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Anorauisi. [TpoaHanizoBaHO aKTyaJbHICTh CTBOPEHHS B YKpaiHi IIEPBMHHOIO €TAJIOHA OJUHHUIII YIBTPa3BYKOBOIO THCKY Y
BOJHOMY cepemoBuIli B miarmasoni gactor Bix 0,5 MI'm mo 10 MI', 3ymoBiIeHy HEOOXiIHICTIO METPOJIOriYHOTO 3a0e3IeueHHS
YUHHOTO YJIBTPA3BYKOBOIO MEIUYHOIO OONaJHAHHSA Ta IIPOBEJICHHSA INPOLELYp OLIHKM BiANOBIZHOCTI BUMOraM TEXHIYHOI'O
perijaMeHTy MO0 MEIUYHMX BHPOOIB Uil BBEJEHHA iX B ekciulyarauito. Ilepesik mapameTpiB aKyCTUYHOIO BHXOLY
YIBTPa3BYKOBOrO MEIMYHOr0 OOJaJHAHHS CTaHIApTH30BaHHMil MiKHapoIHOMIO eleKTporexHiqHOo KoMicielo (IEC), 3okpema
[apamMeTpy YJIbTPa3BYKOBOIO JiarHOCTHYHOro oOOJaIHaHHA HOpMYyIOTh BimnoBizHo no IEC 61157, a mnapamerpu isio-
TeparneBTuyHoro obuaguanHs — IEC 61689.

V crarTi npoaHani3oBaHO METOAU BiATBOPEHHS YIbTPa3BYKOBOIO THCKY Y BOZHOMY CEPEIOBHIII B Jiana3oHi 4acToOT BiJ
0,5 MI'm o 10 MI'y, BubGpaHo MeTox Ui CTBOPEHHsS IEPBHHHOIO €TaJlOHA OIMHUII YIbTPa3BYKOBOI'O THCKY y BOIHOMY
CEepeIoBUII — METOJ] B3aEMHOCTI i3 JJBOMa nepeTBoproBayaMu. HaBelneHO MareMaTHuHy MOJEIb METOAY BiATBOPEHHS OIMHHUIL
YIBTPa3BYKOBOIO THCKY, ()YHKLIOHAJIbHY CXEMY €TaJlOHa 3 OMHCOM POOOTH OCHOBHHX €JIEMEHTIB Ta HOJAHO 3araJIbHUN BUIIAL
CTBOPEHOr0 NMEPBUHHOrO erajioHa. OKpeMo BKa3aHO OCHOBHI BUMOTH 0 JOINOMIXHOT'O YJIBTPa3ByKOBOTO IEPETBOPIOBAYA, KUl
3aCTOCOBYIOTb BiJIIIOBiZHO 10 BUOpAaHOro MeTo[y. Tako)K HaBEeICHO BUMOTH 10 BUMIPIOBAIBHOIO cepeoBuila — Boau. OnucaHo
€KCIIePUMEHTAJIbHI JOCIIDKECHHSI METPOJIOriYHNX BJIACTHBOCTEH €TaJIOHa Ta HABEAEHO IOPIBHAHHSA OTPHMMAHHX METPOJIOTiYHHX
XapaKTePUCTHUK CTBOPEHOIO €TaJIOHA 3 XapaKTePHCTUKAMHU Bi/IIOBIIHUX 3apyOi’KHUX STaJIOHIB.

KurouoBi ci10Ba: ynpTpasByk, yJIbTpa3ByKOBHI THCK, IPOCTEXKYBaHICTh, HEIIEBHICTh BUMIPIOBAHHS, IEPBUHHMII €TaJIOH.

Abstract. The article analyzes the topicality of the primary standard creation of the ultrasonic pressure unit in water for the
frequency range of 0.5-10.0 MHz in Ukraine. Its creation is predetermined by the necessity of the exploited ultrasound medical
equipment metrol ogical maintenance aswell as for the assessment of compliance with the requirements of the technical regulations
for medical products to be exploited. The list of ultrasound medical equipment acoustic output parameters is standardized by the
International Electrotechnica Commission, in particular, ultrasound diagnostic equipment parameters are standardized in
accordance with IEC 61157, and physical therapy equipment parameters are standardized in accordance with IEC 61689.

