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IMpepucnosue

N3mepeHna — 0AUH 13 BaXKHEWLINX NyTeil NO3HaHUSA NPUPOLbl Yeno-
BEKOM. OHM UTrpaloT OrPOMHYI0 PO/b B COBPEMEHHOM OOLLECTBE.

Hayka U NpOMBbILWIEHHOCTb He MOryT CyliecTBOBaTb 6e3 m3mepe-
HUA. Kaxayto CeKyHAy B MuUpe MPOM3BOAATCA MHOTMe MUANnapabl u3-
MepUTEeNbHbIX onepauunii, pe3ynbTaTbl KOTOPbIX UCNOMb3YHOTCA ANs obec-
neyYeHns Hajnexallero KavyectBa M TeXHMYECKOr0 YPOBHA BbiNyckKae-
MOl MpoAyKumu, obecneyeHns 6e3oMmacHOn u Ge3aBapuiiHOW paboThI
TpaHcnopTa, AN MeAULUHCKUX U 3KONOTUYECKUX ANArHO30B U APpYTrUx
BaXKHbIX Leneit. MpaKTNYecKU HeT HU OfHON cthepbl feATeNbHOCTU ye-
NoBeKa, rae 6bl MHTEHCMBHO HEe WUCMO/b30BanUCh pe3ynbTaTbl U3Mepe-
HWIA, MCNbITAHUI N KOHTPOAA. AN UX NoNyyYeHNs 3afeinCcTBOBaHbl MHO-
rme MUAJMOHbLI YenoBeK M 60Mbline UHAHCOBbIE cpeacTBa. MpumMepHo
15% obuwecTBeHHOro Tpyfa 3atpaymBaeTtcs [1] Ha npoBejeHune n3Mepe-
Huii. Mo oueHkaM 3akcnepToB [2] oT 3 g0 6% BanOBOro0 HauWOHANbLHOTO
npogykTta (BHI) nepefoBbiX MHAYCTPUaNbHbIX CTPaH TpaTuTcs Ha U3-
MEPEHUA U CBA3AHHbIE C HUMU Onepauuu.

[dvana3oH naMmepsemMblX BEAWYUH U UX KOAMYECTBO NOCTOSHHO pac-
TyT. Tak, Hanpumep, gnnHa nmepserca ot 10~10p0 107 m, Temnepa-
Typa — o1 0,5 fo 10e K, anekTpuyeckoe conpoTtmsneHne — ot 10'° go
KO 170m, cuna anekTpuyeckoro toka — ot 10'1gno 104 A, MOWHOCTL —
oT 10~1500 10®BT. C pocTOoM gunana3oHa M3MepseMbiX BENMYMUH BO3pac-
TaeT M CNOXHOCTb M3MepeHui. OHKU, NO CyTu fena, nepectarwT 6OblTb
OfHOAKTHbIM [eiiCTBMEM M MpeBpalLaloTCs B COXKHYIO Npouesypy noj-
rOTOBKW W NPOBefeHNA U3MePUTENbHOr0 3KCNepumMeHTa, 06paboTku K
MHTepnpeTaLumn NOAYYeHHOU MHpOpMaL K. oaToMy cneayeT roBopuThb
06 M3MepuTe/NbHbIX TEXHONOTMAX, MOHWMAEMbIX KakK nocnefoBaTesib-
HOCTb AelCTBMIA, HAMPaBNEHHbIX Ha MOyYeHne U3MepUTeNbHON MHADOP-
mMauum Tpebyemoro kKayecTBa.

Lpyroii NpuYMHOA BaXXHOCTU U3MEPEHUI ABNAETCA UX 3HAYUMOCTb.
OcHoBa nto60i GopMbl ynpaBneHuns, aHanusa, NporHo3nMpoBaHnsa, nna-
HUPOBaHUA, KOHTPONSA WM PErynmpoBaHns — [OCTOBepHas McXofHas
nHhopmaLns, KoTopas MOXEeT ObITb NOAYYEHa MWW b NYTEM U3MEPEHUA
Tpebyembix Ghunsnyecknx sennumH (PB), napameTpoB 1 NokasaTtenein. U
eCTeCTBEHHO, YTO TO/IbKO BbICOKas M rapaHTMpoBaHHas TOYHOCTb pe-
3yNbTaTOB M3MepeHuWii obecrneynBaeT MPaBUAbHOCTb MPUHUMaEMblX



peweHnii. COBPeMeHHble HayKa U TeXHWKa NO3BONAIOT BbINOAHATb MHO-
rOYMC/IEHHbIE U TOYHbIE M3MEPEHUs, O4HAKO 3aTpaTbl Ha HUX CTaHOBATCHA
COM3MEPUMBIMW C 3aTpaTaMy Ha UCMONHUTENbHbIE OnepaLuu.

BaXHoil 3agaueli MeTponorum siBNseTcs co3fjaHue 3TanoHoB ©B,
NPUBA3AHHbLIX K (IM3NYECKMM KOHCTaHTaM UM MMEKLWUX AuanasoHsbl,
Heo6XxoAMMble A1 COBPEMEHHOI HayKW U TeXHUKW. CTOMMOCTb noagep-
XaHWS MUPOBOI CUCTEMbI 3TaNIOHOB BecbMa Bennka. CymMMma pacxofoB
WHOYCTPUaNbHbIX CTpaH Ha PYHKLWOHMPOBAHWE 3TaslOHOB U CNYX6
nepegayn pasmepos eguHul cnegyrouwas: CLUA n AnoHWa TpaTaT Ha
atu uenu okono 0,004% BHIM,unm 240 MAH [0N1apOB; KPYMNHbIE €BPO-
neickme ctpaHbl — 0,006% BHI; B HEKOTOPbLIX BbICTPOpPA3BMBALOLLUX -
cA cTpaHax A3uu 3tu 3atpatsbl gocturarot 0,01% BHIT.

CoTpyAHMNYeCTBO C 3apy6eXHbIMW cTpaHamu, COBMecTHas pa3paboT-
Ka Hay4HO-TEXHUYECKUX Mporpamm TpebyloT B3aMMHOTO J0BepuUs K U3-
MepuTeNnbHOW MHGpopMaLmn. Ee BbICOKOE KayecTBO, TOYHOCTb M [JOCTO-
BEPHOCTb, eAnHO06pasme NPUHLKUMNOB MU CNOCOBOB OLEHKWN TOYHOCTU pe-
3yNbTaTOB M3MEPEHMI UMEKT MepBOCTENEHHOE 3HAYeHNE.

MeTponorun nocesLLeHO MHOFO My6auKaluii, OCHOBHYIO MacCy KO-
TOPbIX COCTaBNAKT Hay4YHO-TexXHuYeckue Tpyabl [2—10], ocsewarowume
OTAe/bHblE BOMPOCHI TEOPUWU M3MepeHuid. Cpean ny4vwnx M3gaHuin Ta-
KOro nnaHa cnegyet oTMeTuTb pabotel C.I'. PabuHosuuya [3], M.B. Ho-
Buukoro n N.A. 3orpag [4, 5], B.A. I'paHosckoro [6], M.A. 3emenibma-
Ha [7], H.M. Muda [8].

Y4eBHMKOB U YyU4ebHbIX MOCO6UIA MO TEOPETUYECKOW METPONOrNN BECb-
mMa mano [11-17], » 6GONbLIMHCTBO M3 HUX WU3[aHO 6Gonee gecaTn net
TOMY Haszaj. 3710 obycnaBnmBaeT He06XO4MMOCTb U3[aHUA Yy4yebHOro
nocobua “MeTponorma”, NOCKoAbKY AUCLUNANHLI, U3y4valolwme MeTpo-
NOrun0, MPUCYTCTBYIOT MPAKTUYECKM BO BCEX YUYEOHbIX MiaHax TeXHW-
YeCKMX W 3KOHOMWUYECKMX CheLunanbHOCTEN.

ABTOpbI BbIpaXalT UCKPEHHIOK MPU3HATe/IbHOCTb 3aBefytolLeMy Ka-
thegpoit MmeTponoruu, cepTuuKaumm M LUarHocTukm MOCKOBCKOW rocy-
[ApCTBEHHON akafieMun NpMbopPOCTPOEHUS N MH(OPMATUKU, LOKTOPY Tex-
HUYecKMX Hayk npodeccopy B.I'. ®upcToBY M HavalbHWUKY oTAena Bce-
POCCUIACKOTO HAY4YHO-UCCNeS0BaTeNbCKOr0 MHCTUTYTa MeTPO/IOrMyeckoi
cnyx6bl, KaHanAaTy pu3nKo-maTemaTuyeckux Hayk tHO.B. HemunHoBy 3a
LieHHble 3aMeyYyaHns, BbICKa3aHHbIe UMW MPU PeLLeH3UPOBaHUN PYKOMUCHK.
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CnMCOK MCMO/b3yeMbIX COKpPaLLEHNI

aHanoro-ympoBoli npeobpasoBaresb

ocyfapCTBEHHAs CUCTeMa 0GECcreyeHus efuHCTBa
N3MepEeHNI

roCy[apCTBEHHbIV 3TanoH
mMaTemMaTU4YecKoe 0XugaHue
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CpeacTBo nsMepeHuii. B coyetaHun “cuctema CA”
[laHHOe CcOKpallleHne 03HayaeT “cucremMa MHTepHaLuo-
HanbHaa” u ucnonb3yetca Ana 0603HaYEHNS AENCTBYIO-
Wein cucTembl efuHNL, (HU3NYECKUX BEIMYUH

cpegHee KBajpaTUUecKoe OTK/IOHEHMWe
CTaHAapTHbI 06pasel
(hm3nyeckas BenMUMHa
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Mnasa 1. MPEAMET N 3A0AYN METPOJIOI A

1.1. MpegmMeT METPONOTrUU

ObwenpuHaToe onpegeneHne metponorum faHo B NOCT 16263-70
“I'CW. Metponorusa. TepMUHbI 1 ONpefeNieHna”: MeTPONorna — Hayka
06 n3MepeHmnax, metTofax, cpefcrTeax obecrneyeHmusa UX efMHCTBA U CMo-
cobax JoCTUXeHUs Tpebyemol TOUYHOCTWU. [peyeckoe cCfoBO “MeTposo-
rma” obpasoBaHo OT C/NOB “METPOH” — Mepa U “Noroc” — yuyeHwue.

MeTponorns 4ennuTcs Ha TPU CaMOCTOATE/IbHbLIX U B3aUMHO AOMOJHA-
loWmnx pasgena, 0CHOBHbLIM M3 KOTOPbIX ABMseTcA “TeopeTnyeckas MeT -
ponorusa”. B Hem mn3narawTcs obuiMe BOMNPOCHI TeOPUN N3MepPeHUin. Pas-
fnen “NMpuknagHas MeTponorMa” MocBfAleH NU3y4YeHUIO BOMPOCOB Mpak-
TUYECKOro MPMMEHEeHMS B pPa3fiMUHbIX cepax AeATeNlbHOCTM pe3y/bTa-
TOB TEOPETUYECKUX MCCNeAoBaHuWiA. B 3aknounmTensHoM pasgene “3ako-
HofiaTenbHad MeTponorna” paccmaTrpmBaloTCA KOMIMJIEKCbl B3aWMOCBA-
3aHHbIX U B3aWMOOBYCNOBAEHHbIX 06X MpaBua, TpeboBaHW N HOPM,
a TakXe Jpyrvie BOMPOChl, Hy>jaloLeca B perfnameHTalum u KOHTpone
CO CTOPOHbI rocyfapcTBa, HanpasieHHble Ha obecneyeHne efMHCTBA W3-
MepeHnn n eguHoo6pasmnsa cpeacTs namepeHuin (CW).

MpeagmMeTOM MeTpPONOrMU SIBAAETCA M3BAEYEHUE KONMYECTBEHHOW
uHhopmaLumn o cBolicTBax 06HEKTOB M MPOLECCOB C 3afaHHOW TOYHO-
CTbIO M LOCTOBEPHOCTbIO. CpeacTBa METPONOrUM — 3TO COBOKYMHOCTb
CPeSCcTB U3MEPEHUA N METPONOTrMYECKUX CTaHAAPTOB, 06ecneynsaro L mnx
X paunoHanbHOe UCMOJib30BaHUe.

Akagemuk b.M. Kegpos npegnoxun [18, 19] Tak Ha3blBaeMblii “Tpe-
YroNbHUK HayK”, B “BeplIMHax” KOTOPOro HaxoAATCA eCTeCTBEHHbIe,
coymanbHbie N unocodckme Hayku. Mo 3Tol KnaccuumkaLmm meTpo-
fiorna nonafaeT Ha CTOPOHY “eCTeCTBEHHble — coLMWanbHble HayKu”.
OTO CBf3aHO C TeM, 4YTO couMabHad 3HAYMMOCTb Pes3ynbLTaTtoB, MONy-
YyaemblX MeTpPONoOruei, ouyeHb Benuka. Hanpumep, oTpuuatenbHbie no-
CNeAcTBUSA OT HEAOCTOBEPHbIX Pe3ynbTaTOB W3MepeHWd B OTAENbHbIX
cny4asx MOryT ObITb KatacTpohnyeckmmu. NpaBoMepHO 1 nomMelleHune
METPOSIOrUN Ha CTOPOHe “ecTeCTBEHHble — (PUNOCO(CKME HAYKU”. ITO
006yCNoBNEHO 3Ha4YeHWeM METPOJIOrnKN ANA TeopUM MO3HaHWUA.

FoBops 0 “MecTe” nto6OW Haykn B cucteme Hayk, 65.M. Kegpos yka-
3biBaeT [19]: “MecTo B cCMCTeMe HayK Bblpa)kaeT co60li, BO-MepBbIX,
COBOKYMHOCTb BCEX CBSi3el U OTHOLWEHWI MeXAy AaHHOW HayKOoW v He-



NoCpefCTBEHHO COMPUKACAKOLWMMUCA C Heili HayKaMu, a Yepe3 HUX U C
6onee oTAaneHHbLIMU OT Hee, ciefoBaTelbHO, CO BCE CYMMON Yenoseuve-
CKWUX 3HAHWN; 3TO 0TBEYAET PACCMOTPEHUIO BOMNPOCA C ro CTPYKTYPHOI
CTOPOHbI; BO-BTOPbIX, ONPEAENIeHHYI0 CTYMNEHb Pa3BUTUA HAYYHOro Mo-
3HaHuA, OoTpaxalwLly COOTBETCTBYHOLLYIO CTYMNEHb PasBMTUSA Camoro
BHELIHEro M1pa, a TEM CaMblM HasM4yue NepexofoB Mexay AaHHON Hay-
KO M HEenocpefCcTBEHHO MPUMbIKAKOWMMMN K Heil B 06LWeM pagy Hayk;
3TO OTBEYaeT PaCCMOTPEHUIO BONPOCA C €r0 UCTOPUYECKON UM TeHeTu-
YeCKOW CTOPOHbI”. be3 namepeHnii He MOXKeT 060ATUCHL HU OAHA HayKa,
MO3TOMY METPO/Orusa Kak Hayka 06 M3MepeHUAX HaxoguTCA B TeCHOW
CBA3M CO BCEMU APYTMMU HayKamu.

OCHOBHOe NoHATWE MeTponorunm — wusmepeHue. CornacHo FOCT
16263—70, n3mMepeHne — 3TO HaXOXAeHWe 3HaYeHUs QU3nMYecKoli Benu-
UMHbl (PB) ONbITHBIM NyTEM C MOMOLWbLIO ChelnanbHbiX TEXHUYECKUX
cpefcTB. 3HAUYMMOCTb U3MepeHUI BbipaXaeTca B Tpex acnekrtax: uno-
CO(PCKOM, Hay4YHOM U TEXHWUYECKOM.

dunocodckunii acnekT COCTOUT B TOM, YTO M3MEPEHMSA ABAAKTCH
BaXHeNWNM yHUBEpPCASbHbIM METOAOM MO3HaHMA (PU3NYEeCKUX fBfe-
HWIA 1 npoueccoB. B 3TOM CMbIC/Ie METPONOrMA Kak Hayka 06 nsmepe-
HUAX 3aHMMaeT 0co60e MecTO CpeAu OCTalbHbIX HayK. BO3MOXHOCTb
n3mepeHna obycnaBnmBaeTca NpefBapuUTeNibHbIM M3YYeHUEM 3afaHHO-
ro cBOMcTBa 06beKTa M3MepeHW, NOCTPOEHNEM abCTpPaKTHbLIX MoAenei
KakK caMoro CBOWCTBa, TaK W ero HocuTens — 06beKTa U3MEpPeHUs B
uenom. MoaTomMy MecTo U3MepeHUs onpefenseTcd He Cpean NMePBUUYHBIX
(TeopeTMYecKMX MU IMNUPUYECKUX) MeTOL0B NO3HaHUA, a cpefu BTO-
PUYHBbIX (KBAHTUTATUBHbIX), 06ecrneynmBaloLLMX 4OCTOBEPHOCTL M3Mepe-
HMA. C NOMOLLbI0O BTOPUYHBIX MO3HABATE/IbHbIX MpouUeayp pellarTcs
3afaun opmmpoBaHMa AaHHbIX (huKcayum pe3ynbTaTOB MO3HAHMWSA).
N3mepeHue c 3TOM TOUKW 3peHUA NpeAcTaBaseT coOb0i MeTo4 KOAMPOBa-
HUA CBeAeHWI, NonyYyaemMblX C MOMOLLbI PA3NNUYHbIX METOAO0B NO3Ha-
HUA, T.e. 3aK/NIOYNTENIbHYIO CTafMI0 Mpouecca No3HaHWA, CBA3AHHYIO C
pernctpayuein nonyyaemoi nHgopmayum [20].

HayuHbll acnekT W3MepeHWid COCTOMT B TOM, YTO C UX NMOMOLLbLIO B
HayKe OCYLLeCTBNSAeTCS CBA3b TEOPMM W MPaKTUKKW. Be3 nsmepeHunin HeBo3-
MO>XHa NMPOBEPKA Hay4YHbIX TMNOTE3 N COOTBETCTBEHHO PA3BUTUE HayKMW.

N3mepeHns obecneynBaloT NoyyYeHne KONMYECTBEHHOW MHGopMaLmm
06 06bEKTe ynpaBaeHWsa UM KOHTpPons, 6e3 KoTopoli HEBO3MOXHO TOY-
HOe BOenpion3BedeHne BCeX 3afaHHbIX YCNOBUA TeXHUUYECKOro npouecca,
obecneyeHne BbICOKOTO KayecTBa n3genunin n ahpeKTMBHOIo ynpaBneHus
00beKTOM. Bce 3TO coCTaBNAET TEXHUYECKUIA acneKT W3MepeHUil.



1.2. CTpyKTypa TeopeTMyecKoit MeTposiormm

Kak oTMeuanocb Bbille, TeOpeTMyeckass MeTpPonorusa siBAseTcs oc-
HOBHbIM pa3fenom MeTponormu. Ee cTpykTypa npefcTaBneHa B Buge
cxXembl Ha puc.l.1.

OcCHOBHble NpeAcTaB/ieHMs meTponornun. Kak n B n060i Hayke, B
MeTPOn0rMm HeobXxoANMO CHOPMYNNPOBaTL OCHOBHbIE MOHATUA, TEPMU-
Hbl U NOCTynaTthl, pa3paboTaTb yuyeHue 0 PU3NYECKNX eAUHMLAX N Me-
Togonornto. [aHHblii pazgen ocobeHHO BaKeH BBMAY TOro, 4TO B OCHOBE
OTAeNnbHbIX 06nacTeil M3MepeHuWidi nexaT cneynduyeckne npeacrasne-
HWA 1 B TeOpeTMYeCKOM nnaHe 061acTU pa3BUBAKOTCA M30MPOBAHHO.
Mpn 3TUX YyCNOBMAX HeAocTaToyHas pa3paboTaHHOCTb OCHOBHbIX MNpefg-
CTaBfIEHW 3acTaBNfeT pewlaTb aHANOrMYHbIE 3aa4n, KOTOpble, Mo CyTH,
ABNAKOTCA 06WMMKN, 3aHOBO B KaXXA0l obnactu.

* OCHOBHbIe MOHATUS U TEPMUHbI. ITOT NoApa3gen 3aHUMaeTca 0606-
LLEHNEM N YTOYHEHMEM MOHATUNA, CNOXUBLINXCS B OTAENbHbIX 061aCTAX
N3MEPEHNIA C y4yeTOM creyndukn meTponorun. FNaBHONW 3ajadvein aBns-
eTcs co3faHve eANHON CUCTEMbI OCHOBHbIX MOHATUIA METPONOrNU, KOTO-
pas 4O/DKHa CNyXWUTb 6a30i 4ns ee pa3BUTUA. 3HAYEHUE CUCTEMbI NOHSA-
TWUIA onpeaensieTcs 3HaYMMOCTbH CaMOil TeOpUUM M3MeEPEHUIt U TeM, YTO
yKasaHHas cuctema CTUMYNuMpyeT B3aUMOMPOHUKHOBEHWE MeETOA0B M
pe3ynbTaTtoB, HapaboTaHHbLIX B OTAE/bHbIX 061aCTSX U3MEpPEHUIA.

e MocTynaThbl mMeTponorun. B aTom noppasfene pasBumBaeTcs ak-
cMoMaTu4yeckoe MOCTPOEHME TeOPeTUYECKMX OCHOB MeTPOSiIorMu, Bblge-
NAKTCA TakuWe NOCTyNnaTbl, Ha OCHOBE KOTOPbIX MOXHO NOCTPOUTbL CO-
LepXaTenbHyl W MOMHYK TEOPUI0 U BbIBECTU BaXHble NpakTuuyeckue
CNneacTBus.

* YyeHune o hnsnyecknx senmumHax. OCHOBHOI 3agauyeli nogpasgena
fBNSETCA NOCTPOEHMe efMHON cucTembl DB, T.e. BbIGOP OCHOBHbIX Be-
IMYUH CUCTEMbl W YpaBHEHWI CBA3U ANS onpeAeneHUs NpPOM3BOAHbIX
BeNNUYMH. Cuctema ®B Cny>XUT OCHOBOI 41 NOCTPOEHMWSA CUCTEMbI €4U-
HuY @B, pauuoHanbHbIA BbIGOP KOTOPOW BaXKeH ANA YCMeWHOro pas-
BUTWA TEOPUU M MPAKTUKU MeTPONOrMYecKoro obecneyeHms.

* MeTogonorusa usmeperuin. B nogpasgene paspabatbiBaeTca Hayu-
Has opraHusauua M3MepuTeNbHbIX NpoLeccoB. Bonpockl meTponoruye-
CKON MeToA0N0rMn ABAAKTCA BeCbMa CYL,eCTBEHHbIMMW, NOCKONbKY OHa
06begnHAeT 061acTU U3MepeHnit, pasnnyHbie No uU3nveckol npupoae
U3MepsaeMblX BEIUYMH U MeTofaM W3MepeHui. ITo co3faeT onpeseneH-
Hble TPYAHOCTW NpKU cUCTeMaTU3auum nm 06beAUHEHUN MOHATURA, MeTo-



TEOPETUYECKAA METPOJ1I0I A

OCHOBHbIe
npencraBneHns
MeTposnorum

Teopus eguHCTBA
N3MEPEHMWIA.
(Teopusa Bocnpo-
13BeAeHUs eauHNL,
(hM3NYECKNX BENK-
UMH ¥ nepefaqn
UX pa3mepoB)

Teopus
MOCTPOEHUS
CpeacTB
N3MepeHuiA

Teopust TOUHOCTM
N3MEpPEHWIA

Puc. 1.1.

OCHOBHbIE MOHATWA W TEPMUHBI
MocTynaTbl MeTponorum
YueHue 0 PU3NYECKMX BENUUMHAX

MeTogonorus nsmepeHuin

Teopyst eauHUL, (IN3MUECKUX BEIMUUH

£ Teopus UCXOAHbIX CPEACTB U3MEPEHMiA (3T/TOHOB)

Teopyisi nepesaum pasMepoB eauHUL, H3NYECKMX
BE/IMYUNH

CpepcTBa 13MepeHuid

MeTogbl U3MepeHHii

Teopua
MOrpeLUHoCTel Teopusi MOrpeLIHoCTel CPeacTB
U3MepeHWiA 13MepeHnin
MpVHLMALI U METOALI HOPMUPOBaHUS
Teopus 1 OMpeaeneHnst MeTPOIOrMYECKUX
TOYHOCTU XapaKTePUCTMK CPeaCcTB M3MepeHuit
CpeacTs
M3MepeHuii o
Teopus METPONOrMYecKoi
HaZEXHOCTW CPeaCTB U3MepeHNit
Teopws METOZOB M3MepeHUA
Teopus MeTogpbl 06paboTKN M3MEPUTENBHOM
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[OB M ONblTa, HAaKOMMEHHOTr0 B pa3NMuHbIX 06nacTax usmepeHuii. K
Yncny OCHOBHbIX HanpaBneHWit paboT MO MeTOLONOTMN OTHOCATCA:

1) nepeocMbIC1€HME OCHOB U3MEPUTENbHON TEXHUKN N METPONOTnM
B YC/NIOBUAX CYLLeCTBEHHOro 06HOBNEHWA apceHana MeTOAO0B W CPeAcTB
M3MEpPEHUI N WNPOKOro BHEAPEHUS MUKPOMPOLECCOPHOW TEXHUKM;

2) CTPYKTYPHbIA aHann3 M3MepUTeNbHbIX MPOLECCOB C CUCTEMHBIX
no3nymnii;

3) pa3paboTka MPUHLMNMANBHO HOBbIX MOAXOAOB K OpraHusauunm
npoueaypbl N3MeEpPeHUiA.

Teopus eguHcTBa MamepeHuin. (Teopua BOCNPON3BEAEHUA eLUHUL
(hU3NYEeCKUX BEIMYMH U nepefayn Ux pa3mepoB.) ITOT paspen Tpagu-
LLMOHHO ABNSAETCA LeHTPaibHbIM B TEOPEeTUYECKON MeTponorun. OH BKAO-
yaeT B ceba: Teoputo eanHuL P B, Teopulo UCXOAHbLIX CPeACTB M3Mepe-
HWIN (3TaNOHOB) ¥ TEOPUIO Mepeaayun pasmepoB egnHuy ®B.

» Teopus efuHML nU3nvecKnx BennunH. OCHOBHAA Lenb nogpasjena —
coBeplleHCTBOBaHMe eagnHNL, PB B pamKax CyLlecTBYOL el CUCTEMbl BENU-
YWH, 3aK/ovalouieecs B YTOUHEHUW W MepeonpefeneHun eguHnl,. Apyroi
3aflaveil ABNAETCHA pPasBMTUE U COBEPLUEHCTBOBAHME CUCTEMbI eguHuL DB,
T.e. U3BMEHEHMe COCTaBa U onpejaeneHnii 0CHOBHbIX eAUHUL,. Pa6oTbl B 3TOM
HanpaB/eHWU MPOBOAATCA MOCTOSHHO Ha OCHOBE WCMO/Mb30BAHWS HOBbIX
hU3NYECKNX SBNEHWA 1 MPOLLECCOB.

e Teopus MCXOA4HbIX CPeACTB U3MepeHUi (3TanoHOB). B gaHHOM
noapasjenie paccMaTpvMBaloTCA BONPOCHI CO3[aHWUA palMOHANbHOMN cuc-
TeMbl 3TanoHOB eAuMHUL B, obecneunBalWnX Tpebyemblii YpOBEHb
euHCTBAa U3MepeHuit. MepcneKTUBHOE HanpaBAeHWe COBEpPLUIEHCTBOBA-
HWS 3TaNOHOB — Mepexof K 3TaqoHam, OCHOBAaHHbIM Ha CTabWAbHbIX
eCTeCTBEHHbIX (PU3MYECKMX npoueccax. [ns 3TaN0OHOB OCHOBHbIX eAu-
HUL, NPUHLMUNUANbHO BaXHbIM SIBAAETCA AOCTUXEHWE MaKCUMaNbHO
BO3MOXHOI0 YPOBHA ANA BCEX METPONOrMYECKUX XapaKTepucTuk.

« Teopus nepefaym pasmepoB eAnHUL DU3NYECKNX BeNMUYUH. Mpeg-
MeTOM M3y4yeHWUs MNoapasgena sABNAKTCA anropuTMbl nepefayun pasme-
poB efuHuy ®B npuw LEHTPaNM30BaHHOM W AELEHTPanu30BaHHOM UX
BOCMPOW3BEAEHNN. Y Ka3aHHbIe aNrOpUTMbl O/MKHbI ObITh OCHOBaHbI Kak
Ha METPONOTNYECKUX, TaK N HA TEXHUKO-3KOHOMMWYECKNX NOKa3aTensx.

Teopusa NOCTPOEHMA CpPefcTB M3MepeHuii. B pasgene o6o6uwaetcs
OMbIT KOHKPETHbIX HayK B 06/71acTV MOCTPOEHUSA CPeAcTB U MeTOAO0B
u3mepeHuit. B nocnegHue rofbl Bce 60Nbliee 3HauYeHWe npuobpetarT
3HAHWA, HAKOM/EeHHble Npu pa3paboTKe 3NeKTPOHHbIX CU 3nekTpuue-
CKUX N OCOBEHHO HE3NEeKTPUYEeCKUX BENUYUH. ITO CBA3AHO C OYPHBLIM
pasBUTMEM MUKPOMPOLLECCOPHOW M BBIYMCAUTENbHOW TEXHUKN W ee ak-
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TUBHbIM MCMO/Ib30BaHWEM Mpu MOCcTPoeHun CU, 4TO OTKpbIBAET HOBbIE
BO3MOXHOCTM Mpy 06paboTke pe3ynbTaToB. BaxHON 3afayeii sBnseTcs
pa3paboTka HOBbIX MU COBEPLUEHCTBOBAHME W3BECTHbLIX M3MEPUTENbHbIX
npeobpasoBarteneil.

Teopusa TOUHOCTU U3MepEHUIA. B aaHHOM pasgene MeTposorum 06o6-
LeHbl METOAbI, pa3BrBaeMble B KOHKPETHbIX 061aCTAX N3MepeHunit. OH
COCTOMT UX TPex MOoApa3fefioB: TeOpMM MOrpeLIHOCTeR, Teopun TOYHO-
CTW CPeACTB M3MEPEHMWIA N TeOpUM U3MePUTENbHBIX NpoLesyp.

» Teopus norpewHocTel,. ITOT Nogpasfen ABAAETCA OGHUM U3 LieH-
TpasbHbIX B METPOSIOTUN, MOCKO/bKY pe3ynbTaTbl M3MEPeHUid 06bek-
TUBHbI HaCTOMbKO, HACKOMbKO MPaBU/bHO OLEHEHbl UX MOrPEeLIHOCTH.
MpesMeTOM TeOpUU MOTPELLHOCTEN ABNsAeTCA KnaccudukaLlms norpeL-
HOCTeli M3MEepeHnit, N3yyeHne N onmMcaHne Mx CBOWCTB. CnoXmBLIeecs
MCTOPMYECKWN [efleHne MOTpeLlHOCTel Ha cnydvaliHble U cucTematuye-
CKMe, XOTS U Bbl3bIBaeT CNpPaBeA/IMBbIE HapeKaHUWs, TEM He MeHee Mpo-
[0MKaeT akTUBHO UCMOMb30BaThCA B MeTponormun. Kak n3BecTHas anb-
TepHaTMBa TaKOMY [JeNeHW0 MOrpeLlHOCTeld MOXeT paccMaTpuBaTbCs
pa3BMBaemMoe B MocCnefHee BPeMS OMMCaHWe MOrpelHoCcTeil Ha OCHOBe
TEopun HecTaLMOHapHbIX CAyYaiHbIX NPOLEeccoB. BaxKHOI YacTbio noj-
pasfena ABNSETCA TeOPUsS CyMMUPOBAHWUA MOTFPeLIHOCTEN.

e Teopus TOYHOCTMU CpeAcTB uM3MepeHuii. Moapasgen BKAHOUAET:
TEopuo MOrpeLHOCTel CPeacTB M3MEPEeHUIA, NPUHLMMLI U METOAbl OM-
peAeneHns 1 HOPMMUPOBAHUS METPONOTMYECKUX XapaKTEPUCTUK CPELCTB
M3MepeHnin, MeTofbl aHanm3a UxX MeTPOIOrnyYecKo HageXHOCTH.

Teopus norpewHocTei cpeacTB U3MepeHuid Hambonee AeTanbHO
paspaboTaHa B MeTponOruu. 3HauyuTeNbHble 3HAHUA HaKOM/eHbl W B
KOHKpeTHbIX 061acTAX M3MEPeHMI, Ha UX OCHOBe pPa3BUThLI 06LLMe Me-
ToAbl pacyeTa norpewHocTeid CU. B HacTosliee BpeMs B CBS3W C YyC-
noXxxHeHuem CW, pa3BuTrEM MUKPOMPOLECCOPHbLIX U3MEPUTENbHBIX YCT-
POICTB aKTya/lbHOW CTana 3ajaya MO pacyeTy NOrpellHocTel Uugpo-
BbIX CV BOOOLLE U N3MEPUTENIbHBIX CUCTEM U U3MEPUTENIbHO-BbIYUCIN-
TeNbHbIX KOMMIEKCOB B YaCTHOCTH.

MpUHUMNbI M METOAbLI ONPeAeNeHns U HOPMUPOBAHUS MeT PoNoru-
yecknx xapakTepucTuk CW foCTaTOUHO XOpoLo paspaboTanbl. OfHa-
KO OHM TpebylT MOAM(MKALMMN C YyUYEeTOM CneunduKku MeTpoiorum u B
nepByto0 ouepesb TECHOWM CBA3M OMpefeneHns MeTponornyecknx xapak-
Tepuctnk CA ¢ ux HopmmnpoBaHueM. K umciy He A0 KOHLA peLUEHHbIX
3afay cnefyeT OTHECTW OnpefeneHne LUHAMMYECKUX XapaKTepucTuk
CW 1 rpagyMpoBOYHbIX XapaKTepUCTUK MEPBUYHLIX WM3MEPUTENbHbIX
npeo6pasosateneii. 10 Mepe COBEpLUEHCTBOBaHUS CPeACTB 06paboTKu
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ANEKTPUUECKUX M3MEPUTENbHbIX CUTHANOB Hambonee CyulecTBeHHbIe
MeTpO/IOrMyeckue Npobnembl KOHLEHTPUPYIOTCA BOKPYr BbiGopa nep-
BWYHOro npeobpasoBaTens. Beuay pasHoobpasusa NpUHLMMNOB AeicTBUSA
n TmnoB CW, a TakXe MOBbIWEHNA Tpebyemoli TOYHOCTU W3MEpPEHWUN
nosiBNsieTca nNpobnema BbIGopa HOPMUPYEMbIX METPOSIOTMYECKUX XapaK-
Tepuctuk CU.

Teopus MeTPONOrMYecKoin Hafe>XXHOCTH CpeACcTB U3MepeHWid No cBo-
eli ueneBoii HampaBfEHHOCTU CBsi3aHa C OOLLEA Teopueid HafeXHOCTU.
OpHako creungurka MeTposorMyecknx 0TKas3oB U Mpexze BCEro Hemo-
CTOSIHCTBO BO BPEMEHW MX WHTEHCMBHOCTMW fenaloT HEBO3MOXHbIM aBTo-
MaTM4ecKoe MepeHeceHne MeTOLOB K/1acCMUECKOl TeOpUM HAafeXHOCTU B
TEOpUI0 MeTPOIOrnYecKo HafexxHocTu. Heobxoguma paspaboTka crne-
LnanbHbIX METOA0B aHasM3a MEeTPOsIOrnyeckKoli HagexxHocTu CU.

. Teopusi 3MepuTeNbHbIX npoueayp. MoBbILWEHNE CIOXHOCTK
MepUTE/bHbIX 3a4ay, NOCTOSAHHbIV POCT TPe6oBaHUI K TOYHOCTU M3Me-
peHWIA, YCNOXHeHUe MeTOLOB W CPeACTB M3MEpeHWUin obycnaBnvBarT
npoBefieHNe NccnefoBaHniA, HanpaseHHbIX Ha obecnevyeHne paunoHasb-
HOl opraHusauum 1 ahheKTUBHOIO BbINO/IHEHUSA N3MepeHuii. Mpu 3TOM
rNaBHYK po/fib UFpaeT aHann3 M3MepeHUii KakK COBOKYMHOCTY B3aMMoO-
CBSI3aHHbIX 3TanoB, T.e. Kak npoueaypbl. Mogpasaen BKAOYAET TEOPUID
METOA0B M3MEPeHWNIi; MeToAbl 06PaboTKM M3MEPUTENBHON UHGOoPMaLuu;
TEOPUI0 MIAaHMPOBAHUS WU3MEPEHUI; aHanu3 npefenbHbIX BO3MOXHO-
CTe M3MEPEHWA.

Teopus MeTOLOB W3MepeHUiAi — noapasges, MOCBALWEHHbIN paspa-
60TKe HOBbIX METOAOB U3MEPEHU N MOAUGMKALUN CYLLLECTBYHOLLUX, YTO
CBSA3aHO C POCTOM TPeb6OBaHW K TOYHOCTU M3MEpPEHMW, AunanasoHam,
ObICTPOAENACTBUIO, YCNOBUSAM MpPOBefeHNss u3MepeHuii. C MOMOLLbIO CO-
BPEMEHHbIX CPeACTB M3MEpPEeHU peann3yloTcs C/0XHble COBOKYMHOCTYU
KNacCn4ecKMx MeTofoB. [03TOMY OcTaeTcsl aKTyaslbHOM TpagMLMOHHAs
3afjlaya COBEPLUEHCTBOBAHMA CYLLECTBYIOLNX MeTOLOB W WCCMeAoBaHUS
UX NOTEHUUaNbHbIX BO3MOXHOCTEl C YyUEeTOM YCMOBUIA peanvsalmu.

MeToabl 06paboTKN N3IMEPNTENbHON NHADOPMALUK, NCAO/b3YEMbIe
B MeTPO/IOrMK, OCHOBbIBAKTCA Ha MeTofax, KOTOpble 3aMMCTBYHOTCSA U3
MaTemMaTUKN, PUNKN N APYTUX SUCLUUNNH. B CBA3M ¢ 3TUM aKTyasib-
Ha 3agaya 060CHOBaHHOCTM Bbl6opa M MPUMEHEHWS TOFO UAW MHOFO CMo-
coba 06paboTKM M3MepUTeNbHO MHGpOoPMaLMKN 1M COOTBETCTBUA Tpebye-
MbIX MCXOAHbIX AaHHbIX TEOPeTUYEeCcKOro crocoba Tem, KOTOPbIMU pe-
anbHO pacnonaraeT 3KCMepMMeHTaTop.

Teopus NnaHUpoBaHWA W3MEPEHUA — 061acTb MeTPOSIOrNN, KOTO-
pasi BeCbMa aKTUBHO pa3BuBaeTcs. K 4Mcny ee OCHOBHbIX 3ajay OTHO-
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CATCA YTOYHEHWE MEeTPONOrMYecKoro cofepXaHus 3agad nnaHUpoBa-
HWUS M3MepeHWit 1 06OCHOBaHME 3aMMCTBOBAHUI MaTeMaTUUYECKUX Me-
TOZ0B W3 06LLeli TeOpUU MNaHMPOBAHWUS 3KCMepPUMEHTA.

AHanus npejenbHbIX BO3MOXKHOCTEN M3MEPEHUIt Ha JaHHOM YPOBHe
Pa3BUTUS HAyKM U TEXHWUKMN MO3BOMAET PellnTb Takylo NaBHyto 3afa-
uy, KakK UccnefoBaHue npeaenbHol TOUHOCTM U3MEPEHWIA Npy NOMOLLY
KOHKPETHbIX TUMOB UM 3K3EMMSAPOB CPEACTB M3MEPEHUIA.

1.3. KpaTKnin 04epK UCTOpUM pas3BUTUS METPOSIOrK

N3mMepeHns SBNSIOTCA OAHUM U3 CaMblX JPEBHUX 3aHATUI B NO3Ha-
BaTeNbHOW [esTeNbHOCTH YenioBeKa. VX BO3HMKHOBEHWE OTHOCUTCSA K
MCTOKAM MaTepuasnbHOl KynbTypbl YenoBeyecTsa.

B apeBHeiwne BpeMeHa toAM 06X04NANCL TONbKO CHETOM 0HOPOA-
HbIX 06BEKTOB — TrO/I0B CKOTA, YMCNa BOMHOB M T.M. Takoi cyeT He
Tpe6oBan BBeAEHWUS MOHATUS (HU3NUECKON BeNUUMHbI U YCTaHOBNEHWS
YCNOBHbIX eAUHUL, U3MEPEHNS. He 6bl10 MOTPEGHOCTU B M3TOTOBMEHNM
M UCMONb30BAHMM CMeunanbHbIX TEXHUUYECKUX CPeacTB ANS NpoBefe-
Hus cueTa. OZHAKO MO Mepe pa3BMTUS 06LLEeCTBa NOSBMAACL He0BX0aU-
MOCTb B KO/IMYECTBEHHOI OLEHKE PasfiMUHbIX BENMYUH — PaCcCTOSHUIA,
Beca, pasmMepoB, 06bEMOB U T.A. JTY OLEHKY CTapanCh CBECTU K CUETY,
ANS Yero BbIGMPANUCb MPUPOAHbIE M aHTPOMONMOTUYECKME eAUHWLbI.
Hanpumep, BpeMs U3Mepsnoch B CyTKax, rofax; nnHeliHble pasmepbl —
B JIOKTSIX, CTYMHSX; pacCTOAHWS — B Llarax, cyTkax nytu. Mosxe, B
npouecce pasBUTMA MPOMBIWAEHHOCTW, GbINM CO3faHbl CrelnanbHbIe
yCTpoOiicTBa — CpeACTBa M3MEpPeHMiA, NpefHa3HAUeHHbIe AN KONUYecT-
BEHHOI OLLEHKM Pa3/IMyHbIX BeIMYMH. TaK MOSBUANCH Yacbl, BECHI, MepbI
ONVHBL U ApYrue U3MepuTeNbHble YCTPOCTBA.

Ha onpegeneHHOM 3Tarne CBOEro PasBUTWS U3MEPEHWS CTaIU NPUYHU-
HON BO3HWKHOBEHMSI METPOMOrMK. [lonroe Bpemsi MOC/AefHss CyLLeCTBO-
Ba/la Kak onucatefibHasi Hayka, KOHCTaTUPYHLLas COXUBLLMECS B 06LLe-
CTBE COrNaleHns 0 Mepax WUCMO/b3yeMblX BE/MUMH. PasBUTUE HayKW W
TEXHWUKN MPUBENO K WCMO/b30BAHWI0 MHOXECTBA Mep OfHUX U TeX Xe
BE/IMUMH, MPUMEHSIEMbIX B Pa3fiMuHbIX CTpaHax. Tak, paccTtosHue B Poc-
CUM U3MEPSNOCH BEPCTaMi, a B AHFIUU — MUNSIMU. Bce 970 CyLLeCTBEHHO
3aTPYLAHAN0 COTPYAHUYECTBO MEXAY rocyAapcTBaMu B TOProB/ie, Hayke.

C uenblo YHUULMpOoBaTh eanHuLbl ®B, caenaTb UX He3aBUCUMbI-
MU OT BPEMEHM W Pa3HOT0 pofa CayyvaiiHocTel Bo dpaHumm 6biia paspa-
6oTaHa MeTpuyeckas cucTeMa Mep. 3Ta CUCTEMA CTPOMIAch Ha OCHOBE
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€CTeCTBEHHOW efjUHNLbI — MeTpa, PaBHOrO OHON COPOKAMUNANOHHO
yacTu mepupaunaHa, npoxopdauiero vepes lapux. 3a eauHULY Macchl
NPUHUMANCA KUnorpaMmm — macca KyO6MYecKoro geuumerpa 4YUCTOW
BOAbl Npu Temnepatype +4°C. YupeautenoHoe cobpaHue ®paHunm 26
mapTa 1791 r. yTBepAMA0 npegnoxeHuna MapuxXckoin akagemun Hayk.
3T0 SBMNOCb Cepbe3HOW MPeAnoCbINKOW AN NPOBEAEHUS MeXAYyHa-
POAHON yHUGMKaumn eguHuny ®B.

B 1832 r. K. Naycc npeAnoXxun MeToguky nocTpoOeHUsa cUCTem efu-
HUL ®B Kak COBOKYMHOCTU OCHOBHbLIX W MPOU3BOAHLIX Benu4YnH. OH
NoCTPOUa CUCTEMY eAUHUL, Ha3BaHHYK abCconloTHOW, B KOTOPOM 3a oc-
HOBY ObININ MPUHATBLI TPU NPOU3BO/bLHbIE, HE3ABUCUMbIE APYT OT Apyra
eAVHULUDBI: ANIMHBI — MWAMMETP, MacCbl — MWIUTPAMM U BPEMEHU —
CeKyHpa.

B 1835 r. B Poccum 6bin1 n3gaH ykas “O cucteme PocCMnCKUX Mep 1
BECOB”, B KOTOPOM OblNM YTBEPXAEHbl 3TafOHbl AWHbI (NnaTUHOBAdA
CaXeHb) U Maccbl (NNaTUHOBLIA PYHT). B 1842 r. Ha Tepputopuu le-
TPONaBNoOBCKOWN KpenocTu B CaHkT-MeTepbypre B cneynanbHo NOCTPO-
E€HHOM 3[aHWN OTKPbLINIOCL MepBOe MeTPONOrnmyeckoe yypexpaeHue Poc-
cun — [leno o6pa3L0BbIX Mep U BecoB. B HeM XpaHWUINCL 3TaNOHbl U UX
KOMuu, n3rotaBnmeanncb 06pasLOoBble Mepbl ANA MNepefayn B Lpyrue
ropofa, NpPoBOAWNCL CAUYEHUA POCCUACKUX Mep C MHOCTPaHHbIMMU.
OeatenbHocTb [eno pernameHTupoBanach “lofioxXeHnemM o Mepax u Be-
cax”, KOTOpoe NOMO0XMWN0 Hayano rocyfapcTBeHHOMY noaxody K obec-
neyeHMo egMHCTBa M3MeEpPeHUii B cTpaHe. B 1848 r. B Poccum Bbiwna
nepsas KHuWra no merposorun — “O6was MeTponorua”, HanucaHHas
®.N. MeTpyweBCcKNM. B 3TOI paboTe onmcaHbl MEPbl U AEHEXHble 3Ha-
KW PasNinyHbIX CTPaH.

B 1875 r. cemHajuaTb rocyjapcrts, B TOM yucnie n Poccus, Ha au-
nNAoOMaTUYeckon KOoHGepeHUMM noanucann MeTpUUYECKY KOHBEHLMIO,
K KOTOpOI B HacTofillee BpeMs NpuMKHyna 41 ctpaHa mupa. CornacHo
3TOW KOHBEHLWW YyCTaHaBNMBaeTCs MeXAYHapogHOe COTPYAHWYECTBO
nognucasLlnX ee cTpaH. [na 370ro 66110 CO34aH0 MexayHapoAHoe 61opo
mep n BecoB (MEMB), Haxogsweecs B r. Cespe 61u3 Mapuxa. B Hem
XPaHATCA MeXAYHapoAHble MPOTOTUNbLI psafa Mep W 3TaNOHbl efUHUL,
HekoTOopbiX ®B. B COOTBETCTBMM C KOHBEHUWER ANA PYKOBOACTBA Aes-
TenbHOCTbI0 MBMB 6b11 yupexeH MexayHapoaHblli KOMUTET Mep U Be-
coB (MKMB), B KOTOpbI/A BOW/M Y4YeHble U3 pas3nyYHbIX cTpaH. Ceidvac
npn MKMB f#eiicTBYHOT CeMb KOHCY/NbTAaTMBHbIX KOMUTETOB: MO eAUHU-
Lam, onpefeneHuo MeTpa, CeKyHAbl, TEPMOMETPUMN, INIEKTPUYeCTBY, ¢o-
TOMETPUM W NO 3TaNOHAM AN U3MEPEHUS WOHU3UPYIOLWUX U3NYYEHWIA.
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OueHb MHOrO [N Pa3BUTUSA OTEYECTBEHHOW MeTponoruu cpenan
O.W. MeHgenees. MNepuog ¢ 1892 no 1917 r. Ha3bIBalOT MEHAENEEBCKUM
aTanom pasBuTua MeTponorun. B 1893 r. Ha 6a3e [eno o6pasLoBbix
Mep 1 BecoB 6blf1a yTBepXaeHa TnaBHad nanata Mep 1 BeCOB, ynpasnd-
HOLMM KOTOPOI A0 NOCNeAHUX AHei Xun3Hu 6bin .. MeHaeneeB. OHa
cTasa OfiHMM W3 MepPBbIX B MUPe Hay4YHO-UCC/IeJ0BaTENbCKUX YUupexe-
HWUIA MeTPONornyeckoro npogumns.

[o 1918 r. meTpuyeckas cuctema BHefpsnacb B Poccum (akynbTa-
TUBHO, HapsAAy CO CTapoi PYCCKOW M aHTANIACKOW (At0IAMOBOIM) cucTema-
MW. 3HAYNTENbHbIE M3MEHEHWUS B METPONOrMYECKON feaTeNbHOCTU CTanm
NponcxXoauTb nocne nognuncaHmsa CoBeToM HapoAHbIX komuccapos PCHOCP
Jekpeta “O BBefeHUN MeXAYHapO4HON MEeTPUYECKOW CUCTEMbl Mep U
BECOB”. BHepeHVe MeTpuYecKoil cuctemsl B Poccumn npomexoauno ¢ 1918
no 1927 r. Mocne Benukoit OTEYECTBEHHON BOWMHbI 1 A0 CEFO BPEMEHM
MeTponoruyeckas paboTa B Hallleil CTpaHe NPOBOANTCA MOJ PYKOBOACTBOM
ocyfapCcTBEHHOro KOMUTETA Mo cTaHgapTam (["occTaHgapT).

B 1960 r. XI MexpayHapogHas KOH(epeHUMs No mepam U Becam
npuHana MexayHapogHyto cuctemy eanHuy, @B — cuctemy CU. Cerog-
HS MeTpuyecKas cucTema y3akoHeHa 6onee'vem B 124 cTpaHax mupa.

B HacTosLee BpeMs Ha 6a3e [NaBHOV nanaTbl Mep U BECOB CYLLECTBYET
BbICLLIEE HAYUYHOE YUpexaeHune CTpaHbl — BcepoccuiAickuii Hay4YHo-1uccnefo-
BaTeNbCKUIA MHCTUTYT MeTponoruv um. O.U. MeHgeneesa (BHUVM). B
naboparopmax MHCTUTYTa pa3pabaTbiBAlOTCA U XPaHATCA rocyAapCTBEH-
Hble 3TaNOHbl eAUHUL, U3MEPEHUIA, onpeaensoTcs PU3nNYecKne KOHCTaH-
Tbl W CBOWCTBA BeLlecTB M maTepuanoB. TemaTuka paboT MHCTUTYTA
0XBaTblBaeT /IMHeNHble, YrNoBble, ONTUYECKNE U (HOTOMETPUYECKME,
aKyCTUYEeCKMNe, 3NEKTPUYECKUE U MArHUTHbIE U3MEPEeHUs, M3MepeHus
Maccbl, MJIOTHOCTKW, CUAbI, faBleHns, BA3KOCTU, TBEPAOCTH, CKOPOCTH,
YCKOPeHUs 1 psaga Apyrux BevYuH.

B 1955 r. nog MoCKBO#A 6b1/1 CO3aH BTOPOI METPONOrMYECKUA LIEHTP
CTpaHbl — HblHE BCepocCcUiiCKMil HayUYHO-MCCNeA0BaTeNbCKUIA NHCTUTYT
(hM3NKO-TEXHUYECKMX N pPagnoTeEXHUYECKNX namepeHnin (BHUNNDTPN).
OH pa3pabaTtbiBaeT 3TafOHbl M CPeAcTBa TOYHbLIX WU3MEpeHWin B page
BaXXHeWWMX obnacteil HayKn v TeXHWUKWN: Paguo3NeKTPoOHUKe, cnyxbe
BPEMEHM U YacTOThbl, aKyCTUKE, aTOMHON (hn3nke, HU3NKe HU3KUX TEM-
nepaTyp U BbICOKMX AaBMEHWUA.

TpeTbM METPONOrMYecKMM LeHTpoM Poccum asnsetca Bcepoc-
CUACKUIA Hay4YHO-UCCNef0BaTENbCKUIA MHCTUTYT METPOIOTMYECKON CYX-
661 (BHUNMC) — ronoBHas opraHusauus B 061acTM NpUKNagHON K
3aKOHOJAaTeNbHOW MeTponorMu. Ha Hero BO3/M0XEeHa KOOpAUHaUMs U
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Hay4YHO-MeTO4NYEeCKOe PYKOBOACTBO MeTPONOrMYecKoil cnyx60i ctpa-
Hbl. KpoMe MepeyncrieHHbIX CyLWecTBYyeT pAf PervoHasbHbIX METpo-
JIOTUYECKNX MHCTUTYTOB W LIEHTPOB.

K MexgyHapogHbIM METPOMOrMYEeCKUM OpPraHmn3aumam OTHOCUTCA U
MexayHapoaHas opraHusanus 3akoHogatenbHoin metponorun (MO3M),
o6pasosaHHasa B 1956 r. MNMpun MO3M B [Mapuxe paboTaeT Mexay-
HapogHoe 6lOpo 3akoHOfaTeNnbHOW MeTposnorun. Ero feaTeNnbHOCTbIO
PYKOBOAMT MexAyHapoaHblli KOMUTET 3aKOHOAATeIbHOW MeTpOonoruu.
HekoTopble BONPOChLI METponoruu pewaer MexayHapogHas opraHusa-
uma no craHgaptmsauuu (LUCO).

KOHTpOnbHbIe BOMpPOCHI

1. O6OCHyIiTe BaXXHOCTb TEOPETMYECKON METPO/IOrnN.

2. YTto n3yyaet TeopeTuyeckas MeTponorusa?

3. KakoBo Mecto MeTposiornv cpefu Apyrux Hayk?

4. Y10 Takoe u3mepeHue? lMpusegute NpuMepbl U3MepeHWUid, MOCTOAHHO
BCTPEYaIOLLMXCS B MOBCEAHEBHON XXU3HU.

5. B yem 3aKnt04aeTcs 3HaYMMOCTb METPOSIorMun?

6. lMepeuncnnte, M3 KakuUX OCHOBHbIX Pa3fenoB COCTOUT TeopeTuyeckas
meTposiorus. Kakue 3agayuv B HUX peLuaroTcs?

7. CchopmynmpyiiTe OCHOBHble 3Tanbl Pa3BUTUA METPOIOT UK.

8. Kakvie OCHOBHble METPONOrMYECKUEe YUPEXAEHUS CYLLECTBYIOT B Hallei
CTpaHe? KakoBa uX ciepa AesTensHoCTU?



naBa 2. OCHOBHbIE MNPEACTABJIEHNA
TEOPETUYECKOW METPOJIOTNU

2.1. du3smyecKme cBONCTBa U Be/IMYUNHbI
2.1.1. Knaccudunkauma BennyuH

Bce 06beKTbl OKPYXKaLWEero Mupa xapakTepusyoTcs CBOMMU CBOIA-
cTBaMu. CBOWCTBO — (hunocockas KaTeropus, Bblpaxkarolas Takyto
CTOPOHY 06bekTa (ABNeHWUsA, mnpouecca), KoTopas obycnaBauBaeT ero
pasnuume unn 06WHOCTbL C APYrUMKU 06beKTamu (SBNEHUAMM, npouec-
camu) 1 06Hapy>XMBAETCA B €ro OTHOLWEHUAX K HUM. CBOWCTBO — KaTe-
ropus KavecTBeHHas. [nd KOJMYECTBEHHOrO OMUCAHWUA PasNUYHbIX
CBOWCTB NPOLECCOB U HU3UYECKUX TeN BBOAUTCA MOHATUE BEIUYUHBI.
BennymHa — 3TO CBOMCTBO 4ero-nnmbo, KOTOPOE MOXET ObiTb BbIfENEHO
cpefmn apyrux cBOMCTB U OLEHEHO TEM WU WHbLIM CNOCOBOM, B TOM YuUC-
ne U KONn4YecTBEHHO. BennymnHa He cylecTsyeT cama no ce6e, oHa ume-
eT MecTo /INlb NOCTO/NbKY, MOCKONbKY CYyLecTBYeT 06BbEKT CO CBONCT-
BaMW, BblpaXXEHHbIMWU AAHHOWN BeNUYNHOIA.

AHanuni BennunH [21, 22] no3sondeT pa3fennuTb UX Ha fBa BUAA:
peanbHble N nieanbHble (puc. 2.1).

Puc. 2.1. Knaccugukauma BennymH

W,u,eaanble BENTMYUNHBI FﬂaB)E.bIM 0Hpa30M ACA MaTeMaTVIKe

n asnsaTcs obobuieHnem (moge m)ngMngng'Mean@Jux NOHATHIL,

OHM BbIYUCAAOTCA TEM UAU TBAM (I/ILLk:9,£I,wI:>M mEuneeimolleb
aTtblHAarbl rblbIMK
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PeanbHble BeNWYMHLI B CBOK Ouyepefb AENATCA Ha (DU3NYecKue u
Hedusnyeckne. dun3nyeckas BenMyMHa B 06LEM Cnyyae MOXeT ObiTb
onpejeneHa Kak BeM4YMHa, CBOMNCTBEHHas MaTepuanbHbiM 006beKTam
(npoueccam, ABMEHUAM), N3yYaeMbIM B €CTECTBEHHbIX (hM3MKa, XMMUNA)
N TeXHUYECKNX HayKax. K Heu3nyeckum cnefyeT OTHECTU BEINUUHBI,
npucywne o6LlecTBEHHbIM (HepU3nYecKUm) Haykam — duiocodun,
COLMOMOTNMN, 3KOHOMUKE 1 T.M.

CraHgapT FOCT 16263-70 TpakTyeT (DU3NYECKYID BEANYUHY, KaK
0[HO W3 CBOWCTB (M3MUYECKOro 00beKTa, B KaYeCTBEHHOM OTHOLIEHUU
obllee ANA MHOrMX (U3NYECKMX O0OBEKTOB, & B KONMYECTBEHHOM —
WHOUBUAYaNbHOE ANA KaXAOro U3 HUX. VIHAMBUAYaNbHOCTb B KOMN-
4YEeCTBEHHOM OTHOLUEHWW MOHMMaKT B TOM CMbIC/e, YTO CBOWCTBO MO-
XeT 6bITb AN OAHOro 06bEKTA B ONpefe/ieHHOe YMCNOo pas 60/blue UIun
MeHbLUE, YeM AN Apyroro. Takum o6pa3om, nsnyeckmne BeNUNHbI —
3T0 M3MepPEeHHbIe CBOMCTBA PU3MUYECKUX 06BEKTOB MM NPOLECCOB, C NO-
MOLLbIO KOTOPbIX OHU MOTYT BbITb U3YYEHbI.

P usnyeckne BeNUYUHBI LLeNnecoobpasHo pasfieNnTb Ha U3MepseMble
N oueHnBaemble. M3mepsemble ®B MOryT 6biThb BblPaXeHbl KOMUYeCT-
BEHHO B BWJe OMNpefe/ieHHOro Yymncna yCTaHOBNEHHbIX e4UHUL, n3Mepe-
HUA. BO3MOXHOCTb BBELEHWUA W UCNO/Mb30BaHUA MOCNEAHUX ABNAeTCA
BaXHbIM OT/IMYNUTENbHLIM MPU3HAKOM u3MepsaeMblX ®B. dusmnueckue
BENNYMNHBI, ANA KOTOPbIX MO TEM MAN WHBIM NPUYMHAM HE MOXET BbiTb
BBeJeHa efMHMLA N3MEPEHNS, MOTYT BbITb TO/ILKO OUeHeHbI. Mog oue-
HWBAHWEM B TaKOM Cflyyae MOHUMaeTCs onepaumns NPUNUCbIBAHUSA [aH-
HOI BeNMUYMHe ONpefeneHHOro Ynucna, NPoBOANMas MO YCTaHOB/IEHHbIM
npasunam. OueHMBaHWNE BEIMYUHbI OCYLLLECTBAAETCA MPU NOMOLLN LI Kan.
Ll kana BeNMUYMHBbI — ynopsagoveHHas NOC/ef0BaTe/IbHOCTb €€ 3Hauye-
HWIA, NPUHATAA NO COrnaleHn0 Ha OCHOBaHWW pPe3ynbTaTOB TOUHbIX
N3MEPEHUIA.

Hedu3nyeckne BenMUUHBI, LS KOTOPbIX efMHMLA WU3MEPEHUS B
NPUHLMNE He MOXEeT 6blTb BBefEeHa, MOTYT 6bITb TONbKO OLeHeHbl. Cne-
AyeT OTMEeTUTb, YTO OLeHWBaHWE He(hU3NYECKNUX BEIMYMH He BXOAWUT B
3afjlaun TeopeTMyecKo MeTponoruu.

[na 6onee fetanbHOro msyveHus OB Heob6X0AMMO Knaccuuum-
poBaTtb, BbIABUTL 06LLMe METPOIOrMYeCcKMe 0CO6eHHOCTM UX OTAENbHbIX
rpynn. Bo3moxHble knaccuukaunm ®B nokasaHbl Ha puc. 2.2.

Mo Bupgam ABNEHUIA OHW LENATCA Ha ciegyroline rpynnei:

* BEWECTBEHHbIE, T.e. ONUCbIBaKOLW e PU3NYECKME N PUIUKO-XUMUYe-
CKUWe CBOWCTBa BeLLeCTB, MaTepuanos v M3gennin u3 Hux. K atoi rpyn-
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OHepreTuyeckme
(aKTVBHbIE)

MpocrpaHCTBEHHO-  MexaHuyecKue
BpeMeHHble

OCHOBHble

PasmepHble

PUN3NYHECKWNE BENYNHbBI

BelecTBeHHbIE XapakTepusytoLmne
(naccuBHble) npoueccel
Tennosble  JneKTpUUYECKNE  AKyCTUYECKUE CseToBble  VOHU3MpYHOLWMX ATOMHOW 1 agep-
N MarHuTHble N3NyyeHnin HOI (n3nkn
PU3nKo-
MpoussoaHble LlononHuTenbHble Xumndeckne

BespasmepHble

Puc. 2.2. Knaccugukauyms ®B



ne OTHOCATCA Macca, NAOTHOCTb, 3/1eKTPUYECKOe COMPOTUBMEHNE, eM-
KOCTb, WHAYKTWBHOCTb M Ap. VHorga ykasaHHble ®B HasbiBaloT nac-
CUBHbIMW. [ns UX M3MepeHWs HeobXoAanMMOo UCMONb30BaTh BCMOMOra-
TeNbHbIA UCTOYHUK 3HEPTUM, C MOMOLLLI0 KOTOPOro POPMUPYeTCs CUr-
Han n3MepuTeNnbHON nHpopmaumu. Mpu 3aToM naccueHble ®B npeobpa-
3yIOTCS B aKTUBHbIE, KOTOPbIE U U3MEPSIOTCS;

* 3HepreTWYeckue, T.e. BEIMUYUHBI, OMUCHIBAOLLNE SHEPTETUYECKUE
XapaKTepMCTMKM MPOLLecCOB Npeobpa3oBaHus, Nepejayn U MCNosb3o-
BaHWA 3Heprun. K HAM OTHOCATCS TOK, HanpshKeHWe, MOLLHOCTb, 3Hep-
rms. 3TU BeIMYMHbI Ha3bIBAOT aKTUBHbIMU. OHM MOTYT 6bITb Npeobpa-
30BaHbl B CUTHaNbl U3MepUTeNbHOW WMHGpopMaLuy 6e3 NCnonb30BaHus
BCMOMOTraTe/lbHbIX UCTOYHWUKOB 3HEPTUU;

* XapakTepusyluine NnpoTeKaHne NPOLECCOB BO BpeMeHu. K 3Told
rpynne OTHOCATCA PasNMYHOro BUAA CMEKTpanbHble XapakTepucTuku,
KOPPEeNaUMOHHbIe YHKLUW 1 ap.

Mo NprHaANeXKHOCTY K pasNMyHbIM rpynnam hm3nyeckmx npoLeccos
®B penATca Ha NpPOCTPaHCTBEHHO-BPEMEHHbIE, MeXaHW4eckue, Ternso-
Bble, 3/IEKTPUYECKNE U MarHWTHbIE, aKyCTUYecKue, CBETOBble, U3NKO-
XUMUYECKUE, NOHU3NPYIOLWMNX U3NTYYEHWIA, aTOMHOR 1 ALEPHON PU3NKN.

Mo cTeneHn yCNOBHON He3aBUCUMOCTM OT [PYrUX BEAUUYUH [aH-
Holi rpynnbl ®B aensTcs Ha OCHOBHblE (YCNOBHO HE3aBMCKMMbIE), NPoO-
U3BOAHbIE (YCMIOBHO 3aBUCUMbIE) M JONOMHNTE/bHbIE. B HacTosLLee BpeMs
B cucteme CU ncnonb3yeTcs ceMb hM3NUYECKUX BESIMYUH, BblGPaHHbIX B
KayeCTBe OCHOBHbIX: [/IMHA, BpeMs, Macca, TemnepaTypa, Cuia 3fiek-
TPWYECKOro TOKa, CU/1a CBeTa M KonmnyecTsa BewlecTsa. K gononHuTenb-
HbIM (DM3NYECKMM BeNMYMHAM OTHOCATCA MAOCKWIA W TeNecHbIl yribl.
Mogpo6Ho aeneHne ®B No 3TOMY MPU3HAKY PacCMOTPeHo B . 3.

Mo Hanuuuio pasmepHocTu OB fenatca Ha pasMepHble, T.e. UMeto-
e pasMepHoCcTb, U 6e3pasmepHble.

®dunsnueckne 06bLeKTbl 061afalOT HEOrPaHUUYEHHbLIM YUCIOM
CBOICTB, KOTOpble MNPOABAATCS C 6ECKOHEYHbIM pa3Hoo6pasnem. 310
3aTPYAHAET UX OTPaXKEHWE COBOKYMHOCTSIMMU UMCEN C OrpaHUYEHHO
pa3psAHOCTLIO, BO3HMKatOLee Npu Mx u3MepeHuun. Cpefm MHOXECT-
Ba CreuMpnyecknx NposBieHNin CBOWCTB eCTb W HECKOMbKO 06LMX.
H.P. Kamn6enn [13] ycTaHOBMA ANs BCero pasHoobpasusa cBoiicTB X
(hn3nYecKoro o6beKTa Hanmume Tpex Hanbonee 0BLIMX MPOABAEHUIA
B OTHOLUEHMAX 3KBMBaNEHTHOCTWU, Nopsjgka W agAuTUBHOCTU. ITu
OTHOLUEHMNS B MaTeMaTUYECKOW NOrMKe aHanMTUYECKU ONKChbIBaOTCA
npocTeiwMmMy noctynatamu.
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1. OTHOWeEHNe 3KBUBANEHTHOCTMW — 3TO OTHOLUEHWNE, B KOTOPOM
JaHHoe CBOMCTBO X y pasnMyHbIX 06beKTOB A 1 B 0KasbiBaeTcA OAunHa-
KOBbIM WX HEOAMHAKOBbLIM. [MOCTynaTbl OTHOLIEHUSA 3KBUBaIEHTHOCTU:

a) guxotomMum (cxoactBa u pasnuuun): nnéo X(A) * X(B), nubéo
X(A)*X(B);

6) CUMMETPUYHOCTU (CUMMETPUYHOCTM OTHOLUEHUS 3KBMBAIEHTHOC-
T™): ecnn X(A) « X(B), To X(B) ~ X(A);

B) TPAH3UTMBHOCTM MO KayecTBy (Nepexoja OTHOLUEHNSA 3KBUBAJIEHT-
HocTun): ecnm X(A) * X(B) n X(B) * X(C), To X(A) « X(C).

2. OTHOWeHNe NnopajKka — 3TO OTHOLLEHWE, B KOTOPOM JaHHOe CBOM-
CTBO X Yy pas/IMUHbIX 00bEKTOB OKa3blBaeTCA 60MblUe WU MeHbLLE.
MMocTynaTbl OTHOLIEHNA MopALKa:

a) aHTucumMmMeTpuyHocTu: ecnu X(A) > X(B), To X(B) < X(A);

6) TpaH3UTMBHOCTY MO MHTEHCMBHOCTU CBOWCTBA (Mepexof OTHOLLe-
Hua nopsagka): ecnn X(A) > X(B) un X(B) > X(C), To X(A) > X(C).

3. OTHOWeHNE afANTNBHOCTM — 3TO OTHOLLUEHWe, KoOrja OfHO-
pofHble CBOMCTBA pPa3/IMYHbIX 06LEKTOB MOTYT CyMMUpoBaThCA. MocTy-
naTbl OTHOLWEHNA afANTUBHOCTU:

a) MOHOTOHHOCTW (O4HOHaNpPaB/eHHOCTU afAWTUBHOCTU): ecnu
X(A) = X(C) n X(B)> Q 10 X(A) + X(B) > X(C);

6) KOMMYTaTMBHOCTY (MepemMecTUMOCTH cnaraemblx): X(A) + X(B) =
- X(B) + X(A);

B) auctpubyTmnsHoctu: X(A) + X(B) = X(A + B);

r) accoymatusHocTn: [X(A)+X(B)]+X(C) = X(A)+[X(B) + X(C)].

Kamnb6enn nokasasn, 4YTo B 3aBUCUMMOCTU OT NPOAB/IEHUS Haubonee
06w MNX OTHOLIEHWUT 3KBMBANEHTHOCTW, NOpPsAKa WU agguTUBHOCTU clie-
AyeT pasnuyatb TPU BMAA CBOWCTB M Be/IMUNH: X3KB— CBOICTBA, NPOsiB-
nsawume cebs ToNbKO B OTHOLWIEHUM 3KBUBANEHTHOCTU; X  — WH-
TEHCUBHbIE BE/IMUYMHBI, NPOABNAIOLLINE Ce6A B OTHOLLIEHUM 3KBUBANEHT-
HOCTW 1 NopsfKa; X3IC— IKCTEHCUBHbIE BE/IMYMHbBI, MPOABASAIOLLIME cebs
B OTHOLLUEHMWN 3KBMBA/IEHTHOCTK, NopsgKa U agguTUBHOCTH.

2.1.2. CoiicTBa, NposiBAsAtOLLLNE Ce0A TOMbKO B OTHOLLIEHNUN 3KBU-
BaNeHTHOCTMU. MoHATME cyeTa

Ecnun cBolicTBO NposiBAseT cebs TO/bKO B OTHOLLIEHUN 3KBUBAEHT-
HOCTW, TO obnagarowme MM 06BLEKTbI MOTYT ObITb: 0O6HAPYXeHbI, Knac-
cMMLUMPOBaHbI, NOABEPTrHYTbI KOHTPOMK MO KjaccaMm CBOWCTB 3KBM-
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BaNEHTHOCTU, OTPaXKeHbl COOTBETCTBYIOLWMMU (hOpMasibHbIMKN 06beKTa-
MU — yucnamu.

Mprmepom 06BEKTOB, 06/1afatoLLX CBOMCTBaMI SKBMBANEHTHOCTU, MOTYT
CNYXWUTb, HaNpuMmep, BUAbl XXUBOTHbIX: 3asL, MeaBedb U ap. Kaxaas rpyn-
na TakMx 06BLEKTOB OT/IMYAETCS XapaKTepHbIMWU CBOMNCTBaMM, HaMMeHOBa-
HUAMKU N pacrno3HaeTca Mo 3KBUBAMEHTHOCTM TEM MM MHBLIM CNOCOGOM.

CsolicTBa, MPOABAAIOLLMECS B OTHOLIEHUN 3KBUBANEHTHOCTU, 0TOGpa-
XalTcs M30MOPKHO, T. €. B3aMMOOJHO3HAYHO B 060MX HamnpaBAeHUAX.
Mpn aTOM JaHHOMY 3aMNUPUYECKOMY 06BLEKTY Xt COOTBETCTBYET TOJIbKO
JaHHbIN hopManbHbIi 06BbEKT N., Hanpumep B BAAE YMCNa U3 MHOXECTBA
HaTypanbHbiX umcen Nh, u HaobopoT: XjGXa&B — NjG(1...Nh). A=
oTobGpaxeHUs yncnamy 06bLEKTOB, KOTOpble 06/1aJal0T CBOMCTBaMU, Npo-
ABNAOLWMMY ceba NULb B OTHOLIEHUMN 3KBMBANEHTHOCTU, UCNOMb3YyeTCs
LW Kana HauMeHOBaHWin (paccmaTpuBaeTca ganee).

OCHOBHbIM MH(OPMATUBHbLIM NapaMmeTpPoOM COBOKYMHOCTU OOBLEKTOB C
OTHOLUEHNEM 3KBMBANIEHTHOCTU ABNSETCSA UX KOIMYECTBO, KOTOPOe onpe-
fpensetca nyTtem cuyeta. [py cyeTe YMCMEHHOCTb KavyeCTBEHHO OAHOTMUN-
HbIX 00BLEKTOB 0TOOPAXaeTCH COOTBETCTBYIOLIMM YUCIOM W3 HaTypasb-
Horo psga umcen. CueT — 3TO npouegypa onpefeneHUs YUCNEHHOCTH
KayeCTBEHHO OJHOTUMHbLIX 0O0BLEKTOB B AaHHON WX COBOKYMHOCTW. [ns
nposefeHns cyeta Heobxogmmo [20] anpnopHO peann3oBaTb NOCNeL0OBa-
TeNbHOCTb TEOPETUYECKUX U IMMUPUYECKUX METOLOB, & UMEHHO:

* HabnaeHNA 3a 06HEKTOM CYeTa,;

» abcTparmpoBaHMsa OT BCEX CBOWCTB 06HEKTOB, KPOME YUYUTbLIBAEMOTO;
e aHa/su3a W CpaBHeHUs — ANSA BbIABNEHUSA OTAENbHOrO 06beKTa;

* UHAYKLUMU — ANS yCTaHOB/EHMS NOBTOPAEMOCTU 0OBLEKTOB;

e 0600UIEHNS — ANA BblAeNeHNa TPynnbl 06X CBOWCTB.

Mocne aTOro CTaHOBUTCA BO3MOXHbLIM MPUMEHEHWE 3MMUPUKO-TEOPETU-
YeCKMX MeToAoB hopMann3alun npefcTaBieHnint 0 MHOXeCTBe 06HEKTOB B
BUAe paja uenbix yucen. Pe3ynbTaToM cueTa ABASETCA YUCIO 06BLEKTOB.
OCHOBHbIMMW XapakTepUCTUKaMM cUeTa ABAAI0TCA OCTOBEPHOCTb U CKOPOCTb.

2.1.3. NTHTEeHCUBHbIe BENMNYNHBI, YAOBNEeTBOPAOLLNE OTHOLWEHNAM
3KBUBANEHTHOCTMU W nopagka. MOHATMA BENNYNHBI U KOHTPONA

MHorue cBolicTBa, MOMWMO OTHOLLEHWS 3KBMBANEHTHOCTMH, npoABnA-
0T ce6s 1 B OTHOLUEHUWN HANN4UA Y HUX KO/TNYECTBEHHOI OopAnHaThbI CBOIA-
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CTBa — MHTEHCUBHOCTW. [pun pacysieHeHnM 06beKTa TaKme CBOMCTBa 00bIYHO
He N3MEHSOTCS N Ha3blBaOTCA MHTEHCUBHbIMUW BeAnYnHamu. MyTem cpas-
HEHNA WHTEHCMBHbIX BEIMUMH MOXXHO OMpPeaennTb NX COOTHOLLEHME, YNo-
pPAA0UYMTb MO MHTEHCMBHOCTWU JaHHOro cBoOWcTBa. lMpun cpaBHEHUN UHTEH-
CMBHbIX BE/IMYMH BbISIB/ISETCA OTHOLUEHMe nopsaaka (60/1bLue, MeHbLUE NN
paBHO), T.e. ONPEeAEnsieTCa COOTHOLLEHME MeXAY BenuumHamu. MNMpumepa-
MU MHTEHCUBHbIX BEIMYMH ABNAAOTCA TBEPAOCTb MaTepuana, 3anax u ap.

MHTEHCMBHbIE BE/IMUMHBLI MOTYT ObITb 06HAPYXeHbI, Knaccuguuym-
poBaHbl MO MHTEHCUBHOCTU, MOABEPTrHYTbl KOHTPO/O, KOJIMYECTBEHHO
OLEHeHbl MOHOTOHHO BO3pacTaldWUMN UKW YObIBAKOLWIMMKN YUCAAMM.

Ha ocHOBaHUM MOHATUA “UHTEHCUBHAA Be/IMUYMHA” BBOAATCA MOHSA-
TV (u3MyecKor BennymHbl (cMm. 2.1.1) n ee pasmepa. Pasmep dusu-
4ECKO BEAMUYNHbI — KOMMYECTBEHHOE COoAepXXaHWe B AaHHOM 0O6BbeKTE
CBOViCTBA, COOTBETCTBYIOLLEro NoHATUIO PB.

MHTeHCMBHbIE BENMUUHBI O0TOOpaXKatoTCA MyTeM KOJSIMYECTBEHHOrO,
rnaBHbIM 06pa3o0M 3KCMEePTHOrO, OLEHMBAHWSA, NPU KOTOPOM CBOICTBA C
60M1bWINM pasmMepoM 0TOOpaXkaTCs 60/1bLLUMM YNC/IOM, YeM CBOICTBA C
MEHbLUMM pasMepoM. MHTEHCMBHbIE BE/IMYUHbI OLEHMBAKOTCA MNpU Mo-
MOLLM LLIKaN nopsafka N UHTepBasioB, PacCMOTPEHHbIX fAaree.

O6bEKTbI, XapaKTEPU3YOLLIMECS MHTEHCUBHbLIMW BENUYMHAMMU, MOTYT ObITb
NOABEPrHYTbl KOHTPONO. KOHTponb — 3TO npouefypa yCTaHOB/IEHMSA COOT-
BETCTBUS MEXAY COCTOSIHMEM 06beKTa 1 HOpMOIA. [lns peanusaumm npoueay-
pbl NPOCTENLLEr0 0AHONAPaMETPOBOr0 KOHTPO/S CBOMCTBA X HEo6XoauMbl
06pasLoBble 06BHEKTLI, KOTOPbIe XapaKTepU3yHT NnapamMeTpbl, paBHble COOT-
BETCTBEHHO HWKHe XHW BepxHel X#rpaHmMuam HopMbl, 1 YCTPOCTBO cpaB-
HeHus. Pe3ynibTaT KOHTPOMA Q onpeaensieTca crieaytowmmMm ypaBHEHNEM:

HWKe HOpMbI (X < XH);
Q| Hopma (X >XHuX < Xg);
BbilLie HOpPMbI (X > XB).

2.1.4. OKCTEHCUBHbIEe BE/IMYUHbI, YA0BEeTBOPAKOLWMNE OTHOLIEHNAM
3KBUBANEHTHOCTMX, NopAgKa v aginTUBHOCTMU. MNOHATMA 0 egUHMK-
ue Be/IMYNHbI N N3MepeHNn

Ecnun (*)I/I3I/I‘-I€CKaFI Be/INYNHa NPOoABNAETCA B OTHOLUEHNAX 3KBUBaA-
NEeHTHOCTK, nopAaagKa n agguTUBHOCTU, TO OHa MOXKET ObITb: 06Hapy>KeHa,
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KnaccuguumpoBaHa, MPOKOHTPONMPOBaHA M U3MepeHa. 3TN BeIMUYMNHBI,
Ha3blBaeMble 3KCTEHCUMBHbIMW, XapakKTepu3ylT O00bIYHO (Pu3nyeckue
BeLLeCTBEHHbIE NN 3HEPreThYecKne CBONCTBa 06beKTa, HaNnpuMep Mac-
Cy Tena, 3fneKTpMYeckKoe CONPOTMBAEHME MPOBOAHUKA U Ap.

Mpu n3MepeHnn 3KCTEHCUBHOWN BeNNYMHbBI HECHETHOE MHOXECTBO ee
pa3MepoB 0TOOpaXaeTcs Ha CYETHOE MOAMHOXECTBO B BUJE COBOKYMHOCTH
uncen Q, KOTOpoe TakXe A0/MKHO Y0BAeTBOPATb OTHOLWEHUAM 3KBUBA-
NEHTHOCTW, Mopsagka U agauTUBHOCTM. Yucna Q — 3TO pesynbTaThbl
M3MEepEeHUIi, OHNM MOTYT 6bITb MCMONbL30BaHbl A5 NO6bIX MaTemMaTuye-
ckux onepaymii. COBOKYMHOCTb Takux uucen Q gomkHa obnagatb cne-
OYHOLLMMUN CBOCTBAMM:

1. Ans nposBNeHUS B OTHOLIEHWWN 3KBUBANEHTHOCTU COBOKYMHOCTb
yncen Q, oTobpaxallas pasnMyHbie N0 pasMmepy OAHOPOAHbIe Benun-
YMHBI, JOMKHA ObITb COBOKYMHOCTbIO OfMHAKOBO MMEHOBAHHbIX YnCen.
3T0 HauMeHOBaHuWe ABnAeTcA efuHuuen ®B unn ee gonu. EgnHnua
thusnyeckoil BenuunHbl [Q] — 3to ®B PuUKcMpoBaHHOTrO pasmepa, KOTO-
POl YCNOBHO MPUCBOEHO 4YMCNOBOE 3Ha4yeHWe, paBHOe efuHuue. OHa
npUMeHseTcs AN KOMYECTBEHHOMO BblpaXKeHUa OLHOPOAHbLIX D B.

2. [na nposBneHUs B OTHOLIEHUSAX 3KBUBANEHTHOCTU M Nopsjka
uyncno g, oTobpaxaruiee 60bLWYI0 N0 pa3Mepy BeAUUYUHY Q,>Q2 Bbl-
6upaeTtca 60MbWUM, YeM YMUCNO 2, OTOOpaXatLlee MeHbLIYO MO pas-
Mepy BenuuuHy Q2 lpu 3TOM B 060MX CAyvaax WUCNoONb3yeTcsa OfHA
eanHuua ®B. Ans BbINOMHEHUS JAHHOMO YCNOBUS B Ka4eCTBE MCKOMOIA
COBOKYMHOCTK (t,..., q BblGMpaT ynopsgouYeHHOe MHOXECTBO feiicT-
BMTE/NbHbIX YMCEN C €CTECTBEHHbLIM OTHOLUEHWEM MOpPALKa.

3. Ana nposiBneHus B OTHOLIEHUSAX 3KBMBAJEHTHOCTW, NOpPsijKa W
afauTUBHOCTU OTB/IEYEHHOE YMCAO, paBHOE OLeHKe CyMMapHOol u3me-
psemoli BennunHbl Q, BO3HMKAlOLWLEN B pe3ynbTaTe CIOXEHUs COCTaB-
NAWMNX OAHOPOAHBIX BEIMUYUH Q., [OMKHO ObITb PABHO CYMMe 4YUCO0-
BbIX OLEHOK Q. 3TUX cocTaBastowmx. Cymma UMEHOBaHHbIX uucen Q.,
oTpaxawLwmnx cocTaBaalowmne, A0MHKHA 6biTb paBHA MMEHOBAHHOMY
yncny Q, oTpaxawLwemy CyMMapHYH BeNUYUHY:

w-o2n Q= = a£Qlnpn [Q] = [Q 1.

Ecnn peannsosaHo ycnosue [Q] =[Qj], T. e. UMeeT MeCcTo paBeHCT-
BO pa3mMepoB efMHWL, ¥ BCEX MMEHOBaHHbIX YMCE/, OTpaxarwLwmx CcyM-
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MEpHYH BeNUUYMHY Q u ee cocTaBasowme Q. , To B 3TOM Ciy4vae BBOAAT-
cA cnefylolmne NOHATUSA:

3HaueHMe (U3NYECKOW BenMUMHbl Q — 3TO OLEHKa ee pasmepa B
BMAe HEKOTOPOro Yncna NPUHATbIX ANA Hee efuHUL;

YMCNOBOE 3HauyeHue U3NYECKON BeNNUYUHbI 0 — OTB/IEUYEHHOE YuC-
N0, Bblpaxalollee OTHOWEHNE 3HAYEHUA BEINYMNHbI K COOTBETCTBYIOLL el
efunHNLe gaHHON ®B.

YpaBHeHUe

Q- q[Q] (2.1)

Ha3blBalOT OCHOBHbIM ypaBHeHMEM u3MepeHusi. CyTb NPOCTEALIEro n3-
MepeHUs COCTOUT B CPaBHEHUU pa3mepa ®B Q ¢ pasmepamu BbIXO[HOM
BEMUYMNHbBI PErynnupyemMoii MHOro3Ha4yHo mepsbl q[Q]. B pesynbTaTe cpas-
HeHMs ycTaHaBnmBarT, 4To ¢[Q] < Q < (g + 1)[Q]- OTctoaa cneayer,
uyto q = Int(Q/[Q]), rae Int(X) — pyHKUMSA, BbIgenatOLWwasa Lenyt 4acTb
ynucna X.

YcnoBnem peanusauum npoueaypbl 3N1€MeHTapHOro NPsSmMoro m3me-
peHNs ABNSeTCA BbINOMHEHWE CNeAYOWMUX Onepaumnii:
e BocnpouseeaeHne ®B 3agaHHOro pasmepa q[Q];

e CpaBHeHMWe nsMmepsemMoin B Q ¢ BOCNPOM3BOLMMOI Mepoii BENNYMN-
Holi q[Q].

Takum 06pa3oM, Ha OCHOBE UCMOMb30BaHUA 06LLMX MOCTYNaTOB 3K-
BMBA/IEHTHOCTMW, NOpAAKa M afAuTUBHOCTM NOYYEHO NMOHATME NPAMOTO
N3MEPEHNS, KOTOPOe MOXET 6bITb C(HOOPMYNMPOBAHO Cnefytoumm obpa-
30M: U3MEpeHne — no3HaBaTeNbHbIA NpoLecc, 3aKnvarLWwmniics B cpas-
HeHWW NyTeM (U3NYECKOro aKCnepumeHTa faHHo ®B ¢ nssecTHoli PB,
NPUHATON 3a efMHULY U3MEpeHMs.

OrpaHMYeHHOCTb YMCIOBOr0 3HAYeHWA g U3MepseMoil BennYnHbl Q
NPUBOANT NPU 0TOBPaXKEHUN K TOMOMOPU3MY, T.€. K HEOLHO3HAUYHOCTH
npu oTobpaxeHnun. MiamepeHne SBASETCA FTOMOMOP(HbLIM OTOOPaXKEHNEM,
TaK Kak gaHHomy pasmepy Q B auanasoHe ot q [Q] go (g+1) [Q] cooT-
BETCTBYeT TO/IbKO 0f4HO 3HavyeHune Q0= q [Q] (puc. 2.3), a faHHOMY Q0 —
MHOXeCTBO pasMepoB Q B yKa3aHHOM fAuanasoHe.

FomMoMopthn3M BHOCMT BEPOATHOCTHbIA acnekT B O0TOGpaKeHue He
TO/IbKO CAYYaihHOW, HO U MOCTOAHHOW BENNYUHBI N ABNSETCA NPUUNHONA
NosBAEHNS HEN36eXHON MeTOAMYECKON MOrpewHOCTM U3MepeHus —
MOrpewHOCTN KBAHTOBAHMS. 3Ta MNOrPEIHOCTb BO3SHUKAET M3-3a MPUH-
LUUNMaNbHOTO HECOBEPLUEHCTBA M3MEPEHUs KakK MeToja 0To6paxeHus
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HenpepbIBHOrO pasmepa BeNMYMHbI YUCIOM C OTpaHWUYEHHbLIM KONnye-
CTBOM paspsios.

Qo Q Qi Pasmep ®B

Puc. 2.3. Nomomopthunam onepaymm M3MepeHus

2.1.5. LKanbl, n3amepeHuit

B npakTnyeckoi aesTenbHOCTM HEOOX0AUMO MPOBOANTL U3MEPEHUS
pa3NNyHbIX BENUYMH, XapaKTepusyroLWwnx cBONCTBa TeN, BELLeCTB, fB-
neHnin n npoueccoB. Kak 6bII0 MOKasaHO B MpeablAywux pasgenax,
HeKOTOpble CBOWCTBA MPOABAAIOTCA TONbKO KAYeCTBEHHO, Apyrme — Ko-
NNYeCcTBEHHO. Pa3Hoo6pa3Hble NPosBneHNa (KONMYECTBEHHbIE U Ka-
YyecTBeHHbIe) NM60Oro ceoicTBa 06pa3ydT MHOXeCTBa, O0TOOGpPaXKeHus
3/1IEMEHTOB KOTOPbIX Ha YNOPAL0YEHHOE MHOXECTBO YMcen unu B 6onee
obuiem cny4yae YCMOBHbIX 3HaKOB 06pasyloT WKanbl W3MepeHus 3Tux
cBoiicTB. Ll kKana n3mepeHWid KONMYECTBEHHOro CBOWCTBa ABAAETCA
WwKanon ®B. LW Kana uU3M4ECKO BEINYNHbI — 3TO YNOPAAOYEHHAs
nocnefoBaTeNlbHOCTb 3HaYeHWi DB, NpUHATAA MO COrnaleHnto Ha oc-
HOBaHWUW Pe3yNbTaTOB TOYHbLIX U3MEPEHUI. TepMUHbI U OnpegefeHns
TEOpUM LWKan U3MepPeHNn M3N0XKeHbI B JOKYMeHTe MW 2365—96.

B COOTBETCTBUM C /IOTUYECKOI CTPYKTYpOl MPOSABMEHUA CBOWCTB
pas3nnyaroT NATb OCHOBHbIX TUMOB LKan U3MEPEHUNA.

1. W kana HaumeHoBaHU (Wwkana knaccunkaymm). Takue LWKa-
Nbl NCMONL3YOTCA ANA Knaccugpukaumm aMnupuvecknx 06 beKToB, CBOIA-
CTBa KOTOPbIX MPOABAATCA TOMbKO B OTHOLWEHWUW 3KBUBANEHTHOCTY.
3TN CcBOICTBA HENb3f CUYMTaTb (DU3NYECKUMMW BEAMYMHAMU, MOITOMY
WKanbl TaKOro BMAa He ABAAKTCS WKanamy ®B. 370 camblil NpocToit
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TWN WKaNn, OCHOBaHHbIV Ha MPUMNUCbIBAHWM KayeCTBEHHbIM CBOMCTBAaM
06BbEKTOB YMCeN, UTpalLW KX pPob UMEH.

B WwkKanax HauMeHOBaHW, B KOTOPbIX OTHECEHWE OTPaXaemoro cBoli-
CTBa K TOMY WAW WHOMY Knaccy 3KBMBAJEHTHOCTU OCYLLECTB/AETCHA C
McnonbL30BaHWEM OPraHOB YyBCTB YefioBeKa, Hanbonee afjleKkBaTeH pesysib-
TaT, BblOPaHHbIi 60NbLWMHCTBOM 3KCNepTOB. Mpu 3ToM 60nblIOe 3HaYe-
HUe MMeeT MPaBUNbHbIM BbIGOP KNAacCOB 3KBUBANEHTHOW LIKalbl — OHU
LO/MKHBI HafleXXHO pasnuyatbcsa HabnopaTtenaMmu, skcnepTamun, oLEHU-
BalOWMMU AaHHOe cBOMCTBO. Hymepauuns o06beKTOB Mo LWiKane Haume-
HOBAHWI OCyLLeCcTBNSAETCA NO MPUHLMUNY: “HE NPUNUCLIBAA OAHY W TY
Xe unmdpy pasHblM ob6bekTam”. Yucna, npunucaHHble 06beKTam, MO-
ryT 6bITb UCMNOMb30BaHbl A/1A ONpPefeneHnsa BEPOATHOCTU WAN YacTOThl
NoABNEHNA AAHHOT0 06bEKTA, HO UX HENMb3A UCNONb30BaTb ANA CYMMMU-
poBaHUA U APYrUX MaTemMaTUyecKux onepawmii.

MOCKOMbKY faHHble WKaNbl XapaKTepu3yTCA TONbKO OTHOLWEHUAMM
39KBUBANEHTHOCTU, TO B HUX OTCYTCTBYET MOHATUA HYNA, “60nbLie” nnu
“MeHbWwe” N eguHULbI U3MepeHns. TPUMEpPOM LW Kan HavMeHOBaHWI
ABNAOTCA WMNPOKO pacnpocTpaHeHHble aTnachl LBeTOB, NpefAHa3HayeH-
Hble ANd WAEHTUDUKALMK LBeTa.

2. Ll kana nopsgka (WwWKana paHros). Ecnm cBOCTBO fAaHHOTO
NMUPUYECKOro 06beKTa NPoABNAET cebs B OTHOWEHUN 3KBUBANEHTHOCTU
M nopsafKa No BO3pacTaHWIO MW Y6bIBAHUIKO KOMYECTBEHHOro NPOAB-
NeHns cBoOlCTBa, TO 418 HEro MOXeT 6bITb MOCTPOeHa WKana nopsapaka.
OHa fiBNSieTCA MOHOTOHHO BO3pacTatouieid unm ybbiBatoLieid 1 N03BONA-
eT YCTaHOBUTb OTHOLWEHMe 6oNblle/MeHbLW e MeXAY BenuynHamu, xa-
pakTepusylWmnUMmn yKasaHHoe CBOWCTBO. B wkKanax nopsgka cyuiecT-
BYeT U/IN He CYLeCcTBYeT HY/b, HO MPUHLUMNMNANbHO HENb3A BBECTU efu-
HULbl M3MEPEHUNA, TaK KaK [1F HUX HE YCTAHOBNEHO OTHOLWeHWe npo-
NOPLMOHANBHOCTN U COOTBETCTBEHHO HET BO3MOXHOCTWN CYAUTb BO CKO/b-
KO pa3 60/blle AN MeHblle KOHKPeTHble NPOsSBNeHUs CBOWCTBA.

B cnyyanax, Korga ypoBeHb NO3HaHWA ABNEHUSA He NO3BONAET TOYHO
YCTAHOBUTb OTHOLWEHUSA, CYL eCTBYOLULME MEXAY BeNMUYMHAMU [aHHON
XapaKTepucTukun, Nnbo NnpuMeHeHue WKanbl YA06HO U [OCTAaTOYHO ANA
NPakTUKW, UCNONb3YIT YCNOBHble (AMNUPUYECKME) LWKanbl Nopsaaka.
YcnoBHaa wkana — 3T0 WkKeta ®B, ncxofHble 3HaYEHUS KOTOPON
Bblpa>KeHbl B YC/IOBHbIX efuMHuLax. Hanpumep, wkana BA3KOCTU IHr-
nepa, 12-6anbHad wkana bogopTa ANA CUAbl MOPCKOrO BeTpa.

LLnpokoe pacnpocTpaHeHue NONYYUIN WKanbl NOpALKA C HAHECEH-
HbIMW Ha HUX penepHbIMW Toykamu. K Takum wWKanam, Hanpumep,
OTHOCMTCA WKana Mooca gns onpefeneHns TeepAoCcTU MUHepPanos, KO-
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Topas cofepXuT 10 onopHbIX (PenepHbiX) MUHEPANOB C Pa3fINYHbIMU
YCNOBHBIMU YMUCNaMUK TBEPAOCTU: TanbK — 1; runc — 2; Kanbuuii — 3;
(hnooput — 4; anatut — 5; opToknas — 6; kBapy — 7; tonas3 — 8;
KOpyHA — 9; anma3z — 10. OTHeceHMe MuUHepana K TO WAW UHON rpa-
Jaunn TBepJoCTW OCYLLECTB/IAETCA Ha OCHOBAHUMW 3KCMEepuMeHTa, KOTo-
pbl/i COCTOMT B TOM, YTO UCMbLITYEMbIV MaTepuan LapanaeTcs ONOPHbIM.
Ecnn nocne uyapanaHbs MUCMbITYEMOro MUHepana Keapuem (7) Ha Hem
ocTaeTcsa cnef, a nocne optoknasa (6) — He ocTaeTca, TO TBepAOCTb
MCNbITYEMOro mMaTepuana coctasnset 6onee 6, HO MeHee 7. Bonee Tou-
HOro O0TBeTa B 3TOM Ciy4ae [aTb HEBO3MOXHO.

B yCnoBHbIX WKanax O4WHaKOBbIM WHTEpPBanaM Mexay pasMepamu
[aHHOM BeNMYMHBI He COOTBETCTBYIOT OfMHAKOBbIE PA3MEPHOCTM uuncen,
oTobpaxaroLwux pasmMepbl. C NOMOLLbIO 3TUX YUCEN MOXHO HalTh Bepo-
ATHOCTW, MOAbl, MeAnaHbl, KBAHTUMN, OfHAKO UX Hefb3f MCNO/b30BaTb
4N CYMMUPOBaHWA, YMHOXEHNSA U APYTMX MaTeMaTuyeckux onepawui.

OnpegeneHvie 3Ha4YEHNA BEIMYMH NPU NOMOLLM LWIKaN NopsaAKa HeNb3s
cyYnTaTb M3MepeHneMm, Tak Kak Ha 3TUX LKanax He MOryT ObITb BBefe-
Hbl efinHNLbI U3MepeHuns. Onepawlmio No NPUNUCLIBAHUIO Yucna Tpebye-
MOI BeNWYUHE CnefyeT cuuTaTb oueHuBaHueM. OLeHMBaHME MO LIKa-
nam nopfafKa ABMAETCA HEOLHO3HAUYHbLIM U BeCbMa YC/OBHbLIM, O YEM
CBMAETeNbCTBYeT PACCMOTPEHHbIA npumep.

3. Ll kana MHTepBanos (WKana pasHocTeil). STU WKanbl ABNA
0TCA AanbHeWW M pa3BUTUEM LKA NOPSAAKa U NPUMEHAOTCA ANS 06b-
eKTOB, CBOIMCTBa KOTOPbIX YAOBNETBOPAKOT OTHOWEHWSM 3KBUBA-
NEHTHOCTU, nopafKa v agauTusHocTu. LLKana nHTEpBanoB COCTOUT U3
OANHAKOBbLIX WHTEPBA/IOB, MMEET efUHULY WU3MEpPeHUs 1 MPOU3BOJILHO
BbIOpaHHOEe Hayano — HyneBylo TOYKY. K TakuM LIKanaM OTHOCUTCA
neToMCYUC/IEHNe MO Pas3NMYHbLIM KafieHAapsMm, B KOTOPbIX 3a Hauano
oTCYeTa NMPUHATO NM60 COTBOPEHMEe MUpa, MO0 POXAECTBO XPUCTOBO U
T.4. TemnepaTypHble wkanbl Llenscua, dapeHreinta n Peomiopa Takxe
ABNAOTCA LWWKanamMmun UHTepBasos.

Ha wkane vHTepBanoB onpefeneHbl LelCTBUA CNOXEHWUA W BblUu-
TaHWs WHTepBanoB. [eliCTBUTENbLHO, MO LKane BPEMEHU WHTepBanbl
MOXHO CYMMWPOBaTb WM Bbl4MTaTb U CPaBHMBATb, BO CKOJIbKO pa3
OfMH WHTepBan 6oOfblle APYrOro, HO CKNafblBaTb AaTbl KakKux-nn6o
cO6bITMIA NPOCTO 6ECCMbIC/IEHHO.

LLl kana WMHTepBanoB BenMYUHbI Q ONUCLIBAETCA YpPaBHEHWUEM

Q = Qo +q[Q]>rae g — 4ncnoBOe 3HaYeHWe BeMUYnHbI; Q0 — Hayano oT-
cyeTa WKanbl; [Q] — eAMHULA paccmaTpMBaemMol BENMYMHbBI. Takas LiKa-
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Na NOSHOCTLI0 onpegensieTca 3afjaHmMem Hadana otcyeta QO LWKasbl U
eMHMUbI JaHHOW Benn4umHbl [Q].

3afaTth LWKany npakTUYecKM MOXKHO ABYMS NyTsmMu. [pu nepsom
13 HUX BblbMpatoTcs fABa 3HaveHMss QO Q BeMUYMHbLI, KOTOPbIE OTHO-
CUTENIbHO MPOCTO peasin3oBaHbl (PU3NYECKN. 3TW 3HAYEHUS HasblBa-
IOTCS ONOPHLIMWU TOYKaMW, WAN OCHOBHbIMU penepamu, a UHTepBas
(Q,- Q) — OCHOBHbIM MHTepBanom. Touka Q0 NPUHMMAETCA 3a Ha4aslo

oTcyeTa, a BeimumHa (Qi - Qo)/n =[Q] 3a eanHmuy Q. Mpun aToM N Bbl-
6rpaeTca TakuM, 4ToObl [Q] 610 LEeNoA BENNYMHOIA.

MepeBog ogHoOM WKanbl MHTepBanoB Q= QUL+ qt[Q]iB Apyryto

Q= Q2 + 4 Q]J20cyuwiecTBNAeTCS No opmyse

(2.2)

Mpumep 2.1. Lkana dapeHreiita ABASETCS LIKaA0N MHTepBanoB. Ha Hell
QO0—rtemnepaTypa CMecu nbja, NOBapeHHON COAM M HawwaTtbips, Q,— Temnepa-
Typa 4enoBeyeckoro Tena. EgMHuua nsmepeHuss — rpagyc ®apeHreiTa :

[Qr]=(Q,-Qo)/9%e = I°F.

TemnepaTypa TasiHMA CMeCW fbAa, COAM WM HalaTblps OKas3anacb paBHOMN
32°F, a TemnepaTypa KuneHusa sofbl — 212°F.

Ha wkane Llenbcna Q0 — Temnepartypa TasHus nbfa, Q, — Temneparypa
KuneHuns sogpl. ["pagyc Llenbcusa

TpebyeTcs nonyunTb hopMyny ANA nepexofa OT OAHOW LuKalbl K APYroi.
dopmyna Ana nepexoga onpeaensieTcs B COOTBETCTBMM C BblpaXkeHueM (2.2).
3HaueHMe pa3HOCTM TemnepaTyp no wkane PapeHreiita MeXAy TOUKON KuneHus

BOfbl U TOYKOI TasHMA Nbda cocTaBnset 212°F-32 F = 180°F. Mo wkane Llenb-

Cus 3TOT MHTepBan Temnepartyp paseH 100°C. CnegosatesnibHo, 100°C —180°F u
OTHOLLEHME pPa3sMepoB efuHuL,

Ql, °F 100 5
Of*°C7180*9
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UncnoBoe 3HauYeHWe MHTepBasa MeXJy Hayanamu oTcueTa Mo paccmartpu-
BaeMbIM LLIKanam, M3MepeHHoro B rpagycax ®apenreinta ([Q],=0F). paBHO 32.
Mepexog OT TemnepaTypbl Mo wkane dapeHreiita K Temnepatype no Likane
Lienbcus npousBoguTca no opmyrne

tc = —(tF - 32).

Mpn BTOPOM NYTW 3ajaHus LWKanbl efuHULA BOCNPOU3BOAUTCA He-
NMOCPEeLCTBEHHO KaK MHTepBas, ero HeKoTopas 4014 UNW HEKOTOPOE YMCNo
WHTepBasoB pasMepoB AaHHOW Be/IMUYMHLI, a Hayano oTcyeTa BbibMparoT
KaXAbl/i pa3 no-pasHOMY B 3aBUCUMOCTW OT KOHKPETHbIX YCMOBUIA n3y-
Yyaemoro aeneHus. NMpumep Takoro nogxofa — LW Kala BpeMeHU, B KO-
Topoin 1¢=9 192 631 770 nepuofoB M3/y4eHUs, COOTBETCTBYHOLLUX
nepexoay Mexpgy ABYMS CBEPXTOHKWMW YPOBHSMMW OCHOBHOrO COCTOSA-
HUA atoma uUe3na-133. 3a Hayano otcyeTa MPUHMUMAETCA Hayano U3y-
4yaemoro fiBfieHUA.

4. W Kkana OTHOWEHWA. TN WKaNbl ONWCbIBAOT CBOWCTBA 3IMMM-
puYeckKMx 0OBEKTOB, KOTOpPble YAOBNETBOPSAT OTHOLWEHUAM
3KBMBANEHTHOCTKU, NopaaKa M agANTUBHOCTK (LW Kanbl BTOPOro poga —
afjAuTWBHbIE), @ B pAfe CAy4vyaeB M NPONOPLMOHANbLHOCTW (LW Kanbl
nepBOro poja — NPOMNOpPUMOHAaNbHbIE). VX npumepamu sBAATCA
WwKana maccbl (BTOporo poja), TepMOogMHaAMWUUeCKONW TemmnepaTypsbl
(nepBoro popga).

B wkKanax OTHOWEHWUI CyullecTBYeT OAHO3HAYHbIA €CTECTBEHHbIN
KpuTepuii HyNIeBOro KOJIMYECTBEHHOTO MPOSBNEHUSA CBOMCTBA U egNHMLA
U3MepeHuid, ycTaHOBAEHHas no cornaweHuto. C GopManbHOR TOUKHK
3peHusa WKana OTHOLWEHWUA ABNAETCS WKanol MHTepBanoB C eCTEeCTBEH-
HbIM Hayanom otcyeta. K 3Ha4YeHUAM, MOSYYEHHbIM MO 3TOW LiKane,
NPUMEHUMbI BCe apuMeTnyeckme AeCTBUS, YTO MMeeT BaXHOe 3Hauve-
HUe npu nimepeHnn OB.

LU kanbl OTHOWEHU — camble coBeplieHHble. OHU ONUCbIBAOTCH

ypaBHeHuem Q =q[Q], rae Q — ®B, Ana KOTOPONA CTpoUTCA LWKana,

[Q] — ee eanHnua nsmepenns, q — uncnosoe sHaueHne ®B. Mepexos
OT OJHOW WKanbl OTHOWEHWI K ApYroii NpoMCXOAUT B COOTBETCTBUM C

ypaBHeHuem (2 = qA

5. A6conto THble WKanbl. HekoTopble aBTopbl [22,23] MCNonb3ywT
NMOHATUE abCOMKTHbLIX LWKan, Nof KOTOPbIMU MOHMMAIOT LWKanbl, ob6na-
Jaluine BCeEMM MNpPU3HaKamMW WKal OTHOWEHWA, HO AOMOMHUTENbHO
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MMetoLMe ecTeCTBEHHOE OAHO3HAYHOe OMNpefeneHne efuHULLbl u3mepe-
HUSA W He 3aBUCALLME OT NPUHATON CUCTEMbI eANHUL, n3MepeHus. Takue
W KaNbl COOTBETCTBYKT OTHOCUTE/bHbIM BeANYMHAM: KO3I(DULUEHTY
ycuneHnus, ocnabneHus v gp. Ans o6pasoBaHWs MHOTMMX MPOM3BOAHbIX
eanHuny B cucteme CU ncnonb3ytoTcs 6e3pasMepHble Y CHETHbIE eAUHN-
bl aGCOMIOTHBIX WKan.

OTMeTUM, 4TO L Kanbl HAMMEHOBAHUIA U NOPAAKA Ha3blBalOT HEMET -
puyeckumn (KOHLENTyanbHbIMK), a LWKaabl UHTEPBANOB WM OTHOLUE-
HUA — MeTpuyeckumMmn (MaTepuanbHbiMu). ABCONOTHBIE U METPU-
yeckme WKanbl OTHOCATCA K paspafy NuHelHblX. MMpakTuyeckas pea-
nn3aumns WKkan n3MepeHnin ocyLLecTBAAETCA NyTeM CTaHAapTU3aLun Kak
camMMx LWKan U eauHUL, N3MepPeHUii, TaKk U, B HEOBXOAMUMbIX Cly4asx,
CrMoco6oB M yCnoBWiA UX OJHO3HAYHOrO BOCMPOW3BEAEHMUS.

2.2. VN3mepeHne 1 ero 0CHOBHbIE onepaunmn

Bce nsmepsemble @B MOXHO pasfennTb Ha ABe rpynnbl:

* HemnocpeAcTBEHHO M3MepsieMble, KOTOpPble MOTYT GbiTb BOCNPOU3-
BefleHbl C 3afjaHHbIMU pa3mMepaMu W CPaBHWMbl C MOAOGHLIMU, Hampu-
Mep fMHa, Macca, Bpems;

* npeobpasyemble C 3afjaHHOI TOYHOCTbIO B HEMOCPeCTBEHHO U3Me-
psemble BENMUYMHbI, Hanpumep TeMnepaTypa, NAOTHOCTb. Takoe npeo6-
pa3oBaHuWe OCYLLECTBASETCS C MOMOLLbIO ONepaLun U3mMepuTebHOrO npe-
o6pasoBaHus.

CyTb npocTelilero NpsMoro M3MepeHns CoCTOMT B CpaBHEHUM pas-
mepa ®B Q ¢ pasmepamMu BbIXOAHOW BeAWYMHbLI PErynmpyemMoii MHOro-
3HayHoin Mepbl gfQ] (cm. 2.1.4). YcnoBuem peanusaumu npoueaypbl
NpsMOro M3MepeHUs ABMAETCA BbIMOJHEHWE CMeAYIOLWNX 3neMeHTap-
HbIX onepaymii:

* M3MEpUTENLHOro npeobpasoBaHus usmepsiemoid ®B X B gpyryto
®B Q, 0AHOPOAHY MU HEOAHOPOAHYIO C Heil;

e BocnpoussegeHns ®B QMsagaHHoro pasmepa N[Q), oAHOpOAHON C
npeo6bpa3oBaHHON BeAUYMHON Q;

e CpaBHEHWA 0fHOPOAHbIX DPB: npeobpa3oBaHHOW Q M BOCMPOM3BO-
anmoin mepoi Qg= N(QJ.

CTpyKTypHaa cxema M3MepeHus rnokasaHa Ha puc. 2.4. ina nony-
YyeHWs pesynbTaTa U3MepeHns HeobxoAMMO 06ecneunTb BbINOSHEHWE NPK
N = g ycnosus:
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A=Q- q[Q] = F(X) - q[Q] = min(F[X) - N[Q]),

T.e. MOrPEWHOCTb CPaBHEHNS BeNMYMH Q M QMpomkHa OblTb MUHK-
MU3MpoBaHa. B aTOM cnyuvae pesynbTaT M3MEPEHWUIA HaxoauTca Kak
X = F*{q[Q}» rae F'1— onepauus, o6patHaa onepauun F, ocywiects-
NSeMoi npyu M3MepuTeNlbHOM NpeobpasoBaHMu.

Puc. 2.4. CTpyKTypHasa cxema M3MepeHus

W3meprnTensHoe npeobpasoBaHe — onepauus, Npu KoTopon yc-
TaHaB/IMBAETCA B3aVIMHO OJHO3HA4YHOE COOTBETCTBME MEXAY pa3mepa-
MK B 06LLEM C/lyvae HEOAHOPOAHLIX Npeobpasyemoli 1 npeobpasoBaH-
Hoin ®B. M3mepuTenbHOe Npeo6pa3oBaHKe ONMCLIBAETCS YPaBHEHUEM
Bnaa Q = F(X), roe F — HekoTopas (hyHKUMA, UAN (YHKLUOHAN (CM.
puc. 2.4). OfHako valle CTpeMsATCs cAenaTb npeobpasoBaHVe SIMHENR-
HbiM: Q = KX, rge K — nocTosiHHaa BennynHa.

OCHOBHOEe Ha3HayeHWe U3MepUTENbHOMO NPeobpasoBaHns — Nony-
UeHWe W, eCcin 3T0 HeobXoAMMO, Npeobpa3oBaHMe MHGoOpMaLMU 06 13-
mepsieMoli BennumHe. Ero BbINO/IHEHWE OCYLLECTBNSETCA Ha OCHOBE Bbl-
6paHHbIX (IM3NYECKNX 3aKOHOMEPHOCTeN. B m3mepuTensHoe npeobpa-
30BaHVie B O6LLUEM CNyyae MOTYT BXOAUTb CMedyHoLLme onepaLmu:

* N3MeHeHMe (hM3NYECKOro poja npeobpasyemoli BeIMUUHBI;

e MacliTabHoe N1HeHOe NpeobpasoBaHue;

* MaclITabHO-BpeMeHHOe Npeo6pasoBaHue;

* HeNMHeHoe Mnn (hYHKLMOHaIbHOE MpeobpasoBaHue;

* MOAYNAUMSA CUrHaNg;

* [UCKPeTU3aLMs HeNpepbIBHOrO CUrHanNg;

* KBaHTOBaHuVe.
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Onepauna n3mMepuTenbHOro npeobpasoBaHMs OCYLLECTBAAETCA MO-
CpeAcTBOM M3MEpPUTENbHOro npeobpasoBaTens — TEXHUYECKOro YCT-
poiicTBa, MOCTPOEHHOTrO Ha OMPeAeneHHOM (U3MYECKOM NpUHUUNE K
BbIMOJIHAKOLLErO0 O4HO YaCTHOe M3MepuTenbHoe npeobpasoBaHue. M3me-
puTenbHble Npeobpa3oBaTeny paccMoTpeHbl B pasg. 11.5.

BocnpoussefeHne M3MUYECKOW BENUUMHBI 3a4aHHOro pasmepa
N[QJ — aTo onepaumns, KoTopas 3akntw4yaeTcda B co3gaHum Tpebye-
Mol ®B, ¢ 3a4aHHbIM 3Ha4YeHWeM, N3BECTHbIM C OFOBOPEHHOM TOYHO-
cTbto. Onepaunio BOCNPOU3BEAEHUSA BeNUYUHBI ONpPEeLesIeHHOro pas-
Mepa MOXHO (hopMasibHO MpeACcTaBUTbL Kak npeobpasoBaHue kKoga N
B 3aflaHHYI0 (DM3NYECKYI0 BEIMUYMHY Q , OCHOBaHHOE Ha eNHuLe AaH-
Ho ®B [Q]: Q= N[Q] (cm. puc. 2.4).

CTeneHb COBeEpLUEHCTBA onepayuu BocrnpounsseseHns ®B 3agaHHoOro
pasmepa onpefenseTcs MNOCTOAHCTBOM pa3Mepa KaX ol CTyneHW KBaH-
ToBaHUA Mepbl [Q] ¥ CTeNeHbd MHOr03Ha4YHOCTU, T.e. yucnom N BOC-
NPON3BOAUMBIX U3BECTHbIX 3Ha4YeHUin. C Hanbonee BbICOKON TOUHOCTLHO
BOCNPOU3BOAATCA OCHOBHble PB: fnnMHa, Macca, Bpems, yacToTa, Ha-
npsXxeHne u ToK (cMm. pasg.11.5).

CpeacTBO U3MeEpeHnii, npefHasHayeHHoe 418 BocnpoussegeHns ®B
3aflaHHOro0 pasmepa, HasblBaeTcsa Mepoi.

CpaBHeHne namepsaemoii ®B ¢ BeANYMHOI, BOCMPOM3BOAUMOI Mepoii
QM— 3To onepaumsa, 3akn0Yar LW ascs B yCTaHOB/EHUN OTHOLWEHUA 3TUX
LBYX BeNNUuH: Q> <QmunnQ= (~. To4YHOe coBNajeHne cpaBHuBae-
MbIX BEMYMH, KaK MpaBuio, He BCTpevaeTCcsas B MPaKTUKE M3MEpPEHUA.
370 06yCNOBNEHO TEM, YTO Be/MUYMHA, BOCMPOU3BOAMMAS MEPOiA, ABNSA-
eTCA KBAaHTOBAHHOI M MOXET NPUHUMATb 3HAYEHUA, KpaTHble efuHULLe
[Q]. B pe3ynbTaTe cpaBHEHUA 6NN3KUX UIN OLUHAKOBbLIX BENYUH Q ©
QmMOXeT 6bITb MNWb YCTaHOBAEHO, 4TO |Q - Qj < [QJ.

MeToAOM CpaBHEHUA Ha3blBaeTCA COBOKYMHOCTb NMPUEMOB UCMOJb-
30BaHMA QU3NYECKMX ABMIEHWUIA M NpOLECccoB AN ONpefeneHus cooT-
HOWEeHNA OAHOPOAHbLIX BeNWYUH. Hambonee 4acTo 3TO COOTHOLUEHUE
yCTaHaB/MIMBaeTCA MO 3HAKYy Pa3HOCTW CpPaBHWMBAEMbIX BenuU4YunH. fane-
KO He Kaxgyto ®B MOXHO cpaBHUTb Mpu 3ToM c cebe nofobHONW. Bce
®B B 3aBUCMMOCTM OT BO3MOXHOCTW CO3[4aHUA Pa3HOCTHOro cCurHana
penaTca Ha Tpu rpynnel. K nepsoil rpynne oTHocATcAa ®B, KoTopble
MOXHO BblYMTaTb M TaKUM 06pa3oM HenocpeAcTBEHHO cpaBHMBATHL 6e3
npeABapuTeNbHOro npeobpasoBaHua. OT0 — 3NEeKTPUYECKMNE, MATHUT-
Hble W MeXaHu4yeckue BenU4YMHbI. Ko BTOpoOil rpynne oTHocsTcs ®B,
HeyfoOHble AN BblYUTaHWUS, HO YAOOHbIE AN KOMMYyTauumn, a UMeH-
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HO: CBETOBbIE MOTOKM, WOHW3MPYIOLLME U3NYYEHUS, NOTOKN XMLKOCTY
1 rasa. TpeTblo rpynny obpasytoT ®B, xapakTepusytoLye cocTosHMe
OGBEKTOB WM MX CBOIWCTB, KOTOPble (PU3NYECKN HEBOMOXHO BblYM-
TaTb. K Takum ®B OTHOCATCS BN@XHOCTb, KOHLEHTPALWS BELLECTB,
LLBET, 3amnax v ap.

MapaMeTpbl CUrHaIOB NEPBOIA TPyMMbl Hambonee yao6HbI ANs cpas-
HeHWs, BTOPO — MeHee YA00HbI, a TPETbeli — HenocpeACcTBEHHO CpaB-
HMBaTb HEBO3MOXHO. OfHaKo NocnefHue HeOBXOAMMO CpaBHMBATL W
M3MepsATb, NMO3TOMY UX MPUXOAMTCA NPeobpasoBbIBaTh B ApYrue Ben-
UMHbI, MOAAAMOLLMECS CPABHEHNIO.

2.3. dnemMeHTbI npouecca N3MepPeHNA

M3mepeHne —» CNOXHBIA NpoLece, BKAYatoLmii B cebs B3aumo-
[JeVicTBMe LieNoro psfa ero CTPYKTYPHbIX 31emMeHToB. K HUM OTHOCATCS:
n3MepuTeNbHas 3aa4a, 06BEKT U3MEPEHMS, NPUHLMM, METOA 1 CPeACTBO
M3MEPEHUS 1 ero MOZJe/b, YCNOBWA U3MEPEHUS, CYOLEKT 13MepeHUs, pe-
3ynbTaT W MOrPELUHOCTb U3MEPEeHUs. 3TW 3MIEMEHTbI U MX B3a1MOCBA3M
MoKasaHbl Ha puc. 2.5 B BUfe CTPYKTYpHOI CXeMbl. V3 Hee BUAHO, UTO
MPOLECC M3MEepPeHNs NPOTeKaeT Mo ABYM Napasi/eNibHbIM BETBAM, Coaep-
aLLymM COOTBETCTBYHOLLME APYT APYTY 3MEMEHThI, OTHOCSILLMECS K pealb-
HOCTW (BEPXHSA BETBb) U €8 OTPAXKEHMIO, UM NMO3HAHWIO (HUXKHSS BETBb).
3nemeHTbI 06erX BETBEM, HePa3pbIBHO CBA3aHHbLIX MeXay COOOW, COOTBET-
CTBYIOT ApYr ApYyry Mo TUny “peasibHOCTb — OTPaXKeHWe (MOogesb)”.

MepBbIM HaYaNbHbIM 31EMEHTOM KaXX0ro U3MepeHus ABNSeTCS ero
3agava (Lenb). 3agava toboro U3MepeHns 3aK/YaeTCs B ONpefeneHum
3HayeHMs BblGpaHHOI (M3mepsieMoit) dB ¢ Tpebyemoii TOUHOCTbIO B 3a-
[aHHbIX ycnoBumax. MocTaHOBKY 3aJa4m U3MepeHuns OCYLLECTBASET CyOb-
eKT U3MepeHus —yenoBek. pu NOCTaHOBKeE 3aa4u KOHKPeTU3npyeT-
cA 0OBEKT M3MepeHUs, B HEM BbifenseTcs umepsemas ®B v onpege-
nsetcs (3agaerca) Tpebyemas NOrpeLlHOCTb U3MepPeHUs.

OGbEKT M3MEPeHNst —3TO peasibHbIV PU3NYECKMIA 0BBEKT, CBOINCTBA
KOTOPOro XapaKTepU3yHTCs O4HOM U HECKO/IbKMM U3MepsieMbiMy DB.
OH 06nagaeT MHorumm ceoiicteamu (CB,, ..., CB., CM. puc. 2.5) 1 HaxoguT-
CA B MHOTOCTOPOHHMX W CMOXHbIX CBA3AX C ApYrMMU 06bekTamu. Cy6b-
eKT u3mepeHusijfgj YenoBek MPUHLMMAMANLHO He B COCTOSIHAW MpeacTa-
BUTb Cebe 0GBLEKT LIEMIMKOM, BO BCEM MHOTO06Pa3sun ero CBOVCTB U CBSA3EN.
BcrencTame aTOro B3aMMofeincTame Cy6bekTa ¢ 00beKTOM BO3MOXHO TO/b-
KO Ha OCHOBE MaTeMaT1YecKoii Mofenm 06bekTa. MaTeMaTuyeckas Mo
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BbIEOP

| BbIxogHoii C CyGuexT
M3MepeHus
OO6bEKT U3MepeHnst MpyHUMN n3mepeHns
Goi- @B, MeTog, U3mepeHust
Bbluncnu-
CN-®B,- usme-  CpefcTBO U3MepeHus TeNbHbIe
paemas Bennyun- cpeacTea
Ha
BxogHoii NC
PesynbTar
V3MEepeHuiA 1
YcnoBsus U3amepeHuii OLieHKa
MOrpeLLHoOCTH
AHANTN3 AJEKBATHOCTU OB BEKTY
Mogenb o6bekTa Mogernb CU
N3MepeHNs
3apava . ANroputm
e Moememe o on oomoona
peHna n3mepu-
TenbHOW
Mogenb 13me- WHchopMa-
psemoin ®B L
Mogenb Mogenb
BxoaHoro C BbIxogHoro NC
AnpuvopHas
MHEOpMALWS CIOP U ABAYLW 3
00 0ObeKkTe
n3MepeHns

Puc. 2.5. OCHOBHble 3/1eMeHTbI MnpoLecca U3MepPeHuns:
CW — cpeacTBo M3MepeHUin, MX — MeTponornyeckme xapakKTepPUCTUKM,
NC — un3mepuTenbHblli curHan, ®B — dnsnyeckas senmymHa, CB —CBOINCTBO

fenb 06beKTa N3MepeHnss — 3TO COBOKYMHOCTb MaTeMaTU4YeCKUX CUMBO-
nos (06pa3oB) U OTHOLWEHUI MeXAY HUMU, KOTOpas afeKBaTHO ONMCbIBaeT
MHTepecylWwmne cybbekTa CBOCTBA 06bEKTA N3MEPEHUS.
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Mogenb 06beKTa U3MEPEHNs CTPOUTCA A0 BbIMOMHEHWUS U3MEPeHUs
B COOTBETCTBMM C peLlaeMoii 3afjadeii Ha OCHOBE anpuopHOli nHhopMa-
UMKn 06 06BEKTE U YCNOBMAX U3MepeHus. Ha puc. 2.6 370 OTPaXeHo B
B/ZE CYMMUPOBaHUA CBEEHWI O Lienu, yCNoBUAX M3MEPEHUs 1 anpu-
OpHOI MHopMaLum 06 06bekTe. Mojenb 06beKTa U3MepeHns AoMKHa
Y0BNETBOPATH CMEAYHOLWMM TPe6OoBaHUAM:

* MOrpeLHOCcTb, 06yCNOBNAEHHas HECOOTBETCTBMEM MOAENN 06bLEeKTY
M3MEpeHUs, He fo/MKHa npeBbiwaTth 10% npeaenbHO fOMYyCKaeMo-nor-
PELUHOCTUN M3MEpPEHNS;

* COCTaBMIAIOLLAA NOrPeLHOCTN N3MEPEHUs, 00YCNOBNEHHAsA HecTa-
6UNLHOCTLIO M3MepsiemMoii ®B B TeueHne BpeMeHM, Heo6XOAMMOro Ans
NpoBefeHNs n3MepeHus, He fo/HKHa npesbiwats 10% npegensHo [o-
MYCKaemoii NorpeLHoCcTy.

Benun BbiGpaHHas mMofenb He YA0BNeTBOPSAET 3TUM TpeboBaHWAM, TO
cnepyeT MeperTn K Apyroi Mogenn o6bekTa M3MepeHuid.

AnpvopHas nHopmauus, T.e. nHhopmaymsa 06 06bLEKTE N3MepPeHNns,
N3BECTHasA 40 MPOBEAEHUSA M3MePEHUs, ABAAETCA BaXHehLW M (akTo-
pom, 06ycnaBnMBaloLLnM ero aheKTUBHOCTb. [py NOMHOM OTCYTCTBUM
3TON UH(OPMAaLMM M3MEPEHUE B NMPUHLMNE HEBO3MOXHO, TaK KakK He-
M3BECTHO, YTO XK€ He0O6XO0AMMO WM3MEepUTb, a CreAoBaTeNbHO, Henb3s
BbIOpaTb HY>XHble CPeACTBA M3MepeHuiA. Mpyu HaNUYMKU anpuUoOpHOI WH-
(hopmauum 06 06bLeKTe B MOIHOM 06beEMe, T.e. MPU M3BECTHOM 3Haye-
HUM M3MepSieMOl BEIMYMHBI, U3MEPEHWS MOMPOCTY He HYXHbl. YKa-
3aHHas MHGopMaLMs onpefenseT AOCTUKMMYI0 TOYHOCTb U3MEPEHWIA 1
NX 3D(HEKTUBHOCTD.

N3mepsiemas BennuuHa onpefensietcs Kak napametp NPUHATON
MOJenu, a ee 3Ha4YeHne, KOTOPOe MOXHO ObI10 Obl NOMYYNTb B Pe3y/ib-
TaTe abCconMOTHO TOYHOMO 3KCMEPUMEHTa, NPUHNMAETCA B KayecTBe uC-
TUHHOIO 3Ha4YeHWs AaHHON BenuuvHbl. Vpgeanusauusa, npuHaTas npu
MOCTPOEHWUN Mofenn 06beKTa N3MepeHns, 06ycnaBnnBaeT HECOOTBETCT-
BVE NnapameTpa MOZeNu uccresyemMomMy CBOMCTBY 06bekTa. 3TO HecooT-
BETCTBME Ha3blBalOT MOPOroBbiM. O6LIYHO Ha MpakTUKe U3-3a TPYAHO-
CTW OLIEHMBAHUA MOPOrOBOE HECOOTBETCTBME CTPEMATCH chenatb npe-
He6pPeXMMO ManbIM.

Lienb nocTpoeHWs mofenn 06bekTa M3MepeHUs COCTOUT B BbisBAe-
HUM (NpefcTaBeHUn) KOHKpeTHOW ®B, noanexalleit onpeseneHuto.
CobCTBEHHO CneayeT roBOpUTb He O MOAENN 00bEKTA U3MEPEHUs B Lie-
/IOM, a 0 MOJAE/NN ero N3MepseMoro CBOCTBa UIN n3mepsiemoin ®©B.

Mogenb 06beKTa U3MepeHUs Heobs3aTelbHO JOMKHA ObITh MaTeMa-
TYeckoii. Ee xapakTep [O/MKEH OMpeAensTbCs BWUAOM W CBOWCTBaMM
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06beKTa U3MEPEHWUIA, a TaKXe Liefiblo M3MepeHnii. Mofensio MOXET cy-
XWUTb N060e NpubAUXEHHOe onucaHne 06beKTa, KOTOpoe Mo3BonseT
BblAeNUTb NapameTp Mogenn (MAu QyHKLMOHAN napameTpoB), ABMSAKO-
LW MAcs n3mepsaemMol BENUUYMHON M OTpaXKalLUMil ToO CBOWNCTBO 06beKTa
M3MepeHnii, KOTOpoe HEOO6XOAUMO OLEHUTb ANS pelleHns N3MEepUTeNb-
HOl 3ajayn. Mofjenb A0MKHA AOCTATOYHO XOPOLWO OTpaxaTh fBe rpyn-
nbl cBONCTB (PB) 06beKTa M3MEPEHWIA: onpeaenseMble NPU U3MEPEHNN
W BAMAIOLWMNE HA pe3ynbTaT U3MepeHus.

OCHOBHOW nNpo6neMoii MOAeNnpoBaHNs 06BEKTOB U3MEPEHNI ABNSA-
eTcsa BbIOOp TakMX Mogenei, KOTOpble MOXHO CYMTaTb aeKBaTHO OMNu-
CblBalOWMMN U3MepsAeMble BeIMYMHLI (CBONCTBA) JaHHOro 06bekTa.
BaXXHO OTMETUTb, YTO afieKBAaTHOCTb MOJeNn 06yCnaBNMBaeTCa He TONIbKO
TeMW CBONCTBaMU 06beKTa, KOTOpble TpebyeTca ONpesennTb B paMkax
JaHHON N3MepUTeNbHOM 3ajavmn, HO U TEMU, KOTOPble MOTYT BAUSATH Ha
pe3ynbTaTbl U3MEPEHUS UCKOMON BENUYUHBI.

MocTpoeHWe afeKBaTHbIX MOfeneil 06bLeKTOB N3MEPEHUIA 40 HACTOSA-
Lero BPeMeHW ABNAETCA CNOXHOW TBOpPYECKOW U Hedopmanuzyemoit
3agaveil. Ee peweHne TpebyeT BbICOKON KBanudukaymm, onbita u, ec-
TECTBEHHO, WHXEHEpPHOW WHTyuuuu. Mpu 3TOM 3a4acTyt MPUXOAUTCS
pewaTb [Be B3aMMOMCK/IOYaloLUIMe 3afa4un: MOLenb AOMKHA afleKBaTHO
O0TpaxaTb BCe CBONCTBa 06beKTa, HEOOXO4MMble ANA pelleHnsa nMepu-
TeNbHOW 3ajayn, U B TO XXe BpeMs 6biTb N0 BO3MOXHOCTWU MPOCTON ©
cofepxaTb MMHUMYM MapaMeTpoB.

B 60/1bWMHCTBE MPaKTUYECKNX UHXEHEPHbIX 3ajay MoAenn 06b-
eKTOB M3MepeHWn JOCTaTOYHO OYEBUAHbLI W, KaK MpPaBUI0, HECMOX-
Hbl. O6BbEeKT U3MepeHUs xapakTepusyeTcs Habopom CBOWCTB W OMU-
coiBaWwmx nx ®B. Ha puc. 2.5 ogHa u3 Hux (i-a) ABnseTcs M3Mme-
psemoii BeNNUYNHOI. Mi3mepsiemasa BennunHa — ato @B, nognexatias
onpefeneHnto B COOTBETCTBUN C U3MePUTENbHOI 3agaveii. 1o Hepas-
HEero BpeMeHW MNOHATME “hun3nyeckas BelMUYMHA” cCUMTANOCh JOCTa-
TOYHbIM 414 NOCTAHOBKW W pelleHns BCeX W3MepUTEeNbHbIX 3ajad.
OfHaKo M3-3a2 CYL,ECTBEHHOro pacwunpeHns o6nacTu NPUMEHEHUS
M3MEpeHNN, YCNOXHEHNS WX 3afja4y U yCuneHus TpeboBaHU K Tou-
HOCTM M JOCTOBEPHOCTM B psfe Cy4yaeB OHO MepecTano yAoBAeTBOPSAThb
NoTPe6HOCTW B 3KCNEPUMEHTANbHOM OMNpeaeneHumn pasnnyHbIX CBOCTB
pa3Hoo6pa3HbIX 06bLEKTOB.

Mpu NnnaHWpoBaHUN COBPEMEHHbLIX U3MepeHunii TpebyeTca BBeAeHME
60nee KOHKPeTHbIX MOHATUI, onpefensieMbiX LesMn U3MepeHnin, Yyem
BeCbMa 06LLero NoOHATMA “(gm3nyeckas BennyYMHa”. B HacTosilLiee Bpe-
M$ Nof U3MepsaeMoi BeNMYMHON NMOHMMaeTCa napameTp UM PyHKLKO-
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Ha/n napameTpa Mofenn 06beKTa M3MEPEHNIA, OTpaXKaroLMiA TO ero CBOWA-
CTBO, KO/INYECTBEHHYH OLIEHKY KOTOPOro Heo6Xxo4MMO MOSly4YnuThb B pe-
3ynbTaTe U3MepeHWin. MN3mepsiemass BelM4YMHA BCerjga MMeeT pasmep-
HOCTb onpegeneHHon ®B, HO NpeacTaBnsieT C060 HEKOTOPYH €€ KOH-
KpeTun3aunt, 06yCclloBNEHHYIO CBOMCTBAMU 06beKTa M3MepPEHWUIA, KOTo-
pble CBSA3aHbl C MOCTAB/IEHHOM LieNbH N3MeEPEHNIA.

[na nnnocTpaymm BblLLECKa3aHHOINo PacCMOTPUM psj NPUMEPOB.

Mpumep 2.2. O6bEKT N3MEPeHUA — NOPLUEHb FPY30NOPLIHEBOr0 MaHOMeTpa.
Llenb nsmepeHus — onpegeneHme 3MeKTUBHON Naowaan nopLuHS.

AnpuopHas nHpopmaLmns cocToUT B TOM, YTO NOMEPEYHOE CevyeHre NOopLIHA
He3HauMTeNnbHO OTAMYaeTCcs OT Kpyra. B cooTBeTCTBUM C 3TOM MHGopmaLmeli B
KayecTBe MOJeNU MOPLUHA MPUHMMaeTCa NPAMOW UMAWHAP, NOMEepeyHoe ceue-
HWEe KOTOPOro 6/mM3Ko K Kpyry. S@eKTUBHYIO Niowaib NOPWHSA B HEKOTOPbIX
cny4dasx onpefensitoT No CpefHEMY AMAMETPY €ero MnomnepeyHoro cevyeHus. B co-
OTBETCTBMM C LIe/IbI0 M3MEPEHUSA B KayecTBe mapamMeTpa MOAENN — M3MepseMOli
BE/IMYNHbI — MPUHUMAETCA CPeAHWIA AMaMeTp MOMEpPeYHOro CeYeHUs MOPLLHS.
3HavyeHUe M3MepsemMoli BeIMUYNHbLI B 3TOM C/lydyae MOXHO BblpasuT DYHKLUOHA-
oM BMjaa

rge d(a.) — guameTtp, umerowmin yrnosyto koopgamHaty a. = 30(i-I), 1.e. hyHK-
LUMIO aprymeHTa a., BbIpaXeHHY B rpagycax.

Mpumep 2.3. O6BEKT U3MEPEHNs — MNepeMeHHOoe HanpsXeHue. Lienb nsme-
peHns — OLeHKa MOLLHOCTW, KOTOpas MOXeT ObiTb BblAeneHa B Harpysky.

[o npoBefeHnsa n3MepeHUin (anprnopHas MHGpopMaLns) N3BeCTHO, YTO nepe-
MEHHOe HamnpshKeHue ABMAAETCA MEePUOSMYECKUM W MMeeT ¢opMy, 6/IM3KYH K
CUHYyCOUAaNnLHON. B €BA3KM C 3TUM B KayecTBe MOAENU NPUHMUMaeTcs (YHKLUS
CMHYCa, a KayecTBe napameTpa — M3MepsAeMOil BENNUYUHbI — ero cpegHee KBaj-
paTuyeckoe 3HayeHue, onpegensemoe no gopmyne

roe U u (O— amnanTyda M KpyroBas 4acToTa CMHYCOMAAaNbHOFO HampsXKeHus
COOTBETCTBEHHO.
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Ecnv anpuopHas MHopMauums o hopme HanpsikeHUst OTCYTCTBYeT, TO Mo-
JE/NbI0 HaMPSHXKEHNS MOXKET 6bITb, HampuMep, MPOW3BOSbHAs MepUOANUECKast

(yHKUMs U(t). Toraa sHaueHUe U3MePSIEMOI BEMUMHBI JO/MKHO GbITh BblpaXe-
HO (byHKLMOHANOM BUfA

roe T — nepuog yHKLuK.

M3mepuTenbHas nHdopmauns, T.e. MHGopMaLma 0 3HaAYEHUAX W3-
Mepsemoin @B, cofepXUTCA B M3MEPUTENbHOM CUTHane. Mi3amepuTenb-
Hbli CUTHAN — 3TO CUTHan, COAepXalnin KONMUYeCTBEHHYO MH(OpMa-
uno 06 msmepsiemoir ®B. OH nmocTynaeT Ha Bxog CW, npm nomotim
KOTOPOro npeobpasyeTca B BbIXOAHOWN CUTHAN, UMEKLWNA dhopmy, yA06-
HYI0 160 415 HEMOCPeLCTBEHHOr0 BOCNPUATUS YeNOBEKOM (CYyObEKTOM
n3mepeHus), nnbo ans nocnegyrouieii 06paboTkn n nepegaun. CyobekT
M3MepeHNs OCYLLEeCTBNAET BbIOOP NPUHLLMNA, METOAa U CpeLCTBa M3Me-
peHuiA.

MpuHLUMN U3MepPEHUA — COBOKYMHOCTb (PU3NYECKUX MPUHLUMOB,
Ha KOTOPbIX OCHOBaHbl W3MepPeHWs, Hanpumep MpPUMeEHeHWe addekTa
[xo3edpcoHa Ans U3MEpPEHUA 3NeKTPUYECKOro HamnpsXKeHus nam ag-
thekTa Jonnepa Ans M3MepeHUs CKOPOCTMW.

MeToOA4 U3MepeHns — 3To NPUeM UAN COBOKYMHOCTb MPMUEMOB CpaB-
HeHUs n3mepsiemoir ®B c ee efnHULElN B COOTBETCTBMU C peasiu30BaH-
HbIM MPUHLMNOM M3MepeHUsa. MeTog M3MepeHUs AO/MKEH N0 BO3MOX-
HOCTM UMETb MUHUMaNbHY MOFPeLHOCTb U CNoCO6CTBOBATL UCK/OYe-
HWUIO CUCTEMATUYECKMX MOTPELHOCTEN UM MepeBOdy MX B paspsf cny-
YaHbIX.

MeToabl N3MepeHMsa MOXHO KnaccuuumupoBaTth Mo pasinyHbIM Npu-
3HakaM. M3BecTHa [13] knaccudukaumus no OCHOBHbIM U3MEPUTENbHbIM
onepaumam. OHa TecHO cBA3aHa C 3anemMeHTapHbimu CW, peanusyrowm-
MW 3TW onepauuu. [laHHaa Knaccuukaumns OpueHTUpPOBaHa Ha CTPYK-
TYpHOe OnMucaHue CPeACTB U3MEPEHUA U MO3TOMY BaxHa s M3Mepu-
TeNbHOW TEXHUKM, a TaKXXe MeTPonorun MHQOpPMaLMoHHO-U3MepUTeNb-
HbIX CUCTEM.

[ns meTponornyeckoro aHann3sa 6onee BaXXHbIMW SBAAKOTCA Tpagu-
LUMOHHbIE Knaccugukayum, OCHOBAHHbIe Ha CrefylOLIUX MPU3HaKax.
MepBblii N3 HUX — PUINYECKUIA NMPUHLNM, NONOXKEHHbI B OCHOBY W3-
mMepeHus. Mo HemMy Bce MeTOAbl U3MEPeHU LeNnaTca Ha 3IeKTpUYeckme,



MarHUTHble, aKyCTMYeCKNe, ONTUYECKMNE, MeEXaHUYeCKMe 1 T.4. B Kauve-
CTBe BTOPOro NMpu3Haka Kfaccuukauuum MCNOSib3yeTCs pexum B3au-
MOJEeNCTBMA cpefcTBa M 06beKTa M3MepeHuii. B 3ToM cnyvae Bce MeTo-
Obl M3MepeHUi MoApasfenstoTcAd Ha cTaTMYecKMe U LUHAMUYeCKue.
TpeTbUM MPU3HAKOM MOXET CAYXWUTb NpumeHseMbiii 8 CU Bug name-
PUTENbHBIX CUTHANOB. B COOTBETCTBUM C HUM METOAbl AenATCs Ha aHa-
NOroBble U LUPPOBLIE.

Hanbonee paspaboTaHHOW ABNAETCA Knaccugukayms no COBOKYM-
HOCTWM NMPUEMOB UCMONb30BAHUS NMPUHLMWMOB U CPEACTB M3MepeHuii. Mo
3TON Knaccugukaumy pasnuyaldT MeTO[ HEMOCPeACTBEHHON OLEHKU 1
MeTOofbl cpaBHeHUs (puc. 2.6). ATM ycToABWIMNECA B 1UTepaType Ha3Ba-
HWA, KaK CnpaBejinBo OTMeUYeHO B [24], He COBCEM YAauHbl, NOCKONbKY
HaBOAAT Ha MbIC/Ib O BO3MOXHOCTW M3MepeHUs 6e3 cpaBHeHus. Mpeg-
cTaBnsetca [24] 6onee MpaBUAbHbIM TOBOPUTb O OMOCPELOBAHHOM U
HenocpeACTBEHHOM CpPaBHEHUMW ¢ Mepoli. MpyM 3TOM HENOCPeACTBEHHbIM
M onocpefoOBaHHbIM CpaBHEHWE MOXeT ObiTb Kak BO BPEMEHU, Tak U B
OTHOLWEHNN PU3NYECKON NPUPOAbI M3MEPAEMbIX BEIUNUYUH.

Puc. 2.6. Knaccugukaums MeToLoB M3MepeHus

CyWHOCTb MeToAa HeNnocpeaCTBEHHOM OLEHKM COCTOUT B TOM, 4YTO O
3HAYeHUU M3MepseMoii BeNUUYMHbI CyAsaT MO MoKasaHWio ofHOro (nps-
Mble W3MEpeHUs) UNM HEeCKONbKUX (KOCBEHHbIE M3MepeHus) cpefcTs
M3MepeHuii, KOTOpble 3apaHee NpPorpagyupoBaHbl B eAMHMLAX M3Mepse-
MOV BEMUMHBLI UM efUHULAX APYTUX BESIMYNH, OT KOTOPbIX OHA 3aBU-
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CUT. 3TO Hambonee pacnpocTpaHeHHbI MeToA M3MepeHuUs. Ero peanun-
3yl0T 6OMbLIMNHCTBO CPEACTB U3MEPEHUA.

MpocTeAwmnMy npumepaMmy MeToAa HEMOCPEACTBEHHON OLEHKM MO-
ryT CMYXWUTb M3MEPEHUA HaNpsXXeHUs 3M1eKTPOMeXaHU4YeCKUM BOJbT-
MeTPOM MarHUTO3/1eKTPUYECKON CUCTEMbl WM YacTOTbl MMMNYNbCHOW
nocnegoBaTtelbHOCTM MeTOAOM AUCKPETHOro cyeTa, peasn3oBaHHbIM B
3/1eKTPOHHO-CYETHOM YacToTOMepe.

Opyryto rpynny o6pa3yioT MeTOoAbl CpaBHeHWUA: guddepeHumans-
Hblil, HyNeBON, coBNafeHWit, 3amel,eHna. K HAM OTHOCATCS BCe Te Me-
TOAbl, NPU KOTOPbIX M3MepseMas BeNuyuHa CpaBHUBAETCA C BeAUYu-
HOW, BOCMPOM3BOAMMOIN Mepoi. CnefoBaTeNbHO, OTNUYUTENLHOW 0CO-
6EHHOCTbIO 3TUX MeTOA0B CPaBHEHMWA ABNSETCA HEMOCPeACTBEHHOE Yy4a-
CTMe Mep B MpoLecce M3MepeHus.

Mpun guddeperHynanbHoM MeTOAe U3MepAeMas BelnymHa X cpas-
HWBaeTCA HENoOCPeACTBEHHO WM KOCBEHHO C BEAMYMHON XM BOCMpO-
n3BOAMMOW Mepoii. O 3HAYeHUM BeNUUYMHbI X CYAAT NO M3MepsemMoil
npnéopom pasHocTn AX =X - X U N0 U3BECTHON BenUYMHe XM BOC-
npousBoamMmMon mepoir. CnegosaTensHo, X w Xm OX. Mpu gudgepeH-
LManbHOM MeToAe NPOU3BOAMUTCHA HEMONHOe YpaBHOBeLIMBaHWE M3Me-
psemoli Benu4uuHbl. OH coyeTaeT B cebe 4acTb MPU3HAKOB MeTofda He-
NOCPeLCTBEHHON OLEHKN U MOXEeT 4aTb BECbMa TOYHbIN pe3ynbTar u3-
MEpPeHUs, ecnn TONbKO M3MepseMas Be/MyYMHa W BennyuHa, BOCMpPO-
n3BOLMMas Mepoil, Mano OTAUYAKTCA APYr OT gpyra. Hanpumep, ecnau
pasHOCTb 3TUX ABYX BEeAWYMH cocTaBnseT 1% u n3MepseTcs € no-
rpewHocTbio 40 1%, TO TeM cCaMbiM MOTFPeLHOCTb U3MEPeHUs WUCKO-
MOV BENUYMHbLI yMeHblwaeTca Ao 0,01% (ecnn He yuymTbiBaTb MOrpeLl -
HOCTb Mepbl).

MpumepomM AuddepeHLManbHOT0 MeTo4a MOXET CNYyXWUTb U3Mepe-
HWe BONLTMETPOM pPasHOCTU ABYX HaMpPSXKEHWA, U3 KOTOPbIX OQHO W3-
BECTHO C 60/IbLIOA TOYHOCTbIO, a APYroe MpefcTaBaAseT co60 UCKOMYHO
BE/INUMHY.

Hynesoil, MeTOof SBNAETCA Pa3sHOBMUAHOCTbIO AndhepeHUnansHoro
mMeToga. Ero otnvumMe cocToMT B TOM, UTO Pe3ynbTUpYyLOWNUA 3hdekT
CpaBHEHWA [BYX BeNWYWH [OBOAWTCA [0 Hynsd. ITO KOHTpoOAupyeTcs
cneynanbHbIM M3MEpPUTENbHLIM NPUGOPOM BbICOKON TOUHOCTU — HY/lb-
MHAWKATOPOM. B gaHHOM cnyvae 3HauyeHWe N3MepseMOoil BENYMHBI PABHO
3Ha4YeHMWI0, KOTOpPOe BOCMPOU3BOAUT Mepa. BbicOKas YyBCTBUTENIbHOCTb
HY/Ib-MHAUKATOPOB, a TakKXe BbIMOMHEHWE Mepbl C BbICOKON TOYHOCTbIO
MO3BOMAKT MOMYYUTb Majyr NOrpeLHOCTb U3MEpPeHN.
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Mpumep HyNeBOro mMetofia — B3BeWWBAHWE HA Becax, Korga Ha of-
HOM Mjeye HAxXOAMTCH B3Bel WBaemblii rpy3, a Ha ApPYrom — Habop
3TaNOHHbIX rpy30B. [pyroi npumep — M3MepeHWe COMPOTUBAEHUA C
MOMOLLbIO YPAaBHOBELIEHHOTO MOCTA.

MeToj 3amelleHNs 3aka0YaeTca B NOOYepeaHOM M3MEPEHUMN Mpu-
60pOM MCKOMOR BeMYUHBI U BbIXOAHOTO CUTHANa Mepbl, OAHOPOAHOTO C
n3mepseMoin BeNMUYMHON. Mo pe3ynbTaTtam 3TUX U3MEPEHUI BblUUCASA-
eTcqd Mckomas BennuuHa. MockonbKy 06a M3MepeHUs MNPOU3BOAATCA
OAHWUM N TEM >XX€ NPU60POM B OAMHAKOBbLIX BHELWIHWUX YCN0BUSAX, @ MCKO-
Mas BeNnyuHa onpefensetcs No OTHOWEHUIO NMoKasaHuii npubopa, no-
rPeWwHOCTb pe3ynbTata U3MepeHNs YMeHbLlUaeTCs B 3HAYUTENbHOI Mepe.
Tak KakK MorpewHocTb npubopa HeofMHakoBa B pas3iMUHbIX TOYKax
WKanbl, HanbonbWas TOYHOCTb U3MEPEHUA NONy4vaeTca Npu O4MHaKO-
BbIX MOKa3zaHuWAx npubopa.

Mpumep MeToda 3aMelleHUs — M3MepeHue 60NbLIOF0 3NeKTpuye-
CKOTro akTWBHOr0 COMPOTUBNAEHWS NYyTeM MOOYepPesHOro U3MepeHus
CUNbl TOKa, MPOTEKAKLWEero 4Yepes KOHTPONMPYEMbIA M 06pa3LoBbIii
pesuctopbl. MuTaHne Lenu NpuM U3MEPEHUAX AO/KHO OCYLLeCTBNATb-
CA OT O4HOrO W TOrO e MCTOYHWMKa NOCTOAHHOro ToKa. BbixogHoe
COMPOTUBNIEHNE WCTOYHUKA TOKa U M3MepUTeNbHOro npubopa — am-
nepmeTpa LO/MKHO 6bIThb OYEeHb Maso M0 CPABHEHWUID C U3MepPAeMbIMU
COMPOTUBNEHUAMMU.

Mpn meTone coBNafeHWii pa3HOCTb MeXAY U3MepPAeMOoli BEANYNHON
N BENIUYUHON, BOCNPOM3BOAMMON MepOol, ONpeaensatoT, UCNONb3ya COB-
najeHne OTMETOK LWKan WanM Nepuojgmyeckmx CUrHanoB. ITOT METO[
LWMPOKO NCNOMNb3YeTCA B NPAKTWKe HEINEKTPUYUECKUX n3mepeHunin. Mpu-
MEepOM MOXEeT CNYXMUTb U3MepeHUe ANHbI NPU MNOMOLMN WTAHTEHLUP-
Kyns ¢ HOHUuycoMm. NprMepoM MCNONb30BaHWA LaHHOIo MeToja B 3NeK-
TPUYECKUX U3MEPEHUAX ABNAETCA M3MEPEHNE 4acTOThl BpalleHUs Tena
nocpefacTBom cTpob6ockona.

MeToz 3MepeHunii peannsyeTcs B CpeACTBE U3MEPEHUI —TexHuuye-
CKOM Cpe/iCTBe, UCMOJIb3YeMOM MPU U3MEPEHUAX U UMEIOLWEM HOPMUPO-
BaHHble MeTponormnyeckume ceoictea (TOCT 16263—70). Takoe onpege-
fleHWe npefcTaBNseTCcsas He cOBCeM ypauHblM. 1o cyTn pena, nog CU
cneflyeT MOHMMaTb TeXHM4YeCKOe CpeAcTBO, MpeAHa3HaYeHHOe ANA W3-
MepeHUn 1 NO3BONAIOLLEE pellaTb U3MEPUTE/IbHYI0 3a4adyy NyTem cpas-
HEHMNA N3MEpPAEMOIl BENNUYNHBI C egUHULEA UK WKanoi ®B [24].

CpeacTBo M3MepeHUin sBnsetcad 0606LIEHHBIM MOHATUEM, 06beAu-
HAWWKUM caMble pa3HOo06pasHble KOHCTPYKTUBHO 3aKOHYEHHbIE YCTPOiA-
CTBa, KOTOpble 06/1a4al0T OAHUM U3 ABYX MPU3HAKOB:
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e BblpabaTbiBalOT CMrHan (nokasaHwe), Hecywuii MHpopmaynio o
pasmepe (3Ha4YeHUM) U3MEPSAEMOI BENNYMNHDI;

* BOCNPOM3BOAAT Be/IMYMHY 3aZaHHOro (M3BECTHOr0) pasmepa.

O6beanHeHNe TEXHUYECKUX CPeAcTB MO 3TUM [BYM Npu3HaKam che-
NaHO TONbKO M3 COOBpPaXKeHWUM LenecoobpasHOCTM 06LLero MeTpoaoru-
4ecKoro aHanusa, ygobcTBa M3N0XEHUA W pernameHTaLum mMeTpoaoru-
yeckmx TpeboBaHWI U NpaBun, eauHbIX Ans Bcex Bugos CU.

Mpu ucnonb3oBaHun CU BecbMa BaKHO 3HaTb CTeMeHb COOTBETCT-
BMA BbIXOAHOW W3MEPUTENbHON WH(OPMaLMM UCTUHHOMY 3HAYEHWUIO
onpefenseMoil BeNnMUuHbl. [1na ee ycTaHOBNAEHWA BBEAEHO MpaBuio, no
KOTOpOMY TpebyeTcs HOPMMPOBaTb METPONOTMYECKUE XapaKTePUCTUKN
BCEX CPEACTB U3MepeHUii. MeTponornyeckme xapakTepucT UKy — 3aTo
XapakTepucTuku csoiicte CU, KOTOpble 0Ka3biBalOT BAMAHWE Ha pe-
3ynbTaT U3MEPEHUIA 1 ero NOrpeLHoCTN U NpegHasHayeHbl A8 OLEeHKU
TEXHNYECKOro ypoBHA M kadecTBa CU, a TakXe onpefeneHns pesynb-
TaTOB N3MEPEHMWIA 1 PACYETHOI OLLEHKN XapaKTEPUCTUK UHCTPYMEHTalb-
HOW COCTaBNAOLWEA MOTPELIHOCTN U3MEPEHNIA.

CpeacTBO M3MepeHuii BXOAUT B 06e BETBU CTPYKTYpbl U3MepPeHUs
(cm. puc. 2.5). B peanbHOCTM OHO B3aMMOAENCTBYET C 06bEKTOM M3Me-
peHwii, B pe3ynbTaTe 4yero nossnseTca BxofgHol (gna CW) curHan wu
OTK/IMK Ha Hero — BbIXOAHOW CMrHan, noanexawuii o6paboTke C Le-
NbI0 HAXO0XAEeHWA pesynbTaTa U3MEPEHWs W OLEHKU ero NorpewwHocTy.
B o6nactn otpaxeHnin C onncbiBaeTcqd MOAeNbIO, HEOO6XOLMMON Ans
3thPeKTUBHON 06paboTKM OMbITHLIX AAHHbIX. dTa MOAeNb NpeacTaBne-
Ha COBOKYMHOCTbIO €0 MeTPONIOTMYECKUX XapaKTepUCTUK.

CpefcTBa M3MeEpPeHUin MoryT 6biTb 31eMeHTapHbIMU (Mepbl, YCTPOii-
CTBa CpaBHEHWUS U M3MepuUTenbHble Npeobpa3oBaTesin) U KOMMIEKCHbI-
MU (perncTpupyrowMe U nokasbiBalwlue U3MepuTesbHble NpUbopsI,
CUCTEMbI, MU3MEPUTENbHO-BbIYUCANTENbHbIE KOMNAEKChI). [eTansHo CU
paccmaTpuBatoTca B ra. 11.

B npouecce nsamepeHns BaXHYI pOfb UFPalOT YCAOBUSA U3MEPEHUS —
COBOKYMHOCTb BAMUSIOLWMX BEAMYUH, OMUCLIBAIOLWMX COCTOSAHUE OKPY-
Xaloueil cpedbl M CpeacTBa M3MepeHUin. Bauswowas senmuynHa — 3710
(hn3myeckas BeNMYMHA, He m3Mmepsemas AaHHbIM CU, HO OKa3blBalo-
Wwas BAWAHME Ha ero pesynbTaThl.

Vi3MeHeHuMe yCnoBUA M3MEepeHUs MPUBOAWUT K U3MEHEHUWI COCTOS-
HUA 06beKTa M3MepeHUs. ITO B CBOK O4Yepefb OMNpefenseT BAWAHUE
YCNOBUIA M3MepeHUs Ha BblgeneHHyo ®B 1 yepe3 Hee — Ha M3Mepse-
MYIO BE/IMYMHY U OTK/IOHEHME 3HAYeHUS AeACTBUTENIbHON BENUYNHBI OT
TOW, 4TO GblNa onpejaeneHa npu QOPMUPOBAHUN U3MEPUTENbHON 3aja-
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yn. BnnsHne ycnoBuii namepeHma Ha CW nposaBnsetrcd B M3MEHEHUNU
ero MeTposIorMYecKnUX XapakTepucTuk. Mpu 3ToM Ta YacTb NOrpeLHo-
CTW U3MEepPeHMns, KoTopas BO3HMKAET M3-32 M3MEHEHWNA YCNOBUIA, Ha3bl-
BaeTcs AONONHUTENbHOW, NOrPELLIHOCTbHO.

B cOOTBETCTBUM C YCTAHOBMEHHbIMU AN KOHKPETHbIX CUTYyauuii
AnanasoHaMy 3HavyeHWn BAWAKOLWMX BENWYWH pasnMyaldT HOpManb-
Hble, paboune u npegenbHble YCA0BUA M3MepeHnii. HopManbHble ycno-
BUS M3MEPEHUI — 3TO YCNOBUSA, NPU KOTOPbIX BAUAIOLLNE BENNYNHbI
UMEKT HOpPMaNbHble UAM HaxoAsAWwMecs B npejenax HopManbHOW 06-
nacTu 3HauyeHus. HopmanbHas 06nacThb 3HAYEHMWI BANSIOLLEN BENNYM-
Hbl — 370 06/11aCTb 3HaYeHWi, B nNpefenax KOTOPON M3MEHeHWeM pe-
3ynbTata M3MepeHWin nof BO3AeWCTBMEM BAUAIOLWLEA BEIUYUHBI MOX-
HO npeHebpeyb B COOTBETCTBUMN C YCTAHOBNEHHbBIMW HOPMaMW TOYHO-
cTu. HopManbHble YCN0BUA W3MEPEHUI 3a4al0TCAd B HOPMATMBHO-TEX-
HUYeCKol AOKyMeHTauunm Ha CW. Mpu HOpManbHbIX YCNOBMAX onpe-
fpensetcs OCHOBHadA MOrpewwHocTb gaHHoro CU. B Ttabn. 2.1 npusege-
Hbl HOMWHa/NbHbIE 3HaYeHUs paga BanaWnx ®B npu HopManbHbIX
YCNOBUSAX.

PabounmMmn HasbiBalOTCA YCNOBUS U3MEPEHUIA, MPU KOTOPbIX BINAIO-
lMe BeNMUYMHbI HAXOAATCSA B NpeAenax cBoux pa6ounx o6nacteii. Pabo-
yast 06nacTb 3HAYEHWIA BANAIOLLLE/ BENNUYNHBI — 3TO 061acTb, B Mpeje-
Nnax KOTOPON HOpMUpPYeTCA LOMONHUTENbHas MOrPeWwHOCTb UAKU U3Me-
HeHue nokasaHuii CW. lMpeaenbHble YCNOBUSA U3MEPEHUIA — 3TO ycno-
BMA, XapaKTepuayemble 3KCTPeMasbHbIMW 3HAYEHUAMWU U3MEPSEMON 1
BAMAIOLWMNX BENNYNH, KOTOpble CU MOXeT BblepxaTb 6e3 paspyLueHuii
N yXyLLWeHNa ero MeTPONOrMYECKNX XapaKTEPUCTUK.

KoHeuYHOW uenbio 11060ro nusmepeHnsa ABaseTcs ero pesyibraTt —
3HayeHue PB, nonyyeHHoe NyTem ee M3MepeHusa. PesynbTat usmepe-
HUA NpeAcTaBNfeTCA MMEHOBaHHbIM WAW HEWMEHOBaHHbIM YUC/OM.
COBMECTHO C pe3ynbTaTOM M3MepeHWi npu HeobXxogMMOCTW MPUBOASAT
[aHHble 06 YCNOBUSAX U3MEPEHUIA.

Mpyu ncnonb3oBaHNM TepMUHa “pesynbTaT U3MepeHUaA” cnefyet YeTKo
yKasaTb, K YeMy OH OTHOCUTCA: noka3aHutio CW, ncnpasfeHHOMY UK He
MCNpPaB/IeHHOMY pe3ynbTaTy, U NPOBOAWIIOCH 1N YCPeLHeHNe pe3ynbTaToB
HeCKONMbKNX M3MepeHuit. CnegyeT 0TMeTUTb, YTO UCMPaBNEHHbIM pe3ynb-
TaTOM M3MEPEHWI HasbiBaeTCA NoMydyeHHoe ¢ nomolibid CU 3HadeHune
BE/IMYMHBI U YTOYHEHHOE NYTEM BBEAEHWA B HEr0 HEOBXO4UMbIX NOMNPaBOK
Ha feiicTBMe MpeAnonaraemMbliX CUCTEMATUYECKMX MOFPELIHOCTEN.

KauecTBO M3MepeHUin XxapaKTepu3yeTcs TOYHOCTbIO, AOCTOBEPHOCTbLIO,
NPaBWIbHOCTbIO, CXOAUMOCTbLIO Y BOCMPOMU3BOAMMOCTbIO, a TakXe pa3me-
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Ta6bnuya 2.1

HoMWHaNbHbIe 3HAYEHNA BANAIOLLNX BENUUYUH NPU HOPMASIbHbIX YCNOBUAX

BnustoLLias sennunHa

1 Temnepatype Ansiscex BAA0B v3mepeHnii. C (K)

2. [laBneHvie OKPYXXaroLLEro Bo3ayxa f15 U3MEPEHVS OHU3NPY-
IOLLWX M3NYYeHUIA, TeNNOPU3NYECKKX, TEMMNEPATYPHBIX, MarH1T-
HbIX, 3IEKTPUYECKUX W3MEPEHWIA, M3MepeHVs 4aBfeHus WU na-
pameTpoB ABvKeHUs. KIMa (MM pT CT.)

3. [laBneHune OKpYXXatoLLero Bo3gyxa NS NMHENHbIX, Yr0BbIX
M3MepeHuiA, M3MEPEHNA MacCbl, CW/bl CBETW U U3MEPEHWIA B pY-
rvx 061acTsx, KpoMe ykasaHHbIX B M. 2, Ka (MM pT. CT.)

4. OTHOCUTeNIbHAsA BNaXXHOCTL BO3Ayxa A/isl JIMHEMHBIX, YInoBbIX
M3mepeH|/||7|, VI3MepeHI/II7I Macchbl, I/I3Mep8HVII7I B CreKTpockonun, %

S. OTHOCUTENbHAs BNKHOCTb BO3AyXa [/1s1 U3MEPEHUS 3/IEKTpU-
UECKOro CONPOTUB/EHUS. °«

6. OTHOCUTE/bHAsH BNKHOCTbL BO3AYyXa f/1s M3MepeHnii TeMnepa-
Typbl, CUMbI, TBEPAOCTY, MEPEMEHHOTO 3MEKTPUYECKOTO TOKa,
VIOHW3MPYIOLLMX M3MTyYeHUiA, NapameTpoB ABWKEHNS. °0

7 OTHOCUTENbHAs BXHOCTb BO3AyXa A1 BCEX BIO0B M3MEPEHUIA,
KpOMe YKazaHHbIX B 1. 4-6. %

8. MnoTHOCTL BO3AyXa, Kr M'
9. YckopeHue cBOO0OAHOr0 najeHus, m ¢'

10. MarHutHast uHAyKums (Tn) 1 HanpsbkeHHOCTb 3MeKTpocTa-
Tuueckoro nona (B/m) 4n1s M3MepeHnini NapamMeTpoB ABVKEHMS,
MarHUTHBIX U 3NEKTPUYHECKMUX BENNYMH

11. MarHuTHasa MHAYKUMA 1 HanpsiXXeHHOCTb 3/1eKTpocTaTuyec-
KOro noss 419 BCeX BMAO0B M3MEPEHNI, KPOMe yKasaHHbIX B M. 10
12. YacToTa NUTAKOLLIER CETY NEPEMEHHOTO ToKa. L

13. CpefHeKBapaTNYeCKoe 3HaUYEHNE HaMPSXKEHUS MUTALOLLEN
CeTW NMepemMeHHOro Toka, B

3HaueHue
20(293)

100(750)

1013 (760)
58

55

65

60
12
9,8

0

COOTBETCTBYET ~ XapaKTepUCTUKaM
nons 3emnnM B faHHOM reorpagm-
YEeCKOM paiioHe

50+1%

220110%

pOM [ONYyCKaeMbIX MOrpeLHOCTe. TOYHOCTb M3MepeHUs — XapaKTepu-
CTMKa KayeCTBa M3MePeHUs, oTpaxaroLasa 6/1M30CTb K HYJ/1H0 MOrpeLLHo-
CTW ero pesysibTata. TOYHOCTb M3MEPEHMUS SIBNSIETCA BEIMYMHOM KayecT-
BEHHOI. BbICOKasi TOUHOCTb M3MEPEHNS COOTBETCTBYET MaslbIM MOrPELLHO-
CTAM 1 HaobopoT. VIHOrga TOUHOCTb KO/IMYECTBEHHO OLEHNBAOT 06pPaTHOM
BE/IMUYNHON MOAYNS OTHOCUTENbHOM MOrpeLHocTU. Hanpumep, ecnm no-
rpewHocTb coctassifeT 0,001, To TouHOCTL paBHa 1000. OgHaKo Kosmde-
CTBEHHAsA OLeHKa TOYHOCTU LUMPOKOro pacnpocTpaHeHUs He nosyyuna.
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[0CTOBEPHOCTb M3MepPeHUn onpefenseTcs CTEMeHbl LOBEpPUS K
pesynbTaTy M3MepeHWs U XapakTepu3yeTcs BepOATHOCTbIO TOro, 4TO
WCTUHHOE 3HAaYeHWe U3MEepPSeMON BENUYMHbI HAXOAMTCA B YKa3aHHbIX
npegenax. [JaHHas BepoOATHOCTb Ha3biBaeTCs A0BEPUT eNbHOIA.

MpaBWIbHOCTb W3MEPEHWMI — 3TO XapaKTepuUcTuKa W3MepeHwuid,
oTpaxaruias 6/11M30CTb K HYMO CUCTEMATUYECKUX MOrpewwHocTeil pe-
3yNbTaTOB U3MEPEHUA.

Cx0oAMMOCTb pe3ynbTaTa M3MepeHUinl — xapaKTepucTuKa KauvecT-
Ba M3MepeHuiA, oTpaxatwLwasa 611M30CcTb APYT K APYry pe3ynbTaToB U3-
MepeHWin OfHOW 1 TOI >Ke BENNUYUHBI, BbINOMHAEMbIX NOBTOPHO OAHMU-
MU M TEMMW XXe MeToAaMu W CpefCcTBaMWU WU3MEPeHWA U B OAHUX W TeX
Xe ycnosuax. CXOAMMOCTb W3MEPeHUii OTpaXaeT BAWAHME Cny4vaii-
HbIX MOTPELHOCTeli Ha pe3ynbTaT U3MepeHus.

Bocnpou3BoAMMOCTb pe3ynbTaToB WM3MepeHWii — XapakTepucTuka
KayecTBa M3MepeHWi, oTpaxalouias 6A130CTb APYr K APYry pesynbTa-
TOB W3MEPEHWA OAHON W TOW e BENUYMHBI, MONYYEHHbIX B PasHbIX
MecTax, pasHbIMM MeTOJaMMW W CPeAcTBaMU U3MEPEeHWUi, pasHbIMKU one-
paTtopamu, HO MPUBEAEHHbIX K OAHWUM U TeM XXe YC/I0BUAM.

KonuyecTBeHHas 61M30CTb W3MEPEHHOTO0 WM MCTUHHOTO 3Ha4YeHUi
n3MepsemMoli BeIMUUHbI OMUCLIBAETCH MOTPELIHOCTLI0 pesynbTaTa W3-
MepeHwuii. MorpewHocTh — 3TO OTKAOHeHMe JIX pesynbTaTa M3mepe-
HUS X_bIOT UCTUHHOIO 3Ha4YeHUs N3MepseMOi BENUYMHbI, onpeje-
naemoe no gopmysne JIX = Xu - Xer.

B o6wem BuAe NOrpeLiHOCTb U3MEPEHUs MOXET OblTb OMMcaHa uc-
X0 M3 OCHOBHOIO YpaBHeHUs n3mepeHus (2.1). HenaeanbHoCTb nM3Me-
puTeNbHON Mpoueaypbl, CNeACTBUEM KOTOPOW SIBASETCA MOrPeLHOCTb
pesynbTaTa u3MepeHms AQ BbipaXkaeTcs BBefeHMEM B ypaBHeHue (2.1)
MOrpeLIHOCTel BCEX €ro 3/1eMEHTOB:

Q=Q+An = (q + AgM[Q] + Ajaj) = OIQI + |aqg[Q] + 4Ajqj + 4«A[qj}»

roe Q — pesynbtat usmepeHus; [Ql— egnHuua M3MepeHUs BeNNUYUHDI;
J4— norpewHocTb Hax0XAeHWA UYMCNOBOr0 3Ha4YeHUs M3MepseMoin Be-
NINYUHBI; — MNOrpewHoCcTb peanusaunn B faHHOM W3MEPEHUU ean-
HULbl N3MepPSEMO BeNNUNHBI.

VcTUHHOE 3HaueHune 1 pesynbTaT U3MEpeHUs NpUHaAnexart U K BeTBU
peansbHocTeli (M. puc.2.5), n K BETBM OTpaKeHUin (mogeneit). Benegct-
BME MPUHLMMNANbHOW HeafeKBAaTHOCTW N06OM MoJenu oTpakaeMoli
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peanbHOCTW HEBO3MOXHO, ONepupys € peanbHbiMM 06bekTamu u CU B
peanbHbIX YCNOBUAX, 06eCNeYnTb TOXAECTBEHHOCTb MOYYEHHOro pe-
3ynbTaTa U UCTUHHOIO 3Ha4yeHWs U3MepseMoll BennuuHbl. CnefoBa-
TeNbHO, MPUHLWNNANLHO HeNb3s TOYHO OMNPeAennTb MOrPewHOCTb MN3-
MepeHNs, MOCKOAbKY B MPOTUBHOM C/ly4yae BBeAEeHWEM B pe3ynbTaTt no-
NpaBKW MOXHO HANTW UCTUHHOE 3HaueHue.

YueHune 0 MNOrpelHoOCTAX U3MEePEHUA 1 CPeACTB M3MEPeHUA ABNAET-
CS OQHON M3 LeHTpanbHbIX TeM B TeopeTU4deckoi metponoruu. OHO Noj-
po6HO paccmMOTpeHo B . 4-6.

Pe3ynbTaT N3MepeHns M OLEHKa ero norpeLHocT HaxoaaTcs cy6b-
€KTOM M3MEepPeHUs C MOMOLLbI BbIYUCAUTENbHBIX CPEACTB (BETBb peasib-
HOCTK), paboTalwWwux MNo onpegeseHHOMY anroputmy o6paboTku wn3-
MepuTenbHOW MHGpopMauumn (MofenbHas BeTBb).

Cyb6beKT M3MepeHuss — 4enoBekK — 06befuHAeT B cebe 0be BeTBM
npouecca nM3MepeHUs (peanbHOCTWM UM OTPaXEHWA), aKTUBHO BO3AEMNCT-
BYET Ha HEro M OCyLLecTBASET:

* MOCTaHOBKY M3MepUTENbHON 3afauu;

e c6Op M aHanu3 anpuopHO MHGpopMauny 06 06bEKTE U3MEPEHNUS;

* aHaNnn3 afgeKBaTHOCTU 06BLEKTY M3MepeHUsa BbIGpPaHHON Mogenu;

e 06pabOTKy pe3ynbTaToB M3MEPEHUIA.

