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HAUWOHANBbHBLIAN CTAHOAPT POCCMUCKOW SOEOLEPALUUMN

OBOPYOOBAHUVE MEOVLIMHCKOE YNIBTPA3BYKOBOE AMATHOCTUYECKOE
YacTtb 1

O6uMe TpeGoOBaHUA K METOAUKAM KarIMOPOBKU CUCTEM U3MEPEHUSA PACCTOAHUN

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

Hara BBegeHunsa — 2012—09—01

1 ObnacTb NpUMeHeHus!

Hacroswumit ctaHaapT yctaHaBnmMBaeT METOAbI KanMOPOBKM YCTPONCTB NPOCTPAHCTBEHHbIX (JIMHENHbIX)
N3MEPEHUI U M3MepeHUin (hyHKUMU pasmbiBaHMA TOUKU NPpMOOPOB yNbTPa3ByKOBONM BU3yanu3auuu B guana-
30He ynbTpasBykoBbIX YacToT ot 0,5 o 15 MIy. CTaHaapT pacnpoCTPaHSETCA Ha YNbTPa3BYKOBbIE CKAHEPbI
3XOMMMYMNbCHOrO TUMA, Takne Kak:

- CKaHepbl C MEXaHUYECKUMU CEKTOPHbLIMU JaTunKamu;

- CKaHepbl ¢ pa3mpoBaHHbIMU CEKTOPHBLIMU AaTYUKAMU;

- CKaHepbl C JIMHEWHON 3NEKTPOHHOW PELUETKOMN;

- CKaHepbl C CEKTOPHBIMM AaT4YMKaMu B BUAE KPUBOIMHEWHON SNEKTPOHHON PeLLETKHU;

- CKaHepbl C NoOMeLLaeMbIM B BOAY AATYUKOM OAHOIO M3 BblLLENEPEYNCIIEHHbIX TUMOB;

- CUCTEMbI TPEXMEPHOIO N300paXkeHNs.

2 HopmaTuBHbIe CCbISIKN

B HacTosiLeM ctaHgapTe Mcnonb30BaHbl HOPMATUBHLIE CCbINKKU HA CneayloLLme MexayHapoaHble CTaH-
Aaptbl*;

MO3K 61102:1991 UsmepeHue n onucaHue ynsTpasByKOBbIX MOSIER C NOMOLLLIO TMAPOGOHOB B Anana-
30He yactot ot 0,5 MI'y ao 15 My (IEC 61102:1991, Measurement and characterisation of ultrasonic fields
using hydrophones in the frequency range 0,5 MHz to 15 MHz)

MO3K 61685:2001 Ynbrpa3Byk — CUCTEMbI MU3MEPEHUSA KPOBOTOKA — TeCT-00bEKT ANA MUTaLMK KPOBO-
Toka (IEC 61685:2001, Ultrasonics — Flow measurement systems — Flow test object)

3 TepMuHbI U onpeaeneHus

B HacTosiLeM cTaHgapTe UCNOoMNb30BaHbl CReayLwme TePMUHBI C COOTBETCTBYIOLLIMMU ONPeaeneHUAMU.
OnpeaeneHna n NOACHEHMA MOTYT ObITb HAaNAEHbI B CTaHAapTax U TexHU4Yecknx otyetax [1] — [5].

3.1 ckaHupoBaHue Tuna A (A-scan): OgHOMEpPHOE npeAcTaBneHne AaHHbIX, NPUM KOTOPOM UHGOpMa-
LMt O 3HAYEHUAX OTPAXKEHHbLIX CUTHANOB BOCNPOM3BOAUTCA B BUAE aMMUTYA CUrHANoB, pacrnonoXeHHbIX No
OCU yNbTPa3BYKOBOIO Myyka, NPeAcTaBnsAeMOn Kak 0Cb BPEMEHU UM PACCTOAHUS.

3.2 cpeacTBO ANA akycTuuyeckoro KoHtakra (acoustic coupling agent; coupling agent): Martepuan,
Kak NpaBumo B BUAE rensi Unm >XMAKOCTU, UCMONb3YyeMbll AN obecnevyeHnsi akyCTUHECKOro KOHTakTa Mexay
JaT4YMKOM M KOXKEeW NaumeHTa unm mexay Aatyukom U TeCT-06bEeKTOM.

3.3 yacToTra akycTuyeckoro BosgencTBusa (acoustic working frequency): CpeaHeapudmeTnyeckoe
3Ha4YeHne 4acToT f; n f,, AN KOTOPLIX amnnuTyaa CnekTpa akyCTMYECKUX AaBMEHNI CHUKaeTcs Ha 3 ab ot
aMmnnuTyabl B ero nuke (cMm. 3.4.2 MOK 61102).

*B cnyyae JaTUPOBaHHbIX CCbINOK crnegyeTr NCnoJib3oBaTh TOJbKO YKa3daHHble CTaH4apThl.

M3paHue ocpuymanbHoe
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3.4 aBTOMaTMYECKaa KOMNEHcaUMA ycuneHua no Bpemenn; ATGC (automatic time-gain compensa-
tion; ATGC): ABTOMaTu4eckas perynmpoBKka yCUneHUs, KOMNeHCUPYIOLLEro YyMEHbLUEHUE aMNITUTYL 9XOCUTHa-
OB, BbI3BAHHOE 3aTyxaHUeM aMnnuTyAbl YNLTPa3ByKOBOrO MMNynbCa C rnyobuHon.

3.5 oceBan paspewaromana cnoco6HocTb (axial resolution): MuHuManbLHOE paccTosiHue BAOMNb OCH
yNbTPa3BYyKOBOro Ny4ka Mexay ABYMS WASHTUYHO pacceuBalowmmy o6beMamu unu MULLEHAMM Ha onpe-
AeneHHON rmy6GuHe, 3X0CUrHarbl OT KOTOPbIX MOTYT ObITb pasaeneHbl mexay CoGou.

3.6 koacpbpuumnenT obpatHoro pacceanma (backscatter coefficient): CpeagHsaa akyctuyeckas mou-
HOCTb, paccesHHas onpeaeneHHbIM 00beKTOM B HanpasneHnu 180° k naaalowemy ny4ky, B €4MHUMHOM Npo-
CTPAHCTBEHHOM Yrne U OT eAuHUYHOro oGbema, AeneHHas Ha UHTEHCUBHOCTb nagatowero nyyka. Mpeano-
naraioT cfiyqaiiHoe pacnpegeneHue paccemsarenen B NPocTpaHcTee. MOLWHOCTL YCPEAHAIOT N0 Pa3nNUYHbIM
NPOCTPAHCTBEHHBLIM peanu3aumsM 06bLeMOB pacCeaHus.

MpumedaHune — KoadbduumeHT obpaTHOro pacceaHus, Kak Npasuno, NPeACcTasnSoT B BUAe Nowwaan no-
NepeyYHoro ceveHus eAMHUYHOrO obbema B HanpasneHun 180°.

3.7 KOHTpacTHOCTL pacceuBarenen (HopmupoBaHHaa) (backscatter contrast (normalized)): Pas-
HOCTb Mexay KoapuuneHTaMm OOPATHOrO pacceaHna ABYX PasnuYHbIX 00nacTen, AeneHHas Ha KOpeHb
KBaZpaTHbIA U3 Npon3BeaeHus ABYX KO3(PPULIMEHTOB OOPATHOIO pacCeaHus.

3.8 ocb nyuka (beam axis): NMpogonbHas 0Cb Ny4Ka SXOUMNYNbLCHOTO OTKNMKA AN Kakon-nubo AaHHON
NMHWM CKaHMpPOBaHWA B B-pexxume, npeacraensiowasn co6oi 3XOUMMNyNbCHLIN 3KBUBANEHT OCU U3My4aemoro
nyuka [2].

3.9 ckaHupoaHue Tuna B (B-scan): Tun reoMeTpu4eckoro NnpeacTaBneHus AaHHbIX, NP KOTOPOM 3X0-
uHdopmaumsa obpa3yeTcs u3 TOYEK, NEXALUMX B NNOCKOCTU YNbTPa3ByKOBOro CKAaHUPOBAHUA, 03By4MUBae-
MOIi YNbTPa3ByKOBbIMU MyykaMu. Huke cm. B-pexum.

MpumevyaHne — CKaHMpoBaHMe TUNA B — 3TO yNpoLieHHbIA TEPMUH CKaHUPOBaHUA UNKU U306paxeHus B
B-pexume. Cm. 3.10.

3.10 usobpaxeHue, mMoaynmpoBaHHOe NO ApPKocTU [B-pexuMm] (Brightness-modulated display;
B-mode): Metoa npeacraeneHus MHpopmauyum npu CkaHUMpoBaHuM TUNAa B, Npu KOTOPOM KOHKPETHOE Ceve-
HWe o0beKTa BM3yanu3auum KOH(OPMHO BOCNIPON3BOAUTCA HA 9KPAHE B BUAE NNOCKOCTU CKAHMPOBaHUS, a
amnnuTyaa 9Xo0CMrHanoB — KX NoKarnbHOW SAPKOCTLIO MU ONTUYECKON NIOTHOCTbIO n3o0paxeHus ([3]).

3.11 guHamuueckuii anana3oH uzobpaxeHun (displayed dynamic range): BoipakeHHOe B aeyubenax
OTHOLLUEHWE aMNUTy[ MaKCUMarnbHOro 3XOCUrHarna, eLe He HaCbILLAoLEro u3obpaxeHne, U MUHUMAnNbHOTO
3xocurHana, eLle pasnMyMmoro Npu onpeseneHHon PErynupoBke UCNbITYEMOro CKkaHepa.

3.12 paspelweHue [paspewarouwas cnoco6HOCTL] No TonuuHe (elevational resolution): MuHumano-
HOE pacCTOAHME B HanpaBneHuW, NEpPNeHAUKYNSAPHOM K MIAOCKOCTU YNLTPa3BYKOBOro CKaHUPOBaHUA,
Mexay ABYMSA OAMHAKOBO pacCeMBalOLLMMU MULIEHAMM HA KakoW-nubo onpeaeneHHon rny6buHe, 3X0CcurHansl
OT KOTOPbLIX MOTYT ObITh pa3aeneHsl Mexxay coboii. Mpu onucaHum TpEXMEPHOro CKAaHMPOBAHNSA 3TOT TEPMUH
UCMOMNb3YIOT BMECTO TEPMUHA TOSILLUHA CIOS».

3.13 o630pHoe none [none 0630pa] (field-of-view): Mnowagb B NAOCKOCTH YNLTPA3BYKOBOro CKa-
HUPOBAHUA, 03BYyYMBAEMAs! YNLTPA3BYKOBbIM NMYYKOM /A5isl MONy4YeHNUA OAHOTO kaapa n3obpaxeHnus.

3.14 vacrtora kagpos (frame rate): Uncno kayaHuii ynsTpasBykoBoro nyyka B none o63opa 3a 1 c.

3.15 ycuneHue (gain): OTHOLLEHME BLIXOAHOIO CUrHaNa Kakoro-nubo yCunuTenbHOro yCcTpomcTea K ero
BXOJIHOMY CUrHany, BelpaXkaemoe, Kak npasuno, B geuudenax.

3.16 cepas wkana (grey scale): [lnanasoH 3Ha4YeHUI APKOCTU U30OPAXKEHUSA, NNABHO UK CTYNEHYaTO
(He MeHee 4yeM C Tpemsi AUCKPETHbIMU 3HAYEHUSIMU) U3MEHSIIOLLIMXCA MEXAY ABYMSA KPANHUMKU 3HAYEHUAMMU
(cm. [3]).

3.17 paspewaruwas cnocoOHOCTL B MOMNEpPeYHOM HanpasneHUn [nonepevHoe paspelueHune]
(lateral resolution): MuHumManbHOe pacCTositHUE B HanpaBfeHUU, NEPNEHANKYNAPHOM K OCKU NydKa, Mexay ABY-
MSl FIMHEUHBLIMU MULLIEHSIMU, PAcMONOoXeHHbIMU NEPNEHAMNKYNSPHO K NSIOCKOCTU YNETPa3BYKOBOIO CKaHU-
pPOBaHusA, Ha onpeaerieHHoNn rmybuHe B TeCT-06bekTe C TKAHEeMMUTUPYIOWUM MaTepPUarnom, 3XOCUrHarbl
OT KOTOPbIX HAONIOAAIOT pasAeneHHbIMU MeXay COOOM.

3.18 ¢dpyHkumna pasmbiBaHusa nuHun; LSF (line-spread function; LSF): TpexmepHblit OTKIMUK CUCTEMBI
BM3yanu3aummn Ha BbICOKOKOHTPACTHYIO FIMHEMHYIO MULLIEHb.

3.19 nuHenHan muwensb (line target): LlunuHapuyeckuidi oTpaxkatenb, AUAMETP KOTOPOrO HACTONbKO
Marn, 4To CUCTEMON BU3yanu3aLum €ro HEBO3MOXHO OTNUYUTL MO aMNAUTYAE CUrHana ot LUIMHAPUYECKOro
oTpakaTens, Ha NopsiAoK MeHbLuero Auamerpa. ObpaTHoe paccesiHue OT 3TanOHHON SIMHEWHOW MMUILEHMU
peKkoMeHayeTcA NpeacTaBnaTb NPOCTON PYHKLMENR YacTOTbl BO BCEM UCCNeayeMOM YacTOTHOM AUanasoHe.

2
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3.20 M-pexum [pexum aBuxeHus Bo spemeHnu] (M-mode; time-motion mode): Metoa npeacrasne-
HUA MHAOPMAaLMK O pesynbTatax ckaHMpoBanus Tuna M, npu KOTOPOM NepemMeLlleHne CTPYKTYp BAOMb (PUK-
CUPOBAHHOTO HaMPaBEHUSA OCU NyYKa M300paXKaeTcsl Ha IKpPaHe B BUAE MONOXEHUS 3TUX CTPYKTYP HA NIMHUM,
nepeMeLLarLLeincs no aKpaHy, ¢ Lenbio Noka3artb MU3MEHEHMe BPEMEHU NpuemMa 3XO0CUrHanoB.

3.21 ckaHupoBaHue Tuna M [ckaHupoBaHue aABvXKywmxcs o6bekToB] (M-scan; time-motion scan):
Cnocob ckaHWpOBaHMSA, NPU KOTOPOM 9XOUHMOPMaLUs O ABMWKEHUMU OOBLEKTA COCTABMSIETCA MO TOUKAM, NeXxa-
MM BAONb OCU NyyKa. [ina npeacrasneHus aToin uHdopmaummn ucnonb3yercs nsobpaxeHue B M-pexume.

3.22 HoMuHanbHagA YacToTa (aaTymka) (nominal frequency (of a transducer)): YacTora akycTu4yecko-
ro Bo3gencTBuA npeobpasoBarens, ykazaHHas pa3paboTyukoM unu usrortosurenem (cm. [3]).

3.23 nukcen [a3neMeHT usobpaxeHus] (pixel; picture element): HaumeHbLLKIF pa3Mep NPOCTPAHCTBEH-
HOrO 9NeMeHTa UMM SYenkn LMdpPoBOro AByXMEPHOIro n3obpaxxeHus. Kaxxabiii nukcen nmeet agpec (koopau-
HaTbl X U y, COOTBETCTBYIOLLME €70 MOMOXKEHUIO B MATpULIE) U ONpeaeneHHbl ypoBeHb SIPKOCTH.

MpumedaHune — Mukcen — 3To coKpalleHUe TEPMUHA «ANEMeHT usobpaxeHus» (picture element).

3.24 ToyeyHaa muweHb (point target): OTpaxarens, pasMepbl KOTOPOro CTOMb Marsbl, YTO CUCTEMOM
BM3yanu3auuu €ro HEBO3MOXHO OTMMYUTL MO aMNAMTYAE CUrHamna ot noAobHOro oTpaxkarens, Ha NOpsA oK
MeHbLUEro pasmepa. O6parHoe paccesiHue OT STaroOHHON TOYeYHON MUILIEHU NPeACTaBnseT coboi NpocTyio
dYHKUUIO 4aCTOTbl BO BCEM AMAanNasoHe UCCneayeMblX YacToT.

3.25 dyHKuua pasmbiBaHusa Touku; PSF (point-spread function; PSF): XapakrepHbiit TpeXMepHbIii OT-
KIMK CUCTEMbI BU3yanu3aumum Ha TOYEYHYI0 MUILIEHb BbICOKOW KOHTPACTHOCTMU.

MpumMmedaHune — He moxeT ObiTb 06Lelt xapakTepucTukn PSF ans ynsTpasBykoBoi CUCTEMBI B LIENOM, TakK Kak
yHKLUMA n3MeHsieTcs ¢ rNyBbuHOIR N NnapameTpamMn HaCTPOWKM CUCTEMbI Ha (OKYC U HacToTy.

3.26 nuHuA ckaHupoBaHuA (scan line): OgHa U3 NMHUI CKaHMPOBaHUA, (POPMUPYIOLLIMX U30bpaxkeHne
B pexume B Ha MOHUTOpE ynbTpa3ByKOBOro ckaHepa. Kaxxaas us Hux npegcraensiet cobon ormbaioLuyio nu-
HWUI0 CKAHMPOBAaHUA TUNA A, B KOTOPOW aMNIUTYAbl 9XOCUrHana npeobpas3oBaHbl B 3HAYEHUS1 APKOCTU.

3.27 nnockocTb CKaHuMpoBaHMA (scan plane): NnockocTb, coaepxallas IMHUM YNLTPa3BYKOBOIO
ckaHupoBaHusa (cm. MOK 61102, onpegenenne 3.38).

3.28 60koBoOI nenectok (side lobe): BTroOpuYHLIA Ny4YoK, rEHEPUPYEMDBIN YIBTPA3BYKOBbIM NpPeo6-
pasoBaTeriem ¥ OTKMOHAIOLMIACA OT HanpaBNeHWA raBHOro ny4yka. Kak npasuno, MHTEHCUBHOCTb GOKOBBLIX
FenecTKOB CYLLECTBEHHO MEHbLUE MHTEHCUBHOCTMN B FMABHOM (LEHTPanbHOM) ny4Ke.

MpumMmedYaHune — Hanuume GOKOBBIX NENECTKOB MOXET BbI3BaTb NOXHbIE OTPaXEHHbIE CUrHarbl Ha yneTpa-
3BYKOBOM U30GpaxeHun.

3.29 TonwuHa cnos (slice thickness): TonwmHa cnoa B HanpasneHuu, NEPNEHANKYNAPHOM K NSIOCKO-
CTH yJIbTPa3BYKOBOI0 CKAaHUPOBAHUS, HA onpeaeneHHon rnybuHe B TeCT-06beKTe 1 B TOI ero 06nacrtu, u3
KOTOPOW Nony4atoT nsobpaxxeHue akycru4eckon uidgopmayun.

3.30 cnekn-cTpykrypa (speckle pattern): MaTtHucToe nzodpaxeHue, Bbi3BaHHOE UHTEPAIEPEHLMEN CUT-
HanoB, OTPaXXEHHbIX PACCEUBAIOLLIMMMN LIEHTPAMU B TeNe N TKaHeMMUTUPYIOLWEM MaTepuane.

3.31 pasmep natHa (spot size): lupuHa natHa PSF unu LSF Ha ypoBHe muHyc 6 aB unu apyrom
00yCnoBneHHOM ypOBHe.

3.32 muweHs (target): O6beKT, 03By4MBaEMbIN YNLTPA3BYKOBLIM NY4KOM.

MpumevaHune — MNpumepbl MULLEHEH:

a) ycTpoUCTBO, cneyuansHo paspaboTaHHoe AN NOMELEHUA B YNBTPa3ByKkoBoe None Npu U3MepeHun paguauu-
OHHOW cUnbl;

b) paccenBatens unu rpynna paccensaTenei, NPMBoOASALLNE K BO3pacTaHWUIO cUrHana B npeaenax ynsrpassykoBoro
nyuyka;

C) NpoBOMOKa UNMN HATb B TECT-O6beKTe.

3.33 TecT-00BLeKT (test object): YcrponcTeo, coaepxaiuee ofHy Unmu HECKONLKO rpynn 06beKToB 3a4aH-
HOW KOHCMIypaLmm, BHeAPEHHbIX B TKAHEMMUTUPYIOLWKMIA MaTepUan Unmn Apyryio cpeay.

3.34 noBepxHOCTb CKaHMpOBaHUA TecT-06bekTa (test object scanning surface): MoBepxHOCTb Ha
TKAHEUMUTUPYIOLLIEM TeCT-00BLEeKTe, HAa KOTOPOI peKkoMeHAyeTCcs pacnonaratb npeobpasoBarenbs BO Bpems
MCNbITAHUN.

3.35 komneHcaumsa ycurneHua no BpemeHn; TGC (time-gain compensation; TGC): U3meHeHue ycu-
FIeHUs1 yCUNUTENs CO BPEMEHEM, BBOAMMOE AN KOMNEHCAUUU NOTEPb aMNnUTYAbl OTPAXEHHOro curHana,
BO3pacTaloLmx ¢ rnybuHoi u3-3a 3aaTyxaHus B Tene.



rOCT P M3K 61391-1—2011

3.36 TkaHeumuTUpyrOwWMK mMaTtepuan (tissue-mimicking material): Marepuan, ana kKOToporo CKOpPoCTb
pacnpocTpaHeHns (CKOPOCTb 3BYKA), XapaKTEPUCTUKN OTPAKEHUS, PACCEAHUA U 3aTyXaHWs 3KBUBAMNEHTHbI
XapakTepucTukam MArkux TKaHen B guanasoHe ynstpasBykoBbix YactoTt o1 0,5 go 15 MIru.

3.37 nanyuaemoe ynbrpasBykoBoe none (fransmitted ultrasound field): TpexmepHoe pacnpeaenexue
yNbTPa3BYKOBOW 3HEPTUU, PACTIPOCTPAHSAIOLLENHCS OT YILTPAa3BYKOBOIO Npeo6pa3oBaTtens.

3.38 nuHuA ynbTpasByKOBOro ckaHupoBaHuA (ultrasonic scan line): [ina cucrem aBToMaTU4ECKOro
CKaHWPOBAaHUA 3TO OCb My4Ka Kak Ansi OAHOTO, Tak U AN rpynnbl 35IEeMEHTOB YILTPa3ByKOBOIro npeoo6pa-
3oBaTens nNpyM OAMHOYHOM WS MHOXECTBEHHOM BO30YXXAEHUM YNbTPA3BYKOBOrO npeobpasosartens [4].

3.39 ynbTpa3sByKOBOW npeo6pasoBarenb [gaTumk] (ultrasonic transducer): YCTponcTBoO, CnocobHoe
nNpeobpa3oBbIBaTL MEKTPUHECKYIO SHEPIUIO B MEXAHUYECKYIO B YNbTPa3BYKOBOM AManas3oHe 4acToT u/unu
MEXaHU4eckyto B anekTpuyeckyto (cm. M3K 61102, onpegeneHune 3.58).

MpumMmevyaHue — B HacTosilleM cTaHAapTe Noj YNbTPa3BYKOBbIM Mpeo6GpasoBaTeneM nojpasymeBaror
CIIOXHOe YCTPOICTBO, BKITlovatoLee B cebs OAUH UIM HECKOIBKO 3reMEHTOB NpeobpasoBaTens, a Takke yCTporUcTBa A5
MeXaHUYEeCKOro U 3MeKTPUYECKOro JeMNUPOBaHNS U COTNacoBaHus.

