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O EHUBAHUE HEOIIPEAEJEHHOCTHU USMEPEHUA MOJAYJIA IOHT'A

B cmamuve paccmomper cnocob onpedeﬂenuﬂ ynpysux KOHCmaHm mamepuailose Ha OCHoee npeyusuoHHo2co
usmeperust mojursvl mamepuailos u npueedeuo Memoduky OYeHUsaHuA Heonpedeﬂenuocmu 0151 0anHo20 cnocooba.

Knrouegvie cnosa: mooynv FOHea, ynompaszeykoeas 3X0-UMNYAbCHAS MOIUUHOMEMPUS, HeONpeoeleHHOCHb,

obvexm KOHmMpPOJIA.

BBenenue

B mamre Bpems akTHBHO pa3pabaThIBAalOTCS HOBBIE
KOHCTPYKIIMOHHBIE MaTephajibl, TaKhe KaK pasHoro poja
KOMIIO3UIIMOHHBIE, apMHPOBAHHBIE BBICOKOIIPOYHBIMU M
BBICOKOMOJYJTbHEIMH ~ HETIPCPHIBHBIMH ~ BOJIOKHAMH,
KOTOpbIE HMEIOT INUPOKOE TPHMEHEHWE B Pa3HbBIX
oTpaciIsiX HapoJHOTO Xo3siiicTBa. B cBMBHM ¢ ITUM
OlpefieIeHNe 3HAa4YEHWH yNpyrux KOHCTaHT HOBBIX
MaTepHaJIOB SIBJISIETCS aKTyaJIbHOM 3aaueil.

Jnst  HamexHOM — SKCIUTyaTallMd — MaTepyasioB
HEOOXOIMMO JIOCTOBEPHO OLIGHHTh pPEcypc H3HOCA,
MIPOTHO3UPOBAHKUE OCTATOYHOTO PECypca KOHCTPYKTUBHBIX
Y3JIOB B TIpOIIECCE AKCIUTyaTalid OOBEKTOB, MPOIJICHHE
cpoka  ciyxObl  mocie  OTpabOTKHM  OOBEKTaMHU
HOpMaTHBHOTO cpoka. Takke HEoOXOAMMO TOYHO
ONPEICIUT  BENWYMHY  YIOPYIMX  KOHCTaHT  JUISA
MIPOTHO3MPOBAHUSI CUTYaLUH.

M3BecTHO MHOTrO CIOCOOOB 3KCIIEPUMEHTAIBHOTO
OTIpEJIeTICHNs] YIPYTHX KOHCTAHT MaTtepualios [1]. X cyTh
CBOAWTCS B OCHOBHOM K CPaBHEHHIO YaCTOT COOCTBEHHBIX
KoJeOaHWH  YNpPYrMx CHCTEM, TIOJNyYEHHBIX ITyTEM
PacueToB U ONPEIENIeHHbIX SKCIIEPUMEHTAIIBHO.

YacTo BO3HHKAIOT 33/1a4d, KOTJa HEOOXO0AMMO
ONpENENNTh  YNPYrue  KOHCTAaHTBl B YCIIOBHSX
OJTHOCTOPOHHETO JIOCTYIa y OOBEKTY, IO3TOMY IIEIbIO
CTaTbu SBJISICTCS pa3pa60TKa METOAa OICHUBAHUS
HEOIPEeIEHHOCTH M3MEepeHus [2] ynpyrux KOHCTaHT
HOBBIX KOHCTPYKIIHOHHBIX MaTepUAIOB Ha OCHOBaHUH
MMPEOU3NOHHOTO U3MEPCHUA TOJIIUHBI MaTCPUAJIOB.

