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N3mepenune ¢pusnyeckoii Benunnbl. MaTemaTudeckas 00padoTka
pe3yJIbTaTOB U3MepeHUi

Heabp pabdoTrbl: npuoOpeTeHHE MPAKTUUYECKHX HABBIKOB BBIIIOJIHEHUS
U3MepeHHs PU3NIECKUX BETMUUH U 00paboTKa pe3ynbTaToB U3MEPEHUI.

XapakTep BBINOJHEHHS PA0OTHI: KK/l CTYJEHT BBINOJHAET padboTy
WHIUBUY AJIbHO.

Teoperuuyeckasi 4acTh

H3mepenue — 310 onpejienieHue 3HaueHus (U3NYECKOU BETMYUHBI ONTBITHBIM
OyTéM C TOMOIIBIO CHEUUATBHO MPEJHA3HAYEHHBIX I 3TOr0 TEXHUYECKUX
cpenctB. Ilpm u3MepeHMSX MOMy4aloT KOJUYECTBEHHYIO HH(oOpManmuoo 00
u3MmepsgemMor BenumuuHe. [lo cmoco0y TmoOMy4YeHUs YHUCIOBOrO  3HAYEHUS
U3MEpPSAEMON BEJIMYMHBI BCE H3MEPEHHUS JENAT Ha NpsMble, KOCBEHHBIE,
COBOKYITHbIE, COBMECTHBIE.

COBOKYITHOCTh TPUEMOB UCIIOJIB30BAHUS, IPUHIUMIIOB U CPEACTB U3MEPEHUN
Ha3bIBAIOT MemooomM usmepeHui. BaxXHEHIIMMH SBISIOTCS CIEAYIOLUIME METO/bI
WU3MEPEHUN: HENOCPEICTBEHHON OLICHKH, CpaBHEHUE C MEpOH,
IIPOTHUBOIIOCTABJICHUE, 3aMEILCHHS], HYJIEBOU, G depeHIATBHBIN,
IIEPECTAHOBKH, JOIIOJIHEHM S, COBIIAICHU.

Jlia u3Mepenust GU3NUecKUX BEJIMYMH MCHOJIB3YIOT TEXHUYECKUE CPENICTBA.
TexHUYecKHe CpelcTBa, KOTOPHIE HCIOJB3YKOT IPH HM3MEPEHUSAX U HMMEIOT
HOPMHUPOBAaHHbBIE METPOJIOTUYECKUE XapaKTEPUCTUKH, HA3BIBAIOT Cpedcmeamu
usMepeHu.

Bce cpencrBa u3MepeHUM NOAPA3AENISAIOT HAa MEpbl, HW3MEPUTEIbHbBIC
npeoOpa3zoBaTeian, H3MEpPUTEIbHbIE NPUOOPBI, H3MEPUTEIbHBIE YCTAaHOBKH U
CUCTEMBI.

K MeTposiornyeckuM XapaKTepuCTUKaM CPEICTB U3MEPEHUI OTHOCST: BUA
IIKaJIbl, IEHA JAEJICHUS, KJIacC TOYHOCTH proopa.

Hlkanel mpuOOPOB XapaKTEpU3YIOTCS TaKUMU MOKa3aTeNsIMH: Tpeaes
U3MEpEHMS 110 1IKasle mpudopa, [eHa JeJIeHUs IKabI.

[Mon knaccom mounocmu cpencte  m3mepenuss (IFOCT  16263-70)
NOHMMAaeTcs Takass oOOOOIIEHHAs XapaKTepUCTHKa, KOTOpas Ompeessercs
IpenesiaMy JI0ITyCKaeMbIX OCHOBHBIX U JIOIIOJIHUTENBHBIX NOTPEIIHOCTEN, a TAKKe
JPYTUMHU CBOMCTBAMH CPEACTB U3MEPEHUN, BIUSIOIIMX HA TOYHOCTh U3MEPEHHUI.

