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MO/JAEJIA ITPOLUECCA UBMEPEHUA

JUIs OUEHKH pe3ylbTaTOB M3MEPEHUH U BBIPAOOTKHM TpeOOBaHUM K
MU3MEPUTENBHON TEXHUKE OCYIIECTBISIOT MOJEIMPOBAHUE IMPOLECCA U3MEPEHMUS,
OJIHMM M3 3TaloB KOTOPOTO SIBJSETCS BbIJEICHUE TJIAaBHBIX SIBIEHUU U (PAKTOPOB
paccMaTpuBaeMoro Mporecca.

Paznuuaror nBe OCHOBHBIE MOJENH.

1. Kitaccmueckasi MOJeJIb - paccMaTpPUBAET U3MEPEHUE KAK IKCIIEPUMEHT,
yCIOBUSL KOTOPOTO CTPOro oOmpeneneHbl W coOmtofarorcsa. Monenb uMeeT
CJIEAYIOIINE OTPAaHUYEHUSA

- Ha TPOTSKEHUU BCEr0 M3MEpeHUs uzMepsemas (unyeckas BeIUYMHA
COXpaHSET HEU3MEHHBIM CBOE HMCTHHHOE 3HAu€HHWE, KOTOPOE MOXKHO
0XapaKTepHU30BaAThH JNEWCTBUTEIbHBIM 3HAYECHUEM, JIeKAIUM BHYTpH
JOBEPUTEIBHOTO NHTEPBAJIA;

- U3BMEPEHUE OCYIIECTBISETCS MyTEM CPAaBHEHHS M3MEPSEMOU BEIIMYUHBI C
MEpOil, MPU 3TOM NPOJOJIKUTEIBHOCTh U3MEPEHUSI HE OrPaHUYEHA U CPaBHEHHE C
MEpPOIl MOKET BBINOJIHATHCS KaK YTOJHO J0JTO U TIIATEIbHO;

- BHEIIHUE YCJIOBHUS M (DAKTOpBI, BIUSAIOIMIME HA PE3yabTaT H3MEPEHUS,
TOYHO ONPE/IEIICHBI.

Takum 006pa3om, 1O CYIIECTBY KJlacCHYeCcKash MOJEINb MPEACTABISIET CO00M
UJICATU3UPOBAHHBIN METPOJIOTUYECKUNA SKCIEPUMEHT CPABHEHUS H3MEPSEMOU
BEJIMYMHBI C MEPOM.

B u3mepuTenbHON NpakKTUKE TaKUE U3MEPEHUS IPUMEHSIOT PEIKO.

Bce m3mepenus, CBA3aHHBIE ¢ KOHTPOJIEM COBPEMEHHBIX TEXHOJIOTMYECKUX
MMPOLECCOB MPH aBTOMAaTUYECKOM YIIPABIECHUHM, MHOTHE BHUIbl M3MEPEHUU IIpU
MPOBE/ICHUY HAYYHBIX UCCIICIOBAHUM, U3MEPEHUS NPU KOMIUJIEKCHBIX UCIIBITAHUSAX
CJIOKHOM TEXHUKH, MAIWH, arperartoB U COOPYKEHHUH, MPEACTaBISAIOT COOOi
U3MEpPEHHs] H3MEHSIOIIMXCS BO BpeMeHHM (u3nyeckux BenauuuH. [Ipu sToMm
HEIPEPHIBHOE CpPaBHEHHE OECKOHEYHOTO MHOXECTBA MIHOBEHHBIX 3HA4YECHHI
U3MEpsieMON BEJIUYUHBI C €IMHUIEH U3MepeHust (Mepoil) HEBO3MOXKHO, MOCKOJIBKY

CcaM IIponecCCc U3MCPCHUS IMIPOUCXOAUT BO BPCMCHM.
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Jma onmucaHusa Takux U3MEPEHUN NPUMEHSAIOT BTOPYIO MOJEIb Mpolecca

HU3MEPCHUSI.

2. NudopmanmoHHasi MoOaeJb — HMEET CICAYIONINEe OTINYUTCIIHHBIC
MIPU3HAKHY:

- u3Mepsemas (u3MUecKas BEIMYMHA PACCMATPHUBACTCS Kak CIydalHBIN
mporece, coaepKaniuii HeoOXo UMY HHPOPMAIIUIO O COCTOSTHHH HCCIICTyeMOTO
WITH KOHTPOJIUPYEMOTO 00BeKTa, u OIHUCHIBACTCS CITyJaitHOU
IOCJICIOBATEIIBHOCTBIO  JICUCTBUTCIBHBIX ~ 3HAUCHWH WIH  0OOOIIECHHBIMH
XapaKTepUCTUKAMHU TaKOW TIOCIEOBATEIPHOCTH (MAaTeMaTHUECKOE OKUAHUE,
nucnepcusi). MctuHHOE (MTHOBEHHOE) 3HAYCHHE HW3MEPSICMOW BEIMYHMHBI Ha
JaHHOM MHTEPBaJIe MPOoIecca U3MEPEHHUS MOXKET OCTABaThCS HEOIPEICICHHBIM;

- U3MEpEHHEe B OOIIEM ClIydae pacCMaTPHBACTCS KaK IOCIIEIOBATEIbHOCTh
ONPEICICHHBIX HM3MEPHUTCIIBHBIX MPOICAYP, BPEMsS BBINOJHEHUS KOTOPBIX
OTpaHUYCHO, MPH ATOM HEMOCPEICTBEHHOE CpaBHEHHE C MEpOi B 00IIeM ciiydae
HEOCYIIIECTBUMO;

- XapaKTEPUCTHKH HW3MEPUTEIBHBIX YCTPOHCTB MOTYT HU3MEHITBCI BO
BPEMCHHM M TIOJI BJIMSHHUEM IIEPEMEHHBIX BHEIIHUX (PAaKTOPOB. DTH H3MCHCHHS
pacCMaTpHBAIOTCS KaK CiIy4dalHbIC IIPOILIECCHI, BIUSAIOIMIMEC Ha KOHCYHYIO
HEOMPEACIEHHOCTD PE3yJIbTaTa U3MEPCHHS.

CpaBHEHHME JBYX MOJEICH TMporecca HU3MEPEHHs IOKa3bIBacT, YTO
KJIaCCHYECKast MOJICIb SBJISICTCS YACTHBIM CIydaeM MH(OPMAIMOHHOM.

Takum 00pa3oM, B COOTBETCTBHM C COBPEMEHHON HMH(PpOPMAITMOHHOMN
MOJEJIBIO npouecc U3MepeHus JI1I000H pusnueckoi BeJINYMHBI
paccMaTpuBaeTcsi Kak COBOKYIHOCTbH psaaa nocJie10BaTeJIbHbIX

H3MepUTeJbHBIX IPeo0pPa30BaHUIA.
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HOHATHUE UBMEPUTEJIBHOI'O ITPEOBPA3OBAHUA U
N3MEPUTEJIBHOI'O ITPEOBPA3OBATEJIA

M3MepuTenbHOe peoOdpa3oBaHue MPEACTABIAET COOON OTpakeHUE pazMepa
OJIHOM (U3NYECKOM BEIMYMHBI pPa3MEpPOM Jpyrol (HU3MYECKON BEIMYUHBI,
(YHKIMOHAJIBHO C HEH CBA3aHHOM.

Onupasice Ha 3TO NOHATHE, U3MEPEHHE PacCMATPHBAETCH KaK Ipoluecc
npueMa " npeodOpaszoBaHusi HMHAOPMANMHM O 3HAYEHHMAX H3MepsieMbIX
(pusnyeckux BeJUYHH, NPOUCXOAAILIMNA B U3MEPUTEIbHBIX YCTPOCTBAX.

Takas nndopmanus Ha3bIBaeTCS M3MepHUTENIbHOH HHpOpMaueid.

B 570l CBA3M CTPyKTypa U3MEPUTENBHBIX YCTPOUCTB MPEACTABIAECT COOOM
COBOKYIHOCTb OTJEIbHBIX 3JEMEHTOB — W3MEpPUTENbHBIX IpeoOpazoBaresne,
OCYHIECTBIISIIONIUX (YHKIIMOHAIBHBIE U3MEPHUTENIbHbBIE MPE0OpPa30BaHUs CUTHAJIOB
U3MepuTeNbHO WHpopManuM — CHrHajIOB, (YHKIMOHAIBHO CBA3aHHBIX C

u3MepsieMon (HU3NIECKON BETMIMHOM.

—{ ury | urm. |~ It | Ul [~ = Wl [~

HN3mepuTeabHbIN npeodpaszoBare’b —  CPEICTBO U3MEPEHN,
NpelHa3HAaYeHHOEe I BBIPAOOTKM CHUTHAla HW3MEpUTENIbHOW uWHGOpMAIMU B
dbopme, ymoOHOHN Il Tepedadd, JabHEHIIEro MmpeoOpa3oBaHus, OOpadOTKH U
(w1M) XpaHEHWs, HO HE TNOJAJAIOUICHCS HEMOCPEACTBEHHOMY BOCHPHSITHUIO
HaOJIIoaTeNeM.

