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MpeaucnoBue

Lenu u npuHuunel ctanaaptusauumn B Poccuiickon degepaumu ycraHosneHbl deaepanbHbiM 3aKOHOM
ot 27 pekabpsa 2002 r. Ne184-d3 «O TexXHUYECKOM perynupoBaHuM», a Npasuna NPUMEHEeHUs HauuoHasb-
HbiX cTaHaapToB Poccuiickon dPepgepauumn — FOCT P 1.0—2004 «CtaHaaptu3sauua B Poccuiickon deaepa-
uMn. OCHOBHbIE MOFOXEHUNY

CBeneHusa o ctaHpapTe

1 NOAIrOTOBJIEH BcepoccuitCkum Hay4yHO-MCCreA0BaTENbCKUM UHCTUTYTOM (PU3MKO-TEXHUYECKUX U
pagnoTEXHUYECKUX n3MepeHuin deaepanbHOro areHTCTBa No TEXHUYECKOMY peryrupoBaHuio U METPONorum
Ha OCHOBE COOCTBEHHOIO ayTEHTUYHOTO MEPEeBOAA HA PYCCKUI A3bIK MEXAYHApPOAHOr0 CTaHAapTa, ykasaH-
HOro B NyHKTE 4

2 BHECEH YnpasneHuem Mmetpornoruu ®egepanbHOro areHTCrBa no TEXHMYECKOMY PErynMpoOBaHUIO 1
MEeTpOnoruu

3 YTBEPX/IEH U BBEJEH B IENCTBUE lMpukasom deaepansHOro areHTCTBa N0 TEXHUYECKOMY pe-
ryNIMPOBaHMIO U METPONOrMu oT 29 HoA0pA 2012 r. Ne 1455-ct

Hacrosiwuin ctaHaapT unaeHTUYeH MexxayHapoaHoMy craHaapty MOK 61828:2001 «YnbTpassyk. do-
Kycupyowme npeobpasosatenu. OnpeaeneHus v METOAbl M3MEpeHusa usnydaembix noneny (IEC
61828:2001 «Ultrasonics. Focusing transducers. Definitions and measurement methods for the transmitted
fields»).

HaumeHoBaHWe HACTOALWEro CTaH4apTa U3MEHEHO OTHOCUTENbHO HAMMEHOBAHUS YKA3aHHOTO Mexay-
HapoaHoro craHaapra aAnsa npuseaennsa B coorsercreme ¢ FOCT P 1.5—-2004 (nyHkT 3.5).

Mpu npyMeHEeHUn HaCTOSLLEro cTaHaapTa PEKOMEHAYETCA UCNONb30BaTh BMECTO CCbINNOYHbLIX MEXAY-
HapOAHbIX CTaHAapTOB COOTBETCTBYIOLUME UM CCbINMIOYHBbIE HALMOHArNbHbIE CTaHaapTbl Poccuiickon deaepa-
LUK, CBEAEHUS O KOTOPLIX NPUBEAEHBLI B AOMOMHUTENBHOM NPUNoXeHun JA

4 BBE[JEH BMEPBBIE

lpasuna npumeHeHus Hacmosweeo cmaHdapma ycmaHoeneHol 6 FTOCT P 1.0—2012 (pa3fen 8).
Unpopmayus 06 usmeHeHUsIX K Hacmosuwemy cmaxdapmy nybnukyemcs e exe200HOM (M0 COCMOSHUIO Ha
1 AHB8apsa mekyuwjeeo 2oda) UHhopMayUuoOHHOM yKkaszamersne «HayuoHarbHbie crmaH0apmbiy», a oguyuasbHbll
meKem U3MEeHEeHULli U rorpaeoK — 6 €XXeMEeCIYHOM UHOPMaUUOHHOM yka3zamerne «HayuoHnarnbHbie cmaH-
Oapmbi». B cnyyae nepecmompa (3ameHbl) unu OMMEHbI Hacmosaujeeo cmaHdapma coomeememeyrowee
ysedomneHue 6ydem onybriukoeaHo 6 bnwxailituem ebiiycke UHhOPMaUyUOHHO20 yKka3amensa «HayuoHanb-
Hble cmaHO0apmbi». Coomeememaeytowas UHgopmayus, yeeOoMIieHUe U meKkcmbl pa3mellaomces makxe e
uHgopmayuoHHoU cucmeme obweeo nNonb30eaHus — Ha oguyuansHOM calime ®edepanbHO20 azeHmMemea
10 MEXHUYECKOMY peayriupoeaHuto U Memposiozuu e cemu lhmepHem (gost.ru)
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FOCT P M3K 61828—2012
(IEC 61828:2001)

HAUMOHANBbHBIN CTAHOLAPT POCCUNCKOWN ®EQEPALUUNMN

FocynapcTeeHHas cucTeMa o6ecnevyeHus eAUHCTBA M3MePEHUHA
NPEOBPA3OBATENN YNIbTPA3BYKOBbIE ®OKYCUPYIOLLME
O6wme Tpe6oBaHMA K METOOUKAM U3MEPEHUN NapaMeTPOB YIbTPa3BYKOBOIO U3NyYeHUs

State system for ensuring the uniformity of measurements.
Ultrasonic focusing transducers.
General requirements to measurement methods of ultrasound radiation parameters

DNara BBegeHua — 2014—05—01

1 O6bnactb NnpuMeHeHUs

Hacroswumit ctangapT pacnpocTpaHsieTcsl Ha (boKycupylolme ynbTpa3sykoBble npeo6pasosatenu u
yCTaHaBMUBaeT:

- onpeaeneHns xapakTepUCTUK yrnbTPa3ByKOBOIO MOMs, U3ny4yaeMoro hokycupyowmmmu npeodpasosa-
TenaAMn MeanunHCKOro NnpuMeHeHna;

- onpejeneHus, kacarLwpyecs TEOPETUYECKOro ONUCaHNA yrnbTPa3BYKOBLIX MOSEN, reHepupyembix ¢o-
KycupyloLmMm npeobpas3oBaTensiMi, U MU3aMepeHuit napameTpoB ITUX NMONew;

- METOAbl M3MEPEHNA XapaKTepPUCTUK (DOKyCUpyIoLWMX Nnpeobpa3oBareneil;

- METOAbl HAXOXKAEHNSA OCK Ny4yKa, FfeHepPUPYEMOro yrbTpa3ByKOBbLIMU NpeobpasoBaTensiMu.

Hacroawuii ctaHgapt pacnpocTpaHseTca Ha oKycupyiowme ynbTpa3BykoBbie npeobpasoBaTtenu,
paboTarowme B YaCTOTHOM AManasoHe, XapakTepHOM Ansi uX MeauUMHCKOro npumeHenus (ot 0,5 go 40
MIu) kak 4nsa nevyeHuns, Tak U AMarHOCTUKM.

B craHgapte yka3aHo, Kak MOryT ObiTb ONMMCaHbI XapakTEPUCTUKKU MONs, U3nyv4aemoro npeobpasosare-
NsAMKU, C YY4ETOM UX KOHCTPYKUMU, a TaloKe No pesynbrataMm M3MepeHun npu OTCYTCTBUU NpeaBapUTENbHbIX
CBeJEeHUI O AeTansix KOHCTPYKLUM KOHKPETHOro npeobpa3soBarensi. Manyyaemoe ynbTpa3BykoBO€E none npu
3a4aHHOM BO30YXaeHuu npeobpasoBarens U3MepsioT ¢ NOMOLbIO rMAPodOHa B CTAHAAPTHOW cpeae pac-
npocTpaHeHus (Hanpumep, BOAE) UM B Kakon-nmbo onpeaeneHHon cpeae. Hactosawmi ctaHaapt paccmar-
pUBAET TONLKO CPeAbl, B KOTOPLIX MapaMeTpbl NONsi CXOAHLI C NOMEM B XXMAKOCTU (T. €. B KOTOPbIX BMNUSIHWE
CABWUTOBBIX KOMMOHEHTOB BOMHBI U @HW30TPONUU YNPYrOCTU HE3HAYUTESNBbHO), HANPUMEP MSTKUE TKaHU WU
TKAHEUMUTUPYIOLLME Tenu. PacCMOTPEHbl TAKKE U HEKOTOpble 0COBEHHOCTU yNbTPasBYKOBOIO MONS, CBS-
3aHHbIE C €50 TEOPETUYECKMM ONUCAHUEM U KOHCTPYKUMel npeobpasosatens. OTu onpeaeneHnsl peKOMeH-
[yeTCs UCNomnb30BaTh B HAy4HbIX 0BCYXAEHUAX, NPU KOHCTpyupoBaHuu npeobpasoBatenei, a Takke npu
oLieHke apPpeKTUBHOCTM 1 Be30NacHOCTM CUCTEM, UCMoNb3yloLWwmx hokycupyioLme npeobpasosatenu.

B HacTosilem cTaHgapTe no BO3MOXHOCTU UCNOMb30BaHblI ONpeeneHns U3 agpyrmx ctaHaapTos B 00-
nactu ynbTpa3sByka, HO Takke 400aBMneHbl HOBbIE ONpederneHuns, cBsA3aHHble ¢ hOKYCUPOBKOW MONS M ycTa-
HOBIEHWMEM €ro napameTpoB.

2 HopMaTuBHbIE CCbIKU
B HacTosiLlem cTaHoapTe WCMoNb30BaHbl HOPMATMBHbLIE CCbIKM Ha Creaytloline MexayHapoAHble

cTaHaapTbl. B cnyyae gatupoBaHHbIX CCbISIOK CrieayeT NPUMEHATb TOMbKO YKasaHHble CTaHaapTbl, ANs He-
[aTMpOBaHHbIX CCbINOK — MnocneaHee n3gaHne CCblOYHOro craHaapra (Bknioyas niobble nonpasku).

M3paHue ocpuumanbHoe
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M3K 60050(801):1994 MexxayHapoaHbIi anekTpoTexHuyeckuin cnosape (IEV). Maea 801. Akyctuka u
anektpoakyctuka (IEC 60050(801):1994, International Electrotechnical Vocabulary (IEV) — Chapter 801:
Acoustics and electroacoustics)

M3K 61102:1991 MNamepeHue u onncaHne ynbTpa3ByKOBbIX MOMEN C MOMOLLBIO raApOdOHOB B 4aCTOT-
HOM guanasoHe ot 0,5 no 15 MI'y (IEC 61102:1991, Measurement and characterization of ultrasonic fields
using hydrophones in the frequency range 0,5 MHz to 15 MHz)

M3K 61157:1992 TpeboBaHuA K NpeAcTaBneHMI0O napaMeTpoB akyCTUYECKOro BbIX0Aa MEAULUHCKOTO
ANarHoCTM4ecKoro yneTpa3ssykoBoro obopyaosaHus (IEC 61157:1992, Requirements for the declaration of
the acoustic output of medical diagnostic ultrasonic equipment)

M3K 61689:1996 YnbTpassyk. Cuctemsl ans gpusnorepanuu. TpeboBaHMA K napameTpaMm u Metogam
UX U3MEPEHMA B YACTOTHOM AmuanasoHe oT 0,5 po 5 My (IEC 61689:1996, Ultrasonics — Physiotherapy
systems — Performance requirements and methods of measurement in the frequency range 0,5 MHz to 5
MHz)

3 Oowme nonoxeHus

Coaepallascs B HACTOSILLEM pasaene uHdopmauusa npeacrasnsieT cobon nosicHeHue K onpegerne-
HUSIM, MPUBEAEHHBIM B pasaene 4, 1 K METOAAM W3MEPEHUI, PACCMOTPEHHLIM B pasaene 6.

3.1 dokycupyrowme npeobpasoBarenm

TepMmuH «dpokycupyowmii npeobpazoBartenby UCNOMNb3YIOT B 00LeM cnyyae ans 0603HaYeHUst yCT-
poKiCTBa, KOTOPOE U3ny4aeT Gonee y3koe norne B 3a4aHHON 06nacTu MO CPaBHEHMIO C OBbIYHLIM, «HEOKy-
cupylowmmy npeobpasoBartenem. «Hedokycupyowminy npeobpasoBaTtens MMEET, TEM HE MEHee, ecTecTt-
BEHHbII (POKYC, Tak 4TO HeoBX0aMMO OTnmM4aTh hOKycupyiowui npeobpasoBarens ¢ 6onee BbICOKOW KOH-
UeHTpauuei aMnnutya AaeneHus (Npy 3agaHHOW MOLLHOCTHM) OT HE(POKYCMPYIOLLEro C €ro eCTEeCTBEHHbIM
dokycom. Hanpumep, HedhoKycupyowmii npeobpa3oBatenb, U3rOTOBMEHHbIW B BUAE OAMHOYHOIO AUCKA U3
OJHOPOAHO MOMAPU3OBAHHON NbE30KEPaAMMUKU, U3MYYAET MY4OK, MHTEHCUBHOCTb KOTOPOrO B 0ObIMHOM (hOKy-
ce moxeT ObITb B YeTbipe pasa Gonblie yCpeAHEHHON WHTEHCUBHOCTM MCTOUYHMKA, a LUMPUHA ny4vka (Ha
YPOBHE MUHYC 6 AB) MOXET ObITb NPUONU3UTENBHO B ABA pa3a MEHbLUE €ro LWMPUHLI HA BbIXO4E UCTOYHUKA.
MoaToMy ANs KOFIMYECTBEHHOTo pa3nuuus coKycupylowero u Hedokycupyowero npeobpasosarenei B
4.2.33 npuBeaeHo onpeaeneHue okycupyowero npeobpasoearens.

3.1.1 MeToab! (hOKyCUPOBKMU

Haunpocreiwimm MeToaoMm hOKYCMPOBKU YNbTPa3BykOBOro npeobpasoBatens, 3auMCTBOBAHHbLIM U3
ONTUKKN, CUUTAIOT NPUMEHEHUE YIbTPA3BYKOBOIO npeobpasoBartens B BUAE BOTHYTOW NOBEPXHOCTU UMK UC-
NoMb30BaHUE FUH3bI, KaK 9TO MOKA3aHO Ha pucyHke 1. B BepxHen yactu aToro pUCyHka NokasaH KpMBOMM-
HelHbIN npeobpa3oBatens paanycoM R ¢ )OKyCOM B LEHTPE KPUBOW MOBEPXHOCTU, rae R — yCnoBHO no-
noxurenbHoe unucno. Kak u B reomeTpuyeckoii ontTuke, poKyCHOE paccrosiHue F paBHO R u TOXe NOnoXu-
TenbHo. B cpeaHei yactu pucyHka 1 nokasaH npeobpasoBatenb C NMNOCKO-BOTHYTOM SIMH3OW, BbINONHEHHOM
M3 MaTtepuana co CKOPOCTbIO 3BYyKa Ci, PaAUYCOM KPUBONUHENHOW MOBEPXHOCTU R ens, U3NYyYaIOLLMIA B Cpe-
Ay, UMEIOLLYIO CKOPOCThb 3BYKa Cy. [ANA aKyCTUKM C,, Kak NpaBUNO, MEHbLUE C, T. €. KO3 PULMEHT Npenom-
nexuusa n (pasHbI ¢, / ¢) MeHbLue 1. B 3TOM cnyvae paguyc cuutalot oTpuuatenbHbiM, u OKYCHOe pac-
CTOSIHME, U3 reOMETPUYECKON aKyCTUKW, PaBHOE R ens, A€NeHHOMY Ha (n-1), Oyaet nonoxwmrensHbiM. OAna
CpPaBHEHMS B HWKHEN YaCTU PUCYHKA NOKa3aH TUNUYHbLIA NPUMEP M3 ONMTUKK C BbINYKIOW NIMH30M, rae n> 1 un
paanyc CUMTAIOT NONMOXUTENbHLIM, NOITOMY MOMOXUTENLHO U (POKYCHOE PacCTOSIHUE.

3.1.2 U3BecTHbIe U HeU3BeCTHbIe (POKYCUpyoUue npeodpasoBarenm

Ona doxycupyiowmx npeobpasoBarenen, kak NPaBuno, UCMONb3yeMbIX B MEAULIMHCKUX YNbTPa3BYKO-
BbIX NPUOOpax, BHELLHUM OCMOTPOM TPYZAHO ONpeaenuTb (POKYCUPYIOLLME N OHU UMM HeOKYyCUpyioLme.
3T0 3aTPyAHEHO, NOCKOMbKY B HUX MOTYT ObiTb MPUMEHEHBbI Pa3nu4Hbie METOAbI (POKYCMPOBKU, TAKUE Kak
MCNONb30BaHNE KPUBOW (POPMbI, CNeuuanbHbIX OTpaXkaTenen, PeLeTok C 3NeKTPOHHbLIM ynpasneHueM ca-
301 UNKU 3aepXxkamMm, NMMH3 PpeHens, aKpaHoB M NP. KakK OTAENbHO, Tak U B KOMOMHaUusX. B ¢BA3M ¢ 3TuMm
obwee onpeaenexne okycupylowero npeobpasoBaTens 4OSHKHO ObiTb OCHOBAHO HE HAa €ro KOHCTPYKLMM,
a Ha XapakTepucTukax usny4yaemoro um nonsi. Ecnu dokycupytowmin uctouHuk 6yaer onpegeneH B napa-
MeTpax U3ny4aemoro um nonsi AasneHus1, To ero 6yaetT OTHOCUTENIbHO NErko U3MepUTb C MOMOLLbIO TMApPO-
c¢ohna.

Pasnuu4aloT Takke ynbTpa3BykOBble Npeobpa3oBaTenu ¢ U3BECTHOW KOHCTPYKLMI U Te, MHdopmaLum o
KOHCTPYKTUBHBLIX 0COOEHHOCTAX KOTOPbIX HeAOCTaTOYHA. [N nepBbix Npeobpa3oBaTenei U3 Te0peTUYeCcKux

2
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npeanonoXXeHun 06 ux reoMmeTpu4eckomM OKYCHOM PacCTOSAHUM MOTYT ObITb ONpeaeneHbl MM CMOAEnNupo-
BaHbl napameTpbl okycuposku. MHdopmauuio 0 npeobpaszoBaTensx BTOPOW KaTeropum, OTHOCALLMXCA, NO
CYTU, K «4EPHbIM SALLMKAMY», NOMYyYatoT TOMbKO U3 PesynbTaToB U3MEPEHUIN napamMeTpoB U3ry4aemMoro Mmu
nons.

B obuwem cnyyae napameTpbl (hOKYCMPOBKM ONPeAensioT No pesynbTatam U3MepeHun, npouegypa
BbIMONMHEHMA KOTOPbIX M3MNOXEHA B pasaene 6. PacCMOTpPeHHbIe B pasaene 6 MeTobl U3MepPEeHUn OTHOCATCA
K cnyvato, korga npeobpasoBarenb U3ny4aeT B U3BECTHYIO Cpeay pacnpoCTpaHeHus u npu 3agaHHbIX ycno-
BMAX BO30YxaeHusA. B cBA3u ¢ Tem, 4TO CBEAEHUS O KOHCTPYKUMM npeobpa3oBartens HeA0CTaTO4HbI, a Mon-
HomacLwTabHoe uccnegoBaHue Mons orpaHuyeHo, TpebyeTca BBECTU onpeaeneHusi napaMmeTpoB (POKYCu-
POBKM, NOKA3aHHbIX HA PUCYHKE 2. 3TW onpeaeneHusi NpUBeAeHbl B pasaene 4, a NosICHEHUSA K UX NPpUMEHe-
HWIO paccMOTpeHbl B 3.1.5.

3.1.3 ®oKycupoBKa U WUPUHA NyYKa

PaHee nsmepeHuns xapakTepucTuk nyvka ¢ NOMOLLbIO rmapodOHOB NPOBOAUNN B PaiiOHE 0CEBOro nuka
aKkycTuyeckoro aaeneHus. Hanpumep, rmybuHy 30HAUPOBAHUS ONPEAENANM NO CnagaHuld MHTEHCUBHOCTM
Unu Ha BGnWXKHeRn, nu Ha AanbHel CTOPOHaX NUKa MHTEHCUBHOCTU MO OCK MydKa. [nA ny4KkoB C OCEBON CUM-
MeTpUen 9TOT OCEBOM MUK MOXET ObiTb COOTHECEH C reOMeTpPUYeckuM (POKYCHbIM paccTosHuem. Onsa tuno-
BbIX MPSAMOYFOfbHbIX PELUETOK 3MEKTPOHHAs (hOKYCUPOBKA B a3MMyTanbHOW NIOCKOCTU M PU3NYECKAsA NUH3A
B NepneHAMKYNspHON K HEeN NIOCKOCTU MOTYT AaTb MUKKU AABMEHUS B PA3NUYHbIX TOYKAX BAONb OCK NyykKa.
Kaxablii U3 9TUX NUKOB MOXET OblTb HAaNAEH NO pe3ynbTaTaM U3MEPEHU LUMPUHbI NMyYKa, BbIMONHEHHbIX B
COOTBETCTBYIOLLMX OPTOrOHamNbHbIX NAOCKOCTSX. MMOSTOMY AOMOMHUTENbHbLIE ONpeAeneHUs OCHOBAHbl Ha
3HAYEHUAX LLUMPUHbBI NyYKa B 00YCNOBMNEHHbIX MIIOCKOCTSAX, COAEPKALLUMX OCb My4Ka, — NPOAOIIbHBIX MIOCKO-
CTAX (CM. PUCYHOK 7). OnpeaeneHusa OKYCUPOBKU AOMKHbI TaKKe pasnuyaTb €CTEeCTBEHHYI0 U HAMEPEHHO
CO3aHHYI0 (POKYCUPOBKY.

3.1.4 HoBble onpeaeneHua napameTpoB (POKYCUPOBKMN

B HacTosilem craHgapTe BBEeAeHbl HOBble napameTpbl (POKYCUPOBKU U YTOUHEHLI ONPEAEeneHuns yxe
CYyLLECTBYIOLLMX NapaMeTpoB. Hanpumep, TepMuHbl «O6nuxHee none» U «aanbHee noney» 4acro HeobOCHOo-
BaHHO MPUMEHSAIOT Ansa POKyCcMpyIoLmX npeobpasoBaTtenen, X0TA B AENCTBUTENbHOCTU OHU ONpeAerneHbl
TONMbKO Ansi Hedhokycupyowmux npeobpasosartenen. Ona cokycupyowmx npeobpasosarteneit NpMMEHUMbI
onpeaeneHus GrivxkHeln 30HbI PpeHens, aanbHei 30HbI PpeHens u okanbHON 30HbI dpayHrodepa. ITu
onpeaeneHus, 6onee AeTanbHO PacCMOTPEHHbIE B 3.3 U 060CHOBAHHbIE B MPUIOXEHUU A, NPOUNIOCTPU-
poBaHbl HA PUCYHKE 3b M NPMMEHMMbI TONBLKO AN npeobpasoBaTenel ¢ Kpyrinon anepTypon u xopowen ¢o-
KYCUPOBKOW, NOKa3aHHbIX Ha pucyHke 4. Heo6XoauMbl n Apyrue noHATUSA, YTOObl YCTPaHUTL Kakue-To Heon-
pefeneHHoCTn B NpuMeHeHun npeobpasoBaTtenei, HanpuMep, YTOUHUTb onpeaeneHue hoKyCUPOBKU B Ka-
KON-NMGO KOHKPETHOMN NAOCKOCTMU.