O6o3HaueHne Kjacca TOYHOCTHM MPUOOpa HAHOCUTCA Ha LU(epOnIaThl,
HIUTKA ¥ KOPITyca CPEJCTB U3MEPEHUMN, NPUBOJATCA B HOPMATUBHBIX JTOKYMEHTAX
Y MOTYT OBITh IIPE/ICTABIICHBI B PA3JIMYHOM BUJIE.

CpenctBam wu3mepenuid (I'OCT 13600-80), mnpeaenbl 10MyCKaeMbIX
[IOIrPEIIHOCTEN KOTOPBIX BBIPAXKAIOTCA B BHUAE IPUBEAEHHBIX IIOIPEIIHOCTEN,
JIOJKHBI TTPUCBAMBATHCS KJIACCHI TOUHOCTH, BblOMpaembie u3 psanaa yucen (1; 1,5;



1,6; 2,5; 3;4; 5;6) x 10", rne mn = 1, 0,-1, -2 u T.4. 9T0 03HAYaeT, 4YTO 3HAUCHUE
U3MEPSAEMON BEJIMYMHBI HE OTJIMYAETCS OT TOr0, YTO ITOKAa3bIBAET YKa3aTelb
OTCUETHOTO YCTPOWCTBA, 0OOJIEe, YEM HA COOTBETCTBYIOIIEE YHUCIIO MPOLEHTOB OT
BEPXHETO Mpeiesia U3MEPEHUM.

O603HaueHnsT MOTYT UMETh (HOPMY 3aryiaBHbIX OYKB JJATUHCKOTO andaBuTa
(manpumep, M, C u 1.1.) unu pumckux mudp (I, 1, I, IV u 1.1.) ¢ no6aBneHnEM
YCIIOBHBIX 3HAKOB, 0003Hauathcsi B Buae apooum (0,02/0,01). Cmbicnm Takmx
0003HaUYEHUN pacKpbIBaeTCs B HOPMATUBHOM JOKyMeHTanuu. CyIecTBYIOT H
Ipyrue 0003Ha4eHUsI KIIacCOB TOYHOCTHU CPEJCTB U3MEPEHU.

Knacc TouHOoCcTH sBisieTcss OOOOIIEHHOM XapaKTEpUCTUKON CpPEICTB
U3MEPEHUN. 3HAHWE €ro IO03BOJIIET OIPEACIUTh HE TOYHOCTh KOHKPETHOIO
U3MEPEHHs, a JHIIb yKa3aTb IPEAENbl, B KOTOPBIX HAaxXOIUTCA 3HAYCHUE
u3MepsieMol BeauuuHbl. OMMOKM M3MEpPEHMH MOryT BO3HUKATH IO MHOTUM
IPUYHHAM.

OpnnHako gake npu COONIOAEHUH BCEX YCIOBUN TOCTATOYHO TOYHO U3MEPUTH
3Hau€HWE (U3UYECKON BEIMYMHBI TPH OJAHOKPATHOM HW3MEPEHHH CIIOKHO,
MO3TOMY MPOBOASAT MHOTOKPATHBIE U3MEPEHHS (PU3NUECKON BETUUNHBI.