N3mepurensubiil npeodpazoartens (MUI) npencrasnser co0oil TEXHUUECKOE
YCTPOKCTBO, TIOCTPOCHHOE HA OMPEEICHHOM (DU3UYECKOM MPUHIUTIE JACHCTBUS U
BBITIOJTHSFOIIEE OTHO YACTHOE U3MEPHUTEIBHOE TPeoOpa3oBaHueE.

[TonsiTne “m3MepuTENbHBIN MpeoOpa3oBaTeNlb”’ 3HAYUTEIHLHO OOJiee Y3KOe,
0oJiee KOHKPETHOE, YeM MOHATHE ‘“‘U3MEPUTENIbHOE Mpeodpa3oBaHue’”, T.K. OJHO U
TOXKE U3MEPUTENIbHOE NPEeoOpa30BAHME MOXKET BBIMOIHIATHCA IEJIbIM PAJIOM

Pa3JIMYHBIX MO MPUHIUIY JIEUCTBUSA U3MEPUTEIbHBIX ITpeoOpa3oBaTeieil.



M.C.Crenanos. Teopus, pacueT u MpOEKTUPOBAHUE U3MEPUTENBHBIX IIpeoOpa3oBareneii u 4
npubopoB
VYkazaHue U3MepuTeILHOro MpeoOpa3oBaHus OTBEYAET HA BOMPOC: YTO U BO

YTO HYKHO Npeo0pa3oBaTh, T.€. TOJBKO CTABUT 3a7ady NpeoOpa3oBaHus, a
yKa3zaHHe KOHKPETHBIX MU3MEPUTENbHBIX MpeoOpa3oBaresieil 0TBEYaeT Ha BOIIPOC O
TOM, KaK 3TO (PU3NYECKHU MPEAJIaracTCs BHIIIOIHUTb.

JaTuuk — 310 oauH win Heckonbko UII, ciyxammx ans npeoOpa3zoBaHuUs
U3MEPSIeMON HE AJIEKTPUUECKON BETUYUHBI B AJIEKTPUUYECKYIO0 U OObEIMHEHHBIX B
€IUHYI0 KOHCTPYKIIHIO.

Hsmepumenvuas yenv cpeocmea usmepenuti TPEJCTaBISET U3 ceds
COBOKYMHOCTh  MpeoO0pa3oBaTENbHBIX  DJIEMEHTOB  CpPEACTBA  M3MEpEHH,
oOecrieynBaroias OCYILIECTBJIEHUE BCEX npeoOpa3oBaHU CUTHajna
u3MeputenbHoii  uHopMmanuu. llembp mociemoBarenbHOrO  MpeoOpa3oBaHUS
U3MEPSAEMON BEJIMYMHBI XapaKTEpU3yEeTCsl TEM, YTO H3MepsieMas BeJIUYMHa
noctynaer Ha Bxoja nepBoro HUII, ero BbIxoaHasi BEJIMYMHA SBISETCS BXOAHOM
BesimunHOM BTOporo UII u T.4.

llepsuunbiti  uzmepumenvHvili  npeobpaszogamens -  HU3MEPUTEIbHBIN
npeoOpazoBaTesib K KOTOPOMY TOJIBE/IeHAa M3MepsieMasl BeTUYNHa, T.€. MEepPBbIN B
U3MEPUTETIBHOM LIETIN.

IIpomedsxcymounvlii uzmepumenvbHulll npeobpazosameib - U3MEPUTEIbHBIN
npeoOpazoBaTeNib, 3aHUMAIONIMKA B  HW3MEPUTEIBHOM IIEMM MECTO  II0CIIe
NEPBUYHOTO.

[IpeobpazoBaHue OCyIIECTBISAETCS A0 TEX MOP, MOKA HA BBIXOAE MOCIIEIHEr0
W.I1., xotopsiii Ha3zbiBaeTcsa BbIXOAHBIM M.II., HEe OyaeT momydeHa BBIXOJHAS
BEJINYMHA, YAOOHAs AJIsI UICIIOJIB30BAHUS C 1IEJIbI0 PETUCTPALIUU WU YIPABICHUS.

OcHOBHBIM TpeOOBaHUEM K BBIOPAHHOW BBIXOJHON BEIUYUHE SIBISETCS
yIOOCTBO Tepefaun U XpaHEHUA. DTOMY TPEOOBAHUIO YAOBIETBOPSIOT TJIABHBIM
oOpazom omektpudyeckue BemmuumHbl: OJIC, TOK © CBsA3aHHOE C HHUMH
CONIPOTUBIICHUE, NHIYKTUBHOCTh U B3AUMOUHAYKTUBHOCTb.

[To Buay BeiIxOogHOM BenmuuuHbl WII moapasznenstor Ha reHepaTOpHBIE U

napaMeTpu4eCcKue.
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I'enepaTopubie UII co3marorT >HEPIrUIO0 Ha BBIXOJE, IIPUYEM OTa DHEPIUs

CO371aeTCs 3a CYET PHEPruu, norpediasieMor oT oObekTa u3MmepeHus. Hampumep:
TEPMOTIAPHI, IMbE303JIEMEHThI, BBIXOJHAS BEIMYMHA KOTOPBIX — DJIIEKTPUUYECKOE
HANPSKEHUE.

B mnapamerpuuecknx MHII mnox BiausHHMEM U3MEPSEMON  BEJIWYUHBI
W3MEHAETCA OAUH U3 mapameTrpoB. Hampumep: pe3ucTUBHBIE, TEH30PE3UCTOPHBIE,
eMKkocTHble, uHAYKTHBHbIE WII. Taxkume MHII BriaowaroT B clHenUAIbHBIC
BJIEKTPUUECKUE CXEMbI, KOTOPBIE IMTUTAOTCA OT UCTOUHUKA IMUTAHMUS.

Paznuuaror nBa pexxuma padotsl UI1: cTaTnueckuii 1 AMHAMUYECKUH.

B cratnyeckoM pexvme 3HAYECHUS W3MEPSEMOM BEJIMYMHBI U MMApPaMETPOB
NII nocTosHHBI, a MPOAOIKUTEILHOCTh U3MEPEHUS HEOTpaHUYEHHA. BbhIxomHas
BEJIMYMHA TAKKE MPUHUMAET ITIOCTOSIHHOE 3HAYCHHUE.

Ha npakrtuke: wu3mepsiemas BeJIMYMHA 4YacTO MEHSETCS BO BPEMEHH,
U3MEpeHUsT OOBIYHO HYKHO TMPOBOJUTH 33 BO3MOKHO 0o0jiee KOPOTKOE Bpems,
napameTpsl camoro MII Tonbko npuOImkeHHO MOXHO CYUTATh HEU3MEHHBIMH.

JIMHAMHYEeCKUi PeKUM XapaKTepu3yeTcsl TeM, UTO BXOHas BenudunHa X(1),

¥ BBIXO/IHAs BesinunHa Y(t) U3MEHSIOTCS BO BPEMEHHU.

CraTnyecKkue XapaKkTepUCTUKHU U3MEPUTEIbHBIX Mpeodpa3oBaTeiei

1. ®yukuus npeodpa3oBaHusi — (QYHKIIMOHAJIbHAS 3aBHCUMOCTH MEXIY
BBIXOJIHOM BEJIMYMHOM Y U BXOJTHON BEJIMUYMHOM X.

Kak u mobas dyHkiumsa, ¢QyHKIusS npeoOpa3oBaHUS MOXKET 3a7aBaThCs
aHanuTudecku (ympaBlieHus), Tabnuied winm rpagukoM. B aHanmuTuyeckyro
byHKIIMIO TpeoOpa3oBaHus OOBIYHO BXOIAT KOHCTPYKTHUBHBIE mapametpsl UII u
MMOATOMY OHa WCHOJIb3yeTCsl MpH pacyeTe M MNPOEKTUpPOBaHUM. DyHKIUSA
npeoOpazoBanus peanbHoro UIT onpenensercs skcnepuMeHTaIbHO.

Yame Bcero crpeMsaTcd HMETh JUHEWHYI0 xapaktepuctuky WIL [ns
ONMCaHusl JIMHeHHOW Xapaktepuctukn y=f(X)= A+BX ngocratouyHo JByX

mapamMCTpOB: HAYAJIBbHOI'O 3HAYCHUA BBIXOI[HOI71 BCJINYHNHDBI A, COOTBCTCTBYIOIICTO



M.C.Crenanos. Teopus, pacueT U NPOSKTUPOBAHUE U3MEPUTEIBHBIX IpeoOpa3zoBareei U 6
npubopoB
HyJIEBOMY (WM KakomMy-IHMOO JApYroMy XapakT€pHOMY) 3HAUYEHUIO BXOJHOMU

BEJIMYMHBI X, U TTIOKA3aTEJIEM OTHOCUTEIIBHOIO HAKJIOHA XapAKTEPUCTUKMU.
2. UyBCTBUTEJIBbHOCTh — ITO OTHOIICHUE WU3MEPEHUS BXOJAHOU BEIUUYUHBI
HII x BBI3BaBIIETO €ro M3MEHEHUIO BXOAHOM Benu4MHbI M. UyBCTBUTEIBHOCTH

d
OTpeJeNsIieTCs] BbIPAXKEHUEM S:d—y U MOXET OBITh OIpeJeneHa NpH JHO0M
X

cnoco0e 3aanus QyHKIUU peoOpa3oBaHusl.