The article analyzes the methods of reproducing ultrasonic pressure in the aqueous medium in the frequency range from 0.5
MHz to 10 MHz, the method for creating the primary standard unit of ultrasonic pressure in the agueous medium that is the
method of reciprocity with two transducers. The mathematical model of the method of reproduction of the unit of ultrasonic
pressureis presented, the functional scheme of the standard with the description of work of the basic elements and the general view
of the created primary standard are given.

The basic requirements for the auxiliary ultrasonic transducer, applied according to the chosen method, are specified
separately. The regquirements for measuring medium — water — are also given. Experimental studies of the metrological properties
of the standard are described and a comparison of the obtained characteristics with the characteristics of the corresponding foreign
standardsis conducted.

Key words: Ultrasound, Ultrasonic pressure, Traceability, Uncertainty, Primary standard.

Oesmieky. Lle Taki edexty, sk HarpiBaHHS Ta pyHHYBaHHS
TKaHWH JIFOJIMHY, SIKi BUHUKAIOTH ITiJ] 4aC BUKOPUCTAHHS

Beryn

[IpakTHyHO B YCiX rayiy3six €KOHOMIKH, HayKH i
TEXHIKH ITMPOKO BHKOPUCTOBYIOTH MAIllMHU, arlapaTH H
o0najiHaHHS, B SKUX 3aCTOCOBYIOTH YJIBTPa3ByK. AKTHB-
HE 3aCTOCYBaHHS YJbTPa3BYKOBUX TEXHOJOTIH y MeIu-
LMHI TIPUBEIO [0 CTBOPEHHS CKJIAJHOTO YIBTPa3BY-
koBoro Meauunoro obmamnadus (YMO), 3okpema mia-
THOCTUYHOT'O, TEPaNeBTHYHOro Ta Xipyprignoro. YMO
NMOBUHHO OyTH Oe3neyHHM JUIsi HamieHta i o0ciayro-
BYIOYOTO MEJIUYHOTO IE€PCOHANly Ta 3a0e3redyBaTH
eQEeKTUBHICTH MiJl Yac JiarHOCTyBaHHs 1 JiKyBaHHs. [1in
Yac BUKOPUCTAHHS YJIBTPa3BYKy B MEIUIIMHI HEOOXiIHO
BpaxoByBaTH (i3uuHi e(eKTH, SKi BHHHUKAIOTH Yy
TKaHMHAaX JIIOJICBKOrO OpraHi3My Ta BIUIMBAIOTh Ha

BHCOKHX DIBHIB YJIbTPa3ByKOBOI'O THUCKY.

[Mapamerpn akycruunoro Buxoxy YMO Ttpeba
KOHTPOJTIOBATH SIK Ha €TaIll BBEICHHS MO0 B EKCILTyaTalliio
M 4Yac TPOBENEHHs MpOLEAYp OLIHKH BIIIOBIIHOCTI
BUMOTaM TEXHIYHOTrO perjiaMeHTy IIOA0 MEIMYHHX BHUPO-
0iB, TaK i i1 Yac HOro eKCIuTyaTallii, OCKiIbKA BOHU BU3HA-
YaloTh e(pEKTUBHICTH Ta OE3MEUHICTh HOro 3aCTOCYBaHHS.

[epenik mapamerpiB akyctuyHoro suxoay Y MO
cTaHAapTU30BaHuii MIi>KHAPOAHOIO ENEKTPOTEXHIYHOIO
komiciero (IEC), 30kpema mapamMeTpd yIbTPa3BYKOBOI'O
JIIarHOCTUYHOTrO O0JIaJIHAHHS HOPMYIOThH BiAIIOBITHO 10
IEC 61157 [1], a mapaMeTpu TepaneBTHYHOrO OOJas-
nanns — [EC 61689 [2].
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B ocHOBy BuMmiptoBaHHs mapamerpiB YMO
TOKJIaJICHO BUMIPIOBAHHS YJIBTPa3BYKOBOI'O THUCKY B
MPOMEHi BUMPOMiHIOBaYa (IIEpETBOPIOBAYA) Y BOAHOMY
cepenopuii [1, 2]. BumipsiBuin yabTpa3ByKOBHI THCK,
MOXXHa BHM3HAUUTU IHIII TapaMeTpu YAbTPa3BYKOBOI'O
BUIIPOMIHIOBAaHHS, 30KpeMa, HOro IHTEHCHBHICTh Ta
MOTYXHICTb. J1JIs1 BUMIPIOBaHHS YJIBTPa3ByKOBOTO THCKY
BHUKOPHCTOBYIOTH T'OJIKOBI Ta MEMOpaHHi ripodoHH.