B HacTosiem cTaHaapTe MCNonb3yloT crieaylolme onpeaeneHus, kacawmecs: (OOKycupyioLero npe-
oGpasosarens:

Ana ynbTpa3sykoBbix npeobpasoBaTeneil U3BECTHbIX KOHCTPYKLUMIA (CM. PUCYHOK 5) (hokycupyloLmin
npeobpa3oBatenlb — 3TO 9MEKTPOAKyCTUUeCKoe YCTPOWCTBO, U3ny4yaiollee MyyoK, LUMPUHA KOTOpOro (mo
YPOBHIO crnagaHus Ao MuHyc 6 Ab) Ha 3agaHHOM PacCTOSIHMKM (MEHbLUEM NOSIOBUMHbLI NEPEXOAHOIO UHTEPBA-
na ot anepTypbl npeobpa3soBatenis) B NPOAOSNbHON MIOCKOCTU MEHbLLE MOSIOBUHBLI LUMPUHLI anepTypbl Npe-
obpasoBatena B 3TOW NnockocTu. Npu n3amepeHusix ynbLTpa3ByKoOBbIX NpeobpasoBarenen HeU3BeCTHOM reo-
MeTpumn (CM. PUCYHOK 2) UNK NPU OTCYTCTBUM HENOCPEACTBEHHOIO A0CTYNa K ynbTpasBykOBOMY npeobpaso-
BaTenio (ecnu OH BCTPOEH B kakoe-nubO yCTPOWCTBO) Donmee nmpueMnemMo onpeaerneHue, OCHOBAHHOE Ha
pesynbratax uamepeHun. B atom cnyyae dokycupyiowmii npeobpasoBartenb ONpeAensioT Kak anekTpoaky-
CTMYeCKOe YCTPOWCTBO, M3ny4alollee MyyoK, LUMPUHA KOTOPOro (N0 ypOBHIO cnafaHus 40 MUHYC 6 ab) Ha
3a1aHHOM PacCTOAHMM (MEHbLUEM MONOBUHbLI NEPEXOAHOINO0 UHTEpBana OT aneptypbl npeobpasosartens) B
NPOAONLHON NAOCKOCTU MEHbLLE MONOBUHBI LLMPUHBI anepTypbl Npeobpasosarens (Mo ypOBHIO cnagaHus Ao
MUHYC 20 aB B 3TOW e NIOCKOCTU), U3MEPEHHON Kak MOXXHO Gnmxe K npeobpasoBaTento.

[na npeoGpa3oBareneii B BUA€E peLLETOK C NPAMOYTOSbHON FEOMETPUEN NPOAONbLHOM NIOCKOCTLIO By-
AeT NAOCKOCTb XZ UNM yz, BKMoYaloLwas B ceds ocb z kak ocb ny4yka. Hedokycupyowmmu npeobpasosare-
NAMU CHUTAIOT T€, KOTOPbIE HE YAOBINETBOPAIOT YKA3aHHbLIM BbILLE YCIOBUSM.

3.1.5 NMpumeHeHunsa onpeaeneHuin TepMuHa «(POKyCcUpOBKa»

B 3.1.4 paHbl ABa onpeaeneHus HOKyCMPOBKM, MPUMEHUMbIE B [IBYX CIy4asx:

a) Ana npeobpa3oBarernei M3BECTHON KOHCTPYKLMU; 3TO onpeaeneHue TpebyeTca Ans ux onucaHus,
MOAENUPOBAHUSA U KOHCTPYUPOBAHUS;
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b) BTOpOE onpeAeneHne NPUMEHUMO ANt USMEPEHUI XapaKTEPUCTMK (DOKYCUPOBKM pearbHbiX Npeot-
pasoBaTerei HeM3BECTHON KOHCTPYKLIMM UK NPU HECOBEPLLEHCTBE MX UCNOMHEHUS.

MepBoe onpeaeneHue He MCMONb3YIT ANA pearbHbIX U3MepeHuii. B cOOTBETCTBMM CO BTOPbLIM OMpe-
JeneHneM no METOAMKaM, PACCMOTPEHHBIM B pa3aene 6, ycTaHaBnvMBaT, OTHOCUTCA N npeobpasoBaTenb
HEen3BeCTHOWM KOHCTPYKLMM K hOKycUpytoLmM npeoBpasosartensM. 3HaHUA O KOHCTPYKUuM npeobpasosarte-
nsa (B COOTBETCTBMU C MEPBLIM ONpeaenieHnemM) MoryT 6biTb NPUMEHUMbI TOSMLKO NPU NIaHUPOBAHUN U3Me-
peHuii. Ecnun pesynbTaTbl MU3MEPEHUI COOTBETCTBYIOT KPUTEPUSIM BTOPOro onpedeneHus, To npeobpasosa-
Tenb CUMTAIOT (POKYCUPYIOLLMM HE3ABUCUMO OT TOro, Bbina nm ero pokycrpoBka NpefycMOTPeHa KOHCTPYK-
LUMen unm Her.

3.1.6 CywecTByHwMe onpenerieHUsa OnsA TepaneBTUYECKUX npeobpasoBatenen (revyebHbIX
rosioBOK)

OnpepeneHue POoKyCUPOBKU, NPUHATOE B HACTOSILLEM CTaHAAapTe, He COOTBETCTBYET OTHOCALLUMCH K
napaMeTpaM ynbTPa3ByKOBOrO My4ka TEPMUHAM «PACXOAALLMIACAY», KKONMIUMUPOBAHHBIAY UMK «CXOAALLUNA-
cay», ucnonb3yemoiMn B MOK 61689. Onpeagenexnne Tuna ny4yka OCHOBAHO Ha PacCMOTPEHUU JHEPTUU W
nnowaan ee pacnpedeneHus, BaxHolx Anga npeobpasoBaTenen Ansd ynbTpasBykoBon dusmotepanum. On-
penenexnue HOKYCUPOBKM, AAHHOE B HACTOALLEM CTaHAapTe, OCHOBAHO HA APYroM napamMeTpe: LUMPUHE nyy-
Ka Ha ypoBHE MUHYC 6 ab. 3TO onpeaeneHne NPUMEHWMO ANS UAeHTUUKALMMK CYLLIEeCTBOBAHUA U HAXOX-
[JeHUs Mons HauBbICLLEN KOHUeHTpauuu. MonoxeHus HacTosAWero craHgapra k npeobpasoBarensm Ans
dusnoTepanum JONyckaeTCA NPMMEHATL NKLLL B TOM Criydae, ecnv noa pokyCMpOBKO MOHMMAIOT «ropsiue
TOUYKM» Taknx npeobpasoBaTenei ¢ BbICOKMM OTHOLLEHUEM HEOAHOPOAHOCTU NyyKa.

3.2 Tpe6GoBaHusA kK cuctemMe U MeToaaM U3MEPEHUI

B 3.1 6b1510 yKasaHo, YTO M3nyyaioLlee yCTPOMCTBO CrneayeT paccmaTpuBaTh Kak OAHO Lienoe, NoToMy
4yTO ChOKYCUpYIOLMiA Npeobpa3oBaTenb HE MOXET ObiTb ONpedesieH No XapakrepucTukaMm OTAENbHbIX ero
aneMeHTOB. MapameTpbl (POKYCUPOBKM MEAULIMHCKUX YNbTPa3BYKOBbIX CUCTEM M3MEPSAIOT ANA Kakow-nmbo
BblOpaHHOW NMUHUM CKAHWPOBAHWUSA NP 3aJaHHbIX YCMNOBUAX 9NEKTPUYECKOro BO3OYXAEHWa AaTyvka U B On-
peneneHHoNn cpeae pacnpoCTPaHEHUS.

3.2.1 BonHoBkle (hOpMbI aKyCTUYECKOrO faBfeHUusa

B cBsi3M € Tem, YTO Norne, U3ny4yaemoe ynbTpa3BykoBbIM NpeobpasosaTenem, xapakrepusyeTcs Lunpo-
KUM pasHoobpasuem BOMHOBLIX POPM aKyCTUYECKOTO AaBrEHUsA, AO0SMKHbI ObiTb 06ecneyeHbl n3mepeHus
LLIMPOKOMOJOCHBIX U Y3KOMOMOCHBLIX UMNYNbLCOB, CUrHAINOB HEMNPEPLIBHOW BOMHLI U AaXe CUrHanoB, BOSHO-
Bas hopmMa KOTOPbIX UCKAXKEHA U3-3a HENMHEWHOCTU pacnpocTpaHeHusn. C 3TOW Lenblo B HACTOALLEM CTaH-
JapTe UCNOMNb3yIOT OUH OCHOBHOW MapamMeTp U3MepsieMOro Nnons — WHTerpan KBagpaToB AaBneHUs B UM-
nynsce (cM. nyHkT 3.33 B MOK 61102). [ns BONHOBbLIX (POPM ONPEeAEeneHHOro Tuna B yCrnoBusax NMMHENHOro
pacnpocTpaHeHus1 UHTerpan KBaapaToB AaBrieHUsl B UMIYNbCe MOXET ObiTb OTHECEH K Bonee NPUBbLIYHLIM
TepMMHAM aKyCTMYECKOro aaBneHusi. Hanpumep, aAnst NMUMHENHbIX CUrHANOB HEMPEPLIBHOW BOJIHLI MHTErpan
KBaApaTOB [aBMNEHUS B UMMYNbCE, AENEHHbI HA Nepvoj, NpeACTaBSAIOT Kak CpeaHeKBaapaTUYeckoe aky-
CTUYECKOE laBneHue B KkBajparte. B apyrmx cnyyasx, CBSI3aHHbIX C OTHOLUEHUAAMU 3TUX UHTErpanos, Takue
OTHOLLEHUS MOTYT ObITb BbIPQXEHBLI KaK OTHOLLEHUSI KBAAPATOB 9KBUBANEHTHLIX A4AaBMEHUI, N TOrAa OTHOLLe-
HUS KBaApaTHbIX KOPHEW WHTErpasnoB KBaApaToB AABIEHUS B UMNYMbCE CYUTAIOT aHanoraMmum OTHOLUEHWUN
9KBMBAINEHTHBIX JaBMNEHUN.

3.2.2 Usnyvyaembie nonsa

Mone, usnyyaemoe ynbLTpPa3BykoBbIM npeobpa3oBarenem, 3aBUCUT OT €r0 LUMPUHbLI NMOSOCHI, a Taikoke
TMNA MCNonb3yeMoro Bo3byxaeHua. [ins mMoaenMpoBaHusi ynbTPa3ByKOBOIO Ny4yka 4acTo UCNOMb3YIOT He-
NpepbIBHO-BONHOBOE BO3OYXAEHME, KaKk 3TO pacCMOTPEeHO B npunoxenuu A. Mpu mMoaenupoBaHUM WUM-
NyNbCHOTO BO3OYXAEeHMs1 yNbTPa3BYKOBOro npeobpasoBatensi HEO6GX0AUMO YYUTLIBATb BOSIHOBYIO ¢hOpMy,
OTKIMMK SNEMEHTA yrnbTpa3sBykoBOro npeobpasoBarens Ha UMMYNbLC, a Talke rpaHnyHbIe yenoeus. B ceAsu ¢
TEM, YTO LUMPMHA NONOCHI UMNYNLCA aKyCTUYECKOTO AABIEHUA, U3NYYAaEMOro 3NeMEHTOM, YBENUYMBAETCH,
TO UMNYNLCHOE NoMne CTAaHOBUTCA 6onee rmagkum no CPaBHEHMUIO C NONEM HENPEPLIBHON BOSHBI.

Manyyaemoe none 3aBMCUT HE TONbKO OT BOSIHOBOMN (DOPMbI INEKTPUYECKOro BO3OYXAEHUA U Cpeabl
pacnpocTpaHeHusl, HO U OT aMnNnUTyAbl Ha Bxoje npeobpasoBaTens. 3TO CBA3AHO C HEMMHENHOCTBLIO pac-
NPOCTPaHeHus1, 4acTo HabmoaaemMon B paccmaTpyMBaeMbiX yNbTPa3BYKOBLIX NONAX. ATOT adhekT onpeae-
NS0T NapameTpoM HENnUHEeNHOCTU pacnpocTpaHeHus (cM. 3.25 M3K 61102) , B COOTBETCTBUM C KOTOPbIM
pacnpocTpaHeHue AoNycKaeTCa paccMaTpuBaTh Kak NIMHEHOE, eCnu 3TOT napaMeTp meHee 0,2.
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3.3 O6bwee onucaHue PoKkycupyeMbix nonemn

HoBble TepMMHbI ANa onucaHnsa OKYyCMPYEMOro nonsi, U3rny4aemoro ynbTpa3sBykoBbiM npeobpasosa-
Tenem U3BECTHOM KOHCTPYKUUW, NpuBefeHbl B 4.2. Ha pucyHke 1 nokasaHbl NEpPBUYHbLIE rEOMETpUYecKue
COOTHOLLEHMSA, UCTIONb3yeMbIE NpU ux onpegenexusx. OcHoBononarawwan uHdopmauus o6 3Tux onpeae-
NEHUSAX COAEPXUTCA B NPUIIOKEHUMN A.

YkasaHHble B 4.2 onpeaeneHusi uamepsaeMon (hoKyCUpOBKM MOTYT ObiTb UCNONb30BaHbI TaKkkKe ANA
onucaHus cHOKyCMPOBAHHOTO aKyCTUUYECKOro NMosnsi HEU3BECTHOrO UCTOYHMKA NO pesynbTaTam uamepeHui. B
3TOM Cryyae nnocKOCTb M3MEPEHUM B KA4eCTBE MMOCKOCTM anepTypbl UCTOYHUKA BbIOUPAIOT BO3MOXHO
6nmxe k uanyyarenio. [ina onpeaeneHus xapakrepuctuk apeKkTUBHON POKYCUPOBKU NOMSI UCMONb3YIOT
NOHAITUE SKBUBANEHTHOW aKyCTMYECKOW anepTypbl Kak anepTtypbl UCTOYHMKA B 3TOW NNockocTu. [ins onpe-
AeneHust napaMeTpoB (POKYCUPOBKU YNbTPA3BYKOBOrO npeobpasoBaTenst U3BECTHOW KOHCTPYKLMU €ro pac-
CMaTpUBaIOT KaK YCTPOMCTBO C OBYCrNOBMEHHbIM HAOOPOM KOHCTPYKTUBHBIX OCOGEHHOCTEN, KOMMEHCUPO-
BaHHOTO PacCTOSHMA U cpeabl pacnpocTpaHeHus. Mpu aTux usmepeHusax TpeGoBaHua K NMHENHOCTU Nons
)enatenbHbl, HO He 0bs3aTenbHbl, HE0OX0AUMO NULIb YKa3aTb NapameTp HEeNWHEWHOCTU cpeabl pacnpo-
cTpaHeHus. Ha pucyHke 2 noka3aHbl HEKOTOpPbIE onpeaeneHus, Tpebyemble ana STUX U3MepeHun.

3.3.1 O6bwee onucaHue nons npeoSpasoBarenen M3BECTHOW KOHCTPYKUUKN

M3 paccMoTpeHuss nonen, usnyyaembix OKycupyiowumu npeodpasosatensimu U3BE€CTHOW KOHCTPYK-
LUK, MOryT ObITb HaWAEHbI 00LLME XapakTEPUCTUKN CHOKYCUPOBAHHOTO NonA. o CpaBHEHUIO C reoMeTpuye-
CKOW ONTUKOW YNbTpa3ByKoBast (DOKYCMPOBKA OMUCLIBAETCSl HE CTOMb OAHO3HAYHO M3-32 BO3MOXKHOW Au-
dpakuum B ynbTPA3BYKOBOM My4Ke, CBSA3aHHOW C pasmepamu npeobpasoBaTtens, COM3MEPUMOIo C ANMHOMA
BOMHbI. EcTecTBeHHasn ¢hokycupoBka nyyka coyetaetcsl ¢ POKyCUPOBKOW B MIMH3E UNW APYroM ¢hOKyCUpYIo-
Lem ycrpoucrBe. B pesynbrate koMOuHaumMm aTux POKyCMPOBOK MECTOMONOXEHNE HAUMEHbLUEN LLMPUHBI
nyyka Ha ypoBHe MUHYC 6 AB B 00uiem cny4yae He coBnagaeT ¢ reomeTpuy4eckum hoKycom ¢poKyCupyloLLiero
YCTPOICTBA U HAXOAUTCA OT nNpeobpasoBaTens NpMONU3MTENbLHO HA PACCTOSIHUM

zZrF
Zin =——— 1
min ZT+F’ ()

rae zr — nepexoaHsln UHTEpBan, POKYCHOE PacCTOAAHUE NPU €CTECTBEHHOW (DOKYCUPOBKE;

F — reomeTtpuyeckoe hoKyCHOe paccToAHUe (NOACHEHHOE B NPUITOXXEHUM A).

BoipaxkeHue (1) noka3blBaeT, UTO pacCcTosiHMe A0 NOMNOXEHUA MUHUMATNBLHOW LLUMPUHBI MY4YKa HE MOXET
npesbILaTh NEPexoaHOro UHTepBana, Aae ecnu reomeTpuyeckoe POKycHoe paccTosiHue Gonblue 3TOro
UHTEepBana.

Mexgy xapakrepuctukamu CHOKYyCUPOBAHHLIX U HECHOKYCMPOBAHHLIX MONENR CyLLECTBYET Npubnuau-
TeneHoe cooTHoweHue. Mpodunu nyyka B NpOAOMLHON MAOCKOCTU HA OCEBOM pacCTOSHUM Z B (pOKyCupo-
BaHHOM none cosnagatrot no opme ¢ npodunem nyyka B HECHOKYCUPOBAHHOM MOJE HA IKBUBANEHTHOM
pacCTOsIHUK Z [CM. MPUIOXEeHUe A ANS annpoKCMMaLuui, UCNONb3yeMbix Npu BbiBOAE BbipaxeHusa (A.8)].

z, = LZ (BEpHO NpU Z# F U F NONOXUTENLHOM). 2
1-5]
=

M3 BbipaxkeHus (2) BUAHO, YTO XOPOLLEN annpokcumaLuein nons dokycupytowiero npeodpasosarens (B
NPOAONBLHOI nnockocTh) ByayT Bce hopmMbl NPOPUNA Nyvka HedoKycupyloLlero npeobpa3sosarens Toro xe
camoro pasmepa B 61MKHEM U AanbHEM NONAX HA PACCTOAHUW MEXAY YNbTPa3BYKOBLIM nNpeobpasoBaTtenem
U €ro reoMeTpmM4eckuM PoKycoM. B Touke reomeTpuyeckoro pokyca aKBUBaNEHTHOE PacCTOSIHUE CTAHOBUT-
¢ GECKOHEYHbIM U BbipaXkeHUe (2) B Hell He paboTaeT, NoCKONbKY hopma npochuns nydka CTaHOBUTCA Ta-
KO e, KOTOPYIO MOmy4aloT B fanbHeM none HedoKycupytoLero npeobpasoBatens Tex e cambiX pa3me-
poB. N3ameHeHne nons okycupytowero npeobpasoBaTens YCKOPAETCA B COOTBETCTBUM C BblpaXeHUeM (2)
No CPaBHEHUIO C NONeM HedhoKycupytoLlero npeobpasoBaTens, U LWMPKUHA My4Yka CTAHOBUTCS MEHbLLE, YEM Y
Hepokycupytoero npeobpasoBaTensi, Ha PacCTOSHUAX, NPUBIMKAIOLLMXCA K reoMeTpUYeckoMy (hoKyCHO-
My.

B HEKOTOPOM OTHOLLEHUW 3TO COrMacyeTcs U C ONpeaeneHnem NepexofHoro MHTepBana kak paccros-
HWA, oTaenawowero 6nuwxkHee U aanbHee nons HedOKyCUpyloLLero npeobpasoBaTens; STOT y4aCTOK MOXET

5
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ObITb HangeH npu NoAoBHOM npeacTaBneEHUN CAPOKYCUPOBaAHHOTO Morsi. ChOKYCMPOBaHHOE MOMNEe MOXET
ObITe pa3geneHo Ha Tpu yyacTka: bnmkHAs 30Ha PpeHens, dokanbHasa 3oHa PpayHrodepa U anbHASA 30HA
dpeHens, Kak 3T0 Noka3aHo Ha pucyHke 3b. COOTBETCTBYIOLME PaCcCTOSHUS MeXay STUMU 30HaMu onpeae-
NS0T KaK OnvKHUIA nepexoaHbIit MHTEPBan Zytp

==+ ®)

M AanbHUI NePeXOAHbIN UHTEepBan Zgp

A

1 1
ZFmp 2z F

4)

Bonee noapobHasa nHgopmauus 06 aTUX MHTepBanax CoaepPXXUTCS B MPUMOXKEHNUU A.

3.3.2 MnockoCcTb CKAHMPOBAHUA U ynpaBrieHne nyvykamu

MpeaycMoTpeHb! He TOMNbKO POKYCUPOBKA MYYKOB, HO U U3MEHEHME UX HanpaBneHusl. 3TO HanpaBne-
HWe COOTBETCTBYET NIMHUM CKAHMPOBAHMSA W OCK NyYKa ANS KAKOW-NMbo 3a4aHHON rpynnbl 3NIEMEHTOB YMbT-
pa3BykoBOro npeobpasosatens. MNnockocTb (MU NOBEPXHOCTb) CKAHUPOBAHUS — 3TO MMOCKOCTb (UMK MO-
BEPXHOCTb), COAEPXKALLASA BCE NMUHUN YIbTPA3BYKOBOIO CKAHMPOBaHWMS. [N0oCKOCTb CKAHMPOBAHMSA HAa3biBaKOT
Takke a3nMyTanbHOW MMOCKOCTbIO. B OONMbLUMHCTBE CryyaeB TOMLWMHHAS MIIOCKOCTb OPTOrOHanbHa asumy-
TanbHOM MMOCKOCTU U COAEPXMUT LIEHTPanbHYIO MIMHUI0 CKAHUMPOBAHMA, COOTBETCTBYIOLLYIO HamnpasneHuto
HEOTKITOHEHHOTO My4Ka.

CTpyKTypa NUHWIA CKAHMPOBAHMWS 3aBUCUT OT hopmaTa M300paKeHUs, reOMETPUM YNbTPa3BYKOBOIO
npeobpasosatensa u cnocoba ero Bo3dyxgeHusa. Huxe paccMOTPEHbI HEKOTOPbIE NPUMEPbI CKAHMPOBAHUA:
CekTopHoe (Yyrnosoe), nMMHenHoe (CABUrOBOE) U ABYXMEPHOE.

