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Mpeauncnosue

1 NMOAIrOTOBJIEH ®epeparnbHbiM rocyaapCTBEHHLIM YHUTAPHBLIM NpeanpuaTnem
«Poccuncknin Hay4Ho-TEXHUYECKUIN LeHTP MHopMauum no ctaHgaptmsaumm, MeTponormm
n oueHke cooteetcTBUS» (PIYTN « CTAHOAPTUH®OPM») n ObiectBomM ¢ orpaHU4eHHOM
oTBeTCcTBEHHOCTLIO  «MeatexctaHgapt»  (OOO «MeatexctaHgoapT») Ha  OCHOBe
coBCTBEHHOrO NepeBoa Ha PYCCKU A3blK aHMNMOA3bIYHOW BEPCUMM CTaHgapTa, YKadaHHOoro

B NyHKTE 4

2 BHECEH TexHudeckum komuteToMm no ctanHgaptudaumm TK 011 «MeanuymHckue

npubopsbl, annapaTtbl 1 06opyaoBaHME»

3 YTBEPXIEH 1 BBEJEH B JEVCTBWE lMpukasom PegepanbHOro areHTcTea no

TEXHUYECKOMY perynmpoBaHuio U METPONOrnn ot 20 1. Ne

4 HacTosilwmn ctangapT MaeHTUYeH mexayHapogHomy ctangapty MOK 61685:2001
«TexHuka ynbTpassykoBasi. CucteMbl naMepeHus notoka. OObEKT UCMbITAaHMS MOTOKa»

(IEC 61685:2001 «Ultrasonics — Flow measurement systems — Flow test object», IDT).
Mpn NpPUMEHEHMM HACTOALLEro CTaHAapTa PEeKOMEeHOyeTCs WUCMNoNb30BaTb BMECTO
CCbINTOYHbIX  MEXAYHAapOAHbIX CTaHOApPTOB COOTBETCTBYHOLLME WM  HAUWOHAasbHbIEe

CTaHOapThbl, cBeAEeHNA O KOTOPbIX nMpmBeaeHbl B AONOJTHUTENIbHOM MPUITOXKEHUN ,D,A

5 BBEAEH BINEPBbIE
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lMpasuna npumeHeHUss Hacmosiweao cmaHOlapma ycmaHo8neHbl 8 cmambe 26
®edepanbHoao 3akoHa om 29 uwHsA 2015 2. Ne 162-®3 «O cmaHOlapmusayuu 8
Poccutckou ®edepayuu». NHpopmayus ob usMeHeHUsiX K Hacmosiwemy cmaHOoapmy
nybrniukyemcsi 8 exe200HOM (Mo cocmosiHulo Ha 1 fHeaps meKkyweao e00a)
UHQOpMaUUOHHOM yKa3amerne «HayuoHarnbHble cmaHdapmbi», a oguyuanbHbIl mekcm
UMeHeHull U [Ofpagok — 8 EXeMeCSYHOM UHGOpMayUuOHHOM  yKa3amersie
«HauuoHanbHble cmaHOapmbi». B cnyyae nepecmompa (3ameHbl) unu  OMMEHbI
Hacmosiweao cmaHdapma coomeemcmesyuwee ysedomneHue bydem ornybriukoeaHo 8
bruxadliuemM 8birycke exemecsiHHo20 UHGhOpMaUUOHHO20 yKa3amerss «HauyuoHarbHble
cmaHdapmbl». Coomeemcmeyowas  uHgopmayusi, yeedoMmsieHue U  MeKCMmbl
pasmeuwjaromecs makxe 8 UHOPMaUUOHHOU cucmeme obwe20 Mofb308aHuss — Ha
oguyuanbHom catime @edeparibHO20 azeHmMcmea no MexXHU4YEeCKOMy peayriupo8aHuro U

mempornoauu 8 cemu MHmepHem (www.gost.ru)
© CrangapTtuHdopm, odhopmnenme, 2020
HacTtosawmin craHgapT He MoXeT ObiTb MOMHOCTLI0O UNNM YaCTUYHO BOCNPOU3BEAEH,

TUPaXUPOBaH M pacnpoCTpaHeH B KayecTBe ouuManbHOrO M3gaHus Ge3 paspelleHus

CDep,epaanoro areHTCcrTea Nno TEXHNYECKOMY perynmpoBaHMUio 1 MeTpOoJiornn
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BBepeHue

Llenbio HacTosLlero craHgapTa aBndeTcs co3gaHue MPOTOYHOro AONNepoOBCKOro
TeCcT-o0beKTa [ANns TMPUEMOYHbIX WCNbITAHUW, MPOBEPKM KayecTBa W KanvbpoBku
AONNEPOBCKNX CUCTEM B KIMHUYECKUX YCNOBUSX, paboTalowmx Ha YactoTe oT 2 MIy go
10 Mlu. TlockonbKy OTKMAWK AOMNMEePOBCKUX CUCTEM 3aBUCUT OT YPOBHA CcuUrHana w
CNEKTPanNbHOrO COAEPXaHUs CurHana, »>enaTtefibHO MNpoTecTMpoBaTb HEKOTopble
napamMmeTpbl AOMNMEPOBCKOM CUCTEMbI C MOMOLLbI TeCT-0O6bekTa, KOTOPbIA UMUTUPYET
cuTyaumio in vivo. MpoToYHbIN JONNEPOBCKUN TECT-00BEKT OCOBEHHO NOne3eH Ans:

- NPOBEPKN BNUAHUA pasmepa M MyOMHbI 3aneraHna KPOBEHOCHOro cocyga Ha
CUrHan, 3anMcaHHbIN JOMNepPOBCKON CUCTEMOWN;

- NMPOBEPKN XapaKTEPUCTUK AOMNMEPOBCKOA CUCTEMbI, pearnpyrollen Ha CnekTp
CKOpPOCTEMN KPOBOTOKA, TUMNUYHBLIA ANs1 CUTyauun in Vivo.

OTOT NPOTOYHbLIN AONNEPOBCKUN TECT-00BEKT He npeaHasHavyeH ans haHTOMHOMN
NMUTaLUKN KITMHUYECKUX YCNOBUNA.

OcHoBOM HacTosiLero craHgapta sBNsieTcss TexHuyeckmn otvyetr MOK 61206:1993
«YnbTpassyK. [lonnepoBckue CUCTEMbI C HEMpepbIBHOM BOMHOW. Mpoueaypbl UCMbITAHUAY .
B npunoxeHnn A onnucaHo NonoXeHue 3Toro ctaHgapta no oTHoweHuto K MOK 61206 n
MOK 61895. HacToswwmin ctaHaapT TOMbKO onpeaenseT napameTpbl, KOTopble MOryT BbITb
N3MepEHbl C NOMOLLBIO TecT-obbekTa. Metoabl namepenus npueegeHsl B8 MOK 61206 un
MO3K 61895.

Hactoawmn crtanHgapTt KacaeTcs MPOTOYHOro AONJIepoOBCKOro TeCcT-o0bekTa B
OrpaHMYeHHOM CMbICMe, T.e. B TOM 4YacCTW, B KOTOPOW BbIMOSHATCA YIbTpPa3ByKOBbIE
namepeHnda. Tam, rge noapasymMeBaeTcsl BCS YCTaHOBKa, ucnosnb3yeTtca ppasa
«NpPOTOYHAA  ycTaHoBKa». [lpegnucaHust  HacTosWwero craHgapta  onpedenstor
yNnbTpa3ByKOBble CBOMCTBA W CXEMy MNOTOKA B 4YacCTU W3MEPEHUS MPOTOYHOro TecT-
obbvekta. [nsa gpyrmx ocobeHHoCTen NPOTOYHOW YCTAHOBKU (TO €CTb, AN CO34aHuUS U
N3mMepeHns NOTOKOB) AOMMKHA cobnoaaThCs CTaHAapTHas UHXEeHepHasa NpakTuka.

YcnoBua NpoTekaHMsa MakCMMarnbHO YNPOLEeHbl: paBHOMEPHbLIN NOTOK Yepes NpsiMyto
TPYOKy C KpyrnbiM nonepeyvHbiM cevyeHneMm. Ho [ns npoBepKM HEKOTOPbIX (PYyHKUUN
npubopa TpebyroTca Gonee obuwimne ycnoBust NpoTekaHusa (opyrme reomMeTpumn Tpyoku um
N3MEHSIEMblE CO BpeMEHeM CKOpocTu). B HacTosiwem crtaHgapte 310 o6o6LieHne He
NpPOBOANTCA.

B npunoxeHnn D onucaH npumep NPOTOYHOro AOMNSIEPOBCKOro TeCT-O0BLEKTa,

KOTOpbI  cooTBeTCTBYyeT TpeboBaHuaM  Hactoswero craHgapta. CobnogeHue
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HacToslLero craHgapTa Takke MOXeT OblTb OOCTUIHYTO MyTeM W3MEPEHUS CBOWCTB
MCnonb3yemMblX MaTtepuasioB U UX COOTBETCTBUS 3HAYEHUAM, OaHHbIM B HACTOSLEM
cTaHpapre.

B nutepatype [1], [2] 3anyTaHO NOHATME O NEPBUYHON U3IMEPSEMOWN BENUYUHE B
AOMNepoBCKMX cuctemax. [loHATUA «JonnepoBcKasi yactoTa» W «CKOPOCTb» UMEKOT
OAMHAaKOBYIO OCHOBY. B noHATME «CKOPOCTb» YacTo BKMOYAKT MOMNpPaBKy Ha
AonnepoBckui yron. Ytobbl nsbexartb 3TON HEOAHO3HAYHOCTM, B HACTOSALWEM CTaHaapTe
TEPMUH «JOMMepoBCckad YacToTa» 4BnseTca npegnoyvtuTenbHeiM. Ecnu  3aaBneHa
AONMepoBcKkas cucteMa Ansg U3MepeHusi CKOpOCTW, npegnoriaraeTcs, YTO U3MepeHHble
3HayeHus npeobpasylTcss B [OOMMAEPOBCKYHdD 4acTOTy C WUCMOMb30BaHMEM 4YacToTbl
aKyCcTM4YeCKoro Bo3genucTBus 1, ecrnv npuMeHnmo, AonsiepoBCKOro yrna.

MOK 61685:2001 nogrotoBneH TexHn4eckum kommtetoMm 87 MOK «YnbTpassyk».

Tekct MOK 61685:2001 ocHoBaH Ha crnegyoLwmx AOKyMEHTax:

OkoHYaTenbHbIN NPOEKT
OT4yeT 0 ronocoBaHun
MeXAyHapOoAHOro ctaHgapTta

87/202/FDIS 87/208/RVD

MonHyto mMHpopmauuio o ronocoBaHum no opobperHnto MIOK 61685:2001 MoOXxHO
HanWTW B OTYETE O rONIOCOBAHUM, yKa3aHHOM B NPpMBEOEHHOWN Bblle Tabnuue.

Penakuma wmexgyHapogHoro craHgapta noaroToBfieHa B COOTBETCTBMM  C
Oupektneammn MCO/M3K, yacTtb 3.

MpunoxeHna A, C, D, E n F npegHasHa4eHbl TONbKO 418 MHOopMauuu.

MpunoxeHne B aBnseTcs HeOTbeMIIEMOW YacTbio 3TOr0 cTaHaapTa.
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HAUMOHANbHbLIN CTAHOAPT POCCUUCKOWU ®EOEPALUMU

YnbTpa3ByKkoBas TeXHUKa

CUCTEMbIl UBMEPEHUA NMOTOKA

NMpPOTOYHLIN TECT-00BLEKT

Ultrasonics. Flow measurement systems. Flow test object

Oarta BBepeHnsas — 20 - -

1 O6nacTtb pacnpocTpaHeHus

HacTtoawun ctaHgapT onpegenseT napamMeTpbl MPOTOYHOro AONEepPOBCKOro TecT-
obbeKkTa, npeacTasnsoLlero coboM KPOBEHOCHLIN COCYd W3BECTHOroO AnameTtpa C
PaBHOMEPHOW CKOPOCTbK MNPOTEKAHWUS, PaCMOSIOXKEHHbIA Ha OnpeaeneHHon rnybuHe B
TKaHAX YernoBeka.

Hactoawmn crtaHgapT onpedensieT NpPOTOYHbIN [ONNEePOBCKUA TECT-OOBLEKT,
KOTOPbIA MOXHO WCMNOSb30BaTh AN OLEHKM pasfnyHbIX XapakTepuUCTUK O0nfepOoBCKOro

AnarHoctuyeckoro obopyaoBaHus.

2 HopmaTuBHbIE CCbISNIKU

B HacTtosiiem cTaHgapTe MCnonb3oBaHbl HOPMATUBHbIE CChINIKUM Ha cnegyroLue
cTaHgapTbl. [Ina AaTMpOBaHHbIX CCbINOK NPUMEHSIOT TOMbKO YKa3aHHble udgaHus. OAns
HeJaTUPOBaHHbIX CCbIIOK MPUMEHSAIOT caMble nocrnegHve msgaHus (Bknwodas nobble
N3MEHEHNS U NONPaBKK).

IEC 61206:1993, Ultrasonics; continuous-wave Doppler systems; test procedures

(YnbTpasByk. [JonnepoBckue cucTeMbl HenpepbiBHOW BOMNHbI. MeToabl UCTbITaHWI)

lMpoekm, dopabomaHHasi pedakyusi
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IEC 61102:1991, Measurement and characterisation of ultrasonic fields using
hydrophones in the frequency range 0,5 MHz to 15 MHzY (U3mepeHune u onucaHue
yNbTPa3sBYKOBbIX NOMen ¢ UCNosib30BaHNEM rMapooHoB B AnanasoHe Yactot oT 0,5 MIy
Ao 15 Mlu)

IEC 61895:1999, Ultrasonics — Pulsed Doppler diagnostic systems - Test
procedures to determine performance (YnbTpasBykoBasi TexHuka. WMnynbCHble
AONMEepoBCKMe AuarHoctTuyeckne cuctembl. lMpoueaypbl UcnbiTaHWA ANs onpeaeneHus

noTpebuTenbCKNX CBOMUCTB)

3 TepMuHbLI U onpepeneHus

B HacTosiwem ctaHgapTe npYMeHeHbl crneayloume TEPMUHbI C COOTBETCTBYHOLLMMU
onpeaeneHnamMu:

3.1 ponnepoBckasa 4actota -3 Ab (-3 dB Doppler frequency): Yactorta, Ha
KOTOPOM MOLLHOCTb Ha €AuHWLY YacToTbl B JOMNSIEPOBCKOM CMEKTpe paBHa nonosuHe (—3
Ab) oT MakcMmanbHOro 3Ha4YeHus

3.2 Uccnenyembii 06bem Ha ypoBHe -3 ab, um® (-3 dB sample volume, mm3):
MpocTpaHcTBeHHas obnacTtb, rge ToveyHas [AOMfepoBCKasi MULEHb AaeT  OTKIIMK
AONMEPOBCKOM Mpuemo-nepedaroliern cuctembl, He 6onee 4yem Ha -3 b Huxe
MaKCMMarsnbHOro.

