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Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA BUPIIEHHIO aKTyaIbHOI HAyKOBO-TEXHIUHOI 33a4i - MiABUILEHHS TOYHOCTI
KaJlibpyBaHHS TiApOQOHIB, 1110 BUKOPUCTOBYIOTHCS [1J1s1 BU3HAUEHHS IIapaMeTpPiB aKyCTUYHOTO BUXOLY
yJIbTPa3BYKOBOTO MEAMYHOrO 06JIaiHAHHS Tl 4ac NpoLenyp OLiHKU BifIOBiIHOCTI Ta KayliOpyBaHH:. 3 OISy Ha
IIMPOKUI CIIEKTP yJIbTPA3BYKOBUX IIPUCTPOIB SIK BITUM3HSIHOIO, TaK i iHO36MHOIO BUPOOHMIITBA, B YKpaiHi icHye
noTpeba y CTBOPEHHI CUCTeM /111 BUMipIOBaHHS IapaMeTpiB aKyCTUYHOI'O BUXOY BUITPOMIHIOBAUiB, a TAaKOX
€TaJIOHHO]i 6a31 1151 KaslibpyBaHHS riipo¢oHiB. Lle 3a6€31eunTh €JHICTD i MPOCTEXYBAHICTh YIbTPAa3BYKOBUX
BHAMIPIOBaHb Ta X MDKHapOAHE BU3HAHHA. 3anpoBayKeHHs y 2017 poui HallioHaIbHOTO AEPKABHOTO [IEPBMHHOTO
€TaJIoHa OJJMHNLIi YJIbTPAa3ByKOBOIO TUCKY Y BOOHOMY cepenosuii HIETY AUV-02-2018 crano BaKJIMBUM KPOKOM Y
1poMy Hanpsimi. OfHax, 17151 3a06e3euyeHHs IPOCTEeXXyBAaHOCTi BUMIPIOBaHb /10 OAUHUIb SI Ta MiXKHAPOIHOTO
Bu3HaHHA erasiona HIETY AUV-02-2018 Heo6XiZiHO BCTAHOBUTH OT0 CTYIIiHb €KBiBaJIEHTHOCTI aHAJIOTiYHAM
€TaJIOHaM iHIIMX KpaiH Yyepes Npouenypy 3BipeHHs. [Jig yCIiHOro npoxoaKeHHs 3BipEHHS HEBU3HAYEHICTh
etasioHa HIETY AUV-02-2018 mae 6yTu npuBeieHa y BiAIIOBIIHICTD 10 PiBHS HalKpalX MDKHAPOHUX 3Pa3KiB



IIJISIXOM 3MEHILIEHHS] HEBU3HAYEHOCTi BUMipIOBaHb. Y po6OTi 3/1iICHEHO OIJIs]], TUIB riipo¢OHiB Ta aHaJIi3 METOLIB
ix KanibpyBaHHS y BOGHOMY cepenoBuili. [logaHo cxeMu KayiiOpyBaHHS /11 KOKHOTO METO[ly i3 3a3HaYeHHsIM iX
IepeBar i HeJIOJIiKiB, a TAKOX MTPOBEIEHO aHaJli3 MI0I0 TOYHOCTI, CKJIAIHOCTI peaisalii Ta 3aCTOCOBHOCTI y Pi3HUX
YMOBax €KCIlIyaTallii, BpaXxOBYIOUM [1I0TPEOU Ta MOKJIMBOCTi €KOHOMIKM YKpaiHU. 3alpONIOHOBAHO peaidalliio
MeToAy KajylibpyBaHHS 3 eTaJlbHUM OIMCOM TEXHIUHMX XapaKTePUCTUK Ta YMOB IIPOBEL,EHHS BUMipIOBaHb.
BusHaueHO OCHOBHI CKJ1a/10Bi HEBU3HAYEHOCTI METOY KaslibpyBaHHs, 3riHO 3 IKUMU CPOPMOBAHO OI0IKET
HEBU3HAYEHOCTI 17151 OLIIHKM pO3LIMPEHOI HEBUBHAYEHOCTI KalibpyBaHHs rinpodoHa Ha etanoHi HIETY-AUV-02-
2018. 3anponoHOBaHO AJTOPUTMU AOCIIKEHHS e(EeKTUBHOI IIJIOMi Ta pajiiyca yJIbTPa3ByKOBUX I1€PETBOPIOBAUIB,
sKi BXOIATh [0 ckiany etanona HIETY-AUV-02-2018, oTpuMaHo iX 3Hau€HHS Ha poO60YMX YaCTOTaxX Ta OLiHEHO
CTaHJApPTHY HEBU3HAUEHICTh LUX NapaMeTpis. [IpoBeeHO aHai3 po3paxyHKiB KoedillieHTiB nudpakuiliHUX BTpaT
IIBOMa METOLAMHU 3 OLIIHKOIO M€K IOXUOKU. BUMIPSIHO e/IeKTpUYHI TapaMeTpH YIbTPa3ByKOBUX [1€PETBOPIOBAYIB i
mizcuioBada NOTYKHOCTI 17151 IepeBipKy KOPEKTHOCTI BUKOPUCTAHHS KoeillieHTa MIyHTYBAaHHS SIK IIOTIPABKU Y
MaTeMaTUYHill MofieJli epeaBajbHOI XapakKTEePUCTUKU TipodoHa. 3alIpONIOHOBAHO Y OCKOHAIEHY MaTeMaTU4Hy
MOJeJIb [IEPEJABaJIbHOI XapaKTEPUCTUKU TipodoHa Ha OCHOBI METO/ly B3AEMHOCTI i3 IBOMa II€PETBOPIOBAYaMHU.
[IpencraBneHo pe3ynbTaTy KanibpyBaHHS rizpodoHiB Ha etasoni HAETY AUV-02-2018 (Ykpaina) Ta y HMI PTB
(HimevuyrHa). BUKoOHaHO MMOPIBHSJIBHUY aHAJI3 pe3yJbTaTiB KalibpyBaHHS IJ1s1 MiNTBEPI)KEHHs KOPEKTHOCTI
3aCTOCYBaHHS yJIOCKOHaJIEHOI MaTeMaTUYHOI MoZeJi IiepeiaBajbHOi XapaKTepUCTUKU rinpodoHa Ta ix
y3rofpKeHoCTi. Ha OCHOBI OTpUMaHUX y3ro[K€HUX Pe3yJIbTaTiB MiATBEPA’KEHO BUMIPIOBAJIbHI i KasibpyBasbHi
MOXJIMBOCTI etasioHa HIETY AUV-02-2018.