CexTopHOe (YrnoBO€) CKAHMPOBAHME BbIMOSIHAT C MOMOLLBIO MEXAHUYECKOTO KauyaHuUsi OJAWHOYHOrO
npeobpa3oBaTens B apke UNu U3MEHEHUeM ANEKTPOHHOrO0 BO3OYXAEHUS IPYNNbl SNEMEHTOB YIbTPa3ByKoO-
BOro npeo6pa3oBaTens, Bbi3biBAIOLMM YINOBbIE OTKIOHEHMS1 nydka. Pe3ynbTupylowas cTpyktypa nuHUMA
CKaHUPOBaHUA UMEeT BeepoobpasHbIin BUA, AAIOLWLMIA CEKTOPHBINA hopMaT n3obpakeHus.

Heynpasnsemelii Ny4ok HanpasneH B CTOPOHY u3nydeHus 6e3 kakoro-nmbo otknoHeHus. Hanpaene-
HUe 3TOro Nyvka COOTBETCTBYET LIEHTPANbHOW NMMHUM CKAHUPOBAHUA CEKTOPHOFO CKaHMPOBaHWA. Kak npaBu-
no, ANs CUMMETPUYHOIO YNbTPa3ByKOBOro npeobpasoBaTtensi HeynpasnsaeMblili Ny4ok MOXET GbiTh BbiOpaH
BONM3N OCKU UK NNOCKOCTU CUMMETPUK YNbLTPa3BYKOBOTO nNpeobpasoBaTens.

JInHeiHoEe ckaHMpOBaHWE OCYLUECTBAAIOT NOCneAoBaTenbHbIM BO3GY)XAEHUEM aKTUBHBLIX 3NEMEHTOB
WNKM rpynin 3NMeMeHTOB YNbTPa3BykOBOro nNpeobpasoBarens BAOSNb NOBEPXHOCTU IMEKTPOHHONW peLleTku (Mnu
MEXaHU4YECKUM NepemMeLLeHneM OAUMHOYHOTO NpeobpasoBaTtens).

Ecnu peweTka aneMeHTOB NNOCKan U NUHEeRHan, To rpynna napannenbHbiX NIMHUA CKaHWpPOBaHUs 00-
pasyeT npsamMoyronbHblit hopmat usobpaxeHus. Mpu BOrHyToN hOpMe NUHEHHON PELLETKM NOCrea0BaTernb-
HOe BO30Y>XAEHMe rpynn 3feMeHTOB YNbTPa3ByKOBOro npeobpasoBartens NPMBOAMT K YrMOBOMY pasiene-
HUIO MIMHUI CKAHUPOBAHUS, YTO 06pasyeT CeKTOPHbIN copmaT u3obpaxkeHus. B aTom cnyyae yrnosbie OT-
KIMOHEHUA Ny4yKa CBA3aHbl C reoMeTpuen npeobpasosartens, a He C KakKUM-NMOO0 SNEKTPOHHBLIM YNpPaBneHu-
em.

B OonbLMHCTBE Criy4aeB Ans OTKIOHEHUA U (POKYCUMPOBKM My4Ka MCMOSb3YIOT KOMOUHALIMIO STUX Me-
TOAOB. [InA paCCMOTPEHHbIX BbILLE CUTYALUA MEXaHUYECKUE NUH3bI C (PUKCMPOBAHHBIM (hOKYCHBIM PacCTosi-
HWEM NPUMEHSIOT TONMbKO Anst (hOKYCMPOBKW B TOMLUMHHOW MIIOCKOCTH. [N ABYXMEPHbLIX PeLUeToK Mnoc-
KOCTb CKAHMPOBAHWA HE 3aBUCUT HanpsMylo OT ¢hopMbl UMM TEOMETPUMN peLueTku. B aTtom cnyyae ¢okycu-
POBKU B TOMLUMHHON W a3MMyTasribHON NNOCKOCTAX OAWHAKOBLI. [ns ynpaBneHuss u )OKyCMPOBKM NMy4yka B
Kakom-nmbo BbIOPAHHOM HanpaBNEeHUMW OTHOCUTENbLHO anepTypbl NpeobpasoBatens MoryT GbiThb OfHOBpe-
MEHHO 33[1€MCTBOBaHbLI ANArOHanbHbIE CErMEHTbl PELETK UMK BCE 3MEeMEHTHbI pelleTku. B GonbluMHCTBE
METOA0B, NPUMEHAEMbIX ANnsi (hOPMUPOBAHUA TPEXMEPHOTO U300paxKeHUsi, peLLeTKy NepeMeLlalnT yepes
Cepuio NIOCKOCTEN, NO3BOMSIOLLYIO NONy4nTb U3o0paxaembiii 06beM. B 3TOM criyyae noOnoXeHWe KaXaown
NNOCKOCTU CKAHMPOBAHUA SBNSieTCA (PyHKUMENW BPEMEHU U CBA3AHO C COOTBETCTBYIOLLEN OPTOrOHamNbLHON
TONWMHHON NNOCKOCTbIO. CyLLeCTBYET LEHTPanNbHAA NIUHUSA CKaHUPOBAHWUS B MMOCKOCTU CKAHUPOBAHUSA, a



FOCT P M3K 61828—2012

LieHTparnbHYyIO MMOCKOCTb CKAHMPOBaHWS 4acTo pacnonaraloT B6NM3m ooy Unu nrnockocTu CUMMETPUU YIbT-
pa3BYKOBOTO NpeobpasoBarensi.

4 OnpepgeneHust napameTpoB )OKyCUPOBKHU

4.1 OCHOBHbI€ NOSIOXEeHUsA

PaccMOTpeHHbIE HUXKe onpefeneHusa OTHOCATCA K TPEM OCHOBHbIM KaTeropusim. Bo-nepsbix, 910 on-
peaeneHnsl, HENOCPEACTBEHHO NPUMEHUMbIE AN ONUCAHWUA U MOAENUPOBaHWSA (DOKYCUPOBAHHBIX MOMEN.
Btopas rpynna onpeaeneHunii OTHOCUTCA K M3MEPEHUAM POKYCMPOBAaHHbIX Noneli. HekoTopeie U3 TepMUMHOB
BTOPOW Tpynnbl OTHOCATCA WM K NEpPBON kaTeropuu. B TpeTbio rpynny BkMOYEHbl 00LieynoTpetuTensHbie
TEPMUHBI, KacalLmecs HOKyCUpoBKU. OnpeaeneHus, ncnonb3yemMble paHee, A0mkHbl ObiTb MOAUMDULMPO-
BaHbl UNKU 0BYCNOBREHBI cneunarnbHo, YTOBObl YCTPaHUTb HEOAHO3HAYHOCTL NPU UX NpUMeHeHun. Mepeync-
NeHHbIe B 4.2 onpeaeneHuns NpMBEAEHbI HE MO rpynnaM, a B andaBuMTHOM nopsaake (npu ux 0603Ha4YeHun Ha
aHITIMCKOM A3bIKE).

4.2 TepMHHbI U onpeaerieHus

B HacTosiLemM cTaHgapTe NpUMEHEeHb! Creayolme TEPMUHbI ¢ COOTBETCTBYIOLLIMMUW ONPeAEneHNsAMU:

4.2.1 BonHoBasa opma akKycTuvyeckoro mmnynbca (acoustic pulse waveform): 3aBucumoctb OT
BPEMEHW MITHOBEHHOIO aKyCTUYECKOrO AABNEHUst B KaKOM-nubo 3a4aHHOM TOUKE aKyCTMYECKOro nons, pac-
cMaTpuBaemas 3a nepuoa BpeMeHW, A4OCTaTOMHO 60nbLUOi, YTOBbI BKNIOYMTL B CE0S BCIO CYLLECTBEHHYIO
aKycTuyeckyto mHdopmauuio 06 otTaenbHOM OAMHOYHOM UMM 3anOSIHEHHOM MMMYNbCE UM OHOM NEpuoae
HenpepbIBHON BOMHbI (cM. MOK 61102).

MpuMeyaHue — B HeKoTOpbIX criydasx, Takux, HanpuMep, Kak MOAYNMPOBaHHbIA Mo aMNNUTyAe UMNYIbC,
BCS MOCIe[0BaTesIbHOCTb UMMYNLCOB MOXeT BbiTb 06pasoBaHa B BUAE rpynmbl Grn3ko pacronoXeHHLIX UMMYIbCoB,
OTCTOALMUX APYr OT ApPYra no BPEMEHU, MHOFO MeHbLLEM, YeM Neprog NOBTOPEHUs BCeli NocnesoBaTeribHOCTH.

4.2.2 xonbueo6pa3Has [konbueBas] peweTka (annular array): Kakas-nu6o rpynna anemMeHToB ynbT-
pa3ByKoOBOro npeobpasoBaTens ¢ U3ny4alLwyumMu 31eMeHTaMK, PacronioXXeHHbIMU B OQHOW U TOW e nnoc-
KOCTU WUNK Ha KPUBOSIMHENHOW MOBEPXHOCTU, COCTOALLAS U3 KOHLIEHTPUYECKNX INIEMEHTOB C 3NEKTPUYECKUM
ynpasneHwem a3on Bo3byaeHusa ans hopMUPOBaHUS akyCTUYECKOTO MyYKa.

4.2.3 anepTypHasa pasHOCTb aKyctuyeckoro nytu (aperture path difference) A, m: PasHocTb gnuH
aKyCTUYECKOro NyT OT reOMETPUYECKOro hoKyca Ao Kpasi anepTypbl npeobpasoBatens U 40 TOUKU nepece-
YEHUs1 OCM MyYKa C NJIOCKOCTLIO anepTypbl NpeobpasoBarens B kKakon-nmbo 3aaHHON NPOAOIIbHOM MITOCKO-
CTU ANsi HEOTKITOHEHHOTO NMy4yka (Gonee nogpo6HO CM. PUCYHOK 6 U NPUNOXKEHUE A).

4.2.4 anogusauua (apodization): AsMeHeHne amnnutyabl BO3OYxaeHus no aneprype npeobpasoBa-
Tens.

4.2.5 cpegHeapudmMmeTUYeCKaa vactota akyctuyeckoro BospgemncrTeua (arithmetic-mean working
frequency); fawr, MU: ApudmeTnueckoe cpeaHee 4actoT fy u fo, Ha KOTOPLIX aMNNUTYAA CNEKTPa aKyCTUYEeCKO-
ro AaBrneHusi CTaHOBUTCA HA 3 AB HWXe aMNnUTyAbl NMKOBOTO 3HAYEHUS.

4.2.6 oceBaa pa3sHOCTb akycTu4yeckoro nytu (axial field-point path difference) A’, Mm: PazHocTb gnuH
aKyCTUYECKOro NyTu OT Kakow-nubo 3agaHHON TOYKM HA OCM NyyKa [0 Kpasi anepTypbl npeobpasoBatens u oT
3TOW K& TOYKM 0 TOUKM NEepeceveHus OCU Mydka ¢ NNOCKOCTbIO anepTypbl Npeobpa3oBartens B TOW e ca-
MOW NPOAONBLHOW MIOCKOCTH, ANS KOTOpoW Gbina onpeaerneHa aneprypHasi pasHOCTb akyCTUYECKOro MyTu
(6onee nogpo6HO CM. PUCYHOK 6).

4.2.7 asumytanbHasa ocb (azimuth axis): OCb nepeceyeHUst asMMyTarnbHO NNOCKOCTU U MIIOCKOCTU
anepTypbl UCTOYHUKA (NIIOCKOCTU M3MEPEeHUs) MM NNOCKOCTM anepTypbl npeobpasoBaTtens (BooOpaxae-
MOM) (CM. PUCYHOK 7).

4.2.8 asumyTtanbHaa nnockocTb (azimuth plane): MNMnockocTb CkaHUPOBAHUA ANSi CKAHMPYIOLLErO
yNbTPa3ByKoBOro npeobpasoBarens unu rmasHas NPOAOJSIbHAA NMOCKOCTb ANl HECKAHUPYIOLLETO YynbTpa-
3BYKOBOro npeoGpasosartens.

4.2.9 nnowaab nyyka (beam area) Ap, M2 Mnowaab B Kakow-nMbo 3agaHHON NMOCKOCTU, NEpneHau-
KYNAPHOW K OCW Ny4vKa, cCoaepxKallasi BCe TOYKM, ANA KOTOPbIX MHTErpan KBaapaToB AaBfEHUsI B UMNYNbCe
Gonblwe kakonW-nMbo onpeaeneHHON YacTu MakCMMAaribHOrO0 3HAYeHWs MHTErpana KBaJpaToB [aBneHus B
UMNynbce B 3TOW NNOCKOCTM. Ecnn nonoxeHue nnocKoCTW He ykasaHo, TO OHA mpeAacTasnseT coboii nnoc-
KOCTb, COAepXaLlylo TOYKY, COOTBETCTBYIOLLYIO NPOCTPAHCTBEHHOMY W BPEMEHHOMY MUKY aKyCTUYECKOro
AasneHusa ana Bcero akycrudyeckoro nons (cM. MK 61102).

7
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MpumMmeyaHune —lnowasak Ny4ka MOXeT ObiTb COCTABIIEHA U3 HECKOSbKUX YacTell.

4.2.10 chokanbHas nnockocTb nyyvka (beam area focal plane): MNnockocTb, nepneHAnKynspHas K ocu
nydka u cogepxarias (pokyc nyyka.

4.2.11 cdokyc no nnowagun nyuka (beam area focus): Touyka Ha ocu nyuka, AnNs KOTOPOW nnoLyasb
nyyka (Ha ypoeHe MuHyc 6 Ab) MMHUManbHa.

4.2.12 ocb nyyka (beam axis): MNpsMasa NnuHUA, NPOX0OASLLAA Yepes LIeHTPoOUAbLl MHTerpanos Keaapa-
TOB AaBMEHMA B UMNynbCe (MNW LEHTpanbHblE TOYKM NyyKa) ABYX MMOCKOCTENH. MecTononoxeHue nepsou
NMOCKOCTM NpeAcTaBnsieT coboil MecTononoxeHne PokanbHO| NMOCKOCTM NO AaBNEeHWI0 — MIOCKOCTH, CO-
JepXallei MakcuMyM MHTerpana KBaapaToB AaBrieHUs B UMMYNbCe WM, KaK BAPWAHT, coaepxallen oau-
HOYHbII rMaBHLIA NENecToK (HanpaBneHHOCTH), HaxoAALWMIACA B oKanbHOW 30He dpayHrodepa. Mecrono-
MNOXXEHWe BTOPOW MIIOCKOCTM, KOTOpasi A0MkHa BbiTb NapannesnibHa NepBoOi U UMETb TE Xe Camble Hanpas-
NeHusl ckaHnpoBaHus (0CU X U ¥), YTO U NepBasi, AOMKHO HaX0AUTCA Haubonee faneko OT MEPBOM NIOCKO-
CTU, HACKOMbKO 3TO NPaKTUYECKN OCYLLECTBUMO.

MpumMmeyvyaHune — OTO onpeaeneHne cooTBeTcTBYET POKYCUpPYIOWUM NpeobpasoBarensm, B To BpeMs
KaKk onpefeneHne ocu pacnpocTpaHeHns nyyka, aaHHoe B MOK 61102, Gonee npuMeHUMO ANA HedhOKyCUpYIOLLUX npe-
obpasoBaTenei (cM. 6.2 ¥ pUCYHOK 2).

4.2.13 ueHTpanbHas To4yka nyyka (beam centrepoint): Touyka nepecevyeHus AByX NMMHUIA, NPOXOAALLNX
yepes CpeaHUE TOUKM MO LUMPUHE MYyYKa B ABYX OPTOrOHAasbHbIX MITOCKOCTAX — XZ U yZ.

4.2.14 wmupuHa nydka (beamwidth); ws, wio, woo, M: Haubonbluee nonepeyHoe pacCTosHUE Mexay
ABYMSl TOMKaMM Ha Kakoii-nubo onpeseneHHOn OCu, NepneHAMKYNAPHOW K OCU NyYKa, B KOTOPbIX MHTErpan
KBagpaToB AaBneHWs B UMNYNbCE NagaeT Ha kakoe-nubo onpefeneHHoe 3HavyeHue OT ero MakCumyma Ha
OCM My4Ka (CM. PUCYHKN 4 1 7).

MpuMeyaHune — Kak npaBuno, WKUPUHY NyyYKka onNpeAensiioT Npu yPoBHAX cnajaHus, paBHbIX MUHYC 6 Ab,
muHyc 10 aB n munyc 20 gB ot makcumyma. Jeunbensl BuuucnsAoT kak 10 norapudMoB OTHOLIEHWUA UHTErpanos (CM.
PUCYHOK 7).

4.2.15 cpokanbHaa nuHUA no wupuHe nyyka (beamwidth focal line): JNluHuA, nepneHaukynspHas K
OCM nyyka U npoxoasLias yepes (POKyC nyyka B Kakoi-nmbo onpeaesieHHON NPOAOSILHON MOCKOCTU (CM.
PUCYHOK 7).

4.2.16 ¢pokyc no wmpuHe nyuka (beamwidth focus): Touka Ha ocu ny4dka, AN KOTOPOW LUMPUHA NyYka
Ha ypoBHe MUHYC 6 AB, namepeHHasa nepneHAnKYNAPHO K OCU U B Kakoi-nmbo onpeaeneHHoOn NpoaonbHON
NAOCKOCTU, MUHUMArbHA. [pu ABYXMEpHOW (POKYCMPOBKE, T.€. MPU UCNONb30OBAHUN PA3NUYHBLIX NPOAOSIb-
HbIX NMOCKOCTEN, 3HAYEHUS LUIMPUHBI My4YKa MOTyT ObiTb B 06LEM Ccriyyae pa3nuyHbl (CM. PUCYHOK 7).

4.2.17 cpegHaAa TOYKa No wMvpuHe nyvka (beamwidth midpoint): JluHenHoe ycpeaHeHue nonoxeHun
LIEHTPOB 3HAYEHUIA LUMPUHBI MYYKaA B MIIOCKOCTH, BbINOMHAEMOE MO OONbLLIOMY KOMMYECTBY YPOBHEN LLMPUHDI
ny4ka, HaCKONbKO NO3BONSET YPOBEHb CUrHANa, Kak 310 npeacraeneHo B Tabnuue B.2 (npunoxexue B).

4.2.18 wmpokononocHbii curHan (broadband signal): CurHan ¢ npoLeHTHbIM Coaep>XKaHUEM ero yac-
TW, onpeaensieMol YPOBHEM CHWXeHus B MUHYC 3 aB, bonbluen, yem 25 %, rae nNpoueHTHOe coaepXKaHue
YacTU LUMPMHLI NOMOCHI ONPEeAEeneHO KaK LUMPUHA MONOoChl, YMHOXEHHAsA Ha 100 u aeneHHasa Ha cpegHe-
apupMeTUYeCKylo 4aCcTOTy aKyCTUYECKOro BO31EUCTBUA.

4.2 19 curHan HenpepbIBHOM BOJHbI (continuous-wave signal): MoHoxpomaTuueckui (T. €. ogHovac-
TOTHbIW) CUrHanN, He MOAYNUPOBAHHbLIA MO aMNNUTYAeE.

4.2.20 kpuBonuHenHan pewetka (curvilinear array): Pewetka unu rpynna 31eMeHTOB ynbTpa3ByKo-
BOro npeotpasoBarens, COCTOSALLAA M3 LENOYKU SNMEMEHTOB yNbTPa3BYKOBOro npeobpasosarensi, pacnono-
JKEHHbIX HA KPMBONMHENHON MOBEPXHOCTU, KOTOPbIMKU JONYCKAETCA YNPAaBMsATb 3MEKTPUUYECKN ANA U3MeHe-
HUS1 XapaKTePUCTUK aKyCTUYECKOro nyyka n/unu ero HanpasneHus.

4.2.21 rmny6una nonsa (rnybuHa cdokyca; dokanbHasa rnyGuHa; rnybuHa cdokanbHoin 30Hbl) (depth-of-
field, depth-of-focus, focal depth, focal zone depth); Apor, M: PaccTtosHue mexay AByMsi TOMKaMu BAOSb OCH
nyyka B Kakon-nmbo o6ycnoBneHHOW NpoAONbLHOM NIOCKOCTU, ONpeaensemMbiMU UX MECTOMONOXEHNEM KakK
nepea oKyCcoM nyyka, Tak U 3a HUM, AN LUMPUHBI NMy4Ka HA YPOBHE MUHYC 6 AB, YMHOXEHHOE Ha k03 du-
LIMEHT, PaBHbIN 2.

MpuMeyaHue —lpu NPOSKTUPOBAHUN, ECIIN MEXAY (POKYCOM Ny4Ka U NNOCKOCTLIO anepTypel Npeobpaso-
BaTens OTCYTCTBYET Takasi TOuKa, TO /NS onpeAeneHus ryOuHb NONs co CTOPOHLI NpeoGpasoBaTens BLIGUPaloT TOUKy
B NIOCKOCTYU anepTyphl NpeobpasoBatensi. [py U3MEPEHUsIX, eCnn Mexay ¢OKYCOM Ny4Ka W NAIOCKOCTLIO anepTypbl Uc-
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TOYHUWKa OTCYTCTBYET Takas Touka, TO Ans onpeaeneHnsa rmyGuHebl Nonsi co CTopoHbl NpeobpasosaTtens BbIGUPaoT TOUKY
B NIIOCKOCTW anepTypbl UCTOUYHUKA (CM. PUCYHOK 7).

4.2.22 noBepxHocTb adpdekTuBHon okycuposku (effective focusing surface): MNMosepxHocTb, on-
peaenseMas NOCTOsiHHONW dha3oi (CurHana), kpas KOTOpoin COBMAaAaloT ¢ KpasMu anepTypbl npeobpasosare-
ns.

MpumedvaHune — [ANA pelleTOK NOBEPXHOCTbLIO C NOCTOSHHOW ha3oi CNyXUT NOBEPXHOCTb, 06pa3oBaHHas
MNPy OAHOBPEMEHHOM BO3OYXASHUN KaXAO0ro sneMeHTa peleTku TakK, YTobbl o6ecneunTh hOKYCUPOBKY NyyKka U ynpas-
NATb NUHUSAMU CKaHUPOBAHWS.

4.2.23 acpcekTuBHan gnuHa akyctuvyeckoro nytu (effective path length) de, M: PaccrosHue, aksu-
BaneHTHOe 00Len ANUMHE aKyCTUYECKOro NyTu (Mexay kakon-nubo o6yCnoBneHHOW TOYKOM NOMs U Kakou-
nubo 0OYyCrNOBNEHHON TOYKOW Ha NOBEPXHOCTU 3hheKTMBHOTO hoKycupoBaHusi npeobpasosarens). Ecnm
npeobpa3oBaTent UMEET MMH3Y, TO MyTb B NIMH3E, KaK YacTb OOLUEro nytu, cneayet yMHOXUTb HA OTHOLLE-
Hue ¢, /c., rae ¢, — CKOPOCTb 3BYKa B NIMH3E, a ¢, — CKOPOCTb 3BYyKa B BOAE (M3MEPUTESNBbHON Cpeae).

