KOHTPOLHUR
JK3EMNNAP

DY «Poceuiickuii henepansubiil AnepHbiit uentp — BeepoccHitcknid
HAYHHO-HCCNE10BATENBCKHIT HHCTHTYT IKCIEPHMEHTANBHOH PHIHKHY

C. A. JlobacToB

OCHOBbI METPOJIOI'A
N METOAbl UIBSMEPEHWUA
OPU3INYECKUNX BEJINYUH

VuebHoe nocobue

Capos
2018



YIK 53.08+006.91(075.8)
BBK 30.10
J168

Peuensenrei: C. M. I'epacumos, a-p dus.-mar.Hayk, 3aseayiommii kadenpoii «Cne-
uHansHoro npudopocrpoenuuan Cap®TH; B. M. Benbckuii, kana. dms.-mar. Hayk,
noueHT kadeapet «TeopeTnueckas W akcnepuMeHTalbHag Mexanuka» Cap®TH;

JloGactos, C. A.

7168  OcHOBBI METPONOIMH W METO/BI H3IMEPEHHA (DHIHYECKHX BETHYMH]
Yuebuoe nocobue / C. A. Jlobactos. - Capos: @I'VII «P@ALI-BHHHU D,
2018.-412 c.: ua.

ISBN 978-5-9515-0406-7

B yuebuom nocobum nano nowstue wH(opmaluu, nepednciensl hopMel ee
CYLIECTBOBAHMA, paccMOTpeHbl dH3HueckHe ABneHHd M adiderTtsl, McnoneIyvemesle
ANA MoAy4eHHA W3MepuTenbHoll WHbopmauun. [lpuBeaeHsl OCHOBH MOCTPOCHMA
MEPEHYHBIX W3MEPHTENbHBIX NpeodpaszosaTeneil, HIMEPHTENLHBIX W HHQOpPMAaLIK-
OHHO-HIMEPHTENLHBIX CHCTEM, NpejHa3HAYCHHBIX I8 UIMEPEHHA ITCKTPHYECKHX
M HE3NeKTpHYeCKHX (DH3HYECKHX BelIHUYMH, HX 0DpaBoTrH, HHOMKALMH H XpaHeHHs,
PaccMoTpeHBl BOMPOCH MeTponordueckoro ofecnedeHus MpH MONYUEHHH HIMEPH-
TeNbLHOH HHE]'.'IGPMHLEHH H KDHTPEIIE Kd4eCTBEd NMPOJAYEKIIHH, 8 TaKXKEe OCHOBBI CTATH-
CTHYECKOH NPOBEPKH MHNOTES O CBOHCTBAX IKCNEPHMEHTA H TEOPHH KOpPPEIALIMH.

YuebHoe nocobue moxer OBITE MOME3HBIM MPH H3IYYCHHH JHCLMMNIHHE]
«DU3HYECKHE OCHOBBI NMONYYeHHA WHQOpPMaLMHY CTYJEHTAMH Bbicluero npodec-
CHOHANBLHOrO o0pazoBaHWd No HanpasieHio noarotoek «lIpuBopoctpoennen —
12.03.01.

YK 53.08+006.91(075.8)
BBK 30.10

ISBN 978-5-9515-0406-7 O OI'YIl «POALI-BHHHD®x», 2018



COJEPKAHHE

CONEOK CORDAIIAMHEL < s i s s e e s e s S

Beegeume . . ............ o R S R R T

I'naga 1. O6mme Bonpock! noayveHus HHPOPMALHE . . . . ... . .........

1.1. TloHaThe ¥ dopmel cyuwecTsoBaHua MHboOpMauny. Cxembl noay-
4eHHA HHpopMaumu ob oObeKTe HIMEPEHHA M BHILI H3MEPEHHI . . . . .
1.2. Buabt duavyeckux BenuyuH. CHeTeMbl eHHHL (HM3HYECKHX Be-
THYHH. JtanoHHaa GasaPoccuu . ... ... .ot R _
1.3. Bonpochl ans TectHpoBaHHA Mo rnaee 1 .......ooovuiiunn. ..
1.4, CTHCOK THTEPATYPBI - « - ¢ i ot v e et ee et e e ianeaesannenns

I'naea 2. Merponoraveckne ocCHOBBI Noaydenna nudopmanmnm . .. .....

