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HALULWOHAJIbHBIN CTAHAOAPT POCCUUNCKOWN PEOEPALUNWN

ObOPYIOBAHVWE MEANMUVNHCKOE YJIbTPA3SBYKOBOE ANATTHOCTUYECKOE
YHacTtb 1

Obuwune TpedboOBaHUA K METOOAUKAM KAarNMMOPOBKU CUCTEM U3MEPEHUSA PACCTOAHUMN

Medical ultrasonic diagnostic equipment. Part 1. General requirements for calibration methods for distance
measurement systems

[1ata BBegeHusas — 2012—09—01

1 Obnactb NnpyMeHeHuA

Hacrodawmumn ctaHgapT yctaHaBNMUMBAET METOAbl KANMMOPOBKU YCTPOMUCTB MPOCTPAHCTBEHHbIX (MTMHEWUHbIX)
N3IMEPEHNN U N3MEPEHNN (DYHKLUN pa3MbIBAaHUA TOYKU NPMOOPOB yNbTPa3BYKOBOW BU3yanu3auuu B guana-

30He ynbTpa3BykoBbIX YacTtoT oT 0,5 go 15 Ml'u. CtaHaapT pacnpocTpaHAETCd Ha ynbrpa3ByKOBbIE CKAHEPDI
AXOUMMYIbCHOIO TUMAa, TaAKMUe Kak:

- CKaHepbl ¢ MEXAHNYECKMMN CEKTOPHBLIMKU AaT4YUKaMU;

- CKaHepbl ¢ dasupoBaHHbIMU CEKTOPHLIMU AATUYNKAMM;

- CKaHepPbl C MMHENHOU SNEKTPOHHOWU PELLETKOMU;

- CKaHepbl C CEKTOPHbLIMKU AaT4ynkamMn B BUAE KPUBONTMHENHOW SMNMEKTPOHHOU PELUETKN,;

- CKaHepbl ¢ NOMELLAEMbIM B BOAY AaTYUKOM OAHOMO U3 BbILLENEPEYNCTIEHHBIX TUTMOB;
- CUCTEMbI TPEXMEPHOTO N300paXKEHUS.

2 HopmMmaTUBHbLIE CCbIJIKN

B HacTtoAweM ctaHaapTe UCNONb3oBaHbl HOPMATUBHBIE CCbINKU HA cneaylLne MmexxgyHapoaHble CTaH-
aapTbl™:

MOK 61102:1991 N3mepeHne n onncaHme ynsrpas3BykKOBbIX MOMEN C MOMOLLULIO TMAPOGOHOB B AMana-
30He YyactoTt ot 0,5 MI'y go 15 My (IEC 61102:1991, Measurement and characterisation of ultrasonic fields
using hydrophones in the frequency range 0,5 MHz to 15 MHz)

MOK 61685:2001 YnbrpasByk — CUCTEMbI UBMEPEHUS KPOBOTOKA — TeCT-00bEeKT ANA UMUTaALIMKN KPOBO-
Toka (IEC 61685:2001, Ultrasonics — Flow measurement systems — Flow test object)

3 TepMUHBLI U onpeaeneHuns

B HacTtodwemM cTaHgapTe UCNonb30BaHbl CNeEAYOLLINE TEPMUHBI C COOTBETCTBYIOLLIMMK ONpeaeneHUAMM.
OnpepeneHna U NOACHEHNA MOTYT ObITb HAWAEHbI B CTaHAApTax U TeXHU4eckux ortvertax [1] — [5].

3.1 ckaHupoBaHue TMna A (A-scan): OgHOMEpPHOE nNpeacTaBneHne AaHHbIX, MPU KOTOPOM MHAOPMa-
UM O 3HAYEHUAX OTPAXKEHHbIX CUTHANoOB BOCNPON3BOAUTCA B BUAE aMNIUTYA CUTHANOB, PACNONOXXEHHbIX MO
OCU yNbTPAa3BYKOBOro ny4vka, npeacraBndemMoun KaKk oCb BPEMEHU UNKU PACCTOAHUA.

3.2 cpeancTBO ANA aKycTudyeckoro KoHtakra (acoustic coupling agent; coupling agent): MaTtepuan,
Kak npasusro B BUAE rensd unm XuaKkoctu, UCrnonb3yemMmbin ANa od0ecnevyeHna akyCTUYecKoro KOHTakra Mexay
OATYNKOM U KOXKEW NaUmneHTa unu Mexay 4aT4MKkoM U TeCT-O0OBbEeKTOM.

3.3 yacToTta akycTtuyeckoro BosgeucTBua (acoustic working frequency): CpeaHeapudpmMmeTn4eckoe

3Ha4YeHue 4acTot f, u f,, ANs KOTOpbIX amnnuTyaa Cnekrpa akyCTu4eckux AaBNEeHNN CHMXaeTcs Ha 3 Ab ot
aMmnnunTyabl B €ro nuke (cMm. 3.4.2 MoK 61102).

* B criyyae JaTupoBaHHbLIX CCbIJTOK ClieyeTr UCINOJ1b30BaTb TOJIBKO YKaAa3aHHbIE CTaHAapPThl.

N3paHune odpuyumanbHoe
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3.4 aBTOMaTtunyeckKkasa KomneHcauusa ycuneHusa no pemMeHu; ATGC (automatic time-gain compensa-
tion; ATGC): ABTOMaTn4yeckasa perynupoBka yCuneHud, KOMNeHCUpPyLLEero ymeHbLLUEHNUE aMNIMUTYA 9XOCUTHA-
NOB, Bbl3BaHHOE 3aTyXaHUEM aMNNUTyAbl YNbTPA3BYKOBOIro MMNynbca ¢ rnyouHon.

3.5 oceBasd paspewarwwaa cnocodbHocTb (axial resolution): MMHUManbHOe paccrtossHue BAOSNb OCHU
VAbTPAa3BYKOBOIMO Ny4vyka mexay ABYyMS WOEHTUYHO paccemBaroimMmm oobemMamm Mnm MULLEHAMMU Ha Orpe-
OerneHHon rmyouHe, axocurHanbl OT KOTOPbIX MOTYT ObITb pasgeneHbl Mexxagy coOoun.

3.6 KoadpdpuumneHT obpaTrHoro pacceaHma (backscatter coefficient): CpegHasa akycTuyeckasd MOLL-
HOCTb, paccesdaHHas onpeaeneHHbiM 00bekTOM B HanpasneHnn 180° Kk nagatowemMy nyyky, B eAMHUYHOM MNpPO-
CTPAHCTBEHHOM yrne u oT €aAuHU4YHOro oobLema, AeneHHad Ha MHTEHCUBHOCTL nagatowlero nydka. [peano-
nararoT cnyyamHoe pacnpegeneHue paccemBartenen B npocTtpaHcTee. MOLWHOCTb yCpeaHAT No PasnuYHbIM
MPOCTPAHCTBEHHbLIM peanu3aunam o0bEeMOB pacCeAHUA.

[MTpumMmeyaHune — KoadbdomuneHT obpaTHOro paccesiHusl, Kak nNpaBuno, NpeACTaBnsaloT B BUAe Nrowaan no-
Nnepe4vHoro ceyeHns eamHnYHoro obbema B HanpasneHum 180°.

3.7 KOHTPACTHOCTb pacceuBatenen (HopmupoBaHHaA) (backscatter contrast (normalized)): Pas-
HOCTb MeXxay Ko3ad dpuumeHTamm odbpaTHOro pacceaHua AByx pasnnyHbix obnacrten, AeneHHas Ha KOpPeHb
KBagpaTHbIN N3 npon3BeaeHns AByx KO3 puumeHTOB OOpPaTHOro paccesaHus.

3.8 ocb ny4yka (beam axis): [MpoagonbHasa OCb NMy4vyka 3XOUMMNYNbCHONO OTKIMKA AN KaKoru-nmbo JaHHON
NUHUN cKaHUpoOBaHUA B B-pexkume, npeacrasnstoiag cobon axXoMmMnynbCHbIN 3KBUBANEHT OCU N3Ny4aemMoro
nyyka [2].

3.9 ckaHupoBaHue Tuna B (B-scan): Tun reomeTpuyeckoro npegcraBneHna gaHHbIX, MPU KOTOPOM 9X0-
MHpopmMaLna odopasyeTca U3 TOYEK, Nexalimx B NITIOCKOCTU YNbTPA3BYKOBOro CKaHUPOBaHUA, 03BYy4YUBaE-
MOW yNnbTPa3BYyKOBbLIMU NMy4YkamMun. Huxxe cMm. B-pexum.

[TpuMmedyaHne — CKaHupoBaHUe TUna B — 35TO ynNpoOLWEHHBIA TEPMUH CKAHUPOBaAHUA UNU U300paxeHUa B
B-pexume. CMm. 3.10.

3.10 nsobpaxeHune, MmoaynupoBaHHOe no ApkocTu [B-pexum] (Brightness-modulated display;
B-mode): Metoa npeacrasneHusa nHdopmaumm npu CKaHUpPoBaHUM TUNa B, npu KOTOPOM KOHKPETHOE ceYye-
HUe o0beKTa BU3yanusauumn KOHPOPMHO BOCNPOU3BOAUTCA HA SKPaHE B BUAE MITOCKOCTU CKAHUPOBAHUA, a
aMnnuTyga 3XoCUrHanoB — UX NOKanbHOW SPKOCTbIO MU ONMTUYECKON NIMOTHOCTbLIO n3obpakeHusa ([3]).

3.11 auHamunyeckun aumanasoH usoopaxeHusa (displayed dynamic range): BoipaxxeHHOe B Aeumndenax
OTHOLLUEHME aMNNUTYA MaKCMManbHOIo 3X0CUrHana, eLle He HacbiLaoLuwero n3odpaxeHme, 1 MUHUMarnbHOTO
axocurHana, ewie pasnu4umMoro npu onpeaeneHHon perynmpoBKe NCNbITYEMOrO CKaHepa.

3.12 paspelwieHue [pa3pewiarowan cnocodbHocTb] No TonuwuHe (elevational resolution): MnHumMmanb-
HOE pacCTodaHME B HanpasneHuWn, NEPneHaUKyNApPHOM K NFIOCKOCTU YIbTPAa3BYKOBOro CKaHUPOBaHUA,
MeXXay ABYMSA OAMHAKOBO paccenBaloLLIMMU MULLEHAMM HA KaKoU-nndo onpegeneHHon rmyounHe, SXocurHanbl
OT KOTOPbIX MOTyT ObITb pa3aeneHsl Mexgy codooun. [Npn onucaHnm TpexmepHoOro CKaHMPOBaHUA 3TOT TEPMUH
MCMONb3YIOT BMECTO TEPMUHA «TONLLUMHA CNOA».

3.13 o630pHOe none [none o630pa] (field-of-view): lNnowagb B NNOCKOCTU YNbTPa3BYKOBOIo CKa-
HUPOBaHUA, 03ByYMBaEeMaqa yNbTPa3BYKOBbLIM MYYKOM A1 NONMy4YeHUSa O4HOro Kagpa n3oopa)XeHus.

3.14 yacToTa kaapoB (frame rate): YUncno ka4yaHnn ynbTPasBYKOBOro ny4yka B mone oo63opa 3a 1 c.

3.15 ycunenue (gain): OTHOLLUEHME BbIXOAHOIO CUrHana Kakoro-nnbdo yCunmutTenbHOro ycTpoucTBa K ero

BXOAHOMY CUTHANY, BblpaXKaemoe, Kak npaBsuno, B geuubenax.

3.16 cepan wkana (grey scale): llnanasoH 3Ha4€HNN APKOCTU U30DpaKeHns, nNnaBHO UMN CTYNEHYATO
(He MeHee 4YeM C TpeMa AUCKPETHLIMU 3HAYEHUAMWU) N3MEHAIOLLUMXCA MeXay ABYMA KpaUuHUMKU 3HAYEHUAMMU
(cMm. [3]).

3.17 paspewawowaa cCnoCoOHOCTbL B MNOnNepeyHOM HanNpaBneHUU [nonepevyHoe paspelleHue]
(lateral resolution): MMHUManbHOE pacCTOAHME B HANpaBneHUn, NeEPNEeHANKYNAPHOM K OCK Ny4Ka, Mexay ABY-
MA FIMHEUHbIMU MULLEHAMMU, PACNONOXXEHHbIMU NMEPNEHAUKYNAPHO K MAIOCKOCTU YIbTPA3BYKOBOIO CKaHMU-
pOoBaHUA, HA onpeaeneHHoOU rmybuHe B TeCT-00beKTe C TKAHEMMUTUPYOLWMM MaTepUuarnomM, 3XoCUrHan.l
OT KOTOPbIX HAOMOAAOT pa3aeneHHbIMU Mexay cooon.

3.18 dyHKUMUA pa3MmbiBaHuAa nuHuKn; LSF (line-spread function; LSF): TpexmepHbIn OTKITMK CUCTEMBI
Bu3yanusaumm Ha BbICOKOKOHTPACTHYIO IMHEUHYIO MULUEHb.

3.19 nuHenHaa muweHsb (line target): LlnunuHapu4veckun otpaxkatenb, AMaMEeTP KOTOPOro HaACTONbKO
Man, YTo CUCTEMON BU3yanu3auumnm ero HEBO3MOXXHO OTNMUYUTBL NO aMNNUTyAEe curHana ot UMnUHAPUYEeCcKoro
oTpaXarend, Ha nopsaaoKk MeHbLiero anamerpa. ObpaTtHoe paccesdgHue OT 3TarnoHHOM JIMHEUMHOU MULLEHM
PEKOMEHOYETCA NPEACTABNATb NPOCTON PYHKLIMEN YaCTOThl BO BCEM UCCNEAyEMOM YaCTOTHOM AManasoHe.
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3.20 M-pexum [pexxum aBuxeHua Bo BpemMeHu] (M-mode; time-motion mode): Metoa npeacrasne-
HUA MHpopMaLUUn 0 pesynbratax CcKaHupoBaHua Tuna M, npu KOTOpPOM nepemMeLleHNne CTPYKTYP BAONb (PUK-
CUPOBAHHOTO HanNpaBneHnd OCU Ny4YKa n3obpa)kaetca Ha aKpaHe B BUAE NONOXEHUSA ITUX CTPYKTYP HA NUHUN,
nepemMeLlarLLenca no 3KpaHy, ¢ Lenbio nokasartb UISMEHEHUE BPEMEHU NPUEMA IXOCUTHATOB.

3.21 ckanupoBaHue Tuna M [ckaHupoBaHue aBuXKywuxca oobvekToB] (M-scan; time-motion scan):
Cnocob ckaHUpoBaHUA, NMPU KOTOPOM 3XOMHGOPMAaLUNSA O ABUXKEHNN 0ObEKTA COCTABNAETCA MO TOYKAM, NeXa-
LM BAONb OCU Ny4Ka. Ana npeacraBneHns aTon nHgopmaumm ncnornb3yercsa n3oopaxkeHme B M-pexume.

3.22 HOMMUHanNbHaA vYactoTa (gaTyuka) (nominal frequency (of a transducer)): HacToTa aKyCTU4YeCKO-
ro BO3geucTBuA npeodpasoBarTens, ykasaHHasa pa3paboTymkKkom nnm narotoputenem (cum. [3)).

3.23 nukcen [3nemMeHT nsoobpaxeHus] (pixel; picture element): HanmeHbLLMK pasmep MPOCTPAHCTBEH-
HOro aNemMeHTa N SYenKn UMMPoOBOro AByXMepPHOro n3odpaxeHus. Kaxkabin nukcen nuMmeeT aapec (Koopam-
HaTbl X N Y, COOTBETCTBYIOLLME €ro NONOXEHUIO B MaTtpuue) u onpeaeneHHbIn YPOBEHL APKOCTH.

[TpumMmedyaHune — NUKcen — 37O COKpallleHNe TEPMUHA «3NeMeHT nsobpaxeHuna» (picture element).

3.24 TOYe4yHaa MmuweHb (point target): OTpaxarenb, pasmMepbl KOTOPOro CTonb Marnbl, YTO CUCTEMON
Bu3yanusauum ero HeBO3IMOXKHO OTMUYUTL MO aMNUTyAEe curHana ot nogodHOro orpa)karensd, Ha nopsnok
MeHbLUEro pasmepa. ObparHoe paccedaHue oT STaNOHHON TOY€4YHOU MULLEHU NPEeACTaBNAET cOOOU NPOCTYIO
OYHKLMIO 4YacTOThbl BO BCEM AMana3oHe uccneayemblix 4YacTor.

3.25 (pbyHKUMA pasMmbiBaHuAa TOYKM; PSF (point-spread function; PSF): XapakTtepHbln TPEXMEPHBLIU OT-
KNMUK CUCTEMBI BU3yanu3aumm Ha TOYe4YHYH MULLEeHb BbICOKOW KOHTPACTHOCTMN.

[TpuMeyvyaHKne — He MoXeT ObITb 00LLEN XapakTepUCTUKN PSF ana ynetpasByKOBOW CUCTEMBI B LIENOM, TakK Kak
PYHKUNA U3MEHAETCH ¢ TMMyOUHON WU NapaMeTpamMm HAaCTPOUKN CUCTEMBI Ha (POKYC U YacToTY.

3.26 nUHMA ckaHupoBaHuA (scan line): OaHa U3 NMHN CKAHUPOBAHUA, POPMUPYIOLLINX N30DpaXKeEHUE
B pexxume B Ha MOHUTOpPE yNbTPAa3BYKOBOIo ckaHepa. Kaxkagasa U3 HuUx npeacraBnaer cobom orndaroLLyto nm-
HUIO CKAHUPOBAHUA TUNA A, B KOTOPOU aMNNUTYyAbl 3XocurHana npeobpasoBaHbl B 3HAYEHUA APKOCTMN.

3.2/ NNOCKOCTb CKaHupoBaHUA (scan plane): I'NnockocTb, coaepxallad FIMHUU YNbTPa3BYKOBOIO
ckaHupoBaHusa (cM. MOK 61102, onpeaeneHue 3.38).

3.28 bokoBoU nenecTtokK (side lobe): BropnyHbin ny4vyok, reHepupyembin ynbTrpa3BYKOBbLIM MpPeoo-
pasoBaTenieM MU OTKINOHAIOLMUCA OT HanpasneHnsa rnaBHoro ny4ka. Kak npaBmno, MHTEHCUBHOCTb DOKOBbBIX
rienecTKoB CyLLIECTBEHHO MEHbLLUE MHTEHCUBHOCTU B TMaBHOM (LUEHTPanNbHOM) Ny4Ke.

[TpuMmeyaHne — Hannume OOKOBbIX JIENECTKOB MOXET BbI3BaTb JIOXKHbIE OTPaXXeHHble CUrHarbl Ha yrbsTpa-
3BYKOBOM U30OpaxeHunu.

3.29 TonwuHa cno4q (slice thickness): TonwuHa cnoda B HanpaBneHUU, NeEPNEHAUKYNAPHOM K NMFTOCKO-
CTU YNbTPaA3BYKOBOro CKAHMPOBAHUA, HA onpeaerneHHon rnyouHe B TeCT-00beKTe U B TON ero obnacrtu, n3s
KOTOPOW nony4aroT n3oodpaxxeHne akyctm4eckon nHgopmaumu.

3.30 cnekn-cTpykTypa (speckle pattern): lNarHucroe nsodbpa>keHne, BbI3BaAHHOE MHTEPMDEPEHUMNEN CUT-
HanoB, OTPa)XXeHHbIX pacCeEnBaAOLLMMN LLIEHTPAMU B TEMNE UNU TKAHEUMUTUPYIOLLEM MaTepuane.

3.31 pa3mep nAaATHaA (spot size): LUupnHa natHa PSF wnu LSF Ha ypoBHe MuMHyC 6 b nnu apyrom

00yCnOBIIEHHOM YPOBHE.
3.32 MmuuweHsb (target): OObEKT, 03ByUYMBaAEMbIN YNLTPA3BYKOBbIM MYYKOM.

[TpumMmeyvyaHne — lNpuMepbl MULLEHEN:

a) YCTPOUCTBO, cneunanbHO pa3paboTaHHOe ANA NOMELLUEHUA B yNbTrpa3ByKoBOe None npu U3MepeHnuu paguauu-
OHHOW CUNbI;

b) pacceuBaTenb UNKU rpynna pacceneBaTtenen, NpUBoOAALLNE K BO3paCTaHUIO CUIHaNa B npeaenax yrnbsTrpasByKoBOro
nyJkKa;

C) NPOBOSIOKa UMM HUTL B TECT-O0BLEKTE.

3.33 TecT-00BbeKT (test object): YCcTpoUCTBO, coaep kaLluee oaHy UM HECKOMbKO rpynn 00bLEKTOB 3a/1aH-
HOW KOHdUrypauuu, BHEAPEHHbIX B TKARHEUMUTUPYIOLLUXA MAaTepuan unun Apyryto cpeay.

3.34 noOBepPXHOCTb CKaHUpPOBAaHUA TecT-00bekTa (test object scanning surface): [loBepxHOCTb Ha
TKAHEUMUTUPYIOLLEM TeCT-00BbeKTe, Ha KOTOPOMN PEKOMEHAYETCA pacnonaratb npeobpasoBaTrenb BO BpeMS
UCNbITAHUMN.

3.35 KoMneHcauua ycuneHua no BpemeHm; TGC (time-gain compensation; TGC): MameHeHue ycu-
NeHua ycunutensa co BpeMeHeM, BBOAUMMOE ANA KOMMNEHCAUUKU NOTEPb aMNUTyAbl OTPa)XeHHOro curHana,
BO3pacTaloLwmx ¢ rmyonHon n3-3a 3atyxaHug B TENe.
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3.36 TKaHeumMmuTUpyrowmumn matepuan (tissue-mimicking material): Marepuan, Anga KOTOPOro CKOPOCTb
pacnpocTpaHeHnsa (CKOPOCTb 3BYKA), XapaKTEPUCTUKU OTPaKEeHUA, paccedaHna U 3aTyxaHua SKBMBANEHTHbLI
XapakTepuUcTukam MArkux TKaHeW B gnanasoHe ynbrpa3BykoBbixX YacTtoT oT 0,5 go 15 Ml .

3.3/ nsny4vyaemoe ynbrpassykooe none (transmitted ultrasound field): TpexmepHoe pacnpeaeneHue
yIbTPA3BYKOBOW 3HEPIUKN, pacnpoCTPaHAIOLLENCA OT yNbTPa3BYKOBOro npeodopasoBarens.

3.38 NMUHUA YNbTPA3IBYKOBOIro cKaHupoBaHuAa (ultrasonic scan line): na cucrem aBToMatu4ecKkoro
CKaHUPOBAHUA 3TO OCb My4Ka Kak Ansg OAHOro, Tak U ANA rpynnbl 35IeMEHTOB YIbLTPA3BYKOBOro npeoodpa-
3oBaTtensd npu ogUMHOYHOM UNU MHOXXECTBEHHOM BO30Y>KAEHUN YNBTPA3BYKOBOro npeoodopasosartens [4].

3.39 ynbrpa3sByKOBOWU npeobpasoBartenb [gaTtymk] (ultrasonic transducer): YCTpouUcTBO, CNnocobHoe
npeodbpa3oBbiBaTb INEKTPUYECKYIO SHEPINIO B MEXAHWYECKYIO B YNbTPA3BYKOBOM AMana3oHe 4acTtoT U/Mnu
MEXaHUYECKY0 B anekTpunyeckyro (cM. MOK 61102, onpepneneHue 3.58).

[TpuMeyaHne — B HacToslleM cTaHAapTe Noj YNbTpa3BYKOBbIM NpeobOpasoBaTteneM MnojpasymMeBatoT
CITOXKHOE YCTPOMCTBO, BKtOYatoLLee B cebsl 04UH UMM HECKOMBKO 3reMeHTOB NpeobpasoBaTens, a Takke ycTpoicTBa AN
MEXaHWYECKOro 1 anekTpuyeckoro AemndunpoBaHms U cornacoBaHus.

