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1. MeTonu BCTaHOBJIEHHS! iHTEpBaJliB KaJliOpyBaHHS €TaJIOHIB Ta 3aC0O0iB BUMIPIOBAIbHOI TEXHIKU

2. Methods of establishing the calibration intervals for standards and measuring instruments

Pedepar:

1. Pobora nossirae y po3po6sieHHi METO/IiB BUBHAUEHHS iHTepBaJliB MDK KasliOpyBaHHSIMU (MDKKaliOpyBaabHUX
iHTepBaJliB) po6OUNX €TAJIOHIB Ta 3aC06iB BUMIPIOBAJIbHOI TEXHIKHU, SIKi 3aCTOCOBYIOTbCS Y BUITPOOYBAJILHUX Ta
KaJlibpyBaJIbHUX J1ab0paToPisix, CIIpSIMOBaHa Ha 3a6e31e4eHHs] MeTPOJIOTiYHOI IPOCTEKYBAHOCTI, TOYHOCTI Ta
IOCTOBIDHOCTI pe3yJIbTaTiB BUMipIoBaHb. Y POOOTi JOCiIKEHO MOKJIUBICTb KOHTPOJIIO BifJIOBiAHOCTI
METPOJIOTIYHUX XaPaKTEPUCTHUK €TAJIOHIB Ta 32C00iB BUMipIOBAJIbHOI TEXHIKM BCTAaHOBJIEHMM HOPMaM i3
3aCTOCYBaHHSIM KOHTPOJIbHUX KapT HakonudeHux cyM (CUSUM-kapt). [IpoBenieHi JoCaimpKeHHs [T0Ka3any, 1o,
He3Baxkawouu Ha 3uaTHicTe CUSUM-KapT BUSBIISITY HaBiTh HE3HAYHI 3MiHM METPOJIOTIYHUX XapaKTePUCTHUK 3aCO06iB
BMMIipIOBaJIbHOI TEXHIKM, 4YaC OTPUMAHHS CUTHAJIB MOXe OYTH JOCUTh TPUBAIUM. [IpoaHani3yBaBIIM 3aTPUMKY
curranis Ha CUSUM-kapTax Ta He[l0JIiKH, 10 iX CIIPUYMHIOITh, 6yJI0 3a[IPOTIOHOBAHO HOBUHN METO, KOB3HO]

perpecii Ha CUSUM-kapri. MeTon 3aCHOBaHMY Ha MOPiBHAHHI KyTa HaxuJly PErpeciiHoi JiHii, mnpoBeneHoi 3a



KiJIbLKOMa TOCJIiZOBHMMY TOYKaMU Ha KapTi, 3 pO3PaXOBaHUM 'PAaHMYHO JOIMYyCTUMUM. [I0Ka3aHO TEOPETUYHO Ta
IIOBEMIEHO €KCIIEPUMEHTAJIBHO, 110 3aCTOCYBaHHS METOAY KOB3HOI perpecii 703BoJjig€ 3MEHIIUTH YacC 3aTPUMKHU
CUTHaJly NP0 BUXi/l METPOJIOTIUHMX XapaKTEPUCTUK €TaJIOHIB UM 3aC0O0iB BUMIPIOBAIbHOI TEXHIKM 32 BCTAHOBJIEHI
rpaHuui. [IpeacTaBieHO HOBUI MiAXiM 40 KOHTPOJIIO CTaHy 3aC00iB BUMipIOBAJIbHOI TEXHIKM LIISIXOM aHanizy CKB
PE3YJIbTATIB CIIOCTEPEXKEHD, 110 BKa3y€e HA 3MEHILEHHS iX 4yTaMBOCTI. [TifXin 3acCHOBaHUI HA IMOBIPHICHOMY
aHauisi norparisiHESa CKB pe3ysnbTaTiB ClIOCTEPEXKEHD B II€BHI Jiana3oHu po3noginy I[lipcona. BeeneHo NOHATTS
KPUTUYHOI MTOCIiJOBHOCTI TOYOK, BAHMKHEHHS SIKOi BKa3ye Ha 3MiHY YyTJIMBOCTI 3 4aCOM 3aC00y BUMIipPIOBaJIbHOI
TexXHiKH, Ta KoeQillieHT €(PEKTUBHOCTI, SIKUI BKa3ye Ha JOLIIBbHICTh 3aCTOCYBAHHS TOTO Y iHIIOTro migxondy. Ha
OCHOBI ITPOBEJIEHUX PO3PAaXyHKIB Ta [OCJiIKEHb 3aIIPONIOHOBAHO aJalITUBHUN aJITOPUTM BUSBJIEHHS] KDUTUYHOI
nocnigoBHocTi CKB-TOYOK, SIKUi1 103BOJIsIE KOHTPOJIIOBAaTU CTaH POOOYMX €TaJIOHIB Ta 3aCO6iB BUMipIOBaIbHOI
TEXHIKHU, CrIpaodnch Ha oTpuMaHi CKB pe3ysbTaTiB ClIOCTEPEKEHD Y KOHTPOJIbHUX TOYKax. HaBeneHo TeopeTnyHe
Ta eKCIIEPUMEHTaJIbHE OO PYHTYBaHHS pO3POOJIEHUX METO/IB, I0Ka3aHO B IKOMY BUIIQ/IKy HEOOXiZHO
3aCTOCOBYBATH TOM uu iHIIMI MeToy,. Kito4yoBi cioBa: KasibpyBaHHs, MDKKaniopyBaabHUI iHTepBal, €TajloH, 3aci6
BHAMIPIOBaJIbHOI TEXHIKM, KOHTPOJIbHA KapTa, IPOMIKHE [1I€PEBIPSIHHS, METPOJIOTiYHA IIPOCTEKYBAHICTh, KDUTUYHA

