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AHAJII3 METO/IB 1 BUIIB BUMIPIOBAHb Y KBAJIMETPII

a Momano AHOpiL?l, Cmaonuk EozdaHZ, Momano BaCWlbz, 2018

lFaSOHpOMI/ICJ'IOBe ynpasiiansa “JIpBiBra3pumo0OyBanss”, Bya. Pyouaka, 27, 79026, JIbBiB, Ykpaina
’Hanionansuuii yHiBepcuTer “JIbBiBChbKa mosiTexHika”, kadeapa iHdOpMALLiifHO-BHMIPIOBAIBHIX TEXHOIOTIH,
Byi. C. Bannepu, 12, 79013, JIsBiB, Ykpaina

Po3zenanymo it npoananizoeano waaxu HOCOHAHHA Memo00a02ii Mmempoaozii ma Keanimempii — HayKkoeoi zany3i,
npeomemom eusUeHHs AKOY € KilbKicHe OUIHIOBAHHA AKOCMI RPOOYKYIT. 3 NO3UNIT CyuacHo20 PO36UMKY Cimo8ol
Memponozii po3IAHYmo 6uou GUMIPIOGAHUX 6eTUYUN Y Kéaimempii ma memoou ix eumiprosans. Pozpoodneno
KOHUenuilo eudoopy memooie umMipro8ans 6eUYUH y KealiMempii 3 ypaxyeaHHAM CneyuiKu 00caioHcysanux 0o’ ekmie
ma MemooOuKy OUiHIO6AHHA MOYHOCHI OMPUMAHUX PE3YIbMAMIE 6UMIPIOGAHD, U0 ICHLOMHO POUIUPIOC MONCTUGBOCHT
Keanimempii uj000 3abe3neueHHs COHOCMI GUMIPIOBAHb, NIOGUUIEHHA MOYHOCHIE Ma 00CHOBIPHOCHIT OMPUMAHUX
pe3yibmamie 6UMIPIOBAHb XAPAKMEPUCMUK AKOCHMI NPOOYKUIT.

Kniouogi cnosa:. keanimempin, memponozia, Memoou sumipioeans, AKicmob NPOOYKYil, HOKA3HUK AKOCHI RPOOYKYIT,
Dpisenb AKocmi nPoOyKUii, OYiHKU MOYHOCHI Pe3y1bmamie 6UMiplo6aHb

Paccmompenst u npoananu3upo8ansl Rymu CO4eMAanus Memoooa02uu Mempoaocul U Keaiumempuu — Hay4Hoil
ompaciu, npeomMemom usyvenus KOmopoii a613emcs Koauuecmeennoe oyenuganue kayecmea npooykyuu. C nozuyuu
COBPEMEHHO020 PA36UMUS MUPOBOTL MEMPOSIOUU PACCMOMPEHBL GUObL UIMEPACMBIX EIUYUN 8 KGAITUMEMPUU U
Memoovt ux uzmepenuii. Pazpabomana konyenyusn 66100pa Memoooe usmepenuii 6eIUUUH 8 KGATUMEMPUL C YHEMOM
cneyuuku ucciedyempix 00eKmoe u MemoOuKa OUEeHKU MOYHOCIU ROTIYUEHHBIX Pe3YIbIMANO8 U3MEPEHUIL, YMO
CYUIECMBERHO PACUIUDPIAECH 603MOICHOCHIU KGATUMEMPUU RO 00eCneUeHUI0 eOUHCMEA UIMEPEH UL, ROGLIUIEHILIO
mMoYHOCMU U O0OCHOBEPHOCIMU ROJIYYEHHBIX PE3YIbIMAM08 UIMEPEHUL XapAKMePUCIMUK Kauecmeda npooyKyuu.
Knrwouegsle cnosa. Keanumempus, MEmponozus, Memoosl Usmepenuil, Kauecmeo nPooyKuuu, noKazameis Kayecmea
RPOOYKUUU, yPOBEHb KAYECH A NPOOYKUUU, OUEHKU MOYHOCHU Pe3y1bmano8 usmepenuil

In the framework of the Fourth Industrial Revolution Industry —“ Industry 4.0, metrology becomes an integral part of
the production process, the characteritic feature of which is the development and merger of automated production, data
exchange and manufacturing technology into a single self-regulated a system with the least or no human intervention in

the production process. Measurement, teting and quality control will no longer be consdered asa parallel procedure,

but rather an integral part of the manufacturing process.

Accordingly, the functions of metrology and the scope of its study of metrology are substantially expanding. One of the
new areas of research in modern metrology is qualimetry — the scientific field, the subject of study of which isthe
guantitative assessment of product quality. Today in qualimetry due to the specificity of the object of research —
production —there are a number of unresolved theoretical and methodological problems. In particular, it isa problem of
ensuring unity and metrological traceability of the results of product quality assessment and analyzng the accuracy and
reliability of the product quality estimates obtained. Solving these problems, according to the authors, ispossible only in
a complex combination of the methodology of metrology and qualimetry. Metrology, the science of measurement and its
application, hasthe strong scientific, practical and legal tools, which allowsresearch in any field of knowledge. Analysis
of the ways of solving these problemsis the subject of this study.

First of all, the analysis of the difference between the key concepts of metrology and qualimetry —“ measurement” and
“evaluation” are developed. Measurementsin their essence provide for a comparison of the measured value with the
measure, as well as a description of the measured value in accordance with the intended use of the measurement result,
measurement procedure and a calibrated measuring system functioning in accordance with the regulated measurement
methodol ogy and taking into account the measurement conditions. Consequently, the notion of " measurement” is
directly related to such concepts as the result of measurement, measurement unity, accuracy of measurements,
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metrological traceability of measurement results and other key concepts of metrology. That allows comparing the results
of measurements of characteristics of identical objects obtained in different laboratories, different methods and means
in different conditions, aswell asto implement the condition of metrological traceability of measurement results.
The above signs of the notion of “ measurement” are not at all inherent in the concept of “evaluation”, which is
included in the definition of the essence of qualimetry. Applying the concept of “evaluation” . in the procedure of
studying the quality of products can not objectively compare the results of research on the quality of identical products
obtained in different laboratories, different methods and means, in different conditions and carry out metrological
traceability of the results of product quality assessment, which, of course, significantly reduces the possibilities
gualimetry regarding the objectivity and reliability of the obtained product quality assessments.
From the standpoint of modern development of world metrology, types of measurable quantitiesin qualimetry and
methods of their measurement are considered. As can be seen from the analysis of current NDs] and literary sources,
the numerical estimates of product quality are single absolute quality indices P; that are equal to the corresponding

properties of the products under study p,,i=12,%,n, single relative quality indexes K;, aswell asintegrated indexes of

product quality and product quality level. They are the main measurable valuesin qualimetry.

