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Mpeaucnosue

1 NOAIOTOBINEH BcepoCCUUCKMM HayvyHO-UCCNeaoBaTenbCKUM MHCTUTYTOM (PUSUKO-TEXHUYECKUX U
paaunotexHuyeckux namepenuin (BHUMPTPU) Ha ocHOBE COGCTBEHHOrO NMepeBofa Ha PYCCKUI A3bIK aHrmo-
A3bIYHON BEPCUM CTaHAapTa, YKa3aHHOro B MyHKTE 4

2 BHECEH YnpasneHuem metponoruu degepanbHOro areHTCTBa no TEXHUYECKOMY PerynupoBaHuIo
1 METPONOrumn

3 YTBEP)XXOEH W BBEOEH B JOEWNCTBUE Mpukasom denepansHOro areHTCTBa N0 TEXHUHECKOMY
perynupoBaHuto u metponorum ot 29 Hosbpsa 2012 r. Ne 1453-ct

4 Hacroswmii cTaHaapT MAeHTUYEH MexayHapoaHoMy ctaHaapty MOK 61391-2—2010 «Ynbrpassyk.
OX0-UMMynNbCHLIE CKaHepbl. YacTb 2. U3amepeHne MakcumanbHoN riyOuHbl 30HAMPOBAHUS] U NOKANbLHOTO Au-
Hamu4eckoro gnanasoHay (IEC 61391-2—2010 «Ultrasonics — Pulse-echo scanners — Part 2: Measurement
of maximum depth of penetration and local dynamic range», IDT).

HanmeHoBaHue HacTosLero craHgapra NSMEHeHO OTHOCUTENbHO HAaMMEeHOBaHUA yKa3aHHOIo mexay-
HapOAHOro ctaHgapTa Ansa npueeaeHus B coorsercreue ¢ NOC P 1.5—2004 (nyHkT 3.5).

Mpu npuMeHeHUn HacToALero ctTaHaapTa pekoMeHAYeTCs UCMNOoSb30BaTb BMECTO CCbINIOYHbLIX MEXay-
HapoAHbIX CTaH4apTOB COOTBETCTBYIOLLME UM HALIMOHANBHBLIE CTAHAAPTLI, CBEAEHUS O KOTOPbIX NPUBEAEHDLI B
OOMOSIHUTENLHOM MpunoxeHuu JA

5 BBEJEH BrEPBbIE

6 NMEPEN3OAHUE. Mapt 2019 1.

lMpasuna npumeHeHuUs1 HacmMosAwle2o cmaHdapma ycmaHoeneHel 8 cmamee 26 ®edepanbHoz20 3aKkoHa
om 29 uioHsa 2015 e. Ne 162-®3 «O cmaHdapmu3sayuu e Poccutickoli ®edepayuuy. iHchopmayus 06 usmeHe-
HUSAX K HacmosauwieMy cmaHoapmy nybnukyemcs e exe2o00HOM (no cocmosHUKo Ha 1 aHeapsa meKyuiezo 2oda)
UHGhOpMaUUOHHOM ykazamene «HauuoHarnbHbie cmaHdapmbi», a oguyuansHbIli mekem usmeHeHul u nonpa-
80K — 8 EKEMECAYHOM UHDOPMaYUOHHOM yKazamerne « HayuoHarnbHbie crmaH0apmbi». B criydae nepecmom-
pa (3ameHbl) unu ommeHbi Hacmosaweeo cmaHdapma coomeememeytouwiee yeedomsieHue 6ydem onybnuko-
8aHO 8 briuxalituem 8bliTyCKe EXXEeMECAYHO20 UHhOPpMaLyUOHHO0 yKasamensa «HayuoHanbHbie crmaHd0apmbiy.
Coomsemcmeyiowiasi uHhopmayus, yeedoMreHuUe U MeKCMbl pasMewaomes makxke 6 UuHghoOpPMayUuoHHOI
cucmeme obuweeo nonb3osaHuss — Ha ohuyuanbHom calime dedepanbHo20 azeHmemea no MexXHUYecKoMy
peaynuposaHuo u Mmemposiozauu e cemu ViimepHem (www.gost.ru)

© CraHngaptuHdopm, odhopmneHue, 2013, 2019

HacTosLwmii cTangapt He MOXET BbITb NONTHOCTbIO UM YaCTUYHO BOCNPOU3BEAEH, TUPAXAPOBAH U pac-
MPOCTPaHEH B kKauyecTee opuuuanbHOro usaaHus 6es paspeluenus degepansHOro areHTCTBa No TEXHUYECKO-
My PerynumpoBaHu1IO 1 METPOIOTUH
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HAUMWOHANBHBIWN CTAHAOAPT POCCUUCKON GEALEPALUMU

FocynapcTBeHHas cuctema o6ecneyeHus eAMHCTBA M3MepeHui
OBOPYAOBAHVE MEOVLIMHCKOE YNbTPA3SBYKOBOE OAMATHOCTUYECKOE

O6wue Tpe6oBaHNA K METOAUKAM U3MEPEHUA MAaKCUMaribHOW r1yOUHbI 30HAUPOBAaHUA
M AMHaMUYEeCKOro AnanasoHa

State system for ensuring the uniformity of measurements. Medical ultrasonic diagnostic equipment.
General requirements to methods for measurement of maximum depth of penetration and local dynamic range

Dara BBeaeHna — 2014—01—01

1 ObnacTb NnpuMeHeHusi

B HacTosiLem cTaHgapre onpeaeneHbl TEPMUHBI U CNeunanbHbie METOALI U3MEePEHNIT MAaKCUMANbHOM
rMy6UHbI 30HAUPOBAHUA 1 JTIOKANIbHOTO AMHAMMYECKOro AAnana3oHa ynbTpa3ByKoBbIX CkaHepoB, paborta-
IOLLMX B B-pexxume peanbHOro BpeMeHu 1 UCNonb3yioLmx npeobpasosateny cneayowmx TUMoB:

AaTyuKM MEXaHMYeCcKoro CKaHUpPOBaHUS;
SNEKTPOHHbIE (PA3nPOBAHHLIE PELLETKH;
- NTMHENHble peLUeTKu;

KPVBONMHEMHbIE PELLETKH;
OBYXMEPHbIE PELLETKH;

- PELUETKU TPEXMEPHOTO N300PaXKEHUS, OCHOBAHHbIE HA COYETAHUN MEPEYNCIIEHHDbIX BhILLE AATYMKOB.

Bce paccmaTpuBaeMble B HACTOALLEM CTaHAAPTE CKaHepbl paboTaloT B 3X0-UMNYNbCHOM pexume. Me-
TOAbI UCNbITAHUIA NPUMEHUMbI K NpeoBpasosaTtenam, paGoTalowmm B YaCTOTHOM AguanasoHe ot 1 go 15 My
Kak Ha OCHOBHOW 4acToTe, Tak U Ha ee rapMOHUKaXx, KOTopble MOryT npesbiwath 15 My, OgHako ucnbiTaHus
CKaHepoB C rapMOHUYECKMMU COCTaBNAIOWMMM Bbiwe 15 MIMY B HacToAweM cTaHaapTe He pacCMaTpuBaIoT.

Mpumevyanne — Tem He MeHee CTaHAapT NOAAEPXUBAET TeX U3roToBUTENeil TecT-o6bekToB (paHTOMOB),
KOTOpble CTPEMATCS PpacLUMPUTL YaCTOTHLIA AUanasoH UCTbITaHUA CKaHEPOB B CTOPOHY BEPXHMX YacTOT.

2 HopMmatuBHbI€E CCbINIKU

B HacrosiLiem ctaHaapTe UCNonNb30BaHbl HOPMATUBHBIE CCLINKW HA CMEAyIoLmMe MEXAyHapoaHble CTaH-
[aprbl.

IEC 60050-801:1994, International Electrotechnical Vocabulary (IEV) — Chapter 801: Acoustics and
electroacoustics (MexxayHapoaHbIN 3NeKTpoTeXHUYEeCku cnosapb — [MaBa 801. AKycTuka M 3nekTpo-
aKycTuka)

IEC 60050-881:1983, International Electrotechnical Vocabulary (IEV) — Chapter 881: Radiology and
radiological physics (MexxgyHapoaHbIf dNeKTPOTEXHUYECKuIA cnoBapk — Inaea 881. Paguonorua u ¢usuka
paauonorun)

IEC 60601-1:2005, Medical electrical equipment — Part 1: General requirements for basic safety and
essential performance (U3penua meauuuHckme anekrpuyeckue — Yacte 1. O6wme TpeGoeanus k Gesonac-
HOCTU M OCHOBHbIM TEXHUYECKUM XapaKTEPUCTUKaM)

IEC 61161:2006*, Ultrasonics — Power measurement — Radiation force balances and performance
requirements (Ynesrpassyk — M3MepeHne MOLHOCTM — CUCTEMbI YPABHOBELUMBAHUA PAAMALIMOHHON CUSbI U
TpeGoBaHMA K UCNONHEHUIO)

* BameHeH Ha |EC 61161:2013.

M3paHue ocbuymanbHoe
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IEC 61391-1:2006, Ultrasonics — Pulse-echo scanners — Part 1: Techniques for calibrating spatial
measurement systems and measurement of system point spread function response (Ynsrpassyk — 3x0-UM-
nynbCHble ckaHepbl — YacTb 1. Metoabl kKanMOPOBKM CUCTEM NPOCTPAHCTBEHHbLIX U3MEPEHUN U U3MEPEHUIA
yHKLUMU pasMbIBAHUS TOUKW)

IEC 62127-1:2007, Ultrasonics — Hydrophones — Part 1: Measurements and characterization of medi-
cal ultrasonic fields up to 40 MHz (Ynsrpa3Byk — 'MapodoHbl — Yactb 1. U3amepeHus u onucaHue MeauumH-
CKMX YNbTPa3BYKOBbIX Nonei Ha Yyactotax ao 40 MIy)

3 TepmuHbI M onpeaeneHus

B HacToALLeM cTaHaapTe UCNONbL30BaHbI CNeAYIoLIME TEPMUHBI C COOTBETCTBYIOLLIMMUW ONPEAENEeHNSAMMN:

3.1 ckaHupoBaHue Tuna A (A-scan). OgHOMeEpPHOE NpeAcTaBneHne AaHHbIX, B KOTOPOM UHopMauus
0 BENUYUHE OTPAXKEHHBIX CUrHANoOB O0TOOpaXkaeTcsl B BUAE aMNUTyZ CUTHANoB, pacrnofnOXEeHHbIX N0 OCU Yiib-
TPa3BYKOBOIO NMyYKa, NPeACTaBnAeMoli Kak OCb BpEMEHU pacnpoCTpaHeHUsi CUrHarna unu pacCTosHUA.

[Cm. MOK 61391-1]

3.2 NnUHNA aKyCTU4eCKOro CKaHMPOBAaHMS, JIMHUA CKaHMpPOBaHuA (scan line): OaHa u3 nuHuN cka-
HUpoBaHUA, opMUpyIOLWMX n3obpaxeHue B B-pexume Ha MOHUTOPE YNLTPa3BYKOBOrO CkaHepa. Kaxaas u3
HUX ABRAETCA ornbaroLleli NMHWI CKaHUPOBaHUA TMNA A, B KOTOPOI amMNNUTYAbl 9XocurHana npeobpasosa-
Hbl B 3HAYEHUA APKOCTH.

[Cm. M3K 61391-1]

3.3 vyacrora akycTtuueckoro BosgencrBua, 'y (acoustic working frequency): CpeaHeapudmeruye-
CKO€ 4acToT f; u f,, aMnnuTyaa cnekTpa akyCTUYecKOro JaBneHust B KOTOPbLIX BMEPBbLIE CHUXAETCA Ha MU-
HyC 3 AB HWke aMnnNUTyAbl rMaBHOTO MakCUMyMa.

3.4 koacpduument 3atyxanua, m~! (attenuation coefficient): YacTuuHoe yMeHbLUEHUE aMNAUTYABI
NAOCKON BOSHbLI HA €AUHULIY ANWHBI PACNPOCTPAHEHUA B cpeae NpuU ee OQHOKPATHOM NPOXOXKAEHUN HA KAKOM-
nn6o onpeaeneHHoNn YacToTe.

MpumevaHns

1 Kak npaBuno, koahhULMEHT 3aTyxaHns BopaxatoT B A6 M~ nyTeM yMHOXEHNS 4acTUYHOrO 3aTyxaHns Ha Koad-
puumeHT 8,686.

2 lpu yKaszaHMW NapaMeTpoB 3aTyxaHWsl B Marepuarne peKoMeHAYETCA NPUBOAWUTL AaHHbIE MO UX U3MEHEHWIO C
4YacToTol. 3TO MOXeET ObITh BhlpaxeHo B Buae aff), T. €. koacbduuUMeHTa 3aTyxaHus Ha YacToTte f, onpefensiemMoro kak
a(f) = apf b rae feLipaxeHo B My, 0O — 3T0 Ko3aphULMEHT 3aTyxaHusi Ha 1 ML, a b — nocTosiHHas!, onpeaensiemas no
KpWUBOW, NOMYYEHHOW MyTeM CrNaXWBaHWUSA 3KCNEPUMeHTasbHBIX aHHLIX METOAOM HaUMEHbLUNX KBaApaToB.

3 3TOT napaMeTp OTHOCUTCH TOMbKO K 3aTYXaHWIO B CPe/ie; OH He CBAA3aH C NOTepsIMUA Ha OTpaXKeHWe OT rpaHuy pas-
flena cpef, U ¢ yMeHbLUEHWEM CUrHana B pesynerate Audpakuyum.

3.5 B-pexum (B-mode): Meroa npeacrasneHnsa nHopMauuu, npu KOTOPOM aMnnuTyay 9XOCUrHanos
NPeACTaBnsAlT 3HAYEHUEM APKOCTU COOTBETCTBRYIOLLEH TOUKM M30OpaXKEeHUs.

MpumevyaHue — MecTononoxeHue TOYKM CBA3AHO CO BpeMeHeM NpoxoXaeHUAa akyCTUu4eCKoro umnynbca u
yCTaHOBJ'IeHHOI7I CKOPOCTbHO 3BYKa B TKaHW, Npu BMU3yanusauum B B-pe)Kume OHO onpejendeTca Takke OTHOCUTENbHLIM
NONOXeHneMm u OpVIeHTaLWIeVI JINHUUN aKyCTUHECKOro CKaHMpoBaHUA.

3.6 ckanupoBaHue Tuna B (B-scane): Tun reomeTpuyeckoro npeacraBneHus aHHbIX 00 OTpaXXeHHbIX
curHanax, B KOTOPOM MHOpPMaLIMIO 00PasyloT U3 TOYEK, NeXalUux B NIOCKOCTU YIbTPa3BYKOBOrO CKaHU-
pOBaHUSA, 03BYUYMBAEMO YNbTPA3BYKOBLIMM MyYKaMm.