3.3 anuvHa uccrnepgyemMmoro oovema Ha ypoBHe —3 ab, mm (-3 dB sample volume
length, mm): Haubonbwwunii pasmep wuccnegyemoro o6bema Ha ypoBHe -3 b B
HanpasfieHMM OCcu pacnpocTpaHeHns nyyka (cm. 3.5 MOK 61102)

3.4 wmpuHa uccrnegyemoro o6ema Ha ypoBHe —3 ab, mm (-3 dB sample volume
width, mm): Hambonblee 3HayeHne pa3mepa obbema obpasua -3 Ab Boonb ocy,
nepneHavKynsipHOM OCU pacnpocTpaHeHus nydka. Ecnv gonnepoBckas cuctema umeer
MNOCKOCTb  CKaHMpOBaHWA, TO ocu 0Oepytcs B MIOCKOCTU  CKaHMPOBAHUA U
nepneHAnKYNsSpHO NITOCKOCTU CKaHUPOBaHUS

3.5 yacToTta akyctu4yeckoro BosgenctTBus, U (acoustic-working frequency, Hz):

YacTtoTa akycTM4eckoro curHana, onpeaenseMoro no BbIXOAHOMY CUrHamny ruapodoHa,

1) BameHeH Ha MOK 62127-1:2007 «YnbTtpassyk. 'mapodoHbl. YacTe 1. MamepeHne u onpeaeneHve
XapakTepUCTUK MeOULMHCKUX YnbTpassykoBbix nornern o 40 MMu», MOK 62127-2:2007 «YnbTpasByk.
M'mapodoHbl. Yacte 2. KanmnbpoBka Ansa ynbTpassykoBbix nonen go 40 MMu» n MOK 62127-3:2007
«YnbTpassyk. 'mgpodoHbl. Yacte 3. CBonctBa rmapodoHOB Ans ynbTpa3sykoBbix nonen go 40 MIu».
OpgHako [ana  ofHo3HayHoro cobniogeHus TpeboBaHW HaCTOsILWEero CcraHAapTa, BbIPaXeHHOro B
OaTVPOBaHHOW CCbINKe, peKOMEeHAYeTCs UCNONb30BaTh TOMbKO yKa3aHHOe B 3TOW CCbISKe U3gaHue.
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MOMELLEHHOro B aKyCTU4Yeckoe none: 370 cpefHee apudmeTnyeckoe OByX 4acToT, Ha
KOTOpPbIX aMnnuTyga CrnekTpa akycTudeckoro paaeneHnss Ha 3 b Hwke nuKoBoWn
aMmnnuTyapl

[cooTBeTcTBYET 3.4.2 MOK 61102]

3.6 HanoxeHue cnekTpoB (aliasing): JloxHaa wvHAMKAUMA 4YacToTbl curHana B

pesyrnbTate BbI60pKI/I Ha CIIMLLKOM HM3KOW YacToTe

anIMe‘-IaHI/Ie - HOPOFOBOG 3Ha4YeHne AOnAa TaKoro HaloXeHuda 3aBUCUT OT 4YacCTOTbl

NOBTOPEHNA NMNYINbCOB 1 BO3MOXHOIo capura ©a30BOW NUHUMN.

3.7 cpepHAA 4acToTa AonnepoBCKoro cnekrtpa, 'y (average frequency of the
Doppler spectrum, Hz): [NapameTp, OLEHMBAEMbIN KIMHUYECKUMU OOMNEPOBCKMMM
cucTtemamMum ans KpaTkOBPEMEHHOTO YCpeAHEeHMst AOMMepOBCKOro CrnekTpa, WUrHopupysi

BIlinAHME LWyma

MpumedyaHue — CpeaHsis YyactoTa OOMNMEPOBCKOro crnekTpa obbl4HO onpeaensieTcs Ans

HebonbLoro nHTepaana spemexun (06bi4HO OT 2 0o 20 mc).

3.8 AnMana3oH oceBoro oTknuka, MM (axial response range, mm): [luanasoH rnyouH
B TKaHW, B KOTOPOM 3alLyMJIEHHbIA CUTHAN OT KOHKPETHOW MULLEHU NO MEHbLUEN Mepe Ha
3 ob BblWe ypoBHS WymMa

[cm. 2.4.1 MBK 61206]

3.9 xuakoctb, umutupymowaa kKpoeb (KUK) [blood-mimicking fluid (BMF)]:
Xuakoctb, KOTOpas WMMUTUPYET KPOBb U [ABMXETCH C W3BECTHOW CKOPOCTbI 4Yepes
NPOTOYHbIN AONNNEPOBCKUN TECT-00HLEKT

3.10 paspeneHue kaHanoB, b (channel separation, dB): OTHOweHME YPOBHSA
curHana B KaHane, COOTBETCTBYKOLLEro [ABWXKEHUIO B TecT-obbekte (MonesHoro
HanpsPKeHUs Ha BbIXOAE) K YPOBHIO CUrHama B MPOTUBOMOMOXHOM KaHamne (NOXHOro

Hanps>XXeHnd Ha BbIXO,EI,e).

MpumevyaHne -— PasgeneHne kaHanoB [OOMKHO HOpMMpoBaTbCcsa B Aeumbenax Kak

asaguaTtb J'IOl'apI/I(*)MOB OTHOLLEHNA NOJ1Ie3HOro 1 JI0XXHOro Hal'lpﬂ)KeHVIIZ.

[cm. 2.6.1 MOK 61206]
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3.11 npocTpaHCTBEHHOE paspelleHue uBeTHOro aucnnena, mm (colour display
spatial resolution, mm): MuHMManbHOE OTCTOSIHME B MPOCTPAHCTBE [OBYX OTAESbHbIX

TOYEYHbIX UNU NIMHEWHBIX MULLEHEN, KOrAa OHU MOryT HabnaaTbcs pa3aesnbHo.

MpumeyaHune — MpocTpaHCTBEHHOE paspelleHne LBETHOro ANUCNes M3MepsieTcsa B Tpex
HanpaeneHusax: 1) BOOMb OCWM Mydyka, 2) B MNeprneHOUKYyNsSpPHOM HanpaBneHuM K MNIoCKOCTM
CKaHVMpOBaHus, 1 3) B HanpaBreHuu, fnexallem B MIOCKOCTU CKaHUPOBaHUSA, NepreHanKynapHOM

ocu nyyka.

3.12 rpaHuua mepTBOM 30HbI, MM (dead zone boundary): paHvua obnacTtw,
NPUMBbIKaOLWEN K aTYMKy, B KOTOPOM CUCTEMA HEYYBCTBUTESbHA K ABUWXKEHUIO

3.13 rnyo6uHa usmepeHuss M, um (depth of measurement, M, mm): PacctosHue ot
MOBEPXHOCTU MaTepuana, MMAUTUMpPYIOLLEro TKaHb, 4O LeHTpa TPpyoku. Ecnn Ha nytu
ynbTpasByka MPUCYTCTBYIOT pasnuyHble ocnabnswowme matepuanbl, He sBRSoLmecs
UMUTUPYIOLWMM TKaHb MaTepuanamMm UM UMUTUPYHOLWMMU KPOBb MaTepuarnamu,
rnmybvHa W3MepeHuUss MPUHUMAETCH pPaBHOW pPacCTOAHUIO B UMUTUPYHOLWEM TKaHb
MaTepuane OT NOBEPXHOCTU MaTepuana, UMUTUPYIOLLEro TKaHb 40 LieHTpa TPYOoKu, Ha
KOTOPOM 3aTyxaHue Takoe e, Kak 1 Ha hakTU4eCKOM MyTU B NPOTOYHOM AONNepPoOBCKOM
TecT-o6bekTe

(cm. Takke npunoxeHue B)

3.14 ponnepoBckuu yron, 6, rpagyc, ° (Doppler angle, 6, degree, °): OcTpbin yron
MeXy OCbl OO0MNMepoBCKOro ny4vka, UCNonbL3yemMon ANns AOMnepoOBCKOro U3MEPEHUs, U
OCbl0 TPYOKM

3.15 norpewHOCTb M3MepeHusi aonnepoBcKoro yrna, rpagyc, ° (Doppler angle
error, degree, °): PasHuua mexgy U3MepeHHbIM 3HayeHVeM AOMNNepoBCKOro yrrna v ero
WUCTUHHBIM 3HA4YEeHNEM

3.16 auana3oH OTKNuKa gonnepoBckown yactotbl —3 Ab, 'y (Doppler frequency
-3 dB response range, Hz): YactotHaa obnactb B [ONMEpPOBCKOM CMEKTpe C
MaKCUManbHON MOLLHOCTBIO Ha €AMHMULY 4acTOTbl U OrpaHMYeHHas Gnvxanwnmm K Hew

AO0NMepoBCKUMN YacToTamMun € ypoBHAMU —3 b

MpumeyvyaHune — [OuanasoH AOMNNEPOBCKOW YACTOTHOW XapaKTEPUCTUKM MNpu OPYrom

YpPOBHE CuUrHaria MoxXeT oueHnBaTbCA aHarorm4HbIM o6pa30M.
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3.17 norpewHoOCTb HEeJIMHEMHOCTU AonnepoBCKOW 4acTtotbl, [ (Doppler
frequency non-linearity error, Hz): Hanbonbluee OTKNOHEHWE MO YacToTe OT NOCTPOEHHON
MEeTOAOM  HauMeHblUMX KBagpaToB  3aBMCUMMOCTM  [OMMEPOBCKOM  4acToTbl  OT
HabniogaeMon CKOpoOCTM B AManasoHe MpuemMa AONNepoBCKUMX YacTOT Ha YpPOBHe
-3 ab.

[em. 2.3.2 MBK 61206]

3.18 oTknuK ponnepoBckon 4acTtoTbl (Doppler frequency response): YpoBeHb
AOMMepOBCKOro curHana kak yHKUns 4onnepoBCKOM YacToThl.

3.19 gumHamuyeckun guanasoH, ab (dynamic range): OTHoweHne (B aeumbenax)
Hanbonbluero 3HayeHWs AOMMEepOBCKOro CurHana, KOTOpbI MOXeT BblpabaTbiBaTbCA
cuctemon 6e3 06pasoBaHNs NOXHbBIX BbIXOAHbIX CUrHANOB, U HAMMEHbLLETO ero 3Ha4YeHus,

KOTOPbIN MOXET BbITb MPUHSAT.

NMpumeyaHne — OTO Mepa OTHOLIEHMSI MaKCMMasribHO [OMYCTUMOro neperpyxeHHoro

cUrHana v ypoBHsSi MMHUMAanbHOrO CMrHana, no KOTOpoMy MOXHO 3aperncTpupoBaTh KPOBOTOK.

3.20 BnNuMAHUEe Ha 4YyBCTBUTENbLHOCTb HenoaBmxHou muweHwu (fixed target effect
on sensitivity): IameHeHne ypoOBHSI BbIXOQHOro OOMNSIEPOBCKOro curHana (B geumbenax)
NPy BHECEHUM B JOMNMNEPOBCKUIA MYYOK XOPOLLO OTpaKatoLLen HEMNOABMKHON CTPYKTYpbI (06
noeanbHoMm oTpaxarene cm. 2.3.3.2 M3K 61206).

3.21 npoTo4yHbIn pgonnepoBckun TecT-06bekT (flow Doppler test object):
dusnyeckasd mogenb KPOBEHOCHOro cocyga C npoTekalowen KpoBbi, HaxogsLlerocs B
Tene 4yenoBeka. ATOT OObEKT COCTOMT M3 MaTepuana, MMATUPYIOLLEro TKaHb, BHYTPU
KOTOPOro NnpoTekaeT maTepuan, MMUTUPYIOLLUA KPOBb.

3.22 tabnuua nepeBopa 4actotbl B uBeT (frequency to colour translation table):
Tabnuua, onucbiBawowas cnocob, KOTOpbIM [ONNEPOBCKME HacTOTbl OTobpaxaroTcs
LiIBETOM Ha MOHUTOpE.

3.23 HauBbICWas npuHUMaemasa ponnepoBckass 4vactorta (highest detectable
Doppler  frequency): YactoTa, cooTBeTCTBYyWOLWass  HaumbomnbllemMy  3HaYeHUIo
HabnpgaeMonm CKOPOCTU, KoTopass OOHapyxuBaeTCa BMOMHE OAHO3HA4yHO (6e3
HanoXeHwus).

3.24 BHyTpeHHuUU aunameTp, D, mm (inner diameter): BHyTpeHHWN anameTp TPyOKm,

no KOTOpOI7I npotekaeT MMUTUpPYyOLLad KPOoBb XUOKOCTDb.
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3.25 pnuHa BxogHoro otBepctuA, L, mm (inlet length): PacctosiHne, Ha kOToOpoMm
TpyOKa [O/mKHa WMEeTb OOWHAKOBOE MonepeyvyHoe ceyeHne, 4ToObl rapaHTUMpoBaTb
pPaBHOMEPHYIO CKOPOCTb, HE 3aBUCSLLYHO OT YCNOBUA Ha BXOAE TPYOKM.

3.26 conyTcTByKLWee chneKkTpanbHoe pacwupeHume, [u (intrinsic spectral
broadening): LupnHa (4acTtoTHOM) obracTn, B KOTOPOM CneKkTparnbHas WHTEHCUBHOCTb
CHWKaeTca He 6onee 4Yem Ha -3 OB OT cBOero MakCMManbHOrO 3Ha4YeHus, Korga
[onnepoBcKas cuctema onpegenseT ABMKEHNE MULLEHN C NOCTOSAHHOW CKOPOCTLIO.

3.27 camas HM3Kas npuMHUMaemas aonnepoBckas YactoTa, 'y (lowest detectable
Doppler frequency): [donnepoBckas 4acToTa, COOTBETCTBYHOL A CaMOW  HWU3KOW
HabngaeMon CKOPOCTU, KOTOPYH MOXHO OTANYUTL OT LWyMa.

3.28 MakcumanbHasi YacTtoTa JOMJIepoBCKOro cnekrpa, 'y (maximum frequency
of the Doppler spectrum): CaenaHHasi OONEPOBCKOM CUCTEMOW OLEHKa HauBbICLLEN

4acCTOTbl B AOMJIEPOBCKOM CNEKTpe bes y4yeTa BKrnajga wymMoB.

MpumedyaHue 1 — MakcumanbHas 4YacToTa AOMSIEPOBCKOro CreKTpa COOTBETCTBYET
caMoWi BbICOKOW CKOPOCTM B UccrieayeMoM obbeme B onpeaeneHHbIi MOMEHT BPEMEHMW.

MpumedyaHue 2 -— KnuHuYeckMe [OMNNEepoOBCKME CUCTEMbl OObIMHO —onpeaenstoT
MaKCUManbHYK 4acTOTy AOMNMEepoOBCKOro CMeKTpa 3a O4YeHb Marnblii MHTEpBan BpeMeHM

(06biyHO OT 2 oo 20 mc).

3.29 Habnopaemasa ckopocTb (observed velocity): CocTaBnswowasi CKOpOCTU
paccevBaTens, HanpasneHHasa K npeobpasoBaTento Unmn oT Hero.