IIpn npoBeneHNN B OTMHAKOBBIX YCIOBUSAX IIOBTOPHBIX U3MEPEHUN OJHOMN U
TOM >K€ BEJMYMHBI MOJYYalTCs PE3yJNbTaTbl HAOMIOJIEHUN, KOTOPBIE B pslIe
CIIy4aeB OTIUYAIOTCS APYT OT Apyra, a B psAJlie COBNAAAIOT. Takue pacXoxIAeHUs B
pe3yapTaTe U3MEPEHUS TOBOPAT O HAJIUMYHMHM B HUX CIYyYaWHBIX IOTPEIIHOCTEH, a
TaK)K€ MPUCYTCTBUU NpoMaxoB (rpyObix mnorpemHocteil). Llenpio 00paboTku
pEe3yabTaTOB U3MEPEHUN SIBISIETCS yCTAHOBIICHWE 3HAYEHUS U3MEPAEMOU
BEJIMYUHBI U IOTPEIIHOCTH IOJYYEHHOro pe3yipTraTa. s moylydeHHs OLEHKH
U3MEpSIEMON BEIMYMHBI MAaKCHUMaJbHO OJIM3KOM K MCTUHHOMY 3HA4YEHMIO
HEOOXOJMMO MO KCIIEPUMEHTAILHBIM JaHHBIM, BBISIBUTh U UCKIIOUUTH MPOMAaxH,
HAalTH  OLEHKY MAaTeMaTH4eCKOro  OXXHMJaHUA  OTIEIbHBIX  pE3yJIbTaTOB
HAOJIOICHUM, OLIEHUTh CHUCTEMATHYECKYIO0 MOTPEHIHOCTh M HCKIIOYUTh €€ W3
OLICHKM MaTEMaTUYECKOTO OXXUJaHUsA. TOYHOCTh OLEHKHM MAaTeMaTH4eCKOro
OKUJaHUs psaa HaOMIOIEHUI 3aBUCUT OT KOJIMYECTBA BBINIOJIHEHHBIX U3MEPEHUH U
OT JHWCIEpCHM CIIy4allHOM cocTaBiswomen mnorpemHoctd. [loatomy 1o
HKCIIEPUMEHTAJIBbHBIM ~ JAQHHBIM  TMPUXOJIUTCA  OLIEHUBaTh  HE  TOJIBKO
MaTEeMaTUYeCKOe 0’KHUJIaHKE, HO U TUCTIEPCHIO.

MarepuajbHoe o0ecnievyenmne

Beptukanbuplii  onTUMETp,  KamuOpbl  TAajKWe IS OTBEPCTHiA,
IJIOCKONAapasuieIbHbIE KOHIEBBIE MEPHI JJINHBI.

IHopsigok BeIMOJIHEHHSI PadOThI

PaboTy BBINOJIHAIOT B CIAEAYIOLIEM HOPSAKE:
- OmpelesieHue BUJa U METOJIa UBMEPEHUI, TUIIA CPEJICTB U3MEPEHMIA;
- OIpezesieHue Kiacca TOUHOCTH ITprOopa, MOrpeIHOCTH U3MEPEHU;
- 03HAKOMIJIEHHE C YCTPONUCTBOM NpHOOpa U MOPSIAKOM pabOThl HA HEM;



- BBINIOJIHEHHE MHOTOKPATHBIX U3MEPECHUH 3HaUCHHI (PU3UICCKON BEIIMYHHBI,

- 00pa0oTKa TOJYYEHHBIX  OSKCICPUMCEHTAIBHBIX  JaHHBIX W OIICHKA
MOTPEITHOCTH U3MEPCHUS;

- odopmiieHHE OTUETA.

MeTomea IKCIICEPUMEHTA

N3MepeHrs BBINOJHAKOT Ha BEPTUKAIBHOM ONTUMETpe. BHewmHuii BuA

npubopa npeacTaBiieH Ha puc. 1.

[To HOMUHANBHOMY pa3Mepy JleTaau HaOUparoT OJIOK MIOCKOMapaIeIbHbIX
Mep JUIMHBI. Y CTAHOBUB OJIOK IJIMTOK HA CTOJIMK 6 ONTUMETpPA U YOSAUBIIUCH, YTO
KpOHIUTENH 4 onupaeTrcs Ha Koablo 10, oTBepHYyTh BUHT 9 M, Bpamias koJbio 10,
NepeMEeCTUTh KpoHIITeHH 4 BMmecTe ¢ TpyOkod 1 Tak, 4YTOOBI MEXIy
M3MEPUTEIHLHBIM HAKOHEUHUKOM U IUIOCKOCTBhIO MephI 0Jioka octaiics 3azop 0,5-1
MM. 3aKpenuTh KPOHIITEHH Ha cTOMKEe BUHTOM 9. OcBOOOIUTH CTOMOPHBIA BUHT
11 cTonuka u, HaOMOAAs 3a MOKa3aHUAMM IIKAJIBI ONTUMETPA, BpallaTh raiiky 12
110 YaCOBOM CTpeJiKe (MOIbEM CTOJIMKA) 10 TEX MOP, OKA HYJIEBOM MITPHUX MIKAJIbI
HE COBMAJIET C HEMOABWXHBIM IITPUXOM. 3aKPENUTh B 3TOM MOJIOKEHUU CTOJIMK
BUHTOM 11.

