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I1. IpaBuiia BeIYHCIeHHS (OKPYIJIeHUS) OTPEIHOCTE.
[orpemrHOCTh OOBIYHO BBIPAXKAIOT OJHOHN 3HaYaImIel MUPPOH W JUIIE MPU 0C000
OTBETCTBEHHBIX U3MEPEHUSX - ABYMsl. [[OrpelIHOCTH U3MEPEHHS YKA3bIBAIOT, KAKUE
UQPBI ABJISIOTCS COMHUTEIBHBIMH B YHCIIOBOM 3HAYCHUH M3MEPEHHOH BETHUYHMHBI.
Tak kak TOYHOCTH ompeeieHus] PU3NUECKOI BEINYNHBI ONPENENeTCS U3MEPEHH-
€M, a He BBIYUCIICHHUEM, TO OKpy2ileHue YUC106020 3HAYEHUA Pe3YTbmMaAma ume-
DPEHUsL nPOU3600UMCA 00 UYUPPBL MO20 Hee ROPAOKA, YMO 3HAYEHUE NOZPEUIHO-
cmu.
[Tpu 5TOM HY>KHO TOMHHTH CJIEIYIOIINE MIPABUIA:
1. Jlumraue nudpsl y NEIbIX 9UCes 3aMEHSIOTCS HYJISIMH, @ Y JIeCITUYHBIX
IpoOeit 0TOpackIBAIOTCSL.
MNPUMEP:
X =123357 £+ 678 (10 OKpyTICHUS)
X = 123400 = 700 (mocne OKpyTICHMUS)
2. Ecnu 3amensiemast HynéM mwin oTOpaceiBaemasi mudpa crapiiero paspsaa
MEHbIIIE 5, TO ocTaroriuecs HUppbl HE U3MEHSIOTCS, a €CJIM yKa3aHHasl 1udpa
Ooutbliie 5, TO MOCHEAHSSI OCTaroNasICs M(ppa YBEITUIUBACTCS HA SANHHULLY.
IMPUMEP:
X =237,46 + 0,18 (10 OKpyTICHUS)
X=237,5+0,2 (mocne OKpYyTJICHHS)
3. Ecnu 3amensiemast HyiéM Wik oTOpachiBaecMast 1udpa paBHa 5 (¢ mociemy-
IOUUMH HYJSIMH), TO OKPYIJICHHE MPOM3BOIUTCS TaK: MOCIHCHHsA IMppa B
OKpPYTJIEHHOM YHciie 0CcTaéTCst 0e3 U3MCHEHUS, €CIM OHA YETHAs, U YBEIUUHBA-
€TCsl Ha e/IMHUILY, €CJTM OHa HeYETHAs.
NNPUMEP:
X =237,465 + 0,227 (10 OKpyTJICHNU)
X =237,46 + 0,23 (mocne OKpyTICHU)
X =237,5+0,2 (mocne OKpyrieHus:)

3ameyanue. Eciu npu oxkpyeieHuu nocpewHocmu 00 0OHOU 3Hadaujel yugpvl ona
pasHa eounuye, mo MoOYHOCMb YKA3AHUSL NOZPEUHOCIU 0OHOU YUppoll okaxicemcs
Hedocmamounoi (pasnuya medcoy 1 u 2 cocmasnaem yoce 100 %) - 6 smom ciyuae
credyem npugecmu u 6mopyio yugpy, okpyiug eé oo 0 uu 5.
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JOITIOJIHEHME
|I. MaTemMaTH4YecKHe ONepaluy ¢ NPHOIHKEHHBIMH YHCIAMM.

