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dusmnyeckue NpUHUUNDLI [asa 2
YNbTPa3BYKa

Msm ®. ®yaxam

BsepeHue

Hcronb30BaHNe YIbTpa3ByKa B YPOJIOTMM OTHOCUTCS K (PYHIAMEHTAJBHBIM Me-
TomaM. JIJiT HaWaydInero NMpUMEHEHMST 3TOM TEXHOJIOTMHM Ha OJlaro MalieHTOB He-
00XOIMMO 3HATh (PM3MUYECKWE TPUHIUIIE yIbTpa3ByKa. OTpoMHOE 3HAYCHME IIJIST
3G PEKTUBHOTO MCIONB30BaHusT Y3M mMmeeT MOHMMaHWE TOro, KaK HacTpauBaTh
000pyIOBaHWE W YIPABIATh JATINKOM JUIS TTOJTYIeHUS M300paxkeHNs HAWIYyJIIero
kayecTBa. HeobxonuMmble TeXHUYECKHUE YMEHMS JUTS1 BHITIOJHEHUS M MHTEPIpeTalluu
YJIBTPa3BYKOBOIO M300paXE€HUSI B YPOJIOTMU COYETAIOT MPAKTUYECKUE HABBIKM CKa-
HUPOBAHMS U 3HAHUE MATOJOTMYECKUX MIPOLIECCOB B UCCAEMYyEMbIX OpraHax. ¥ poJjoru
JOJIXKHBI MOHMMATh, KaK yJAbTPa3BYK BIMSET Ha OMOJOrMYECKMe TKaHU, YTOOBI IIPpU-
MEHSITh MeTo 6e30MacHo U 1o noka3zaHusM. [1pu xopoieM MOHUMaHUK (HGU3NYECKUX
MPUHLMIIOB YJAbTPa3ByKa ypoJor OyneT 3HaTh BCE €ro MPeruMyIlecTBa U HETOCTaTKHU.

MexaHUKa ynbTpa3BYKOBbIX BOJIH

YabTpa3ByKOBOE M300pakeHUe CO3/1aeTCsl B pe3yibTaTe B3auMOJISHCTBUSI Mexa-
HUYECKUX BOJH C OMOJOTMYECKUMHU TKaHSIMU U MaTepuaiamMu. [T0CKOJIbKY yabTpa-
3BYKOBBIE BOJIHBI UCITYCKAIOTCSI C OTPENeIEHHOM YacTOTOM, a OTPaKeHHbIE BOJTHBI
BOCITPUHUMAIOTCSI TaTYUKOM, MPOUCXOIUT OBICTPOE CO3aHUe U OOHOBIIEHUE U30-
OpakeHUi, YTO MO3BOJISIET MCCIIE0OBATh OPTaHbI B PeXKMME peallbHOTO BPEMEHH.

Y bTpa3BYKOBBIE BOJIHBI — 3TO MEXaHUUYECKME BOJHBI, KOTOPBIM JUJIsl paCIIpOCTpa-
HeHMs HeoOxoauma pusndeckas cpena (HampuMep, TKaHb WIM KUIKOCTh). B menu-
LIMHE UCITOJIb3YETCS YacTOTa YIbTPa3BYKOBBIX BOJIH B MMara3oHe MiaH/c (uiu MI').
B 3aBrcUMOCTH OT TTOKa3aHWii GOJBIIMHCTBO AaTYMKOB, MCIOJIb3yeMbIX B yPOJIO-
MU, UMEIOT YacToTy OT 2,5 10 29 MI'L.

YbTpasByKOBbIe BOJHBI CO3MAIOTCSI TPU BO3NEWCTBUU TIEPEMEHHOIO TOKa
Ha TIbEe303JIEKTPUUYEeCKNEe KpUCTAIbI B nmatuuke. [leprognyeckoe paciivpeHue
U CIaBJIEHUE Mhe303JIEKTPUUECKUX JIEMEHTOB CO3[aeT MEXaHWIECKYIO BOJIHY, KO-
TOpasi TepefaeTcsl Yepe3 KOHTAKTHYI0 cpefy (OOBIYHO Tejib) K KOXe W B TeJIo Ta-
mueHTta. Co3maBaeMble BOJHBI UMEIOT TIPOJIOJIBHBIN XapaKTep, MMOCKOJIbKY JIBUXKE-
HUE YaCTUIl TIPOUCXOIUT B TOM K€ HAIlpaBJIEHUM, YTO U PACTIPOCTPAHEHUE BOJHBI
(puc. 2.1). IlpomoabHbIe BOJHBI CO3JAI0T 30HbI PA3pPEXKEHUS U CAABJICHUS TKaHEH
B HaIlpaBJIeHUU JBUKEHUS YIbTPa3BYKOBOI BOJIHBI.
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PaspexeHune

Puc. 2.1. I'Ipo,qoanble BOJIHbI. PacmmpeHme 1 cAaBneHne Nbe30o3/1IeKTPUYeCKNX KpncTaaios, Co3-
AaBaemoe Npu KOHTaKTe C nepemMeHHbIM TOKOM, Bbi3biBaeT CAaBNEHNE U paspexeHne MoJiekyn
B TeJie yesioBeka

CrasneHue 1 pa3pexxeHne MOJIeKyJ ITPeCTaBseTcs Tpaduiueckyl Kak CHHYCOBast
BOJIHA C TIEPUOINYECKUM MOJOXKUTETbHBIM U OTPULIATEIbHBIM OTKJIOHEHUEM OT UC-
XOJTHOTO YPOBHS. JIJTMHA BOJIHBI OMIpe/ie-
JISIETCS KaK PACCTOSTHUE MEXIY MUKAMU
JIByX cocemHuX BojH. OIWH TTOJTHOCTHIO
TPOUIEHHBIA BOJHOW MYyTh HAa3bIBAETCS
HUKJIOM. ONWH IIMKJI B CEKYHAY COCTaB-
gger 1 I'u. AMIuMTyaa BOJHBI — 3TO
MaKCUMaJbHOE OTKJIOHEHUE B TOJIOXU-
TEJIbHOM WJIM OTPULIATEIbBHOM HallpaBJie-
HUU OT UCXOIHOrO YPOBHS, a MepUoa — _
9TO BpeMsi, HeoOXoaMMoOe UIsl 3aBeplie-
HUSI OHOTO LIMKJIa BOJHBI (puc. 2.2).

CKOpoCTb, C KOTOPOI1 3BYKOBas BOJIHA

OnuHa BonHbl (M)

%MH

Puc. 2.2. XapaKkTepucTviku 3BYKOBOW BOJHbI:
amnInTyAa BOMHbI — 3TO GYHKUMA aKycTuye-
CKOW MOLLHOCTW, NCMOJb3yeMO AnA Co3faHnaA

Amnnutyga
|

MIPOXOAMT Yepe3 TKaHU, 3aBUCUT OT e Ya-
CTOTHI U JJIMHBI BOJHBI. CKOPOCTD 3ByKa
B TKaHU TIOCTOSIHHASI, U, CJIIOBATEIbHO,
MpY M3MEHEHWM YacTOThl NOJDKHA Me-
HATBHCS ITMHA BOJIHBI. CpeiHsIsi CKOPOCTh
3ByKa B TKaHSX YeslloBeKa COCTaBJIsieT
1540 m/c. JInvHa BOJHBI M YacTOTa Ha-
XOIATCSI B 0OPaTHO TMPOTOPIIMOHATEHOMN
3aBucumoctu (puc. 2.3). [1pu ymeHbiie-

MEXaHNYECKOW BOJHbI CKATUA U cpenbl, yepes
KOTOPYIO OHa nepefaeTca

v=f»A
CKopoCTb = YacToTa x AJiMHa BOJSIHbI

Puc. 2.3. [ockonbKy CKOPOCTb 3ByKa B TKaHAX
MOCTOAHHAA, YacToTa U [/IMHA BOJHbI 0OPaTHO
NPONOPLOHaNbHbI

HuM 4acToThl oT 10 mo 1 MI'n mmHa BosHB yBeamuuBaeTcs ot 0,15 mo 1,5 MMm. D10
MMeeT BaXkHOEe 3HaUeHMe MPY BLIOOPE 1aTUMKa B 3aBUCUMOCTH OT MOKa3aHU K uc-

CJICAOBAHUIO.

Co3paHue ynbTPa3sByKOBOro n3obpaxkeHus

M3obpakeHme, co3gaBaeMoe YIBTPa3BYKOBBIM allllapaToM, HAYMHAETCS C JaT-

yuka (aHrI. transducer — <«IpeoOpa3oBartesib»; Jart. transducere — «IIpeoOPa30BbI-
BaTh»). B 3TOM cllydae a/1eKTpriecKre UMITYJIbCHI TTPEBPAIIalOTCsS B MEXaHMIEeCKIE
3BYKOBbIE€ BOJIHbI TOCPEACTBOM Ibe303JEKTPUUECKOT0 (pdeKTa.
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IIpu co3gaHum yabTpa3ByKOBOrO M300pakKeHUs JaTYNK UMEET ABOMHYIO (PyHK-
LIMIO, BBICTYIIAsl B POJIM MCTOYHMKA M IPUEMHMUKA. 3BYKOBbIE BOJIHBI II€PEAAOTCS
B TEJIO MALIMEHTA, Te OHM YACTUYHO WJIM MOJHOCTBIO OTpaxkalorcs. [1be30311eKTpu-
yeckuii 3¢ GeKT BOZHMKAET MPU BO3ACHCTBUM IIEPEMEHHOTO TOKA Ha KPUCTAJLIbL,
conepxamue maumnonu [1]. O6JacT MOMOXUTEIBHOTO M OTPULIATEIBLHOTO 3apsaa
BHYTPU IbE303JICKTPUUECKOTO 3JIEMEHTA pacIipeieieHbl TAKUM 00pa3oM, 4TO OHU
HMMEIOT ceTyaTylo opueHTanuio. [1pyu KOHTaKTe mepeMeHHOrO 3apsiia ¢ IMOBEPXHO-
CTBIO ABYX 3JIEMEHTOB BO3HMKAET OTHOCUTEIBLHOE CXXATHE YIIN YIUTMHEHNE 3apsKeH-
HBIX 00JacTeii, YTO MPUBOAUT K MEXaHMYECKOMY PACHINPECHUIO C TTOCICAYIOIINM
cxxaTueM ajieMeHTa. B pe3yibTrare 3TOro co3maercss MexaHWdeckasl BOJIHa, Tmepea-
BacMag TanueHTy (puc. 2.4).