3.40 rpynna 23nemMeHTOB VYNbTPA3BYKOBOro npeodpasoBarena (ultrasonic transducer element
group): pynna anemMeHTOB yNbTPa3BYKOBOro npeobpasoBartens, BO30y>XgaemMblX COBMECTHO ANA U3ny4ye-
HUA OAHOro akycrtuyeckoro nmnynsca (cM. MOK 61102, onpeaeneHue 3.60).

3.41 ynerpasBykK (ultrasound): AKkycTuyeckue konebaHus ¢ 4acrtoToOun, BbiLLE BEPXHErO Npeaena Cribl-
LLMMOro 3Byka (okomno 16 klu) [3].

3.42 ynbTpasByYKOBOWU NMYYOK [rpynna npuMHUMaeMbiX OTPaXXeHHbIX curHanos] (ultrasound beam
(pulse-echo response pattern)): ObnacTtb, NpuMbIKaOLLAA K MOBEPXHOCTU nNpeobpasoBarensd, OT KOTOPOU MO-
XKET ObITb MPUHAT CUTHAarm, OTPaXXeHHbIN OT onpeaeneHHON MULLEHWU, UCTIbITYEMbIM CKaHEPOM, paboTatoLLMM B
HECKAHUPYIOLLEM peXxXuMme. YNbTPa3BYKOBOMU NMYYOK CreayeT oTnuMyartb OT U3Ny4YaemMoro ynbrpa3ByKOBOIO
nons.

3.43 Bokcen (voxel): HaumMeHbLWMU €eANHUYHBbIN Yy4acTOK NPOCTPAHCTBA UMK pasMep AYEUKn TPpeEXMEp-
HOro MaTrpuU4HOro npeacraBneHnsa n3odopaxkeHua. Kaxkgbin BOKCen UMeeT agpec (KoopanHathbl X, V¥, Z), COOT-
BETCTBYIOLUUN €0 MONMOXEHUIO B MaTpuLle, U onpeaeneHHyo apKoCTb W/MNKU LUBET.

3.44 paboyana xuakoctb (working liquid): BogHbin (Mnn Ha OCHOBE ApPYroro pacTtBOPUTENS) pacrBop,
KOTOPbLIN UMEET CKOpPOCTb 3ByKa 1540 Mm/c (cM. MOK 616895).

4 O0o3HaueHus

A — nnowaab NOBEPXHOCTU;

Ac — nnoLaab NONEpeYHOro ce4eHus;

a — AnuHa bonbLIOW Nonyocu AN AaHHOW NONOBUHLI (i = 1 unun 2) annunconaa nnu anuLeodbpasHoro oob-
eKTa;

b — cpeaHee n3 ANUH MarnbiX 0CEN ANnuUnconaa unm aMueoodpasHoro oobekKTa;

f — 4acToTa aKyCTU4YeCKOro BO3euUCTBUA;

kK — BoOnHoBO€e 4Yucno (k = 2n/i, rae A — An1MHa BONHbI);

P — nepuMeTp nonepe4vyHoro cevyeHuns anuueodpasHoro oobLeEKTa;

R — OTHOLUEHMEe cpeaHero N3 3MePEHHbLIX PaACCTOAHUN K UX AEUCTBUTENbHbLIM 3HAYEHUAM;
R

— KanubpoBOYHbIN KOIDMULMEHT NONMEpPEYHbIX PA3MEPOB; OTHOLLUEHNE CPEAHETO PACCTOAHUA MEXOY HU-
TAMU K X JENCTBUTENbHLIM 3HAYEHUAM B rOPU30OHTANbHOM HanNpaBliEHUY;

R,, — OTHOLUEHUE cpeaHEro pacCtodHnAa Mmexxgy HUTAMKU K UX NeUCcTBUTENbHLIM 3HAYEHUAM B BEPTUKAJIbBHOM
HAalpaBJIEHUMN;

r — paauyc npoBONMO4YHOU UINMU HUTEBUOHOU MULLUEHMU;

V' — obbem anueobpasHoro oobekTa;

Z. — YAENbHbIN aKyCTUYECKMM UMNeaaHC maTepuana npoBONOYHON UMN HUTEBUAHOWN MULLEHM;
ZW

— vyAenbHbIK aKYyCTUYECKUN NMNEAAaHC OKpyXatoLLuen cpeabl (padoven XMaKOCTU UMK TKAHEUMUTUPYIOLLLE-
ro Mmatepuana);

e — (=1 — (b/(2a))9)) — 3KCUEHTPUCUTET INNUNCOMAA UNK ANLeoBpPasHOro obbekTa:
G — Ce4yeHune obparHoro pacceaHua To4He4YHOU MULLEHM.
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5 Obwumne ycnoBusa namepeHnn

cnbiTaHna NpoBOAAT NPU CNEeayOLLNX YCITOBUSAX OKPYXKaKOLLEN CPEeabl:

- TeMneparypa (23 £ 3) °C;
- OTHOCUTENbHAA BNAXXHOCTb oT 45 % no 75 %;
- aTMOCEpPHOE AaBNeHUE oT 86 go 106 klla.

B Hacrodwem craHagapte npegycMoOTPEHO UCMNONb30BAHUE TECT-00BLEKTOB Pa3nnYHbIX KOHCTPYKLMWNA.
[ToaTOMY B OTYETE NO UCNLITAHUAM HEODOXOAUMO yKa3aTb AaHHbIE UCNOMb3YEMOIO TeCT-00beKTa. B KavecTBe
CTaHOAapPTHbIX PEKOMEHAYETCA BblOMpAaTD:

a) cpeay: padbouyro XUaKocTb UMM TKAHEMMUTUPYIOLWLUK MaTepuan [6];

D) ucnonb3oBaHMe cpeacTBa ANA aKyCTUYECKOro KOHTaKTa (KOHTAKTHOro rend):. TOHKOW MpoKnaaKku
NN reNa ¢ COOTBETCTBYIOLLIEN CKOPOCTbIO 3BYKA;

C) FTEOMETPUID: OAHY UM HECKONBbKO MOAENEN, PACCMOTPEHHbBLIX B nNpunoxXxeHumn A, B nnu C, ¢ pasnuyHbl-
MW PACCTOAHUAMU MEXKAY MULLEHAMM.

Pabovyada XMakocTb JOMKHA UMETb CNeayoLmMe XapakTEPUCTUKMN:

- CKOpOCTb 3BykKa — (1540 = 15) M/c;

- HU3Koe 3aTyxaHue — (< 0,1 o6 cm~1 MIru™);

- npeHebpexxnumo manoe paccedaHue (cm. MOK 61685).

[1na nony4vyeHna TpedyemMmoro 3Ha4eHUsa CKOPOCTU 3ByKaA B padbouen >knakoctu cum. [7], [8].

TKAaHEMMUTUPYIOLWUN MaTepuan JOImMKeH UMETb cneayioLllnue XapakTepUCTUKN:

- ckopocTb 3Byka — (1540 £ 15) M/c;

- 3atyxaHne — (0,5 £ 0,05) fpb cMm™ IVIFLl,‘1 B YAaCTOTHOM Auana3oHe, TpedyemMom And UCMbITAHUN;

- paccesdHne — HebonblUuoe, 3Ha4YEHUE HE yKa3bIBAlOT.

[MTpumedvyaHune — Ecnu ncnblTyeMblil yNbTPa3BYyKOBOM CkaHep pa3paboTaH AN Kakoro-nmbo 4acTHOro npuMeHe-
HWUA, NPU KOTOPOM 3Ha4YeHNEe CKOPOCTM 3BYKa oTnmyaetcs oT 1540 m/c, To B TeCcT-00beKTE peKoOMeHAYEeTCS MPUMEHATL Cpe-
oy C 9TUM 3Ha4YeHUEeM CKOPOCTU 3BYKa, U TakMe U3MEHEHNN crefyeT pUKCMpoBaTh B OTYETE MO pe3ynbratam UCMbITaHUA.

bonee KOHKpeTHble TpeboBaHUA K CBOUCTBaAM TKaHeMMUTUpyrowero marepuana cMm. B MOK 61685,
npunoxexuue D.

TKaHeMMUTUMPYIOWMN MaTepuan, KaKk npasmno, 3almLlaoT TOHKUM NOKPbITUEM. Ero TonwmHy n aky-
CTUYECKME CBOUCTBA (3aTyXxaHUE U CKOPOCTb 3BYyKA) CNeayeT yKasblBaTb B OTYETE, €CNU OHU BIUAIOT Ha pe-
3ynbrarbl UBMEPEHUMN.

I[1na KOHTaKTa C 3TUM MOKPLITUEM HA Mpeobpa3oBaTerib HAHOCAT CMOW KOHTAKTHOro rend. Ecnn ero
TONLWMHA AOCTATOMHO Mana no CpaBHEHUIO C ANWUHOW BOSHbLI, TO BIMAHUEM rena AonycKkaeTcsa npeHebpeys.
Ecnn cnon TONCTbIW, YTO HEOOXOAUMMO, HANPUMEP, AN KOHBEKCHOroO gaT4yMKa, TO CKOPOCTb 3BYKa B 3TOM Ma-
Tepuane aomkHa obiTb paBHoun (1540 + 15) m/c.

PaccmarpuBatoT ABa adpdekta BNUAHUA CKOPOCTU 3BYKA B Cpeaie: ecrin CKopocTb donblie 1540 m/c,
TO U3MEPAEMbIE PACCTOAHUA MO OCU Ny4Ka MPEACTaBNATCA NPONoOpUMOHANbHO YKOPOYEHHbLIMU, a POKYC
npeoodpas3oBaTensa nepemMeLlaeTcy ganslie oT npeoodpasoBarTens. Ecnm cKkopocTb OyaeT MeHbLUe, HabmMo-
naerca oopaTHbIn aPPEKT. IPPeKkT nepemeLeHUa pokyca Hanbonee BaXXeH ANA npeodpasoBaTerien C
oonbLuen aneptypou. NosToMy UCNONbL30BAHUE NMPAaBUIbHbIX 3HAYEHUI CKOPOCTU 3BYKA (1540 £ 15) M/c HaK-
Oonee BaXXHO MNMPU OLIEHKE FEOMETPUYECKUX UCKAXKEHUN N300pakeHus, pacCMOTPEHHOW B pasaenax 6 mn 7.
B cooTBETCTBUK C pa3aenom 8, rae nanoxeHol namepeHna PSF, oTKNOHEHUA CKOPOCTU 3BYyKaA OT CTaHOaPTHbIX
3Ha4YeHN HE CTONMb BaXKHbI, ECINK anepTtypa npeobpa3oBaTens He CriMwKkom donbLuas.

[1pn paccMOTPEHUU Npoueayp CKaHUPOBAHUA TEPMUHbI «TOPU3OHTANbHbLINY N «BEPTUKANbHbLINY NOA-
pa3symMeBalOT 03BYYMBAHUE TECT-O00bEKTa CBEPXY U COOTBETCTBYIOLLEE 3TOMY M300pakeHUEe Ha MOHUTOpPE
ckaHepa.

6 KannopoBka aByxMepHbIX (2D) nameputenbHbIX CUCTEM

6.1 MeTtoabl UCNbITAHUN

[1nsa npoBeaeHunsa ucnoiTaHun Tpebyerca cnegytoLlee odbopyaoBaHue:
a) TKAHEUMUTUPYIOLLME TeCT-00BbeKTbl C MMUIIEHAMMWU, PACMONOXEHHBIMU B TOYHO OMpeAeneHHbIX

MecTax;
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D) TKAHEMMUTUPYIOLLINA TECT-00BEKT, coaepaLlunm TPEXMEPHbIN 0OBEKT C TOYHO U3BECTHbLIMU pasMe-
paMu;

C) OaK ¢ gerasMpoBaHHON padoyen XUAKOCTbIO.

TexHun4yeckue TpedoBaHUA K 3TUM YCTPOMUCTBAM NPUBEAEHLI B NPUITOXKEHUAX.

6.2 IamepuTenbHbie NPUOOPLI

6.2.1 O0OwIMe NonoXeHus

YKkasaHHble B 3TOM noapasaene npubopbl npeaHasHavyeHbl 419 NPOBEAEHUSA UCMbITAHUKW YNbTPA3BYKO-
BbIX CKAHEPOB HEMOCPEACTBEHHO B KIIMHUKAX. 3TN NpuOOpbLI A0MmKHbI obecneynBarb 0ObEKTUBHBLIU U BOCMPO-
M3BOAUMBIN COOP N aHANN3 AaHHbIX.

6.2.2 LlndppoBbie npudopbI

B CBA3M C TEM, YTO HEKOTOPbLIE MPOCTPAHCTBEHHbIE U3MEPEHUA MOTYT ObITb BbIMOMHEHbLI MPU UCNOSb-
30BaAHUN LIMPPOBOro 3MEKTPOHHOTO LUTAHMEHUUPKYNA, TO ANA NONy4YeHUa 00beKTUBHbIX U BOCNPOU3BOAUMbIX
PEe3ynbTraTtoB OUEHKWN YNbTPAa3BYKOBbIE U300paXKeHUA peKOMEHAYETCA NpeAcTaBnATb B UMPPOBOM Buae. borb-
LLMHCTBO COBPEMEHHbLIX NMPUOOPOB YrbTPa3ByKOBOW BU3yanu3auuu BOCNPOU3IBOAAT U300paKeHna B LUUEPO-
BOM BWAE, N OHU MOTYT ObITb MCNONb30BaHbI ANA U3MEPEHUN. Takne npPpoCTPaHCTBEHHbIE USMEPEHUSA MOXKET
BbIMONMHATL U OLIEHUBATb UX PEe3ynbTatbl B KMMHUYECKNX YCINMOBUAX onepaTtop 3aTux cucteM. OaHaKo npu ms-
MepeHuax PSF u LSF HeoOxoaMmoO MMeETb 3aBUCUMOCTb FIMHEMHOW aMMAUTYAbl 3XOCUrHana oT YUCIOBbIX
3HA4YeHNN HA oUuNPPOBAHHOM N300PaAKEHUN UMK CO3aaTb pa3peXeHHOe npeacTaBneHne 3Ton 3aBUCUMOCTY
C MOMOLLILIO KanMOpPOBaHHbIX OTpa)aTeneun, Kak 3to onucaHo B [19]. Ona Takux cuctem donee nogxoaaT aHa-
Noropble 3Ha4YeHua, obecneunBatoLmMe OOMNbLUYIO TOYHOCTL B Cryvasx, Korga BaXkHbl aMmnnauTyabl curHana B
NMMHENHOM npeacTaBsneHnn. Ana oundpoBKU pe3ynbTaTtoB B CUCTEMAX C aHAroroBbiIMM U300paXXeHUAMU [10-
MYCKAEeTCHa UCNONMb30BaTh CETKY C aAEKBATHbLIM NMPOCTPAHCTBEHHbLIM pa3peLlleHneM (He MmeHee 512x512 nukce-
nen) un cepyro wkany (He mMeHee 256 OoTTEHKOB). CneayeT Takke UCnonb3oBaTh U aaeKkBaTHOE nNporpaMmHoe
obecrneyeHne Ans BbIMOMHEHUA ONUCAHHBLIX HUXKE MPOCTbIX U3MEPEHNN MO LMPPOBLIM YIbTPAa3BYKOBbLIM N30-
OpaXkeHNAM TeCcT-00BbEeKTOB. AHANOro-undpoBon npeobdpasoBarernb AOIMKEH ObITb NMMHENHBLIM C NMOTPELLHO-
cTbio <1 % ana 75 % usmepaemMmoro pasmepa usodbpaxeHna n < 3 % ang nonHOro AManasoHa CEpOou LUKanbl;
OH AOIMKEH obecnevynBarb rogqoByt0 CTAaOUMNBHOCTL < 5 % NONHOro gnanasoHa BOCMPOU3BOANMbIX CUTHAOB.

[TporpammHoOe obecneveHne unudppoBOro n3odpakeHna omMKHO NOMOYb MONb30BATENIO YCTAHABMUBATL
Kypcop B onpeaeneHHoe Mecto Ha MOHUTOPE U nony4arb NMpu 3TOM agpec NUKcena (KoopauHaTbl CTPOKN U
cronoua). 3TO NO3BONUT MOSb30BaTENO KannbpoBatb LIMPPOBOE N300pakeHne No UCTUHHbIM PACCTOAHUAM,
3annucaHHbIM Ha yNbTPa3ByKOBbIX N300pa)eHnax. Ecnn undposon npeodpasoBarenb KanndopoBaH, TO LIMMD-
POBbLIE YIbLTPA3BYKOBbLIE U30DpaXXeHUa MOryT cTtaTb npeamMeTom Anga donee noapoOHOro aHanusa, Yem TOT,
KOTOPbIM AOCTYNEH HENOCPEACTBEHHO MO 3KpaHy. INporpammHoe obecneveHne UMdPpPoBOro N3odpa>KeHna no-
3BONSAET onpeaennTb U 3HA4YEHUE APKOCTU ANA KaXXQ0oro NMKCend no ero aapecy.

[1na kKannodpoBKM LIMAPPOBOIo N300pakeHua no pacctoaAHUAM B NUKCENAX (T. €. KanndpoBKU LUPPOBOIO
npeobpasoBarens) cnegyer:

a) OTCKAHUPOBATb TECT-00BEKT C COOTBETCTBYIOLLEN PaDOYEeUn XKUAKOCTBLIO 1 NONMYy4YnUTb €ro n3odbpaxxe-
HUe, 3aperncTpupoBaTb YPOBEHbL YCUNEHNA ANA 3TOro n3odpaxkeHus, BbiMONHATL BCE nNocneayoLmne namepe-
HUA N CIIUYEHNSA NPU TOM XKE CaMOM YPOBHE YCUNEHUS;

D) NAMEPUTL C MOMOLLBLIK 3NEKTPOHHOIO LUTAHMEeHUMPKYNA (Kanunepa) U3BECTHbIE PAaCCTOAHUA MeXAOy
NONOXEHUAMU ABYX MPOBONOYEK UIMU HUTEU C UENBLIO NOATBEPAUTDL, UYTO 3HAYEHUA U3MEPEHHBLIX PACCTOAHUN
COOTBETCTBYIOT AEUCTBUTENbHLIM 3Ha4YeHUAM. NI3mMepeHna cneayet BbINONMHUTL Kak And napbl NPoOBONoOYek
I HUTEWU, PACNONOXEHHbLIX MO BEPTUKANBLHOW NUHUK, TAK U ANA MPOBONMOYEK UMMM HUTEN, PACNONOXKEHHbIX NO
ropu3oHTanbHOW NMUHUK. [pn oOHapyXeHUn pasHulbl ¢ AEeUCTBUTENMbHbIMU 3HAYEHUAMWU CreayeT NPOBECTHU
NOACTPOUKY CKaHepa nepea nocneayrwmmMmm nsmepeHnamn. Ecnum takaa noacTtponka HEBO3MOXKHA, TO B NeEpeE-
yncneHuu d) (CM. HUXKE) cneagyeTr Ucnonb3oBaTb AEUCTBUTENbHLIE 3HAYEHNA PACCTOAHUN;

C) oundppoBaTb OTCKAHUPOBAHHOE U30DpaXXeHue U, NCNonb3ya nporpaMmMHoe odbecneyeHue, nony4vuTb
ajpeca nuKcenewn, COOTBETCTBYIOLLMX MOMOXEHUIO KaXa0U NPOBOMNMOYKK, ANA U3SMEPEHNA B MUKCENAX PACCTO4A-
HU MeXay napamMu NPOBOIOYEK;

d) NOBTOPUTL 3TU U3MEPEHNUA ANSA KAXI0U N3 NPOBOSIOYEK B TECT-00bEKTe, U3MEPASA PACCTOAHNA KaK Mo
BEPTUKANK, TaK U MO ropusoHTann. Pasgenutb Kaxaoe nonyyeHHoe npmu n3MepeHnun 3Ha4eHmne pacCtoaHUm Ha
ero 4eUCTBUTENbHOE 3HAYEHUE B MUNNMUMETPaxX. YCPeaAHUTb 3TU OTHOLLEHUA, cpeaHEee OTHOLLUEHNE, BblIPaXKEH-
HOE€ B MUKcendax Ha MUNUMETP, U DyaeT pe3ynbratoM KanmdbpoBKU LMAPOBOro npeobpasosartensd. B aanb-
HEWLLEM OHO MOXET ObITb NCNOMBb30OBAHO AN onpeaeneHnsa OTHOCUTENbHbIX PACCTOSAHUNA BO BCEX LIMPPOBLIX
N300 paAXKEHNAX, BbIMONTHEHHbLIX AAHHBIM CKAHEPOM ANA AaHHOro ero ycuneHmda. Cm. [10].

6
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6.2.3 TKAHe3KBUBASrI€HTHbIE TECT-00BEKTDI

TKaHe3KBUBANeHTHbIE TECT-00BbEeKTbl JOIMKHbI COAEpXaTb CTPYKTYpbl, o0ecnevynBaroLLUne npoBeae-
HUEe U3MEPEHUN:

a) NPAMOUN NMUHUN;

D) KPUBOU NUHUM,

C) OKPY>KHOCTMU;

d) nnowaau;

e) 00bemMa;

f) ncka>keHnn n3odpakeHuq;

g) Anga Kannoposku pexuma M.

[MpumMepbl 3TUX TECT-00BHLEKTOB NPUBEAEHBLI B NPUNOXXEHUN B.

6.3 HacTpouka annapartypbl AN UCNbITAHUN

6.3.1 O0LWne NornoXxeHun

[TockonbKy annaparypa MOXeT paboTtaTtb BO MHOTUX peXUmMax B COMETAHNU C pasnUYHbIMN NMpeobpaso-
BaTeNdAMU, NPOBEAEHNE UCMbITAHUN ANA KaXXA0ro U3 PEXMMOB CUYMTAIKOT HENPAKTUYHLIM. [103TOMY UCNbLITAHUA
NPOBOAAT C KaXXabIM YINbTPAa3BYKOBbLIM NpeobpasoBartenem, HO NULLL AN ABYX PEXUMOB, OAUH U3 KOTOPbIX
obecneynBaeT nornHoe n3odbpa>keHne TecT-0o0 bLEKTOB, a APYron — HauBbICLLEE pa3peLleHNne Kakonu-nmbo Bbl-
OpaHHOW MuUwWeHUn. C uenblo 0decneynTb Hanny4Llee paspeLleHne Bcex BUAUMbIX MULLEeHeNn DOKYCUPOBKY
VNLTPa3BYKOBOIO Ny4kKa crneayeTr yCTaHOBUTL Kak MOXXHO B bonee LWMPOKOM AnanasoHe.

[1na npoBeAeHNA ONUCAHHbLIX HUXXE NpoLeayp UCNONb3yOT TECT-00BbEKT CO CTPYKTYPON HUTEBUAHbIX
MULLUEHEeWN, NoKa3aHHON Ha pucyHke A.1 (npunoxeHune A).

6.3.2 YcTaHOBKA napamMeTpoB u3obpaxeHusa (Pokyc, APKOCTb, KOHTPACTHOCTL)

OoKycUpoBKa A0MKHA ObITb OCTPON (YETKOW), @ PYUKN PETYIUPOBKU APKOCTU U KOHTPACTHOCTU AOIMKHbI
ObITb YCTAHOBJIIEHbI B CaMbl€ HWXXHUE (NEBbIE) MNOMOXEHUA. 3aTteM yBENMUYMBAIOT APKOCTb A0 TEX NOP, NOKAa
30Ha, cBOOOAHASA OT 3XOCUrHaNoB Ha nepudepun gUCnnes, He CTaHeT Crnerka cepon. 3aTtemM yBenu4ymBaloT
KOHTPACTHOCTb, 4YTOObI 4OOUTLCA HAMOONbLUEro AMana3oHa OTTEHKOB Ceporo. 3arem npoBePAOT YETKOCTb
dokycupoBku. INpn HeoOXxoa4MMOCTK BCE 3TU NpoUeaypPbl MOBTOPAIOT €Lle pas.