In order to effectively combine the methodol ogy of qualimetry and metrology in the field of qualimetry, it is advisable to
use the basc measurement methods and the main provisions of the reprezentative theory of measurement. Method of
measurement —a general description of the logical sequence of operationsin the measurement. The basis of any
measurement is the comparison of the measured value with the measure that stores and reproducesthe unit of this
value. Consequently, the measure of measurable value is always present in the measurement process, but its presence
and methods of use are manifested differently, which underliesthe classification of measurement methods. Therefore, it
is advisable to classify the measurement methods according to the following features:

* by the way of using the measure;

* by the way of comparison with measure;
* by the completeness of comparison with the measure.
By the way of using the measure, all measurement methods are divided into two groups:
* measurement methods of time-consuming or implicit comparison with the measure;
» measurement methods of simultaneous or direct, explicit comparison with the measure.
Methods of time comparison with the measure or, asthey are called, direct measurement methods are based on the use
of measuring instruments whose scales are calibrated in units of measured values.

Methods of smultaneous or direct comparison with the measure are based on the use of the measure of the measured
value directly in the process of measurement, that is, the comparison of the measured value with the magnitude
reproduced by measureiscarried out in each concrete measurement.

Comparison methods, in turn, are divided into the following types:

* by the way of comparison with measure: substitution method of measurement, opposition method of measurement,
compensation method of measurement, complementary method of measurement, coincidence method of measurement,
resonance method of measurement;

* by the completeness of comparison with the measure: null method of measurement,
differential method of measurement.

According to the general classification of measurementsin qualimetry, aswell
asin general in metrology, thereis possible to use the following types of measurements:

* direct measurements;

« indirect measurements — mediated (indirect) measurements, aggregate (indirect) measurements, compatible
measurements.

The model equations of the two main types of measurementsin qualimetry and the corresponding systematic errors,
which find the uncertainty (uncertainty) of the results of measurements of product quality characteristics, are given in
the table below. (Note: The formulas given in the table correspond to measurementswith one-time observations).
Effective using of all theoretical, practical, legidative and scientific foundations of modern metrol ogy
in the field of qualimetry, in particular, measurement methods, measurement methods and methods for measuring the
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accuracy of measurement results taking into account the specificity of the research object —the product — requires
further analysisand research.
Key words: qualimetry, metrology, measurement methods, product quality, product quality index, product quality level,
estimation of accuracy of measurement results

Beryn. Vuacninok Yemsepmoi npomucnogoi pegonio-
yii “ Ipomucnosicmey 4.0" (auri. — The Fourth Industrial
Revolution “ Industry 4.0" ) memponozis crae HeBix EMHOIO
IHTErPOBaHOI0 YaCTUHOIO BHPOOHMUYOrO MpOLECY, Xapak-
TEPHOIO PUCOI0 SKOTO € PO3BUTOK i 3JUTTS aBTOMAaTH30-
BaHOTO BUPOOHHUIITBA, OOMIHY IaHUX 1 BUPOOHHYHX TEXHO-
JIOTI{ B €JMHY CAMOPETYJIbOBaHY CHCTEMY, 3 SIKHAHMEHIIINM
a0o B3araii 0e3 BTpy4aHHs JIIOAWHU Y BUPOOHUYHI TIPOLIEC
[1]. BumiproBaHHs, TECTYBaHHS Ta KOHTPOJIb SKOCTI OinbIiie
HE PO3TJINAIOTH SIK MapaJieNibHi MPOLENyPH, a IIBUIIIE SK
HEBiJ €MHI YaCTHMHH BUPOOHUYOrO Mpoliecy. BiAmoOBiIHO
ICTOTHO po3uIMprooThes (QyHKHii MeTponorii Ta cdepa il
TOCTIDKCHHS, 30KpeMa, B Takux cdepax JIFOJICHKOI MisIb-
HOCTI, SK TICHXOJIOTis, MEIWIIMHA, TOPTIBJSA, TPOMHC-
JIOBICTh, OCBITa, COIOJIOTiS TOIIO, IO BiMOOpPa)KCHO Yy
pekoMeHaanisx MiXHapoIHOro KOMITETy Mip 1 Bar IOAO
CTAHOBJICHHS HOBHX 3aBJaHb METPOJIOTii [2].

Opniero 13 HOBUX cdep MOCTIIKEHHS CYy4acHOL
METPOJIOTII € KearimMempis — HAyKOBa Tajy3b, IO BUHHKIIA
Ha pyoexi 60—70-x poKiB MHUHYJIOTO CTOJITTS SIK pe3yJIbTaT
BAMOI' HAyKOBO-TEXHIYHOT'O MpOrpecy Ta IHHOBaliHHUX
TeXHONOTI# y ctepi mi3HaHHS (I3UYHUX SBUIL 1 TPOLECIB
[3]. 3a 3aranbHONPUAHATHM O3HAYCHHSIM, KEALMEmpis —
HayKOBa JUCIMILIIHA, MIO BHBYAE METOMOJOTII0 1
MPOOJIEMATHKY KIJIBKICHOTO OYIHIO8AHHS SKOCMI 00 €KTIiB
Oynb-sKoi MpUPOAM — AOCTPAKTHUX 1 KOHKPETHHX, HPO-
JIYKTIB Mpali W MPOAYKTIB MPUPOIH, MaTepialbHUX Ta ijie-
aJbHUX, MOPCBKOTO 1 HEXHBHUX, TOBapiB 1 MOCHYT,
npeaMetiB 1 mporeciB. ChOromHi y KeamiMerpii uepes
cnenupivHICTh 00’ €KTa JOCHIDKEHHI — MpoOyKyii — €
HU3Ka HEBUPINIEHUX TEOPETHYHUX 1 METOMOJIOTTYHUX
mpo0sieM. 30kpema, Iie MpoOJeMH 3abesneuentss €0HOCMI
ma  Mempono2iuHOi  NpOCMEedHCYBAHOCMI  PE3YJbTaTiB
OIIIHIOBAHHSA SIKOCTI TPOAYKINI Ta axauizy mouHocmi W
00CcmOogipHOCmi OTPUMAHHX OLIHOK SIKOCTI MPOIYKIIii.