HelTtpanbHoe PacwmpeHme
Cxatne COCTOsIHME
dii @ ooy |
+) + (- MO
+m- +(D- +(.'
0 M Ol
@ oo )
‘0 @ (‘(‘
o ‘@ -
ore| o o O a»(©
v ) .
- @ .
N O- O R
o - 0= ]
0 +@- QD
: @ -
o @ -
|0 A N §

HeT namMeHeHus aneKTpryeckKoro 3apaaa

Puc. 2.4. MNbe3oanekTpuuecknin 3podekT. MNog BO3LENCTBNEM NEPEMEHHOIO TOKA 06/1acTK 3apaga
B KpUCTannax paclumpsAoTCa UM CKUMAIOTCS, B pe3ynbTaTe Yero CO3AaeTcsl MexaHnyecKas BosHa.
Korga Bo3BpaTHas BOSIHAa AOCTUTAET KPKCTaa, CO30AETCA SNEKTPUYECKUIA TOK

OTpakeHHBIE MEXaHMYEeCKNEe 3BYKOBBEIC BOJHBI TIPUHUMAIOTCS ITaTYUKOM
1 110 00paTHOMY Mbe303JIeKTpUIecKOMY 3h(MEKTY TTpeBpaIIatOTCs B 3JIEKTPUIECKYIO
9HEPTUIO, KOTOpasi MHTEPIIPETUPYETCST B YJIBTPA3BYKOBOM allmapare, CO3aloiiemM
M300pakeHNne Ha SKpaHe.

B GonpIIMHCTBE PeXXMMOB JATYMK M3JTyJaeT OrpaHMISHHOE KOJTMIECTBO IMKIIOB
BOJIH (0OBIYHO OT 2 110 4), Ha3bIBaeMbIX curHajioM. YacToTa ot 2 10 4 BOJIH B KaX/10M
LMKJIe OOBIYHO HaxoauTcs B auanasoHe 2,5—14 MTI'u. Ilocie 3Toro gatumk nepe-
XOIUT B COCTOSTHUE «ITOKOSI», ITOCKOJIbKY OXKUIaeT BO3BPAIlEHHS OTPaXKeHHBIX BOJTH
(puc. 2.5). JaT4rK HaXOOMTCH B pexXuMe npreMHuka oosnee 99% spemenn. CUrHajbl
HMCIYCKAIOTCS Yepe3 OJMHAKOBBIE MHTEPBaJIbl, KOTOPbIC HA3bIBAIOTCS YaCTOTOM 110~
BTOpEHUSI UMITYJIbCOB U, KaK TpaBuio, coctapisior oT 1 go 10 xI'u. ITo BpeMeHu
OT Ilepefayud 0 MOJy4YeHUs] CUTHaja MOXHO OINPEIC/INTh YIbTPa3BYKOBYIO JIajib-
HOMETPUIO — PACCTOSIHME OT JaT4uKa A0 00beKTa, OTPa3UBIIETO BOJIHY (puc. 2.6).
Takas 1mocJjenoBaTeIbHOCTb Ha3bIBA€TCS UMITYJIbCHBIM YJIBTPa3BYKOM.
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LnutenbHOCTb CUrHana,
wnm Bpems on-curHana

A /\A/\ /\/\/\

\/O6u.|,ee BpeMﬂ
uMKna, unm nepmop, Bpe,\,,,|
MOBTOPEHKS UMMyJibca
Bpewms nonyyenus,
unu Bpewms off-curHana

AMHnMTy,qa

Puc. 2.5. Pexxum MMNYJNbCHOTO YNbTpa3ByKa 3aBUCUT OT U3ny4YaemMoro mmnyrnbca 13 2-4 unKnos
BOJIH C nocniefyowm Nepruoaom «MNOKoA», MOCKONIbKY AaTUMK OXMNAAET BO3BPaALLEHNA N3NTyYeEH-
HbIX UMNYyNbCOB

AMILTATYa OTPAXKEHHON BOJIHBI OTMIPENEISIET IPKOCTh MUKCENEi, COOTBETCTBY-
IOIINX OTpakaTeJllo Ha YJIbTPa3ByKOBOM M300paxkeHnu. Yem OoJibIe aMIIUTYyAA
BO3BPATHON BOJIHBI, TEM SIpUE €€ MUKCeNb. Takum o0pa3oM, yIbTpa3ByKOBOH arma-
paT cosfaer «M300paXxeHue» MyTeM M3JIYYEeHMS TaTYUKOM CepUU YIbTPa3ByKOBBIX
BOJIH C OIPENEJIEHHOW YaCTOTOU U MHTEPBalaMu, C ITOCJIEAYIOLIEH MHTEPIIPETALIMEN
JUTUTEIBHOCTH ITYTU U aMIUIUTY/IbI OTPAKEHHBIX 9XOCUTHAJIOB. DTO «M300pakeHME»
OBICTPO OOHOBIISIETCSI HA MOHUTOPE, CO3[aBasi BIeUaTJIeHUe HEMPEPbIBHOTO TBU-
xeHust. Yactora 0OHOBJICHMS M300pakeHNsT OOBIYHO cocTaBisgeT 12—30 kagpos/c.
[TocnenoBaTtebHOCTL COOBITUI, OTOOpaXeHHast Ha puc. 2.7, TIPENCTaBIsIeT CO00it
OCHOBY JIJIST BCEX PEKMMOB YJIbTPa3ByKOBOTO CKAHMPOBAHM S, BKITIOUAs TTPUBBITHBIT
CEPOIIKAJIbHBIA PEXUM.

"eHepaTop
MMMyNbCOB
Yacebl
Oatunk/
NPUEMHUK KomneHncauus
O6bekT ycuneHms
no rny6uHe
Yeunutens
MamaTte
n3obpaxeHus/
KOHBEpTOp
CKaHMPOBaHUA

MoHuTOoD

Puc. 2.6. OnpegeneHvie pacctosHus o oT-  Puc. 2.7. CxemaTtnyeckoe n3obpaxkeHuie nocsne-
paaTens B ynbTPasByKOBOM MOfie OCHOBAHO  [LOBATEbHOCTY CO3AAHUA N300paxeHNs B Yiib-
Ha NMPeANONOXKEHUN CPeLHEeN CKOPOCTY YbTpa- Tpa3ByKOBOM anmnapare
3BYKa B TKaHsX. Bpems, npoluesiiee oT MOMeHTa
nepeaaun Ao NoslyHeHNs 4aTYMKOM TOrO e NM-
nynbca, NO3BOSIAET ONPEAENUTL PACMoNOXKeHVe

[0 OTpaXkaTens B yNbTPa3ByKOBOM rone
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B3aumopgeicrame ynbTpasByKa ¢ 6Monormueckumm
TKaHAMMU

ITo Mepe pacrpocTpaHeHUs YJIbTPa3BYKOBBIX BOJIH Yepe3 TKAHU MPOUCXOIUT
psiI U3MEHEHUI, BKJIIOYasl IIOTEPI0 SHEPruu, U3MEHEHME HAMIPaBJICHUST U YaCTOThI.
11t mojrydeHUsl U300paxkKeHKsSI MaKCUMMAaIbHOIO Ka4eCcTBa U IIPaBUIbHOM MHTEPIIPE-
TalUU Pe3yIbTaTOB HEOOXOAUMO ITIOHUMATh 3TU B3aUMOIEACTBUS.

3aryxaHue ompeaesieTcs Kak IMoTepss KWHeTUIeCKO SHEePTUY MPU B3anMOIeii -
CTBUHU 3BYKOBOU BOJIHBI C TKAHSIMHU M KUIKOCTHIO B Tejie YenoBeKa [2]. Paznuanbie
TKaHU 00JIAmaroT pa3HbIM MOTEHIIMAJIOM K 3aTyxaHuio. Hampumep, KoaddummerT
3aTyxaHus Bombl coctaBmsieT 0,0, moukn — 1,0, a Mpimy — 3,3. B ¢Bs13u B 3TUM
3BYKOBBIC BOJIHBI HAMHOTO OBICTpEE 3aTyXaroT MPHW IPOXOXKICHUU Yepe3 MBITIIIBI
110 CPaBHEHUIO C pacIipocTpaHeHueM depe3 Bomy (puc. 2.8) (koadduiimeHT 3aTyxa-
HUS u3Mmepsercs B 1b/cm/MI).

Moyka 1

JECEETEY 0,94
Msirkne
TKaHu 0,7

XKuposas
KneganKa 0,63

Kposb 0,18

0 1 2 3 4 5 6
nb/cm/MIy,

Puic. 2.8. 3aTyxaHvie BOMH B TKaHsAX (MogudurumposaHo 13 Diagnostic Ultrasound, Third Ed., Vol 1)

onpenenseTca Kak YacTb SHEPruy ybTPa3ByKOBOW BOJHbI, KOTOPasA TePAETCA NP NMPOXOXKAEHUN

TKaHW. Yem Bblille KOIOOULMEHT 3aTyXaHVsA TKaHW, TEM BbilLe NMOTEPA SHEPrN 3BYKOBOW BOJHbI
npu ee NPOXOXKAeHN

Tpy OCHOBHBIX MEXAHM3Ma 3aTyXaHHUsI BKIIOYAIOT MOTJIOIIEHNE, OTPAKEHUE U pac-
cesHue. [lormionieHue BO3HUKAET MPU MPEBPALICHUN MEXaHWYECKONW KMHETUYECKOM
SHEPTUM B TETUIOBYIO SHEPTHUIO B TKaHSX. OHO 3aBUCUT OT YaCTOThI 3ByKOBOI BOJHBI
M XapaKTepUCTUK TKaHU. 3aTyXxaHWe BHICOKOYACTOTHBIX BOJIH ITyTEM TOTJIOIIEHHS TTPO-
HUCXOMUT ObICTpee, YeM HU3KOYACTOTHBIX BOJH. ITOCKOJIBKY 3BYKOBBIE BOJHBI MOCTE-
TIEHHO 3aTyXaloT 110 Mepe pPaclpoCTpaHeHNUsI, NIyOOKHEe CTPYKTYPhI (HAITpUMeEp, MOYKY)
CJIOXHEE BU3YaJIM3UPOBaTh. J{JIs1 KOMIIEHCAIUK TOTEPh aKYCTUYECKOW SHEPTUM 32 CYET
3aTyXaHUsI MOXHO HCITOJIb30BaTh HACTPOUKY YCUJIEHUS (ITOBBIIEHUE YYBCTBUTEIBHO-
CTH JIaTYMKA K OTPaKEHHBIM 3BYKOBBIM BOJIHAM) U BBIOpaTh 00JIee HU3KYIO YaCTOTY.