ITocTanoBKa 3agaun

IIpenu3noHHBIE  CITOCOO W3MEPEHUs]  TOJIIIHHBI
MaTepHajia OCHOBBIBAETCA Ha YJIBTPa3ByKOBOM 3XO -
HMIOYJIBCHOM METOJIE, COTJIACHO KOTOPOMY yIIpyras
BOJIHA TIOChUIaeTcs B 00bekT koHTpods (OK) m mocie
otpakeHmst ot nmHa OK perumctpmpyercss Bpems ee
pacnpoctpanenuss t B tommuHe OK. [anbme, mpu
M3BECTHOM CKOpPOCTH pacrpocTpaHeHHS c
ynbTpa3BykoBoi BoiHBl B OK TommuHa ompenessiercs
no ¢opmyne h=0,5ct[3]. DTOT cOCO6 HEBO3MOKHO
UCTOJNB30BaTh  TPU  KOHTPOJE  KOMIIO3HIMOHHBIX
MaTepHaJioB, IIOCKOJBKY CYIIECTBYeT  3aTyXaHHe
JIOHHOTO CUTHAJIA B ITyMax.
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JleTalbHO ~ MPEIU3UOHHBIA  CIIOCO0  M3MEpEeHHS
TOJIIMHBL, KOTOPBI  HCIONB3yeT  JBE  ILKAJbl,
IIpe/ICTaBICHHBIH B paboTax [4,5].

Pemenue mocraBjIeHHOM 3a1a4H

OueHNM HEONPENECICHHOCTh M3MEPEHHsT MOy
IOnra. DxcnepumenTanbHo Moayab FOura Y'© cBazan
CO  CKOPOCTBIO  DPACHPOCTPaHEHUs  MPOJOIBHOI
YIBTPa3BYKOBOH BOJIHBI B TONIIWHE OOBEKTA KOHTPOIS
(OK) h :

Y© 2h
c=,]—,C=—
p T

CrnemoBaTtenbHO, TIOACTAHOBKOH p = m/ vV -

IIIOTHOCTH MaTepHaHa, UMEEM:
4h*m
2V

— CKOPOCTb 3BYKa B MaTcpuajic; h —TOJIIIKWHAa

Y ,
roe C
OK; BpEeMs PACIpPOCTPAHEHUS YIBTPa3BYKOBOTO
curnana B OK.

Jng  TmpenusmoHHOTO — M3MEpEeHHS
UCTIONb3yeM JIBYILIKATHBINA crocoo. CyTb
NPEATI0KEHHOTO  Croco0a  ONpeeseHusl  TOJIIUHEI
3aKIII0YAeTCSl B ONPEACTICHUH BPEMEHHOW 3alepXKKH T
MIPOXOX/ICHUSI yJIbTPa3BYKOBOW BOJHBI B TOJIIIMHE
Mmarepuana. Jlanee mo «rpyOoi» ImKane u3MepseTcs
rnepeoe (1O co 3HAYUTEIHHON BO3MOXKHOM
MOTPENIHOCThIO) 3HAa4YeHHWEe T TO CKadkaMm (ha3oBbIX
XapaKTCPUCTHK TIOHHBIX CHUTHAJIOB; TI0 «TOYHOW) IIIKAaJe
MIPOM3BOJIUTCS TPENU3NOHHOE H3MEPEHHE YacTH T B
mpenenax — IONYNEepHoAa  HECYyIIeW;  IOydeHHBIC
pe3ynbTaThl OOBEIUHSFOTCS M BBIYUCISIETCS OLICHKA T .

T—

TOJIIIUHBI

Croco06 peanusyeTcss Ha TpPUMEpPe H3BECTHBIX
(YHKIIMOHAIBHBIX OJIOKOB U yCTPOWCTB. YCTpOICTBO
COJIICPIKUT: MPOTPAMMHPOBAHHBIN TEHEPATOP CHUTHAIIOB:
dbopmupoBarens  (GazoMaHUITYITUPOBAHHOTO CHUTHAJA,
YCHITUTEIb MOIITHOCTH; COBMEIICHHBIH
IIbE303JIEKTpHYEeCcKui  mpeobpasoBatens [1211-5-1120;
onHOKaHAIBHBINA AedekxTockonm Socomate USPC 3100
LA: BxomgHoe YCTpOHCTBO (opmupyer BBIOOPKY
MTHOBEHHBIX 3HaueHu# curnana, ALIl; nepcoHanbHbIN