MpumMedaHune — B GonbLUMHCTBE Cry4YaeB 3TO ONpejeneHue NnpuMeHMMo ansa npeobpasoBareneil U3BecT-
HO KOHCTPYKUMU, B NPOTUBHOM crniydyae 3hdEKTUBHYIO ANUHY aKyCTUYECKOro NyTU M3MepsAtoT Mo 3ajepXKKe BpeMeHM
NPOXOXAEHUA curHana Mexay AByMA o6yCrnoBneHHbIMW Bhille TOYKaMU U pasgensioT 3To BPEMSA Ha CKOPOCTb 3ByKa B
BOAE (M3MepuTenLHo cpeae).

4.2.24 adppekTuBHan anuHa BonHel (effective wavelength) A, m: MpoagonbHas ckopoCTb 3ByKa B cpe-
[le pacnpoCTpaHeHusl, AENeHHasn Ha cpefHe-apuPMEeTUHECKYIO YaCTOTy aKyCTUYECKOrO BO3AENCTBUS.

4.2.25 TonwuHHaa ocb (elevation axis): JluHuA, nexawas B NNOCKOCTU anepTypbl UCTOUHUKA (NMOC-
KOCTM W3MEPEeHUs) unu B NNOCKOCTU anepTypbl NpeobpasosaTtens, NepneHANKYNsAPHAn K a3uMyTanbHOW ocu
(CM. PUCYHOK 7).

4.2.26 TonwuHHaA NNockocTb (elevation plane): MnockocTs, coaepxaluas TOAWMHHYIO OCb U nep-
NeHAMKYNApHasa K a3uMyTanbHOi Ocy.

4.2.27 BHewHAs anepTtypa npeoGpasoBaTtens (external transducer aperture): YacTb noBEpXHOCTU
yNnbTPa3BYKOBOrO npeobpasoBaTens unu rpynnbl SNEeMEHTOB YMNbTPa3ByKOBOrO npeobpasoBartens, uany-
yaroLjas ynbTpasByk B Cpeay pacnpoCTpaHeHWs U AOCTYNHAas ANns M3MEPEHUn C NMOMOoLbio ruapodoHa B
BbIOpaAHHOW cpefe pacnpocTpaHeHus (kak npaBuno, BOAE) (CM. PUCYHOK 2).

4.2.28 yucno f; F, (f number): OTHOLWEHWEe reoMeTpruyeckoro (poKyCHOro pacCTOsIHUS K LUMPUHE anep-
Typbl NpeoBpasoBaTens B kakon-nnbo 06yCnoBneHHo NPOAONbHON NIIOCKOCTH.

4.2.29 panbHee none (far field): AkycTuyeckoe (3ByKOBO€) Mosie Ha PacCTOAHUAX OT YNbTPa3BYKOBOrO
npeobpasoBaTens, Npu KOTOPLIX 3HAYEHUS MTHOBEHHOIO akyCTMYECKOTO 1aBNeHua u konebarensHOn CKopo-
CTM YacTuL B CYLLECTBEHHOW CTENeHn coBnagatoT no dase (cMm. MAK 60050 u M3K 61102).

4.2.30 panbHaa 30Ha Ppenens (far Fresnel zone): O6nactb 3a dokanbLHON 30HOK PpeHena ana ¢o-
Kycupyowmx npeobpasoBarenen B kakon-nnbo 06ycnoBneHHON NPOAOSIbHON NAIOCKOCTHU.

MpumedaHue — Ecnn reometpudeckoe pokycHoe pacctosHue 6onblue Peneesckoii AnWHLI, TO JanbHel
30Hbl PpeHens He cylecTByeT (CM. pucyHku 3b u 6).

4.2.31 panbHui nepexogHbiit uHTepBan (far transition distance) zgrp, M: Hanbonbliee paccrosiHue
OT yNnbTPa3BYyKOBOro npeobpasoBartensi, HA KOTOPOM MOAYNb Pa3HOCTU MEXAy anepTypPHOIl Pa3HOCTLIO aKy-
CTMYECKOro MyTU N OCEBOI Pa3HOCTLIO aKyCTUYECKOrO NyTW paBeH NnonoBuHe 3¢hMEKTUBHON ANUHBI BOMHbI.

MpumeuaHune — [danbHuit nepexofHblit UHTEPBaN AaH B ypaBHeHUU (4) (cM. npunoxeHue A U pucyHok 3b).

4.2.32 ¢pokanbHan 3o0Ha PpayHrogepa (focal Fraunhofer zone): O6nactb BAONbL 0CU Ny4yka, nexa-
LasA mexay OnmKHUM nepexoHbIM UHTEPBANOM M AanbHUM NEPEXOHbIM MHTEPBANoOM U Ans (hokycupylo-
Lwmx npeobpasoBaTenei 9KBUBaNeHTHas 06nacTu ynbLTpa3BykoOBOro Monsi OKONO reomeTpuyeckoro okyca B
Kakon-nubo BbIGPaAHHOM NPOAONLHON MMOCKOCTM, KOrAa 0CEBasA Pa3HOCTb aKyCTUYECKOro MyTU HaXoAWUTCH B
npegenax NofOBUHbI ANWHbI BOSHbI anepTypHOWU Pa3HOCTHU aKyCTUYECKOro MyTu.

MpumeuaHue —IllogpobHocTn aToro onpefeneHns NpMBeAeHsbl B NPUNOXEHUN A (CM. pucyHku 3b 1 6).

4.2.33 cdokycupyrowun npeodpasoBartenb (focusing transducer): 3nekTpoakyCcTu4ecKkoe yCTPOMCT-
BO, FeHepupyioLlee Ha HEKOTOPOM PACCTOSIHUM, MEHBLLIEM MOMOBMHbLI NEPEX0AHOr0 UHTepBana oT anepTypbl
UCTOMHMKA B MPOAOSIbHOM MIIOCKOCTU, MY4YOK, LUMPUHA KOTOPOro (Mo ypOBHIO cnajaHus A0 MuHyc 6 ab)
MEHbLLE NONOBUHbI LUMPUHBI anepTypbl MCTOYHMKA (MO YPOBHIO cnaganusa A0 MUHyC 20 ab B 3TOW e nnoc-
KOCTH), M3MEPEHHOI Kak MOXHO Grvke K ynbTpa3BykOBOMY npeobpasosarenio.
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MpumMmeyvaHune — MNpu NpoeKkTUpOBaHUKM OKYCUPYIOLWWIA NpeobpasoBaTenlb — 3TO 3MNEKTPoaKyCcTUYeckoe
YCTPOICTBO, reHepupyloLLee Ha HEKOTOPOM PacCTOSHUM, MEeHbLUEM MOMOBUHBLI MepexXofHOro UHTepBana oT anepTypbl
npeobpasoBaTens B NPOAOMLHON NNOCKOCTH, NYYOK, LUIMPUHA KOTOPOro (Mo YPOBHIO cniafaHnsa A0 MUHYC 6 AB) MeHbLue
MOJTOBMHEI LUMPWHEI anepTypkl NpecbpasoBaTtensi (B 3TON Xe MIOCKOCTH) (CM. PUCYHOK 7).

4.2.34 30Ha ®payHrodepa (Fraunhofer zone): na Hedokycupyiowero npeobpasoeartens 910 06-
nactb 3a PeneeBckon AnNWHOW OT anepTypbl npeobpasoBaTens B Kakon-nubo BbIOpPaHHON NPOAONLHON
NMOCKOCTM (CM. PUCYHOK 3a).

4.2.35 30Ha ®peHens [onuxkHee none] (Fresnel zone — near-field): [ina Hedokycupytowero npeo6-
pasoBartensa obnactb B npeaenax PeneeBckow AnuHbI OT anepTypbl npeobpa3oBartens B KakoW-nubo Bbl-
OpaHHO NPOAONbLHON MIOCKOCTM (CM. PUCYHOK 3a).

4.2.36 reomeTpuyeckue rpaHuubl nyyka (geometric beam boundary): NoBepxHoCTb, coaepxawian
NpAMbIE MUHWUU, MPOXOASALUME Yepes reoMeTpuydeckuii (PoKyC u BCE KpaiHUE TOYKM anepTypbl npeobpasosa-
Tena (CM. PUCYHOK 5).

MpumeyaHue — 3To onpefeneHne NPUMeHUMO ANs YNbTPa3sBYKOBLIX NpecGpa3oBateneil U3BeCTHOI
KOHCTPYKL{UM.

4.2.37 reomeTpuyeckoe ycuneHue B pokyce (geometric focal gain) Gica: B Cniyvae, koraa reomer-
pudeckne HOKyChl Ans BCEX NPOAOMbHLIX NIIOCKOCTEN COBNAaailoT ApYr C APYrOM, — 3TO KOpPEHb KBaapaT-
HbI U3 OTHOLLUEHWS UHTEerpana KBagparoB AaBfIeHUS B UMNYIbCE B FeOMETPUYECckoM hoKyce U yCpeaHEHHO-
ro MHTerpana KkeagpartoB JaBfieHMA B UMNYNbLCE, B3ATOrO MO BCEW anepType npeobpasoBaTtens. [Ana Heano-
OU3MpOBaHHbIX Npeobpa3oBarteneii reoMeTpu4eckoe ycuneHue B hokyce TeopeTmiecku paBHO OTHOLLEHUIO
nnowiagm anepTypsl npeoBpasoBaTensi K NPOU3BEAEHUID TEOMETPUYECKOr0 (POKYCHOTO paccTosiHus u ad-
PEeKTMBHOW ANWHBLI BOSHbI. OnA anoan3MpoBaHHOIO KPYriioro CUMMETPUYHOTO UCTOYHMKA FEOMETpPUYECKoe
ycunexnme B Pokyce paBHO Gigea = T Z7 /Fgeo C MEPEXOAHBIM MHTEPBANOM, ONPEAENneHHbIM ANA anoansaumn.
Ona Heanoan3upoBaHHbIX npeobpasoBaTenei, y KOTOpbIX DOKYCbl B Pa3fiMYHbIX MPOAOSbHBLIX MAOCKOCTAX
He coBnajaloT Apyr ¢ APYrom, reoMeTpu4eckoe ycuneHue B gokyce aonyckaeTcsl onpeaenntb Ana Kakon-
nubo BbIOPAHHOW NMPOAONLHOM MMOCKOCTM Kak OTHOLUEHME LUMPMHBI anepTypbl npeobpasosatens B 3TOW
NAOCKOCTW K KBAAPATHOMY KOPHIO U3 NPOU3BEAEHUA 3DEKTUBHON ANUHBI BOSIHBI U FEOMETPUYECKOTO ¢ho-
KYCHOro paccTosiHMsl B 9TOW e NNOoCKOCTU. B cnyyae anoausaumm B kKakon-nmbo BbIGpaHHOM NPOAONbHOMN
N0CKOCTU U ANA NPSIMOYronbHOro npeobpasoBarens ¢ LUMPUHON anepTypsl npeobpasoBatenst L1a reomeT-
puyeckoe ycuneHue B dhokyce

Grocal = \7er /Fgeo ,

roe zry — MepexoAHblil MHTepBan, onpeaeneHHblit Ana npeobpasosatenei ¢ anoausaumen. ObLee reo-
METPUYECKOE yCUNEHUE B (DOKYCE BLIPAXKAIOT KakK NPOU3BEAEHUE 3HAYEHUI TEOMETPUYECKOTO YCUIIEHUS B
dokyce B KaxkOON NMOCKOCTU, ECNU reoMeTpudeckue hoKyCHble pacCToOsHUA COBMaAaloT Apyr C APYroM. 310
NPUMEHUMO K NpeobpasoBaTensam U3BECTHbIX KOHCTPYKLUNA.

4.2.38 reomeTpuyeckoe hokycHoe pacctosHue (geometric focal length) Fy,, M: Paccrosumue ot
reoMeTpu4eckoro ¢pokyca 40 nNoBepxHOCTU adphekTMBHON DOKYCUPOBKM yNbTPa3BykoOBOro npeobpasoBare-
na (CM. TepMuHbl: 3dpPeKTUBHAA ANMHA aKyCTUYECKOro MyTU, NOBepPXHOCTb 3 (PeKTUBHOU (hOKyCH-
POBKM 1 PUCYHOK 5).

MpumeyaHune — 3To onpeaeneHne NPUMEHUMO NS YNbTPa3BYKOBEIX NpeoGpa3oBaTeneil U3BECTHON KOH-
CTPYKLUM.

4.2.39 reomeTpuyeckuin pokyc (geometric focus): Touka, Ans KOTOpPoil Bce 3DAEKTUBHBLIE ANUHBI
aKyCTMYECKOTO MyTW B KaKOW-NUBO BbIBPAHHON NPOAONLHOW MMOCKOCTU PaBHbI, T. €. TOYKA, B KOTOPYIO BCE
BONHbI OT Npeo6pasoBaTens AOMKHbI MPUXOAUTL C OAHON W TOW K& 3a[EpPXKKOi, YTO BEPHO ANS reOMeTpu-
YeCKOMN akyCTuku, npeHebperawowein aAndpakuMoHHbIMU 3PdEKTaMU.

4.2.40 reoMeTpUYECKUIA NUHelHbIA PoKyc (geometric line focus): NuHMA, Ana KOTOpon Bce addpek-
TUBHbIE ANIMHBI aKyCTUYECKOro MyTU CYLLECTBEHHO paBHbl BO BCEX MIIOCKOCTAX, NEPNEHAMKYNAPHLIX K 9TOW
NUHUKN (CM. PUCYHOK 8).

4.2.41 reomeTpnueckun cdepuyeckun pokyc (ToueuHblit okyc) (geometric spherical focus): eo-
MeTpuyeckuin pokyc manydarowen unu addpekTneHo hoKycupytoLe NOBEPXHOCTM Cchepuyeckoro ynbTpa-
3BYKOBOro npeobpasoBarens (unu otTpaxarensi) (CM. PUCYHOK 8).
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4.2 42 nuneinan pewertka (linear array): pynna aneMeHTOB ynbTPa3ByKOBOro npeobpasosartens ¢
3NIEMEHTaMM, U3nyyaioLwas noBepxXHOCTb KOTOPbIX NEXUT B OAHON U TOMW XX€ NMOCKOCTU WUIMU UMauHapUde-
CKOI NOBEPXHOCTM U 3neKTpuyeckoe BO3BYXxaeHne KOTOpbix 06ecnevnBaeT yrpaeneHne xapakrepuctukamu,
NOMNOXEHNEM U/MNKN OTKNOHEHMEM aKyCTUYECKOro nyyka.

4.2.43 npogonbHaa nnockocTb (longitudinal plane): MnockocTb, BkovaioLwas B cebs 0Cb ny4ka u
KaKy0-nnmbo BbIOpaHHYIO OPTOrOHAsbHYIO K HEW OCb (CM. PUCYHOK 7).

4.2 44 ectecTBeHHOE (poKkyCcHOe paccTtosiHue (natural focal length) Fraur, M: Paccroanue ot ecrecr-
BeHHOro ¢hokyca A0 achdhekTUBHO hOKyCUPYIOLLIEN NMOBEPXHOCTU YNbTPA3BYKOBOro npeobpasosarens.

4.2 .45 ectecTBeHHbIN (pokyc (natural focus): Obnactb Ha 0CU Ny4ka B KakoW-nubo BbIGPAHHOW Npo-
NOMbHOW NIOCKOCTU, rAe none Hed)OKyCUPYIOLLEro ynbTPa3ByKOBOro npeobpasosarens uMeeT MUHUMArb-
HYIO LUMPUHY Ny4yKa Ha YPOBHE MUHYC 6 ab.

MpumeyaHune — B ngeanbHbiX YCrOBUSAX MECTOMOMOXEHWE 3TOro poKyca COOTBETCTBYET NepexofHoMy
UHTepBany Ans KpyriblX CUMMETPUYHLIX Npeobpa3oBaTeneil U NpubnuxaeTca K NepexogHOMy UHTepBany AnNA npeob-
pasoBarenei Apyroi reoMeTpuu.

4.2 46 onmkHee none (near field): TepmuH, ncnonb3yemsliii AN HECHPOKYCUPOBAHHOTO MO, SKBUBA-
TNEHTHbINA 30He dpeHens.

MpumeyaHue — 370 onpeaeneHne oTnMyaeTcs ot NpueegeHHoro 8 MOK 61102.

4.2 47 onuxHaa 30Ha Ppenena (near Fresnel zone): O6nacte MexXxay ynbTpassykoBbIM npeobpaso-
BaTenem u GnKHUM NEPEXOHbIM MHTEPBANOM AN YNbTPa3BYKOBOro (hoKycupyioLlero npeobpasoparens B
Kakon-nubo BbIOPaHHOW NPOAONBLHON NNOCKOCTHU [CM. pucyHOK 3b u BeipaxeHnue (3)].

4.2 .48 onuxHUI NnepexoaHbIn uHTepBan (near transition distance) zyrp, M: WHTepBan, bnvxkanmi k
ynbTpa3sBykoBOMy npeobpasoBaTenio, Ha KOTOPOM MOAYMNb Pa3HOCTM MexXay anepTypHON pa3HOCTbIO aKy-
CTMYECKOro MyTU U OCEBOW PA3HOCTbIO aKyCTMHYECKOro NMyTU paBeH MONoBUHE 3h(DEKTUBHON ANUHBLI BOSHbI
[cm. pucyHok 3b, BbipaxkeHue (3) n npunoxeHune A].

4.2 49 Hedokycupyrowmin npeodpasosarenn (non-focusing transducer): YneTpa3sykoBoi npeobpa-
30BaTenb, MO KOTOPOro He COOTBETCTBYET KpuUTeputo aAnst hokycupylowero npeobpasosarensi (CM. pucy-
HOK 3a).

4.2.50 napameTp HenuHeMHOCTH pacnpocTpaHeHus (non-linear propagation) cn: Koadpdpuuyment,
MO3BONSAIOLLMIA NPeAcKasaTh HENMMHENHbIE NCKAXKEHUs1 YNbTPa3BYKOBOrO CUrHana ans kakoro-nu6o sbibpaH-
HOro ynbTPa3ByKOBOro npeobpasosarterns.

4.2.51 HopMmupoBaHHoe (hpokycHoe pacctosHue (normalized focal length) Fnom: MNpu npoekTupoBa-
HUM npeobpasoBartens B JaHHOW NPOAONLHON MMOCKOCTM reomeTpuveckoe (POKYCHOE pacCTosiHWUe, AeneH-
HOE Ha NepexoaHbIi MHTepBan.

4.2.52 xoMneHcupoBaHHoOe pacctosiHue (offset distance) dypset, M: PaccTosHne mexay nnocKOCTbiO
anepTypbl UCTOYHMKA B YCTPOWCTBE M BHELUHEN anepTypoil npeobpasoBaTens, U3MEPEHHOe BAONb OCU MyY-
Ka (CM. PUCYHKM 7 U1 9).

4.2.53 chasuposaHHas pewetka (phased array): Mpynna sneMeHTOB ynbTpa3BykoBoro npeobpasosa-
Tens, COCTOALLAsA U3 3NeMEHTOB, BO3BYXK4aeMblX dMeKTpUYeckn onpeaeneHHsiM 0bpa3oM, ¢ Lenbto ynpas-
NATb XapaKkTepucTUKaMmn U HanpaBIeHUEM aKyCTUHECKOTO My4Ka.

4.2.54 pbokanbHasa nnowaab no gasneHuro (pressure focal area) Ape, M2 Mnowaab nyvka Ha ypos-
He MuHYC 6 AB Ha paccTosiHUM, paBHOM (DOKYCHOMY PaCCTOSIHUIO MO AaBJIEHUIO.

4.2.55 ycunenue no gasneHuto B pokyce (pressure focal gain) Gyrocai: KOpEHb KBAAPATHLIN U3 UHTE-
rpana KBaapaToB JaBrieHusi B UMNynbce B (OOKYCe MO AaBMEHUIO, AENEHHbIN HA KOPeHb KBaApaTHbIN U3 WH-
Terpana KBagpaToB [1aBNEHUs, yCPEAHEHHOrO MO anepType UCTOYHUKA.

4.2.56 ¢okycHoe paccTosiHue no AaeneHuto (pressure focal length) Fpes, M: PaccTosiHue oT mmnoc-
KOCTW anepTypbl NnpeobpasoBaTens (Npu NPOEKTUPOBAHUM) UMM MIIOCKOCTM anepTypbl UCTOYHUKA (NPU u3me-
peHusx) 40 MecTononoxeHus okyca rno AaBneHuio, rae MHTerpan KBagpaToB JaBfeHNS B UMMYNbCE UMEET
MakcuMarnsHoe 3HaJYeHue B nNpeaenax BCcero nons.

4.2.57 dpokanbHasa nnockocTb No gaBneHuto (pressure focal plane): MnockocTb, nepneHankynApHas
K OCH NMy4Ka u cogeprawiaa okyc no AaBfeHUIo (CM. PUCYHOK 9).

4.2.58 pokyc no gasneHuto (pressure focus): Y4acTok nons ¢ MakCUmarnbHbIM 3HAaYEHWEM MHTerpana
KBaApaToB AaBMEeHNUs1 B UMMyNbce (CM. PUCYHOK 9).

4.2.59 rmaBHaa npoaonbHaa nnockocTkb (principal longitudinal plane): Nnockoctb, coaepxatuas ocb
MyyKa U TOYKY C MUHUMArbHBIM 3HAYEHWEM LUMPUHBI MYyYKa HA YPOBHE MUHYC 6 aB.
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MpuMedaHune —[nNA NpAMOYronbHbLIX yNbTPas3BYKoBLIX NpeobpasoBaTerieil 9TO MIOCKOCTb, NapannensHas
UX ANIMHHOW CTOPOHE (CM. PUCYHOK 7).

4.2.60 uHTErpan KesagparoB AasneHUAa B uMmnynsce ¢ (pulse-pressure-squared integral) p;, Ma’ Wu-
Terpan no BpEMEHU OT KBaApaTOB MIHOBEHHOTO aKyCTMYECKOro AAaBJIEHUS B Kako-nmbo onpeaeneHHon Toy-
Ke aKyCTMYEeCKOro nons B npeaenax BOAHOBOW (pOpMbl akyCTU4eckoro umnynbca (cMm. MOK 61102).

MpuMedaHUe — [NA HeNpepbIBHO-BOMHOBOIO CUrHana WHTerpas KBafipaToB AaBNEHNS B UMNyNbCe paBeH
KBafpaTy CpefHEKBaAPATUYHOTO AaBNEHUA 3a nepnod T, T. €. pi= T Pums-.