IIpoBoas pacdeTsl ¢ MOMOINBI0 MHUKPOKAJIBKYJISTOPOB, CIEIYET IOMHHUTB, YTO
Hereniecoo0pa3Ho CIUCHIBATh ¢ Tabio Bce UG pHI, BEICBEUNBaeMble Ha HeM. Ha ca-
MOM JieJie YUCIO0 HEOOXOIMMBIX HH(P, 3aBHCUT OT MOTPELIHOCTH IKCIIEPUMEHTA,
KOTOpas MUHUMAJIBHO paBHa MpHOOpHON morpemHocTd. ONEeHUTh NPHOOPHYIO IOo-
IPEIIHOCTh HETPYAHO, TIO3TOMY BBl 3apaHee MOXKETE IMPEeICTaBHTh, KAKOH MUHH-
MaJIbHOM BEJIMUMHOM OyAeT OnpeaensThes OIMOKa SKCIIEpUMEHTA.

Takum o0Opazom, B 3anuceiBaeMOM Bamu ymcie cocrasisonme ero nudps Mo-
I'yT ObITh BEPHBIMH, COMHHTEJLHBIMH, 1100 HeBepHbIMU. [{udpa Bepha, ecnu
a0COJIFOTHAs MTOTPEITHOCTh MEHBIIE eIUHHIBI paspsiaa 3Tod udpsI (cieBa oT Hee
uudpsl Takke OyayT BepHbIMH). COMHUTEIBHON HAa3BIBAIOT U(PY, CTOSIIYIO CIIpa-
Ba OT BEpHOH IM(PEL, a U(PHI CIIpaBa OT COMHUTEIBHON - HEBEPHBIE.

3navammumu 1rdpamMu Ha3BIBAIOTCS BCe HUQPHI, KpOME HYJIS, a TaKKe W HyJb B

JBYX ciydasx: 1) Koraa OH CTONT MEXy 3Ha4alluMH mudpaMu: 2) KOTAa OH CTOUT
B KOHIIE YMCIIa U KOTJa U3BECTHO, YTO EAMHUI] COOTBETCTBYIOIIETO paspsiia B JlaH-
HOM YHCJIe HE UMEETCSL.
[pumep: B uncie 0,0105 mepBele 1Ba Hyns ciieBa He3Hayaliue (IOPSAKOBBIE), a
HyJb Mexay 1 u 5 3Havamuil. Yucno 5000 o3HavaeT, 4TO MPU U3MEPEHUSIX MBI yUH-
ThIBACM HC TOJIBKO COTHHU U ACCATKH, HO U CAUHUIIbI. Ecnu Mp1 X0THM YU€CThb TOJIBKO
TBICSIYM, TOTZIA TO K€ YUCIIO JOJKHO OBITh M300paxkeHo B Buae 5-10° . Uucro 3,20
03HAYaeT, YTO NMPH U3MEPEHUAX YIUTBHIBAIUCH COTHIE JOIH, a B 4hcie 3,2 - TONBKO
necsteie. [Ipu neicTBrU ¢ MPHOMIKECHHBIME YHCIIaMH Hy)KHO COOJIOAATh CIEmyIo-
11ee MpaBmiIo:

v' Tlpu omepauusx CIOKEHHS, BLIYMTAHUS, YMHOXKECHUS, NEJICHHs, BO3BEACHUS B
CTETIeHb, JIOTapU(pMUPOBaHHS MIPH 3aITHCH PE3yJIbTaTa OCTABISIIOT CTOJIBKO 3HA-
Yalux paspsaoB Iudp, CKOJBKO UX Y TOTO YKCIA, Y KOTOPOTO COMHHUTEIBHBIN
pa3psia cTapuuii.

[pumep: 981,17-0,314=308,08

3ameuanue. Tlpu BBIYMCICHHH NPOMEXYTOUHBIX PE3yJIbTATOB CIeNyeT OpaTh Ha
OJHY 3Ha4aIyro nudpy Ooiblie, 9eM yKa3aHO B IPABUIIAX OKPYTIICHHUS.
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JJABOPATOPHASI PABOTA Ne 1
OINPEJAEJEHUE IVIOTHOCTU MATEPUAJIA
[lenp paOOTHI: O3HAKOMHUTHCA C OOIIEH METOOMKOW BBIOTHEHHS JIa00OPAaTOPHBIX
paboT, MPHOOPECTH HABBIKK 3alUCH M CTATHCTUYECKOH OOpaOOTKU IKCICPHUMEH-
TaNBHBIX PE3yJIbTATOB HA MPUMEPE ONPE/ICICHUsSI INIOTHOCTH MaTepralia IUITHHPA.

