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MATEMATHYECKAS U TPA@OUYECKAS OBPABOTKA
PE3YJIbTATOB UBMEPEHUU U ITPEACTABJIEHUE
IKCIIEPUMEHTAJIBHBIX TAHHBIX

Buael usmepenuii

Ilon wu3MepeHMeM TNOHMMAIOT CPaBHEHUE W3MepseMOM
(pu3nyeckoii BeJMYMHBI € JAPYrodl BeJWYUHON, NMPUHATOH 3a
3TAJIOH. VI3MepeHus noapa3aesaioT Ha NpsAMble U KOCBEHHbIE.

[Ipy mnpsAMBIX H3MEPEHUSIX ONpeleiAeMyl) BeJIUYHHY
CPaBHUBAIOT C 3TAJOHOM HEIMOCPEACTBEHHO WM MPH IOMOIIH
HU3MEPUTEIBHOTO npubopa, MPOrpagyupoOBaHHOTO B
COOTBETCTBYIOIIMX €IMHHIAX (JIMHEWKa, BeChl, 4ackl U 1ap.). [lpu
KOCBEHHBIX M3MEPEHUSX MCKOMAsl BeJWYUHA OIpeaeiseTcs
(BpIUMCIISIETCA) U3 PE3YJbTATOB TMPSMBIX H3MEPEHUM JPYrux
BEJIMYUH, KOTOpbIE CBSI3aHBl C  HU3MEPSEMON  BEIMYUHOMN
onpeneaHHON (YHKIMOHAIbHOH 3aBUCHMOCTBIO (BBIYUCJIAETCS
no ¢opmyae). Hampumep, usmepsiss UIMHY, IIUPUHY, BBICOTY
KOpOOKH, W HCHOJB3Yysl JHWHEWKY, MBI OCYIIECTBJISIEM MPsIMOE
M3MepeHue, a ompezenss 00beM KOpOoOKH, MepeMHOXKas 3HaueHUs
JUTHHBI, ITUPUHBI, BEICOTHI, MBI IIPOU3BOJUM KOCBEHHOE U3MEPEHHUE.

[Tpu u3mepenun ar060M PU3NYECKON BETMYUHBI BBIMOTHSIIOT
clenyouee:

1. BBIOMPAIOT U3MEPUTENHHBIN MPUOOP WIIH YCTAHOBKY;

2. MpOU3BOJAT U3MEPEHHUE;

3. BBIUHCIAIOT UCKOMYIO BEIMYMHY O PE3yJIbTaTaM U3MEpPEHHUI,
OIICHUBAIOT IMOTPEIIHOCTb.

HctuaHoe 3HaueHuWe (U3MYECKONW BEIMYMHBI  OOBIYHO
a0OCOJIIOTHO TOYHO OIpPEAeNuTh Henb3s. Kaxkmoe m3mepeHue maér
3HAYEHHME OIPENEIIEMOM BEIMYUHBI X C IOrPEmHOCThI0 Ax. D10
3HAYMT, YTO UCTUHHOE 3HAUYCHHUE JIC)KUT B MHTEPBAJIC:



xu3M - AX —<-xucm —<xu3M + AX', (1)

T€ Xy3y — 3HAYCHHUE BEIWYMHBI X, MOJyYEHHOE IPU U3MEPEHUU;
AX xapakTepu3yer TOUHOCTH H3MEPEHHs X.

Bennunny AX HasbBalOT aGCOIIOTHON INOrPEUIHOCTBIO, C

KOTOPOM onpenensercs X.

Takum o0pazom, a0COJIOTHASA MOrPEUIHOCTH H3MEPSIEMOM
BEJIMYMHBI HAa3bIBAETCA DPA3ZHOCTh MEXJY OSTOM BEIMYMHOM M €€
TOYHBIM 3Hau€HUEeM (TMpPU 3TOM M3 OOJIBIIErO YUCIIA BBIYUTACTCS
MeHbllee). AOCONIIOTHAs MOTPEIIHOCTh H3MEpSETCs B TEX XKe
€IMHULIaX U3MEPEHNUS, YTO U caMa BEIMYUHA.

OTHOCHTEIbHOH IOrPEeIIHOCTBI0 HM3MEPSEMON BEJIIMYMHBI
Ha3bIBAETCSl OTHOILEHHE a0COJIIOTHOM MOTPEUIHOCTH K CaMOW 3TOM
BEJIMYMHE.

5. =100 %. (12)

Xio

Bce morpemnoctu npu u3MepeHUM (DU3MYECKON BETMUHHBI
MOAPA3ACIAOTCA Ha CHCTEMATH4YeCKHe, CJydailHble U rpyObie
(omm6ku). IlpuunMHBI BO3HHMKHOBEHMsI IOTPEIIHOCTEH camble
pazHooOpa3Hble. [IOHATH BO3MOMKHBIE MPUYMHBI MOTPEIIHOCTEH U
CBECTU MX K MHUHMMYMY — 3TO W O3HA4aeT I'PaMOTHO IIOCTaBUTH
OIBIT U IPOBECTH U3MEPEHUSI.

1. BUABI MOTPEILIHOCTEMN U3MEPEHUI

Cucremarnyeckoil Ha3pIBAOT TAKYK IOTPEIIHOCTD,
KOTOpasi 0CTAETCH NMOCTOSAHHON WJIM 3aKOHOMEPHO M3MEHsIeTCsl
NPU NOBTOPHBIX H3MEPEHUAX OJHOM U TOH JKe BeIMYUHbI. Takue
IOrpeIIHOCTHU BO3HUKAIOT B pE3yIbTaTe KOHCTPYKTHUBHBIX
0cOOEHHOCTEH M3MEpHUTEIbHBIX NPHUOOPOB, HETOYHOCTH METOJa
HCCJICAOBAHUA, OAHUX MU TEX KE€ yr[ymeHI/Iﬁ SKCIICPUMCHTATOpA, a
TaKXkKe IMpU NPUMEHEHUH MJIS BBIYUCIECHHM HETOYHBIX (QOpPMYII,
OKPYIJIEHHBIX KOHCTAHT.



HN3mepuTenbHbIM npudopom Ha3bIBAKOT Takoe
YCTPOICTBO, C IOMOILIBI0 KOTOPOIr0 OCYLIECTBJISAETCS CPABHEHHUE
u3MepsieMoii BeJMYHHBI € 3TajoHoM. B mobOom mpubope
3aJI0KEHA Ta WIM UHAs CHCTeMAaTHYeCKasi OrPelIHOCTh, KOTOPYIO
HEBO3MOYKHO YCTPaHHUTb, HO TMOPSJAOK, KOTOPOM MOKHO YYECTb.
CucremaTyeckre MOTPEIIHOCTH JUOO0  YBEIMYMUBAIOT, JHOO
YMCHbIIAKOT PE3YyJIbTaTbl U3MCPCHUA, T.C. OTH MNOTPCHIHOCTU
XapaKTEPU3YIOTCS MOCTOSTHCTBOM 3HAKa.