3.40 rpynna 3neMeHTOB YNbTPa3ByKOBOro npeoGpasoBaTtena (ultrasonic transducer element
group): lpynna aneMeHTOB ynbTPa3ByKOBOIro npeodpasoBaTtens, BO30y>K1aeMbIX COBMECTHO AMA U3nyye-
HUA 0QHOr0 akycTu4eckoro uMmnynbca (cm. M3K 61102, onpeagenexue 3.60).

3.41 ynbrpassyk (ultrasound): AkycTuyeckne konebaHua ¢ 4acTOTOWN, BbilLe BEPXHENO npegena Chibi-
wmmMoro 3syka (okono 16 kl'u) [5].

3.42 ynbTpa3ByKOBOW NMYYOK [rpynna NpUMHUMaeMbIX OTpaXeHHbIX curHanos] (ultrasound beam
(pulse-echo response pattern)): O6nacTb, NpMMbIKatOLLASA K NOBEPXHOCTU NpeobpasoBarens, OT KOTOPOW MO-
XKET ObITb NPUHAT CUTHAI, OTPAXKEHHLIN OT ONpeAeneHHON MULIEHU, UCTbITYEMbIM CKaHEePOM, paboTatoLmm B
HECKaHUPYIOLLEM peXuMe. YNLTPa3BYKOBOW NMYUOK CrieyeT OTNuYaTh OT U3Fy4aeMoro yrbTpa3sByKOBOIO
nons.

3.43 Bokcen (voxel): HaumeHbLUMi eAUMHUYHBIR Yy4acTOK NPOCTPaHCTBA MU pasmep SYEnKn Tpexmep-
HOTO MaTpUYHOTO NpeacTaBneHus usobpaxeHus. Kaxablii Bokcen uMmeeT agpec (KOOpAuHaThl X, y, Z), COOT-
BETCTBYIOLLUMIA €r0 MONOXEHUIO B Matpuue, u OnpeaeneHHyo SpkoCcTb U/MMn UBET.

3.44 pabouas xugkoctb (working liquid): BogHbiin (MM HA OCHOBE ApPYroro PacTBOPUTENSN) pacTeop,
KOTOpbIN UMEET CKOpPOCThL 3Byka 1540 m/c (cm. MOK 61685).

4 O603HauYeHus

A — nnowaab NOBEPXHOCTMU;

Ac — nnowagb NonepeyHoro ceveHuns,

& — AnuHa GornbLUOW NONyoCH AN AaHHOW MOMOBKHbI (i = 1 Unn 2) annmnconaa unm siiLeotpasHoro oobL-
ekTa;

b — cpeaHee u3 ANUH ManbixX OCEN aNNMNCoOMAa UnNu ALeobpasHoro 06LEKTa;

f — yacToTa aKyCTU4eCKOro BO3fieNCTBUSA;

k — BonHoBoe uucno (k = 2n/k, rae A — ANUHA BOMHbI);

P — nepumeTp NonepeyHoro cevyeHus anueobpasHoro o6bLekTa;

R — OTHOWEHUE CpeaHero U3 M3MepeHHbIX PACCTOAHUI K X AEWCTBUTENbHLIM 3HAYEHUSM;
R

— KanuBpOBOYHBII KOSPDULIMEHT NONEPEYHBIX PA3MEPOB; OTHOLLEHUE CPEAHETO PACCTOSIHUS MEXAY HU-
TAMU K UX AEACTBUTENbHBIM 3HAYEHUAM B TOPU3OHTANILHOM HanpaBneHuu;

R, — OTHOLUEHWE CpeaHEero pacCTOSAHUA MEXAY HUTAMU K X AENCTBUTESNbHbLIM 3HAYEHUSM B BEPTUKANIbHOM
HanpasneHUu,

r — paguyc NPOBOSIOMHOW UM HUTEBUAHOW MULLEHM;

V — o6bewm qiiueobpa3sHoro 06bekTa;

Z,, — YAenbHbli akyCTU4ECKUA MMNELAHC MaTepuana npoBONOYHON UMM HUTEBUAHOW MULLEHMN;
ZW

— yAenbHbIN aKyCTUYECKUI UMNEAAHC OKpYKatoLen cpeabl (paboyel XXUAKOCTU UM TKaHEUMUTUPYHOLLE-
ro matepuana);

e — (= (1 — (b/(2a))?)) — SKCLIEHTPUCUTET SMUNCOMAA UMW AiiLieoBpPasHOro 0BbLekTa;
G — cedeHue obpaTHOro paccessHUst TOMEYHON MULLEHM.
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5 Obwue ycnoBust UsMmepeHumn

McnbITaHnsl NpOBOAAT NPY CReAYOLLMX YCIIOBUSIX OKPY>KAIOLLEN CPeabI:

- Temneparypa (23 £3) °C;
- OTHOCUTENbHAsA BNAXXHOCTb oT 45 % o 75 %;
- aTMocepHoe aasneHue ot 86 no 106 kMa.

B HacrodweM crangapte npeaycMoTpeHO MCMOoSb30BaHUE TeCT-OOBLEKTOB Pa3fUYHbIX KOHCTPYKLUUNA.
MoaTomy B OTYETE NO UCMBLITAHUAM HEOOXOANMO yKasaTb AaHHbLIE UCMOMb3YEMOro TecT-00bekTa. B kavyecTse
CTaHAAapTHLIX PEKOMEHAYETCA BbIOUPaTh:

a) cpeay: paboyvyo XKUOKOCTb UM TKAHEUMUTUPYOLWKIA MaTepuan [6];

b) ucnonb3oBaHue cpeacTBa ANs aKyCTUYECKOro KOHTAKTA (KOHTAKTHOrO rens): TOHKOM NPOKNaaKu
WK rensa ¢ COOTBETCTBYIOLLIEN CKOPOCTLIO 3BYKA;

C) FeOMETPUIO: OAHY UINN HECKONbKO MOAENEN, PAaCCMOTPEHHBLIX B NpunoxeHun A, B unu C, ¢ paznuyHbl-
MW PacCTOSHUAMU MEXIY MULIEHAMMU.

Pa6ouas XuakocTb J0MKHA UMETb CreayloLUne XapakTePUCTUKK:

- ckopocTb 3Byka — (1540 + 15) mM/c;

- HU3Koe 3aTyxaHne — (< 0,1 05 cm~1 MIry);

- npeHebpexumo manoe paccesHue (cM. MOK 61685).

[ns nonydeHusi Tpebyemoro 3Ha4eHUsi CKOpOCTH 3ByKa B paboueit xxumakoctu cm. [7], [8].

TkaHe UMUTUPYIOLLMIA MaTepUuas AOIMKEH UMETb CNEAYIOLUE XapaKTePUCTUKN:

- ckopocTb 3Byka — (1540 + 15) M/c;

- 3aTyxaHue — (0,5 + 0,05) faB6 cm~! MMy~ B yacToTHOM AManasoHe, TPEGYEMOM ANSt UCTILITAHWIA;

- paccesiHne — HebonbLUIoe, 3HAYEHNE HE YKa3bIBaIOT.

MpuMedaHune —Ecnun ucnbITyeMblil YsTpa3BykoBoii ckaHep paspaboTaH Ans kakoro-nubo YacTHOro npUMeHe-
HWSA, MPW KOTOPOM 3HaYeHne CKOPOCTH 3BYKa oTrmyaetcs oT 1540 m/c, To B TecT-06bekTe peKOMeHAYETCsl IPUMEHSITL Cpe-
Ay C 3TUM 3Ha4YeHMeM CKOPOCTU 3BYKa, U Takue 3SMEeHeHUn cnefyet oUKCMpoBaTh B OTHETE NO pesynsrataM MCNbITaHWiA.

Bonee KOHKpeTHbIE TPeOOBAHMA K CBOMCTBAM TKAHEUMMMUTUPYIOWEro maTepuana cMm. B MOK 61685,
npunoxeHue D.

TkaHEUMUTUPYOWNIA MaTepuan, kKak NPaBumno, 3alMLIaloT TOHKUM MOKpbITUEM. Ero TonwmHy u aky-
CTUYECKMEe CBOMCTBA (3aTyXaHWe U CKOPOCTb 3ByKa) CrieAyeT yka3biBaTb B OTYETE, €CNU OHU BIUSIOT HA pe-
3ynbTaThbl U3MEPEHUMN.

[na kOHTaKTa C 3TUM NOKPbLITUEM HA mpeobpa3oBaTesib HAHOCAT CIOW KOHTAKTHOroO rensi. Ecnm ero
TOMNLUIMHA AOCTATOMHO Mana rno CPaBHEHUIO C ANUHOW BOJHbI, TO BAUSIHUEM Fenst AOonycKaeTcsl npeHebpeyb.
Ecnu cnoi ToncToii, 4TO HE0OX0AMMO, HanpuMep, ANs KOHBEKCHOTO AATYMKA, TO CKOPOCTb 3BYKa B 3TOM Ma-
Tepuane gomkHa O6biTb pasHon (1540 + 15) m/c.

Paccmatpusator aBa agpdhekta BNMAHUSA CKOPOCTM 3BYKA B Cpeae: ecnu cKopocTb bonblie 1540 m/c,
TO U3MEepseMble PacCTOAHWA NO OCU Ny4Ka NPEeACTaBAIOTCA MPOMOPLMOHANBHO YKOPOYEHHbIMU, a (POKYC
npeoGpa3soBaTens nepeMeLLaeTca aansLue ot npeobpasoarens. Ecnu ckopocts Gyaet MeHbLue, Habno-
Jaetca obpatHbIn adhdekt. ddhdekT nepemeLleHus dokyca Haubonee BaxeH And npeodpasoBaTenei C
fonbLuel aneptypoi. MoaToMy UCNONb30BaHWE NPaBUSbHbIX 3HAYEHUI CKOPOCTH 3BYyKa (1540 + 15) m/c Hau-
fonee BaXKHO MPU OLEHKE reOMETPUHECKUX UCKAXEHUN M300pakeHusi, pacCMOTPEHHON B pasaenax 6 u 7.
B cooTeeTcTBUU C pasgenom 8, rae n3noxeHol usmepeHuss PSF, oTKIoOHeHUs CKOpOoCTU 3ByKa OT CTaHA4apTHbLIX
3HaYeHUI He CTONb BaXKHbI, ECMM anepTypa npeodpasoBaTens He CnuLIKOM GonbLuas.

Mpu paccMoTpeHun npoueayp CKaHUMPOBAHUS TEPMUHbI «FOPU3OHTamNbHbIA» U «BEPTUKASbHBLINY NOA-
pasymeBaloT 03By4YMBaHME TECT-06BbEKTA CBEPXY M COOTBETCTBYHOLLEE STOMY M30BpaxeHue Ha MOHUTOpE
cKaHepa.

6 KannbpoBka aByxmepHbIx (2D) usmepurenbHbIX CUCTEM

6.1 MeToabl UCNbITaHUNA

[Ons npoBeaeHus ucnbiTaHui Tpebyercsa crneaytowee o6opyaoBaHue:
a) TKaHEUMMUTUPYIOLLME TECT-O0BLEKTbl C MULIEHAMM, PACMOSIONKEHHBIMA B TOYHO OMPEAENIEHHbIX
MecTax;
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b) TKAHEUMUTUPYIOLLMI TECT-06BLEKT, COAePXKALLMIA TPEXMEPHBI 0GLEKT C TOYHO M3BECTHLIMU pa3me-
pamu;

¢) bak ¢ gerasupoBaHHOl pabouen XUAKOCTbIO.

TexHuueckue TpebOBaHUA K 3TUM YCTPOWCTBAM NPUBEAEHBI B NPUNOXKEHUAX.

6.2 U3mepuTenbHble NPM6opPLI

6.2.1 OOwmMe nonoxeHnsa

YkasaHHble B 9TOM nogpasaene npmbopsbl npegHasHa4YeHbl AN NPOBEAEHUS UCTILITAHUIA YNLTPA3BYKO-
BbIX CKAHEPOB HENOCPEACTBEHHO B KNMHMKAX. OTU Npubopbl 40MkHLI 06ecneunBaTb 0OBbEKTUBHBIN U BOCNPO-
M3BOAUMDIN COOp M aHanNu3 AaHHbIX.

6.2.2 LiucdbpoBbie npudopbI

B cBSI3K C TEM, YTO HEKOTOPbIE MPOCTPAHCTBEHHBLIE U3MEPEHUSI MOTYT ObITh BbIMOINHEHbI NMPU UCMONb-
30BaHUM LMPOBOTO AMEKTPOHHOTO LUTAHIEHLUMPKYIS, TO AN NOMy4YeHUsi 00bEKTUBHBLIX U BOCMPOU3BOAUMBIX
pe3ynbsraTtoB OLIEHKM YIIbTPa3BYKOBbIE U300paXeHuss peKOMEHAYETCA NpeACTaBnaTh B UudpoBoM Buae. bonb-
LLIMHCTBO COBPEMEHHbLIX NpMOOPOB YNLTPA3BYKOBOW BM3yanu3auuu BOCNPOU3BOAAT u3obpaxeHus B uudpo-
BOM BUAE, U OHU MOTYT ObITb UCNOMNb30BaHbI AN U3MEPEHUi. Takue NPOCTPAHCTBEHHLIE U3MEPEHUS MOXET
BbIMOMHATL U OLEHMBATb UX PE3YNbTaTbl B KIIMHUYECKUX YCNOBUAX ONepaTop aTux cuctem. OaHako npu us-
MepeHusix PSF n LSF Heob6xoaMMO MMETb 3aBUCMMOCTb NUHEWHOW aMnnuTyAbl 3XOCUMrHana OT YMCNOBbIX
3HaQYEHUN Ha ouMPPOBAHHOM M300paXKEHUU UMK CO3AaTh PA3PEXEHHOE NpeaCTaBneHue 3TON 3aBUCUMOCTHU
C NMOMOLLBIO KanMBPOBaHHBLIX OTpaXKaTreneu, kak 9To onucaHo B [19]. ina Takux cucteMm Gonee noaxoanT aHa-
1noroBble 3HaYeHus1, obecneunsaoLe GONbLUYIO TOYHOCTL B CRyYasx, KOrAa BaXkHbl aMNnUTYAbl CUrHana B
NUHeRHOM npeacTasnednn. Ana oumdpoBKU pesynsLratoB B CUCTEMaxX ¢ aHanoroBbIMU M300paXkeHUaAMKU A0-
NyCKaeTCcs MCNomnb30BaTh CETKY C aA€KBATHLIM NPOCTPAHCTBEHHbIM paspeLueHnem (He meHee 512x512 nukce-
neu) u cepyio Lwkany (He MmeHee 256 oTTeHKOB). CrneayeT Takke MCNONb30BaTb U aA€KBaTHOE NPOrpaMMHOE
obecneyeHne Ans BLINONHEHUSA ONUCAHHBIX HUXE MPOCTbLIX U3MEPEHUIN NO UMPPOBLIM YNLTPa3BYKOBLIM U30-
OGpaxeHusaM TecT-06beKToB. AHanoro-uugposoi npeobpasosarenb AOMKEH ObiTb IMHENHBIM C NOrPELUHO-
cTbio < 1 % aAna 75 % usmepsiemoro pasmepa usotpaxeHusa u < 3 % AnA NONHOro AuanasoHa Cepou LUKanbl;
OH JomkeH obecnednBaTb rogoByI) CTabUNbLHOCTL < 5 % NONHOro Auana3oHa BOCNPOU3BOAUMBIX CUTHANOB.

MporpammHoe o6ecnevyeHune LdpoBoro usobpaxeHnst AOIPKHO NMOMOYb NOMNbL30BATENIO YCTAHABNMBATD
Kypcop B onpeaeneHHoe MecTO Ha MOHMTOPE M NoMny4arb Mpu 3TOM agpec NUKcensa (KOopaAuHATbl CTPOKK U
cTonbua). 3TO NO3BONMUT MOMb30BATENO KanMBpoBaTh UMEPOBOE M306paXKeHNEe N0 UCTUHHLIM PACCTOSHUAM,
3anucaHHbIM Ha YNbTPasByKOBLIX U306paxeHusax. Ecnu umdposoii npeobpasosarens kanubposaH, To LUud-
poBblE YNETPA3BYKOBLIE U300paXkeHMss MOTyT cTaTb npeameTom Ans 6Gonee nogpobHoro aHanusa, YeM TOT,
KOTOPbIA AOCTYNEH HENOCPEACTBEHHO NO 3KpaHy. MporpaMMHoe o6ecnedeHne LmudpoBoro n3o6paxeHus no-
3BOMSET ONpeAenuTb U 3HaYEeHMe SPKOCTU AN KaXA0ro nNMKCens fno ero agpecy.

AnA kanubpoBku LMPPOBOro n3obpa)xeHnsa No PacCTOSIHUAM B NMUKCENsX (T. €. kKanuBpoBkU LUMdpoBoro
npeobpa3soBaTtens) crneagyer:

a) OTCKaHUPOBAaTb TECT-00LEKT C COOTBETCTBYIOLLEN paboyei KUOKOCTLIO U NOMNy4YnTb ero n3obpaxe-
HWe, 3aperncTpUpoBaTh YPOBEHb YCUMEHUA AN 9TOT0 N300PaXKeHUs, BbIMOMHATL BCE NOCcneyoLwme usmepe-
HUSI U CIIMYEHUSA NPU TOM e CaMOM YPOBHE YCUTEHUS;

b) usmMepuTb C NOMOLLBLIO BNEKTPOHHOTO LUTAHMEHUMPKYNSA (Kanunepa) U3BECTHbIE PACCTOSHUA Mexay
MONOXXEHUAMU ABYX MPOBOMOYEK UMW HUTEW C Lenbio NOATBEPAUTb, YTO 3HAYEHUSI MBMEPEHHbIX PACCTOAHUM
COOTBETCTBYIOT AEMCTBUTENbHLIM 3HAYEHMAM. M3MepeHnsa cneayet BbIMONMHUTL Kak ANA napbl NPOBOSIOYEK
UIN HUTEI, PACMNONOXEHHBIX N0 BEPTUKANLHON IMHUM, TaK U ANSA NPOBOSIOYEK UMM HUTEN, PACNONOXEHHbIX NO
ropu3oHTanbHON NMUHUK. Mpu 0BHapYXeHUN pasHULbl C AEWCTBUTENbHLIMU 3HAYEHUSIMU CieaYET NPOBECTH
noACTPOIMKY CKaHepa nepes nocneaywmmMm nusMmepeHmammn. Ecnu Takas noacTpoiika HEBO3MOXHa, TO B nepe-
yucneHun d) (CM. HUXKE) CrneayeT UCMoNb30BaTh AENCTBUTENbHbIE 3HAYEHUSI PACCTOSHMIA;

C) oundpoBaTbh OTCKAHMPOBAHHOE M30BpaXKeHNe 1, UCMONb3ys nporpaMmMHoe obecrnedyeHune, Nony4nThb
afpeca nuKcenemn, COOTBETCTBYIOLLMX MOJOXEHMIO KaX 0/ NPOBONOYKU, ANsi USMEPEHUS B NMUKCENAX PacCTos-
HUI Mexay napamu npoBoroYek;

d) NOBTOPUTb 3TN U3MEPEHUS AN KAXA0 U3 NPOBOSIOYEK B TECT-06bEKTE, U3Mepsisl PACCTOSIHMS Kak Mo
BEpTUKanM, Tak 1 Nno ropusoHTanu. Pasaenutb Kaxaoe nony4eHHOE NPy U3MEPEHUN 3HAYEHNE PaCCTOSIHMIA Ha
€ro AeiCTBUTENIbHOE 3HaYeHne B MUNNUMETPax. YCPeAHUTb 9T OTHOLLEHUS; CPEAHEE OTHOLLEHUE, BblPaXeEH-
HO€ B MUKCENSAX Ha MUNIMMETP, n ByaeT pesynsratom kanubposku undpoBoro npeobpasosatens. B ganb-
HEMLLEM OHO MOXET ObITb UCNOMb30BAHO ANSA ONpeaerneHnsl OTHOCUTENbHbLIX PACCTOSHUIA BO BCEX LIMKPPOBLIX
M306paXKeHUsIX, BbINONHEHHbIX AaHHbIM CKAaHEePOM AN AaHHOTO ero ycuneHus. Cwm. [10].

6
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6.2.3 TkaHe3KBUBAJIEHTHbIE TECT-06LEKThI

TkaHe3KBUBaseHTHbIE TECT-00BLEKTbI AOMKHbI COAEPXKaTb CTPYKTYpbl, obecneynBaoLme nposeae-
HUE N3MEPEHMUIA:

a) NPAMON NIUHWUMK;

b) KpuBOI NUHUK;

C) OKPYXKHOCTH;

d) nnowaau;

e) o6bema;

f) nckaxkeHui n3obpaxkeHus;

g) Ansi KanMopoBKkM pexuma M.

Mpumepbl 3TUX TECT-00HLEKTOB NPUBEAEHLI B NPUNOXeHUN B.

6.3 HacTpoiika annapatypbl onsa ucnbiTaHUn

6.3.1 OOwWMe nonoxeHus

Mockonbky annaparypa MOXeT paboTaTb BO MHOTUX PEXMMAaX B COYETAHUU C Pa3nuyHbIMU npeobpaso-
BaTeNsAMM, NPOBEAEHUE UCTILITAHUIA AN KAKAOTO U3 PEXUMOB CHMTAIOT HENPaKTUYHbIM. [O3TOMY UCNBITAHUS
NPOBOAAT C KAXAbIM YIIbTPa3BYKOBbLIM Npeo6pa3soBareneM, HO NULLIb AN ABYX PEXUMOB, OMH U3 KOTOPbIX
of6ecneynBaert nonHoe n3obpaxeHne TeCT-00bLEKTOB, a APYroil — HaKBbICLLEE pa3peLleHne Kakon-nubo Bbl-
OpaHHOi MuweHU. C uenbio o6ecneunTs HaumyYllee pa3peLleHne BCeEX BUANMbIX MULIEHEN (DOKYCUPOBKY
yINbTPa3BYKOBOIO Ny4Ka Crieayer yCTaHOBUTbL Kak MOXHO B Gonee LUMpoKOM AuanasoHe.

Ona npoBeAeHMs ONUCAHHbLIX HWXE MpoLeayp UCMONb3YyT TeCT-06bEeKT CO CTPYKTYPON HUTEBUAHbIX
MMLUEHEN, MOKa3aHHOW Ha PUCYHKe A.1 (MpunoxeHue A).

6.3.2 YcTaHOBKa napameTpoB M3o6paxeHusa (PoKyc, APKOCTb, KOHTPACTHOCTb)

dOoKyCMpOBKa A0MKHA ObITb OCTPON (YETKOI), a8 PYYKM PETYNUPOBKU APKOCTU U KOHTPACTHOCTU AOIMKHbI
ObITb YCTAHOBIEHLI B CaMble HWKHUE (FIEBbLIE) MOMOXEHUS. 3aTeM yBENMUMBAKOT APKOCTL A0 TeX Nop, noka
30Ha, cBOOOAHAA OT 3XOCUrHANOB Ha nepudepun AUCTNEs, HE CTAHET Crierka cepoii. 3atem yBenuuuMBaloT
KOHTPACTHOCTb, YTOObI 40OWUTLCA HauOOMbLLErO AManasoHa OTTEHKOB Ceporo. 3atemM MpOBEpSIOT YETKOCTb
dokycmpoBku. Mpu HEOBXOAMMOCTM BCE 3TW NPOLIEAYPLI MOBTOPSAIOT ELLE pas.