Ilpenomaenue BOTHBI BO3HWKAET MpPHU €€ MOMANaHWU Ha MOBEPXHOCTh MEXKIY
JBYMsI TKAHSIMU TIOJT YTJIOM, OT/IMYHbIM OT 90°. Korna BosiHa rmagaeT Ha MOBEPXHOCTh
TOJI YIJIOM, YacCTh €€ OTPaXaeTcsl, a YaCTh PACHPOCTPAHSIETCS B TPUJIEXKAIILYIO CPEY.
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Hamnpasienue pacripocTpaHeHUs BOJIHbBL

U3MeHsIeTCs (MIPETOMIISIETCS ), UTO MPH- MNapatowas OtpaxetHas
BOJTHaA BOJ1Ha

BOJUT K II0TEPE 4aCTU UH(POPMALIUU, I10- oi or

CKOJIBKY BOJIHA YACTUYHO HE BO3Bpallla- T\

€TCA K IaTYUKY, ¥ BbI3HIBAET BO3MOXKHBIE

OMOKNA B ONpPENEICHUN JIOKATU3ALNN Tkatb 1

00beKTa M3-3a TMpeIOMJIEHUST (M3MEeHe-
HUST HarpasieHus) BOJHBI. OnTuUMaib-
HBI Yo WHCOHAIMU JJIT MUHUMU3a-
LMW OCJIa0JIEHUST TTyTEM TPETOMIICHUS
cocrabysgeT 90° (puc. 2.9).

Ompadicenue 3ByKOBOI BOJIHBI MPO-
WCXOMWUT TpM TIOTIalaHUM Ha OO0b-
eKT WIM TPaHWIly MeXIy TKaHaMu Puc. 2.9.Ha rpaHule AByx TKaHeli ¢ pasHbim
WU CTPYKTYPAMU. Ecau 00beKT UMEET aKyCTU4eCcknMm conpoTtmeiieHnem 4actb BOJI-
OTHOCUTETLHO 6OJTBHJYPO [IOBEPXHOCTb, Hbl OTPakaeTCA, a YaCTb NPENOMNAETCA, NPO-

[omKaa NPAMONVHeHOe PacnpoCTPaHeHue.
SBYKOBBIC BOJIHBL OTPaxXaioTcst B MPO- g5, oTpakaetca nof yrnom (0r), paBHbIM

THO3MPYEMOM HAlpaBJICHUN B 3aBUCH-  yrjy ynconaumm (0i); Apyras YacTb BOMHbI MPO-
MOCTH OT yIjla MHCOHauuu. Eciv oTpa-  gomkaer pacnpocTpaHeHNe BO BTOPYIO TKaHb
JKaTeJib 3ByKa MMeeT HeOOJIbIIOM pa3Mep noa yrnom npenomnexus (0t)

WJIM HEPOBHBIN KOHTYpP, OH Ha3bIBaeTCs

nuddy3HbIM. Takoit oTpaxkarteab OTHOCUTCS K AIUMP@PY3HBIM paccenBalouM 00b-
eKTaM 1 cO37aeT MOMEXM BOJIHAMM, UIYIIMMU OT Mpuiexkamux 1uddy3HbIX oTpa-
xKateneit. B pesynbrate (opMUpYyeTCsl «IIITHUCTas» CTPYKTYpa, XapaKTepHasl I
COJIUIHBIX OPraHOB (HAIIpUMeEp, SUYKO WU IeueHb) (puc. 2.10).

MNepepnaBsaemas
1 NpesiomsieHHas BoSiHa

Puc. 2.10. (a) Anuddy3Hbiii oTpaxkaTenb. Ha n3obpakeHnn npefcraBneHbl ANUKU C HEGOMbLIMMY

CTPYKTYpamy B MapeHx1me, paccenBatoLLMI YnbTPa3ByKOBble BOJSIHbI. XapaKTep Nomex npu Ta-

KOM paccefaHUn Co3AaeT «MATHUCTYI0» KapTUHY CTPYKTYpbl. (6) 3epKanbHblll oTpaxaTenb. OH oT-

parkaeT 3ByKOBYIO BOJIHY MOJ TaKMM »Ke yrinoMm, 6e3 co3haHna nomex 3a cuet pacceaHus. [Npuv Brsy-
anu3aumm NoYKM ee Karncyna BbiCTyrnaeT B posiv 3epKanbHOro oTpaxatens

Korna 3BYKOBas BOJIHA IICPEXOAUT U3 OJTHOU TKaHU B JAPYTyr0, Ha UX 'paHULIC OT-
paxaeTcd onpeacJcHHad 4aCTb OHCPIrum. HpoueHT OTpa)KaCMOﬁ OHECPIuMn 3aBUCUT
oT pa3J'[I/I‘II/II71 B aKyCTHUYCCKOM COITPOTHUBJICHUN TKaHEM. OHO, B CBOIO O4Y€peCab, OT-
HOCHUTCA K XapaKTCpUCTUKaAM TKaHU MU CBA3aHO C 2KECTKOCTbLIO 1 CKOPOCTbIO, C KOTO-
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poii pacpocTpaHsieTcs 3ByKoBasi BosiHa [3]. T1pu HeGonbIIOM pa3nuynum B aKyCTU-
YECKOM COIPOTUBIICHUH IBYX IPWICKALIUX TKAHEH OTpaxkaeTcsi HeOOJIbIIast 4acTh
sHepruu. Pazianyue B akycTu4ecKoM conpotuBieHny nouku (1,63) u neuenu (1,64)
MUHKUMAJIbHO, IT03TOMY IIPY OJIM3KOM PaCIIONIOXEHUU OMPEaeIUTh TPAHULLY MEXIY
HUMMU 3aTPyOIHUTEIBHO (Taou. 2.1).

Ta6nuua 2.1. AKycTYeCckoe CONpOTUBIIEHNE TKaHe

Tans TLroTHoCTs (K1/M) AKycTuyeckoe COMPOTHBIIeHHe
(peidsb1)

Bosnyx v npyrue rasbl 1,2 0,0004
XKuposas TkaHb 952 1,38
Bona u npyrue xunkoctu 1000 1,48
[lquMu (cpenHsist MJIOTHOCTh 1060 1,63
MSITKOM TKaHM )
[Teuens 1060 1,64
MBITIIBI 1080 1,70
Koctu u npyrue KanblyuHu- 1912 7.8
POBAHHBIE CTPYKTYPBI

HUcemounuk. C uameHenusamu u3 Diagnostic Ultrasound, 3rd Ed, Vol. 1. Akyctuyeckoe conpoTtusierue (Z)
3aBUCHUT OT TUIOTHOCTHU Cpelibl (p) U CKOPOCTU paclpoOCTpaHEHUs B Hell 3ByKa (C). AKYCTUYECKHUIA UMIIe-
naHc onpenessiercst o dopmyne: Z (peiiibl)=p (kr/m?)Xc (M/c).

)I(I/Ip JOCTaTOYHO CHUJIBHO OTIMYACTCA I10 aKyCTUYECKOMY COITPOTUBJICHUIO

OT MOYKHU U TIeYeHU, TIOTOMY TPaHUIIbI STUX IBYX OPraHOB XOPOLIO AuphepeHIIM-
PYIOTCS OT >KUPOBOU TKaHU (puc. 2.11).

Puc. 2.11. Korga noyka 1 neyeHb NpunexarT Apyr K Apyry, CJI0XKHO ONpeaenuTb rpaHuly (ctpen-

Ka) Mexay 1x Kancynamu (a). lpaHuua mexxgy Kancynowm neyeHu (CTpenka) 1 >KMpoBoii KneTyaTkom

onpegensetca 6e3 Tpyaa bnarogaps 3HauMTeNIbHO Oonee HU3KOMY aKyCTMYEeCKOMY COMpOTHBIIe-
HUIO XKNPOBOW TKaHM (6)
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Ecau paznuyre akyCTUYECKOIo COIPOTUBICHUS MEXKIY TKAHSIMU OY€Hb BBICOKO,
MOXKET HaOJII0AaThCs MOJIHOE OTPaxKeHHME 3BYKOBBIX BOJH C (DOPMUPOBAHUEM aKy-
cTUYecKoil TeHu (puc. 2.12).

Puc.2.12. B moueBom ny3blpe OTPaXxeHNe 3ByKOBbIX BOJIH MPOUNCXOOUT B pe3ynbrate 60MbLIOro pas-
JINYNA B aKyCTUYECKOM CONPOTUBIIEHNN MeXY MOYOW 1 KAMHEM MOYEBOTO ny3bipAa (TOHKaFl cTpen-
Ka). AKycTI/ILIECKaFl T€Hb CBA3aHa C NPAKTUYECKN MOJIHbIM OTPaKeHWEM 3BYKOBbIX BOJIH (CTpeJ’IKVI)

ApTtedaKTbl

3BYKOBBIC BOJIHBI UCITYCKAIOTCS TaTYUKOM C M3BECTHOM aMILIUTYIOM, HarlpaBie-
HUEM U1 4acTOoToi. B3amMonelicTBre ¢ TKaHSIMU B OpTaHU3Me IPUBOIUT K M3MEHE-
HUIO 3TUX ITapaMeTpoB. OTpaxkeHHBIC 3BYKOBBIC BOJTHBI ITOABEPraloTCS NU3MEHEHUSIM,
COIIACHO OXMIAaeMbIM (PM3WICCKUM MPUHIIATIAM, BKJIFOUAsT OCIabJIeHre Ha PacCTo-
STHUU Y U3MEHEHME YaCTOTHI, B 3aBUCMOCTH OT CKOPOCTH M HAIIPaBJICHUS OOBEKTa,
Ha KOTOPBIIT OHU TToNamaioT. BpeMs Bo3BpalieHnsT BOJTHBI 3aBUCUT OT OXHIaeMOM
CKOPOCTH pacIIpOCTpaHEeHUS 3BYyKa B TKaHSX yesloBeKa. Eciii aTu mapamMeTphI He Co-
OTBETCTBYIOT, TTOJTy9acMble M300pakeHUS U N3MEPEHMST MOTYT He OTpaXkaTh peaib-
HBIX (pr3MUecKnX ycioBuil. Takme MCKaxkeHUs Ha3bIBaloTcs «apTedakTamu». Ecian
MMPaBUJIBHO ONPENEIATh apTeaKThl, OHM MOTYT ITOMOTaTh B TMarHOCTUKE.