BupinieHHs nux mpo0ieM MOXIIMBE TiJIbKH Yy KOMII-
JIEKCHOMY TIO€IHAHHI METOJIONOTIT Kganimempii Ta mem-
Ppoaoeii, sika BOJIOZI€ MOTY)KHUM HayKOBHUM, MIPAKTUYHUM Ta
3aKOHOJABYUM 1HCTPYMEHTApieEM IS JOCIIKEHb y OyIIb-
kil cdepi mizHaHHSA. 30Kpema, HIEThCS PO ONWHHMIL,
IIKaJk Ta €TAJOHW BEIUYUH, METOAU 1 METOIUKH
BHMIpPIOBaHb BEJIMYWH Ta OLIHIOBAHHS TOYHOCTI OTPUMaHUX

pe3yAbTATIB BUMIPIOBaHb, 3a0€3MEUYECHHS METPOIOTIYHOI

MPOCTEXXYBAHOCTI Ta B3a€EMHOTO BHU3HAHHSA PE3YJbTATiB
BUMIpIOBaHb, 1[0 HEOOXIAHO Uil 3a0e3MeUYeHHs €OHOCMmi
sumiproeans 'y chepi xearimempii BIAIOBIAHO JO BHUMOT
3akony VYkpainu “IIpo MeTposorito Ta METpOJIOTIYHY
nistibHiCT” [4].

[oTpeda moemxHaHHS METOMOINOTIT Mempoaoe2ii Ta Kea-
aimempii 1 3yMOBWJIA TeMAaTHKy 1€l pobotm Ta ii
aKTYaJIbHICTb.

1. Anajgi3 BigMiHHOCTEH KJIIOYOBHMX NOHATHL MeET-

posorii Ta kBagimerpii — “eumiprosanna” Ta
“ouintoeanns’ . lle muTaHHS TMPOaHAi30BAaHO BiAIMOBITHO
110 MixkHapoaHoro cioBauka 3 mMerposorii VIM3 [5], sikuit
BiIOOpa)ka€  PO3BUTOK  ITOHATTEBO-TEPMiHOIOTTYHOTO
3a0e3medeHHs cydacHoi MeTpoorii. Hacammepes Haerbes
PO  pO3IIMPEHE TPAKTYBaHHS KJIIOYOBOIO  ITOHSATTS
MeTpoJiorii — “eumipiosanns’ 1 TOB’ I3aHUX 3 HUM IOHATH
“senuuuna’ Ta “sumiprosana eeruyuna’

measurement) — mporec

CKCIICPUMCHTAJILHOI'O BU3HAYCHHA OJIHOI'O abo )I[eKiJ'H)KOX

eumiprosannss  (aHrII.
3HA4YeHb BEJIMYHMHH, SIKI OOIPYHTOBAaHO MOXYTb OyTH
MIPUTHCaHI BEJINYHHI;

sumipiosana eeaununa (anra.  measurand) —
BEJIMYMHA, 1110 HiUIArae BUMipIOBAaHHIO,

eenuyuna (auri. quantity) — BIacTHBICTH SIBHINA,
Tijja a00 PEUOBHMHH, IO MOXE OYTH BHpa)keHa KUIBKICHO y
BUIJISIII YUCTA 13 BiAMIHHOIO (BiAMITHOIO) O3HAKOIO SIK
OCHOB010 0Jisl NOPIGHSIHHSL.

Ocnosoro 0ns nopiensnns (adri. reference) moxe oyru
eTaNlOH, OJWHUIIA BUMIpIOBaHHA (OJUHUIISA BEITHYHHH),
METOJMKa BUMIpIOBaHHS, CTaHAAPTHHH 3pa3ok abo ix
KoMOiHaii.

Takuiéi migxim [0 cdepud TOCTIIKCHHS CYy4acHOL
METpOJIOTii BioOpakae BiJXi[| BiJl 3BY)KEHOT'O TPAKTyBaHHS
TIOHSTTS BHMIPIOBAHOI BEJIMYHMHHU JIMIIE SK “@Qisuynoi
senuyuny” 3rigHo 3 ynnanM JICTY 2681-94 [6], ockinbku
¢i3vyHa BEJIMYUHA € TUTBKH OTHIEI0 13 HU3KH MOKIHBHX
BUMIPIOBAaHHX BENWYMH — (i3WYHUX, XIMIYHHX, OioJo0-
IYHUX, TCUXOJIOTIYHUX, COLIOJIOTIYHHUX, €KOHOMIYHUX, a
TaKOX OYIHOK SIKOCMI nPoOyKyii, IO 0COOJIMBO aKTYaJIbHO
y cbepi keanimempii.

BumiproBaHHs 3a CYTHICTIO TTepea0daydatoTh NOpPiBHSIHHS
BEIUYMHHA 3 a TakoX OIUC

BHMIipIOBaHOT MipoIo,
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BHMIpIOBAaHOI BEJIMYMHU BIAMOBIAHO JO HepeadavdyBaHOro

BUKOPUCTAHHS PE3YAbTATy BUMIPIOBAHHSA, METOIUKY
BUMIpPIOBaHHS 1 KaniOpoBaHy BUMipIOBAJIbHY CHUCTEMY, SIKa
(YHKIIIOHYE BIIIOBITHO O PErJIaMEHTOBAHOI METOIUKHU
BUMIpIOBaHb Ta 3 YpaxyBaHHSIM YMOB BHMipioBaHb. [le-
TaIbHUA OMHUC BUMIPIOBAHOI BemuuuHu (crermdikaris)
noTpedye 3HAHHS POAY BEIMYHMHH, ONUCY SBHINA, Tijla a00
PCYOBHMHHU, SKUM BIJIACTHBA I BEJIMYHHA, YPaxOBYIOUU
OyIb-sIKi iCTOTHI CKJIaJIOBi, 30KpeMa 1 XiMiuHi.

