kopoye
NPOBOMHWVK «3EMIIN>, TEM MEHbBLLE €0 NHOYKTUBHOCTb 1 TEM
BbILLIE YACTOTA 3BOHA. ECIM BBl YBUONTE N3MEHEHNE YACTOThI
3BOHA Ha OCUMIIOrPaMME UMNYNbCa, 3HAYUT 3TOT «3BOH»
CBA3aH C NPOBOOHUKOM «3eMn». lanbHenlee cokpallenme
[IMHBI NPOBOAHMKA «3EMI» MOXET BLIBECTI HAaCTOTY 3BOHA 3a
npeaentl NoaoCk NPonyckanna ocunnnorpada, MUHUMU3MPYS
ero BAvsH1e. ECnm npn n3MEHEHUM OHEl TPOBOAHMKA «3EMIN»
4acToTa 3BOHA HE M3MEHWNACH, 3HAUWT, CKOPEE BCErO, «3BOH»
BO3HMKAET B CAMOW MCCNeayemMon LIEnw.

BrnaHve NpoBOOHMKA «3EMW» Ha «3BOH» UIMIIOCTPUPYETCS
puc. 4.13. Ha puc. 4.13a ans perucTpaumm KpyToro GppoHTa
1CNONb30BaNach CoOMacoBaHHasa KOMOUHaLws ocupnnorpad/
NPOOHVIK. B kayecTBe NpoBOAHMKA «3eMn>» NPOOHMKA UCNOMb-
30BaCA CTAHAAPTHbIN NPOBOL, AMHON 15 CM C 3aX1MOM,
KOTOPbIV NOAKMOHANCS K 00uwemy NPOBOAHNKY CXeMbl BOIM3M
KOHTPOSBHOW TOHKM.

Ha puc. 4.136 perncTpupoBancs TOT Xe GPOHT, HO Ha 3TOT

pa3 CTaHOapTHBIN MPOBOAHVIK «3EMAV» MPOOHYKA Obl YANVHEH
[0 71 cM. Takoe yaWHEHVE MOXET NOHaA00WTLCS, HanpUMep
QNS TOr0, YTOOBI HE NepeKioyaTh 3aXnM NPOBOAHNKA «3EMN»
npv NepemeLLeHn NPOOHKKA MeXay 0aneko PasHECEHHbIMU
KOHTPOMbHBLIMM TOUKaMu. K coxanerwio, yajIMHeHe NpOBOOHMKA
«3EMIIN» MOXET MPVBECTU K BO3HVKHOBEHWIO CUIBHOMO «3BOHA»,
4TO BUOHO HA PUICYHKE.

Pvic. 4.13B NokasbIBAET Pe3ynbTarhl elle OOHOrO BapuaHTa yam-
HEHMA NPOBOOHVIKA «3eMAW». B 9TOM Cly4ae NPOBOOHVIK «3EMAN»
npoOHKVKa BOOOLLE He noakodancs. BMeCTo Hero Mcnonb3o-
BaNCs NPOBOA ANMHONM 71 CM, COEAMHSIOLLMIA OOLLMIA NPOBOOHWK
CXeMbl C KOPMyCOM ocupnnorpada. 310 co30ano Apyron, SBHO
JNVHHBINA KOHTYP «38MAW», KOTOPbIN NOpOauA HabaoaaeMblii Ha
PUICYHKE HU3KOYACTOTHbIA «3BOH».

13 nprmepoB, NPUBEAEHHbLIX Ha pyC. 4.13, ICHO, YTO CNOCO6
NOOKIIOYEHNS «3EMI» OKa3biBAET OFPOMHOE BIMSIHME Ha Kade-
CTBO M3MEPEHWI. B 4aCTHOCTM, NPOBOOHVIK «3EMV» OOKEH
ObITb KaK MOXHO KOPOYEe 1 Npamee.
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Kak nckniountb BansHue npobHuka

13 npeAWwecTBYIOWMX NPUMEDPOB 1 PACCYXAEHWA MOXHO
NOHATb, 4TO MMMNEAAHC UCTOYHMKA CUrHaNa, NPOBHMK 1 OCUWA-
norpad 06pasyioT eAnHYIO B3aVMOOENCTBYIOLLYIO CUCTEMY.
Lna nony4eHns onTUManbHbIX Pe3YNETATOB HYXHO NPUHATEL BCE
BO3MOXHbIE MEPb! 419 MUHUMU3aLM BANAHWA ocumnnorpada/
NPOOHVIKA HA MCTOYHUK CUrHana.

[1nst 3TOro MOXHO NPUAEPXMBATLCS CREAYIOLLVX OOLLWX NPaBwn:

m Bcerpa cornacosbiBaite NpOOHKK C OcUMnnorpadomM B COOT-
BETCTBUM C PEKOMEHAALVSMI U3rOTOBUTENA Ocumunnorpada.

m Cnenute 3a TeM, YT00bI CUCTEMA OCUMNIOTPad/NPOBHUK
obnanana [0CTaTO4YHOM NONOCOM NPOMYCKaHWS UK BPEMEHEM
HapacTaHusa A8 M3MEepPEeHVst Ballero curHana. Kak npaswio,
Hano BbIOVPATL KOMOUHALMIO OCUMANOrpad,/NPOBHIK C Bpe-
MEHEM HapacTaHusa B 3-5 pa3 MeHblUe, YeM OIUTENbHOCTb
(pOoHTa M3MEPAEMOrO CUrHana.

m [1pOBOAHVIKM «3eMNK» NPOOHNKOB AOMKHbI ObITh Kak MOXHO KO-
poye 1 npsimee. M36bITouHas AanHa KOHTYpa «3eMM» MOXET
NOPOXAaTh 3BOH.

m BoibupaiiTe npobHYIK, MakCMManbHO COOTBETCTBYIOWIMI BalLe-
MY MPUNOXEHMIO MO U3MEPUTENBHBIM BO3MOXHOCTAM 1 Mexa-
HU4ECKOMY KDETIEHWIO B KOHTPOSBHBIX TOHKAX.

I, HakoHeL, BCeraa yunTbiBanTe BO3MOXHOE BINAHNE HArpy3Ku
NPOOHVIKA Ha NCCNeayeMYIO Lienb. Bo MHOTMX Cydasx Harpysky
MOXHO KOMMEHCUPOBATL MU MUHUMU3NPOBATE 33 CYET
NPaBUIBHOIO BHIOOPA MPOBHNMKA.

Huxe npuBeaeHa kpatkas cBofaka napameTpoB, Onpeaensiowmx
BO3AEVICTBME NPOOHIKA Ha MCCNEAYEMYIO CXEMY:
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MaccuBHbIE NPOBHMKYM

MNaccuBHble NPOBHUKK 1X 06bIHHO MMEIOT MEHbLIEE BXOOHOE
CONPOTUBAEHNE 1 BOMBLIYIO EMKOCTb, HEM NACCUBHbIE MPOBHVIKM
10X. B pesynbrare, npobHukK 1X co3aat0T O0MbLLYIO Harpyaky v
Be3/e, e MOXHO, A9 YHUBEPCANbHBIX M3MEPEHNI PEKOMEH Y-
€TCH 1UCNoNb30BaTh NPOOHMKK 10X.

MpobHUKM ¢ genuTenem HanpsixeHus (Zo)

SN NPOBHWKM UMEIOT O4EHb Manyio BXOAHYIO EMKOCTb, HO OTHO-
CWTENbHO HU3KOE BXOAHOE conpoTveneHmne. OHW NpeaHasHa-
4eHbl [N151 COrnacoBaHHOM paboTbl ¢ 50-0MHBIMY CUTHaBHBIMY
TpakTamu. Tem He MeHee, 6naroaaps 04eHb LMPOKOI Nonoce
NPOMycKaHUs 1 ManomMy BDEMEHW HapaCTaHust, MPOBHUKM C
AenuTenem HanpskeHns 4acTo NPUMEHSIOTCS B APYTVX MPUI0-
KEHUSAX AN N3MEPEHVIS BbICOKOCKOPOCTHBIX CUrHanoB. Mpw
M3MEPEHNAX aMNAUTYABl CNeayeT yunTsIBaTb Manoe BXOOHOE
COMNPOTUBNEHNE TAKOro NPoBHMKa.,

MPOBHMKM CO CMELLLEHMEM

MPOBHMKM CO CMeLLgHMEM NPEACTaBNSIOT COO0K 0COObIA TV
NPOBGHUKOB C AENMTENEM HaNPAXEHNSA U BO3MOXHOCTbIO Noaa-
BaTb PEMYIMPYEMOE HaNPSXeHNe CMELLEHNSA Ha HAKOHEYHUK. OTu
NPOBHVKY NPUMEHSIOTCS AR PAabO0ThI C BEICOKOCKOPOCTHEIMY
cxemamu 3CJ1, roe pesncTrBHAA Harpyska MOXET CMECTUTh
pabo4yto TOUKY LIeMMu.

AKTMBHbIE MPOGHUKM

AKTVBHbIE NPOOHWKM OKa3blBaIOT HaMEeHbLIEE BO3AEVCTBIE
Ha 1CCNeayemylo CXemy 3a CHET BbICOKOrO BXOOHOIO COMpo-
TUBNEHVIS 1 O4EHb Manov eMKOCT. KOMNPOMICC 3akmioya-
£TCs B TOM, 4TO OHWM 0ObIYHO 06184a10T MabiM AMHAMUYECKAM
Anana3oHomM. OHako ecnv BaLin M3MEPEHVS YKNaabiBaloTCsA B
AyanasoH akTUBHOrO NPOOHMKA, OH BO MHOTUX Cy4asix MOXET
0Ka3arbCs Ny4LWMM BAPVIGHTOM.
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Puc. 5.1. Tpumep n3meperrst OTKNOHEHUIA OTHOCUTENBHO BLICOTHI MMIY/IbCA.

TexHn4eckme xapakTepucTukmn NpobHmka

BOMbWMHCTBO KIOHYEBbIX XapakTEPUCTVIK NPOOHMKOB yxe 00Cy-
XIAN0Ch B NpeaplayLLyX mMmasax nMbo npu onvucannm TUnoB
NPOOHVIKOB, MO0 NPY OBCYXAEHUM VX BIVSHWIS HA PE3Y/bTaTh
N3MEDEHWN.

B aTo mase cobpaHbl BCEX KNOYEBbLIE
XapakTepUCTUKN NPOOHNKOB 11 MPeaCTaBeHb
B BMOE €OMHOro yaOOHOrO CNPaBOYHYIKA.

He BCe NepeyvCNeHHbIe XapakTeEPUCTVKLA NPUMEHNMBI KO BCEM
NPOOHVIKaM. Hanprmep, BHOCKMBbIA MMNEAaHC NPUMEHNM TOMBbKO
K TOKOBbIM MPOOHVIKaM, TOraa Kak Apyrve xapakTepucTuki, Takme
Kak nonoca NponycKaHws, YHUBEPCabHb! Y MPUMEHVIMbI KO BCEM
NPOOHVIKaM.

NckaxeHns (Bce NPOBHUKN)

lIckaxeHeM HasblBaeTCs NI0O0e OTKNOHEHWE aMNAVTYabl OT
npeanonaraeMoro UM naeanbHoOro 3HaveHrs. Ha npakTuike
UCKaXeHNs 0ObIMHO NOABASIOTCSA NOCAE KPYThIX NEpenafos
curHana v NposBASOTCA B POPME «3BOHA».

VICKaxeH1s U3MepSAoTCA 1 yKasdbiBAIOTCA B NPOLEHTAX OTKI10-
HEHWA OT KOHEYHOTO YPOBHS MMNyNbca (CM. pyc. 5.1). Kpome
TOr0, 3Ta XapakTepUCTNKa MOXET BKIIOYATb BPEMEHHOW
VIHTEPBAN 119 NCKAXEHWI. HanpumMep, NCKaxeHus MOryT Onpe-
LNEendTbCa Tak:

IckaxeHrnst He AoMmxHbl NpeBbiwath £3 % unv 5 % ABOMHOrO
pasmMaxa B TeveHve 30 HC OT GPOHTa UMNyNbCa.
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Puc. 5.2. VickaxeHns BCneacTeMe N3OLITOYHON KOMMeHcaLm NpobHMKa

Ecnun B xone namepeHrs HabnmoaanTes N30bITOUHBIE NCKAXEHNS,
N3Y4KTE BCE BO3MOXHbIE MCTOYHVKM, MPEXAE YEM NPeanona-
ratb, 4TO 3TV UCKAXEHUH BbI3BAHBI MPOOHNKOM. OAHMM 13 CamblX
PACMPOCTPAHEHHbBIX MCTOYHMKOB HABMIOOAEMbBIX NCKAXEHWN
ABNAETCS NPeHebpexXeHne NPOBEPKON 1 COOTBETCTBYIOLLE
HACTPOWKOW KOMMNEHcaUmn NPOOHWKOB. 30bITOYHAA KOMMNEH-
cauyis nPoOHMKa NPUBOAWT K NOSBNEHNIO OONbLUKX BEIOPOCOB

32 GPOHTaMU UMMYNLCOB (CM. pUC. 5.2).

MorpelwHocTb (BCe NPOBHUKN)

st NPOBGHUKOB HANMPSXEHNSA NOrPELLHOCTBIO OObIYHO HA3bIBAIOT
ocnabnexve NPOOHKMKOM NOCTOSIHHOTO HaNPXeHys. B pacuete
1 U3MEPEHWN MOTPELLHOCTI NPOOHMKA 0BBIYHO HYXHO YHUThI-
BaTb BXOOHOE COMPOTMBAEHME Ocumnnorpada. Takum 06pasom,
NOrPeLIHOCTb MPOBHYIKA NWLLL TOTAA KOPPEKTHA U NPUMEHNMA,
Koraa NPOOHMK UCMONB3YETCS C OCUMANOrPadOM, UMEIOLLIM
COOTBETCTBYIOLLIEE BXOAHOE COMPOTVBIEHME. Hanpumep,
NOrPELIHOCTb MOXET ONPeaendTsCs Tak:

10X B npepenax 3 %

(Aﬂﬂ ocuunnorpacbos C BXOA4HbIM CcOnMpoTUBJIEHNEM
1 MOm £2 %)
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[1ns TOKOBbIX MPOOHMKOB NOrPELLHOCTL ONPEeaenAeTcs NorpeLL-
HOCTbIO NPEe0bPas0BaHyIs TOKa B HANPSXeHWe. 3T0 3aBUCKT OT
KoadPpULUMEHTa Nepeaadn TpaHchopmaropa Toka 1 0T 3Ha4eHNs
1 NOrPELLHOCTY PE3NCTOPA OKOHEYHOWM Harpy3Kku. TOKOBbIE
NPOBOHVIKK, KOTOPBIE PABOTAIOT CO CReUManbHbBIMU YoUanTe-
NAMU, UMEIOT BbIXOAbI, HEMOCPEACTBEHHO OTKANMOPOBAHHKIE B
amnepax Ha AeneHue, 1 1x NOrpeLlHOCTb YKa3biBAETCA B BUAE
NOrPELUHOCTM aTTeHIoaTopa B NPOLEHTax OT YCTaHOBIEHHON
4yBCTBUTENBHOCTV B A/AENeHMe.

MpounsseneHme «A-C» (TOKOBbIE MPOBHMKN)

Jna TokoBbIX NPOOHMKOB, Npou3BeaeHne «A-c» onpenenaeTt
CNOCOBHOCTb CepagyHmMKa TpaHchopMaropa Toka NponycKatb
yepes cebs aHeprunio. Ecnn nponsseaeHne cpeaHero Toka Ha
ANUTENBHOCTb MMNYbCa NPEBLILLIAET MAKCUMaIbHOE 3HAYEHIE,
NPOUCXOANT HACHILLEHWE CEPAEYHIKA. Takoe HAChILLEHWE
CepagyHMKa NPUBOANT K OTCEHEHMIO HacTV CUrHana BO BPEMS
HaChILLEeHWS. Ecnv nponssengHme «A-C» He NPEBLILLIAETCH,
BbIXOAHOE HanpskeHue NpobHMKa ByaeT AMHENHBIM 1 13Me-
PEHVE TOYHbIM.

KoadpduumeHT genenns (Bce NpoOHUKN)

Bce npobHukm 06nagatoT ocnabneHnem, 1 ocnabneHme Heko-
TOPbIX M3 HUX MOXHO PEryIMpoBarh. TMMnYHbIe KOSPOUUMEHTH
Jnenennd pasHel 1X, 10X 1 100X,

KoadpPUUMEHTOM OENEHNA HA3bIBAETCS BENNYMHA, HA KOTOPYIO
NPOOHMK 0CnabnaeT amnanTyay curHana. MpobHuk 1X curHan He
ocnabnset, Torga kak npobHvk 10X ocnabnaet curHan 8 10 pa3
MO CPABHEHMIO C CUrHANOM Ha HakoHeYHIKe NpobHuka. Jdeneqme
BXOOHOMO CyrHana No3BoNsSeT PaCLUMPUTL N3MEPUTENbHBIN
JnanasoH ocumnnorpada. Hanpumep, npobHuk 100X no3so-
naeT n3mepdats curHansl B 100 pa3 bonbLune No amnanTyae, Yem
C NPOBHMKOM Be3 genntens.