4.2.61 PeneeBckasa gnuHa (Rayleigh length): SkBuBaneHTHan nnowaab anepTypbl yNbTPa3ByKOBOro
npeobpasoBartens, AeneHHaa Ha 3hEKTUBHYIO ASIMHY BOSMHbLI A, B KakoW-nuGo BbIGPAHHOW NPOAOSLHOW
NA0CKOCTH, UCTIONb3yeMas Npu NPOEKTUpoOBaHuK npeobpasosarens.

n punMmevYyaHUNe — Peneesckas gnuHa paBHa nepexogHoOMY UHTepBany, YMHOXXEHHOMY Ha 7.

4.2.62 nuHUA cKkaHuMpoBaHuA (scan line): [na cuctem aBToOMaTU4ECKOro CKaHUPOBaAHUA OCb Myyka
AN Kakon-nnbo KOHKPETHOWM FPYNNbl 9NEMEHTOB YNbTPa3ByKOBOro npeobpasoBaTtens unu aAna kakoro-nubo
KOHKPETHOro BO30YXAEHWUA YnbTpa3BykOBOro npeobpasoBaTtens unu rpynnbl 351EMEHTOB YNbTPa3ByKOBOIO
npeobpasoBarens.

MpumMmeyaHune — 3T0 onpeaeneHue cosnagaeT c onpeaeneHnem, AaHHeiM B MOK 61102, 3a UCKNioYeHeM
TOro, YTO BMECTO TEPMUHA «OCk PacrnpoCTpaHEHNs Ny4Yka» B HACTOSLWEM CTaHAapTe UCNOMb3yeTcA TEPMUH «OCb My4-
Ka».

4.2.63 nnocKocTb CKaHUPOBaHUA (scan plane): [ina cucreMm aBTOMaTUYECKOro CKAHMPOBAHMUS NNOC-
KOCTb (MM NOBEPXHOCTb), COAEMKALLAA BCE NIMHUM YNbTPa3ByKOBOro ckaHuposaHua (cm. MOK 61102).

4.2.64 Tun curHana (signal type): PasaeneHue BOMHOBbLIX hOPM aKyCTUYECKOr0 MMMNYNbCa Ha TUMbI:
HenpepbIBHO-BONHOBOW CUrHAMN, TOHANbHO-MMNYNbCHbIA CUTHAM U LUMPOKONOMOCHbIM CUrHANM.

4.2.65 anepTtypa uctouyHuka (source aperture) Asaer, m?: OKBMBareHTHas aneprypa ynbTpa3ByKkoBOro
npeobpasoBaTenss HEM3BECTHOW KOHCTPYKLMUM, M3MEPEHHasi NO NNOLAaAM KOHTypa C MHTerpanamu Ksagpa-
TOB JaBMEHUss B UMNYNbCe Ha YPOBHE MUHYC 20 4B B M3MEpPUTENbHOM NMOCKOCTK (MIIOCKOCTU anepTypbl UC-
TOYHMKA), N0 BO3MOXHOCTU Haubonee ONM3Ko pacnonOXeHHOW K BHELLHENW anepType npeobpasoBaTtens (CM.
PUCYHOK 7).

4.2.66 ycpeOgHeHHbIV NO anepType UCTOYHMKA MHTerpan KBagapaToB AaBrneHua (source aperture
average pressure-squared integral) Ppomin, 11a°-C: MIHTErpan KBaapaToe AaBNEHUS B UMNYNbCE, YCPEAHEH-
HbIA MO NOLLAAN NyvKa Ha ypoBHE MUHYC 20 AB B NNOCKOCTU anepTypbl UCTOMHUKA.

4.2.67 nNOCKOCTb anepTypbl UCTOYHUKA (Source aperture plane). UsmeputenbHaa NAOCKOCTb, MO
BO3MOXHOCTW Hambonee GnvM3k0 pPacnonoXeHHasl K BHELLHEW anepTtype npeobpasoBaTens v nepneHauky-
NAPHAasa K OCK ny4ka (CM. PUCYHOK 2).

4.2.68 wmpuHa anepTypbl UCTOYHUKA (Source aperture width) Lsa, M: HanGonbluan wupuHa ny4vka Ha
ypoBHe mMuHyc 20 aB B kakon-nmbo o6yCrnoBREHHON MPOAONbLHON MAOCKOCTU BAOMb NUHUM MEepeceyeHus
3TOW NPOAONbLHOW NIOCKOCTU M MAIOCKOCTM anepTypbl MCTOUYHMKA (CM. PUCYHOK 2).

4.2.69 oTknoHeHHbIN Ny4ok (steered beam): YnbTpa3sykoBOe nore, B KOTOPOM OCb My4Ka HaMepeH-
HO He cOoBMajaeT C OCbio, NePnEHAUKYNAPHON K NIIOCKOCTHU anepTypbl npeobpasosarens.

4.2.70 TOHanbHO-UMNYyNbCHbIA curHan (tone-burst signal): MMnynbc ¢ 4yacToTHOW NOMOcon (Ha
ypoBHEe MUHYC 3 AB), meHbLien 25 %, B KOTOPOM NPOLEHTHasA AO0MA YaCTOTHOW NONockl (Ha ypoBHE MUHYC 3
Ab) onpeaeneHa kak 4acToTHasA nonoca, yMHoOXeHHasa Ha 100 u geneHHas cpeaHeapuddMEeTUYecKylo 4acTo-
TY aKyCTUYECKOTO BO3AENCTBUS.

4.2.71 nnowage aneptypbl npeobpasoBatens (transducer aperture area) Asa, M2 SdhekTnBHas
Unu 3ajasaemMas nnoLajb akTUBHOW M3NyYatoLeii Yactu ynbTpasByKoOBOro npeobpasoBaTtens B NiocKOCTH
anepTypsl npeobpasosarens.

4.2.72 nnockocTb anepTypbl npeo6pasoBatensa (transducer aperture plane): Mnockocts, opToro-
HarnbHasa K OCU HEOTKMOHEHHOro ny4vka U hU3M4ecKkn NpumblKaoLas K ynbTpasBykoBoOMy npeobpasoearento
(cMm. pucyHok 9b).

MpuMeyYaHMWe — [Ins nrockoro ynesTpasBykoBoro npeobpasoBaTens aTa NOCKOCTb COBMNaAaeT C ero Uany-
Yatollieil NOBEPXHOCTLIO; A BOTHYTOrO UMW KPUBOMWHelHOro npeoBpasoBaTens 3Ta NiockoCTk MPUMBLIKAET K KpasMm
nanyvatoLei NOBEPXHOCTH; AN BhIMyKroro npeoGpasoBaTens aTa NMOCKOCTb COMpUKacaeTcs ¢ LIGHTPOM U3nyyatoLeil
NOBEPXHOCTU B TOUKE KOHTaKTa C Heil.
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4.2.73 anepTypHasa pnanbHOCTb npeobpasoBaTens (transducer aperture plane distance) Dar, M: Pac-
CTOsIHUE MeXaY reoMeTpu4ecknmM oKyCoM M NAOCKOCTbLIO anepTypbl NnpeobpasoBatens (CM. pUCYHOK 5).

4.2.74 wupuHa anepTypbl npeobpasoBatensa (transducer aperture width) Lta, m: MonHasa wupuHa
anepTypbl npeobpasosartens BAONb KakOM-nnmbo BbIOpaHHON OCU, NEPNEHANKYISIPHON K OCU HEOTKINOHEHHO-
ro nyyka (CM. pucyHok 5).

4.2.75 nepexoaHbiit nHTepBan (transition distance) zr: SkBMBaneHTHas Nnowajb anepTypbl ynbTpa-
3BYKOBOro npeobpasoBartens, geneHHas Ha © U 3pEeKTUBHYIO AMNMHY BOMHbLI A, B Kakoi-nmbo BbIBpaHHOM
NPOAOMbLHON MMOCKOCTU, UCNOSNb3yeMas Npu NPOEKTUPOBAHUU Npeobpa3oBaTens; NpU U3MEPEHUSX 3TO K-
BUBANEeHTHasa nnowaab anepTypbl UCTOYHUKA, AeNeHHAda Ha 1t U 9AEKTUBHYIO ANUHY BOMHLI A. [1ng Heano-
AW3NPOBAHHOIO YNbTPa3BYKOBOrO npeobpasoBaTens ¢ KpyroBo CUMMETPUEN OTHOCUTENBLHO OCU Myyka 9kK-
BMBANEHTHas Nnowaab pasHa na“, rae a — paguyc, a crieoBaTenbHO, NepexoiHbli MHTEpPBAN paBeH Zr=
a’l\. Ons npAMOYronbHOro ynbTpasBykoBOro rnpeobpasoBaTensi OTHOCUTENBHO OCU MydKa 3KBUBANEHTHast
nrowiaab pasHa LTAZ, rae Lta — wupuHa anepTg/pbl npeobpasoBarens B NPOAONILHON NnockocTu. Cnegosa-
TEeNbHO, NEPEXOAHbIN UHTEpPBan paBeH zr= L1a “/(mA). MNpyU U3MEepPEHUSIX UCTIONb3YIOT LUMPUHY anepTypbl UC-
TOYHUKA B 3TOW MIIOCKOCTU, U TOoraa z1= Lga 2/(7:)\). (CM. pucyHok 3a.)

MpuMmevyaHuns

1 Ons anogmanpoBaHHbIX Npeobpa3oBaTteriel ¢ CUMMETPUYHOW OAHOPOAHOW anogusauuei unu gyHKLnein Base-
wunsanus W (HopMUpOBaHHON MO MakCUManbHOMY 3HavYeHuo konebaTenbHOW CKOPOCTU Ha MOBEPXHOCTU) MOryT BbITb
3anucaHbl cneaytowne BoipaXeHus Ana NepexofHoro MHTepeana:

Onsa kpyrnbIX CUMMETPUYHBIX Npeobpa3soBaTteneil ¢ paguycoM a akTMBHOIO afieMeHTa

2\%
zr = [XJIW(r)rdr )
0
Ana npamoyronbHoro npeobpasoBaTens ¢ U3NYECKoN ANUHON anepTypbl L B 3ajjaHHOK NPOJOSLHOR MIOCKOCTH
4 L/2
zr = [—J j W(x)dx
ma )| g

2 [ns npeobpa3oBaTeneid cUMMETPUYHBLIX POpM, HECXOAHLIX ¢ Hanbonee obWMMK cnyYasMKU KpyrnoW unu nps-
MOYrofnbHOW reoMeTpum, MoryT 6biTb UCIONL30BaHLI Te Xe caMble onpeferneHua NepexoaHoro uHTepsana. Hanpumep,
ANA anepTyp C N-CTOPOHHEN CUMMeTpUei (n > 2), LUeCTUYrofbHOW WM BOCbMUYFONbHOW, NEepexofHblil UHTepBan B
MIOCKOCTW CUMMETPUM, NMepneHAUKYNSAPHOW K OAHO M3 CTOPOH MHOroyrornbHuWka, GyAeT paBeH nnowagu anepryphl,
JeneHHol Ha (mA). [OAnsA KpyrnbiX pelleTok ¢ HECKONbKAMM KOMbLiaMu 3KBUBANEHTHON nnowaabto GyaeT coBoKynHas
nnowjasb (T. e. Bcex Kornew) akTuBHoW anepTypbl. [1pu Ucnonb3oBaHuK cneuuansHoi gpasnpoBku, Hanpumep B KombLie-
BbIX peLueTkax co casuramm cassl ot 0° fo 180° fna AononHUTENEHON DOKYCMPOBKM, UAK anepTyp HeoBLIUHON opMbi
1 ba3nposku AnA onpeaerneHnss MUHUManbHOW LUMPUHBI MyYka U COOTBETCTBYIOLLETO NEPEXOAHOrO WHTEpBana npume-
HAIOT cneLuanbHble BLIYUCTIEH NS, YUNTbIBalOLWUe TpexMepHble AudpakLMOoHHbIE 3 deKTbl.

4.2.76 nonepeyHan nnockocTb (fransverse plane): Hekotopas NNOCKOCTb, NEPNEHANKYNSAPHAsS K OCH
nyJka.

4.2.77 pByxmepHas pewetka (two-dimensional array): PeweTka u3 rpynnbl 3n1€MeHTOB yNbTPa3ByKo-
BOro npeobpa3soBarens, chopMMpoBaHHas Tak, UTOObI YNPaBNATbL XapakTepUCTUKaMKU U HanpaBneHmeM aky-
CTMYECKOro My4yka, Mo MeHbLUEeW Mepe, B ABYX MAIOCKOCTAX CKaHMPOBAHUA (Kak NpaBuno, OPTOroOHanbHbIX).

4.2.78 ynbTpa3ByKkOBOM npeodpasoBartenb (ultrasonic transducer): YcrpolcTso, cnocobHoe npeob-
pa30BbLIBATb 3NEKTPUYECKYIO SHEPTUIO B MEXAHUYECKYIO B YNbTPa3BYKOBOM AMana3oHe 4acroT u/unm Haobo-
POT: MEXAHUYECKYIO SHEPTUIO B neKTpudeckyio (cm. MIK 61102).

4279 rpynna 3neMeHTOB yrnbTpa3sBYKOBOro npeotpasomarens (ultrasonic transducer element
group): Mpynna aneMeHTOB ynbTpa3BYKOBOro npeobpasosaTtens, BO30OYXaeMbiX COBMECTHO, UTOObI U3ny-
4aTb OAUHOUHbLIN akyCcTM4eckuin uMnynesc (cm. MK 61102).

4.2.80 HeOTKNOHEeHHbIM Ny4oK (unsteered beam). YnbTpa3ByKOBOW Ny4OK, pacnpoCTPaHAIOLUIACA
nNpAMO OT npeobpasoBarens 6e3 Kakoro-nMbo yrnoBoro OTKNOHEHUS.

MpumedaHune — 3To HanpaBreHne coBnajaeT ¢ LEHTPanbHOW NIMHUEN CKaHUPOBAHUS CEKTOPHOrO CKaHe-
pa. Ana cUMMETPUYHOro ynbTpasByKOBOro NpeobpasoBaTens HEOTKNOHEHHBIA My4yoK MoXeT ObiTb HaiaeH BObnu3n ocu
UNK NIOCKOCTU CUMMETPUM YIBTPa3ByKoBOro npeobpasoBartens.
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5 Cnucok oo6o3HauyeHun

a— paanyc akTUBHOTO 3fieMEHTa KPYrnoro ynbTpa3sykoBoro npeobpasosarens;
A, — nnowaab nNyyka;

Aps— dokanbHasa nnowiaab no AaBfEHNIO;

Asp— nnoLazb anepTypsl npeobpasoBarens;

Asnetf — aneptypa UCTOYHMKA;

c— CKOPOCTb 3BYKA;

Cw— CKOPOCTb 3BYKa B BOAE;

cL— CKOPOCTb 3BYKa B JIUH3E;

Dpr— aneptypHasl 4anbHOCTb NpeobpasoBaTens;

d— paavyc aKTMBHOTO 3fieMEeHTa KPYrnoro ynbTpa3BykoBoro npeobpasosarens;
e — a¢hdekTUBHAA ANMHA aKyCTUYECKOro NyTH;

Aorset — KOMNEHCUPOBAHHOE PACCTOSHUE;

F,— yucno f;

fawr — cpeaHeapudmeTMyeckas 4acToTa akycTu4eckoro BO3aencreus;
Fgeo— reomeTpu4deckoe PoKyCHOe pacCTosHuE;

Fratura— ecTeCcTBeHHOE (DOKYCHOE PacCTOSIHUE;

Frorm — HOPMUPOBAHHOE (POKYCHOE PACCTOsHUE;

Fores — hOKyCHOE pacCTOSiHUE MO AABMEHWUIO;

Grocal — reoMeTpuyeckoe ycuneHue B OKyce;

Gorocal — ycuneHue B hOKyce no AaBneHuIo;

K— BOJIHOBOE YUCNO;

Lopa— LUMPUHA anepTypbl NCTOYHUKA;

Lia— LMpUHa anepTypbl npeobpasoeartens;

n— KO3(PULIMEHT NpenoMneHus;

pi— WHTEerpan KeagpaToB AaBJlieHUA B UMNYIbCE,

Prms — cpeaHeKkBaapaTU4ecKkoe akyCTu4eckoe JaBneHUe;

Pi20omean — YCPeAHEHHLIN MO anepType UCTOYHUKA UHTErpan KBaapaToB AaBleHus:;
R— paauvyc KpMBU3HLI YNIbTPa3ByKOBOro npeobpasoBartens;

Riens — pagnyc KpUBU3HbI MOBEPXHOCTU NINH3bI;

R, — Peneesckas anuHa;

T— nepuoj NoBTOpPEHuUs;

w— OYHKUUS B3BELUMBAHUS;

Wg Wy, Woo — LUMPUHA MyYKa Ha yPOBHAX MUHYC 6 AB, muHyc 10 b, muHyc 20 ab;

Xo— MECTOMONOXEHUE LLEHTPOMAA CKAHUPOBAHUS My4YKa B HANPABNEHUU X;
Xpk — MECTOMNOOXEHME MUKa Ny4Ka no OCU X;

Yo — MECTOMNOMOXEHUE LeHTponaa CKaHUPOBAHUA MyvKa B HanpaBfeHun y ;
Zrrp— AanbHUIN NEPEXOAHbIN UHTepBarn;

ZntD — GNUXKHWUIA NEPEXOaHbIA MHTEPBATT,

Zr— nepexoaHbIii MHTepBan;

A— anepTypHasi pa3HOCTb aKyCTUYECKOrO NyTH;

14
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Apor — rnybuHa nons (rmybuHa ¢okyca; pokanbHasa rnybuHa; rnyémHa ¢pokanbHOW 30HbI)
A — oceBasi Pa3HOCTb aKyCTUYECKOTO NyTH;

A— achdekTuBHaAA ANUHA BOSHbI;

Om — napameTp HENMMHEWHOCTM PacnpoCTpaHeHus.

6 MNpoueaypbl U3MepeHUn

6.1 OOwuMe NonoXxeHnn

B pasgene 6 paccMOTpeHbl HEKOTOPbIE MPOLIeAYPbl U3MEPEHUI NapaMeTpoB (DOKYCMPOBKU. 3TU Npo-
Leaypbl npeanonaratoT, YTo ynbTPa3ByKOBO€E Nnone UMEET BUA AO0CTAaTOYHO CUMMETPUYHOIO U NPaBUNbHOrO
nyyka ¢ OAMHOYHbLIM LIEHTPAnbHbLIM MUKOM HA HEKOTOPOMN rmybuHe. NMpruMepbl TAKOro Myyka nokasaHbl Ha pu-
cyHkax B.1 un B.2 (npunoxenue B). Ecrnn ny4ok 4OCTaTOYHO CUMMETPUYEH, KaK Harnpumep 3T0 NOKa3aHo Ha
pucyHke C.1 (npunoxenue C), TO MOXET ObiTb NMPUMEHEHO PaACTPOBOE CKAHUPOBAHME, PACCMOTPEHHOE B
npunoxenun C. B HacToseM pasgene npusegeHa obuwasa uHopmaumsa 06 U3MEPEHUSIX U U3MEPUTENBHBIX
ycrpoiicteax. B 6.2 paccmMoTpeHbl npoueaypbl HAX0XAEHUA OCU Nydka u ¢)oKyca no AaBrIEHUIO, a Taloke U3-
MepeHuit Apyrux napameTpoB. B 6.3 noka3zaHo, kak MOXeT ObITb OnpeaeneHo, OTHOCUTCA Nu npeobpasoBa-
Tenb K (pokycupyioLemMy B Kakom-nubo BbIOpaHHOW NPOAONBHON MIOCKOCTU NYTEM HaxoxaeHus ¢okyca no
wupuHe nyyka. Mpoueaypbl u3MepeHns Apyrux napameTpoB (DOKYCMPOBKM, TakUX kak rnybuHa nons, ycune-
Hue B hoKyCe No AaBNeHUIo U (poKyC No NoLaam nyyka, npuseaeHol B 6.4.

6.1.1 U3ameputenbLHaa ycTaHOBKa

Obwme TpeGoBaHUs K CUCTEME U U3MEPEHUSAM paccMOTpeHbl B 3.2. OBopyaoBaHue U npubopsl, Tpe-
GyemMble AnA npoBeaeHUs u3MepeHuin, ykazaHHole B MOK 61102, Bknioyaiot B cebs1 6ak ¢ npucnocobnexus-
MU AN NO3UUMOHMPOBAHMA U r’MAPOdOHOM, CPEeACTBa AN 3anucu BOMHOBOW (POPMbI CUrHamna, Takue, Ha-
npuMep, Kak uucposon ocuunnorpadc. Ecnu usmepeHusa npoBoasT Ang ynbTpasBykoBOro npeobpasosarens
npu M3BECTHOIN BONHOBOW hopme ero Bo30YXAeHusl, TO pEeKOMEHAYEeTCA ykasbiBaTbh TUN curHana. Mpu usme-
PEHMKU PELUeTKM UMM TPynnbl 3NEeMEHTOB YNbTPa3BYKOBOro npeobpasoBaTtens HeoOXoaumo uccneaoBaTb
TUMUYHYIO BOSIHOBYIO hOpPMY UX BO3OY)KAEHUS B LEHTPE pPEeLUeTKU, a Takke COOTHOLUEHME aMnnuTya u Bpe-
MEHU 3aJlepXKKU Ha anemeHTax BAOSb BCel pewetku. Ecnu Takue BONHOBbIE hOpMbI NONYYMTL 3aTPYAHU-
TenbHO, TO PEKOMEHAYETCS 3anucaThb MOMOXKEHUA BCEX OPraHOB PErynupoBKU, BIUSIOWMUX HA aKyCTUHECKUI
BbIXOA YNbTpa3BykoBOro npeobpasoBarens, ansa o6ecneyeHus NOBTOPAEMOCTU Pe3yNnbTaTOB U3MEPEHUI.
Onsa cuctem ckaHMpoBaHUs HEOOXOAMMO BLIABUTL M 3aNUCaTb NONOXEHME NUHUU CKAHMPOBAHUSA. PekoMeH-
JyeTcs ykasaTb TemnepaTypy BoAbl B 6ake.