(cm.1.3.10 MOK 61206)

3.30 napabonunyeckun npocdunb ckopoctenm (parabolic velocity profile):
OcecummeTpunyHoe pacnpegeneHne Te4eHns B NonepevyHoM CeYeHnn TPpyoKn, B KOTOPOM
CKOPOCTb YMEHbLLAeTCsi NPONOpLUMOHarnbHO KBagpaTy pacCTosiHUS OT LEHTpa TPYOKu, a
Ha ee CTEeHKe CKOPOCTb paBHa HyIio.

3.31 rnybuHa 3oHgupoBaHus, MM (penetration depth): MakcumanbHasa rnybuHa B
MaTtepuane, MUMUTUPYHOLEM TKaHb, ANA KOTOPOW [JOMNMEPOBCKAM CuUrHan eue
OTNMYyaeTCcs OT LWYMOB.

3.32 norpewHoCcTb onpeaeneHns MecTononoXeHUs uccnegyeMoro oobema, MM
(sample volume position error): PaccTtosiHne mexagy UeHTpPoOM uccriegyemoro obbema,

onpeaensemMoe rno ero N3o06pakeHuto, 1 ero AeNCTBUTENbHbLIM 3HAYEHNEM.
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3.33 marepwman, nmutupyrowmn Tkaib (MUT) (tissue-mimicking material (TMM))
MaTtepmnan C ynbTpa3BYyKOBbIMM XapaKTEpPUCTMKaMM (CKOPOCTb 3ByKa, 3aTyXxaHue W
paccevBaHue), NOAOOHLIMM TEM, KOTOPbIE MPUCYLLN MATKMM TKaHSIM.

3.34 TpybkKa (tube): KaHan, no KOTOpOMYy npoTekaeT UMUTUpPYHLWasa KPOBb

xunakoctb (XKUK).

MpumeyaHne — CnoBo Tpybka nNpuMMEHMMO U K OTBEpPCTUO B MaTepuane,

UMUTUPYIOLLEM TKaHb.

3.35 norpewHoCcTb U3MepeHUss ob6beMHoro nortoka (volume flow measurement
error): CTokpaTHoe abConioTHOE 3Ha4YeHMe pasHULbl Mexay AONSEePOBCKMM U3MEpPEHNEM
CKOpPOCTM MpOTeKaHWst XWOKOCTM B KakoM-nmbo wuccnegyemom obbeme U ee

JeNCcTBUTENbHbIM 3HAa4YEeHNEeM, OefIeHHOW Ha OeNCTBUTENbHOE 3HaYEeHMe.

MpumeyaHne — T[lorpelwHOCTL U3MEpPeHUss OGBHLEMHOro MOoToKa WMeeT 3HaK W

3anncbiBaeTCd B NpoueHTax.

3.36 TonwmHa cteHkn W, mm (wall thickness): TonwmHa CTeHkn TPYOKu

I'Ipmmeanl/le - ,D,J'Iﬂ OTBEPCTUA B MaTepuane, MMUTUPYHOLLEM TKaHb, TOJNLWWHA CTEHKU

paBHa HyrmHo.

3.37 paboyas pguctaHuma, MM (working  distance): Pacctosinme ot
npeobpasosaTens 40 BbIOpaHHOW MULLIEHU, OnpederieHHoe No MakCuMarnbHOMY curHany.

3.38 ypoBeHb LWWyMa HyneBoMu cKopocTbho, Ab (zero-velocity noise level): CpegHee
KBagpaTuyeckoe 3HayeHve curHana (B Ab) Ha Bbixoge [ONMNEpPOBCKOro gatyuka npu

OCTaHOBKe ABWXXEHUS B JOMNIIEPOBCKOM TECT-O00BHEKTE.
MpunmevyaHne 1 — OBbLIMHO HYNEBOW YPOBEHb LLYMOBOIFO CUMrHarna - 3T0 Cymma ypOBHS
LLIYMOB CUCTEMbI N YPOBHS NMOMEX.

MpumeyaHue 2 — HyneBou ypoBeHb LIYMOBOFO CUrHama 3anvcbiBaloT B Aeumbenax

oTHocuTensHo 1 MB (adpd.).

4 CumBoOnbI

C = CKOPOCTb 3BYKa
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Cw = CKOPOCTb 3BYKa B MaTepuarne CTEHKN

Ct = CKOPOCTb 3ByKa B MaTepuane, UMUTUPYIOLLEM TKaHb

Cb = CKOpPOCTb 3BYKa B XXMAKOCTU, UMUTUPYIOLLIEN KPOBb

D = BHYTpeHHU anameTp TPpyOoKu

f = yacToTa aKycTU4eCKOro BO3aeMcTBUA Uccrneayemoro obopygoBaHus
h = anuHa nytv 8 MUT

L = AnMHa BXOAHOro oTBepCTUS

M = rnybunHa namepennsa*

g = CKOPOCTb NPOTEKAHUS XXUAKOCTU, UMUTUPYIOLLEN KPOBb
Re = yncno Pennonbaca*

V = nokanbHasi CKOPOCTb XUAKOCTU, UMUTUPYIOLLEN KPOBb
Vavg = CKOPOCTb, YCPeAHEHHAsi N0 CEeYEeHU0 TPYoKn*

Vmax = HambonbLlas CKOPOCTb B NOMNEPEYHOM CeYeHUn TpyoKku*
W = TOJLWMHA CTeHKN TPYOKMn

Z = XxapakTepuctn4eckum (yaenbHbIn) akyCTU4eCKU nmnegaHc®
a = KO9(PPULMEHT 3aTyxaHns 3ByKa

N = BA3KOCTb XUAKOCTU, UMUTUPYIOLLEN KPOBb

6 = ponnepoBCKUN yrorsn

P = NIIOTHOCTb MaTtepuana

0 = puchbdepeHumanbHoe ceveHne paccesiHusl B 06paTHOM HanpaeneHun Ha eguHULLY

obbema, Takke HasblBaeTcsa KO3IPULMEHTOM 0OpaTHOro paccesHus

I'IpwmeanMe - (DOpMyJ'IbI ONs BENUYMH, OTMEYEHHbIX 3BE3404KOMN, npuBegeHbl B

npunoxexumn B.

5 O6wan cxema NPOTOYHOro AOMNJIEPOBCKOro TeCT-oobeKra

Mpumep, NokasbiBalOWMIA MECTO MPOTOYHOro AONNEePOBCKOro TecT-o6bekTa B
NONHOM N3MepUTENbHON cncTteme (NPOTOYHAsA YyCTaHOBKA), NoKasaH B NpunoxeHun E.

MpPOTOYHbLIN AONNEPOBCKUN TECT-00BLEKT CcoCTOMT 13 6r10ka maTtepuana, KOTopbIn
UMUTUPYET YNbTPa3BYKOBblIE CBONCTBA (CKOPOCTb 3BYKA, 3aTyxaHWe U paccesiHue) MArknx

TKaHen. XXmakocTb, wumuTupyrowasa KpoBb (XKUK), nportekaetr no npsaAmomy
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UMNMHOPUYECKOMY KaHany W UMUTUMPYEeT KpPOBOTOK. PacnonoxeHwe wmaTtepuana,
umuTupyrowero Tkaib (MUT) n kaHana TakoBO, YTO AOMMEpPOBCKUMN nNpeobpasoBaTerb
MoXeT 3oHaupoBaTb notok XXWUK B gmanasoHe rmybuH ero 3aneraHvs B TKaHW.
CyLlecTBylOT TpU pasnuyHble opMbl MPOTOYHOIO AOMNNEPOBCKOro TeCT-00bekTa:

- KaHan BbINOMHEH U3 TPYOKKU, Hag KOTOPOW pacrnosiokeH TpeyronbHblid 6nok MUT
(pucyHok 1a);

- KaHan BbIMNOMHEH 13 TPyoku, nexawlen sHyTpn MUT (pucyHok 1b);

- KaHan npegctasnseTr cobon umnuHapunyeckoe otBepctue BHYTpu MWUT (pmcyHok
1c).

B panbHenwem TepMuH «TpyOKa» ucnonb3yetca Ang obo3HaveHust BCEX TUMOB
KaHanos.

MpoTOYHbLIN AONNEPOBCKUN TECT-OOBLEKT MOXET MMEeTb HEeCKOSbKO KaHasroB
pasnuuHblX AnameTpoB. B 3ToM cnyyae TpeboBaHMA HaCcToOsILEro cTaHgapTa
NPUMEHSAIOTCA K KaXXAOMY KaHany oTaerbHO.

Umutupyrowasa kpoBb xuakoctb (XKUK) obnagaet peonornyecknmm cBOMCTBaMM,
HaNoOMMHaLWNMM CBONCTBA LIeNbHOW KPOBU B KPYMHbIX apTepusix (anametpom >0,5 Mm).
Mpn Taknx obctoaTenbcTBax 3EEKTOM HEHBHOTOHOBCKOINO NMOTOKA MOXHO NpeHebpeyb.
KoacppmumeHt obpatHoro pacceaHna XHUK ananornyeH koadpduumneHTy KkpoBu B

€CTECTBEHHbIX YyCITOBUAX. ﬂ,J'IFI 3TOro B XMAKOCTb AobaBnsawTcA TBepAdble YaCTuLbl.

[onnnepoBckuit
npeobpasoBarerb

(HeobgasaternbHbii)

IEC 1068/01

PucyHok 1a) PucyHok 1b) PucyHok 1c)

PucyHok 1 — Tpu koHGUrypauumn gnsi NOTOKOBOro AOMNMEPOBCKOro TECTOBOro obbekra
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6 TexHu4yeckue TpGGOBaHMﬂ K NPOTO4YHOMY AonnepoBCKOMY TecCT-

00 BLeKTY

6.1 O6wme nonoxeHus

MprMepbl NOAXOAALLMX METOL0B N3MEPEHUSA MOXHO HAUTWN B NPUNoOXeHumn F.

Ecnn He oroBopeHo WHOE, yKasdaHHble 3Ha4YeHWA OOSDKHbl OblTb AENCTBUTENbHLIMM
npu 22 °C. TpOTOYHbIA [OMNEPOBCKUA  TeCT-O0OBbEeKT npeaHasHavyeH Aans
ncnonb3oBaHus B ananasoHe Temnepatyp ot 19 °C go 25 °C.

MpoTOYHbIN AONNEPOBCKUMA TeCT-OOBLEKT npeaHasHayeH Ansi UCMONb30BaHUA C
paBHOMEPHbLIM (HEe MyNbCUPYHOLWMM) NOTOKOM. MakcMmanbHOe MrHOBEHHOE OTKIIOHEeHMue
CKOPOCTU MOTOKA OT €ro CpedHero 3HayeHusi OOMMKHO M3MEpPSTbCs U coobliatbeca ans
ntoB0oro KOHKPETHOIO NPUMEHEHUS.

Ckopoctb UK, ycpegHeHHast Mo nonepeyHoMy ceyeHuro Tpyobku, AosmkHa ObiTb

M3BECTHa C HeonpeaeneHHOCTbIo He Bonee 5 % (Npu ypoBHe AocToBepHOCTM 95 %).

6.2 Xupgkoctb, umutupyrowas kpoeb (XKUK)

CeouctBa xupakoctn, umutupyrouwen kpoBb (KUK) gomkHbl OblTb aHanornyHbl
CBOMCTBaAM KPOBM in Vivo.

KoHueHTpauma yactumu AormkHa 6bITb 4OCTAaTOYHO BbICOKOMW, YTODObI MO MEHbLUEN Mepe
1000 yactuy nNpucyTCTBOBANM B HaMMEHbLUEM WCMAbITYyEMOM OObeME A0MNnepoBCKOM
CUCTEMbI B AAHHbI MOMEHT BPEMEHM.

Peonornyeckne csonctea XUK npu npotekaHun B TpybOkax AnamMeTpoM He MeHee

0,5 MM OOJKHbI COOTBETCTBOBATb CBOMCTBAM HbIOTOHOBCKOW YXUOKOCTH.

Tabnnua 1 — TunmyHble Anana3oHbl napameTtpoB kKposBu npu 37 °C, rge f — yvacrtoTta

adKyCTu4deckoro BO30EeNCTBUA B repuax

CkopocTb 3ByKa (ot1570 po 1595)mc™ [3][4]
MnoTHOCTb (ot 1050 po 1 055) kr m™® [5]

XapakTepucTniecknin akyctuieckmi nmnegaHc | (ot 1,65 go 1,68) x 108 kr m2 ¢c™

KoadhdurumeHT obpaTHoro paccesHus 4,0x10" x M Ty™“cp™ [6]
3artyxaHue (01 0,15 00 0,22) x 10™ x f gb M~ 'y™" [3] [4]
BsaskocTb (o1 1,7 po 4,4) x 102 Ma c [5]

Ha ocHoBaHuuM AaaHHbIX Tabnuubl 1 BbIOpaHbl cnegyowme napameTpbl Ans XXUK:
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Tabnuuya 2 — TpeboBaHna kK napaMeTpam XuUgKocTn, umutupyrowen kKpoeb (XKUK)

CkopocTb 3BYyKa (1570+30)mc™
MnoTHOCTL (1050+40)krm3

XapaKkTepucTUYeCKMn akyCTUYECKUIA UMNegaHc | 3aBUCUT OT CKOPOCTM 3BYKa U MIOTHOCTM

KoadbpmumeHT obpatHoro paccesHus (ot 1m0 10) x 107" x f*mM™ U™ cp™*
3aTtyxaHue <0,1x10*xfabm" Ny™
BaskocTb 4+£04)x10=Mac

B kauyectBe anbTepHaTMBbl M3MEPEHMIO aBCOMIOTHOrO 3HaYeHus koadppuumeHTa
obpaTHOro paccesiHMsi paspellaeTcss nNpoBOAUTb OTHOCUTESbHbIE W3MEpPEeHUd no
OTHOLLEHUIO K TeKyLLen KpOBM YerioBeka criefyrollero cocrasa: nnasma 3ameHeHa 0,9 %
PU3NONOrMYECKMM PacTBOPOM, remMaToKpUT B Mpedenax HopmanbHOro AvanasoHa
40 %-48 %.

CwMm. nyHkT C.2 ans o60CcHOBaHUA BbIBpPaHHbLIX 3HAYEHUM.

KoadhpmumneHT obpaTHOro paccesHnsa JormkeH OblTb N3BECTEH C HEONPEAENEHHOCTbIO

He 6onee yem B 2,0 (3 ob).

6.3 Tpybka

6.3.1 BHyTpeHHUN gnameTp

BHyTpeHHU pgnameTp Kaxaon TPYOKM OOMKEH UMETb OOHO W3 CneayroLmx
3HaveHun: 0,5; 1,0; 2,0; 4,0; 8; 16; 32 mm. [Ouametp AormkeH ObiTb BbINOSIHEH C
OTKNOHeHneM meHee 4em Ha £10 % OT HOMUHANbHOIO 3HAYEHUS.

Onsa pacyeta ckopoctn npotekaHms XUK (cm. T[Mpunoxenne B) cnegyet
ncnonb3oBaTb (aKTUYEeCcKoe MonepeyvyHoe cedeHne TPYOoku. HeonpeoeneHHoCcTb B
nonepevyHoM ceyvyeHun TPYOKM O0SKHA y4uTbiBaTbCA MPU pacyeTe HeonpeaeneHHOCTU
CKOpPOCTU. [INsi TOHKOCTEHHbIX 3MaCTU4YHbIX TPYOOK MOXeT noTpeboBaTbCA yynUTbiBaTb
3aBMCMMOCTb Nsioagmn nonepeyHoro cevyeHns oT AaBeHns.