CayuaiiHble MOTPEMIHOCTH — OIMUOKH, TOSIBJIEHUE KOTOPBIX
HE MOXeT ObIThb mpenynpexaeHo. [losToMmy OHM MOryT oka3aTh
ONpEeNeNEHHOE BIUSHHE Ha OTACIBHOE M3MEpEHue, HO IpH
MHOT'OKPAaTHBIX HM3MEPEHUSAX OHM IOAUYUHSIOTCS CTaTUCTUYECKUM
3aKOHaM M MX BJIMSHUE HA PE3yJIbTAThl U3MEPEHUN MOXKHO y4eCTb
WY 3HAQUUTEIBbHO YMEHbIIUTh. ['py0ble NOrpemiHOCTH —
Ype3MepHO OOJbIINE OIMMOKH, KOTOPHIE HCKAKAIOT pe3ysbTaT
U3MEpeHHus. ODTOT KjacCc NOTPEHIHOCTeW BbI3BAH Yallle BCEro
HENPaBUILHBIMHA JIEHCTBUAMU HaOIroAaTeINs. N3mepenus,
CoNiepKallfe TMpOMaxd U TpyOble MOTPEIIHOCTH, CIEAyeT
0TOpachIBaTh.

[Ipn nabopaTopHBIX MeTOJaX W3MEPEeHUU, Kak IMPaBuUIIo,
JIeNIal0T HECKOJIbKO U3MEPEHUM, 0TOpachIBalOT 3aBEJIOMO HEBEPHbIE
U BBIYUCIAIOT cpelHee apu(MeTHdeckoe MONYyUYEHHBIX 3HAYCHUH,
KOTOpO€ TPUHUMAIOT 3a Haumbojee JIOCTOBEPHOE 3HAYEHUE
MU3MEPSIEMOM BEJIMYUHBI. 3aTeM MPOU3BOJAT OLEHKY TOYHOCTH
pe3yJibTaTa U3BMEPEHUN.

2. OHEHKA TOYHOCTH PE3YJIBTATA IIPAMOI'O
N3MEPEHUSA

Ilyctb mpu NOBTOPEHMM H3MEPEHMH B OJHUX M TEX K€
ycnoBusix 3-4 pasza MOJy4eHO OJMHAKOBOE 3HAYEHUE X = Xg.
MoOXHO M yTBEpXKIaTh 4TO Xyucm — Xg. Her. [laHHBIN pe3ynbTaT
03HAYaeT JIMIIb, YTO UCTUHHOE 3HAYEHHE X HAaXOIWUTCA B Mpelenax
UHTEpBaJa:



[x0 - Ax, x9 + Ax]. 2)
[Morpemnocts AX  onpemensiercs B JAaHHOM  clydae

BOCIIPOU3BOJAINIMMHUCA OT OIIbITa K OIIBITY OH_II/I6KaMI/I, 00OBIYHO
CBJA3aHHBIMU C HCETOYHOCTBIO HU3MCPUTCIIBHBIX HpI/I60pOB nim

MmeTona u3Mepenuii. Takyro morpemHocts AX, Kak OTMEYanoch,
Ha3bIBAIOT CHCTEMATHYECKOM. [IpoBenenue NaJIbHEUIIINX
U3MEpPEHUI B ATUX yCIOBUSIX OE€CCMBICIEHHO. Pe3ynbrar n3mMmepeHuit

3aIMCBIBAIOT B Buae paseHctsa (2), tne Ax = AxXcyem. Hdns Gonee

TOYHOI'O OHpeI[eJICHI/Iﬂ (1)H3H‘-IGCKOI>1 BCJIIMYMHEI X B JAHHOM cnyqae
H606XOI[I/IMO N3MCHUTH HOCTaHOBKy CaMoOro OIIbITa: B34AThH HpI/I60p
0ojee BBICOKOTO KJlacca TOYHOCTH, YJIYYIIUTh METOIUKY
mMepeHuii u  T. 0. OueHka AX.ye, TpeOyeT aHamm3a BCexX
BO3MOXHBIX HpI/ILII/IH, CHOCO6HLIX HCKA3UuThb pe3y.III>TaTI)I OIIbITA. B

npocreiiteM  ciaydae AXcye, — ONpenensercs  MOrpemHOCTAMU
W3MEPUTEIIbHBIX MPUOOPOB, T. €. JIJIsl TTOBEPEHHBIX MPUOOPOB — UX
KJIACCOM TOYHOCTH.

3. KIACCBI TOYHOCTH IIPUBOPOB

Js  XapakTepUCTHKH  OOJIBIIMHCTBA  U3MEPUTENBHBIX
npuOOpOB  YacTO  HCIOJB3YIOT  TOHATHE  NPHUBEAEHHOM

norpemnoctn  FEj;  (kmacca  Ttounocrm).  IlpuBeneHHas
HOTPEIIHOCTh — 3TO OTHOLIEHHE abCONOTHON morpemuocTn Ax K

NpEJNENTbHOMY 3HAYEHHMIO X HW3MEPAEMOM BENWYMHBI (T.e. K
HauOoJpIIeMy €€ 3HAUYE€HHIO, KOTOPOE MOXKET OBITh M3MEpPEHO 0
mkane mpubopa). [IpuBeneHHas MOTPENIHOCTh, SBISSACH IO
CyIIECTBY  OTHOCHTEIBHOW  TOTPENIHOCTHIO,  BBIpaXKaeTrcs B
MPOLIEHTAX:
En=/Ax/x,, /100 % 3)

[To mpuBen€HHOI MOTPENIHOCTH MPUOOPHI PA3IENAIOT Ha CEMb
kimaccon:0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4. [Ipubopsl ki1acca TOUHOCTH
0,1; 0,2; 0,5 TpUMEHSIOT AJI1 TOYHBIX JTAOOPATOPHBIX U3MEPEHUN U



HA3BIBAIOT MPEIU3UOHHBIMU. B TEXHHKE NPUMEHSIOT MPUOOPHI
kiaccoB 1; 1,5; 2,5 u 4, Ha3pIBaeMble TEXHUYECKUMH MPUOOpaMH.
Knace ToyHoctn mpubopa ykas3blBalOT Ha IIKaie Mpudopa.
Ecnu na mkanme takoro o0O3HA4eHHsSI HET, TO JAHHBIA HpubOp
BHEKJIACCHBIA, T. €. €ro NpHUBEACHHAs MOrpemHocTs Oonee 4%.
3aBoJl, BBIMYCKAOIMIUNA MPUOOP, TapaHTUPYET OTHOCUTEIbHYIO
MOTPEIIHOCTh W3MEPEHHsI JaHHBIM TPHOOPOM, PaBHYIO Kiaccy
TOYHOCTH (IIPUBEACHHOMN MOTPEIIHOCTH) MPpUOOpa MpH U3MEPEHUU
BEJIMYUHBI, Jaromed oTOpoc ykazaTenst nmpuOopa Ha BCIO IIKATY.
OnpenenuB mo mkane Hpubopa KiIacc TOYHOCTH U TPEIesIbHOE
3HA4YeHHE, JIETKO pAcCUYUTaTh €ro aOCONIOTHYIO IOTPEUIHOCTb

X eyem = i/ Enxp /‘1 00 % , xoTOpy10 IPUHUMAIOT OJMHAKOBOI
Ha Bced wmKaine mnpubopa. 3HAKM «+» U «-» O3HAYAIOT, YTO
MOTPEIIHOCTh MOXET OBITh JOMyIIEHa KaK B CTOPOHY YBEIMYEHUS,
TaK U B CTOPOHY YMEHBIICHUSI OT UCTUHHOTO 3HAYCHUS U3MEPSEeMOi
BenuuuHbl. [IpaBna, mpu ucnonbp30BaHUK NPUOOPA 711 KOHKPETHBIX
U3MEpeHuil penko ObIBaeT Tak, 4yTOObl H3MepsieMas BeJIMYMHA
JaBaja OTKJIOHEHME Ha Bcroo Imkany. Kak mpaBuio, uzMepsieMas
BEJIMYMHA  MEHbIIE. OTO  YBEJIUYMBAET  OTHOCHUTEIBbHYIO
MOTPEUTHOCTh U3MEPEHUSI.