KOMIIBIOTEP: HU3MCPUTECIIb (1)&30B0ﬁ XapaKTCPUCTHUKU



(®X) curnama, mnpeobpazomatens [wmisbepra (I1D),
nupdepeHnmaTop, H3MEpUTENb (PA30BBIX CMEUECHUI

CUTHAJIOB, WM3MCPUTEIh BPEMCHHBIX  HHTCPBAJOB,
YCTPOUCTBO CTHIKOBKH (COTJIACOBBIBACT I'Py0O0-TOYHO);
OJIok TporpaMMHOTO  obOecriedueHus. Bce  aTambl

MOJEIMPOBAHMS OCYIIECTBILLIMCH C HCIOJIb30BaHUEM
makera Mata0.

B TeHepaTope dhopmupyeTtcst
(ha30MaHMITYTMPOBAHHBIA ~ PATUOUMITYJILCHBIA ~ CHTHAI
BUJIA:

Usin2xft, te[0, 1],

u(t) =4 -Usin 2xft, te[ %],

0

! te[n ],
rne U — ammmryna curHana, f — Hecymias wacrtora
3allOJHEHMs]  paJuoOMMIyJbca; T, —  MOMEHT
MaHUITYJISIIUU (hassr; T —  JUIMTEIBHOCTh
paguonmmyibca; I, —  [EpUOX  IOBTOPSHUS
PaIMOUMITYJIBCA.

dazopas XapaKTepUCTUKA ¢dazomaHumy-
JIUPOBAHHOTO CHUTHAJIA COJCPKHUT CKAYKH B MOMEHTHI
BPEMEHH, KOTOpPBIE COOTBETCTBYIOT  BBITIOJIHCHHIO
MaHUITYJSIIUN Hecymero kosiebanus. [lomoskeHme Bo
BpeMeHH CcKaukoB DX CHTHAIOB MOXET OFBITH
OTIPE/IENICHO 110 €€ MPOU3BOAHOM . DTH CKauKH ¢
LENBI0  TIOBBIMICHHUS JOCTOBEPHOCTH  PE3yJIbTAaTOB
W3MEPEeHUs] MOTYT OBITh BBIACICHBI TPH IOMOIIH
crpobupoBanuss @®X  orubamImMMUX  OTPaKEHHBIX
CUTHAJIOB:

- _ 2 - ,\2 -
AG) = u[i]+u*[i],
MOJIO)KEHHE BO BPEMEHH KOTOPBIX COOTBETCTBYET

3aJiepaKKe CUTHAJA IpH pacnpocTpaneHuu B OK.
I'pyboe 3HaueHHMe 3aAEPKKU ONpenessieTcss Kak
BPEMEHHOU HMHTEpBAll T,. 3HAYCHUE ITOrO HMHTEpBaja

n3MepseTcs c MTOTPEIITHOCTEIO, BBI3BaHHOI
BO3JICHCTBUEM LIyMa, KOTOPBIA CONPOBOXKIAET MPOLIECC
n3MydeHus, pacmnpoctpanernss B OK wu mpuema

YJIbTPa3BYKOBOI'O CUT'HaJIA.

CormnacHo JABYHIKaJIbHOT'O crocoba HN3MEPpCHU
BpEMCHHAA 3aJ€piKKa Ha paclopoCTpaHCHUE CUr'HAaJIa B
OK OIIPEACIACTCA UCPE3 (pa?;OBOC BpEM4 €ro 3aJICPIKKU:

A
T, n+—¢ l
2n ) f
3HaueHHe BPEMEHH 3alE€pKKH B  IEPUOIAX

HECYyHICTO KoJieOaHus n/f OIpCACIACTCA Ha OCHOBE

M3MEPEeHUs] BPEMEHHOTO HMHTEpBajla MEXIy CKauyKaMH
®X curnama. YTouHSIOIIEE 3HAYEHHUE  3aJCPIKKHU
ompenenseTcss Ha OCHOBE H3MepeHHs (a3oBoro
CMeIeHNs CUTHaloB A¢ B KOHIIC M B Hadaje 3TOTO