6.3.2 [InMHa BXOQHOro oTBepCcTUs

UToObl YOOCTOBEPUTBLCS, YTO YCNOBUS MPOTEKAHUST B TOYKE W3MEPEHUs1 XOPOLLO
N3BECTHbI, TPYOKa A0IMKHA ObiTb NPSIMON M MMETb OAMHAKOBbLIN BHYTPEHHU auameTp D.
Mepen TOYKOM M3MEPEHUSA MNnowadb BHYTPEHHEro MpOCTpaHCTBa TPYOKM OOMmkHa ObiTb
OAWHMKOBOW MO ANMHE BXOAHOro orBepctua L. [innHa BXOQHOro OTBEPCTUA, a TakkKe

ANWHA BbIXOJHOIO OTBEPCTUS HEe AOMMKHbI BKMYaTb B cebs Kakon-nmbo coeauHUTEnb,

11
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KOTOprVl BHOCKN Obl BO3MyLlEeHNE B MOTOK U3-3a N3MEHEHUN B cbopme nin nnowaan
nonepeyvyHoro ce4veHud. Ecnu I'IpO(bl/IJ'Ib NOTOKa B Ha4alie AOJiHbl BXOO4HOro KaHala

nnockuu, To L ana nammHapHoro notoka (Re <2000), onpeaensieTcs Kak

L =0,03 D Re.

Ncnonb3ys 310 ycnoBue, oceBasi CKOPOCTb NOTOKa B TPyOke OTKIMOHSIETCA MeHee Yem

Ha 5 % OT 3Ha4YeHus1, paccyMTaHHOro No napabonmyeckomy NPogUIID ckopocTu [7].

NMpumedyaHue — BblwenpuBegeHHoe YTBepXKAEHWE BEpPHO AN YUCTbIX KWUOKOCTEW;

NMPUMEHMMOCTb K CyCNEeH3NAM HYaCTuL, BCe eLle N3y4yaeTCA.

Onsa TypbynenTHoro notoka (Re > 4000) L gomkHo 6biTb 6onblie 40 D.

B obnactn 2000 <Re <4000 cxema noToka 3aBUCUT OT AeTarien aKCnepmMmeHTanbHOu
YCTaHOBKWN N HE MOXET MCMNONb30BaTbCA 6€3 BHELUHEN KannubpoBku [8].

AnbTepHaTuMBHble MeToAbl AN OOCTMXKEeHMs napabonuyeckoro npodunsa
cKopocTeun MOoryT 6bITb MCNOSb30BaHbI NPWU YCIIOBUU, YTO 3T METOAbI MPOBEPEHbI.

6.3.3 CTeHKa

CTeHka TPYOKM MOXET McKaxaTb YNbTPasBYK 3a CYET OTPaKEHUS, NpPerioMneHnsa u
3atyxaHusa [9]. NpogonbHas CKOPOCTb 3Byka mMartepuana CTEeHKM TPYOKM [ormkHa ObiTb
BblOpaHa Kak MOXHO 6nvke Kk ckopoct MUT, 4Tobbl n3bexaTb MNOMHOIO OTpPaXeHnsa npwm
Manbix gonnepoBckux yrnax [10], [11], [12]. Ons oTBepcTnsa B MUT (Hynesasa TonwumHa
cTeHkn), rpaHmua mexay XUK n MUT moxeT genctBoBaTb Kak NiMH3a 1 oTpaxaTtesb. JOTu
aheKTbl 3aBUCAT OT AONSIEPOBCKOro yrna.

[anee paccmatpmaloTcs 3dpdeKkTbl ABYCTOPOHHErO MNPOXOXOEHUS yrbTpa3sByka
yepes CTEHKY TPYOKW.

NckaxeHnss OOMmKHbl OblTb Takumu, 4TOObl CTEHKa TPYOKM yMeHbluana ypoBeHb
CUrHana Ha BeNUYMHY, KOTOpasi MeHblle YMEHbLUEHUSI YPOBHS CUrHana, BbI3BaHHOMO
cnoem MUT TonwmHon, paBHOW BHYTPEHHEMY AnamMeTpy cocyaa.

[Ana napabonuyeckoro npocunsa cKopocTu B TPyOKe, KOTOpas pPaBHOMEPHO
03BYy4YeHa, CNeKTpanbHOEe UCKaXXEeHNEe OOIMKHO OblTb TakuM, YTOObI MHTEHCUBHOCTL CUrHana
OT KPOBW, TEKYLLEN CO CKOPOCTAMU, BNN3KMMKU K HYMIO, He Bbina ymeHblleHa Gonee yem
Ha 3 4b NO CpaBHEHUIO C MHTEHCUBHOCTLIO CUrHana KpoBW, TEKyLlen C CaMOW BbICOKOM
ckopocTbto. CriegyeT y4yecTb YacTOTHYK XapakTepucTuky npubopa, u3Mepstowero

cnekTpanbHble NCKaXXEeHUA.
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6.4 Martepman, MMUTUpYrOLWKUNA TKaHb (MUT)
PekomenagyeTcs, 4ToObl akyctudeckne napameTtpbl ana MUT umenn 3HadeHus,

ykasaHHble B Tabnuue 3 (cM. Takke nyHKT C.6).

Tabnuua 3 -lNapameTpbl MaTepuana, umutupytowero TkaHb (MUT)

CkopocTb 3BYyKa (1540 +15)mc™

3aTyxaHne (OAHOCTOPOHHMIA NPOXOA) (0,5 % 0,05) x 107 f gb M™"TL™

XapakrepucTnieckmi akyctudeckui nmnegaHc | (1,60 £ 0,16) x 10 kr m™2 c™

AnbTepHaTBHoOe 3atyxaHue (cM. [yHkT C.6) (cm. nyHkT C.6) (0,75 £ 0,05) x 10™x fgb M 'y™

KoadbdpumumeHT obpatHoro paccesHus (otT1p004)x 1028 x f4m ™ [y cp™

6.5 NeomeTpus

B AmonnepoBCKOM NPOTOYHOM TECT-O0ObLEeKTe Yron Mexay MNOBEPXHOCTbI, Ha
KOTOPYH yCTaHaBnMBaeTCsa AaTyumK, U cocyaoM aosmkeH coctaenatb 0°, 30°, 45° nnm 60°.

PekomeHnayeTcs npegycMoTpeTb MexaHuyeckme CpenctBa Ans yAepXaHus gaTyvka
TakuMm o00pasomMm, 4YTOObl AONSIEPOBCKMM Yronm MOXHO Obiflo  BOCMPOM3BECTU C
HeonpeaeneHHOCTbO MeHee 1° (Npu ypoBHE JOCTOBEPHOCTM 95 %).

PekomeHayeTcda, 4TOObl MPOTOYHLIA [OMNNEPOBCKUN TeCT-00beKkT Obin caenaH
Takum obpasom, 4YTobbl MUMHMManbHas rnyouHa Uu3MepeHusi, KoTopasi MoXeT ObiTb
nony4eHa, cocTaBnana MeHee ABYX AnamMeTpoB TPyOku. OgHako 3TO 3aBUCUT Takke OT
KOHCTPYKUMM (LUMPWHBI) JONNEPOBCKOro AaTtymka.

PekomeHayeTca Takke, YTobbl 3aTyxaHue curHana (B ogHy ctopoHy) B MUT 6bino He
meHee 25 gb. OTo 03Ha4aeT, YTO MPOTOYHbLIA LOMJIEPOBCKUMA TECT-O0BLEKT JOMKEH
obecneunBaTtb MakcMMmarbHYyK rnyouMHy uamMmepeHus B MeTpax Ha 4dactote f B repuax,

npesblllaolyro
(500 x 103 m I'y) x ™
NN Xe

(330 x 103 m Ny) x

B 3aBMCMMOCTU OT TOrO, Kakoe 3HayeHune 3atyxaHua MUT Bbi6paHo 13 Tabnuubl 3.

13
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7 Mepbl npenoocTopoXxXHoOCTM AnA npeporTBpawleHnA WU3IMeHeHUs

cocTaBa XuUAKocTU, umutupyrowen kpoeb (2KUK)

BaxxHo, 4uTobbl K0O3dhdurumeHT obpaTtHoro paccesHna XXUK octaBanca HeM3mMeHHbIM.
[Ansa aToro He06xo4MMO NPeAnpPUHATL CriegyoLwme Mepbl NPeLOCTOPOXHOCTH.

1) KoHTyp noToka AomkeH ObiTb BbINOSHEH Takmm o6pasomMm, 4ToObl BO BpeMS
MCNONb30BaHMA pacceMBalOWM  MaTepuarn He BbiNagan B OCafdoK. JTa 3ajaya
obneryaeTca UCNOMb30BAaHMEM Marle€HbKUX YacTuu, MMEKLWMX MNNOTHOCTb, OnuM3Kyto K
nnotHoctn XUK. B 3aBucumocTn oT Tvna 4yactuy Heobxoaumo obecrneynTb Xopoluee
nepemewmBanme XHWUK ee umpkynaumen wnm B3bantbiBaHMEM. YTOObI UCKMOUUTL
ocaxJeHune 4YacTuy 3a TO BpeMs, Korga TecT-o6bekT He UCMOoNb3yeTCsl, MOXXHO NPUMEHATb
Hacoc, BKIoYaroLwmmnes Ha 15 MyUH Yepes perynspHble nHTepBarbl BpemeHu (oT 2 4 go 14
AHen). [nsa HekoTopbIX cCUCTEM MOXeT noTpeboBaTbCA MHTEHCUMBHAA MpoKayka nepen

UCrNoJsib3oBaHUNEM.

MpnumevyaHne — 3TM Mepbl NPEOOCTOPOXHOCTU TpebyrTca NOTOMY, YTO WU3MEHEHMS
KoahdhuumeHTa paccensaHnsa MoryT 6bITb Bbi3BaHbl OTAENeHneM paccemBatowmnx Jyactuy oT KUK,

NX UCTUPAHMEM U KrnacTepusaumnen.

2) BBegeHvne WMHOpPOAHbLIX TBEPAbIX YacTUL, AOMKHO ObiTb CBEAEHO K MUHUMYMY.
PekomMeHayeTca 3aMKHYTYO LIMPKYIALNIO.

3) XUK He pomkHa cogepxaTb My3blpbKOB rasa. OTO0 MOXET ObiTb AOCTUTHYTO
nyTem:

- Aerasaumm XUAKOCTU NyTeM KUMNSYEHUSI UK ee BblAEPXKMBAHNEM MPU NOHMXKEHHOM

JaBlieHnn nepen ncrosib30BaHNEM;

npenoTBpalleHust pas3bpbi3rMBaHns;

YyCTaHOBKMN punbTpa ¢ Manbimu nopamu (25—-40 MKM) Ha BXxoge TeCcT-06bekTa;

YCTaHOBKU I'Iy3blpbKOBOl7I JTOBYLLKW;

npefoTBpalleHna KasBuTauuu, Bbi3bilBAEMOM COYETaHMEM BbICOKMX CKOPOCTEW
MOTOKa W pe3Koro U3MeHeHus AuameTpa B KOHTYpe MOTOKa;

- noggep)XaHnem XUOKOCTU BO BCEM KOHTYpe Mo MOBbILWEHHbIM MO CPaBHEHUIO C
aTMocepHbIM AaBneHMemM nnu obecneyeHmem repMeTUYHOCTN COEQUHEHNIA.

4) BbinonHeHve ycnosumr, ykasaHHblx B 1), 2) n 3), OOMKHO 6biTb OroBOpPEHO
narotosuternieM. CTeneHb BbINOMHEHUA MOXHO KOHTPONMpoBaTb MyTEM W3MEpeHus

YPOBHSI CMrHana ot A0MNfepoBCKON CUCTEMbI, KOHTPONMPYHOLLEN NOTOK B TPYOKe.
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MpnmevyaHune — KpaTkoBpeMeHHble M3MeHeHust Gonblie Yyem Ha 3 b Bblwe cpegHero
3Ha4YeHUs yKasbliBalOT Ha CyLLECTBEHHY0 BecrnopsgovHOCTb pacnpedeneHns oTaenbHbIX YacTuu,.
Bonbwoe 4yncrno GecnopsaoyHbIX YacTul onpedennuTb TPyOHO, OHM AakoT obliee noBbilIeHMe
YpOBHS curHana. Ecnun 6ecnopsgoyHble YacTuubl hrusmdeckn oTaeneHbl OT OCHOBHOM XXWOKOCTU
(Takue, Hanpumep, Kak NpUMnne K cTeHKkam rasoBble Ny3blpbKW), TO UX HannuMe MOXHO uHorga
OWYTUTb NpM HabnogeHun 3a U3MEHEHWSIMM YPOBHSI CUrHama nocrne M3MEHEHUs CKOPOCTU

TeYeHNs ¢ 04EeHb HU3KOW 00 OYEHb BbICOKON.

8 TpeboBaHMUA K MapKUpoOBKe

N3roToBUTENb NPOTOYHOrO AOMNNEPOBCKOro TecT-06beKTa [OIMKeH YKasaTb
3HaYyeHNs,, MO BO3MOXHOCTM C BEPXHUM W HWKHUM Mpedenamu, AnA Cheaylolmx
napameTpoB:

- cpok cnyx6bl MUT npu onpeaeneHHbIX YCIOBUAX UCNOSTb30BaHUS;

MpnumevaHume — Coobwanock o nospexaeHnn MUT npu ncnonb3oBaHUM HECOBMECTUMOM

XXUK; xnokocTb Ha BOOHOW OCHOBE PacTBOPSIET refnieBble Matepuansol.

- CKOPOCTb 3BYyKa, 3aTyxaHue, XapaKTepUCTUYECKMI aKyCTUYECKUA umnenaHc u

KoadhpuumeHT obpaTtHoro paccesiius MUT,;

BHYTPEHHUN AnaMeTp TPYOKM;

NNOTHOCTb CTEHKN TPYGKM, CKOPOCTb 3BYKa 1 3aTyxXxaHune B Hew;

TOSNLWMHA CTEHKN TPYOKM;

He3HaunTenbHOe M3MEHEHWe BHYTPEHHEro AvameTpa TPYOKM npu OaBneHuu Ha

CTEHKY;

yron mexay rnoBepxHoCTbio U COCyA0M,

CpOK CJ'Iy)K6bI XUK npu onpeaenieHHbIX yCIoBUAX UCNOJ1Ib30BaHUA;

Mepbl MO NpeaoTBpaLleHnio 0b6pa3oBaHns Ny3bIPbKOB rasa;

pacceuBaowmun matepuan B XKMUK, pasmep yactmy u  nnAOTHOCTb — UX
pacnpefeneHus;

- CKOPOCTb 3BYKa, MMOTHOCTb, KO3(P(ULUMEHT oBpaTHOro paccesHns n MeToq ero
onpegeneHus,

- ocnabneHue n BaskocTb KUK;

- AOMYCTMMbIN AManas3oH TemnepaTyp XpaHeHuUst U UCMOSb30BaHUSA ¢ Tpebyemon

15
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TOYHOCTbIO.
3HaveHus KOS(*)(*)I/ILI,VIGHTOB 3aTyXaHunuda wu O6paTHOFO paccedHna OOJTXKHbI ObITb
YKa3aHbl KakK q)yHKLI,VIFl 4acToTbl B Auana3oHe 4acToT, AJid KOTOoporo npegHa3Ha4deH

NPOTOYHbIN JONNEPOBCKUN TECT-00BHEKT.
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MpunoxeHne A

(cnpaBo4HoOe€)

O6ocHOBaHMe NONOXEeHUN HaCToALEero ctaHgapTa

OcHoBon HacTosilLero craHgapta ssnsetca TexHudeckmn otvyeT MOK 61206:1993. B
pasgene 2 MOK 61206 paHo obuwee onucaHMe BCEX WCMbITaHWA OOMNSIEPOBCKUX CUCTEM
HEenpepbIBHON BOJSHbI, OrFOBOPEHHbIX ANs KaX4oro napameTpa, TakMX Kak YacTOTHbIA WU
NPOCTPaHCTBEHHLIN OTKNUK. B paszaene 3 onucaHbl WeCTb pasnuyHbIX TUMOB AOMNEPOBCKNX TECT-
06BHEKTOB C METOANKAMU MUCMbITAHWUIA ANSt UBMEPEHUsT 3TUX NapaMeTpOoB.