[CMm. M3K 61391-1]

3.7 koacduumeHT o6paTHoro paccesHus, m~! crep~! (backscatter coefficient): Cpeanss akycTude-
cKkasi MOLLIHOCTb, paccesiHHasi onpeaeneHHbiM 00beKTOM B HanpasneHuu 180° k nagatoLemMy nyudky, B €4MH1Y-
HOM NPOCTPAHCTBEHHOM YIMne U OT €EAUHUYHOrO 06bema, AEnNeHHas Ha MHTEHCMBHOCTL NajatoLero nyyka, Ha
Kakon-nmbo onpeseneHHol YacToTe; MOLLHOCTb, YCPEAHEHHAA NO pa3nuYHbIM NPOCTPAHCTBEHHBLIM peanusa-
UnaAM 06bEMOB pacCesHUS.

MpuMmedaHue — Ecnn BNUAHUE YaCTOTHI CYLLECTBEHHO, TO YACTOTHYK 3aBUCUMOCTL 3TOrO KOsdduLmeHTa
CreayeT OTHOCUTL K MECTY, T4 OH UCTIONb3YeTes.

3.8 KoHTpacTHoCcTb pacceuBarenei (backscatter contrast): OTHoweHue koadcduumneHTOoB O6paT-
HOrO paccesHus OT ABYX pasnM4yHbIX 0OGLEKTOB uUnu obnacrei.

3.9 ocb nyuka (beam axis): [poagonbLHas 0Cb 9X0-UMMNYNbLCHOrO OTKMMKA Ha paccMaTpMBaeMon NMHUN
aKyCTU4eCKOro CKaHMpPOBAaHUS, SKBUBANEHTHAA OCU nyyka uany4eHus no MOK 62127-1.
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3.10 oumndpoBaHHble AaHHble n3obpaxeHus (digitized image data): [ByxMmepHbii HABOp 3HAYEHU I
nuKcenem, NoMy4YeHHbIX U3 YNbTPasBYKOBbIX 9XOCUTHANOB, (POPMUPYIOLLMX YNBTPa3ByKOBOE M300paXkeHue.

3.11 nokasbiBaéMbI Ha 3KpaHe AWHAMMUYECKMW AuanasoH, ab (displayed acoustic dynamic
range): 20lg OTHOLLUEHUA amMnNUTyabl MakCMMarbHOro 9XOCUrHana, KoTopblii He HackIWaeT usobpaxeHue, K
aMNIMTYAE MUHUMANbHOIO 3XOCUrHaNa, KOTOPbIA MOXHO Pa3fUyYUTb B TOM XKE UMM aHanNorMyHOM MecTe U3o-
OpaXkeHWs Ha ckaHepe, HACTPOEHHOM B PEXWUM UCTIbITAHUIA.

MpumedyaHue — [nsa GonblUMHCTBA CkaHepoB, paboTatolwux B B-pexume, cxaTue sxocurHasa ocyLecTBseT-
CSl B NPUEMHOM TPaKTe Tak, YTo Nokas3aHHbIA Ha 3KpaHe JUHaMUYEeCcKUii JuanasoH NpeBbIlLaeT AUHaMUYECKWi [uanasoH
MOHWTOpA.

3.12 nopor nsobpaxeHus (8 B-pexume) (display threshold (B-mode)): ApkocTb nzobpaxkeHusi, nuLlb
HEMHOTO NpeBbILAoOLLAas APKOCTb NPU OTCYTCTBUM 9XOCUTHAOB.

3.13 HacblweHue nsobpaxeHus (B B-pexume) (display saturation (B-mode)): ApkocTb n306parkeHus,
Mpu KOTOPOW yBENMYEHME YPOBHSA 9XOCUTHamna Wnm yBenuveHue YyBCTBMTESIbHOCTU CUCTEMbl HE Bbl3blBaeT
N3MEHEeHUs APKOCTH,

3.14 puHamuyeckui pguanasoH (dynamic range): CM. NOKasrbHbIM OUHAMWUYECKUW AOuanasoH
(local dynamic range); cM. Takke NoKa3biBaeMbIii Ha 3KpaHe AMHaAMU4Yeckuit amanasoH (displayed dynamic
range) v rmo6anbHbIi AMHaAMUYecKuin amanasoH (global dynamic range).

3.15 o630opHoe none (none o63opa) (field-of-view): Mnowaab B NFIOCKOCTU YNETPA3BYKOBOIO CKa-
HMPOBAHUA, C KOTOPOI COBMPAIOT yNbTPa3BYKOBYIO MHGOPMAaLMIO ANS NOMyYeHUs OAHOro kaapa u3obpa-
KEHUSA.

MpuMeyvyaHus

1 Ota nnollagb MOXET COOTBETCTBOBATL KaK ABYXMEPHOMY, Tak U TPEXMEPHOMY MONIO.

2 370 onpegerneHune oTnnYaeTes oT AaHHoro B MOK 61391-1 TeM, 4YTO OHO orpaHu4eHo obnacTbio, ¢ KOTOPOiA co-
6upaeTcs MHopMaLms.

3.16 vactora kagpoB (frame rate): YUncno passeprTok, COOTBETCTBYIOLEE CKOPOCTU CMEHbI Kaapos,
onpeaensieMoe CKOPOCTbIO CKAHMPOBAHUS YNBTPA3BYKOBLIM Ny4KOM BCEFrO 0G30PHOrO Nona.
[CM. MOK 61391-1]

MpuMeyvyaHune — OTOT NapaMmeTp, Kak NpaBuIo, 3aBUCUT OT YacTOTbl CMEHbI KaZipa Ha MOHUTOpPE CKaHepa.

3.17 ycunenue, gb (gain): Boipaxxaemoe B aeumbenax OTHOLLUEHUE BbIXOAHOFO CUrHama CUCTEMbl,
OBObIYHO YCUNUTENBHOM, K BXOAHOMY.
[CM. M3K 61391-1]

MfpuMeyaHune — 3TO OTHOLIEHUE NMPUMEHUMO TOSIBKO B CIlydae NOCTOSAHHON U M3BECTHOM MOLLHOCTM aKycTu-
4ECKOMW CUCTEMBI.

3.18 rmob6anbHbIN AMHaAMn4YecKkuin auanasoH (global dynamic range): OTHOLIEHME MakCMManbHOW U
MUHUMArILHOW aMMUTYZ 9XOCUrHAmNoB, KOTOpble MOXET 0bpaboTarb ckaHep 6e3 UCKaXXEHUIN BbIXOAHOTO CUr-
Hana, BKIio4Yasi BO3MOXHOCTb PEryNMpPOBaHUA OPraHOB ynpaBreHus.

3.19 unso6paxeHue Ha rapmoHukax (harmonic imaging): MeTtoa Busyanusauum, npu KOTOPOM ynbTpa-
3BYK M3My4aloT HA OCHOBHOM 4acToTe, a MPMHUMAIOT HA €€ raPMOHUYECKUX COCTaBMNSAIOLLMX.

NMpumeuyaHue — [apMOHUKU O0Gpa3yloTcs B cpefie pacnpoCTpaHEHUs MU NPU HENMUHERHBIX oTpadkeHUsaX. Cur-
Hanbl rapMOHUWK 06pasytoT u3obpaxeHue Unu ero YacTb.

3.20 nokanbHbIN AMHAMUYECKUMIA anana3oH, ab (local dynamic range): 20lg OTHOLLUEHUA MUHUMANb-
HOM aMNAUTYAbl 9XOCUrHana, KOTOPbI COOTBETCTBYET MAKCUMAasbHOMY YPOBHIO CEPOA LIKanbl B OUMpoBaH-
HOM M300paXkeHUM, K IXOCUTHaNMY, KOTOPbI COOTBETCTBYET CAMOMY HM3KOMY YPOBHIO CEPOTO B TOM XK€ MecTe
9KpaHa MOHMTOPA M NPU TEX e YCTAaHOBKaX CKaHepa.

MpuMmeyaHusa

1 [Ons 8-6UTOBOIN NamsTU M3obpaxeHNss MakcMMarbHbI YPOBEHb cepoii Lkanbl UudgpoBoro nsobpaxeHus dyaet
paBeH 255.

2 B HeKoTOpbIX AOKYMEHTaxX Nof, NoKanbHbIM AMHaMUYeCKUM AUana3oHOM Mo pasyMeBaloT uanasoH aXocurHa-
noB, TpebyeMblii ANst U3MEHEHUS APKOCTM OT €fiBa pas3nMynuMoii 40 MakcMmarnsHoi B JaHHOM MecTte [cM. MOK 60601-1].
OpHako onpegeneHue, nNpmBegeHHoe B HACTOSILLEM CTaHAapTe, Nydlle NOAXOAMT AN OLEHKW oLudpoBaHHbIX n3obpaxe-
HWIA, YeM JaHHbIX, MONYYEHHbIX BU3yanibHO MO aKpaHy MOHUTopa. TEpMUH «NoKa3biBaeMbli Ha IKpaHe ANHAMUYECKUI
ANana3oH» 3KBUBANEHTEH TEPMUHY «NOKaNbHbIA AMHAMWUYECKUN ANaNa30H» TOIbKO B CMbICTIe 3HAYEHWiA, UHANLIMPY-
€MBbIX Ha MOHUTOpe.

3
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3 Ha aTy BenuuuHy okasbiBaeT BnusiHWe (byHKUUS NepeAadn cepoii LuKarbl, CBs3aHHas ¢ U3obpaxeHueM axo-
CUrHaroB.

3.21 makcumanbHag riyouHa sonaupoBaHmAa, M (maximum depth of penetration): MakcumansHoe
paccTosiHMe B TKAHEUMUTUPYIOLLEM (paHTOME C KaKUMU-NMOO OroBOPEHHbIMM napameTpamu, AN KOTOPoro
OTHOLLUEHME OLMPOBAHHLIX AAHHbLIX M300paXxeHus paccemBarenen B B-pexume k oumPpPOBaHHbLIM [ AHHbIM
n300pakeHUst B 3TOM ke peXxmme, COOTBETCTBYIOLLETO LUyMaM 9MEKTPOHHOTO NPOUCXOXAEHUSR, pasHO 1.4.

MpumeyaHue — UsobpaxeHnsi haHTOMa U LUYMOB JOMKHEI ObITE NOMyYeHbl MPU OAHUX U TEX Xe yCTaHoBKax
CKaHepa.

3.22 ycnosusa pa6otbi (operating condition): Kakoii-nmbo oguH n3 BO3MOXHbIX HAGOPOB perynupoBok
ckaHepa npu ero pabore B AMCKPETHOM UM KOMOMHUPOBAHHOM PEXUME.

3.23 pexum pa6otbl (AuckpeTHbIN) [operating mode — (discrete)]: OauH u3 pexxmos paboThbl cucTe-
Mbl, NPU KOTOPOM YIbTPa3BYKOBOW Npeobpa3oBaresib N rpynny aneMeHTOB YNLTPa3ByKOBOro npeobpasosa-
Tensa Bo30yXaaloT AnA peanu3auum TONbKO OAHOFO METOAAa BU3yanu3auun.

[CMm. MOK 62127-1]

MpuMevyaHune — MpuMepaMu AUCKPETHLIX peXUMoB paboTbl aenaTca: A-pexum (A), M-pexum (M), cta-
TUYecKoe ckaHupoBaHue B B-pexxunme (sB); ckaHuposaHue B B-pexume B peanbHOM BpeMeHHu (B); HenpepbiBHO-BONHOBOA
gonnep (cwD);, umnynecHei gonnep (D), ctatuyeckoe kapTupoBaHue KpoBoToka (sD); kapTupoBaHue KpoBOTOKa B peanb-
HOM BpeMeHH (rD), 06bIMHO ncnonb3ylowwue TONBLKO OA4MH TUN aKyCTUYECKMX UMNYNBLCOB Ha 3ajaHHoi rMmy6uHe.

3.24 pexum pab6oTbl (KOMOMHUPOBaHHbBIN) [operating mode — (combined)]: Kakas-nu6o kombuHa-
LSt AUCKPETHbIX PEXUMOB paboThl.

[Cm. M3K 62127-1]

3.25 npgeanbHbIN NNOCKUIA (3epKanbHbIW) oTpaxarens (perfect planar (or specular) reflector): Mo-
BEPXHOCTb C KOAPDULMEHTOM OTPaXKEHUSA, paBHbIM 1,0, pasmepbl KOTOPON CyLeCTBEHHO O0nblLUe LUMPUHBI
yNbETPa3BYKOBOIO My4ka B MECTE HAXOXAEHUS OTpaKaTens.

MpumeyvaHus
1 KoadhhuLumMeHT oTpaxeHus (No AaBreHuio) NOBEpXHOCTU pasfena BoAa-Bo3ayx paBeH 0,9994 (BblumucneH u3

Zgopa = 1480000 kr M2 ¢ Z, 0 = 413 kr w2 c7),

2 Ha NpaKkTuke nsMepeHna MOXHO NPoBOAUTL C pa3fmIM4HbIMU MULLEHAMN. nx OTpaxaresibHYto cnocobHocTb onpe-
AEeNAT CpaBHEHUEM C naearnbHbIM OTpaXKaTenem.

3.26 dpanToM (phantom): Obvem matepuana, obnagaroLimi TEMU XKe CBOMCTBAMMU, YTO M TKaHb TakUX
XE pa3MepoB, C COOTBETCTBYIOLMMI NapamMmeTpamiu NOTrMOLLEHUS U PACCESIHUA YNLTPA3BYKa, U UCMONb3YEMbIi
AN O3UMETPUM UMK OLIEHKU Ka4vecTBa U300paxkeHns Npu ynsTPa3ByKOBOW AMArHOCTUKE (CM. TKAHEUMUTU-
pyrowmin aHToMm).

[Cm. M3K 60050-881]

3.27 axo-uMmnynbCHbIA MeToA (pulse-echo technique): Metoa cbopa nHcgopmauum ¢ onpeaeneHHon
obnactu nyteMm ee 06ny4eHnst UMNYsIbCHbIMM YILTPAa3BYKOBbIMM MyYKaMu, MpMeMa u oTodpaxeHusi 9XoCurHa-
0B OT pacceuBaTtenen unu oTpaxkaTenen.

3.28 koadhduumneHT oTpaxeHus (3sykosoro gasnenus) (reflection coefficient (sound pressure)): Ot-
HOLLEHME aMNIUTYA OTPaXKEHHOW 1 NajaloLLei NOCKOI BOSHLI NPU €€ NaAeHUU NEPNEHANKYNAPHO K rpaHuLe
pasgena aByx cpeg.

3.29 nuHuA ckaHupoBaHuA (scan line): CM. NIMHUA aKyCTUYECKOro CKAaHUPOBaHUA.

3.30 nnockocTb CkaHMpoBaHUA (scan plane): MNnockoCTbL Nony4aemoro n3odpaxeHus, coaepxawuas
JIMHUM aKyCTUYECKOro CKaHUPOBAHUA.