[Ipu mponopuroHaIbHOM 3aBUCUMOCTH BBIXOJTHOM U BXOJAHOW BEJIMYNH

X !
riac y — 3Ha4YCHHUC BBIXO}IHOﬁ BCIIMYUHBI, COOTBCTCTBYIOLICC BXO}IHOﬁ
BCIINYHUHC X.

[Tpu HenuHeitHOW (yHKIMU MPeoOpa30oBaHUsl YyBCTBUTEIBHOCTh 3aBUCHUT OT

3HA4YCHUA BXOI[HOﬁ BeIUYMHBI. OTHOCUTEIIHLHAS YYBCTBHUTCIILHOCTD

g _/y
dx/x-

JIluHaMuYecKre XapaKTepUCTHKH U3MePUTEIbLHBIX peodpa3oBaTeJieii

JlnHaMU4YeCKUMU XapaKTepUCTUKaAMU JTUHEHHBIX MEPBUYHBIX
U3MEpPUTENIBHBIX  TpeoOpa3oBaTeieil  HA3bIBAIOTCS  XAPAaKTEPUCTUKH  UX
VHEPLMOHHBIX CBOMCTB, ONpPEIEIISIONINE 3aBUCUMOCTh BbIXOAHOTO curHana UII ot
M3MEHSIONIUXCS] BO BPEMEHU BEJTUYUH:

- TIapaMeTpoB BXOJHOTO curHaia ( m3mepseMoit BenmauHbl X(t);

- BHEIIHUX BIUSIONIUX BEIIMYNH;

- Harpy3Ku.

I'OCT 8.256-77 « I'CHW. HopmupoBaHue U OmpeaereHue JUHAMHYECKUX
XapaKTepUCTUK JIMHEHHBIX aHAJOTOBBIX CPENCTB u3MepeHuil. (OCHOBHBIC
MOJIOKCHUS» YCTAaHABIMBAET KIACCHU(DUKAIUIO NTHHAMHYECKHX XapaKTEPHUCTHK.

,HI/IHaMI/I‘-ICCKI/IC XAPAKTCPUCTHUKHU PasaC/IA0OT 110 OTHOICHHMIO K TCM HWJIM HHBIM
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mapamMeTpaM BXOAHOTO CUT'HAJIa Ha OCHOBHBLIC W JOIMOJHHUTCIIBHBIC, d 110 IIPU3HAKY

MMOJHOTHI OMMCAaHUS JUHAMHUUYECKUX CBOMCTB - Ha MOJHBIC U YaCTHEIC.

OcCHOBHBIE XapaKTEPUCTUKH OTPAX arOT CBsI3b BbIXoAHOro curHana HUII c
U3MCHSIOIICHCS BXOOHOW BEIUYUHOM; JONOJIHUTEJbHbIE — HW3MCHCHUS
BBIXOJJHOIO CHTHaja B 3aBHCHUMOCTH OT U3MCHCHHUS BHEIIHEH BIUSIOLICH
BEJIMYMHBI WM HEMH()POPMATUBHOTO MapaMeTpa BXOJAHOTO CUTHala (TeMIlepaTypbl
OKpYKaIOIIEH Cpejbl, HAPSKCHUSI TUTAHUSI, COPOTUBJICHUS] HArpy3Ke, YacTOThI
NEPEMEHHOI0 TOKa MPU U3MEHEHUU €r0 aMIUTUTY/IbI).

Moanon nuHamuyeckon xapakrepuctukor WII Ha3piBaeTCa nruHaMuyecKas
XapaKTEPUCTHUKA OJHO3HAYHO OINPEAEISAIONIAS U3MEHEHUS €T0 BBIXOJHOIO CUTHAJa
npu  JI000M HM3MEHEHWHW BO BpPEMEHHM BXOJHOTO CHUTHAJIA WM BIIHSIONICH
BEJIMUMHEL.

YacrHoil ntuHamMuyeckor xapakrepuctukon WII HazpiBaeTCs nMHAMUYECKast
XapaKTEepUCTHUKA TPEJCTaBIIsIONIas co0oi mapameTp Wik (DYHKIMOHAT IOJTHOMN
JTUHAMUYECKON XapaKTEPUCTUKH.

Cornacio I'OCT 8.256-77 k TOJIHBIM AUHAMUYECKUM XapaKTEPUCTUKAM
oTHOcATCS: audepeHImaIbHoe ypaBHEHUE, HWMITYJIbCHAs XapaKTePUCTHKA,
nepexoaHas  XapaKTepUCTHUKA;  mepeaaroyHas  (YHKIUS;  COBOKYITHOCTH

aMILTUTYTHO-4aCTOTHOM U (ha3odacToTHON xapakTepucTuk (AUX u ADX).

1) epenaTounasi pyHKmusi
Hunamudeckuit pexum paboret CH  Hambonee TMONMHO OMUCHIBACTCS

JUHEHHBIM HEOJHOPOJIHBIM AU (epeHIInanbHbBIM ypaBHEHUEM C TIOCTOSTHHBIMU

Kodh punreHTamu:
An YO ) + Ant YOU(@) +...+ A1y () + y(t)= kn x(t) )
e ¥ =100

OT0 ypaBHEHUE oTianyaercs ot (1) Hanu4KreM 4ieHOB, COAEPKAIIMNX MPOU3BOIHBIE

ot Y(t), KoTopBIe U ONpeACAIOT JMHaAMU4YecKue cBoiicTBa CHU.
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Jlng ynpomieHuss MareMaTU4ecKoro ONUCAHUA AUHAMHUYECKUX IMPOLECCOB

UCIONB3YI0TCS TipeobpazoBanust Oypwe u Jlamnaca.
Ucnonw3ys nmpeobOpazoBanue Jlamiaca, MOXXHO 3amucath ypaBHeHUe (2) B
ornepatopHoit dopme:

(AnP"+Ana P L HAP+T) Y(p) = kn X(p),
rae X(p), Y(p) — uzoopaxkenus no Jlammacy x(t), y(t).
[lepenartounoii (yHKIMEH HaA3bIBAETCA OTHOIICHHE HW300paKEHHUsS 110
Jlarutacy BBIXOJHOTO M BXOJHOTO CHUTHAJIOB:

Y(p) _ Ky
X(p) AP"+A P+ +AP+L

2) IlepexogHasi XapaKTepPUCTHKA.

W(p)=

[lepexomnas xapaktepuctuka h(t) mnpeacraBmser coOOl 3aBUCHMOCTD
BBIXOITHOW BEJHYMHBI JTUHEHHOIO JUHAMHYECKOrO MPeoOpa3oBaTesist OT BPEMECHH
Ipu mojade Ha ero Bxoa B MoMeHT t=0 cTymeHYaToro CurHajia eIdHHYHON

. Ot<0
aMIUTATYy 6! (eauHrYHOM pyHkun): X(t)=1(t)= {1t <0
3) UMnyJbCcHAsl XapaKTePUCTHKA.
WmnynscHas xapaktepuctuka ((f) mpeacrtaBiser co0OH 3aBHCHMOCTH
BBIXOJIHON BEJTMUYUHBI JIHHCHHOTO AMHAMUYECKOTO MpeoOpa3oBatessi OT BPEMEHH

Ipu 11oJga4dc Ha €ro BXoa B MOMCHT t=0 CANHUYHOI'O HUMIIYJIBCHOI'O CHUTHAJIa —

Ot=0
UMIYJIbCHOU QyHKIWH, Wi O — pyaknun dupaka:  J(t)= {1t j&O .

4. AMintTyaHo-¢gazoBasi XapaKTepuCTHKA.

Ecnn na Bxox nuueiiHoro UII noctynaetr cMHyCOManbHbIM CUTHAI, TO U Ha
BbIXOJI€ OyJ€T CHMHYCOUAANbHBIM CUTHAN, HO C IPYTUMU 3HAYEHUSIMH aMILTUTY bl
1 ¢$a3pl. YacTOTHBIC METO/IBI aHAIM3a OCHOBAHBI HA MCCIICIOBAHUH MPOXOKICHHS
rapMOHMYECKUX KOoJeOaHui pa3innuHbIX yacToT yepe3 CHU.