Ycunenue nepedauy BOZHUKAET MY TTPOXOXKICHUM 3BYKOBOI BOJTHBI Yepe3 TKaHb C MEHb-
MM KO3(hOUIIMEHTOM 3aTyXaHUs, YeM B OKPY:KaIOIINX TKaHgX. Hampumep, Korma 3ByKoBast
BOJTHA TIPOXOIUT Yepe3 3aMOJTHEHHYIO KUAKOCTIO CTPYKTYPY, TaKyl0 KaK KMCTa MOYKH, OHA
MOABEPraeTcsi OTHOCUTEIbHO MEHBILEMY 3aTyXaHMIO [0 CPABHEHUIO C BOJTHOM, MPOXOASIICH
yepe3 MapeHXUMY Mouku. TakuM o0pa3oM, KOorma BOJHA JOCTUTaeT 3amHel CTeHKU KUCThI
1 TIOYEYHOI TKAHU 32 HEl, OHa HeceT 0OJIbLIYI0 SHEPTHIO (MMEET OOJIbIIYIO aMILTUTYY), YeM
coceIHMe BOJIHbI. Bo3BpaTHbIi aX0cUrHai OyaeT MUMeTh HAMHOTO OOJIbIIYIO aMILTUTYIY, YeM
Y BOJIH, OTPaXKaloIIMXCsl OT MApEHXMMBbI TOM Ke YacTu MOYKU. B cBs3M ¢ 3TUM nuKcenu, co-
OTBETCTBYIOLINE 00JIACTU JTUCTaIbHEE KUCTBI, OYAyT UMETh 00Jiee BHICOKYIO SIPKOCTh. TKaHb
BBITJISIUAT 00Jiee TUIIEPIXOTeHHOI M0 CpaBHEHUIO ¢ ITpUJIeKalleil MapeHXUMOI, XOTsI OHU TH-
CTOJIOTUYECKM MICHTUYHBI (puc. 2.13). s yMeHbIIeHUsI 3TOro apTedakra HeOOXOIUMO
M3MEHUTD yroJl THCOHALIMU MJIX HACTPOMTh KOMIICHCALIUIO YCUICHMSI T10 TIyOUHE.
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Puc. 2.13. lopcanbHoe ycuneHune curHana c ru-
MepaXOreHHOCTblo  (CTpenka), BO3HMKawoLlee
B pe3y/ibTaTe YMeHbLUeHWA 3aTyXaHWA BOJHbI
B KWCTe, 3aMOfIHEHHOW »KUAKOCTbIO. ITOT ap-
TedakT npencTaBnAeT cobo npumep Henpa-
BUJIbHOTO OTOOPAXXEHUNA XapaKTEPUCTUK TKAH,
N O HEM HEeOoOGXOAUMO MOMHUTb, YTOObI 136e-
»KaTb HenpaBWbHOW NHTeprpeTaLmMmn

Puc. 2.14. AkycTnyeckasn TeHb AnCTasibHee Kasb-

UMHaTa B AnYke (KpynHble ctpenku). ViHpop-

MauMA MO 3XOCTPYKType MapeHXUMbl ANYKa,
pacrnonoxeHHoN AncTanbHee, NoTepaHa

MnaBa 2. dPu3nyecKkmne NPUHLMNbI YAbTPa3BYKa

Akycmuyeckas meHb TOSBIISETCSI IIPU
3HAYUTEJILHOM 3aTyXaHUM 3BYKOBBIX
BOJIH Ha ITOBEPXHOCTU TKAHM, IIPUBOJISI-
1Ieil K rorepe MHGOPMALIMK O CTPYKTY-
pax, pacHoJIOXKEHHBIX IUCTalbHEE. DTO
3aTyXaHUE MOXKET ObITh CBSI3aHO C OTpa-
JKEHUEM WIM MOIJIOIIEHUEM U COIpPO-
BOXKIACTCSI TIOSIBICHEM aHA3XOTCHHOM
WJIN TUTIOSXOTCHHOM TeHU. 3HAUNTEITb-
HOE 3aTyXaHWe WU MOTepsT 9XOCUTHAJIOB
OT TKaHe#, pacToI0XeHHBIX TUCTaTbHEe
TTOBEPXHOCTH, MOXET MTPUBECTU K HEeTIpa-
BUJILHBIM BBIBOJIaM T10 X CTpyKType. Ha-
MpUMep, KOrJaa 3BYKOBBIE BOJIHBI TIOTIA-
JAIOT Ha TIOBEPXHOCTb MEXIy TKaHbIO
AMYKa M KaJblIMHaTaMU, OOJIbIIIOE pa3-
JINYME B aKyCTUYECKOM COIPOTHBIICHUU
MIPUBOIUT K BBIPAKCHHOMY 3aTyXaHUIO
U OTPaXKCHUIO, B CBSA3U C YeM TepsIeTCs
WM 3HAYUTEIIBHO YMEHBIIEHO YMCJIO
CUTHAJIOB OT TKaHEi, pacIoJIOKeHHBIX
nucranbHee (puc. 2.14). Takum ob6paszom,
B HEKOTOPBIX cIyvasix cpepuyeckre o0b-
€KThl MOTYT BBIIVISIIETh KakK CEepIIOBUI-
Hble, U MPU 3TOM CJIOXHO OIIPENEIUTh
TOYHBIE pa3Mepbl OOBEMHBIX CTPYKTYP.
Kpome Toro, B 30He aKyCTUYECKOU TEHU
MOTIYT CKpBIBaThCsl HEOOJbILINE AETAJIM.
st yMeHbIIEHUsI aKyCTUYEeCKOl TeHU
HEOOXOIMMO U3MEHMTH YTOJI HHCOHAIIAM.

Apmeghakm kpaeeoii meHu BOZHUKACT
IIpY MOMaJaHUM BOJHBI Ha W30THYTYIO
ITOBEPXHOCTh WJIN IIOBEPXHOCTH C KPUTH -
yecKUM yrioM. Kputudeckuii yron uH-
COHAIIMM OTIpENENsIeTCs] KaK Yrojl, Tpu
KOTOPOM 3BYKOBBIE BOJTHBI paciipocTpa-

HSTIOTCS BIOJIb TIOBEPXHOCTH 0€3 3HAUMMOTO OTPaKEeHUS K JaTINKY. TakmMm obpa3oM,
CHUTHAJIBI OT CTPYKTYD, PACITOJIOKEHHBIX TUCTATbHEE 3TOM IMTOBEPXHOCTH, OTCYTCTBYIOT
WA 3HAYMTEJTBHO CHIDKEHBI. DTO OUEHb PacIipoCTpaHEHHBIN apTedakT B YpOIOTUH,
M MHOTIa OH MOXeT OBITh MOJIe3HBIM. ApTehaKT KpaeBoli TeHU HAa0JII0IaeTCsI BO MHO-
TUX KJIMHUYECKUX CUTYalMsIX, HO Yallle BCEro MpHu McCaeNoBaHUU ssudeK. OH 4acTo
BO3HUKAET B BEPXHEM U HVIKHEM IIOJTIOCAX SIMYKa, MMOCKOJIbKY 3ByKOBBIE BOJHBI I10-
MagaloT Ha KPYIJIble CTPYKTYPhI MO KPUTUYECKUM YIJIOM. DTOT apTedakT MoMoraeT
nuddepeHIpoBaTh roJI0BKY IIpUIATKa M BEPXHUI MMOJIIOC sinuKa. ApTedakT KpaeBoii
TeHU TakKe BcTpevaeTcs pu TPY3U, B 30He, roe e Kpyriabie noau [T2K coenuns-
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I0TCSI 10 CPEeIHEI IMHUU, a IIepeX0IHast 30Ha IPAaHUYUT C ITeprudepudecKoii o 6okam
(puc. 2.15) u Ha ypoBHe J1aTepabHOTO Kpasi camoit I12K. DTo co3maet apredakT, Ko-
TOPBII MOSBIISIETCS B HEIIOCPEICTBEHHOM OJIM30CTU OT YPETPhI U PACIIPOCTPAHSIETCSI
B AMCTAJIbHOM HallpaBieHnU. Ero MoxHo Takske HaOJI101aTh B 1000 CUTYallMK, KOTa
IMajgarolasi BOJIHA ITOIagacT Ha MIOBEPXHOCTh MO KPUTUIECKUM YIJIOM (CM. puc. 2.15).
[ns mpeononeHus apredakTa KpaeBoli TCHM HEOOXOTMMO U3MEHUTD YTOJI MHCOHAIINH.

Puc. 2.15. Ha n3obpaxeHun npeacTaTenbHoO Xxenesbl B MONepeyHoi NpoeKLmmn onpeenaeTca

apTedaKT KpaeBo TeHW (CTPENKM) B pe3ynbTaTe OTPaXXeHUsA 3ByKOBO BOJHbI BAOJb HEPOBHO f1a-

TepasnbHOI MOBEPXHOCTN NePEXOAHON 30HbI (a). ApTedaKT KpaeBOW TeH (CTPenKK), co3aaBaeMmblii
3aKpyrfIeHHbIM BEPXHVM MOJTIOCOM NMOYKM (6)

Apmegaxm peeepbepayuu TOSIBISICTCS,
KOT/Ia YIBTPa3ByKoBasi BOJIHA 110 ouepenu
OoTpaxkaeTcsl MEXIy IBYMsI U Oojiee IIO-
BepxHOCTSIMH  (peBepOepupyer). Korma
3BYKOBAsI BOJTHA TOMANACT HA OTPaKaTellb
1 BO3BpAIAeTCS K JATINKY, (PUKCUPYETCST
omnpeneseHHoe MnojaoxeHue oowvekra. [1pu
BTOPOM TIPOXOXICHUW 3BYKOBOW BOJIHBI
armapar WHTEePIPETUPYET CUTHANl TaKUM
00pa3oM, YTO BTOPOH OOBEKT HAXOMMUTCS
B 2 pasa maiblie, 9eM TiepBhiit. [Ipomon-
Karolleecsl 3aTyxaHuWe 3BYKOBBIX BOJIH
C Kaxmoi mocienyolleil peBepodepalueit
JlaeT HEMHOIO MEHee MHTEHCUBHOE U30-
OpakeHue Ha KpaHe. B cBs3U ¢ 3TUM co3-
JAIOTCSI CUTHAJIbI, KOTOPBIE PACITONIOKEHBI
Ha ONMHAKOBOM PACCTOSSHUM OT AaT4yuKa,
HO TIOCTETNIEHHO TEePSIIOT CBOX MHTEHCUB-
HOCTb (puc. 2.16). 10T 3heKT YacTo Ha-
3bIBAIOT apTe(haKTOM «3aHaBECa».