0O603HaueHusa 1X, 10X, 100X BeayT CBOIO NCTOPUIO C TEX
BpEMeH, Koraa ocuunnorpadsl He MO aBTOMAaTUYECcky onpe-
JendTb ocnabneHue NPOOHUKOB 1 COOTBETCTBYIOMM 00pas3omM
nepecTpavBatb CBOK Wkany. Hanpumep, 0603HaveHve 10X
HaNOMVHAET, YTO BCE M3MEPEHHBIE 3HAUEHMS aMNaUTy ALl Haoo
ymHOxaTb Ha 10. CucTema 0TOBPaXEHN COBPEMEHHbBIX OCLMN-
norpaoB aBTOMaTUYECKM ONpeaendeT ocnabneHne NpodHMKa 1
COOTBETCTBYIOLMM 006pa30M HacTpamBaeT Maclutad nokasaHui,

KoapdrumeHTsl aeneHrst NPOOHNKOB HaNPsKeHNs peannay-
I0TCA C MOMOLLbIO PE3VCTUBHBIX AennTenei. Moatomy NpoGHMK
C 60MbWUM KO3DDUUMEHTOM AeNeHNa 00bIMHO UMEET Bonblee
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Puc. 5.3. BepxHsa rpaHmua nonocsl NpOnycKkaHnus onpeaenseTcs 4acToTow, Ha KOTOpOo am-
NAWTYAA CYHYCOMAANBHOMO CurHana cHuxaetcs o 70,7 % (-3 ab).

BXOJHOE CONPOTMBAEHME. KpOME TOro, OeNUTENL AT
1 €MKOCTb NPOOHMKA, 3PPEKTUBHO CHIXAA BXOAHYIO EMKOCTb
C POCTOM KOG OULMEHTa AENEHWS,

Monoca nponyckaHus (Bce NpoBHMKN)

Bce npobHuky 06naaatoT onpeaeneHHor Nonocon NPOnycKaHns.
OaHv NPoBHYWKK MMeloT nonocy nponyckanna 10 MIu, a opyrve —
100 MTIu, Monoca nponyckaxys NPOOHVKa ONPeaenseTcs
4aCTOTOW BEPXHEN rpaHu1Lbl, Ha KOTOPOW aMmiinTyaa BbIXOOHOMO
curHana cHuxaetcsa 1o 70,7 % (-3 ob), kak nokasaHo Ha puc. 5.3.

CnepyeT OTMETWTb, YTO NOAOCa NPOMYCKaHUA HEKOTOPbLIX MPO0-
HIKOB OFPaHMYeHa 1 CHK3Y. 3TO CBOWCTBEHHO, HaNpUMep, Npoo-
HIKaM NEPEMEHHOMO TOKa. B c1ny KOHCTPYKTUBHBLIX OCOOEHHO-
cTel NPOBHWKI NEPEMEHHOO TOKa He MOryT MPOMyCKaTb NOCTO-
AHHBIN TOK W HU3KOHYACTOTHbIE CUrHasbl. B pesynsrare nx nonoca
JIOMXHa ONPENenaTbCa ABYMSA 3HAHYEHUAMU — HUXHEW YaCTOTON

1 BEPXHEW YaCTOTOMN.

Ins ocumnnorpapuyecknx M3MepeHni peabHoe 3HaveHme
nmMeeT 00Las COBOKYNHas Nonoca NnpobHmka 1 ocuunnorpada.
B KOHEYHOM UTOre MMEHHO 3Ta CUCTEMHAS XapakTepucTiKa
ONpPenensaeT N3MepPUTENbHBIE BOSMOXHOCTL. K CoxXaneHuio,
NOOKI0YEHNE NPOBHMKA K ocumnnorpady NPYBOANT K HEKO-
TOPOMY CYXEHMIO NONOCH! NPONycKaHud. Hanpumep, npu
NOOKMIOYEHNM YHMBEPCANbHOrO NPOBHKKA ¢ nonocorn 100 MIL k
ocumnnorpady ¢ nonocort 100 ML, nonyy4aeTca namepuTensHas
cucTema, nonoca NPOonycKaH1s KOTOPOW HECKOMBKO MEHbLLE
100 MIL,. HTo0bl NCKMOYNTL NOFPELHOCTb, CBA3aHHYIO C 0OLLEN
nONOCOW NPONYCKaHWs cuctemsl, Tektronix ykadelBaeT NacCyBHbIE
NPOBHNUKM HaNPsXeHVs, 06ecneyrBatoLLIMe 3aaBNEHHYIO NONOCY
N3MEPUTENBHON CUCTEMbI MO BXOAY NPOOHMKA NPU UCAONb30-
BaHWM C YKa3aHHbIMI MOAENSAMY OCUMNOrpadoB.



Bbibupas ocupnnorpadbl vi TpOGHNKM, BAXHO NMOHUMATS,
4TO NONOCA NPOMYCKaHUA OKa3biBAET HEOOHO3HAYHOE BANAHNE
Hal TOYHOCTb N3MEPEHMIA.

Mpy 3MEPEHUM aMNAUTYOb aMNAUTYAA CUHYCOWAANBHOMO
CUrHana NOCTeNeHHO ocnabnsaeTcs No Mepe NPUeMXeHns
4aCTOThl CUrHana Kk BEpXHEel rpaHnLLe Nonochkl IPONYyCKaHus.
Ha rpaHyyHOM 4acToTe M3MEepEeHHas aMnnTyaa CUHYCoVaab-
Horo curHana coctasnaeT 70,7 % OT peasbHOro 3Ha4eHus
aMnnTyasl. [103TOMy AN NOBBILLIEHWS TOYHOCTU M3MEPEHNS
aMIINTY Al HYKHO BeIOMPaTh NPOBHVK 1 ocumanorpad, nonoca
NPOMYyCKaHMsa KOTOPBIX B HECKOMBKO Pa3 MPEBbILLAET MakCu-
MabHYIO 4aCTOTY M3MEPSEMOrO CUrHana.

ST0 CnpaBeviBo 1 A9 3MEPEHS BPEMEHU HapacTaHus

v cnafa. KpyTele nepenas curHana (MMnyibCHOro UM Npsmo-
YroNbHOr0) COAEPXAT BEICOKOYACTOTHLIE cocTasnsoLve. Ocna-
61eHMe 3TUX BHICOKOYACTOTHBLIX COCTABAIOLLYIX 13-38 OrpaHu-
YEHHOW NONOCHI NPOMYCKaHVA NPUBOONT K BUAMMOMY 3aBay
KPYTV3HBI GPOHTOB. 19 TOYHOrO M3MEPEHNs ANUTENLHOCTY
DPOHTOB HYXHO MCMONL30BATH U3MEPUTENBHYIO CUCTEMY C COOT-
BETCTBYIOLLIE MOMOCON NPOMYCKaH1s, KoTopas He ocnabnana
6bl BHICOKOYACTOTHLIE COCTABNAIOLLVE, 06pasyioLme GPOoHTHI
curHana. OB6bIYHO aTa XapakTepUCT1Ka ONMCHIBAETCSA BPEMEHEM
HapacTaHUa 3MEPUTENbHOM CUCTEMBI, KOTOPOE, Kak NpaBuio,
JOMKHO BbITb B 4-5 pas MeHblUE AUTENbHOCTU GPOHTa M3MEpS-
eMOro curHana.

BxogHas eMKOCTb (BCE NPOOHMUKN)

OO6bIYHO NOA, BXOAHOW EMKOCTbLIO NPOOHVKA MOHUMAETCA
EMKOCTb MeX[y ero HakOHEYHNKOM U1 «3eMNel». ITO EMKOCTb,
KOTOPYIO NPOOHNK BHOCWT B M3MEPSIEMYIO LIEMb AW TECTUPY-
EeMOe YCTPOWCTBO.

BxoaHas emkoCTb NpOBHMKa BaxHa NOTOMY, HTO OHa BAVSIET Ha
pesynbTaThl M3MEPEHVS UMMYNbCOB. Manas BxoaHas EMKOCTb
NOBLILAET TOYHOCTb M3MEPEHNS PPOHTOB. K TOMY Xe, eCiv
ANUTENBHOCTb MMNYNbCa MEHEE YEM B MATb Pa3 NPEBbILAET

MpobHuk 0T A 0o A

NOCTOSAHHYIO BpemeHu RC npo6HYiKa, TO 9TO MOXET CKasaTbCs 1
Ha aMnUTYAE VMIYNbCa.

Kpome Toro, npobHmkn 006aBASOT MKOCTb Ha BXOA, OCLMANON-

pada v aTa emMKOCTb AoMKHa ObITb cornacoBaHa. 1nsa npo6HUKOB
10X 1 100X aTa eMKOCTb JOMKHA NexaTb B Npefenax aManasoHa
KOMNEHCALMW, KOTOPbIA OTAMYAETCS OT EMKOCTM MO BXOAY NPO6-
HUKa.

KoadppuumneHT nogasneHms cCMH$asHoro curHana
(amddepeHumanbHblie TPOBHMKN)

KosddurumneHt nopasnenms cuHdasHoro curHana (CMRR) otpa-
XaeT CnoCcoBHOCTL AnddepeHUnansHeiX MPOOHKUKOB NOAABNSATH

CUTHaU1, MPUCYTCTBYIOWMI B 0BEMX KOHTPOSbHbIX TOYKax Andde-

PEHUMaNBHOM NHK B 0fHOM dase. CMRR aBnseTcs KnioyeBbiM
nokasarenem ka4ecTsa AnddepeHUanbHbIX TPOOHNKOB

1 ycunuTenen n onpeaenserca Gopmynon:

CMRR = [A /A |
rae:.

A, = ycuneHue no HanpsxxeHuto auddepeHumnann-
HOro curHana

A_ = ycuneHue no HanpskeHuio cMHGa3HOro curHana

B uneansHom crydae A A0MKHO ObiTb COMbLIMM, @ A HYNEBbIM,
4TO COOTBETCTBYET DECKOHEYHOMY 3Ha4eHno CMRR. Ha
npakTVke o4eHb xopownm curtaetcs CMRR, pashbit 10000: 1.
9T0 3HA4UT, 4TO CYHbA3HBIN CUrHan amnanTyaoi 5 B Bynet
ocnabneH Ha Bbixoae A0 3HadeHus 0,5 MB. Takoe nopgaBneHve
BAXHO 019 U3MEPEHMS ANDGEPEHLMaNbHBIX CUTHAN0B Ha hOHe
LLYMOB.

Mockonbky ¢ pocToM YacToTel CMRR cHxaeTes, YactoTa, ond
KoTopowt ykazaH CMRR, cTonb xe BaxHa, kak 1 cam CMRR.
JnddepeHumanbHbii NPoOHWK ¢ BbICOkM CMRR Ha BeICOKOM
yacToTe nydwe anddepeHLMansHOro NPOBHKKA C TakM Xe
CMRR Ha HM3KoW YacToTe.
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MocTosiHHAas BPEMEHM (TOKOBbIE MPOOHMKM)

[1OCTOSIHHAS BPDEMEHW ONPEAENAET UMMNYNbCHYIO XapakTePUCTMKY
TOKOBOrO NPOOHVKa. OHa paBHa MHAYKTUBHOCTM BTOPWUYHON
06MOTKM NPOOHMKA, NOAENEHHOW Ha CONPOTUBAEHNE OKOHEYHO
Harpysku. MIHoraa NoCTOSIHHYIO BPEMEHM NPOOHMKA Ha3blBalOT
OTHOLWEHKeM L/R.

Hem Gonblie oTHoleHne L/R, Tem 6onbLle ANUTensHOCTb
VIMNYNbCOB, KOTOPLIE MOXET Nepeaars NPoOHMK 6e3 CyLleCTBEH-
HOro cnaga 1x amnanTyasl. Moy manbix OTHOWeEHWSX L/R amnnm-
TyOa OJMTENBHOTO UMMYAbCa MOXET CNaaath A0 HyNd eLle 00
PeaNbHOro OKOHYaHMs UMNynbca.

MOCTOSHHBIN TOK (TOKOBbIE MPOOHMKM)

[OCTOAHHBIV TOK CHKAET MarHUTHYIO MPOHMLAEMOCTb Cepagy-
HiKa 0OMOTKM TOKOBOIO NPOOHMKA. TaKoe CHKEHWE MarHUTHOM
NPOHNLLAEMOCTb NPUBOANT K CHUXEHMIO MHOYKTVBHOCTU OOMOTKM
¥ NOCTOSHHOM Bpemern L/R. 310 cHkaeT KoadpduumeHTt
nepeaayn Ha HU3KMX HYacToTax 1 YBENUYMBAET NOrPELLHOCTb
M3MEPEHNS HU3KOHACTOTHbIX TOKOB. HEKOTOPLIE NPOOHWKM Nepe-
MEHHOro ToKka npeanaratoT BOSMOXHOCTb NOAAYM KOMMNEHCUPYIO-
LLEro ToKa Ans NOAABNEHNS BAVSHIA NOCTOSIHHOO TOKA.

CHVXeHre ToKa B 3aBMCMMOCTM OT 4acTOThl
(TOKOBBIE NPOBHMKN)

XapakTepycTiKy TOKOBBIX MPOBHMKOB MOMYT BKIIOHaTb KPUBLIE
3aBVICVMOCTY aMMANTY/bl OT HaCTOThI, CBA3AHHOW C HAChILLE-
HVEM CEP/EeYHMKa C POCTOM YacTOThl. HachllLeH1e cepaeyHmka
C POCTOM HaCTOThl NMPOSIBAAETCS B TOM, YTO CUrHAN CO CPEAHVM
TokoM O A ByAeT orpaHn4MBaTLCS Ha NKax G POCTOM 4acToThl
VAW aMnanTyasl CUrHana.

BHOCMMBIN MNeaaHc (TOKOBbIE NPOOHNKK)

BHOCUMBIM MMNEAAHCOM Ha3bIBAETCH UMNEOAHC, NepeaaBa-
EMbIi U3 BTOPUYHOM OOMOTKM NPOBHMKA B U3MEPAEMBIN TOKOBE-
Ay NPOBOAHVK. OBbIYHO BHOCKMBIE CONPOTUBAEHNA NPOO-
HKOB N1eXar B AmanasoHe HeCKOMbkx MOM U NPakTUyecku He
0Ka3blBaIOT BAUAHUA HA LIEN CONPOTUBNEHMEM 25 OM 1 BhILLE.
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BxogHasi eMKOCTb (BCe NPOOHUKN)

EMKOCTb NPOBHIKA, 3MEPEHHAs MEXAY ero HaKOHEYHMKOM U
«3EMNEN>.

BxogHoe conpoTmBneHune (Bce NPOOHNKM)

BxoaHeIM CONPOTUBNEHMEM NPOOHMKA Ha3bIBAETCS MMNEAAHC,
BHOCHMbII MPOOHUKOM B KOHTPOMBHYIO TOHKY Ha MOCTOSIHHOM
Toke (0 IL).

MakcumanbHbI BXOJHOM TOK (TOKOBbIE NMPOOHUKN)

MakcumanbHbIi BXOOHOM TOK NpeacTasnseT coboin CyMmy
NOCTOAHHOO U MUKOBOrO NEPEMEHHOrO TOKA, KOTOPbIA MOXET
BblAEPXaTb NPOOHKK. [pr M3MEPEHUI NEPEMEHHbBIX TOKOB
HYXHO Y4MTbIBATb CNam, MakCUManbHOroO BXOAHOMO TOKa C POCTOM
4acToThl.

MakcumanbHbI MMKOBbINA TOK (TOKOBbLIE NPOOHWKN)

9T0T NapameTp Henb3s NpeBbilaTh. OH YUUTLIBAET HACHILLEHWE
CepaeYHnKa 1 BO3MOXHOCTb NOBPEXAEHNS BTOPUYHLIM Hanpsi-
XeHveM. MakCcuUManbHbI MUKOBLIA TOK OObIYHO YKa3biBAETCS B
B1OE NPOU3BEAEHNA «A-C».

MakcumanbHoe HanpsixeHne (Bce NPOOHUKN)

He ponyckaiiTe nogady HanpsixeHus 6anMaKoro K MakCuManbHOMY
3HaYeHWID. MakcyManbHOe HanpsikeHne onpeaenseTcs Hanps-
XeHvemM Npobos Kopnyca NPOOHVIKa NV r0 KOMMOHEHTOB.

3apepxka nepegayn curHana (Bce NpoOHMKM)

Bce npobHMKM BHOCAT HEKOTOPYIO 3aaePpXKy Win cABur no dase,
KOTOPbIV 3aBUCUT OT 4aCTOThI CUrHana. JTa 3aaepxka onpe-
JEenaeTcs KOMIOHEeHTaMK MPOOHVIKA 1 MBMEPSIETCS BPEMEHEM
NPOXOXAEHNUA CUrHANa Yepesd 3T KOMMOHEHTbI OT HAKOHEYHMKA
NpoBHMKa A0 padbema ocumnnorpada.

