IF'aiaBsa 2
OCHOBBbBI TEOPUU UBMEPEHUS

2.1. MeToabl u3MepeHUi

Bonpocamu Teopun u3MepeHui, cpeIcTBaMU 00ECIICUCHHUS UX €IUHCTBA U
croco0aMu TOCTUKEHUS HEOOXOJUMON TOUYHOCTH 3aHMMAETCs HayKa METPO -
JOTHUA.

Mertponorust onpeaensier U3MEPEHHE KaK IMO3HABATEIbHBIM IPOLECC, 3a-
KJIFOYAIOIIUNCS B HAX0KJACHUH COOTHOIIEHUSI MEXKIY U3MEPSIEMON BEIIMYUHON U
OpPYroyd BEJIWYMHOW, YCJIOBHO MPHUHATOW 3a €AUHUILY U3MepeHus. Tak, eciu
k — u3aMepsiemasi BeTMYMHA, @ — SMHKUIIA U3MEPCHHS, @ M — YUCIIOBOC 3HAYCHHE
MU3MEPAEMON BEJIMYMHBI B IPUHATON €INMHULIE, TO

k = ma. (2.1)

DTO ypaBHEHHE SBIIIETCSI OCHOBHBIM YpaBHEHHUEM wu3MepeHus. lIpaBas
yacTh paBeHcTBa (2.1) mpencrariser coboil pe3ynabTaT W3MepeHus. PesymbraTt
BCSIKOTO M3MEPEHUS SABJISECTCS MMEHOBAHHBIM YHCIOM M COCTOUT U3 €IUHUILIBI
W3MEpPECHUH, UMEIONIEH Ha3BaHWE, W YuCiIa M, MOKA3bIBAIOILIETO, CKOJBKO pPa3
JAHHAs €IMHULA COJICPIKUTCS B U3MEPSEMOU BEIINUMHE.

B Teopun u3smepeHHil pasnuyaroT MPsSMbIE, KOCBEHHBIEC, COBOKYIIHBIE WU
COBMECTHBIEC U3MEPECHUS.

Ipsimvle usmepenust, XapakTepu3yeMble paBeHCTBOM (2.1), 3akimrodaroTcs B
HEMOCPEICTBEHHOM CPAaBHEHUHU U3MEPSEMOM BEJIWYMHBI C €IMHULIEN U3MEPEHUS
MPU TOMOIIA MEPbl WM U3MEPUTEIIBHOTO MPUOOpa CO MIKAIOW, BRIPa)KEHHOU B
ATUX eAUHUIAX. bonblyto 4acTh PU3NUECKUX BEIUYUH OMPEACINISIIOT HE MyTeM
HETOCPEICTBEHHBIX M3MEPEHHM, a C NMOMOULIBIO BBIYMCICHUHN, MOJIb3YSACh W3-
BECTHBIMU ()YHKIIMOHAJIbHBIMHU 3aBUCUMOCTSIMHU.

N3Mmepenus, npu KOTOPHIX HCKOMYIO U3MEPSIEMYIO BEJIMUMHY OMPEACISIOT
BBIUHCIICHUSIMU TI0 PE3yJIbTaTaM NPSIMbIX M3MEPEHHH, CBSA3aHHBIX C HCKOMOWU
BEJIMYMHON U3BECTHON ()YHKIIMOHAIBHOW 3aBUCUMOCTBIO, Ha3bIBAIOT KOCBEHHbI-
mu usmepernuamu. 1Ipu 3ToM 3HaUEHHE U3MEPAEMON BEJIMUMHBI ONPEIEIISIIOT 110
bopmyiie

Q=f(AB_C,...), (2.2)

rne A, B, C — 3HaueHns BETMUWH, MOyYeHHBIE TIPY MPSMBIX H3MepeHusX. [Ipume-
pamMH KOCBEHHBIX U3MEPEHUIN MOTYT CIY>KUTh. OINpEJEeHne 00beMa Tena Mo mpsi-
MBIM H3MEPEHUSIM €r0 T€OMETPUYECKUX PAa3MEPOB, PACX0JIa BEILIECTBA, ITPOTEKAIO-
1Iero B TPyOOIIPOBO/IE, MO Nepenaay JaBJICHUI Ha JPOCCEILHOM YCTPOMCTBE U T.II.
KocBennble n3MepeHust MPEACTABISIIOT CAMbIii MHOTOYMCIICHHBIN PSJl H3MEPEHH.
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Co80OKynHbIMU U3MEPEHUsAMU HA3bIBAIOT TaKue, MPU KOTOPBIX HCKOMBIE
3HAQYEHHS] BEIIMYMH HAXOMST C MOMONIBID CHUCTEMBI YPAaBHECHHH, IMOIYy4YaeMBbIX
MIPU IPSMBIX U3MEPEHUSIX PA3IMUHBIX COUETAaHUN ITUX BEIUYHH.

Cosmecmubimu usmepeHussMU Ha3bIBAIOTCS MTPOU3BOAUMBIE OJTHOBPEMEHHO
MU3MEPEHUS JIBYX WJIM HECKOJIbKUX HEOJHOMMEHHBIX BEJIIMYUH IS HAXOXKIACHUS
3aBUCUMOCTH MEXIY HUMMU.

N3Mmepenne onpeaensercss MPUHIIMIIOM U METOJOM.

Ilog npunyunom wm3MepeHU MOJPa3yMeBalOT COBOKYMHOCTh (pu3nue-
CKHMX SBJICHHM, HA KOTOPBIX OCHOBaHbI M3MepeHus. Hanpumep, uamepenue tem-
nepaTypsl ¢ UCMOIb30BaHUEM TEPMOAIEKTpUUIECKOro 3 dexra.

Memoo0om u3mepeHus: Ha3bIBAIOT COBOKYITHOCTb TPUEMOB U CPEJICTB U3-
MepeHusi. B cOBpeMEHHOW T€OpHUH M3MEPECHUN PA3IUYaAIOT CIEAYIOIINE OCHOB-
HBI€ METO/IbI, MPUHIUIIHAIBHO OTJIMYHBIE APYT OT APYTa.