Puc. 2.16. AptedakT peBepbepaLnv BO3HMKa-
€T NP1 NOBTOPHOM OTPAXXEHNM 3BYKOBOW BOJ-
Hbl MeXZy OTPaKaloWMMN MOBEPXHOCTAMU.
B pe3ynbTaTe 3X0CHrHan BKIOYAET HECKObKO
TMNEeP3XOreHHbIX NCKYCCTBEHHbIX OTPaXeHUi
JuncTanbHee CTPYKTYpPbl C NPOrpeccrBHbIM 3a-
TyXaHVeM 3BYKOBOW BOJIHbI
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ApTtedakT peBepbepaliiy TakxkKe HabJtomaeTcs Mpu MomagaHUuM UCITycKaeMou
BOJIHBI HAa HECKOJIbKO HEOOJIBLINX OTpaxkaTeliell (HalpuMep, CMeCh Ta3a U XKUIKO-
CTU B TOHKOM KUIIEYHUKE), YTO CO3AaeT MHOXKECTBO OTPAXKEHHBIX 3BYKOBBIX BOJIH
C pa3IUYHBIMU YIJIAMU M MHTEHCUBHOCTBIO (puc. 2.17). Takoii Tun peBepOepalu
00BbIYHO HA3bIBAIOT apTe(haKTOM «XBOCTa KOMEThbl». OH MOXET CKPbIBATh BaXKHYIO
aHATOMMYECKYI0 MHGOPMALIMIO U YacTO HAaOJI0OAaeTCs MPU MCCIEIOBAHUM ITOYEK.
71 ero yMeHBIIIEHUST HEOOXOIUMO N3MEHUTD TOJIOKEHUE JaTYNKa W yTOJI MHCOHA-
VN WIN MEXaHUISCKN COABUTDH KUIIEYHUK U €T0O COAEPKUMOE JaTINKOM.

MeHa

Puc. 2.17. AptedakT peBepbepaLiuy co3gaeTca npy nonagaHnm 3ByKOBbIX BOSIH Ha CMECh »KMAKO-

CTU 1 ra3a B KMLWeYyHVKe (a). OToT Tin peBepbepaumn (aptedakT MHOTOYYEBOrO PacnpoCcTpaHe-

HIIAA) XapaKTepur3yeTCs MMNepaXoreHHbIMU 30HaM (3aKpbITble CTPENKN) U AUCTaNbHbIM 3aTyXaHu-
eM nafatoLLer BosHbl (OTKpbITble CTpesiku) (6)

PeXXumbl ynbtpassyka

CepolwKanbHbI, B-pexxum

B cepomkanbHoM, uiu B-pexxume yiabTpa3ByKa (pexkume sipKOCTU) M300paxke-
HUE CO3[aeTCsl JaTYMKOM, KOTOPBIM UCITYCKAEeT yJIbTPa3ByKOBbIE BOJHBI C OINpeae-
JIECHHOI IOCJIeN0BATeIbHOCTBIO (MMITYJIbCHBIC BOJHBI). OTpaxkeHHBbIE BOJHBI I10-
MajgaloT Ha JAaTYMK, MOCJE Yero IMPOMCXOMUT OLIEHKA PACCTOSIHUS WM aMILIATYIbI.
Bpems pacripocTpaHeHUsI BOJIHBI OIpeAesiseT MOJIoXKeHe Ha MOHUTOPE, a MHTEH-
CHBHOCTb — «IPKOCTb» COOTBETCTBYIOLIETro nukcesst. Kaxnoe mocienoBareibHOe
5X0 B M0JIE 3pEHMsI 0TOOpaxKaeTcs OAHO 3a APYTMM C YacTOTOW OOHOBJIEHUS U30-
opaxeHus B 15—40 kagpoB/c. DTO MPUBOIUT K WIIIO3UU HEIPEPHIBHOTO ABIKCHUS
WIA CKAaHUPOBAaHUS B PeXMMe peabHOro BpeMeHU. MIHTeHCMBHOCTh OTpPaXKeHHbIX
3BYKOBBIX BOJH MOXET BapbUpOBaTh B 3aBUCUMOCTH OT dakropa 102 wim 120 nb.
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XoTs JaTYMK MOXKET pearupoBaTh Ha TAKHUE SKCTPEeMalIbHbIe U3MEHEHUSI MHTCHCHUB-
HOCTHU, OOJILIIMHCTBO MOHUTOPOB WJIN AUCILIeeB UMEIOT 3(PMEKTUBHBIN AUAana3oH
Bcero 10° mnu 60 nb. Kaxnpiit u3 512x512 waun 512%640 nukcesneil MOXeT oToopa-
xkatb 2% uian 256 oTTeHKOB ceporo [3]. BobIIMHCTBO YIbTpa3ByKOBBIX allllapaToB
00pabaThIBAIOT U CXXUMAIOT yJIbTPa3BYKOBLIE JaHHBIE IJIS OTOOpaXKEeHUsSI Ha CTaH-
JapTHOM MoHuTOpe. [J1s1 MHTepIIpeTaluy CePOILIKaIbHOIO N300paxKeHuss Heo0X0-
JHUMO pacIio3HaBaThb HOPMAJIbHbIN XapaKTep dXOT€HHOCTU aHATOMMYECKUX CTPYK-
Typ. OTKJIOHEHUST OT OXUAAEMOIl 3XOT€HHOCTH YKa3bIBAalOT Ha M3MEHEHUE aHaTO-
MMU WK GU3NOJIOTUN UM MOTYT MPEACTABISATL CO00i apTedaKThI.

YnbTpa3sByKOBOE UCC/Ief0BaHUeE B peXXume gonnsepa

VY3MU B pexume J0MILIepa OCHOBAHO Ha (DM3MYECKOM IIPUHIIUIIC U3MEHEHUS Ya-
CTOTBI IPU OTPAXKEHUH 3BYKOBBIX BOJIH OT ABMKYIIErocss 00beKTa. OCHOBHOM ITPUH-
LIMIT pexXrMa AOMIUIepa 3aKJI04YaeTCsl B TOM, YTO 3BYKOBBIC BOJIHBI OIpeae/IeHHOMI
YacTOThI OYIYT CABUTAThCS WM U3MEHSIThCS B 3aBUCMMOCTHU OT HaIlpaBJICHUST IBH-
XKyLIerocsl 00beKTa 1 yrjiia MHCOHALIMU. DTOT (peHOMEH MO3BOJISIET OXapaKTepu30-
BaTh IBMKEHUE, Yallle BCEro KPOBU 110 KPOBEHOCHBIM COCYAaM, a TAKKE OIPEIEIUTh
BbIICJICHUE MOYU.

DddexT lonmiepa 3akiodyaeTcs B UBMEHEHUH YacTOTHI TTepeaBacMoli 3ByKOBOIT
BOJIHBI B 3aBUCHMOCTH OT CKOPOCTU 00bEKTa, Ha KOTOPBIil HallpaBjieHbl BOJHbLL. Eciu
00BbEKT HEMOABMXKEH OTHOCUTEJILHO IaTYMKa, TO BO3BpaTHAs 4acTOTa OyIeT paBHa Ie-
penaBaeMoii. Eciu oTpaxaroiiuii 00beKT ABUXKETCS B HAIPAaBICHUM K JaTYMKY, BO3-
BpaTHas yacToTa OyleT Bhille IepeaaBaeMoii. Eciiu oTpaxarolnii 00beKT IBMXKETCS
B HaIIpaBJICHWU OT JaTYMKa, BO3BpaTHAsI 4acTOTa OyIeT HIDKE IepemaBaeMoil. DTo
SIBJICHWE M3BECTHO KaK M3MEHEHME YaCTOTHI, MJIN ITOIIUICPOBCKUIA caBUT (puc. 2.18).

HenopaBuxHbi 06bekT: (F, — F) =0

O6bekT nuxeTcs K patunky: (F, —F.) >0

O6vekT gemxetca oT pgartymka: (F, — F;) <0

Puc. 2.18. 5pdekT Jonnnepa. FT — 310 yactota nepegaBaemoii BonHbl. Korga FT nonagaet Ha He-
MoABMKHbIA 0OBEKT, OHa paBHa YacToTe nonyyaemon BonHbl (FR). Mpu nonaganum FT Ha aBuxKy-
Lmnca o6bekT FR n3MeHAETCA 1 MOXET UMETb 6osiee BbICOKYHO NN HU3KYIO YacToTy
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6 =90°

6=0° KpoBeHocHbI cocyn,
Ocb patuvka

Puc. 2.19. MakcumanbHoe M3MeHeHMe YacToTbl

onpepenseTca Npv yCTaHOBKe AaTumka nmapan-

nenbHO Hanpas/eHwio ABMKeHKA (a). Mpwn ycTa-

HOBKe pJaTuvka nepneHAuKynApHO Hanpasne-

HUIO OBVIXKEHMA M3MEHEHME YacToTbl He UKCK-
pyetcs (6)

S
%s
-
Foi0 O

2xF_ xvxcos@
AF=(FR—FT)=—C

Puc. 2.20. Yron nHcoHauun. PaccuntaHHas cKo-
pocTb obbekTa Npw MCMonb3oBaHUM SdpdeKTa
Jonnnepa 3aBucut or yra pgatuvka (0), roe
AF — yvacToTa cfiBura; v — CKOpOCTb 0ObeKTa
MO OTHOLUEHMIO K AAaTUMKY; C — CKOPOCTb pac-
NpoCTpaHeHUs 3ByKa B TKaHAX. Ecim ocb AaTunka
yCTaHOB/IeHa MepreHAVKYNIAPHO HarpasieHWio
notoka (90°), To yron nHcoHauwuu 0 coctasnset 0.
Ha ocHoBaHuu dopmynbl Ana spdekTa Jonnnepa
M3MeHeHMe YacToTbl cOCTaBUT 0 (C M3MeHeHAMN
n3 Radiographics, 1991.Vol. 11.P. 109-119)

AF=0,0

WM3MeHeHne 4YacTOThI IepenaBaec-
MOIi BOJIHBI TaKXe€ 3aBUCHUT OT yIJia
JaTYMKA TI0 OTHOIIEHUIO K JABUKYIIE-
Mycs 00beKTy. MakcuMallbHOE U3Me-
HEHMe 4YacTOThl HaOIIomaeTcs TIpu
OpUEHTAllMK AaTYUKa BIOJTb OCU JIBU-
XKeHust oobekTa. Takum obpazom, 13-
MEHEHHE YaCTOThl CTAHOBUTCS MaKCH-
MaJIbHbIM TMPU OPHMEHTALMKM daTYMKa
napajuieJIlbHO HamnpaB/eHUIO IBUXE-
Hust (yroa 6 = 0°). Hanpotus, npu
OpUEHTALUMU JaTyuka MepHeHINKY-
JIIPHO HampaBJeHUIO IBUXKEHMUS (YToJl
0 = 90°) uIBMeHeHMe YacTOThI HE OTpe-
nensiercst (puc. 2.19).

B cBs3u ¢ 3TUM TOYHOE ompene-
JICHHE€ CKOPOCTH KPOBOTOKAa 3aBHCHUT
OT yIJIa MHCOHAILIMU MEXIY TaTYNKOM
M OCBIO IBIKeHUS 00beKTa (puc. 2.20).