3.31 06bem ckaHnpoBaHua (scan volume): O6GbeM, C KOTOPOTO NOMy4aIOT 3XOCUTHanNbI Ans GopMupo-
BaHUA TPEXMEPHOTo U300paxeHus.

3.32 yyBCcTBUTENBLHOCTb (Sensitivity): MMHUManNbHbIA KOIMAMULIMEHT OTPaXKEHUSA NNOCKOro oTpaxare-
na B BOAE, OPUEHTUPOBAHHOTO Tak, YTOObI NONYYUTH MAKCUMarbHbIA OTPAXEHHLI CUrHaN, COOTBETCTBYOLLUN
NOPory n3oopaxeHuns.

NMpumevyaHune — BHacToAWeM CTaHgapTe ANS OLIEHKU YyBCTBUTENBHOCTM UCMONb3YIOT MakCUManbHyto rmy6u-
HY 30HAUPOBAHUA NpY BU3yannsaLumn 3XOCUrHaNOB OT MaTepuana cdaHToMa.

3.33 ypenbHbiit ko3dduumenT 3atyxanua, oAb M~ MINy~! (specific attenuation coefficient): Haknou
rpaduyeckon 3aBUCMMOCTU KOIpULUMEHTA 3aTyXaHUsI OT YaCTOTbl.
4
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3.34 cnexkn-cTpyktypa (speckle pattern): MNsaTHucroe msobpakeHue, BblI3BaHHOE WHTEpdEepeHUunen
CUrHaNOB, OTPAXEHHbIX PACCENBAIOLLMMMN LIEHTPAMU B TEME UM TKAHEUMUTUPYIOLEM MaTepuarne.

[CM. MOK 61391-1]

3.35 cTatuctuuecku HesaBUCUMbIE U3obpaxeHus (statistically independent images): MN3o6paxeHus,
dhopMUpyeMble OT MAOCKOCTEN UMW HaMpaBneHuin TakuM 06pa3omM, YTOOLI HOPMUPOBAHHASA B3aUMHas Koppe-
NAUMSA CNEKN-CTPYKTYP BbIOPAHHON 00nacTu, NpeaLlecTByOWas nX ymeHbLLeHno, Obina mexbLue 0,2,

MpumedaHune — CTaTUCTUYECKN HE3aBUCUMbIE M30GpaXeHNsi NOMyYatoT Ha daHToMe, cogepxalleM crydvait-
HO pacnpefeneHHble pacceuBaTeny, Npy NepeMeLLeHM NIOCKOCTU CKAHUPOBAaHUS, YNETPa3BYKOBOrO NyYka W T. M. Tak,
YTOGEI UBMEHEHUA CNEKN-CTPYKTYPbI CyLLECTBEHHO YMEHBLIUNN UX Koppensuuio. BaauMHas koppensuus MeHblue 0,2
HeoGxog4MMa ANs BbINOMHEHNUS HE3aBUCUMbIX UBMEPEHUI, paccMaTpUBaEMbIX B HACTOSILLIEM CTaHAapTe.

3.36 TecT-06beKT (test object): YCTponcTBO, copepxailee OAHY WMIIM HECKONbKO rpynn 06bEKTOB
3aJaHHO KOHUrypaumu, BHeAPEHHbIX B TKAHEMMUTUPYIOLWUA MaTepuasn unu Apyrytlo cpeay (CM. Takke
paHTOM, TKAHEMMUTUPYOW U (PAHTOM).

[Cm. MOK 61391-1]

3.37 TkaHeumuTUpPYIOWUIA MaTepuan (tissue-mimicking material): Martepuan, 4ns KOTOPOro CKOPOCTb
pacnpocTpaHeHusi (CKOPOCTb 3BYKA), XapakTEPUCTUKU OTPAKEHUS, PACCESHUSA U 3aTyXaHWUs 3KBUBANEHTHbI
XapakTepucTukam MArkMx TKaHen B AuanasoHe ynbTpa3BykoBbix yactoTt ot 0,5 go 15 Mru.

3.38 TkaHeumuTupyrowun panTom (tissue-mimicking phantom): O6bekT, cogepalumin TKAHeMMUTU-
pyrowuin MaTepuann.

4 O6wme TpedboBaHUA

MpeaocTaensaemMble U3rOTOBUTENIEM TEXHUYECKUE AaHHble JOSDKHbl oBecneynBaTb BO3MOMXHOCTb MX
CpaBHeHWs1 ¢ pesynbraTtamu, MOry4eHHbIMU MPU UCMbITAHUSAX, PErnaMeHTUPOBAHHbLIX B HACTOSILLEM CTaH-
Japre.

5 YcnoBusa okpyxarouien cpegbl

Bce ucnbiTaHns HeobxoarMO NPOBOAUTL NPK CREAYIOLLMX YCIOBUAX OKPYXKAIOLLIEN Cpeabi:

= TEMIEPATYPA. o o v v it e e (23 +£3) °C;
- OTHOCUTENMBHAA BMAKHOCTD. & o v v e it et ee et oT 45 % no 75 %;
- aTMOCHIEPHOE JABMEHMUE. . . . o v i it et i et e e e e oT 86 no 106 klMa.

M3BECTHO, YTO TaKMe XapaKTepUCTUKN YNbTPa3ByKOBbIX ()aHTOMOB, KaK CKOPOCTL 3ByKa M k03(hduLim-
EHT 3aTyXaHusl, U3MEHSOTCA C TeMNepaTtypoii. s Toro YTo6bl OLEHUTL, COOTBETCTBYIOT NN YKa3aHHbIE BbiLLE
YCMOBUSI OKPY>KalOLLEN Cpefbl aKyCTUMECKUM XapakTepucTMKam, Creayer BOCMOMb30BaTbCA MHOpMaLmei
PUpPMBbI-U3roToBUTENS (haHTOMA. ECM TaKoro COOTBETCTBUSA HET, TO YCIIOBMSI OKPY)KAIOLLIEN Cpefibl CrieayeT
M3MEHMUTb N0A UCMOMb3YEMbIi TECT-06HLEKT UK (PaHTOM.

6 Tpebyemoe obopyaoBaHue u aaHHbIE

6.1 OO6wuMe nonoxeHus

M3noxeHHbIe B HACTOSALLEM CTaHAapTe NPoUeaypbl NPOBEAEHNUS UCTILITAHUIA CReAyeT BbINOMHSATL C Mo-
MOLLIbI0 TKAHEMMUTUPYIOWKUX haHTOMOB 1 SMEKTPOHHOTO UCMLITATENBHOIO 060PYA0BaHUSA C UCMONL30BAHK-
€M [aHHbIX OLUMEPOBAHHOTO M30GPaKEHUS, MOMYYEHHBIX C UCMLITYEMOTO YNLTPA3BYKOBOIO CKaHepa.

6.2 ®aHTOMBI

6.2.1 Tpe6oBaHusa k haHTOMaMm

[nsa BbINOMHEHUA W3MEPEHUN B COOTBETCTBUM C HACTOALLMM CTAHAAPTOM HEOOXOAMM YNbLTPa3BYKOBOM
danTOoM. [na onpegeneHuss MakcumanbHON rMy6uHbl 30HAMpoBaHUA Tpebyercsa daHToM, coaepXaLLmi
GOonbLUYK OAHOPOAHYI 00MacTb LUMPUHON, COOTBETCTBYIOLEN HEe MeHee YeM 1/3 LwmpuHbl M306paXkaemMoro
NpOCTPaHCTBa, ecnu rnybnHa 30HAMPOBaHWSA YCTAHOBMEHA Ha 20 CM UNu Ha MakcuMarnbHOe 3HaYEeHUE, MEHb-
wee 20 cM. AKyCTUYeCcKne CBOMCTBA Takoro ¢haHToMa ykasaHbl B 6.2.2.

McnbiTatensHoe 06opyaoBaHMe AnA U3MEPEHUI NOKaNbHOr0 AMHAMMUYeCKOro aAuana3oHa paccMmo-
TpeHo B 6.3. OgHaKo Nonb30oBaTeNb MOXET, €CNU HE USMEPUTb, TO OLIEHUTL FIOKarbHbIA AUHAMUYECKUIA Ou-
anasoH. XapakTepucTuku paHTOMOB, KOTOPbIE MOXHO UCMOMBL30BaTb ANSA TaKOW OLeHKM, NpuBeAeHbI B 6.2.3.
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6.2.2 ®aHTOM Ans U3MepeHUs MakCMMaribHOW rny6uHbI 30HAUPOBaHUA

MakcumanbHyH0 riyouHy 30HAUPOBAHUA ONPEAENAOT Kak MakCUMarbHbIl AnanasoH, B KOTOPOM 3X0-
CUrHarsbl OT cambix crnabbix pacceuBareneit B paHTOME C ONpPeAeneHHbIMU XapakTepucTukamm MoryTt BbiTb
BbISIBMEHbI MPY 324aHHOM NPEBbILLEHNN LUYMOBOTO POHA, Kak 9T0 YyCTaHOBNEHO B [1]—[8]. ®aHTOM ans uame-
pPEHMSA MaKCUMAanbHOW IMyOuHbI 30HOUPOBAHUA MOKa3aH Ha pucyHke A.1 npunoxenusa A. CyLLUeCTBEHHO
YyacTblo Takoro paHToMa ABNAETCS OMOK M3 TKAHEUMUTUPYHOLWEro Marepuara ¢ pOHOBLIM PacCesHUEM,
YBESIMUYMBAIOLLMM 9XOCUTrHasbl. TKAHEMMUTUPYIOWMIA MaTepuan AOMKEH UMETb creaylolume XapakTepuc-
TUKU:

- CKOpOCTb 3ByKa — (1540 * 15) mc~! Ha 3 MIy;

- nnotHocTs — (1,00 % 0,03) rem3;

- yOenbHblit koaduumeHT 3aTtyxanus — (0,7 + 0,05) ab cm~! MIy~! B yactotHOM gnanasone or
1480 15 MINy;

- Ko3adp¢puLMeHT o6paTHOro paccesanua — (3 - 10~ - cm~! cp~) £ 3 oB Ha 3 MI'L; ¢ YaCTOTHOI 3aBu-
cuMocTblo B BUae 7, rae 2 < n < 4 Ha vyacrorax ot 1 go 15 Mry. 3HaveHue koadppuumeHTa 06paTHOrO pac-
ceaHua B paHTOMeE crneayeT ykasbiBaTb COBMECTHO C pesynbTrataMn UCNbLITAHUIA, NPOBEAEHHBbIX C MNOMOLLLIO
¢hanToMa, B BUAE PYHKLUMMU OT YaCTOTbI;

- pasmepsbl: [ina npoBepku rmyOuHbl 0630pa Ha YacToTax Hmwke 5 My cpanTom gomkeH obecneumBarb
OAHOPOAHOCTL pacCcesiHUsA U 3aTyxaHus Ha rmybuHax no MeHbLuen Mepe Ao 20 cm. Pasamepbl 0AHOPOAHOTO
mMartepuana B NonepeYvHbIX Myyky HanpaBneHusIX (BAOMNb LUMPUHBI U TOMLLMHBI MYy4Ka) A0IDKHbI ObITb HE MEHEe
6 CM Ha pacCTOsHMKU, COOTBETCTBYIOLLEM MAKCMMArbHOM rIyouHe 30HAMPOBAaHUSA UCMbLITYEMbIX CKaHepa
n npeobpasosartend. [Ana ucnbiTaHWin CUCTEM TPEXMEPHON BU3yanu3auum MoryT norpeboBarbca u 66nbLume
nonepeyHble pasmepsl OAHOPOAHON obnacTu.

Mogxoasawmmu And U3MEPEHUS] MAKCUMaNbHOW yOMHBLI 30HAUPOBAHMA MOTYT ObiTb (PAHTOMBI
Ha OCHOBE BOAHbIX renen ¢ MWKpPOCKONMM4Y€CKUMU HEOOAHOPOAHOCTAMU, PABHOMEPHO pacnpeaeneHHbiMu no
o6bemy Tak, 4ToObl 06ecnevnTb Tpebyemblii ypoBeHb 3aTyxaHus [9]—[14]. Takme haHTOMBbI AOMMKHbI TaKke
coaepxaTb TBepAble YacTULbl, TaKUe, HaNnpUMep, Kak CTeKMNsIHHbIE LIAPUKKU (CO CKBO3HbIM OTBEPCTUEM) Auna-
MeTpom 40 MKM, KOTOPbIE Aat0T CUrHanbl 06paTHOro paccesiHusl KOHTponupyemon amnutyabl [14], [15]. MHo-
rue usrotosutenu [Hanpumep, ATS Labs, Bridgeport, CT, USA (www.atslabs.com), CIPS, Norfolk, VA, USA
(www.cirsinc.com), Gammex/RMI, Middleton, WI, USA (www.gammex.com)] Nnpon3soaaT TKAHEUMUTUPYIO-
wue matepuanbl U (hbaHTOMbI, COOTBETCTBYIOLLME STUM TpeBoBaHUAM.

6.2.3 PaHTOMbI AN OLEHKU NIOKanbHOro AMHAMMYEeCKOro AManasoHa

OUEeHKy NnokKanbHOro AMHaAMU4YeCcKOro AuanasoHa MOXHO BbIMOMHUTL AOCTAaTOMHO NPOCTO B KAMHK-
YECKMX YCMOBUAX MPU CKaHWPOBaHWM thaHTOMA, CoaepXalLero chepuyeckme unu uunuHapudeckue oobexk-
Tbl, K0O3thpMLUUEHTbI 0GpaTHOro paccesHUA KOTOPLIX OTNUYAIOTCA OT OCHOBHOTO Marepuana Ha U3BecTHoe
3HayeHue [16]. B HEKOTOPbIX KOMMEPYECKU AOCTYNHbLIX (haHTOMaX KO3 PULMEHTLI OOPaTHOro pacceaHun
3TuX 06BLEKTOB BapbupyloTcsa B AnanasoHe A0 24 ob (Ha 15 ab 6onblue, YeM y OCHOBHOIO mMaTepuana, u Ha
9 Ab meHbLUe).