OO6bIYHO HanMbONbLLYID 3aAEPXKY BHOCUT Kabenb MPOOHWKA.
Hanpumep, kabens gavHorn 106 cm co3aaeT 3aaepxKky 5 He.
Ina curHana vactoTon 1 MIL, 3aaepxka 5 HC NpyvBOOUT K COBUTY



dasbl Ha Aaga rpagyca. Kabenb 60nsLein oavHbl BHECET, COOTBET-
CTBEHHO, OOMLLYIO 3a0EPXKY.

Kak npaswvino, saanepxka nepefadun cvirdana okassiBaeT BAUAHNE
NN HA CPABHUTENBHBIE U3MEPEHNS ABYX UM HECKOMbKMX
CWrHanoB. Hanpumep, Npu UamepeHn BDEMEHHOTO caBira
MEX/Y ABYMSA CUrHaNaMm ST CUrHabI HyXHO PerMcTPMpPOBaTh
COMACOBaHHbIMY NPOBGHUKaMM, YTOBE KaxabliA CUrHa Npu
NPOXOXAEHWM Yepes NPOBHUKY 380ePXMBaNCA OAVHAKOBO.

B ka4ecTtBe ApYroro npumepa MOXHO NPUBECTY M3MEPEHIe
MOLLHOCTM C NOMOLLbI0 NPOBHVKOB TOKa 1 HANPAXEHWS.
MOCKOMbKY MPOBHMKM TOKA 1 HANPSAXEHUA CYLLECTBEHHO OT/N-
4aI0TCA MO KOHCTPYKLWMW, OHI 0618Aa10T PasHbIMU 3a0epXKKamm
nepegadv curHana. BavsHue aTvix 3a0epxek Ha M3amepeHme
MOLLHOCTM 3aBWCKT OT YaCTOThl U3MEPAEMOro curHana. Ang
CWrHasI0B, 4aCcTOoTa KOTOPLIX M3MEPSAETCA repLiamMu Uan Kino-
repLamu, pasHOCTbLIO 38AePXeK MOXHO npeHebpeyb. OaHako
JN9 MerarepLoBbix CYrHaNI0B Pa3HOCTL 3aAePXeK MOXET AaBaTb
OLLYTUMYIO MOTPELUHOCTb.

Bpems HapacTaHus (Bce NPOOHMKM)

Bpems HapacTaHusa NpOOHKKa — 3TO BPEMS M3MEHEHNSA amnn-
Tyobl Mexay yposHamu 10 % 1 90 % npu nogade Ha NPOOHNK
NPAMOYrOALHOMO MMNYAbCa. OTa XapakTepucTika onpeaenaet
camblll KPYTOW nepenag, KOTOPLI NPOBHNK MOXET Nepeiatb
CO CBOEr0 HAaKOHEeYHMKa Ha Bxop, ocumnnorpada. Ing To4HOro
V3MEPEHVS AUTENBHOCTM GPOHTOB MMMYNECOB BPEMS Hapa-
CTaHVs U3MEPUTENLHON CMCTEMBI (MPOOHVIK + ocuunnorpad)
JOMKHO ObITb B 3-5 pad MeHblUe ANNTENsHOCTM CaMOro KpyToro
13MEepsSeEMOro nepenaaa.

TaHreHumanbHbIN WYM (aKTUBHbIE NPOOHMKM)

TaHreHUMaNbHbIN LLYM ONMCLIBAET COOCTBEHHbIN LLIYM, BO3HVIKA-
IOLWI B @KTUBHBIX MPOOHMKAX. 3HAYEHWS TaHreHUMaNbHOO LymMa
NPUMEPHO B IBa Pa3a NPeBbILLA0T CPeaHEKBaapaTnieckme
3HaYEHUs Wyma.

MpobHuk 0T A 0o A

TemnepaTtypHbI ananas3oH (Bce NPOOHMKM)

TokoBble MPOBHMKI XapakTEPU3YIOTCS MakCMManbHOW paboyel
TeMNepaTypon, koTopas 0OyCnoBAeHa HarpeBoOM ToKamm
NHOYKUMK, BO3HUKAIOLLMMM B MArHUTHOM 3KpaHe cepaey-
Huka. C pOCTOM Temnepartypbl pacTyT notepu. B cBA3N C 3TiM,
aMnnTyaa curHana TOKOBbIX NPOOHUKOB BCEra CHUXaeTCs

C 4aCTOTOW.

Y NnpoBHMKOB HanpsxeHns ¢ geantenem (1. e. 10X, 100X 1 1. n.)
npK N3MEHEHNV TEMMNEPATYPLl MOXET BO3pacTaTb NOrPeLHOCTb.

MoporoBoe HanpsiXeHne (nornyeckme NPOOHUKN)

Jlornyeckne NpobHUKM 06pabaThiBaIOT CUMHALI HE Tak, Kak 3TO
JenaioT opyrue ocuunnorpapuieckne NPoOHUKY. AHANOroBLIE
XapaKTePVCTUKY CUrHaNA HE UMEIOT 3Ha4YeHUsA 418 NOrMYecKoro
npo6HYKa, ero OCHOBHOW 3aJa4el ABNSeTCA ConocTaBneHre
YPOBHSA CUrHana ¢ Or14eCKMMI MOPOrOBbLIMY YPOBHAMM.

Korpa Bbl NoaktioYasTe ocupnnorpad CMeLlaHHbIX CUrHanos

K LM®POBOI CXemMe C MOMOLLBIO NOMVYecKoro NpobH1Ka, Bac
VHTEPECYIOT TONLKO NOMMYECKME COCTOAHUA CUrHana, Kotophie
ONPenenaioTca BCEro ABYMA YPOBHAMMU. ECAM BXOOHOM cuUrHan
MPEBLILAET NOPOroBOe 3HaueHMe (V. ), FOBOPSIT, 4TO OH UMeET
«BbICOK1» YPOBEHb MM PaBEH «1»; 1 HAOBOPOT, YPOBEHb
HWXe V) CHUTAETCA «HU3KIM» i «0». Pernctpupys BxoaHsie
CUTHaUTbl, OCUMANOrPad CMELLaHHBIX CUrHaNoB oToBpaxaeT
EAVHULLI 1 HYNIK B 3@BUCVMOCTY OT YPOBHSA CUrHana no OTHO-
LWEHMIO K MOPOrOBOMY HaMPSAXEHMIO.

Bonblwoe Y1MCNo CUrHANOB, KOTOPLIE NOMUHECKMA NPOBHMK MOXET
3apErvcTpPUPOBaTb OOHOBPEMEHHO — BOT YTO OTAMHAET €ro OT
APYrux ocumnnorpaduyecknx npobHMKOB. Jlornyeckmne npoo-
HUKV NOOKMIOYAIOTCS K TECTUPYEMOMY YCTPONCTBY, U BHYTPEHHWI
KOMMNapatop NPOOHMKa CPaBHUBAET HANPSXEHWE CurHana ¢
MOPOroBbIM HAMPSXEHWEM V, ., NPUHMMASH PELUEHME O 10T~
4ECKOM COCTOsIHMM curHana (1 nnm 0). 3HaveHne NoporoBoro
HaNPsXeHWs yCTaHaBAMBAETCS B COOTBETCTBUM C TUMOM TECTU-
pyemoit norukv (TTJ1, KNOM, 3CJ1n ap.) nnn onpeaenseTcs
NONb30BATENEM MPOM3BOSBHO.
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PacwmnpeHHble METOAbI NCMOJIb30BAHNS
NPOBHNKOB

B npenecTsyowyx rmasax NpueeaeHa BCs 6a3oBas MHDOP-
MaLms, OTHOCALLAACS K OCUMnnorpaduieckum npoobHmKam v
VX MPVMEHEHWMIO. BonbLWNHCTBO |/|3MepeHv1|7| MOXHO BbINO/HATb
C NOMOLLBIO CTaHAAPTHbLIX MPOOHMKOB, BXOAALVX B KOMMANEKT
NOCTaBkK ocumnnorpada, ecnun cobnogars ONPeaeneHHbe
npasuna:

m Y4uTbIBATL OrpaHNYeHNUd Mo Noa0ce MpOonyCkaHnAa 1 BpeEMEHM
HapacTaHnaA

m He 336bIBaThb 0 BO3AENCTBUM NPOBHMKA HA MCTOYHMK CUrHana
m BbINonHATb KOMNEeHcaumio NpPObHMKa

m CoOnoaatb peKOMEHAALMN N0 NOAKIOHYEHNIO «3eMAM» NPOD-
HuKa

HO paHO 1AM NO30HO Bbl CTONKHETECH C CUTYaLMSIMU,
BbIXOOALLMMM 38 NPEenbl 3TUX OOLLVMX CNy4aes.

B 3101 MaBe onuncaHbl HEKOTOPLIE AOMOAHWTENbHBIE NPOBEMI
VICNONb30BaHMS NPOBHMKOB, ¥ HAYHEM Mbl C TPOBOAHMKA
«BEMN>,

Mpo6nembl NOAKIOYEHUS «3EMITN»

B xone ocumnnorpaduyeckmx N3MePEHUiA NOCTOAHHO BO3HN-
KaloT Npo6emMbl NOAKMIOYEHNUA NPOBOAHMKA «3EMN>» B CBA3W CO
CNOXHOCTBIO ONpeaeneHnsa Hanbonee NOAXOASLIEN TOUKM. ITa
CNOXHOCTb CBA3aHa C TeM, HTO MPOBOOHVIKN «3EMIV» MPOOHMKA
Y M3MEPSIEMON Lieny 00NaaaoT MHOYKTVBHOCTBIO 1 C POCTOM
4aCTOTHl CUrHaNa HaYMHAIOT BECTY Ceb9, Kak CamMOCTOATENbHAS
cxema. OHO 13 NOCNeaCTBUIA TAKOro NOBEAEHMS yxe 00Cyxaa-
NOCb PaHblle, KOrAa [UTMHHBIA MPOBOOHWK «3EMIN>» BbI3bIBAST
«3BOH» UMMNyNbCa. HO KpOME «3BOHa» 1 OPYIAX UCKaXEHWN
CUrHana, NPOBOIAHWK «3eMIN>» MOXET AECTBOBATh, Kak aHTEHHA,
NPUHAMAIOWAS WYM.

[1epBbIM aCMNEKTOM Ha NyTN PELLEHWS PacCMaTprBaeMOon
NpoONeMbl SBNSIETCS BHUMATENbHOCTL. Bceraa obpallanTe
BHVMaHIE Ha NMI0OBIE LLYMbI UM UCKAKEHVS, MOSBNAIOLMECS

Ha akpaHe ocuunnorpada. LLymbl nam nckaxeHus MoryT ObiTe
4aCTblO CUrHaNa, HO MOryT BO3HWKATb 11 B NMPOLECCE N3MEPEHNS.
Hvixe onncaHo, Kak y3HaTb, SBAAI0TCS U UCKaXEHWS CNeacT-
BVEM U3MEPUTENBHOIO NPOLECCca, UK ecnuv Aa, TO Kak PeLnTb
3Ty Npobnemy.
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Puc. 6.1. KpyToit nepenan HanpsxeHus (T[D =1 HC) IMEET NCKaXeHVs, Bbi3BaHHbIe 15-CaH-
TUMETPOBLIM NPOBOMAHUKOM «3eMV» (8). DTW NCKAKEHVIS MOXHO U3MEHIUTb, NepeBuHyB
kabenb NpoBHYKa UK B3ABLUMCH 3@ HEMO PYKOIA.

JnvHa npoBogHMKa «3eMn»

JIo60M NPOBOAHNK «3eMv» 00NafaeT HEKOTOPOW UHOYKTVBHO-
CTbIO, V1 YEM [IVHHEV NPOBOOHVK, TeM OOMbLUE 3Ta UHAYKTNB-
HOCTb. B cO4eTaHnm ¢ BXOOHOM eMKOCTBIO MPOBHIMKA 1 EMKOCTHIO
MCTOYHVKA CUTHANA, MHIOYKTUBHOCTb NPOBOOHMKA «3eMn» 00pa-
3yeT PE30HAHCHbIN KOHTYP, BbI3bIBAIOLLNI «3BOH>» HA ONpeae-
NIEHHbIX YaCTOTaX.

HT0o0b YBMOETHb «3BOH» W APYrne NCKaxXeHnd, Bbl3BaHHbLIE
HenpasWbHbIM NOAKMOYEHNEM «3EM>», JOJTXHbI ObITb COOMIO-
[eHbl cheaytowmne asa ycnoBua:

1. Monoca ocunnnorpaduyeckon CUCTEMbI MO BXOAY NPOOHMKA
JIO/KHA ObITh OCTATOYHO WMPOKA AN1S MPOMYCKaH!sA BHICOKO-
HACTOTHBIX COCTABASIOLLMX CUTHANA.

2. BxopHow curHan npoBHYMKa OOMKEH UMETh AOCTATOHHO BLICO-
KOYACTOTHBIX COCTABNSHOLLMX (KPYTHIE GPOHTHI), HTOObI BbI3bI-
BaTb «3BOH» WM NCKAXEHWHA, CBA3AHHBIE C HEMPAaBWIbHbIM
NOAKTIOYEHNEM «3EMIIN>.

Ha puc. 6.1. npuBeneHbl NPUMEDBI «3BOHA» W MCKaXEHNN,
KOTOPbIE MOXHO YBUAETH NPV COBMOOEHNN YITOMAHYTHIX
yCNoBwiA. MoKasaHHbIM Ha prc. 6.1 cuMrHan 3axeadeH ¢ NOMOLLbIO
ocumnorpada ¢ nonocon nponyckanus 350 MIL, NpoBHMK
KOTOPOro MMeN NPOBOAHVIK «3eMIN>» OMHON 15 cM. PeaibHbIn
CUrHaN NpeacTaBnsn cobov nepenan HanpPSXeHnsa ¢ AJIUTENbHO-
CTbl0 GPOHTa 1 HC.

Bpems HapacTaHys 1 HC 3KBMBAJIEHTHO NOOCE NPONyCckaHna
ocupnnorpada 350 MIL (MMM~ 0,35/T,) 1 conepxuT A0CTATO4HO
BbICOKO4ACTOTHbLIX COCTABMSAIOLIMX A1 CO3AaHVS 3BOHA B LIEMNU
«3eMIIN» NPOOHMKA. ITOT «3BOH» CKNAOBIBAETCS C MONE3HBIM
CUrHaNOM 1 BbIMSAONT, KaK UCKAXEHWS Ha BEPLUMHE CTYMEHbKN,
nokasaHHble Ha puc. 6.1.



Puc. 6.2. Mprnavsaembiii NepexoaHnK NS HAKOHEYHUKA NPOBHMKA.

O6a nokasaHHbIx Ha puc. 6.1 curHana Ouinn NoNy4eHsl ¢
NOMOLLBIO OAHOMO M TOrO Xe NPOBHWKa 1 ocumnnorpada.
OaHako 3aMeTbTe, HTO MCKaXeHws Ha prc. 6.1a v 6.16 HEMHOro
oTnvyaioTcs. Habnioaaemas Ha puc. 6.1 pasHuua Bbi3BaHa
HEOOMbLUMM CMeLLieHeM Kabens NpoBHMKa 1 NPUKOCHOBEHNEM
pykM K kabenio. CmelleHne kabens v NprkOCHOBEHNE PyKM
BbI3BANO HECOMbLINE U3MEHEHNSI EMKOCTM 11 BEICOKOHACTOTHBIX
XapakTepPUCTUK Lienu «3emni» NPOBHMKA 1, TEM CambiM, 13Me-
HIIO XapakTep NCKaxXeHn.

O4eHb BaxXHO He 3a0bIBaTh, YTO CUrHabl C KPYThIMIU GPOHTaMK
NOOBEPXEHbI MCKaXEHVISIM, BbI3BAHHBIM MPOBOAHUKOM «3EMJIN>
npoGHuKa. V1 B paBHOWM CTENEHM BaXHO NOHMMATh, HTO Habnioaa-
eMble UCKaxeHNs curHana MoryT ObiTb YaCTbIO Camoro curHana
V1 He ObITb CBA3AHHBIMM CO CNOCOOOM NOAKMIOHEHNS «3EMN».
HTOObI OTANYUTL 3TI IBE CUTYaLWK, CABUHBLTE Kabenb Npoo-
HVIKa WAV NONOXWTE Ha HErO PYKY. ECAM 3TO M3MEHUT xapakTep
VICKaXEHWIA, TO UCKaXeHWs BbI3BAHbI LIEMbIO «3eMv» NPOOHMKA.
[MPOBHMK C NPaBWIbHO NOAKMOYEHHBIM MPOBOAHVKOM «3EMIN>
OyaeT NOAHOCTLIO HEYYBCTBUTENEH K NEPEMELLEHMIO Kabens vnw
NPUKOCHOBEHUSM.