Memoo nenocpedcmeenHol oyenku IPeAyCMaTPUBAET ONPEACICHUE UCKO-
MOM BEJIMYUHBI [0 OTCUETHOMY YCTPOUCTBY U3MEPUTEIHHOTO TPUOOpA.

Memoo cpasHenus OCHOBaH HAa CPaBHEHUHU HU3MEPSEMOr0 3HAUYCHUS BEJIU-
YUHBI CO 3HAYEHHEM BEJIMYMHBI, BOCIPOU3BOAUMOMN Mepoﬁl. PaznoBugHOCTSIMU
METOJla CPaBHEHUS SIBJISIOTCS MeTonbl: AuddepeHImaibHbiii, HyJIEeBOU, 3ame-
LICHHS U COBIAJCHUI.

Jluppgpepenyuanvrviii Memoo 3aKIOUAETCS B TaKOM CPaBHEHHH C MEPOH,
MIPU KOTOPOM Ha U3MEPUTENbHBIN MPUOOpP BO3IEUCTBYET PA3HOCTh MEXIY H3Me-
PAEMOU BEJIMYMHON U U3BECTHOM BEJIMYMHOM, BOCITPOU3BOAUMON MEPOL.

Hynesoii memoo 3axkitouaercsi B TaKOM CPAaBHEHUU C MEPOU, MPU KOTOPOM
pe3yabTUpyromuii 3PQGeKT BO3ACUCTBUS BETUYUH HAa NpuOOp CpaBHEHUS JOBO-
JUTCSL 10 HYJIS.

Memoo 3amewenuss OCHOBaH Ha CPaBHEHUM C MEPO, KOrja U3MEpseMyro
BEJIMYMHY 3aMEMIAIOT U3BECTHOM BEIIMYMHOM, BOCIPOU3BOIUMON MEPOU.

Memoo coenadenuii Tak)kKe OCHOBaH Ha CPAaBHEHUU C MEPOUl, MpUYEM pa3-
HOCTb MEXIY U3MEPSECMON BEIIMYMHON U BEJIMYMHOM, BOCIIPOU3BOANMON MEPOH,
M3MEPAIOT, UCIOJb3Ysl COBHNAJECHUE OTMETOK IIKAJI WJIHA MEPUOJIUYECKUX OTMeE-
TOK.

2.2. XapakTepucTHKA CPeJACTB U3MEPEHUs

B coctaB n3MepuTenbHON anmapatypbl BXOJIAT ME€Pbl, U3MEPHUTEIb-
Hble NMPUOOPH U BCIOMOTaTedbHbie ycTpolcTBa. [lo Ha3HAUeHUIO
Mepbl U U3MEPUTEIIbHBIE MPUOOPHI OBIBAIOT 00PA3IIOBBIMU U PAOOUHMH.

1 . .
Mepa — cpeacTBO U3MEPEHHI, TPEeAHA3HAYCHHOE [T BOCIIPOU3BEICHUS (PU3nYecKon
BEJIMYMHBI 33JJaHHOTO pa3Mepa.
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Obpasyosvle mepvl U uzMepumenvhvie npuboOpsl CIyX aT A1 BOCIPOU3BE-
JICHUS U XpaHEHUs €AUHUIl U3MEPEHUS, a TAKXKe JJII TPaJyUPOBKU U MOBEPKHU
pabounX U3MEPUTENBHBIX YCTPOICTB.

Pabouue mepvr n usmepumenvrovle npudopvl NpeIHa3HAYEHBbI 11 PSIMOTO
WJIM KOCBEHHOTO CPaBHEHMSI U3MEPSIEMBIX BEJIMYHH C COOTBETCTBYIOIIMMHU €J1U-
HULIAMHU U3MEPEHUS WM MEpaMU U pa3JeliioTCs Ha JIB€ Tpymmbl — Jaboparop-
HbIE U TEXHUYECKUE. Jlabopamophbvie mMepsl U usmepumenvbHvle npudopsbl Xapak-
TEPU3YIOTCS YCTAHOBJIEHHOW TOYHOCTBIO, U MPU UX NPUMEHEHUH B PE3yJIbTAT
U3MEPEHUs CJIeAyeT BHOCUTH MOMPABKU B COOTBETCTBUM C MACIOPTHHIMU JIaH-
HBIMH, a TAK)K€ YUYUTHIBATh BIMSIHUE BHEIIHUX PaKTOPOB. [ns mexnuueckux mep
U U3MepumebHulX npubopoe TOYHOCTh IPUHUMAETCS 3apaHee 3alaHHOM, U B pe-
3yJAbTaT U3MEPEHUS, KOTOPbIA CUMTAECTCS TOUHBIM B YCTAHOBJICHHBIX TEXHHUYE-
CKMMU YCIOBUSIMU WJIM TOCYJIApCTBEHHBIMU CTaHIapTaMU Ipejeiax HOpMUpye-
MBIX METPOJIOTUYECKUX XapaKTEPUCTUK, HE TpeOyeTCsl BHOCUTh KaKue-Iu0o Mo-
MPaBKHU.

B o6miem ciyyae moa U3MEpUTEIBLHBIM MPUOOPOM MOHUMAETCSI CPEJICTBO
U3MEPEHUs, MpeTHa3HAYEHHOE JUIsl BHIPAOOTKM CUTHAJIOB U3MEPUTEIbHOU WH-
dbopManuu B opMe, JOCTYIHON JJISI HEMOCPEACTBEHHOTO BOCIIPUATHS HaOJII0-
nateneM. [lo cnocoOy Bbimaun MHGOpPMAUU U3MEPUTEIbHBIE MPUOOPHI MOTYT
OBITh TMOKA3bIBAIOIIUMHU WM PETUCTPUPYIOIIMMH, a MPU HAJTUYHHU YCTPOMCTB
CUTHAIN3AINH — CUTHAJIU3UPYIOITUMHU.