Jist  ONTMMAanbHOTO  WCHOJIB30BaHUsA — mpubop  (Wium
COOTBETCTBYIOIIYIO IIKATy HW3MEpEHUil) MoAOUparoT TaK, 4YTOOBI
3HaYEHUE U3MEPSIEMON BEIMUMHBI TONAJI0 B KOHEI] IIKaJIbl Mprbdopa,
5TO YMEHBUIUT OTHOCUTEIBHYIO MOTIPEIIHOCTh M3MEpPEHUsi |
npuOIN3UT €€ K KJIacCy TOYHOCTH npubdopa. B Tex ciayuyasx, koraa
Ha mnpudope KJAcC TOYHOCTH He YKa3aH, a0coJIIOTHast
NOrpeliHOCTh  NPMHUMAETCH  PaBHOM  MOJOBHHE  LEHbI
HaUMeHbIIero aeneHus. Tak, NpH H3MEpeHUHM JIMHEHKOH,
HauMeHblee jaejeHue 1 MM, gomyckaercss ommoOka a0 0,5 mm.
Jasi npuOoOpoB, OCHAIEHHBIX HOHUYCOM, 32 HNPHOOPHYIO
NOrPelIHOCTh NPHHUMAKT MOIPEelIHOCTb, ONpeae/isieMyl0
HOHUYCcOM (At mTaHreHuupkyasa — 0,1 mm moam 0,05 mm; g
mukpomerpa — 0,01 mm).

TouHocTs mpuOOpa HEBO3MOXKHO TMPEB30MTH  HUKAKUM
MeToAOM u3MepeHuss Ha HEM. J[ns Oojee TOUYHBIX H3MEPEHHI
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MPUMEHSIOT IPUOOp OoJiee BEICOKOTO Kiacca. Bridupas mpubop s
U3MEpPEeHHS KaKOW-Tn00 (PU3MYECKOI BETMYHHBI, PyKOBOJICTBYIOTCS,
MpEeXKIE BCEro, LENbl0 Hu3MepeHus. 11 u3MepeHusl TONIIUHBI
NPOBOJIOKM HENB3s TII0JIb30BATHCS MHJUIMMETPOBOW  JIMHEHKOM,
HY)KEH IITaHTC€HIMPKYJb, MUKPOMETP WJIHM JIPYroil Oosiee TOYHBIH
npubop (HampuMep, MHUKPOCKOM). A I W3MEpEeHHUs IUIOIAau
1abopaToOpHOTO CTOJIA METPOBOM JIMHEWKH C CAHTHUMETPOBBIMU
TETCHUSIMH JOCTaTOYHO.

4. OHEHKA TOYHOCTH IIPAMBIX MHOT'OKPATHBIX
N3MEPEHUU

[Tycth ipu MOBTOpEHUN M3MEpPEHU (PU3NIECKON BETUIHHBI X
B OJIMHAKOBBIX YCIOBHUSX TOJYYWJIM HEKOTOPHIE pa3InYHbIE

3Ha4YEeHHS: X/, X2, ..., Xp (M — YHCIIO U3MEpPEHHMIi). DTO O3HAYaeT,
YTO:

1) ecTh NpUYMHBI, IPUBOJIAIINE K CIy4allHOMY OTKJIOHEHHUIO
KaXJ0r0 U3 U3MEPEHHBIX 3HAYEHUN X OT MOCTOSIHHOTO 3HAYEHUS U3
OMbITA XHUCT (HAampuUMep, CIy4ailHble TIOMEXH, TpPEHHE B
W3MEPUTENbHBIX Y3JIaX U T. I1.);

2) wusMepsiemas BEIMYMHA X HMEET CITy4alHbII
(cratucTHYeckuit) XapakTep, TMOJOOHO TOMY, Kak CIy4aiHO
MEHSIETCSI BO BpPEMEHHM, HalpuUMEp, TPAHCHOPTHBIM TIOTOK Ha
MAarucTpasiu.

B nepBom ciiydae Haunydlled OLEHKOHM Xycp SABISETCA

cpeaHee apupMeTHYECKOe HalICHHBIX 3HAYEHUH X;

1
Xem = X, =;(x1+x2+...+xn). (4)

Bo BTOpOM CiTy4ae CMBICT X,,, OYEBHIHO, HE UCYEPIIBIBACTCS
€ro OIpeNeIeHHEM KaK CpEJIHEro H3MEPEHHBIX 3HAYeHUH X, .

[TorpemHOCT AX, KOTOPYIHO B OTHUX YCIOBHUSIX  Ha3bIBAIOT
CJIy4YaiHOM, OTIIECHUBAIOT 1O (hopmyIie



X, —x,) (%, —x ) et (x, —x,)’
AXCH — ( 1 cp) ( 2 cp) ( n cp) ’ (5)
n(n-1)

rAe X, HAaxOIUTCS W3 COOTHOLICHHS (4), a n =2. JIng oueHkH

MOJIHOU HorpemHOCTnAx HeoOXoauMo 3HaTh U Ax,, u Ax,

cucm *

Torna
Ax=(Ax,,)? +(Ax,,,)?, (©)
U pe3yJIbTaT U3MEPECHUH 3alMChIBAIOT B BUJIC
x=x, tAx, (7)

rae x,, 1 Ax onpenensarores cootHomenusmu (4) u (6), a Ax,,,, —

cucm
MOTPEIIHOCTh U3MEPUTEIHHOTO MpHOOpA.
BbeccMmbiciieHHO 10OMBATHCS TAKOIO pe3ysbTara, IpU KOTOPOM
Ax, << Ax

MOJKHO ONpENeNuTh U3 ycinoBus Ax, < Ax

cucm

HaoGopoT, HeoO0Xoammoe 4YHCIO HU3MEpEeHHi /1

cucm *

N IIOYTH BCCraa

n0cTatodHo B3sATh 1< 10. ONBIT MOKA3bIBAET, YTO B CTYJCHUECKOU
nabopaTopu YHUCIO HM3MEPEHUN (PU3NYECKUX BEIUYUH OOBIYHO
paBHO 3-5.