V3mepurenbHble NPUOOPBL:  WMAHZEHYUPKYTb, MUKDOMEMp, GEChbl.

KPATKAA TEOPUA
1. Mertoauka 00padoTKH pe3yIbTATOB H3MEPEHUI.

OcHoBHas 11€71b (PU3UIECKOTO HKCIIEPUMEHTA — ONPE/ICIICHHE JOBEPUTEIHHO-
TO WHTEepBaia 3HaueHHH (X £ AX) HEKOTOPOH m3MepsieMoil Ben4nHbL X. B 3aBu-
CHMOCTH OT CIOC00a JOCTIKEHHS LEN U3MEPEHUSI TIPHHATO Pas3/ieNiTh Ha Mpsi-
MBbI€ ¥ KOCBEHHBIC. B MPSIMBIX M3MEPEHHSIX BEIMUNHY X ONPEACIISIOT HEMOCPEea-
CTBEHHO, CHHMasl TTOKa3aHUs C MPEIHA3HAYEHHOTO Ul 3TOro mpubopa (Hampu-
Mep, BECHI I U3MEPEHUS MACCHI, JINHEHKA AJIsI U3MEPEHH JUIMHBI U T.11.). Ilo-
JMYIIHpPUHA JOBEPUTEIHFHOTO MHTEpBaia Ax (ee Ha3BIBAaIOT aOCONIOTHOW OMIHO-
KOM) 3aBHCUT OT HOTPEUTHOCTH AXyp, 33JaBAEMON H3MEPHUTEIBHBIM IIPUOOPOM, U
CIIy4yallHOM MOTPELIHOCTH AXcy, CBSI3aHHOW C YCJIOBUSIMU IIPOBEIEHUS SKCIEPU-

MEHTa!
2 2
AX = ,/xnp + X5,

B KOCBEHHBIX W3MEPEHMSX IS HAXOXKICHHS BEIHUYMHBI Y HCIONB3YETCs e
GbyHKIIHOHANIBHAS 3aBUCHUMOCTD ¥ = f(X1, X2, ...Xm) OT M BeqM4uH {X1, X2, ...Xm},
H3MEPSACMBIX HETOCPEJCTBCHHO. B TakuX HM3MepeHHsX MOyIIHpHHA JOBEPHU-
TENILHOTO MHTEpBasia AY 3aBUCHT OT aOCONIOTHBIX OMIMOOK AXj MPSAMBIX H3Mepe-
HHH BEJIUYUH {X1, X2, ... Xm}:

&y - \/(%Axl)z Gt s () = \/Z(%Axi)z
m 1

1.1. MeTtoanka HaX0KAeHHsI JOBEPUTEIHLHOTO0 HHTEPBAJIA B MPSIMBIX H3Mep eHHsAX.
v' TIpousBoaum N u3MepeHuii (00bI9HO OT 3 110 5) BenuuuHsl X. [Tonydaem
Ha0op 3HAa4YeHH {X1i, X2,...Xn }.
X+ X+ Xp
= . )
v OmnpenenseM BEIUYMHY OTKIOHEHHUS KaXIOTO M3 HAMJIEHHBIX 3HAYEHHUH X
OT CPETHETO:

v’ OmpezensieM cpeisee 3HaueHne (X)

AXj = |<x>—xi| )
Bcero mosryyaeM N TakuxX OTKIOHEHHUH.
v OnpezensieM cpeiHee KBaPaTHYHOE 110 HANEHHBIM OTKJIOHEHUSAM:



