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OMNPEJEJIEHUE IIJIOTHOCTHU TEJ
MPOCTEUIIEN TEOMETPUUYECKOU ®OPMbI

Hean  padoTBI:  [mpOM3BOAWTCS  O3HAKOMIICHHE C  OPOCTEHIIMMHE
U3MEPUTENbHBIMU  MpUOOpaMyd -  IITAHTEHUUPKYJIEM,  MHUKPOMETPOM,
TEXHUYECKUMH Becamu. Ha mnpumepe u3MepeHus IUIOTHOCTH TeENI MPOCTOU
reoMeTpUYecKOl (HOpPMBI M3Yy4arOTCSi OCHOBHBIE MPUEMbI y4eTa MOTPEIIHOCTEH
W3MEPEHUM.

IIpuGopbl M NPUHANIEKHOCTHM: TOJBIA IWIKHAP W TMAapaJUIC/ICIUIIe]
(TutTacTUHKA), W3TOTOBJICHHBIC W3 OJIHOPOJHBIX BEIIECTB; IITAHTCHIUPKYIIb,
MHUKPOMETpP, TEXHUUYECKHE BEChI, HA0OP pa3HOBEcCA.

[IpenBaputenbHO clieAyeT O3HaKoMUTcs ¢ paszaenamu «llorpemHoctn
u3Mmepenuit» u «lIpocreiimme wuzMeputenbHble TpuOOpPb». [lo OKOHYaHUU
U3MEPEHUI CJeAyeT TPEICTaBUTh OTYET B COOTBETCTBUU C  (OPMOH,
npuBeAcHHOM B paznene «Pexomenayemas popMa oT4eTaY.

Ynpaxnenue 1
OINIPEAEJEHUE IIVIOTHOCTH ITOJIOT'O HUJINH/IAPA

O0o03HaYeHUsT BeJIMYMH, XAaPAKTEPU3YIOIIUX HWJIUHAP (puc.l):
H - BoicoTa, D; - HapyxHbIit nuametp, D, - BHyTpeHHuii nuametp, V - 00bem, M -
macca, O - INIOTHOCTb.
O0beM MOJOr0 IMIMHAPA MOXXHO BBIUYUCIHTH TIO
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N3mepenus
Haxo:kaenue MAacchl. Macca UINHAPA

ONpENEIIAeTCS B3BEIIMBAHUEM Ha DJJEKTPOHHBIX BeECaX.
B3BemmBanne Npou3BOAUTCA OAUH Pa3 ¢ TOYHOCTBIO 10
0,01 r. Haiinennoe 3Hadyenue 3amucbiBaeTcs B cucteme eaunul CU c ydyerom
npuOOPHON MOTPEIIHOCTH. YKa3bIBAE€TCS TAKXKE OTHOCHUTEIbHAs! MOTPEIIHOCTD
WU3MEPEHUS MACCHI.

Puc.1



N3mepenune BbicOTHI H, BHemHero D; m BHyTpennero D,

AMAMETPOB HWJINHAPA. Bennuunsl H, D; u D, u3MepsioT mranreHupKyaeM
IO TISATH pa3 B Pa3HBIX MECTaX ¢ MAKCUMaJIbHONH TOYHOCTBIO, KOTOPYIO JIOMYCKAeT
IITAaHTEHIIUPKYJb. Pe3yiabTaThl U3MEpEHUM M COOTBETCTBYIOIIME MOTPEITHOCTH
3aHOCAT B TaOJWIIBI, MMEIOIIME BHUJ TaOMUIBI 1, TpUBEIEHHOW B pasiele
«Pexomenayemast popma ordetay. OKOHYATEIIbHBIC 3HAYCHUS BCEX U3MEPIEMBIX
BEJIMYMH JIOJKHBI OBITh IPUBEICHBI B cucTeMe eauuuil CU.

Tabnuybr mocym Oblmb 3a20MOGIEeHbl  3apanee 6 npoyecce
NO02OMOBKU K GbINOJHEHUI0 3a0adu U 3anojHEHbl Npu NposedeHuUU
uUsMepeHuu.