9710 cnegyowme TeCT-00bEKTDI:

Ll,OI'IJ'IGpOBCKI/IVI TEeCT-00bEeKT B BUAE CTPYHBbI;

D,OI'IJ'IGDOBCKI/IVI TECT-00BHEKT B BUAE NEHTHI;

[OMNNEepOBCKUIA TECT-00LEKT B BUAE ANCKA;

ﬂ,OI'IJ'IGpOBCKI/IVI TEeCT-00bEeKT B BUAE NOPLUHA,

D,OI'IJ'IGpOBCKI/IVI TECT-00BHEKT B B/Ae MareHbKoro apa,

NMPOTOYHbIN AONNEPOBCKNN TECT-O0LEKT.

MoMMMO 3TOro, MOryT GbITb MCMOMBL30BaHbI ANEKTPOHHbIE UMW aKyCTUYeCKMe MeTOoAbl nogaydn
curuana.

Hactoawwmn craHgapT cogepxuT cneumdmkauum n onucaHue Ans OAHOro u3 3Tux TecT-
OOBEKTOB — MPOTOYHOro AOMMEepPOBCKOro TecT-oobekra. OgHako, B TO BpemMst kak MOK 61206
OrpaHNyeH TeCTUPOBAHWEM [OMNMEPOBCKMX CUCTEM HEMNpPEepbIBHOW BOSIHbI, HACTOALWMA CTaHAapT
TaKkke MPUMEHUM K WUCNbITAHUAM WMMYMbCHbIX OONMEPOBCKMX CUCTEM W CUCTEM LIBETOBOrO
oToOpaxeHusa notoka. B Tabnmue A.1 npeactaeneH 063op napameTpoB, ykasaHHbIX B pasgene 2
M3K 61206. B Ttabnuue A.2 npencrtaBrieH aHanornyHbidi 0630p OOMOSNHUTENbHBLIX MapaMeTpos,
OTHOCALLMXCA K WUMMNYSbCHbIM AONSEepPOBCKMM cuctemaM. TexHudeckne otyetbl IEC ana atux
cuctem Gbinn ony6nukoeaHbl (MIK 61895) unu Haxoaatcs B cTaguun paspaboTtkn?. Bo BTOpom
cronbue obenx Tabnuy ykasaHa NPUrogHOCTb MPOTOYHOrO AOMNNEPOBCKOro TECT-O0BLEKTa,
coaepkawero ogHy TPyOKy, ANns M3MepeHust 3TUX napameTpoB, M 3TO CYMTAETCH NyYLUM, YTO
MOXeT ObiTb AOCTUFHYTO C MOMOLUbD MPOTOYHbLIX [ONNEePOBCKUX TecT-o6bekToB. [ng
HEKOTOpbIX MapaMeTpoB TpebyloTcsa WMPOKNEe TPYOKU, a ANs ApYrnx napameTpoB — MarneHbKue.

Ho He AaeTCAa HUKaKoro Cy>kaeHuaA o norie3aHOCTU Apyrnx onnepoBCKUX TecT-o00bEKTOB.

2 YnbTpassBykoBasi TexHuka — CUCTeMbl KapTMpOBaHUA LBETOBOrO MoToka — [lpoueaypbl MChbITaHuin Ons

ornpeneneHnst xapakTepUcTyk (Ha pacCMOTPEHUMN).

17
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Tabnwu ua Al- I'Iapameprl, Kacawuwpnecd OoniepoBCKUX CUCTEM Hel'lpeprBHOIZ BOJIHbI

MpurogHocTb
Ccbinka Ha
NPOTOYHOIo
MapameTp nogpasgen
AonnepoBCKOro TecT-
M3K 61206
obbekTa

Pabouana guctaHuusa xopoLuasi 2.2.3
YpoBeHb WwyMma HyfieBOoW CKOPOCTbIO xopotuas 224
OTKNUK AONNepoOBCKON YacTOThbl 2.3
[Onana3oH oTKnMKa gonnepoBCcKoMn 4YacTtoTbl —3 ab He COOTBETCTBYeT 2@ 2.3.1
MorpewHoOCTb HENIMHEMHOCTU AONSIEPOBCKON YacTOThblI yMepeHHas b 2.3.2
BospgenctBue bonbLUoro curHana 2.3.3
OuHamMunyeckun amanasoH yMepEHHas 2331
BnusHune Ha 4yBCTBUTENbHOCTb HEMOABWXXHOMN MULLEHU ymMepeHHas ¢ 2.3.3.2
MHTepmoaynsaunoHHbIE NCKaXXeHUA HenpurogeH d 23133
(Mpn ncnbITaHMUSX OUHAMUYECKOro AuanasoHa)
IMpocTpaHCTBEHHbIN OTKINK 2.4
[Onana3oH oceBOro oTKnukKa xopoLuas 24.1
LlWnpuHa nccnepgyemoro o6tema Ha ypoBHe -3 b ymMepeHHas © 242
YacToTa akycTuyeckoro Bo3gaencrBus He NnpumMeHMMa 2.5
PasgeneHne HanpaBreHns NoToka 2.6
PaspeneHve kaHanoB xopotuas 2.6.1
CoBMecCTHOE 1cnbiTaHme noToka HenpurogeH f 2.6.2
OTKAMK Ha 4ONMEPOBCKUNA CNEKTP 2.7
MorpelwHocTb M3MepeHnA 06 beMHOro pacxoaa xopoLuas 2.7.1
MakcumanbHas 4YacToTa AOMNMEepPOBCKOro cnekrpa xopotuas 2.7.2

FnybuHa 3oHaMpoBaHus

yMepeHHas 9

a Ina aTmux wucnblTaHun TpebyeTca TecT-0ObeKT, OaroLnii

y3KOI'IOJ'IOCHbIl71 JJ,OI'IJ'IepOBCKI/IVI CcurHan

nepemMeHHOM LieHTpanbHON 4acTOTbl UMM M3BECTHbIA CUrHam LUMPOKOro CnekTpa, OXBaTbiBaloWMN BeCb
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YacTOTHbIM AnManasoH npubopa.

b [Ins 9TUX UCMbITaHWUIA NPEANOYTUTENBHBIM SIBIISIETCA TECT-00BbEKT C OAHOW CKOPOCThIO.
¢ 3aBuMCUT OT KOHCTPYKL MK TecT-obbekTa.

d [1ns 3TUX UCMbITaHWiA TpebytoTCs ABa Y3KOMOSOCHbLIX AOMNSIePOBCKUX CUrHana.

¢ 3aBucuT OT guameTpa TpyoKum.

f 3101 TecT TpebyeT ABYX MULLEHEN

9 OT10T TecT TpebyeT cTabMnbHOCTU U BOCMPOM3BOANMOCTM TEX NapamMeTpoB TECTOBOro 06beKTa, KoTopble
onpeaensiT ypoBeHb AONIEPOBCKOro curHana. OTo npexae Bcero 3atyxaHune B MUT, 3aTyxaHue B CTEHKe
TpyOkmn 1 KoadppmumeHT obpaTHOro paccesHus XXWK. B HacTosiLee BpeMsi HEM3BECTHO, AOCTVXMMA TN

pasymHas ctabunbHOCTb KoadhduumeHTa obpaTHoro pacceaHmsa XXUK.

Ta6r||/|ua A2 - ,D.OI'IOJ'IHI/ITeJ'IbeIe napameTpbl, Kacawuwuneca UMnNynbCHbIX AO0MNepoBCKUX

CUCTEeEM N CUCTEM LBETOBOIO 0To6pa>|<eH|/|9|

MapameTp MpyMeHUMOCTb NPOTOYHOro
AONNepoBCKOro TecT-
obbekTa
MmnynbcHas gonneposckas cuctema
Camas BbicOKass OOHapyxuBaemasi AonyepoBcKas YyacToTa yMepeHHas 2
CpenHsAA yacToTa AONNIEPOBCKOro CrnekTpa xopotuas b
MakcumanbHas 4YacToTa [ONNepPoOBCKOro cneKkTpa xopowas
MorpelwHoCcTL M3MepeHns AONNIePOBCKOro yrna xopotias
OnuHa nccnepyemoro o6ema Ha ypoBHe -3 ob yMepeHHas
LupuHa nccnepgyemoro o6tema Ha ypoBHe -3 b yMepeHHas ©
MorpewHocTb onpeaeneHnss MecTonosIoXKeHUs yMepeHHas ©
uccneayemoro o6bema
Uccnepyembinn 06beM Ha ypoBHe —3 ab He npurogeH
MpaHuua MepTBOW 30HDI xopoLuasi
ConyTtcTBylollee cnekTpanbHoe paclimpeHue yMepeHHas 2

LiBeToBOE KapTUpOBaHME

Ta6nmua nepepoa 4actoThbl B LIBET Xopouias
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MpocTpaHCTBEHHOE pa3speLleHne LIBETOBOIO M306paeHust yMepeHHas 2
Camas Bbicokasi oOGHapyxuBaemMas JonnepoBcKas YacToTa yMepeHHas 2
Camas Hu3Kasi oGHapyxuBaeMas aonnepoBckas YacTora yMepeHHas 2

a [1nsa atoro TecTa npennoYvYTuTeribHbIM ABNAETCA TeCT-00BbEKT C OAHOM CKOPOCTbHO.
b BaBucut ot TONWHWHbI CTEHKW.

¢ 3aBucuT OoT gnameTpa TPYOKMm.
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MpunoxeHne B

(ob6s3aTenbHOE)

dopMmynbl, KacarLmecs PasfINyHbIX KONMMYECTBEHHbIX XapaKTepUCTUK

Yucno PeliHonbaca onst CKOpOCTU NOTOKA XKUAKOCcTU, umutupytowen kpoeb (XKUK), g, B

TpyOke anameTtpom, D, BblpaXkaeTcsi kak
Re=4qp/(mDn)
roe
n — auHamuyeckasi BaskocTb XKUK;

o — nnoTHocTb XKUK.

CKopocCTb, ycpeaHeHHasi Mo CeYeHno TPYOKK, paBHa:

Vavg=4q/(mD2)
[ns napabonunyeckoro npocunsa CKOPOCTU OCeBasi CKOPOCTb paBHa:
=2V

V

max avg

a TakKxe

vmaX=8q/(1TD2)
XapakTepucTUyYecKnii akyctmieckui nmnegaHc Z B ykasaHHOW cpefe onpeaensieTcs Kak:
Z=pc
roe
p — NNOTHOCTb cpebl;
C — CKOpOCTb 3BYyKa B cpefe.
FnybuHa namepeHus, M, onpegensieTcs Kak:

M=h+ (waw/a+D/2)/sin(B)

rae (cM. pucyHok 1)
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Oy — KO3bPUUMEHT ocnabneHns matepuana CTeHbl;

0 — k0athdbmumeHT ocnabnerHns MUT,;
h — gnnHa nytn B MUT;

D — BHYTPEHHUIN anameTp TPYOKM;

W — TOSIWMHA CTEHKM;

6 — ponnepoBCKU yron.

MpumeyaHne 1 — 3JTa dopmyna AeNCTBUTENbHA, €CNW BPEeMS MPOXOXAEHWA YNbTpasByka,
npoxoasLLero Yepes CTEeHKY, HAMHOroO MeHbLue, Yyem B MUT.
MpumevaHne 2 — Ecnm MUT nokpbIT 3alMTHON nneHkon TonwmHoW d u koaduuneHTom

3aTyxaHus @, To k M gobasnsietcs unen d o/ o,
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MpunoxeHune C

(cnpaBo4HoOe€)

O6o0cHOBaHWe YUCNOBbIX 3HAa4Y€HUW, BbIOPAHHbIX B HAaCTOSALWEM CTaHAapTe

Hpmmeanme — 3pecb 000CHOBbIBAKOTCS HEKOTOpble Bbl6paHHbIe B HactTodwemM cTaHgapTe

BEeJIMYUHbI. HyMean,I/IF-I Ha3BaHUN NMYHKTOB COOTBETCTBYET NMYHKTAM OCHOBHOIo IOKyM€EHTa.

C.1 O6wme nonoxeHus

B HacToswem cTtaHgapTe npuBoadATcsa TpeboBaHUsA K napameTpam, OTHOCALUMMCS K pa3HbiM
4acTsiM NMPOTOYHOro AOMNJIEPOBCKOro TeCT-06bEKTA, XKUAKOCTU, MMUTUPYLowen KpoBb (XKUK),
Tpy6KKu, MaTepuana, ummtupyowero Tkaib (MUT), 1 reomeTpun NpOTOYHOro AOMNSIePOBCKOro
TecT-o6bekTa. BbibpaHHble [uanas3oHbl 3HAYEeHWM HaxoAsaTCsi B [uanasoHax, KoTopble
BCTpe4aroTcs in vivo. B aToM BbiIGope Obiniv pacCMOTPEHbI ABE NPOTUBOMOSOXKHbIE NO3ULNN;

- AnanasoH JoSKeH OblTb Kak MOXHO Lwupe, 4TOObl MOXHO 6bINO nerko peanusoBaTb
NPOTOYHOM AONNEPOBCKOM TECT-00bEKTE;

- AnanasoH JOSMKeH ObITb HACTONBbKO Y3KMM, YTOObI pasfnnyHble NPOTOYHbIEe A0NIepPOBCKMe
TecT-00beKTbl [aBanv MNpaKTUYEeCKM OAMHAaKOBbIA  pedynbTaT. [lockonbKy pesynbTaThbl
OONMEPOBCKUX U3MEPEHUI, KaK NPaBUIIO, HOCAT Ka4YeCTBEHHbIM XapakTep, rpaHuLbl NOrpeLHocTm
yCTaHaBNuBalTCs paBHbIMKU £5 Y% ansa ckopocten n +3 ab ona yposHen curHana.