6.3 McnbiTatenbHoe oGopyaoBaHue A U3MEPEHUS NIOKaNbLHOro AUHaAMMYECKOro ananasoHa

Hanbonee yaobHbIM METOAOM U3MEPEHUS FIOKaNbHOrO AMHAMUYECKOro AuanasoHa sBnseTcs nps-
Moe obnyyeHne npeobpasoBartens UCMbITYEMOWM CUCTEMbI BHELLHUM aKyCTUYECKAM CUTHANOM, amniuTyay um-
nynbCOB KOTOPOro MOXHO perynupoBaTb 4OCTATOMHO TOYHO, KaK 9T0 nokasaHo B [17]—[20]. Mpumep cxemsbl
TaKOW YCTaHOBKM NpuBEAEH Ha pucyHke 1. Ona uamMepeHuit Heobxoanum reHepaTop CUHYCOUAANbHbLIX CUTHAMNOB
(Hanpumep, moaenu 33220A dupmbl Agilent Technologies, Santa Clara, CA, USA), pabotatowuin B guanaso-
He 4aCTOT, COOTBETCTBYIOLLEM UCTbITYEeMOMY cKaHepy. [ns uanyvyeHus akyCTUYECKOro curHana Mcrosb3yor
npeobpasosaresnb (M3nyyaTenb) C NAOCKUM OAUHOYHbIM aKTUBHLIM 3MEMEHTOM, aKyCTU4eCKU NMpucoeanHse-
MbIii K npecBpasoBartento ckaHepa. [uameTp uanydarens AomkeH ObiTb MeHbLUe 1/3 anepTypbl Nnpeobpaso-
BaTensa ckaHepa. [nsa onpeaeneHus 3aBUCMMOCTU MOLLHOCTU U3nydaTens OT HanpsKeHUsA ero Bo3byxaeHus
PEKOMEHAYETCH NPOBECTU CrieunarnbHbie UCMbITaHKUS, UCNOMNb3YsA, HAaNPUMEp, METOAbI, PErnamMeHTUPyEMbIE B
MO3K 61161. N3ny4yatenb BO30y>aaloT CUHYCOMAAmNbHLIM CUTHANOM OT reHeparopa. AKycTuyeckast MOLHOCTb
npeobpasosaTesisi 4okHa ObITb NPONOPLMOHANbHA KBaapaTy HanpskeHuss BO3OYXAEeHUs (C OTKINOHEHWEM
Ha bonee 2 aB) npu ypoBHAX U3ry4aeMOoro UM CUrHana, COOTBETCTBYIOLLUMX JIOKaribHOMY AWHAMUYECKOMY
AWanasoHy UCMbITYEMOro CkaHepa.
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1 — nsobpaxeHne curHana B B-pexume; 2 — ynsrpasByKoBol ckaHep; 3 — reHepaTop CUrHanoB; 4 — aTTeHtoaTop; 5 — AaTuunk ckaHepa;
6 — nanyyarteno

PucyHok 1 — Cxema YCTaHOBKWN ANA USMEPEHUA NOKanbHOro AMHaMn4eCcKoro guanasoHa ¢ UCNoNnb3oBaHuem
BHELUHEero akyCTu4eCcKoro curHana

Mexay reHepaTopoM W u3nyyartenem NOAKMIOYAIOT BHELWHWIA SNEKTPUYECKUi atTeHioarop. OaHaKo He-
KOTOpbIE reHepaTopbl UMEIOT BCTPOEHHDIN aTTeHIoaTop. PekomeHayeTes, YTo0bl AMHAMUYEeCKUi AManasoH ar-
TeHtoatopa 6bin He meHee 100 ab B yacTtoTHOM AnanasoHe ot 1 go 15 My,

MoxxeT 6bITb CMONb30BaHa U Apyras yCTaHOBKa CO crneuuanbHO pa3paboTaHHbIM reHepaTopoM TOHarb-
HbIX UMNYNbCOB [17] (pUCYHOK 2). B 9TOIM yCTaHOBKE KaXXabIli akyCTUYECKUIA UMNYMbLC, U3ryvyaeMblii npeob-
pa3osarenem (4aT4MKoM) CkaHepa, NPUHMMAIOT APYrMM npeobpasoBarTenem, HaxXoAsALMMCS B aKyCTUMECKOM
KOHTaKTe C 4aTYUKOM, a SMEKTPUUYECKMI CUTHan C 3TOro AOMOMHUTENLHOTO NpeodbpasoBarens NoAAlOT HA reHe-
paTop TOHanbHbLIX UMNYNbLCOB. FeHepaTop BbIAAET OAMH UIU HECKOSbKO SMEKTPUYECKMX UMMNYTIbCOB C 3aAepX-
KOW BO BPEMEHW, YCTAHABNMBAEMOM NONb30BaTeNieM U 3aBUCALLEN OT pa3mepa 0630pHOro nonsi CkaHepa,
3Ha4YeHnA KOTOPOW, kak npasuno, coctaensalotr ot 10 4o 100 MKC. DnekTpuyeckue UMNyNbCbl NOCTYNAKOT Ha
AononHUTeNbHLIN Npeobpa3oBarerb, KOTOPLIA U NepeaeT ceputo akyCTMYECKUX UMMYIbCOB nNpeobpasosare-
nio (aaT4mky) ckaHnepa. Mocne 06paboTku curHana u n3obpakeHus! B ynbTPa3ByKOBOM CKaHEpPE 3TWU UMMYNbChbI
NpeacTaBnsAIoT Ha 3KpaHe MOHUTOpPA B BUAE 3XOCUTHanNoOB B B-pexiiMe u 3anucbiBaloT B NnamsiTb CkaHepa.
MonoxeHne 9xX0CMrHanoB Ha JKpaHe 3aBUCUT OT BPEMEHU 3aJ€PXKKU CEPUM UMIMYMNbLCOB B FEHepaTrope u ot
nnowaau aneptypel npeobpasoBarensi ckaHepa, HaxoAsLelcs B KOHTaKTe C JAOMNONHUTENbHLIM Npeobpaso-
Batenem. [ljnana3oH U3MEHeHUs YPOBHS BbIXOAHOIO CUrHamna reHeparopa AOIDKEH MpeBbILLAaTh SIOKarNbHbIA
AWUHAMUYECKUI Anana3oH UCTbITYEMOro CkaHepa.

TpeTbuM BO3MOXHBIM METOAOM U3MEPEHUS FIOKANIbHOI0 AMHAMMYECKOro Auana3oHa SBnsercs Bo3-
AeNCTBUE TECTOBOrO CUrHana HENOCPEACTBEHHO HA UCTILITYEMbIN CckaHep. B aTom cnyyae anekTpuyeckue cur-
Hanbl C M3BECTHLIMU aMNAUTYAON, YACTOTON U ANUTENLHOCTLIO NOCTYNAIOT B YCUNUTENbLHYIO CUCTEMY, MUHYA
npeobpa3soBarens. B cucremy MOXHO noaarb UMUTUPYIOLLUE 3XOCUTHATbI, aMITIUTYAbI KOTOPLIX PErynupyior
C BbICOKOI TOYHOCTbIO, @ 3aTéM U3MEPUTb OTKIMK CKaHepa Ha U3MEHEeHUs aMnnUuTyAbl. STOT METOA LUMPOKO
MCNOMb3YIOT ANA UCNBITAHUI CKaHEepPOB C OIHOANEMEHTHbIMU npeobpasoBarensimu [18]—[20]. MpumeHum oH
1 ANS UCMbITAHWI CKAHEPOB C AaTYMKaMu B BUAE ANEKTPOHHbLIX peLueTok. CM. Taoke 7.2.3 HaCTOALEro CTaH-
dapra.
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1 — usobpaxeHue curHana B B-pexume; 2 — yneTpasBykoBoif ckaHep; 3 — aTTeHoaTop; 4 — 3ajepxKka UMNYNLCoB; 5 — reHepaTop
TOHaIbHbIX UMMYNBCOB; 6 — U3nyyaTenb; 7 — JaT4uK ckaHepa

PucyHok 2 — Cxema yCTaHOBKU 719 U3MEePEHMs NoKanbHOro AMHaMUYECKOoro juanasoHa ¢ UCMoNb30BaHNEM
reHepatopa ToHankHbIX UMNYITECOB

6.4 JaHHble ounppoBaHHOIO N300pPaAXKEHUA

M3noxeHHble B HACTOSILLEM CTaHAApTe KpUTEPUM UCNbITAHUA NPUMEHUMBI K JaHHbIM OUMPOBAHHOIO
n306paXeHns1, NonyvyaemelM U3 UCMLITYEMOTO ckaHepa. Bo Bcex crnyvasix A0MKHbI ObiTb AOCTYNHLIMKY 3HaYe-
HUS YPOBHEW APKOCTK (CEepoil LLKanbl) BO BCEX MPOCTPAHCTBEHHbIX TOYKax u3obpaxeHus. [aHHble usobpa-
XXEeHUs NPeACcTaBnAlT 00bIYHO B BUAE MaTPULbl, COCTOALWEN M3 300 x 300 nukcenel ¢ paspeLueHnem cepoit
wKanbl He MeHee 8 Gut (Bcero 256 ypoBHelt).

CkaHepbl, COOTBETCTBYIOLLME HACTOSALLEMY CTAHAAPTY, MOTYT ObiTh CrPyNNMPOBaHbl B 3aBUCUMOCTU OT
MCTOYHMKA JAaHHbIX OLMAPOBAHHOIO n3obpakeHus. MNepeas rpynna BKNOYaeT CUCTEMbI, 4118 KOTOPLIX AAHHbIE
OLMPOBAHHOrO N30BPAKEHMSI NONYYAIOT HENOCPECTBEHHO U3 CKaHepa UnKu cxembl HOPMUPOBaAHUA U300pa-
XeHus. [ina aTou rpynnel CkaHepoB AaHHbIe OLMGPOBaHHOTO U306paxeHuns 6epyT U3 creayoLmX MCTOMHUKOB:

M3o6paxeHus co ckaHepa npeactaensitot B hopmate DICOM (Digital Imaging and Communications in
Medicine) [21]. [aHHbIe B 3TOM ¢popMaTe npumeHnMbl Ans GonbLUMHCTBA ckaHepoB. MporpamMHoe obecne-
YeHune AaeT BO3MOXHOCTb MMNOPTUPOBATbL U OTKPbIBATL M30BpaXkeHWs, NpeAcTaBneHHbIe B 3TOM chopmare.

daiinbl UUdpPoBbIX N300paKEHUA MOTYT ObITb MOMyYeHbl C CAMOro ckaHepa. OTOT METOA LUMPOKO UC-
nonb3yeT OOMbLUMHCTBO U3rOTOBUTENEN ANt BHYTPEHHEro KOHTPOSIS KaYecTBa BbiNyCKaeMbIX UMW CKAHEPOB U
paspaboTku meTogos 06paboTku nsobpaxeHnin. BoaMOXXHOCTU AAHHOTO METOAA YacTo UCMOSb3YIOT B KNUHU-
Kax Ans nepeaaqun NnpoToKkonos ¢ usobpaxeHusmu. Kpome Toro, KOHCTpYKUMei 60NbLUMHCTBA CKaHEpOB npea-
YCMOTPEHa BO3MOXHOCTb COXpaHeHUs hannoeB ¢ n3obpakeHnsiMU Ha oTaernbHbIX HocuTensx: USB-cnaw-
Kaprax, nasepHbIX AMCKax u np.

CucteMbl apxMBMpOBaHUS M300paxeHuin. [ins UCCNEeAoBaHUS U COXPAHEHUS YNLTPa3BYKOBbIX U306pa-
YKEHWUIN MHOTUE ANarHoCTUYECKUe LIEHTPeI Ucnomnb3yioT cuctemy PACS (Picture Archiving and Communication
Systems). Nsrotosutenu cuctem PACS 06blMHO NpesoCcTaBnsaOT cpeactea aAns coopa n3obpaxeHuii B He-
cxaTom chopmarte, Takom, Hanpumep, kak dopmat TIFF (Tagged Image File Format — caiinosbiit chopmar
Tera ans nsobpaxeHun) unn dopmatr DICOM, notpebutensam, KOTOpble UMEKT NPaBo AOCTYNa K AAHHLIM
n300pakeHUA.
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BTopas rpynna ckaHepoB OTHOCUTCA K 6ornee NpoCTbIM YCTPOINCTBAM, M30BPaXKeHUS B KOTOPbIX HE oLud-
poBaHbl, @ NPeACTaBeHbl TOSIbKO CTaHAAPTHLIMKU BuAeocurHanamu. Takue n3obpaxkeHnsi MOXHO COXPaHUTb C
MOMOLLbIO KOMIMbIOTEPA U 3aTEM NPOAHanM3nMpoBaTh. [ns nonyyeHns gaHHbIX OUMGPOBAHHOMO N306paXkeHUs
C Takux CKaHepoB MOXHO WCMONb30BaTb BUAEOMNNATY 3axBara U3obpaxkeHusi. 3axeaTr BMAEOCUrHaNoB A0f-
>eH ObITb BbINOMHEH B TOYHO 3aJaHHbLIX YCNOBUSAX, YTOObI M36exaTb UMM MUHUMU3UPOBATL €r0 UCKAXEHUS.
Ocoboe BHUMaHWE U NPEAOCTOPOXKHOCTb HEOBXOAUMO YIENUTL CREeAYIOLUM YCTIOBUAM:

[nHaMnyeckuit Anana3oH BXOAHOrO CUrHana BuAeonnaThl 3axBarta JOMKEH BbiTb HACTPOEH HA MaKCu-
MarbHYI aMnnTyAy BbIXOLHOMO BUAEOCUIHANA.

PaspeLueHune ouudpoBkM amnnnTyA (3aaaBaemoe B BUAE NUKCENeN Ha pasmep B GUTax) 4OMKHO GbiThb
nydiue, YeM paspeLleHne cepoii LKanbl BbIXOAHOro BugeocurHana (tpebyercs He MeHee 8 6uT unu 256 ypos-
Hel ceporo).

JomkHa GbiTb 06ecneyeHa NMHERHOCTb (OYHKLUK NpeobpasoBaHms.

MpocTpaHCTBEHHOE paspelueHne (3agaBaemoe B Buae pasmepa nukcenei) oundpoBaHHoro nsobpaxe-
HUSI BOIDKHO ObITh NyYLle, YeM NIOTHOCTb BUAEONMHUI B OPUTMHATIBHOM U30GPaXKeHUN.

YacToTa BBOAA KaapoB BuAeonnatel 06paboTku uzobpaxkeHns AomkHa BbiTh AOCTATOMHO GOMbLLLOW,
4yT06bI 06Ecne4nBaTh cOOp AaHHbIX NPU UX BbICTPOM U3MEHEHUM HA BXOAE B CMy4ae HEMpepbiBHOTO M3MeHe-
Hus nons o63opa. Cneayer yuuTbiBaTh PasHULY MeXay 4acToTaMu CMeHbl KaapOB CKaHUPOBaHWUSA U KaapoB
BMAEOU300paXeHus.

YUTo6bI n36exaTb OTPaXXEeHUIi B IMHUM nepeaayn, kabenb JomkeH ObITb COrMacoBaH no BXoAy U BbIXOAY.

B HekoTOpbIX crnyyasx nporpammHoe obecneveHne ob6paboTku BXOAHbLIX CUTHAMNOB B YNLTPA3BYKOBbIX
CkaHepax AaeT BO3MOXXHOCTb MONb30BATENIO ONpeaensATs 3Ha4eHMs APKOCTM NUKCeNel B BbIGpaHHoi o6nacTtu
(ROl — Region Of Interest). Insi HEKOTOPLIX BUAOB UCMLITAHWIA, B YACTHOCTW NPW ONpPeaerneHun NOKaribHOro
OWHAMUYECKOTO Anana3soHa, Takon MexaHuam yao6eH Ans MOHUTOPUHIa 3HAYEHMI APKOCTU NUKCENEN.