MpobHuk 0T A 0o A

Puc. 6.3. Tepenan HanpskeH!s [IMTENbHOCTBIO 1 HC, 3aperncTpupoBaHHbI 4epes npunam-
BaeMblii NePEXOHUK 15 HAKOHEuHKa NPOoBHMKa.

[na nanbHenLwen UnnIncTpauuy OnNMcaHHoM NPOONEMbI TOT
Xe CurHan Obi1 3aPErMcTpVPOBAH elle Pasd ¢ NOMOLLBI0 TOrO
Xe npobHuKa 1 ocumnnorpada. Tonbko Ha 3T0T pas 15-caHTu-
METPOBbIV MPOBOAHWK «3eMAW» ObIT OTCOEANHEH, U Nepenag,
HaNPSXeHNs PErMCTPUPOBANCS YePEes3 NpyNarBaeMbli nepe-
XOOHVIK ANS HAKOHEYHMKa NPOBHMKa (CM. puc. 6.2). Pedynstu-
pytoLas ocumnnorpaMma CBOOOAHONO OT UCKaXEHWI curHana
nokasaHa Ha puc. 6.3. VIcKmoueHre NpoBOOHVKA «3EMV»
NPOBHMKa 1 MPAMOE NOAKTI0YEHNUE NPOOHYKKA K Npunansae-
MOMY NEPEXOAHVKY NPAKTUYECKU YCTPAHUIO BCE UCKAKEHNS.
Tenepb Ha akpaHe ocumnnorpada TO4HO 0ToOpaxaeTcs Gopma
nepenana CuUrHana B KOHTPObHOWM TOYKE.

[Mp1BEAEHHbBIE BHILLIE NMPUMEPLI NO3BOASIOT CAENaTh ABa
BbIBOOA. BO-NepBbix, My 3MEPEHUI BEICOKOCKOPOCTHBIX
CUrHaN0B NPOBOAHNK «3EMAV» AOMXEH ObiTh Kak MOXHO
Kopoue. V1, BO-BTOPbIX, Pa3paboTyvKK U3aennii MoryT cnocob-
CTBOBATb MOBLILLEHNIO 3PPEKTUBHOCTY TEXHNYECKOrO 00Cy-
XMBAHNS U ANArHOCTVIKM, NPeaycMaTprBas B KOHCTRYKLAW
cneuuanbHble KOHTPObHBIE TOYKM, HANPUMED NpUNavBaeMble
NepexoaHNKN. 3TO 3HAUUTENBHO 0ONErYaeT KOHTPONLHO-N3Me-
PUTENbHBIE MPOLEOYPbI M MCKMYAET HENPABUbHYIO HACTPOIKY
N3AENNS B MPOLECCE TEXHNYECKOrO 0OCNYXMBAHWS.
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6. MPOGHVK C NONEBbIM TPAH3VMCTOPOM

a. accumBHbIN NPOBHUK

Puc. 6.4. CpaBHeHvie BAMAHUA NPOBOAHMKA «3EMW» MAaCCUBHBIX V1 aKTVIBHbIX MPOOHMKOB.
BansaHe NpoBOAHNKOB «3eMAW» NACCUBHOIO NPOBGHMKa anvHoi 1,25 cm, 15cm 1 30 em (a)
ToT e curHan, 3axBadeHHbIA C TEMU Xe NPOBOAHVKAMY «3EMAN», HO C aKTUBHBIM NPOBHUKOM
Ha NoneBoM TpaHaucTope (6).

Koraa Bam Npuxoamntes N3MepsTb BbICOKOCKOPOCTHBIE CUMHAbI
0e3 nprnarMBaemMoro NepexoaHmnka Ais HaKOHeYHKa, NCNosb-
3yMTE Kak MOXHO 60n1ee KOPOTKM NPOBOOHVK «3emn». Bo
MHOTX CAy4asx 9T0 JOCTUraeTcd 3a CYET NPUMEHEHNS CreLn-
a/IbHBIX 3IANTEPOB CO BCTPOEHHBIMM 3a3EMSHOLLMMU HAKOHEY-
HuKamu. Llpyro ansTepHaTBOn 9BNAETCA NPUMEHEHNE aKTHB-
HOr0 NPOBHMKA C NONEBLIM TPAH3UCTOPOM Ha BxoAe. bnaronaps
BEICOKOMY BXOAHOMY COMPOTUBAEHMIO 1 O4EHb MaION EMKOCTU
(3avactyto, meHblue 1 nd), NPOBHWKN C NONEBBIM TPAH3VCTOPOM
MOMYT YCTPAHATb MHOTE NPOBNEMbI, CBA3aHHbLIE C MPOBO/-
HUKOM «3EMII», YACTO CBOVCTBEHHbIE MACCUBHBIM MPOOHMKAM.
310 nnnKCTpUpYeTCa puc. 6.4.

LLlym npoBOAHMKA «3EMAN»

Lpyrim TMnom NCKakeHrin 9BNSeTCa LWyM, KOTOPLI MOXET NOsB-
NATLCS B CUTHAE, 0TOOPaxaeMOM Ha 3KkpaHe ocumnnorpada.
Kak 11 B Ciyqae «3B0Ha» 1 UCKaXEHWUI, WyMbl MOMYT ObITb HaCTbO
CaMOro CurHana Wam MoryT NoaBAATLCA B PEYNLTATE NAOXOro
NOAKTIOYEHNA «3eMnn». PagHMUa 3akNI04aEeTCA B TOM, YTO LyM
06bIYHO CO303ETCH BHELLIHUM UCTOHHUKOM, ¥ €r0 Hanmyme He
3aBUCUT OT XapakTePUCTUK NCCNedyemMoro curHana. Jpyrumm
CNoBamu, NNOXoe NOoOKMOYEHNE «3EMIN> MOXET NMPUBECTU K
NOABNEHMIO LLIYMa Ha CUrHanax ¢ MiobeiMu GPOHTaMK.

CyLLECTBYIOT IBA OCHOBHbBIX MEXaHN3Ma NPOHUKHOBEHNS LLYMOB
B CUrHabHYIO LIEMb B PE3yNsTare NOAKIOHEHNs NPoBHMKA.
OQMH 13 HKX CBS3aH C MPOHMKHOBEHMEM LLIyMa YePe3 KOHTYP
«3eM/IN>, & APYrON — C UHIOYKTVIBHOW HABOAKOW LyMa Ha Kabenb
U NPOBOAHNK «3emnn» NPOoOHKKa. Jdanee mbl 06cyanm oba
3T1 MexXaHv3ma.
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Puc. 6.5. 3aMKHYTbI KOHTYP «3emnv» Ans ocumnnorpada ¢ npoOHUKOM 1 CCneayemon cxe-
Mbl, KOTOPbIE NOAKMIOYEHbI K PA3HBIM CETEBBIM PO3ETKAM.

MPOHNKHOBEHMEM LLIYMa YepPes KOHTYP «3eMJIn»

LLlym B cuCTEME «3eMIN>» MOXET NOPOXOATHCS HEXena-
Te/bHbIM TOKOM, MPOTEKAIOLLMM NO KOHTYPY «3EMV» MEXTY
KOPNycoMm ocumnnorpada 1 «3eMnen» nccneayemMon CXxembl
4epes NPOBOAHWK «3emMnn» 1 kabens NPobHMKa. OObIMHO BCE
3TU TOHKM UMEIOT (M OOMKHBI MMETB) HYNEBOW NOTEHLMAN,

1 TOK N0 KOHTYPY «3eMn» NPOTEKaTb He A0MKeH. Ho ecnu
ocupunnorpad v uccneayemas cxema noaKMoYeHbl K pasHbIM
CUCTEMaM 3a3eMNEHNs, MEXY STUMU CUCTEMaMUN MOXET Cylie-
CTBOBaTb HEOOMbLLIAS PA3HOCTb NOTEHLMANOB UK LYM (CM. PUC.
6.5). PesynbTmpyiowmii TOk CO3AAET NagHME HANPSXEeHNA Ha
3KPAHMPYIOLLIEM NPOBOAHMKE Kabens npobHvKa. 3T0 WymMOBOE
HanpsXeHve NOCNeA0BaTENbHO CKNaabIBAETCS C HANPSIXe-
HUeM curHana NpobHYVIKa 1 NONadaeT Ha BXOZ, ocumunnorpada.

B pesynsrare Bbl BUANUTE WYM NOBEPX MONE3HOr0 CuUrHana nuim
NONE3HbIV CYrHAM MOBEPX LLyMA.

Kak npaBuno, npv NPOHUKHOBEHUI LyMa Yepe3 KOHTYD «3eMn»,
LyM 1mMeeT YactoTy nutatowen cetu (50 wnm 60 TL). Bnpouewm,
HE PEnKOo Takon WymM MeeT GOPMY BEIOPOCOB MW NakeToB,
NOPOXIAEHHBIX PabOTOM APYroro, PasMeLEHHOrO B 3AaHNN
060pyA0BaHWS, TaKOro Kak KOHAWLMOHEDSI, NV BKIIOHEHWEM

1 OTKTIOHEHVUEM MOLLHBIX 3M1EKTPONPVOOPOB.

[l UICKNIOYEHNS Y MUHUMM3aLIMM LyMa, MPOHUKAIOWEro
4epes KOHTYP «3eMIN», MOXHO NPUHATE HECKONBKO MPOGUIaKT1-
qeckux Mep. [epBbii METOA, MUHMM3aUMM TaKOrO WyMa 3aKkmio-
4aeTcsa B NOAKMIOHYEHUM ocumunnorpada v UCCneayemMon Cxemsl

K OOHOM CeTn NuTaHus. Kpome Toro, MpOBHWKL 1 1x kabenn
JIOMKHBI PACNONaratbCs Kak MOXHO Aanblie 0T NOTEHLUMATbHBIX
MCTOYHMKOB MOMEX. B 4aCTHOCTH, cneanTe 3a Tem, HToOb kabenw
NPOOHMKOB HE HAaXOOUNNCh BOAM3W Kabenen nutaHus.



Ecnu Lym, NPOHMKAIOLLMIA 4ePEe3 KOHTYD «3eMNIN», HE 1CYEe3aeT,
nonpoo6yiiTe Pa3oMKHYTb KOHTYP «3EMAV» OOHVM U3 CNeayIoLLmX
CNoco6oB:

1. Vlcnone3ynte M30na1op 3alyTHOrO 3a3eMeHus.

2. Vicnonbayinte pasaennTenbHblil TpaHCHOPMAaTop NUTaHUS ans
ocuunnorpada unm NCCNeayemMor CXembl.

3. Vicnonbaynte n3onmpyioLwmin yeunutenb ana paseasky Npoo-
HuKa 1 ocumunnorpada.

4. VicnonbayiTe auddepeHumansHble NPOOHWKN (NoaaBasiowme
CUHMA3HbI LLYM).

HW B KOEM Cyyae He NbiTaTech M30ANPOBATL ocLmnnorpad 1w
UCCNEAYEMYIO CXEMY, OTKIIOYMB NPOBOAHWK 3aLLUWTHOrO 3a3eM-
NeHUsa TPEXNPOBOAHOV CETV NTaHus. Ecn BO3HMKaeT HeobXo-
JMMOCTb B U3MEPEHVISX C raflbBaHUYECKOW Pa3BA3KOWM, MCNoNb-
3yWTE COOTBETCTBYIOLLMIA PA3OENUTENBHBIA TDAHCHOPMATOP WK,
AyYLLIE, N30NATOP 3aLUMTHOMO 3a3eMAEHUS, CneumanbHO Npea-
Ha3Ha4YeHHbI os ocuunnorpada.

BHMMaHKE

Bo 136exaH1e NopaxeHus anekTpuIeckumM TOKOM Beeraa
nooKioYaiTe NPOBHYKK K ocupnnorpady unv n3onaTopy
NPOOHMKa 00 NOAKMOYEHMS NPOOHMKA K UCCNemyemon
CXEME.

HaBeneHHbI Wwym

LLlym MOXET NpOHMKATL B LGNV «3eMW» 3@ CHET HaBOAOK Ha
kabenu NPOBHKKOB, 0COBEHHO NPV UCMONB30BAHWM NPOBGHIKOB
C ANVHHBIMM Kabenamu. BanaocTb K AMHUAM MUTaHUS UAW APYrM
TOKOBEOYLLMM NMPOBOAHMKAM MOXET HABOAMTb TOK BO BHELLHEM
aKkpaHe kabens NpobHuKa. [Ans MUHUMM3ALWA 9TOrO NOTEHUM-
a1bHOr0 UCTOYHVIKA LWyMa UCMOAb3YITE, rae BO3MOXHO, Npoo-
HUKM C MaKCUMasbHO KOPOTKMMM Kabensmu 1 BCeraa AepxuTe
kabenv NPOOHNKOB BOAIM OT MCTOYHVKOB MOMEX.

LLlym MOXET HaBOAMTLCA HEMOCPEACTBEHHO HA MPOBOAHMK
«3eM» NPOOHMKA. 3TO CBA3AHO C TEM, YTO NMPK NOOKMIOHYEHNM

K MCCNeayemMon CXeMe TUMWMYHBIA MPOBOAHNUK «3eMn» NPoo-
HIKa 0OPa3yeT NETEBYIO AHTEHHY. 3Ta aHTEHHA OCOOEHHO
NoABepPXeHa aneKTPOMarHUTHLIM MOMExam CO CTOPOHLI 10~
4EeCKMX Uenen Uam gpyrnx CUrHanoB ¢ KPYTbiMU GPOHTaMU.

Ecnv npoBOAHMK «3eMAN» NPOOHMKA PACNONOXEH CANLLKOM
6713KO K y4acTkam UCCNeayeMon NevaTHow niarbl, rae NpoxXoasT,

MpobHuk 0T A 0o A

Puc. 6.6. Mp1mvep HaBOAKM LWymMa Ha NPOBOAHMK «3eMAV» MPOBHMKA CO CTOPOHbI NEYaTHON
nnarbl (HAKOHEYHMK COEAMHEH C 3aXIUMOM «3EMIIN»).

HanpUMep, LEnyv TaKTOBOW HaCTOThI, MPOBOOHUK «3EMN» MOXET
YNaBAMBaTb MOMEXW, KOTOPBIE CMELLMBAIOTCS C CUrHANIOM Ha
BX0AE NPOBHMKA.

Korga Bbl BUAMUTE Ha 3kpaHe ocumnnorpada 3allyMneHHbIn
CUrHan, eCTeCTBEHHO BO3HMKAET BONPOC: AEVNCTBUTENBHO SN
3TOT LWYM ABAAETCHA YACTbIO CUrHAA Wi OH HABOAMUTCA Ha
NPOBOAHVIK «3EMV» MPOOHMKA?

HTOObI OTBETUTL Ha 3TOT BONPOC, NONPOBYATE U3MEHUTL NOO-
XEHVie NPOBOAHMKA «3eMAv» NPOBHMKA. ECNv ypOBEHD Liyma
U3MEHUTCSH, 3HAYUT OH HABOAWTCS HA MPOBOAHMK «38MA»,

Lpyro o4eHb 3PPEKTUBHBIN CNOCOO MOEHTUPUKALMN UCTOY-
HVIKA LLyMa 3aKIlo4aeTCs B TOM, HTO HYXHO OTCOEANHNTD
NPOOHWIK OT NCCNEAYEMOW CXEMbI 1 3aMKHYTb MPOBOAHKK
«38MW» HA HAKOHEYHMK NPOOHMKA. 3aTem NOBOAWTE NOMY-
4EHHOW TakuM 00pa30M NETNEBOI aHTEHHOW Han, UCCNeayeMon
CXeMoWt. Takas neTneBasd aHTeHHa No3BONSET ONPENenvTb
06nacT nnathl, U3nyJatlme CuibHbIe NoMexu. Ha puc. 6.6
nokasaH npumep Toro, 4T0 MOXHO HaWTV Ha nnarte ¢ norude-
CKMMV LIEMSAMM C MOMOLLIBIO NPOBHMKA, NPOBOAHNK «3EMAN>
KOTOPOr0 3aMKHYT HA HAKOHEYHNK.

[ng MUHMMU3aLMN WyMa, HABOOALLErOCH Ha «3eMTio» NPo0-
HVKa, AEPXNTE NPOBOAHNK «3EMM>» BAANM OT UCTOHHMKOB LLymMa
nceneayemon nnarel. Kpome 1oro, Yem Kopoye NpoBOAHNK
«3eM/», TEM MEHbLLUE Ha HErO HABOAMUTCS LUYMOB.
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Puc. 6.7. inddepeHumansHbii yeuanTenb UMEET ABE CUrHaNbHbIE IMHIK, KOTOPbIE NoCne
BblUMTAHNS AAIOT OWH CUrHAN, NPYBA3AHHBIN K «3eMne».