Ecnu na BXOA IMOAAaTh CUTHAJI

X()= Xm Sin(wt+ey),
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TO Ha BBIXOJIE

y(O)=ym Sin (wt+gey).
JIjist MaTeMaTHueCcKOro ONMCaHus UCTIONB3YIOT Mpeodpa3zoBanus Dypbe,

[ToaTOMY BXOJHOU U BBIXOJAHOW CUTHAJIbI MOXHO IPEACTABUTH CIIEAYIOLIUM

oOpazom:

X(jw)=Xm(w)el @)
e(j)=ym(w)e?)

yU®) _ Yn(®@) o) _ A(w)e*@
x(Jo) Xy (@)

aMIUTUTYAHO-(Da30BOM  XapaKTepUCTUKON (WM  YaCTOTHOM  mepenaTOYHOU

Otnomenne  W(jw)= Ha3bIBACTCS

¢ynkiueit). Nnaye roBopsi, 3T0 OTHOLIEHUE H300pakeHH Dypbe BBIXOIHON U
BXOJHOM BeJNWYMH. AMIUIMTYIHO-(pa3oBasi XapaKTepuCTUKa ABIAETCS (Popmoii
3aMycyu NepeJaTOYHON QYHKIUH ISl CUHYCOMIaIbHOIO BXOJHOTO BO3JICHCTBUSI.

Monyne  A(w) ammauTyaHO-(a30BOM  XapaKTEPHCTHKU  HA3bIBACTCSI
aMIUIUTYAHO-4aCTOTHOM XapaKTEPUCTUKOM — OHAa BBIPAXaeT 3aBUCUMOCTH
OTHOILLIEHHs AMIUIMTYJ BBIXOJHOW M BXOJHOM CHUHYCOMJAIBHBIX BEIUYUH OT
4aCTOTBI .

ApPryMeHT ¢(®w) aMIUTUTYIHO-()Aa30BON XapaKTEPUCTUKH Ha3bIBaeTcs (azo-
YaCTOTHOM XapaKTEPUCTUKOW — OHa BBIPAXKAaeT 3aBUCHUMOCThH ()a30BOTO CABHUIra

BBIXOI[HOﬁ CHHYCOHﬂaHLHOﬁ BCJIMYHHEI 110 OTHOIICHHUIO K BXOI[HOﬁ OT 4aCTOTHI.

IIpumeHeHHe TUHAMMYECKUX XaPAKTEPUCTUK ISl AaHAJIU3A
U3MEPUTEJIbHBIX CHCTEM
JIs1 uccnenoBaHus JUHAMUYECKHUX CBOMCTB HanOosee IMIMPOKO UCIIOIB3YIOT
CJICAYIOIIHNE THUIIOBBIC 3BEHBS: OC3BIHEPIIMOHHOE 3BCHO, a TAaK)KE 3BCHBS TIEPBOTO U
BTOPOTO MOPSIJIKOB.
be3biHepUHOHHOE 3BEHO — 3TO HJCANW3AIUA PEATbHBIX 3BEHBEB, MpPHU

KOTOpPpOM HpeHe6peraI0T BIIMAHHUCM JHMHAMHWYCCKHUX IIPOOCCCOB B JTHX 3BCHBbIAX.
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Takoe 3BEHO M B CTaTUYECKOM, U B JUHAMUYECKOM PEXKHUMAX OIMUCHIBACTCS

ypaBuenueM Y (t)=k,x(t).
JlnHaMu4YecKoe 3BeHO NMEePBOro MOPSIAKA ONMKMCHIBACTCS YPABHCHHEM

Ay (1) +Y (1) =Kuuon X(t) mm
Ty (t)+Y (t)=Know X(t)

TAc T1 — moctostHHAs BPCMCHHU — XapPaKTCPUIYCT MHCPIUOHHOCTDL 3BCHA.

I[I/lHaMI/I‘IeCKOG 3BE€HO BTOPOro mopsiika OIrCbIBA€CTCA YPAaBHCHUCM

A" (t)+ Ay () +y(O) =k X(1)
2

1
2 y ) +==y () +y(t) = ki x(t) , TI€ (o — YaCTOTa COOCTBEHHBIX
Wy Wy

KosieOaHuii 3BeHa, f — K0dpdULUeHT geMnUpoBaHus.

ITorpemrHoCTH U3MEPHUTEIBHBIX NIPe0OPa3oBaTeIeil.
Paznuyaror:
a) HOMHHAJIbHYI0 QYHKIMIO Pe0o0pa3oBaHUs N3MEPUTEIBHOTO
npeoOpazoBaTens  Yuou=Tuon(X), KOTOPYIO OH JOJDKEH MMETh COTJIACHO
rOCyJapCTBEHHBIM CTaHAAPTaM, TEXHUUYECKUM YCJIOBUSAM U JI IPYTUM
HOPMAaTUBHBIM IOKYMEHTAM.
0) peanbHyI0 PyHKIMIO Ipeodpa3oBanusa Y=f(X), koTopyro oH uMeeT B
JNEUCTBUTEIIBHOCTH.
Abconiomnasn noepewnocms VI 1o BEIXOTY — 3T0O pa3HOCTh 3HaueHui f(X) u
From(X)
MIPU OJTHOM UM TOM K€ 3HAYEHUU BXOJAHOUN BEJIUUMHBI.
Abconromnasn noepewnocms VI o BXOIY — 9TO pa3HOCTh AX = X,y — X
I/ X — ICTUHHOE 3HAY€HUE BXOJIHOU BEJIMYHHBI

Xuom — 3HAUCHHE BXOHOMN BEIIMUMHBI OIIPEACIISIEMOE TT0 HOMUHAIBHOMN () yHKITUH

peoopa3oBaTeNs Yion=Tuom(X)
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MPYA 3HAYEHUU BBIXOJHON BEJIUYUHBI Yiom, COOTBETCTBYIOIIEH HCTUHHOMY

3HAa4YCHUIO X.

Omuocumenvras nozpewnocms HUII no vixooy:

5, =2
y
Omuocumenvras nozpewinocms HUII no 6xooy:
-
y

IIpusedennas noepewrocms UII no vixooy:
__ Ay
Yiex — Yrin

A€ Ymax X Ymin — MAaKCUMaAJIbHOC U MUHUMAJIbHOC 3HAYCHUC BBIXOJ]HOﬁ

7y

BCIIMYHNHBI

IIpusedennas noepewrocms UII no 6xooy:

AX
X =X

max min

Vx =

€ Xmax I Xmin — MAaKCUMAaJILHOE 1 MUHUMAJILHOE 3HAaYECHHE BXOIHOU
BEJTMYUHBI
Aooumusnas noepewnocms U1 — 3T0 MOTPENTHOCTD, 00YCIOBICHHAS
HECHOMHWHAIBHBIM 3HAYCHUEM BBIXOJHON BEJIMUYUHBI IIPH HYJIEBOM 3HAUCHHUH

BBIXOJHOM:

Ay = Yo — Yorowm

MynprumnukatusHas norpemrHocts UIT — 3To morpentHocts, 00ycIoBIeHHAS

HCHOMUWHAJIbHBIM 3HAYCHUEM YYBCTBUTCIbHOCTH S.

Ay = [(SHOM +AS)X+ yO]_[SHOM "X+ YO]:AS'X

11

AOCONOTHAasT MYJIBTUIUIMKATABHAS TOTPENTHOCTD MPOMOPIMOHATIBHA BXOJIHOU

BCINYHHC X.
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OmuocumenvHas MYT6bMUNJIUKAMUBHASI NOZPeULHoCntsb. TIPU HpOHOpHHOHaHBHOﬁ

(GyHKIMU TpeoOpa3zoBaHus Y=S,ou*X paBHA OTHOCUTEIHHOMY U3MEHEHHIO

YyBCTBUTEIBHOCTH.
s Ay  AS-x  AS
y SHOM - X SHOM

CTpyKTypHBIE CXeMbI COeIMHEHHSI M3MEPUTEIbHBIX

npeodpasoBarteJieil B U3MepPUTEIbHBIX YCTPOHCTBAX.

OnHuM U3 METOJI0OB yMeHbllleHusi norpemHoctd UII sBnsieTrcss CTpyKTypHBIN

meron. M3mepurenbHas 1enb coctaBisiercss w3 MII Takum o6GpazoM, 4TOOBI

YaCTHbBIC MOTPEMIHOCTH OTAEIbHBIX WIT B3aUMHO KOMIIEHCUPOBAJIUCH.
Iocneoosamenvnoe coeounenue UII

[TocnenoBarenbHOM cxemou coenuHeHuss WII Ha3piBaeTcs Takas, MpU KOTOPOM

BXOJHOW BEJIMUMHOW Kaxkporo nocienyromero MII cmyXuT BbIXOAHAs BEJIMYMHA

npenbiaymero. BxomHou BenmunHOM mnepBoro HUII  sBmgercs u3Mepsiemas

BEJIMYMHA.

