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1. YoocKkoHaneHHs Ta JOCIiIKEHHS AEP>KaBHOTO IIEPBMHHOrO €TajJlOHa OJMHMLLi 3BYKOBOI'O TUCKY B IIOBITPSIHOMY
cepenosuli

2. Improvement and investigation of the national primary measurement standard for the unit of sound pressure in
air

Pedepar:

1. Incepraliito NpUCBSIYEHO PO3B’I3yBaHHIO aKTyaJIbHOI HAYKOBO-TE€XHIUHOI [IPOOJIEMU — MOJIIMIIEHHIO
METPOJIOTIYHUX XapaKTEPUCTUK AEPKaBHOIO NEPBMHHOTO €TAJIOHY YKpPaiHU OJUHUILLi 3ByKOBOTO TUCKY B
MOBITPSIHOMY CE€PELOBUII YEPE3 YAOCKOHAJIEHHS €TaJl0OHa, KOMILJIEKCHE aHali3yBaHHS CKJIaJOBUX HENIEBHOCTI I
yac Kaji6pyBaHHS MiKpO(OHIB, BUSIBJISIHHIO Ta JOCJIiI)KEHHIO HAal6i/IbII BIIJIMBOBUX CKJIAJIOBUX HEMIEBHOCTI [J1S
BJJOCKOHAJIEHHSI METOJIiB i 32C00iB BUMipIOBaHHS, SIKi JAIOTh 3MOTY 3MEHIIYBATH HETIEBHICTh BiITBOPEHHS Ta
nepenaHHs ONMHULII 3BYKOBOTO TUCKY. HaykoBa HOBM3HA OTPUMAaHMX PE3YJbTaTiB: 3a pe3ysbTaTaMy IPOBEEHNX
IOCJIiI)KeHb, HallpaBJIeHUX Ha PO3pO06JIEHHS Ta BIOCKOHAJIEHHSI €TaJIOHA OJMHMUII 3ByKOBOT'O TUCKY Y IIOBITPSIHOMY
CepeLoBUIIi, OTPUMAHO HACTYIIHI pe3ybTaTy: 1. Briepiue, 3a pe3ysibTaTramy aHajli3y Ta JOCJiIKEHHS MaTEMaTUYHOI
MozeJii polecy KaniopyBaHHS MiKpo(dOHiB, BCTAHOBJIEHO, 110 OCHOBHUMH YNHHUKAMY, SIKi BUBHAYAIOTh

METPOJIOTIYHI XapaKTEPUCTUKHU JE€P>KaBHOT'O IIEPBUHHOTO €TAJIOHA OAMHULL 3BYyKOBOT'O TUCKY B ITOBITPSIHOMY



CepeloBNUIIi € OLIHKY €JIEKTPUYHOrO NePEaBalbHOTO iMIIEIAHCY, IApaMEeTPiB AOBKIIIS, TapaMeTpPiB MiKpO(OHIB
Ta po3MipiB Kamepu Masioro o6'eMy; 2. Briepiue, 3a peaysibTaTaMy MPOBEIEHUX NOCIiIKeHb MaTeMaTUYHOI MOTei
npoliecy KajniopyBaHHs MiKpOQOHiB, 3alIpOIIOHOBAHO Ta BIIPOBAJIKEHO YAOCKOHAJIEHY CTPYKTYPY AE€P>KaBHOIO
[IEPBUHHOTO €TaJIOHa OJVMHUL 3BYKOBOTO TUCKY B IIOBITPSIHOMY CEPEIOBUIL, IO L03BOJINJIO: 3 — 1JIs1 MIKpO(OHIB
tuny LS1: 3MeHImuUTH HeneBHICTb ix KaniopyBanHs Ha 0.01 1b - 0.04 nb; - s MikpodoHiB Tuny LS2: po3mupuTu
YaCTOTHUH Jiiana3oH BUMIipIOBaHsb 3 Aianasony (31 I'n - 20 k') mo mianasony (2 I'n - 25 k'), KpiM TOro, 3MEHIINATH
HeIeBHicTb ix KanibpysanHs Ha 0.02 nb - 0.05 nb; 3. Bneple BCTaHOBJIEHO YaCTOTHI 3aJ1€5KHOCTI BIVIUBY LIYMIB 3
HOPMAaJIbHUM PO3IO/iJIOM Y BUMiPIOBJILHYX KaHaJlaX Ha CTAHJAPTHUIN BiIXUJI PE3yJIbTaTiB KaJliOpyBaHHS
MiKpO(OHiB i3 BUKOPHCTaHHSIM MOeTI0BaHHS MeTooM MoHTe-KapJio Ta [10Ka3aHO CyTTEBE 3POCTaHHS iX BIJIUBY
Ha iHQpaHM3bKUX YacToTax; 4. Bnepiue, niz 4ac yBeeHHs IONPaBKU Ha TEIJIONPOBiAHICTb, 3a[IPOIIOHOBAHO METO],
17151 OLIHEHHS 3HAaY€HHS YaCTOTU CIIPSDKEHHS Ta 3aIIPOIIOHOBAHO BUKOPUCTAHHS B YaCTOTHIN CMY3i HMXKYeE Bif|
LIbOTO 3HAUYEHHSI - 3a3HaY€HYy HU3bKOYACTOTHY MOJIEJIb IIOIIPABKK, @ y BUCOKOYACTOTHil 06J1aCTi — MIMPOKOCMYTOBY
MOZeJb, 110 3a6e3Ievyye 3MeHIIeHHs] HEIIEBHOCTI Y poO04YOMY Jliania3oHi 4acToT. [IpakTruyHe 3HaUY€HHS! OTPMMaHUX
Pe3yJIbTaTiB: BUKOHAHO [IOPiBHSJIbHUI aHaJIi3 HassBHUX METO/IIB Ta 3aCO0iB BiITBOPIOBAHHS OAMHMUILi 3BYKOBOTO
THCKY B [IPOBiIHUX aKyCTUYHMX JIAOOPATOPISIX CBiTY Ta BU3HAYEHO TEOPETHUYHI 3acafy BIOCKOHAJIEHHS IEP>KaBHOTrO
[IEPBUHHOTO €TaJIOHy YKpaiHM OOWHUILLI 3ByKOBOT'O TUCKY B MOBITPSIHOMY CEPENOBUIIL; BU3HAYEHO CTPYKTYPY
11o6yJ0BY 11711 BLOCKOHAJIEHHS [IeP>KaBHOTO IIEPBUHHOTO €TaJIOHY YKpaiHy OMHUIL 3BYKOBOT'O THCKY B
MOBITPSIHOMY CEPELOBUILi; CTBOPEHO Ta BBEIEHO B €KCILIyaTallil0 BJOCKOHAIEHY €TaJIOHHY YCTAHOBKY JIsI
KaslibpyBaHHS 32 TUCKOM JIaOOPAaTOPHUX €TAJIOHHUX MIKpOQOHIB y AianasoHi 4actot Big 2 I'y go 25 kI'g Ha
Iep’KaBHOMY IIEpBUHHOMY €TaJIoHi YKpaiHU OfMHULLi 3BYKOBOTO TUCKY B IIOBITPSIHOMY CEepeLOBULILi; pO3PO6JIEHO Ta
BIIPOBA/P)KEHO HACTYIIHI METOAVKYU KajibpyBaHHs: «/lep>kaBHUI IEPBUHHUN €TaJIOH OJMHMUIL] 3BYKOBOT'O THUCKY B
nosiTpsHOMY cepenosuili JETY 10-01-11. MeTtonuka kanibpyBaHHs €TaJlOHHOI ycTaHOBKM YE-2[TY» IIIBK
407539.001 MK (OIT HAI «Cuctema», M. JIpBiB); «MeTonvKa KayniOpyBaHHS 32 TUCKOM BUMIpIOBaJIbHUX MIKpPOQOHIB
Ha Jiep>kaBHOMY IlepBUHHOMY eTasoHi JJIETY 4 10-01-11 B mianaszoni yactor Bif 2 ' go 25 kI'u» JHIBK 407629.001
MK (OIT HAI «Cucrema», M. JIbBiB); BUKOHaHO MikHapoAHi Kmo4oBi 3BipeHHs1 COOMET.AUV.A-KS5, 3a pe3yibraTamu
SIKMX OHOBJIEHO 15 psi/IKiB BUMIpIOBaJIbHUX i KaniopyBasbHUX MoxuinBocTteit (CMC) Ykpainu B JapuHi aKyCTUKU B