2.4. OCHOBHbIe 3Tanbl U3MEpPEHNI

V3mepeHne — nocnefoBaTe/ibHOCTb CMOXHbIX W Pa3HOPOAHbLIX AeicT-
BWiA, cocTosAWasa 13 psga atanos [24]. lMepBbiM 3Tanom a60ro n3mepe-
HUS ABNSETCA NOCTAaHOBKA M3MepPUTeNbHON 3agayn. OH BKIKOYAEeT B ceb:

 cOOp AaHHbIX 006 YCNOBUAX WM3MEpeHUs U uccnegyemoinn ®B, T.e. Ha-
KOMMeHne anpuopHoi nHdopmaymm 06 06bEKTE U3MEPEHUS U ee aHanus;

 hopmmpoBaHMe MOAenn 06bEKTA U ONpedenieHne N3MepPSeMOn Bemun-
Hbl, YTO SIBASIeTCA HaMbOsiee BaXKHbIM, OCOOEHHO MPU PELUEHUM CIOXHbIX
M3MepuTeNbHbIX 334ay. M3amepsemas BennyuMHa ONpeaenseTcs ¢ MOMOLLbO
NPUHATOM MOAENN KakK ee napameTp WUAM XapakTepucTuka. B npocTbix cny-
yasx, T.e. MPU M3MEPEHMUSX HEBbLICOKOW TOYHOCTW, MOfeNb 06bEKTa B fiB-
HOM BW/e He BblAeNseTcs, a MOPOroBoe HECOOTBETCTBIE NPEHEOPEXMMO Maso;

* MOCTAHOBKY M3MEpPUTENbHOW 3a4ayuu Ha OCHOBE NMPUHATOW Mogenu
06beKTa M3MepeHus;

* BbI6OP KOHKPETHbIX BENMYMH, NOCPELCTBOM KOTOPbIX GyAeT Haxo-
AUTbCA 3HAYEeHME U3MepSAeMO BENUUYUHBI;

e (hOPMYNMpPOBaHNE YPABHEHUS WN3MepEHUS.
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BTopbiM 3Tanom npouecca U3MepeHus SiBASeTCS NNaHMpPOBaHWE W3-
mMepeHns. B obuiem cnyyae OHO BbIMOMHAETCS B CNefytolleil nocnesosa-
TENbHOCTN:

* BbIGOP METOA0B M3MEPEHU HeNOCPeACTBEHHO U3MePSIEMbIX BeJN-
YMH U BO3MOXHbIX TUnos CU;

e anpuopHas oueHKa NOrpelwHoOCTN U3MEPEHUS;

e onpejgeneHue TpeboBaHUI K METPONOTMYECKNM XapaKTepucTuKam
CW 1 ycnoBnsiMm M3MepeHuii;

* BbI6op CW B COOTBETCTBUM C YKazaHHbIMU TpeboBaHUAMY;

e BbIOOp MapameTpoB M3MeEPUTENbHOW Mmpouegypbl (Yncna Habnwge-
HUIA ONA KaXAON n3MepsemMoil BENUUYMHbBI, MOMEHTOB BPEMEHU U TOYeK
BbINONHEHNA HABMOAEHNN);

* noarotoBka CW K BbIMOMHEHUIO 3KCMEPUMEHTANbHbIX Onepaumnii;

» obecneyeHne TpebyemMblX YCNOBUIA M3MEPEHUIA AN CO3A4aHMe BO3-
MOXHOCTU UX KOHTpPONS.

3Tn nepBble ABa 3Tana, ABNAOLWLMECS NOATOTOBKON K U3MEPEHUAM,
MUMEKT MPUHLMUNMNANBbHYH BaXHOCTb, MOCKO/bKY OMPeenstoT KOHKpeT-
HOe cofepXaHue clefylLlWnX 3TanoB naMepeHus. MNMogroToBka NpoBo-
AWTCA Ha OCHOBe anpuopHOW MHdopmauumn. KayecTBO NOAFOTOBKMU 3a-
BUCUT OT TOrO, B KakoW Mepe OHa Oblna ncnonb3oBaHa. deKTUBHANA
noAroToBKa ABNSEeTCA HEOOXOANMBIM, HO HEJOCTATOYHbIM YC/IOBMEM A0C-
TUXKEeHUA uenn mamepeHusa. OWKn6KWA, LONYLEHHbIE NPU NOAFOTOBKE
N3MepeHuin, ¢ TpyAoM 06HapyXMBaKTCSA U KOPPEKTUPYOTCA Ha nocne-
AyrouimMx aTanax.

TpeTwiA, TNaBHbIA 3Tan U3MEPEHNS — U3MePUTENbHbIA KCNEPUMEHT .
B y3KOM CMbIC/ie OH SBNSETCA OTAeNbHbIM M3MepeHueMm. B obuiem cny-
yae nocnefoBaTenbHOCTbL AeCTBUIA BO BpeMA 3TOr0 aTana clejyoLas:

* B3aMMOAENCTBUE CPEACTB U 00beKTa U3MEPEHUIA;

* npeo6pa3oBaHue CUTHana U3IMepuUTeNbHOW UHbOpMaLuK;

* BOCMPON3BEAEHNE CUTHANA 3afaHHOrO pasMepa;

e CpaBHEHMWe CUTHaNoB W perncrpaymsa pesynbraTa.

MocnegHnii 3Tan M3MepeHnss — 06paboTKa 3KCNepUMeEHT anbHbIX
JaHHbIX. B 06LieM cnyyae OHa OCYL,ecTBASAETCA B NOCNeA0BaTENbHOCTH,
KOoTOpas oTpaxkaeT NIOTMKY peleHns UIMepuUTeNbHOW 3ajauu:

* NpeABapuUTeNbHbIA aHanM3.MHGopMaLum, NONyYeHHOW Ha Npefbl-
AYWMX 3Tanax M3MepeHus;

* BbIYMC/IEHNE W BHECEHWE BO3MOXHbIX MOMPaBOK Ha cucTemaruye-
CKUe NOorpeLlHocTy;

e (hopmMynnpoBaHMe ¥ aHanM3 mMaTeMaTU4ecKol 3agaynm 06paboTKu
[AaHHbIX;
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* MOCTPOEHWE UNW YTOUYHEHWE BO3MOXHbIX anropuTMoB 06paboTKM
[aHHbIX, T.. aNTOPUTMOB BbIYMC/IEHUS pe3ynbTaTa MU3MEpPeHNs 1 Moka-
3aTefieil ero NOrpeLwHocTy;

e aHaNn3 BO3MOXHbIX aniropuTmMoB 06paboTkM M BbIGOP OLHOMO M3
HWX Ha OCHOBAHWMW W3BECTHbIX CBOWCTB aifOPUTMOB, anpUOPHbLIX AaH-
HbIX M MpefBapuUTeNIbHOr0 aHann3a 3KCMepUMEHTaNIbHbIX AaHHbIX;

* NPOBefieHNe BbIYUCNEHWI COTNAacHO NPUHATOMY anropuTMy, B uTore
KOTOPbIX MOAYYaT 3HAYEHUNS U3MEePSEMOl BEIMUMHbBI 1 NOTPELUHOCTEN
N3MEPEHMWIA;

e aHaNM3 U WHTepnpeTayns NoNyUYeHHbIX pPe3ynbTaToB;

e 3anMncb pe3ynbTaTa U3MEpPeHWA U nokasaTeneil MOrpewHocTA B
COOTBETCTBUM C YCTAHOB/IEHHOI (hopMOi NpeAcTaBNeHUSA.

HekoTopble MyHKTbl AaHHOM MNoOCnefoBaTe/lbHOCTW MOTYT OTCYTCT-
BOBaTb NpW peann3alum KOHKPETHON npouenypbl 06paboTKu pesynbTa-
TOB M3MEpPEHUA.

3afavya 06pabOTKM AaHHbIX MOAYMHEHA LefM U3MEpeHUs U nocne
Bbl6opa C/ 04HO3HAYHO BbITEKAET U3 M3MEPUTENbHON 3ajaun u, cnego-
BaTeNbHO, SIBNAeTCA BTOPMYHON. MoapobHO 06paboTka pe3ynbTaToB
U3MepeHnid pa3IMyHbIX TUMOB pacCMOTpeHa B rn. 8.

MepeuncneHHble Bbllle 3Tanbl CYL,eCTBEHHO pPasnMyaroTca MNo Bbl-
NOMHAEMbIM OMepauusiMm U UX TPYAOEMKOCTU. B KOHKPETHbIX Clyyvasx
COOTHOLUEHME M 3HAYMMOCTb KaXK40oro U3 3TanoB 3aMeTHO BapbupyerT.
[nsa MHOrMX TeXHUYECKNX U3MepeHuid Bca npouesypa M3MepeHus CBO-
AMTCA K 3KCMepUMeHTanbHOMY 3Tany, MOCKOAbKY aHaau3 1 naaHupo-
BaHWe, BK/OYas arnpuMOpHOe OLEHWBaHWE MOTrPELIHOCTU, BbI6GOP HYX-
HbIX METO0B W CPEACTB M3MEPEeHUIA 0CYLLeCTBNATCA NpeaBapuUTesbHO,
a 06paboTKa JaHHbIX M3MEPEHUN, KaK NpaBUn0, MUHUMU3UPYeETCS.

BbigeneHne 3TanoB M3MepeHUs MMeeT HeMmoCcpeACTBEHHOE NpaKTuYe-
CKOe 3HayeHne — cnocobCTBYET CBOEBPEMEHHOMY OCO3HAHHOMY BbINOSI-
HEeHWIO BCeX AeliCTBUI M ONTMMaNbHOW peanusauum nsMepeHuii. 370 B
CBOIO O4Yepefb NMO3BOMAET M36eXaTb CEPbe3HbIX METOAUYECKNX OLINBOK,
CBA3aHHbIX C NEPEHOCOM NpobaeM OLHOrO 3Tamna Ha fpyroi.

2.5. MocTynaTbl TeOPUU U3MEPEHUIA

Kak v no6as gpyras Hayka, METPONOrMa CTPOUTCSA Ha OCHOBE paga
0CHOBOMOMAraOLWMX MNOCTYNATOB, OMUCHIBAIOLLMX €8 MUCXOAHble aKCKO-
Mbl. TOCTPOEHWIO U UCCNEA0BaHMUI0 3TUX aKCUOM—TOCTYaTOB MOCBSs-
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WeHo 60NbLIOE YNCNO HAy4YHbIX uccnefoBaHuii [25]. OgHako cuuTaTth,
4yTO UccnefoBaHMA B 3TOM 06/71aCTM 3aKOHYEHbI, He NpeACcTaBAAeTCA BO3-
MOXHbIM. TMpuBefeHHble B [25] U paccMOTpeHHble Aanee MOCTynathl
mMeTponorum 6yayT B fanbHellieM 6e3yCN0BHO YTOYHATbLCS M LOMON-
HATbCA [18].

CnepyeT OTMeTWUTb, 4TO Nt06as nNonbiTka CPOPMYNMPOBATb UCXOSA-
Hble NM0M0XeHWA (NOoCTynaTbl) TEOPUM W3MEPEeHWi BCcTpeyaeT MPUHLN-
nuanbHble 3aTPyAHEHUS. 3TO CBA3AHO C TeM, 4TO, C OLHOW CTOPOHHBI,
nocTynaTbl AOMKHbI NPeACTaBNATb CO60A 06BLEKTUBHbIE YTBEPXAEHNS,
a Cc Apyroii — npegMeToM MeTPOSIOrMN ABNAKTCA U3MEPEHUA, T.e. BUJ
LeATeNbHOCTU Nt0feld, NpegnpuHUMaeMoli MU ANS AOCTUXKEHUA Cy6b-
eKTUBHbIX Lenein. CnegoBaTenbHO, HEO6X0AMMO CHOPMYNUpoBaTh 06b-
eKTUBHbIE YTBEPX/JEHUS, KOTOpble 6bl CAYXUNW DYHAAMEHTOM Hayu-
HOW AUCUUMANHBI, UMEKLEN CYLLeCTBEHHbI CYyObEeKTUBHBIA 3/IEMEHT.

MepBbIM MOCTYNaTOM MeTPONIOTMM SIBASIETCH MOCTynat a: B pamkKax
NMPUHATON Modenn 06bekTa MUccnefoBaHUa cyllecTBYeT onpejeneHHas
n3mepsiemasn usnyeckas BeMymHa 1 ee UICTUHHOE 3HaYeHKe. Ecnu, Ha-
npumep, cumTaTb, YTO feTanb NpeactaBnser coboi unmnmHgp (Mogenb —
UMAMHAP), TO OHa UMeEeT AMaMeTp, KOTOPbIA MOXeT 6biTb M3MepeH. Ecnu
Xe feTanb HeNb3s CUUTATb LUANHAPUYECKON, HANPUMEp ee ceUeHue npea-
cTaBnseT coboil annunc, To M3MepATb ee AuamMeTp 6ecCcMbIC/IeHHO, Mo-
CKOJIbKY M3MepeHHOe 3HaYeHNe He HeceT Mo/e3HOW MHpOopMauumn o geta-
nn. W, cnepoBaTenbHO, B paMKax HOBOW MOAeNnu fMameTp He CyLLecTBYy-
eT. i3mepsemas BenMUMHa CYLWeCTBYET NMULWb B paMKax NPUHATON mMoge-
AW, T. e. UMeEeT CMbICA TOMbKO A0 Tex Mop, MokKa Mofenb NpusHaeTcH
afilekBaTHON 06bekTy. Tak Kak Mpu pasfMyHbIX Lensx ucciefoBaHmii
JaHHOMY 06BbEeKTY MOTyT 6biTb COMOCTaB/IeHbl Pa3fNyHble MOAEeNn, To 13
mocTyfnaTa a BbITEKaeT cNeicTBue a.: 415 AaHHON (PU3NYECKO BENNYNHBI
06beKkTa U3MEepPeHUs CyLecTBYyeT MHOXKECTBO M3MepseMblX BenUYuH
(M COOTBETCTBEHHO UX UCTUHHbIX 3HAYEHWNA).

NTak, 13 nepBoro noctynara MeTponoruu ciegyert, 4To M3MepsieMo-
MY CBOMCTBY 06beKTa M3MepeHUin JO/KeH COOTBETCTBOBATb HEKOTOPBIV
napameTp ero mogenu. [laHHas MOAeNb B TeYEHNe BPEMEHMU, He0OXoaun-
MOro Anf M3MepeHWs, AO/HDKHA NO3BOMATb CUMTaTb 3TOT ee napameTp
HEeM3MeHHbIM. B NpoTMBHOM cnyyae M3MepeHWs He MOryT GbiTb NMpoBe-
[eHbl. YKa3aHHbIli (hakT onucbiBaeTCcsa NocTynaTom p: UCTUHHOE 3Haue-
HWe M3MepPSIEMOI BENMUYMHBI MOCTOSIHHO.

BbifennB MOCTOSHHbLIA MapameTp MOAEAN, MOXHO NepeiTn K n3me-
PEHUIO COOTBETCTBYHOLLE BeAWYMHbLI. [na nepemeHHol ®B Heobxogu-
MO BbIJeNNTb UMW BbiOpaTbh HEKOTOPbI/i MOCTOSHHbLIA NapaMmeTp U M3Me-
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puTb ero. B o6uwem cnyyae Takoll MOCTOAHHbLIA MapameTp BBOAUTCA C
MOMOLLbI0 HEKOTOPOro (yHKUMOHana. MNpuMepoM TaKMX MOCTOAHHbIX
napameTpoB MepeMeHHbIX BO BPEMEHW CUTHANO0B, BBOAMMbIX MOCPeACT-
BOM (DYHKLMOHANO0B, ABNAIOTCHA CPEAHEBLINPAMIEHHbIE NN CPEAHEKBAS-
paTuyeckue 3HauvyeHus. [aHHbIA acnekT oTpa)kaeTca B CNeACTBUU
AN M3MEPEHNs MepeMeHHON (N3MYECKOW BENNYUHBI HEOOXOAMMO Onpe-
0eNNTb ee NMOCTOSAHHbLIA NapameTp — U3MEPSEMYIO BENNUNHY.

Mpn NOCTPOEHUN MaTeMaTMYeCKON Mofenn 06bLeKTa M3MEpPEHUs He-
M36eXHO NPUXOAUTCA MAeannm3mpoBaTb Te€ WUAM WHble ero CBOWCTBA.
Mogenb HUKOr4a He MOXEeT MOSHOCTbK ONUChbIBaTb BCE CBOWCTBA 00b-
eKTa namepeHnin. OHa oTpaxaeT C ONpeAeNeHHON CTeneHbO NpUGaNXKe-
HUS HEKOTOPbIE U3 HUX, UMeHLLMe CYLLeCTBEHHOe 3HaUYeHMe ans pelle-
HUSA AaHHOW M3MepuTenbHOR 3afjaun. Mogenb CTPOUTCA A0 M3MepPEHUS
Ha OCHOBE anpuopHoOin MHopMaLnn 06 06BLEKTE M C YYETOM LeNn nU3me-
peHns. N3amepsiemas BenMUMHa OMpefensieTca Kak napameTp NpPUHATON
MOJenu, a ero 3HauyeHue, KOTOPOe MOXHO 6biN0 6bl NONYUYNTbL B Pe3y/b-
TaTe abCONOTHO TOYHOIO0 M3MepPeHUs, NPUHMMAeTCH B KauyeCTBe UCTUH-
HOro 3Ha4YeHus LaHHOW M3MepseMOi BeNMUYMHbI. JTa HensbexHasa ugea-
nn3auus, NpuUHSATas NpU NOCTPOEHUM MOLENN 06beKTa U3MepeHus, oby-
cnaBnMBaeT Heu3beXxHoe HeCOOTBETCTBME MEXAY NMapamMeTpoM MOLEenu u
peasibHbIM CBONCTBOM 06beKTa, KOTOPOe Ha3biBaeTCs MOPOroBbIM. MpuH-
UMnuanbHbli XapakTep NOHATMA “NOPOroBoe HECOOTBETCTBME” yCTaHaB-
NuBaeTCcs MOCTYNaTom Yy: CYLIEeCTBYeT HECOOTBETCTBUE W3MEPSEMO
BEANYMHbLI UCCNeayeMOMY CBOMCTBY 0ObekTa (MOPOroBOe HECOOTBET-
CTBWE N3MEPSIEMOIA BENNYNHbI). MOPOroBoe HeCOOTBETCTBME MPUHLUMN-
anbHO OrpaHMyYMBaeT LOCTVKMMYIO TOYHOCTb W3MEPEHWI MNpU MPUHA-
TOM onpegeneHnn nsmepsemoin ®B.

M3MeHeHNs U yTOUYHEHWA Lenu U3MepeHus, B TOM 4YuClie U Takue,
KOTOpble TpebyT MOBbIWEHNA TOYHOCTM W3MEPEHUIA, NPUBOAAT K He-
06X0AUMOCTMN WM3MEHATb WMAN YTOUYHATbH MOAEeNb 06bEKTa M3MEepPeHUR K
nepeonpesensitb MNOHATUE W3MEPSeMOii Benn4uHbl. OCHOBHOW Npuyu-
HOW mepeonpefeneHns ABASeTCA TO, YTO MOPOroOBOe HECOOTBETCTBME paHee
NMPUHATOrO onpejeneHns He MO3BONAET MOBLICUTL TOYHOCTb M3MEPEHNSA
[0 YPOBHS Tpebyemoil. BHOBb BBE[EHHbI M3MepAEMbI/A napameTp Mo-
fenu TakXe MOXEeT OblTb U3MEepPeH NULb C MOFPELHOCTbIO, KOTOpas B
Ay4ylWleM cayyae paBHa MOFpewHoCcTW, 06YCMOBAEHHON MOPOroBbIM He-
coO0TBETCTBMEM. [MOCKOMIbKY MPUHUMNMAIBHO HEBO3MOXHO MOCTPOUTH
abCcoNTHO afleKBaTHY MOJe/b 06beKTa M3MepPEHUs, TO Helb3sd ycTpa-
HUTb NOPOroBOe HECOOTBETCTBME MEXAY M3MepseMolt ®B 1 onuckbiBalo-

51



WKUM ee napameTpoM Mofenn o06bekTa M3MepeHuin. OTcloga BbiTeKaeT
BaXHOE CNeACTBMEY,: UCTUHHOE 3HAYEHNE U3MEPSEMON BEIUYNHBI OT bl-
CKaTb HEBO3MO>KHO.

Mogenb MOXHO MOCTPOUTbL TOMbLKO MPU HanM4YUM anpuopHON WH-
thopmaymmn 06 06bvekTe namepeHuns. Mpu aTom yem 60MblIe UHPOPMa-
uuu, Tem 6onee afeKkBaTHOW ByfeT MoAeNb U COOTBETCTBEHHO TOUYHEE ”
npaBufibHee 6yaeT BbibpaH ee napameTp, ONWUCLIBAKOWUIA N3MEPSEMYHO
®B. CnepoBaTefibHO, yBeIMYEHWE anpuUOpPHO MHPOPMaLMM YMeHbLa-
€T MOpOroBOe HecooTBeTCTBME. [laHHaA cuTyauns oTpaxaeTcs B CNeAcT-
BMM Y2 [OCTMXKUMAA TOYHOCTb U3MEpPeHUs onpefensieTCs anpuopHoi
nHhopmaumein 06 06bEKTE U3MEPEHMS.

N3 3Toro cnepctBns BbITEKAeT, YTO MPU OTCYTCTBUM anpuOpPHON
MH(opMaL MM U3MepeHne NPUHLUNNANBHO HEBO3MOXHO. B To e Bpe-
MS MaKCUManbHO BO3MOXHasa anpuopHas MH(popmaLua 3akatoyvaeTcs B
N3BECTHOI OLEHKE M3MepseMOoil Be/IMYMHbI, TOYHOCTb KOTOPOI paBHa
Tpebyemoli. B aToM cnyyae HeOO6XOAMMOCTUN B U3MEPEHUN HET.

B 3akntouveHne MNOAYEPKHEM, 4YTO MPUBELEHHble MOCTYyNaTbl U UX
CNeAcTBMS ABAAKOTCA MWL OAHON M3 MOMLITOK NOCTPOUTL TeopeTuye-
CKUIA (PYHAAMEHT MeTPONOrMM N UX He CrefyeT CUMTaTb UCTUHON B KO-
HEYHON MHCTaHLMWW.

2.6. Knaccugumkauymsa nsmepeHuii

O6ocHoBaHHaa Knaccupukauma nobbix 06-EKTOB NpeacTaBnseT co-
60l MX YCNOBHOE rpynnuMpoBaHMe No 3afaHHbIM MpU3HaKaMm, OCYLLecTB-
nsemMoe ¢ onpeAeneHHoOW Uenbto. Mpu pasnnYHbIX LEnsx OfHU U Te Xe
06BbEKTbI MOryT 6bIThb KnaccuguuupoBaHbl no-pasHomy. Knaccutuka-
LM He ABNAETCS CaMOLeNblo, OHA AUKTYeTCS NOTPEOHOCTAMM TEopUmn u
npakTukKn. LienecoobpasHoCTb KnaccnuKkaunm n3mepeHunii, T.e. nogpas-
[eneHne 3Toro NOHATWA Ha rpynnsl, 06ycnasnvMBaeTcs yAo6CcTBOM Npwu
pa3paboTke METOAMK BbIMOAHEHWUA W3MEpPeHWid n o06paboTku pesynbTa-
TOB. VI3mMepeHus MOryT 6bITb KnacCcU@UUMPOBaHbl MO PAAY NPU3HAKOB.

Hanb6onbluee pacnpocTpaHeHne nofyymna knaccudukayus no o6-
WWUM npuemam Nony4yeHws pesynbTaToB M3MepeHunii. CornacHo 3To-
My MpU3HaKy, U3MEepeHUs AensTcs Ha NpsMble, KOCBEHHble, COBMECT-
Hble U COBOKYMHble. Lienbio Takoro geneHuns fBnsetcs yao6bcTBO Bblje-
NeHNA MeTOLMYECKUX MOrpeLlHoCTell N3MepPEeHUil, BO3HUKaKOWNUX MNpu
onpeaeneHnn pe3ynbTatoB U3MepPEHWUiA.
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MpAMbIMU Ha3bIBAOTCA U3MEPEHUA, MPU KOTOPbIX MCKOMOE 3Haue-
HVe BEIMUYNHbI Haxo4AT HernocpeiCTBEHHO Mo nokasaHuam CU. Hanpu-
mep, Macca, usmepsemas npu nomoLyu Becos, Temneparypa — TepMmo-
MeTpOM, HanpsaXeHue — BONbLTMETPOM.

KoCBeHHble U3MepPeHnsa — 3TO U3MEPEHUSA, NMPU KOTOPbLIX 3Ha4YeHue
N3MepPAeMO BEIMUYMHBI HaXO[AT Ha OCHOBAHWW W3BECTHON 3aBUCUMO-
CTU MeXfAy Heli U BeNMUYMHaMW, NOLBEPraeMbiMU MPAMbIM M3MEpPEHU-
fIM, KOTOpble MPOBOAW/INCL B OfMHAKOBbLIX YC/IOBUAX. Takue nsMmepe-
HWS UMEIOT BECbMa Ba)XHOE 3HayeHue [N MeTPONOrMYecKo npakTu-
Ku. Ha nx ocHoBe, Hanpumep, ycTaHaB/IWBalOT 3HaYeHWUA, NMPUNUCHI-
BaeMble 3TaN0HaM efuHMNL, NMPOM3BOAHbIX PB, ncxoaa n3 3HauyeHnin egu-
HWUL, OCHOBHbIX Be/INYNH, BOCNPOU3BOAUMbIX NEPBUYHLIMU 3TaNOHAMMU.
LLINpOKO NMPUMEHAKOTCA U MEHEe TOYHble KOCBEHHble U3MEpeHUs.

B obwem cnyyae 3aBUCUMOCTb, CBA3LIBAIOLLYIO M3MEPAeMYI0 Benu-
ynHy Y u BennuuHbl X}, X2, ..., X, noABepraemblie npsambiM U3mepe-
HUAM, MOXHO NpeAcTaBUTb B BUAe

Y = F(X1X2,...,Xn). (2.3)

Hanpumep, n3mepeHue nNAOTHOCTM p = m/V No pe3ynbTaTtam NpAMbIX W3-
MepeHuiA Maccbl m 1 06bemMa V; M3MepeHMe aKTUBHOFO COMPOTUBMEHUS
R=U/l no pesynbTatam NpsiMblX M3MepeHnit HanpsxeHusa U n Toka |.

Mo BMAY YHKLMOHANBLHOW 3aBUCUMOCTU F pasnnmyaroT KOCBEHHbIE
N3MepeHns:

* C IMHENHOW 3aBUCUMOCTbIO NOCTOSAHHbIN

KO3(D(UUMNEHT i-ro aprymMeHTa;

* U3MEPEHNA C 3aBUCUMOCTAMMN CMELLIAaHHOIo Tuna

Bug csasn mexay Y n X. onpefenset MeTOAMKY pacyeTta MorpeLlHo-
CTeil KOCBEHHbIX M3MEPEHWUIA.

B coBpeMEHHbIX MWUKPOMPOLLECCOPHbIX U3MepUTeNbHbIX Mpubopax
0YeHb YaCTO BbIYMCNEHUSA UCKOMON WN3MEpPSeMOi BenUYMHbl MPOU3BO-
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4AaTca “BHyTpu” npubopa. B aTom cnyyae pesynbtaT M3MepeHUs onpege-
nseTca cnocobom, XxapaKTepHbIM A8 NPSIMbIX U3MEPEHUI, N HET HEO6Xo-
OUMOCTU U BO3MOXHOCTW OTAENbHOFO y4yeTa MeTOAMYECKON MOrpeLlHo-
cTu pacyeTta. OHa BXOAMT B MOTPELLHOCTb M3MEpPUTENbHOTO npubopa. MN3-
MepeHus, NPOBOAUMbIE TAKOT0O poja CpeAcTBaMM M3MepeHuii, 0THOCATCA
K NpsMbIM. K KOCBEHHbIM OTHOCATCA TO/MbKO TakuWe W3MepeHus, Mnpu
KOTOPbIX pacyeT OCYLLECTBNAETCS BPYUYHYIO WAWN aBTOMaTUYECKW, HO No-
cne NonyyeHUs pes3ynbTaToB NPAMbIX U3MepeHuit. Mpn 3TOM MOXET BbIThb
yuTeHa OTAeNbHO MOTPeLHOCTb pacyeTa. XapaKTepHblil NpuMep Takoro
cnyyas — W3MepuTenbHble CUCTEMbI, 418 KOTOPbIX HOPMUPOBAHbLI MeT-
PONOrMYECKMNEe XapaKTEPUCTUKM MX KOMMOHEHTOB MO OTAenbHOCTM. CyM-
MapHas MOrpewwHoCcTb U3MepPeHUn paccuYnTbiBaeTCSd MO HOPMUPOBAHHLIM
MeTPO/IOTMYECKUM XapaKTepucTnKam BCeX KOMMOHEHTOB CUCTEMbI.

COBOKYMHbIMU Ha3blBalOTCS MPOBOAMMbIE OJHOBPEMEHHO WU3MepeHMUs
HECKOMbKUX OfHOUMEHHBIX BEINYUH, MPU KOTOPbIX UX MUCKOMble 3Haue-
HUA HaxoAAT pelleHnem CUCTeMbl YPaBHEHWIA, NOyYaeMbIX NPU NPAMbIX
N3MEPEeHUNAX pPa3IMUHbIX COYETaHNI 3TUX BeNNUYUH. COBMECTHbIMU Ha3bl-
BalOTCA NPOBOAUMbIE OJHOBPEMEHHO W3MEPEHUS ABYX WU HECKOMbKUX
HEOAHOUMEHHbIX BEIMUYUH AN YCTaHOB/EHUN 3aBUCUMOCTU MEXAY HUMMU.
Kak BWAHO 13 NpUBeLEHHbIX ONpefeneHnii, 3T1 ABa BUAa U3MEPEHUNI BECb-
Ma 61M3KU Apyr K Apyry. B 06oux cinydyasx UCKOMbIE 3HAYEHUS HAXOAAT-
CA B pe3ynbTaTe pelleHns CUCTeMbl YpaBHeHWW, KO3I(PHULMEHTbI B KOTO-
pbIX NOAYyYeHbl NyTeM NPSAMbIX U3MepeHuii. OTANYME COCTOUT B TOM, YTO
NpU COBMECTHbIX M3MEPEHUSAX OJHOBPEMEHHO OMpefensitoTCs HECKOIbKO
O[JHOMMEHHbIX BENIMYUH, @ NPN COBOKYMHbIX — Pa3HOVMEHHbIX.

KocBeHHble, COBMECTHbIE 1 COBOKYMHbIE M3MepeHUs 06beAUHAOTCS
OfHUM MPUHLMMANANBHO BaXHbIM 06LWMM CBOWCTBOM: WX pe3ynbTaTbl
onpeAensaTCA pacyeTOM MO M3BECTHbIM (DYHKLMOHaNbHLIM 3aBUCUMO-
CTAM MeXAYy M3MepsieMblMU BeUUYMHAMU W BeNUYUHAMU, NOABeprae-
MbIMW NPAMbIM U3MepeHUsM. Pasnuume mexagy aTuMu Bugamu nimepe-
HUIA 3aKnvaeTcs TONbKO B BUAe PYHKLWOHANbHOW 3aBUCUMOCTU, UC-
nonb3yemoi npu pacyetax. Mpn KOCBEHHbIX U3MEPEHMAX OHA Bbipaxa-
eTCs OfHUM ypaBHeHMeM B SBHOM BuAe (2.3), Npn COBMECTHbIX U COBO-
KYMHbIX — CUCTEMOI HEABHbIX ypaBHeHWUI. [103TOMY yXKe HeoLHOKpaT-
HO BbICKa3blBaNnCb MHeHUs [7] 0 cOKpalleHUW MpPUBELEHHON BbIlle
Knaccugukauum. Bce naMepeHus fenaT Ha NpsMble U KOCBEHHbIE, KO-
TOpble B CBOKO OYepefb MOAPA3LENAtOTCA HAa HECKONbKO rpynn, pasnu-
yalumxcs mexnay coboin BUAOM ypaBHEHWUI, NPeAcTaBAAlOUMX PYHK-
LWOHANbHbIEe 3aBUCMMOCTN MEXAy U3MepseMbiMU BeNUYNHAMMW U Benu-
YMHaM¥, NOABEPraemMbIMM NPAMbIM W3MEPEHUAM.
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Mo XxapakKTepucTUKe TOYHOCTU M3MepeHUa AeNATCs Ha paBHO-
TOYHbIE 1 HEPABHOTOUHbIE.

PaBHOTOYHbLIMUN Ha3blBalOTCA M3MeEPeHUs Kakoi-nm6o ®B, Bbinon-
HEHHble OAUHAKOBLIMMW MO TOYHOCTM CU 1 B OAHUX U TEX XKe YCNOBUSAX.
COOTBETCTBEHHO HEPABHOTOYHbIMW Ha3bliBalOTCA M3MepeHus PB, Bbl-
MOMHEHHbIE Pa3NUYHbIMK MO TOYHOCTU CU 1 (Mnun) B pasHbiX YCN0BU-
ax. MeToanka 06paboTKM pe3ynbTaTOB PaBHOTOUHbLIX W HEPABHOTOY-
HbIX U3MEPEHU pasfinyHa.

B 3aBMCMMOCTM OT YMCNa U3MEPEHWUIA, NPOBOAUMBLIX BO BPEMS 3KC-
nMepuMMeHTa, pa3nyvaloT OLHO- U MHOTOKpaTHble nsMmepeHms. OQHOKPAT-
HbIMW Ha3blBalOTCA M3MEPEHUS, BbINOMHEHHbIE OAMH pa3, K MHOToOKpaT -
HbIMW OTHOCSATCA M3MEpeHWUs OAHOro U Toro xe pasmepa ®B, cnegyto-
Wwue Apyr 3a 4pYrom. VI3BeCTHO, YTO NPKU YnUCNe OTAENbHbIX U3MEPEHWUIA
6onee yeTbipex UX pe3yabTaTbl MOTYT 6bITb 06paboTaHbl B COOTBETCT-
BUU C TPeBOBAHUAMU MaTeMaTUUYECKOW CTAaTUCTMKM. ITO 03Ha4YaeT, UTO
npn yeTblpex u 60nee U3MEpPeHUAX, BXOAALWMNX B P, U3MEPEHUS MOX-
HO CUMTaTb MHOTOKpPaTHbIMU. IX MPOBOAST C LEe/bl0 YMEHbLUEHUSA CNY-
YainHOM COCTaBNAIOLLEN NOrPeLHOCTH.

Mo OTHOLWEHNIO K U3MEHEHUIO N3MEPAEMOI BENMNYNHBI N3MEPEHNS
LensTca Ha cTaTuyeckue U auHamuyeckume. Llenbto faHHoW knaccuguka-
UMW ABNAETCA BO3MOXHOCTb MPUHATUS PELUeHUs 0 TOM, HYXHO u npu
KOHKPETHbIX U3MEPEHUAX YUUTbIBATb CKOPOCTb U3MEHEHUSA N3MepAeMOi
BEIMYMHbI UNKN HeT. [OrpewHoCcTN, Bbi3biBAEMbIE BANSAHUEM CKOPOCTEW
N3MEHEHUSA M3MEePSeMOil BENWYNHbI, Ha3blBalOTCA AUHAMUYECKUMMU.

K CTaTUWYeCKUM oTHOCATCA n3mepeHns ®B, npuHumaemoii B cOOT-
BETCTBMM C KOHKPETHOW M3MepuTeNbHON 3afauveid 3a HEM3MEHHYH Ha
NPOTSHXKEHUN BpeMeHW u3mepeHus. [UHaAMUUYECKME U3MepeHua — 3To
M3MepeHus usMeHawwWwelnca no pasmepy ®B. MNMpusHakom, No KOTOpo-
MYy M3MepeHne OTHOCAT K CTaTUYecKOMY WU AUHAMUYECKOMY, ABNAET-
CA AMHaMuyeckas MOrpewHOCTb NPW [JAaHHOW CKOPOCTW WM 4acToTe
M3MEHEHNA U3MEpPSIEMOW BeIMUYUHBI U 3afaHHbIX AUHAMUYECKUX CBOI-
ctBax CW. MpeanonoXxum, 4To OHa npeHebpexnumo Mana (gna pewae-
MOli M3MepUTENbHON 3afayn). B aTOM cnyyae M3MepeHNe MOXHO CYM-
TaTb CTaTW4YeCKMM. Tpu HEBbIMOMHEHWU yKa3aHHbIX TpeboBaHWIi OHO
ABNAETCA AMHAMUYECKUM.

B 3aBucuMOCTM OT METPONOTMYECKOTO Ha3HAUYEHUA n3MmepeHus
LenATcs Ha TeXHUYecKume U meTponioruveckue. TEXHUYECKMe nsmepe-
HusA npoBoaAaTca pabounmu CU. MeTpOoNornMyeckne nsmepeHusa Bbinos-
HAKTCA NPU NOMOLLM 3TaNOHOB C LiefIbl0 BOCNPOU3BEEHNA eanHuL, ®B
4Nna nepefaun ux pasmepa paboumm CWU.



Mpu MeTPONOrMYeCKNX U3MEPEHUAX B 0643aTeIbHOM MOPALKe Yuu-
TbIBAlOTCA MOTPeWwHOCTN, a NP TeXHUUYECKUX — MNPpUHUMaeTca Hame-
pef 3ajaHHas NOrpewHOCTb, JOCTaToOYHaA A5 peleHUs JaHHON npak-
THUYyeckoin 3agaym. MoaToMy Npu TEXHUUYECKUX M3MEPEHUAX HeT Heob-
XOAMMOCTW OnpejenATb W aHaAW3MpPoOBaTb MOrPELHOCTU MOaydYaeMblX
pe3ynbTaToB. TeXHWYECKNEe N3MepPeHUs ABNAOTCA Hanbosee MacCcoBbIM
BMOM.

B 3aBMCUMMOCTM OT Bblpa>k eHUA pe3ynbTaTOoB M3MEPEHUA nocnea-
Hue noApasfenstoTcs Ha abCoONOTHbIE U OTHOCUTENbHbIE. AGCONOTHOE
M3MEepeHNe OCHOBAHO Ha MPAMbIX U3MEPEHUNAX OAHON UNN HECKONMbKUX
OCHOBHbIX BENUYMH W (MAM) UCNONb30BAHWM 3HAYEHUIA (PUNYECKUX
KOHCTaHT. MoHATUe “abCoNOTHOE U3MEPEHME” NMPUMEHAGTCA KaK Mpo-
TUBOMOJ/IOXHOE NOHATUIO “OTHOCUTENbHOE U3MepeHne” n paccMmaTpuBa-
eTCA KakK onpefjefieHne BefIMYNHBLI B €e eANHULAX.

OTHOCUTENbHOE U3MEPEHNEe — 3TO MU3MEPEHMEe OTHOLWEHUA onpeje-
NnAeMoi BeNMUYMHbl K OfLHOUMEHHOW. Hanpumep: n3MepeHue aKTUBHO-
CTW PajMOHYKNNAA B UCTOYHMKE MO OTHOLIEHUIO K aKTUBHOCTU pajuno-
HYKNnja B O4HOTUMHOM MCTOYHWKeE, aTTeCTOBAHHOM B KayecTBe obpas-
LLOBOI Mepbl aKTUBHOCTU. OTHOCUTENIbHbIE U3MEPEHUSA NPU NPOYUX paB-
HbIX YCMOBUAX MOrFyT 6biTb BbINOAHEHbI 60/€e TOYHO, 4em abconT-
Hble, MOCKONIbKY B CYMMapHY MNOrpPewHOCTb He BXOAUT NOTPeWHOCTb
Mepbl BEIMYNHbI.

2.7. MoHATME 06 UCNbITAHUN N KOHTPO/E

WNcnbiTaHmem Ha3blBaeTCA 3KCNEPMMEHTaNbHOE OnpejeneHue Ko-
NINYECTBEHHBIX U (MIN) KAYECTBEHHbIX XapaKTePUCTUK CBOWCTB 00bEK-
Ta MCNbITAHUI KaK pe3ynbTaTa BO34ENCTBMS HA HEro Mpu ero pyHk-
LMOHMPOBAHUM, a TaKXe MOAEeNnpoBaHWM 06beKTa M (MNK) BO3feNCT-
Buih (TOCT 16504-91). OKkcnepuMeHTanbHOE ONpeaefieHne XapakTepu-
CTUK CBOWCTB 06beKTa NPU MUCNbITAHUAX MOXET NPOBOAUTLCA MYTeEM
MCNONb30BaHNS N3MEPEHUIA, OLEHNBAHUA U KOHTPOAS.

O6BbEeKTOM MCMbITaHWA ABNSETCS NPOAYKUMA WAW MpPOLecChl ee
nMpon3BOACTBAa U DYHKLMOHMPOBaHWUSA. B 3aBUCMMOCTM OT BUa NPOAYK-
LMW U NpOrpamMMbl UCMbITAHNA O06BHLEKTOM MOXET 6biTb KakK eAUHUYHOE
nsgenvie, Tak n ux naptus. O6GHLEKTOM MCNbITAaHWA MOXET TakXe ObIThb
MaKeT Uau Mofenb U3fenus.

BaxHelWnMy npusHakamu no6bIX UCNbITAHUA ABNSKOTCA:
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* NPVHATWE Ha OCHOBE MX Pe3y/ibTaToB OMNpefe/ieHHbIX PeLUeHni Mo
06beKTY UCMNbITAHWUA, Hanpumep O ero roAHOCTM WM 3abpakoBKe, O
BO3MOXXHOCTU MPeAbSBAEHNSA Ha Crefytolime UCNbITaHua U T.4.;

* 3afjaHne TpebyeMbIX peasibHbIX WU MOAE/UPYEMbIX YCMO0BUA UC-
NbITaHWA. [og ycnoBUAMM UCNbITaHWA NOHUMAETCA COBOKYMHOCTb BO3-
[EeNCTBYOLWNX (haKTOPOB 1 (M/I1) PEXXMMOB (DYHKLMOHMPOBaHMS 00beK-
Ta Npy UcnbITaHNAX. B HOPMATUBHO-TEXHUYECKUX JOKYMEHTax Ha uc-
NbITaHNSA KOHKPETHbIX 00bEKTOB A0/HKHbI ObITb OMNpefeieHbl HOPMasib-
Hble YCNOBUSA UCMbITaHUIA.

CyLecTByeT 60/1bLLIOE YNC/IO PA3HOBUAHOCTEN UCTbITaHWi. OHU Knac-
CUMLMPYIOTCA MO PasNNYHbIM NpusHakam. o HasHayeHu ucnbiTa-
HUA [ensaTcs Ha uccnefoBaTesibCKue, KOHTPO/IbHbIE, CPaBHUTENbHbIE Y
onpegenuTenbHble. [0 YPOBHIO MPOBEAEHUSA pasnyatoT CcriefyroLne
KaTeropmMm UCMbITaHUA: rocyfapCTBEHHbIe, MEXBEAOMCTBEHHbIE N Be-
JOMCTBeHHbIe. Mo Buay 3Tanos pa3paboTKU UCNbITYEMON NPOAYK-
LMK pasnnyatoT nNpeasapuTesibHbIe Y MPUEMOYHbIE UCNbITaHWA. B 3aBu-
CUMOCTU OT BUAA MCNbITaHUA roTOBOW NPOAYKUUN MX NOAPA3LeNstoT
Ha KBa/IM(hMKaLMOHHbIE, MPUEMOCAATOUHbIE NEPUOANYECKINE U TUMOBBLIE.
OnpeaeneHns aTUX BUAOB MUCMbITaHUA MOXHO Halitu B FOCT 16504-81
"CucteMa rocyfapCTBEHHbIX UCMbITaHWUA npofyKumn. McnbiTaHmsa u
KOHTPO/Ib KayecTBa NnpogyKumn. OCHOBHbIE TEPMUHBI U OMNpPeseneHnsa’™.

Llenbto ucnblTaHuin cnegyeT cUATaTb HaxX0XXAeHWe UCTUHHOIMO 3Ha-
YeHMsA napameTpa (XapaKTepucTUKMK), OrpefesIeHHOro He Mpu Tex pe-
a/IbHbIX YC0BUAX, B KOTOPbIX OH (PaKTUYECKM MOXET HaxoauTcs B
X0fle UCMbITaHWN, a B 3aflaHHbIX HOMUHA/IbHLIX YCMOBUAX UCMbITAHUS.
PeasibHble YC/IOBUSA UCMbITAHWIA NPaKTMYECKW BCerfja OTAnMyaroTca oT
HOMMHa/TbHbIX, MOCKO/IbKY YCTaHOBWTbL MapameTpbl YC/I0BUIA UCMbITa-
HWA abCOMIOTHO TOYHO HEBO3MOXHO. CnefoBaTe/lbHO, pe3ynbTaT UCMbI-
TaHWS BCerga MMeeT MOrpeLlHOCTb, BO3HUKAIOLLYHO He TOMbKO M3-3a No-
rPeLLIHOCTU onpeeneHnsa NCKOMOW XapaKTepUCTUKK, HO U U3-3a HETOY-
HOM0 YCTaHOB/IEHWS HOMUHANbHbIX YCMOBUA UCMbITAHUS.

Pe3ynbTaTOM WCNbITaHWA Ha3blBaeTCA OLEHKA XapaKTepUCTUK
CBOICTB 06bEKTA, YCTaHOB/EHNA COOTBETCTBUSA 06beKTa 3afaHHbIM Tpe-
60oBaHMAM, JaHHble aHa/IM3a KayecTBa PYHKLUMOHMPOBAHUA 00beKTa B
npoLecce UCNbITAHWIA. Pe3ynbTaT MCMbITAHUA XapakKTepulyeTcs Tou
HOCTb0 — CBOICTBOM WCMbITAHUA, OMNWCbIBAKOLLMM 6/IM30CTL UX pe-
3yNbTaTOB K AeNCTBUTE/IbHbIM 3HAYEHUSIM XapaKTepuCTUK 06beKTa B
onpefenieHHbIX YCM0BMAX MCMbITaHWIA.

Mexay n3MepeHMeM W UCMbITaHWEM CYLLECTBYET 60/1bLUOE CXOACT-
BO: BO-MEpPBbIX, Pe3y/bTaTbl 06eMX onepaunii BbipaXKatoTCs B BUde Yu-
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cen; BO-BTOPbIX, MOrPELIHOCTX 1 B TOM, U APYrOM c/lydae MOryT 6biTb
BblpaXXeHbl KaK pasHOCTM MeXAy pesynbTaTamu M3MepeHuit (ucnbita-
HWIA) N UCTUHHBIMY 3HAYEHUSIMU U3MEPSIEMOI BENMUMHBI (MM onpeje:
NSIEMOWA XapaKTEPUCTMUKIN NPU HOMUHA/TbHBIX YCI0BUSIX IKCMlyaTaymm).
O[fHaKo C TOYKMN 3peHUsI METPOMOrnM MexXay 3STUMK onepaumsiMn nme-
eTCsl 3HaUMTeNbHAA pasHULA: MOrPeLLHOCTb M3MEPEHUs IBNSeTCSA TOMb-
KO OfHOI M3 COCTaBSALMX MOFPELLHOCTY MUCMbITaHMA. [103TOMY MOX-
HO CKa3aTb, YTO UCMbITaHMe — 3TO 6onee o6LLasA onepauns, Yem M3Me-
peHue. 3MepeHne MOXHO CUMTaTb YaCTHbIM C/ly4aeM UCMbITaHUs, Npu
KOTOPOM YCMOBUSA UCMbITaHWI He MPeACTaBASOT MHTepeca.

Mpumep 2.4. PacCMOTPMM MCMbITAHWA MarHUTHbIX CBOWCTB MarHUTOMAT-
KX MaTepuanos, NpoBoAuMbIX B cooTBeTcTBuMM ¢ NOCT 12119-80. VX uensto
ABNAETCA OMpejesieHNe XapakTepucTUK WM MapaMeTpoB MarHWTHbIX MaTepua-
JIOB, TaKMX KaK OCHOBHas KpwuBasf HaMarHM4mBaHWA, KpuBas Y[LeE/bHbIX mar-
HUTHbIX MOTepPb, KO3PLUWUTUBHAsA CuUa, OCTaTOYHasA UHAYKUWUA, WHLYKLMA Ha-
CbilLeHns n ap.

[na Toro 4tobbl M3MEPUTb 3TU XAapaKTepUCTUKWU W MapameTpbl, obpasel
HeoOX0AMMO MepPemMarHUTUTb. 3HAYeHUA MarHUTHbIX BEeNIMYUH CYLLEeCTBEHHO
3aBUCAT OT pexmma nepemarHuy4MBaHUA UCMbITYeMoro obpasua, NoaTomy c Le-
Nb0 MONYYEHNS BO3MOXHOCTU CpPaBHEHWA Pe3ynbTaToB M3MepeHWli pasnuyHbIX
nabopaTopmin cTaHAapT NPeAnuCbIBaeT:

* 1CMNOMb30BaTb MPU UCNbITAaHUAX 06paslbl MAarHUTHbLIX MaTepuanoB CTaH-
[apTU30BaHHOW hopMbl (KOMbLEBbIE M MOMOCKM ANA annaparta JniiTelHa);

* NPUMEHATb YHU(MLMPOBaHHbIE MEPBUYHbIE MPeobpa3oBaTeNiM MarHUTHbIX
csoiictB (cm. npumep 11.4 B pasg. 11.5);

* NPOBOAUTL W3MEPEHWUSA NPW PernameHTUPOBaHHOM 3aKOHe W3MEeHeHus
MarHWTHOW MHAYKLMK B MpoLecce nepemarHuumBaHna obpasua. OCHOBHOe pac-
NpoCTpaHeHne MOMYYUN CUHYCOMAANbHbIA 3aKOH, KOTOpbIA Heobxogumo obec-
neynBaTb C MOrPeLIHOCTbIO (MO KO3I(MULNEHTY rapmoHUK) He 6onee 2%. OTnu-
Une peanbHOro 3akoHa W3MEHEHUS MarHUTHOW WHAYKUMWU OT CUHYCOMZANbHOro
B npegenax 6onee fOMYCTUMbIX 3HaYeHWi NPUBOAMT K MOFPeLIHOCTAM onpefe-
NEHUA MarHWTHbLIX NapameTpos.

KOHTPOAb — 3TO MPOLECC OMpeAesieHUst COOTBETCTBUA 3HAYEHMS
napameTpa mu3aenvsa yCcTaHOB/eHHbIM Tpe6oBaHMSAM MM HopMam. Cylu-
HOCTb BCSIKOTO KOHTPO/ISi COCTOUT B MPOBEAEHUM [BYX OCHOBHbIX 3Ta-
noB. Ha nepBOM M3 HMX MOMyYatoT MHGOPMaLMIO 0 (haKTUYECKOM CO-
CTOSIHAN HEKOTOPOr0 06BEKTA, O MPU3HAKaxX M MOKasaTessixX ero CBOMCTB.
3JTa MHGopmMaumsa HasblBaeTCA MepBUYHON. Ha BTOPOM — nepBUYHas
MHHOPMaLMA CONocTaBsETCA C 3apaHee YCTaHOB/IEHHbIMU TpeboBaHMSA-
MW, HOpMamu, KpuTepusiMu. Mpr 3TOM BbISB/SIETCA COOTBETCTBME U/
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HecooTBeTCTBUE (PaKTMUECKUX AaHHbIX TpebyembiM. VIHhopmauus o nx
pacxoxaeHnn HasbiBaeTcs BTOPUYHOWA. OHa MUCNOMb3yeTcs ANns Bblpa-
60TKM COOTBETCTBYHLLUX peLleHUA Mo MoBoAYy 0O6beKTa KOHTposis. B
psife cny4vaeB rpaHuLa MexXay sTanaMy KOHTPoNs Hepasnvuuma. Mpu
3TOM MepBbIi 3Tan MOXET ObITb BbIpaXKeH HEYETKO WM MPaKTUYecKu
He HabnwgaTbcs. XapaKTepHbIM MPMMEPOM TaKoro poja SB/SETCH KOH-
TPOnb pasmepa AeTasiv Kannmbpom, CBOASALMIACA K onepaumy cornocTas-
NeHnst PaKTUYECKOro 1 NpefesibHO A0MYCTMMOr0 3Ha4YeHW napameTpa.

KOHTpPOMb COCTOUT M3 psfa 3MeMeHTapHbIX AeACTBUIA: N3MepuUTesb-
HOro npeobpasoBaHMA KOHTPONMPYEMOIM BesIMYMHbI; ornepauum BOCnpo-
n3BeAeHNS YCTaBOK KOHTPOJ1S1; ornepaLn CPpaBHEHUS; OMNpeaesieHNs pe-
3ynbTara KOHTPOns.

M3MepeHNsT N KOHTPO/1b TECHO CBSA3aHbl ApYr C APYroM, 6/1M3KK No
CBOE NH(OPMAaLMOHHOMN CYLLHOCTU U cofep>kaT psf 06 mx onepaumii
(Hanpumep, cpaBHEHMe, N3MepuTesbHOe NpeobpasoBaHme). B To >ke Bpems
MX Apoueaypbl BO MHOFOM pasfiMyarTcs:

* pe3y/ibTaTOM U3MepPeHUs1 ABASEeTCSA KOIMYEeCTBEHHAs XapaKTepuc-
TVKa, a KOHTPONS — KadecTBeHHas;

* M3MepeHne OCYLLEeCTBASAETCA B LUMPOKOM [AvanasoHe 3HauveHWi
n3MepsiemMori BENIMUMHBI, a KOHTPOsIb — 06bIYHO B npeaenax HebosbLLo-
ro Ymcna BO3MOXKHbIX COCTOSHWUNA,

* KOHTPO/IbHble NPNBOPbLI, B OT/INHNE OT U3MEPUTESbHbIX, MPYMEHS-
I0TCA A1 MPOBEPKU COCTOAHUSA U3AeNuii, napaMeTpbl KOTOPbIX 3ajaHbl
M U3MEHSITCA B Y3KMX npejenax;

*0CHOBHOW XapaKTepUCTMKOM KadecTBa npoLeaypbl U3MepeHNs AB/s-
€TCA TOYHOCTb, @ NpoLeaypbl KOHTPONS — [OCTOBEPHOCTb.

KoHTponb MOXeT 6bITb KnaccuduumpoBaH Mo psgy NpU3HaKoB.

B 3aBMCMMOCTU OT UmMcna KOHT POMpyeMbIX NapameTpoB OH Mog-
pasgensieTcs Ha ogHonapame TPOBbIA, MPU KOTOPOM COCTOSIHME 06beKTa
onpefenseTcs No pasmepy 04HOro NapameTpa, U MHoronapame TpPOoBbIi,
npyM KOTOPOM COCTOSIHME 06beKTa onpedensieTcs pasmepamm MHOTMMX
napameTpos.

Mo dhopmMe cpaBHMBaeMbIX CUTHANOB KOHTPO/b Nofpas3fensiercs Ha
aHasnoroBblii, NPy KOTOPOM CpaBHEHMIO MOABEPralTCs aHas/l0roBble CUT-
Hanbl, U LMAPOBOA, NPU KOTOPOM CPaBHMBAIOTCA LUGPOBbIE CUMHAbI.

B 3aBMCMMOCTKN OT BUAA BO3LEACTBMA HAa 065K T KOHTPO/b MNOA-
pasfensieTcsa Ha MNacCUBHbLIA, NPW KOTOPOM BO3AENCTBME Ha 00bEKT
He MPOM3BOAMTCH, U aKTUBHbI/A, NPY KOTOPOM BO3A4eiCTBME Ha 06b-

eKT 0CYLLeCTBMSETCA MOCPeACTBOM CreumanbHOro reHeparopa TecTo-
BbIX CUTHAJIOB.
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B npakTuke 60/bLUOe pacnpocTpaHeHne Noyyns Tak HasbiBaeMblid
[ONYCKOBbIA KOHTPOSIb [26], CYyTb KOTOPOro COCTOUT B OMNpeaeneHnn nyTem
M3MEpPEHNs WU UCMbITaHUSA 3HAaYeHUS KOHTPOJIMPYyeMoro napamMeTpa
06beKTa U CpaBHEHME MOJTYYeHHOro pesysbTara ¢ 3afaHHbIMU rpaHny-
HbIMW [ONYCTUMbIMU 3HaYEHUAMWU. YacTHbIM C/lyYaem [0ryCcKoBOro
KOHTPO/S SIB/ISIETCA MOBepKa CPefcTB M3MepPEHUIA, B MpoLLecce KOTOPOW
nccnefyetcs nonagaHue MnorpeLlHoOCcTelr cpeacTsa U3MepeHni B Aonyc-
Kaemble npegensl.

Mo pacnonoXKeHnto 30HbI KOHTPOIMPYEMOr0 COCTOAHUSA pas/inyatoT
[ONYCKOBbIA KOHTPOJSIb COCTOSAHMIA:

* HKe [0MyCcKaemoro 3HaveHus X < XBs;

= Bbillle AonycKaemMoro 3HavyeHusa X > XB.;

= MeXay BEPXHUM N HVXKHUM J0MyCcKaeMbIMU 3HaveHnsaMU XB< X < XB.

Pe3ynbTaToM KOHTPO/ISA SAB/IAETCA HE 4K1C/10, a OfHO U3 B3avMouc-
K/I0YaoLWmX YTBEPXKAEHWNIA:

= “ KOHTpOIMpyemMasi XxapakTepucTuka (napameTp) HaxoamTcs B npe-
[enax AonycKaeMblxX 3Ha4YeHWIN”, pe3ysibTaT KOHTPoNs — “rogenH”;

* “KOHTpOMIMpyeMasl XapakTepucTvka (napameTp) HaxoAuTcsa 3a
npegenaMn AonycKaemblX 3Ha4YeHUA”, pesynibTaT KOHTPOSS —“He ro-
Jer” nnum “obpak”.

[Ana onpefeneHHoOCTU NMPUMEM, YTO peLleHne “rogeH” A0/MKHO npu-

HUMATbLCA, ec/in BbINOoNHAETCA ycnoBme XH< X < XB, rge X, XB XH—
VUCTUHHOE 3HAYeHMe 1 AOMYCKaeMble BEPXHEE U HPKHEE 3HAYEHNSA KOH-
TposiMpyemoro napameTpa. Ha camom >Ke Aese ¢ fonycKaeMbiMU 3Hade-
HMAMU XB N XH CpaBHUBAETCA He UCTUHHOe 3HadeHue X (MOCKOsSbKY
OHO HeWn3BeCTHO), a ero oueHka X0, nonyyeHHasl B pe3y/ibTare usmepe-
HUIA. 3Ha4veHWe X0oT/MyaeTcsa 0T X Ha BENIMUMHY MOrPELLHOCT nU3Me-
peHus: X = XO+A. PewieHve “rogeH” npu npoBefeHUN KOHTPONSA Mpu-
HUMAaETCA B Cny4vae BbIMosIHEHUS HepaBeHcTBa XH<XD<XB OTctoga cne-
OYeT, 4YTO Mpu [OMYyCKOBOM KOHTPOJ1IE BO3MOXHbI YeTbIpe McXoaa.

1 MpuHATO peLueHWe “rogeH”, Korga 3HayeHMe KOHTPOSINPYEMO
napameTpa HaxoAuTcA B AOMycKaeMmblX npegenax, T.e. UMeNn MeCTo
€o6bITUA XHSXAXBUXH<XO0<XB. Benm n3BecTHbI MI0THOCTU BEPOATHO-
CTell 3akoHOB pacnpegeneHus f(X) KoHTponupyemoro napametpa X u
MOrpeLLIHoCTM ero nsmepeHus f(A), To Npy B3anUMHOA HE3aBUCKMMOCTU

3TUX 3aKOHOB U 3afaHHbIX JOMYCTUMbIX BEPXHEM N HVDKHEM 3HAYEHU-
AX napameTpa BeposTHOCTb COObITUA “rogenH”
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X, X,-X
Pr=Jf(X) [f(A)dA dX.
xH [X,-x

2. MpuHATO pelleHne “6pak”, Korja 3HayeHWe KOHTPOSIMPYemoro
napameTpa HaxoAWTCS BHe NpeesioB A0MYCKAEMbIX 3HAYEHWUIA, T.e. NMesn
MeCTO cobObITUA X <XHUNNX>XBUXO< X HUANMXO> X B. [pr 0roBopeHHbIX
JoNyLLEeHNAX BEPOSATHOCTb COObITUSA “HerogeH” nmnm “6pak”

X«-X X.-X

= Jf(X) Jfa)dA+ Trada dax + (x) Jfayda + Frayda dx.
-® X,-X X. -® X,-X

3. MpuHATO pewleHne “6pak”, Korga UCTMHHOE 3HAYeHWe KOHTPO-

NNpyemoro napameTpa NexxuT B Npejenax fonycKaeMbiX 3Ha4YEHWA, T.€.
X0<XBunnm X0>XBu XH< X <XBwu 3abpakoBaH UCMpaBHbIA 06bEKT. B

3TOM C/1ydae NpPUHATO roBopuTb, YTO MMEET MeCTO owmnbka I poga. Ee
BEPOATHOCTb

X.-X 'B
Pi - >j*(x) ff(A)dA dX + J f(X) Jfa)da dX.

4. MpuHATO pelleHne “rogeH”, Korga WUCTUHHOE 3HayeHue KOH-
TPO/INPYEMOro rnapameTpa SIEXKUT BHe Mnpegenax AonycKaemblxX 3Haue-
HWUWA, T.e. UMenu MecTto cobbITUA X < XHWM X >X B UXH<X0<XBW”

HeuncnpasHbI 06bEKT MPU3HaH FoAHbLIM. B 3ToM cryyae roBopsiT, yTo
npousowna owmnbka Il poga, BepoATHOCTb KOTOPO#i

X.-X X,-X
P2* J f(X) Jf(A)A kiX+ ff(X) Jf(AdA dX.
X.-X X X.-X

OueBngHO, UTO OWMGKK | 1 Il pofoB UMEKT pasHoe 3HaYeHMe 4/is
M3roToBUTENER N MNoTpebuTenen (3aKasumMKoB) KOHTPO/IMPYEMOW Mpo-
aykumn [26]. Owmnbkm | poga BegyT K NpsiMbIM MOTEPSIM U3roTOBUTENA,
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TakK Kak OLM604YHOEe Mpu3HaHMe HEroAHbIM B AeiACTBUTEIbHOCTU FOAHO-
ro n3genusa NPUBOAUT K JOMOSTHUTE/bHBLIM 3aTpaTaMm Ha uccriefoBaHue,
[0paboTKy M perynupoBky msgenmsa. Owmnokn Il poga HenocpeacTBEHHO
CKasbIBalOTCA Ha noTpebutene, KOTOPbIA MOMy4YaeT HeKavyeCcTBEHHOe
nsgenve. MNpy HOPMasIbHOW OpraHmM3aLmmn OTHOLLEHWI MeXay noTpetu-
TeneMm 1 Npov3BoguTeniemM 6pak, 06Hapy>XXeHHbIV MepBbIM U3 HUX, MpKU-
BOAUT K peknaMauusam n yuiepby o U3rotoBuTesns.

PaccmoTpeHHble BepoATHOCTM Pr, PH, P, 1 Pr npy maccoBoM KOH-
Tposie NapTun U3LENNIA XapaKTepUsyT CpefHue A0/ FOAHbIX, Herog-
HbIX, HenpaBW/IbHO 3abpakoBaHHbLIX W HenpaBW/IbHO MNPOMYLEHHbIX
V34eNnnin cpegn Beeli KOHTPONMPYEMOM MX COBOKYMHOCTWU. OuYeBUAHO,
yto Pr+PH+Pj+P2= 1.

JlocToBEPHOCTL pe3y/ibTaToB A0MYCKOBOI0 KOHTPOIA OMucbiBaeTcs
pasnMyHbIMK nokasaTtensMmn [9, 26, 56], cpean KOTopbIX HanbosibLuee
pacnpocTpaHeHue noay4nnn BeposTHocTu owmnbok | (P,) n Il (P2 po-
[0O0B N PUCKN N3rOTOBUTENSA U 3aKasuuKka (noTpebutens):

pi 7 p2
wr ~P, +PH; 3aKk“ P2+ Pr'

OfHa 13 BadkHelwKnX 3afjay naaHMpoBaHWs KOHTPOMS — BbIGoOP
ONTUMa/IbHOM TOYHOCTU U3MEPEHNS KOHTPO/IMPYEMbIX NapameTpoB. Mpn
3aBbILLIEHNN [O0MYCKAEMbIX MOrpeLlHOCcTel M3MepPeHUsT yMeHbLUAeTCs
CTOMMOCTb CPEACTB U3MEpPEHU, HO YBENIMUNBAIOTCH BEPOSATHOCTU OLLUU-
60K MpV KOHTPOS1e, YTO B KOHEYHOM WUTOre MpUBOAUT K notepsm. Mpu
3aHVDKEHUN [0MYCKaeMbIX MOrpeLLIHOCTE CTOMMOCTL CPeACTB M3Mepe-
HWIA BO3pacTaeT, BEPOSATHOCTb OLLUMOOK KOHTPONSA YMEHbLUAETCs, yBe-
NnumBaeT ce6ecTOMMOCTM BbINyCKaemol npogyKuuun. OyeBMAHO, 4TO
CYLLECTBYeT HEKOoTopasi ONTUMaslbHasi TOYHOCTb, COOTBETCTBYHLLASA
MUHUMYMY CYMMbI MOTEpb OT 6paka M CTOMMOCTU KOHTPO/IS.

MpviBeaeHHbIE hOPMY/Ibl MO3BO/IAIOT OCYLLIECTBUTL LiefieHanpaB/ieH-
HbIi MOUCK TaKMX 3HAYeHWr MOrpeLlHOCTU U3MepeHUsi, KOTopble Obl
NPV 33faHHbIX BEPXHEM U HVDKHEM 3HAUEHUSIX KOHTPO/IMPYEMOrO Ma-
pameTpa obecrieunnn 6bl AONyCKaeMble 3HAYEHUS BEPOATHOCTEN OLLn-
60K | n 1l pogos (P,an P2 win coOTBETCTBYIOLLIMX PUCKOB. ITOT MOUCK
NPON3BOANTCA MyTEM YUCEHHOIO WM FpamnuecKoro MHTErprpoBaHUs.
CniepoBatenibHO, 411 PaLVIOHA/IbHOTO0 BblG0pPa TOYHOCTHBIX XapaKTepu-
CTUK CPeaCcTB U3MEPEHWUH, MCMO0Nb3YEMbIX MPU NPOBEAEHUMN KOHTPOSS,
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B Ka)X[l0M KOHKPETHOM criydyae [O0/IKHbl 6bIiTb 3afiaHbl OMNycKaemMble
3Ha4yeHus Pm n Pzg'

KOHTposibHble BOMPOChHI

1. [aiite onpeaeneHve hU3NYECKOW Benn4MHbl. NpuBegnte npumeps! Be-
NNYMH, NpUHaANeXawmx K pasnyHbiM rpyrnnamM (pu3nyeckmx MnpoLeccos.

2. UTo Takoe 3KCTEHCUBHbIE N MHTEHCUBHblE (QU3NYECKUE BESTNYUHLI? B
YeM UX CXO0ACTBO U pasnunuune? MNpuseaute npumepbl ®B Kaxkgoro suga.

3. MpoaHanusnpyiTe onpeaeneHns cyeta, OLEHUBAHUA U N3MEPeHUs. Bbl-
Jenvte nx obLimMe 1 OTINUNTeNbHbIE NPU3HAKW.

4. Yto Takoe LKana M3NYEeCKor BennunHbI? MpriBeauTe npuMepbl pas-
NYHbIX WwKan PB.

5. Ha3oBuTe ocHOBHbIe onepauu npoleaypbl n3mMepeHns. Pacckaxkmute, Kak
OHN PeasI3yloTCAa Mpy N3MEPEeHUN pasmepa AeTasiv LUTaHTeHUVPKY/IEM.

6. MNMpuBeanTe NpuUMepbl M3MepUTEsIbHBLIX MpeobpasoBaTesieil, MHOro3Hau-
HbIX Mep M YCTPOWCTB CpaBHEHUs, UCMO/Ib3yeMbIX B M3BECTHbLIX BaM CpeacTBax
N3MepeHunii.

7. Kakve 3neMeHTbl Mpouecca U3MEPEHWUA MPUHAAIeXXaT K BETBU peasibHo-
ro, a Kakme — K BETBU OTPaXXEHUs peasibHOCTU? Kak OHW COOTHOCATCA ApYr C
apyrom?

8. Mo KakMM npusHakam KraccuuumpyoTcss MeToabl U3mepeHnin? Kakme
MeToAbl M3MEPEHWNI T BaM M3BECTHbI?

9. YTo Takoe cpeacTBO M3MepeHuin? MpueeauTe NpUMepbl CPeACcTB U3Mepe-
HWIA pas3nnyHbIx OB.

10. Y10 Takoe ycnoBusi U3MepeHnii? Kakne oHWM ObiBalOT?

11. Yto Takoe pesynbTaT U3MEPEHUS U YeM OH XapakTepusyetca?

12. CdopMynmpyiTe OCHOBHbIE 3Tanbl M3MEPEHUS MPUMEHUTESIbHO K Mpo-
Leccy M3MepeHnss MUKPOMETPOM AnameTpa AeTauiu.

13. Mepeuncnimte NpU3HaKu, Mo KOTOPbIM MOryT ObiTb K/lacCUULMPOBaHbI
n3mMepeHusi. Pacckakute 0 Knaccmmkaumm U3MEpeHUi Mo KadkaoMy W3 Ha-
3BaHHbIX MMPU3HAKOB.

14. [aiite onpegeneHus MpsiMbiX, KOCBEHHbIX, COBMECTHbIX W COBOKYIHbIX
n3mepeHuiA. MpuBegnTe NpUMepbl U3MEPEHUIA KadKAoro Buaa.

15. Y10 Takoe mucnbITaHWE U YEM OHO OT/INYAETCA OT U3MepeHUs?

16. YTo Takoe KOHTPO/Ib U YeM OH OT/INYAETCA OT uU3MepeHMAa? Kakuve suipl
KOHTPOMA CYLLLECTBYIOT?

17. UTto Takoe BepoATHOCTb owwmn6oK | 1 1l pogos? UTo OHM XapaKTepusyT?



Mnasa 3. TEOPUSA BOCMPOW3BEAEHNSA EANHULY
DPUBNYECKNX BENYMH
1 MEPEJAUM X PASMEPOB

(TEOPUA EAVIHCTBA V3MEPEHWUIAY

3.1. CncteMbl PU3NYECKUX BEJIUYHUH U UX eJUHNL,

B Hayke, TeXHWKe W MOBCEAHEBHOM >XM3HW 4YenoBeK MMEET [esio C
pa3Ho06pa3HbIMM CBOMCTBaAMM OKPY>KAKLWMX Hac (PM3NYECKUX 0ObEK-
TOB. 3TW CBOMCTBA OTPaXKatOT MPOLIECChI B3aMIMOAENCTBUSA 06 bEKTOB Me-
XAy coboi. VX onmcaHme Npon3BoAUTCA MOCPEeACTBOM (hU3NYECKMX Be-
NnYKnH. ONs Toro 4tobbl MOXKHO ObI/10 YCTAHOBUTL A1 KaXKA0ro 06beK-
Ta pasnnunsa B KONIMYECTBEHHOM COflePXKaHUN CBOMCTBA, 0TobpaXkaemo-
ro n3n4ecKoli BENNYMHOW, B METPOSIONMM BBefeHbI NMOHATUS ee pa3ve-
pa n 3HayeHus.

Pasmep cm3nyeckoli BeIMUMHbI — 3TO KONIMUECTBEHHOE cofepXXaHu-
e B faHHOM 06beKTe CBOMCTBA, COOTBETCTBYHOLLEr0 NMOHATUIO “dm3ndec-
Kasl Be/iMumHa”. Hanpumep, Kavkaoe Teno 0bn1agaeT onpeaenieHHon mac-
COW, BC/IEACTBME 4Yero Tesla MOXKHO pasnmyarb Mo ux macce, T.e. Mo
pa3mepy MHTepecytoLen Hac PB.

3HaueHVe IM3NYECKOM BeNMUMHBI — 3TO OLIEHKa ee pasmepa B BUAE
HEKOTOPOro yucna NpUHATBLIX 4718 Hee eavHWL. Ero nonyyaioT B pe-
3y/ibTare ee U3MepPeHns NN BbIYUCNIEHUA B COOTBETCTBMWN C OCHOBHbLIM
ypaBHeHnem mamepeHnst Q = g[Q], cBA3bIBAKOLLNM MeXAy C060/ 3Haue-
Hre ®B Q, uMcnoBoe 3HaYeHVe g U BbIOpPaHHYO 415 U3MEPEHUS eauHN-
1y [Q]. B 3aBMcuMMOCTM OT pasmepa eanHuWLbI OyAeT MEHATLCA YMC/I0BOE
3HadeHe PB, Torga Kak pasmep ee OyAeT O4HUM U TEM XKe.

EavHuua dmsnyeckon BeiMUnHbl — 370 PB (hkenpoBaHHOro pas-
Mepa, KOTOPOW YC/I0BHO MPUCBOEHO YMC0BOE 3HAYeHWe, paBHOe eaviHU-
Le, 1 KoTopas NPUMEHSETCA 1 KOJINYECTBEHHOMO BbIP&XKEHUS OfHO-
poaHbIX ®B. Pa3mep egnHuL, ®B ycTaHaBMBaeTcs MyTeM UX 3aKOoHO-
JaTe/lbHO 3aKpersieHHOro ornpegesieHns MEeTPOSIOrMYECKUMI OpraHamm
rocyfapcraa.

BavkHoli xapakTepucTukoii B sBnseTca ee pasmepHocTb dim Q —
Bblpa>KeHVe B (hOpMe CTENEeHHOro MHOrousieHa, oTpaxkaroLlee cBsA3b JaH-
HOW BENYMHbI C OCHOBHbIMU PB; K03ath(MLMEHT NPONOPLIMOHa/TbHOCTM
B HEM MPUHAT paBHbIM eAVHULIE:
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dimQ =L'Mprm"...,

roe L, M, T, | — ycnoBHble 0603HA4YEHMSA OCHOBHbIX BE/IMUUH OAHHOMN
cuctemsbl; a, Py, f — uenble nam gpobHble, MOMOXKUTENbHbIE WUV OTPU-
LaTenbHble BeLeCcTBEHHbIe Yncna. NokasaTesib CTeENEHN, B KOTOPYHO BO3-
BeeHa pa3mMepHOCTb OCHOBHOM Be/IMUMHBI, Ha3bIBatoT NoKasaTesieM pas-
MEPHOCTU. Ecnn Bce nokasaresin pasmMepHOCTU pasHbl HYJIO, TO TaKyto
BE/IMUMHY Ha3sbiBaloT 6e3pa3MepHOI.

PasvepHocTe ®B sBnsdeTcs 605ee 06LWEN XapaKTEPUCTUKON, 4Yem
onpegensoLLee ee ypaBHeHME CBA3W, MOCKOJ/IbKY O4Ha U Ta >ke pasmep-
HOCTb MOXKET ObITb MpUCyLLa Be/IMYMHAM, MMEIOLWMM pas3Hylo KayecT-
BEHHYIO NPUPOAY U pas/inyarowymcs no dopme onpeaesstowero ypas-
HeHus. Hanpumep, paboTa cusbl F Ha pacctosHMK L onucbiBaeTcs ypas-
HeHviem Aj= FL. KnHeTnyeckas aHeprus Tena Maccom T, OBUKYLLEro-

CS1 CO CKOPOCTbIO V, paBHaA A2 = mv [/ 2. Pa3MepHOCTV 3TUX KayeCcTBeH-
HO PasNNYHbIX BE/IMYUH OAMHAKOBbI.

Hapg pasmepHOCTAMU MOXXHO MNPOV3BOAUTL AEMCTBUS YMHOXKEHUS,
[JeneHns, BO3BEeAeHUS B CTereHb W U3BJleveHVe KOpPHA. NoHATue pas-
MEPHOCTU LLUMPOKO WMCMOSb3YeTCS:

* 0151 nMepesBoja eAVIHUL, 13 OOHON CUCTEMbl B APYTYIO;

* /19 NPOBEPKM MPaBWU/IbHOCTU C/IOXKHbIX pacyeTHbIX opmys, no-
JNIYYeHHbIX B pe3ysibTare TEOPETUYECKOrO BbIBOA],;

* MPU BbISCHEHNN 3aBUCUMOCTU MeXXay BenvmHamu;

* B Teopun hU3NYECKOro rnogooms.

OnuvcaHvie CBOWCTBa, XapaKTepusyemoro gaHHoi ®B, ocyuiecTs-
NndaeTca Ha A3blke ApYrux, paHee ornpegeneHHbIX Be/IMYMH. 3Ta BO3-
MO>XHOCTb 06yCcnaB/MBaeTCA Ha/lMumemM 06 BbEKTMBHO CYLLECTBYHOLLNX
B3aVIMOCBS3el MeXXAy CBONCTBaMU O6BHEKTOB, KOTOpble, Oyayyun ne-
peBefeHHbIMY Ha A3bIK BENIMYUH, CTAHOBATCA MOAENAMU, 0b6pasyto-
WM B CBOEM COBOKYMHOCTU CUCTEMY YPaBHEHWUI, OMUCbIBAIOLLNX
OaHHbIV pa3gen dn3nkn. PasznnyaloT gBa Tuna Takux ypaBHEeHWNA:

1. YpaBHEHUS CBA3N Me>Kay BeNMUMHAMN — ypaBHEHUS], OTpavkato-
e 3aKOHbI MPMPOoAbl, B KOTOPbIX Mog 6YKBEHHbLIMY CYMMBOIAMU MOHW-
mMaroTcas @B. OHM MoryT ObITb 3anucaHbl B BUAe, He 3aBUCALLEM OT
Bbl6Opa eaVHNL, U3MEePeHNi BXOAAWLMX B HUX PB:

Q- KX*YhzZ*...

3 MeTponorus 65



KoadhpmumeHT K He 3aBUCUT OT BblGopa eAVHUL, U3MEPEHMUIA, OH
onpeenseT CBA3b MeXay Be/imynmHamu. Hanpumep, nnowasib Tpeyrosb-
HUKa S paBHa MoJIoBUHE MPon3BefeHns ocHoBaHMsA L Ha BbicoTy h: S =
=0,5Lh. KoachduumeHT K = 0,5 nosasBmnca B CBA3U C BbIGOPOM He eau-
HUL, N3MepeHni, a hopmbl camux uUryp.

2. YpaBHeHUSA CBA3M MEXXAY YMCN0BbIMU 3HAYEHUSAMU (PU3NYeCKU
BE/INUMH — YypaBHEHUSA, B KOTOPbIX NOJ OYKBEHHbIMW CMMBOJSIAMU MO-
HVMAaIOT UYMC/OBble 3HAYEHUS BESIMYMH, COOTBETCTBYIOLLME BblOpPaHHbIM
egMHuuam. Bug sTux ypaBHEHWIM 3aBUCUT OT BblOpPaHHbIX eAUHUL, U3-
MepeHus. OHKM MOryT 6bITb 3anuncaHbl B BUAE:

Q= KeK X"Yhkzg...,

roe Kc — uncnoBoii KO3athhULMEHT, 3aBUCSLLNIA OT BbIGPAHHOI CUCTEMBI
eaAnHUL. Hanpumep, ypaBHEHUE CBA3M MEXXAY YMNCI0BbIMU 3HAYEHUSMU
nsowaan TpeyrosibHMKa U ero reoMeTpmMyYecKUM pasmvepamMm MeeT BUf,
npu ycrioBUW, 4YTO MJIoWaab N3MEPSETCA B KBaApaTHbIX MeTpax, a OCHO-
BaHVEe M BbiCOTa COOTBETCTBEHHO B MeTpax M MWIIMMETpax:

1) S = 0,5Lh, T.e. Ke=1;

2)S- 0,5 «H0-6 Lh, T.e. Ke=10“BM2/IMM2.

C NnomMoLLbl0 ypaBHEHWUIM CBA3U MeXAY YMNCNOBbIMU 3HayYeHusmm $B
hopMynMpyoTCca onpeneneHns ogHMX BENTMUYMH Ha A3blKe APpYTX U yKa-
3bIBAOTCA CMnocodbl MX HaxoXaeHus. CoBOKyNnHocTb P B, obpasoBaH-
Has B COOTBETCTBUU C MPUHSATbIMU MPUHLUMNAMW, KOrga O4HUN BeNYU-
Hbl NMPUHUMAIOTCA 3a He3aBUCUMbIe, a apyrmve ABNAKTCA UX PYHKUUS-
MW, Ha3bIBAeTCA CUCTEMOA (PUINYECKNX BEINYMH.

O60cHOBaHO, HO B 06LLEM MPOU3BOJIbHbLIM 00pPa3oM BbliGUpatoTCcs He-
CKO/IbKO PB, Ha3blBaeMbIX 0CHOBHbIMW. OCTasibHble Be/IMYUHbLI, Has3bl-
BaemMble MPOU3BOAHLIMU, BbIpaXkakTCH 4epe3 OCHOBHbIE Ha OCHOBE U3-
BECTHbIX YpPaBHEHUI CBA3M MeXxay HumMu. lMpumepamm Mpomn3BoAHbIX
BE/IMYMH MOTYT CNY>XUTb: NJIOTHOCTb BELLECTBa, onpegensemMas Kak mac-
ca BeLlecTBa, 3aK/II0HYEHHOro B eAnHNLE 06beMa; YCKOpPeEHNE — MN3MEHe-
HVEe CKOPOCTMU 3a eAMHNLY BPeEMEHU 1 Ap.

B HasBaHuM cuctembl @B NpUMEHSAIOT CUMBOJIbI BESIMYUH, MPUHS-
TbIX 3a OCHOBHble. Hanpumep, cuctema Be/IMYNH MEXaHUKU, B KOTOPOM
B KauyecTBe OCHOBHbIX ucnosnb3ytotca gamHa (L), macca (M) v Bpewmsi
(T), Ha3biBaeTca cuctemori LMT. [eiicTBylowass B HacTosllee Bpems
MeXxayHapogHasa cuctema CU pgo/mkHa o0603HadaTbCA CMMBOJIAMU
LMTIQNJ, cOOTBETCTBYHOLLNMN CMMBOJSIAM OCHOBHbIX BEJIMYUH. OJ/INHE
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(L), macce (M), Bpemenu (T), cune anekTpuyeckoro Toka (1), Temnepa-
Type (Q), kormyectsy Bewlectea (N) v cune ceeta (J).

COBOKYIMHOCTb OCHOBHbIX 1 MPOU3BOAHbIX eanHUY, B, obpa3oBaH-
Hasi B COOTBETCTBUM C MPUHATBIMA MPUHLMNAMN, Ha3blBAeTCA cuUcT e-
MO eVHULL, (M3NYECKNX BennunH. EanHMUA ocHoBHOM B siBnsieTcA
OCHOBHOW eavHMLEN AaHHOW cucTembl. B Poccninickoin ®egepaynm mc-
nonL3yetca cuctema egnHnl, CU, BeepeHHaa MTOCT 8.417-81 “I'CWL.
EaHnups! dmsmyeckmnx BennumnH’ . B KayecTBe 0CHOBHbIX eAnHNL, MPn-

HSTbI METP, KWIorpamM, CeKyHAa, amrep, KesibBUH, MOJb U KaHesna
(tabn. 3.1).

Ta6nunuya 3.1

OcBoBBble Y A0MNOSTHUTESbHbIE EANHULLbI (pI/I3I/I‘-|ECKI/IX Be/INYNH cuctembl CU

Mpom3BogHas eauHMLIA — 3TO eAMHMLA Npon3BogHo @B cucTemMbl
eVHWL, 0b6pa3oBaHHas B COOTBETCTBUM C YpaBHEHUAMU, CBA3bIBaKO L U-
MU €e C OCHOBHbIMU eAVHULIAMU UJIN YKe C OCHOBHbLIMU U Yy>XKe onpeje-

JIEHHbIM NPOV3BOAHBLIMU. [IPOM3BOAHbIE eanHKMLbLI cucTemMbl CU, nmeto-
LLyte cOb6CTBEHHOE Ha3BaHWe, rnpuBeeseHbl B Tann. 3.2.



Ta6bnuuya 3.2

Mpon3BoaHble eanHULBI cucTeMbl CU, nMelowpe crelpasibHoe Ha3BaHue

BennunHa
HavnmeHoBaHe

YacTtoTta
Cwuna, Bec

JasneHvie, mexaHn4yeckoe
HanpsHkeHve

SHeprus, paboTa, KONMYeCTBO Ten-
NoTbI

MoLHocTb
Konnyectso anekTpuyecTsa

OneKTpUYecKoe Hanps>keHve, Mo-
TeHUMa, 3MeKTPOABVKYLLAsS cuna

neKTpuyeckasi eMKOCTb
ONeKTPUYECKOe COMpPOoTUBIEHME
DneKTpuyeckasi MpoBoAMMOCTb
MOTOK MarHUTHOM MHAYKLMN
MarHuTHas nHayKums
VIHAYKTUBHOCTb

CBeToBOI NOTOK
OcBeLeHHOCTb

AKTUBHOCTb pagmoHyKnaa

MornolueHHas fosa
VOHM3UPYIOLLETO U3/TyYeHNs

OKBMBaJIEHTHasA Ao03a N3nyvyeHnsd

Ons ycTaHoBNeHUss NMPOU3BOAHON eAVHULbI c/eAyeT:

Baynapi
Pasmep- HaumeHo- O603Ha- BbipavkeHne
HOCTb BaH/E  YeHVEe  yepes eAUHULIbI
cn
T'1 repu ra ¢t
LMT'2 HbIOTOH H M *KI 'c_2
. . 1 -2
b*MT'2 nacKkasnb Ma M — *KT =C
bMT-2  mproynb [k M2-Kr-c 2
12nt-3 BaTT BT M~ KT c'3
r KY/10H Kn c*A
i/mt'Y 1 BOMbT B 2 -KT- c 3 /ﬁl
12n~1t4i2 dapag, O} 2 /&2
NeeY 2 oM Om 2*Kr*c */&2
2M iT3A2 cuMmeHC Cwm 2-Kr l*c3 /&12
. 2 cxen2 &l
L2MT'2 1 Bebep B6 Kr*c < -
MT'2"1 Tecna . Tn c2 AL
~ /\" Az
L2MT X 2 reHpun H - *
J NtomMeH im KAa-cp
L'2 JIOKC JIK 2a KA-cp
T'1 GeKke- Bk ¢l
penb
v 2 rpei r M2 2
v 2 3mBepT 3B w2

e Bbl6paTh ® B, eANHULbI KOTOPbIX MPUHUMATCA B KauyecTBE OCHOB-

HbIX;

e yCTAHOBUTb pa3Mep 3TUX eAUHUL,;

e Bbl6paTh onpegensioliee ypaBHeHVe, CBsA3blBaloLLee BETMUYNHBI, N3-
MepsieMble OCHOBHbLIMW eAuMHULAMU, C BE/IMUNHON, AN KOTOpoi ycTa-
HaBNMBaeTCcsA Npou3BogHas eaMHuua. NMpu 3TOM CUMBO/IbI BCEX BENINUUH,
BXOASALUIMUX B onpefensiiolee ypaBHeHUE, AO/KHbI paccMaTpuUBaTbCSA He

KakK caMn Be/INYUHbI,
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NpUpaBHATL eanHMLE (UK APYToMY MOCTOAHHOMY 4KnCy) KO-
thuumeHT NponopumoHansHocTn Ke, BXoadawmii B onpegensiollee ypas-
HeHWe. 3TO ypaBHEHWe credyeT 3anucbiBaTb B BUAE SABHOW (DYHKLMO-
Ha/IbHOWM 3aBMCMMOCTU MPON3BOAHON BE/IMYMHBI OT OCHOBHbIX.

YCTaHOB/IEHHbIE TAKUM CMOCO60M MPON3BOAHBIE eANHNLEI MOTYT BbITh
MCMoJIb30BaHbl A1 BBeAEeHWS HOBbIX NPOM3BOAHbIX BENIMUYMH. [Mo3ToMy
B OnpefensioLine ypaBHeHUs Hapsgy ¢ OCHOBHbIMW eAuHULaMU MoryT
BXOAMTb U NPON3BOAHbIE, EAVHNLbI KOTOPbIX OMNpeaesieHbl paHee.

Mpon3BoaHble eANHULbI ObIBAT KOFEPEHTHbLIMU U HEKOrepeHTbI-
MU, KorepeHTHOM HasblBaeTca Mpou3BogHas egnHuua ®B, cBA3aHHasd
C APYTrUMMN e4VHMLLAMU CUCTEMbI YPaBHEHWEM, B KOTOPOM YMC/0BOA MHO-
XXUTeNb NPUHAT paBHbIM eavHMLE. Hanpumep, eguHKULLYY CKOPOCTU 06-
pasyloT ¢ NOMOLLbIO YPaBHEHWS, OMNpeaensAoWwero CKopocTb NPAMOSv-
HEMNHOro U paBHOMEPHOIrO ABWKEHUS TOUKWU: v = L/t, roe L — anvHa
nporigeHHoro nyTu, t — Bpems ABvkeHWs. MoacTaHoBKka BMecTo L nt
nx egmnHny, B cucteme CU paet v=I1 m/c CnepoBatesibHo, eAMHMLLA CKO-
poCTU SABMSIETCA KOrepPeHTHOIA.

Ecnn ypaBHEHME CBA3U COAEPXUT YMCMO0BOA KO3(PULMEHT, OT-
NNYHBIN OT eAVHWLBI, TO A5 06pa30BaHNSA KOrepeHTHOM eanHULbI CUC-
Tembl CU B npaByt 4yacTb ypaBHeHWUA MOACTaBAAIT Be/IMYMHbLI CO
3HayeHnAMU B egnHuLax CU, patoLime nocsie YMHOXKEHUA Ha Koadu-
LMeHT obLLiee 4YnC/oBOE 3HAYeHWe, paBHOoe eauHWULE. Hanpumep, ecnv
AN 06pa3oBaHNA KOrepeHTHOM eAVHULLbI 3HEPTN NPUMEHSIIOT ypaBHe-
Hue E = 0,5mv2, rge m — macca Tena, v — ero CKopocTb, TO KOrepeHT-
HYI0 eAVNHNLY 3HEPTUX MOXHO 06pa3oBaTtb ABYMSA NMYTAMMU:

K 2
E=0,5(2mv) =0,5(1m/c)2 = 1—-\— = 1 [IX;

c
E =0,5m(2va) =0,5(1 kr)(2 m/c)2= 1~ "cj— = 10x.

CnepfoBaTesibHO, KOrepeHTHoM egnHnuen C aBNseTes Koy b, pas-
HbIA HBIOTOHY, YMHOXKEHHOMY Ha MeTp. B paccMoTpeHHbIX criyvasix oH
paBeH KMHETUYECKOI 3Heprun Tesa Maccoi 2 Kr, ABUXKYLLIErocs o CKo-
pocTbio 1 M/c, nnm >ke Tena mMaccoi 1 Kr, ABUXKYLLLErocsi Co CKOPOCTbIO
2 wmlc.

EavHnubl @B fenatcs Ha CUCTeMHble U BHECUCTEMHble. CUCTeM-
Hasl eguHMLA — eguHMUA ®B, BXoaswas B 04HY W3 MPUHATBIX CU1C-



Tem. Bce ocHOBHbIe, NMPOU3BOAHbLIE, KpaTHble N A0JIbHble eAVHULbI AB-
nATCA cucTeMHbiMU. BHecucTemMHas eguHnya — ato eguHmua ®B, He
BXoAsuwasa HW B OAHY W3 MPUHATbLIX cucteM egnHul. BHecucTtemHble
eAVIHULLbI MO OTHOLWEeHUIo K eanHuulam CU pasgenstoT Ha YyeTbipe Buaa:
- [OoMNycKaemble HapaBHe ¢ eguHunuamm CU, Hanpumep: eguHULbI Ma
Cbl — TOHHA; MJIOCKOro yrna — rpagyc, MMHyTa, CeKyHpa, obbema —
nTp 1 ap. BHecucTtemMHble eUHULbI, AOMYyCKaeMble K MPUMEHEHUIO Ha-
paBHe c egnHnyamn CW, npuBegeHbl B Tadbn. 3.3;

Tab6bnnya 3.3

BHecucTeMHble eaMHULbI, [OMYCKaeMble K MPUMEHEHMIO HapaBHe
¢ eanHnuyammn CA

EanHnuga
HaviveHosaHVie BeMUYMHBl  HaymeHoBaHMe O603Ha-  COOTHOLLIEHME C eguHULEl CUA
yeHue
TOHHa T 103 kr
Macca artoMHasi euHUL,  a. e. M. 1,6605710"27 kr
Macchbl (Np16N3NTENBLHO)
MUHYyTa MUH 60 c
Bpems yac Y 3600 c
CYTKUN cyT 86400 c
rpagyc °  (k/180) pag = 1,745329...-10 2pag,
Miockwid yron MUHYTa (s/10800) pag = 2,908882.. J/10paa
CeEKyHAa (k/648000) pag = 4,848137...10"pep,
rpas rpag (x/200) pap,
O6beM nTp n 3 w3
acTpoHOMUYecKass  a. e. 1,45598-1011m
eaviHMLA (Npn6n3nTeLHO)
OnvHa CBETOBOA rof  CB. roj, (ngh‘égomi#%fmo)
napcek nK 3,0857 1016m
(NpnbAn3nTensHo)
OnTtnyeckas cunia AvonTpus anTp Im*
Mnowaab rekrap ra 10412
OHeprus 3MIEKTPOH*BO/bT 3B 1,60219 10 ,9/0x
(NprbN3nTENBHO)
MonHas MoLHOCTb BO/IbT-amMnep BA —
PeakTvBHasi MOLLHOCTb Bap Bap
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= fionyckaemble K NpyMeHEHUIO B cneypmasibHbIX 061acTax, Hanpu-
Mep: acTpPOHOMMYECKas eAVHMLE, Mapcek, CBETOBOW rof — eAviHULbI
O/IMHbI B aCTPOHOMUU; AMONTPUA — efUHMLA ONTUYECKOI CUAbl B On-
TUKE; 3M1EKTPOH-BO/IbT — eAnHULA 3Heprnm B husuke 1 T.4.;

= BPEMEHHO [ornycKaemble K MPUMEHEHWIO HapaBHe C eauHuuamMu
CW, Hanpumep: MoOpckKasi MW/ — B MOPCKOW HaBuraumun; kKapar —
efiH/La Maccbl B HOBENIVIPHOM fefne v Ap. 3TU eauHnUbl OO/KHbBI U3bl-
MaTbCs U3 yrnoTpebrieHNs1 B COOTBETCTBUM C MeEXAyHapoAHbIMU COor/la-
LeHNAMU;

* N3bATblE U3 YNOTPebeHUs, HaNnpuMep: MWTIIMMETP PTYTHOrO CTOS-
6a — eAMHVLA faBneHWs; fowaguHas cuna — eamHuLa MOWHOCTU U
HeKoTopble gpyruve.

PaznuyatoT KpaTHble U fosbHble eanHnlbl PB. KpaTHaa eguHnua —
310 egnHMua PB, B Ueoe 4Ync/o pas npesBbillatolias CUCTEMHYO W
BHECUCTEMHYIO eguHuLYy. Hampumep, egyHuua 0/iMHbl KUIOMETP paBHa
103 m, T.e. kpaTHa mMeTpy. [JonbHasa eaMHULa — egnHuba B, 3HaudeHVe
KOTOPOW B LIe/I0e YNC/IO pa3 MeHbLLEe CUCTEMHOW U BHECUCTEMHOW eau-
HUUbI. Hanpumep, eanHuvua 4/iMHbl MWITMMETP pasHa 10~3 M, T.e. ABNS-
eTcsa Jo/bHOW. [NMpucTtaBku 415 06pa3oBaHns KpaTHbIX U A0/IbHbIX eQVHL,
CW npuBegeHbl B Tabn. 3.4.

Tabnuuya 3.4

MHOXUTENN U NPUCTABKM /151 06pa30BaHNs AEeCATUYHBIX KPATHbIX W A0JIbHbIX efuHNL,
M YX HaMEHOBaHUIA

O603HaueHne O603HaueHve
MHoXKn- MpucTas- npucTaBkun MHOXV- [Mpuctas- npucTaBKm
Tenb Ka Tenb Ka
Me>X/lyHapofHOe pyccKoe MeX/ayHapoaHoe pyccKoe
1018 3Kca E 3 10'1 neun d il
10,s neta P n 10'2 caHTun c c
10,a Tepa T T 10" MUANN L M
10e rmra G r 10* MUKPO L, MK
10® mera M M 10"® HaHo n H
103 Kuno K K Mo nnxo p n
10* rekTo h r o B demto f ®
10* feka da aa 0 - aTTo a a

B cucteme CI1 Bnepsble BBeAEHO MOHATME AOMNO/THUTE/bHbIX ean-
HUL, K KOTOPbIM OTHECEHbl eAVHULbI M/IOCKOTO U TefIeCHOro yriioB —
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pagmaH v ctepaguaH. OgHako onpefeneHns Toro, YTo >Ke criegyeT cuun-
TaTb AOMO/IHUTE/IbHLIMU eAUHULAMU, He AaHo.

3.2. T1pHUUNbI NOCTPOEHUA CUCTEM eAUNHNL,
hrsnyecknx BennuUnH

MycTb meeTcs N ypaBHEHUI CBA3M MeEXXAY YMCNOBbIMM 3HAYEHUS-
MU N dr3nyecknx BeNMUUH. B Ka>kaoM ypaBHEHUUN MMEETCHA CBOI KO-
apPMLMEHT NPONOPLUNOHAILHOCTN, KOTOPOMY MOXHO npwugaTtb to6oe
3HayeHMe 1, B 4YaCTHOCTMW, MpPuUpPasBHATbL eanHuUe. CnegoBaTesibHO, B
YpaBHEHUAX CBA3UN KOIPPULUNEHTbI ABMAKTCA U3BECTHLIMU YMCamMu,
a ®B — HewmsBecTHbIMU. PeanbHo Bcerga uncno N dusnyecknx se-
NIMYNH 60NblUe yucna N ypaBHeHW cBA3n. Ecnvm gna N-n @B BbI-
6paTb CBOM He3aBUCUMble e4UHMULbI, TO OHU CTAHOBATCS M3BECTHbIMU
ymcnamMmm m n ypaBHEHUM pellarTcsa OTHOCUTENIbHO ocTaBLumMXcs n P B.
Takasi cuctema cumTaeTcs ONTUMAa/IbHOW C TEOPEeTUYECKOW TOUKU 3pe-
HUsa. 9T N-n ®B Ha3bIiBaloTCs, KaK M3BEeCTHO, OCHOBHbIMW, a oCTa/1b-
Hble N — MNPOUN3BOAHbLIMW.

Ha npakTnke mo>keT okasaTbCA YyAO6HbIM Bbl6paTb B KaydecTse
OCHOBHbIX He N—1 ®B, a 6onbllee nx yncno, pasHoe N-n+p. B aTom
cnyyae y>ke Heslb3si Nnpugatb BceM KoahdpuumeHTam tobble YNCIEH-
Hble 3HAYEeHUS, TakK KakK p Koa(h(pUUMEHTOB CTAHOBATCA TaKUMU >Xe
HEN3BECTHbLIMUN, KaK M OCTaBLUMECHA B JAHHOM c/iyyae n—p npomusBoj-
HbIX PB.

UKncrno OCHOBHbIX eAMHUL, TECHO CBA3aHO C 4YMC/IOM KO3dhPuUumeH-
TOB, CTOSILLMX B BblpaXXeHUAX AN PU3NYECKUX 3aKOHOB U onpeaeneHun-
ax. KoadhpumumeHTbl NponopunoHasibHOCTU, 3aBUCSsLLME OT Bblbopa oc-
HOBHbIX e4VIHUL, 1 ONpeaenisioWnX ypaBHeHU, Ha3biBaoTcs PyHLaMEeH-
Ta/IbHbIMU, UM MUPOBLIMU MOCTOAHHbLIMU [27, 28]. B cucteme CU K
HUM OTHOCATCA rpaBUTaUMOHHaA MoCcTosAHHas, noctosAHHaa [MnaHka,
noctosaHHas bonbumaHa 1 cseToBas apeKTMBHOCTL. VX cnegyeT OT-
inyaTb OT TaK Ha3blBaeMbIX CMEeUMPUNYECKNX MOCTOAHHbIX, XapakKTepu-
3yHOUWUX pas3/IMyHble CBOWCTBa OTAE/IbHbLIX BELLECTB, HanpuMep maccy
3N1eKTPOHAa, ero 3apsga v ap.

CnenyeT NOMHUTbL, YTO dyHAaMeHTas/IbHble KOHCTaHTbl NPUCYTCT-
BYIOT B Bblpa>KeHUAX ANA BCeX (PU3NYECKMX 3aKOHOB, HO COOTBETCT-
BYHOLMM BbIGOPOM e€fVHUL, OornpefesnieHHoe MX YMCA0 MpPUpPaBHEHO K
KaKMM-NTM60 MOCTOSIHHbIM 4YKc/iam, 4vaue Bcero K eguHuue. [Janee
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OyneT nokasaHo, YTO 4eM 60siblle OCHOBHbIX €4UHUL, MPUHATO Npu
NOCTPOEHUU CUCTEMBI, TEM 60/bLUE (hyHAAMEHTa/IbHbIX KOHCTAHT Oy-
[EeT cToATb B hopMynax. CoKpalleHme Yyucna OCHOBHbIX egnHUL, 065-
3aTes/IbHO COMPOBOXKAAETCHA YMEHbLUEHMEM 4Yncia PyHAaAMEHTa/IbHbIX
MOCTOAHHbIX.

B npegenbHOM criyyae MOXXHO AN Kadkaoh mn3 PB BbiOpaTb CBOHO
eAnHuLy. Ho Torga BMECTO CUCTEMbl eguHUL, MoslyunTca Habop eaun-
HUL, BCe N KOAMPULUMEHTOB CTaHYT 3KCMEPUMEHTa/IbHO onpeaensemMbl-
MW MUPOBLIMU KOHCTaHTaMMu, MPOV3BOAHbIE BE/IMUYUHbBI UCYE3HYT, a 3a-
KOHOMEPHbIE CBA3U OKaXKyTCH A1 NPaKTUKM Manonosie3aHbiMu. MoaTto-
MYy YY€eHble CTPEMSATCA K CO34aHUI0 TEOPETUYECKUN ONTUMaSIbHOW CUCTe-
Mbl €4VHUL, NN MO0 BO3MOXXHOCTU G/IN3KOW K HEW.

MpaBwuia, No KOTOPbIM TOT WU MHON KOMIMJIEKC eAUHUL, BbiGpatoT
B KaueCTBe OCHOBHOr0, He MOryT 6bITb 060CHOBaHbI TeopeTUdeckn. EgnH-
CTBEHHbLIMU aprymMeHTamMu B MOJb3y Bbl6opa MOryT CY>XUTb NULLb 3-
(PEKTUBHOCTb U LIENIECO06PA3HOCTb MCMOJIb30BaHUSA [aHHOW CUCTEMBI.
[ANns NpakTU4YecKnx uene N3MepeHns B Ka4ecTBe OCHOBHbIX BE/IMHMH U
eANHUL, CNeayeT BblbUpaTb Takme, KOTopble MOXXHO BOCMPOU3BECTU C HaW-
60/bLUEN TOYHOCTbLIO. Obpa3oBaHVe CUCTEMbI eAVHNL, 6a3mpyeTca Ha 06b-
E€KTUBHbIX 3aKOHOMEPHbIX CBA3AX MeXXay (pI/I3I/ILI€‘CKVIMI/I BeTMYNHaMN B
Ha MPOU3BOJIbHOW, HO Pa3yMHOM BOJie /KOAEN M MX cCOornalleHusx, 3a-
K/IIOUNTENTbHLIM U3 KOTOPbIX SBASETCA NPUHATOE Ha [TeHepa/ibHOW KOH-
depeHUUN MO MepaM U Becam.

Mpy MOCTPOEHUN WU BBEAEHUMN HOBON CUCTEMbI €AVHUL, Y4YEHbIE
PYKOBOACTBYOTCA TOJ/IbKO OAHUM €QVHCTBEHHbBIM MPUHLUMOM — Mpak-
TUYECKOWM LeniecoobpasHOCTbiO, T.e. YA06CTBOM MPUMEHEHVS eAUHUL, B
LeATeNIbHOCTU 4yesioBeKa. B OCHOBY 3TOro npuviHUuna rMnosioXKeHbl cre-
nyrouime 6a3oBble KpUTEPUN:

e nNpocToTa 06pa3oBaHKs NMPON3BOAHbIX DB 1 nx eguHUL, T.e. Npu-
paBHMBaHUE K eAnHNLE KO3MOMLNEHTOB NMPOMNOPLUMOHa/IbHOCTM B ypaB-
HEHUAX CBA3Y;

* BbICOKaAaA TOYHOCTb MatTepunasin3almm OCHOBHbIX N MPOUN3BOAHbLIX
eAVIHNL, U Nepefayn Ux pasMepa HDKECTOSLWMM STa/loHawM;

* HEYHNUYTO>XaeMOCTb 3Ta/IOHOB OCHOBHbIX €4UHUL, T.e. BO3MOXX-
HOCTb VX BOCCO3[aHus B C/nyyae yTpaThbl;

* MNpPeeMCTBEHHOCTb €AVHNL, COXPaHEHME UX pa3MepPoB U HaUMEHO-
BaHW Npu BBEAEHUN HOBOW CUCTEMbI €4MHWL, YTO CBA3AHO C UCKJIHOYEHU-
eM MaTepunasibHbIX N NMCUXOJSTIOrMYECKUMX 3aTpart,

e 6/1M30CTb pa3MepPOB OCHOBHbLIX U MPOM3BOAHbLIX €AVHUL, K pa3me-
pam PB, Hambosee 4YacToO BCTpevaloWmMXCcs B MPaKTUKE;

73



* [0/ITOBPEMEHHOCTb XPaHEeHUS OCHOBHbIX N MPOU3BOAHbIX eAUHNLL
NX 3TanoHamu;

* BbI6OP B Ka4yecTBe OCHOBHbIX MWHWUMasbHOro Yucna ®B, oTpa-
Xarwmx Hanbosee o6LLmMe cBoOCTBA Marepun.

MpuBeAeHHbIE KPUTEPUM BCTyNalT B NPOTMBOpeYMe, Nno3aTomy ny-
TEM corslalleHus1 BblbupaeTcsi Hanbosnee BbIFOAHbIV 4711 NPaKTUKAN Ba-
puaHT.

3.3. MexxgyHapoagHas cuctema egmnHuy (cuctema CW)

EavHasa mexayHapogHas cuctema eguHuy, (cuctema CU) bbina npu-
HaTa X1 FeHepasibHOW KoHgepeHUMen no mepam n Becam B 1960 r. Ha
TeppuUTOpUN Halleli cTpaHbl cucTeMa eguHul, CU agelictByeT ¢ 1 siHBa-
ps 1982 r. B cooTBeTcTBMU FOCT 8.417—81 “I'C. EgmHnubl husnde-
CKUX BeNMUMH". Cuctema CW BO3HUK/IA He Ha MyCTOM MecTe U siBSA-
eTCs NOrMYEecKUM pasBUTMEM MpPeaLlecTBOBABLUMX e/ CUCTEM eAUHUL,
CIrc n MKIrcc v gp.

B HacTosiLLee BpeEMS LUMPOKO MPUMEHSIOTCA [Be CUCTEMbI €4VHULL
CW un CI'C (cummeTpuyHada, wnm rayccosa). Cucrema CI'C cywiectsyet
6onee 100 fieT 1 [0 CUX MOP UCMOMb3YeTCA B TOUHbIX Haykax — hu3u-
Ke, acTpoHoMun. OaHako ee Bce 6osiee TeCHUT cuctema CU — enHCT-
BeHHas cuctema eguHuy, @B, KoTopasi NPUHSTa U UCNO/b3YeTCs B 60/1b-
LUMHCTBE CTpaH Mupa. IT0 06YC/1I0B/IEHO ee AOCTOMHCTBAMU U MpPenmy-
LLlecTBaMK Mepeq ApYrMMn cucTeMamm eauMHNL, K KOTOPbIM OTHOCATCS:

* YHUBEpPCa/IbHOCTb, T.e. 0XBaT BCeX 06/1acTeli HayKu U TEXHUKMN;

* YHUMKaumsa Bcex obsacTeri N BUAOB U3MEPEHWIA;

* KOFepeHTHOCTb BEJINYVH;

* BO3MOXXHOCTb BOCMPOM3BEAEHUS eANHULL C BbICOKOM TOUHOCTbIO B
COOTBETCTBUM C UX OMpeaesieHNeM;

« yrpoueHve 3anmcu opmMys B (hn3nNKe, XMMUN, a TaKXKe B TEXHU-
YeCKUX HayKax B CBSI3U C OTCYTCTBMEM MEPEBOAHbLIX KO3((PULIMEHTOB;

* YMeHbLUEHME Yncna JoMyCKaemMbIX eguHuL;

*eVHasA cucTemMa 06pa3oBaHNSA KPaTHbIX U A0/TbHbIX eAVHULL, UMER-
LKMX COBCTBEHHbIE HAVMEHOBAHUS;

*0b61er4yeHne negarornmyeckoro npowuecca B cpeaHer 1 BbICLLEN LLIKO-
nax, Tak Kak oTrnagaeT Heo6XoANMOCTb B M3YHYEHUM MHOXXECTBA CUCTEM
€AVNHUL, N BHECUCTEMHbIX EAVHNL;

e Nlydllee B3aMMOMOHMMaHWe MpU PasBUTUN HayYHO-TEXHUYECKNX
N 3KOHOMMUYECKUX CBSA3E MeXAy Pas3/INYHbIMU CTpaHamu.
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McTOprYecKn CAOXKMMIOCh Tak, YTO 3aKOHOMEPHbIE Hay4YHO 060CHO-
BaHHble CBA3W OblIM YCTAHOB/IEHbI CHayasna B 00/1acTM reomMeTpun u
KNHEMaTUKW, 3aTeM AVMHAMVKWN, TEPMOAUHAMUKA U 3M1eKTPOMarHeTns-
Ma. MocnenoBaTtesibHO CTPOUINCL N CUCTEMbI eAnHUL,. B cBA3K ¢ aTnm
06L1Eero peLleHnst Bceli COBOKYMHOCTM YPaBHEHWUIM CBSA3M MOXXHO ObIs1o
n3bexkaTb, a UX peLleHne CBecTU K MocnefoBaTeslbHOMY OrpefesieHuno
€AMHUL, B COOTBETCTBYIOLLMX pa3gerniax QU3NKN.

B reomeTpun 1 KUHEMaTUKe A8 YCTaHOB/EHUS CBA3E/ Mexay eau-
HUL@MN J0CTaTOUHO YpaBHEHMS

v =Ke— , 3.1)

raoe v — cKopocTb; Ke — KoathtmLmMeHT NponopuyoHansHocTy; L — ann-
Ha; t — Bpems. MNMepBoHaYas1bHO (40 1983 r.) B kayecTBe OCHOBHBLIX ObLN
BbI6paHbl eAVNHNLIbI U3MEPEHUS 4/ IMHbI U BPEMEHU, a B Ka4ecTBe Mpom3Bos-
Holi — ckopocTb (N = 1). Mpn atom N —n = 3— = 2. B 1983 r.
OCHOBHbIMW 6bLNM Ha3BaHbl eAVHULLI N3MEPEHUA BPEMEHU U CKOPO-
CTW, NPV 3TOM CKOPOCTU cBeTa B BaKyyMe Obl/10 MpuaaHo TOYHOE, HO B
MPUHLUMNe Npon3BosibHOe 3HauveHne cO= 299 792 458 m/c. OnvHa v ee
eAnHMLa — METP, MO CYLLLEeCTBY, CTasiM NPom3BoAHbIMU. OfHako op-
MasibHO AnmHa B CU ocTaeTcst ocHoBHoM ®B 1 ee eguHuMLa onpeaens-
eTcsa cnegylowmmM o6pa3om: MeTp — PacCTossHME, KOTOpoe MpoxXoauT
CBET B BaKyyMe 3a 1/299 792 458 ponein ceKyHAbl.

CekyHpa — 9 192 631 770 nepuofoB U3/1lyYeHUS, COOTBETCTBYHO-
LWMX Nepexody Mexxay ABYMS CBEPXTOHKUMU YPOBHAMW OCHOBHOIO CO-
CTOSAHMA aToma ue3nsa-133.

KoathdhmupeHT nponopumoHanbHocT Ke B ypaBHeHUn (3.1) paBeH
eanHuue. Ecnm 6b1 B 1983 1. 661710 COXpaHEHO CyLLeCTBOBaBLLIEE paHee
onpeaeneHve metpa (“KPUMNTOHOBbLIN™) N OAHOBPEMEHHO MOCTY/IMPOBa-
HO MOCTOSAHCTBO CKOPOCTU cBeTa, Keyxke Hesb3A 6bI/10 CHUTATL PaBHbLIM
eAUNHULE — OH BbICTyNas1 Bbl Kak 3KCrepuMeHTasIbHO orpegensiemast
MUPOBas KOHCTaHTa.

[ns o6pasoBaHMSA CUCTEMbI eAUHULL B 06/1aCTU FEOMETPUN U KMHE-
MaTUKM K ypaBHeHuto (3.1) cnegyeT 006aBUTb YpaBHEHUS CBA3U AN1SA
naowaan (Hanpumep, Keagpara), o6bema (Hanpumep, Kyba), yckope-
HUSA 1 T.4. MNpy fo6aBNeHNN ypaBHEHUI KadKaplli pa3 BBOAUTCS ofHa
HoBass PB n cooTBETCTBEHHO O4HO ypasBHeHWe cBA3W. [Npn aTom pas-
HocTb N-n = 2 coxpaHAeTcHa, U cnMcTteMa efnHUL, onTUMasibHa.
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Mpy nepexoge K AMHaMuKe ypaBHeHue (3.1) JOMOMHSIeTCS ypaBHe-
HUSIMW BTOPOro 3akoHa HbloToHa

F=k,Ta (3.2)
M 3aKoHa BCEMUPHOro TAroTeHUA

(3.3)

rae K], K2— KoapuumeHTbl NPonopymoHanbHoCcTK; T, T,, T 2— Mac-
ca Tes;, a — YCKOpPEHWe; I — paccTosiHue mexxay tenamu. [obasnsioTcs
[Ba ypaBHEHWs CBAA3W W BBOAATCA ABe HoBble PB — macca n cuna,
pasHocTb N-n = 2 npu 3ToM He MeHsieTcs. Mpu fgo6aBneHMN oCcTaslbHbIX
YpaBHEHWI T MeXaHUKW [/151 AaBAeHUs, paboTbl, MOLHOCTU W T.4. pac-
cMaTpMBaeMas pasHoOCTb TakXXe He U3MeHSeTcs.

Ob6a KoahdmumeHTa B ypaBHEHMAX (3.2) n (3.3) MOXHO 6b1/10 Obl
npupaBHATL K —1, NpW 3TOM cuia U Macca ctaam 6bl NPon3BOAHbLIMA
hmsnyecknmm BennyMHamu. Cumtad, 4To m — = m2 U3 ypaBHeHU
(3.1) n (3.2) nonyyaem m=ar2, T.e. e4MHNLIA MacCbl eCTb Macca TaKoi
MaTepuanbHOM TOUKKM, KoTopas coobliaeT efMHUYHOE YCKOpPEHWe Jio-
60V gpyroii matepuasibHOM TOUKe, Haxogsllerncsa Ha egMHMYHOM pac-
cTosAHMW. Takas Npom3BoAHas eanHULA Maccbl UMEeT pa3mMepHOCTb M3/c
M npumMepHo pasHa 1,5* KO10 kr.

CnegnyeT 0OTMeTUTb, YTO TOYHOCTb BOCMPOU3BEAEHUS eANHULLbI Mac-
Cbl MpW TakKoM ee onpegenieHUn 6blna 6bl BeCbMa HU3KOM. [Mo3aTomy,
NPVYHMMas BO BHVMaHWe BTOPOM, YETBEPTbIA 1 NATbIA KPpUTEPUM BbI6O-
pa eguHuL, PB, BBENU “NULLHION" OCHOBHYIO eANHULY — KWUNorpamMmm
(eanHuuy macchl). pyn 3TOM B 04HOM U3 3aKOHOB HbIOTOHA — BTOPOM
W/ BCEMUPHOI0 TATOTEHMSA, TPeboBas10Cb COXPaHUTL KO3IMULIMEHT NpPo-
nopumoHasibHocTU. OH 6blN OCTaB/IeH B MeHee LLUMPOKO MPUMEHSEMOM
Ha NpaKTUKe 3aKOHe BCEMUPHOro TAroTeHUsi. MypoBasi KOHCTaHTa — rpa-
BUTaLMOHHas NocTosHHasA y = (6,6720+0,041)1CIr 1 (H «m”/kr2. Mony-
YeHHas cuctema egmHul, PB He onTUManibHa C TOYKU 3PEHUS NEepBOro
KPUTEPUS, HO C TOUKM 3PEHUSI NMPAKTMYECKOro yaobcTea — onTuMasib-
Ha.

Kunorpamm B HacTosiLLee Bpems OnpefessieTcs Kak mMacca Mexay-
HapOoAHOro NPOTOTMNA KUorpamma, NpeacTaBsoLLEeEro coboi LmnnHap
13 crjaBa niatuHbl U npuaus. Crnegyet 0TMETUTb, UYTO MpU TakoMm on-
pefenieHun Kusorpamma He BbINOSHAETCS TPeTUii 6a30Bbli KpUTepuii
BbI60pa OCHOBHbIX efuHUL, cucTeMbl PB. 3Tasl0H KuorpaMmma siB/isieT-
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CA eQUHCTBEHHbIM YHUYTOXUMbIM U3 BCEX 3T&U/I0HOB OCHOBHbIX eAUHNL,
cuctembl CU. OH noaBep)KeH CTapeHWto U TpebyeT MpuUMeHeHUst rpo-
MO3KUX MoBepoyHbIX cxem. CoBpeMeHHOe pa3BUTUE HayKu MoKa He
No3BONSET C A0OCTATOYHOM CTeMneHbl TOYHOCTU CBA3aTb KW/IOrpamm C
€CTEeCTBEHHbIMY aTOMHbIMU KOHCTaHTamu. [Jo cMX Mop Kusorpamm siB-
NAeTCS YMCTO AOrOBOPHOM eAVHULENA.

Cuna B cucteme CU saBnsieTca npoussogHo ®B n u3mepsieTcsa B
HbIOTOHAX, MMEKLNX Pa3sMEPHOCTbL M eKr mC-2. [lpyrve mexaHnyeckue
eAVHNLBI TakXXe MNPOU3BOAHbLIE N 00pa3yrTCs C MOMOLLBK COOTBETCT-
BYHLLINX YpPaBHEHW CBA3W. YacTb UX HUX, UMELUNX COBCTBEHHOE Ha-
3BaHWe, npueegeHa B Tabn. 3.2.

OpHa n3 rnaBHbiXx PB, mMcnosnb3yembiX Mpy ONMcaHUM TEMJI0BbIX
npoweccoB,— TemnepaTypa T. Ee eanHMLa MOXKET BbIThb MOTyYeHa Kak
Mpon3BoAHasA C UCMOJIb30BaHMEM YXKe BBefeHHbIX B reometpun u me-
XaHWKN Ha OCHOBaHWM OAHOI0 M3 CNefytowmnx ypaBHEeHUA.

MepBoe U3 HUX, Ha3biBaeMoe 3aKOHOM MeHpaeneesa — KnaiinepoHa,

V=—RT»
P M

rae p — AaefeHve rasa; V, m — COOTBETCTBEHHO ero 06bem 1 Macca; M —
MoNsipHast Macca; R — yHuMBepcasibHas ra3oBasl MOCTOSIHHASA, onpesensi-
€T abCosIloTHYI0 TeMrnepaTypy Kak Be/IMUYMHY, MPOnopLMoHasibHY Npo-
W3BEAEHNIO [aB/EHNS Ha 06bEM OfHOr0 MONsS rasza. PasBuTe KUHeTU-
YeCcKo TeopUN MaeasbHbIX Fa3oB MO3BOIN/IO0 OMNPeaenIUTbL TeMrepaTypy
KaK Be/IMUMHY, MPONOPUMOHA/ILHYIO CpeaHeli KUHETMYECKON 3Hepriu
W nocTynaTesibHoro ABV>KEHUS MOMEKY bl UAeasbHOMo rasa:

W = | KB,

rae KB — nocTosiHHas BonbumaHa. 3akoH CredpaHa — BorbLmaHa cBsi-
3bIBaeT TemMrepaTypy ¢ 06bEMHOI MAOTHOCTLIO W R 3/1€KTpOMarHUTHOTO
N3MyYeHUs:

W, =0T\

rge 0 — noctosiHHaa CrehaHa — BonbuMaHa. 3akoH CMelleHus BuHa
CBA3bIBAET [/IMHY BOJIHbI  Takoro U3sly4eHus, Ha KOTOPYH NMPUXoanuTCA
MaKCUMyM W3/Ty4YeHus, ¢ TemnepaTypoi:
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K- b

roe b — noctosiHHas BuHa.

B TepmognHammnke MokasaHo, YTOo MpuBeAeHHbIe YeTbipe iopMy/ibl
OMNpeaenstoT O4HY U Ty >Ke TemMrepaTypy, Kotopasi rosiyyynsna HassaHve
TepMogMHamMunyeckoi. J1obor 13 koathdmupmeHToB R, KB a wm b, mc-
nosib3yemMblX B OpMy/iax, MOXHO 6blL10 6bl NPUPaBHATE K eAuHULIE.
310 0becrneunsio 6bl pasHble pa3MepHOCTV TemMnepaTypbl Kak Mnpoussog-
HOM eanHULpBl. OHaKO NCTOPUYECKOE PasBUTME HaYyKU U TO UCK/IOUN-
TesIbHO BabKHOEe MeCTO, KOTOpOe 3aHMMaeT TemriepaTypa B COBPEMEH-
HOl (hr3nKe U TEXHWKE, CAeNann LienecoobpasHbIM BbiAeNeHvie ee B
paspsig, OCHOBHbIX BEMNYMH. B CBA3M ¢ BBEAEHMEM “/IMLLHEA” OCHOB-
HO eAMHULBI BO3HMKAET HoBasi (hyHAaMEeHTa/lbHass KOHCTaHTa — Mo-
CcTofiHHaA BbonbuMmaHa. YHuBepcasibHas rasosasi MOCTOAHHAsA, MOCTO-
AHHble CTethaHa — BosbuMaHa 1 BrHa BblpaKaloTca vepe3 MocTOSAH-
Hyto BornbuMaHa 1 gpyrve KoHcTaHTbl [29].

TemnepaTypa 3MepPSieTcs1 B KeNbBUHaX. OayH KefbBMH paBeH 1/273,16
YacTu TepPMOAVHAMMNYECKON TemrepaTypbl TPOMHOM TOYKN BOAb!.

Cnenyet otMeTuTb [30], UTO KOrga mMorpeLlHocTb M3MePeHUs Mo-
CTOSIHHOM BorbLmaHa CTaHeT MeHbLLE NMOrPeLLIHOCTM ONpPeaeneHns Tep-
MOAMHAMMYECKOM TeMrnepaTypbl, NOSABUTCA BO3MOXKHOCTb MeperTu oT
TepMOANHAMMYECKOM K 3HEPreTUYECKO LLKasle TeMnepaTypbl nocpes-
CTBOM MOCTY/IMPOBaHNS 3HAYeHUS NOCTOSAHHOM BonbumaHa (Kak 370
6bL10 caenaHo Npy nepeonpegesieHN MeTpa Yepe3 CKOPOCTb CBETa B
Bakyywme).

OcTasibHble Tern/0Bble eAVHULIbI 06PasyoTCa Ha 0CHOBaHUN W3BECT-
HbIX YPaBHEHWIA CBSA3U MeXXAY HUMW 1 BBeeHHbIMU paHee hr3nyeckm-
MW Be/IMYMHaAMM.

[N onvcaHMs aKyCTUYECKUX BEIMHMH He TpebyeTcs BBOAWTL HO-
Bble OCHOBHbIE BE/INYMHbI, CrIef0BaTe/IbHO, BCE WCMO/b3YyeMblE B aKy-
cTnKe ®B ABnATCA NPON3BOAHBIMU.

B hmsnke 3neKTpoMarHUTHbIX SBMEHUA K YPaBHEHMSIM MEXaHMKU
HeobxoaMMo [106aBUThL: ypaBHeHMEe 3akoHa KyrioHa (OCHOBHOW 3akoH
3MIEKTPOCTATUKN), YPaBHEHVE CBA3N MEXIY 3NeKTPUYECKUM TOKOM U
ANEKTPUYECKUM 3aPSA0M U ypaBHeHWe 3akoHa Amrnepa (OCHOBHOM 3a-
KOH 3M1EKTPOAMHaMNKM). B aTUX ypaBHEHWUSX BBeAEHbl YeTbIPe HOBbIX
(hr3NYECKNX BEMNUUNHBI: 3NEKTPUYECKIMY TOK |, 3NeKTpuUYecKuii 3apsag,
g, MarHuMTHasi NMPOHWLAeMOoCTb LU, LM OU3NEeKTpUYecKass MNpoHuLae-
mMocTb €0, e. CneposatesibHo, B gaHHOM ciydae N-n = 1. Mog u mne
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MOHUMAIOTCS OTHOCUTESTbHbIE MPOHMLAEMOCTH, a nog L n By — abco-
JIIOTHbIE MPOHULAEMOCTM BaKyyMa.

Ana nony4vyeHUss ONTUMasIbHOW CUCTEMbI 3/1IEKTPOMAarHUTHbIX eau-
HWL, JOCTATOYHO 6bI/10 K TPEM, BbIOPaHHbLIM B MEXaHVKE OCHOBHbIM eau-
HYLaM f06aBUTb OAHY 3/1IEKTPOMarHMTHYHO, BblIOpaB ee U3 YeTbIpex BHOBb
BBEAEHHbIX BefMuuH. Mpy BbIOOPE YUUTbIBA/ICA PSS BadKHbIX MOMEH-
TOB. Bo-nepBbIX, K MOMEHTY CTaHOB/IEHUS cucTeMbl CU B 13KKe, 3nek-
TPO- N PagUOTEXHUKE LUMPOKO MUCMO/b30BA/IUCh TaK Ha3blBaeMble Mpak-
TUYECKME eAVHMULUbIL: KYJIOH, amrep, BO/bT, MHKOoynb 1 gp. VX >kena-
TeNbHO 6bI10 COXpaHUTb. BO-BTOpbIX, HEO6XOAMMO 6bLI0 O0OBLEAUNHUTL
yKazaHHble eAVHULbl C MEXaHVYECKVMU U TEMJIOBbIMU KPaTHbIMU U
[OMbHBIMU eAVHULaMKn cyllecTBoBaBLUel cuctembl CIC, co3gaB eau-
HYHO AN1s1 BCeX 06/1lacTeil HayKuy CUCTEMY €OVNHWL,

B cucteme CK 3a OCHOBHYH eguHuLy BblbpaHa eguiHMLa abco-
NIOTHOM MarHMTHON MPOHMLAEMOCTU = 49-10 [H/M, Ha3biBaeMas
MarHMTHOMN MOCTOSIHHOW. OAHako hopMasibHO OCHOBHOW eAnHuUeii
cumTaeTca amrep. JTO CBA3aHO C TeM, 4YTO MNpu BbIGOPE OCHOBHOWM
eAVHNLbI MyTeM MNOCTY/IMPOBaHUS €e YNC/IEHHOr0 3Ha4dyeHUs oOKasbl-
BaeTCs HEBO3MOXXHbIM MaTepva/in3oBaTb AaHHYK eAVHULY B BUAE
sTasioHa. lMoaTomy peanun3aums TakoW eaVHKLbl OCyLLeCcTBASeTCs
yepe3 KaKyr-1Mb60 Npou3BOgHYH0 eauHULy. Tak, eguHuLa CKOpoCTuU
MaTepuasinlyeTcs 3Ta/IOHOM MEeTpPa, a eauHMLA MarHUTHO MpPoHU-
LLlaeMoCT — 3Ta/IoHOM amnepa. B pasgene anekTpomarHeTtmama cuc-
TeMbl C/1 HET MUPOBLIX KOHCTAHT, MOCKOJIbKY CUCTEMa ONTUMasibHa
N He coaep>XXUT “/INWHEN” eAUHULbI.

Mo onpepeneHuio, aMrnep — cuna HeU3MEHSIOLEroc Toka, KOTo-
pbii NpU NPOXOXKAEHUU MO ABYM Mapasi/iefibHbIM NPOBOAHMKaM 6eCcKo-
HEYHOI O/INHBbI N HAYTOXXHO Masioli nJiolaan KpyroBoro rnorepeyHoro
CeYEeHMs, PacrosioXKEHHbIM B BaKyyMe Ha pacCTosiHMM 1 M oauH oT Apy-
roro, BbI3blBaeT Ha KadKAOM y4yacTKe MNpPOBOAHVKA A/iHOW 1 M cuny
B3aMMOJENCTBUSA, paBHyto 2* 10“* H.

MocKosIbKy CKOpPOCTb CBETA B BaKyyMe B cucteme CU nMpuHsTa pas-
Holi 299792458 m/c, TO afeKTpuyeckas MPOHNLAEMOCTb BaKyyma £0,
HasblBaemasi 3/IEKTPUYECKON MOCTOAHHOM, Takxke 6yaeT TOUHO mo-
CTOSIHHOIA:

£0= U(4P) = 8,854187187-10'12 d/m.

CBETOBbIE N3MEPEHMUS, T.€. U3MEPEHUS NapamMeTpoB 3/IEKTPOMarHUT-
HbIX KofiebaHui ¢ AMHOM BosHbI OT 0,38 g0 0,76 MKM, MMEKOT Ty OCO-
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6EHHOCTb, YUTO B HUX O4YEHb 6O/IbLUYIO POJib UTPaeT ol yLLeHNE Ye/l0OBEKA,
BOCMPMHUMAIOLLEro CBETOBOV MOTOK MNOcCpeAcTBOM ria3. NoaTomy cBeTo-
Bble U3MEpPEHNS He BMoJsIHe 06bEKTUBHBLI. Habnogatensa nHtepecyeT TONbKO
Ta 4acTb NOTOKa 3/1IeKTPOMArHUTHbLIX KonebaHui, KoTopas HanpsamMyto
BO34eNCTBYEeT Ha rnas. B cBA3M ¢ 3TUM 06bIYHbIE 3HEPreTUYECKNME XapakK-
TEPUCTUKUN SABAAIOTCA HE COBCEM YAOOHbIMW ANS ONMUCAHUS pe3y/bTaToB
TaKX N3MepeHunii. Mexxay aHepreTU4ecKrMm M CBETOBbIMU BeETMYUHaAMMU
cyuiecTByeT OogHO3HayHasa B3aMMOCBA3b, U, CTPOro roeBopsd, AN nposeje-
HNSA U3MEepPEeHUNM CBETOBbIX BeNWNYMH He TpebyeTcsa BBeAeHWUSA HOBOW OcC-
HOBHOW BenMuuHbI. OfHAaKO, Y4YUTbiBass WMCTOPUYECKU ClIOXKUBLUEECHA K
MOMEHTY BO3HUKHOBEHUSA cuctembl CU 4yncno ocHOBHbIX egnHuy ®B, a
Tak>ke 3Ha4YuUTesfibHOe B/ISIHVE Ha pe3y/ibTaTbl CBETOBbIX M3MEPEHUN CyOb-
eKTa N3MepeHnii — 4enoBeka, 6bIJI0 NPUHATO peLleHne BBECTU eaNHUNLY
cunbl cBeTa — KaHgenny. KaHgensna — cuna ceeta B 3aaHHOM Hanpas-
JIEHNN UCTOYHUKA, NCMNYCKaKLLEero MOHOXpoMaTuyecKoe U3nyyeHme 4yac-
TOoTON 540 21012y, 3HepreTnyeckas cmna M3NyYeHUs KOTOPOro B 3TOM
HanpaeneHUn cocTtaBnser 1/683 BT*cp-1.

MNMpoBeneHHble nccnegoBaHMAa Mokasasn, 4YTO cpegHuil rnas 4yesose-
Ka uMeeT Haunbo/blUy YYBCTBUTE/IbLHOCTb MNPWU A/INHE BOJIHbl OKOJIO
0,555 MKM, 4TO cooTBeTCcTBYeT Hactote 540-1012 N'y. 3Ty 3aBUCUMOCTb
YYBCTBUTENbHOCTU rNas3a OT A/INHbI BOJIHbl U3/1y4YeHUs onucbkiBatoT ab-
COMIOTHOW CBETOBOM 3pheKTUMBHOCTbHIO, KOTOpas paBHa OTHOLLUEHUIO
CBETOBOro notoka (T.e. OUEeHMBaAEMOlM HaWUM [sla30M MOLHOCTU WU3-
Nly4eHUs) K MOSIHOMY MNOTOKY M3ny4dyeHusa (T.e. K MOJSIHOW MOLHOCTMU
3N1EeKTPOMarHUTHOro m3ny4veHusd). CeetoBasd apPeKTUBHOCTbL MNpeacTas-
nsgeT cobor Be/IMUYMHY, MO3BOJAIOLLYIO MEPEXOAUTb OT 3HEPreTUHecKmnx
BE/IMYMNH K CBeTOBbIM. OHa n3MepsieTcsa B JIOMeHax, Ae/NIeHHbIX Ha BaTT.
Mpu cyuwiecTBylOWEM OMNpeAesieHNN KaHgen/bl MaKCUMasibHOW CBeTO-
BOV 9(hPEeKTUBHOCTU NpugaHO TOYHOe 3HayveHue 1= 683 JIM/BT, Tem
camMbiM OHa BO3BeJeHa B paHr dyHAaMeHTas/lbHblX KOHCTaHT. B cBA3u c
3TUM KaHpAenna onpegensieTcss NyTeM KOCBEHHbIX U3MepeHuii n, cnepo-
BaTes/ibHO, SIBASETCA MNPOU3BOAHOW (hun3mM4yeckKowr BeSINYUHON, hopmasib-

HO ocTaBasiCb OCHOBHOW. OcTasibHble CBETOBblEe BE/IMUYMHbLI — MNPOUN3BOJA-
Hble N Bblpa)kaloTcs 4yepe3 BBeAeHHble paHee PB.
MocnegHsss ocHoBHasa eamHuuya cuctembl CU — Monb 6blna Ao-

NoNHNTE/IbHO BBeAeHa B CUCTeMy cnycTa 11 fieT nocsie BBeAeHUA nep-
BbIX wWecTn egnHuy Ha X1V NeHepasibHOW KOHGepeHUUN MO Mepam U
Becam B 1971 r. Mo/sib — KO/IMYecTBO BellecTBa CUCTEMbI, coAepika-
el CTONIbKO >Xe CTPYKTYPHbIX 3/IEMEHTOB, CKOJIbKO COAEPXUTCHA B
yrnepoge 12 maccoii 0,0012 Kr. MNpu NMpUMEHEHUN MOJIA CTPYKTYp-
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Hble 3/IeMEeHTbl AO0/HKHbI ObIThb crneynunumnposaHbl U MOryT ObITb aTo-
MamMu, MoOJsleKyslaMn, MOHaMW, 3NIeKTpoOHaMM U ApYruMy 4dactuuamu
nnn rpynnamMmm vyactuu,.

BBeneHvie 3Toi eanHULBI ObI/10 BCTPEYEHO HayuYHOM 06LLIECTBEHHOCTLIO O4EHb
HeogHOo3Ha4yHo [31, 33], Jeno B TOM, YTO apH BBEAESHUM MOSSA 6bi1 AOMYLLEH PSA,
OTCTYNJIEHUI OT NPUHLMIMOB 06pa30BaHUS CUCTEM eQUHUL, (PN3NYHECKUX BETUYMH.
Bo-nepBbiX, He 6bI10 JAaHO YETKOro M OAHO3HAYHOrO ONnpeaesieHnsi OCHOBOMOsIa-
raroLlero noHATMUA “KosinmyecTBo BellecTBa”. lof, KOIMYecTBOM BeLLEeCTBa MOXK-
HO MOHMMAaTb KaK Maccy TOro WM MHOro BELLECTBa, TaK M KOSIMYECTBO CTPYK-
TYPHbIX eQMHUL, cofep>KalmMxca B OaHHOM BellecTBe. Bo-BTOpbIX, M3 onpege-
JIEHMSA OCHOBHOW €QVHULIbl HESICHO, KaKM 06pa3oM BO3MOXXHO MosTyyYeHre 00b-
E€KTUBHO KOJINYECTBEHHOW WMHpopMaumm o B npy NoOMOLM U3MEPEHWIA.

B 37O CBA3WM BO3HMKAET BOMPOC O (DYHKLMMW, BbINOMHAEMOA MOMieM cpeau
OCHOBHbIX egunHunL, CU. JTrobasi ocHoBHast egyHuua C npmsBaHa OCcyLUEeCTBAATb
[Be hyHKummn. BocnpousBefeHHas B BUe aTasioHa OHa obecrevmBaeT eMHCTBO
M3MEPEHUNIA He TONbKO COBGCTBEHHOM ®PB, HO M BCEX MPOU3BOAHBLIX BEINYUA, B
hopMMpoBaHMM Pa3MEPHOCTU KOTOPbIX OHa y4dacTByeT. C chopMasibHbIX NO3LIA
npn 06paszoBaHUN YAesbHbIX BEfIMYUH MOJIb BXOAUT B UX pa3MepHOCTb. TemM He
MeHee yaerbHY0 BENIMUYMHY He CrieflyeT OTOXAECTBNATL C Npomn3BoaHoN dB.

YpenbHble BeNNYUHbBI OT/INYAIOTCA OT COOTBETCTBYHOLLUX PB TOSMILKO KO-
NinyecTBeHHO. OHU MNPEACTaBNAOT TOT >Ke KayeCTBEeHHbI acrnekT namepsieMo-
ro CBOWMCTBA, TO/IbKO OTHECEHHbI NIMBO K eanHuLE Macchbl, SIM6o K eguiHuLEe
obbema, NMM60 B paccMaTrpuBaemMoM criydae — K Mosio. OTctoga crieflyeT, uTo
MOJIb He BbIMOHSAET OOHY U3 CaMbIX [/laBHbIX (PyHKUMI eaVHULBbI OCHOBHOM
®B. He BbINOSHAET MOSb U PYHKLUUIA 06ecneveHns eanmHCTBa M3MEPEHNIA KO-
NnnyectBa BelwjecTea. B 60MbLUMHCTBE Ny6nmMKauuii nogyepkmBaeTcs [32], uTo
MOJ1b SIBSETCA pacyeTHON eANHULEN 1 3TasioHa AN ero BOCMpoun3BeeHUS He
cyulecTByeT. HeT Takoke HM OfHOro MeToja WM CpeAcTtsa, npegHasHayeHHOro
015 U3MEPEHUA MOJI B COOTBETCTBUM C ero onpegeneHviem. Bce aTo cBufe-
Te/IbCTBYET O TOM, UTO C/flieflyeT OXXuaaTb UCK/THUYEHUA MOSIA U3 YMC/ia OCHOB-
HbIX eAnHUL, (PU3NYECKNX BeNYUB.

B cuctemy CW BBeaeHbl [Be AOMNO/IHUTE/bHbIE eAuHULblI — pagunaH
n cTepagua.
PagnaH — 3To eguHMLA U3MEPEHUS MJIOCKOrO yrna — yrnia mexxay

OBYMS pagmycamMy OKPY>XHOCTU, A/IHA AyT1 KOTOpoi paBHa paguycy. Ha
npakTuKe 4acTo ncnosnb3yrTca rpagyc (1° =2 271/360 pag = 0,017463 papn),
MuHyTa (1'= 1°/60 =2,9088-10-4 pag) n cekyHga (1" = 1'/60 = 1°/3600 =
= 4,8481 10“®@pap). CooTBeTCcTBEHHO 1 pag = 57°17'45'#=57,2961° =
= (3,4378 103)' = (2,0627 105)".

CTepagnaH — 3To egMHULA N3MEPEHUS yrila — yrna ¢ BepLUVHOM B

LEeHTPe cdepbl, Bblpe3alolero Ha NMoBepXHOCTU cdepbl Msowanb, pas-
HYI njouwagn KBagpaTta CO CTOPOHOWM, paBHOI paauycy cdepbl.
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Bo Bcex cuctemMax eguHULL, NMIOCKUIA DU TENECHbIN & Yr/ibl BBOAST-
CS1 MOCPeACTBOM YpaBHEHUIA

p=1/R; £=SI/R2 (3.4)

roe 1— pnvHa gyrn, Bbipe3aeMol LEeHTPasibHbIM MI0CKUM YI/I0M j Ha
OKPY>XHOCTU paguyca R; S — nowaab, Bbipe3aemasi LeHTPasbHbIM
TesfleCHbIM Yr/fioM Ha wape ¢ paguycom R. B cooTBeTCTBMWM C 3TUMMI
onpefeneHnsMn y 060MX YrnoB HeT pasmMepHOCTU B NI060M cucTeme ean-
HUY: []=b/b; [Q]=L2/L2 T.e. uX eguHMUbl He 3aBUCAT OT pasmMepa
OCHOBHbIX eguHuL,

B HacTosiLLiee BpeMs HET YCTOABLUEroCs MHEHUsSI 0 TOM, K KakKoMy
TUNY OTHOCATCA eAuHULBI YInoB. BonbluvHeTBO [27, 34] nonaratoT He-
060CHOBaHHbLIM BBefieHVe B cucTemy CW1 HeornpeaeneHHoro NoHATUA fo-
MOMHUTENbHBLIX eAuHULL. 10 MHEeHWUI0 0aHUX [27], 3TN eauHWLbI ABMS-
I0TCA NMPON3BOAHBIMU, OrNpesesniseMbiMn ypasHeHUAMU (3.4), ¢ TOA NnLLb
0COBEHHOCTbBIO, YTO OHM 0Ka3bIBAKTCA OANHAKOBLIMU BO BCEX CUCTEMAXx
eanHny,. Opyrve [34] cunTaloT eamMHULY MJIOCKOr0 yrsia OCHOBHOM, a
eANHNLY TenecHoro yrna — npou3BOAHOM OT Hee C pa3MepHOCTbIO pas2.
JanbHelillee pa3BuUTUE METPOSIONMM MOKaXKET, Kakasi U3 CyLLeCcTBYHO-
LLMX TOYEK 3PEHUS OKaXKETCA WUCTUHHOMN.

3.4. Bocnpoun3sBegeHue equHNL, rU3NYeCKUX BETNUYNN
M nepegaya nx pasmepos

3.4.1. ToHATWE 0 eAUHCTBE U3MEPEHNIN

IMpy NpoBeAeHN V3MEPEHUA HeobXoaMMO 06ecnevnTb UX eaUMHCTBO.
Mo, eqMHCTBOM M3MeEPeHW MOHMMAETCS XapaKTepucTMKa KadecTsa W3-
MepPEeHUIA, 3ak/IHOHAlOLLAACca B TOM, YTO UX Pe3ysibTaTbl BbIpadKaloTcs B
Y3aKOHEHHbIX eauHMLAX, Pa3Mepbl KOTOPbIX B YCTAHOB/IEHHbIX Mpeaesiax
paBHbI pa3mepam BOCMPOU3BEAEHHbIX Be/IMYMH, a MOrpeLuHocT pesyribTa-
TOB M3MEPEHWI M3BECTHbI C 3aJaHHOM BEPOATHOCTLIO M He BbIXOAAT 3a
YCTaHOB/EHHbIE Mpefesbl. MoHATE “eAVMHCTBO M3MEPEHUIA" AOBOSTbHO EM-
koe. OHO OXBaTbIBaeT BaKHENLLIME 3a0a41 METPOIONMN: YHUDMKaLMo ean-
HUY, PB, pa3paboTKy CUCTEM BOCMPOM3BEAEHUS BE/IMUUH U Mepefadn rx
pa3mMepoB pabounm CpeacTBaM M3MEPEHUIA C YCTAHOB/IEHHOW TOYHOCTbIO W
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ps4 Apyrux BOMNPOCcoB. EAVMHCTBO A0/MKHO obecrieumBaTtbcs Npu /060
TOYHOCTW, HEeobXoAMMOM Hayke M TeXHUKe. Ha gocTurkeHune 1 nopaep-
»XaHune Ha J0/KHOM YPOBHE eAMHCTBA M3MEpPEeHWI Hanpas/ieHa AesaTelb-
HOCTb FOCYAapCTBEHHbIX W BEAOMCTBEHHbLIX METPOSIONMYECKUX CITYXO,
NpoBoAVMas B COOTBETCTBUM C YCTaHOB/IEHHbIMU Mpasunamu, Tpetosa-
HUAMU 1 HOpMaMW. Ha rocygapcTBEHHOM YPOBHE AeATeNbHOCTb Mo obec-
rneyYeHno eJNHCTBa U3MEPEHUIA perfiameHTUpyeTcs cTaHgapTamu [Focy-
[JapCTBEHHOM cucTeMbl 0becriedyeHUst eguHcTBa uamepeHuin (FCU) mnnm
HOPMAaTUBHbLIMU AOKYMEHTaMW OpraHoB MeTPOSIOrnMUYecKo Cry>Kobl.

[na obecneyeHVs eguHCTBA M3MEPEHUIA HeobxoauMa TOXAECTBEH-
HOCTb eAVHUL, B KOTOPbIX MporpagymposaHbl Bce cyliectsyowme CU
OAHOW 1 TOI >Xe BeSINUYMHbI. 3TO JOCTUraeTcs NyTem TOYHOro BOCMpPOU3-
BEAEHNSA N XPaHEHUA B CMeLNasiM3MpoBaHHbIX YUPEXKAEeHUAX YCTaHoB-
NeHHbIX eanHnL, B 1 nepegadn nx pasmepos npumeHaemsim CU.

BocnpounsBegeHme eagnHULLbI hr3nyeckoii BeIMUNHBI — 3TO COBOKYIM-
HOCTb onepauuini No marepuanusaumm eavHnubl B ¢ HauBbICLLEl B
CTpaHe TOYHOCTbLIO MOCPEACTBOM FOCYAapPCTBEHHOIO 3Ta/I0Ha WN UCXO4-
Horo o6pasuosoro CV. Pa3nn4yaloT BOCNPOM3BeAeHWEe OCHOBHOM M npo-
W3BOAHOWN eauHuL,

Bocnpoun3seaeHe 0CHOBHOM efuHMLbI — 3TO BOCNPOM3BeAeHMe ean-
HULUbI NyTeM co34aHns (hMKCUPOBaHHOW Mo pasmepy ®B B COOTBETCT-
BUN C onpegesieHremM eanHuLbl. OHO OCYLLECTB/ISIETCA C MOMOLLIO FOCy-
[apCcTBeHHbIX MepBMYHbLIX 3TaU10HOB. Hanpumep, egnHuLa maccbl — 1 Ku-
norpamm (TOYHO) BOCNpon3BeAeHa B BUAE MNAaTUHOVMPUANEBON rvpwn, Xpa-
HUMO B MexxayHapoaHOM 610po Mep M BECOB B KavecTBe MeXXayHapog-
HOro 3TaU10Ha Kmnorpamma. Po3gaHHble Apyrm cTpaHam 3Tas10Hbl MEIOT
HOMWH&a/TbHOE 3HayveHVe 1 Kr. Ha ocHoBaHMM MocnefHUX MexXXayHapoa-
HbIX CndeHUin (1979) nnatmHoupwuameBasl rmMps, BXogsllas B cocTaB
MocypnapcTBeHHOro atasioHa PP, nmeet maccy 1,000000087 Kr.

Bocnpoun3seseHe NPOV3BOAHONM eAMHMWLbI — 3TO OnpeersieHne 3Ha-
YeHns PB B ykaszaHHbIX eANHMLAX Ha OCHOBAHUW KOCBEHHbLIX M3Mepe-
HWIA ApYTUX BENNYMH, (hYHKLIMOHA/TbHO CBSA3aHHbIX C n3Mepsiemoii. Tak,
BOCripon3sefeHne egnHNLbl cuibl — HbIOTOHa — OCYLLECTB/IAETCA Ha
O0CHOBaHMW M3BECTHOr0 ypaBHEHUA MexXaHukun F = mg, rge m — macca
Tena; g — YCKOpeHue CBO60AHOro nafjeHus.

[Mepepava pasmepa eMHULIbI — 3TO NpuBeAeHWE pa3mepa eanHULIbI
®B, XpaHUMOI MoBepsieMbIM CPeACTBOM U3MEPEHU, K pa3mepy eanHN-
Libl, BOCAPOU3BOANMOM UM XPaHMMO 3TaNIOHOM, OCYLLECTBSiEeMOe Mpu
MX MOBEPKE MM KanmbpoBke. Pasmep eauvHUUbI repegaeTcs “cBepxy
BHU3"— OT 60/1ee ToUHbIX CU K MeHee TOYHbIM.
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XpaHeHne eanMH1Lbl. — COBOKYMHOCTb ornepaLuii, obecneymsaioLlas
Hen3MEeHHOCTb BO BPEMEHU pasmepa equHuLbl, Npucyero gaHHomy CUL.
XpaHeHune aTanoHa egnHuubl @B npegnonaraet nposefeHVe B3anMO-
CBSAI3aHHbIX onepauurii, N03BOMALWMX NOAAEPXKUBATL METPOJIOrNYECKME
XapaKTepUCTUKN 3TaNloHa B YCTAHOBNEHHbIX npegenax. MNpu xpaHeHUn
MepBUYHONO 3TasI0OHA BbIMOJTHAKTCA PEryaspHble ero mnccnefoBaHus,
BK/IIOHAA C/INYEHUA C HaAUMOHaIbHBbIMW 3Ta/lOHaMU APYTUX CTpaH C Le-
NbIO MOBbILLIEHNA TOYHOCTU BOCMPOUN3BEAEHUSA eAVNHULbI N COBEPLUEHCT-
BOBaHWSA MeTOJ0B Mepefayn ee pasmepa.

3.4.2. 3TaoHbl efUHUL, (PU3NYECKUX BENTUYUH

OTa/lo0H — cpeAcTBo n3mepeHuit (nnu komneke CU), npegHasHaveH-
HOe N8 BOCMPOU3BEAEHUSA N (UNN) XPaHEHNA efUHULBbI U nepejaydn ee
pasmMepa HUXKecToAWMM No NoBepoYHol cxeme CU 1 yTBepXKaeHHOe B
KayecTBe 3TasloHa B yCTaHOBNEHHOM nopsgke. Knaccnukauusa, Ha-
3HayeHue 1 obLme TpeboBaHMA K CO34aHUI0, XPaHEHMUIO U MPUMEHEHNIO
3Tas10HOB ycTaHaBnmBaeT FOCT 8.057—80 “I'CW. 3TasloHbI eguHnL, hn-
3n4ecKnx BenMUUH. OCHOBHbIE MOSIOXKEHUA".

MepeyeHb aTasioHOB He MOBTOPSAET rnepeyHa ®B. Ona paga eguHUL,
3Tas10Hbl He co34alTCcsA N3-3a TOro, YTo HET BO3MOXXHOCTWN HEMNOCPeacT-
BEHHO CpaBHMBaTb COOTBETCTBYIOWME P B, Hanpumep HeET sTasoHa nJo-
waan. He cospgaroTca sTa/lOHbI M B TOM crlyyae, Korga eavHuua ®B
BOCMPOM3BOANTCA C AOCTATOYHOM TOYHOCTbIO HA OCHOBE CPaBHMUTENbHO
MPOCTbIX CPEACTB N3MepeHUi apyrmux ®B.

KOHCTpYyKUUS 3TasioHa, ero du3nyeckme CBOMCTBa M Crocod Bocnpo-
n3BefeHNs eanHNLbl onpegenstoTca ®B, eaMHMLEA KOTOPOM BOCMPOU3-
BOAMTCSH, M YPOBHEM Pa3BUTUS U3MEPUTENbHON TEXHUKU B JaHHOM 06-
nactn n3mMepeHUin. STasloH Jo/KeH 06nafaTh No KpaviHel Mepe Tpems
B3aMOCBS3aHHbIMW CBOCTBAMMW: HEM3MEHHOCTbIO, BOCMPON3BOANMOCTbIO
M CNNYAEMOCTHIO.

Hen3amMeHHOCTb — CBOWCTBO 3TasloHa yAep>XXmMBaTb HEU3MEHHbIM
pasmep BOCMPOM3BOAMMON MM eAVHULIbI B TeYeHWe ASINTESIbHOro MH-
TepBavsia BPEMEHW, NMPW 3TOM BCE U3MEHEHUS, 3aBUCHLLME OT BHELLUHNX
YCMOBUIA, AOMKHbI 6bITh CTPOr0 onpeaeieHHbIMU YHKLUSAMN BESTUYUH,
JOCTYMHbIX TOUHOMY M3MepeHuto. Peanmnsaumsa aTnx TpeboBaHuin npu-
Be/a K nee cosgaHuA “ectecTBEHHbIX” 3Ta/IOHOB Pas3/INYHbIX BENIMYNH,
OCHOBaHHbIX Ha (YU3NYECKUX MOCTOAHHbIX.
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Bocnpon3BogMocTbh — BO3MOXXHOCTb BOCMPOM3BEAEHUS eAVHULbI
®B (Ha OCHOBe ee TEOPETMYECKOro OnpefesieHnsl) ¢ HaumeHbLueld no-
rPELLHOCTLIO A/1S1 CYLLECTBYIOLLLEr0 YPOBHSI Pa3BUTUS U3MEPUTE/TbHOM
TEXHUKN. ITO JOCTUTAETCA NyTeM MOCTOAHHOMO MccefoBaHWs aTanioHa
B LeNnAxX onpefeneHns cUCTeEMaTMYecKUX MOrpeLuHocTeid u nux wuc-
K/IOYEHMSA NyTeM BBEAEHWS COOTBETCTBYHOLLNX MOMpPaBOK.

Crn4aemMocTb — BO3MOXKHOCTb 06ecreveHNst C/IMYEHNST C STaSIOHOM ApY-
rnx C, HMXKeCTOoSALLMX M0 MOBEPOYHO CXeMe, B NMepBYI0 ouepeib BTOPUUHBIX
3Ta/I0HOB, C HaMBbICLLIEN TOYHOCTBLIO [J1S1 CYLLIECTBYIOLLEr0 YPOBHST pasBu-
TV TEXHUKN U3MEPEHWs. DTO CBOWCTBO MpearnosiaraeT, YTo 3Ta/I0Hbl MO
CBOEMY YCTPOWCTBY W AEACTBUIO HE BHOCAT KaKUX-IMO0 MCKaXKEHWIA B pe-
3yNbTaTbl CIMYEHWUIA U CaMX He NMPeTepreBaloT M3MEHEHW NpY NpoBeAeHUN
CNVYEHWIA.

PasnuuatoT cnegyiolime BUAbl 3TasI0HOB:

* MepBUYHbIA — obecneyrBaeT BOCMPOU3BEAEHME U XpaHEHWE eau-
HULUbI C HavBbICLIEN B cTpaHe (MO CpaBHEHMIO C APYTrMMU 3TasloHaMu
TOW >Xe BeNMUMHbI) TOUHOCTbIO. [epBUYHbIE 3Ta/IOHbI — 3TO YHUKasIb-
Hble CW, yacTo npeacTasnsoLLme co60i CNOXKHENLLINEe N3MepPUTEbHbIE
KOMMJ1eKCbl, CO34aHHbIE C YHEeTOM HOBEMLUMX JOCTUXKEHWUI HayKu U Tex-
HUKW. OHX COCTaB/SAT OCHOBY FOCYZapPCTBEHHOWM CUCTEMbI 06ecrneyeHnst
eMHCTBa U3MEPEHWNIA;

* crneumasibHbli — obecneyrBaeT BOCNPOM3BeAeHMe eUHNLBI B 0CO-
6bIX YCMIOBUSX, B KOTOPbIX MpsiMas nepefaya pasmepa eauHULbI 0T nep-
BMYHOrO 3TasioHa ¢ TpebyeMoli TOUHOCTbIO He OCYLLECTBMMA, U CAYXUT
4N 3TUX YCMOBUIA NEPBUYHBLIM 3TasIOHOM;

* rocyAapcT BeHHbIVi— 3T0 NMEpPBUYHBIA UM CReUmasibHbIi 3TasloH,
ohuumanbHO YTBEPXKAEHHbIN B KA4eCcTBe MCXOAHOr0 AN1S CTpaHbl. YT-
BEPXKAEHVIE MPOBOANT rNaBHbIA METPOSIONMYECKNIA OpraH cTpaHbl. [ocy-
[aPCTBEHHbIE 3Ta/IOHbI CO3AAI0TCSA, XPAHATCA U NPUMEHSIIOTCS LieHTpauTb-
HbIMW METPOIOrMYECKVIMW HaYUHbIMU UHCTUTYTamMu CTpaHbl. TOYHOCTb
BOCMPOM3BELEHNS eAMHNLpI J0/KHA COOTBETCTBOBATL YPOBHIO NYULLMX
MUPOBbIX AOCTUMXKEHUIA W Y[0BETBOPATbL MOTPEOHOCTAM HayKu U Tex-
HUKU. B cocTaB rocygapcTBeHHbIX 3Ta/I0HOB BK/IlovatoTes CU, ¢ nomo-
b0 KOTOPbIX BOCMPOM3BOAAT U (UN) XpaHAT eanHuly ®B, KoHTpo-

) JIMPYIOT YC/10BUS U3MEPEHUIA N HEM3MEHHOCTb BOCMPOM3BOAMMONO U
XpPaHUMOro pa3Mepa efiMHWLbI, OCYLLECTB/ISAKOT Nepesjadvy pasmepa eauv-
HUUbI. [FocyaapcTBEHHbIE 3TANIOHbI MOAMEXAT NePUOANYECKUM CIMHEHUSI-
MW C rocyapCTBEHHbIMU 3TasloHaMM APYTUX CTPaH;

* BTOPUYHBIA — XPaHUT pasmep eAnHULbI, NOYyHEHHON NyTeM CAuv-

| yeHusa ¢ NepBMYHBLIM 3TasIOHOM COOTBETCTBYIOLLE DB. BTopuyHbIe 3Ta-
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JNOHbI ABMAIOTCA YacTbiO MOAYMHEHHbIX CPEACTB XpaHeHWUs efuHuL, U
nepefaun MUX pa3mepoB, CO3AAIOTCA W YTBEPXKAAIOTCA B TeX Criydasx,
KOrja 370 Heo6X0AMMO 419 OpraHm3aLmm NoBEePOYHbIX paboT, a Takke
4nA 0becnevyeHns CoXPaHHOCTU N HaMMEHbLLIEr0 U3HOCA rocyAapCTBeH-
HOro atasioHa. B cocTtaB BTOpUYHBIX 3Tas10HOB BKJtovatotea CA, ¢ no-
MOLLIbI0 KOTOPbIX XPaHAT eavHuLy ®B, KOHTPOMMPYIOT YCI0BUS Xpa-
HeHNs 1 NepeaaroT pasvep eauHULbI.

Mo cBoeMy METPOSIOrMYECKOMY Ha3HaYeHWO BTOPUYHbIE 3TaSIOHbI
[JenATca Ha cnegyoLume:

* 3Ta/I0H-KOMUA — MNpefHa3HayeH 418 nepejayn pasvepa eavH LB
pabounm aTanoHam. OH co34aeTcs B Crlydae HeobXoAMMOCTU MpoBese-
HWA 60/1bLLIOT0 YKMC/I1a NOBEPOYHbIX PaboT C LIeMbio NMpeaoxpaHeHus rep-
BMYHOIO WX CreuyasibHOro atasioHa OT MPeXkaeBpeMeHHOro u3Hoca.
STanoH-Konusa NPeacTaB AT c060l KON rocyJapCTBEHHOr0 3TasioHa
TOJIbKO MO METPO/IONMYECKOMY Ha3HaYeHWIo, Mo3TOMy OH He Bcerja siB-
NsieTcs ero M3NYECKoii Konme,

*3Ta/I0H CPaBHEHNA — MPUMEHSAETCA /1A C/IMYEHNS 3TA/I0HOB, KO-
TOpble MO TeEM WM WHLIM NMPUYMHaM He MOryT 6bITb HErMocpeaCcTBEHHO
ciM4aemMbl Apyr ¢ Opyrom;

* 3TasI0H-CBUAETE b — MpeAHasHaueH /18 NPoBepPKn COXPaHHOCTU
M HEM3MEHHOCTW FoCYAapCTBEHHOIO 3Ta/I0Ha M 3aMeHbl ero B c/lyyae
nopuM wm yTparbl. B HacTosiLee BpeMs TO/IbKO 3Ta/1I0H Kuorpamva
WMeeT aTasIoH-CBUAeTe b, Ero ocHoBHoe Ha3HaueHWe — obecreymsarb
BO3MOXXHOCTb KOHTPO/IMPOSIA MOCTOAHCTBA OCHOBHOIO 3Tas10Ha;

*pabounin 3ITasI0H — NPUMEHSIETCH A1 NepefayYn pasvepa eanHu-
Libl paboumm cpeacTBaM U3MEPEHWI. JTO camble pacrpocTpaHeHHbIE 3Ta-
NoHbl. C Uerbio NOBbILLEHUS TOYHOCTU M3MepeHuin ©B paboune sTasno-
Hbl MPUMEHSIIOTCS BO MHOTMX TEPPUTOPUAIbHBLIX METPOIOrMYECKNX Op-
raHax 1 nabopaTopusix MMHUCTEPCTB U BEAOMCTB.

Crocobbl BbIpaXKEHUS1 MOMPELLHOCTEN 3TasI0HOB YcTaHaB/mMBaeT FOCT
8.381-80 “I'CW. JtasioHbl. Criocobbl BblpaXKeHUs1 MorpeLuHocTeid”. Mo-
rPELLHOCTY FOCYAAPCTBEHHbIX MEPBUHHBLIX U CrieupasibHbIX 3TaSIOHOB Xa-
PaKTepU3yTC HEUCK/IOUEHHOM CUCTEMATUYECKOM MOrPEeLLHOCTLHO,
C/y4aiHOM MOrpeLUHOCTLI0 M HECTabWUbHOCTLIO. HemcktoueHHast cucTe-
MaTmnyeckasi NorpeLLHOCTb OMUCLIBAETCH rPpaHULAMM, B KOTOPbIX OHAa Ha-
xoauTcst. CriydaliHast MorpeLLHOCTs onpeaensieTcsl CPeaHVM KBaapaTuyec-
KM OTK/I0HeHMeM (CKO) pesyribTata M3mepeHuii npy BocrnponsseaeHnn
€0VHVLBI C YKazaHWeM Yuncsia He3aBUCMbIX U3MepeHUiA. HecTabmnbHOCTb
JTas10Ha 38AETCH M3MEHEHVEM pa3Mepa eAVHYILIbI, BOCMPOM3BOAMMON W
XPaHUMOA 3TasI0HOM, 3a OrpeesieHHbIN MPOMEXKYTOK BPEMEHM.
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OUueHKN NorpeLLHocTe BTOPUYHBIX 3Ta/IOHOB XapaKTepun3yTes oT-
K/IOHEHNEM pPa3MepoB XPaHUMbIX UMW efVHUL, 0T pasmepa eavHULbI,
BOCMPOV3BOAVIMON MEPBUYHBIM ST/TOHOM. [1151 BTOPUYHOI0 3Ta/10Ha YKa-
3bIBaAETCS CyMMapHasi MorpeLuHoCcTb, BK/IKYatoLWLas criyyaiHble norpeLw-
HOCTU C/INYaeMbIX 3Ta/I0HOB M MOMPELUHOCTU Mepefayn pasMepoB eau-
HULBI OT MNepBMYHOro (MM 6osiee TOUHOMO) 3TasI0HA, a TakXke HecTa-
6VNBHOCTL CaMOro BTOPMYHOI0 sTasioHa. CymMmapHas norpeLLHocTb BTO-
pUYHOro atanoHa xapaktepusyetca Nnmoo CKO pesyrnbTata U3MepeHuia
NP ero CAIMYeHUU € NEPBUYHBIM 3TA/TOHOM WV BbILLECTOALUMM MO MOo-
BEPOYHOM CXeMEe BTOPUYHBLIM 3Ta/IOHOM, NGO AOBEPUTENBHOW FpaHu-
Liei NOrpeLUHoCTY C A0BEPUTESbHOM BeposaTHOCTLI0 0,99.

Mepegava pasmepos eanHUL, @B oT aTasIoHOB pabounm Mepam ur
V3MepuTe/IbHbIM MpUtopam OCYLLIECTB/ISETCA C MOMOLLbIO paboumnx aTa-
NoHoB. [10 HeflaBHero BpeMeHW B Hallel cTpaHe BMeCTO TepMuHa “pa-
604me aTanoHbl” MCMNONBL30BAUICA TEPMUH “06pasLoBble CPeLCTBA U3Me-
PeHWA”, KOTOpPbI/ B B0MbLUMHCTBE APYTrMX CTpaH He NMPUMEHSIETCS.

Paboune aTasioHbl NPy HEOBXOANMMOCTU MOAPA3LENATCA Ha pasps-
Obl 1, 21 T.4,., onpefensiioLLme NopsifoK UX conofUNHEHUS B COOTBETCT-
BMW C MOBEPOYHON CXeMOW. N5 pas/IvyHbIX BUAOB M3MEPEHWUIA yCTa-
HaBMMBAETCH, UCXOAA U3 TPe6oBaHMIA MPaKTUKN, pa3/IMYHOE YMCIO pas-
pPAL0B paboumnx aTasI0HOB, ONpeenseMbIX CTaHgapTaMy Ha MoBepPoYHbIe
CXeMbl /191 AaHHOI0 BUaa N3MepeHUi.

3.4.3. lNoBepPOYHbIe CXEMBI

Ob6ecneyveHne NpaBusbHOM Nepefaqn pasvepa eguHul, ©B Bo Beex
3BEHbSAX METPO/IOrMYECKOM LIeny OCYLLECTB/ISIETCA NOCPeaCcTBOM MoBe-
poYHbIX cxem. lMoBepoyHas cxeMa — 3TO HOPMATMBHbLIA OOKYMEHT,
KOTOpbI yCTaHaB/MBaeT COMOAYMHEHNE CPeACTB M3MEepeHUi, y4dacTt-
BYHOLLMX B nepefave pasmepa efuHuLbl 0T aTasioHa K pabounm CU ¢
yKa3aHVeM METOAO0B M MOrpeLlHoCcT, N YTBEMXKAEH B YCTAHOB/IEHHOM
nopsigke. OCHOBHblE MOMIOXEHUSI 0 MOBEPOYUHbIX CXeMa MnpuBefeHbl B
MOCT 8.061-80 “I'CW. lNoBepoyHble cxembl. CofepsicaHne 1 rnocTpoe-
HWe” . TloBepoUHbIe CXEMbI JeMIATCA Ha rocyAapcTBeHHbIe, BeAOMCTBEH-
Hble N NIOKa/IbHbIE,

- MocypapcTBeHHast MOBEPOYHAs CxeMa pacrnpocTpaHsieTcs Ha
CU paHHoi ®B, nmetowmecs B cTpaHe. OHa paspabaTtbiBaeTcs B BUAE
rocyjapcTBeHHOro CTaHAapTa, COCTOSLLLIEr0 U3 YepTedka NoBEPOYHHOM Ccxe-
Mbl 1 TEKCTOBOWM YacTW, CoAepyKalLeli NMOSICHEHNS K YepPTeXxXy.
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= BejoMCTBeHHas NMoBepoyHas cxema pacrpoctpaHsieTcs Ha C faH-
Hoi ®B, nognexxalive BefOMCTBEHHOM MOBEPKE.

= JlokasnibHas NoBepoYvHasi cxeMa pacnpocTpaHsieTcs Ha CU/ faHHoM
®B, nog/exaime MoBepKe B OTAE/IbHOM OpraHe MEeTPOSIorMyeckoi
CNy>Xo6bl.

BefoMCTBEHHbIE NMOBEPOYHBIE CXEMbI HE [O/KHbI MPOTVBOPEUYNTb M0-
CyLapcTBeHHbIM MOBEPOYHBbIM cxemMam a1 C ogHUX 1 Tex ke PB.
OHV MOryT BbITb COCTAB/EHbI MPU OTCYTCTBMM FOCYAAapPCTBEHHOM MoBe-
POYHOIA cxeMbl. B HUX AonyckaeTcs yKasbiBaTb KOHKPETHbIE TUMbI (3K-
3emnspbl) CU. BefoMCTBEHHas U flOKa/lbHas MOBEPOYHbIE CXEMbI
odhopmNAT B BYoE YepTexxa, 3fieMeHTbl KOTOPOro MpuBeLeHbl Ha pyC.
3.1.

Puc. 3.1. 9nemeHTbl rpanyeckoro n3o6pa>keHnUss NOBEPOYHbIX CXEM:
nepefada pasmMepa: a) oT atasioHa 1 K 06bekTy 5 MeTogom 3; 6) oT aTasioHa 1 K 06bek-
Tam MoBepkM 6 M B MeToAoM 3; B) OT 3TavloHa 1 K 06beKTy rnoBepkn 5 MeTogom 3 unm 4;
r) oT aTasioHa 1 K 06beKTY MoBepkn 5 MeToAoM 3 1 06bEKTY MOBEPKU B MeTo0M 4

MoBepoyHasn cxema ycTaHaBNMBAET repefady pasmMepa eauHuL, oa-
HOI WIN HECKOMBbKUX B3aMMOCBSA3aHHbIX BENMUMH. OHa A0/mKHA BKIIO-
YaTb He MeHee ABYX CTyreHel nepefayn pasvepa. MoBepoUHYyHo Cxemy
ans C1 ogHOM 1 TOW >Ke BEMNUUHBI, CYLLECTBEHHO OT/INYAIOLLMXCA MO
[Jvana3oHamM M3MepeHUiA, YCroBUSIM NMPUMEHEHNST 1 METOAAM MOBEPKW,
a Tarke gs C Heckonbkux ®B gonyckaeTcs noapasfensrts Ha yvac-
TN. Ha yepTexkax NOBEPOYHOM CXEMbI A0/DKHbI ObITb YKa3aHbl:

* HamveHoBaHMA C 1 METOL0B MOBEPKY;

* HOMUHaUTbHbIE 3HaYeHVA PB winm nx aranasoHsl,

« [I0NyCKaemble 3Ha4eHUs norpeLuHocTen CU;
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e loNnyCKaeMble 3Ha4YeHUs1 MOrpeLlHocTe MeToA0B MOBEPKN.

MpaBuna pacdyeTa napamMeTpoB MOBEPOYHbLIX CXEM W ohopmMeHUs
yepTeXker NoBepo4HbIX cxeM npuBegeHbl B TOCT 8.061-80 “I'CW. lo-
BepoYHble cxembl. CofepkaHne 1 NOCTPOEHME” N B peKoMeHpauusax M
83-76 “MeToanka onpefenieHUA rnapamMmeTpoB MOBEPOYHbIX CXEM”.

3.4.4. Cnocobbl NOBEPKU CPeACcT B U3MePEeHNA

lMoBepka — 370 onepaums, 3ak/o4alLllasaca B yCTaHOB/IEHUN MNpU-
rogHoct C1 K NpUMEHEHMIO HA OCHOBaHWW 3KCMepUMeHTas1bHO ornpefe-
NAeMbIX MEeTPOJIOrMYECKUX XapaKTEPUCTUK U KOHTPOJIA MUX COOTBETCT-
BUSA NpeabsBnseMbIM TpeboBaHMAM. OCHOBHOM METPOSI0rMYECKOM Xapak-
TEPUCTUKOM, onpegensiemori npu nosepke CU, saBnsieTcsa ero norpetu-
HOCTb. OHa HaxoAuTCsA Ha 0CHOBaHWUM cpaBHeHUA nosepsiemoro CU ¢ 6o-
nee To4HbIM C — paboymm aTasIoHOM. Pa3nuyatoT NoBepKn: rocyaapcT-
BEHHYIO 1 BEOMCTBEHHYI0, NMEPUOLMNYECKYIO N HE3aBNCUMYIO, BHeoYepes-
HYIO0 N VHCMEeKUNOHHYI, KOMIJIEKCHYI, MO3MIEMEHTHYIO U Ap.

OcHOBHble TpeboBaHUsA K opraHusauum 1 Nopsaky nposefeHUs no-
Bepkn CW npueegeHbl B npasuniax no metponorun MNP 50.2.006-94
“I'CW. TMoBepkKa cpeAcTB M3MepeHUin. OpraHmsaumnsa 1 nopsgok npose-
JeHua”, a TakXKe B pekomeHpaumax M 187-86 “I'C. Kputepun goc-
TOBEPHOCTU U napamMeTpbl MeToAUK nosepkn” n MM 188-86 “I'CU. Yc-
TaHOB/IEHME 3HaYeHUIA METOAMK MOBEPKN” .

MoBepKa BbIMNO/THAETCA METPO/IOrMYECKUM Crly>KbamMu, KOTOpPbIM Aa-
HO Ha 3T0 NpaBo. CpeAcTBO U3MEPEHWIA, MPU3HAHHOE FOAHbIM K MpuMe-
HEHWI0, 0)OPMIISIETCA Bblgaveli cBUAETENbCTBA O MOBEPKE, HAHECEHUEM
NoBepuUTENbHOMO K/elmMa W MHbIMK criocobamm, ycTaHaB/IMBaeMbIMU
HOPMAaTUBHO-TEXHNYECKUMUN [OKYMEHTaMU.