Pesynsratel ounpoBku n3obparkeHns A0MKHbI NPeACTaBNsATb U306paXKeHUe, NOKa3bIBAEMOE Ha MOHU-
TOpe ckaHepa. Takum 06pa3oM, AaHHbIE N30BpaXkeHUsl, NONyYeHHbIE CO CKaHepa, HE JOMMKHbI NoABEPraThCA
Kakow-nmbo aononHuTenbHon o6paboTke 40 NpoBeAeHUs aHanu3a B COOTBETCTBUM ¢ TpeGoBaHUSAAMU HACTO-
ALlero ctaHgapra.

7 MeTtoabl namepeHumn

Pesynsratel uamepenuin 0yayT 3aBuceTb OT npeobpasoBarens, ¢ KOTOpbIM paboTaeT ckaHep, YacToTbl,
YCMOBUI U pexuma ero paboTbl.

3T ycnoBusa JOMKHbI ObITh YKa3aHbl NPU UCTLITAHUSX CKAHEepPa B COOTBETCTBUM C HACTOSILLUUM CTaH-
Japtom u ctaHgaptom M3K 61391-1. MNpu 3T0M MakCUManbHYIO rMyGUHY 30HAMPOBAHUA PEKOMEHAYETCSH
U3MEPATb HA KaXKA0W YacToTe.

7.1 YyBCTBUTENBLHOCTL CUCTEMbI (CKAHEpaA): MaKCUMaribHasA rIyouHa 30HAMPOBaHUA

7.1.1 YcTaHOBKM CUCTEMbI CKAHUPOBAHUA

[na onpeaeneHus MakCUManbHOW MYOMHbI 30HAVMPOBAHUA OpraHbl yNpaBneHUs! YyBCTBUTENbLHO-
CTbIO CUCTEMBbI A0SDKHbI ObITb YCTAHOBMNEHDI TAK, YTOOLI 06ECNeYnTb NPUEM 3XOCUTHANOB C MAKCMMaribHO BO3-
MOXHOMN rnyGuHbl haHTOMA. Takylo perynupoBKy 0ObIMHO BbINOMHSAIOT CneAyoWmum 06pa3som:

a) ycTaHaBnMBAalOT U3ny4aemyto aHepruio (0603HaYEHHYI0, HanpUMep, KaK «BbIXOAHOW CUrHAM», «MOLL-
HOCTb» U AAp.) HA MAKCMManbHOE 3HAYEHUE;

b) ycraHasnuealoT (POKYCHOE PaCcCTOSIHUE U3Ny4aeMOoro Nyyka B NONMOXeHWe, COOTBETCTRYIOLLEE Npea-
nonaraemof rnybuHe 30HQMPOBaHWA UK Aarblue;

C) ypOBeHb O6LLUEro YCUNEHNs CUCTEMbI YCTAaHABMUBAIOT AOCTATOMHO BbICOKUM, YTOObI HA 9KpaHE MOHM-
TOopa OblNU BUAHbI CUrHaMbI ANEKTPUIHECKUX LLIYMOB.

Tun o6paboTku curHana BbIbUpaloT TakuM, YToObl Norapudmuyeckoe cxarme U gpyrue OyHKUUK npea-
BapuTenbHOn 06paboTKU BXOAHOrO CUrHana, a Takke yCTaHOBKa NapaMeTpoB M300paxkeHusi, onpeaensemMas
nocneaytowleii 06paboTkoi, GbiNu TUNOBLIMM A1t HOPMAarbHOIO KIMHUYECKOTO UCTONb30BaHMS ckaHepa. Mpu
ucnonb3osaHuu OyHKLUM NpeaBapuUTENbHOW YCTAHOBKM (MO YMOSYaHUIO) B OTYETE MO UCMBLITAHUSAM CrieayeT
yKa3aTb ee napaMeTpsbl, Kak U napameTpbl, NePEYUCTIEHHBIE BbiLLE.

7.1.2 TMony4yeHue u3obpaxeHus

MakcuManbHy0 ryOuMHy 30HOMPOBAHUA ONPEAENSIOT MO 3aBUCUMOCTU OTHOLLEHUS CUrHan/Lym ¢
rmyGuHOI, rae curHan nposiBNSAETCA B NUKCensAx u3obpaxenus. Monyyalor nsodbpaxkeHue haHToMa Ha CkaHe-
pe, HaCTPOMKM KOTOPOro ONTMMMU3UPOBAHbI NO rMybuHe 063opa (pucyHok 3A). Ha akpaHe, kak npaBuno, BUAHbI

9



FOCT P M3K 61391 -2—2012

3X0CUrHasIbl 06paTHOro paccesHns mMaTepuasna, NocTeneHHo 1cyesalolme B aNeKTpuyeckux wymax. Cnegyet
Takxe nonyuntb M3obpaxeHune C AaTumka, He YCTAHOB/IEHHOTO Ha (PaHTOM, MpU TEX Xe camblX yCTaHOBKax
BbIXOAHOM MOLLHOCTW, YCUEHUS U PeXMMOB 06paboTkM curHana. 310 usobpaxeHue 6yfeT MCnosb30BaHO
4Na onpejesieHns 4acTOTHO-3aBUCUMOTO YPOBHS 3/1eKTPUYECKUX LLYMOB AaTtyuka, NPUeMHOro Tpakra v Tpak-
Ta 06paboTkn curHana. Heo6xogMMo NpefnpuHATL Mepbl, YTOGbl MeXaHnyeckas Harpyska Ha gatyvik npu ero
yCTaHOBKe Ha (paHTOM He Bbi3blBasia fOMNO/HUTE/IbHbIX LLYMOB MO CPaBHEHUIO C TeMW, KOrAa AAaTUMK HarpyxeH
Ha BO3f4yX. EC/iM 3TO MmeeT MecTo, TO AaTuuK AO/DKEH U3MyyaTb He B BO3[yX, a Ha Kakylo-TO WUCKYCCTBEHHYIO
Harpysky, Takylo, Hanpumep, Kak rorsoljarnLas pesvHa ¢ akyCTU4eCKUM VMMeAaHCOM, 3KBUBAJIEHTHLIM UM-
nefaHcy aHToma, HO KOTopas He SIBNSETCA 3XOreHHol [0 ry6uH, COOTBETCTBYIOWMUX MaKCUMasibHOM
rnybuHe o63opa B haHTOMe. ITO NPUBEAET K «KUCTUHHOMY» MN306PAXKEHUI0 3/IEKTPUYECKOrO LyMa, Kak 3To
nokasaHo Ha pucyHke 3B.

A B

A — 1306paxeHne OAHOPOAHOI YacTh TKAHEUMUTUPYIOLLEro (haHToMa;
B — 1306paxeHne 3M1IeKTPUYECKMX LLIYMOB MOC/e CHATWS faTumka ¢ dpaHToMa

PucyHok 3

7.1.3 AHanus

M3 gaHHbIX oumthpoBaHHOro n3o06paxeHns gns BbIOpaHHON NpsMOYronbHON o6nactn ROI, npoctupato-
Leicsa ot 6/MKHEro noss 40 KOHUa M306pakeHusl, cocTaBnsAawT maTpuuy a(/, j), rae / CoOoTBETCTBYET HOMEpY
cTonbua, ay— HOMepy CTPOKM B 3TO MaTpuvue. 3aTeM Ha Kaxaoi rnybuHe paccuuTbiBalOT cpefHee 3Haye-
HVe sipkocTu nukceneld A(j). AN CeKTOPHbIX AaTYMKOB B BUAE (DA3MPOBAHHbLIX W KPUBOMMHEWHBIX PELUeTOK
MOXET OKa3aTbCA HeobxoaumbiM Bblbop o6nactn ROl (M maTpuubl) 60/1ee CNOXHON hopMbl, 47151 KOTOPOI
LUMPMHA HEKOTOPbIX CTPOK ByAeT Ha NOPAAOK MEHbLUE LUMPUHBLI CEKTOpa Ha MakcuMasnbHoi rnybuHe. CpefHee
3HaveHve A(j) JO/MKHO ObITb OnpefeneHo no Tpem uam 6osnee He3aBUCKMMbIM M306paXKEeHNAM, MOTYUYEHHbIM
npy yCTaHOBKe AaTtyvka B pas3/iyHble mecTa Ha dhaHTome. MoAo6HbIM e obpa3om crnefdyeT onpefenuTb 3a-
BMCUMOCTb OT r/ly6uHbI CpefiHeli ApKoCcTU (YPOBHA Ceporo) nukcenei A'd Ans usobpaxeHusi, cogepxallero
TOMNBbKO 3/IEKTPUYECKNE LLYMbL.

Tunosble 3aBucumoctn Ag n A'c OT rybuHbI NokasaHbl HAa pUCYHKe 4. VI3 puCyHKa BMOHO, YTO 3Ha4e-
HUsE Agd NOCTENEHHO C POCTOM FyOMHbI CXOAATCA €O 3HauveHusmu A'dd. MNycTb s(j) byaeT YyacTOTHO-3aBUCK-
MbIM CPefHUM YPOBHEM 3XOCUrHasna Ha rnybéuHe j B OTCYTCTBUM 3NEKTpPUYeckux wymoB. [Mpegnonaras, yto
CUTHaT U LUYM He KOPPEeNupOBaHHbl U YTO M306paxeHne B B-pexumme COOTBETCTBYET YPOBHIO 3XOCUIHA/IOB,
MOXHO MokKasaTb, YTO yCpeAHEHHbI no raybuHe curHan nsobpaxeHus gaHToMa coctasnset

A(j) =Js(if+A’(j)2. @
OTctofa oTHoweHune curHan/wym SNRd ansa raybuHblj cocTaBut
SNR(j) -1 O
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Y — ApKoCTb NuKkcenei B ycpeAHEHHOM usobpaxeHum (B rpagaumsax cepoi wkanbl); X — rmy6uHa B paHTomMe, CM

PucyHok 4 — 3aBUCMMOCTb YCpeJHEHHBIX 3HAaYEHMIA OLMPOBAHHOMO U306paXeHUs OT rMyBuHbI
AN n3obpaxeHusa gantoma (A(j)) n nsobpaxenus wymos (A'(j))

myBuHy, Ha KOTOPON OTHOLLEHME CUrHamn/LyM ymeHbLUaeTcs Ao 1, cneayet cyutaTtb MakCMMarnbHOM
ryouHou 3oHaupoBaHua. OHa COOTBETCTBYET OTHOLLEHUIO A()/A’()) = 1,4. B HEKOTOPbIX NPAKTUHMECKUX CIly-
yasx, korga s(j) He NpoNOPLMOHANbLHO YPOBHIO 3XOCUTHANoB, Ans onpeaeneHnsi MakCUManbHOW IMyOuHbI
30HOUPOBAHUA MOXHO NONb30BaTbCA 3Ha4YeHueM A()/A() = 1,4.

PesynsraThl M13MEepeHUin MakCUMasnibHOW MTyOMHBbI 30HOUPOBAHUA MOXHO UCMONL30BaTb NPU CpaB-
HEHWUN XapakTepuCTUK BU3yanu3auuu OAHOTUNHBLIX CKaHepoB, Npu oueHke 3hEKTUBHOCTU NPOBEAEHHON
MOAEPHU3aLMKU U B HEKOTOPBIX Cry4Yasx, Korga HeobxoauMo HalTW NoBpeXaeHHble npeobpasosarenu npu
HEKOTOPOM CHWKEHUMW YYBCTBUTENBHOCTU CUCTEMBI. M3MEPEHNS MAKCUManbHOMU MyOUuHbI 30HAUPOBaHUA
MOJIE3HO BbIMOJHATL HA MPUEMOYHbLIX UCNBITAHUAX CKaHepa, B NPOLECCe PYTUHHOTO KOHTPOJIS €ro XxapaKkrepu-
CTUK MpU SKChnyaTauum, a TaKke Nocne MogepHU3auum annapaTHoro U NporpammHoro obecneyenusn. OgHa-
KO B HEKOTOPbIX Crydasix ysenuyeHnne rnybuHbl 0630pa conpoBOXKAAETCS YMEHbLUEHUEM Pa3peLLeHUs B No-
nepeYyHoOM HanpaBneHWn n3-3a NPEUMYLLECTBEHHOIO 3aTyXaHUA BbICOKOYACTOTHLIX COCTaBMAIOLWMX CUrHanNa B
TKaHAX U/MNK NpU UCMONb30BaHUW B NPUEMHOM TPAKTE YNbTPa3sBYKOBON CUCTEMbI (DUNBTPOB HU3KUX YaCTOT.
WUTak, Makc uMmanbHas riyouHa 30HAMPOBaHUA ABNAETCA TONbKO OAHMM acnekTOM KayecTBa Bu3yanusauum,
Tak Kak OHa He HeceT uHdopmaLum No NPOCTPAHCTBEHHOMY U KOHTPACTHOMY pa3peLLEeHUsiIM Ha paccMaTpuBa-
eMbIX rnybuHax. OnpejeneHne MakCUManbHOW MyOUHbI 30HAUPOBAaHUSA PEKOMEHAYETCA paccMaTpuBaTh
Kak MpoCTOW, HO MOJE3HbIA MEXAHM3M OLEHKM «KHAUMYyYLLEero cny4as» u3obpaxkeHusi, orpaHuMeHUs KOTOPOro
CBs13aHbl TOSIbKO C 3NEKTPUYECKUMU LLYMAMMU.

mybuHa 0630pa HEKOTOPbLIX CUCTEM BU3yanu3auuu, paboTaioLmx, B YaCTHOCTH, Ha Bonee HU3KKX Ya-
cToTax, NPeBbLILLIAET BO3MOXHOCTH G0MbLUIMHCTBA (paHTOMOB. B 3TOM crniyuae B pe3ynbratax UCNbITaHWi oT-
MEYaloT, YTO MakCMMarnbHas rmyouHa 30HAMPOBAHUA NPEBbILLAET pa3Mepsbl (paHToMA.