[Ipn HamuuuuM ciy4ailHBIX TMOTPEIIHOCTEN MOSABIEHHE TOTO
WM WHOTO 3HAYEHMsS X; B TIPOLIECCe M3MEPEHUs SBISICTCS
ciy4dailHbIM  coObiTHeM. CyIIecTByeT HEKOTOpasi BEPOSTHOCTh
TIOSABJIEHHsT 3Ha4YeHus X; B untepBane (x, —Ax,x, +Ax,), KoTopas

HU3BCCTHA M3 TCOPUU BCpOHTHOCTeﬁ H OonpeacideTCsa 3aKOHOM
HOPMAJIbHOT'O PaCIIpCACICHUA Fayccalz

2
—x(x—xg,)

1 2
— 2
yx)=—=—=—e * ®)
N2 o
raie O — TIIOCTOsIHHAas BEJIMYMHA, Has3bplBacMas JMcIHepcuet
pacnpenenenus. HopmallbHOe pacmnpelnenceHue XapaKTepHU3yeTCs
JNByMs ~ TIapaMeTpaMH:  CPEOHUM  3HAYEHUEM  CIIy4ailHOM




BCJIIMYHUHBI xcp, KOTOpOC IIpHu OECKOHEYHO OOJIBIIIOM KOJIUYECTBE

M3MEpEeHUi (1 — c0) coBmajaeT ¢ €€ WCTUHHBIM 3HAYCHUEM, H
JIACTIEPCUEN O.

JloBepuTeJIbHBIM  HMHTEPBAJIOM  Ha3bIBAlOT  HMHTEpPBaI
( X, —Ax,x,, +Ax ), B KOTOPBIM TIO OMPEICICHUIO TIOMaaaeT
WCTUHHOE 3HAYEHHUE Xy, H3MEPSIEMOM BEIWYUHBI C  3aJaHHOMN
BepOATHOCTBHIO. HaaéKHOCTBIO (X pe3ynprara Cepuu HU3MEPEHUH

Ha3bIBAXOT BCPOSATHOCTH TOIO, 4YTO HCTHUHHOC 3HAYCHUC Xycm
HSMGPHGMOﬁ BEIIMYMHBI TIONAaAaeT B JAaHHBIU I[OBepI/ITCJ'ILHHﬁ

HWHTCpBAJI. BI:Ipa)KaCTCﬂ O Win B J0JI9X €IUHUIBI, WIW B
npoueHTax. Yem Ooiblle JOBEPUTENbHBIA HMHTEpBAN, T.E€. YEM
OoJIbIIIe 3a/laBaeMasi TIOTPEIIHOCTh Pe3yiibTaTa U3MepeHuit Ax (6),
TeM ¢ OoJbledl HaAEKHOCTbIO MCKOMAasi BEIWYMHA X TOMAJTacT B

3TOT UHTEpBajl. ECcTeCTBEHHO, YTO BEJIMUMHA O 3aBUCHUT OT 4ucia /1
IIPOM3BEAEHHBIX ~ M3MEPEHMM, a Takke OT  3aJaBacMoi
MIOTPEIIHOCTH AX.

B cnyyae Oombmioro umcia  u3MepeHMd (1 —> ©0)
JMcIiepcus O, BXOJdlIas B 3aKOH (8), OKa3bIBaeTCsl paBHOU

CPEHEKBAIPATHYHON MOrPEMHOCTH OT/EIBHOT0 u3Mepenus Ax,,:

©)

Bemuuuna o XapaKTCpUusyeT CTCICHb BJIUAHUA CJ'Iy‘l&fIHBIX

MOTPEUIHOCTEN Ha pe3yJbTaThl MU3MEPEHUS: YEM MEHbLIE O, TeM
TOYHEE IPOBEJICHO U3MEPEHUE.
OOpaboTka pe3yabTaTOB CEpUU HM3MEPEHUH CBOAHUTCS K

BO3MOXKHO Oosee TOYHOMY HaXOXJICHUIO ch u 0. Ecmm npu

u3MepeHny abcomoTHas morpemnocts Ax > 30, 1o 510 u3Mepenue
CIEyeT OTHECTH K TIpYyObIM MNOrPElIHOCTM WIH IMPOMAXxy.
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Bennuuny 3 G 00bIYHO NMPUHUMAIOT 3a NPEAEIbHYIO aOCONIOTHYIO

HOTPENIHOCTE OTAENBHOIO H3MepeHus (uHorza BMecTo 30 GepyT
a0COJIOTHYIO MOTPEUTHOCTh U3MEPHUTEIBHOTO MPHOOpa).

CMbICH O, KaK MEpbI l'IpI/I6J'II/I)KeHI/IH HU3MCPCHHOTI'O 3HAYCHHA

BEIMYMHBI X K  HMCTUHHOMY  3HAYCHHUIO Xucm,  OIPEICIACTCS
(GU3MYEeCKOil CYHNIHOCTBIO HW3MEPSIEMOM BEJIMYMHBI, a TaKxke
(GU3MYEeCKUMHU U KOHCTPYKTUBHBIMU NPUHIMIIAMH, 3aJ0KEHHBIMU B
METOAMKY MU3MEPEHHNA. DTH MPUHIMIBI B paMKax JaHHOH METOIUKH
HE 3aBUCAT OT OKCIHEPUMEHTATopa; CJEel0BaTeIbHO, Jaxe
OECKOHEYHOE YBEJIMYEHHE YHCIIa M3MEPEHUH HEe JacT 3aMETHOIO
YBEJIUYEHUS TOYHOCTH.

[TockOBbKY HET CMBICIIa CTPEMHUTHCS K OUYEHb OOJIBIIOMY
YUCIy W3MEpPEeHMH, TO BO3HUKAET BONPOC: KaK H3MEHseTCs
HA/IKHOCTh TPU U3MEHEHUHU YHCIa U3MEpeHH? 3aBUCUMOCTh 3Ta
CIIO)KHA W HE BBbIpa)Kaercsd 3JEMEHTapHbIMH  (yHKLIUAMHU.
CymecTByIoT cnienpainbHbie Tabnunbl kKo3dduumentoB CrpioneHTa

t(a, n), Mo KOTOPHIM MOKHO ONPENETUTh, BO CKOJIBKO pa3 Hy>KHO
YBEIMYUThL CTAHIAPTHBINA JOBEPUTENbHBIN uHTEpBan [+ S/, 4To0bI
IpHU  ONPENENEHHOM YHUCIIE WM3MEPEHHI /1 TIONyYHTh 3aJaHHYI0
HaA&KHOCTh ¢  (Tabm. 1). 3a  craHAapTHBI  NPUHUMAIOT
untepsan [ +S,/, rne

(10)

[Topsimox 00pabOTKM Pe3yNbTaTOB U3MEPEHUH CIeAYIOMINA:

3) BBINOJHSIOT # U3MEPEHUN U 3aMHUCHIBAIOT UX PE3YJIbTATHI
B TaOIUILy;

4) BBIUMCIAKOT 110 hopmyie (4) x,,;

5) mno ¢opmyne (10) Beruucisror SX U HaxoAsT mo Tabu. 1
kod(pdurment CterozmeHTa t (o, n) B 3aBHCUMOCTH OT 3aJaHHOM
HAJIEKHOCTH OL M YMCJIa U3MEPEHUN n;