[Tpu mocnenoatenbHOM coeauHeHnn MIT ayBcTBUTEIRHOCTD MPHUOOpPA paBHO

MIPOM3BEACHHUIO YYBCTBUTEIBHOCTEN BXOAAMMX B HETO MII.
$=5,5,S,S,

[Ipu mocenoBaTeIbHOM COSIMHEHUN U3MEPUTEILHBIX IpeoOpa3oBaTecH,

HMMEIOITUX MPOIOPIIMOHAIBHBIC () YHKIIUU TPpe0oOpa3oBaHus, MPUBEICHHAS

MOTPEIIHOCTh U3MEPUTEIBHOTO YCTPOMCTBA PAaBHA CYMME MTPUBEICHHBIX

MOTPEITHOCTEN COCTABIIAIONINX U3MEPUTEILHBIX ITPpeoOpa3zoBaTecH.

B cooTBeTCcTBUM C MOJTYYEHHBIMHU BBIPAKEHUSIMHU MOKHO OINPEIECIUTD

IMOIPCIIHOCTb U3MCPHUTCIIBHOI'O YCTpOﬁCTBa IIPpHU N3BCCTHBIX IIOI'PCIIHOCTAX

coctapisitomnx I (Hanpumep, eciiv NOrpenrtHoCTH CUCTEMAaTUUECKHUE).
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Ecmu xe IOrpCIIHOCTHU CJ'I}"—I&IZHBIG, TO UX 3HAUYCHUA HEC U3BCCTHBI, HO 4aCTO

M3BECTHBI BEPOSITHOCTHBIE TAPAMETPBI TOUHOCTH (CpEeHEKBAIpaTHUeCcKas
MOTPEIIHOCTD, MPEAEIbHbIE OrPEIIHOCTH).

Hanpumep, nns npuseaenHoi cxemsl u3 tpex UII abcontoTHoe 3HaueHne
CPEAHEKBAAPATUYHON MMOTPEIIHOCTH MPU HE3aBUCUMOCTH YaCTHBIX

IIOIPEITHOCTEN

2 2 2 2 2 2
O'Z\/O'l S,°S;" +0,°S;" +o,

rne o,,0,,0,- A0COIIOTHBIE 3HAYEHUS CPENHEKBAIPATUUYECKON IOTPEIIHOCTH
coorBercTBYrOmMX UII.

HpI/IBe,JICHHaSI CPCAHCKBAAPATUYICCKAA TOTPCINHOCTD IIPHU HpOHOpHHOHaHBHOﬁ

(1)yHKIlI/II/I Hp606p330BaHI/I$I OIIPCACIIACTCA BbIPAKCHUCM

2 2 2
anl - \/an1 + anz + an3
Tac Onp1r O np210np3 ™ IMPUBCACHHBIC CPCAHCKBAAPATHICCKUC ITOTPCITHOCTHU

cootBeTcTBYrOIMX UII.

B stux ABYX BBIPAXKCHUAX: TCOMCTPUYICCKOC CIIOKCHUC.

LAY SSMYESA A S Sy,
! Yiex — Yrin Yoex — Yin S283(y1ma1x - ylm'n) SS(erTax - ern'n)
y
+ k :yy1+7y2+7/y3.

Ysmex ~ Yanin

JAuddepenunanbubie cxembl coenuHeHus UII
Juggepenyuanvras cxema — 310 cxema, cojeprkaiias JBa KaHaia ¢
Mocae0BaTeNbHbIM coenuHenrneM UII, mpuueM BbIXOIHBIE BEIMYMHBI KAXKI0TO
KaHaJia MOJIal0TCsl Ha JIBa BXOJa BEIYUTAIONIETO MPeoOpa3zoBaTes.
Buiuumarowuii npeobpazosamens — 3T0 MpeoOPa30BaTENb C IBYMS BXOJIaMH,
BBIXOJIHASI BETMYMHA KOTOPOTO MPEACTaBIsIET COO0N HEUETHYIO (PYHKIIUIO
Pa3HOCTH ABYX BXOAHBIX: Yy =F(y, —V,)

B vactHoCTH: Y=Y1-Y>.

13
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CrpykrypHas cxeMa nuddepeHnnanbHoro npeodpa3oBarens:

Benuuuna,
; . =V |-V rmojaBacMas Ha
X1 yi=f{(x1) Y=yry2 8
— | ” = ceKTop “-”,
, BBIUUTACTCS U3
X2 y2={(x2)
b BCJIMYUHEI,
MOJIBOJMMOM K
JIPyroMy
CEKTOpY.

O6a kanana nuddepeHIaTBLHON CXeMbI IeTal0TCsl OJIMHAKOBBIMU U HaXOSATCS B
OJIMHAKOBBIX pa0OYMX yCIOBHUSX.

gy
dx

Jloromerpuyeckas cxema coexunenus UII.
Jlocomempuueckas cxema exmouenuss MI1 nmeeT 1Ba KaHaja ¢ MOCJIEA0BATENbHBIM
coenuHeHueM M1, BBIXOJHBIE XapaKTEPUCTUKU KOTOPBIX MOAAIOTCS Ha
JIOTOMETPUUYECKHI MpeoOpa3oBaTeb.
Jlocomempuueckuii npeobpazoeamens — 3TO MpeoOpa3oBaTelb C IBYMS BXOJaMH,
BBIXOJ[HASl BEJIMYHMHA KOTOPOTO SIBIsieTCS (YHKIMEH 4YacTHOTO OT JCJICHUS

BXOAHBIX BCJINYHH:

y=F()

O6a xaHaja JJOrTOMETPUIECKON CXEMBbI, Kak U B T depeHITNATBHON CXEMBI,
BBITIOJIHAOTCS. OAMHAKOBBIMU M HaXOJATCS B OJHUX U TE€X K€ YCIOBUSX.
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y=F(y1/y2)

] yiI={(x1)
_ l ~
X2 ya=1{(x2)

:

Komnencamuonnsle cxembl BKIouenus UII.

N3meputenbHble yCTPOWCTBA, CO3/IaHHBIC 10 KOMIIEHCAIIMOHHONW cXeMe (CXeMme ¢
00paTHOM CBSI3bI0), UMEIOT MAIYI0 KaK aJJUTUBHYIO, TaK U MYJbTHIUIMKATUBHYIO
norpentHocTu. [lpumMeHeHne oOpaTHON CBS3W TO3BOJISET CO3/aTh YCTPOMCTBA,
o0JaaloIMX MaJIoW CTaTHYECKOW M JUHAMHUYECKOW TOTPENTHOCThI0. OTH
YCTPOUCTBA UMEIOT OOJIBIIYIO0 BXOJIHYIO U BBIXOJHYIO MOIITHOCTh U MX TTOKa3aTeIn
MaJIO 3aBUCST OT Harpy3KH.

Bxognas BenmuumHa Xx @oJlaeTcsd Ha OJMH M3  BXOJOB  BBIYMTAIOIIETO
npeoOpaszoBaTelis, a Ha JPYrou ero BXoJ MOJACTCSl CUTHAI X, TOM K€ (PU3NYECKOU
MPUPOJIBI, YTO M BBIXOJHAS BEJIWYMHA X, IPUYEM pPa3MEP BEIUYUHBI X

OmpeAeseTCsl pa3MEPOM BBIXOJIHOW BEIMYHUHBI Y. Pa3HOCTh AX = X— X, IIOCTyIaeT

B UII1.

[Tycts UII 1 1 2 umeroT nuHelHbIe QYHKIMHI TPEe0Opa30BaAHMUS:
y =S, AX
Xoo =S, Y

rae S1u Sy — uwyBctBUTenbHOCTH UIT 1 1 2.

Torna Xo = S,¥ = S;S,AX = 5,5, (X — X,,)

Xoe = S,5,X—=5,S,X,,

(S;S, +1)-x,. =S,5,x

§,S5,>>1 = S;S,+1=S,S, Torna Xy = X
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Yuarem, uto Xoc=F(Yy)

Torma Y = f (Xo.) ® f (X) rme f - pynkuns, obparHas GyHKumEK f .
Kaaceupukanus 0OCHOBHBIX BUI0B H3MEPHTEIbLHbIX NpeodpasoBaTeleii

B 3aBHCHMOCTH OT BHJa BXOJHOI'O U BeIX0aHOro curdaios MII OviBarot:

1) amanorossie WII, nMerolre aHaIOrOBBIC CUTHAIIBI HA BXOZC M Ha BBIXO/IE,

2) ananoro-uudpossie WII, mMeromuye Ha BXOJE aHAJIOTOBBIM CHUTHAN, a Ha
BBIXO/I€ KOJUPOBAHHBIN CUTHAJ,

3) uudpo-aHaIOroBble, Yy KOTOPBHIX Ha BXOJC KOJAMPOBAHHBIA CHUTHAJ, a Ha

BBIXOAEC — aHaJIOrOBBIN (KBaHTOBaHHLIﬁ CI/IFHaH).