Ynpaxnenue 2
ONPEJAEJEHUE IIVIOTHOCTHU IINIACTUHKHU

O0o03HaYeHNA BEJUYNH, XaPAKTEPU3YOIINX JIACTUHKY
(puc.2): A - nuna, B - mupuna, C - Tommuaa, M - Macca.

Maccy M IUIACTUHKA — HaXOIAT

C  B3BCIIMBAaHHCM HAa TCXHHYECKHX BeCax C
To4HOCTHIO 10 0,1 r. Inuny 4 u mmpuny B
IUJACTUHKM ~ M3MEPAIOT MO IIATh  pa3

B IITAHTCHIMPKYJIEM B pa3HbIX MECTax.

Tonmuny C m3mepsror mMukpomerpom 10

A pa3 ONATh-TAKM B  Pa3HbBIX  MeCTax.
Pe3ynprarel u3MEpeHHMM 3anUCHIBAIOT B

Puc.2 TaOJIUIBI, AHAJIOTHYHO TOMY, KakK 3TO

JIeTa10Ch B YIIpaxHeHuH 1 .

O0padoTKa pe3yIbLTATOB U3MEPEHUH

Hcnone3yst paHHble TaONMIl, B KOTOpPbIE 3aHOCWINCH PE3YJIbTaThI
W3MEPEHUN, TOJCUUTHIBAIOT CpPEIHUE 3HAYCHHUS BEJIWYMH U TOTPEIIHOCTH,
JONYIIICHHBIC TIPU UX HW3MEPEHUSX, 3aMOIHssI TEM CaMbIM CBOOOJIHBIE MECTa B
Tabnaunax. PaccUuThIBAIOT IUIOTHOCTH BEIIECTBA, W3 KOTOPOTO HU3TOTOBJIEH
uuauHAp. g 3TOro Ha MECTO COOTBETCTBYIOIIMX 0003HaueHud B popmyiy (1)
MOJCTABIIAIOT CpeaHue 3HaueHus BennuuH H, Dy, D,, a Takke 3HaueHue m.

Jns HaxoXIeHWs NOTIPELIHOCTH B BEIWYMHE IUIOTHOCTH, HU3MEPSIEMOU
KOCBEHHO, UCIOJB3YIOT (POPMYJIbI ISl YaCTHBIX OTHOCHTENBHBIX MOTPEITHOCTEN
B M3MeEpsAEMbIX BEJIMYMHAX, IpUBEJIECHHBIE B pazaene «Pexomenmyemast dopma
otyeTa» (popmynny s 4aCTHOM MOTpPEIIHOCTH BenuuuHbl D, crnemyer HalTu
CcaMOCTOATENBHO). OTHOCHUTENBHYI0 MOTIPEIIHOCTh IUIOTHOCTH  IOJIyYaroT,



U3BJIEKAs KBAAPATHBIM KOPEHb U3 CYMMblI KBAJIpaTOB YACTHBIX OTHOCUTEIBHBIX
norpemHocteid. HakoHer, 4ToObl HaliTH a0COMIOTHYIO MOTPEITHOCTh INIOTHOCTH,
OTHOCHUTEJIPHYIO TOTPEIIHOCTh YMHOXKAIOT Ha BEJIWYMHY IUIOTHOCTH. Jlanee
3alMCHIBAIOT OKOHYATENIbHBIM pe3yabTaT  M3MEPEHMs IUIOTHOCTH C YYETOM
MOTPEIIHOCTH, COXPaHss Kak B pe3yjbTare, Tak U B MOTPEIIHOCTH HE0OX0IuMOe
YUCJI0 3HAYAIUX Udp.

Haxoxnenue Qopmynbl i BBIUMCICHUS IJIOTHOCTH BeIIECTBa, W3
KOTOPOTr'0 M3rOTOBJIEHA IJIACTHMHKA, U BECh PACUET KAaK YACTHBIX MOTPEIIHOCTEN
BenuuuH A, B, C 1 M, Tak 1 TOJHO# MOTPENTHOCTH BEIMYUHBI O TpeIaraeTcs
IIPOJENATh CAMOCTOSATEIIBHO.