2.1. Obmme ceBeleHHs O METPOOTHH, OCHOBHBIE OMNpENE/NEHHA M
TEDMMHEE & o s 5o dinaiestai o A e R

2.2. Buasl norpewHocTei uimeperuit. Knaccel TOMHOCTH H3MEPHTEb-
MBI D PHOPOIE <o 4 v e i R SR e

2.3. CucremarHyeckas W caydvaliHas MOTPEelHOCTH  H3MEPEHHIA.
Kputepuii @uwepa. [lowatHa cpeaHero 3HaveHus, QHCNEPCHH, cpefl-
HEKBAJPaTHYHOTO OTKIOHEHHA H3MepAeMoil BenauuuHbl. [LnoTHocTs
H 3aKOHbI pacnpeaeneHHa BEPOATHOCTH. [loBepHTeNbHAA BEPOATHOCTH
H A0BEPHTENbHBIA HHTepBan. CyMMHpOBaHHE NOrPeLIHOCTEH . . . ... .

2.4. T'pybeie norpemnoctd. Kpurepun 3o, lllapnee u J[uxcoua.
ITpasuna OKpyrneHUa pe3yNbTATOB H3MEPEHHH . . .. ........0.uuu. "
2.5. Cnocolbl  MOBbILIEHHA TOYMHOCTH H3MepeHuit W oOpaboTku
MHPOPMALIMHE . . ... oo vvvanvnnnnrnnnns S S R e

2.6. OcHOBBI CTATHCTHYECKOH NpPOBEPKH FHMOTE3 O cBolcTBax 3Kcne-
pumenTa. Kpurepuu [Nupcona w Konmoroposa . . ............ .. ..

2.7. OcuHoBbl TeopHH koppenauuH, [TOHSTHA YCNOBHOrO CpeaHEro M
BbIfopoyHOro Koadduumenta. Ypasueuus perpeccud. Koppensuuon-
HOE OTHOWEHHE . .. ... ...... SRR R Gl
2.8. Bonpock! 18 TECTHPOBAHMA MO TNABE 2 . . ...\ vveveennnnnn.
2.9. CIMCOK IHTEPATYPHI . . o oo vv e eee e ennns .

llllllllllllll

lnasa 3. HimepuTensnas TeXHHKA K2k OCHOBA MoaydeHus uudop-
L SR e R e e R e S S R

3.1. dyuxkumonansHas cxema MuopMauHoHHoi cHerembl. [TousTua
HCTOMHMKA cOO0LIEHHMA, NEPeJaTYHKa, HCTOUMHHKA NOMEX, NPHEMHHKA
H NOTPEOUTENA COOOMICHMS . . . .. ... .0vviiinnnnnnnnn... S

3.2, Crpyktypa n3mepHuTensHoil cicremel. [ToHATHA W3IMepHTENBHOMD
npeobpasosaTena, perHcTpUpyLoLLeH annapatypel W cnocobos ynpas-
NeHHA, YCTPOHCTE MHAHKALIMK M XpaHeHHA WHbopmauuu, obpaboTku
Pe3yAbTAaTOB HIMEPEHHH

.....................................

13
18

38
39

40

40

45

54

92
95
97
100

103
104

105

105




3.3, Monstie wamepenns duanueckux seawund. Obnacte # obvext
wimepenni. Knaccuukauma uamMepenuii no npuHUMMY W duiHec-
ROMY erTy MPeoDPAIOBAHHA . . . .. .0 v ivi v ieaisccnisnnanans
3.4 Monsrre n knaccudukauns cpeacta vamepenui. [lnannposanue
M OPTAHHZAUMA HIMEPEHHIA . .. ..o ciin i inir i ca s
3.5. MMoHATHE W OCHOBHBIE NPHHLIMITEL NOCTPOSHHA SHANOIOBMX M
undipoBsix HasMepuTenbinx npubopos. LUndpoese uudopmauxonto-

HIMEPHTERLHLIE CHOTEMBL . - o . v yv v v v v 3 e e e b i s
3.6, [NonaTHe HIMEPUTENRHOID MEXAHHIMA. HIMepHTENBHBIE MEXAHNI-
MBIl MPAMOTO AEHCTEHA W HX OCHOBHBLIC XAPAKTEPHCTHEMN . .\ oo v enau .