HenoJgiku

HeonMinHOIO yMOBOIO €()eKTHBHOIO BHKOpHC-
TaHHS YJIbTPa3ByKy € JOCTaTHIH piBEHb TOYHOCTI
BUMIpPIOBaHHS HOro mapaMmeTpiB Ta MPOCTEXYBaHICTh
BiJITIOBIIHICTh PE3yNbTAaTiB BHUMIPIOBAaHHS JI0 E€TAJIOHIB
omunuip cuctemu Sl. o 2017 p. B Ykpaini He Oyno Hi
MIEpPBUHHOTO, Hi BTOPHHHHUX €TAJIOHIB OIWHHMII YIIbTpa-
3BYKOBOTO THCKY, IIO HE JaBajJ0 3MOTH 3a0e3NeYHTH
MIPOCTE)KYBaHICTh BUMIPIOBAHHS IapaMeTpiB aKyCTHY-
Horo Buxony YMO.

Meta poboTu

Mera poOOTH — CTBOPEHHS JAEPXKAaBHOI'O IIep-
BUHHOI'O €TajJOHa OJMHUII YJIbTPa3ByKOBOT'O THUCKY Y
BOJIHOMY CepeoBHUIN B miama3zoni wactoT Bix 0,5 MI'ig
qo 10MI'm Tta p;ocmipkeHHS HOro METPOJIOTTYHUX
XapaKTEePUCTHK.

1. MeTtoa BinTBOpeHHSsI OIMHUIL YJIbTPA-
3BYKOBOI'0 THCKY Y BOJIHOMY CepeaoBUIIi

BiaTBopeHHS yIbTPa3ByKOBOTO THCKY Y BOJHOMY
CepeloBUINI  3/IMCHIOIOTh, BH3HAYAIOYH YYTJIMBICTH
rizpodona (koedilieHTa IEPETBOPEHHS YIBTPa3BYKOBO-
ro THCKY Ha Hampyry). PO3risiHyTo Ta mpoaHaai30BaHO
BiloMi aOCONIOTHI METOAM KasliOpyBaHHS TiIpOQOHIB,
30KpeMa Taki, SK KIACHYHUI METoJ| B3a€EMHOCTI Ta BCi
roro Momudikali, MeToA ONTUYHOI IHTepdepeHIli,
METO/l, [0 BHKOPUCTOBYE SIBUILE CIIOTBOPEHHS (hOpMHU
3BYKOBOI XBWIII MiJ| 4ac i MOIIUPEHHS Yy BOJi, METOX
TUIAHAPHOT'O CKaHYBaHHsI MTONIEPEYHOro Mepepizy yibTpa-
3BYKOBOT'O NPOMEHS BUIIPOMiHIOBauYa 3 BiJIOMOIO aKyc-
THYHOIO TOTYXHIcTIO [3, 4]. 3a pesympraTamu mpo-
BEICHOTO aHaji3y BUOpPAaHO ONWH i3 METOIIB, sIKI PEKO-
MEHJIOBaHO JUIsl KaniOpyBaHHS TiIpo(OHIB B YIbTPa3By-
KOBOMY Jiarna3oHi gactor crargaprom JICTY IEC 62127-2
[3] —meTon B3aEMHOCTI i3 TBOMA MEPETBOPIOBAYAMH.

Mero B3a€EMHOCTI 3 JBOMa IEPETBOPIOBAYaAMHU
TOJIATAE y TOMY, LIO TiapooH KaiOpyloTh y BiIoOMOMY
aKyCTUYHOMY TMOJIi, CTBOPEHOMY JONOMDKHUM B3a€EM-
HHUM YJIbTPa3BYKOBUM IIE€PETBOPIOBAUEM.

JlonoMi>xkHUI ~ yABTPa3BYKOBHH IepeTBOPIOBAY
MOBUHEH MAaTH IUIOCKY KPYIJIy aKTHBHY IOBEPXHIO 1
OyTH 3JaTHHM CTBOPDUTH aKyCTHYHE IIOJie, SIKE 3a
BJIACTHBOCTSIMH JIyXKe OJM3bKE IO IOJs, TEOPETUYHO
PO3paxoBaHOro IS IUTOCKOTO ITOPIIHEBOTO JpKepena.