6.3.3 PerynupoBka 4yBCTBUTESNIbHOCTU (YacTOTa, NOJaBsieHUe, BbIXOAHAA MOWHOCTb, YCUNEHMe,
TGC, ATGC)

a) 3anucbiBalOT HOMUHANbLHYO YacTOTY YNLTPa3BYKOBOro npeodpasoBaTens.

b) Ecnu umeeTcsa BO3MOXHOCTb PErynupoBKU NOAABMEHUS UMW Bbipe3aHus, TO CUCTEMY HacTpauBaroT
Tak, YTobbl ObINKU BUAHLI Haubonee crnadble curHansbl.

C) BbIXOAHYIO MOLLIHOCTb U YCUIIEHWE YCTAHABMNUBAIOT TAKUMM, YTOObI HUTEBUHBIE MUILEHU U300paxa-
n1Cb B BUAE TOYEK HAaUMEHbLLEro pasmepa.

d) KomneHcauuio ycunenusa no spemenu (TGC) yctaHaBnmBaloT TakuM o6pasom, utobbl n3odpake-
HUS MULLEHEW NMENN PaBHYIO APKOCTb. [pu ckaHMpoBaHUM B pabouen XMAKOCTU HaknoH TGC aomkeH npu-
OnuxaTbCa K HYIHO.

6.3.4 3aknountenbHasa onTMMu3auma

BakniountenbHaa HacTponka u3obpakeHUs MOXET ObITb MpoBefAeHa MyTeM HEeOOMNbLUMX U3MEHEHUN
YPOBHE NOAABMNEHUS, YCUNEHUSI U BbIXOAHON MOLLHOCTU.

Ecnu B ckaHepe npegyCcMOTpeHa aBTOMaTU4YecKasa KoMmneHcauus ycuneHusa no spemeHu (ATGC),
TO U UCMbITAHUA CreayeT NPOBOAMTL B 3TOM pexMe. TecT-06beKT paccmartpuBaiot B pexxume ATGC, a
n300paXkeHMe HaCTPaMBaIOT C MOMOLLLIO HEKOTOPbLIX OPraHOB PYYHOrO YMpaBrieHWUs, HaNnpuMep no obwemy
YCUIEHUIO UMK BbIXOAHON MOLLHOCTM.

6.3.5 Cuctema perncrtpaumumu

Lindbpoeoe chopMmupoBaHue ynsTpasBykoBbIX M306paxkeHuit o6ecneunBaet nonyyeHue 6onee 06bLEKTUB-
HbIX PE3ynbTaToB M3MEPEHUN, 8 TaKXkKe UX COXPaAHEHME ANSA NOCNEeAyloLWero CpaBHeHus ¢ 6onee no3aHuMm
U3MepeHusMU. MaBHbIM NPenMyLLEecTBOM LMPOBOIi 3anucu SBMSETCA TO, YTO COXPaHEHHbIE U300paXKeHus
He MoABEPXKEHbI Aerpagaunn, xapaktepHow ana dororpaduin unm Buae03anucen.

6.4 N3mepsaemMble napaMmeTpbl

6.4.1 OOwWMe nonoxeHus

OnucaHHble B HACTOSILLEM CTaHAAPTE METOANKM NPUMEHUMbI ANsi U3MEPEHWIA:
- ANVHbI NPSIMbIX NIMHUIA;

- ANWHbI KPUBBIX JIMHUNA,
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- OKpY>XKHOCTEN;

- nnoLwlagen;

- 00bEMOB;

- UICKaXKEHUI M306paxkeHna n perucrTpaumum;

- kKanubpoeku M-pexuma.

MHTEHCMBHOCTbL M3My4eHus A0MKHA ObiTb HU3KOM HACTONbKO, YTOObI HE BbI3BATb UCKAXEHUSA (DOPMbI
UMNynbCca M3-3a HENMUHENHOCTU pacnpocTpaHeHus (cm. MOK 61102). B Tabnuue cneayeT ykasbiBaTb nepe-
YeHb BCex haKkTopoB, BNUAKOLLMX HA paboTy ckaHepa, Takux, Hanpumep, kak npeo6pasoBaTenb, 4acToTa,
YCTaHOBIIEHHAS YYBCTBUTENBLHOCTL, (DOKYCUPOBKA, METOL 006paboTku nzobpaxkeHns. 3TN JaHHbIE COBMECTHO
C pesynbratamu U3MepeHUid A0SMKHbI OblTh 3anUcaHbl AOCTATOMHO NOAPOOHO, YTOOLI NO3AHEE MOT MOBTOPUTD
N3MepeHusa gpyron oneparop.

6.4.2 TOYHOCTb M3MepeHUl (NPAMbIX U KPUBbIX JIMHUIA, OKPYXKHOCTU, NIiowaau)

Ons OUEeHKU TOYHOCTU U3MEePUTENBLHON CUCTEMBI CKaHepa U300paXKeHUs NPOBONIOYEK UIU HUTEH TeCT-
OOBEKTOB, NOKa3aHHbIX HA pucyHke A.1 unu A.2 (MpunoxeHue A), HaCTPaMBaKOT C MOMOLLLIO PETYNUPOBKU
YYBCTBUTEMbLHOCTU TakK, YTOObI M30OPAKEHHBIE 3XOCUrHAmNbl OT HUX ObIMM Kak MOXHO TOHbLuEe. Ecnu TecT-
06BLEKT repMeTU3npoOBaH, TO HEOOX0AUMMO NPUMEHSTL CPEACTBO ANA aKyCTUYECKOro KOHTakTa. [onyyaior
yNbLTPa3ByKOBOE U300paXKeHne 1 oUMdPOBLIBAKOT NONOXEHUS HUTEBUAHLIX MULLIEHEN, HAXOASALUUXCA B Cpea-
Hel YacTu paboyelt 30HbI UCnonbL3yemoro npeobpasoBarens. 3anUCbIBalOT Takke Apyrue dakTopsl, KOTOpbIE
MOTYT MOBMMATb HA paspeluarolyo CNOCOBGHOCTb, Hanpumep pexumM 06paboTku n3obpaxeHna U AaHHbIe
no ¢hokycupoBke. 3TU xe onepauuu NOBTOPSAIOT U C APYTMMU YNLTPa3BYKOBbIMU nNpeo6pa3oBaTrensimMm u3
KOMMNEeKTa ckaHepa.

M3MepeHusi BbINOMHSAIOT MO NPsAMbIM FIMHUAM Ha 3KpaHe B npegenax npuMepHo Ao 75 % nonHoro
pasmepa nsobpaxeHus. Ncnonb3ya nporpammsl 06paboTku N306pakeHns, ANa Kaxaoro pasmepa nosyyaror
NUHENHbIN NPoduIb APKOCTU. PaccTosHne mexay obbektamu (M300pakeHUsAMU NPOBOMOYEK) U3MEPSIOT OT
nuKa Ao nuka mx npoduneri ApkocTu. B cnyyae «3awyMneHusiy pesynsratoB U3MEpeHuii BMECTO NOMOXEHUI
MWKOBbIX 3HA4YEHWI BepyT NONOXKEHUA CPEeAHUX TOYEK MEXAY TOYKaMM, B KOTOPLIX APKOCTb YMEHbLUEHa Ha
3 aB, Ho Takoii cnocob oTcueTa AoMmkeH ObiTb OTMEYEH B MaTepuanax UCnbITaHUui. STU U3MEPEHUS BbINOMHSA-
10T, NO KpaiHein Mepe, BAONb OAHON BEPTUKANbHON U O4HOW FOPU3OHTANbHOW NUHUKM HA pUcyHkax A.1 n A.2
(npunoxexue A), a Takxke, N0 BO3MOXXHOCTH, BAONb HANpPaBneHnin, GNM3knX K BepTUKanu B 0G30PHOM none.
Onsi KaXkgoro 3Ha4YeHus ANUHbl B KaXA0M HanpaBneHUW BbIYMCIISIOT U BHOCAT B Tabnuuy yCpeAHEHHYI0 OT-
HOCUTENMbHYIO MOrPELLHOCTb B NpoueHTax. Onepauun NOBTOPSAIOT CO BCEMU UMeLMMUCS Maclutabamm m3o-
OpaxkeHns.

C UesblO OLEHUTb TOYHOCTb U3MEPEHUA ANMHbLI KPUBLIX NIMHUIA U NNOLWAAMN NONEPEYHOro cevyeHust 06Bo-
OST 3aMKHYTYI0 OUrypy, pacronoXeHHyI0 no LUeHTpy 0630pHOro nons, nnowaabto okono 0,75 ero pasmepa.
M3mMepsioT ANUHY OKPY>XHOCTU M MIOLWAAb, 3aTEM PAaCCHUTBLIBAIOT NOrPELLUHOCTL PE3yNbTraToB STUX U3MEPEHUIA
B NpoueHTax. Gurypy OTCNeXXUBaIOT OT TOYKM K TOYUKE, TaK YTOObI MOMY4YMTb MHOTOYronbHUK. M3mepsioT nepu-
METP U NNoLWwaabL MHOroyronbHuka. [JJononHUTENbHO cneayer M3MepUTb ABe MareHbkue nnowaau (pasmepa-
Mu 0,1 1 0,25 0630pHOro NOMA), PaCNONOXEHHbIE B BEPXHEN U HXKHEN YacTaX u3obpaxkeHus. 3Tu onepauum
NOBTOPSIIOT CO BCEMU UMEIOLLIMMUCA MacluTabaMu n3oopakeHus1.

6.4.3 Nokas n 3annucb UCKaXEHUI N306paxeHus

CKaHUPYIOT ABYXMEPHYIO PELLETKY PABHOMEPHO PACMONOXEHHLIX HUTEBUAHLIX MULLIEHE N TECT-00bEKTA,
NOKa3aHHOro Ha pucyHke A.2 (npunoxeHue A), Tak, YTOObl OTPaXKEHUS OT HUX ObiNM pa3MeLLeHbl N0 BCEMY
00630pPHOMY MOS0 C OAUHAKOBON SIPKOCTbIO. BbIOMpaloT MuiieHun, pacnonoXXeHHbIE N0 rOPU3OHTaNu u BepTu-
Kanu ot ueHTpa 063opHoro nons. 1o ouucgpoBaHHOMY U300PaXKEHUIO M3MEPSIIOT PACCTOSHUSA OT KaXA0MW U3
HUX A0 KaKOW-NMOO ONOPHOW HUTEBUAHOW MULLEHM, PACMONOXEHHON NPUONUM3UTENLHO B LEHTPE 0630PHOIo
nona. OnpeaenstorT M BHOCAT B TAONULy 3HAYEHUS1 NOTPELLHOCTU B NPOLEHTAX.

HenocpeaCTBEHHLIM UCCNEAOBAHUEM BUAUMOTO M300paXKEHUA CTPYKTYPbI U3 HUTEN B LIESIOM NpOBEpst-
10T, YTO MOGbIE NCKAKEHUSA (HANPUMED, HAPYLLUEHNE OPTOrOHANbLHOCTU pa3MepoB) He npeBbiwalloT 3 %.

6.4.4 Kann6poBka M-pexuma

6.4.4.1 O6WwMe nonoxeHus

N3mepenuns B pexnme M npeaycMOTpeHbl B BOMbLUMHCTBE CKaHEpOB, paboTalowmx B pexuvMe peanb-
HOro BpeMeHU. HacTU4HaA OLeHKa XapakTepUCTMK CKaHepa B 9TOM PEXUME MOXET ObIiTb NPOBEAEHAa Ha TecT-
00BbEeKTaX, yKa3aHHbIX B MPUNOXEHUN A.

6.4.4.2 MpocCTpaHCTBEHHbIE U3MEPEHUSA (MO NMUHUMMU A-CKaHMPOBaAHUA)

Mpu ckanuposaHun B M-pexxume ynsTpa3ByKOBbIM MYYKOM, HanpaBneHHbIM HA NPOBOMIOYKU UITU HUTH
B TeCT-00beKTe ANA OLEHKU paspeLuaiolert cnocobHOCTHU, KakK 3TO ONUCaHO Bbile AnA B-pexuma, MoXet
ObITb ONpeaeneHa u NOrpeLIHOCTb U3MEPEHUS.

8
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MckaxkeHnsa n306pakeHnst Mnu ero 3anucu KOHTPONUPYIOT U PETUCTPUPYIOT NO PELUETKE HUTEBUAHBLIX
MULUEHEeN B TECT-00LEKTE, KaK U B pexume B.

TOYHOCTb KanMbpoBKW BPEMEHHON OCW MPOBEPSAIOT HaNpaBfeHMEM Ha YNbLTPA3BYKOBOW npeobpaso-
BaTeslb TOHAMNbHbIX MMNYNLCOB OT BHELUHErO UMMNYMLCHOIO reHeparopa u npeobpasosarens ¢ TOYHO U3BECT-
HbIMW MHTEPBAaNamu, HaNnpUMep ANUTENbLHOCTLIO UMNYNbca B 1 MC M uHTepBanom 200 Mmc.

MpoBepKy pesynsraTtoB UaMepeHuii B M-pexxume ans cuctem ¢ umdpoBbiM n3obpaxkeHuem cneayet
NPOBOAUTL MO Ancnneto. MorpewHoCTs He AormkHa npeBbIwaTth 3 %.

6.4.4.3 M-pexxum U3MepeHus TOmNLWMHbI TKaHK

B atom pexume cuctema (ynsTpa3ByKOBOW CKaHep) NO3BOMSAET M3MEPATb U3MEHEHUS OTHOCUTENbLHON
TOJNLWMHBI ABUXYLLEroCs OpraHa. [nsi OLEeHKM TOYHOCTU 3TUX u3MepeHuit TpebyeTca TKkaHeIKBUBANEeHTHbIN
haHTOM, KOTOPbIA MOXET CXXMMaTbLCH M BO3BPAaLLAaThCA B MPEXHEE COCTOSTHUE U B KOTOPOM 0BecneyeHo cpas-
HEHNe M3MEeHEeHNs STOM TOSMLLMHBI C MOKa3aHusMKU ckaHepa B pexume M. [lomkHa ObITh Takke npegycmoTpe-
Ha pas3nuyHasa CTeneHb CKaTua aToro paHToma. [na aTux n3MepeHuin AonyckaeTca UCnonbL3oBarb gedop-
Mupyemyto ryoky. OaHaKko BaXHO MMETb BO3MOXXHOCTb NPOBEAEHUS] U3MEPEHUIN STOTO PEXUMA HA PaA3NUYHbIX
rnybuHax, T. €. TecT-00beKT fomkeH obecneumBaTb U3MEHEHUE PACCTOSHUI MEXAY MMILIEHbIO U Nnpeobpas3so-
BaTenem. MlamepeHusi cneayet NOBTOPATL HA KAXA0W CKOPOCTU NynbCaLun MUlieHu B M-pexume.

7 Metoabl KanNnMOpPOBKN TPEXMEPHBLIX U3MEepPUTESIbHbIX CUCTEM

7.1 O6wWwme NonoxeHus

HekoTopble cuctembl TpexmepHoli (3D) Bu3yanusaummu MCrnonb3yloT TONbLKO AN NONyYeHUsi 00bEMHO-
ro nzobpaxkeHus, Toraa Kak gpyrue obnajatT U U3MEPUTENbHLIMU BO3MOXHOCTAMMU. Tak Kak TPEXMEPHOE
BOCCTaHOBMNeHWe 06bEMOB peanu3yioT pasnuyHbIMKM cnocobamm, BaXKHO MCCMEAoBaTb METOA BOCCTAHOBIE-
HUst 06bema W CBA3AHHbIE C 3TUM NPOONEMbI, a TaKKe OLEHUTb TOYHOCTb BOCCTAHOBIEHHBIX N300paXeHUi.
B HacTosiLuem cTtaHaapTe paccMOTpeHa TONbKO OLeHKa TOYHOCTU pa3MepoB BOCCTAHOBIIEHHOIO M3obpaxe-
HUA. N3amepeHus paspeLuatoLlei cnocobHOCTU TPEXMEPHBIX CUCTEM paccMmoTpeHbl B MOK 61391-2.

7.2 MeTtogbl NONy4YeHUA TPEXMEPHbIX N300paXxkeHnin

7.2.1 O6LWwMe NonoXeHus

Ona nonyyeHus npaBuUibHOMO TPEXMEPHOro ndobpaxkeHus Tpebyercs, 4Tobbl cuctema Bu3yanusauuu
cobupana gaHHble B TPEXMEPHYIO MaTpULly BOKCENoB. 3Ty MaTpuLy, Kak NpaBusno, COCTABNAIOT NO AAHHbIM
psiga NAOCKOCTEN yrbTPa3sByKOBOro CkaHUpPOBaHUA 06bemMa MUuweHU. Cuctema TpexXmMepHoi Busyanusa-
LMK COXpaHAET 3Ty MHAOPMAaLUIO B BUAE TPEXMEPHOW MaTpuLbl. NPOCTpaHCTBEHHAA NANOTHOCTbL AaHHbLIX B
Hell 3aBUCUT OT YMCna NIMHUIA YNBTPa3BYKOBOIO CKAHUPOBAHUA B KaXA0ON U3 NIIOCKOCTEN yNbTPa3ByKo-
BOr0 CKAHUpPOBaAHUA, ANIUTENLHOCTU UMIMYNLCOB, OT YACNA NAIOCKOCTEN YIbLTPa3BYKOBOro CKaHUPOBaHUA
B OLEHMBAEMOM OObEME M PACCTOAHUIA MEXAY STUMM NIOCKOCTAMU. BaxkeH cnocob ckaHMpoBaHus UHTepe-
cytowlero obbema, Tak kak TOYHOCTb BOCCTAHOBNEHNUS OyaeT 3aBUCETb OT TOro, HACKOMbKO TOYHO cobnioae-
Hbl PacCTOSIHUSI MeXay MIIOCKOCTAMM CKaHUPOBAHUA. PacCcTosiHus Mexay creaylowmvmu apyr 3a apyrom
NIIOCKOCTAMU CKAHUPOBAHUA [0JKHbI ObITb OAMHAKOBBIMU, HO OHU AOIMKHBbI ObITb MEHbLUE pa3pewaowen
CNOCOOHOCTU MO TonwMHe (CNosl) YNETPasBYKOBOro npeodpasosarens. Ecnu ato HEAOCTUXUMO, TO He-
06X0AMMO MHTEPNONMPOBATL Pe3ynkTaTbl CKAHUPOBAHUA B CMEXHBIX NNOCKOCTAX. Takas UHTEPNONALMA MO-
XKET NPUBECTU K NOrPELLHOCTU PEKOHCTPYMPYEMbIX 0GLEMOB.

Korga cocraBneHa TpexmepHas mMatpuua, U3 Hee MOryT ObiTb NONyyYeHbl pasmepsl no Nw6omy Hanpas-
neHnto B 06beMe. Hanpumep, ecnu ans (hopMnpoBaHus TpexmepHoro obbema cobpaHbl JaHHbIE MHOXECTBA
N306paXeHMI B Xy-NJIOCKOCTAX YFLTPa3BYKOBOIro CKAHUPOBAaHUA, TO pe3ynbTUpyIoLLas TPEXMEpPHasa Ma-
TpULa MOXeT BbITb «pacceveHay NepneHAnKYNsSpPHO K OCH y B MNSIOCKOCTU Xz, 0bpa3sys TeM CaMbiM Ce4eHus
C-ckaHupoBaHus. [NonyyeHHoe TpexMepHoe n3obpaxeHue MoxeT BblTb MOBEPHYTO B MPOCTPAHCTBE, a Takke
MOXET BbITb PACCMOTPEHO M U3MEPEHO C Pa3NUYHbIX YINOB 3PEHUS, KOTOPblE HE COOTBETCTBYIOT NEPBOHA-
YarnbHbIM NSIOCKOCTAM YFLTPa3BYKOBOIO CKAHMPOBAaHUS.

OB630p METOAUK TPEXMEPHOTO CKaHMpOBaHus cm. B [11], [12].

Mony4yeHne U PEKOHCTPYKLMS 06bEMHON TPEXMEPHON MaTpULbl MOTYT BbiTb peanu3oBaHbl ABYMS OCHOB-
HbIMK COCOBaMMK:

a) BHELLHUM NepeMeLLeHMEM AaTImKa;

b) nocnegoBaTenbHON PEKOHCTPYKLUEN.

Kaskablin ©3 cnocoboB MMeEeT CBOU 0COBEHHOCTU, MPEUMYLLECTBA U HEAOCTATKM.
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7.2.2 CnocoObl NONy4YeHUs TpeXMepHoro o6bLema

7.2.2.1 MeToabl BHELLHETO NO3ULMOHMPOBAHNUSA

MeToabl PeKOHCTPYKUUM TPEXMEPHOrO 0ObemMa Npu BHELLHEM NePeMELLEHUN JAaTYMKA UCTOMNb3YIOT KO-
OPAMHATHYIO ONMOPHYIO PAMKY M OMOPHYIO TOUKY, M BCE pa3Mepbl U NOMOXEHUSA B TPEXMEPHON maTpuLe obbe-
Ma 3anuCbiBalOT OTHOCUTENBHO 3TUX OMOPHBLIX KOOPAUHAT. B cucrtemax takoro tuna obblMHO UMEETCH pamKa
CKaHMPOBaHUSA, BKIOHAlOLWasa B ceOA CkaHWpyeMblil 00bEM, NO HaNpaBnsoLWUM KOTOPOK nepemMeLlaeTtcs ¢
NMOCTOSIHHOIN CKOPOCTLIO (OT ABuratensl) AaTtuuk. MoxeT ObiTb MPUMEHEH M APYroW TUM — B BUAE XKECTKOTO
JepXxaTens Unv BHELHEro yCTPOMNCTBA CKAHMPOBAHMSA, — 00ECNeYnBaIOLLMI TOYHYIO KOOPANHATHYIO MPUBS3KY
patymka. OT10T cnocob Bonee TOYEH U TEXHOMOMMYEH, HO CBSI3aH € NpobneMamu NepBOHaYanbHOW NPUBA3KN
aepxarens gatyMmka, JeBuaumsaMn CKOPOCTU ABUraTens U HECTabUMbHOCTLIO CUCTEMbI MO3ULIMOHMPOBAHUS
BO BpeMs c6opa AaHHbIX. CyLLECTBYET Takke Cnocob nepemeLleHns AaTymka BpyvHyto, Mpyu KOTOPOM €ro no-
NOXEHWE N OpUeHTaumsa onpeaensitoTca ONOPHON KOOPANHATHON CUCTEMOMN.