OnddepeHumnanbHbie n3MepeHus

CTporo roBops, BCE U3MEPeHVa ABNsioTCa AnddepeHumnanb-
HbIMY. B X0Ae CTaHAapTHOrO 0CUMANOrpadunieckoro name-
PEHIS, KOraa NPOBHUK NOAKNIOYAETCA K MCTOYHUKY CUrHana,

a NPOBOAHVIK «3EM/IN» NPOBHVIKA K «38MNE» CXEMBI, HaKTUYECKM
V3MepAeTCA PAsHOCTHLIV CUrHaT MEXY KOHTPOMbHOM TOYKO

Vi «3eMneit». B CyLIHOCTH, 346Ch NPUCYTCTBYIOT ABE CUrHasbHbIE
JIMHUN — CUrHAN «3eMAV» U N3MEPAEMBIN CUrHa.

OnHako Ha npaktvike anddepeHLmansHbIMU N3MEPEHVSMY
Ha3bIBAIOT U3MEPEHNSA NO ABYM CUMHANBbHBIM IMHUAM, HW OAHA

13 KOTOPbIX HE CBA3aHa C «3emneit». 119 3TOro HyXeH cneun-
anbHbIN AMPOEPEHUMANnbHbIA YCUAUTENb, YTOObLI ABE CUrHANBHbLIE
JMHAN (CUMMETPUYHBI UCTOYHIK CUrHaNa) CKnaabliBannch B
OAMH CUrHaN, N3MEPSAEMbIN N0 OTHOLLEHMIO K «3EmAe» (HECUM-
METPUYHBIN CUrHa), ANs NoAa4Yv Ha ocumnnorpad, kak nokasaHo
Ha pu1c. 6.7. B kadecTse anddEePeHLManbHOr0 YCUIMTENS MOXET
MCNOMb30BATECS YCUAWTENL, BCTPAMBAEMbIV B MPOOHVIK, AW,
ecnv ocupnnorpad npeonaraeT MareMatudeckme QyHKUMN ans
06paboTKM CUrHana, MOXHO NodaTb CUrHabl Ha PasHble KaHanbl
ocupunnorpada v BelMeCTb VX, B mio6oM ciydae OCHOBHbIM
napameTpoM, BAUSIOLLMM Ha Ka4ecTBO AMpdepeHUmanbHbix
N3MEPEHWIA, ABNAETCA KOIDPULMEHT NOAABNEHNA CUH(DA3HOMO
cuUrHana.

OnddepeHumnanbHble U CMH@a3HbIe CUrHANbI

oeanbHeln anddepeHLUmanbHblii YCUUTenb yeunueaeT andde-
PEHUMANBHBIA CUTHAN V| MEXAY ABYMS BXOLAMM «t» 1 «—», 1
NOMHOCTbIO NOAABAAET N0O0E HaNPsXeHVe, 00bLLIee A ABYX
BX0A0B V. Pe3ynsTvpyioLLee BbiXOAHOE HanpsixeHme onpeaens-
eT1ca GOPMYNON:

Vaur = A (Vo = V)

roe.
A, = K03pPULMEHT ycuneHus ycunurens

V_ = BbIXOQHOW CUrHaJ MO OTHOLLUEHUIO K «3eMne»

BbIX
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Puc. 6.8. InddepeHuvansHblii yeunutenb, MCnonbayemblii Ang U3MEPEeHIs HanpsxeHns
MEX[1y 3aTBOPOM 11 ICTOKOM BEPXHErO TPAH3MCTOPA B IBYXTAKTHOM MHBEPTOPHOM Npeobpa-
30Barefe. 3aMeTbTe, HTO BO BPEMS U3MEPEHVIS NOTEHLMAN CTOKA OTHOCHTENBHO «3EMAN»
n3meHsetcs Ha 350 B

VK12
-175B

VHTepecyioLLee Hac HanpsxeHne unn ondoepeHumancHbIn
CuUrHan 0603Hau4eH Kak:

v

A

1 NPeACTaBNEH B NPEAbIAYLLEM YPaBHEHUM H4EHOM

Vp, = V+BX - V-BX

OGpatute BHIMaHe, 410 CuHGasHoe Hanpsxerne V He Bxoaut
B NPUBEAEHHOE BbILLE YPABHEHME. ITO CBA3AHO C TEM, HTO
nAaeanbHbI nddepeHumancHei yCunuTens NoAaBNseT BCe
CMH(DA3ZHBIE KOMIMOHEHTbI, HE3aBMCUMO OT WX amMManTyLbl UK
4acToThl.

Ha puvc. 6.8 nokasaHo npumererve ouddepeHUmnansHoro
YCUANUTENA ONA U3MEPEHWS HANPSXEHNA 3aTBOPA BEPXHETO
nonesoro MOTT TpaH3MCTOpa B CXeME UHBEPTOPHOIO NPeo-
Opasosarend. Koraa TpaH3ncTopsl No0YepeHO OTKPLIBAIOTCS
1 3aKPbIBAIOTCS, cpeaHasa Touka (KT2) noakmodaeTcs To K
NONOXUTENBHOM, TO K OTPULLATENBHOW LUKHE NUTaHWA. TpaH-
CcOopMaTopbl MCNONL3YIOTCH ANA NOLAYM CUrHANA YNpaBieHnd
Ha 3aTBOP OTHOCUTENBHO MCTOKA. AnddepeHumansHeli yeunm-
TeSb NO3BONAET N3MEPATb UCTUHHOE HANPAXEHNE ChrHana v,
(aMNAUTYLOM HECKONBbKO BOMBT) NPW AOCTATOYHOM Pa3pELLEHNN,
Hanpumep, 2 B/nenexve, 00HOBPEMEHHO NOOABNAA CKa4KM
HaNPAXEHVA HA MCTOKE OTHOCWTENBHO «3EMAN», AOCTUTaIoWMe
HECKOSbKO COTEH BOJILT.



VEbIX

80 BI'II'IK—I'IVIK

O WamepenHoe
HanpsbkeHne MoXeT
nocturatb 42 mB

Puc. 6.9. MNMorpeluHocTs M3Mepers crHGasHoro curHana anddepeHUnansHoro yeunmutens
¢ CMRR = 10000:1.

Ha camom gene andpdepeHumanbHbie YCUnmTenu He MoryT
NOOAaBWTb BECb CUH(A3HbIN CyUrHan. Ha BeIxoae BCEeraa npucyT-
CTBYET HEOOMBLIOE OCTATOHHOE CUHDA3HOE HaNPSKEHVE B BUAE
CUrHana oLMOKN. 3TOT CUHA3HbIA CUrHAN OLIMOKK HE OTANYMM
OT NONE3HOro AN PEepeHLMansHOro CUrHana.

CnocobHOCTb AndPGEPEHLMANBHOMO YCUANTENS MAHUMUN3N-
POBATb HEXENaTeNbHbIE CUH(AasHbIE CUrHANLI ONPeaenaeTcs
KO3DPUUMEHTOM NOAABNEHNS CUHPA3HOrO CUrHana nnmu
cokpateHHo CMRR. CMRR onpeaensetcs, kak «0THOLEHNE
YCUNeHna andeepeHLnansHOro pexnMa K yCuneHmio ciHdas-
HOrO pexmnMa»:

CMRR=A /A

MpnbnuantensHo napametp CMRR MOXHO OUgHUTL 63 BXOa-
HOro curHana. B atom cnydae CMRR nposBnseTca B Buae
SIBHOTO BBIXOQHOTO HANPSKeHUs V, BO3HMKAIOLLEro Npy nofaqe
Ha Bx0A, cuHdasHoro curHana. CMRR BoipaxaeTtcs Moo B B1ae
oTHoweHusa — Hanpumep 10000:1 — nnbo B Ab:

nB =20 log (A,/A)

Hanpumep, CMRR = 10000: 1 sksuBaneHTeH 80 ob. Htobwl
MOHSITb BaXHOCTb 3TOrO NapamMeTpa, NpeacTaBsTe, YTo Bbl
V3MEPSIETE HANPSIXEHNE Ha AeMNOUPYIOLLEM BEIXOAHOM PE3N-
CTOPE YCUIUTENA 3BYKOBOW YaCTOThI, NOKa3aHHOro Ha puc. 6.9.

(norpetwHocTb 22 %).

MpobHuk 0T A 0o A

[py NONHOW Harpy3ke HanpaxeHne Ha OeEMNGUPYIOWEM Pesu-
cTope (\/ﬂ) JOMKHO pocTurats 35 MB npv ABOMHOM pa3maxe
BbIXOAHOTO Hanpsxerua (V) 80 B. VicnonbsosaHHbIn Andde-
peHumansHbii yeunutens umeer CMRR 10000: 1 Ha yacToTe

1 kI, Korga Ha yeunutens nogaeTcsd curHan Yyactotom 1 kM, ¢
amnanTyOoun, COOTBETCTBYIOWEN €ro NONHOM MOWHOCTW, OAHA
AECATUTBICAYHAsA CMHPASHOrO CUrHana NPosBASETCA B BUOE
NOrpeLHocTy Vu Ha BbIXOAE ANPdOEPEHLIMANBEHOrO YCUAUTENS,
yTo coctasndeT 80 B/10000 nnv 8 MB. 8 MB ocTatouHoro
cWH®Aa3HOro curHana obycnaBaMBaeT NorpeLHoCTs 10 22 %
AN UCTUHHOIO curHana 25 mB!

BaxHo otmeTuts, 4o CMRR ykassiBaeTcs B B1ae abconioT-
HOro 3Ha4eHus. OH He y4UTbIBAET NONSPHOCTb AW yron dasbl
NOrpeLHocTy. Mo3TOMY HENb3A NPOCTO BbIMECTb MOrPELLHOCTL
13 0Tobpaxaemoro curHana. Kpome toro, CMRR gocTuraet
MakCUManbHOrO (HanayyLLIero) 3Ha4eHnsa Ha MOCTOAHHOM TOKe
V1 CHKAETCA C POCTOM 4acToThl V . HEeKOTOpbIE 13rOTOBUTENN
InpdepeHUmanbHbIX YCUnUTenen npunaratoT rpaduk 3aBuUcn-
mMocTv CMRR oT yacToThl, Apyrie npocTo ykassisaloT CMRR Ha
HECKONbKMX KITIOYEBbIX YacToTax. B nobom ciyyae npv Beibope
InddepeHumanbHbIX YeUnnTenen nav NPOOHNKOB HYXHO Bceraa
cpaBHvBaTh 3HadeHnd CMRR Ha 0ayHaKoBbIX YaCcTOTax.

BaxHo Takxe noHaTh, 4To 3HaveHve CMRR npusogutca gns
CUHyCOMaanbHOro curHana. Ho B peansHbiX YCNOBUSX Takme
CWIHanbl BCTPEYatoTCA PeAKo. Hanpumep, cuHdasHbii curHan
noKasaHHOro Ha puc. 6.8. nHBepTOpa NpeacTaBnseT cobown
mMeaHap yactoto 30 kL. Mockonbky MeaHap COAePXUT
4acToThl, 3HaUMTENLHO NpesbiaLme 30 ki, CMRR ckopee
BCEr0 OKaXETCH XyXe 3Ha4YEHWst, ykadaHHOro ans 4acToTsl 30 KIL.

Bo Bcex cnydasx, Korga CUHGasHbIn CUrHan He SBASeTCs CUHYCO-
MAanbHbLIM, CaMbli ObICTPBIN CNOCO6 ONpeaeneHns NOrpPeLLIHOCTA
CMRR 3aknioyaetcs B aMnmpuiecko nposepke (cM. puc. 6.10).
BpemerHo noaxniodmTe 06a HakoHEeYHKKa NPOBHMKA K UCTOKY.
Tenepb ocupnnorpad OyaeT NoKasbiBaTb TONbKO CUHPA3HYIO
NOrPELLHOCTb, W Bbl CMOXETE ONPEAENNTh, HACKONBKO 3Ha4YMMa
BEMYMHA 3TOV NOrpeLLIHOCTI. He 3abwiaiiTe, Yto casur dasbl
mexay V. u \//1 He onpeneneH. o3ToMy BblHUTAHME CUH(A3HON
NOrPELIHOCTU 13 pesynsTara AndGepeHUnanbHOro U3MepeHns
HE NO3BONAET TOYHO KOMMEHCMPOBATH OLINOKY.
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Puc. 6.10. Smnrpryeckas nposepka noaasneHus cuHdasHoro curHana. Oba Bxoaa Noaknio-
4aloTCA K OAHOM TO4KE. Ha BbIXOAe NOSBASETCS OCTATOUHbIA CUH(A3HDIN CHrHaN. 3TOT TECT He
YYUTHIBAET BAMSIHME MMNeaaHca anddepeHumansHoro NCTOYHYKA

[NokasaHHBIM Ha prc. 6.10 TeCT NoNe3eH ana onpeaeneHms
3Ha4YeHVsd CMHGbA3HOM NOrPELUHOCTY B PEabHOM N3Mepu-
TensHom cpene. OAHAKO 3TOT TECT HE YYWTHIBAET OOHOIO
addekTa. Korna 06a Bxoaa NookMO4eHbl K OAHOM TO4Ke, 06a
OHW NOAKIIIOYEHBI K OOHOMY BbIXOAHOMY CONPOTUBIEHMIO.

OTa cutyaums obecnedrsaet Haunyyulee 3Hayerne CMRR.
Ho korpa aga Bxona avddepeHumansHoro yeunutens oyoyt
NOAK/IOYEHBI K UCTOYHMKAM C padHeiMm uMnenaHcamu, CMRR
YXYAWUTCS.

MuHUMKU3aLmMKM NOrpeLwHocTy audodepeHLmanbHbIX
n3mMepeHnii

Kak npasuno, cambiM MasHbIM UCTOYHUKOM NMOMPELIHOCTY
ABNAETCH COEAVHEHVE ONDOEPEHUNANBHOTO YCUIUTENS NN
NPOOHVIKA C UCTOYHUKOM CUrHana. [ins o6ecneyeHrs Xopowero
cornacoaHus 06a Bxoaa A0MKHbI BbiTb MAKCUMabHO MAEHTNY-
HeIMK. Kabenu 000X BXOA0B JOMKHBI UIMETL PABHYIO [/INHY,.

ECnn ans kaxmoon CUrHanbHOM NMHAM MCNONB3YIOTCH OTAENbHbIE
NPOOHWKN, OHV JOMXHbBI ObITb OAHOW MOOENM ¥ UMETL OOMHa-
KOBYIO OIMHY kabens. Mpn nsMepeHnn HU3KOHaCTOTHBIX
CUrHaNoB ¢ 00MbWWMM CUHOA3HBIMI HANPAKEHNAMIN CTapanTech
HE 1MCMNONb30BaTb NPOOHMKNL C oenutenami. o 6oNbLWKX yeune-
HAX UX MPOCTO HEMb3A MCMONb30BATh, NMOCKONbKY HEBO3MOXHO
TOYHO COMACcoBaTh VX 0cnadneHne. Ecnm npu BuINOAHEHWN
BbICOKOBOJILTHBIX UM BBICOKOYACTOTHBIX M3MEPEHNIN HEOOXO-
MO 0CnabuTb CUrHaN, HYXHO NPUMEHSTE NacChBHLIE NPOO-
HIKI, CNeunanbHo NpeaHasHadeHHble ong andoepeHumanbHbIX
N3MEDEHWN.
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Puc. 6.11. Ecnv BxoaHble NpoBOaa CBUTL Mexay o060, NnoLaas NeTam CTaHeT 04eHb
MaUovi v, CefoBaTensHo, 4eped Hee ByaeT NPOXOaMTb MeHbLuee nose. Bce HaBeneHHble Ha-
NPSXEHNA OKaXyTCA B Lienn V1 GyayT noaasnsTses AnddepeHuyansHbIM yenmrenem

STV NPOBHKKM MEIOT CPEACTBa TOYHOW PEryIMPOBKI Ocna-
OneHuda no MOCTOAHHOMY TOKY 1 KOMNEeHcauyn no nepemMeH-
HOMY TOKY. ﬂ,ﬂﬂ LOOCTXEHNA HannyvLWX XxapakTepncTmnk HyXHO
1MCNONb30BATbL HAOOP MPOOHMKOB, CNeumansHO NpeaHasHa-
YEHHbIX A4 AaHHOrO YCUAnTena n OTKaJ'IVIGDOBaHHbIX C 3TM
YCUIUTENEM B COOTBETCTBUM C MHCTRYKLIMEN, Npunaraemon

K MPOBHVIKaM.