6) pe3yibTaT 3alKChIBAIOT B BUE

x=x,tt(a,n)s,. (11)
Tabauya 1
Huero HanexxuocTs, o
H3MEpeH
Hii, n 0,5 0,6 0,71 08 | 0,9 | 095 0,98 0,999
2 1,00 1,38 2,0 | 3,1 6,3 12,7 31,8 636,6
3 0,82 1,06 1,3 1,9 | 29 | 43 7,0 31,6
4 0,77 0,98 1,3 1,6 | 24 | 3,2 4,5 12,9
5 0,74 0,94 1,2 1,5 2,1 2,8 3,7 8,6
6 0,73 0,92 1,2 1,5 2,0 | 2,6 34 6,9
7 0,72 0,90 1,1 1,4 19 | 24 3,1 6,0
8 0,71 0,90 1,1 1,4 19 | 24 3,0 5,4
9 0,71 0,90 1,1 1,4 1,9 | 23 2,9 5,0

10 0,70 | 0,88 1,1 1,4 | 1,8 | 23 2,8 4,8

15 0,69 | 0,87 1,1 1,3 | 1,8 | 2,1 2,6 4,1

20 0,69 | 0,86 1,1 1,3 | 1,7 | 2,1 2,5 3,9

40 0,68 | 0,85 1,1 1,3 | 1,71 20 2,4 3,6

60 0,68 | 0,85 1,0 1,2 | 1,7 ] 2,0 2,4 3,5

120 068 | 085 | 1,0 | 12| 1,720 |24 | 34

o 067 | 0,84 | 1,0 | 12| 1,6 | 20 | 23 33

OTO O3Hayaer, 4YTO MCTHMHHOE 3HAUYE€HHE U3MepsieMon
BEJIMYUHBI Xycm HaXO0JIUTCA B
unrepane [ x,, —t(a,n)S,;x,, +t(a,n)S, | ¢ HAAEKHOCTHIO .

Mepoii  TOYHOCTM  pe3yJabTaTOB  HU3MEPEHUH  ABIIIETCS
OTHOCHTEJbHAsl OTPEeLHOCTh (B %)
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S, ~ 100 %. (12)

Xio

OOpatHyro eii  BennmuuHy Y = I/0; Ha3BIBAIOT TOYHOCTHIO
m3Mmepenuii. Ucnonb3ys Tabmuiyy koddduimeHToB CThIOACHTA,
YacTO PelmaroT W OOpaTHYI 3ajady: M0 M3BECTHOH a0CONIOTHOM
MOTPEIIHOCTH HM3MEPUTEIHHOIO MPUOOpa W 3aJaHHON BEIMYUHE
HAIEKHOCTH OTIPEICIISIIOT HE00X0AMMOE YHCIIO U3MEPEHUH B CEPHU.

5. OIEHKA TOYHOCTHU KOCBEHHbBIX U3MEPEHUI

Kak ObITb, eciiu X ompenensercss He NPpsMbIM U3MEpPEHUEM, a
KOCBEHHBIM, T. €. II0 Pe3yJibTaTaM U3MEPEHUN JPYTUX BEIUYHH ) U
z . IlycTtb X siBseTCst HeKOTOpoil pyHKIMe Yy nz, T. e.

x=f,z). (13)
Torna Havy4ee 3Ha4YeHUE MPU OLIEHKE X PaBHO
xcp :f(ycp’ Zcp > (14)

20e y,, u z, Haxonsrcs 1o dhopmyne (4). Kak ke Haiitu Ax, ecinu

n3BeCTHBI Ay U AZ. Tak KaK caMy BEJIMYUHBI Y U Z HaXOIATCS

MyTEM MPSAMBIX U3MEPESHHM, TO UX IMMOTPEITHOCTH U AZ MOXHO
o1leHUuTh 1o popmymam (5) u (6).

3aMeTuM, IpekIe BCEero, 4yro Ax=x-x

o , ClICJ0BaTCIIbHO,

oneHKoi g AX sBnserca pa3HOCTb
of of
Ax=f (Y + A, 255 +A2) = [ (Vg Z3g) ® =—Ay+——Az, (15a)
oy oz
T. €. OmMHOKa KOCBEHHOTO HM3MEPEHHS HAXOIHUTCA 4epe3 OMIMOKH
IPSMBIX U3MEPEHUH 110 TpaBuiy auddepennuposanus. [I0CKOIbKY

MOTPENTHOCTH BcerAa CKianpiBatorcs, dopmyny (15a) cinemyer
3amnMcarh B BUJIE:

0
Av= £y, + Ay, 2, + A~ f (. 2,)~ |21

Ay +
é’yy

af
aZ‘Az.(156)

11



YacTo 3TOH OLIEHKM OKa3bIBAETCS JIOCTATOYHO. bojiee TOUHBIM
SIBJISICTCS CJIETYIONEe BEIpKCHHUE:

orY L (erY. . .
Ax= ﬁ—f; (Ay): + ﬁ—f; (Az)?, (16)

raedf /oy u Jf [Gz — dacTHbIE IPOU3BOIHBIE 10 ) U Z, B3STHIE TIPU

SHAUCHHUAX Y = ycp, z= Zcp. Yacro y,I[O6HO BbIpa’XaTb TOYHOCTb, C

KOTOPOH HalJeHO X, 4epe3 OTHOCHTENBHYIO IOIPEMHOCTh Oy . I1o
OIIpeJIeJIEHUIO,

0, :ﬂ, 17)

Ko
rie x,,  paccuuThiBalOT 10  (popmyie (4).  OtHocuTenbHAs

MOTPEIIHOCTb, OYEBUJIHO, SBIsETCS O€3pa3MEpHON BETUUMHOM.
3aMeTUM, 4YTO, MCXOAd M3  ONpEACIEHUS  OTHOCUTEIBHOU
MOTPEIIHOCTH, Pe3yIbTaT U3MEPEHUN BEIMYMHBI X MOKHO 3aIHCaTh
B BUJIE

Ax
x=x,(0%£8,), T. k. x=x,;, T Ax=x,(1£—). (18)
‘xﬁé
PaccMOTpuM IpakTUYECKH BaXKHBIN CiIy4yai, KOraa X sBIsSeTCS
CTerneHHON GpyHKUuel y u z:

x=f(yz)=y"z", (19)

a](‘ m-1_n é)f m _n—l1
—=m z y ——— =n Z 5 20
oy 4 oz 4 20)

re M W 1 MOTYT OBITh LENBIMH WJIM JPOOHBIMH, OONBINE WU

Menbiie 0. OTHOCUTENbHAS TOTPEIIHOCTh paBHA

Ax
o, =—= m2§j +n’o7. (21)
X,
P
N3 coortnomenust (21) cnemyeT BaxHBIH BBIBOA: MPH

U3MePeHNsIX Heo0X0AUMO HamnboJiee TOYHO OmNpenefATh

12



3Ha4YeHHe BeJMYHMHBbI, BXOAsieil B pacyéTHyr ¢opmyay c
HAHOOJIBIIUM 10 MOAYJIK0 ITOKA3aTeIeM CTEIeHH.

IIpuBeneM 1mpocreliine ciaydad pacdera IpeAesbHBIX
HOTPEIIHOCTEN Pe3ysIbTaTa KOCBEHHOIO U3MEPEHHUS BETUUMHEI Y.