Mepbl MOryT 6bITb NMOBEPEHbI NMyTEM:

e c/IMYeHNs ¢ 6osiee TOUHOM Mepoii MocpeAcTBOM KOMMapupytoLLero
npuéopa. CnnyeHvie Mep ¢ NMOMOLLbIO KOMMapaTopa OCYLLECTB/IAETCS Me-
ToJamMK MPOTMBOMOCTaBNEHNS NN 3aMeLleHns. OBLLMM AN 3TUX METOA0B
nosepkn CU aBNSeTcA BbIpaboTKa CUrHana 0 Ha/lMumMm pasHoCcTU pasme-
pOB CpaBHMBaEMbIX BE/IMYMH. Ecnv nogbopom 06pasLIoBoi Mepbl 3TOT CUT-
Han 6yfeT cBefeH K HY/I0, TO peasin3yeTcs Hy/eBO MeTof U3MepeHus;

* 3MepeHVsi BOCMPON3BOANUMOM Mepo BETNYNHBI N3MePUTESIbHbI-
I M1 NpubopamMn COOTBETCTBYHOLLEr0 Kacca TOYHOCTU. B aTom cnyuvae
1noBepka 4acTo HasblBaETCA rpagyvpoBKOi. MpafynpoBKa — HaHece-
| HMe 0TMeTOK Ha WKasy, COOTBETCTBYIOLLMX MOKasaHMAM 06pa3L,oBoro
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CW vinn >ke onpegeneHye Mo ero nokasaHnsAM YTOUYHEHHbIX 3HaYeHNiA
BE/INYMHbI, COOTBETCTBYHLLMX HAHECEHHBLIM OTMETKaM Ha LLKane pa-
6ouero CU;

* Ka/IM6poBKW, Korfa c 60s1ee TO4HOM Mepoi cnnmyaeTcs /nLlb 0f-
Ha Mepa Habopa 1M ogHa U3 0TMETOK LUKaslbl MHOr03Ha4YHOW Mepsbl, a
[encTB/TEbHbIE Pa3Mepbl APYTVX Mep OMpPeaensitoTcs UX B3auMHbIM
CpaBHEHVEM B pa3/INYHbIX COUYETAHUAX Ha NMprbopax cpaBHEHUS 1 Npu
JanbHeliein 06paboTKe pe3yibTaToB U3MEPEHNIA.

MoBepKa M3mMepuUTeNbHbIX MPUBOPOB MPOBOAUTCA METOAOM:

* HernocpeACTBEHHOr0 CpaBHEHUS U3MEPSIEMbIX BE/TUYUH Y BE/TUYUVIH,
BOCMPOU3BOAMMbBIX 00pa3uoBbIMA MepaMy COOTBETCTBYHOLLIEr0 KJlacca
TOYHOCTU. 3HaYeHVs! BEJIMUYMH Ha BbIXOLE Mep BbIOMPAOTCA pasBHbLIMA
oLMIPOoBaHHbIM OTMETKaM LUKasibl Npubopa. HavbonbLiasa pasHocTb Me-
XAy pesysibTataMy U3MEPEHVA N COOTBETCTBYIOLLIMIMA MM pa3Mepamm
Mep SBNSIETCA B 3TOM C/lydae OCHOBHOWM MOrPeLLHOCTbIO Nprbopa;

* HEMocpeACTBEHHOI 0 C/INYEHNS MOKa3aHWIA NOBEPSIEMOr0 U HEKOTO-
poro 06pasLoBoro Npubopa Npy N3MePeHUN OAHOM 1 TOM XKe BENTMUYUHBI.
OCHOBOI A@aHHOro MeTofa CIY>KUT 0AHOBPEMEHHOE U3MEPEHME O4HOIO0 U
TOro e 3HadeHnss PB noBepsieMbIM 1 06pa3LoBbiM CU. PasHocTb no-
KaszaHuii 3TMX NpnbopoB pasHa abCoMOTHOM MOrPELLHOCTY NOBEPSEMO-
ro cpeacTsa U3mepeHuii.

CyLLECTBYIOT U Apyrve MeTobl MOBEPKY, KOTOPbIe, 0HAKO, UCMOSb-
3yI0TCA ropasgo pexke. OHM paccMoTpeHs! B [9, 55].

BavkHbIM Mpy rMoBepKe SBASETCA BbIGOP ONTUMasILHOIO COOTHOLLIE-
HUS MEeXXAY A0NYCKaeMbIMW MOrPeLLHOCTSIMU 06pa3LL0Boro 1 nosepsie-
Moro CW. O6bluHO, Korga npw rnosepke BBOAAT MOMpPaBKU Ha Mnokasa-
HUS1 06Pa3LIOBbIX CPEACTB M3MEPEHUIA, 3TO COOTHOLLEHME MPUHVMAET-
€A paBHbIM 1:3 (MCX0ASA N3 KPUTEPUS HUYTOXHO Masioil MorpeLLHo-
cTun). Ecnun »xe nonpaskn He BBOAAT, To obpasLioBble CU BbibMpatoTca
13 cOOTHOLLEeHMs 1:5. COOTHOLLEHME [OMYCKaeMbIX MOrpeLUHocTen Mno-
BEpsEMbIX U 06pa3uoBbix CU ycTaHaBMBAETCS C YHETOM MPUHATOr0
MeToAa MOBEPKM, XapaKTepa MorpeLUHOCTe, AonyCcKaeMbIX 3Ha4YeHU
owmboK | n Il pofoB 1 UHOrga MOXET 3HAUYUTESIbHO OT/InYaTbCs OT
yKasaHHbIX paHee umdp.

3.4.5. CTaHgapTHble 06pasubl

[na psga obnacteii MsaMepeHWid 1 B NepBYyO odepedb A hunsn-
KO-XMMUYECKUX M3MEPEHUI Upe3BblyaliHO NepcrneKkTUBHbLIM CPeacT-
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BOM MNOBbIWEHUA 3(PPEeKTUBHOCTN NOBEPOUHbIX paboT ABASAETCA Npu-
MeHeHMe cTaHAapTHbIX o6pasuoB (CO). MNMpasuna paboTtbl ¢ CO ycTa-
HasnmBaeT NOCT 8.315-97 “I'CW/. CtaHgapTHble obpasLbl cocTaBa U
CBOMCTB BeLecTB U Matepuanos. OCHOBHblE MONOXKEHUA”. CornacHo
3TOMY [AOKYMEHTY, CTaHAapTHbIA o6pasey, cocTaBa U CBOWCTB Be-
LWecTB U MaTepuanos — 3TO CPeACTBO U3MepPeHUA B BUAe BellecTBa
(maTepnana), coctaB WM CBOMCTBA KOTOPOro ycTaHOB/IeHbl aTTecTa-
umen. MOXXHO JaTb U Apyroe onpejeneHue: cTaHfapTHbIN obpasey,
— obpasel, BellecTBa (MaTepuana) ¢ ycTaHOB/EHHbIMWU B pe3ysbTaTte
MEeTPOSIOrMYECKOM aTTecTalmMm 3Ha4YeHUSMU O4HON U 6onee BeSINYNH,
XapakTepunaylwimMmn cBOMCTBO WM cOCTaB 3TOro BellecTBa (maTe-
prnana).

CraHpapTHble 06pa3ubl NpefHa3HayeHbl 415 0becneyvyeHns equHCTBa
1 TpebyemMoi TOYHOCTU M3MepPeHU NocpeacTBOM:

e rpagynpoBKN, METPOSIOrMNYecKon arTectaumm v nosepkn CU;

* METPO/IOrNYecKolr aTTecTalm MeToAMK BbIMOSIHEHUS N3MEPEHWNIA;

* KOHTPO/1S1 MoKa3aTesieil TOMHOCTU U3MEPEHNIA;

= n3mepeHns B, xapakTepusyoLLNX COCTaB U CBOMCTBA BELLECTB
M Matepunasios, METOAaMWN CPaBHEHUS.

Mo cBoemy HasHayeHMO CO UCMOMHAT Posib Mep, 04HAKO B OT-
ninyve oT “Kaccuyeckmx” Mep OHWU UMeKT pAfd ocobeHHocTen. Ha-
npumep, obpasubl cocTaBa BOCNPOM3BOAAT 3HadeHUs PB, xapakTte-
pu3ylLWNX COCTaB UM CBOMCTBA MMEHHO TOro marepuasna (BeLLecT-
Ba), U3 KOTOPOro OHW M3roToBeHbl. CTaHgapTHble obpas3ubl, Kak npa-
BWJI0, He ABNAKTCA U3Le/IMAMU, OHWN peann3oBaHbl 00bIYHO B BUAE
yacTu WA NMopuum ogHOPOLHOrO BellecTBa (MaTepuana), npuyem ata
YacTb ABIAETCA MOJSIHOLLEHHbIM HOCUTENEM BOCMPOU3BOAUMON efuHU-
ubl ®B, a He ee yacTn. ITa 0C06EHHOCTb 06pas3L 0B OTPaXkeHa B Tpe-
60BaHMAX K MX O4HOPOAHOCTW MO cocTaBy W cBoilicTBaM. OfHoOpoA-
HOCTb MaTepuana, U3 KOTOporo caenaH obpasel, UMeeT NPUHLUMNK-
aslbHoe 3HayeHue, B TO BPEMS KaK A/1 Mepbl TakKas XxapakTepucTuka
4yacTo AIBNsieTCA BTOPOCTEMEHHOMN.

CtaHaapTHble 06pasubl cocTaBa WM CBOWCTB B OT/INYME OT Mep Xa-
paKTepU3yTCA 3HAYMUTE/IbHBIM BAUSAHUEM HEeMHMOPMaTUBHbIX napa-
MeTpoB (NpuMecei, CTPYKTYpbl Matepyana v gp.). Npn ucnonb3osa-
HUK CO 04YEeHb YacTo HeO06X0AMMO yUUTbIBaThb DYHKLUUWN BAUSHUS Ta-
KX napameTpoB.

B cBAA3M ¢ MHOroobpasvem 3agad, pewwaembix ¢ CO, UX MOXKHO pas-
[ennTb Ha rpynnbl No pagy KnaccuuKaunoHHbIX Npu3HaKkos. B 3asu-
CMMOCTM OT BUAa aTTecTyemoli xapakTepuCTUKN pasinyaioT:
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=CTaHgapTHble 06pasLpl COCTaBa — BOCMPOM3BOAAT 3HAYEHUS Be-
JINUMH, XapaKTepu3yoLLMX coflepykaHie onpeaesieHHbIX KOMMOHEHTOB
(XMMWYECKMe 3MIEMEHTBI, UX U30TOMbI U AP.);

eCTaHAap THble 06pasLibl CBOVCTB — BOCTPON3BOASAT 3HAYEHVIS Be-
JINUMH, XapaKTepU3YIOLLMX (PU3NUECKIE, XUMUUECKWE, TEXHUYECKIE WA
ZpYyrVie CBOVCTBA BELLECTBA, 3a UCK/TIOYEHMEM BE/IMUMH, XapaKTepusyo-
LLIMX COCTaB.

B 3aBUCMMOCTM OT cdpepbl AEACTBUSI 1 06/71aCTU MPUMEHEHWUS OMpe-
[IENSIETCS1 YPOBEHb YTBEPXAEHUS CTaHAaPTHBLIX 06pa3LoB. Mo 3ToMy npu-
3HaKy OHW JENSTCS Ha rocyapcTBEHHble, OTPAc/ieBble N CTaHAapT-
Hble 06pasLibl NpeanpuATUiA. Tem CO, KOTopble BK/TOUEHbI B NMOBEPOUHbIE
CXEMbI, MPMCBaMBAIOTCS paspsiapl.

CraHgapTHble 06pasLibl 06beANHAIOTCS B TWMbI. TN — 3T0 KNac-
CUMKaLMOHHAs TpyrnMpoBKa 06pa3LoB, ONpeaesisiioLyMA Mpu3Ha-
KaMW KOTOPbIX SBMSIOTCS OfIHO M TO XK€ BELLECTBO, M3 KOTOPOro OHU
W3rOTOB/IEHBI, U eAMHas JOKYMEHTALMS], MO KOTOPO OHW BbIMosiHe-
Hbl. Tunbl CO fonycKarTcs K NMPUMEHEHUIO MPU YCIIOBUN MX YTBEp-
YKOEHUS1 U PETUCTPALMM B COOTBETCTBYIOLLIEM peecTpe. /it KaKaoro
TMna CO Npu ux aTTecTauyn ycTaHaB/IMBAETCS CPOK AeNCTBMSA (He
Goriee 10 f1ET) M ONPeaenStOTCS METPOOMMYECKME XapaKTEPUCTUKN,
KOTOPble HOPMUPYHOTCS B [JOKYMEHTALMM HA UX paspaboTKy U Bbl-
nycK. K H/M oTHocsTCS:

*aTTecToBaHHoe 3HajeHVie — 3HaueHWe aTTecToBaHHOM XapaKTepi-
CTUKM 06pasua, MM BOCTPOM3BOAMMOE, YCTaHOB/IEHHOE MpW ero artre-
cTauum 1 MPUBOAMIMOE B CBUAETENLCTBE C YKa3aHVeM MorpeLlHocTy;

*MOrPeLLHOCTb aTTECTOBAHHOMO 3HAUEHWSI — PasHOCTb MEXKMy aTTe-
CTOBaHHbIM M VCTMHHBIM 3HAUYEHVSIMA BEMIMYMHDI, BOCTPOM3BOAVIMONA
TolA yacTbio 06pasLa, KoTopasi UCMob3YeTCs MpY U3MEPEHN;

* XapaKTepUCTMKA OAHOPOAHOCTU — XapaKTepUCTMKA CBOCTBA
06pasLia, BbIPAKAIOLLErocsi B MOCTOSHCTBE 3HAYEHNST BE/IMYMHDI, BOC-
MPOV3BOAVIMOIA €ro PasMIUHLIMM YacTsIMU, UCTMO/b3YeMbIMMA NPU 13-
MEPEHUSIX;

* XapaKTepUCTUKa CTabU/IbHOCTM — XapaKTepucTMKa CBOWCTBA
06pasLia COXpaHsTb 3HAYeHUs] METPOSIONMUYECKMX XapaKTEPUCTUK B
YCTAHOB/EHHBIX Mpeaesiax B TeueHVe YKa3aHHOro B CBUAETE/bCTBE
CpoKa FoAHOCTU MpY COGMIOAEHUM 3aJaHHbIX YC/IOBUIA XpaHEHUs] U
NpYMEHEHWIST;

* (PYHKLUYN BUSIHAS — 3aBUCMMOCTb METPOSIOMMUECKUX XapaKTe-
PUCTUK 06pasLia 0T U3MEHEHST BHELLIHMX BASIOLLIX BE/YMH B 3aaH-
HbIX YCMOBUAX MPUMEHEHUS.
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B0O3MO>XHO MCMNOMb30BaHNe N APYTMX MeTPOSIOrMYecknx XapakTre-
pPUCTUK.

MpumeHeHne CO A0/KHO OCYLLECTBASATLCA B COOTBETCTBUU C Tpe-
60BaHVUSAMUN: HOPMATUBHO-TEXHUYECKUX AOKYMEHTOB Ha MeTOAbl W3-
MepeHUA, UCMNbITAHWW, KOHTPOJIS, MOBEPKU U FPasynpPoOBKU CPeACTB
N3MEPEHU; aTTeCTOBaHHbIX METOAUK BbINOMHEHUS W3MEPEHUN; ro-
CY[,apCTBEHHbIX, BEAOMCTBEHHbIX U NIOKa/IbHbIX NMOBEPOYHbIX CXEM.

Mpumep 3.1. B n3mepeHUsx LUMPOKO UCMosb3yoTesd CO MarHUTHbIX CBOMCTB
pas3/INYHbIX MarHUTHbIX MartepuasioB. OCO6EHHOCTb MarHUTHLIX MaTepuasioB
COCTOMT B TOM, YTO UX CBOMCTBA OMMWCLIBAKOTCS /1aBHbIM 00pa3oM (PyHKLMO-
Ha/IbHbIMU  3aBUCMMOCTAMW OAHOW MarHWUTHOW BeNM4YMHbI OT Apyroii. Hanpu-
Mep, MeTns ructepesnca — 3aBUCMMOCTb MarHUTHOW MHAYKLUMN OT HanpsikeH-
HOCTU MarHWUTHOro nons. C MoMOLLbI CTaHZAapTHbLIX 06pa3uoB BOCMPOU3BOAAT
M OTAe/IbHble TOUKU U (DYHKUMWOHASIbHbIE 38BMCUMOCTU B LIESIOM.

PaccmoTtpym CO cTaTUYecKMX CBOWCTB MarHUTOMSTKMX MaTepuasnioB 3-ro
paspsiga mapkn MC-5 [63]. OH cOoCTOUT 13 TPeX CepAeYHUKOB KO/bLEBOM dop-
Mbl C Hapy>XHbIM AvameTpoM 50 MM, BHYTPeHHUM 40 MM U BbICOTOW 7 MM,
YNOXXEHHbIX B creunasibHbln pyTnap. CepaeyHnKM M3roToBMEHbI U3 NPELm3mn-
OHHOr0 MarHMTOMArKOro mMatepuana — nepmMasiiod Mapok 79HM u 50H o
FOCT 10160-75 1 31eKTPOTEXHUYECKOW cTasi Mapkm 20 895 no MOCT 11036-
75. MarHuTHble CBOMCTBa 3TUX MaTepyasioB OT/INYAOTCA BbICOKOM CTabusib-
HOCTbIO. [aHHblii CO BOCMPOM3BOANT 3HAYEHUS OTHOCUTENbHOW MaKcMMasb-
HOM MarHMUTHOWM NPOHMLAEMOCTU B AvanasoHe oT 47 Q00 a0 190 QOOc¢ oTHOCK-
Te/IbHOM MOrpeLUHOCTbI0 He 6onee 3%, KO3pLUTMBHOM cunbl oT 1,2 oo 88 A/m
C NorpewwHocTbo He 6osee 1%.

CgoiictBa CO MarHUTHbIX CBOMCTB MOATBEPXKAANTCS CBUAETENIbCTBOM O
rocyfapcTBeHHOM MOBEPKe, BblAaBaeMbiM roCyAapCTBEHHbLIMU METPOSIormyec-
KUMW opraHamn. B Hem yKasbiBaloTCA:

= HaMmeHoBaHMe obpasua, Hanpumep CO 31eKTPOTEXHUYECKOW CTauin, U
ero Homep;

* CPOK [OeNCTBUSA CBUAETENBLCTBA;

e TUN MepBUYHOI0 NpecbpasoBaTesil MarHWUTHbIX CBOWCTB, A1 KOTOPOro
npegHasHadeH obpasel, Hanpumep annapaTr JnwTeliHa o118 UchnbITaHus 06-
pasuoB Maccoil He 6onee 1 Kr;

= opraHu3aums-Bragenel, ctaHgapTHoOro obpasua,;

* Knacc nnn paspsg CO, ycTaHaBnMBaeMblii B 3aBMCMOCTM OT MOrpeLIHo-
CTW NPUBELEHHbBIX B HEM Pe3y/ibTaToB U3MEPEHUS MarHUTHbIX BEJSINYMH;

* 3aBUCUMOCTU MarHWTHbIX BE/INYMH, KOTOPble BOCMPOU3BOAUT o6paseL,
Hanpumep amnanTyAbl MarHUTHOW MHAYKUUM OT aMrnanTyabl Hanps>KeHHo-
CTW MarHWUTHOro nons,

= BcnomMoraresibHble napameTpbl CO, HeobxoAuMble Af1S ero MCnosib30Ba-

HWS, Hanpumep Macca, N/I0THOCTb, A/IMHA CpefHeli CUOBO MarHWUTHOR nn-
HUM 1 ap.



3.5. StasioHbl eguHUL, cnuctembl CA

OTas10HHaA 6a3a Poccmn nveeT B cBoeM cocTaBe [35] 114 rocygapcT-
BEHHbIX 3TaNioHOB (M3) n 60nee 250 BTOPUYUHBIX 3TaSIOHOB eguHNL, hu-
3U4YEeCKNX BeSIMUMH. U3 HMX 52 HaxoasTcsa Bo Bcepoccniickom HayuyHo-
nccnefoBaTesisCKOM WMHCTUTYTE mMeTponorun vm. O.1. MeHpeneesa
(BHUINM, CaHkKT-IeTepbypr), B TOM 4uc/e 3TaSIOHbl MeTpa, KuUaorpam-
Ma, amrepa, KefbBMHa U pagmaHa; 25 — Bo BcepoccuiickoM Hay4Ho-
NCCNEefoBaTENIb,CKOM UHCTUTYTE (PU3MKO-TEXHUYECKUX N pagnoTeXHNYeC-
Kux uamepeHnini (BHNMNPTPI, MockBa), B TOM 4YKMC/e 3Ta/IOHbI eau-
HWUL, BpeMeHWU 1 YacToTbl; 13 — Bo Bcepoccuiickom Hay4Ho-uccnenosa-
TENbCKOM UHCTUTYTE ONTUKO-PU3NYECKMX N3MEPEHUIA, B TOM YMC/ie Ta-
JIOH KaHgensnbl; COOTBETCTBEHHO 5 U 6 — B YpasibcKoM U CnbUpPCKoM
Hay4HO-UCCNefoBaTeNIbCKUX UHCTUTYTaxX MeTposIoru.

B o651acTV MexaHMKW B CTpaHe co3faHbl 1 Ucrnosibytotea 38 '3, B
TOM 4MC/ie MepPBUYHbIE 3TA/IOHbI METPa, KuiorpaMmma v CEKyHZbl, TOY-
HOCTb KOTOPbIX MMEEeT 4pe3BblYaiHO 60/bLUOe 3HAYEHWUe, MOCKOsSIbKY
3TV eAuHMNLbI YyYacTBYIOT B 06pa3oBaHUM MPOU3BOAHbLIX eAUHUL, BCEX
Hay4HbIX Hanpas/eHWIA.

EovHnua BpeMeHU — ceKyHja BriepBble onpeenisasiack vepes nepu-
o4, BpaweHna 3emnun BOKpyr ocu wam ConHua. [o HefaBHEro BpemMeHU
ceKyHaa paBHsinack 1/86400 4acTu COMMHEYHbIX CpegHUX CyTOK. 3acpes-
HVe CO/THEYHbIEe CYTKWN MPUHUMaUICA MHTEPBaUT BPEMEHU MEXXAY ABYMS
rnocnenoBarte/ibHbIMN Ky/ibMUHaUuAMU “cpegHero” ConHua. OgHako
NPOAO/KNTENBbHbIE HAGMIAEHNSA MOoKa3asiv, YTO BpalleHne 3emMnn nog-
BEPXKEHO HeperynspHbIM Kose6aHnAM, KOTOPble He NMO3BOSAKOT paccMar-
puBaTb ero B KayecTBe A0CTaTOYHO CTabu/bHOM ecTeCTBEHHOM OCHOBbI
ONna onpegeneHns eanHuLbl BpemeHn. CpefHue CosTHeYHbIe CYTKUM onpe-
JenATcs C NOrpeLHocTL0 A0 10~7¢. 31a TOYHOCTbL COBEPLUEHHO HEAOC-
TartoyHa npu HbIHELLHEM COCTOSIHUM TEXHUKN.

MNpoBeaeHHbIE MCCMEA0BAHUSA MO3BOINAN CO34AaTb HOBbIA 3TasIoH
CEeKYHAbl, OCHOBaHHbIA Ha CrocobHOCTM atoMOB W3/lyvaTb W MOr/o-
LWaTe 3HEepruio Bo Bpems rnepexofa Mexay ABYMS 3HEPreTUYeCKUMu
COCTOSAHUAMK B 06nacTy pagmoyactot. C NosiB/IEHNEM BbICOKOTOYHbIX
KBapLEBbIX FeHepaTopoB W pasBUTMEM JasibHell paamocBs3n MosiBU-
nacb BO3MOXXHOCTb peasi3alyy HOBOFO 3TasloHa CeKyHAbl U eAUHON
LWKasibl MUPOBOro BpeMmeHu. B 1967 r. XIII MeHepasibHas KoHdepeH-
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uMa no Mepam W BecaM MPUHSAMA HOBOe OnNpedesieHne CeKyHAbl Kak
WHTepBasia BpeMeHW, B TeyeHne KoToporo cosepluaerca 9 192 631 770
KonebaHwWii, COOTBETCTBYIOLLMX PE30HAHCHOW 4YacToTe aHepreTUYecKo-
ro nepexofa MexAay YPOBHSMMW CBEPXTOHKOWM CTPYKTYpbl OCHOBHOIO
COCTOAHMA aToma ue3na-133 npu oTCyTCTBUMN BO3MYLLLEHUSA BHELUHU-
MU nonsamu. JaHHoe onpejeneHne peasinsyeTcs ¢ MOMOLLbI Le3neBbIX
penepoB vacToTbl [36, 37]. Penep, win KBaHTOBbI CTaHAapT 4ac-
TOThl, NpeacTaBAseT coboi YyCTPOMCTBO AN TOMHOro BOCMpou3Bese-
HUS 4acTOTbl 3/1IEKTPOMArHUTHbIX KonebaHuii B CBEPXBbLICOKOYACTOT-
HbIX W OMTUYECKMX CMeKTpax, OCHOBAHHOE Ha WM3MEepPeHUWN 4acToTbl
KBaHTOBbIX MepexofoB aToOMOB, MOHOB WAN MOAeKY/. B nacCcuMBHbIX
KBaHTOBbIX CTaHZapTax WMCMOMb3YKTCA 4YacToTbl CrEeKTPasibHbIX Jn-
HWA NOrNOWEeHNR, B aKTUBHbIX — BbIHY>XAEHHO0e 1UCnycKaHue oTo-
HOB YacTuuamun. NMpUMeHATCA aKTUBHbIE KBaHTOBbIE CTaHAAPThbl Yac-
TOTbl Ha NMy4YKe MOJIEKY/l aMMMaKa (Tak HasblBaeMble MOJIEKYNSAPHbIE
reHepaTopbl) 1 aTtoMoOB BoAopoAa (BOLOPOAHbLIE reHepaTopsbl). MNaccus-
Hble CTaHAApPTbl YacTOTbl BbIMOMTHAKTCA Ha Ny4kKe aTtoMoB Le3usa (ue-
31eBble penepbl 4acToTbl).

[o vionsa 1997 r. rocygapcTBeHHbIV MePBUYHbIN 3TasIoH U Focy-
JapcTBEHHAaA MoBepoYHas cxema [/ CPeACTB U3MEPEHUA BPeMEHUN U
yactoTbl onpegensnnce FTOCT 8.129-83. C 1997 r. oH 3aMeHeH npa-
BUAMU MeXXrocyapCTBEHHOM cTaHgapTulauuu MMI 18-96 “Mex-
rocyfapcTBeHHas NoBepoyvHasi Cxema 415 CPpefcTB U3mMepeHuii Bpeme-
HU N YacToThbl”. [oCyAapCTBEHHbIN MEPBUYHbIA 3TaIOH eMHULIbI Bpe-
MEHWN COCTOUT U3 KOMIJIeKca CAefyroLmnx cpeacTs N3MepeHuii:

*METPOIOrNYECKMX LIe3NEBBIX PENMEPOB YaCTOThl, NMpegHasHa4YeHHbIX
[ONS BOCNPOU3BeAeHUA pa3MepoB eAyHNLbI BPEMEHN U YaCTOTbl B MEXX-
[yHapoAHOM cucteme eauHULL

* BOAOPOAHbIX CTAHAAPTOB YacToThbl, NpefHa3HavYeHHbIX 418 XpaHe-
HUA pa3MepoB efVHUL, BPEMEHW U 4acToTbl U OAHOBPEMEHHO BbIMNOJI-
HALWNX PYHKLNIO XpaHUTeel LWKaa BpeMeHW. Vicnonb3oBaHme BOAO-
POAHbIX PenepoB MO3BOMSIET MOBbLICUTb CTabUIbHOCTL 3TA/IOHOB. B Ha-
cTosiLlee BpeMd 3a nepuof BpemeHn oT 100 ¢ 40 HECKONLKUX CYTOK OHa
He npesbiwaeT (1-5) «10-14 [37];

e rpynnbl KBAHTOBbIX 4YacoB, MNpefHa3Ha4YeHHbIX 1S XpaHeHUs
WwKan BpemeHW. KBaHTOBble Yacbl — 3TO YCTPOICTBO A/1 U3Mepe-
HUA BPeEMEeHW, cofepiKallee reHeparop, 4acrtora KOToporo crabuim-

3npoBaHa KBapLueBbIM pe3oHATOpOM, U ynpaBsidgeMoe KBaHTOBbIMU
CTaHgapTaMn 4acTOoThbl,;
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= annapatypbl 414 nepejayn pasmepa eauH1Lbl 4acToTbl B ONTUYEC-
KUA AnanasoH, COCTOSILLEr M3 Fpyrmnbl CUHXPOHU3MPOBAHHbIX /la3epoB
M CBEPXBbICOKOYACTOTHbLIX reHepaTopos;

e annapaTtypbl BHYTPEHHMX U BHELUHUX C/ANYEHUI, BK/YatoLel
MnepeBo3NMblE KBAHTOBbIE Yacbl W NEPeBo3VMble Slasepbl;

= annapartypbl cpeficTB obecrneyveHus.

JnanasoH 3Ha4YeHNn NHTepPBa/I0B BPEMEHW, BOCMPON3BOAUMBIX 3Ta-
NIOHOM, cocTaBnseT 1 <H0-10—1 «108c, Ananal3oH 3HAYeHW YacToTbl —
111014y, BocnponssegeHue eguHUL, BpeMeHM obecnevmBaeTcs Co
CpegHMM KBaApaTUYeCcKUM OTK/IOHEHMEM pesysibTaTa U3MepeHWid, He
npesbiwawwnm 1«10 ¥ 3a Tpn Mecaua, HEUCKIIOYEHHas cuctema-
Tnyeckast NorpeLHoCcTb He npesbiaeT 5 «10'14. HectabuibHOCTL vac-
TOTbI 3TasI0HA 3a UHTepBas1 BpemMeHU oT 1000 ¢ o 10 cyTOoK He npesbl-
waet 5 «10~15

MeTp 6bl1 B UMcne NepBbIX eaUHNL, AN1S KOTOPbIX OblIM BBEAEHbI
3Tas10HbI. [NepBOHaYa/IbHO B Mepuoj BBELEHUS METPUUECKOM CUCTEMbI
Mep 3a MepBblii 3T/I0H MeTpa Oblia NpUHATa oAHa AeCATUMUANIMOHHAA
YyacTb YeTBepTU A/MHbI MNapudkckoro mepuamnada. B 1799 r. Ha ocHoBe ee
M3MEpPEHNS U3FOTOBW/IN 3Ta/I0H METPa B BMAE NNATMHOBOW KOHLIEBOW Me-
pbl (MeTp ApxuBa), NMpeacTaBsBLUMIA COO0M NINHENKY LUMPUHOM OKO/0
25 MM, TOMLMHOM OKO0 4 MM C paccTOSHMEM MeXAy KoHuamum 1 m.

Jo cepeanHbl XX Beka MpoBOAWINCE HEOAHOKPATHbIE YTOUHEHUS
MPUHATOrO sTauloHa. Tak, B 1889 r. 6bl1 NPUHAT 3Ta/I0OH B BUAE LUTPU-
XOBOWM Mepbl U3 cr/laBa niatvHbl U upuaus. OH npeacTasnisa coboi
NAaTUHOMPUAMEBBIA BPYCOK AIMHOM 102 MM, MMEKLLNIA B NONEpeyHOM
cedeHUU opmy ByKBbI X, Kak 6bl BNMCAHHY B BOOOpavkaeMblil KBaj-
paTt, cTopoHa KOoToporo pasHa 20 MM.

TpeboBaHMA K MOBLILLEHMIO TOYHOCTU 3TasI0Ha A/INHbI ( MaTUHOU-
pMAVEBBIV NPOTOTMM METPa He MOXKET AaTb TOYHOCTU BOCMPOU3BELEHMS
Bbille 0,1-0,2 MKM), a TakxXe Lies1ecoobpasHoCTb YCTaHOB/IEHUS ecTecT-
BEHHOr0 M HepaspyLluMMOro atasioHa npusenn K npuHAaTtuio (1960) B
KayecTBe sTasiloHa MeTPa 4/IHbI, paBHol 1 650 763,73 A/IMHbI BO/THbI B
BaKyyMe M3/1ly4YeHUsi, COOTBETCTBYIOLLIEr0 Mepexoay Mexxay YpPOBHAMU
2p10n 5d5aroma KpnnToHa-86 (KPMNTOHOBbLIV METP). DTOT 3Tas/I0OH Mor
BOCMPOM3BOANTCA B OTAE/bHbIX METPOJIOrMYECKUX NabopaTopusix, Tou-
HOCTb €ro no CpaBHeHWI0 C NNATUHOUPUAMEBLIM MPOTOTUMNOM 6blla Ha
MopsifoK BbILLE.

JanbHelimre rccnefoBaHUs No3BONUAN CO34aTb 60nee TOUHbIA 3Ta-
JIOH MEeTPa, 0CHOBaHHbIM Ha A/IMHe BO/THbI B BaKyyMe MOHOXpoMaTuyec-
KOro N3/1y4eHnsl, reHepmpyemoro cTabnnn3npoBaHHbIM fiazepom. 3a aTa-
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NoH meTpa B 1983 r. 6b1710 NPUHATO paccTosiHUE, NPOX04MMOE CBETOM B
BaKyyme 3a 1/299 792 458 ponein cekyHAbl. JaHHoe onpegesieHne MeT-
pa 6b1/10 3aKOHOAATENbHO 3aKpensieHo B Aekabpe 1985 r. nocne yTeep-
XOEHNA eNHbIX 3Ta/IOHOB BPEMEHU, YacTOTbl N ASINHbI.

MeTp MOXKeT 6bITb peasin3oBaH 04HUM M3 cnefyroLmx cnocobos [38,
37], pekoMeHA0BaHHbIX MeXXayHapo4HbIM KOMUTETOM MEp W BeCOB:

1) uepes gnnHy nyTM L, NpoxoAnMOro B BaKyyMme MJ/0CKOWM 3M1€KTpo-
MarHMTHOW BOJ/IHOW 3a M3MEPEHHbIM NMPOMEXYTOK BpemeHu t. OnnHa L
onpegensietca no opmyne L = cOt, rge cO= 299 792 458 m/c — cKo-
pocTb cBeTa B Bakyyme. [py 3TOM Heob6X0AMMO BHOCWUTbL MOMpPaBKW,
yuuTbiBaKLLMe peasbHble YCA0BUA (AN paKuuio, rpaBuTaLunio u Hemae-
a/fIbHOCTb BakyyMma). OTOT BapuaHT UCMNO0Mb3YeTCHa B rocyfapcrtBeHHOM
NnepBMYHOM 3TasIOHE eANHUL, BPEMEHU, YACTOTbl N ANINHbI, BOCMPOUN3BO-
JAuleMm MeTp B AnanasoHe OT Hy/1A 00 1 M CO CpeAHUM KBagpaTUu4yecknm
OTK/IOHEHMEM He 6onee 5«10 9 m;

2) yepe3 ANVHY BOJIHbI X B BaKyyMe MJIOCKOM 3/1eKTPOMarHUTHOA
BOJIHbI C M3BECTHOM 4YacToTon V. 3Ta A/iMHA nosydyaeTcs U3 COOTHOLUe-
Hna A= cOv;

3) uvepe3 ANVHY BOMIH B BaKyyMe W3/lyYeHU psga UCTOYHUKOB,
BK/IIOUYEHHbIX B CleuuasnibHbIi CNMCcoK. B Hem nepeyncrieHbl peKOMeH-
[OBaHHbIE UCTOYHUKWN MN3NYYEHUSA, YKa3aHbl Y4acToTbl U A/IMHbI BOSIH B
BaKyyMe, a TakXe repeynciieHbl TeXHNYeckue TpeboBaHUS, KOTOpble
Heob6X0ANMO BbINOSHUTL NPU CO34aHUN 3TUX UCTOYHMKOB, MPUBEAEHDI
MOrpeLwHoOCTN BOCNPOM3BEAEHUA ANMH BOMH M 4acToT [39].

B0 BTOPMUHbLIX 3TasioHax 1 06pa3uoBbIX CpeAcTBax U3MepeHUn MeTp
peanunsyeTcsa TpeTbMM CMOCO60M, a MMEHHO NyTeM co3gaHua He-Ne u
aproHoOBbIX N1a3epos, CTabUN3MPOBAHHbIX N0 pe3oHaHcaM HacblLeHHO-
ro NorsIolWeHns B oge nnam metaHe [36].

locypapcTBeHHaA nosepoyvHasa cxema gna CU ofinHel B guanasoHe
oT 1=10~8- 50 m onpegensetca pekomeHpaunammu M 2060—90.

Apyroii Ba>KHOW OCHOBHOW eAMHULLEN B MeXaHWKe SIBASETCH KWJo-
rpamm. INpu cTaHOBNEHNN METPUYECKO CUCTEMbl Mep B KayecTBe ean-
HULbI Maccbl MPUHAAM Maccy 0O4HOro Kyb6uyeckoro geummMerpa YmMcTomn
BOAbI Mpu TemnepaType ee HaubonbLweh nnoTHocTn (4*C). LN3roTos-
NEHHbIV NpU 3TOM MepBbI MPOTOTUN KWorpamma rnpeacTaBrisieT co-
60 NNaTUHONPUANEBYIO LLIMJTUHAPUYECKYIO TMPI0 BbICOTON 39 MM, paBs-
HoOW ero anameTpy. [JaHHoe onpejesieHUe 3TasloHa KuorpaMmma aencr-
BYeT [0 cuUX nop.

FocysapCTBEHHbIV MEePBUYHbI/ 3TafloH M rocygapcTBeHHas MoBe-
pouHaa cxema AONA CPeacTB M3MepeHmsa maccbl onpegenawTtca FOCT
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8.021-84. TocyfapCTBeHHbIN 3TafloH COCTOMT U3 KOMMJeKca criefyto-
LWMX CPeacTs U3MepeHwi:

* HaLMOHaNbHOro NMpoToTUna Kunorpamma — konuu Ne 12 mexay-
HapoAHOro NPOTOTUMNA KU/IorpaMmma, NpeacTaB/isoLero cobon rmpro s
nNaTMHOMPUAMEBOro CryiaBa W rnpegHa3HavyeHHOro AN1s rnepejaydn pas-
Mepa eanHuULbl Macckl rmpe R1,

* HaUMOH&a/1IbHOro NpoToTuna KuorpaMmma — Konum Ne 26 mexxay-
HapoAHOro NPoToTUNAa KUorpaMmmMa, NpeacTaBnsloLWEero cobom rmpo mns3
NMJ1aTMHOMPUAWEBOrO Criasa N NpefHasHayeHHOro 47151 NPoBepKU Heuns-
MEHHOCTM pa3Mepa eAVHULLbI MacChl, BOCMPOU3BOANMOM HaLMOHa/IbHbIM
NPOTOTMMNOM Kuorpamma — Konven Vs 12, U 3ameHbl nocsefHero B
nepuog ero civdeHnin B MexxayHapogHoM 6Hopo Mep 1 BECOB;

* rmpn R} 1 Habopa rvpb, U3roToB/IEHHLIX U3 MIATUHOMPUAMEBOrO
cnnaea W npefHasHayeHHbIX 019 Nepefayn pasmepa eQuHULLbI Macchl
3Tas/I0HaM-KOMNusAM;

* 3TA/I0HHbIX BECOB.

HoMuHasibHoe 3HaveHWe Macchl, BOCMPOM3BOAMMOE 3Ta&/IOHOM, CO-
cTaBnisieT 1 Kr. [ocyaapCTBeHHbI NePBUYHBIN 3Ta/10H obecreynBaeT BOC-
npovssefeHve eavHULbI Maccbl CO CPefHUM KBaapaTUYeCKUM OTKJ/IOHEe-
HWeM pesynbTaTa U3MepeHUr Npu CIYEHNN ¢ MeXAyHapoAHbIM NPOTo-
TUMNOM KWU/IorpamMma, He npesbiwarwmm 2 *10~3 mr.

OTasIoHHble BeCbl, C MOMOLLbI0 KOTOPbIX MPOM3BOAUTCA C/INYEHWe
aTasioHa Macchl, ¢ npegeniaMmy B3selUvBaHMA oT 2*10~3 00 1 Kr nmerot
CpefHee KBafpaTU4ecKoe OTK/IOHEeHWe pe3ysibTarta HabMofeHUA Ha Be-
cax oT 5«10~4 o 3 =002 wmr.

C passuTMemM paboT Mo COo34aHWM0 HOBbIX 3Ta/IOHOB eAuHUL, (un-
31YEeCKNX BEJ/INYMH, OCHOBAHHbLIX Ha aTOMHbIX MOCTOAHHbIX, BO3HUK
BOMPOC M 0 CBA3M eAUHMNLbI Maccbl C aTOMHbIMU KOHCcTaHTaMmu. Creay-
eT 0TMeTUTb, 4TO [38] Macca /60ro cTabusbLHOro atoma (Hanpumep,
aTtoMa yr/iepoaa) MOXKeT ObITb MPUHSATA B Ka4ecTBe eCTECTBEHHOW eau-
HULbI Maccbl. Bce Takme atombl (B OT/IMUME OT U3FOTOB/IEHHbIX Yes10-
BEKOM 3Ta/IOHHbIX MMpb) abCOMOTHO UOEHTUYHBI, a BPEMS UX CYLLEecT-
BOBaHWA MpPaKTUYeCcKN CoBMajaeT co BPEMEHEM CyLlecTBOBaHUA Bce-
NeHHON. Maccbl MaKpOCKOMMYECKUX 06BEKTOB mMopsgka Kuiorpamva
MOryT 6bITb M3MepeHbl B aTOMHbIX eAuMHMUax Maccbl (a.e.Mm.), ecnim
NPUHATL BO BHMMaHWe cooTHoweHne 1 kr = (O3 monb)* NA*1 a.e.m.,
roe Na — noctosaHHasa Asoragpo. Ana usMepeHUs mMacc nopsifka Ku-
norpaMmMa B a.e.M. C MOrpeLlHOCTb0 He 6onee D8 HeobxoauMmo ¢ Ta-
KOW >Xe TOUHOCTbI M3MepATb MOCTOsIHHY0 ABoraapo. OaHaKo oocTur-
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HyTasl NMOrpeLLIHOCTb COCTaB/IAET He MeHee 10-B U MoKa He MOXKET ObITb
yMeHbLLeHa [OCTYMHbIMWU Criocobamu.

B o6nactu TepMogMHaMNYECKMX BESIMUNH LeACTBYHOT:

e [1Ba MEPBUYHBbIX U OAUH CreumasibHbIA 3TasoHbl, BOCMPOM3BOASLLIME
eanHULYy TemnepaTypbl — Ke/bBMH B pas/iMyHbIX Avanas3oHax: CBEPXHU3-
Kue resiveBble TeMnepaTyphbl, TemnepaTypb! Mo UHMpaKpacHoOMy U ynbTpa-
thrioneToBOMy M3NYyHEHUSM U NEpPeMEHHbIe TeMMepaTypbl BOAHOW cpefpl;

= 11 rocyapCTBEHHbIX 3TA/IOHOB TEMNJI0MU3NKN — KONMYecTBa Terl-
N10Tbl, YAENbHOW TEen/I0eMKOCTU, TENSI0NPOBOAHOCTU U ap. [40].

M3mepeHme TemnepaTypbl ¢ MOMeHTa 1306peTteHns Mannieem B 1598 .
TepMOMEeTpPa OCHOBbIBA/IUCL HA MPUMEHEHUW TOr0 WM MHOro TepMo-
MEeTPUYECKOro BELLECTBA, U3MEHSIOLLEro CBOW 06beM WM JaBrieHue
npu M3MeHeHUU TemnepaTtypbl. NoKasaHUSA TEPMOMETPOB TaKoro Tuna
3aBuceIN OT poja MPMMEHSIEMOr0 TEPMOMETPMYECKOrO BeLlecTsa U OT
0CO6EHHOCTEN 1 YCNOBWUIA ero TeMNJs1I0BOro paclumpeHus. B cepeamHe npo-
wioro seka TomcoH (KesibBMH) nokasasl, YTO MOXHO YCTaHOBUTL Tep-
MOANHaMWNYECKYIO LLKasly, He 3aBUCSLLYI0 0T poja TepMOMETPUYECKO-
ro seuwlectsa. JaHHas Wwkana KenbBuHa NocTpoeHa Ha umkie KapHo n
[BYX penepHbIX Toukax. Npu ycTaHOBAEHNN 3TOM LUKalbl ANAs coxpa-
HEHWSA MPEEeMCTBEHHOCTU YUC/I0BOM0 BbIPAXKEHUS ee CO CTOrpajycHowm
wkKanon Llenbcma (1742 r.) NpoMeXxKyToK MexXKay ToUKamm TasgHMSA Nbaa
MU KUNeHus BoAbl 6b11 NMPUHAT paBHbIM 100°C.

KenbBUH 1 He3aBUCUMO OT Hero MeHfenees BbiCKa3asin Mpeasioxe-
HWe 0 LesecoobpasHOCTU MOCTPOEHUST TEPMOAMHAMUNYECKON LUKaslbl M0
O[HOV penepHoi Touke. Takas LUKana MMeeT 3HauuTeSlbHble Mpenmy-
LLlecTBa M MO3BOJISIET ONpeAeNnaTy TemnepaTypy TouHee. B Takoii wwikane
Heo6XoAMMO NpuaaTb onpeaesieHHOe YMC/I0BOE 3HaYeHVe eAVHCTBEHHOMN
3KCMePUMEHTa/TbHO OMNpeaesisieMor Touke. HKHelM rpaHuuel Temnepa-
TYPHOro WHTepBavia OyZeT C/Y>XUTb TOYKa abCOMOTHOrO HyJIA.

MorpeLlHOCTbL BOCNPOM3BEAEHUS TOHYKN KUMEHUS BOAbl COCTaBNsAeT
0,002-0,01°C, To4YKM TasHUA nbga — 0,0002-0,001°C. TpoiiHasa To4-
Ka BOAbl, ABAAOLAACA TOUKOA paBHOBECUS BOAbl B TBEPAOM, XXUAKON
M rasoobpasHoi (pazax, MOXeT 6bITb BOCMPOM3BeAeHa B CneLnasibHbIX
cocypax c norpewHocTbio He 6osiee 0,0002°C. B 1954 r. 6b1/10 NpPUHSA-
TO peLLeHne 0 nepexofe K ornpefeseHNI0 TepMOAMHAMNYECKor Temne-
patypbl T Mo oAHOM penepHoli ToOUKe — TPOWHOM TOUKe BOAbl, pas-
Ho 273,16 K. Takmum 06pasom, eAvHULIEN TEPMOAMNHAMUNYECKOM TeM-
nepaTypbl CY>XUT KebBUWH, onpeaensieMblii kak 1/273,16 yacTb Tpoii-
HOM TOYKM BoOAbl. TemnepaTtypa B rpagycax Llenbcus t onpepensietcs
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Kak t = T - 273,15 K. EguHuUEl B 3TOM Crlydae SIBASIETCA rpafyc
Llenbcusi, KOTOPbIA paBeH KefbBUHY.

M3mepeHrss TemrepaTypbl Mo TePMOAVHAMMUYECKOW LUKase npu ee
NpsIMOi peasizaLym ¢ NMOMOLLIbHO Fa30BOl TEPMOMETPM CBSI3aHbI C Cepb-
€3HbIMU TPyAHOCTAMMW. [lo3ToMy rocsie NPOBEAEHWA MOATOTOBUTENIbHBIX
paboT B 1968 r. 6buU1a BBeeHa MeXayHapoaHas npakTuyeckasi Temrie-
patypHas wkasia (MMTLU-68) [41]. PacxoxaeHvie mexxay Temnepary-
pOiA, N3MEPEHHOI MO 3TOM LUKasie, U TepMOAVHAMUYECKO TeMmnepary-
oV HAXOAWTCA B Mpefenax CyLLECTBYHOLLIE B HACTOSILLIEE BPEMS TOUHOCTM
m3mMepeHuiA. EquHmamm MM TLU-68 SB11s110TCA KenbBYH Y rpaayc Liens-
cus. LLikana noctpoeHa Ha OCHOBaHUWM Psifa BOCTPOU3BOAVMBIX PaBHO-
BECHbIX COCTOSIHWUIA, KOTOPbIM MpUNicaHbl orpeserieHHbIe 3HaUeHVS TeM-
nepatyp (OCHOBHblE periepHbie TOYKM), WU Ha 3Ta/IOHHbLIX Mpubopax,
MporpafyvpoBaHHbIX NPy 3TUX Temreparypax. 3T paBHOBECHbIE CO-
CTOSHUS U MPUMMCaHHbIE UM 3HAYEHUST MEXKAYHaPOAHOM NMPaKTUHECKO
TEMMEPATYPbI SAB/IAOTCHA UCXOAHBLIMA /19 BOCMPOV3BEAEHVIA Ke/lbBUHA B
pas/INYHLIX TeMepaTypHbIX AuarasoHax. B HTepBasiax Mexxay Temrepa-
TypaMu penepHbIX TOYEK MHTEPMONAUMA OCYLLECTB/ISETCA MO dopMy/iam,
YCTaHaB/MBAOLLWMM CBA3b MEXAY MOKa3aHUAMW 3TasIOHHbIX NPYGopoB U
3HaueHVsIMM MIMTTLLH68. OcHOBHbIE perepHble TOUKU Peasin3ytoTcA Kak
onpeereHHble COCTOSIHMA (DAa30BbIX PABHOBECUIA HEKOTOPbIX YNCTbIX Be-
LLISCTB: BOAOPOAA, HeOHa, KMC/Mopoda, BOfpl, LIMHKa, cepebpa v 30/10Ta.
STasIoHHbIM MPUBOPOM, MCMOMb3YeMbIM B 06/1aCTU TeMnepaTyp oT 13,81
[0 630,74°C, SBMSETCA M/1aTUHOBb I TEPMOMETP COMPOTUBEHNS. 15 Tem-
neparyp 630,74—1064,43°C sTa/Io0HHbIM MPUBoPOM SIB/ISIETCA TepmMonapa c
3MEKTPOAAMM U3 MIATUHOPOAUS — M/1aTUHBI.

B ceHTA6pe 1989 r. Ha 17-ii ceccrm KOHCYNbTATMBHOMO KOMUTETA
Nno TEPMOMETPUN BblTa NPUHATA MEXAYHapoaHas NpaKTuyeckas Tem-
nepatypHas wkana MTLL-90, kotopas ¢ 1990 r. 3ameHwna MIMTLL-
68 1 NpeaBapUTENIbHYIO TeMMNepaTypHyto LKasly MTLL6. OHa onpe-
[ensieT KeNnbBUH Tak >e, Kak u MITLL-68, 1 coxpaHseT npuHUmn
MOCTPOEHWSA LLIK&STbl Ha OCHOBE PerepHbIX TOYEK C NPUMYCaHHBIMA 1M
HOBbIMW 3HaYEHVAMM TeMIepaTyp, MakCUMasibHO MPUBIIXKEHHbIX K Tep-
MOAVHAMMYECKVM. [OCYAapCTBEHHbIE STAVI0HbI EAVHMILILI TEMMEPaTYPbI
COOTBETCTBYIOT MpUHUMNaM, 3a/iokeHHbIM B MIMTLL68 n MTLL90.
"ocymapcTBeHHas! MoBepoYHast cxema A1t CPeACTB N3MePeHUs TemMrepa-
Typbl yctaHasnmeaetcs MOCT 8.558—93.

BBeieHVie HOBOWA LLIKasbl MO3BOIAIO PELUUTD CriefytoLpme npob/ieMbl:

e pacwmpuTb gerictere MTLLS0 B 06/1aCTV HU3KMX TEMMEPaTYp C
13,8 0o 0,65 K;
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® CYLECTBEHHO Npu6An3nTb MTLU-90 K TepMOAMHAMNYECKO TeM-
nepaTypHOi LWKasne B cpaBHeHUM ¢ MIMTLLU-68. 3To gocturaeTcs Tem,
4YTO Npw Temrepartypax Bbiwe 0°C AOMNO/THUTENLHO BBeAEHbI HOBbIE pe-
nepHble TOYKU NNaeneHus (Touka rafinusa) n 3arBepreBaHUst (TOUKU
VHONA, a/IIOMUHNA N MeSK);

= HOBas TemrepaTypHas LiKana cTana [0ocTaTouyHO raAKoi, 4To
JOCTUraeTcs 3a CYeT MCMoJIb30BaHMA MIaTMHOBOIO TepMOMeTpa Conpo-
TUBJIEHVA B Ka4yecTBe MHTEPMONALMOHHOIO npubopa B AvanasoHe TeM-
nepatyp ot 13,8 go 1235 K.

Bo BHAVM mnm. O.V. MeHgeneesa co3faHbl rocyapCcTBeHHbIE Mnep-
BUYHble 3Ta/I0Hbl U CreuyasibHble 3Tas10HbI, obecneyvBaroLme enHCT-
BO M3MepeHnii TemnepaTypbl B guanasoHe oT 273,15 o 6300 K [42,
43]. MNorpelHOCTb BOCAPOU3BEAEHUA eAuHULBI TemrnepaTypbl cocTas-
nset 0,2 MK B TpoliHol Touke Boabl 1 1,5 K npu TemnepaTtype 2800 K.
MorpelHOCTN BOCMPOM3BEAEHNA eOVHUL, TEMIOMPUINYECKUX BeNNYMH
HaxoaAaTcs Ha yposHe 10 4+10 [35].

B 06nactu n3mepeHuii aNeKTpUHECKUX 1 MarHUTHbIX BEMMYUH (BKJ/1HO-
Yyasi pagMoTeXHUYECKME) co3haHbl U PYHKUMOHUPYOT 32 aTasloHa. OHM
nepeKpbIBaOT He TOMbKO 60/1bLLION AnanasoH 3HauYeHWi n3MepsieMbIX Be-
JIVYMH, HO M LUMPOKWUIA CNEKTP YCNOBUMA UX WU3MEPEHUIA, NPEXae BCEero
YacToThl, AoX0o4sLLeN [0 AeCATKOB rurarepl,. OCHOBY COCTaBASAOT 3Tas10-
Hbl, KOTOpPble Hanbo/1ee TOYHO BOCMPOM3BOAAT eANHULLI U OnpeaensioT
pasmepbl OCTa/IbHbIX MPON3BOAHbLIX eAUHWUL, 3ro rocy4apcTBeHHbIe nep-
BUYHbIE 3Tas10HbI eanHUL, SAC, CONPOTUBNEHUA U 3NIEKTPUYECKON EMKO-
cTu. MepBble ABa N3 HUX pa3paboTaHbl HeJaBHO M OCHOBaHbI Ha KBaHTO-
BbIX adppekTax [yko3edcoHa 1 Xosina cooTBETCTBEHHO.

Jlo nocriefiHero BpemMeHW equHULLYY CUJ/Ibl 3N1IEKTPUYECKOr0 TOKa —
amnep Ha NpakKTUKe MPUXOAMII0CE ONpeaensTb Mo TeM AeACTBUAM, KO-
TOpble TOK OKasblBasl B OKpY>XKallleli cpeae, Hanpumep BblaeneHne
TEN/I0TblI NPU NPOXOXKAEHUU TOKa Yepe3 MPOoBOAHUK, OCaKAeHWe Be-
LLecTBa Ha 3/1eKTPOAax MpU MPOXOXKAEHUWN TOKa 4Yepe3 3/1eKTPOSINT,
MexaHuyeckme [eiiCTBMSA TOKa Ha MarHUT WM MPOBOAHWUK C TOKOM.
MocnegHee 1 6b110 MOMNOXKEHO B OCHOBY 3TasioHa amnepa (1948 r.),
peann3oBaHHOI0 Ha TOKOBbIX Becax. lNocnegHue npeactaBnsoT cobori
pblyakHble paBHOrie4Yne Becbl, B KOTOPbIX MoABELLEHHAasA crieBa nog-
BMXKHAA KaTyllKa ypaBHOBELUMBAETCA FPYy30M, MOSIOXKEHHbLIM Ha rpa-
BYIO YallKy BecoB. lNoABM>XKHaA KaTyllKa BXOAUT BO BTOPYK Henog-
BVXKHYIO KOaKCMaslbHO PacriosioXkeHHyo Kartywky. [lpy npoxoxkae-
HMM N0 3TUM MocnefoBaTesIbHO COeANHEHHbIM KaTyLlKaM MocTOAHHO-
ro 3a/IeKTPUYECKOro ToKa MoABM>KHaA KaTyLllKa ornyckaeTcd, NnosToMy
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Ha NpaBylo YallKy BeCOB c/fiefyeT MosioKUTb A06aBoYHbIN rpys. Mo ero
Macce U CygAaT 0 CUJle 3/IeKTPUYECKOro ToKa, MPOXOoASALLEero rno Kartylu-
Kam. lorpewwHoOCTb BOCMPOU3BEAEHUA pa3Mepa efuvHULbl 3/1eKTpUYec-
KOro ToKa Takum 3aTasioHoM amnepa He npesbiwana 10 3 %.

B cBAi3K ¢ BBEAEHMEM B METPO/IOrMYECKYI0 MPaKTUKY 3TasiloHa BosibTa
Ha ocHoBe adhtpekTa dyko3edpcoHa (TOCT 8.027-89 w [44]) v aTasi0Ha oMa
Ha ocHoBe 3jhekTa Xonna [45] HasHavyeHVe aMnep-BeCOB KaK CpeacTsa,
HeobxoAMMOro Ana NpeacTaBfeEHUA eAUHULbI HaNpPsHXKeHWs, yTpaTuio
CMbICN, MOCKONbKY NpuMeHeHMe adhekTa [ykozehcoHa ana annaparyp-
HOW peanu3aumn, a KOHCTaHTbl [pko3edcoHa — [/19 BOCMPOM3BEEHUS
efVHNLbl Hanps>XeHUs M03BOSIUAN MOBbLICUTL TOYHOCTb BOCMPOM3BEfe-
HUS eAMHMLBI TOKa NPUMEPHO Ha Aga nopsigka [46]. HoBbIi aTaloH am-
rnepa cocTouT U3 BYX KOMMJ/IEKCOB. B NepBOM M3 HUX 3a/100KEH MPUHLLAIM
YCTaHOB/IEHUA pa3Mepa amrnepa 4yepe3 BOSIbT U OM C MUCMO/Sb30BaHUEM
KBaHTOBbIX athhekToB [>ko3edcoHa 1 Xosna, a B Apyrom — yepes apa-
4y, BOJIbT N CEKYHAY C UCMO0/Ib30BaHMEM METOL0B 3/IEKTPOMETPUMN.

locyfapcTBeHHbIN NEPBUYHLIN 3TasIoH amnepa cocTouT U3 annapa-
TYpbl, BbINO/AHEHHOMN Ha OCHOBE:

* KBaHTOBbIX 3dekToB [>Ko3edcoHa N KBAHTOBAHUA MarHUTHOro
notoka (adphekT Xonna), BKAUHasA Mepy HanpsdkeHUs, Mepy afeKTpuyec-
KOro COMPOTUB/IEHUS!, CBEPXMPOBOASALLNIA KOMNAapaTop ToKa U perynu-
pyemMble UCTOUYHUKU TOKa;

* 1CM0/1b30BaHNA METOA0B 3/IEKTPOMETPUU, BK/IKOHAA BXOAHOM 610K
€ HabopoM Mep MOCTOSIHHOM eMKOCTU, MHTErpaTop, U3MepuUTesbHbIA 610K
C 4acTOTOMEPOM, LM(POBLIM BOSIBTMETPOM M KOMMapaTopoM.

locyfapCTBEHHbIA NEPBUYHBIA 3Ta/IOH U rocyaapcTBeHHas Mnose-
poyHas cxema AJ/19 CPefCcTB U3MEPEHUSA CUbI MOCTOAHHOIO 3/1IeKTpUYec-
KOro Toka B AnanasoHe 1+10~18— 30 A yctaHosfieHbl FTOCT 8.022-91.
CoBpeMeHHbI rocyAapCTBeHHbIN 3TasIOH amrepa UMeET criefytoLne ana-
nasoHbl BOCMPOU3BOAMMbIX 3HAaYeHU cubl ToKa: 110~3 1 (nocpeacT-
BOM KBaHTOBbIX 3dpekToB) 1 1«10 161 «tO"9 A (Npn 1Ucnosib3oBaHNN
MeTOJ0B 3n1eKTpoMeTpumn). OH obecrneymBaeT BOCMPOM3BeAEeHME eANHU-
Lbl TOKa CO CpefHUM KBafpaTUYeCKUM OTK/IOHEHMEM pe3yribTara u3me-
peHnii, He npeBbiwakWwmm 5<10~8 A Npyu HOMUHA/IbHBLIX 3HAYEHUSAX
cnibl Toka 110'3 1 m 10«10 3—2 «10~4 A. HeucknioyeHHasa cucrtema-
TU4YecKad MorpeLlHoOCTb He Ao/DKHA npeBbiwaTth 210 8 A nNpy HOMU-
Ha/IbHbIX 3HAYEHUAX CU/bl MOCTOAHHOIo Toka 1<10~3 1 A.

OCHOBY eAMHCTBa N3MEPEHUIA ONTUKO-PU3NYECKNX eaUHNL, cO34aeT
rocyAapCTBEHHbIN NEPBUYHBINA 3Ta/I0H eANHMLbI CUMbl CBETA — KaHAes-
nbl. Kpome Hero nmeetca ewe 12 M3 onTUKO-OU3NYECKUX BENUNH.
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MepBoHaYaUIbLHO 3TaNOHbI eAUHULLI CU/IbI CBEeTa MPeacTas/IsaIn Cco-
601 cBeumn, N3roTaBAMBaeMble N3 onpedeneHHbIX MaTepmasioB. 3aTeM Ha
CMEHY WM MPULLIIN NaMnbl C XXUAKUM TOPHOYUM, KOTOpble obnaganu
NydWNMU METPO/IOTMYECKNMW XapaKTepuctnkamu. B 1921 r. 6bia c03-
JaH MeXXAyHapOoAHbI 3TasIoH CUMbl CBeTa — rpynna NocTOAHHO BO306-
HOBNSIEMbIX 3/1EKTPUYECKMX SlaMM HaKa/IMBaHUS C YrofibHOM HUTLIO.
JAanbHelilwee pa3BuTMe HayKM M TEXHUKW M03BOAWIO co3gaTb (1937)
3Ta/I0H CU/bl CBETA B BUAE MOJHbIX u3nyyarteneid (mogenein 4epHoOro
Tesa) ¢ NpUNUCcaHHOM APKocTbio 60 KA/M Mpu TeMrnepaTtype 3aTBepae-
BaHWA pacnnasfeHHOoW NNaTuHbI.

Mpyn TakoMm onpefeneHUN KaHhes/ibl ocTaBasiacb HeoAHO3HA4YHOM
CBA3b MeXy CBETOBbIMW U 3HEPTETUYECKUMW BeNnYMHamMmun. Moatomy B
1979 r. Ha XVI NeHepasibHOM KOH(EPEHLMM MEP M1 BECOB ObISI0 MPUHS-
TO HOBOE orpegesieHne, No KOTOPOMY OHa BOCMPOU3BOAUTCA NMyTeM KOC-
BEHHbIX n3mepeHuin [47] (cm. pasa. 3.3).

EANHCTBO M3MepeHuii CBETOBbIX BENNYMH obecrneunsaeT TOCT 8.023—
90 'CW “T'ocygapcTBEHHAs MOBEpPOYHAas cxemMa A/18 CPeACcTB U3MEPEHNIA
CBETOBbIX BE/IMYMH HEMPEPBLIBHOIO Y UMMNYIbCHOIO U3/TyYeHUA” .

CoBpeMeHHbI rocyfapCTBEHHbIA 3TaUI0H KaHZennbl MMeeT auana-
30H HOMMWHaIbHbIX 3HadYeHUn 30 — 110 KA, cpegHee KBagpaTU4ecKoe
OTK/IOHEHWE pe3ynbTara u3mepeHnin — 1«10  Kf; HEUCK/IIOYeHHas cuc-
TeMaTtnyeckas MorpeLuHocTb coctassigeT 2,5% 10~3 ka4,

OTasIoHHasA 6a3a B 06/1aCTU M3MEPEHMIA MapameTpoB MOHU3UPYHO-
LWNX N3NYYeHUA HacunTbiBaeT 14 '3 1 obecneyunBaeT BOCMpoM3BeaeHME
TakKNX Be/IMYMH, KaK aKTUBHOCTb PaAUOHYK/IUAOB 1 Macca pagnst, aKc-
MO3NLMOHHAsA, MOr/IOWEHHAA U 3KBUBaUIEHTHAsA [03bl, MOTOK 3HEpPrun
n3nydeHns n gp. MNorpeluHocTb BOCMPOU3BEAEHWS eAVHUL, B 3TOM 06-
NacTu cocTas/IAET 40NN — efUNHMLbI MPOLeHTA.

STasoHHasA 6a3a PU3NKO-XUMNYECKUX U3MEPEHWUIA COCTOUT U3 Tpex
rocyapCcTBEHHbIX 3Ta/IOHOB, BOCMPOM3BOASALLNX eAVHWLIbI MOISIPHON [0-
JIN KOMIMOHEHTOB B ra3oBbIX cpefax, 00beMHOI0 B/1iarocofep>xaHusa Hedtn
M HedTenpoAyKTOB, OTHOCUTENIbHOM B/1aXXHOCTU ra3oB. Cuctema aTasio-
HOB B 3TOM 06/1aCTN HauMeHee pa3BuTa. TOYHOCTb M3MEPEHUI TaKKe He
OYeHb BeNMKa 1 CoCcTaBNAET [0SIN MPOLIEHTOB.

[CocyfapCTBEHHbIM MNEPBUYHBLIA 3Ta/IOH U rocy4apCcTBEHHas MoBse-
poyHas cxema AN U3MepeHUA MJI0CKOoro yrna ycraHasnusatotca FOCT
8.016-81. lMepBUYHbLI 3Ta/IOH COCTOUT M3 KOMMJIEKca CreaytLmx
CPefCTB M3MEPEHWIA:

- MHTepdepeHLMOHHOro aK3amMeHaTopa A/19 BOCMPOU3BEAEHUS eau-
HULUbI N Nepegayn ee pa3mepa B 06/1aCTb MasibIX YI/10B;
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*Yr/IOMEPHOM aBTOKO/IMMALMOHHOM YCTaHOBKM [/19 repefaym pas-
Mepa efnNHNLIbL

* 12-rpaHHoI KBAPLIEBOM NPY3MbI /151 KOHTPOSS CTAOWIbHOCTY STa/10Ha

"oCyapCTBEHHbIM MepPBUYHBIA 3Ta/IOH 0becrneumBaeT BOCMPOU3Be-
[eHvie rpajyca co cpeaHEKBaaPaTUYECKM OTK/IOHEHEM pesy ibTara ns-
MepeHWid, He npesbiatoLLyM 0,01" npy 132 COBOKYMHbIX OTHOCUTESb-
HbIX U3MepPeHUAX 12-rpaHHoi Npu3Mbl. HencktoueHHas cucteMaTmyec-
Kas norpeLuHocTb He npesbiliaeT 0,02"

KOHTposibHble BONpOChI

1. CchopmynupyiiTe onpegenieHne eanHULbI (N3NYECKO BeNMUYUHLIL. [Mpu-
BeAuTe MpuUMepbl eANHUL, (U3NYECKUX BEIMUYMH, OTHOCALLLUXCA K MEXaHuKe,
MarHeTu3My U1 OnTUKe.

2. YUTo Takoe pa3MepHOCTb (QU3NYECKOM BeMYUHBLI? 3anuuuTte pasmep-
HOCTb CriefyoWwmx PrU3nYecKnX Be/IMUMH: nackans, reHpu, oma, apagbl 1 BOSb-
Ta.

3. [aliTe onpefeneHnsi cUCTeMbl (BM3NYECKUX BE/IMYMH U CUCTEMbI €4UHNLL
usnyecknx BenuuumH. Mpueeante NpUMepbl OCHOBHbLIX U MPOU3BOAHBIX (u-
3MYECKUX BESIMYUH N efnHUL?

4. CdhopMmynmpyiiTe 0OCHOBHble MPUHLMUMBLI MOCTPOEHUS CUCTEM efuHUL, n-
3UYECKUX BEINYUVH.

5. Ha3oBuTe npon3BofHble eanHULbI cuctembl CU, nmerolme cneymasnsHoe
Ha3BaHwue.

6. Kakve BHECUCTEMHblE eAUHWLbI AONYyLEeHbl K MPUMEHEHUIO HapaBHe C
efnHuUamn cmuctembl CA?

7. HasoBute npuBefeHHble 3HaYeHUS (U3NYECKUX BESIMYUH, UCMO0/b3YS
KpaTHble U Ao/bHble npuctasku: 5,3 «1018 Om; 10,4 *1013 'y, 2,56 <107 MNa;
4,67 <104 Om; 0,067 m; 0,0098 c; 7,65<10~3c; 6,34 «10® ®; 45,6 «10-9 c;
12,3*1013 &.

8. B uem 3ak/oyaeTcs egUHCTBO U3MEPEHWNI?

9. UT0 Takoe 3TanoH eAVHULbI PU3NYecKol BeNnYMHbI? Kakue Tunbl 3Ta-
JIOHOB Bam W3BECTHbI?

10. YTo Takoe noBepoyHasa cxemMa W ANS 4Yero oHa npefHasHadeHa? Kakue
CYLLLECTBYIOT BU/bl MOBEPOYHbLIX CXEM?

11. Yo Takoe rnoBepka CPeAcTB M3MEPEHUM WU Kakumu crocobamm oHa Mo-
>KET MpoBOAUTLCA?

12. AnA yero ncnonb3yTca cTaHAapTHbIE 06pasubl? HasoBuTe nx MeTposno-
rMyecKkue xapaktepucTukun. lMpuBeanTe NpuMep cTaHLapPTHbLIX 06pa3uoB.

13. PacckaXxuTe 0 rocyfapcTBeHHbIX 3TasloHaX OCHOBHbIX eAWHUL, CUCTEMbI
CW. lMpoaHanusnpyiTe KaxXabli N3 HUX C TOYKU 3PEHUS HEU3MEHHOCTU BO
BPEMEHM, BOCMPON3BOAMMOCTU U HEYHUUTOXMMOCTH.
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Nasa 4. OCHOBHbIE MOHATUA TEOPUA
MOrPELLUIHOCTEN

4.1. Knaccumkaums norpeLHocTein

KauecTBO CpefcTB M pe3ynbTaTtoB U3MEPEHUIA NPUHATO XapakTepu-
30BaTb, YKa3blBas MX MorpeLlHocT!. BeeaeHe NoHATUSA “NorpeLwHocTs”
TpebyeT onpefeneHnss U YEeTKOro pasrpaHuYeHnst Tpex MOHATWUIA: uc-
TUHHOIO0 W AENCTBUTENIbHOIO 3HAYEHUIA MU3MEPSIEMON (DM3MUECKOK Be-
NINYUHBLI 1 pe3ynbTata nsMepeHus. VICTUHHOe 3HaYveHne (IM3nNYeCKoin
BeINYMHbl — 3TO 3HaYeHUe, naeasibHbIM 06pa30M OTPadKatoLLiee CBOMCT-
BO JJaHHOro 06BbEKTAa Kak B KOIMYECTBEHHOM, TakK N B Ka4eCTBEHHOM OT-
HoLeHMW. OHO He 3aBUCUT OT CPEACTB HaLLIero No3HaHWs U ABNSETCS TOM
abCo/OTHOM NUCTUHON, K KOTOPOM Mbl CTPEMUMCS, MbITasiCb BbIpa3uThb ee
B BME UYMC/IOBbIX 3HAYeHW. Ha npakTuke 3T0 abCTpakTHOe MOHATME
MPUX0ANTCA 3aMEHSATb NMOHATUEM “AeNCTBUTENIbHOE 3HaYeHne” . [encT -
BUTE/IbHOE 3HAYeHNe IM3MNYECKOI BEMIMUNHBI — 3HAYeHWe, HaligeHHoe
3KCMEPUMEHTASIBHO M HACTO/IbKO MPUG/VKALOLLEEC K UCTUHHOMY, YTO
ANA JaHHOM Lenm 0HO MOXKET ObITb MCM0/1b30BaHO BMECTO Hero. Pesysib-
TaT 13MepeHUst NpeacTaBnsieT cobor NPUBAVKEHHYH OLLEHKY UCTUHHO-
ro 3Ha4eHUs BE/IMYUHBI, HalAeHHY0 MyTeM N3MepeHUs.

MoHATWE “norpewHocTs” — OA4HO U3 LEHTPaUIbHbLIX B METPOSIOMNU,
rae cnosib3yrTecsa MOHATUSA “MNOrpeLlHoCTb pesysibTara U3MepeHus” v
“MorpeLHoCTb CpeacTBa n3MepeHns”. IorpewHocTb pesyibTarTa us-
MepeHUss — 3TO pasHULA MeXXay pe3ynibTatom nsMepeHuss X 1 UCTUH-
HbIM (U1 OeACTBUTE/bHbLIM) 3HaYeHVeEM Q M3MEepPSIEMO BEIMUMHDI:

O- X —Q. 4.1)

OHa yKasbIBaeT rpaHuLbl HEONPeaeIeHHOCTU 3HAUEHNS N3MepsieMoiA Be-
JIMUMHBIL. [lorpeluHoCTb CPeAcTBa M3MEPEHUs] — Pa3HOCTb MexKay ro-
KazaHem CY1 1 UCTUHHBIM (OeliCTBUTE IbHBIM) 3HAYEHUEM M3MepsieMoli
®B. OHa XapaKTepuayeT TOUHOCTb Pe3y/bTaToB M3MEpPeHUiA, NPoBoAV-
MbIX JAAaHHbLIM CPEACTBOM.

3T ABa NOHSITUSE BO MHOTOM 6IM3KM APYT K APYry WU Kriaccudmum-
pyloTCsl M0 OAVHAKOBBLIM MpU3HAKaM.

Mo xapaKTepy NPOSIB/IEHNST MOrPELUHOCTM AENSTCS Ha cyYaiiHble,
cucTemMaTmyeckue, Mporpeccupytolme 1 rpybbie (Mpomaxm).
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3ameTvM, 4YTO U3 MPUBELAEHHOrO Bbille OMpeAesieHUs MOrpeLlHOCcTU
HVWKaK He crieflyeT, UTO OHa [0/KHA COCTOATb, U3 KakKMx-nmbo cocTas-
nawwmx. [eneHne NOrpeLHOCT Ha cocTaBasiowme 6b1S10 BBEAEHO AN
yA06cTBa 06paboTKM pe3ysibTaToB U3MEPEHUIA UCX0ASA U3 XapaKTep» UX
nposiNeHus. B npouecce hopMmupoBaHUst MeTPosIorMm 6bi10 o6Hapyke-
HO, YTO MOrPeLUHOCTb He ABNSIeTCS MOCTOSAHHOM BENNYMHONK. MyTem ane-
MEHTapHOro aHan13a yCcTaHOB/IEHO, YTO 0fjHa ee YacTb NPOsIBAsSeTCA Kak
MoCTOSIHHAsI Be/IMUMHA, a Apyras — WU3MeHSIETCA HernpeacKasyemo. ITn
4yacTM HasBa/IM CUCTEMATUYECKOM U CTy4YaMHOW MOrpeLlHOCTSMMN.

Kak 6yfeT nokasaHo B pa3j. 4.3, U3MeHeHWe NOorpeLlHocTn BO Bpe-
MEHW NpPeACTaB/ISIET CO60A HecTauMOHapPHbIN CrlyyalriHbli npiouecc. Pas-
[lenieHve MorpeLLIHoOCTM Ha CUCTEMAaTMYECKYH0, MPOrPECCUPYHOLLIYIO U CAY-
yalHyl COoCTaBfisIlOLME NpeAcTaB/sieT cob60lii MOMbITKY onucatb pas-
NINYHbIE YYACTKU YaCTOTHOr0 CrleKTpa 3TOro LIMPOKOMOM0CHOro Mpo-
Lecca: MHMPMLLM3KOYACTOTHbIA, HU3KOYACTOTHbIM 1 BbICOKOYACTOTHbINA.

Cny4yaiiHasi MorpeLHoOCcTh — COCTaBASAOLLASA MOrPELLHOCTU U3Mepe-
HUSA, U3MEHSOLAsACA c/lydyaiHbiM 06pa3oM (Mo 3HaKy M 3HauYyeHUu) B
cepumn MOBTOPHbIX M3MEPeHUIA 04HOro 1 TOro Xke pasmepa ®B, nptoBe-
[EHHbIX C 04MHAKOBOM TLLATEe/IbHOCTLIO B OAHUX U TEX XKe yCcrioBusax. B
MosIBNEHUN TakKMX norpewHocten (puc. 4.1) He HabnwgaeTcs Kakomn-
Nn60 3aKOHOMEPHOCTU, OHM 0BHAPYXXMBAKTCA NpU NOBTOPHbLIX U3Mepe-
HUAX 0AHOV M TOW >Xe BeNMMUNHbI B BUAE HEKOTOPIOro pasbpoca nostyvae-
MbIX pe3ysibTatoB. Cry4yaliHble MOrpeLlHOCT Hen36eXXHbl, HeycTpaHu-
Mbl 1 BCerga NpuUCyTCTBYIOT B pe3yfnibTaTe naMepeHus. OnucaHuve cny-
YalHbIX MOrpeLIHOCTe BO3MOXKHO TO/IbKO Ha OCHOBE TEOPUU CAy4dai-
HbIX MPOLLECCOB M MATEMAaTUYECKOW CTaTUCTUKM.

Puc. 4.1. NaMeHeHMe c/yYaiiHOW MOrpewHOCTN OT NU3MEPEHUS K U3MEPEHUID

106



B 0T/M4Me 0T cUCTEMATMUECKUX Cy4daliHble MOrpeLlHOCTU Henb3sA
VICK/TOUUTb U3 Pe3y/bTaToB M3MEPEHWI MyTeM BBEAEHUSI MOMpaBKy, o-
HaKO MX MOXXHO CYLLLeCTBEHHO YMEHbLUWUTb MyTeM YBe/IMYeHUs yucia
HabnofeHwn. MosToMy ANs NoayyYeHUs pesysibTara, MUHUMasbHO OT-
NinyaroLerocs 0T UCTUHHOMO 3HAYEHUS M3MePSIEMO BE/TMUYUHBI, MPOBO-
[OAT MHOrOKpaTHble M3MepeHUss Tpebyemol BeIMUMHBI C NocreaytoLLen
MaTeMaTU4ecKo 06paboTKON 3KCNEePUMEHTA/TbHbIX JaHHbIX.

BosnbLuoe 3HaYeHVe UMEeEeT M3yUeHWe ClyYarHOM NOrpeLLIHOCT Kak
hyHKUMN HOMepa Hab/IIOAEHNS | WM COOTBETCTBYHIOLLLEN0 EMY MOMEHTA
BpemeHu t; npoBefeHNs nsMepeHui, T.e. [ = A(t). OTaensHble 3Hade-
HWS NOrPeLLHOCTU ABMATCA 3HaYeHUAMM hyHKUMn A(t), cnefosaTenb-
HO, MOrpPeLLUHOCTb N3MEPEHUS eCTb CriyyaliHas MyHKUNSA BpeMeHW. pu
NpoBeAeHNN MHOFOKPAaTHbIX U3MEpPeHW MosyyaeTcs ofHa peasmsaums
Takol (PyHKUUW. VIMEHHO TaKas peasim3aums MokasaHa Ha puc. 4.1.
MoBTOp cepun M3MEPEeHWU AacT Ham APYryo peanvsaupio 3Toi yHK-
LUK, OT/IMHaloLLYOCa OT MepBoi, U T. 4. NorpeLwHocTb, COOTBETCTBYHO-
LWas KadKAoOMY i-My U3MEPEHUI0, SBNSETCH ceveHreM Cy4daiiHoi yHK-
ummn A(t). B Kadkaom CeueHNN AaHHOM yHKLMM MOXXHO HalATu cpefHee
3Ha4veHVe, BOKPYr KOTOPOro rpynnmMpyroTcs MOrpeLlHoCcTU B pas/ind-
HbIX peanu3aumsax. Ecnm vepes nony4veHHble TakuM 06pasoM cpesHve
3Ha4YeHWs NPOBECTU M/1aBHY KPUBYHO, TO OHa OyAeT XapaKTepu3oBaTb
06LLYI0 TEHAEHLMIO N3MEHEHNST MOrPELLHOCTU BO BPEMEHW.

CucTemMaTunyecKasi MorpeLlHOCTh — COCTaB/SAIOLAA MOrPELLHOCTU
N3MepPeHns, ocTaroLLasCcs NOCTOSAHHOM UM 3aKOHOMEPHO MEHSOLLIASACS
NPV MOBTOPHbIX U3MEPEHUSIX OAHOM 1 Tol >xe ®B. MNocTosiHHas 1 nepe-
MeHHasi cucTeMaTuyeckre MOrpeLlHocTM MoKasaHbl Ha puc. 4.2. Ux
OT/IMHUTENbHBIA MPU3HaK 3aK/IlyvaeTcsl B TOM, YTO OHUM MOFyT 6bITb
npeackasaHbl, 06Hapy>eHbl 1 6narogaps 3ToMy MOYTU MOMHOCTbIO YCT-
paHeHbl BBEAEHNEM COOTBETCTBYIOLLE) MOMPaBKW.

CnepyeT OTMETUTb, YTO B NOC/eAHee BpeMs MpUBEAEHHOe Bbille Orl-
pegeneHne cucTeMaTUYecKor MOrpeLlHoCTM MnojBepraeTcss 060CHOBaH-
HOW KpUTKKeE, 0COBEHHO B CBA3WN C TEXHUYECKMMN N3MEPEHNSIMU. Becb-
Ma apryMeHTUPOBaHHO MNpeg/iaraetcs [7, 58] cumTaTb cucTeMaTUyecKyto
MOrpeLUHOCTb CNeungUYecKon, “BbIPOXXAEHHON” CnyYaiHOW BE/TMUNHON
(cm. pasg. 5.1), obnagarolleil HEKOTOPbIMM, HO He BCEMW CBOMCTBaMU
CNy4yaiiHolM BeNMYuHbI, U3y4aeMoi B TEOPUM BEPOSATHOCTEN M MaTemMa-
TNYECKOI CTaTUCTUKe. Ee CBOMCTBa, KOTOpble HEOOXOAVMO YUUTbIBATb
npv 06bEAVHEHNN COCTABASAIOLLMX MOrPELLIHOCTU, OTPaXKAOTCA TEMU XKe
XapaKTepuCcTUKamMK, YTO U CBOMCTBA “HaCTOALWMX” CyYalHbIX Be/v-
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UYMH: gucnepcuein (CpeaHUM KBagpaTUYeCcKUM OTKIOHEHMEM) U Koahdu-
LMEHTOM B3aUMHOWN KOppensauuu.

Puc. 4.2. TNocTosiHHaA U nepeMeHHas CUCTEMaTMYECKME MorpeLLHocTU

Mporpeccypytowiasn (apelicoBas) MOrpPeLlHOCTbL — 3TO Henpeacka-
3yeMas MorpeLuHoCcTb, MeAsIeHHO MEHSOLWAaca BO BpeMeHW. Bnepsble
3TO NOHATME ObIN0 BBeAeHO B MoHorpadmn M.d. ManmkoBa “OCHOBbI
mMeTpoaormn” [17], nagaHHon B 1949 r. OTAnNYUTESIbHbIE 0CO6EHHOCTU
NPOrpeccnpyoLLMX MorpeLLIHoCTe:

* OHM MOryT 6bITb CKOPPEKTMPOBAaHbI MornpaskamMu TOSIbKO B AaH-
HbIA MOMEHT BPEMEHW, a Aasiee BHOBb HEMPeACKa3yemMo N3MEHSIOTCS;

* N3MeHeHUs NPOrpeccupytoLL X NOrpeLlHOCTe BO BPEMEHN — He-
cTauMoHapHbIA cnyYaHbIi Npouece, U No3TOMY B pamMmKax XOpoLUo pas-
paboTaHHOM TEOPMN CTalMOHAPHbIX C/TyYaiHbIX MPOLLeCCOB OHU MOryT
6bITb OMNMcaHbl NNLLbL C N3BECTHLIMU OrOBOPKaMMU.

IMporpeccmpytoLLias NorpeLLHoCTb — 3TO MOHATME, cneunduyHoe ans
HecTaLMOHApHOro ClyyanHOoro npoLecca M3MeHeHMUs1 MOrpeLuHoOCcTU BO
BpPEMEHW, OHO He MOXET ObITb CBEAEHO K MOHATUSAM ClyHYaiHOW 1 cuc-
TemMaTn4yeckol norpeluHocTeld. MocneaHue xapakTepHbl NLLb ANS cTa-
LMOHapHbIX CryyalHbIX npoueccoB. [Mporpeccnpytollast rnorpeLHocTb
MO>XeT BO3HMKHYTbL BC/IEACTBME KaK HEMOCTOAHCTBA BO BPEMEHW TeKy-
LLlero maTemMaTmM4yecKoro oXXmaaHusa HectalMoHapHOro c/ly4aiHoro npo-
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[Jecca, TaK U U3MEHEHMS! BO BPEMEHW ero AucrepcMn Win giopMbl 3aKo-
Ha pacnpegereHus.

MoHATME NPOrpPeccMpyHOLLE MOrPELLHOCTU LLMPOKO UCMOSb3YeTCs
npy 1ccNeaoBaHNN AVHaMUKK norpeluHocTelt CA [5] 1 MeTponornye-
CKOV Hafe>XHOCTU MOCNEAHNX.

py6as norpeluHocTb (MpomMax) — 3T0 c/y4daiiHas MorpeLUHoOCTb
pesyribTara OTAeNbHOr0 HabMOAEHUS, BXOAALLEr0 B pPsif U3MEPEHWIA,
KOTOpas 4N AaHHbIX YCMOBUIA Pe3KO OT/IMYAETCA OT OCTaslbHbIX pe-
3yMbTaToB 3TOr0 psga. OHW, Kak MpaBWio, BO3HUKAKOT M3-3a OLLMGOK
WM HenpaBW/bHBLIX AEACTBUM orepaTopa (ero ncrxothn3mosiormyecko-
o COCTOSIHWNSA, HEBEPHOI0 OTCYETA, OLLUMOOK B 3aNMMUCAX WIN BbIMUCIEHN-
AAX, HEMpaBW/IbLHOIO BK/IKOUYEHUS MNpubopoB win cboeB B UX paboTe n
p.). BO3MOXHO NPUYMHOM BO3HMKHOBEHWUSI MPOMAax0B TakoKe MOryT
ObITb KPaTKOBPEMEHHbIE pPe3KMe N3MEHEHMS YC/I0BUIA MPOBEAEHUS U3-
MepeHui. Ecnin npomaxm 06Hapy>KMBaKOTCA B MPOLIECCE M3MEPEHWI, TO
pe3ynbTaTtbl, UX COAeprKaLlye, oTépackiBatoT. OfHAKO Yallle BCero npo-
Maxu BbISIB/ISIOT TO/IbKO MPY OKOHYaTesTbHOM 00paboTke pesysibTaTtoB
V3MEPEHWI C MOMOLLIbIO CMELMaIbHbIX KPUTEPUEB, KOTOPbIE paccMoTpe-
HbI BN 7.

Mo cnocoby Bblpa>KeHNs pa3/INYatoT abcosoTHYH, OTHOCUTESTbHYHO
1 NPUBEAEHHYIO MOMPELLHOCTN.

AGCOM0THasA MOrpeLLHOC T OMKckbIBaeTcs iopmysiol (4.1) v Bbipaka-
eTcs B eAMHULIAX U3MEPSIEMON Be/MUMHBLL. OfHaK0 OHa He MOXKET B Mo/t
HOP Mepe CAY>XKUTb MoKasatesieM TOUHOCTU M3MEPEHWIA, TaK Kak 04HO U TO
>Ke ee 3HaueHvie, Hanpuvep, = 0,05 mm npy X ” 100 MM COOTBETCTBYET
[JOCTaTO4HO BbICOKOM TOYHOCTM M3MEPEHUA, a Mpy X = 1 MM — HU3KON.
Mo3ToMy 1 BBOAWTCA MOHSATVE OTHOCUTESTbHOM MorpeluHocTy. OTHocU-
Te/bHasi MOrPeLLHOC T — 3TO OTHOLLIEHWE a6COsIHOTHOM MOTPELLHOCTU U3~
MEpPEHMS K UCTUHHOMY 3HAYEHVIIO0 M3MEPSIEMON BE/TMUNHBI:

5- 4Q - (X- QM. (4.2)

JTa HarnsaHash XapakTepucTUKa TOUHOCTM pesyribTara M3MepeHus
He roguTcs ANs HOPMUPOBaHWUS MorpellHocT CU, Tak Kak npu UaMe-
HEHUM 3HAUeHWUI Q NMPUHMMAET Pa3/INYHbIE 3HAUEHWS BI/IOTh 10 GECKO-
HeuHocTV Npy Q = 0. B cBSA3M € 3TVM /19 YKa3aHWsi 1 HOPMUPOBaHUS
norpeLuHocT CU 1cnonb3yeTes elle ofHa PasHOBUAHOCTb MOrpeLLHo-
CTV — MpUBEAEHHaS.

MpyBeAEHHAS! NOFPELLHOCTb — 3TO OTHOCUTE/TbHASA MOTrPELLIHOCTb,
B KOTOpPOI4 a6coioTHas! norpeLlHocTb C oTHeceHa K YCI0BHO MPUHS-
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TOMY 3Ha4yeHMio QN MOCTOSTHHOMY BO BCEM Amana3oHe U3MepeHuii unm
ero yacTu:

y= AlQn= (X - Q)/Qn. (4.3)

YcnoBHO NpuHATOEe 3HadeHWe QN HasbiBalOT HOpMUpPYOLWMM. Yalle
BCEr0 3a HEro NMpPUHMMAalOT BEPXHWUI Mpeaen vu3MepeHuin gaHHoro CU,
NPUMEHUTENBHO K KOTOPbIM U UCMNO/b3YeTCs rNaBHbIM 06pa3oM MoHS-
Tve “npuvBefeHHas MNorpeLwHocTb”.

B 3aBMCUMOCTU OT MecTa BO3HUKHOBEHUS pas3/inyatoT NHCTPYMEH-
TaslbHble, METOAMNYECKNE U CYObEKTMBHbIE MOrPELLIHOCTM.

MHCTpyMeH T aslbHas NnorpeLuHocTb 06yC/10B/1eHa NOrpeLlHOCTb0 Npu-
MeHsiemoro CU. MHorga aTy NorpeLlHocTb HasblBaloT annapaTypHOIA.

MeTognyeckas NorpeiHoCTb U3MePeHUs 00yc/oB/ieHa:

* 0T/INYNEM MPUHATON MoAenn 06beKTa U3MepeHUst OT MOAeNN, afe-
KBaTHO OMUCbIBAIOLLEN ero CBOMCTBO, KOTOPOe onpedesnisieTca nyTem ns-
MepeHus;

* BNNUSHUEM croco6oB npumMeHeHns CU. 3To UMeeT MecTo, Harnpu-
Mep, MPU U3MEPEHNN HAMNPAXEHUS BO/IbTMETPOM C KOHEYHbIM 3Hauye-
HVEM BHYTPEHHErO0 COMpoTUBAEHNA. B faHHOM criydae BO/IbTMETP LUYH-
TUPYeT y4yacToK Lenu, Ha KOTOPOM W3MEPSETCHA HanpshkeHue, 1 OHO
OKa3blBaeTca MeHbLUe, Yem 6blf10 A0 NPUCOeAUHEHUSA BOSIbTMETPA;

* B/AAVNSTHUEM a/IrOPMTMOB (PopMy /1), MO KOTOPbIM NPOU3BOAATCA Bbl-
yYncneHNs pesynbTaToB U3MEPEHWIA;

* B/INAHVEM APYTUX (haKTOPOB, He CBA3aHHbIX CO CBOWCTBAMU WUC-
Mnosib3yeMbIX CPeACTB U3MEPEHUS.

OTNNUNTENbHOM 0COBEHHOCTHIO METOANYECKMX MOrPeLIHOCTEN ABMS-
eTCcA TO, YTO OHW He MOTYT OblTb YKa3aHbl B HOPMATMBHO-TEXHNYECKOA
JOKyMeHTauuMn Ha ucnosibzyemoe CU, MocKosibKy 0T Hero He 3aBUCAT, a
[JO/DKHBI OMNpefeniaTbCA OMepaTopoM B KaXkKaoM KOHKpPeTHOM ciy4vae. B
CBA3M C 3TUM OrepaTop [OMACEH YETKO pa3/imyarb (DakTUYecKn nmepsie-
MYI0 UM BESIMUMHY U BEIMUYNHY, NOAMEXALLYI U3MEPEHNIO.

Mpumep 4.1. Onpegenutb B 06WEM BuAe MeTOAMYECKYH MOrpelHoCTb
M3MEPEHMs1 MOLLHOCTW MOCTOSAHHOIO TOKa KOCBEHHbLIM MeTOAO0M MO roKasaHu-
AM amnepmeTpa M BOJIbTMETpa MpW ABYX CXeMax WX BK/IHOYEHUSA, MNoKasaH-
HbIX Ha puc. 4.3. BHyTpeHHMe cOonpoTUB/IEHUSA aMnepmeTpa W BoAbTMETpa
COOTBETCTBEHHO paBHbl RA K Rv.

Mpn ncnonb3oBaHMM CXembl Ha puc. 4.3,a N3MepPeHHOoe 3HayeHWe MOLLHO-
CTW MOCTOSAHHOr0 TOKa
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P-roH- (.L+1IV)n.- LLU. + =P. +1IW,,

Puc. 4.3. [Ba BapuaHTa BK/IOUYEHUs] aMnepMeTpa U BoslbTMETPA MPU KOCBEH-
HOM MeTOofe M3MEPEHUs] MOLLHOCTM MOCTOSIHHOIO ToKa

roe | — ToK, v3MepsieMbli amnepmeTpoM; | — TOK, MpOTeKawLWwwii Yepes co-
NpoTMBAEHNe Harpy3kn RB ly — TOK, npoTeKatowmin vepe3 BofibTMETP; Pu—
[JelicTBUTEeNbHOE 3HAYeHWE M3MEPSIEMON MOLLIHOCTMU.

ABCONIOTHAsA MeToAnYeckast MorpeLLHoCTb M3MEePeHU MOLLHOCTU MO CXeme
Ha puc. 4.3,a cocTaBnser

ApP,- P- P.- un..

OTHocuTeNNbHasA MeToAMYeckas MorpeLIHoCcTb B 3TOM C/lyvae paccyuTbIBaeT-
ca no dopmysne

dP _Ne =IyU. Iv_U,/Hy R
P 1,,U. I. U./R."'"Rv"
AHaJIOTNYHO ONA CXeMbl Ha puc. 4.3,6 n3MepsemMoe 3HadeHMe MOLLHOCTU
P-UL- 10U +U)- LU +1nA=P_ +1unA
roe U — HanpsbkeHve, v3mepsiemoe BoSIbTMeTpoM; UA — mnageHve Harnpske-

HUA Ha amnepmMeTpe. Mpy 3ToM abcosloTHas METOAUYECKasi MOTPELLHOCTL U3Me-
PEHWUST MOLLIHOCTM

AP, - P- P.- LUA

OTHocuTebHas METOAMYECKast MOrpeLIHOCTb B JAHHOM Crlydae pacCunTbiBa-
eTcs no doopmyne
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gp =1 A . Ha - IhRa | Ka
6 I1HU, UH IHRB R,

AHanM3 hopMysl, OMUCHLIBAIOLLMX OTHOCUTESIbHbIE MOFPELLHOCTA, MOKa3sbl-
BaeT, UTO MepByl cxeMy (CM. puc. 4.3,a) LesecoobpasHo UCMonb30BaTh /1St
M3MEPEHUS] MOLLIHOCTM HW3KOOMHbIX HAarpysok, Tak Kak npu Ra* O norpeLu-
HOCTb TaKXke CTPeMuTCs K Hy/o. Mo aHanorMyHbIM MpUUnHaMm BTOPYIO CXEMY
(puic. 4.3,6) BbirogHee NPUMEHSATL ANs1 U3MEPEHNST MOLLIHOCTU Ha BbICOKOOMHbIX
Harpyskax. paHuLa MeXKay BbICOKOOMHBLIMU M HU3KOOMHBLIMW Harpy3kamu or-
pefensieTcs B paccMaTpvBaeMoM Crlydae MapameTpamy MUCMosib3yeMbiX CPeacTB
n3vepeHuiA. [eiicTBUTeNbHO, U3 paBeHCTBa METOAMUECKMX MOrpeLuHocTelr as
KaxK[oli 13 cxem Mostyyaem

Myctb Ra = 0,002 Om, a Rv = 1000 Owm, Torga RHp= 1,41 Om. B atom
Cflydae MeTognyeckast MorpeLlHocTb U3mMepeHmss mMowHocTu coctasut 0,14 %.

CybbeKTUBHAsA (SIM4HaAA) NOrPelHOCT b U3MepeHUst 06ycsloB/leHa Mo-
rpeLHoCTbIO OTCcYeTa onepaTopoM NnokasaHuii no wkanam CU, gnarpawm-
MaM perncTpupytownx nprnbéopoB. OHU BbI3bIBAKOTCHA COCTOAHMEM Ornepa-
TOpa, ero NoJIOXKEHMEM BO BpeMs paboTbl, HECOBEPLUEHCTBOM OpraHoB
UyBCTB, 3ProHOMMYecKMU cBolicTBaMu CU. XapaKTepUCTUKUN JINYHOW
MOrpeLLuHOCT onpeaensitoT Ha OCHOBE HOPMKPOBaAHHOV HOMUHAa/TbHOM Lie-
Hbl AeNeHus LWKasbl N3MEPUTENbHOro npubopa (UM gnarpamMmHoii Oy-
Marm perncTpupytowero npmbopa) ¢ y4eTom CrnocobHOCTU “cpeaHero one-
partopa” K MHTepnossaunny B npegenax gefieHns LWKasbl.

Mpumep 4.2. TycTb LieHa AeNeHNs paBHOMEPHOW LUKasbl paBHa Xz eauHNL,
n3mMepsieMoii (hrn3nyecKoii BeNNYMHLI, AvHA AeneHus pasHa L mm. Onpege-
NNTb HambosblUee 3HaYeHVe SIMYHOW MOrpeLLHOCTH.

Mpy ycnoBmm, YTo cpeaHuii onepaTop MOXKET UHTEProNMPoBaThL B Npeaenax

JeneHvs waramm no 0,2 aeneHuvs, T.e. no 0,2ba Hanborbllee 3HaYeHWe NNY-
HOW MOrpeLUHoCcTM

Adm= Xp0,2bg/ba=0,2Xa.

Mo 3aBUCMMOCTMU abCcoNTHOM NOrpelHoOCTN 0T 3HAYEHUN W3-
MepSeMOV Be/IMYNHBI pasfiMyatoT norpewwHocTu (puc. 4.4):
*aAanTuBHbIE [a He 3aBUCSALLME OT N3MEPSIEMON BETNYUHDI;
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a) 0 B, 0 B)

Puc. 4.4. AnoutrBHas (a), MyNbTUVIMKaTVBHaSA (6) 1 HerHelHas (B)
MOrpeLLIHoCTM

* MyNbTUNAMKATUBHbIE [W KOTOpble MPAMO MPONOPLMOHaSIbHbI
N3MepPSeMOi BeSIMUMHE;

« He/IMHeNHble [JH VMELLMe HENMHENHYH 3aBMCUMOCTb OT U3Me-
PSAEMOi BeSINYMHBI.

3TW NOrpeLHOCTN NPUMEHSIOT B OCHOBHOM /7151 ONUCaHUA MeTPOsIo-
rMYecknx xapakrepmuctnk CW. PasgeneHuve norpeLHocTe Ha aganuTume-
Hble, MY/bTUMNVKATUBHbIE U HEeNNHeWHble BeCbMa CYLLECTBEHHO Mpu
peLLeHnn Bonpoca 0 HOPMUPOBAHUN N MaTEMaTMYEeCKOM OnmMcaHuu no-
rpewHoctein CU.

Mpumepbl aaaNTUBHBIX MOrpeLUHocTeld — 0T MOCTOSAHHOIO rpysa Ha
Yalllke BeCOB, OT HETOYHO YCTaHOBKW Ha Hy/lb CTPENKN Nprbopa nepes
n3mMepeHvem, oT TepMo-34C B Lensax MOCTOAHHOrO Toka. MpuynHamn
BO3HWKHOBEHUST MY/IbTUM/IMKATMBHbIX MOFPELLIHOCTEN MOryT ObITb: U3-
MeHeHVe Ko3apuLmeHTa YCUNEHNUA YCUNUTENA, N3MEHEHME XKECTKOCTU
MeMbpaHbl faTynmka MaHOMeTpa WM MNPY>XWUHbI NprMbopa, U3MeHeHue
OMOPHOro Hanps>XeHUsa B LMGPOBOM BOJSIbTMETPE.

Mo BANSAAHUIO BHELUHWX YC0BWUIA pasnyaloT 0OCHOBHYHO U AOMOMHU-
TenbHy0 norpewuHoct CU. OCHOBHOM Ha3biBaeTcs norpeliHocTs CU,
onpefensieMasl B HOpMasibHbIX YC/I0BUAX €ro NpUMeHeHns. J1s Kaxkao-
ro C/1 B HOpMaTUBHO-TEXHNYECKMX AOKYMEHTaxX OroBapmBatoTCs Ycslo-
BWS 3KCrJlyataumm — COBOKYMHOCTb B/IVAOLWMX BEMUYUH (TemnepaTy-
pa oKpy>KatoLLer cpefpbl, BNaXKHOCTb, AaBfieHWE, HanpshKeHWe M 4acTo-
Ta NUTaloWen ceTm U Ap.), MPU KOTOPbIX HOPMUPYETCS €ro norpeLu-
HOCTb. [loNoNTHNTeNbHOM HasbiBaeTcs norpellHocTs CU, Bo3HUMKarowas
BCMeACTBME OTK/IOHEHNSA KaKOoM-1nbo 13 BANSAIOLWMX BESINYMH.

B 3aBMCMMOCTM 0T B/INAHUA XapaKTepa U3MEHEHUS N3Mepse-
MbIX BefiMUnH norpewiHoctu CU fendart Ha ctaTudeckme U guHammye-
ckue. CTaTunyeckas norpewHocTb — 3T0 NorpewHocTs C npume-
HSeMOro ans mnamepeHmsa ®B, NpMHKMMaemMoli 3a HeM3MeHHY. [uHa-
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MMYECKOM HasblBaeTca norpeLuHocTs CU, BO3HMKaOLLAs AOMOMHUTEIbHO
npy M3vepeHUN nepemeHHol ®B 1 06yc/I0B/IeHHast HECOOTBETCTBMEM €0
peakLMn Ha CKOPOCTb (4acToTy) U3MEHEHUS N3MEPSIEMOr0 CUrHasta.

4.2. MpUHUMNbI OLEHMBaHMS MOrPELLHOCTEN

OLeHMBaHVE NOMPELLHOCTE MPOU3BOANTCA C LIEbIO MOSTyHeHUS 00b-
E€KTUBHbIX [aHHbIX 0 TOYHOCTM pe3y/ibTarta M3MepeHUs. TOYHOCTb pe-
3y/bTata U3MepeHUs1 XapakTepusyeTcsl MorpeLuHocTbio. orpeluHocTb
N3MEPEHNS ONMUCLIBAETCS ONpeaeieHHOM MaTeMaTUYeCKor MoAEsbIo, Bbl-
60p KOTOpOIi 06yCraB/IMBAETCA UMEILLUMUCA anpuopHbIMU CBeAEHUS-
MW 06 UCTOYHMKAX MOrpPeLLHOCTH, a Takke AaHHbIMU, MOoyYeHHbIMA B
X04e v3MepeHui. C MoMOLLbIO BbIOPaHHOW MOAEMN OMpeaenstoTes Xa-
paKTepUCTUKM 1 MapamMeTpbl MOrpeLLIHOCTH, UCTOMb3yeMble ANs Kou-
YECTBEHHOI0 BbIPa>KEHUS TEX WM MHBIX ee CBOMCTB.

XapaKTeprCTVIKM MOrPeLLHOCTY NPUHATO AENWTb Ha TOUeUHbIe Y UHTEP-
Ba/bHble. K T0o4euHbIM oTHOcATCA CKO criyyaliHor MorpeLLHocTy v npeaen
CBEPXY /151 MOZY/1S1 CUCTEMATUYECKOW MOTPELLHOCTY, K UHTEPBa/TbHbIM —
rpaHViLbl HEOMpPeE/IeHHOCTW pesynbTara M3MepeHus. Ecrm 3t rpaHvupl
OMNpefensAioTCA Kak OTBeYaloLLye HEKOTOPOI [I0BEPUTE/TbHOM BEPOSITHOCTU,
TO OHW Ha3bIBAKOTCA AOBEPU TE/TbHBIMN MHTEPBasTIaMM. EC/ v ke MUHUMaTTbHO
BO3MOXKHbIE B KOHKPETHOM C/TyHae rpaHuLibl MOMPELLHOCT OLEHMBAIOT TaK,
YTO MOrPELLHOCTb, BbIXOASALLYHO 38 HUX, BCTPETUTL HeMb3s, TO OHW HasbiBa-
HoTCA Npege/ibHbIMM (6e3yCIOBHBLIMI) MHTEPBa/IAMM.

B ocHOBY BbIGOpa OLIEHOK MOrpeLUHOCTel MOMoKeH P MPUHLMIMOB.
Bo-nepBbIX, OLIEHVBAKOTCA OTAESbHbIE XapaKTEPUCTUKU U NapaMeTpbl Bbl-
6paHHOM MoAEMM NOrPeLLIHOCTU. 3TO CBSI3aHO C TeM, YTO MOAE/M MOrpeLL-
HOCTelA, KaK MpaBwsio, C/I0XKHbI U OMUCHIBAKOTCA MHOTMMW NapamMeTpamMu.
OnpeneneHve UX BCEX BeCbMa 3aTpyAHWUTESBHO, @ UHOM4A U HEBO3MOXK-
Ho. Kpome 3Toro, B 60/bLLMHCTBE MPaKTUHECKUX CITy4aeB MosiHoe onvca-
HVE MOAENM MOrPeLUHOCTU COLEMKUT M30bITOUHYI0 MHGOpMaLMio, B TO
BPeEMSI KaK 3HaHWe OTAeSIbHbIX €€ XapaKTEPUCTUK BrOSHE A0CTATOYHO
NS JOCTVOKEHNA LENM M3MepeHus. Bo-BTOpbIX, OLIEHKW MOrpeLuHocTy
ONpPeaensoT NMPUG/IVIKEHHO, C TOYHOCTBIO, COr/TACOBAHHOWM C LIEMbI0 U3-
MepeHusl. 3T0 00YC/I0B/IEHO TEM, YTO MOFPELUHOCTM OMpeaesisitoT /ULb
30HY HeorpeaesieHHOCTU pesysibTara U3MEPEHMS U UX He TPebyeTcs 3HaTb
0YeHb TOYHO. B-TpeTbux, MOrpeLLlHOCTM OLIEHMBAKOTCA CBepXy, MO3TOMY
MOrPELLHOCTb JTyuLLe MPeyBeNUATL, HYeM NPeyMeHbLLNTL, TaK Kak B rnep-
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BOM C/Ty4ae CHVDKAEeTCs KayeCcTBO M3MEPEHUIA, & BO BTOPOM — BO3MOXXHO
nosiHoe obecLieHBaHWe pe3y/ibTaToB BCEro n3mMepeHus. B-ueTBepTbIX, Mo-
CKOJIbKY CTPEMATCA MOMYYNTb PEaVINCTUYECKME 3HAYEHUSA OLIEHKU MOo-
rPeLLIHOCT pe3ynbTara U3MepeHns:, T.e. He C/IULLKOM 3aBbilLeHHbIE N He
C/INLLKOM 3aHVDKEHHbIe, TOYHOCTb M3MEPEHWIA [0/MKHA COOTBETCTBOBAThL
Le/m nsmepeHns. N3amHaa ToOYHOCTb BeAET K HeonpasaaHHOMY pacxo-
[y CpeacTB 1 BpeMeHW. HepoctatouHasd TOUHOCTb B 3aBMCUMOCTU OT LIENN
N3MEPEHNS MOXKET MPUBECTU K MPU3HAHWUIO FOAHbIM B AeACTBUTE/IbHOCTU
HeroAHoro n3genns, K npUHATUIO OLLMGOYHOIO PeLLeHna 1 T. M.

OueHunBaHVe MOrpeLLUHOCTe MOXKET MPOBOAUTCA A0 (anpriopHoe) 1
rocse (anocTeprMopHOE) U3MepeHUs. AMPUOPHOE OLeHMBaHWE — 3TO MNPo-
Bepka BO3MOXXHOCTU 06ecrneunTb TpebyeMyto TOUHOCTb U3MEPEHWIA, Mpo-
BOAVMBIX B 3afaHHbIX YCMOBUSX BblIGpPaHHbIM METOA0M C MOMOLLbH KOH-
KpeTHbIX CW. OHO npoBoauTCA B Criyyasx:

* HOPMUPOBaHUA METPOSIONMYECKNX XapakTepuctuk CU;

* pa3paboTKN MeTOAMK BbIMOMHEHWS U3MEPEHWI;

« Bblbopa CpeacTB U3MEPEHUIA AN1A PeLLeHNS KOHKPETHOM u3mepu-
TeslbHOW 3apauu;

©M0Ar0TOBKM U3MEPEHNIA, MPOBOAMMbIX C MOMOLLbIO KOHKPeTHOro CI.

ANOCTEPMNOPHYIO OLEHKY MPOBOAAT B TEX Crlyyasx, Korga anpuop-
Has OLeHKa HeyaoBeTBOpUTESIbHA UM MoJTydeHa Ha OCHOBE TUMOBbIX
METPO/IOrMYECKUX XapaKTepuUCTUK, a TpebyeTcs yyecTb UHAMBUAYa b
Hble cBoicTBa ucrosibdyemoro CU. Takyro OLEHKy crieflyeT paccmaTpu-
BaTb KaK KOPPEKLUI0 anpuopHbIX OLEHOK.

4.3. MaTemMaTnyecKmne MOAENN U XapaKTePUCTUKN
NOrpeLUHocTEN

B 06Luem ciyyae pesynbTaTbl U3MEPEHUIA U UX MOFPELLHOCTU [OSK-
Hbl paccMaTpMBaTLCA Kak (PYHKUUW, M3MEHSIIOLIMECS BO BPEMEHWU Chy-
yaliHbIM 06pasom, T.e. CrlyyaiiHble YyHKUNUW, WK, KaK NPUHSTO roBO-
pUTb B MaTemaTuKe, ClydaiiHble npouecchbl. Mo3ToMy MaTtemaTuyeckoe
onuncaHWe pes3yfibTATOB W MOFPELLHOCTel M3MepeHWii (T.e. UX MaTema-
TUYECKME MOAENN) HO/HKHO CTPOMTLCS Ha OCHOBE TEOPUM ClydaiiHbIX
npoLieccoB [48, 49]. Be3 aTOro HeBO3MOXKHO peLLieHne 60/1bLLIOF0 Ymca
NPaKTUYECKNX METPOSIOrMUeckMxX 3adad. Mpexkae yeM MNepeiiTn K pac-
CMOTPEHMIO MaTeMAaTUYECKNX MOAESe NOrpeLlHOCTeR 3MepeHWiA, KpaT-
KO W3/I0KMM OCHOBHbIE MOMEHTbI TEOPUUN CyHalHbIX (DYHKLWIA.

115



Criy4aiiHbiv nipoueccom X(t) HasbiBaeTcst npoLiece (hyHKUuS), 3Ha-
YeHWe KOTOpOro npu i1060M IMKCUPOBaHHOM 3Ha4eHuU t < t0sBNseT-
cs cnydaiiHoii BenmumHoii X(t0). KoHKpeTHbI BUg npouecca (hyHK-
LK), NOAYYeHHbIN B pesynbTaTe OMbiTa, Ha3blBaeTCs peasin3aumen.
Mpy NpoBEAEHUN CEPUM OMbITOB MOXKHO MOAYUUTb FPYMNY Wi cemeii-
CTBO pea/msaumii criyyariHoi qyHKUmmM (puc. 4.5). CeMelicTBO peasinza-
LMIA cnyyariHOro npoecca sIBSIETCA OCHOBHbIM 3KCMEPUMEHTa/TbHbIM
MaTepuasioM, Ha OCHOBE KOTOPOI0 MOXHO MO/TyUMTb ero XapakTepucTu-
KV 1 MapameTpbl.

Pvc. 4.5. Bug, ciyHaiiHbX qyHKUM

Kaxkaas peanmzaumsa SIBMSIETCS HEC/TyYaHOW (OyHKUWME BPEMEHN.
CemelicTBO peasmzaumii MPU KakoM-/M60 (IMKCUPOBAHHOM 3HAYeHUM
BpemeHu tO (cMm. puc. 4.5) npencTaBiseT cobor cyyariHyo BeIMUMHY,
Ha3bIBaEMYIO CEYeHWEM C/TydaHOM ChyHKLMKW, COOTBETCTBYHOLLMM MO-
MeHTY BpeMeHn tQ CriefoBaresibHo, cryyvaliHast (lyHKLMS COBMELLIAET B
cebe xapaKTepHble MPU3HAKW Crly4YaiiHOM BENMUMHBLI U AETEPMUHMPO-
BaHHOM yHKLMN. [py (MKCUMPOBAHHOM 3HA4EHMN apryMeHTa oHa npe-
BpaLLGeTCs B Cly4valiHyto BEMIMUMHY, a B pesy/ibTare KabKaoro oTaesb-
HOr0 OMbITa CTAHOBUTCA AETEPMUHMPOBAHHON (hyHKUMENA.

Havbonee nosHo cyyaliHbie MPOLIECCh] OMMCHIBAIOTCS 3aKOHAMM pac-
npeaeneHns: ogHOMEPHbIM, ABYMEPHBLIM U T.4. OgHaKo onepypoBaTh C
Tak/MK, B OOLLIEM C/lyHae MHOMOMEPHbIMN (OYHKLIMSIMA O4HEHb C/I0XKHO,
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MosTOMYy B MHXXEHEPHbIX MPUMOXKEHNSIX, KaKOBbIM SIB/ISIETCS] METPOSIO-
rvs, cTapaloTcs 060MTUCL XapaKTepuUCcTUKaMM 1 NapaMeTpamn 3TUX 3a-
KOHOB, KOTOpble OMMCLIBAOT ClydyaliHble MPOLIECChl He MOSIHOCTBIO, a
YacTUYHO. XapaKTepUCTUKM crydaliHbIX MPOLECCOB, B OT/INUME OT Xa-
PaKTePUCTUK CrTyUaliHbIX BE/MUMH, KOTOPble MNOAPOGHO PpaccMOTPeHbI B
rn. 6, SIBASOTCA He uncriaMu, a QyHKUMAMA. K BaXKHeLUMM M3 HUKX

| oTHOCATCA MaTeMaTUYECKOE OXKMAAHME U AUCMEPCHSI.

MaTeMaTNUeCKUM 0>KUaaHVeM criydaliHoli doyHKumm X (t) Hasbl-
BaeTCcst HecnydaliHas yHKUUS

D
mx(t) - M[X(t)] = Ixp(x, t)dx,

-CD

KOoTopasi Mpy KaxkaoM 3Ha4YeHUN aprymeHTa t paBHa MateMaTUUeCKOMY
OXKMAAHMIO COOTBETCTBYHOLLENO ceveHus. 3gecb p(X,t) — ogHoMepHast
MA0THOCTb PacnpeiesieHnst criyqyaHoM BeSIMYMHbLI X B COOTBETCTBYHO-
LeM ceyeHUM cnydanHoro npouecca X(t). Takum obpasom, maremartu-
yecKoe OXXugaHue B JaHHOM crnydae SB/ISieTcs cpeaHein pyHKuUmen, Bo-
Kpyr KOTOpPOW rpynnupyrTCS KOHKPETHbIE peaninsaumi.
Jwvcnepcuein cnyydaiiHon yHKumm X (t) HasblBaeTcsl Hec/yyaiiHas
pyHKUMA
4
Dx(t) - D[X(®)]- J[x - t)dx,

—0

3HayeHVie KOTOPOI AN1A KadKaoro MoMeHTa BpeMeHW paBHO AMcrepcun
COOTBETCTBYIOLLEIN0 CeYeHUd, T.e. OMCMNEPCUS XapakTepusyeT pasbpoc
I peanmsaumini 0THOCUTENBbHO M (t).

MaTemaTnyeckoe oXkugaHvie CnydaiHoOro npouecca 1 ero aucrepens
ABNAIOTCA BeCbMa BaXKHbIMW, HO HE MCYHeprbIBaOLWLMMN XapaKTepUcTu-
KaMy, TakK Kak ornpefenstoTcs ToNIbKO 04HOMEPHbLIM 3aKOHOM pacrpeje-
NeHnA. OHY He MOTyT XapaKTepr30BaTh B3aMMOCBA3b MEXY pas/INyHbI-

I MU ceyeHMAIMU CNyYarHOro npolecca Npu pasnUyYHbIX 3HAYEHUSX Bpe-
MeHW t 1 t'. [1ns 3TOro MCrosib3yeTcs KOppensaumoHHan yHKUNS — He-
cnyyaiiHaa dyHKkuma R(t, t') aByx aprymeHToB t 1 t, KoTopas npu
KavK[ol nape 3HayeHuii apryMeHTOB paBHa KoBapuaumy COOTBETCTBYHO-

J LLMX CEYEHWUIA CyvaliHOro npouecca:
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R(t, t') = M{[X(t) - mx(t)][X(t") - mx(t)]} = MX(E)X(t)] - mx(t)mx(t").

KoppensiumMoHHasa tyHKUMS, HasbliBaeMast MHOrga aBTOoKoppens-
LIVIOHHOM, OMUCBIBAET CTATUCTUYECKYIO CBA3b MEXAY MrHOBEHHbLIMU
3HaYeHVAMU CyYaiiHol YHKUMW, pa3fenieHHbIMU 3aaHHbIM 3Ha-
YeHVeM BpeMeHU T = t'-t. [pu pasBeHCTBE apryMeHTOB KOPPensiLyoH-
Has (byHKUMS paBHa Avcrnepcun cnydariHoro npouecca. OHa Bcerga
HeoTpuLATe bHA.

Ha npakTnke 4acTo MCMosb3yeTcss HOPMUPOBaHHAA KOPPENALMOH-
Has (PyHKLMA

r(t,t) =R (t,t')/¥Dxt)DX(t’).

OHa 006/1a4a€eT crieayoLyIMI CBOCTBaMA: 1) MpY paBeHCTBE apryMeHTOB
tnt rtt) = 1, 2) cMveTpUYHA OTHOCUTESIBHO CBOMX apryMeHTOB:
r(t,t') = r(t,t); 3) ee BO3MOXKHblE 3HAYEHMA NieXKaT B AvianasoHe [-1; 1],
T.e. Intt)] <1 HopmupoBaHHasi KoppersiumyoHHas dhyHKLWS Mo CMbliC-
Ny aHasnornyHa KoatULIMEHTY KOoppensuvm Mexay CnyyaiHbIML Be-
JIMYMHaMK, HO 3aBWCUT OT ABYX apryMEHTOB W He SIBNSETCH MOCTOsIH-
HOIA BEMIMHMHOMA.

Cny4aiiHble npoLecchl, NpoTeKaroLLme BO BpeMeHU 04HOPOAHO, Ya-
CTHble pea/n3aL KOTOPbIX C MOCTOSIHHOM aMnanTyaor Konebnotes
BOKPYI CpeaHei hyHKUMM, HasbIBaOTCA CTaumoHapHbIMU. KonndecT-
BEHHO CBOWCTBA CTaLMOHaPHbIX MPOLIECCOB XapaKTepusyoTesl CriefyHo-
LMW YCTIOBUSIMU.

= MaTtemMaTnyeckoe OXXMAaHWe CTalMOHapHOro MmpoLiecca MocTosiH-
HO, T.e. m (t) = mx= const. OgHaKo 3To TpeboBaHKE He ABMSETCA CyLLe-
CTBEHHbIM, MOCKOJIbKY OT C/lydaliHow thyHKUMKM X(t) Bceraa MoXXHO re-
peiiT K LIEHTPMPOBaHHOM (hyHKLUMW, /151 KOTOPOW MaTemMaTUyecKoe 0XKu-
[JaHve paBHo Hyso. OTClofa BbITEKAET, UTO EC/IN C/TyYaliHbIA MpoLEecc
HecTaLoHapeH TO/bKO 3a CUET MepeMeHHOro Bo BpeMeH (Mo CeveHw-
SIM) MaTeMaTU4eCKOro OXMAAHWS, TO orepauyeil LeHTPUPOBaHUSE ero
BCErJa MOXKHO CBECTU K CTaLMOHapHOMY.

« 119 cTauUMoHaPHOMo Cy4YaliHOro npoLiecca Ancnepcrst Nno ceveHu-
SIM SIBNSIETCA MOCTOSIHHOM Be/IMYMHOM, T.e. DX(t) =mDx= const.

= KoppensiumoHHas thyHKLMS CTaLMOHapHOMo NpoLiecca 3aBUCUT He
OT 3Ha4eHNs1 aprymeHToB t 1 t\ a TO/IbKO OT NPOMeXXyTKa T = t'—t, T.e.
R(t,t") = R(X). MpeablayLiee yc/ioBYe SBISETCA YaCTHbIM C/TydaeM JaH-
Horo ycrosus, T.e. DXt) = R(t,t) = R(t= O) = const.
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TaknmM 06pa3om, 3aBUCUMOCTb aBTOKOPPENSALMOHHON (IYHKLIMWN TOSb-
KO OT MHTEPBa/A T SAB/IAETCS €AUHCTBEHHBIM CYLLEECTBEHHLIM YCMOBUEM
CTaLMOHaPHOCTM C/ly4aiiHoro npotecca.

BavKHO XapaKTepUCTUKOW CTaLMOHAPHOIO C/lyYaiiHoro npowecca sie-
NSieTcA ero cnekTpasibHas MA0THOCTb S(a), KoTopas OMMcbIBaET YacToT-
HbllA cocTaB crlyyaiiHoro npouecca npy © £ O BblpadKaeT CPEAHION MOLLL-
HOCTb C/lyYaliHOro npouecca, NPUXOASILLYIOCS Ha equHMLY Mosockl Yac-
TOT:

S(@>) = —f R(t) cos(<er)<It = n—+f R(x)e"~dt.
1y I'I;p

CneKTpasibHasi MI0THOCTL CTaLMOHAPHOr0 C/lyYaiiHOro npotecca sis-
NsieTcs HeoTpuuaTesibHoOl diyHKLMe YacToTbl S(00) > O. Mnowagb, 3a-
K/oYeHHas nog, Kpueoli S(co), MporopLpoHasibHa Avcnepcun npoLiecca.

KoppensiumoHHas yHKUNUS MOXeT 6biTb BblpadKeHa uepe3 Crek-
TpasibHYI0 MJI0THOCTb

©
LLLT) = 'S(6>)coscat o .
0

CraumoHapHble criyyaiiHble MpoLeccbl MOryT 06/1afjarb Win He 06-
Najatb CBOMCTBOM 3prognyHocTu. CtaunoHapHbIA cyYvaiHbIi npolecc
Ha3bIBAeTCA 3ProfMyecKmMM, ecnm niobasi ero peanmsaumst foCTaTOHHOM
NPOAO/HKUTESTbHOCTU SBNSETCA Kak Obl “MOMHOMOYHLIM MpeacTaBuTe-
NleM” Bceli COBOKYMHOCTM peasiM3aumini npouecca. B Takux npoueccax
nobas peanmnsaums paHo MM NO34HO NPOMAET Yepes /1i06oe COCTOsAHME
He3aBMCMMO OT TOro, B KAKOM COCTOSIHWUM Haxo4wsicsa 3TOT MpoLecc B
Ha4Ya/IbHbIA MOMEHT BPEMEHN.

[ns aprogmyeckoro crauMoHapHoOro cayyaiHoro npolecca ero Ma-
TeEMaTMUecKoe OXKugaHue MOXKeT ObITb ONpeaeneHo 13 BbIpadKeHUS

JoCTaTouHbIM YCI0BUEM BbIMOSIHEHUSI 3TOFO PaBEHCTBA — 3Progny-
HOCTW CTaUMOHAPHOro cyvaiHoro npouecca X(t) no mateMaTMuecko-

MYy OXXMOAHUI0 — SBMISIETCA BbINO/IHEHWe ycnosmsa lim R(x) = Om
T->«~
Jvicriepcnsi 3proamMyeckoro NpoLecca MOXKET ObITb HaliagHa Mo chopmysie
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JloCcTaTouHbIM YCN0BMEM BbIMO/IHEHUS 3TOr0 paBeHCTBa — 3ProAnYdHO-
CTU cTauuoHapHoro npouecca X(t) no gucnepcmnm — sBNsSeTCA

Jlj_)rg)RY(x) =0, rge RY(X) — KOppEJ‘IHLI,]I/_IIOHHaFI yHKUNA cTaumoHap-
HOro ciy4vanHoro npouecca Y(t) = [X(t)j .

KoppensumoHHast (yHKUUSA CTaLMoHapHOro 3profmMyeckoro cyyvamn-
HOro npoLecca MOXKET BbITb onpegesieHa no opmyse

1T
—livs - m,][X(t- 7)- mx]dt.
R =lini 97 _;tX(t)

JlocTaTouHbIM YCNOBMEM BbINOSTHEHWS MOC/EAHEr0 PaBeHCTBa — 3p-
roAM4YHOCTM cTaunoHapHoro npouecca X(t) no KoppensuyoHHON (yHK-

umn — aBnsietea lim Rz(t) =0, rge R™MX) — koppensiumoHHasa yHKUms

T—»cO
cTaumMoHapHoOro ciyvanmHoro npouecca Z (t, 0) = X(t) X(t+0).

Mpy NOCTPOEHMM MaTeMaTUYECKOW MOAENN MOrpeLuHOCcT n3Mepe-
HWIA cnefyeT yunTbiBaTb BCHO MHGOpPMALMIO 0 MPOBOAMMOM M3MEpPeHNN
M ero anemeHTax. Mogenun Ans U3mMepeHuii, NMPOBOAMMbIX Pa3/IMHYHbIMU
MeTo4aMn U cpeacTBamMu, MOTYT CYLLECTBEHHO pas/iMyaTtbCs.

B o06LLem criydae abCcoNtOTHYHO MOrpeLlHoCcTb n3MepeHns A(t) cnegy-
€T npeacTaBnsTh [7, 58] B BUAE CyMMbl HECKO/IbKUX COCTaB/ISOLLUX:

A = As(t) + AQ(t) +80= As(t) + Al(t) +Aa(t)

Kaxkgas 13 HUX MOXKeT ObITb 00yC/I0B/IEHa [EMNCTBMEM HECKO/IbKUX pas-
JNINYHBIX NCTOYHNKOB MOrPeLUHOCTE 1 B CBOK 0Yepefb COCTOATb Takke
N3 HEKOTOPOro Yymcna CoCTaBASOLLMX.

CuctemaTtmyeckas cocTasnsiiowlas Aq(t) npeacTaBnsieT coboi HecTaumo-
HapHY0 C/TyYalHy0 (PYHKLMIO, OMMUCHIBAOLLLYH MOCTOSIHHYIO WM MHpa-
HW3KOYaCTOTHYH0 MOrpPeLLIHOCTb, MPUYMHBLI BO3HUKHOBEHUS KOTOPOIA MO-

ryT 6biTb Pa3MUHbIMK. Meproabl U3MEHEHVISI COCTABSIIOLLIMX CUCTEMATU-
YECKOW MOrPeLUHOCTN 3HAYUTE/bHO 60/TbLLe BPeMEHM, HEOGX0aMMOro 415t



NpoBeeHU M3MepeHUst. MoaToMy norpeluHocTb A, (t) YCI0BHO NMpUHMMa-
€TCSA 32 MOCTOSIHHYIO U [15 €e yueTa NMPUMEHSIFOTCA MaTeMaTuyeckue Me-
ToAbl, paspaboTaHHble /19 HEM3MEHHbLIX BO BPEMEHM U OT M3MEPEHMST K
N3MEPEHMIO MOMPELLIHOCTEN, 3HAUEHNS1 KOTOPbIX HEM3BECTHbI.

o
Coctasristoliga A(t) sSBNSIeTCS CriyqaliHo U UMEET LLIMPOKUIA YacToT-

HbIiA CNeKTp. nepVIo,ﬂ.bI M3MEHEHWA COCTaB/IAIOLLINX aToM MNorpeLHoOCTN MeHb-
e Win cpaBHMMbI CO BBQIVIEHGMOI/I?.»MGDEHMFI. OHa MOXKeT ObITb pasaerieHa

Ha Ape coctaensiolye;: Aoe(t) 1 Aoii(t), KoTopble ABNSKOTCA CTaUVIOHaPHbH
MM C/TyYaliHbIMA YHKLMSIMA BPEMEHW C Pa3/IMYHbIMMA YaCTOTHLIMA CrEK-
TpaM — BbICOKOYaCTOTHLIM M H/3KOUACTOTHBIM COOTBETCTBEHHO. ABTOKOp-
PenALUMOHHaSA OyHKLS BbICOKOHACTOTHOW COCTaB/ISOLLEN MOrPeLLHOCTU 3a-
TYXa€eT B TEUEHVE BPEMEHV, 3HAUMTESTbHO MEHBLLIETO BPEMEHN MBMEPEHVISI.
JNs HA3KOUACTOTHOWM COCTaBSOLLEN aBTOKOPPE/IALMOHHAS yHKLNS 3a-
TyXaeT [0 Hy/is B TeHeHVe BpeMeHW, 60/bLLIEro BpeMeHM OTAE/bHOMO M3Me-
peHusi. Takoe paz/indve B MOBEAEHNN 3TUX COCTaB/ISHOLLMX 00YC/IaB/IVIBAET
MX BblAEsIeH e 11 MPpYMEHEHME K HIM PAs/IMiHBIX METOAMK 06paboTKM.

CoctaBnstowps [ ABMSETCA LEHTPUPOBaHHOM Crly4aliHon Be/num-
HOM, He 3aBUCSLLIEI OT BPEMEHW, HO M3MEHSIIOLLIEVCS OT M3MePEeHUS K U3-

o o
MepeHnto. BeninunHbl Ao>(t) v [JpMoryT 6bITb 06beaVHEHbI B OfHY CTa-

LIMOHApHYI0 LIEHTpMpoBaHHY0 oyHKUMio A(t). Ee aBTOKoppersumoHHas

OyHKLMA 3aTyXaeT Ha VHTEpBa/ie BPEMEHW, KOTOPbIA MeHbLLE BpeMEHN
MPOBEAEHNS BCEr0 U3MEPEHMST, HO CYLLIECTBEHHO GO/ibLUe MHTEpBa/ia Bpe-
MeHW, HeoBX0ANMOrO /151 OAHOTO U3MEPEHMsT. B cBS3M ¢ 3TMM MaTeMaTu-
yeckasi Moe/b MOrpeLlHOCTM M3MEPEHNST MOXKET ObITb 3aricaHa B BALE

A(t) = Ag(t) + Aoa(t) + Ao(t).

OtfenbHble COCTaBNSIOLLME 3TOr0 YpaBHEHWSI MOMyT OTCYTCTBOBATb
npyY MOAE/TMPOBAHU MOTPELLHOCTY KOHKPETHOMO M3MepeHusi. Tak, 3a-
YacTyl0 HeT HeobXOAVMOCTU YUYUTbIBATb BbICOKOUACTOTHYHO COCTaB/IsIHO-
L0 MOTPELUHOCTU V3MEPEHVS.

SheKTMBHOE M1CMO/b30BaHME PACCMOTPEHHOM MOZENM MOrpeLLIHo-
CTU VU3MePEHNsT BO3MOXKHO TOSTbKO MPU M3BECTHOM YacTOTHOM CMEKTPE
ee cocTaBnaowmMx. OfgHaKo JaHHOe YC/0BUe BecbMa TPYAHO BbIMos-
HUTb Ha NPaKTWKe, W MO3TOMY 4YacTo C/lyyariHas MorpeLuHocTb U3Me-
PEHMS OMNMCLIBAETCA He ClyvaiiHO (YHKLUMEN, a NPeacTaBAsieTcs] el



B 60s1ee yNpoLLEHHOM Buae, a UMEHHO B BUAE ClyHaiiHOM BeINYUHBI.
Mpn 3TOM A8 onNmMcaHMs NOrPeLUHOCTeR UCMOb3YTCA Teopust BEpPO-
ATHOCTEA 1 MaTemMaTuyeckasi cTatuctmka. OfHako npexxae Heobxoau-
MO cfenaTtb psf, CYLLEeCTBEHHbIX OrOBOPOK:

* MpYMEHEHVIE METOAOB MaTeMaTUYeCKOM CTaTUCTUKN K 06paboTke
pe3ynbTaToB M3MEPEHW MPaBOMOYHO JIMLLb B MPEAMOI0KEHNN O He3a-
BMCUMOCTU MeXKay co60i 0TAeNbHbIX MoslyYaeMbIX 0TCUETOB;

*60/IbLUNMHCTBO UCMO0/1b3YeMbIX B METPOSION MK (hopMy/1 TEOPUM BEPO-
ATHOCTEN NpaBOMEPHbI TO/TbKO /181 HENPePbIBHbIX pacnpeiesnieHui, B To
BpeMsi Kak pacripefesieHnst MOrpeLlHoCcTell BCIeACTBUE HEM3OEXHOro
KBaHTOBaHWSA OTCYETOB, CTPOro roBOPS, BCErAa AVCKPETHbI, T.e. MorpeLu-
HOCTb MOXET NPUHUMATb SINLLb CHETHOE MHOXKECTBO 3HAYEHWIA.

Taknm 06pa3oM, YC/0BUA HEMPepbIBHOCTU M HE3aBUCMMOCTU /1A
pe3ynbTaToB M3MEPeHW 1 MX MOrpeLUHocTer cobnojatotes npubnu-
>KeHHO, a nHorga v He cobsrojatoTcda. B maremartvke rnog TepMUHOM
“HemnpepbIBHast C/lyyariHas BEMUMHA” NMOHMMAETCA CYLLIECTBEHHO 6osiee
Y3KO0e, OrpaHMyeHHoe psioM YC/I0BUIA MOHATWE, Yem “CriydaiiHas mo-
rPeLUHoCTL” B METPO/IOMUN.

C y4yeTom 3TUX OrpaHUyeHui i npoLecc MOsSIBEHWS CriydaiHbIX Mo-
rPeLUHOCTel pe3ynbTaToB U3MepeHWli 3a BbIYETOM CUCTEMATUYECKNX U
MPOrpeccUpyHOLLMX MOrPeLLIHOCTER 06bIYHO MOXET paccMaTpUBaTLCA Kak
LIEeHTPUPOBaHHbIM CTalMOHapHbIA cyYaiHbii npouecc. Ero onucaHve
BO3MOXHO Ha OCHOBE TEOPUW CTATUCTMHECKM HE3ABUCUMbIX CITyHaHbIX
BE/IMUYNH U CTALMOHAPHbBIX CyYaiHbIX NPOLLECCOB.

Mpy BbINO/THEHUN U3MEPEHNIA TpebyeTcs KOMMYECTBEHHO OLIEHUTb
MorpeLuHocTb. [ Takol OLEHKM HeobXoAMMO 3HaTb OrpenesieHHble
XapaKTepUCTUKX N NapaMeTpbl MOZeNM MorpeLlHocTU. VIX HoMeHKa-
Typa 3aBuCUT OT BUAA MOAEN 1 TpeboBaHUA K OLIeHMBaeMOl norpeLw-
HOCTW. B MeTpo/IorMv NpUHATO pas/inyarb TPU rPynbl XapakTepucTuK
M napamveTpoB MorpeLuHocTeii. MepBas rpynna — 3afaBaeMble B Kaue-
CTBe TPebyeMbIX W J0MYCKaeMbIX HOPMbI XapaKTepUCTUK MOrpeLLHo-
CTU W3MepeHWi (HOpMbI MorpeLuHocTeld). BTopas rpynna xapakTtepu-
CTUK — MOrpeLUHoCTH, NPUMNUCLIBAEMbIE COBOKYMHOCTU BbINOSTHAEMbIX
Nno onpeaeneHHol MeToAuKe U3MEPEHW. XapaKTepuCTUKN 3TUX ABYX
rpynn NPUMEHSIIOTCA B OCHOBHOM MPY MacCoBbIX TEXHUYECKNX M3Mepe-
HUSX U NPEACTaB/AOT COB0M BEPOATHOCTHBIE XapaKTepUCTUKIM MorpeLL-
HOCTN M3MepeHuiA. TpeTbs rpynna XapakTepUCTUK — CTaTUCTUYECKUE
OLEHKM MOorpeLLHocTel n3MepeHnii oTpadkatoT 6/1M30CTb OTAE/bHOr0, 3KC-
NepyMeHTasIbHO MOJTYYEHHOT0 pe3y ibTara U3MePeHUs K UICTUHHOMY 3Ha-
YEHWIO VI3MePSIEMO BeNMUMHbBI. OHU UCMOSL3YIOTCA B Crlyyae m3mepe-

122



HWIA, NPOBOAMMbBIX MPU HAY4YHbIX UCCNEA0BAHUAX N METPOIOrNYECKMX
paboTax.

B KauecTBe XapaKTepUCTUK CyYalriHOM MOrpeLluHOCT UCMO/b3YHT
CKO cny4aiiHoln cocTaBNAOLLEN MOrPeLHOCTU N3MEPEHWIA N, eCN He-
06X0ANMO, ee HOPMasIM30BaHHYI0 aBTOKOPPENALMOHHYIO (YHKUMIO.

CucTemaTnyeckasi CoCTaBMNSALLLAA MOMPELLIHOCTY N3MEPEHWIA XapaK-
TepusyeTcs:

«CKO HEeUCK/IUEHHOM CUCTEMaTUYECKO COCTaBNSAOLLE NorpeLL-
HOCTU U3MEPEHWIA;

= rpaHnuammn, B KOTOPbIX HEUCK/IIOYEHHAs CUCTeMaTUYecKas cocTaB-
NAWas NorpeLHocT! U3MepPeHUi i HaxoguTCs ¢ 3a4aHHO BepOSiTHO-
CTblO (B YACTHOCTU, U C BEPOATHOCTbIO, PaBHOW eANHULIE).

TpeboBaHUA K XapakTepucTMKam MOrpeLLHoCT U PeKoMeHZaumm
Mo ux BbIGOPY MpVBEAEHblI B HOPMATUBHOM A0KyMeHTe MW 1317-86
“I'CW. Pe3ynbTaTbl 1 XapaKTEPUCTUKM MOrPELLHOCTU U3MepeHWiA. dop-
Mbl nNpeacTasneHns. Crocobbl UCMob30BaHUA NPU UCTIbITAHUAX 0bpas-
L0B MPOAYKLIMN N KOHTPOJIE NX MapameTpos”.

4.4. TlorpeLwuHocTb N HeonpeaeeHHOCTb

Pa3aeneHvie NorpewwHoOCTN U3MEPEHUST Ha C/lyYaliHyo 1 cucTemMa-
TUYECKYH U MOCTPOEHHbIE HA TaKoM pa3desieHUM MeTofpl ee onuca-
HUS K Hadasly 80-X rofoB CTasiM MOABEPraTbcsa OnpeaesieHHoN Kpu-
TUKe: 3TN NPeACTaBMeHUs MepecTann yaoBETBOPSATbL TPEGOBAHUAM,
npeabsBAseMbIM peLlaeMbiMy B MeTponornmn 3agadamm. CnoxxmsLuas-
€A cMTyaums 3aTpygHsana passuTue OTAeNbHbIX TEOPETUYECKMX U NpU-
KNafHbIX BOMPOCOB METPOSIOrUU, YTO U MPUBE/I0 K BO3HUKHOBEHWIO
pasfINyHbIX UHULMATUB, Hanpas/eHHbIX Ha paspeLleHve BO3HUKLLEN
npo6sembl.

OpHoli 3 HUX Bblna HoBasi KOHLEMUMS NPeACTaBieHus pesysbTa-
TOB M3MEPEHUI, pa3BuBaemMasl Mo MHNLUMATMBE MEXAYHapoAHbIX METPO-
NOrnyecKknx opraHmsaumii. Ee cyTb cocToUT B crieayroem. ObpaboTka
pe3ynbTaToB M3MepPEeHUIA BO BCEX CTPaHax MPOBOAUTCH C MCMO/Ib30BaHM-
eM annapata Teopuu BEepOSATHOCTEN WU MaTeMaTUYeCKOW CTaTUCTUKW.
MpakTnyeckn Besfe NOrpeLlHOCTN pasfensaTes Ha ciy4vanHble 1 cuc-
TemaTnyeckme. OfHaK0 MOAEM MOrpeLLIHOCTEeN, 3Ha4YeHUS! fOBepUTeSIb-
HbIX BEPOATHOCTEl U (hopMMpoBaHME [OBEPUTESIbHbLIX WHTEPBA/IOB B
pa3HbIX CTpaHax MVpa OT/IMYalTcsa ApPYyr OT Apyra. 310 NpUBOAUT K
onpeAenieHHbIM TPYAHOCTAM MPU CAMYEHUN Pe3y/bTaToB U3MEPEHUA,
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MoJTyYeHHbIX B/1abopaTopusix pasHbIX CTpaH. [/19 yeTpaHeHWst STUX CIoXkK-
HocTel K Havasrty 90-X rogpB € ydacTvem psia MeXXayHapoaHbIX OpraHmza-
Ui — MexxayHapoaHOM opraHv3aLnn 3aKOHOAATEbHOA METPROSIOM N
(MO3M), MexxayHapogHoro kommteta Mep 1 Becos (MKMB), MexkayHa-
poaHoro 6iopo Mep 1 BecoB (MBMB), MexkayHapoaHo opraHu3aLym no
craHgapTvEauyn (V1CO) n MexkayHapoaHOM a/leKTPOTEXHUYECKO KOMMC-
cm (MOK) — 6bln pas3paboTtaH AOKYMEHT, COAEPYKALLMIA HOBYHO KOHLIEM-
LVIH0 OM1CaHMA Pe3yrbTaToB V3MepeHWi. JI0KyMeHT, HasBaHHbI “PyKoBo-
[CTBOM /19 BbIPa>KEHUA HEOMNpeaesieHHoCT B v3vepeHun™ (Guide to the
expression of uncertainty in measurement, 1ISO/'TAG —/WG3, Geneva,
June 1992), cogep>kAT NpaBwia 4151 CTaHOAPTVZALM, KarTMOPOBKM, aKKpe-
OyTaLyn NiabopaTopuii METPOSOMMYECKMX CTy>KO. OCHOBHBIMIM MOSIOXEHIS-
MM [IOKyMeHTa siBnsitotea [7, 50]:

*0TKa3 0T UCMo/Ib30BaHNA TaKUX MOHATUIA, KaK UCTUHHOE W JeCT-
BUTE/bHOE 3HAYEHNST M3MEPSIEMOl BE/TMUMHBI, MOMPELLHOCTb, OTHOCU-
TeslbHas MOrPeLLHOCTb, TOUHOCTb U3MEPEHWS, CrydaliHas 1 cucTemMaTu-
YecKas NorpeLLHoCTY;

*BBe/ieHVie HOBOIO TepMUHa. “HeonpeaesieHHOCTL” — MapaMeTpa, CBS-
3aHHOIO C Pe3y/ibTatoM M3MEPEHNS N XapaKTepu3yHOLLIEro AMUCMEPCUO
3HauYeHWIM, KOTOpble MOMYT BbITb 060CHOBAHHO MPUMMCaHbI M3MePSIEMOA
BE/INYNHE;

*pasaesieHvie COCTaB/IALLIMX HeOMpeaeieHHOCTU Ha Aga Tuna: A u
B. BHOBb BBOAVIMbIE rPyMIbl HEa[EKBaTHbI CTyHaliHbIM U cUCTEMATUYe-
CKWM MOrpeLuHoCTAM. Pa3aerneHne 0CHOBaHO He Ha TEOPETUHECKUX Mpes;-
MocbUIKax, a Ha NPaKTUYECKUX COOBPaDKEHNSIX.

HeonpegeneHHocTV TMNa A MOTyT 6bITb OLIEHEHbI CTATUCTUYECKN-
MM METOJaMM Ha OCHOBE MHOIOKPaTHbIX M3MEepPeHN 1N ONMChIBAKOTCA
TPaAVILVIOHHBIMM XapaKTEPUCTMKaMU LIEHTPUPOBaHHBIX C/TyHaliHbIX Be-
JwmunH — aucniepeven win CKO. B3anmogeicTere HeonpeaesieHHo-
cTeld TMNa A OMNMCbIBAETCA B3aUMHbLIM KOPPENSALUMOHHLIM MOMEHTOM

Wi Ko3(UQULIMEHTOM B3aVMHO KOPPE/TALMN.

HeonpeaeneHHoCTV TMNa B MoryT 6bITb OLEHEHbI 1H00bIMM APYTAMA
MeTodamMu, KpoMe CTaTUCTUYECKMX. OHU J0/MKHbI ONCLIBATLCA BEINUM-
Hamn, aHasoruHbIMM gycnepck Wi CKO, Tak Kak MMEHHO 3TU Xa-
PaKTEPUCTUKLA MOXKHO MCIO/1b30BaTb /19 00beAVHEHVST Heorpee ieHHO-
cTell Tvina B kak Mexkay co60ii, Tak 1 ¢ HeornpeagieHHOCTAMM Tuna A.

3T HOBOBBEAEHWS AO/MKHbI ObITh, Mo MHeHU0 MBMB, pacnipocTpa-
HeHbl Ha MPaKTUYECKYIO OEATE/IbHOCTL METPO/IoroB. EanHoe MHeHve
METPO/10roB Poccnn Ha  3TOT JOKYMEHT K HacTOALLEMY BPEMEHW eLLie He
cchopmmpoBaHo. PaccMOTPeHHbIE PEKOMEHAALIA He BOLLYIA HX B OOyH
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HOPMATUBHbIM JOKYMEHT MeTPOSIornyeckux opraHos Poccmn. Tem He
MeHee MHOrve 13 MeTposioroB [7, 50] CK/IOHAIOTCA K MHEHWIO, YTO MO-
HATWe “HeonpeaeneHHOCTb N3MepPeHNs” Hano BBOAUTL B MPaKTUKY, HO
He BMECTO MOHATUA “MOrpeLUHocTb”, a Hapsaay C HAM.

4.5. MNpaBwnna oKpyrfeHNsa pesybTaToB U3MepeHunii

MocKoNbKY MOrpeLHoOCTY U3MEPEHWUI onpeaenstoT AL 30HY He-
onpefeneHHOCTU pe3ynbTaToB, MX He TpebyeTcst 3HaTb O4eHb TOYHO. B
OKOHYaTe IbHOM 3anmcu MorpeLlHoCTb U3MEPEHNS NPUHATO BblpadKaTb
UYMC/IOM C OAHUM WM ABYMS 3HaYaLMMKU updpamn. SMNUPUYECKn bbl-
JI1 YCTaHOB/IEHbI CIeAYyOLLVE MpaBU/a OKPYT/IEHUS PacCHUTaHHOrO 3Ha-
YeHWs1 NOrpeLLHOCTN N MOYYEHHOro pesybTara U3MepeHus.

1. MorpelHoCcTb pe3ynbTaTa N3MepeHUs YKasbiBaeTcs ABYMS 3Ha-
YyalwmMn Umpamm, ecnin nepeBasi U3 HMX paBHa 1 wnm 2, N ogHoNM —
ecnv nepsas umdgpa pasHa 3 unim Gonee.

2. Pe3ynbTaT M3MepeHnsi OKPYT/ISIETCA [0 TOr0 XXe AeCATUYHOIO 3Ha-
Ka, KOTOPbIM OKaHUYMBaeTC OKPYr/IeHHOe 3HaueHne abcosItoTHOM NorpeLL-
HocTu. Ecnun fecatuyHas Apobb B YMCMOBOM 3HAYeHUW pesyribTara n3me-
PEHNIA OKaHUYNBAETCA HYMIAMMW, TO HYM 0TOPAcbIBAKOTCA A0 TOro paspsaaa,
KOTOPbI COOTBETCTBYET paspsidy YMC/I0BOr0 3HAYEHVS MOrpeLLHOCTU.

3. Ecnu undppa cTapluero n3 otépacbiBaemMbIx paspsigoB MeHbLLe 5,
TO OCTa/IbHble UMdPbl YMCNa He U3MEHSIOTCS. JTwwHWe Lndpbl B LeMbIX
yuncnax 3aMeHSITCA HYMSMKU, a B AECATUYHbIX AP06SX 0TOpackIBatoTCS.

4. Ecnv yndbpa cTapLlero U3 otépacbiBaeMbIX paspsagos 60nbLue v
paBHa 5, HO 3a Hell criefytoT OTINYHBIE OT HyNS LMdpPbl, TO NOCMEAHIO0
0CTaBNSAEMYIO LMpPY YBETMUNBAIOT Ha eANHULY.

5. Ecnn otbpackiBaemasi updipa paBHa 5, a criefytolume 3a Heid umd-
pbl HEN3BECTHbLI WW HY/I, TO NOC/IEAHION COXpaHAeMyo Lndpy yncia
He N3MEHSIIOT, eC/IN OHA YETHas!, 1 YBE/IMUUBAKOT Ha EAUHULLY, EC/IN OHA
HeyeTHas.

6. OKpyrfieHMe Mpou3BOAUTCA NNLLIL B OKOH4YaTe/lbHOM OTBeTe, a
BCe MpedBapuTesfibHble BbIYUCIEHUS MPOBOAAT C OAHUM-ABYMS JNLL-
HVUMW 3HaKaMMu.

Ecnn pyKoBOACTBOBATLCS 3TUMM MPaBUIaMU OKPYT/IEHNS, TO KOSW-
YeCcTBO 3HAYALLMX UMKP B YMC/IOBOM 3HAYEHUM pe3yribTata U3MepeHuii
[AeT BO3MOXKHOCTb OPVEHTUPOBOYHO CYAUTb O TOUHOCTU W3MEPEHVS.
3T0 CBA3aHO C TeM, YTO MpeaesibHasi MorpeLlHoCTb, 06YC/I0BNEHHAs OK-
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pyr/fieHVeM, paBHa MOSIOBUHE eAVHLIbI MOC/eAHEro paspsiaa YncioBoro
3HaYeHVs1 pesy/ibTata U3MepeHus.

[ONA OLEHKM BNVSIHWS OKPYT/IeHUs pe3ysibTaTta u3MepeHust Y npes-
CTaBUM €ro B BUE

Y =A, 10* +A2 10** + A3 10R2+...+Ae 10p, (4.4)

roe A., A — pecAaTuudHble upmdpbl 1 cTapwas umdgpa A, *0; R, P, S —
Luesnble ynicna, npuyem R- P =S-1.

ABCONOTHAsA NOrPeLLUHOCTb, 06YC/I0B/IEHHaA OKpyr/eHem, 4=05 <10
B KauecTBe OLEHKM OTHOCUTESIbHOW MpeaesibHOM MOrpeLLuHocT OKpYT/ie-
HUA pekomMeHayeTcs [4] NpUHATL

6 = - =0,5—"— = 101S,
Ax 10R A, 2A]

MOCKO/IbKY [efieHVe abCoItOTHOM MOrpeLLHOCTU ML Ha MEePBbIA YieH
CYMMbI (4.4) BefeT K YBE/IMHYEHWUIO YNC/I0BOr0 3HAYEHWA OLEHKW MorpeLu-
HOCTU. MOCKO/bKY 3Ha4YeHUs1 A 1 MOryT HaxoanTbCA B npedesiax oT 110 9,
TO Mpw ogHoM 3HavaLlein updipe (S = 1) npeaesibHas NOrpeLlHoCTb OKPYyr-
JIleHns MOXKeT HaxoauTea B npenenax ot 6 o 50%. Mpu AByx 3HavalLmx
udp>ax oHa coctasuT oT 0,6 go 5%, npu Tpex — ot 0,06 go 0,5%.

OueHeHHble rpaHuLpbl MOrpeLUuHOCTN OKPYr/IeHNA XapaKTepusyloT
B/INSIHVE OKPYT/IEHNA Ha TOYHOCTL pesysbTara n3mMepeHus. Kpome Toro,
3TV daHHble MO3BOJIAIT OPMEHTUPIOBATLCA B MUHUMa/IbHO Heobxoau-
MOM O/151 3anucyn pe3ynbTata U3MEPEHWUI uncrie 3HaYalmx umdp npu
€ro 3agaHHo TOYHOCTMW.

KOHTpo/ibHblE BOMPOCHI

1. Mepeuncivte BO3MOXKHbIE MPOSAB/IEHMS MOrPELLHOCTEN.
2. HazoBuTe MpusHaku, N0 KOTOPbIM KAACCUULIMPYHOTCS MOrPEeLLHOCTN.
3. Cdopmynvpyiite CBOMCTBA C/lyHaHOM, cMCTEMaTUYECKOA U Mporpeccu-
pYIOLLIEN COCTaBMAOLLMX MOrPELUHOCTU U3MEPEHNIA.
MpviBeauTe M3BECTHbIE BaM MPUMEPbI METOANYECKMX MOrPeLLUHOCTEN.
B yem 3ak/o4valoTcs NPUHLMMbI OLlEHNBAHWA MOrPeLUHOCTen?
Pacckaxkute 0 MateMaTUUYeCKUX MOAENSX MOrpeLLuHoCcT! U3MepeHus.
Kakve xapaKTepUCTUKN MOrPELLHOCTEA BaM W3BECTHbI?
MepeuncnnTe NpaBwIa OKPYr/IEHUS] Pe3y/ibTaToB U3MEPEHUIA.
. Kaknm 06pa3om opreHTUPOBOYHO OLEHNTL MOrPeLLIHOCTb pedysbTara U3-
Mepeva Mo yYmMcy ero 3Havalmx umgp?
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Masa 5. CUICTEMATUYECKWE MOIMPELLHOCTU

5.1. Cuctematnyeckme norpeLlHocTn
M NX Knaccuukaums

B HacTosLLee BpemMsi, 0CO6eHHO Moc/ie BBEAEHWUS O4HOr0 M3 OCHOBO-
rnonararLyx metponorunyeckmnx craHgaptos — MOCT 8.009-84 “I'CL.
HopmumpyeMble METPOIONMYECKNE XapPaKTEPUCTUKIM CPeACTB U3MEPEHWIA”
MoHATUE “crcTeMaTmyeckass MorpeLiHocTb” HECKOSIbKO M3MEHW/I0Ch Mo
OTHOLLIEHWIO K onpeaeneHuto, gaHHomy FOCT 16263-70 “I'CU. Metpo-
norns. TepMuHbI 1 onpegeneHns”. CuctemMaTnyeckasi MOrpeLLHocTb CHm-
TaeTcs cneumuueckomn, “BbIPOXAEHHOW” cay4YaiiHOM BeSIMHYMHON, 06-
NagaroLlel HEKOTOPbIMK, HO He BCEMU CBOMCTBaMMW C/TyHaliHOW BENINYMHBI,
M3y4aeMor B TEOPUN BEPOSITHOCTE 1 MaTeMaTUYeCKOM cTaTUcTuKe. CBOiA-
CTBa CUCTEMATUYECKOM MOrpeLLHoCT, KOTOpble HEOOXOAMMO YUUTbIBATbL
npy 06beAVHEHNN COCTABASAOLLMX MOrPELLHOCTM, OTPadKatTCA TakKnMm
)Ke XapaKTepUCTMKaMK, YTO M CBOICTBA “HACTOALWMX” C/y4YarHbIX Be-
nnumH — paucnepereii (CKO) n koathpnLMEHTOM B3auMHO Koppens-
Lmn.

CucTemaTnyeckas norpeLLHoCcTb NpeacTaBnseT cobor onpeaeneHHy
QYHKLNIO BANAIOLLNX (DAKTOPOB, COCTaB KOTOPbIX 3aBUCUT OT in3nde-
CKUX, KOHCTPYKTUBHbIX U TEXHOMOrnmyeckmx ocobeHHocter CU, ycno-
BUIA MUX MPUMEHeHUs, a Takke MHAMBUAYaIbHbIX KadecTB Habnogarte-
nsa. B meTponornyeckoil npakTUMKe Mpy OLLEHKe CUCTEMATUYECKUX
MOrpeLUHOCTeN JO/HKHO YUYUTLIBATLCA BUSIHWE CAEAYIOLMX OCHOBHbIX
thakTOpOB:

1. O6beKT u3mepeHUs. Mepen n3mepeHNeM OH O0/KeH ObITb AOCTa-
TOYHO XOPOLUO M3YYeH C LIe/bio KOPPEKTHOrO Bblbopa ero Mogenu. Yem
nosiIHee MoAe/b COOTBETCTBYET UCC/eAyeMOMY OOBEKTY, TeM TOUHee Mo-
ryT 6bITb MOMyYeHbl pe3ynbTaTbl U3MepeHns. Hanpumvep, KpuBmnsHa 3em-
HOM MOBEPXHOCTU MOXKET He YUMTbIBATLCA MPU U3MEPEHUM MJioLaan
CEe/TIbCKOX03SAMCTBEHHbIX YroAWA, TaK Kak OHa He BHOCWUT OLLyTUMOMA
MOrpeLLIHOCTA, OAHAKO MPU U3MEPEHUN M/I0LLAAM OKeaHOB el MpeHeo6-
peratb y>e Hesb3sl.

2. Cyb6bekT nsmepeHusi. Ero Bkniag B NOrpeLlHoCTb U3MEpPEeHUs He-
06X0AMMO YMeHbLLaTb MyTem Moa6opa 0nepaTopoB BbICOKOM KBasmdm-
Kauuv u cobniogeHnst TpeboBaHMIA 3proHOMMKA Mpn paspaboTke CU.
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3. MeTog, 1 cpeacTBO MU3MepPeHWi. Ype3BblualiHO BabkeH WX MpaBusib-
HbllA BbIGOP, KOTOPbIA MPON3BOAMTCA Ha OCHOBE anpyopHOM MHhopMaumn
06 06beKTe M3MepeHUs. Yem 60/1bLLIE anPUOPHOA MHGOpMaLIMK, TEM Tou-
Hee MOXXeT 6bITb MPOBEAEHO M3MepeHVe. OCHOBHOM BKNaA B cMcTeMatmye-
CKYH MOrPeLLHOCTb BHOCUT, KaK MpaBuo, MeToauYecKas norpeLuHocTb.

4. Ycnosust nsmepeHusi. ObecrnedeHne M ctabunmsagusi Hopmasib-
HbIX YC/TIOBUIA SBMSKOTCA HE0OXOAUMbIMWU TPeGoBaHUAMU A/11 MUHUMMU-
3aLuMM AOMNOTHUTENbHOM MOrpeLLIHOCTH, KOoTopas no CBoel Npupoje, Kak
npaBswIo, SABASETCA CUCTEMATUYECKON.

CucTemaTmyeckme MOrpeLlHoOCTM MPUHATO KnaccuduumpoBaTb Mo
ABYM npusHakaM. Mo xapakTepy U3MeHeHWUs1 BO BPeMeHW OHU [eNATcs
Ha NOCTOSIHHbIE U NepeMeHHble. MoCcTOAHHLIMY Ha3bIBAKTCA TakKue Mo-
rPeLUHOCTN U3MEPEHUsI, KOTOpble OCTAlTCA HEU3MEHHbIMU B TeYeHue
BCEM Cepun U3MepPEHMA. Hanpumep, MOrpewHocTb 0T TOro, YTo Herpa-
BW/IbHO YCTAHOB/IEH HOJIb CTPESIOYHOr0 3/1EKTPOU3MEPUTENIBHOIO Mpu-
60pa, NOrpeLIHoOCTb OT MOCTOAHHOMO AOMOSIHNTENIbHOrO Beca Ha vallke
BECOB U T.4. NMepeMeHHbIMY Ha3bIBAKTCA MOrPELLHOCTW, U3MEHSoLLMe-
cs B npouecce namepeHusi. OHU JensTcs Ha MOHOTOHHO U3MeHsLLMe-
€S, NepuognYecKne N U3MEHSIOLLMECH MO C/IOXKHOMY 3aKoHy. Ecnu B
npoLiecce M3MepPeHNsi cucTeMaTnyeckast NMorpeLHocTb MOHOTOHHO BO3-
pactaeT nnM yb6biBaeT, ee Ha3bIBalOT MOHOTOHHO M3MeHsoLWelics. Ha-
npuvmMep, OHa MMeeT MeCTo NpW MOCcTeNeHHOM paspsge 6atapeun, nuTalo-
el cpeacTBO M3MepeHUIA. [epnoanyecKor Ha3bIBaeTC MOrpPeLUHOCTb,
3HaYeHVie KOTOPO SABNSETCHA NEPUOANYECKON hyHKLMel BpemeHn. Mpu-
MepOM MOXKET C/TY>XUTb MOrPELLHOCTb, 00YCNOBMNEHHast CYyTOYHbIMU KO-
NebaHVAMN HaNPs>XKeHUS CUI0BOM MUTAIOLLEN ceTn, TemnepaTypbl OK-
py>atoLleri cpeabl u ap. CuctemaTuUyeckme MOrpeLHocT MoryT
N3MEHSITLCA U MO 60/1ee C/IOKHOMY 3aKOHY, 00YCMOB/IEHHOMY KaKUMU-
NIN6G0 BHELUHUMW NMPUYUNHAMM.

Mo NpyynHamM BO3HVMKHOBEHWSI MOFPELLUHOCTU AeNSATCS Ha MeToanye-
CKME, VHCTPYMeHTasIbHbIe N NNYHble (CYObEeKTUBHbIE). 3TW NOrpeLLHo-
CTU NOAPO6HO paccMOTpeHb! B pa3g. 4.1.

5.2. Cnocobbl 06Hapy>XeHUSA 1 yCTpaHeHUs
CUCTEMATUYECKUX MOrpeLLHOCTen

Pe3ynbTaTbl HabMOAEHWI, NOMYyYEHHbIE MPU HAIMUMK cUCTEMATU-
YecKol MOrpeLLHOCTM, HasblBAKOTCS HeucnpasiieHHbIMU. Mpu npoBeae-
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HUW M3MEPEHUIA CTaparnTCs B MaKCUMasIbHOM CTENeHU UCKAYUYUTL UK
YUecTb B/INSTHME CUCTEMATUYECKUX MOFPELLIHOCTEN. ITO MOXKET 6bITb A0C-
TUTHYTO CNeAyLUMN NyTAMU:

* yCTpaHeHNeM WUCTOYHMKOB MOFPELLHOCTEN A0 Hadana M3MepPEeHWIA.
B 60/bLUNHCTBE 06n1acTeli M3MEPEHWUI M3BECTHbI T/1aBHbIE MCTOUHUKMU
cucTeMaTMYecKMX MOrpeLLHocTeli 1 pa3paboTaHbl MeToAbl, UCK/0Yato-
LMe UX BO3HUKHOBEHWE WN YCTPaHSALWME X BAUSHWE Ha pe3ynbTar
n3mepeHus. B cBA3M ¢ 3TMM B NpaKTVKe U3MepeHWi cTaparoTcsa ycTpa-
HUTb CUCTeMaTUYecKne MOrpeLlHocTM He MyTem 06paboTKM 3aKcnepu-
MEHTa/IbHbIX JaHHbIX, a NnpuMmeHeHnem CU, peanmsylolmx cooTBeTCT-
BYHOLLME METOAbI U3MEPEHWIA;

eornpegesieHMeEM MOMpPaBoOK U BHECEHWEM UX B pe3ysibTaT U3MEPEHNS;

*0LEHKOM rpaHuL, HEUCK/THUYEHHbIX CUCTEMATUYECKNX MOrPeLIHOCTENA.

MocTosHHas cucTeMaTuyeckas MOrpeLlHOCTb He MOXKET ObiTb Haii-
JeHa MeToJaMu COBMECTHOM 06paboTKM pe3ynibTaTtoB MamepeHuii. Of-
HaKO0 OHAa He MCKaXKaeT HU noKasaTesii TOUHOCTU U3MepeHUIA, XapakTe-
pusylowme cay4vyaHy MNOrpelHocTb, HU pe3ynbTaT HaxoXaeHWUs
MepeMEHHOW COCTaBNSAOLWEN CMCTEMATMYECKO MnorpewHocTn. [eicT-
BUTENbHO, pe3ysbTar O4HOro N3MepeHns

X1" Xu+41+0i.

rae X M— UCTUHHOE 3HaYeHNe N3MepsieMoil BeNMunHbIl; J1— i-a ciydait-
Has norpeLUHocTb; 0, — i-A cucTeMaTnyeckast norpellHocTs. Mocre yc-
peaHeHVs1 pe3y/ibTaToB MHOFOKPATHBLIX U3MEPEHWUIA MoslydaeM cpeaHee
aprMeTUYECKOe 3HAUYEHME N3MEPSIEMOI BE/TMUNHBI

Benn cuctematnyeckas MNOrpeLlHOCTb MOCTOSIHHA BO BCEX M3Mepe-
Husax, T.e. 0(= 0, To

Taknm 06pasom, NOCTOsTHHAs CUCTEMATMYECKAs! MOrPELLHOCTL He YCT-
paHsieTcs1 NPV MHOFOKPATHbIX U3MEpPeHUsX.
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MocCTOsIHHbIE CUCTEMATUYECKUE MOMPELUHOCTM MOryT ObITb 0OHapy-
YKeHb! /IULLIb MyTEM CpPaBHEHUS Pe3Y/IbTaToB V3MEPEHUIA ¢ ApYrMm, Mo-
JTy4YEHHBIMM C MOMOLLIBHO 60/1ee BbICOKOTOUHBLIX METOZOB U cpeacTB. VIHo-
IAA 3TV MOrPELLHOCTU MOTYT ObITb YCTPaHeHbI CrieLyiasTbHbIM MPYEMaMA
NPOBEAEHVS MPOLIECCa U3MEPEHUIA. 3TN METOAb! PacCMOTPEHbI HVDKE.

Harmuvie cyLLecTBEHHOM NEpPEMEHHOM CUCTEMATYECKO MOrPeLLHo-
CTU VICKaXKAET OLIEHKN XapaKTEPUCTUK CTyYaliHOM MOrpeLUHocT 1 an-
NPOKCMMaUWI0 ee pacripesenieHVst. MosToMy oHa Ao/PKHa 0653aTes1bHO
BbISIB/ISITLCST M VICK/THOUATBLCS U3 Pe3y/IbTaTtoB M3MEPEHWIA.

[nsa ycTpaHeHms NOCTOSIHHBLIX CUCTEMATUHECKMX MOMPeLLHOCTel Mmpu-
MEHSIIOT CrieflytoLLve MeToab!:

=MeTog 3ameLLeHns, NPeACcTaBNALWMA cOB0A PasHOBUAHOCTL Me-
ToZa CpaBHEHUs], KOra CpaBHEHVe OCYLLIECTB/ISIETCS 3aMeEHON M3Mepsie-
MOV BE/IMUMHBI M3BECTHOM BE/TMUMHONA, MPUYEM Tak, YTO MpY 3TOM B
COCTOSIHUM WU JelACTBUN BCEX MCMOSb3YeMbIX CPEACTB M3MEPEHN He Npo-
VICXOAUT HUKAKNX V3MEHEHWIA. STOT MeTOZ, AaeT Hambosee MosHoe pe-
LeHve 3a8a4n. 119 ero peanizauym HEOOX0AMMO MMETL perynmpye-
Myl Mepy, BefMdMHa KOTOpOW oAHOpogHa u3mepsiemoil. Harpuwvep,
B3BeLLMBaHVie No MeTogy bopaa [3], n3mepeHve conpoTyBIeHVA rnocpes-
CTBOM MOCTa MOCTOSAHHOr0 ToKa U Mep ConpoTvBieHus [51].

= MeTo0j4 NPoTUBOMNOCTABNEHNS, SBMAIOLLNIACA Pa3HOBMOHOCTLIO
MeTofa CpaBHEHUS, MPY KOTOPOM M3MePEHME BbIMOSHSAETCS ABaXKAbI U
NPOBOAUTCA TaK, YTOObI B 060MX C/lydasix MpUUMHa MOCTOSIHHOM Mo-
FPELUHOCTN OKa3blBasia pasHble, HO W3BECTHblE MO 3aKOHOMEPHOCTU
BO3AENCTBUA Ha pe3y/bTarbl HabmoaeHWA. Harnpuvep, crocob B3Be-
wmBaHuA Maycca [3].

Mpumep 5.1. N3mepnTb CONPOTUB/IEHME C MOMOLLbIO OAVHAPHOIo MocTa Me-
TOAOM MPOTMUBOMOCTaBNEHUS.

CHayvasia n3mepsieMoe ConpoTueieHe RX ypaBHOBELLVBAOT WU3BECTHLIM CO-
npotmeneHneMm Rt, BK/IIOYEHHbIM B MJie4o cpaBHeHUA mocTa. [Mpu atom
R =RtR3/R4, rge R3 R4 — conpoTuB/eHUA njied Mocta. 3ateM pe3uncTopbl
RX 1 R, MeHSlOT MecTaMy 1 BHOBb YpaBHOBELLMBAKOT MOCT, perynmpysi conpo-
TmBneHve pesnctopa Rr B atom cnyyae Rx = R' R3/R4.

M3 aByX mocnegHuMX ypaBHEHWI McKo4vaeTcst oTHoweHne RIR 4. Torpga

*MeT0/ KOMMeHCaLmMy NorpeLHocTI no 3Haky (MeTog M3MeHeHNs
3HaKa CUCTEMATMYECKO MOrpeLLHOCT), MpeaycMaTprBatoLLpA 13Me-
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peHve ¢ ABYMSI HAG/IOAEHUSIMU, BbIMOMHSAEMbIMU TaK, UTOGbI MOCTOSIH-
Hasl cMcTeMaTnyeckas MOrpellHoOCTb BXOAWMIA B Pe3ynbTaT KaKaoro us
HUX C pasHbIMK 3HAKaMW.

Mpumep 5.2. N3meputb 34C NOTEHLUMOMETPOM MOCTOSAHHOIO TOKa, VMEL0-
WM napasutHyto Tepmod3/C.

[Mpn BbINONHEHUN OAHOro M3mepeHus nosydaem 3AC E,. 3arem meHsiem
nonsipHocTb M3mepsiemori 34C M HanpasrfieHVe Toka B MoTeHUuomMeTpe. BHOBb
MpoBoANM €ro ypaBHOBELUVBaHWe — MosiydaeM 3HadyeHue Er. Ecnn tepmo3/4C
faeT norpewHocTs AE n E=EXOE, To E22EXAE. Otcioga Ex—(E!+E2/2. Cne-
JoBaTeflbHO, cuCTemMaTMyeckast MOrpeLlHOCTb, 06yC/I0B/eHHas AelicTBMEM Tep-
Mol /4C, ycTpaHeHa.

e MeTo0g paHgoMun3aunum — Haunbosiee YHMUBepPCasIbHbIN Crnocob uc-
KIHOYEHUS HEU3BECTHbIX MOCTOSAHHbIX CUCTEMAaTUYECKUX MOrPeLLHOCTEN.
CyTb ero cocTouT B TOM, YTO 0fHAa U Ta XXe Be/IMYMHa U3MepseTca pas-
NnYHbIMU MeTogamum (Npubopamm). CuctemaTnyecKme NOrpeLLHoOCcTM Ka-
XKA0ro U3 HUX A1 Beeli COBOKYMHOCTU SABASAIOTCA pasHbIMU CrlyvaHbl-
MW BennymMHamu. Bcneacteue 3aToro npu yBesiMdeHUUM 4Yucna
MCnosib3dyemMbIX MeTo40B (MPrMBopPoB) cucTeMaTMHecKme NorpeLLIHoOCcT B3a-
VIMHO KOMMEHCUPYIOTCA.

[Ans ycTpaHeHUs nepeMeHHbIX M MOHOTOHHO M3MEHSIIOLLUXCA CUC-
TeMaTM4eCcKUX MOrpeLlHOCTer NPUMEHSIOT criedylolime NpuemMbl N Me-
To4bl.

=AHa/IN3 3HaKOB Hencnpas/ieHHbIX caydaliHbIX norpewwHocTel. Ec-
NN 3HAKW HeuUcrnpas/ieHHbIX CAyYariHbIX MOrpeLuHoCcTelr YepeaytoTcs ¢
KaKoW-n1n60 3aKOHOMEPHOCTbIO, TO HabrniogaeTcss nepeMeHHas cucTema-
TU4yeckasa norpeLluHocTb. Ecnv nocnenoBaTenbHOCTL 3HAKOB “+7 Yy cny-
YalHbIX MOrPEeLUHOCTeN CMeHsIeTCsl Moc/ieloBaTe/IbHOCTHI0 3HAKOB
WM HaobopoT, TO MPUCYTCTBYET MOHOTOHHO U3MEHSAIOLLAACA cUcTeMa-
TUYyeckas norpewHocTb. Ecnm rpynnsl 3HaKkoB “+” © y CAyYaniHbIX
MorpeLuHOCTelr YepeayoTcs, To NMPUCYTCTBYET NeprosmyecKas cuctemMa-
TUYecKas MorpeLLuHoCTb.