Peoxcum ysemnoii donnaepoepaguu
TO3BOJISIET OLICHUTH CKOPOCTh M Ha-
mpaBjieHUE OBIDKeHHE oObekTa. s
OLICHKM HAIIPaBJICHUSI MOXHO WC-
MOJIb30BaTh IIBETOBYIO KapTy. Hawm-
OoJylee yacrtasi IIBETOBas KapTa OTO-
OpaxkaeT IBVXKEHUE OT JaT4uKa roJry-
OBIM, a K TaTYNKY — KPACHBIM I[BETOM
(puc. 2.21).

CKOpOCTb IBUXKEHUS OINpenesisi-
eTcsl TI0 MHTEHCUBHOCTH 1IBeTa. Yem
BBIILIE CKOPOCTh, TEM sipye LBeT. Pe-
JKUM LIBETHOM pornrmieporpaduu uc-
MOJB3YIOT UISI OLEHKM KPOBOTOKA
B TIOYKaX, SIMYKE, IMOJOBOM 4YJIEHE
u TT2K. OH Takke MO3BOJISIET OMNpeae-
JIUTh BBIOPOC MOYM U3 YCThsSl MOYETOYU-
HUKOB. [Iis1 TOYHOro OTOOpaxkKeHUs
XapaKTepUCTUK MOTOKA CJIeAyeT yie-
JISTh BHUMaHWE OpUEHTAllMM JaTYMKa
10 OTHOIIEHUIO K IBIKYIIIEMYCSI 00b-

ekTy. B O0JbIIMHCTBE CllydaeB yrojl MexXmy JaTYMKOM M HaIlpaBJICHUEM IBUKCHMUS

JIOJDKEH cocTaBiATh 60° 1 Huxke (puc. 2.22).

ITpu HeBo3MOXHOCTH H0OUTHCS yria 60° 1 MeHee IMyTeM OTKJIOHEHMS JaTdyrKa
MOXHO aBTOMATUYECKM HAKJIIOHUTh YJIbTPA3BYKOBOI JIyd ISl CO30AHUSI HEOOXOMM-

Mmoro yria 0 (puc. 2.23).
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Puc. 2.21. Ha n3o6paxeHnn nokasaHo ABMKEHME KPOBU Yepes 13rnbatoLLytocsa yyeByto ap-

Tepuio 13 Toukn A B Touky C. HanpaBneHuve KpoBOTOKa K AaTuurKy (A) oTobpaxaeTca KpacHbIM

LBeToM. KpOBOTOK B CpefiHelt yacTu cocyna (B) nepneHAVKynapeH ocu fatumka 1 He co3gaet

a¢ddekTa lonnnepa, NO3TOMY OH He OTOOParKkaeTcA LIBETOM, XOTA CKOPOCTb Y MHTEHCMBHOCTb

KPOBOTOKa OAMHAKOBbI BO BCceM cocyfe. KpoBOTOK B HanpasneHuu ot gatumka (C) otobparka-
€TCA CUHUM LiBETOM

B pexcume snepeemuueckoii donnane-
poepaguu 1IBETOBAsT KapTa OTpaxkaeT aM-
IUTATYAY U3MeHeHUs 9acToThl. OH He T10-

3BOJISIET OLIEHUTh CKOPOCTb WJIM HAIPaB- A
JIeHue KpOBOTOKA, HO B MEHbIIIEH CTe- —60° )
MEHU 3aBUCUT OT 0OPATHOTO paccesiHUs 0 2 KpoBeHOCHbI
SHepruu. B cBsi3u ¢ 9TUM pexXuM sHepre- cocyA

TUYECKON morruieporpad®uy MeHbllle 3a-

BUCUT OT yIJIa, YeM LIBETHAs JOMIUIEPO-

rpadusi, 1 06J1a1aeT GONBIICH YYBCTBH - Puc. 2.22. [Ins 6onee TOYHOIO pacyeTa CKOPOCTY

TEIBHOCTBIO B OINPENETCHUN KPOBO- OBVXKEHWA Yyron Hak/ioHa AaTylrKa AOoXKeH CoCTaB-
NATb <60° NO OTHOLLIEHNN K NMOTOKY XUAKOCTU

ToKa [4].

Korna 3BykoBast BojiHa MonanaeT Ha 00beKT BHYTPU OpraHU3Ma, OHa IpeTepIie-
BaeT psi U3MEHEHUI, BKJII0Yas U3MEHEHMEe YaCTOThl U aMILUTUTYIbI (puc. 2.24).

B To BpeMs Kak pexXuM LIBETHOI JoNIieporpacdum mo3BoJIsieT Ipeodpa3oBaTh
M3MEHEHME YaCTOThI B LIBETOBYIO KapTy, PEXKUM dHEPreTUYeCKOl NomIieporpa-
¢duu 1peodpa3oBbIBAET B IIBETOBYIO KapTy U3MEHEHUSI MHTETPUPOBAHHOM aM-
MAUTYIBI (M1 MOIITHOCTH ). C ero MOMOIIbIO HU3KUN YPOBEHB 00PaTHOI'O pacce-
SIHUSI Ipeo0pa3yeTcs B LIBET, KOTOPHI HE BhIIESIETCS sIPKO Ha IIBETOBOI KapTe,
MO3BOJIsISl YBEJIUIUTDH YCUJICHHUE 0e3 CO3MaHMsI IIOMEX OT OOPATHOTO PacCesTHUS
sHepruu (puc. 2.25). Pexxum sHepretudeckoi mormrmieporpadumn 0oyiee 4yB-
CTBUTEJICH B OTIPEACIICHNN HU3KOCKOPOCTHOTO KPOBOTOKA, YeM PEXKIM IIBETHOM
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Puc. 2.23. OTKNOHeHre ynbTPa3ByKOBOrO Jyya: @ — Yrofl UHCOHaLMW COCTaBnAeT 75° (KenTbin

Kpyr) 1 He Mo3BOMIAET TOUHO ONpPefesuTb CKOPOCTb KPOBOTOKA. ITO CBA3AHO C NepreHAnKynap-

HbIM MONIOXEHNEM [laTuMKa MO OTHOLLEHUIO K cocyAly; 6 — OTKMOHeHMe nyya 6e3 3meHeHns no-

NOXEHWA AaTurKa C YoM MHCOHaLmM 55° (kenTbil Kpyr). [Npun Takom yrie pacyeT CKOpoCTW Kpo-
BOTOKa 6oiee TOUHbIN

AmMnnutyga
B amnnutyge

PasHuua

Pas3Huua B 4actote

Bpewmsi

Puc. 2.24. O6paTHOe paccesiHVe onpepenseT-

€A Kak KOMOMHALMSA N3MEHEHWIA YaCTOTbI U aM-

NANTYAbl, KOTOPble BO3HNKAIOT B OTPAXEHHOM
3BYKOBOW BOJTHE NEPBUNYHON YaCTOTbI

nonreporpaguu [4]. B psane ciydaen
LIBETOBAsl KapTa B PEXMME DHEpreTuye-
ckoit nomieporpadun (IMOCKOJBKY OHa
HaKJIaJbIBaeTCsl Ha M300paxkeHue B ce-
POIIKAJIbHOM PEXMME) MOXKET ObITh Ha-
CTOJIBKO SIPKOIi, YTO CKPbhIBA€T aHATOMU-
YEeCKylo KapTUHy (cM. puc. 2.25, 6). Pa3-
pabortaH psa MoaudUKaLMil CTaHIapT-
HOIO peXuMa dHEPreTUYeCKOoi JOIIIe-
porpauu (Tak Ha3bIBacMBbIli Hampas-
JIEHHBII TOIILIEp, WIK JOMIUIEP C BHICO-
KUM pa3pelleHneM) ¢ LeJIblo IIpeogoie-
HUS 3TOoro ¢eHoMeHa U J00aBIeHUS

BO3MOXHOCTU OTOOpaXaTh HAMpaBJIEHHbI KPOBOTOK IMyTeM KOMOWHALIMU psina
acreKTOB pexXrUMa LIBETHOW U 9HEPTETUIECKOM gonTuieporpaduu.
WNnrerpupoBanHas aMmintyna (MOITHOCTb) JOTITIJIEPOBCKOTO CUTHAIA OTpe/e-
JIgeT SIpKOCTh 1iBeTa. [10CKOIbKY B CTaHAAPTHOM PEXMME IHEPTeTUUECKOM JOTITIIe-
porpacduu He OlleHMBAETCS U3MEHEHWE YaCcTOThI, HAIIPaBJIeHUE U CKOPOCTH MO-

TOKA KNIKOCTU HC 0TO6pa)KaIOTCH .
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Puc. 2.25. B pexnme sHepreTnyeckor gonnaeporpadum NMHTEHCMBHOCTb LiBETA CBA3AHa C U3Me-

HeHnem aMnauTyAbl (CUnbl), @ He C U3MeHeHneM YacToTbl (a). MNouka B carMTTanbHOWM NPoeKuumn

B PEXMME SHepreTnyeckon gonnneporpadum (6). ObpaTnTe BHMMaHMe, YTO LIBETOBAA KapTa, Npes-

CTaBfleHHan CrpaBa CBepxy, He MMeeT MacluTaba, MOCKOsbKY B CTaHLAPTHOM peXxrme CKOpOCTb

KPOBOTOKa He 0TOBpa<aeTcsa KonmyecTBeHHO. Takxe cnefyeT OTMETUTb, UTO 0ToGpaKaemas 30Ha
KPOBOTOKa HaMHOro 60oJiblle Mo pa3mepy, YeM cocyabl

Pexcum ysemnoit donnaepoepagpuu co cnekmpatbHbiM U300paxcenuem TPeaCTaBIsIeT
co00if pexkruM, B KOTOPOM OJHOBPEMEHHO OTOOpaxkaeTcsl LIBETHOE M300paxkeHHe
U IMOTOK XXMIKOCTU B BUJIE€ BOJHBI B IMCKPETHOM 30HE 3a11poca. DTOT PEXKUM YaCcTO UC-
MOJIB3YIOT IS OLIEHKM XapaKTepa M CKOPOCTH KPOBOTOKA B MOYKeE U snuKe (puc. 2.26).

Puc. 2.26. JlyueBas apTepus B CepoLLKasIbHOM PeXrMe C HalloXeHMeM LiIBETOBOIO KapTypOBaHUA:
A — BopoOTa Aonniepa yCTaHOBJEHbI Haf, COCYAOM UHTepeca. Vx pacnonoxeHue 1 pasmep BbIOU-
patoT TakMm 06pa3om, UToObl OHV MOKPBIBaNV OKONo 75% npocBeTa cocyaa; B — yron nHcoHaumm
NoKa3aH C MOMOLLbIO MOMETKM OpueHTauumn cocyaa Kypcopom; C — Ha cnekTpanbHOM gucnnee
npeacTaB/ieHO KOMYECTBEHHOE onpefeneHne CKopoCTM KPOBOTOKa B cocye
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CnexmpanbHble 604HbI TAIOT WHMOPMALIUIO 110 TepruhepUdecKOM COCYIUCTOMY
COIIPOTUBJICHUIO B TKaHsIX. Yallle BCEro UCIOJIb3YETCs TAKOM I0Ka3aTe/Ib CKOPOCTH,
Kak pe3uctuBHbIN nHAekc (PN) (puc. 2.27).