HWHTEpBaJia, KOTOPOC OCYHECTBIACTCA OTHOCUTCIIBHO
(1)331)1 TapMOHHWYECKOI'0 CUTHalia:
Ad

At = .
2nf
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CormacoBanue TpyOOro W TOYHOTO 3HAYCHUI
(yTouHeHHe TENOTO KOJM4YecTBa (Ha30BBIX ITMKIIOB)
BBITIOJIHSETCS 110 hopmyote:

n=|fr, —A—¢+O,5 .
27
C Y4ETOM HW3BECTHOM CKOpOCTH c

pacnpocTpaHenus ynbTpazByka B OK, tommmua OK
ompezensercs no Gopmyie:

ot c(n A¢j i|:f3 A¢+05} LA
2 2f 2r ) 2f 2 2n
Jauubiit croco0 Jlaet BO3MO>KHOCTb

NPELM3MOHHOTO H3MEPEHMsl TOJILIMHBI W3AENUs TpH
YCJIOBHM JICHCTBUS LIYMOB B JIIEKTPOAKYCTHYECKOM
TpaKTe TOJIIIHOMEPA.

MerTo/Ka BEIYHCIICHHS HEONIPEIEICHHOCTH
BKJIIOYAET CICAYIOLIHE TAIIbL:

1) moctpoeHHe aHMarpaMMbl  BO3ICHCTBYFOIIMX
¢akTopoB (mmarpamma HWmmkaer). HMexoms w3
(GopMynBl  JUIS  BBIYMCIICHHS TOJIIUHBI  ONPECIIHM
OCHOBHBIC M  JOIOJIHHTEIBHBIE  BO3JCHCTBYIOIINE
¢axTopsl (puc. 1):

MakcnMaibHan NOIPelHOCTD
II3MEpPEHIIA BECOB Paspemaioimnas
) CNocoGHOCTE
= coryuaiinan . . \
}\n11||npnm;:1
~4_
r

COCTARIHIOMIAS, )
H3MEpEHIs < cayyaiHas

COCTAB/THIOLLIAN

- Y IIS.\!CPL‘HIIH
3 IMorpeumocts "_']n
T HemimHeitHoOC T
4 4 -
e}
A
8 _—~h Y
1 Y o »
[lorpewnocts
HiMepeHns
Bl
[orpewsocts
ITIMEPEHIA JUTHHED

Pucynoxk.1. lnarpamma MimukaBsl

2) ®opmupoBaHHe OIOHKETa HEONPEAEIEHHOCTH
corlacHo ¢ nuarpammoit WMmmkaBel. [lns  3amauw,
KOTOpasi pacCMaTPUBACTCS, OFO/IKET HEOTPEIEICHHOCTH
npeacTaBieH B TaOI. 1.

IIpu cocraBmeHUM OrO/KETAa HEONPEISITICHHOCTH
MIPEAIoJIarajioch, 4TO cirydaifHbIe COCTaBHBIC
HEOIPEICIICHHOCTH SBJISIFOTCS HE KOPPEIUPYEMBIMH.

Heonpenenennoctn, 00yCIIOBJICHHAS
HETOYHOCTBIO ompenenceHus Macchl, TommuHbl OK,
00beMa, BPEMECHU PaCIPOCTPAHCHHS YJIBTPa3BYKOBOTO
curnana B OK.

Hetounocte m3mepenus maccel OK 3aBucur oT
paspemaromeii  cnocoOHOCTH  BECOB,  KaJHOPOBKH,
KOTOpas, B CBOIO OYepeib, 00YCIOBIeHAa MAKCHMATBHOM
MOTPENTHOCTEI0 M3MEPEHHsI BECOB M IOTPEHIHOCTHIO
HEIMHEMHOCTH, a TaK €, CIy4allHOM MOIpEeIIHOCThIO
HU3MEpeHUSI.