Mertposiorudeckre XapakTEPUCTUKH HU3MEPUTENbHBIX YCTPOWUCTB, OMpeje-
JSIOIINE JTOCTOBEPHOCTh MOJydyaeMol HMHGPOpPMAlUU, T.€. TVIABHYIO (DYHKIIUIO
CPEACTB U3MEPEHUH, CIIy>KaT OCHOBHBIMU KPUTEPHUSIMU UX KauecTBa. B yucio
HOPMUPYEMBIX METPOJIOTUYECKUX XAPAKTEPUCTUK CPEACTB HU3MEPEHUM BXOJIAT
CJIeIYIOIIHE MOKa3aTeNH:

1. Tlpenensr u3mepenus (B BUAC HOMHUHAJIBHON CTaTUYCCKOW XapaKTepu-
CTUKH, HaMMEHbILICH LIEHbI JEJICHUS HEPABHOMEPHOM IIKaJIbl MU3MEPUTEIBHOTO
YCTPOMCTBA, BEIXOJHOTO KOJIa WM HOMHUHAJIBHOM IIEHBI CIMHUIIBI N3MEPEHUS).

2. Hopmbl TOYHOCTH W3MepeHHs (NOTPEIIHOCTH CPEACTB M3MEPEHUS, JIH-
HAMHUYECKUE XAPAKTEPUCTUKHU, YYBCTBUTEIBHOCTb, CTAOMJIBHOCTHh M BapHUalUs
MOKA3aHWH | T.1.).

3. Bumpl, ciocoOb1, BRIpOXKEHHAS B METO bl HOPMHUPOBAHUS TTOTPEITHOCTEH.

4, MeTtoapl aTTeCTAallH U UCIIBITAHUH.

[Tonq HOMUHAJIBHOM CTATHYECKOW XApPAKTEPUCTHKOW CPEACTBA HU3MEPEHHUS
NOHUMaeTCsl (YHKIIMOHATbHAS 3aBHCHMOCTH BBIXOJHOTO CHTHaia (mepemere-
HUE OTCUETHOT'O YCTPOWCTBA M T.II.) OT H3MepsieMoro mapameTpa 4 (BBIXOHOTO
CUTHAJIa) NP 33JaHHBIX BHEIIHUX YCJIOBHUSX M B YCTAHOBUBIIEMCS COCTOSHHUH
cucteMbl. CTaThyeckasi XapakTepUCTUKa OyAeT JUHEWHOW Jullb B clly4ae Mo-
CTOSTHCTBA U] PepeHITNaTbHON YyBCTBUTEILHOCTH S IS BCETo pabodero ama-
Ma3oHa 3Ha4yeHuu A, Korga
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dN _df(A) _
dA

MuHumanbHOEe 3HaUYeHUE Xy U3MEpsSeMOW BEIUYUHBI, KOTOPOE CIOCOOHO
BBI3BATh HAMMEHBIIEE 3aMETHOE NMEPEMEIICHNUE yKa3aTelsl WA U3MECHEHUE BbI-
XOJTHOY BEJINYMHBI, Ha3bIBAETCA NOPO2OM YYBCMBUMENbHOCMU.

[lox moctosiHHOM MPUOOpPa MOHUMAETCS YUCIIO €IMHUI] U3MEPEHUsI, Ha KO-
TOpPOE HAJI0 YMHOKHTH OTCYET (YUCIIO, OMPEACIAEMOE TIOJI0KEHHUEM OTCYCTHOTO
YCTPOMCTBA) JJIs MOJIYUCHHUS IMOKa3aHHUS B OINPEICICHHBIX SIUHUIAX H3Mepe-
HUsg. B OOJBIIMHCTBE M3MEPUTENbHBIX MPUOOPOB OTCUETHHIE YCTPOMCTBA BBI-
MOJIHEHBI B BUJE MIKaidbl U ykazartens. lllkana mpexacraBisier coboil COBOKYII-
HOCTh OTMETOK, PACHOJIOKEHHBIX BJOJb KaKoW-11mb0 nuHuu. Hauano u koHen
HIKaJIbl, COOTBETCTBYIOIIME HIKHEMY U BEPXHEMY IMpEAeIaM U3MEPEHUS, Onpe-
JEJSIOT Irana3oH u3mMepeHus. HEpIMOHHOCTh CPEACTB U3MEPEHUH B TPOLIECCE
nepexoaa napaMeTpa OT OJHOTO YCTaHOBHUBIIETOCS 3HAYEHUS K JIPYromy oOlle-
HHUBAECTCS TUHAMHYECKUMH XapaKTEPUCTUKAMHU, TAKUMH, KAK MOCTOSHHAs Bpe-
MEHH, BPEMs YCTAHOBJICHUS TMOKAa3aHWWA W T.I. BaXXHBIMU XapaKTepHCTUKAMHU
VM3MEPUTEIIbHBIX YCTPOUCTB SIBJISIFOTCS OTPEIIHOCTU. [loepewnocmvio u3-
MepumenbHo20 YCTPOMCTBA HA3BIBAETCS PA3HOCTh MEXAY PE3yJIbTATOM M3-
MepeHus1 X HEKOTOPOU BEJIMYMHBI U €€ IEUCTBUTENBHBIM 3HAYCHUEM X):

A :X'XO, (24)

rae A — eCTb OCHOBHASI KOJIMYECTBEHHAS! XapaKTEPUCTUKA U3MEPEHUS, Ha3bIBae-
Mast abconromuou noepeuinocmoto. OmuHocumenvbHas No2peuHoCms, paBHas OT-
HOIIIEHWIO a0COIOTHOM MOTPENTHOCTH K JICHCTBUTEIHOMY 3HAYEHHUIO U3Mepsie-
MOW BEJIMYMHBI, BEIPAYKACTCS B MPOIIEHTAX:

5-12 25
Y, (25)

S = onst (2.3)

WM ¢ yuetoM A u X:
_100A _ 100 100A < 100A

0 XO_X—A:x[l_Aj X

(2.6)

X

[Ipu BBIYMCIEHUU OTHOCUTENBHOW TMOTPENIHOCTH aOCOJIOTHYIO IMOTpel-
HOCTh MO>XHO OTHOCUTh HETIOCPEICTBEHHO K IMOKa3aHUIO MPUOopa.