Kpim Toro, momomi>kHHi NepeTBOpIOBaY MOBUHEH OyTH
B3a€EMHHM, TOOTO JIiHIHHUM, MACHBHUM 1 obepHeHnM [4].
OOepHeHnil epeTBOPIOBaY MOXKE MPAIFOBATH K TiIpo-
(OH 1 K BUIIPOMIHIOBAY YJAbTPa3BYKOBOTO aKyCTUYHOT'O
curHany. OCHOBHOIO XapaKTEPUCTHKOI TifApodoHa €
HOro 4yTIMBICTh Y BIJIBHOMY IIOJIi — BiJHOIIEHHS Ha-
MPYTH XOJIOCTOTO X0y TifpodoHa A0 3BYKOBOT'O THUCKY
y BUIBHOMY moOJIi T1ockoi xBuiti [5]. OCHOBHOIO Xapax-
TEPUCTUKOI0 BWIIPOMIHIOBA4Ya € HOro IepeaaBaibHa
XapaKkTepucTuka “3a cTpymMoM” — BiJHOIIEHHS 3BYKO-
BOrO THUCKY B 3BYKOBIi XBHWIII JI0 CTpyMy Ha BXOJ BH-
npoMiHtoBaya. J{iist Oy/b-sIKOl CUCTEMH, B SIKii B3a€MHUI
MepeTBOpIOBaY Mpalfoe SK TiApodOH 1 SK BUIIPOMI-
HIOBAY, BIJHOIICHHS HOr0 YyTJIHUBOCTI Y BUIBHOMY IOII
JI0 WOTO MepenaBaibHOI XapaKTEPUCTHKH “3a CTpyMOM”
nopiBHIOE KoedimieHTy B3aeMHOCTi. KoedilieHT B3aeM-
HOCTI I IUIOCKUX 3BYKOBHUX XBWIIb € (YHKIIEO
e(QeKTUBHOI IUIOMNI MTOBEPXHi AOMOMIXKHOTO TIEPETBOPIO-
Baya Ta aKyCTUYHOIO OMopy cepenoBuina (Boau) [6].

Bu3HayeHHS 4YyTIMBOCTI Tigpod)OHA METOI0M
B3a€MHOCTI 3 JJBOMa II€PETBOPIOBAYAMH BiIOYBA€THCS Y
JIBa €Taru.

Ha mepmiomy erami (quB. puc. 1) metomom camo-
B3a€MHOCTI BU3HAUAIOTh MEPeIaBAIbHY XapaKTEPUCTUKY
JIOTTOMIDKHOT'O  yJIBTPa3BYKOBOI'O TeperBoproBada YII.
BunpomiHeHuit TOMOMIXXHUM YIIbTPa3ByKOBHM IEPETBO-
ploBaueM aKyCTHYHUI CUTHAN BifOMBaeThes Bix ped-
JekTopa P, BCTaHOBIIEHOTO MEPIEHIUKYISIPHO IO OCi
BUIIPOMIHIOBaHHS IEpETBOpIOBaya, 1 morparusie Ha YII,
IO Terep Mpalioe y PeKUMi MpUAMAaHHSI aKyCTHYHOTO
curHaiay. Ha BUXOAi JOMOMIXHOI'O IEepeTBOpIOBaYa BHU-
MiproroTh Hanpyry Uj, 0 BUHHKaE i Ai€0 BiIOUTOrO
yABTPa3BYKOBOT'O CHT'HANY, Ta CTpyM li, sikuii mporikae
Yyepe3 IepeTBOPIOBAY I1iJT YaC BUIPOMIHIOBAHHS.

Ha gpyromy erami BuMipioBaHHS TipoQoOH
PO3MIIIYyIOTE B aKYCTUYHOMY TIIOJNI  JOMOMIXKHOTO
neperBoproBaya YII (auB. puc. 1). Ctpym 30ymKeHHs
VII Ha mepmioMy i Ha IpyroMmy eramax BHMipIOBaHHS
3aJIMIIAEThCS HE3MIHHUM 1 JOpiBHIOE |; Bumipiorors
Hanpyry Uy, 110 BUHMKA€ HA BUXOI TiapodoHa mia Jiero
CTBOPEHHX JIONOMDKHHM MEpPETBOPIOBAYEM  YIIbTpa-
3BYKOBHUX KOJIMBaHb.