YacToTHbIn Anana3oH Haxogutca B npegenax ot 2 My go 10 Mlu. HwxkHmin npegen
ABMSAETCA €eCTEeCTBEHHbIM, TOCKOSMIbKY He CyLleCTByeT [OWarHOCTUYECKUX WHCTPYMEHTOB,
paboTatowmux ¢ 6onee HM3KON YacToTon. BBeaeHbl B oenctene gMarHOCTUYECKME OONNEPOBCKME
cucTemMbl, ucnonb3yowme dactotbl Bblwe 10 Mlu. 3gecb orpaHudeHne 06yCnoBReEHO
OTCYTCTBMEM 3HAHUN O CBOKWCTBAxX MaTepuasrioB, KOTOpble MOrnu 6bl OblTb MCMOMNB30OBaHbI ANA
CO3[4aH1s NPOTOYHOro AONNIEPOBCKOro TeCT-00beKTa.

TpeboBaHUA K NPOTOYHOMY [OMNNEPOBCKOMY TECT-00BEKTY HENb3s MOMHOCTBbIO OTAENUTb
OT CBOWCTB (B 4aCTHOCTW, YrNbTPa3BYyKOBOW YacCTOTbl) UCMbITYEMOW LONSEPOBCKOM cuctembl. B
HaCTOALMMN MOMEHT HEM3BECTHO, BO3MOXHO 5 cOo34aTb E€OUHCTBEHHbIN MPOTOYHbLIN
AOMIEPOBCKMN TECT-00BLEeKT, KOTOpbI Obl yaoBneTBopsan TpeboBaHMSM KO BCEM 4YacToTam.
lMoaToMy npu M3MEHEeHUWM 4acTOoTbl YyNbTPa3Byka MOXET BO3HWMKHYTb HEOOXOOUMOCTb M3MEHUTb

COCTaB NPOTOYHOrO AoonfepoBCKOro TecT-06bekKTa.

C.2 nyHKT 6.1: umuTUpyoLWan KpoBb xuakoctb (XKUK)

3HayeHus, npuBeaeHHble B Tabnuue 1, coOOTBETCTBYIOT NapameTpam kposwu npu 37 °C.

PaccesiHne ynbTpasByka KpPOBbIO in ViVO MOXET 3Ha4YUTeNbHO BapbMpOBaTbCS B 3aBUCUMOCTU
OT ee cocTaBa M ycnosun kpoBoToka [13]. Bbino couTeHO HepeanbHbIM YKasbiBaTb OWanasoH.

MoaTomy 3HauYeHusi, NpuBeaeHHbIe B Tabnuue 1, HECKONbKO NPOU3BOSbHbI. BbiGpaHHble 3HaYeHUs
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[6] oTHOCATCA K XOpOLWO MNepemMellaHHOM CYCreH3un apUTPOLMTOB YernoBeka npu remaTokpute
40%. B paHHOM crniyyae adydpekT arperaumm 3pUTPOLMTOB, KOTOPBLIN MOXET yBenuumBaTtb
KO3hULMEHT paccesHus, oTcyTcTByeT. CuMTaeTcd, YTo 3TN 3HAYEHUS HaXOAATCA B AnanasoHe
3Ha4YeHUN, BO3HMKAOLINX ONA apTepuanbHON KpoBW, NPOTEKAKOLWEN B cocygax gvmameTpom bonee
0,5 mm. [Ins obneryeHns noarotoBkn XKNK BbiOpaH AOBOMBHO LUMPOKUIA AManas3oH NpUeMIeMbix
koadpmumeHToB obpaTHOro pacceaHus. dakTnyeckoe 3Ha4vyeHme OOIMKHO Obl OblTb M3BECTHO C
TOYHOCTbIO [0 AByX. C aTum 3anacom KoadhduumeHT obpaTHoro paccesiHusi BHocuT 13 b B
HeonpeneneHHoCTb YPOBHA OTpaxeHHoro curHana. [lockonbky abconoTHoe wuamepeHue
obGpaTHOro paccesiHus 3aTpyaHUTENbHO, MOXHO OTHeCTM obpaTHoe pacceaHne XKUK k npenapaty
KPOBM, CpaBHMMOMY C TeM, KOTOpbii uuTupyetca B nutepatype [6]. (bonee y3kui 3anac
XenaTteneH, HO elle He peanu3oBaH.) HeonpegeneHHocTb B o6paTHOM paccesaHun XUK snusiet
Ha M3MepeHune rnyonHbl NPOHNKHOBEHUS. 1oCKoNbKy OOMbLUIMHCTBO AOMSIEPOBCKUX CUCTEM MOTYT
cnpaBuTbCs ¢ ocnabneHnem curHana B 40 gb, u3 atoro crnegyet, 4YTO HeonpeaeneHHocTs 3 ob B
3Ha4yeHnAX obpaTHOro paccesiHus BHOCWUT MOrPeLHOCTb MeHee 17 % B 3HA4YeHus rnyouHbl
NPOHNKHOBEHUS. B HacTosiLee Bpems 3TO NpUEMNEMO.

Honyctmbin guanasoH ckopocTter 3Byka B KUK Takos, 4To MOXHO BbibpaTh nnbo Grmskoe
npegcraBrieHne KpoBu, NTMBO yCrioBme OTCYTCTBUSA pedpakumm no oTHoweHuio K MUAT.

YacToTHasa 3aBUCMMOCTb 3aTyxaHusl B KPOBWU HECKOSBbKO CUITbHEe, YeM BENUYMHA, YKasaHHas
B Tabnuue 1 [3], [4]. Ons XXWUK ocnabneHne AOMKHO ObiTb HU3KMM (Tabnuua 2), 4TOObI
MWHMMN3NPOBATL HEOOHOPOLHOCTL 3BYKOBOrO Nosisi BHyTpU Tpybkun. B nobom cnyyae, 3aTyxaHue
B KUK HamHoro menbLue, yem B MUT.

BsaskocTb BbIGMpaeTca No BEpPXHMM 3HAYEHUSIM BSA3KOCTM KPOBWU B Tenie yernoseka. bonee
Bbicokad BA3kocTb XXUK no cpaBHEHWO C KpOBbK CNOCOGCTBYET MaMMHApHOMY MOTOKY W,
cnepoBaTeribHO, BOCNPON3BOANMBIM YCITOBUSIM.

MnoTtHocTb Yactmy B KUK gomkHa GbITh BbiOpaHa 4OCTAaTOYHO O0oNbLLIORW, YTOOLI ANCKPETHas
CTPYKTypa 4acTul He nposiBnsnacb B AonnepoBckoM cnektpe. Uccnepayembin obbem ans
AOMMEepOBCKOM CUCTEMbI MOXET ObITb paccyMTaH Kak npou3sedeHve nnowagu nydyka —3 ab u
achbdekTnBHOM AnMHBbI uccnegyemoro obbema. Obpatute BHMMaHWE, 4TO ahdeKkTMBHaa AnvHa
nccnegyemoro obbema orpaHMyeHa nNpPOXoAMMbIM YNbTPasBYKOM MyTeM B TPyOKe, korga oHa
MeHbLle ANuHbl  uccriegyemoro obbema. HavmeHblwuni  uccnegyemblnl  o6beMm, KOTOPbIv
BCTpe4vaeTcsa B HacToswee Bpems, coctasnsaeT 0,1 mm?; noatomy KUK gns obuwiero nonb3oBaHust
JormkeH cogepxaTb He MeHee 10™ vactuy Ha M3 Bbino nokasaHo [14], 4TO cTaTUCTUKa
AOMMEPOBCKNX CMEKTPOB, MOMYYEHHbIX ANA KPOBM YeroBeka W Ang CMecu rMnuuepuH-Boga C
yactuuammn Sephadex™ (pacyeTHas KOHUEHTpaums B agnanasoHe oT 2 x 10" go 10" Ha m3), Bbina
oguvHakoBa Ana  aTonm  koHkpeTHon (CW) ponnepoBCKOM CUCTEMbI C  npegnoriaraembiM

nccnegyemoim o6 bemom 50 mm3,
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C.3 nyHKT 6.3.1: BHyTPEHHUI gnameTp

[OwnanasoH gnameTpoB Tpybkn orpaHmyeH cHudy (0,5 MM) HEHbIOTOHOBCKMM XapaKTepom
KpoBOTOKa B 6onee menkmx cocygax [5]. Hambonbwun guameTtp (32 MM) npeacraBnsieT aopTy.
Kaxxgoe nocnegylouiee 3HavyeHne guameTpa nonyyaeTcs yMHOXeEHMeM Ha 2 npeablaywiero. Takum
o6pa3omM C MNOMOLLBIO MPOTOYHOro AOMNMEePOBCKOro TECT-06beKTa MOXHO CMOAEenvpoBaTb
M3MepeHns Ha cocydax BCEX pa3mMepoB, UMmerowmxca B Tene yenoseka. OtgaBas npegnoyteHne
onpeferneHHbIM 3Ha4YeHnssM AnaMeTpoB, MOXHO OobMeHMBaTbCHA pesynbTatamu, NOonyYeHHbIMU C

ncnonb3oBaHMEM Pa3fiIM4HbIX MPOTOYHbLIX A0OMNN1ePOBCKUX TECT-O0BHLEKTOB.

C.4 nyHkKT 6.3.2: ANMHa BXOAHOro OTBepCTUS

TpeboBaHuA K ANUHE BXOAHOrO0 OTBEPCTUA MNpU NAMUHAPHOM TEYEeHUM YCTaHOBIEHbI
[OoCTaTo4HO YeTko [7]. BepxHuii npegen npuemnemoro Yucna PenHonbaca nponssoneH. B odeHb
rmagkvx Tpybkax noTok OyaeT ocTaBaTbCA flaMUMHapHbIM A0 BbICOKMX uucen PerHonbaca.
MockonbKy gemndupyowee BANSAHME CTEHKM YMEHbLUAETCs C yBenndeHnem yncna PerHonbaca,
HebornblIMe BO3MYLLEHNS OyayT MMeTb Gonblune nocneacTeusi. Paseutue TypOyneHTHOro noToka
o4yeHb nocrteneHHoe anda Re > 2000, noka npy Re = 4000 TypOyneHTHbIN xapakTep MOTOKa He
OygeT pa3BuT NOMHOCTLIO [8].

XOpoLWo W3BECTHO, YTO MPEnATCTBMS MOTOKA HMXE MO TEYEHUD OT TOYKM U3MEpPEHUS
OKas3blBalOT ropasgo MeHbllee BfvMsHWE Ha npoduib NOTOKa, YeM MpendaTcTBUMS CBepxy Mo
TeyeHuto. [lpenatcTBusA, pacnofnioXeHHble HWXe MO TeYeHUMK Ha paccTosHun bonee ABYX

AVamMeTpoB TPYOOK OT MHTEPECYHOLLIEeN TOYKU, MOTyT UTHOPMPOBATbLCS.

C.5 NMyHkT 6.3.3: CTeHkKa
MMnockun cnekTp AOMEpPOBCKUX CKOPOCTEN ObiN MONyyYeH ¢ nNonuatuneHoson Tpybkon [15],

YTO yKa3blBa€T Ha TO, YTO B 3TOM Cliydae CrneKkTpalribHble NCKaXXeHNA He ObInn 3HAYNTENBHBLIMMN.

C.6 MyHkT 6.4: MaTepuan, umutupyrowmn Tkaib (MUT)

O MWUT wusBectHO goctatodHo MHoro [16], [17]. KoadhdpumumeHT 3aTyxaHua n obpaTHoro
paccesHns MUT HaxogaTca B Anana3oHe, COOTBETCTBYIOLWEM TKaHU NeYeHu, YTO U UCNONb3yeTcs
npy CKaHUpoBaHMM TecT-0b6bekToB. YTOObI caenaTtb BO3MOXHbLIM CO34aHME OTHOCUTESBHO
KOMMaKTHbIX MPOTOYHBbIX TECT-OOBEKTOB ANA HU3KMX YacTOT, B KayecTBe anbTepHaTuBbl MOXHO
ncrnonb3oBaTth Gonee Bbicokoe 3aTyxaHue (0,75 b cm™ MIy™). CkopocTb 3Byka BaxHa, XOTS
BO3MOXHO MCMNOMb30BaHWEe MaTepuana, UMUTUPYKOLLEro TKaHb, VMEKLWEro HEMHOro Apyryto
CKOpOCTb. B aTOM cnyyae onsi CkopocTu 3BYKa, BbIXOASLEN 3a Npefenbl AnanasoHa, yka3aHHoro B
Tabnuue 3, TecT-06beKT MOXHO MacwTabupoBatb MO0 MO BPEMEHUW MNPOXOXAEHMSA
yNbTPa3ByKOBbIX MMMNYNbCOB, NMOBO NO (POKYCUMPOBKE 3BYKOBbIX MY4YKOB, HO He MO oboum

Kputepusm cpasy.
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MpunoxeHune D

(cnpaBo4HoOE)

OnucaHue npumMepa NPOTOYHOro AONEPOBCKOro TecT-o6bekTa

D.1 BBepeHue

Criegyowun npumep B3AT U3 pe3ynbTaToB npoekta EBpocotoza MAT-CT 940091 [12, 22-25].
[ns o6ocHoBaHuUs, AeTanen n BapMaHTOB YnTaTerNb OTChbINAETCs K 3TUM OTYeTaM.

[1ns 3TOro NPOTO4YHOro JONNEePOBCKOro TeCT-06bEeKTa ONMUcaHo CrieaytoLLee:;

- npegnosiaraeMoe NCMnonb3oBaHueE,;

- MOCTPOEHNE MPOTOYHOro AONJIEPOBCKOro TeCT-00bEKTa;

- CBOWNCTBA MPOTOYHOrO AONJIEPOBCKOro TeCT-00bEeKTa;

- CTaburbHOCTb MPOTOYHOrO AONNEPOBCKOro TeCT-00bEeKTa;

- NpuMepbl NPUMEHEHUS.

M pnmeyaHune - CeolicTBa NMPOTO4YHOro AonrnepoBcCKoro TecT-o6beKkta 3aBUCAT OT

MCMnomnb3yembix MaTepunanos; Ha3BaHNs BPeHA0B MOXHO HaWTK B [22-24].

D.2 Ucnonb3oBaHMe NO Ha3HA4YeHUIO

Mpegononaraemble 06MacTM NPUMEHEHUA 3TOFO0 MNPOTOYHOrO [AONNEepPOBCKOro TecCT-
ob6beKkTa: NpMemMoYHble UCMbITaHMs, obecnevyeHne KavyecTBa, OLEHKa HEeMCrnpaBHOCTU CUCTEMbI,
obyyeHne nonb3oBaTenen M HacTponka cCUCTeMbl, NpedoTBpalLatoliasi BO3AENCTBUE 3BYKOBOMO
N3Ny4YyeHns Ha YenoBeka.

OTOT NPOTOYHbLIA AOMNMEPOBCKUA TECT-O0BLEKT MO3BOMSET M3MEPSATb Y  UCMbITYyEMbIX
npnbopos pabouyyrd AUCTaAHLMIO, OManasoH, rnyouMHYy NMPOHMKHOBEHWS, a Takke MCMbITbiBaTb
Nprnbopbl MO MUKOBBLIM CKOPOCTSIM M TOYHOCTW anropmtma yriosow nonpaeku [1].