3aTeM YCTAaHOBHUTH KOHTPOJHMPYEMYIO JeTalb M u3MepuTh ee. llpu
U3MEPEHUH HEOOXOJUMO CIEIUTh 3a TeM, YToObl oOpa3yromias AETald IJIOTHO
npwierajga K IOBEPXHOCTH CTOJIMKA. B cilydae W3MEpeHHs] UMIMHAPUYECKON
JeTalld ee HeoOXonuMo nepeMeniatb 1o cronuky. [lpum otcuere oOpartuth
BHUMAHHWE Ha 3HAKW OTKJIOHEHUW, KOTOpPBIE YyKa3aHbl HAa IIKAJIE€ ONTUMETpA.
W3mepeHne BBIOJIHUTE HE MEHee Tpex pa3 (cileayeT HU3MEpUTh JuaMeTp
OPOXOJHOW CTOPOHBI  KalmuOpa-mpoOKW BO  B3aUMHO  MEPHEHIUKYISIPHBIX
HaIpaBJIEHUSX, 110 4 pa3a B KaKJI0M HaIlpaBJICHUM).

O0paboTKa pe3yJbTATOB ¢ MHOTOKPATHBIMH U3MEPEHUSAMHU

[Tony4yeHHble JaHHBIE 00PA0ATHIBAIOT B CIAEAYIOMIEH MOCIEA0BATEIbHOCTH:

1. UckntouatoT rpyOble MOrPeIHOCTH (IPOMaxu).

JUIst 3TOro pacnonarailoT BCE H3MEPEHHs B TMOPSAKE BO3pacTaHUs M
OTIPENIETSAIOT «BBICKAKMBAIOLIME)» BEJIWYMHBI, HAUOOJIbLINE WM HauMEHbIIUE.
Eciu BenmmunHa wumeer HauOoJiplliee KpailHee 3HA4Y€HHE, TO COCTaBISIOT
OTHOILIEHUE

_ Xn — X1
°T @
rI€  YHUCIUTENb — PA3HOCTh MEXKIY MPEIoiaraeMbIMU KpaitHUM
«BBICKAKMBAIOLIUM) 3HAYEHUEM U 3HAUYCHUEM,
KOTOpPOE EMY MPEAUIECTBYET;
3HaMEHaTeJ b — Pa3HOCTh MEX/ly HAUOOJIBUINM U HAUMEHBIINM
3HAYECHUEM U3MEPEHUM.
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Puc. 1. BeprukanbHblii ONTUMETP



2. Bpruucnennywo BenuuuHy «Q» OIIGHMBAIOT C TIOMOINBIO TaOJIWYHOIO
3HAYEHUS, KOTOPOE BHIOMPAIOT B COOTBETCTBUHU C BHIOPAHHBIM 3HAYCHHEM YPOBHS
3HAYMMOCTH YHCJIa U3MEPEHUI «N».

Hanuume «BBICKAaKMBAIOMIETO» 3HAa4YeHUs OyAeT Joka3aHo, eciu «Q»
BBIYHCIICHHOE OyeT 0oJIbIle, YeM TadmuHoe 3HaueHue «Q» (Tadur. 1).