7.2.2.2 MeToabl nocneaosaTesnibHOro NoO3MUMOHNPOBaHUS

MeToabl nocneaoBaTenbLHOro NO3MLUOHUPOBAHUS U PEKOHCTPYKLUM PeanusylorT no-pasHOMY, HO OHU,
Kak NpaBumo, OCHOBaHbI HA AOBABNEHNUN KaXAO0N NocrneayoLen NMOCKOCTU CKAHUPOBAHUSA K NpeablayLuei
NMOCKOCTU B TPEXMEPHON MaTpuue. B 04HOM 13 Takux METOA0B UCMOSNb3YIOT CKOPOCTb (HACTOTY) CMEHbI NSATHA
n3obpaxkeHns, No KpaiiHei Mepe, B 04HOM u3MepeHun (HanpasneHum) [14], [15]. Takoe koaupoBaHue coaep-
XUT pag AONyLIEeHWI, He Bceraa BepHbiX. OAHO U3 A0NYLLEHWI COCTOUT B TOM, YTO NepemMeLleHne NPUHUMAaLoT
TONbKO NUHEWHbIM UMW TOMbKO YrNOBbIM. B HEKOTOPbLIX KOMMEPYECKU AOCTYMHbLIX peanusauunsax ocyLLecTBNs-
10T NPOCTOE paBHOMEPHOE BO3BPATHO-NOCTYNarernibHoe nepemelleHne. MNMoaToMy BaXKHO NOKasaTb BO3MOX-
HOCTM M OrpaHMy4eHus Takux usmepeHun B nabopaTopHbix ycrnosusax. Mpobnembl BOZHMKAIOT B TEX Cny4asx,
KOra CKOpOCTb NepemeLLeHuns npeobpa3oBaTens He MOCTOAHHA, UMK KOTa OH MEHSIET CBOE HanpaBneHue oT-
HOCUTENbHO NEPBOHAYaNbLHOrO. B 6ONbLUMHCTBE CryyaeB CxemMa PEKOHCTPYKLUUM HE MOXKET KOMMNEHCUPOBaTb
3TN CABUIM OTHOCUTENbHO OPUEHTALMKU OMOPHON MIOCKOCTH, U NOMy4eHHOe 00bemMHoe nsobpaxkeHue Oyaet
HETOYHbIM.

7.3 KoHTponupyemble napameTpbl, CBA3aHHbIE C NpoGsieMaMUn PEKOHCTPYKLUMU

7.3.1 PEKOHCTPYKLMA NPU UCNOSIb30BaHUN BHELWIHErO nepemMeLweHus

Onsa ncnbiTaHMin Takon CUCTEeMbl AOMYCKAETCA UCNOMb30BaThb Kak 3anofiHeHHbIE BOAOW, Tak U TKAHEUMU-
TUPYIOLLME TECT-00BEKTDI.

MapameTtpbl ucneiTanuii: Mo nony4eHHOMy 06bLEMHOMY U306paXKEHMIO N3MEDPSIIOT PACCTOSAHUA MO TPEM
[eKapToBbIM KOOpAMHATaM U CPaBHMBAIOT UX C pasMmepamu puanyeckoro o0bLEKTa BAOMb TEX XKE CaMbIX KO-
opauHar. [poBepsAIoT OpUEHTaLMIO YNETPa3BYKOBOro npeobpasoBaTens OTHOCUTENLHO OMOPHON PaMKu U
TOYKU; CKOPOCTb ABUraTens (nepemeLLeHust); pacCcToaHne Mexay nroCKOCTAMMU YIbTPa3sBYKOBOrO CKaHMU-
pOBaHUSA; pasmMepbl NOMy4EeHHOro 0ObEMHOr0 U300pakeHUa B AEKAPTOBbIX KOOpAMHaTax. Hwke uanoxena
npoueaypa uamMepeHus crnegyomx napaMmeTpoB:

a) NUHENHbIX Pa3MepoB;

b) nnowaau;

C) NEPUMETPOB NAOLALEN;

d) o6bemoB.

7.3.2 CucteMbl PEeKOHCTPYKLUUM NO nocriegoBaTerbHbIM NNOCKOCTAM

NS OLEHKM TOYHOCTU CUCTEM, B KOTOPbLIX TPEXMEPHOE NPOCTPAHCTBEHHOE KOAUPOBAHUE DasmpyeTcs Ha
cneknax n3odpaxeHus, He06x0aMMO UCMONb30BaTh TECT-00bEKT C OTHOCUTENBHO OAHOPOAHBLIM PACMONOXKe-
HWEM LIEHTPOB U CTPYKTYpP 00paTHOro pacceanusi. [ina COBPEMEHHbIX YNETPA3BYKOBbIX CUCTEM HEOOXOAUMO
OLEHMBATb HE TONIbKO TOYHOCTb U3MEPEHUA Ha BOMbLUMX PACCTOAHMAX, HO U PABHOMEPHOCTL LLUKanbl pac-
CTOSIHUIA. M13-3a HETOYHOCTU ONpeaeneHus NONOXeHN MHOTUE U3 aTUX cUcTeM TPeByioT NpoBeAEHUsA A0Non-
HUTEMbHbIX UCTbITAHUIA. [PU HANMYMKU TAaKOW HETOYHOCTU N300pPaXKEHNE MOXET OblTb MCKAXKEHO U3-3a OTCTa-
BaHUA UM CKAYKOB NPU 3aMUCK AaHHbIX B HANPABMEHUU CKaHUPOBaHUS.

KoHTponupyemsle napameTpel: M0 nony4eHHOMY 0GbEMHOMY U30OPaXKEHUIO U3MEPSIOT PACCTOSIHUA NO
TpeM AeKkapToBbIM KOOPAMHATAM U CPABHUBAIOT UX C pasmepamm hu3n4eckoro 00bLeKTa BAOMNb TEX ke CamblX
KoopauHaT. Huke paccMOTpeHbl U3MEPEHUS CreayoLux napaMeTpoB:

a) NMUHENHbIX pasMepos (Mo 0caMm);

b) nnowaaen;

C) NepMMETPOB Nnowaaen;

d) 06bemos.
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7.3.3 UcnbiTatensHoe oGopyaosaHue (thaHTOMbI) ANS OLEHKN TOYHOCTU TPEXMEPHOW PEeKOH-
CTPYKUMKN

7.3.3.1 HuteBugHbi haHTOM (3aNOSTHEHHLIA BOAON)

Mpy PEKOHCTPYKLUM METOAOM BHELUHETO NepeMeLLeHMs AaTiuka MOXKET ObITb UCNONBL30BaH ONUCAHHbLIN
B NPUNOXEHUU A U NMOKa3aHHbIA HA pucyHke A.1 unu A.2 (npunoxxeHue A) 3anofiHEeHHbIN paboyen Xuako-
CTbIO HUITEBUHbIV TECT-00bEKT. Tak kak 3Ta CUCTEeMAa HE 3aBUCUT OT KOppensiyumu CNeKNoB ¢ MECTOM pa3me-
LLIEHUS1 NII0CKOCTEN YNbTPa3sByKOBOIO CKAHMPOBAHUA B TPEXMEPHOW MaTpuLe, TO CTPYKTYpa U3 HUTEIR BNOMHe
NpUroHa Ansi NPOBEPKU TOYHOCTU PEKOHCTPYKLMM. [INs KaXA0ro U3 paaoB HUTEH NO MX U300paKEHUaM n3me-
PSIOT PaCcCTOSIHUA I U306paXKEHUSA HATU 10 ONOPHON HUTKU U CTPOSIT 3aBUCUMOCTb 3TUX 3HAYEHUI OT peanbHbIX
paccrosiHui r' B chbaHToMe. OnpeaensioT MakcuManbHOe U CPeHEeKBaApaTUYHOE OTKNOHEHUSI M3MEPEHHbIX
NOMOXXEHUI HUTU OT COOTBETCTBYIOLLUX PETPECCUI NIUHUIA I OTHOCUTENBLHO 7' 1 YIAbl UX HAKIMOHA.

Ecnu peanu3yeMbliii B UCTILITYEMOI CUCTEME anropuTM M3mepeHus o6 bema MOXeET paboTarb Npu OCTPbIX
yrnax v NrocKuMx NOBEPXHOCTSIX, TO TOYHOCTb M3MEPEHUn 00LEMOB NPOCTLIX HUryp nyyLue BCEro NpoBepsiTh
Ha HUTEBUAHOM TECT-00beKTe, NOKa3aHHOM Ha pucyHke A.1 unu A.2 (npunoxxexue A).

7.3.3.2 ®aHTOM C TKAHEUMUTUPYIOLLMM MaTepuarnom

TecT-06HLEKTbI BTOPOro TUMa, KOTOPbIE MOTYT ObITb NPUMEHEHBI NPU UCTILITAHUAX CUCTEM 0O0MX TUMOB,
npuseaeHsl B npunoxeHun B. Ha pucynkax B.1 — B.4 (npunoxenue B) nokasaHbl pasnuyHbie BUabl CTPYK-
Typ AnueodpasHoi (popMbl U3 TKAHEMMUTUPYIOLWEro MaTepuana ¢ ManbiMy LIEHTpaMu pacceMBaHusi, pac-
npefeneHHbIMW B MaTpuUe M3 TKaHeMMUTUPpYIoWero marepmana. 310 00bEMHbIN TECT-00LEKT, MUILIEHU B
KOTOPOM OMpeAensoT No pasHULE B KOHTPACTHOCTU paccemBartenei. [paHuUbl ONpeaensioT Nnulib cepon
WIKarion 1 CpeaHUM YPOBHEM curHana. Takoi o6beMHbIN pacceuBarernb NO3BOASET fyulle, YEM 3epKanbHble
OTpaXkaTenu unum TOYEYHbIE MULLEHU, OLEHUTL (DOPMUPOBAHUE U30OPAXKEHUS N U3MEPUTENBHBIE BO3MOXHO-
CTU YNbTPa3BYKOBbIX CUCTEM PEKOHCTPYKLMU 00 bEMHBIX MUILIEHEH, UCCNelyeMbIX B TENE nauueHTa.

7.4 MeTtoabl OLIEHKU TOYHOCTU PEKOHCTPYKLIUU TPEXMEPHOTO U3006paxe HUA

7.4.1 O6wWwKe NonoxeHmsa

3Tu MeToAblI NPUMEHUMbI NS TPEXMEPHBIX U3MEPEHUIA C MOMOLLBIO KaK ABYXMEPHbIX, TAK U TPEXMEPHbIX
ckaHepoB. [na TpexmMepHOro usobpa)eHusa BbICOKOT0 Ka4ecTBa WM €ro KOHTPONA pacCcTosiHWe Mexay 3anu-
CaHHbIMU (B NAMATbL) NIIOCKOCTAMM BU3yanu3auum JOSHKHO OblTb MEHbLUE LUMPUHBLI NAIOCKOCTU YNbTPa3By-
KOBOI0O CKAHMPOBAHMSA NO TOSLWMHE B UX POKYyCe, a B UAeane — MEeHbLUE NOSIOBUHbI (DOKANbHOW LUMPUHDI
(B HanpaeneHun TONWMUHLI). Ecnn paccTosiHue mMexay nioCKOCTAMU CKaHMPOBAHUA perynupyeMmoe, To Ta-
KYI0 BO3MOXHOCTb CrieAyeT UCMnonb30BaTh.

7.4.2 TOYHOCTb U MeTOALI U3MEPEHUI NPU NPUMEHEHUN HUTEBUOHOIO TeCcT-06bekTa

M3amepeHunsi 06LeMOB N0 ABYM OPTOrOHaMbHbIM ABYXMEPHbIM U300paxkeHusim: TpeXMepHble N3MepeHus
4acTO BbIMOMHSAIOT C NOMOLLbIO NPOCTLIX CUCTEM ABYXMEPHOTO M300paxkeHus npu Buayanusauuu npubnuau-
TenbHO cheEPUYECKOro oObekTa, U3MEPSS TPU rMaBHbIE OCK 3TOr0 06bEKTa U paccUUTbIBAA ChepryecKmnii unm
annunconaanbHbin 06beM N0 COOTBETCTBYHOLLMM YPaABHEHUAM UMK NO UMEIOLLENCA B CKAHEpe nporpamme.
MeToanka pacdera obbema MOXET ObITb MPOBEPEHa MO OLHOMY M3 M30BpaXKeHWUIA, Kak STO ONMUCaHO B Mpe-
AblAyLIMX NoApasaenax ana u3mMepeHus AuaMmeTpos npubnuantensHo cepudecknx o6bekTos, 06pasyembix
YeTbipbMs UMK Gonee HUTAMK B haHTOME, U MOCNEAYIOLLUM NMOBTOPEHUEM STUX U3MEPEHMIE MO TOMY >KE CaMo-
MY UNU CMEXHOMY U306paKEeHUIO B NPEANONOXKEHUN, YTO ABA M3 HUX Bblny NOBEPHYTbI APYr OTHOCUTENBHO
apyra Ha 90°. 3atem BbluMCHsOT 06beM cdhepbl C NonepevHbIM CEYEHUEM, PaBHbIM U3MEPEHHOMY KPYry, W,
CpaBHMBas pesynbrarbl pacyera ¢ 06bEMOM annpoKCMMUpyoLen cpepbl, onpeaensaloT NOrpeLlHOCTb.

VcnbiTaHusa ANns BBeAEHUS NONPaBOK HA HAKIOH NJIOCKOCTU CKaHMpoBaHuA B BOKOBOM HanpaBneHuu
U ANsi NPOBEPKU anroputTMa TpeXMEpPHbIX U3MEPEHMIi NPU CMELLEHWI, NapannensHoOM HUTam: MpoeoasT Tpex-
MEPHOE CKaHUPOBAHME C LIEHTPANbHbIMW NJSIOCKOCTAMU CKAHUPOBAHUSA, NEPNEHAUKYNAPHBIMUA K HUTAM, U
C HanpaBrieHWEM CKaHMPOBaHMA, NapannenbHbiM HUTAM, T. €. C AaTYMKOM B MONoXeHun B Ha pucyHke A1
(npunoxxexune A). Ecnu cuctema obecnednBaet NoBOpOT AaTyMKa no ayre B GOKOBOM HanpaeneHuu, To STOT
NOBOPOT UCNONbL3YIOT NPU CKAHUPOBAHWUU U, ECIIU BO3MOXHO, BbIBOAAT Ha 3KPaH PEKOHCTPYUPOBAHHbIN 00bL-
€M CO BCEMU PEKOHCTPYMPOBAHHLIMU U300paxKeHUsIMU, NepneHauKyNapHeIMu K HUTAM. Ecnu Takoe nepe-
cdopmaTupoBaHue He obecnevmBaeTcsl CEKTOPHbIM CKaHEPOM, TO BHOCAT MOMpPaBKU B 3HAYEHUSA PacCTOSHUI
MeXay HUTAMK MO u3BecTHoOMY yriy o63opa. Ecnu npoueaypsbl, npeaycMoTpeHHble B 6.4.2, ewle He npoBeae-
Hbl, TO BbIMOMHSOT U3MEPEHUSI B COOTBETCTBUU C 6.4.2 N0 NEPBOMY, CPEAHEMY U NOCNEAHEMY U300 paXKeHUsIM
U3 TpexmepHoro Habopa, pukcupysi Npy 3TOM MOTPELLUHOCTU U OTKIOHEHUsI. OTHOLUEHUSI CPedHUX 3HAYEHUM
PacCCTOSHUI MEXAY HUTAMU K UX AENCTBUTENMbHBIM 3HAYEHUSIM B TOPU3OHTANBLHOM U BEPTUKANbLHOM Hanpas-
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NEHNAX CYUTaIOT KanMBpPOBOYHLIMU PasMEPHLIMU KOIMdULMEHTAMU B MONEPEYHOM R, W NPOAO0SIbHOM Ry
HanpaeneHusix COOTBETCTBEHHO. MpoBEpSAIOT COOTBETCTBUE CPEAHUX PACCTOSAHUIA MEXAY HUTAMK B rpynnax
MMLILEHEN C PACCTOAHUAMU MEXAY HUMU B OTAENbHbLIX U30OPaXKEHUAX, KOTOPOe A0MKHO ObiTb COBMIOAEHO B
npeaenax 1 %. Cwm. [16].

Mpun kanMBpoBKe PaCCTOAHMA MEXAY MITOCKOCTAMM YIbTPa3BYKOBOTO CKAHUPOBAHUA B TPEXMEPHO
BM3yanu3auum 1 Npu OLLeHKE UCKaXXEHUI PEKOHCTPYMPOBaHHbIX N300paXkeHUin B HanpaBneHun, CoBnajaoLlem
C TOMLUMHOW NFIOCKOCTU YNETPa3ByKOBOro CKAHMPOBAHUA, AATYUK MEANEHHO NepeaBuraioT unuv noBopa-
4YKuBaloT B OOKOBOM HanpasneHuu (T. €. B HanpaeneHuu, COBNaawLLemM ¢ TONWMUHOW NIIOCKOCTH YILTPa3By-
KOBOIo CKAHUPOBAHUS), T. €. CrieBa HaNPaBo [AaTUYMK B NONOXeHUN A Ha pucyHke A.1 (npunoxenue A)]. 310
OBWKEHUE BLINOMHAKT B COOTBETCTBUM C HAMPABNEHUSIMU TPEXMEPHOTO CKAHMPOBAHUSA, NPeAYCMOTPEHHBIMU
B YNbTPa3BYKOBOW CUCTEME u3rotosutenemM. Kak npaBuno, peKkoOMeHAYETCA TOMbKO NMHEHoe nepemeLleHme
UNKU CEKTOPHOE KayaHue, HO MHOrAa, ANS OLEHKU BO3paCTaHWs NOrpeLLlHOCTH, NOME3HO OTKNOHUTLCH OT 9TUX
pekomeHaauui.

On§a kaxaoro u3 psaaoB HUTENW NPU 3TOM BTOPOM CKAHMPOBaHWU HA MOHUTOPE OyayT PEKOHCTPYUPOBAaHLI
n3obpaxeHus, NepneHANKYNApHble K HUTAM. BbluMCnaioT u BHOCAT B MPOTOKON MakCcMmarnbHOe U cpegHekBa-
ApaTU4YHOE OTKIIOHEHUS:

a) 3HAYEHUI N3MEPEHHBIX PACCTOAHUI MEXAY HUTAMU OT UX AENCTBUTENBHbLIX 3HAYEHUI;

b) 3Ha4YEHNN N3MEPEHHBIX NONOXEHNIN HUTU OTHOCUTENBHO NPAMON JIMHWMK;

C) HaKmOHa MONyYeHHbIX MPSAMbIX NIMHUA OTHOCUTENIbHO OXXUAAEMbIX 3HAYEHUN.

C uenbio OLEHUTb TOYHOCTb M3MEPEHMUS KPUBBIX NIMHUW U NAOLWAAEN NONePEYHOro CE4YEeHNU 04epUUBakOT
3aMKHYTble pUrypbl N0 LEHTPY 3KpaHa Tak, uTobbl OHM 3aHuManu okono 0,75 0630pHOro nonsa. Mamepsior
UX NonepeyvHble pasMepbl, NEPUMETP U NNoLWaAb, BbIMUCNAIOT pasHuly (B NpOLEHTax) OT COOTBETCTBYIOLLUX
U3BECTHbIX BENUYUH. M0 AaHHbIM, MONYYEHHbIM MPU NEPEMELLEHNM AAaTYUKA B HanpaeneHuu, neprneHauky-
NSAPHOM K HUTAM, BbMMCHAIOT 06beM. OTMeyaloT M3BECTHYIO Nnow@aas A B PEKOHCTPYMPOBAHHOM M300pa-
JKEHUU, NEPNEeHANKYNAPHOM K HUTAM. OTMeYaloT ANUHY L', "3MEepPEeHHYI0 CKaHepOM BAOMb HUTEN, B KA4YeCTBE
TPETLErO pasMepa ANnsa TPEXMEPHOro 00beMAa, OrpaHUYeHHOro HuTaMu. Ona pucyHka A.1 (npunoxeHune A)
3TOT 00beMm Oyfer npeacTaBneH B BUae umnuHapa. CpaBHUBAIOT 3HAYEHUE U3MEPEHHOT0 obbema A’ L' ¢ us-
BECTHbIM 3HaYeHnem A - L/R,, rae R, — onpeaeneHHblil Bbile KanubpoBOUHbIN Pa3MepHbI KO3PMULINEHT.
Opyrue npuMepbl M3MEPEHMI C MOMOLLbIO HUTEBUAHBIX TECT-00BLEKTOB PAaCCMOTPEHLI B [16].

7.4.3 TOYHOCTb U3MEPEHUI NPU UCNONb30BaHUU 00 bEMHbIX MULLEHeN B (paHTOMe ¢ pacceuBare-
namum (pucyHok B.1 B npunoxeHum B) cuctemamm AByXMepPHOro CKAHMpoOBaHUA

7.4.3.1 OBLume NonoxxeHusi

Mpu 3TUX 3MEPEHUSX AATYUK NOBOPAYMBAIOT UMM HAKITOHSAIOT AN HAXOXAEHMWA KPYrnoro nonepeyHoro
CeYeHUs Kakaon U3 MULIEHEW B TPEXMEPHOM U300paKeHUM, KOTOPOE MOXET ObiTb MOMHOCTLIO BUAUMBIM
B OAHOM O0G30pHOM norne. [Ons Kaxgon MULIEHU NIOCKOCTL U300paXeHns NepeMeLLatoT u ICTUPYIOT Tak,
yTOObI HAWTU Manyo 0Cb U HaMBONbLLUKUIA AUAMETP, NMOKa OOLEKT eLle NpeacTaBneH kpyrneiM. Mapkepel anek-
TPOHHOTO Kanunepa ycTaHaBNUBAOT Ha KOHLbI HanBGoMNbLLIEro BepTukansHoro (0cesoro) anamerpa b, B 3T0M
KPYINIOM NMONEpPeYHOM CEYEHUU, U er0 3Ha4YEHUe OTCHUTBLIBAIOT MO MokasaHusam kanunepa. Mogo6HbiM e 06-
pasoM N3MEPAIOT TOPUSOHTArbHbIN (MONEPeYHbIt) AnaMeTp by,. CpegHee 3HaYeHne u3 ITUX ABYX ANAMETPOB
0603HayaloT Kak b.

MNoBopaunBaloT gatyuk Ha 90°, HaX0AAT M U3MEPAIOT HaMboNbLUKMIA pasMep annuncounga, o6o3Ha4aemblin
KakK a, e a — CyMmma nuH Kaxaom n3 nonoBuH «AnLay a, + a,. 1o BO3MOXHOCTN NOBTOPAIOT 3TU NPOoLeaypbI
u ana bonee ManbiX TPEXMEPHbLIX 0OBLEKTOB. [MOMyYEHHbIE pe3ynkTaTel CBOAAT B Tabnuuy 2. MonyyYeHHbie npu
U3MEPEHUAX 3HAYEHNSA CPABHUBAIOT C AENCTBUTENBHBIMU 3HAYEHUAMU ANAMETPOB, MPUBEAEHHLIMU B Tabnuue 1.

7.4.3.2 NepumeTpebl

M3MepeHusi HaunHaT C ONpPeAeneHHoNn TOUKU NepUuMeTpa Ha U300pPaKEHMM MONEPEYHOro CeyeHusi
anueobpasHon muwenn. Mapkepamu kanunepa ob6BoaaT BCe U30OpaXKEHNE TPEXMEPHOW MULUEHU, NMOKa He
OyaeT AOCTUrHyTa HayanbHasa Tovka. B cpegHem paccrtosiHue mexay Mapkepamu Kanunepa He JOIDKHO npe-
BbiLaTh 1/20 oLeHBaEMON ANWHLI NEPUMETPA, ECIIM 3TO HE SNMUMC UIK KaKkas-TO KpUBas nuHuA, obpadoTka
napameTpoB KOTOPOW NpeayCcMOTPEHa B YNbLTPa3BYKOBOW cucTeme. [JonyckaeTca NpuHATL Crneaytollee Bbipa-
KEeHne Ana nepuMmeTpa Kaxaow U3 AByX NONoBWH annunca [17]:

. ) b 2 1/2
=gl | - g

rae a, — rnaeHble Nonyocu (a, Uu a,) ANs AaHHOK NONOBUHLI AMMNCONAA;
b — cpefHee 3Ha4YeHMe marnon ocu annunconaa.
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Mepumetp BCEro obbekTa anueobpasHol hopMbl paBeH CyMME NEPUMETPOB ABYX NONOBUH. MNepumertp
Kpyrnoro ceveHus paseH 2nb. Oxxuaaemble 3Ha4eHUn Ana AByX 00beKTOB, MOKa3aHHbIX Ha pucyHkax B.1 n B.2
(npunoxeHue B), npeacrasnexsl B Tabnuue 1.