[Tix yac BUMipIOBaHb TiipodoH MOBHUHEH epedy-
BaTH y BUIBHOMY IO, TOOTO B 3BYKOBOMY IOJi, J€
BIUIMB BiIOMTHX CHTHAJIIB HEXTOBHO Majuid. I'impodon
MOBUHEH OyTH pO3MILEHUH Ha Takiii BUMIpIOBaJbHIN
BIJICTaHI BiJ TMOBEPXHI JOMOMIXHOTO IEpPETBOPIOBAYa,
sKa B TPH a3y IEPEBUIIYE IMPOTSHKHICTH OJIMKHBOTO
MoJsl  JIOIIOMIDKHOTO TIepeTBOpIoBaya. BuMiproBaibHy
Biacranb d MK JOMOMIDKHMM IIEPETBOPIOBAYEM Ta

rizpopoHOM pO3paxoOBYIOTh I KOXKHOI  9acCTOTH
BHUMIpIOBaHHS 32 (HOPMYIIOL0:
a2
d=3*N=3*|—, (@D}
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ne N — IpoTSHKHICTH OJMKHBOT'O IOJSA JOMOMIXKHOTO

nepeTBoproBaya, M; |
BOJII Ha YacTOTi BHUMIPIOBAaHHs, M; & — e(QEeKTHBHUI
paziyc JDOIMOMIKHOTO TepeTBOpIoBaYa Ha YacTOTI BHMi-
pIOBaHHS, M.

Bizncrans, sIKy IpOXOANTH YIBTPa3BYKOBHH ITy4OK
Ha TepmoMy 1 Ha Jpyromy eramax, Mae Oyru
OITHAKOBOIO, TOMY I'eOMeTpHuYHa Bigctanp Mix YII Ta
pednexkropom Ha mepuIOMY eTarli BUMIpIOBaHHS IO-
BUHHAa CTaHOBHTH ‘2  PO3pPaxOBaHOIO 3HAYEHHS
BUMIpIOBAIbHOI Bifctani O, i Toro, mod AOBKHUHA
LUISAXY, SIKUW TIPOXOIUTD YIbTPa3BYKOBUH my4dok Bij YII
1o pediexktopa i Ha3zaz, nopiBHioBana d. BumiproBanbay
BiJICTaHb KOHTPOJIIOIOTh, BHUMIPIOIOUYM Yac 3aTPUMKH
NPUAHATOrO  YABTPa3BYKOBOTO  CHTHANY  BIJJHOCHO
BUIIPOMIHEHOT'O CUTHAITY.

UyrmmBicTb TipodoHa BUSHAYAIOTH 33 POPMYIIOLO:

2 ad
M = U, 2pa‘G, € , )
\/UlkU1|1 rcr G,

ne U; — Hampyra Ha BUXOIl JOIIOMIKHOTO Iiepe-
TBOproBaua YII y pexxumi npuiimanns, B; U, — Harpyra
Ha BuXomi riapodona, B; | — cTpym, 1o nporikae depes
JoNOMDKHUI TieperBopioBad  YII y pexumi Bumpo-
MiHtoBaHHs, A; Ky — MHOKHHUK Uit Hampyrd Up, 110
MIPUBOAMTSH 11 0 €KBIBaJICHTHOI HANPYI'H PO3iIMKHEHOTO
kona (xomocroro xoxay); G; — mompaBka, sika BPaxOBYe
mudpakmiiHi  BTpaTH i Yac BHUIIPOMIHIOBaHHS 1
npuiiMaHHs BiAOMTOrO CHTHANY IIiJi 4ac BH3HAYEHHS
nepenaBaibHOi  XapaktepucTiuku YII meromom camo-
B3aeMHOCTi; G, — momnpaBka, sika BpaxoBye AuQpakititini
BTpATH /I 4YaC BU3HAUEHHS YYTJIUBOCTI TipodoHa, 110

— JOBXXHHa 3ByKOBO.1. XBHIII y

MictuThess B moii  YII; o —KoedillieHT 3racaHHS
aMILTITyq¥ YJIBTPA3BYKy B YHCTIM Jera3oBaHildl Boji
(3aneKUTh BiJ TEMIIEPATYpPH BOIM Ta YaCTOTH CHTHAIY),
1/m; f — gacrora, I'm;; d — BumiproBaibHA BifCTaHb
(momkmHa ~ akyctmyHoro murixy Mk YII  Ta
rizpoporoM), M; r — KoedilieHT BiXOMBAHHA IS
rpanuii peduiekTop-Boaa, mopiBaioe 0,9681 [4]; a —
paziyc IOIMOMIXKHOTO IEepeTBOpIoBayda, M; p — I'YCTHHA
BOJIH, Kr/M3; ¢ — IBUJIKICTH 3BYKY Y BOIi, M/C.