Puic. 2.27. Pe3UCTVBHbBIN UHAEKC PaBEH OTHOLLEHUIO PAa3HOCTU MUKOBOW cucTonunyeckom (A) n Ko-
HEeUYHO-AMNACTONINYECKON CKOPOCTY (B) K MMKOBOW CUCTONMYECKON ckopocTu (A)

PU paccuuThiBalOT Mpu AMAarHOCTUKE Pa3IMYHbBIX MAaTOJOTUI, BKIIIOUask CTEHO3
MOYEeYHO! apTepu, TPOMOO3 MOUYEUHOM BEHBI U OOCTPYKIIMIO MoueTouHuKa. [l1o-
CKOJIBKY CKOPOCTh MpEeACTaBlIeHa Ha OCU CcKajiepa, HeOOXOOMMO YCTAaHOBUTH IIpa-
BUJIBHBIE TIpeNie]ibl, YTOOBI He co3/aBaTh apTeakThl. B ¢BA3M ¢ 3TUM HEOOXOAUMO
3HATh OXKUIAEMYIO0 CKOPOCTb KPOBOTOKA B COCYIAX, M3y4aeMbIX YPOJIOTroM (Tad. 2.2).
Knunnueckoe nmpumeHenune PU ommicaHo B MOCIEeAyIONINX IIaBax.

Ta6n|n|.|a 2.2, Oxnpgaemas CKOPOCTb KPOBOTOKa B COCyAax, OLeHMBaAEMbIX ypPOJsiorom

Cocyn CkopocTb
[TeHuabHag apTepus >35 cM/c (Tocyie BBeIeHNSI Ba30AMIaTaTopoB) | 5]
[Moueunas apTepust <100 cMm/c [6]
KancynsgpHast apTeprsi MOLLIOHKA 5—14 cm/c [7]

ITpumeuanue. MsMepseMast CKOPOCTb 3aBUCUT OT Pa3IUYHBIX (DU3UONOTMYECKUX M AHATOMUYECKHX (haK-
TOpPOB.

ApTedaKTbl B pexxume gonnaepa

ApredakT MeplaHus TOSIBJSETCS TPU MOMafaHuM YJIbTPa3BYKOBOM BOJHBI
Ha MOBEPXHOCTb, KOTOPAasi OTpaxaeT IHepTrio. B Takux pexxumax, Kak sHepreTuue-
cKasl U 1IBeTHas1 Aonruieporpadusi, 5T0 MOXET MPUBOINUTD K UCKAXKEHUIO BO3BPAT-
HOIi BOJIHBI, CO3/1aBast KAPTUHY IBUKEHMSI AUCTaIbHEe moBepxHocTH. [Tomyyaemblii
JOTITIIEPOBCKUIA CUTHAJ BBIMJISIIAT KaK aKyCcTU4eckasi TeHb pa3InYHON MHTEHCUB-
HOCTHU Y HaTpaBJICHUSI U Ha3bIBaeTcsl apTeakToM MeplaHusi. XOTsl OH MOXET Ha-
OJII0aThCsl B PA3IMYHBIX KIMHUYECKUX CUTYyalMsIX (HarpuMep, Mpu NomnajiaHun
VJBTPa3BYKOBBIX BOJH Ha 6ajioH Katetepa DoJiess B MOYEBOM TTy3bIpe), HAUOOJIb-
1Iee 3HaYeHNEe OH MMeeT B OLIeHKE TUTIEPIXOTEHHBIX CTPYKTYP B mouke. KaMHu ya-
cTo maroT apredakT MepuaHus (puc. 2.28) B oTaIUYME OT AYrooOpa3HBIX COCYI0B
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Puc. 2.28. ApTedakT MepLaHUs: a — KaMeHb B MOYEBOM My3blpe C aKyCTUUYECKOW TEHbIO B CEPOLL-
KaNlbHOM peXume; 6 — apTedakT MepLiaHus, CBA3aHHbI C KAMHEM, B PeXXME LiBETHON AONMepo-
rpadun. ina ycuneHus aptedakta HEOOXOANMO YCTaHOBUTb GOKYCHYIO 30HY AUCTallbHee KaMHsi

U IPYTUX TUIIEPIXOTEHHBIX CTPYKTYpP B Mouke. He Bce KaabLM@UKaThl CO3MaI0T ap-
TedakT MepliaHusi, HO OH MOXeT Ha0II0AaThCs IIPU KalbIM(prKaTax ITOYCYHOM ap-
TepUU U BHYTPU OMYXOJIM UM KUCTHI, a TaKKe B aMUIoMIHbIX Teablax B [T2K [5].
Hanoxcenue — 310 apTedakT, KOTOPHIA BOBHMKAET, KOIIa 4acToTa 3aIipoca Co-
ObITUs (ompenessieMasl YaCTOTOM MOBTOPEHMSI MMITYJIbCa) HEAOCTATOYHA IJISI €ro
TOYHOTO Bocmpou3sBeneHus. [lpu 3ampoce ¢ HeperyIsipHbIMU MHTEPBaJIaMU OTO-
OpakaeTcs TOJbKO 4acTb cOObITUS. HaloxxeHne TogBisieTcsl B TeX ciydasx, Koraa
yacToTa 3alpoca MEHbIIIe YIBOCHHOTO CABUIa YaCTOTHI AomIuiepa (puc. 2.29).

Yacrora 3anpoca

B g —
D R ——
P i —
B R —
I R ——
P R —
P i —
B i —
B g —
B g —
B g —
B P —

LN LA
ALY ALY

S——— (1 111
coGbITHS V V U U

Puc. 2.29. HanoxeHue. Ha prcyHKke, Ha KOTOPOM CMHycoraa — 3To cobbiTue, dopmMupytoLieecs
B peXXMMe peasibHOro BPeMeHU, a BepPTMKaJIbHble CTPENKY B BEPXHEN YacTy IKpaHa NpeacTaBsis-
10T OO0 YaCTOTY 3aMnpocCa, BUAHO, YTO YaCTbli 3aMpoC JaeT TOYHOE BOCNPOU3BEAEHME COOBITMS.
TouHoe onucaHue ynbTPa3BYKOBOIro COObITYS JOMIKHO COOTBETCTBOBATD YC/IOBMIO, U3BECTHOMY Kak
npegen Haiiksucta: fs >2b, rge fs — uactoTa grckpetnsaumm, a 2b — mMakcMmanbHas yacToTa rno-
ne3Horo curHana. MeHblLuas yacToTa AUCKpeTM3auuy (Cnpasa) MPUBOAUT K HEMPABUIIbHOW NHTEP-
npeTauum cobbiTus (Anarpamma B3nTa 13 Diagnostic Ultrasound, 3rd Ed., Figs. 1-40. P. 33)
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HopMmanbHblii TaMUHAPHBII OHOHAIIPABJICHHbII KPOBOTOK IIPU LIBETHOM Kap-
TUPOBAHUU OTOOpaKaeTcsl OMHUM LIBEeTOM. B pexkume crieKTpaabHO Jomieporpa-
¢buu onpenesnsieTcs: moaHas BoiaHa (puc. 2.30). Bo BpeMsi CKaHUPOBaHMS B pEXUMeE
LIBETHOM JoIIieporpaduu HaJloXeHHUe 4Yallle BCEro BBILJISIIUT KaK IICeBIOTYPOY-
JICHTHOCTb 1 U3BMEHEHUE HaIlpaBJIeHUsI KpOBOTOKA B cocyle. B pexkume criekrpaib-
HOW ponruieporpaduu peHOMeH HaJIoXKeHUsI HAOII0JaeTCs MPU YKOPOUYSHUU TT1-
KoBoii cuctonnueckoit ckopoctu (ITCC) Huke ncxomHoro ypoBHs (puc. 2.31). ns
YMEHbIIIEHUSI 3TOTr0 apTedakTa HeOOXOOMMO CHU3UTh YACTOTY MaJarolieil 3ByKO-
BOI1 BOJTHBI, YBEJIUUUTH YTOJI MHCOHAIINM (0) MJIM YacTOTY ITOBTOPEHMS UMITYJILCOB.

Puc. 2.30. CneKTpaanaﬂ ,qonnneporpad)ma: a — Npu UBETHOM KapTUpOBaHUK CO CNeKTpPaJibHbIM
AHANIM30M KPOBOTOK BbIMAANT OAHOHaNpaBJIEHHbIM; 6— CI'IeKTpaHbeII?I aHaJin3 Nno3BONAET TOY-
HO 0TO6pa3VITb KPOBOTOK

Puc. 2.31. Ha n3o6paxeHunn B pexrme LBETHOW fonnieporpadun co CnekTpanbHbIM MOTOKOM Ha-

NOXKeHWe onpefensaeTca no BUAMMbIM U3MEHEHUAM B CKOPOCTU 1 HanpaB/ieHUN LIBETOBOTO Kap-

TUPOBAHNA, COOTBETCTBYIOLMM cocyay (a). HanoxeHue cnekTpanbHOW BOSIHbI BbIFIAAUT Kak YKO-
poyeHrie MMKOBOW CUCTONMYECKOW CKOpOCTH (6) C MpoeKumMen NKa HUXe NCXOQHOTO YPOBHS (B)
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CKaHupoBaHue B pexmme TKaHeBOM rAPpMOHUKUN

CkaHUpOBaHMUE B pPeXMMe TKAaHEBO rapMOHUKHU ITO3BOJISIET MCITOJIB30BaTh OT-
KJIOHEHUSI, CBSI3aHHbIE C HEJIMHEMHBIM PaCIpOCTPpaHEHUEM 3ByKOBOI BOJIHBI B TKA-
HIX. HecuMMeTpUYHO pacrpoCTpaHsIIONINECs BOJHBI CO3/Ial0T MEHbIIIE TApDMOHUK,
HO OHM MMEIOT 00Jiee BHICOKYIO aMILIUTYydy (puc. 2.32).

ITockonbKy TH TApPMOHUKHU peke TTOABEPTaroTCsT paCCeSTHUIO, CBI3aHHOMY C T1a-
JaloIel BOJIHOM, OTpakKeHHBII CUTHAJ MMeeT MeHbIe myma. [lyreM ceieKTuBHOTO
OTOOpPaKEHMSI TADMOHMUYECKUX YaCTOT, KOTOPbIe BOBHUKAIOT B TeJie MallMeHTa 1 BO3-
BpalIaloTCs K NaTYMKY, MOXKHO TTOJIYUYUTh M300paXkeHWe ¢ MEHBIIUM YMCIIOM apTe-
¢axToB 1 00Jiee BLICOKMM pa3pelieHueM.