= ["padmueckunii meTog. OH sBNSeTCA OAHUM M3 Hambos1ee MPOCTbIX
cnoco6oB 06HapPY>XeHUS MePeMEHHOM CUCTEMATUYECKOM NOrpeLlHoCTU B
psay pe3ynibTaToB HabMAEHNIA U 3aK/I0YaeTcs B MOCTPOEHUN rpadivika
nocsiefoBaTeIbHOCTU HeucrnpaBieHHbIX 3Ha4YeHWi pe3ysibTaTtoB Habto-
JeHuin. Ha rpadimke yepe3 NOCTPOEHHbIE TOUKW MPOBOAAT MAaBHYH Kpn-
BYI0, KOTOpas BblpaKaeT TEHAEHLMIO pe3y/ibTaTa U3MepeHusi, ec/im oHa
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cyuecTByeT. EC/M TeHAEHUMS He NPOC/IEXMBAETCS, TO NMepeMeHHYI CUC-
TEeMaTUYECKy MOrpeLHOCTb CUMTAaT NPaKTUYECKU OTCYTCTBYHOLLEN.

e  MeTO0jA CUMMETPUYHBIX HAGMOAEHNA. PacCMOTPUM CYLLIHOCTb 3TO
MeToda Ha Mpumvepe M3MepUTENIbLHOMO MpeobpasoBaTtessi, nepegaTodHas

(PYHKUUSA KOTOPOro UMeeT BUA Yy = KX +y0, rge x, y — BXogHas 1
BbIXOZHAasi BE/IMUYNHBLI NPeobpasoBaTesisl; K — KO3((ULMEHT, MOrpeLl-
HOCTb KOTOPOr0 M3MEHSIETCS] BO BPEMEHU MO JIMHENHOMY 3aKoHY; YO —
NocTosIHHas.

LNs1 ycTpaHeHst CUCTEMATUYECKO MOrpeLLlHocT TPUXKAbl U3Mepsi-
€TCS BbIX04HAs Be/IMUMHA Y 4Yepe3 paBHble MPOMEXYTKN BpPeMeHU At.
Mpy NepBoM 1 TPETLEM M3MEPEHUSIX Ha BXOZ NpeobpasoBaTtenist Nojaet-
ca curHan x0 oT 06pa3uoBoii Mepbl. B pesynbTate nMamepeHwr nonyya-
eTCA cUCTEMA YPaBHEHWIA:

y!=kx0+y0, y2=[Kz— Atjx+y0, y3="k+2— Atjx0+y0.

Ee pelueHvie N03BO/IAET MOYUNUTL 3HaYeHWe X, CBOGOAHOe OT nepe-
MEHHOI CUCTEMATUYECKOM MOrpeLLlHOCTH, 06YC/IOB/IEHHOM M3MEHeHWEM
KoaghhmLMeHTa K:

X _ 2xX0(y2- vo)
Y1+ Y3" 2Yo

e  CneuuasbHble cTaTUCTUYecKNe MeTofbl. K HAM 0THOCATCS cn
cob nocnefoBatesibHbIX Pa3HOCTeNR, ANCMEPCUOHHbIA aHanms, 1 ap. Pac-
CMOTPMM MOApO6HEe HEKOTOPbIE U3 HUX.

Cnocob nocnegoBaTenibHbIX pasHocTen (KpuTepuin Ab6e). Mpu-
MeHsIeTCA 47151 06HaPY)KEHUST U3MEHSIIOLLIENiCS BO BPEMEHN CUCTeMaTu-
YeCKOM MOrpeLLHOCTM W COCTOUT B criedytolleM. Jucnepcunio pesynbTa-
TOB Hab/MHOAEHU MOXXHO OLEHUTbL ABYMS Criocobamm: 06bIYHbIM

a2H= —L|-Zfo ~*f

N BbIUMC/IEHNEM CyMMbI KBaJpaTOB Moc/iefoBaresibHbIX (B MOpPsAAKe Mpo-
BeeHUS M3MepeHwnii) pasHocteld (X,+]-x,)2
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1 n-1
_ D Z(n

Ecnu B npouecce M3MepeHUIA MPOUCXOAMI0 CMELLEHWE LeHTpa rpyn-
NUpoBaHWS pe3ysibTaToB HaOMAEHWA, T.e. MMeNa MecTo mnepemMeHHast
cucTeMaTnyeckas MorpeLuHocTb, To Cr™X] faeT NpeyBesIMUYeHHY0 OLLeH-
Ky Aucnepcun pesynbTaToB HabMloAeHUi. 3T0 06bACHAETCA TeMm, 4To
Ha a*[x] BnAOT BapuaLmm X . B T0 ke BpemMsl U3MEHEHWS LieHTpa rpyn-
NUPOBaHUA X BecbMa Masio CKasblBAKTCA Ha 3HaYeHWsIX MocnefoBa-
TeNbHbIX pasHocTell d*= X,+-xX 4 N03TOMy CMeLLEHMS X MOYTU He oTpa-
34TCA Ha 3HaveHuUn Qx].

OTHoweHre Vv = Q2[x]/02[x] ABndeTcsa KpuUTepuem L7151 06Hapy>ke-
HUS CUCTEMaTUUYECKUX CMELLEeHU LeHTpa rpynnupoBaHus pesyribTa-
TOB HabngeHuin. Kpntnyeckas 06n1acTb An1si 3TOro Kputepust (Kpute-
pus A66e) onpepensietca kKak P(v < vg = g, rge q = 1-P — ypoBeHb
3HauMmocTu, P — goBepuTenibHas BEPOATHOCTb. 3HayYeHNs v 418 pas-
JINYHBIX YPOBHEN 3HAYMMOCTM ( U Ync/a Hab/lAeHWN M NpuBedeHbl B
Tabn. 5.1. Ecnm nonyyeHHoe 3HauyeHme Kputepmusa Ab6e MeHbLLe VvV rpu
3alaHHbIX W N, TO rKnoTe3a 0 MOCTOSHCTBE LIEHTpa rpynnupoBaHns
pe3y/ibTaToB Hab/MIOAEHNIA 0TBEPraeTcsl, T.e. 06HApPY>KMBaETCA MepemMeH-
Hasl cucTemMaTnyecKasi MOrpeLlHOCTb pe3ybTaToB M3MEPEHWIA.

Tabnuny* 5.1
3Hauekxs kputepua Abbe V.

n V,, PV @, paBHOM vAnpy g, paBHOM
n

0.001 0,01 0.05 0,001 0,01 0,05
4 0,295 0,313 0,390 13 0.295 0,431 0,578
5 0.208 0.269 0,410 14 0.311 0,447 . 0,591
B 0,182 0,281 0,445 15 0,327 0,461 0,603
7 0,185 0,307 0.468 16 0,341 0,474 0,614
8 0,202 0,331 0,491 17 0,355 - 0,487 0,624
9 0,221 0,354 0,512 18 0.368 0,499 0,633
10 0,241 0,376 0,531 19 0.381 0,510 0,642
11 0,260 0,396 0,548 20 0,393 0,520 0,650
12 0,278 0,414 0,564

Mpumep 5.3. Mcnonb3ys crnocob nocriefoBaTeslbHbIX Pa3HOCTEN, ONpeaennTh,
NPUCYTCTBYET /M cUCTeMaTnyecKasi MOrpeLlHocTb B psgy pe3ynbTaToB Habsio-
[OEeHW, NpuBeAeHHbIX BO BTOPOM cTonbue 1abn. 5.2.
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Tabnmua 5.2
PesynbTaTbl HabnwogeHW

n *] dj=xi+l-xi dj2 Vi X - X Vi*
1 18,4 - - -0O.B 0.36
2 13,3 -0,1 0,01 -0,7 0,49
3 14,5 +1,2 1,44 +0,5 0.25
4 13,8 -0,7 0,49 -0,2 0,04
5 14,5 +0,7 0,49 +0.5 0,25
B 14,8 +0.1 0,01 +0,6 0.36
7 14,1 -0,5 0,25 +0,1 0.01
8 14,3 +0,2 0,04 +0,3 0,09
9 14,0 +0,3 0,09 0,0 0,0
10 14,3 +0,3 0,09 +0,3 0,09
11 13,2 11 1.21 -0.8 0,64

1154,0 -0,2 4,12 0,0 2,58

Ana npuBefeHHOro psga pesy/bTaToB BblYUCASEM: cpegHee apudmeTu-
yeckoe X = 154,0/11 = 14; oueHky avcnepcun a 2[x] = 2,58/10 = 0,258; 3Ha-
YeHne Q2[x] =4,12/(2 «10) = 0,206; kputepunii A66e v =0,206/0,258 =0,8.

Kak BngHo 13 Tabn. 5.1, anga Bcex ypoBHen 3Haummoctn (g —0,001; 0,01 n
0,05) npn n = 11 vmeem Vv > vg, T.e. MOATBEPXKAAETCA Hy/neBas rurnotesa o
MOCTOSIHCTBE LieHTpa rpynnupoBaHuns. CnefosartesibHO, YC/10BUS U3MEPEHNIA AN
NPUBEAEHHOIO psAja 0CTaBa/ICb HEU3MEHHBIMU U CUCTEMATUYECKUX pacxoxie-
HUI MeXay pe3ynbTaTaMu HabMlAeHWIA HeT.

AvcnepcnoHHbI aHanns (kputepuii duwepa). B npakTuke ns-
MepeHUlA yacTo 6bIBaeT HEO6XOAMMO BbISICHUTb Ha/nuune cuctemaTuye-
CKOIi MOrpewHocTN pe3ynbTaToB HabMAeHWA, 06yCNOBEHHOW BAUSHU-
€M KaKoro-nn6o nocTOSIHHO AelicTByloLWero akropa, Uan onpeaenunTsb,
BbI3bIBAIOT /I M3MEHEHUSA 3TOT0 (haKTopa cUCTeMaTMYeCcKoe CMeLleHune
pe3ynbTaToB U3MepeHUin. B faHHOM c/iyyae NMpPoBOASAT MHOFOKpaTHble
N3MEPEHUS, COCTOSALLNE U3 AOCTATOYHOIO YMc/a CepUiA, Kaxkaas U3 KoTo-
pblX COOTBETCTBYET onpefeneHHbIM (MYcTb HEU3BECTHbLIM, HO Pa3/INYHbIM)
3HayYeHMAM BNuAwLWero akropa. Bavawwumm dakrtopammn, no KoTo-
pbIM Npon3BOAMTCA 06beAMHeHWEe pe3ybTaToB HabawaeHUl No cepusamMm,
MOTYT 6bITb BHELLHWE YCN0BMSA (TeMnepaTypa, AaBMeHUE U T.4.), BPEMEH-
Ha's nocsiefoBaTes/IbHOCTL MPOBEAEHUS U3MepPeHU 1 T.M.
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Mocne npoBegeHNs N M3MepeHUi NX pa3brBaroT Ha s cepuia (3 > 3)
no M pe3ybTaToB HabnaeHW (sn = N) B KaxKaol cepmn 1 3aTeM ycTa-
HaB/MBAKOT, MMEETCH WM OTCYTCTBYET CUCTEMATUUECKOE PacxXoXKaeHue
MeXKay pe3ysibTaTamy Hab/lAEHWI B pasfINYHbIX cepusix. Mpy 3ToM A0sK-
HO ObITb YCTAHOBJ/IEHO, UTO pe3y/ibTaTbl B CEPUSX pacnpeaeneHbl Hop-
MaslbHO. PaccesiHve pe3ynbTaToB Hab/MiogeHWIA B Mpefenax Kadkaon ce-
pUN OTpadKaeT TOJIbKO C/lyyaiHble B/IUSIHWS, XapaKTepusyeT JLLb
C/yyaiiHble MOrpeLLIHOCTN U3MePeHUIA B Npeaesiax 3Toi cepun.

XapaKTepuUcTUKOWM COBOKYMHOCTU C/TyHaliHbIX BHYTPUCEPUIHBIX MO-
rpeLuHocTelt ByeT cpefHsis cymMma AMCnepcuii pesynbTaToB Habsome-
HWIA, BbIYNCMIEHHbIX Pa3fe/ibHO A1 KaKA0W cepum, T.e.

n  8j=li=l

rae Xj = — ; Xjj —pe3ynbTar i-ro U3MepeHus B j-i cepun.
nj i=I

BHyTpucepuiiHasa aucnepcusi 0. XapakTepusyeT crlyyaliHble Mo-
FPELLUHOCTU N3MEPEHUIA, TaK KaK TOIbKO C/ly4valiHble BMSHUA 06yC/10B-
NvBatoT Te pasnums (OTKIOHEHUS pe3ynbTaToB HabNoaeHWn), Ha Ko-
TOPbIX OHa OCHOBaHa. B To >Xe Bpemsi paccesiHMe X} pasfINyHbIX cepuii
06yC0B/IMBAETCA He TO/IbKO C/lyYalriHbIMU NOrPeLLHOCTAMU U3MEPEHWA,
HO M CUCTEMATMUYECKUMMN Pa3INUNSAMM (ECAIN OHWN CYLLIECTBYHOT) MeXay
pe3ynbTataMm Hab/AeHWH, crpynnMpoBaHHbIMK Mo cepusiM. CrieaoBa-
TeNbHO, ycpeaHeHHas MeXkcepuiiHaa amcnepcus

"S Xj - X)2
F|J(J )

roe x =1 y njXj, BblpaxaeT cuny aelictBusa hakTopa, BbI3bIBAOLLETO
CVICTeMaTVI'-JleCKI/Ie pasNNuNa Mexay CepUsiMu.

Takum obpaszom, 02c¢/(°L +°MQ XxapaKTepusyeT [0S0 AUcrnepcum
BCEX pe3ynbTarToB HabnaeHWA, 06yCNOBIEHHYIO HANIMUMEM CyYariHbIX

MorpeLLHocTel n3mepeHuii, a o*c/ (0" +02x) — [onto gmucnepcuu, oby-
C/IOB/IEHHYHO MEXCEPUNHBLIMU Pa3INUMAMN Pe3ybTaToB Hab/IioAeHWIA.
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MepByl0 U3 HUX Ha3bIBAT KO3(I(MLNEHTOM OLLMOKM, BTOPYH — MOKa-
3aTenem guddepeHumaymm. Yem 60bLUe 0THOLWEHWE rokasaTesis gud-
hepeHUMaLMM K KOIPPMLMEHTY OLLINOKK, TEM CU/bHEe AercTBme (hak-
Topa, MO KOTOPOMY rpynnupoBasiucb cepuun, U TeM 6onblue
CUCTEMATMYECKOE pasnuume Mexxay HUMU.

KpuTeprem OLEHKU Ha/Munsi CUCTEMATUYECKMX MOTrpeLLIHoCcTEN B
JaHHOM cryvae SABMISETCA AMCNEPCUOHHbIN KpuTepuii duiiepa

F = o0RBclak. Kputnyeckaa obnacTtb Ans Kputepusa duilepa cooTeeT-
cteyeT P(F > Fg = q.

3HaueHua Fq Ansa pas/iMyHbIX YPOBHEN 3HAYMMOCTU g, Yucia Usme-
peHnii N 1 uncna cepuii s NpuBeaeHbl B NpunoxeHun 1, rae k2= N-s,
kj= s —1. Ecnv nony4deHHoe 3HayeHWe Kputepust dullepa 6osblie Fq
(Npn 3agaHHbIX g, N 1 S), TO rMnoTesa 06 OTCYTCTBMN CUCTEMATUHECKNX
CMELLeHN pe3yibTaToB HabNoAeHW Mo cepusaM oTBepraeTcs, T.e. 06Ha-
pYy>K1BaeTCs cucTeMaTmyeckas MorpeLlHoCTb, Bbi3blBaemMasd TeM (hakTo-
pOM, M0 KOTOPOMY FPYNMMPOBa/INCh Pe3y/ibTaTbl HAGMAEHNIA.

Mpumep 5.4. Bbino caenaHo 38 M3MepeHNIA graMeTpa AeTasi BOCEMbIO Pas/ing-
HbIMW LUTAHFEHLMPKYNAMU. KaxkabiM 13 HMX MPOBOAVIUCH MO MSATb M3MEPEHUIA.
BHyTpucepuiiHan aucnepcust pasHa 0,054 Mm2, mexkcepuiiHas — 0,2052 mm2 Or-
pefennTb Ha/lnumMe CUCTEMATMYECKON MOrPeLIHOCTM M3MEPEHNS anaveTpa AeTasn.

PacueTHoe 3HaueHve KpuTepms duwepa F = 0,2052/0,054 *=3,8. Ona s-1 =
= 7,N-s = 30 no Ta6n. MN1.3 npunoxkeHms 1 nmeem npu q = 0,05 FOGB —2,3 1
npu q = 0,01 FOOt —3,3. lMonyyeHHoe 3HayeHwe F 6onblie, yem 2,2 n 2,9.
CneposatenibHo, B pe3ysibTatax HabnofeHUn o6Hapy>KMBaeTCcs Hanmune cucte-
MaTUYeCKNX MOrpeLIHOCTEN.

M3 BCcex paccMOTPEHHbIX CrOCO60B 06HAPY>KEHNS CUCTEMATUYECKNX
norpeLuHocTel AUCNEPCUOHHbIN aHanM3 ABNsSeTcs Hambonee sdeKTms-
HbIM 1 [JOCTOBEPHbLIM, TaK KaK M03BO/ISAET He TONIbKO YCTaHOBUTL (haKT
Ha/IMYNA NOrPeLLIHOCTU, HO W [JaeT BO3MOXKHOCTb MpoaHa/IM3vpoBaTb
WCTOYHUKWN ee BO3HNKHOBEHUS.

KpuTtepuini BunkokcoHa. Ecniv 3akoH pacnpegeneHnsi pesynbTaTos
N3MEPEHUIA HEN3BECTEH, TO AN51 0GHAPY>KEHUSI CUCTEMATUYECKO Mo-
rPELUHOCTN MPUMEHSAIOT CTATUCTUYECKUIA KpUTepUiA BUNKOKCOHA.

3 aByX rpynn pe3ynbTatoB U3MepeHuin Xj, X2,..., XNnn yp y2...,
yT, roae n £ T t 5, cocTaB/seTca BapuauMoOHHBIA psAf, B KOTOPOM BCe
N+m 3Ha4YeHnn Xj, X2..., XM y,, y2..., yT pacrnonaraloT B nopsgke mx
BO3pacTaHus 1 NPUNUCLIBAIOT UM paHrM — MOpPsAKOBbIE HOMepa use-
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HOB BapuauMOHHOIO psiga. Pasnuuve cpefHUX 3HaYeHUd Kavkaoro v3
PAA0B MOXKHO CYMTATb AOMYCTUMbIM, €C/IM BbIMOSTHSAETCS HepPaBeHCTBO

T, <Xa<rT,-,

roe R, — paHr (HoMep) uneHa X paBHbI ero HoMepy B BapyaLiOHHOM

pagy, T— u Te— HWKHee 1 BepxXHee KpUTNYeCKMe 3Ha4YeHUsa O1a Bbl-
6paHHOro ypoBHS 3HauMmMocTu q. Mpyu m<15 3T KpUTUYecKmne 3Hade-
HWA onpefensaoTes no Taén. 5.3. Mpy m >15 oHW paccunTbLIBAKOTCA M0
hopmynam:

__n(n+w+l) Inm(in+m+1) #
4 ~ 2 Y 12 *
T+ n(n+m+1) __ |nm(h+m+1)
T ------- I +J4 I
rae zp— KBaHTW/b HOp- Tabnuua 53
MUpPOBaHHON beHKLLVIVI KpuTnyeckue 3HadeHnss Tq v Tq npn g “ 0,06 n 0,01
Jlannaca.
Bonee nonHasa tabnu- now Q* 0,05 g- 001
Lua 3Ha4YeHUn KpuTuye- Ty Ty Ty THy
CKUX 3HauvyeHWn T~ un 8 49 87 43 93
Tq npuiBefeHa B peko- 8 10 53 99 47 106
MeHJaumm MW 2091-90 15 65 127 56 136
CW. MamepeHns nan- . 9 62 109 56 115

YecKUX Be/IMUUH. ObLLme
Tpe6oBaHMA" .
VcknoueHne cucTe-

15 79 146 69 156
10 10 78 132 71 139

MaTUYECKMX MOrpPeLLIHO- % 16 s 176
CTeii nyTeM BBEAEHUS MO- 2 12 115 18 105 195
npaeok. B psge crydaes s 127 209 115 221
cvcTeMaTyecKme NorpeLL- 14 4 160 246 147 259
HOCTW MOTYT 6bITb BbIUMC- 15 164 256 151 268
NIeHbI U UCK/THOUEHbI 113 pe- 15 15 184 282 171 294

3y/nbTara usmepeHus. Ana
3TOr0 UCMOMb3YHOTCA Mo-
npasku. Monpaska C- —BeNMuMHa, 0AHOMMEHHasA M3MepPsieMol, KoTopast
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BBOAMTCA B pe3ysibTar namepeHnsa Xj = x{ + 0. + C. ¢ Le/blo UCK/oYe-
HUSI COCTaBMIAKLLMX cucTemaTnyeckor norpewuHoctn Q. Mpun G = —§j
j-A cocTaBnsOLWAs CUCTEMATUYECKOM MOrpeLIHOCTU MOSTHOCThI0 YCT-
paHseTca u3 pesynbTara M3MepeHUs. MonpasBKn onpefensaoTca 3KCe-
nepyMeHTasIbHO UM B pe3ysbTaTte creuyasibHbIX TEOPETUYECKUX WUC-
cnefosaHuii. OHU 3a4atoTca B BUde Tabnuu, rpamkos unm opmys.
BBegeHvieM 04HOM MonNpaBKW YCTPaHAETCS BIUSIHUE TOSIbKO OfHOM
COCTaB/IAIOLLIEN CUCTEMATNYECKO NOrpeLlHoCcTU. NS ycTpaHeHUs BCex
COCTaB/IALWMX B pe3ynbTar N3MepeHns NPUxXoaNTCA BBOAUTL MHOXKe-
CTBO nonpasBoK. lNpn 3TOM BC/eACTBME OrpaHUYEHHO TOYHOCTM onpe-
JeneHns nornpasoK cnydairiHbie MOrPeLUHOCT pesysbTarta U3MepeHus
HaKannMBalTCA U ero AUCNepcus yBermumeaeTca. Tak Kak noripaska
M3BECTHA C OMpejesieHHON TOYHOCTbIO, TO OHA XapaKTepusyeTcs CTa-
TUCTNYECKU — CcpegHUM 3HadveHmem nonpaskn C n CKO Sc. Mpn wc-
npasfieHNN pe3ynibTata X- nyTem BeegeHnaA nonpasok Cj, rge j=1, 2,...,

m, no copmyne

ancnepcna ncrnpas/IEHHOIO pesysibtara

s* =sj +£;sf,
i
rae — OUeHKa gucnepcun Hewucnpas/ieHHOro pesynbtara;, SG —
oLeHKa aucriepcum j-i nonpaskn. Kak BUAHO, C O4HOM CTOPOHbI, YTOU-
HSETCA pe3ynbTaT U3MEPeHMs, a ¢ Apyroi — yBennumBaeTcs pasbpoc
3a cyeT pocta gucnepcmn. CriefoBatesisHO, HE0OX0AMMO HaTU ONTU-
MYyM.

MycTb NpM WU3MEPEeHUW MNOCTOSAHHOW BeANYMHbI Q MOSTYYEHO
(pnc.5.1) 3HaueHne Q = x' = tpS, rae x'— oueHKa cpegHero apudgme-
TUYECKOr0 HEMCNpPaB/IeHHOro pe3ynbTarta M3MepeHnii; tp — Koadpdu-
uneHT CTblOfeHTA.

IMocne BBegeHUA nonpasBkn C + tpSc pesynibTar U3MepeHus

Q=X +C)xtl5] =x £ t"Sj»
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Puc.5.1. YcTpaHeHMe cCUCTeMATUYECKOWM MOrpeLHOCT NyTeM
BBELEHUSA MOMpPaBKu

roe =VS2+sc =

MakcnmasibHble O0BEPUTESIbHbIE 3HAYEHUA TMOrpeLHoOCTU pesysibTa-
Ta N3MepPeHnA 00 U nocne BBeAeHNA nornpaBKn paBHbl COOTBETCTBEHHO

Or=0L+tpS» J2=02+1tpSj =QJ- C+tp"S2+S2.

MonpaBKy MMeeT CMbICN BBOAUTL A0 Tex nop, noka Aj < 2 Otcioga
creflyet, 4To

C>tpS VI+S2/S2-1

Ecnn S¢S « 1, To, packnagbiBad ypaBHeEHVE B CTEMEHHOW psg,
nonyynm C>0,5S2/ S2. 13 3T0ro HepaBeHCTBa BUAHO, YTO €C/IN OLLEH-
Ka cpefHero KBajpaTW4yecKoro OTK/IOHeHMs nonpasBkn Sc—0, To no-
npaBKy WMMEET CMbIC/1 BBOAUTL BCerja.

B npakTunyecknx pacuvetax MorpeLlHocTb pedysbTara 06bi4HO Bbipa-
)KaeTca He 6o/iee Yyem ABYMS 3HaYalWumMm uugpamuy, No3ToMy rnonpas-
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Ka, ec/IN OHa MeHblle MATU eAVHWUL, MIaALWero paspsiaa, CrieayoLero
3a nocnegHUM [ecSTUUYHbIM pa3psAoM MOrpeLlHocTM pesysbTata, Bee

paBHO 6yAeT noTepsiHa NPU OKPYF/IEHUN U BBOAUTL €8 HEe UMEET CMbic-
na.

Mpumep 5.5. HanpsxeHne nctouHuka 34C Uxc BHYTPeHHUM COMNpPOTUB/IE-
Hnem R] —60+10 OM mM3mMepeHo BOSIbTMETPOM Kriacca TodHocTm 0,5. ConpoTtums-

neHvie BonbTMeTpa RV —5 KOM U M3BECTHO ¢ norpeLuHocTelo +£0,5%. [Mokasa-
HMe BonbTMeTpa Uv — 12,35 B. HaliTm nonpaBKy, KOTOPYK HY>XHO BHECTU B
nokasaHve npubopa Ans onpefenieHNs OencTBUTENIbHOIO 3HAYEHWsT Harpshke-
HUA uctoyHmnka 34C.

lNoka3aHMsA BOSIbTMETpa COOTBETCTBYHOT MafeHUIO HaMpPsXKeHUA Ha HEM:

OTHOCUTeNbHaA cucTeMaTnyeckasa MeTogMyeckass MOrpeLlHoCTb, 06yC!'IOBI'IeH-
Has orpaHMYeHHbIM 3Ha4YeHWEM COMpPOTUBIIEHUA Ry,

5 UY Ux100d0=_ lOORj
", Rj + Ry

MonpaBka paBHa abCOMOTHOM MOrpeLlHOCTN, B3ATOM C 06paTHbIM 3HAKOM:
A 0,012* 12,35 = 0,146 B. lNorpewHocTb Mosiy4eHHOro 3HavyeHus norpasKu
onpefensieTca NOrpeLlHOCTbI0, C KOTOPOW M3BECTHO conpoTusieHne R;. Ee npe-
AenbHoe 3HadeHue cocTtaBuT 10/60 —0,167. MOrpewwHoOCTbI0 M3-3a HETOYHO-
CTn oueHKN Rv, paBHoii 0,005, MO>KHO npeHebpeyb. CriegoBaTesibHO, NOrpeLu-
HOCTb ornpegeneHua nonpasku A = +0,167*0,146 » 0,03 B.

Takum o6bpasom, rornpasBkKa, KOTOPYI HEe06X0AMMO BBECTU B MOKasaHWUs
BO/IbTMETPA C YYeTOM OKpyrneHusa aun = +0,15 B. Torga mcnpasneHHoe 3Ha-
yeHne U'x = 12,35+0,15 = 12,50 B. OT0T pe3ynbTar MMEET OMNpenesieHHY0
MOrpeLHoOCTb, B TOM 4UC/1e HEUCK/IIUYEHHbI/ OCTaTOK cucTeMaTu4eckol no-
rpewHoctn O = + 0,03 B vam 8 = + 0,24% mn3-3a NoTPeb/EHNA HEKOTOPOI
MOLLLHOCTU BOJIbTMETPOM.

KOHT po/sibHble BOMPOCHI

1. Yrto Takoe cuctematmyeckas norpeluHocTs? MpuBegnTe npumMepsbl.
2. Dalite onpegeneHne UCNPaBeHHOro pesyfbTaTa M3MepPeHUIA.
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3. Kakum obpa3om KnaccuuumpyoTcs cucteMaTUyecKkne norpewHocTn?

4. HaszoBuTe cnocobbl BbIIBNEHUS MOCTOSAHHbIX CUCTEMATUYECKMX MOrpeLu-
HOCTEW.

5. Ha3oBuTe cnocobbl BbISBAIEHNS MEPEMEHHbIX CUCTEMATUYECKMX MOrpeLLHO-
CTel.

B. B uem cocTtomT cyTb Kputepusa Abbe?

7. UTo Takoe ANCMEPCUOHHbIM aHa/IM3 U KaK OH MpUMeHseTcsa 415 ycTpaHe-
HUSI CUCTEMATUYECKUX MOrpeLIHOoCTer?

8. Kak 06Hapy>XunTb CMCTEMATMYECKYH0 MOrPeLuHOCTb MpU MOMOLLM KpuTe-
pus BunkokcoHa?

9. Kaknm 06pasomM oueHMBaeTCs Lien1ecoobpasHoCTb BBEAEHNS NONpaBKu 415
yCTPaHEeHNS cUCTEMATUYECKOl MorpeLHocTn?



rnasa 6. CIYYAMHBLIE MOrPELWLIHOCTU

6.1. BeposATHOCTHOE onucaHue Cry4daiHbIX MOrpeLlHoCcTel

MpucyTcTBME cny4variHbIX MOrpewHocTelrd B pesynbrarax mMsmepe-
HU Nerko obHapy>nBaeTcs U3-3a UX pasbpoca 0THOCUTESIbHO HEKOTO-
poro 3HayeHUs. Kak y>ke oTMe4dasiocb paHee, U pe3ysnbTaT U3MEPEHMS,
M ero norpewHocTb ¢ U3BECTHLIMM OrOBOPKaMM MOryT paccMaTpuBaTh-
ca (cm, pasg. 4.2) Kak cnydvariHble BE/IMUMHBI.

M3 Teopun BEpPOSATHOCTU W3BECTHO, YTO Hambosee yHMBepPCasibHbIM
Crnoco6oM onmMcaHua CrlydaHbIX Be/IMYMH ABMSETCA OTbICKAHME UX UH-
TerpasibHbIX UM gndgepeHunanbHbiX GyHKUMA pacnpegeneHns. NH-
TerpasibHo PyHKUMein pacnpegeneHns F(x) HasbiBaloT PYHKUUIO, Ka-
XXJ0e 3HaueHWe KOTOPOWM A1 KaXKAoro X siB/SIeTCS BEPOSATHOCTbIO
co6bITNA, 3aK/4aloLerocs B TOM, UTO cyvyaiHasa BesiMumHa X B i-Mm
onbITe MPUHMUMAET 3HAYeHNe, MeHbLlee X:

F(X) = P{Xj < x} = P{-00 < X < x}. (6.1)

Mpatmk nHTerpanbHOM PyHKUMW pacrpefeneHns nokasaH Ha puc.
6.1. OHa umeeT crnegylowme CBOMCTBA:

e HeoTpuuatesnbHasda, T.e. F(x) > O

= Heyb6biBawwWwas, 1.e. F(x2 £ F(x,), ecnn x2> X,;

e inanasoH ee uaMeHeHUsa npoctupaetca oT 0 go 1, T.e. F(—) = O
F(+o0) = 1,

* BEPOATHOCTb HaxXOXAEHMWS Cry4yaliHO BeNuyuHbI X B AuanasoHe
OT X, [0 X2P{Xj <x < x2Z = F(x2 - F(Xj).

Bonee HarnsgHbIM ABNSETCA ONUCaAHWE CBOMCTB pe3y/ibTaToB n3Me-
pPeHWNi 1 cny4variHbIX NOrpeLlHoCTer ¢ MomMoLbio AnddhepeHLmansHol
hyHKUMM pacnpefeneHns, nHave HasblBaemor NA0THOCTbIO pacnpeje-
neHunsa sepoaTHocTeN p(x) = dF(X)/dx. OHa Bcerga HeoTpuuaTesibHa U
MoAYMHAETCA YCNOBUKD HOPMUPOBAHUA B BUAE:

j p(x)dx =1.
m

YuntbiBas B3anmMocBA3b F(X) 1 p(x), /lerko rnokasatb, YTO BEPOAT-
HOCTb MonagaHusa cAy4YaiHol BENNYMHBLI B 3aAaHHbI UHTepBan (X,; X2
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*1

P{xj < x <x2Z = fp(x)dx .

*2

CnepoBatesibHO, PacCMOTPEHHOE Bbille YC/I0BME HOPMUPOBAHMUS 03-
HayaeT, YTO BEPOSATHOCTb MOMafaHMsA BE/IMUYUHBI X B MHTEPBaN [—2°; + °°]
paBHa eguHULE, T.e. MpeacTaBisAeT coboii fOCTOBEPHOE CObbITHME.

M3 nocnegHero ypaBHeHUs criedyeT, YTO BEPOSTHOCTb MomnagaHus
CMy4yaHOW Be/IMYMHBI X B 3afaHHbIi MHTEpBaN (X,;X2) paBHa Nsowaau,

3aK/II0YEHHO Mof KpuBOW
p(x) mexpgy abcumccamm X,
n x2 (cm. puc. 6.1). Moato-
My Mo popme KpuBOMA NAoT-
HOCTU BeEPOATHOCTU p(X)
MO>KHO CyAUTb 0 TOM, Kakue
3Ha4YeHNs crlydaHoOW Benu-
UMHbI X Hanbosiee BEPOSITHBI,
a Kakve HauMeHee.
PesynbTupytowiasa no-
rPELLHOCTb 3a4acTyl CKa-
[blBaeTcs M3 psiga cocTas-
NAWNX ¢ pasIuYHbIMUN
NJ0THOCTAMW pacnpegene-
HuA p,(x), pAx),..., pr(x). B
CBSA3M C 3TMM BO3HMKaeT 3a-
Jaya onpegeneHns cymmap-
HOr0 3aKOHa pacrnpefesieHus
norpewHocTn. Ans cymmbl
HEe3aBMCUMbIX HEMPePbIBHbIX
CNnyYariHbIX BEIMUYUH X, U X2,

Puc. 6.1. NHTerpanbHas (a) n guddepeHum-
anbHas (6) hyHKUUW pacnpeseneHns
cny4YaiiHou BeNNYMHBI

MMeLWmMX pacnpegeneHmst pt(x) n pax), oH Ha3bIBAETCA KOMMO3ULNEN
M BblpaXkaeTcs WHTerpasiamu cesepTku [48, 49]:

KO

+00

P(z)= Jpi(x,)pAz-x,)dx1=3p,(z-x2dp2Ax2)dx2

—00

-B0

"padhmyeckoe onpegesneHne KOMMNO3NLMN ABYX C/AyYanHbIX He3aBu-
CUMbIX BESIMYMH MOoKa3aHo Ha puc. 6.2. CrefyeT OTMETUTb, YTO Mac-
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WTab Bcex rpadMKoB Mo BepTMKasM MPOU3BO/IbHbIA, W AO/HKHO BbINos-
HSATbLCA YC0BUE: M/I0Laab, OrpaHMyYeHHast KpUBOA M/IOTHOCTU BeposiT-
HOCTM, paBHa eauvHULE.

aiter

Puc. 6.2. CymmmpoBaHWe 3aKOHOB pacrpesenieHni

6.2. YUncnosble napamMeTpbl 3aKOHOB pacnpenesneHus

6.2.1. O6wme cBegeHUs

Kak oTmeuasiocb Bbllle, (hyHKLMUW pacrnpeeneHns sIBASOTCA ca-
MbIM YHMBepcasibHbIM CMOCOGOM OMMCcaHUs! MOBEAEHUSI Pe3y/ibTaToB
W3MEePEHWU 1 cnydaliHbiX norpeluHocTeil. OaHaKo Anst UX onpeaese-
HUSI HEOBXOAMMO MPOBeAEHME BecbMa A/IMTENbHBIX U KPOMOT/IUBbIX
MCCNeA0BaHNA N BbIMUCIIEHWNIA. B 60/1bLUMHCTBE ClyyaeB GbiBaeT Aoc-
TaTOMHO OXapaKTepu3oBaTb Cry4aliHble BEMYUHBI C MOMOLLbIO OF-
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pPaHWYEHHOro Yncaa crneuvanbHbIX NapamMeTpoB, OCHOBHbIMU U3 KO-
TOpPbIX ABASAKTCA:

e LeHTp pacnpejeneHus;

e HayaslbHble U LieHTpaslbHble MOMEHTbI U NPOM3BOAHbIE OT HUX KO-
ahpuumeHTel — MaTemaTmuyeckoe oxumgaHme (MO), CKO, skcuecc,
KOHTP3KCLEeCC U KO3a(ULMEHT acuMMeTpuu;

© IHTPONUNHBIA KO3(PULNEHT.

6.2.2. NMoHATMUe UeHTpa pacnpegenieHnsa

KoopgnHaTa ueHTpa pacnpefenieHUsi nokasblBaeT MOJIOXKEHME Cry-
YaliHOW BENTMYMHBLI Ha YUC/I0BOW OCKM U MOXKET 6bITb HalgeHa HeCcKosb-
Knmmn cnocobammn. Hambonee yHAaMeHTaIbHbIM SABSIETCA LEHTP CUM-
MeTpuK, T.e. HAXOXAeHWe TaKol TOUKM XMHa ocu X, C/ieBa W cnpasa
OT KOTOPOIA BEPOATHOCTM MOSIB/IEHUSI Pa3/INYHbIX 3HAYEHWIA caydaii-
HOM Be/IMUYMHbI OANHAKOBbI U paBHbl 0,5:

XM “®
F(XM = Jpx)dx = Jp(x)dx - 0,5.
-® XM

Touky XMHasblBaloT MegnaHon nnn 50% -HblM KBaHTUNEM. NS ee
HaxoXAeHnUs y pacnpefenieHnsi C/ly4anHo BeNIMUMHbBI AO/DKEH CyLLecT-
BOBaTb TO/IbKO HYMEBOW Ha4aslbHbIA MOMEHT.

MO>KHO onpeaenuTb LEHTP pacrnpefeneHnsa Kak LLeHTp TSXKecTu pac-
npegeneHns, T.e. Tako TOUKM X , OTHOCUTE/IbHO KOTOPOM ONpPOKUAbI-
BaKOLWMA MOMEHT FeOMETPUYECKO (DUrypbl, OrvubarLlen KoTopoi sB-
naetca Kpmsas p(X), paBeH Hy/io:

X =mx =aj[x] = M[x] = jxp(x)dx.

-0c

JTa ToYKa HasblBaeTcsl MaTeMaTUUYECKUM odKugaHuem. CnegyeT
OTMETUTb, YTO Y HEKOTOPbLIX pacnpefesnieHnid, Hanpumep pacnpeaene-
Husi Kowu, He cyuwiecTByeT MO, TaK Kak onpefensiiowmii ero uHTe-
rpasl pacxoguTcs.
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Mpy cMMETPUYHOM KpuBOM p(X) B KadecTBe LEHTpa MOXET UuC-
nonb3oBaTbcs abcumcca Mofbl, T.e. MakcMmyma pacnpegeneHvs X,,.'
OpfHaKo CyLLecTBYHOT pacnpeenieHns, Y KOTOpbIX HET MofAbl, Harnpumep
paBHOMepHoe. PacnpefieneHnss ¢ 04HUM MakCMMyMOM Ha3bIBalOTCHA 0f
HOMOZJ&/IbHbIMWY, C ABYMSI — [ABYXMOA&/IbHbIMU U T.4. Te U3 Hux, y
KOTOPbIX B CpefHEel 4acTu pacrosioKeH He MaKCMMyM, a MUHUMYM,
Ha3bIBATCA aHTMMOAA/THHBIMMU.

Ana asyxmoAasibHbIX pacnpefeneHnii NpUMEHSIETCS OLgHKa LeH-
Tpa B BUAE LieHTpa Crnoos:

Xc = (xe,+x2)/2,

rae xcl, x2— crubsbl, T.e. abcumnccbl TOUEK, B KOTOPbIX pacrpeneneHve
[OCTUTAET CBOUX MaKCUMYMOB.

[ANna orpaHmM4YeHHbIX pacnpegeneHuin (paBHOMEPHOro, Tpaneueun-
Oa/IbHOro, apKCUHYCOMAa/IbHOro U Ap.) MPUMEHSAETCA OugHKa B BUAe
LeHTpa pasmaxa’'.

Xp= (x,+X2)/12,

rge x,, X2— repsbliA 1 NMOcNeAHWNIA YfieHbl BapuaLlMoOHHOro psaa, cooT-
BETCTBYIOLLEro pacnpeieneHuio.

PasHble OLEHKW LeHTpa UMEKT pas/inyHyto apeKTUBHOCTL. Mpwu
CTaTUCTUYECKON 06paboTKe 3KCNMepPUMEHTa/IbHbIX AaHHbIX BaXXHO WC-
nosnb3oBaTb Haubonee 3PEKTUBHYIO U3 HUX, T.€. OLEHKY, UMEIOLLYO
MUHVMaUIbHYHO AMCNePCUto. 3T0 CBA3aHO C TeM, YTO MOrpPeLUHOCTb B Or-
peaeneHnn Xu, BrieveT 3a coboii HempaBWsbHY oueHKY CKO, rpaHuL
[0BEPUTENBHOr0 NHTEepBaU1a, JKCLLecca, KOHTPaKcLecca, BUaa pacripese-
NeHva 1 ap., T.e. BCeX Moc/efyloLWmX OLEeHOK, KPoMe SHTPOMUIAHBIX.

B [4] npuBeagH AeTasibHbIA aHaIM3 3PEKTUBHOCTU Pas/IMYHbIX OLle-
HOK, CeNaHHbIA C TOUKW 3peHUs 3aTpaT BpeMeHU Ha NpoBeieHme 13Mepe-
HWA. OHin, KaK NpaBuio, NPONopLMOHaIbHbI YUCTY MPOBEAEHHbIX N3Mepe-
HWIA, MO3TOMY LIeNecoobpasHo CPaBHVBATL Pa3/iMyHble OLEHKW MO UYmnCny
OTCYETOB M, HEOOXOAVMMOMY A1 AOCTVXKEHUS OANHAKOBOW AMCMEPCUN OLEH-
K1 X1 Hanpvmep cooTHoLLeHWe aucniepcun onpeaeneHns MO n megvaHbl
ansa pacnpegeneHna Nannaca: D[X]/D(XM = 2. CnegosatesibHo, onpeaere-
Hre X Kak XM B ABa pa3a s(peKTVBHeN, YeM orpefeneHre ero kak X,
NOCKOMbKY AN OOCTUXKEHUS OOHOM M TOM >Ke MOrpeLUHOCT! M3MepeHnst
TpebyeTcs B fBa pasa MeHbLUMI 00beM BbIGOPKM MCXOAHbIX AaHHbIX.
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J1s1 ocTpoBEPLUMHHBIX pacnpesenieHnii ¢ KOHTpakKcLeccom K< 0,515
OLleHKa KOOpAUHAaTLI LieHTpa MeamaHoii X MatheKTnBHee, YeM OLeHKa
MO X. (OTmeTuM, 4TO 419 HOPMa/IbHOro pacnpegeneHna K = 0,577.)
[N NN0CKOBEPLUMHHBIX 1 ABYXMOAA/IbHbIX pacrpeaeneHunin addekTvs-
HOCTb OLIEHKM LieHTpa Kak MeauaHbl XMnagaeT Ao Hyns. OueHKa LeH-
Tpa pacnpegeneHuns B Buae X 6e3yc/ioBHO adhheKTUBHA NWLLb A5 OQHO-
MoZasibHbIX pacnpefeneHnii, 65IM3KNMX K HOPMasibHOMY C KOHTPIKCLLec-
com Kot 0,515 go 0,645. [ns aByxmoAa/ibHbIX pacnpeaeneHuii Hambo-
Nee athhpeKTMBHA OLEHKA LeHTpa B BUAE KoopauHaTbl crmbos Xc, a gns
orpaHvyeHHbIX pacrnpeaeneHnii (paBHOMePHOro, TpaneuenaasbHbIX, apK-
CUHYCOMA&/IbHOr0, KPOMe TPeyrosibHoro) — B BUAE LIEHTpa pasmaxa
3KCNEepUMEHTa/IbHbIX AaHHbIX XP.

Mpy BbIGOPE OLIEHKWN LIEHTpa pacrnpesesieHns noMumMo ee adiheKTmB-
HOCTM HEeo6X0AMMO MPUHMMATb BO BHUMaHWe ee YyBCTBUTENIbHOCTb K
Ha/IMUMI0 NPOMaxoB B 06pabaTbiBAEMOM COBOKYMHOCTUM UCXOAHbIX AaH-
HbIX. OUeHKa B BUe MaTteMaTU4ecKoro oXkKUaaHna LeHTpa pasmaxa Xp
VCK/IIUNTENIbHO YYBCTBUTE/IbHA K Ha/IMUYMI0 MPOMaxoB, TakK KakK oHa
orpefensieTca rno Havmbosee yaaseHHbIM 0T LieHTpa HabniogeHAM, Kako-
BbIMU U ABNAOTCA nNpoMaxu. OueHKa B Brge X Takke €/1a60 3alupiieHa
0T BANSHMSA NpomaxoB. OHo ocnabnseTcs Nuib B Vn pas, rae N — yuncio
HabnoaeHWA, B TO BPEMST KaK ero BO3MOXHbIM pasMep HU4YeM He orpa-
HWYeH. 3alUMLIEHHbIMU OT BAIUSHUS MPOMaxoB ABNSAIOTCA /UL KBaH-
TWbHbIE OLEHKW, T.e. MeanaHa XMW LIEHTP CrMboB Xc, NMOCKO/IbKY OHU
He 3aBUCAT OT KOOpAMHAT MPOMaxoB.

6.2.3. MOMEHT bl pacnpefeneHniA.

Bce MOMeHTbI MPeACTaBNSAOT C060l HEKOTOPbIE CpeHNE 3HAUEHUS],
NpUYeM €C/IN YCPEAHSIIOTCA BE/IMYMHBI, OTCUMTLIBAEMbIE OT Havasia Ko-
OpAVHAT, TO MOMEHTbI Ha3bIBAOT HAYa/IbHBIMM, & eCc/IM OT LieHTpa pac-
npegeneHuns, To LeHTPa/bHbIMU. HayasibHble U LeHTpasibHble MOMEH-
Tbl r-ro nopsiaKa ornpenensitoTcsl COOTBETCTBEHHO MO hopMysiam

ar[x] = Ixmpx)dx ; urfx]* J(X- mx)rp(x)dx.
-
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HyneBoii HayasnbHbIA MOMEHT paBeH efuHuue. OH UcMosb3yeTcs
ONS1 3a0@aHUS YCI0BMS HOPMMPOBAHWUS MJIOTHOCTM pacrnpegesieHust:

Ix°p(x)dx =1

Tak>ke ¢ MOMOLLbI0 HAYa/TbHOr0 MOMEHTA HYJIEBOr0 NopsiiKa BBOAUT-
CA MOHATME MeAvaHbl pacrpefesieHus. MepBblA HaYa/lbHbIA MOMEHT —
MO cnyyaiiHO BeINUUNHbI:

[na pe3ynbTaTtoB M3MeEpPeHU 0HO MpeacTaBssieT co60l OLEHKY UCTUH-

HOro 3Ha4YeHNs U3MepsSIeMOl BefIMUYMHbIL. HauvarbHble U LeHTpasibHble

MOMEHTbI CMly4ariHOW norpewuHocT J1coBnagalT Mexxay Co60 U C LeH-

TPa/IbHbIMY MOMEHTaMM pe3yibTaToB uamepeHuia: oy [A] = w, [4] = w[X],

nockonbky MO c/lydaiHOM MOrpeLlHoCT! paBHO Hyno. CregyeT Takke

OTMETUTb, UTO NEPBbIA LIEHTPa/IbHbIA MOMEHT TOXAECTBEHHO PaBeH Hy/Ii0.
Ba>kHOe 3Ha4yeHVe VMIMEET BTOPOWM LEHTPa/IbHbIA MOMEHT

D[x] = J(x - mx)2p(x)dx,

Ha3blBaeMbll AUCMEPCUE N ABMSIOWMIACA XapaKTEPUCTUKON paccenBa-
HUS CNyYarHOM BeIMYMHBI 0THOCUTENbHOrO MO. 3HaunTeNbHO Yalle B
KayecTBe Mepbl paccemBaHUSA UCMONb3YeTCs CpefHee KBagpaTUYecKoe
O0TKJ/IOHEHWE

a=V5M,

VMeloLLIee TaKYHo XXKe pa3mepHocTb, Kak n MO. Ona npumepa Ha puc. 6.3
nokasaH B1A, HOPMasIbHOM0 pacnpesesieHUs Npy pasnyHbIX 3HadeHusIX CKO.
MaTemMaTnyeckoe oXugaHue 1 aucrnepcus ABNAITCA Hanbosee 4acTo
NMPUMEHAEMbIMU MOMEHTaMU, NOCKOJIbKY OHWM ONpeaensoT BaXKHble Yep-
Thbl pacrpefenieHns: NosoXeHme LeHTpa 1 cTeneHb pa3bpocaHHOCTH pe-
3yNbTaToB OTHOCUTENIbHO Hero. [1a 6osee nogpobHOro onucaHMs pac-
npefeneHnsa UCNosb3yloTCA MOMEHTbI 60s1ee BbICOKMX MOPSALKOB.
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Puc. 6.3. Bua HopmasibHOro pacnpegeneHns npu Xu=5un CKO- 0,5; 1, 2un 5

TpeTnin LeHTPa/bHbIA MOMEHT

BO = J(x-m x)3p(x)dx

CNY>XUT XapaKTEPUCTUKOA acUMMETPUM, WM CKOLLEHHOCTW pacrnpe-
fJeneHns. C ero 1Cnonb3oBaHWEM BBOAMTCA KOIULMEHT acummeT
pun v = udX]/ct3 [N HOpMasibHOro pacnpegeneHns KoahuumeHT
acMMMeTpuUM paBeH HyN0. Bug 3akoHOB pacnpefesnieHns npu pasnud-
HbIX 3Ha4YeHUsX KoathhuuMeHTa acCuMMETPUN NMpuBeaeH Ha puc. 6.4,a.

p

1c e3

6)

Puc. 6.4. Bug guddepeHUMasibHOM yHKLMM pacnpeaeneHns rnpu
pasnINyHbIX 3HaYeHUsX KoathuumeHTa acummeTpum (@) n akcuecca (6)
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UeTBepTbIi LEHTpasIbHbIA MOMEHT

LUA[x] = J(x - mx)4p(x)dx
-0

CNY>XUT 1A XapaKTePUCTUKM MJI0CKO- WM OCTPOBEPLUNHHOCTY pac-
npeaeneHnsl. 3TV CBOCTBA OMUCLIBAKOTCS C MOMOLLLIO 3KCLiecca

e'= u4[x]/o43. (6.2)

3HaueHVsA KosdhuLMeHTa € exkar B AnanasoHe oT -2 Ao Ansa Hop-
MaslbHOro pacnpesenieHns oH paseH O. Yatlle akcuecc 3agaeTca iopMysioi

(6.3)

Ero 3HaueHus1 fiexxaT B AguanasoHe oT 1 go 18 HopMasibHOro
pacrnpeaeneHnst oH paBeH TpeM. Bug avddepeHUpasibHON (yHKUMK pac-
npeaeneHns NPy PasNUHbIX 3HAUEHWUSIX IKCLIECCa NokasaH Ha puc. 6.4,6.

Ona ypo6etBa YacTo MCMOMb3YT KOHTPIKCLECC

K=210rr.

3HayeHVs1 KOHTP3aKcuecca fiexkaTt B npegenax ot 0 go 1. Ansa Hopmasib-
HOro 3akoHa oH paseH 0,577.

6.2.4. SHTPONUIAHOE 3HAYEHME MOrPeLLHOCT U

Pa3BuTe TeopuM BeposITHOCTel MPUMMEHUTENIbHO K Mpoleccam no-
JyYeHU U3MEPUTESIbHOM MHhopMaLMM NMPUBENO K CO3LaHMNI0 BEPOSITHO-
CTHOI4 [4, 52] Teopumn nHopMaumn. C TOUKU 3peHNS 3TO TEOPUM CMbIC/T
N3MEPEHNST COCTOUT B CY>KEHUWN MHTEPBaIa HeomnpeaesieHHOCTM 0T 3Haue-
HWS1, W3BECTHOrO A0 €ro NpoBefeHWs, [0 Be/IMUMHBI d, Ha3bIBAeMOW 3H-
TPONUIAHBIM MHTEPBASIOM HeoNpeae/IeHHOC T 1, CTaBLLIel M3BECTHOI nocsie
N3MEPEHUNS. DHTPOMMUIAHBIA WMHTepBaUT OnpeaesisieTcsl, no dopmyre

(6.4)

rae [Jb— SHTPONUiAHOe 3HAYEHWE MOrPELLUHOCT;
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co
H(xAs) = - Ip(x)In[p(x)ldx
-0
— 3HTPONUA AeCTBUTENIbHOrO 3HAYEHUS X WU3MEPSIEMOW BESTUYMHBI
BOKPYT MOMyYeHHOro Mocsie U3MEepPeHUsi 3HaYeHUst XA, T.e. 3HTponus
MOrpeLlHoOCTN M3MepeHnid; p(X) — MNMIOTHOCTL pacrpenesnieHns BeposiT-
HOCTU N3MepsieMoli BE/TMUMHBI.

OCHOBHOE [O0CTOMHCTBO MH(NOPMALMOHHOIO MOAX0Aa K OMUCaHUI0 U3-
MEepPeHUIA COCTOMT B TOM, UTO pasMep SHTPOMUIAHOIO MHTepBasia Heorpe-
DENEHHOCTU MOXKeT ObITb HalifileH CTPOro mMaTeMaTU4ecku A4S Niio6oro
3aKoHa pacnpefesieHnsi. IT0 YCTPAHSIET UCTOPUYECKN C/IOXUBLLMIACS MPo-
M3BOJ1, HEM3BEXHbI MPY BOMEBOM Ha3HAYeHWM Pas3/IMUHbBIX 3HAYEHWIA
[OBEPUTENILHOM BEPOSITHOCTM. Hanpumep, 4718 HOPMasIbHOrO pacripeae-

nenmna H(x/ xp) = In(ovV2rce) n d = -J2nea - 4,133c. [na pacnpenene-

HUA CumncoHa H(x / xg) = 1n(o-Y6e) n d = oT6e = 4,04c.

COOTHOLLEHNE MEXAY 3HTPOMNUAHBLIM [, N cpegHUM KBagpaTuye-
CKUM & 3HAYEeHNSMM MOrPELLHOCTU Pa3/INYHO A1 pa3HbIX 3aKOHOB pac-
npeaeneHns, 1 ero yaobHee xapakTepm3oBaTh SHLLPOMUAHBIM Koaddu-
uMeHTOM K=[3/a faHHOro pacnpegeneHus (tabn. 6.1).

Tabnuuya 6.1
3w aun koaumupeHTa K gnsi pasinyHbl!
3aKOHOB pacnpeaeneHna

3aKoH pacripeserieHnst K Bwun, pacripesenerus K
HopmarisHoe (Maycca) 2,07 PaBHOMepHoe 1,73
TpeyronbHoe (CUMIcoHa) 2.02 ApKcyHycoupaTbH"e 1.11

Jlarnaca 1,93 [OuckpeTHoe aBy3HauHoe O

CrblofieHTa (4mcrio cTeneHeli ceobogpl —4) 1,90 Kowm 0

6.3. OCHOBHbIe 3aKOHbI pacnpegesieHns

6.3.1. Obue cBefeHUs

Vcnonb3oBaHe Ha NMPaKTUKE BEepPOSTHOCTHOFO MoAxoda K OLeHKe
MOrpeLLHOCTe Pe3y/ibTaToB U3MepeHUlA Npexkae Bcero npegrionaraeT
3HaHWEe aHaIMTUYECKON MOAENW 3aKOHa pacnpeaesieHnst paccmaTpu-
BaeMoii MorpeLHoOCT. BcTpevalolmecs: B METPOSIOrMM pacrnpegeneHuns
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[JoCcTaTo4HO pa3HoobpasHbl. B KayecTse npriMepa MOXKHO NMPUBECTU pe-
3ynbTatbl uccnegoBaHuii [4] 219 dakTuyeckux pacnpeneneHnin mno-
rPeLLHOCTeN, MMEIOWNX MECTO MpPU U3MEPEHUN 3NIEKTPUYECKUX N He-
3NEKTPUYECKMX BE/TMYMH Pa3HO0OpasHbIMK NMprbopamMu. YCTaHOB/IEHO,
4yTO NpUMepHo 50% pacnpefeneHnii NPUHaANEXKAT K K1accy 3KCMOHeH-
umanbHblX, 30% SABNATCA YNJ/IOWEHHbIMA, a ocTasibHble 20% — pas-
JINYHBIMX BUAAMWN ABYXMOAA/TbHBIX pacrnpesesieHniA.

MHO>XeCTBO 3aKOHOB pacrpeaesieHns CnyyanHbIX Be/IMYUH, UCMOSb-
3yeMbIX B METPO/IOrnK, Lesnecoobpa3Ho knaccuguumposats [4] cne-
Oyowmm obpasom:

= TpaneLenjasibHble (NM0CKOBEPLLMHHBIE) pacnpeaesieHns;

*ynJoLLeHble (MPU6n3nTeNIbHO NI0CKOBEPLLMHHBIE) pacripefesieHuns;

*3KCMNOHEHLMa/TbHbIE pacrpefesieHuns;

*CeMeINCTBO pacnpeneneHnii CTblofeHTa;

= IByXMOf&/1bHble pacrpenesieHus.

6.3.2. TpaneuengansHbole pacrnpeaesieHns

K TpaneuenaasibHbIM pacnpeaeneHnsiM 0THOCSTCS: PaBHOMEPHOE,
COGCTBEHHO TpaneuenaaibHoe 1 TpeyrosibHoe (CvmMrcoHa). PaBHomep-
Hoe pacnpegeneHue (puc. 6.5,a) onucbIBaeTCcs ypaBHEHMEM

TpaneuenaanbHoe pacnpegeneHue (puc. 6.5,6) obpasyeTcs Kak KoMm-
no3vums ABYX paBHOMEPHbIX pacrnpefe/ieHni LWMPUHOI a, 1 a2(puc. 6.2):

0, X <XU- a X >Xu+a;

X- Xu+a .

52_[{? Xu-a<xSXu- b
pey= 1 Xii- b<x <Xy +b

a+b'

XL|,2+a-x Xy +bEX FXy +a.

ac—b'
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PBe. 0.5. PacnpegeneHuvs: a — paBHOMepHoe; 6 — TpaneuenganbHoe;
B — TpeyronbHoe (CamncoHa)

TpeyronsHoe (CumncoHa) pacnpegesieHne (puc. 6.5,8) — 3To0
YacTHbIA cny4dal TpaneuemgasibHoro, A KOTOPOro pasmepbl UC-
XOAHbIX PaBHOMEPHbLIX pacrnpefenieHNn oAMHaKoBbI: a, = a2 (CM.
puc. 6.2):



0, XX

X-x« ta o
p(x) = . X,-alix £Xu
a2
+a- X
Xy » XUhx <sXy+a,
az2

roe Xy, a, b — napameTpbl pacnpegeneHus.

MartemaTunyeckoe oXmgaHue BcexX TpaneueugasbHbIX pacnpegene-
HUM Xy =(xj +x2)/ 2. MegnaHbl U3 CO06pPaXKEHN CUMMETPUN PaBHbI
MO. PaBHOMEpPHOe 1 CO6CTBEHHO TpaneuenjasibHoe pacrnpeneneHns mo-
[bl He MMelT, a Mofa TPeyrosibHoro pasHa 1/a.

CpefHee KBagpaTu4ecKoe OTK/I0HEHWE B 3aBMCMMOCTU OT pacrnpeje-
NeHnsA onpegensietca no gopmyne:

epaBHOMepHoe 0 =a/

e TpaneuengansHoe a = (a/ ~"6~1 +(a/b)2=(ap/ V1 +(al b)2

eTpeyrosibHoe o0 = a/ V6.

M3 npuBeaeHHbIX ypaBHeHWI cnegyeT, yTo CKO TpaneuenganbHbiX
pacnpegeneHuii Bo3pactaeT B 1,41 pa3a ¢ pocTtom napameTtpa b oT Hyns
(TpeyronbHoe) o a (paBHoMepHoe). KoathumuymeHT acnummetTpum Beex
TpanevenanbHbIX pacnpefesieHnin paBeH Hynio.

UwncnoBble napamMeTpbl TpaneuenjanibHbIX pacnpeieneHunini Npy pas-
JINYHBIX OTHOLLIEHUAX LWMPUHBI UCXOL4HbLIX PaBHOMEPHbIX pacrpegese-
HUIA npuBegeHbl B Tabn. 6.2.

Tabnuua 6.2
3HaueHVs1 NapamMeTpoB TpaneLenaasibHbIX pacnpeaeneHni
bla aZa! ala e K K
(cm. puc. 6.2)

1 0 1,732 18 0,745 1,73
2/3 1/5 2,037 19 0,728 1,83
1/2 1/3 2,191 2,016 0,704 1,94
1/3 1/2 2,324 2,184 0,677 2,00

0 1 2,449 2,4 0,645 2,02
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PaBHOMepHoOe pacnpefenieHre MMEKT NOFPeLIHOCTU: KBaHTOBaHWSA
B LMU(POBbLIX NMpmnbopax, OKPYrneHns npu pacyetax, oTcyeTa nokasa-
HWA CTPeNoYyHoro npubopa, OT TPEHUS B CTPesIOYHbIX npubopax ¢
KpensieHnem I'IO,CI,BI/I)KHOI7I 4yacTh Ha KepHax mnn nogndTHMKax, onpe-
aeneHna MOMeHTa BPeMeHW O/ KaXKaoro M3 KoHLU0B BPEMEHHOI0 UH-
TepBasia Mpu U3MepeHUM 4acToTbl U Mepuoja MeToA0M ANCKPETHOro
cyeta. CymMMUpPYysiCb MeXAay co60li, 3TM MOrpeLHocTN 06pasyT Tpa-
neuenjasnbHble pacnpeiesieHns ¢ pasIMYHbIMU OTHOLLEHUSIMU CTOPOH.

6.3.3. OKCcMoHeHLUMasbHble pacrnpesesneHns

OKCMOHeHUWasbHble pacnpegesieHnst onucbiBanTcs qopmynon [4]

P(X) exp M 6.5

X) = .
2bct (17 a) pV xr (6.5)

roe a)/T(3/ a); a — CKO; a — HekoTopasi xapakTepHas

0N JaHHOro pacnpefeneHnss KOHcTaHTa;, XU, — KoopAuHaTta LEeHTpa;
M(x) — ramma-thyHKumsa. B HopmmpoBaHHOM BuAe, T.e. npu Xu=0 u
aX =1,

P(X> = 2I(I/ a) 6XP =A(a)exp (_Ma)’

rae A(a) — HOPMUPYIOLNIA MHOXWUTE b pacnpeaeneHus.
MHTerpanbHas PyHKLMA HOPMUPOBAHHOIO 3KCMOHEHLNAILHOIO pac-
npefeneHnsl onucbIBaeTcs BblpadKeHNeM

*

1
) R —— fexp(-]x]a)dx .
xa)=3 2r(1/a) fexpC il

MHTerpan, BXogawmii B aTy hopmMysly, Bbipa>KaeTcsi yepes 3fieMeH-
TapHble PyHKUUKM Tonbko Npua = 1/n, n=1; 2; 3; ... Mpuna = n = 2;
3; 4; ... OH MOXeT ObITb paccynTaH Mo npuUbAMXKEHHbIM opmynam,
npmeBeaeHHbIM B [53].

JKcuUecc W 3HTPONUIHBLIA KOIMPULMEHT 3KCMOHEHLMAbHBIX pac-
npegeneHnin cOOTBETCTBEHHO OMPefensTcsa no gopmyiam:
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r(1/a)r(s/a) _ela W/a)
[F3/a)2 a Vr(s/a)"

AHanM3 NpuBedeHHbIX BbIPaXKEHWI MOKa3bIiBaEeT, YTO KOHCTaHTa a
0[lHO3HA4YHO onpefensieT BUA M Bce napameTpbl pacripegeneHuii. Mpu
a < 1 pacnpegeneHvie NMeeT 04YeHb Mosiorne cnagsl 1 no gopme 613K0
K pacnpegeneHuio Kowwu. Mpn a = 1 nonyyaetca pacnpeneneHvie Jlan-
naca p(x) =05e~'X, npun a = 2 — HopMasibHOe pacrpegeneHvie WU
pacnpegeneHvie Maycca. Mpu a > 2 pacnpegernieHuisl, onvcbiBaemMble ¢op-
Mysoii (6.5), 6:M3KM Mo cBOMCTBaM K TpaneuengasibHbIM. [py o4eHb
60/bLWNX 3HaYeHUsX a copmyna (6.5) onucbiBaeT NPaKTUYECKN pas-
HOMepHoe pacnpefeneHve. B Tabn. 6.3 npvBeaeHbl NapaMeTpbl HEKOTO-
pbIX W3 3KCMOHEHLMAaNbHbIX pacrpeseneHnii.

Tabnuya 6.3
3HaueHUs1 NapameTpoB IKCMOHEHLMANbHbLIX pacnpeaeneHuii
npu pasINYHbIX NoKasaTensix a

PacnpegeneHve a E K K
JNannaca 1 6 0,408 1,92
HopmanbHoe(l"aycca) 2 3 0,577 2,07
PaBHoMepHoe ) 1.8 0,745 1,73

Bug, sKCMoHEHUMabHbIX pacnpeiesieHnii Npyu pas/inuHbIX 3Haue-
HUAX MoKasaTensi a npueedeH Ha puc. 6.6.

6.3.4. HopmarsbHoe pacnipegeneHue (pacnpegeneHme aycca)

Hamn6osbluee pacrpocTpaHeHvie MoslyHmn HopMasbHbIA 3aKoH pac-
npefeneHns, HasblBaeMblii YacTo pacnpegesieHemM aycca'.

(x- Xu)2
X) = ex
P(x) c\Va2n P 2a (6.6)
rge 0 — napameTp pacceMBaHus pacnpegenieHus, pasHbii CKO; X —
LeHTp pacnpegeneHuns, paeHblii MO. Bug HopmasibHOro pacnpegerne-
HMA MokasaH Ha puc. 6.3.
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Puc. 6.6. 3KcrnoHeHUnasibHble pacnpefesieHns, onpegesnsiemMble nNo
thopmyne (6.5) npn oX =1 n Xy 0

LLinpokoe mcronb3oBaHe HOPMASbHOMO pacrpese/ieHst Ha MpaKTyike
00BSACHSETCA LISHTPasTbHOM MpefesibHOM TEOPEMOiA TeopU BEPOSITHOCTEN
[48, 49], yTBep>XOAIOLLEA, YTO pacrpederieHie CydaiHbIX MorpeLLHoCTeN
OymeT 6/IM3K0 K HOPMaslbHOMY BCSIKMIA pas, Korfa pesysibTarbl Habrae-
HUA ChOpPMUPYIOTCS MO, AEVCTBMEM 6O/IBLLIOMO YMCTIa HE3aBUCUMO [AelACT-
BYHOLLMX (PAKTOPOB, KadKAbli 13 KOTOPbIX OKa3bIBAET /MLl HE3HAUUTE b
HoOe [elACTBME MO CPaBHEHMIO C CyMMapPHbIM [AECTBMEM BCEX OCTaVIbHbIX.

157



Mpwn BBEAEHMM HOBOM nepemeHHoM t = (X -X L)/o u3 (6.6) nonydyaet-
Cs1 HOPMMPOBAHHOE HOpPMaUTbHOE pacnpeaesieHne, NHTerpasbHast U and-
thepeHUManbHas YHKLMW KOTOPOr0 COOTBETCTBEHHO PaBHbI:

HopmumpoBaHWe NpMBOAUT K MepeHocy Haudasa KoopauHaT B LEHTP
pacnipefeneHns U BbipaxkeHWMO abeupmcebl B gonsx CKO. 3HaueHust
VHTErpasibHo 1 audhepeHuUmanbHOM (YHKUMIA HOPMMPOBAHHOMO HOp-
MaJIbHOro pacrpefesieHrst cBefieHbl B TabMLbl, KOTOPbIe MOYKHO HaiATWA
B NTepaType Mo Teopun BeposiTHocTeln [48, 49].

OnpesieneHHbIN MHTErpan ¢ rnepeMeHHbIM BEPXHUM MPeaesiom

(6.7)
0

HasbIBaloT (hyHKUMer Jlannaca. JNsi Hee cnipaBed/vBbl CriedytoLLme pa-
BeHcTBa: P(-00) = -0,5; ®(0) = 0; P(+<») = 0,5; <O(t) = —D(b). PyHKUMSA
JNannaca mcnonb3yeTcs ANsi ONpeAesieHnst 3HaAUEHNIA UHTErpasibHbIX
hyHKUMIA HOpMasTbHbIX pacnpeaeneHnii. dyHkums F(t) ceasaHa ¢ hyHK-
umeii Jlannaca dopmynoin F(t) = 0,5-KI>(t). MockonbKy mHTerpan B
(6.7) He BblpavKaeTcs Yepe3 aneMeHTapHble PYHKLMW, TO 3HaYeHUs
thyHKUMM Jlannaca An1s1 pa3INyHbIX 3HaYeHW t cBefieHbl B Tabnmuy
(cM. npunoxkeHve 1).

6.3.5. YnnouleHHble pacnpeaeneHus

JaHHble pacnpegeneHnsi NPeacTaBisioT CO60M KOMMO3MLNKO paB-
HOMEPHOI0 N Kakoro-sinbo 3KCroHeHUMaibHOro pacnpeaesneHus (cm.
puc. 6.2). Bug 04gHOMO M3 HUX MoKasaH Ha puc. 6.7. YNJOoLeHHble
pacnpegeneHus OT/INYAOTCA OT 3KCMOHEHUMa/IbHbIX C MokasatesiemM
a>2 Tem, 4YTO MpW MOYTM M/IOCKOW BEPLUMHE UMEKT A/IMHHbIE, Med-
JIleHHO crnajaouiye “XBOCTbI”, B TO BpPeMsl Kak 3KCMOHeHLUWaslbHble
pacnpegenieHnst Mpu a » 2 0bpbIBaKOTCA TeM Kpyde, 4em 6osiee nsio-
CKO SIB/ISIETCS UX BEPLUMHA.
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0,06

0,04

0,02

0

Puc. 0.7. ¥YnnoweHHoe pacnpegeneHue (1), nonyyeHHoe Kak KOMMO3ULUS paBHO-

MepHoro (2) n HopmasibHoro (3) pacnpegeneHuii ¢ CKO, pasHbiMn 10/V3 1 5
COOTBETCTBEHHO

OCHOBHbIMM MapameTpamy, onpesensiowyMA hopMy Takux pac-
npeaeneHnii, SBNSIOTCS:

 MoKa3aTe/lb OTHOCUTE/TBHOTO COEPXKaHVSA B KOMMO3MLMIW PaBHO-
MepHoli cocTasnsioLLert Cp= Op/clYC rae op, oLc—CKO paBHOMEPHOro
M 3KCMOHEHUMAILHOMO pacrnpenesieHuis;

* roKasare/ib a 3KCMOHEHLMa TbHOM COCTaB/ISAIOLLIENA.

Bec p = of KC/ (OgC+ Op) oTHocuTeNbHOM avcriepcnn of KC B cym-

MapHoli aucnepcun (ofkC +0p* Kak MpaBwio, He npesblaeT 10%.
OpfHako ero BmsiHVE Ha hopMy KpmBoA p(X) BYAeT 3HaUUTENbHbIM.
[Jpyras 0c06eHHOCTb YM/IOLLEHHBIX PacrpeaeieHniA: Mpy TOM ke 3Ha-
YEHM 3KCLECCa SHTPOMUIAHBIA KOS(MLIMEHT Y HUX CYLLIECTBEHHO MEHb-
LLie, YeM Y 3KCTMOHEHUMaTbHBIX pacrpesgeneHunin.

6.3.6. CemelicTBO pacnpeaenieHnii CTologeHTa

3TV 3aKOHbI OMUCLIBAIOT M/I0THOCTL PacnpeassieHnst BEPOSITHOCTU
cpeaHero apuMeTUUECKOr0, BbIMMC/IEHHOMO M0 BbIGOPKE 113 M Cyyaii-
HbIX OTCYETOB HOPMa/TbHO pacrpeae/ieHHOM reHepasibHoM COBOKYMHO-
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cTn. PacnpegeneHnss CTblofeHTa HalLIM LUMPOKOe MPUMMEHEHWME MNpu
CTaTUCTMYECKOW 06paboTKe pe3ynbTaTOB MHOTMOKPATHbIX W3MEPEeHWIA.
MX BWA 3aBUCUT OT YMc/ia OTCHETOB M, MO KOTOPbIM HaxXoAUTCA cpefHee
apuMeTNYECKOe 3HAYeHMe, MO3ITOMY M FOBOPAT O CeMelicTBE 3aKOHOB.

B LleHTpUPOBaHHOM 1 HOPMMPOBaHHOM BMAE OHU onucbiBalTcs op-
Mynoii

p(x) = — 1@ +x2/ K~(kH)2 = S(x,k),
>/bl(k/ 2)

rge K — 4uncio cteneHen csobofpbl, 3aBucsLiee 0T ymcna n ycpeaHsito-
Wmx oTcyeToB: K = n-1. Bug pacnpegeneHnsa CrolofeHTa Ansa pasnnd-
HbIX 3HAYEHWI K MokasaH Ha puc. 6.8. Mpu yBeNnMYeHMN K pacnpege-
neHve CTblogeHTa nepexoouTt B pacnpegeneHve aycca.

Puc. 6.8. PacnpeneneHve CTblofieHTa Mpuy CTeneHsIX cBo6opl, paBHbIX 1
(pacnipepenervie Kown), 5 100

[ns HopMMpoBaHHbIX pacnpeaeneHunii CTblogeHTa ¢ K > 4 cnpaBseg-
NIVIBbI CNefyrowme COOTHOLLIEHUA:

.= n-1 e_3_”__'___31—3__'§_'_-_2- K= k-4
T on-3 Vk-2’ n-5 = k-4 -4

3HaueHNs1 HEKOTOPbIX MapaMeTPOB A/ Pa3/INYHbIX CTEMEHe cBO60bI
npuBeaeHbl B Tabn. 6.4.
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PacnpepeneHuns Crblo- Ta6nuuya B.4

,quTa NMeloT pﬂ.ﬂ. 0CO6EeH- 3HayeHMA ToYeUHbIX OLEHOK pacrpefeneHuns
HOCTe|7|' CTblofieHTa Mpu passinyHbIX CTENeHAX CBO60AbI1K

enpu n <3 nx CKO cTa-
HOBUTCHA paBHbIM 6ECKOHeY-

OHTPONUIAHBI
KO3(hPULMEHT «

HOCTW, T.e. AVCMEePCUOHHAS 4 00 0 1,900
OLEHKa LUMPUHBLI pasépoca 5 9 0,333 1,972
He paboTaeT (nepectaeT cy- 6 6 0,408 2,006
LecTBOBaTh); 10 4 0,500 2,047

* K/laccuYecKuii annapar 00 3 0,577 2,066

MOMEHTOB /191 OLEeHKN ¢hop-
Mbl W LUMPWHbI pacrnpegerne-
HUA CTblofeHTa C MasibiM YMUCMIOM CTereHelr cBo6oAbl OKa3blBaeTCs He
paboTocnocobHbIM, U UX WWMPUHA 1 hopMa MOryT 6bITb OLIEHEHbI STNLLb C
MCMOMb30BaHNEM J0BEPUTENbHBIX Y SHTPOMUIAHBIX OLLEHOK. 3TUM pacrpe-
JeneHvie CTblofleHTa Pe3Ko 0T/IMYaeTcs OT ApYrnx pacnpefeneHuii.
Pa3HoBuaHOCTLIO pacnpedeneHnst CTblOAeHTa ABASIETCA pacrnpene-
neHve Kowwm. OHO BaXXHO TeM, YTO eMy MOAYMHSIETCA pacnpefernieHvie
OTHOLLIEHUS ABYX HOPMasibHO pacnpefeneHHbIX LeHTPUPOBaHHbIX CAY-
YaliHbIX BenuuuH. PacnpeaeneHne Kowm — 3To NpeesibHOe pacnpee-
NeHue ceMeiicTBa 3akKOHOB CTbiofieHTa ¢ MUHUMa/TbHO BO3MOXXHbIM YKC-
nom cteneHei csobopl, paBHbIM k = 1 (puc. 6.8):

r(1) 1

PW “ _I— o ~ .
AL 2L +XD) 7L+ xD)

B o6LieM Buae (He HOPMUPOBAHHOM U He LIeHTPUPOBaHHOM) pacripe-
JeneHvie Kowun nmeeT Bug,

;e rm
AKfl'f'[(X -X 1 /al]

roe A, Xu — napameTpbl pacnpeiesieHus.

CsoiicTBa pacnpegeneHnsa Koy pe3Ko 0T/IMYatTcs 0T CBOWCTB 3KC-
NOHEHUMA/IbHBIX pacrnpefeneHnii, a UMeHHO:

- ancnepcnst 1 CKO He CyLLecTBYIOT, TaK Kak OnpeaensitoLmii
WHTerpan pacxoamtcsa. OHM 6yayT 6ECKOHEYHO yBe/IMUMBaTLCA Mpy poc-
Te yncia IKCNePUMEHTa/TbHbIX AaHHbIX. OueHKa LUMPUHBI pacrpegere-
HUSA MOXKeT 6bITb MPOM3BEAEHA TOSIbKO Ha OCHOBE Teopun UHGopMaLmu;
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e0ougeHKa LeHTpa B BUAE CpegHEro apugMeTnyeckoro ons pacnpeje-
NeHnsa Kown HenpaBoMO4YHa, TaK Kak ee paccesdHue ofyfn pasHo 6ec-

KOHEYHOCTW;

e MaTeMaTUYecKoe O0XKMAAHWE He CYLLLecTBYeT;
= s onpeaeneHnst XU, Heo6X04MMO MUCM0/b30BaTb MeAnaHy;
*3KCLECC paBeH GeCKOHEYHOCTU, a KOHTPIKCLECC paBeH Hysio;
*3HTPOMNUIAHOE 3HAYeHMe MOrpPeLHOCTU pPaBHO 2NA.

6.3.7. AByxmofanbHble pacnpegeneHuns

K HMM OTHOCATCA OUCKPETHOe ABY3Hau4HOe, apKCUHYycougasibHoe Y
[ABYXMOfasibHble OCTPO- U KPYr0BepLUNHHbIE pacrnpefeneHus.

JAMCKpeTHOe ABY3HA4HOe pacnpefenieHMe — 3T0 pacrnpegeneHue,
npy KOTOPOM C paBHbIMW BEPOSATHOCTAMM BCTPEYaloTCA TOMbKO ABa
3HAYEeHUS CryyaiiHOoW Benu4MHbl. B UeHTpupoBaHHOM Buge (puc. 6.9)

OHO OMNKCbIBAETCA (hOPMYJION

p(X) = 0,55(x +A) +0,58(x - A),

roe 8(x) — pgenbTa-hyHKUMA Oupaka; *A — BO3MOXHbIe 3HAYeHUs

“p
_________ — Fomm e
-A O

Puc. 6.9. Huckpesroe pT,gysHaque pacnpegeneHvie

CNy4YaiHOM BENUNYMHBI.
Mpn ANCKpeTHOM ABY-
3HAa4YHOM pacnpegeneHnn
CKO paBHo 3HaueHut0 napa-
MeTpa A, e=1L K=1k=0
JVcKpeTHoe [ABYy3Hau-
Hoe pacnpegeneHne MoXKeT
6bITb NPUBNVDKEHHO Npes-
CTaB/IEHO B BUAE CYyMMbl
[ABYX HOpMaslbHbIX pacnpe-
JeneHnii ¢ 0AMHAaKOBbIMU
no Moaysito, HO MPOTMBO-

MosIOXKHbIMM Mo 3HakKy MO 1 npu cTpemneHunn K Hyno nx CKO:

p(x) = lim
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ApKcuHycongansHoe pacnpegeseHne (puc. 6.10) onucbiBaeTca Bbl-
parkeHneMm:

p(x)=l/(WA2-x 2),

roe A — napameTp pacnpegeneHusa. Ero CKO pasHo A/ V2, £=15,
K = 0,816, k = 1,11.

Puc. 6.10. ApkcuHycomaasibHoe pacrpesesieHve mpy A —1

OCTpo- 1 KPYr/oBepLUNHHbIE ABYXMOA&/IbHbIE pacrnpejesieHns no-
NyyalTcA Kak KOMMO3ULMA OANCKPETHOrO ABY3HAYHOr0 W SKCMOHEHLM-
anbHOro pacnpeseneHnin ¢ pas/IMyHbIMU 3HaYEHUAMN KoadhdrLmeHTa a
(puc. 6.11). Mpn a < 2 Nony4arTcs OCTPOBEPLUMHHbIE, Mpn a > 2 —
KpPYrnoBepLUVHHbIe pacnpeaesieHns.

OCHOBHbIMW NapamMeTpamMn Takux pacrnpeaeneHuii SBNsATCs:

= rokasare/ib 0THOCUTENIbHOr 0 COAEPXKaHNSA B KOMMO3ULMU AUCKPET-
Hol cocTaBnswen Co= aag/aac= A/CT3C, rae agmn a,kk — CKO anckpeT-

| HOro M 3aKCMoHeHUUWaNbHOro pacnpegeneHnin. Kak npasuno, Ca6(0; 2).

Uem 6onblue nokasatesib Cg Tem 6osiblie nposast. Mpyu C = 0 nposavi
Ha rpadwke pacnpefeneHnsi OTCYTCTBYET;

= rnokKasaTesib CTEMEHU a [/19 3KCMOHEHLMa bHbIX pacrnpeaeneHui,
KOTOPbI 00bIYHO NEXUT B npegenax ot 0,5 go 2.

OcCTpoBePLUMHHbIE pacripefefieHNs MoyyaroTca Npy UCMo/b30BaHUM
HEKOTOPbIX BbICOKOTOUHbIX LMGPOBLIX BOSILTMETPOB, @ KPYr/0BepLUMH-



a) 6)

Puc. 6.11. OcTpoBepLUMHHbIE (&) U KPYr/oBepLlwnHHbIE (6) ABYXMO4a/IbHbIE
pacripeseneHus

Hble pacnpegeneHnda MMeEKT MOrpeHoCTn 0T MeEXaHNYECKOro rmcrepe-
3nca 3J/1IeEMEHTOB I'IpVI6ODOB n 0aT4NKOB.

6.4. ToyeuHble OLLEHKM 3aKOHOB pacnpeneneHns

PaccmoTpeHHble Bbille (hyHKLUW pacnpeaesieHnst onmcbIBatoT rose-
JeHne HenpepbIBHbIX C/TyYanHbIX BENINYMH, T.€. BefINUMH, BO3MOXHbIE
3HayeHMs KOTOPbIX HeoTAeMMbI ApYT OT Apyra v HenpepbIBHO 3aros-
HAKT HEKOTOPbIA KOHEYHbIA WAM GECKOHEYHbI MHTepBasl. Ha npak-
TUKe BCe pe3y/ibTaTbl U3MEPEHUIA U CAyYaliHble MOrPeLLIHOCTU SBSHOT-
€S BE/IMYNHAMWU AMCKPETHLIMU, T.e. Be/IMUYMHaMK Xif BO3MOXKHbIE 3Ha-
UYeHMs1 KOTOPbIX OTAENUMbI ApYyr OT Apyra v nognatorcs cyeTy. [Mpm
NCMNO/b30BaHMN AUCKPETHbIX Cry4YaliHbIX Be/MYMH BO3HWKaeT 3afjauva
HaX0XXAeHNS TOYEYHbIX OLIeHOK MapamMeTpoB UX MYHKUMIA pacnpeaere-
HUA Ha OCHOBAHWW BbIGOPOK — PAfa 3HaYeHU X;, MPUHUMAEMbIX Cy-
YyaliHO BeNUUYMHOM X B M HEe3aBUCUMbIX OMbiTax. Kcrnonb3yemas Bbl-
6opKa [0/KHA ObITb penpe3eHTaTUBHOW (MpeacTaBUTENIbHON), T.€.
JO/HKHA J0CTAaTOYHO XOPOLUO MPeACcTaB/isATh NPOMOPUUN FeHepasibHON
COBOKYMHOCTW.

OugeHka napameTpa HasbIBaeTCs TO4Ye4HOM, ec/IM OHa BblpadkaeTca
OfHUM 4YMC/OM. 3ajaya HaxOXKAEHUS TOYEYHbIX OLEHOK — YaCTHbIIA
cfiyyar CTaTUCTUYECKOW 3afayn HaxoXAeHWsl OLEHOK MapameTpoB
hyHKUMN pacnpegeneHns crly4aHon BeMUnHbI Ha OCHOBaHWW BbIGop-
Kn. B oTAnume oT camux napameTpoB MX TOUEUHbIE OLEHKN SB/ISOTCA
CMyYaliHbIMW BEIMYMHAMU, MPUYEM UX 3HAYEHUS] 3aBUCAT OT o06bema
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3KCNepUMeHTaUIbHbIX AaHHbIX, a 3aKOH pacrnpegeneHns — OT 3aKOHOB
pacnpegeneHns caMmx CcriydamHbIX BeSIUUUH.

TouyeuHble OLEHKM MOTYT 6biTb COCTOATENbHBIMU, HECMELLEHHbIMMN
N 3pPeKTMBHLIMU. COCTOATENBHOA Ha3blBaeTCA OLeHKa, KoTopas
npy yBesIM4EHNN 06beMa BbIGOPKM CTPEMUTCS MO BEPOSATHOCTU K WUC-
TUHHOMY 3HAYEHUVI0 YMC/OBOWM XapaKTepuCcTUKWU. HecMmelleHHON Ha-
3blBaeTCA OUEHKa, MaTeMaTuMyeckoe OXUAaHWe KOTOpol paBHO oLue-
HWUBAEMOI YMNCNOBOW XapaKTepuctuke. Hawnbonee ahpeK TUBHOM cum-
TalT TY M3 HECKOMTbKUX BO3MOXKHbIX HECMeLLEHHbIX OLEHOK, KoTopas
VMEET HaMMeHbLLUY aucrepcuto. TpeboBaHMe HECMELLIEHHOCTM Ha Npak-
TMKe He Bcerfa Lesiecoobpa3Ho, TaK Kak OLeHKa C HebosbLIMM CMe-
LEeHNeM WM Masioii Aucnepcrein MOXKeT oKasaTbCs MnpeanoyvTuTesibHee
HeCMeLLLeHHOM OLeHKKM ¢ 60/bLUoli Ancnepcueii. Ha npakTuke He Bce-
raa ypaertcs yAoBAeTBOPUTH OAHOBPEMEHHO BCe TpU 3TuxX TpeboBa-
HUSA, 0fHAKO BbI6OPY OLEHKWM AO/MKEH MpejLlecTBOBaTb ee KpuTuue-
CKMI aHann3 co BCeX MepevmncneHHbIX TOYEK 3peHus.

Hawnb6onee pacnpocTpaHeHHbIM METOAOM MOSYyYeHUS OLEHOK SIBJISH-
eTca MeTog HambosbLiero npasgononobus [4, 48], KoTopblii NpuBoAUT
K aCMMNTOTUYECKN HECMELLEHHbIM W 3(PEKTUBHbIM OLEHKaM ¢ npu-
61>KeHHO HopMaslbHbIM pacnpefeneHveM. Cpeay Apyrmx MeTooB MOXK-
HO Ha3BaTb MeToAbl MOMEHTOB [24] M HaMMeHbLUMX KBaApaToB.

ToueuHoW ougHKoi MO pesynibTaTa UM3MEPEHUIA SABNSAETCA cpefHee
apnMeTUNYECKOe 3HAUYEHVEe WU3MEPSIEMON Be/IMHNHBI

(6.8)

Mpn noboM 3aKoHe pacripefie/ieHUst OHO SIBNSIETCA COCTOATENIbHOMN
M HECMEeLLEHHOM OLEHKOM, a Takxe Haunbosee ahheKTUBHOM N0 KpuUTe-
pUl0 HaUMEHbLUVX KBaJpaToB.

ToueuHasi oLeHKa gucrnepcum, onpegensieMast no gopmyse

(6.9)

SAABNSAETCA HECMELLEHHOW W COCTOSITE/TbHOIA.
CKO cnyuvaiiHol Benn4umMHbl X Onpeaensietcs Kak KopeHb KBagpart-
Hbli 13 gucnepcun. COOTBETCTBEHHO €0 OLlEHKA MOXXET ObITb HalifeHa
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nyTeM WM3BAEYEHUS KOPHSA W3 OLEHKWM aucniepcumn. OgHaKo 3Ta onepa-
Uns sABNSIeTCSA HENIMHEMHON Npoueaypon, NpMBOASLLENA K CMELLEHHOCTH
nosiyyaemoii Takmm o6pas3oM OuUeHKW. Ona ucnpaBnieHus oueHkn CKO
BBOASAT MOMPaBOYHbIA MHOXUTENb K(M), 3aBUCAWMIA OT unucia Habo-
AeHuid n. OH n3MmeHsieTcs oT K(3) = 1,13 go k(°°) « 1,03. OueHka cpea-
HEro KBaApaTUYecKoro OTK/IOHEHMUS

0 =Sx =k(n)V6[x] = k(n) — YOY ~x)2=
Vn ~1i=i

MonyyeHHble oueHKM MO 1 CKO saBAATCA ciyyaliHbiMU Benyn-
HamMu. 3TO MPOABMSAETCA B TOM, UTO MpPM MOBTOPEHUAX cepuii M3 n

HabnAeHNA Kaxkapblii pas 6yayT NoiydaTbCsl pas/iMyHble OLEeHKU X U
0 . PaccesiHMe 3TUX OLEHOK Lies1ecoo6pasHo oLeHMBATb C MOMOLLLbHO

CKO M Sa. OueHka CKO cpegHero apnpmeTnyeckoro 3HayeHus

s* =Nk “1n@n-1) N Az (6.t0)

OueHka CKO [4, 48] cpefHero KesaapaTtnyeckoro OTK/I0HEHUA
SO * a(Sx) = SXV/N1/(2V ™) -

OrTcloga cnefyet, 4To OTHOCUTEsIbHAA MOrpeLuHocTs onpegenieHnsa CKO
MOXET 6bITb oueHeHa [4] Kak

SO/Sx=VAL/(27).

OHa 3aBMCUT TONIbLKO OT 3KCLiecca M 4ymcna HabnwgeHwul B Bbibopke
M He 3aBucnT oT CKO, T.e. TOl TOYHOCTU, C KOTOPOM MPON3BOAATCS
n3MepeHusa. Beuay Toro, 4to 60/1bLIOE YUCIO U3MEPEHUI MPOBOAUT-
€Al OTHOCUTENIbHO PeAKo, MOrpeLHocTb onpeaeneHns a MoXeT ObITb
BecbMa CyLLecTBEHHOW. B nwb6om cnyyae oHa 60/blie MOrpeLlHoCcTr
N3-3a CMELLLEHHOCTN OLLeHKU, 00YC/TI0B/IEHHOW M3BJIEYEHVEM KBajpaT-
HOr0 KOPHS M yCTpaHsieMO MNOoMpaBoYHbIM MHOXXUTEeeM K(r). B cBaA3u
C 3TUM Ha MNpaKTuWKe MpeHebperarwT y4yeTOM CMELLEHHOCTU OLeHKMU
CKO oTgenbHbIX HabNAEHWIA 1 ONpeaensitoT ero no gopmyne
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6 =Sx=4dD[x] =J~VY]E (xi~x)2. (6.11)

T.e. cumtarot k(n)=l.
MHorpa okasbiBaeTcs ya0bHee MCnob30BaTh criefytoLLpe hopMy bl /1St
pacyeTa oueHoK CKO oTaenbHbIX Hab/ogeHWi 1 pesynbtara M3MepeHus:

S - s. = . (6.12
_ 0-1 (6.12)

ToueyHble OLEHKU APYrnxX MapameTpoB pacrpefeneHnic Ucrosb3y-
IOTCA 3HAUUTENBHO peke. OLEHKN KoathhmLmeHTa aCUMMETPUM N 3KC-
Lecca HaxogaTca no gopmynam [55]

* = e=-N4-Z(xi-")4-

ne°x i=l ne°x i=l

OnpefeneHvie paccesiHNA OLLEHOK KO3(hdmupeHTa acMMETPUN U 3KC-
Liecca OrmcbIBaeTCA Pas/IMyHbIMU hopMyiaMy B 3aBUCUMOCTM OT BUAA
pacnpegeneHns. Kpatkuii 0630p aTux opmyn npvieeieH B [4].

6.5. [loBepuTenibHasi BEPOATHOCTb U J0BEPUTENbHbIM
MHTepBan

PaccMoTpeHHble ToUeUHbIe OLIEHKM NapaMeTpoB pacrpeaesieHnst fa-
0T OLEHKY B BUAE 4YMUCa, HamGosiee 6/IM3KON0 K 3HAYEHUHO HEN3BECT-
Horo napameTpa. Takue OLEHKW WUCMOsb3YHT TOMbKO MPU 60/1bLLIOM
uncre U3MEPEHU. YeM MeHbllie 06beM BbIGOPKM, TeM fierde [onyc-
TUTb OLUMGKY MW Bbi6ope NapameTpa. [/ NPakTUKN BabKHO HE TOMb-
KO MO/TyYNTb TOUYEYHYIO OLIEHKY, HO W1 ONpeaennTb MHTepBasl, HasblBae-
MbIli JOBEPUTEbHBLIM, MEXAy FpaHMUaMn KOTOpPOro ¢ 3aAaHHOM AoBe-
pUTeNbHOM BEPOSITHOCTbIO

P{xH<x <xB} = 1- q,
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rge g — ypoBeHb 3HAYMMOCTU; X,,, X, — HUXKHSAS U BEPXHAS rpaHuLbl
WHTepBana, HaxoAUTCS UCTUHHOE 3HaYeHWe OLIEHMBAEMOro napameTpa.

B o6Liem crydyae [0BepuTeSibHble MHTEPBa/IbI MOXXHO CTPOUTHL Ha
OCHOBe HepaBeHcTBa Yebbiwesa. Mpu N06G0M 3aKoHe pacrpeaeneHns
CMy4YaiiHoli BeNMUMHBLI, 06/1a4aloLLei MOMEHTaMM NEPBbIX ABYX MOPSA-
KOB, BEPXHSIsi rpaHMLa BeposTHOCTM MonafgaHusi OTK/IOHEHUS cry4aid-
HOW BE/IMUYMHBI X OT LeHTpa pacnpegenieHnss XuB MHTepBasl tSx onuchkl-
BaeTCs HepaBeHCTBOM YebbilLieBa

p{Ix-Xu]l<tSx}s 1-1/t2

roe Sx — oueHka CKO pacnpegeneHusi; t — MosioKUTENBHOE YUCO.

Ana HaxoXaeHUs [0BEPUTE/IbLHOI0 MHTepBasia He TpebyeTcs 3HaTb
3aKOH pacrpefenieHns pe3y/ibTaToB Hab/IAEeHN, HO HY>KHO 3HaTb OLEH-
Ky CKO. lMonyyeHHble ¢ NOMOLbI0 HepaBeHcTBa YebbllleBa MHTepBasbl
0KasbIBaKTCA CNMLIKOM LUMPOKMMU AN NPaKTUKU. Tak, J0BEpUTeSb-
Hol BeposATHocTM 0,9 AN MHOrMX 3aKOHOB pacnpefeneHuii cooTBeTCT-
BYET [0BEPUTENbHbIN MHTepBan 1,6SX HepaBeHcTBO YUebbiwleBa AaeT B
JaHHoM cnyyae 3,16SX B cBA3M C 3TMM OHO He MOy4Ynsio LLUUPOKOro
pacnpocTpaHeHus.

B MeTpOo/1I0rnyecKon npakTMKe UCMosb3yoT F1aBHbIM 06pa3omM KBaH-
Tbl/IbHbIE OLIEHKU [0BepuTesibHOro nHTtepsavia. Mog KOOP-NpoueH THLIM
KBaHTUNEM XP NOHUMAIOT abecumcecy Tako BepTUKasIbHOM NUHNK, ceBa
0T KOTOpOM nnowages Mnof KPvBOK MAOTHOCTWM pacnpefesieHust pasHa
P%. NHaye roBopsi, KBaHTW/Ib — 3TO 3HAYEHWe C/ly4YalHOM BeSIMUYUHDI
(norpewHoOCTM) € 3aJaHHO [OBEepUTENIbHOM BeposiTHocThbio P. Hanpwu-
Mep, MefuaHa pacnpepesnieHnA AsndeTca 50%-HbIM KBaHTUNEM X05.

Ha npaktnke 25- 1 75%-Hbii KBAHTW/IN NPUHATO HasbiBaTb Cruba-
MWU. WU KBAHTWUAAMW pacrnpegeneHmsa. Mexxay Humu 3akiodeHo 50%
BCEX BO3MOXXHbIX 3HAYeHWl cnyyaHol BenuyuHbl, a ocTasnibHble 50%
nexkat BHe UX. VIHTepBan 3HaAYeHW CrlyvaiiHOW BeIMUMHBI X MEXAY
X00BK x0% oxBaTbiBaeT 90% BCeX ee BO3MOXHbIX 3Ha4YeHU 1 HasblBa-
€TCA MHTEPKBAHT WU/IbHbIM MPOMEXKY TKOM € 90%-HO BepoSTHOCTbIO.
Ero npors>keHHocTb paBHa d09= X0% - x006.

Ha ocHoBaHMWM Takoro nogxoda BBOAUTCA MOHATUE KBaHTUMbHbIX
3HaYeHNA MOrpeLHOCT U, T.e. 3HAYEHWIA MOrpeLlHOCTU C 3aJaHHOM [0-
BEPUTE/IbHOM BEPOATHOCTbIO P — rpaHuL, nHTepBasia HEeomnpeaeieHHo-
CTU £44 = =(xp-Xj_p)/2 = zdp/2. Ha ero npoTs>KeHHOCTW BCTpeyaeTcs
P% 3HaueHuli cny4daiiHoW BenuMuuHbl (NorpeliHoctn), a q = (1-P)%
06LLEero uUx ymMcna octalTcsa 3a npefenaMn 3Toro UHTepsana.
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s nosyyeHNs MHTEPBa/IbHOM OLLEHKM HOpPMasibHO pacnpefenieH-
HOW cny4YaiiHO BeNM4YMHbI HeobX0AMMO:

* OnpeaeniMTb TodeuHyHo oueHKy MO x 1 CKO Sx cnyyaliHoin Benn-
UYMHbI Mo chopmynam (6.8) u (6.11) COOTBETCTBEHHO;

= BbIbpaTh J0BEPUTE/IbHYHO BEPOSATHOCTL P 13 pPEKOMEHAYEMOro psi-
Ja 3HadeHuii 0,90; 0,95; 0,99;

* HaliTU BEPXHIO XB U HYDKHIOW X,, FPaHuLbl B COOTBETCTBUMU C
ypaBHEHMSIMU

FxH=q/2=1- P2 n F(x,)=1- q/2 =1+P/2,

rnoslyyeHHbIMU € yyeToM (6.1). 3HayeHMs XB W XB ONpefensTca u3
Tabnuy, 3Ha4YeHUn MHTerpanbHOM (PyHKUMK pacnpegeneHnsa F(t) nam
hyHkunm Jlannaca <P(t).

MosyYeHHbI [0BEPUTENbHbIA WHTEPBaUT YAOB/IETBOPSIET YC/I0BMIO

pIXx - ZpSx/ Vn <x <x +ZpSx/ iAnj = 2F (zP), (6.13)

roe N — YMC/I0 M3MEPEHHBIX 3HAYEHWI; Zp — aprymeHT iyHKUmK Sla-
nnaca <HK(t), oTBevatoLLeli BeposiTHocTK P/2. B gaHHOM criydae zp Hasbl-
BaeTCsl KBAHTW/IbHbIM MHOXUTENeM. [MosoBMHa ANMHBI LOBEPUTENBHO-
ro vHTepsana Dp = ZpSx/VN Ha3blBaeTCs [0BEPUTESIbHOM rpaHuLei
MOrPELUHOCTU pe3ysibTata M3MEPEHUIA.

Mpumep 6.1. MponsseneHo 50 n3MepeHUi i NOCTOSIHHOIO ConpoTUBIeHNS. On-
peaennTb [oBepUTENbHbIA UHTepBaUT A1 MO 3HaueHUss NOCTOSAHHOFO COMPOTUBIe-

HUWS, €CNN 3aKOH pacnpeenieHnst HopMasibHbIM ¢ napameTpamy M£=R = 590 Owm,
Sx= 90 Om npwu AoBepuTeNbHOM BeposATHocTn P = 0,9.

TaK Kak rurnoresa 0 HOPMa/IbHOCTU 3aKoHa pacnpefesieHnst He NpoTMBope-
YUT OMbITHLIM JaHHbIM, AOBEPUTESbHbLIA UHTepBan onpegenseTca no dopmysne

PE- zp/SxVn < x < X +2zp/S,>/n}= 2d(rp).

OTtcioga P(rp) = 0,45. 13 Tabnuubl, NPUBEAEHHOW B NPUIOKEHMN 1, HaxoauM,
yto zp= 1,65. CnepoBaTenbHO, AOBEPUTE/bHbI MHTEPBaN 3anulIeTcss B BUAe

590- 1,65 90/ /60O <R <590 * 1,65 90/ n/60 wmnm 590-21 < R < 590+21.
OkoH4aTesibHo 509 Om < R <611 Owm.
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Mpu OTNMYMK 3aKOHA pacrnpefeneHus cny4darHOW BeNMYUHbI OT
HOPMa/IbHOro Heo6XxoA4MMO MOCTPOUTL €ro MaTeMaTuyeckyto Mofeslb ”
onpeaenaTb OOBEPUTESIbHbLIA WMHTEPBasl C €e UCMOSIb30BaHUEM.

PaccMOTpeHHbIN CN0OC06 HaxoXAeHUs A0BEPUTENbHbIX WHTepBa-
NoB cnpaBej/iMB A/f19 [0CTAaTO4HO 60/MbLIOro 4ucnia HabnawgeHuin n,
Korga a = Sx. Cnefyetr MOMHUTbL, 4YTO Bbluucnaemas oueHka CKO S,
ABMAETCA NNLWb HEKOTOPbIM MPUBNMIKEHMEM K WUCTUHHOMY 3HaYeHWo
a. OnpepeneHve OOBEPUTENBHOIO MHTepBasia NpWU 3afaHHOW BepOATHO-
CTM OKa3blBaeTcs TeEM MeHee HafeXHbIM, YeM MeHbLLEe YnCIo Habnoge-
HUI. Henb3a nonb3oBatbcsA hopMysiaMy HOPMasIbHOMO pacrpefesieHuns
npu mMasiom ymcne HabniaeHUA, ecnyu HeT BO3MOXHOCTU TeopeTUYecKu
Ha OCHOBe npeaBapuTesibHbIX OMbITOB C A0CTATOYHO GO/IbLUMM YUC/IOM
HabnwgeHnin onpegennuts CKO.

PacueT foBepuTenbHbIX MHTEPBAsIOB A/1S Crlyyas, Korga pacnpege-
NeHVe pe3ynbTaToB HAbMAEHUIA HOPMasIbHO, HO WX AUCMEPCUS Heuns-
BECTHa, T.e. NPV MasIoM 4yucrie HabnwaeHU N, BO3MOXXHO BbINOHUTb
C ucnosnb3oBaHuem pacnpegeneHusa CrotogeHTa S(t,k). OHo onucbiBaeT
MA0THOCTL pacnpefesnieHnsa oTHoweHuA (gpobu CTblogeHTa):

Sx Sj SX

x-M[x]:x-Q:\}'nx_—Q

rae Q — WCTUHHOE 3HavyeHWe U3MepPsieMON BEeNUUUHbL. BennuunHbl
X, SX1 Sj BbIYUC/ISATCA HA OCHOBAHUM OMbITHbLIX AaHHbIX U MpeacTas-
NAT cobo ToyeuHble oueHkn MO, CKO pesynbTaToB M3MepeHwuii n
CKO cpefHero apuMeTUYecKoro 3HaueHUs.

BepoATHOCTb TOro, YTo Apobb CTbiodeHTa B pe3y/ibTaTe BbINOSIHEHHbIX
HabAAeHN NMPUMET HEKOTOpPOe 3HayeHMe B uHTepBasie (—tp; -ftp)

P{“tp < <+pl =p{” ~Qi< = Kidt =2fe 1 Kdt’
(6.14)
rae kK — uncno creneHein ceo6oabl, paBHoe (M - 1). BesiMuumHbl tp
(HasbIiBaeMble B AaHHOM criyyae KoahgmumeHTamu CTblogeHTa), pac-

CYUTAHHbIE C MOMOLLbIO ABYX MOCNEAHUX (HOPMY/T A1 Pa3/INYHbIX 3Ha-
YEHWIA JOBEPUTENbHOM BEPOSITHOCTU W YunCMia U3MEPEeHWi, Tabynmpo-
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BaHbl (CM. Tabnmuy B npunoxkeHunn 1). CnegosaTtefibHO, C MOMOLLbIO
pacnpegeneHns CTblofeHTa MOXKHO HaliTW BEpOATHOCTb TOro, 4TO OT-
K/IOHEHWE cpefHero apudMeTUYecKoro oT MCTUHHOIO 3HaYeHUsa u3Me-
psemoii BeMUYMHBI He npeBbiwaeT AP = tpSs = tpSz/ Vn.

B Tex cnyyasix, Korga pacrnpefgernieHune cryyvaiHbIX MOrpeLLHOCTeRn He
AB/IAETCA HOPM&aUIbHbIM, BCE >X€ 4acTo MOoNb3YTCA pacnpenesieHnem
CTblogeHTa ¢ NpUGAMXKEHMEM, CTeneHb KOTOPOro OCTaeTCs HEeW3BecT-
Holi. PacnpegeneHve CTblogeHTa MPUMEHSAIOT MpU yuncie nu3MmepeHuii
n< 30, nockonbKy y>xe npu n = 20, ..., 30 0HO NepexoauT B HOpMaslb-
HOe 1 BMECTO ypaBHeHUs1 (B.14) MOXKHO MCro/ib30oBaTh ypaBHeHMe (6.13).
Pe3ynbTaT naMepeHMs 3anucbiBaeTcsa B Buge: Q =X +tSx/ Vn; P = Pp,

roe Po— KOHKPETHOE 3Ha4YeHne ,EI.OBepI/ITefIbHOVI BEPOATHOCTWU. MHOXXu-
Tensb t npu 60/1bLLIOM YnCne VI3MepEHMVI N paBeéH KBEHTU/IbHOMY MHOXXW-

Teno zp. Mpy Manom N oH paBeH KoaduumeHTy CTblogeHTa.
MonyyeHHbIV pe3ysibTaT M3MepeHUs1 He SIBASIETCA OAHUM KOHKpET-

HbIM YMCMOM, a MPeACTaBNsieT co60ii UHTepBasl, BHYTPU KOTOPOro C

HEKOTOpPOli BEPOSTHOCTLIO Ph HaxoguTcs UCTUHHOE 3HaueHve nsmepsie-

MO BESINYUHBI. BblaeneHue cepefnHbl MHTEpPBaUla X BOBCe He MNpearno-

naraet, YTo UCTUHHOE 3HayeHue 6nMXKe K HeMy, YemM K OCTa/1bHbIM
TO4YKaM uHTepBana. OHO MOXKeT ObITb B /1I060M MeCTe MHTepBana, a C
BepoATHOCTbIO 1-Pp fnadke BHe ero.

[Mpyvep 6.2. OnpepeneHne yaenbHbIX MarHUTHbLIX MOTEPL ANS1 PA3/INYHbIX
06pasLoB 04HOM NapTUN 3NEKTPOTEXHUYECKONM CTann Mapku 2212 aaso cnepyto-
wmne pesynbtatsl: 1,21; 1,17; 1,18; 1,13; 1,19; 1,14; 1,20 H 1,18 BT/Kr. Cuu-
Tas, YTo cucTeMaTMyeckas MOrpeLlHocTb OTCYTCTBYET, a ciyvaliHaa pacnpeje-
NleHa No HOpMasibHOMY 3aKOHY, TpebyeTcsi onpefensATb AOBEPUTENbHbIN UHTEp-
Ba/1 MpWM 3HA4YeHUSAX [0BepuTeNbHOW BepoATHocTm 0,9 H 0,95. Ons peweHwus
3ajayun mcnonb3osatb hopmyny Slannaca n pacnpegeneHune CrblofeHTa.

Mo ¢opmynam (6.8) H (6.11) HaxoAUM OLLEHKWN CpeaHEero apudmMeTU4ecKoro
3HayeHMs n CKO pe3ynbTatoB n3mepeHuii. OHM COOTBETCTBEHHO paBHbl 1,18 H

0,0278 BT/kr. Cumutas, uto oyeHka CKO paBHa caMOMy OTKJ/IOHEHMO, Haxo-
anm:

p{‘l,lS - Zpo‘0278 <x<1,18+2zp
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OTcioga, ucnosb3ys 3HaveHUs pyHKLUMK Slannaca, NpyBefeHHbIe B Tabnuue

npunoxeHua 1, onpegensiem, yto zp= 1,65. Ana P = 0,95 koappumumeHT

zp=1,96. [oBepuTesibHble NHTepBasibl, cooTBeTCcTBYOWMe P = 0,9 n 0,95, pas-
Hbl 1,1870,016 »n 1,18+0,019 BT/KT.
B Tom cnydae, Korga HeT 0CHOBaHWIA cumtaTtb, 4To CKO 1 ero oueHKa pasHbl,

[lI0BEPUTESIbHBI MHTEpBas onpeAensieTcs Ha OCHoBe pacrnpeaeneHns CTblofeHTa:

plIx- A< V JEQ78] = 2] s(t,k)dt = 0,9.

Mo Tabnnue NpunoxeHmsa 1 Haxogum, 4to t09= 1,9 n t0MW= 2,37. OTClO-

[a [oBepuUTesibHble MHTepBasibl COOTBETCTBEHHO paBHbl 1,1870,019 wu
1,1870,023 BT/Kr.

KOHTpOl'IbeIe BOMPOCHbI

1. Mpun Kakux YcIoBUSIX MOrPeLLHOCTb U3MEPEHNST MOXKET paccMaTpuBaThCsl
KakK c/lydaiiHas BeMunHa?

2. TMepeuncnnTte CBOMCTBA WMHTErpanibHOM 1 anddepeHUManbHol yHKUni
pacrnpegenieHnst crlydaiHo BeNNYMHBI.

3. HasoBuTe yncioBble napamMeTpbl 3aKOHOB pacripeieneHus.

4. Kakum 06pa3om MOXXeT 3a4aBaTbCs LieHTp pacnpefeneHusn?

5. UTo Takoe MOMeHTbI pacripegeneHms? Kakve n3 HAX Halam npyMeHeHue
B MeTposiornm?

6. HasoBuTe 0CHOBHbIE Kacchbl pacnpesesnieHnin, UCrosb3yeMblX B METPOSIOMUN.

7. [OaiiTe xapaKTepucTUKy pacnpegeneHnsM, BXOASLWMM B Kace Tpaneuen-
JanbHbIX pacnpeaeneHuii.

8. UTo Takoe 3KCMOHeHLMasbHble pacnpeieneHna? KakoBbl MX CBOMCTBA U
XapakKTepucTnkun?

9. UTo Takoe HopMmasibHOe pacnpefesnieHre? NMoyeMy OHO UrpaeT 0cobyto posib
B MeTposiornm?

10. YTo Takoe diyHKUMA Jlariaca 1 419 Yero oHa UCMosb3yeTca?
11. Kak onucbIBaeTcsa U rae MCnosb3yeTcs CeEMeNCTBO pacnpeaeneHnii CTbio-
OeHTa?

12. Kakuve ToYeuHble OLLeHKN 3aKOHOB pacnpenesnieHns Bbl 3HaeTe? Kakue Tpe-
60BaHMSA NPeabABASTCA K HUM?

13. YTo0 Takoe AoBepuTeNbHbIM MHTepBan? Kakue crocobbl ero 3agaHus Bam
M3BECTHbI?



Mhasa 7. TPYBbIE MOMPEWHOCTN N METO/bI
NX NCKMKOYEHWA

7.1. TloHATWE 0 TpyObIX MOrpPeLLHOCTAX

py6asi norpewHocTb, WM NpOMax, — 3TO MOFPELUHOCTb pe3ysib-
TaTa OTAEe/NIbHOro U3MepeHUsi, BXOAALLEro B psf U3MEpPeHUA, KoTopasi
AN JaHHbIX YCNOBUIA Pe3KOo OT/INYAETCA OT OCTaslbHbIX pPe3y/ibTaToB
3TOro psga. VIcTOUHMKOM rpy6biX MOrpellHocTet Hepeako 6biBaloT
pe3Kne U3MEHEHUS YC/I0BUIA N3MePEHNS 1 OLLMGKW, A0MYLLEeHHbIe one-
patopomM. K HUM MO>XHO OTHECTWU:

= HenpaBW/IbHbI/ O0TCHET MO LLKase U3MepuTesibHOro npmnbopa, npo-
NCXOAALLNIA N3-3a HEBEPHOI0 yyeTa LeHbl MasibIX AeNEHUIA LUKanbl;

= HerpaBwW/ibHas 3anucb pesysibTaTa HabMAeHWU, 3HauYeHWA oT-
[JenbHbIX Mep MCMo/b30BaHHOro Habopa, Hanpumep rupb;

* XaoTu4eckme M3MeHeHUs NapameTpoB NuTatowero CY Hanpske-
HUS, Hanpumep ero amryIMTyAbl WK 4acToTbl.

pybble MOrpeLuHOCcTW, Kak MpaBuo, BO3HMKAKT MpW O4HOKPAT-
HbIX M3MEPEHUSIX N 06bIYHO YCTPAHSATCS MyTeM MOBTOPHbLIX M3Mepe-
HUA. VIX NpyyrHaMn MOryT 6biTb BHe3arHble U KpaTKOBPEMEHHbIE U3-
MeHeHUs1 YC/TI0BUIA N3MEPEHNS WX OCTaBLUMECS He3aMeYeHHbIMU Heunc-
npasBHOCTM B annapartype.

KoppekTHasa crtaTtuctnyeckas obpaboTka BbIGOPKM BO3MOXHA
TONbKO MNpW ee O4HOPOAHOCTW, T.e. B TOM c/y4vae, Korfja Bce ee
YfieHbl NpUHagneXaT K O4HOM W TOM >Ke reHepasibHOM COBOKYMHO-
CTW. B NpoTUBHOM cny4dae 06paboTKa faHHbIX 6eccMmbic/ieHHa. “Yy-
>KMe” 0TcUeTbl M0 CBOMM 3HAYEHUSIM MOTYT CYLLLECTBEHHO He OT/U-
yaTbCs OT “cBOMX” 0TcYeTOB. VX MOXHO 06Hapy>XUTb TOILKO MO
BMAY ructorpamm mnun gudepeHumnanbHbIX 3aKOHOB pacrnpegesne-
HUA. Hanmume TakKmMx aHOMaslbHbIX OTCYETOB MPUHSATO Has3blBaTb
3arpsA3HEHUAAMUN BbIGOPKMW, 04HAKO BblAENUTb Y/ieHbI BbIGOPKKU, Npu-
Hag/exalme Kaxkaor M3 reHepasibHbIX COBOKYMHOCTEN, nMpaKTuye-
CKM HEBO3MOXXHO.

Ecnn “cBon” mn “uyxkmne” otcyeTbl pas/iMyatroTca no 3HaYeHWsM, TO
NX WCKYalT 13 Bbl6opkM (puc.7.1,a). Ocobyto HEMPUATHOCTL A0C-
TaB/NSAOT 0TCUEThI, KOTOPbIE XOTA N He BXOASAT B KOMMAKTHY rpynny
OCHOBHOI Macchl 0TCYETOB BbIGOPKM, HO U He yaneHbl 0T Hee Ha 3Ha-
YnTesIbHOE paccTosiHWe, — TaK HasbiBaeMble npeanosaraemMble npoma-
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Puc. 7.1. MNposiBneHne npomMaxoB Ha anddepeHLnanbsHOM 3aKoHe
pacrnpefeneHnsi BEPOATHOCTU

xun (pnc.7.1,6). OTbpacbiBaHMe “CMNLLKOM” yAasleHHbIX 0T LEeHTpa Bbl-
60pKWN OTCYETOB Ha3bIBAETCS LEH3YpMpOoBaHMEM BblIGOPKU. IDTO ocyLe-
CTB/ISIETCA C MOMOLLBIO CreLnanbHbIX KpUTepUeB.

7.2. Kputepmnn UCKNOYEHUS rpy6biX NOrpeLHocTen

Mpwn 0AHOKPATHBIX N3MePEHUsIX 06HAPY>KUTb MPoMax He NMpeacTaB-
NSETCA BO3MOXKHbIM. /151 YMEHbLLUEHUS] BEPOSITHOCTU MOSABIEHUS MPO-
MaxoB M3MepeHUs1 NPoBoAAT ABa-TPY pasa W 3a pesynbTaT NpuHUMAaT
cpefHee apuUMETUYECKOE MOSTYHEHHbIX OTCHETOB. Py MHOMOKpPaTHbIX
N3MepeHNsIX Afsi 06HAPY>KEHUS1 MPOMAxoB WCMOMb3YHT cTaTUCTUYe-
CKMEe KpUTEepuX, NpeaBapuTenibHO OMNpeaenviB, KakoMy BUAY pacrpege-
JIEHUS1 COOTBETCTBYET Pe3y/bTaT U3MEPEHWIA.

Bonpoc o TOM, COAEPXXUT NU pe3ynbTaT HabnaeHu rpy6yio
MOrpeLHoCTb, pellaeTcs o6WMMM MeToAaMKn MPOBEPKU CTaTUCTUYe-
CKMX runotes. MNMpoBepsieMast rmMnoTesa COCTOUT B YTBEPXKAEHWUM, UTO
pesynbTaT HabMIAEHUS X; He COAEP>KUT rpy6oi MorpewHocTur, T.e.
ABNSIETCS OAHUM W3 3HAYEHWUA U3MepsieMoii BennuuHbl. [onb3ysich
onpefesieHHbIMU CTAaTUCTUUYECKMMU KPUTEPUSIMU, MbITAKOTCA OMpO-
BEPrHyTb BbIABUHYTYI runotesy. Ecnv 310 yaaetcsi, To pesy/ibtart
HabnogeHNn paccMaTpuMBaloT Kak cofepykalmii rpy6yto norpetd-
HOCTb M €ro WUCK/oYatloT.

N5 BbISIBNeHNs1 Tpy6bIX MOrpeLlHocTel 3a4al0Tcst BEPOSITHOCTLHO
g (YPOBHEM 3HAUMMOCTM) TOFO, YTO COMHMWTE/IbHBIN pe3ynbTaT Aei-
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CTBUTENIbHO MO MMeTb MeCcTO B AaHHOM COBOKYMHOCTM pe3y/ibTaTtoB
M3MEpPEHUA.

KpnTepuii “ Tpex cMrmM” npumMeHsieTcs 415t pe3ysibTaToB uM3mMepe-
HUWIA, pacnpegesnieHHbIX M0 HOPManbHOMY 3aKoHY. 10 aToMy KpuTepuio
CUMTAETCA, YTO pe3ysibTaT, BO3HMKAKLWMWMIA C BEPOATHOCTLIO < 0,003,
Mas10BEPOATEH U €ro MOXHO cyuTaTb MpomMaxom, ecsm [x- xi > 3SX,
rage Sx — oueHka CKO m3MepeHuii. BenMumHbl X 1 SX BblUMCNAOT 6e3
yyeTa 3KCTpeMasibHbIX 3HAUYEHU X-. [laHHbIA KPUTEPUIA HafeXXeH npu
yuncne nsmepenuii n > 20... 50.

3T0 npaBusI0 06bIYHO CHUTAETCHA C/AIMLLKOM XXEeCTKUM, M0o3ToMy pe-
KoMeHAyeTca [4] HasHayaTb rpaHuvLy LLeH3ypupoBaHUA B 3aBUCUMOCTHU
0T obbema BbIGOPKM: Npy 6 < N 14 100 oHa paBHa 4SX npu 100 < n i
1000 - 4,5SX npn 1000 < n < 10000 - 5SX [aHHOe nMpasusio Takxxe
NPYMEHMMO TO/IbKO [/19 HOPMa/IbHOro 3aKoHa.

B obLem cnyyae rpaHuubl LLEeH3ypupoBaHma tipSx BbIGOPKU 3aBu-
CAT He TO/IbKO OT o6bema M, HO M OT BMUAA pacrnpegeneHns. HasHavas
TY WIN VHYI rpaHuly, Heo6XoAMMO OLEeHUTb YPOBEeHb 3HAYMMOCTU
g, T.e. BEPOATHOCTb UCK/IOYEHUA KaKol-11mbo yactu oTcyeToB, NpU-
Hagnexaumx obpabatbiBaemMoil Bbl6opke. B [4] npuBoauTCca Bbipa-
XXeHMe ana NpubnmxXeHHOro pacyeta KosdduumeHta npu yposHe

3HaummoctTm q <1/(n+1) 1

= 1,55 +0,8>/e"-T Ig(n/10),

roe B — 3Kcuecc pacnpefeneHvs. [aHHble BbIPaXXeHUS MPUMEHUMbI
Ans:

* KpYrnoBepLUMHHBIX ABYXMOAaIbHbIX pacipegeneHuin ce = 1,5,..., 3,
ABNAOLWMXCA KOMMO3MLNER ANCKPETHOro ABY3HAYHOr0 U HOPMaslbHOro
pacnpegeneHuii;

* OCTPOBEPLLMHHbIX ABYXMOLa/IbHbIX pacnpegenennin ce* 1,5,..., 6,
ABNALWNXCA KOMM0O3MLMern AWCKPETHOro ABY3HAYHOro pacnpegene-
HUA 1 pacnpegeneHnsa Jlannaca;

= KOMMO3ULMIA PaBHOMEPHOI0 M 3KCMOHeHLManbHbIX pacnpegesne-
HWIA ¢ NokasaTesieM cTeneHn a = 1/2 npn B = 1,8,...,6;

*3KCMOHeHUManbHbIX pacnpegeneHnii ce* 1,5,...,6.

KpuTepuin POMaHOBCKOIO NpuMeHseTcs, ec/in Ync/o U3MepeHuit
n < 20. MNpwn 3ToM BbluUCAAETCA OTHoWweHne |(x -x ()/8x|=p wu cpas-
HMBaeTCA ¢ KpuTepuem Pr, BblibpaHHbIM no Tabn. 7.1. Ecnn p > Pr, To
pe3ynbTaTt X, cHUTaeTcsd MNpoMaxoM W oTbpacbiBaeTcs.
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Mpumep 7.1. Mpy AnarHOCTUPOBAHU TOMJIMBHOM CUCTEMbI aBTOMOOW/IA pe-
3ynbTaTbl NATU HaMEPEHWUIA pacxofa Tor/mvBa cocTaBunun: 22, 24, 26, 28, 30 n
Ha 100 km. ocnegHWi pe3ynbTaT Bbi3bIBaeT COMHeHMe. [MpoBepuTb HO KpuUTe-
puvio POMaHOBCKOr0, Be ABMSAETCS /11 0B MPOMAaxoM.

Haiigem cpeaHee apudveTMYECKOE 3HaYeHe pacxoga Toryivea B ero CKO 6e3
y4eTa MnocsiefHero pesynbtara, T.e. A9 YeTbIpeX u3mepeHUiA. OHW COOTBETCTBEHHO
paBHbI 25 1 2,6 n Ha 100 Kw.

MockonbKy n < 20, TO M0 KpUTEpUio POMaHOBCKOro Mpu ypoBHe 3HaYNMO-
c¢t1 0,01 » N = 4 TabAMYHbBIA KoahUUMeHT pT = 1,73. Bblu1c/IEHHOE 41 MNo-

cnegHero, NAToro navepeHus P = |(5- 30)]/26 = 1,92 > 1,73.

Kputepnii POMaHOBCKOr0O CBUAETENLCTBYET 0 HEOGXOAMMOCTM OTBpackIBa-
HUS MOC/IEAHEr0 Pe3ysibTaTa U3MEPEHNS.

KpuTepuii LLiapnbe ncnosnb3yeTcs, ecniv YMCio HabnwaeHuin B pagy
Besivko (n > 20). Torga no Teopeme BepHynm [56] yncno pesynbTaros,
npeBbILLAIWMX N0 abCo/IIOTHOMY 3HAYEHWUIO cpefHee apudMeTUYecKoe

3HayeHue Ha BesinunHy Kuws,, oyget n[l - ®(KLW)], raoe ®(Kw) — 3Have-

Ta6bnuuya 7.1 HHf HOpmmnpOBaH-

3HaueHnsa kputepma PomaHoBckoro p—f(n) HOM beHKLI,VIl/I INa-
nnaca ana X = Ku,
q n=4 n=6 n=8 n=10 n=12 n=15 n=20 Ecn COMHMU-

001 173 216 243 262 2275 290 308  TemLHLIM B PRy pe-
002 172 213 237 254 266 280 29  3yjLTaTOB HaG/M0-
005 171 210 227 241 252 264 278  pennii sensercs
0,10 169 200 217 229 239 249 262 OAVH pesynbTar, To
Ta6nuua 7.2 nfl - ®(KW)]=1-
3HaueHys KpuTepys LLapnse Otcioga ®(Kwy) = (n-1)/n.
n. 5 10 20 30 40 50 100 3HaueHusa Kputepus LLap-

Kin 13 165 196 213 224 232 258  J1P€MPVBEACHbIBTAON. 7.2.
Monb3ysick KpUTEPH-

em Llapnbe, otbpacbiBa-
0T pe3ynbTar, 4715 3HAYEeHUS KOTOpPOro B psgy W3 N HabnwoaeHwii Bbl-
MosiHAeTCcA HepaBeHCTBO g - x| > Knbx.

BapuraunoHHbIl KpyTepnii AIMKCOHa YA0OHbIA U AOCTATOMHO MOLLL-
HbIli (C MasbIMN BEPOATHOCTAMM OLLIMGOK). Mpyn ero NpMMeHeHUW MoslyyeH-
Hble pe3ynbTaTbl HabMogeHW 3anncbiBalOT B BapuaLMOHHbIM BO3pacTato-
wni pag Xj, x2, . . ., xn(Xj < x2< .. .<xn. Kputepunin MKcoHa ornpepe-
naetca Kak Kg = (xn-x n_)/(xn- xj). Kputnyeckaa obnacte gns 31oro
Kputepua P(KO> Z ) = q. 3HayeHWs Zq npuBedeHbl B Tabn. 7.3 [56].
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Ta6bnnua 7.3

TMpumep 7.2. BbU10 NpoBeAeHO 3HaueHVs Kputepus [yKcoHa
NATb W3MEPEHNIA HanpsbkeHUst B
anektpoceTn. MosyyeHs! cregyto- n Z, npu g paBHOM

uye faHHble: 127,1; 127,2; 126,9;

127,6; 127,2 B. PesynTar 127,6 B 010 005 002 001

CYLLIECTBEHHO (Ha NepBbIiA B3r/isi) OT- 4 068 076 08 089
JIMYaeTcst OT ocTaslbHbIX. [MpoBe- B 048 056 064 070
pUTb, He SIBMSIETCS /M OH MPOMAXOM. 8 040 047 054 059
. 10 035 041 048 0,53
CocTtaBum BapI/IaLI,I/IOHHbII\/I‘ 14 0,29 0,35 0,41 0,45
PAA 13 PesynbTaTos MMepeHiii 1B 028 033 039 043
HanpsH>KeHUs1 B 3/1IEKTPOCETHU:
126,9; 127,1; 127,2; 1272 18 02 031 087 04
127,6 B. [na KpaiiHero uneHa 20 026 030 036 039
atoro psiga (127,6 B) kputepuii 30 022 026 031 034

JvikcoHa
Ka =(127,6 - 127,2)/ (127,6 -126,9) =0,4/ 0,7 * 0,57.

Kak cnesyet v3 T1a6s1.7.3, Mo aToMy KpUTEpUo pesynbtar 127,6 B MoXxeT
6bITb OTOPOLLEH KaK MpoMax /inLLb Ha YpoBHE 3HaummocTy q —0,10.

MpuyMeHeHNe PacCMOTPEHHbIX KPUTEPUEB TPEGYET OCMOTPUTENbHOCTU Y
yyeTa 06BEKTUBHBIX YC/IOBUIA M3MePeHWA. KOHeYHo, onepaTop A0/HKEH WC-
K/IOUNTL Pe3y/bTaT HaGMOAEHNS ¢ SIBHOV rpy60oli MOrpeLlHoCcTbio U BbIMos-
HUTb HOBOE M3MepeHMe. Ho OH He MMeeT npaBa oT6pacbiBaTh 6osiee UK
MeHee Pe3Ko OT/IMYAtOLLIMECS OT [PYrUX pe3yribTaTbl HabaeHWA. B coMHU-
TeNbHbIX Crlydasix slydlle caenatb A0MONHUTENbHbIE U3MepeHUst (He B3ameH
COMHUTE/bHbIX, @ KPOME HKX) U 3aTeM MPUB/IEKaTb Ha MOMOLLb PAcCMOTPEH-
Hble BblLLE CTAaTUCTMYECKME KpUTepuU. KpoMme PacCcMOTPEHHbIX KPUTEPUEB,
CYLLECTBYIOT U Apyrve, Hanpuvep Kputepumn Mpa66ca u LLioBeHs.

KOHTpOosibHbIE BOMPOCHI

1 Y10 Takoe rpybble MorpeLLHocT! 1 npoMaxu? Kak onpegenvTb UX npu-
CYTCTBME B BbIGOpKE MO BUAY 3aKOHa pacnpefesieHst Win rmctorpavme?

2. PaccKaknTe 0 KpUTepum “Tpex CUrM” Hero MoautmkaLmsx.

3. Kak npyMeHUTb KpuTepuii POMaHOBCKOI0 A/191 UCK/THOYEHWS 113 BbIGOPKUA
rnpomMaxos?

4. B yem cyTb Kputepusa LUapree?

5. PacckavkuTe 06 1CMosnb30BaHNM BapriaLioOHHOro Kputepus [MkcoHa 41
HaxXOoXKAEHWSA MPOMaXxoB.
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naBa 8. OBPABOTKA PE3YJ/IbTATOB
N3MEPEHNN

8.1. lNpsAMble MHOrOKpaTHblE M3MEepPeHUs

8.1.1. PaBHOTOUHbIE M3MepeHUs

MpsiMble MHOFOKPAaTHbIE N3MEPEHUS AeNATCA Ha PaBHO- U HEPaBHO-
TOYHble. TeOpeTUYECKMEe OCHOBbI U METOAMKA 00beAUHEHUS pe3ysibTa-
TOB HEPABHOTOYHbLIX M3MEPEHUI NMOAPO6HO paccMoTpeHbl B [3]. PaBHo-
TOYHLIMWN Ha3bIBAKOTCA U3MEPEHUS, KOTOpble MPOBOAATCA cpeAcTBaMm
N3MepeHniA 0ANHAKOBOM TOYHOCTM MO OAHOW W TOW >Ke MeToauKe npu
HeV3MEHHbIX BHELLUHUX YyCoBuUAX. [Npy paBHOTOUHbLIX U3MepeHmsax CKO
pe3ynbTaTtoB BCeX PSA0B U3MEpPeHUIA paBHbl MeXay CO60iA.

Mepepn npoBedeHMEM 06pabOTKU Pe3y/IbTaToB M3MEPEHWU HeobXo-
VMO Y[I0CTOBEPUTBLCA B TOM, UTO Aa@HHble 13 06pabaTbiBaeMoi BbIGOp-
KN CTaTUCTUYECKU MOAKOHTPO/IbHbI, FPYNAMPYHTCS BOKPYT O4HOM0 U
TOr0 >Ke LeHTpa M UMET OAVUHAKOBYI AMCMEPCUID. YCTOMUYMBOCTb
WN3MEHEHWIA YaCTO OLIEHNBAKT MHTYUTUBHO Ha OCHOBE A/INTESIbHbIX Ha-
6nogeHniA. OfHaKo CyLLecTBYIOT MaTemMaTuyeckve MeTOoAbl pelleHus
MocTaB/IEHHOM 33/jauM — TaK Ha3blBaeMble METO/bl MPOBEPKM 0HOPOA-
HocTW [3]. TPUMEHNTENBHO K U3MEPEHMSIM paccMaTpuBaeTcs 04HOpPOA-
HOCTb rpynn HabnwaeHWiA, HeobxoAVMble MPU3HAKU KOTOPOW COCTOAT
B OL|EHKE HECMELLIEHHOCTU CpefHNX aputMeTUHECKNX U AUCMEPCUIA OT-
HOCUTENbHO ApYr gpyra.

MpoBepKa A0MYCTUMOCTU Pa3/IMuUSA MeXAy OLEeHKaMy AUcrepcuii
HOpPMaJ/1bHO pacnpefesieHHbIX Pe3yibTaToB M3MepeHWi BbIMOHAETCS ¢
NoMOLLBI0 KpuTepus P.dullepa npy Hanvumm AByxX rpynn Habnwge-
HUI 1 Kputepuss M.BapTnetTa, eciv rpynn 6onblie. Kputepuin du-
Llepa paccMoTpeH B . 5.

3agada 06paboTKN pe3ynbTaToB MHOMOKPaTHbLIX U3MEpPeHWUi 3a-
K/I04aEeTCS B HAXOKAEHUM OLLEHKM U3MepPSieMOA Be/IMUMHbI U 10BEPU-
TENbHOI0 WHTEpBasia, B KOTOPOM HaxoAuUTCA ee UCTUHHOE 3HauveHue.
O6paboTka go/mkHa nposoguTces B cooteeTcTBMM ¢ FTOCT 8.207-76 “I'CI.
MpsMble U3MEpPEHUs C MHOIMOKpaTHbIMU HabnogeHusmMu. MeTogbl 06-
paboTKM pe3ynibTaToB HabntogeHui. O6Lme MonoKeHUs".

VcxogHoln vHopmauver gns 06paboTku siBnsieTcs psg vs n (n > 4)
pe3ynbTaTtoB M3MepeHWn X,, X2 X3..., X, M3 KOTOPbIX WCK/IOYEHbI
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M3BECTHblE CUCTEMATMYECKME MOrpeLlHocT, — Bblbopka. Yucno n 3a-
BUCUT KaK OT TpeboBaHWA K TOYHOCTW MOJSy4aemoro pesynbrara, Tak
W OT peasibHOM BO3MOXKHOCTW BbIMO/THATL MOBTOPHbIE U3MEPEHUSI.

MocneposaTeNbHOCTL 06PabOTKU Pe3ysibTaToB MNPAMbIX MHOMOKpPaT-
HbIX M3MePeHuii CoCcTOUT U3 psda Taros.

OnpegeneHre TOYEYHbIX OLEHOK 3aKoHa pacnpefesieHus pesyrib-
TaToB U3MepeHuii. Ha sTom 3Tane onpegensiorcs:

=cpegHee apnhMeTUYECKOe 3HAYeHE X M3MEPSIEMOl BEe/TMUMHBI MO
thopmyne (6.8);

« CKO pesynbtaTta u3mepeHus Sxno qopmyne (6.11) nm (6.12);

«CKO cpefHero apdmMeT1YecKoro 3HadeHns S- no dopmysie (6.10).

B cOOTBETCTBUM C KPUTEPUAMMW, PACCMOTPEHHBLIMU B . 7, rpybble
NOrpeLLUHOCT! N MPOMaxy UCK/IYalTCA, Mocse Yero npoBoguTcs Mno-
BTOPHbI/ pacyeT OLEeHOK cpeaHero apuMeTUYECKOro 3HaYeHVs1 U ero
CKO. B psge cnyyaeB gns 6onee HageXXHOM MAeHTU(MKALMM 3aKoHa
pacnpefeneHnss pesysbTaTtoB U3MEPEHWA MOryT OnpefensaTbes Apyrve
TOYEYUHble OLEHKN: KO3IMULMEHT acMMMETPUM, 3KCLLECC U KOHTPIKC-
Lecc, SHTPOMUIAHBIA KO3(hULIMEHT.

OnpegeneHvie 3akoHa pacnpefesieHus1 pesy/ibTaTOoB U3MepPeHNi
WK cnyyaliHbIX MorpeLlHocTel n3mMepeHuii. B nocnegHem criyyae ot
BbIGOPKWN Pe3ysibTaToB U3MEPEHWU X,, X2 X3..., XN MepexogsT K Bbl-
60pKe OTK/IOHEHWUI 0T cpeaHero apudmeTuyeckoro Ax,, Ox2, Ax3...,
Oxnrpe A =X - xe

[MepBbIM LWAroM Npv UAeHTUMMKALMM 3aKoHa pacrpefeneHns sB-
NSIETCA NOCTPOEHME MO MCMpPaB/EHHbIM pe3ybTatam U3MepeHnii x4 rae
i =1 2,.., n, BapuaumoHHoro psga (ynopsgoyeHHol BbIGOpKM), a
Takke y;, TAe Y, = min(xj) W Yre max(xi). B BapmaymoHHoM psgy
pe3ynbTaTtbl U3MePeHU (MM 1UX OTK/IOHEHUS OT CpefHero apudgmeTu-
YecKoro) pacnosiaratioT B rnopsiake so3pactaHnd. [asee aToT pag pas-
6MBaeTCA Ha OMTMMaslbHOe YMCNO0 T, KakK MNpaBWIo, OAUHAKOBbIX WH
TepBasIoB rpynnUpoBaHusa anvHoi h =(y, +yn) /1 .

3afaya onpefeneHns oNTUMasILHOIO YMc/a M NHTePBaUTOB FPYNnn-
poBaHUA paccmaTpuBasiach B psfe paboT, 0630p KOTopbIX gaH B [4].
ONTUMa/ibHbIM SBNSIETCA Takoe 4YMCN0 WHTEPBA/IOB T, MPU KOTOPOM
BO3MOYKHOE MaKCUMaslbHOE CriiaKmMBaHme cyvanHbIxX ayKTyaumia faH-
HbIX COMPOBOXAAETCA C MUHUMASIbHBIM UCKaXKEHMEM OT CriadkuBaHUs
camol KpUBOWM MCKOMOro pacrnipegeneHus. [a npakTnyeckoro npumMe-
HEeHVA LesiecoobpasHo 1CMosb30BaTb Npea/ioXkeHHbIe B [4] BblpaykeHUs

mmin =0,55n°"4 n 1 MNp<=1,25nm , KoTopble MoslyyYeHbl o1 Hambonee
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4acTo BCTPEYAKLLMXCSA Ha NPaKTUKe pacnpefesieHnii ¢ 3KCL,eccoM, Ha-
xo4Aawmmes B npefenax ot 1,8 ao 6, T.e. 0T paBHOMEPHOro Ao pacrpe-
JeneHuns Jlannaca.

Mickomoe 3HaueHuve L JO/HKHO HaxoAmMTes B npedenax oT mmn 4o
mnax 6biTb HeyeTHbIM, TaK KakK Mpu 4YeTHOM m B OCTPOBEPLUMHHOM
WNn ABYXMOAa/IbHOM CUMMETPUYHOM pacrpedesieHnn B LIEHTPe TUCTo-
rpaMMbl OKa3sblBalOTCA ABa paBHbIX MO BbICOTE CTON6LA U cepeanHa
KpVBOW pacnpefenieHns UCKYCCTBEHHO yrnuolwlaeTcs. B cnyvae, ecnu
rmcrorpamMma pacrnpegeneHnss BHO ABYXMOAa/IbHadA, 4MC/O0 CToN6L0B
MOXKeT 6bITb yBe/nnueHo B 1,5-2 pasa, 4ToObl Ha KadKAblii U3 [BYX
MaKCUMYMOB MPUX0AMN0CL NPUMEPHO MO M MHTepPBaUioB. [onyyeHHoe
3HauYeHVe A/IMHbI MHTepBasia rpynnupoBaHus h Bcerga OKpyrnsiioT B
60/1bLUYI0 CTOPOHY, MHaye MOCMefHAN TOYKa OKavKeTcsA 3a rnpegenamm
KpaliHero unHTepsana.

Janee onpegensitoT MHTepBasibl FPYNNMPOBaHNS 3KCNEPUMEHTa/TbHbIX
JaHHbIX B BUge O,= (Y, Y,+b); 2= (y,+h, y,+2b);....; Or= (ynh; y,), n
NOACUUTLIBAKOT YMCIO0 MonafaHuii Nk (YacToThl) pe3ynbTaTtoB U3Mepe-
HUA B KaXKAbIi MHTEPBaN rpynnupoBaHus. CyMma 3TUX Ymcen Ao/mkHa
PaBHATLCA YUCNY U3MEPeHWH. 10 NoyYeHHbIM 3HAYeHUSM paccUnTbI-
BalOT BEPOSATHOCTW MONafaHus pesyibTaTtoB M3MepeHWUiA (4acTocTHn) B
KaxKablli U3 MHTEPBA/IOB FPyMNMNMpoBaHMsA Mo dopmyne pk= nkn, rae
k=1, 2,..., T.

INpoBefeHHble pacyeTbl MO3BOMAT MOCTPOUTL FUCTOrpamMmy, Mo-
JMFOH 1N KYMYNATUBHYIO KPUBYHO. [/151 NOCTPOEHUS1 TMCTOrpamMmbl Mo
0CW pe3ynbTaToB HabnogeHnin X (puc. 8.1,a) 0TKNagbIBaloTCA MHTepBa-
Nbl [K B Nopsifke Bo3pacTaHWss HOMEPOB M Ha KaxKAoM UHTepBasie CTpo-
NTCS NPSAMOYro/IbHUK BbICOTOM pK [Mnowaab, 3aknodeHHasa nog rpacm-
KOM, MponopumMoHasibHa 4ucay HabnwogeHuin n. VHorga BbICOTY
NPSAMOYrofibHUKa OTKaAbIBalOT PaBHOM SMMUPUYECKOM M/IOTHOCTU Be-
poaTtHocT pk = pk/OK = nkK/ (NAK) , KoTopas ABASETCA OLEHKON cpes-
Hell NNOTHOCTM B MHTepBasie K B 3aToM cnydae nnowanb nog rucro-
rpammoiri pasHa eguHuue. py yBENMYEHUW 4YUCIa WHTEPBAsioB U
COOTBETCTBEHHO YMEHbLUEHUM UX [/IMHBLI TMCTOrpaMmMa Bce 6osiee npu-
6KaeTCca K M1afKoii KpuBoii — rpadmky ns0THOCTU pacnpeaenieHnst
BepoATHOCTU. CriefyeT OTMETUTb, YTO B psife C/lyyaeB MpPOU3BOAAT pac-
YeTHOE CUMMETPUPOBaHME TMCTOrpaMMbl, METOAMKA KOTOPOro npueene-
Ha B [4].

MonuroH npefctaBnsieT coboi NOMaHy KpUBYHO, COEAVHSIOLLYIO
cepeVHbl BEPXHUX OCHOBaHWIA Kaxkaoro cronbua ructorpammbl (CM.
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puc. 8.1,a). OH 6onee Harfg4HO, YeM rMcTorpaMmma, oTpadkaeT opmy
KpuBOl pacnpefeneHus. 3a npegenamMm rucrorpaMmbl cnpasa U crieBa
ocTalTCca NycTble UMHTEPBasibl, B KOTOPbIX TOYKW, COOTBETCTBYHOLLUE
nXx cepefmHam, fiexxar Ha ocu abecumcc.
3TV TOYKM MNPU MNOCTPOEHMWN MOINTOHA COEAUHSAIT Mexay coboi
oTpeskamu NpsMbIX NUHWUIA. B pesynbTarte COBMECTHO C OCbl0 X 06pasy-
eTca 3aMKHyTas urypa, naowaib KOTOPOA B COOTBETCTBUM C MpaBu-
JIOM HOPMWPOBaHMUS
JO/DKHa ObITb paBHa r Tvcrorpamma
eaviHuLe (M Yncny Ha- K
6n0aeHnin Npyu UCMosb-
30BaHMWN 4acTocTen). 1r
KymynsTwuBHas L
KpuBas — 3T0 rpadmk f
cTaTUCTUYeCKOl (hyHK-
uMn pacrnpegeneHus.
[lns ee MOCTPOEHUSA MO \
0CUW pe3yibTaToB Habso- a) X
AeHunin x (puc. 8.1,6) oT-
KfagblBaloT MHTEpPBasbI
JK B nopsake Bo3pacTta-
HWS1 HOMEPOB U Ha KadK-
OOM WHTepBasie CTPOAT
NPSAMOYTFO/IbHUK BbICO-

TOW IK

74 MNonun3H
r

= V==+2>,
Mkl

3HauveHne Fk Ha3sbiBa-
eTcs KyMYNSiTUBHOW
4acToCThi, a Cymma — >
nk — kymynsTusHot 0 Y X Ykth X
4acTOTOiA. 6)

Mo Bnay noctpoeH- Puc. 8.1. 'vctorpaMva, MosroH (a) 1 Kymyns-
HbIX 3aBUCMMOCTEWN MO- TVBHas Kpueasi (6)
XKeT OblTb OLEHEH 3a-
KOH pacnpefeneHus pesynbTatoB U3MepeHWUi.

OueHKa 3aK0oHa pacrpefesieHns No CTaTUCTUYECKUM KPUTepUsim.
Mpw uncne HabmogeHWn > 50 ANa geHTUGMKaLMK 3aKoHa pacnpeaene-
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HUSA UCMO/b3YEeTCsl KpuTepuii MnpcoHa (Xu-kBagpar, cM. 8.1.2) wm Kpu-
Tepuii Mizeca—CmmpHosa (i4)2). Mpwr 50 > n > 15 4719 NpoBEPKM HOpMasTb-
HOCTM 3aKOHa pacrpeaesieH s MPUMEHSIETCA CoCTaBHOM Kputepuii (d-kpu-
Tepwii), npveefeHHbIM B TOCT 8.207-76. Mpy N < 15 npyvHaaieXHoCTb
3KCMEPUIMEHTA/TEHOTO Pacrpeass/ieHnst K HopMasibHOMY He MpOBEpSiETCs.
OnpegeneHne JoBEPUTENbHBIX FPaHWUL, C/lydaiHoi MOrpeLUHoCTU.
Benu yganocb MAeHTUMLMPOBaTL 3aKOH pacrpeaesieHnst pesybTaToB
M3MEPEHUIA, TO C ero MUCrosb30BaHUEM HaXOAAT KBAHTW/bHbBIA MHOXW-
Tesb Zp NpY 334aHHOM 3HAYEHWWN I0BEPUTESbHO BEPOATHOCTU P. B 3ToM
crydae A0BepUTENIbHbIE TPaHMLbI C/TyqaliHOM MorpeLuHocTn A = +7pS-.
OnpegeneHvie rpaHnL, HEMCKTKOUYEHHOW CUCTEeMaTUYeCKOA MorpeLw-
HOCTW 9 pe3y/ibTaTa U3MepeHuWid. Mog STUMM rpaHULaMM NMOHUMAKOT
HaliaeHHbIe HECTATUCTUYECKUMY METOAAMM FpaHuLbl UHTEPBaNa, BHYT-
PV KOTOPOr0 HAXOAUTCS HEVCK/TOHEHHAS CUCTEMATMYECKAs MOrPEeLIHOCTb.
OHa 0bpasyeTcs 13 psfa COCTaB/SLLMX: KaK MpaBWsio, MOrpeLuHocTei
METOAa W CPeACTB M3MEPEHWIA, a Takke CYObEeKTUBHOM MOrpeLUHOCTU.
MpaHWLl HEUCKITOHEHHO CUCTEMATUYECKOM MOrPeLLUHOCTV MpYHUMA-
I0TCA paBHbIMU Npeaesiam A0MyCKaeMbIX OCHOBHbIX M A0MO/THUTETbHbIX
MOrPeLUHOCTE CPeacTB M3MEPEHWIA, eciin NX CrlydaliHble COCTaB/IAoLLME
npeHe6peXXMMo Masibl. OHX CyMMUPYIOTCS M0 npaBwiaM, paccMOTPeH-
HbIM B pa3g. 9.2. [oseputesibHasi BEPOATHOCTL MPY OMPeaesieHnn rpa-
HUL, 6 NPUYHMMAETCS PaBHOW [OBEPUTETbHON BEPOSITHOCTYM, UCMOMb3ye-
MO MPU HaXOKAEHUN TPaHWL, C/TyYaiHOM MOrpeLUHOCT.
OnpegeneHne JOBEPUTENbHBIX FPaHKL, MOrpeLHocTY pesynbTa-
Ta n3mepeHva p. [laHHasi onepauys ocyLLEeCTBASIETCS MyTeM CyMMU-
poBaHust CKO c/lyyaliHoWM COCTaB/IsIOLLEA S- 1 rpaHunL, HENCKITHOYEH-
HOIA CUCTEMATMYECKOW COCTaBNSAOLLEN O B 3aBUCMMOCTI OT COOTHOLLIEHNSE
0/ S- no npaBwnam, U3N0KEHHbIM B pasg. 9.4.
3anuck pesynbTaTa nsMepeHus. Pesynbtar namepeHust 3anmcbl-
BaeTCcs B Buge X = X = [P npun aoBepuTesibHOM BeposiTHocTM P = Pa,
Mpy OTCYTCTBUM AaHHbIX 0 BUAE hyHKLMW pacripesie/ieHnsl CoCTaB/sio-
LLMX MOFPELLHOCTM pe3y/ibTaTbl U3MEPEHUIA MPEeACTaBASOT B BAOE X,
S-, n, 0 npn goBepuTenbHON BeposATHOCTM P = Pg,

8.1.2. NgeHTudmkauma opmMbl pacnpeiesieHns pesy/ibTaToB
n3mepeHuii

B KauecTBe crioco6a OLEHKM 6/IM30CTU pacnpeaenieHnst BbIGopKU
3KCMEePYMEHTATbHBIX AaHHbIX K MPUHSTON aHaUTUTUYECKOA MOAE/n 3a-
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KOHa pacrnpefesieHns MCMosib3ylTca KpuUTepuu corniacusa. K3secTeH
Lenbii pag KpUTepUEB cornacusi, npeasioXkKeHHbIX pa3HbIMU aBTopamul.
Hawnbonbluee pacrnpocTpaHeHWe B MPaKTUKe NONyyYun Kputepwin Mup-
coHa. Mpges aToro metoda COCTOMT B KOHTPOJIE OTK/IOHEHWIA TMCTOrpam-
Mbl 3KCMEePUMEHTA/IbHbIX AAHHbLIX OT TMCTOrpaMMbl C TAKUM >KEe YuC-
JIOM MHTEepPBas10B, MOCTPOEHHOM Ha OCHOBe pacrpefesieHunsl, CoBNageHmne
C KOTOpbLIM onpegensetcs. Vcnosb3oBaHne KpuTepus lMupcoHa [3, 48]
BO3MOXXHO Mpu 60/1bLLIOM Yuncie uamepeHuii (n > 50) n 3akovaeTcs B
BbIYMC/IEHUN BeNYUHBI X2 (XU-KBagpar):

rae n,, Nj — akcnepvMeHTa/lbHble N TEOPeTUYECKUE 3HAUEHUS YacToT
B i-M MHTepBasie pa3bmeHns; m — 4YKUCI0 UHTEPBASIOB pasbmeHns; P; —
3HauYeHNs BEPOATHOCTEN B TOM >Xe WHTepBasie pasbueHus, cooT-
L
BETCTBYHOLIME BbIOPAHHOW MOAENMN o
i=

Mpy Nn —& cny4yaiiHaa BeMUMHA X2UMeeT pacnpegernieHuve Mupco-
Ha C YUMC/I0M cTeneHelt cBoboabl V= m-1—F, rae r — 4Yuncso onpesensiemMbix
Nno CTaTUCTUKE MapameTpoB, HEOGXOAMMbIX AN COBMELLEHUS MOAenn v
rmcrtorpaMmmsl. 19 HOPMasIbHOMO 3aKOHa pacrpefesnieHns I = 2, Tak Kak
3aKOH 0[JHO3HAYHO XapaKTepu3yeTcs yKa3aHveM ABYX ero napameTpoB —
Maremartumyeckoro oxxugaHusa mn CKO.

Ecnn 6b1 BbIGpaHHasA MO4esb B LieHTpax Bcex m CTo/16L0B coBnajasia
C 3KCMepUMeHTa/IbHbIMU AaHHbIMW, TO BCce m pasHocTei (IM)- N,) 6biiv
6bl paBHbl Hy/0, a c/efoBaTeflbHO, M 3HAYeHWe KpUTepusa X2 Takke
6b1110 Obl paBHO Hyst0. TakMm 06pa3om, X2 ecTb Mepa CyMMapHOro oT-
K/IOHEHUST MeXXAY MOAENbI0 U 3KCNepUMeHTasIbHbIM pacnpeaesieHNEM.

Kputepuii X2 He MHBapuaHTeH K 4YMC/y CTOMI6LOB U CyLLECTBEHHO
BO3PaCTaeT C yBe/IMYeHeM nxX ymcna. oatomy ons UCNosb3oBaHUS ero
npv pa3HOM 4mcre CToM6L0B cocTaBieHbl TabNuLbl KBaHTUEA pacnpe-
JeneHnsi X , BXOAOM B KOTOpPble CNY)XUT TaK Ha3blBaeMoe 4YuC/o cTere-
Helh cBoboabl v = (m-1-r). YTo6bl COBMECTUTb MOAESb, COOTBETCTBYHO-
L0 HOpMasibHOMY 3aKOHY, C FMCTOrpammoi, HeobxoayMo COBMECTUTb
KOoOpAMHAaTY LUeHTpa, a 4/1s Toro, YTobbl LUMPUHA MOAEM COOTBETCT-
BOBa/1a LUMPUHE TUCTOrpaMMbl, ee HY>KHO 3a4aTb Kak I W2 nv = w-3.
UacTb KBaHTWUEN pacnpedenieHnss Xq npuBeaeHa B Taon. 8.1.
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Benm BblUMCIEHHas Mo OMbITHLIM AAaHHBIM Mepa PacxXoXaeHust X2
MeHbLLIe OMPEeAENEHHOr0 13 Tab/NLbI 3HaYeHUsT X2 » TO TUMOTE3a O COB-
NafieHUN 3KCNEPUMEHTA/IbHOIO M BbIGPAHHOr0 TEOPETMYECKOro pacnpe-
OENeHNiA NpUHUMaeTcs. 3TO0 He 3HAYUT, 4YTO runoTesa BepHa. MOYKHO
MWL YTBEPXKAATb, YTO OHA MPaBAonoao6Ha, T.e. oHa He MPOTUBOPEUNT

Tabnuua 8.1
3HavYeHUs X4 NpyU pas/IMYHOM YPOBHE 3HAUMMOCTU

)(:]2 npy ypoBHE 3HAYNMOCTU (, PaBHOM
0,99 0,95 0,9 0,8 0,5 0,2 0,1 0,05 0,02
0,02 0,1 0,21 0,45 1,39 322 461 5,99 7,82
0,3 0,71 1,06 1,65 3,36 5,99 7,78 9,49 11,67
0,87 1,63 2,20 3,07 5,35 856 10,65 12,59 15,03
8 1,65 2,73 3,49 4,59 734 11,03 1336 1551 18,17
10 2,56 3,94 4,87 6,18 934 1344 1599 1831 21,16
12 3,57 5,23 6,30 781 11,34 1581 1855 21,03 24,05
14 4,66 6,57 7,79 9,47 13,34 18,15 21,06 23,69 26,87
16 5,81 7,96 9,31 11,2 1534 20,46 2354 263 29,63
20 8,26 10,85 1244 14,58 19,34 2504 2841 31,41 35,02
25 11,52 14,61 16,47 1894 2434 30,68 34,38 37,65 41,57
30 14,95 18,46 20,60 23,36 29,34 36,25 40,26 43,77 47,96

AN

OMbITHbIM AaHHbIM. Ecnn >ke %R BbIXOAUT 3a rpaHuLbl JOBEPUTESIbHOIO
VHTEpBasia, TO rMnoTe3a OTBEPraeTcsl Kak MpoTMBOpeYallast OmbITHbIM
JaHHbIM.

MeToamnka onpefeneHnst COOTBETCTBUS 3KCMEPUMEHTA/IbHOIO U
NPUHATOrO 3aKOHOB PacnpeaesieHnsl 3aK/IlUaeTcsl B CefyHLLEM:

*0npeaensitoT OLUEeHKN cpeaHero apugMeTUYecKoro 3HadeHnss X 1n
CKO Sxno chopmynam (6.9) n (6.11);

* rpynAnpyrT pesy/ibTaTbl MHOMOKPaTHbIX HabnloaeHWIA No UHTep-
Ba/laM O/IMHOM h, u4nC/o KOTOpbIX OMPefensiioT Tak >Ke, Kak U npu
MOCTPOEHUM TUCTOrpaMMbl;

« /19 KaXKA0ro MHTepBasia pasbueHrst onpeaesisioT ero LeHTp xiowu
NOACUNTBLIBAKOT YMCN0 Hab/IOAEHNIA NS NOMaBLUMX B KadKAbIA UHTepBaT;

* BbIYUCAAIOT YNCMO HabNAeHWIA A1 KaKAoro M3 MHTEepBasios,
TEOPETUYECKM COOTBETCTBYIOLLIEE BbIOPAHHOM aHaIMTUYEeCKOr Modenn
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pacnpegeneHvs. 015 3TOro cHauasa oT peasibHbIX CepeiH UHTepPBasioB

X0 NPOUN3BOAAT MEPExXos K HOPMMPOBaHHbIM cepeguHamM bx- (Xi0- X)/Sx.
3ateM 415 KayKAOro 3HayeHUsi zt ¢ MOMOLLbI aHa/IMTUYECKOW MOAenu
Haxo4AT 3HaveHne hyHKLUMM NSIOTHOCTU BeposTHocTel f(Zj). Hanpumep,
LN HOPMasIbHOMo 3aKoHa

Mo HangeHHoMy 3HadveHuto f(Zj) onpegensoT Ty yacTb N; mmeto-
LMXCA HabnogeHni, KoTopas TeopeTUYecKU A0/HKHA 6biTb B KaXKaoM
n3 nHtepsanioB N; = nhf(Zj)/Sx, roe n — obuwiee 4yncnio HabNwAeHW;

*eCin B KaKoM-Nnbo UHTepBasl TeOpeTMYecKM nonajaeT MeHblue
NATU Ha6MAeHUA, TO B 06eMX TMCTOrpamMmmax ero COeAuHSIT C coceq-
HUM MHTepBasioM. locne 3TOro onpeaenstoT YMCN0 cTeneHen cBoboabl
v=m-1-r, rge m — obuwee 4ymcno nHTepsanos. Ecnm 66110 Npon3sse-
[EeHO YKPYIMHeHne, TO M — 4YUCN0 UHTEPBA/IOB MOC/e YKPYMHEHUS;

= o copmyne (8.1) onpenensoT nokasateslb PasHOCTU™ 4acToT X »

* Bbl6MpalT YPOBEHb 3HAYUMOCTU KpuTepusi g. OH JO/MKEH ObITb
HeboNbLIMM, YT06bI 6bila Masia BEPOATHOCTb COBEPLUMTHL OLLMOKY nep-
BOro poga. Mo ypoBHIO 3HAUYMMOCTU W YMCNY CTeneHel cB0o6oAbl V MO

Tabn. 8.1 HaxogAaT rpaHuLy KpMTquCKoﬂk obnactu X&> Takyt, 4To
P(x2>Xq} ~ Y4 BepoATHOCTb TOro, 4TO MO/lyYeHHOe 3HAYeHME X2 NpPeBbILa-
eT Xg»paBHa g 1 Masia. 'oaTomMy, ecnv oKasblBaeTcs, YTo X Xg*To runo-
Tesa 0 COBMaJeHUM 3KCNEPUMEHTA/IbHOINO0 M TeOPeTUYECKOro 3aKOHOB pac-
npeseneHns otTeepraeTcs. Ecnm ke X2<Xg» To rmnoTesa npuHUMaeTCS.
UeM MeHbLUe ¢, Tem 60/blle 3HadYeHUe Xg(npwu TOM >Ke yucne cTe-

neHer cBoboAbl V), TEM Jlerye BbINO/HAETCA YC/10BME X2<X] U MPUHU-
MaeTcA nposepsieMas ruroresa. Ho npu 3Tom yBenuymBaeTcs BepoAT-
HOCTb OLUMOKM BTOPOro poga. B cBA3M ¢ 3TUM HelenecoobpasHo npu-
Humatb 0,02<g”0,01.

MHorga BMeCcTo NMpoBepKu ¢ OAHOCTOPOHHE KPUTUYECKON 061acTbio Mpu-
MEHSIIOT MPOBEPKN C ABYCTOPOHHUMU KPUTUYECKMMU obnactamu. Mpu

3TOM OLIEHMBAETCHA BEPOATHOCTb P{XH<X2<XB} =(. YpoBeHb 3HAUYMMO-
CTU KPUTEPUSA ( AeNUTCS Ha fBe vacTu: g = qlga Kak npasuio, NpuHu-

MaT 5 g2 Mo tabn. 8.1 gna P{x2>X2 m q HaxogAaT Xxf npwu ypoBHe
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3HAYUMOCTM g, W YKnC/ie CTEMeHel cBoboAbl V U 7~ [/19 YPOBHS 3HauM-
MocTM 1 —qg 1 Tom >ke N. vnoTe3a 0 coBMafeHUN pacnpeaernieHni
NPUHUMaETCA, eciv - S Y?<s X\ e

8.2. OgHOKpaTHble N3MepeHUs

MpsiMble MHOTOKpaTHbIE M3MEPEHMST B 60/TbLLE Mepe OTHOCSTCA K
nabopaTopHbIM M3MepeHVAM. [ MPOV3BOACTBEHHbIX MPOLEeCcoB 60-
Jlee XapaKTepHbl OAHOKPaTHbIe M3MepeHus. OfHOKpaTHble NMpsivble K3-
MepeHUsT SIBNSIKOTCA CaMbIMX MacCoBbIMU W MPOBOAATCS, eC/N: MpU 13-
MEPEHNM MPOVICXOAUT paspyLLieHVe 06beKTa U3MEepPeHUsi, OTCYTCTBYET
BO3MOYKHOCTb MOBTOPHbIX M3MEPEHWM, MMEET MECTO 3KOHOMUYECKast
LienecoobpasHocTb. 3TN M3MepPEHVS] BO3MOXKHbI NWLLb MpY orpeaeneH-
HbIX YCNOBUSIX:

*06beM anpuopHOA MHAopMaLmn 06 06bEKTE W3MEPEHWI TaKoiA,
yTO MogZesb 06beKTa Y OnpeaerieHVe N3MePSIEMO BENIMUMHBI He Bbi3bl-
BalOT COMHEHWIA;

*Vi3y4eH MeTof, U3MepeHWs], ero rnorpeLLHocTy Mo 3apaHee ycTpa-
HeHbl, IN60 OLEHEHD!;

*CpescTBa U3MepPeHUi UCrpaBHbI, a NX METPOSIOrMYECKUE XapaKTe-
PUCTUKX COOTBETCTBYIOT YCTaHOB/IEHHbIM HOPMaM.

3a pesy/ibTar npAMoro 0AHOKPATHOIMO M3MEPEHUS MPUHUMAaETCA
nosyveHHasn BenmMuvHa. Jo nmepeHusa fo/mkHa 6biTb NpoBeaeHa anpu-
OpHast OLEeHKa COCTAB/AIOLLMX MOrPELLHOCTM C UCMO/b30BaHVEM BCEX
JOoCTynHbIX AaHHbIX. [py onpegeneHnn 4oBepUTESIbHLIX FpaHunL, Mno-
rPeLUHOCTW pesyribTara U3MepeHui [oBepuTe/ibHast BEPOATHOCTb Mpu-
HUMaeTcsl, KakK npaswio, pasHoi 0,95.

MeToayka 06paboTKM Pe3y/bTarToB MPAMbIX OAHOKPaTHLIX M3Mepe-
HWA npuBeseHa B pekomeHaumsx M 1552—86 “I'CU. Vi3mepeHust
npsivble OAHOKPaTHble. OLEHMBAHME MOTPELLHOCTEN pe3ynbTatoB U3Me-
peHuiA”. [aHHas MeToavKa MPUMEHVMA MPU BbIMOHEHUW CrIELYOLLIMX
YC/IOBWIA: COCTaBNSIOLLME MOrPELLHOCTU M3BECTHbI, CyyaliHble COCTaB-
nAaowye pacrpesesieHbl Mo HOpPMasibHOMY 3aKOHY, 8 HEeUCK/ToYeHHble
cucTeMaTmyeckue, 3afaHHble cBoMMN rpaHudaMn O;, — paBHOMEPHO.

CocTaBnAoLWMIMA MOTPELLIHOCTM NPSAMBIX 0AHOKPATHBLIX M3MepeHWii
ABNAOTCA:

e norpewHocT CU, paccumTbIBaEMbIE MO UX METPOJIONMYECKMM >
paKTEPUCTMKAM;
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© MOrpeLUHoCTb UCM0Mb3YEMOr0 METOAa WU3MEPEeHWIA, onpeaensiemMast
Ha OCHOBE aHa/IM3a B KaXKOOM KOHKPETHOM C/yu4ae;

* INYHas MorpeLUHoCTb, BHOCMMAast KOHKPETHbLIM OMnepaTopoM.

Ecnwv nocnegHve e coctasnAlolwye He npesbiwatoT 15% norpetu-
HocTn CI, TO 3a MOrpeLluHoCcTb pesynbTata 04HOKPaTHOro U3MepeHUs
MPUHUMAIOT NOrpeLUHocTb ncnosnbdyemoro CU. daHHasa cuTyaluma BecbMa
4YacTo MMeeT MeCTO Ha MpaKTuKe.

Ha3sBaHHble cocTaBdaoWMe MOryT COCTOATbL M3 HEUCK/IHOUYEHHbIX
CUCTEMATMYECKMX W CIyYalHbIX MorpewuHocTed. Mpu HaamMumm He-
CKO/TbKMX CUCTEMATUYECKMX MOrPeLUHOCTeN, 3aJaHHbIX CBOMMMW rpa-
HUuamm 10, NM6o JoBepuTenbHbIMU rpaHuiuamn +0;(P), agoBeputenb-
Has rpaHMUa pesysibTata U3MepPeHUs COOTBETCTBEHHO MOXXET ObITb
paccumTaHa no dopmye

rae 6i(Pj) — poBepuTenbHas rpaHuUa i-ii HEMCKIOYEHHOW cucTema-
TMYECKOW MOrpeLLIHOCTN, COOTBETCTBYIOLLASA [0BEpUTENIbHON BEpPOST-
HocTM PN — KO3(hdMUMEHT, 3aBuUCALLMIA OT PMm onpeaensieMblin Tak
Xe, KaK N KoahmumeHT K; K = K(T,P) — KoaduumeHT, paBHbIN
0,95 npu P=0,9 n 1,1 npn P = 0,95. Mpn gpyrmnx [oBepuUTenbHbIX
BEPOATHOCTAX OH onpepenisetca B cootBetcTBum ¢ FOCT 8.207-76.

CnyyaliHble COCTaB/ISOLLME MOFPeLLIHOCTM pe3yfibTata U3MepeHWii
BblpaxKatoTcst Moo ceoumMu CKO Sxi, M60 A0BEPUTESbHBIMU FpaHULa-
Mn £8;(P). B nepBomM cnydae foBepuTenibHas rpaHuua Criy4YaiiHoM co-
CTaBNAOLEN MOrpeLlHoCTN pesynbTaTa NPSAMOro O4HOKPaTHOro M3me-
peHna onpegensaetca yepes ero CKO Sx

roe zP — Touka HOpMMPOBaHHOM (hyHKUMM Jlannaca, oTBevatoLLeit
BeposiTHocTK P. Mpu P = 0,95 zp = 2. Eciim CKO Sx onpegeneHbl
3KCNEePUMEHTa/IbHO MPWY Heb0s1bLIOM Ynce usmepeHuii (n < 30), To
B J@aHHOM hopmysie BMeCTO KoadphuLUMeHTa zp c/ieflyeT MCMnob30BaThb
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KoaghpuumeHT CTbloAeHTa, COOTBETCTBYIOLLMIA YMCMY CTereHel CBo-
6oabl i-ii cocTaBnstoLLel, oueHKa KOTOpoW npowu3BefdeHa MNpu Hau-
MEHbLLUEM 4YKMC/E WU3MEPEHUIA.

B cnyuae, Korga criyyaiiHble NMOrpeLlHoCTM MNpeacTaB/eHbl A0BEPU-
TeNbHbIMU rpaHuuamn te,(P,), COOTBETCTBYHLLUMMK pa3HbIM [0BEPU-
Te/IbHbIM BEPOSITHOCTSIM P,, [oBepuTesibHas rpaHuua criyydaiiHon no-
rPeLHOCTM Pesy/ibTaToB MPSiMbIX OAHOKPATHbLIX U3MepeHuli

e(P) =ZpSx =2p~£e2P1l)/4; =

HaligeHHble 3HaveHUsA B M e(P) mMcnonb3yloTcs A1 OLEeHKU Mo-
rPeLuHocTN pesynbTara MpsMbIX OAHOKPAaTHbIX U3MepeHwuii. B 3aBu-
CMMOCTW OT COOTHOLWEHUA O 1 SX cymMapHasa MorpeLlHocTb onpeaess-
eTcsa No oAHOW M3 hopMys1, MPUBEAEHHbIX B Tabn. 8.2.
3HaYeHVs KoathdmLmeHTa Kp npyBeaeHbl B Tabn. 8.3.

Kpome 1310XeHHoro me-
Ta6nsga 8.2 TO4a, CyMMMpOBaHWe cny-
dopmynbl AN pacyeTa MOrpeLuHocT! pesysibtara YanHbIX 1 cucCTeMaTn4ecKnx

NPSAMbIX 04HOKPATHbIX U3MepeHun [(P) COCTAB/SIOLLMX MOYKET MpO-

3HaveHve B/Sx  [orpeluHocTs pesynbTata BOAUTCA 1 ApYTrMMU METOAA-
namvepeHust A(P) MW, pAn U3 KOTOPbIX pac-

6/Sx< 0,8 P> CMOTpPeH B pasd. 9.4.
0.8 £0/Sx<8 Kp(e<P) + B(P)] Pe3ynbTar npsiMbIxX of-

HOKPAaTHbIX U3MePeHW Oon-
e/Sx> 8 B(P) P P A

Tabnnya 8.3
3HayeHue kr 1 3aBMCMMOCTM OT OTHOLeHMA 0/S* npu [oBepuTesIbHOM
BepoaTHocTM 0,96

9/s, 0,8 1 2 3 4 6 6 7 8
*0,» 0,76 074 071 073 076 0,78 079 0,80 081

>KEH 3anucbiBaTbCA B COOTBETCTBUU C pekomMeHdaumamu M 1317-86
B Buge x = [(P) npn poBepuTenbHOM BeposiTHocTM P —P .

BblLLe 6bU1M pacCMOTPEHbI MPSAMbIE OAHOKPA T Hble U3MePEHUS C TOH-
HbIM OLIEHVBaHWEM MOrpeLUHOCTeN, Havnbonee AeTa/lbHO OHU MpoaHa-
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nv3npoBaHbl B [3]. B npaKTuke Takoke MMEOT MeCTo MpsiMble OfHO-
KpaTHble M3MEPEHVSI C MPUG/I>KEHHBIM OLIEHVBAHMEM TOrMPELLHOCTWA.
J/19 HAX XapaKTepHO OLEHMBaHYVE MOTPELLHOCTIA MOSTyHeHHOro Pesysib-
TaTa Ha OCHOBE METPOJIONMYECKNX XapaKTePUCTVK, MPUBEAEHHbLIX B
HOPMATUBHO-TEXHWNYECKOM [OKYMEHTaLWN Ha 1crnosib3yeMble CpeacTsa
n3MepeHuiA. MocKosbKy 3TV XapaKTepuCTUKN OTHOCATCA K J100bIM
3K3emnispamM AaHHoro Tuna CU, To y KOHKPETHOro WCrosb3yemoro
CpeacTsa [elACTBUTE bHbIE METPOJIOrMYECKME XapaKTepUCTUKA MOryT
OT/INYATLCA OT HOPMUPOBaHHbIX.

Mpsivble OAHOKPATHbIE U3MEPEHVS C MPUB/IVDKEHHBIM OLIEHVIBaHW-
€M MOrpPeLLHOCTE NMPaBOMOYHbI, €C/iN 0Ka3aHa BO3MOXKHOCTb MpeHes-
PEXXEHWST CrTyHaliHOW COCTaB/ISHOLLE MOrpeLLHOCTA M3MEPEHUs], T.e.
MOXXHO 0GOCHOBAHO CUMTATb, YTO CpefHee KBaApaTUYeCKoe OTK/IOHE-
HVie SX CrlyyaliHOM COCTaB/ISIOLLE MeHbLLe 1/8 cyMMapHO rpaHuLipl
HEUCKITIOHEHHBIX CUCTEMATUYECKMX COCTaB/ISIOLLMX MOTPELUHOCTU pe-
3ynbTara U3MepeHus.