YnbTpa3BykoBoOii npeobpasoBatenb YCTaHaBMNUBAIOT B CUCTEMY MO3ULIMOHUPOBAHUA Tak, 4TOOblI OCb
CUMMETPUMN €r0 aKTUBHLIX 3MIEMEHTOB (MNK FPYNNbl 9NEMEHTOB YNbTPa3ByKoBOro npeobpasosatens) Gbina
napannenbHa OCH y CUCTEMbl NO3MLMOHUPOBAHUA rmapodhoHa. B HacToAweM craHgapTe paccmaTpuBatot
CMCTEeMy, B KOTOPOI OCb My4yka napannesibHa 0cu z, NIOCKOCTb CKAHMPOBAHUA COBNAaAaeT C NIIOCKOCTLIO XZ,
a TonwMHHasi NNOCKOCTb NpeacTaBnseT cobon NNockocTb yz. Ana ynobcrea ycraHoBku npeobpasosarens
€ro MorioXXeHne JOIMKHO ObiTh Takum, YToBbl OCb Nyyka Gbina napannenbHa 0CM CUCTEMbI MO3ULMOHUPOBA-
Husi. OCb CUMMETPUK YNbTPa3BYKOBOro npeobpasosaTens ¢ UMAMHAPUYECKUM aKTUBHbLIM 3MIEMEHTOM JOIK-
Ha 6bITb OCbIO LMNuUHApPA. [Ans ynbTpa3ByKOBbIX NpeobpasoBaTtenei o chepuyeckuMu akTMBHbIMU dNEMEH-
Tamu OCb CUMMETPUU AOIMKHA NPOXOAUTL YePEe3 reOMETPUHECKUIN LIEHTP cdhepbl.

6.2 HaxoxageHune ocu nyyka

a) YcraHaBnuBawT U3MEPUTENBHYIO MMOCKOCTb (NAIOCKOCTb anepTypbl UCTOMHUKA) BO3MOXHO Onmke K
BHELLHEN anepType npeobpasoBartens (CM. pucyHok 9b). MuHnManbHasa guctaHuua npu usmepenusx oyaer
3aBUCETb OT BO3MOXHOCTU OTAENUTbL IMaBHbIA UMNYNLC U3NyYeHUs (NPAMOKM CUrHam) OT COMyTCTBYIOLLMX
€My OTPaXKEHHbIX (MOXHbIX) CMrHANoOB. [INs HEeKOTOPbLIX YNbTPa3BYKOBLIX nNpeobpa3soBarenei MOXET ObiTb
BblA€NIEHO AaBrieHWe, COOTBETCTBYIOLLEE IMABHOW 0CEBON COCTaBNAIOLLEN, OT OAHOro Unm 6onee NOGOYHLIX
MMMYNbCOB, CBAA3AHHBIX C «KPAEBLIMU BONHAMMUY. OTU KPaeBble BONHLI MOTYT ObiTb OTAENEHbI OT OCHOBHOW
0CEeBOM BOSHbI M3-3a UX 3ana3blBaHUs, NPMYEM BPEMA 3ana3abiBaHUSA 3aBUCUT OT OCEBOr0 PacCTOSHUSA, U C
YBEJIMYEHUEM ITOTO PACCTOSAHUSA KPaeBble BOSMHbI CMELUMBAIOTCA C OCHOBHOM BONIHOM Ha OCU Ny4kKa.

b) BbiaBnaT MectononoxeHue OKyca MO AaBAEHWUIO NO MaKCMMAaNbHOMY 3HAYEHMIO MHTErpana
KBaApaTOB AaBMNEHUs1 B MMMYMNbCe BO BCEM norne. MccneaosaHnsaM MecTononokeHus okyca no AaBneHuio
M OCM Ny4Ka MOryT cnocobGCTBOBaTb ynpaBrneHue (hOKyCMPOBKOW, €Cnu TakoBasi AOCTYyMNHA, U cBeAeHusi 00
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oxmaaeMbix xapakrepuctukax (PokycupoBku npeobpasosartens. Npu BO3MOXHOCTM U3MEHUTb anepTypy U
napameTpbl (POKYCMPOBKW PEKOMEHAYETCA USMEHATb C UCNONb3OBAHMEM INEKTPOHUKN (hOKYCHOE pacCTos-
HUe Tak, YToObl OHO COBMAano ¢ POKYCHbIM PACCTOSTHUEM B TOSNLUMHHON MITIOCKOCTU, ECNU NOCNEAHEE U3BECT-
Ho. Ecnn ato pokycHOe paccTosiHMe HEeU3BECTHO, TO perynMpyemMoe 3MeKTPOHHbIM CnocoBoM hokycHoe
pPacCTosiHME U3MEHSIIOT A0 MOSyYEeHUs HaMbOornbLIEero 3Ha4YeHUs UHTerpana KBaaparoB JaBfEHUS B UMNYSb-
ce. Takoii meToa He paboTaeT, ecnu UHTErpan KsagpaToB AABMEHUSA B UMNYMbCE MO Mepe NPUGNMKEHUN K
npeobpasoBaTento NpPoAoKaeT pactu. BolbpaTth paccTosHue ana uccnenoBaHuii NOMOralT cBeaeHus o6
oXXngaemblx xapakrepuctukax (poKycupoBkM npeobpasoBaTens B KaXaon nNpoaonbHOW nnockoctu. Ana on-
pefeneHus pacCTosAHUIN [0 rpaHuL, OXxmaaemoro MectononoxeHus dokanbHOW 30HbI PpayHrochepa cneay-
€T BOCMOMb30BaTbCA BbipaXeHusamMu (3) u (4) Ana GnNUXKHEro M gansHero nepexogHoro uHrepsanos. Mpuem-
NeMON anbTEPHATMUBOW MOMCKY (DOKaNbHON NIIOCKOCTM MO AAaBNEHMIO CHUTAIOT HaxoxaeHue bnuxanwen ne-
pecekaroLlencsa nNnocKoCTU, Ha KOTOPOW MYYOK CTAHOBUTCA OANHOYHBIM LIEHTPAanbHbIM NIENECTKOM C OANHOM-
HbIM MWMKOM AaBneHus. Takas nnockocTb OyaeT HaxoauTbCs BHYTPU dokanbHOW 30HbI dpayHrodepa, HO
MOXET He coepXaTb TOYKY C MAKCUMYMOM WHTErpasia UHTEHCUBHOCTM B MMNYIbCE.

C) HaxoasT ueHTpoua uHTEerpana KkeagpaTtoB AaBfeHUst B UMMyNbce B NIIOCKOCTH, NPOXOASALLEN Yepes
POKYC NO AaBMeHnio (MNn Yepes APYryto MiocKOCTb, YKa3aHHY B 6b) n npubnu3nTensHO napannensHou
NOBEPXHOCTU npeobpasosatens. [poOBOAAT ABa CKAHMPOBAHWUSA: NepBOe — BAOMb OCU y Yepes TOYUKY Nnuka
Ha OCK X, BTOPOEe — BAOSb OCU X Yepe3 TOUKY LeHTpouda y.. MectononoxeHue yeHtponga (Xs, y.) nonyda-
0T C MOMOLLIO OPTOTOHAMbLHOIO MIMHEHOrO CKAHMPOBAHMSI B BbIOPAHHONM MIOCKOCTU M3 CMEAYIOLMUX COOT-
HOLLUEHUN:

Zyjp,-(xpk,yj)
J

Yo=FT— (6a)
¢ Zp,-(xpk,yj)
j
rA€ Xpx — MECTOMOMNOXEHNE NUKA B Ny4Ke BAOML OCHU X, U
D XkPi(Xp, Vo)
o =& (6b)

B ZPi(Xk-Yc) 1
Kk

rae y. — MeCcTtononoXxeHue ueHtpounaa, Haﬁ,quHoe npu cKaHUpoOBaHUU NO OCU y,

Pi(X.y}) — 3HaueHue nHTerpana KBaapaToB AaBNEHNA B UMNYNbCE B TOYKE (X,).

Mpu kaxaom ckaHMpoBaHUW crneayeT NPOBOAUTL U3MEPEHMS He MeHee YyeM B 50 Toukax M 10 cambix
MarsbiX 3HaYEHUH NONE3HOro CUrHana no 06e CTOPOHbI OT TOUKM C MaKCUManbHbIM 3HAYEHWEM p;. Takue u3-
MEpEeHUA NONOXKEHMA LeHTponaa TpebyloTca NOTOMY, YTo B 06LIeM cnyyae Ha npodune nyyka MoryT bbiTh
MHOXXECTBEHHbIE MUKW AaBNEHUA, KaK 3TO NOKa3aHo B NpunoxeHum B.

MpuMmevaHunsa

1 HaxoxaeHue yeHTpouaa npenonaraeT NpoBeAeHNe NosHOro ByXMepHOro ckaHUpoBaHWUsi, pacCCMOTPEHHOTO B
npunoxennn C. OfHako cooTHOWeHMs (6a) u (6b), NpeacTaBnAOWME BEIMUCNEHUA TONBKO ANSA ABYX NMMHUIA CKaHUpOBa-
HUS, CHUTAOTTONBKO onpeAeneHHbIM npubnuxeHneM. [danbHeWllne YTOUHEHUA 3ITUX COOTHOLUEHWHA, BbipaXeHHbIE B
(C.1a) n (C.1b) npunoxenua C, 6asnpyroTcsa Ha NpeanonoXeHWn ogHopoaHol ceTku Cartensian. M3 HUx MoryT 6biTb
BbiBeAeHbl 0606LeHHble BblpaXXeHUst AnA COOTHoWweHuni (6a) u (6b), BepHble ANS NPOU3BOSLHLIX PACCTOSIHUIA MeXay
TOYKAMMN U3MEPEHUN.

2 OnpepeneHne ocn pacnpocTpaHeHus nyyka B cooteeTcTBMU ¢ MOK 61102, koTOopoe CBA3aHO C HaxXoXAeHUeM
MECTONONOXEHNA NPOCTPAHCTBEHHOrO U BPEMEHHOrO NUKa akyCTUYECKOro AaBNeHUsi, MOXeT ObiTb HEAOCTaTOMHLIM B
YCIIOBUSIX OTCYTCTBUSI NWUKa Ha ocu Mnydka W 6onee npUMeHMMO Ans HedOKycUpYloWMX YNbTpasByKoBLIX NpeobpasoBa-
Tenen.

Opyroi npUMeHUMBIA MeTOA HaxoXeHUs LigHTponaa — 3TO pacCMOTPEHHLI B NpunoxeHnn B metoa onpegene-
HUS cpefiHel TOYKU MO LUMPUHE MyvKa, KOTOPLIA AaeT AOCTATOMHO 3KBMBaneHTHble pesynbTathl. OfHako MeTos LeH-
Tponaa nNpeanoYTUTENbHEE, Tak Kak OH ynpoLlaeT KoMNbloTepHyro 0B6paboTky pe3ynbTaTos.

d) BTopylo NnocKoCTb, NnapannenbHyo NepBoi U pacnonoXeHHY BO3MOXHO Aanblue OT Hee, BbiOu-
paloT Ha HEKOTOPOM PacCTOAHUM 40 NEePBO MIOCKOCTU UMK 3a Hel. YBenuyeHue pacCTOSHUA Mexay STUMK
MMNOCKOCTAMW CHUXaEeT YINOBYIO MOrpeLuHOCTb OMpeAerieHus HanpaeneHus ocu ny4ka. [pu anekTpoHHON
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dokycupoBke npeobpasosareneit MeCcTononoXxeHne ¢okyca MoXeT ObiTb BbIOPAHO HA BTOPOW MIIOCKOCTH
unu BGNU3MU Hee, YTO YBENMUUUT OTHOLLEHME CUTHAN/LWyM nNpu u3Mepenunx. MecTononoxeHue ueHTpouaa
nyyka MOXeT ObITb HANAEHO CNOCOOOM, U3NOXKEHHBIM B NEPEYUCTIEHUN C).

MpuMmeyaHune — Ecnu dokycHoe paccTosHMe No TONWWHE B TONWMHHOW NPOAOINBLHOW NNOCKOCTU (OUKCH-
poBaHo, To 6onee BLICTpoe pacluMpeHne Nydka 3a hOKYCOM MOXET OrpaHU4MBaTL MOLUHOCTb U3MEpUTENBHLIX CHUrHa-
noB.

e) Ocb ny4yka SBNAETCA NPAMON NIMHMEN MeXay LEHTpOMAAMU B ABYX NIOCKOCTSAX, PACCMOTPEHHbIX B
nepeyncreHnsx c) n d).

f) HaxoaaT dokanbHyl0 NMNOCKOCTb NO JaBNeHWI0, NePneHAUKYNSAPHYIO K OCM Nyyka U COAepXaLLyio
dokyc rno AasneHuio. Ecnu aAna HaxoXaeHns ocu nydka BMecTo (hpOoKanbHON NAOCKOCTM NO AABNEHUIO UC-
nonb3yT APYrylo NNOCKOCTb [KaK 3TO pacCMOTPEHO B nepeducneHnn b)l, To onpeaensaioT NonoXeHwe mak-
CMMyMa MHTErpana KsagpaToB JaBfieHMs1 B UMNYNbCe Ha Oocu nydyka. MonoxeHue 3TOro MakCMMyma MOXET
OblTb HAWAEHO NUHENHHbIM CKAHUPOBAHMEM BAOMbL OCK Ny4ka. 3aTem M3MepSaIoT Bpemsa 3aaepxku MMnynbea
MeXay MOMEHTOM €ro BO3DYXOEHMss U NPUXOAOM B TOYKY MaKCMMyMa MHTErpana KBagpaTtoB AaBlieHUS B
uMnynbce (Mnu 4o PoKanbLHOM NIIOCKOCTH NO aBAEHUIO) NO OCU Ny4Ka.

g) OnpenensaloT MECTONONOXEHUE NMOCKOCTU anepTypbl UCTOYHUKA, NEPNEHANKYNAPHON K OCU NyYka U
PacnonoXXeHHOW Kak MOXHO Grke K BHELUHEN aneptype npeobpasoeartens. HaxoasaT u 3anucbiBaloT KOM-
MEeHCUMPOBAHHOE PacCTOSIHME KaK PacCTOSIHME MEX@AY BHELUHel anepTypoi npeobpa3oBaTens U NinoCKOCTbIO
anepTypbl UCTOYHUKA BAOMb OCK ny4vka. N3mepsaioT BpeMsa 3agepxkn uMnynbca npu NPOXOXAEHUU 3TOro
paccTosHUSA.

h) BblYMCNAIOT OTHOLLUEHWE BPEMEH 3aAePKKM UMNYNbCa NPu ero NPUxoae K NiockoCTU anepTypbl UC-
TOuHMKa U K poKycy no aaeneHuto [nepeuncnenue f)]. Ecnu aaHHoe oTHoweHue Gonbwe 0,2, TO 9T0 O3Ha-
YaeT, YTO CyLIeCTBEHHAasa 4YacTb PaccToaHMA A0 (POKyca Nno AAaBMIEHUIO HEAOCTYNHA ANS U3MEpPEeHUn u pas-
Mep anepTypbl UCTOYHUKA MOXET HE TOYHO COOTBETCTBOBATL pasMepy anepTtypbl npeobpasoBaTtens; nosTo-
MYy pe3ynbTaTbl U3BMEPEHUI, PACCMOTPEHHbIX B 6.3 n 6.4, 6yaAyT MeHee TOUHbIMMU.

6.3 OnpepeneHune napameTpoB (PpOKycUpylowero npeospasosarens

a) OnpegensT cpegHeapuPMETUYECKYIO YaCcTOTY aKyCTUYECKOro BO3AEHUCTBUA NO pesynbTatam U3-
MEpEeHUsi CUrHana B MecTe pacnonoxeHus gpokyca no aasneHunio (CM. pUcyHok 7b).

b) BbluncnaoT adPEeKTUBHYIO ANNHY BOMHLI KaK NPOAOSbHYIO CKOPOCTb 3BYKa, COOTBETCTBYIOLLYIO YC-
NOBUSAIM U3MEPEHUI, AENEHHYIO Ha CpeaHeapudMeTUHECKYIO YaCTOTY akyCTU4eCKOro BO3AENCTBUA.

¢) Ona Toro 4yToGbl onpegenuTb, cCrneayeT nu ynbTPasBYKOBOW npeobpasoBatenb cuuTaTh (hOKyCu-
PYIOLLMM B MPOAOSIbHONM NIIOCKOCTU, HEOBX0AUMO OLEHUTL €10 CUMMETPMIO.

1) Ana onpeaeneHns OKyCMPOBKM B NPOAOSBbHONM NSIOCKOCTU BLIOUPAIOT MITIOCKOCTb, KaK NPaBUno, Xz
UNu yz, Kak 3To paccMoTpeHo B 6.1.1 (CM. Takxe pucyHok 7b). MpsamoyronbHas, kKBagparHas unu Kpyrosas
CMMMETPUA MOMA, Kak npasuno, u3BectHa no copme npeobpasoeatens. Ecnu cdopma npeobpasosarens
HEeW3BeCTHa, TO ANA ONpeAeneHNna oceil ero CUMMETPUN HEOBXOAUMO NPOBECTU AONOSHUTENLHBLIE U3MEpe-
HWSA B NIOCKOCTU anepTypbl UCTOYHUKA, PACCMOTPEHHbLIE HUXE.

2) Bo Bcex criyqasx U3MEpPSIIOT 3HAYEHNA WMPUHBLI anepTypbl UCTOYHKUKA BAOMb OCel X u y. Ecnun atn
3HaYeHuUs OTNM4aIoTCA He Bonee vyem Ha 5 %, TO M3MEPAIOT 3HAYEHUS LUMPUHBLI MO AWaroHansMm, NOBEPHY-
ThIM Ha 45° K 0CAIM X 1 y. ECMK BHOBb MOMyYEHHbIE 3HAYEHUS OTNNYAIOTCA OT NepBbIX HE Bonee yem Ha 5 %,
TO CYMTAIOT, YTO NpeobpasoBaTenib UMEET KPYroBYIO CUMMETPUIO. ECNM ke 3HauYeHUs! LUMPUHBI N0 AnaroHa-
NAM OTNUYAKOTCA OT NOMYYEHHBIX MO 0CAM X U y Bonee 4yem Ha 5 %, TO cuuTaloT, YTo NpeobpasoBaresnb
UMeeT KBaApaTHYIO UMK NPAMOYIONbHYIO CUMMETPUIO. ECnu ke NMEIoTC COMHEHUS B TOM, 4TO npeobpaso-
BaTeNlb CUMMETPUYEH, TO B NMOCKOCTU anepTypbl NCTOYHWKA CNeAyeT BbiNOMHUTL PAaCTPOBOE CKAHMPOBAHUE,
yTOoObl U3MEPUTEL pacnpedeneHue aaBneHus No NNoLWaan, oOrpaHMYEHHON KOHTYPOM CHUXEHMSI curHana oo
ypoBHA MUHYC 20 ab.

i) ECNn KOHTYP CHWXEHUs curHana Ao ypoBHs MuHyc 20 AB B nnockoCcTu anepTypbl UCTOYHMKA UMeeT
KPYroByt0 CUMMETPUIO, TO ANS HAXOXAEHUS MUHUMANbHOMO 3HAYEHUSI LUMPUHBI NYYKa HA YpOBHE MUHYC 6 b
nepBOHa4anbLHO MOXeET ObITb MCNONb30BaHa kakas-nMbo NpoaonbHas NNOckocTb. CUMMETPUS NONEPEYHOro
CeYeHUsA nyyka JomkHa ObiTb MOATBEPXKAEHA B MECTE PACNONOXKEHUS anepTypbl UCTOYHUKA NO OCK NyYKa.

i) ECnn KOHTYP CHMXEHMA curHana Ao yposHA MuHyc 20 AB B NnockOCTH anepTypbl UCTOUMHUKA UMEET
NPAMOYFOfbHYIO UMW 3NAUNTUYECKYI0 hopMy, TO FNaBHaA NPOAONbLHAA NOCKOCTb C MMHUMASIbHLIM 3HaYe-
HWEM LUMPUHBI MyYKa Ha YpoBHE MUHYC 6 AB YacTo napannenbHa Haubonbliemy pasmepy (Hanpumep, Hau-
Gonee ANWHHON CTOPOHE NPAMOYroribHMKa). ECnn KOHTYp CHWXeHus curHana ao yposHs MuHyc 20 ab B
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NA0CKOCTU anepTypbl UCTOYHUKA MMEET HEAOCTATOUYHO KPYrNylo, NPSIMOYTONbHYIO UNK ANnunTU4eckyto op-
My, TO HE0OX0AUMO NPOBECTU U3MEPEHUSA B FMABHON NPOAONLHOI MIOCKOCTU U B APYroi NPOI0NbHON NMNoc-
KOCTH, NeprneHAUKYNSPHON K rmaBHON. B aTom cnyyae ans HaxoxaeHust hoKyca nydka B KaXKA0W u3 TUX op-
TOrOHAMbHbIX MAIOCKOCTEN MOTYT ObITb NPOBEAEHLI U3MEPEHNS LUMPKHBI NyyKa. Mnowaab nyvka MOXeT 6biTb
OLeHEeHa KaK Npou3BeAeHNe 3HAYEHUN LWMPUHBI Ny4ka HA YpOBHE MUHYC 6 AB B Kaxaon NnockoCcTH, yMHO-
JKEHHOE Ha Tt U ieNIeHHOe Ha 4.

3) Mocne oueHkn cummeTpun npeobpasosaTens No 3HAYEHUAM LUMPUHBI anepTypbl UCTOYHUKA U 3d)-
heKTUBHOW ANWUHBI BOJTHbI BLIMUCHIAIOT NEPEXOAHbLIN MHTEPBAS B KAXXAO0N NPOAOSNbHON NNOCKOCTHU.

d) HaxopAat ¢pokychl nyyka (T. €. MUHUManbHbIe 3HAYEHUS LUIMPUHBI My4Ka HA YPOBHE MUHYC 6 AB u ux
MecrononoxeHus). Ecnu gokasatenscrea TOW UM MHON CUMMETPUM NMONYyYeHbl U BbIOpPaHbLI 0A4HA FNaBHaA
NNOCKOCTb ANA KPYrnou popMbl N ABe OPTOroHasnbHbIE rMNABHLIE NIIOCKOCTU AN NPSIMOYTOfbHON hOPMBb,
TO pe3ynbTaThbl ONpeAeneHns MUHUMAnbHbLIX 3HAYEHU LUMPUHBI NyYka cneayeT NoATBEPAUTL NyTEM NpoBe-
AEeHUA USMEPEHNIA LLMPUHBI NYYKa B NAOCKOCTAX, CNerka NOBEPHYTLIX BOKPYT OCH Z (BbILLE M HUXKE OCEN XZ 1
y2).

€) B kaxaon nnockoCcTu CUMMETPUU, €CIIU MUHUMANbHOE 3HAYEeHUEe LWMPUHLI NyYKa Ha YPOBHE MUHYC 6
AB MeHbLUEe NONOBUHDLI LUIMPUHBI anepTypbl MCTOMHUKA HA ypoBHE MUHYC 20 AB, a wmpuHa nyyka B dokyce
MeHbLUE MOSNOBUHBLI NMEePexoAHOro UHTepsana oT anepTypbl UCTOYHUMKA, TO YNbLTPa3ByKOBOW npeobpa3soBa-
Tenb CYMTaIOT POKYCUPYIOLLIMM B 3TOW NAIOCKOCTU.

f) Ecnu ycnoBusi, NnpuBeAEHHbIE B NepeqncrnenHnn ), He cobniogeHbl UNU €Cnu He HaaeHO MUHU-
ManbHOe 3HaYeHWe LLUMPUHBI MyYKa HA YPOBHE MUHYC 6 AB, TO ynbTpaseykoBow npeobpasoBaTenb CUMTalOT
HeOKYCUPYIOLLIMM B 3TOI NIIOCKOCTYU.