[lorpemHoCcTH U3MEPUTENBHBIX YCTPONUCTB MOTYT OBITh MOPOXKACHBI HECO-
BEPIICHCTBOM KOHCTPYKIIMH, YCIOBUSMH TEXHOJIOTMYECKOTO IMpolecca H3ro-
TOBJICHUS, & TAKXKE YCIOBHSIMH €r0 3KCIUTyaTaluu. B CBSI3M C 3TUM MOrpenIHo-
CTU U3MEPUTENIBHBIX YCTPOUCTB MOTYT OBITh KJIaCCU(UIIMPOBAHBI TAK:

CTaTHYECKHE M JUHAMUYECKHE, B 3aBUCUMOCTH OT YCJIOBUW U PEXKUMOB
JKCIUTyaTallny,
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CUCTEMATHYECKHUE, CIyUYailHble U TpyOble, B 3aBUCUMOCTH OT XapakTepa Ux
MPOSIBJIEHUS U BO3MOKHOCTEW YCTPAaHEHHS.

Cmamuyeckou nocpeuwHocmspio HA3bIBAETCS MOTPEIIHOCTh, BO3HUKAIOIIAS
P YCTAaHOBUBILIEMCS 3HAYCHUU U3MEPSEMOUN BEIWYMHBI U HEU3MEHHBIX BHEII-
HUX YCIOBUSIX.

Jlunamuyeckou nocpeuwtHocmvpl0 Ha3bIBACTCSI MOTPEIIHOCTh, BO3HUKAKOIIAS
MPY U3MEHEHUH U3MEPSEMON BEJIMYUHBI U BHEIIHUX BO3JICHUCTBUMN.

Cucmemamuueckumu no2peuHoCmsamMy Ha3bIBAIOTCS TOCTOSIHHBIE 110 BEJIU-
YUMHE W 3HAKy WJIHA WU3MEHSIOIIMECS MO ONPEICICHHOMY 3aKOHY MOTPEIIHOCTH,
MOBTOPSIOIIHUECS MMPU MHOTOKPATHBIX U3MEpEeHUAX. CUCTEMAaTUUECKUE MTOrPeNl-
HOCTH ONPENEISAIOTCA IIyTEM MHOTOKPATHBIX U3MEPEHU OJHOM U TOU K€ BEJIU-
YUHBI NPU MOCTOSHHBIX MPOYUX YCIOBUSX U YCTPAHSIOTCS MOCPEACTBOM DPETY-
JIMPOBOYHBIX YCTPOWCTB WM BBEACHUEM KOPPEKIMHU C MOMOIIBIO CIENHAIBHBIX
31eMeHTOB. CHCTEMATHUYECKUE MOTPEIIHOCTH MNOAPA3JICISAIOT Ha MPOrPECCH-
pyIOIIME W NEepUOAHYECKUE. [Ipoecpeccupyrowyumu HA3BIBAKOTCS HEMPEPHIBHO
BO3pacTarolue Wik yObIBarolue NorpemHocTd. K HUM OTHOCSTCS MmOTpeniHo-
CTH OT W3HOCA JeTayeil, KOHTAKTOB W T.N. Ilepuoduueckumu Ha3bIBAIOTCS TMO-
IPEIIHOCTH, U3MEHSIOIINECS MO0 BEJIIMYMHE W 3HAKYy, BO3HHUKAIOIIUE Mpu (yHK-
UUOHUPOBAHUH U3MEPUTEIBHBIX YCTPOUCTB.

Cryuatinvie noepewHocmu MPEACTABISIOT COO0M MOTPENTHOCTH, HEOMpeae-
JIEHHBIM 00pa30M HW3MEHAIOUIMECS MO BEIMYMHE W 3HaKy. OHHM ONpeNenstoT
TOYHOCTh MU3MEPUTENBHOIO YCTPOUCTBA. [10 ClydailHbIM MOTPEMIHOCTAM MPOU3-
BOJIUTCSI OIIEHKA TOYHOCTHU KaK CAMUX U3MEPUTEIIbHBIX YCTPOMCTB, TaK U METO-
JIOB U3MepeHus. Beiencrrue ciay4ailHOM MOrPENIHOCTA UCTUHHOE 3HAYEHUE U3-
MEpSIEMOW BEJIMYUHBI HEM3BECTHO, TO3TOMY IPU MOACUYETE CIYyYANHBIX MTOrPEN-
HOCTEN 3a M3MEPEHHOE 3HAYEHUE NPUHHUMAIOT CpelHee apuMeTUUECKoe X H3
nonyuyeHHbIX N u3mepenuit Xi, Xz, ..., Xy, T.€.

N XN,

X=73 , (2.7)
i—1 N

rae N, —4acTora NOSIBJICHUN 3HaYeHUH Xi; N — 4nciI0 n3MepeHui.

CityyaiiHble MOTPEIIHOCTH SIBJIAIOTCS CIIyYalHBIMHA BEJIMYMHAMU U TaK XK€,
KaK MOCIIeTHUE, MOTYT ObITh OXapaKTepHU30BaHbI C TTOMOIIbIO MOHATHI U Xapak-
TEPUCTHUK TCOPUU BEPOATHOCTEM.

Cpennee apudpMeTHdYecKoe SBISIETCS HamOojee JOCTOBEPHBIM 3HAUCHHUEM
U3MEPSIEMOMN BEJINYHHBI:

_ 1
X:N;Xi. (2.8)
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[Tpy N—oo 3Ta BeNMYMHA OMNpPEACAeT MaTeMaTHYCCKOS OXHJIAHUE CIIy-
JaifHO! BeMU4HHBI. [Ipr OOIBIIOM YHCIIe HE3aBUCUMBIX NMPUYHH, BBI3BIBAIOIINX
MOSIBJICHUE CITYYalHBIX MOTPENTHOCTEH, TUIOTHOCTh PACIIPEACIICHUS BhIpaXKaeTCs
3akoHOM ["aycca (HopmanbHOe pacnpenenenue (puc. 2.1)):

1 X — X)?
o(X)=———exp _¥ ’
V2no 26
rae o(X) — MIOTHOCTH pachpenencHus BEPOATHOCTH, G — CpeaHee KBaapaTHy-
HOC OTKJIOHCHHC.