6.3.3 PerynupoBkKa YyBCTBUTENIbLHOCTU (4AaCTOTa, NnoaaBrieHMe, BbiX0AHAaA MOLWLHOCTbL, YCUIEeHuUe,
TGC, ATGC)

a) 3anucbiBalOT HOMUHANMbHYIO YaCTOTY YINbLTPA3BYKOBOIO npeoodbpasoBaTens.

b) Ecnn nmeetca BO3IMOXHOCTb PErYAUPOBKU NOAABNEHUA UMK Bbipe3aHuUs, TO CUCTEMY HacTpauBaloT
Tak, YTOObI ObINMKM BUAHLI HANOONee cnadble CUrHan.l.

C) BbIXOAHYIO MOLLHOCTb U YCUNEHUE YCTAHABMNUBAKOT TAKUMU, YTOObI HUTEBUAHbIE MULLEHU N300 paXka-
NIMCb B BUAE TOYEK HAMMEHbLLUEro pasmepa.

d) KomneHcauuro ycuneHmna no spemeHu (TGC) yctaHaBnuBatoT Takum obpa3om, 4YToObl n3odpaxke-
HUA MULLEHEeN NMENN PaBHYIO APKOCTb. [1pKU CKAHMPOBaHUU B padboyvyen XuaKkocTu HaknoH TGC AOmKeH npum-
ONUXKaTbCA K HYMIO.

6.3.4 3akKnwynuTenbHaa onTuMU3lauus

3aknunTenbHaa HacTpouka u3o0pakeHusa MOXET ObITb npoBeAeHa NyTeM HedonbLUMX U3MEHEHWUMN
YPOBHEW NOAaBNEHUSA, YCUNEHUA U BbIXOAHOW MOLLIHOCTM.

Ecnu B ckaHepe npeaycMoTpeHa aBTOMaTu4vyeckad KomneHcauma ycuneHua no spemeHun (ATGC),
TO U UCMbITAHUA CneayeT NPoBOAUTL B 3TOM pexume. TecT-00bekT paccmarpuBalotr B pexume ATGC, a
n3odpaXeHne HacTpamBaltoT C NOMOLLLIO HEKOTOPbLIX OPraHOB PY4yHOro ynpasneHus, Hanpumep no odemy
YCUINEHUIO NN BbIXOAHOWN MOLLIHOCTM.

6.3.5 Cuctema perucrpauun

LindppoBoe chopMmmnpoBaHne ynbTpasByKOBbIX N300paXkeHnn obecnevymnBaeT nonyyeHme donee ooObLEKTUB-
HbIX pPe3ynbTaToB U3MEPEHUN, A TaKXXEe UX COXPaAaHEHWEe And nocneaylowero cpaBsHeHuda ¢ donee no3gHUMU
namepeHuamMun. [MmaBHbIM MPENUMYLLECTBOM LIMAPOBON 3arMncu SABRSIETCHA TO, YTO COXPAHEHHbIE N300paXKeHUs

HEe NoABEPXXEHbI Aerpagaunmn, xapakrepHou ang dgportorpadpmum nnm Buaeo3anncen.

6.4 NamMepaemMble napaMeTpbl

6.4.1 O0wWwKMe NonoXeHus
OnuncaHHble B HACTOALLEM CTaHA4AapTe METOAUKN MPUMEHUMBbI AN U3MEPEHUN:
- ANMVHbI MPAMbIX NIUHWUNA;

- INTUHBbI KPUBBIX IMHUNA;
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- OKPY>XHOCTEMU;

- NnoLuaaen;

- 00BbLEMOB;

- UCKQXXEHUW U300paXXeHNa U perncTpauunn;
- KanuopoBku M-pexuma.

MHTEHCUBHOCTb U3Ny4YeHnsa AO0ImKHA ObITb HU3KOW HACTOMbKO, YTOObI HE BbI3BATb UCKAXXEHUS POPMbI
UMNynbca Mn3-3a HeENMHENHOCTU pacnpocTpaHeHusa (cm. M3OK 61102). B tabnuue cnegyer ykasbiBaTb nepe-
YeHb BCEX (PAKTOPOB, BAUAIOLLUMX HA paboTy ckaHepa, Takux, HanpuMep, KaKk npeoodpasoBartenb, 4YacToTa,
YCTAHOBNEHHAas YyBCTBUTENbHOCTb, POKYCUPOBKA, METOA 00pabOoTKN n3obparkeHna. 3TN AaHHble COBMECTHO
C pesynbratamMn U3MEPEHUN AOIMKHbI ObITb 3annucaHbl 4OCTATOYHO NOAPOOHO, YTOObLI NO3AHEE MOT MOBTOPUTDL
N3MEPEHUA APYron oneparop.

6.4.2 TOYHOCTb U3MepPeHUN (NPAMbIX U KPUBBLIX JIMHUU, OKPYXKXHOCTMU, Nrnowaan)

1N oUeHKN TOYHOCTU U3MEPUTENBbHON CUCTEMbI CKaHepa U30DPaXXeEHUA NPOBOSOYEK UNN HUTEN TeCT-
00BbeKTOB, NokasaHHbIX HA pucyHke A.1 nnn A.2 (npunoxeHwe A), HaCcTpanBaltoT C MOMOLLBLIO PErYNUPOBKU
YYBCTBUTENMbHOCTU TaK, YTOObI U30DpaXKeHHbIE 3XOCUTHAmNbl OT HUX ObINMM KaK MOXHO TOHbLUE. ECnn TecCT-
00 beKT repMeTusnpoBaH, ToO HeE0OOXoAMMO NPUMEHATL CPeACTBO ANA aKyCTUYeCKOro KoOHTakTta. [lonyyator
VyINbTPa3BYKOBOE N300pakeHne n oundPpoBbLIBAOT MNOMNOXKEHUA HUTEBUAHLIX MULLEHEWN, HAXOAALLUXCA B Cpea-
HEW YyacTn pabo4en 30Hbl UCNOSNb3YEMOrO rnpeobpasoBarens. 3anucbiBalOT TaKKe Apyrne pakTopbl, KOTOPbIE
MOTYT MOBMUATb HA paspellarWyr0 CNOCOOHOCTbL, HANPUMEP PeXXMM 00pPabOTKM U3oDpaXKeHUs U AaHHbIE
No OOKYCUPOBKE. OTU XKe onepaunn noBTOPAIOT U C APYTMMU YRbTPa3BYKOBLIMU NpeobpasoBaTenamMm 13
KOMMNNEKTa CKaHepa.

3amMepeHnsa BbINONHAIOT MO NpPAMbIM NIMHUAM Ha 3KpaHe B npeaenax npumepHo Ao /5 % nonHoro
pasmepa nsobpaxeHusd. lcnonb3ysa nporpammbl 00paboTKM n300pakeHna, Ang KaXkgoro pasmepa nony4ator
NMMHENHBIN NPOMPUNb APKOCTU. PaccTtoaHne mexay odbvektamn (M300pakeHnAMN nPoBOSIOYEK) USMEPSAIOT OT
nuKa A0 nuka ux npodunen apkoctu. B cnyyae «3allyMmneHua» pe3ynsratoB USMEPEHUU BMECTO MONMOXEHUN
MUKOBbLIX 3HAYEHUN OEPYT MONOXKEHUA CPEeAHUX TOYEK MEXAY TOYKaMU, B KOTOPbIX APKOCTb YMEHbLUEHA HA
3 ab, HO Takon cnocob oTcyeTa AOMKEH ObITb OTMEYEH B Martepuanax ucnbiTaHun. 3T NUAMEePEHUS BbIMOIHA-
0T, N0 KpaunHen mepe, BAO0Nb 0AHOU BEPTUKANbHOU U OAHOU TOPU3OHTANbHOU NMUHUM HA PUCYHKax A.1 n A.2
(NpunoxeHue A), a Takke, N0 BO3SMOXHOCTU, BAOSb HANpaBneHun, 0rnm3knx Kk BepTukann B 0630pHOM norne.
[1na Ka)xaoro 3Ha4YeHus AJNMMHbI B KaXXOO0M HanpaBrneHUU BbIMUCTIAOT U BHOCAT B Tabnuuy yCpeaHEHHYIO OT-
HOCUTESNbHYIO NOTrPELUHOCTL B nNpoueHTax. Onepaunn noBTOPAOT CO BCEMU UMEIOLLMMUCA MacLuTadamMmu n3o-
Opa>keHus.

C uenblo OUEHUTb TOYHOCTb U3MEPEHUSA ANUHbI KPUBLIX NMMHUIA 1 NNOLAAN NONepPeYHoro ce4yeHmus ooBo-
OAT 3aMKHYTYIO oUrypy, pacrnonoXXeHHyo rno ueHTpy o63o0pHOro nond, nnowaabto okono 0,75 ero pasmepa.
N3mMepaloT ANUHY OKPYXHOCTKU 1 NnoLiaab, 3aTEM PacCYUTLIBAKOT NOMPELLHOCTL PEe3ynbraTtoB 3TUX USMEPEHUN
B npoueHTax. Purypy oTcnexXmBatoT OT TOYKMU K TOYKE, TaK YTOObI NONy4YnTb MHOIMOyronbHuK. 3amepsatoT nepum-
METP U nnowaab MHOroyronbHuka. ononHUTENLHO CNneayeT SMeEpUThb ABE ManeHbKne nnowaan (pasmMmepa-
Mu 0,1 1 0,25 0630pHOro nons), pacrnonoXXeHHble B BEPXHEN U HUXKHEWN YACTAX N300pakeHUA. 3T onepaLunm
MOBTOPAIOT CO BCEMU UMEILLIMMUCA MacLUTabamMun n3o0pa>keHus.

6.4.3 [10Ka3 1 3aNUCb UCKaXEeHUN N300 paKeHUA

CKaHUPYIOT ABYXMEPHYIO PELLETKY PABHOMEPHO PACNONOXEHHbLIX HUTEBUAHbIX MULLEHE N TECT-00BEKTA,
NoKa3aHHOro Ha pucyHke A.2 (npunoxeHwe A), Tak, YToObl OTPaXKEHUA OT HUX OblnMn pasmMeLleHbl Mo BCEMY
0030pPHOMY MOS0 C 0AUHAKOBOW APKOCTbIO. BbIOMpPaOT MULLIEHU, PACMNONMOXEHHbIE MO TOPU3OHTANIN N BEPTMU-
Kanu oT ueHtpa o63opHoro nond. 1o oundppoBaHHOMY U300PaAXKEHUIO U3MEPSAIOT PACCTOAHUA OT KaXI0U U3
HUX 0 KaKOon-nmnbo onopHoOu HUTEBUAHOW MULLEHU, PACNONMOXXEHHON NPUOMU3UTENBHO B LEHTPE OO30PHOro
nonda. OnpenensatoT  BHOCAT B Ta0ONMUy 3Ha4YEHUSA NMOrPELLIHOCTU B NPOLIEHTAaX.

HenocpeacTrBeHHbIM UccneaoBaHMEM BUAUMOIO U300paXKeHUA CTPYKTYPbl U3 HATEN B LIENOM NPOoBEpSA-
0T, YTO NMOObLIE NCKAXKEHUA (HAanpuMep, HapyLUEHUE OPTOroHaNbHOCTU pa3MepoB) HE NPeBbLILLAT 3 %.

6.4.4 KanuopoBka M-pexuma

6.4.4.1 O0OLIMe NoNoXKEHUSA

N3mepeHna B pexume M npeayCMoOTpeHbI B OOMNbLLUMHCTBE CKAHEpPOB, padoTaloLluX B PEXXMME peanb-
HOro BpeMeHu. YactuyHasa oueHKa xapakrepucTuK CKaHepa B 3TOM PEXMME MOXKET ObITb NPOBEAEHA HA TECT-
O0beKTax, ykasaHHbIX B NPUNOXEHUU A.

6.4.4.2 [lpocTpaHCTBEHHbIE N3MepPEHUd (Mo NMMHUN A-CKAHUPOBAaHUSA)

[1pn ckaHupoBaHun B M-pexume ynsrtpa3BykoBbIM MY4YKOM, HAanNpaBreHHbIM HA NPOBOMOYKU UMM HUTU
B TECT-O0beKTe AndA OUEeHKM paspeLuatoien cnocoOHOCTU, KaK 9TO ONMUCaHO Bbille And B-pexuma, MOXeT
ObITb onpeaeneHa n NOrpeLlHOCTb U3MEPEHUS.

8
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NckaXeHnsa n3odpakeHnua nunm ero 3arnucu KOHTPONMUPYIOT U PETMCTPUPYIOT NO PELLUETKE HUTEBUAHbLIX
MULLEHEN B TECT-00bEKTE, KaK U B pexxknme B.

TOYHOCTb KanudbpoBKN BPEMEHHOW OCU MNPOBEPAIOT HANpPaBneHUEM HA YNbTPAa3BYKOBOU Npeobdbpaso-
BaTesib TOHAlbHbIX UMMNYNbLCOB OT BHELLUHErO0 MMMNYNbCHOrO reHeparopa n npeobpasoBartens ¢ TOMHO U3BECT-
HbIMWU MHTEPBanNamMu, HaNnpUMepP ANUTENbLHOCTLIO MMNyNnbLca B 1 Mc U nHrtepsanom 200 Mc.

[TpoBepKy pesynbratoB uamepeHmn B M-pexxume ansa cuctem ¢ UMdpoBbIM N300paXKeHUEM cneayer
npPoBOAUTL NO agucnneto. [NorpeliHoCTL HEe AoJmKHA npeBbiwaTh 3 %.

6.4.4.3 M-pe>kuMm U3MepeHnsa TONLWNHbI TKAHW

B aTOM pexume cucrtema (ynbTpa3ByKOBOU CKaHEP) MO3BONAET U3MEPATb U3SMEHEHUA OTHOCUTENBLHOU
TONWMHbI ABUXKyLLeroca opraHa. [na oueHKNW TOYHOCTU 3TUX U3MEPEHUN TpebyeTca TKaHEIKBUBANEHTHbIN
daHTOM, KOTOPbIN MOXKET CXXMMAaTbCHA N BO3BPALLATLCA B MpexXXHee COCTOSAHME 1 B KOTOPOM 0DecneyeHo cpas-
HEHNE N3MEHEHNS 3TOU TOMLWKUHLI C NOKa3aHnaAMU ckaHepa B pexume M. [omkHa ObITb TakXke npeaycMoTpe-
Ha pas3nuyHaa CTeneHb CXKaTtud 3toro paHtoma. Ana aTux namMepeHun 4onyckaeTca UMcnonb3oBaTb Aedop-
MUpPyeMyIo ryoky. OqHako BaXXHO UMETb BO3MOXHOCTb MPOBEAEHUA U3MEPEHNI ITON0 PEXKMMA HA Pa3IINYHbIX
rmyouHax, T. €. TeCT-00beKkT A0MmKeH obecneynBaTtb U3IMEHEHNE PACCTOAHUNA MEXAY MULLEHLIO U Npeobpaso-
BaTteneM. MlamepeHuna cneayet NoBTOPATL Ha KaXXaAo0W CKOPOCTU nynbcauun MuwleHu B M-pexxume.

7 MeTtoabl KanuopoOBKN TPEXMEPHbIX U3MEPUTESIbHbIX CUCTEM

7.1 Oouwmne nonoXxeHus

HekoTopblie cuctembl TpexmepHon (3D) Buayanusaumm MCnonb3yioT TONMbKO ANA MONy4YeHUs 00beMHO-
ro n3obpaxeHud, Toraa Kak apyrue oonagator U1 U3SMEPUTENbHLIMU BO3MOXHOCTAMU. TaK Kak TPEXMEPHOE
BOCCTAHOBMNEHNE 00BLEMOB pPeanu3yloT pasnuyHbiMn cnocobamu, BaXXHO UccrneaoBarb METOJ BOCCTAHOBIE-
HUA 00bema N CBA3aHHbIE C 3TUM NPOONEMbI, a TaKXe OUEHUTb TOYHOCTb BOCCTAHOBIEHHbLIX N300paXXEHUN.
B HacTodAweM ctaHgapTe pacCMOTPEHa TOMbKO OUeHKa TOYHOCTU pa3MepoB BOCCTAHOBJIIEHHOroO uU3obpaxke-
HUA. IamepeHnsa paspeLuatoLlen crnocoOHOCTU TPEXMEPHbLIX CUCTEM pacCMOTpPeHbl B MOK 61391-2.

7.2 MeToabl NONy4YeHUA TPEeXMEPHbIX U300paXeHun

7.2.1 O0wWKMe NonoXeHus

[1na nony4yeHUa npaBUbHOIO TPEXMEPHOro n3obpakeHua tpebyercq, YTobbl cucTtema Busyanmsayuu
cobmnpana gaHHble B TPEXMEPHYIO MATPULY BOKCENOB. 3Ty MaTpuuy, Kak npaBumo, CoOCTaBnAaoT Mo AaHHbIM
ps4a NMOCKOCTEWN YyNbTPa3BYKOBOro CKaHMpoBaHMA oobema muweHun. Cucrema TpexmepHou BuU3yanusa-
UM COXPaAHAET 3Ty UHPOpMALUUIO B BUAE TPEXMEPHOU MaTpuubl. [1pOCTpaHCTBEHHAA MIMOTHOCTL AAHHbLIX B
HEW 3aBUCUT OT YMCNa JINMHUUN YNbTPa3BYKOBOIro CKAHUPOBAHUA B KAXKI0W U3 NITOCKOCTEWN YIbTPa3BYKO-
BOro CKAHUMpPOBaHUA, ANMUTENBHOCTU UMMNYNbLCOB, OT YNCIA NOCKOCTEN YIbTPA3BYKOBOro CKAHMPOBAaHUA
B OLleHMBAeMOM 0DbemMe U PacCTOAHUN MeXay STUMU NMNOCKOCTAMU. BaxeH cnocob ckaHMPOBaHUA UHTEPE-
cyloLlero oobema, Tak Kak TOMHOCTb BOCCTAHOBINEHUA OyaAeT 3aBUCETb OT TOrM0, HACKONbLKO TOYHO cobntoae-
Hbl PACCTOAHUA MEXAY NMIMOCKOCTAMU CKaHUPOBAHUA. PacCTodaHNA Mexay cneayiommMmu Apyr 3a apyrom
NAOCKOCTAMU CKaAHUPOBAHUA AO0MKHbI ObITb OANHAKOBLIMW, HO OHW AOMKHbLI ObITb MEHbLLUE pa3pellatollen
CMNOCOOHOCTU NO TOsWMUHE (CNoA) YNbTPa3sBYKOBOro npeoodopasoBarens. Ecnv 310 HEAOCTUXKUMO, TO He-
00X0AMMO UHTEPNONNPOBATL Pe3ynbTraTbl CKAHUPOBAHUA B CMEXHbIX MITIOCKOCTAX. Takas UHTepnonaumsa mo-
XXET NPUBECTU K NOrPELLUHOCTU PEKOHCTPYUPYEMBIX 0OBHLEMOB.

Korga cocraBneHa TpexmepHasa Mmarpuua, n3 Hee MoryT ObITb NOry4YeHbl pasMmepsl no Nodomy Hanpas-
neHunto B oobeme. Hanpumep, ecnu angd popMUpoBaHUA TPEXMEPHOIO obbema codbpaHbl JaHHbIE MHOXECTBA
N300paXKEHNN B XY-NMIOCKOCTAX YNbTPa3BYKOBOINO0 CKAHUPOBAHUA, TO Pe3ynbTUpyoLLaa TpexMmepHasa Mma-
TPUUA MOXKET ObITb «paccevyeHa» neprneHanKynapHoO K OCU ¥ B MIOCKOCTU XZ, 00pasysd TEM CaMbiM CEYEHUS
C-ckaHunpoBaHus. ['lony4yeHHOEe TpeXMeEpPHOe N3odbpaKeHne MOXKET ObITb MOBEPHYTO B NPOCTPAHCTBE, a TaKKe
MOXXET ObITb PACCMOTPEHO N U3MEPEHO C Pa3NU4YHbLIX YIrNOB 3PEHUSA, KOTOPbIE HE COOTBETCTBYIOT NEPBOHA-
YyanbHbIM NFIOCKOCTAM YINbTPA3BYKOBOINo CKaHUpPOBaHUA.

O030p METOAUK TPEXMEPHOTO CKaHMpPoBaHuMA cum. B [11], [12].

[TonyyeHune n peKoOHCTPYKLUNA 0ObEMHOU TPEXMEPHOU MATPULLbl MOTYT ObITb peann3oBaHbl ABYMSA OCHOB-
HbIMW CNOCODAMMU

a) BHELLUHUM NepeMeLleHUEM OaTUYUKA;

D) nocnegoBaTeNbHON PEKOHCTPYKLUNEN.

Kaxkabih n3 cnocob0B MMEET CBOU OCOOEHHOCTU, NPEUMYLLECTBA U HEAOCTAaTKMU.
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7.2.2 CnocoOblI NONy4YeHUA TPEeXMEPHOro oobema

{.2.2.1 MeTtoabl BHELLHETO NO3NLIMOHUPOBAHUA

MeTtoabl peKOHCTPYKUUU TPEXMEPHOro obbema nNpu BHELLUHEM NepemMeLleHnn gaTymkKa UCNonb3yloT KO-
OPAWHATHYIO OMOPHYIO PAMKYy U OMOPHYIO TOYKY, U BCE pa3Mepbl U NONOXEHUA B TPEXMEPHOWU MATPULE 00BbE-
Ma 3anMcbiBalOT OTHOCUTENBLHO 3TUX OMOPHbLIX KOOpAWHAT. B cucremax takoro tuna oObIMHO MMEETCH paMKa
CKaHUpOBaHUA, BKMtoYatoLaa B ceda ckaHupyemMbin 0ObEM, MO HaNpaBAAKLWUM KOTOPOW nepemMeLlaeTcs ¢
MOCTOAHHOW CKOPOCTbLIO (OT ABuratens) Aat4ymkK. Moxert ObiTb NPUMEHEH U APYIon TUMN — B BUAE XECTKOIO
aepxxatens unu BHELLHEro yCTponcTea CKaHMpoBaHUAa, — obecrneymnBatomMn TOHHYIO KOOPAUHATHYIO NPUBA3KY
aaTtymka. IT10T cnocob bonee To4eH U TEXHOMOINMYEH, HO CBA3aH ¢ npobnemMamun nepeoHa4YanbHOW NMPUBA3KHY
aepxarend gatyuvka, AeBumaynamMmm CKOpoCcTuU ABurarena U HectadbunbHOCTbIO CUCTEMbI NO3NLIMOHUPOBAHUSA
BO BpemMs cbopa AaHHbIX. CyLLECTBYET TaKKe cnocob nepemeLlleHnsa gaTymKa BPpy4Hyo, Npu KOTOPOM €ro rno-
NO>KEHUE U OpUEHTaUusa onpeaenatTcd oNnopHOU KOOpAUHATHOW CUCTEMOMN.