IMPUJIOKEHUE

Pexomennyemasi gpopma oruera 3amauu Nel

Conep:xanue oTyera HosicHenust

Jlata BBIMOJIHEHUS

5.09.2001

3amaua 1. Onpenejgenue NJIOTHOCTH TeJ MPOCTOM
reoMeTpu4ecko (hopMbl

Koncnekr onncanus «llorpemnocty nusmMmepeHusd.
Kparknii KOHCIEKT TEOPHUH HOHUYCOB.

Homep u HazBaHue
3ajaa4n

Kpartkoe usjioxenue
TEOpHUH

IKCIEePUMEHTAJIbHAS YACTh

IpuHaae:KHOCTH: TIOJBIN UIWH/P, INTACTUHKA B
BHUJIE Mapajulenunena, MTaHTCHIUPKYIb, MUKPOMETD,
BECHI.

Ilepeuyenn
IIPUHAUIEKHOCTEN,
PUCYHOK YCTaHOBKH,
ANIEKTpUYECKass WIn
ONTHYECKAs CXEMa.

Yupaxuenue 1

Onpenenenye NJIOTHOCTH I10JI0T0 IAJIHHIAPA
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Pacuernsie opmynsl
¢ 00sA3aTeIbHBIM

[Tpubopnas norpemHocTs Becos Am,, = 0,01 r.

31ech p - IOTHOCTh BEMIECTBA IMJIMHAPA, M - €ro mMacca, YKazaHHUEM
H - BeicoTa, D; - BHewmHuil nuametp, D ,- BHyTpeHHUM obosnaueHuit
IUamerp.
N3mepenue Macchl M (B3BEIIUBAHUE): Pesysbrar
[Toka3zanue aucmiiess 3JIEKTPOHHBIX BECOB. BBINMOMHSAETCS OIHO HCTOCPCACTBCHHDIX
B3BELIMBaHUE. M3MEPEHNH
BCJINYUHBI,

U3MepseMOi OJIUH pa3
Y OLICHKa ee

=] MOrpeIIHOCTH
m = (2,2725 +0,0001) -10* kn
Am/m = 4,4-10° = 0,005%
Copaep:xanue oTyera HosicHenust

N3mepenne BoicoThl H

Tabmuma 1

Ne | Hij,mm H AH; SH AH. | AH,,| AH AH/H Tabmnuna 1 3amoaHseTcs
1 65.00 +0.09 pe3ybTaTaMy U3MEPEHUN
2 64.80 -0.11 BeJIMYMHBI H, KoTOpas
3 65.10 | 64,91 | +0.19 | 0,0600 | 0,168| 0,05 | 0,1753 | 0,0027 | U3MEPACTCA HECKOJIBKO pa3 U
4 64.80 -0.11 COZEPIKHUT CITyJaHHYIO
5 64.85 -0.06 U TPUOOPHYIO MOTPEIIHOCTH.

Takue TaOIUIIBI JTOJIKHBI

H - CpejiHee apu(MeTHIECKOE OBITH COCTABIJICHBI JJIST BCEX
AH;i=Hi-H - AGcomoTHas MOrpemHocTh BCJITIHH, HM3MCPACMBIX TIO
SH - CTaHJapTHOE OTKJIOHEHHE CPeIHero apudmernueckoro | HECKOIBKY Pas.
AH,, - CnyyaiiHasi IOTPEIIHOCTD (JIOBEPUTEIBHBIA HHTEPBAN)
AH,, - [IpuGopHas morpenHocTh
AH - [lomHast aGCOMOTHAS TOTPEIIHOCTh
AH/H - [lonHas oTHOCHUTENBHAS TOIPEITHOCTD




H = (6,491 + 0,018) -10 u;

/Z(AI—Ii)z
Sy = 4.5 ANH,, =1,455°S; =285y,

AH = [(AH,)? +(AH, ) .

N3mepenue BHemHero guamerpa D,

D, = (2,849 + 0,0052) -107% m;
AD,/D; =0,18% .