Omke, MNOHATTA “sumipiosanns’  0OE3MOCEPEIHBO
TIOB’ sI3aHE 3 TaKUMU TOHATTAMH, K pe3yibmam GUMIpio-
6AHH5L, ECOHICMb BUMIDIOGAHb,  MOYHICIb SUMIPIOGAHD,
MempOoo2iuHa NPOCMENCYSAHICMb  PE3YABTATIB  GUMIDIO-
6aHb Ta IHIIMMHU KIIOYOBUMH TOHITTAMHU Mempoo2ii, 1o
MTOPIBHIOBATH

nae BHMIpIOBaHb

XapaKTePUCTUK 1JIEHTUYHUX 00’ €KTIB, OTpUMaHi B Pi3HUX

3MOTy pe3yabTaTu
J1abopaTopisiX, PI3HUMHU METOAAMHU 1 3aco0aMH, B PI3HUX
yMOBaX, a TaKOX peali3yBaTH YMOBY METPOJIOTiYHOI
MIPOCTEKYBAHOCTI PE3yJIbTaTiB BUMIPIOBAHb.

3a3HayeHl BUINE O3HAKU TOHATT “eumiprosanus”
30BCIM HE TpUTaMaHHI TOHATTIO “OyiHIOGaHHA", TIO
BXOJ/IUTH /IO O3HAYEHHsI CYTHOCTI KBasliMeTpii. Oyintoeanns
sKkocmi npodykyii — TpoIeaypa 3HAXOMKCHHS 3HAYCHb
MOKA3HUKIB SIKOCTI Ta PiBHS SKOCTI MpOXyKmii, siki € ii
KIJTbKICHUMH (YHCIIOBUMH) XapaKTePUCTHKAMH, TPUIOMY,

“

K 3a3HaueHo y [7], y KBasiMeTpil BHUMIipIOBaHHS
BiJIHOCHMX TITOKa3HMKIB 3aBXKIU 3IIHCHIOIOTHCSA TITHKH Ha
OCHOBI aQHAJIITUYHUX, COIIIOJOTIYHUX Ta EKCIEPTHHUX
METOiB 0e3 BUKOPUCTAHHS SKUX OU TO HE OyJI0 TEXHIUHUX
3aco0iB. ToOTO Meroau BUMIpPIOBAaHHS B METPOJOrii 1
KBaJIIMETPii — sAKicHO pi3Hi”. OTXKe, 3aCTOCOBYIOUYH MMOHSTTS
poreaypi

MPOAYKIii HEMOXJINBO 00  €KTHBHO IMOPIBHSITH PE3YJIbTaTH

“oyinrosanns’, 'y IOCIHIKEHHS  SIKOCTI
JIOCITIJDKEHHS SIKOCT1 1IEHTUYHOI NPOAYKII, OTpHMaHi B
pi3HUX JabopaTopisiX, pi3HUMU METOoIaMH 1 3acobamMu, B
PI3HUX yMOBaX, Ta 3a0€3MEYUTH METPOJIOTIUHY HPOCTEKY-
BaHICTh pe3yNbTaTiB OLIHIOBaHHS sKocTi npoxykmii. e,
MIPUPOJHO, ICTOTHO 3BYXKYE MOXKIIMBOCTI KBaJIIMETpii 010
00’ EKTUBHOCTI Ta JOCTOBIPHOCTI OTPUMAaHHX OILIHOK SIKOCTI
MIPOMYKIII.

OpHak i3 HaBENEHOI'O BWIIE aHANi3y OCHOBHHX Tep-
MiHIB METpOJOrii BHIHO, IO CHOTOJHI € 3MOra BHKO-
pHUCTaTH METONOJIOTiI0 METpoJorii y cdepi kamimerpii i,
THM CaMKM, CYTTEBO IiABUIIUTH 11 €PEKTUBHICTD.

2. MeTta po00TH Ta OCHOBHI 3aBIaHHA TOCTiTKEeHb.
Memoro 1i€i poOOTH € aHai3 NUIAXIB MOEIHAHHS METO-
oJIoril  keanimempii Ta memponoeii, 30KpeMma, aHai3
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METO/IIB BUMIPIOBaHb Yy KBaJIiMETpii Ta BUPOOJIEHHSI PEKO-
MeHJaMii Moo iX ONTHMaIbHOI'O BUKOPHCTAHHS.
Ocnoeni 3a60anna NOCTiIKEHb JUIA NOCATHEHHS Ili€l

METH TaKi:

aHaJli3 BUMIPIOBaHMX BEJIMYMH Yy KBaJIiMeTpii Ta
cnenudiky iX BUMIPIOBaHb,

aHaJli3 Ta CHCTEMaTH3allil METOMIB 1 BHIIB BUMi-
PIOBaHb y KBaJIIMETPIi,

aHaJli3 MMUTaHb OI[IHIOBAHHS TOYHOCTI PE3yNbTATiB
BUMIpIOBaHb Y KBaJIIMETpIi.

3. BumiproBani BelmuuHu y KBajiMerpii. 3rigHo i3
JCTY 1SO 9000:2015 [8] npooykyisa (aura. product) — e
Pe3yaBTAT MPOILECY, TOOTO CYKYITHOCTI B3a€MOITIOB’ A3aHUX
a00 B3a€EMOJIIIOUUX BB AiSUIBHOCTI, IPOJYKTAMH SIKOTO €
MaTepialbHi M HeMaTepiaabHi 0Jiara, 0 BUTOTOBJISIOTHCH,
3MIHCHIOIOTBCS YW HANAIOThCS U 3aJ0BOJIEHHS CYC-
MUTBHUX — 1oTped. 3arajioMm, € 4YOTHpU  y3arajbHeHi
Kame2opii npooyKkyii: TIOCIYTH; IHTEIEKTyalbHa IPOIYKIIiS;
TEXHIYHI 3ac00U; TIepepoOIICHI MaTepiay.