{.2.2.2 MeTtoabl nocneaoBaTenbHOro nNo3nUMoOHNpPoOBaHUA

MeToabl nocneagoBarenbHOro NO3ULMOHNPOBAHUA U PEKOHCTPYKLUMU peanu3yloT no-pasHoMy, HO OHM,
KakK npaBuno, OCHOBaHbl HA A00ABNEHUN Ka)A0W NOocCneayoLen NOCKOCTU CKaAHUPOBAaHUA K NpeablayLlen
MIOCKOCTU B TPEXMEPHOU MaTpuue. B 0o4HOM U3 TaKMX METOAOB UCMONbL3YIOT CKOPOCTL (4aCTOTY) CMEHLI NMATHA
N300paXxeHnsa, No KpanHen mepe, B 0OAHOM uamepeHunun (HanpasneHun) [14], [15]. Takoe kogupoBaHue coaep-
XXKUT pag AonyLlueHun, He Bcerga BepHbiX. OgQHO U3 AONyLLEHUWU COCTOUT B TOM, YTO NEPEMELLUEHUE NMPUHUMAIOT
TONbKO NMUHEWHBIM UM TONLKO YIrMoOBbIM. B HEKOTOPLIX KOMMEPYECKM AOCTYMHbIX peanu3aundax oCcyLLleCcTBN4A-
0T NPOCTOE€ paBHOMEPHOE BO3BpAaTHO-NocrtynarenbHoe nepemewleHue. [1osToMy BaXXHO nMokKa3arb BO3MOXK-
HOCTWU N OrpaHU4YeHna Taknx namepeHnin B naboparopHbixX ycrnoBusax. [pobnembl BO3HUKAKOT B TEX Cny4asx,
KOoraa CKOpPOCTb nepemMeLleHnsa npeodbpasoBarens He NOCTOAHHA, UMK KOraa OH MEHAET CBOE HanpasreHUe OT-
HOCUTENbHO NepBoHaYanbHOro. B DONbLUMHCTBE CNy4YaeB CXemMa PEKOHCTPYKLIMN HE MOXET KOMMEHCUPOBATb
9TWU CABUIM OTHOCUTENbLHO OPUEHTAaLMKU ONOPHOU MNOCKOCTU, U NONydYeHHOe 0ObeMHOEe u3obpaxkeHue odyaer
HETOYHbIM.

7.3 KOHTpOnupyemble napamMeTpbl, CBA3AHHbIE C NPOONeMaMun PeKOHCTPYKLUN

7.3.1 PeKOHCTPYKUMA NPU UCNONMb30BAaHUUN BHELLHEro nepemMeLlleHus
[1na ucnbiTaHUM TAKOWU CUCTEMbI JOMYCKAETCA UCMONb30BAaTh KaK 3anonHEeHHbIE BOAOU, TAK U TKAHEUMMU-

TUPYIOLLINE TEeCT-O00BEKTbI.

[TapameTpbl ucnbitaHuMK: o nony4yeHHOMY OObLEMHOMY N300paXKEHUIO N3MEPAIOT PACCTOAHUA NO TPEM
1eKapTOBbIM KOOpAUHATAM U CPaBHUBAIOT UX C pasmepamMu du3nyecKkoro oobekta BAOSMb TEX Xe CaMbIX KO-
opauHar. [1poBepsAldT opueHTauMio ynbTPa3BYKOBOro npeobpasoBatensa OTHOCUTENbLHO OMOPHON PaMKU U
TOYKU, CKOPOCTb ABurarend (nepemMeLleHusd); pacctoaHue Mexay MMOCKOCTAMMU YIbTPA3BYKOBOrNo CKaHMU-
POBaHUA, pasMepPbl NOSTYYEHHOro 0ObLEMHOINO M300paXKeHNA B AEKAPTOBbLIX KoopauHaTtax. HuxXe u3noxeHa
npoueagypa usmMepeHuna cneayomx napameTpoB:

a) NMHENHbLIX Pa3MepPOB;

D) nnowagu;

C) NEPUMETPOB NNoLlaaen;

d) 00beMOB.

7.3.2 CUctTeMbl PEKOHCTPYVKLUU NO nocrieaoBaTeribHbIM NSTOCKOCTAM

[1ng oueHKNn TOYHOCTU CUCTEM, B KOTOPbIX TPEXMEPHOE NPOCTPAHCTBEHHOE KOAMPOBaHNE Da3npyeTcd Ha
cneknax n3odpaxeHus, HeooxoaAnMMO UCMNONb30BAaTb TECT-00BEKT C OTHOCUTENLHO OAHOPOAHbLIM PACMNONIOXKE-
HUEM LUEHTPOB U CTPYKTYp obpaTHOro paccesdanus. [na coBpeMeHHbIX ynbTPa3ByKOBbIX CUCTEM HEODOXOAUMO
OUEeHUBaATb He TONIbKO TOYHOCTb U3MEPEHUN HA DONbLUMX PACCTOAHUAX, HO U PABHOMEPHOCTbL LUKanNbl pac-
CTOAHUN. /3-3a HETOYHOCTU onpeaeneHns rnonoXXeHna MHorme n3 3TUX CUCTeM TpedyIloT NpoBeaEHUS A0MNOr-
HUTENbHbLIX UCNbITaHUW. [pn HaNU4YMK TaKOW HETOYHOCTU U30DpaAXKEHNE MOXKET ObITb NCKAXXEHO N3-3a OTCTa-
BaAHUA UMW CKa4yKOB NPU 3anucu JaHHbIX B HAaNpaBreHUU CKaHUPOBAHUA.

KoHTponupyemblie napameTpsbl: [1o nony4yeHHOMY OObEMHOMY U30DPaAXXEHUIO U3MEPSIOT PACCTOAHUA NO
TPEM AeKapTOBbIM KOOpAUHATAM U CPABHMUBALIOT UX C pasMepamn pusnyeckoro odbekra BAob TEX XKe CaMblIX
KoopAauHaTt. Huxke paccMOTpeHbI U3BMEPEHUA cneaylLmx napamMmeTpoB:

a) NMHEUHbIX pa3MepoB (N0 0CAM);

D) NnnoLwaaeu;

C) NEPUMETPOB NNOoLUAaEMN;

d) 00beMOB.
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7.3.3 NcnbiTaTtenbHoe obopygoBaHue ((haHTOMbI) ANA OLEHKU TOYHOCTU TPEeXMEPHOU PEKOH-
CTPYKLUUMU

{.3.3.1 HUTeBMAHLIN PAHTOM (3aNONTHEHHbLIN BOAOW)

[1pn PEKOHCTPYKLUMN METOA0M BHELLUHEIO NepemMeLLeHna gartdynka MoxeT ObITb UCNONb30BAH ONMMCAHHbIN
B NMPUINOXXeHUN A 1 NokasaHHbIn HA pucyHke A.1 unn A.2 (npunoxeHmne A) 3arnofHeHHbI padoyen XKuakKo-
CTbIO HUTEBUAHLIN TECT-00BEKT. TaK KakK 3Ta cucTtema He 3aBUCUT OT Koppenauun CneknoB ¢ MECTOM pa3Me-
LLIEHMA NNOCKOCTEN YNbLTPA3BYKOBOIO CKAHNPOBAHUA B TPEXMEPHON MaTPULE, TO CTPYKTYPaA U3 HUTEN BMNOJHE
npurogHa Angd npoBepPKU TOYHOCTU PEKOHCTPYKLUMK. [Na KaXa0ro n3 paaoB HATEN MO UX U30DpaKeEHUAM U3Me-
PAIOT PACCTOAHUSA r U30DPaAXKEHUA HATU 40 ONMOPHOU HUTU U CTPOAT 3aBUCUMOCTb 3TUX 3HAYEHUN OT pearnbHbIX
pacCToAaAHUU r’' B dpaHTOME. OnpeaendrT MakCuManbHOE U cpeaHeKkBaapaTUYHOE OTKIIOHEHUA U3MEPEHHbIX
MNONOXXEHNN HUTU OT COOTBETCTBYIOLLUMX PErPECCUN NMUHUN r OTHOCUTENBLHO ' 1 yIMbl NX HAKNOHA.

Ecnn peann3yembii B UCMLITYEMON CUCTEME anroOpUTM N3MepeHNa odbema MOXET paboTaTb NPU OCTPbIX
yrnax u nnocKnx NOBEPXHOCTAX, TO TOYHOCTb U3MEPEHNN 00BEMOB MPOCTbIX PUTYP MNyYLLe BCENO NPOBEPATH
Ha HUTEBUWIHOM TeCT-00BbeKTe, NoKa3zaHHOM Ha pucyHke A.1 unu A.2 (npunoxexHue A).

{.3.3.2 PaHTOM C TKAHEUMUTUPYIOLLMM MaTepuanom

TecT-00BbeKTbl BTOPOro Tuna, KOTopble MOryT OblITb NMPUMEHEHBI MPU UCMbITAHUAX CUCTEM 000OMX TUMNOB,
npuBeaeHbl B npunoxeHun B. Ha pucyHkax B.1 — B.4 (npunoxeHue B) nokasaHbl pa3nnyHbie BUAbI CTPYK-
TYp anueodpasHon PopMbl U3 TKAHEUMMUTUPYIOLWEro MaTepuana ¢ MmanbiMU LIEHTpaMKU pacCeMBaHUA, pac-
npeaeneHHbiIMM B MaTpuLe N3 TKAHEMMUTUPYIOLWEro martepuana. 310 00beMHbIN TECT-00BHEKT, MULLEHU B
KOTOPOM OnpeaenatoT rno pasHMUE B KOHTPACTHOCTU pacceuBaTtenen. [paHunubl onpeaensaioTr nillb cepon
LWKAroOu 1 cpeaHnm ypoBHEM curHana. Takon oObeMHbIN paccenBaTernb NO3BONSAET Nyylle, YeM 3epKanbHbIE
oTpakatenu Umnun ToMe4YHble MULLEHU, OLIEHUTb (DOPMUPOBAHUE U30DPAXKEHUA N U3MEPUTESNbHbLIE BO3MOXKHO-

CTW YNbTPA3BYKOBbLIX CUCTEM PEKOHCTPYKLMN 0OBbEMHBLIX MULLEHEW, UCCNEAYEMbIX B TENE NALMEHTA.

7.4 MeToaObl OLLEHKU TOYHOCTU PEKOHCTPYKLUUN TPEXMEPHOro n3odopaxeHms

7.4.1 O0WwKMe NonoXeHus

STU METOAbI NPUMEHUMbI ANA TPEXMEPHBLIX U3BMEPEHUN C MOMOLLIbIO KaK ABYXMEPHbLIX, TAK U TPEXMEPHbIX
CKaHepoB. [na TpexmMepHOro n3oopaxXeHnsa BbICOKOrO KayecrBa W €ro KOHTPONS pacCTOAHUE Mexay 3aru-
CaHHbIMU (B NAaMATb) MMOCKOCTAMU BU3yanusaumm AOSKHO OblTb MEHbLUE LUMPUHBbI MITOCKOCTU YIbTPA3BY-
KOBOI0 CKAHUPOBAHUA MO TONLWMHE B UX PDOKYCE, a B ugeane — MeHbLUE MONMOBUHbI POKANbHOU LLUMPUHBI
(B HanpaBneHN TONLUMHLI). ECnn paccTtogHue Mexagy nAOCKOCTAMU CKaHUPOBAHUA PEryNnMpyemMoe, ToO Ta-
KYO BO3MOXXHOCTb CNEAYET UCMONb30BaTh.

7.4.2 TOYHOCTb U MEeTOAbI U3MEPEHUN NPU NPUMEeHEeHUN HUTEBUOHOIO TeCT-00bekKTa

3mepeHnsa 00bEMOB MO ABYM OPTOroHasrnbHbIM ABYXMEPHbLIM N300paXkeHnam: TpexmepHble N3MepPEHUS
4aCTO BbIMONHAT C MOMOLLBIO MPOCTbIX CUCTEM ABYXMEPHOro M300pakeHnsa npu sBuayanusaunmn npudnmnsu-
TENbHO CcPepu4eCcKoro oobeKkTa, USMEPAA TPU rnaBHbIE OCU 3TOro 0ObLEKTA U paccYnTbiBasg chepruyecKknin unu
annuncouganbHbin 0ObEM MO COOTBETCTBYIOLLUMM YPaBHEHUAM UMK MO UMEIOLLENCH B CKaHEpe nporpamme.
MeTtoauka pacdyera oobema MOXET ObITb NMPOBEPEHA NO OAHOMY M3 M300pa>KeHUN, Kak 3TO ONMUCAHO B Mpe-
OblAyLMx noapasgenax ansa nuamepeHna guameTpos NpubnmnanTenbHoO chpepnveckux o0bLEKTOB, 00pasyeMbIX
yeTbipbMsa UK bonee HUTAMKU B PaHTOME, U NocNeayoLWmMmM NOBTOPEHNEM ITUX USMEPEHUIN MO TOMY XE CaMO-
MY UINU CMEXHOMY U300pa>KeHUIO B NPEANONoXeHUun, YTo ABa N3 HUX ObINK NMOBEPHYTLI APYr OTHOCUTESNbHO
apyra Ha 90°. 3aTteM BbIMUCNAIOT 00beM cdpepbl C NONEPEYHbIM CEYEHUEM, PABHLIM U3MEPEHHOMY KPYTY, U,

cpaBHMBAA pe3ynbraThl pacyeTa ¢ 00beMOM annpoKkcUuMupyoLen cdepbl, onpeaensatoT NOrpeLlHOCTb.
cnblTaHUa Ang BBEAEHUA NONPAaBOK HA HAKMNOH NIOCKOCTU CKAHUPOBaHUA B OOKOBOM HanpaBneHUU
U ANg NPOBEPKU aNnropuTMa TPEXMEPHBLIX U3SMEPEHUN NPU CMELLIEHUU, NapannensHOM HUTAM: [TpoBOAAT Tpex-
MEPHOE CKaHWpOBaHWE C UEeHTpanbHbIMU MAOCKOCTAMU CKaAHUPOBAHUA, NEPNEHANKYNAPHBIMU K HUTAM, W
C HanpaBNeHUEM CKaAHUPOBAaAHUA, napannenbHbiM HUTAM, T. €. C AaTYUKOM B NONOXeHUU B HA pucyHke A.1
(npunoxkeHne A). Ecnu cucrema odecneymBaeT NOBOPOT gaT4yMKa no gyre B OOKOBOM HanpaBAeHUU, TO 3TOT
MOBOPOT UCNONb3YIOT MPU CKAHUPOBAHUN WU, €CIIN BO3MOXHO, BbIBOAAT HA 3KpPaH PEKOHCTPYUPOBAHHbLIN O0b-
€M CO BCEMU PEKOHCTPYUPOBAHHbLIMU U300paXeHUAMU, NePnEeHANKYNAPHLIMU K HUTAM. ECnn Takoe nepe-
doopmaTupoBaHnue He obecnevynBaeTCHd CEKTOPHbIM CKAHEPOM, TO BHOCAT MOMpaBku B 3HAYEHUSA PACCTOAHUMN
MeXOy HUTAMU MO M3BECTHOMY yrny ob3opa. Ecnu npoueaypsbl, NpeaycMoTpeHHbIe B 6.4.2, eLle He npoBeae-
Hbl, TO BbIMONHAOT USMEPEHUA B COOTBETCTBUU C 6.4.2 NO NEPBOMY, CPEAHEMY U NOCNEAHEMY N300 paXKEHNAM
N3 TpexXmMepHoro Habopa, PUKCUpya Npu 3TOM NOrPELLUHOCTU U OTKNOHEeHUA. OTHOLLEHUSA CpeaHUX 3HAYEHUN
PACCTOAHUN MeXAY HUTAMU K UX AEUCTBUTENBbHLIM 3HAYEHUAM B rOPU3OHTANbHOM U BEPTUKANBLHOM HaMnpas-
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NEeHNAX CYUTaKT KanndpoBOYHbIMK pa3MepPHbIMKU KO3(uULiIMeHTaMmu B nonepe4yHom R, U NPoAONbHOM Ry
HanpaBneHUAX COOTBETCTBEHHO. [1pOBEpPAOT COOTBETCTBUE CPEAHUX PACCTOAHUN MEXAY HUTAMKU B rpynnax
MULUEHEeWN C PpacCTOAHUAMU MEXAY HUMN B OTAENbHbIX U30DpaAXKEHNAX, KOTOPOE AOMKHO OblTb CODMIOAEHO B
npegenax 1 %. Cm. [16].

[1pu KannbpoBKe pPacCTOAHUA MEXAY NMOCKOCTAMMU YNbTPA3BYKOBOro CKAHUPOBaHUA B TPEXMEPHOWN
BU3yanu3auum n npu oLueHKe NCKaXXeHUN PEKOHCTPYNPOBAHHbLIX U300paXKeHUW B HaNpaBrneHun, copnagatoLlem
C TONLKMHON NFTOCKOCTU YIBTPa3BYKOBOIr0o CKAHUPOBAaHUA, AaTYUK MEANEHHO NepeaBuraloT UM nosopa-
4ynBatloT B OOKOBOM HanpasneHuu (T. €. B HanpasneHun, cosnagaroLlemM ¢ TONWMHON MNITOCKOCTU yNbTpa3BYy-
KOBOIro CKAHUpPOBaHUA), T. €. CrneBa Hanpaeo [AaTYUK B NONOXKEHUN A HA pUCYHKe A.1 (npunoxeHue A)]. 310
ABWMXEHUE BbINONHAKT B COOTBETCTBUU C HANPaBNEHUAMN TPEXMEPHOTO CKaHUPOBAHNA, NPEAYCMOTPEHHbLIMMA
B YNLTPA3BYKOBOU CUCTEME U3rOTOBUTENEM. Kak npaBuno, peKoMeHAYETCA TONbKO NMMHEUHOE NepemMeLLleHne
UMM CEKTOPHOE Ka4vaHue, HO uHorga, Angd oueHKM Bo3pactaHua NOrpeLLUHOCTU, NONE3HO OTKMOHUTBLCA OT 3TUX
pEeKOMEHOaLINMN.

[lna ka)goro u3 paaoB HUTEW NMPU 3TOM BTOPOM CKAHUPOBAHUU HA MOHUTOPE OyAyT PEKOHCTPYUPOBAHbI
n3o0paXeHns, nepneHanKynapHble K HUTAM. BbIMMCRAIOT 1 BHOCAT B NPOTOKON MakCUMarnbHOE U cpeaHeKBa-
ApPaTUYHOE OTKIOHEHUA:

a) 3HAYEHUN U3MEPEHHbIX PACCTOAHUN MEXAY HUTAMU OT UX AEUCTBUTENBbHbLIX 3HAYEHUM;

D) 3HAQYEHNN N3MEPEHHbBIX MONOXEHUN HUTU OTHOCUTENBLHO NMPAMOUN NMUHUNA;

C) HAKNOHa Nony4YeHHbIX NPAMbIX MTMHUWU OTHOCUTENBHO OXKNAAEMbIX 3HAYEHUMN.

C Uuenbio OLUEHUTL TOYHOCTb U3MEPEHUSA KPUBBLIX MMHUIA U NNOLLAAEN NONEPEYHOIN0 CEYEHUA O4YEPUUBAIOT
3aMKHYTble (PUrypbl MO LEHTPY 3KpaHa Tak, YToObl OHM 3aHumMmanu okono 0,75 o063o0pHOro nonsa. amepator
MX NoONepeYHble pasMepbl, NEPUMETP U NNoLlaab, BbIMUCIAIOT pasHuuy (B NnpoueHTax) OT COOTBETCTBYIOLLUX
N3BECTHbIX BENUYUH. 10 AAQHHLIM, NONYYEHHLIM NPU NEepeMeLleHUN AaTYUKA B HANpaBneHUU, NEPNEHAUKY-
NAPHOM K HUTAM, BbIMMCNAOT 00beM. OTMeYaloT M3BECTHYIO nnowaab A B PEKOHCTPYMPOBAHHOM M300pa-
XXEHUKU, NepneHanKynapHOM K HUTAM. OTMe4aloT ANUHY L', UBMEPEHHYIO CKAHEPOM BAONb HUTEU, B KAYECTBE
TPETbEro pasmepa And TPEXMEPHOro o0bemMa, orpaHUYEeHHOro HUTAMKU. [na pucyHka A.1 (npunoxkeHue A)
9TOT 0ObeM OyaeT npeacraBneHd B Buae unnuHapa. CpaBHMBAalOT 3Ha4YeHne namepeHHoro oobrema A’ - L' ¢ us-
BECTHbIM 3Ha4yeHueM A - L'/R,, rie R, — onpeaeneHHbIn Bbile KannbpoBo4HbIN pasMepHbl KOIPULINEHT.
[lpyrne npumepbl USAMEPEHUN C MOMOLLILIO HUTEBUAHbLIX TECT-00BLEKTOB PACCMOTPEHLI B [16].

7.4.3 TOYHOCTb U3MEepPeHUn Npu UCNOsIb30BaHUMN OO BEMHbIX MULLEeHeN B (paHTOME C paccenBaTe-

namum (pucyHok B.1 B npunoxeHuun B) cuctemamu AByXMepPHOro CKaHMpoBaHUA

7/.4.3.1 O0LUMe NonoXKeHns

[1pK 3TUX N3MEPEHUAX AATHYUK MOBOPAYMBAIOT UIMN HAKNOHAKOT ANA HAaX0XAEHUSA KPYrnoro nonepeyvyHoro
CEYEHUA KaXIO0N U3 MULUEHEWN B TPEXMEPHOM U3OOpaXKEeHUU, KOTOPOE MOXET ObITb MOMHOCTLIO BUAWUMbIM
B 0QHOM OO30pHOM none. [na KaXxaou MULUEHWU MNOCKOCTb N300pakeHUa nepemMeLlatroT U ICTUPYIOT Tak,
4YTOObI HAUTU ManNyto OCb U HAMOONbLLUMI ANaMeTP, NoKka OOBLEKT eLle npeacTaBreH KpyrnbiM. Mapkepbl an€ekK-
TPOHHOrO Kanunepa yctaHaBnMBatoT Ha KOHLbl HAUOOMbLUEro BEpPTUKanbHOro (0Ccesoro) AnaMmeTpa b, B 9TOM
KPYrrnom nonepevyHom Ce4YeHuun, U ero 3Ha4eHne OTCYUTLIBAKOT MO rnokasaHuam kanunepa. [NogodHbIM Xe 00-
pasomM N3MEPAIOT rOpU3oHTaNbHbIN (Monepe4vHbin) anameTp b,. CpeaHee 3Ha4YeHne 3 ITUX AByxX ANAaMETPOB
oD03HavaloT Kak b.

[MoBopa4yuBaloT gar4yunk Ha 90°, HAXOAAT U U3MEPAIOT HANOONbLUMI pa3Mep annunconga, 0003Ha4YaeMbIn
Kak a, rae a — cymmMa AnuH KaXkaomn u3 nonoBuH «anua» a, + a,. 1o BO3MOXKHOCTU NOBTOPAIOT 3TN NpoLeaypbl
n Ana donee manbiX TPEXMEPHbIX 00bEKTOB. [Mony4yeHHble pe3ynbrarbl CBOAAT B Tabnuuy 2. ['Nony4vyeHHble npu
U3MEPEHNAX 3HAYEHNA CPABHUBALIOT C AE€UCTBUTENbHLIMU 3HAYEHUAMU ANAMETPOB, NpuBeAeHHbIMK B Tabnuue 1.

7.4.3.2 ['lepumeTpol

N3MepeHna HavyuHaloT C onpeaerneHHOM TOYKU NMEPUMETPaA Ha M300pakeHUU NOrNepeyHoro ceyeHusd
anueodpasHon muweHu. Mapkepamm Kkanunepa ooBoOAAT BCE U30OpakeHne TpexXxMePHON MULLEHU, NMOKAa HE
OyaeT AOCTUTHYyTa Ha4YanbHaga TouKka. B cpeaHem paccTtosaHue mMexay Mmapkepamum Kkanunepa He JOMMKHO npe-
BbiLLATh 1/20 oueHUBaeMOW ANUHLI NEPUMETPA, ECIIN 3TO HE AMNMUNC UMK Kakaa-To KpuBas NMHUA, oopaboTka
napamMeTpoB KOTOPOU NpeayCMOTPEHA B yNbTPa3BYyKOBOU cucteme. lonyckaerca NpuHATL CneayloLllee Bbipa-
XXEHUE ANd nepuMmeTpa Kaxkaom U3 AByxX NnonoBuH annunca [17]:

11;_ , b2-1/2
-]

e @ — rnaBHbl€ NONyocu (a, Unu a,) Anst AaHHOW NOJTOBMHbI dNnMnconaa,
b — cpeagHee 3Ha4YeHue Mmanou ocu annuncouaa.
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[lepumeTp BCero oovekra anueoopasHon Ppopmbl paBeH CymMMe NEPUMETPOB ABYX MOMOBUH. [1epUMeETp
KPYrnoro ceveHus paseH 2rb. Oxugaemble 3HAYEHUSA ANS ABYX 00bEKTOB, NOKa3aHHbIX HA pucyHkax B.1 n B.2
(npunoxxeHune B), npeacrasneHbl B Tabnuue 1.