PasHeceHHble B CTOPOHbI BXOAHBIE Kabenu paboTaioT Kak
06MOTKa TpaHchopmaropa. J1ioboe NepemMeHHoe MarHUTHOE
none, NPOXOAS Hepes Takow KOHTYP, HAaBOAWUT B HEM Hanps-
XEHNE, KOTOPOE NOABNAETCA Ha BXOAE YCUAMTENS Kak audde-
peHUManbHoe, 1 ByaeT YeCcTHO N0OABNEHO K BbIXOOHOMY CUrHany!
s MUHUMU3ELMKM 3TOrO addekTa 00bIMHO NMPUMEHSIOT CBUBKY
JIBYX BXOOHbIX Kabener B BUTYIO Napy. 3T0 CHWXaEeT HaBoaKy
CETEeBOW HaCTOThl M APYrvX LYMOB. Koraa BxoaHbIe NpoBOaa
CBUTHI Mexay COO0W, Kak MoKasaHo Ha puc. 6.11, noboe Hae-
NEHHOE Hanp@KeH1e OkasbiBaeTca B Lenm V, 1 Oyaet nofas-
NATLCA AN DOEPEHUMATBHBIM YCUUTENEM.

BbICOKOYaCTOTHBIE M3MEPEHNS C XyALLUMM NOOaBNeHNEM CUHpas-
HOMO CUrHaNa MOXHO YNydLWNTb, HaMoTaB 06a BXOOHbIX MPOBOAA
Ha TOPOUAANbHEIN GEPPUTOBLIN CEPASUHMIK. OTO NPUBEOET K
NOOaBNEHNIO CUHPA3HBIX CUMHANOB BEICOKOWM YaCTOThI. [TOCKOMbKY
InpdEepeHUManbHbIE CUrHaNBI TDOXOAAT YEPE3 CePASYHIIK BO
BCTPEYHbIX HANPABNEHNAX, OHI OCTAIOTCA HEN3MEHHbLIMN.

BxooHble pasbeMbl 60AbWWHCTBA AMPdEpeHLManbHbIX YyCUam-
Tenev npeacTasnsioT cobo pasbembl BNC ¢ 3a3eMaeHHbIMI
kopnycamu. Mpn ncnonb3oBaHnM NPOOHUKOB M KOaKCH-
a/bHbIX BXOAHBIX PA3bEMOB BCEraa BO3HMKAET BOMPOC, HTO
[lenatb C «3emnei». [oCKoNbKy YCoBMS, Mpu KOTOPBIX BbIMOS-
HAOTCH USMEPEHNA, MOTYT CUIbHO OTAIMHATBLCH, YETKUX MPaBun
30EChb HE CYLLIECTBYET.

|_|DVI M3MEePEHNN HN3KOHACTOTHbBIX CMIHaI0OB Manoro ypoBHA
NyqWwe NoaKnoYaTb «3eM/0» Ha CTOPOHE yCUnnTena 1 0CTaBNATb
€€ HEeNnoaKMOYEHHON Ha CTOpPOHE BXOOaA.



970 06ecneunBaeT Lenb Bo3spara A TOKOB, HaBeAeHHbIX B
aKpaHe, HO He CO30AeT 3aMKHYTOrO KOHTYPa «3eM», KOTOPHIN
MOXET NOBANATL Ha VIBMEPEHNE U Ha TECTUPYEMOE YCTPOM-
CTBO.

Ha BbICOKVMX YaCTOTax BXOAHas eMKOCTb NPOBHVKa BMECTE C
VHAYKTVBHOCTBIO NPOBOAA 06pasyeT N0CNeA0BaTeNbHbI Pe30-
HAHCHbIN KOHTYP, KOTOPbI CNOCOOEH «3BEHETL». B HECUMME-
TPUYHBIX M3MEPEHNAX 3TOT aPPEKT MOXHO 0CNabuTb 3a cyeT
NPVMEHEHNA MPOBOAHMKA «3EMN» MUHUMATBHOW AAWHEL. 3TO
CHUXaET MHOYKTMBHOCTb MPOBOAA, 3PPEKTUBHO CMeLLas peso-
HaHCHYIO 4aCcTOTY BBEPX, BO3MOXHO Aaxe 3a Npeaensl NofochHl
nponyckaHusa yeunutens. InddepeHupanbHble M3MepeHms
BbINOAHAIOTCA MEXAY ABYMS HAKOHEYHMKaMI MPOBHMKOB, 1
Lenb «3emMv» B TaKOM M3MepeHun He ydactayeT. OgHako ecnn
«3BOH» MOPOXAAETCH KPYTbIM GPPOHTOM CUH(PA3HOW COCTaBNSA-
IOWEe, NPUMEHEHNE KOPOTKOroO NPOBOAHMKA «3EMAV» CHUXaeT
VHAYKTVBHOCTb PE3OHAHCHOW LIENW, yMEHbLUas 3BOH. B Heko-
TOPbIX CUTYALMSAX MOXHO YMEHBLLIWTb U «3BOH», MOPOXAEHHbIN
b depeHumanbHbiMy CUrHaNamuy ¢ KpyTelMyv GpOHTaMK,
NPVCOEAVHUB MPOBOAHVIK «3eMn». 3TO CNPaBeaavBo Ans
Cnyyaes, KOraa CUHGa3HbI UCTOYHUK MMEET O4YEHb Manoe
CONPOTMBAEHNE OTHOCUTENBHO «3EMAV» Ha BEICOKMX YacTOoTax,
T. €. COEAMHEH C «3eMNei» koHaeHcaropammn. B npoTMBHOM
cnyyae nogknioYeHne NpoBOAHNKA «3eMAN» NPOOHMKA MOXET
YXYAWWTb CUTyaumio! Ecav 310 nponsowno, NonbITantTecsb
3a3eMnnTb 06a NPOBHKKE Ha BXOAHOW CTOPOHE. 3TO CHU3WT
9QDEKTUBHYIO HABOAKY Ha akpaH Kabens.

KOHe4YHO, NOAKTIOUEHNE «3eMAV» NPOOHKA K CXeME MOXET
C03AaTb KOHTYP «3eMan». [Tpy M3MepeHn H13KOHaCTOTHbIX
CUrHaNoB 370 0OLIYHO NPOONEM HE BbI3bIBAET. [1pK BEINOAHEHNM
BbICOKOYACTOTHbIX M3MEPEHNIA NONPOOYATE BEINOMHWTE M3Me-
PEHNEe C NPOBOOHMKOM «3eMAW» 1 OE3 HErO, a 3aTeM UCMONb-
3yATE CXEMY, AABLUYIO NYHLIWIA PE3YNbTaT.

He 3abbiBaiTe COEANHATL NPOBOAHMK «3eMM» NPOOHNKA

C «3emnen» nccnegyemon cxembl! Mpu ncnonb3oBaHun
InpdepeHUmanbHbIX YCUnnTenemn nerko 3abbiTe O COeAVHEHN
C «3EMAEN», MOCKObKY OHW MOMYT BHINOAHATb U3MEPEHNS

B 11000 TOUKE CXembl 683 prcka NOBPEXAEHNIS.

N3mepeHne Mmasbix CUrHasnoB

3mMepeHne Mansix CUrHanoB NOPOXAAET LENbIA P, Npoonem.
I B nepByio 04epedb 3T0 NPOOAEMbI LyMa ¥ aAeKBaTHOM YyBCT-
BUTENBHOCTV UBMEPEHWI.
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Puc. 6.12. 3awymneHHbIi curHan (a) MOXHO O4YUCTUTL NyTeM yepeaHeHus (6).

MNopasneHve wyma

YDPOBHW BHELLIHNX LLYMOB, KOTOPBIE MOXHO CYMTaTb NMpeHebpe-
XVMMO ManbIMy NpK 3MEPEHUM CUMHANOB B HECKONbKO COTEH
MB 11 6onee, yxe He OyayT TakOBbIMW NPV U3MEPEHUV CUTHANOB
B AECATKM MB 1 MeHbLue. [03TOMY MUHUMM3aLIMA NapasnuTHbIX
KOHTYPOB «3eMIW>» 1 COKPALLEHWE ONMHbI MPOBOAHNKOB «3EMIN»
ABMSETCH O4EHb BAKHBIM PAKTOPOM, CHUXAIOLWMM LyM, HaBO-
JAUMNCS HA U3MEPUTENBHYIO CUCTEMY. B KpamHWX Cnydasx onq
NOAABNEHNS WYMOB NPU U3MEPEHNM O4EHb Manblx CUrHANOB
MOXHO 1MCMONb30BaTb GUNLTPbI B IMHUM NUTAHUSA U SKPaHUPO-
BAHHOE NMOMELLEHNE.

Oarako npexae Yem npuberats C CTONMb KpaHUM Mepam, B
Ka4eCTBE MPOCTOr0 1 HEAOPOrO PELIEHMS MO CHUXXEHMIO LLYMOB
MOXHO NONPOO0BAaTb MPUMEHWTL YCPEAHEHWE curHana. Ecim
CUrHan, KOTOPbIN Bbl MbITAETECH U3MEPUTb, MEPUOONYECKY
NOBTOPSETCA, a LLUYM, KOTOPbIV Bbl MbITAETECH MOAABWTL, HOCKT
CNyYalHbIi xapakTep, YCpeOHEHUe curHana MoxeT CyLecT-
BEHHO yAyyLLINTb OTHOLEHWe C/LL (curHan/wym) Msmepsemoro
curHana. Mpumep Takoro yCpeaHeHNs NPUBEAEH Ha puc. 6.12.

YcpepHeHue curHana aBnaeTca ctaHgapTHOW GyHKUMEeR 60Mb-
LUMHCTBA UMPPOBLIX OCUMANOrpadoB. OHO BEINOMHAETCA MyTEM
CYMMMPOBAHMS HECKOMbKMX OCUMANOrPaMM NeEpUoOanNYEecKoro
CcurHana 1 BbIMUCAEHNA Ha X OCHOBE CPEAIHEro curHana.
ockonbKy cpefHee 3HayeHne Wwyma 3a 60MbLIoN Neproa
BPEMEHI PABHO HYJIO, YCPEAHEHWNE CHUXAET CNyYanHbIiA LyM
Nepuoan4eckn NOBTOPAIOLLMXCA CUrHanoB. CTeneHb ynyu-
LeHusa onpepensetcs no oTHoweHwio C/LL. B noeansHoM
cnyyae otHowerwve C/LU ynyywaetcd Ha 3 Ab NoO MOLWHOCTH
ANs ABYX YCPEeAHEHW. Takm 00pasoM, YCpeaHeHWe BCero
ABYX ocupnnorpamm (2') ynydiiaet oTHoweHve C/LL Ha 3 ob,
yCpeaHeHue YeTeipex ocumunnorpamm (22) — Ha 6 ob, BoCbMy
ocuunnorpamm (2°) —Ha 9 abun T A,
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YuebHoe nocobue

MoBbILIEHWE YYBCTBUTENBHOCTN U3MEPEHUIA

HYBCTBUTENLHOCTL OCUMANOrpada onpenensaeTcs ero BXogHow
Lenblo. BxoaHas Lenb MOXET YCUnmBaTb U 0cnabnsaTb BXOAHON
CUrHan Ans TOYHOrO 0TOBPaXeHMS Ha akpaHe ocumnnorpada.
KoapdULMEHT YCUAEHMS UAK OCNABAEHUS, HEOOXOOMMBIV ANs
OTOOPaXEHWs cUrHana, BbIOVMPAETCs YCTaHOBKOW BEPTUKaNIbHOM
YYBCTBUTENBHOCTW OcUMnorpada, kKoTopas BulpaxaeTcs B
BOJbTAx Ha OAHO JeNeHve LWKansl 3kpaHa (B/oen).

[1ns 0TOOPAXEHUS 1 M3MEPEHMS CUTHANOB Manoro YpOBHS BXOA,
ocupunnorpacda 0omxeH 061aaatb AOCTATOYHbIM YCUNEHVEM WK
YYBCTBUTENBHOCTBIO 415 TOrO, YTOOI OCLMNOrpaMMa curHana
3aHMMana xoTsa 6bl HECKONBbKO AENEHWA NO BBICOTE. Hanpumep,
AN TOro 4100Ll curHan amnantygon 20 MB_ saHivan 1sa
JeNeHVs o BLICOTE, BEPTUKaNbHaA YyBCTBUTENbHOCTb OCLIMI-
norpada gomkHa 6uiTb pasHa 10 MB/aen. [ng nonydeHus
Takoro xe nsobpaxenuns curHana 10 MB notpebyetca 6onbluas
YyBCTBUTENBHOCTb, pasHasa 5 MB/nen. Obpartute BHUMaHWE, YTo
MeHblLee 3HaueHve B/nen cooTeTcTayeT O0MbLIEN YyBCTBU-
TENbHOCTU 1 HAOOOPOT.

[oMIMO aeKBATHOW HyBCTBUTENbHOCTY OcLmnnorpada ois
V3MEPEHWS CUTHANOB Manoro YPOBHSA HEOOXOAUM Takke 1
aneKBaTHbI NPOOHVIK. Kak NpaBuno, 3TO He 0ObIYHbIN MPOOHMK,
BXOOALMIA B CTAHOAPTHbIA KOMMAEKT NOCTaBKM OOMbLUMHCTBA
ocumnnorpadoB. B cTaHAapTHbIA KOMMNEKT NOCTaBKK, Kak
npaBuno, BxoaAT NPoBHMKK 10X, KOTOPIE CHUXAIOT HyBCTBUTENb-
HOCTb ocupunnorpada B 10 pa3. Jpyrmu cnosamu, Npu Ucnons-
30BaHuM NpobHvka 10X 4yBCTBUTENBHOCTL 5/MB/0en npespatla-
etca B 50 MB/aen. MNMoaTomy Ans COXpaHEHWst HanBLICLLEN YyBCT-
BUTENBHOCTU OcUmMnorpada aydLle Mcnonb3oBaTb NPOOHUKK 1X
6e3 penmrend.

Tem He MeHee, kak 06CyXaanoch B NpeaplayLnX maax,
NacCUBHbIE MPOBHWKM UMEIOT MEHbBLLYIO NONOCY NPOMYCKaHNS,
MEHbLLIEE BXOOHOE CONPOTVBAEHNE 1, Kak NPaBwno, O0MbLLYIO
BXOOHYIO EMKOCTb. 9TO 3HAYWT, YTO HYXXHO OYEHb BHUMATENBHO
CneanTb 3a TeM, Kakow Monocor 0bnagaeT nccnenyemblii CUrHasn
VI Kakylo Harpyaky NpobH1Ka AonyckaeT cxema. Ecnv st dakTopsl
HEe J0NyCKaloT NPUMEHEHMS NaCCMBHOMO NPOOHMKA, TO Ty4Lle
BCEro BOCMONb30BATHCS 3HAUYNTENBLHO 60NEE LWMPOKOV NOAOCOM
I MEHbLE Harpy3Kon TUMMUYHbLIX aKTUBHbLIX MPOOHKKOB 1X.

54 www.tektronix.ru/accessories

B Tex cnyyasx, koraa amnantyaa Mansix CUrHanoB OkasblBaeTcs
HXE AyanasoHa YyBCTBUTENBHOCTY OCUMANOrpada, HyXHo
MCNONb30BATb NPeayCHAnTENb. bnaroaaps BbICOKOM BOCNPUMM-
4VBOCTM O4YEHb MablX CUrHANOB K LWyMY, 0ObIYHO NPUMEHAIOTCS
onpdepeHumanbHble npeaycunnteni. JnpdepeHumanbHbli
npeaycunuTens 06nagaeT 4OCTaTOYHON YCTONYMBOCTLIO

K Wwymam, 6narogaps NoaaBAeHMIo CUHGa3HbIX COCTABARIOLLVIX,
1 yCUIMBAET cnabble CUrHabl Tak, 4ToObl OHW OKa3anichb

B AvianasoHe YyBCTBUTENLHOCTM ocupnnorpada.

AnddepeHumansHble NpeayCunnTeni, NpeaHa3HayeHHbIe
cneunanbHo ana paboTsl ¢ ocupnnorpadamu, No3BOAAIOT
JOCTUYb YyBCTBUTENRHOCTM Nopsaaka 10 mkB/aen. Takve cneuu-
anbHble NPEeayCUANTENN NO3BONAIOT M3MEPSATb CUrHAEI aMMK-
TyOow oT 5 MkB gaxe B NpuUcyTCcTBUM OONBLUVIX LWYMOB.

Cneayet Takke NOMHUTb, H4TO NONHOCTBIO Peanv3oBaTb npew-
MmyLecTa anddepeHUMansHoro YCUAMTENs MOXHO TONbKO

NPV UCNOMb30BaHUM COMacoBaHHOrO Habopa BbLICOKOKA4eCT-
BEHHbIX MACCVBHbIX TPOOHNUKOB. MNpUMEHEHNE HECOMNAaCOBAHHbBIX
NPOOHWKOB YxyAWAaeT KO3POULMEHT NOJaBNEHNS CUHDABHBIX
CUrHaNoB AnMdEepeHLNansHOro YCUIUTENS.