Yc¢i BUMiproBaHHS eJeKTpUuHuX curHaiis Us, Uy,
|1 BUKOHYIOTH Yy IMIYJIIBCHOMY PEXHMi 32 JIONOMOTOO
uudpoBoro ocuorpada, yKOMIUIEKTOBAHOTO CTPY-
MOBUM MpPOOHMKOM. MiHIMalbHy KUIBKICTH TIE€PiOjiB
CHHYCOIJAJIbHOT'O CHTHAJTY B IMITYJIbCI PO3PaxOBYIOTh 3a
dhopmyoro:

n= |_ ’ (3)
ne D - miameTp DOMOMIKHOTO TIEPETBOPIOBAYA, M.

BumiproBaHHs HEOOXiZIHO BUKOHYBAaTH 32 YMOBH
CYMIIIICHHSI aKYCTHYHUX OCCH BHIIPOMIHIOBAa4Ya Ta
rigpodoHa, BUSIBHBIIN MAaKCUMyM HAlpyrd CHUTHAITY Ha
Buxoni rigpogpona. Hampyry na Buxoai YII, crBopeny
BiIOUTUM Bix peduiekTopa CHUrHajaoMm, Tpeda BHMi-
pIOBAaTH, BCTAaHOBUBIIM BHUIIPOMIHIOBAIBHY IOBEPXHIO
VII mapanensHo 10 IOBEpXHi pedekropa.

2. CxJ1ajx eTajioHa OJMHUIII YJIbTPa3BYy-
KOBOI'0 TUCKY Y BOJTHOMY CepeloBHIIi

Juis peamizanii BUOpaHOrO METOAY BiATBOPEHHS
OJMHUII YIIBTPa3BYKOBOI'O THCKY pO3po0JeHO (yHK-
I[IOHANEHY CXEMY €TaJIOHa, TIoIaHy Ha puc. 2.

Puc. 1. Busnauenns uymaugocmi 2iopoghona memooom
83acmHoCmi i3 06oma nepemsoprosavamu. P — pegnexmop,
VII — oonomisicnuii nepemsopiosau, t1, t, — uac miswc
SUNPOMIHEHUM I NPUIHAMUM CUSHATIOM HA NEPUIOMY T
Opyeomy emani UMIPIOBaHHSL, AKULL RPONOPYIUHULL 00
sumipiosanvhoi eiocmani d

Fig. 1. Determination of the hydrophone sensitivity by the
method of reciprocity with two transducers. P isthe
reflector, UP isan auxiliary converter; t, t, arethe

durations between the emitted and received signal at the
first and the second measurement stages, proportional to
the measuring distance d
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Puc. 2. Qyuxyionanvna cxema emanona. KIIIIII — koopounamno-nogopomuuii npucmpii
nosuyionysanns ciopogonie, B)K-1, BXK-2 — onoku sicusnenns; BK-1 ma BK-2 — bnoku kepysanns,
EXKT — bnok arcusnenns ciopogona; I1lle —nonepeoniii niocumosay 2iopoghona;

VII — yrempaseykosuii nepemgoprosay; P — pegprexmop

Fig. 2. Functional scheme of the standard: KTII1I1T" isthe coordinate-rotary device
of positioning of hydrophones; b)K-1, b)K-2 arethe power supplies, FK-1 and FK-2 arethe control units;
FB2KTis the hydrophone power supply; I111z is the pre-amplifier of the hydrophone;
ViTisthe ultrasonic transducer; P isthereflector

Puc. 3. /leporcasnuii nepsunnuii emanon oounuyi
VILMPA38YKO8020 MUCKY Y BOOHOMY CEPeO08UUYT

Fig. 3. Sate primary standard of the unit
of ultrasonic pressure in the aqueous medium



62

OCHOBHUMH €JIEMEHTaMH €TaJIOHA €:

— KOOPIUHATHO-TIOBOPOTHUH MTPUCTPIll TTO3HIIIOHY-
BaHHs rigpodonis KIIIIIIT, skuii 3a0e3neuye posMilieH-
HA TiapodoHa, JOMOMIKHOTO YIBTPa3ByKOBOI'O MEPETBO-
proBauda Ta pedieKTopa Ha 3aJaHMX BiJCTAHAX ONWH BiX
OJTHOTO Y BHMIPIOBAJGHOMY CEPEIOBHIN Ta B3aEMHE
Opi€HTYBaHHsI IIepeTBOpIOBaYa i TifpodoHa 3 METOro
CyMIIIICHHS aKyCTHYHUX OCEH i1 Yac BUMIPIOBaHHS,