(A ) +(Ax0)2 +..+ (M%) | S ax?
n(n-1) “\n(n-1
v OnpezienseM Clly4aiiHyto MOrPEHOCTh U3MEPEHUS:
M., =oy -t(n,a),
roe t(n,a) — xoadduument CThIOICHTA, 3aBHUCSLIMI OT YHCIIA MPOBEICHHBIX
n3Mepenuit N u koaddurmenra goBepus o.
[pumevanue. B nabopamopusx kageopvl pusuxu npuHsamo 6eaudury o 6blou-

pams pasnou 0,9. [[nn maxoeo 3Hauenus kodgguyuenma dosepus KoIp@uyuenm
Cmpuiodenma 8 3a8ucumocmu Om 4ucida onvlmos 6yoem pasen.

n 3 4 5
tho) | 29 2,4 2,1

GX:

v' OmnpezenseM abCONOTHYIO MOTPEMIHOCTH U3MEPEHUH Ax:

AX = 1/xgp +x2, .

Hpumedanue. Beruuuny npubopHou owubku ciedyem 8bloUpams pagHoll yeHe
Oenenusi npubopa, 1bo, eciu ykazan kiacc moynocmu K npubopa, paccuumamo no

K- X
dopmyne Ax, p= ﬁ, 20€ Xmax — MAKCUMATIbHOE NOKA3AHUe WKATbl npubopa.
v OkoHYaTeabHO, GOPMHUPYEM JOBEPUTEIBHBIN HHTEPBAI 3HAYEHHUMN BEIUUUHBI X

x=(x)+AX.
1.2. Meroauka HaXo:K/IeHHUs 10BEPUTEIHLHOT0 HHTEPBAJIA B KOCBEHHDBIX H3Me-
peHusix.
Hcnons3yst GyHKIHOHATBHYIO 3aBHCUMOCTh ¥ = f(X1, X2, ...Xm) HCKOMOIi Be-
JIMYMHBL Y OT Ha0opa M3 M HAWJCHHBIX B IPAMBIX M3MEPEHUSX BEIHMIHH
{X1, X2, ...Xm}, cocTaBysIeM pacueTHyI0 GopMyy uist onpeneneHust Ay (oousui

CAYuail pacuema nOZPEeUHOCHU KOCECHHbIX U3MEPEHUN).

Ay=\/(%Axl)zﬂ%ml)z+...+(%Axm)2 =\/Z(%Axi)2 ,
m 1

0 .
rIe 9d . YacTHAs MPOM3BOIHAS OT (PYHKITHH TIO COOTBETCTBYIOIICH ITepeMEeH-
Y
i
HOM X;.
[pumevanue. B ciyuae, koeda pynxyuonanvras zasucumocms y=F(X1, Xz, ...Xm)

o o
umeem 6ud Y =X b Xy 2 Xy , O evruuciaenus Ay cnpaseonusa popmyna

Ay:y-J(fx—l-al)z+(ﬂ-az)2+...+(ﬂ-am>2

%) (x2) (Xm)

S A

KOHTPOJIbHbIE BOMPOCDHI
Kaxkue m3mepenuns: Ha3bIBaIOT MPSIMBIMU, KaKW€ KOCBEHHBIMU?
Kak oneHuTh IpHOOPHYIO OMIMOKY NPH U3MEPEHHUH 3TUMH IpHOOpa-
Mu?
Kak Bprumcistiorest cpepnue apugmerndeckne 3HadeHHa? C Kakoi
TOYHOCTBIO TIPOBOJAT 3TY OIEPaIio?
Kak o11eHHMBaIOT NOTPEeIHOCTH NMPSIMBIX U3MEPEHHIA?
Kak oneHuBaroT MorpenHocTH KOCBEHHBIX U3MEPECHUIA?
C Kakoil TOUHOCTBIO POBOJIUTCS OLEHKA MOTPEIIHOCTEN?
C Kaxo¥ IenbI0 MPOBOJUTCS HECKOIBKO M3MEPEHUIH OJHON M TOH Ke

BEJIMYHMHBI OJTHUM H TEM Ke PHOopoM?