VY3aranbHEHOIO XapaKTEepUCTHKOK IPOAYKINI € i
saxkicme (aHrm. product quality) — cykymHicTh xapak-
TEPUCTHUK MPOAYKIIi (IpOIIeCy, MOCIYTH), SIKi CTOCYIOTHCSI
11 31aTHOCTI 3aJOBOJILHATH BCTaHOBJICHI U mepemdaycHi
notpedu (Bumorn) [9]. OnHak HOHATTS “saKicmb npooykyii”
HE BiJIIOBi1a€ O3HAYEHHIO MOHATTS " 6enuyuna” 3TiaHO 3 [5]
i, BIAMOBITHO, HE € BHMIPIOBAHOIO BEIUYMHOIO. TepMiH
“sikicmp” MOXXHa BXXMBATU 3 TAaKUMH IPUKMETHUKAMH, SK
HHU3bKa, Xopoiia abo Bucoka [8].

Sk BuaHo i3 amamizy uuHHux HJI [8, 9] Tta mirte-
parypaux mkepen [3, 10], 4MCIOBMMHU OILHKAMH SKOCTI

HPONYKIIii € oounuuni abcomommui nOKasHuUKU AKOcTi P;,

sIKi TOPIBHIOIOTH BIAMOBIAHUM BJIACTHBOCTSAM JOCIIJ-
KyBaHOI mpoaykuii p,,i=12%,n, ne n — KiIbKicTh

gionocHi nokaszuuxu skocti K.,

ITOKa3HUKIB, ;

a TaKOX

KOMPAEKCHI NOKA3HUKU SIKOCTI MIPORYKINI Ta pieeHb AKOCMI
MPOAYKIIi, SIKi i € OCHOBHUMH BUMIPIOGAHUMU BETUMUHAMU
y KBaJIiMeTpii.

4. Knacudikamisi MeToniB BUMiploBaHb y KBaJi-

Jnst

Keanimempii Ta Memponozii y chepi KBagiMeTpil TOMIIBHO

MeTpii. e(pCKTUBHOTO TIOETHAHHSA  METOMOJIOTIT
BHKOPUCTATH OCHOBHI METOIY BHUMIPIOBaHb Ta OCHOBHI
MOJIOXKCHHS ~ PENPE3CHTATUBHOI  TEOpii  BHUMIipPIOBAHHS.
Memoo eumipiosanns (anra. method of measurement) —
3araJIbHUM OIKC JIOT1YHOI ITOCIIJOBHOCTI Omepalliii mi yac

BumiproBaHHs [5, 11]. OcHOBOW0 Gy/b-SIKOTO BUMIpIOBAHHSI
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€ TIOpIBHSHHS BHMMIPIOBAHOI BEJIMYMHH 3 MIpOIo, sKa
30epirae i BiATBOPIOE OAMHUIIO IMi€i BemuuuHu. OTKe, Mipa
BHMIPIOBAHOI BEJIMYMHM 3aBXKIW HasBHA Y BHMIipIOBaHHI,
omHaK 1 HAfABHICTP Ta METOAWKA BUKOPUCTAHHS
MPOSIBJSIFOTHCST  TIO-PI3HOMY, WIO IOKJIAJEHO B OCHOBY
knacudikarii MeTomiB BUMiproBaHb. OTKE, METOIH BHMi-
PIOBaHb JIOMIJIBHO KIACU(IKYBATH 32 TAKMMH O3HAKAMU:

3a cnocobom suxopucmanns mipu (auri. by the way
of usng the measure);

3a cnocobom nopisnanns 3 mipoto (auri. by the way
of comparison the measure);

" 3a nosnomoio nopieusnns 3 mipoio (anri. by the
completeness of comparison with the measure).

3a cnocooom euxopucmanns mipu BCI METOIH
BUMIpPIOBaHb PO3AUISIOTH HA JIBI TPYITH:

METOIIN PI3HOYACHO020 a00 Hes16HO20 TIOPIBHSHHS 3
Mipoio;

METOAH 00HOUACH020 a00 be3nocepedHb020, ABHO20
TIOPiBHSIHHS 3 MIpOIO.

Meronu pi3zHouacnozo, HeA6HO20  NOPIGHAHHA 3
Miporo a0, K X IIe HA3UBaIOTh, METOIH HE3n0CEPEOHbOZO
6UMIpI0GAHHA OCHOBAHI Ha BUKOPHCTaHHI BUMIPIOBAIEHUX
rpajayiioBaHi B
BUMIPIOBAaHMX BEIUYMH. T0OTO B IOMY BHIIQJKY Mipa

MpWiIaaiB, IIKAIA SKHX OIUHULIAX

BUMIPIOBAHOI ~ BEJIMYMHH  HPpUCYmHsi s6HO TiA  dYac

rpajiyloBaHHS  BHMIPIOBAJbHOIO TPWIaLy, a  KOJH
3IHCHIOIOTh BUMIPIOBAaHHS IIMM IIPWIIAZIOM, Mipa (i3HYHO
BIICYTHS, TOOTO npucymmusi Hesi6HO. 3BIICH 1 TOXOIWUTH
Ha3zBa METONIB — pI3HOYACHOTO TMOPIBHSHHS 3 MIipOIo.
Meroau pi3HOYACHOTO IOPIBHSHHS —peaNi3yloTh aHa-
JIOTOBMMHU Ta NIU(PPOBUMH BUMIPIOBATBHUMH NPUIIAJaMH,
IIKadK SKUX TpajgydioBaHi B OIUHHUIAX BUMIipIOBaHOL
BEJUYMHH.

Metonu odnouacnozo abo 6e3nocepednvo2o, A6HO20
nopisnanna 3 Miporo (Hamam — Memoou NOPIGHAHHA)
OCHOBaHI Ha BHKOPUCTaHHI MipH BUMIpPIOBAaHOI BEIMYHHH
Oe3rocepeHbO Mijl Yac BUMIpIOBaHHS, TOOTO HOPiBHSHHS
BHMIpPIOBAHOI BEJIMYMHH 3 BEIMYHHOIO, IO BiJTBOPIOETHCS
MIpOI0, 3MIIHCHIOETBCS Y KOXHOMY KOHKPETHOMY BH-
MIpIOBaHHi.