7.4.3.3 NMnowaau

MpakTuyeckn Bo BCEX CKaHepax Nnowaab, OrpaHUYEHHYIO0 HEKOEN NIMHUEN, BLIMUCTIAIOT NO pe3ynbrartam
nM3MepeHun nepumerpa, cm. 7.4.3.2.

PesynbTaThl U3MEpeHuUii nnowaael cneayet CPaBHUTL C U3BECTHBIMU JAHHLIMKU O NNOLAAAX NONepeY-
HOTO CeyeHUs TpexmepHoro o6wbekTa. Mnowaan HanbonbLIEro SNAMNTUYECKOTO M KPYINoro cedeHuin Gyayt
COOTBETCTBEHHO paBHblI [17]:

Ac=0,79b(a, +ay) =nb (a; + ay)) mA; = 0,79 b? = n b2/4.
MnowaabL NOBEPXHOCTU INNUNCOUAA BbIPAXAIOT Kak:
A = 2n(bl2)? + ma, (b/2¢,)arcsin g, + nay(bl2e,)arcsin &, 2)

e g, — aKkcLeHTpucuTer [1 — (b/2a,)l;
€, — 9KCLeHTpucuTeT [1 — (b/2a,)].

CM. Tabnuuy 1 Oxuaaemblx 3Ha4YeHU Ans AByX OObEKTOB, MOKa3aHHbIX Ha pucyHke B.1 (npunoxe-
Hue B).

7.4.3.4 O6bEMDI

O6LeMbl 00LEKTOB COOTBETCTBYIOLLMX (DOPM MOTYT ObITh BLIMMCIIEHBI MO PE3ynbTatamMm U3MEPEHUI MakK-
CMMarbHbIX JIMHEMHbIX pasMepoB NO TPEM OPTOrOHanbHbIM O0CsIM. O6GbeM TPEXMEPHbIX ANNUNCOUMAANbHbIX
00BLEKTOB BbIpaXatoT Kak [17]:

V=0,52(a, + ay)b? = (4/3)(a, + a,)/2](b/2)2. ®3)

O6beMm Takxe onpeaensior, ecnu usMepeHbl ABe ANnHbLI — a u b, rae a = a; + a,. Boamoxmo u ycpeaHe-
HWE pesynkTaToB U3MEPEHUii b B ABYX NEPNEHANKYNAPHLIX HanpaBneHnsax. 3T U3MepeHnst MoryT ObiTb Bbl-
MOMHEHbI MO ABYM NSIOCKOCTAM M300pa)keHUs, eCrn NoBepHyTh Aatyuk Ha 90°. [Npu aTOM BbluMCNEHUs ByayT
BEPHLIMU TOMBKO ANsi 06bEMOB, NPEACTABNAEMbIX ABYMS MOMOBUHAMU 3IIMNCOMAOB KPYIIOro nonepevyHoro
ceueHus. (Mpu oueHke obbema Kakoro-nubo Tena B BUAE aNNUNCouaa ¢ OPTOroHarbHbIMU OCSIMU &, b U € Bbl-
paxeHue (3) moxeT 6bITb NpeobpasoBaHo B V = 0,52 abc). CM. Tabnuuy 1 oxuaaembiX 3HAYEHMI ANa ABYX
00BLEKTOB, NOKA3aHHbLIX HA pUCYHKe B.3 (npunoxexne B).

Ons naMmepeHnst 06bLEKTOB Apyrux hOpPM M MOBBILLEHWA TOMHOCTW MOMy4atoT Cepun U30BpaKeHuii ot
paBHOMEPHO OTCTOSILUMX APYr OT Apyra MyIOCKOCTEW YSLTPa3BYKOBOrO CKaHUPOBaHUA. [NA MoBbiLLe-
HWUSA TOYHOCTW PACCTOSIHME MEXZY STUMU NIOCKOCTAMU AOMKHO ObITb MEHbLUE TOMNLMHBLI MAOCKOCTU yhb-
TPa3BYKOBOIro CKaHUPOBaHUA B (POKyCe, B naeane — MEHbLUE MOMOBUHbI LUMPUHLI POKansLHON obnacrtu.
B anemeHTapHbIX pacyeTax uaMepsiemblii 06beMm pasaensoT HA MHOXECTBO LMMMHAPOB C OCHOBaHUEM, paB-
HbIM M3MEepPSAEeMON NNoLwaan B NJSIOCKOCTU YIbTPA3BYKOBOrO CKaHMPOBAHUA, U C BbICOTON, PaBHOW pac-
CTOSIHUIO MEXOY STUMM MMOCKOCTAMM; TakuM 06pas3oM, Nnowaab NONepeyHoro CevyeHnss TPEXMepHoro 00b-
ekTa (UMnMHApa) B KaXaon NiOCKOCTU YMHOXAIOT Ha pacCTOAHUE MeXay MIoCKOCTAMU CKAHUPOBAHUA U 3TU
06beMbl B K&XAOM Coe CyMMUPYIOT. Takue BbIYMCIIEHUA HE PEKOMEHAYETCA NPOBOAUTL BPYUHYIO. Mo3TOMy
B CMCTEMbI TPEXMEPHOI BU3yanu3auum BBOAST OOnee CrnoXHbie anropuTMbl U3MEPEHUSI OOBEMOB, U Takue
anropuTMbl HEOBX0AUMO NPOBEPATH.

Tabnuya 1 — lMpeanonaraeMble 3Ha4YeHUs Ana ABYX dnnunconganbHbiX 0ObeKToB, N300paxeHHbIX Ha pucyHke B.3
(npunoxeHue B)

06 MonoeuHa MNepumeTp, Mnowaak, Mnowaab Obbem,
BEKT " 2 2 3
nepumeTpar, cM CM CcM NOBEPXHOCTHU, CM CM
OBbeKT Manoro pasmepa

[nNWHHas nonoBuHa 3,01 6,02 3,82 14,51 4,58
KopoTkasi nonoBuHa 1,65 3,31 1,70 9,94 2,04
B uenom 4,66 5,65 2,54 24,45 6,61
CeueHue 2,83 5,65 2,54
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OkoHYaHuUe mabnuupi 1

oot | foromwa | Tepmern | Tnouge || fouse | 0%
O6bekT 6onbLuoro pasmepa

OnuHHasa nonosuHa 5,35 10,7 16,5 63,6 55,0
KopoTkas nonosuHa 4,16 8,3 11,0 69,9 36,6
B uenom 9,5 19,0 27,5 133,6 916
CeuyeHue 7,9 15,7 19,6

* U3aMepeHUsi NONOBUHLI NepuMeTpa NpoBOAST NpU onpeaeneHnn ANUHbI KPUBbLIX NIMHUIA.

MpuMmevaHue — MNepUMeTpbl U NONOBUHBI NEPUMETPOB 34ECh paccunTaHbl Mo boree TOYHLIM UHTErPanbHbIM
BbIp@XEHUAM, YEM B BblpaXKeHuUu 1.

Tabnuya 2 — Npepnaraemas Tabnuua ANs NpOToKONa ¢ AaHHLIMU U3MEPEHUI

MonosuHa Nepumetp Mnowaae Mnowjaab

O6bem
nepuMeTpa noBepxHOCTU

ObbekT

cM % oM % cm?2 % cm?2 % om3 %

OBGbekT Manoro pasMepa

AnvHHasa nonoBuHa

KopoTkas nonosuHa

B uenom

CeueHne

O6bekT GonbLUoro pasMepa

OnNuHHas nonosuHa

KOpOTKaH NonoBUHa

B uernom

CeyeHue

PesynesTaThl M3MepeHUii BHOCAT B NMPOTOKON B BUAE MPOLEHTOB OXUAAeMbIX 3HaYeHUiA, B3STLIX U3 Tabnuubl 1.
HacToswyto opMy criefyeT 3anonHATb ANS KaXZoro M3 uccrnegyeMbelx anroputMoB U3MepeHuid. Bes unu vacTb Ha-
CTOALLe Tabnuubl NpeaHasHa4eHa A BHECEHWUS Pe3ynETaToB BEIUUCIEHWIA C UCMONB30BaHUEM BblpaxeHuid 1,21 3, a
TaKKe pesynsraToB ApYrx U3MepeHuit, BbINOMHAEMbIX ckaHepoM. [TogoBHbIe M3MepeHUs BBIMOMHSAOT Npu GUOMeTpUm
TPpexXMepHOro usobpaxeHus nnoga. 3Ta xe Tabnuua MoxeT BbiTe UCMoNb30BaHa ANA U3MEPEHWIA KPUBLIX NUHUIA, Nio-
Waaun n obbeMa no HUTeBUAHLIM TecT-06beKTaM.

8 UamepeHue PyHKLUMIA pasMbIiBaHUA TOUKU U IMHUM (A5 MULLEHEN BbICOKOWM
KOHTPAaCTHOCTH)

8.1 O6wwme nonoxeHus

PaspeLuatowas cnocobHOCTb GONbLUMHCTBA CUCTEM BU3yanu3aLmmu MOXeT ObITh OLeHEeHa NOCPELCTBOM
usmepeHnst pyHkuMmn pasmMbiBaHUA Touku (PSF) unu dpyHkumum pasmbiBaHus nuHum (LSF) kak oTknuka
CUCTEMbI BU3yanu3aummu Ha TOYeUYHYH0 UMW FINHEMHYI0 MULLIEHb BbICOKOW KOHTPACTHOCTU. [Ansa 60MbLUMHCTBA
ontuyeckux cucteMm PSF ogHO3Ha4Ha, cMMMeTpuyHa n u3oTpornHa. NoaroMy ee usMepeHusa BaXkHbl 4ns Onu-
CaHUA OTKIUKA CMCTEMbI Ha BO34ENCTBUE UMMYMbCa.

B otnuuune ot ontuyeckux cucrtem susyanusaumm PSF n LSF B ynsrpasBykoBbIX CUCTEMAX HE OOHO-
3HaYHbl U HE M30TponHbl. KpoMe Toro, ynerpaseykosbie PSF n LSF HE CUMMETPUYHBI U MMEIOT Pa3fnnYHbIe
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pasmMepbl B NPOAOSNILHOM U NOMEPEYHOM HanpasfeHUaX, KOTOpble eLwe U USMEHSIIOTCH C PacCTOAHUEM BAOSb
OCH YNbTPa3BYKOBOIO Nyuyka (T. €. ¢ rny6uHoin usobpaxenus). MosToMy AnA NOnyYyeHUs NPEACTaBUTENbHbIX
pe3ynbTaToB OLIEHKW Ka4yeCcTBa BU3yanu3aumu Ha onpeaeneHHbiX rnyduHax HeobxoaumMo NPOBECTU MHOXe-
CTBO pa3nuyHbiXx uamepenuini PSF u LSF ana pasnuuHbIX NONOXEHWN U 3HAUYEHUIA IIyOUuHbI.

CobctBeHHO PSF unu LSF He moxeT ObiTb UCNONb30BaHA B Ka4eCTBE XapakTepUCTMKU OTKITMKA CucTe-
Mbl Ha BO3encTBUe umnynbca. M3-3a usmeHenus ¢ myouHon PSF un LSF Oyayt umeTb pasnuyHbie ypoOBHU
paspeLuatoLien cnocobHOCTU, 3aBUCALLME OT NOSNOXEHUA B 0630PHOM norne.

CnOXXHOCTK BO3HMKAIOT TAKXKeE U3-3a B3aMM0ﬂel7ICTBMF| ynerpassyka C MULIEHAMM BbICOKON KOHTpPACTHO-
CTU NO CPaABHEHUIO C HU3KOKOHTPACTHLIMU. PN BEICOKOM KOHTPaCTe C NOMOLLbIO YNbTpa3Byka MOryT ObITb No-
nydeHbl U300pakeHUsi O4eHb ManbiX CTPYKTYP, Takux, HanpuMep, Kak TOHKME NPOBONOYHbLIE HUTU UMK OCTpUe
UrMbl, MU MUKPONY3bIPbKM BO3ayxa. Kaxkaasa u3 Hux 6yaet AaBaTb XapakTepHOE Mo pasMbITOCTU NATHO, onpe-
aensemoe PSF unu LSF. [na MuwieHen ¢ HU3KON KOHTPACTHOCTbIO, TAKMX KaK MArkas TkaHb (4er0Be4ecKoro
OpraHu3ama), ynsrpasByk He JaeT u3obpakeHui oTAENbHbIX TOYEYHbIX MULLIEHEH, a (hopMupyeT cepyio Cnekr-
CTPYKTYPY, NMPOSIBNSAEMYIO KaK 3€PHUCTas OCHOBA, XapaKTepPUCTUKU KOTOPOM CBSA3aHbl C KOTEPEHTHOCTbIO
yNbTPa3ByKOBOIO nyyka. Pedynbratbl usmepenuin pasmepos PSF ynbTpa3BykoBOW CUCTEMbI HA KakoW-nubo
3aJaHHOW rMyOuHE XapakTepusyloT ee paspeLuatowyio CnoCOOHOCTb K MULIEHSIM BbICOKOW KOHTPACTHOCTMU.
Onsa namepeHuns paspeLuaioLlein CnocoGHOCTU K MULIEHAM HU3KOW KOHTPACTHOCTM NPUMEHSIIOT TKAHEUMUTU-
PYIOLLMIA TECT-0OLEKT, MO KOTOPOMY UHOTAA UMEPSIOT U XapaKTEPUCTUKK BblaeneHnss OOLEKTOB MO KOHTPACTY.
B HacTosLeM cTaHgapTe paccMoTpeHbl MeToabl usmeperus PSF n LSF Tonbko Anst KOHTPaCTHbIX MULLIEHEN.
M3MepeHnsa MULLIEHEN HU3KOW KOHTPACTHOCTU paccMOTpeHbl B MOK 61391-2.

B Hacrosiwem cranpapte PSF u LSF usmepsaior Ha ABYX YPOBHAX: NPU YPOBHE CHWKEHWS cUrHana,
paBHOM MUHYC 6 b oT makcumyma, ob6o3Havyaemom vacto kak FWHM (full width at half maximum — nonHas
LUMPUHA Ha NOSIOBMHE MAKCUMyMa), U NPU YPOBHE CHUXXEHUA, paBHOM MUHYC 20 ab.

MpuMedaHue — Paspeliatowan cnocoGHOCTb CUCTEMBI (B NPOAONBHOM, NONEPEYHOM MU NEPNEHANKYIISIPHOM
HanpaBneHun) TecT-06bLEKTOB C NapHbIMA MULIEHAMKU MOXeT ObiTb annpokcuMuposaHa dyHkuuei PSF unu LSF, 3a-
BUCALLER Taloke OT pacCTOSHUA MEXAY MULLEHAMM, YTO CHWXKaET YPOBHU KOMOUHMPOBaHHbLIX TakuMm 06pa3oM KpUBbLIX Ha
6 nb. ns Gonee TOYHOro NpefcTaBNEeHUA OTKIUKA CUCTEMbI Ha NapHYy0 MULWEHb Heo6X0AMMO CYMMUpOBaTL pajunoya-
CTOTHbIE CUrHarnbl OT Kax/ o/ MULUEHU.

8.2 MeToabl UCNbITAHUIA

[na npoBeaeHna ucnbiTaHuin Tpebyertca cnegyiowee:

a) TeCT-06beKTbl, PACCMOTPEHHbIE B NPUNOXEHUsX A u C, C MULIEHAMM, PACNOSMOXEHHBIMU B TOYHO
00yCnoBNEHHbIX MECTAX;

b) pesepByap ¢ AerasavpoBaHHOM XXUAKOCTbIO;

€) unMdpoBbIE N300pakeHUs, pacCCMOTPEHHbIE B 6.2.2 1 6.3.5.

TexHuyeckme xapakTepuCTuku 3TMX YCTPOMCTB NpUMBeAEHbI B NpunoxeHusx A u C.

8.3 MNpuodopbI

8.3.1 O6bwue NnonoxeHus

YkasaHHble HUXe npubopbl BbIOpaHbI Tak, YTOObI NPOBECTU UCMLITAHUSI CKAHEPOB B PEXMME PeanbHOro
BpeMeHu 6e3 UCnonb30BaHUs KakMx-nmbo 3NEeKTPUYECKUX CUTHATIOB HA UX BXOAE WIU BbIXOAeE.

8.3.2 TecT-06BEKT M pe3epByap

TecT-06BLEKT JOMKEH UMETb MULLIEHHYIO CTPYKTYpY, 06ECNeunBaloLLyo M3MepeHne cneayioLmx xapak-
TEPUCTUK CUCTEMBI (CKaHepa):

a) oceBOM paspeluaroueii CnocoGHOCTH;

b) nonepeyHo# paspewarowwen CNOCOOGHOCTH;

C) TONWMHbI NSIOCKOCTU CKaHUPOBaHUA.

MpumMepbl Takux TeCT-06bLEKTOB NpUBEAEHbI B NpunoxeHusax A u C.

Heobxoaum pe3epByap € AerasaupoBaHHOi padbouen XnaKocTbH0. [py J0NyCTUMOCTH OTKIMOHEHUSA 3Ha-
YeHUst CKOPOCTM 3BYKA OT CTAHAAPTHOIO 3Ha4YeHUA (CM. pasaen 5) pabouyro XXUaKoCTb 3aMEHSIOT BOAOW, YTO
ynpouiaeTt o6cny>xuBaHue yCTaHOBKM.

8.3.3 LiudpoBoii npeobpasoBaTenb n3obpaxeHus

Heobxoaum uudposoi npeobpasosatenb n3006paxeHusi, TpeboBaHUsi K KOTOPOMY M3NOXEHbI B 6.2.2.
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8.4 Pexxumbl paboTbl annapaTypbl NpyU UCNIbLITAHUAX

8.4.1 OOwue nonoxeHus

KomGuHaumii pexamMoB paboTbl CkaHepa U UCMONb3yeMbIX ¢ HUM npeoBpasoBarteneit Tak MHOro, YTO 3T0
MCKITO4aET NPOBEAEHME UCNbITAHUI ANS BCEX U3 HUX. 03TOMY UCNLITAHUS NPOBOAAT Ha Kaxaom npeobpaso-
BarTene nuib NPW onpeaeneHHbIX yCTaHOBKax ckaHepa. CKaHep perynupyioT B COOTBETCTBUM C OMUCAHHBLIMU
Huxe npoueaypamu. C uenbio 06ecneunTb Haumy4Llee paspeLueHne Ansi BCex BUANMbIX MULIeHern hOKyCu-
pOBKa YFbTPa3BYKOBOIO Ny4kKa J0IkHA ObiTk YCTAHOBMNEHA HA BO3MOXHO BONbLUKMIA AnanasoH rnyGuH.

8.4.2 PerynupoBka uso6paxeHus (hokyc, ApPKOCTb, KOHTPACTHOCTb)

dokycupoBKka AomKHA 0OecneunTb camMoe YETKoe U300pakeHue, a pyyku KOHTPACTHOCTU U SPKOCTU
yCTaHaBNMBAIOT B CAMOE HUXHEE (NIEBOE) NMONOXeHMe. 3aTeM APKOCTb YBEMWYMBAIOT 4O TEX MOP, NoKa 30Ha,
cBoOOAHAaA OT AXOCUrHANoOB Ha nepudepum 0630PHOTO MONsI, He CTAHET Crierka cepoii. 3atem yBenuuuBaT
KOHTPaCTHOCTb, YTOObI N306paXkeHne cogepkano MakCUMarnbHbI AMana3oH OTTEHKOB Ceporo. 3atem BHOBb
NPOBEPSAIOT OCTPOTY (POKYCUPOBKM; NPU HEOBXOAUMOCTH BCIO MPOLIEAYPY MOBTOPSAIOT BHOBb. ECnn cuctema pa-
00TaeT B HECKONbKKUX 30HaX DOKYCUMPOBKU, TO aKTUBUPYIOT BCE U3 HUX AJIS XKENAEMOro Anana3oHa U3mMepeHuin.

8.4.3 PerynupoBka 4yBCTBUTENbLHOCTU (YacToTa, NogasreHue, BbIXO4HAA MOWHOCTbL, YCUNeHue,
TGC, ATGC)

a) 3anucbiBalOT HOMMHANbHYIO YacTOTY NpeobpasoBarensa ckaHepa.

b) Ecnu BO3MOXHbI perynupoBKW NofaBreHusi Unu Bbipe3aHusi, To CUCTEMY HacTpauBaloT Tak, UToObl
ObInKn BUAHbLI Hanbonee cnabble CUrHanbl.

C) BbIXOAHYI0 MOLLHOCTb U YCUNEeHUe YCTaHaBMUBAKOT HA MUHMMATbHBIE 3HAYEHNA, eLe obecneunBaio-
Lue agekBaTtHoe n3obpa)keHue.

d) ATGC pomkHa BbITb BbIKNIOYEHA.

e) O6Luee ycuneHue crneayert yBenuynuTb 40 TEX NOP, NOKA CUTHAM OT MUILIEHWU HE CTAHET YeTKO BUAU-
MbIM.

8.4.4 Cuctema peructpaummn

CneayeT Ucnonb3oBaTb oUnppoBaHHbIe N306paXKeHuUs, Kak 9To onucaHo B 6.2.2 n 6.3.5.

8.4.5 KanuGpoBKa OTKIIMKa CUCTEMbI

OGLLEeNpUHAT METOA KanMOPOBKKU OTKIMMKA CUCTEMbI (3aBUCUMOCTU BBIXOAHOTO CUrHana oT aKkyCTU4eCKO-
ro AaBNEHUS HA AATYMKE) NPU UCNONb30BAHWUM MIOCKMX TEM, rPaAyuPOBaHHBIX MO OTPaXaTenbHON CNOCOBHO-
ctun [19], [20]. MpocToii KanMBPOBOYHbIN TECT-00BEKT COAEPXKUT 3epKanbHbIE OTpaXKaTenu, pacnonoXeHHble
napannensHo Apyr Apyry W NepPneHAVKYNsPHO K YNbTPa3ByKOBOMY MUKy HA PasnNUYHbIX PACCTOAHUAX OT
JaTyuka B TKAHEUMUTUpYLOLWEM MaTepuane. [ns Kaxaoro 3Ha4eHUs paccTosHMA HeoBXoAUMBI, NO KpanHe
Mepe, Ba OTpaKaTens C pasnuYHON OTpaXaTernbHON CNOCOBHOCTLIO.