(2.9)

W(X)

W(x)

I —

dx X

e,

X
Diim=-3s Diim=+3s

Puc. 2.1. CnyyaiiHasi MOTpeHIHOCTh ¢ HOPMAJIbHBIM 3aKOHOM pacIipe/IeiICHUs:
X — u3mepsiemast BennurHa; W(X) — INIOTHOCTD pacripeesieH s

Cny4aiiHy10 HOTpENIHOCTh NMPUHSTO OIIEHUBATh JUOO CPEAHUM KBaJApaTUU-
HBIM OTKJIOHCHHEM, JHOO BEPOSTHBIM 3HAUeHHEM FE, TuO0 MpeneabHBIM Ajjm.
CpenHsist KBaJjpaTUYHas MOTPEITHOCTh OT/ICILHBIX U3MEPEHUN ONPEIENSETCS 0

dbopmyie

(2.10)

Cpennsisi KBaJpaTuyHas IMOTPEIIHOCTh SBJISETCS OCHOBHOW W HMCXOIHOM
Mpu nojcyeTe Apyrux. Tak, mpeaenbHas MOTPEeHIHOCTh onpenenserca no dop-
MyJie
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Ajim = £30, (2.11)
BeposATHas (CpemHss) MOTPEIIHOCTh — 1o (hopMyJIe
E =0,674c.

Ha puc. 2.2 cxemaTH4eCKH TIOKa3aHbl CUCTEMATUYECKHUE U CITy4alHbIC I10-
rpemHocTy. [lepBbie onpenensitoTcsl Mo BEIWYUHE CPeHEro apu(MEeTHIECKOTrO
JUISl TaHHOM TOYKH, a BTOPBIE — Yepe3 CPEAHEE KBAAPATUIHOE OTKIIOHCHHUE.

Puc. 2.2. CucremaTnuecKkue 1 cliydaiHble OTrpelHOCTH

I'pybvle noepewnocmu NPEACTABIAIOT COOON MOTPEIIHOCTH, MPEBOCXOs-
nue npenenbHoe (£30) 3HaUeHue ciaydJaiHo# morpemHocTd. OHH MTPOUCXOMAT OT
PE3KUX U3MEHEHUI BHENTHUX yCIoBUHN u3Mepenus. OO00IEeHHON MeTpoioruye-
CKOM XapaKTEPUCTUKON CPEACTB U3MEPEHUS SABJISIETCA KIACC TOYHOCTH, OIpeEre-
JI€MBbIH, KaK MPaBUJIO, TPAHUYHBIMU 3HaYeHUsIMH, JoryckaembiMu ['OCTom oc-
HOBHOW NPHUBEACHHOW MOrPEeIIHOCTH. 110 mpuBeaeHHON TOITyCKaeMOM OCHOBHOU
MOTPEITHOCTH MU3MEPUTENTbHBIE TPUOOPHI AT Ha Kiacchl TouHocty 0,01 — 4,0.

[TpoMeITIeHHBIE TIPUOOPHI B OOJIBITUHCTBE CITYYacB BBITYCKAIOT C KJIACCOM TOY-
noctu 0,5: 1.,5.

2.3. UndopManiuoHHas XapaKTePUCTUKA MPoIecca U3MepeHUus

Bcsikoe n3mepeHrne MOXKHO paccMaTpuBaTh Kak IeNb MpeoOpa3oBaHUil u3-
MepsieMOU BETUYUHBI 10 TE€X MOp, NOKa pe3yJbTaT U3MEPEeHUI He OyAeT mpen-
CTaBJICH B TOM BHJI€, KOTOPbIH TPEOOBATIOCH OTYUUTh.