Kpome Toro, B Tex Ciy4asx, Koraa NpvxOANTCS BEINOAHATL HE
anddepeHunanbHble, a HECUMMETPUYHBIE M3MEPEHNS, MOXHO
NOAKNOHYUTL MPOBHNK MHBEPTUPYIOLLETO KaHana K «3emne»
1nceneayeMon cxembl. B CyLIHOCTM 3TO aBnaeTca andpepeH-
LMaNbHBIM M3MEPEHMEM, BEINONHAEMbIM MEXAY CUMHANOM U
«3emnen». OaHako B TaKOM PEXMME M3MEPEHNS Bbl TEPSETE
BO3MOXHOCTb NOAABAEHNE CUHPAZHOrO CUrHaNa, MOCKONbKY B
3TOM CAy4ae LLyM, OBLWWIA ANS curHana u «3eman», byaet OTCyT-
CTBOBATb.

N, HakoHeL, Bcerga npuaepknBanTecb PEKOMEHAAUMN N3ro-
TOBMTENS NO NOAKMOHEHMIO Y TPUMEHEHMIO NPOOHMKOB U
yeunutenen. OCOBEHHO 3TO KacaeTCs akTUBHbBIX MPOOHNKOB,
He fonyckaloLLmMX Nogaqm 30bITOYHbLIX HANPAXEHWIA, KOTOPbIE
MOMYT NOBPEANTb YYBCTBUTENBHEIE KOMMOHEHTHI NPOBHMKA.



MNoapobHoe onucaHne mep
6e30nacHoOCTH

Bo nsbexaHne TpaBM 1 MOBPEXAEHWA KOHTPObHO-3MEPW-
TeNbHbIX MPUOOPOB UNW APYroro 060PYyA0BaHNS, K KOTOPOMY
OHV MOAKMIOHYEHB!, HEYKOCHUTENBHO COOMI0AANTE ONMCaHHbIE
HXE Mepbl 6e30MacHOCTU. Bo 13bexaHune NnoTeHUManbHbIx
0MNacHOCTEN, MPUMEHANTE KOHTPObHO-U3MEPUTENbHBIE
NPUOOPbI TONBKO B COOTBETCTBUN C MHCTRYKUMSMY U3rOTOBK-
Tens.

He 3a0biBanTe, 4TO BCE HAMPSXEHMS 1 TOKM
NOTEHLMAIBHO OMaCHbI KaK 415 4enoBeka,
Tak 1 s 000pya0BaHvA.

Henb3si neperpyxartb BXOAbl 1 BbIXOAbl UCNONb3Yye-
MOro 060pya0BaHNS

m B0 vizbexaHune BO3ropaHnsa iy nopaxeHus anekTprdeckim
TOKOM HE NPeBbILLIaiTe HOMUHANBbHBIX 3HAYEHUI MapaMeTpOB,
yKa3aHHbIX B TEXHUYECKIIX XapaKTepUCTMKaX U Ha MapKUPOB-
Kax, HaHECEHHbIX Ha uapenvie. JononHUTENbHYIO MHbOoPMAaLMIO
0 HOMUHANBHbIX 3HAYEHNAX MOXHO HATU B TEXHUHECKOM JOKY-
MEHTaLMM Ha U3penve.

m He nogasanTe Ha Bxof, Nprbopa HanpsxeHue, NpeBbiaoLLee
MaKCUMarbHOE 3Ha4eHve 0nd JaHHOro BXOMA.

= [10AKI04alTE NPOBOAHKK «3EMIN» MPOOHMKA TOMBKO K Lieny
«3eMIN».

BHUMaHme

B ocumnnorpadax, cneumansbHo npeaHasHayeHHbIX ans
BbINOMHEHNUA USMEPEHMIA C FalbBAHUYECKONM PA3BA3KOM,
BTOPOW MPOBOA, ABAAETCA «OOLLIM» MPOBOAOM, a HEe
NPOBOOOM «3emaun». B 3TOM cnydae cobniojante
yKa3aHHOE M3roTOBUTENEM MaKCMalbHOE 3HaYEHNE
HaNPSAXEHNA, KOTOPOE MOXHO NOAABaTh HA 3TOT MPOBOL,

m O3HaKOMbBTECH C AOKYMEHTaUMel Ha NPOBHYIK U KOHTPOb-
HO-3MEPUTENBHBIA NPUMOOP 1 Y3HAITE, B KaKMX YCNOBUSX
BO3MOXHO CHIXEHME JONYCTMbBIX MapameTpoB. Hanpymep,
MaKCUManbHOE BXOAHOE HaNPSKEeHWEe MOXET CHUXAaTbCS C PO-
CTOM 4aCTOTHl.

MpobHuk 0T A 0o A

Heo6xoaymo ncnonb3oBaTb 3a3eMIEHNE, COOTBET-
cTBytoee TpedboBaHuam MY

m [1pOGHIKM KOCBEHHO 3a3eMAeHbl Yepesa NPOBOAHNK 3aLLWTHO-
rO 3a3emeHuns ceTeBoro kabens ocumnnorpada. Bo nsbexa-
HVE NOPaXEHWS ANEKTPUYECKIM TOKOM, NPOBOAHUK «38MA»
JOMXEH COeANHATLCS C KOHTYPOM 3aLLUWTHOIO 3a3eMNeHus.
[Nepen NoaKNoYEHEM YCTPOMCTBA K BXOAY MW BbIXOMY Npwi-
bopa ybeauTech B TOM, 4TO MprOOpP NPaBWNsHO 3a3EMNEH.

| HVIKOFLLa He NblTanTeCh OTKMOYUTL NnPOBOAHMK 3aLLNTHOIO
3a3eMeHns B kabene nutaHus KOHTPOJIbHO-N3MEPUTENBHOIO
000pyO0BaHMS.

m [1POBOAHVIK «3eMM» NPOBHMKA NOAKIOYAITE TONBKO K Lieny
«3eMIIN».

m OTCcoeanHeHve ocupunnorpada oT 3a3eMAeHns, He Npeayc-
MOTPEHHOE KOHCTPYKLMEN 1 He yKasaHHOe Anst AaHHOro Tina
onepauwii, Uam NoAKNIoYEeHe NPOBOAHMKA «3eMAV» K Lien,
OTAMYHOM OT LIenw «3eMNit», MOXET NPUBECTU K MOSBNEHNIO
BLICOKOTO HaMpsXeHus Ha Kopnyce, opraHax yrnpaBneHus 1
APYrvix AeTanax ocumnnorpada nnv npobHka.

BHUuMaHme

970 cnpaBenMBO Ag OONLLUMHCTBA OCLMANOrpados,

HO CYLLECTBYIOT OcLManorpadbl, cneumansHo NpeaHasHa-
YEeHHbIE 19 BBINOMHEHNA SMEDPEHWI C raflbBaHN4YECKOW
Pa3BSA3KON.

MoaxoyeHne 1 OTKIIIoYEHEe NPOOHMKOB HE0BXO-
[MMO BbINOJHATb B COOTBETCTBUN C MHCTPYKLIMEN

m B nepByio o4epenp NoaknoyanTe NpobHWKL K ocuunnorpady.
3arem COOTBETCTBYIOLLMM 0DPa3OM NPUCOEONHUTE «3EMITIO»
NPOOHYIKA, U TONBKO NOCAE 3TOr0 NOAKMIOHANTE €ro K KOHT-
PONIbHOW TOHKE.

m [1DOBOAHVIK «3EeMAW» NPOBHYIKA AOMXEH NOAKMIOHATLCS TONbKO
K LIenm «3emim».

m [1pV OTKNIOYEHNUM MPOBHYIKA OT UCCNEeayemMOi Leny cHavana

OTCOEANHUTE HAKOHEHYHWK I'IpO6HI/IKa, a 3aremM OTKNo4nTe Npo-
BOOHWK «3eMNN>».

m Bce AocTynHele MeTanmyeckme aetanm npobHuka (BKIioyas
3aKNM «3eMAN»), KPOME HaKOHEYHMKA ¥ LEHTPaNbHOrO NPOBO-
Ja pazbemMa NpobHYIKa, CoeamHEHbI C KOPMYCOM Pasbema.
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Henb3a npukacaTtbcs K HeM30aMPOBaHHbIM TOKOBE-
OyLIMM YacTsm 060pyaoBaHMs

m CTapaliiteck He NpuKacaTbCsa PyKamyi UNv HBIMW YacTamm Tena
K LEMNAM 1 KOMMOHEHTaM, HaxOAALWMMCS NOA, HANPSKEHNEM,

m Cneaute 3a TeMm, YTOObI HAKOHEYHWKI MPOOHWKOB 1 3aXnMbl
NPOBOOHMKOB «3eMV» Dbl MOAKTIIOYEHbI TakiiM 00Pa3oM,
4TOObI HE OONYCTUTL CAYHaHOrO NPUKOCHOBEHNA APYT K OPYry
W K APYIVIM HacTsM UCCNEaYyEMO CXEMBI.

Heo6x0aMM0o NPUHATL MEPbI MPOTMB PAANOYACTOT-
HOro obny4yeHus npu padboTe ¢ NPOOHUKaMu

m ECnv Ha ncenemyemyio cxemy NofaaeTca PaamoYacTOTHBIN CUr-
Han, OyabTe OCTOPOXHbI — B PE3yNbTaTe Pe30HaHCa B CXxeme
MOTYT CO3LaBaTbCA OMacHbIE BLICOKME HANPAXEHNA.

m ECm Bbl cOBMpaeTech NCNonb3oBaTk NPOOHUK B 061aCTh pu-
CKa paano4acToTHOrO OOYYEHNs, TO Nepes NOOKMIOHEHNEM
WM OTKITIOHEHVEM NPOBOAOB NPOOHMKA BCENAA BEIKTIOYANTE
NUTaHMe UCTOYHKKa Cu1rHana. He Tporaiirte npoeoga NnpobHvKa
NPV BKIIOYEHHOW CXEME.

He ponyckaeTcs Bkto4aTh Npubopbl CO CHATLIM
KOXYXOM

m 3anpeulaercs pabotars ¢ ocupnorpapam 1 IPOOHUKaMK
CO CHATOWN KprLUKOI7I N 3aLLNTHBIM KOXYXOM. CHatve KPbILWEK,
3KPaHOB, KOPMYCOB MPOOHVKOB 1N PA3bEMOB OTKPLIBAET [10-
CTYN K NPOBOAHMKAM M KOMMOHEHTaM, Ha KOTOPBIX MOTYT Mpw-
CYTCTBOBATb ONacCHble HAMPAXEeHNA.

He pnonyckaetcst paboTtaTtb B YCNOBUSX NMOBbILLEH-
HOW BNIQXHOCTH

m Bo 136exaH1e NopaxeHws anekTpr4eckiM TOKOM W1 noBpe-
XAeHrs 000pYA0BaHVIS, HE UCMOMb3YITE KOHTPONbHO-M3MEpH-
TenbHoe 060PY0BAHME B ChIPbIX UK BAAXHbIX NOMELLEHNSX.

He nonyckaetcsi paboTtaTtb BO B3PbIBOONACHOW
aTtmocoepe

m /ICNonb30BaHne anekTpUHecKoro 1Ny 9NeKTPOHHOro 060pY-
J0BaHWs BO B3PLIBOONACHOK aTMOChEPE MOXET NPUBECTY K
B3PbIBY. [1OTEHLMANLHO B3PLIBOONACHLIE CPeasl MOMYT CyLUE-
CTBOBATL BO BCEX MECTaX, rAe NPUMEHAIOTCS, NPUMEHANCH
VNV XpaHaTcs BEH3MH, pacTBOPUTENN, 9GUP, NponaH 1 apyrue
NETy4vie BellecTsa. Kpome Toro, B3pLIBOOMNACHYI0 aTMOchepy
MOXET CO30aBaTh TOHKAsA Mblflb WM BO3MYLUHASA B3BECH HEKO-
TOPbIX OPraHNYECcKMX BELLECTB.
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He nonyckaetcs paboTtatb C HEMCNpPaBHbLIMU NPK-
6opamun

m Ecnv Bbl npegnonaraete, 4to ocumnnorpad Uav NPOOHNK
VMEIOT Kakne-nmbo aNeKTpUYECcKme Uav MexaHYeckmne noBpe-
XIOEHWS, TO Nepes AanbHELLIMM MCNONb30BaHMEM UX JOMKEH
OCMOTPETb CNeunanvcT no 06CNYXMBAHUIO U DEMOHTY.

Heobxoammo cnegutb 3a TeM, 4TOObI MPOOHMKM
OblIV YACTLIMU U CYXUMU

m Bnara, rpass 1 opyrie NoCTOPOHHNE BEWECTBa Ha NOBEPXHO-
CTW NPOOHKMKa MOMYT CO34aThb NyThb 415 NPOTEKAHNA TOKA yTeY-
k1. na o6ecnedeHns 6€30NacHOCTH 1 TOYHOCTY U3MEPEHNI
COOEPXUTE NPOBHNKN B YACTOTE W CYXOCTH.

m 41CTKY NPOBHMKA HEOOXOAVIMO BEINOMAHATL TOMBKO B COOT-
BETCTBUM C NPOLEOypamu, ONMCaHHbIMIN B JOKYMEHTaLWN Ha
NPOBHVIK.

Henb3s norpyxatb NPOOHUKN B XMAKOCTU

m [lorpyxeHvie NPoBHYIKa B KMAKOCTb MOXET NPUBECTM K BO3-
HVKHOBEHWIIO NyTI A8 NpOTEKaHVIsi ToKa MeX/1y KOMMOHEHTaMY!
VNV MPVIBECTY K MOBPEXAEHWIO I KOPPO3WIN BHYTPEHHIX
KOMMOHEHTOB, KOpMyca Vv aKkpaHa.

m 41CTKY NPOBHMKA HEOOXOAVIMO BEINOAHATL TOMBKO B COOT-
BETCTBUM C NPOLEOypamu, ONMCaHHbIMIN B OOKYMEHTaLWN Ha
NPOOHVIK.



[noccapumn

AKTUBHbI NPOOHUK — NPOOHKK, CxeMa 00paboTki curHana
KOTOPOrO COMEPXMUT TPAH3VUCTOPbI NN ApYrie akTUBHbIE
3NEMEHTHI.

[APMOHMKM — HACTOTHbIE KOMMOHEHTBI, BKIIOYAIOLIME OCHOBHYIO
4acToTy (1/nepvoa) v kpatHble er 4acTtoTsl (1x, 2X, 3x, ...),
XapakTepHbl A9 NPAMOYrOfbHbIX, MMA000PA3HbIX 1 APYrX Nepu-
OAMHECKMX HECUHYCOMAANBHBIX CUrHAN0B. BTOpas rapmMoHvka
curHana vIMeeT 4acToTy, B 1Ba pPasa NPEBbILAIOLLYIO0 OCHOBHYIO
4acTOTy, TPETbS FAPMOHVKA NPEBbILLAET OCHOBHYIO YaCTOTY B TPK
pasa 1 Tak ganee.

IxntTep — KparkoBPEMEHHbLIE OTKITOHEHVIS Basbl LIMGPOBOIo
CnrHana ot naeasbHOro rnonoXxXeHns.

Ounamnyeckas pepnekrometrpus (TDR) — meton n3me-
PEHNS, B KOTOPOM B CUTHA/IbHbI TPAKT MOAAETCS KOPOTKMM
UMMYNbC 1 aHANM3MPYIOTCA OTPAXEHWS STOMO MMMyNbca A
onpeaeneHns NOAOXEHW ¥ TUNOB HEOAHOPOAHOCTEN (0OPLIBOB
U PacComMacoBaHmi) B TpakTe nepenayn.

OuddepeHumnanbHble CUrHabl — CUrHabl, M3MepPAemMble Opyr
OTHOCUTENBHO ApYra, a He OTHOCUTENBHO «3EMI».

OunddepeHumanbHblii TPOBHUK — NPOOHVIK, UCNOML3YIOLLMIA
INGhepeHUmanbHbI YCUnnTeNb 415 BblYUTaHNA OBYX CUrHaNOB
W NONYYEHNS OIHOMO CUrHanNa, M3MEPSEMOro OOHVM KaHaloM
ocuunnorpada.

OnutenbHocTb ppoHTa (T) — Bpema nameHeHna Hanps-
XeHnsa nmnynsca ot yposHA 10 % 0o yposHa 90 %.

[ocToBEPHOCTb CUrHaNa — COOTBETCTBME CUIHANa Ha BXOOE
ocumnnorpada curHany, npucyTCTBYIOWEMY Ha BXOAE HDOG-
HMKa.

EMKOCTb — Qu3ndeckasd BENN4MHE, xapakrepuayouaa Hako-
nneHne SNeKTPn4eCcKoro 3apana.

3azemneHune — NocKosbKy A1 BbINOAHEHNSA 3MEPEHIS NPOO-
HUKM AOMKHBI NOTPEOAATL OT UCTOYHMKA CUrHANA HEKOTOPBIN
TOK, HE0OX0AVMO CO3AaTb Lienb A9 BO3Bpata Toka. 37a LieMb
BO3BpAaTa ToKa peannayeTcs NPOBOAHUKOM «3eMAN» NPOOHMKA,
KOTOPbI NOAKTIOHAETCH K «3eMe» UV OOLLEMY NPOBOOHMIKY
NCCNeayemMon CXxembl.