2 2
Anamerp:  Aq —271. 01" +01" _  oge MM

5.4
Adnp = 01mm
Ad = /0,1 + 0,066% = 0,12 MM
Macca: Am., =0r
Amnp =01r
Am=01r
Tabmauna 2
Benuunna Beicora h, mm | Jluamerp d, MM | Macca, r

Cpennee 3HaueHue 34,12 18,2 69,1
[Ipubopnas onrndOka 0,01 0,1 0,1
CrnyyaiiHas ommoOka 0,014 0,066 0
AO0coiroTHas omunoKa 0,017 0,12 0,1
OrHocuTeIbHAs OIINOKA 0,05% 0,66% 0,14%

2, KocBeHHbIEe H3MepeHHs
OOwmwii cityyaii (IpUBEAEH UISL TOrO, YTOOBI IPOUIUIIOCTPUPOBATH TO, YTO PACYETHI
10 00IIEMY ¥ YaCTHOMY JAIOT OJMHAKOBEIE PE3YJILTATEI)

4m 8m 4
Ap = |(—5— AN + (——Ad)? + (——Am)? =
P \/(ndzh2 ) (ndah ) (nth )
_|(4-691-107°-0,017-10° 2+ 8-691-107°-012-10° 2+ 4.01-10°°
314-(182-3412-10°)* ) |314-(182-107°)*-3412-10° ) | 314-(182-107)?-3412-10°°

=/(388)” +(102,65)7 + (11.26)° =103 34 krh

YacTHbIl ciyyai (B 3TOM Da6OT€ PACUCT MOTPCHIHOCTU MPOBOAUTE 1O YAaCTHOMY
cJIydaro

2 2 2 2 2 2
Ap=p (Ah] +[2Ad] +[Am] __778.10° |[0017) L (2:012) (01 _
h d m 34,12 18,2 69,1

=7,78-10°%. \/(4,98-10“‘)2 +(2-0,66-1072)? 4+ (0,14-107%)% =
=7,78-10°-0,133-107% =103,34 kr/A8.

BbIBOA:

IIOTHOCTh MaTepuana muiuHIpa pasHa p= (7,78+0,10)-103 kr/m®

(wacmmuvrit cnyuait pacuema nozpewtnocmu Koc6eHHbIX UMEPEHUIL)

2. OnpeaesieHye JIOTHOCTH MaTepHuaJa.
[170THOCTH OJJHOPOAHOIO TeNa OMPEAENSIOT OTHOIIEHHEM €ro MacChl K 3aHH-
MaeMoMy 00beMy:
p= v (l)
rme m - macca tena, V - ero oobem. B cucreme CU enununel namepeHus
IIOTHOCTH siBnisieTcs 1 kr/me,
B Hacrosiieii pabore onpeaenseTcs MIOTHOCTb OJJHOPOHOTO uauHApa. O0b-

eM LWIHHAPA MOXKHO ONPEICINTh, H3MEPssl Ha OIBITE €ro BeicoTy h u mmamerp oc-

HoBaHus d:
2
nd
V =——-h 2)
4
CrietoBaTesbHO, INIOTHOCTH MaTepralia MOKHO ONPEICITUTE IO GopMyIie
am
P="0>5 3
nd “h

OTMeTI/IM, YTO ONPECACTICHUC INIOTHOCTH MaTEpHralia MUWJINHAPA OTHOCUTCA K
KOCBCHHOMY THUITY H3MepeHHI>‘I; OIIPCACIICHUC MACCHI, BBICOTHI U JUaMETpa HUJINHApaA

— K [IPSIMOMY THILY.