OTOT  NPOTOYHbIA  AOMJIEPOBCKUMA  TeCT-00beKkT  obecneuvMBaeTr  YCTOMYMBYHO
napabonuyeckyto MoAernb NoToKa B LOBOSbHO LUMPOKOW Tpybke (omnameTp 8 MM), BCTPOEHHOMW B
MUT, nornowatowmin ynbtpassyk. MUT cBepxy 3anuT CNoem XWAOKOCTM TOro Xe cocTaBa, YTo U

XnakocTb B Tpybke (cm. PucyHok D.1).
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PucyHok D.1 — OCHOBHbIE 31TEMEHTLI MPOTOYHOIO AOMNJIEPOBCKOro TeCcT-o6beKTa:

OcHOBa NpPOTOYHOrO [AONNIEPOBCKOr0 TeCT-00beKTa MOXeT BapbupoBaTbCA ANS
YAOBNETBOPEHUSA KOHKpPeTHbIX MoTpebHocTen. BBoaa manble vnv OBOWHbIE COCYAbl, MOXHO
BbINONHUTL 6O0MbLIOE KONMMYEeCTBO MCMbiTaHWW, ynomsHyTbix B MOK 61206. [Ona kpaTkoctu
OMNMUCaHNSA HWXE OMUCLIBAETCHA TOSbKO MPOTOYHLIN AOMIEPOBCKUMA TECT-O0BLEKT C OAHUM 8-
MUNNUMETPOBBLIM cocyaoM. CneayeT yunTbiBaTb TOT (DaKT, YTO NpeacTaBrieHbl pedynbTaTbl Ang
NATU peanu3auuii OOHOro MpoekTa TecToBOro obbekrta. Hebonblive pasnuuusa CyLlecTBYHOT.
CyuwectByloT 6onblne pasnuumua  Mexay YCTaHOBKamMu pacxofa (KOHTYp MoToOKa, Hacoc,
pacxopgomep). [laHHble ana obpaTHOro paccesHUs MOryT coaepXxaTb cucTemaTuyeckne pasnumuns
mMexay nabopaTtopusamMu M MOTyT WUCMNOMb30BATbLCA TOMLKO ANS CrWYEHWA B OTHOCUTESbHbIX

eanHunuax.

D.3 WUsrortoBneHue NPOTOYHOro AOMNIEPOBCKOro TeCT-o0beKTa

D.3.1 lNMoarotoBka TpyoKH

MpoToyHbIN KaHan BbinonHeH u3 Tpybkn C-flex [12] ¢ KpyrnbiM NOMNepeyvHbIM CEeYEHMEM.
HomMuHarnbHble pasmepbl TPYOKU: BHyTpeHHU anameTp 8,0 MM, TonwuHa cteHku 1,6 mm. Tpybka
BKIeeHa B eMKOCTb nof Hebonbwunm oceBbiM HaTsXeHvem [18]. inuHa BXOAHOro OoTBEpPCTUS
(cm. MpunoxeHue E) 3aBncKT OT JONycKaeMon CKOPOCTN NPOTEKaHWUS U HaxoAWUTCs B npefernax oT
300 mm go 500 mm.

D.3.2 lNMoarotoBka maTtepuana, umuTupytowiero Tkaib (MUT)

Cwmecb usrotaBsnmeaeTcs U3 criegyroLmx Matepumarnos (Mac.% YMCTbIX KOMMOHEHTOB):

82,96 % Boapbl;

11,21 % ravuepuHa;

3,00 % arapa;
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0,94 % nopoLluka okcmaa anommHna 3,0 MKM;
0,88 % nopoLluka okcmaa anommHna 0,3 MKM;
0,53 % nopouka kapbuaa kpemHus 400 3epeH;

0,46 % GeHsankoHusA xnopwuaa.

MpumeyaHue — lMNMpumep MUT — MHOrOYaACTOTHBLIN UMUTUPYIOLLMA TKaHb Matepuan - HE Gel™

(Gammex’s multi-frequency tissuemimicking material ).

[ns nony4yeHns 6onee nogpobHon nHgpopmaumm cum. [12].

Cmecb nepeMeLumBaloT 1 HarpeBatoT go 96 °C, ocTtaBnsoT Npu 9TOM TeMnepaTtype Ha OAuH
yac, 3atem oxnaxgatoT. NMpn 42 °C ero HanuealT B EMKOCTb C TPYOkow. [locne oxnaxgeHus
obObekTa McnbiTaHu Ha BepxH YacTb MUT HaHOCUTCS TOHKWIA CINOW XUOKOCTU. OTY XNOKOCTb
nofy4alT nyTeM CMeWnBaHMA BOAbl, rNuuepvHa U OeH3ankoHus xnopuga B TOM  Xe
CcooTHoweHun, Yto n B MUT. OGbI4HO gonnepoBCcKuA npeobpasoBaTenb NPUKNagbiBaloT CBEPXY.
BokoBble CTEHKM KOHTENHEPA BbINOMHEHbI U3 NfacTuKa.

D.3.3 lMoaroToBka xugkocTn, umutupyowen kpoeb (XKKUK)

Cwmecb nsrotaenmBaeTcs U3 cnegyrowmnx matepmanos (Mac.% YMCTbIX KOMMOHEHTOB):

83,86 % BoAbl;

10,06 % rnunuepuHa;

3,36 % pekctpaHa (MonekynsapHaa macca 100 ka-200 k[a);

1,82 % yactuy, oprasona (cononunamung 6/12) 5 mkw;

0,90 % cuHnepoHnyeckoro N motoLLero NoOBEPXHOCTHO-aKTUBHOMO BELLECTBA.

MpumevaHune —lMNpumep: KKK, Blood mimicking fluid formulation Gammex.

Onsa nonyyeHunsa 6onee nogpobHom nHdopmauum cm. [12].
MaTepuanbl CMeLMBalOT, Ha4YMHasi C BOAbI, MOBEPXHOCTHO-AKTMBHOMO BELLLECTBA U oprasona.

Ma3 ynangeTtca oTkaykon. KoHeYHYy0 cMecb NponuBatoT Yepes cuto ¢ otsepcTnamm 30 MKM.

MpumeyaHue — Ytobbl nonyunte HentpanbHo nnaBy4vyo XXUK, moxHO pobaBuTb HebonbLioe
konunyectso BoAbl (1 %) unu rnvuepuHa (0,2 %) B 3aBUCUMOCTM OT TOrO, MNaBalOT UMM TOHYT YacTuLbl
oprasofla COOTBETCTBEHHO. JTy pPerynMpoBKy He crnegyeT BbIMOMHATL 4O TeX NOop, NOoKa YacTuubl oprasona
He OyadyT BblAepXaHbl B XXMOKOCTU B TeyeHme 48 yacoB. YacTb XumakocTn anddyHAMpyeT B YacTuubl

oprasona.

D.4 CBoncTBa NPOTOYHOIO AONJIEPOBCKOro TeCT-o6bekTa
D.4.1 XupgkocTb, umntupyrowas kpoeb (XKUK)
Huxe npuBedeHbl 3HA4YeHUs MapaMeTpoB, COOTBETCTBYHOLUMX MapameTpam KpoBu (CM.

Tabn. 1), namepeHHbIx npu Temnepatype 22 °C ¢ ykasaHHbIMM B CcKoOKax TemnepaTypHbIMU
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KoadhurumeHTamn ans guanasoHa temneparyp (22 + 5)°C:

- CKOPOCTb 3BYKa: 1548 mc™ (+5mce°C™);

- MNJIOTHOCTL: 1037 krm3 (-0,22 kr M2 °C™);
- XapakTepuCTUYECKUIN aKyCTUYECKUN 1,61 x 108 krm2c™

nmnenaHc:

- k03bpUUMNeHT obpaTHOro paccesiHus:  cm. PucyHok D.2;

- 3aTyxaHue: cm. PucyHok D.3;

- BSI3KOCTb: 40x10=Tac (-0,11 x 10-3 Na c °C™).

Bce cBoncTBa NpusHaHbl 4OCTATOMHO CTaburbHbIMK, YTOOBI COOTBETCTBOBATL TPEOOBaAHNSAM
Tabnuubl 2. Heobxoammo caenatb UCKMOYeHne Ana obpaTHoro paccesiHns. bbino obHapyxeHo,
4yTO obpaTHOe paccesiHne YyBCTBUTENbHO K Knactepusauun (CnvnaHuio) Yactuy oprasona. Takve
CryCTKM NoaBeprarTcs BO3OENCTBUIO CABUIOBbLIX HAMPSPKEHUN, NMMbo nyTemM NpoKadky XUOKOCTU B
ycTaHoBKe, nubo nytem ee unbTpaumn. KoadpduumeHT obBpaTHOro paccesHusi MOXeT
BapbMpoBaTbCa B pesyrnbTraTte atux addektoB. Ob6paTHoe paccesiHne GbiNo Mony4YeHO paBHbIM
obpaTHOMYy paccesiHuio KpoBu: nna3ma Obina 3ameHeHa 0,9% dusanonornyeckum pactsopoM U
remMaTokpuTom B npeaenax HopMbl (42 % —48 %). OT0 KpOBb, B KOTOPOW HE MPOUCXOAUT CrMNaHns

3pUTPOLINTOB.
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MpumeyaHne — BepTukanbHble MOMOCKU MOKa3biBalOT AManasoHbl NOMYyYEHHbIX 3HAYeHUn. Toukn

©e3 nonocok 6bInM Nony4YeHsbl B O4HOM 0bpasLe.

PucyHok D.2 — KoadpdmumeHT obpaTHoro paccesHnsa XXUK kak oyHKUMS YacToThbl
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3aryxaHue [ab/cm]

f Mry]
IEC 1071/01

MpumevyaHne — HapucoBaHHbIe NMHWMU NPEACTABAT annPOKCMMMPOBaHHbIe 3HaveHus ans MUT

(BepxHsia) n npepenbHble 3HaveHns Ansa KUK (HkHsas).

PucyHok D.3 — 3aTyxaHune B MUT (o) n KUK (o) kak pyHKLMNA YacToThbl

MockonbKy 4YacTuubl U XWOKOCTb MMEKT OAMHAKOBYK MMOTHOCTb, @ 4YacTuubl Manbl, TO
OTAENneHne 4acTuy He MNpPOUCXOAUT BO BpPeMsi MCMNONb3oBaHus. locne npoctost pasgeneHue
BWOHO, HO afeKBaTHOE NnepeMellnBaHue LOOCTUraeTCa Mocre KOPOTKOro BPeMEHM MpPOKaykm C
MakcMMasibHOM CKOpOCTbio. YKMOKOCTb MUCNonb3oBanacb B TEYEHME HECKONbKMX MecsAueB B
3aMKHYTbIX KOHTypax 6e3 BuouMMbIX M3MeHeHun. PekomeHnayetca gobaBuTb NpOTUBOrpUOKOBLIN
KOMMOHEHT.

Bo3HMKHOBEHME MY3bIPbKOB ra3a MOXHO NPeAoTBPaTUTb, PErynsapHO NpoKaunmBas XWOKOCTb
WNn nogBepras ee BaKyyMHOW OTKayke nepen wcnonb3oBaHueM. [lepas mepa 6bina
npeanpuHATa Ha OAHOW YCTaHOBKE: npokadka xugkoctn B TedeHne 10 ¢ kaxable 10 MuH
npvMBOAUIIa K MCYE3HOBEHWUIO MNy3bIpbKOB 4epe3 oaHy Hepento. [Mpu mMakcMmanbHOW CKOpPOCTU
notoka B aTon yctaHoBke (30 mn c™) ny3blpbkoB He Habnioganocb. B agpyrom npoToYHOM TecT-
00beKkTe MNOMOBMHY >XMOKOCTU MoABepranu BO34ENCTBUIO HU3KOro Aaenenusa (1 klMa) wn
nepemewwnBany B TeyeHne 1 4 nepea ncrnonb3oBaHmeM. B aTom criyyae ny3bipbkv OTCYyTCTBOBANM
B MOTOKe CO ckopocTbio 80 mnc™.

D.4.2 Tpy6bka

TpyO6Ky Heobxoammo nopaepxvBaTb B NPSAMOM M pacTsHYTOM cocTosiHun. TpyOka cnerka
ANAMNTMYECKas, pasHMLUa Mexgy cambiM 60NbLLIMM M CaMbiM ManeHbKMM AnameTpoM cocTaensana
10 % camoro 6onbLoro gnameTpa. lNnowaab NoNepeyYHoro ceveHnst okasanacb pasHon 0,47 cm?,
Kak u y nepBuyHon TPYOKu. [laBneHwe BHYTpM TPYOKWM Bbi3blBAaeT €€ pacluMpeHune, MeHbLUee,
ecnu Tpyoka Haxogutca BHyTpu MUT, n Gonblwee ons csobogHon Tpyoku. Ytobbl nonepeyHoe
ceyeHne He uaMeHsanocb boree 4em Ha 1 %, NPUNOXEHHOe AaBrfieHne He AOMMKHO MNpeBbIWaThb

16 klMa (Tpybka B MUT) nnu 6 kla (ceobogHasi Tpyoka).
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B TecT-06bekTe [ONs BbLICOKMX CKOPOCTEM MPOTEKAHUA AfMHAa BXOAHONO OTBEpPCTUA
coctasnana 500 mm. B 3TOoM TecT-oObekTe nUHUSA KanvMbOpOBKM MNPOXOAUT 4Yepe3 Hadano
koopauHaT 0o Re = 2000 ¢ OTKMOHEHUSIMUN OT U3MEPEHHbIX 3HAYEHNn MeHee 15 % .

MNoTHOCTb CTEHKM TPYOKM cocTaBnsieT 886 kr m=.

CkopocTb 3BYyKa coctansieT 1 556 m ¢™.

3aTyxaHue Kak yHKUUSA YacToTbl NpuBedeHo Ha pucyHke D.4.

100

T T T

50 | 2

20 }

3atyxanune [gb/cm]

1 2 5 10

f [MI
(MPu] IEC 1072/01

PucyHok D.4 — 3aTyxaHue yrnbTpasByka MmaTepuanom CTeHKU TPYOKU B 3aBUCHMOCTU OT YacToThbl

Ha pucyHke D.5 nokasaHbl pacCYMTaHHblE CMeKTpasibHblE MCKaXeHUs MNpu O4HOPOLHOM

03BY4YMBaHNM N0 BCEMY NPOCBETY TPYOKMU c napabonuyeckum npodunem noToka.

HOpMaJ'II/ISOBaHHaFI MOLLHOCTb

0‘0 1 i 1 L
0 20 40 60 80 100
MpoyeHT MakcMMansbHOM AOMMNEepoBCKOW YacToThbl

IEC 1073/01

MpumeyaHne — DTU NMHUM OTHOCATCA K paboymm Yyactotam 2 MIy (o), 5 My (¢) n 10 My (A).

310 pe3ynbTaTt Teo0PeTUHEeCKoro pac4yeTa.

PucyHok D.5 — [lecbopmauus cnektpa ckopocTy napabonnyeckoro notoka npu 3aTyxaHuu B CTEHKE

TPYOKM (TONWMHA cTeHkM 1,5 MMm)
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CnenyeT OTMETUTb, YTO CBOMCTBA 3TON TPYOKM TaKOBbI, YTO OHA BHOCUT JOBOSIbHO CUNIbHOE
3aTyxaHue BO6nNn3n cBomx CTEHOK. [NpenomneHne He3HaunTENbHO.