1. Ilyctb Y=A4+B, a mpenenbHble aOCONIOTHBIC
HOTPENIHOCTH TIPAMOTO u3Mepenus ennaud A u B cooTBeTCTBEHHO
paBubl AA u AB  (3TO WIM TOTPEUIHOCTH H3MEPUTEIHHON
anmnaparypsl, WJu pe3ysbTar pacuéra). Torna

Y+AY =(AxAA)+(BLAB). (22)

OueBuaHO, HamOoJsiee HEBBITOAHBIM CiIy4yall TOT, korjga A4
u AB OynyT OJMHAKOBBI MO 3HAKY, Hampumep +A4 u +AB, Torna
npezesibHas a0COJIIOTHAsT TMOTPElIHOCTh paBHAa TAY =AA+AB, a
MpeesibHasi OTHOCUTEIbHAs IOTPEIIHOCTD

AY AY AA+AB
Y A+B A+B
2. Ilycts Y = A4- B, torna
YZAY =(A+xAA)NBLAB)=AB+t AABLtBAA+ AA-AB. (24)
[lonaras Benuuuny A4-AB MaibIMu, OJly4aem
AY AY AA N AB
Y 4B A B

3. Tlycte Y =A". Torma Y =AA...A. Tlpenenbnas

OTHOCHTEIIbHAS IOTPEIIHOCTh paBHA

(23)

(25)

AY _ Ad 06
Y A
a rmpe/eNbHas abCOMIOTHAS MOTPETHOCTh
AY = A—YY Y =nd""AA. (27)
4. Tlycts Y = sina . Torna
Y+AY =sinatA(sinq). (28)
u
YX*AY =sinatAacosa, (29)

13



Hu Toraa
AY AY
Y sina
B Ta6n. 2 npuBeneHs! GopMyIibl 11 pacu€Ta OTHOCUTEIBHBIX
Hpe[[e.HBHBIX HOFpCIHHOCTeﬁ (bI/I3I/I‘-IeCKI/IX BCJINYHH, BBIpa)KaCMBIX
HauOosiee ymoTrpeOuTenbHbIMH (QyHKIUAMH. Ecaum B pacuérsl

(dopMysBl BXOIAT KOHCTAHTHI, HAIpUMEpP YHUCIO 7, (hU3HUYecKHe

= Aactga . (30)

Tabnuya 2
Bun dyskimn IIpenenbHasi OTHOCUTEIIbHAS IOTPEIIHOCTD
Y=A+B+C AY _A4+AB+AC
Y A+B+C
Y=A-B g_AA+AB
Y A—-B
Y=A -B-C.. £:M+§+A_C+
Y A B C
Y= A Ar_ Ad
Y A
AY 1AA
_n - ==
Y =44 T
A AY AA AB
y== v -1 5
B Y A B
stina g:Aac[gq
Y
Y =cosa A—;:Aatga
Y =tga AY _24a
Y sin2a
Y =ctga AY _ 24«
Y sin2a

1-r



MIOCTOSIHHBbIC, TAaONWYHBIE 3HAYCHUS, TO OHH OEpyTcs C TaKou
TOYHOCTBIO, YTOOBI YUCIIO 3HAYAILUX LU(P B HUX ObUIO HA €IUHULLY
OoJbllle, YeM YHMCIIO 3HAYalluX OU(Gp B 3HAYCHUAX H3MEPSIEMBIX
BEIUYHH. Toraa KOHCTaHTBI IPAKTUYECKHU HE BHOCST IIOIPEUIHOCTEN
B pe3yJbTaT U3MEPEHUN.

6. MIPABUJIA BBIYMCJIEHUSA O PEITHOCTEN

[TorpenrHOCTh OOBIYHO BBIPAXKAIOT OJHOW 3HAyamed uQpoi
U JHMOb TPH O0CO00 OTBETCTBEHHBIX H3MEPEHHAX — JBYMSL.
[TorpemHOCTH W3MEpEHUs] YKa3bIBAIOT, Kakue LUMPHI SBISIOTCS
COMHHTEIIHBIMH B YHCIIOBOM 3HAYEHUW W3MEPEHHOH BEIMYHHBI.
Tak kak TOYHOCTH oOmpenesneHuss (YU3NYECKOH  BEITHYUHBI
OIIpeessIeTCsl U3MEPEHUEM, a HE BBIYMCICHUEM, TO OKPYIJICHHE
YHCJIOBOTO 3HAYCHHS pe3yJIbTaTa H3MEPEHUs MPOU3BOAUTCS [0
mudpsl TOrO K€ MOpsJIKa, YTO W 3HavyeHHe mnorpemHocTH. [Ipn
OKpYTJICHUH pPEe3yJbTaTOB HM3MEPEHUHl HEOOXOIUMO TIOMHHTH
CIIeTyFOIIHE TPaBHJIa MPUOIMKEHHBIX BBIYHCICHHH.
1. «Jlumaue» nudpsl y HEeNbIX Yicen 3aMEHSIOTCS HYJISIMH, a
y JeCATUYHBIX ApoOeil oTOpachIBatoTCA.
Hanpumep, Y =123 357 + 678 (10 okpyrienus),

Y =123 400 + 700 (mocne oxkpyrienus).

2. Ecnu 3amensiemas HyinéM wiM oTOpacbiBaemas Ludpa
CTapiiero paspsiia MeHbIe S5, TO ocTaroumecs nudgpsl He
U3MEHSIOTCS, a €ClIM yKa3zaHHas uudpa Oosblie 5, TO MOCIEAHS
ocrarouasics Hudpa yBeIMUNBAETCS HA €IUHUILY.

Hanpumep, Y = 237,46 £ 0,13 (110 okpyrIieHus),

Y=237,5+0,1 (mocne okpyrienus).

3. Ecniu 3amensiemMass HynéMm win oTOpackiBaeMas Ludpa
paBHa 5 (C mOCIeNYIOUIMMH HYJISIMH), TO OKPYTJIEHHE TPOU3BOINUTCS
TakK: MocieAHsAs nudpa B OKPYIJIEHHOM YHCIIe HE U3MEHSETCs, eClu
OHa 4Y€THas, U YBEJIMUMBAETCS HA €IMHMUILY, €CITH OHA HEeuETHas.
Hanpumep, Y = 237,465 £+ 0,121 (10 okpyrienus),

Y =237,46 £ 0,13 (noce okpyriaeHus).
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[Ipu MPEACTABICHUN OKOHYATEJIbHBIX  pE3yJIbTaTOB
(bu3NYeCKUX H3MEpPEeHUN 4YacTO NPUMEHSIOT 3allUCh YHCIOBBIX
3HaYeHUH B BUAE JCCATUYHOM JpoOHM, YMHOXEHHOH Ha
HEOOXOAUMYIO CTEeNeHb 4YHciia necsatb. Hampumep, uucina 3106;
0,0285; 0,120 3anuceiBarorcs Tak: 3,106 103 2,85 10%; 1,2 107", Tak
ckopocTh cBeta, paBHas 300 000 000 m/c, 0OBIYHO 3aMUCHIBAIOT KaK
3108 m/c.