3.7. Hamepurenshpie npubopsl ypaRHoBelMBaKOWEro npeobpalosa-
HHA: MOCTBI M KOMACHCATOPB] .+ cavvvsianviisoasisrasannanass
3.8 AMNAMTYAHBIE MOOYARTOpPEL W AemoayasTopel. Cnocobbl WX
PIPHMEHEHHA « o . oo vt naaas i naana s s s mmsrnaansrrnonss

3.9. HamepuTensuble YCHIHTEIH MOCTOAHHOND H NEPEMEHHOM TOXA.
HisepHTeabHbpe YCHAHTENH ¢ GONbONM BXOOHBIM CONPOTHEACHHEM,
OfpaTHan cBA3h, ONEPALMOHHEIE YCHIHTEMH . . ..o oviiinnanienans
3.10. Bonpocs! /s TecTHpOBaHHA MO TAABE 3 . . ... ... oouaanns
3.11. Cnucok AvTepaTypsl . . . . .

Faara 4. Himepenne napaMerpos MeKTPHUECKKX H MATHHTHBIX Be-

4.1, MeTo/i HIMEPEHHA TOKOB H HANPAMEHHA . . . ..o vvvnennnrnnns
4.2. Hamepenue BHICOKHX HANPR#eHHA M DONBIIMX TOKOB. IWYHTHI,
AOCABOYHBIE PEIHCTOPEI, ACAHTCAH HANPAMEHHA W TpancHOpPMATOPLL;
MeTo/] MacwTabHoro npeobpasoBaHna; IEKTPOPUIHYECKHE METOIM
(raszopa’spaivelii, YCKOpeHHA 3apAKEeHHBIX YACTHLL M PeIOHAHCHBIX
ANEPHBIK PCAKLMA) . « o oo v vrriinssstansstsnnnssrnnsensnsnres

4.3. l'anuBaHoMarnuTHee npeobpazopateny Ha Mpupextax Xoana M
| oy - G T S S I R P S S
4.4, Bonpocw A0 TecTHpoBaHMAR o raaee 4 .. . ..ol
4.5, CHHCOK RHTEPATYDM -+« 5o savssnnnsneassnssmnnssssnsssts

Faasa 5. @uandeckne spaennd B WpdekThl, HCNOIALIYEMBIC 1R HIMe-

PEHHA NAPAMETPOB HEICKTPHYCCKHX BEIMIHH . ... .. ... .o iinn,
5.1. Obmue crefeHHa 00 HIMEPCHHAX HEMEKTPHUECKHX BCIHUMHH.
MMpeobpatoBaTeld HEVICKTPHHYCCKHXY BCAHYHH B MIEKTPHUYCCKHE W HX
OCHOBHBIC XAPAKTEPHCTHEN . . .. oo iiiinnraasraansresssssnnsan
5.2. Vnpyrue 3nesMenTsl HIMEPHTENbHLX npeobpasosarenci. Ocoben-
HOCTH NOAY4eHHA WHPOPMAUHH TIPH HCCNENOBaAHHH Em:'rp-u:-npa'rt-
KAIOLUHX NPOUECCOR .
5.3, Hamepenne .zeq:upmauﬂﬁ HI:T::I';LII\-IH pc:ut:mnlmﬁ H 'p-I:i-l.'I'I'l:HDHM—
nyabcHOR TeHzomeTpun. Hasmepenwe nepememienni pesHcTHBHBIMH,
WEKTPOMAHHTHRIMH, EMKOCTHBIMH, ONMTHHECKHMIM W peHTreHOrpa-
YECKHM METOBAMH . « « v v v o vrsrsssssssasssnsassnmansstresyes
5.4, [Meel0a1eKTpHYCCKHI, TEHIOPEIHCTHENBIHA, HHAYKTHBHBIH W eM-
KOCTHOM METO/L! HIMEPEHMA NAPAMETPOB YCKOPEHHH H CKOpOCTEd . . .