AHaJjioro-nupoBbie nNpeodpazoBarTesu

Ananozo-yughposwvie npeoopazosamenu — 310 HWII, aBTOMarnuecku mpeoOpasyroIime
U3MEPSIEMYIO aHAJOTOBYIO BEIMYMHY B JUCKPETHYI, TPEACTABICHHYIO B BHJE
mudposoro koxa. ALIUII ocymecTBiaseT TUCKpPETH3alMIO, KBAHTOBAHUE W KOJHPOBAHHUE
U3MEpUTETHHOU HHPOPMAIIUH.

Huckpemusayueii HETIPEpbIBHON BO BpeMeHHM BennduHbl X(f) Has3bIBacTCsS MpoIecC ee
npeoOpa3oBaHusl B NPEPHIBHYIO BO BPEMEHU BEJIMYMHY, T. €. TOJYyYE€HHUE OTCUETOB
U3MEPSIEMON BEJIIMYMHBI B ONPEACIICHHBIE JUCKPETHBIE MOMEHTHI BpEMEHU. Takum
oOpa3oM 3HAYCHHS TMOJYYCHHOW BEJIMYHHBI COBMANAIOT C COOTBETCTBYIOUIUMU
sHaueHUsIME X (1) TOJIBKO B OIpeiesiecHHbIE MOMEHTHI BpEMEHHU.

[IpomMexyTOK BpeMEHHU MEXKIY JBYMs IMOCIEIOBATEIbHBIMA OTCUETAMHU HAa3bIBACTCS
wazom Ouckpemuzayuu, KOTOPBIH MOXKET OBITh TOCTOSHHBIM WU TEPEMEHHBIM.
Keanmoeanue (keammosanue no ypoeuio) — 3TO 3aMEHA HENPEPHIBHBIX 3HAYCHHI
BenunHbl X(t) KOHEYHBIM HAO0OpPOM €€ JMCKPETHBIX 3HAueHUH Xn. DHKCUpOBaHHBIC
3HAYCHUS KBAHTOBAHHOW BEJIMYMHBI HA3BIBAIOTCS YPOBHSIMU KBAaHTOBAaHUS, a Pa3HOCTh
MEXy NBYMsI OJMKAWIIMMH YPOBHSIMH — CHIYNEHblI0 WIN WA2OM K8AHMOBAHUS, WU

K6AHNIOM.
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KomnpoBanne — 3TO mpouecc NPEeACTABICHUS YHCICHHOIO 3HAYCHHSI H3MEPSEMOM

BEJIMYMHBI ONPEICIICHHON MOCIEI0BATEIbHOCTHIO ITU(P WU CUTHAJIOB, T. €. KOJOM.

[Ipu npeoOpazoBaHUU U3MEPSIEMON BEIUYMHBI B KBAHTOBYIO MMEET 3HAUYCHUE IMPABUIIO
YCTAaHOBJICHUSI PaBEHCTBA (CIMOCOO OTOXKIACCTBICHHUS) HU3MEPSIEMONM M KBAaHTOBAHHOM
BeJIMYUHBL. OTOXIECTBICHUE MOXET MPOU3BOJUTHCS C OMMXKAUIIUM OOJNBIIMM WU
paBHBIM, OJMKAWUIIUM MEHBIIMM WJIM PaBHBIM, a TaKke C OJWKaWIllUM YpPOBHEM
KBAaHTOBAaHUS.

Uucno BO3MOXKHBIX YPOBHEW KBaHTOBaHUs ompenenserca ycrpoiictsom AILIUIL Or
Yyucjia YpOBHEH KBAaHTOBAHUS 3aBUCUT EMKOCTh (YHUCIO BO3MOXHBIX OTCYETOB)
oTcyeTHOro yctpoiictBa. Hampumep, ecim y AIIMII orcueTHOE yCTPONUCTBO HMEET
MakcuMaiabHoe mokazanue 999, to takorr AILIMII GeckoHeYHOE MHOXKECTBO 3HAYCHHI
u3MepsemMoi BenuuyuHbl B mnpenenax or 0 o 999 orpaxkaer Bcero 1000 paznuyHbIMU
nokazanusmu, T. €. B 3ToMm AIUIl wusmepsiemass BenuuuHa mnpeoOpasyeTcs B
KBaHTOBaHHY10, uMeronyto 1000 ypoBHel KBAaHTOBaHMUS.

B pe3ynbraTe KBAHTOBaHUS U3MEPSIEMOM BEJIMUUHBI [0 YPOBHIO BO3HUKAET NOTPEIIHOCTh
JTUCKPETHOCTH (KBAaHTOBAHMS IO YPOBHIO), OOYCIIOBJIEHHAsh TeM, 4YTO OECKOHEYHOE
MHOKECTBO 3HAYCHHUI U3MEPSAEMON BEJIMUYUHBI OTPAXKAETCS JIMIIb OTPAHUYEHHBIM PSIOM
KOJIOBBIX KOMOMHAIIUHA.

OdyeBuAHO, YTO B OOJBIIMHCTBE CJIy4yaeB HW3MEPEHHIN HMEETCS pPa3HOCTh MEXIY
3HAYCHUAMU KOAOBBIX KoMOuHammii AILIMIT m pasmepamu m3MepsieMoil BEIUYHHBI B
MOMEHT U3MEpEHU. JTa Pa3HOCTh SBISAETCS a0COMIOTHON MOTPEIITHOCTHIO.

[Ipu wpmeanpHOM TIPEOOPA3OBAaHUU  U3MEPSEMOW  HEMPEPHIBHOM  BEIMYMHBI B
KBaHTOBAaHHYIO U B KOJ ITOJIy4Y€HHAs OIPEIIHOCTh PaBHA ITOIPEITHOCTH JUCKPETHOCTH.
[TorpemHOCTh NUCKPETHOCTU HE SIBIIIETCA NPENATCTBUEM ISl YBEIMYECHUS TOYHOCTH
AIUIL, Tak Kak COOTBETCTBYIOIIMM BBHIOOPDOM 4YHCIA YPOBHEW KBAaHTOBAHUS
MOIPEIIHOCTD TUCKPETHOCTH MOXHO CIIE€JIaTh JOCTATOYHO MaJoM.

WNHorma mosBisieTCss HEOOXOIUMOCTh BOCCTAHOBJICHHS BCEX 3HAUCHUN HEMPEPBIBHOMN
M3MEPAEMOM BEJIUYMHBI 110 PANY U3MEPSEMbIX MTHOBEHHBIX 3HaueHUH. [IpakTruecku 310
yaaercss CHenaTh BCerga ¢ IOTPElIHOCTBIO, HOCAILIEH Ha3BaHUE HNO2PeuHoCmu

annpoxkcumayuu.
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Ecomm ALMII npennazHaueHa Il IOJYYEHHsI PE3YJIbTATOB MU3MEPEHUH, IO KOTOPBIM

OyIyT BOCCTAHABJIMBATHCS BCE MPOMEKYTOUYHBIC HEMPEPHIBHBIC 3HAUEHUS H3MEPSeMOil
BEJIMYUHBI, TO ObicTpozaeiicTBue Takux MWII BeiOupaeTcs ¢ ydeToMm JOMycKaeMoOu
MOTPEIIHOCTH  aNMpPOKCUMAIlUM, Coco0a anmpoKCHUMalid U XapakTepa H3MEHEHHs

A3MEPSAEMOMN BEJINYHHBI.

OcHoBHble Buabl AIIATI

AIIAII ¢ BpemMsi — UMITYJIbCHBIM IpPeo0pa3oBaHUEM
B ocHOBY BpeMs - UMIIyJIbCHOIO METO/1a IOJI0KEHO MTPeoOpa3oBaHuE U3MEPSEMON
BEJIMYMHBI B MHTEPBAJI BPEMEHH, 3aMI0JHAEMbIN 3aT€M UMITYJILCAMU CO CTaOUIBHOU
4acToTo# ciienoBanus (cueTHbIMU ummyinbcamu). ALIUTI, ucnons3ytromiye 3ToT METOA
NPUMEHSIOTCS JUIsl TpeoOpa3oBaHusl BpeMEHHOTO MHTEpBaJia, HAMPsHKEHMSI, YaCTOTHI,

pa3HOCTH (a3 U IPYrUX BETUUYUH B KOJI.

a)

VYupomennas cxema ALIUIT ¢ Bpemsi — UMITyIbCHBIM TIPEOOpa30BaHUEM

e—a At
1]
I'CH g BC —=N Cxema BKJIIOUAET B ceOs
T'MCY fo A nBa peobpazoBarens | u
i, peoep
Usp o 2(a).
At

b®D

utz | Bxoa| uts
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AIIHUII ¢ 4acTOTHO-UMIYJIbCHBIM NPE0OPa30BaHHEM

B YaCTOTHO-UMITYJIbCHBIX AHHH BXOJHAas aHaJ0roBas BCIIMYMHA (Haan/IMep,

HalpsoKCHUC UX) MpcaABaprUTCIbHO Hp606p33yeTC$I B 9aCTOTYy CJICAOBAHHA UMITYJILCOB fx.