[Iporiecc u3mepeHus: xapakTepusyercs nepenadeid nHGopMaluu o 3Hayde-
HUU U3MEPSAEMON BEIUYMHBI OT OJHOTO HOCUTENS €€ K JAPYyromy, T.e. mpeoodpa-
30BaHUEM MH(OpPMALMK O 3HAYECHUU U3MEPSEMON BEIMYUHBI B PE3YJIbTaT U3MeE-
peHuil. DTO 03Haydaer, 4yTo B MH(GOPMAIMOHHOM acCIEeKTE€ U3MEPEHUE MOXKHO
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paccMaTpuBaTh Kak MpoIlecC MpueMa U npeoOpazoBaHusi HHGOpPMAIUUA OT U3Me-
pA€MOI BEIWYMHBI B LEJSX IMOJYYEHUS KOJIWYECTBEHHOIO PE3yJbTaTa IyTEM
CpaBHEHHUSI C MPUHATON IIKAJION WM €IUHUIEH u3MepeHus B popme, Hanboee
yA0OHOM JIJIsl TaJbHEUIIIETO UCIOIB30BaHUs €€ YEIOBEKOM U ManuHoi. s yc-
TAHOBJIEHUS CBA3U MEXAY TOYHOCTHIO U3MEPEHUN U KOJIMYECTBOM IOJYYAEMOU
MIpU U3MEPEHUSIX UHPOPMAIIUU UCIIOIB3YIOT OCHOBHBIE MOJIOKEHUSI TEOPUU HUH-
dbopmanuu. [Ipu 3ToM oa TepMuHOM "HHPOpPMAIUA' TOHUMAIOT COBOKYITHOCTb
CBEJICHHUI 0 KaKOM-TM00 00BEKTE, MPOIECCe UM SBJICHUH, B OOIIEM ClIydae — O
¢duzmyeckoi cucteme. 3aauei noiaydeHus THGOpPMALUU ABJISIETCA YCTpaHEHUE
HEOMPEACICHHOCTH B HAIIUX MPEACTABICHUSX O COCTOSIHUM HEKOTOpou (uzu-
YECKOM CUCTEMBI U YCTAHOBJIEHUE KOJIMYECTBEHHBIX 3aKOHOMEPHOCTEH, CBSI3aH-
HBIX C MoJiydeHueM, 00paboTkoil u xpaneHueM uHdopmanuu. Paccmorpum xa-
PAKTEpUCTHUKY MPOIIECCa UBMEPEHUS C MO3ULIUN Teopun nHpopmaluu. B Teopun
uHpOpMalMK TONYyYEHHIO a0CONMIOTHOW M OTHOCUTEIHHON MPUBEIECHHOU IO-
TPEMIHOCTEN NPUAAETCS BEPOSITHOCTHBIA, CTATUCTUYECKUUA CMBICI, a UTOT IPO-
BEJICHHOTO M3MEPEHHUsI PACCMATPUBAETCSA KaK COKpalleHue o0JacTh Heompee-
JICHHOCTH M3MepsieMoi BennuuHbl. [Ipenen nsamepenus ot X; 10 X, (puc. 2.3) ¢
MO3ULNI Teopuu MHGOPMAIMK 03HAYAET, YTO BEPOSTHOCTH MOJYUYEHHUS OTCYe-
TOB rJe-To B npenenax X; u X, paBHa equnune. Eciu cuuTaTh, 4TO IUIOTHOCTH
BEPOSATHOCTU PACHPEACIICHUS] PA3JIMYHbIX 3HAYCHUW HM3MEPSIEMOW BEJIMYHUHBI
BJIOJIb BCEU IIKasbl MpuOOpa OJAMHAKOBA, TO Hallla OCBEAOMIICHHOCTh O 3Haue-
HUU BEJIUYUHBI O U3MEPEHUSI MOXKET OBITh MpEJICTaBlIeHa IpaUKOM pacmpee-
JICHHS TUTOTHOCTH BeposTHOCTH P(X) Bmosb mkamel (cM. puc. 2.3). I[LtoTHOCTH
pacnpenesneHus BEpOSATHOCTH B 3TOM CIIy4ae paBHA:

P(X)=— T . (2.12)
X 2 xl

Kak mokaszano Ha puc. 2.3, B pe3y/ibTaTe H3MEPEHHS MOJyUYECHO MOKa3aHNe
npubopa X,. OHaKko, yYUThIBas MOTPEIIHOCTH U3MEPEHUS, Mbl IPUHUMAEM pe-
3ynbTaT Xp = A. DTO 3HAYUT, YTO AEUCTBUTENHHOE 3HAUEHUE U3MEPSIEMON BEJU-
YUHBI JICKUT TJIe-TO B Mpeaenax oT Xy- 10 Xp+, T.e. B ipeaenax ydactka 2A. Co-
[JIACHO TE€OpUU MH(OpMalMK, pe3ysbTaT U3MEPEHHUS MOXXHO XapaKTepH30BaTh
TaK: €CJId J10 U3MEPEHUs 00JIaCTh HEONPEAEIEHHOCTH HaXoAuaach oT X; 10 X, u
uMesa Mallylo IJIOTHOCTh BEPOSITHOCTH, TO MOCIE M3MEPEHUsT HEOIpeleseH-
HOCTh COKpaTmiach 1o 2D m mMeer 3HaunTENbHYIO TIOTHOCTH P(x)=1/2A. Cre-
JOBATEIbHO, MOJTYyYEeHHE KaKoU-1100 mHpopManuu 00 MHTEpeCylolel Hac Be-
JUYUHE 3aKJII0YAeTCSd B YMEHBIIICHUU HEOINPEJeICHHOCTU €€ 3HaueHus. Mare-

MaTUYECKH HTO MOJ0KEHUE BhIpaxkaeTcs (popmynoit

M = H(X) - H(x/X,), (2.13)

rae M — KoJnuecTBO Moay4eHHOW uHpOpMaIuH,
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2 1

H(x)= ]O P(x)logP(x)dx = T . ix1 log . ! dx =log(x, —x,) (2.14)

HCXOJHas SHTPOIINA,

X, +A
1 1
H(x/x )=- | —Ilog—dx=1og2A
(x/x,) XI_AZA 9+ g2A (2.15)
P(x)
1
P(x)= —
(x) A
1 R 2D
P(x)=
1_X2
: >
X1 Xn X2 X

Puc. 2.3. I'paduk pacnipeneneHust MIOTHOCTH BepossTHOCTH P(X) BIOJIb Kb X

[TonyueHHOe KOMUECTBO UH(POPMAIIUHU, PABHOE PA3HOCTH UCXOHOM U OC-
TAaBUIEKCS SHTPOIUU, PABHO
M =H(x)-H(x/x,)=1log(x, — x)—1og2A = Iogu:—logz—A, (2.16)
2A Xy — X,
T.. KonudecTBO uHpopmanuu M ompeaensieTcss yMEHBIIEHUEM SHTPONUU OT
sHaueHus H(X), XapakTepu3yroleld HeonpeIeJICHHOCTh HCKOMOU BEJTUYHHBI TTe-
pen usMmepenuem, a0 3HaueHuss H(X/X,), koTopoe ocraercs mociie MOKa3aHUS
npubopa.