{7.4.3.3 I'nowaan

[IpakTU4yeckn BO BCEX cKaHepax nnowaab, OrpaHUYEHHYIO HEKOEN NMUHUEN, BLIYUCTIAIOT MO pedynbraTtam
N3MEPEHUN NEPUMETPA, CM. /.4.3.2.

PesynbTaThl UISMEPEHUU NNOoLlagen cneayeTr cpaBHUTb C UBBECTHLIMU JAHHLIMKU O NNoLlaaax nonepey-
HOr0 cevyeHusa TpexmepHoro oovekTa. lNnowagn HandonbLUEro 3NNUNTUYECKOIO U KPYrnoro cedyeHnn oyayr
COOTBETCTBEHHO paBHbI [17]:

A-=0,79b(a, +a,)=nb (a; +a,) uAs =0,79 b? =1 b%/4.
[1nowaab NOBEPXHOCTU aNnMnconga Bbipa)karoT Kak:
A = 27(b/2)? + ma, (b/2¢,)arcsin g, + wa,(b/2¢e,)arcsin ¢, (2)

rae g, — 9KcueHTpucuteT [1 — (b/2a,)]%;
e, — 9KcueHTpucutet [1 — (b/2a,)]°.

CM. Tadbnuuy 1 oxkngaembix 3HA4YEHUN ANA ABYX O0ObEKTOB, NMOKA3aHHbIX HA pUCYHKe B.1 (npunoxe-
Hue B).

7.4.3.4 O0bembl

O0ObeMbl 0OBbEKTOB COOTBETCTBYIOLLUMX POPM MOTYT ObITb BbIMUCIEHBLI MO pe3yrbrataMm U3MepPEHUN Mak-
CUMarbHbIX NIMHEWHBIX Pa3MePOB NO TPEM OPTOroHarnbHbIM OCAM. ODBbEM TPEXMEPHbLIX annunconganbHbIX
00BLEKTOB BbIpaXatoT Kak [17]:

V =0,52(a, + a,)b? = (4/3)x[(a, + a,)/2](b/2)*. (3)

ObbeM TaKKe onpeaensatoT, ecnu U3MepeHbl ABE ANUHbI — a u b, rae a = a, + a,. Bo3MOXHO 1 ycpeaHe-
HUE pe3ynbLTaToB U3MEPEHUN b B ABYX NEPNEHANKYNAPHbLIX HANpPaBneHUax. 3T UAMEPEHUA MOTYT ObITb Bbl-
MONHEHbI MO ABYM MIIOCKOCTAM N300pakeHua, ecnm NoBepHyTb Aart4vuk Ha 90°. [pun 3TOM BbIMUCNEHUSA DyayT
BEPHbLIMU TOMNbKO ANA 00beMOB, NpeacTaBNAeMbIX ABYMA MOMOBUHAMMU SMIIMNCOMA0B KPYrinoro nonepevyHoro
ceyeHuq. (Ipu oueHke obbema Kakoro-nmbo tena B BUAE annuncomnaa ¢ OpToroHanbHbIMU OCAMU &, D U C Bbl-
paxkeHune (3) MoxeT ObITb npeobpasoBaHo B V' = 0,52 abe). Cm. Tabnuuy 1 oxxupgaembiX 3HAYEHUN ANA ABYX
00bEKTOB, NOKa3aHHbIX HA pucyHke B.3 (npunoxeHne B).

[1na nsmepeHna odbEKTOB Apyrnx oopmMm M MOBbILLEHUA TOYHOCTU MOMYy4aloT CEPUU U30DPaKEHUN OT
PABHOMEPHO OTCTOALUMX APYr OT Apyra MIIOCKOCTEM YNbTPa3BYKOBOro CKaHUpoBaHUA. [1nd noBbiLle-
HUA TOYHOCTU PaCCTOSAHMUE MEeXOY STUMMU MIOCKOCTAMU AOJHKHO ObiTb MEHbLUE TOMLUUHBI MIIOCKOCTU Yib-
TPa3BYKOBOro CKaHUMpoBaHuAa B POKyce, B ngeane — MeHbLUEe NONOBUHbLI LUMPUHBLI PpoKanbHOW obnacTu.
B anemMeHTapHbIX pacyeTax usMmepsaemMmbii 00bemM pasgensaioT Ha MHOXECTBO LUMITMHAPOB C OCHOBAHUEM, PaB-
HbIM U3MEpPAEeMON NMOoLaau B NIOCKOCTU YINBTPA3BYKOBOro CKAHUPOBAaHUA, N C BbICOTOU, paBHOW pac-
CTOSAHUIO MeXAY STUMU MNIOCKOCTAMMU, TakKum obpasom, nnowaab nonepeyHoro ce4yeHnsa TpexmepHoro 00bL-
ekTa (UMnNuHAapa) B Kaxkaon NNOCKOCTU YMHOXAKOT HA pacCTOAHUE MEXOY NMNOCKOCTAMU CKAHMPOBAHUA U 3TU
00ObEMbI B K&XI0M CINOE€ CYMMUPYIOT. Takne BbIYUCIIEHUA HE PEKOMEHAYETCHA NPOBOAUTL BPYYHYIO. [103TOMY
B CUCTEMbI TPEXMEPHOW BU3yanusauun BBOAAT OONEe CNOXHbl€ anropuTMbl U3MEPEHNA 0OBLEMOB, U TaKUE
anropuTMbl HEOOXO0ANMO NPOBEPAT.

Tadnunya 1 — lNpegnonaraemMble 3HAYeEHUA ANA ABYX annuncounjanbHblX 0OLEKTOB, N300OpaXKeHHbIX Ha pUCyHKe B.3
(npunoxeHue B)

06 [TonnoBUHa [lepumeTp, [lnowaak, [Tnowaab ObbeM,
beKT . 2 2 3
nepumeTpa*™, cm CM CM MOBEPXHOCTU, CM CM
OOLEKT Marnoro pasmepa

[INMHHasaA NnonoBUHa 3,01 6,02 3, 82 14 51 4 58
KopoTkaa nonoBUHa 1.65 3,31 1,70 094 2.04
B uenom 4 66 5,65 2.54 24 45 6,01
CeyeHune 2 83 5,65 2.54
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OkoH4YaHUe mabnuubl 1

06 [TonoBUHa [TepumeTp, [lnowaak, [nowaab ObobemMm,
beKT * P 2 3
nepuMmeTpa, CM CM CM NOBEpPXHOCTKN, CM CM
OObeKT 6onbLUOro pasmepa

[INMHHas nonoBUHA 5,35 10,7 16,5 63,0 55.0
KopoTKaa nonoBuHa 4 16 3,3 11,0 69 9 36.6
B3 LleNToM 9.5 19 0 27,5 133,06 91,6
CeyeHune 7.9 15,7 19.6

*MamepeHuna nor

OBUHBI NMepUMeTPa NPOBOAAT NPW onpeijesiecHUA AJTMHbl KPUBbBIX NMUHUIA.

[] pnMeYaHNE — I'Iepmmeprl N NMOJTOBUHBI NEPUMETPOB 3€Cb paCCHUTaHbI MO bonee TOYHbIM
BblPpaXeHUAM, YEeM B BbIPa>XEeHUU 1.

MHTEerpalibHbIM

Tabnwuua 2 — Npeanaraemas Tabnuua Ans NpoToKona ¢ AaHHbIMU U3MEPEHUI

O0BbeKT

'lonoeinHa [TepumeTp [nowagb 'Inowjaas ObbeM
nepuMeTpa NOBEPXHOCTU
CM % CM % cM2 % CMZ % cm3 %

OObeKkT Manoro pasMepa

JINMHHaA nonoBUHa

KOpOTI{aﬂ NOJ1I0BUHA

B uenom

CeyeHne

OObeKT bonbLUIOro pasmepa

[INMHHas nonoBUHA

KOpOTI{aFI NOJ1I0BUHA

B uenom

CeyeHne

cToALlen Tabnn

PeayanaTu V|3Mep6HI/1I.7I BHOCAT B NMPOTOKOJT B BUAE MNPOLEHTOB OKNAAEMbIX 3Ha4YeHUW, B3ATbLIX U3 TEEIGJ'II/ILIII:I 1.

HaCTOFILLl,yI-O CbOpMy crnegyert 3allOfIHATE ANA KaxX4oro n3 Necreyemblx aJlilfOputTmMoB MSMEDEHMVI. Bca unu 4acTtb Ha-
bl MPpeiHa3HaYeHa 4J1A BHECEHUA Pe3yJiblaTOB BblYMCNEHUN C UCMONb30BaHUEM Bblpa}I{EHMﬁ 1,213, a

TakXKe pe3ylibratoB APYyIrnx MamepeHmﬁ, BbINOJTHAEMbBIX CKaHEPOM. |_|0ﬂ,06HI:>Ie N3MePeHWA BBITIOJTTHARKT MNMPUY 6MOM6Tp|/l|/l
TPEXMEPHOIO I/I306pa}K6HVIFI nnoaa. JTa Xe TBGJ'IMLI'EI MOXET ObITb NCNOMNMb3oBaHa AnA M3M6p6HI/1l7| KPUBbLIX NMUHWUIA, NIO-
LLiadn W obbema no HATEBNOHBIM TecT-0bbeKTaM.

8 U3amepeHne pyHKUUN pa3MbIBaHUA TOUYKU U NMTUHUU (ONA MULLEHEN BbICOKOWN
KOHTPACTHOCTMU)

8.1 OdWwMe NonoXxXeHun

PaspeLuatowas crnocoOHOCTb DONbLUMHCTBA CUCTEM BU3yanu3auun MOXKET ObITb OLE€HEHA NOCPeaCTBOM
N3MepeHna pyHKUMUN pa3MbiBaHUA TOYKU (PSF) unu dyHkuun pasmbiBaHuA NUHUU (LSF) Kak oTknuka
CUCTEMbI BU3yanm3almum Ha TOYeYHYI 1N FIMHEUHYI0 MULLEHb BbICOKOW KOHTPACTHOCTK. [lng O0ONbLUMHCTBA
onTuyecknx cuctem PSF ogHo3Ha4yHa, cCMMMETPUYHAa U nsotponHa. [loatomy ee usmMepeHusa BaxkHbl ANd Onu-
CaHn4a OTKNIMKA CUCTEMbI HA BO3AENCTBUE UMNYIbCA.

B oTnuune ot ontuyeckux cucrem susyanusaunn PSF v LSF B ynbTpa3ByKOBbIX CUCTEMAX HE OOHO-

3HA4YHbl N HE U3OTPOMHLI. Kpome Toro, ynerpa3sykoBble PSF n LSF He cuMMETpUYHbl 1 MEIOT pa3nnyHbIe
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pasMepbl B NPOAONLHOM U NOMNEPEYHOM HanpaBnNEeHUAX, KOTOPLIE €Lle N NUBMEHAITCA C PACCTOAHUEM BAOIMb
OCU yNbTPAa3BYKOBOro ny4yka (1. €. ¢ rnyonHon nsoodopaxkeHuq). MNoaromy Ang nonyyvyeHusa npeacraBUTENbHbIX
pe3ynbTaToB OLUEHKU Ka4vecTBa Bu3yanu3aumum Ha onpegeneHHbiX rmyduHax HeoOxognmo npPoOBECTU MHOXKE-
CTBO pa3nuyHbix usmepeHnn PSF n LSF ana pasnnyHbiXx NONOXKEHUN U 3HAYEHUWN TMNYOUHDI.

CobcTtBeHHO PSF nnu LSF He MOXeT ObITb UCMOMb30BaHa B KAYECTBE XapaKTEPUCTUKN OTKIMUKA CUCTE-
Mbl HA Bo3gencrene nmnynoca. M3-3a nsamenHeHuna ¢ rmyomHon PSF n LSF Oyayt nmeTtb pasnuyHbie YyPOBHU
paspeLiatoien cnocoOHOCTH, 3aBUCALLME OT NOJNTIOXKEHUA B OO30PHOM nore.

CRNOXXHOCTKU BO3HUKAIOT TaKKe U3-3a B3aMMOAENCTBUA yNbTpa3Byka C MULLEHAMMU BbICOKOU KOHTPACTHO-
CTU MO CPABHEHUIO C HU3KOKOHTPACTHbLIMU. [1p1 BbICOKOM KOHTPACTE C NOMOLLbIO YINbTPAa3BYyKa MOTYT ObITb MO-
NyYEeHbl U30DPpaAXKEHUSA 04EHb ManbIX CTPYKTYP, TAKUX, HANPUMEP, KaK TOHKUE NMPOBONOYHbIE HUTU UITU OCTPUE
Urnbl, LU MUKPONY3bIPbKU BO3AYXAa. KaXkgasa s HUX OyaeT gaBaTb XapakTepHOE No pa3mMbITOCTU NMATHO, OMpe-
nengemoe PSF vnnn LSF. [lna MuleHen ¢ HU3KOM KOHTPACTHOCTbLIO, TAKUX KaK MArkad TkaHb (Y€N0BEYECKOro
OpraHnu3ma), ynbsrpa3ByK HE AaeT U300paKeEHUN OTAENbHbLIX TOYEYHbIX MULLEHEN, a POPMUPYET CEPYIO CNEKI-
CTPYKTYPY, NMPOABMNAEMYIO KaK 3€PHUCTAA OCHOBA, XapaKTEPUCTUKN KOTOPOU CBA3AHLI C KOr€PEHTHOCTLIO
yNbTPA3BYKOBOIrO ny4ka. PesyneraTtbl namepeHun pasmepos PSF ynbrpa3BykOBOW CUCTEMbI HA KakonM-nmbo
3a/1aHHON rMybOunHe XapakTepu3yloT ee paspeLuatroLllyo CnocOOHOCTb K MULLIEHAM BbICOKOM KOHTPACTHOCTMW.
[1na namepeHna paspeLuatrolen cnocoOHOCTU K MULLEHAM HU3KOW KOHTPACTHOCTU MPUMEHAIOT TKAHEUMUTHU-
PYIOLLUMWN TECT-00OBbEKT, NO KOTOPOMY MHOIAA U3MEPSAIOT U XapaKTEePUCTUKN BblAENEHNS OObEKTOB MO KOHTPACTY.
B HacTtodLleM ctaHgapTe paccMoTpeHbl MeToabl namepeHna PSF n LSF TonbKO ANA KOHTPACTHbLIX MULLEHEN.
NamepeHna MnLLEHEN HU3KOWN KOHTPACTHOCTU paccMOoTpPeHbl B MOK 61391-2.

B HacTodawemM ctaHaapte PSF n LSF namepdaor Ha AByX YPOBHAX. MPU YPOBHE CHMXKEHWUA cCUrHana,
paBHOM MUHYC 6 b ot makcumyma, obosHayaemom vacto kak FWHM (full width at half maximum — nonHas
LLUIMPUHA HA NONOBUHE MAaKCUMyMa), U NPU YPOBHE CHUXEHUA, paBHOM MUHYC 20 ab.

[TpuMeyaHKne — Paspellarowlasd cnocoOHOCTb CUCTEMBI (B NPOAONBHOM, NONEPEYHOM UMK NEPNEHANKYNAPHOM
HanpasBrneHUn) TECT-0OBEKTOB C NapHbBIMU MULLUEHAMU MOXET ObIThb annpokcuMmupoBaHa dyHkunen PSF unn LSF, 3a-
BUCALLEW TaKXe OT pacCTOAHUA Mexay MULLUEHAMM, UTO CHUXKAET YPOBHU KOMOUHUPOBAHHLIX TakUM 0Opa3oM KPpUBbLIX Ha
6 ab. [Qna Sonee TOMHOro npeacTaBneHns OTKNUKA CUCTEMbl HA NapHYH MULWIEHb HeOOX0AMMO CYMMUPOBaTL pagnoda-
CTOTHbIE CUrHanbl OT KaXXg oW MULLEHMU.

8.2 Metoabl UCNbITaHUN

[1na npoBeaeHnsa ucnbiTaHun TpedyeTca crneaytoLlee:
a) TeCT-00BbeKTbl, PACCMOTPEHHbLIE B npunoXxeHnax A n C, ¢ MULWLEeHAMM, pacrnonoXeHHbIMU B TOYHO

00YyCNOBNEHHbLIX MECTaX;
D) pesepByap ¢ AerasnpoBaHHON XUAKOCTbIO;
C) undppoBblE N300paAKEHUA, PACCMOTPEHHbLIE B 6.2.2 N 6.3.5.
TexHn4YecKkmne xapakrepucTukn aTuxX ycTpoucTB npuBeaceHbl B NPUNoXXeHnax A n C.

8.3 NMpudopobl

8.3.1 OoLmne nonoxeHun

YKasaHHble HUXKe npubopbl BbIDpaHbl Tak, YTOObI NPOBECTU UCMbITAHUS CKAHEPOB B PEXUME peanbHOro
BpeMeHU 0e3 UCNONb30BaAHUSA KAaKUX-NTMOO SNEKTPUYECKUX CUTHANOB HA UX BXOAE UNKU BbIXOeE.

8.3.2 TecT-00BLEKT U pe3epByap

TecT-00BbEeKT JOMKEH UMETb MULLEHHYIO CTPYKTYpPY, 00ecnevynBatoLLyo U3MEPEHNEe CneayoLLmnX xapak-
TEPUCTUK CUCTEMBI (CKaHepa):

a) 0CeBOM pa3peliaroie CNOCOOHOCTMU;

b) nonepeyHoOUn pa3pewarowen CnOCOOHOCTMU;

C) TONMWMUHbI NSTIOCKOCTU CKAHUPOBAHUA.

[TpuMepbl TAKNX TECT-00BEKTOB NPUBEAEHbLI B NPUNoXeHuax A n C.

HeoOxoaum pesepByap ¢ AerasnpoBaHHOW padboyen XuakocTbho. [1pn 4ONYCTUMOCTU OTKITOHEHUSA 3HA-
YEeHUA CKOPOCTU 3BYKA OT CTAHAAPTHOro 3Ha4YeHua (CM. pasgen 5) padouyro XUakoCcTb 3aMEHSAIOT BOAON, YTO
yrpoLyaeT obcny>xuBaHme yctaHOBKN.

8.3.3 LludppoBoun npeodbpasoBartesnb N3oopaxeHUsA

Heobxoamum undpoBon npeobpasoBaTternb N300paXkeHua, TpedoBaHUsa K KOTOPOMY U3NMOXKEHLI B 6.2.2.
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8.4 Pexxumbl padoTbl annapaTtypbl NPU UCNbITAHUAX

8.4.1 O0wMe nonoXxeHus

KomOuHaumm pexmmoB paboTbl cKaHepa U UCNofb3yeMbIX C HUM npeobpasoBarenen Tak MHOro, 4Yto 3710
UCKITIOYaET NPoBEeAEHNE UCTbITAHUN ANA BCEX U3 HUX. [103TOMY UCNbITAHUA NPOBOAAT HA KaXXa0M npeobpa3so-
BaTene nulib Npu onpeaeneHHblX yCTaHoBKax ckaHepa. CKaHep perynupytotr B COOTBETCTBUN C ONMUCAHHbIMMU
HUXe npoueagypamu. C uenblo odbecnevynTb Hanny4dLlee paspeLleHme Ana Bcex BUAUMbIX MULLEHEN (POKYCU-
POBKA YNbTPA3BYKOBOIrO Ny4yka JomkHa ObiTb YCTAHOBMEHA HA BO3MOXHO O0MbLUMKA AnanasoH rnyouH.

8.4.2 PerynupoBka nsoopaxeHus ((poKyc, APKOCTb, KOHTPACTHOCTL)

doKkycupoBKka gomkHa odecneyntb camMoe YeTKoe U3obpa)XeHue, a pyvykm KOHTPAaCTHOCTU U SAPKOCTMU
yCTaHaBNMUBAIOT B CaAMO€ HMXKHEE (NEBOE) NONOXEHUE. 3aTEM APKOCTb YBEMUYMBAIOT A0 TEX MOP, NMOKa 30Ha,
cBOOOAHAA OT 3aXocurHanoB Ha nepudepun o0O3IOPHOro Nonsd, He CTAHET Crerka cepon. 3arem yBENUYMUBALOT
KOHTPACTHOCTb, YTOObI N300paXkeHne coaepxano MakCMmManbHbIW gunanas3oH OTTEHKOB CEPOro. 3atem BHOBbL
NPOBEPAIOT OCTPOTY POKYCUPOBKU; NPU HEODXOAMMOCTU BCIO npoueaypy NOBTOPAIOT BHOBbL. ECnu cucrema pa-
OOTaeT B HECKONMbKUX 30HAX (POKYCUPOBKN, TO aKTUBUPYIOT BCE U3 HUX AN XKENaemoro gmanasoHa usmepeHun.

8.4.3 PerynupoBkKa 4yBCTBUTENIbHOCTU (4YacTOTa, NogaBrieHue, BbiIXoAHaA MOWHOCTb, YCUIeHue,
TGC, ATGC)

a) 3anncbiBalOT HOMUHArNbLHYIO YacTOTY npeobpasoBareny ckaHepa.

b) ECnn BO3MOXHbI PErynMpoBKM NogaBneHUa UMn Bblpe3aHnd, TO CUCTEMY HacTpauMBaloT TakK, YTOOb
ObINKM BUOHLI HAnbonee cnadble cUrHansl.

C) BbIXOAHYIO MOLLHOCTb U YCUNEeHUue yCTaHaBMUBAaKT HA MUHUMAarbHbIE 3HAYEHUS, eLle obecrneynBato-
Lne aaekBaTHOE N300pakeHue.

d) ATGC pgomxHa ObITb BbIKITHOUEHA.

e) O0Llee ycuneHune cneayer yBennmunuTb 40 TEX NOp, NoKa CurHan oT MULLEHWU HE CTaHET YETKO BUOU-
MbIM.

8.4.4 Cucrtema permcrpauumn

Cneayer ucnonb3oBarb oLMMPOBAHHbIE N300PAaXKEHUA, KaK 3TO onucaHo B 6.2.2 n 6.3.5.

8.4.5 KannbpoBka OTKINUKa CUCTEeMbI

OOLenpUHAT MeToa KanMbpoBKKN OTKIMKA CUCTEMBbI (3aBUCUMOCTU BbIXOAHOTO CUrHana oT akyCTU4ecKo-
ro JaBreHns Ha AaTyuke) npu UCnonb30BaAHUK MIOCKUX TEM, rpagynpoBaHHbIX MO OTpaXarefnbHOU CNOCOOHO-
ctu [19], [20]. [NpocTon KAaNMOPOBOYHbLIN TECT-00BEKT COAEPXKUT 3epPKaribHble OTpaXKaTenu, PacnofoXXeHHbIE
napannenbHO Apyr Apyry U nepneHankynapHo K yrnbTpa3BYKOBOMY MYYKY Ha pPa3nU4YHbIX PACCTOAHUSAX OT
aT4yuKa B TKAHeEMMUTUPYIOLWEeM MmaTepuane. [na Kkaxkaoro 3Ha4eHUsA paccToAHNA HEOOX0ANMbI, MO KPpanHEN
Mepe, ABa oTpaXKaTens ¢ pasnnMyHon oTpaXkaternbHOM CNOCOOHOCTLIO.