MIOCJILOBHICTb TOYOK, aJAIITUBHUY JITOPUTM

2. The work is in developing methods for determining the intervals between calibration (recalibration intervals) of
working standards and measuring instruments used in testing and calibration laboratories, aimed at ensuring
metrological traceability, accuracy and reliability of measurement results. The theoretical and experimental
substantiation of the developed methods is given. Ensuring the unity and metrological traceability of measurement
results has become a key component of confidence in experimental procedures based on measurement results. An
important aspect of maintaining a laboratory's ability to obtain statistically reliable results is to determine the
maximum allowable time interval between two calibrations of standards and measurement equipment. At the same
time, it is necessary to solve the problem of ensuring the necessary accuracy of measurements during their use
and to establish a real interval between calibrations. Therefore, each test or calibration laboratory that seeks to
provide confidence in the results of its own measurements should set recalibration intervals for the equipment
used or enter criteria to determine the need for calibration. The analysis of existing approaches to the
determination of the recalibration intervals of measuring equipment is carried out. According to the results, the
practice of applying the classical reliability theory for estimation of metrological reliability of measuring
equipment, which does not take into account the peculiarities and conditions of their use, is quite widespread and
too generalized. It has been found that methods based on the use of control charts can give timely signals about
changes in metrological characteristics of measuring equipment and the need for their calibration. Theoretical
substantiation of expediency using the Shewhart control charts of the mean values with the lines of the
exponentially weighted moving averages is given. This allows you to smooth out random «misses» on the control
charts, as well as detect long-term, not noticeable for the classic use of control charts, shift (drift) of measuring
equipment metrological characteristics. On the basis of the conducted researches a new complex method for
detecting the drift of metrological characteristics of measuring equipment was proposed. The possibility of
controlling the conformity of metrological characteristics of standards and measuring instruments with the
established normative values with the use of cumulative sum charts (CUSUM-charts) is investigated in the work.
The principles of construction of these charts, the features of detecting the moment of change in the metrological
characteristics of measuring equipment are shown. After analyzing the causes of delayed signals on CUSUM-
charts and the disadvantages that cause them, a new method of sliding regression on the CUSUM-charts was
proposed. The method is based on a comparison of the slope angle of a regression line drawn at several
consecutive points on a map, which is constructed using the equivalent straight numerical method, with the
calculated maximum allowable. It is shown theoretically and proven experimentally that the use of the sliding
regression method allows to reduce the delay time of the signal output of metrological characteristics of standards
or measuring equipment beyond the established limits. A new approach to the control of the state of measurement
equipment by analyzing the standard deviation of the results of observations is presented, which reflects a
decrease in sensitivity. The concept of critical sequence of points is introduced, the occurrence of which indicates



the change of sensitivity over time of the measuring equipment. For this purpose, it is proposed to divide Pearson's
distribution into elementary intervals by mode and median. Appropriate calculations have been made and a
performance criterion has been introduced that indicates the feasibility of applying an approach. Based on the
performed calculations and researches, an adaptive algorithm for the detection of the critical sequence of
standard deviation points is proposed, which allows to control the status of working standards and measuring
equipment, based on the obtained standard deviation of measurement results at control points. Experimental
verification of the proposed methods was carried out, in which case it is necessary to apply one or another
method. Keywords: calibration, recalibration interval, standard, measuring instrument, control chart, intermediate
check, metrological traceability, critical sequence of points, adaptive algorithm.
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