2. The thesis is devoted to solving an urgent scientific and technical problem - improving the accuracy of
calibration of hydrophones used to determine the parameters of acoustic output of ultrasonic medical equipment
during conformity assessment and calibration procedures. Taking into account the wide range of ultrasound
devices, both domestic and foreign, there is a need in Ukraine to create systems for measuring the acoustic output
parameters of emitters, as well as a reference base for calibration of hydrophones. This will ensure the uniformity
and traceability of ultrasonic measurements and their international recognition. The introduction in 2017 of the
national state primary standard for ultrasonic pressure units in the aqueous medium, NDETU AUV-02-2018, was an
important step in this direction. However, to ensure the traceability of measurements to SI units and international
recognition of the NDETU AUV-02-2018 standard, it is necessary to establish its degree of equivalence to similar
standards of other countries through the verification procedure. For successful verification, the uncertainty of the
NDETU AUV-02-2018 standard should be brought in line with the level of the best international standards by
reducing the measurement uncertainty. The paper reviews the types of hydrophones and analyses the methods of
their calibration in the aquatic environment. The calibration schemes for each method are presented, indicating
their advantages and disadvantages, as well as an analysis of the accuracy, complexity of implementation and
applicability in different operating conditions, taking into account the needs and capabilities of the Ukrainian
economy. The implementation of the calibration method is proposed with a detailed description of the technical
characteristics and conditions of measurements. The main components of the uncertainty of the calibration
method are determined, according to which an uncertainty budget is formed to assess the extended uncertainty of
the hydrophone calibration on the standard NDETU-AUV-02-2018. The algorithms for studying the effective area
and radius of ultrasonic transducers, which are part of the standard NDETU-AUV-02-2018, are proposed, their
values at operating frequencies are obtained, and the standard uncertainty of these parameters is estimated. An
analysis of the calculations of diffraction loss coefficients by two methods with an estimation of error limits was
carried out. The electrical parameters of the ultrasonic transducers and power amplifier were measured to verify
the correctness of using the shunt factor as a correction in the mathematical model of the hydrophone
transmission characteristic. An improved mathematical model of the hydrophone transmission characteristic
based on the method of reciprocity with two transducers is proposed. The results of the hydrophone calibration
on the standard of NDETU AUV-02-2018 (Ukraine) and in NMI RTV (Germany) are presented. A comparative
analysis of the calibration results is carried out to confirm the correctness of the application of the improved
mathematical model of the hydrophone transmission characteristic and their consistency. Based on the agreed



results, the measurement and calibration capabilities of the NDETU AUV-02-2018 standard were confirmed.
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