Takum 00pazom, nonaydenue a000M nHGOPMALIUK, B TOM YUCIE U U3MEPU-
TENbHOMU, Teopusi MHGOPMAILIUU pacCMATPUBAET KaK YCTpPAHEHUE HEKOTOPOH He-
OMPENICICHHOCTH, a KOJIMYECTBO MH(POPMAIIMU PACCMATPUBAETCS KaK Pa3HOCTh
CUTYaIUU JI0 U TIOCJI€ MOJIYYeHUsI TAaHHOTO cooOlIeHus. B HacTosee Bpems, 1o
MHEHHIO CIELUUAIMCTOB, PAa3BUBAIOIIUX M MCHOJB3YIONIUX HHGOPMAIMOHHYIO
TEOPUI0 U3MEPUTENbHBIX YCTPOUCTB, UCIOJIb30BAaHUE METOAOB T€OpUU HHGOP-
Mainuu odecrnieuut 0onee 3pHEKTUBHYIO OIIEHKY KauecTBa MPUOOPOB.
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2.4. Hap3op 3a u3MepuTeIbHOM TEXHUKOI

OO0ecrieueHrne €IMHCTBA MU3MEPEHUM M TMOJAJEp>KaHUS B HAJIEKAIEM CO-
CTOSIHUM CPEJICTB U3MEPEHUN BO BCEX OTPACIISIX HAPOAHOTO XO35IMCTBA OCYIIE-
CTBJISIETCSI €JUHOM METPOJIOTMYECKOM clyX00H cTpaHbl, Bo3riasisieMod [ oc-
ctangaptToM P® u cocrosiiei U3 rocyaapCTBEHHOW METPOJIOTHYECKON CITYKOBbI
U BEJIOMCTBEHHBIX METPOJIOTHYECKUX cNyxk0. ['ocynapcTBeHHass MeTpoJOoruye-
CKasl CiIy»0a MMeeT psAJl HayYHO-HCCIIeI0BaTeIbCKUX WHCTUTYTOB M YIpaBlie-
Huii ['occranmapra P®. B BeneHUM MOCHETHUX HAXOISATCA TEPPUTOPUAIIBHBIC
IIEHTPBI METPOJIOTUU W CTaHJIAPTU3AIINHU, MEXK00IacTHBIC, 00JacTHBIE (KpacBbIe)
U MEXpaloHHBbIE J1Ta0OPATOPUM TOCYJNAPCTBEHHOTO HAJ30pa 3a CTaHAApTaMH U
U3MEPUTEIIbHON TEXHUKOM.

OCHOBHBIMH 3aJlayaMH TOCYJAPCTBEHHOM METPOJIOTHYECKOU CIIYXKObI SB-
JSAIOTCS: OCYIIECTBJIIEHWE TOCYJIAPCTBEHHOTO HAA30pa 3a U3MEPUTEIBHOU TEX-
HUKOM, pa3pa00TKa HOPMATUBHO-TEXHUYECKUX JOKYMEHTOB TOCYIapCTBEHHOM
cucTeMbl obecrieueHus: eauHcTBa M3MepeHuit ('CH) u KOHTPOJIL 3a UX BBITION-
HEHHUEM, CO3/IaHME W COBEPIICHCTBOBAHME ATAJIOHHOW 0a3bl M mapka oOpasilo-
BBIX CPEJICTB M3MEpPEHHI, oOeclneunBalnX Mepeaayy pasmepa (U3NYECKUX
€AUHUIl OT ATAJOHOB JI0 MCXOJHBIX 00pa3IOBBIX CPEACTB U3MEPEHUN OpPraHOB
BEJIOMCTBEHHBIX MeTposnornueckux ciyx6. I'CHU mpexacraBiasier coboi Kom-
IJIEKC YCTAHOBJIEHHBIX FOCYJAPCTBEHHBIMU CTaHAAPTAMM IMPABWUJI, MOJOKEHHH,
TpeOOBaHUI M HOPM, OMNPENETAIONIMX OPraHU3alMi0 U METOJUKY padoT Mo
OLICHKE U 00ECNEYEHUIO TOYHOCTU U3MEPEHUN. DTH CTaHAAPTHI PETJIAMEHTUPY-
I0T. eAUHUIBI (U3UYECKUX BEIUYMH, METOJbl M CPEACTBA BOCIPOU3BEICHUS
ATUX €AUHUIL U TIepeJay uX pa3MepoB paboOUUM CpecTBaM U3MEPEHHl, CIIOCo-
OBl BBIPAXKEHUS HOPMUPYEMBIX METPOJIOTUYECKUX XapaKTEPUCTUK CPEACTB U3-
MEpPEHUM U MoKa3aTeIel TOUHOCTU PE3YIbTaTOB U3MEPEHUN; TPeOOBaHUS K Me-
TOJWKE BBINOJHEHUSI U3MEPEHUH; MOPSIAOK U METOJIUKY MPOBEACHUS TOCY1apCT-
BEHHBIX UCIIBITAHUH, IOBEPKU U PEBU3UU CPEICTB U3MEPECHUM.

OnHoO#l U3 OCHOBHBIX O0SI3aHHOCTEH TOCYJIAPCTBEHHOM METPOJIOTHYECKOMN
CITyXOBbI sIBJIsIeTCA 00ecriedeHrue ToCyJapCTBEHHOr0 HaA30pa 3a U3MEPUTEIbHON
TexHuKou. Han3opy mojmexar: mpou3BOJACTBO, COCTOSHUE, IKCIUTyaTalus U pe-
MOHT M€p U U3MEPUTEIIbHBIX TPUOOPOB, a TAKKE JESITEIHbHOCTh BEJOMCTBEHHBIX
MeTposiorndeckux ciyx0. Opransl ['occrannapra PO umeroT npaBo 3anpearhb
BBIITYCK B O0OpallleHue CPe/ICTB U3MEPEHUHN, HE COOTBETCTBYIOIINX TPEOOBAHUSM
rOCYJapCTBEHHBIX CTAaHAAPTOB U TEXHUYECKHX YCIOBHM, M3bIMaTh U3 oOpale-
HUS HEMIPUTOJIHBIE MEPBI U U3MEPUTENIbHbIE TPUOOPHI, MPOU3BOIUTH 00s3aTENb-
HYIO TOCYAapPCTBEHHYIO MMOBEPKY CPEACTB U3MEPEHUM, TPOU3BOAUTH TOCYIAPCT-
BEHHbBIC HCTBITAHUS W ATTECTAIMIO HOBBIX M3MEPUTENBHBIX MpUOopoB. Bee me-
pPBbl U U3MEPUTEIbHBIE IPUOOPHI, MPEHAZHAYCHHBIE ISl CEPUHHOTO MPOU3BOA-
CTBa U BBIITyCKa B 0OpallleHUE, OABEPratoTCsi TOCYJaPCTBEHHBIM UCTIBITAHUSIM.
B mpouiecce ucnbITaHul yCTaHaBIMBAECTCS COOTBETCTBUE MPUOOPOB 3arpocam
HapOJHOI'O XO351CTBA, COBPEMEHHOMY YPOBHIO U3MEPUTEIBHON TEXHUKH U TpE-
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OoBaHUsAM CTaHIApPTOB. [IpH MONOKUTENBHBIX pe3yJibTaTaX TOCYIAapPCTBEHHBIX
ucnbiTanuii npudopoB ['occrangapt PO pazpemaeT ux mpou3BOJCTBO U BHITYCK
B 0OpallleH’e U BKJIIOYAET B TOCYJJAPCTBEHHBIN peecTp.