11

114

17

124

145

156
170
171

172
172

177

188
192
193

195

195

203

209

247

5.5. OcHOBR M3MEPEHHA TEPMOIMHAMHYECKHX NapaMeTpos OuicTpo-
npotexaowmx npoueccos. [TeesoonexTpuyecknii, TeHIOMETPHYSCKHI,
PEIMCTHEHEIN, TEPMO- H MATHHTOYNPYIHA METOMLI HIMEPCHHA napa-
METDOB BABNEHIII -« ooiabin viai oo vy s b v a0 s o w4 o 3 263
3.6, Metpanoriyeckie OCHOR HIMCPEHHA Temnepatypel. Mexanwime
nepefays Tenaosold 3deprud oT obvesta k npeobpasosatemo, SDd-
therret Jeebexa, MensTeew Tomeoma . ... ... ..o oniiiiinnn... 282
5.7. TepMopeIHcTHBHLIE, TEPMOINEKTPHHUECKHH, OHPOMETPHUECKHI,
CNEKTPOMETPHYECKHH, TEPMOYACTOTHBIN, TEPMOMETPHYECKHA, TEPMOHH-
AMEATOPHEIH (TEPMOKPACKH M MHAMKATOPL MNABMEHHA) H TENIOBH-
FHOHHBIA METOOB HIMEPEHHA TEMIEPATYPEL - - . - - v v vrnv e rnnnns 286
5.8. PasauTie aneKTPHUECKHX HIMEPEHHIT W CTAHORICHHE OITOMICKTPOHH-
kH. CoeT H ero ocHOBHBIE CROFCTRA. OCHOBHBIE ANEMEHTDI CXEM OITTHYEC-
KHX HIMepeHHii, OcobeHHOCTH NOCTPOCHHA HIMEPHTENBHBIX CHCTEM C BO-

NOKOHHO-OMTHYCCKHMH JATYHKAMH H NEPCNEKTHRL] HX PATBHTHA . . . . . . . 325
3.9. Konebanua ¥ BONHL B HHPOPMALHOHHO-HIMEPHTEALHOR TEXHHKE.
Jlazeprnic H PATHOHHTEPMEPOMETPBE . . . . .o ovvt i rrrrrnnnnns 353

5.10. Houmsaumnonnsie winysenus. [Mpeobpazosartens HOHHIAUMOHHBIX
HITYYEHHHA! HOHHIALHOHHAA KAMEPA, MA30PAIPRAHEIE CHETYHKH, CLHH-

THUIAUHOHHEIE H NONYNPOBOTHHKOBLIC ACTERTOPBE - . . ... ovv .. 365
5.11. Bonpoce! ANS TECTHPOBAHHA MO TAABE 5 .. ... .o ivunennnn.. . 379
2 NHCOK MHTEPATYDE] . . . ..o v v vernarssnnnsnnesbonntsstsss 383
laasa 6. MeToas KOHTPONR KASECTBA NPOAYKIEE . . .. .......0ooo0... 390
6.1. KonTpons reoMeTpHYSCKHX PAIMEPOB HIZENHHA . .. ... vuu . 391
6.2. OnpegeneHie NIOTHOCTH W PAIHONMOTHOCTH AeTaned . . . . . v (AN
6.3. Kourpons gedekTHOCTH BHYTPEHHER CTPYKTYP O0LEKTOB Hecne-
EROBABIIRR & ¢ 2 v v oovs v o oo b b ke 0 0 398
6.4. Bonpocht 118 TECTHPORAHMA MO TAABE 6 . ... ............uuun. 400
6.5 CIHCOR RHYBDATYPEE . .« i iosiniieinannssnnssnisinss anmsra 401
.
Mpunosenne 1. 3nauckme dynkuun O(X) = jf- L A 402
0
lNpunosenne 2. 3akon pacnpeneaeHus CTRIOAEHTA . ., .. .ovvvvuernnna.ns 403
[pwiomenne 3. Inavenna kpurepua Mupcoma . .. ... ... oiniinnnn... 404
[pwnomerne 4. Inavenus kputepus Konmoroposa . .. ..........o.ooe.... 404
Tlpwrometne 5. TepMOINEKTPOABHACYLIHE CHABI TEPMOMAD . - . ..o vvneenn. . 405
[Mpracsenne 6. DHIHYECKHE KOHCTAHTBL . . oo v v v vt iistiennssssss 406
[Mpunookenne 7. CooTHoweHHs Mexly QHINHECKHMH BETHUHHAMM B K03G-
ORETMSRTRE TEPEIOURE - & v i oo 0 b e i b RS wd bk w e b 407
[punomenwe 8. Ocxosubie pencpusie (nocTosuueie) Touks MITTIL-90 . ... 408
Mpunomenne 9. Eamumust ST .. oo i 409



	s1
	s2
	s3
	s4