B HaunpocTenem crnyvyae Koadp@PuumeHT oTpaXeHna ogHon U3 nnactuH gormkeH Obitb Ha 10 ab HMXe,
YyeM y Apyrou, Yto peanuayoTt, U3roToBMB OAHY NNACTUHY U3 HEPXKABEIOLLIEW CTanu, a APYryto — U3 Oprcrekna.
CTanbHbl€ NNACTUHbI YCTAHABNMMBAIOT MO OAHOW HA CTYNEHAX O4HOU NeCeHKN (A), a NNaCTUHbI N3 OPIrCTeKNa —
Ha apyron, pacnonoXxeHHon paaom (B). [na yacTtoT, ncnonb3yemblX B yrnbTPa3ByKOBOW AUMArHOCTUKE, NepBas
CTYNEHb AO0MMKHA ObITb HUXE NMOBEPXHOCTU BOALI HA 1 CM, a BTOpada U TPETbA — HA 2 U 5 CM COOTBETCTBEHHO.
3atem pacnonaratoT eLue ase crtyneHu Ha rmyouHe 10 n 18 cm. lNpocTpaHcTBO HAA CTyNEeHAMU AOIMKHO ObITb
3anoNHeHO0 TKAHeMMUTUpPYLKUM MaTepuanom. CKOpPOCTb 3ByKa €, NNOTHOCTb p U HAKNOH 3aBUCUMOCTU KO-
adpduumeHTa 3atyxaHmna o/f (o — KoadpPuLUMEHT 3atyxaHusa Ha paboden yactoTte ) aToro marepuana aomKHbl
ObITb cneayowmmn: ¢ = (1540 + 6) m/c; p = (1,05 + 0,05) r/em>; a/f= (0,5 £ 0,05) aBb - ecm~1 - M.

IX0CUrHarnbl OT paccenBaTenen B TKAHEMMUTUPYIOLLLEM MaTepuare J0IMKHbl ObiTb, MO KPanHEN Mepe,
Ha 20 ab cnabee axocurHana ot camMoro crnaboro oTpakatens Ha BCex YacTtoTax, XapakTepHbIX A58 BONHOBOW

dOpPMbl CUTHaNa UCMNbITYEMOIoO AaTYUKA.

Ecnu npu KanubpoBKe CUCTEMbI MPUMEHSAIOT PEryNUPOBKY YYBCTBUTENBLHOCTU, YCUNEHNA UM BbIXO4HOW
MOLLIHOCTU, TO TAKON TECT-00BEKT MOXET ObITb NPOCMOTPEH B (POKANbHOM 30HE AAaT4YMKa 1 34 HEW, a Nnpwu
YCUNEHUNU, HACTPOEHHOM Ha npuem cnabblX CUrHanoB NPU COOTHOLUEHUW curHan/luym okono 6 ab, oyayr
BUAHbLI N OTpa)aTenun Ha neceHke B. [1py CNULLKOM BbICOKUX YPOBHAX CUrHana BblOMpatoT oTpakatenu Ha 00-
nee rnyoboKo pacnonoXXeHHbIX CTyneHAX U ymeHbLuatoT TGC, HACKOMbKO 3TO BO3MOXHO. 3anucbiBalOT YPOBHMY
curHana (depes 10 ab) ot oTpakareneun Ha CcTyneHax neceHok A U B. 3atem yBenn4mBaroT YyBCTBUTENbHOCTb
CUCTEMbI HACTOMNbKO, YTOObLI CUrHan OT oTpa)XkaTtensa Ha CTyneHu neceHkn B (T. €. oT nnacTtuHbl B) ObiN paBeH
MO YPOBHIO CUrHany Ha CTyneHu neceHkn A (T. €. OT NnacTuHbl A) Npu NpeablayLLIeEM YPOBHE YYBCTBUTENbHO-
CTW. 3aTeM ycTaHaBnMBAalOT curHan ot nnactuHbl A Ha 10 Ab BbiWe, YemM curHan ot nnacTuHbl B npu nepBo-
Ha4yarnbHOM 3HA4YeHUU YYBCTBUTENBLHOCTU. [1pn NOBTOPEHUN ITOrO npouecca MOXKET ObITb KanMdbpoBaH BeCH
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INHaAMU4YeCcKn anana3oH curHana ¢ uurepsanamu B 10 ab. Ecnu npu atom OyayT 3annMcaHbl YCTAHOBMNEHHbIE
napameTpbl YYyBCTBUTENbHOCTU CUCTEMbI, TO OyAEeT KannbpoBaHa u cucrtema. MHTepnonaumns yCTaHOBINEHHbIX
3Ha4YeHNN YyBCTBUTENBHOCTU NO3BONAET KanubpoBaTb N3AMEHEHUSA CUTHANAa B MEHbLUMX MHTEpPBanax.

[TpuMeHeHNEe ApYyrnx TeCT-00bEeKTOB MNO3BONAET NONYYNTb Ccrnadble OTPa)XEHHbIE CUTHAnNbI, NeXxalumne
B AManasoHe NMMHENHOCTN OONbLUMHCTBA NPUOOPOB yNbTPAa3BYKOBOW AMArHOCTUKU. OTpaXkaternbHas crnocob-
HOCTb MULLUEHEWN B HUX TOYHO HE U3BECTHA, N NOSTOMY PE3YnbTaTthbl, MONYy4YEHHbIE C TAKUMU TECT-00BEKTAMM,
HEOOX0AMMO CpaBHUBATbL C pe3dynbrataMmu KanmdpoBKU U3NOXXEHHLIM BbiLLE NEePBUYHbIM MeTOAO0OM. OAMH U3
TaKUX BTOPUYHbIX METOA0B 3aKN4YaeTCA B CO34aHNUN CTYNEHEN HA OAHOU NEeCEeHKEe U3 NONMUITUINEHA BbICOKOW
MNOTHOCTKU, @ HA APYION — U3 MONMUITUINEHA HU3KOW NMMOTHOCTU. IMneaaHc maTtepuana BbICOKOMU NIOTHOCTHU
cocraengeT 2,33 x 10° kr-m—2-¢~1, a maTtepuana Huskon nnotHocTn — 1,79 x 108 kr-m=2-¢~1 [21]. Koadhpuuu-
EHTbl OTPaXXEHUN OT 3ATUX MATepMnanoB B TKAHEUMMUTUPYIOLEM MaTepuare A0JKHbl oTnnyarbca Ha 10 ab.
[na nony4yeHnsa bonee cnadbix 3xocurHanoB U 0onee TOHKOM UX rpagauum MoryTt ObiTb UCMOMNb30BAaHbI IECEH-
KW CO CTYNEHAMWN, UMEOLLMUMN apyrue Ko3adduumneHTbl oTpaxeHusa [22]. OagHaKo Takne TeCcT-00beKTbIl Crle-
yeT KannoposaTtb NO TECT-00BbEKTY C MULLEHAMMU M3BECTHOWN OTpaXarernbHOM CNOCOOHOCTU. M3-3a HU3KOW
oTpakatenbHON CNOCOOHOCTU TaKMX KOHCTPYKLIMA CTAHOBUTCA KPUTUYHOW TemMneparypa cpebl, KOTOPYIO He-
00X0ANMO KOHTPONUPOBAaTb AOCTATOYHO TOYHO, YTOObLI TeMNepaTypHble N3MEHEHUSA OTpaXKaTeNbHOW CNOCO0-
HOCTU He npesbianu = 0,5 ab.

bonee npuemnem, Koraa 310 BO3MOXXHO, METOA nMogayn Ha UCMLITYEMbIN OAaTUYUK INEKTPUYECKOTO CUT-
Hana HenocpeaCTBEHHO UMK C NOMOLLLIO AOMONHUTENLHOIO KanndopoBaHHOro npeobpasoarensd [23]. OaHako
coeguHuTenn Anga HenocpeacTBEHHOrO BBOAAa CUTHANOB AOPOroCToALLIN U NOAXOAAT HE KO BCEM CUCTEMAM, a
MCNONb30BaHUE aKyCTUYECKUX CUTHANOB CBA3aHO C TLUATENbHOCTLIO peanu3aunun akyCTu4eCcKoro B3anMoeun-
CTBUA. TeM HEe MeHee, B KOMOMHAaLUKUKN C ONOPHbLIM (MEPBUYHLIM) METOAO0M 3TOT METOA MOXKET ObITb MPUMEHEH
Ha NPaKTUKe.

ToYyeyHble MULLIEHU ANS U3mepeHun PSF: OTOT meToa OCHOBAH HA NPUMEHEHUN MULLUEHEWN Pa3NUYHbIX
Pa3sMEPOB U TAKXKe A0MKEH ObITb NPOBEPEH NO U3NOXEHHOMY BbiLLE NEPBUYHOMY MeTOoAY. [TOCKONLKY ceyeHune
00paTHOro paccedHus MULLIEeHEeWN yBENUYMBAETCH C YaCcTOTOU, 3TOT TUM MULLEHEeNn NMEET 0Co00e 3Ha4YeHune
An49 BbICOKOYACTOTHOM YacCTuU aKyCTUYECKOro curHana ckaHmpoBaHud. OaHako n3-3a NnoaBneHUS CUrHanoB OT
ManblX paccenBarenen BO3MOXXHOCTb MCNONb30BAHUSA 3TOrM0 MeToAaa And UCnblITaHUU CKAHEPOB HEpeanbHa.

CornacHo TeopeTU4YeCckumM AaHHbIM, MULLEHU C pa3MepamMu, CyLLECTBEHHO MEHbLLUMMWU ATMMHBbI BOJHBbI,
UMEIOT OJNHAKOBYIO YaCTOTHYIO 3aBUCUMOCTb OTpa)aTe€nbHOW CMOCOOHOCTU HE3aBUCUMO OT UX AMaMeTpa.
[TloaTOMYy pekOMeHAYyeTCHA NoAroTOBUTL PAA oTpaXarternem ¢ M3BeCTHbIMU OTHOLLUEHUAMU UX 0OpaTHOro pac-
cedHuda. Paag cdpep ¢ anametTpamu, yBeENMUYMBAKLLMMUCA NocneaoBaTenbHO HA 26 %, Takux, HanpuMmep, Kak
10 MKM, 12,6 MKM, 15,87 MKM, 20 MKM, 25,2 MKM, 31,75 MKM, 40 Mkm, 50,4 mKkM, 63,5 mMKkm 1 80 MKmM, OyayT
onpeaensarb Bo3pactaHue oTpaXkeHuu ¢ warom 6 ob B AnanasoHe 54 ob. 3tot meToa ObiN peann3oBaH B BUAE
MNNOTHOINO pacnpeaeneHna mMmanbixX pacceumBaroLlUuMx YyacTtuy, ogHAKO OH MMEET onpeaeneHHble orpaHn4yeHus
n3-3a HEBO3MOXXHOCTU TOYHO 3HaTb pasMepbl KaXXa0u YacTULbI.

[Togo00OHbIM 00Pa30OM MOryT ObITb NOSYYEHbI KANMMOPOBAHHbIE 3HAYEHUSA OTPAXXEHHbIX CUTHANOB OT pPAaa
MPOBOMOYEK C NNOCKUM TOpLUOM. [lna nony4yeHna pgga curHanoB ¢ wwarom 6 b Heobxognmo, YToObl OTHOLLE-
HUSI AMameTpoB NpoBonoyek Bbinu pasHbl 2172 = 1,41, Ha yacrote 5 MMy psg Takux NpoOBOOYEK C AMameTpa-
Mun oT 200 go 1600 MKM MOXKET OXBaTUTb AnMana3oH 36 aAb ¢ ToYyHOCTbLIO NpudnuanTensHo 1 ab.

8.5 KoOHTponupyemMbie napamMeTpbl

8.5.1 OOLWmne nonoxeHun

[1na namepeHna yHKUUN pasMmbiBaHUA TOYKU UMW TIMHUU COOTBETCTBYIOLLYIO MULLEHb CKAHUPYIOT B
pe3epByape. CTaHgapTHad ToyevyHad MULWEeHb — 3TO NIOCKUMU TOpPEeL NMPOBONOKK, a CTaHAapTHada NUHENHAaA
MULIEeHb — 3TO HUTb UK NPOBOMOKA, NEPNEHAUKYNAPHAA K HanpaBreHUO pacnpoCTpaHeEHUa ynbTpasBykKa.
[1na petanbHON OLIEHKM Ka4yecTBa BuU3yanusauum CUCTeMbI, MPOBOAMMOUN NpuU ee paspadboTke, Npou3BoOACTBE
UMW B UCCNeaoBaTENbCKUX LEeNdX, 3Ha4YeHue (PyHKUUU pa3MbiBaHUA TOYKU PSF onpeaendaior B KaXXaom
U3 Tpex HanpasneHnn. PyHKUUUN pa3MbiBaHUA NMUHUUN LSF npumeHaoT ana yctaHoOBNeHUa TpeboBaHUN K
yNbTPa3ByKoBOMY nonto. LSF pekomeHayeTca oLeHMBaTh NO paspewarolwen CnoCoObHOCTU Npu N3MePEHNAX
Ha MHOXECTBE MMULUEHEWN, PACNONOXEHHbIX B Npeaenax BCero 063opHOro nong, npu pasnn4yHbiX ycTaHOBKaX
CUCTEMbI HA POKYC 1 4acToTy. [1pK BU3yarnbHbIX UBMEPEHUAX N B CUCTEMAX C 00pPabOTKON HENMUHEWUHbLIX CUT-
HanoB NMpPeaAnoYnTaloT NU3MEPATL 0CEBOE paspeLleHue Ha nape muwleHen. NsmepeHna PSF n LSF no nuHuu,
nepneHanKynsapHON K OCU YIbTPa3BYKOBOIO nNy4kKka 1 npoxoasLlen 4yepes3 Hee, HENOCPEeaCTBEHHO KacaloT-
CA pa3pellarowen cCnocobHOCTU CUCTEM BuU3yanusauum no MULLEHAM BbICOKOW KOHTPACTHOCTWU, €CNU 3TU
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N3MEPEHNSA NPOBOAAT B HAMPAaBIEHUN TOU Xe NMUHUU U HA TOW e rnydouHe B paHTome. PSF, LSF u pa3spe-
IAKOWYI CMOCOOHOCTb A0NYCKAETCA BbIMUCIIUTDL MO pe3ynbratamMm gpyrux usmMepeHumn, ecriu COOTBETCTBYIO-
LLMe XapakTEPUCTUKN CUCTEMBbI KanubpoBaHbl. Hapsagy ¢ TEPMUHOM «(PYHKUUA pasMbIBaHUA» PEKOMEHAY-
€TCHA NOoNb30BaTbCA TEPMUHOM «pa3Mep NATHa», OnNpeaeneHHbIM B HACTOALWLEM CTaHAApPTE B BUAE LLUNPUHDI
PSF un LSF.

NamepeHna PSF n LSF B HacTodllee BpeMsa ABNAOTCA OTHOCUTENbHLIMU. [lonyCKaeTcd NonyynTb KO-
NMNYECTBEHHBLIE PE3ynbTaTrbl, XapakTepPU3yloLLIne YyBCTBUTENbLHOCTbL CUCTEMbI BU3yanu3auun K CreunanbHo
OOyCnOBMEHHON UMW CTAHAAPTHOW TOYE€YHOU MMUIUEHMU U K UCTOYHUKY TOoYeyHoro gasneHus [24] — [28],
OAHAKO K3-3a OrpaHNYEHHOCTU IBKCMEPUMEHTANbHbLIX UCCNEAO0BaHUN TaKad METoAMKA eLlle HE MOXET ObITb
cTaHgapTusoBaHa. 3TU U3MEPEHUA HEMOCPEACTBEHHO CBA3aHbl C OCEBOW pa3pellarowen CnNOCOOHOCTLIO
BbICOKOKOHTPACTHbIX MULLIEHEN U ¢ oceBon LSF cnucrem Busyanusaumm Ha onpeaeneHHoM paccToAHUM BAOIMb
nydyka (T. €. no rnyonHe dpaHTOMA).

B npouecce BCeX 3TUX N3MEPEHUN HEODXOAMMO IOCTUPOBATb YYBCTBUTENBLHOCTL CKAHEPA M HAKINOH AaT-
4YyuKa Takmm oopasom, YTobbl JOOUTBCA MAaKCUMMAaNbHOINO CUrHana oT MULLEHM.

[1on ncnonb3oBaHUM NMUHEUHON MULLEHU, OPUEHTUPOBAHHOU NEPNEHAUKYNAPHO K MSIOCKOCTU YIbTPA-
3BYKOBOI0 CKAHMPOBAaHUA, NONEPEYHOE CEYEHUE NMNMHUKN ITOWN NMIMOCKOCTbIO NpeacraBndaeTr cooon pyHKUUo
nonepeYyHoro pasMmbiBaHUA JIMHUU, HO TaKad KOHUrypauma UMEET ABa orpaHUYeHuns:

a) PyHKUMA pa3MbIBAHUA FIMHUU MOXET ObiTb M3MEPEHA TONbLKO B MITOCKOCTU YNbTPa3BYKOBOIO
CKaHUPOBaHUA,

D) NHTEHCMBHOCTbL CUrHana 3aBUCUT OT OPUEHTALIMN YILTPA3BYKOBOIO Ny4YKa, KOTOPbIN AOIMKEH ObITb
nepneHanKynapeH K IMHeEMHOU MULLEHM.

C uenblo NpeogoneTb 3T0 OrpaHMYeHne MHorga NPUMEHA0T cePUYECKYI0O MULLEeHb. OQHAaKOo MHTEpdE-
DEHUMOHHbIE PP EKTLI BHYTPU cAeEPLI NPUBOAAT K UCKAXKEHUAM HanMpaBnNEeHHOCTU paccesaHud, ecnu cadepa
He npeacTaBnsaeT cobon o4eHb ManeHbKn U cnadbin oTpa)arens [24].

B KayecTBe anbrepHaTUBHOINO TECT-00beEKTA ANA N3MeEpPEHUs paspeLuatoien cnocoOHOCTN NCNONb3YIOT
OAWHOYHYIO HUTb (UINMK MPOBOJIOKY), YCTAHOBNIEHHYIO BEPTUKANBLHO (B HanpaBNeHUU PacnpoOCTpaHEHUA YyIb-
TPa3BYKOBOIO My4ykKa) Ha yCTpPONCTBE MUKPONEpPEMELLIEHNIN, MO3BONAOLWEM HUTU ABUratbCA B 0O30PHOM Mnone
[oucyHok C.3 (npunoxeHune C)]. 310 obecneynBaeT n3aMepeHue pasmMmepa nATHA B NMNoOON To4Kke 0O630PHOro
NOMA U YCTPAHAET Takke nNpobnembl, MPUCYLLUME PELLUETKE MULLEHEWN, BbIPABHUBAHUSA BCEX HUTEN NMEPMNEHIN-
KYNAPHO K MyYKy Npn oAMHAKOBOM BPEMEHU 3anMnMCU MaKkCUMarbHOro CUrHana oT Ka>kaowu.

Ecnu ToyeyHaa MULWLEeHb HAMHOIO MEHbLUE ANWHbLI BONHLI (UMM AMAMETpPa ynbTPa3ByKOBOIo nyyvka B
MECTE HaXOXXAEHNUA MULUEHU NPU U3MEPEHUAX OATYUKOB C DONbLLUON anepTypon), TO usmepsaemMmasa (PpyHKLUA
pa3MbIBAHUA TOYKU HE 3aBUCUT OT XapakKTEPUCTUK MULLEeHU. OTMEYEHO, YTO mMpuHa otknmuka ot PSF (ot
TOYe4YHOU MUeHun) n ot LSF (0T nMHEWHON MULLEHWN) NPUONU3UTENBLHO OAUHAKOBA. BblNO YCTAHOBMAEHO, YTO
obpaTHOEe paccesHue MMEET NMNaBHYO 3aBUCUMOCTb OT yrra 1 4acToTbl, U NPeaNIoXKeEH CNocoO Cco34aHNUA MU-
lWeHewn [25], ABe KOHCTPYKLMKN KOTOPLIX NoKasdaHbl HA pucyHke C.4 (npunoxeHune C).

N3 Teopuun paccesaHmna ppoHTanbHOM NMOCKOCTLIO [25] cneayeTt, YTO nonepevyHoe cevyeHne odbparHoro
pacCesaHUsa ¢ paBHO

6 = [(kré12)(Z, — Z)(Z., + Z,)]°, (4)

rne K — BOJIHOBOE YUCO;
I — pagnyc npoBONOKU;
Z. . — YyAenbHbIU aKyCTUYECKUU UMMEAAHC MaTepuana npoBONOKH;

m
Z., — YAenbHbIK aKyCTUYECKUUN NUMMEAAHC OKpyXKatoLlen cpeabl (BoAbl).

W

PaccesHune nponopunoHanbHO KBagpaTy 4acTtoTbl U YETBEPTOM CTENEHn aAnamertpa (40 Tex nop, rnoka
OVNaMEeTP MULLEHU HACTOMbKO Marl, YTo NOo3BONSAET npeHebpeyb ha3oBbIMU PA3NINYNAMN OTPAXKEHUSA OT pas-
NINYHbIX YacTen MueHun). [Ana manbixX yrrnoB BAUAHUE yrna Mexay TOPLEBOW MMOCKOCTLIO U HaNnpaBneHNeEM
nyyka mano. [Npu donbLlumMx yrnax paccesHue ymeHbluaeTcsa. Ecnu BbINONMHUTL MUMLUEHb Marnoun, TO BIIUAHUE
yrna ymeHbLUUTCA.

[Tpn HAKNOHHOM NaAEHUU ynbTpa3ByKa Ha nepeaHu Topel NPOBONOYHON MULILEHU CUMa paccesHus
yMeHbLUAeTCA. [103TOMY NPU UCMbITAHUAX CEKTOPHbIX AAaT4YMKOB CreayeT NepeopueHTUpoBaTb AaTYUK UMK
MULIEHb, €CINMN HEODXOAUMO CPABHUTL KONMMYECTBEHHbLIE PEe3yrnbTaTtbl UBMEPEHUN UHTEHCUBHOCTU OTPAaXKEH-
HbIX CUTHANOB B Pa3NM4YHbIX TOYKAX YyNbTPAa3BYKOBOro nongd. MNpun namepeHuax LMPUHbI Nyyka nepeopueHTa-
LS Heoba3aTenbHa.
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Ha pucyHke C.4 (npunoxeHne C) nokasaH 3CKN3 ABYyX TOYEYHbIX MULUEHEN, N3TOTOBMNEHHbIX U3 MPOBO-
NOKKU, ncnonbdyemon aaHtucramu (amametTp 0,24 mm). JleBag MUeHb NpUMEHNUMa ANna UMMNYNbCHOIO yNbTpa-
3BYKOBOIoO U3Ny4YeHuda, Ana KOToporo MoryTt ObiTb pa3geneHbl BO BPEMEHWU CUTHanbl, OTPaXXEeHHbIE OT TOpLA
NPOBONOKN U OT TPpYOKu-gepxarenda. Takon aepxxatenb (Tpydoka BHeLWHUM anameTpomMm 1 Mm) obecneymnBaet
MEXaHNYECKYIO XECTKOCTb. [1paByl0 MULLEHb UCMONb3YIOT NPU HEMPEPLIBHOM YNbLTPA3BYKOBOM WU3NYYEHUN.
B ynbTpa3ByKOBOWU NYYOK MNOMELLAIOT NULLL KOHEL, MPOBOMOKU, KOTOPLIN U AaeT obpaTHOE paccesHue.