NnoPAAOK BbINOJIHEHUA PABOTbI
[IpousBenure M3MepeHHs: BBICOTHI, JMAMETpa M MacChl LIIMHAPA B ISATUKPATHOM
HOBTOPHOCTH. VI3MepeHHs1 BBICOTHI IPOBOJAMTE MHUKPOMETPOM, JHameTpa — IITaH-
TeHIMPKYJIEM, MacChl — BecaMt. Pe3ynpraTsl 3amummure B Tabauily 1 ¢ TOYHOCTBIO,
COOTBETCTBYIOIIEH IeHe AeieHus mpuOopoB ( cM. mamee: [Ipumep odopmieHus pa-

60THI).



Tabimmna 1

Ne m3mepenust Beicora h, Mmm Huametp d, Mmm Macca, T

1

2

3

4

5

Cpennee

Paccuuraiite cpeanee mo KakJo U3 U3MEPEHHBIX BENMYMH. YHCIO 3HAYAIIMX
udp B CpefiHEM JODKHO COBMAIATh C YHCIOM LU(p B pe3yibTaTax HU3Mepe-
HUH.
PaccuuraiiTe cpe/HIOI0 TUIOTHOCTH Marepuaia. s 3Toro cpeanue 3HaYeHUS
BBICOTBI, IMAMETPa U MacCHl MOJCTaBbTe B (hopmymy (3).
OreHuTe MOTPENIHOCTH MPSIMBIX U3MEPEHUH BBICOTHI, AUaMeTpa M Macchl. s
3TOr0 BOCHOJB3YHTECh PEKOMEHIAUUAME MMyHKTa 1. 1. KpaTkod Teopuu ¢ yde-
toMm IIpumepa odopmnenus padbotel. Pe3ysbraTsl BeruncieHuit 3anecure B Tao-
nuny 2.

Tab6muma 2

Bennunna Beicora h, Mm | Jluamerp d, mm | Macca, r

Cpe/:[Hee 3HA4YCHUC

[Tpubopuas ommobka

Caydaiinas ommOka

AOGconroTHas OIIHOKa

OTHOCHUTENLHAS

oInoKa

OueHnTe MOTPEIIHOCTh KOCBEHHBIX M3MEPEHHH IUIOTHOCTH Marepualia LWINH-
npa. Chenaiite 3T0 IByMs CTIOCOOaMH, HCIIONB3YS (POPMYIIBI OOIIETO W YaCTHO-
TO cilydasi pacyera IOTPeIIHOCTel KOCBEHHBIX H3MEPEHUM.

3anumnTe BBIBO

APUMEP O®OPMJIEHUA PABOTbI:
JIABOPATOPHAS PABOTA N° 1
OIIPEJJEJIEHUE IIV/IOTHOCTH MATEPHAJIA

Ue]lb pa6ombl: onpe()efzumb NJA0OMHOCNb Mamepuaja uuﬂqupa.

Kpamxas meopus.

Ilnomuocmo OoHOPOGHOZO mena onpedeﬂﬂ;om OMHOUWEHUEeM e2c0 MACCbl K 3AdHUMA-

m
emMomy obvemy: p = VR 20e M - macca mena, V - e2o obvem. [na yununopa oovem pasen

nd 2
\Y =Th. CnedosamenvbHo, NAOMHOCMb MAMEPUAId YUIUHOPA MOJICHO onpede-

aums no gopmyne

o= 4m
nd 2h
Pesynomamol sxcnepumenma
Ne m3mepenust Beicora h, Mm Juamerp d, MM | Macca, T
1 34,11 18,2 69,1
2 34,12 18,2 69,1
3 34,14 18,1 69,1
4 34,10 18,2 69,1
5 34,12 18,1 69,1
Cpennee 34,12 18,2 69,1
4.691.1072

p= e 5 =7,78:10° kr/v®
314-18,22.1075.3412.10"

Pacuer norpemnocrei.
1. TIlpsMble u3MepeHwus.

2 2 2
Bricora: Ah_ =21. \/0'01 A Oéoi +0,02 = 0,014 mm

Ah,, =1-107% My

Ah =,/0,01* +0,014* = 0,017 mm
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