— BUIIPOMIHIOBAJBHUI TPAaKT, SIKHHA CKIIAAAETHCS
i3 reHepaTopa CHTHAJIB, MiJCHIIOBA4Ya IMOTYXHOCTI Ta
JIOTIOMDKHOT'O YJIBTPa3ByKOBOT'O IIEPETBOPIOBAYA,

— BUMIPIOBJIbHUI TPaKT, OCHOBHHUMH CKJIaJO-
BUMH SIKOT'O € T1IpOQOH 3 MONEPeaHIM MiICHIIOBaYeM Ta
uQpoBUM ocLIorpadoM 3i CTPyMOBUM ITPOOHUKOM;

— pedaekTop IS KamiOpyBaHHS IOIMOMIXKHOTO
MepeTBOpIOBada METOIOM CaMOB3a€MHOCTI;

— TEepCOHAJBHUI KOMIT I0Tep 31 CrHeliaJbHUM
nporpaMHuM 3ab6e3neueHHsM st kepyBanus KITTIIIT Ta
PO3paxyHKy mudpaxmiiHux nomnpasok G; ta G;.
3araibHUN BUTJISL JEpP)KaBHOTO TIEPBHHHOTO €TajoHa
OJMHUII YIBTPa3BYKOBOTO THCKY Yy BOIHOMY cCepeio-
BHIIII IO/IAHO HA puc. 3.

Jliss  BUMIpIOBaHHS YIBTPa3ByKOBOTO THCKY Y
BOJHOMY CEpE/IOBUILI HEOOXiIHO BUKOPHCTOBYBATH CIie-
IiaJdbHO MIiATOTOBJICHY BOMAY, sSKa MOBMHHA MAaTH TakKi
rapameTpu: BMICT KHCHIO y BOJI HE TNOBHHEH Iiepe-
BHUIIyBaTH 4 MT/1, TIPOBiIHICTh BOAX Mae OyTH Ha piBHI
5 MxCwm/cM. ToMy CTBOPEHO CHCTEMY TIiTOTOBKH BOJIH,
sKa Ja€ 3MOTy OTPHMaTH BOJAY 13 3a3HAUYE€HHMH I1apa-
METpaMH 32 PAaxXyHOK il OUYMIIEHHS Ta BAaKyyMYBaHHS.
Cucrema IiATOTOBKY BOJIY BXOAUTH JI0 CKJIaly €TajoHa.

3. MeTpoJioriuHi BJIacTHBOCTI eTajloHA

ExcriepumenTanbHi OCHIPKEHHSI €TaloHa BUKO-
HAHO BIAIIOBIIHO A0 po3poOiieHoi meromuku. Ilim dac
JIOCITI/DKEHHS] BU3HAYaJ M YYTJIMBICTH TOJNKOBHX TiJpoO-
(oHIB, 110 BXOAATH IO CKIIaMy eTajoHa. besmocepemHbo
BHUMIpIOBAIM eNEKTPUYHI mapameTpu (auB. (Gopmyny
(2)), 30kpeMa Hampyry Ha BHXOMAi JOMOMIXXHOTO
neperBopioBada YII y pexumi npuiimanns U;, Hampyry
Ha BuXomi riapodona U, Ta cTpyM, IO MpOTiKae depes
JIONIOMDKHUI TiepeTBoptoBay YII B pexumi Bunpowi-
HIOBaHHS |; 3a IOmoMoOroro creriagbHO Po3podIeHol
KOMIT FOTEpHOI IPOrpaMy po3paxoBYBajH MOMPAaBKK Ha
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nmudpakmniai Brpatn G; 1 G, Ta KOedillieHT 3aracaHHs
yABTPa3BYKY. [HII BENUYUHH, IO BXOIATH 10 popmynn
PO3paxyHKy UYTIUBOCTI TigpodoHa, B3SATO 3 IOBITHHUKIB
Ta cra”gapTiB. Ilin Yac BUMIpIOBaHHS KOHTPOIIOBAIIU
YMOBH JIOBKULII Ta MapaMeTpu BHUMIpPIOBAIILHOTO
CepeIOBHINA — TEMIIEPAaTypy BOJIM, BMIiCT KHUCHIO Y BOJI
Ta TPOBIAHICTE BOAM. XapaKTEPUCTUKH HEMEBHOCTI
(HeBM3HAYEHOCTI) BU3HAUEHO BiATOBIAHO 10 [7].