Hudposoii kox popmMupyercs MocpeacTBOM STUMU UMITYJILCAMH BPEMEHHOTO HHTEpBaia

CTPOTO OTpeIeICHHON JUTUTEIILHOCTH T g.

CtpykTypHas cxema:

Ux x Useix
|
Ure| ML
To
MK Vv
3) ALJUII nopa3psaoHnozo ypasHoseuusanus
Ux CtpykTypHas cxema:
—t YC LIATI
!
: N
I'TU YV —=
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IHugpo-anagorosbie UI1
LHAUII npeoOpazyroT uudpoBoi Ko B aHAIOTOBYIO BEJIMYUHY, OJHOPOAHYIO C
uzMmepsiemoit (B cxemax [{NY). Onn Takxke yCTaHABIUBAIOTCS B LICTISIX OOpaTHOM CBSI3HU B

Pa3JINIHbIX I/IH(i)OpMaIII/IOHHO-HSMGPHTGHBHBIX CHUCTCM.

Cxema ILIAUII BecoBoro tuma:

L c— + + | ——
) (o} - 4 I »
|
SI T S'.‘ S.‘ I S:l
] = 8 | | Ui
| o] ?
Ri 2 Rs | Ra
al az as | dn

ITapameTpHruyecKue ¥ reHepPaTOPHBIE IPeodpa3oBaTeu

HEJICKTPHICCKHUX BCJIHYHMH B JJICKTPUYCCKHUEC
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ITo Buay BbIXOHOM 3nekTpuyeckoi Bennunnbl U1 noapasnensercs Ha: a)

reHepaTopHblie ¢ BeIxogHou BemuunHoi DJIC E=f(X) nwnu 1=f(X) u BHyTpeHHNM
COMPOTHUBJICHUEM Zy,=CONSt.
0) mapametrpuueckue ¢ 9JIC E=0 u BoixoaHOM BennunHOM B Buae usmenenus R, L wiu C

KaK QyHKUUU X.
N3mepuTesibHbIE LeNU F'eHEPATOPHBIX Npeodpa3oBaTeJiei

I'eneparopubie UI1 xapakrepusyrommue Boixonnoit I/1C E(x), apnstorcs GpyHKUMEH

BXO}IHOﬁ BCJIMYHHEBI X, 1 BHYTPCHHHUM CONPOTUBIICHUCM Zgy. Ot JABC€ BCIIMYHHBI

E 2
OTIPEAEIAIOT MOIHOCTD Py 3 =——,
ZBH

Pa3BUBACMYIO HIl B PEXKUMEC KOPOTKOT'O

Ly | 3aMbIKaHUA, T. €. paCXOAYCMYVYIO JIMIIIb Ha

7 BHYTPCHHEM COIIPOTHUBJICHUMU.
)

—_—
PH
MomiHocts Py, ornaBaemas ren. UI1
NoCIeyIoIeMy peo0pa3oBaTeio, UMEIOIIEMY COIPOTUBICHUE Zy, OTPEesIeTCs
MOIITHOCTHIO KOPOTKOT'O 3aMbIKaHUs Py; 1 HEKOTOPBIM Oe3pa3zMepHbIM KOA(DPUITIEHTOM
K, xapakTepusyronum 3G PeKTHBHOCTD NCIIOJIL30BaHUs BO3MOKHOCTEH TeHep. U1,
(3¢ dhexTHBHOCTBIO TPEOOPa30BaHUsl), KOTOPAs 3aBUCUT TOJBKO OT COOTHOIIICHHS

CONPOTUBICHUN Zpy U Zp.

Ha pucyHke nokasano usmeHenue K B Buzie pyHKuuu a npu usmenenuu a ot 102 1o 102
1 -

(B morapudmuaeckom macmrabe). K., = 7 pa a=1 1. e. Ren=Rn.

Ecnm 06a conpoTuBieHns mpeCcTaBIsIIOT COO0M KOMIIEKCHBIE BETUYHHBI ZgH U ZH, TO

P .
k =—" 3TO OTHOIIIEHUE TIOJTHBIX MOIIIHOCTEH, prueM KpuBas K(a) mpakTHyecku He
k.3.
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OTIIMYAaCTCA OT HpHBeHCHHOﬁ Ha PUCYHKC, HO 3HAYCHHUC MAKCMYyMa 3aBUCHUT OT

COOTHOILIEHMS apryMEHTOB fy, U f,, KOMIUIEKCHBIX BEINYHUH ZpH U ZH.

OO611ast 3aKOHOMEPHOCTh, KOTOPYIO CIEIYeT UMETh B BUAY Ipu npoekTrupoBanuu UII,
[JIACUT, YTO MAaKCUMaJlbHas MOIIHOCTH B Harpy3ke Pyren. UII, a cnegoBaTensHO, U
MaKCUMYM 3()PEKTUBHOCTU MTpeoOpa3z0BaHus, JOCTUTAETCS MIPU COTTACOBAHUM MOy IeH
Harpy3ku 1 BHyTpeHHero conpotusnenus UIL T. e. npu a=1 wnu Zy= Zgn.

[MTockonbky MakcumyM kpuBoit K(a) Becbma mosioruii, To Ha MPAKTUKE MPUHUMAOT
a=0,2-5.

WNHorna ot yclnoBui COTJIaCOBAHUS OTCTYNAIOT € LEJIbI0 YMEHBIIEHUS MOTPEMIHOCTEN
U3MEpUTEIbHOM amnmnapaTypbl. Hanpumep, npu npoxokIeHUH OTHOCUTEIBHO OOJIBIIOTO
Toka (Oonbiie 1MKA) yepe3 ranbBannueckuiit U1 Ha ero anekTpoaax BOZHUKAIOT
SIBJICHUSI TIOJISIPU3AllMU, YTO U3MEHSET 3HaueHue pesyiabrupyrouiein 3[C. [TosTomy 31ech

BBIOMpPAIOT BXOJAHOE conpoTuieHue 1enu u3 yciuosus Ry>1000 Rgh.
HN3mepurenabHbie nenu napamerpudeckux UII

Comnpotusnenue nmapamerpudeckoro UII sBnsercst dyHKuei namMepsieMoi BeTHIUHbI
R=f(X) u mokeT BhIpaxkeHo kak R=Ro+ A R(X). XapakrepucTukaMu mapaMeTpuIecKoro

UII sBnsroTcs JonmycTUMasi MOIHOCTh paccestHus P oy, HavaapHOE conpoTtuBieHue Ro u

AR
OTHOCHUTEJIbHOE U3MEHEHUE COIPOTUBIICHUA E = = C mapamerpuueckum UII
0

IIPUMCHAIOT TPHU BHAd H3MCPUTCIIbHBIX I.[GHGI\/III OCIIN ITOCJICA0BATCIIBHOI'O BKIIFOUYCHM,
OCIIM B BUJC HCHHTCHCﬁ H OCIIM B BUAC MOCTOB.

YcnoBueM corilacoBaHUSI CONPOTHBICHHH MpeoOpa3oBaTeisi W HArpy3KH IS IIENd

1 1 Ry
MOCJICAOBATCIBHOIO BKJIIOYCHHUSA SBISICTCA: a= 3 i Ry, = 3 R, (a= R ). Ilpu

0

BBIIIOJITHCHHUH YCJIOBHA COIJIaCOBAHUS MOITHOCTD 06pa3y}01uer0 CHUraajia COCTaBJIsICT

3 2
P,=—>P_-E
H 16 gon .
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P
3aBucuMocTh 3P(HEKTUBHOCTH MpeoOpazoBaHus k = P—HEZ OT a I MapaMeTPUIECKUX

gon
UII nokazana Ha puc. MakcumMyM KpUBOH MOJydaeTcs ropa3io 0ojee oCTphiM, a
YCIIOBUS COTJIAaCOBaHUS /TSl mapaMeTpuieckux I MomKHBI BBITIOIHATHCS CTPOKE, YEM
s renep. UILL

N3mepuTenbHbIC MEMH IMOCISI0BATEILHOTO BKIIFOUCHHS | IICTIH B BUJIC JICTUTEIICH
XapaKTePU3YIOTCSI HEIMHCWHON 3aBUCUMOCTBIO MEXKIY AU pux M E , IpHUEM C
yBEJIMUCHHUEM £ MOTPENTHOCTh HETMHEHHOCTH Bo3pacTaeT. [Ipu BKIIFOUCHUH B IICTIH
nenutens auddepeHimanbHOro mpeodpasoBaTeis MOTPEIIHOCTh HETMHEUHOCTH MOYKET
OBITh YMEHBIIICHA TIPU YBEJIMUYCHUH ¢ U CTAHOBUTCS PABHOM HYIJIIO a — oo (T. €. R, — ).
Jlist obecriedeHus JIMHEWHOCTH TIPUXOIUTCS 3HAYMTEIIbHO OTCTYIIATh OT COTJIACOBAHHOTO

1 3HAYCHUA HAI'PY3KHU.

e=AUsux/E

OCHOBHBIM HEOOCTAaTKOM KakK Heneum
IMOCJICAOBATCIIbHOI'O BKIIFOUCHUA, TaK U HCHCf/’I

B BUJAC HGHHTGHGﬁ ABJIACTCA TO, YTO 3HAYCHUIO

L// l X:O COOTBGTCTByeT BBIXOJHOC HaHpSDKGHI/Ie
Ugpx# 0.