7.2 JlokanbHbIA AMHAMUYECKUI AUMana3oH

7.2.1 YcTaHOBKM OpraHoOB ynpaBSfieHUA CUCTEM CKaHUPOBaHUA

JlokanbHbIN AMHAMUYECKUWA AMANA30H — 3TO U3MEHEHUA aMNIUTYAbl 3XOCUrHANoB, NPUBOASLLME K
M3MEHEHUIO IPKOCTU M300paXkeHUs OT €AUHNYHOTO 3HAYEHUA OUMAPOBAHHOIO M300paXkeHUs 40 MaKCUMAarb-
HOro, paBHoro 255 npu 8-6UTOBOM aMNAUTYAHOM paspeLUeHUm, NPU HEU3MEHHOM MOTIOXKEHUM oTpaxarenemn u
npy HEM3MEHHOM YCTAHOBKE OPraHoB yNpaBneHusi ckaHepoM. JIokanbHbIA AMHAMUYECKUIA AUana3oH u3Me-
HSIET ONEepaTop C NMOMOLLbIO OPraHOB YNPABNEHUS, TaKUX KaK «NOrapudMmMUeckoe Cxatuey n «npeasapuTenb-
Has 06paboTkay. M3mepsioT napaMeTpbl CUCTEMbI NPU ONPeAENEHHbIX PUKCMPOBAHHBLIX NONOXEHUAX OPraHoB
ynpaeneHus. Cneayer BbIOMpaTb Takne napaMerTpbl YCTaHOBKU, KOTOPbIE SIBNAIOTCA Haubonee oGWuMu npu
KIIMHMYECKOM NPUMEHEHUU CKaHepa. 3TWU NapameTpbl Cneayer 3anucarhb.
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7.2.2 MeTtop usmepeHus

Ona umuTauum 9XOCMrHanoB Ha AaTyuK CkaHepa crnegyeTr nogartb akyCTUYECKME CUrHambl C U3MEHS-
IOLLIENCH U TOYHO YCTAHOBMEHHOW amnnuTyAON, UCMONb30BaB AMA 3TOro NpuKnagbiBaeMblii (MPUCOEANHEH-
HbIN) K AaT4YMKy BCMOMOraTenbHblii npeobpasoBaTerb, Kak 3TO NOKa3aHo Ha pUCyHke 1 unu 2. Yactoty nmm-
TUPYIOLLIMX CUTHanoB pekoMeHAyeTcsl Bbibupartb B npegenax +10 % 4acToTbl akyCTMYECKOro BO3AENCTBUS
(M3K 62127-1) cuctembl, OpraHbl YyNpaBneHUs KOTOPOW YCTAHOBIEHbI B PEXUM U3MEPEHUA JTIOKANIbHOrO
AUHAMUYeCKOro AuanasoHa. B meTtoge, npounnioCTPMPOBAHHOM HA PUCYHKE 1, HEMPEepbIBHbIE CUHYCOM-
AanbHble CUrHarnbl HU3KOW aMnnuUTyabl, N0AaBaEMble HA AATUYUK CKaHepa, U3ny4yaeT NPUCOEANHEHHBIN K HEeMY
JONOnHUTENBLHBIN NpeobpasoBaTens, BO30Yxaaemslii OT reHepaTtopa. B pesynsrarte Ha 3kpaHe MOHMTOpA Cka-
Hepa BO3HUKAIOT NATHA OT CUrHamnoB, UMUTUPYIOLLIMX 9XOCUTHamMbI, SPKOCTb KOTOPbIX U3MEHSIOT C rryOuHOI
B COOTBETCTBMM C YCTAHOBKAMWU YCUNEHUSI MO 30HaM rny6uHbl (TGC — Time Gain Control), nameHeHuamu
YYBCTBUTENLHOCTU AaTynKa M HACTPOMKOW (poKyca aaTymka.

Obnactb 0630pa (ROl — Region of Interest) Bbibupaiot B cepeanHe 0630pHOro nons. ATTeHoarop ycra-
HaBNMBAKOT B MOJIOXEHWE MaKkCUMarnbHOro ocnabneHusi. 3aTem perynupyrlot ycurneHue ckaHepa Takum 00-
pasoM, 4ToObl curHansl B BbIGpaHHON 0BnacTu akpaHa AOCTUINK NOPOroBOro YPOBHSA U300paXKeHus, Npu Ko-
TOPOM UX YK€ HEMNb3S OTNIMYUTL OT OKPY>KAKOLLMX LLYMOB. 3TO M3006paXkeHne perucTpupyoT U COXpaHsaIoT Ans
NOCneayoLLEero aHanuaa. 3aTeM CHWKAOT ypOBEHb OCrabneHus atTeHoaropa Ha 5 ab, 3anucbiBaloT HOBOE
nsobpaxkeHue u T. 4. 3Ty npoueaypy NPoAOMKaT A0 TEX MOP, NOKa APKOCTb NATEH B BbIOPaAHHOW 00nacTu He
OOCTUTHET HaCbILLEHUSA.

B npouecce 06paboTkn crieayeT onpeaensaTb MakCuMarbHble 3HAYEeHUS APKOCTU NUKCEnei B oumdpo-
BaHHOM u306paxkeHnun BoibpaHHO obnactu o63opa (ROI) ansa kaxxaoro s3HaveHnsa ocnabnexus. B nporpamme
nposeaeHus 00paboTkn MOXET ObITb MPEAYCMOTPEHO ONpeaeneHne NUKOBLIX U CPEAHMX 3HAYEHUIN APKOCTH,
a TaKke CTaHAApPTHbIX OTKNOHEHUI OT CpeAHero 3HavyeHus B npeaenax BbibpaHHon obnactn o63opa (ROI).
Mporpamma MOXxeT paboTaTb kak B aBTOHOMHOM PEXUME, Tak U C MOMOLLI CUCTEMBbI 00pabOTKU, BCTPOEH-
HOW B CKaHep, ecnu TakoBas B HEM NpeaycMoTpeHa. 3aTteM nony4aroT rpadnuveckyto 3aBUCUMOCTb 3HAYEHUI
APKOCTU N300PaXKEHUSA OT OTHOCUTENBHOW aMNIUTYAbl CUTHANOB BO3OYXXAEHUS BCMOMOraTensHOro npeoo-
pasoBarens, onpeaensaemoii No yCTaHOBSEHHLIM NMapaMeTpaM arTeHartopa (CM. pucyHok 5). MNocne 3Toro
No YPOBHIO CUrHamna, U3MEHSIIOLLEro APKOCTb U300paXKeHNA OT MakCUMAanbHOTO A0 MUHUMArbHOTO YPOBHEW,
onpeaensioT NnoKanbHbIA AUHAMUYECKUIA AUana3oH.

Y
l JlokanbHbIA AMHaMUYECKUIA I
I |
| AnanasoH |
.5 256 | o
Zc |
;g | ® |
(5}
- | |
88 | ® |
S 128 | |
29 @
a§ } I
T}
g3 1 ® |
=& ) |
™
of ® |
I |
OTHOCUTENbHAs aMnuTyaa uMnynscos, ob X

(no atTeHoaTopy)

PucyHok 5 — 3HauyeHuMs SipKOCTH 0L POBaHHOTO U306paXeHUs B 3aBUCUMOCTM OT NapaMeTpoB aTTeHtoaTopa
npv U3MepPeHUM NOKanbHOro AMHAMUYECKOTO ANana3oHa ¢ NOMOLLbIO BHELLHEro akyCTUYECKOro curHana

Mo)kHO ucnonb3oBaTh YCTAHOBKY, CXEMa KOTOPOI n3obpakeHa Ha pucyHke 2. 3aecb reHepaTop TOHanNb-
HbIX UMMNYNbCOB, CUHXPOHU3MPOBAHHBIN C UMMYNbCaMW U3MYYEHUs] AaTyMKa cKaHepa, 3anycKatT CUrHanom
BCNOMOraTenbLHoro npeobpasosarens, akyCTU4ECKU NPUCOEANHEHHOTO K AaTtynky. COOp, COXPaHEHWEe u aHa-
N3 AaHHbIX NPOBOAAT MO TOW e npoueaype. HekoTopble TUMbl reHepaToOpPOB TOHANbHLIX UMMYNbLCOB [17] 06e-
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cneynBalT 3KCNOHEHUNANbHOE CHUXEHMWE CUrHana nocne 3apaHee yCTaHOB/IEHHOIO BPpeMeEHU 3a4epxXkn. Jta
PYHKUMA MOXeT 6biTb MCMOIb30BaHa ANA onpefesieHns NoKaabHOro AMHAMUYECKOro AManas3oHa HeKoTo-
pbIX OTHOCUTE/IBHO MPOCTbIX CKAHEPOB, €C/MIN U3BECTHA CTEeNeHb 3KCMOHEHLMNA/IbHOIO0 CHUXEHUSA W Anana3oH
rny6uH, Ha KOTOPbIX BUAMMBIE 3XOCUTHAMbI N3MEHSIOTCA OT MaKCUMasbHOro A0 MUHUMa/bHOr0 YpoBHeii [20].
OfHako MHOTMe COBPEeMeHHble CKaHepbl MMEeT npefBapuTesibHy0 ycTaHoBKy TGC, koTopas He MOXeT ObiTb
OTMeHeHa nosnb3oBaTenem. Kpome Toro, pyHKUMM POKYCUPOBKM METOAOM AUHAMUYECKOW anepTypbl MOryT
onpegennTb VHYIO 3aBUCUMOCTb YPOBHA 3XOCUrHana oT rnybuHbl 30HAMpoBaHusA. Moatomy AN 60MblIMHCTBA
YyNbTPa3BYKOBbIX CUCTEM PaCcCCMOTPEHHas BO3MOXHOCTb He MOXeT 6biTb WCMOfb30BaHa, U AN U3MepeHus
NOKanbHOro AMHaAMMYeCcKoro gmanasoHa HeobxoAMmMo NPUMEHSATb METOA, PacCMOTPEHHbIV B nNpeablayLlem
ab3aue.

7.2.3 WcnbiTaHua tuna Il npu naMepeHnu N0KanbHOro AUHaAMMU4YeCcKoro gunanasoHa

Bonee npegnoyTuUTesibHbIM, YeM UCMOJSIb30BaHWe BCMOMOratesibHOro npeobpasoBartesis, NokasaHHOro
Ha pucyHkax 1 u 2, gna ucnbiTaHWi HEKOTOPbIX CUCTEM Bu3yanusaluu, B 4aCTHOCTU, paboTalLwmx ¢ 0gHO-
3N1eMeHTHbIMU Mpeobpa3oBaTensaMu, ABASETCA nojava CurHana oT reHepartopa TOHa/IbHbIX UMMY/bCOB He-
nocpeacTBEHHO Ha BXOAHON pasbem ckaHepa [18], [19]. B 3aBucuMMOCTM OT (QYHKLMOHANbHbIX BO3MOXHO-
CTeil reHepartopa Takoil cnoco6 MOXHO MPUMEHATb NPU NMPOBEPKE MHOTMX XapakTepucTUK cKaHepa, BkIvas
M NoKanbHbIN AMHaMuyeckuii guanasoH. BeoA curHana HenocpencTBEHHO B CKaHep C AaTyMKOM B Buie
9NEKTPOHHOW peLLeTKN Takxe BO3MOXEH, HO MPU MCMNONb30BAHUN CreunanbHblX YCTPOWCTB A1 Nojayn cur-
HaN0B Ha pasbeM A/15 fgaTynka. Pazbembl JO/MKHbI 6bITb COBMECTUMBIMU C UCNBITYEMbIM CKaHepoM. B nio6om
c/flyyae curHaa OT reHeparopa nojatT Ha BXOAHble YCUUTENU ckaHepa. NMpu M3MEeHeHWsAX curHana c us-
BECTHbIM LIArOM MOXHO M3MepUTb APKOCTb COOTBETCTBYIOLLMX N306paxeHnid, kak 3TO Noka3aHo Ha pucyHke 5.
NokanbHbIi AUHAMWYECKU/ Auana3oH onpefenstoT no U3MeHeHNo BXOAHOTO curHana, CooTBeTCTBYHOLLEro
NU3MEHEHUSAM SPKOCTU OT MUHUMANbHOW [0 MakcumasnbHOIA.

7.2.4 OueHKa NoKanbHOro AMHaMUYeCcKOro gnanasoHa no KOHTPACTHOCTU pacceunsBaTtenei

MHorne taHTOMbl ON1A KOHTPOJIA KayecTBa CKaHeEpOB, NMPUMEHSAEMble B K/IMHUKax, cogepxar muule-
HW (BK/KOYEHWS) C OMpefesieHHON KOHTPACTHOCTbIO, M3o6paxaemblie B B-pexume pasinyHbIMU YPOBHAMMU
APKOCTN. KOHTPACTHOCTb TakMx MuLIeHel OT/MyaeTcs OT KOHTPacCTHOCTWU OKpyXawllein cpefbl 06bIYHO Ha
MUHyc 6 b, muHyc 3 gb, +3 ob n +6 ob. Vcnonb3oBaHne Taknx paHTOMOB /19 OLEHKM NOKa/IbHOTO AMHA-
MUYEeCcKoro gnanasoHa paccMmoTpeHo B [16], [22].

Ona oueHkM NokKanbHOro AMHaAMM4YecKOoro guanasoHa cnefyeT YCTaAHOBUTb XapakTepUCTUKU KOp-
pekuMn curHana npu nocTnpoLeccuHre (ecnum OH NpefycMOTPEH B CUCTEME) B /IMHENHbIR pexum. MonyyatoT
n3obpaxeHue aHToMa, Kak NnokasaHO Ha PUCYHKe 6, 1 COXpaHAT ero B oundposaHHoM Buge. CnegyeT no-
NYYNTb HECKONbKO (Hampumep, 5) Takux CTAaTUCTUYECKM HE3aBUCUMBbIX N306paKeHWi.

PucyHok 6 — M306paxkeHne dhaHToMa ¢ BKIOUYEHUAMU (KPYTbiMK), KOHTpacTHoCTbio +15 ab, +6 agb n +3 ab

AHanns BKYaeT B cebsA ouyepumBaHue uccnegyemoit obnactn (HEOQHOPOAHOCTM) Ha ee M3o6paxe-
HAW W BblYUC/IEHNE CPELHEro 3HaYeHUs APKOCTU MUKCENs B U306pPaXeHUN Kax[on HeogHopogHocTu. AnsA uc-
KNYeHNs ahheKToB 3aTeHEeHMA M3-3a BO3MOXHO GO0/blIEro 3aTyXaHUs B 3TUX BKAKOYEHUAX pekomeHayeTcs
BblUMCNATbL CpefHee 3HauYeHue SAPKOCTU NuKcesnel No BepxHeil NonoBuUHe M306paxeHUs HEeOAHOPOLHOCTW.
YcpegHeHHOe no Bcell rpynne nukcenei 3HauyeHue SIPKOCTU ANS1 KaXA0i HeoAHOPOAHOCTM 3aTeM npeacTas-
NAT rparMyeckoil 3aBUCMMOCTbI0 OT KOHTPACTHOCTU HEOAHOPOAHOCTENM, Kak 3TO NoKa3aHO Ha pUCYHKe 7, rae
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no ocu X OTNOXXEH HOMUHArbHbIA YPOBEHb KOHTPACTHOCTM HEOAHOPOAHOCTEN B AB, a N0 OCM Y — ypOBEHb B
rpagaumnax cepoﬁ LUKanbl. ,D,J'IH OLEHKN NOKaNIbHOroO AMHAMUYECKOro Anana3oHa MOXeT ObITb UCNONb30Ba-
Ha nNuUHenHasa annpokcuMauma AaHHbIX.
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PVIOyHOK 7 — 3aBUCUMOCTb cpefHero 3Ha4eHnA ApPKOCTU nukcenemn ot KOHTPacCTHOCTH HeO,D,HOpOp,HOCTeVI

JlnHeHaga perpeccus npegcrasneHa B Buae pyHkUuMn y = mx + b, rae y — ApKOCTb YCpeaHeHHas no
BCEM MUKCENAM U306paXKEHNS MULLEHM, X — OTHOCMTENbHASA KOHTPACTHOCTL COOTBETCTBYIOLLEN MULUEHU B
AB, a mn b — nNoCTosAHHbIE Crma)uBaHusA. 10 9TUM NUHUAM MOXHO ONpeaenuTb AWana3oH U3MEHEHUIA KOH-
TPacTHOCTU, BbI3bIBAIOLLUMX U3MEHEHNE APKOCTM OT 1 40 MAKCMManbHOro 3HadeHus (255), a 3HauuT, n OLEeHUTb
nokKanbHbIA AMHAMUYeCKUW AnanasoH ckaHepa.
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MpunoxeHne A
(cnpaBo4HoOe)

daHTOM ANA onpefeneHunsn MaKkCcumanbHOW r]'ly6I/IHbI 30HAMNpOBaHnA

Al daHTOM Ans onpefeneHuss MakCMMasibHOM TNy6uHbl 30HAMPOBAHUS

®aHTOM A/15 3MEPEHNS MaKCUMasibHOWN ry6uHbI 30HAMPOBAHNA NokasaH Ha pucyHke A 1 OH cocTouT u3 6/10-
Ka TKaHeMMuTupyluwero matepmana. Urtobbl obecneuntb aphekTUBHbIN KOHTPOMb Fy6WHbI 30HAMPOBAHUSA CUCTEMbI,
YOENbHbIN KO3hULMEHT 3aTyXxaHust dpaHToMa Ao/mkeH 6biTb (07 = 0,05) g6 cM-1 MIu-1 B YaCTOTHOM Auanas3oHe oT 140
15 Mru.