Memoou nopienanHs, CBOEIO YEPror0, MOIUISIOTHCS
Ha TaKi BUIU:

3a cnoco6OM NOPIBHSHHA 3 MIPOIO:

- METOI BUMIPIOBaHHSA 3aMIIICHHSIM, METOJ 3aMi-
nrennst (anri. substitution method of measurement);

- METOJl BUMIPIOBaHHsI POTUCTABIICHHSM, METOJI MIPOTHU-

crasienns (anr1. opposition method of measurement);
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- KOMIICHCAI[IHHUHA METOJl BHMIipIOBAHHS, KOMIICHCA-
WIMHUA ~ MeTof compensation method  of
measurement);

- METOI BI/IMipIOBaHHH JOIIOBHCHHsIM, METOA JOIIOB-
Henns (aunrt. complementary method of measurement);

coincidence method of

(amrm.

- wMeron 36iry (aHrdi.
measurement);

- PE30HAHCHHI METOJ] BUMIPIOBaHHS, PE30HAHCHHIMA
Meron (anri. resonance method of measurement);

32 HOGHOMOI NOPIGHSHHSL 3 MIPOIO:

- HYJIBOBHH METOI BHMIpIOBAaHHS], HYJIbOBUH METO
(arrm. null method of measurement);

- mudepeHiiaTbHAN METOI BUMIPIOBAHHS, TUGEPEHITi-
anpHuit Merox (auri. differential method of measurement).

5. AHani3 ocHOBHMX BHIiB BHMipIOBaHb y KBa-

gimerpii. BimnoBimHO g0 3arampHOi  Kiacudikariii
BuMiproBaHb 3riaHo i3 JICTY 2681-94 [6] Ta o3HaueHHSIM
BuMiproBanus 3rigao i3 VIM3 [5] y kBamimerpii, sk i
3arajloM y METpOJIOrii, € 3Mora BHKOPHCTATH TaKi BHIH
BUMIpPIOBaHb:
npsMi BuMiproBanHs (auri. direct measurements);
HernpsMi BuMiproBanHs (anr. indirect measurements):

- omocepenkoBaHi BuMiproBaHHsA (anrn. Mmediated
(indirect) measurements);

- cykynHi BuMiproBanHs (aHri. aggregate (indirect)
measurements);

- cymicui BumiproBanus (aurn. compatible (indirect)
measur ements).

L xnacudikaiis BUAIB BUMIPIOBaHb, a TaKOXK METO-
JIMKa BUMIpPIOBAaHHS Ta METOAMKA OI[HIOBAHHS TOYHOCTI
pe3yNbTaTiB BUMIpIOBaHb IPYHTYIOTHCS Ha aHali3l MOHATh
“mooenv eumiprosanns” Ta “ ynkyis eumiproeants’” .

Mooenv  sumiprosanns (anri. measurement model,
model of measurement, model) — maTtemaTHuHHi 3B’ SI30K
MIX yciMa BEIMYMHAMH, TPO SIKi BiIOMO, 110 BOHH OEPYTh
y4acTh Y BUMipIOBaHHI.

VY 3arajbHOMY BUIJISII MOJETH BUMIPIOBaHHSA — II€
PIBHSHHS h(Y, ) ST Xn) =0, ne Y — BuxigHa BeJIUMYMHA B

MOJIETI  BHMIDIOBAHHA €  GUMIPIOGAHOIO  BEUYUHOIO,
3HA4YeHHs SIKOi Mae OyTWM OTpMMaHO Ha mijcraBi iHpop-
Malii Tpo BXiAHI BEIUYMHH B MOJEII
Ky X

V ckmagHilMxX BUIAAKaX, KOJIM € 1Bl abo Oiiblie

BHMIpIOBaHb

n-

BUXIJHI BEJMYMHHU, SK y pa3i CyKyNMHHX Ta CYMICHHX
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BHMIpIOBaHb, MOJIETb BHUMIPIOBaHb CKIIAAETHCS 13 OijIblle
HIX OJTHOT'O PiBHSIHHS.

Dyukyis eumipiosans (anrn. measurement function) —
G yHKITIS
BHUKOPHCTAHHAM BIJIOMHX 3HAuYeHb BXIJHHUX BEIMYUH Y

BEJIMYMH, 3HAYeHHs gKoi, oOuucieHe 3
MOJIeNIi BHMIpIOBaHb, € BHUMIPSHUM 3HAYCHHSIM BHUXIiTHOT
BEJIMYMHH B 1[I MOZENI BUMIpPIOBAHb.

SIKmo  Mojenb

BHUMIpIOBaHb h(Y, Xiyernr Xn) =0

MOYKHA 3allCaTH B ABHOMY BHIJIsmi sk Y = f (Xl,..., Xn) ,

ne Y — BHUXiJHa BEJIMYMHA B MOJCTI BUMIPIOBaHb, TO
obyakuis f e QyHKIiel0 BuUMIpIOBaHb. Y 3araibHOMY
Bunaaky f Moke MO3HAYaTH ajropuT™, 3a SIKUM IS

3HaUeHb  BXIJHUX BENIMYUH  X%,Y4,X,  OTPUMYIOThH
BIANOBIAHE  €IMHE  3HAYEHHS  BHUXIOHOI  BEIUYHMHU
y="f(x.%,%,).

OYHKII BUMIPIOBAHb TaKOXK BHUKOPHUCTOBYETHCS Y
Mmporeaypi  aHadily  TOYHOCTI  BHUMIPIOBaHHSA  JUIs
00uHCIIEeHHS HeneeHocmi (nesusnauenocmi, aHTII.

uncertainty [12]) BumiproBaHb u(ygw),ly, TIOB’ s3aHOT 3
BUMIDPSHUM 3HAYCHHAM Y, ,1, Bennauuu Y.