B HaunpocTeiem crnyyae KoapULMEHT OTparkeHUs OAHOI U3 NNAcTUH A0MMKeH ObiTb Ha 10 AB Huxe,
YEeM y APYroi, YTO peanuayloT, M3roTOBMB OAHY NNACTUHY U3 HEPXKABEIOLEN CTanu, a Apyrylo — U3 oprerekna.
CranbHble NNacTUHbI YCTAaHABNMBAKOT MO OAHOMN HA CTYMNEHAX OAHOW NneceHku (A), a NNacTUHbI U3 opreTekna —
Ha Apyron, pacnonoxeHHon paaom (B). [ns 4acToT, MCNonb3yeMbiX B YNbTPa3BYKOBOW AUArHOCTUKE, nepsas
CTYNeHb A0MKHA ObITb HUXKE MOBEPXHOCTM BOAbLI HA 1 CM, @ BTOpas U TPETb — Ha 2 U 5 CM COOTBETCTBEHHO.
3aTteM pacnonaraT eLle ABe CTyneHu Ha rmybune 10 u 18 cm. MpoCcTpaHCTBO HaA CTYNEeHAMU AOMKHO ObITb
3anonHeHo TKAHEUMUTUPYIOLW UM MaTepuanom. CKOPOCTb 3BYKA C, MAIOTHOCTb p U HAKNOH 3aBUCUMOCTH KO-
acbpuymenTa 3atyxanus o/f (o — K03 PULMEHT 3aTyxaHusa Ha paboden yacToTe f) 3TOro maTepuana AOMKHbI
BbITb CeayloLLMMI: ¢ = (1540 + 8) M/c; p = (1,05 + 0,05) r/em3; o/f = (0,5 + 0,05) a6 - em~! - My,

3xoCcurHansl OT paccemBaTeneil B TKAHEUMUTUPYIOLWEM MaTepuare A0MkHbI ObiTb, NO KpaliHelk Mepe,
Ha 20 ab cnabee axocurHana oT caMmoro cnaboro oTpaxarensi Ha BCex 4acToTax, XxapakTepHbIX Ans BONIHOBOW
hOpPMbI cuUrHana ucrbITYyeMOro gaT4ymka.

Ecnu npn kanubpoBke CUCTEMbI MPUMEHSIIOT PErYNIMPOBKY YYBCTBUTENbHOCTU, YCUNEHUA UNU BbIXOAHOW
MOLLIHOCTU, TO TakoW TeCT-00bEKT MOXET ObiTb NPOCMOTPEH B (pOKanNbHON 30HE AATYMKA W 3a HeW, a npu
YCUIEHUN, HACTPOEHHOM Ha npueM cnabbix CUrHamoB Npu COOTHOLUEHUMM curHan/wym okono 6 ab, OGyayr
BUIHbI U OTpaXkaTenu Ha neceHke B. Mpu CruULLKOM BbICOKMX YPOBHSIX CUrHana BbiGupaioT otTpaxarenu Ha 6o-
nee rny6oKko pacnonoXeHHbIX CTYNEHAX U yMeHbLuaT TGC, HACKONbKO 3TO BO3MOXHO. 3anuChIBAOT YPOBHM
curHana (4epes 10 ab) oT oTpaxkaTtenei Ha CTyneHaX neceHok A u B. 3areM yBenuuuBalot 4yBCTBUTENbLHOCTb
CUCTEeMbl HAaCTOMNbLKO, YTOBbI CUTHAN OT OTpaXkaTens Ha CTyneHu neceHku B (T. e. oT nnactuHel B) Gbin paBeH
MO YPOBHIO CUrHanNy Ha CTYNEHW NeceHkn A (T. €. OT NnacTuHbI A) NpU NpeablayLeM YPOBHE YyBCTBUTENLHO-
cTu. 3aTem ycTaHaBnMBAlOT CUrHan ot nnactuHbl A Ha 10 b Bbilwe, YeM curHan ot nnacTuHel B npu nepeo-
HayanbHOM 3HaYeHUU YyBCTBUTENBLHOCTU. [pM NOBTOPEHMU 3TOTO Npouecca MoxeT ObiTb kanubpoBaH BeCb
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AWHaMWYECKUI AManasoH curHana ¢ nHrepsanamu B 10 gb. Ecnm npu aTom GyayT 3anucaHbl YCTaHOBNEHHbIE
napameTpbl YyBCTBUTENBLHOCTH CUCTEMBI, TO ByaeT kanubposaHa u cuctema. VIHTepnonaumsa yCTaHOBMEHHbIX
3HaYeHMIN YyBCTBUTENBLHOCTU NO3BOMAET KanMBpoBaTb USMEHEHUS CUrHaNa B MEHbLUMX UHTEpBanax.

MpumeHeHWe Apyrnx TeCT-00BLEKTOB NO3BONAET NOMy4YMTb Crabble OTpaXKeHHbIE CUrHanbl, nexaiime
B AWAanasoHe NMUHeRHOCTU BonbLUMHCTBA NPUOOPOB YNBTPA3BYKOBOW AuarHocTuku. OTpaxarensHas cnocob-
HOCTb MULLIEHEN B HUX TOYHO HE U3BECTHA, U NOSTOMY pe3yrbTaThl, NONyYeHHbIE C TAKUMKU TECT-06beKTaMu,
Heo6xo4MMO CpaBHUBATb C pe3ynbTataMu KanMbpoBKKM U3NOXKEHHbLIM Bbille NepBUYHbIM METOgOoM. OaUH u3
TaKnxX BTOPUYHbLIX METOA0B 3aKIMIOYAETCA B CO34aHUUN CTYNEHEN Ha OAHOIN NECeHKe U3 NONU3TUINEHa BbICOKON
MMOTHOCTK, @ Ha APYron — M3 MOM3TUNEHA HU3KOI MNOTHOCTU. MIMneaaHc Matepuana BbICOKOW NNOTHOCTK
cocraenser 2,33 x 108 kr-Mm=2-¢~1, a matepnana Huskoi nnotHocT — 1,79 x 108 kr-m=2-¢~! [21]. Koacbcpuum-
€HTbl OTPaXXEHUI OT 3TUX MaTepuanos B TKAHEMMUTUPYIOLWEM MaTepuane JOMmKHbI oTnuyareea Ha 10 Ab.
Ons nonyyeHus Bonee cnabbix 9xXocurHanos n 6onee TOHKON UX rpagaunn MoryT GbITb UCMOSb30BaHbI JIECEH-
KM CO CTYNEHSAMMU, UMEIOLLMMMN Apyrne Ko3duumeHTbl oTpaxerus [22]. OgHako Takue TecT-06beKTbl cne-
Ayet kanubpoBaTb NO TECT-00BLEKTY C MULIEHSAAMM U3BECTHON OTpaXkaTenbHol cnocobHocTu. N3-3a HM3KoM
oTpaXkaTenbHON CNocOBHOCTM TakMX KOHCTPYKLUIA CTAHOBUTCH KPUTUYHON TEMNEpaTypa cpeabl, KOTOPYHO He-
06X04MMO KOHTPONMPOBaTL 4OCTAaTOMHO TOYHO, YTOBLI TEMNEPATYPHbIE M3MEHEHUS OTPaXkaTenbHON Cnocob-
HOCTU He npesblwanu + 0,5 ab.

Bonee npuemnem, korga 310 BO3MOXHO, METOA MOAAYU HA UCTILITYEMbIN AaTYUK SMEKTPUYECKOTO CUr-
Hana HenoCpPeACTBEHHO UMM C MOMOLLBIO AOMONHUTENBHOTO kanubGpoBaHHOro npeobpasosarens [23]. OaHako
COEAVHUTENMN ANS HEMOCPEACTBEHHOTO BBOAA CUTHAMNOB JOPOrOCTOSALLM M MOAXOAAT HE KO BCEM CMCTEMAM, a
MCMNOMb30BaHNE aKyCTUYECKMX CUTHANOB CBA3AHO C TLATENbHOCTbLIO peann3anum akyCcTu4eckoro B3auMoaen-
CTBMSA. TeM He MeHee, B KOMOWHALMKU C ONOPHbLIM (NEPBUYHBIM) METOAOM 3TOT METOA MOXET ObITb MPUMEHEH
Ha npakTuke.

ToyevHble MUWEeHU ANa uamepeHuit PSF: 3ToT MeToa OCHOBaH HA NPUMEHEHUN MMILE@HEN Pa3NNYHbIX
pasmepoB U TaKxke AOMKEH ObITb NPOBEPEH MO U3MOXEHHOMY BbilLE NePBUYHOMY METOAY. [MOCKONbKY ceyeHue
06paTHOro paccesiHus MUILEHEW YBENMYMBAETCA C YaCTOTOW, 3TOT TUN MULIEHENW umeeT 0coboe 3HaveHue
AN BbICOKOYACTOTHOM YaCcTW akyCTUYECKOTO CUrHana ckaHupoBaHus. OaHaKo u3-3a NosBNEHUs CUrHamnoB OT
ManbIX paccenBaTenen BO3MOXHOCTb UCMOMb30BAHNUA 3TOTO0 METOAA ANA UCMbITAHMIE CKAHEPOB HepearnbHa.

CornacHo TEOpeTUYECKUM AaHHbIM, MULIEHU C pa3Mepami, CyLLIECTBEHHO MEHbLUUMU ASIMHBI BOSHBI,
UMEIOT OAWHaKOBYIO YaCTOTHYIO 3aBUCUMOCTb OTpaXKaTenbHOW CMOCOOHOCTU HE3aBUCMMO OT UX AnaMeTpa.
MoaToMy pekoMeHAyeTCA NOArOTOBUTL PsAf OTpaXkarenew C U3BECTHbIMU OTHOLLEHMAMU WX oBpaTHOro pac-
cesiHuA. Paa cdep ¢ amamerpamm, yBeNMUUBAIOLLMMUCS NOCNEA0BaTENbHO HA 26 %, Takux, Hanpumep, Kak
10 Mkm, 12,6 Mkm, 15,87 Mkm, 20 Mkm, 25,2 MkM, 31,75 MkM, 40 mkMm, 50,4 Mkm, 63,5 mkm 1 80 mkMm, GyayT
onpeaensTb BO3pacTaHue oTpaxeHwii ¢ warom 6 A6 B agnanasoHe 54 ab. 3toT meTog Gbin peanu3oBaH B BuAe
NAOTHOMO pacnpeaeneHns MarnblX pacceMBalOLMX YACTULl, OJHAKO OH UMEET OnpeAeneHHble OrpaHNYeHust
U3-32 HEBO3MOXXHOCTM TOYHO 3HaTb pasmepbl KKAO0N YaCTULIbI.

Moao6HbIM 06pa3zom MoryT ObiTh NONMyYEHbI KaNUMGPOBaHHbIE 3HAYEHUS OTPAXEHHBIX CUTHANOB OT paaa
NPOBOMOYEK C NNOCKUM TOPUOM. [Inst nony4yeHus psaa curHanos ¢ warom 6 o6 Heo6xoaumo, YTo6bl OTHOLLIE-
HWUS AMaMETPOB NPOBONoYek Bbinu paBHbl 2172 = 1,41. Ha yactoTe 5 MINy psij Takux NPOBONOYEK C AAMETPa-
mun ot 200 Ao 1600 MKM MOXET oxBaTUTb Anana3soH 36 ob ¢ TOUHOCTbIO NpUbnu3uTencHo 1 ab.

8.5 KonTponupyeMbie napaMeTpbl

8.5.1 O6wue nonoxeHus

[na nsmepennsa PyHKUUN pa3MbIBaHUA TOYKN UMW JIMHUM COOTBETCTBYIOLLYIO MULLIEHb CKAHMPYIOT B
pe3epsyape. CTaHaapTHast TOYEUHAs MULLIEHb — 3TO MIIOCKUI TOpeL, NPOBOMOKK, & CTaHAAPTHAsA NUHeRHas
MULIEHb — 3TO HWUTb UMM NPOBONIOKA, NEPNEHANKYISIPHAA K HanpaBneHUIo PacnpOCTPaAHEHUS yNbTPa3BykKa.
Ona petanbHOM OUEHKM KauecTBa BU3yanu3aLuu CUCTEMbI, MPOBOAMMON Npu ee paspaboTke, NPOU3BOACTBE
UNN B UCCNEAOBaTENbCKUX Lensx, 3HayeHue (pyHKuuM pasMmbiBaHuA Touku PSF onpeaensiotr B KaXaom
U3 Tpex HanpasneHuii. ®yHKUMKU pa3MbiBaHua nuHun LSF npuMmeHsoT ans yctaHoBneHus TpeboBaHuii k
ynbTpa3ssykoBomy nosnto. LSF pekomeHayeTcs oLeHUBATL MO paspewaroweit CnocoGHOCTU NPU U3MEPEHUAX
Ha MHOXECTBE MULIEHEWN, PACTIONIOKEHHBIX B NpeZiernax BCero 0630pHOro Nonsa, Npu pasnnu4YHbIX YCTaHOBKaxX
cuctembl Ha POKyC 1 YacToty. MNpu BU3yanbHbIX MU3MEPEHUAX U B cUCTEMAX C 0OpaboTKOW HENWHEWHbIX CUr-
HanNoB NPeanoYUTAaIOT U3MEPATL OCEBOE pas3speLueHue Ha nape muweHen. Usmepenunsa PSF n LSF no nuHum,
nNepneHAnKYNSpHOI K OCU YrbTPa3BYKOBOIO NMy4Ka U NPOXOASLLEN Yepe3 Hee, HeMOCPeACTBEHHO KacaloT-
CA paspelwlarouieil CnOCOGHOCTU CUCTEM BM3yanu3aLmn No0 MULLEHAM BbICOKON KOHTPACTHOCTMU, €CIN 3TU
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M3MepeHUs NPOBOAAT B HanpaBrieHUN TOM Xe NUHUK U Ha Toil e rnybuHe B chanTome. PSF, LSF u pa3spe-
WarLwy cnoCoOBHOCTL A0MYCKAETCA BbIYUCANTL NO pe3ynsrataM APYrux U3SMEPEHUI, eCiu COOTBETCTBYIO-
LuMe xapakTepucTUKu cucteMbl kanmbpoBaHel. Hapsagy ¢ TEpMMHOM «(DYHKUMA pasMbiBaHUA» PEKOMEHAY-
€TCA NOSb30BaTbCH TEPMUHOM «pPa3Mep NATHAY», ONPeAeneHHbIM B HACTOALLEM CTaHAapTe B BUAE LUMPUHbI
PSF u LSF.

N3mepenuna PSF un LSF B HacToslLLee BpemA ABNAIOTCA OTHOCUTENbHbIMKU. [lONyCKaeTcs NosnyyuTb KO-
NUYECTBEHHbIE PE3ynbTarhbl, XapaKTEPU3yioLMe YyBCTBUTENbHOCTL CUCTEMbI BU3yanu3auum K crneuuanbHO
06yCnoBnNeHHON UNMKU CTAHAAPTHOW TOYEYHON MULIEHU UNKU K UCTOYHUKY TOHMEYHOro aaeneHus [24] — [28],
O[IHaKO M3-3a OrPAHUYEHHOCTU IKCNEPUMEHTASNbHBIX UCCNEAOBAHWII Takas MeToaMuKa ewe He MOXET ObiTb
CTaHpapTM30BaHa. 3T U3MEPEHUs HEMOCPEACTBEHHO CBA3aHbl C OCEBON paspeluarowein CnocobGHOCTbLIO
BbICOKOKOHTPAaCTHbIX MUlLieHen 1 ¢ oceBoli LSF cucrem susyanusaumu Ha onpeaeneHHoM pacCToSHUMK BAOSb
nydka (1. . no rnybuHe chaHTomMa).

B npouecce Bcex aTux usmepeHuit Heo6xoanMMo ICTUPOBAaTL YYBCTBUTENBHOCTbL CKAHEPa W HAKITOH AaT-
YyukKa Takum obpasom, Ytobbl 106UTLCA MAKCUMANbHOTO CUrHaNa OT MULIEHMN.

Mpu “cnonb30BaHUM FIMHERHOW MULLEHW, OPUEHTUPOBAHHOW NEPNEHAUKYNAPHO K NJSIOCKOCTYU ynbTpa-
3BYKOBOIO CKAHUPOBAHUSA, NONEPEYHOE CEYEHNE MMHMK STON NNOCKOCTLIO NpeacTasnsaeT cobon PyHKUUIO
MoNepeYHoro pasmMbiBaHMUA JIMHUK, HO TaKasa KOHUrypaLumua UMeeT ABa OrPaHUYEHUN:

a) YHKUMA pasMbIBaHUA NIUHUM MOXET ObiTb U3MEpPEeHa TOSIbKO B MJIOCKOCTU YNbLTPa3BYKOBOIO
CKaHUPOBAHMUSA;

b) MHTEHCUBHOCTL cUrHana 3aBMCUT OT OPUEHTALMK YNBTPA3BYKOBOTO NMy4Ka, KOTOPbIN AOMKEH ObITb
nepneHanKynspeH K IMHEMHOW MULLEHMN.

C uenbio NPeoaoneTk 9TO OrPAHUYEHNE UHOTAA NPUMEHSIOT cdepuyeckyio Muedb. OaHaKo uHTepde-
PEHUMOHHBbIE 3MEKTLI BHYTPU CEPLI NPUBOAAT K UCKAXKEHUAM HANpaBieHHOCTU paccesHus, ecnu cdepa
He npeacTaBnseT cobo 04eHb ManeHbkuit u cnaodbii oTpaXkartens [24].

B kayecTBe ansrepHaTUBHOIO TECT-06bEeKTa ANA U3MEPEHNUA paspeLuatowen cnocobHOCTM UCNONb3YIOT
OMHOYHYIO HUTBL (MUNW NPOBONOKY), YCTAHOBMEHHYIO BEPTUKANbHO (B HanNpaBneHUW pacnpoCTPaHEHUA Ynb-
TPa3ByKOBOTO My4Ka) Ha YCTPOKCTBE MUKPONEepeMeLLEHWIi, NO3BONAIOLLEM HUTW ABUraTbCA B 0630pHOM none
[pucyHok C.3 (npunoxenune C)]. 310 obecnevnsaeT usmepeHme pasmepa nAarHa B nioboi Touke 0630pHOro
NONA U YCTPaHSAET TaKkke NpobnemMbl, NMPUCYLLME pPeLLETKE MUILIEHEN, BbIPABHUBAHUSA BCEX HUTEW NeprneHaun-
KYNAPHO K Ny4YKy Npy OAMHAKOBOM BPEMEHM 3anucu MakCUMaribHOTO CUrHana ot KaXxaon.

Ecnu ToyeyHass MMWEHb HAMHOIO MEHbLUE AJNMWHbI BOJHbI (VIJWI anaMeTpa ynorpa3ByKoBOro ny4dyka B
MEeCTe HaxOXOEeHUS MULLEHU NPU U3MEPEHUSAX AATYUKOB C OOMbLLUONW anepTypon), To usMepsaemMas PyHKumA
pasMbIBaHUA TOYKU HE 3aBUCUT OT XapakTepUCTUK MUeHU. OTMEYEHO, YTO WwupuHa oTknuka ot PSF (ot
TOYEYHON MUWeHU) u oT LSF (0T nuHeHOW MuLeHu) NpubnusnTenLHO OAUHAKOBA. BbiN0 YCTAHOBNEHO, YTO
obpaTHOe paccesHWe UMeET NIaBHy 3aBUCUMOCTb OT YITia U YacTOThl, U NPEANOXeEH CcNocob co3aaHua Mu-
WeHewn [25], ABE KOHCTPYKLMU KOTOPbIX NOKa3aHbl HA pucyHke C.4 (npunoxexue C).

N3 Teopuu paccesiHus (bpoHTanbLHON MMNOCKOCTLIO [25] cneayeT, uTo nonepeyHoe ceveHne obpaTHOro
paccesiHus ¢ paBHO

o = [(kP12)(Z,, — Z)(Z + Z)12, (4)

rae Kk — BOMHOBOE YUCHIO;
r — paauyc NpoBOJIOKM;
Z,, — YAEenNbHbIA aKyCTUYECKUIA UMNEJAHC MaTepuana npoBONOKHu;
Z,, — YyAernbHbIN aKyCTUYECKUIA UMNEAAHC OKPYXXAaIoLLEen cpeabl (BOAb).

PaccesHue nponopuMoHansHO KBajpaTy 4acToTbl M YETBEPTON CTENEeHW auamertpa (40 Tex nop, noka
AnameTp MUIIEHW HACTONMbLKO Mar, YTo No3BonseT npeHebpedb hasoBbIMU PA3NMYMAMMN OTPAXKEHUA OT pas-
TNIUYHBIX YacTen MuweHun). [ina manbIX yrioB BAMAHWE Yrna Mexay TOpLUeBOi NAOCKOCTLIO U HanpasneHuem
ny4dka mano. MNpu 6onbLuMx yrnax paccesiHme yMeHbLlwaeTca. Ecnu BbinONMHUTL MUIWLIEHb MAnoW, TO BNUSHWE
yrna yMeHbLUUTCS.

Mpu HAKNOHHOM NageHuM ynbTPa3Byka Ha NepeaHuil TopelL, NPOBONIOYHOM MULIEHU CUMa pacCesiHuA
yMeHbLUaeTcs. MoaToMy nNpu UCNbITAHUAX CEKTOPHbLIX AaTYMKOB CriefyeT nNepeopueHTUpPOBaTbL AATYMK UMK
MULLIEHb, €CNKU HEOBXO0AMMO CPABHUTb KONUMYECTBEHHbIE PE3yNbTaTbl U3MEPEHUIN UHTEHCUBHOCTU OTPaXKEH-
HbIX CUTHANOB B Pa3NUYHbLIX TOYKAX YNLTPa3BykoOBOro nons. Mpu nsMepeHusx WUpHUHLI Ny4ka nepeopueHTa-
uus HeoGA3aTenbHa.
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Ha pucynke C.4 (npunoxenue C) nokasaH 3CKM3 ABYX TOYEYHbIX MULILIEHEN, U3rOTOBIIEHHLIX U3 NPOBO-
NOKK, ucnonb3yemon gaHtucramu (auametp 0,24 mm). JleBas MUILEHb NPUMEHUMa ANs UMMNYSbCHOTO ynbTpa-
3BYKOBOTO WM3Ny4Y€HUs, ANA KOTOPOro MOTYT ObITb pasfgeneHsl BO BPEMEHWU CUTHamMbl, OTPaXEHHbIE OT Topua
NpoBONOKU W OT TpyOku-aepxarens. Takow aepxartenb (Tpybka BHeWHMM auaMetpom 1 mm) obecnednsaer
MEXaHUYECKYIO0 XECTKOCTb. [1paByl0 MUILIEHb UCMONb3YIOT NPU HENPEPbIBHOM YNbTPA3BYKOBOM U3IyYEHUH.
B ynbrpa3sBykOBOM My4OK NOMELLAIOT NULLL KOHEL, NPOBOSIOKM, KOTOPbIA U AaeT obpaTHoe paccesHue.