OKHO 4N51 CKaHMPOBaHUSA

PucyHok A1 — Cxema (haHToMa N5 U3MepEeHUii MakcUMasibHOl Ty6MHbI 30HAMPOBAHMS

B kommepueckn AOCTYNHbIX paHTOMax MPUMEHSIOT, Kak NpaBu/io, mMaTepuan C O4HUM U3 ABYX 3HAYEHWU YPOBHS
yaensHoro koadpumumeHta 3atyxanus: 0,5 gb cm-1 MIu-1 n 0,7 ob cm-1 Mry-1 [11], [12]. BTopoe 3HayeHne COOTBETCTBY-
eT KNVHUYECKMM YC/IOBUAM UCCef0BaHWsA NaLMeHTOB Ha MakCuMasnbHON rnybuHe 3oHaMpoBaHua CpegHee 3HaveHue
KoadhbdpmumeHTa 3atyxaHus paBHo 2,54 gb cm-1 Ha 3 MU (4TO COOTBETCTBYET yAe/NlbHOMY KO3I(MULUMEHTY 3aTyxaHusi
0,84 gb cm-1 MrIu-1), 6bI10 onpegeneHo AnAs TKaHel HaCbIWEHHOW XUPOM MNedYeHn naumneHToB [23], 3HaveHus
0,83 gb cm-1 Mlu-1 — npy 60NE3HEHHOM COCTOSIHUM nedeHu [24]. Tem He mMeHee 3HauveHue 0,7 gb cm-1 MIU-1 sBnseT-
CA MUHVMMasIbHbIM TpeboBaHMeM 41 YAeNbHOro KoaduumeHTa 3atyxaHnsa paHtoma, MCMnosib3yemMoro npu nsmMepeHmsax
MakCMManbHON rny6uHbl 30HAMPOBAHUA B COOTBETCTBUM C HACTOSLLUMM CTaHAAPTOM

Ona npoBefeHns 3MEKTUBHBIX WUCMbITAHWA CUCTEM, MpefHAa3HaAYeHHbIX ANS abfoMWHa/IbHBIX UCCefoBaHuiM,
pasvep thaHTOMa AO/MKEH ObiTb TakMMm, YTO6bI 06ecneunTb He MeHee 20 cM rNybWHbI 30HAMPOBaHUS Havbonee rny6o-
KO PacnosioXeHHbIX MuLeHeil. CKOpOCTb 3Byka B MaTepuasie npu yactoTe ero o6nyyeHuss 3 Ml fo/mkHa COCTaBAATb
(1540 * 15) m/c. KoadhpuuneHT obpaTtHoro paccesHmsa (Ha 3 MIy) fgomxeH 6biTb pasHbiM (3 m10-4 + 3 aB) cm-1 cp—4,
C YaCTOTHOl 3aBUCMMOCTbLIO B BUAE A, rae 2 <n <4 Ha yacToTax oT 140 15 Mru. B [25] nokasaHo, 4To B nabopatopusx,
3aHUMalOWUXCS U3MepeHnaMU KoadduumeHTa o6paTHOro paccesHus, MOXHO O6GecneynTb YypoBeHb TOYHOCTU, Tpe-
O6yeMblii ANsi co30aHUst KaNMBPOBaHHbIX 3TA/IOHHLIX (PAaHTOMOB [26], [27]. HecMoTpsi Ha TO YTO YyacTOTHast 3aBMCUMOCTb
KoappumumeHTa 06paTHOro paccesHnsa gas MHOTUX TKaHEN YenoBeYeCcKoro opraHn3ma He umeet Tpebyemoro Buga [23],
yKa3aHHoe Bblle TpeboBaHve BbIOpaHO U3 TeX COOBPaXKEHWI, YTO He M3BECTHbl Matepuasibl, Haubonee afekBaTHO OT-
paxarowye peasbHble 3aBUCUMOCTW 3TOW BENMUMHBI B TKAHAX YenoBeka. Ha npakTuke martepuanbl cogepxar pacceusa-
lowmMe MULIEHN C 6oslee MPOCTON YaCTOTHOM 3aBMCMMOCTbLIO (CM. [11] u [12]), 1 3TO 4ONYCTUMO HACTOSLWMUM CTaHAaPTOM.
CefieHusa 0 KoahduLumeHTe paccesHus, nNpyvBoavMMble He Ha 1 MIy, a Ha 3 MIY, COOTBETCTBYIOT MaslbiM Y AOMYCTUMbIM
BapvauvsM YpoBHEN 3XOCUIHaIoB, MONyYaeMblX C PasNMyHbIX Fy6UH, ANS MaTepuanos, MMELLMUX cnabyto 4acTOTHYHO
3aBMCUMMOCTb KO3(hULMEHTa paccesHus, Npy yCnoBuK, YTO 3aTyxaHue B TaKOM Martepuasie COOTBETCTBYyeT TpeboBaHUSAM
HacTosALLero cTaHgapTa.

Bce ykasaHHble Bblllle akyCcTuyeckme napameTpbl JO/KHbl ObITb NpUYBELEeHbl AN TeMNepaTypHoOro AuanasoHa, pe-
rnamMeHTMpoBaHHOro B pasgerne 5.
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MpunoxeHue B
(cnpaBo4Hoe)

Mcnonb3oBaHne TecT-06bEKTOB A1 ONpefeneHnsa NoKalbHOIO AMHAMMWYECKOTo AMana3oHa

B.1 O6wwue nonoxeHus

B HacToALWEeM MPUIOXEHNN PacCMOTPeHbl ABa TUMa TeCT-06beKTOB M COOTBETCTBYIOLLME VM METOAbl M3MEpPEHUs
NIOKaNbHOro AMHaMMyeckoro amnanasoHa. Oba Tvna TecT-06bEKTOB COAepXaT rpynnbl oTpaxaTenei Ans nosnyyeHus
9XOCUTHA/IOB pasfIMyHOi aMnauTygbl. PaccMOTpeHbl MOBEPXHOCTM pasfena, reHepvpylolye 3epkasibHble oTpaxeHns [28],
aTaKke Te, pasMep KOTOPbIX COM3MEPUM C [AJIMHON YNbTPasByKOBON BOMHbI [29]. 1 XOTA TeCT-06bEKTbI C TAKUMU MULLEHS-
MU He BbIMYyCKalOT CepuiiHo, VX TLaTesbHas cbopka u kanmbpoBka 06ecneunBaroT noslyyeHne pesynbTaToB, 3KBUBASIEHT-
HbIX pesynbTaram, noslyyaemMbiM MeToAamu, PacCMOTPEHHbIMW B 7.2 HAcTOsIEero ctaHjapTa. [ns TecT-06bekToB 3TOro
Tvna TpebyeTtcs, YTOObI:

a) VX oTpaxarowas noBepxHOCTb Gbina rnagkoli B npefenax 1/20 AnvHbI BOMHbI, COOTBETCTBYIOLLE CaMOil BbICO-
KON YacToTe MCMbITYEMOro AATUKKA,;

b) TonwmHa (4nvHa MuUeHn) 6bina 6osbLue 3HaYeHWsi, COOTBETCTBYIOLLLErO NOMNOBUHE A/IMTENIbHOCTU Y/bTPas3ByKo-
BOTO MMMNy/bCa C YYETOM CKOPOCTU 3ByKa B MaTepuane U oKpyxawolleli cpeae;

C) chopma Mx NOBEPXHOCTM Obla CTPOro oroBopeHa (Hanpumep, naockas);

d) 6bIM ykaszaHbl MX pa3mepbl.

3TN KpUTepMK JOCTATOYHO MCYEpnbIBAIOLWM, W MO/b30BaTeNb 0653aH NOATBEPXAATb COOTBETCTBUE VM B TEXHUYE-
CKMX XapaKTepucTmkax TecT-06bekTa.

B.2 AKYCTMUECKMIH TeCT-06BLEKT C 3epKa/ibHbIMU OTpaxartenamu

B.2.1 MpuHunnmanbHasa cxema TecT-o6bekTa

TecT-06bEKT COAEPXUT rpynny 3epKasibHbIX OTPaXaTenen ¢ U3BECTHbIMU 3HAYEHUSMU KO3hrLMeHTa OTpadKeHUSs.
Cxema MX BO3MOXHOIO pacrofioXeHus rnokasaHa Ha pucyHke B.1. Mpeob6pas3oBartefib yCTaHaBAMBAKT HaL MULLEHAMU C
NMOMOLLbI YCTPOMNCTBA MO3WLMOHNPOBaHMSA, 06ecneynBatoLLEro TOUHbIE NEPEMELLEHUS B ABYX MONEpPeYHbIX HanpaBieHn-
AX (NnepneHAuKyNsapHO K TONWMHE W WUPUHE MydKa), a Takke TOUHYK perynMpoBKY Hak/ioHa N/0CKOCTU CKaHMPOBaHMUSA
B Hanpas/ieHun, NeprneHanKynsspHOM KTo/LWMHe nydka. MNpeobpa3oBaTesib OPUEHTUPYIOT TaK, YTOObI MONYyYnTbL N306paxe-
H/E MOBEPXHOCTU 3epKasibHbIX OTpaXaTenen ¢ pasnnyHbiMU KoadchmuymeHTammn oTpaxeHns R1, R2, R3 n R4.

Martepuan ¢ 3aTyxaHuem

°e0O0
R1 R2 R3 R4

PrcyHok B.1 — Bo3moXHas ycTaHOBKa OTpaxkaTenel npu onpeaeneHnm
NI0Ka/IbHOro AMHamMM4ecKoro gvanasoHa

TecT-06bekTbl R\—R4 — 3T0 Habop 3epKasibHO OTPAKALMX MULLEHEN C U3BECTHbIMU 3HAYEHUSIMW KO3 ULK-
€HTOB OTpaxeHus. Takoih Habop MOXHO caenatb, HaNnpUMeEp, 13 HepPXaBeloLLell CTauln, aKpUIoBO CMOJbI, MOANATUEHA 1
CU/IMKOHOBOW pe3uHbl [28], [30]. MuwweHn mMoryT 6bITb YCTaHOB/IEHbI B 6aK C BOAOW MM C TKAHEMMUTUPYOLWMM MaTepua-
NIOM. AMNNNTYa 3XOCUTHAIOB OT 3ePKa/IbHOIO OTpaxkaTe sl MOXET OblTb OYeHb YyBCTBUTE/IbHA K OPUEHTALMK oTpaxare-
N1 OTHOCUTE/IbHO YNbTPa3ByKOBOro nyyka. MoaTomy cnefyet TwlaTeNlbHO OPUEHTMPOBATbL BCe OTpaxartesnu.

Opyrum matepuanom, KoTopblii MOr 6Gbl 6biTb MPUMEHEH B KauecTBe C/1aboro oTpaxaTens C M3BECTHbIMU KO3d-
hvumeHTaMmn oTpaxkeHus, ABnseTca nonurnapokcuatunmetakpunatr (PHEMA) [31]. 3ToT maTepuan uHorga nNpUMEHsIoT
AN U3roTOBMIEHNS KOHTAKTHBIX [/1a3HbIX /IMH3, ero MoxHo npuobpecTn y Ciba/Geigy 1 apyrux npovsBoauTeneil KOHTaKT-
HbIX IMH3. OTAUTLIA WM OTCOOPMOBAaHHbIA MaTepuan BNUTbIBAET BOAY B KOMMYECTBE, 3aBUCALLEM OT XUMWYECKOro CO-
cTaBa 3T0ro Matepuana. MNpumeHsoT Tpu Tuna martepuana: W38, W88 n W72; 3HauyeHusa ux KoahunumneHToB oTpaxke-
HUS1 B BOZE OTHOCWUTENIbHO WAEasIbHOro MNJIOCKOro oTpaxkarens pasHbl (MuHyc 15,8 + 0,2) ab, (MuHyc 23,3 = 1,0) gb un
(muHyc 33,1 + 1,0) ab cooTtBeTcTBEHHO [31].
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ECnn 9XoCUrHasibl OT Camoro c/laboro oTpaxartessi He AOCTUraloT NPefAe/bHOTO 3HAYEHUs MPU «yCUNEHUN 2», NPO-
Leaypy cneayet NpoAo/KUTb. BHOBb CHMXKAOT yCU/IeHME MPUEMHOrO TpakTa [0 TeX Mop, Moka 3HaueHue SPKOCTU U30-
6GpaXeHUs Camoro CWUMLHOTO OTPaXaTessl He CTaHeT paBHbIM S2(R4) v NPOAO/KAOT Npoueaypy OnpeaeneHus spKocTu
N306PaKEHNIA APYTUX OTpaKaTenei Npu «ycuneHun 3», YA/IMHSS TeEM CaMbiM UCKOMYH 3aBUCUMOCTb.

3HaueHne N0KaNbHOTO AMHAMMWYECKOro AuanasoHa HaxodsT Mo KO3 MULUMEHTY OTpaxXeHuss (OTHOCUTE/IbHO
K03(hpULIMEHTA CAMOr0 CU/ILHOFO OTpavkaTess Npu nepBoHaYasibHOM YCTAaHOBKE YCUIEHUS)) caMOro C¢1aboro oTpaxaresns
weakest' N306paxeHne KOTOPOro elle MOXHO BbIAENNTb, T. €. U3 BbIPaKEHUs

OvHamunuecknii gnanasoH = Rweakest + Dr (n - 1), (B.1)

r4e n— HOMEP HaCTPOIiKN YCUIEHUA, HEOOXOAMMOro AN NEePEKPLITUS OKabHOTO ANHAMUYECKOTo Anana3oHa cKkaHe-
pa, a Dr— Hanbonblumnii Ko3thULMEHT OTPaKeHNA B Habope oTpaxaTenei TecT-o6bekTa.

