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1. VoockoHaneHHs Ta JOCIIIKEHHS AEP>KaBHOIO IIEPBMHHOIO €TajJlOHa OJUHULLI 3BYKOBOI'O TUCKY B IIOBITPSIHOMY
cepenoBui
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Pedepar:

1. Incepraito NpUCBSYEHO PO3B'I3yBaHHIO aKTyaJIbHOI HAYKOBO-TEXHIYHOI IPO6JIEMU — MOJIIIEHHIO
METPOJIOTIYHUX XapaKTEPUCTUK AEPKAaBHOIO NEPBMHHOIO €TAJIOHY YKPaiHU OJVHUILi 3ByKOBOTO TUCKY B
MOBITPSAHOMY CE€PELOBUII YePE3 YAOCKOHAJIEHHS €TaJI0OHA, KOMIUJIEKCHE aHali3yBaHHs CKJIa40BUX HENIEBHOCTI M,
Yac Kaii6pyBaHHS MiKpO(dOHIB, BUSBJISIHHIO Ta JOCJIiIPKEHHIO HAal6i/IbII BIJIMBOBUX CKJIATOBUX HEMIEBHOCTI AJIS
BIOCKOHAJIEHHSI METO/IiB i 32C06iB BUMipIOBaHHS, SIKi JAI0Th 3MOTY 3MEHIIYBaTH HEIIeBHICTb BiITBOPEHHS Ta
NepenaHHs OJMHULI 3BYKOBOrO TUCKY. HaykoBa HOBM3HA OTPUMAaHUX PE3YJIbTaTiB: 32 pPe3yJIbTaTaMy IIPOBENEHUX