8.5.2 OceBble pasMmepbl PSF u LSF u paspewarowasd cCnoCOOHOCTbL MO OCK

8.5.2.1 ObLume nonoxXeHus

Pasmepbl PSF u LSF B oceBoM HanpaBneHUn cneayer U3AMeEpPATb HA pasnuyHbixX rmyounHax. logxonsa-
LW ana usmepeHna PSF TecT-06bekT (paHTOM) nokasaH Ha pucyHkax C.3 n C.4 (npunoxeHune C); BTOPOWU
N3 HUX NMPUMEHSAIOT, YTOObI UCKIIOYNTL peBepbepaunto n3-3a rNPUCYTCTBUSA AepXKaTens NMPOBONOKMN B yIbTpa-
3BYKOBOM ny4ke. LSF namepsatoTr no rect-oobeKkram, nokasaHHbIM HA pucyHKax A.1 — A.2 (npunoxexHune A) u
pucyHke C.1 (npunoxxeHune C), a oceBoe pa3peLleHne — rno TecT-00beKTy, N300pakeHHOMY Ha pUcyHke C.2
(npunoxxeHune C). NamepeHnsa aonyckaercd nNpoBoAUTb C Larom, MeHbLlmnm 1/3 oceBou AJNIMHbI OO30PHOIO
nong, no BCcemMy AnanasoHy rnyouH, COOTBETCTBYIOLLEMY UCMNbLITYEMOMY AATUYUKY. HOmKHbl ObiTb BbISABMNEHbLI
M BHECEHbLI B MPOTOKON UCTOYHUKU U3MEHYNMBOCTU NOKa3aHUN, KaK 3TO YCTAHOBNEHO B 6.4.2. Pa3pewaouasn
CMNOCOOHOCTb NO OCU MOXET ObITb Nory4yeHa B BUAe MUHUMAlNbHOIO paccTtoaHua: 1) mexay ABYyMS HUTSAMMU
Ha pucyHke C.2 (npunoxeHue C), NATHA OT KOTOPbIX eLle pasnu4nmMbl MeXay codon; 2) mexxay AByMA HUTAMMN,
CHWXXEHNE curHana mMmexagy KotopbiMu COCTaBNAET HE MeHee 6 ab.

8.5.2.2 [lpouenypa onpeaeneHnsa oceBbiX pasMepoB

OpUEHTUPYIOT NpeodbpasoBaTesnib TakK, YTOObI NONYYUTb MaAKCUManbHbIW CUrHam OT MULIEHU (MULLE-
Hen). OCODEHHO BaXXHO HaNpaBuTb YNLTPA3BYKOBOU NYYOK NEPNEHANKYNAPHO K HATKU. YCTaHaBNMUBAKOT YYB-
CTBUTENMbHOCTb CUCTEMbI TAKOWN, YTOObI ObINM YETKO BWAHbLI, HO HE HACbILLEHblI BCE HUTEBUAHbIE MUILEHMN.
[Tony4aloT HECKONbKO M300paXKeHUU HUTEBUAHOIO paHToMa B B-pexxume nnu B pexxmume odbeMHOro n3obpa-
YXEHUA U oM POBLIBAIOT NyYllee U3 HUX. YoexaaloTcs, YTO ynbTPa3BYKOBOU nNpeobpa3oBaTerib HaJEXHO
YCTAHOBJIEH HA NOBEPXHOCTU TECT-00beKTa. Ecnu npeobpasoBaTenb MMEET KPUBONIMHENHYIO MPUEMOU3IyYa-
IOLLYIO MOBEPXHOCTb, TO €ro UeHTpanbHaga NMHUA CKAHUMPOBAHUA AOMKHA ObITb NepneHanKynapHa K NnoBeE pX-
HOCTW aKyCTU4YEeCKOro oKkHa TeCT-00beKTa, a YyNbTPa3BYKOBbIE€ MYYKU AOIMKHbI ObITb NepneHANKYNAPHbI K
HUTAM.

[na namepeHnun PSF HeoOxoanMmo BbINOMHUTL ABYyXMepHoe (2D) ckaHupoBaHUE TOY€YHOU MULLEHU B
Ka)Xgom 00yCcnoBrneHHOM MECTE €€ pacrnonoXeHua nocne Toro, Kak oyaer 3aBepLueHa IoCTUPOBKAa HanpaBne-
HUA LUEeHTpanbHOW OCU UMW LEHTPAarbHOW MIMOCKOCTU My4Ka, Unn nnockoctn obsopa. Npu namepeHusax PSF
nnu LSF nony4atot Takoe nsodpaxkeHne Tect-oobeKra, B KOTOPOM BUAHbI HUTU NO BCEMY AMANA30HY rnyouH,
npucyLlemMmy UCNbITyeMOMY npeobOpasoartento. cnonb3ylor nporpammy odpaboTkm mn3odpa>keHus, 4ToObl
NONYYNTbL NPOPUNbL MO APKOCTU BAONb BEPTUKANBLHOIMO HanpaBneHUA ANA MHOXECTBA cneayrwmx apyr 3a
IPYrom IMHUN CKAHUPOBAHUA, NMEPEKPbIBAIOLIMX N300pakaeMyo MULLEHb NPU NONEPEeYHOM nepemMeLLeHnm
BEPTUKANbLHOW NMMHUK OTCYETA CNneBa HanpaBo A0 TeX Nop, Noka aMmnnutyga npoduna n3odpaxeHnsa Mulle-
HU HE CTaHeT MakcumManbHOW. Ona Kaxkaou rnyOuHbl pacnornoXXeHns HUTEWN, NCMOMb3yA 3TY MaKCUMAarnbHYIO
aMnnnTyay, USMEPAIOT U BHOCAT B NMPOTOKOM MONHYIO LUMPUHY NMATHA HA NONOBUHE OT Makcumyma (FVWHM)
N LULMPUHY HaA ypoBHE MUHYC 20 ab. 1o nsobpakeHuto paHToMa U3MEPAIOT pa3Mep NATEH MO OCU ANSA BCEX
NonoXxeHun (no rnyouHe) BUANMbIX MULLEeHeW. [MonyynB Bce 3HAYEHUA ITOWN LLUMPUHBI, CTPOAT 3aBUCUMOCTb
3TOW WpPUHbI Ha ypoBHe FVWHM wvnn mmnuyc 20 ab ot rmyOuHbl B U3obpaxxeHnm oaHtoma. 3ta 3aBUCUMOCTb
UNMoCTPpUpyeT nameHeHmne oceBbiX PSF nnu LSF ¢ rmyouHon Ha nsobpaxkeHun tect-oobekTa. [1na OonbLUnH-
CTBa CYLLUECTBYIOLLUMX CUCTEM OCEBAA pa3pellarowas cCnocoOoOHOCTb OT rMyOuHbl OyaeT UCNbITbIBATb NULLb
He3Ha4YnTenbHbIE N3MEHEHUA.

byaet suaHa n annda npoduna PSF unu LSF npu cooTBeTCTBYIOLLEM YPOBHE CUrHana, OnmM3kom K npea-
nornaraemMomy ypoBHIO MOMEXU, €CNN ITO NMO3BONAOT apTedaKkTbl, UMEIOLLMECH HA N300PpaXKEHUN.

8.5.3 NonepeyvyHana wupuHa PSF u LSF n nonepeyHan paspewiarowiasd CnocCoOOHOCTb

8.5.3.1 ObLme nonoxkeHus

Pasmepbl PSF unn LSF B nonepeyHoM HanpaBneHUU COOTBETCTBYIOT MOMEepPevYHOMY pa3pelleHUIo
BbICOKOKOHTPACTHbIX MULLIEHEeN CUCTEMbI Bu3yanusauum aAngd onpegeneHHbIX nonoXeHun BAONbL OCU Mnydka
(T. €. ANg onpeaeneHHbIX rmyounH B panHTome). MNoaxoaawme ana namepeHna PSF TecT-00bekTbl (PaHTOMbI)
nokasaHbl Ha pucyHkax C.3 n C.4 (npunoxxeHune C); BTOPON U3 HUX NMPUMEHSAIOT, YTOObI UCKITIOYUTL peBepbe-
paLnio n3-3a NPUCYTCTBUA B NMy4Ke aepatensd npoBonokn. LSF namepsaioT no tecTt-oobeKkram, nokasaHHbIM
Ha pucyHkax A.1 — A.2 (npunoxeHune A) u C.1 (npunoxeHne C). NamepeHUda nonepeyHoro paspeLieHna Ha
MHOTOMULLEHHOM TeCT-O00BbeKTe NPOBOAAT PEeaAKO, U UX HEe paccMaTpuBalOT B HacTosLlem craHpapte. Ms-
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MEPEHNA AONYCKAETCHA NPOBOAUTL NO BCEWN rMyOnHE N300pakeHna Yepe3 NPOMEXYTKU, MeHbLUKE 1/7/ 0CEBOMN
OINMHbI OO30PHOIO NONA, U HA PACCTOAHUAX OT Kpas n3obpakeHnsa B nonepevyHom HanpaBneHuu, paBHbix 1/8
LLUMPUHBbI U3obpaxeHua. Ana cuctem o0bEMHOW Bu3dyanu3aumu, B KOTOpbIX PSF MOXeT 3aBUCETb OT MECTa
PACMONOXEHUA Mo TOMLWMHE B paccMaTpnBaemMom 00bemMe, UISMEPEHUSA BbIMOMHAIOT B NMOMNEPEYHbIX HaNpaBne-
HUAX, COOTBETCTBYIOLLUNX TOMNLUMHE N LULMPUHE pacCMaTpMuBaeMoro oobema, Ha PpacCToOAHUAX OT KpaeB, PaBHbIX
1/8 TONWWUHbLI U LULUPUHBI COOTBETCTBEHHO. JOMKHbI ObITb BbIABNEHbI U BHECEHbLI B MPOTOKON UCTOYHUKN U3-
MEHYUBOCTU NOKA3aHNN, KaK 3TO onpeaeneHo B 6.4.2.

8.5.3.2 ['lpoueaypa onpeaeneHna nonepeyHbix pasmepos

OpUEeHTUPYIOT NpeodpasoBaTenb Tak, YTOObI MONYYUTb MAaKCUManbHbIA CUrHAM OT MULLEHU (MULLEHEN).
OCoOEHHO BaXXHO HaANPaBUTb YNbTPA3BYKOBOWU NMYYOK NEPNEHAUKYNAPHO K HUTU. YCTaHaBNMBAIOT YYBCTBMU-
TENbHOCTb CUCTEMbI TaAK, KaK 3TO yka3aHo B 8.5.2.2. Nony4atoT HECKOSbKO N300paXXeHNn HUTEBUAHOIO PaHTO-
Ma B B-pexxume n oundpoBbIBAOT NyylLlee U3 HUX. Yoexaalorcs, 4To ynberpa3ByKOBOU npeobpa3oBaTernb
HaJEeXXHO YCTAHOBIIEH HA MOBEPXHOCTN TECT-00BbEKTa, a LeHTpanbHasa NUHUA CKAHUPOBAHUA NEPNEHANKY-
nsapHa K NOBEPXHOCTU aKyCTUYECKOro OKHA TeCT-00beKTa.

[na namepeHnn PSF HeoOxoaumMo BbIMNONHUTL AByxMepHoe (2D) ckaHupoBaHne TOY€4YHOU MULLEHU B
KaxgqomMm 00yCcnoBrneHHOM MECTE €€ pacrnonoXeHna nocne Toro, Kak oyaeTt 3aBepLueHa I0CTUPOBKAa HanpaBne-
HUS LUEeHTpanbHON OCU UMW LEHTPAaribHOM MIMOCKOCTU My4Ka, Unn nnockoctn obsopa. MNpu namepeHusax PSF
unu LSF nony4atoT Takoe nsodpaxkeHne tect-odbbeKra, B KOTOPOM BUAHbLI HUTU NO BCEMY AMaNa3oHy rmyoOuH,
npucyLuemMy UcnbiTyemMomy npeodbpasoarento. AIcnonb3yoT nporpamMmmy o0padboTkn nsodbpa)eHus, 4todbl No-
NY4YUTb NPOUIb NO APKOCTU B TOPU3OHTANbHOM HanpaBneHU Ang MHOXECTBa cneayioLmnx apyr 3a Apyrom
JIMHUUN CKAHUPOBAHUA, NEPEKPbIBAOLLMX N300pakaemMmyto TOYE4YHYI0 MULLEHb, NPU BEPTUKANbHOM Nepeme-
LLIEHUN (TOPU3OHTANbHON NIMHUK OTCYETA) OT BEPXA A0 AHA (Haa n3oopakeHneM nonepeyHbiX CEYEHUN HUTEN
U nog HUMK) A0 TEX NMop, NoKa amnaunTyaa npodunsa n3oopakeHnsa MULLIEeHU He CTaHeT MakcumanbHon. Ans
KaXgown rnyOuHbl pacnonoXeHUs HUTEN, UCNOMb3ya 3TY MaKCUManbHYO aMmnniuTyay, U3MepsatoT 1 BHOCAT B
NPOTOKON NMOMHYIO LUMPUHY NATHA Ha nonoBuHe oT Mmakcumyma (FVWHM) u wmpmnHy Ha ypoBHe muHyc 20 ab.
[1o n3o0paxkeHnto haHToMa UIMEPSAIOT pa3Mep NMATEH NO OCU AN BCEX MOMoXxeHun (no rmyounHe) BUANMbIX
MULIeHeW. [TonyyuB BCe 3HAYEHUSA STOU LLUMPUHBI, CTPOAT 3aBUCUMOCTb LUMPUHLI HA ypoBHEe FVWHM nnu mu-
Hyc 20 ab ot rmybuHbl B u3obpaxeHnn paHtoma. byaet BuaHa u wmpuHa npodpuna npu COOTBETCTBYIOLLEM
VPOBHE curHana, onm3kom K npeanonaraeMomy ypoBHIO MOMEXU, €CIK 3TO NO3BONAOT apTedakTbl, UMEIOLLU-
ecs Ha N300pa>keHuu.

[0 u3obpakeHuo paHToma U3IMEPAIOT 3aBUCUMOCTb MaKCUMMAarnbHOMO NOMNepe4YyHoro pasmepa oT rny-
OnHbI ANA BCcex nonoxXeHuun (no rmyounHe) snanmbix PSF. [MonyynB BCe 3HA4YEHUS 3TOU LUMPUHbI, CTPOAT 3a-
BUCUMOCTb 3TOW WMPUHLI HA ypoBHe FWHM mnnu munyc 20 ab oT rmyOuHbl B u3obpaxxeHnn cpantoma. [Ans
OonbLIMHCTBA CUCTEM BU3yanu3auuu nonepeyHoe paspeleHme namMeHaeTca ¢ rnyomnHon ropasao oonblLue,
yeMm paspelieHune nNo ocu.

[TpuMmevyaHne — VMcnonb3oBaHne TeCcT-00BbEKTa, NOKA3aHHOro Ha PUCYHKe A.2 (NpunoXeHune A), MOXET ObITb
HenpuemMneMblM ANA HEKOTOPLIX YNbTPa3BYKOBbIX NpeobpasoBaTeneu, KOTopble U3y4YatoT HacToNbKO Sonblune BOKO-
Bble NNeNeCTKN, YTO OHU UHTEPdEPUPYIOT C IXOCUTHaANaMn OT COCeAHUX HUTEW. B 3TOM cnydvae MOXeT OblTb MCNOMbL30BaH
TeCcT-00bLeKT, Nog00HLIN NOKazaHHOMY Ha pUcyHKe A.1 (npunoxeHne A). B TaKOM TeCT-00beKTe NMMHUN MULLEHEN pacno-
NOXEeHbI No4 YrNOM APYr K ApYry, Tak YTo OTAENbHLIE MULLUEHU B peKuUX crydaax pacnonoXeHbl Ha 04HOU ropU3oHTaNbHOM
NuHUK. bonee noaxoaALLMA TeCT-00LEKT NoKkasaH Ha pucyHke C.1 (npunoxeHue C), B KOTOPOM BCE HATEBUAHbIE MULLEHUA
pacnonoXeHol OTAENLHO, 6e3 cocefeil B NONepeyHoM HanpaeneHuu. K, KpoMe Toro, MOXeT OblTb UCMONb30OBaHa OfHa
HUTb (MU NPOBOSIOKA) C YCTPOWUCTBOM MUKponepeMeLleHU, NoA0OOHBIM NoKasaHHOMY Ha pucyHke C.3 (npunoxeHune C),
HO NepneHANKYNApHasa K yNnbTpa3BYKOBOMY MYUKY.

8.5.4 TonuwuHa cnofa ckaHupoBaHuAa (TonwuHHbie PSF u LSF) unu paspewarowas cnocooOHOCTb
Mo TOJIWUHE

Hanbonee npocTon MeTod U3MEPEHUA TOMWMHbI CNoA (MNU Ny4Ka) 3aknoyaeTcs B CKAHUPOBAHUU TOH-
KOro cnos pacceuBaroLlmMx MULLEeHen, nokazaHHOro Ha pucyHke C.5 (npunoxxkeHue C). TonuwuHy cnoa (Unu
paspeLleHne no pasMepy nATHa B HaANpaBMeHUU TOSLUWHBLI Ny4YKa) cneayer uaMepATb Ha KaXgowu rnyouHe,
NPU 3TOM OpraHbl PErynupoBKM YyBCTBUTEMNbLHOCTU U NapamMeTpoB U300paXKeHua crneayeTr ycraHaBnuBaTh B
NONMOXEHUA, COOTBETCTBYIOLLME KAanMOPOBKE CUCTEMbl BU3yanusauuun. iccneayor makCumManbHO OOMbLUYIO
obnactb n300paxkeHus, pasgeneHHyo Ha NATb YacTen oguHaKoBOro pasmepa. NnockocTb CKaHMPOBaAHUA
OPUEHTUPYIOT TakK, YTOObI OHA Nepecekana crnon paccenBarenen rno NMHUKU, napannenbLHON BEPXHEN NOBEPX-
HOCTN TecCcT-00bekTa. NNOCKOCTbL CKaHUPOBaAHUA [0MKHA ObiTb B TO >KE BPEMA NeprneHAuKynapHa K no-
BEPXHOCTU CKAHUPOBAHUA TECT-00beKTa. C LENbIO U3MEPUTL TOSLLUMHY CNOA B cepeIMHE NEePBOro ce4yeHus
OaTYMK yCTaHaBNMBALOT TakK, YTOObI HA 3TOW rnyouHe Haxoaunacb NUHUA NepeceyeHnsa NMOCKOCTU YibTpa-
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3BYKOBOIo CKaHUpoBaHUA U cnoq pacceusarenen. Merogom Bu3dyanbHOro ortc4era unm ¢ UCNoNb3OBaHUEM
COOTBETCTBYIOLLEN 0DPADOTKMU N30DPaAXKEHNS N3MEPSAIOT MAKCUMAaNbHYIO TONLUMHY U30DpaXKeHUs CNoA No Bep-
TUKANU U BbIMUCIAOT TONLWMHY cnosd (TONWWHY CKAHUPOBAHUA) B LIEHTPE NEPBOro ce4eHud, Kak 3To noKkasaHo
Ha pucyHke C.5 (npunoxeHune C). [NOBTOPAIOT 3Ty npoueaypy v And oCTalnbHbIX YETbIPEX cevyeHun. C no-
MOLLIbIO MporpamMmmMHOnN o0padboTKn oUundPPOBAHHOIO N300paXKeHNA N3MEPAIOT LUMPUHY U30DpaXXeHNA CeYeHUs
npu 3agaHHOM YPOBHE CHMXKEHUA cUrHana: Hanpumep, npu MMHyc 6 ab, MmuHyc 20 ob nnn 4o ypoBHA NOMEXMH,
OTHOCUTENBbHO €ro MakCuManbHOIro 3HA4YEHUS.

[pn namepeHunax TonwmHHonm PSF ¢ noMoLLbIO TOYEYHOU MULLEHU, N300paXeHHON Ha pucyHke C.3 nnu
C.4 (npunoxeHue C), unu TonwmHHon LSF ¢ nOMOLLbIO rOPU3OHTANbHO pPacnonoXeHHOW NPOBOMOKU, N300pa-
YXeHHON Ha pucyHke C.3 (npunoxeHune C), unu tTecT-o06 bekTa C HUTEBUAHLIMU MULLEHAMMU, N300PaAXKEHHOIO
Ha pucyHkax A.1 nnm A.2 (npunoxenune A) unn C.1 (npunoxeHne C), cuctema pabortaet B pexume B. Mu-
lWeHb NepeMeLlatoT nepneHanKynsapHo K NAOCKOCTU YNbTPa3BYKOBOro CKaHUMPOBaHUA (MNKM, HA0DOPOT, —
nepemMeLlaroT NNOCKOCTb CKAHMPOBAHNA OTHOCUTENBHO MULLEHU) A0 NOoNy4YeHna MmakCuManbHON aMnnnTyAbl
CUrHana otr MULIeHu. [lepemelleHne oCyLLIECTBNAIOT B ABYX MPOTUBOMNONOXHbIX HANpaBNeHUAX BAONb JTMHUM,
nepneHagnKynapHoOn K NAOCKOCTU CKAHUPOBaHUA, YTOObI ABaXKAbl NOATBEPAUTL HAWAEHHbLIE MONOXXEHUA MaK-
CUMyMa U 3aaHHOTO YPOBHA CHMXKEHUA curHana. Takum obpasom nony4vyaroTr YPOBHU CUrHana co CHUXKEHUEM
MUHYC 6 Ab U MnHyc 20 Ab OTHOCUTENBbHO MakCUMyMa, YPOBEHb NMOMEXU U Apyrne napameTpbl. PacctogaHune
MEXay To4YKaMmun no o6emMm CTOpOHaM MAOCKOCTU CKaHUPOBAHUA N OyaeT paspelleHUeEM no TOmnmMHe npu
YPOBHE UaMepeHna mmHyc 6 b nnm mmHyc 20 ab.

N3mepeHnsa MoryT ObITb NMPOBEEHbl BO BCEM Anana3oHe rnyouH Busyanusauum ynosTpasByKOBOro OaT-
YyuKa C Luarom nepemMmeLleHnin, MeHolunm 1/7 0630pHOro nonA BAOMb LIEHTPANIbHOW OCU, N HA PACCTOSAHUAX OT
Kpasa n3odpaeHnqa B nonepeyHomMm HanpaBneHun, paBHbiX 1/8 LUMPUHBbI U300 paxkeHud. [Ang cuctem o0 beMHON
BU3yanusauuun, B KOTopbix PSF MOXeT 3aBUCETbL OT MEeCTa pacnofioXXeHna no TOJNLWWHE B paccMaTpuBae-
MOM ODbeME, N3MEPEHUA BbIMOMHAIOT B MONEPEYHbIX HANpPaBneHUsaxX, COOTBETCTBYIOLLUNX TOMLWMHE U LUMPUHE
paccMmarpuBaemMoro odbema, Ha paccToaAHUAX OT KpaeB, paBHbIX 1/8 TOMNLWWHBLI N LLUIMPUHBLI COOTBETCTBEHHO.
[1ormKHbI ObITb BbIABNEHBLI U BHECEHbI B MPOTOKONT UCTOYHUKU USMEHYUBOCTU MOKA3aHUN, KaK 3TO YCTAHOBIEHO
B06.4.2.

N3amepeHna paspelarowien CnoCOOHOCTU NO TONMLWKUHE MOTYT ObITb YNPOLLEHblI NPU UCMNOMNMb30BaAHUN
peLUETKM OANHAKOBbIX TOYEYHbIX MULLUEHEWN, PACnoNoXXeHHbIX MO HAKIMOHHOW (OTHOCUTENbHO MITOCKOCTU CKa-
HUpOBaHWSA) NUHNKN. MuUWweHn JOMKHbl ObITb PACNONOXXEHbLI HA TAKUX PAaCCTOAHUAX, YTOObI X U300paXKeEHUSA
OTCTOANW APYr OT Apyra ganslLue, Yem nonepeyHoe paspelleHue ckaHepa Ha 3agaHHon rmyouHe. Ecnu ycra-
HOBNEHHAs B LEHTPE MUILEHb UMEET CeYEeHNne 0DpPaTHOro paccedaHns, MeHbLLee Ha TPpebyeMbli YPOBEHL, YEM
aApyrve MULLIEHWU, TO U3MEPEHNA BbINONHAKOT NPU 0AUMHAKOBOWU MHTEHCUBHOCTU CUIrHarnoB.
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[TpunoxeHue A
(ob6A3aTenbHoOE)

TecT-00BbLEeKTbI.
KanubpoBka ABYXMEPHbIX CUCTEM U3MEPEHUS

PpUMeyYyaHUe — PaccMOTpeHHble B HACTOALLEM MPUNOXKEHUN TECT-00BEKTbI N MaTepuarbl 3aMMCTBOBaHbI 13
HEKOTOPbIX HaLMOHarbHBIX OTYETOB U MPOEKTOB CTaHAapTOB. TeCcT-00BbeKTbl OrpaHnYeHbl TEMU KOHCTPYKLMAMU, KOTOPbIE
ObINN NPOBEpPEHbI Ha NPaKTUKe.