3BOH — k01ebaHus, BO3HMKaIOLWME BCNEACTBIE PE30OHAHCa;
00bI4HO 3BOHOM Ha3blBaloT 3aryxatowye CMHycomnaalibHble Koe-
OaHns Ha BEpLMHE UMnynbca.

NpeHTudunkarop ocumnnorpamMmmbl — CIK HA OCLMNIOT-
pade 0ToOPaxalnTCa HECKONbKO OCLMNOrPaMM, MAEHTUW-
KaTop OCUMNIOrpaMMbl MO3BOMAET Pa3NM4aTb OCUMANOrPaMMBbI
CUMHaNOB, MOCTYMMBLLMX C Pa3HbIX MPOOHUKOB WAV KaHaNoB
ocunnnorpada. KparkoBpeMeHHOE Haxartue KHOMKV MaeHTUGN-
Katopa Ha NPOBHMKE BbI3BIBAET HEKOTOPOE KPaTKOBPEMEHHOE
M3MEHEHNE OCUMIIOrPaMMbl Ha 3KpaHe ocuuiorpada.

MpobHuk 0T A 0o A

M3mepeHus ¢ ranbBaHN4eCKOWN PasBA3KOM — I3MEPEHNS,
BbINONHAEMbIE MEXY ABYMA TO4KaMK, H O4HA 13 KOTOPbIX HE
NMEET raNbBaHN4YECKOV CBA3M C «3EMNEN>.

MMnepaHc — CONPOTMBAEHKE NPOTEKAHNIO NEPEMEHHOMO TOKA.
IMnenaHc BeIpaxaeTcsd B OMax 1 COCTOUT 13 aktneHow (R) v
peakTMBHOM (X) COCTaBASIOLLYIX, MPUHEM PEAKTMBHAsS COCTaB-
NA0LLIAA MOXET HOCUTb EMKOCTHOM (X,) MV MHOYKTVBHI
(X) xapakTep. iMnepaHc (Z) onpeaensetca KOMMIeKCHON
dopmMynon:

Z=R+jX
NK Kak amnntyoa 1 ¢asa, rae amnantyga (M) pasHa:

M = V(R2 + X?)
a ¢asa (0) paHa

0 = arctan (X/R)

MmnepaHc NCToYyHMKa — BHYTPEHHEE MONMHOE CONPOTVBIEHNE
NCTO4YHKKa CUrHana.

MHJJ,YKTVIBHOCTb — Gu3nYeckasd BeNnYmMHa, Xapakrepuaytowand
MarH1THbIe CBOMCTBA SNEKTPUHECKON LIENW. B anekTpnyeckmnx
KOMMOHEHTaX, 06nanaloLLmX NHAOYKTUBHOCTbBIO, BO3HVKAET 3N1EK-
TpooBMXyWas cuia npu N3MEHEeH NpPOoTekaeMoro 4epes HMX
TOKa.

UckaxeHuns — nio6oe OTKNOHEHWE XapakTePUCTUKLA OT HOMU-
HaNbHOW AW MAeansHON; B AaHHOW NyOAMKaLMK paceMaTpu-
BAIOTCA MCKAKEHNS MNOCKMX BEPLIWH MM OCHOBAHNIA NMPAMOY-
TFOMbHBIX CUTHAIOB WA UMMYNbCOB. VICKaXeHnsa curHana Moryt
OblTb 0OYCN0BAEHbEI UCTOYHMKOM CUrHaNa Nav N3MepUTENbHON
CMCTEMOW, BO3AEWCTBYIOLLEV Ha curHan. Ecnm B xooe name-
PEHWUA HADMIOOAIOTCS UCKaXEHMS, BEXHO ONPeaenvTs, ABNS0TCA
JIV OHW HaCTbIO CaMOro curHana WUam BO3HUKIW B NPOLECCEe
nameperus. OBbIYHO, CKAXEHNS BbIDAXAIOTCS B NPOLEHTAaX
OTKNOHEHWSA OT MOEaNbHOM XapakTePUCTUKNA.

McTok — 0ouH 13 BLIBOLOB NONEBOro TPaH3ncTopa.

KoaddpuumeHt nogasneHus cuHdasHoro curHana (CMRR)
— CNOCOBHOCTb ANPPEPEHLMANBHOIO NPOOHMKA NOAABAATL
noBO CUrHan, MPUCYTCTBYIOLLWIA B 06emx Toukax AnddepeH-
UManbHOro M3MepeHus B ogHou Gase. OCHOBHOW NOKasaTenb
Ka4ecTBa OnddOepeHuUmanbHbIX NPOOHNKOB 1 yeunutenen. Onpe-
Lendetcs GOpMyon:

CMRR = |Ad/Ac|

rae:

Ad = ycuneHve no HanpsxeHuio onddepeHumansHoro curHana
AC = ycuneHue no HanpsxeHnio CUHGasHoOro curHana

JlnneiiHaa ¢pasoBas xapakTepMUCTMKa — xapakTepucTika
CXEMbI, OTpaxatoLas MMHeNHoe 3MEeHeHMe hasbl NPUIOXEH-
HOrO CUHYCOMOANBHOrO C1rHana ¢ POCTOM ero 4actoTel. Cxema
C WHEMHbIM CABUIOM (hasbl COXPaAHIET 0THOGKTEABHLIE (hasbl
FapPMOHWK HECVHYCONAATBHBIX CUFHAIOB, HTO NPVBOANT K OTCYT-
CTBMIO (Pa30BbIX UCKAXKEHWIN CUTHaNa.
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Jlornyeckuii NPo6GHUK — YCTPOWCTBO, UCNONL3YEMOE A9
noaayu Ha UmMdpPOoBLIe KaHanbl ocupnnorpada AUCKPETHbIX
CUrHaNoB C onpeaeneHHeIMM NOrnYeckuMmn ypoBHAMM (1 1am 0)
C LIeNbIO VX aHanuaa.

MO TpaH3ncTOp — NONEBOV TPAH3WCTOP, MEIOLLINIA CTPYK-
TYPY METan-oK1Mcen-nonynpoBOAHNK.

Harpy3aka — KOMNOHEHT Wi yeTpolicTso, 06naaaioLlee onpeae-
NEHHBIM VMNEAAHCOM 1 MOAKMI0YaEMOE K UCTOYHUKY CUrHana.

HecnmmeTpuyHble CUrHanNbl — CUrHanbl, U3MepPAemMble OTHO-
CUTENIBHO «3EMIN».

OnTun4eckunin NPOOHUK — YCTPOICTBO, PErUCTPUPYIOLLEE
YPOBEHb ONTUYECKOr0 CUrHana 1 npeobpasyioLLee ero B CooT-
BETCTBYIOLLWI CUrHA HAMPAXEHUA A9 N3MEPEHUS OCLIMANOT -

papoMm.
OcnabneHne — NPOLECC YMEHbLLEHWS aMnAUTyabl CUrHana.

MaccuBHbI NPOBHMK — NTPOOHNK, SKBMBANEHTHASA CXeMa KOTO-
POro COCTOMUT TOMLKO 13 Pe3ncTopoB (R), nHOyKTMBHOCTEN (L)

v KoHAeHcaTopoBs (C). B naccuMBHOM NPOBHWKE HET akTVBHbIX
KOMMOHEHTOB.

MuTtaHue npo6HUKa — NKTaHVe, NogaBaeMoe Ha NPOBHWK OT
ocuunnorpada 1Ny ApYroro BHELHEero NCToYHMKa. MPoBHMKY,
TpebyioLMe NUTaHWs, 06bIYHO COAEPXAT aKTUBHBIE KOMMOHEHTHI
VI MO3TOMY Ha3bIBAIOTCHA aKTUBHLIMM MPOBHUKAMU.

MokasaHue — OyKBEHHO-LMPPOBad nHGopmauums, otobpa-
xaemas Ha akpaHe ocumnnorpada ans BbIBoAa CBEAEHUI O
MacLITabe, Pe3ynbTaTtoB U3MEPEHUI 1 APYrON NHPOPMALWN.

MNone.oli TpaHaucTtop (FET) — nonynpoBOOHMKOBbIN Mproop,
yNpaBaseMbIii HanpsXeHeM. Ynpasnsiowee HanpsxeHmne
NOAAETCS Ha 3aTBOP v YNPaBNAET TOKOM, NPOTEKAIOWMM Yepes
npvobop.

MNonoca nponyckanus (M) — HenpepsiBHaA NONOCa HacToT,
nponyckaemas CUrHabHbIM TPAKTOM C HEPaBHOMEPHOCTbIO AHX
He 6onee 3 ob.

Mpo6HUK — YCTPOMCTBO, 06ECNEYMBAIOLLEE MEXAHNYECKNI
1 BNEKTPUYECKMI KOHTAKT MEXAY KOHTPONBHOW TOYKOW (MCTOH-
HKOM CUrHana) 1 ocumMnnorpapom.

MNpo6HUK € aTTEeHIAaTOPOM — NPOOHVIK, OCNAOASIOWMIA CUrHan
1 0BECNEYMBAIOLLINIA aOEeKBATHYIO MHOMKALMIO Ha 9KpaHe OCLwn-
norpada ¢ y4eTom koadduumeHTa ocnabnennsd. Hanpumep,
npo6HuK 10X ocnabndaet curHan 8 10 pas v ong npasuibHOro
CUMTBIBAHUSA pesynbTara U3MEPEHVst YMHOXAET LKay OCLyin-
norpada Ha 10. Takum 06pasom, curHan amnavtygon 100 B
ocnabnsetca npobHrkom 10X go 10 B, a 3atem otobpaxaetcs
ocumnnorpadom kak curHan 100 B 3a cuet 10-kparHoro ysenu-
YeHna MacLiTaba Lkansl ocumnnorpada.

MNpo6HUK ¢ Manoii BXOAHOW eMKOCTbIO — NaCCVBHbIN
NPOOHMK, 06NaJAIOWLMIA O4EHDb MANoV BXOOHOW EMKOCTbIO.

PacnpeneneHHble napametpsl (L, R, C) — conpoTusnexue,
VHAYKTUBHOCTb 1 eMKOCTb, pacnpeaeneHHsle no AvHe NpoBoa-
HUKa; 0ObIYHO 3HAYEHWs pacnpeaeneHHbXx NapameTpoB Manbl 10
CPABHEHMIO CO 3HAYEHUAMY COCPEOOTOHEHHBIX NapamMeTPOB.
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PeakTrBHOE conpoTMBAEHME — COCTaBNSIOWaa MMNeaaHca,
OrpaHnyMBaloLLLas NPOTEKaHME NEPEMEHHOrO TOKa B 3aBUCH-
MOCTM OT €ro 4acToThl. KoHagHcatop (C) co3aaeT eMKOCTHOE
CONPOTUBNEHME NPOTEKAHMIO NEPEMEHHOrO TOKa, KOTOPOE
onpenensieTcs GopMynon:

X, = 1/2xfC,

roe:

X, = eMKOCTHOE comnpoTyeneHie, Om

n=3,14159. .

f=vyacrora, I

C = emkocTb, @

NHaykTBHOCTS (L) cO30aeT MHOYKTVBHOE CONPOTUBAEHME
npPOTEKaHNIO NEPEMEHHOMO TOKa, KOTOPOE 0NpeaensaeTcs
HOPMYNON:

X, = 2nfl,

roe:

X, = VHOYKTVBHOE conpoTtusaeHne, Om

n=3,14159. .

f=vyacrora, I

L = MHOYKTUBHOCTb, [H

C/LU (oTHOLLEHME CcUrHana K LWymy) — OTHOLLEHME amnin-
TyOpl cYrHana k aMnanTyae Wwyma; BelpaxaeTcd 0Obl4HO B 4B
no cnegyouien hopmyne:

C/W=201og (V N

CurHana LIJyMa)

TokoBbIV NPOBHUK — YCTPOWCTBO, PErUCTPUPYIOLLIEE NPOTe-
KaloLLMI B MPOBOAE TOK 1 NpeobpasyioLee ero B NponopLmo-
HaNbHOE HaNPSXEHWe AN U3MEPEHNT OCUMANOrpadoM.

YcpenHeHune curHana — CyMMUPOBaHNE HECKOSBKX OCLI-
JiorpaMmM nNeprnogn4eckoro curHana 1 Bel4ncneHne cpegHero
curHana.

YxypleHne napameTpa — CHAXEHNE HOMUHAIBHOMO 3HAYEHS
napameTpa KOMMNOHEHTA WV CUCTEMbI B 3aBUCMMOCTU OT OOHON
NI HECKOMBKMX NEPEMEHHBIX. HanpyMep, TOYHOCTb M3MEPEHMS
aMnanTyabl MOXET CHMXATbCA B 3aBUCKMOCTW OT H4aCTOThl N3Me-
pAEeMOro curHana.

dasa - napameTp, XxapakTepuayoLLMi NONOXEHUE CUrHana uin
€ro COCTaBAAIOLLMX MO BPEMEHU OTHOCUTENbHO ONOPHOW TOYKM
curHana. Hanpumep, ecnv KOCUHycovaansHbI curtan Gyaet
VIMETb N0 ONPEAENEHWNIO HYNEBOK CABUI (Gaskl, TO CUHYCOU-
JasbHbIA CyrHan ByaeT CABWHYT N0 OTHOLWEHMIO K Hemy Ha 90°.

Havano otcuera

BpEMeHU
t=0
—— T T-
KocuHycou- Ry~
parbHbIi | ®dasa 3a nepuog T
curHan ¢ paBHa 360°

HyneBbIM
caBurom asbl

PN
L &, ~Cpsur, t

CwuHyconpans-
HbIVi curHan
npegcrasnser
coboii KOCUHYC,
COBUHYTBIN

Ha 90°

Casur casbl paBeH
/T * 360° urm 90°




Lym — Tvn nckaxennda curHana, HabnoaaemMoro Ha akpaHe
ocupnnorpada.

AKpaHUpoBaHMWe — YCTaHOBKa 3a36MIEHHOr0 NPOBOAALLErO
MaTepviana Mexay Lenbio 1 BHELIHAMM UCTOYHVKAMIA LLIYMOB Taxk,
410G 9KPAHUPYIOLLMIA MaTepuan NpuHUMan Ha cebs LyMOBbIe
CUrHaUIbl U OTBOAWA VX OT LIEMN.

AdPexT Xonna — 9BNeHNE BO3HUKHOBEHWS NMONEepeYHON
PasHOCTV NOTEHUMANO0B NPV NOMELLEHM NPOBOAHMKA C MOCTO-
SHHBIM TOKOM B MarHuUTHOE none.

MpobHuk 0T A 0o A
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KoHTakTHas nHdpopmauus:
Poccusi u CHI +7 (495) 6647564

ABcTpus +4152 675 3777
Accouuaums rocyaapcts lOro-Bocrounon Asum /
ABcTpanusi (65) 6356 3900

BankaHbl, U3paunsb, KOxHas Appuka
u apyrue cTpaHbl ISE +41 52 675 3777

Benbrus 07 8160166

BnuxHuit Boctok, A3us

n CeBepHast Adpuka +4152 675 3777

Bpasunus n 0xHasa Amepuka (55) 40669400
BenukoGputaHus n Upnanausa +44 (0) 1344 392400
Fepmanuna +49 (221) 94 77 400

TOHKOHT (852) 2585-6688

DaHus +45 80 88 1401

Wngmna (91) 80-22275577

WcnaHus (+34) 901 988 054

WUtanus +39 (02) 25086 1

Kanapa 1(800) 661-5625

Kuraiickas HapopHas PecnyGnuka 86 (10) 6235 1230
JliokcemOypr +44 (0) 1344 392400

Mekcuka, LlenTpanbHas Amepuka
u cTpaHbl Kapubekoro 6acceitHa 52 (55) 54247900

Hupepnangbl 090 02 021797

HopBerus 800 16098

Monblia +4152 675 3777

Moptyranus 8008 12370

Pecny6nuka Kopes 82 (2) 6917-5000

CLLA 1 (800) 426-2200

TaliBaHb 886 (2) 2722-9622

Ounnanana +4152 675 3777

@paHumnsa +33 (0) 169 86 8181

LienTpanbHasa n Boctoynas EBpona,
cTpaHbl bantun +4152 675 3777
LlentpanbHas EBpona u Mpeuns +41 52 675 3777
LWBeiiuapua +41 52 675 3777

Lseuusa 020 08 80371

l0xHas Adpuka +27 11 206 8360

SAnonus 81 (3) 6714-3010

13 apyrux cTpaH 3soHuTe no tenedony: 1(503) 627-7111

[LononuutensHas uHdopmauus

Komnarus Tektronix MOXET Npeanoxutb Bam 6oraryto, NOCTOSHHO NONOAHSEMYIO
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MEHTOB, KOTOPbIE afPEcOBaHbI MHXEHEpaM, pa3padaTbBaIOLLM BbICOKOTEXHONO-
ryHoe 0bopynosatue. Mocetute cait www.tektronix.ru.
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