B npocTeiilLem criydae, Korfa BMSHOLLYIE BE/MHMHBI COOTBETCTBYHOT
HOpMa/TbHbIM YCTIOBUSIM, MOMPELLIHOCTL pesysisTara Mpsivoro OfIHOKPAaTHO-
Io VBMEpPeHVs paBHa NMpeagesTy 0CHOBHOM MOrPeLLHOCTY CPEACTBA VBMEPEHVS

orpeaerisiemMoli Mo HOPMATVBHO-TEXHHECKO A0KyMeHTaLWN. Pesyrib-

Tar VBVEPEHVs 3annLLeETCs B BLae [, m +ci+ [oBepuTeribHas BEPOSTTHOCTb
He YKa3bIBaETCH, HO, Kak Npaswio, NoapasyMeBaeTcs, YTo oHa pasHa 0,96.
Mpy NPOBEAEHUN VBMEPEHUIA B YCIIOBUSIX, OT/IMHHBIX OT HOPMas/ibHbIX, He-
00X0AMIMO OMPEAESIATL U YUUTBIBATL MPEesTbl A0MONHUTESbHBIX MOrPeLLHo-
cTeil. Bo3vokHas MEeToAMKa CyMMMPOBAHWSA OCHOBHbLIX W [OMO/HUTE b
HbIX MOMPELLHOCTEN OHOKPATHBLIX V3MEPeHUIA MpveeaeHa B [3].

Mpumep 8.1. OuenTb MOrpPeLlHOCTb pesy/ibTara 04HOKPATHOro N3MePeHNs Ha-
npsbkeHnss U = 0,9 B Ha conpoTueieHn R —4 OM, BbIMO/IHEHHOTO BO/T5TMETPOM
Kracca To4HocT 0,5 ¢ BEpXHUM npeaesiom HamepeHus U, = 1,5 B 1 BHYTPeHHUM
conpotme/ieHneM Ry—1000 OM. 13BECTHO, YTO AOMO/HUTESIbHbIE MOMPELUHOCTM Mo-
KasaHWii BOSTbTMETPA M3-3a MarHUTHOTO MO/IS 1 TeMMepaTypbl He MPeBbILLIAIOT CO0T-
BeTcTBeHHO 8A “ +0,75% n +0,3% [aomnycKaemoi NpesesibHOM MorpeLLHoCTy.

Mpegen ,CI,OI'IyCKaeMOi/JI OTHOCUTE/TbHOW MOrpeLHoCT BOJSIbTMETPA Ha OTMET-

ke 0,9 B coctasnisieT 5S” 6GHJU,/U - 0,83%. IMpu noacoeanHeHUN BobTMETPA
ncxoaHoe HanpsikeHve UX M3MEHUTCS 13-3a Hasmumst Ry n coctaBuT
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Torga MeToauuecKasi MOrPeLLHOCTb, 06YC/I0B/IEHHAs KOHEYHbIM 3HAYEHVEM
Rv, B oTHOCUTE/NBHOM dhopme

—-—100=-0,4%.
R +Rv

JaHHasi NOrpeLUHOCTb SIB/ISIETC CUCTEMATUYECKON M A0/KHA ObITb BHECEHA
B pe3y/ibTar B BUAE morpaBkm q = —Sw 0,4 % wm B abCo/toTHOM chopMe Ha
otmeTke 0,9 B [,= U/100 —0,004 B. Torga pesy/iTar U3MepeHUst C Y4eToM
rnonpasku U =0,9 +0,004 = 0,904 B.

MocKo/MbKY OCHOBHas W AOMO/HUTESIbHAsH MOrPeLLHOCTM 3adaHbl CBOUMA Tpa-
HUYHBIMM 3HAYEHMSIMM, TO OHW MOMYT PacCMaTPUBATLCS KaK HEMCK/TIOHYeHHbIe
cYCTeEMaTUYeCKE MOMPELLIHOCTM 1 COOTBETCTBEHHO CyMMMpOoBaTLCs. [Mpn foBepn-
TeslbHOM BeposiTHOCTM 0,95 AoBepuTeNibHas rpaHmLa HEUCKIIKOHEHHOM cucTeMaTu-

YecKoli norpeLuHocT 8C= 14,710,832+ 0,752 + 0,32 = 1,3%. B abcontoTHoi diop-
Me AC=81J/100=0,012 B. lNMockonbKy [, > Q, TO OKOHYaTesIbHbIA Pe3yribTar
v3MepeHVs 3anuncbiBaeTca BBuae U=09B;, [O=1001B; P =0,9.

8.3. KocBeHHbIe U3MepeHUA

KocBeHHble M3MepeHUs — 3TO0 U3MepeHUs, NpPU KOTOPbIX MCKOMOe
3HayeHne Q HaxogAT Ha OCHOBaHWUNU W3BECTHOWM 3aBMCMMOCTU

Q_ F(QHQZ:QIT): (82)

rae Qj,Q2,...,Q m— 3HayeHUs, MoslyyYeHHble NMpU APAMbIX U3MepeHU-
Aax. Mo Buay YHKUMOHA/IbHOM 3aBUCUMOCTU F OHM fgenaTcs Ha Aage
OCHOBHbIe Tpynnbl — J/IMHENHbIE N HefIMHeNHble. N5 NUHEeRHbIX Koc-
BEHHbIX U3MEPeHU MaTemMaTUyeckMini annapaTr cTaTUCTUYecKon obpa-
60TKN MOSTyYeHHbIX pe3y/ibTaToB paspaboTaH AetasnibHo. ObpaboTka pe-
3yNbTaTOB KOCBEHHbIX U3MepeHwuii [57] nNpou3BoguTcs, Kak npasuso,
MeToJaMUu: OCHOBaHHbIMW Ha pasfefibHo 06paboTKe aprymMeHTOB U UX
NOrpeLUHOCTE; NMHeapu3aLmn; npuBeaeHUs; nepebopa.

MepBble TP MeToda paccMaTpUBaOTCA HUXKe, a YeTBepTbln —
B [67]. MeToguka 06paboTKn pe3ynbTaToB KOCBEHHbIX M3MEPEHUN
npusegeHa B fokymeHTe MW 2083-90 “I'CU. V3mepeHUsA KOCBEH-
Hble. OnpefeneHne pesysbTaToB M3MEpPeHUn U OLueHUBaHWE UX Mo-

rpewHocTen .
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KoCBEHHbIE M3MEPEHUST MPU NINHEHOW 3aBUCMMOCTU MEXKAY ap-
rymeHTamu. JInHelHas (hyHKLMOHa/IbHasi 3aBUCUMOCTb SB/ISIETCSA NPO-
cTelieri hopMoii CBA3N MeXAY M3MEPSIEMOM BEIMUMHOM N HaxoauMbl-
MW MOCPEACTBOM MPSIMbIX U3MEPEHWUI aprymMeHTaMu. OHa MOXKET ObITb
Bblpa>keHa (hopMysiov

L
i=

rge b — NOCTOSAHHBIN KO3(PULMEHT i-ro aprymeHTa Qs m — umcno
aprymeHToB. MOrpeLHoCcTN INHERHBLIX KOCBEHHbIX WU3MEpPeHWi oLeHu-
BalOTCA METOAOM, OCHOBAHHbIM Ha pasfesibHoi 06paboTKe aprymeH-
TOB M UX MOrpeLLHocTel.

Ecnn koahdpmumeHT bl b, onpefensaooT akcrnepuMeHTaslbHO, TO Ha-
XOXK[AEHWe pe3ynbTaTa U3MepeHns Ben4YMHbl Q NMpou3BOAMTCSA MO-
aTanHo. CHayasna OLeHMBaT Kaxkaoe cnaraemoe bjQj Kak KOCBEHHO
M3MepSeMy0 BEIMUVHY, MOMIYYEHHYIO B pe3y/bTaTe Mpovn3BefeHUs
OBYX U3MepsieMbIX BeIMYMH, a MOTOM HaxoAAaT OUEHKY u3mepsie-
MOl BesinunHbI Q. Pe3ynbTaT KOCBEHHOI0 U3MepPeHUS OnpeaenstoT
no dopmysne

L
3 -£ A,

roe Qj — oueHKa pesynbTaTta U3MepeHUii aprymeHTa Q-, nosyyaemas,
Kak MNpaBw/io, MOCPeACTBOM 06PaboTKM pPe3ysibTaToB MHOMOKpPaTHbIX
NPsSIMbIX U3MEPEHUIA KaxXKA0ro U3 apryMeHToB. Mpy HeCMeLLeHHOCTU r
COCTOSITE/IbHOCTU Pe3y/nbTatoB Q; MoslydeHHasi OLeHKa pesy/bTara us-
MepeHUst Q GyaeT TakXKe HECMELLEHHOM W COCTOATE/IbHOM. MoCcKobKY
aucrepenst pesynbtata U3MepeHnst

L
OA] =X b?BA],

1=1

To, ecnu pesynbTatbl @, 00/1a4al0T MUHUMaUTLHOM AMCNepCueid, T.e.
SABNAIOTCS 3PEKTUBHBIMUI, OLEHKA pe3yfibTata uaMepeHusi L, Takoke
oyaeT 3pPEeKTUBHON.
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Mpu OTCYTCTBUM KOPPENSALMOHHOM CBS3U Mexkay apryMeHTamy CKO
pe3ysibTata KOCBEHHOro M3amepeHus S(Q), 06yCnoBAEHHOE CryYaliHbl-
MM MOrPELLHOCTSAMM, BbIMUCASIETCA MO dhiopMysie

S(Q =j£EbfS 2Q;), (8.3).

roe S(Qj) — cpefHee KBagpaTU4YeCcKoe OTK/IOHEHME pesysibTara U3me-
peHusa aprymeHTa Qj, paccuuTbiBaemoe o giopmyse (6.10).

Mpy HAMYMN KOPPENSILIMOHHOM CBS3M MeXxay apryMeHTamm CKO
pesyfbTara KOCBEHHOr0 M3MepeHUst

SQ= £ bf53a(QJ')+£1:1£ PpKb ko, S(QK)S(Q))

3necb pR — HecMeLLeHHasA OLeHKa KoathMLIMEHTa KOPPeNAaLmN MeX-
[y norpeLHocTaMM aprymeHTos Qkm Qt

h*=n(n-NS(QKS(Q,)8<Qti * 8kKQ" "

roe QK, QH—i-e pesynbTaTthl NPAMbIX U3MePeHUIA K-ro 1 1-ro aprymeH-
TOB; M — YMCMO MPAMbIX U3MEPEHW apryMeHToB. KoaddpmumeHT kop-
PenALMN MOXKET bbITb paccumTaH 1 no Apyrm topMysiam, pasHo3Hau-
HbIM MpVBeAeHHOM (cM. pasg, 9.3).

Koppenauya Mexxay apryMeHTamm Yallle BCero BO3HVKaET B TeX CIy-
Yasix, Korfa nx M3MepeHVs NpoBoaATCS OfHOBPEMEHHO W MOABEpratoTcs
OfIVHAKOBOMY B/IMSIHAIO BHELLIHVX YC/IOBUIA (TeMMeparypbl, BII&XKHOCTW,
HanNpPsKEHNA NATAIOLLER CeTw, NMomeX 1 T..). Kputepriem oTcyTcTBuUA CBS-
31 MeXKIy [BYMS apryMeHTaMN SB/SIETCS BbINOSHeHVe HepaBeHcTsa [48]

PKkiVn-2/~M-p2 <t,
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roe tq— kKoadphmumeHT CTbIOAEHTA, COOTBETCTBYHLLNA YPOBHIO
3HAYMMOCTU g WM YUCNy cTeneHel cBoboabl N-2. Heobxoammo mnpose-
pUTb OTCYTCTBUE KOPPENALMOHHLIX CBA3e/ MeXay BceMy napHbIMU
COYETAHMSAMU apryMeHTOB.

Mogenbto Ans pacnpefeneHvs pesynbTaToB M3MepPeHUIA 0TAeNbHbIX
aprymeHToB 00bIYHO MOXHO cHUTaTb C/yYalHy BEINYNHY C HOPMasIb-
HbIM pacnpegeneHvemM. Jns pacnpefenieHuiA, 0TINYHbIX 0T HOpMasibHO-
ro, pacrnpegeneHvie cpefHero apumeTMUecKoro Npy 3ToOM BCE XKe MOXK-
HO cunTaTb HopMasibHbIM [3]. CrlyyaiiHyH0 MOrpeLlHOCTb pe3ynbTaTta
KOCBEHHOI0 VU3MepeHNs, 06pa3yIoLLyoCs MYTEM CIOKEHUS C/lydaliHbIX
NOrpeLUHocTeli pe3ynbTaToB ONpefesieHUs MHOrMX aprymeHToB, elle C
60/1bLUIMM OCHOBAHMEM MOXKHO CUMTaTb HOpPMaslbHO pacnpefenieHHoln
CNy4YaiiHOW BeSINYNHON. DTO AaeT BO3MOXXHOCTb HaWlTW A0BEPUTESb-
HbIi UHTEpBaN 418 3HAYEHUS N3MEPSEMOl BEINUMHBI.

Mpwn 6onbLIOM YKncne n3mepeHnin (6onee 25-30), BbIMO/THEHHbIX NPU
HaXoXAEHUN KaXKAoro M3 aprymeHTOB, AOBEPUTENbHYHO FpaHuLy cny-
YaliHOWM MOrpeLuHOCTU pe3ysibTata KOCBEHHOr0 M3MepPeHNS MOXHO Oon-
peaenuTb Mo dopmye

e(P) = zPS(Q),

rge zp — KBaHTW/b HOPMa/IbHOMO pacrnpeienieHnsi, COOTBETCTBYHOLLMUIA
Bbl6paHHOW [0BepUTE/IbHOM BeposaTHOCTU P.

Mpy MeHbLIEM YMCe U3MEPEHUIA AJ1s1 onpeeieHNst JOBEPUTETbHOIO
MHTepBasia MUCNosb3yeTca pacnpegeneHve CTblogeHTa, YUCo cTeneHel
€B060Abl KOTOPOro paccymTbiBaeTca Mo MpubnvkeHHor cdopmyne [3]

I\
- bfs4 | bisaQ) 2 | be4(Q.)_
S A 4= ML
roe n, — 4Yuc/I0 U3MepeHWin npu onpeaesieHUn aprymeHTa Q:. B aTom

cnyyae npy YC/I0BUK, UTO pacnpenesieHne NorpeLlHocTeil pesyibTaToB
N3MepeHNsi apryMeHTOB He MPOTUBOPEUUT HOpMasibHOMY pacrpejere-
HWIO, [0BEpUTENIbHAs FpaHuLa C/y4aliHOW MOrpeLlHocTU pesy/ibTaTa
KOCBEHHOr0 M3MepeHust

£(P) = toS(Q) *
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roe t — koadhhuupmeHT CTbIofeHTa, COOTBETCTBYHOLLMIA [OBEpUTENL™
Hon BepoATHocTK P=1-q w1 umcny cteneHein ceobogpl f.

CyvicTeMaTUYecKas MOrPeLLIHOCTb pesy/ibTata KOCBEHHOM0 M3MepeHUst
onpeaensieTcs cUCTeEMaTUYECKUMUN MOMPELLIHOCTSMA pe3y/bTaToB M3Mepe-
HWA aprymeHToB. Mpy M3MepPeHWsIX MocregHVe CTPEMSTCS UCKIIHOUATD.
OpaHaKo MOSTHOCTBIO 3TO CAeNaTh He YAAETCs, BCErfa OCTatTCS HEUCKIIO-
YeHHble CYCTEMATNYECKME MOMPELLHOCTY, KOTOpble pacCMaTpUBaloTCS Kak
peasmzaumn cydaiHo BenmuvHbl [57], nMetoLleli paBHOMEPHOe pac-
npeseneHve. Takoe MpPearosiokeHVe NMPYBOAUT 00bIMHO K 0CTATOYHO OCTO-
POXXHBIM 3aK/TIOHEHNAM O MOTPELLHOCTU Pe3y/IbTaToB KOCBEHHbIX M3Mepe-
HWIA.

JoBepuTenbHble rpaHULbl HEMCK/TKOHYEHHOW CUCTEMAaTUYECKOM Mo-
FPELUHOCTU  pe3y/ibTaTa SIMHENHOro KocBeHHoro 1avepeHust O(P) B cy-
Yae, eciM HEUCK/IHUEHHbIE CUCTEMATUYECKMe MOrPEeLUHOCTU apryMeH-
TOB 3agaHbl rpaHvuammn O BbIYMUCIAKOT Mo dhopmyrie

w-kjfrw (84)

roe K — MornpaBoYHbIv KO3hMLMEHT, onpeaensieMblii NPUHSITON doBe-
pUTENBHOM BEPOSITHOCTBIO P 1 umciom W coctanistowmx 0,. Ero 3Ha-
yeHUs1 NpuBeAeHbl B Tabs. 8.4. TMorpellHocTb 0T NPUMEHEHUST 3TUX

yCpeaHeHHbIX KoahduumeHToB He npesbiaeT 10% [57].
Ecnv unicnio cymMmMUpyeMbIX cra-
Ta6nuya 8.4 TAEMbIX LKA U OHM 3HAYMTESILHO pas-
3HaueHnst KoaMLMeHTa K Mpn >4 [INYAOTCA MedXKay CO60iA, TO 3HaYeHVe
KoathpMLUmEeHTa « onpefesnsieTcs Mo
Tabn. 8.5. Mog L 34eck MOHWMMAIOT OT-
kK 09 11 13 14 poueHve HambOMbLLEN [A/IMHBI MHTEp-
saa (b]0)1KoaHoro n3 craraemMbIX K

e BG ocTasibHbIX CnaraembIX.

Ecrm  rpaHvubl HEMCKIIHOUYEHHBIX CUCTEMATUUECKMX MOrpeLLHo-
CTell pe3y/ibTatoB M3MEPEHUIA apryMeHTOB 33faHbl X [0BEPUTESbHbI
MM rpaHuLamn 6,(P,), COOTBETCTBYHIOLLMMM BEPOSTHOCTAM P,, To rpa-
Huy O(P) onpenensoT no dopmysie

p 0,90 09 0,98 0,99

o(P) * k4>?20?(P*)/ K?.
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Ta6bnunuya 8.6 KoadhpuynmeHTol
3HayeHnst KoauumeHTa K npy w - 2. 3, 4 )u, onpeaenaTca

L P—0,98 P—0.99 TaK e, Kak mno-
NPaBoOYHbIA KO-

T-2 T-3 T4 T2 T3 T4 3q3(]t)I/IL|,VIeHT K.

1 1,22 1.28 1,30 1.28 1.38 1.41 CyM MapHas
2 1,16 1,23 126 122 131 1.36 MOrpeLUHOCTb pe-
3 1.11 1,17 120 116 124 128 3ynbTtata Koc-
4 107 112 115 112 118 122 BEHHOro m3mepe-
5 1,05 1,09 1.12 1,09 114 118 HW1A OLEHNBAETCS

Ha OCHOBE KOMIO-
31umMn pacnpese-
JIEHUIA cryYaliHbIX Y HEUCK/THOUEHHbIX CUCTEMAaTUYECKMX MOrpeLUHOCTEN.
DopMy/ibl /15 ee pacyeTa B 3aBUCMMOCTU OT COOTHOLLEHWS rpaHuu, He-
VCK/THOUYEHHOW cucTemMaTmyeckon coctasnstowen n CKO cny4yaiiHoi co-
CTaB/IAOLLIEN MOrpeLLHOCTM NpVBeAeHbI B Tabs. 8.6.
KoathpnuymeHt Kp
onpegenseTcs no
Ta6n. 8.7. Tabnuua 8.6
Pe3ynbTaT KOCBEH- MorpelHocTb pesysibTaTta KOCBEBBbIX namepeHuii [(P)
HbIX V3MepeHWi [0/DKeH

3an1cbIBaThCs B BUE X + 3HaueHe MorpeLLHOCTL peayisTaTa
+ [(P) npu foBepuTesb- BP8<Q HavepeHIst [i(P)
HOW BeposATHoCcTK P. oP)/ S(Q <0.8 «P>

KocBeHHble n3mepe-
HUS NPU HeSTMHENHOM
| 3aBUCUMOCTU MeXKIy 0<P)IS(Q)>08 B8(P)
aprymeHTamu. s 06-
; paboTKM pe3ynbTaToB
V3MEPEHUNIA NMPU HENMHEVHBIX 3aBUCUMOCTSIX MeXAy aprymeHTamu wu
HEKOPPENIMPOBaHHLIX MOFPELLHOCTAX WUCMOSb3YeTca MeTOog SinHeapu-
3aumun. OH COCTOMT B TOM, YTO He/MHelHast PYHKLUUS, CBsi3biBatoLLIAs
N3MepsieMyl0 BE/IMUUHY C apryMeHTamu, pasfaraetcs B psg Telinopa:

08s0(P)/ SQ s 8 Kp(*(P)+ B(P)1

Ta6bnuua 8.7
3aBncMMOoCTb Kp OT oTHoweHnA O0(P)/8(Q) npw pasnuuyHoli [oBepUTeNbHOM
BBPOSATMOCTN
oP)/S@Q 05 075 1 2 3 4 5 6 7 8
L).e» 0.81 0.77 0.74 0.71 0,73 0,76 0.78 0.79 0.80 0.81
kdH 0,87 0.85 0.82 0.80 0,81 0,82 0.83 0.83 0.84 0.85
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3aecb df/dQi — nepeas yacTHasa npomssogHas oT pyHKumn f no apry-
MeHTy Qj, BbluMc/ieHHas B Touke QL1,Q2---,Qm; AQ — OTK/IOHeHue
pe3ynbTara usMepeHusa aprymeHTta Qj OT ero cpegHero apudgmetnye
CKOro; R — OCTaTOUHbIA YneH:

MeToa nnHeapusaumn NPUMEHUM, ec/iM 0OCTATOUYHbIM Y/1EHOM MOXK-
HO npeHe6peL|b. 3T0 BO3MOXXHO B TOM cniydae, ec/in

roe S(Q,)— CKO cniyyaiiHol morpewHocTy pesynbtara M3MepeHunii
aprymeHTa Q;. MNpn HeobxoAMMOCTU pe3ysibTaTbl KOCBEHHbLIX M3Mepe-
HUIA MOXXHO YTOUHUTb, UCMO/bL3YS uUneHbl psiga Teinopa 6onee BbICO-
KOro nopsgka. 3TW BOMPOChl AeTa/lbHO pacCMOTPeEHbI B [57].

OugeHka pe3y/nbTata onpeaensierca no gopmyre

(8.6)

A6coNtoTHasA NOrpeLHoOCTb KOCBEHHOIO uU3mepeHua 4=Q- Q, Kak
3To creflyeT U3 ypasHeHus (8.5), paBHa

roe W, = dff9Qi — KoaphuLmMeHTbl BAUAHUA i-ro aprymeHTa; AQ, —
abconoTHass MOrpeLlHoCTb U3mMepeHns i-ro aprymeHTta; WjAQ] —



yacTHas i-s1 MOrpewHoCTb ONpefesieHns pe3ynibTata KOCBEHHOMo 13-
MepeHus.

Mpumep 8.2. PaznoxuTb B psig Teisiopa ypaBHeHVE 47151 OnpeaesieHns /ioT-
HOCTW 1 MOMy4YnTb BbIPadKeHWe /15 pacyeTa abCosoTHOM MorpeLLHOCT.

IMnoTHOCTL TBEPAOro TeMa P ornpeaensieTca KakK OTHOLLEHVE pesy/ikTara 13-

MEpPEHMA ero Maccbl m K 06bemy V. Mpn 3TOM B COOTBETCTBMM € (8.5) rosydaem
BbIpa>KeHWe

Ry Pars Prays A * 4. AEL(AY)* +2-7-5- ATAY
P V dm 3YD'V 2aT(*'D'T) 2av ay) 3T3Y AT

rfe B CKOBKAX ctonr OCTATOUHbIA YieH. YUunTbIBasi, UTo

ap 1_ ap_ m arp _ N a*p  2m a*p i
am~v’' av v*ooarT * av*  vs' amav ~~v**

OKOHYaTe/TIbHO Mo/Ty4nm

m
= S>K+
P \Y

<:|||—\

m . 52m o1 I'II

- + - - X

Ar- B+ L @) \;{LI.TLI.Y)
ABCONOTHasA MOrPELLHOCTb

-_1 m
Ap=p-p V.D.Lu V2'D'_y

KoathpmumeHTbl BAMSAHUSA 4allle BCEro onpefenslTcs nyTem nog-
CTAHOBKW B BbIPaXXeHUSA 419 YacTHbIX NPOU3BOAHbLIX oueHOK Qj. Mo-
3TOMY BMECTO CaMuX KO3((ULIMEHTOB BIUSHUA NOSYyYaOTCA UX OLEH-
Ku. B psage cnyyaeB OHW yCTaHaBNMBAKOTCA 3KCMEPUMEHTa/IbHO, YTO
NPUBOAMT K BO3HWKHOBEHUMIO ellle OAHOWM MOrpeLlHOCTU HeNMMHERHbIX
KOCBEHHbIX WU3MEpPeHWi. JTO MOrpeLlHOCTY MOXXHO u3bexkaTb, ecsm
3aBUcUMOCTb (8.1) umeeT BUA

Q=Q?Q2-.Q". (8.7)

Torpa Koah(pULMEHTbI BVUSHUSA
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w, =kQj-'Qa-*.Q"; W2=QjlQi '...Q ~ ; W ,, =Q{Qi...nQ~".

OugHKa U3MepsieMoi BeMMUMHBLI HaxoamTest Mo (8.6), (8.7), a ee 0THo-
cuTeNbHas MOrpeLUHOCTb € YYEeTOM rocriefHMX hopMy/1 orpesensieTcs Kak

5Q = = + W”AQ2 + ~+ WmAQmM 1 k5Qi ; i5Q2+...+n5Qn.
Y Y Y Y

W3 nostyyeHHol hopMysibl BUAHO, UTO KOSDULIMEHTbI BAVSIHUS A1
OTHOCUTE/IbHOM MOrPELLHOCTI OKa3bIBAKOTCA paBHbIMM NOKasaTensim cTe-
MeHel COOTBETCTBYIOLLMX aprymeHToB. [locniefHue M3BECTHbI TOUHO, U
OTMeYeHHas BbilLie MOrPELUHOCTL He BO3HWMKAET. [11 paccMOTPEHHOro
BblLLIE MPUMEPa U3MEPEHUA MNIOTHOCTU Tesla veem 8p =5m- 8V.

OugeHka CKO cnyyaiiHoi NorpeLuHocT pesysbTarta KOCBEHHOMO 13-
MepeHus

(8.8)

Mpy TOYHO M3BECTHBIX KO3P(ULIMEHTAX B/IMAHWA OHO COBMaJAeT C
ypaBHeHviem (8.3), Mo/yYeHHbIM A5 NINHEVHBIX KOCBEHHbIX U3Mepe-
HWIA. 019 3aBMCMMOCTY BYda (8.7) faHHas OUeHKa, MpeacTaB/eHHasi B
OTHOCUTENBbHOM (hopMe, 3anuLLeTcst B BUAE

So(Q) = VkZ5g(Qi)+ 125g(Q2)+...+n=3(Qm) ,

roe SONQj = S7QjJ/Qj — oueHKa CKO i-ro aprymeHTa, npeacras/ieH-
Hasi B OTHOCUTENIbHOM chopMme.

JoBepuTenbHble rpaHULLbI CTyHaiHOM MOrpeLuHoCTU pesysibTara npu
HOpMasIbHO pacrpefenieHHbIX MOrpeLIHoCTAX U3MEPEHU aprymMeHToB
BbIUMC/IAOTCA TaK >Ke, Kak W A/1S1 NIMHEMHbIX KOCBEHHbIX M3MEpPEHUIA,
npy YCNoBMKW, YTO BMECTO KO3(hthMLIMEHTOB bj B dropmysiax MmoacTasss-
HoTCA KoagmumeHTbl BAMaHUA Wj. AHanorMyHbIM 06pasom noctyna-
0T MPpY ONPefeneHn rpaHnL, HEUCK/TIOYEHHON CUCTEMATUYECKON Mo-
rpewwHocT. orpewHocTb pe3ysibTarta HeMMHENRHbIX KOCBEHHbIX
M3MEPEHUIA OLIEHMBAETCA TaK e, Kak W Mpy JIMHENHbIX N3MEPeHUSsIX.
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MeToa npmBegeHns. OH UCTONb3YeTCA A/151 ONPeAesIeHns pesysbTa-
TOB KOCBEHHOI0 WU3MEPEHUST U ero MorpeLlHocTV Npy HaIMuMnM Koppensi-
UM MeXAy MOrpeLlHoCTAMN U3MEPEHU A apryMeHToB. MeTo4 MOXXHO
Takke MPUMEHSTb MPU HEM3BECTHbLIX pacrpeaesieHNsX MOrpeLLIHoCTeR
aprymeHToB. OH npegnonaraeT Hasimume psiga corsiacoBaHHbIX pesysbTa-
TOB M3MepeHniA aprymeHToB Qn,Q,2 —,QIm Q2!, Q2>—s» Q2ni *eee Qji»
Qj2» —» @mi * » QIj.Qu» —» Qliti» NosTyYeHHbIX B NpoLiecce MHOroKpar-
HbIX U3MepeHuiA. CornacoBaHHOCTb Pe3y/bTaToB M3MEPEHWUIA O3HaYaeT
NIN60 0AHOBPEMEHHOE MX OCYLLIECTB/IEHWE, JINGO TO, YTO OHW BbIMO/THEHDI
Hag, OAHUM W TeM >Ke 06BEKTOM M B OOAHUX U TEX XKE YCOBUSIX.

MeTog, 0cHOBaH Ha MPUBEAEHMN OTAEMbHBLIX 3HAYEHMIA KOCBEHHO M13Me-
PSEMOi BEMNYMHBI K psifly NMPOCTbIX U3MepPeHWIA. MoyyaemMble coueTaHUS
OTAENbHbIX aprymMeHTOB MOACTaBNAOT B dopmyny (8.6) M BblMUCAAOT
OTAEeNbHbIE 3HAYEHNST U3MepsiemMoii BennunHbl Q: Q,, Q2 ..., Qj, ,Q,.

PesynbTaT KocBeHHOro msmepeHnss Q u CKO ero cniydariHoi mo-
rPELLUHOCTN BbIYMCASAOTCA N0 hopMyiam

JosepuTtenbHble rpaHULpbl cyYaiiHOl NOrpeLlHoCTM pesynbTara us-
MepeHus paccumnTbiBatoTcs Mo doopmyne O,=TS(Q), rae T — Koathgwm-
LMEHT, 3aBUCALLMIA OT BUAA pacnpefesieHnsi 0TAe/IbHbIX 3HAYeHWIA omn-
pefensieMoi BeNMYMHbI N BblIBPaHHOW [0BEPUTENbHOM BEPOATHOCTU.
Mpy HopMasibHOM pacnpefesieHUn 0TAe/IbHbIX 3HAYEHW N3MepPSeMoi
BE/IMUYNHbI [A0BEPUTENIbHbIE TPaHULbI CAyYalHbIX MOrpeLlHocTe Bbl-
YMCNATCA N0 METOAVKE AN MPAMbIX MHOMOKPaTHbIX U3MEpPeHWi, 13-
noxxeHHoi B OCT 8.207-76.

paHNLbl HEUCKITIUEHHOM CUCTEMATMYECKOA MOrPeLUHOCTU U [0-
BEpUTE/IbHbIE FPaHULbl MOrPeLLIHOCTU pe3y/ibTaTta KOCBEHHOro u3mMepe-
HUS OMpejensioTcs Tak e, KaK U B PacCMOTPEHHbIX Bbille C/ly4vasx.

8.4. COBMECTHbIE 1 COBOKYMHbIE N3MEPEHUS
oM BUAbI M3Mep6HMVI XapaKTepunsyrTca TemM, 4YTO 3Ha4YeHUA UCKO-
MbIX BE/IMYMNH pacCHUTbIBalOT MO CUCTEME ypaBHEHVI|7l, CBA3bIBaAOLLNX

NX C HEKOTOPbIMMX APYTrMMU BENMYMHaMK, onpeaendemMbiMn NocpeacT-
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BOM MPSMbIX WN KOCBEHHbIX M3MepeHWiA. MNpyn 3TOM U3MepPSITCS He-
CKOJIbKO KOMOGWHAUMIA 3HauYeHWI yKasaHHbIX BefMuuH. Kaxkaas Takas
KOM6MHALMS MO3BOJISIET MOMYYUTb OAHO YpaBHEHME, a CUCTEMA cofep-
YKUT BCH. MHOPMALMI0 0 3HAYEHUSX UCKOMbIX BESIMUUH U MMEET BUS

FIQLQZ..;QL..;QmX(I);X&,;..; X (...;XK) =0,

roe F, — cumMBON (hYHKUMOHA/IBHOW 3aBMCMMOCTU MEXAY Be/INYMHa-
MW B i-M onbITe; i=1; 2;...; nN; 0 — u4unCc/0 ONbITOB; Q.— 3HauYeHus
WCKOMbIX BEMYMH, 06LLLee YMCA0 KOTOPbIX paBHO T; XTI — MoMyYeH-
Hble B i-M OMbITe 3HAUYEHMWs] K BE/INUUH, U3MEPSIEMbIX MPSIMbIMU W
KOCBEHHbLIMW MeToAaMu.

Ecnm Qj SBASOTCA 3HAYEHUAMW OAHOW W TOW >Ke BeSIMYMHBI, TO
N3MepPeHNs1 Ha3bIBAIOTCA COBOKYMHbIMU, €C/IN Pa3HbIX (DU3NUYECKMX Be-
JINYNH, — TO COBMECTHbIMU.

Mocne NOACTAaHOBKM B MCXOAHYK CUCTEMY YPaBHEHWI pe3ynbTaToB
X (i} NpAMbIX MM KOCBEHHBLIX U3MEPEHWIA N NMPOBEAEHUS HEOBXOAMMbIX
npeo6pasoBaHuii Mosly4yMM N ypPaBHEHW, cogepyKalux NuUllb WCKO-
Mble BEMIMUMHBI U YNC0Bble KO3I(PULMEHTI:

Fi(Qi;Q2?—;Qj; Qm=o =

Takue ypaBHeHWS Ha3blBalOT YC/IOBHLIMMU.

[na Toro 4Ttobbl paccuMTaTb 3HAYeHUS1 UCKOMbIX BE/IMYWH, AocTa-
TOYHO MMeTb M ypaBHEHW, T.e. CTO/IbKO >X€, CKO/IbKO COAEPXXUTCS
HEM3BECTHbIX. Torga pesynbTarbl U3MEPEHUA U [0BEpUTESIbHbIE FpaHn-
Ubl MX NOrpeLUHocTel MOXHO HaTM MeTodamu 06paboTKmM pe3ynbTaTos
KOCBEHHbIX U3MepeHni. OgHaKo 06bIKHOBEHHO /151 YMEHbLUEHWS MorpeLu-
HOCTEN pe3yNbTaTtoB M3MEPEHUIA fenaetcs 3Ha4YuTelbHO 6onblue n3me-
peHuiA, Yem 3TO HeO06X0AVMO A/1A onpeAenieHNs HEU3BECTHbIX, T.e. M>LU.

Bcneacteme orpaHUYeHHOM TOYHOCTU OMpeAeneHns BennumH Xr yc-
NOBHble ypaBHEHUS 0fHOBPEMEHHO He 06pallaloTcs B TOXKAECTBA HU Mpu
KaKMX 3Ha4YeHUSIX WUCKOMbIX BEIMYMH. W MOCKOMbKY HaWTW UCTUHHbIE
3HaYeHVs MCKOMbIX BEIMUYNH HEBO3MOXKHO, TO 3ajaya CBOAUTCHA K Haxo-
YKOEHMIO MX OLEeHOK, MpeacTaBAAlWMX co60i Hamnydwve npubnvke-
HUSA K UCTUHHBLIM 3HadeHuaAM. Mpegnonoxum, uto Qj, rae j =1, 2, ...,
m, Hauaydlive NPUBIMKEHUsT K Hen3BecTHbIM Qj. Ecnv 3HavyeHns aTux
OLLEHOK MOACTaBWTb B YC/I0BHbIE YPaBHEHUS, TO UX MpaBble YacTu OyayT
0T/IM4aTbCs OT NeBbIX. A5 MoAyyYeHUS TOXKAECTB HYXXHO 3anucartb:
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A(QLQ2...;Q%1...Qm)+v, - O» (8.9)

roe vt — Be/IMUMHBLI, Ha3blBaeMble OCTATOYHLIMM MOFPELIHOCTAMU YC-
NIOBHbIX YypaBHEHWA. ECnn B cUCTeMy YC/IOBHbIX YpaBHeHMWIA MofcTa-
BUTb MUCTUMHHbIE 3HAYEHUSI MCKOMbIX BE/IMUMH, TO OCTaTOYHble MorpeLl-
HOCTW MPEBPATATCS B CMydaliHble MOrpeLlHoCTU YCMOBHbIX YPaBHEHWIA.
OfHUM 13 HambGosnee 06LMX CMOCOB0B OTbICKAHUSI OLEHOK UCTUH-
HbIX 3HAYeHW M3MEPSIEMbIX BE/IMUUH SIBMSIETCA PErpecCUOHHbIN aHa-
N3, UK, KakK ero 4acTto HasblBaloT, MeT0oj HaMMeHbLUUX KBaapaToB.
CornacHo emy oLeHKM Qj Bbl6UpaloTca Tak, YTO6bl MUHUMU3UPOBATHL
CYMMY KBafpaToB OCTATOYHbIX MOFPELLHOCTEN YC/IOBHbLIX YpPaBHEHWIA.
CyMMa KBapaToB OCTATOUHbIX MOFPELUHOCTEN, OnpeAeneHHbIX B COOT-
BETCTBMM C CUCTEMOI YC/TOBHbIX ypaBHeHWi (8.9), cocTaBnsieT

M n

n gocturaeT MMHMMyMa MNpuU cucTeMe 3HadeHuin Q., obpawjaiouleri B
Hy/lb BCe YacTHble MPOM3BOAHbIE OT S2 M0 MUCKOMbIM BeNYMHAM:

Bblpa>kasi ocTaTouHble MOrPeLlHOCTU 4Yepe3 (hYHKUWUW, CTosiLine B
JIEBOIA YaCTU YC/OBHbIX YPaBHEHWIA, MOSly4aem CUCTEMY M3 M ypaBHe-
HWUA C M HEW3BECTHBLIMU:

rge j=1, 2,..., m, KoTopass MOXeT ObITb peLleHa OTHOCUTESIbHO OLLeHOK
Qj WCKOMBIX Be/INYUH.

Mpu pelweHun 3agaun B 06LEM Crlyvae, KOrga YC/0BHble YpaBHe-
HUS HesIMHENHbl, a pe3ynbTaTbl O0TAE/NbHbIX U3MEPEHUIr KOoppennpoBa-
Hbl, MHOIAA@ BO3HWKAET psf HENpeofo/MMbIX TpyAHocTel. 3agada oT-
HOCUTENIbHO HEC/IOKHO peluaeTcs NuMlb Torga, Korga yc/i0BHble
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YPaBHEHUSA JIMHENHbI AN NPUBEAEHbI K JIMHEAHbIM M3BECTHLIMWU CMO-
cobaMn 1 Npy OTCYTCTBUM KOPPENSLUM MeXAY pe3ysibTataMu 0TAeslb-
HbIX HabnogeHwin. Ee pelwieHne nogpobHo paccMoTpeHo B [3].

OuEeHKN, JaBaeMble METOAOM HaMMEHbLUUX KBajpaToB, SBASHOTCA
COCTOATE/IbHBIMW W HECMELLLEHHbIMMW, a NPV HOpMasiIbHOM pacrnpejesie-
HUW Pe3ynbTaToB U3MePeHU 1 aPHNEKTUBHBLIMU. [eTanibHOe onncaHne
npoviecca 06paboTKM pe3y/ibTaToB COBOKYMHbIX U COBMECTHbIX U3Mepe-
HUIA NpuBeaeHo B [12, 24].

KOHT pOonbHbIE BOMPOCHI

1. UTo Takoe BapuMauMOHHbIV psg U MHTEPBasbl FPYNNMpoBaHnSa? Kak ornpe-
JenseTca YMCI0 NHTEPBAIOB PYNNMPOBaHNA?

2. UTto Takoe ructorpamMma, MofnUroH 1M KymynatuBHas Kpusasi?

3. MepeuncnuTe aTtanbl 06PaboTKU Pe3y/ibTaToB MPAMbIX MHOMOKPaTHbIX
V3MEPEHWIA.

4. Ona 4vero HeobxogMmo MOeHTUMLMPOBaTL (hopMy 3akoHa pacnpesese-
HWS pe3ysbTatoB M3MepeHuiA? Pacckaxkmte, Kakum 06pasoM 37O [enaeTcs.

5. Hanvwmre anropytm 06paboTKM pesynbTaToB OAHOKPATHbIX M3MepeHul
C TOYHbIM OLEHVBAHVEM MOrPELLHOCTENA.

6. Kak o6pabaTtbiBatoTcs pe3ysibTarbl JIMHENHbIX KOCBEHHbLIX W3MEPEHWIA?

7. B Yem cOCTOMT MeTO[, /IMHEapm3aLUMm N Kak OH MUCMonb3yeTca A5 obpa-
60TKM pe3ynbTaToB HeMMHEMHbIX KOCBEHHbLIX M3MEpPEHNIA?

8. Hanvwmre anroputm 06paboTKu pesy/ibTaToB KOCBEHHbIX M3MeEPeHUIA Nnpuv
1CrMoMb30BaHUN MeTofa MPUBEAEHWSA.



rnasa 9. CYMMWPOBAHWE MOMPELLIHOCTEW

9.1. OCHOBbI TEOPUU CYMMUPOBAHUSA MOrPELLIHOCTEN

OnpefeneHne pacyeTHbIM MyTEM OLEHKW Pe3y/ibTUPYIOLLIEN MorpeLw-
HOCTW MO W3BECTHbIM OLIEHKaM €e COCTaB/ISIOLNX Ha3bIBAETCA CyMMU-
poBaHVeM MOrpeLLIHOCTENA.

CnaBHOM MPO6/IEMOM, BO3HUKAIOLLEN MPU CYMMMUPOBAHUN, SIBNSET-
Cs1 TO, UTO BCE COCTAB/MAOLLME MOrPELUHOCTU A0/HKHbI paccMaTpuBaThCs
Kak CrlyyaiiHble BeNMYMHbI. C TOYKM 3pEHUSI TEOPUN BEPOSITHOCTEN OHM
Haunbonee MoSIHO MOTyT GbITb OMMCaHbI CBOMMMW 3aKOHaMW pacrpejese-
HWUSI, @ UX COBMECTHOE AelACTBME — COOTBETCTBYHOLLMM MHOrOMEPHbLIM
pacripeseneHveM. OfHaKo B TaKol MOCTaHOBKe 3afadva CyMMUPOBaHUS
MOrpeLUHOCTElr MPaKTUYECKN He paspeLuvMa yXke Ansi HECKOSIbKMX CO-
CTaB/ISIOLLMX, HE FOBOPSI O HECKOSIbKUX AECATKaX.

MpaKTUYeckn npuemseMbIi NyTb peLLeHNsT AaHHOM 3ada4m cyMMU-
pOBaHWSA NMOFPELLHOCTEN COCTOMT B OTKa3e OT OnpesesieHnst U UCMosb30-
BaHUs1 MHOrOMEPHbIX PYHKLMIA pacnpeaeneHVs COCTaB/IAOLLMX MOrpeLL-
HocTW. Heobxo4mmo nofobpatb AN XapaKTePUCTUK COCTaBSIHOLLMX
Takve uucnoBble oueHkM (CKO, akcuecc 1 ap.), onepupysi ¢ KOTOpbIMU
MOXXHO 6bl/10 Obl MOMYYNUTb COOTBETCTBYHOLLME YMC/IOBbIE OLIEHKU pe-
3y/MIbTUPYIOLLER MorpeLlHocTU. [py 3ToM criefyeT yunTbIBaTb, YUTO:

*0TZe/bHbIE COCTAB/ISAOLLME MOMPELLUHOCTU MOTYT 6bITh KOPPEMpo-
BaHbl MeXay Co60W;

*Mpyi CyMMUPOBAHUN C/yYaliHbIX BE/IMYUH UX 3aKOHbI pacrnpeaere-
HUS CYLLLECTBEHHO AehopMUPYIOTCS, T.e. diopMa 3aKoHa CyMMbl MOXKET
Pe3Ko 0T/IMYaTLCSA OT (POPMbI 3aKOHA pacnpeieieHUsi COCTaBSIIOLLMX.

MpaBuna CyMMMpPOBaHUS MOrPeLLHOCTER OCHOBbLIBatOTCS [4] Ha ToM,
YTO MOrPELUHOCTb MO a6CO/FOTHOMY 3HAYEHMIO BCEMAA MHOMO MeHbLLE ca-
MOV n3MepsieMoli BEMMYMHBI. 03TOMY M3MeHeHVe MOrpeLlHoCcTU B 3aBU-
CYMOCTM OT U3MEHEHUST U3MEPSIEMOI BENIMYNHBI MOXKET ObITb YUYTEHO, €C/
BCE CYMMUPYEMbIE ClyYaliHble M CUCTEMATUYECKUE COCTaB/ISIHOLIME MOT-
PELLUHOCTM Pa3fennTe Ha apgauTUBHbIE U MYySIbTUMIMKATVBHbIE. CymMMa
a[IUTUBHBIX COCTAB/IAOLLMX AACT 3HAYEHNE aAUTUMBHOM YacT pesy/ibTu-
py'OLLEV MOrpeLLIHoCTH, acyMma My IbTUMIMKATUBHBIX COCTaB/ISOLLYX —
3HaueHVie My/IbTUNJIMKATUBHOM YacTy pe3y ibTUPYHOLLIEA MOrPeLLHOCTH.

B npefenax HeEKOTOPOro AvanasoHa W3MeHeHWsl, Kak npaswsio, Ae-
CATUMKPATHOr0, W3MEPSIEMOI BEMIMUUHBLI U3MEHEHWNE PE3Y/IbTUPYHLLEN
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MOrpeLHoOCTU MOXKeT 6bITb C A0CTATOYHOM CTeMeHb TOYHOCTM npea-
CTaB/IeHO NPSAMONA NMHMEN uam npocTeiiwen Kpueo (Napabona, runep-
6ona). 3ro faeT BO3MOXXHOCTb ONMCaTh Pe3YNbTUPYIOLLYI0 MNOrpeLHoCTb
NIVIHENHOW WU HENWHEWNHOW ABY3BEHHOI chopmysioi. Mpu 6onbLiem ms-
MEHEHUM U3MEPSIEMO BeNMUYMHbI BeCcb Ananal3oH pa3bmnBaeTcs Ha yyac-
TKW, 0151 KOTOPbIX W ONPeaenstoTcs KpaliHMe NOorpeLiHoCcTU.

Mpyvep 9.1. OcHoBHasA Aonyckaemas MorpeLLIHoCcTb N3MEPEHUs CoMnpoTUBIe-
HUS UMHPOBOIrO MMKPOMPOLIECCOPHOI0 M3MEPUTENS MMMUTaHca Mapku E7-14 npn
pasnMyHbIX AvanasoHax MU3MepeHust U A0BPOTHOCTSAX Q mpvBedeHa B Tabnmuge.

[nanasoH KoHeuHoe 3HaueHvie [peaen AonycTUMOro 3HAYeHUs
n3mepeHus ananasoHa Rk, Om OCHOBHOI/ norpewHocTn, Om
0,1...1000 mOm 1 10'3(1+Q) R+3*10'4Rk
0,001...10 Om 10 10'31+Q) R+2 «10 *Rk
0,01..100 Om 100 10~-31+Q) R+2 =10 Rk
100...1000 Om 1000 [10'X1+Q)+2 «10-3R/RK R
1...10 KOM 10000 [10'X1+Q)+2 =10 s R/RK R

Ana yctpaHeHUs BANAHUA geopmaummn opMbl 3aKOHOB pacnpee-
NeHns BCe CyMMMPYEMble COCTaB/IAOLLLME UCXOAHO NPeACcTaBAATCA CBO-
umm CKO v Bce onepaLmm pacyeTHOro CyMMUpoBaHUsA NPOBOAATCSA TOSIbKO
Ha4 HAMW. Y4YeT B3auMHbIX KOPPENSALMOHHBIX CBA3EN MeXAy CyMMU-
pyeMbIMWU COCTaBAANWUMN NPON3BOAUTCA MYTEM WUCMOMb30BaHUA pas-
JINYHBIX NpaBul CYMMUPOBaHUA A1 XXECTKO W cnabo KoppesnnposBaH-
HbIX COCTaBNALLWMX. DT NpaBusia PacCMOTPeEHbI Aasee.

B pe3synbtare cymmmposaHua CKO cocTaBnAoLWUX noay4vatoTcsa cpes-
HVe KBajpaTUyecKne OTK/IOHEHUS COOTBETCTBEHHO aAfUTUBHOM, MYJib-
TUNANKATUBHON WAN HENWNHEAHOM COCTaBASWMNX Pe3ybTUPYIOLLEN
norpewwHocTn. CKO aganTUBHOWM COCTaBASAOLWLEN pe3yabTUpytoLLei nor-
pewHocTn b6ydeT XapakKTepm3oBaTb Pe3y/IbTUPYIOLLYIO MOrpeLwHocTb B
Hayane gmanasoHa. Cymma CKO aganTuBHOW U MyAbTUNINKATUBHOMN
COCTaBNALMX B KOHLIE AMana3oHa onucbiBaeT pPe3ysibTUPYIOLLLYO Mor-
peLHOCTb B KOHLUEe AnanasoHa. Ecnv yyacTKOB HeCKOs1bKO, TO CYMMMU-
poBaHWe MpoBOAUTCA Ha BCeX yyacTKax, a 3aTreM NpUHUMAaeTCs peLue-
HVE 0 MeToAe OnucaHUs pPe3yNbTUPYIOLLEr MOrPeLLIHOCTMU.

Pe3ynbTUPYIOLLLYI0 NOrpeLlHOCTb HEOOX0ANMO Bbipas3nTb B BUAE [0-
BEpPUTENbHOIo MHTepBana. Ero pacyet no nonyyeHHomy CKO saBnsieTcs
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C TOYKM 3peHUs1 Teopuu camoii TPyAHOW onepaumein npyv cymmMuUpoBa-
HUW NOrpeLUHOCcTen. ITO CBA3AHO C TeM, YTO JOBEPUTESIbHbIV MHTepBa
paBeH npoussBeaeHuo paccuntTaHHoro CKO 1 MHOXUTESSA, 3aBUCSLLIEr0
0T 3aKoHa pacnpefenieHns pesy/bTupytoLleii norpewHocTn. B 10 ke
BpeMs BCA M3Nnaraemasi MeToAyKa ¢ caMoro Hadasia bblia HaueseHa Ha
TO, 4TO6bl 060MTUCL 6e3 TOUHOro onpefesieHUs Pe3y/IbTUPYIOLLEro 3a-
KOHa pacnpefeneHns cymMmmbl BCEX COCTaB/ISOLLNX.

MpakKTyeckue npasuia pacyeTHOro CyMMMPOBAHNSA Pe3y/IbTUPYIO-
e MOrpeLLIHOCTU COCTOAT B crieaytollem [4]:

1. Ana onpegeneHns cyMmmapHoro 3HaveHus CKO A0/MKHbI YUUTBI-
BaTbCA KOPPESIALMOHHbIE CBA3W Pa3/INYHbIX COCTaB/IAILWMX MOrpeLu-
HOCTU. B CcBA3KM C 3TUM UCXOAHBLIMWN AaHHbLIMW AN 60/1ee TOYHOro pac-
YeTa JO/HKHbI C/TY>KUTb OLIEHKM MMEHHO BCEX OTAESIbHbIX COCTaBNSALLNX
MOrPELUHOCTA, @ He OLLEHKM HEKOTOPbIX CYMMAapHbIX MOrpeLIHocTeld.

2. ns Kaxkaoi cocTaBnsoWe AO/MKHO ObITh HaliaeHo ee CKO. B
60/IbLUNHCTBE C/lyyYaeB A1 3TOro Heo6XoAUMO 3HaHVe WK Mpeanosn-
OXXEeHWe 0 BUAEe 3aKoHa ee pacrpeaeneHus.

3. Bce cymmmnpyemble cocTaBrisiowpe pasgfenisioTca Ha afguTuBHbIE
Y My/IbTUMN/INKATUBHbIE COCTaB/IAOLLME, KOTOPblE CYMMUPYIOTCA OTAENb-
HoO.

4. TakK Kak B 60/1bLLUMHCTBE C/ly4aeB TOUHOe 3HaYeHMe KoahthmLmeH-
Ta KOppensuum p HaliTu HEBO3MOXXHO, TO BCE MOrPeLLUHOCTU A0/MKHbI
6bITb YCIOBHO pa3geneHbl Ha:

* CUJIbHO KoppennpoBaHHble npu 0,7 i [ i 1, 4na KOTOpbIX cuuTa-
0T p = 11 B 3@aBUCMMOCTM OT 3HaKa KoahmLmMeHTa Koppensumm;

=cnabo KoppenupoBaHHbie npu 0 i [ 4 0,7, ans Kotopbix p = 0.

5. 13 cyMMUpYyeMbIX COCTABASANLIMNX BbIAENSAHOTCA rpynmbl CUIbHO
KOpPenMpoBaHHbIX MeXAy 060/ MOrpeLLHOCTer 1 BHYTPW 3TUX Tpynmn
NPoOn3BOANTCS anrebpanyeckoe CyMMUPOBaHNE UX OLIEHOK.

6. MNMocne anrebpanyeckoro CyMMUpoOBaHUA TPyrin CUbHO Koppenu-
pPOBaHHbIX MOrPeLUHOCTEA CyMMapHble Mo rpynnaM 1 0CTaBLUMECS BHe
rpynn rnorpeLHOCT! MOXHO CHUTaTb HEKOPPEIMPOBaHHbLIMU U CKlabl-
BaTb MO MpaBW/ly FrEOMETPMYECKOr0 CYMMMUPOBAHUS.

Ans onpepgeneHnsa CKO cyMMapHO/ MOrpeLlHocTM Npyv HayaslbHOM
3HaYeHUN M3MEPSEMOI BE/IMUMHBI CKIabIBaOT /NLLb aAaUTMBHbIE CO-
cTasnsowme, a gna onpegeneHmss CKO NOrpewuHocTV B KOHLEe Anana-
30Ha M3MEHEHUS M3MEepPSIEMOI BeNNYMHBLI — BCE MPOCYMMMPOBaHHbLIE
BbiLLle cOCTaBSALME.

7. Ana nepexoga ot CKO norpeLuHocTn K foBepuTesibHOMY 3Haue-
HUIO J0/IKHO 6bITh BbIHECEHO CYXAEHWe O (hopMe 3aKoHa pacnpefernie-
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HUS pe3yNbTUPYIOLLE MOTrPELIHOCTM U TeM caMbiM BbIGPAHO 3HaYeHue
KBaHTU/IbHOIO MHOXXUTESS.

M3no)keHHas MeToaMKa MOXKET BbITb HECKO/IbKO yrpouleHa. Cambiv
CNOXKHbIM B Hell ABNAIOTCA HaxoxaeHne CKO Bcex cOCTaBAANLWMX MO
M3BECTHbIM MX UHTEPBa/IbHbIM OLEHKaM 1 ornpejeneHve MHTepBasIbHOM
OLIeHKM pe3y/ibTUPYIOLLLe MOrpeLHocTM No nonyveHHoMmy CKO.

B 06oux cnyyasax Heob6xoAMMO 3HaHWE 3aKoHa pacripegeneHusi nor-
peLlHocTel. YnpoLeHe MeTOAUKN CYMMUPIOBAHUSI COCTOUT B TOM, 4TO-
6bl caenatb 3TW Mepexofbl N0 BO3MOXXHOCTU 60nee npocTbiMU. OAnH U3
BapuaHTOB COCTOUT B crieaytolemM. CorsiacHO LieHTpasibHOW npeaensHomn
Teopeme, ecfiv YMUCN0 CYMMUPYEMbIX HE3aBUCUMbIX COCTaB/IAOLWMX [0-
CTaTO4HO BeNUKO (NMpakTU4Yeckn npm m > 5) n ecnun cpeay aTMx cocTas-
NALWMX HET CYLECTBEHHO MNpeobnajatolimx Hag oCTasibHbIMU, TO pe-
3yNbTUPYIOLLNI 3aKOH pacrnpegesnieHns 651M30K K HopMasibHoMy. OgHaKo
npegnonoXeHve o 61M30CTM 3aKoHa pacrnpefeneHnsa K HopMasibHoMy 6e3
COOTBETCTBYIOLLEr0 aHaIM3a AoCTaTOuHO PUCKOBAHHO Jaxke U Npu 60/1b-
LLIOM 4uc/ie CyMMMPYEMbIX COCTaBAAKOLWMX. TeM He MeHee Mpu Hepno-
cTaTke BPEMEHW W HEBLICOKUX TPeboBaHMAX K TOYHOCTWU MOSlyYaemoro
pe3ynbTaTta MnpeanosiokeHre 0 HOPMasIbHOCTU 3aK0oHa pacnpegesieHns
pe3ynbTupytoLLeli NOrpeLHoOcT BrosIHe BO3MOXKHO. B aTom cnydyae fgo-
BepuTeNbHbIA UHTepBan A= ZpSv, rae zp — KBaHTW/bHbIA MHOXXUTESb,
onpeaensieMbiii yepe3 yHKUMIO Jlannaca, Sj — cymmapHoe CKO mnm
ero oLeHka.

Takoli NpueM CyLLeCTBEHHO CHVDKaeT TPYA0eMKOCTb pacyeToB, HO
MOXET BHOCUTb BecbMa 3HauUTeslbHble OLIWGKMK, eC/in peasibHoe pac-
npegenieHne CUIbHO OT/IMYAETCA OT HOPMasibHOro 3akoHa. Hanpumep,
npy akTMYeCKOM apKCUHYCoMUAas/IbHOM pacnpefenieHnn owmnbka Mo-
XeT gocturatb 180% [4]. MNMoaToMy Mcnosib3oBaTh €ro Haao BecbMa 0c-
MOTPUTENBHO.

B kauectBe gpyroro nyTtu ynpoulieHunsa nepexoga ot CKO pe3ynbTu-
pYIOLLIEM MOFPeLIHOCTY K ee MHTePBasIbHOW OLEHKE CrleflyeT yKa3aTb BO3-
MOXXHOCTb MCMO/Ib30BaHUA [OBEPUTENbHOM BeposaTHocT P = 0,9, npu
KOTOpIOM A5t 60/1bLIONA rPpynnbl pa3/InyHbIX pacrnpeaesieHnii MeeT Mec-
TO COOTHOLLIEHME

[ =1,6SX (9.1)
JelcTBUTeNbHO, Kak NokasaHo B [4], A1S LUMPOKOro Knacca CUMMET-

PUYHBIX, BbLICOKOSHTPIOMUIAHBLIX (K > 1,7) pacrnpefeneHuii, a UMeHHo A1
paBHOMepPHOro, TPeyrosibHOro, TpaneLenaasibHbIX, HOpMaslbHOro, SKCMOHEH-
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UmaribHbIX C MoKasatesieM CTeneHn a > 2/3, AByXModa/bHbIX C FTy61HOIA
aHTUMOJA/TEHOCTU MeHee 1,5, nHTerpasbHble KpuBbie F(X) B 06r1actn 0,05
1 0,95 KBaHTW/EN MEepPeceKaoTcs MeXXay Co60iA B 04eHb Y3KOM UHTEpPBarie
3HaueHun X/S = 1,6 £ 0,05. INoaToMmy € MorpeLlHocTbI0 0,055 MOXHO
cumTarb, 4To kBaHTWM 0,05 1 0,95 A1 NobbIX M3 3TUX pacrpeaerieHnin
MOryT ObITb HaligeHbl Kak Xo (b = Xu- 16S n X0% = Xu+16S, rae
Xu— KoopavHata LeHTpa pacnpenenenus; ST— ero CKO. Ortcroga crneny-
€T, YT 3HaueHVe 0BEPUTENBHOMO MHTEPBara, HalineHHoe o dopmyrie (9.1),
[N Noboro U3 HasBaHHbIX pacnpesesieHnii SBMSETCA NHTepPBasioM C
90%-HO [0BepUTENIbHOV BEPOSATHOCTBIO.

Mpn P > 0,9 vHTerpasibHble KpYiBble 47151 Pa3HbIX 3aKOHOB pac-
npeaeneHnst pe3ko pacxofsarcs Mexay coboi. B aTom cnyyae oS
HaxoXKAeHNS A0BepUTENbHOMO NHTepBaia A=z PSL B [4] NpeasioxeHo
BMECTO 60/1bLLION0 Ymc/Ia Tabnny, KBaHTWIEN pa3Ho0bpasHbIX pacrpe-
JeneHnin HaiAiTn gns 6/IM3KMX K1accoB pacrpenesieHnin annpoKcUMu-
pytopme BbipaxkeHus zp —f(g,P), rae e — akcuecc pacnpefeneHus.

[N BXOOALMX B K/1acChbl 3KCMOHEHUMasIbHBIX U TpaneLemnaasibHbIX
pacripesienieHniA, a UMeHHo: pacnpeseneHns Jlannaca (e = 6); HopMasib-
Horo pacripeserneHus (e = 3); Tpaneuenaa/ibHOro pacnpeseneHys ¢ cooT-
HOLLIEHVIEM BEPXHETO W HVKHErO OCHOBaHWIA 1:2 (¢ —2) 1 paBHOMEPHOIo
pacripegeneHvs (« = 1,8), 3aBUCUMOCTb KBAHTW/ILHOTO MHOXUTESNA OT
3KCLIECCa U JOBEPUTE/TLHOM BEPOSITHOCTU @nmMpOKCUMUPYETCS YPaBHEHVEM

zP =1,62[3,8(e - i,6)23)iigt\V(i-P)] = 9.2)

MorpeLuHoCTL annpoKeUMaLn He NpeBbILLaeT 4% Mpy U3MEHEHUN
P ot 0,9 000,99 n 8% — ot 0,9 o 0,999.

Jn1s KpyrnoBepLUMHHBIX ABYXMOAa/IbHbIX pacnpenesieHvn, npeacras-
NAOLWLMX 060 KOMMO3ULMIKO HOPMasIbHOTO M ANCKPETHOIO ABY3HAYHOIO
pacrpegeneHvii, B AvanasoHe nameHeHns « oT 3 Ao 1,3 ans P ot 0,9 go
0,999 c norpeLuHocTbIO 10% 3aBmcuMocTb zP= f(E,P) annpokcnmmpyeT-
CA BbIPaXKEHVEM

zP = 1,6{3,6[1 +Ig(e- N} HL(1PA 9-3>

151 oCTPOBEPLUMHHBIX ABYXMOAAbHBLIX pacripeaenieHunii, obpasyo-
LLMXCA KaK KOMMO3ULMs pacrpeaesieHs Slarnaca U AUCKPETHOro ABy3-
HaYHOro pacripesienieHnsl, paccMaTpriBaeMas 3aBUCUMOCTb B MHTEPBAIE
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3HaueHuin 8 oT 1,8 oo 6 npu P ot 0,9 go 0,999 ¢ norpewHocTbio 5%
annpokcumMmmpyeTcs hopMyoii

_ 0,175
zP=123 1+ 1-p (9.4)

LNs1 ynioweHHbIX pacnpeaeneHnin, o6pasylolmnxcsl Kak KOMMo3u-
LS SKCMOHEHUMaIbHOT0 pacnpeaesieHnst ¢ a=1/2 1 paBHOMepHOro pac-
npegenieHnsi B MHTepBasle 3HaYeHWi e oT 6 4o 1,8 ¢ MorpeLHocTbL0 8%,
paccmaTpvBaeMasi 3aBMCUMOCTb arnpoKCUMUPYeTCst (OopPMY /10N

zP = 1,56[1,12 + (e - 1,8)0S8/ VTo]ldou P)]. (9.5)

Vicnonb3oBaHme NPUBEAEHHbLIX YPaBHEHWIA NO3BOSISIET, He NpuGerast
K Tab/mMuam, ¢ A0CTAaTOYHOM ANsi NPaKTUKN CTEMEHbID TOYHOCTU BbIUMC-
NATb [A0BepUTENIbHbIE UHTEPBasIbI A1 BCEX BCTPEYaloLLMXCS pacnpese-
nNeHnii norpeluHocTeil. OaHaKo Ansi BblGopa (hopMysibl HY)KHO BbIHECTU
CY)KAEHWe 0 K/lacce pacnpeaeneHnsi CyMMapHoi MorpeLlHocTy.

JanbHeliluve ynpoLeHNss METOAMKM, BblpadKaloLmecsi B npeHebpe-
YKEHWUW pasfefieHreM MorpeLlHocTeld Ha agauTUBHbIE U MyNbTUMN/INKA-
TUBHbIE, KOPPE/IMPOBaHHbIE U HEKOPPEIMPOBaHHbIe, HEAOMYCTMMBI, MoC-
KOJIbKY MpU CYMMWPOBAHUM MOTPELLUHOCTEN MosyyYeHbl HeBepHble
pesynbTaThbl.

9.2. CyMMMpOBaHWE CUCTEMATMYECKUX MOrPELLIHOCTEN

Mpn onpefgneHUn rpaHunL, cucTemaTMyeckasl MorpeLlHoCTb OLEHW-
BaeTCs MO ee COCTaB/IAOLWMM, HasblBaeMbIM 3/1EMEHTapPHLIMU CUCTe
MaTUYECKUMW MOrpeLLHOCTAMW. Benv Anst yacTu cocTaB/IsIoWMX Ha-
XOAST UX OLEHKW 1 3TW MOrPeLLHOCTY YCTPaHSIOT BBEAEHWEM MOMPABOK,
TO B KQUECTBE paccMaTpUBAEMBbIX 3/IEMEHTAPHbIX MOFPELLHOCTEN BbICTY-
natoT MOrpeLLIHOCTU ONpPeAeieHNsT MOMPaBoK, KOTOPbIe TaKXKe XapaKTe-
PU3YIOTCS FpaHNLaMm.

MHOXECTBO BO3MOYKHbIX CMOCOGOB M3MepeHUiA JaHHOM Be/MYNHBI AAeT
MHOXECTBO Pa3/INYHbIX peasyin3aLmii KaxKaor asieMeHTapHo cuctemaTi-
YeCcKOoW MorpeLlHocTU. Mo3ToMy MocneAHre MOXHO paccMaTpuBaTh Kak
cnyyaliHble BEIMYMHBLI U CyMMUPOBaTb METodamu, paspatoTaHHbIMA B
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MaTeMaTU4ecKoi cTtatucTuke. OfHaKo MOCKOMbKY MX (hyHKLMW pacripe-
JeneHnsi, Kak nNpaswuio, HEU3BECTHbI, TO NPV CyMMMPOBAHUW BULOM pac-
npeaeneHns 3a4atoTes, UCX0ASA U3 U3BECTHbIX AaHHbIX 00 3/1leMeHTapHo
CUCTEMATUNYECKOM MOrPELUHOCTU. 3TO He BHOCUT CYLLIECTBEHHOW OLLUMOKM
B MOJlyyaemMble pe3yfibTaTbl, TaK Kak B COOTBETCTBUM C MPUHLAMOM OLle-
HMBaHWS MOrpeLLHOCTeN CBEPXY U3 BCEX BO3MOXKHbIX ee pacnpenesieHuii
BCSKMIA pa3 BblGMpaloT Hamxygllee. [Monyyaemasi OLeHKa MorpeLLHocT
HaJeXXHO XapaKTepunsyeT HeonpeaeseHHOCTb pesysibTara.

Mpw BbIGOPE 3aKOHa pacrnpefeneHnss Heo6XoAMMO PYKOBOACTBOBATLCS
cneyowyMm npasunamu:

*eC/IN N3BECTHA OLEHKa rpaHuL, MorpeLLHocTn £ 0;, To ee pacrnpee-
NeHvie cneyeTt cuMmTaTb paBHOMEPHbLIM (Takas cuTyaums Hambornee vac-
TO BCTPEYAETCH B MPaKTUKe);

=ecnn n3BecTHa oueHka CKO, To pacnpefernieHvie criefyeT cumtarb
HOPM&J/TbHbIM.

IMpyMeHeHWe 3TOro npaswsia Mo3BOSIAET CTATUCTUYECKM CYMMUPO-
BaTb 3/leMeHTapHble CUCTEMATUYECKME MOrPeLLHOCTA U 00bIYHO NPUBO-
ONT K OCTOPOXXHbIM 1 BMECTe C TeM He C/IULLKOM 3aBbILLEHHbIM OLeH-
Kam MOrpeLUHOCTU pesynbTara N3MepeHuii.

MNpy paBHOMEPHOM 3aKOHe pacrpefesieHUss 3NeMeHTapHbIX CUCTe-
MaTMYEeCKUX MOrpeLIHoCcTe Nx cymMmmMa

(9.6)

roe 9, — rpaHunLUpl i-i 3/1eMeHTapHOM C/TyYaiHOM NMOrpPeLUHOCTU; K —Tionpa-
BOYHb I KOI(WhULIMEHT, 3aBUCSILLMIA OT YmCIa crlaraeMblix LU, UX COOTHOLLIE-
HUST W [OBEPUTESIbHOM BeposTHOCTU. Mpn P < 0,99 OH Masio 3aBUCUT OT
yycna crnaraeMbix U MOXKET ObITb NMpeacTaB/ieH ycpeaHeHHbIMM 3HaYeHNS-
MW, NpyBeAeHHbLIMU B Tabs. 9.1. VX norpellHocTb He npesbiwaet 10% [3].

Mpn P > 0,99 KoathMUMEHT K CyLLIECTBEHHO 3aBUCUT OT YncAa cna-
raemMbIX M COOTHOLLIEHNS MeXAY HUMW. oaToMy npy m > 4 peKOMeH-
JyeTca npuHUMaTh cpefHee 3HadeHve K = 1,4, a npy m < 4 3Ha4veHne K
HeobxoAMMo yTouHUTb Mo FOCT 8.207—76 wn Tabn. 9.2. MapamveTp C,
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XapaKTepusyloLnii 0THOLLIEeHMe FpaHuL, COCTaBMAIOWMX cucTeMaTnyec-
KO MOrpewHocT BT/BT_pP NPUHUMAETCH PaBHbIM HaVUMEHbLLUEMY 3Ha-
YEHMI0 YKa3aHHOro OTHOLIEHUS Npu ycnoBumn, Uuto 0, £6211 035 04.

Tabnnya 9.1
3aBUCUMOCTb KoathdpmupeHTa Kot P u m
3HayeHVie K NMpy M paBHOM

L p 2 3 4 6 B 3HayeHvie
0.90 0,97 0,96 0,95 0,95 0,95 0,95
0.95 1,10 1.12 1,12 112 1,13 1,1
0,99 1,27 1,37 141 1.42 1,49 14

Tabnuua 9.2

3aBuncmmMocTb KoaddmumeHTa K oT m u C npy P “ 0,99

3HaueHve K npu C, paBHoM
0 0,5 1 2 3 4 5 6 7
0,98 1,15 1,27 1,22 1,15 112 1,08 1,07 1,05
1,27 1,32 1,37 132 124 1,18 1,15 112 1,08
138 1,40 141 1,36 1,28 1,23 1,18 1,15 111

A wnN 3

Mpyn GONbLLIOM YMCNE caraeMbix pe3y/bTUPYIOLLAs MOrPeLHoCTb
NUMeeT MPaKTUYECKM HopMasibHoe pacnpefeneHve. OueHKa avcriepcumn
3TOro pacrpefenieHnsi paBHa CymMMe Aucrepcuii craraembix:

SS-ief/8.
inm

3a/jaBLUMCbL A0BEPUTENIbHON BEPOSITHOCTLIO, MoslyumM O Kak rpa-
HULY AoBepuTeNbHOro MHTepBana 0 = zpSe, rae zp — KBaHTU/b HOp-

MasiIbHOro pacnpefeneHnsa npu BblIOPaHHOM YPOBHE 3HaYMMOCTU
q=1-P.

9.3. CymMupoBaHue cnyyarHbIX NOorpeLlHoCTen

MpaBuna cymMMUpPOBaHUS ClydYaliHbIX MOrPeLlHOCTeli OCHOBaHbI Ha
N3BECTHBIX U3 TEOPUU BEPOSITHOCTEN MOMoXKeHMAX [48,49]:
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a) OLleHKa MaTeMaTUYeCKOro OKMAAHUS Pe3y/ibTUPYIOLLIER MOrpeLLHOCTH
onpeaensieTcs asirebpanyecko CyMMOI OLIEHOK MaTeMaTUYecKmx oXKuaa-
HWIA COCTaBNSIOLLNX;

6) oueHka CKO cymMmapHOPi NorpeLuHoCcT OnpeaesnisieTcs BblpadkeHNeM

(9.7)

roe Sj — oueHka CKO i-ii cocTaBnsowen NOrpewwHocTM; m — 4Yncso
CYMMMPYEMbIX COCTABSALLMX MOrPELLHOCTEN; py — KO3 (ULIMEHT KOp-
pensauun Mexxay i- 1 j-i cocTaBASLWUMN,

Mpy cymmupoBaHnM m ciydaliHbIX NOrpeLuHocTe nx KoaoumumneH-
Tbl KOppensauum obpasyoT MaTpuLy, KoTopasi BBUAY paBeHCTBA py= P4,
ABNSAETCA AMaroHanbHoi. Tak Kak marpuvua KoathuuneHToB Koppens-
UMM CUMMMETPUYHA OTHOCUTENIbHO 1aBHOWM AMaroHasiv, Ha KOTOpPOW Ha-
X0AATCA 3HadYeHnss pu—21, To chopmyny (9.7) MOXXHO Nepenucatb B BUAE

rge CyMMMpoBaHWe BO BTOPOM C/laraeMoM pacrpocTpaHseTcs Ha Bce Te
cocTasngoLwye, KoapuLmMeHTbI KOPPensaumm KOTopbIX HaXo4ATcsa B Mar-
puue npasee U Bblille riaBHol anaroHann. MIx umcno pasHo m(m—)/2.

Vcnonb3oBaHue nocsefHero ypasHeHUs 1 BbipadkeHNs (9.7) 3aTpyaHu-
Te/IbHO, TaK Kak TO4HOoe 3HayeHVe KoamLmMeHTa KOPPensaLumm Mexay co-
CTaBNAOLWLNMN 06bIYHO HEM3BECTHO. B aTOM cnydae Npu pacyeTax rosnara-
0T p = O, ecnv c/TyyariHble COCTaB/ISAOLLME MOXHO CHUTAaTb HE3aBUCUMbIMU
(npn |l < 0,7), unn p = £1, ecnv 3amMeTHa KOpPenAauna Mexxay cyMMmmpye-
MbIMW CAyYaiHbIMM COCTaBNSALWMMN NorpeLuHocTein (Mpy i > 0,7).

Mpy HEO6XOAMMOCTU TOYHOrO y4eTa KoaghpumuueHTa Koppenaumm
MeXay MOrpeLHoCTAMU aprymeHToB X4mM Xj ero oueHKa MOXXeT 6bITb
HavgeHa no dopmysie

1 ~
XUu-XAXy-X,). (98
P mCm-InXAXG) y-x). 68
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rge X K, Xy — anemeHTbl BbIGOPKM apryMeHToB Xj n X~ S(X,), S(Xj) —
oueHKM CKO cpefHMX apndMETUYECKX PE3Y/IbTATOB M3MEPEHUIA apry-
MeHTOB X] 1 Xj. OueHKy KoaththuupeHTa KOppensumm MOXKHO onpeae-
NnTb 1 Mo dropmyne

1 T w Nf m

l m
PM= 1 m-nsxijsj) EXxa -T K]:lx« I x (9.9)

Mone3Holi MOXET oKas3aTbCs hopMya

TYXuXu- £Xj £Xbl

k=1 Vk=i / Vk=i Yy

. (9.10)
TE x«- £ XK

OCHOBHBIM goctouncrsom KOTOPOM SIBASIETCS OTCYTCTBME HEOBXOAMMOC-
TV NpeasapuTenbHOro BelbmcneHnst CKO coctasnsowmx Xk n XK. Cre-
OyeT 0TMeTUTb, YTO chopmysibl (9.8)—(9.10) paBHO3HAYUHbI.

B cryyae cymMMUpPOBaHUST HOPMaUTbHO PacrpefesieHHbIX CTyHaiHbIX
MOrpeLLHOCTEN pe3yIbTUPYHOLLAS MOrpeLHOCTb U3MEPEHVSE COCTOUT U3
M CNy4YaiiHbIX COCTaBNAIOLWLMX. 3Has A0BEPUTESbHYI0 BEPOSTHOCTL P 1
[0BepUTENbHbIN MHTEpBa/T A [/ Ka>KAO0M COCTaB/ISOLLE MOrpeLUHoc-
TW, MOXHO HaliTn oueHKy CKO ntoboii 13 HMX no dopmyse

S;= Azp, (9.11)

roe zH — KBaHTWIb HOPMasIbHOMO pacnpeaesieHnsi, COOTBETCTBYHOLLNI
[10BEpUTENBHOM BEPOATHOCTW Pj. ECrv 3HaYeHWe P 19 BcexX cocTas/ist-
IOLUMX OAUNHAKOBO, TO, UCMONb3Ys BblpadkeHWs (9.7) 1 (9.11), nonyya-
em:

a) /19 KOppe/MpoBaHHbIX cocTasnsAowmx (P;;= £1)

Im m m 1 m

SE=.Es?+2£SiSi = S +S1 2 > Ai- (9.12)
1 1= 19 i-1 Pi-1
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rge 3HaK ™’ o3HauyaeT, YTo A1 COCTaBNSALLNX C MOMOKAUTENBHOM Kop-
pensumeii BennunHbl | 1 [, Hy>kKHO 6paTb CO 3HAKOM a gna co-
CTaBNAOLLMX C OTPULIATENIbHOW Koppensaumeli — co 3HaKoM

6) gna HesaBUCUMBIX cocTaBnistowmx (py= O)

(9.13)

Mpy CYMMUPOBAHUN COCTaBSIIOLLMX C HOPMasibHbIM 3aKOHOM pac-
npeaenieHns PesynbTUPYIoLWAs MorpeLlHoCTb TakKe 6yaeT pacnpeaene-
Ha HOpMaJsibHO. M03TOMY [OBEPUTESbHBIVE MHTEPBaUT CyMMApHOIA MorpeLu-
HOCTU C A0BEPUTESbHOM BEPOSITHOCTLIO P MOXKET GbITh HaliieH Kak

O£ —ZpSg. (9.14)

C yyetom (9.12) 1 (9.13) BblpadkeHue (9.14) NnpUHUMAET BUA, COOT-
BETCTBEHHO /191 KOPPE/IMPOBaHHbIX 1 HEKOPPEMPOBaHHbIX COCTaB/IAI0-
LLNX:

(9.15)

CyMMMpoBaHWE MOrpeLIHoCTer Mo nepeoii hopmysie HasbiBaeTcs
apuMeTHNYECKUM, a Mo BTOPOM — reoMeTpPUYeCKUM. LeicTBUTE b
Hble 3HAYeHMS KO3NULMEHTOB KOPPENSLMM Mo abCco/IlOTHOMY 3Haue-
HUI0O MOFYT HaxoAuTbCA B npefenax oT HyNs A0 eAuHWULbI, MO03TOMY
apudmeTNYecCKoe CyMMMPOBaHWE 06bIYHO JAET 3aBbilLEHHOE 3HAYeHWE
CYMMapHOI MOrpeLLIHOCT, a reOMeTPUYECKoe — 3aHVDKEHHOE, T.e. feii-
CTBUTE/IbHOE 3HAYEHVE HaxoAUTCA B MHTEpBasIE MeXAY HUMU.

3aKoH pacrpefenieHrs pesybTUPYHOLLIEIA NOMPELLHOCTY 3aBUCUT OT KOH-
KPETHbIX BULOB U XapaKTEPUCTVIK 3aKOHOB pacrnpeaesieHnsl CyMMUpyembIixX
cocTaBnawoWwmx. Mcxoaa vz aToro 4715 onpefesieHVs A0BepUTeNbHOr0 MH-
TepBasia CyMMapHOP MOrpeLUHoCTV HEO6X0AMMO B K&XKAO0M KOHKPETHOM C/1y-
yae Mo V3BECTHbIM 3aKOHaM CYMMUPYEMbIX COCTaB/IAOLLMX YCTaHOBUTL Me-
TOAAMY TEOPUM BEPOSITHOCTEN Pe3y IbTVPYHOLLMIA 3aKOH pacrpeagsieHns. 3Hast
€ro 1 COOTBETCTBEHHO KBAHTW/IbHbIA MHOXUTEb ZP, MOXHO HaliTV I0BEpU-
TeNbHbIA MHTEPBaT CyMMapHOM MorpeLuHocTy no dopmyrie (9.14).
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B0o3MOXKHbI MPUB/VKEHHBIE CMOCOGLI ONPeAenieHNs [0BEPUTESTbHO-
ro VHTEpBa/ia CyMMapHOl MOrpeLlHocT 6e3 YCTaHOBMeHUsI pesynbTu-
PYIOLLIEro 3aKoHa pacnpeaenieHnst (OHU PaccMoTpUBasiuch B pasg, 9.1).

9.4. CymMunpoBaHne CUCTEMATUYECKNX U CNyHaMHbIX
MOrpeLIHOCTEN

IMpy NpoBeaeHUM MHOFOKPaTHBLIX WU3MEPeHWi CrlydaiHas norpeLu-
HOCTb MOXKET ObITb YMeHbLLIEHA BO MHOro pa3. OfHako MorpeLuHocTb
yCpeAHEHHOro pesyrnbrarta 6yfeT ornpeaensTbCs He 3TO BecbMa Masiol
C/ly4yaliHoM MOrpeLUHOCTHI0, @ He 3aBUCALLEN OT uuc/ia YCPeaHSOLLIMX
OTCYETOB CMCTEMATUNYECKOWM MOrPeLLUHOCTLIO.

MexaHr3M CyMMMPOBaHUS CUCTEMATUYECKON WU CrlyYaiiHoOW cocTas-
NALMX NOrPELLHOCTM OT/IYAETCH OT MexXaHm3ma CyMMUPOBaHWSA Cr1y-
YaliHbIX norpewuHocTei. CornacHo MOCT 8.207-76 MOrpeLuHocTb pe-
3ynbTara U3MepPeHNs onpefenseTca no cnefyrowmM npaswiam. Ecin
rpaHnLbl HEUCK/TIOYEHHOW CUCTEMATUYECKOA MOrPeLLHOCTU 6 1 OLEHKa
CKO pesynbTara nsmepeHms S cBa3aHbl COOTHOLLIEHMEM

6 < 0,8S, (9.16)

TO crefyeT npeHedpeYb CUCTEMATUYECKOM COCTaB/ISIHOLLIEN MOrPeLLHOC-
TV N YUUTbIBATb TOMIbKO C/IyYaliHyl0 MOrpeLuHocTb pesysibrara. [Mpu
3TOM [0BEpUTE/bHbIE FPaHULIbI MOrPELLHOCTU pe3ynbTarta [= tpS, rae
tp — KoathhmumeHT CTbloAeHTa, 3aBUCSLLMIA OT A0BEPUTE/LHON BEPO-
ATHOCTM P 1 uncna npoBefeHHbIX M3MEepPeHUii M.

Ecnm ke UMeeT MecTo HEPaBEHCTBO

0> 85, (9.17)

TO, Ha0bOpOT, criedyeT NpeHebpeYb CryYaliHOM COCTaBNSIOLLEN U Pe3y/ib-
TaT XapakTepu3oBaTb b FpaHMLAMW ero CyMMapHOP cucTeMaTmyec-
Ko norpetuHocTt = 0. lMorpeluHocTb, BO3HUKAKOLLAA 13-3a npeHebpe-
XKEHUS OAHOM M3 COCTaB/SHOLLMX MOrPeLUHOCTU, MpU BbIMOSTHEHUN
yKasaHHbIX HepaBeHCTB He MpeBbiLLaeT 15%.

Uucna 0,8 n 8 B cTaHgapTe HMKaK He 060CHOBbIBatOTCA. OHAKO0 eciv
MPVHSATL BO BHMMAHKE, YTO, Kak 6blI0 MokasaHo paHee, R = 1,6S, To
ycnosve (9.16) akBMBasieHTHO HepaseHcTBy 0 < D92. Ycnosue (9.17)
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3KBMBaJIEHTHO HepaBeHcTBY 0 > 50HO. CneposartensHo, FOCT 8.207-76
paspeluaeT npeHebperatb CMCTEMATUYECKOM COCTaBNSAOWENA N YyUUTbI-
BaTb TO/IbKO CMly4YaHyl COCTaBMAWLWYI0 NULWb TOrga, Korga oHa B 2
pasa npesBblllaeT cucTeMaTuyeckyto. Ecnmn ke cnyyariHaa cocTaBfisito-
wasi MeHee 1/5 cMcTeMaTMUYECKOW, €0 MOXHO NnpeHebpeYsb.

Mpy HEBLINOSIHEHUM HepaBeHCTB (9.16) 1 (9.17) rpaHuly cymMmMapHoi
norpewHoctn MOCT 8.207-76 npefnuvcbiBaeT HaXoAUTbL MyTeM KOMIMO3u-
Lmn pacnpegeneHuni criyvyaiHbiX Y HENCKITIUYEHHbIX CUcTeMaTn4ecKmx nor-
peLuHocTeld, paccMaTpuBaeMbIX Kak crlyyariHble BefIMYmHbI. [onyckaeTcs
rpaHuLbl NOrpeLHOCTM pesybTaTa N3MepeHUiA onpeaensTb no opmysne

tpS +6
O =KSV= s
m

oueHKa cymmapHoro CKO cymmapHoi no-

rpeLHocTu.

JaHHbIN Noaxos, NPUBOAALWNNA K 3aHUKEHHbIM OLEeHKaM, Bbi3biBa-
eT [4] cnpaBeANuvBble HAPEKaHWA 1 BPAA NW ero cneayeT cumMTaTb Npaso-
MOYHbIM. PaccMoTpuM 3TOT BOMPOC NOAPOOGHee.

CucTtemaTnyeckas NorpeLlHocTb, MPUCYTCTBYIOLAA BO BCEX OTCHETax, He
YCPEAHSIETCA NMpU cTaTUCTUYECKO 0b6paboTke. Ha puc. 9.1 nokasaHbl UCTUH-
HOe 3HauyeHVie U3MepPSeMON BeNUUMHBI X1 FPaHWULbl CUCTEMaTUYeCKON Mo-
rpewHocTn 0, pacnpegeneHune cnyyamHoM cocTaBASAOLWEr NOrpeLHocT p(Xx).
M3 prcyHKa siceH MexaHn3M CyMMUPOBaHUS COCTaBASAIOLLMX MOrPeLLIHOCTL.
Ecnn cnctematmyeckas cocTaB/isiloLas NocTosiHHA, To ee moaynb ] gon-
YKEH CYMMWPOBATLCA C [0BEPUTE/IbHBIM MHTEPBASIOM CrlyvaliHoli cocTas-
nawwen tps, a oTHOAL He ¢ CKO. [oBepuUTenbHbIA UHTEPBaS CyMMapHOM

norpewHoctn A= O] + tFS).

N3 puc. 9.1 cTaHOBATCSA MOHSATHBLIMU PACCMOTPEHHbIE BbiLLE YC/10BUS,
NPy KOTOPbIX MOXHO MpPeHebpeyb OfHOM M3 COCTaBALLNX CyMMapHOM
norpewwHocTn. Ha puc. 9.1,a nokasaHa cutyaums, Korga Henb3s npeHe6-
peyb HWM 0AHON K3 cocTaBnAwwWwmMX. Ha puc. 9.1,6 AOBEPUTENbHBIN NHTEP-
Ba/1 C/Iy4aiHOWM cocTaB/isloLLelr 60/iee YeM B ABa pasa 6oMbLue cuctemaTu-
YECKOM COCTaBMANLLEN, N MOcegHEN MOXHO npeHebpeys. Ha puc. 9.1,8



cUCTEMATUYECKAs COCTaB/ISIOLLASA MPEBbILLIAET JOBEPUTENbHbIN UHTEp-
BaU1 C/ly4variHO cocTaBAsAOLWEN 60/1ee YeM B 5 pas, 1 ee TakKXKe MOXXHO
He y4YnTbiBaTb NpW onpefenieHNn CyMMapHOW MOrpeLuHocTy.

{ \\ () _ B)

j‘\ X. L X

0 tpS
1 0 —»1—p»

Puc. 9.1. CrctemaTyeckasi 1 crlydaliHasi CoCTaB/ISIloLLME MOrPeLLHOCTY

9.5. KpuTepuii HUYTOXXHO Masioi MOrpeLIHOCTM

Bonpoc 0 TOM, KaKMMW COCTaBASIIOWMMM NpU pacyeTe MorpeLiHoc-
Teil MOXKHO MpeHe6peraTb, BO3HUKAeT MOCTOSIHHO. TO CBSI3aHO C TEM,
YTO CTeneHb TOYHOCTU OMpefeneHnst CyMMMPYEMbIX MOTPELHOCTER He-
BbICOKA, MO3TOMY HET CMbIC/1a CyMMMPOBaTb Te M3 HMX, KOTOpble MMe-
0T MO CPABHEHWIO C APYTVMMM Masible 3HAYeHWs!, MOCKO/IbKY 3TO He Mo-
BbICUT TOUHOCTM CYMMapHOW MorpewwHocTn. MNpeHebpexeHne MasibiMu
MOrpeLIHOCTSAMM MO3BOMINT YMNPOCTUTL BbIUMC/IEHMS MPY HAXOXKAEHMWM
pe3ynbTUpyloLLei norpewHocT. CnegoBatesibHO, HE06X0AMMO YCTaHo-
BUTb KPUTEPUA HUUTOXKHO MasIoil MorpeliHocTw, ,T.e. MaTemaTuuec-
KOe NpaBu/Io, MO3BOJISAIOLLIEE UCKOYATL MOC/AEAHION U3 pacyeTa. IToT
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I KpuTepuin Tak>Ke HEO6X0AMM MpPU BbIGOPE Kriacca TOYHOCTU 06pas3u,0Bo-
| ro cpeacTBa M3MepeHWii B 3aBMCMMOCTU OT Kjlacca TOYHOCTM MoBepsie-
MOro cpeAcTBa U3MepeHUii.
OAVH 13 BO3MOXXHbIX BapuaHTOB OMNpefesieHNs KPUTepuss HUYTOX-
} HO Mas10i MOrpeLHOCTN COCTOMUT B TOM, YTO ecnn ogHa Be/nynHa 60/1b-
e ApYyroii Ha NopsfoK, TO el MOXXHO MpeHebpeuyb.
Mpy CNOXKeHUN HEeKOPPENMPOBAHHbIX CryYalHbIX COCTaBAOLINX
cymmmpyrTea ux gucnepcmn (CKO). B cniydyae fBYyX COCTaBNARLLMX
cymMMapHas cnydanHas norpewHocTb onpegensieTca no dopmyne

o(d)="oA,) +c2AA2)*

roe cr(d,), cr(l) — CKO nepBoii 1 BTOPOI COCTABMSAIOLLNX.

B co0TBETCTBUU C KpUTEPUEM, €crin AUCNEepPCcUsa NepBoi cocTaBNA-
rowen ci2(,) 6onblue AUCMEPCUN BTOPOK cocTaBnsatouier a*([2) 6onee
yem B 10 pa3, To CKO cr([) cymmapHOi cny4arHor norpewHocTn
coctaBuT 1,050(Aj). CnegoBaTesnibHO, NPEHEBPEXXEHME ANCNEPCUEN BTO-
poi cOCTaB/ISAKOLLEN MO CPaBHEHMIO C AMCAepcmel NepBoii cocTaBNsto-
weii NnpuBoAUT K ToMY, 4To CKO cymMMapHOi criyvaliHoM norpeLwiHoc-
T 6yaeT onpeaesnieHo ¢ oWmn6Koi B 5%. Kputepmninin HUYTOXHO Masioi
norpewHocTn gna CKO crydyaiiHOW NOrpewHocTn 3anniieTcs B Buae
0(4i) > -Jl0a(A2) ~30(42) = Takum 06pasom, MOrPelHOCTb MOXXHO
npeHebpeub, ecin ee CKO mnnm poBepuTeNbHbI MHTepBasa B 3 pasa
MeHbLle, YeM y OCTaB/IieMbIX MOrPeLUHOCTEN.

M3BecTeH 1 ApYyroi NoaxoA K onpefesieHn0 KpUTepmsa HUYTOXHOA
MasniocTU COCTaBASAKLWMX MOrPEeLHOCTU, PacCMOTPEHHbIA B pa3g,. 9.4.

[ns norpewHocTn cpeacTB u3MepeHuin [58] npeanoXxxeH MHoOM Kpu-
Tepuii CyLL,eCTBEHHOCTU ee COCTaBAILNX.

Mpumep 9.2. LUundposbiM nameputesnem nmmmtaHca E7-14 nposognnncb nps-
Mble MHOFOKpaTHble WU3MepPEHUsI COMPOTMBEHMS MarasuHa COMpoTUBAEHWUI Map-
kKn P33, HOMUHa/bHOe 3HayeHue KoToporo pasHo 0,1 Om. N3mepeHus nposoawn-
N1cb B AnanasoHe pabouux TemnepaTtyp M3MepuTensa mmmutaHca. [onyuyeHsbl
cnepywouive pesynbtatbl USMEPeHUS R,: 145,44; 145,36; 145,43; 145,38; 145,44;
145,42; 145,41; 145,39; 145,40; 145,41; 145,45; 145,43; 145,46; 145,37; 145,48
MOM. [MpoBeAeHHbIE U3MEPEHUS XapaKTepu3ylTCAa HEUCK/IUYEHHOW cucTeMartu-
YeCcKOW MOrpeLuHOCTbIo, 3aJaBaeMoi Npeaesniom A0MyCKaemoro 3HaueHUs:

- OCHOBHOU MOrpeLLHOCTN N3MepeHns nameputena E7-14. dopmynbl gais pac-
yeTa 3TOro0 3HaYeHUs npuvsefeHsbl B Tabsvue npumepa 9.1. Mpu aToM 4715 JaHHO-
ro marasviHa ConpoTmBAeHWN JO06pOTHOCTL Q = O;
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© I0MO/THUTENTbHOM MOrPeLLHOCTU M3MEPEHUsT B AnarnasoHe paboumx Temrepa-
Typ. OH paBeH YyABOEHHOMY AOMYCKAeMOMY 3HAYEHMI0 OCHOBHOM MOrpPeLLHOCTU.

[na ycTpaHeHVs1 BUSIHUS COEQMHUTENbHbBIX MPOBOAOB U MEPEX0AHbIX CO-
NPOTUBMIEHWI KOHTaKTOB ObU1 MPOBefeH psif, U3MEPEHWA NpY HyNeBOM 3Haue-
HUX MarasuHa cornpoTMBAEHWIA. [MonyyeHbl crieaytolimMe pesynbTaTbl U3Mepe-
HuA Roi: 48,30; 48,29; 48,28; 48,29; 48,28; 48,29; 48,29; 48,28; 48,30; 48,30;
48,30; 48,30; 48,31; 48,32; 48,30 MOm.

TpebyeTca NpPoBeCcTV 06pPaboTKy pe3ynbTatoB WU3MepeHWin. Haitm cymmap-
HYI0 MOrPELUHOCTb M3MEPEHWVST COMPOTUB/IEHNIA.

CymMMapHas NorpeLuHoCcTb U3MepeHUsi COMpPoTUBIIEHUA CKNadblBaeTcs U3
Cny4valiHol M cMCTEMaTUYECKOM MorpeLluHocTer. CuctemaTtmyeckas norpeLw-
HOCTb W3MepPeHUsi COMPOTMB/EHUS COCTOUT M3 TPeX COCTaBASALWMX, 06yc-
JNIOBNEHHBbIX:

*HEeHY/1EBbIM 3HAYEHMEM COMPOTMBIEHNS COEAUHUTESIbHBIX MPOBOAOB U Me-
PEX0AHbIX KOHTAKTOB 3a)KMMOB WCMO0/Ib3YEMbIX CPEACTB U3MEpPEHUN;

©OCHOBHOWM W [OMO/THUTENBHOM MOrpeLLlHOCTAMU U3MEPUTENS MMMUTaHCa
E7-14.

MepBast U3 HUX MOXET ObITb OLIEHEHA UCX0ASA U3 AaHHbLIX M3MEPEHNIA Hyre-
BOr0 COMPOTUB/IEHNS MarasvHa. [onyyeHHbIA psf JaHHbIX XapakTepusyeTcs
CPEAHNM apUPMETUNYECKMM 3HAYEHMEM U OLEeHKOM ero CKO:

i B I
Ro = = 45,295m0m, SO=J--- --" (
1= \Y i

R G - R0)2=0,0029m0m.

ConpoTvB/ieHNe NPOBOAOB MOCTOSHHO MPUCYTCTBYET B pe3yfibTatax un3me-
peHuiAi 1 No CBOel CyTU SABMSETCA CUCTEMATUYECKOM MOrpeLUHOCTbLI0, KoTopast
MOXKET ObITb MCK/IIOUEHA M3 PE3Y/IbTaToB M3MepeHWi NMyTeM BBeAEHWsI Mornpas-
KW, paBHOM -42,295 MOM.

JloBepUTeNbHbIA MHTEPBaUT MOrPELLHOCTA M3MEPEHMST COMPOTUBIIEHNST MPO-
BOAOB, paBHblii JD9(KO) = tpSO = 2,15-0,0029 = 0,0062 MOM, MOXXHO paccmart-
pviBaTb [ABOSIKO: KaK HEWCKJ/IOUYEHHYIO CUCTEMATUYECKYHO MOMPELLUHOCTb U Kak
COCTaBNSAIOLLLYHO C/TyHaliHOM MOrpeLUHoCT. B 1o6oM criyyae, Kak 3To 6yaeT BUAHO
Janee, ee 3Ha4yeHVie CTOMb Maso, YTO COM/TACHO KPUTEPUIO HUUTOXKHO Masion
MOrPELLHOCTM €10 MOXHO NpeHedpeyb.

Mocne BBEAEHWUS MOMPABKM MOSTyHYaeTCsl UCMPaB/IeHHbIA psig, 3Ha4eHWUI conpo-
TvBneHns R”: 100,145; 100,065; 100,135; 100,085; 100,145; 100,125; 100,115;
100,095; 100,105; 100,115; 100,155; 100,135; 100,165; 100,075; 100,185 mMOwm.

CocTaBnstoLan cucTeMaTMyecKor MorpeLHocTy, 06yc/1I0BfieHHasi OCHOBHOM
MOrpeLLHOCTLI0 M3MepUTENIA UMMUTaHca E7-14, paccuuTbiBaeTcs Mo opmysie

6* =Rn 10-3+3 10“ Om.
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30ecb Rn — cpefHee apnhMeTMUeCKoe 3HAYEHUI psaa HeEMCNPaBEHHbIX MoKa-

3aHUA N3MepUTENss MMMUTaHca, paBHoe 145,418 mOm. CnepoBaTesibHO, cUCTe-
MaTuyecKasi MorpeLlHocTb, 06YyC/10B/IEHHAss OCHOBHOW MorpewiHocTbio E7—14

eo« = R, KO '+3 10 40m = 0,145418 10 3+0,3 10'3 =0,4454 mOwm.

CucTeMaTumyeckas MorpeLHocTb, 06yCM0BEHHAs AOMOHUTEbHOW norpeLu-
HOCTbIO CPeACTBa U3MEepPEeHWiA,

efqm = 200« =2 0,4454 = 0,8908 mOm.

CymmapHaﬂ cncremMaTtmnyeckas norpewHoCTb

=110 0,9959 = 1,0955 mOm

npu ycnoBumu, 4YTo KO3PMMLUMEHT K B UCMOMb3yemMoli A/ pacyeToB dopmyne
(9.6) onpegensetca u3 Tabn. 9.1 gna P “ 0,95.

XapaKTepnCTUKKX CrlyYaHOM COCTaB/IAIOLWEA HaxogAaTcs MOCPeAcTBOM CTa-
TUCTUYECKON 06paboTKM MCMpPaB/IEHHOr0 psiga HabnwgeHwin. CpeaHee apudme-
TU4YeckKoe 3HauyeHwe conpotmerieHUsa u ero CKO, COOTBETCTBEHHO pPaBHbI:

Cuntas pacnpegeneHve pesynbTaToB nsmepeHuin R{ HopmasnbHbIM, MO
Tabnuue n3 npunoxeHnsa 1 Haxogum KoapduumeHT CTblogeHTa ANA 4vmcna
n3mepeHnin Nn—15 n 0,95. OH paBeH t “ 2,15. B 3Tom cnyvae posepuTesb-
Has rpaHuua cnydaliHOW cocTaBMAKWENA MOrpPewHOCTU WU3MEPEHUN

AO(R) = tpSp =2,15 0,0088 = 0,0189MOM.

CnyyaliHble MOrpeLlHOCT! U3MEPEHWIA UCCIeAYEMOro CONMPOTUBIEHMS U COMPO-
TUBMEHUSA MOABOASALLMX MPOBOAOB MOXKHO CUUTATh HEKOPPENMPOBaHHbIMM, TaK Kak
M3MepeHnst NPoBOAUINCL B pa3Hoe Bpems. [M03ToMy cyMmapHasi criyuyaliHasi mo-
rPEeLIHOCTb OMPeAEeIUTCS B COOTBETCTBMM CO BTOPLIM ypaBHeHueM B (9.15):

A0S p es(R) + J10es(R0O) = ~0,0189a+0.00622 = 0,0199 mOwm.
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M3 nosyyeHHbIX JaHHbIX BUAHO, YTO CUCTeMaTU4YecKasi MorpeLuHocTb 3Ha-
unMTeNbHO 60/IbLUE CrlyyaliHolA, moaTomy, cornacHo MOCT 8.207-76, nocnea-
HIOIO MOXHO He yuuTbiBaTb. Pe3ynbTaT uU3MepeHUs 3anuuleTcs B BUAE

R=100,lil,I mOm npn P = 0,95.

KOHT po/sibHbIE BOMPOCHI

1. Ha 4yem OCHOBaHa TEOpMSI PacuHeTHOro CYyMMMUPOBaHMSA MOrpeLLHoCcTeiA?

2. Kak MoryT 6bITb onpeageneHbl KBaHTU/IbHbIE MHOXUTENIN  CYMMAapHO
MOrPeLLHOCTN pedy/ibTarta NU3MepeHns?

3. Cdhopmynupyiite npaBuia, Mo KOTOpbIM CYyMMUPYHOTCS CUCTeMaTmyec-
Kue MorpeLLHoCTU.

4. Paclumdopyiite NOHATUSA KOpPPenMpoBaHHbIX 1 HEKOPPENMPOBaHHbIX Cy-
YaliHbIX Be/IMUMH. YUTO cumTaeTca rpaHvueii mexay aTuMun cnydaliibIMy Benn-
YMHaMM PN X CYMMUPOBaHNN?

5. Kakvm 06pa3oM CyMMUPYHOTCS KOPPeMPOBaHHbIE C/TydaliHble Be/NHMHBLI?

6. Mo KakMM MpaBwiamMm CyMMUPYIOTCS HEKOpPPeMpoBaHHbIe CrlyYaiiHble
BE/INYUHBI?

7. Kak cyMMUpYHOTCS crlydaliHble 1 crcTeMaTMUecKme MorpeLuHocTn? Ka-
KO HOPMAaTUBHbIV JOKYMEHT perflaMeHTUpYyeT 3Tv Mpasuna?

8. B uem cocTOUT CyTb KpUTEPUS HUYTOXKHO Masioi MOrpeLuHocTn?



Mhaesa 10. UISMEPUTEJIbHbBIE CUTHAJTbI

10.1. Knaccmukaumsa cMrHanos
10.1.1. Knaccudmkauma namepuTeSibHbIX CUrHauI0B

CvIrHasioM Ha3bIBaeTCs1 MaTepyasTbHbIA HOCUTE b MHGhOpMALIMN, Mpes-
CTaBMSAOLLMIA COBOIA HEKOTOPbIA (IM3MYECKMIA MPOLIECC, OANH U3 Mapa-
METPOB KOTOPOro (hyHKLIMOHa/TbHO CBS3aH C M3MEPSieMOl (ON3NYECKOl
BE/INUMHONM. Takol nMapaveTp HasbIBarT MHOPMATVBHbLIM.

VBMEPUTE/bHBIN CUMHAT — 3TO CUMHaVT, COAEPMXKALLIA KOSIMUECTBEH-
HYH0 MHhopMaLMo 06 M3MepsieMor IM3NYeCcKol BennumHe. OCHOBHbIE
MOHATUSA, TEPMUHbBI U1 ONpeaesieH s B 06/1aCTN M3MEPUTENTbHBIX CUTHAIOB
ycTaHaB/mBaeT MOCT 16466-70 “CurHaribl pagmoTexH/YecKkve. TepMHbI
1 onpeseneHnst”. 1/BVepUTe/bHbie CUrHauTbl YPE3BLMAaAHO Pa3HO00PasHD!.
VX knaccudmkaums no pas/imyHbIM MprsHakam npviseseHa Ha puic. 10.1.

N3MEPUTESTIbHBIE CUMHASIbI

AHaviorosble AVCKpeTHbIE Lindpposble

IMoCTOsIHHbIE BO BPEMEHU IMepenveHHble BO BpeveHu

T
HenpepbiBHble My nbcHble
1 1r
HecnyyaliHble: feTepMAHMPOBaHHbIE N o
KBa3WAETEPMMHMPOB&HHbIE Cryaiiele
jfc_
OrieMeHTapHble CnoxHble CraupoHapHble HecTtawpoHapHble
N~ =3.—
Mepvoanyeckvie Henepuviogmyeckue Sprognyeckme Heaprognyeckue
apMOHMYECKVE Moutn
repviognyeckue
MosmrapmoHnyeckvie IMepexofHble

Puc. 10.1. Knaccudmkaumsa namepuTesibHbIX CUFHa0B
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Mo xapakTepy M3MepeHUs MHHOPMaTMBHOIO M BPEMEHHOIO na-
pamMeTpOB U3MePUTENIbHbIE CUMHA/bl AEfATCA Ha aHaslo0roBble, AUCK-
peTHble U LMGPOBbIE.

AHanoroBblii CUrHayT — 3TO CUrHasl, OMUCbIBAEMbIA HemnpepbIBHOM
WM KYCOYHO-HENpepbIBHOM GyHKumen Yat), npuyeM Kak cama 3Ta
hyHKUMSA, TaK 1 ee aprymMeHT t MOryT MpUHUMAThL /06bIe 3HAYEHWST HA

3agaHHbIX nHTepBaiax Ye(Y mrn Ynma) v t€(tmn tna) (puc. 10.2,a).

Puc. 10.2. AHanorosbliii (a), ANCKPETHBIM (N0 BpeMeHW) (6) 1 LdpoBoiA (B)
N3MepUTE/TbHbIE CUMHAUTbI

JNCKPeTHbIA CUTHa/1 — 3TO CUTHas, U3MEHSIOWMUIACA AUCKPETHO
BO BPEMEHW WM MO YPOBHIO. B nepsBom cnyyae OH MOXeT MpUHUMAaTb
B ANCKPETHbIE MOMEHTbI BpeMeHW NT, rae T = const — uHTepBan (ne-
puon) guckpetmsauum, n = 0; 1; 2;...— uenoe, N0bble 3Ha4YeHUSN
YanT)e(Ymn Ynma)), HasbiBaemble BbibopKamu, Uam orcdeTamn. Ta-
Kne curHanbl (puc. 10.2,6) onucbiBalOTCcS pelleTyaTbiMU PYHKUUSAMMN.
Bo BTOpoM crniydae 3HauveHus curHana Yfi(t) cywiecTBytoT B n06oiA Mo-
MEHT BpemeHu te(tnir tna), ogHAKO OHM MOryT MPUHUMATb OrpaHu-
YeHHbIN pag 3Ha4veHUr hj = ng, KpaTHbIX KBaHTY (.

LiMcpoBble CUFHa/IbI — KBaHTOBaHHbIE M0 YPOBHIO U AUCKPETHbIE
Nno BpemeHu curHasbl Y4NnT), KOTOpble OMUCbLIBAOTCA KBaHTOBaHHbI-
MU peLleTyaTbiMU PYHKUMAMU (KBAaHTOBaHHbLIMMW Moc/1e40BaTe/ IbHOCTS-
MU1), MPUHNMAKOLLMMUN B AUCKPETHbIE MOMEHTbLI BPeMeHW NT /NLLb KO-
HEYHbI pAg ANCKPETHbIX 3HAYEHNT — YPOBHE KBaHToBaHUA h,, h2,
..., hn (pnc. 10.2,8).

3Tn curHasbl NoApo6bHO paccMoTpeHbl B pa3g. 10.5.
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Mo xapaKTepy M3MeHeHUA BO BPEMEHWN CUMHaSIbI AENATCA Ha MocTo
| AHHbIE, 3HAYEHNA KOTOPbLIX C TEYEHMEM BPEMEHUN He N3MEHSAIOTCA, U MNepe
\ MeHHbIe, 3Ha4YeHNA KOTOPbIX MEHSIOTCA BO BpeMeHW. MoCTOAHHbIE CUTHa-

Nbl ABNAOTCA Hanbosiee NPOCTbIM BUAOM U3MEPUTESBHBLIX CUMHA/IOB.

MepeMeHHble CUTHaNbl MOrYT 6bITb HEMPEPbIBHLIMU BO BPEMEHU W

MMNY/IbCHbIMW. HenpepbiBHbIM Ha3blBaeTca CUrHaU1, napameTpbl KOTO-
W POr0 U3MEHSAIOTCA HErnpepbIiBHO. VIMNY/bCHbIA CUIHa/1T — 3TO CUTHaN
KOHEYHOW 3HEepPrumn, CyLecTBeHHO OT/INYHbLIA OT HY/IA B TeYeHWe orpa-
; HNYEHHOro MHTepBasla BPEMEHW, COM3MEPUMOro C BPeMeHEM 3aBsepLle-
HUSA MepexofHOro rnpouecca B cUCTeMe, A/1 BO3LENACTBUS Ha KOTOPYIO
3TOT CUTHaUu1 npegHasHayeH. XapakTepucTuKu 1 napametpbl UMMy/ibC-
HbIX CUTHa/1I0B paccMoTpeHbl B pasa. 10.4.

Mo cTeneHN HanVMumMsa anpuopHON MHMoOPMaLUUK rnepeMeHHble W3-
MepUTesIbHbIE CUTHASIbI JENATCA Ha AeTePMUHUPOBAHHbIE, KBa3ULeTepPMn-
HUpOBaHHbIE WU C/lyyaliHble. JeTepMUHUPOBaHHbIA CUrHaUT — 3TO CUT-
f Han, 3aKOH M3MeHeHWs KOTOPOro WM3BECTEH, a MoAeflb He COAepPXUT
© HEeM3BECTHbIX napameTpoB. MrHOBEHHble 3Ha4YeHUA [OeTepMUHMPOBaH-
HOro cUrHasa M3BecTHbI B /1060 MOMEHT BpeMeHW. [eTepMUHMPOBaH-
HbIMW (C W3BECTHOW CTEMEHbIO TOYHOCTU) SABNSAIOTCA CUTHA/IbI Ha BbIXO0-
fe mep. Hanpumep, BbIXO4HOW CUrHa/I reHeparopa HWU3KOYacTOTHOro
CUHYCOMAA/IbHOI0 CUrHau1a XapakTepmusyeTcs 3HaYeHUAMU aMiInTyapl
M 4acTOoTbl, KOTOPble YCTaHOB/IEHbl Ha ero opraHax ynpasseHus. [lo-
rPeLLIHOCTM YCTaHOBKU 3TUX MapamMeTpoB ONpeaensiTcsa MeTposiormye-
CKNMWN XapaKTepucTuKamm reHeparopa.

KBa3nge TepMUHNPOBAHHbIE CUTHa/Ibl — 3TO CUTH&UIbI C YacTU4YHO
M3BECTHbIM XapaKTepoM M3MeHEHWs1 BO BPEMEHMW, T.e. C OAHUM WU He-
CKO/IbKUMUN Hen3BeCTHbIMW NapameTpamn. OHU Hambosiee NHTEPeCHbI ¢
TOYKU 3peHnsa meTponorun. MopasnstoLlee 60/1bLUMHCTBO U3MEPUTESTb-
HbIX CUTHA/I0B ABMAIOTCA KBa3nAeTepPMUHUPOBAHHbLIMMU.

JeTepmMrHMpoBaHHbIe N KBa3UAETEPMUHUPOBAHHbIE CUTHaUTbI [e/IATCA
Ha afleMeHTapHble, OMUCbIBAEMble MPOCTEALLINMU MaTeMaTU4eCcKNMn
I dhopmynamu, u criod>kHble. K 3neMeHTapHbIM OTHOCATCSA MOCTOSAHHbBIA W

rapMOHMYECKUIA CUTHasIbl, @ TakKXXe CUrHasbl, ONuCbiBaEMble efuHUNY-

HOM 1 genbTa-yHKumMen. OHM paccMoTpeHbl B pasd. 10.3. K c/1oXKHbIM

CUrHas1laM OTHOCATCA UMMY/IbCHbIE U MOJY/IMPOBaHHbIE CUTHa/IbI, OMn-

caHHble B pa3g. 10.4.

CurHasibl MOryT 6bITb MEPUOLMYECKUMWN N Henepuoanyeckumu. He-
nepuoinyeckmne cuUrHanbl AefiATCA Ha Mo4vTU Nepuofnyeckne n nepe-
XofHble. MoYTU nNepnognyecKMmM HasblBaeTcs CUrHasl, 3HayeHUs KoTo-
poro npuBAN>KEHHO MOBTOPAIOTCA NPW A06aBMeHUN K BPEMEHHOMY
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apryMeHTy Haf/ieXkallym 06pa3oM BbIGPAHHOI0 uMcia — MoYTn Mepuro-
fa. Meproanyeckunii cUrHan SIBMISIETCA YacTHbIM Crlydaem TakuX CUrHa-
noB. o4yt nepuogmyeckue yHKLUW MNOMyYyatoTcst B pesysibTare crio-
YKEHMST MepuoaMUeckux (YHKLUWIA ¢ HecousmepuMMbIMK MepUogamu,

Hanpumep Y(t) = sin(cot) + siti(V2cot). NepexogHble CUrHasIbl OMNUCHI-
BalOT MepexofHble Mpoueccbl B (PU3NYECKUX CUCTEMAX.

MeprognyecKnM HasbIBAETCA CUrHas1, MIHOBEHHbIE 3HAYeHWSI KOTOPO-
ro NMoBTOPSIOTCA Yepe3 MOCTOSAHHbIA UHTEPBaN BpemeHW. Mepuog T curHa-
Na — napameTp, paBHbIi HauMeHbLUEMY TaKOMYy WHTepBasly BPEMEHMU.
UacToTa f neproanyeckoro curHasia —BennMYnHa, obpatHasa nepuogy.

Meprognyecknii cMrHan xapakTepuayeTcsa CneKTpom. Pasnuuaior
TpY BUAa CnekTpa:

* KOMIM/IEKCHbIA — KOMIMJIEKCHasA (DYHKUMS ANCKPETHOrO aprymeH-
Ta, KpaTHOro LefloMy YMC/Y 3HaYeHU YacToThl L MEPUOANYECKOrO CUT-
Hana Y(t), npeacrtaBnsAwowas coboil 3HayveHUs KO3NMLNEHTOB KOM-
nseKcHoro psga dypbe:

+T/2
Alko) = — T v(t)e~Jqat, (10.1)
-T/2

roe K — fo6oe Lenoe YnCno;
*aMMINTYaHbI — OYHKUUST AUCKPETHOrO aprymMeHTa, npeacTae/isi-
toLan co6oii Moaysib KOMIMJIEKCHOFO CreKTpa MepPUOAMYECKOr0 CUMHaUA:

G(keo) = JAk)| = 7TRe2[A(ko))] + Im2[A(kco)] # (t0.2)

roe Re(z), Im(z) — pelicTtButensHas M MHUMasi 4acThi KOMMJIEKCHOMO
uncna z;

e  (pasoBbii — yHKLMA AVCKPETHOIO apryMeHTa, NpeacTaBsowas
60/ apryMeHT KOMIMIEKCHOMO CMeKTpa nepuoamyeckoro CUrHama:

(k) = arg[A(k«)) - arctg | (10.3)

MeproanYecKoil CUrHan COAEPXXUT psif, rapMOHUK. MapMoHVKa —
rapMOHUYECKMIA CUTHaT C aMNINTYA0M N HayaslbHOM hasoii, paBHbIMMA
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COOTBETCTBYIOLLUM 3HAYEHUAM aMMANTYLAHOrO M ha30BOro cnekrpa mne-
PUOAMYECKOT0 CUrHasa npyv HEeKOTOPOM 3HaueHUM aprymeHTta. Hanm-
ume BbICLLUMX FAPMOHUK B CMEKTPe MepuroanYecKoro curHasa KonumyecT-
BEHHO OMNMCbIBaeTCs KO3MMULUMEHTOM rapMOoHMK, XapaKTepusyHLmm
0T/IMuYMe hopMbl AAHHOMO MEePUOAMYECKOr0 CUIHaMa 0T FapMOHMYECKO
(cmHycompaanbHoii). OH paBeH OTHOLLEHWUIO CpefHeKBaApaTUUECKOro 3Ha-
YeHMs1 CUrHas1a CyMMbl BCEX €ro rapMoOHMK, Kpome MepBoii, K cpegHe-
KBaapaTUyecKoMy 3HAYEHUIO MepPBOM rapMOHUKN:

(10.4)

rge Yit Yj — i-a » nepsas rapMoHUKWM curHana Y (t).

Meprognyeckure cMrHasibl 6bIBAIOT rapMOHUYECKUMMU, T.€. CoAepXKaLlymMmm
TONIbKO OAHY FapMOHWUKY, U MOMMIapMOHUYECKMMI, CMEKTP KOTOPbIX CO-
CTOUT M3 MHOXECTBa FapMOHMYECKUX COCTaB/IAILWMX. K rapMOHNYECKUM
CUrHanam OTHOCATCA CUTHasIbI, OMKUCbIBaeMble (DYHKLMER CUHYCa WM KO-
CuHyca. Bce ocTasibHble cUTHasbI ABNSAKOTCA MOUTAPMOHUYECKUMMU.

Cny4aliHblii curHan — 3T0 M3MEHSHoLasicd BO BPeMeHU msnye-
CKas BeNMYMHA, MIHOBEHHOE 3Ha4yeHue KOTOPOW SABNAETCS CrlyvanHoM
BE/INYMHON. XapaKTepUCTUKN U NapameTpbl C/lyvariHbIX CUTHA0B, Uw,
KakK eLlle roBopAT, MpoLEeccoB, paccMOTpeHbl B pa3a. 4.3.

M3mepuTe/ibHbIM CUIHa1aM MocBsiLeHa 06LIMpHas HayyHas nuTe-
paTypa. B kauyectBe npuvmepa MOXHO npusectu [89, 90].

10.1.2. Knaccngmkaumsa nomex

M3MepuTenbHble CUrHasTbl PeiKo MPUCYTCTBYIOT B CPeACTBaxX M3Me-
peHuin B uncToM Buge. MNpaKTUYecKU BCerja Ha HMX HakKagblBaloTcs
nomexu. Mog MOMEXOW MOHMMAETCS CUFHasT, OAHOPOAHbLIA C U3MepU-
Te/IbHbIM 1 AeliCTBYIOLWMIA 0AHOBPEMEHHO C HUM. Ero npucyTcTBUe npu-
BOAWT K MOSIB/IEHWNIO MOTPELLHOCTM M3MepeHMsl. Krnaccudmkaumsi nomex
BO3MOYKHa MO psay MPU3HaKOB.

Mo MecTy BO3HMKHOBEHMS MOMEXWU [ENSITCA Ha BHELUHWE W BHYT-
peHHue. MPUUMHOIA BO3HMKHOBEHMST BHELLHMX MOMEX SIBASIOTCS Mpu-
poAHbIe MpOLEcChl M paboTa pas3/IMyHbIX TEXHUYECKUX YCTPOlicTB. Mo-
cnefHMe co3faloT TaK HasblBaeMble WHAYCTpPUasbHble MOMEXU.

225

8 MeTponorus



BHyTpeHHMe Nomexun 00yC/10BMEHbI MpoLieccaMmu, NPOUCXOAALLMMU MpU
paboTe camoro cpeactsa WU3MepeHUiA.

B 3aBMCMMOCTM OT BUAA BK/IOHEHUS UCTOYHMKOB NMOMEXU N U3Me-
PUTENbHOIO CUTHaMa B 3KBMBAJIBH THbIX CXeMaXx CpeAcTB uU3Mmepe*
HUI pa3fiMyaloT Nomexu obLLero Bmaa (CUHgasHbIe) 1 NOMEXN HOpMaslb-
Horo (nocnegosatesibHble) Buga [69, 71]. VICTOYHMK MNOMEXM 06LLUero
BMAa BKJIIOUEH MeXAy 06WMUMK Toukamu (Koprycamu) cxeM o06bekTa
namepeHnii 1 CU. VICTOYHUK MOMEXN HOPMasibHOro BUda BKJIKOYEH Mo-
cnepoBaTtesibHO BO BXOAHYH Lenb CUL.

Mo BMAYy 4acTOTHOrO CreKTpa rnoMexm Aenatcs Ha 6enbiii u po3o-
BbIi LWyMbl. CHeKTpasibHble cocTaBnstoLwme 6enoro wyma paBHOMEPHO
pacnpegesnieHbl N0 BCEMY YAaCTOTHOMY AManas3oHy. Y po30BOro LLymMa Crek-
TpasibHas MOLLHOCTb, MPUXOAALLAACA Ha AeKafy 4acToTbl, MOCTOSHHA.

Mo OCHOBHbIM CBOWCTBaM MOMEXM MOXHO pasfennTb Ha TpY BUAa:
(hAyKTyauUnOoHHbIE, COCPEAOTOUEHHbIE U UMMY/IbCHbIE.

dAyKTyalMoHHble NMOMEXM MPEACTaBSAT Co60/i XaoTMUeCKoe,
6ecnopsgovHOe M3MEHEHMe BO BPEMEHU CUTrHasia, 0AHOPOLHOro C U3-
MepsieMbIM, B KaKoM-/Inbo MecTe cpefcTBa MamepeHuii. Takne nome-
XM 4acTo HasblBaloT WyMoM. [NpruMep — BHYTPeHHME LUYMbl U3Mepn-
Te/IbHbIX 3NEKTPOHHbLIX YycuauTenen. Pas3nnyaloT crnepyouive Buipl
LLIYMOB:

e TenaoBoi (wWym [>KOHCOHA), MO CBOMM CBOMCTBaM 6/IM3KUIA K
6enomy wymy. TensioBOW LUyM reHepupyeTcs 06bIM Pe3NCTopomMm,
Haxo4sAWMMCS B N3MEPUTENBHON Lienn. 3HadeHne ero COCTOUT B TOM,
UYTO OH YCTaHaBNVBAET HVDKHIOW FpaHULy HamnpshkeHWUs LWYMOB J1i0-
60ro m3mepmTenbHOro npeobpasoBaTesii, UMEKLWLEro BbIXO4HOE CO-
NpoTUBJIEHME;

* 1p060BLI, 00YC/TOBNEHHbIV ABV>KEHUNEM 3/1eKTPOHOB — [AMCKPET-
HbIX HOCUTEsIEN 31EKTPMYECKOro Toka. OH MMeeT paBHOMEPHbIA CREKTP,
T.e. ABNSIeTCA 6esfbIM;

* inkkep-wym. K gaHHOMY Buay OTHOCAT LUYMbl, Y KOTOPbIX Criek-
TpasibHasi MOLLHOCTb Ha AeKafly YacTOTbl MPUMEPHO MOCTOsIHHA, T.e. po30-
Bble LUYMbl, Hanpumep LUYM MOCTOSIHHOFO Pe3ncTopa, MpOonopLMoHasib-
HbI NPOTEKAIOLLEMY Yepe3 Hero TOKY, LUyM Toka 6a3bl TpaH3ucTopa 1 ap.

BnusiHne hnyKTyaLMoHHON NOMEXM yMeHbLUAETCA MpU ycpeaHeHUN
CYMMbIl M3MEPUTENIbHOIO CUTHaUuTa U MomMexn. MakcuMasibHoe YMeHbLLe-
HVe BANSAHUA YKTYaLMOHHOA NOMEXM Ha pe3ynbTaT U3MepeHUs BO3-
MOXXHO B TOM C/ly4ae, Korfa crnekTpasibHas Mi0THOCTb MOMEXW MOCTOo-
SAHHa B npefenax nosiocbl NPONycKaHWsA cpeacTsa U3MEpeHWi, T.e.
nomexa MMeEeT XapakTep 6e/10ro Lwyma.
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CocpefjloTO4YEHHbIMYM Ha3blBalOT MOMEXW, OCHOBHAasA 4acTb MOLLHO-
CTW KOTOPbIX COCPeAoToYeHa Ha OTAesIbHbIX yyacTKax AuanasoHa 4ac-
TOT, MEHbLUMX MNosiockbl nponyckaHus CU. Tomexn, HaBogMMble B U3Me-
puTenbHbIX Lenax CY 0T NpoMbILLIEHHOM CMA0BOM ceTu YyacToTon 50 Iy,
AB/IATCA COCPefoTOYEHHBIMN. 3MMEKTUBHOCTb UX MOAABMEHNS B 3HA-
YNTEbHOM Mepe onpefesnisieTcs AOCTOBEPHOCTbIO anpUOPHbIX JaHHbIX O
YacTOTHOM CMeKTpe.

MMMynbCHBIMU MoMexamMn Ha3bIBaeTCs perynspHas unn xaotnyeckas
nocnefoBaTeslbHOCTb UMMYbCHBIX CUMHAI0B, O4HOPOLHbIX C U3MepUTeSTb-
HbIM CUTHANOM. VCTOYHUKAMM TaKuxX Momex SBASATCA LMdpoBble U
KOMMYTUpyowme anemeHTsl C nnn padoTaroLlero psgoM ¢ HAMU ycT-
poiicTBa. XapaKTepHbI NpYMep UMMYJ/IbCHBIX MOMeX — MOMEXW OT YCT-
POMCTB 3a)KUraHus ABuUrartesieil BHyTPeHHero cropaHus. VimnynbcHble v
coCpef0TOYEHHbIE MOMEXM YacTO Ha3blBAKOT HaBOLKaMMU.

MOCKONbKY OCHOBHbIM CNeACTBUEM AENCTBUA NOMEXU SABMSIETCS MO-
SIBNIEHME MOrpeLlHOCTU U3MEPEHUS, TO CTapaloTCA YCTPaHUTb WK, MO
KpanHein Mepe, 0crlabuTb MX OENCTBME Ha cpedacTBa U3MepeHwuid. Ons
yCTpaHeHUs BNSIHUA TMOMeX LiesiecoobpasHo, ecsim 3T0 BO3MOXKHO, WC-
KMIOUUTL MNPUYNHBI UX BO3HUKHOBEHUS. Criocobbl 60pbObl ¢ momexamu
B 3HAUMTE/IbHOM Mepe 3aBUCAT OT UX CMEKTPasIbHOro cocTasa, Buaa ns-
MEpPUTEsSIbHOIO CUrHas1a 1 Momexu.

MHoOrve 13 3neKTpUYECKMX MOoMeX MOXHO YCTPaHUTb MyTeM 3KpaHW-
poBaHWsA, 3a3eM/IeHNs CPeAcTBa WU3MEPEHWIA, MPUMEHEHUS crieLmasibHbIX
(hnnbTpoB. TenaosBble LWyMbl MOTYT 6bITb 3aMETHO YMeEHbLLEHbI NPW ox/1a-
XKOEHUN NX UCTOYHMKA. OfHaKo B LiesioM 60pbba ¢ nomexamu ypesBblyarii-
HO CNOXHa W AB/IAETCA CKOPee WCKYCCTBOM, HEXenn Haykown. B oTaenb-
HbIX CNnyyasix NPUXoAUTCS MPUMEHSTb 0COGEHHO M30LLPEHHbIE MEPbI, Kak
TO: UCMO/Ib30BaHNe MOHOMIUTHBIX KaMEHHbIX CTO/I0B /151 UCKIOYEHUS Mo-
CTOPOHHeN BMbpaunn, pasmMeLleHVe CpeicTB U3MEPEHUR UM UX YacTeil B
TepmocTaTtax, MpoBefeHNe 3/1IEKTPUYECKON W 3/1IEKTPOMArHUTHOW SKpaHu-
POBKW MOMELLEHUI A1 YCTPAHEHUS 3N1EKTPOMArHUTHBIX HAaBOAOK.

10.2. MaTemaTunyecKoe ornmcaHme N3MepuTesibHbIX
cUrHasos
B METPOSIOrnMn N3MepPUTESIbHbIE CUTHaUTbl OMMNCbIBAKDTCA MaTemMaTtunye-

ckumu mogensamm euga Y = f(X, A, B, C,...), rae Y — 0CHOBHoOI MHop-
MaTMBHbIA MapameTp curHana; X — He3aBUCKMMbIA aprymeHT CUrHanga;
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AB>C — napameTpbl curHana. B 3aBuUCHMMOCTM OT pofda He3aBUCUMOTO
aprymeHTa CUrHasibl onucbiBaloTca BpeMeHHbIMU (X = t) M 4acTOTHbIMU
(X “ 10) maTemaTnyecknmun mMogenamu. Bua mogenv BblbnpaeTcs B 3aBU-
CUMOCTWU OT KOHKPETHbIX YC/10BMIA peLlaemor 3agayun.

Bo BpemeHHOI 06n1acTy MNPUMEHSIOT U3BECTHbIE MaTeMaTuyecKkue
dyHkumn f(t, A, B, C,...), Haubosiee TOHYHO OMUCbIBaKOLME U3MEHEHNE
CUrHana, B KOTOpbIX OAVH U3 napameTpoB A, B, C u T.4. 3aBUCUT OT
n3mepseMoli BenMUMHBLL. BpemeHHas dopma npeacTaBneHUss curHana
Mo3BOJISIET JIErKO ONpefesinTb TakKne BadKHble XapaKTepUCTUKU, Kak
3Heprus, MOLLHOCTb U AJINTENbHOCTb CUTHAaA.

Hapsgy ¢ BpeMeHHbIM OnMmMcaHMeM CUrHasI0B LLUMPOKO WUCMOJIb3YeT-
CA UX CMeKTpasibHOe (Y4acTOTHOe) npeAcTasneHWe. B npouecce nepe-
Jayun 1 06paboTKM CUTHa/I0B OHO UrpaeT 0cobylo Posib, MOCKOJIbKY On-
pepgensieT napamMmeTpbl UCMosb3yeMolr annapaTtypbl. YacToTHoe
npeacTas/ieHMe 0CHOBbIBAETCA Ha rnpeobpasoBaHum dypbee curHana Y (t):

@
Y(t) = A0+ £ Ancos(ncot + dn) f

n=1
roe Afl — noctosiHHaA coctaBnswowas; Ag, gri— amnanTtyga v asa n-n
rapMoHMKN. MHOXXecTBO 3HaueHUin A”co) n @,(10) 06pas3ytoT COOTBETCT-
BEHHO aMMAVUTYAHbIA M ha30Bblli CNEKTPbl, KOTOPbIE XapaKTepu3yoT
cBoMcTBa curHana Y (t) B 4acTOTHOI obnacTu. Takoi CNeKkTp HasblBaloT
NINHeNYaThIM, UNN ANCKPEeTHbIM. PasnnuyHble hopMbl MpeacTaBeHus
CNeKTpa Mepuoanyeckoro CUrHasia MoryT ObiTb TakXXe HaWlfeHbl ¢ Mno-
MOLLbI BbipaxkeHni (10.1) — (10.3). XapaKTepHblii BUA aMnaANTYyaHO-
ro n a3oBoOro CNEKTPOB A/19 HEKOEro NMepuoamMyeckoro curHana npuee-
JeH Ha puc. 10.3.

Puc. 10.3. AMNAnTygHbIn (@) 1 has3oBblii (6) AUCKPETHbLIE CMEKTPbI
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Mpu nocTeneHHOM yBeMYeHUN Nepuoga curHana (B npegene o bec-
KOHEYHOCTM) pa3HOCTM COCEAHMX YaCTOTHbIX COCTABASAOLWMX CNeKTpa
CTAHOBATCA HUYTOXHO Ma/bIMU U AUCKPETHbIN CAEKTP MnpeBpaLlaeTcs
B HEMPepPbIBHBLIN.

[Nnsa onucaHmMsa HenpepbIBHOMO CrieKpa HenepuMoauyeckoro curHana
Y(t) ucnonb3yT cneKTpasibHYl YyHKLUMI0 S(0>), MoAy/b CAEKTpasb-
HO hyHKUMK |S(<0)], YacTo Ha3bIiBaeMbli CNEKTPOM, U apryMeHT chek-
TpasnibHO hyHKUMKU argS(ci)).

CneKTpasnbHy0 YHKLUWI0O MOXHO OMNpeAennTb C MOMOLLbI0 WMHTe-
rpaia Pypoe:

S(>) = jY(t)e"hdt = |0n)|e-TrfS<*) = Re[S(0>)] - j!m[S(©)].

3necb Re[S((0)] v Im[S(w)]— peicTBUTENBHASA M MHMMasi 4acTu Chek-
TpaslbHOM (PYHKLWN:

Re[S(a>)]= JY(t) coscotdt; Im[S(to)] = jY (t) sinot dt.

Mofaynb 1 aprymeHT CreKTpasibHON PyHKLMN ONpeaensitoTcs cooT-
BETCTBEHHO MO (hopMysiam:

ISO)] = “"Re2[S(©)] + Im2[S(co)]; arg S(o) = arctg *

CniekTpanbHasa yHKUMS S(W) SABNSETCS KOMIM/IEKCHOA BeSIMYNHOINA,
cojepkallein MHpopMaunio 0 cNekTpe v amnanTyd, 1 a3, rnoaTomy
4yacTo ee HasbliBAOT KOMIMJ/IEKCHbIM CMeKTpoM. Moay/b yHKUumMn S@>)
SABNSETCA CNEKTPOM amMnauTyAd, HO OH BblpaXkaeT He HemnocpeacTBEHHO
aMmnauTyay, a ee CrneKTpasibHYK MA0THOCT.

CnekTpasnibHOe npeacTaB/eHNe cUrHana no3BossAeT OLEeHUTb ero vac-
TOTHbIV AManas3oH, T.e. FPaHUYHble YacToThbl, MEXAY KOTOPbIMU 3aK/1t0-
YeHbl BCE W/N OCHOBHblE, MMeOLWMEe HambosbluMe aMiIUTyAbl rapMo-
HUYeCcKMe CcocTaBnsLME cUrHana. YacToTHbI AgvanasoH siBASeTCs
Ba)KHOI XapaKTepUCTUKOWM CUrHana, onpeaenstowleri Heobxoanmyto no-
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Jlocy MponycKaHusi CpeacTBa M3MepPeHUs Afsl nepedaqyn CUrHasIoB ¢ Tpe-
6yeMOoii TOUHOCTLHO.

10.3. MaremaTnyeckme MoAenun afieMeHTapHbIX
N3MepPUTENIbHbIX CUIHa/I0B

K 3nieMeHTapHbIM U3MEPUTESIbHBIM CUIHa/laM OTHOCATCSI MOCTOSIH-
HbIA BO BPEMEHW CUTHA U CUMHasbl, ONUCbIBaEMble eAVHNYHOM N CUHY-
conpasibHOM PYHKUMSAMU, a Takke aenbTa-hyHKUMEN.

MoCTOsHHbI CUTHaUT — caMblii MPOCTOM M3 3/1EMEeHTapPHbIX CUTHa-
0B, OMNMCbIBAeMbIi MaTemMaTUyecko Mogesnbto Buga Y = A, roe A —
€AVNHCTBEHHbIN MapameTp curHana. padmkyM BPEMEHHOW U YacTOTHOM
MoZenieil MOCTOSIHHOMO cUrHana nNpuBeAeHsbl Ha puc. 10.4.

i. Y 1Y

a) 6)

Puc. 10.4. I'padmkn BpemeHHON (&) 1 YacToTHoOM (6) moaenen
MOCTOSIHHOIO CUrHana

EAVHWYHaRA yHKUUS, HasbiBaeMasi MHorAa hyHKLMeNR XeBucaiiaa,
OMNUCLIBAETCSA YPaBHEHUEM

npu t <to;

I(t-10= 4 npu t > t0.

OHa vMeeT 0AWH MapameTp — MOMeHT BpemMeHn t0. Ee BpemeHHas un
YacToTHas Mofenv npefctasneHbl Ha puc. 10.5,a.
JenbTa-hyHKUMA ON1CbIBAETCA YpaBHEHNEM
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O nput™*to;

8<t-t0) =
m it —g.

OHa TakXXe MMeeT OAWH napameTp — MOMEHT BpemeHu t0. 'pacdmkum
BPEMEHHOW M 4acTOTHOM Mogenen aenbTa-hyHKUMK §(t) mMokasaHbl Ha
puc. 10.5,6. N3 HUX BMAHO, YTO AenbTa-PYHKLUMS NMeET CNeKTp BecKo-
HEYHOW LUNPUHBI.

I(t) * S0

6)
Puc. 10.5. Mpadmk mogeneii eauunuHoii”Na) N aenbta-RyHKUmN(G)
JenbTa-pyHKUNA 06N1afaeT cnefyrowmm CBONCTBOM:

t,te
J6(t- to)dt = 16(t- tO)dt,
te-e

roe e — nboe, CKosb YrogHo Masoe umcno. OHa MOXKeT paccmaTpu-
BaTbCA Kak MpeaenbHash (yHKLUUS ogHOMapaMeTpUUeckoro cemeiictea
HenpepbIBHbIX MYHKUWIA, Hanpumep HopMasbHOro pacnpegeneHust ¢
6eckoHeuyHo MasibiM CKO c:
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5t -t 0) = aMBEKtzto)M2g!U.

0-»0 ova7l

EauHWUHas 1 aenbTa-hyHKLUUN CBA3aHbl MeXXy Cco6oii criedyoymMm
BbIPOKEHUSIMU:

Kt- 10) = 35(t- 10)dt, 8(t- 10) = — to)].
0

Ba)kHO 0CO6EHHOCTLIO AenbTa-PYHKUUN ABASETCA CTPobMpyoLLee
[JecTBME, KOTOPOE OMUCbIBAETCS YpaBHEHMEM

%D
IX(D)5(t- t0)dt = x(t0) =
o)

OHo ucnosb3yeTcs AN NpeAcTaBfeHNs AUCKPETU3NPOBAHHOW BO Bpe-
MeHN (PYHKLUMN C LLIAromM AucKpeTusaumnmn At:

xa(1) = A X(NAY)S(t- nAt).
M

rapMOHI/I‘-IECKI/IVI CUTrHaU1 onuncbiBaeTcAa ypaBHEHUNEM
Y(t) = Ymsin(cot + ¢) = Ymsin(27tt/ T+ cp). (10.5)

MapameTpamn Takoro curHasna siB-
nawTca: amnautyga Y m nepviog T
(nnn yactota f=1/T, wm Kpyro-
Bas yacTtoTa (0) M HavasibHas asa
¢. Mpadmk BpeMeHHOI mMogenn 06-
LLen3BecTeH, a rpakK YacToTHOW
MOZENN TaKoro curHana nokasaH
Ha puc. 10.6.

Puc. 10.6. CrieKTp rapmMoHMYeCKoro
curHana
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10.4. MaTtemaTtnyecKre Mogesin CAOXKHbIX N3MEPUTESIbHbIX
CcUrHasnos

B cpeacTBax M3MepeHUiA 1Cronb3yeTest 60/1bLLIoe UMCIO M3MepU-
Te/bHbIX CUIHAI0B, UMEOLLMX camMble pa3HoobpasHble qopmbl. Pac-
CMOTPUM HEKOTOpble M3 HUX, Haubosiee YacTo BCTpevatoLLpecs Ha
NpaKTuKe.

MpsivoyronbHble MMMY/IbChbl. OAMHOYHBIA UAEaSbHBIA MPSIMOYTOSb-
HbI Mnyke (pyc. 10.7,a) onNMcbIBAETCS YpaBHEHVEM

Y(t) = Ynl(t - t0)- I(t- 10- )],

T.e. OH (OPMUPYETCS KaK Pa3HOCTb [BYX AVHUUHBIX (OYHKLWIA, caBu-
HYTbIX BO BPEMEHW Ha BEMUUMHY X — J/IATENTbHOCTb MMIMY/IbCa.

Puc. 10.7. dopmupoBaHue mnaeanbHOro NpsiMOYrosibHOro umnynbca (a),
nocsiefloBaTeIbHOCTb MPSIMOYTO/IbHbIX MMMY/bCoB (6) M TpaneuenaaibHbiiA
nMmnysnesc (B)

MocreposaresibHOCTL NPAMOYTO/IbHbIX MIMY/1bCOB ECTb CyMMa 0an-
HOYHbIX MIMY/1bCOB:
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Y(@t) =£ Yn{l(t- KT)- I(t- KT - x)].
kd

[Ana ee onucaHNsA HeobXoAMMO 3HaTb TPW MapameTpa: amnanTygy Ym
AnuTenbHocTb T 1 nepuog T (puc. 10.7,6). OTHOLWeHWe Nepuoga K AfvTesb-
HOCTW MPAMOYT0/IbHOI0 MMMYyJ/bCa Ha3bIBAETCA CKBaXKHOCTHIO, a obparHas
BeNMUMHA — KO3thMLmeH TOM 3arosiHeHus:. [Mpy CKBaXKHOCTW, PaBHOW ABYM,
rnocriefoBaTe/IbHOCTb MMIMY/1bCOB Ha3bIBAIOT MeaHApoM (cM. purc.10.7,6).

MNpaeanbHble NPsAMOYrofibHbIE MMMY/bCbl B MPUPOLE HE BCTpeyatoT-
cs. B peanbHbIX MUMNYbcax BPeMS U3MEHEHUS CUTHaa OT HYNeBbIX [0
aMMNINTYAHbIX 3HAaYeHNI (M 06paTHO) Bcerga MMEET KOHEYHYIO A/INTE b-
HOCTb, T.e. (PPOHT Xthun cnag Tc (puc. 10.7,8). CnepoBartesibHO, y peasib-
HbIX UMMNYbCOB OyAeT TpaneuenjasibHas dopma.

TpaneuenaanbHbIi UMMY/IbC TAKXKE ABMSETCA uieanusauunii peasb-
HbIX UMMNYLCOB, KOTOPbIE NMEIOT ropasgo 6osee cnoXHyto gopmy. OHa
0T/INYAETCA 0T Tpaneumm crnajoMm BepLUMHbI UMMYbca, BbibpocaMn Ha
BEPLUMHE N B nay3e 1 ApYyruMm 0COGEHHOCTAMM, YYTEHHBLIMU B CUCTEME
rnapameTpoB peasibHOro NPAMoyrosibHoro nMmnyssca no FOCT 16465-70.

CurHanbl ¢ NMHENHbIMK yyacTKamu. py NOCTPOEHNWN CPeacTB U3-
MEPUTENbHOM TEXHUKN LLUNPOKOe NPUMEHEHNE HaxX0AAT NepuoanyecKkme
CUIHa/Ibl C JIMHENHBLIMM Y4acTKaMn. DTO NPeXXae BCEro SIMHerHbIN 3Ha-
KOMEpPeMeHHbIN 1 OAHOMONAPHBLIA NNHERHO n3mMeHswLWniAca (Nmnioob-
pasHblii) cnrHanbl (pyc. 10.8). JIMHEWHbI 3HAKONEPEMEHHbIA CUrHa
OMUCbIBAETCA YpaBHEHMEM

Puc. 10.8. JIMHeliHbIA 3HaKoNepeMeHHbIN (a) N 0g4HONOMSAPHbLIA JIMHENHO
n3meHswmiica (NnnoobpasHolii) (6) curHanbl
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4Ynt/T npu t e[0-,T/4];
Y(t) = 4YMT 4- t)/T+Ym nputel[T/ 43T/ 4];
4Ym(t- 3T 4)/T - Ymnpu t e [3T/ 4;2T].

MunoobpasHbin curHan Y(t) = Ym—, npu t e [0;T].

Mpuvep 10.1. OueHUTbL HUXKHIOW U BEPXHIOK YacTOThl MOIOCHI MPOMYCKa-
HUS U3MEPUTESIBHOTO KaHasla CpeacTBa M3MepeHWid, UCMosib3yemMoro st onpe-
[leNeHNst NapameTpoB TPex CUTHasIoB OAMHAKOBOIM 4YacToTbl 0 M amMnAUTY[bl
YLg A:

Y t(t) — cuHycomaansbHoro, onucbiBaemoro chopmynoii (10.5) npu = 0;

Y Jt) — NvHelHoro 3HakonepemeHHoro, onucbiBaemoro gopmysoii (10.6);

Y3t) — 3HAKOMEPEMEHHOr0 MeaHApa, OMnMcbIBAeMOro ¢opMysioi

A. npu O £ cot <K;

Yo =
- A npu4a<cot<2n

UTo6bl CPEACTBO M3MEPEHWIA MO3BOMSI0 TOYHO ONpPeaensiTb napameTpbl CUT-
Hasa, OHO He [O/MKHO MCKaxKaTb ero hopMy B MpoLiecce npeoGpasoBaHWin. Ans
3TOr0 BCE FAPMOHUKM CUTHaNa A0/IKHbI MPOXOAUTb Uepe3 U3MEepUTESIbHbINM Ka-
Han 6e3 MCKadKeHWiA. BbiNosiHeHWe [AHHOrO YC/I0BUS HepeasibHO, TaK Kak Mo-
noca nponyckaHuss CY1 KoHeuHa, a 4Mc/io rapMOHUK B CMEKTpe GecKOHEUHO.
Mo3ToMy B KauecTBe KpUTEPUS BbiGopa MaKCMMAaSIbHOM 4acToTbl MOMOCHI MPO-
NnycKaHusi M3MepUTeNbHOTO KaHasa MpuMeM crefylollee ycrioBue: Afisl BHece-
HUSI MUHUMa/TbHBIX UCKaXKEHU B (hOPMY M3MEPSIEMOrO CUFHaUTa KaHasl JO/HKeH
nponyckatb 6e3 UCKaXKeHWI ero rapMoHMKW, aMnanTyaa KoTOpbIX MpeBbllla-
eT, Hanpumep, 1% amMnanTygbl NepBOi rapMOHUKK. 3TO He o4YeHb CTporas no-
CTaHOBKA BOMpOCa, OAHAKO OHA MO3BOSIMT PELUMTL MOCTAB/IEHHYIO 3ajauy.

Onpegenvm crnekTpasibHbli COCTaB M3MEPSIEMbIX CUTHAMIOB, PA3/IoKUB X B

pag Pypbe:
Yt = A sincot;

Y» = sincot - isin3cot + — sin5cot---—--- sin7cot
r n\ 9 25 49

Y« = 44 (sin cot H—lsin3cot + lsin5(:ot + l5in7cot+..
3 n\ 3 5 7
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CreKTp MepBoro CuUrHasia CoAep>XXUT TOJIbKO MEPBYH0 FapMOHUKY C am-
naMTygoin A. CrneKTpbl BTOPOrO U TPETLEr0 CUMHAVI0B COLEePXKaT TOMIbKO He*
YeTHble FapMOHVKMK, aMr/IMTyda KOTOPbIX 3aTyxaeT C pasHOi WHTEHCMBHO-
CTbIO: Y CUrHana Y2 — nporopumoHasibHo 1/n2 rae N — HoMep rapMOHUKW,
ay curHana Yz — nporiopuyoHasnibHo 1/n. CooTBETCTBEHHO HOMEP rapMOHU-
K/ BTOPOrO CUrHasa, mocne KOTOpOoi WX ammnavTyfja CTaHOBWUTCS MeHbLLE
OiOIAj, paseH 11 (100/112«0,83%). [na TpeTbero curHasia 3to Homep 101
(100/101-0,99%).

Takvm 06pa3oM, Mpy U3MEPEHUN CUHYCOUAASIBHOMO CUMHa/1a MUHUMaSIb-
Has M MakcvMaslbHas YacToTbl MOJIOChl MPOMYCKaHWA KaHasna OAMHaKoBbl U
paBHbl 10. Mpy U3MEPEHN JIMHEAHOrO 3HAKOMEPEMEHHOIO CUrHas1a OHW COOT-
BETCTBEHHO coCcTaBAT 0» U co. Mosoca nponyckaHua pasHa 100. Jns 3Hako-
nepeMeHHOro MeaHapa 3KCTpeMasibHble YacToTbl paBHbl & U 1010, a nosoca
nponyckaHua — H30co.

MogaynmpoBaHHble cUrHasibl. MogyiMpoBaHHbIM Ha3bIBAeTCA CUT-
Hau, ABMAIOLWMICA pe3ynbTaToM B3anuMoZenicTBmsa ABYX Win 6osee cur-
HaU10B, T.€. MOgy/AauMn. Mogynsaumsa — 3T0 BO3AENCTBUE N3MEPUTESTb-
Horo curHania X(t) Ha Kakol-nnbo napameTp CTauMOHapHOro cUrHaia
Y (t), obnagatoiero TakMMm h3nHecKoi Nprpoaoi N XapakKTepoM U3-
MEHEeHUs BO BPEMEHWU, MpY KOTOPbIX YA0OHbI ero fasibHelluve npeobpa-
30BaHVA U nepegadva. B KayecTBe cTalMOHApHOIo cCUrHasla, MMeHyemo-
ro Hecywmm, 00bIYHO BbIGMPAIOT CUHYCOUAASIbHOE (FapMOHMYECKOE)
KonebaHve

Y (t) = Ymsin(coOt + ¢0) (10.7)

WM NocsefoBaTesIbHOCTb MMIMY/1bCOB.

dusnyecknii Npowiecc, 0bpaTHbIM MOAYNALMKN, Ha3bIBAETCA AEMOY-
NAUVENR, U JeTeKTVPOBaHUEM, W 3aK/OYaETCs B MOTyHEHUM U3 MO-
AyNNPOBaHHOIO CUrHas1a APYyroro CUrHasa, NporopuyioHasIbHOro Moay-
nupytowemy. 3agaya gemogynsaumm — Mo BO3MOXHOCTM MOSTHOe
BOCCTAHOBJIEHME MHGOpMaumK, codepXkalleiica B MOAY/IMPYHOLLEM CUT-
Hane X(t).

Bug mMogynsauum m cnocob AeTeKTMpOoBaHWA 3aBUCAT OT Tpebosa-
HWI, NPegbsBAsSeMbIX K TOUHOCTU nepefaqn uHgopmauun. Hambonee
NPOCTbIM MOLY/IMPOBAHHbLIM FapMOHMYECKUM CUIHaUIOM SABNSETCS am
NANTYAHO-MOAY/IMPOBAHHbIA CUTHa, B KOTOPOM M3MEpUTENIbHasA WH-
dhopmaumsa cogepXKUTCS B aMINTYAE HECYLLIEN0 CUHYCOUAA/TbHOIO CUT-
Hana (puc. 10.9).
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Puc. 10.0. AMNANTYAa0-Moay/IMPoBaHHbI (1) i Mogyrvpyrowmia (2) curHasibl

AMNANTYAHO-MOAY/IMPOBaHHbIE CUTHa/Ibl ONUCbIBAOTCA (hOPMY/I0M
Yt =Yml+m 2 sin@0t+d0), (10.8)

rae m—ryoyHa avrTyaHoM AL (BCErJa MEHbLLE eVHLIbI).
Mpy YacToTHOM MoayrsLwmn (piic. 10.10) vBMepuTeSibHas MHGOP-
MaLIs CONEPXKUTCS B YacToTe MOy IMPOBAHHOMO CUrHasia, T.e.

EO=E0+A, >

roe B — HavbosblLEE VBVEHEHVIE YaCTOThbl MOAY/IMPOBAHHOIO CUMHa-

na, T.e. JEBMALMA YaCTOTb, MPOMNopLyOHaibHasA aMriyIATye Moy -
PYIOLLIETO CUTHAA.

Moy chazosoii ModyrsiLym (puc. 10.11) ModyrmpyroLLi curHan X(t)
BO3AENCTBYET Ha (hasy HECYLLIET0 KorebaHus:

Y(t) * Ynsinja>0t +do 1+ T i

roe T oh— koadpLyieHT ¢hasoBoii MOy LM,
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Puc. 10.10. YacTtoTHO-mMoAaynvMpoBanHbii (1) n Mogynupyrowmin (2) curHasbl

[na Toro 4tobbl NPU AETEKTUPOBAHUN MOXHO Obl/1I0 BOCCTAHOBUTL
MOAYNMPYIOLLNIA curHan, Heobxoanmmo uUMeTb curHan suga (10.7), Ha-
3bIBaeMbIi OMoOpHbIM. OTHOCUTESIbHO Hero HabnjatT, Kak MeHsieTcs
thaza Moay/IMpoBaHHOIO cUrHana. MogynumpyoLwuii, Moay/IMpPoBaHHbIN
M OMOPHBIM CUrHas1bl MoKalaHbl Ha puc. 10.11.

Puc. 10.11. Moaynupytowmii (1), dhasoMoay/IMpoBaHHbIi (2) 1 onopHbIi (3)
CUTHabI

Ecnv moaynupyembiM CUTHA/I0M SIBASETCA Mepuoamyeckas nocre-
[0BaTe/IbHOCTb MPAMOYIO/IbHbIX UMMY/IbCOB, TO BO3MOXXHbI TpU Buia
mMogynauum (puc. 10.12):

*aMnUTygHO-UMNynbcHas (AM);

*4acToTHO-uMnNynbcHasa (HM);

* LUIMPOTHO-UMNYyibcHasA (LLIM).
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PBe. 10.12. Hecyuwaa nocneaoBaTe/ibHOCTb MPSAMOYTO/IbHbIX VMMMY/LCOB (@),
MoAy nvpytowmii (6), amnanTyaHO-MOAY/IMPOBaHHbIV (B), 4YacTOTHO-MOAY/IMPO-
BaHHbIM (I) N LUMPOTHO-MOAYNNPOBaHHbIV (4) CUrHasbl

[Mpv 3TOM MapPaMETPOM, HECYLLM M3MEPUTE TbHYHO HGOPMALIMIO, COOT-
BETCTBEHHO SIB/ISHOTCS aMIVIATY/ia, YacToTa 1 AfIUTESbHOCTb UMITY/1HCOB.

10.5. KBaHTOBaHMe N gUCKpeTn3auna U3mMepuTebHbIX
CUrHasnoB

Mo XapaKTepy M3MeHeHWs MHOPMATUBHOTO MapaMeTpa CUrHaslbl
[IENSITCS Ha YeTbIpe rpynmbl:

< HerpepbIBHbIV MO BPEMEHN U pasMepy;

< HemnpepbIBHbIV M0 BPEMEHM W KBAHTOBAHHbIA MO pasviepy;

* [IVCKPETU3MPOBAHHbIN M0 BPEMEHM U HEMPEPbIBHbIN M0 pasvepy;
« [VCKPETV3MPOBAHHbIN MO BPEMEHW U KBAHTOBAHHbIA M0 pasvepy.
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CurHasibl., HenpepbIBHbIE MO BPEMEHU 1 pa3mepy, — Hanbonee pacnpo-
CTpaHeHHble (cM. puc. 10.2,a n kpmeas 1 Ha puc. 10.13). OHM YvaLe Bcero
BCTPEYAOTCH B MPaAKTUKE M3MEPEHUIA, MOCKO/IbKY BCe MePBUYHbIE MPUPOS-
Hble CUTHa bl MaKpoMMpa HernpepbIBHbI MO BPeEMEHU W pa3Mepy. Takue
CUrHaUTbl oMnpeaeseHbl B /1060 MOMEHT BPEMEHM CYLLECTBOBAHUS CUrHana
M MOTYT MpUHUMATL /obble 3HAYEHUS B AManasoHe ero U3MeHeHUs.

Puc. 10.13. VcxofHbIA HenpepbiBHbI (1) U HEMpPepbIBHbIA M0 BPEMEHU U
KBaHTOBaHHbIN Mo pasmepy (2) curHasnbl

CurHasnbl, HenpepbiBHblE M0 BPEMEHU M KBAHTOBaHHble Mo pas-
Mepy Mosly4arTCa U3 CUrHana, HemnpepbIBHOIO Mo BPeEMeHU W pas-
Mepy, MOCPeACTBOM €ro KBaHTOBaHWA. KBaHToOBaHWe — WU3MepU-
TeNbHOe npeobpasoBaHMe HeMpPepbIBHO M3MEHSIOLLercs Be/IMYNHbI B
CTyneH4yaTo U3MEHSALWYICA C 3aaHHbIM pasMepoM CTyMeHu q —
KBaHTOM. B pe3ynbTate npoBefeHUss 3Tol onepauum HernpepbiBHOE
MHOXXeCTBO 3HauyeHui curHana Y(t) B guanasoHe oT Yningo Y na
npeobpasyeTcs B AUCKPETHOE MHOXXECTBO 3HaueHu Y Kgt) (cm. puc.
10.13). KBaHTOBaHMe LLUMPOKO NPUMEHSAETCA B U3MEPUTESTbHOM TeX-
HuKe. CyuiecTByeT 60sblUas rpynna ecTeCTBEHHO KBaHTOBaHHbIX
hunsnyecknx BenanUYMH. K HMM OTHOCATCA 3NeKTPUYeCKUIA 3apsag,
KBAHTOM KOTOPOro sIBNAETCA 3apsAf 3/1IeKTPoHa, macca Tesna, KBaH-
TOM KOTOpO/ SABNAETCA Macca MOsieKyfbl WM aToma, CcocTaBrisio-
Wnx faHHoe Teno, n ap.
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Pasnnyalor paBHOMepHOoe (q — MOCTOAHHAA Be/INYMHA) U HepaBHO-
MepHOe (g — nepeMeHHas BeNnM4yMHa) KBaHToBaHWe. HepaBHOMepHOe KBaH-
TOBaHWe MPUMEHSIeTCA A0CTATOYHO PeAKo, B cneLmtUnyeckux criyvasx,
HanpumMep npu 60/1bLLIOM AMHAMUYECKOM Anana3oHe KBaHTYeMOW Benu-
UYMHbI. B CBA3M C 3TUM B JaU/IbHelLleM paccMaTpuBaeTcs TO/IbKO paBHO-
MepHoe KBaHTOBaHWe.

Mpouecc KBaHTOBAHMSA OMUCLIBAETCA YpPaBHEHUEM

Y he(t)=N(ti) g * 1 (t-19,

roe Y K§t) — kBaHTOBaHHbIM curHan; N(t;) — uucno keaHToB; I(t-tj) —
eIMHUYHasA hYyHKLUS.

JTio60n npouecc U3MepeHUs Mo CyTU CBOel eCTb MpoLecc KBaHTOBa-
HUA. Hanpumep, Npy U3MepeHuUn OJ1MHbl Tena JIMHENKOM ¢ MUNIMET-
POBbIMU AefleHUAMU onpeaenseTcs Lenoe Yncsio MUIIMMeTpoB, Hambo-
nee 6113K0e K UCTUHHOMY pasmepy Tesia. B gaHHOM cnydae B ponu
KBaHTa BbICTynaet MunanmmeTp. Mpu 1cnosib3oBaHN MUKPOMETPA KBaH-
TOM SAB/ISAETCA Be/MYMHA, paBHas 10 6 m.

PasHoCTb MeXay WCTUHHBLIM 3Ha4yeHVeM [/IVHbI Tena n N3MepeH-
HbIM SINHel KoM ecTb NOrpeLlHOCTb KBaHTOBaHUA. MorpeHocTb KBaH-
TOoBaHUA A — MeToAMYecKasi MorpeLlHoCTb OTPaXKEHUS HenpepbIBHOM
BEJ/INYVHbI OTPaHNYEHHbIM M0 YMNCYy pa3psafos ymcnom. OHa pasHa pas-
HOCTU MeXAY 3Ha4eHWeM HernpepbIBHOM PYHKUMN U 3HAYEHMEM, MOSY-
YeHHbIM B pe3y/fbTarte KBaHToBaHWUA (cMm. puc. 10.13).

Bo3MoXXHbI [13] veTbipe criocoba KBaHTOBaHUA, MpU KOTOPbIX 3Ha-
YeHMe HenpepbIBHON aHanoroBoi yHkummM Y (t), Haxoaslleecs Mexx-
4y ABYMSI U3BECTHbIMU 3HaYeHusMU YLu Yi+l, rge Yitl= Y (+q, oTpa-
»KaeTca uMpoBbIM 3HaYeHneM N, NosyveHHbIM MNOC/ie ee KBaHTOBaHUA.
Cnocobbl 1 opMy/ibl AN pacyeTa YMCNOBbIX 3HaYeHWn N 1 norpetwu-
HOCTell KBaHTOBaHMA A nNpuBefeHbl B Tabn. 10.1. Tam »Xe npuBeaeHbl
MaKcuMasibHble 3HayeHWs MOrpeLHocTU KBaHToBaHUA Am (Int(x),
Frac(x) — uenas m gpobHas 4vactm uucna X; sign(x) — yHKUMS,
paBHas 1 npy x >0 m-1 npu x < 0).

Mo>kHO nokasaTb [13, 14, 88], 4TO NOrpewHoOCTb KBAaHTOBAHMSA BO
BCEX PACCMOTPEHHbIX C/iyyasaXx MogUYNHAETCA PaBHOMEPHOMY 3aKOHY
pacnpegeneHunsa. B nepBom cnyvae oHa pacripefesieHa B guanasoHe oT
0 fo -g n nmeeT matematuyeckoe oxxugaHve M[O] = —q/2, Bo BTOpoM —
ot 0 go +q ¢ M[A] = g/2, B TPeTbeM U YeTBEPHOM — OT -q/2 o0 + q/2 ¢
M[] = 0. CpegHee KBagpaTnveckoe 0TK/IOHEHWE MOrPeLLIHOCT NPU BCeX

BUAaxX paBHOMepHOro keaHToBaHusA a(d) = g/iny/3).
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Ta6nnya 10.1
Cnocobbl KBAaHTOBaHUS

Crioco6 npeacTaBrieHyst

dopMy/ibl 1 pacteTa UMC/IOBOrO 3HaYeHNS  Am
aHaJs10roBOM BEINUMHBI

1 abCOOTHOI MOrPELLHOCT KBAaHTOBaHSA
HwkHee uncnosoe 3Ha- N = Int[Y(t)/q] q
yeHve

D=-q Frac[]Y(t)/ql]

BepxHee uwncnoBoe 3Ha- = i
o N = Int[Y (t)/q] +1 =sign[Y(t)] q

A= -qg{sign[Y(t)]- Frac[Y(t)/q]}

HwkHee 4vcioBoe 3Have- = i /2
HE, VECTAMEHHDE Ha Ut N = Int[Y(t)/q] +0,5sign[Y(t)] q

CioBYt0 rorpasky +0,5 A=0,5q{sign[Y(t)] - Frac[Y(t)/q]}

HwkHee umcrioBoe 3Haue-

= Intj i - 12
HVe 1PV aHarloroBOM BBE- N =1IntjY(t)/ q +0,5sign[Y(t)]j q
i ronpaBich, PO A= qFraclY(1)/ g +05sign] Y(bj

Ecnn 3agaHo MmakcumasibHO gonyctumoe 3HadeHre CKO c Ly To gaH-
Hasa opmMyna AaeT BO3MOXXHOCTb OMPefenIUTb YMC/I0 CTyneHerd Nm
npn Kotopom CKO MorpeLuHocT KBaHTOBaHWS He NpeBbIcuT aT. Odeit-
CTBUTE/IbHO, y4nTbiBas, 4To d = XmMNmM roe Xm— mMakcumasibHoe
3HaueHMe KBAHTYEMOro CUrHasia, MNoslyyMm WUCXOA4HOe HepaBeHCTBO

a() = g\2>/3]= X1/blT2-\/3]< aT1 . Nocne npeocbpazoBaHNs

N ~ X - 1 °'289
T cCT-2>3 b51-2103 8r ’

roe 5T1=oT/XT.

CurHasibl, AUCKPeTU3MPOBaHHbIE MO BPEMEHM U HemnpepbiBHbIE MO
pasmepy NOsy4atTCs U3 HEMPEPbIBHbLIX MO BPEMEHU U pasMepy CUrHa-
OB MOCPEeACTBOM AMCKPeTU3aLmMKn. AnckpeTmnsaumns — U3MepuTesisHoe
npeobpasoBaHme HeEMPEPbLIBHOrO BO BpeMeHW curHasia Y(t) B nocriefosa-
TeNbHOCTb MIHOBEHHbIX 3HayeHUIn aToro curHana Yk=Y(kAt), cooTeeT-
CTBYHOLMX MOMeHTaM BpemeHn KAtL, roe K =1; 2; ... VIHTepBan Bpeme-

HU At Ha3bIBaeTCA LaroMm AMCKpeTu3saumn, a obparHas eMy Be/muMHa
f =1/At — yacTOTOl gMCKpeTU3aLUN.

242



Mpouecc anckpeTusaymm HenpepbIBHOIO CUrHana rnokasaH Ha puc.
10.14. MaTemaTU4eCcKM OH OMUCLIBAETCHA C NMOMOLLbI0 AesbTa-QyHKLMN
5(t-kAt), KoTopas, KaK M3BeCTHO, 06s1ajaeT CTPOOGUPYOLLMM AENCTBU-
eM. VaeanbHblii AUCKPETU3NPOBaHHbIN CUTHa Y4 ABNsieTcs nocsefoBa-
TENbHOCTbIO MMMY/IbCOB HYNEBOW A/INTENbHOCTU U aHanUTU4YecKn Mo-
XKeT O6bITb NpeacTasneH B BUAe

Y(kAL) = \; Y(kM)A(t - KAL),
kol

rae Y(kAt) — 3HaueHVe HernpepbIBHOro curHasia B k-1 Touke AmMcKpeTmnsaumin.

Puc. 10.14. OnckpeTmsaumsa HenpepbIBHOMO curHana (a) v norpeLuHocTb
BoccTaHoBNeHus (6):
1 — uncxXoAHbIV HEMpPepbIBHBIA CUTHAST;, 2 — CUTHau, ANCKPETU3NPOBaHHbIV MO BpemMeHst
1 HenpepbIBHbIV MO pasMepy; 3 — BOCCTAHOB/IEHHbIV C MOMOLLbIO Mo/IMHOMA J1arpaHyka
HY/1eBOIi CTENEHW HenpepbIBHbI BO BPEMEHWN CUTHa
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JcKpeTnzaumst 6bIBaeT paBHOMEPHON. (At = const) 1 HepaBHOMEPHOIA
(At — nepemeHHas1 Be/uMHa). YacToTa AVUCKPeTU3aLmmn BbIBpaeTcs Ha
OCHOBE arpUOpHbIX CBEAEHWA O XapaKTepUCTUKaX AUCKPETU3NPYEMOro
curHasia. Ha npakTrke HanbosibLLiee pacrnpocTpaHeHvie Mostyyia paBHo-
MepHast AVCKPETM3aLMs. 3T0 06BACHSETCSI TEM, YTO a/IrOpUTMbI AVCKPe-
TU3aUMM 1 MOC/IeAYHOLLIEr0 BOCCTAHOB/IEHWS CUTHa/a U COOTBETCTBYHO-
L@ annapaTtypa 0THOCUTENbHO NPOCTbl. OAHAKo NPY HeLOCTaTOHHOCT
arpyopHbIX AAHHbLIX 0 XapaKTEPUCTUKAX CUMHasTa UM UX HEKOPPEKTHO-
CTW BO3MOXXHA 3HauMTe/TbHas U30bITOYHOCTb OTCUETOB.

Mo cnocoby Mony4eHUst AUCKPETHBIX 3HAUEHWI pasnnyatoT dimsmye-
CKYH0 W aHa/IMTUYECKYIO AVICKPETU3aLNN.

Mpy hn3nyecKon ANCKPETU3aLMMA, T.€. AUCKPETU3aLMK, OCyLLie-
CTB/IIEMOV anmnapaTHbIMU CPeacTBaMM 3NeKTPOHMKM (puc. 10.15,a),
npeobpasoBaHne HeMpepbIBHOrO CUrHaa B Noc/1ef0BaTe/lbHOCTb MIHO-
BEHHbIX 3HAYEHWIA OCYLLIECTB/ISIETCA C MOMOLLbH0 CTPOOUPYHOLLIETO NM-
ny/sibca KOHeYHol (HeHyneBoi) gmTtensHocty Tc (puc. 10.15,6). Mo-
3TOMY amMn/IMTYa AVNCKPETU3NPOBAHHBIX 3HAYEHW MOXKET HAXOAUTLCS
B AvanasoHe oT YB™) po YBIGj+TC). MocKonbKy AMCKPETU3MPO-
BaHHOE 3HaueHVie OTHOCAT, Kak Mpasusio, K MOMEHTY BpeMeHu tt, To
BO3HMKAET MOrpeLlHOCTb AaTUpoBaHna oTcueTa Afl=Y BIXt) —Y @
MaKCUMasibHOe 3HadeHvie Kotopoii Aar= YBIXtj+xc) —YBIXti), rae
Y@ — HeKkoTopoe 3HadeHve curHana Y @e[YR(ti); Y B ti+Tc)]>3aBu-

Puc 10.15. CTpyKTypHas cxema npouecca hu3nyecko guckpetmsaumm (a) n
OCHOBHbIe CUTHa/bl B YKPYMHEHHOM BpPeMeHHOM macluTabe (6)
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csilliee OT annapaTHoW peann3alun YCTPOACTB, ANCKPETUIUPYIOLLNX U3-
MepUTESbHbIA CUrHa.
JunckpeTnsaums nveeT MecTo B pacyeTax MpoLeccoB, MPOBOAVUMBIX
C MOMOLLIbIO BbIYUC/IUTENBHOM TEXHUKW. B 3TOM crlyyae oHa HasblBaeT-
CS aHa/INTUYECKOM (MaTemMaTMYeCKoi, pacyeTHoM, ycnosHol). Mpn Ta-
KO AVCKpeTU3auun AINTeNIbHOCTb CTPOGMPYIOLLEr0 MMMy ibca paBHa
HY/10; CriefoBaTesibHO, MOrPeLHOCTb AAaTUPOBAHUSA MPUHLMNUASIBHO
OTCYTCTBYET W AUCKPETU3NPOBAHHOE 3HAYEHNE OTHOCUTCS K 3a4aHHOMY
MOMEHTY BPEMEHWU, T.e. ONpeaesisieTcsl MrHOBEHHOE 3HaYeHWe curHana.
B AMCKPeTU3VPOBAHHOM CUrHasie OTCYTCTBYHOT MPOMEXYTOUHbIE
3Ha4YeHUs1, KOTOopble COAEPXKa/INCb B UCXOAHOM HEMPEPLIBHOM CUMHAsTE.
S OfHaKo YacTo NPUHLMNNAIBHO HEOBX0AMM HeMnpepbIBHbIA curHasn. Mo-
3TOMY BO MHOIMX C/yyasix AUCKPETU3MPOBAHHLIV curHan TpebyeTcs
i Npeobpa3oBaTb B HEMPEpPbIBHbIN, T.e. BOCCTAHOBUTL €ro MpPOMEXYTOu-
* Hble 3Ha4YeHUs. 3afayva BOCCTAHOB/IEHUS AMCKPETU3VPOBAHHbLIX CUTHaA-
JI0B B 06LLEM C/lydae aHa/lorMyHa 3agadve WUHTEpPMNoMpoBaHUs (OyHK-
i umiA. Mpyn BOoCCTAHOBIEHMM MCXO0AHOr0 curHana Y (t) no CoBOKYMHOCTU

I BbIGOPOK YAKAL) dhopmmpyeTcst 0606LLEHHbI MHOrousieH

rae Cj(t) — cuctema 6a3mcHbIX MYHKLWIA, KOTopas 06bIMHO SB/ISIETCA
OPTOroHasIbHOW WM OPTOHOPMUPOBAHHOM; a@; — KO3hhULMeHTbI psaga.
Ero 3HaueHMs B TOYKax [AMCKPETU3aLMM COBMAAAIOT CO 3HAYEHUSAMU
HenpepbIBHOM (hyHKUUK. B psge cnydaes npu hopMUpoBaHUA BOCCTa-
HaB/IMBAIOLLIEr0 MHOro4/1IeHa HaKNaabIBaeTCcs YC/10BMe COBMafeHUs npo-
M3BOAHBIX [0 334aHHOro rnopsiaKa n BKIOUYUTESBHO.