Bpemsi pacnpocTpaHeHHs TpPOAOIBHBIX BOJH B
OTPEJICICHHOM ~ MaTepualie  3aBUCUT OT MHOTHX
¢dakTOopoB. 3HAauYCHHWE BPEMCHH PACIPOCTPAHCHHUS
YABTPA3BYKOBBIX  BOJH B  PasHbIX  MaTepHaiax
OHpeI[eHﬂIOTCﬂ 110 CHpaBO‘-IHI)IM JAHHBIM.
Heonpenenennocts, 00ycClOBJI€Ha  MOTPENIHOCTHIO



m3Mmepenust niuuHbl  (mapametpoB  OK),
JUIVHBI, BBICOTBI, INHMPHHBIL.

BinsHne Takux (akTOpoB Kak TeMIieparypa,
BJIQ)KHOCTB, HECOBEPIICHHOCTh anmaparypHoOi
peanu3anyy ycTpoHCTBa, HEOIHOPOIHOCTh MaTepHala
OK MoxeT OBITh yMEHBIIIEHA MHOTOPa30BBIM IIOBTOPOM
N3MEPEHNUS U UX CTATUCTUIECKOH 00pabOTKOH.
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B pabore Ob1 MNpoOBEelNEH OKCIEPUMEHT JUIst
ompeneneHuss  HeompeneneHHocTH  moayns  IOura
cTampHOrO oOOpasia pasmepoM 2x2x10 cm. Yacrora
quckperusamuu 100 MI'm. CormacHo mnpuBeneHHOMN

3) HOqueHHe BBRIDAKCHUA  JUIL  ONCHUBAHMSA MCTOOUKE HCONPEACICHHOCTD coCTaBHuJIa
KOMGI/IHI/IpOBaHHOI/I CTaHAapTHOU HEOMPEACICHHOCTH. quo — 9l 75 109 Ia.
JJis paccMOTPEHHOTO TIpUMeEpa:
Tabimma 1
Bromxer HeonpeneneHHoCTH [yIs onpeaeneHus Moayis FOura
Beauyun BosneiicTByrommii Kareropus 3akoH Cymmapuas Kospguunent
CK3 HeoIpesie1eH CTaHJapTHast YyBCTBHTEJIbHOC
a hakrop pacnpeje/ieHust
HOCTH HeoIpe/ieTeHHOCTh ™
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HauGounbimii BKJIa B OIICHKY HEOMPEICICHHOCTH
BHOCHT HENpPEEICHHOCTh M3MEPEHHsI MacChl M O0BeMa
obpa3iia.

BeiBog.

B pabGore paccMoTpeHO croco0  omnpeaereHus
monynsi FOHra Ha OCHOBE NPEIMBHMOHHOTO HW3MEPEHHS
TOJIIIMHBI HCCIIeAyeMoro Martepuaia. B paborte mpoBeneH
JIeTATbHBIA  aHAIM3 HEOMPEIENeHHOCTH IS  Crocoda
ompexmeneanss Moxynst FOnra. IloctpoeHo muarpammy
WimmkaBel, TpHUBENeHO OIOMHKET HEONPEHCICHHOCTH U
TNpoaHaJIn3uPOBAHO BKJIaQ COCTaBJIAOIINX
HEOTpe/IeTIEHHOCTEN B OOIIYI0 HEONPEIETICHHOCTD.
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Evaluation of Uncertainty in Measurement of the Young's
modulus
V.M. MOKIYCHUK, 0.V. MONCHENKO, Y.A. OLIYNIK
The article describes the method of determining the
Young's modulus base donprecisionmeasurementsof the
thickness of the materialandis a technique for estimating the
uncertainty of the method .
Keywords elastic constant , Young's modulus ,
ultrasonic thickness measuremet, echo-impulse measurement
method, uncertainty, test object.
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