3a pe3ysibTaTaMu JOCIIIPKEHHS! BCTAaHOBJIEHO, 1110
JIep>)KaBHUH TIEPBUHHUN €TaJlOH OIWHHUII YIbTPa3BY-
KOBOT'O THCKY Ma€ TaKi XapaKTePUCTUKH:

—poOoumii miamazon yacror Bim 0,5MI1 mo
10 MTI'r;

— iana3oH 3Ha4YeHb TUCKY, B SKOMY BIATBO-
PIOETBCS OIMHUIL YIBTPA3BYKOBOI'O THCKY, CTaHOBUTH
Bix 10 xITa mo 100 kI1a;

—posmmpena HereBHictTh U He mepeBuILye
18,0 % (3a xoedirienra oxomienas K = 2 ta moBip4oi
fimoBiprocti P=0,95), 30kpemMa CTaHAapTHa HENEBHICTh
3a THIOM A Up=5,8 %; 3a Tumom B: ug=6,6 %; cymapHna
CTaHAapTHa HereBHicTh: U.= 8,8 %.

[opiBHSHHA ~ METPOJIOTIYHMX  XapaKTEPHCTHK
CTBOPEHOT0 €TaJloHa 3 AHAIOTIYHMMHU HaI[lOHAJLHUMHU
€TajloHaMH 1HIIMX KpaiH, sKi po3MilleHi Ha caiTi
MixHapoHoro 6ropo Mip Ta Bar Www.bipm.org (ta0-
JUIET) TOKa3ye, IO Jep)KaBHUIM TMEpPBUHHHUHA eTaloH
YIBTPA3BYKOBOI'O THCKY Y BOIHOMY CEPEIOBHII BiJIO-
BiJla€ PiBHIO HAI[IOHAJIBHUX €TAIIOHIB IHIIUX KpaiH.

BucnoBok

Y 2015-2017 pp. cTBOpEHO Jep>KaBHHI Iep-
BUHHUI €TaJOH OJWHUII YIbTPa3BYKOBOTO THUCKY Y
BOJHOMY CEpENOBHINI, IO Ja€ 3MOry 3a0e3NeuuTH B
VYkpaiHi €mHICTh Ta MPOCTEKYBAaHICTh BHUMIipIOBaHb
YABTPAa3BYKOBOT'O THCKY Y BOJHOMY CEPENOBHILI JI0 OH-
Hulp S|, Ta JOCHIHKEHO HOro METPOJIOTIYHI Xapak-
TEPUCTHUKH.

IMoasika

ABTOpPH BHCIOBJIOIOTh BJSYHICT KOJEKTUBY
HAyKOBO-AOCTITHOTO BIAMTYy METOMIB Ta 3acoOiB
eranonHux BumiptoBans JIT HAI “Cucrema” 3a mmiany
Npaio Ta BIAJAHICTH CHpaBi MiJ 4Yac pPO3pOOJIEHHS,
BUTOTOBJICHHSI Ta JIOCII/PKEHHST XapaKTEPUCTUK eTAOHA.

IlopiBHSAHHSA METPOJIOTiYHMX XaPAKTEPUCTHK €TAT0HA
3 aHAJIOTIYHUMU HANIOHAJTBLHUMM €TAJIOHAMU iHIIMX KpaiH

Comparison of metrological characteristicsof the standard
with similar national standar ds of other countries

; 0
Kpaina Haunionanbsauit Merponoriunmid incruryr | Jliamason gacror, MI'n P03mnpeSa(Ee:HZ];HICTL’ %

Himeuunna PTB Bix 0,5 no 15 10

Benukobpuranis NPL Big 1,0 1o 20 11

Pocis BHII®TPI Bix 0,5 no 10 20

VYkpaiHa JITHAI “Cucrema” Big 0,5 1o 10 18
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Konduaikr inTepecis

ABTOpU 3asBISIOTH NPO BiJICYTHICTH OYIb-SIKOTO
¢inaHCcOBOrO a00 IHIIIOrO MOXXJIMBOTO KOH(JIIKTY, IIO
CTOCYETBCSI pOOOTH.
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