(amrm.  reference)

BianoBiaHo 10 VIM3 [5] uu miporo Benuunuu y nporeaypi

Ocnogoro  1Jisl  HOPIGHAHHA
BUMIpPIOBaHb y KBaliMeTpii € cmanoapmuuti (bazosuil,
emanonHull) 3pazox i3 XapaKTepUCTHKAMHU, BCTAHOBICHUMH
y mpouenypi ioro wmerposoriuHoi arecrarii. Yucnosi
3HAYCHHSI XapaKTePUCTUK €TaJIOHHOT'O 3paska
BcraHoBMIOIOTE 3rigno i3 JICTY I'OCT ICO 5725-1:2005
[13] sx npuitHATI emanonni 3nauvenns (aurn. accepted
reference value) — 3HauyeHHs, 10 BUKOPHUCTOBYIOTH SIK
Y3TOKEHUH €TAJIOH JUTS TIOPiBHAHHSI | BU3HAYAIOTH SIK:

a) TeoperyHe ab0 BCTAHOBJCHE 3HAYCHHS, OCHOBaHE
Ha HAYKOBHX TPHUHIIUIIAX;

b) mpunmcane abo ceprudikoBaHe 3HAYEHHS, IO
IPYHTYETBCSI HA CKCICPUMCHTANBHHUX JAHHX JEIKUX
HaIliOHAIBHUX a00 MI>KHAPOIHHUX OpraHi3alii;

C) y3romkeHe (Ha OCHOBI KOHCEHCYCY) ab0 aTecTOBaHE
3HAYCHHs, OCHOBaHE Ha CIUIbHIA EKCIepUMEHTAIbHIN
PpOOOTI, [0 BUKOHYE HAYKOBHUII UM 1HKEHEPHHI KOJCKTHB;

d) matemaTiuHe CrojiBaHHS BUMIPIOBAHOI BEIHYHHH,
TOOTO cepenHe 3HAYeHHs CYKYIHOCTI  pe3yJbTaTiB
BHUMipIOBaHb — JIUIIIE Y BUMAJKY, Ko &, b i C HemocTymHi.

OTKe, sIK BUIHO i3 HaBEAECHOTO BHIIE aHAIi3y, y chepi
KBaJIMETpii € 3MOra BUKOPUCTATH BCl TEOPETHYHI, Mpak-
THYHI, 3aKOHOJABYi Ta HAYKOBI

3acaayd  Cy4yacHoi
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METpOJIOTii, 30KpeMa, METOAU BHUMIPIOBaHb, METOIUKU
BHMIpIOBaHb Ta METONMKM OL[HIOBAHHA TOYHOCTI

pe3yabTATIB BUMIPIOBAHb.

6. AHami3 MeTOOUKH BUMipIOBaHb y KBaJiMeTpii Ta
aHaJi3 TOYHOCTI pe3yabTaTiB BHMIpPIOBaHb XapakTe-
PHUCTHK SIKOCTI mpoaykuii. Memoouka eumiprosannsi,
npoyedypa  GUMIPIOBAHHSL standard operating
procedure — SOP) — CyKymHICTh NpOLEAYp i MPaBHII,
BUKOHAHHS SIKUX 3a0e3ledye ONep)KaHHS pPe3yJIbTaTy

(anrm.

BUMIpIOBaHHS 3 MOTPiOHOI TouHicTIO [5]. Bumiprosanvha
3a0aua y IPAaKTUYHIA METPOJIOTIi, 3arajoM, CKIaIaEThCs i3
TphOX eramiB [14]:
MiATOTYBaHHS BUMiPIOBaJIBHOTO EKCIIEPUMEHTY;
MIPOBECHHS BUMIPIOBAIIEHOTI'O EKCIIEPUMEHTY;
OIPAITIOBAHHS PE3yJIbTATIB BUMIPIOBAJIBHOIO CKCIICPH-
MEHTY.

Ha erani nidcomysannss eumiproganvhozo excnepu-
MeHmy OCHOBHMMH BHMIpIOBAJIBHUMH ONEPALSIMH Y
TpoLeaAypi BUMIPIOBaHHS €:

aHayi3 1 OmKMC BHMIpIOBaHOI BeIMYMHH X 3
ypaxyBaHHsSM pOAY BEJIWYMHH, OMHCY SBHINA, Tila abo
PEYOBUHH, SIKMM BJIACTUBA LISl BEJIMYHHA,;

BHOIp METOy BUMIPIOBaHHS Ta HEOOXITHHUX 3aC00IB
BuMiproBanbHOl TexHiku (3BT) mis fioro pearizarir;

aHaJli3 YMOB IIPOBE/ICHHS BUMIipPIOBAJIILHOTO EKCIIe-
puMeHTy i (OpMYBaHHS MOJEIBHOTO PIBHSHHS BHMIipIO-

BaHHS I

x@l/h\'i ’17 ’

" (opMyBaHHS MOJIEIBHOI'O PIBHSHHS CHCTEMaTHYHOL
Dxeum ’lx 3
ypaxyBaHHAM YCiX YHHHHKIB (IHCTPYMEHTANIbHHX MOXHOOK
3BT Dx;

Hem?

3HaXOKEHHA  pEe3YyJIbTaTy BI/IMipIOBaHHH

MOXUOKM  pe3yabTaTy  BHUMIipIOBaHHS

1,ta meroguunux moxubox D, ,,.1.), mwo

BIUIMBAIOTh HA TOYHICTh PE3YJIbTATy BUMIPIOBAHHS;
PO3pOOJICHHS METOMUKH BWIYYEHHS BCIX METO-

anuaux noxubok (Dx,,, .1, );

3HaXOPKCHHA HCII €BHOCTI pEIYIbTATY BI/IMipIO-

BaHHs u(xgw ) ’lx 3 YpaxXyBaHHAM BUITAJKOBUX MTOXHOOK.

MogenbHi  pIBHAHHS ~ JBOX  OCHOBHUX  BHJIIB

BUMIpIOBaHb y KBaJIMETpil Ta BiJNIOBITHUX CHCTEMaTHYHUX
MOXUOOK, 3a SKUMH 3HAXOJAATh HEMEBHICTH U (xgm ) 1

OTpUMaHUuX PE3 yJ'H)TaTiB BI/IMipIOBaHI) XapaKTCpUCTUK

SIKOCT1 MPOAYKIIii, HABEIECHO HIKYE Y TAOJHII.