D.4.3 Martepuan, umntupyrowmin Tkaib (MUT)

MnoTHocTb coctaensaeT 1 047 kr m™3 (-0,2 kr M2 °C™)

CkopocTb 3Byka coctansieT 1 540 m ¢’ (TemnepaTypHbIN KOIPUUNEHT He onpeaereH)

XapakTepucTuiecKknin akyctuiecknin nmnegaHc coctasnset 1,61 x 106 krm2¢™.

Ha pucyHkax D.6 n D.7 nokasaHbl obpaTHOe paccesHue n 3aTyxaHue COOTBETCTBEHHO.
OKBMBaNeHTHOCTb  MapaMeTpoB  MNpU  pas3nuyHbIX  MeTodax  npurotoBneHns  MWUT
yOoBNeTBOpUTENbHAsA, 3a UCKNIYeHneM obpaTtHoro paccesiHusa. OgHako obpaTHoe paccesiHue

MMWT He o4eHb Ba)KHO Ans NPOTOYHOMO TECT-00beKTa.
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M pnmeyaHune — JInHus obosHavaeT pac4yeTHOe 3Ha4YeHune.

PucyHok D.6 — KoadhdumumeHT obpaTHoro paccesHus asyx obpasuos MUT kak pyHKUMSA YacToTbl
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IEC 1075/01

M pnmeydyaHune — HapMCOBaHHaﬂ nnHMs 0603HavaeT pac4yeTHble 3Ha4YeHu4.

PucyHok D.7 — OTHoweHwne 3atyxaHmsa B MUT (ogHOCTOPOHHMI NPOXOA) K YacToTe Kak pyHKUMS

4acCToThbl

D.5 CtabunbHOCTb NPOTOYHOro AOMNSIEPOBCKOro TeCcT-o6bekTa

HwkenepeuncneHHble napameTpbl WUMET pelawlwee 3HayeHne npu  NpUMeHeHun
NPOTOYHOr0 [AONNEepPOBCKOro TecT-obbekTa. [1oaToMy wuX wu3MeHeHue (MnNn OTCyTCTBUE
NU3MEHEHWI) OOKYMEHTUPYeTCa NyTeM ykasaHusa nubo BpeMEeHHOro MHTepBana, nocrne KOToporo
npoucxXoamuT onpedeneHHoe Wu3MeHeHue napameTpa, nubo BpeMeHHOro wHTepBana, nocre
KOTOPOro n3amMeHeHne MeHbLUe nopora obHapyXeHus.

D.5.1 XXunpkocTb, umutupyrowas kposb (XKUK)

KoachdomumeHt obpaTtHOro paccesiHus BapbupyeTcd. JTO NpunucbiBaloT 0b6pasoBaHuio
CryCTKOB YacTuy, oprasona. B pasnuyHbIx cnydasax oH nameHsaeTcs B aMana3oHe ot 5 ab o 7 ab B
3aBMCUMOCTU OT MOCTaBLUMKa U MeTodoB 06paboTkM (punbTpoBaHMe, OTKayka). OTOT acnekT
ABNAETCH NpeaMeToM JanbHenLWero ndy4eHus.

D.5.2 Tpy6bka

OnuHa TpyokM moxeT uameHutbcs Ha 3,5 % 3a Tpu mecsaua. [loBTopHas kanubposka
NMONEepeYHOro CeYeHUs pekoMeHayeTcs yepe3 ABa Mecsua. JTOT BOMPOC, a Takke BO3MOXHble
N3MEHEeHNs1 aKyCTUYEeCKUX CBOWCTB Tpybkn ByaeT usyyeH B byayLiem.

D.5.3 Marepwuan, umutupyrowmin tkaib (MUK)

MUK moxeT XxpaHUTbCA He MeHee 6 MecsaueB. Ecnn KOHTENHep NpOTeKaeT, XKUAKOCTb CBEPXY

OOIMKHa perynsapHo obHoBnAaTbCA. M3ameHeHnsa akyctudecknx ceoncte MUK noka He n3BecTHbI.
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D.6 MNMpumeHeHUss NPOTOYHOIro AONJIEPOBCKOro TeCT-00beKTa

OAvH KOHKPETHbIN CKaHep OLEeHUBAancs ¢ NOMOLLBbIO 5 HOMUHANbHO MAEHTUYHBIX MPOTOYHbIX
AOoNnepoBCKUX TeCT-00bEKTOB 1 5 onepatopos (15 komOuHaumi, HO He nonHasi maTpuua). bbin
npoBedeH psg WCNbITaHWA, MNogpobHO onucaHHbix B [1], [2]. Bbinn ycnewHo BbINOSHEHDI
crnegyroLimne nsMepeHuns:

- rnyOGuHbI NPOHMKHOBEHMUSA B pexume ueTtosoro flonnepa (cMm. PucyHok D.8);

- rMyOVHbI NPOHUKHOBEHUS B peXUMe MMMynbCHO-BONHOBOro [Jonnepa (kak o6bekTuBHas,
TaK U cyObekTnBHas);

norpewHOCTU onpegerneHnsa MecTonosfioXxXeHusa uccrnegyemoro obbema (CM. PI/lcyHOK

D.8);
- camMOW HU3KOM OGHapyXMBaemMow AOoMNIepOBCKON YaCTOThI;
- BHYTPEHHUW guameTp TpPyoku (cMm. MNpumevanme 1);
- CpeAHAs 4yacToTa AOonepoBCKoro cnekrpa (cm. lNMpumedarne 2);
- MaKcumarnbHas YacToTa AOoMnJiepoBCKoro cnekrpa (cm. Npumeyanue 2);

- MOrpewHOCTb NU3MepeHNA 06 bLEeMHOro NoToka (cm. Npumevanne 2).

MpumeyaHue 1-Tllony4eHbl pasHble 3HAYEHUS ¥ pa3HbIX ONepaTopoB.
MpumeyaHne 2 — Nmeetca pasnuua pesynbtatoB oT 10 o 20 % Ans pasHbiX TeCT-00bLEKTOB U

onepaTopoB.

Camas BbicOKasas oGHapyXuBaeMasi 4ONJSIePOBCKasi YacToTa He MOXET OblTb NpoBepeHa,
MOCKOMbKY MaKCMMarbHO AOCTWKMMAs CKOPOCTb B MPOTOYHOM [OMNSIEPOBCKOM TECT-06beKTe
CMULIKOM HM3Ka Ans UCMONb3yeMOro AONrepoOBCKOro CKaHepa.

N3mepeHns NorpewHoCcTy A4ONePOBCKOro yrna CrmvLKOM YyBCTBUTESbHbI K pa3MeLLEHNIO

30HAa (£2°), 4TOObI MMETb NPaKTUYECKoe 3HaYEHME.
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IEC 1076/01

MpumeyaHune — [onnepoBckuii npeobpasoBaTenb MepemellaeTcss Had MPOTOYHbIM
[ONNepoBCKMM TeCT-06eKTOM A0 Tex nop, noka curHan ot XKUK B TpyGke npocTo He GyaeT pasnmunum oT
wyma. Takasi ke reomeTpusi UCNOMb3yeTcs AN OLEHKM MOrpelHOCTU onpenerieHUsi MecTOMNosIoKeHUs

unccnegyemoro o6bema.

PucyHok D.8 — lNpoBepka rny6uHblI NPOHUKHOBEHUSA
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MpunoxeHue E

(cnpaBo4HoOE)

MpuHUMNManbLHaA cxema BO3MOXHOIO KOHTypa NoToka

IEC 1077/01

F — pacxogomep; P — Hacoc; R — pesepByap; | — AnvHa BXogHoOro otBepctusi; D — NPOTOYHbIN

OOMNINepoOBCKUN TeCcT-00beKT; T — npeobpasoBaTerb

PucyHok E.1 — lNMprvHumMnuaneHas cxema BO3MOXHOIMO KOHTYpa MOTOKa, NoKasbiBaloLwas MecTo

NPOTOYHOro AONNEPOBCKOro TeCT-o0beKkTa
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MpunoxeHue F

(cnpaBo4HoOe€)

MeToabl nsmepeHus

CKOpOoCTb 3BYKa M3MepsAeTcs Mo BPEMEHM MponieTa ynbTpa3BYyKOBbIX MMMYNbCOB 4Yepes3
uccrnegyemMblil Matepuan u cpaBHUMBAETCA C BpeEMEHeM nporneTa yepes AUCTUNIIMPOBAHHYO BO4Y
[11].

3aTtyxaHne namepsieTcs Nno YMEeHbLUEHUIO WMHTEHCMBHOCTWU 3ByKa MOCNe BBELEHUS MIOCKO-
napannenbHoro obpasua B ynbTpa3ByKOBOW My4oK B Boge. BBoauTcs nonpaBka Ha oTpaxeHue
ynbTpasByka OT NoBepxHocTen pasgena [11].

MNoTHOCTbL M3MepsieTcs B3BELLMBaAHMEM OOpasua M3BECTHOro obbema unu no nnaByvyecTu
HEKOTOPbIX MaTepMarnoB B XXMAKOCTU C M3BECTHOM NIIOTHOCTLIO.

XapakTepuCTUYECKUA  aKyCTUYECKMA  MMMNEeAaHC pacCyUTbIBAETCS M3 NPOu3BeaeHUst
NAOTHOCTM U CKOPOCTU 3BYKa.

KoadhdmumeHT obGpaTHOro paccesiHisi U3MepsieTcsl NyTeM CpPaBHEHUSI WHTEHCUBHOCTU
CUrHamnoB ¢ curHanamm naeanbHOro nnockoro otpaxarens [19], [20].

BAskocTb MOXeT OblTb M3MepeHa Mo BPEMEHW MNPOTeKaHMs1 XUAKOCTU, UMUTUpPYIOLLEen
kpoBb (XKUK), yepes kanunnsap guametpom ot 0,5 mm go 2 mm. MoryT 6bITb MCNONb30BaHbI
Apyrue BUCKO3MMETPbI, Takme Kak BMCKO3UMETPbl C KOHYCOM W MNAACTUHOW UM BUCKO3UMETPbI
Couette (koakcuanbHbIN LUNUHAP).

MonepeyHoe ceveHne TPYOKN MOXHO N3MEePUThL, 3anosHUB TPYOKY M3BECTHLIM KONIMYECTBOM
XMOKOCTU U U3MepuB ONMHY cTtonbuka xugkoctn. OnuHa ctonbuka moxeT OblTb M3MepeHa C
MOMOLLBIO PEHTreHoBCKON poTorpadmm (C MCNONb30BAHMEM KOHTPACTHOM >KMAKOCTU) unum C
MOMOLLLbI0O KOHTaKTa C 3NeKTPUY4EeCKUM NPOBOLHUKOM, YCTAHOBNEHHOM B M3BECTHbLIX MOMOXEHMUSAX.
BHyTpeHHMW puameTp TPYOKM MOXeT ObiTb W3MEpPEH HEMOCPEACTBEHHO C  MOMOLLBIO
PEHTIEHOBCKOrO KOHTpAcTa Wn ynbTpa3BykoBOro A-ckaHupoBaHus. TpebyloTcs namepeHus Kak
MUHUMYM B BYX HanpaBreHUsX.

MHankauma cnekTpanbHOro UCKaXKeHMs1 CTEHKOM MOXET ObiTb noriydyeHa HenocpencTBEHHO
nytem obnyyeHnsa napabonmyeckoro notoka B TPyoke JoONnepoBCKMM NpMBOPOM C paBHOMEPHbLIM
OTKNMMKOM No 06bemy obpasua, KOTOpbIi wWwupe, 4Yem Tpybka [10]. 3TO YyCnoOBME MOXHO
peanu3oBaTb, €CNKN CUrHan mMexay AOonnepoBCKUM JaT4MKoM 1 Tpybkon ByaeT Jonro npoxoauTb B
Bode. B aTux ycnoBumax oXxugaetcs NIOCKUA CNeKTp OO0 4acToThl, COOTBETCTBYIOLLEN OCEBOM
ckopocTn. HeobGxoammo BBECTW MOMNpaBKy Ha CNEKTparbHbIM OTKAMK OONMEepOBCKOro npubopa.
OTOT OTKMIMK MOXET OblTb OLEHEH METOAOM WMHXEKUUN 3NeKTPoHHoro curHana [21]. OTKnoHeHus
OT OXXMOAEeMOro crnekTpa OO bACHATCA UCKAXKEHNEM B CTEHKE.

MrHoBeHHOE OTKMOHEHNE CKOPOCTU TMpPOTEKAHNA OT ee cpeaHEro 3Ha4YeHUA MOXeT ObITb
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nM3MmepeHo C NOMOLLbKO 3NIEKTPOMAarHMTHOroO UM yrbTpa3ByKOBOro pacxogomepa. Ero 3Ha4veHue
TaKkkKe MOXHO OUEeHWUTb Mno nynbcmpyrou_l,eﬁ COCTaBnAwoLWEN NoKasaHWi D,OI'IJ'IepOBCKOIZ CUCTEMDI

n3MepeHnsa CKOpPOCTH.
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Mpunoxexnne A

(cnpaBo4HoOE)

CBefeHns 0 COOTBETCTBUM CCbINOYHbIX MeXAyHapoAHbIX CTaHAapTOoB

HauMOHalNIbHbIM CTaHAApPTaM

Tabnunuya OA1

O603Ha4eHne CCbINIOYHOro CteneHb O603HaveHVe 1 HaumMeHoBaHMe COOTBETCTBYIOLLEro
MeXOYHapOAHOro CTaHgapTa | COOTBETCTBUS HaLMOoHarnbHOro cTaHgapTa
IEC 61206:1993 IDT FOCT P 8.605-2004 «["ocygapcTBeHHasi cuctema

obecnevyeHns eguHcTBa M3MepeHui. [pubopsbl
MeaMULMHCKNe ynbTpas3BYyKOBbIE
anarHoctmdeckme.  O6wme  TpeboBaHuMs K
MeToauKkam N3MepeHnn napameTpoB
A0NepoBCKNX NPMOOPOB HENPEPLIBHOW BOSTHbIY»
IEC 61102:1991 - i

IEC 61895:1999 - *

*COoOTBETCTBYIOLWNA  HaUMOHamnbHbIM  CTaHOapT oOTcyTcTByeT. [O ero npuHATUSA
pekoOMeHAyeTCa WCMNonb30BaTb MNEpeBOd Ha PYCCKMA A3blK  AAHHOMO  MEXAYyHapOLHOro
craHgapTta. OdumumnanbHbIi NEpPEBO] OaAHHOMO MEXOYHApPOOHOro CTaHgapTa HaxoguTcsa B
denepanbHOM MHOpMaUMOHHOM ddOHAE CTaHOapTOB.

**COOTBeTCTByI'OLLI,VIIZ HaLUMOHanbHbIN CTaHOapT OTCYTCTBYET.

M pnmeyaHune — B HacTosiwen Tabnuue Mcnonb3oBaHo cnegywouiee ycnoBHoe obo3Ha4eHne

CTerneHn cooTBeTCTBNA CTaHOAPTOB:

- IDT — ngeHTunYHbIe cTaHgapThl.
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