Mpy BOCCTAHOB/IEHUM HEMPEPbLIBHBIA CUTHAT HA K&XKAOM M3 yyacT-
KOB MeXJy COCeAHUMMW AMCKPETHLIMU 3HAYEHUSAMU 3aMEHSIETCH Kpu-
BO, BM[ KOTOPOI onpefensieTcsl BblbpaHHbIMU 6a3UCHLIMU (YHKLNS-
Mu. BoccTaHoBNeHWe HenpepbIBHOIo CUrHasia U3 AUCKPEeTU3NPOBaHHOI0
[O/IKHO NMPOBOAUTHLCA C BO3MOXKHO MeHbLLEN 3aaHHO MOrpeLLHOCTbIO.
[na aToro Heo6xo4MMO COOTBETCTBYIOLLIMM 06pa3oM BblopaTb 415 AaH-
HOro yyacTka CUrHasa BocCTaHaBMMBAIOLLYHO 6a3UCHYI0 (DYHKLMIO.

KoaththmumeHTbl psga 1 6asncHble yHKUMM MOTYT BblGMpaTbes Ha
OCHOBe pas3/IM4HbIX KpuTepues [14, 88], Hanpumep: HanbosrbLuero oT-
K/I0HEHUA [14], MUHMMYyMa MOrPELLUHOCTU WM COBMaAEHUs 3HaYeHWIA
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BOCCTAHABNMBAEMOr0 HEMPEPLIBHOIO CUTHasIa C MTHOBEHHbIMW 3HAaYeHUs-
MW ANCKPETU3NPOBAHHOIO CUTHana. B n3mepuTesnibHOM TeXHUKe Hau-
60/1ee LLNPOKO MCMO/Ib3YeTeca MOCNefHN KPUTEPUiA, TaK KakK OH ya06eH
L7151 @aHANUTNYECKOro BOCCTAHOB/IEHUSA C MOMOLLbI0 KOMMbIOTEpPA Ha 0C-
HOBE pe3y/IbTaToB M3MEpPEHUS MIHOBEHHbIX 3HAYEHUA ANCKPEeTU3NPO-
BAHHOIO CUrHasa, oT/inyaeTcs MpPoCTOTON peanmnsaumMm U [OCTATOUHO
BbICOKOW TOYHOCTbHO.

BoccTaHoBMEHME CUrHaMa B AaHHOM Crlydae perynvpyeTtcsi Teopemoit
KoTenbHnKoBa, KoTopas opmynupyeTcs criefytowmm obpasom: ecnm
dyHKUmMsa Y (t), yooBneTeBopsowan ycnosmam Aupuxne — orpaHun4eHa,
KYCOUHO-HernpepbIiBHa, UMEET KOHEYHOe YMC/I0 IKCTPEMYMOB — U obna-
JaioLas crnekTpoM € rpaHUYHoOM yacToToi fc, ANCKpeTU3npoBaHa LMK-
Nindeckn ¢ nepuogom At, MeHbWMM uUnn pasHbiM |/(2fc), T.e. > 2fc,
TO OHa MOXXeT 6bITb BOCCTAHOB/IEHA MO BCeli 3TOM COBOKYMHOCTW €e MIHO-
BEHHbIX 3HAYeHU 6e3 NorpeLuHOCTU.

Ecnun Teopema KoTenbHUKOBA BbINOMHAETCH, TO HEMPEPbLIBHbIA CUT-
Han Y (t) MoXeT 6biTb BOCCTAHOB/IEH KaK CyMMa 6a3uCHbIX YHKLNMA,
Ha3biBaeMbIX psgom KoTeslbHUKOBA:

YRt) = ~ Y(nAt) Sin[(°c(t "At)] = £Y(nAt)FONt),
ntl ®c(t- nAt)

rae tc=271fc — Kpyrosas rpaHM4Has 4yactoTa crekTpa HenpepbIBHOMO CUT-
Hana Y (t); At — nepuvog amckpetusaumn; FA(t) — pyHKUMA 0TCHETOB.

Pan KoTesibHMKOBa ABNSETCA OAHMM M3 MPUMEPOB 0606LLeHHOr0
paga dPypbe 1 3amevaTesieH TeM, UYTO ero Koa(ULUNEHTbI paBHbl MIHO-
BEHHbIM AUCKPETU3MPOBaAHHbLIM 3Ha4YeHUAM curHana Y(t) wu, cnegosa-
TeNbHO, ONpeaenstTca Hambosnee NPoCTbIM COCO60OM.

Mpw ncnonb3oBaHMKM TeopeMbl KoTeslbHNMKOBa BO3HUKAET psaf NPUH-
unnmasnbHbIX 3aTpygHeHnii [13]. Teopema npegHasHaveHa 15t CUTHa-
J10B C OFrpaHMYeHHbIM YacTOTHbIM CMEKTPOM, a peasibHble CUrHasbl NMe-
0T 6ECKOHEYHbIN YacTOTHbIA CHEKTP. VICKYCcCTBEHHOe OorpaHuyeHue
peasibHOro 6eCKOHEYHOro cnekTpa 4vacTtoTon fc (B MpeanosioKeHnm, 4To
npu yactoTtax, 6onblumx fc, CNeKTp paBeH HYJI0) NPUBOAUT K BO3HUK-
HOBEHWIO MOrPELUHOCTN BOCCTAHOB/IEHUS.

B AelicTBUTENbHOCTU ANCKPETU3MPOBAHHbIE 3HAYEHUS CUrHaNa Npak-
TUYECKN HUKOTAA He ABMAITCA MIHOBEHHbIMW. Yalle Bcero oHW Bblpa-
XKalT yCpeAHEHHO0e 3a HEKOTOPbIA KOHEYHbIM (XOTS M BecbMa Mavlblif)
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| nHTepBa1 3Ha4YeHue curHana (cm. puc. 10.15,6). 3ro obycnaBnmBaeT BO3-
| HUKHOBEHWE MeTOAMYeCKOr MOrpeLlHOCTU BOCCTAHOB/IEHUSA CUTMHana.
Kpome noninHomoB KoTesibHMKOBA LLUMPOKOE MPUMEHEHVE B KayecT-
Be 6a3UCHbIX (PYHKLWIA Haln CTEMEHHbIE asirebpanyeckme NosIMHOMBI
| JNarpaH>xa (cm. pnc.10.14,6) n Yonwa [14].
MorpewHoCTb BOCCTAHOB/IEHNA AUCKPETU3MPOBAHHbLIX CUTHAsI0B
paBHa pasHOCTM MeXXAy 3HayeHUSIMU HerpepbIBHOM MCXOAHOM (yHK-
. UMK 1 BOCcCTaHaBnuMBawLlen PyHKUMM. OHa CyLlecTBEHHbIM 00pa3oMm
[ 3aBuCKUT OT BMAA UCNOMb3yeMor 6a3ncHOM PyHKLUMKW. 15 BOCCTaHaB-
| nuBaloLLen PyHKLMN Ha OCHOBE MOSIMHOMOB JlarpaHya HyseBoi cTene-
M NOrpeLHoCcTb BOCCTAHOBMIEHMA MNOKasaHa Ha puc. 10.14, 6.
MorpeLlwHoCTL BOCCTAHOB/IEHNA 38BUCUT OT 3aKOHa U3MEHeHUs Auc-
peTunsnpyemoii hyHKUUK, BbIGPaHHbLIX BOCCTAHAB/IMBAKOLLMX MOSNHO-
MOB 1 BE/IMYMHBI LIAara Uan 4acTtoTbl AUCKPeTU3aumm. YHem mMeHee rnag-
KO U MOHOTOHHOW fAABASeTCA AuckpeTusmpyemas QyHKUUA (T.e. Yem
60/1bLLIe B ee CNEKTPasIbHOM COCTaBe BbICLUMX rapMOHUK), TeM 60/ibLue,
npu NPoYMX pasBHbIX, MOrpeLHoCTb BOCCTAHOB/IEHUA. Bbli6op BoccTa-
HaBNMBaLLMX NOIMHOMOB B/IUSAET He TOSIbKO Ha MOrPeLlHOCTb, HO U Ha
C/IOXHOCTb M CTOMMOCTb peanusylolleli JaHHbI cnocob BoccTaHoOBIIe-
HUA annapaTypbl. [03TOMY Ha MpakTUKe CTPEMSATCA UCMosb30BaTh MO
BO3MOXHOCTU Hambosiee NMpocTblie annpoKCUMUPYIOLLNE BblPasKEHUS.
MorpewHoOCTb BOCCTAHOB/IEHNA A0BOAAT A0 TpebyeMor BesIMYnHbI
rnaBHbIM 06pa3oM COOTBETCTBYIOLLMM BbI6GOPOM LIAra AUCKPeTU3aumn.
Ou4eBUAHO, YTO MPU ero yMeHbLUEHNM MOrPeLlHOCTbL BOCCTAHOB/IEHUSA
cHmwkaeTcda. OgHako Npy MasbiX At M3MepuTenbHbI Npubop fon-
>XEH MMeTb 0YeHb BbICOKOE ObICTPOAENCTBME, UTO TpebyeT YC/I0XKHe-
HNSA ero KOHCTPYKLUUWN N MPUBOAUT K YBe/IMYEHUIO cTommocTu. Kpo-
Me 3TOro BO3HMKAaeT U3ObITOYHOCTb MHGopMauun, npusosallan K
neperpyske MCMNofib3yeMblX KaHasioB CBA3M WU 3aNOMUHAaKLWKUX YCT-
poiicts. Mpn 60NblINX At HEBO3MOXXHO TOYHO BOCCTAHOBUTbH UCXO[A-
HYI0 HEMnpepbIBHYIO PYHKLMIO, MO3TOMY Ha npaktuke war At n yacTo-

Ty anckpetnsauyum f=1/At paccunTbiBaloT N0 3a4aHHOM MNOrPeLLIHOCTH
BOCCTAHOB/IEHUSA.

MeToanKa pacyeTa 3aBUCUT OT NPUMEHSAEMbIX 6a3UCHBIX YHKLNIA.
Mpu vcnonb3osaHnK paga KoTtenbHMKOBa yactoTa ANCKpeTU3aumn pac-
cuuTtbiBaeTca no gopmyne f=2kfc, roe K — KoapmumeHT 3anaca, Bbl-
6upaembiii [14] n3 gnanasoHa (1,5; 6) U y4nTbiBalOLWNIA HEOrPaHUYEH-
HOCTb CMEeKTpa peasibHbIX cUrHanos; fc — makcumanbHas vactoTa B
CreKTpe curHana.
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dopmyribl 41 pacyeTa vacToThl AMCKPETU3aLMN NP UCMOsIb30Ba-
HAM MO/IMHOMOB JlarpaH>ka Hy/fieBOA M MePBOM CTereHeli HOCAT Mpu-
O/IPKEHHBI XapaKTep 1 NoapobHO paccMoTpeHbI B [13].

CvirHasibl, AVCKPETU3MPOBaHHbIE MO BPEMEHWN 1 KBaH TOBaHHbIe M0
pasmepy (pvc. 10.16), corsiacHO MPUBEAEHHOW KriacCcumMKaumn SBfst-
0TCA LMPOoBLIM cUrHaUTaMn. Ha npakTyke oHW hopMUPYHOTCS Lmd-
poaHas10roBbIMM  Npecbpasosatensmun. locregHve hakTUYecKn SBsS-
I0TCA YNpPaBMsSeMbIMA LMIPOBLIM KOAOM Mepamu, BbIXOAHOM CUrHasl
KOTOpPbIX MOABEPrHYT AMCKpeTn3aumn. CrienoBaresibHo, B 3TUX YCTPOWA-
CTBaxX Mapasvie/ibHO OCYLLIECTBASAKOTCA ABa MpoLecca npeobpasoBaHns
V3MEPUTESBHOM MHPoOpMaLMN: AVICKPETM3aLUMA 1 KBaHTOBaHVe. VX co-
BMECTHOE AEVCTBME ONUCLIBAETCA MaTeEMaTUUECKUM BbIPadKEHMEM

.
YHIKAL) = Y N(KADGS(t - KAL) ~
k=l

raoe N(kAt) — umdpoBoii Kog, (UMC/I0 KBAHTOB), COOTBETCTBYHOLLMIA MO-
MeHTy KAL.

Puc. 10.16. CurHanbl: UCXOAHbIV HenpepbIBHbIV (1), ANCKPETU3MPOBAHHDIM MO
BPEMEHW 1 KBAHTOBaHHbIV M0 YPOBHIO (2) 1 BOCCTAHOB/IEHHbBIN HeMNpepbIBHbIN (3)

3HaueHUs1 CUrHaUta, AVCKPETU3MPOBAHHOMO MO BPEMEHW U KBaH-
TOBAHHOIO MO YPOBHIO, OMPefesieHbl TOMIbKO B MOMEHTbI, KpaTHble re-
pviofly AVCKpeTUaLmn At. MosToMy MMEET MecTo 3adaqa hopMMpoBa-
HMSI HeMpepbIBHOMO CUrHaMa Mo AaHHbIM 3HAYeHMsIM. JTa 33aada
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aHa/I0orMyHa paccMOTPEHHOI 3aa4e BOCCTAHOB/IEHUS AUCKPETU3NPOBAH-
HOro curHana. OTAuumMe cocToUT B TOM, YTO NOCNEAHWIA paBeH MCXOLHO-
My HemnpepbIBHOMY CUTHay, a KBaHTOBaHHbI U UCKPETU3MPOBAHHbI
CUTHasbl OT/INYAKOTCS OT Hero, Ho He 6osiee YeM Ha Be/IMUYMHY KBaHTa d.
BcnieAcTBUE 3TOF0 MOTPELIHOCTb COCTOUT U3 BYX COCTABASOLLMX, 06Y-
CNOBJMIEHHBIX MpoLeccaMn ANUCKPETM3IALUM U KBaHTOBaHUSA. CymMmmapHas
AuCcnepcuss opaMHaThl BOCCTAHOB/IEHHOTO CUTHasia paBHa CymMe Auc-

nepcuii NOrpeLlHOCTM KBAHTOBaHUA U ANCKpeTM3aumm: 02=q2/12+ o02.
Mpy 3TOM CUMTAETCS, UYTO MeXAY HUMU OTCYTCTBYET KOppensuums.

10.6. VIHTerpasibHble napamMmeTpbl NMNepuoanyecKoro
curHana

MepeMeHHbIN nepruoanyeckuii curHan Y (t) Kpome COBOKYMHOCTU MIHO-
BEHHbIX 3HAYEHWU 4YacTo OMUCbIBAETCA HECKONIbKUMU 06LLENPUHATBIMMI
o6o6LLalWIMMM NMapaMmeTpaMn, HasblBaeMbIMU UHTErpanibHbIMU N Xapak-
Tepu3yLMMN B LE/IOM Nepuog curHana. Kaxaomy 3aKoHy M3MeHeHUst
CUrHasna CooTBETCTBYIOT ONpeesieHHble MHTerpasibHble 3HaYeHWS: aMnn-
TygHoOe, cpegHee, cpefHeBbINPAMIEHHOE U CpefHeKBapaTUyecKoe.

AMNANTYAHOEe (MMKOBOE) 3HaYeHMe Y mMpaBHO MaKCMMasibHOMY Ha
nepuoge 3HadeHuto curHana Y (t). Mo cyTn cBoe amMnauTygHOe 3Haye-
HVe ABNAETCA MIHOBEHHbIM, a He UHTerpasibHbIM. OgHaK0o OHO UCMO/b-
3yeTca Npu pacdeTe Ko3pPULNEHTOB hOpPMbl, amnanTyabl N ycpegHe-
HWSA N NO3TOMY paccMaTpuBaeTcs B 3TOM pasfene.

T
CpegHee 3HauveHMe Y = J—J Y (t)dt onucbiBaeT MOCTOSIHHYK COCTaB-

0
NS0y curHana. Tak, 4fs CUHYCOMa/lbHOr0 CUrHasa cpefHee 3HauyeHue
paBHO HY /0, C/lef0BaTe/IbHO, OH HE COAEPXXUT MOCTOSIHHOM COCTaB/SAIOLLENA.

CpefHeBbINPAMJIEHHOE 3HaYeHue Y®:1—3|Y(t)|dt Mcnosib3yeTcs

aona CMMMeTPUYHbIX OTHOCUTE/IbHO OCU BpPEMEHWN CUTHaJ/10B, T.€. He CO-
aep>xawmnx MOCTOSIHHON COCTaB!'IFHOLLI.eVI.

CpefHekBajpaTUyeckoe 3HaveHne YAJ= dt- 4 n !
10 Ifc=o0
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rae Yk— cpegHekBagpatmyeckoe 3HaveHue k-ii rapmoHuKm curHana Y(t).
Ero nHorga HasbIBaloT AeCTBYOWMUM WUn 3pPeKTUBHbBIM, XOTS 3TU Tep-
MUHbI FTOCT 16466-70 cunTaeT yctapeswmmMmn. CpegHeKBaapaTuUyeckoe
3HaueHVe curHana ABNseTcs eAMHCTBEHHON UCTUHHOM MepOoi ero MoLl-
HOCTU. 3TN 3HAYEHUA LIMPOKO MCMOMb3YIOTCA B NPaKTUKE 3/1eKTpuye-
CKMX u3MepeHuin. Mogasnsiollee 60NbLUMHCTBO BO/ILTMETPOB Mporpa-
OYyVpOBaHO B CpefHEKBAAPaTUYECKMX 3HAYEHUAX HaNpPsXKeHUS.

CBA3b MeXay NnepeyncrieHHbIMU napamMeTpammy yctaHaBIMBaeTCA € Mo-
MOLLIO CrIeAYOLLNX KOIPPULMEHTOB: hopMbl K = YA, /Y 7, amnanTty-
Abl ka = Ym/Yaa u ycpegHeHna Ky = Y AY N = kakd. Uncnosble 3HauYe-
HUS PacCMOTPEHHbIX KO3(IULVEHTOB 419 HEKOTOPbIX CUrHaU10B MPUBEEHbI
B Tabn. 10.2.

Ta6nuua 10.2
3HaueHuA KoahMLIMEHTOB aMNAnTyabl, DOPMbI U YCPeaHEHU AN paja
Havboriee pacrnpocTpaHeHHbIX CUrHaU10B

CurHan K. Y K
CuHyconaibHbIN w1*141  x/@ar)nill n/2~157
MeaHap 1 1 1
JIvHeliHbI 3HaKonepeMeHHbIM >/3* 1,73 2/>/3 * 1,16 2
OaHONOMAPHBIA NNHEWHO M3Me- W3 *173 2/-¥3 * 1,16 2

HsoLWwmiics (MMnoobpasHblii )

Mpumep 10.2. B n3mepuTebHOM TEXHMKE HacTo UCMO/b3YHTCA Nepuoanye-
CKME 1 He coAep kallpe NMOCTOSAHHOWM CocTaBNAoLWweid curHasibl. OHU MMELOT camMyto
pa3Hoo6pa3Hyto hopmy: MPSMOYTO/IbHYH, IMHENHYIO 3HaKoNepeMeHHYH0, CUHYCOU-
JasibHYI0 U T.4. A0 65M3Koi K dopme AenbTa-hyHKUmMn Jupaka. [1a mMogennposa-
HUS 1 HaCTPOMKW CPeACTB M3MEPEHW YA00HO MMeTb 0AHY MPOCTY0 MaTeMaTuye-
CKY0 (DyHKLMIO, KOTOPas Mpy M3MEHEHM O4HOr0—/IBYX ee MapaMeTpoB OnvicbiBasia
6bl C TOA WM UHOM CTeNeHbI0 TOYHOCTWN BCE MEPeUnC/IeEHHbIE Bbille )OPMbI CUMHa-
noB. NS gaHHOM Uenv noaxoauT nssecTHas yHKUUSA VopaaHa

Y(t)= . )
® )[1+E cos! @t (to-9)

roe Ym— amnnautyga curHana; 0)=2/1f — Kpyrosas 4acTtoTa; e — napameTp
thopmbl, n3MeHsaOWMICA 0T —0,(999) Ao 6eckoHeyHocTU. Mpn e = -1, nonyva-
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€M MPaKTUYECKN NPSIMOYTOSIbHLIA CUrHaU1, a NP € -» g, CTPEMSLLMMCA K 6ec-

KOHEYHOCTU, fJaHHas (yHKLMA Mo ¢hopMe CTaHOBUTCS 6/IM3KOM K AefbTa-(pyH-
amm Avpaka (pyc. 10.17).

Y(@®)/Yn

Puc. 10.17. Bug doyHKLMM VopaaHa npmy pazindHbIX 3HAUEHMSIX KosghmLeHTa

CpeHEKBaPATUYECKOE N CPEAHEBLIMPSIMIEHHOE 3HAYEHUS CUrHasTa, OMnui-

CbIBAEMOro oyHKUMeR VopgaHa, 3aBUCAT OT napameTpa iopMbl M MOMYT ObiTb
onpezesieHbl Mo opMyiam:

_JYmy/(Vr+T-l)/e, ee(—%°), e*0;

Yao
Ym/V 2, e=0.
" arcsinje, e e(-1;0);
2Ym/ n, £=0;
2Y
DarshVe, Ee (0;09).
nJe
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MpuBeaeHHbIe BbIPaXKEHWSA MO3BOMIAOT HaNTK BCe TpU KoadurLmeHTa, Xxapak-
Tepmaytowpe curHan (10.9). 3T KoadhpuLmMeHTbl, a Takke KoahPUUMEHT rapmo-
HUK kKj,, paccunTbiBaemblii no gopmysie (10.4), B 3HAUNTENbHOMA CTENeHN 3aBUCAT

Ta6nuuya 10.3
3HaueHua KoahhrumeHToB K(B), K.(e) 1 Ki(6) dyHKumn VoppaHa
Mpn pas/INYHbIX 3HAYEHUSX 6

g8 -0999 -0,9 0 2 20 60 100 500 1000 5000
kK 100 104 111 116 135 150 158 191 210 265
K 102 116 141 16~ 236 297 332 484 571 847
K 0447 0242 0 0146 0446 0643 0,730 1,076 125 1,73

0T napameTpa ¢opMbl 8. PaccumMTaHHble 3aBUCUMOCTU MpuBeaeHbl B Tabn. 10.3.

AHann3 nNpuBeLeHHbIX AaHHbIX MokasbiBaeT, yYTo hopmyna (10.9) onucbiBa-
€T CUrHasibl, (DOPMbl KOTOPbIX 6/IM3KM K NpsaAMoyronbHoi (e >-0,(999)), nuHeii-
HOli 3HaKonepemMeHHow (e » 1,5 ... 2), cMHyconganbHon (& —0) n genbta-yHK-
umn Aupaka (e > 5000). N3meHAs oguH napameTp PYHKLUMK, MOXKHO OMUCbIBaTb
CUIHaUu1 pas/iMyHbIM CreKTpasibHbIM COCTaBOM: KO3INULMEHT rapMOHUK MeHs-
etca oT O npue =0 go 173% npm s = 5000.

DdyHKUM0 Anpaka yaobHO MCNonb3oBaTb NpY peasimsaumm KaamopaTtopos —
MPeum3noHHbIX UCTOYHUKOB MEPEMEHHONO HaMpsXEHWS, BbIMOSIHEHHbIX Ha OC-
HoBe LMpoaHasioroBbix npeobpasoBarterneld, ynpasnseMbiXx MUKpoMpoLeccopa-
Mn. 3afaBas napameTp PopMbl M paccuMTbiBasi YNpaBnsoLWnNiA Kog AN AaHHO-
ro npeo6pasoBaTenisi, MOXXHO (POPMMPOBATL HaMpsHKEHUS Tpebyemon opmbl,
amMnIMTybl U 4acToTbl (ECTECTBEHHO, C TEMWU OrpaHUYEHNSAMN, KOTOPble Hakna-
[blBaeT annapatHas peasv3auua Kaavméparopa).

KoHT posibHble BOMpPOCHI

1. Uem m3mMepuTENbHbIA CUrHaN1 0TAnYaeTcsa oT curHana? lMpueegute npu-
Mepbl U3MEPUTESIbHBIX CUIHA/IOB, UCMOJIb3YeMbIX B Pa3/iMyHbIX pasfgenax Hay-
KN N TEXHUKMN.

2. MepeuncnuTe Npu3HaKky, No KOTOPbIM KAacCUmULMPYIOTCA U3MepUTESlb-
Hble CUTHaJIbI.

3. Yem aHasoroBblii, AUCKPETHbIA U LUMPOBOIA CUrHa/bI OTINYatOTCA Apyr
oT Agpyra?

4. PaccKakmuTe 0 XapaKTepuUCTMKax M napameTpax Cry4vaiiHbIX CUrHas10B.
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5. UT0 Takoe nomexu, Kak oHW Knaccuguumpytotca? NpreeamTte nprme-
pbl MOMeX.

B. Kakuve Tunbl mMaTemMaTuyeckmx MOAENEN U3MePUTEsSIbHbIX CUTHaU10B WUC-
rnosib3yrTCA B METPO/IOrNnN?

7. CKO/MIbKO U KakKuxX MapameTpoB HY>KHO 3HaTb /151 OMUCAHUSA Kadkaoro u3
3NeMEHTaPHbLIX N3MepPUTESIbHbIX CUTHaN0B?

8. Uto Takoe amnimMtygHas, YacToTHasd M (hasosas mogynaumn?

9. Urto Takoe aMnAUTYAHO-UMMY/IbCHasA, YacTOTHO-UMMY/IbCHAA U LUMPOT-
HO-UMMY/IbCHasA MOAyAUnmn?

10. [daiiTe onpegeneHve onepauun KeaHToBaHWA. [ae M KakuM 06pa3oM oHa
MCMOoSIb3YeTcA B MeTposiormn? YTo Takoe MorpeLluHocTb KBaHTOBaHUA?

11. [dawnte onpegenieHne AUCKpeTM3aumn. PaccKakmTe 0 TOM, KakK MpoOBO-
ANTCA AMCKpeTU3auma N3MepuTeNnbHbIX CUrHasioB. YTo yTBepXKaaeT Teopema
KoTtenbHuKoBa?

12. Kakve VHTerpasibHble rMapameTpbl UCMO/b3YHTCA 4715 ONUcaHUA nepe-
MEHHbIX CUTHaU10B?



Mnasa 11. CPEJICTBA N3MEPEHUIN

11.1. MNoHATHE 0 CpeacTBe NU3MepeHUi

MoHATMe “cpeAcTBO M3MEPEHUIA” ABMSIETCA OA4HUM N3 BabKHENLUUX B
TeopeTnyeckoii meTposiorun. TOCT 16263-70 onpegensieT CpeacTBO
N3MePeHNA KaK TeXHUYecKoe CpefACcTBO, UCMO/Ib3yeMoe NpU U3MepeHn-
AX N UMeKLLee HOPMUPOBaHHbIE METPOSIOrMYecKme CBOMCTBa. Takoe
ornpejesieHve NPeLCcTaBAeTc C/INLLKOM KPaTKUM U He pacKpbiBaeT Bce
CTOPOHbI 3TOr0 MHOrOrpaHHoOro MoHATUA. Bonee yaayHbiM sBNseTcs
Apyroe, faHHoe B [22, 34]: cpeACcTBO U3MEPEHUIA — 3TO TEXHUYECKOE
CPeAcTBO (MM MX KOMMEKC), NpefHa3HavYeHHoe 419 U3MEPEHUIA, nMe-
foLLiee HOPMUPOBAHHbIE METPOSIOrMYECKUE XapaKTEPUCTUKN, BOCMPOUS-
BoAsLLee 1 (MNK) XpaHsiLLee eAMHULY (PU3NYECKOWN BE/TMUMHBI, pasmep
KOTOPOM MPUHMMAETCA HeM3MeHHbIM (B npefenax ycTaHOB/IEHHOM Mo-
rPELLHOCTU) B TEYEHWE N3BECTHOr0 MHTepBasia BpemeHW. [laHHoe onpe-
[eneHve packpbiBaeT METPOJIOrMYECKYHO CYLLIHOCTb CPEACTB M3MEPEHNS,
3aK/104atoLLYCA B YMEHUN XPaHUTbL (MW BOCMPOU3BOAMUTL) eANHNLLY
®B 1 B HEM3MEHHOCTM pasmMepa XpaHUMOWM eanHULbI BO BpeMeHW. ep-
BOe 06yC/1aBNMBaeT BO3MOXHOCTb BbINOSIHEHWS U3MEPEHUS, CyTb KOTO-
poro, Kak U3BecTHO, COCTOUT B CPABHEHUN M3MEPSEMOM BE/IMYNHBI C ee
eanHuLeld. BTopoe NpUHUMNNaIbHO HE06X0A4MMO, MOCKOMbKY MpU U3-
MeHEHUN pasmepa XpaHUMON eanHWLbl DB ¢ NOMOLLbI AaHHOro cpej-
CTBa M3MepPeHUs1 HeMb3si NMONYUYNTb Pe3ynbTaT ¢ TPebyeMoi TOUHOCTbIO.

CpeacTBo U3MEPEHUA SABISieTCsl 0606LLEHHBIM MOHATVEM [7], 06be-
OVHSIOWNM camble pa3Hoo6pa3sHble KOHCTPYKTMBHO 3aKOHYEHHbIe YCT-
poicTBa, KOTOpble peasin3yloT 04HY U3 ABYX (PYHKLNIA:

* BOCMPOM3BOAAT BeNIMUYMHY 3aJaHHOro (M3BECTHOro) pasmepa —
HanpuMep, rMps — 3afaHHylo Maccy, MarasuH ConpoTUBEHUI — psag
[OVCKPETHbIX 3HAYEHWI CONPOTUBIIEHNS;

« BblpabaTbiBatoT curHan (nokasaHue), Hecywinii MHdopmaumo o
3HaYeHUN M3MepsieMoii BenMUuHbIl. MokasaHua CW nnubo HenocpeAcT-
BEHHO BOCMPUHMMAIOTCA opraHamy 4yBCTB YesioBeka (Hanprmep, noka-
3aHUVA CTPE/IOYHOIo MM LIMGPOBOro Np16opos), /IM60 OHU HEAOCTYMHbI
BOCNPUATUIO YE/IOBEKOM M MCMONb3YIOTCA O/15 Npeobpa3oBaHns Apyru-
M CWU.

MocnepHsa yHKLUMSA, SBNSOLWLAACA OCHOBHOM, MOXET 6bITb peasin-
30BaHa TOJ1IbKO MOCPEACTBOM M3MEPEHUS, COCTaBNALLNE Onepaumn Ko-
TOpPOro paccMoTpeHbl B pasf. 2.2. OdeBuaHo, 4To CU [o/mKHBLI cofep-
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»XaTb ycTporictBa (6/10KM, MoAyn), KOTOPbIE BbIMOAHSAT 3TU 3/1IEMEH-
TapHble onepaumn. Takume yCTPOMCTBA HA3bIBATCA 3/1eMeHTapHbIMU
cpeacTBamMn U3MepeHuin. B mx 4mcno BXogAT v3mepuTesibHble Npeot-
pasoBaTesin, Mepbl U YCTPOlicTBa cpaBHeEHMS (KoMMapaTopbl).

MN3mepuTenbHbIM Mpeobpa3oBaTeslb — 3TO TEXHUUECKOE YCTPOIACT-
BO, MOCTPOEHHOe Ha ornpeAenieHHOM (hM3UYECKOM MpUHLUMME W BbINOS-
HSIIOLLIEE O4HO YacTHOe U3mMepuTesibHoe NpeobpasoBaHme, T.e. onepauuio
npeobpasoBaHNsA BXOAHOrO cUrHana X B BbIXogHoW X}, nHdopmaTtme-
HbIi MapamMeTp KOTOPOro € 3afaHHOW CTEMeHbl TOUYHOCTM (PYHKLMO-
Ha/IbHO CBSI3aH C MH(OPMATMBHLIM MapamMeTpoM BXOAHOr0 curHana v
MOXET 6bITb M3MepPeH C A0CTAaTOYHOWM CTerneHbio TOYHOCTU. WHdopma-
TVBHbIM MapameTpoM BXOAHOro curHana CU sBnsietca napameTp BXOA-
HOro curHana, PYHKUMOHa/IbHO CBA3aHHbIV C M3MePSIEMO BE/TMYMHOMN
M UCMOMb3YeMbI ANa nepefayvn ee 3Ha4eHUs Uan ABAAILWMIACS caMoii
M3MepsIeMOIN BESTMUNHOWA.

Mepa — 3T0 CpeAcTBO WU3MepPEHWIA, NMpefHa3Ha4YeHHoe A/1s1 BOCMpo-
n3BegeHns N (MAn) XpaHeHNs (PU3NYECKON BESIMUYMHBLI O4HOr0 (04HO-
3HauHasi Mepa) UM HECKO/bKMX (MHOro3HavHasi Mepa) pa3mepoB, 3Ha-
YeHNs1 KOTOPbIX BbIpa>KeHbl B YCTAHOB/IEHHbIX eANHULAX N U3BECTHbI C
HEeo6X0AMMON TOYHOCTbIO.

YCTpOACTBO CpaBHeHMs1 ( KOMMapaTop) — 3TO CPEACTBO U3Mepe-
HUWIA, Jatollee BO3MOXXHOCTb BbIMOMHATL CPaBHEHME Mep OAHOPOAHbIX
BE/IMYMH WM YKe MOKasaHWn N3MepUTENbHbIX NPUG0POB.

0606LeHHas cTpyKTypHas cxema C/ nokasaHa Ha puc. 11.1. Bxoga-
HbIM CUIHaNOM SIBNSETCA WU3MEPUTENbHBIM CUrHas, 0AVH U3 Napamet-
pOB KOTOPOro 04HO3HAYHO CBA3aH C n3MepsieMoii PB:

X=X{ a, [*P(t)], a, a2 ..., art,

rae a0 — MHOPMAaTUBHBLIA NapameTp BXOAHOMO cUrHana; ¥(t) — nsme-
pseman ®B; a,, a2 ..., an— HenHopMaTUBHbIE MapameTpbl BXOAHOI0
curHasia. HeuHopmMaTUVBHBLIM NapamMeTpoM BXOLHOro curHana CU
Ha3bIBaeTCA ero napameTp, He UCMO/b3yeMblid A1 Nepefadn 3HaYeHus
n3mMepsiemMoii BEINYMHBI.

BxogHoW curHan npeobpasyeTcss M3MepuUTeslbHbIM MpeobpasoBate-
NleM B NponopumoHasibHbI emy curHan X,. CreayeT OTMETUTb, 4TO
npeobpasoBaTeslb MOXKeT OTCYTCTBOBaTb, TOrAa BXOAHOW curHan bynet
nojaBaTbCs HemnocpeACTBEHHO Ha OAMH M3 BXOAOB YCTPOMCTBA CpaBHe-

HMA. OfHaKo B 60/IbLUMHCTBE C/lyYaeB OH BXoguT B cocTaB CU.
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* YaX,
Puc. 11.1. O606LLEHHasA CTPYKTYpPHAA CxeMa CpeacTsa M3MepeHus

CurHan c Bbixoja M3MEepPUTENBHOIO NMpeoGpasoBaTesis MocTyrnaeT Ha
nepBbIii BX0J, YCTPOCTBA CpaBHEHMs, Ha BTOPO BX0f, KOTOPOTO MofaeT-
CS1 U3BECTHBbI CUIHaUT C BbIX0a MHOFO3HA4HOI Mepbl. Posib Mepbl MoryT
BbINO/IHATL Camble pa3Hble YCTPOKCTBA. Hampumep, Npy B3BELLMBAHM
Ha Becax Mepoi SIBNSIIOTCA TMPU C M3BECTHLIM BeCOM. Bo MHOMMX npo-
cTbiX CW1 posib Mepbl BbIMOHSAKT OTCUETHbIE LUKa/Ibl, MPEOBAPUTEILHO
nporpagynpoBaHHble B eANHULEAX M3MePSieMoii Be/IUMHbI. K Takuim cpes-
CTBaM M3MepeHuii OTHOCATCSA SIMHeliKa, TEPMOMETP, 3/IEKTPOMEXaHMYe-
CKVe BOMbTMETPbI U Ap. 3HAYEHWE BbIXOAHOM BE/MYNHBI MHOMO3HAYHOM
Mepbl U3MEHSIETCA B 3aBUCMMOCTU OT Be/IMUMHBI LindpoBoro koaa N,
KOTOPbI YC/IOBHO CUMTAETCS ee BXOAHbIM CUrHasioM. VBMeHeHve Koga
OCYLLLECTB/ISIETCSA OMepaTopoM (HanpyMep, Npy B3BELLMBAHUM Ha Becax)
NN aBToMaTMyecKn. Tak Kak LdpoBoi Kog — Be/MUMHA AVICKPETHAS,
TO W BbIXOAHOWM CUrHa/ Mepbl U3MEHSIETCS CTYMEHSMN — KBaHTaMM,
KpaTHbIMU eAVHULE CPaBHUBAEMbIX BeIMYMH. Hampuvep, npy namvepe-
HUM TeMnepaTypbl 06bIYHbIM GbITOBLIM TEPMOMETPOM KBAHT paBeH 1°C,

a npu 1Ucnonb3oBaHUM MeAMLIMHCKOro TepmomeTpa oH paseH 0,1°C.
CpaBHeHMEe N3MepPSIEMOIA N N3BECTHO BEMNUMH OCYLLIECTB/ISIETCA Mpn
MOMOLLM YCTPOMCTBA CpaBHeHMS. Ponb nocnieaHero B npocteimx CU,
MMELLMNX OTCYETHbIE LUKasIbl, BbIMO/HAET YesioBeK. Harpuvep, npu
N3MEPEHUN A/IMHbI Te/la OH COMOCTaB/ISET ee C MHOFO3HAYHOW Mepoi —
JINHENKOM N HaxoauT Koam4vecTBO N KBaHTOB Mepbl, paBHOE C TOYHO-
CTbl0 [0 KBaHTa U3MEpPSIEMOM [A/IMHE. YCTPOMCTBO CPaBHEHUS OgeT UH-
thopmauuio, 0 TOM, Kakoe 3Ha4eH1e BbIXOAHOIO CUMHasIa MHOMO3HauHON
Mepbl AO/HKHO 6bITb YCTAHOB/IEHO aBTOMATUYECKM WM NPW y4acTm one-
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! patopa. lNpouecc N3MEHEHNS MPeKpaLaeTcs Npu SOCTUXXKEHUN PaBEHCT-
Ba MeXay BenmnunHamm X, m XM C TOYHOCTbIO A0 KBaHTa [Q].

BbIXOAHBIM CUFHa/IOM MOXET CMY>XXUTb OANH U3 TPeX CUrHanos: Yj,
Y2wn Y 3. ECnv BbIXOA4HOW CUrHaU1 npeAHasHadeH 418 HenocpeacTBEHHOM0
BOCMPUATMA YEsI0BEKOM, TO €ro posib BbINO/IHAET curHaul Yt= N. B gan-
HOM cnydae Kof N ABfisgeTcA NPMBbLIYHBLIM O/19 YesioBeKa AeCATUYHbBIM
KOZOM.

Ecnn xe BbixogHol curHan CU npegHasHaueH An1s1 NPUMEHEHWS B
apyrux CW, To B Ka4yecTBe HEro MOXET OblTb MCMO/b30BaH /11060 u3
Tpex curHanoB: Yj, Y21 Y3. INepBblid UX HAX NPU 3TOM SIBASIETCS LUd-
POBbIM, KaK MpaBw/o, ABOMYHbIM KOAOM, KOTOPbI “MOHUMAT” BX0A-
Hble UMpPoBbIe yCTpoiicTBa nocnegyowmx CU. AHanoroBblii curHan Y2
KBaHTOBaH MO YPOBHI W MpefcTaBnseT coboii 3KBUBaIEHT LMEPOBOro
koga N, a CU B aTOM c/iydae npefHasHayeHo 419 BOCMPOU3BeAeHUA n-
31M4eCKOWM BefiMUMHbI 3aaHHOro pasmepa M COCTOUT TO/IbKO M3 OAHOr0
6/10Ka — MHOro3Ha4YHoM Mepbl. CurHan Y 3 npeactaBnsieT cobo namepu-
TeNbHOe npeobpasoBaHMe BXOAHOro curHana X, CWY npu aTomMm 1cnosnb3y-
eTCA TOMbKO KaK WU3MepuTesibHbIN npeobpasoBaTeflb, a OCTasIbHble ero
6/10KM OTCYTCTBYIOT.

Takum 06pa3om, CTPYKTYpHas cxema, nokasaHHas Ha puc. 11.1, onu-
CblBaeT TPU BO3MOXKHbIX BapuaHTa:

= CU BK/OYaeT Bce 6/10KM U BblpabaTbiBaeT curHan Yj, AOCTYMHbIN
BOCMPUATUIO OpraHaMm 4YyBCTB 4esioBeka. B0O3MOXXHO hopmupoBaHue
BbIXOA4HbIX cUrHasioB Y} 1 Y2, npegHasHa4yeHHbIX TONbKO A1 npeobpa-
3o0BaHUA gpyrummn CU;

« CW cocTomT TONbKO M3 N3MepUTENbHOMo nNpeobpasoBaTens, BbIX0s-
HOM CUrHa/1 KOTOpPOro paseH Y3,

« CUV coaep>XUT To/IbKO Mepy, BbIXOAHOM CUrHa KOTOPOM paBeH Y2

B obLem criyyae BbIXoAHOM curHan Y (X) onucbiBaeTcs BbipadkeHNEM
Y=Y{ BOX], bp b2 ..., bm S, S2....SL, ... Y, rge bOX] -
NHhopMaTMBHBIM NapamMeTp BbIXOAHOr0 CUrHana, yHKLMOHANbHO CBS-
3aHHbI/ ¢ MH(OPMATMBHBLIM MapamMeTpoM BXOAHOr0 CUrHana; br, ¥, ....
bm— HenHopmaTMBHbIE NapaMeTpbl BbIXO4HOIO curHana; Sj, S2, ..., —
napameTpbl CU, 3aBUCSILLIME OT €r0 METOAMYECKOW W annapaTHoi pea-

nnsaumn; [l] 4> e=»  — BAMAOWME BeNMYMHbLL. HenHdbopmaTme-
HbIM NMapameTPOM BbIX0fHOro curHana CW HasblBaeTca napameTp, He
MCMO0Mb3yeMbIA Ans Nepefadn UAM MHOWMKaLMKM 3HauYeHUs MHopMaTmB-
HOFo napamMeTpa BXOA4HOro cUrHasa.
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Mpumep 11.1. PaccmMoTpuUM CTPYKTYPHbIE 3/1IEMEHTbI aHa/I0roBOro 3/1eK-
TPOMEXaHNYECKOro amnepmMeTpa MarHUTO3/1eKTPUYECKOW CUCTeMbI, MpegHa-
3HaYeHHOro AN MU3MepeHUs 60NbLUNX 3HAYeHUIn MOCTOAHHOro Toka. Cxema
ero npueefeHa Ha puc. 11.2,a. B coctaB amnepmeTpa BXOAAT LUYHT Rmwu
napanfieNibHo MOAKJ/IYEHHbIN eMy 3/1eKTPOMEXaHUYECKUIA U3MEePUTESIbHbIN
npeo6pasoBartenb (AMUIT) MarHMTO3/IeKTPUYECKOM cnuctemsol. MocnegHunii npea-
CTaB/IsieT CO60M 3aKpernsieHHYI Ha 0CU MOABUXKHYIO NIErKY0 N3MepUTesIbHY
KaTyL Ky 13 nposoja conpotmsieHneM Rn, yepes KOTOPYIo NpoTeKaeT ToK 1n
Kartylika HaxoguTca B paBHOMEPHOM MarHWTHOM roJie, Co34aBaeMoM MoCTo-
AHHBLIM MarHUToM. Mpu NPOXOXKAEHWM TOKa MO KaTyLllKe NMPouCXo4uT MoBo-
POT pamMKW W 3aKPensieHHOM Ha Heli CTpenkn Ha yrosa, nponopLuoHasibHbIi
TOKy 1n

Puc. 11.2. MpuHuunnasbHasa (a) n cTpykTypHas (6) cxembl
3/1IEKTPOMEXaHNYECKOro aMmrnepMeTpa MarH1TO3NeKTPUYECKON CUCTEMbI

LLIyHT npegHa3HaueH A1 feneHnst U3MepsieMoro Toka | Ha Masibid Tok 1,
npoxoasaLmii yepes SMUINT, 1 601bLUOK TOK 1] NPOTEKaOLWNi COBCTBEHHO Ye-
pe3 WyHT. Tok hpamo nponopLmoHasieH n3MepsaemMomy Toky I:

1, = IKUA(K LL#+ Krj) =

OTcloga crefyeT, UTo LWYHT SIBASIETCS U3MepUTe/IbHbIM MpeobpasoBaTtesiem,
KOTOPbIli Npeo6pasyeT namepsieMblii ToK | B NMPonopLMoHasibHOE eMy 3HaueHe



Toka In MpeobpasoBaHHbIM TOK INnocTynaeT Ha MU 1, Npoxoast Yepe3 Hero,
BbI3bIBAET OTK/IOHEHWE CTPE/KM Ha Yron a, MpornopuyoHasibHbIv JaHHOMY TOKY:

«= f(In) = BSwla/W ya = K caln, (11.1)

roe B — marHuUTHas MHOYKUMS; S — Nnowwaab; W — YUCI0 BUTKOB U3MEPUTESb-
HOW KaTyLKun; WYA— yaefbHbIr NPOTMBOAECTBYOLUMIA MOMEHT. BennuuHel B,
S, wunW nocToAHHbI U ABNATCA NapameTpamu M.

M3 1310)KEHHOI0 BUAHO, 4T0 SMUIT — 3T0 U3MepUTeNbHbIN npeobpaso-
BaTeflb, KOTOPbIN NpeobpasyeT TOK 1nB yros noBopoTa CTPesikKu a. STOT Yron
3aTeM CpaBHMBAETCA C OTMeTKaMM allHa LLKane 0TCHETHOro YCTpolicTBa am-
nepmMeTpa, KOTopble NpeasapuTesibHO 6bIIN HAHECEHDI C MUCMOSIb30BaAHVEM Mpe-
LUV3MOHHOMA MHOr03Ha4YHOM Mepbl MOCTOSAHHOroO Toka. Llkana ¢ oTMeTKamu
aurklm rge K — KO3(phMLUMEHT MPONOPLUOHaUILHOCTU, BLIMNOMHAET B pac-
cMaTpMBaeMoM NMpubope posib MHOro3HauHoi Mepbl (puc. 11.2,6). B kavecTBe
yCTpoiicTBa CpaBHEHWS B AaHHOM C/lyyae BbICTYMaeT YesioBeK, KOTOpbIA cpas-
HVBAET Yro/ OTK/IOHEHUSA CTPeSIKN C 0TMeTKaMM Ha LiKase. TakuM 06pa3om, B
aHas10roBOM 3/1IEKTPOMEXaHNYECKOM amrepmeTpe MpucyTCTBYIOT BCE TPU CO-
CTaBHbIX 3siemeHTa CUL.

B 3ak/toyeHme oTMeTUM, 4To C MoryT paboTaTtb B BYX pexxnumax:
CTaTUYeCKOM U AMHaMUueckoM. CTaTUUeCKUli pe>kKuM — 3T0 TaKol
pexxuM paboTbl CU, npy KOTOPoM M3MEHEHMEM U3MEPSIEMO BENTUUNHBI
3a Bpewmsi, Tpebyemoe A1 NPOBeAeHNs 04HOT0 U3MEPEHUS, MOXKHO Mpe-
Hebpeub. B AMHAMMYECKOM peXKMMe Takoe MpeHe6peXkeHre HeaomnycTu-
MO, MOCKOJIbKY YKasaHHoe N3MeHeHMe NpeBbILIAeT A0NYCTUMYIO MOrpeLL-
HOCTb.

11.2. CtaTnyeckme xapakKTepucTUKM 1 napameTpbl CpencTs
N3MEpPEHWIA

OcHoBHOW xapaktepucTukoii C/ B CTaTUYECKOM pPexXmnme SIBASETCA
dyHKUMS (ypaBHeHME) NMpeobpa3oBaHNs — 3aBUCMMOCTb MHOPMAaTUBHO-
ro napameTpa BbIXOAHOro CUrHasa oT MHGOPMATUBHOIO rnapamMeTpa ero
BXOAHOro curHana. B obliem Brae oHa MOXKET ObITb 3anvcaHa B BUe

Y{bo[X], t.....ty 8,,...,.8~ ,..., Y =FLUaoTO)], ax 83,..., a,}, S,

roe F — HekoTopblii (hyHKLUMOHA, ONUCbIBaOWMIA psig, onpeaesieHHbIX
MaTeEMaTUYECKMNX OnepaLuii, NMPon3BOAUMBIX Hag, BXOAHOWN BeIMYMHOM X.
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Mpy paspaboTke CU cTpeMsiTcsl K TOMY, UTOGbl 06eCnevnTb SINHel-
HYI0 CBSI3b MEXAY BXOAHOV W BbIXOAHOW BENNYMHAMMU:

Y{L[X], L =»Lip@» e1>3besh — 0L« X{aorF(t)], aj, ag,

W B YNpoweHHoM dopme 3anmcn Y (t) = KX(t), rae K — koagurum-
€HT npeobpas3oBaHus. Hanpumep, A8 31eKTPOMEXaHNYECKOro amnep-
MeTpa MarHUTO3/IEKTPUYECKOM cUCTeMbI hyHKLMEN Npeobpa3oBaHVs SB-
nsieTca NnHerHasa 3aBucuUMocTb (11.1).

DYHKUMA npeobpasoBaHWA, npeacTaBneHHas B BUAe opmysibl,
Tabnnubl nnn rpagurka, UCnosib3yeTcsa B paboumx ycnoBusx Ans on-
pefeneHns 3HayeHWii namepsieMoii ¢ nomowlbio  CU BeMYMHBI MO
N3BECTHOMY MH(OPMATMBHOMY MapameTpy ero BXOAHOro curHana. Jlu-
HeliHble PYHKUUM NpeobpasoBaHUsi, NMPOXoAsLine Yepe3s Hauyasio Ko-
OpAVHAaT, MOryT 3aJaBaTbCcs MyTEM ornpeAesieHNs KoadhuumeHTa npe-
obpasosaHusa K.

PasznnuatoT Tpu Buga yHKUW NpeobpasoBaHus:

= HOMUHasbHYH0 F, KOTOpast yKasbiBaeTCs B HOPMATUBHO-TEXHNYECKOT
[JOKyMeHTauun Ha gaHHbIA Tun CU. OHa ycTaHaBMBaeTCcs A1s1 cTaHzap-
TN30BaHHbIX CPEACTB U3MEPEHMIA MaCcCOBOr0 MPOU3BOACTBA,;

* NHaMBUAyasnbHylo F,, KoTopas NpuvHMMaeTcs AN KOHKPEeTHOro
ak3emnasipa CU n yctaHaBvMBaeTCs NMyTeM 3KCMEPUMEHTasIbHbIX MC-
cnefoBaHin (MHAMBUAYANbHOM rpagyvipoBKM) 3TOr0 3aK3emnasdpa npu
ornpefeneHHbIX 3HAYEHUAX BIUSIOLLNX BENINYNH;

e feicTBUTeNbHyt0 Ffl, KoTopasi coBepLLeHHbIM 06pa3om (6e3 no-
rPELLHOCTEN) OTpaXKaeT 3aBUCMMOCTb MHDOPMAaTUBHOIO NapamMeTpa Bbl-
XOA4HOr0 CMrHana KOHKpeTHoro ak3semnaspa CU 0T MHGOPMaTUBHOIO
napameTpa ero BXO4HOr0 CUrHasia B Tex YC/I0BUSAX U B TOT MOMEHT Bpe-
MeHW, KOrga ata 3aBUCUMOCTb OMpeaensieTcs.

Mog TwWNoOM cpeacTB M3MEPEHWr MOHMMAaeTCH COBOKYMHOCTb CWU,
UMEILLMX OANHAKOBbIE Ha3HaYeHe, CXeMy M KOHCTPYKLMIO U YA0BIie-
TBOPSAOLNX OAHUM U TEM YK€ TEXHUUECKUM TpeboBaHUSM.

MonHas cymmapHas norpeLuHocTb CU, /11 KOTOpPbIX HOPMUPYETCH HOMU-
HasbHas (hyHKLMA npeobpasoBaHns, AsK = P(Xa)- Fa(Xa) = F(Xfl) - ¥Ya.
OHa HasblBaeTCs MOrpelHocTbio No Bbixody CU, MOCKO/bKY MnpuBe-
JeHa K ero Bbixofgy. Kpome 3TOro Mcnonib3yercd MOrpeLiHocTb Mo
Bxoay (puc. 11.3) Ox=F (¥Yp)-X g, roe Xg — AeACTBUTENIbHOE
3HayeHMe MHGOPMATUBHOIO MapameTpa unamepsiemoii (BXO4HON) Be-
nmunHebl; F"(Y ) — dyHKUmsA, obpaTtHas HOMUHaIbHOM YHKLMN npe-
obpazoBaHunsa CU, HasbiBaemMas ero rpafynpoBOHHON XxapaK TepUCcTUKOA.
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HekoTopble C/ obnagatoT Ba
puauyuein nokasaHui, nog KoTo-
poii NOHMMAaeTCs pasHOCTb NoKa-
3aHWi npubopa B OAHOW W TOW
)Ke TOUKe AuanasoHa U3MepeHuii
npv nMJaBHOM MOAXO4E K Hel co
CTOPOHbI MEHbLUUX U 60MbLLINX
3HaYeHU N3MepsSieMoli BeNMYn-
Hbl.

Ba)kHOM XapaKTepuCTUKOW
CW aBnseTcs ero YyBCTBUTESIb-
HOCTb S — CBOICTBO, onpeaesnsie-
MOe OTHOLUEeHUEM M3MeHeHuda AY
BbIXO4HOro curHana Y K Bbl3bl-
BawLiemMy ero mnamMeHeHuw AX

BXOAHOrO curHana X. Paznuua- Puc. 11.3. HomuHasibHas 1 [OencTBu-
TeNbHasA (PyHKUMM MNpeobpasoBaHnA
0T abcontoTHyo S = AY/AX

OTHOCUTEesIbHYI S "mMAY /(AX/X)
YYBCTBUTE/TbHOCTN.

HanmeHblLUee 3HayYeHVe M3MEHEHUS (PU3MYECKON BenNnyuHbI, Ha-
YMHas C KOTOPOro MOXeT OCYLLLEeCTB/IATLCA ee N3MepeHne, Ha3blBaeT-
CA MOpPOromM 4YyBCTBUTE/LHOCTU JAHHOIr0 CPeACTBa M3MEpPEeHUIA.

CyulecTByeT psag XxapakTepuctuk un napametpos CU, KoTopble onu-
CblBAlOT HEKOTOpPble UX CBOMCTBA 6€30THOCUTENLHO K pexxumy pabo-
Tbl. K TAKMM OTHOCATCA MMIMejaHCHble XapaKTepucTUKN — Xapak-
TepuUCcTUKM, onucbiBawouime csolictea CW oTbupaTb WM oTAaBaTb
3HEPruto yepes CBOM BXOAHbIE UMW BbIXOAHblE Lenu. [NA anekTpuye-
cknx CU 3To mnpexkge BCero BXOAHbIE M BbIXOAHbIe COMPOTUBNEHUA N
eMKOCTW.

BoszgelicTBue BANAIOLWNX BENNYMH HA METPOSIONMYECKME XapaKTepu-
cTnkn CU onucbiBaeTc QyHKLUMEN BANSAHMA *P(8) — 3aBMCMMOCTbLIO U3-
MEHeHNS XapaKTePUCTUK W MapameTpoB OT M3MEHEHWS B/IMSIOLLEN Benu-
YMHBI \ M COBOKYMHOCTU BAUSIOLLMX BE/IMUYUH ..., En

Bce paccMoTpeHHble Bbllle XapaKTepuUCTUKN ABAIOTCA METPOsIoru-
yecknmmn. Kpome HMX cyliecTByeT 60/bLUas rpyrnna XapakTepuctuk,
Ha3bIBaEMbIX HEMETPOOrNYeCKUMU. K HUM OTHOCATCA MokasaTenn Ha-
[JEXXHOCTU, YCTOMUMBOCTU K KIMMATUYECKUM U MEXaHUYeCcKUM BO3[ei-
CTBUAM, BPEMS YCTaHOB/IEHNA paboyero pexkmnma, HanpsdkeHve nutaHus,
noTpebsiseMas MOLHOCTb W Ap.
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11.3. AnHamun4eckre XxapakTepucTuku 1 napameTpsbl
cpeacTB NM3MepeHuii

B cTaTnyeckux pexxmmax BbIX0AHOW curHan CU B TOYHOCTU COOT-
BETCTBYET BXO0AHOMY (MpU YC/I0BUM OTCYTCTBUSI CTATUYECKUX MOrpeLu-
HOCTei) n, cnegoBaTenbHO, Ko3aMuUMeHT npeobpasoBaHnss K paseH
HOMMHanbHOMY Ko3hduumeHTy KOBO BceM Anana3oHe U3MEHEHUSA BXO4-
HOM BenuuuHbl X(t). YpaBHeHne npeobpa3oBaHNA MMeeT BUS

Y(t) = KOX(t) (11.2)

N COOTBETCTBYET naeasibHOMY 6e3bIHEPLIMOHHOMY SIMHEHOMY Mnpeobpa-
30BaHM0. PeanbHble CU 06nagaloT MHEPLMOHHBIMWU (AVHAMUYECKUMN)
cBOMCTBaMMU, 06YC/0B/IEHHLIMU 0COBEHHOCTAMU MCMONb3YEMbIX 3/IEMEH-
TOB. JTO NMPMBOAUT K 6osiee C0XKHOM 3aBUCUMOCTU MeXAY BXOAHbIM U
BbIXOAHbIM curHanamu. CeoiicTBa C/1 B AMHAMUYECKUX peXUMaX, T.e.
Korfa BpemMsi M3MeHEHUS N3MEPSIEMO BENNYMHBI CPaBHUMO CO BpeMme-
HEM M3MEPEHNA, OMUCbIBAOTCA COBOKYMHOCTbIO TaK HasblBaeMbIX fAW-
HaMUN4YeCKNX XapaKTePUCT UK.

OCHOBHOW MX HUX AIBNSeTCA MNofHas juHamMuyeckas Xxapak TepucTn-
Ka, MOJIHOCTbIO OMUCbIBaOLLAA NPUHATYI0 MarteMaTUYECKY0 MOAeSb Au-
Hamunyeckmx cBoMcTB CU. B KauecTBe Hee MCMNONb3YHOT: AuddepeHLn-
allbHble ypaBHeEHWSA; NePeXOoAHY, WUMMNYJ/IbCHYK TMepPexoaHyto,
aMnIMTyAHO-(ha30By0 U aMNINTYAHO-YaCTOTHYH0 XapakKTepUCTUKMK; CO-
BOKYMHOCTb amMANTYAHO-YaCTOTHOM M (ha304acToTHOM XapaKTepuCTUK;
rnepefaTtoyHyo QyHKLUIO.

AnddepeHumanbHble ypaBHeHNA Hanbosee rMoaHo oNuCbIBaT AVHA-
Munyeckme ceoiictea CU. Obwmnii BUA, ypaBHEHMS C HYNEBbIMU Hadaslb-
HbIMU YC/TIOBUSAMMU:

dmv(t) ,L .
m dtm ml dt"11

=K KRN T K OX(),

rge bj, K, — noctosiHHble KoahduumeHTbl. B nogasnatowem 601bLWNH-
CTBE C/ly4daeB OHO MOXKeT OblTb MPUBEAEHO K YpPaBHEHUIO
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dn(t) dntav (t)
m + ml —JPTE +--4Y(0) = KOX(1).  (11.3)

Ero peLueHve Y (t) onucbIBaeT BbIXOLHOW CUrHaUs1 CPeacTBa M3MepeHui npm
BX0AHOM curHasie X(t). JaHHoe ypaBHeHMe oT/imyaeTces oT (11.2) npucyT-
CTBMEM U/IEHOB, COfepyKaLLMX npomnsseseHns KoamumeHTos L 1 Bbic-
LUMX NpomM3BoAHBIX OT Y(t), KOTOpblE W OMUCLIBAIOT AVHAMUYECKUe CBOMA-
ctea CW. INpun nx paseHcTBe Hy0 ypaBHeHve (11.3) nepexoaut B (11.2).

Mopsigok ypaBHeHMs (11.3) 6biBaeT AOBO/IbHO BbICOKMM, MO KpariHei
Mepe BbliLLle BTOPOro. Ero pelueHve fgaxke npy M3BeCTHOM BUAE (yHKUMN
Y (t) BecbMa 3aTpygHeHo. Kpome TOro, HeM3BeCTHO aHa/TUTUYECKOE BbIpa-
>XeHue ansa Y (t) v onpegeneHne NPon3BOAHbIX HEBO3MOXHO. AudibepeH-
UpanbHble ypaBHEHWSI BbICOKOr0 Mopsgka MOryT ObiTb MpeacTaBreHbl
cucTemoil AndipepeHLMaIbHbIX YPaBHEHWUIA MEPBOr0 M BTOPOro Mopsif-
KOB. 370, MO CYLLECTBY, O3HAYaeT NpefcTassieHne C0XKHOIMo B AMHamu-
YecKoM cMbicnie C COBOKYMHOCTBIO 60/1ee MPOCTbIX, XOPOLLIO WN3y4eH-
HbIX AMHaMUYECKMX 3/1IEMEHTOB (HY/1eBOro, NepBoro 1 BTOPOro rnopsigkos).

DneMeHT HyNeBOro rnopsifka onmcbiBaeTcA ypasHeHviem (11.2), gn-
HaMWYeCKUI 3/1IeMeHT MEePBOro Mnopsifka — ypaBHEHVEM

TAM +Y (H)=KX(), (N.4)

roe T — nocTosiHHas BpeMeHW. BMecTo Hee MPUMEHSIOT U BEUYMHY
to==1/T, Ha3bIBaEMYI rPaHN4YHO YacCTOTOM.
JvHaMNuecKuii  3/1IeMeHT BTOPOro NopsigKa OnmcbIBaeTCsl ypaBHEHVEM

e J1 »,*awu, . a n.s,
ao dt ao dt I A (

rge a0 — yactoTa co6CTBEHHbIX KonebaHuin; 3 — KoadhhuumeHT gemn-
hmpoBaHUs, UK CTeNEHb YCMOKOEHMS.

MepexogHasn xapakTepncTumKa hit) — 370 BpemMeHHas xapaKTepucTu-
ka CW, nosnyyeHHas B pesy/ibTare rogadyn Ha ero BX0f CuUrHasia B BAOE
€ANHNYHOM (hyHKLUMM 3agaHHoM aMnnTyabl X(t) = X,,*1(t). OHa onncbl-
BaeT MHepLUMOHHOCTL CI, 06ycriaBNmMBatoLLytO 3anas3fbiBaHue U UCKadke-
HWe BbIXOAHOI0 CUrHau1a OTHOCUTENIbHO BXOAHOr0. epexofHyto XxapakTe-
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PUCTUKY HaxoAAaT NMbo OMbITHLIM MyTeM, IM6G0 pellas COOTBETCTBYHOLLIEE
andbepeHumasibHoe ypaBHeHVe npy X(t) = Xnl(t).

MmnynbcHaa nepexogHas xapakTepucTuka g(t) — 3To BpemeH-
Hasa XxapakTepuctmka CW, nonydveHHass B pe3y/ibTare MNPUIOXKEHUS K
€ro Bxody CUrHana B Buge fenbTa-QyHKLAN.

MepexogHas 1 UMMNY/IbCHAs XapaKTePUCTUKN CBSI3aHbl MeX/y COO0A:

t
h(t) = | g(t)dt.

0

Kak 1 gndhdhepeHLmansHoe ypaBHeHNE, 3TN XapaKTePUCTMKIMA B NOHOMN
Mepe OnpeaensT gnHammyeckue csolictBa CU. BbixogHoW curHan npum
M3BECTHOM BX0AHOM X(t) onpedensioT ¢ MOMOLLLI0 MHTerpana Adioamensi:

Y(t) = X(Mg(t- Nt wm Y(t) =— FXEOh(t - Tt
0 dt{

MepexoAHasi U UMNyJSibCHAsl XapaKTEePUCTUKN 3/IEMEHTOB MepBOro
rnopsiika MMetoT BUA;

h(t) = X mK (1 - e-t/T), g(t) = e-UT.

Mx rpadvku npuBefeHbl Ha puc. 11.4. Tam >Ke nMokasaH rpadmyeckuii
crnocob onpegesieHNs NOCTOAHHbIX BpeMeHU T nyTem MpoBeAeHUs Kaca-
TeNbHbIX K TOYKe Hayana npouecca. Yacto 418 OUEHKN A/IUTESIbHOCTU
Mnepexo4Horo neproga onpefensoT Bpems ycTaHoB/IeHUs ty(cMm. puc. 11.4).

[nsa AnHamMnyeckoro asieMeHTa BTOPOro rMopsifika Bui XapakTepu-
cTuK h(t) n g(t) 3aBucKT oT KoappmymeHTa gemnduposaHma (puc. 11.5
1 11.6). VimeloT MecTo Tpu pexxmma (cumTtaeTtcs, 4To XT1=1):

= KonebatenbHbI Npu P<1

0 !/ -\
h(t)= k01— 7 sin g1- P o0t + arccos$
Vi- p2 A '

K mpReel = b-------
BHlKouoe sin

i/i-P 2
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1 2 t/r 3 4

Puc.11.4. TepexofHasAs VU MMMyJ/ibCHasA MepexogHas XapaKTepUCTUKU AuHaMU-
YeCcKMX 3NemMeHTOB Mepsoro nopsgka (Ko= 1)

e KpuTn4yeckunii npn (3=1

h(t) = KO[I- (I +co0t)e-' g(t)= KQnoxe'
= anepuoguueckuii npy 3> 1

+apt
h(t) = KO0 1. shf co0t - 1 +arch(3
iT-1 1

oy = “LAsh(co@VA)
VP2-1

KpnTnyeckunii pexxum ABASETCA rpaHUYHbIM MeXay KonebaTenbHbIM
n anepuognyecknm. OH XapaKTepeH TeMm, 4YTO MepexoAHbIi npoLiecc
Hanbonee 6bICTPO CTPEMUTCH K YCTAHOBUBLLEMYCS 3HAYEHUIO.

K 4acTOTHbBIM XapaKTepucTukam 0THOCATCA aMnanTyaHo-ga-
3o0Bas G(jco), amnantygHo-4yactoTHasa A(0j) v hbasovactoTHasa p@) xa-
paKTepUCTUKN. YacToTHble METOAbI aHasmM3a OCHOBaHbl Ha Mccneno-
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Puc. 11.5. lNepexogHasa xapakTepuUCTUKa OUHAMWUYECKOro 3/ieMeHTa BTOPOro
nopsiika npv pas/iMyHbIX 3HAYeHUsIX KoahrLmMeHTa AeMrurpoBaHKs

Puc. 11.6. mnynbcHas nepexofHas XapakTepucTuka ANHaMUYECKOrOo
aflemMeHTa BTOPOro Mopsifika NMpy pas/inyHbIX 3HAYeHUAX Kot LeHTa
JemncmposaHns
BaHUN MPOXOXKAEHUA FapMOHUYECKUX KonebaHWii pasniM4yHbIX Yac-
TOT yepe3 CU. Ecnin Ha BXxog nnHeHoro CY nogaTb BXOAHOM cUrHan
X (jo))=Xn{co) ej<B, TO BbIXO4HOW CUrHa/ MOXXHO 3anucatb B BUAE

Y(j<o) = Yrnei(“tq(*)) = Ym(co)ej“i

AMMNNNTYLHO-(DA30BON XapaK TepUCT KON Ha3biBalT OTHOLLEHMWE
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G(jco) = Y(CO) = Ym<a>= Yw W cigi@)_

Xm (<B) Xm(C0)

OHa onucbiBaeT nM3MeHeHMe nokasaHuii CY npu M3MEHEHUU 4acTOTbl
BXOAHOr0 CUrHasa N xapaKTepu3syeT TOMIbKO YCTAHOBUBLLUICA PeXum
ero pabortbl.

B npakTnke namepeHuin nosyymaia 6onbLIoe pacnpocTpaHeHWe am-
NAMTYLHO-YacTOTHaa xapakTepucTuka (AYX)

A(a» = |Ga»] = Ymxo) / X ma>),

npeactaensoLwas coboii 3aBucsLLee 0T KPYroBOo 4acToTbl OTHOLUEHWUE
amMnAnTyabl BbIXOLHOT0 curHana nuHenHoro CY B ycTaHOBMBLLEMCS pe-
XXUMe K aMnanTyae BXOAHOro CMHYCOMAANIbHOro curHana.
daszovacTOTHasd xapakTepucTuka (®4YX) ) — 3To 3aBucAwas
0T YacTOoTbl PasHOCTb (a3 MeXAY BbIXOAHbIM CUFHAIOM U BXOA4HbIM CU-
HycouganbHbIM CUTHANOM IMHERHOro CY B yCTaHOBUBLLEMCS PEXMME.
MpaeanbHbIi 6€3bIHEPLUOHHbIA 3M1EMEHT, ONUCbLIBAEMbIA YpPaBHEHU-
em (11.2), nmeeT cneaytoLime 4acToTHble XapakTepuctukn: Gja>) = KO,

A(co) = KO, t(oo) = O. Ona anemeHTa nepsBoro nopsagka (puc. 11.7),
3ajaBaemMoro ypaBsHeHunem (11.4),

Gla>)=r-" --; AK0)=-7..-9- ; <oo>= -arctg(ooT).
1 + Ja0r VI+a) T2

a) 6)

Puc. 11.7. AMnantygHo-4acToTHas (a) u gpasodactoTHas (6) xapakrepuc-
TVKN AMHAMUYECKOTO 3/1eMeHTa MEPBOro  rMopsiaka
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JOHaMnueckunii aneMeHT BTOPOro nopsifka, ONucbiBaeMblii ypaBHe-
Huem (11.5), MMeeT criefytoLlMe HYacTOTHbIE XapaKTepUCTUKMU:

. Kf KO
G(ja>) = _ A(<o0) =
1- a)7©o0 + j2p co/co0’ 7(1 - c02a>0)2 + 4(320)2/#>0
Cb(u_l) = -arctg 2(3 w/co0
1 - co2/co§.

NS Hero BMA YacTOTHbIX XapaKTEPUCTUK CYLLLECTBEHHO 3aBUCUT OT
KoahpuumeHTa gemnduposaHus [3 (puc. 11.8). Mpu @= 0,6...0,7 B

O 04 08 12 16 2 fioo

Puc. 11.8. AMNMTYOHO-4YACTOTHas M (pa304acToTHas XapaKTepUCTUKN
OVHaMMYECKOro a/1leMeHTa BTOPOro  ropsigka
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OTHOCUTENIbHO LUMPOKOM AvanasoHe YactoT A(Co)« KO. SToT pexkum BadkeH
L1991 MHOTMX MPaKTUYECKUX MPUMEHEHWI Takmx anemeHToB. [Mpn 0< 0,6
HabNJalTCA Pe3oHaHCHbIE SABMEHNA /18 YacToT, 6mM3Knx K al.

AcHasn usnyeckas NHTeprpeTaums 1 0THOCUTEsIbHasA MPOCTOTa 3KC-
NepYIMEHTA/ILHOI0 ONpPeAesieHNs NOCYXXUAN MPUYNHOW LLIMPOKOro Nnpu-
MEHEHUSA YaCTOTHbIX XapaKTePUCTUK B METPOIOTUN.

UacToTHble xapakTepnctukn CU cBsi3aHbl C ApYrMKn ero guHamm-
YECKMMWN XapaKTeEPUCTUKaMN CcreayrolmmMm COOTHOLLEHNAMMU:

G(j®) =Jg(t)e-iutdt. g(t) = JG(j(o)eiatdo .

Ha puc. 11.9 nokasaHa TUnn4Haa gnsa 3NeKTPoOHHOro Bo/IbTMETPA U
aHasorosoro ocupnnorpacda AYX. Ecnm BonbTMETP npesHasHaveH a/1si
M3MEpPEHUsT U MOCTOSAHHOIO W MepeMeHHOro HanpshkeHus (a ocumnio-
rpad pabotaet npu “oTKpbITOM” BXoge), To AUX HaumHaeTcs ¢ Hy/le-
BOV YacToTbl (KpvBasi 1) M NPOAO/HKAETCS A0 HEKOTOPOM rpaHNYHOM
4YacToTbl 0> , MOC/Ie KOTOPOW MPOUCXOAUT ee CyLLEeCcTBEHHbIA cnad. Y
BOJIbTMETPOB MEPEMEHHOI0 TOKa M ocuW//I0rpadoB ¢ “3aKpbITbIM” BXO-
Aom AYX npu HyneBol YacToTe paBHa Hy/to, & 3aTeM C pOCTOM 4acTo-
Tbl gocturaet (Kpueas 2) yc-

TaHOBUBLLIEFOCA 3Ha4YeHUs AT.

COoO0TBETCTBYHOLLMIA FpaHNY-
HOWM 4YacToTe oofp ypoBeHb KAmM
(k < 1), po kotoporo cnag AUX
cunTaeTca AonycTUMbIM, Y pas-
JNINYHbBIX YCTPONCTB 3ajaeTcs
rno-pasHomMy. XapakTtep u3sMe-
HEHNA 3aBucMMOCTU A@>) npu
yacTtoTax, 60/bLINX FPaHNYHOM
0P, TaKXKe CYLLLeCTBEHHO 3aBU-
CUT OT TEXHUYECKOW peasnza-
umn CW.

Monoca vactotr AJ (nm
) (cm. puc. 11.9), B KOTO-  paKTepuCTVKA 3/IEKTPOHHOTO BOSIbTMET-
pont AYHX cpeacTtea v3ameperin Pa, TPEIHASHAUEHHOTO [Vl VBMEREHIAS

N3MeHSIeTC He Goree uyeM Ha 1O OAHHOTO VI MEDENVEHHOTO HAMPAXe
H/s1 (1) 1 TOsIbKO MEpEMEHHOro
Hanepes, 3aaHHy0 BeSINUMHY, HanpsbreHnst (2)
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HasblBaeTCsA ero nosocoii nponyckaHus. OHa ABAeTCS BadKHO YacTHoO
ANHaAMNYECKOM xapakTepuctnkoi CW. YacTo BMecTo Mosocbl nNponyc-
KaHMA yKa3blBaloT Hayas/lbHYIO 1OH Y FTPaHUYHYI0 <K@pYacToThl. Tak, ons
3M1eKTPOHHOI0 aHa/10roBoro BosibTMETPa rnepemMeHHoOro Toka mMapku B3-
38Bb nonoca vactoT npoctupaetca ot 20 'y go 5 MIMu. Ana wuvpokono-
nocHoro ocunnnorpaga mapku C1-108 nosioca nponyckaHUs cocTaBs-
et 350 MIu,

MepegaTovHaa PyHKunsa G(p) — 3T0 OTHOLLIEHMe npeobpa3oBaHmA
Jlannaca BbixogHoro curHana CU kK npeobpasoBaHuto Jlansaca BXOAHO-
ro curHasia Npu HysneBbIX HadasibHbIX YCNOBUAX. YpaBHeHue (11.3)
MOXXHO 3anucatb B BuAe

(brmpm+bm Jpmi*l+...blp + )Y (p) = KOX(p),

rae X(p), Y(p) — wn3obpaxkeHna no Jlansacy BXO4HOr0 U BbIXO4HOIO
curHanoB CU. Nx OTHOLLIEHME SIBNSETCA NepeAaTouHon pyHKLUMe

G(p) =Y(P)X(p) =Ko/ (bnpm+bmIPpml+..blp+1).

MpaeanbHblli 6e3bIHEPUMOHHDBIA anemeHT (11.2) nmeeT nepepartod-
HYl XxapakTepuctuky G(p)=KO0, anemeHT nepsoro nopsgka (11.4)
G(p)=KQ(Tp+I); anemeHT BTOpOro nopsigka (11.5) G(p) = KO ( p2con+
+ 2p pl@o +1).

Kpome MoHbIX XapaKTePUCTUK YaCcTO UCMO/b3YHTCA YacTHble, Npes-
cTaBAsAwWmMe co60M PYHKLUMOHAT MU NapaMeTp MOSIHOM AMHaMNYECKOM
XapaKTEPUCTUKU. K HUM OTHOCATCA: BPEMS peakuun, HepaBHOMEPHOCTb
AUX, BpeMs HapacTaHUs MepPexofHOr XapaKTEPUCTUKN U pPSAa APYTunX.

TepMUHONOIVA UHAMUYECKUX U3MEPEeHWIA MpuBefeHa B PEeKOMEH-
paunax MM 1951-88.

11.4. Knaccudmnkaums cpeacts n3MepeHuii

CpefcTBa U3MepeHUiA, UCMO/b3yeMble B Pa3fIMUHbIX 06/1acTsIX HayKu
N TEXHUKW, UYpe3BbluyaliHo MHOroo6pasHbl. OfHaKo Af1st 3TOro MHOXKECTBA
MOXXHO BbIENNTb HEKOTOpble 06LUMe NMpu3HaKW, npucyline Bcem CU
HEe3aBMCUMO OT 06/1aCTU NMPUMEHEHUS. DTN NPU3HAKN NOJIOXKEHbI B OCHO-
BY pas3/iMuHbIX Knaccudmkaumini CU, KoTopble paccMoOTpeHbl Aasee.
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Mo ponu, BbINO/AHAEMOW B cUCTeMe 06ecnedeHns efUHCT Ba N3Me-
peHnii, C genartca Ha:

* MeTPOJIOrMYecKkme, rnpegHasHayveHHble 419 MeTPOSIOrMYECKNX Le-
el — BOCNPOU3BEAEHUS eAVHNLBI U (U1N) ee XpaHeHUs 1AK nepejayn
pa3smepa eguHuLbl pabounm CU;

*pabouve, NPUMEHsIEMbIE A1 UBMEPEHNIA, He CBSA3aHHbIX C nepeja-
Yeli pasmepa eamHUL,

MopaBnstowee 60/bLWINHCTBO UCMONb3yeMbIX Ha npakTuke CU
npuHagnexar Ko BTOpon rpynne. MeTposiormyeckme cpeactsa nsmepe-
HWI BeCbMa HEMHOrO4YMCIEHHbI. OHM pa3pabaTbiBaloTCs, NPOM3BOAATCA
M 3KCMyaTUpYyTCAa B cheuvanmsnpoBaHHbIX Hay4yHo-uccnegosa-
TENIbCKUX LIeHTpax.

Mo ypoBHI0 aBTOMaTM3aunn sce CU fensarcs Ha Tpy rpynnbl:

* HeaB TOMaTUYeCcKme',

* aBTOMaTM3NPOBaHHbIE, NPOM3BOASALLME B aBTOMATMYECKOM PEXMME
OAHY WM YacTb M3MepUTeNbHOWM onepauuu;

* aBTOMaTWYeCKMe, MPoM3BoAsLLME B aBTOMATUYECKOM pEeXMme
N3MepeHus 1 BCe onepaunn, cBA3aHHble C 06PaboTKOM MX pe3ynbTaTos,
pervcTpauveld, nepefayeii JaHHbIX UM BbIpaboTKOW yNpaBASOLLMX
CUTrHas0B.

B HacTosLee Bpemsi Bce 60sibLLEE PACNPOCTPAHEHWE M0os1yyaloT as-
ToMaTu3npoBaHHble 1 aBToMaTuyeckne ClU. 3T0 CBA3AHO C LUMPOKUM
ncrionib3oBaHMeM B CW 3N1eKTPOHHOM Y MUKPOMPOLECCOPHOM TEXHUKMU.

Mo ypoBHIO cTaHjapTmM3auun cpeacTesa M3MepeHUli nogpasgens-
H0TCA Ha:

e CTaHAapTU30BaHHble, N3roTOB/IEHHbIE B COOTBETCTBUM C TpeboBa-
HUAMW FOCYyAapCTBEHHOIO WM OTPAc/IeBOro cTaHaapTa,;

* HecTaHAapTu30BaHHble (YHMKa/bHbIE), NpefHa3HaYeHHble ANns
pelleHns cneumanbHOM M3MepuTeNbHOM 3ajayun, B cTaHjapTumsauum
TpeboBaHUI K KOTOPbIM HET HeobXoAMMOCTU.

OcHoBHast Macca CU siBnsA0TCS cTaHAapTU30BaHHbIMU. OHM CEPUIAHO
BbIMYCKAOTCA MPOMbILL/IEHHBIMW NPEANPUATUAMU U B 0653aTe/IbHOM
nopsiaKe rnoABePralTcsa rocyfapcTBeHHbIM UCMbITaHUAM. HectaHpap-
TM30BaHHbIE CpPeACTBa M3MepeHUl pa3pabaTbiBaloTcs crieuvann3npo-
BaHHbIMWN Hay4HO-UCCMEeA0BATENBCKUMM OpraHn3aumnsmMmn 1 BbinyckKa-
10TCA eAMHUYHBIMM 3K3eMnasapamn. OHW He MPOXOAAT rocyAapCTBEHHbIX
UcNbITaHU, UX XapaKTepUCTUKWN OMpeaensioTcsa Mpu MeTposiormnye-
CKOM aTTecTtaumnu.

[0 OTHOLWEHUID K N3MepseMor (hrU3nYeCKOn BeIMYMHE CpeacTsa
VN3MEPEHNIA JeNATCa Ha:
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* 0CHOBHble — 3T0 CW TO (hn3NYECKON BeSINUYNHbI, 3HA4YeHNEe KOoTO-
poii Heobxo4MMO MOSYYUTb B COOTBETCTBUU C U3MepUTENbHOM 3ajayent;

e BCcromoraTenbHble — 3T0 CU TO (hn3nyeckoi BeNNUUHBI, BUSA-
HMe KOTOPOWM Ha OCHOBHOE CPEeACTBO U3MEPEHUN AN 06BbEKT N3MEPEHUS
HeobXo4MMO y4yecTb A1 NONYyYeHUSA pe3ynbTaToB M3MepeHus Tpebye-
MOM TOYHOCTMU.

Knaccngukauma no posin B npouecce U3MePEHNA N BbINOSTHAEMbIM
hYHKUMAM SIBNSETCA OCHOBHOI W npeacTaBneHa Ha puc. 11.10. One-

MEHTbI, COCTaBMALWMNE JaHHYIO KAacCU(UKaLMo, PacCMOTPeHbI B MO-
cneaywuULnx pasgenax.

CPEACTBA V3MEPEHWM

OnemeHTapHble KomnnekcHble
YcTpolicTBa
Meps CpagHeHMﬂ VavepuTenibHble  V13MepuTesibHbie MSN(I;eMpClilrLeJ;Hble
npeobpasosarenu npuops!
(komnapaTtopbl) peobp prbop
OpHo3HauHble o VIBMEPUTE TbHbIE 3mepuTesibHO-
MepBryHbIA yC‘IPaHOBKI/I BbIUVC/ATESbHbIE
MHOrosHauHble o KOMM/IEKCh|
[poMeXKyTOUHbIN
Ha6opbl mMep
MacLurabHbIni AHas10roBble
MarasuHb! Mep
o Linchposble
YCTaHOBOUHbIE AHas10roBbIiA
BB03VIMble AHas0ro-LmchpoBoi PervictpupytoLyie
BcTpoeHHble Linchpo-aHariorosbin

MokasbiBatoLLye

Puc. 11.10. Knaccnumkaums cpegcts U3MepeHUin No Ux poamv B
npowecce U3MePEHUS U BbINOSTHAEMbIM YHKUUAM

11.5. DnemeHTapHbIe cpeacTBa N3MEPEHUIA

Kak 6b1210 NokaszaHo B pa3g. 11.1, aneMeHTapHble cpeacTBa nUlMe-
peHnii NpefHa3HayYeHbl 4as8 peasin3aumn oTAe/bHbIX onepaynini npsimo-
ro U3MepeHus, pacCMOTPEHHbIX B pa3f. 2.2. K HUM OTHOCATCA Mepbl,
yCTpoOiicTBa CpaBHEHUS U M3MepuUTesibHble mMpeobpasoBatenn. Kaxgoe

M3 HWUX, B3ATOE MO OTAENIbHOCTM, He MOXET ocyLLecTBUTb onepaLuio
N3MEpPEHUSI.
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Mepa — 3T0 CpefCTBO U3MepPeHW, npegHa3HauYeHHoe 4711 BOCMpo-
n3segeHus n (Mnun) xpaHeHUsa B 04HOro UM HECKO/IbKUX pa3MepoB,
3HaYeHUS KOTOPbIX BbIPaXXeHbl B YCTAHOBMEHHbIX eAMHULLAX N NU3BECT-
Hbl C HE06X0ANMOU TOYHOCTbIO.

Onepauuio BOCNPOM3BeAeHUA BeSIMYUHBLI 3aaHHOro pasMepa MOoXK-
HO (hopmasibHO NpeacTaBUTh Kak rnpeobpasoBaHue Ludgposoro koga N B
3alaHHYI0 (hN3MNYECKYH0 BeSIMYMHY X M, OCHOBaHHOE Ha efnHMLe AaHHOMN
hmsmueckoii BennumnHbl [Q]. Mo3aToMy ypaBHeHMe Npeodbpa3oBaHMs Mepbl
3anuwetcsa B Buge Xm = N [Q].

BbixooM Mepbl ABMSAETCA KBaHTOBaHHas aHasorosasi Be/inunHa Xm
3a/,aHHOro pasmMepa, a BXOLOM CrieflyeT cuMTaTb YUC0BOE 3HAYeHue
BennyuHbl N (puc. 11.11).

XM
Mepa
N [Q] XMNI[Q]
a) Nj[Q]
N,[Q] N
N1 N, 6) NB

Puc. 11.11. O6o3Ha4eHne Mepbl B CTPYKTYPHBIX CXeMax (a) n
(hyHKUMA Npeobpa3oBaHUSA MHOO3HaUHOM Mepbl (6)

Mepbl nogpasfensanT Ha cnepyowme TUMbI:

* 0flHO3HAaYHble, BOCNPOM3BOASALLME PU3NYECKYIO BEIMUYNHY OOHOrO0
pasmepa, Hanpumep: rmpsa 1 Kr, nsockornapasisiefibHas KoHueBas mepa
100 MM, KOHAeHcaTop MOCTOSIHHOM €MKOCTW, HOPMasibHbIA 3/1IEMEHT;

= MHOro3Ha4Heole, Bocrnpovssogsume B pa3HbIX pasMepoB, Hanpu-
Mep: KOHAeHcaTop nepemMeHHOW eMKOCTU, LUTPUXoBas Mepa A/VHbI.

Kpome atoro, pasnunyatoT Habopbl Mep, Mara3vHbl Mep, yCT aHOBOY-
Hble, BCT POEHHbIE N BBO3MIMble Mepbl.

CreneHb COBepLUEHCTBA Mepbl ONpefesisieTcs MOCTOAHCTBOM pasMepa
KaxKoM CTyrneHn KBaHToBaHWUA [Q] 1 CTeneHbi0 MHOMO3HAYHOCTW, T.€. YuC-
nom N BOCMPOM3BOAVMbIX N3BECTHbIX 3HAYEHWUI €8 BbIXOAHOM BeMUUHBI. C
Haunbonee BbICOKOA TOYHOCTbLIO MOCPEACTBOM Mep BOCMPOM3BOAATCH OCHOB-
Hble )M3nYeCcKMEe BE/IMUYUHDI: A/IMHA, Macca, 4acToTa, HarnpsbkeHue 1 TOK.
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YCTpOiCTBO CpaBHeHUs (KOMMapaTop) — 3TO CPeACTBO M3Mepe-
HWIA, fJatolliee BO3SMOXXHOCTb CpaBHMBATb APYr € ApYroM Mepbl 04HOPOA-
HbIX BE/IMHYMH WM XKe MoKasaHUs U3MepUTeNbHbIX npubopos. Mpume-
pamMu MOFYyT CAY>XUTb: PblYadKHble BECbl, Ha OAHY YallKy KOTOpbIX
yCTaHaB/MBaeTCs 06pasLioBasi rmps, a Ha Apyrylo — rnosepsiemasi; rpa-
[yNpPOBOYHAA YXXUAKOCTb A5 CIMYEHUsST MOKa3aHnii 06pasLoBoro u pa-
604ero apeoMeTpPOB; TEMJ/I0BOE MoJIe, CO3LaBaeMoe TEPMOCTaTOM /151 CpaB-
HeHVs MokasaHWii TepMOMeTpPoB. BO MHOMMX OTHOCUTESIbHO MPOCTbIX
CW ponb KoMMnapatopa BbIMOSIHAKT OpraHbl YyBCTB 4esi0BeKa, rnas-
HbIM 06pa30M 3peHMe, HanNpyMEP NPU CPaBHEHUWN OTK/IOHEHUST yKa3aTe-
na npubopa 1 uncna AeneHnr, HaHeceHHbIX Ha ero LiKase.

OC06eHHO LUMPOKOE pacnpocTpaHeHne KommnaparTopbl MoayyYuan B
COBPEMEHHOW 3MEKTPOHHOM TEXHWKe, TAe OHWU MCMO0Nb3YHTCA AN CpaB-
HEHUS1 HanpsHKEHWIA 1 TOKOB. [ns 3Tol Lenu 6bin paspaboTaH cneuu-
anbHbIA TUM  UHTErpasibHbIX MUKpocxeM. CpaBHEHWE, BbINOHSAEMOE
KOMMNapaTopoM, MOXKET 6bITb 0AHO- 1 pa3HOBPEMEHHbIM. lepBoe 13 HUX
MCMNOb3YeTCA ropasfo valle. B a/1eKTPOHHbIX KOMMnapaTopax OHO pea-
nunsyetca (puc. 11.12) nytem noc/efoBaTesibHOro CoefMHEHNSA BblYn-
Taroulero yctpoiictea (BY), hopMMpYHOLLENO Pa3HOCTb BXOAHbIX CUTHa-
noB (Xj—X2, u ycunutens nepemMeHHoOro Hanps>keHms ¢ 60/bLInM
K03(hhLIMEHTOM YeuneHus (yeunurtens-orpaHmnuntensa YO), BbIMoIHSA0-
wero PyHKUMN MHAMKaTOpa 3Haka pa3HocTW. BbixogHoi curHan YO
paBeH ero MosIoXKUTE/TbHOMY HaMNpPsHKEHWIO NUTaHWS (MPUHUMAEMOro 3a
JTIOTNYECKYI0 eauHNLY), eCrin pasHocTb (Xj—X 2 >0, n oTpuuatesisHoMy
HanNpPsHKeHUo NuUTaHus (NPUHMMAEMOMY 3a JIOTUYECKWA HY”b), ecnu
(Xj-X2 <0.

+1n

a) 0

Puc. 11.12. CTpyKTypHasa cxema kKomMmnaparopa (a) n ero pyHKumA
npeo6pa3soBaHus (6)

dyHKUMA Npecbpa3oBaHMsa naeasibHOro KomnapaTopa, nokasaHHas
Ha puc. 11.12,6, onucbIBaeTcs ypaBHEHNEM
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CTeneHb COBepLUEHCTBA Komraparopa onpeaensieTcd MUHUMasIbHO
BO3MOXHbIM MOPOroM 4YyBCTBUTENIbHOCTU [N a TakXKe ero 6bicTpoaei-
CTBMEM — BpPEMEHEM MepPeKt0HEHNS U3 04HOM0 COCTOSHUA B Apyroe. Y
naeasibHOro Komnapatopa nopor [n 1 Bpems MepekoyeHns paBHbI
Hynt0. B peasibHOM KOMNapaTope HasiMuve nopora NpUBOAUT K BO3HUK-
HOBEHMIO aAAUTUBHOWN MOrPEeLLHOCTH.

MN3mepuTenbHbI npecbpasosaTens (M) npegHasHadeH 418 BbINosI-
HEHWs1 0JHOT0 N3MepUTENbHOro NpeobpasoBaHus. Ero padota NpoTeKkaeT B
YCNOBUAX, Korga nomMymMo 0CHOBHOIMO curHasna X, CBA3aHHOro ¢ u3Mepsie-
MOW BE/IMYMHOM, Ha HETO BO3AEICTBYHOT MHOXKECTBO APYTrMX CUrHaUT0B Zit
paccmaTpuBaeMbIX B JaHHOM crlydae Kak rnomexu (puc. 11.13,a).

Puc. 11.13. CTpyKTypHasa cxema M3MepuTenibHOro npeobpasosatesia (a) v
ero oyHKUuM npeobpasoBaHmsa (6)

BavkHelilweln xapakTepuctukoii UM sasnsietca diyHKUMs (ypaBHeHMe)
npeobpasoBaHusa (puc. 11.13,6), KoTopasi ONUCbIBAET CTaTUYECKME CBOIACTBA
npeo6pasoBatesisi U B 06LLeM c/lyyae 3anmcbiBaeTcs B Buge Y = F(X, Z,).

B nogaBnsiowemM 60NbLINHCTBE CNyYaeB CTPEMATCA UMETb SINHEN-
HY0 YHKUMI0 npeocbpasoBaHus. PyHkumsa Y (X) ngeanbHoro UM npn
OTCYTCTBMW MOMEX OMuCbiBaeTCcA ypaBHeHNEM Y = KX. OHa fiMHeliHa,
6e3blHepLUMOHHA, cTabu/ibHa W MPOXOAMT Yepe3 Hayaso KoopamHarT.
PeasibHas nepegatoyHas yHKLUUA B CTATUYECKOM PEeXUME UMEET BUA,

Y = k(I+Y)X+AC+A[F(X)] n MOXET oTInYaTbCA 0T uaeasibHOM CMmeLLe-



Hvem Hyns [0 Hak/ioHOM YW HenvHeliHol coctasnstollein A[F(X)].
Takve 0TK/IOHEHUS! peasTbHOM NepeaaTodHol hyHKUmM UM NpnBogsT K
BO3HMKHOBEHUIO afAVUTUBHOW, MYNbTUNIMKATUBHOW W1 HENIMHEAHOW COo-
CTaB/ISAOLLMX MOrPELLHOCTH.

M3mepuTesbHble NpeobpasoBaTenin KiacCUUUMpYoTCa Mo psgy
MPU3HaKOB.

Mo MeCTOMOMOXKEHNIO B M3MEPUTESbHOW Lieny npeobpasoBaresif ae-
NATCA Ha NepBUYHbIE Y MPOMEXKYTOUHbIE. MepBUYHbLIA MpeobpasoBaTe/b —
3T0 Takoii UM, Ha KOTOPbIA HEMocpeaCcTBEHHO BO3AEICTBYET M3MepsieMast
(hm3nHeCKast BeMMHMHA, T.€. OH SIB/SIETCA MEPBbIM B M3MEPUTENLHONA LIenu
CPeACcTBOM M3MepeHNiA. MpoMeXKy TOUHbIE MPeoGpasoBaTeNM pacroriaratoTcs
B VIBMEPUTE/TbHOM LIEN Mocsie MepBUYHON0. 3a4acTyto KOHCTPYKTUBHO 060-
Co6/1EHHbIE MEPBUYHbIE M3MEPUTESTbHbIE MPeobpasoBaTe/ i HasbIBaKOT AaTHM-
KaMy. Hanpuviep, pe3vCTUBHBIA JATUMK MepeMELLEHNS — 3TO MEPBUYHDBINA
npeobpasosaresib, B KOTOPOM MepeMELLEHME NPeobpasyeTcsi B M3MEHeHVE aK-
TWBHOIO COMPOTUBEHMS. JeTasibHO NepBUYHbIE M3MEpPUTESbHBIE MPeobpaso-
BaTe /M PacCMOTPEHbI B CrieLasTbHOA HayyHo ninTepatype [59-62].

Mpumvep 11.2. PaccMoTpym MnepBUYHbIE MPeobpasoBaTe/Ii MarHUTHbIX Be-
JIMYNH — VHAYKUMU U HaNPS>KEHHOCTU MO, UCMO/b3yeMble Mpy U3MepeHun
XapaKTepuCTUK MarHUTHbIX MaTepuasioB. Hawbosibluee pacnpocTpaHeHve [63,
64] nmonyunnn npeobpasoBaTesiM MarHWTHOM MHAYKUMKW, OCHOBaHHble Ha 3aKo-
He 3/1eKTPOMarHUTHOM MHAYKUMMW, N Harnps>KeHHOCTU MOMSI, OCHOBaHHbIV Ha
3aKoHe MnosHoro Toka (puc. 11.14,a).

MO

Puc. 11.14. MepBuuHble Npeobpas3oBaTe/ii MarHUTHOM MHAYKUMW U Hanpst-
YKEHHOCTM MOMA Ha Ko/bLieBOM 0bpasuie (a) 1 Ha obpasue A41a annapara
onwreriHa (6)

Ans Toro 4tobbl MOMYYUTb U3MEPUTENbHYIO WMHAIOPMaLMIO 0 XapakTepu-
CTUKax W MapameTpax MCMbITyemMoro mMarHMTHoro obpasua (MO), Heobxoaumo
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M3MEHUTb €ro MarHUTHOe COCTOSHMe, T.e. OCYLLEeCTBUThL MepemMarHudnsaHue. C
3TOV UEe/IbI0 Ha 3aMKHYTbI UCNbITyeMbldi MO HaHOCATCA 06MOTKW: HamarHu-
YMBaKoLLaA C YMC/IOM BUTKOB W1K M3MepUTESIbHasA C YAC/IOM BUTKOB W2 Yepes
HaMarHN4MBAaOLLLYI0 06MOTKY M COeVUHEHHOE MOC/eoBaTesIbHO C He Npeumsu-
OHHOe M3MepuTeribHOe ConpoTMBeHWe RO nog AelicTBrEM nepemMarHUYMBaoLLE-
ro HanpsbkeHust u(t) npotekaeT ToK i(t). CornacHO 3aKoHy MOSIHOMO TOKa, OH
MPonopLVoHasieH HanpsikxeHHOCTW nons H(t) B obpasug:

i(t) = H®lop/w1,

roe Ip— A/imHa cpefiHeit CUMoBO MarHWUTHOM JIMHMKM B m1cnbiryeMoM MO. Mpo-
TeKas yepes YMCTO aKTMBHOE M3MEpPUTE/IbHOe conpoTuBeHne RO, 3TOT TOK CO3-
[aeT MafigHVe HanpsiXXeHWsi, MPOMopLMOHa/IbHOe HaMPSPKEHHOCTM MONS:

UR(t) = H(t)lggROAM . (11.6)

Takum 06pas3om, nocriefoBaTeslbHO COeAMHEHHbIE HamMarHM4YMBaroLLasa 06-
MOTKa, HaHeceHHas Ha obpasel, W W3MepuTesibHoe COMPOTUBIIEHVE 00pasytoT
nepBUYHBIA NpecbpasoBaTesib HAMPSXKEHHOCTU MOSIS.

Mpy nepemarHuumBaHM MO B €ro U3MepuTesibHo 06MOTKe FeHepupyeTcst
3C 3NeKTPOMarHUTHOM WMHAYKLUMN

eM)=-"> =wB">. 11.7)

roe *IX(t), B(t) — MarHWTHbIA NOTOK N UHAYKUMS; S — M/iowaab MonepeyHoro
ceyeHuss MO. W3 gaHHOro ypaBHEHUS BUAHO, YTO BTOPUYHAA U3MepUTeSibHast
006MOTKa, HaHeCceHHasl Ha WCMbITYeMbI 0bpa3eLl, ABNSETCA NepPBUYHLIM MPE0d-
pasoBaTesieM MarHUTHOA VHAYKUMW. CUrHan Ha ero BbIX0Ae MponopLUvioHasieH
CKOPOCTU M3MEHEHNSI MarHUTHOW MHAYKUMW. [ nosyvyeHUs U3MepuTesibHon
MHopMaumm 0 camoi MarHWTHOA MHAYKUMW 3TOT CUFHaN HeobXoauMo Tem
WM UHBIM CMOCOGOM MPOUHTErPUPOBATb.

O6pasLibl 4Ns UCMbITAHWIA U3roTaBNMBAKOT B BUAE KOs, WM Mosoc orpese-
NeHHbIX pa3vepos (280x20 MM). B 60MbLUMHCTBE ClyYaeB WUCMbITAHWS MPOBO-
4AT B annapate 3nwreiHa (pyc. 11.14, 6), npegHasHa4YeHHOM /19 nepemMarHu-
UMBaHMA MO/I0COBbIX 06pas3LoB, COOMPAEMbIX B 3aMKHYTYH MarHUTHYH LIEMb B
BUIe KBagpata. Annapar JniiTeliHa COCTOMT U3 XKECTKOr0 HeEMarHUTHOro OCHO-
BaHWSA, Ha KOTOPOM MO CTOPOHaM KBagpata 3akperyieHbl YeTblpe MycToTesble
HEMarHUTHbIe HEeMnpoBOAALLME T/b3bl MPSAMOYTO/IbHOMO CeYeHUsl, MpeHasHa-
YeHHble /15 3aK/1afKN B HUX MOJSI0COBbIX 00pasLoB. Ha Kakaylo 13 runib3 Ha-
MOTaHbl TOHKMM MPOBOAOM CEKLUUU WU3MEpUTENIbHOM 06MOTKMU (W2l, w2, w23
W24, coefIMHeHHbIe MeXay C000M corsiacHo. MoBepX HWX TO/CTbIM MPOBOAOM
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HaMOTaHbl YeTbIPe CEKUUM HamarHvumBaroLeil obmoTkn (wtl, wi2 wi3 w4,
TaKKe CoefiHeHHbIe Mexay cobo corsiacHo. CyMmapHOe YMC/Io BUTKOB Hamar-
HUYMBAIOLLE W, U M3MepUTEeSIbHOM W2 06MOTOK 3aBUCUT OT KOHKPETHOro Ha-
3HaueHMs1 annapara JnwTeHa 1 6blBaeT pasMyHbIM. Hawnbonee 4yacto oHU
cogep>kat no 600 BUTKOB Kaxkaasi.

Annapat 3nwreliHa NpeacTaBseT cobol n3mepuTesbHbIA NpeobpasoBaTesib
MarHUTHbIX BE/IMYMH B 3MEKTPUYECKME U LLUMPOKO WCMOMb3YETCA B MPaKTUKe
WCMbITaHW MarHUTHbIX MaTepuasioB.

Mo xapakTepy Npeobpa3zoBaHnNsA BXOLHOW BennunHel VN gendarca
Ha NIHEVHbIe N HeMMHeNHble. JINHelHbIA npeobpa3osaTtesis — 310 UM,
VMEKLWNIA NNHENHYIO CBSA3b MeXXAY BXOAHOW M BbIXOAHOW BE/IMUMHAMM.
Mx Ba>KHOW pasHOBUAHOCTLIO ABNSETCSA MaclwTabHblin UMM, npegHasHa-
YeHHbI 4N U3MEHEHUS pa3mepa Be/TMUUHbI UAN N3MEPUTESTIbHOMO CUT-
Hana B 3afjaHHoe yucno pas. Ero ypasHeHue npeobpasoBaHUA UMeeT
Bug Y=kX, rge X, Y — ogHOpogHble BX0AHaA U BbIX0AHasA BENNYUHbI;
K — MOCTOSIHHbI KO3(h(ULUMeHT nepegaydn. Mpumepamm MacluTabHbIX
npeobpa3soBaTeneii MOryT C/TY>XUTb YCUTUTENN, OENUTENN HANPSHKEHUS,
N3MepUTESIbHbIE TpaHCHOopPMaTopbl HaMpPsHKeHUs. Y HenuHelHbix WM
CBA3b MeXAy BXOAHOW W BbIXOAHLIMU BeSIMYNHAMUN HeSIMHENHas.

Mo BUAY BXOAHbIX M BbIXOAHbIX BennunH WM gendartca Ha:

= aHanorosble, NpeobpasyoLLne 04HY aHa/I0roBY BENIMUVHY B ApY-
ryio aHasoroByt BesIMYUHY;

= aHasoro-ymdposble (ALLIM), npegHasHayveHHble 41 NpeobpasoBa-
HMSA aHa/I0roBOro M3MepUTEsIbHOro CUrHana B LUMpPoBOi Kof;

= ymppoaHanoroeble (LLAI), npegHasHaveHHble AnA npeobpasoBa-
HUA LM(POBOro Koja B aHaNoroByl Be/INUnHY.

O603HayYeHNA B CTPYKTYPHbIX CXeMax W nepefaToyHble (OYHKLUU
ALLM n LLAIM nokasaHbl Ha puc. 11.15. B kKauyecTBe BXO4HbIX (44
LLAI) n BbIxogHbIX (gns ALLIM) KogoB, Kak npaBwsio, MUCMOb3YHTCA
napassienbHble 4BOMYHbIE KoAbl. BxogHoi (ana ALLIM) v BbixogHoM (415
LLAIT) BeNIMUYMHOIM Yallle BCero siB/ISeTCA HanpsiKeHune W.

YpaBHeHMe npeobpaszoBaHUA mUaeasibHOro ogHonosigspHoro LIAT

.o w  Xr o m_ t,  OR-1 I * OR-2 4. ol 1, 00\
u- gR_-N10_ gR _i'" R-i" R-2"'* - +ai *" o* ),

roe R — paspsagHoctb LLATM; Um— makcumasibHoe BbIXO4HOE Hanpsxe-
Hne LIATM; N 10 — 3HauyeHMe BXOAHOro Koja B AeCATUYHOMN CUCTEME MUC-
yucneHus; aj — KoapUUMEHTbI, KOTOpPble MOTYT NPUHMMATb 3HAaYeHUA,
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paBHble HYO UK eguHunue. VI3 ypaBHeHUs BUAHO, YTO KBaHT Hanps-
XeHus Ha Bbixoge LLAT, HasbiBaeMbli egnHULER MNafLlero paspsja
(EMP), paseH Uni(2R1).

N
N-kX
No#2
ALIM
K NG|
K 3
a)

Puc. 11.15. O603HaueHNs1 B CTPYKTYPHbIX CxeMax (a), rnepegaroqHbie yHK-
um (6) 1 yacTy nepegaTodHbIX yHKUMIA (B) ALIM, LIAM B yBEMMUEHHOM
MacLuTabe

YpaBHeHMe Npeobpa3oBaHUA nAeasibHOro ogHononsApHoro ALLIM 3a-
nncbiBaeTcA B BUAE

NtO0 = ini T (2r-1)

rge int[X] — dyHKUUA, Bblgenawwas uesay yactb umcna X. MuHun-
ManbHoe M3MeHeHue HanpsXXeHua Ha Bxoge AL, KoTopoe npnBoAnT K
N3MEeHEHMIO BbIXOAHOMO KoAa, HasblBaeMoe paspeLuatoLLleli Coco6HOC T bio,
pasHo U, /(2R 1).

CuvicTema MeTPONOrMYecKNX napamMeTpoB npeobpasoBareniein, 0Tparkaro-
was oco6eHHOCTN KX MOCTPOEHUA N PYHKLMOHUPOBaHUSA, 00begUHSAET
HECKO/1bKO eCATKOB NapameTpoB, BaXKHENLLVMMK U3 KOTOPbIX SABASITCA:

- 4yuncsio paspsagos R — KonmM4yecTBO paspafoB Kofa, CBA3AHHOIO C
aHas10roBoM BE/IMYMHON, KOTOpPOe MOXXET BocnpuHumMatb LJAT nnum Bbl-
pabatbiBate ALLIT;
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* abcoNMTHAasA MOrpewHoOCcThL Npeobpa3oBaHUA B KOHEYHOW TOYKe
LKa/1bl — OTKJ/IOHEHME 3HaYeHuss BXoaHoro ansa AL v BbixogHoro s
LIAI Hanps>keHUA 0T HOMMWHa/IbHOIO 3HayeHUs, COOTBETCTBYIOLLEro
KOHEeYHOI Touke JyHKLUMWN Npeobpa3oBaHms (4acTo 3Ta MOrpeLHocTb Ha*
3bIBAETCA MY/IbTUMNINKA T UBHOWN);

= andpdpepeHUManbHas HeNMHERHOC T — OTKJ/IOHeHMe pasHoCTU ABYX
aHasI0roBbIX CUrHasi0B, COOTBETCTBYHOLIMX ABYM COCEAHWM KoAam, OT
3HayeHusa EMP;

*BpeMs YCTaHOB/IEHNS BbIXOLHOI0 HaMps>XeHUs — UHTepBasl Bpe-
MEHU 0T MOMEeHTa 3aZaHHOro M3MeHeHMs Koga Ha Bxoge LIAT Ao MoMeH-
Ta, NPY KOTOPOM BbIXOAHOE aHasloroBoe HanpshkeHwe BOWMAET B 30HY
WupuHOiA B ogHy EMP, cMMMETPUYHO PacnosioKeHHYH OTHOCUTEBHO
YCTaHOBUBLLIEr0CA 3HaYeHUs;

= BpemMs Npeobpa3oBaHNA — MHTEPBaU1 BPEMEHM OT MOMEHTa 3ajaH-
HOro M3MeHeHMs curHana Ha sxoge AL 4o nosiBfieHUA Ha ero BbixXoge
COOTBETCTBYHLLEr0 YCTOMUMBOIO Koga.

CyLlecTByIOT U gpyrve napameTpbl NpeobpasoBaresien, onpegeneHns
KoTopbIX AaHbl B TOCT 19480-74.

Mpymep 11.3. MNMPOMbILLIEHHOCTb BbINYCKAET 60/1bLLIOE TAae10 MMKPO3/IEKTPOH-
HbIX LIAM (wmdpp MA B Tvne) n ALLM (wndop MB) [66-68]. OcHOBHbIE MeTPOsI0rn-
YecKume NapameTpbl HEKOTOPbIX U3 HUX NpuBeaeHbI B Tabn. 11.1.

Ta6bnnuya 11.1
MeTpornornyeckuve napameTpbl MUKPO3NIEKTPOHHBLIX LIAIM n ALIM

EMP JAundbepeHum-  MorpeluHocTb B Bpevst ycTaHoB-

Tvn p;lsmp;}zl,%s (Ur= 10 B), asbHas Herm- KOHEYHOM ToUKe JieHVs (Mpeobpa-
MB HEMHOCTb LLIKas bl 30BaHUS), MKC

K572IMA2A 12 2,6 +0,025% +20 EMP 15
K1108MA1A 12 2,5 +0,024% +30 EMP 0.4
K1118MA1 8 40 +0,195% +5 MA 0,04
K1118MA3 8 40 +0,195% +2 MA 0,01

K572MNMB3 8 40 +0,75 EMP +3 EMP 75
K1107MB1 6 30 +0,78 % 0,1 B 01
K1108MB1A 10 5 +0,75 EMP +4 EMP 0,9
K1108rB2 12 1.2 +1 EMP + 10 EMP 2



11.6. KomnneKcHble cpeacTBa N3MepeHUi

KoMmn/iekcHble cpefcTBa M3MepeHUA npeaHasHadveHbl 418 peasvsa-
L Bceldi npoueaypbl n3mMepeHusi. CornacHo Knaccudmkauym, no ponm
B Mpouecce N3MEPEHUS N BbIMOHAEMbIM YHKUMAM (cMm. puc. 11.10), K
HV/M OTHOCATCS M3MepuTesibHble MPUGOpbl U YCTAHOBKW, U3MepUTe lb-
Hble CUCTEMbI N U3MEPUTESTbHO-BbIYUCINTEbHbIE KOMIMIEKChI.

11.6.1. I3mepuTeNbHble NPUBOPbLI U YCTaHOBKU

M3meprTenbHbIA NpMoop — CPeACTBO U3MEPEHUIA, npeaHasHaYveH-
Hoe AN MOJSyYEHUST 3HAYEHMIA N3MEPSIEMO (PU3NYECKOIA BEIMUMHBI B
YCTaHOB/IEHHOM AManas3oHe ee U3MEHEHUS 1 BbIPpaboTKMU CUrHana nsme-
pUTENIbHOM MHGOPMaLIMA, [OCTYMHOW AN1S HEeMnoCpeaCcTBEHHOro BOCMPU-
ATUA Habnogaresniem.

O606LLeHHasn CTPYKTypHasa cxema WU3MepuTesibHoro npmoopa. [JdaH-
HbliA KNacc CPecTB U3MEPEHNIA BK/THOHAET 60/IbLLIOE YMCI0 MPUBopoB, pas-
NYarLLmMXcs N3MepsieMbIMU Be/TMYMHAMM, 06/1aCTbi0 MPUMEHEHUS, TeX-
HUYECKMMUN XapaKTEPUCTUKaMU, MPUHLIAMOM OECTBUS, MCMOb3yemMol
3M1eMeHTHOM 6a30 1 ApYrMMM 0COGEHHOCTAMMW. TeM He MeHee Bce 3TU
npn6opbl MMEKT HEKoTopble obume YepTbl. O6O6LLEHHAsST CTPYKTYpHast
CXemMa V3MepuTesibHoro npubopa rnokasaHa Ha puc. 11.16. V3mepsiemas
®B BO3AENCTBYET Ha YCTPOMCTBO MpeobpasoBaHyisl, coCcTosILLee U3 Mep-
BWYHOIO M3MEPUTENLHOIO MpeobpasoBaTesist U COBOKYMHOCTU afieMeHTap-
HbIX CPeACTB M3MepPeHUIA. [MepBNYHbI NpeobpasoBaTeslb npeo6pasyeT U3-
MepsieMmyto ©B B Apyryio Be/IMUUHY, OAHOPOAHYIO WM HEOAHOPOAHYHO C
Heli. CurHan ¢ BbIxofa npeobpasoBaTesia MPOXOAUT Yepe3 COBOKYMHOCTb
anemeHTapHbIX CW. B NpocTerLumMx n3mepuTenbHbIX Npnbopax Takasi co-
BOKYMHOCTb MOYKET OTCYTCTBOBaTb. HanpvMep, B aHa/10roBbIX BOSIbTMET-
pax 13MepsieMoe HanpsbKeHVe NpeobpasyeTcsi B Yrosl NnoBopoTa CTPesiku ¢
MOMOLLIbKO MEPBUYHOIO 3/1eKTpoMexaHmyeckoro I,

Puc. 11.16. O606LIeHHas CTPYKTYpPHas CXxema M3MepuTesibHOro npubopa
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Ha BbIxoae ycTponcTBa npeobpaszoBaHmsa HopMUpyeTcsa cUrHan, na-
pamMeTpbl KOTOPOro COOTBETCTBYH BXOAHbIM XapaKTepucTMKaM oTcYeT-
HOro yCTpOWCcTBa.

OTcueTHOE YCTPONCTBO — 3TO 35ieMeHT CU, npeobpasywowmii ns-
MepuUTesibHbIM curHan B QOpMy, AOCTYMHYK BOCMPUATUIO OpraHamum
YyBCTB uYesioBeka. 1o dopme npeacTaBNeHUS MOKa3aHUIM OTCYETHbIE
YCTPOWCTBa AeNATCSA Ha aHasloroBble U LUGPOBEIE.

CocTaBHbIMM YacTAMKW OTCHETHOrO YCTPOMCTBA ABNAKTCA LUKana u
yKasartenb. LLIkasna — 3T0 yacTb 0TCHETHOrO CPeAcTBa, NnpeacTasnsowas
co60ol psag 0TMETOK, COOTBETCTBYIOLLUX MOC/efoBaTelbHOMY psifly 3Haude-
HUIA BE/INUNHBLI BMECTE CO CBA3aHHOM C HUMWM HyMmepauueli. LLkana HaHo-
CUTCA Ha NPSMOJIMHENHOM y4yacTKe WM gyre OKpy>XHocTu. OTMeTkKa
LKasibl — 3T0 3HaK Ha wkasie CU (YepToyka, 3ybel, Touka 1 T1.4.), COOT-
BETCTBYIOLLMIA HEKOTOPOMY 3HayeHu PB. 015 undpoBbIX WKasa camu
yuncna ABMASATCA 3KBMBa/IEHTaMM 0TMETOK LUKasibl. OTMETKN Ha LLKasiax
MOryT 6bITb HaHeceHbl PaBHOMEPHO WM HepaBHOMEPHO. B cBA3M ¢ aTnM
LWKa/ibl Ha3blBalOT pPaBHOMEPHLIMU WU HepaBHOMEPHbIMU. [paKTUYecKn
paBHOMEPHOW cuMTaeTCca LWKana, AMHbI AeNleHUA KOTOPOW oT/inyatoTes
He 6onee yem Ha 30% U MMEKT NOCTOAHHYIO LieHY AefieHns. [pomMeXKyToK
MeXXAy ABYMS COCEAHUMU OTMETKaMU LLIKanbl CPeAcTBa N3MepPeHUiA Hasbl-
BaeTCcs fefleHNeM LWKanbl. JNMHOR feneHns LKanbl Ha3bliBaeTCs paccTos-
HVEe MeXXAy 0CAMMU UMW LEHTPaMK ABYX COCEAHMX OTMETOK LLUKaslbl, U3Me-
peHHoe BA0/1b BOOOPaKaemMor NMMHUN, NPoxoasLleli Yepes cepeuHbl CamblX
KOPOTKMX OTMETOK LWKanbl. [AAvHa NUHUK, NPOXOAsLLE Yepe3 LEHTPbI
BCEX CaMbIX KOPOTKMX OTMETOK LLUKasbl CU 1 orpaHMyeHHas HavaibHoM 1
KOHEYHOM 0TMeTKamMu, HasblBaeTCs A/IMHONM LKasbl. JINHUSA MOXXET bbiTb
peasibHo 1M BoobparkaemMow, KpUBOA U MPSIMOiA.

OTmeTka wkasbl CU, y KOTOPOro rnMpocTaB/IEHO YMC/0 OTCYeTa,
Ha3blBaeTCA YMC/I0BOM 0T MeTKOWM WKanbl. OTMETKM 06neryarT one-
paTopy cyMTbiBaHWe MokKasaHuii npubopa, KOTOpoe NPon3BogMTCs Mo
MOMIOXKEHUNIO yKa3aTensd OTHOCUTE/IbHO OTMeTOK LWKanbl. [AeneHusa
WKanbl UMelT LeHy. LleHa feneHusa WwkKanbl — 3T0 pa3HOCTb 3Haue-
HWUIA BENMNUYNHbBI, COOTBETCTBYHLLNX ABYM COCEAHUM OTMETKaM LUKa-
nbl CU. OTMeTKM HaHOCATCA Ha WKasy npu rpagynposke npubopa,
T.e. MpW nojaye Ha ero BXoA curHana ¢ Bbixoda 06pasLoBoli MHOro-
3HAYHOM Mepbl. ¥ 4yacTu 0TMETOK LUKasibl NPOCTaB/IATCA YNC/10BbIE
3HAYEHUSA BEMINYMHbLI, N04aBaeMoi C BbixoAa Mepbl. 3T OTMETKU cTa-
HOBSATCHA YMC/OBbLIMW.

YKasaTe/lb — YacTb OTCHETHOMO YCTPOMCTBA, MOSIOXKEHME KOTOPOro 0T-
HOCUTE/IbHO 0TMETOK LUKa/1bl ONpeaesisieT nokasaHnsa U3MepuTesibHoOro Npu-
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6opa. YKasaTesib BbIMO/HAETCA B BUAE MOABVYKHbLIX CTPE/IOK Pa3HoM hopmbl
(KMHOBUAHOM, HOXEBMAHOW 1 A4p.), /y4va CBeTa, nepa camonucya v T.0.

LLkana CN nmeeT HayasibHOe M KOHeYHoe 3HayeHunsi. OHM COOTBETCT-
BYIOT HaVIMeHbLLUEMY U HaMbosibLLEMY 3HAYEHUAM M3MEPSIEMON BeNNYK-
Hbl, KOTOpble MOryT 6bITb OTCYMTaHbl Mo wWKaie CW. Hanpuwmep, ans
MeANLMHCKOro TepMOMeTpa HavasibHoe 3HayYeHue WkKasbl pasHo 34,3 °C,
a KoHeuHoe — 42 °C.

Mpy n3mepeHnn ¢ NoKasbiBaOLLEro YCTPOMCTBA CUNTBLIBAETCHA MOKa-
3aHne. Kaxkgoe CU xapakTtepuayeTcsa guana3oHoM nokasaHuii u gnana-
30HOM M3MepeHWi. [inana3oHoM MnoKasaHWii HasblBaeTcs 061acTb 3Ha-
yeHWi wkanbl CU, orpaHuyeHHass ee HadasibHbIM W KOHEYHbIM
JeneHnamu. Tak, 019 MeAULMHCKOro TEpMOMETpa AuManas3oH nokasa-
HUIA cocTaBnseT 7,7°C. Anana3oHOM U3MepeHW HasbliBaeTcs 061acTb
3HayeHMn ®B, B Npegenax KOTOPOW HOPMMPOBaHbI AOMyCKaeMble rnpe-
pensl norpewwHoct CU. 3HayeHnsA BefIMUMHBI, OrpaHnymMBaloLLive ava-
Nna3oH CHU3Y U CBepXxy (CfieBa M cnpasa), Ha3blBAKTCA COOTBETCTBEHHO
HVDKHUM 1 BEPXHUM MpejenamMn namepeHuin. inanasoH namepeHuin Bce-
r4a MeHblle WX paBeH AManasoHy MoKasaHuii.

Knaccuumkaumnsa nameputesibHblX Npuoopos. M8 yyeta BceEX 0CO-
6eHHocTel i MHOroo6pasHbIX N3MepUTEbHbIX MPUBOPOB MPUMEHSIIOT K/lac-
cMUKaLmio No pasnuyHbiM nNpusHakam. Mo popme MHANKaLUUU N3Me-
psAeMOV BEIMUMHbI pasnnyalT N3MepuTesbHble NPUBopPbI:

* NoKasblBaloLLMe, KOTOpble A0MYCKaKT TO/IbKO OTCUMTbIBAHME [M0-
KasaHuii n3MepsieMoil BE/IMUYNHBI, HanpuUMep CTPEsIoYHbIA nnn undpo-
BO BONIbTMETP;

eperucTpupyroLLve, npegycmarpmsaloLme permcTpanuio nokasaHu
Ha TOM WAW MHOM HOocuTene MHopMauun, Hanpumep Ha 6yMadkHOW
neHTe. Pervcrpauns MOXeT Mpou3BOAUTCS B aHasI0roBoM mMam uudpo-
BOV ¢hopMme. PaznmuaioT camonuiuylime M nevatawoLwme npubopsbl.

Mo MmeTofy Npeobpa3oBaHNA MU3MePSAEMON BE/IMUMHbI pPa3fiMyatoT
npnéopbl NPSAMOro, KOMMeHcaLnoHHOro (ypaBHoBeLLNBAIOLLEr0) N CMe-
LaHHOro npeobpasoBaHUAa. 3TM MeTOAbl NPeobpasoBaHUs U COOTBETCT-
BYHOLLME UM CTPYKTYPHbIE CXEMbl paccMoTpeHbl B 11.7.2 n 11.7.3.

Mo Ha3Ha4yeHUO M3MepuTesibHble NPUGOPbLI AENATCA Ha aMmnepMeT-
pbl, BO/IbTMETPbI, OMMETPbI, TEPMOMETPLI, FTMIFPOMETPbI U T.A4.

Mo chopme NpeobpaszoBaHUA UCMNOb3YEMbIX U3MEPU T e/IbHbIX CUT-
HanoB NpU6OPbI NOAPa3AeNsaT Ha aHasI0roBble N LNMPOBBLIE.

AHas0rosble Npu60pbI — 370 MPUBOPbLI, NOKa3aHUA UKW BbIXOAHOMN
CUrHa KOTOpPbIX ABASETCA HenpepbiBHOM yHKUMEN U3MEHEHUS n3Me-
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psieMoii BENIMUMHBI. aeann3npoBaHHoOe ypaBHEHME Mpeo6pasoBaHus
JIHEVHbIX aHas1I0roBbIX U U3MEPUTESbHBLIX MPUBOPOB MMEET BUL

Y=KX, (11.6)

roe X — m3mepsiemasn BenvunHa; Y, K — nokasaHuve un KoahpuumeHT
npeo6pasoBaHWsA Npuéopa cooTBeTCTBEHHO. CrefyeT OTMETUTb, UTO 60/1b-
LLUMHCTBO U3MEPUTESIbHbIX MPUOOPOB ABASIOTCA INHERHbIMW. [eTanbHo
aHanorosble NPMGOPLI paccMoTpeHbl B [72].

LindopoBbie Nprbopbl — 3T0 NPMGOPbI, MPUHLUMMN AEACTBUS KOTOPbIX OC-
HOBaH Ha KBaHTOBAHUWN W3MEPSIEMO WM NPOMOPLIOHaNIbHOM el Bennum-
Hbl. [MoKaszaHma Taknx NprbopoB NpeacTaBieHbl B LdpoBoi dopme. Ha-
Nnyne ornepaumm KBaHTOBaHUS MPUBOAUT K MOSABNEHUIO Y LMGPOBbIX
NPUBOPOB CNELNYECKMX CBOMCTB, 00YC/IaB/INBAIOLLMX CYLLIECTBEHHbIE pa3-
Nnunsa B MeTodax BblBOp», aHaM3a, onMcaHNsa U HOPMMPOBaHUA METPOSIO-
FMYECKMX XapaKTepUCTMK Mo CPaBHEHWIIO C aHas10roBbIMK Npubopamm.

B npouecce kBaHTOBaHMA 6ECKOHEYHOMY MHOXKECTBY 3HAYEHW 13Me-
pSieMOiA BEMIMUMHbBI CTABUTCSH B COOTBETCTBME KOHEYHOE U CHETHOE MHOMXKe-
CTBO BO3MOXKHbIX MOKa3aHui Lmgposoro npmnéopa. VIx umicno onpenensieT-
CA CXeMOl aHasoro-umgpoBoro npeobpasosatesisl, BbIMOMHAOLENO B
upMcpoBoM Nprbope onepaumio KBaHToBaHNA. OAHOBPEMEHHO C KBAHTOBa-
HMEeM, KaK Mpasusio, OCyLLEeCTBNSAETCS AUCKPETU3ALMA MO BPEMEHW N3Me-
pUTEsNIbHBIX CUrHaU10B. KBaHTOBaHME M OMCKPETM3aUMA PaccMOTPeHbl B
pa3g. 10.5. CTpyKTypHasi cxema UMppPoBOro npubéopa rnokasaHa Ha puc.
11.17.

Puc. 11.17. O6o6LleHHas CTPYKTypHas cxema LiM(ppoBOro N3mMepuTesibHoro
npuoopa

M3mepsiemas ursnydeckas BenmumMHa X BO3[ENCTBYET Ha MepBuy-
HbIi 13MepuUTeNbHBIA npeobpasosatesb (M), nmelowmin  Koaddunum-
eHT npeobpasoBaHus Knn. OH npeobpasyeT Be/iMuMHy X B 3/IeKTpUYe-
CKWUIA CUrHas, B KauyecTBe KOTOPOro MCMO/b3YeTcs /1aBHbIM 06pa3oM
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HanpsbkeHue. B paccmartpusaemom crydae n=Knnx. 3710 Hanps>keHune
B CBOIO 04Yepefb MocTynaeT Ha MaclTabHbIi U3MepuTeNnbHbIA npeobpa-
3oBatesib (MIM), HeobxoAMMbIA AN N3MEHEHWUS MpeesioB U3MEepPeHUs
ungposoro npubopa. OH MOXET MMETb pa3HOe YUC/I0 AManas3oHoB W3-
MepeHus: oT 1 ao Nn. ivana3oH U3MEHEHUNS N3MEPSEMOI BESIMUMHBI X
pasbuBaeTcs Ha Nn noggnanasoHos: XlInin ..., XImex X2rin, ... , X 2rax
— ¢ x Nnminr — >XNwmex rge Xj min ... , X; if&X — MUHUMaJIbHble U
MaKCMMasibHble TOUKW i-ro gnanasoHa U3MepeHui.

Cpean guanasoHOB M3MepeHUs BblOMPatoTCA OCHOBHOW W AOMONHU-
TesibHble. OCHOBHbIM CHUTAETCA TOT AuanasoH, Ha KOTOpPOM u3mMmepsie-
Mas BeNMUMHa MpeTeprieBaeT HaMMeHbLUee 4YMCA0 Npeobpas3oBaHuii Ha
nyTM OoT Bxoga npubopa Ao Bxoga ALLM. Bce octanbHble AManasoHbl
cymnTalTCcA AOMOSTHUTENbHLbIMU. Ha npakTuke BO3HWKAaWT cuUTyauuu,
Korga BblAesiuTb OCHOBHOWM AmManas3oH Mo yKa3aHHbIM MpuU3HaKam He-
BO3MOXXHO. B 3TOM cny4dae B Ka4yecTBe OCHOBHOIO BblGMpaloT gnanasoH
C HaMMeHbLUMMW MpegenaMn AOoNycKaemblX MOrpeLlHocTer unn ycrta-
HaB/INBAIOT ero ro corsaleHunto.

MacLuTabHbIi NpeobpasoBaTesib Tak U3MEHSIET (YMEHbLUAET UAN YBeNW-
yYMBaET) BXOAHOE HanpshkeHue B 3adaHHoe umcro K; pas (i = 1; 2; ...; NN,
4YTOObI CMTHAN MHHa ero Bbixode Obl/1 HOPMUPOBAH, T.e. €ro 3HayeHue
Haxo4nsocb B 3afaHHbIX npegenax. Kak npaswno, ctapatTcsa obecrie-
UYNTb BbIMO/HEHWE YC/I0BUIA, NPY KOTOPbIX Npeaesibl U3MeHEHNS HOPMU-
pPOBAHHOI0 HamnpshKeHWs coBMajaloT ¢ 60NbLUe YacTblo AOMYCTUMOrO
AvanasoHa n3MeHeHUs BXOA4HOro curHana AL npu Bcex BO3MOXXHbIX
3HaYEHNAX W3MEPSEMOro CUrHana. 3TO MO3BOMAAET MUHUMU3NPOBATL
norpewwHocTn, BHocumble ALLI.

HopmuposaHHoe HanpshkeHne nH= KIKITKX npeobpasyetcsa AL B
uncposoii kog N, mmerownin paspsgHocte RAUN. ALLIM BbinonHSAeTcs
ofHonpeaesibHbIM, PacCHMTaHHbIM Ha OAUH (PUKCUPOBAHHBIA AMana3oH
M3MEHEHUS BXOAHOr0 CUrHasa vH

Ba>kHOW XapaKTepucTuKoi undgpoBoro npmubopa ABMAsSeTca MeToa
npeo6pa3oBaHUA aHas/10r0BOM WU3MEPSEMOI BeIMUYMNHBI B ee LpoBOiA
3KBMBAJ/IEHT, peasin3oBaHHbIn B ALLM. MPUHATO 0TOXAECTBNATb MPUH-
uMn gencTBUs LMGPOBOro M3MepUTEIbHOro Npubopa ¢ NPUHLUIMOM
penctena ALLIM, Bxogsiwiero B ero coctaB. B HacTosiuiee Bpems pas-
pa6botaHo u wucnonb3yetca B CU 6onblioe 4ncno [66] pasnmuHbIX
MeToA0B npeobpaszoBaHmsA. K OCHOBHbIM M3 HUX OTHOCATCA MeToAbl
nopaspsifHOro ypaBHoBeLUMBaHUA (MeTo4 nocnefoBaTesibHbIX Npuban-
YKEHWM), ABOMIHOIr0O MHTErpupoBaHNA 1 NpPeobpasoBaHNs HanNpPsXKeHUs
B 4acToTy.
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MeTponornyeckme ceorictea ALLM 1 uudposoro npueopa B LEsIOM
CYLLECTBEHHO 3aBUCAT OT HOMUHA/ILHOM CTyneHW KBaHToBaHWs AL,
paBHoi

_ MH("NTax) ~ MH(Mnun) _ MH(MTax) ~

(Nmex-N min-1 M

rae Nnax Nnin— makcumanibHoe Y MUHUMaSIbHOE 3HAUYeHUS! BbIXO4HO-
ro koga ALM; ukNnm&), uHINni) — 3HayYeHWs1 BXOAHOI0 HarnpskeHUs
ALLM, cootBeTcTBytOWME Nnax 1 Nnin

Mpn 1cnonbL30BaHUM ABOVMYHOIO LMCHPOBOro KoAa MakcuUMasibHoe

UYNC/O BO3MOXKHBIX BbIXOAHbIX KOAOBLIX KOMOMHauwii M =2 All- 1.
YpaBHeHMe npeobpasoBaHna ALLM B obLiem criydae MMmeeT BUL

N = int(uHqg) = int](KnnKga/*]-

Mony4yeHHbI ABOMUHbLIA LIMOPOBOIA Ko MOCTYNaeT Ha npeobpaso-
Batesib kogoB (MK). OH Heobxogum 418 NpeobpasoBaHUsA BbIXOAHOMO
unposoro koga AL B koA, “MOHMMaeMbIin” LMgpoBbIM OTCHETHBIM
ycTporicteoM (OY). Hamboree yacTbiM B NpaKTUKe SBASETCA Mpeobpa-
30BaHVe ABOMYHOMO Kofa B ABOWYHO-AECATMYHBLIN. Yucna, npeactas-
nsemble kogamMy N 1 NX B TOUHOCTW paBHbl APYr APpYrYy, OTINYaloTcA
TO/IbKO (hopMamm NpeacTaB/ieHns!, U No3TOMY B AasibHeliLLemM paccMmoT-
peHun 6yzem onepuposaTb kogom N.

Lincbposble OY BbINOHAKTCA B BALE LMDPOBLIX Tabsio, AUCTIIEEB,
OCHOBaHHbIX Ha pa3/INyHbIX (PU3NYECKNX NpuHUMNax. OHW npeobpa-
3yI0T KOZ, B nokasaHusa CU, MoHATHbIE Yesi0BeKY.

BavkHol xapakTepucTnkoii OY SABNSIETCS €ro paspsigHoCTb — YMC-
110 NOMHbIX AECATUYHBIX Pa3psaaoB, KOTopble MHANLMPYHOTCA Lyidipamn
ot O go 9. Lndposbie OY, MN03BOMASIOLME MHANLMPOBATL €LLUe OAvH
[OMOMHUTENbHbIA paspss, HO HEMOMHOCTBIO, HAa3bIBAKOTCH OTCHETHBIMA
YCTpOCTBAMU C paclLUMPeHHbIM Apana3oHoM M3MepeHui. VX paspsig-
HOCTb 0603Ha4aeTcs B BLAE Royl/2. 310 03HaYaeT, YTo YCTPOIACTBO UMEET
Roy nonHbIX paspsaos v 0AvH HEMOMHbIA. B HeM, Kak Mpasusio, MOXXeT
WMHAMUMPOBATBCA TONbKO O v 1.

PaspsagHocTe OY onpegensieT paspeLuatoLlyto CrocobHOCTb Lmdipo-
BOro Mpubopa, BbipakaeMyto B 3Ha4veHUn (EMP) nokasaHuin npubopa.
L[5 NprbopoB ¢ 06bIYHBIM 1 pacLUMpPeHHbIM AvanasoHamMn n3vepeHni
OHa COOTBETCTBEHHO paBHa
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E M P = ; EMPS= e :
10 "-1 2«10 -1

rae X imex — MakCcuMasibHOe 3Ha4YeHVEe N3MepPSeMoit BEIMUMHBI X Ha i-M
AnanasoHe N3MepeHus.

B coOTBETCTBUM C ypaBHeEHMEM NpeobpazoBaHnsa AL dyHKUmMS npeo6-
pa3oBaHuUA LMGPOBOro Npuéopa, CBA3bIBAIOLLLAA N3MEPAEMYO BETMUNHY X
C NokasaHuaMn Y, npeactaBfieHHbIMA B eANHULAX BENUUHBLI X, UMEeT BUL,

Y =g”™N =gXint[(KnnKiX)/q] = g* int(X/gX), (W.7)

roe gXi = Q(K|KIT) — HoMUHasIbHasA CTyMneHb KBaHTOBaHUSA (KBaHT) U3-
MepsieMoli Be/IMUMHBI X Ha i-M Anana3oHe nsmMepeHnsi. PasMmepHoOCTb KBaH-
Ta ggj paBHa pasMepHOCTM X, a ero Be/M4uHa onpegenset npemesibHo
JOCTUXKUMYIO TOYHOCTb U3MEPEHUS AaHHbIM LINGPOBLIM MPUGOPOM.

Pasmep HOMWHaNbLHOM CTYNEeHW KBaHTOBaHWSA g 3aBUCUT OT TOrO,
Ha KakoM AmanasoHe nNpou3BoanTca namepeHue. KeaHT qXi onpegens-
€TCA 3HAYEHNAMUN KpariHUX ToYeK AnanasoHa N3MepeHns n makcumasib-
HbIM YMC/IOM BO3MOXXHbIX BbIXOAHbIX KOAOBbIX KOMOUHauuni M:

Pa3smep HOMWHa/IbHOM CTYNEeHW KBaHTOBaHWS Ha i-M AuanasoHe
n3mMepeHns 06bI4YHO BbIOMpPAaETCA paBHbIM eAuMHULE MAajLlero paspsija
3TOro AuanasoHa.

CornacHo (11.7), KaXaomy M3 BO3MOXHbIX MokasaHwuii Yj (i —1, ...,
M) cTaBUTCS B COOTBETCTBME MOAMHOXKECTBO [XU; X ] 3HaueHWin nsmepsie-
MO Be/IMYMHbI, rae Xu; XL— neBasi 1 npasasi rpaHuLbl i-ro NogMHOXe-
ctBa, npuyem Xuw — Xu= gXl. dyHKUMA npeobpasoBaHUs LUKDPOBOro
npubopa (11.7) nmeeT BUA CTYNEeHYaToON KPMBOKM C paspbiBamMn B TOUKax
Xn n XR pna i€(1;M) (puc. 11.18,a). 31a KpmBasa [0J/HKHA HaAU/TYULLMM
06pa3oM NMpubNMXKaTLCA K NPSAMOIA, KOTopas 3aAeBaeTcs ypaBHeHVEM Y =
X (npsimasa 1 Ha puc. 11.18,a n 6), onucbiBaKLWMM NaeasibHyt CUTyaLmio:
nokasaHus CU paBHbl n3mepsiemMmoit BenivumHe. Mo Hannyydwmnmm npmbnum-
YKEHMEeM MOHUMAETCH Takoe MOSIOXKEHUE CTyNeHYaTo KPUBOM, MpU KOTo-
poM abCoMOTHbIE OTK/IOHEHMSA ee 0T NPSAMOA 1 MUHMMaNbHBbI, T.€.
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|x- X< 0,5gxI n |X- XRi]<0,59X

OfHa 13 TaKMxX BO3MOXHbIX KPMBbLIX MokasaHa Ha puc. 11.18,6.
OHa onucbIBaeTCsl ypaBHEHNEM

n NorpeHoCcTM KBaHTOBaHUA

Y = gXi[int(X/gXi) + 0,5sign(X)]. (11.8)

B npegene, npu ctpemneHnn kesaHTta X —0 OHO NepexoAnT B ypaBHe-
Hue Y = X. 3T0 cBUAETENbCTBYET 0 CyLL,eCTBOBAHUN TeCHOI B3aMMOCBS-
31 TEOpUM MOrpeLLHOCTelr aHanorosbIix U Lndposbix CU.

DyHKUMKM (11.7) n (11.8) He coBnajaloT B TOYHOCTU C ypaBHEHMEM
Y = X, TaK Kak ycnosme gXi= 0 Ha NpakTUKe HeBbINoNHMMO. Mo3ToMy
Jaxke naeasbHbIi ALLM obnagaeT norpeLwlHocTb0, KoTopas obycroBrie-
Ha caMMM MPUHLMNOM aHanoro-umdpoBoro npeobpasoBaHus. 3Ta Mo-
rPEeLLIHOCTb OTHOCUTCA K paspsgy MeTOAMYECKUX U Ha3bIBaeTCA MorpeLu-
HOCTbIO KBaHTOBaHuA. C yyeTtom (11.8)

A=Y - X =qgXi[0,5sign(X)gX - frac(X/gx;)],
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rge frac(X) — yHKUMSA, Bblgensowan ApobHyo vyacTb uncna X. Mo-
| nyyeHHasa gyHKUMA NokasaHa Ha puc. 11.18, 6. NMorpelHOCTb KBan-
ToBaHMA ana yHkumm (11.7) A= -q Xfrac(X/gXi) nokasaHa Ha puc.
11.18,a.

DYHKLUMN Npeobpa3oBaHns NaeasibHOro 1 peasibHoro LdpoBbIX Npu-
60pOB OTNINYHAKOTCA TEM, YTO MOCNeAHASA MOXKET UMETb CMELLEHME OTHOCK-
Te/IbHO HY/IEBOM TOYKM, N TEM, YTO AENCTBUTE/IbHBIA pasMep CTYMNeHu
KBaAHTOBAHWST MOXKET OT/INYATbLCSA 0T HOMUHA/IbHOIO U ObITh HEMOCTOSH-
HbIM.

TeHAeHUMA Pa3BUTUS U3MEPUTESbHO TEXHMKM TakoBa, YTOo umd-
POBbIX MPMOOPOB CTAHOBUTCA Bce Gonblue. C Teopueid pa3paboTku U
[npvu\neHeva LMPOBbLIX CPEACTB WU3MEPEHMIA MOXXHO 03HAKOMUTLCS B

[

69-71].
B 3ak/ito4eHne 0TMETUM, YTO crneumndmka Npnbopos, NPUMEHSEMBbIX
; Ana n3smepeHns ®B, n3ydaeTcs B COOTBETCTBYHOLLMX AUCUUM/INHAX.
M3mepeHune 3NeKTPUYECKUX BE/IMYNH (B TOM YUC/IE BPEMEHU U 4aCTOTbI)
nogpo6Ho paccmoTpeHo B [51, 54, 62, 69-75], Teopmsi NOCTPOEHUSA U
MCMNO/Ib30BaHNA PErNCTPUPYIOLLMX NPMB0POB NpoaHann3mposaHa B [62,
76, 77], BONPOCHI, CBA3aHHbLIE C U3MEPEHWEM HE3NIEKTPUYECKUX BENN-
4nH — [59, 61, 77], B TOM uncrie macchl [78], reoMeTpruyecknx pasme-
poB u yrnos [79].

MN3mepuTenbHas ycTaHoBKa. 3T0 — COBOKYMHOCTb (PYHKLIMOHAIbHO
00beANHEHHbIX CPEACTB U3MEPEHWUI (Mep, WU3MEpPUTESbHBLIX MPUBOPOB,
M3MepuTe/bHbIX MNpeobpasoBaTtesieit) 1 BCHOMOraTeflbHbIX YCTPOIACTB,
npeaHasHayYeHHas AN BbIPab0TKU CUIHa/I0B M3MEPUTENBHOA MHGOpP-
Mauum B YA06HOM ANsi HENnocpeAcTBEHHOM0 BOCNPUATUSA HabogaTeniem
thopme 1 pacrnonoxxeHHas B 04HOM MecCTe.

MN3mepuTesibHYI0 YCTaHOBKY, MpefHa3HavYeHHyo /1 UCMbITaHUsA
Kakunx-nm6o nsgenuvii, HasbiBalT MUCMbITaTeNbHbIM CTEeHAOM (Hanpu-
Mep, AN U3MEPEHNS YAE/bHOIO CONPOTUBIIEHUS 3/TIEKTPUYECKNX MaTe-
pYasIoB, UCMbITAHUA MarHUTHbLIX MaTepuasios).

MN3mepuTenbHy0 YCTAHOBKY C BK/THOYEHHbIMU B Hee aTa/loHaMu,
npuMeHsieMyto ans nosepku CK, HasbiBatOT MOBEPOYHON YCT aHOB-
KO (HanmpuMmep, YCTaHOBKa [A/11 MOBEPKU BOSIbTMETPOB). HekoTo-
pble 60/bLLIVE N3MEPUTENbHbIE YCTAHOBKW, WUCMO/b3YEMble r1aBHbIM
o6pa3omM B MalUMHOCTPOEHUU, Ha3bIBAKT U3MEPUTE/bHLIMU Malln
HamMn (Hanpumep, CUION3MEPUTESIbHAA MalluHa, JenuTeNbHaa ma-
LINHA).
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11.6.2. N3mepnTenibHble CUCTEMbl U NU3MEPUT E/IbHO-BbIYUC/IUT €f1b-
Hbleé KOMMEKCHI

YCNoXXHeHVE COBPEMEHHOIO MPOM3BOACTBA, PasBuUTME Hay4YHbIX UC-
CNefoBaHUA NPUBESI0 K HEOOXOAMMOCTU U3MEPSATb M KOHTPOMMPOBAaTb
OAHOBPEMEHHO COTHU U ThICAUN Pa3/IUHbIX (P3NUECKUX Be/TMYVH. Ec-
TeCTBEHHas I1310SI0rMHECKAs OrPaHMYEHHOCTb BO3MOXKHOCTEl YesioBe-
Ka B BOCMPUATUN 1 06paboTKe 60MbLUMX 06BEMOB MHoOpMaLmK cTana
OAHOV 13 NMpUUMH NosIBNEHNS Taknx CU, Kak MU3MepuTesibHble CUCTe-
Mbl. 13MepuTenbHble CUCTEMbI — 3TO COBOKYMHOCTb (DYHKLMOHATbHO
00beAVHEHHbIX CPEeLCTB U3MEPEHWI, CPeACTB BbIMUCUTE/IbHOM TEXHU-
K1 1 BCrOMOraTesibHbIX YCTPOCTB, COeAVMHEHHbIX MeXXAy CO60M KaHa-
Namm cBA3W, NpeaHasHaYveHHbIX 4151 BbIPaboTKN CUrHAM0B U3MepUTeSIb-
HO MHopMaLIMN 0 IU3NYECKMX BEIMUMHAX, CBOMCTBEHHBLIX JaHHOMY
06beKTY, B doopme, YA0OHOM A/1s1 aBTOMAaTMYECKOM 06paboTKM, nepeaa-
um 1 (UKN) UCMOMb30BaHUST B aBTOMATUUECKUX CUCTEMAX YrpaB/IEHMS.
MpymMepamm MOryT CIY>XUTb CUCTEMbI, Pa3BePHYTbIe Ha KPYMHbLIX Mpes-
NPUATUAX N NpeaHa3HaYeHHbIe 411 KOHTPO/IS TEXHOI0rMYecKoro npo-
Liecca NPOM3BOACTBA KaKoro-nmbo M3Aenns, Hanpuvep npon3BoaCcTBa
CTanl, 3M1EeKTPO3HEPTM U T.1.

B 3aBMCMMOCTM OT Ha3HaYeHVs1 N3MEPUTE/TbHbIE CUCTEMbI pa3aens-
0T Ha U3MepUTerbHbIe, KOHTPOMpYIOLWMe, yrpasnstowye. Mo uucny
M3MEPUTESIbHBIX KaHas10B CUCTEMbI MOAPa3aeNsaTca Ha 04HO-, ABYX-,
Tpex- W MHOroKaHaslbHbIe.

BadkHO MX pasHOBUAHOCTLIO SABASKOTCA WHOpMaLOHHO-M3Mepy-
TenbHble cucTeMbl (MC), NpeaHasHaueHHbIe A1s NPeaCTaB/IeHNs U3-
MepUTENbHOA MHGhopMaLMn B Buae, HeobxoaMmMom MoTpebuTento. Mo
opraHusaumm airopyuTmMa (pyHKUNOHNPOBAHUS Pa3/inyatoT CUCTEMbI:

«C 3apaHee 3afaHHbIM /TTOPUTMOM PaboThl, NpaBwia (hyHKLMO-
HUPOBaHMA KOTOPbIX HE MEHSIKOTCS, MO3TOMY OHW MOTYT UCM0/b30BaTb-
CA TOMbKO O/19 1UcCc/efoBaHUS 06bEeKTOB, paboTatoLLMX B MOCTOSIHHOM
pexXvMe;

* rporpaMmM1pyemMble, a/IropuTM PaboTbl KOTOPbLIX MEHSIETCA Mo 3a-
[JaHHO Nporpamme, COCTaB/IAeMOl B COOTBETCTBMM C YC/IOBUSIMU (PyHK-
LMOHMPOBaHKS 06beKTa McCiefoBaHuIS;

*afanTVBHbIe, a/ITOPUTM pPaboTbl KOTOPbIX, & B psife Criyvaes w
CTPYKTYpa, U3MEHSIOTCH, npucrnocabnmeasicb K M3MEHEHNSIM M3Mepsie-
MbIX BEMMYMH U YC/I0BUIA paboTbl 06bEKTA.

Hawvbonee nepcnekTVBHLIM METOLOM PaspaboTKM M MPON3BOACTBA
NINC siBnsieTcsl MeTof arperaTHO-MOZY/TbHOro MocTPOEHWS U3 CPaBHU-
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TeNlbHO OrpaHUYeHHoro Habopa YHUMUUMPOBAHHLIX, KOHCTPYKTUBHO
3aKOHYEHHbIX Y3/10B 1AM 6/10K0B. Mpy NOCTPOEHUM arperaTMpoBaHHbIX
CUCTEM A0/DKHbI 6bITh peLleHbl 3a4a4m COBMECTUMOCTU M COMPSXXEHUS
6710KOB KaK Mexay €060, Tak 1 ¢ BHELUHUMW ycTponcTBamu. Mpume-
HUTeNIbHO K MINC cyuiecTByeT NATb BUAOB COBMECTUMOCTN:

= NHhopMaLMoHHas, KoTopas npedycMaTpuBaeT COr/iacoBaHHOCTb
BXOJHbIX M BbIXO4HbIX CUTHAJI0B M0 B/daM U HOMeHKaType, UHjopma-
TUBHbLIM MapameTpamM U1 YPOBHSAM,;

* KOHCTPYKTUBHAsA, obecrnevnBaemMas corfiacoBaHHOCTbIO 3CTeTUYe-
CKUX TpeboBaHWM, KOHCTPYKTUBHbIX MapaMeTpoB, MexXaHW4ecKux co-
Npsi>KeHW i 6/10KOB NpU MX COBMECTHOM MCMO0S1b30BaHUN;

*3HepreTuMYeckas, npegnonarawllasl cornacoBaHHOCTb Harnpske-
HUA 1 TOKOB, NUTaOLWMX 6/10KN;

= MeTposiornyeckas, obecrneymaroLLlast conocTaBUMOCTb pe3ynbTa-
TOB U3MEPEHNI, paLVOHa/IbHbIA BbIGOP U HOPMMPOBAHWE METPOSIornye-
CKMX XapaKTepuCTUK B/I0KOB, a TaKXKe corsiacoBaHve napameTpoB BXOA-
HbIX N BbIXOAHbIX Lenei;

* 3KCMn/lyaTauMoHHas, T.e. COr/1acoBaHHOCTb XapakKTepucTuUK 6J10-
KOB M0 HaJEeXXHOCTU U CTabUNbHOCTH, a TaKXKe XapaKTepucTuk, onpee-
NANWNX BAUSHNE BHELLUHNX (DaKTOPOB.

CBA3b Mexay 6/10kaMn CUCTEMbl U UX COBMECTUMOCTb YCTaHaB/U-
BaeTCA MOCPeACTBOM CTaHAapTHbIX WHTepdeincoB. Mog MHTepdelicom
NOHMMAaETCH COBOKYMHOCTb MEXaHUYECKNX, 3/IEKTPUYECKX U NPOrpaMm-
HbIX CPeACTB, MO3BONALWMX 06beAVHATL 6/I0KN B €ANHYI0 CUCTEMY.

CtpykTypa UC poBo/bHO pa3sHoobpasHa U CyLLLEeCTBEHHO 3aBUCUT
0T peLuaembIX 3aaa4. [JeTanibHO BOMPOChl NPOEKTUPOBAHUA TaKUX CUC-
Tem paccmoTpeHbl B [62, 71, 81- 83].

BaxxHoOM pasHoBUAHOCTEI NNC aBnsieTcs M3MepUTeNlbHO-BbIUNCIN-
TenbHble Komnekebl (MBK) — diyHKUMOHa/IbHO 06beAMHEHHAsA COBO-
KYMHOCTb CPeACTB WU3MEPEHUIA, KOMMbIOTEPOB W BCMOMOraTeslbHbIX YCT-
POCTB, NMpeaHa3HaYeHHas [/151 BbIMNO/THEHUS KOHKPETHOM M3MepUTebHOM
3afa4m. OCHOBHbIMW MPU3HaKaMn NPUHALIEXHOCTU CpeacTBa U3Mepe-
HWIM K VIBK sBASOTCA: Ha/MuMe npoueccopa UM KOMMbloTepa; Mpo-
rpamMmMHoe ynpas/ieHVe CpPecTBaMy U3MEPEHWU; Hasinume HOPMMPOBaH-
HbIX MeTPOSIOrMYECKUX XapaKTepUCTUK; 67104HO-MOAY/IbHas CTPYKTYpa,
cocTosILas 13 TEXHNYECKOI (annapaTHoii) 1 NporpaMMHo (anropuTMm-
YecKoi) NoACUCTEM.

TexHunyeckaa noacuctemMa fosmkHa cogepxkatb CU aneKTpruyeckmnx
BE/IMUUH (M3MEPUTENbHbIE KOMMOHEHTbI), CPeACTBA BbIUUCNTENBHON
TEXHUKWN (BbIYNC/INTESIbHbIE KOMMOHEHTbI), Mepbl TEKYLLEro BpemMeHU
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1 VHTEPBAJTOB BPEMEHW, CPEACTBA BBOAA-BbIBOAA LIMKIPOBLIX U aHaU10r0BbIX
CUrHasI10B C HOPMMPOBaHHBIM METPOSIOMMHYECKUMM XapaKTeEPUCTVKaMU.

B nporpammHyto noacuctemy MBK BXOAAT cUCTEMHOE M obLee npu-
KnagHoe nporpamMmHoe obecniedeHune (IMO), B COBOKYMHOCTU 06pasyto-
e maTematudeckoe obecrieveHne MIBK. CuctemHoe MO npeactaBnsieT
€060/ COBOKYMHOCTb MPOrpaMMHOro 06ecrneqeHns KOMbIoTepa, UCMosb-
3yemoro B VIBK, 1 A0MonHUTeNbHbIX ApOrpaMMHbIX CPeAacTB, MO3BO-
NALWMX paboTaTb B ANa/IONOBOM PEXUME; YNPaB/isTb U3MepUTeSIbHbI-
M/ KOMMOHEHTaMM; 0BMEHMBATLCA WHGOPMAaLIMEN BHYTPU MOACUCTEM
KOMI/IEKCa; MPOBOAUTL AMArHOCTUKY TEXHUYECKOro COCTOAHMUA. [1po-
rpaMmHoe obecriedeHne MpeacTaBnseT co60M B3aMMOLOMOSTHSAIOLLYHO,
B3aMIMOZEMCTBYIOLLYH) COBOKYMHOCTb MOAMPOrpamMmM, peasinayoLmx:

< TUMOBbIE aNrOPUTMbI 3NGEKTMBHOIO NPeACcTaB/ieHNss 1 06paboTkm
N3MepUTEsIbHOM MHhoPMaLIMK, M1IaHNPOBaHWS 3KCePUMEHTA 1 APYTNX
M3MepPUTESbHBIX MPpoLeayp;

*apX1BUPOBaHWE JaHHbIX U3MEPEHWA;

« MeTposiornyeckne yHkumn VIBK (atTectauums, noeepka, aKcre-
pyMeHTasIbHOE ONpeaesieHe MeTPOIOMMHECKMX XapaKTepPUCTUK U T.M.).

BonbLUoe 3HaYeHVe UMeeT 3hheKTUBHOE M HarNsSAHOE NOCTPOEHVE
3KpaHHbIX (hopM 1 yNpas/isoLLMX 3/1eEMEHTOB, Ha3blBaeMbIX MHTepdeli-
COM MOMb30BaTesls, 0becrneymBaroLLX B3aMMOAECTBME orepaTtopa ¢
KOMMbHOTEPOM. SGPEKTUBHOCTL MHTEPGIEiCa 3aK/IoHaeTcsl B ObICTPOM,
HaCcKO/IbKO 3TO BO3MOXHO, PasBUTWW Y MO/b30BaTesIel MPOCTOM KOH-
LienTyaibHOM MOZe/ N B3aMOAEMCTBMSA C KOMIMIEKCOM. JpyrumMn Badk-
HbIMWN XapaKTepucTUKamn NHTepdierca SB/ISTCA ero KOHKPETHOCTb U
HarnsgHoCTb, YTO 06eCreUMBaeTCs C MOMOLLIbIO MOC/1eA0BaTe/IbHO pac-
KPbIBaeMbIX OKOH, PACKPbIBAIOLLMXCA BIOYKEHHbIX MEHIO U KOMaHAHbIX
CTPOK C yKazaHneMm (yHKLMOHA/TbHbIX, “ropsaunx” KIaBuLL.

N3MepurTeNbHO-BbIUUC/TUTE TbHBIE KOMIJIEKChI MpeaHasHaYveHb! /15
BbIMO/HEHMSA TaknX (PyHKUMIA, Kak:

*0CYLLIECTB/IEHME MPSAMbIX, KOCBEHHbLIX, COBMECTHbIX WX COBOKYM-
HbIX VU3MePEHUIA (hN3NYECKNX BESINUWH;

* yrpaB/ieHNe MPOLIECCOM M3MEPEHWNIA 1N BO3AEICTBMEM Ha 00BEKT
V3MEPEHNI,

= NpeacTaB/ieHVie OMepaTopy pe3y/ibTaToB U3MEPEHU B TpebyemMoM
BUIE.

[na peanuzaumm atnx pyHkumin MIBK gomxeH obecrieuvsars:

* BOCMpUATME, NpeobpasoBaHMe 1 06paboTKy 3/1EKTPUYECKMX CUT-
Has10B OT MepBUYHbIX U3MEPUTENbHBLIX MpeobpasoBaTenel;
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= yrpas/ieHNe CpeacTBaMn U3MEPEHUA U APYTUMU TEXHUYECKUMM
KOMMOHeHTamMu, BXoadawmmn B coctaB VBK;

* Bblpab0TKy HOPMWUPOBAHHbIX CUTHA/OB, SABASIOWMXCSA BXOAHLIMU
[NS CpeAcTB BO3AENCTBMA Ha 06BHEKT;

*0UEHKY MEeTPOSIOTMYECKNX XapaKTepUCTUK W MpeactaB/ieHve pe-
3y/bTaToB U3MEPEHUIA B yCTAHOB/IEHHOM hopme.

Mo HasHauyeHnO VNBK penatca Ha Tunosble, Mpo6fieMHble U crie-
Lnanin3vpoBaHHble. TUMOBble KOMMJIEKChI MpefHa3HayeHbl 4159 pelue-
HUS LUMPOKOTO Kpyra TUMNOBbIX 33jay aBToMaTu3aunuu M3MepeHui, mnc-
NbITAHUA WAN UCCNefoBaHWM He3aBUCUMMO OT 06/1acTu NPUMEHEHUS.
MpobnemMHble KOMMIEKChl pa3pabaTbiBaloTcs 415 pelleHns cneumndpuny-
HOW NS KOHKPETHOM 06/1acT NpUMEHEHNA 3aJadun agTomaTusaumm ns-
MepeHuii. CneuyanusnposaHHble VBK npegHasHauveHbl AN peLleHusi
YHUKas/bHbIX 3a4ay aBTOMaTu3auuy U3MepeHun, Afsi KOTOPbIX paspa-
60TKa TUMOBbLIX W CNELUANU3NPOBAHHBLIX KOMMJ/IEKCOB 3KOHOMWYECKN
HeuenecoobpasHa.

OCHOBHbIMW COCTaBHbIMW YacTAMU KOMMNeKca ABMATCA (puc.
11.19):

* KOMMbOTEP C NepUPepPUNHBLIMU YCTPOMCTBAMM, NOAKIHOHEHHbLIMMN
K HEMY, B TOM 4uc/ie U NOCPEACTBOM KOMMbIOTEPHOWM CeTu;

= rporpamMmoii obecrieyeHue, NpeacTaBrisioLlee CO60A COBOKYMHOCTb
B3aMMOCBA3aHHbIX MPOrpamMm, HarnmcaHHbIX Ha aIfOPUTMUYECKNX A3bl-
Kax pa3Horo ypoBHS,

* NHTepgenc, opraHn3yrLWNin CBSA3b TEXHNYECKUX ycTpoiicTe MBK
C KOMMbIOTEPOM;

* hopMupoBaTeNlb UCMbITaTE IbHbIX CUTHA0B, KOTOPbIMU BO3JENCT-
BYIOT Ha 00bEKT M3MEPEHNS C LiefIbio NOSTyUYeHNS N3MEPUTESTbHBIX CUT-
HauoB. Kaxkablii Takoli curHasn (Hanpumep, Hapuc. 11.19 370 i-i curHan)
BblpabaTbiBaeTCs C MOMOLLbIO Noc/efoBaTeNlbHO coeAMHEHHbIX LIAM, n
npeobpasoBartens “HanpskeHne — ucnbiTaTesbHbIA curHan” (MHUCH);

= n3mepuTenbHble KaHanbl (LK), npegHa3HadeHHble ons npeobpa-
30BaHUA B LM(POBOIA KoA 3afaHHOro uncna curHanos (K — ans nepso-
ro UK un L — gna N-ro UK). CtpykTypa UK cyLlecTBeHHO 3aBUCUT OT
pewaemoin 3agaun. OfgHaKO MpaKTUYecKn B NHOOOM cnyvae KaxKAbld U3
HUX COAEPXXUT aHas10roBbli uamepuTensHblil (JIM) 1 aHanoro-uudpo-
Boii (ALLIM) npeobpaszoBatenu. MNMpu 06paboTKe HECKOSTbKUX N3MEPUTESTb-
HbIX CUTHas10B og4HMM AL B cocTaB KOMIJieKca BK/IHOHAeTCA KOMMY-
Tatop, NpeAHasHaYeHHbI A48 NooYepeAHOro MOAK/IHYEHUS CUTHaI0B
K Bxogy ALLIM. KommyTaTop MoXeT BKA4YaTbeAa Kak nocne AUM (MK1
Ha puc. 11.19), Tak 1 nepeg HUM (MK N Ha puc. 11.19).
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MepudhepuiiHbie ycTpoiicTBa
(NpuHTEp, NNOTTEP, KOMNbIOTEPHANA CETb)

<=>
O6meH
Y npaBnexve [JaHHble/Afpec AaHHbIMM
KomnbloTep
MporpammHoe obecnevyeHve
YnpasneHue |-| X [aHHble/Agpec
WHTepdpeiic
VK1
LIA, MHUC, AN KommyTartop ALLM
O6beKT
v3vepeHust Viamepu.
dopmmposaTess >Ha“b'
vcnbITaTesIbHbIX
CUrHaU10B VKN
KommyTtaro AN ALN
McnbiTaTensbHble y P H

CUrHasbl

Puc. 11.19. CTpyKTypHas cxema M3MepuUTe/IbHO-BbIUUCINTENBHOIO KOMIIEKCA

AWTI npegHasHayeH AN npeobpa3oBaHMsS U3MEPUTENBHOMO CUrHa-
fla B cUrHan, ogHopoAHbIn ¢ BXOAHbIM curHasiom AL (T.e. B Hanpshxke-
HUe), N MacwTabmpoBaHus (YCUeHnst Uan ocnabneHusl) ero 4o ypos-
HA, HeobXoAMMOro A/18 MpOoBeAeHMA onepaunum aHanoro-umgppoBoro
npeobpasoBaHNA C MUHUMasIbHOW MNOrpeLHocTbo. pyu Hasuum He-
CKONbKUX WU3MepuTenbHbIX curHanos (K curHanos B K1 Ha puc. 11.19)
AWTI cocTouT 13 K HeszaBUCUMbIX MOC/eA0BaTe/IbHO COeAMHEHHbIX Nep-
BUYHbIX NpeobpasoBaTeneli 1 ynpasasgeMblX KOMMNbIOTEPOM MacLLTabu-
pyembix ycunuTteneii. Ecan ke nameputesibHble CUrHas bl ABASKOTCA 04-
HOPOAHBLIMU (PU3NYECKUMU BeSIMYMHAMU U MOTYT ObITb MOOYEpesHO
Bbl6paHbl (CKOMMYTUpPOBaHbI), T0 B VK uLenecoobpasHo MCNO/b30BaTb
Tonbko oauH AN (puc. 11.19 — WK N). OH nocnegosatefnibHO BO
BpeMeHU npoBoauT npeobpasoBaHne N3MEPUTESIBHOIO CUrHasa v rnocre-
Ayloulee ero macwtabmposaHme.

AL npeobpasyeT curHasa B LUUMPOBOA KoL M NEpPefaeT ero 4vepes
MHTepgeric B KomnbloTep. PaboToii Becell annapatHoi yactn VIBK ynpas-
NndaeT KOMNbloTeP. 3TO OCYLLLECTBAAETCA MOCPEACTBOM:

e nojayn ynpasasioWmnX CUTHa/I0B pa3IYHOro poaa;



- CYUMTbIBAHUA W Mepefayn no TpebyembiM agpecam LUGPOBOA WH-
opmaunmn (curHansl “AaHHble” n “Aapec” Ha puc. 11.19). Nog “Agpe-
COM” MOHMMAETCH YHUKa/bHbIV LMGPOBOIA KoA, NPUCBOEHHbIV KOHKPET-
HoMy 670Ky IBK mnnu ero yactm v rno3sonsowmini KOMNbLIOTEPY yepes
MHTepderic 0 AHO3HAYHO UAEHTUPULMPOBaTbL AaHHOe YCTPOICTBO.

Mo KoMaHfAe onepatopa BblIOMpaeTca TOT UKW MHOM peXxxnm paboTbl
MBK 13 yncna peasin3oBaHHbIX B NporpamMMHom obecnedeHnn. Komnb-
loTEp paccuuTbiBaeT LUGPOBOA Koj, ONMUCbIBAKLWLMIA 3aaHHOe N3MEHE-
HVe BO BpPeMEHM KaxAoro u3 M ucnbiTaTtesibHbIX CUrHaNoB, N B BUAe
ABOMYHOIO LM(POBOro Koda 3arnucbiBaeT B onepaTvBHbIE 3arnoMuHalo-
Wwue ycTporictBa hopMmupoBaTenss UcNbliTaTeNlbHbIX CUTHANO0B (Ha puC.
11.19 He nokasaHbl). OTTyfga 3TW KoAbl MocnefoBaTesibHO BO BPeMeEHU
LUVKNNYECKN MOCTYNalT Ha BXog Kaxkaoro u3 LLAI. dopmupyembie Ha
MX BbIXo4ax Hanps>xeHus c nomouwibio MHUWC npeobpasyoTcs B Tpe-
byemMble (hU3NYeCKME BEINYNHBI, BO3AENCTBYOWME HA 06BbEKT M3Mepe-
HUA.

M3MepuTesnibHble CUrHanbl, nNpeacTasasoLLme coboii 0TKANK 06bek-
Ta U3MEpPeHUs Ha ucnblTaTesibHble BO3eNCTBUSA, NpeobpasyoTca B U3-
MepuTeNbHbIX KaHanax B ABOUYHbIA UUG(POBOA KOA4 W CUUTbIBAKOTCA
KomnbloTepoM. Mony4veHHble Kofbl o6pabdaTbiBatloTCA MO 3afaHHbIM an-
roputmam, B pesynbtate rnoay4vyaeTca MCKOMas M3MepuTenbHas UHGop-
Mauus.

Kaxgbin MIBK — 3T0 CNo)KHOe TEXHUYECKOE YCTPOMCTBO, MO3TOMY
COAEPXXNUT CpeacTBa ANAarHOCTUKM ero coctoaHusA. M3mepuTtesibHO-Bbl-
yncnuTeNbHble KOMMEKCbl paccMoTpeHbl B [84, 85].

OpHmep 11.4. PaccmoTpum WMIBK, KoTopblii npegHasHayeH [86] ania mn3me-
pPeEHNA MarHUTHbIX XapaKTEPUCTUK M napameTpoB MPeLU3NOHHBbIX CMN/1aBoB U
3M1eKTPOTEXHUYECKUX CTasleid, NpoBoANMOro B cooTBeTcTBMM ¢ MTOCT 12119-80.
CTpyKTypHasi cxema aBToMaTM3NPOBaHHOI0 MarHMTOM3MepPUTE/IbHOIO KOMMJleKca
(AMK) nokasaHa Ha puc. 11.20.

WNHTepgeiic Komnnekca, MUcnosb3ysa CHOPMUPOBAHHbIE B ynpaBsioLLeM
KOMMNblOTEPE CUTHANbLI CUCTEMHOM LWNHbI ISA, opraHusyeT uuppoBYy 4acTb
BHYTPEHHEN LUMHbI KOMIMJIEKCA, COCTOSIWYH W3 16-pa3psigHoii LWNHBI JaHHbIX,
14 pagnanbHbIX agpecHbIX IMHUIA, OBYX NIMHWIA ANA Nepefadvn CUrHanos, yrnpas-
NALWNX YTEHNEM U 3anucbio; 14 BHYTpPeHHUX agpecoB AMK BblibupatoTca u3
paspeLleHHbIX afpecoB KOMMbiOTepa, 3ape3epBMPOBaHHbLIX AN BHELUHWUX YCT-
porictB. C MOMOLLbI0 CUTHAMOB, MepejaBaemMblX MO BHYTPeHHEN LUMHe, opraHu-
3yeTcs pa6oTa Bcex MoAyner KoMmmekca.

CuHXpoHM3auunio paboTbl KOMIJEKCca obecrneymsaeT MNporpamMHo-yrnpassse-
Mblli Talimep, peanuaylwnii MeTog UMGPOBOM (ha30BOM aBTOMATMUYECKOW Moj-
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CTPOKN 4acToTbl. OH hopMMPYET ABa CMHXPOHU3UPYIOLWMX CUTHaa: MeaHapbl
C yactoTor nepemarHuumsatolero curHana f n f/256. MocnegHwnii obecneunsaeT
ANCKpeTM3aLMio nepemMarHMUYMBaKoLLIEr0 U U3MepsieMbiX curHasioB Ha N=256 To-
yek. Talimep Mo3BOMSET MPOrpamMMHO 3aJaBaTb 4acTOTy MNepemMarHMUYMBatoLLEro
curHana B gnanasoHe ot fmire20 Iy go fnae5120 My, MorpelHocTb YCTaHOBKMU
yacToTbl He npesbiwaet 0,05%.

Puc. 11.20. CTpyKTypHas cxema aBTOMaTU3MpPOBaHHOIo MarHWTOU3MeEpPU-
Te/IbHOro Komriekca

ANns n3mepeHna napameTpoB U XapaKTePUCTUK MUCMbITYEMbIA MarHUTHbIN
mMaTepuasl He06X04MMO MepPEMarHUTUTb. 3TO OCYLLECTBSAETCA Mojadeil ncnbiTa-
Te/IbHOro cUrHana — HanpsbkeHus. Mpy n3mepeHUM psga napameTpoB A0/DKeH
ObITb 06ecrneveH 3afaHHbIi PEXVM MepemMarHN4YMBaHusA, T.e. onpeAeneHHbI’
3aKOH W3MEHEHUs MarHUTHOW MHAYKUWW B UCMbITyeMOM 06pasue (CcM. npumep
2.4 B pa3g. 2.7). B vactHocTn, TOCT 12119-80 TpebyeT, 4TOObI Npwu M3Mepe-
HUW yaenbHbIX NOTepb WHAYKUMSA B UCMbITyeMOM o06pasLe W3MeHsnacb no cu-
HycOMAa/IbHOMY 3aKOHY, npuyem KO3(P(ULMEHT rapMOHUK He AO/DKEH MpeBbl-
watb 2%.

UcnbiTaTenbHble curHansl B AMK opMypyoTcst UCTOUHMKOM MepemMarHu-
yumBatoulero curHana (LMcC), coctoawmm mns LLAM, yennntena mowHoctn (YM)
N atTeHwartopa (ATT). ®opMMpoBaHMe MepemMarHUYMBaOLLEro CUrHana rnpouc-
XoAnT cnepyolwimm obpasoMm. KomnbioTep Mo MaremMaTUyecKor Moaenu, onwuchbl-
BaloOLLlei TpebyeMbli CUFHas, paccHUTbIBAET LMGPOBOM KOA, KOTOPbIA npea-
cTaBnsetrca B BuAe maccmBa M3 N=256 ABOMYHbIX 12-pa3psafHbiX yucen. 3T
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KOAbl 3anucbiBalOTCcs B ABa OGyepHbIX OMepaTUBHbIX 3arnoMUHALWNX YCTPOW-
ctBa LJAT (Ha puc. 11.20 He nokasaHbl). 13 0gHOro Takoro ycTponcTea nocsieso-
BaTe/lbHO BO BPEMEHM C YacToTol auckpeTusaumm fN Kogbl noctynatoT B 12-pas-
psAgHbI LLATT, rae npeo6pasytoTcs B MepeMeHHOe HarnpshkeHue 3afaHHoM
yactoTbl f 1 dopmbl. OHO ycunueaeTcs ¥YM 1 yepe3 aTTeH0ATop MocTynaet Ha
610K MepBUYHbLIX MNpeobpasoBaTteneii (BMIM). ATTeHioaTop npegHasHayeH Ansi
CTYrMeH4YaToro M3MeHeHMs YPOBHS BbIXOAHOrO CMrHasa B LUMPOKUX npegenax,
4YTO AaeT BO3MOXHOCTb UCMbITbIBATb 06pasubl MarHUTHbLIX MaTepyanoB pas/vy-
HbIX pa3mMepos.