KoatbdhmumeHTbl OTpakeHN MHOTVMX MaTepuasioB CO CnabbiMu OTPaXatloWyMU CBOMCTBAMU 3aBUCAT OT Temnepa-

Typbl. MO3TOMY MpW MPOBEeAEHWN M3MEPEHWI Mpu Temnepatypax, He COBMafaloLlmx C TOi, KoTopas vmena MecTo npu
kanmbpoBke oTpaxartesneil, Heo6xoaAyMo BBOAWTL COOTBETCTBYIOLLME MOMPaBKkW, NpuBeAeHHble B [28].

B.3 AKycTUYecKuii TecT-06bEeKT C MULIEHSIMW B BUAE MPOBOJIOYEK M3 HepXaBelowlelt ctanu C NA0CKUM
TOpLOM

B.3.1 KoHCTpyKumus TecT-o6bekTa

AnbTepHaTMBHAsA KOHCTPYKUMA TeCcT-06bekTa AN U3MEPEHUS NTOKaSIbHOMO AMHAMMUYECKOro Anana3oHa OCHOBa-
Ha Ha MCMOMb30BaHNN MPOBOJIOYEK M3 HEPXABEIOLLEN CTaUIM C MIOCKUM TOPLOM, MOrpyXaemblX B AerasvpoBaHHY0 BOAY
(pucyHok B.3). Mnowanb NONEpeyHoro ceyeHns 06paTHOr0 paccesiHus Topua NpPOBOJOKM MPOMOpLUMOHaibHa YeTBepToi
cTeneHu ee avameTtpa. Takum o6pasom, rpynna NpoBOJSIOYEK pas/IMYHOro AvameTpa 6yAeT reHepupoBaTb 3XOCUTHasIbl C
TOYHO M3BECTHOW pasHuLel B amnanTyge. 3HaueHus Naowaan cevyeHnsi 06paTHOr0 paccesiHusl 418 MPOBOIOYEK pasfiny-
HOro pasmepa nokasaHbl Ha pucyHke B.4, B3aTom 13 [29].

MpenMyLLLeCcTBOM TaKo KOHCTPYKLMM MO CPaBHEHMIO C 3epKa/lbHbIMY OTpakaTensamu ABnsieTcs 60/bWniA Ananas3oH
amnanTys 3XOCUrHasoB, YTO W TpebyeTca AN M3MEpPEHUin ToKabHOTo AMHaAMMyeckoro guanasoHa [29)], [32]. B gua-
nasoHe yacToT oT 1 a0 15 MI'y, pekoMeHAyeTCcs UCMo/b30BaTh MPOBO/IOYKN U3 HEPXABEKLLEA CTasm gnameTpom ot 50 ao
1600 mkm (50; 75; 100; 150; 200; 300; 400; 600; 800; 1200 1 1600 MkM). DTW MULLEHW NPELACTaBASAT COO0 MPOBOIOYUKN
AnvHOW 15 MM, yKpensieHHble Takum 06pasoM, 4TobObl UX Ocy Gblv OPUEHTMPOBAHLI B HANpPaB/eHUN najatLuero ynbTpa-
3BYKOBOrO MyuKa.

[unameTp NpoBo/IoYEK, MKM

PucyHok B.3 — TecT-00beKT 13 NPOBO/IOYEK C MNIOCKAMU TopLamu gas onpegeneHns nokasbHoro
AVHaMnyeckoro guvanasoHa

MuLIEeHN NOrpyXeHbl B AerasvpoBaHHY0 BOAY W yCTaHOB/IEHbl Takum 06pa3om, YTOGbl 3XOCUrHasbl OT WX TOPLIOB
6blIM BUAHbI HA MOHUTOpE ckaHepa 6e3 3ahhekTOB MHTEpPMEPEHLUMN C CUrHaNamu, OTPaKeHHbIMU OT CTPYKTYpbl, Moa-
AepXuBatoLLeid 3TM NPOBOOYKN. PaccTosHMe Mexay MpPOoBO/IOYKaMU AO/HKHO ObiTb BbIOPAHO TakMM, YTOGbI 3XOCUTHaUbI
OT MMLIEHW C GOMbLUMM OTPaXKEHWEM He WHTepdepupoBasiM € CUrHanamm OT crabbix MulleHeld. C yyeToM 0COGEHHO-
CTeil 0CEeBOro paspeLleHns ckaHepa 6osiee cnabble MULLEHW PEKOMEHAYETCS yCTaHaBnMBaTb G/MXKe K npeobpasoBate-
N0 (Ha paccTosiHWWM, NPUMEPHO PaBHOM ASIMTENbLHOCTU UMMY/bCa, YMHOXEHHOI Ha CKOPOCTb 3Byka). Mpu 6osiee TOUHbIX
N3MEPEHUSIX PacCTOSHMSA OT npeobpa3oBaTens A0 KaXA0W MULIEHU AO/MKHbI OGbiTb OAMHAKOBLIMU, YTOObI M3bexatb Mo-
rPeLHocTel, CBSA3aHHbIX, HanpuMep, C U3MEHEHUSAMU YCUNEHNA B 3aBUCUMOCTU OT F/ly6UHbI Npu BKAYeHHoM TCG. Ans
YCTPOIACTBa, NOKa3aHHOro Ha pucyHke B.3, 310 moTpebyeT nonyyeHnss M306padkeHUs A18 KaK4ol MULLEHW MO OTAE/NbHO-
CTW, YTOGbI Kaxaas paccMaTpuBaemas MULLEHb BCerja HaxoAunachb Ha OfHON W TOM xe rnybuHe.

Ha pvicyHke B.4 npeacTaBneHbl 3HAYeHWs1 MOWaAM MOMEPEYHOro ceyeHus 06paTHOro paccesiHns TOpLoB MPOBO-
noyek gnametpom D ot 50 fo 3800 mkM. [umanas3oH 3Ha4YeHWlii MHTEHCUBHOCTW 3XOCUTHaMOB OT HUX paseH 76 ab. Ans
NPUMEHEHUsT TaKX NPOBO/IOYEK B YHACTOTHOM AnanasoHe 10 10 Ml MakcumMasbHblli gnameTp NPoBOMOKM PeKOMeHAyeTcs
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BblOMpaTh paBHbIM 1 MM. [N U3MepeHMii NoKanbHOro AMHAMMYECKOro AMana3soHa ynsrpasByKoBbIX ckaHepos, pabo-
TalLWX Ha HU3KMX YacToTax, MOXHO BbIGpaTh npoBonoku 6onbluero gnameTpa (Ao 3,2 M) [29].

MpAMble NUHUKM Ha pUCYHKe B.4 COOTBETCTBYHOT TEOPETUHECKOW 3aBUCMMOCTH NIOLL3AN NONEPEYHOro ceveHmnsi 06-
paTHOro paccesHWS TOpUOB NPOBOMOYEK OT UX AuaMeTpa. OTKIIOHEHMe OT TeopeTUdeckon 3aBUCUMOCTH Ans Gonblumnx
3Ha4YeHU anameTpa MOXHO OGBLACHUTL HETOYMHOCTBLIO B OpUEHTALMK TOPLIOB NPOBOSIoYeK, a ANA Manblx — ynpoLleH-
HOCTBbIO TEOpPETUYECKOW MOAENN.

Y
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PucyHok B.4 — 3aBMCUMOCTb SKCMepUMEHTarbHO NOyYeHHbIX 3Ha4EeHUI NNoWwaan NonepeYHoro ceveHns obparHoro
paccesiHWs OT MIOCKOro TopLia NPOBOIIOYEK U3 HEpXaBEtoLLE cTanu OT UX JuameTpa Ha JacToTax 9,6 My (A),
4.8 My () m 2,4 My (0) [29]

B.3.2 OnpeaeneHue NoKanbHOro AWHAMUYECKOrO AMana3oHa C NOMOLLbIO MULLEHEN U3 NPOBOMOYEK C NIo-
CKNUM TOpLOM

Cnepyert TWaTenbHO OTBIOCTUPOBATL MOSIOXKEHUE U HaKMOH NMOCKOCTU CKaHUpPOBaHUA Tak, 4Tobbl OCb ynbTpa-
3BYKOBOIO My4Ka, HarnpaBneHHOro Noo4epeHo Ha Kaxayo MULLEHb (MPoBOModKY), Bblna et napannennsHa. Ana npeob-
pasoBaTereii B BUAe 3NEKTPOHHbIX JIMHENHBIX PELLIETOK 3TOF0 MOXHO A0CTUYbL BEIBOPOM MecTa YyCTaHOBKU U yria HakioHa
daTdnka ¢ TeM, 4Tobkbl NOMYyYUTE MakcuMarnbHbli 3XocUrHan oT BelbpaHHOR MULLEHW (MPOBOMOYKM). [NA CEeKTOPHbIX faT-
UMKOB, M3Ny4YeHWe KOTOPLIX OCYLUECTBNAETCS NOA Pa3HbIMM yIlamMmu, MOXHO Y4eCTb TOT (haKT, YTO UX LIEHTParbHbIi My4oK
06LI4MHO NeprneHANKYNApPeH K NOBEPXHOCTW AaTunka. 3aTem MNornyyaroT M306paXeHUa MULLEHeR W NConb3YHT Kanmbpo-
BOYHbIE KpUBLIE, NPeACTaBNeHHbIe Ha pucyHke B.4. Mpu ncnornb3oBaHUmM yCTpoiicTBa 48 MUKpornepeMeLLeHuit npeobpa-
30BaTesA No OPTOroHasbHEIM OCAM X U Y, @ Takke A5 FOCTUPOBKU €ro HaknoHa MOXHO MOBLICUTb TOYHOCTL NOSy4YaeMblx
pesyneraTos.

tOctupoBka npeobpasosaTens bonee Heobxoguma ANA BU3yanusauuu 6onbLUMX MULLEHEN, Hexenu manbix. Lub-
bers n Graaff [29] gatoT criegytoLee COOTHOLLEHNE MexXAyY YacToTol f (B ML), AMaMeTpoM MULeHn D (B MM), Tpebyemon
TOYHOCTLIO OpUeHTaLuu © (B rpagycax) U TOHHOCTLIO OMPEAENEHNs 3Ha4EHUS NNOLLaAN NONepeYHoro ce4eHunss obpaTtHoro

paccesHus ( (B 4B)
fDO/JC <13.

MeToanka U3MEeHEHWS yCUIeHNsa ckaHepa ANs pacluMpeHusi AnanasoHa U3MEepeHUs aMniuTys SXoCurHanos, npe-
BbllLakoLLlero AnanasoH KosdULUEHTOB OTpaXeHUs oTpaxaTenen, 1 MeToauKa NPoBeAEeHUA nocneaytolero aHanusa
aHasorMyHbl paccMoTPeHHbIM B B.2.2 fns 3epkanbHbIX oTpaxaTtenei. MNpenmyLLecTBOM 3TOr0 METOAa MO CPaBHEHUIO ¢
NPMMeHeHNeM 3epKanbHbIX OTpaxaTenei ABnAeTcs To, YTO MOXHO 6e3 TpyAa obecnednTb GonbLLIOW AuanasoH axocurHa-
nos, npesbiwatowuit 80 a6 [29]. OaHMM U3 HeoCTaTKOB MOXET ObITb Hanu4ve apTedakToB, CBA3AHHLIX ¢ 9P eKTUBHON
LUMPUHOI My4Yka. OHU MOTYT BblI3BaTb YBENUYEHUE NPOTSHKEHHOCTM 3XOCUrHarnoB B 3aBUCUMOCTM OT yrna o63opa.

MpumedvaHune — OTo0 Habnopgaetca AndA npeobpasoBaTeneil ¢ GonbLUIOK anepTypoi. Ho 3TOT addhekT elle
Tpe6yeT TEOpPETUHECKOro aHannaa n akcnepuMeHTaribHoro nogTBepXXgeHuns.
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Mpunoxexue JA
(cnpaBouHoe)

CBeAeHUA 0 COOTBETCTBUM CChIFIOYHLIX MEXAYHAPOAHbIX CTaHAAPTOB

Tabnuya JA1

HauUoOHarNbHbLIM CTaHAApPTaAM

0O6o3HaueHue CCbIToYHOro CreneHb O6osHauyeHUe n HaUMeHoBaHWe COOTBETCTBYHOLLErD

MexXxayHapoaHoro ctaHaapTa COOTBEeTCTBMA HaLMOHaNbHOro CTaHaapTa

IEC 60601-1:2005 — *

IEC 60050-801:1994 — *

IEC 60050-881:1983 IDT MOCT P M3K 60050-881—2008 «MexayHapoaHbIA aNeKTpOTEXHNUYECKUiA
cnoBapb. [MaBa 881. Paguonorus n paguonorudeckasi usmka»

IEC 61161:2006 IDT MOCT P MOK 61161—2009 «locyaapcTBeHHas cucteMa obecneveHusi
efiuHCTBa M3aMepeHuid. MoLHocTb ynisrpassyka B xuakoctax. Obuwme Tpe-
60BaHuA K MeToAUKaM M3MepeHuid B guanasoHe Yactot ot 0,5 o 25 MIy»

IEC 61391-1:2006 IDT FOCT P M3K 61391-1—2011 «locygapcTBeHHasa cuctema obecneveHusi
efuHcTBa u3MepeHuid. Ob6opyfoBaHME MeAULMHCKOE YNbTpa3ByKoBOe
AnarHoctudeckoe. Obme TpeboBaHUs K METOAMKaM KanmbpoBKU cucTem
M3MepeHUs1 pacCTOSIHUN»

IEC 62127-1:2007 IDT FOCT P M3K 62127-1—2009 «locyaapcTBeHHas cucteMa obecneveHuns

e[IMHCTBa M3MepeHuid. MapameTpbl nonei ynsrpa3sykoBbix. Obwue Tpe-
60oBaHUA K MeTojaM U3MepeHuid U cnocobam onmcaHus nonei B 4acToT-
HOM auanasoHe ot 0,5 go 40 MINy»

CTBUA CTaHOapTOB:

- IDT — naeHTUYHBIE CTaHAapPTHI.

* COOTBETCTBYHOLUIA HALMOHATBbHEIA CTaHAapT OTCYTCTBYET. []o ero NPpUHATUA pEKOMEHAYETCA UCNONb3oBaTh nepe-
BOZ, Ha PYCCKMIt S3bIK JaHHOTrO MEXAYHapoAHOro cTaHAapTa.

MpuMedaHue— B HacToslLel TabnuLe UCNONbL30BaHO criegytoliee YCNoBHOE 0603Ha4YeHNe CTeneHn CooTBET-
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