HN3mepeHne BHYTpeHHero auamerpa D,

D, =(1,71+0,026) -10? u;
AD2/D2 = 1,5% .

ITpu uzmepenusx
3anoyHgIoTea Taoiauua 2 mis D ¢
u Tabmuua 3 qst D o,
aHAJIOTHYHLIC Taoume 1.

31ech MPUBOJATCS JIUIIIb
OKOHYATEJIbHBIC PE3YJIbTATHI,
MOJIy4YeHHBIE TIPH 00paboTKe
Tabmmig 2 u 3.

Burunciienue mMJIOTHOCTH P
4.2272-107
P= -2 -2)\? ]
3,142-6,491-10 [(2,849-10 ) -@1,71-107)

=8,574-10% xr/a .

Brrunciienne uszmepsieMon
BEJIMYMHBI  (C MOJICTAHOBKOM
B (OpMYJly UHCIEHHBIX
3HAYEHUN BXOIANINX B

Hee Benu4uH B cucteme CH).

Copepxanue oTyera

IMosicuenust




Ounenka MOIrpEeIIHOCTH IIJIOTHOCTH

Jlorapudm dhopmyIibl 1S TIIOTHOCTH:
Inp=In4+Inm—Inz—InH—In(D} —D;).
KBaI[paTLI YaCTHBIX HOl"pGHIHOCTGfI:
1 ‘é(ln ) ‘2 ‘Am
—_— = —— Am| =|—
om m om m
= (4.4-10%)%=1,94-10".
Anp) 1 ‘M
JH H’ oH
=(2,7-10%)?% =7,3.10°.
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C‘A_H
| H
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AIn p) _ 2D, A(In p)
D, D} —D;’

2D, AD, i
D; —D;

= = 3,30-10°

© | 2-2,849-107°-524-107
~(2:849-1072)% — (1,709 -1072)? |

OrneHKa
IIOTPELIHOCTEN €
MPUBEICHUEM
(bopMyIT I YaACTHBIX
MOTPEIIHOCTEN U
BBIYMCIICHHEM
KOKIOU W3 HUX.

B nannom

ciydae yjaooHee
HaxOJUTh CHauaja
OTHOCHUTEIIbHYIO
MOTPEUTHOCTbD.

[Torpemnocts
uu(psl 4 paBHa HYIIO,
MOTPEIIHOCTh T IpHU
pacuete
Ha KaJbKYJISITOpE
YUUTHIBATh HE

clenyer.

YacTHYIO OrPEMIHOCTb,
BO3HUKAIOIIYIO
BCJIE/ICTBUE
norpemHocTy B Dy,

npeIaraeTes
BBIUUCIIUTh

CaMOCTOATCIBbHO

[lonnas oTHOCUTEIbHAS IOrpe€IIHOCTh BECJIMYHUHEBI O .

A
22 194107 +7,3-10° +3,3-10~° +2,84-10~ = 00180,
yo,

Brruncienne
OTHOCUTEILHOU
MOrPEIIHOCTH.

[Tonnas abcontoTHAs MOTPEUTHOCTD BEIUYUHBI O

Ap
[?) -p=0,018-8,57-10° = 0,154-10° kr/m° .

Briuncienue
a0COIFOTHON

MOTPEIIHOCTH.

3HayeHHE MIOTHOCTH L C YUCTOM MOTPECITHOCTH:

p =(8,57+0,16) -10° kr/m°, Ap/p=1,8%.

3anuce
OKOHYATEIIHLHOr'0
pe3ynbTaTa ¢ y4eToM
MOTPEITHOCTH

Conep:xanue oTyera

IHosicuenust




[Ipennaraercs
YnpaxHenue 2 0(pOpMHUTE
CaMOCTOSITEIILHO
AQHAJIOTUYHO
Yupaxxaenuro 1

OnpeneieHne IJIOTHOCTH NapaJjiiesienumnena
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2. IlyctoBanos I'.E. Hacrtosimmii cOopHuk. Mexanuka. Tekct na0.
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