7. TPAOUYECKOE IIPEJICTABJIEHUE PE3YJIbTATOB
IKCIIEPUMEHTOB

I'papuueckoe npeAcTaBiIeHHE Pe3yJIbTATOB  M3MEpPEHHH
OTJIIMYAETCS MPOCTOTON M HATJISIAHOCTEIO. I paduueckiumu MeTogaMu
MOKHO HAaXOJUTh 3HA4Y€HUS (PU3NYECKHX BEJIMYMH, CONOCTaBIIATH
SKCIIEPUMEHTAJIbHBIE JIaHHbIE C TEOPETUYECKUMH JaHHBIMH,
BBISIBJIATh  XapakTep (YHKIMOHAJIbHBIX 3aBUCUMOCTEH MEXIy
BelMYMHAMU. ['paduk mMO3BOJISET JIETKO W OBICTPO OOHAPYKHUTH
rpyOsie omubOku. IloaTomMy nepBuuHyo rpaduueckyro oOpaboTKy
JAHHBIX PEKOMEHAYETCSl BBINOJHITH HENOCPEICTBEHHO BO BpEMs
skcnepuMmenTa.  llpeamonaraemelii  OmIMOOYHBIM  pe3ynbTar
MIEPETIPOBEPSAIOT,  BBUCHSAIOT IMPUYMHBI, TPUBEIIINE K  €ro
MIOSIBJICHUIO.

I'paduk crposT nns  ycraHOBIEHHS  (PYHKIIMOHAJIBHOMN
3aBUCUMOCTH MEXAy JAByMs (U3HYECKMMM BelMyuHaMu. B
nabopaTtopHbIXx paborax oOmero kypca (U3MKKM CTyAeHTaM
Ipe/UlaraloT MOCTPOUTh JBYMEpHble IpadMKu Ha IUIOCKOCTH. B
3TOM ciy4yae, B TIpoOLEcce OHKCIEPUMEHTa OJHY W3 BEJIUYUH
U3MEHSIOT, U MPH 3TOM MEHseTcs BTopas (u3nveckas BEIMYHHA.
[IpuHuMaeTcs, 4TO 3HaYEHUEM apryMeHTa SBJseTCs Ta Qpu3ndeckas
BEIMYMHA, KOTOPYK H3MEHSIOT B JKCIEPUMEHTE, a 3HAUYECHUEM
(GyHKIIMU — UCKOMasi BTopasi pu3nyecKas BeIMunHa.

IIpy mocTpoeHHWH JBYMEpHBIX TpaUKOB Ha IUIOCKOCTH
clielyeT PyKOBOACTBOBATHCA PSAOM IPABUIL:

1. 'paduku CcTpOAT, Kak MpaBWIO, HA MHUIMMETPOBOU
Oymare. Pasmep mons Trpaduka ompenensieTcss WHTEPBAIOM
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M3MEHEHHS U3MEPSEMbIX (PM3MUECKUX BETMYMH U BRIOPAHHBIMU IS
HUX MacuTabaMu.

2. Ilo ocu opAMHAT OTKJIAABIBAIOT 3HAYEHUS (PYHKIIUH, 110 OCH
abcuucc — 3HaYeHus aprymenTta. Hanpumep, npu u3y4yeHuu BOJIBT —
aMIIEpPHOI XapaKTEPUCTUKH BaKyyMHOI'O AMOAA, T. €. 3aBUCUMOCTH
cwiibl Toka | oT npusnoxxenHoro HamnpsiokeHust U Mexay 2J1eKTpoiaMu
B BaKyyMHOM JIMOJIE, IO OCH aOCIUCC OTKJIAIBIBAIOT HAIPSKEHUE
U, a no ocu opavHaT — cuity Toka I.

3. Ha xaxnoil w3 oceil HpUBOJAT TOJIBKO TOT MHTEpBAI
W3MEHEHHUS COOTBETCTBYIOIIEH (hU3MUECKON BEITMYUHBI, B KOTOPOM
BeJlOCh HccienoBanne. He o0s3aTensHO, 4TOOBI Ha rpaduke
MOMEIIANO0Ch Hayalno KoopAuHat. Hampumep, mnpu HU3y4eHUU
3aBUCHUMOCTH CONPOTHUBIIEHUS METAJUIMYECKOTO IPOBOJHUKA OT
TeMIepaTypsl HocinenHuii Harpesaics ot 20 1o 60 °C, mpu sToM
compoTuBiieHne oOpa3ua wu3MeHsuiock ot 0,9 mo 1,5 xOwm.
CrnenoBaTtenbHO, MO OCH a0CIUCC AOCTATOYHO OTJIOXKHUTH MHTEPBAJ
ot 20 10 60 °C, a o ocu opaunar — untepsan ot 0,9 10 1,5 kOMm.

4. Macmtab  oceit  rpaguka  BBHIOMpAlOT,  YUYUTBHIBas
aOCONIIOTHBIE MOTPEIIHOCTH TEX BEJIMYMH, KOTOpblE Ha HHUX
OTKJIa/IbIBAIOTCSL. [TorpemHuocts Kax10i u3 BEJIMYMH
MPEACTABISIETCST B BBIOPAHHOM MaciiTade OTPE3KOM 3aMETHOM
uHBL. MacmTal 1mo Kaxaoi U3 ocell BBIOMParOT HE3aBUCUMO JPYyT
or apyra. lllkamel Ha ocsiX, Kak MpPaBUJIO, HAHOCAT B BUJE
PaBHOOTCTOALIMX YKces. BbIOOp 3THX YUCEN U TyCTOTa UX Pa3METOK
B K&XJOM KOHKPETHOM Cily4ae JOJKHBI 00eCreunBaTh MPOCTOTY U
yA0OCTBO U YTEHUS IIKAL.

5. Okomo oced yKa3pIBalOT OO0O3HAYCHUS W EIUHUIIBI
U3MEPEHUsI  COOTBETCTBYIOUIMX  (PU3MUECKUX  BEIUYMH. OTH
0003HaUYeHUsI HE CJelyeT HAaHOCUTh Ha I0JIe, OTBEJCHHOM JUIS
rpaduka. B caydae oueHb OONBIINX UM OYE€Hb MAJICHHKUX BEIUYHH
MHOXKUTEIH, ONpPENENSIONINE MOPAIOK YHCET, PEKOMEHAYETCs
YUUTBIBATh MPH 0003HAUEHUH (PU3UUECKUX BEINYMH.

6. Touku Ha Tpaduk HAHOCAT akKypaTHo.. Ecim kpuBbIX
HECKOJIbKO, TO X 0003HAYAIOT MO-Pa3HOMY.
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7. KpuBy10 110 HAHECEHHBIM TOYKAM IIPOBOJAT KapaHAALIOM,
0e3 W3JIOMOB U IEeperuboB Ha KPHUBOM Tak, YTOOBI OHa
pacrionarajach Kak MOXXHO OJIMKe KO BCeM TOYKaMm, M 1o 00e
CTOPOHBI OT HE€Ee OKa3ajachb MNPUOIU3UTEIBHO pPAaBHOE MX
KoiuuecTBo. He cieayer mpoBOAUTh KPUBYIO YEpE3 KaKIyH0 TOUKY.
Touka Ha rpaduke — 310 pe3ynbraTr u3MepeHus. OH He abCOIIOTHO
BEPEH, B HEM COAEpPXKHUTCS norpemHocts. Ecinu mposectu
u3MepeHue (U3NYECKOil BEJMYMHBI HECKOJIIBKO Pa3 M HAHECTH Ha
rpaduk, TO TOYKU OYyJIyT paccesHbl OKOJO MCTUHHOIO pe3yJbTara.
OTKJIOHEHHE TOYEK OT KPUBOH OTpa’kaeT HaJMuue MOTPELIHOCTEH;
3TO OOBEKTUBHBIN U 3aKOHOMEPHBIN (aKT.