IOCJIiIKeHb, HAPABJIEHUX Ha PO3POOJIEHHS Ta BIOCKOHAJIEHHS €TAJIOHA OJVHMUIL 3ByKOBOT'O THUCKY Y IIOBITPSIHOMY



CEepenoBulli, OTPUMAHO HACTYIIHI pe3ysbTaTu: 1. Briepiie, 3a pe3ysbTaTamy a”asidy Ta LOCIiIKEHHS MaTEMaTUYHOI
MogeJii polecy KaniopyBaHHS MiKpOdOHIB, BCTAHOBJIEHO, 110 OCHOBHMMH YNHHUKAMY, SIKi BUBHAYAIOTh
METPOJIOTIYHI XapaKTEPUCTUKU I€P>KAaBHOTO IIEPBUHHOIO €TAJIOHA OIVHULL 3ByKOBOI'O TUCKY B [TOBITPSHOMY
CepeloBHUlIi € OLIHKY €JIEKTPUMYHOrO NePEaBaJbHOTO iMIIEAAHCY, IapaMETPiB LOBKiIIS, IapaMeTpPiB MiKpO(OHiB
Ta po3MipiB Kamepu mMasoro o6'emy; 2. Briepiue, 3a peadyibTaTaMmy MPOBEIEHUX NOCiIKeHb MaTeMAaTUYHOI MOTei
npouecy KanibpyBaHHs MiKpOQOHiB, 3alIPOITOHOBAHO Ta BIIPOBA/IKEHO yIOCKOHAJIEHY CTPYKTYPY LEP>KAaBHOTO
IIEPBUHHOrO €TaJI0Ha OJVHULIi 3BYKOBOT'O TUCKY B IIOBITPSIHOMY CEPEIOBUIL, 10 103BOJINJIO: 3 — 17151 MIKpO(OHIB
tuny LS1: 3MeHIINTY HeneBHiCTb ix KaniopysaHHs Ha 0.01 nb - 0.04 nb; - njs mikpodoHiB Tuny LS2: po3mmpurtu
YaCTOTHUM [liania30H BUMipIOBaHb 3 Aianasony (31 I'n - 20 xI'n) mo mianazony (2 I'n - 25 k'), KpiM TOro, 3BMEHIINTH
HeleBHicTb ix KaniopysanHs Ha 0.02 b - 0.05 nb; 3. Bneplie BCTaHOBJIEHO YaCTOTHI 3aJ1€5KHOCTI BIVIUBY LIyMiB 3
HOPMAaJIbHUM PO3IO/iJIOM Y BUMiPIOBJIbHUX KaHaJlaX Ha CTAHJAPTHUMN BiIXUJ pe3yJIbTaTiB KayliOpyBaHHS
MiKpOQOHIB i3 BUKOPHCTaHHSIM MOJIEJII0BaHHSI METO0M MoHTe-KapJio Ta I0oKa3aHo CYTTEBE 3POCTAHHS iX BILJIUBY
Ha iHQpaHu3bKUX YacToTax; 4. Brepiue, iz yac yBeeHHs ONPAaBKX Ha TEIJIONPOBiAHICTb, 3a[IPOIIOHOBAHO METO],
17151 OLiHEHHS 3HaY€HHSI YaCTOTU CIIPSDKEHHS Ta 3aIIPOIIOHOBAHO BUKOPUCTAHHS B YaCTOTHIN CMY3i HMXKYeE Bif,
LIbOTO 3HAYEHHSI - 3a3HaY€HY HU3bKOYACTOTHY MOZEJIb [IOMIPABKY, 4 Y BUCOKOYACTOTHIN 06JI1aCTi — IMPOKOCMYTOBY
MOJIeJIb, IO 3a0e3Medye 3MEHIIEHHSI HETIEBHOCTI y pO60YOMY Jiana3oHi yacToT. [[pakTH4yHe 3Ha4€HHS OTPMMAaHUX
Pe3yJbTaTiB: BUKOHAHO [1OPiBHSJIPHUI aHaJIi3 HasBHUX METO/IIB Ta 3aCO0iB BiITBOPIOBAHHS OJUHMLi 3BYyKOBOTO
THCKY B [IPOBiIHUX aKyCTMYHMX JIaOOPATOPisX CBiTy Ta BU3HAYEHO TEOPETHUYHI 3acafy BIOCKOHAJIEHHS AEP>KaBHOrO
[IEPBMHHOTO €TajJIOHy YKpaiHM OGVHUILL 3ByKOBOT'O TUCKY B ITOBITPSHOMY CEPELOBUILL; BUSHAYEHO CTPYKTYPY
no6yI0BY J1JIs1 BLOCKOHAJIEHHS IePKaBHOTO IIEPBUHHOTO €TaJIOHY YKpPAiHM OQMHMIL 3ByKOBOTO THUCKY B
IIOBITPSIHOMY CEPEJL0BUILi; CTBOPEHO Ta BBEIEHO B €KCIIyaTallil0 BJOCKOHAJIEHY €TAaJIOHHY YCTAHOBKY IJIs1
KaslibpyBaHHS 32 TUCKOM JIaOOPAaTOPHUX €TAJIOHHUX MIKpOQOHIB y AianasoHi 4acTot Big 2 I'y go 25 kI' Ha
Ilep’KaBHOMY IIEPBUHHOMY €TaJIoOHi YKpaiHy OfMHULLi 3BYyKOBOTO TUCKY B IIOBITPSIHOMY CEepeLOBULIi; pO3PO6JIEHO Ta
BIIPOBAP)KEHO HACTYIIHI METOAMKYU KajiOpyBaHHS: «/lep>kaBHUI IEPBUHHUM €TaJIOH OJMHMUIL 3BYKOBOT'O THUCKY B
nosiTpsHOMy cepenosuili JETY 10-01-11. MeToguka kaniopyBaHHs eTaloHHOI yctaHOoBKM YE-2[TY» [JIIIBK
407539.001 MK (AIT HAI «Cucrema», M. JIbBiB); «MeToaMKa KasibpyBaHHs 3a TUCKOM BUMipIOBaJIbHUX MIKPO(OHIB
Ha Jiep>kaBHOMY IlepBUHHOMY eTanoHi JJETY 4 10-01-11 B mianazoni yactort Bix 2 ', go 25 kI'u» JIIBK 407629.001
MK (OIT HAI «Cuctema», M. JIbBiB); BUKOHAHO MiKHapoAHi Kito4oBi 3BipeHHss COOMET.AUV.A-KS5, 3a pe3ysibratamu
SIKUX OHOBJIEHO 15 psifiKiB BUMIpIOBasIbHUX i KaniopyBasbHUX MoxuinBocTelt (CMC) Ykpainu B JapyHi aKyCTUKY B

Ba3i ganux kio4oBux 3BipeHs MixHaponHoro 61opo 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 LSl
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 10-01-117, "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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