6.4 i3amepeHus apyrux napametpos ¢okycupoeku ¢okycupytouero npeoépasosarens

a) MnybuHa nons MoxeT ObiTb onpeaeneHa NyTeM HaxoxaeHusa AByX Gnuxanwmx 3HaYeHun rnyouHbl
B MIOCKOCTK, A€ LUMPUHA NyYKa BABOE NPEBbILLAET MUHUMATbHYIO LWMPUHY Nydyka. Ecnu wmpuHa nyvka He
YBEMMYUBAETCH BABOE B CTOPOHY K YNbTPa3ByKOBOMY npeobpasoBaTenio, TO 3a NEPBYIO TOYKY rnyOuHbl No-
NS NPUHUMAIOT MOSNOXEHUE NIOCKOCTU anepTypbl UCTOYHUKA. CM. onpeaeneHne TepmmuHa «rnybuHa nonsy.

b) Haxogat ¢okyc kak TO4Ky ¢ MMHMMaNbHbLIM 3HAYEHWEM MnoLwaamn nyyka Ha yposHe MUHYC 6 ab.
MpoxoasLuas 4yepes 3Ty TOYKY MIIOCKOCTb, MEPNEHAUKYNAPHAA K OCKU Nyyka, npeacraBnseTr cobou okans-
HYIO NSIOCKOCTL Myuka. Mpu Ucnonb3oBaHUM A0Ka3aTenbCTB CMMMETPUM npeobpa3oBatenss AOMKHO ObiTb
NPOBEPEHO MECTOMONOXEHUE MUHUMANBLHOW NOLAAN Ny4Yka NyTem M3MepeHuin nnowaaen B COCeAHUX na-
pannenbHbIX NIOCKOCTAX, OTCTOALMX OT NIIOCKOCTU C MUHUMANLHOW NMOWAaAbLId NPUMEPHO HAa 5 % pac-
CTOSHUA (MO OCU) MEXAY NAOCKOCTbIO anepTypbl UCTOYHUKA U (POKYCOM My4Ka, €CNu 3TO NpPaKTU4ECKU OoCy-
wectBumo. Ona HaxoxaeHua cokyca nydyka HeoGX0AuMO HauMHATL U3MEPEHUs C MOMOLLLIO rMapodoHa,
YCTaHOBMEHHOTO B (POKYC MO AABIEHMIO, U NepeMeLlaTb ero BA0Mb OCK Nyyka B CTOPOHY yrnbTPa3ByKOBOIO
npeobpa3soBarens, noka He ByaeT HanAeHa TOYKa ¢ MMHMMASbHBIM 3HAYEHUeM NNOLLAAU NyyKa Ha YPOBHE
MUHYC 6 ab.

¢) [ina onpeaeneHna ycuneHus no AaBneHuio B hokyce BbINOMHAIT cneayioLne onepaumu:

1) MepemeLyaiot rmMAPOdOH BAOSIL OCK Ny4Ka K NSIOCKOCTU anepTypbl MCTOMHMKA.

2) U3mepsIoT 1 BLIMUCAIAIOT MHTErpan KBagpaToB AABNEHUNA, YCPEAHEHHbIN NO anepType UCTOYHKUKA B
npegenax nnowaam Ha yposHe muHyc 20 b, onpeaensioT KOHTYP CHUXEHUA UHTerpana ksaapaTos Aasne-
HUSA OT MaKCMMAarnbHOro 3Ha4YeHus 40 yPOBHA MUHYC 20 4B B NNOCKOCTM anepTypbl UCTOYHUKA.

3) OnpeaensioT NepBoHayYanbHOE yCcuneHue no AaeneHuio B POKyce Kak KOpeHb KBafapaTHbIW U3 OT-
HOLLIEHUS MHTErpana KBagpaToB AaBneHus B UMNynbce B (POKyce Mo AAaBMNeHUIO K MHTEerpany ksaapatos
JaBreHus1, ycpeHEHHOMY NO anepType MCTOYHUKA.

4) Mepepn onpeaeneHneM OKOHYATENbLHOIO 3HAYEHUS YCUNEHUs MO AaBneHuio B okyce cneayer BBe-
CTU B 3HAYEHUE UHTErpana KBaapaTtoB AaBMEeHUA B UMNynbCe B pOKyce Mo AaBrieHUIO NoNpaBky Ha 3aTyxa-
HUe BO BCeW nonoce 4actor. [ns BOAbl, UCNOMb3YEMON B KAYECTBE U3MEPUTENbHOW cpeabl, AN HU3KUX
YacCTOT MNU KOPOTKUX PACCTOSHWIA, U MPU YCNOBUK, YTO 0OLLME NOTEepu Npu pacnpocTpaHeHUn Ha cpeaHe-
apuMeTMYeCKol YacToTe akyCTMYECKOro BO3AenNCTBMA He npesbiwatot 1 Ab, aTon nonpaskoi gonyckaeTca
npeHebpeynb.

5) CTeneHb HENWHEWRHOCTU NPU U3MEPEHUsX NPOBEPAIOT NYTEM MOACTAHOBKM OTHOLUEHUS nnoLaam
KOHTypa anepTypbl UCTOMHUKA C YpOBHEM MUHYC 20 aAB, ymMHOXeHHO# Ha 0,69, K nnowiaam nyyka Ha ypoBHe
MUHYC 6 AB B TOUKE HaXOXAEHMS MUKA MHTErpana KBaapaToB AasneHus B UMNYNbLCce BMECTO Fy B hopmyny
napameTpa HenMHEWHOCTU pacnpoCTpaHeHusi, NpuBeAeHHyl0 B nyHkte 3.25 M3K 61102. Ecnu 3HauyeHus
3TOro napametpa 6yayt MeHee 0,2, TO cneayeT CYUTaTh, UTO U3MEPEHUSI NPOBOAAT B MUHEWHOM Anana3oHe.
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p _ "lens
neo~ n-1

n=cwlcL

c[ > cw

z _ Nens
neo~ n-1

n=cwlcL

C[ < Ccw

Beepxy: npeobpa3oBaresib C paanycom KpuBu3Hbl R 1 DOKYCHbIM paccTosiHuem R;
B cepefumHe: npeobpasoBartesib C N0CKO-BOTHYTON NINH30W;
BHM3y: npeo6pasoBartesib C MNI0CKO-BbINYKOW NIMH30M
1 — npeo6pasoBaTesnb; R — paanyc KprBM3HbI; Fgeo— hokycHoe paccTosiHue; 1— KO3ULNEHT NPenioMIeHus:;
CL— ckopocTb 3ByKa B /IMH3E; CW— CKOPOCTb 3ByKa B BOfJe

PucyHok 1 — TunoBble KOHCTPYKUMW Npeobpa3oBaTeneil
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20

7 — WMpUHa anepTypbl UCTOUHMKA; 2 — BHELUHSIA anepTypa npeobpasoBarenisi; 3 — KOMMNEHCUPOBAHHOE PaCCTOsIHUE;
4 — nNNocKoCTb anepTypbl UCTOUHUKA; 5 — (hoKycHOe paccTosiHue (Mo AaBneHuto); 6 — chokanbHasi NI0CKOCTh (N0 JaBNEHWIO);
7 — TOuKa C MakCUMyMOM WHTErpasia KBaJparoB [aB/ieHVs1 B UMNy/bce; 8 — OCb Myyka; 9 — BTOpasi NI0CKOCTb;
10 — BbI6paHHas NpofosibHas NA0CKOCTL (MI0CKOCTb IMCTA C 3TUM PUCYHKOM)

PUcyHoK 2 — 13mepsieMble napameTpbl (hOKYCUPOBKM Npeobpa3oBaTensi ¢ HEM3BECTHOV reomeTpueii
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1— npeo6pasoBatesb; 2 — MUHUMasIbHAsA LWIMPUHA Ny4yka (Ha ypoBHE MUHYC 6 AB) B eCTECTBEHHOM (POKYCe; 3 — OCb MyuKa;
4 — 30Ha ®PpeHens (6nwkHee none); 5 — 30Ha PpayHrodepa (gansHee none); 6 — okanbHas 30Ha PpayHrodepa;
7 — 30Ha ®peHens (fanbHee nosne); 8 — MUHMMAaNIbHAA LIMPYHA Nydka (Ha ypoBHe MUHYC 6 AB) B co3gaHHOM hokyce;
zT — nepexofHblii HTepBas; Fgo— reomeTpuyeckoe HOKYCHOe pPaccTosiHUE;
zntd — GIMKHWIA NepexoaHblii MHTepBas; zFTD — fasibHWIl NePeEXOfHbI NHTepBas

PucyHok 3 — MapameTpbl Nons Hedbokycupyrowmx (a) n dpokycupyrowmx (b) npeobpasosateneii

21



FOCT P M3K 61828—2012

22

AnepTypa npeobpasosarensi, Mv
1— 6nnXKHASA 30Ha PpeHens; 2 — hokanbHaa 3oHa ®payHrodepa; 3 — fanbHAsS 30Ha PpeHens
PucyHok 4 — TMpodunb ny4ka, OrpaHMHeHHbIVI KOHTYypamMn Ha ypoBHe

MUHYC 6 b, muHyc 12 gb n muHyc 20 b, ans npeobpasoBatena paguycom 12 mm
C KpuBU3HOW paguycom 50 Mm Ha yacToTe 5 ML, LeHTp koToporo pacnonoxeH B Touke (0; 0)
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1— wmpuHa anepTypbl NpeobpasoBatens; 2 — hoKycupyoLLas NoBepxHOCTb NpeobpasoBartens;
3 — nnocKocTb anepTypbl NpeobpasoBaTtens; 4 — reoMeTpuyeckumii okyc; 5 — ocb nyyka; 6 — reoMeTpUYeCcKre rpaHuLbl MyyKa;
7 — 6nmkHASA 30Ha PpeHens; 8 — hokasibHasa 30Ha PpayHrodepa; 9 — fanbHAA 30Ha PpeHens;
Daf — paccTosiH/e oT anepTypbl A0 hokyca; Fgo— reomeTpuueckoe grokyCHOe paccTosiHne

PucyHok 5 — lMapameTpbl A58 onvMcaHust Nonsi hoKycupyowero npeobpasoBaTesis U3BECTHOW KOHCTPYKLMN
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1— wvpuHa anepTypbl NpeobpasoBatensi; 2 — HOKyCcMpyloLas NoBepXHOCTL NpeobpasoBarens;
3 — naockocTb anepTypbl NpeobpasoBaTens; 4 — reomeTpuyecknini hokyc; 5 — 0Cb nyyka; 6 — reoMeTpuyeckre rpaHunLbl Myyka;
7 — 61KHARA 30Ha PpeHensa (npu | A’ - Al > N1/2); 8 — hokanibHasa 30Ha PpayHrodepa (npu |A' - A| < N1/2);
9 — fanbHAA 30Ha ®PpeHensa (npu ] A’ - A| >/1/2); DAF— paccTosiHie OoT anepTypbl A0 doKyca;
Foeo— reomeTpuyeckoe hoKyCHOe paccTosiHve

PucyHok 6 — MapameTpbl pa3HOCTell akyCTUYEeCKoro nyTtu
npy onmcaHnn Nosns YOKyCHpyoLero NnpeobpasoBarTens N3BECTHON KOHCTPYKLNM
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1 —BHeLWHAs anepTypa npeobpasoBatens; 2 — NPOTSHKEHHOCTb hOKa/lbHOW 06/1acTh; 3 — OCb MNyuKa,;
4 — npodnsb Nyyka Ha ypoBHE MUHYC 6 Ab; 5 — MUHMMasibHas WwuprHa nydka WhirHa ypoBHe MUHYC 6 Ab;
6 — wrpuHa nyyka, pasHas 2 I/l/mig 7 — anepTypa UCTOYHUKA; 8 — KOMMEHCUPOBAHHOE paccTosHue

PucyHok 7 — ®dokanbHaa obnactb npeobpasoBaTens B [NaBHOV NPOAO/bHOW NIOCKOCTH
[ANnsi npeobpasoBarteneii ¢ N3BECTHOW (a) 1 HeM3BEeCTHON (b) KOHCTPYKUUSAMU
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1 — ynbTpa3ByKOBOW NpeobpasoBaTesib; 2 — reoOMeTPUYECKN IMHENHBIA (hOKYC; 3 — reoMeTpuyeckuii crepmnyecknin gokyc

PucyHok 8 — Tunbl reoMeTpu4eckoin hoKyCUpOBKM
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1— BHelWHsIA anepTypa npeo6pa3oBartesnsi; 2 — M/I0CKOCTb anepTypbl UCTOYHUKA; 3 — KOMMNEHCMPOBAHHOE PaCCTOsIHUE;
4 — (hbokanbHas NI0CKOCTb (M0 AaBneHnto); 5 — hokyc nonsa gasnexHus; 6 — BTopast NIOCKOCTb; 7 — OCb NYYKa;
8 — nnockocTb anepTypbl Npeo6pasosarens; 9 — npodnsb Nyyka BAOb OCK

PucyHok 9 — ®okyc B nosie faBfieHWi Ha raBHOW NPoAOoNbHOW MI0CKOCTH
ONns npeobpasoBaTensi NU3BECTHON (&) 1 HENM3BECTHOW (b) KOHCTPYKLK
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MpunoxeHue A
(cnpaBoyHoe)

Xapakrepuctukmn pokycupyoumux npeodbpasoBarenen.
OcHOBHbIE NONOXeHUs

B HacTosIlLleM nNpunoxeHWn nokasaHa BO3IMOXHOCTb ONWcaHusi nonsa dokycupyrolero npeobpasosaTtens B Tep-
MUHax 6nuxHew W fanbHelk 30H OpeHens U dokanbHoi 30HEl OpayHrodepa. OTU TePMUHBI NPUMEHUMbI ANS OnMcaHus
XapaKTepucTuk nonei gokycupyroLmx npeobpasoBaTenei, reOMeTPUS KOTOPLIX N3BECTHA.

PaccmoTpeHa anepTypa npeobpasoBaTens LWUMPUHOW 2a, UMEIOLLEro KpyroBylo CUMMETPUIO. Mpn U3NyYeHUU He-
npepbIBHOI BOMHEI 6€3 anofusayumn none gasfeHnii B BOAE BLOSb OCK NyYKa Z MOXET GblTb NPeACTaBeHo Kak

p(0,2) = pg I:e-sz _ e—jk(a2+z2)1/2:| , (A1)

rae k = 274 — BONTHOBOE YMUCNO;
A — ONWHa aKyCTUYECKOW BOSHEI;
J=N-1
po — aMNNUTyAa faBneHns Ha anepType npeobpasoBartens.

MpumedvyaHue — Brupaxernue (A1) cnegosano 6bl 3anvcaTb B TepMUHax konebaTenbHoW CKOPOCTM Ha
anepType npeobpasoBaTens. 34eck po NPUMEHAIOT ANSA 3aMeHbl pcvo. CnegyeT Takke 3aMeTUTb, YTO OTCYTCTBUE ano-
An3auny XapakTepusyeTcss NoCTOSHHOW amnnnTyAol konebaTenbHOW CKOPOCTW YacTuy Vo, B TO BPEMA KakK AaBfieHune
HernocTosHHO Mo anepType npeobpasosaTtens U U3-3a AUdpPakUMOHHBLIX 3 DEKTOB Ha HEKOTOPLIX y4acTkax MoXeT BbiTb
flaXxe paBHO HymHo.

B napakcuanbHoM MpuBIMKeHWn, T.e. Mpu Z° >> &>, NepBblit YrleH GUHOMUHANLHOMO Pa3NoXEHUs BbIpaxXeHUs
(A.1) npubnuautensHo paBeH

p(0,2) = j2pye e ima 122 sin( a2 | 2)z) . (A2)

MpaHuLen Mexay 30HON PpeHens Unu 3oHoi BGnuxHero Nomns U 30HOM AanbHero nons unu 3oHoin dpayHrodepa
ANs HedPOoKyCMpYIOLLMX Heanon3upoBaHHbIX YNbLTPa3ByKoBbIX Npeobpa3soBaTeneil ¢ KpYroBoid CUMMeTpUeil cuuTaloT no
TpaAuLnmn OKOHYaHWe NepexoHOro MHTepBarna zr = a’l A [1]. Ecnu aTo paccTosiHue UCMonb3yloT B KBagpaTU4HOM ¢haso-
BOM 4neHe BbipaxeHus (A.2), To nonydaiot

ra? (A T
o,="[Z2|=2=. A3
t o0 (82) 2 ( )

CnepyeT 06paTuUTLCA K PUCYHKY 1, 4TOBbLI paccMOTpeTb HeanoM3upoBaHHbIA oKycupyloLLuii NpeobpasosaTenb
LLIMPUHOW 2a C TOHKON NUH30W, reoMeTpudeckoe POKycHoe paccTosiHue KoTopol paBHO F = Riens /(n-1), rae Riens —
paiyc NNOCKO-BbLINYKNOW NUH3LI, @ N —K03PULIMEHT npenomnenus (n = cw/cL). Ecnu TonwmHa nuH3el Mana no cpae-
HEHWUIo € &, Z N F, To cneayeT BOCNONbL30BaTLCA annpokcMMaLuueid TOHKON NuH3kl [2]. B aTom cnyvyae faBneHue BLonb
oCY Nyuka Npu NapakcuanbHbIX NPUBAMKEHUAX 2 >> & U F>>> a° MOXET BbiTb npeAcTaBneHo Kak

2
j2p e ]kzexp _ﬁ l_l

26 \z F xa> (1 1
p(0,2)= sin| —| ——— (A.4)

7 11 22 F

z F
B reomeTpuueckom ¢okyce (z = F)
2

0,F) = j2pee | Z8_ A5
p(0,F) = j2pge o F (A.5)
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BhipaxeHue (A.4) MOXeT BbITb 3anMcaHo B TEPMUHAX HOPMUPOBAHHOIA (MO hOKYCHOMY pacCTOsIHUIO) OCEBOI AUC-
TaHUWK Ze

. ma’

T
: — ] 20z, 2
j2pge e #% [ rg
0,z)= sin A.6
p(0,2) Z 2z, )’ (A.6)
Ze
e
unm z = ZZ_ (A8)
1-£
F

Hanee BhipaxeHue (A.8) gnsa dokycupyroLero npeobpasoBatens HanpsMytlo CpaBHUBAIOT C BblpaXeHuem (A.2)
Anst HedpokycupytoLero npeobpasopartens. Ecnu reomerpuyeckoe pokycHoe paccTosiHUe cyliecTBeHHO Gonblue pac-
CTOSIHUS Z,, TO 062 BbIpaXeHUst CTaHOBATCA UAEHTUYHBIMWU. CXOACTBO (hOPMbI 3TUX BhpaXKEHUA NO3BOSIAET onpefenunTb
SKBWBANEHT NepexofHeIX MHTepBanoB Ans doKycupytoLero npeobpasosartens.

Ans nonyyeHus ha3oBOro aKBMBarieHTa Hedokycupytollero npeobpasosaTens AN NEPexXofHOro UHTepsana
KBagpaTu4HbIi hasoBbIi YUneH BelpaxkeHus (A.6) nonaratT paBHLIM T/2, Kak U B BbipaxeHuu (A.3)

(A.9)

2
a
MosToMy z, =+— (A.10) 1 13 BolpaxeHWs (A.7) nonyvatoT BulpaxeHne Ans 6NnxXHero NepexoiHoro WHTepsana
mMexay OnmxHein 30HON szeHenﬂ n pokanbHoW 30Ho PpayHrodepa

2.2t (A11a)
Zt'l a F
2
a‘F
unu ZNTD = ZH = ———- (A.11b)
NTD =20 =5
370 paccTosiHME MOXET BbiTh 3aNMcaHo B TEpMUHAX NEPEXOAHOro UHTepBana zr = a/A.
zrF
Z =Zp = . A.11c
NTD =20 =2 T ( )

MoaoBHEIM e 0bpa3oM BbipaxaloT OrvXHUIA NepexofHblil UHTepBan 4Yepe3 dokanbHylo 30Hy dpayHrodepa u
JanbeHioro 30Hy PpeHens

S — (A11d)
Z2 a
2
a‘F
unu Z =Zyy =——, A11e
FTD = %2 =5 — ( )
zrF
unu z =24y = . A11f
FID=Z2 = TF ( )

M3 BbipaxeHna (A.8) BUAHO, YTO Ny4oK NpeTepneBaeT COXHYI0 3BOMOLMIO MPU Nepexofe U3 GnuxHero B Aanb-
Hee none B NpefAenax reoMeTpu4eckoro hoKyCHOro pacCTosHUA, NMOTOMY YTO No Mepe NpubnuxeHus z K F z, ctpemuTca
K 6eckoHeqHOCTU. MNpu BEINONHEeHUN TpeboBaHuiA B COOTBETCTBUM C BhlipaxeHusmu (A.10) u (A.11a) Ans sKBUBaNEHTHOrO
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pPaccTOAHUA Ze = a’ /A z = zu, dopMa ny4ka cTaHOBUTCA NOJOOHON TON, KOTOPYHO MMEEeT 3KBMBaNEHTHbIN HePOKyCH-
pytownini npeobpasoBaTtenlb Ha ero NePexofHOM UHTepBane zr, HO ¢ APYrMMU MacwTabHeIMK koaddULuMeHTaMmn Kak no
amMnnuTyge, Tak 1 Nno nornepeyHsIM pasmepam.

Mof06HLIM 06pa3oM, Korfa Ze > a /A U Z > Zp, dhopMa Myyka BO3BpallaeTcs K TOM, 4To Gblna B 30He OpeHens.
OpHaKo NOCKOIbKY paccTosiHUE NpeBbILLaeT POKYCHOe, adhdekTbl MHTepdepeHLMM 1 Nynecalumn B 3oHe OpeHens 6yayT
NPOSIBNATECA MEHbLUE U 3aBUCETh OT CTEMEHN POKYCUPOBKN.