8. JIro6ast 0cOOEHHOCTh 3aBUCUMOCTH (MAaKCUMYM, MUHUMYM,
neperud u T. 1.) Ha rpaduke JOHKHA ObITh THIATEIbHO 00OCHOBaHA
U 10 BO3MOXHOCTH OOBSICHEHA. [[j1s1 3TOro Ha COOTBETCTBYIOIIEM
y4acTke rpaduka, rjae uMeeTcss 0COOCHHOCTh, HEOOXOUMO UMETh
JOCTaTOYHOE KOJMYECTBO 3KCIEPUMEHTAIBbHBIX Touek. [TocTpoenue
rpadvka HEMOCPEICTBEHHO BO BPEMs SKCIIEpPUMEHTA IO3BOJISIET HE
MPOMYCTUTh Takue ocoOeHHOCTH. KpuByro 1Mo ToUukaM MpOBOJAT OT
PYKU WM IpU MOMOIIM Jiekana. JlJis pa3HbIX KPUBBIX HAa OJHOM
rpaduKe UCIOJIb3YIOT pa3Hble TUIIbI JTUHUM.

9. Kaxnplii rpaduk MNOAMMCHIBAIOT; B MOJIMUCH OTPaKaroT
OCHOBHOE €TI0 COJIepKaHue, OOBACHSIOT BCEe IPUBEICHHBIE KPUBBIE.

Paccmotpum moctpoenue rpaduxa Ha npumepe. Ilycts mpu
UCCIIEIOBAaHUM  BOJIBT-aMIIEPHOM  XapaKTEPUCTHUKUA BaKyyMHOTO
auoja OBLIM TOJMy4YeHBbl SKCIEpUMEHTANIbHBIE JIaHHBIE, KOTOpbIE
npuBeneHsl B Taba. 3. Ilo momydeHHBIM pe3ynbTaTaM Tpedyercs
MOCTPOUTH TpaUK 3aBUCUMOCTH CHJIBI TOKAa OT MPHJIOKEHHOTO
HaIpPsDKEHUS MEXy 3JIEKTPOJIaMU B BAKYYMHOM JIHOJE.
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AprymeHToM B
JaHHOW 3ajade sABIIACTCS

HaIpsHKCHHUE, a 16k
OpJIMHATOM CITYKUT CHJIA
toka. Ha  puc. 1 12}
MPEICTABIEH rpaduk,

o St
KOTOPbBIM IMOCTPOCH IIO
pe3yJibTaram, ol
IIPUBEACHHBIM B Ta0u. 3.
Toukamu OTMCUYCHBEI 0 - - - y -

0 1 2 3 4 5 U.B

JlaHHBIE pe3yJIbTaToOB
U3MEpPEeHU U TpoBelieHa  Puc. 1. DkcnepuMeHTANbHBIE PE3YIBTATHI
KpUBas. HU3MEpEHUs BOJIbT-aMIIEPHOMI

[ITkana oxBaThpaeT  APAKTEPHCTHKH BaKyyMHOTO IHOZA.

MUHUMAaJTbHBIE u

MakcUMajbHble  3HAUYEHUS,  TMOJy4YeHHble B  pe3yJbTaTe
uccrnenoBanmii. Macmrad momoOpaH  Tak, YTOOBI  YTEHHE
PE3yNbTAaTOB HE MPEACTABIIO Tpyaa. Ocu KOOPAUHAT MOIIMUCAHBL;
TaK’Ke HAHECCHBl CIMHHIBI HW3MEPECHUN (U3HUYSCKUX BEITUYHH,
MIpUYEM OCh OPJIMHAT COJAEPKUT MHOXKUTENb. [IpH UTeHUU TaHHBIX C
rpapuka cuay ToKa cledayeT yMHOxaTh Ha 107 A, mHampumep,
MEepBOM TOYKE COOTBETCTBYET CIEAYIONIee 3HAUYE€HHE CHIIBI TOKa
0,88 10° A, u nanpskenue — 0,5 B. I'paduk umeer moamuck, B
KOTOpOA OTpa’keHbI AKCIIEPUMEHTAIbHBIE pe3yNbTaThI
WCCIICIOBAHHUS  BOJBT-aMIICPHOW  XapaKTEPUCTHKH BaKyyMHOTO
IUOJA.

3AJJAHUE

[enb pabGoThl 3aKit0UaeTCsl B TOM, YTOOBI OJYYUTh 3HAYCHHE
¢u3nveckoil BeIWYMHBI B —
pe3ynbrare MpsSMBIX U
KOCBEHHBIX  H3MEpEHUIl. c
Kaxaplii cTyIeHT TOomKeH
BbIOpaTh  mpeaMeT B —
dbopMe MPSAMOYTOJBHOTO |
I
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napasenenunena (Kopooka, KHura u zip.). Puc.2.

1. U3meputs a, b, c. Kaxnyro BelnuynHy U3MEPHUTH IO MATH Pas,
OIPENICNIUTh CPEeIHUE 3HAUCHHS dcp, Dep, Ccp. M MX TOTPEIIHOCTH.
Cnenyiite nn.4. Pe3yiapTaThbl 3aUIINTE B BUJE:
a=(ap tAa) M,

6 =(bep +tAD) M,
¢ =(cep *AC) M.

2. Ompenenute o00beM napamienenunena: Vep=depbepCep
(kocBenHoe uzmepenue). Cnenyiire nm.S. Pe3ynbpraTsl 3anuinuTe B
BUJIE:

V=Vep +A V) M.
[Ipumeuanue: uToOBI OMNpeneNuTh AV, CcHadama paccuMTanTe

AV \/{Aajz (Abjz (chz
— == =]+ =], a 3aTeM
V., a b c
2 2 2
AV:I/CP (%j +(A_bj +££j
a b c

KOHTPOJIBHBIE BOITPOCBHI

HazoBure norpemHocTy pe3yabTaToB H3MEPEHUH.

Kak olieHuTh TOYHOCTB pe3ysbTaTa NpPsIMOro U3MepeHus?
YeM ormpenensercs Kj1acc TOUHOCTU pudopa’?

Kak paccuntarh TOUHOCTH MPSAMBIX U3MEPEHUI?

Kak oLeHnuTh TOYHOCTh KOCBEHHBIX U3MEPEHUN?

Ha ocHoBe mpumepa pacckakuTe O MmpaBujiaxX BBIUUCICHUS
IIOIPELIHOCTEM.

7. HaszoBuTe OCHOBHbIE TpeOOBaHHUA K IPEICTaBICHUIO
rpaduUecKux pe3ybTaToOB SKCIIEPUMEHTA.
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