Takke MOXHO MPOBECTH U MPEIOIO0KEHUE O TOM, UYTO «BBICKAKMBAIOIICH
BCJIMUMHON  ABJSIIOTCA  KpalHEE HAaUMEHbLIEE 3HA4YeHUE. PaccuuThiBaroT
AHAJIOTUYHOE BBIIICOMMCAHHOMY OTHOIIIEHUE

Q="h (2)

Xy =X

U CPAaBHUBAIOT C TaOJIMYHBIM 3HAUCHHUEM.

Taomuma 1
3HaueHue kputepus «Q» s onpeaeneHus rpyObIX OO0k
Yucno n3mepeHuit g=0,05 g=0,01
3 0,941 0,988
4 0,765 0,889
5 0,642 0,780
6 0,560 0,698
7 0,507 0,637
8 0,468 0,590
9 0,437 0,555
10 0,412 0,527
11 0,392 0,502
12 0,376 0,482
15 0,338 0,438
20 0,300 0,391

3. Ompenenstor cpenHee apuMeTHUECKOE 3HAYCHHUE x PE3yIbTaTOB
HaOIIOIEHUN Xi

n
o2
x="
n
II€ Xj - 3HAYCHUE MapaMeTpa B OTACIbHOM OIIBITE;
N — 91CJI0 U3MECHECHUM.
4. OnpenenstoT OTKJIOHEHUE JUIi CPEAHEro 3HA4YeHUs I Kakaoro
pesyabTaTa (x —)_c) Y TIOJTyY€HHOE OTKJIOHEHHE BO3BOIAT B KBajpar. [lomydeHHbIe

3)

pe3ynbTaThl 3aHOCAT B Ta0M. 2.



Tabmuma 2
Omnpenenenne CyMMBbI KBaJpaTa OTKIOHCHUS

Yucio Pesynbrats OTKJIOHEHHUS OT KBagpar
U3MEpPEHUN OTCIBHBIX CpeaHEero OTKJIOHECHHUS
W3MEpPECHUH apu(METHYECKOrO
X, X, — X (x —x)?

1

2

3

" T.JI.

Y 2
in Z(Xi —X) Z(Xi —X)

5. Boraucisiror IKCIIEPUMEHTATBHYIO OLICHKY JHMCTICPCUU
BOCIIPOU3BOJMMOCTH S*(X;)

> 04—
Sz(Xi):lle, (4)

6. BBIYHCISIOT DKCHEPUMEHTATIBHYIO OIICHKY CTAaHIAPTHOIO OTKJIOHCHHUS
OTAEILHOIO onpeaeeHus S (Xi)

S(%) =/S2(x), (5)

/. BBIYHCIAIOT SKCHEPUMEHTAIBHYIO OIIEHKY CTAaHJIAPTHOTO OTKIJIOHEHUS
CpeaHero pesyabrara S(x)

S(x) = % , (6)

8. Ilomywaror Han&XKHOCTh TMOJYYEHHBIX PE3yIbTATOB IO KPUTEPHUIO
CrpronieHTta t o mpu u3dpanHoi noBeputenbHOU BeposiTHOCTH o (0,95 nmu 0,99).
Kpurepuit CTbrofieHTa HAXOAST MO Ta0J1. 3, B 3aBUCUMOCTH OT YPOBHS 3HAUUMOCTHU
q, KOTOpbIi nipu 3a1aHHON BeposiTHOCTH paBeH 0,05 umu 0,01 cooTBeTcTBEHHO, U
qrcia cTernenei cBo0o b1 f, KOTOpOe 3aBUCHUT OT KOJIMYECTBA OIBITOB N

f=n-1. (7)
Haiips  ta, 3Hadg craHgapTHOE OTKJIOHEHHME CPEIHEr0  pe3yJbTara,
PACCUUTHIBAIOT OIMIMOKY MOJIYYEHHOTO CPEAHETO pe3yibTrara o