Jlnst obecnieueHus HEOOXOIUMOW TOYHOCTU U3MEPEHUN YCTaHOBJIEH OIpe-
JEJICHHBIA TOPSIAOK OpraHU3allu U MPOBEICHUS MOBEPKU CPEACTB U3MEPEHHUIL.
Bce cpenctBa m3mepeHM MOIJIEKAT TOCYAAPCTBEHHOM WM BEJOMCTBEHHOMU
MTOBEPKE.

l'ocynapcTBeHHOM TIOBEPKE, BBINNOJIHsIEMOM cucteMou ['occranmapra PO,
MOJBEPrarOTCsS CPEACTBA U3MEPEHUS, MPUMEHSIEMbIE B OPraHax roCylIapCTBEH-
HOW METPOJIOTHYECKOU CITYXObl, UICXOJHbIE 00pa31l0BbIE MPUOOPHI, UCTIONIb3Ye-
MbI€ B OpraHax BEJIOMCTBEHHBIX METPOJIOTUYECKHUX CIIY>KO, a Takxke pabouwue
CpeACTBa U3MEPEHUM, TPUMEHSIEMBbIE ISl yueTa U B3aUMHBIX PacyeToB, odecrie-
YEHUsI TEXHUKU 0€30MacHOCTH OXPaHbl OKPYKAIOIIEH Cpelbl U 370pOBbs Hace-
nenud. [lepeuenp pabouyux CpelCcTB M3MEPEHUM, MOJJIEKAIINX 00s3aTeIbHOM
rOCYyJapCTBEHHOM IMOBEPKE, W MEPUOAUYHOCTH ITOM MOBEPKHU I OTACIBHBIX
rpyni npubopoB ycranaBiauBaroTcs ['occtangaprom PO.

BenomcTBeHHass TMOBEpKa OCYIIECTBISAETCA OpPraHaMU BEJOMCTBEHHBIX
METPOJIOTUYECKHUX CIYKO OTIAEIbHBIX MPEANPUATUN, OpraHu3aluil U ydpexie-
HUM, UMEIOIIMX pa3pelieHrne opraHoB l'occtanmapra PO Ha npoBeaeHue mose-
POUYHBIX pabOT. DTOI MOBEpPKE MOJJIEKAT BCE CPEACTBA UBMEPEHUM, UCIIOJIb3Yye-
MbI€ B HAPOJHOM XO3SIMCTBE, HE OXBATHIBAEMBIE TOCYAAPCTBEHHOW MOBEPKOM.
IToBepka cpeACTB U3MEPEHUM TMTPOBOAUTCS B COOTBETCTBUM C TpeOoBaHusAMU [ 0-
CYyIapCTBEHHBIX CTAaHAAPTOB, MHCTPYKLIHUM U METOJAUYECKUX yKazaHuiu [ occran-
napta PO k metonam u cpeacTBaMm noBepku. [Ipubdopsl, npu3HaHHbBIE B pe3ylib-
TaTe MOBEPKHA HE OTBEUYAIOIIUMH CBOEMY KJIACCY TOYHOCTH WJIM HEUCIIPABHBIMH,
HE JIOMYCKAIOTCS K NAIBHEUIIEMY NMPUMEHECHUIO J0 YCTPAHEHHS BBISBIICHHBIX
HegocTaTKoB. Ha nmpuOopsl, pu3HaHHBIE TOAHBIMHU, HAHOCATCS KJieiiMa WU BbI-
MUCHIBAIOTCA CBUETENbCTBA. [Ipn HEOOXOAMMOCTH OTPAHUYUTD IOCTYI K MeXa-
HU3MaM 1pubopoB. Tlociie ux moBepku Kopmyca npudopoB maoMoupyrores. [lpu
Y4aCTHH B FOCYAAPCTBEHHBIX KOMHUCCHUAX IO NPUEMKE BHOBb CMOHTUPOBAHHOIO
U PEKOHCTPYUPOBAHHOIO TEXHOJOTHMUECKOTO OO0OpYIOBaHHUS B3PBIBOMOKAPO-
OMacHBIX MPOU3BOJICTB C HAIMUHUEM CPEACTB aBTOMATHKU paOOTHHUKAM MoOXKap-
HOM OXpaHbl HEOOXOAMMO OOpalllaTh BHUMAHHE HA BBINOJHEHHE TPEOOBaHUUN
COOTBETCTBYIOIIMX HOPMATHUBHBIX JTOKYMEHTOB l'OccTaHIapTa 1o noBepke Mnpu-
OOpOB M UX KJIECHMEHHIO. JTO CHMXXAET BO3MOXHOCTH B3PBIBOIOXKAPOOMACHBIX
cuTyalui Ha Oo0OBEKTaX, a B Cilyyae IMoKapa U B3pbIBa MPUOOPHI, MPOIIEIINE
MOBEPKY, OyAyT OOBEKTUBHO OTPaKaTh MPEJABAPUNHYIO CUTYALUIO U XOJI pas-
BUTHS aBapuH, NPUBEIIEH K MTOXKapy.
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