8.5.2 OceBble pasmepbl PSF u LSF u paspewarowaa cnoCOGHOCTbL NO OCH

8.5.2.1 O6Lwme nonoxeHus

Pasmepebl PSF 1 LSF B 0CeBOM HanpaBneHuu crieayet M3MepsATb Ha pasnuyHbixX rmybuHax. Moaxoas-
wmii ana namepeHus PSF TecT-06beKT (haHTOM) nokasaH Ha pucyHkax C.3 n C.4 (npunoxeHne C); BTOPOW
U3 HUX NPUMEHSIIOT, YTOObI UCKMIOYNTL peBepbepaunio n3-3a NPUCYTCTBUA AepXKaTensa NPoBONOKU B yNbTpa-
3BYKOBOM My4ke. LSF namepsior no tect-o6beKkTam, nokasaHHbIM Ha pucyHkax A.1 — A.2 (npunoxeHue A) 1
pucyHke C.1 (npunoxexue C), a 0CEBOE paspeLleHne — Mo TeCT-00beKTy, N306paXkeHHOMY Ha pucyHke C.2
(npunoxerue C). N3mepeHusa gonyckaercs NpoBOAUTL C LLArOM, MEHbLUMM 1/3 0CeBOi ANUHbI OG30PHOIO
nons, N0 BCEMY AManasoHy rmyOuH, COOTBETCTBYIOLLEMY UCMbITYEMOMY AaTumnKy. [OMmKHbI ObiTb BbIABMEHSI
1 BHECEHbI B MPOTOKON UCTOYHUKM U3MEHUYMBOCTU MOKa3aHWI, Kak 9TO ycTaHoeneHo B 6.4.2. Pa3pelwarowan
CMOCOBHOCTBL MO OCU MOXET ObITh NOMy4YeHa B BUAE MUHUMAMNBLHOMO PaccTosiHus: 1) Mexay ABYMSI HUTSAMU
Ha pucyHke C.2 (npunoxeHue C), NATHa OT KOTOPbIX eLUe pasnuyMMbl Mexay co0oit; 2) Mexay ABYMSA HUTAMMU,
CHWKEHUE CUrHana mexay KOTopbiMU COCTaBRAET He MeHee 6 ab.

8.5.2.2 MNpoueaypa onpeaeneHns 0CesbIX pasmepoB

OpueHTUpyloT npeobpasoBaresib Tak, YTOObI NONYYUTb MakCUManbHbLIA CUTHaMN OT MUILIEHU (MULUe-
Hen). OCOBEHHO BAXXHO HANPaBUTb YIILTPA3BYKOBOM NMYYOK NEPNEHAMKYNAPHO K HUTU. YCTaHaBMUBAIOT 4yB-
CTBUTENbHOCTb CUCTEMbI TaKOW, YTOObI ObINM YETKO BMAHbI, HO HE HaCbILEHbI BCE HUTEBUAHLIE MULIEHM.
Mony4yalT HECKONBbKO M300paXKeHit HUTEBUAHOTO haHToMa B B-pexkume unm B pexmme 06beMHoro nsobpa-
KEHWSA 1 OUMPOBLIBAIOT NyyLuee U3 HUX. YOexaalTcs, Y4To ynbTPasByKOBOI npeobpasoBatenb HAAeXHO
YCTaHOBIIEH HA MOBEPXHOCTH TecT-06bekTa. Ecnu npeobpasosaTenib UMEET KPUBONUHENHYIO NPUeMon3nyya-
IOLLYIO MOBEPXHOCTb, TO €r0 LEHTPpasnbsHasa NIMHUA CKaHUPOBAHUA AOMKHA ObITb NepneHauKynapHa K noBepx-
HOCTW aKyCTMYECKOro OKHA TeCT-06bekTa, a ynbTPa3sBYyKOBbIE MYYKN JO0MKHbI ObiTb NEPNEHANKYNAPHBI K
HUTAM.

Ons nsmeperuit PSF HeoBxoaumo BbINONHMTL ABYXMEpHOe (2D) ckaHMpOBaHUE TOYEYHOW MUILEHMU B
KaxkgoM 0ByCrnoBneHHOM MeCTe ee pacrorioXXeHusi nocre Toro, kak Oy/1eT 3aBepLUeHa I0CTMPOBKA Hanpasne-
HUA LEHTPanNbHOW OCK UMM LEHTPanbHOW NIOCKOCTU NMy4Ka, UMM mrockoctu ob3sopa. Mpu namepenusx PSF
unu LSF nonyvalot Takoe nzobpaxeHue TecT-o6bekTa, B KOTOPOM BUAHLI HUTU NO BCEMY ANANAa3oHy rmyOuH,
npucywemy ucneiTyemomy npeobpasoearenio. Mcnonb3ylor nporpamMmy o6paboTku u3oOpaxeHusi, YtoObl
nony4nTb NPOdUNbL NO APKOCTU BAONb BEPTUKANbLHOIO HAMPaBNEHUA ANA MHOXECTBA CneAylolmx Apyr 3a
APYroM JIMHUWA CKAaHMPOBAaHMUA, NEPEKPLIBAIOLLMX U306paXKaEMyi0 MULIEHb NPU NONEPEYHOM NEPEMELLIEHUN
BEPTUKANbLHOW NUHWUM OTCYETA CMEeBa HaNpaBo A0 Tex Nop, Noka amnauTyaa npodunsa u3obpaxeHnsa Muwe-
HU HEe CTaHeT MakcumanbHON. [Ans Kaxaow rnyOuHbl pacnonoXeHUs HUTEW, CNONb3ya 3TY MaKCMMAarbHYIO
aMnnuTyay, U3MEpSIOT U BHOCAT B MPOTOKON MOSIHYIO LUMPUHY NATHA Ha NONoBuHe oT makcumyma (FWHM)
M LUMPUHY Ha ypoBHEe MUHYC 20 AB. Mo usobpaxeHunio haHToMa U3MEPSIOT pasmep NATEH MO OCU Ans BCex
nonoXxeHnin (No rmybuHe) BUAMMBIX MUIeHeN. [MonyunB BCe 3HAYEHUA STOW LUMPUHDLI, CTPOSAT 3aBUCUMOCTb
3TOW WKNPUHBLI HA ypoBHE FWHM unu munyc 20 b ot rmybuHbl B nzobpaxeHun paHtoma. 31a 3aBUCMMOCTb
UNNIOCTpUpyeT nameHeHme ocesbix PSF unu LSF ¢ rny6uHomn Ha u3obpaxkeHun TecT-o6vekTa. [ns 6onbLumH-
CTBa CyLLECTBYIOLLUX CUCTEM OCEBasi paspellarowas cnocoGHOCTL OT rMyOuHbl OyaeT UCNbITLIBATL NULLbL
He3Ha4YUTENbHbIE U3MEHEHUA.

Byaet BuaHa u anuna npocounsa PSF unu LSF npu cooTBETCTBYIOWEM YPOBHE CUrHana, bnuskom K npea-
nonaraemMomMy ypoBHIO MOMEXU, ECNU 3TO MO3BONAIOT apTedakTbl, UMeIoWMeca Ha U306parkeHun.

8.5.3 Nonepeuynas wmvpuHa PSF u LSF u nonepeyHan paspewarwuwan cCnoCoGHOCTb

8.5.3.1 O6Lme nonoxeHus

Pasmepbl PSF unu LSF B nonepeyHOM HanpaBneHUu COOTBETCTBYIOT MONEPEYHOMY pa3pelleHMIo
BbICOKOKOHTPACTHbIX MULIEHEW CUCTEMbI BU3yanu3aumu Ana onpeaeneHHbIX NOMOXEeHU BAOMb OCU Myyka
(T. e. AnA onpeaeneHHbIX MybuH B haHTome). MNMoaxoasume ana namepeHus PSF TecT-06bekTbI ((haHTOMBI)
nokasasbl Ha pucyHkax C.3 n C.4 (npunoxenue C); BTOPOW U3 HUX NPUMEHAIOT, 4TOObI UCKMIOUNTL peBepbe-
paumio u3-3a NpUCyTCTBUSA B Nyyke AepxkaTtens npoBonoku. LSF uamepsior no Tect-o6bekram, nokazaHHbIM
Ha pucyHkax A.1 — A.2 (npunoxeHue A) u C.1 (npunoxenune C). UamepeHus nonepeyHoro paspeLueHus Ha
MHOFOMULLEHHOM TeCT-00beKTe NPOBOAAT PEAKO, U UX HE pacCMaTpuBalOT B HacToswem craHaapre. Us-
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MepeHna OoNyCcKaeTcs NPOBOAUTL MO BCel rmybuHe n3obpaxkeHus Yepes NpoMeXxXyTku, MeHbLlume 1/7 oceso
ANWHBI 0630PHOrO NOJISA, U HA PACCTOSIHUAX OT Kpas M300paXkeHUs B NONEPEYHOM HanpaeneHuu, paeHbix 1/8
LUMPUHBI u3obpaxeHus. [na cucreM o6bLeMHON Bu3yanusauum, B KOTopbix PSF mMoxeT 3aBucetb OT mecta
pacnonoXeHus Mo TOMNLUMHE B paccMaTpuBaemMomM o6beme, M3MepeHUs BbINOMHAIOT B NONEPEYHbIX Hanpasene-
HMAX, COOTBETCTBYIOLLMX TOSILLMHE W LUMPUHE paccmaTpuBaeMoro oobema, Ha pacCTOSHUAX OT KPaeB, PaBHbIX
1/8 TOMWWMHBI U LLMPUHBI COOTBETCTBEHHO. [10MkHbI ObITh BbISBNEHbI U BHECEHbI B NPOTOKOS UCTOYHUKU W3-
MEHYMBOCTU NOKa3aHWUI, KaK 9TO onpeaeneHo B 6.4.2.

8.5.3.2 MNpoueaypa onpeaeneHnsi NONEpeYHbIX pasMepos

OpueHTupytoT npeobpasoBarens Tak, YToObl NONYYUTb MaKCUMAsbHbI CUrHamM OT MULIEHN (MULLEHEN).
OC0o6EeHHO BaXXHO HanpaBuTb YNbLTPasByKOBOW MYYOK NEPNEHAUKYNAPHO K HUTU. YCTaHaBNMBAIOT YyBCTBU-
TENbHOCTb CUCTEMbI TaK, Kak 3T0 ykasaHo B 8.5.2.2. Mony4aloT HECKOMbKO M306paXKeHWin HUTEBUAHOTO (haHTo-
mMa B B-pexxume n oundpoBbIBAIOT nyyllee u3 HUX. YoOexaalorcs, UTo ynbTPa3sByKOBOW nNpeodGpasoBaresib
HaJEeXHO YCTAHOBMEH HA MOBEPXHOCTU TECT-00beKTa, a LieHTpanbHas NIMHUA CKaHWPOBAHUA NepneHauKy-
NsipPHa K NOBEPXHOCTU aKyCTUHECKOrO OKHA TeCT-00beKTa.

Ansa uamepennii PSF Heo6xoaMmo BbINONHUTL ABYXMEpHoe (2D) ckaHMpoBaHWE TOMEYHOW MULLEHM B
KaxgoM 0OyCroBNeHHOM MECTE ee pacrnonoXeHus Nocne Toro, kak OyeT 3aBepLUeHa I0CTUPOBKA Hanpaene-
HUS LIEHTPanbHON OCW UMK LIeHTPanbHOW MIOCKOCTU Myyka, unu nnockoctn ob3opa. Mpu usmepenusax PSF
unu LSF nonyyatot Takoe nsobpaxeHne TecT-o6bekTa, B KOTOPOM BUAHBI HUTU NO BCEMY ANana3soHy rmy6uH,
npucyLLemMy ucneityemomy npeobpasosarento. Ucnonb3ylot nporpammy 06paboTku nsobpaxkeHus, 4tobel no-
ny4YnTb NPOuNb NO APKOCTU B rOPU3OHTANbHOM HaNPaBNEHUU Af1S MHOXECTBA CReAylowWwmx Apyr 3a Apyrom
JIMHUWA CKAHMPOBAHUA, NEPEKPbLIBAIOLLMX U306paXKaeMylo TOYEYHYH0 MMLILEHb, NMPY BEPTUKANIbHOM NepemMe-
LeHUn (ropu3OHTanbLHON NIMHMKM OTCYETA) OT BEpXa A0 AHA (HaA M300paXKeHUEeM NMonepeyHbIX CeYEeHUn HUTEn
U No4 HUMK) A0 TEX NOp, NOKa aMnnuMTyaa npocunsa n3obpakeHUss MULLIEHU HE CTAHET MakcumarnbHou. [ns
Kaxkgon rnyOuHbl pacnonoXeHWs HUTEW, MCNONb3YA 3TY MAKCUMMArnbHYI0 amnnuTyay, U3MepsioT U BHOCAT B
NPOTOKOS MOSHYIO LUMPUHY NATHA Ha NonoBuHe oT makcumyma (FWHM) u wmpuHy Ha yposHe MuHyc 20 AB.
Mo nsobpaxkeHnio haHTOMa M3MEPAIOT pa3mep MATEH N0 OCU AMNS BCEX MOMOXeHui (o rmybuHe) BMANMBIX
MuLEeHeN. [ony4nB BCE 3HAYEHWUSA STON LUMPUHBI, CTPOAT 3aBUCUMOCTb LUMPUHBLI HA ypoBHEe FWHM nnu mu-
Hyc 20 b ot rny6uHbl B u3o6paxeHun caHtoma. Byaer BuaHa u wMpuHa npounsa npu COOTBETCTBYIOLLEM
YPOBHe curHana, 6nm3kom K npeanosniaraeMoMy YpOBHIO NOMEXH, ECAIN STO NO3BONAIOT apTedakTbl, UMEIOLLU-
€CS Ha N300paXkeHnn.

Mo nzobpaxeHuio haHTOMa U3MEpSIOT 3aBUCUMOCTb MAKCMMAanbLHOTO MONEpPEeYHOro pasmepa ot ry-
GuHbl ANs Bcex nonoxeHui (no rmybune) suaumbix PSF. Monyuns BCe 3HAaYEHUA STOW LUMPUHLI, CTPOAT 3a-
BMCUMOCTb 3TOW LUMPUHLI HA ypoBHe FWHM unu muHyc 20 ab ot ry6uHbl B u3obpaxenuu cdantoma. Ans
6GonblUMHCTBA CUCTEM BU3yanu3auuu nonepevyHoe paspeleHne 3MeHseTcs ¢ rmyobuHoin ropasao GonbLue,
YeM paspeLuieHue no ocHu.

MpumMmevyaHue — Ncnonb3oBaHne TeCT-06bEKTa, NOKa3aHHOro Ha pUcyHke A.2 (npunoxeHue A), MOXeT GbiTb
HenpuemsieMbIM NSl HEKOTOPLIX YNLTPa3BYKOBbLIX NpeoGpa3oBarenem, KoTopble U3Ny4atoT HacTonbko 6onblume Goko-
Bbl€ NeNecTKW, YTO OHU UHTEPEPUPYIOT C SXOCUrHaNaMKU OT COCEAHUX HUTEN. B 3TOM cny4yae MoxeT GbITb Ucnonb3oBaH
TecT-06beKT, Nogo6HbIi NokasaHHOMY Ha pucyHke A.1 (Mpunoxexune A). B Takom TecT-06beKTe NMHUM MULLIEHe#H pacno-
TOXeHbI NOA YoM APYT K APYTY, TaK Y4TO OTAENbHbIE MULLEHMU B PEAKUX CITyHasx pacnonoXeHbl Ha OAHON ropM3oHTaNbHOM
nuHumn. Bonee noaxoasiuil TecT-o6LEKT NokasaH Ha pucyHke C.1 (npunoxeHue C), B KOTOPOM BCE HUTEBUAHLIE MULLIEHN
pacnonoxeHbl oTaenbHo, 6e3 cocefeil B NoONepeyHoOM HanpasneHun. U, kpome Toro, MoXeT GbiTb UCNONb30BaHa OAHa
HUTb (MUNKU NPOBOSIOKA) C YCTPOWCTBOM MUKponepeMelLeHnit, Nofo6HBEIM noka3aHHOMY Ha pucyHke C.3 (npunoxenue C),
HO NepneHAuKynspHas K ynsrpa3sByKOBOMY MYYKy.

8.5.4 TonuwuMHa cnosi ckaHMpoBaHus (TonuwuHHblie PSF u LSF) unu paspewarowan cnoco6HOCTL
no TonwuHe

Haubonee npocToii MeToa n3MepeHus TONWMUHbI CAOA (MU NyYKa) 3aKno4aeTca B CKAaHUPOBAHUW TOH-
KOro Crosi pacceMBaloLmMX MULLIEHeN, NOKa3aHHOro Ha pucyHke C.5 (npunoxenune C). Tonwuny cnos (Mnu
paspelueHne No pasmepy MATHA B HANpaBreHUM TOMLUMHBI My4YKa) Creayer U3MEepAaTb Ha Kaaon rnybuHe,
npu 3TOM OpraHbl PerynupoBKU YyBCTBUTENLHOCTU U NapaMeTpoB M3o0paXkeHus cneayeTt yCTaHaBnuBaTh B
NONOXEHMUsi, COOTBETCTBYIOLME KanubpoBke cuCTeMbl Budyanusauuu. Uccneayior MakCMmanbHO 60sbLuyio
obnactb M306paXkeHusi, pasieneHHyI0 Ha NATb YacTen OAMHAKOBOro pasMmepa. MNoCKOCTb CKAaHUPOBAHUA
OPMEHTUPYIOT TaK, YTOObI OHA Nepecekana crion pacceusarernei nNo NUHUK, NapannenbHoN BEpXHEN NOBepX-
HOCTU TecT-06bekTa. MnockocTb CKaHUPOBAHUA AOMKHA ObITb B TO e BpeMs NepneHAuKynspHa K no-
BePXHOCTN CKAHMPOBAaHUA TeCT-00beKTa. C LIENbIO U3MEPUTH TOSLLMHY CNOA B CepeanHe NepBOro Ce4EHns
[aTyMK YCTaHaBNUBAIOT Tak, YToObl HA 3TON rMy6GuHE HaxoAMNach NMHUSA NepecevYeHns NNOCKOCTU yNnbTpa-
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3BYKOBOIO CKAHUPOBAHUA U Crosi pacceusarenen. MeToaoM Bu3yarnbHOro OTCHETa Uu C UCNOSb30BaHNEM
COOoTBETCTBYIOLLEN 00paboTkM M3006paKeHU M3MEPSIOT MaKCUManbHYIO TOSNLUMHY U300paXeHusi Cnos no Bep-
TUKaNWU 1 BbIMUCASIIOT TOMNLLUMHY CROS (TONWUHY CKAHMPOBAHUS) B LIEHTPE NEPBOro CEY4EHUs], Kak 3T0 NoKasaHo
Ha pucyHke C.5 (npunoxxenue C). MoBTOPAIOT 3Ty Npoueaypy U Ansg ocranbHbIX YeTbipex cevyeHnin. C no-
MOLLIbIO NPOrpamMMHON 06paboTku oUMEPOBAHHOIO U300PAXKEHUA U3MEPSIIOT LLMPUHY U30DPAXKEHUS CeyeHus
npu 3aJaHHOM YPOBHE CHUXXEHUSI CUrHaNna: HanpuMep, nNpu MUHyc 6 b, MuHyc 20 4B unu Ao ypoBHS NOMEXH,
OTHOCUTEINBbHO €r0 MaKCUMArbLHOTO 3HAYEHUS.

Mpu namepeHusix TonwmHHon PSF ¢ nOMOLLBIO TOYEUYHOH MULIEHU, 300paXkeHHON Ha pucyHke C.3 unu
C.4 (npunoxxeHue C), Unu TONWMHHON LSF ¢ NOMOLLIbIO TOPM3OHTANbLHO PacnornoXeHHOM NPOBOIOKU, U300pa-
>KEHHOI Ha pucyHke C.3 (npunoxeHue C), Unu TecT-00beKTa C HUTEBUAHLIMU MULLEHAMMU, U300PAKEHHOTO
Ha pucyHkax A.1 unu A.2 (npunoxenue A) unu C.1 (npunoxenune C), cuctema paboraet B pexume B. Mu-
WeHb NepeMeLlatoT nepneHanKynspHO K NIIOCKOCTU yNLTPa3ByKOBOro CKaHMpoBaHusa (Mnu, Haobopot, —
nepemeLLaroT NNoCKOCTb CKAHMPOBAHMA OTHOCUTENIbHO MULIEHU) A0 MONyYeHUss MaKCUMAaTbHOW aMNnUTyAbI
curHana ot muueHu. NepemelleHne OCyLLECTBAAIOT B ABYX NPOTUBOMNONOXHbIX HANPABIEHMSAX BAOMb JIMHUM,
nepneHANKYNsSPHOI K NIIOCKOCTU CKAHUPOBAHUA, YTOOLI ABaXbI NOATBEPAUTL HANAEHHbIE MONMOXKEHUS MaK-
CMMyMa 1 3a[1aHHOTO YPOBHSI CHUXKEHUSA curHana. Takum 00pa3om nony4aioT ypoBHU CUTHANA CO CHKEHUEM
MUHYC 6 oB u MuHYC 20 o5 OTHOCUTENBEHO MakCUMyMa, YPOBEHb NOMEXU U Apyrue napameTpol. PaccTosiHue
MeXgy To4kamu no obeuM CTOPOHaM MNIOCKOCTM CKaHUPOBaHUA U Oyaer paspelleHMeM no TOMLMHE Npu
YpOBHE U3MepeHnss MMHYC 6 b nnn munHyc 20 ab.

M3mepeHus moryT GbiTb NpoBeAeHbl BO BCEM Avnana3oHe rnybuH Busyanusauum ynsTpa3ByKOBOIro Aar-
YMKa C LiaroMm nepeMeLleHnii, MeHbwimumM 1/7 0630pHOro nons BAOb LIEHTPanbHOW OCU, U HA PACCTOSIHUAX OT
Kpas nsobpaxkeHusi B Nonepe4dHoOM HanpaBneHuun, paBHbIX 1/8 LuMpuHbI M300paxkeHus. [insi cuctem 06 bLEMHON
BM3yanu3auuu, B KOTOpbiX PSF MOXeT 3aBuUCETb OT MecTa pacnonoXeHusi no TOMLMHE B paccmaTtpuBae-
MOM 06beME, M3MEPEHNA BbINOMHAIOT B NOMNEPEYHbIX HANPABNEHUAX, COOTBETCTBYIOLLIMX TONLLMHE U LUMPUHE
paccmaTtpuBaemMoro 06bema, Ha PacCTOAHMAX OT KPaeB, paBHbIX 1/8 TOMLUMHBLI M LUMPUHBI COOTBETCTBEHHO.
JormkHbl ObITb BbISIBNEHbI U BHECEHBI B MPOTOKOMN UCTOYHUKA M3MEHUYUBOCTH NOKA3aHMI, KaK 3TO YCTAHOBNEHO
B 6.4.2.

M3mepeHus paspewarowens cnoco6HOCTU MO TONLWMUHE MOTYT ObITb YNPOLLEHbI NPU UCMONb30BaHUU
peLUeTKn OAMHAKOBbIX TOYEYHbIX MULIEHEMN, PACTNONOXKEHHBIX MO HAKMOHHOMW (OTHOCUTENbHO NAOCKOCTM CKa-
HUpoBaHus) NHUKU. MuwieHn A0MKHbI ObITb PACMONOXEHbI HA TAKUX PACCTOSHUSX, YTOObI MX U306paXkeHns
OTCTOSANM ApYr OT Apyra Aarblue, YeM NONepevYHoe paspeLeHne CkaHepa Ha 3agaHHou rmybune. Ecnu ycra-
HOBIEHHas B LLEHTPE MULLeHb UMeeT cedeHne 06paTHOro paccesHus, MeHbllee Ha TpeByemblii ypOBEHb, YEM
ApYyrMe MULEHU, TO U3MEPEHUS BbINOMHAT NPU OAUHAKOBOW MHTEHCUBHOCTU CUrHANOB.
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Mpunoxexue A
(o6a3arenbHoe)

TeCcT-06LEKTHI.
KanubpoBka AByXMepPHbIX CUCTEM U3MEpPEHUS

MpuMeyaHue — PaccMoTpeHHble B HACTOALLEM NPUMOXEHUN TeCT-06bEeKTbl U MaTepuarsl 3aMMCTBOBaHbI U3
HEKOTOPBIX HaLMOHamNbHBIX OTYETOB U NPOEKTOB CTaHAAapPTOB. TeCT-06bEKTbI OrpaHUyeHbl TEeMU KOHCTPYKLMSIMU, KOTOpble
Gbiny NpoBepeHbl Ha NpaKkTUKe.