MopoBHbIN aHanua MoxeT ObITk NpoBeAeH ANs BOrHyToro dokycupytollero npeobpasosaTtens paguyca R, rnoka-
3aHHOr0 B BEPXHEN YacTu pucyHka 1, npyu Ucnonb3oBaHuW napannensHoro Habopa NPUBNUKXEHHBIX BbIpaXEHUA C COOT-
BeTCTBYlOLEN 3aMeHol F Ha D B BblpaxeHusix (A.4)—(A.11). CMm. pucyHok 5. B aToM crydae BblpaxeHue (A.4) byaer
npeo6pasoBaHo B criefyoLlee:

P22
. y - 1 1
2pge M ex ﬂ(———j
. J pO p|: . z D ) naz 1 1 (A12)
,Z) = sin| —|———|1; .
po2) NG (2 72)
z D
BblpaxeHue (A.5) npu z = D npeobpa3oBaHo B cregytoLlee:
§(0,D) = j2ppe H0| Z |, (A13)
' 2.0 | '
BblpaxeHue (A.7) UBMeHWUTCA Ha criegytoLlee:
.11 (A14)
ze z D
BblpaxeHue (A.8) npumeT Bua:
7o =—2—; (A.15)
1z
D
W NapannenbHele BapuaHThl BelpaxeHuit (A.11) ByayT 3anucaHbl Kak:
i:Lz+l; (A.16a)
zn a° D
2
aD
ZnTn = Zp = : (A.16b)
NTD =20 =3
ZTD .
Z =Zy = : A 16¢
D =20 =7 T ( )
Lz_iz+l, (A.16d)
Zt2 a
2
aD
Zern = Zyp = —— (A.16e)
FID =42 =751
zyD
=z, = ) A.16
Z F1D= %12 Z-D (A.16f)

OTn napansenkeHble BIPaXXEHWUs CHUTALOT TONBKO NPMONMXEHUAMU, UX Gonee TOYHBIE BEpCUM MOryT ObITb Hailge-
Hbl B [1], [3] v [4].
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Takune xe pesynbTaThl Ansi HOKyCUPYIOLLLEro BOTHYTOro NpeoGpasosaTens MOryT ObiTb NOMy4YeHbl U UHBIM CNOCO-
60M: NP1 UCNONb30BaHUKU a3kl PasrMUHbLIX ANUH aKyCTUYECKOro NyTh. B TakoM criyyae BHOBb NpegnonaratoT napakcu-
anbHoe NpUBnNXeHne, NokasaHHoe Ha pUcyHke 6. B 3Toil cUTyauuu Ans onpeaeneHnust anepTypHON pasHOCTU akycTude-
CKOFO NYTU UCMONB3YIOT PacCTOsIHUE 10 NNOCKOCTU anepTypbl Npeobpasosatens D

A=Va?+D?-D; (A.17a)
62
A=D{1+—— |-D; (A17b)
2D
2
A= (A17c)
2D

Mopo6HLIM Xe 06pa3oM MOXET GbITb aNNPOKCMMUpOBaHa oceBasi PasHOCTb akyCTUMECKOro MyTw:

N=va?+z2_7: (A.18a)

aZ

K=z 1452 (A.18b)
2

A'=;—Z. (A.18c)

Kak nokasaHo Ha pUcyHKe 6, ycrioBue nepexoga cnegyioLliee:

A=k
|A A|_2. (A.19)

N3 (A.17) 1 (A.18) 3TO ycrioBue NPUBOAUT K CNEAYIOLLUM COOTHOLLEHUAM

2

afa_1j.r. (A.20a)
2(zqy D) 2

2

afrt_ 1) x (A.20b)
2z, D) 2

Pewas (A.19) AnA zy WU Zp, Nony4atoT UAEHTUYHbIE 3HAYEHUA PacCTOAHWNA, HaleHHble paHee U3 BbipaXKeHUn
(A.16). MNoaToMy npu COOTBETCTBUMU YCTAHOBMEHHLIM YCNOBUAM KPUTEPUWU Pa3HOCTU aKyCTUYECKOro NMyTW Ha PUCYHKE B
3KBMBAaNeHTHbl PACCMOTPEHHONR paHee rpaHn4HoR 30He.
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MpunoxeHue B
(cnpaBouHoe)

MeToabl onpeagesnieHna ocu ny4dka and naearibHbIX Ny4vykoB

B.1 CpaBHeHMe MeTOAOB UCccrnegoBaHUA OCU Ny4Ka

B HacTosLLeM NpUIOXEeHUN CpaBHUBAIOT TPU METOAA HaxOXAEeHWA ocK nyyka. MNpu 3ToM ucnonb3oBaH npeobpa-
3oBaTenb Ha 2,5 My B BUAe NpssMOYrofibHoOi peLleTku ¢ puKcupoBaHHbIM POKYCOM MO TONLMHE MyyYka U U3MEHAEMOIA
(aneKTpoHHLIM 06pa3oM) hOKYCUPOBKONA B Apyroi NpoAorbHOM MIOCKOCTH.

MepBLIl METOA OCHOBAH Ha HaxoXAeHWU ocu pacnpocTpaHeHUa nydka B cootBeTcTBuUM ¢ MOK 61102. U3 nepBbIX
LBYX UMK TpeX peKoMeHAyeMbIX MIOCKOCTEN, OTCTOSLLMX Ha paccTOAHUAX OT npeobpasosaTtens: z4 = A/(mA) = 9 cm; 22 =
Al(3mA) = 3 cM; z3 = 2A/(wA) = 17,9 cM, rie A — nnoljagb akTUBHOW NOBEPXHOCTU PELLETKN U A — AJMHA BONHbI, — Gbl-
11 BbIGpaHbl jBe MNOCKOCTU. DneKTPoHHOoe poKycHOe paccTosHUe BbIN0 YyCTaHOBNEHO paBHbIM hOKYCHOMY paccTOsIHNIO
B TOMLYMHHOW NIMOCKOCTU. LIeHTpbI Ny4ka Bbinu HaitgeHbl Npyu uccnefoBaHui NUKOB BONHOBOW (DOPMbI NPU OpTOroHanb-
HOM CKaHMpOBaHMM My4Ka Mo OCsAM X W ¥ Ha paccTosHUsAX 3 n 9 cM oT npeobpasosaTtens. JInHWA, NpoxoAsiyasn Yepes aTun
LieHTpbI, COOTBETCTBYIOLLME NUKaM, Bbina uAEHTUMULMPOBaHA Kak OCb PacNPOCTPaHEHUN Ny4Ka.

BTopbiM 6bin MeToh UeHTpouaa, pacCcMOTPEHHbIN B nepeducneHun c). CkaHupoBaHWe BAONb OPTOroOHarbHbLIX
oceii BbINonHsANM no 60 Toukam, yaanas ruapodoH OT OCU Ny4YKa HACTOMNBKO, HACKOMBbKO 3TO NO3BONSINO OTHOLLEHUEe CUr-
Han/Wwym. ToYKM LEHTPOUAOB HAXOANNN U3 BbipaxkeHWUi (6a) u (6b).

B TpeTbeM mMeToAe UCNONBL3OBaNU CpeAHUE TOYKW NO LIMPUHE My4YKa NO OCAM X U ¥ B KaXAOW OPTOrOHanbHOM
MMNOCKOCTH, KaK 3TO pacCMOTPeHO B B.2. PesynbTaThl Takoro xe ckaHMpoBaHUA Nydka 6binu pasgeneHsl No amnnutyge
Ha uHTepeansl (-0,1 ab; -0,4455 ab v T. 4.), BKItoYeHHble B Tabnuuy B.2. MonoXeHWUs LEHTPOB WWPUHBLI Ny4ka Obinu
BbIYMCEHbI 4111 YPOBHEH CUrHanos, NPeBOCXOAALLMX WYM. [NA NoNy4eHNs cpeaHNUX ToHeK No WUPUHE Nydka No 0CsaM X
W ¥ B KaxA0i 0pTOroHanIbHOW NNOCKOCTU NONOXEHWUS LEHTPOB GbiNn yepeaHeHbl. Pe3ynbTaThbl TaKoro ckaHWpoBaHWs Mo
OCHU X MNpeAcTaBneHbl Ha pucyHke B.1. B 3TOM npumepe LEHTPOMA U CPefHSA TOYKa NO LIMPUHE Nyvka nexat s6nusn
MUKOBOro 3HA4YEHNA B LIEHTPpe ny4Ka.

OneKTpoHHbIA hokyc Bbin ycTaHoBNeH Ha Gonbluyto rMy6GuHy, 4To 06YCNOBUNO TPU 3HAYEHUA PAcCTOAHUA OT ak-
TUBHOW noBepxHocTU nNpeobpasosaTtens B cooTBeTcTBUM ¢ MOK 61102: 4,4 cM; 13 cM 1 26 cm. MNpu oueHKke Tpex MeTo-
[0B CKaHWpoBaHue BLINo NPoBeAeHO B TPEX NNOCKOCTAX, OTCTOAWMX OT npeobpasosatens Ha 4,4 cm, 9 cm 1 13 cMm. Ha
paccTosHUM 4,4 cM Npu cCkaHUPOBaAHUK MO OCU X B MOMNEPEYHOM CEeYEHWUMN Nydka O6HapyXeHbl ABa NuKa, NokasaHHbIX Ha
pucyHke B.2, npudem npaBblii 661 HeMHOro Bhilwe nesoro. B MOK 61102 ykasaHo, UTo B 3TOM cfiyyae Ans onpegene-
HWS ocK pacrnpocTpaHeHus Mydka crneayeT Ucnonb3oBaTb Hambonbluee 3Ha4YEeHME NUKa.

CTaHpapTHble OTKITOHEHNSA MEXAY W3BECTHLIMU MOSIOXKEHUSAMN OCU U UX MOJNIOXKEHUAMU, OnpefienieHHbIMU TpeMs
MeTofamu U Mo TPEM MOCKOCTAM, NpeAcTaBneHbl B Tabnuue B.1.

Tabnuya B.1 — CraHfapTHble OTKNOHEHUS NpU CKaHUPOBAHWKM MO OCSIM X U Y, NOMYYEHHBIE C UCMOSIb30BAHNEM
Tpex MeTOAOB OMNpefeneHusi LeHTpa nyyka

MeTOﬂ, CTaH,qapTHoe OTKNOHEHne CTaH,qapTHoe OTKIIOHEeHue
npwn CKaHUpoOBaHWK MO X, CM npu ckaHUpoBaHMKU NO ¥, CM
Muk 0,1121 0,0139
LlenTtpong 0,0072 0,0098
CpeaHss TouKa No WwrprHe ny4ka 0,0056 0,0096

CpeAHsAs MUHUA Ha STOM PUCYHKE OTHOCUTCH K CPEAHUM ToYKaM, a cMMBONoM PP/ 06o3HaueH uHTerpan keagpa-
TOB JaBfieHns B UMNynbCe.

B.2 MeTop cpeaHeit TOUYKM NO LWMPUHE NMyYKa

B aToM MeTofe 1cnonb3yloT Takoe Xe CkaHWpoBaHWe No opTOroHanbHLIM TMHUAM, Kak U B METOAE LieHTpounaa, a
3aTeM KBajpaTHble KOPHU U3 3Ha4YeHWit UHTerpana KBajparoB AaBneHus B UMMynece AenaT Ha 20 uHTepsBanos, cooT-
BETCTBYIOLUX YpoBHAM oT MuHyc 0,1 4B Ao muHyc 26 ab (cM. Tabnuuy B.2). 3HauyeHMs WMPKHEI NMyYKa BbIYUCISIOT MO
HacTonbKo GOMbLIOMY YWCIY YPOBHENR, NpUBEAEHHbIX B Tabnuue B Aelubenax, HacTONbKO STO NO3BONSET YPOBEHb U3-
MEpEeHHOro CurHana, a 3ateM NofoXeHUa NX LeHTPOB YCPEAHSIOT ANSA Noy4YeHUs CpeaHUX TOUEK KaK Mo ocu X, Tak U no
ocu y. MNepecedeHune NMUHUIA, NepneHANKYNAPHBIX K IMHUAM CKAHUPOBAHUA, U NIUHWIA, NPOXOAALLUX Yepes CpefHNe TOUKM,
onpeaenseT LeHTpanbHyo TOYKy ny4ka.
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MpeacTaBneHHble Ha pucyHKke B.2 pesynbTaThl CKaHUPOBaHWSA No ocu x ANs BTOPOA (hoKanbHOW 30HBI Ha pac-
CTOSHUM OT npeobpasoBatensi 4,4 cM MOKa3bIBaKOT, YTO MOSIOXKEHUe MUka Npoduns nydka OTAMYaeTCs OT MOMOXEHWUN
LieHTpa nydka, onpeAeneHHoro Apyrumu meTtofamn. CpeaHas NIMHUSA OTHOCUTCHA K CPefHUM Toukam, a cumsorioMm PP/
0603HaueH MHTerpan kBajpaToB AaBMEHUsA B UMMybCe.

BTopyto nnockocTb, napannensHylo Nepeoi, BbLIGWPaT Ha HEKOTOPOM pacCTOSHWM A0 MecTa pacrofioXeHWs
NepBoii NNOCKOCTW UNK 3a HUM TakK, YTobbl sTa BTopas obecrneynBana Bbicokoe yrroBoe paspelleHue. [Ana npeobpaso-
BaTenei ¢ SNEKTPOHHOW POKYCMPOBKON hOKYC MOXeT ObiTb YCTaHOBIIEH Ha BTOPOW MIIOCKOCTW Unu BONU3N Hee, YTO
MOBLICUT OTHOLLEHWe curHan/WyM. Ecnn ans nepeoil NnockocTn Bbin UCNOMb30BaH METOA CPeAHUX TOYeK, TO ero cre-
DYEeT NPUMEHSATb W 4ns BTOPOWA MNOCKOCTY.

Mpu BbIGOpE paccTOsAHUIA MOTYT ObiTb NMPUMEHUMbI CBELEeHUS O NapameTpax oKycMpoBKM nNpeobpasosaTens B
KaXzol MpofonbHON MNOCKOCTU. [iNA onpefeneHns pasmepos oxuaaeMoi dokansHoN 3oHel OpeHens MoryT ObiTb Uc-
nosib3oBaHbl BbipaxkeHus (3) u (4) gnsa 6nuwxHero v fJansHero NnepexofHbIX MHTEPBaroB.

MecTononoxeHne LieHTpanbsHOW TOYKU My4Ka BO BTOPOA NIIOCKOCTU HAXOAAT TEM Xe caMblM 06pasoMm, 4To 1 nep-
BOWA.

Ocblo nyyka 6yaeT npsMas NUHUA, NPOXOASALLAA OT yNbTPasByKoBOro npeobpasoBaTens Yepes cpefjHue ToYKu no
LUMPUHE NydKa B ABYX YKa3aHHbIX BbILLE MIOCKOCTSX.

B npusepeHHoit Hwxe Tabnuue B.2 noa ab6pesnatypoii PPS| o6o3HayeH nHTerpan kBajparoB AaBneHUs B UM-
nynece, a SQRT — kBagpaTHbIA KopeHb M3 PPSI.

Tabnwuuya B.2— YpoBHu WHpKHEI Ny4Ka B geunbenax Ansa onpeseneHna cpeaHux Tovek

HopmupoBaHHoe sHavyeHne SQRT HopmMuposaHHoe 3HaveHune PPSI YPOBHU LLMPUHBI Ny4Ka, AB
(NMWHelHasn Wwkana) (NMWHeNHasn wkana)

0,9885 0,9771 -0,1005
0,95 0,9025 -0,4455
0,9 0,8100 -0,9151
0,85 0,7225 -1,4116
0,8 0,6400 -1,9382
0,75 0,5625 -2,4988
0,7 0,4900 -3,0980
0,65 0,4225 -3,7417
0,6 0,3600 -4,4370
0,55 0,3025 -5,1927
0,5 0,2500 -6,0206
0,45 0,2025 -6,9357
0,4 0,1600 -7,9588
0,35 0,1225 -9,1186
0,3 0,0900 -10,4575
0,25 0,0625 -12,0412
0,2 0,0400 -13,9794
0,15 0,0225 -16,4782
0,1 0,0100 -20,0000
0,05 0,0025 -26,0206
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MpunoxexHue C
(cnpaBouHoe)

MeTtoabl onpeaerneHnsa oCcu nydyka and HengearibHbIX My4YKoB

B cnyvasx, korda npodusib U3MEPEHHOTO YNbTPa3ByKOBOroO Mydka OKasblBaeTCs HewgearbHbIM, Hanpumep npw
€ro HECUMMETPUYHOCTU UMK OTCYTCTBUM YETKO BbIPa@XEHHOr0 OAUHOYHOTO NiKa, AN HAXOXKAEHWSI OCU MyYKa MOTyT GbiTh
npUMeHeHs! Apyrue MeTodbl. CM., Hanpumep, pucyHok C.1, Ha KOTOPOM TOYKaMM MokasdaHbl MOMOXEHUs LUEHTPOB LUMPH-
Hbl Myyka, onpeAerieHHble Mo 3Ha4YeHUAM JaBneHusl, NpUBeAeHHLIM B Tabnuue B.2 (npunoxeHnue B); BepTUKkanbHas -
HWUS MOKa3biBAeT MECTOMONOKEHUE YCPEAHEHHBIX MOMOXEHUA STUX LEEHTPOB UMUK CPELHIOK TOUKY MO WUpUHE nydka. 3To
CKaHUpOBaHWEe AEMOHCTPUPYET, YTO BO3MOXKHO HalM4ne HecKoNMbKUX MUKOB, PACMONOKEHHBIX Ha COCEAHUX JIUHUSIX CKa-
HUPOBaHWS Ha OfHOI M TOl e rnybuHe. B aTOM criydae HeoBXO[MMO BLIMOSHATL PAcTPOBOE CKaHUpoBaHWE W MpuMe-
HATb METOZ [1BYXMEPHOTO LieHTpounzaa.

Ans nony4eHus AByXMepHOro LiGHTpOMAa HaxoAAT (hoKanbHYy MIOCKOCTh Mo AaBleHuo. HaxoasT MecTonorio-
XEeHUe MakcuMyma UHTerpana KBajapaToB AaBfIEHWs B UMMYIbLCE U BLIMOSHSAIOT pacTpOBOE CKaHUpOBaHWe B NIOCKOCTH,
NpoXoAsLLel Yepes 3Ty TOUKy, NpudeM GepyT OTCHEThl He MeHee YeM B 25 Toukax Mo Kaxzow u3 oceit x u y. LieHTpoua
(X6, Vo) U3 Habopa N3MepPEeHHbLIX 3HAaYEHWIi MHTerpana HaxoAsAT U3 crefyroLLMX COOTHOLLEeHWIA:

D> Xibi(Xn ¥ )

KT cA
Xo 22 pilXi¥p) (©12)
k j

22V iPiXiY))
k ]

e — C.1b
> > pilx ) ( )
kK j

Ye

BTopyto NNocKkocTs, napannenbHyto NepBoii 1 pacnofoXeHHYI0 Kak MOXHO Aanblue oT NepPBON MIOCKOCTH, BbIGU-
patT 4O MepBoii NIOCKOCTM UNKM 3a Heli. [Ans npeobpasoBaTteneil ¢ anekTpoHHON OKycupoBKoi POKYC MOXeT GbiTb
YCTaHOBNEH Ha BTOPOIA MIOCKOCTU UK BOM3N Hee, YTO NOBLICUT OTHOLWWEHUE CUrHan/Wwym.

MecTononoXeHs LUeHTporaa nydka HaxogaT, NPUMEHAS Te Xe caMmble onepauuu, koTopble Bbinn NCnonb3oBaHb
ANSA NepBoi NNOCKOCTU.

Ocbto nydka OygeT npamMas NUHUS, NPOXoAsLLas oT yNbsTpa3sBykoBoro npeobpasosaTens Yepes LeHTpoUaL! B ABYX
yKa3aHHbIX BbILLE MIOCKOCTSIX.
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MpunoxeHue A
(cnpaBouHoe)

CBegeHust 0 COOTBETCTBUM CCbINTOYHbIX MeXAYHaPOAHbIX CTaHAAPTOB CChINTIOYHbIM
HauuoHanbHbIM cTaHgapTam Poccunckon ®epepauum

Tabnwuuya JA1

O6o3HayveHne cCbInoYHoro CreneHb O60o3HaveHne N HaumeHoBaHUe
MeXZAyHapoAHOro ctaHgapTa COOTBETCTBUSA COOTBETCTBYIOLEro HaLUWOHaNbLHOro cTaHaapTa
M3K 60050-801:1994 — *
M3K 61102:1991 — bl
M3K 61157:1992 — ok
MOK 61689:1996 IDT FOCT P 8.583-2001 «locypapcTBeHHaa cucteMma obecneveHns
euHcTBa u3MepeHuin. ObopyaoBaHue MefULUHCKOE YNbTpasByKo-
Boe TepaneBTu4yeckoe. Ob6wme TpeboBaHUA K MeToAWKaM BbINON-
HEHUA M3MEPEHUA NapaMeTpoB aKyCTUYECKOro BbIXoA4a B AuWanaso-
He yacToT oT 0,5 o 5,0 MI"y»

* COOTBETCTBYIOLMIA HAaLMOHanNbHLIA CTaHAapT oTcyTcTBYeT. [o ero yrBepXAeHUs peKOMeHAYyeTCA UCMOonb-
30BaTh NEPEBO/ Ha PYCCKUI A3bIK AaHHOro MexayHapofHoro ctaHaapTa. lNepeBos AaHHOIO MeXAyHapoJHOro cTaH-
fapTa HaxoguTcs B QefjepanbHOM MHOPMaLMOHHOM (DOHAE TEXHUYECKUX PErNTaMEHTOB U CTaHAapTOB.

** MexayHapofHbli cTaHgapT 3aMeHeH Ha IEC 62127-1:2007 «Ultrasonics — Hydrophones — Part 1. Meas-
urement and characterization of medical ultrasonic fields up to 40 MHz». B Poccuiickoit ®efiepaLuu aeicTBYeT UaeH-
TUYHBIV HauuoHanbHbI cTangapT FOCT P MOK 62127-1—2009 «lMocyaapctBeHHasa cucteMa obecnedeHus eanHCTBa
nsmepeHuii. MapameTpel norneit ynbTpassykosbix. Obwme TpeboBaHna K MeToAaM U3MepeHWid n cnocobaM onucaHus
ronei B yactoTHOM Aunana3soHe oT 0,5 go 40 MIMy».

¥ MexgyHapofHbli cTaHAapT 3aMeHeH Ha |IEC 61157:2007 «Standard means for the reporting of the acoustic
output of medical diagnostic ultrasonic equipment». B Poccuiickoint ®efepauumn AeicTByeT UASHTUYHBIA HaUMoHanb-
Helii cTangapT FTOCT P MOK 61157—2008 «locyaapcTtBeHHan cuctema obecnedeHnsa eguHcTBa uaMepeHuii. Usge-
MA MefuumMHCKUe anekTpuyeckne. Mpubopbl yNbTpa3BykoBoi AWArHOCTUKW. TpeboBaHWA K NpeAcTaBNeHWIo napa-
METPOB aKyCTUYECKOro BbIXoAa B TEXHUYECKON AOKYMEHTaLMN».

MpumevyaHnune — B HacToAweih Tabnuue ucnonb3oBaHo cnegytouiee ycnoBHoe 0603Ha4YeHUe cTenexn
COOTBETCTBUSA CTaHAApPTOB:

- IDT — naeHTUYHble cTaHAAPThI.
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