é:a :taS(X), (8)
9. YcraHaBiMBalOT MHTEpPBAJ, B KOTOPOM C BBIOPAHHOW JTOBEPUTEIHHOU
BEPOSITHOCTBIO 0L HAXOAUTCS CPEHUM PE3YyJIbTAT

)_cifa, 9)



Taomuma 3
3nauenne kpurepus CThIOJCHTA MPU PA3TUIHBIX YPOBHSIX 3HAYUMOCTH

Hucno crenenen YpOBEHB 3HAYUMOCTH, (
cBoOOBI, f npu 0,05 npu 0,01
1 12,71 63,66
2 4,30 9.93
3 3,18 5,84
4 2,78 4,60
5 2,57 4,03
6 2,45 3,71
7 2,37 3,50
8 2,31 3.36
9 2,26 3,25
10 2,23 3,17
11 2,20 3,11
12 2,18 3,06
13 2,16 2,01
14 2,15 2,98
30 2,04 2,15

10. OnpenensitoT OTHOCUTENBHYIO OMHUOKY Ax;, %

ax, = 2100 (10)
X
Ecnu otHOcuTenbHas ommOka okasbiBaetcst Ooinbie 10 %, 3TO ykas3biBaeT
Ha TO, 4TO IrpyOble OMMOKH IMOTHOCTHIO HE OBUIM MCKIIOYEHBI. Tora BBISBIISIOT
BHOBb  rpyOble  OMMOKM M  MPOU3BOJAAT  MOBTOPHYHO  00pabOTKy

9KCIICPUMCHTAJIbHBIX JaHHBIX.

Odopmiienue oTtuéra

[Tpu odopmitennn oTuéTa yKas3bIBaeTCs Ha3BaHHE, IeJIb PaOOTHI, BHUI M
METOJ Uu3MepeHus. IIpoM3BOAMTCS PHUCYHOK INKajabl nOpuOOpa MW €ro
XapaKTECPUCTHKA: TIPeIe, [ICHa ICJCHUS, KJIacC TOYHOCTH.

[TpuBOASTCS MOJIyYCHHBIC SKCIICPUMEHTAIbHBIC TAaHHBIC U MaTeMaTHYCCKas
00paboTKa pe3yIbTaTOB HCCIICTOBAHUS.

KoHTpoJibHBIE BONIPOCHI
1. Yto Takoe uzmepenue?

2. Knaccuduxkarust uamepeHui 1o BUjiaMm U METO/1aM.
3. [IpuBeauTe kiaccupuKaIUio CPeICTB U3MEPECHUIA.



4. Yrto Ha3pIBAETCS METPOJIOTUYECKUMHU XAPAKTEPUCTUKAMU CPEACTB
U3MEPEHUI?

5. UTo noHUMaeTcs Mo KJIaCCOM TOYHOCTH CPEJICTB U3MEPECHUI?

6. Kak 0003HavaeTcs Kj1acc TOYHOCTH U3MEPUTEIBHBIX TPUOOPOB?

7. IlpuBenute NOCAEAOBATENBHOCTh OOpPaOOTKH AKCIEPUMEHTAIBHBIX
JTAHHBIX.

8. UTo Takoe «mpoMaxu» U rpyOble NOrpeHOCTH ?

9. KakoB nopsJ10Kk UCKIIIOUEeHUSI TPYOBIX MOTPEUTHOCTEH?

10. Yto Takoe cucteMaTnudeckas MorpeiHoCTb?

11. Kak MOXHO HCKIIOUUTh CHCTEMATUYECKHE IMOTrPElIHOCTH (40 Hayalia
U3MEPEHUs], B MPOIECCE U3MEpEeHus)?

12. Kakue Meroasl U3MEPEHUII MPUMEHSIOT MPU OLEHKE KaueCTBa ChIPBS,
1oty (habpuKaTOB U TOTOBOM MPOIYKIIMK?

13. Kakas noBeputenbHas BEpOSITHOCTh CUMTAETCS JOCTATOYHO HAJEKHOU?
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