A.1 KOHCTpPYKUUUN TeCT-O0BLEKTOB

a pucyHkax A.1 n A.2 nokasaHbl Habopbl NapannenbHO PacnonoXeHHbIX HUTEW, NCMNONMBb3YEMBIX B Ka4ecTBE IU-
HENHbIX MULLIEeHeW. HUTK napannenbHbl Takke BEPXHEN MOBEPXHOCTHU, CNyXKallel akyCTUY4eCKMM OKHOM AN CKaHUpoOBa-
HUA. Ha aTUX pUCYHKax NpeacTaBneHbl ABe BO3MOXHbLIE KOMMNOHOBKW MULLUEHEN B CEYEHUUN, NEPNEHAUKYNAPHOM K HATSAM.
KOMMOHOBKa Ha pUCYHKe A.2 UMEET NPENMYLLECTBO nepe KOMMNOHOBKOW Ha pucyHke A.1 briarogapa oonee perynapHon
CTPYKTYPE, HO UMEET TaKKe HeAOCTaTOK BCNeACTBUE BEPOATHOCTU 3aTEHEHUA KaKOW-NMOO MULLUEHU APYrMMU MULLEHAMM,
PacnoIOXXeHHbIMU BbILLE Hee.

PasMepbl 3TUX TeCT-00BLEKTOB W PacCTOAHUA MeXAY MULLEHAMU oNTUMarbHbl ANA UCNbITAHUWA AaTYUKOB C HOMU-
HanbHbIMW YacToTaMKn OT 2 A0 5 MY, ncnonb3yemMelx npu odWmMx adbgoMuUHanbHbBIX UCccneaoBaHnax. PaccTtoaHna mexay
HUTAMU B KaXXKAOM paay paBHbl 2 CM. PeKoMeHayeTca, YTOOblI TOYHOCTL pacnofioXXeHUA HUTEW Oblna He xyxe = 0,2 MM. NS
Oornee BLICOKOYACTOTHLIX CUCTEM BU3yanunsaunmn Tpedyetca Oonee Yyactoe pacrnofioXeHue HUTEN (C pacCToaHMEM 1 CM
MeXAY HAMKU), MPU STOM TOYHOCTb UX PacnonoXeHUs A0MKHa ObITh He XyXe + 0,1 MM, a pa3Mepbl TeCT-00BbeKTa B LIENoMm
MOMYT COCTaBNATb 1/3 COOTBETCTBYHOLLNX pa3MepoOB TECT-00BLEKTOB, NoKa3zaHHbIX Ha pUCyHKax A.1 1 A.2.

Kaxibll TecT-00BLEeKT, paccMmaTpuBaeMblili B HacToAlleM cTaHaapTe (pucyHkn A.1 n A.2), npegHasHa4veH ANAa cKa-
HUPOBAHWA HEMOCPEACTBEHHO B paboyen KUOKOCTU. [Nna CHUXEeHNA s(pdpeKTa 3aTeHEHUA B TECT-O0BLEKTaX NPUMEHSAOT
HeUNoHoBbLIE HUTKU guameTpoM 0,078 MM. PesepByap A0MKeEH ObITb AOCTATOMHO DONbLUKMM, YTOOLI 0DecneunTs HeOOX0A U-
MY OpUEeHTaLUMIo NOOro AgaT4ymKa Ha MULLEHHYHO CTPYKTYPY.

B MHOM cnyyae MULLIEeHU, NoKadaHHble Ha pUcyHKax A.1 1 A.2, pasMellaloT B TKAHeMMUTUPYIOLLEM MaTepuane, a
CKaHWpOBaHMe OCYLLECTBMAT Yepes akyCTUYeCcKoe OKHO U3 COOTBETCTBYHOLLEro MaTtepuana, HanpuMep Yepes nornnaTune-
HOBYIO MneHKy. MaTepunan 3Toro okHa gofmkeH npedoTBpallartb UcnapeHne Boabl U3 TKAHEMMUTUPYIOLWLEro Matepuana.
B ¢BA3K ¢ TEM, YTO TKAHEUMUTUPYIOLLMN MaTepUan UMEET 3afaHHble XapakTePUCTUKN pacceaHna, donee npegnoYTu-
TeNbHO UCMNONb3OBaHWE He HENMOHOBLIX HUTEW, a NPOBOMOYEK, AalOWMX Bonee cUnbHoe oTpaxeHue. [oagxoaamumMm Ma-
Tepunanom Ana Taknx MuwleHeun OyaeT NpoBONoOKa U3 HepxaBerLwen ctanu guametpom 0,15 mMm. OHa A0CTaTOMHO TOHKa,
YTOOLI HE BbI3blBaTb BHYTPEHHUX peBepbepaLlii Ha BCeX YacToTax, UCMNOMb3yeMbIX ANA ANAarHOCTUKU. TOYHOCTb pacnono-
XKEHUA KaXX4on N3 STUX MULLUEHEU B TeCcT-00beKkTe fonXKHa OblTh He Xyxe + 0,4 MM.

B aTUX CTPyKTypax UCNOMb30BaHO NapannensHoe pacnonoXeHne HUTEW Kak Hanbdonee nogxogdallee ana WUPOKO
NMPUMEHAEMBIX (PaHTOMOB ANA KanuOpoBKWU ABYXMEPHbLIX W3obpaxeHuin. Mx gonyckaetca NpUMEHATb U ANA UCMbITaHUIA
CUCTEM TPEXMEPHOW BU3yanusaunn, peanunsyromx noBopoT AaTuyuKa Ha 90° BOKpyr ocKu, NepneHANKYNAPHON K HUTAM W
PACMNONOXEHHOW NO LUEHTPY paHTOMa UNuU n3obpa)aemoro obrema. Mcnonb3oBaHne Takux dhaHTOMOB ANA KannbpoBKU
CUCTEM TPEXMEPHON BU3yanusaunm paccmotpeHo B [29], [30].

KannbpoBKa TeCcT-00BLEKTOB 3aBUCUT OT CKOPOCTU 3BYKa B cpepe (padboden KNaKoCTU UM TKAHEUMUTUPYIOLLEM
Matepuane). CKOPOCTb 3ByKa 3aBUCUT OT Temnepartypbl. ECNU XUOAKOCTb He 3aKpblTa CBepxy, TO CneayeT yuuUThbiBaTbh
M3IMEHEHNE cOCTaBa pacTBoOpa U3-3a UCMapeHUa ero KOMNOHEHTOB (Hanmpumep, crnupTta). YCTaHOBMEHHbIe NpefenbHbIe
3Ha4veHnsa ckopocTu 3ByKa (1540 + 15) M/C COOTBETCTBYIOT NOrPELLHOCTU pe3yneraTtoB, paBHOW 1 %. Takoe 3Ha4YeHKne no-

rpellHoCTn npuemnemo, ecCliin UMeTb B BUAY USMEHEHWA CKOPOCTU 3BYKa B TEJle YeJlOBEKa.
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A.2 CxeMbl TeCT-O0OBbEeKTOB

[aTtyuk

4 O63aop A O63op B j

PucyHok A.1 — PelleTka HEUNTOHOBLIX HUTEW B BUAE KOHUEHTPUYECKUX KPYTOB

[TpumedvyaHune — Ha dhaHTOMe BblAeNeHO n3obpaxeHune annunca, MCnob3yeMoro Ans n3aMepeHnin 4NnHbl Kpu-
BbIX TMHWUIA, HaNpUMep, NnepumMmeTpa.

PUCYHOK A.2 — [lpaMoyronbHaa AByxMepHasa pelleTka N3 HEUMOHOBLIX HUTEN
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[lpunoxeHue B
(ob6A3aTenbHoOE)

TecT-00BbeKTHhI.
TOYHOCTb U3MEepPEHUUN U KANMTMOPOBKU CUCTEM BOCCTAHOBIIEHUA TPEXMEPHbIX U300paXeHun

B.1 ®aHTOM ¢ HUTEBUAHBIMU MULLUEHAMM, 3anofTHEHHbLIN paﬁoqeﬁ KNUNOKOCTbIO

PaHTOMbI, paCcCMOTPEHHLIE B MPUNOXEHUN A (PUCYHKN A.1T N A.2), NpUrogHbl Kak a4nsa AByXMepPHbIX, Tak U ANAa TPeX-
MEPHBLIX U3MEPEHUMN.

B.2 $PaHTOM ¢ HUTEBUAHBbIMU MULLEHAMM, 3aMorfiHEHHbIN TKAHEUMUTUPYIOLLUM MaTepUnasiom

Ha pucyHke A.1 npunoxeHua A nokasaH ¢qoaHTOM ¢ HUTEBUAHBIMU MULUEHAMMU Ha OCHOBE pacceuBaloLLlEro Marte-
puana, NpUrogHbll ANA ABYXMEPHLIX U TPEXMEPHbLIX U3MEPEHUN PACCTOAHUN U OLIEHKN WUCKaXXeHUN n3obpaxeHua. lNpu
OLEHKE TPEXMEPHBLIX N300paXeHUn paTuymuK nepemellaroT B HanpaeneHUn TONLWWHBI CNOSA YNBTPa3BYKOBOrO CKaHUPOBa-
HUA cneBa HanpaBo (Ha yKa3aHHOM PUCYHKe) ANA TOro, YtoObl OLUEHUTL ero nonoXeHue B HanpaBneHUN TONMLWNHBI CroA.
OTHOCUTENBHbLIE MNOMOXEHNA BCEX HUTEN AOMMKHBI ObITh BblAepXaHbl C TOYHOCTLIO He Xyxe + 0,2 MM. [na oUueHKN TOYHO-
CTWU U3MEPEHUW ANMUHBI AYrK, NepUMeTpa, nnowagn n odbemMa NCnonb3yT N300paKeHne annunca (MU AaNJIUATUYECKOTO
CTepXHA)cocaAMUM a@a=x 2/ cM U b = £ 3 CM, NMOKa3zaHHOE Ha PUCYHKe A.2 (NpunoxeHue A). ['nowagb U OKPY>XHOCTL (Ne-

DUMETP) 3MANMCa PaBHLI COOTBETCTBEHHO Tab = 25 4 cM2 1 NpuBnnanTenbHo 2 n(a2 + b2)12 =17 9 cMm. UamepeHus ne-
PUMETPAa U NnoLlaaun Kpyra, odbema 1 nnowagam NoBEPXHOCTU LUMUHAPUYECKOTO CTEPXKHA MPOLLE BLIMOMHUTL MO haHTOMY
pucyHka A.1, a NpaAMOyYronbHbIX oopM — Mo PaHTOMy pUCYHKa A.2 (npunoxeHue A). ObbeM N Nnowaib NOBEPXHOCTH
CTEPXHEW COOTBETCTBEHHO paBHbI NoLwWaan nonepevyHoro cevyeHusa, YMHOXEHHOU Ha ANUHY, U NepUMETPY, YMHOXEHHOMY
Ha ANWHY, NNC ABe Nnolwaaun nonepevyHoro cevYeHus.

B.3 TecT-00BbeKT ¢ AlLeobpa3HON MULLEHBIO U3 TKAHEMMUTUPYIOLLIErO MaTepuana

TpeboBaHNA K XapakTepPUCTUKaM TPEXMEPHBLIX MATHUCTLIX OOBLEKTOB ANLIE0bpasHON PopMbI:

- KoadhdpmumeHT 3aTyxaHuns paBeH KoahdULMEHTY 3aTyxaHua B MaTepmane ocHoBbl — + 0,2 o5-cM~1-MIy~1.

- CKOpOCTb 3ByKa paBHa CKOPOCTU 3BYKa B Marepuane ocHoBbl — + 6 M- ¢~ 1[9], [ 31].

- AlueobpasHble 00BLEKTH UMEKT KoadbdununeHT obpaTHoro paccesdHna — MUHyC (10 + 2) 4B OTHOCUTENBHO CTaH-
NapTHOro Matepuarna oCcHoBbI, KoadduLmeHT obpaTHoro paccesHns Ha 3 MMy paseH 3-10~4 cm~1 - cp~1%6 ab (c 3aBucH-
MOCTbLIO OT YacToThl Kak f4 B AnanasoHe oT 1 4o 15 MIru).

B.4 3mepeHus NpoCTPaHCTBEHHbIX XapaKTepUCTUK OO bEeKTOB C pacceuBaTensiMm

na namMepeHuin NPOCTPaHCTBEHHLIX XapaKTEPUCTUK ODLEKTOB C paccenBarenaMn NoAXOAAT TeCT-00beKTbl, No-
KasdaHHble Ha pucyHkax B.1 — B.4. Takon TecT-00bLEeKT npeactaBnaeTr cobon TpexmMmepHoe Teno B hopMe aunua, reo-
METpUYECKMe napaMeTpbl KOTOPOro onpedenarT no AByM nonysnnunconaam BpalleHUa (CnioleHHBIM cdpeponam),
COeAUHEHHBIM TOpPLAMMW.

Ha Buae cOoky (pUcyHoK B.1) AaHbl U300paXKeHNa ABYX SMNUNCOMA0B NO ANWHHBIM OCAM. [lBa M300paXKeHUsa Mno-
NnepeyvHbiX ceveHun npuBeaeHbl Ha pUCyHKe B.2, a Ha pucyHkax B.3 n B.4 nokasaHbl nx npoekunu.

[TpuMedvyaHune — [Ana npakTU4ecKoro NpMMeHeHUA B Nie4ebHbIX yUpexaeHUax, rae HET COOTBETCTBYHOLLErO haH-
TOMa, HeoOxoaUMble POPMbI TPEXMEPHLIX OOBLEKTOB A0MYyCKAeTCA co3faBaTbh U3 MaTepuana ¢ HU3KUM 3aTyxaHUEM, TaKo-
ro, HaNpuUMep, Kak orpaHUYeHHas CETKOW neHa [6], [32], norpyXeHHas B CONAHOMN pacTBOP UMW APYIYH XUAKOCTb, YTOObI
3HaA4YeHMA CKOPOCTU 3BYKa B 3D-00bLEKTE U OKpyKatoLEeN XMOAKOCTU coBNaganu, pasHuua B 3aTtyXaHuu Oblna npuonunsn-
TenbHo pasHa 0,5 a6 - e~ - MIu~!, a koaduumeHT obpaTHoro paccesHma 3D-06bekTa (Aiua) Ha 3 MMy cocTaBnAn
3:-10 cm~1-cp~1+ 16 ab (c yacToTHOIN 3@aBUCMMOCTLIO, NPponopLMoHansLHol (f2 — f4) B ananasoHe ot 1 go 7 MIL).
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B.5 CxeMbl TeCT-00BbEKTOB

BepxHee OKHO
- P A A

12
bokoBOe OKHO

PucyHok B.1 — ®aHTOM C TKAHEUMUTUPYIOLLMMN AnLeobpasHbIMU MULLEHAMMN

BepxHee OKHO
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PucyHok B.4 — [lpoekuna Tect-oobbekTa, nokazaHHOro Ha pucyHke B.1 (Bua cOOKy)
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[MpunoxeHue C
(0bAs3aTenbHoOE)

TecT-00BbeKTHhI.
N3mepeHue MYHKLUU pa3MbiIBaHUA TOYKHN
] pnMeYHaHWNeE — OnnucaHHblE B HACTOALLUEM TMNMPUITOXKEHNN TeCT-0ObEeKTbl U Martepunalibl B3ATbl N3 HECKOJTBKUX

HaUWOHaJIbHbBIX CTaH4apPTOB U MNMPOEKTOB K HUM. TecT-00HEeKThI OorpaHn4YeHol TecT-00beKkTaMun Tex THNOB, KOTOPbIE ONPO-
OoBaHbl Ha NMPaKTUKE.

C.1 KOHCTPYKUUU TECT-OOBHEKTOB

Kaxablh U3 TecT-00BbeKTOB, pacCMOTPEHHbLIX B HacTodAlleM cTaHgapTe (pucyHkn A.1, A2 (npunoxeHue A) u
C.1—C.5 (npunoxeHue C)), paspadboTaH ANa UX CKaHUPOBaHUA HENOCPEACTBEHHO B pabouen XKUAKOCTU. [1Na CHUXKEHNS
2P EeKTOB 3aTEHEHNA B HUX UCMONb30BaHbl HEWNOHOBLIE HUTW, Kak NpaBuno, gnametpom 0,1 mMm. [na obecnedeHna nc-
NbITaHUIA NOOLIX NpeobpasoBaTtenen Npu TpedbyemMon ANA HUX OPUEHTALUMKU OTHOCUTENBHO MULIEHEWN DaK C XXUAKOCTLIO
00MXKeH ObITb CYLLEeCTBEHHO DONbLUMM. B HEKOTOPLIX cny4Yaax (CM. pasgen 5) pabouyro XXUOKOCTb JOMNYCKaeTCA 3aMeHUTL
BOAOW.

Lpyron noaxon 3aknr4aeTca B UCMNOMb30OBAHUN MULLEHHBLIX CTPYKTYP, MOrPYXXEHHLIX B TKAHEUMUTUPYIOLLUN Ma-
Tepuan, Npu ckaHUpoBaHUU Yepe3 akyCcTUYeCcKoe OKHO U3 noaxoadllero Mmatepuana, Hanpumep nonuastuneHa. MaTtepu-
an akyCTUYeCKOro OKHa AOIKeH npefoTBpallaTb NoTEPH BOALI U3 TKAHEMMUTUpPYIOLWEro Matepuana. [na ycuneHud
OXOCWUrHanoB B TeCT-0OBbeKTax ¢ TKAHEUMUTUPYIOLLMM MaTepUuanom npegnodvTuTenbHee UCNONMb3oBaTh MPOBOSIOKY, a
He HEUNOHOBLIE HUTW. Nsa 3TOoro nogxXoAuUT NPOBOSiOKa U3 HepxaBerLlen ctanm gnametpom 0,15 MM. OTa nNpoBOSioKa
0OMKHa ObITb TOHKOW, YTOOLI UCKIOYUTL UCKaXXEHUA SXOCUrHana ns-3a pesepbepauni. INpoBoNoYHbIE MULLEHW cregyeT
pacnonaratb B KaXXJOM TeCT-00beKkTe ¢ TOMHOCTLIO + 0,25 MM.

C.2 PeweTKa us HuTeun B Boae (pucyHok C.1)

[lByxMepHaa pellueTka U3 HATEN UK npoBofiovek, NoKkasaHHaa Ha pucyHke A.1 (npunoxeHue A), yCTaHOBIEHa B
cneumansHOW pamMke. TpeboBaHUA K HATAM UMK NPOBONOYKaM yKasaHbl B A.1 (NpunoxeHue A).

C.3 TecT-00LEKT ANA NPOBEPKU OCeBOro paspelueHus (pucyHok C.2)

[1Be HennoHoBble HUTKU anameTpom 0,1 MM HaTAHYTbl B O4HOW BepTUKaribHOW NIOCKOCTW NO4 YIIOM APYr K Apyry,
KaK 9TO MoKa3aHo Ha pUcyHKe C.2. HUTKU MOryT ObITb pacnonoXeHbl Ha pasnuyHon rmyouHe. 2KMAKOCTb HannearT B KyOu-
YECKYH eMKOCTb ¢ ANMHON pebpa 20 cMm.

C.4 OguHOYHaA HUTb C BO3MOXHOCTbIO NepemMelleHus B Boge (pucyHku C.3, C.4)

HWTb yKpenmneHa B yCTPOUCTBE MUKponepemelleHUn (CM. pucyHok C.3) Takum obpasoMm, 4YTobbl obecneynTtb ee
nepemMelleHne B npegenax o63opHOro nonsa ckaHepa. HUTL AOMKHaA yaOBNeTBOPATL TpeboBaHUAM pasgena A.1 (Npu-
noxeHune A). [lpyrum BapnaHToM MOXET ObITb UCNONb30OBaHNE TOHKOW MeTannn4eckon NpOBOMOKKU, KaK 3TO NOKa3aHo Ha
pucyHke C.4. dnameTp nNpoBONOKKM JOMKeH OblTb HAMHOIO MEHbLUE LWWPUHBI MyYKka UCNBITYEMOro npeobpasoBartensa u
MeHbLUE A/2, COOTBETCTBYHLLEN HN3KOYACTOTHLIM Npeobpa3oBaTenaMm.

C.5 TecT-006BLEKT AnNAa onpegeneHnusa TOMWUHbI CNosd CKaHUpoBaHUA (PUCYHOK C.5)

a) Cnown pacceunBarteneun pacrnonararoT nog yrinom /5% K BepxHen NnoBepxHOCTU [33]. na aToro cnoa nogxoaut Ma-
Tepunan ¢ KosppnuneHTom obpaTHoro paccesaHua, Ha 50 b donblKMM, YEM OKpyXKarLlaa cpefa, U TOMNWUHOW MeHbLUe

0.4 MM.
b) MeToguKa BelMUCNEHUA TONMWWHBI CNOA CKaHUpoBaHWA paccMOTpeHa B 8.5.4.

7T — nornoTuTenb

PucyHok C.1 — HuteBngHbIM TECT-00BLEKT ANnd namepeHuns LSF
27
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[TOBEpPXHOCTb (OKHO)

MaTtepuan ¢ ManbiM paccesHUem

200

PucyHok C.2 — TecCT-00beKT ANna OLUEHKM 0CEBOro paspeLleHunsd

HanpaeneHus
nepemMeLleHus
MUKpOMaHUNynsaTopa

-—— — >
\
\
\
\
\
\
\
\

1 — npeobpaszoBaTenb, 2 — 0630pHOE none; 3 — NMMHeNnHasa MULLEHb

PUCYHOK C.3 — [lepeme

llaroLLlasAca B Bo4e OANHOYHAsA MULLEHb
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[] PHMMeEeHaHNE — I'IepBaﬂ YyacTb 00enxX MULLEHEN MOXET ObITh CO€WMNHEHA C yCTpOﬁCTBOM CKaHNPOBAHWUA.

PucyHok C.4 — BcKM3 ABYX TOYEYHbIX MULLEHEN N3 NpoBonokn agnametpom 0,24 Mm

[TnoCKOCTb CKaHUpOBaHUA
nepneHanuKynspHa K nrnocKoCcTw

TecT-00beKT 3TOro nucTa
| |
| 75°
| |
| |
| |
| |
I I N3obpaxkeHune
|
|
|
> |
|
[lepepgaBaemMbin curHan
||
I |
/I \\
t
OXOCUrHan oT cnos
Cnon _ pacceuBarenemn
paccemBaTenen

TonwuHa cnos £ = x/tg75°

PucyHok C.5 — NaMepeHUsa u pacudeT TONLWMHBI CNOoSA paccenBaTenen
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[MTpunoxeHue A
(cnpaBoYHoOE)

CBeileHUA O COOTBETCTBUMU CCbINTOYHbIX MeXAYHAPOAHbIX CTAHOAPTOB CCbINTIOYHbLIM
HauMOHaNbHbLIM CTaHaapTam Poccuuckon ®enepaumm

Tadbnuua A1

OB603Ha4eHUe CCbINTOYHOrO CTeneHb OB03HavYeHMe N HaMMeHOBaHWe COOTBETCTBYIOLEro HaLMOHaNbHOTo
MeXAYHapoaHOro cTaHaapTa COOTBETCTBMSA cTaHAapTa
M3OK 61102:1991 — *
M3OK 61685:2001 — *

* COOTBETCTBYIOLLMIA HALUMOHaNbHbIA cTaHA4apT OTCYTCTBYET. [0 ero yTBepXAeHUS peKOMEeHyeTCA NCNOSb30BaTh
nepeBo/ Ha PYCCKUIA A3bIK AAaHHOro MeXAyHapoaHoro ctanaapta. [lepeBo AaHHOMO MeXAYHapoAHOro cTaHJapTa Ha-
xoautca B degepanbHOM MHOOPMALIMOHHOM hOoHEe TEXHUYECKUX PErfamMeHToB U CTaHAapToB.
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