Basi ganux kio4oBux 3BipeHb MixHaponHoro 6topo Mip i Bar (KCDB BIPM).

2. The thesis is devoted to the solution of the actual scientific and technical problem - the refining of metrological
characteristics of the State primary standard of Ukraine of the unit of sound pressure in the air by improvement of
the standard, to the complex analysis of sources of uncertainty during microphone calibration, to the identification
and exploration of the most influential components of uncertainty in order to improve the methods and the
measuring instruments that will reduce the uncertainty of reproduction and transference of the unit of sound
pressure. The scientific novelty of the obtained results is as follows: According to the results of research aimed at
developing and improving the standard unit of sound pressure in the air, the following results were obtained: 1. For
the first time, according to the results of analysis and research of mathematical model of microphone calibration
process, it is established that the main factors determining metrological characteristics of the state primary
standard of sound pressure unit in the air are: estimates of electrical transmission impedance, environmental
parameters, microphone parameters and small volume camera size; 2. For the first time, based on the results of
research of the mathematical model of the microphone calibration process, an improved structure of the state
primary standard of the sound pressure unit in the air was proposed and implemented, which allowed: 10 - for LS1
type microphones: reduce the uncertainty of their calibration by 0.01 dB - 0.04 dB; - for LS2 type microphones:
expand the frequency range of measurements from the range (31 Hz - 20 kHz) to the range (2 Hz - 25 kHz), in
addition, reduce the uncertainty of their calibration by 0.02 dB - 0.05 dB; 3. For the first time, the frequency
dependences of noise influence with normal distribution in measuring channels on the standard deviation of
microphone calibration results using Monte Carlo simulation were established and a significant increase in their
influence at infra-low frequencies was shown; 4. For the first time, when introducing the thermal conductivity
correction, a method for estimating the coupling frequency value is proposed and the use in the frequency band
below this value is proposed - the specified low-frequency correction model, and in the high-frequency region -



the broadband model to reduce uncertainty in the operating frequency range. The practical significance of the
obtained results is as follows: the comparative analysis of the existing methods and means of reproduction of the
unit of sound pressure in the air in the world’s leading acoustic laboratories has been performed and the
theoretical basis of improvement of the standard has been defined; the structural scheme of the improved national
standard of the unit of sound pressure in the air has been defined; an improved standard unit for pressure
calibration of laboratory standard microphones in the frequency range from 2 Hz to 25 kHz of the State primary
standard of the sound pressure unit in the air has been created and put into operation; the following calibration
procedures have been developed and implemented: “Calibration procedure of the standard unit UE-2PU of the
State primary standard DETU 10-01-11", "Procedure for pressure calibration of the measuring microphones against
the State primary standard DETU 10-01-11 in the frequency range from 2 Hz to 25 kHz"; 11 international key
comparison COOMET.AUV.A-K5 has been conducted and, as a result, 15 lines of measuring and calibration
capabilities in the field of acoustics of Ukraine were updated in KCDB BIPM.
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