A.1 KOHCTpyKLUU TeCT-06LEeKTOB

Ha pucyHkax A.1 n A.2 nokasaHbl Habopbl NapannenbHO PacnofoXeHHbIX HUTEN, UCMONB3YEeMbIX B KavyecTse Nu-
HelHbIX MULLEHel. HUTK napannenkHel Takke BEpXHEW NOBEPXHOCTM, CryXallel akyCTU4eCKUM OKHOM AJSi CKaHupoBa-
HUS. Ha 3TWX pucCyHKax npegcTaBreHbl ABe BO3MOXHbLIE KOMMOHOBKA MULLIEHEN B CEYEHWUN, NEPNEHANKYISPHOM K HUTSM.
KoMnoHoBka Ha pucyHke A.2 UMeeT NpenMyLLecTBO nepes KOMMOHOBKOW Ha pucyHke A.1 Grnarogaps 6onee perynspHoi
CTPYKTYpPE, HO UMEET TakKe HE[OCTaTOK BCEACTBUE BEPOATHOCTU 3aTEHEHNS KaKoi-TMBo MULLEHU JPYrMMA MULLEHAMM,
pacnonoXeHHbIMU BhllLIE Hee.

Pa3mepbl 3TUX TeCT-06HEKTOB W PacCTOSHUS MEXY MULLEHAMM ONTUMarbHbl ANS UCTIBITAHUA AaTYNKOB C HOMU-
HanbeHbIMK YacToTaMu oT 2 Ao 5 ML, ncnonb3yeMbixX Npu o6LWuUx aGaoMMHaNbHbLIX UccrefoBaHusaX. PaccTosHua Mexay
HUTAMU B KaXX4OM psiAy paBHbl 2 cM. PekoMeHgyeTcs, YToBbl TOYHOCTE pacrnonoXeHns HuTel 6bina He xyxe + 0,2 MM. [na
Goree BLICOKOMACTOTHBIX CUCTEM BU3yanusauum Tpebyetcsa Goree YacToe pacrnonoxeHwe HUTel (¢ paccTosHnem 1 cM
MeXAY HUMM), MPU STOM TOYHOCTb UX PacronoXeHUs AomkHa 6biTe He xyxe * 0,1 MM, a pazaMmepbl TeCT-06beKTa B Liefom
MOFYT COCTaBNATb 1/3 COOTBETCTBYIOLUX Pa3MepoB TECT-00BbEKTOB, NoKasaHHbIX Ha pucyHkax A.1 un A.2.

Kaxablii TecT-06beKT, paccMmaTpuBaemblil B HAacTOSLLEM CTaHgapTe (pucyHkn A1 n A.2), npeaHasHaqeH Ans cka-
HWPOBaHUSA HEMOCPEACTBEHHO B paboyeil KuaKocTu. [Ana cHUXeHWNA adpdekTa 3aTeHeHns B TeCT-06beKTax NpUMEHSIOT
HeiinoHoBble HUTU AnameTpom 0,078 MM. PesepByap formkeH BbiTb focTaTouHO Gonblunm, YTobbl 06ecnevnTs Heobxoau-
MY OpUeHTaLmio Nio6oro gaTymka Ha MULLEHHYHO CTPYKTYPY.

B nHOM crniyyae MULLIEHM, NOKasaHHLIE Ha pUcyHKax A.1 1 A.2, paaMeLLaloT B TKAHEUMUTUPYIOLLIEM MaTepuane, a
CKaHWpOBaHWe OCYLLECTBIAT Yepes akyCTUYECKoe OKHO U3 COOTBETCTBYIOLLEro MaTepuana, Hanpumep 4epes nonuatune-
HOBYO NNEHKY. MaTepuan sToro okHa JOrKeH NpefoTBpallaTh ncnapeHue BoAbl U3 TKAHEMMUTUPYIOLWEro Matepuana.
B cBA3KM ¢ TeM, YTO TKAHEMMUTUPYIOLLMIA MaTepuan UMeET 3ajaHHble XapaKTepUCTUKKU pacceaHus, 6onee npeanoyTu-
TeNbHO UCNOMb30BaHNE He HEMMOHOBEIX HUTEN, a NpoBorioYeK, Jatolux bonee cunbHoe oTpaxeHue. MNoaxoasawmm Ma-
Tepuanom Ans Takux MULLEHel ByseT npoBosioka U3 HepxaBetoLei cTanu anameTtpom 0,15 Mm. OHa AOCTaTOUHO TOHKA,
4YTO6kI He BbI3bIBaTb BHYTPEHHUX peBepbepaLuii Ha Bcex YacToTax, MCMoNb3yeMbIX ANA AUarHOCTUKU. TOMHOCTL pacnoso-
XKEHWA KaXL ol N3 3TUX MULLIEHEN B TecT-06bekTe [ormkHa ObiTh He Xyxe + 0,4 MM.

B aTux cTpykTypax ucnone3oBaHo naparsenbHoe pacrofioXeHne HUTel kak Hanbonee nogxoasilee ANS WMPOKO
NpUMeHAeMbIX PaHTOMOB ANA KanubpoBKW ABYXMepHbIX UsobpaxeHun. Nx gonyckaeTca NpUMEHATb U ANSA UCNbITaHUIA
CUCTEM TPEXMEPHO BU3yanusauuu, peanmayoLmx NoBopoT Aarunmka Ha 90° Bokpyr ocu, NepneHANKYNAPHON K HUTSM U
pacnonoXeHHoOW No LeHTPY daHToMa unu usobpaxaemoro obrema. Mcnonb3oBaHue Takux daHTOMOB ANA KanubpoBku
CUCTEM TPeXMepHOI BU3yanusauum paccmoTpeHo B [29], [30].

KanubpoBKka TeCT-0OObEKTOB 3aBUCUT OT CKOPOCTM 3BYKa B cpefe (paboyei XUAKOCTUA UMM TKAHEUMUTUPYIOLLEM
marepuane). CKopocTb 3BYyKa 3aBWCUT OT TemnepaTypbl. ECNM XUAKOCTb He 3aKpbiTa CBEpXY, TO ClefyeT y4WTelBaTb
M3MEHEHWe cocTaBa pacTBopa U3-3a UCMapeHWUs ero KOMMOHEHTOB (Hanpumep, cnupTa). YCTaHOBMNEHHbIe NpefenbHbie
3Ha4YeHns ckopocTy 3ByKa (1540 + 15) M/c cOOTBETCTBYHOT MOrpeLLHOCTU pe3ynsTaToB, paBHOW = 1 %. Takoe 3HaveHue no-

rpewHoCcTn npunemMnemMo, ecnn MMeTh B BUAY UBMEHEHNA CKOPOCTU 3BYKa B Terne YenoBeka.
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A.2 CxeMbl TeCT-06bEKTOB

Jatuunk

PucyHok A. 1 — PelueTka HEeNNOHOBbIX HUTE B BUAE KOHLEHTPUYECKMX KPYroB

MpuMeuyaHne — Ha paHTOME BbleMeHO M306pAXeHUEe 3/1/MNCa, UCMOMb3YEMOro A U3MepeHuii ANUHbI Kpi-
BbIX /IMHWIA, Hanpumep, nepumMeTpa.

PucyHok A.2 — TMpsaMoyrofibHas AByXMepHasi pelleTka W3 HelifIoHOBbIX HUTEl
23



rocT P M3K 61391-1—2011

MpunoxeHue B
(ob6si3aTenbHoe)

TecT-06bEKTHI.
ToYHOCTb M3MepeHUii U KaNnUGPOBKN CUCTEM BOCCTAaHOBIEHUA TPEXMEPHbIX M300paxeHUn

B.1 ®aHTOM C HUTEBUAHbLIMU MULLEHSIMW, 3aMONHEHHbI paﬁoqeﬁ XKXNAKOCTbIO

PaHTOMBI, paccMOTPeHHbIE B NpuiioxeHun A (pucyHku A.1 1 A.2), NnpurofHbl Kak ANs ABYXMEpHbIX, TakK U AN Tpex-
MepHBIX U3MepeHUA.

B.2 ®aHTOM C HUTEBUAHLIMU MULLEHAMM, 3aNONTHEHHbIN TKAHEUMUTUPYIOLWUM MaTepUanom

Ha pucyHke A.1 npunoxeHua A nokasaH PaHTOM C HUTEBUAHBIMA MULLEHAMM Ha OCHOBE pacceuBaloLLlero Mare-
pvana, NPUroAHbIA ANA ABYXMEPHbLIX U TPEXMEPHBIX U3MEPEHWI PACcCTOSHUIA N OUEHKN UCKaXeHWA nsobpaxeHnus. MNpu
OLIeHKe TpexXMepHbIX U306paxeHUit AaTYMK NepemeLlaioT B HanpaBneHun TONWUHLI CNOA YNbTPa3ByKOBOro CKaHUpoBa-
HUA creBa HanpaBo (Ha ykasaHHOM PUCYHKe) AN TOro, YTobbl OLIEHUTE €ro NONOXeHWe B HanpaBneHW TOMLWMHBI CIOS.
OTHOCUTENbHBIE NONOXEHNS BCEX HUTEN JOIMKHb! ObITb BblAepXaHbl C TOYHOCTLIO He Xyxe + 0,2 MM. InsA OLieHKN TOYHO-
CTW U3MEPEHWA ANUHBI AYrW, NEpUMeTpa, Nrowagn U obbema Ucnonb3ytoT u3obpaxkeHne annunca (UK sNAMMTTUYECKOro
CTEPXHSA) Cc ocAMM @ = + 2,7 cM 1 b = £ 3 cM, NoKazaHHOe Ha pucyHke A.2 (npunoxeHue A). Mnowaab N OKpYXHOCTb (ne-

PUMETP) 3ANUNCa paBHbl COOTBETCTBEHHO mab = 25,4 cM2 1 NpuBNuanTensHo 2 n(a? + b2)12 = 17,9 cm. Namepenus ne-
pUMETpa 1 NnoLagm kpyra, obbeMa u nnoLyaan NoBepXHOCTU LIUIMUHAPUYECKOTO CTEPXHA NPOLLe BLINOMHUTL MO haHToMy
pucyHka A.1, a npAMoyronbHeIX opMm — no daHToMy pucyHka A.2 (npunoxerune A). O6beM 1 nnowaab NOBEpPXHOCTU
CTEepXXHEN COOTBETCTBEHHO paBHbLI NSIOLLAAN NMONEPEYHOro CEYEHUS, YMHOXEHHOW Ha ANWNHY, U NEPUMETPY, YMHOXEHHOMY
Ha ANVHY, NNoc ABe NnoLlagu nonepeyHoro ceHeHns.

B.3 TecT-061BLeKT ¢ fAliLeobpa3HON MULLEHBLIO U3 TKAHEMMUTUPYIOLLIErO MaTepuana

TpeboBaHuA K XxapaKTepUCTUKaMm TPeEXMEPHbIX NATHUCTLIX 06bLEKTOB AiLeobpasHoi (PopMbI:

- KoadhdbuumeHT 3aTyxaHusi paBeH koadpPULIMEHTY 3aTyxaHWsl B MaTepuane ocHoBbl — * 0,2 aB-em=-Mry.

- CKOPOCTb 3ByKa paBHa CKOPOCTM 3ByKa B MaTepiane ocHobl — 6 M- ¢~1[9], [ 31].

- AiiyeobpasHble 06LEKTH UMERT KoathdULmMeHT obpaTHoro paccesHus — muHyc (10 + 2) b oTHocUTensbHO cTaH-
[lapTHOro MaTepiana ocHoBbI, KO3dULMEHT 0BpaTHOro paccesHna Ha 3 M paen 3-10~4 em~" - cp~1%6 a5 (c 3aBucu-
MOCTBIO OT YacToThl Kak 4 B AnanasoHe ot 1 4o 15 MIw).

B.4 /I3MepeHUsi NpOCTPaHCTBEHHbIX XapaKTepUCTUK OO LEKTOB C paccenBaTensiMm

[nsi n3aMepeHnit NpoCTPaHCTBEHHbBIX XapakTePUCTUK OBLEKTOB C paccenBaTeNsiMU NOLXOAAT TeCT-06beKTbl, no-
KasaHHble Ha pucyHkax B.1 — B.4. Takoil TecT-06BbEKT NpeAcTaBnAeT coboil TpexmepHoe Teno B dopme Aiila, reo-
METpUYEcKne napameTpbl KOTOPOro ONpefensatT Mo AByM MOMyanuMnconaaM BpaleHUs (CnoLWeHHbIM cdhepounsam),
COEeAUHEHHLIM TOpLIAMMK.

Ha Buge cGoky (pucyHok B.1) gaHbl nsobpaxeHust ABYX SMUNCOUAOB MO ANMHHBIM OCAM. [IBa u3obpaxeHus no-
repeYHbIX cedeHunii NpuBedeHsl Ha pucyHke B.2, a Ha pucyHKax B.3 1 B.4 nokasaHbl Mx NpoekLum.

MpuMeYyaHune — [nNs NpakTM4eckoro NPUMEHEHNSA B NEYEBHBIX YUpeXAeHNSX, A€ HET COOTBETCTBYOLLEro daH-
TOoMa, HeoBXoAMMble (POPMbI TPEXMEPHLIX 0GBEKTOB JOMYCKAETCH Co3faBaTk U3 MaTepuana ¢ HU3KUM 3aTyxaHueM, Tako-
ro, HanpuMep, Kak orpaHUYeHHas ceTkoi neHa [6], [32], norpyxeHHas B CONsHO PacTBOP UMW APYryto XKWUAKOCTb, YTOObI
3HayeHns1 ckopocTu 3ByKa B 3D-06bekTe M OKpyXatoLei KUAKOCTU coBnaaanu, pasHula B 3aTyXxaHuu Bbina npmbnuaun-
TenbHo paBHa 0,5 a6 - emM~! - My, a koagpuLmeHT obpaTHoro paccesHus 3D-o6bekTa (Aiua) Ha 3 My cocTasnsan
3-105cm - cp~1 + 16 aB (c YacTOTHOI! 3aBUCUMOCTLIO, NPONOPLMOHarLHOI (f2 — f4) B ananasoHe ot 1 4o 7 MI'y).
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B.5 CxeMbl TECT-06BHEKTOB

PurcyHok B.1 — ®aHTOM € TKAHEUMUTUPYHOLUMUK SALE06Pa3HBIMA MULLEHAMM

PucyHok B.2 — Komnosuuys n3obpaxeHunii AByX NonepeyHbIX CeYeHnini MuLLeHel, nokasaHHbIX Ha pucyHke B.1. Bug,
Yyepe3 GOKOBOE OKHO
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PncyHok B.3 — lMpoekumsa TecT-06bekTa, NokasaHHOro Ha pucyHke B.1 (Bug, cBepxy)

PrcyHok B.4 — TMpoekuunst TecT-06bekTa, nokasaHHOro Ha pucyHke B.1 (Bug c6oky)
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MpunoxeHune C
(o6s3aTenbHoE)

TecT-06beKrblI.
Mi3mepeHne oyHKUMN pasMbiBaHNS TOUKU

|_|pVI MeyaHune — OnucaHHble B HacTosLlWeM NpuioXXeHnm TECT-00bEKTbl U MaTepuasnbl B3ATbl U3 HECKOJIbKMNX
HauMOHa/bHbIX CTaHAAPTOB M NPOEKTOB K HUM. TeCT-06beKTbl OrpaHUYeHbl TECT-06BbEKTAMM TEX TUMOB, KOTOpblE OMpo-
60BaHbl Ha NpakTuKe.

C.1 KOHCTpYKLUN TECT-06bEKTOB

Kaxablli M3 TecT-06beKTOB, PacCMOTPEHHbIX B HacToswem cTaHgapTe (pucyHkun A1, A.2 (npunoxeHue A) u
C.1—C.5 (npunoxeHnue C)), pa3paboTaH A1 X CKAHMPOBaHUSA HENOCPEACTBEHHO B pabouei XXnaKocTu. s CHMKeHUs
3h(hEKTOB 3aTEHEHNS B HWUX MUCMOMIb30BaHbl HEIOHOBLIE HWUTW, Kak npaswuio, gnametpom 0,1 mm. Ans obecneueHus uc-
nbiTaHUi N06bIX Npeobpasosarteneil nNpu Tpebyemoin AN HUX OpUeHTauuM OTHOCUTESIbHO MULLEHe 6ak C XUAKOCTbIo
[0/MKeH 6bITb CyLLECTBEHHO 60/bLIMM. B HEKOTOpbIX cryyasx (cM. pasgen 5) pabouyto XMAKOCTb AOMNyCKAeTCs 3aMeHUTb
BOJOWA.

[Lpyroii nogxop 3akntoyaeTcs B UCMOMb30BAHNN MULLEHHbIX CTPYKTYP, MOTPYXEHHbIX B TKAHEUMUTUPYOWNA Ma-
Tepuasn, npu CKaHMPOBaHUM Yepe3 akyCTuyeckoe OKHO M3 NOAXOAALLero marepuana, Hanpumep nonuatuneHa. Martepu-
as aKycTMYecKoro OkHa JO/DKeH MpejoTBpallaTe MOTEPH BOAbl U3 TKAHEMMUTUpYOUWEero matepuana. [na ycunexus
9XOCUTHAUI0B B TECT-06beKkTax € TKAHEMMUTUPYIOLWMM MaTepuanom npeanoyTuTesibHee 1CNonb3oBaTb NPOBOJIOKY, a
He HelnoHoBble HUTW. [Ns 3TOro NOAXOAUT NMPOBOJIOKA U3 HepxaBetowel ctam avameTpom 0,15 mMM. 3Ta npoBosioka
[0/MKHA BGbITb TOHKOM, YTOObI UCKMIOUYNTL MCKAXEHUS 3xOCuUrHana us-3a pesepbepauunn. MNPOBOOYHbIE MULLEHW cnegyeT
pacnonaraTb B K&XA0M TECT-06bEKTE C TOYHOCTbIO + 0,25 MMm.

C.2 PeweTka 13 HUTeil B Boge (pucyHok C.1)

[ByxmepHasa pelueTka M3 HUTEA MM NpPoBOSIOYEK, NOKasaHHas Ha pucyHke Al (NpunoxeHue A), ycTaHOBNEHa B
cneymasbHOn pamke. TpeboBaHNS K HUTAM WM MPOBOJIOYKaM ykasaHbl B Al (MpunoxeHne A).

C.3 TecT-06beKT AN NPOBEPKN 0CEBOro paspelleHns (pucyHok C.2)
[lBe HelnoHoBble HUTK AnameTpom 0,1 MM HaTsAHYTbl B O4HOV BEPTMKaIbHON MIOCKOCTU MOA YI/IOM APYT K Apyry,

Kak 370 nokasaHo Ha pucyHke C.2. HUTK MOryT 6biTb pacnofioXeHbl Ha pasfMyHol raybuHe. XXuaKocTb HamMBaloT B Ky6u-
YecKyr eMKOCTb C A/IMHOI pebpa 20 cwm.

C.4 OfMHOYHAA HUTb C BO3MOXHOCTbIO nepemelwieHns B Bofe (pucyHku C.3, C.4)

HuTb ykpenneHa B ycTpoiicTBe MuKponepemelleHuin (cMm. pucyHok C.3) Takum obpas3om, 4To6bl obecneunTb ee
nepemelleHve B npegenax 0630pHOro Nons ckaHepa. HWTb Ao/mkHa yaoBNeTBOpsATL TpeboBaHuAM pasgena A.l (npu-
noxenue A). ipyrum BapnaHTOM MOXeET ObITb UCMO/Ib30BaHNE TOHKON MEeTas/IM4eckoil MPOBOOKM, Kak 3TO MOKa3aHo Ha
pucyHke C.4. lnameTp NPOBOSIOKM AO/MKEH OblTb HAMHOIO MEHbLUE LIMPWHBI Ny4Yka UCMNbITYeMOro npeobpasosartens u
MeHbLue X2, COOTBETCTBYIOLLEN HN3KOYACTOTHLIM NpeobpasoBartensm.

C.5 TecT-06beKT ANA onpefenieHns TOJLWUHbI CN0A cKaHnpoBaHua (pucyHok C.5)

a) Cnoii paccemBarteneii pacnonaratoT Mog yr/iom 75° k BepxHel nosepxHocTu [33]. Ana 3T0oro ¢nos noagxoauT ma-
Tepvan ¢ KoadphmumeHToM obpaTHoro paccesHusi, Ha 50 Ab 60/bLKMM, YEM OKpyxawlias cpefa, U TOMWUHON MeHbLue
0,4 mm.

b) MeToanKa BblYNCNEHNA TOJLWMHBI C1I0A CKAHMPOBaHUA paccmoTpeHa B 8.5.4.

PucyHok C.1 — HuUTEBMAHbIN TeCT-00bEKT AN namepenms LSF
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MoBepxHOCTL (OKHO)

Martepuan ¢ manbiM paccestHuem

EOO

150

200

PucyHok C.2 — TecT-06beKT A5 OLEHKM OCEeBOro paspeLleHus

HanpasneHus
nepemMeLLeHus
MVKpOMaHunynsatopa

1— npeo6pasoBaTenb; 2 — 0630pHOE None; 3 — NMHeliHas MULLEHb

PucyHok C.3 — lMepemelyatoliasica B Bofe 0AMHOYHAs MULLEHb

28
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MpumeuyaHune — lMepBas 4acTb 06EUX MULLEHEA MOXET 6biTb COEAUHEHA C YCTPOCTBOM CKaHUPOBaHUS.

PucyHok C.4 — 3cKuU3 ABYX TOUYEUHbIX MULLEHEN U3 MPOBOOKM AnameTpom 0,24 MM

V1306pakeHne

PucyHok C.5 — M3mepeHunsi n pacyeT TONWWHbI CNOA paccenBaTenei
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MpunoxeHune JA
(cnpaBouHoe)

CBeeHUA 0 COOTBETCTBMMU CChUTOYHbIX MEXAYHAPOAHbIX CTAHAAPTOB CChISIOYHbIM
HauMOHaNbHbIM cTaHaapTam Poccuiickon ®egepauumn

Tabnuya JA1

O6o3HayYeHMe CCbINOYHOro CTeneHb OBo3HaueHe N HanMeHOBaHWe COOTBETCTBYIOLEro HaLMOHaNbHOro
MeX/yHapoAHoOro cTaHjapTa COOTBETCTBUSA cTaHAapTa
MG3K 61102:1991 — *
MG3K 61685:2001 — *

* COOTBETCTBYOLLMIA HAaLMOHATBHBIW CTaHAapT OTCYTCTBYET. L]0 €ro yTBEPXeHUA peKOMEHAYETCA UCMOb30BaThb
nepeBoj Ha PYCCKUiA A3bIK JaHHOTO MeXxayHapogHoro ctaHaapTa. MNepeBof AaHHOMO MEXAYHapOAHOro cTaHAapTa Ha-
xopnTest B DefepalnibHOM UHPOPMaLMOHHOM (POHAE TEXHUYECKUX PerniaMeHTOB U CTaHAapToB.
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