HN3mepurenbHas nenb napamerpuueckoro UII mocaexoBareabHOro Tuma.
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Ro Ru

Hens ¢ neaurenem

(HepaBHOBECHaAs 1IETIb)

[IpyHIMIT MOCTPOECHUSI HEPABHOBECHBIX MOCTOBBIX ILIENEW COCTOUT B HCXOAHOU
KOMIIEHCAIlUU MCXOJHOTO 3HAYEHHUS BBIXOAHOTO CUTHANa, 4TOOBI Mpu x=( OH ObLI
PaBeH HYJIIO.
Jlns aToro x genutento Ry, Ry, comepxamemy UIT R1, mobaBnsercs emie ouH JSTUTENb
R3, R4, Tak, ytoObI Hanpsixxkenue Un 1 Tok Iy Ha Harpy3ke Ry pu x=0 oTcyTCcTBOBAI.
[Tpu otkmoHeHUU X 0T 0 MOCT BBIXOJUT U3 COCTOSTHUSI PABHOBECHS, B CIICICTBHH YETO

I, =f,0) uU, = f,(x.
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Takum o0pa3zoM, cocTosaHust coctosiHue paHoBecHs (Ih=0) ycranaBnuBaroT nepen

R R
HavyajaoM uaMepenus (x=0) . YciaoBue JOCTHKEHUSI PABHOBECUS: —% = R—“ WIn
1 3

R,R, =R,R, (U151 0IMHAPHOTO MOCTa MOCTOSTHHOTO TOKa). BBIXO/THOM TakK:

- RR, —R,R,
" Ry (R1+R2)(R3+R4)+ RR,(R; +R,) +R;R, (R, +R,)

Tac E - HaIIPAKCHUC IIMTAHUA MOCTA.

R1R4 — Rst
E ; vae lg - Toxk muTaHus MocTa.
Ry(R,+R,+R;+R,)+ (R, +R,)(R; +R,)

unu: |, =1

OyHKIMs Tpeodpa3oBaHus HEPAaBHOBECHOTO MocTa ¢ nuddepennnanbapiM UIT:
a) B coctosinuu paBHOBECHs CONPOTUBICHUS

BCEX IUIeY paBHBI Ro mpu 3a1anHOM

HaIpsKeHUH nuTanus E=const.

U, =tEC L .oo2Rp
2 1+R,/R,(1-E?/2) R,

[Tpu 5TOM TMHEWHOCTH QYHKIIHH

npeoOpa3oBaHus COOTIOIASTCS, TaK KE KaK U IS

oCI B BUAC ACIUTCIIA, JTUIIb IIPH RH =00.

0) Ecnu 3aman Toka nutanusa mocta | = const., TO
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¢yHKuuMs npeoOpa3zoBaHus JUHENHHA U JTI00bIX Ry: U, = 5 le Ry ———

Ecnu nuddepennmansuniii UI1 BriatoueH B tieun Ry u

Un/0.5E Ru=00,a=00 Ru=2Ro.a=2 Ru=Ro.a=1

1,0 e

R3, To a)B pexuMe 3aJJaHHOTO HANPSKEHUS TUTAHUS

0.8}

/
/|

E=const. ®ynkuus npeobdpa3zoBaHusi HEIUMHENHA pU

/ Vi mr00BIX Ry:

/ ) \

0.6 /

0.4] /’V
;/ Z
7 P ]
/ £=AR/R

0 0.2 0.4 0,6 0.8 1.0

0) B peXHMe 3aJIaHHOTO TOKa nuTaHus |lg=const.
W3mepuTenpbHbie MOCTBI MOTYT Takke paboraTh Ha
NEPEMEHHOM TOKE, MPU 3TOM CONPOTUBIICHUS IUIEY SIBIISIIOTCS

KOMIIJICKCHBIMH.

Yca0BHsI paBHOBECHS OJJMHAPHOTO0 MOCTa IIEPEMEHHOT0 TOKa
uMmeeT BUA: Z1 Zo= Zy Zztne Z1, £y, Z3, Z4 — KOMILIEKCHBIE CONIpOTHBIICHUS Tuied. Ho Z
MOXHO IpeAcTaBuTh B Buje: Z=ze’ . [lootomy: z,e'z,e’™ =z,e'%z,e’ orkyna Z1Z4= Z,Z3
ufi+ f,= o+ f3
Mosxno 3anucath uHaue: Z=R+jX => (R1+)X1)(Rat+jXs)=( R2+jX2)( R3+jXs)

R1R4-X1X4+j (R 1X4t+ R4X1)= RzRg-X2X3+j (R2X3+ R3X2)
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OTKYILa {R1R4 — XXy = RyRy = Xp X
R X, —R,X, = R, X; + R;X,

[TonyueHHbIe 1BE Mapbl PaBEHCTB (YCIOBUM paBHOBECHS) MTOJTHOCTHIO PABHONPABHBI U
BBIOOP TOTO WJIM JPYTOTO OMpeAesieTcs coo0pakeHusIMU yao0cTBa. UToObI 00ecrneunThb
BBITIOJTHEHUE JIPYTUX YCIOBHUM OJTHOBPEMEHHO, HEOOXOAMMO UMETh HE MEHEE JIBYX
PEryIupPyEeMBbIX SJIEMEHTOB (KaK MPaBUIJIO PE3UCTOPHI U KOHJEHCATOPHI, T. K. OHU
JIOIyCKaIOT 00JIee TOYHYIO PErYJIMPOBKY, 4eM KaTYIIKH HHAYKTHBHOCTH ).

UyBCTBUTENBHOCTh MOCTOB: 3TO OTHOIIIEHUE U3MEHeHHs curHaia Ha Beixoje (I, U, P) k

BBI3BaBIIIEMY €ro U3MEeHeHuto u3Mepsiemoit senuunnsbl (R, C u ap.):

dy o AY
S = gx [IM C HCTIONb30BAHAEM KOHETHBIX IIPHpAIEHHH S~ o pHieM
npupanieHue AX Oepercs BOJIM3U paBHOBECHS.

Ecin paccMaTpuBaACTCA MOCT ITOCTOAHHOI'O TOKA, TO BLIXOJIHOﬁ BEJIMUMHOM SIBIISICTCS

OTKJIOHCHHUC CTPCJIKH I'aJIbBAHOMCTpPA, a BXO,IIHOﬁ — U3MCPACMOC COIIPOTUBIICHUC Rx:Rl.

Aa Aa Al
Torna S = =—.—2=85,-S_,
AR, Al, AR
r7ie Al . — TOK, MPOTEKAIOIINI Yepe3 paMKy
raJlbBAaHOMETPA;
R R Sr — YyBCTBUTEIBHOCTH FaJIbBAHOMETPA;
x 3
L Scxl — YYBCTBUTEIBHOCTH MOCTOBOM CXEMBI K TOKY.
I ® AHAJOTrMYHO YyBCTBUTEIBHOCTh MOCTOBOM CXEMBI K
R: R: _AU, _AP,
HaIPSHKCHUIO Scxy= U K MOIITHOCTHU Scx p=—=.
1— AR, AR,

3necs AU, U AP, - mpupallleHus! HalpsKeHUs U

MOIODHOCTH B ICIIU I'aJIbBAHOMCETpPA.

N3mepuresibHble MPeodpa3oBaTesu ¢ YIPYTUMH dJIeMEeHTAMH

BxoaHoW BennunHOM, BO3IEMCTBYIONIEN HAa ynpyrue snemenTsl U1, sBisercs

COCPCAOTOUCHHAA CHiia, KPYTHIHI/Iﬁ MOMCHT, AaBJICHHUC ra3a UJiH XKUAKOCTH.

Boznukatomas noj qedcTBUEM 3TUX BEIUYUH AedopMalius YIpyroro 3JeMeHTa
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BOCIIPMHUMAETCS UM HETIOCPEACTBEHHO Habmoaarenem, win nocieayronum UII ¢

€CTECTBEHHOM YIIPYIOM BEJIMUYUHOMN B BUJIE MEXAHUUECKOTO NIEPEMELIEHUS, CKOPOCTHU
ATOTrO MEePEMELIEHUS NI MEXaHUYECKOI0 HanpshkeHus (aedopmanun).
[Ipu pacueTe ynpyrux 3J1€MEHTOB CTPEMSTCS 00ECIEUNUTh UX MAaKCUMAJIbHYIO

YYBCTBHUTCIIBHOCTD C YUCTOM JOIIYCTHMBIX H&Hpﬂ)KCHPIfI, BO3HUKAIONIMX B KOHCTPYKIIHH.
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