AnAa dopMmMpoBaHMA 3a[aHHOro 3akoHa rnepemMarHUYMBaHUA MCMOsb3YHTCA
nTepaumoHHble MeToAbl [87], CyTb KOTOPbIX COCTOUT B TOM, 4T06bl paccymtarb
1 chopMUPOBaTb UCMbITATE/IbHbIA CUrHaN Takol (hopmbl, NpU nepemarHU4YMBa-
HUN KOTOPbIM MarHMTHas MHAYKUMA B obpasue m3MeHsnacb 6bl Mo 3agaHHOMY
3aKoHy. [Mpouecc hopMMpoBaHUSA 3aHMMaET BO BPEMEHW HECKOJSIbKO TaKTOB —
nTepauuii, B TeHeHMEe KOTOPbIX 3aKOH M3MEHEHUS MarHWTHOM BeSIMYMHBI rocie-
JosartenbHO npubnmxkaetTca K Tpebyemomy. dPopma nepeMarHMYMBAOLLEro Ha-
Nps>XeHNA 3afaeTca nporpamMmmMHo.

Bnok nepBuYHbIX MNpeobpasoBaTesieli COAEPXKUT MUCMbITYEMbIA MarHUTHbIN
o6paszey, MO ¢ HamMarHMuMBaroLLEel W, U N3MepUTeNIbHOM w2 06MOTKamMu 1 3Ta-
NOHHbIA pe3ucTop HO. Tok ¢ Bbixoda aTTeHaTopa, NpoTekas rno HamarHu4u-
BawLLen 06MOTKe, MepeMarHnymBaeT UCMbITyeMbl obpasey,. NS nonyyeHus
M3MEPUTESIbHbLIX CUTHA0B, MPOMOPLUOHASIbHBIX MarHUTHOM WHAYKUUW W Ha-
NPSYKEHHOCTU MOoNsA, B KOMMJIEKCE MCMONb3YITCS MNepBUYHbIE NpeobpasoBaTte-
NN, paccMOTpeHHble B npumepe 11.2 (cm. puc. 11.14).

[MNepemMeHHble HanpPsHXKeHUs1, NPONOPLINOHasIbHbIE CKOPOCTU U3MEHEHUA Mmar-
HUTHOM MHAYKUMN N Hanps>KEHHOCTU MarHMTHOMO Mosis, MOCTynatT Ha BX04
N3MepUTENIbHOIO KaHana, cocToswero n3s kommytaTtopa (Kowm), macutabupyio-
wero yennutena (MY) n 12-paspsagHoro ALLM. B kaHane namepsieMoe repemeH-
Hoe HarnpsibkeHune npeobpasyetcs B 256 3HaYeHWA LMGPOBOro Koga, Mporop-
LMOHA/IbHbIX MIHOBEHHbLIM 3HAYEHUSM N3MepPSAeMbIX HanpsdKeHUA B 256 Toukax
OVCKpeTu3aunmn, paBHOMEPHO pacnpefenieHHbIX Mo nepuogy WU3MepseMoro Ha-
nps>keHus. FMonyyeHHble MaccuBbl LMGPOBbLIX KOAOB MOCTYNatT B KOMMbIOTEP,
roe NyTem nepecyeta onpeaensiTcsa Tpebyemble MarHUTHbIE XapaKTepucTUKN.

KommyTaTop peanusyeT MOAK/IOYEHUE YeTbIpeX BO3MOXHbIX BXOAHbIX CUT-
HanoB U,,..., nd(cm. puc. 11.20). MocnegHne gga curHana M3 n N4 Hy>KHbl Ansi
aBTOMAaTUYECKOM KanmbpoBKM KoahduumeHTa nepejadn macluTabmpyroLLero
yeunutensa (EO) n ycTpaHeHUs CMeLEHNSA HYNAS B U3MEPUTENIbHOM KaHaste (Hy-
NeBOM noTeHuwan).

MacwTabupyowmii yennuTenb 0ocyLLecTBAsSeT aBToOMaTU4eckuii BbIGop 0f-
HOro 13 BOCbMW MpPeaesioB U3MepeHus. ITO AeslaeTca A1 Toro, Ytobbl ero Bbl-
XO[HOWM curHan nexkan B AvanasloHe 5,12 ... 10,24 B, Hambonee MNoaxoAsiLLeM
Ans adheKTMBHOM paboTbl ALLM. YcTaHOBAEHHbIV KO3ULMEHT nepeaayn ycu-
NITENA MCNosb3yeTcs B YNpasBnsoLLeM KOMMbOTepe A4M15 nepecyeTa BbIXO4HOIO
Koga ALLM B HampskeHue U gasiee B MarHUTHYH BenMuuHy. ockosibky AL
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npeobpasyeT 6UMONAPHbIV NepPeMEHHbIN CUTHaU1, TO ANA ydeTa 3Haka MCnosib3y-
eTca cTapluii, gBeHaguaTbii pa3psg BbIXOAHOr0 Koga. B atom cnyvyae MrHo-
BEHHOoe 3HayeHue j-ro (j—1,..., 4) BXOAHOro Hanps>KeHUA KommyTaTopa

ut)=3 A INi(t"-2“1miftiffg -ifs

roe Uon — npeunsnoHHoe NOoCTOAHHOe HanpsiXXeHue, ucnosb3yemoe B AL, k=
K ] — KO3a(hpnuMeHTbl nepegavym KommyTaTopa M MacliTabupyloLlero ycunmre-
Na npu umn3smMepeHUn j-ro BxogHoro curHana; Nj(tj) — MrHoBeHHOe 3HayeHue
BbIXOA4HOro koga AL npm n3amepeHUW j-ro BXOLHOro curHasna.

IMpy n3MepeHUN MarHUTHbIX BEIMYMH HAaMpsHXKeHUs U, U N2 ONUCbIBAKDTCA
opmynamu (11.6) n (11.7). N3 npuBeLeHHOr0 Bbille YPaBHEHUA C YYETOM 3TUX
hopmyn fierko Noay4YnTb BblpaXkKeHUSA, Mo KOTOPbIM KOMMbIOTEP MPOBOAUT pac-
YeT MIHOBEHHbIX 3HAYEHU HaNPSXXEHHOCTU MOAS U CKOPOCTU U3MEHEeHUs mar-
HUTHON WHAYKUWW:

B I — 5= fNi(ti) - 20481,
<  IcpRO 2048 KIK,. | if

dBiti) 1 uo

Nj(tj) - 2048].
dt w2 2048 kjky D ]

[na onpeneneHNs MMHOBEHHbIX 3HAYEHWU MarHUTHOW MHAYKLUMU UCNOSb-
3ylTCA M3BECTHbIe DOPMY/Iibl YNC/TIEHHOTO MHTErpupoBaHus. MonyyeHHble Napbl
[H(t;); B(t,)] onucbiBatoT MHOXXECTBO TOYEK MeTAun rmucrtepesmca. C nx rnomMoLybto
MOXXHO paccumTaTtb MPaKTUYECKM Nbble MarHUTHbIE XapaKTEPUCTUKN U napa-
MeTpbl MUCMbLITYEMOro obpasua.

MporpammHoe obecneyeHne KommMsieKca HamucaHo Ha A3bikax Mackasb 1 Ac-
cembriep. PYHKUMOHA/IBHO OHO MOXXET ObITb pa3fesieH0 Ha HEeCKOSIbKO B3auMo-
CBsI3aHHbIX 4yacTeli — nogcucTeM, obecrneunBaloLLMX BBOA/BbIBOA, UCXOAHOW WH-
hopMmaumm 06 06BbEKTE N peXXUMaxX UCMbITaHWI, MPOBeAEHNE Pa3/INYHbBIX PEXMMOB
VCMbITAHU, BbIBO4 W3MEPUTENIbHOM MHGOPMaLnM KU ee apXmMBMpOBaHMe, onepa-
TUBHYH ANArHOCTUKY COCTOSIHMS KOMMJEKca, TecTUpoBaHMe 6/10KOB KOMIMJIEKCA.

Moacuctema BBOAA/BbIBOLA WMCXOA4HOW WMHMopMaumu npegHasHayveHa ANs
HaCcTPOMKN KOMMJIEKCA Ha N3MEPEHMe CBOMCTB KOHKPETHOro obpasua npu Bbl-
6paHHOM 3aKOHe WM3MeHEeHWUsI MarHUTHOW MHAYKUuun. MMogcucTemMa pPeXXnmoB
VUCMNbITaHWIM SBASETCA OCHOBHOM M JaeT BO3MOXHOCTb MPOBOAUTbL: MPOBEPKY
MeTPOJIOFMYECKMX MapaMeTPOB M3MEPUTEIbHOIO KaHasna, YCTaHOBKY aMNaAnTya-
HbIX 3HAYeHU MHAYKUMU N HaNPsSKEHHOCTW MoASA; MarHUTHYH MOAT0TOBKY
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MCMNbITYEMOro obpasLa; n3MepeHne KpUBoM HamarHM4YMBaHUA U KPUBOW MOTEPb;
M3MepeHne MeT/In rnucTepesmca N ee XapakTepHbIX TOYeK; MOCTpoeHwe rpadun-
KOB paHee M3MepPeHHbIX 3aBUCMMOCTel, XpaHUMbIX B BUAe daiinos. Mpu nsme-
PeHUN BCEX XapaKTepUCTUK MMEeTCA BO3MOXXHOCTb BbIBOAUTL AaHHble Ha OUCK,
MPUHTEP, a TakXKe MnoslyyaTb Ha SKpaHe MOHMTOpa rpadMKn MoslyYeHHbIX 3aBU-
cumocTeld. MogcmcTema TeCTMPOBaHUA Mogyseli KoMrsiekca Mo3BossieT KOHTPO-
NinpoBatb MeTposiornyeckue xapakrepuctmkn LA, AL n v3ameputensHoro
KaHania B uesioMm. [N 3Toro B cOCTaB KOMIslekca BK/IYeH (cMm. puc. 11.20)
nporpaMMHo-yrnpaBisieMblii MPeLM3nNOoHHbIV KanmbpaTtop, coctoswnii ns LLAT,
yemnutensa (YK) n genutensa (OK) kanmbpartopa.

11.7. MogenunpoBaHue cpeacTs U3MePEHNIA

11.7.1. CTpPYKTYpPHbIe 3/IEMEHTbl U CXeMbl CPeACTB U3MEPEHMWIA

MocTpoeHue n nsydvyeHme C HeBO3MOXKHO 6e3 MareMaTnyeckKnx mo-
Jeneii, ageKBaTHO ONMUCbIBaKLNX Te UM UHbIE X CBOIACTBA N XapaKTe-
pUCTUKN. B MeTpoNormm ucnonb3yeTcs MOAeNMpoBaHUe U3MepPUTeSb-
HbIX curHanos (cm. .rn. 10) v MofenvMpoBaHme CPeacTB U3MePeHWA.

MatemaTnyeckass mogesnb CU onuvcbiBaeT B3aMMOCBA3b €ro noka-
3aHWUi Y cO0 3Ha4YeHMEM U3MepseMoii Be/IMUMHbI X, KOHCTPYKTUBHbI-
MW napameTpamu a,, a2 ..., aLu snmarowmmm sennunHamm z,, z2,...,zK
Y “ F(Xx, iip a2... aL; Zj,22,...Z]".

[Ans noctpoeHUs maTematunyeckmx mogenen (MM) CU Heobxoamnmo
3HaTb, KakK ycTpoeHbl C/ 1 Kakum 06pa3oM MpoucxogmT npeodbpasoBa-
HVEe N3MePUTESNIbHbLIX CUTHASIOB, T.e. HY>XHO 3HaTb CTPYKTYypy CW. Onga
CNOXXHbIX CU, KaKoBbIMWN ABMATCA GONbLLUMHCTBO COBPEMEHHbIX MpU-
60poB, aHa/IN3 MX COCTaBHbIX YacTeih 1 MM sABAseTca JasiekKo He Mpo-
CTOM 3agadeit. sl ee ONTUMa/IbLHOIO PELLEHNS, a TakKxKe Ans ynpouye-
HMA aHanmM3a rnpoueccos, npoTekawwmnx B CW, BBeAeHbl MOHATUSA
CTPYKTYPHOW CXeMbl U U3MEPUTENbHbIX Lenu, KaHana u TpakTa.

M3mepnTesnibHas LUenb — COBOKYMHOCTL 35ieMeHToB CU, 06pasytoLmx
HenpepbIBHbIA NyTb MPOXOXKAEHNSA N3MEPUTE/ILHOIO CUTHaNa OT BX0Aa A0
BbIX0Za 1 06ecnevmBatoLLMX OCYLLECTB/IEHNE BCEX ero MpeobpasoBaHUiA.

M3MepuTenbHbIl KaHan — 3TO0 uU3mMepuTesbHas Lenb, 06pas3oBaH-
HaA nocnefosartesibHbIM coegunHeHeM CU 1 Opyrux TeXHUYecKnx ycT-
poMCTB, NpeAHasHa4YeHHas AN U3MEePeHUS OA4HOW BeSIMYMHBbI U NMELD-
was HoOpMUPOBAHHbIE METPO/IOrNYECKME XapaKTepPUCTUKW.
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MN3MepnTenbHbIi TPaKT — COBOKYMHOCTb M3MEPUTE/bHbIX KaHa-
NoB, MNpegHa3HaYeHHbIX AN M3MEPEeHUs OnpefenieHHOM BeIMYMHbI U
VMELMX 04MNHAKOBble METPOJIOrMYecKme XapakTepuUcTUKN.

CTpyKTypHasa cxema — YC/I0BHOe 0603Ha4YeHMe WU3MepuUTesbHOMN
uenu (kaHana nnu Tpakta) C/ ¢ ykasaHuem npeobpasyemMblX BENYMUH.
JTa cxema onpenenseT OCHOBHble CTPYKTYpPHble 6n10kn CU, nx HasHa-
YeHVe U B3aMMOCBA3MN.

OCHOBHOI MpeAnocbI/IKOW, WCM0/Ib30BAHHOW MpW BBEAEHUU 3TUX
MOHATUI, 6bISI0 060CHOBAHHOE AOMYLLLEHWE 0 TOM, UTO Kaxkaoe npeobpa-
30BaHWe cUrHasia NpoucxoguT B OTAeSIbHOM 3BeHe unn 6r1oke. CTpykK-
TYPHbIE CXEMbI COCTOAT U3 COEANHEHHbIX OnpeaesieHHbIM 06pa3oM CT pPyK-
TYPHbIX 31EMEHTO0B (6/10KOB), KaXKAbli U3 KOTOPbIX BbIMOSTHAET OAHY
13 psaga pyHKunii, cBsA3aHHbIX C M3MepeHMeM. CBoliCTBa CTPYKTYPHbIX
31eMEHTOB MU NX COBOKYMHOCTEM OMUCHLIBAIOTCA C MOMOLLLbIO COOTBET-
CTBYIOLWNX YpaBHEHWU, U3BECTHbIX U3 (PU3NKN, INTEKTPOTEXHUKMN, 3/1EK-
TPOHUNKN N APYTUX TEXHUYECKNX HayK.

OCHOBHOI XapaKTepUCTUKOIM CTPYKTYPHOI0 3/IEMeHTa AB/SETCA ero
hyHKUMA (ypaBHeHMe) npeobpazoBaHunsa Y = f[X, Kj7ZJ — ypaBHeHwue,
CBSI3bIBaKOLLEE MEXAY c060l BXoAHOM X U BbIXOAHOW Y curHanbl asne-
MeHTa, ero napameTpbl Kj 1 B psifile ciyyaeB BHeLUHWE BAUSAIOLLME Ben-
UMHbI Z). ®PYHKUUS Npeobpa3oBaHUS CTPYKTYPHOro 6s0Ka sBNseTcs
ero mMaremaTuueckoi mogfenbi. Ee BuAg 3aBUMCMT OT TOr0, HACKO/IbKO
MOJIHO 3/1IEMEHT Heo6XoAVMO onumcaTth, N KakKue ero CBoOMCTBa ABNSKOTCA
ONs nccneposaTtenst Hanbosnee BakHbIMU. Hanpumep, MM naeanbHoro
yeunutena MoxXeT 6bITb 3anucaHa B Buge ulbXt) = KuE(t), roe K —
KO3(hPULMEHT yCUNEHUSA, ABASAIOWMIACA MOCTOSAHHbLIM NapaMmeTpoM ycu-
nutensa. Ecnn Heo6Xxo4MMO y4yecTb HanpsikeHme cmelleHus v0 Ha ero
BbiXode, Mogenb 3anuwetca B Buge uBiIXt) = kuB{t) + u0. NMpouecc
YTOUHEHUS MOAEAN YCUNUTENA MOXKHO NPOAO/IKNTL U Aanblue. Hanpu-
Mep, y4ecTb ero pa3oyacToTHble XapaKTEPUCTUKU, BAUSHMUE BHELUHEN
Temnepatypbl 1 T.4.

CTpPYKTYpHbIe 3/IEMEHTblI MOTYT ObITb KnaccnuumpoBaHbl Mo pagy
npu3HakoB. Mo TwunNy BbIXOAHOIO CUrHasa OHW pas3fenialTcsd Ha ak-
TWBHbIe, reHepupyloLmne PU3NYECKNE BENIMUYMUHBI — HOCUTENIN 3HEPTUN
(Hanpumep, aKKyMynaTopbl, YCUIUTENN CUFHA/I0B pas3Horo poga, uc-
TOYHUKW CBeETa, U3/lyY4eHUSA W Ap.), U NaccuBHble, CBOMCTBA KOTOPbIX
3aBUCAT OT COCTOSAHMA MaTepuu U BblpadkaloTcsa (hU3UHECKUMU BeINYU-
HamMun, He ABNAILWUMUCA HOCUTENIAMU 3HEPTUU (Hanpumep, afieKTpuye-
CKMe COMNPOTUBJIEHUSA, EMKOCTU, NHOYKTUBHOCTW, ONTUYECKME 3/1eMeH-
Tbl — MAPU3MbI, 3epKasia n ap.).
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Mo BMAY CBA3U MeXAY BXOAHOW W BbIXOA4HOW BeIMYMHAMWN CTPYK-
TYpHble 6/10KWN AeNATCA Ha ANHEelHble U HeIMHENHble. JIMHENHbIMU Ha-
3blBaloTCA 6/10KM, MNepegaTtoyHble PYHKUUM KOTOPbIX YAOBETBOPSAIOT

ycnosmam agantmeHoctu f[X,(t) + X 2t)] = f[X,(t)] + f[X2(t)] v ogHo-

pogHocTn f[CX(t)] = Cf[X(t)]. MapameTpbl NMHeHbIX 6/I0KOB He 3aBU-
CAT OT NapameTPOB BXOAHOr0 CUrHasa. 3To Hambosee NPoCcToi M yaob-
HbIli ANa aHanm3a TUM 6/10K0B, MO3TOMY AN PELLUEHNS U3MEPUTESTbHOMN
3aga4m No BO3MO. KHOCTU crefyeT BblbMpaTth SIMHENHbIE 3N1eMeHTbI. [Mpu-
MEPOM JINHEWHOro 6/10Ka ABNSAETCA UAeasbHbIA YCUANTENb.

N5 HeNMHenHbIX 6/T0KOB CBSI3b MeXAY BXOAHbIM U BbIXOAHbLIM CUT-
Hanlamu onmcbliBaeTcs yHKUmMen T, He ya0BNEeTBOPSAIOLWEN NPUBEAEHHBLIM
BbllLE YC/I0BUSIM. DTU 6/I0KN AeNATCA Ha KBasWMHENHbIE N (BYHKLMO-
HaulbHble. KBa3uunHeliHble 6/10KM XapaKTepu3yrTCa He3HaunTe lbHOM
HENMMHEMHOCTBLI U CUMTAKTCA JIMHEAHBIMW MPU U3MEHEHUW BXOAHOW U
BbIXOA4HOW BeNMYMH B OMNpeAesnieHHbIX AnanasoHax. PYHKLUMOHa/TbHbIM
6/10KkaMm npucywa 3HaunTeNlbHask HesIMHEMHOCTb, KOTopas yunTbiBaeTcs
NMOCTPOEHNEM COOTBETCTBYIOLLLE HEIMHENHOM MaTeEMaTUYECKOA MOJE/N.

B 3aBMCMMOCTM OT AMHAMMYECKUX CBOWMCTB CTPYKTYpPHble 6/10KN
JenATca Ha cTaTMyeckme M gnHamunyeckue. B cTaTwuyeckux 61okax
B3aMMOCBSI3b MEXAY BbIXOAHOW M BXOAHOM BeIMUNHAMW He 3aBUCUT OT
CKOPOCTM W3MEHEHUSA BXOAHOI0 CUTHasia U ero Npou3BOAHbLIX 60s1ee
BbICOKUX MOPSAAKOB. Ecm TaKyto 3aBUCMMOCTb HEOBXOANMO YUnTbIBATD,
TO [AaHHbIA CTPYKTYPHbIA 6/10K cnedyeT cumtath AMHaMuyecknm. Pas-
nyalT gMHaMunyeckue 610K NepBOro, BTOPOr0 W BbICLLUUX MOPSAKOB.
XapaKTepUCTUKN AMHaMUYeCKNX 6/10KOB MepBOro M BTOPOro MOpsiAKoB
paccmoTpeHbl B pasg. 11.3.

CTpYKTYpHble 610KM TakXKe KraccnuumpyroTesa no pyHKuum, Bbl-
nonHsemon B CU. To 3TOMy MpM3HaKy OHW AeNATCA Ha yCunuTenu
pa3fiNyHbIX BUAOB, AennTenun, anddepeHUnaTopbl, UHTErpaTopbl, KOM-
MyTaTopbl, Knwun, ALLM, LLAT, dounbTpbl 1 gp. Kpome aHasoroBbix
CTPYKTYPHbIX 3/1IEMEHTOB CyLLeCTBYeT 60/1bLUOE YMCI0 LNUGPOBbLIX 3sle-
MEHTOB, MCMOMAb3yeMbIX Mpu noctpoeHun CU. K HUM OTHOCATCSA /10rn-
YecKue 3NIeEMeHTbI, TPUITePbl, PErnucTpbl, CHETUUKN, WNdpaTopbl U ge-
wungpaTtopbl, MyAbTUNAEKCOPbl, KOomMMNapaTopbl KoAoB u ap. Ux
NOCTPOEeHNeE, CBOMCTBA M MPUMEHEHME paccMaTpuBaloTCA B MHOMO4YUC-
NIEHHO cneuvanbHOW NuTepaType, Hanpumep [93].

UpesBbl4aiHO BaXKHbIM LM(PPOBLIM YCTPOIACTBOM, Bce 6o/ibLie U
6onbwe npumeHseMbiM B CU, ABnseTcsa MmKponpoueccop — Mony-
NPOBOAHWKOBbI MPUGOP, OCYLLECTBASAIOWMNK aBTOMaATUYECKY0 0b6pa-
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60TKY UMGPPOBOI MHGOPMaLMN B COOTBETCTBMM C 3afaHHOW mporpam-
MOW W BbIMOJIHEHHbIA B BMAE 0A4HOM WM HECKONIbKUX WUHTerpasbHbIX
MUKpPOCXeM. MWHMATIOPHbIE pasMepbl U He3HauuTeNbHas Macca, ma-
noe notpeb6sieHNe 3aHeprum MNO3BOMIAT BK/OYATb €ro HernocpeacTBeH-
HO B 3/IEKTPUYECKYID CXEMY U3MepuTesibHoro npmnoopa. B CU oH BblI-
nosiHAeT PYHKUMM npuema, 06paboTKu M nepefadun MHopmaumm, a
Tak>xe yrnpasneHus paboToli UX coCcTaBHbIX YacTell. Bonpocbl npume-
HEeHUS MWUKPOMPOLLeCCOPOB B U3MEPUTESIbHON TeXHUKe AeTasibHO pac-
CMOTpeHbl B [71, 94].

Ha CTpYKTYpHbIX CXemax 3/ieMeHTbl n3o06parkaloTca B BUAe MPsAMOo-
YroNIbHUKOB, BHYTPWU KOTOPbIX HarnMucaHo WA Kakum-To obpa3om yc-
N0BHO 0603HaYeHO MX Ha3BaHMWe. Kpome Toro, Ha cxemax obs3aTefnibHO
AO/DKHO 6bITb MOKasaHo HanpasfieHMe pacnpocTpaHeHUs U3MepuTesb-
HOM MHopmauun, T. e. 0603HaUYeHbl BXOA4bl N BbIX0A4bl CTPYKTYPHbIX
3NemMeHTOB. YacTto NpUBOAAT NOACHAKOLWME HAANUCU, BPEMEHHbIe 3aBU-
CMMOCTU CMUTHasI0B B XapaKTepHbIX Toukax, Tabnuubl 1 np.

Mpumep 11.5. CTPYKTypHasi cxema yCTpOWCTBa 4/11 U3MEpPeHUs Temneparty-
pbl MpY NOMOLWIM TepMonapbl nokasaHa Ha puc. 11.21. Tepmonapa (TI1) nome-
waetca B 06beM, rage maMepsierca Temnepartypa T. OHa reHepupyeT Ha CBOeM
Bbixoge Tepmo 34C e,(T) = KT T, rae KT — kKoappumymeHT nepegaum TI1. 3ta
34C ycunusaetca ycunutenem (Y) go 3HaveHmnsa edT) = Kye,(T) = KyKTT, rge K
— KoathpmymeHT yecunenuns ycumnutens. CurHan eT) BO3[eNCTBYET Ha Permncr-
pupyouee yctpoiicteo (PY), Ha BbiIXxofe KOTOPOro PMKCUPYHOTCA nokKasaHus
N(T), nponopuynoHanbHble n3MepseMori Temnepatype T:

N(T) - kpe2T) = kpkyKTT, (11.9)
rae kpy— KoahhuumMeHT Nepegayn permcTpupytoLLero yctporicraa. JaHHoe ypas-

HeHWe ABNAETCA ypaBHEHWEM Mpeobpa3oBaHUA paccMaTpuBaemMoro cpejcrsa
N3MepPeHNii.

Puc. 11.21. CTpyKTypHas cxema TepMO3J/IeKTPUYECKOro TepMoMeTpa

CTpyKTypHble cxembl CW o4yeHb pa3HoobpasHbl. OgHaKO B 3aBUCU-
MOCTM OT COeAMHEHUS] 3/IEMEHTOB CTPYKTYPHOI CXeMbl passnuvyatoT gsa
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OCHOBHbIX MX BuAa: MpsIMOro M ypaBHOBELLMBAOLLEro (KOMMNeHcaLMoH-
HOro) NpeobpasoBaHUsA U3MEPUTENbLHOFO curHana. OHW CyLLEeCTBEHHO
pasnuMyaroTcsl Mo cocTaBy Pe3y/ibTUPYHLLE/ MOrpeLlHOCT! U3MePEHU
1 ee 3aBUCMMOCTW OT MOrPeLIHOCTel 0TAe/IbHbIX 3/IEMEHTOB CTPYKTYp-
HOW cxembl [92].

11.7.2. CTpyKTypHas cxema, NPsIMOro npeobpasoBaHnst

OTnnumnTensHas Yepta CU, NMEIOLLEro CTPYKTYPHYH CXeMY MPSIMO-
ro npeobpasosaHus (puc. 11.22), coctouT B TOM, 4YTO BCce Nnpeobpasosa-
HWUS1 U3MEPUTESIbHOIO CUTHas1a NPOU3BOAATCS B NMPSIMOM Hanpas/ieHU.
Cxema coCToMT M3 N nocnefoBaTesibHO CoeANHEHHbIX 6/10KO0B.

aa | Al |

K,
R na

Puc. 11.22. CTpykTypHasi cxema MnpsiMoro npeobpasoBaHus

Ha cxeme uepes K,, K,, ..., Kn 0603Ha4veHbl KoapULMeHTbI Npeot-
pasoBaHust 6/10K0B. KadKablii i- KO3thMLIMEHT onpeaensieTcs no opmy-
ne K = , rae Uj4 n Uj— BX0AHOWM N BbIXOAHOW CUTHasbI i-ro
6/10Ka.

BxogHol curHan UBX Hecywnii nHopmauunio 06 namepsiemon Be-
NnynHe, nocnefoBaTesibHO NpPeobpasyeTcs B MPOMEXYTOUHbIE CUTHa-
nel U,, U2..., Un, 1 B BbiXxogHO! curHan UBIX B obliem cnyvae
KaXKAbli U3 HUX SBISIETCA MepeMeHHbIM BO BPEMEHU U MOXET ObITb
npeacTassieH B BUAe CYMMbl rapMOHUYECKMX COCTaBNAOLWMX. B cBA3N
C 3TUM KoappmumeHT K( JO/MKEH BblpaXKaTbCA KOMIMJIEKCHbLIM 4YKC-
NIOM, @ aHa/IM3 CTPYKTYPHbIX CXeM MPOBOAUTLCA C MCMOMb30BaHWEM
Teopnn (MYHKUMIA KOMMIEKCHOro nepemMeHHoro. OgHako A5 npocTo-
Tbl paccMoTpeHUs byaeM cuUnTaTb, YTO MHDOPMaTUBHBIM MapameTpoM
curHana siBnseTcs TosbKO ero amnautyga (370 yalle Bcero u 6biBaet
Ha npakTuke). Torga KoahduumeHTbl Npeobpa3oBaHns BbIpa3saTcs Be-
LecTBeHHbIMM yncnamn. MpegnonoXkum Takxke, YTo KoathPULMEHTbI
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npeobpas3oBaHMsA He 3aBUCAT OT YPOBHSA CUrHana, T.e. 3BEHbs cuuTa-
I0TCA NUHENHbIMU: = const.

MepBoHavasibHO cunTasn, 4To Bce nomexm AUA (cm. puc. 11.22) pas-
Hbl HY/110, NOAYYUM ypaBHeHMe npeobpaszoBaHmsa CU, nmewLwero cTpyk-
TYPHYI0 CXeMY NPAMOro npeobpasoBaHUs:

Usk = UK . =n pjKj=n k, (11.10)
duj du2du3 dun! ‘

roe K — koshumuymeHT npeobpasosaHusa CU.

Ha npouecc n3smepeHna 6yayT okasbiBaTb BUAHME U3MEHEHUA U
HecTabubHOCTb KO3hdhMLUMEHTOB npeobpaszoBaHma KW a Takyke gpeii-
(bl HYNIA, NOMEXU M HABOAKMW, KOTOPble B CyMMe MOXHO onucaTb CUr-
Hanamm AUoi, CKnagblBaemMbiMU C BbIXOAHLIMU CUTHaNaMM Kaxkaoro
6noka. AbconoTHas norpewHocTe AUBX M3MepeHUsT BbIXOAHOW Benu-
YMHbI, 06yC/I0BNEHHAA HeCTabuNbLHOCTLIO Ko3hdurumeHTa npeobpasoBa-
HUA, MOXET ObITb paccyMTaHa KaK MOrpeLlHOCTb KOCBEHHOMO M3Mmepe-
HUA ¢ y4yeToM BbipakeHns (11.10):

ONBX =UB{KXK3..KMPK1+KK3.. KMK2+...+KK2..kn oK.

Kak B1AHO 13 aToro ypasHeHus, norpewiHocts AUBXaBnaeTca Mysib-
TUNNVNKATUBHOM, T.€. 3aBUCUT OT YPOBHS M3MepsiemMoro curHana. OTHo-
cuTeNbHaA MyNbTUNAMKATUBHAsA MOrPeLHOCTb CKAaAbIBAeTCA N3 0THO-
CUTEsIbHbIX MOrpPeLIHOCTel CTPYKTYPHbIX 3/1EMEHTOB:

=£8, =gkl k,
~ BbIX i=l

rae 8 = AKj/Kj — oTHocuTeNbHaA HeCcTabu/ibHOCTb KoadhduLmeHTa npe-
obpasoBaHus i-ro 6510Kka; AK/K - oTHocuTeNbHas HecTabuAbHOCTb KO-
ahduumeHTa npeobpasosaHna CUL.

PaccMOTpyM NOrpeLlHoCcTb, 06YC/I0B/IEHHYIO AperdoMm Hynsa 1 Ha-
Boakamu. [ipelich HyNs — 3TO U3MEHEHUE CUTHaa Ha Bbixoge 6/10Ka, He
CBA3aHHOe C M3MeHEeHVeM BXOAHOro curHana. OH, Kak npasuio, onpe-
fenseTca nNpy BXOLHOM CUTHane, paBHOM Hy/0. [lpeiid Hyns NpuBOAUT
K CMeLeHM0 MnepegaTodHon (yHKUMK i-ro anemeHTa (puc. 11.23,a).
Pe3ynbTupytoLlee gencTere cMrHanos AuWNpmMBoaMT K NOSIBAEHUIO [0-
MOSTHNTENbHOIO BbIXOAHOrO cUrHana
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OVBK = an0K X 3...kn+anx X4...kn+a4m0n.

OTa norpeLwHocTb NpueBegeHa K Bbixogy CB 1 Mo cBoei cyTn ABNS-
eTca afanTUBHOIA.

Puc. 11.23. ®dyHKUUM npeobpazoBaHUst 6/10KOB € Apeiichom Hyns (a) u
Nnoporom 4yBCTBUTENbHOCTU (6)

Takym o6pa3oM, Kak crnegyeT M3 ABYX MOCNeAHUX YpPaBHEHWi, B
CW, nwvetoeM cTPYKTYPHYH CXeMY MPsIMOro NpeobpasoBaHus, Mpouc-
XOAUT CYMMMPOBaHWE MOrpeLLIHocTeld, BHOCUMbIX OTAeNbHbIMK 6/10Ka-
MU. NS 0OCTUIXKEHUS BbICOKOM TOMHOCTU npubopa TpebyeTcs Bbicokas
CTabU/IbHOCTL MapaMeTPoB U XapaKTepUCTUK KaXkAoro n3 6510koB. Bce
3TO 3aTpyAHSeT peann3aumio BbICOKOTOYHbIX CU Mo cxeme MpsSAMOro
npeobpasoBaHUS.

11.7.3. YpaBHoBeLUMBalOLLEe Mpeobpa3oBaHe

OC06eHHOCTb YpaBHOBELLMBAILLEr0 WX, KaK eLle roBopAT, KOM-
MNeHcaunoHHOro rnpeobpasosaHA COCTOUT B TOM, YTO BbIXOAHAsA Besiv-
uYnHa cpeacTBa namepeHnn UBX(puc. 11.24) noggepraetcs o6paTHOMY
npeo6pasoBaHnio B BeNNMUYUHY U'm 0AHOPOAHYIO C BXOAHOW BENYMHOWN
[Aun. CnepoBatensbHO, MCMNONb3yeTca oTpuuatenbHas obpaTHas CBA3b.

CpefcTBa M3MepPeHUA, MMetoLmMe TaKyl CTPYKTypy, MoryT pab6o-
TaTb B ABYX pPeXXumax: HEMosIHOro ypaBHOBELUMBAHUA, Korga curHasi
paccornacosaHua A = UB<U 'nf O, 1 NosIHOro ypasHoOBELLINBAHUSA, KO-
roa A1 = O. PaccmMoTpyM cHavana nepBbli PeXXUM.
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Lienb npsiMoro npeoGpasoBaHust

Llenb obpaTtHOro npeobpasoBaHUs

Puc. 11.24. Cxema ypasHOBelUMBalOLLLEro npeobpasoBaHns

[Ana BbiBoga ypaBHeHUA npeobpasosaHua UBDE <p(UBY 6yaem
cumTatb cnpasefNIVBbIMU Te ynpouialLme npesnosioXkeHns, KoTo-
pble 6bLIN MPUHATBHI NPU aHasIM3e CXeMbl NpPsMoOro npeobpasoBa-
HuA. pn OTCYTCTBMM MOMEX CUrHas1 paccorsiacosaHna AU mocTy-
naeT Ha BX04 WU3MepPUTEsIbHOWM Lenu NpsAMoro npeobpasosaHud. Ee
BbIXOAHOW curHan

n,,=AnK :,qmlj K1

rae Kj — KoathhmumeHT npeodpas3oBaHns i-ro CTPYKTYPHOro 3/ieMeHTa
Lenn NPsAMOoro npeobpasoBaHVs, SBMSETCA BXOAHbIM 18 Lenu obpaT-
HOro NpeobpasoBaHusi. Ee BbIXO4HOE HaMpshKeHWe

rae P, — KoathhmumeHT Npeobpa3oBaHus i-ro CTPYKTYPHOIO 3/IeMeHTa
Lenn obpaTHOro Npeo6pasoBaHms.

KoathdpmupmeHT npeobpasoBaHnst CU ¢ yueToM AByX Moc/ieqHNX ypas-
HEHWIA MeET BUA,
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K _wnseeix_ KAl KOn K
T VX gM+uT  an+pkgn  L+pk’

a ypaBHeHvie MpeobpasoBaHKisi COOTBETCTBEHHO

Unx=T+pKu" ' (11-12)

CnepoBare/isHo, BbIXQAHOM CUMHaT 3aBMCUT OT KOa(IMILIMEHTOB Mpeot-
pasoBaHVA LeMeli NpsIMOro 1 obparHoro npeodpasoBaHus. Mpn (KK »1
BbIX0AHOoe HarpsbreHvie UBD¢ UBXp, Lierb NpsiMoro npeotpasoBaHus Mpak-
TUYECKN He B/ISIET Ha paboTy Mprbopa, NosToMy HECTab/IbHOCTL Kosdidm-
LWieHTOB Mpeobpa3oBaHvA Kj He BbBLIBAET MOMPELLHOCTU VIBVMEPEHVS.

OTHOCUTENbHAS MY/IETUITTMKATMBHASA MOMPELLHOCTb, 00YC/I0B/IeHHast
HeCTabW/IbHOCTBIO KO3gpULIMEHTOB NpeobpasoBaHms K 1 P, Haxoautest
13 ypaBHeHuA (11.11):

5UBX=rrwa = ——1 AK + Ap I=
U-bx  U.uxl 3K P

K 1
= GUR(K) + BUIXP) = ¥ ook B e

roe K, [P — cymMMapHble MOrpeLUHocTy, 0byc/IoB/eHHbIE HeCTabu/lb-
HOCTbO KoathdmupeHToB Kinp. Mpn P K»1 norpewuHocts SUBXK) ot
HeCTabWbHOCTU KO3(hhULIMEHTOB NpeobpasoBaHs MPSIMOA Lenn yMeHb-
waetcs B (1+pK) pas. MorpeluHocTs 8UBXP), 06ycroBreHHas HecTa-
6UNBHOCTHI0 KOAWIMLIMEHTOB MpeobpasoBaHnA LIen 06paTHoOl cBA3W,
Mpy 3TKX YCNOBUSIX MOYTU MOMIHOCTHH BXOAUT B CyMMapHYHO MOrpeLL-
HocTb. CriefoBaresibHo, B MPSMONA LI MOXKHO UCM0/b30BaTh aKTyB-
Hble HecTabWibHble NPeobpasoBaTenv, HarpuMep YCWIUTENN, HO Mpw
3TOM Heo6x04MMO BbIMOHATL yerosre p K»1. KosdihuupmeHT obpart-
HOro NpeobpasoBaHKsA P, HA0boPOT, LO/DKEH UMETb BbICOKYHO CTabW/lb-
HOCTb BO BpPeMeHW.

ALONTVIBHAS MOMPELLHOCTb, 00YCoB/EHHAsA AperdoM Hyns, Ha-
BOAKaMM, MOPOrOM YyBCTBUTESTbHOCTU 3BEHBEB M APYTVMU aHasorny-
HbIMW MPUYMHaMK, MOAEMPYETCA MyTeM BBEAEHMS B CTPYKTYPHYHO
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cxemy (psAc. 11.24) pononHUTesbHbIX curHasios AUOL AU, ..., AU
AU'0,, AU'®,...t AU'ck AbcontoTHaa aganTuBHasA NOrpeLHoCcTb, Npu-
BeAeHHas K Bxogy CU,

ano

B pe>knmMe NonHoro ypasHoBellvBaHMA paccornacosaHve AU=U-U'n¥0.
3T0 BO3MOXKHO, €C/I1 B Lienn NPsAMOro npeotpasoBaHUSA UMEETCHA UHTer-
PUPYIOLLMIA 31eMEHT ¢ (OYHKUMEN Mpeobpa3oBaHMs BUaa

O

Hanpumep 3N1eKTPoABUraTesib, VHTErpaTop, BbIMO/HEHHbIA Ha ornepa-
LIMOHHOM YyCunmuTene.

YpaBHeHne npeobpaszoBaHusas CU gnis atoro cnydasa mMeeT BUJ,
Ussk = UBY(3. KoahhrumeHT npeobpasoBaHMA MOJSTHOCTLIO onpeaens-
eTcA napameTpamun Lienn 06paTHOM CBA3N N He 3aBUCUT OT NapameTpoB
Lenu NpAMoro npeobpasoBaHuA.

MynbTuUnAMKaTMBHas OTHOCUTESIbHAst MOrpPeLuHOCTb, CBA3aHHas C
HecTabnNbHOCTbIO KOA(ULIMEHTOB Npeobpa3oBaHWs 6110KoB Pi}

3aBUCUT TO/IbKO OT CBOWCTB LN 06paTHOW CBA3W.

ALANTMBHAA MOrpeLlHocTb CXeM C MOJIHbIM ypaBHOBELLMBaHMEM
NoYTK LIE/IMKOM 00YCNaB/IMBAETCA MOPOroM YyBCTBUTENIbHOCTU 3BEHLEB
AUN — MUHUM&/TbHbIM CUIHa/I0OM Ha BX0fe, CMOCOOHbIM BbI3BaTb CUT-
Hau1 Ha BbIxoge (CM. puc. 11.23,6). Npun BXOAHOM cUrHasie MeHbLue AUn
CUTHau1 Ha BbIXode He nosieiisieTca. CrefosaresibHO, ypPaBHOBELLMBAHNE
cxeMbl Hactynaet npy U-U'm=+AUn [Mpu 3ToM Urpaet posb nopor
YYBCTBUTE/ILHOCTM 3BEHLEB B LIENU MPAMOro npeobpasoBaHnA [0 UHTET-
pUPYIOLLIET0 3BeHa BKJ/TOUNTESTLHO.
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an/IBEAEHHaFI K BXoay abcostoTHas aganTrBHasA NOrpeLlHoCcTb

Vo= Alq + AY02 , AV
AUo= Al + K. KKz TKK2.KA

roe AUNe— nopor 4yBCTBUTE/IbHOCTU MHTErpupytollero 3seHa. Ansa
YMEHbLLUEHUA MOrpeLLIHOCTH, 06YC/10B/IEHHOM MOPOroM 4YyBCTBUTESb-
HOCTW 3BEHbEB, CriefyeT yBeNmMumBaTb KoapuUneHTbl npeobpasoBa-
HUS 3BeHbeB NpsAMOl Uenn. B npmBefeHHbIX opMyiax gurypmpyet
CyMMapHasi MOrpeLHocTb — CyMma C/lyqarHoOMW M CUCTEMATUYECKOA
COCTaB/IAOLLNX.

Cxembl C 3a4aCTyto MOTyT 6bITb KOMBUHUPOBaHHLIMU, T.€. CoepXKaTb
Lenb NPsIMOro Mpeobpas3oBaHns, 3BeHbS KOTOPOM OXBadeHbl OTpuULaTeSb-
HOW 06paTHOI cBA3bH. CrieAyeT OTMETUTb, YTO MPUHLUMN MOCTPOEHUS CTPYK-
TYPHOI CXeMbl BNNSIET Ha MHOrvie napaveTpbl CU, Takve Kak BXOAHbIE U
BbIXOAHbIE COMPOTUB/IEHUS, JUHAMUYECKUE N OPpYTve XapaKTepUCTUKN.

11.7.4. PacyeT M3MepuTesIbHbIX KaHa/10B CPeACTB NU3MEPEHUIA

XoTsa CU ype3BblyaiiHO pa3HoobpasHbl U MPUMEHSOTCA 4718 U3Mepe-
HUSA caMbIX PasHbIX M3UYECKUX BE/IMYMH, Ha3HavyeHue y HUX 04HO —
npoBeAeHVe U3MEePEHNIA, MO3TOMY OHM WUMEIOT O6LLYI0 TEOPUIO MOCTPOE-
HUsl. OCHOBHbIMW 33fa4aMu 3TO TeopUn SIBMSIOTCS:

*QOnpeaeneHve matemMaTmyeckor mogev (MM) namepuTenbHOro Ka-
Hana (W1 uenuv) CU. Mogernb CTPOMTCSA Ha 0CHOBE MoZeseli cocTaB/Isio-
LLMX ero CTPYKTYPHbIX 3/1eMeHTOB. OCHOBHOMN XapaKTepuCTUKO, onpe-
Jensemolii B npouecce MOAe/IMPOBaHUSA, SIBASETCA YypaBHeHUe
npeo6pasoBaHus. Mpy HEOOXOAUMOCTU MOXKET pPacCHMTbIBATLCA OAHA
M3 MOJIHbIX ANHaAMUYECKUX XapakTepucTuk CU, onucbiBalowmx B3auv-
MOCBS13b €70 BXOLHOM U BbIXOAHOM BENIMYMH B AUHAMUNYECKUX PEXKMMAX
paboTbl. Ba>KHO OTMETUTb, YTO YacTo roBopAT 0 MM cpeacTsa vsmepe-
HWiA, nogpasymeBast Mpy 3TOM MOAE/b er0 U3MEPUTENIbHOMO KaHana.

= PacyeT MeTposiormyeckmnx xapakrepuctmk CW no meTposiornye-
CKUM XapaKTepucTMkam cocTtasnfaowmx 6710koB. Mpy 3ToMm MOryT or-
pefenaTbea Niobble XapaKTePUCTUKM, 04HAKO Yalle BCero paccyuTbisa-
€TCcs oCHoBHasA norpeLluHocTs CUL.

PelLueHve BTOpOV 33auM HEBO3MOXKHO 6e3 3HaHWs MaTeMaTUYecKol
MOAEeNM CpefcTBa U3MepeHWUid, T.e. 6e3 pelleHUs NepBoi 3ajaun. B 06-
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LLIeM Cnyyae rnocsieoBaTeNbHOCTb AEACTBUIA, BbINO/THAEMbIX NPU peLle-
HUM 3TUX 3afa4y, COCTOUT B C/IeAYIOLLEM:

1. Pa3pabaTbiBaeTcs CTPYKTypHas cxema CU. 3ro ocyLecTBNseTcA ¢
Lie/bio peLLleHnst MocTaBIeHHOM M3MepUTENIbHOM 3aaun B COOTBETCTBUMU
C Bbl6paHHbIMX APUHLMNAMU N METOAAMU U3MEPEHUSI Ha OCHOBE MMEto-
Lielica anpuopHOli MHGopMaumn. BadkHO OTMETUTb, YTO Ha 3TOM 3Tarne
CTPOUTCA WNOeayM3VpoBaHHasA CTPYKTYpHas CXema, T.e. CXema, B KOTO-
PO He YUUTbIBAIOTCA MCTOYHUKU MOMEX M HEUAeaslbHOCTU COCTaB/IsAHO-
LLIMX ee 3/1eMeHTOB. Bce 3T0 6yAeT yunTbiBaTLCA N0 Mepe He06XoAMMOCTH
Ha nocreayroLmx atanax pacyeta. MNpyvMepoM Tako cXeMbl SABASETCA
CTPYKTYpHas cxema TepMO3/IeKTPUYECKOro TepMoMeTpa, npueedeHHasA
Ha puc. 11.21.

Mpwn pa3paboTKe CTPYKTYpPHOW cxembl CW nonesHo, a nopoi n npo-
CTO HeobXoAMMO MCMNOMNb30BaTh AMarpaMMbl, oTparkaowye N3MeHeHUs
M3MepuUTesIbHbIX CUrHasI0B BO BPEMEHN UM MO YacToTe. OHW CyLLecT-
BEHHO 06s1eryatoT noHMMaHme rpotieccos yHKUMOHMpoBaHus CA, oco-
6eHHO LUN(POBbIX.

B uenom psafge cny4vaes nepeq HavasioM paspaboTKyM CTPYKTYPHOMN
CXeMbI OblBAET M3BECTHO YpaBHEHWE, Ha OCHOBE KOTOPOro onpeaensercs
n3mepsieMas BeNMuMHa, Hanpyvep npu U3mMepeHUn aKTVBHOW 3NeKTpu-
Yeckol MoLHOCTU. JaHHble ypaBHeHUST (DaKTUYeCKM SABNSOTCA MPoo6-
pa3om, ocHoBoV MM un3amepuTenibHoro kaHana CW, n ¢ nx noMoLLblo
pa3pabatbiBatoTCA CTPYKTYPHbIE CXEMBI.

2. IMpon3BoanTCS OLeHKa Ananas3oHoB U3MeHeHUS1 MHOPMaTUBHbIX
M HeMH(OoPMaTUBHBIX MapamMeTpoB BXOAHbLIX W BbIXOAHbIX CUIHaJ/I0B
CTPYKTYPHbIX 35ieMeHTOB 1 CWY B uenom. Npu HeobxoaAMMOCTU MOryT
6bITb OLEHEHbI AManasoHbl M3MEHEHNS BAUSAKOLMX Be/IMUYUH. OLeHKa
OCYLLIECTB/ISIETCA Ha OCHOBE anpuopHo MHhopMauun 06 mn3Mepsiemori
Be/IMYMHE U YC/I0BUAX U3MEPEHUS.

3. C 1cnonb3oBaHWEM MO/YYEeHHOM MHGopMaLmm 0 AnanasoHax mns-
MEHEHUS BXOAHbIX N BbIXOAHbLIX CUTHaU10B OLIEHMBAKOTCA BO3MOXHOCTU
TEXHUYECKOW peanin3aumm CTPYKTYPHbIX 3/1EMEHTOB U CTPOATCA X MM.
Mpy NocTpoeHUM Mofenei [o/MKHa aKTUBHO MCMOb30BaTbCA MHGOP-
MaLms, MoslyyeHHast NPUKNaAHbIMA TEXHUYECKMMU HayKaMWU.

4. BbINOMHAETCA MOCTPOeHWEe MartemMatuyeckoin mogenu CW. Mpu
3TOM MCMNOJIL3YIOTCA ero CTpykKTypHasa cxema, MM cocTaBnsawowmx ee
3/1EMEHTOB, BPEMEHHbIE N (MNKM) YACTOTHbIE AMarpamMmbl U3MepUTeSlb-
HbIX curHanoB. Ona Tex CU, CTPYKTYpHble CXeMbl KOTOPbIX paspaba-
ThbIB&/INCb Ha OCHOBE M3BECTHbIX YpaBHEHWI CBA3U U3MepsieMol Benu-
UNHBbI N BESINYMH, HerocpeacTBEHHO BO3JENCTBYIOLMX Ha BXoAaT-

310



nprbopos, MM sBMSETCA AasibHELLMM Pa3BUTUEM W YTOUHEHMEM 3TUX
YPaBHEHWIA.

Mogenb npeacTaBnseT cobor yHKLUMI0 npeobpasosaHust CU, cBs-
3bIBAIOLLYHO MeXay CO60 ero BXOAHOW M BbIXOAHOW cUrHasbl. B kaue-
CTBE HE3aBMCMMOM0 aprymeHTa MOAEIM MOXKET WUCMOs1b30BaThCs BPeMS
WM YacToTa M3MEHEHUS U3MepUTeSIbHbIX CUrHauT0B. Mogernb n3mepu-
TenbHOro KaHana Cll MoXXeT 6bITb OnmcaHa MaTeMaTU4ecko thyHKUW-
i, HenpepbIBHOI BO BPEMEHW W1 MO pa3mepy. 3TO XapaKTepHo /11 aHa-
noroebix CW. lMpumvepom Takoii MM sBnsieTca ypaBHeHue (11.9),
BbIBEIEHHOE M0 CTPYKTYPHOI cxeme, NpuBeagHHOM Ha puc. 11.21. Mpn
MOAE/TMPOBaHNM LIMKIPOBBIX MPUBOPOB MOAESTb, KaK MPaBusio, ABMSETCA
peLLeTyaTon (yHKUMEN, T.e. (hyHKUMEN, AUCKPETHOMA MO BpeMeHU U
KBaHTOBaHHOI M0 pa3mepy.

5. Ha ocHoBe aHasm3a nostydeHHo MM BblgensioTcst 3/IeEMEHTbI
CTPYKTYPHOI CXeMbI, NapaMeTpbl KOTOPbIX B Hee BXOAAT. CriefyeT rnom-
HUTb, YTO MapameTpbl HEKOTOPbIX CTPYKTYPHbIX 3/1EMEHTOB U3MepU-
TENIbHOM0 KaHasia MOryT M He BXOAWTb B ypaBHEHMe MpeobpasoBaHuis.
3T0 Npexkae BCEro KacaeTcs 3/IEMEHTOB, CTOALUMX B LIEMW MPSAMOro npe-
o6pazoBaHua CU, peanmnsylomx CXemy ypaBHOBELLMBALOLLETO MPeot-
pa3oBaHuA.

MeTpo/orMyeckme XapakTepucTUKA 3/1EMEHTOB, MapameTpbl KOTO-
pbix BX0AAT B MM, cTaparoTcsi no BO3MOXHOCTM onpeaentb. K onpe-
JensieMbIM XapaKTepucTkaMm OTHOCATCS ypaBHEHMS npeobpasoBaHus,
rpaHuUpbl, B KOTOPbIX HaxogMTCA cUCTeMaTUyecKasl MOorpeLlHoCTb,
AndidhepeHumaribHast PyHKUMS pacnpeaenieHmst BEPOSTHOCTM Cry4daiiHoi
COCTaB/ISAOLLIEN MOMPELLIHOCTU WM e MaTeMaTUHECKOe OXKUAaHVe Y cpes-
Hee KBaJpaTunyecKoe OTK/IOHEHME.

6. Ha atom stane paccumntbiBaeTcs norpeuHocts C Mo MeToamke
06paboTKN pe3yNbTaToB KOCBEHHbIX M3MepeHuid (cM. pasg, 8.3), a Tak-
e apyrvie Tpebyemble ero MeTPOSIOrMUecKme XapakTepucTukm. Mpm
pacuyeTe OCHOBHOWM MorpeLuHocT (iyHKUMA npeobpasosaHus CU pac-
CMAaTPMBAETCA KaK ypasBHeHWe A5 onpefesieHns pesyribTaToB KOCBEH-
HbIX V3MEPEHNIA, a BXOASLIME B HEr0 Be/MUMHbI — KaK pe3y/ibTarbl
NPsSMbIX M3MEPeHWIA. 115 MpoBeagHSt TAKOro pacyeTa Heo6XoAMMO 3HaTb
cUCTEMaTUYECKIME U ClyHaliHble MOMPELLHOCTY KabKAOro M3 napaveTpos
CTPYKTYPHbIX 3/71EMEHTOB, KOTOpble BXOAAT B MOAE/b M3MEPUTESIbHOIO
KaHana CW/.

PacueT norpeluHocTeii — Hambosee CroXkHas 4acTb pacyeta CU,
CYLLIECTBEHHO 3aBUCALLIAA OT KOSIMYECTBA MHAOPMaLIMK O MOrPeLLHOCTAX
6/10KOB U X XapakKTepucTnkax. Kak 6b110 nokasaHo B 11.7.2 n 11.7.3,
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norpewHocTe CY cocTomMT M3 ABYX COCTaBASAWUX — afAnTUBHON Y
MYNbTUN/IMKATUBHONW. PaccMoTpym nx nogpobHee.

MycTb ypaBHeHWe npeobpasoBaHus CU mnmeet Bug y =F(x, &\ zt),
rge X, y — WHopMaTrBHble napaMeTpbl BXOLHOMO Y BbIXOAHOI0 CUrHaU10B;
z,= (zj, z2 ..., zZR — BnAwOWMe dakTopbl (NOMEXU, HaBOAKMW, LUYMbI),
AB/IALLMECA NPUYMHAMW afaNTUBHONM MorpeluHocty; a,= (a,, an ..., aJ —
napameTpbl 610koB CU.

Kaxkablli napameTp a MMeeT HOMUHa/IbHOE 3HaYeHMe, NpY KOTOPOM
BHOCMMasA faHHbIM 6/10KOM MOrpeLiHOCTb paBHa HYM0. OTKIOHEHUS
peasibHbIX CBOMCTB 3/1EMEHTOB OT HOMWH&/IbHbIX MPUBOAAT K BO3HUK-
HOBEHMIO MOrpeLlHOCTN. 3TU OTK/IOHEHUS] MOXKHO YC/TIOBHO Ha3BaTb Mo-
rPeLHOCTAMN 6/10KOB U BbIPa3nTb B BUE

—(am ~ai)/ai —"ailaj »

roe 8m — AeicTBUTE/IbHOE 3HAYeHMe NapameTpa 6/10ka, a8t — ero Homu-
HaulbHOe 3HaueHue.

CornacHo meToaMkKe 06paboTKM Pe3ynbTaToB KOCBEHHbLIX W3Mepe-
HWA, NOrpeLUHOCTb, BHOCUMAsA j-M 6/10KOM B pe3y/sibTaT U3MepPeHUs Y,

KoathtMLMEHT B/IMSIHWA MOFPELLIHOCTY j-ro 6/10Ka B OTHOCUTENIbHOM dopme
y _ Ay*y _ dF a*
1 3a3y

Ha npakTuke 4acTo ypaBHeHME NpeobpasoBaHUs UMEET BUA

y=aila® ..a}...ablx,

roe Sj — nonokmTenbHbIE M OTpULATENbHbIE HaTypasibHble Yncna. B
3TOM cny4vae Ko3pULMEHT BANAHUS j-ro 6/10ka V=—Sj.
KoathhnLmeHTbl BAVSAHUSA AN aaAUTUBHbBIX MOFPeLIHOCTEN Hesb3s
Bblpa3nTb B BWJe OTK/IOHEHUS OT KaKUX-TM60 HOMWHAaNbHbIX 3Haude-
HWiA. T103TOMY OHM BblpaXkaloTcss B 06bl4HOM cthopme: W) = g¥/arx.
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AGCOMIOTHAsA MOTPELUHOCTL CPeACTBA M3MEPEHMIA NMpU MoKasaHuM Y
paBHa CyMMe MySIsTUN/IMKATUBHOM U afAUTVBHOA COCTaBNSIIOLLMX:

L K
O=Ovu+A =yEypa +£ WZ. (11.12)

j=i i=i

B AaHHOM ypaBHEHMM BCe MOrpeLLHOCTM MprBeseHb! K Bbixogy CUL

Mpn pacyeTe MOrpeLLHOCTb OLIEHMBAETCS B TPEGyeMbIX TOUKaX UH-
TepBasia NMoKasaHWii. Ec/in )ke n3BecTHa TouKa, rae NorpeLuHocTb Mak-
CUMa/TbHa, TO B HEKOTOPbIX C/lyvasiXx MOXKHO OrpaHU4YUTLCS PacqeToM
MOrPELUHOCTN 4151 3TOM TOYKWU. Takoi TOUKOWM B 60MbLLMHCTBE C/lyvaes
SB/ISIETC KOHEYHOE 3HayeHvie AMarnasoHa MoKasaHWiA YK MOCKOsIbKY
MpyY 3TOM MaKCUMasibHbl My/IbTUM/IMKATUBHBIE COCTaB/IAOLLIME MOrpeLL-
Hoctu C. OTHocuTenbHasA norpeluHocTb CU B 3TOM TOUKe

S.=t vi§+— Ew,Z]. (11.13)

j=I vk i=I

Bce norpeLLHoCTI, BXOAsLLMe B npasble YacTy oopmy (11.12) v (11.13),
noapasaenstoTes Ha cUcTeMaTuyecKire U crydaiiHble. CyMmva criaraembix,
OMNMCbIBAOLLIMIX CUCTEMATUYECKVIE COCTAB/IAOLLYIE, AAET CUCTEMATUYECKYIO
norpeLuHocTs C, a cyMma cryualiHbIX — CrTlyHaliHyto MorpeLLHocTb. Mpur
CYMMMPOBaHUM MOC/IEAHNX HEOOXOAMMO YUUTLIBATH KOPPE/ISLVMIOHHbIE CBSI-
31. C LesIbto YNPOLLEHWS CYMMMPOBaHNS LIENeco0bpasHo NPUMEHSTTL Kpu-
TEPUIA HUYTOXKHO Mavioii norpeLuHocTn. O6Luve npaBuia CyMMMPOBaHKA
MOrpeLLHOCTe PaccMOTPeHbI B /1. 9.

JanbHeliume JecTBMA MPU pacyeTe MorpeLuHocTel no ¢iopMysiam
(11.12) n (11.13) cyLecTBEHHO 3aBUCAT OT TOF0, Kakasi MHGopMaLmst 0
MOMPELLUHOCTAX CTPYKTYPHbIX 3/IEMEHTOB CPEACTBA U3MEPEHWI 1 BAINSIKO-
LKMX haKTopax MMEETCs1 B HA/TMUMN.

[ns pacyeTa NpeaenbHOA CyyaiHOM MOrpeLuHoCT MpY 3a4aHHON
[l0BEPUTENLHO BEPOSATHOCTM P HEO6X0AMMO 3HATh 3aKOH ee pacripese-
NeHys. Kak rokasaHo BblilLie, ClydaiiHas norpeluHoctb CU onpegenst-
€TCA CYMMOW C/lyYaliHbIX MOrpeLuHocTeld ero 6/10K0B, MMEKLMX pas-
JNINYHble 3aKOoHbI pacrpegeneHus. CrefoBartesibHO, CyMMAPHbIA 3aKoH
pacrnipesienileHVs AO/MKEH ONPEAEATLCA KaK KOMMO3ULIMS 3akoHOB pac-
MpeaesieHys ee CoCTaB/IAOLLMX. 3Aecb MoaYac BO3HMKAET Macca Heripe-
O[0NUMbIX TPYAHOCTEN. Bo-nepBblX, 3aKOHbl pacripeaerieHnsl cocTas-
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NALWKWX, KaK NpaBnio, HEN3BECTHbI, NMOCKO/IbKY AN NUX onpeeneHunsi
HeobxoAMMO NMPOBOAUTL TPYAOEMKME uccnefoBaHnA. Bo-BTopbix, ornpe-
JeneHvie KOMMNO3ULUMN 3aKOHOB pacrnpefeneHns HeCKONbKUX cnaraemMblixX
ABMSETCA BecbMa TPYAHOM MaTemMaTM4yeckon 3afadeii. B cBA3W ¢ 3TUM
4yacTo npegnonarailT, 4YTO cymMMapHasa crydalHas norpewHocts CU
VIMeeT HopMasibHoe pacrpefeneHuve.

3a npepgesibHy0 OLEHKY ClyYarHOM COCTaB/ISAOLWEN MOrpewHoCTU
CW MoxeT 6bITb NpuHATa BenuuuHa e(P) = zpSg, rae zp— KBaHTW/Ib-
HbIA MHOXXWTENb, COOTBETCTBYHOLNIA AOBEPUTEILHON BEPOATHOCTU P;
SE— oueHka CKO cymMapHOI criyyaiiHo norpewHocTn. s npaktu-
KW LefiecoobpasHo 1Ucnosb3osarb 3HadeHue P = 0,95. Ecim vucno cna-
raemMbIX HeBeNIMKO, TO BMECTO KBaHTU/IbHOr0 MHOXWUTENS zp AO0/KEH
ncnonb3oBaTbes KoappuumeHT CTblogeHTa tp. B obliem criydae 3Hauve-
Hve CKO cymMmapHOi cnydailiHoi norpewiHoct CU JO/MKHO paccunTbl-
BaTbCSA MO M3BECTHbLIM Npaswuiam (cMm. pasg. 8.3 n 9.3).

CuctemaTtumyeckme coctasnsowme norpewHoctn CU onpegensioTes
B pe3y/ibTaTe AeTa/lIbHOro aHasin3a MnpoLeccos, NpoTeKawwmx B Kax-
[OM 13 6110KOB, U, KaK Mpasusio, BblpaxKalTca JOMNYCTUMbIMU rpaHu-
uamu. CunTaeTcs, YTO OHU UMEeIT paBHOMEPHOe pacrpefeneHve. B atom
cnyyae cyMMapHylo cuctemaTmyeckas MnorpewHocTb

rae K — KoappuumneHT, onpegensiemsiii no taén. 8.4 wim 8.5; 6j, zd —
npegenbl AONYCKaeMbIX CUCTEMATUYECKUX MOrpeLuHocTeli 6/10KoB, 06-
pasyoLwmnx My/IbTUMINKATUBHYIO U afAUTMBHYIO COCTaBNSAOLLME NOrpeLL-
HOCTW.

CymmapHasa norpewHocts CU onpefennTtca no npaswiam CyMMU-
poBaHUA COCTaBNSAKLWMNX, NPUBEAEHHbIX B pa3g. 8.3. B obuiem cnydae
[k = kP[6K+ e(P)] . MNpwn nepevncieHHbIX B Tabn. 8.6 ycnoBmusix ogHom
M3 COCTaBNSALWMNX MOXHO npeHebperatb. KoadmumeHT Kp onpegens-
eTca no tabn. 8.7.

Ha npakTunke norpelwiHocTn 6510koB CU yacTo 3agatoTcs gonyckae-
MbIMW FpaHuLamMu 5 n zr, BKIYaWUMN KaK CUCTEMATUYECKYO TaK
N cnyyaliHylo coctaBnsiowme. B aTom criyyae cymMMapHble MorpeLuHo-
CTW 6/I0KOB Lie/1eco06pa3Ho paccMarTpmsBaTb Kak MorpeLHocTn, UMelo-
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LLiMe paBHOMEPHbIE pacrpeaeneHnsl B 3a4aHHbIX FpaHuLax, M cKnagbl-
BaTb UX CTATUCTUYecKU. CymMapHasi norpewHocTs CU

(11*14)

BbluncneHns norpeLLHocTeli NPoBoAATCA AN psiaa nokasaHwin CUA
M3 BO3MOXXHOr0 Auanas3oHa u3mepeHuid. MNpu 3ToM HeobXoAMMO CO-
XpaHATb HEN3MEHHOW [OBEPUTENIbHYI0 BEPOSITHOCTb, MPUHATYH Npu
npoBefeHnM pacyeToB. 3Ha4YeHNs y, NMpU KOTOPbIX MPOM3BOANTCA pac-
YeT MOrpeLUHOCTEeN, ONPenenAtTCa UCX0As U3 CredyoLnX coobpadke-
HUIA. B npefdenax gnanasoHa WU3MEHeHUs1 N3MepsieMoli BE/IMUMHBI He
60nee OECATUKPATHOIO0 WM3MEHEeHWe pe3ynbTUpYoLel MorpeLHocTr
MO>XeT ObITb C JOCTATOYHOWM CTEMeHbl TOYHOCTU MpeAcTaB/eHo Mps-
MO IMHMER WA NpocTeren KpMBoW. STO MO3BOMMT onucaTb pe-
3yNbTUPYIOLLYH MOrPEeLHOCTb IMHENHOM WM NPOCTEMLUIEN HEeNVHEN-
HOI ABY3BEHHOM hopMyioii. ECiv n3MeHeHe N3MepsieMoi BeNINYMHDI
npesbILIAET AecATUKPaTHOe, TO BECb Anana3oH pa3buBaeTcs Ha y4vacTt-
KW, rae 1 onpefensoTca KpariHve NorpewHocTy. 3HadveHne aganTme-
HOW COCTaBNSALLEN XapaKTepu3yeT pe3y/ibTUPYIOLLLYI0 MOrPeLLHOCTb B
Hauane AvanasoHa, a CyMMma 3HauyeHWlr agauTUBHOM N MyNbTUM/INKa-
TVBHO COCTaB/IAIOLLMX B KOHLE AmManasoHa ornucbiBaeT pesybTUpyto-
LLLYIO NOrpPeLUHOCTb B KOHLE Avana3oHa. Ecnm yyacTKoB HeCKO/bKO, TO
CyMMMpOBaHWe MPOBOAUTCH Ha BCeX yyacTkKax, a 3aTeM MpuHuUMaeTcs
peLleHVe 0 MeTofe ONMCaHUA Pe3y bTUPYHOLLEN MOrpeLlHOCTH.

7. MpounsBogmTCca pacyeT N3MepuUTeNbHOro KaHana CU, yTouHseT-
CA ero CTPyKTypHas cxema. 370 AenaeTcs npu HeobxoammocTy 6onee
MOSIHOro yyeTa (HaKTopoB, B/AVAIOLLMX HA METPOIOrNYecKne Xxapakre-
PUCTUKN cpeacTBa M3MEPEHUA. YTOUHEHME CTPYKTYPHOM CXeMbl OCy-
LLIeCTB/ISIETCA MYyTEM BBeAEHWUS] B Hee MCTOYHMKOB LLYMOB, Apeidos,
HaBoAoK 1 T.N. Kpome Toro, yyeTnBaloTca HenaeanbHOCTU CTPYKTYp-
HbIX 3/1EMEHTOB.

8. Ha ocHoBaHWWM MpoBeAeHHOro yTouHeHns cxembl CU npounsso-
ANTCA KoppekTupoBka ero MM mnnu, ecnim aTo Heobxoanmo, NocTpoe-
HVie HOBOW Mogenu.

9. Mo yTo4uHeHHON mogenn CU1 nNpon3BOAUTCS pacyeT ero OCHOB-
HOW NOrpeLuHOCTM N HE06XOAMMbIX METPOOrMUYECKUX XapaKTepUCTUK.
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MpuBeaeHHbIN NOPALOK AECTBUI MOXKET MEeHATbCA B 3aBUCUMO-
cTn oT Bnga CU. Yem TouHee paccuntbiBaemoe CU, Tem 6osnee cnoxx-
HbIM 6yAeT MOCTPOEHME ero MOAeN W pacyeT MeTPOSIOrMYecKux xa-
pakTepuUcTUK. 3Ha4YUTEeNbHbIE C/IOXKHOCTU MOrYyT MMeTb MeCcTO MpH
pacyeTe N3MepuUTesibHbIX KaHasnoB unppoBbiX CW, NOCKO/IbLKY MPUXOo-
OVUTCA MoZennpoBaTb NMPoLecchbl ANCKPeTU3aLum BO BPeMeHN N KBaH-
TOBAHMSA M0 YPOBHIO.

Mpumep 11.6. MNpoaHanu3npyeMm CTPYKTYPHYIK CXEMY U paccyuTaem Ka-
Han N3MepuTesibHOro npeobpasoBaTesnd MIHOBEHHOr0 3Ha4YeHUs nepuoguye-
CKOro cuMrHana B nporopLmoHasibHoe eMy MOCTOAHHOE HanpshkeHue. ITOT npe-
obpaszoBaTtesib, AOMOSIHEHHbI BO/IbTMETPOM MOCTOSAHHOIO ToKa, npeactaBnsieT
coboii npmbop AN N3MEPEeHNSI MITHOBEHHbIX 3HAYeHUIA NepemMeHHOro curHana.
Cdpepa NpMMeHeHMA TaKkoro npeobpasoBaTtens A0BOSILHO Lwinpoka [95].

MpeobpasoBaTesib peann3yeT KOMMEHCALMOHHbIN DeppoMeTPUYecKnin Me-
TOA4, CYyTb KOTOPOr0 COCTOUT B TOM, UYTO cCpegHee 3a nepmog (HaumHasi ¢ MOMEH-
Ta t-) 3HayYeHMe MHTerpasa OT NPOM3BOAHOM nepuogmyeckor (c nepmogom T)
HeYeTHOM hyHKuMK X (t) paBHO OTpMLATEIbHOMY MITHOBEHHOMY 3HAYEHWIO 3TOWA
PYHKLUN B MOMEHT tt

u+T1 t+t tj+T
- J J dt =" S[X(tj +1)- X(ti)]dt =-X(tj). (11.15)
ti ot t,

Mcnonb3oBaHWe TOMbKO 3TOM 3aBMCMMOCTM He JaeT BbIMIpbIlLa MO CpaBHe-
HUIO C K/acCUYecKUM (eppomMeTpnyeckum metogom [63, 64]. CyuiecTBeHHoe
ynyudlleHne MeTpOsIOTMUYECKUX XapaKTepuUCTUK MpeobpasoBaTens nosyvaercs,
Korga B CTPYKTYPHYI cCXemy, peanusytlouwyto gopmyny (11.15), sBogutca 06-
paTHas cBA3b. VgeannsmMpoBaHHasA CTPYKTYpHas cxema TaKoro KoMMeHcau oH-
HOro npeobpasoBaHmnA NokasaHa Ha puc. 11.25. Pa6oToi npeobpasosaTens ynpas-
NAeT ycTpomcTBo ynpasneHus (YY), npeactasnstolee cobon asospalliatesib u
BblpabaTbiBalolllee yrnpaBfsioliMe CUrHanbl, KOTOpble AeWCTBYIOT B TeyeHUe
MHTepBasioB BpeMeHU Atj= (tj+nT; tj+(n+)T) n Om2= Atj+AT= (tj+(n+D)T;
t+(n+1)T+AT), rae AT<T. B untepsane Or3= ("+(n+1)T+AT; t.+(n+2)T) BCe ynpas-
nswme curHanbl He akTuBHbI. CnefoBaTtesibHO, OAUH LMKA paboTbl paccmart-
puBaemoro CW cocTouT M3 Tpex TakToB AT Ji21 13 1 3aHMMaeT Nno BpeMeHU
nBa nepuoga curHana X(t).

MepBnyYHbINA npeobpasoBaTens (M) npeobpasyeT nepemeHHbI curHan X(t) B
HanpsbkeHne uMt) = K dX(t)/dt, rae Kg — nocTosAHHbIA KO3(DULMEHT nepeaadn.

MepemeHHOe HanpshkeHWe W, NocTynaeT Ha BXof uHTerpatopa M1. UHTer-
pupoBaHVe MPOV3BOAUTCSA B TeyeHWe MHTepBana AT, HauyMHas ¢ MOMeHTa tj.
BbIXoAHOM curHan cymMmupyeTcsi ¢ MPOUHTErpUpoBaHHbIM aHaornM4yHbIM 06pa-
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30M BbIXOA4HbIM CUFHa/I0M KOMMeHcaLUoHHOro npeobpasosatensa u/NjCt), nony-
YeHHbIM Ha npegbigywem (n-1)-m umkne paboTbl. Pe3ynbTUpPyOLWWIA curHasl

t+t]faT tH]*nT
uet) = — JUn@®)dt+— JU, It)dta
1 *1+»T * tj+nT (1116)

= ALIX(t+1, +nT)- X(t; +nT)] +~ -j A Tur I(t)dt

rne 0 <t<T; T, T2— NoCcTOAHHbIe BpeMeHUN uUHTerpatopos V1 n N2. NHTe-
rpatop N2 (paBHO KaK n uHTerpatop W1) ocyuwectBnser UHTerpumposaHue
CUrHasia B TeyeHMe NepBoro Takra pabotbl Oir Bo BTOPOM M TpeTbeM TakTax
pa6oTbl OHWM 06a cOpOLIEeHbl YNPaB/ALWUM CUTHA/IOM N UX BbIXOA4HbIE CUTHA-
Nbl paBHbl Hy/0. 3ro TakXKe ycTpaHsAeT MOrpewwHoCcTb, BHOCMMYKO Aperidhom
HYAS MHTErpatopos.

—
X(t) u,
nn m 1 u3 Kn 1771
T~ ~T~
2
—
Ati Ari+ar2 ar2 At, J.

Yy

Puc. 11.25. CTpyKTypHas cxemMa KOMMeHCcauMOHHOro npeobpasoBaTens

MocKOMbKY BbIXOAHOW CUrHan AaHHOro npeobpasoBaTtesisi sABASETCA MO-
CTOSAHHbIM (3TO 6yAeT BUAHO U3 fasbHEerLIero N3sioxkeHns), To Npu “BKOYe-
HUN” nHTerpatopa M2 B MOMeHT t-,+nT curHan ue_,(t) MOXKHO nNpeacTaBuUTh B
Buae

- (tj+nT)], (11.17)
rae Un, — 3HauyeHWe MOCTOSIHHOIO0 HamnpshKeHWsl Ha BbIX0[e 3arnoMUHAIOLLEro

MHTerpatopa M4 Ha npegplgyliem uukne pab6otbl; I[t - (tj+nT)] — egmMHU4YHaA
hyHKums. Mpu atom BbipaxkeHue (11.16) ¢ yyetom (11.17) 3anuweTtcs B BuAe
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uc (t) = X Jt+li+nT] - X [t™~+nTj + t-ftj +nT) j.

JaHHbIi cnrHan perictByeT Ha BXofe uHTerpartopa VI3 B TeueHWe mepBoro
TakTa pabotel Oir B ocTasibHbIX TakTax 12 n i3 oH paseH Hyso. Cam >ke
nHTerpatop M3 HaxoguTcs B aKTUBHOM, MHTErPUPYIOLLEM PEXMME BeCb BTOPOA
TakT Or2z=O71'+4T. CnepgoBatesibHO, MOC/E MHTErpPUpoBaHus curHana ugt) B Te-
YyeHuve BpemMeHn AT curHan Ha ero BbIxoge 6yAeT MOCTOSHEH U UMEET BUA

tj+(n+))T "™+(n+H)T

u = K x+t, +nT)dt-  IX(tj +nT)dt
TIT3  tj+nT tj+nT
ti+(n+)T

rae T3 — nocTtosiHHasA BpemMeHU MHTerpatopa M3. UHTerpan ot X(t+t;+nT) pa-
BEH HY/I0 NPV Nepmnognyeckor HeveTHon yHKumm X(t). C yyeTomM 3Toro

n, =- W, =(S, +S,)/ T,. (11.18)

M3 ypasHeHus (11.18) BuAHO, 4TO Ha BbIxode wHTerpartopa M3 topmupyetcs
CUrHas1, MPOMOPLMOHasIbHbIA Pa3HOCTU BOSIbT-CEKYHAHbIX Mowageii S2 u S,.
CnepoBatesibHo, cymMMaTop M uHTerpatop W3 06pasyloT BbluvTatoLlee YCTpPoii-
cTBO (Ha puc. 11.25 06BefgHO LUTPUXOBOI SIMHUEN), hopMUPYIOLLIEE CUIHaT pac-
cornacoBaHuA AN Uenu BHYTPEHHEro npsamMoro npeobpasoBaHus. CurHan U
JecTBYeT Ha Bbixode MHTerpartopa VI3 B TedeHne uHTepBasia 12 B ocTanbHyto
yacTb (N+1)-ro nepuoga (AT oH cbpacbiBaeTcA yNpas/isioWLmMM CUTHaUIOM U ero
BbIXOA4HOE Harnpsi>KeHue pasHO HYJII0.

CurHan paccornacosaHna Up noctynaeTt Ha nHrterpartop 14 B TedeHmne BTO-
poro TakTa pa6oTbl [r2uepe3 oTKpbIThIA Kod Kn. Mpu ycnosumn, uto koaddm-
LMEHT nepefayn K4a paBeH efuHWLIe, BbIXOAHOE HanpsbkeHWe npeobpasosa-
Tensa ¢ ydetom (11.18) nmeet Bug

n* _KytAex(t +nT) | AT +u
TT314 vi1 2 T2I314
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B yctaHoBumBLLEMCSA pexkume Un = Un 1, 3Ha4UT, X pasHOCTb paBHa Hy/lio.
Torpa v3 nocrefHero ypasHeHNs Cnefyet, 4To

(11.19)

Taknum 06pa3om, B YCTAHOBMBLLEMCH peXXuMe paboTbl BbIXOAHOE Harpske-
HVe KOMIMEHCALMOHHOMo NpeobpasoBatesis MOCTOSAHHO Y NPSIMO MPOropLVoHas 1b-
HO MPHOBEHHOMY 3HA4YeHWIO M3MepsieMor hmandeckoli BennumnHbl X(t;). U3wve-
HSAS C NMOMOLLBI0 YY MOMEHTbI BpeMeHU ti5 MOXHO NpoBoAuTL NpeobpasoBaHve 1
nocneayoLLiee M3MepeHvie No60ro MrHOBEHHOO 3HaYeHUsI UCCNeayeMoro curHa-
na X(t).

B ypaBHeHVe npeobpasoBaHmnA (11.19) BXOAAT TO/IbKO MapameTpbl 6/10K0B
(nepBryHOro npeobpasoBartens U uHTerpatopa A1), croawmx B Lenm npsMoro
npeo6pasoBaHNA [0 KOHTYpa KOMIEHCaLVOHHOro npeobpasoBaHus, a Takke
MHTerpatopa W2, ctosiero B uenu obpartHoli csasn. CriefoBaTeslbHO, MorpeLL-
HOCTb MpeobpasoBaHMsi MIHOBEHHbIX 3HadeHWIA X(t;) B MOCTOSAHHOE Hanpshke-
HVe COCTOUT M3 MOrpeLLUHOCTX, BHOCMMOM MepBMYHLIM MpeobpasoBaTesieM, U
MOrPELUHOCTN, CBA3AHHOW C TOYHOCTbIO BbIMOSIHEHWA Onepaunii MHTerpatopa-
Mn 1 n N2. Mpn aTom cnydaiiHas agauTyiBHas MorpeLuHocTb, 06yc/ioBeHHas
ApelichoM Hyns Ha UX BbIXoAax, MPaKTUYecKy paBHa HysIlo BC/IEACTBUE K/IHOYe-
BOr0 peXkuma paboTbl, a MOrpeLlHOCTb 0T HEeCTabuIbHOCTU MOCTOSIHHBLIX BpemMe-
HW CyLLeCcTBeHHO ocnabrieHa.

3anuvwem ypasHeHue (11.19) B Buge

(11.20)

YpaBHeHure (11.19) nnm (11.20) ABnsieTca MaTemMaTMyecKoli Modesbio pac-
CMaTpmBaemMoro U3MepuTesIbHOro KOMIMeHcaLMOHHOro npeobtpasosatens. OHa
OMKWCbIBAET BO MHOIOM WAeasIM3MpoBaHHbIA M3MEPUTENbHBIN KaHam U He y4u-
TbIBAET HEMAEaIbHOCTU CTPYKTYPHbIX 3/IEMEHTOB U BINSIHNE (DaKTOpoB Zit Ko-
TOpble ABMAIOTCA UCTOYHUKaMU afauTUBHbBIX MOrpeLLHOCTer. B cBA3M ¢ aTum
CyMMapHas MnorpeLlHocTb npeobpasoBaTens OyAeT codepXKaTb TOMbKO MyJlb-
TUNIMKATMBHbIE COCTaBNALME, 06YCNOB/IEHHbIE HETOYHOCTAMU 3adaHus U
HecTabnNbHOCTAMU Nepuogda NepeMeHHoro curHana T 1 NOCTOSAHHbIX BPeMEeHU
T], T2 a TaKKe HETOYHOCTLIO 3agaHMa KoathdmupmeHTa nepegaqn K, npeobpa-
3oBarensa Mri.

Byfem cumTaTh, YTO Ham U3BECTHbI CUCTEMATMYECKasA U Cry4valiHasa cocTas-
NSALLIMe MePBOV M BTOPOK MOrPELLHOCTEN M TOMbKO CUCTEMAaTUYecKasi cocTaBs-
NAWan TpeTbe NOrpeLlHoOCcTN. B npocTelilem cyydae MOrpeLuHocTH, BHOCU-
Mble 6/10kaMm NpeobpasoBaTtesis, MOryT 6bITb 3a4aHbl AOMYCKAeMbIMW FPaHULIAMMN
6ri, BK/IOYAOLLMMUN KaK CUCTEMATUYECKYI0, TaK U C/lydaliHyl0 cocTaBnsaoLLme
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M UMELLMMU paBHOMEPHbIe pacrpeaenieHvs. U3 ypaBHeHwui (11.14) v (11.19)
NErko MoslyunTb, YTO abCOMKOTHAs MOrpeLuHoCTb NpPeobpa3oBaHUsi MrHOBEHHOMO
3Ha4deHus curHana X(t) B HanpsbkeHne UD

A= KX\ BT)* +(5T,)2+(8Tr)2+(8K2,

rpe 8T, 8T,, 8T2 5Kn— fgonyckaemble rpaHuvLpl NOFPELLHOCTEN 3aaaHusa nepuo-
Ja n3vepsiemoro curHasia X(t), NocTosHHbIX BpemeHW uHTerpartopos V1 n 112,
KoathdmLMeHTa NpeobpasoBaHUA MEePBMYHOIO Mpeobpas3oBaTesisi COOTBETCTBEH-
HO; K — KO3((p1UMeHT, onpesensemblii no tabn. 8.4.

MpeanonoXkvm, YTo B HalLleM PacropskeHUn UMeeTcs 6osiee nosHas MHAop-
Maums 0 MOrpeLlHOCTSAX 6/I0KOB paccMaTpyBaeMoro VU3MepuTesisHoro Mnpeobpaso-
BaTe/isA, & MMEHHO, M3BECTHbI: OLEeHKM CKO cny4yaiiHbIX MorpeLuHocTer nepuoga
NnepeMeHHOro cUrHasia  MoCcTOSAHHBLIX BpeMeHn Sf, 1 S, a Takoke npeaensl (rpaHu-
Upbl) CUCTEMATUYECKMX MOrpeLuHocTel neprioga 07 NocTosiHHBLIX BpemeHu O, Ore
1 Koadhh1LpmeHTa nepeaqn nepBUYHONO npeocdpasosatesis 87,

Mpn peanuzaumn CTPYKTYPHOM cxembl (cM. puc. 11.25) mHTerpatopbl 1,
M2 n cymmaTop BbINOMHAIOTCA B BULE MHTErparopa-Cymmaropa Ha Of4HOM orie-
paumoHHOM yeunuTene. B cBA3M € 3TUM pPe3nCTUBHbIE U EMKOCTHbIN 3/1EMEHTbI,
onpeensolye 3Ha4YeHUs MOCTOAHHbLIX BpeMeHW Tt n T2 pacnonaralTca B
NPOCTPaHCTBE PALOM W MOABEPXKEHbLI MPaKTUYECKM OAVMHAKOBbIM BO3MYLLAIO-
LMM BO3AENCTBMAM, 00ycriaBnmMBaloLLM cry4daliHylo norpeLuHocTb. Bce 3Tto
NPVBOAUT K TOMY, YTO C/y4aliHble MOrpeLlHoCTM 06enXx MOCTOSIHHbIX BPEMEHU
CUBHO KOppesimpoBaHbl (KO3h(UUMEHT Koppenauum 6/M30K K eanHUUE) r
JO/DKHbI cKnagpiBatbesa no qopmysie (9.12), T.e. STI2 = STL+ ST2e

CnyyaliHble MOrpeLuHoCcT 33JaHvs nepuoga MepeMeHHoro curHasa u no-
CTOSIHHbIX BPEMEHM HUKaK He CBA3aHbl Mexay cob6oii (KoamumeHT Koppens-
uun 6/IM30K K HYJ/I0) W, CriefoBaTesibHo, A0/DKHbI CKaablBaTbCA reoMeTpuye-
CKWN B COOTBETCTBMU C chopmMysoii (9.13):

JoBepuTenbHbIA MHTEPBAST CYMMApPHOM C/Ty4qaiiHO COCTaB/ISAMOLLE MOrPeLLHOCTA

rge zZp — KBaHTU/bHbIA MHOXUTE/b CYMMAPHOI0 3aKoHa pacrpeaernieHus cry-
YaliHoW MOrpeLLUHOCTN, COOTBETCTBYHLLMIA A0BEPUTENIbHOM BeposiTHOCTM P. Ons
pacueTa ero 3Ha4yeHVst MOryT ObITb MCMO/b30BaHbI (DOPMy/ibl, MPUBEAEHHbIE B
pasg. 9.1.
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CymmapHast cucTemMaTuyeckas MorpeLlHoCTb U3MEPUTENIbHOMO Mpeobpaso-
Barens npu X(1;)=X(") wvveeT BUa

OK—kX(tNdE +K +61T +@O ™

MHOXUTENb K 3aBUCUT OT MPUHSITON A0BEPUTE/bHOM BEPOSITHOCTW, COOTHO-
LeHWA MeXay criaraemMbiM 1 onpeaensieTca no Tabn. 8.4.
CyMMapHasi MorpeLLHoCTb U3MEPUTENIbHOIO NpeobpasoBaTtesist

A[X(tK)] = kp[e(P) + 6K] = kp[zpSE + kX (tk)0* + 0*t+ 6£2+eL J-

= kpTzp  +(SE +S]22 + kX(tk"0j +0T! +0T2 +0Knl.

KoaththpmupmeHT Kp 3aBUCUT OT COOTHOLLIEHVISI CYMMMPYEMbIX CrlyuaiiHOM 1
CUCTEMATMUYECKOW COCTaB/ISIOLLMX 1 ONpeaensieTcs no Tabn. 8.7.

KOHTpOnbHbLIE BOMPOChI

1. YTO Takoe CpeacTso M3MEPEHWIA?

2. HazoBuTe cTarnyecK/e XapakTepUCTUK 1 MapaveTpbl CPEACTB BMEPEHUIA.

3. UT0 Takoe (oyHKUMS NpeobpasoBaHst CpeacTBa M3mMepeHuin? Kakve Bu-
Obl (PYHKUMIA NMpeobpas3oBaHUs UCTO/b3YHOTCA B METPOsIOrn?

4. HazosuTe AMHaMMYECKME XapaKTEPUCTUKU U MapamMeTpbl CPeACTB 13Me-
PEHWIA.

5. UTo Takoe mosioca NporycKaHVst CpeacTsa U3MepeHWi 1 Kak oHa CBsi3a-
Ha C aMI/IUTYAHO-HYaCTOTHOW XapaKTepUCTUKON?

B. Kakmm o6pa3oM KiaccudmLMpyroTcsl cpefcTsa U3MepeHmiA?

7. Kakvie cpeacTtBa M3MepeHUii OTHOCATCA K arieMeHTapHbIM? Kakve dhyHK-
LMW OHW BbIMOMHAKOT? [oYeMy OHU Ha3bIBAKOTCA 3/IEMEHTapPHbLIMNA?

8. Kakve Tunbl namepuTenbHbIX Npecbpasosartenieli Bbl 3HaeTe? 1A 4ero
npegHasHayeHbl aHasoro-UypoBol 1 Lmcpo-aHas10roBbIvi  NpeobpasoBaresin?

9. VI3 yero COCTOUT aHa/I0rOBbIA M3MepUTesbHbIV Nprbop? Kak ycTpoeHb!
MpVIMeHsieMble B HMX OTCHETHbIE YCTpolicTBa?

10. N3 Kakumx CTPYKTYPHbIX 3/IeMEHTOB COCTOMT LMJYPOBOM M3MepUTesb-
Hblli Mpr6op? YeM OH OT/IMYAETCA OT aHasloroBOro M3MepUTE/IbHOMO Mprbopa?

11. Y10 Takoe U3MePUTESILHO-BbIMUC/IUTESbHbIE KOMIUIEKCHI? Kak OHW yCT-
POeHbI?
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12. Onsi yero HeobxoAMMO MOAENMPOBATL CPEACTBA M3MeEpPeHW? YUTo Takoe
MaTemaTuyeckas MoAerib cpeacTsa u3MepeHuid? Kakve BenvuvHbl OHa CBA3bI-
BaeT Mexay coboin?

13. [aiite onpeaerieHvie criefytoWMM MOHATUSM: U3MepUTeNbHas Lenb, W3-
MepUTeNbHBIA KaHas, CTPYKTYPHbIA 3/7IEMEHT N CTPYKTYpHas cxema.

14. MpviBeanTE NPUMEPbI U3BECTHBLIX BaM CTPYKTYPHbIX 3/1leMEHTOB. 3anu-
LUMTe MX YpaBHEHWUS Mpeobpas3oBaHUS.

15. IMepeumcnnTe aTarnbl pacyeTa M3MePUTEsTbHbIX KaHasloB CPEACTB M3MEPEHWIA.



Mnaea 12. METPOJIOTNYECKNE
XAPAKTEPUCTUKIN CPEACTB USMEPEHUUW U NX
HOPMNPOBAHWNE

12.1. MpuHUMNbI Bblbopa N HOPMMPOBaHMUSA
METPOSIOFMYECKUX XapaKTePUCTUK CPEACTB U3MEPEHNIA

Mpn mcnonb3oBaHU CY NPUHLMNMAIIBHO BXKHO 3HaTb CTereHb
COOTBETCTBUS MHChOPMALIM O M3MEPSIEMOI Be/TMUMHE, COAEPKaLLIeACS B
BbIXOAHOM CUrHaUTe, ee MCTUHHOMY 3HaueHUH0. C 3TOI LieNbHo A4S Kadk-
fporo C1 BBOAATCA M HOPMUPYIOTCA OMnpeaesieHHble MeTPOsIorMyecKme
xapaktepuctukun (MX). MeTponornyeckme XxapakTepucTuku 310
XapaKTepUCTVKN CBOWCTB CPeacTBa M3MepPeHWl, OKasblBatoLLyve BMS-
HVie Ha Pe3y/ibTar M3MEPEHUsI N ero MorpeLLHocTU. XapakKTepucTuKu,
yCTaHaB/MBaeMble HOPMATUBHO-TEXHNYECKMMW JOKYMEHTaMW, Ha3biBa-
H0TCA HOPMVIPYEMbIMU, & ONpeAensieMble IKCMepYMeHTasTbHO — JeliC TBU-
Te/bHbIMK. HomMeHKaTypa MX, npaswia Bblbopa KOMIMIEKCOB HOPMUI-
pyembix MX ana cpefcTs M3MepeHUIA 1M crocobbl MX HOPMMPOBaHUS
onpepenstotes ctaHgaptTom FOCT 8.009-84 “I'C. HopmuypyeMble MeT-
POJIOrNYECKVe XapaKTePUCTNKM CPEACTB U3MepeHUiA” . MofpobHbIe KOM-
MeHTapUn K 3TOMy AOKYMEHTY npuBefeHb! B [58].

MeTporiornyeckme xapakrepmctnk C No3BosisioT:

*0npeaensTb pe3y/bTarbl U3MEPEHW N PacCUUTBLIBATL OLIEHKW Xa-
PaKTEPUCTUK UHCTPYMEHTA/IbHOM COCTaB/IAOLLEN MOrpPeLUHOCTM M3Me-
peHVs B peasibHbIX YCI0BUSAX npyMeHeHns CU;

*paccunTbiBaTb MX KaHas10B M3MepUTesSIbHbIX CUCTEM, COCTOSLLINX
U3 psifa CpeacTB M3MepeHui ¢ 13BeCTHbIMM MX;

*MPOM3BOANTL ONTUMasTbHBIN BbiGop CU, obecneumBatoLLmx Tpebye-
MOE Ka4ecTBO M3MEPEHUI MPU U3BECTHBIX YCMOBUSAX NX MPUMEHEHUST;

= cpaBHMBaTb CU pas/iMyHbIX TUMOB C YYETOM YC/I0BUIA MprMeHe-
HUA.

Mpw paspaboTke NPUHLIMIMOB BbIGOPA 1 HOPMMPOBAHWA CPELCTB U3-
MEPEHWA HEO6X0AMMO MPUAEPKUBATLCA PSAA MOSOXKEHWA, U3M0XKEH-
HbIX HIDKeE.

1 OCHOBHbIM YC/0BMEM BO3MOXXHOCTM PELLEHMS BCEX MepeyncsieH-
HbIX 330a4 SABNSETCA Ha/Muve OAHO3HAYHOM CBA3N MeXXOy HOPMUPO-
BaHHbIM/ MX 1 MHCTPYMEHTa/TbHBIMU MOMPELLHOCTAMW. 3Ta CBSA3b YC-
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TaHaBNVBaETCA NOCPEACTBOM MaTeMaTUYeCKOW MOAENN MHCTPYMeHTa b-
HOI COCTaBNALLEN MOrpeLHOCTU, B KOTOPO HopMmupyemble MX fosmk-
Hbl ObITb aprymeHTamu. Mpu aToM BadkKHO, 4T06bI HOMeHKNaTypa MX n
€rocobbl NX BblpaXKeHUS 6bl1M ONTUMasibHbl. ONbIT 3KcnyaTaumm pas-
Nn4HbIX CU nokasbiBaeT, 4YTO LenecoobpasHo HOPMUPOBATb KOMMIEKC
MX, KOTOpbI, C O4HOW CTOPOHbI, He JO/DKEeH 6bITb 0YeHb 60MbLLINM, a
C Apyron — Kaxaasa Hopmupyemass MX fofkHa oTpaXkaTb KOHKPEeTHbIe
csoiictBa CU 1 npy Heo6X0AMMOCTM MOXKET 6bITb MPOKOHTPOMMPOBAaHA.

2. HopmupoBaHue MX cpeAcTB M3MePeHN A0/IXKHO MPON3BOANUTLCS
ncxoaa M3 efUHbIX TEOPeTUYEeCKUX MPeanocbisIoK. 3TO CBA3aHO C TeM,
4TO B M3MepUTESNbHbIX Mpoueccax MoryT y4dacteoBaTb CW, mnocTpoeH-
Hble Ha pas/INYHbIX NPUHUMNAaXx.

3. Hopmupyembie MX go/mKHbI 6bITb BblpadKeHbl B TaKoW ¢hopMe,
4YTOObI C MX MOMOLLLbIO MOXXHO 6b1/10 060CHOBAHHO peLlaTthb NpPakKTUYecKu
nobble n3MepuTesbHbIE 334ayn U OLHOBPEMEHHO [AOCTaTOYHO MpOCTOo
NPoBOAUTL KOHTPO/Ib CU Ha COOTBETCTBME 3TUM XapaKTePUCTUKAM.

4. Hopmupyemble MX o/mKHbI 06ecnevynBaTb BO3MOXXHOCTb CTaTu-
CTMYECKOro 06beJMHEHUSA, CYMMNPOBAHNA COCTaBNAIOLWNX NHCTPYMEH-
Ta/IbHOM MOrpeLwwHocTn n3mepeHuii. B obLiem cnyyae oHa MOXET 6bITb
onpegeneHa Kak cymma (06beguHeHUe) criefywmx cocTaBAoWmx
MOrpeLIHoCTHN:

« AQ(t), 06yCcnoB/IEHHOM OTNINYMEM AENCTBUTEIbHON (BYHKLUUW MNpe-
06pa3oBaHVs B HOPMaslbHbIX YC/I0BUSAX OT HOMUHA/IbHOW, NPUMMCaH-
HOM COOTBETCTBYIOLMMUN JOKYMEHTaMU AaHHOMY Tuny CW. 31a norpeLu-
HOCTb Ha3bIBAETCA OCHOBHOW;

= [IG; o6ycnoBneHHo peakyueii CU1 Ha M3MeHeHVe BHELUHWX B/INSIHO-
LWMX BESIMYMH U HENH(OPMATUBHLIX MapameTpoB BXOA4HOro curHana
OTHOCUTENIbHO UX HOMUHASIbHbIX 3HAYEeHUA. 3Ta NOrpeLLlHOCTb Ha3blBa-
€TCcsA JONOSTHN T e/IbHO;

= Adyn, 0bycrioBneHHo peakuuein C Ha CKOpoCTb (4acToTy) name-
HEHWNSA BXOAHOI0 cUrHana. 3ta cocTaBnfaoLLas, Ha3biBaeMas guHaMuye-
CKOWM MOrpeLuHOCTbIO, 3aBUCUT U OT AMHAMUYECKUX CBOWCTB CPeACTB
M3MePEeHU, N OT YaCcTOTHOrO CNeKTpa BXO4HOr0 CUTHanNa;

« Aint, o6ycrioBneHHol B3anmogeiictenem CU ¢ 06bEKTOM Mn3Mepe-
HWI nnm ¢ gpyrumm CU, BKIIOYEHHbIM M0C/1e40BaTE/TbHO C HUM B U3Me-
pUTebHYH0 CUCTeMY. 3Ta MOrpeLlHoCTb 3aBUCUT OT XapaKTepucTuK U
napameTpoB BXogHoM Uenn C 1 BbIXOAHOW Leny 06beKTa U3MepPeHUI.

Takum 06pa3om, MHCTPYMEHTa/IbHYIO COCTaB/IAOLLY0 MOrpeLlHocTy
CW/1 MO>XKHO NpeAcTaBUThL B Buae
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roe * — CMMBOJT CTaTUCTUYECKOr0 06befMHEHNS COCTaB/AILNX.

MepBble ABe cocTaBMAWLWMe NPeAcTaBASAT CO60M cTaTUYvecKy Mno-
rpewHocTb CU, a Tpetbsl — AMHaMUYECKy0. 3 HUX TONIbKO OCHOBHAasA
norpeLHocTb onpefenserca ceolictBamu CW. JononHuTenbHasa v au-
Hamuyeckasi NOrpeLHOCTN 3aBUCAT KaK OT CBOWCTB camoro CU, Tak un
OT HEKOTOPbIX APYrUX ANPUYUH (BHELLHWX YC/0BUiA, NapameTpoB M3Mme-
PUTENLHOrO CUrHana u ap.).

TpeboBaHNA K YHUBEPCASIbBHOCTU N NPOCTOTE CTATUCTUYECKOT0 06b-
eAVNHEHUS COCTaB/IALWMNX MHCTPYMEHTas/IbHO MNorpewHocTn obycnas-
NMBalOT HEO06X0AUMOCTb UX CTATUCTUYECKO He3aBMCUMOCTU — HEeKOop-
pennpoBaHHocTU. OfHaKo MpennosioXdkeHWe 0 He3aBUCUMOCTU 3TUX
COCTaB/AKLWNX He Bcerga BepHo.

BblgeneHve auHamumuyeckoi norpewHoctu CU Kak cymmumpyemori
cocTaBsloWeln AONYCTMMO TOMIbKO B YacTHOM, HO BecbMa pacnpocTpa-
HeHHOM criy4dae, Korga Cl1 MOXKHO cYMTaTb JIMHERHbIM AUHAMUYECKUM
3BEHOM UM KOrfa MorpeLluHocTb ABASETCA BecbMa Masioil Be/IMYNMHOW MO
CpaBHEHMIO C BbIXOAHbIM CUTHasioM. JUHamMMyecKoe 3BEHO CHMUTAaEeTCHA
NIVHEWNHBIM, €C/IN OHO OMUCbIBAETCA SIMHENHbIMU AnddepeHLanbHbIMU
ypaBHEHUAMU C MOCTOAHHbIMWU KoahdmumeHTamun. Ana CU, aBnsaooLmxcs
CYL,eCTBEHHO HEIMHEMHbIMWN 3BEHbAMMU, BblAesieHMe B 0TAE/IbHO CYMMMU-
pyembie COCTaBASAKLLIME CTAaTUYECKOW N AMHAMMUYECKO MOorpeLuHocTel
HefonyCcTUMO.

5. Hopmupyembie MX [0/DKHbI OblTb MHBapPUaHTHbI K YC/10BUAM
NpUMeEHeEHNsT N pexxumy paboTel CU n oTpaxkaTb TO/IbKO €ro CBOMCTBA.
Bbi6op MX Heo6Xo4MMO OCYLLEeCTB/IATbL Tak, YTobbl Nosib3oBaTeslb UMen
BO3MOX>XHOCTb paccymMTbIBaTb MO HUM Xapaktepuctnkn CU B peasibHbIX
YCNOBUAX 3Kcnayataunm.

6. Hopmupyembie MX, npuBoAuMble B HOPMAaTUBHO-TEXHWUYECKO
OOKYMeHTaLuKn, oTpaxkarT CBOMCTBa He 0TAe/NIbHO B3ATOr0 aK3emnasipa
CW, a Bceir coBokynHocTu CW gaHHOro Tuna, T.e. SABASKTCA HOMU-
Ha/ibHbIMW. 104 TUNOM MOHUMAETCA COBOKYMHOCTL CU, nmerowmnx ogn*
HakKoBOe HasHa4deHue, CXeMy U KOHCTPYKLUIO N YAOBNETBOPAOLWNX 0f-
HUM W Tem >Xe TpeboBaHUAM, perriameHTUPOBaHHbIM B TeXHUYECKUX
ycnosnax. MeTposornyeckme xapakTtepuctukm otgenoHoro C gaHHo-
ro TMna MoryT 6bITb I06bIMM B Mpefenax 06/1acTy 3HAYeHWUn HOMU-
HanbHbIX MX. OTcloga cnegyeT, 4To MX cpeAcTBa U3MEPEHUIA AaHHOIO
325
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THNa A0/HKHA OMUCHIBATLCA KaK HECTALWIOHAPHbIN Criy4daliHbli npoLiecc.
MaTtemaTn4ecKn CTPOrniA y4yeT AaHHOro 06CTosATeNIbCcTBa TpedbyeT Hop-
MMPOBaHVS He TO/bKO MnpefenioB MX Kak CrlyyaiHbIX BeIMYUH, HO 1
VX BPEMEHHOV 3aBMCMMOCT (T.€. aBTOKOPPENALUMOHHDBIX DyHKLUMIA). 3TO
NpYBEAET K UPEe3BbIHaHO C/IOXKHOM CCTeEMe HOPMUPOBaHWS 1 MpaKTu-
YECKO HEBO3MOYKHOCTM KOHTPO/S MX, MOCKOMbKY Mpy 3TOM OH [0/1-
>KeH 6blU1 Bbl OCYLLECTB/IATLCA B CTPOr0 OnpesesieHHbIe MPOMEXYTKU
BpemeHW. Bcneactavie 3Toro nNpuHSATa YNpoLLEHHas cucTeMa HOpMMpo-
BaHVISl, MpeaycMaTpuyBatoLLAs pas3yMHbIA KOMAPOMUCC MeXKay MaTeMa-
TMYECKOWM CTPOrocTbi0 M HEOOXOAUMONM MpPaKTUYECKO MpocToTor. B
MPUHSITON CUCTEME HU3KOUACTOTHbIE M3MEHEHUST CITyYaliHbIX COCTaB/IsHO-
LLIAX MOrPELUHOCTI, MePUoA KOTOPbIX COM3MEPUM C A/IUTESTbHOCTHH MEXK-
MOBEPOYHOr0 MHTEPBasia, MPU HOPMUPOBaHUM MX He y4uTbIBaOTCS.
OHM onpeaensioT rokasaten HagexxHocTn CU, 0bycnaBnmBatoT BbIGop
paLoHasIbHbIX MEXKMOBEPOUHBLIX VUHTEPBA/IOB M APYTUX aHasIorMUHbIX
XapaKTepyCTUK. BbICOKOUACTOTHbIE N3MEHEHWST C/TyYaliHbIX COCTaB/ISAH0-
LLMX MOrPELLHOCTU, WHTEPBasIbl KOPPENSILMM KOTOPbIX COM3MEPUMbI C
ANNTEeNBHOCTBIO MpoLecca U3MePeHNsi, HeOBX0AMMO YUUTLIBATL MyTeM
HOPMUPOBaHWSI, HarpuMep, X aBTOKOPPENSILMOHBLIX (YHKUWIA.

MepeyeHb HopMUpYEMbIX MX OennTCA Ha LWeCTb OCHOBHbIX rpymnn
(pnc.12.1), KoTopble N pacCMaTpUBaOTCH JAUTee.

12.2. MeTposioruyeckme XxapakTepucTuku, npegHasHaueH-
Hble AN5 OnpeaeneHns pe3ynbTaToB U3MEPeHWT

DyHKUMA NpeobpazoBaHns F(X). JdaHHas dyHKLUMM HOpMUPYeTCS
L1 isMepUTesTbHBIX NMpeobpasosaresieil 1 NPUopPoB C HEVMEHOBaHHOM
LLUK&/I0A WM CO LLIK&UTOM, OTrpafyvipoBaHHONM B eAVHMLEAX, OT/IMYHBIX
OT eAVIHVIL, BXOAHOW Be/unHbI. OHa 3adaeTcs B BUae hopmysibl, Tabnm-
ubl WM rpadimka 1 MCronb3yeTes /1A OnpeseneHns 3Ha4eHA n3ve-
pPSieMOoii BeTMUMHBI X B paboumnx ycrioBusiX npymMeHeHnst C no mn3BecT-
HOMY 3Ha4eHMI0 MHHOPMaTMBHOIO MapameTpa ero BbIXO4HOro CUrHasia:
X —F AY), roe F'1— dhyHKums, obpaTHast (hyHKLMM NpeobpasoBaHus;
Y — nokasaHus cpefcTea U3MepeHui;

Ana ctaHaapTM3oBaHHbIX CU cepuiiHOro NpPor3BoaCTBa HOPMUPYHOT
HOMVHa/TbHYHO0 OyHKLIMIO MpeobpasosaHus. [/ Nprbopos Menkocepuii-
HOro MpOV3BOACTBA HOPMUPYIOT MHAVBUOYa/bHbIE (hyHKLIMM npeobpa-
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XA

METPO/IOMMYECKVE XAPAKTEPUCTUKN CPEACTB W3MEPEHN

MX g1 onpepeneHns MX norpeLuHocTei MX uyBCTBUTESLHOCTU [AvHammyeckvie MX BmaHUA Ha  HevHdopmaTvBHbe
pe3ynsTaroB CPEe/CTB VBMEpeHI CPeACTB VBVEPEHNIA K XapaKTepVCTUKA MOMPELLHOCTL  MapaMeTpPbl BbIXO/-
V3MEPEHT B/ISIHOLLAM (paKTopam CPeacCTB VBVEPEHII HOro curHana
1 DyHKLWSA 1 Cucrevarvdeckast 1 DYHKUWS BIVSHYS 1. MonHble: 1 BxoaHoii
npeoGpasoBaHAs COCTBE/IDXLIARA 2. ViaveHeHvie MX npu  MepexoaHas yMrefaHc
2. 3HaueHVs Mepbl - CryqaiiHan VBVEHEHVN BIVSIKKUMX = yMIMy/IbcHas mepexoaHast 2. BbIXoaHow
3. LeHa peneHnst COCTaB/EXT AN BE/YVH - VMresaHe
4. Kopaswe 3. BapviaLyist BbIXOAHOMO aMIIMTY/HO-(haxs0san 3. Ipyrve
curHana C = aMnIMTyjHO-4acToTHasA
XapPaKTEPUCTVKA
4. TMorpewuHocT CU * aQVILLLLITYIHO- 11 (pas3oqac-
5. ®yHKLM pacripeaerie- TOrHbIR
HIA NOrPeLLHoCTenN < repeaTosHast chyHKUMS
2 YcnbE:
« Bpemsl peakLyn

* MOCTOsAHHasA BpeMeHN
< MaKCMaVTbHaA YactoTa

- fpyrve

Puc.12.1. HomeHKNaTypa MeTposiormyecknx xapakrepuctmk CU



30BaHUA. O1A cTaHAapTM30BaHHbIX CU, KOHCTPYKTUBHbIE OCOBEHHOCTU
KOTOpbIX 00yC/1iaBNMBalOT CYLLECTBEHHbIV pa3bpoc MHAMBUAYaNbHbIX
(hyHKUWIA Npeocbpa3oBaHUs, HOPMUPYIOT Npefenbl (FPaHUYHbIe 3Hade-
HWSA), B KOTOPbIX OHU AO/MKHbI HaX0oAMUTbCA MpPU 3afaHHbIX YCI0BUSAX.
Ana nuHelHbIX YHKUWIA npeobpas3oBaHns, MPOXOASALWMX Yepe3 Hava-
J10 KOOPAMHAT, MOXXET HOPMMUPOBATbLCA HOMWHAsIbHbIA WM UHAVBUAY-
anbHbI KO3hMUMEHT NpeobpasoBaHUSA.

3HaueHne Y 04HO3HAYHOM MM 3HAYeHUe Y- MHOrO3HAYHOM Mepbl.
[ns 3aTnx xapakTepucTUK HOPMUPYHOTCHA HOMUHA/TbHbIE WU UHANBUAY-
a/ibHble 3Ha4YeHWsi. OHN UCMONb3YITCA AN YCTPOKCTB, NPUMEHSEMbIX B
KayecTBe Mep. Hanpumep, y HOpMasibHOro 3/ieMeHTa HOPMUPYETCH HO-
MUHa/IbHOE 3HAYeHWe FEeHEePUPYEMO UM 3MEKTPOABUXKYLLEN CuMbl, Y
KBapL,eBOro reHepaTopa — 3Ha4yeHWe 4YacToTbl ero KonebaHuii 1 T.4.

LleHa geneHms LWKasbl N3MepUTeslbHOro Npnbopa UM MHOro3Hau-
Ho Mepbl. HopMmMpoBaHWe LeHbl AeNeHUs1 MPOM3BOAUTCS OJ151 MOKa3bl-
BalLMX NpMbopoB C paBHOMEPHOW LUKasIoi, hyHKUMS npeobpasosa-
HUS KOTOPbIX 0TOO6padKaeTCsd Ha MMeHOBaHHOW LiKane. [Mpu HepaBHO-
MepHOI LLIKasile HOPMUPYETCA MUHUMa/TbHASA LieHa Ae/1eHNs.

XapakTepucTukn unpoBoro Koga, ucnosibdyemoro B8 CU n umx
anemeHTax. K HAM OTHOCATCA: BUA BbIXOAHOrO KoAa, YMC/I0 ero pas-
pSL0B, LeHa efMHMLUbI MAajllero paspsga. JTM XapaKTepUCTUKN Hop-
MUPYOTCA A5 LMGPOBbLIX NPUO0POB.

12.3. MeTposiornyeckme xapakrtepuctnkin
norpeLuHocTen cpeacTB N3MepeHuin

JTa rpynna xapakTepucTMK OMNucbiBaeT MOrpeLtHocTn, 06ycnos-
NeHHble co6CTBEHHbIMU cBOMCTBaMM CUY1 B HOPMasIbHBIX YC/10BUSAX 3KC-
nayatauum. CymmapHoe KX 3HayeHWe obpasyeT OCHOBHYH MorpeLu-
HocTb CI.

XapaKTepucTUKN CUCTEMATUYECKON COCTaBNAOLWEN norpeLu-
HOCTU. 3TU XapaKTepuCTUKK 0TparkaloT CBOMCTBA COBOKYMHOCTU CU
[JaHHOro TMna (a He OTAENbHOr0 3K3eMMAsApa) M ONMUCbIBAKOTCA /1160
TO/TIbKO 3HAYEHWEM CMCTEMATUYECKOM cocTaBrislowein Aos, 1Mbo mm,
ero maremartmyeckum oxkmgaHvem M[AC v CKO cr[/XH. Hopmuposatb
nocrnegHve e Be/INUYMHbLI Lies1ecoobpasHo B TOM c/ly4vae, ecii MOXKHO
npeHebpeyb UX U3MEHEHUSMWN KaK BO BPEMEHW, Tak W Mof, BUSIHUEM
OPYTUX BeNNYVH.
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MoaxoA K onpefeneHnto CMCTEMaTMYECKOM cocTaBNsoLWwel norpeLu-
HOCTW, pernameHTupoBaHHbIi TOCT 8.009-84, HeCKOAbKO OT/AM4a-
eTcs oT 06w enpuHAToro. O6bIYHO NMoA CUCTEMATMYECKOM MOrpeLuHo-
CTbI0 MOHUMAKT MOCTOAHHYIK WIN 3aKOHOMEPHO M3MEHSAILLYIOCA
[eTepMUHUPOBAHHYIO (HecnyyaHy) BennduHy. Ecnm ke ns dunsum-
YECKNX CO0BparKeHM AICHO, YTO HEKOTOpasl cocTaBiAlLWas norpeLu-
HOCTW MOCTOAHHA WX 3aKOHOMEPHO W3MEeHSEeTCA, T.e. Mo ornpejesie-
HUIO SABMISIETCA CUCTeMaTWU4yecKoW, HO ee 3HayeHWe HEW3BecTHO, a
M3BECTHbI NNLWb Npejesbl, B KOTOPbIX OHa MOXXET HaxoAuTCcs, TO yuu-
TbiBaTb 3Ty MOrpewHOCTb MOXKHO /INLWb KaK CAy4yaiHyl0 BeNNYMHY,
KakKnM-To 06pa3om pacrnpegeneHHylo B 3afaHHbIX npegenax. Mpupo-
Ja “cny4vanHocTn” 06ycnioBsieHa He 06bEKTUBHbLIMU MpUYMHaAMKU (hop-
MMPOBAHUSA NOrPeLIHOCTN, a OFPaHNYEHHOCTbIO HALLINX 3HAHWU N Tex-
HUYEeCKNUX BO3MOXHOCTel. [103TOMYy NPUHLMNBI HOPMWUPOBAHUA
CUCTEMATUYECKON MOrpelHOCTN AO0/MKHbI ObITb TaKMMU >Xe, KakK U
4NA cyYyalHOM MOorpeLHocTu.

Takolh noaxof 06bACHSAETCA €eLle U TeM, YTO XapaKTepUCTUKN CUC-
TeMaTUYecKol MOrpeLHoCTY HOPMUPYHOTCA AN 60/bLLIOA COBOKYMHO-
ctn CU gaHHoro tuna. Npyv 3TOM MOorpewHocTy KaxkAoro KOHKPeTHOro
npubopa y>ke 06BbLEKTUBHO ABJIAIOTCA YacCTHbIMW peann3aumssmMmn cry-
YaliHo pacnpefeneHHon (N0 3K3eMnaspam) BeINYUHBI.

XapakTepucTUKMN CUCTEMATUYECKONM COCTaB/IALWENA HOPMUPYOTCA
nyTem ycTaHOB/IeHWS NPeSesioB A0MYCKaeMo CUCTeMaTNYeCKor norpeLw-
HocTu Aosp = MfAosJ+KpafAog], roe Kp — koaddpmumeHT, onpegense-
MbIAi 3aKOHOM pacnpefesieHns1 NOrpeLHoCTM U NPUHATLIM 3HAYeHUEM
[OBEPUTENIbHOM BEPOSATHOCTM. MoOryT Takxxe HopmuposaTbes MO MfAgg]
n CKO crA08]. 3T Be/NYMHbI XapaKTepusyloT pa3bpoc cuctemaTmde-
CKOW COCTaB/IAOLLEN MO COBOKYMHOCTM 3k3eMnisapoB CW1 gaHHoro tuna
M Nnpy HeobXoAMMOCTU MO3BOMAT NMPUBINXKEHHO YYeCTb ero.

XapaKTepucT KN CaIyvanHoM cocTaBnistoLen norpewHoc T, Mog

C/lyyarHoM CcocTaBNsALWeNl WUHCTPYMEHTaslbHOM norpewHocTn o

NMoHMMaeTcs c/y4yariHas cocTaBnsowasa norpetiHoct CU, obycnoBreH-
Hasl TO/IbKO ero Co6CTBEHHbIMU cBocTBaMn. OHa MpeacTasBnisieT coboi

LLEHTPMPOBaHHbIN CAy4YalHbIl npouecc 1 onucbiBaeTcsa nnéo CKO of Ao,
nn6o CKO cOBMECTHO C HOPMA/IM30BaHHOW aBTOKOPPENSALMOHHON (hyHK-
Lmen ra(r) Wi QyHKLUMeR cneKTpasibHOM NoTHOCTU S(a).
XapaKTepuCcTUKKN cny4aliHoli cocTaBNsALLEA HOPMUPYIOTCA MyTeM
ycTaHoBNeHMs npegdena gonyckaemoro CKO. Bo3MOXHO HOpMUpOBaHMe
HOMMWHa/TbHOW HOPMa/IN30BaHHOW aBTOKOPPENALMOHHON (PYHKLUM Un
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HOMWHa/TLHOM (PYHKUMM CNEeKTPasIbHOM MIOTHOCTU, a TakXKe MpeaesioB
NX OTK/IOHEHUS OT HOMUHAJIbHbIX.

XapakTepucTurKa c/ydaiHoli cocTaBnswLweli norpeliHocTn 0T
rucTepesnca. JTa xapaKTEPUCTMKA HasblBaeTcs Bapuaumeli BbIXOLHO-
ro curHana CW. OHa npefcTaBnsieT co6oii 0OCHOBaHWe 3aKoHa pacnpeje-
NIEHUS cnyYyaiiHol coCTaBASIIOWEN MOrpeLHOCTN oT ructepesnca. Mog

CNyyariHOM cocTaB/sALEel MOrpellHoCTN 0T rucTepesunca E,)m MOHU-
MaeTcs crlyyariHasa coctaBnswowasa norpewwHoctn CU, obycnoBneHHas
O0T/INYMEM MOKa3aHWUIM JaHHOro 3K3eMMisipa U3MepuTesibHOro npubopa
0T MH(OPMATUBHOIO NapamMeTpa BXOAHOI0 CUrHana npv pas/inyHbIX CKO-
pocT 1 HarnpasfeHUN ero U3MeHEHUS.

XapaKTepucTuka cny4varHol cocTaBnsoLLe NOrpPewwHoCcTN oT Fuc-
Tepesnca HoOpMUpyeTCsa MyTem ycTaHOBAeHUA npedena Hop gonyckae-
MO Bapuauun BbIXOAHOro curHana (nokasaHus) CU.

Bbi6op nepeuncrieHHbIX MX OCHOBHOWM MOrpeLlHOCTU B KayecTBe
HOpMUpyeMbIX caenaH [7, 58] Ha ocHOBe MaTeMaTU4ecKoir Mofenu, B
KOTOpOM OCHOBHasA norpeliHocTb CU paccmaTpmBaeTcs Kak HecTaumo-
HapHbI cnyyanHbli npoyecc AQt):

AO(t) = ANQ(t) + ;\o(t) + ,;oq | (12.1)

DU3NYECKUIA CMbIC/T BEMTMYUH, BXOAALLMX B (hOPMYNY, CNeayOLLNA.
CucrtemaTuyeckasa coctasngwoowas A”t) Bka4vaeT B ceb6A MOCTOSAHHbIE
N HacTo/IbKO Mef/1IeHHO (B TOM YMCNe W CrlyyainHo) U3MeHsLWwmecs BO
BPEMEHWN MOTPeLUHOCTU, YTO X U3MEHEHMEM 3a BPEMS MPOBefeHNA n3-
MEepEHN MOXKHO MpeHebpeyb. YacToTHbIM cnekTp norpeltHocTn Aos(t)
NEeXXNT B MHPaHM3Ko4acToTHOWM o6nactu. OHa onucbiBaeTca MO MfAgg],
CKO ofAgg] 1 npegenom gornyckaemblx 3Ha4eHU i ANP. B aTux xapakre-
pUCTUKax He OTpadkeHa HecTauMoHapHoOCTb norpeluHocTn CU, KoTopas
OTHeceHa K CUCTeMaTMYecKol cocTaBnstoLler. MNpn HEOBX0AMMOCTHM Xa-
pakTepuctnku MfAggQ] v ofAgg] MOryT BblipaxkaTtbCs KakK (PyHKLMU Bpe-
MEHW, OJHAKO Takoe npeacTassieHVe HelernecoobpasHo B 60NbLUNHCTBE
cnyyaeB, TaK Kak MNpvBeno 6bl K NPakTUYeCKN He peasin3yemMbiM MeTo-
Jam MCMbITaHWIA.

CoctaBnsowasa Aoq ABNSAETCS LEHTPUPOBAHHOM CrlyYaiiHON Benn-
UYMHOW, U ee NapameTpbl HEM3MEHHbI BO BpeMeHW. OHa BK/IHOYaeT Bgce6ﬂ

cocTaB/soLMe ClyHaiHOM NOrpeLLHoCcTI, He Bowealume B Aos(t) n Ao(t),
HanpumMep MorpeLlHOCTb KBaHTOBaHWS.
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Cnyu4aiiHblii cTauuoHapHbI aproguyecknii npouecc Ao(t) onucbia-
€T BPeMeHHble N3MeHeHUs nor%eumocm CW, KOTopble FPynnupyrTcs

BOKpyr Aggtt). MorpewHocTb Ao(t), KaKk NpaBwsIo, UMEET LLUNPOKNA ©

HepaBHOMEPHbIN YacTOTHbIV CNeKTP, B KOTOPOM Liefecoo6pasHo Bblae-
NUTb ABEe TUMWUYHbIE COCTaBASIOLLINE:

AOH (t) — BbICOKOHACTOTHYH, MMEIOLLYH TaKOoM CNEKTP, YTO ee HTEpBas
KOppensaummn 3asefloMO MeHbLLIE BPEMEHW OTAEIbHOI0 M3MEPEHUS,

Aob(t)— HM3KOYACTOTHY, MMEIOLLYI0 CREKTP, Mexawmnn mexay
crnekTpamu coctaBnsawwmx AoH(t) n Aos(t)-

Y no6cTBO Takoro pasgeneHnsa norpewHocTn Ao(t) 06ycnoBsieHo Tem,
4YTO MPU OLEHKE XapaKTEPUCTUK WMHCTPYMEHTa/IbHbIX COCTaBSOLWMX B
obLlem criydae HeobxoAMMO 3HaTb aBTOKOPPENSALMOHHYH (PYHKLMIO OC-
HOBHOW norpelwHocTM CU. OueBnAaHO, 4TO NOAX04 K onpedesieHno aBTo-
KOPPENAUNOHHBIX (DYHKUWI pasHbIX COCTaBMAOWMX ypaBHeHMs (12.1)

O0/DKeH 6bITb pasnuyHbiM. Peannsaumm norpewHoctern AoH(t) n Aog(t)
AN oTAeNbHbIX U3MEPEHUIA Bcerga HeKoppenmpoBaHbl, U 4719 HUX Haxo-
ONTb aBTOKOPPENALNOHHbIE (PYHKLMN He HY>XXHO, LOCTATOYHO OnpesennTb
avcnepcrio. AHANIOTMYHO HEeT HeobX0AMMOCTU BbIYUCMIATL aBTOKOPPEnsi-
LMOHHYI0 (hYHKLMIO CUCTEMATMYECKOW cocTaBrisitowein A”Nt), NOCKOMbKY
oga NpakTUYeCcKn MOCTOSIHHA B TeYeHVe n3MepeHuii. [1s cocTaBnstoLen

AOL(t) cnepyeT onpeaenisiTb aBTOKOPPEALMOHHYH (DYHKLMIO.

YunTblBas BCe CKa3aHHOe Bbllle, ypaBHeHMe (12.1) MOXXHO 3anu-
caTb B BUAE:

Ao(t) = Ags + Aob(t) + [Aoq(t) + AoH(t)] = AQy + AoL(t) + p- (12.2)

JaHHan mogenb BkoYaeT: JNo— cucTeMaTUYeCcKyo NMOrpeLlHocTb, npea-
CTaB/ISAKOLLYI0 CO60/ HACTONbKO MeA/IEHHO N3MEHSIOLMIACA CyYariHbIi
NpoLecc, YTO B TeYEHME MPOAO/IKUTENTBHOCTU 06bIYHbLIX U3MEPEHWIA ee
MOYXHO CUMUTaTb nocm;tsmoﬁ. OHa onucbiBaeTcsl NpeaesiomM AonycKae-

MbIX 3HadeHun ONE, AnL(t) KoppenmpoBaHHYK CryyariHy norpeLu-

HOCTb, KOTOpas OMMCbIBaeTCA aBTOKOPPESALMOHHON (hyHKUMen RAX)
WM CMeKTPasibHOM MN/I0THOCTbO S(w). BmecTto HAT) MoryT Hopmumpo-
BaTbCA HOPMasiM30BaHHas aBTOKOpPpensuMoHHas yHKumsa r(t) n CKO
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0] (0]
cf Aob(t) ]; \n — HekoppenupoBaHHYy CAy4variHyl0 MOrpeLHoCcTb, KO-

Topas onucbiBaeTca aucnepcuen D[A0] = o«[,El,o] -

B paccMOTpeHHOM MOAeNN MHCTPYMEHTaNIbHOM MOrpeLHocTU He
YUTEeHbl TUCTEPE3UCHbIE SBIEHUSA, Bbl3biBalOLMe BapmnaLnio nokasa-
HWiA. Mpy Nx yyete OCHOBHasA MOFpPeLIHOCTb A0/IKHA O6bIThb 3anuca-
Ha B BUAae

0 B O
AO0(t) = Aos + Aob(t) + o+ AoH , (12.3)

roe AoH — cnydvaliHaa cocTaBnsiolLas, 06ycfoB/ieHHas rMCTepe3ncom
N aHa/TIOTMYHBIMW AAB/IEHUSAMU U NMOAYNHSAOLAACA paBHOMEPHOMY 3aKo-
Hy pacnpegeneHus B Mpejesiax HEKOTOPOro MHTepBana, HasblBAemoro
Bapuaumeii. [151a 3To NorpeLwHocT HopMUpyeTcst Bapuauus Hop. Ypas-
HeHve (12.3) npeacTaBnsieT C060M OKOHYATENIbHYH MaTeMaTUUecKyHo
Mofie/lb OCHOBHOW MOrpeLLIHOCTN CpeAcTBa N3MepPeHWii.

FOCT 8.009-84 gonyckaeT Npu Masioii cayyariHoM NorpewHocT! npo-
N3BOAUTbL HOPMMPOBaHMeE COCTaBNAIOLLMX He OTAENbHO, a B Lie/IoM MorpeLu-
HocTn CW, BK/OYas cnyvaiHylo coCTaBASLLYI0 OT rucTepesuca.

Benuv n3BecTHbI HOPMMPOBAHHbIE 3HAYEHUS XapaKTEPUCTUK COCTaBSAO-

WMX NHCTPYMeHTasbHOM norpewHoctn MJAgg], ofA”], a[ o] v Hop, TO

npegesibl, B KOTOPbIX C 331aHHOM BEPOSITHOCTLIO SIEXKUT OCHOBHAs MorpeLu-
HOCTb N060ro ak3emnaspa CY gaHHoro Tmna, onpeaensietcst hopmyJsioit

[0 = M[A08] + k\ c2[A0S] + cr2[flo] + cr2[[oH] ,

roe K — KoapduumneHT, 3Ha4YeHMe KOTOPOro 3aBUCUT OT [OBepuUTENb-
HoW BeposTHOCTU. Mpun 0,8<P<1 OH MOXEeT 6bITb paccumMTaH Mno cop-
myne K = 5(P-0,5). bonee To4Hble 3Ha4YeHUSA KoahpmumeHTa npusese-
Hbl B pYyKOBOAAWEM HopMaTUBHOM fAoKymeHTe P 50-453-84.

Aducnepcusa sapuauum o 2[AoH] = HgP/12, Tak Kak cryyaiHas norpetu-

HOCTb OT rucTepe3snca MMeeT pPaBHOMEpPHbIV 3aKOoH pacnpefesieHVUs B
npegenax ot 0 go Hop.

Ecnu HopmupoBaHHble 3HaYeHUSA M[AQS 1 o[Aog] He 3afaHbl, a U3-
BECTHO HOpMMpoBaHHoe 3HadeHue [NE, To OCHOBHas MOrpeLuHoCcTb

A0 = +kyAgsP/ 3 +a2[[do] + HgP/ 12.
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3[ecb yUTEeHO, YTO cMcTeMaTuyeckas cocTaB/isaoLwLas norpewHocTy pac-
npegesieHa No paBHOMEPHOMY 3aKOHY B npefenax +Aogp.
WMcnonb3oBaHne nepsoi hopmynbl AaeT 60nee TOUHbIM pesynbTar no
CpaBHEHWIO CO BTOPO (hopMy oWt 3a cyeT 6osiee NosIHOro yyeta ctaTucTuye-
CKMX CBOWMCTB CUCTEMATUYECKOM COCTaB/IAIOLLE NOrpeLLHoCcT. 3ro obycnas-
NnBaeTca TeMm, UTO mUcnonb3osaHe MfAgg] n OfANN] ons pacyeta He TpebyeT
3HaHWA 3aKoHa pacrpefesieHnss cucTeMaTMyeckoi norpewuHoctn. Mpu mc-
Mosib30BaHWN XKe /1A pacyeTa BeNIMYMHbI AP XenartenibHO 3HaTb 3aK0H ee
pacnpefeneHns, 04HaKo OH, KakK MpaBwno, He N3BECTEH, BC/IEACTBME Yero
NPUXOAUTCA cUMTaTb ero paBHOMEPHbIM. 3ro 1 MPUBOANUT K 3aBbILLEHHbIM
pacyeTHbIM OLeHKaM MHTEPBasIOB AJ/19 OCHOBHOWM MOrPeLUHOCTU.

12.4, XapaKTepUCTUKN HYBCTBUTESIbHOCTUN CPEACTB
N3MEPEHUI K BANAKOLWMM BeNnYMHaMm. HenHgopmaTBHbIe
napameTpbl BbIXOAHOI0 CUrHana

BnvsHue, okasblBaeMoe BHELLUHMMW hakTopamu, OnmucbiBaeTcs npu
NOMOLLM CNeayoWmnx XapakKTepucTuk.

PYHKUMA BNUAHUA ¥(E) — 3TO 3aBUCUMOCTb MU3MeHeHUA MX cpeg-
CTBa N3MEPEHN 0T N3MEHEHUS BAUSIOLLEN BENIMUYUHBI AU UX COBOKYM-
HOCTU B paboumx ycnoBusx npumeHeHuss CU. Vicnonb3oBaHue yHK-
UMA BAUSIHUA TM03BOMSieT ONpeAenTb He MNpefesibHO BO3MOXKHbIE
3HAYEHUS NOFPELUHOCTU, MPaKTUYECKN He BCTPeYarLLmecss Npy Ucnpas-
Hbix CW, a nx ctatuctnyeckue oueHkU. HopmupoBaHme yHKLMKU Mpo-
N3BOAMTCA MyTEM YCTAHOB/IEHUS] e HOMUHAJ/IbHOr0 3HaYeHUs 1 npege-
NI0B AONYCTUMbIX OTK/IOHEHUI OT Hero. Bo3MOXXHO HopmMpoBaHWe
rPaHNYHbIX, BEPXHEN U HMKHEN (PYHKUNIA BINAHUSA.

M3MeHeHNS 3HaYeHW i MeTPOSormyeckux xapakrTepucTuk CU, Bbl-
3BaHHble U3MEHEHUSAMM BANAIOLLNX Be/IMUMH B YCT aHOB/IEHHbIX Npejenax,
e(" — 310 pasHocTb (6e3 yyeTa 3HaKa) Mexxay MX, COOTBETCTBYHLLEN
HEKOTOPOMY 3aaHHOMY 3HAYEHMIO B/IVISIIOLLEN BEMUUMHBLI § B mpedesiax
pabounx ycnosuii npumeHeHus C, 1 agaHHoii MX, COOTBETCTBYIOLLLE HOp-
Ma/IbHOMY 3HaYeHW0 BAUSAIOLWLEN Be/IMUMHBLIL. 3TN N3MEHEHUS HOPMUPY-
I0TCA NyTem YCTaHOB/IEHUSA MPefesioB A0NYCKaeMbIX M3MEeHeHU XapaKkTe-
PUCTUKM NPU U3MEHEHUMW BAIUSIOLLEN BeNNUMHBI B 33aHHbIX Npeaenax.

JononHutenbHas norpewwHocTs CU BbI3blBaeTCd U3MEHEHUAMU
BNNSAIOLLMX BEIMUNH OTHOCUTESIbHO CBOMX HOPMasIbHbIX 3HAYeHW U1, cre-
[oBaTesibHO, iBNsieTcs UX pyHKUmeid. [N pa3nunydHblx ak3emnaspos CA
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OZJHOT0 TMNa MOTYT 3HAUYUTE/IbHO MEHATLCA KakK BUA PYHKUMK, Tak U ee
napameTpbl. OgHako 4nsa Bcex CUY TOro unamM MHOro tmna atn yHKLUum
[O/DKHBI 6bITb MOA06HBI, a UX napameTpbl 61M3KK. T03TOMY B KayecTse
OCHOBHOW XapaKTepUCTUKN AOMOTHUTENIbHOM MOrPeLLHOCTM MPUHSATA He-
KoTopas cpefHsas (HOMUHasbHas) Ans AaHHOro Tvna yHKUUsS 3aBuUcKu-
MOCTW MOrPELUHOCTU OT U3MEHEHUA BNUAIOLLNX BETNYNH.

DPYHKUUN BAUAHUA MOTYT HOPMUPOBATBLCA KaK 0TAE/IbHO AN KadK-
OOV BAMAIOWEN BENNYMHLI, TaK WU ONsa onpefeneHHo MX COBOKYMHO-
cTn. HopmMmmnpoBaHmMe COBMECTHbIX (DYHKLMIA LesiecoobpasHo U Heobxo-
ANMO B Tex c/iydasx, Korga cyliecTBeHHbl 3(peKTbl B3auMOBINAHUSA
BE/INYMHbI Ha XapaKTePUCTUKN MOTrPeLLIHOCTeA.

Bnvsowne BeIMYMHLI MOTYT BbI3biBaTb U3MEHEHUS HE TOJIbKO MO-
rPeWwHoOCTN, HO 1 Apyrux MX cpeacTtBa namepeHuia. MNMoatomy gna Ta-
KUX Cnyyaes Les1iecoo6pasHo npefycMoTpeTb HOPMUPOBAHWE COOTBETCT-
BYIOLLMX (DYHKUWIA BANAHUS.

OyHKUMA T(") ycTaHaB/MBaeT CBA3b MeXAy CTaTUCTUUYECKUMU Xa-
paKTepucTUKaMmn AONOAHUTENBHOM norpewHocTn e CU 1 n3aMeHeHnem
B/INSIIOLLIEN BEINYUNHBI; =£- £0f Tpe £ 1M — Tekylwee 3HayeHue
B/INSAIOLLEN BENMYMHBI B peasibHbIX YC10BUAX NpuMeHeHnsa CU 1 ee Hop-
MUpPOBaHHOE 3Ha4YeHWe COOTBETCTBEHHO. MaTemaTumyeckoe oxumaaHue (cuc-
Tematunyeckasa coctasnsowas) 1 CKO gonosIHUTEIbHOM MOrpeLLIHoCcTH
nmerT B14: M[ac] = (£); olOcl=% (£), roe ¥1ad& n4"© — hyHK-
UMM BNUSHUA BeJSIMUMHBI £ HA cucTeMaTM4ecKylo norpewiHocte n CKO
cny4aiiHoi norpewHocT CU. Mpu Heo6XxoAMMOCTU PYHKUNSA BANAHUSA
Ha Bapuaunio HOpMUPYeTCcA 0TAeNbHO. B 3TOM crlyyae XapaKTepucTUKn
MorpeLUHocTN KOHKpeTHoro CU BbipaXkaloTcs criefyrowmm obpasom (ans
MPOCTOTbI CHNTAETCHA, YTO Bapuauya pasHa Hy/Ho0):

M[A] = 108 + U'nad;  cr[A] = <7[A0] + %0 (&
JaHHble hopMy/ibl CripaBefIMBbI B TOM C/lydae, Korga M3MeHeHUsi
BAUSIIOLWLUX BENVUNH AC, ABMISIOTCA U3BECTHLIMUN AeTEPMUHMPOBAHHBLIMM
hyHKUMsAMU. Ecnm xe [ yUNTbIBAKTCA KaK ClydaliHble Be/IMYNHBLI Un

byHKUMK, obnajaloline CBOMMU MaTeMaTUUYECKUMUN OXKUAAHUAMU 1
avcnepcusiMum, To nocriefaHMe opMy bl A0/XKHbI 6bITb 3anucaHbl B Bue

M[A] = A0 + M[4YM)];  <TIO]= YMAo] +~(S)]2+ .
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370 0C06EHHO BaXKHO ANSA DYHKLUUN BAUAHUA 47(2;), NOCKObKY BINAIO-
e BeSIMYMHbBI 006bIYHO BbI3bIBAKOT 3HAYUTENbHbIE U3MEHEHUA UMEHHO
CMCTEMATUYECKOW MorpewwHocTn. B gaHHOM cnyvae yHKUUS BAUSHUSA

XapakTepusyeTcs CBOMM MaTeMaTuyecKum oxmngaHnem M[Y/JEN)]
n gucnepcueii D]4/Me8)].

Y4yeT BAUAHUSA cny4vyanHoro pasbpoca BennynH [k, Ha gucrnepcmiio nnmv
CKO, nyTem BBefleHUS1 COOTBETCTBYOLWMX PyHKUNI HO(E) n 44”), npu-
BeNn 6bl K TOMY, UTO MX Heo6Xxo4MMO 6bls10 6bl YUMTbIBATh KaK cny4aii-
Hble Be/INYUHbI. W nosTomMy cama cinyvarHan norpewiHocTs CY go/mkHa
6blna 6bl paccMaTpMBaTbCa Kak ciydarHas hyHKLNS C 04eHb C/I0XKHbIM
BMOM HecTaLMoHapHOCTW. Bce 3To NpmBeno 6bl K MpakTUYecKn Herpe-
0f0NVUMbIM TPYAHOCTAM NPU OLLeHKe MOorpeLuHocTen. B To Xe Bpems 3Ha-
yYeHus [I; BANAIOT Ha XapaKTEPUCTUKMK C/yYariHOM NOrpeLHoCcT 3Hauu-
Te/IbHO MeHblle, YeM Ha CMCTeMaTUYeCcKyl MOrpeLHocTb. 3ToT Aaet
OCHOBaHMe npeHebpeyb BAUAHMEM pa3bpoca BesiMvnH [ Ha gucnepcuto
C/y4YaliHOW MOrpeLHOCTM U paccmaTpuBaTb PYHKUUM BAUAHUA ¥ 0(E) n
Ter(c) Kak fAeTepMUHMpPOBaHHbIe. Mpuy NpoBeAeHUN pacyeToB peKoMeHAay-
eTCA yuuTbIBaTb TONIbKO Te 3HAYeHNS aprymeHToB [, npy KOTopbIX AaH-
Hble PYHKLUUN BAUSHUA MMET MaKCMMasibHble 3HAYeHNs — ~Onunu-

Ana yHKUUN BAUAHUA HOPMUPYIOTCA ee BUA U NapameTpbl. Xa-
pakTepucTMKK aprymeHTa [ npn pacuyetax onpefenstoTca Mcxoasa ms
peanbHbIX ycnosuin akcnnyatauyum CU. Mpn 3ToM 3HaHWA TONbKO Mnpe-
[JeNbHbIX 3HaYeHW Ac, HepocTaTouHo. HeobxoAnMMO uUMeTb WHGopMa-
LMI0 KaK 0 LEHTpe rpynnmpoBaHuns, Tak U 0 CTeneHn ee pasbpoca.

DYHKLMN BANAHNA MOTYT MMETb CaMblii pa3Hblii BUA. B npocTeiiwem

Cny4vae OHW ABNAKTCA NUHeHbIMK: 4'0H(N) = A AE, rge A — MNOoCcToOsAHHAas

BefinuMHa. B atom cnyyae MAgOM)] = AM[AE); D['Pie(™)] = A 2D[A£],
roe M[ON] v D[AQ] — maTemMaTuyecKoe OXngaHue u gucrnepcus Besinym-
Hbl [k, COOTBETCTBEHHO.

Haunb6onee NpocTo AONOAHUTENbHbIE NOrPELLHOCTU paccHMUTbIBaOTCA A1
CW, y KoTOpbIX (hyHKUMN BANSIHUS Pa3IMYHbIX BHELUHUX BEIMYMH (TEMIe-
paTtypbl, BAaXXHOCTW, HANPSHXKEHNSA NUTaHWA U T.4.) B3aMIMHO He3aBUCUMbI.
Ha npakTuke BO3MOXKHbI CUTyaLMn, KOFAa MMEET MeCTO B3avIMHasi 3aBUCU-
MOCTb DYHKLMIA BANAHUSA HECKOSIbKUX BESTUHYUH c2 ..., gL B atom cny-
Yae HOPMUPYHOT (PYHKLMIO COBMECTHOIO BMAHMA T(c,, £2, ..., /), KoTopasi
M MCMONb3YeTCA NpU pacyeTax AOMOSHUTENbHOM MOrpeLIHoCcT.

HenHpopmaTmBHble NapamMeTpbl BbIXOAHOI0 cUrHana (cm. puc. 12.1)
ABNATCA O4HMM M3 BUAOB BAUSAIOLWLIMX BESIMYUH W ONpeaensawT Ao-
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nycTMMyto 061acTb 3Ha4YeHWi Tex MmapameTpoB BbIXOAHOr0 CUrHana,
KOTOpble He cofep>kaT HernocpeiCcTBEHHOW MHAoOpMaLMM O 3HAYEHUUN
M3MepsemMoi BennUnHbl. OAHAKO OHWM ONpefensioT BO3MOXHOCTb HOp-
MasibHoW paboTbl CU.

HenHdopmaTBHble MapamMeTpbl BbIXO4HOr0 curHana CW Hopmupy-
I0T MyTEM YCTaHOBMEHUS HOMWHA/IbHbIX 3HA4YeHWA W NpedesioB Aonyc-
KaeMbIX OTK/IOHEHU OT HUX.

12.5. HopmMmupoBaHue gUHaAMMYeCKUX
XapakTepucTuK cpeacTB N3MepeHui

B cocTtaB HOpMasibHbIX YCM0BUM, MPW KOTOPbIX OMpenessercs oc-
HOBHasi MOrpeLHOCTb, BXOAUT ONpeaesieHHbIN YacTOTHbIA CMeKTp BX04-
HOro cMrHana unu KoHKpeTHas (YHKLUMA CHeKTpasibHOW M/I0THOCTN.
Ona CW, yacToTHbI/A gnana3oH KOTOPOro oxBaTbIBaeT HYJ/IEBYIO 4acTo-
Ty, OCHOBHas MOrpeLwHoCcTb, Kak Mpasu/o, orpegensercd npu Heus-
MEeHHOM BO BPEMEHW BXOAHOM CUTrHase. Takasd MorpewHocTb ABAAeTcA
cTaTuyeckoi. Ecnn nHpopMaTuBHbIR NapameTp BXO4HOr0 curHana mus-
MeHsieTCA BO BpPEMEHM B 3afaHHOl nosioce 4acToT, TO B Ka4decTBe yac-
TOTHOrO CNeKTpa HepeaKo NPUHUMAKOT ofpefesieHHY 4acToTy U3 aToi
nonocbl. HaligeHHaa Npw 3TOM OCHOBHas MOrpewHoCTb 6yaeT KBasu-
CTaTUYeCKOW.

JTio60e oTNMYME YACTOTHOrO CneKTpa BXOA4HOro CMrHana oT NpuHS-
TOro BbI3bIBAET AMHAMUYECKYIO NMOrpPeLHoCTb. BblaeneHmne aTux norpeu-
HOCTel MpakKTUYeckn uenecoobpasHo Torga, Korga U3MeHeHue 4acToT-
HOro criekTpa BxogHoro curHana CW npuBognT K CYLLECTBEHHOMY
M3MEHEeHUI0 TOYHOCTW. 3TO 03HAyaeT, yTo A/19 OAHOro mn Toro ke CU
npv KakoM-n1M60 04HOM 4YacTOTHOM CMEKTPe BXOLHOr0 curHana Hy>Ho
yUnTbiBaTb AUHAMWYECKYI0 MOrPelHocTb, a npu ApYyromMm B 3TOM HeT
Heob6XoANMOCTN.

PeLueHve Bonpoca 0 TOM, YYUTbIBaTb MOrPeLIHOCTb KaK CTaTUYECKYH0
(KBa3McTaTUYECKY) WM KaK ANHAMUYeCcKyt, 3aBUCUT He TOJIbKO OT
YaCcTOTHOrO CreKTpa BXOAHOr0 curHana. BaxHbIM (hakTopom sBAseTcs
Tak>Xe COOTHOLLEHVE MEXAY OT/INYMEeM YacTOTHOro CreKTpa 0T HopMasib-
HOro 1 HepuUnoHHoCcTLID CU. IMEHHO 3TO COOTHOLLEHWE onpeaenseT ypo-
BEHb AMHAMWYECKO/ MOrpeLlHOCTM MO OTHOLUEHUI0 K CTaTUYeCKOIA.

[Ana onucaHns gMHaMUYECKMX MOrpeLuHOCTer UCNosb3yTcsa crie-
Ayoume xapakTepUCTUKU:
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1. MNonHaAa guHamMuyeckasa xapakTepucTuka aHanorosbix C, B Ka-
YecTBEe KOTOPOA MCMOb3YIOT OAHY M3 XapaKTepuCTUK: MepPeXofHyto,
VMY IbCHYIO MEPEXOAHYI0, aMNINTYAHO-(ha30Byto, aMMINTYLHO YacToT
Hyl0, COBOKYMHOCTb aMMIMTYAHO-4ac TOTHOM 1 (ha3oyacTOTHONM, Mnepe-
JaTOo4uHY0 dyHKLUMI0. Bce oHM nogpobHoO paccMoTpeHb! B pasa. 11.3.

IMosHY0 AUHAMNYECKYIO XapaKTEPUCTUKY HOPMUPYIOT NMyTem ycTa-
HOB/IEHNS1 HOMUH&aJTLHOW 1 MpefesioB AoMycKaeMbiX OTK/IOHEHWT OT Hee.
HopmupoBaTb criefyeT TaKylo XapaKTepucTuKy, KoTopas MOXXET ObiTb
OTHOCUTENIbHO MPOCTO OrpeaesieHa 3KCrnepuMeHTasbHO.

2. YacTHble AUHAMMNYECKME XapaKTEPUCTUKN aHasorosbix CU, Ko-
TOpble MOXXHO MUCMO/b30BaTh KaK fiHelHble. K HAM 0THOCATCS Bpemsi
peakuumn, KoahpuuueHT AeMnmpoBaHns, NOCTOSHHAA BPeMEHU W Ap.

3. YacTHble gnHamMmnyeckne xapakTepucTuku AL n undposbix
N3MepUTe/bHbIX NPUOOPOB, BPEMS peakuuu KOTOPbIX He MpeBblllaeT
VHTepBaUia MeXay ABYMS N3MEPEHUSIMN, COOTBETCTBYIOLLENO MaKCUMaUTb-
HOWM YacToTe (CKOpoCTU) M3MepeHuii, a Takxke LIAM. K H1M oTHocATCS
BPEMS peakunu, MOrpeLiHoCcTb JaTUPOBaHUA 0TCYeTa, MaKCcMMasibHas
yacToTa M3MepeHuin 1 ap. Mog YacTHOM AMHAMWYECKOM XapaKTepucTum-
Koii CU noHumaeTcs hyHKLMOHAA UM napameTp MosiHOW AuHamude-
CKOI XapaKTepuCTUKN.

4. JnHaMnyecKme XapakKTepucTUKM aHanoro-umdposbix CU, Bpe-
Ms peakuMn KOTOpbIX 60sbLle IHTepBana Me>kay ABYMS WU3MepeHWUs-
MM, COOTBETCTBYIOLLEN0 MaKCUMasibHO BO3MOXKHOM /15 AaHHOro Tuna
CPeACTB U3MEPEHU i YacToTe (CKOpoCTMU) M3MepeHui. K HUM OTHO-
CATCA NOSIHbIE AMHAMUYECKME XapaKTepUCTUKN 3KBMBAJIEHTHOM aHaso-
roBoi yactm aHanoro-undposbix CW, MOrpeLHocTb AaTMpoBaHWUsS OT-
cyeTa, MakKcMMasibHas vactoTa (CKOpOCTb) M3MEePEHUi 1 ap.

Moa BpemMeHeM peaKuMn MOHUMAETCA:

* 015 MoKasblBalLLero M3MepmuTenibHoro npuéopa — Bpems ycTa-
HOB/IEHMA MOKa3aHWij;

e a8 LLATM nam MHOro3HayHo ynpasasieMoii Mepbl — Bpems, npo-
Llellee ¢ MOMeHTa Mnojayn ynpas/fAoLero cCurHana o MOMeHTa, Ha-
UMHas C KOTOPOro BbIXO4HOM CUrHa npeobpasoBarens uim mepbl 0T/1v-
YaeTcA OT YCTaHOBMBLLErocs 3HayeHUs He 6osnee, 4yeM Ha 3afjaHHoe
3HaYeHwVe;

*nnsa ALLIM v unpoBoro n3mepuTesisHOro npuéopa — Bpemsi, npo-
LweAaLee ¢ MOMeHTa CKauKoobpasHOro N3MeHeHs1 U3MepPseMor Bennyu-
Hbl B CTOPOHY BO3pacTaHus 1 O4HOBPEMEHHOW MoAayn curHasna 3anycka
[0 MOMEHTa, Ha4MHas ¢ KOTOpPOro nokasaHus LMdgpoBoro npmoopa mnm
BbIXOAHOW Kopg, AL oTanuyaloTcs OT yCTaHOBMBLLEro MoKasaHus wuam
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3HaYeHUA BbIXOAHOI0 Koja Ha BESIMUMHY, He Nnpesblillalowyo 3ajaHHoe
3HayeHue.

MorpelwHOCT IO JaTmMpoBaHnsa oTcdeTa ALLM nnn ymdposoro nsme-
puTeNnsHOro Npmbopa HasbiBaeTCH cyvaliHas BeNMuMHa — UHTepBas Bpe-
MEHW, HauMHaLWWNIACSA B MOMEHT Hadasa LyKia npeobpasoBaHus (3anyc-
Ka) ALM nam npubopa 1 3akaH4YMBaKOLWMINCA B MOMEHT, KOrga 3Ha4yeHust
N3MEHSIOLLMXCA U3MEPSIEMOA BE/IMUMHBI U BbIXOAHOI0 LIMGPOBOro CUrHa-
Na Ha JaHHOM LMKe npeobpas3oBaHWA 0KasalMcb paBHbl. [py 3TOM 3Ha-
UeHMS BbIXOAHOr0 LMGPoBOro curHasna ALLM 1 nokasaHusa UMKPOBOro
M3MepUTE/IbHOr0 NPMbopa BbIPaXKEeHbl B eAUHMLIAX M3MEPSIEMON Bennun-
Hbl. 3Ta MOrpeLHoOCcTb 06YC/I0B/IEHA HAVTMUMEM BPEMEHU 3a€PXKKN 3anyc-
Ka ALLI, BpemeHem aBTOMaTW4ecKoro orpeesieHNsa MNoNApPHOCTU U3Me-
PSEMOro curHasia, BPeMEHeM Bblbopa MpeaesioB U3MEPEHUS, BPEMEHEM
npeobpasoBaHua 1 T.n. Mpu n3mepeHnn (NpeobpasoBaHMM) MOCTOSTHHOM
BO BPEMEHU BeJINUMHbI MOrpeLlHoCcTb 4aTUPOBAHMA OTCYETA paBHa HY/H0.

B oTninuve OT MNOJIHLIX YacTHble XapaKTepUCTUKU He MNO03BONAIT
BbIYMC/INTb ANHAMUYECKYIO COCTaB/IAIOLLYI0 NMOrPeLIHOCTU U3MepPeHUIA.
Mcnonb3ys MX, MOXKHO NULLb NPUGAMXKEHHO COMOCcTaBUTh cBocTBa CU
C YCMIOBUSIMN U3MEPEHUIA.

UacTHble ANHaAMUYECKMNE XapaKTepPUCTUKN HOPMUPYIOT NMyTem ycTa-
HOBNEHUSA HOMMUHAaSIbHbIX XapakKTepUCTUK W MpefesioB A0MyCcKaemblX
OTKJ/TIOHEHWUIA OT HUX. *

Ana LLATT 1 MHOro3HayHbIX Mep MOXXeT HOPMUPOBAaTLCA Mepexos-
HasA XapakTepucTuKa Wi BpemMs peakuuun, MOCKOSIbKY MpU MUCMNOJb30-
BaHUM Takmnx CU 06bI4HO HEOH6XOANUMO 3HaTb, Yepe3 Kakoe BpeMsi nocse
rnojayv curHasna ynpasneHUs MOXHO CHYUTbIBaTb YCTaHOBUMBLLIEECH 3HA-
YeHne BbIXOAHOM BE/INYUHDbI.

Ocobyto rpynny CU coctaBnaT ALLIM, y KOTOPbIX BbIXOAHO CUrHasT
M3MeHSIeTCA OUCKPETHO B COOTBETCTBUM C YNpPaB/IAIOLLLEA YacTOTol aumc-
KpeTusaumn. Kak npasuio, B 3TUX YCTPOMCTBax BCe MepexofHble Mpo-
Leccbl M npoecc npeobpasoBaHUA 3aKaHUMBAKTCA 3a BPEMS, KOTOpoe
MeHbLLUE MUHUMa/IbHOIO WHTepBasia AUCKpeTusauumn. MNoatomy Ans HUX
4acTo AOCTAaTOYHO HOPMUPOBaTL BpeMs peakuuun. MNMpu ANuUTenbHbIX Me-
pexogHbIX npoueccax BO BXOAHbIX Lensax, Korga spemsa peakumn AL
60/1bLLIe MUHUMAIbHOIO MHTEpPBaU1a MeXXay ABYMS U3MeEPeHUAMU, Lese-
coobpasHoO HOPMUPOBATb AUHAMUYECKME XapaKTEPUCTUKN TOSTIbKO aHau10-
rosoi yactm ALIM, T.e. Takue XKe, Kak gnsa aHanorosbix CUL.

Mpumep 12.1. OnA cpefcTB U3MEPEHUA TeMrnepaTtypbl XapakTepHbIM AviHa-
MWYECKUM CBOVCTBOM SBMSIETCA TENsioBask MHEPLMS, No3ToMy 60MbLUMHCTBO U3
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| HVX NpeacTaBnAT coboi AMHAMUYECKME 3BEHbS MEPBOro nopsgka. X anHaé-

Muueckve MX HOPMUPYIOTCA MyTeM YKasaHWsi HOMWHasbHbIX MepexofHoi r
WUMIMYNbCHOM NepexoaHolii yHKLUMIA 1 AOMYCTUMbIX OTKIOHEHUA OT HUX.

HomuHasbHble yHKLMM MOyT 3a4aBarbCs aHa/TMTUHECKUMM BbIPEXKEHVSIMA

h,(t) = K, (1 - e-I'7), =

rae KH — HOMWHa/IbHBIA CTaTUYECKUIA KO3hhMUMEHT npeobpasoBaHnA. OoHa*
KO BBUAY CNOXHOCTW Moabopa aHa/IMTUYECKOr0 BbIPaXKEHUA Yallle MX 3a[ator
rpadimyecky, Kak nokasaHo Ha puc. 12.2. [onycTumMble 0T HOMUHa/IbHbIX (DYHK-
LUMIA OTK/IOHEHUSI MOTYT GObITb MPeACTaB/eHbl Pa3/INYHbLIMA Crocobamu:

- 3a0aHVEM aHa/TUTUYECKNX BbIPDKEHWIA, onucbiBatoLLmx BepxHioro (himix(t)
1 8HT«(*) Ha Pnc- 12.2) n HwkHio (hHhin(t) v g,nin(t) Ha puc. 12.2) gonycTu-
Mble rpaHULbl A1s 3HAYeHWIA HopMUpYeMO hyHKUMW. Ecnn Bug BpeMeHHOM
3aBMCMMOCT, OMUCBLIBAKOLLIENA FpaHULbl 3HAYEHW T HOPMUPYEMO (YHKUUK, OT-
NINYaeTca 0T Hee CaMoi TOMbKO 3HaYeHNsMN KoadmumeHTa KB, To MOryT Hop-
MUPOBaTLCA [OMYCTUMbIE OTK/IOHEHUST ero 3HaueHUA KHp 1 K,

| nocTpoeHmnem rpadmyeckmx 3asmcmmocteli hBvXt), g.~Jt), h,niCft) n gHhin
(©) (cm.puc. 12.2), onucbiBalOLIMX BEPXHIOK W HYDKHIOW [0NYCTUMble rpaHuv-
Ubl ANS 3HAYEHW HopMMpYyeMoii (yHKUMN;

Puc. 12.2. HoMMHasIbHble MepexogHas 1 UMMysbcHas nepexogHast pyHKLUMn
W [0MYCTUMbIE OTK/IOHEHNS OT HUX, YKa3aHHbIE PasfiMUHbIMA CrocoGamm
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- yKazaHvem [JOonyCTUMbIX OTKAOHEHWH [+ u [, 0T HOMUHa/TbHOW hyHKLY
B OTZefIbHble MOMEHTLI BPEMEHN.

12.6. MeTponornyeckne xapakKTepucTUKM BANAHNA Ha
MHCTPYMEHTa/IbHY0 COCTaBNAKLLYIO
MOrpeLwHoCTN N3MepeHns

K yKa3zaHHbIM XapaKTepucTukam OTHOCATCA xapakTepuctuku CU,
oTpakawlme Mx CnocobHOCTb BIMATb HA MHCTPYMEHTasIbHYI0 COCTaB-
nsawLuLyo BcneacTeme B3ammogeiictena CU ¢ nobbiM M3 NOAKAOYEHHbIX
K ero BXo4y Wan BbIXo4y KOMMAOHEHTOB, Hanpumep 06beKTOM U3MEPEHUI
n ap. MoTpebneHne saHeprum cpeacTBOM M3MepeHWr OT 06beKTa uU3mMepe-
HUS WK OT MPeABK/II0YEHHOro nNpuéopa NPUBOANT K U3MEHEHMUIO 3HaYe-
HUS U3MepPSEMOl BE/TMYMHBI U, CefoBaTeslbHO, K NOSIBIEHUIO COOTBETCT-
BYIOLLE cocTaBMAOLWENd norpewHocTM. Hanpumep, Ha MOrpewHocTb
n3MepeHnsa TeMnepaTypbl C NOMOLLIbIO TepMonap Y TEPMOMETPOB CYLLEeCT-
BEHHO B/INSIET 06MeH TEMJI0BOM 3HEPruen Mexkay 06 beKTOM U NpUGopomMm.
CneposatenbHo, nsa CU, pabota KOTOpPbIX XapakKTepusyeTrca 06MeHOM
3Heprmen Mexay HUMW N NOAK/IIOHEHHBLIMU K WX BXOAY WM BbIXOAY
o6beKTaMn, He06X0ANMO HOPMMPOBATL HEKOTOPbIE XapaKTePUCTUKN, ONK-
CblBalLMe CBOMCTBA 3TUX MPMOBOPOB O0TOMpPaTb MW OTAaBaTb IHEPruto
yepes CBOM BXOAHbIE W BbIXOAHblE Lenn. Takne XxapakTepucTukKu yac-
TO Ha3bIBAT UMMeaHCHbIMU, W MPOCTO UMMedaHcamu.

Bonpocbl HOPMMPOBaHUA MMMeAaHCOB CpeacTBa N3MepPeHUI afneKTpuYe-
CKUX BE/IMYMH pa3paboTaHbl AOCTATOYHO MOSIHO. CrioXkHee 06CTOUT Aeno ¢
npuéopamn Ans1 U3MEPEHU HEINEKTPUYECKUX BEMIMYUMH, TAe SABNeHUsT 06-
MeHa 3Heprueii, BXoAHbIe N BbIXOAHbIE MMMELAHCbl M3y4YeHbl HEAOCTaTou-
Ho. B aToM cny4yae HopMupoBaHUe TpebyeT TLaTesIbHbIX 1UccnefoBaHni.

PaccmatprnBaeMble XapaKTePUCTUKM HOPMUPYIOTCA MYTEM YCTaHOB-
NeHVs1 HOMUHaNbHbIX 3HAYEHWI VMMNEeAAaHCHbIX XapaKTepucTuK u npe-
0enoB AonyCcKaeMblX OTK/IOHEHUA OT HUX.

KOHKpeTHbIe crnocobbl OLEHKM COCTaB/ALWMNX, 00YC/I0BNEHHbIX B3au-
mogelictenem CU ¢ 06BEKTOM M3MepeHUi, 3aBUCAT 0T XapakTepa 3Toro
B3aMMOJENCTBMA U BUAA UMMELAHCHON XapaKTepucTUKnN. B npakTmke
3N1eKTPUYECKNX U3MEPEHUIA [OCTATOYHO pacnpocTpaHeH ciyval, Korga
B3aMMOAENCTBME 3aK/oyaeTcsa B MOTPE6G/IEHMN CPeacTBOM WU3MEPEHUIA
3HEprnm oT 06beKTa M3MepeHUli U Korga COOTBETCTBYHOLLee CBOCTBO
OMMCbIBAETCA BXOAHbLIM MMMNeLaHCOM. JKBMBa/IEHTHas cxema MoAK/I0-
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yeHUst C K 06beKTY M3MEPEHMA MoKasaHa Ha puc.12.3. o ycnosusam
n3MepuTesibHOM 3adaun Heobxoaumo mamepuTb 3AC E(jai), 3anucaH-
HY B KOMMEKCHOW thopme. O6BLEKT U3MEPEHUS, 061afatoLLnA BbIXOA-
HbIM MmnegaHcom ZQjco), noakyeH K CU yepes NMHMIO CBA3U, NMELD-
LY 3KBMBa/IEHTHOE CONpoTMBAEHME Zj,dja)).

Puc. 12.3. OKB/BasieHTHas cxemMa MOAK/MHUEHNS CPeacTBa U3MepeHNs K
06beKkTy navepeHns (VIC — wvpearibHoe CPeACcTBO U3MEPEHMIA)

CpefCcTBO U3MEPEHU Ha CxeMe MpefcTaBfieHO B BuAe napansiesb-
HOro coeMHeHNA ero BXogHoro nMmnegaHca ZB((D) v ngeansHoro cpeg-
cTBa nsmepeHuin (MC), nmewowero 6eCKOHEYHO 60/1bLLON MMMNe[aHc.
CocTaBnsawoLan NorpeLwHocT N3MepeHnin, 0bycnoBrieHHas B3anMoaei-
cTBMEeM 06bekTa n CWU,

ey N y Z ,X(ja>) E(io>)Z,Mt(j<0)
A=Elo)- E (o) =) " i+ zBN)  Zo<0+Z M)

rae Ep(jcB) —3/4C Ha Bxoge CU; ZdiXjco) = Z(j<o) + Z,djffl) — BbixogHON
MMMefaHc 06beKTa U3MepPeHU, BK/IOYas IMHMUIO CBA3U. 3Hasi KOMMJIeKcC-
Hble BesinUUHbI E(ja>), ZB(joi), ZQjm) n Zn(joi), MOXKHO paccumnTaTb Xa-
pPaKTePUCTUKN N NapameTpbl MOTrPELLHOCTM BIUSHUS.

MMnegaHCcHble XapaKTepPUCTUKM 371IEKTPOHHbLIX CY1 HOpMUpyOTCS
nyTeM NpeacTaBfeHNs ero BXO4HbIX Lienei B BUAE 3KBMBaSIEHTHON cxe-
Mbl 3aMeLLEHUA W 3afaHWUs 3HaYeHW COCTaBASALWMX ee 3/1EMEHTOB.
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HekoTopble cXeMbl 3aMellLeHUs NpuBeAeHbl B Tab6n.12.1 (yngppamm 1 n
2 0603HaYeHbl BXoAHble KfieMmMbl CW).

Tabnnua 12.1

OKBUBa/IEHTHbIE CXEMbI 3aMELLEHUST BXOLHbIX Lenei 31eKTPoHHbIX CU

Cxema 3ameLLeHns
BXOAHbIX Lenei
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*m(0

Hopmupyemble napameTpbl asie-
MEHTOB CXEM 3aMeLlLeHNs

MuvHuMansHo Jonyctumoe 3Ha-
YeHVie BHYTPEHHEro ConpoTuBIie-
Hna R.H

MuHMManbLHO JonycTuMoe 3Ha-
YeHne BHYTPEHHEro conpoTtuee-

HUA M MaKcMMasibHO Jonyc-
TUMOE 3Ha4YeHWe BHYTPEHHEN
emkocTtun Cro.

MuHMManNbHO [oNYyCTUMOE 3Ha-
YeHMe BHYTPEHHEro conpoTmee-
HMA Ker 1 MakcumasibHO ponyc-
TUMOE 3Ha4yeHue BXOOHOro Toka
I».

MuHUMa/IbHO  A0oMyCTUMOe  3Ha-
YeHWe BHYTPEHHEro conpoTmBeIe-
HUA KeT 1 3HaueHVe BHYTpeHHe-
ro MOCTOSAHHOIO HanpsHKeHUs
M0 NpU CBOBOAHBIX 3aKmmax 1
N 2 UM MakcUMasibHOe 3HaueHve
BXogHoro Toka lra= UhRbh npwm
3aKOPOYEHHbIX 3a>kKnumax 1 um 2.

MuHUMasIbHOe  3Ha4veHWe BXOpA-
HOro AndbepeHUManNbHOrO  Cco-
NPOTUBNEHNA TBH 3HAYEHUHA am-
NAATYAbl U OJINTENBHOCTU UM-
NynbCoB HanpshkeHs eBft) nnu
Toka LiA(l« BO3HMKAKOLWUX BO
BXOOAHOM Uenu B pesy/brare
YPaBHOBELLIMBAHNST BXOLHOIO CUT-
Hana.

CpefacTsa N3MepeHuii, ansi
KOTOPbIX MPUMEHSIETCS
[JaHHaa cxeMa 3aMeLleHns

BonibTMeTpbI, MMeloLLve BO
BXOA4HOW Uenun Jdenutenb
WA NNHERHbIA yeunutenb
C HYNeBbIMW BXOAHbLIMWU TO-
Kamy. AmnepmeTpbl. [eHe-
paTopsbl.

BbICOKOYACTOTHblE  BOSIbT-
MeTpbl. LindpoBble 4acTo-

ToMepbl. KaHasbl BepTu-
Ka/IbHOro OTKJ/IOHEHWSA OC-
uunnorpados.

LincpoBble BONbTMETPSbI
MOCTOSIHHOTO TOKa, MMelo-
LMEe Ha BX0Ae JIMHENHBIA
ycunmTenb.

LindpoBble M aHasoroBble
OMMETPbI, YHUBepcasibHble
BO/IbTMETPbI B PEXMME WU3-
MEpPEHUS CONPOTUB/IEHNS.

LinpoBble  BONLTMETPSI,
ncnonb3yroLme Kogo- uUnm
BPEMAVMMY/bCHbIE MeTOoAbI
N3MepeHus.



12.7. KomMmnneKcbl HOPMUPYEMbIX METPOSIOrMYECKNX
XapaKTepUCTUK CPeACTB U3MepPeHWNiA

BonbLuoe paszHoobpasune rpynn CU genaet HEBO3MOXKHOM persiameH-
TauMlo KOHKPETHbIX KOMM/IEKCOB MX Ans Kaxkaon M3 aTux rpynn B
OHOM HOpMaTMBHOM [OOKyMeHTe. B To >ke Bpems Bce CU He moryT
XapaKTepn3oBaTbCA eAMHbIM KOMIMJIEKCOM HOpMUpYyeMbIX MX, faxke ecniv
OH MpeacTaB/ieH B camoii 06ulein dopme.

M3yuyeHne Borpoca 0 paunoHanbHoM Knaccugpukauum CU no Kom-
nsekcam HopmMmpyemMbIX MX nokasasno [58], 4To MOXXHO BbIAENUTb PAL,
06LWMX rpynn, A5 KOTOPbIX MOryT ObiTb Ha3HayeHbl 0bwume MX. Oc-
HOBHbIM Mpu3HaKkoM geneHns CY Ha rpynnbl SABNSAETCA 06LLHOCTb KOM-
nsexkca HopMupyembix MX, HeobX0ANMbIX 418 ONpefesieHNs XxapakTep-
HbIX UHCTPYMEHTa/IbHbIX COCTaBASAOLLMX MOrpeLIHocTeN n3MepeHuii. B
aToMm crniydae Bce CU uenecoobpasHo pasgenuTb Ha Tpy 6onbLuve rpyn-
Mbl, NPeAcTaB/IeHHbIE MO CTENEHN YCIOXKHEHMA MX: 1) mepbl U umudpo-
aHanorosble NpeocbpaszoBaTesniv; 2) U3MepUTESIbHbIE N PErUCTpUpYtoLLMe
Npuo6opsbI; 3) aHa/I0roBble 1 aHaNoro-LMgpPoBbLIE N3MePUTESIbHbIE NPeod-
pasoBartesiv.

[Mpn ycTaHOBMEHUN KOMIMIEKCA HOPMUPYeEMbIX MX MpuHATa criefyto-
waa Modeslb UHCTPYMEHTasIbHOM COCTaBASIOLWIEA MOrpeLlHocT n3mepe-

HuiA: Ajrst = AM* Aint, rae cumMBosioM « * * 0603HaYeHo 06begVHEHE MO-

rpeLuHocTv [ C B peasibHbIX YC/I0BUSIX €0 MPYMEHEHMWS U COCTaBNSAIOLLIEN
rnorpewuHocTn J1r, obycrioBneHHon B3ammogenctenem CU ¢ 06beEKTOM M3-
MepeHwii. Mog 06beanHEHNEM MOHUMAETCA NPUMEHEHME K COCTaBNSIOLLM
HEKOTOPOro yHKLMOHaa, No3BO/IAIOLLEr0 paccumTaTh MorpeLlHocTb, 06y-
CMOBMEHHYIO UX COBMECTHbIM BO3JENCTBMEM. B Kavkaom cnyyae thyHKUMO-
Han onNpeaenseTcss UCXoaa U3 CBOICTB KOHKpeTHoro CUL.