BumiprosanbHa mexHika ma memporoais, Ne 78, 2017 p. 91

MogeJibHi piBHSIHHSL pe3yJIbTaTiB BUMIPIOBAHHSI, CHCTEMATHYHOI MOXUOKH TA HENMEBHOCTI (HEBU3HAYEHOCTI)

pe3yJbTaTiB BUMIPIOBAHHS XapaKTePHUCTUK SIKOCTI MPOXyKUil

Model equations of the result of measurement, systematic error and uncertainty

of the result of measurement of product quality characteristics

[psmi
BUMIPIOBaHHS
(anrn. —direct
measur ement)

Bumu MopenbHi piBHSHHS:
BUMIPIOBaHHS a) pe3yNbTaTy BUMipIOBaHHSI 6) cucTeMaTHYHOI TOXUOKY BUMipIOBAaHHS
Xgun = Xno L, m
UM n’ = 2
Dxeum - Dxn,o + Dxn,KB + alen,;(,j + Dx,wem !lx
J:

X, — Pe3ynbTar BuMiproBaHHs Bemmanan X ,1.; X, — mokas BumiproambHoro npmiany; Dx,,, — moxuGka

pesynbrary BumiproBanust Bemmanan X ,1.; Dx, ,— ocHOBHa iHCTpymeHTalbHa IOXHOKA BHMiPIOBAIBHOIO
npunany, 1, ; Dxn,KB— NOXHOKa KBaHTYBAHHS BUMIpIOBaNbHOrO mpumay, 1, ; Dxnﬂ, j— J-ra nonmarxosa
iHCTpyMeHTallbHa MOXHOKA BMMIPIOBaIBHOrO MpHiagy (M — KinbKicTe pomartkoBux moxmbok),l ; Dx .. —

METOAHUYHA MOXuOKa BI/IMipIOBaHHH BCIIMYUHU X ,lx .

KombiHOBaHa cTaHIapTHA HETIEBHICTh PE3YJBTATY APAMO20 GUMIPIOSAHHS 32 TUIIOM B!

m
Ues (Xebm ) = Ué (Xeu,w )Dxn,o + Ué (Xeu,w )Dx + éllué (Xeu,w )Dxn,o,j + Ué (Xeu,w )Dx ’lx '

n,K6 j= mem ,3ai
IS UB (XGMM )DX,Z ) — CTaHJapTHaA HEIICBHICTb PE3YyIbTaTy BUMIPIOBAHHS 3a TUIIOM B, ClIpUYMHEHAa HEBUJIIYYCHOO

— CTaHJapTHa HEIEBHICTh pe3yibTary

cucremarnuHoro noxuokoro  (HCII) Dxnp L ug (X
1,K6

s1m ) D,

BUMIpIoBaHHs 3a TunoMm B, cnpuuunena HCII D)cn,KB ,lx; UB(XWM — CTaHgapTHa HENEBHICTh

)Dxn,d,j

pesyasTaTy BUMiproBaHHA 3a TunoMm B, crmpuumbena HCIT Dx, i L uB(XGW)Dx — cTaHJapTHa
i B Mem ,3ai

HEIEBHICTh pe3yibTary BI/IMipIOBaHHH 3a TUIIOM B, CIIpUIMHEHA HEIIOBHONO KOpeKLIiCIO METOIMYHOI MTOXUOKHU

DxMem ’lX :

Henpsmi
BUMIPIOBaHHS
(anrn. —indirect
measur ement)

y“"m =1 (Xl,,xn),ly DyeuM = g ﬂ@x

ol ﬂxl sum i

+ Dy,wem ’ly

Yo — DE3YIBTAT BUMIDIOBAaHHS BeIHIMHH Y ,ly; Dy,,,, — moxubka pesynbTaTy BHMIPIOBAHHS BEINYHHH

Y ,1,; DXy —cymapHa noxuGka pesynbTary Bumiptopanns semnaunn X , 1, 5 Dy, — MeToanuna noxubka

BuMiptoBanns Benmunnn Y, 1 .

Kom0iHOBaHa CTaHIAapTHA HENEBHICTh PE3YNIBTATY HENpsAMO20 6UMIPIOGAHHs 33 THIIOM B:

n
2,2 2
u =./acCu (x ) +u 1,
cB (yeu,w) \/ ot i HcB \ Msum,i B (yeu/w)[)y’wemvgm =ty
e U.p (me-) — KOMOiHOBaHa CTaHJApTHA HEIEBHICTh 3a TUIOM B pe3ynbTaTy BUMipIOBaHHS BEIMYMHU X |

=—— — Koe(illieHTH BaroMocTi cknagoBux U.p (X

8 ebm,i) ; Up (yW)Dy — CTaHJapTHa HEIEBHICTh
mem ,3ai

pe3ynbTaTy BUMIPIOBaHHS 33 THIIOM B, CIIpHYMHEHa HEIOBHOIO KOPEKIi€I0 METONMYHOI oxubku Dy . ,ly .

Ipumimku: 1. HaBeneni y taGuuni ¢popMynu BiINOBIAAI0OTh BUMIPIOBAHHAM 13 OTHOPA30BHMH CIIOCTEPEKCHHAMU 0€3 ypaxyBaHHS

BUIA/IKOBUX MOXHOOK.
2. dopmynu 11t 3HAXOKEHHsI KOMOIHOBaHOI CTaHIapTHOI HEMEBHOCT] pe3yJbTaTy BUMIPIOBAaHHS 3a THIIOM B HaBeneHo 3a ymoBu

BiJICYTHOCT1 KOPEJISILIi{ Mi>K CKJIaZIOBHMH.
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BucnoBku. 1. Tloeqnanus Meromonorii KBanmimMeTpii
Ta METPOJIOTI] ICTOTHO PO3MINPIOE MOXKIIMBOCTI KBaTiMeTpii
mono 3a0e3nedeHHs] €HOCTI BUMIPIOBAaHb, ITiIBUICHHS
TOYHOCTI Ta JOCTOBIPHOCTI OTPHMaHHX pe3YJbTaTiB
BUMIpPIOBaHb XapaKTEPUCTHK SKOCTI MPOAYKIII.

2. EdekTiBHE BHKOPUCTaHHS BCIX TEOPETHYHHX,
MPaKTHYHMX, 3aKOHOJABUMX Ta HAYKOBUX 3acajl Cy4acHOL
MeTpororii y cdepi KBamiMmerpii, 30kpemMa, METOIIB BHMi-
pIOBaHb, METOJMKH BHUMIPIOBaHb Ta METOAWKH OLliHIOBAHHS
TOYHOCTI PE3YJbTATIB BUMIPIOBAHb 3 YpaxyBaHHSIM CIie-
UGIIHOCTI 00’ €KTa TOCTIIKEHHS — npoodyKyii — MoTpedye
MTOJTAJIBIIIONO aHATI3Y Ta OCHIKCHHS.
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