Bcto coBOKYNHOCTb MX MOXXHO pa3buTb Ha ABe 60MbLUuve rpynnbl. B
NnepBoli U3 HUX UHCTPYMEHTasIbHas COCTaBMAOLASA NMOrpeLLIHOCTM onpe-
JenseTca nyTem CTaTUCTUYECKOro 06befMHEHUS OTAe/IbHbIX ee CoCcTaB-
nawowmx. MNpy aToM A0BEPUTENbHBIA UHTEPBaS], B KOTOPOM HaxoamuTcs
VMHCTPYMeHTa/IbHasi MOrpeLuHoCTb, ONpeaensieTcs ¢ 3a4aHHol noBepu-
TesIbHOM BEPOATHOCTLIO MeHbLLE eauHuLbL. [nsa MX aToli rpynnbl npu-
HATa cnefyoLlas Mofesb NOrpeLlHoCTY B peasibHbIX YCI0BUAX MpUMe-
HeHuA (Mogesib 1):

o O L
(M), = A8*Lo*AH*]T AH*bayn ,
il
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rae As — cucteMaTuueckasl cocTasrisiiowas; [p — cnydaliHas cocTaB-

nawwas; [OH — cnyvaHas cocTaBnsoLwas, obycnoBfeHHas rucrepe-
3ncom; [Acl— o6beguHEHWE JOMOSHUTENbHbIX MOrpeluHocTel; Adn —
OVHaMmnyeckasi NorpeLwHocTb; L — 4ncio 4onoNHUTENbHbIX NOrPeLLHo-
CTelA, paBHOe BCeX BE/INYMH, CYLLECTBEHHO B/IUSIOLWNX HA NOFPeLLIHOCTb
B peasibHbIX yCoBUAX. B 3aBucumMocTun oT ceoiicTB CY gaHHOro tuna u
paboymx ycroBU ero NMpUMEHeHUs1 OTAe/IbHble COCTaBASOLWNE MOTYT
OTCYTCTBOBATb.

MepBas Mmofenb BblbMpPaeTCcs, ecnu AONYCKaeTCs, YTO MOrpeLlHoCcTb
n3pesKa rnpesbillaeT 3Ha4YeHMe, pacCinTaHHOe MO0 HOPMUPYeMbIM Xa-
paktepuctnkam. pun aTom no Komnnekcy MX MOXHO paccyuTaTtb
TOYEYHbIe U UHTepPBa/IbHbIE XapaKTePUCTUKMN, B KOTOPbIX UHCTPYMEH-
TanbHasa cocTaBnsawoLWas NorpeLHoCT U3MePeHUn HaxoamuTes ¢ -
60/ 3a4aHHOW [0BEPUTENIbHOM BEPOSATHOCTbIO, 6/IM3KOW K eguHuMLUE,
HO MEeHbLLe ee.

[ns BTopoii rpynnbl MX cTaTUCTUYECKOe 00beaVIHEHME COCTaBs-
wmx He npumeHsietcs. K takmm CU oTHocATCA slabopaTopHble cpeacTsa,
a TakXke 60/bLUMHCTBO 00pasLL0BbIX CPEACTB, NPU UCMOSb30BaHUM KOTO-
pbIX He MPon3BOAATCA MHOrOKpaTHble HabMOAEHNA C YCPeLHEeHVEM pe-
3ynbTatoB. VIHCTpyMeHTaslbHast MNorpeLHoCcTb B JaHHOM c/lydae onpeje-
nseTcsa Kak apnMeTryeckasi Cymma HambobLLIMX BO3MOXHbIX 3HAYeHNIA
ee cocTaBNAwLWMX. 3Ta OLeHKa JaeT A0BEPUTENbHbIA MHTEPBa1 C BEpO-
SATHOCTbI0, PaBHON eANHULE, ABMSIOLWMIACA NpeaensHON OLEHKOM CBEPXY
MCKOMOr0 VHTepBaa MnorpeLLHoCcT, 0XBaTbiBaloLEero Bce BO3MOXKHbIE, B
TOM 4uC/le BeCbMa PefKO peasin3yoLlinecs, 3HaYeHUsA. 3ro rnpuBoanNT K
CYLLECTBEHHOMY Y>KECToUeHMIo TpeboBaHnn K MX, UT0o MOXET 6bITb Npu-
MEHWMMO TO/IbKO K Hanbos1ee 0TBETCTBEHHbLIM N3MEPEHUAM, HanpumMep CBS-
3aHHbIM CO 3[0POBLEM U XKU3HbIO II0fENA, C BO3SMOXHOCTbIO KaTacTpotu-
YeCKMX MOCMeACTBUIA HEBEPHbIX M3MEPEHMIA 1 T.M.

ApudmeTnyeckoe CyMMUpoOBaHME HaMBONbLLUNX BO3MOXHbIX 3Haue-
HWIA COCTABNSAOLLMX NHCTPYMEHTa/TbHOM MOrPeLLIHOCTY NMPUBOAUT K BKJTHO-
YeHNI0 B KOMMIEKC HOpMUpYyeMbIX MX npegenos gonyckaemor norpetu-
HOCTM, a He CTaTUCTUYECKMX MOMEHTOB. JTO AOMYCTUMO TakXe /1A
CW, nmelowmx He 6osiee Tpex COCTaBASAKOLWMX, KaXKAas U3 KOTOPbIX
onpeaensieTca no oTAesIbHOM HopMmupyemoii MX. B 3Tom cny4ae pac-
YeTHble OLUEHKN MHCTPYMEHTasIbHOM NOrpeLLIHOCTH, MoayYeHHble apud-
METUYECKMM 06beANHEHNEM HaMOB0/bLLUNX 3HAYEHWIA ee COCTaB/ALLNX
M CTaTUCTUYECKMM CYMMMPOBAHMEM XapaKTePUCTUK COCTaBAAIOWMX (Mpr
BEPOATHOCTM, XOTH W MEHbLUEN, HO JOCTATOYHO 6/IM3KOM K eAvHULE),
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npakTUyeckn pasnmyarbcs He 6yayT. [ns paccMaTpuBaemoro ciydas
Mogesnb 2 norpewuHoctn CU:

L . L

(M2 = [lo* Adn = (As + Aci* Adn .
i=| i=l

3pecs 00 = 8+ [OH — ocHOBHas norpeluHocTb CU 6e3 pasbmeHus ee
Ha cocTaBnsowme (B oTM4Me oT mofenv 1). Mogenb 2 npumeHuma
ToNbKo AN Tex CU, y KoTopbIX ciyyaliHaa cocTasnsowas npeHebpe-
XXUMO Mana.

Bonpocbl Bblibopa MX [OCTATOUHO [AeTaslbHO persiameHTMpPOBaHbl B
FOCT 8.009-84, rae npuBefeHbl XapaKTePUCTUKK, KOTOPbIE A0/DKHbI
HOPMMPOBATLCA 7151 Ha3BaHHbIX Bbille rpynn CU. MpuBeaeHHbIM nepe-
YeHb MOXKET KOPPEeKTUPOBATbLCA [/11 KOHKPETHOro cpeAcTBa U3MepeHUi
C Yy4eTOM ero ocobeHHOCTelr W YCnoBMI akcnayataumun. BaxkHo oTme-
TUTb, YTO He criedyeT HopMupoBaTb Te MX, KOTOpble 0Ka3bIBalT Hecy-
LLIeCTBEHHbIN MO CPaBHEHWIO C APYTMMWU BKaL B WHCTPYMEHTa/IbHYIO
norpewHocTb. OnpeaeneHne TOro, BaXkKHa /i AaHHasi NMOrpeLuHocTb Wn
HEeT, MPOW3BOAMTCA Ha OCHOBE KPUTEPMEB CyLLeCTBEHHOCT W, NpuBe-
AeHHbIX B FTOCT 8.009-84 n nogpobHO npoaHann3npoBaHHbIX B [58].

12.8. PacueT norpeLwHocTen CpeacTs N3MepPeHM No Hop-
MWPOBaHHbIM METPOJIOFMYECKUM XapaKTepucTuKam

PacyeT MHCTPYMEHTa/IbHOW MOrPELUHOCTY B CU/TY €€ C/TyHaiiHOCTL CBO-
OVTCS K HAX0XAEHWIO MHTepBasia, B KOTOPOM OHa HaxoAMTCs C 3afaHHOA
BeposATHOCTLIO P. OnpegeneHve nHTepBasia OCYLLECTB/ISAETCA B TPW 3Tana.

Ha nepBom 3T ane BbIYMCASATCS MaTeMaTMyeckoe oxxungaHue M[;]
n gucnepcmst DFAJ KaXkaol M3 YeTbipexX COCTaBASAOLLNX MOrPeLLIHOCTY.
[N19 0CHOBHOV MOrpeLIHoOCTY BUA pacyeTHbIX hopMys1 3aBUCUT OT TOro,
Kakve MX HopmupoBaHbl. Ecnn 3aaaHbl HOPMUPOBAaHHbIE 3HAYEHMS
M[Oos] n D[ACS = O™MAog] cucTEMaTUYECKOM COCTaBNAILLEN, TO XapakK-
TEPUCTUKN OCHOBHOM NnorpewHoCTn NmMerT BUA:

M[Ad —M[A0S]; D[A,] = D[A0S] + D[] + HOP/I2 ,
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raoe D[Ao] = ci2[Jo] =Ecnv HopmupoBaHbl Npeaesbl A0NYCKaemoi cucte-
MaTn4eckoi norpetuHoctn A0, 1o

M[Z0] = O; D[AQ] = [P8PI3 + D[AQ] + H&,/I12 .

Ecnmn »ke HopMMpoBaHbI NMpeAesibl A0MYCKAaeMO 0CHOBHOM MOFPELLHOCTH
Jop, TO B Npefnofio)KeHN PaBHOMEPHOI0 pacrnpeeneHns 3HauYeHwui no-
rPeLIHoCcTY ANt cOBOKYMHOCTY CW AaHHOro Tuna Mmeem

M[O0] =0; D[AQ] = [RP/3.

[ns onpegeneHnss XxapakTepucTUK AOMO/THATENbHOW MOrpeLlHo-
CTM HeobX0AMMO 3HATb He TO/IbKO HOPMUPOBAHHbLIE (DYHKLUW BAUS-
HUs *P(E), HO N CTATUCTUYECKUE XapaKTEPUCTUKN BISAIOWMX BEN-
UMH OT TOro, Kakue XapakTepuUCTUKU B peasibHbIX YCM0BUSX
npumeHeHnss CY M3BECTHbI, 3aBUCUT [OCTOBEPHOCTb MOsTyYaemMblX
OLIEHOK MHCTPYMEHTasIbHO cocTaBnsioulen. Ecnv gns CU HopMupo-
BaHbl PYHKLMU BANSHUS KaXKo0li BAUSIOLLEN BE/IMUNHBI » OT-
[enbHo, To

L L
MTaag =2 M [M)]; D[M]I=21bvT W

roe L — ymcno BHeLWHUX BANSAIOLWNX BeSIMYMH. OCHOBbI METOAVKMW pac-
yeta BennumH MpFj(Nj)] v D[4/i(4i)] nsnoxxeHsl B pa3g. 12.4.

Ecnun >xe gna CU HopmmpoBaHa (yHKLUS COBMECTHOIO B/IMAHUA
HECKONbKNX BeNNUUH T(4X, £2» ee= TO ee MaTeMaTnyeckoe oxxmaa-
HVEe U AMCNepCcuio HaxodAT MO W3BECTHbIM MpasuiaMm onpegeneHuns
CTATUCTUYECKUX XapaKTePUCTUK (DYHKLNA HECKONbKUX CryYalHbIX
BE/INYNH.

MaTtemaTnyeckoe oXugaHve 1 Aucnepcus MHaMUYecKoli norpeLu-
HOCTU MOFYT 6bITb OLlEHEeHbl MyTeM aHam3a (Gopmy/sl, BblpadkatoLmx
CBSI3b 3HAYEHUIA MOrpeLLHOCTe ¢ NapamMeTpaMn M3MePSIEMOro curHana
1 HOPMUPOBAHHBLIMU ANHAMUYECKUMU XapakTepuctnkamm CU. Pacuet
XapaKTepUCTUK AMHAMNYECKUX MOrpeLlHOCTEN ABNSETCA 04HMM U3 Ca-
MbIX C/IOXHbIX NPU ONpejeneHnn UHCTPYMEHTa/TbHOM MOrpeLuHoCcTH.
OTfenbHbIe ero acnekTbl MogpobHO paccMoTpeHbl B [6, 56, 58] v pyko-
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BOAALLEM fokyMeHTe P/L, 50-453-84 “XapaKTepuUCTUKY MOrpeLlHocTU
CPeacTB M3MEPEHUI B peasibHbIX YCMOBUSX 3Kcrlyataumm. MeTogbl
pacyera”.

Ha BTOpom 3Tane Mpou3BOAUTCA OLEHKA WHCTPYMeHTasbHOM Mo-
rpeLuHocT Airet, 06ycrioBeHHon B3ammogenicterem CU1 ¢ 06BEKTOM W3-
MepeHuiA. OHa CyLLECTBEHHDBIM 06pa30M 3aBMCUT OT XapaKTepa 3Toro B3av-
MOAECTBUS N BUZA UMMESAHCHOM XapaKTePUCTUIKM.

lMocrie onNpeaeneHns XapakTepuUCTUK BCEX ee COCTaB/IAOLLIMX MPom3-
BOZUTCS pacyeT TaKMX YKe XapaKTepUCTUK UHCTPYMEHTa/TbHOA MOrpeLLr-
HOCT MyTeM CI0XKEHUST HalAEHHBIX MaTEMAaTUUECKUX oxXaaHnia MIAj. L
n avcnepcuii DIAjjjgJ CoOTBETCTBEHHO.

Ha TpeTbem sTarne npon3BoamTCst OLIEHKA MHTEpPBa/1a, B KOTOPOM C
[I0BEPUTE/TBHOM BEPOSITHOCTBIO P HaxXoauTes HCTpYMeHTaslbHast MorpeLLr-
HOCTb VI3MepeHns:

MIAinstl - Ko/LLA~N <A~ < MIAN) + KT AN

roe K — KoaththmumeHT, 3aBUCALLMI OT BUZA 3aKOHa pacrpefesieHus
WHCTPYMEHTa/IbHOM MOrpeLUHoCTU 1 3a4aHHOM A0BEPUTENIbHOM Bepo-
ATHOCTU. Ero BbIbop B KaxKAOM crydae SIBNSETCS B 60/bLUOA Mepe
NPon3Bo/ibHbIM. ECn AeknapupyeTcs HOpMasibHbIA 3aKOH pacrpe-
[leneHvst pesynbTUPYHOLLEA HCTPYMEHTa/TbHOM MOrpeLLHocTU, To Be-
JIMIKa BEPOSATHOCTb HEOMNPaBAAHHOM0 YBENIMUYEHUS UHTEPBA/ILHOW OLieH-
Kn. Tpu BbIGOpe PaBHOMEPHOr0 3aKOHA BO3MOXHO YMeHbLLeHWe
HaJe>XXHOCTU Noslyvaemoli OLeHKU. 3TK BONPOCbl NoApo6bHO paccmart-
puBasiMcb B pasg. 9.1 npu o6ecy>KaeHUU cnocoboB MoslyyeHrst KBaH-
TUNBHOMO KoathuumeHTa zp. KoadhdmumeHT K ABisieTca He yem
WHBIM, KaK TakuMm e MHOXuUTenem. Ero MoxxHo paccumrarts Mo op-
myne K = 5(P-8,5) npn 0,8 <P <1, onpeaenntb Mo rpadimky 3aBmcU-
moctn K(P), npueegeHHomy B P/, 50-453-84, a Takke B [56, 58].
CrieflyeT 0TMETUTb, YTO Hanbosiee pacnpoCcTPaHeHHbIM ABAETCA 3Ha-
YeHvie KoadmumeHTa K = 2, 4To COOTBETCTBYET A0BEPUTENBHON Be-
posTHocTn 0,96.

B 3aksitoueHVe OTMETUM, YTO PEKOMEHAOBATb KOHEYHOE YMC/o
pacyeTHbIX (hopMys1, MPUMEHUMbIX MPW OLEHKE NHCTPYMEHTas/IbHOM
MOrpeLUHOCTU ApY Pas/INYHBIX YC/I0BUAX, BUAAX U MeToAMKax ns-
MepeHW, He NPeacTaBNseTc BO3MOXKHbLIM. B KaXKA0M KOHKPETHOM
c/lydae Heo6X04MMO YUUTLIBATL BCe CYLLECTBEHHbIE BNANAIOLLME (haK-
TOpbl.
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12.9. Knaccbl TOYHOCTU CPEACTB U3MEPEHWIA

XapakTepucTukin, seefeHHble FOCT 8.009—84, Hanbonee NoaHO onu-
CbIBalOT MeTposiornyeckue ceoiictea Cl. OfHaKo B HacTosILLiee BpemMs B
aKcnlyataumum HaxogmTesa AoCTaTouHOo 60/bwoe vyncrio CU, meTposioru-
YecKme XapaKTepucTUKM KOTOPbIX HOPMUPOBaHbl HECKO/IbKO MOo-4pYyro-
My, @ UMEHHO Ha OCHOBE KJ/laccoB TOYHOCTM. Knacc TOYHOCTWU — 3TO
0606LLeHHan xapakTepuctuka CU, Bbipadkaemasa npegenamm fonyckae-
MbIX 3HAYE€HWIA ero OCHOBHOM M JOMOSIHNTE/IbHOM NOrpeLwHoCcTeN, a Tak-
Xe ApYrMMU XapaKTepucTtukamu, BAUSIOWUMN Ha TOYHOCTb. Knacc Tou-
HOCTU He fAB/1SIeTCS HenocpeACcTBEHHOM OLEHKOM TOUHOCTU M3MEPEHWIA,
BbINOSIHAEMbIX 3TUM CW, NOCKO/IbKY MOrpeLlHoCcTb 3aBUCUT eLle OT psi-
Ja (haKTopoB: MeToga W3MepeHwid, ycnoBuin uamepeHunii n 1.4. Knacc
TOYHOCTM NNLIbL NO3BOMSET CYAUThL 0 TOM, B KaKMX MNpefenax HaxoamT-
csa norpewHocTb CU gaHHoro tmna. O6Lyme NoNoXKEHUS AeNeHns CpeacTs
M3MepeHuin no Kraccy To4HocTM yctaHasnmeaeT FTOCT 8.401—80.

Mpegenbl gonyckaeMon 0CHOBHOM norpeluHocTn [EV onpegensiembie-
K/1accoM TOYHOCTU — 3TO WHTEpPBaUl, B KOTOPOM HaxoAuTCA 3Ha4yeHue
OCHOBHOW norpewHocTn CU. Ecnn CU nmeeT He3Ha4YnTesbHY0 cayyaii-
HYI COCTaBASAOLLYI0, TO onpefesieHne ACU OTHOCUTCA K HaxXOXKAEHUH
CUCTEMATMYECKOM MOFPELLHOCTU U ClyyarHoi norpeLHocTy, 06ycrioB-
NIeHHOI rnCTepPesncoM, 1 SABNSIETCA A0CTaTOYHO cTpormm. Mpu aTom npe-
fen Oov= Aocsp™ 0,5HCP.

Ecnn CY vmeeT CyLeCTBEHHYIO CyYaiHy MOrpeLHocTb, TO ANs
HEero onpegeneHve npegena Ao0MycKaemoi OCHOBHOM MOrpeLuHoCT SB-
nseTca HeyeTKuUM. Ero cnegyeT MOHMMaTh KaK MHTEpBasl, B KOTOPOM
HaxoguTcs 3HaYeHue OCHOBHOM MOrpeLIHocTy ¢ g|eVISBECTH0171 BEPOATHO-

CTb, 6/IM3KOM K egmnHunue: Oon = £(008P + Ka[do] + 0,5 HOP) , rae K —
KO3(hpMuMeHT, 3aBUCALLMI OT A0BEPUTENbHO BEPOATHOCTU P.

Mpegen AonNycKaemoi AOMNOMHUTENbHOM MOrpeLHoCT, Bbl3BaHHOM
n3MeHeHveM [f BAVAIOLIENA BeIMYMHbI  MOXKeT 6bITb HaligeH ¢ uc-

rnosib30BaHneM (PyHKUNU BIUSAHUA Aacn = . B

YacTHOCTK, ecsin = A£, To Oacn = tA0fF .

Knaccbl TouHocTu CU ycTaHaBMBakoTCsA B CTaHA@pTax UM TeEXHUYe-
CKNX ycnoBusax. CpeAcTBO U3MEPEHUIA MOXKET MMETb ABa 1 6osiee Knacca
TOYHOCTU. Harnpumep, Npy HaIM4MK y HEFO ABYX UK 6osee ananasoHoB
M3MEPEHWNIA OQHOM W TOW >e (PU3NYECKON BeNUMHBI eMy MOXXHO MNpu-

348



cBavBaTb [Ba WM 6oree Knacca TO4HOCTW. Mpubopbl, NpeaHa3HayYeHHble
AN U3MEPEHNS HECKO/TbKUX (IN3NYECKMX BESTMYMH, TaK)Ke MOryT MMETb
pasninyHble Kaccbl TOYHOCTU AN KadKaoi U3mepsieMor BeNNYMHbI.

Mpepgenbl AONYCKaeMbIX OCHOBHOWM M A0MOHUTENbHOM MOrpeLUHo-
CTel BbipaXkaloT B hopMe NPUBEAEHHbIX, OTHOCUTENbHbBIX WM abCoMoT-
HbIX MOrpeLUHocTer. Bbibop hopMbl NpeAcTaBNeHNs 3aBUCUT OT Xapak-
Tepa U3MeHeHUs1 MOrpeLLHoCcTel B Npedenax ananasoHa M3MepeHwur, a
Takke 0T YC/I0BUI MPUMEHEHMST U HasHadeHns CU.

Mpegenbl gonyckaemoli abcosiloTHOM OCHOBHOM MOrpeLUuHocTn ycTa-
HaBMMBAKTCS MO 0AHOM 13 hopmyn: A =+a wm J1= t(a + bx), rae x —
3HaYeHe N3MepPSAEMON BEIMYMHBI U YNCN0 AeNeHWI, 0TCUMTaHHOoe Mo
wKane; a, b — nonoxutensHolelyncna, He 3asucAlme ot X. Nepsad
hopmyna onmcbIBaeT YMCTO aaauUTMBHY MOrpewHocTb (puc. 12.4,a), a
BTOpasi — CyMMY aaAuTUBHOW WU MY/bTUMIMKATUBHOM MOrpeLLuHocTel
(pnc.12.4,B). B TexHMYECKOM JOKYMEHTaLMW KacCbl TOYHOCTU, ycTa-
HOBJIEHHbIE B BuAe abCcoNTHbLIX MOrpeLlHocTeid, 0603HaYaloT, Hanpu-
mMep, “Knacc TouHocTn M”, a Ha npubope — 6ykBon “M”. [nsa o603Ha-
YeHUs1 UCMO/Ib3YHTCA MPOMMCHbIE BYKBbI NTATUHCKOrO asndaBuTta nnm
pUMCKUe LMdpbl, NpMYeM MeHbLUME Npeaesnbl MOrpeLlHoOCcTeN A0/KHbI
COOTBETCTBOBAaTb OyKBaM, HaxoAsLwmmcs 67mKe K Hadany andasuTa,
VNN MEHBLUNM LMdpam.

Puc. 12.4. AoguTtuBHas (a), My/bTUNAMKaTuBHas (6) 1 cymmapHas (B)
MorpeLLHOCTN B abCOMOTHOM M OTHOCUTeNbHOM dhopMax
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Mpegensl gonyckaeMoil NMpuBeAEeHHO OCHOBHOWM MOrpeLuHocTn on-
pegenstoTca no opmyse y = A/xn =+p , rge XN— HopmMmupytlowee 3Ha-

YeHue, BbIpaXKeHHOe B TeX XXe eAunHuuax, 4to n A; p — OTBJ/Ie4YEeHHOoe
MosIOXKUTe/IbHOe 4KuCN0, BblbMpaemoe M3 psiga 3HayeHuii: (1; 1,5; 2;
2,5; 4; 5; 6)10"; n-1; 0; -1; -2;...

Hopmupytouiee 3HayeHue XN ycTaHaBnMBaeTcs paBHbIM 60/bLUEMY
13 NpeaesnoB n3mepeHuii (Mnn moayneii) onsa CU ¢ paBHoMepHO, npak-
TUYECKN PaBHOMEPHOW WM CTEMEHHOW LKanaMy n Ans N3MepuTesb-
HbIX npeobpasoBaTeneli, ecnu HysneBoe 3HayeHWe BbIXOAHOMO CUrHana
HaxoAuTCA Ha Kpaw WM BHe Amnarna3oHa U3MepeHUid.

Ana CU, wkana KoTopbiX MMeeT YC/I0BHbIM HY/b, XN paBHO MoAy-
N0 pas3HOCTV MpedesnioB n3MepeHwuii. Hanpumep, ons BosibTMeTpa Tep-
MO3/1EKTPMYECKOro TepMoMeTpa ¢ npegenamm namepeHuii 100 n 600°C
Hopmupylollee 3HayeHue pasHo 500°C. Ona CU ¢ 3agaHHbIM HOMW-
HaNbHbIM 3HaydeHnem XNycTaHaB/IMBaKT PaBHbIM 3TOMY 3HAYEHUIO.

[ns NnprbopoB ¢ cyLecTBEHHO HepPaBHOMEPHOM LKanoi XN npnHuMa-
0T paBHbIM BCel AMHe LWKasbl WX ee YacTu, COOTBETCTBYIOLLEN Anana-
30HY W3MepeHMin. B aTom cnyyae npegesibl abcoNOTHOA MOrpeLHocTr
BblpaxkaloT, KakK U A/IMHY WKanbl, B efuHMLAX A/INHLI, a Ha cpeacrse
N3MepeHuiA Knacc TOYHOCTU YC/I0BHO 0603HaYatoT, Hanpumep, B BUAe 3Hau-
K a” ,rge 0,5 — 3HadeHue yucna p. B ocTasibHbIX pacCMOTPEHHbIX CNy-

Yaax Knacc TOYHOCTU 0603HaYalT KOHKPETHbLIM YUC/IoM p, Hanpumep 1,5.
O603HayeHVe HaHOCUTCA Ha UudepbnaTt, WUToK Uam Kopnyc npubopa.

Mpegensl gonyckaemor OTHOCUTE/IbHOM OCHOBHOM MOrpeLHocTU
onpegensawTca no gopmyne 5= A/x = +q, ecnm [, = ta. 3HayeHme no-
CTOSIHHOIO YMcNa q ycTaHaBMMBaeTCca Tak Xe, Kak 1 3HavyeHue ymicna p.
Knacc TouHOCTM Ha npubop o6o3HavaeTcs B Buge (03), rae 0,5 — KOH-
KpeTHoe 3HayeHwue g.

B cnyuae, ecniv abconoTHas MOrPeLlHOCTb 3aaaeTcst hopmysioli (a+bx),
npegenbl AoNycKaeMoli 0THOCUTESIbHOM OCHOBHOM MOrpeLlHOCTY

8=A/x = +[c+d(Ixk/ |- 1)], (12.4)

rae ¢, d — oTB/IEYEHHbIE MOMIOXKUTE/IbHbIE YMCa, BbibMpaemMble U3 psaja:
(1; 1,5; 2; 2,5; 4; 5; 6)410"; n=1; 0; -1; -2 U T.4.; XK— 6onbwmnii (No
MOAY/110) N3 NPeaesioB naMepeHuin. Mpn ncnonb3oBaHUK opmMynbl (12.4)
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Ksacc ToO4HOCTU ob6o3HadvaeTcs B Buge “0,02/0,01", rge umcnurtesib —
KOHKpPEeTHOe 3HayeHVe yucna ¢, 3HameHarens — ymcna d. B obocHoBaH-
HbIX cny4vasax npegesnbl OMYCKaeMOoW 0THOCUTE/TbHOM OCHOBHOW MorpeLu-
HOCTW onpeaensoT no 6onee croXXHbIM opMmynam nméo B BUge rpadu-
Ka unn Tabnuubl.

B crtaHpapTax wunmM TexHu4yeckux ycnosmax Ha CU yKa3sbiBaeTtcs
MUHUMa/IbHOe 3HadveHue X0, HauMHaa ¢ KOTOPOro MPUMEHUM MPUHSA-
Tbli CMOCO6 BbIpaXKEHUA NpeAesioB [OMYCKAeMolr OTHOCUTENbHOM Mo-
rpewHocTn. OTHOWeHMe XK X0 Ha3blBaeTca AUHAMUYECKUM Ananaso-
HOM M3MepeHus.

Mpegen gonyckaemoi AonoNHUTENbHOM norpelHocT Ao moxkeT
yKa3bIBaTbCA B BUAE:

* NMOCTOSAHHOr0 3HauyeHUs ANSA BCell paboyel obnacTn BAUAIOLLEN
BE/INUMHbI U MOCTOSAHHbIX 3HAYEHW MO0 MHTepBaslaM paboyeii obnac-
TV BAUAKOLWEN BEINUUNHBI;

e OTHOLLUEHMA Mpejena [oMycKaeMor [AOMOSIHUTENbHOM MOorpeLlHo-
CTW, COOTBETCTBYHOLLLENO PEr/laMeHTUPOBAHHOMY UHTEPBa/Ty BAUSIOLLEN
BE/INYUHBI, K 3TOMY WHTEpBasy;

*3aBUCUMOCTM Mpeaena Aacu 0T BAUSIIOLLENA BENMUNHBI (MpeaenbHo
hyHKUUN BANAHUSA);

*(YHKUMNOHA/TbHOW 3aBUCUMOCTU NPeAenoB 4oNYCKaeMbIX 0TK/A0He-
HUI OT HOMUHANIbHOW (DYHKUMW BAINSAHUSA.

Mpumep 12.3. OTcYeT MO paBHOMEPHONM LUKasie Npubopa ¢ HyneBol OTMET-
KOW W npefenbHbiM 3HadeHnem 50 A coctaBun 25 A. lpeHebperast Apyrvmu
BMAAMWN MOrPELUHOCTEN, OLEHUTb Mpeaesibl AOMYCKaemorn abcoMTHOW norpeLu-
HOCTW 3TOro oTcyeTa MpPW YCNOBUM, YTO KMacc TOMHOCTM npubopa paseH: 0,02/

1 [na npubopa ¢ knaccom TouHocTM 0,02/0,01, cornacHo copmyne (12.4), npn
x m25 A, xk= 50 A, ¢ = 0,02, d = 0,01 (yunTbiBasA, 4YTO OTHOCUTE/IbHASA MOrpPeLL-
HOCTb BbIpaXKaeTcsl B MPOLEHTax) Mosy4mm

25 A =+0,0075 A.
100%

2. Ana npubopa Knacca TOYHOCTM

8=+(100%)/x; J1=+25A(0,5% )/100 - +0,125 A.
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3. [na npmnbopa knacca TouHocTU 0,5, yuuTbiBad, YTO HOPMUPYHOLLIEe 3H
yeHne XN paBHO npegenty nsmepeHna 50 A, nonyyaem:

y=%(100%)A/xn; [=+50A(0,5% )/100 = +0,25 A.

KOHT pO/ibHbIE BOMPOCHI

1. MNepeuncnnTe 0CHO3HbIE MPUHLMNbI, fieXKalle B 0CHOBE Bbl6opa HOPMU-
PYEMbIX METPOSIOTMYECKUX XapaKTEPUCTUK CPeACcTB M3MEPEHWIA.

2. Kakoil HopMaTuBHbI JOKYMEHT pernaMeHTupyeT HOpMUpPOBaHWE MeTpo-
NOrNYECKNX XapaKTePUCTUK CPeacTB U3MepeHuin?

3. Ha kakue rpynnbl JenATcsa HOPMUPYEMble METPO/IOTMYECKUE XapaKTe-
pUCTUKN?

4. Kakuve MeTposIorMyYecKue XapakTepPUCTUKU OTHOCATCA K XapaKTepucTu-
KaM, npefHasHayeHHbIM 15 onpefesieHnss pesynbTaTtoB U3MepPeHUin?

5. Kakue meTponormyeckue xapakTepUCTUKW OMMUCbIBAKOT MOrpeLlHoCTb
CpeAcTB n3MepeHUii? Kakvm 06pa3oM Mpou3BOAUTCA MX HOPMUPOBaHME?

6. Kakaa maremartuyeckasi Mofeslb UCMOoJSib3yeTcs AN ONUCAHUA WHCTPY-
MEHTa/IbHOW COCTaBMIAIOLLEN MOTrPELLUHOCTM M3MEPEHUS?

7. Kakve METPO/I0TNYecKme XapaKTepPUCTUKIN OMUCLIBAIOT YYBCTBUTE/TIbHOCTb
CPeAcTB M3MEPEeHU K BAVSIOWLMM BenynMHam?

8. Kak ocyuiecTBnserca HOpMUpOBaHME ANHAMWYECKUX XapaKTepucTuK
CpeacTB M3MepeHWnii?

9. Kakve MeTposiorMyeckue XapakTepuUCTUKM OTHOCATCA K UMMNESAHCHbLIM
XapaKTepucTuKam CPeacTB M3MepeHUin?

10. YTto Takoe KOMMJIEKCbI HOPMUPYEMbIX METPOSIOTMYECKUX XapaKTEPUCTUK?

11. YTo Takoe Knaccbl TOYHOCTU CPEACTB U3MEPEHWIA?

12. Kakune pasinyHble crocobbl BbIpaXKeHMS Kslacca TOYHOCTU CYLLECTBYHOT?



Mnasa 13. METPOJIOTHECKAA HALEXHOCTb
CPEAOCTB NSMEPEHUN

13.1. OCHOBHbIE MOHATNA Teopun
METPO/IOFMYECKOM HaAEXXHOCTH

B npouecce akcnayaTaumm MeTposiormyeckne XxapakTepucTuku 1 na-
pameTpbl CpeAcTBa N3MepeHUl nNpeTeprneBaloT U3MEHEHUS. ST U3MeHe-
HUS1 HOCAT C/ly4YaliHblAi MOHOTOHHbIV UK QNTYKTYMPYIOLLNI XapaKTep v
NMpUBOAAT K 0TKa3aMm, T.e. K HeBO3MOXHOCTU CU BbINOHATL CBOU (DYHK-
umn. OTKasbl AeNIATCA Ha HEMETPO/IOrMYecKme 1 MeTPOIOrMYECKUE.

HemeTponornyeckum HasbiBaeTcsi 0TKa3, 06yC/I0B/IEHHbIV NPUYMHa-
MM, He CBA3AHHbLIMWU C M3MeHeHNeM MX cpeacTea M3mMepeHUin. OHM Ho-
CAT rNnaBHbIM 06pa30M SABHbIN XapakTep, NPOSABASAKTCA BHE3arHO U Mo-
ryT 6biTb 06Hapy>keHbl 6e3 NPoBeAeHNST NOBEPKM.

MeTponorMyecKMM Ha3biBaeTCsl 0TKa3, BbI3BaHHbIA BbIxogoM MX
N3 yCTaHOB/IEHHbIX AOMYCTMMbIX rpaHuL. Kak nokasbiBaloT npoBefeH-
Hble nccnefoBaHnA [5], METPOIOrMYecKMe 0TKasbl MPOUCXOAAT 3HA4U-
Te/IbHO Yallle, YeM HeMeTposiornyeckme. 3To 06ycnaBnmBaeT Heobxoan-
MOCTb pa3paboTky creumanbHbIX METOAOB MX MPOrHO3MpPOBaHUA U
06Hapy>keHVs1. MeTposiornyeckme 0TKasbl NoapasfensaTcs Ha BHesar-
Hble U MOCTEMEHHbIE.

BHe3anHbIM Ha3blBaeTCA 0TKa3, XapaKTepu3YIOLLWIACA CKayKoo6-
pasHbIM U3MEHEHNEM OAHOM UM HECKONbKMX MX. 3Tu 0TKasbl B CUITy
WX CMTy4aiHOCTN HEBO3MOXKHO NPorHo3uposaTb. Vx nocneacreus (cooii
NnoKasaHwui, NoTepst YUyBCTBMUTE/IbHOCTU U T.M.) JIETKO 06HapY>XMBaKT-
€A B X0fe aKcnayataumm npubopa, T.e. N0 XxapaKTepy NposiBeHUsi OHW
ABAATCA SABHbIMU. OC06EHHOCTLIO BHE3aAMHbIX 0TKa30B ABASETCS Mo-
CTOSIHCTBO BO BPEMEHW UX MHTEHCMBHOCTW. 3TO faeT BO3MOXXHOCTb Mpu-
MeHATb O/11 aHa/IM3a 3TUX 0TKA30B KJ/1AacCUUYECKYH) TEOPUH HaeXHo-
CTU. B cBA3M € 3TUM B JasibHelilleM 0TKa3bl TakKoro poga He
paccmaTtpuBaloTcs.

MocTeneHHbIM Ha3bIBAETCA 0TKa3, XapaKTepU3yHLMIACA MOHOTOH-
HbIM W3MEHEHNEeM OAHOM N HeckoNbknx MX. Mo xapakTepy nposiene-
HUS NOCTeneHHble 0TKa3bl AB/SIOTCA CKPbITbIMA 1 MOTYT 6bITh BbisiB/e-
Hbl TO/IbKO MO pe3yfnbTatam repuoanyeckoro kKoHtponsa CU. B
[JanbHelilleM paccMaTpuBatoTcsl MMEHHO TaKme 0TKasbl.



C noHATMEM “METPONIOTNYECKUIA 0TKa3" TECHO CBA3aHO MNOHATME MET-
POSIOrNYECKO UCAPaBHOCT U cpeAcTBa M3MepeHuWiA. Mog Heli NoHMMaeTcA
coctogaHmne CU, npu KOTOpOM BCe HOpMUpPYeMble MX COOTBETCTBYIOT YC-
TaHOBMEHHbIM TpeboBaHMAM. CnocobHocTb CU coxpaHATb ycTaHOB/EH-
Hble 3HAaYEeHUA MeTPOSIOrMYecKUX XapakKTepUCTUK B TeYeHMe 3aaHHOro
BPEMEHW MPU OrpefesieHHbIX peXXnmax M ycnoBuUAaX akcrsyartaymm Ha-
3blBaeTCA MeTPOJIONMYECKON HAflEXKHOCTbI0. Crieumdurka npobieMbl MeT-
pPONOrnMYecKoi HageXXHoOCTU COCTOUT B TOM, UTO A/19 Hee OCHOBHOE MoJ1o-
YKeHVe KNacCMyeckKo Teopum HafeXXHOCTU O MOCTOSIHCTBE BO BpemMeHu
MHTEHCUMBHOCTM 0TKa30B OKa3blBaeTCcA HenpaBomMepHbIM. CoBpemMeHHas
Teopmnsa Haae>XXHOCTU OPUEHTMPOBaHa Ha M3denusa, obnajawlime AByMS
XapaKTepHbIMU COCTOSHUAMMK: pPaboTocrnocobHoe N HepaboToCrnocobHoe.
IMocTeneHHoe U3MeHeHWe norpeltHocTy CW no3BoNsieT BBECTU CKOJIb Yrof-
HO MHOFo0 pa6oTOCNOCOBHbIX COCTOSIHUIA C pa3/INYHbIM YPOBHEM 3(hdeK-
TUBHOCTU PYHKLVMOHMPOBAHUA, OnpeaesiieMbIiM CTENEHbLIO NPUBTNKEHNA
MOrpeLHoOCTU K AONYCTUMbBIM FPaHUYHbIM 3HAYEHUAM.

MoHATME MeTPO/IOrMYecKoro 0TKasa siBfsieTcs B U3BECTHOM CTeneHu
YC/I0BHbIM, MOCKO/bKY onpefensieTcs 4onyckom Ha MX, KoTopblii B 06-
LLEM c/lydae MOXKET MEHATLCA B 3aBUCUMOCTU OT KOHKPETHbIX YC0BUIA.
Ba>kHO 1 TO, 4YTO 3ahmMKcMpoBaTb TOUHOE BPEMS HACTYMN/EHUS METPOJIOo-
rMyeckoro oTkasa BBUAY CKPbITOro xapakKrtepa ero rnposiBJIeHUsA HeBO3-
MO>XHO, B TO BPEMS KakK siIBHble 0TKa3bl, C KOTOPbIMW OMNEPUPYET Kaccu-
yeckasi Teopus HafeXXHOCTU, MOryT 6biTb 0OHapy>XeHbl B MOMEHT UX
BO3HWUKHOBEHUA. Bce aTo notpebosasio pa3paboTku crieunasibHbIX MeTo-
[0B aHanmM3a MeTponornyeckom HagexxHoctn CU [5, 96-99].

HapexxHocTb CU xapakTepusyeT ero rosefieHMe ¢ Te4eHeM Bpeme-
HUN N ABNSeTCA 0606LLEHHBLIM NOHATUEM, BK/IlOYaOLWKMM B cebs cTabusb-
HOCTb, 6€30TKa3HOCTb, [AO0/ITOBEYHOCTb, PEMOHTOMNPUIo4HOCTL (4115 BOC-
cTaHaBnmBaeMblx CU) n coxpaHAeMoCTb.

CTabunbHocTh CU SABNSIeTCA KaueCTBEHHOW XapaKTepuUCTUKOM, oTpa-
»KaroLeli Hen3meHHOCTb BO BpeMeHU ero MX. OHa onmcbiBaeTcs BPEMEHHbI-
MU 3aBMCHMMOCTAMU NapaMeTPoB 3aKoHa pacrpeaesieHns rnorpeLHocTn. Mert-
ponornyeckmne HafeXXHoCTb M CTabUNbHOCTb ABAAKTCA pPasIUYHbIMU
cBOlicTBaMM OHOM0 M TOro npouecca ctapeHnss CU. CtabuibHOCTb HeceT
60/1bLIe MHGOPMaLMKW O MOCTOSIHCTBE METPO/IONMYECKMX CBOWCTB CcpeacTea
M3MepeHMIA. JTO KaK Obl ero “BHYTPEHHee” CBOCTBO. HageXKHoCcTb, Haobo-
pOT, ABNSIETCA “BHELUHUM” CBOMCTBOM, MOCKO/IbKY 3aBUCUT KakK OT CTabu/b-
HOCTW, TaK U 0T TOYHOCTU U3MEPEHU N 3HAYEHNIA UCMOMb3YeMbIX JOMYCKOB.

Be30TKa3HOCTbIO Ha3biBaeTcA cBOMCTBO CW HEMPEPbIBHO COXPAHATb
paboTocrnocobHoe COCTOSAHME B TeYeHWEe HEKOTOPOro BpemeHn. OHa Xa-
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pactepusyeTcs ABYMSs COCTOSIHUSIMM: paboTOCTOCO6HbIM 1 HEpaboToCTo-
COBHbIM. OfHaKO [/19 C/IOKHBIX N3MEPUTESTbHBIX CUCTEM MOXKET MMETb
MECTO M 60/bLLIEE YMC/O COCTOSIHMIA, MOCKOSIbKY He BCSIKUIA 0TKa3 Mpu-
BOAMT K MOJTHOMY MpeKpaLLeHnio nx dlyHKLMOHMpoBaHWS. OTKas SABNS-
eTCA C/TyYaHbIM COObITEM, CBA3aHHBLIM C HapyLLIEHEM W MpeKpaLLie-
HVeEM paboTocrocobHoCcTM CU. 310 06yc/1aBIMBaET Crly4daliHyo NpUpoay
rokasaresiel 6e30TKa3HOCTK, I1aBHbIM U3 KOTOPbIX SBMISIETCA pacrpese-
JieHvie BpeMeHW 6e30TkasHol pabotbl CU.

[JonroseuHocTbio Ha3blBaeTCA CBOMCTBO Cl/ coXpaHsTh CBOE padoTo-
CrocobHoe COCTOsIHME A0 HAaCTYI/IeHUs MPeaesibHoro COCTOSHWA. Pabo-
T0CMNoco6Hoe COCTOsIHME — 3TO Takoe cocTossHMe CU, npy KOTOpOM BCe
ero MX cooTBETCTBYHOT HOPMUPOBaHHbIM 3HAYEHUSM. MpesfebHbIM Ha-
3bIBaETCA cocTosiHME CUA, MpY KOTOPOM €ro MpuiMeHeHrie HeaomnycTMO.

lMocrie METPOSIOMMYECKOr0 0TKa3a XapaKTepucTnk C ryTem cooT-
BETCTBYHOLLMX PEry/IMPOBOK MOTYT GbITb BO3BPALLIEHbI B A0MYCTUMbIE AVa-
nasoHbl. MpoLecc NpoBeAeHNS PEry/IMPOBOK MOXKET 6bITb 60/1ee Wi Me-
Hee J/TerbHbIM B 3aBYCUMOCTM OT XapaKTepa METPO/IONYECKOro 0TKa3a,
KOHCTPYKUM CU 1 psga apyrmx npuvudrH. Mo3ToMy B XapaKTepucTuKy
Ha[EXXHOCTN BBELEHO MOHATVE “PEeMOHTOMPUIOAHOCTL”. PeMoHTONpU-
rogHocTs — cBoMcTBO Cl, 3aK/tovaroLLeecs: B MPUCTIOCOB/IEHHOCTY K
NPeaYNPeXXaeHI0 1N 06HaPY>KEHWIO MPUYNH BO3HUKHOBEHWUST OTKA30B,
BOCCTaHOB/IEHVIIO U MOAAEPaHWIO ero paboTocriocobHOro COCTOAHUS My-
TeM TEXHUYECKOr0 06C/Ty>KUBaHWUS 1 peMoHTa. OHO XapaKTepuayeTcs 3a-
TparaMn BpeMeHW U CPeACTB Ha BoccTaHos/eHVe CU mocsie MeTposio-
rMYECKOro OTKasa 1 rnoaaepykaHvie ero B paboTocrioc0bHOM COCTOSHMM.

Kak byfeT nokasaHo dasiee, npouecc v3veHeHuss MX maeT Herpe-
PbIBHO HE3ABWCVIMO OT TOT0, UCrosb3yeTcs i CU v OHO XpaHUTCH Ha
cknage. CeolictBo C coxpaHsThb 3Ha4eHVs Nokasaresield 6e30TKasHoC-
TW, OONFOBEYHOCTU 1 PEMOHTOMNPUIOAHOCTM B TeUeHVe 1 Mocse XpaHe-
HWSI 1 TPaHCMOPTUPOBAHUS Ha3bIBAETCH €0 COXPaHSEMOCTbiO.

Mpexkae yYem neperT K paccMOTPEHUIO MoKasaTtesiell, XapaKTepusy-
FOLLMX METPOSIOMMYECKYH0 HaaeXHOCTb CYl, HeoBX0AMMO BbISCHUTL Xa-
paKTep n3MeHeHus1 Bo BpemeHu ero MX.

13.2. iameHeHne MeTpPOoIornYecKnX XapaKTepuctuk
CpeAcTB N3MepeHU B npouecce akcnayaTauum

MeTposiornyeckue xapakrepuctukn C MoryT M3MEHSTLCA B Mpo-
Liecce aKcrylyatauyn. B panbHeliliem 6yfeM roBopUtb 0 U3MEHEHMSX
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norpewHocTn A(t), nogpasymeBasi, UTO BMECTO Hee MOXeT ObITb aHas10-
rMyHbIM 06pa3oM paccmoTpeHa nwbasa gpyrasd MX.

CnepyeT 0OTMETUTb, YTO He BCE COCTAB/IANOLME NOrPeELLHOCTY MoaBep-
>KEHbl M3MEHEHMI0 BO BpeMeHU. Hanpumep, MeToAMYeCKMEe MOrpeLLHo-
CTW 3aBUCAT TOJ/IbKO OT NCMNOJIb3YEMO METOANKN n3MepeHus. Cpean VH-
CTPYMEHTa/IbHbIX MOrpelHOCcTeld €CTb MHOr0 COCTaB/ISANLUX,
NPaKTUYecKn He NoABEPXKEHHbIX cTapeHuto [5], HanpumMep pasmep KBaH-
Ta B UMMPOBLIX Npnbopax n onpegensdeMas UM MorpewHocTb KBaHToBa-
HUSA.

MN3meHeHe MX cpeacTB M3MePEHU BO BPEMEHWU 00YC/IOB/IEHO MpPO-
LeccaMy CTapeHMs B ero y3nax v sfieMeHTax, Bbl3BaHHbIMW B3auMogeii-
CTBUEM C BHELLHEelN OKpy>Xalolien cpefoii. 3T npoueccbl NpoTeKawT B
OCHOBHOM Ha MOJIEKY/IAPHOM YPOBHE U He 3aBUCAT OT TOro, HaxoauTcsA
nv CU B akcnlyataumm nam XpaHUTcsa Ha KoHcepsauun. CrefoBaTesib-
HO, OCHOBHbIM (haKTopoM, ornpefenswwmm ctapeHue CU, asnseTcsa Ka-
neHAapHoe BpeMsA, npollefilee ¢ MOMEHTa UX WU3rOTOBJ/IEHUA, T.e. BO3-
pact. CKOpPOCTb CTapeHusa 3aBUCUT MpeXie BCero oT WCMOosib3yeMblX
mMatepranoB 1 TexHonoru. ViccnepgosaHus [96] nokasann, 4to Heobpa-
TUMble MPOLLECChI, U3MEHSIOLLME MOrPeLlHOCTb, NPOTEKAOT 0YEeHb Mef-
JIeHHO U 3aduKcnpoBaTb 3TV U3MEHEHUA B Xofe aKcnepumeHTa B 60/1b-
LUMHCTBE C/ly4aeB HEBO3MOXHO. B cBA3M ¢ 3TUM 60NbLIOE 3HAYEHUE
nprnobpeTalnT pasnNnUyHble MaTteMaTuieckme MeToibl, Ha OCHOBE KOTOPbIX
CTPOATCA MOAENN U3MEHEHMS MOrpeLlHocTeli 1 NPon3BOAUTCA MPOrHO-
31MpoBaHMe MeTPOJIOrMYEeCKMUX 0TKa30B.

3ajava, pellaemasn npu onpefeneHUN MeTPosIorMyYecKom HaaexHo-
cTn CU, cOCTOUT B HaxOXAeHUW HaudanbHbIX U3MeHeHuin MX un no-
CTPOEHUN MaTeMaTUYECKON MOAENN, SKCTPAMNOAMPYIOLLENA NOSTyUYEeHHble
pe3ynbTaTbl Ha 60/bLION MHTEpPBaN BpeMeHU. M0CKONbKY U3MEHeHMe
MX BO BpeMeHW — cny4daliHblii npouecc, TO OCHOBHbIM MHCTPYMEHTOM
MOCTPOEHUNS MaTeMaTMYeCKUX MoAesiel SABMSIETCA Teopus CryyYalHbIX
MpoLLeccoB.

M3meHeHue norpewHocTn CW1 BO BpeMeHU npeacTaBiseT coboii HecTa-
LMOHapHbIV cnyyvaliHbli npouecc. MHOXECTBO ero peasinsauunii nokasaHbl
Ha puc. 13.1 B BMAe KpuBbIX \ Moaysei MorpewwHocTn. B Kaxablii mMo-
MEHT tj OHN XapaKTepn3yTCA HEKOTOPbIM 3aKOHOM pacnpeieneHunsa rnaoT-
HocTu BepoATHocTM p(4, tj) (KpmBble 1 1 2 Ha puc. 13.1,a). B ueHTpe
rnosiochbl (Kpueas ANJt)) HabnogaeTcss HambosbLUas NIOTHOCTL MOABNEHUSA
norpeLuHoCcTelr, KoTopas NocTeNeHHO YMeHbLUaeTecs K rpaHuLamM nonockl,
TEOPEeTUYECKU CTPEMSACH K HYJIH0 NpU 6ECKOHEYHOM yAasileHUU OT LeHTpa.
BepXHAS 1 HWKHAS FpaHWubl Mofockl norpewHocTeri CU moryT 6bITh
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npeACTaB/ieHbl UL B BUAE HEKOTOPbIX KBAHTU/bHbLIX FPaHuL, BHYTPU
KOTOPbIX 3ak/itodeHa 60/bLlias YacTb MOrpeLLHoCTeN, peasin3yemMblx ¢ Ao-
BEpUTE/IbHOM BEPOSITHOCTLIO P. 3a npefenamu rpaHuny, ¢ BepOSITHOCTbIO
(1 - P)/2 HaxogsTcs MorpeLLuHocT Hanbonee yaaneHHble OT LEHTpa pea-
nnsauui.

[na npyMeHeHUs KBaHTWU/IbHOIO ONMCAHNA IpaHuL, Mos10Ckl NorpeLw-
HOCTEN B KaDKAOM ee ceveHUn tt Heo6Xo4VMO 3HAaTb OLIEHKN MaTeMatu-
YeCKOro OXKMAaHNs A~tj) U CKO oActj) OTAENbHbIX peanu3aumini -~ 3Ha-
YeHre MOrpeLlHOCTM Ha rpaHuLax B KadKaoM cedyeHUn ts paBHO Ar(”) =
= ACY) = KOA(™Y), rAe K — KBAHTWU/bHBIA MHOXWUTE b, COOTBETCTBYIOLLIA
3a/1aHHOI [JOBEPUTEIbHOM BEPOATHOCTU P, 3HaueHM e KOTOPOro CyLLIECTBEH-
HO 3aBUCUT OT BMAA 3aKOHa pacrpefesieHnst MorpeLLHocTe Nno ceveHu-
AM. OnpeaennTb BAZ, 3TOMO 3aKoHa Mpuv UcCef0BaHNKM NPOLLECCOB cTape-
H1A CU NpaKTUYeCKU He MpeacTaBnseTcsd BO3MOXKHbIM. 3TO CBA3aHO C
TEM, YTO 3aKOHbI pacrpefeneHNss MOryT MpeTeprnesaTb 3HAYNTESbHbIE
N3MEHEHUSA C TeYEeHNEM BPEMEHMU.

[N pelleHns gaHHo npobiembl npegnaraetcs [5, 96] ucnonb3oBaTh
obLee ANS1 BbICOKOIHTPOMUIAHBLIX CUMMETPUYHBLIX 3aKOHOB pacrpeaere-
HUA (cM. pasg. 9.1) cBOCTBO, COCTOSILLEE B TOM, UTO MpW A0BEpUTENIbHON
BepoATHOCTK P=0,9 5%- 1 95%-Hblii KBaHTW/IMN OTCTOAT OT LiEHTpa pac-
npepeneHusa Acp(t) Ha +1,s 0 At) .Ecnn npepnonoXuTb, YTo 3aK0H pacrpe-
[JeneHvist MorpeLLIHocTeit, AehopMMpPYSCb CO BPEMEHEM, OCTAeTCS BbICOKO-
SHTPOMUIAHBLIM Y CUMMETPUYHBIM, TO 95% -Hblii KBAHTWb HECTALIOHAPHOIO
Cy4ariHOro NpoLecca N3MeHeHMs MOrPeLLIHOCTY BO BPEMEHW MOXKET ObITb

onvcaHa ypaBHeHVeM [ s (t) = Acp(t) + 1,6aA(t).

MeTpO/I0rMyecKuii 0TKas HacTyrnaeT Npy NepeceyeH Kpmneo A nNpsi-
MbIX +0lp OTKasbl MOryT HacTynaTtb B pa3/iNyHble MOMEHTbI BpeMeHN B
AvanasoHe oT Jo trrax (cm. puc. 13.1, a), Npryem 3TV TOUKU SABMIAKOT-
ca To4UKamK repecedeHns 5% - 1 95% -HOro KBaHTW/EN C INHMEIA Aonyc-
TMMOFO 3HaYeHUs norpeLuHocT. py AOCTUXKEHUN KpuBO AgsSt) fony-
cTumoro npegena A,py 5% NprbopoB HacTyrnmaeT METPOIOMMYECKNI 0TKa3.
PacnpeneneHne MOMEHTOB HaCTyM/eHMsS TakuUX 0TKa30B GyfeT xapakTe-
pr130BaTbCs MI0THOCTBLIO BEPOATHOCTU P,,(t), NokasaHHoM Ha puc. 13.1, 6.
Takum 06pa3om, B KayecTBe MoAeN HeCTaLMOHAPHOro cyYaliHoro npo-
Liecca M3MeHeHMs1 BO BpeMeH Mogynst norpeluHoct CU LienecoobpasHo
1CM0/1b30BaTh 3aBYCUMOCTb M3MEHEHWS BO BpeMeHWN 95% -HOro KBaHTW/A
3TOro npotecca.

INMoka3zaTenn TOYHOCTW, METPOSIONMYECKO HAOEXXHOCTU U CTabub-
HocTn CU1 cOOTBETCTBYHOT Pa3/INyHbIM (OyHKLIMOHaIaM, NMOCTPOEHHbIM Ha
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Puc. 13.1. Mogesib U3MeHeHUS NOrPeLLUHOCTU BO BpeMeHW (&), NJI0THOCTb pac-

npefeneHnss BpeMeHW HacTynIeHUA MeTpPosIornyeckmnx oTkasos (6), BeposT-

HOCTb 6e30TKa3HOWM pPaboTbl (B) N 3aBUCMMOCTb MHTEHCUBHOCTU METPOsIornye-
CKMX 0TKAa30B OT BpeMeHU (r)
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TpaekTopusax n3meHeHnst ero MX A™M). TouHocTb CU xapakTepusyeTca
3Ha4eHVeM MX B paccmaTpriBaeMblii MOMEHT BPEMEHM, a Mo COBOKYTHO-
CTW CPEeACTB M3MEPEeHUIA — pacrpefesieHneM 3TUX 3HaYeHW, npescTas-
JIeHHbIX KPUBOW 1 /181 HAYas/IbHOro MOMEHTa W KPVBOW 2 /11 MOMEHTA
tj. MeTposornyeckasn HafeXXHOCTb XapaKTepu3yeTcs pacrpeseieHeM Mo-
MEHTOB BpPEMEHW HAaCTYI1IeHUS METPOSIOrMYECKMX OTKas30B (CM. puc.
13.1,6). CrabunbHocTb CU xapaKTepmsyeTcs pacripese/ieHVeM rpvpa-
LeHW MX 3a 3afaHHoe Bpemsi.

13.3. MaTemaTunueckme Mofesin U3MEHEHUS1 BO BPEMEHU
NMOrpeLHOCTN CPEACTB U3MEPEHUIA

13.3.1. J/InHeliHasa Mogeslb U3MEHEHNS MOFPELLHOCT U

B 06L1emM Brae Modesib MOrpPeLLHOCTY AQes(t) MOXKET 6bITb NpeacTas-
neHa B Buge Aoks(t) =[5 + F(t), roe On — HauasibHasi MOrpeLuHocTb

CW; F(t) — cnydaiiHas anst coBoKyrnHocT CU gaHHOro Tvina goyHKUmA
BpemeH, 06yCoB/IeHHas (IN3MKO-XUIMWNYECKVIMI MPOLIECCaMM MOCTerNeH-
HOro M3Hoca W CTapeHUst 3/1eMEeHTOB W 6/10K0B. o/TyumnTb TOUHOE Bbipa-
>XeHve ans yHKupm F(t) ncxopa m3 MBNYecKmX MoAesei MpoLeccoB
cTapeHVs MpaKTUYeCKX He NpeacTaBseTcs BO3MOXKHbIM. [oaTomy, oc-
HOBbIBaSACh Ha AaHHBIX 3KCMEPUMEHTAVTbHBIX VCCef0BaHUA N3MEHEHWS
MOrpeLUHoCTeld BO BpemeHW, iyHKUMIO F(t) annpokcuMmnpytoT Toi win
WHOIA MaTeMaTN4eCKOW 3aBMICUMOCTBHO.

MpocTeiiLLeli Moaesbo U3MEHEHVS NOMPELLIHOCTU SB/SIETCS SIMHeHas:

MNogs™N) = Ag+ Vi, (13.1)

rAe V — CKOPOCTb M3MEHEHMA MOrpeLlHOCTW. Kak rokasasin nposeseH-
Hble vccnefosaHVA [5], JaHHas Mofesb YAOBETBOPUTEBHO ONMCLIBAET
crapeHve CI1 B Bo3pacTe OT 0AHOro A0 NATWU NIET. VCrnonb3oBaHve ee B
ApYrnx AnanasoHax BpeMeH HEBO3MOXKHO BBIAY SIBHOIO MPOTUBOpeYs
MeXay orpefenieHHbIMA 10 3Tor hopMyrie U KCrepUMEHTa TbHBIMA 3Ha-
YeHNAMU 4aCTOTbl OTKA30B.

MeTposiormyeckie 0TKasbl BO3HUKAOT MEproanyeckn. MexaHm3m nx
NepyvoaMYHOCTA WITTKOCTPUPYET puc. 13.2, a, rae npsiMoi JIMHWERA 1+ no-
KaszaHo M3MeHeHve 95%-HOoro KBaHTWAS MpW NMHelHOM 3akoHe. [pn
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Puc. 13.2. JIMHelHbII (a) 1 3KCMOHeHUMarbHbINA (6, B) 3aKOHbI M3MEHEHWS
MOrpeLLUHOCTA

MeTPO/IOrMYecKOM 0TKase rnorpewHocTb AgggClt) npeBblllaeT 3HayeHue
Amp=[o+/[3, roe [k — 3Ha4yeHue 3anaca HOPMUPYEMOro npejena norpetu-
HOCTW, HeobxoamMmoro Ans obecneyvyeHUs A0AroBpeMeHHol paboTocno-
cobHocT CU. TMpn KaXKaoM Takom OTKase Mpou3BOAUTCA PEMOHT MNpuU-
6opa 1 ero NorpewHoOCTbL BO3BpaLLaeTCsa K MCXO4HOMY 3HAUYEHUIO Mo
npowecTsnn BpemeHn T_= tj—i_: ONATb NMPOUCXOLUT O0TKa3 (MOMEHTHI
ti> t2>ts n T.4.), Nocne KOTOporo BHOBb MPoM3BOAUTCA PeMOHT. CrefoBa-
TeNbHO, MpoLecc U3MeHeHMsA norpewHocTn CU onucbIBaeTCs JIOMaHomn
NVHWen » Ha puc. 13.2, a, KoTopasi MOXeT ObITb NpeAcTaBfeHa ypaBHe-
HVem

Ibos(1) = I +nA3, (13.2)

rge N — 4ucao oTkasos (Mnm pemoHToB) CW. Ecnm ymcno oTKasoBs
cyMTaTb LiefibiM, TO 3TO YpaBHeHMe ONMUCbIBAET ANCKPETHbIE TOUKU Ha
npamoin 1 (puc. 13.2, a). Ecnm »e ycnoBHO MPUHATb, YTO M MOXXET
nPUHUMaTb U gpobHble 3HaYeHUs, To opmyna (13.2) 6yaeT onuckl-
BaTb BCIO NPAMYI0 1 M3MEHEHWUSA NOrPeLHOCTU Ao os(t) MPU OTCYTCTBUN
0TKa30B.

UacToTa MeTPO/IormMyeckmx 0TKasoB yBe/IMumBaeTcsi C pocTOM CKOpO-
CTM V. OHa CTO/Ib >Ke CU/IbHO 3aBUCUT 0T 3arnaca HOPMUPYEMOro 3Haue-
HUSA NOrpewwHocTN [k NO OTHOLEHUID K (PaKTUYEeCKOMY 3HA4YeHMIo Mo-
rPewHOCTN CpeacTBa U3MEpPeHUn A HA MOMEHT W3roTOBJIEHUS WX
OKOHYaHUS peMoHTa npubopa. MNMpakTuyeckne BOSMOXHOCTY BO3AENCTBUSA
Ha CKOPOCTb M3MEHEHUs V WM 3anac norpewwHocTn [k coBepLUeHHO pas-
NN4HbIl. CKOPOCTb CTAPEHUA ONpeaenisieTcs CyLlecTBYIOWEN TeXHOA0rn-
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el npom3soAcTBa. 3anac MOrpeLuHoOCcTV 4719 NepBOro MeXXPeMOHTHOr0
VIHTEepBas1a OrpejesIsieTca peLleHNAMN, NPUHATLIMK npovsoauTenem CU,
aNsa Bcex NocriefyroLmnx MeXXPeMOHTHBIX NHTEPBaUI0B — YPOBHEM KY/1b-
TYPbl PEMOHTHOW C/Y>6bl MO/IL30BATESS.

Ecnun meTponornyeckas cnyxba npegnpusatms obecrnevvsaeT nNpuy pe-
MOHTe norpeluHocTs CI, paBHyIO MOrpeLlHOCTU AQ Ha MOMEHT U3roToB/Ie-
HWSA, TO YacToTa METPOSIONMYECKUX 0TKa30B OyAeT Masioi. Ecnm >xe npu
pemMoHTEe N1LLb 06ecneymBaeTcs BbINoHeHve ycnosus o» (0,9... 0,95),7,
TO MOFPELUHOCTb MOXKET BbIATY 3a Npeaesbl A0MYCTUMbIX 3HAUEHWIA YKe B
6nmkaiilume mecsubl akernyataumm CU v 60MbLUYIO YacTb MEXKMOBEPOY-
HOro MHTEPBaU1a OHO BYAET SKCI/TyaTMPOBATLCA C MOTPELLHOCTLIO, MPEBbI-
LLIAOLLE ero Knacc TOMHOCTW. M03TOMY OCHOBHBLIM MPaKTUYECKUM Cpef:-
CTBOM [AOCTVDKEHUS1 [0/ITOBPEMEHHON METPO/IONMYECKOM MCNPaBHOCTM
cpeAcTBa M3MepeHNIA SBMISIETCSA obecneyeHrie JOCTaTOMHO 60/1bLLONO 3ana-
ca [k, HopMMpyemoro no OTHOLLEeHWO K npegeny AN

MocTeneHHoOe HemnpepbIBHOE pacxofoBaHWe 3TOro 3araca obecrieymsa-
€T Ha HeKOTOpbIli onpesenieHHbIR Nepyos BPeMEHU METPOSIOMNYECKN UC-
npasHoe cocTosiHWe CU. BeayLume npmbopocTponTebHbIe 3aB0fbl obecre-
ymsatot [5] & = (0,4...0,5),,p, 4TO Npu cpeaHer CKOPOCTM CTapPeEHUS vV =
= 0,054rP'rog, no3BosSET NosyyaTb MEXXPEMOHTHbIV UHTepsan Tp= Jgv —
=s... 10 JIET W YacToOTy 0TKa3oB WL :/T'—o 1 ... 0,125 rog-1.

Mpy n3MeHeHMM norpeLuHocTM CU B COOTBETCTBUM C chopmysioii (13.1)
BCE MEXXPEMOHTHbIE MHTePBasibl TPOYAYT paBHbI MeXay co60i, a yactoTa
METPOSIONMYECKUX 0TKa30B to = 1/T_ 6yfeT NOCTOSIHHOW B TeYEHME BCEro
Cpoka aKcnyaTaumn. OgHaKo nposeeHHbIE 3KCNEePUMEHTasIbHbIE UCC/e-
[oBaHWs [5] Nokasasiv, YTO Ha NPaKTUKE 3TO He BbINO/THSAETCS.

13.3.2. OKCNoHeHUManbHaa Mofesib U3MeHEeHUs MorpewwHocTun

B peanbHOCTM AN OAHMX MPUBOPOB MEXPEMOHTHbIE WUHTEPBasIbI
YMEHbLLIAKTCS, 415 APYTUX — YBE/TMUMBAIOTCS. 3TO MOXKET ObITb 06bSC-
HEHO TeM, YTO NorpeHocTb CU ¢ TeueHeM BPEMEHU 3KCMOHEHLNaTbHO
BO3pacTaeT Unn ybbiaeT. MNpn yCKopSOLLEeMCs Bo3pacTaHWM MorpeLLHo-
ctn (pnc. 13.2,6) KakAblii Mocriedytowmnii MeXXPEMOHTHbIA MHTepBas
KopoYe npeablayLiero, 1 vyactota MmeTponormnyeckux otkasos ffi(t) ¢ Te-
YyeHVieM BpeMeHW BospacTaeT. [pu 3amesileHHOM BO3pacTaHUM MorpeLu-
HocTu (puc. 13.2,B) Kadkablidi MOCNEAYOLNIA MEXXPEMOHTHbIN MHTEpBaU
L/IMHHee NpeablayLLero U Yyactota MeTPOIOrMYeckmMx 0TkasoB oot) ¢ Te-
YeHNeM BPeMEHU YObIBAET BMJ/IOTb 0 HY/IS.
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[Nsi pacCMOTPEHHbIX ClyYaeB U3MEHEHUS MOrPELLIHOCTA BO BPEMEHU
OMUCLIBAOTCA Ha OCHOBE 3KCMOHeHLMasnibHO Mofenn. B Heli yactoTa
METPOMOrMUYECKUX 0TKA30B

co(t) = cweat, (13.3)

rae <o — 4actoTa MeTpPOSIOrMYECKUX 0TKa30B Ha MOMEHT WU3roTOB/IEHUS
cpeacTBa U3MepeHuin (T.e. Npu t=o), rog-1; a — MoONOXKUTENIbHOE WU
oTpULAaTesibHoe YCKOPeHWe npoLecca METPOSIONMYECKOro CTapeHust, roa-1.

Uwucno oTkasoB n(t) onpeaensieTcs yepes 4acToTy oTKasos (o(t) u npu
€e 3KCrMOHEeHUNa/IbHOM M3MeHeHUU cornacHo copmyne (13.3), paccun-
ThiBaeTCA Kak

t t
n(t) = J co(x)dt =] @ealdr = — (eat- Ij.
0 0 a

Toraa n3meHeHve B0 BpemeHu norpetuHoctn CU ¢ yyetom chopmyribl (13.2)
nmMeeT BUA

Aoss(t) = [lp+ n(DAs = [lp+ A” (e “ *)- (13-4)

YKasaHHasa 3aBMCUMOCTb NMoKasaHa KpuBbiMM 1 Ha puc. 13.2,6 1 B.

MpakTnyeckoe mcnosib3oBaHue opmysbl (13.4) TpebyeT 3HaHUA Ye-
ThIpeX napameTpoB: Ha4asIbHOro 3Ha4YeHMA norpewHocT (Ag), abcontoT-
HOro 3anaca norpewHocTn (3, HayasIbHOW YacToTbl METPOSIOTNYECKUX
oTKa30B (000) Nnpu t=0 1 yckopeHusa (a) npougecca cTapeHUs. YpaBHEHUS
N5 onpefienieHnst Ha3BaHHbIX NapameTpos, nosy4vaemble u3 (13.4), oka-
3bIBAKOTCA TPAHCUEHAEHTHLIMW, YTO CYLLECTBEHHO 3aTPYAHSAET UX Npu-
MeHeHwe.

C ue/bio YNpoLeHNsA NCNo/b30BaHUs ypaBHeHNS (13.4) HeobxoaAnMMO
pasnNoXnTb B PAL IKCMOHEHUMAIbHYIO (DYHKLUMIO N B3ATb TPU MNEPBbIX
ysieHa aToro pasfnoxxeHusa. B pesynbTare 3aBUCUMOCTb MorpewHocTn CU
0T BpemeHu OyJeT npeicTasfieHa B BUae

Aoss(t) = [ + Asaolt + Ascovatz / 2= Ao + vt +am / 2, (13.5)
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rge v — HavanbHas CKOpPOCTb BO3pacTaHWs MorpewiHocTn, %; ag— ab-
COJIIOTHOE 3HaYeHVe YCKOPEHUS WU3MeHeHUs norpewHocTn, %. B yacT-
HOM cniydae, Korga a = 0, (13.5) npeBpallaeTcs B IMHEHOe ypaBHEHWe
Bmga (13.1).

BblparkeHue (13.5) NMeET SCHbIA (U3NYECKMIA CMbIC/T 1 MO3BOJISIET MNy-
Tem annpokcMaunmn akcnepuMeHTasIbHbIX AaHHbIX 0 norpeluHocTax CU 3a
10-15 nieT Nosy4YmTb OLLEHKN KOI(P(IMLIMEHTOB V 1 af, a Mo HUM paccumTaTb
napameTpbl ypasHeHus (13.4) B sBuge = v/, v a = ag/(As(0).

PacueT BpeMeHM HaCTyneHNs METPOSIOrMYECcKOro 0TKasa CBOAUTCSA
K onpefesieHNio MOMEHTOB MepeceyeHnss KPUBOA A0ss(t) MOCTOSAHHbIX
yposHen o+ 03 Mo-+2 [k, ..., Jo+ nd3 OHM MOryT 6bITb HaliaeHbI nyTem
COBMECTHOr0 pelleHust ypaBsHeHui (13.2) v (13.4). MoMeHT HacTyne-
HUSA N-ro 0TKas3a W COOTBETCTBEHHO A/INTENIbHOCTb MEXPEMOHTHbIX Me-
pYoaoB MOXHO onpeaennTb Mo copmMynam

(13.6)

Cpok cny>k6bl C1 — 3T0 KasleHAapHoe BpeMsi, npoLuestlee ¢ MOMeH-
Ta ero WU3roToB/IEHWNS A0 KOHLA aKcriyaTaumn. Mpy nonoXuTenibHoOM
YCKOpPEHMK npoviecca ctapeHus (cm. puc. 13.2,6) yactoTa 0TKas0B C yBe-
NNYeHVEM CpoKa CNy>k6bl BO3pacTaeT U Mo UCTEUYEHUN BpemeHn Talero
NMPUXOANTCA HaCTO/IbKO YacTo PEMOHTMPOBATL, UTO 3KCMyaTauust cta-
HOBUTCSI 3KOHOMUWYECKM HEBbIFOAHOM, Tak KakK AeLleB/ie KynuTb HOBbIN
npubop. IKoOHOMUYeCKasi Liesieco06pa3HOCTb PEMOHTA OMNpeaensieTcst oT-
HOLLEeHWeM cpefHel CTOMMOCTU 04HOr0 PeMOHTA CPK CTOMMOCTU CHHOBO-
ro cpeacTea U3MepeHWnid, Ha3BaHHOro [5] OTHOCUTEbHOM Fy6UHOIA pe-
MOHTa ¢ = cp/cH. CpoK cny>k6bbl C

(13.7)

Peluass nonyyeHHoe ypaBHEHWE COBMECTHO C MEPBbIM BbIPaXKeHUEM
n3 (13.6), MOXKHO paccumTaTb 06Llee YMCIo 0TKasoB (peMoHToB) CU B
TeyeHue cpoka aKcnayaTaumn.

Mpumep 13.1. /19 3/1eKTPOMEXaHNYECKUX N3MePUTESTbHBIX MPUBopoB Mar-
HUTO3/IEKTPUYECKOM CUCTEMbI Kacca TouHocT 0,5 rybrHa peMoHTa cocTaBs-
et ¢ »0,3... 0,4; yacToTa METPOSIONMYECKMX OTKA30B HA MOMEHT W3roTOB/IEHNA
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C10p«0,11 rog , yckopeHue npouecca ctapeHnst a~ 0,19 rog 1 Onpegenuvte
CPOK CAY>K6bl TakMx NprOopoB 1 06LLEE YNC/IO OTKA30B.

Cpok cny>xbbl npubopa paccumTbiBaeTcs Mo dropmyse (13.7):

T = 1/ne s «©41-0,19 w1263 roga.

YpaBHeHVEe 151 pacyeTa 06LLIEro YMC/ia 0TKA30B UMEET B[,

ne= = pxp(a/™ac(o0) - 1],

MoacTaBMB B HETO BCE UMC/IOBbIE AAHHbIE, MOTYUNM

nr= 0. [exp(0,19/1/0,19 0,3 0,11)-11 =0,579(ess -1) =5,8.

JaHHble pacyeTa COOTBETCTBYIOT 3KCMepUMEHTas/IbHbIM JAaHHbIM, COrfiacHoO
KOTOPbIM CPefHW CPOK CNY>KObl paccMaTpuBaeMbIX MPUOOPOB COCTABSET 11 -
12 neT, B TeYeHWE KOTOPbIX OHY MMEIOT 1Mo 4—6 PeMOHTOB.

Mpwv oTpuLaTesibHOM YCKOPEHUU npouecca ctapeHns C MeXXpemoH-
THbI Nepuog yBenuumBaeTca. ocne HEKOTOPOro Yncna peMoHTOB ME OH
CTaHOBUTCA 6ECKOHEYHbIM, METPO/IOrMYecKme 0TKasbl He BO3HMKAT Y
CW paboTaeT o Tex nop, rnoka MopasibHO He yctapeeT. B sTom cnydyae
(a <o) 4YnCI0 METPOIOrNYECKMX O0TKa30B

s =pmn0=fiy -

MorpewHocTb CU cTpemMmnTCcAa K npeaeny, paBHoMy, cornacHo (13.4),

Ao,es(°°) = [o- = s =00+M00A3. (13.8)

JKCNoHeHLManbHasi Mofesib npolecca CTapeHusi No3BossieT onu-
caTb U3MeHeHUs1 norpewHocT CU npu yBenMYeHUM ero Bospacra oT
roga v npakTuyeckn Ao 6eckoHeyHocTH. OfHAKO JaHHas Mofenb nmve-
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eT pag HegoctaTtkos. Ana CU ¢ oTpuuatenbHbIM YCKOPEHVEM MpoLec-
ca CTapeHUus oHa MPOrHo3vpyeT npu t —<» CTpemsieHne norpeLlHoc-

TV K npegensHoMy 3HadeHuo (13.8). B 1o >xe Bpemsi ana CU ¢ nono-
YKUTENbHbIM YCKOPEHWEM MOAESb MPOrHO3MpYyeT HeorpaHuyeHHoe
BO3pacTaHMe MOrpeLlHoCTY C TeYeHNEM BPEMEHU, UTO MPOTUBOPEUUT
NpPaKTUKe.

13.3.3. Jlorucrunyeckasa MoLenb U3MEHEHUS MOrPeLlHOCT U

HekoTopble U3 HegoCTATKOB 3KCMOHEHLMaIbHOM MOAENN CTapeHUs
yAaeTcs yCTpaHUTb Mpy MCNONb30BaHMM TaK HasbiBaemoii [5] normcTu-
yeckoii mogenn. Kpusble, onucbiBaloLLMe MpoLecc M3MeEHEHNS MOorpeLu-
HocTM CU 1 4yacToTbl 0TKa3oB, npueefeHbl Ha puc. 13.3. B obnactu
MasibIX 3Ha4YeHMn norpelHocTn (o ,2- 1 %) 3aBUCMMOCTb A0 gs(t) aKcmo-
HEHLMasbHO YCKopsieTcs, a B 061acTh 60/1bLLINX 3HAYEHNIA — IKCMOHEH-
LUMa/ibHO 3aMef/IsieTcs U MpY oYeHb 60M1bLUNMX 3HAYEHNSAX BPEMEHU Bbl-
XO4MUT Ha HEKOTOPbIM NMpeaesibHbIA YPOBEHb, BbiLLie KOTOPOro NOrpeLuHoCTb
He Bo3pacTaeT. KpuBas 4acTtoTbl METPOSIOrMYECKNX OTKAa30B (CM. puc.
13.3) npu manbIx 3Hade-

HMAX BpeMeHW Bo3pacTa-
eT, fJocTurasi CBoero Mak-
cMMyMa npu HeKOTOPOM
3HayeHuUmn Tc, nocsie KOTo- AcC
poro HauynHaeTcs cnag ao
HyNS. Y4acTKuU KpUBOW
Aozs(t), COOTBETCTBYIOLLME 4
AvanasoHam : N 2 n3Me-
HEHNSA BPEMEHU, He 065- ¢
3aTe/IbHO [J0/KHbI ObITb
CUMMETPUYHbI OTHOCU-
TesibHO ToukK (4,., Te). Yc-
KOpeHUs npoLecca crape-
HUA ar U a2, Kak Npasusio,
MMetoT pasHble 3HaYeHUs.
YacTtoTta meTtposioru-
YeCKMX O0TKa30B Ha yyac- o
TKax : N 2 COOTBETCTBEH-

Puc. 13.8. flornuctnyeckas mogesib BpEMEHHOIo
HO gaBHa A P

N3MEHEHUA NOrpewHoOCcTn
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ffli(t) = i€ 1 » ~ ®o2€ 7, (13.9)

roe oo0l, (Qp — HavasbHble YacToTbl METPOSIOFMYECKMX 0TKA30B Ha yua-
cTKax 1 un 2. Abcumcca TOUKM, pasfensiiollelt asa yyacTka,

1n(co02/co01)
To e — oo (13.10)

Mcnonb3ysi napaMeTpbl I0FUCTUYECKOW MoZenn mnpoLlecca crape-
HWA, MOXXHO 0H60CHOBAHHO MPOrHO3MPOBaTb MOMEHTbI HAaCTYMNeHUs
METPOJIOrMYECKUX O0TKa30B th U M3MeHeHMe ¢ BO3pPacToM HapaboTKuM Ha
0TKa3 Trn MOMeHT HacTynneHUs N-ro MeTposiIorMyYeckKoro oTkasa npu
t<T.wnt>T_onpegenserca cOOTBETCTBEHHO MO hopMyiam:

tn:—l*n(’?+in]; %(" :_1i'n?‘an_n")_

al VvV mO1 az2 ®02
Apn n, =201 {@FE _ f) - 02 gazr
a2

[ONTeNbHOCTL MEXXPEMOHTHbIX MHTepBavioB Npn t < Tcu t > Tc:

173

R i— . T,=—Inln“-n
v n~@oi/&) "oax —+.”

rae N — rnopsiKoBbIA HOMEP peMOHTa.

MpoBeaeHHbIe sKCrepUMeHTasIbHbIe UccefoBaHWA [5] nokasanu, 4To
ONNTENBHOCTb MEXXPEMOHTHbIX MHTEPBA/IOB, HAYMHAA CO BTOPOro, MOHO-
TOHHO M YCKOPeHHO Bo3pactaeT. OT/imyve rnepsoro UHTepBsasia oT rocsie-
AYHOLLMX COCTOUT B TOM, YTO Ha Hem CU paboTaeT ¢ 3anacom HopmMupye-
MOr0 3HayeHWs MOrpelHocTH, obecneyeHHbIM W3roToBuUTesneM. Ha
OCTa/TbHbIX MEXPEMOHTHbIX MHTepBasiax 3TOT 3anac obecrneynBaeTcs pe-
MOHTHbIMU cy>X6amu NpeanpuaTnA. MHOroKpaTHoe NpeBbILLeHVe nep-
BOr0 WHTepBasia Mo CPaBHEHUIO C OCT&/IbHbIMWU YKa3blBaeT Ha TO, 4TO
PEMOHTHbIe 3anacbkl NOrpeLLIHOCT Ap NpefycMaTpuUBatoTCA BO MHOIO pa3
MeHbLUMMW, YeM 3aBOofCKMe 3anackl [3.
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KpviBasi U3MeHeHUs MOrpeLlHocT Agss(t) B C/lydae MCMosib30BaHUs
norucTuyeckoli mogesv Npu t < Tcm t > Tc MMeeT COOTBETCTBEHHO BUf,

AOS5(1) = A0+ A3— (ea,t"l);

Noss(t) = Jo + A~ (edT - 1)+ [p[n(t) - n(Tc)],

roe n(t)=n,, — ea*l.
a2

Mpy NpakTUYeCKOM MCMO/Ib30BaHUM MPUBEAEHHbIX B 3TOM pasgerne
thopmyn He06X0AMMO MOMHUTB, YTO BXOASLLME B HAX NapameTpbl ABNS-
0TCS OLEHKaMK, KOTOpble AO/TKHbI 6bITb MOyYeHbl Ha OCHOBE 06paboT-
KN 3KCMEepUMEHTasIbHbIX AaHHbIX A8 [OCTAaTOMHO NPefcTaBUTENbHbIX
BbI6G0POK 0AHOTUMNHBLIX CU. Mo3ToMy camy OLEHKW MapamMeTpoB UMEOT
onpefaeneHHbI pa3bpoc, MOCKOMbKY MPEeACTaBsOT cO60M HEKOTopble
CpefHvie OLEeHKM 06CnefoBaHHOM rpynnbl MPUGOPOB, Y OTAENbHbIX 3K-
3eMMASApOB KOTOPbIX MOFYT ObITb BeCbMa CyLLECTBEHHbIE NHANBUAYA Tb-
Hble OTK/IOHEHWUSA NOCTOSIHHbLIX AQ95, 13 a»: 1 al. B cBA3M ¢ 3TUM BCe
paccunTaHHble N0 NpuMBeAeHHbIM (hopMy/aM nokasaTesn JO/HKHbI pac-
CcMaTpuBaTbCA NMLLUb KaK CpefHue NporHo3upyemble BEIUYMHDI.

K HefocTaTKam NI0rMcTUYecKor Mogenm cnegyeT 0THeCTU TO, YTO OHa
He M03BO/ISET ONUCLIBATb U3MeHeHWe norpeluHocT CY 0T MOMeHTa U3-
roTOB/IEHUS1 NpUGopa A0 HECKOIbKUX MECSILIEB ero sKcrtyataumm. 370
CBAI3aHO C TEM, YTO KaK B SIMHEHON, TaK N B 3KCMOHEHLMa/IbHO MOoAe-
N 3HaYeHVe HavyalbHOM MOrpeLLHoCcTM AgCUNTaNock MNOCTOSAHHOW BeNu-
YMHOM, HEM3MEHHOW ¢ MOMEHTa 13rotossieHns CU. B aeicTBUTEIbHOCTY
yKa3zaHHasl MorpeLlHocTb 06pa3yeTcsi M3 pas3/IMYHbIX COCTaB/SIIOLLNX,
BO3HUKALLNX Ha HAaYa/IbHbIX CTaausax akcnyaTaumm CUL.

OfHUM 13 BapMaHTOB OnNucaHMA n3MeHeHUs norpetuHoctn CU, Ha-
YMHasA ¢ MNepBbIX CEKYH[ ero akcrnayataumn, siBNSeTCs CneKTpasibHoe
onucaHme norpewHocTn [5]. OHo NMo3BosISIET NOAPO6HO onmMcaTb MHOrme
0C06EHHOCTM M3MEHEHUWSA MOrpeLUHOCcTM npubopa. MNaBHbIA HefocTaToK
CMEKTPaUIbHOr0 OMMCaHUA COCTOMT B OYeHb 60/bLUOM 06beMe 3Kcnepu-
MEHTa/IbHbIX AaHHbIX, HE0OXOAMMBIX /11 MOCTPOEHUS CMEKTPaslbHbIX
KpPUBbIX.

PaccMoTpeHHble BbiLle MoAenn ABASITCS PasHOBUAHOCTAMU MOAENN
HecTalMoHapHOro MOHOTOHHOI0 MpoLiecca U3MeHeHWsT MOrpeLLHoCcT! BO
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BpeMeHU. VX 06LMiA HeJoCTaToOK — maeanm3aums criydariHbiX npoLiec-
COB M3MeHeHMss MX cpeacTBa M3MEpPEHUIA, KOTOpble MpPeACcTaBsioTCS
MOHOTOHHbIMU. [pY 3TOM He YUYUTbIBAKOTCA IYKTyaLUNOHHbIe, 06paTu-
Mble MPOLLeCCbl U3MEHEHUSI MapaMeTPoB M XapaKTepuCTUK Mpubopos.
JaHHbIA HeJoCTaToOK B TOWM WAW MHOM CTENMeHN ycTpaHeH B MOSIMHOMMW-
aNnbHOW 1 AMdPY3NOHHOM MapPKOBCKOM MOAENsX, a Takxke B MOAENN Ha
OCHOBE MpPOLLECCOB aBTOPErpeccun MPOVHTErPUPOBAHHOIO CKOJ/Tb3SLLENO
cpegHero [96-99].

13.4. Noka3aTeqin MeTPOSIONMYECKON HALEXXHOCTU
CpeacTB M3MepeHunii

B TexHuKe ucnonb3yeTcs 60MbLUOe YMCNO MoKasaTenei HageXXHoc-
T, KOTOpble npuBefeHsbl B ctaHaapte TOCT 27.002-89 “HageXxHocTb B
TexHuke. TepMuHbl U onpeaeneHnsa”. PacCMOTPUM OCHOBHbIE U3 HUX,
Hallealume NPUMEHeEHNe B TEOPUN METPOSIONMYECKON HageXXHoCTU. 3Ha-
HWe nokKasarTesieil MeTpo/I0rMHYecKo HaeXXHOCTU NO3BOJISIET NOTpebuTe-
N0 ONTUMasIbHO mcnosb3oBaTtb CU, nnaHMpoBaTb MOLLHOCTU PEMOHT-
HbIX Y4YacTKOB, pa3mep pe3epBHOro ¢oHga nNpubopoB, 060CHOBAHHO
Ha3Ha4yaTb MeXXMNoBepoYHble MHTEPBasIbl U rPaMOTHO NPOBOAUTL Mepor-
pUATUSA MO TEXHUYECKOMY 06CyXmnBaHuo CUL.

CrabunbHocTb CU xapakTepusyeTcs MOTHOCTbIO pacnpeaeneHus
npupateHua norpetHoctn AJA(D)] = Ao os(t) - Ag

Cpeon nokasateneii 6e30TKa3HOCTU HamborbLlee pacrnpocTpaHeHve
Noy4n/Iv BEPOSTHOCTb 6830TKA3HOW PaboThl, CPeAHSS U ramMmmMa-npoLieH-
THas HapaboTKW [0 0TKas3a M MHTEHCUMBHOCTb OTKa30B. BeposiTHOCTH
6e30TKasHoi paboTbl CU P(t) — 3T0 BEPOSATHOCTb TOrO, YTO B TEYEHUe
BpeMeHU t HOpMMpPOoBaHHbIE MX He BbIMAYT 3a A0MyCKaemble Npeaesbl,
T.e. He HaCTynuT MeTposiormyeckuini otkas. HapaboTKoi HasbiBaeTcs
MPOAC/HKUTENBHOCTL paboTbl CU, a HapaboTKOM 40 0T Kasa — Npogos-
YXUTeNbHOCTb PaboTbl 0T HaYas1a aKcryaraumm [0 BOSHUKHOBEHUA Mep-
BOro OTKas3a.

BeposATHocTb P(t) siBnseTca qiyHKLUMer BpeMeHN 1 3agaeTca aHau-
TUYECKN NNG0 Tabnunuer nnm rpacgukom (cMm. puc. 13.1,8). Hanpumep,
€CNN BEPOSATHOCTb 6e30TKa3HoM pPaboTbl B TEYEHME 1000 Y COCTABNSET
P(t) = 0,97, To 3TO 03Ha4aeT, YTO B cpefHeM K3 6osbLuoro ymcia CU
OaHHOro Tuna okosio 97% npopab6oTatoT 60siee 1000 4. BepoATHOCTb
P(t) n3ameHsieTca oT HyNs [0 eAnHWLbl. Yem oHa 6/1vKe K eguHULE, TeM
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BblLLe 6e30TKa3HOCTb paboTbl CU. Ha npakTuke AOMYyCTUMbIM CHMTAETCA
3HaueHume P(t) >0,9. BeposATHOCTb 6e30TKasHo paboTel CU B nHTepBasie
0T o [0 t onpegensetcs no gopmysie

t
P(t)=1- Q(t) =1- F(t) = 1- JpHt)dt =JpHt)dt,
0 t

roe F(t), pHt) — vHTerpanbHaa n gudepeHupanibHas QyHKUUN pac-
npegeneHns HapaboTKM Ha oTKa3s; Q(t) — BepOATHOCTb OTKasa.

CpefHell HapaboTKOM 40 0TKasa HasblBaeTcsd MaTeMaTUYecKoe 0XKu-
JaHvie HapaboTkn CW fo nepsoro oTkasa:

tqp= JtpHt)dt.
0

MraMMa-npoLeHTHas HapaboTkKa A0 o0TKasa ty — 3To HapaboTka, B
TeueHVie KOTOPO 0TKa3 06beKTa He BO3HMKAET C BepPOSTHOCTbLIO Y, Bbipa-
YKeHHoI B npoueHTax. OHa onpeaesisieTcs U3 ypaBHeHUs!

P(t7)=1- F(tT)=1- JpHt)dt -+ / 100 .
0

Mpuz = 100% rammMa-npoLEeHTHas HapaboTKa Ha3bIBaeTCsl yCTaHOB/IEH-
HOW 6e30TKa3HO HapaboTKoi, a Npn 'y —50% — MeamaHHOM HapaboTKOM.

YacToTa (MHTEHCMBHOCTbL) 0TKa3oB co(t) onpegenserca Kak yc-
JNI0BHasA MIOTHOCTb BEPOSITHOCTU BO3HUMKHOBEHWS1 0TKa3a HeBOCCTaHaB-
nneaemoro CW, Kotopasi HaxoguTca A71s1 paccCMaTpUBaeMoro MoMeHTa
BpPEMEHW MpY YC/I0BUW, YTO [0 3TOF0 MOMEHTa 0TKa3 He BO3HUK:

co(t) = — :—dP(t) = PgCt) _ p (t)/fp ()dt.  (13.11)
P(ty dt. P Fe j J H ; '

BepoaTHocTb Toro, uto CW, npopaboTasLuee 6e30TKa3HO B TeyeHune
BpeMeHU t, 0TKadKeT B MOC/IeAYOLUIA Masibli NPOMEXYTOK BpemeHu dt,
paBHa co(t)dt. BepoATHOCTb 6€30TKa3HO paboTbl BblpadKaeTca uepes
VIHTEHCUBHOCTb O0TKa30B CrieAyoLyiM 06pa3om:
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t
P(t) = exp(-f ca(t)dt).
0

3 Teopun HaAeXXHOCTM M3BeCcTHO [96, 99], UTO MpuU MocTeneHHbIX
oTKasax, K KOTOpPbIM OTHOCATCA WU METPOJIOrMYECKUe 0TKasbl, MJ10THOCTb
pacnpefeneHns HapaboTKNU Ha 0TKa3 pacnpefensieTcd B OCHOBHOM MO
OJHOMY M3 YeTbIpeX 3aKOHOB: IKCMOHeHUVasIbHOMY, HOPMasibHOMY, J10T-
HOpMasibHOMY U 3aKoHY Beiibynina [96]. Bblibop TOro uam MHOro 3akoHa
[O/KEH NPON3BOAUTLCA TO/IbKO Ha OCHOBE 3KCMepUMEHTasIbHbIX UcCe-
foBaHuWi. MNMpy HOpMasIbHOM 3aKOHe

PH) = exp ' (t-T B)7(202)

wcetc
rae Tcp, a — napameTpbl pacnpegeneHnsi. B atom cnydae
P(t) =1- ®[(r- Tcp)/ o],

rge ®(r) — dyHkumsa JSlannaca.
MHTEHCMBHOCTb 0TKA30B OMNUCLIBAETCS BbIpaXKeHNEM, MOSTYHEHHbIM C
ncnosib3oBaHvem gopmysbi (13.11)

Y05 O -(-NY B2DYN - R - T ).

Lns ncnonb3oBaHMA 3TUX HOPMY T HE06XOANUMO 3HATbL CPeAHMUIN CPOK
cny>x6bl Tep n ero CKO 0, KoTopble HaXo4ATCA 3KCNEPUMEHTa/IbHO Mpuv
ucnbiTaHnAX CU Ha HageXXHOCTb.

OCHOBHbIMW NoKas3aTtesIsiM/ [0/1T0BEYHOCTU ABNAIOTCA CpeHMe U ram-
Ma-MpOLLEHTHbIE CPOKU CYXKObl 1 pecypcbl. CPoK Cny>Kbbl — 3TO KasleH-
JapHas npoao/mKNTenbHoOCTb paboTbl C 0T Hadvasia ero skcnsyarauum
[0 nepexoga B npefesibHoe cocTosiHne. OH U3MepsaeTca B rogax uin me-
cAuax. CpefHUM CPOKOM CNy>KObl HasblBaeTCA MaTeMaTuyeckoe oXXuaa-
HVe CpoKa CNy>X6bl

T, =JtUt)dt,
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rae fMt) — NAOTHOCTbL pacnpeaeneHns cpoka Cy>kobl /19 COBOKYMHOC-
T CW1 gaHHoro tuna.

MramMma-nNpoLEeHTHbIA CPOK Cy>KObl — 3TO KasieHaapHasi MPOA0/ K-
TeNbHOCTb OT Havana akcnnyatauum CW, B TeueHWe KOTOPOA OHO He
[OCTUIHET NpPefeibHOro COCTOSAHUS C 3aaHHOM BEpOSITHOCTBIO Y, BbIpa-
YKEHHOM B NpoueHTax. OH onpeaensieTcs U3 ypaBHEHWS

PCW-I- JV»)dt=-I1-.
o

Pecypcom HasblBaeTcs HapaboTka CU 0T Havana ero skcrityaraumm
[0 Nepexofa B npefesibHoe cocTosiHMe. Pecypc NpeacTtaBnsieT coboi 3a-
nac BO3MOXHOW HapaboTku CU. CpefHUM pecypcoM HasblBaeTcsl Mare-
MaTM4yecKoe oXKmMaHue pecypca

%=Jtyt)dt,
0

rae f(t) — nnoTHOCTL pacnpesenieHVs pecypca A7 COBOKYNHocTu CU
[JaHHoro Tuna.

FraMMa-NpPoLEH T HbIN pecypc — 3T0 HapaboTKa, B TeUYeHVe KOTOPOii
CPeACTBO M3MepeHW A He JOCTUIHET CBOero MpeAesibHOro COCTOSIHUS C
3a[]aHHOM BEPOSTHOCTLIO Y, BbIPAOKEHHOM B NpoueHTax. OH onpeaensieT-
CS1 U3 ypaBHEHVIS

.
bW  “550-

CpoK cry>k6bl (CpeaHniA nnmu raMMa-NMPOoLEHTHbIN) aKLEHTUPYET BHMMA-
HVie Ha KauieHAapHOM NMPoLo/MHKUTENBbHOCTU SKCM/TyaTaLmn, BKIHast B cebs,
MOMUMO BpPEeMEHW HEMocpeacTBeHHOM paboTel CU, BpeMsi XpaHeHUs1 ero Ha
cKMage, HaxoXaeHUs1 B BbIK/THOUEHHOM COCTOSIHUW, TPAHCMOPTUPOBKY, pe-
MOHT 1 T.4. Mpy1 HOPMMPOBaHM OH 3aaaeTcA B rogax. Pecypc (cpegHmi wim
ramMmMa-npOLEHTHbI) NPeacTaB/IsSeT CoB0i YMCTYH0 HApaboTKy U3AENS, Ha-
XOJALLErocs BO BK/THOYEHHOM COCTOSAHUN, N HOPMUPYETCA B Yacax.

B Ta6n. 13.1 npuBegeHbl nokasaresin 6e30TKa3HOCTU U A0NroBey-
HOCTW HEKOTOPbIX 3M1eKTPOHHbLIX C Mo AaHHbIM 3aBOA0B-M3roToBUTE-
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Ta6nunuya 13.1
MapamMeTpbl, XxapakTepuaytoLwme 6e30TKa3HOCTb U A0/ITOBEYHOCTb 3/IEKTPOHHbIX CU

CpefHss CpegHuii CpepHuii
Hapa6oTka (v ramma- (1 ramma- npo-
CpefCcTBO U3MepeHNiA Ha 0TKa3, Y4  MPOLEHTHBbIIA) LIEHTHbIN) CPOK
(ron) pecypc, 4 Cny>6bl, rog
YcTaHoBKa A/1s1 NOBEPKU BOMIbTMETPOB 8250 (0,942) 15000 10
B1-9 '
BonbTMeTp yHMBepcasbHbIli B7-16 1000 (0,114) 500 7
leHepaTop HM3KOYaCTOTHbIV M3-109 8000 (0,913) 10000 (y-90%)
eHepaTop BbICOKOYACTOTHbIN 4-153 6000 (0,685) 5000 10
eHepaTop umnynscoB F5-75 5000 (0,571) 10000 10
M3mepuTtens nmmutaHca 67-14 7000 (0,799) 10000 (r=90%) 15 (y=90%)
Ocuunnorpad C1-114/1 5000 (0,571) 10000 (y=95%) 10 (y=80%)
Ocuunnorpad 3anoMmmHawowmii C8-17 1000 10

Ocuwunnorpad umdpoBoii

3anomuHawowmii C9-8 6000 (0,685) - -

Mpu6op 4N M3MEPEHUs NapaMeTpos 1000 (0,114) _ _

AYX X1-40
YactoTomep 43-32 1500 (0,171) 5000 7
Yactotomep 43-57 3000 (0,342) 10000 10

neni. Mpu aHanIM3e 3TUX JaHHbIX c/egyeT MOMHUTb, UTO OHM XapakTe-
pU3YIOT CyMMapHY HaAeXXHOCTb (MeTPONornyecky U HeMeTposioru-
yeckyto). OfHaKo MeTposiormyeckme oTkasbl Npu akcnnyataumm CU
cocTtaBnatoT [5] 6osee 60% Ha TpeTbeM rogy akcnsyartauum u goctura-
10T 96% npwu paboTe 6osee YeTbipex Net. NoaToMy nMpuBeaeHHble AaH-
Hble B 3HAYUTENIbHOW CTENEHM OTHOCATCA K MEeTPONOrn4yecko Hagex-
HOCTW.

B KkauecTBe nokasaTesieii peMOHTONPUIOAHOCTM UCMO/b3YIOTCA BEPO-
ATHOCTb M CpefiHee BpeMsl BOoCcCTaHOB/1IeHMA paboTocnocobHocTn CU. Be-
POATHOCTbIO BOCCTAHOB/IEHMA paboT0CNoCO6HOro COCTOAHUA Ha3blBa-
eTCs BepOATHOCTb TOro, YTO BPEMS BOCCTAHOB/IEHMA PaboToCroco6HOro
coctosaHnAa CU He npeBbICUT 3aaHHoe 3HayveHve. OHa npeacTaBnseT co-
60 3HaYeHVe PyHKLNW pacnpefesieHns BpeMeHW BOCCTaHOBMEHUSA MpuU
t = T3ag, roe T3y — 3a4aHHOe BpeMs BoccTaHoB/ieHUA. CpedHUM Bpeme-
HeM BOCCTaHOB/IeHMS paboToCMOCOOHOro COCTOAHUS Ha3blBaeTca MaTe-
MaTM4YecKoe OXKujaHme BpeMeHU BOCCTAHOB/IEHUSA, ONpeesiieMoe Mo ero
yHKUMN pacnipegenieHns.
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Ta6bnnuya 13.2
MapameTpbl, XapaKTepU3YHOLLWE COXPAHSIEMOCTb 3/IEKTPOHHbLIX CPEACTB HaMepeHWIA

CpoOK cOXpaHAeMOoCTU B OTarn/imBaemblX

CpefcTsa n3mepeHuii
(HeoTanIMBaeMbIx) MOMELLEHMSIX, SIeT

VICTOUHMK  NUTaHUA  MOCTOSAHHOIO

Toka B5-47 13 (5) npu y=90%
[eHepaTop HU3KOYaCTOTHbIN 3-109 10 npu y=80%

N3meputens nmmntaHca E7-14 10 (5) npn y=90%
Ocuunnorpag C1-114/1 10 (5) npv y=80%

CoxpaHsiemocTb CU xapakTepn3yeTcs CPOKOM COXPaHAeMOCTU — Ka-
NeHAapHON NPOA0MKNTENIbHOCTLIO ero XpaHeHns 1 (Unn) TpaHCNopTUPOBa-
HWS1, B TeYEeHVe 1 MOC/ie KOTOPOro 3HaYeHNs nokasare el 6e30TKa3HOCTH,
[OTOBEYHOCTU U PEMOHTOMPUIOAHOCTM COXPaHSTCA B YCTAHOB/IEHHBIX
npeaenax. MokasaTensiMm coXpaHseMOoCTU SB/ISIOTCA CPeAHUIA CPOK coxpa-
HAEMOCTW — MaTeMaTUyecKoe oXXuaaHme, onpeaesnseMoe no yHKLUMn pac-
npefeneHnsa CPoKoB COXPaHAeMOCTU COBOKYNHocTM C ogHoro Tuna, 1 ram-
Ma-MPOLEHTHBIA CPOK COXPaHSAEMOCTW.

B 1abn. 13.2 npuBefeHbl faHHble, XapaKTepusyoLye COXpaHsIeMoCTb
HEKOTOPbIX 3/1eKTPOHHbIX CI.

13.5. MeTposiornyeckasa Hage>kHOCTb
N MeXXMoBepoOUHble MHTepBaslbl

OpHol N3 0CHOBHbIX hopm nogaep>kaHusi CY1 B MeTpo1ornyeckn mc-
MpaBHOM COCTOAHUU ABNSETCA €ro rnepuogmnyeckas rnosepka. OHa NpoBo-
ANTCA METPOSIOrMYECKUMIN CNy>K6amu corsiacHoO npaswsiam, U3/100KEHHbIM
B CNeLmasibHOM HOpMaTUBHO-TEXHNYECKOI foKyMeHTauuK. MeprognyHocTb
MOBEPKN Ao/HKHA ObITb cor/acoBaHa ¢ TpeboBaHMAMN K Hage>KHocTn CUL.
MoBepKy HEO6X0AMMO NPOBOANTL YEPE3 ONTMMa/IbHO BblOpaHHbIE MHTEP-
BaJ1bl BpEMEHW, Ha3blBaeMble Me>KMOBEPOUHbIMU MHTepBasiamn (MIN).

MOMEHT HacTymnneHna MeTPOsIOrMYeckKoro oTkasa MOXXET BbISABUTb
ToNbKo noeepka CU, pe3ynbTaTbl KOTOPOIA MO3BONAT YTBEPXKAATb, UTO
0TKa3 Npou3oLLesn B NEPUOL BPEMEHU MEXAY ABYMS MOCMEAHVMN MOBep-
Kamun. BennumHa MM gomkHa 6bITb ONTUMasibHOM, MOCKO/IbKY YacTble
MoBepKU NMPUBOAAT K MaTepmasibHbIM U TPYAOBbLIM 3aTpaTam Ha uUx opra-
HM3aLUnIo0 U NMpoBefeHne, a pefKue — MOryT MPUBECTU K MOBbILLIEHWIO
MOrPELLHOCTM N3MEPEHNI N3-3a METPOSIONMYECKMX O0TKA30B.
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Me>KnoBepoyHbIe NHTEPBaSIbI YCTAHAB/IMBAIOTCA B KaUleHAapHOM Bpe-
MeHu s CU, n3meHeHne METPOSIONMYECKUX XapaKTEPUCTUK KOTOPbIX
06yCNOBNEHO CTapeHMeM U He 3aBUCUT OT UHTEHCMBHOCTM 3Kcnsyarta-
umn. 3HadeHust MM pekomMeHAyeTcsl BblbMpaTh U3 CAeAyOLEro psga:
0,25; 0,5; 1; 2; 3; 4; 5;6; 9; 12; s K MecaueB, rage K — venoe rnosoxu-
TenbHoe uucno. Ana CU, y KoTopbiX udMeHeHne MX aBndetca cnef-
CTBMEM M3HOCA €r0 3/IEMEHTOB, 3aBUCALLEN0 OT MHTEHCUBHOCTU 3KCIY-
atauum, MMM HasHavalTca B 3HAYEHUAX HapaboTKM.

Mpn HaxoxaeHn MM BblbupaeTca MX, onpegensiowas cocTos-
HVe MEeTPO/IOrMYecKoli UCNPaBHOCTU CPeACcTBa M3MepeHuii. B kauecTse
TaKnx XapakKTepucTuK, Kak rnpasunso, UCMosib3yTcA OCHOBHAas NorpeLu-
HocTb, CKO cny4aliHoii cocTaBnaoLweii NorpeLlHocT N HEKOTopbIe ApY-
rne. Ecnn cocTostHME METPOIOrMYecKor MCNPaBHOCTU OMpeaensioT He-
CKO/IbKO MX, TO M3 HUX BblOMpaeTca Ta, Mo KOTOPOK obecneumBaeTcsi
HanboMbLLMIA NPOLEHT 6paka Npu NoBepKax.

Bonpocy 060cHOBaHHOI0 Bbibopa Npogo/mkuTensHoctn MM noces-
LEeHO 60/bLLOE YMCNOo PaboT, 0630p KOTOPbIX AaH B [96]. B HacTosiee
BPEMS CYLLLECTBYIOT TPU OCHOBHbIX MYTU NX ONpefesieHns:

*Ha 0CHOBe CTaTUCTUKU 0TKas3o0B;

= Ha 0CHOBE 3KOHOMMWYECKOIro KpUTepus;

*Mpo13B0/IbHOE Ha3HauveHVe NepeoHavanibHoro MIMNW ¢ nocnegytoLLeii
KOPPEKTUPOBKOW B TEYEHME BCEr0 CpoKa Cay>6bbl CUL.

Bbl160p KOHKPETHOro MeToAa onpeaesieHns Npogo/mKuTensHoctn M
3aBUCUT OT Ha/IMUNS UCXOLHOW MHADOPMaLMM O HAAEeXXHOCTU U CTabub-
HocTu CW. lMepBbliii criocob siBnisieTcst aDeKTUBHBLIM NP YCI0BUM, YTO
M3BECTHbI MoKasaTtesin MeTpPOsIorM4ecKoi HafexxHocTu. Hawnbonee non-
Has MHopMauua Takoro pofa CoaepXXnTcs B MOAENAX, ONUCbIBAIOLLINX
n3MeHeHWe BO BpeMeHU MX cpeACTB M3MepeHUr. 3TW MoAenn paccmoT-
peHbl B pa3g. 13.3. Mpu U3BECTHbLIX NapameTpax mogeneii MI onpege-
NSeTCA MOMEHTOM BbIX0a MOrPeLLIHOCTY 3a HOpMUPYeMbIii 415 AaHHOro
C ponyck. OgHako 60/1bLUOM pa3bpoc napamMeTpoB U XapaKTePUCTUK
npoueccoB ctapeHnss CU npmBoanT K 60MbLLIOK MOrpeLHoCTX pacyeTa
M ¢ NOMOLLbIO TaKUX Mogeneii.

MpumeHeHne meTonoB pacyeta MM, OCHOBaHHbLIX Ha CTaTUCTUKE
CKPbITbIX N SIBHbIX O0TKA30B, TPebyeT Ha/mMums 60MbLUOr0 KOoMnyecTsa
3KCMNepUMeEHTaUTbHbIX AaHHbIX M0 npoLeccamM U3MeHeHWS BO BpeMeH MX
CpPeACTB M3MePEHNIA pasNYHbLIX TUMOB. Takoro pofa uccsiefoBaHms BeCb-
Ma TPYAOEMKN N 3aHUMAtOT 3HAYUTENIbHOE BPeMs. DTUM 00bsCHSAETCS
TOT (haKT, YTO OMy6/MKOBAHHbLIX CTATUCTUYECKUX AaHHbBIX O rpoLieccax
CTapeHnsi MPMOOPOB Pa3/INYHbIX TUMOB KpaliHe Masio. B TeXHUYecKux
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onncaHusax CY, Kak npasuio, NPUBOANTCA CpefHSs HapaboTka [0 OTKa-
3a, CpedHuin UM raMMa-MpPOLEHTHbIA Pecypc U CPOK CAY>KObl. 3TOro
ABHO HefocTaTovHo and pacyeta M.

OnpegeneHme MEXXNOBEPOYHOIo MHTepPBaUTa No SKOHOMUYECKOMY KpU-
TEPUIO COCTOUT B PeLLEHMN 3afayn Mo BbIOOPY TaKoro MHTepeana, npu
KOTOPOM MOXHO MWHMMM3VPOBATL pacxofbl Ha akcriayataumio CU n
YCTPaHATL MOCNeACTBUSA OT BO3MOXHbIX OLUMOOK, BbI3BaHHbLIX MOrpeLL-
HOCTSIMU M3MepeHUs. VicxoaHori nHdopmaumein ans onpegeneHnsa M
CNny><aTt AaHHble 0 CTOMMOCTU MoBepKu 1 peMoHTa CU, a Takke 06 yilep-
6e OT U3BbATUSA ero 13 aKcrslyataumm m OT MUCMosb30BaHUA METPOSIOrn-
YeCKM HeuncrnpasHoro npubopa. OCHOBHasA CMOXKHOCTb MPUMEHEHUS 3TO-
ro mMetoda COCTOUT B CrnedytoLlemM. 3arpaTbl Ha PEMOHT 1 noBepky CU
[JOCTaTOYHO JIErKO OrpefensoTcs No HOPMaTUBHBIM JOKYMeHTaMm. B oT-
Nnyve 0T HUX NMOTepPU 13-3a UCNONb30BAHUSA MPUBOPOB CO CKPbITLIM MeT-
POSIOrMYECKNM OTKA30M Ha MPaKTUKe, KakK Mnpaswusio, Hen3BecTHbI. [Npu-
X0AuTCA npuberatb K NPUG/MXKEHHbIM MOAENSIM, OMMChIBAOLLMM 3aTpaThl
Ha akcrnyataumio CU co CKPbITbIMW METPOSIOTMYECKUMUM OTKasamn B
BMae hyHKUMKM MOoTepb TOFro 1AM MHoro emga [9, 56, 96].

OpnvH 13 BapmaHToB onpeaeneHus M no 3KoOHOMUYECKOMY KpuTe-
puvito NpuBeaeH B pekomeHZaumm MN 2187-92 “IMCW. MeTtogbl onpesene-
HUA MEXKMOBEPOYHbIX U MEXXKa/IMOPOBOYHbIX WHTEPBAVIOB CPEACTB W3-
MepeHWIA” .

Hawnbonee yHuBepcasibHbIM ABNSETCA MeTof, COCTOALMIA B MPOU3-
BOJIbHOM Ha3HaudeHU MIM ¢ nocneayoLein KOPPEKTUPOBKOA ero Besn-
UYMHbI. B 3TOM cnydae Npyv MUHUMaIbHOM MCXOAHOM WHGopMaumn Ha-
3Ha4aeTcsl MepBOHAYa/IbHbIA MHTEPBas], a pe3y/ibTaTbl MOCAeAYHLLMX
MOBEPOK ABNATCA UCXOAHbIMU AaHHBIMU O/15 er0 KOPPEKTUPOBKMU.

OCHOBHOV TPYLHOCTbIO AaHHOM0 MeToAa SB/ISIETCA Ha3HaueHve nep-
Boro MrW. MpeogosneTs ee BO3MOXKHO Tpems nytamu [96]. Bo-nepsbix,
ONA onpeaenieHnsa NPOTSXKeHHOCT nepsoro MM MoryT 6bITb UCMOMb-
30BaHbl MokasaTe/ i MeTPOSIorMyecKo HadeXHoCTV rosepsiemoro CU.
Bo-BTOpbIX, A/IUTENILHOCTL MEPBOr0 MHTEPBaUIA MOXET ObITb OLEHeHa
MCX0AS M3 aHauIM3a JaHHbIX MO 3KCrJ/iyatauyy aHanormyHbIX rnosepsie-
MOMY MO KOHCTPYKUMWM W TexHosnornm npomssofactea CU. B-TpeTbux,
nepBbii MM BbibUpaeTca B COOTBETCTBUM C peKoMeHaaunsiMy Hopma-
TUBHbIX [OKYMEHTOB rOCYAapCTBEHHbIX U BEAOMCTBEHHbLIX METPO/IOru-
YECKUX CITY>KO.

MocnepytoLme 3HadeHNa M onpefenaoTca NyTeM KOppeKTMpPoB-
KV MepBoro MHTepBa/ia C YYETOM Pe3y/ibTaToB MPOBEAEHHLIX MOBEPOK
60/1bLUOro YnMcna ogHOTUMHBLIX CUL.
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JaHHbIA MeToA paccMOTpeH B pekoMeHgauum MW 1872-88 “I'CW.
Me>KnoBepoUHble MHTepBasibl 06pa3LoBbIX CpeAcTB U3MepeHUiA. MeTo-
AVKa ornpejernieHNsa U KOPPEKTUPOBKU” N B MeXAyHapoAHOM cTaHfapTe
MCO 10012-1 “TpeboBaHuMS, rapaHTUPYHOLLME KauecTBO N3MePUTESIbHO-

ro obopynoBaHusa”.

KOHTposibHble BOMPOChHI

1. Y10 Takoe 0TKa3? Yem oT/In4aeTCA METPOSIOrMYECKUi 0TKa3 0T HEMETPO-
Jnlornyeckoro?

2. CchopmynuvpyiiTe onpeaeneHne MeTPosIorMYecKoii NCNpaBHOCTU CpeacTBa
N3MEPEHWIA.

3. UTo Takoe MeTposiormyeckast HafeXXHoCTb CPeACcTBa U3MepPeHUIA?

4. Copmynupyiite onpeaeneHme ctabuibHOCTH, 6e30TKa3HOCTM, A0r0BeY-
HOCTW, PEMOHTOMPUIOAHOCTM U COXPaHAEMOCTM CPEACTB N3MEPEHWIA.

5. UeM BbI3BaHO N3MeHEeHVe BO BPEMEHW METPO/IOTMYECKUX XapaKTePUCTUK
CPeLfcTB M3MepeHnin? Kakmm o6pa3om MOryT ObITb MaTeMaTM4ecKn onmcaHbl 3T1
n3MeHeHna?

6 . UTO Takoe NnHelHasA Moaeb M3MEHEHWS MOrPeLLHOCTL BO BPEMEHWN?

7. YUT0 Takoe 3KcrnoHeHupyasibHasA MOAEe/b N3MeHEHUSA MOrpeLLHoOCTM BO Bpe-
MeHWn?

s . UTO Takoe normctnyeckas Mogenb U3MeHeHWs NMorpeLLHoCcT! BO BpemMeHN?

9. HaszoBM1Te 0CHOBHbIe MoKa3aTenn 6e30TKa3HOCTW, A0SITOBEYHOCTM, PEMOH-
TOMPUIOAHOCTU M COXPAHSAEMOCTU CPEACTB M3MEPEHWIA.

10. YTo HasbIBaeTCcA MEXKMNOBEPOUHbIM NHTEPBASIOM?

11. Kakue cnocobbl Bblbopa MeXNOBEPOUHbIX MHTEPBasIOB CYLLECTBYIOT?

12. Ha30BUTe HOPMATVIBHbIE JOKYMEHTbI, B KOTOPbIX paccMaTpuBaroTcs BOM-
pocbl BbI6opa MEXKMOBEPOUHbIX NHTEPBAIOB.



SAKJTIOHEHWE

OrpaH/4eHHbIV 06beM KHUM/ He MO3BO/IN/T PACcCMOTPETL psif TEM Teo-
PEeTMYECKOM MeTpoiormn. CTerneHb UX BaXKHOCTU pas/ivyHa. HekoTopble
M3 HMX HaxXoaaTes B 06/1aCTU, rpaHuYaLLeil ¢ pasaenamm NpuKagHoi v
3aKoHoAATe TbHOV MeTPOoIorMn. Hke ykasaHbl NnTepaTypHble UCTOY-
HUKW, Fe, Mo MHEHMIO aBTOPOB, 3TV BOMPOCLI PacCMOTPEHbI Hambosee
MO/THO WM YAa4HO OCBELLEHBI TE€ W/ MHbIE X acMeKTbl.

B yue6HOM Mocobmmn BecbMa KpaTKO pacCMOTPEHbI BOMPOChI UCTOPUIA
pasBuTUA MeTpoorMn. Bonee nNogpobHy0 NHGOPMaLMo 06 3TOM MOXKHO
Haltn B[100, 10 1].

Borpoc 0 npeagnbHO AOCTUXKMMOM TOYHOCTM M3MEPEHMIA, KoTopas,
KaK N3BECTHO, 3aBMCUT OT HAKOM/IeHHbIX 3HaHWIA B 06/1acT DyHAaMEH-
Ta/bHbIX HayK, TakkKe 0CTasIcs 3a paMKaMn A@aHHO KHUMK. 3Ty BOMpPO-
Cbl B TO/ WM NHOW CTeMNeHN paccMOTpeHbI B [56, 78].

BecbMa BaXKHbIM /11 MPaKTUYECKOW AeSATENIbHOCTU SIB/ISIETCA KOp-
PeKTHasi pa3paboTka MeETOAMKM BbINOIHEHUS N3MEPEHUST UICKOMOM du-
3MN4ECKOV BEMIMUYUHBI W COCTaB/IAIOLMX ee OTAENbHbIX ornepauuii; Bbl-
60p MeToda W CpeacTBa M3MEpPEeHWUH, MaHMPOBaHUA U3MEPUTESTbHOIO
3KcnepumeHTa 1 T.4. Mpy Heo6XoAMMOCTM MHOPMaLMIO MO AaHHbIM
BOMpocam MOXKHO Hantu B [7, 9, 12, 13, 102], a Takke B peKOMeHAa-

umax M1 1967-89.

Bonpocb! MoBepKX CPEACTB M3MEPEHUIA, UX METPOSIONMYECKOI aTTe-
cTauunn, KasmbpoBKU U TPafyvpoBKM M3y4aloTCcs B OCHOBHOM B Mpu-
KMaaHol MeTPOorim, No3TOMy B HACTOSILLIEM MOCO6MM UM 6bIf1o yaene-
HO OTHOCUTE/IbHO HEMHOIO BHUMaHWSA. py HeobXoanMocTU AeTaslbHoe
paccMOTpeHMEe 3TUX BOMPOCOB MOXXHO Haiith B [9, 12, 70, 103-105].

BavkHbIM 1 MepCrieKTMBHbIM Harpas/ieHVeM pas3BUTUA Teopuwn Mo-
cTpoeHns CU siBnsieTcs paspaboTka pasfinyHbIX MEeTOLOB MOBbILLEHNS
WX TOYHOCTW. 3TM BOMPOCHI 60/IblLLE OTHOCATCA K 06/1acTAM creLmarb-
HbIX n3mepeHuii [106-110]. B cBA3M ¢ 3TUM OHW He BOLL/IM B AAHHOE
nocobue Mo TEOPETUYECKON METPOSIOTUN.

B riocrieqHee BpeMsi akTUBHO pa3BUBAETCH TeOpUS METPOIOrM4eCcKoro
obecriedeHnst CI pasinuHbIX U3MYECKUX BETMYUUH. 3TU 60sbLUME, BO
MHOIrOM CaMOCTOSATE/IbHbIE TEMbI paccMoTpeHb! B [9, 10, 56, 111-116].



MpunoxxeHne 1. CTatnuctuyeckme tabnuubl

Ta6bnuuya Mi.1
3HayeHuna pyHKuMu Jlannaca

t 0 1 2 3 4 5 6 7 8 9
0,0 0,000 0,0040 0,0080 0,0:20 0,0160 0,0199 0,0239 0,0279 0,0319 0,0359
0.1 0398 0438 0478 0517 0557 0596 0636 0675 0714 0753
0.2 0793 0832 0871 0910 0948 0987 1026 1064 1103 1141
0,3 1179 1217 1255 1293 1331 1368 1406 1443 1480 1517
0,4 1554 1591 1628 1664 1700 1736 1772 1808 1844 1879
0,5 1915 1950 1985 2019 2054 2088 2123 2157 2190 2224
0.6 2257 2291 2324 2357 2389 2422 2454 2486 2517 2549
0,7 2580 2611 2642 2673 2703 2734 2764 2794 2823 2852
0.8 2881 2910 2939 2967 2995 3023 3051 3078 3106 3133
0,9 3159 3186 3212 3238 3264 3289 3315 3340 3365 3389
1,0 3413 3438 3461 3485 3508 3531 3554 3577 3599 3621
11 3643 3665 3686 3708 3729 3749 3770 3790 3810 3830
1.2 3849 3869 3888 3907 3925 3944 3962 3980 3997 4015
1.8 4032 4049 4066 4082 4099 4115 4131 4147 4162 4177
1,4 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319
15 4332 4345 4357 4370 4382 4394 4406 4418 4429 4441
1,6 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
17 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
1.8 4641 4649 4656 4664 4671 4678 4686 4693 4699 4706
19 4713 4719 4726 4732 4738 4744 4750 4756 4761 4767
2,0 4772  A778 4783 4788 4793 4798 4803 4808 4813 4817
2.1 4821 4826 4830 4834 4838 4842 4846 4850 4854 4857
2,2 4861 4864 4868 4871 4874 4878 4881 4884 4887 4890
2,3 4893 4896 4898 4901 4904 4906 4909 4911 4913 4916
24 4918 4920 4922 4925 4927 4929 4931 4932 4934 4936
2,5 4938 4940 4941 4943 4945 4946 4948 4949 4951 4952
2.6 4053 4955 4956 4957 4959 4960 4961 4962 4963 4964
2,7 4965 4966 4967 4968 4969 4970 4971 4972 4973 4974
2.8 4974 4975 4976 4977 4977 4978 4979 4979 4980 4981
2,9 4981 4982 4982 4983 4984 4984 4985 4985 4986 4886
3.0 4986

35 4998

40 4999
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~N° b w-r

®

[(e]

12

14
15
16

SIS

00

0,90
6,31
2,92
2,35
2,13
2,02

1,94
1,90
1,86

183
181
1,80
1,78
177
1,76
175
1,75
174
173
1,73
1,65

3HaueHusa pacnpegeneHus CTblofeHTa

JpsepurenibHasA BEpOATHOCTL P

0,95
12,71
4,30
3,18
2,78
2,57
2,45
2,37
231
2,26
2,23
2,20

2,18
2,16
2,15
2,13
2,12

2,11

2,10

2,09
1,96

0,98
31,82
6,97
4,54
3,75
3,37
3,14
3,00
2,90
2,82
2,76
2,72
2,68
2,65
2,62
2,60
2,58
2,57
2,55
2,54
2,33

0,99
63,68
9,93
5,84
4,60
4,06
3,71
3,50
3,36
3,25
3,17
311
3,06
3,01
2,98
2,95
2,92
2,90
2,88

2,86

2,58

Tabnnua M1.2

0,999

636,62
31,60
12,92
8,61
6,87
5,96
541
5,04
4,78
4,59
4,44
4,32
4,22
4,14
4,07
4,02
3,97
3,92
3,88
3,29



Tab6bnnua M1.3
3HauveHnsa KpuTepus duwepa A8 pas/INUYHbIX YPOBHEN 3HAYUMOCTU

Ft Npu K, , paBHOM
K2 1 2 3 4 5 6 8 12 16 00
g-C,05
2 18,51 19,00 19,16 19,25 19,30 19,33 19,37 19,41 19,43 19,50
4 771 694 659 6,39 6,26 6,16 6,04 591 584 563
s 599 514 4,76 453 439 428 4,15 4,00 392 3,67
s 532 446 407 384 369 358 344 328 320 293
10 496 4,10 3,71 348 333 3,22 3,07 291 282 254
12 475 388 349 326 311 3,00 285 269 260 230
14 460 3,74 334 311 29 285 270 253 244 213
16 449 363 3,24 301 285 2,74 259 242 233 201
18 4,41 355 3,16 293 2,77 266 251 2,34 225 192
20 4,35 349 3,10 287 2,71 260 245 228 2,18 164
30 4,17 3,32 292 269 253 242 227 209 199 162
® 384 299 260 237 221 209 194 175 164 100
g=o.01

2 98,49 99,00 99,17 99,25 99,30 99,33 99,36 99,42 99,44 99,50
4 ,:120 18,00 16,69 1598 1552 15,21 14,80 14,37 14,15 13,46
e 13,74 10,92 9,78 9,15 8,75 847 s.10 7,72 752 ¢.ss
s 11,26 865 759 701 663 637 603 567 548 4,86
10 10,04 756 655 599 564 539 506 4,71 452 391
12 933 6,93 595 541 506 482 450 4,16 398 3,36
14 sss 651 556 503 469 446 4,14 380 3,62 3,00
16 8,53 6,23 529 477 444 420 389 355 337 275
18 828 +s.0: 509 458 425 401 371 337 320 257
20 8,0 585 494 443 4,10 387 356 323 3,05 242
30 756 539 451 4,02 370 347 317 284 266 2,01
o 664 460 378 332 302 280 251 218 199 .00

MpumedaHwve: kt — yncno cteneHeli cBo6oabl 6O/bLLEN ANCNEPCUN; K2 — YKCIIO0
CTeneHer cBoboAbl MeHbLLEN ANCTIEPCUN.
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MpunoxeHwne 2. CnncoK 0CHOBHbIX rocyagapCcrtBeHHbIX
CTaHO4apToB N HOPMaTMBHbLIX AOKYMEHTOB B obnacTtn
MeTposiornn

[M2.1. FrocynapcteeHHble cTaHgapThl

MOCT 8.009-84 'C. HopmupyeMbie METPOIOMMUECKUE XapaKTepu-
CTVIKW CPEACTB V3MEPEHWIA.

MOCT 8.016-81 'CW. NocyaapcTBEHHbIN MEPBUYHDIV 3Ta/10H M FOCy-
[apCTBEHHas MOBEPOYHas CXeMa /151 CPeaCcTB V3MEPEHUsT MI0CKOro yr-
Ja.

OCT 8.019-85 ICW. NocyfapCTBEHHb I CreLyiasibHbIiA 3TarloH U Fo-
CY[ApCTBEHHasA MOBEPOYHast CXemMa J/151 CPeSCTB U3MEPEHNI TaHreHea yr-
Jia noTepe.

MOCT 8.021-84 I'CW. MocyAapcTBeHHBIA MepBUYHBIA 3TaS10H U Focy-
[apcTBeHHas MepBMYHas cxeMa /15 CPeACTB U3MEPEHNS Macehbl.

MOCT 8.022-91 ICW. ocyfapcTBeHHbI NePBUYHBIA STasIoH U 06-
LLIECOKO3HAsA MOBEPOYHas CxXema /151 CPeACTB M3MEPEHUIA Cbl MOCTOSH-
HOO 3/1EKTPUYECKOr0 ToKa B AyanasoHe 1+10~1830 A.

FOCT 8.023-90 'CW. TlocymapcTBeHHasA MOBEpPOYHas cxemMa /1
CPEeACTB M3MEPEHUIA CBETOBbLIX BE/IMUMH HEMPEPLIBHOTO M UMIMTY/I5CHOMO
N3/TyYEHA.

MOCT 8.027-89 I'C. NocyaapCTBEHHbIM MEPBUYHBIA 3TasIoH U 06-
LLIECOKO3HAsA NMOBEPOYHAs CXeMa [/151 CPeLCTB 3MEPEHWIA 31IeKTPOABKY-
LY CMbI 1 MOCTOSIHHOTO HarNPsSDKEHNS.

OCT 8.028-86 NCI. NocyaapcTBEHHbI MEPBUYHBIA 3Ta/IOH U 06-
LLIECOKO3Has MOBEPOYHAs CXema [/151 CPEACTB U3MEPEHWIA 3/TEKTPUYECKO-
ro COnpPOTUBIIEHUS.

MOCT 8.029-80 CW. INocyaapcTBEHHb IV MepBUYHbIA 3TasioH U 06LLIE-
COHIBHAS MOBEPOYHAst CXeMa [y1s1 CPEACTB VBMEPEHIA HAYKTVBHOCTUA.

OCT 8.050-73 NCW. HopMasibHble YCrioBUsST BbINQ/THEHWS SIHEI™
HbIX W YT/I0BbIX M3MEPEHWI.

OCT 8.057-80 I'C/. 3rarioHbl eauHNLL U3NHECKNX BeMUMH. Oc-
HOBHbIE MOJIOXKEHUS.

OCT 8.061-80 'CW. NoBepouHbie cxemMbl. CofgpiaHyie 1 MOCTPOeHVE.
MOCT 8.065-85 MC. MocyfapCTBEHHbIA MEPBUYHDIV 3TaU10H U Focy-
[apCTBEHHas MoBepOYHas cxema /159 CPeACTB V3MepeHUi CUbl.
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FOCT 8.109-83 I'CW. NocyfapCTBEHHDbIM MEPBUYHbIA 3Tas1I0H U 06-
LLIecOl03Has NoBepoYHas cxema Ans CpeAcTB U3mepeHUin KoahhuumeHTa
amMnINTYAHOW MOAYNSALMM BbICOKOYACTOTHbIX KonebaHWiA.

FOCT 8.132-74 I'CIW. T'ocynapCTBEHHbI MepBUYHbIA 3Ta/lIoOH N 06-
LLiecoo3Has NnoBepoYHas cxema Ans cpeacTs n3MepeHuii cunbl Toka 0,04-
300 A B amanasoHe yactot 0,1-300 MIw,.

FOCT 8.144-75 F'CW. MNocypgapcTBEHHbIN crieymabHbIA 3TafioH U 06-
LLLeCO03HasA NoBepoYHas cxema 4151 CPeAcTB U3MEPEHNI MarHUTHOM WH-
Aykuun B ananasoHe 0,05-2 Tn.

FOCT 8.157-75 IT'CW. LWKanbl TemnepaTypHble NpaKTUYecKue.

FOCT 8.188-85 'CW. lNocyaapCTBEHHbI MEPBUYHBIA 3Ta/IOH U 06-
LLiecolo3Has noBepoyHasi cxema Ans cpeacTs U3MepPeHU i MarHUTHOM UH-
AyKumn B gmanasoHe 0,1-10 Tn.

FOCT 8.207-76 ITCW. lNMpAMble U3MEPEHUA C MHOITOKpaTHbIMU Ha-
6nogeHnAMMU. MeTobl 06paboTKM pe3yibTaTtoB HabnoaeHnA. OCHOBHbIE
NOJIOXKEHNSA.

OCT 8.256-77 'CN. HopMmupoBaHMe 1 onpeaeneHve guHaMmnyeckmnx
XapaKTepucTUK aHas1oroBbIX CPeacTB nU3MepeHUsA. OCHOBHbIE MOS0Xe-
HUS.

FOCT 8.268-77 'CW. MeToanKa BbINO/THEHUSA U3MePEHUIA Npu on-
pefeneHnn cTtaTtuyeckKnx MarHUTHbIX XapaKTepucTUK MarHUTOTBEPAbIX
MaTepuasios.

FOCT 8.310-90 'CW. IocyaapcTBeHHas cny>ba ctaHAapTHbIX cnpa-
BOYHbIX AaHHbIX. OCHOBHbIE MOSI0XKEHUS.

FOCT 8.315-97 I'CW. CtaHaapTHble 06pasLibl cocTaBa 1 CBOMCTB Be-
LecTB U MaTepnasioB. OCHOBHbIE MOSIOXKEHUS.

FOCT 8.371-80 'CW. ocypapCTBEHHBIW MePBUYHBIA 3Tasl0H N 06-
LLlecoo3HasA NoBepovHas cxeMa 14 CpefcTB U3MEPEHNI 3NIEKTPUYECKONA
€MKOCTW.

FOCT 8.372-80 IN'CW. 3t1asioHbl eauHUL, n3nYecKnx BeNnnymH. o-
pPAOOK pa3paboTKu, YTBEPXKAEHUS, PErucTpaLmn, XpaHeHUs 1 nprmeHe-
HUA.

FOCT 8.377-80 N'CW. Matepuasibl MarHMToMAarkue. Metogukn Bbl-
MOMTHEHUS U3MEPEHUI NPY ONpefeneHNN CTaTUHECKMX MarHUTHbIX Xa-
paKTepPUCTUK.

MOCT 8.381-80 I'CW. 3tas10HbI. Crocobbl BblpaXkeHMS NOrPeLLHOCTENA.

FOCT 8.395-80 'CW. HopMaUibHble YC10BMS 3MEPEHMIA NpW NOBep-
Ke. Obume TpeboBaHUSI.

FOCT 8.401-80 'CW. Knaccbl TOYHOCTM CpeacTB m3amepeHuin. O6-
Lne TpeboBaHUS.
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FOCT 8.417-82 'C. EgnHNLBI PU3UYECKNX BENTUYNH.

FOCT 8.498-83 'CW. NocyaapCTBEHHbIV 3Ta/I0H U rocy4apCcTBeHHas
noBepoyHasi cxema 4151 CPeACcTB U3MEPEHWUI 3M1eKTPUYECKOl [06pPOTHO-
CTH.

[OCT 8.508-84 I'CW. MeTposiorn4eckme xapakTepucTUKM CpPeacTs
M3MePEHUIA N TOYHOCTHbIE XapaKTepuUCTUKM cpeacTB asTomaTmsaumm MCr.
O6Lme MeToAbl OLEHKM N KOHTPO/ISA.

FOCT 8.558-93 'CW. locypapcTBeHHasA MoBepovHasa cxema Ans
CPefCTB N3MEPEHMA TEMMEPATYPBI.

FOCT P 8..563-96 'CW. MeTOAUKN BbINOTHEHUSA U3MEPEHWIA.

FOCT P 8.568-97 'CW. ATTectaums mcnbiTaTeNibHOro 060pyaoBa-
HUS.

FOCT 1954-82 Mepbl 3/1eKTPOABMIKYLLEN CUMbI. DNEMEeHTbI HopMaslb-
Hble. ObLLMe TEXHNYECKME YC0BUS.

[OCT 2575-88. MepbI N/10CKOro yria npuamatudeckue. Obume Tex-
HUYECKNE YCIIOBUS.

FOCT 9038-90. Mepbl o/IMHbI KOHLEBbIE M/I0CKOMapasifesibHble. Tex-
HUYecKme YC/I0BUA.

[OCT 12119-80. Cranb aneKTpoTexHuyeckas. MeTtogpl onpegene-
HUSE MarHUTHBIX N 3N1eKTPUYECKNX CBOUCTB.

[OCT 12635-67. Matepuasibl MarHUTOMSArK1e BbICOKOYaCTOTHbIe. Me-
ToAbl UCMbITaHWI B gnanasoHe YacToT oT 10 kly, go 1Mru,

[OCT 12636-67. MaTtepuasibl MarHUTOMSrK1e BbICOKOYACTOTHbIE. Me-
ToAbl UCMbITAHWNI B AManasoHe YacToT oT 1 go 200 MIy,.

[OCT 12637-67. Matepuasibl MarHUTOMArKMe BbICOKOHYACTOTHbIE. Me-
TOoAbl UCMbITAHUI B AnanasoHe YacToT oT 200 go 2000 MI .

FOCT 12997-84. UN3pgennsa I'Cr. Obwpe TeXHUYecKne ycnoBus.

FOCT 13033-84. I'CI1. NMpunbopbl 1 cpeacTsa aBToMaTmM3aLmn anek-
TpuYecKkmne aHanorosble. OO6LLME TEXHUYECKME YCII0BUSA.

FOCT 14014-91. MNMpurbopbl 1 nNpeobpasoBaTen N3mMepuTesibHble Lind-
pOBble Hanps>XeHWs, TOKa, conpoTMBAeHUS. O6LMe TEXHUYECKME Tpe-
60BaHMA U MeToAbl UCTIbITAHUIA.

FOCT 16263-70. IC. MeTponorus. TepMUHbI U onpeaeneHns.

MOCT 16465-70. CurHanbl pagnoTexHN4ecKne namepuTesibHbole. Tep-
MWHbI 1 onpeaesieHns

FOCT 16504-81. CucrteMa rocyfapCTBEHHbIX UCMbITaHW NPoaykK-
unun. VcnbiTaHne N KOHTPO/Ib KavecTsa NpoayKumn. OCHOBHbIE TEPMU-
Hbl 1 onpegeneHuns.

FOCT 18242-72. CTaTUCTUYECKMIA MPUEMOYHBIA KOHTPOb MO aslb-
TepHaTUBHOMY Mpu3HaKy. NnaHbl KOHTPONS.
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FOCT 18353-79. KoHTponb HepaspyLwawwmin. Knaccugpunkaumsa su-
[0B N MeTOZ0B.

FOCT 20504-81. Cuctema YHU(PMLUMPOBAHHbBIX TUMOBbLIX KOHCTPYK-
LM arperaTHbIX Komnaekcos CI. Tunbl U OCHOBHbIE pa3mepbl.

FOCT 20906-75. CpeactBa U3MEPEHNI A MAarHUTHbIX BE/IMYUH. Tep-
MWHbI U onpeaeseHns.

MOCT 22261-94. CpefctBa U3MEPEHUA 3MIEKTPUYECKUX N MarHuT-
HbIX Be/IMYMH. ObLLMe TeXHUYECKNE YCII0BUS.

FOCT 23217-78. MNpubopbl 3/1eKTPON3MepPUTESIbHbIE aHa/10roBble C
HenocpeACTBEHHbLIM 0TCHEeTOM. HaHocMMble YC/I0BHble 0603HaYEHUS.

FOCT 24026-80. UNccneposatesibCkue ucnbiTaHusA. NiaHvpoBaHue
JKCrneprmMeHTa. TepMUHbI N onpeaeneHns.

FOCT 24289-80. KoHTposib HepaspyLUalLwmii BUXPETOKOBbIA. Tep-
MWHbI 1 onpeesieHns.

FOCT 24450-80. KoHTpo/Nb HepaspyLlalowmnii MarHATHbIA. Tepmu-
Hbl 1 onpeaeneHuns.

FOCT 24555-81. Cuctema rocyfapCTBEHHbIX MCMbITAHUIA MPOAYK-
umn. MopsaaokK aTTecTauum UcnbITaTesIbHOro 06opyaoBaHNsA. OCHOBHbIE
MOJIOXKEHUA.

FOCT 24855-81. lNpeobpasoBatenn U3MepuUTeSibHble TOKa, Hanps-
>KEHWUS, MOLLHOCTM, Y4acTOoTbl, CONMPOTUB/IEHNS aHanorosble. ObuLme Tex-
HWYECKNE YC/10BUA.

M2.2. PekomeHgaumMm no MeTposiornu

MW 81-76. MeToanka niaHMpoBaHNSA HabIIOAEHWI 1 OLLeHKN NoKa-
3aTesnieil HageXXHOCTW.

MW 83-76. MeToauKa onpeaenieHnsa rnapameTpoB NOBEPOYHbLIX CXEM.

MW 187-86. MeTtoguka. Kputepmn Kayectsa NoBepKW CpencTs U3-
MEPEHWNIA.

MW 188-86. MeToamKa yCTaHOB/IEHUS AOMYCKAEeMO MOrpeLLlHOCTM
NOBEPKMN CPeACTB NU3MEepPeHUIA.

MW 222-80. MeToamka pacyeta METPOJSIOrMYECKUX XapaKTepUCTUK
MU3MEpPUTESIbHbIX KaHa10B MHDOPMaLMOHHO-N3MEPUTESTbHBIX CUCTEM MO
MEeTPO/IOrMYECKUM XapaKTePUCTMKAM KOMMOHEHTOB.

MW 641-84. PacyeT 3Ha4YeHUIN KpUTEPUEB KavecTBa MOBEPKU CPeacTB
M3MepeHni MeTogamm NPorpamMmMHOro MogesiMpoBaHus.
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MW 1202-86 'CI1. Mprbopbl 1 Npecbpa3oBaTesin U3MepUTEsIbHbIE
Hanps>KeHWs, ToKa 1 ConpoTUB/IEHNS Lndposble. ObLLve TpeboBaHUS K
METOAMNKE MOBEPKMU.

MW 1317-86. Pe3ynbTaTbl U XapaKTepPUCTUKN MOFPELLHOCTEN 13Me-
peHwnii. dopma npeacTasnieHNs. Cnocobbl UCMOb30BaHUSA MPY UCMbITa-
HUW 06pasLOB NPOAYKLIMM U KOHTPONSA X NMapaMeTpoB.

MW 1428-86. HopmupyeMble METPOSIOTNYECKME XapaKTEPUCTUKMU
CTaHAapTHbIX 06pa3LoB MarHUTHbIX CBOMCTB.

MW 1552-86 'C. UN3mepeHns npsiMble o4HOKpaTHble. OLeHnBaHme
MorpeLUHoCTel pe3ynbTaToB U3MEPeHUIA.

MW 1604-87 T'C. Mepbl A/IMHBI KOHLEBbIE MNJiocKonapaiiesibHble.
O6Lume TpeboBaHNS K METOAUKaM MOBEPKW.

MW 1872-88 'CW. Me>knoBepoUHble NHTepBasibl 06pa3LI0BbIX CPeACTB
M3mepeHUn. MeToamka onpefeneHnss N KOPPeEKTUPOBKMU.

MW 1888-88 'CN. HopmMarsibHble YC0BUS M3MEPEHWUIA B TMOKMX NPO-
V3BOACTBEHHbIX CUCTEMAX.

MW 1918-88. MarHuTHbIe XapaKTepUCTUKIM 06pa3LI0B MarHUTOMST-
KMX cniaBoB. MeToguka BbIMOMIHEHVS U3MEPEHWI B AManasoHe 4acToT
50 MNu-20 Ky,

MW 1935-88 'CW. NocyaapcTBeHHas MNoBepoyHas cxema [i/1s1 CpefcTB
N3MePeHU 3NeKTPNYEeCKoro HanpsbkeHns ao 1000 B B gvanasoHe yac-
T0T 1210&3 «10ely,

MW 1949-88 I'CW. NocygapcTBeHHasA NoBepoYvHas cxema [/15 CPefcTB
M3MepeHnii yrnaa hasoBoro capura Mexxay ABYMS 3/1eKTPUYECKMN Ha-
NPsH>KEHUSAMN B Anana3oHe vacTtoT 1*10~22 <1071y,

MW 1951-89 I'C. AyHaMnyeckune n3mepeHusi. TepMUHbI U oripese-
TieHus.

MW 1967-89 'CW. Bbibop MeTOA0B U CPeACTB U3MEPEHWI Npuv pas-
paboTKe METOAVK BbIMOMHEHWUST M3MepeHUi. O6LLMe MOMoXKeHUS.

MW 2005-89 'CW. Mopsgok npoBefeHUs paboT No B3aMMHOMY Mpu-
3HaHWIO rocyAapCTBeHHbIX UCMbITAHWY N NOBEPKM CPEACTB U3MEPEHWIA.

MW 2060-90 CW. NocypapcTBeHHAs MoBepoyHas cxema A1 CpeacTs
M3MepeHns InHbI B AnanasoHe 1«10 850 M 1 f4/IMH BOSH B AnanasoHe
0,2-50 MKMm.

MW 2083-90 NCW. N3mepeHns KocBeHHbIe. OnpederieHvie pesynbTa-
TOB VU3MEPEHUI N OLEHVBaHNE MX MOrpPeLUIHOCTEN.

MW 2090-99 I'CW. OnpefiernieHVie AHAMUYECKNX XapaKTepPUCTUK -
HeMHbIX aHasI0roBbIX CPEACTB M3MEPEHWIA C COCPELOTOMEHHbIMU Mapa-
MeTpamun. OBLLME MONMOXKEHNS.



MW 2091-90 FCN. N3mepeHnsa pnsnyvecknux BenndnH. Ob6wme Tpe-
6oBaHMA.

MW 2097-90 N'CW. 'ocypgapcTBeHHas MoBepoYHas cxema a1 cpeacTs
N3MepeHUN 3NEKTPUYECKOM eMKOCTU B AnanasoHe vactot 1-100 My,

MW 2168-91 ITC. MNC. MeTogmnka pacyeta MeTPOSIOTMYECKNX Xa-
pPaKTEPUCTUK U3MEPUTESIbHbLIX KaHas10B N0 MeTPO/IOrMYeckKuM Xapakre-
pUCTUKaM JIMHEMHbIX aHaN0roBbiX KOMMNOHEHTOB.

MW 2174-91 TCW. ATTecTaums asiropuTmMoB 1 NporpaMmm o06paboTKun
JaHHbIX NpU n3mepeHnAxX. OCHOBHbIE MOJIOXKEHUA.

MW 2175-91 TCW. I'pagyvpoBOYHble XapaKTePUCTUKUN CPeACcTB W3-
MepeHWii. MeTofAbl NOCTPOEHUS, OLEHMBAHME NOrpeLLIHOCTEN.

MW 2177-91 N3mepeHUs N N3MePUTENbHbIM KOHTPO/1b. CBeaeHUS 0
MOrpPeLHOCTAX U3MEPEHUIA B KOHCTPYKTOPCKOM U TEXHUYECKOW AOKY-
MeHTaunm.

MW 2187-92 T'CI. MeXXnoBepo4yHble U MeXXKa/InbpoBOUYHbIe UHTEP-
Baslbl CPEACTB U3MepeHnii. MeToauKa onpegeneHus.

MW 2230-92 I'CN. MeTogmKa KoOAnN4YecTBEHHOro 060CHOBaHUSA MoBe-
POYHbIX CXEM MpU UX pa3paboTke.

MW 2232-92 T'CW. ObecneyeHme 3pheKTUBHOCTU N3MEPEHNI Npun
ynpaB/ieHNUN TEXHOMOMMYeCKUMM rnpoueccamn. OueHVBaHMe MOorpeLLHo-
CTU N3MEPEHUI MPU OrPaHNYEHHOM NCXO4HOM MHGoPMaLNN.

MW 2233-92 'CW. Ob6ecneyeHne 3apheKTUBHOCTU U3MEPEHUIA MpU
yrpas/ieHUN TEXHOI0rMYecKUMU npoueccaMu. OCHOBHbIE MOJIOXKEHUS.

MW 2246-93 TCW. MorpewHoCcTN n3mepeHmnii. O6o3Ha4YeHs.

MW 2258-93 T'CW. CtaHgapTHble obpa3ubl. OueHnBaHWe MeTposio-
rMYecKMX XapakKTepucTUK C UCMOb30BaHMEM 3Ta/I0HOB N 06pasLoBbIX
CPeAcCTB U3MEPEHNIA.

MW 2301-94 TCWN. ObecneyeHne 3hHeEKTUBHOCTN M3MEPEHWUI MNpU
yrpaBfeHUn TEXHOSI0rMYecKUMU npoueccamn. MeToabl M crocobbl ro-
BbILLIEHWNSA TOYHOCTU U3MEPEHUIA.

MW 2307-94 TCW. lMporpamma U meToAMKa YCKOPEHHbIX UCMbITa-
HWI C Uesblo NOATBEPXKAEHUS MEXIMOBEPOUHbLIX MHTEPBAJIOB.

MW 2365-96 CW. LLKanbl namepeHuin. OCHOBHbIE MOMI0XKEHUS. Tep-
MWHbI U onpeaesieHns.

MW 2377-96 T'CI. Pa3paboTka 1 atTectayns MeTOLUK BbINO/THEHUSA
N3MEPEHUIA.

MW 2378-96 'CI. NocypapcTBeHHan NoBepoyHas cxema A1 CpeacTs
N3MepPeHN MarHUTHLIX MNOTepPb B MArHUTOMATKUX MaTepuasiax B guana-
30He yactoT oT 50 go 2 «10s 'U.

386



Mn23.re yKoBoAsUWME AOKYMEHTbI

P 50-160-79. BHeapeHve u npumeHeHve MOCT 8.417-81 “I'CWL.
EavH1up! hrsnyecknx BennmumH” .

P 50-206—80. HopmupoBaHue 1 onpeferieHre MEeTPOIOrMYeCcKnX
XapaKTeprCTUK N3MepPUTEbHbIX NMpeobpasoBaTtesieil Koga B MOCTOSIHHOE
Hanps>keHVe 1 TOK.

P/, 50-453-84. XapaKTepuCTUKM MOrPeLLHOCTY CPEACTB N3MEPEHNIA
B peasibHbIX YC/I0BUSAX 3KCMyaTaumn. MeTogbl pacyeTa.

P, 50-489-84. O6pa3uoBble 3-ro paspsga Mepbl MarHUTHOO MoToka
(cTaHaapTHbIe 06pasLbl) 1 paboune YCTAHOBKM A1 M3MEPEHW Mapa-
METPOB MarHUTOMAMKMX U criaboMarHUTHbIX MaTepriasioB. MeTtogbl v cpef-
CTBa MOBEPKMU.

P, 50-660-88 MCA. JoKyMeHTbl Ha METOANKMN CPEACTB U3MEPEHUIA.

M2.4. NMpaswnna nNo meTponornn

MP 50.2.002-94 I'CW. INMopsgok ocyLLECTB/IEHNA TocyapCTBEHHOMO
METPOSIONMYECKOro Haa30pa 3a BbIMyCKOM, COCTOSHMEM U MPUMEHEHVEM
CPeaCcTB M3MEPEeHWI, aTTeCTOBaHHbIX METOAMKAMU BbIMOSIHEHVS 13Mepe-
HWIA, 3TasIoHaMK 1 COBI0AEHNEM METPO/IONMYECKMX MPaBW1 U HOPM.

MP 50.2.006-94 "CW. MoBepKa cpeacTB M3MepeHuiA. OpraHmsaupms
1 MOPSAOK MPoBeAeHIA.

P 50.2.016-94 'CW. Poccumiickasi cuctema Kasimbposku. Tpebosa-
HWS K BbIMNO/THEHWIO KaUTMBPOBOYHBIX PaboT.

MNP 50.2.017-94 I'CW. lMonoxeHvie 0 POCCUINCKON cucTEME Kannb-
POBKMU.

MP PCK 002-95 INC. KasimbpoBoYHbIe Krerima.

M2.5. MpaBuia N0 MEXrocygapcTBEHHOM CTaHAapTU3aumm

MMIT 02-93. TrnoBoe MosioXKeHVe 0 MEXXIoCY4apCTBEHHOM TEXHUYE-
CKOM KOMWTETE M0 CTaHAapTU3aLmn.

MMI™ 18-96 — MexkrocyaapcTBeHHas NMoBepoyHas cxema 419 CPeacTs
n3mepeHuii BPEMEHWN 1 YacToTbl.

Bonee petasnibHy0 MHOPMALIMIO 0 HOPMATMBHbIX JOKYMEHTax B 06-
NacT METPO/IONN MOXXHO HaiiTu B [117].

387



MpunnoxeHue 3. Paboyas nporpamma no Kypcy “TeopeTu-
yeckaa metposiorna* cneymanbHoctn 190800 “MeTpono-
rMsa v MeTposiornyeckoe obecrneyeHume"

BeneHne

B NoAroToBKe MH>XeHePOB-METPOIOroB OAHOM N3 BaXKHEMLLMX HayYHbIX ANC-
UMNanH sABNseTca “TeopeTnyeckas MeTPosiornsa”™, 3HaHMe KOTOPOiA Heobxoanumo
ans obecrnievyeHUs eAMHCTBa M Tpebyemoi TOYHOCTU M3MEPEHUI, a Takxke ans
MEeTOANYECKU NPaBUIbHOIO N3MEPEHUSA Pa3/INYHbIX (PDU3NYECKUX BENIUUYUH U 00-
paboTKN pe3ysibTaToB M3MEPEHUIA.

B pe3ynbtarte nsyyeHusa Kypca “TeopeTnyeckass MeTposnornua”, CTyaeHT Ao-
>KeH 3HaTb: OCHOBHble MpPeACTaB/IeHNA METPONOrun, PUsnyeckne BesiMYnHbI U
eANHULbI N3MEPeHNs], 06LLMe 3aKOHblI U NpaBuia U3MepeHWin, NPUHLMMbLI Mo-
CTPOEHUS COBPEMEHHbIX U3MEPUTENIbHbIX YCTPOMCTB U UX BO3MOXHOCTU, METO-
Obl N cpeacTBa M3MepPeHUs pasfinyHbIX BeSIMYMH; YMETb MpaBu/ibHO BbIGUPATb
hmsmyeckmne BeMUMHbI NPU peLleHUn NpakKTUYecKMX 3afdad; onpeaenaTtb no-
rPELLHOCTY pe3ysibTaToB U3MEPEHNIA; TBOPYECKU MPUMEHATL 3HAHUSA MO n3Mepe-
HUAM B npoLiecce 0by4eHUS.

HacToawmii Kypc 6a3mpyeTca Ha TaKUX ANCLUMNMIMHAX, Kak “®usmka’, “Xu-
MUs”, “Teopusi BEPOATHOCTEN M MaTtemMaTMyeckasa ctatuctTmka”, “OneKTpoTex-
HUKa” .

Mporpamma paspaboTaHa g/t gHeBHOM hopMbl 06ydeHUs. O6LWKWIA 06beEM
Kypca — 85 yacos.

lMporpamma cocTaBfieHa Ha OCHOBe [TocyfapcTBEHHOro 06pa3oBaTeslbHOro

cTaHgapTa gns cneymansHocT 130800 “MeTposiorus n MeTposiornyeckoe obec-
rneyeHue”.
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Tema 1. lNpegmeT U 3agavymn MeTposiornm
MpegmMeT METPoOIOrMM N ee MECTO Cpean Opyrux Hayk. KpaTkas ucrtopuye-
CKasd crnpaska 0 pa3sBuUTumM Metposiornn. CTpyKTypa MeTposiorvn.

Temu 2. OCHOBHblE MPeACTaB/IEHUS TEOPETUYECKO METPOSIOrUn

2.1. ®dun3snyeckme Be/IMUNHLL. NpegmMmeTsbl N ABMEHUA OKPY>XKaloLero mypa
KaK 00beKTbl Mo3HaHusA. Vx cBolicTBa. Knaccudmkaymsa pusnyecknx Benu-
4yumH. CBoWCcTBa, NPOABASAOLLIME Ce6S TONIbKO B OTHOLLEHUN 3KBUBa/IEHTHOCTN.
MoHATHe cyeTa. VIHTEHCUBHbIE BeNIMUUHBI, YA0BNETBOPSAKOLWME OTHOLLEHUAM
3KBMBANIEHTHOCTU U nopsagka. MNMoHATne BENUYUHBI U KOHTPOMISA. DKCTEHCUB-
Hble BE/INUMHbBI, YA0B/IETBOPSAIOLLME OTHOLEHNAM 3KBUBAJIEHTHOCTU, MOPAA-
Ka 1 agouTMBHOCTU. TMOHATME 0 eguHULE (PU3MYECKOIA BESIMYUHBI N U3Mepe-
HUW. LLKanbl namepeHui.

2.2. MoHaT e 06 namepeHNn. amepuTtensHoe rnpeodpasosaHue. Bocnpons-
BegeHne (N3NYECKO BESIMUYNHDBI 3a4aHHOro pasmepa. CpaBHeHME DU3NYECKOA
BE/INYMHbBI C BEJIMYNHOM, BOCMPOM3BOAMMOM Mepoii. OCHOBHbIE 3/1IEMEHTbI MPO-
Lecca nsmepeHns. OCHOBHbIE MOCTYyaThl Teopun namepeHunii. Knaccudurkauyms
n3mepeHuii. MoHATHEe 06 UCMbITAHUN U KOHTPOsie. pefensHble BO3MOXKHOCTU
U3MEPEHWIA.

Tema 3. Teopusi BocrnpousseneHusi eaAMHUL, PU3INYECKNX BENTUUUNH
M nepegavun nx pasmepoB (Teopusi eANHCTBA U3MEPEHIIA)
EonHMLBI, pasMepHOCTU U CUCTEMbI (PU3MYECKNX BENYMH. MexxayHaposa-
Has cuctema egnHuy, (cuctema CU). OCHOBHbIE NMPUHLUMMNbLI NOCTPOEHNS CUCTEM
eANHUL, PN3NYECKNX BESIMUYUH. ToHATME 06 3TanloHax. 3TasloHbl eANHUL, CUCTe-
Mbl CU. Mepegaya pasmepa eauHUL, 0T 3TasI0Ha K pabovmm sTasioHam U paboyunm
cpeacTBam n3mepeHuin. MoeepoyHble cxeMbl. MoHSATME 0 NOBEpPKe CPeAcTB nU3me-
peHwnii. Cnocobbl MOBEPKW CPeACcTB U3MepeHuii. CTaHgapTHble 06pasLbl.

Tema 4. TMorpewHoOCTN N3MeEpPEHNIA

NCTUHHBIe 1 geicTBUTESbHbIE 3HAYEHNS N3MEPSAEMO BeNIMUMHBIL. [oHATHe
0 rnorpewHocTW. TMoOrpewwHocTb Kak c/yyvaiHblid npouecc. Martemartuyeckue
MOZENN NOrpeLLHoCcTe. XapaKTepuCcTUKN 1 NapameTpbl NorpeLuHocTeld. Pasae-
NeHVie MOrpeLUHOCTel Ha CoCTaBASALLME MO MNPU3HAKY YacTOTHOro AuanasoHa.
Knaccudimkaumsa norpeluHocTeid. OCHOBHblE MPUHLUMMLI OLIEHMBaHWS NOrPeLLHO-
cteld. MNpaBuna oOKpyrneHNs pesy/ibTaToB U3MepeHuiA. MoHATME 0 HeornpeaesieH-
HOCTW pe3yribTaTa U3MePEHUIA.

Tema 5. CuctemaTmyeckme rnorpeLlHocTn
Knaccudimkaumsa cuctematmyeckmx norperuHocteid. Cnocobbl 06Hapy>keHns
N YCTPaHEHNS CUCTEMATMYECKUX MOrpeLLHocTen. Mpadmyecknii crnocob. Cnocob
nocnieaoBaTesibHbIX pasHocTelr. AucnepcHbll aHam3. Kputepuii BunkokcoHa.
McknioueHne cnuctemMaTmyeckux norpeLIHocTer nyTem BBeAeHUS NOMpPaBoK.
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Tema 6. CnydaiiHble NOrpeLIHoCTH

6.1. BeposiTHOCTHOE OMNMcaHne CrlyYaiHbIX NOrpeLUHoCTelr. VIHTerpasbHbIi
1 andbepeHUMasIbHbIV 3aK0HbI pacrnpeaeieHnst cyYaliibIx norpewuHocTeid. Kom-
no3uLmMa 3aKOHOB pacnpeeneHns. Ynciosble NapaMeTpbl 3aKOHOB pacnpejere-
HuA. ToHATWE UeHTpa pacnpegeneHuns. LieHTpasnbHble 1 HavyaslbHble MOMEHTbI
pacnpegeneHus. MatemaTuudeckoe oxmgaHue n aucrnepcus. TPeTUA LeHTpaslb-
HbIA MOMeEHT. KoahdmumeHT acummeTpun. YeTBepTbili LIEHTPa/IbHbIA MOMEHT.
DKCLECC N KOHTP3KCLLeCC. DHTPONUIAHOE 3HAYEHMe MOrpeLLIHOCTH.

6.2. 3aKOHbI pacnpegenieHns criyyanHblx norpeuHocTel. TpaneuengasbHble
pacnpefenieHns. YoLeHHble pacnpeenieHns. Knacc sKCnoHeHLmMasbHbIX pac-
npeaeneHnii. PacnpegeneHue Maycca. CeMelicTBO 3aKOHOB pacnpesesnieHnsi CTblo-
JeHTa. PacnpegeneHve Kown. Knacc gByxMoganbHbIx pacripeaeneHuii. JuckpeT-
Hoe [By3Ha4Hoe pacrnpeenieHne. ApKCUHyconaasibHoe pacnpegeneHue. OcTpo- n
KPYI0BepLUNHHbIE ABYXMOAA/IbHbIE pacnpeaeneHns. Kocble pacnpeaeneHus.

6.3. ToyeuHble OLIEHKM 3aKOHOB pacnpegesneHns. OUeHKM MaTeMaTUYeCcKoro
oKMaaHua 1 gucnepcnn. OueHKU KoahduumeHTa acMMETPUK, IKCLecca U 3H-
TPOMUIAHOTO KoathdmumeHTa. JoBepuTesibHass BepPOSTHOCTb U A0BEPUTEbHbIN NH-
TepBan. HepaBeHcTBO YebbllleBa. KBaHTWU/IbHbIE OLIEHKW A0BEPUTENIBHOIO WH-
TepBasia. [oBepuTeNbHBIA MHTEPBA A/ OLEHOK ANCMIEPCUN 1 CpefHeKBaapaTy-
YeCKOro OTK/I0HeHNSA. CpaBHUTebHas 3PEKTUBHOCTb Pa3/IMYHbIX METOAOB Orl-
pefeneHns KoopanHaThk! LieHTpa pacnpeaeneHus.

Tema 7. I'pybble MNOrpPeLHOCTN U MeTOAbl UX UCK/IIOHEHNS
KpuTtepun mckntodeHns rpy6bix norpeluHocTeid. Kputepumn Mpa66ea, “Tpex
curm”, PomaHoBsckoro, Lapnbe, LLioBeH3. BapnauvoHHbI KpuTepuii JUKcoHa.

Tema 8. ObpaboTKa pe3ybTaToB U3MepPEHWUIi

8.1 O6paboTKa pe3y/ibTaToB NPAMbIX MHOFOKPATHbIX M3MepeHWiA. Obpa-
60TKa pe3ynbTaToB MPAMbIX MHOFOKPATHbIX PABHOTOYHBLIX U HEPaBHOTOUHbIX
n3mMepeHuii. oeHTUmMKaums 3akoHa pacrnpegeneHnst pesyibTatoB N3MepeHWiA.
Kputepuin MupcoHa. CocTaBHOM KpuTepuin. ObpaboTka pesy/nbTatoB MpsiMbIX
O[JHOKpATHbIX NU3MepeHuiA. TeXHNYeCKe N3MepeHns.

82. O6paboTKa pesy/bTaTO0B KOCBEHHbIX U3MepeHUA. ObpaboTka pesy/ib-
TaTOB KOCBEHHbIX WU3MEPEHWI MPW IMHEHON 3aBUCUMOCTU MEXY aprymeHTa-
MW. CryyaiiHble MOrPeLIHOCTU KOCBEHHbIX M3MepeHWiA. CrcTeMaTuyeckue Mo-
rPELLHOCTM KOCBEHHbIX M3MepeHuid. ObpaboTKa pe3yibTaToB KOCBEHHbIX U3Me-
PEHUIA NPV HeNMHEAHOM 3aBUCUMOCTU MeXKay apryMeHTamn. MeTog, inHeapusa-
Lpmn. ObpaboTka pe3y/ibTaToB KOCBEHHbIX M3MepeHUiA MeTofoM npuBeaeHus. Mpo-
671eMbl HOPMUPOBAHWS MOMPELLHOCTEN KOCBEHHbIX M3MepeHWii. BeposTHocTHOe
ornvcaHme NOrpeLLHOCTelr KOCBEHHbIX N3MepPeHWA.

8/1. O6bpaboTKa pe3yfibTaTOoB COBMECTHbIX M3MepeHuiA. ObpaboTka pesysib-
TaTOB COBOKYMHbIX U3MepeHuid. MeTof, HaMeHbLLMX KBagpaTos. MeTofpl obpa-
60TKW pe3y/ibTaToB U3MEPEHWI NMPY 0AHO(AKTOPHOM 3KCMepUMEHTE.
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Tema 9. CyMMMpoBaHUe MOrpeLIHOCTEN
OCHOBbI TEOPUWN PACHETHOr0 CYMMUPOBAHWS MOrPELLHOCTEN. YTMPOoLEeHHbIe
MeTo/bl OrpeaenieHNs 3HaYeHNsT KBaHTU/TbHbIX MHOXXUTeNer. CyMMUpoBaHme cuc-
TEMaTUYECKMX MorpeLuHocTer. CyMMMpoBaHWE clyvalriHbIX MOrpeLHOCTen Kop-
pPenMpoBaHHbIX U HEKOPPEMPOBaHHbIX BE/MUUH. CyMMUPOBaHME CydaiiHbIX 1
CUCTEMATUYECKUX MOrpeLLUHOCTEN. KpUTepmii HUYTOXHO Masioi MorpeLLHOCTU.

Tema 10. 3mepuUTe/bHbIE CUTHA/IbI
Knaccumkaums curHasos Mo passivyHbiM npr3Hakam. KeaHToBaHve v Auc-
KpeTm3aumsi U3MepuTe/ibHbIX CUrHas10B. BoccTaHOB/EHME CUTHAUIOB MPU UX ANUC-
KpeTuzauun. Teopema KoTeslbHMKOBA. MaTemMaTUyecKue MoZenn U3MepUTesb-
HbIX CUTHAsI0B. 3/IeMEHTapPHbIE U CMOXKHbIe U3MEPUTE/bHbIE CUTHATLL. Moaynsi-
UMst 1 AeTeKTUpoBaHue. VIHTerpasibHble napameTpbl NepuoaNYecKuX CUrHaOoB.

Tema 11. CpenctBa M3MepeHUii

11.1. Knaccndmkaums v cBoicTBa CpeAcTB M3mepeHuia. NMoHATME 0 cpeacT-
Be M3MepeHuii. O6obLIEHHas CTPYKTYpHas cxema cpeacTBa U3MepeHuA.  Xa-
PaKTEPUCTUKN W NMapameTpbl CPEACTB U3MEPEHWUI B CTATUCTUYECKOM U AVHAMM-
yeckoM pexkumax. Knaccmukaunsa cpeacts M3MepeHuin. AHasioroBble U
LMdpoBbIe M3MepUTESIbHbIE NPUO0PbI. HGopMaLMOHHO-M3MEPUTESTbHbIE CUCTE-
Mbl U N3MEPUTENIbHO-BbIYUC/INTENIbHbIE KOMIEKCHI.

11.2. MogenupoBaHue CpeacTB M3MepeHMin. MaTemaTnyeckoe MoaesimpoBa-
HVie CPEACTB U3MEPEHWIA.-/I3MepuTeibHas LIEMb 1 U3MEPUTENbHbIN KaHan. CTpyK-
TYPHbIE CXEMbI W 3/1EMEHTbI CPEACTB M3MepPeHnii. CTPYKTYpPHbIE CXEMbI MPSIMOr0
N ypaBHOBeLUMBAILLEro npeobpasoBaHuii. PacueT n3mepuTesibHbIX KaHau10B
CpeacTB N3MEPEHUIA.

11.3. MeTo0fbl NOBbILLEHMS TOYHOCT M CPeACT B U3MepeHuii. I"pafynposKa m
KannbpoBKa CpeacTB M3MepeHuiA. MeTodbl MPOBEPKN CPeACTB M3MepeHuin. Me-
ToAbl KOPPEKLMM MOrPELLHOCTEN CPeacTB N3MEPEHWIA.

11.4. MeTpO/IOrNYecKMe XapakKTePUCTUKN CPeacTB u3mepeHuin. ObLume
NPUHLUMNbI BbI6opa 1 HOPMUPOBAHUS METPOIOTMYECKUX XapaKTePUCTUK CpeacTs
n3MepeHni. KomMnnekcebl HOpMUPYeMbIX METPOSIONMYECKNX XapaKTepucTmk. Pac-
YeT MOrpeLLHOCTen CPeacTB N3MEPEHU N0 METPOIOrMYECKUM XapaKTepUCTUKaM
B peasibHbIX YC/I0BUAX 3KCrlyaTaumn. Knaccbl TOHHOCTU CPEACTB M3MEPEHWIA.

/2.5. Bblbop cpeacTB n3mepeHuiAi. OCHOBHbIEe NPUHLMIMbLI BbIGOPa CPEACTB 13-
MepeHuiA. KpuTepun Bbibopa CpecTB N3MEPEHUI U UX CPaBHUTESbHbIM aHanS.
BbI60p cpeacTs M3MEPEHMIA NPU AUHAMUYECKNX M3MEPEHUSIX.

11.4. MeTponornyeckass Hage>KHoCTb CpPeACcTB namepeHuin. OCHOBHbIE TM0-
HATUSA TEOPUN METPOJIONMYECKO HaeXXHOCTU. VI3mMeHeHe BO BPeMeHU MEeTpPO-
NOrMYECKNX XapaKTepUCTUK CPeaCcTB M3MepeHUii. MNokasaTeni MeTposiornyecKom
HaAeXXHOCTW CPeacTB n3MepeHnin. MeTponormyeckass HageXXHOCTb U MeXXoBe-
POYHbI MHTepBa.
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Tema tl. MeTtpororndeckas cny>kba Poccuiickoii depepayum

l"ocypapcTBeHHast cucTeMa obecrneyeHns efuMHCTBa U3MepeHuii. FocygapcT-
BEHHbk VCMbITaHWA CPEACTB U3MepeHWii. ocygapcTBeHHas cuctema npubopos.
CucTemva CTaHAaPTOB B 06/1aCTV METPO/IONMN U LPYTOA HOPMaTUBHON MeTpPOno-
TMYECKON JOKYMeHTaLmn. MexayHapoHble MeTPONOrMYecKme opraHmnsaLum.

MepeyeHb TeM NPaKTUYECKUX 3aHATUIA
1. dusnyecKme BENMNYMHBI U €ANHNLLI UX U3MEPEHUS.
2. MorpeLHOCTY N3MepEeHMUIA.
3. CvcTemMaTnyecKme NorpeLLHoCTy.
4. CriyyaiiHble NOrpeLIHoCTH.
5. VcktodeHre rpy6bIx MOrpeLLHoCTeid.
6. O6paboTKa pe3ybTaToB N3MEPEHUIA.
7. CyMMMpOBaHIe MorpeLLUHOCTEIA.
8. MogenvpoBaHme CpeacTs 3MepEeHWIA.
9. MeTpornormyeckme XapakTepucTUKA CPeSCTB M3MEPEHMUIA.

MepeyeHb peKoMeHayeMbIX TEM KYPCOBOW paboThl

HasHaueH1eM KypcoBoii paboTbl ABNSeTCA pa3BUTME HaBbIKOB MCMO/Mb30Ba-
HIsl METOJOB TEOPETUYECKOW METPONOTUM 415 PELLUEHUS NPaKTUUYECKUX 3ajdau.

PekomeH/yeMble TEMbl KYPCOBOI PaboThl MO TEOPETUYECKON METPONOTUNN:

1. O6paboTKa pe3y/ibTaToB NPSAIMbIX MHOTOKPaTHbIX PaBHOTOUYHbIX U HepaB-
HOTOYHbIX U3MEPEHMUIA.

2. O6paboTKa pe3ynbTaToB KOCBEHHbIX M3MEPEHUIA.

3. PacyeT M3MepPUTENbHBIX LieNeil cpeicTB N3MePEHWIA.
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