IIpocmpancmeennoe cmewuganue TPENCTABISIET COOON PEXMM CKaHUPOBAaHUS,
IIpY KOTOPOM TIOCJIEOBATEIbHO aBTOMAaTUYECKU M3MEHSIETCs HaIlpaBJIeHUe MHCO-
HALMK JUIS CO3IaHUS CJIIOXKHOI0 U300paxeHus. JJaHHbIA PeXUM 03BOJISIET YMEHb-
IIUTh KOJIMYECTBO apTe(akToB U IIYMOB U YIYYIIUTh KaueCTBO M300paxeHus [6]
(puc. 2.33).

TpexmepHoe ckanupogaHue TIO3BOJISIET CO3/IaTh Psii M300pakeHUi (HAOboOp maH-
HbBIX), KOTOPBIMM 3aT€M MOXHO YIPABJSATH IJISI CO3MaHUS JOMOJTHUTEIbHBIX M30-
OpaxkeHUi1 oTpeeIeHHOM aHATOMMYECKO 30HBL. TpexMepHOe TOCTPOSHNE NCITOh-
3YIOT [J1s TIJITaHMPOBaHUSI BMelIaTeIbCTBA U TOYHOTO ompeneieHus: oobema [7]. OHo
IIO3BOJISIET OLIEHUTh HEKOTOPbIE XapaKTePUCTUKU TKaHEil, KOTOpble He BU3YaIU3K-
PYIOTCSI B IByXMEPHOM pexxume [8].

JlnHenHoe pacnpocTpaHeHue

s ~

-~ ~—HenunHenHoe
pacnpocTpaHeHue

AN

Haenenve

> CKaHunpoBaHue cMmeLumBaHue

Puc. 2.32. HennHenHoe pacnpocTpaHeHue 3Byko-  Puc. 2.33. TexHOnorma npocTpaHCTBEH-
BbIX BOJIH B TKaHAX NMPUBOAUT K MEHbLUEMY UACITYy  HOTO CMeLMBaHWA MO3BONAET Co3fja-
rapMOHUK, MMeLMX 6onee BbICOKYIO SHEPTMO,  BaTb KOMMO3UTHOE M306pakeHue nyTem
KOTOpble MOXHO CENeKTVBHO OLieHMBaTb B BO3-  KOMOMHAUWMWM [OaHHbIX M3 HECKONbKUX
BpaLLAoLWMXCA SXOCUrHanax YrNIOB CKaHMPOBaHWA, CO3aBaeMbIX My-

TeM aBTOMaTUYECKOro OTKJIOHEHUA lyya.

Monyuyaemoe nsobpakeHe nveet 6onee

BbICOKOE pa3pelleHnie C MeHbLUM YmnC-

nom apTedakToB
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KoHTpacTHble npenapaTtbl ANA YbTPa3ByKOBOro
nuccnefoBaHUA

Hnsa ycuiteHrsI 5XOTeHHOCTH KPOBY M TKaHE# MCITOIb3YIOT BHYTPUBEHHEIC TIpe-
maparbl, conepXaliie MUKpOTy3blpbkin. OHU pacTtipenessiioTcsl B COCYAUCTON CU-
cTeMe U TIpU pa3pylleHU! yJIbTPa3ByKOBBIMU BOJIHAMU CO3MAIOT CHJIBHBIE 9XOTeHU
C TapMOHUKOM. MUKPOMY3bIpbKU OBICTPO Pa3pyIIalOTCs MO/ BO3IECTBUEM YIIbTpa-
3BYKOBBIX BOJIH. 7151 yMEHBIIIEHUs UX Pa3pylIeHUs pEKOMEHIYETCST MCITOIb30BaTh
HACTPOWKHU ¢ HU3KUM MEXaHWIECKUM MHAEeKCOM (cM. miaBy 4). KoHTpacTHBIE TIpe-
napaThl MCcIoNb3yIoT Tipu Y3U TTK 1151 60J1ee TOYHOTO OrpenesiecHUs 30HBI TTOBBI-
IIeHHOTO KpoBoToka [9]. [IprMeHeHre BHYTPUMBEHHBIX KOHTPACTHBIX MpernapaToB
OCTaeTCs MCCIEeN0BAaTEIbCKUM METOAOM, XOTS IMOJIYYEeHBI MePCIEKTUBHbBIC PE3YJIb-
TaThl B PA3TUYHBIX KIMHUYECKUX CUTYaLHSIX.

TexnHomorus paspymenusi/3anonnenus (flash replenishment) ocHoBaHa Ha yiib-
TPa3BYKOBBIX UMITYJIbCAX C BHICOKMM MEXaHMYECKUM WHIEKCOM ISl pa3pylleHUs
MUKPOITY3bIPDbKOB B 30HE MHTEPECA C LIEJbIO OLIEHKW HEOBACKYJISIPU3AIIMU B TKAHSIX,
KOTOpasl 4acTo HaOJI0AAaeTCsl IMPHU 3710KAUECTBEHHBIX OIMYXOJSIX U MOXKET CIYKUTh
B KauecTBe opueHTupa Tipu ouonicuu 12K [13]. Bo3aMOXHOCTb omnmpeaeanTb UH-
TEHCHUBHBII KPOBOTOK 0€3 MCITOJIb30BaHUSI TOKCUMYHBIX KOHTPACTHBIX IpernapaToB
VIV UOHM3UPYIOLIETO MU3nydeHUus1 aeiaer Y3U ¢ KOHTpacTHBIM YCUJIEHUEM Tiep-
CIEKTUBHBIM METOJIOM IMATHOCTUKU B YPOJIOTHU.

CnucokK antepartypbl
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dusmnyeckue NpUHUUNDLI [asa 2
YNbTPa3BYKa

Msm ®. ®yaxam

BsepeHue

Hcronb30BaHNe YIbTpa3ByKa B YPOJIOTMM OTHOCUTCS K (PYHIAMEHTAJBHBIM Me-
TomaM. JIJiT HaWaydInero NMpUMEHEHMST 3TOM TEXHOJIOTMHM Ha OJlaro MalieHTOB He-
00XOIMMO 3HATh (PM3MUYECKWE TPUHIUIIE yIbTpa3ByKa. OTpoMHOE 3HAYCHME IIJIST
3G PEKTUBHOTO MCIONB30BaHusT Y3M mMmeeT MOHMMaHWE TOro, KaK HacTpauBaTh
000pyIOBaHWE W YIPABIATh JATINKOM JUIS TTOJTYIeHUS M300paxkeHNs HAWIYyJIIero
kayecTBa. HeobxonuMmble TeXHUYECKHUE YMEHMS JUTS1 BHITIOJHEHUS M MHTEPIpeTalluu
YJIBTPa3BYKOBOIO M300paXE€HUSI B YPOJIOTMU COYETAIOT MPAKTUYECKUE HABBIKM CKa-
HUPOBAHMS U 3HAHUE MATOJOTMYECKUX MIPOLIECCOB B UCCAEMYyEMbIX OpraHax. ¥ poJjoru
JOJIXKHBI MOHMMATh, KaK yJAbTPa3BYK BIMSET Ha OMOJOrMYECKMe TKaHU, YTOOBI IIPpU-
MEHSITh MeTo 6e30MacHo U 1o noka3zaHusM. [1pu xopoieM MOHUMaHUK (HGU3NYECKUX
MPUHLMIIOB YJAbTPa3ByKa ypoJor OyneT 3HaTh BCE €ro MPeruMyIlecTBa U HETOCTaTKHU.

MexaHUKa ynbTpa3BYKOBbIX BOJIH

YabTpa3ByKOBOE M300pakeHUe CO3/1aeTCsl B pe3yibTaTe B3auMOJISHCTBUSI Mexa-
HUYECKUX BOJH C OMOJOTMYECKUMHU TKaHSIMU U MaTepuaiamMu. [T0CKOJIbKY yabTpa-
3BYKOBBIE BOJIHBI UCITYCKAIOTCSI C OTPENeIEHHOM YacTOTOM, a OTPaKeHHbIE BOJTHBI
BOCITPUHUMAIOTCSI TaTYUKOM, MPOUCXOIUT OBICTPOE CO3aHUe U OOHOBIIEHUE U30-
OpakeHUi, YTO MO3BOJISIET MCCIIE0OBATh OPTaHbI B PeXKMME peallbHOTO BPEMEHH.

Y bTpa3BYKOBBIE BOJIHBI — 3TO MEXaHUUYECKME BOJHBI, KOTOPBIM JUJIsl paCIIpOCTpa-
HeHMs HeoOxoauma pusndeckas cpena (HampuMep, TKaHb WIM KUIKOCTh). B menu-
LIMHE UCITOJIb3YETCS YacTOTa YIbTPa3BYKOBBIX BOJIH B MMara3oHe MiaH/c (uiu MI').
B 3aBrcUMOCTH OT TTOKa3aHWii GOJBIIMHCTBO AaTYMKOB, MCIOJIb3yeMbIX B yPOJIO-
MU, UMEIOT YacToTy OT 2,5 10 29 MI'L.

YbTpasByKOBbIe BOJHBI CO3MAIOTCSI TPU BO3NEWCTBUU TIEPEMEHHOIO TOKa
Ha TIbEe303JIEKTPUUYEeCKNEe KpUCTAIbI B nmatuuke. [leprognyeckoe paciivpeHue
U CIaBJIEHUE Mhe303JIEKTPUUECKUX JIEMEHTOB CO3[aeT MEXaHWIECKYIO BOJIHY, KO-
TOpasi TepefaeTcsl Yepe3 KOHTAKTHYI0 cpefy (OOBIYHO Tejib) K KOXe W B TeJIo Ta-
mueHTta. Co3maBaeMble BOJHBI UMEIOT TIPOJIOJIBHBIN XapaKTep, MMOCKOJIbKY JIBUXKE-
HUE YaCTUIl TIPOUCXOIUT B TOM K€ HAIlpaBJIEHUM, YTO U PACTIPOCTPAHEHUE BOJHBI
(puc. 2.1). IlpomoabHbIe BOJHBI CO3JAI0T 30HbI PA3pPEXKEHUS U CAABJICHUS TKaHEH
B HaIlpaBJIeHUU JBUKEHUS YIbTPa3BYKOBOI BOJIHBI.
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PaspexeHune

Puc. 2.1. I'Ipo,qoanble BOJIHbI. PacmmpeHme 1 cAaBneHne Nbe30o3/1IeKTPUYeCKNX KpncTaaios, Co3-
AaBaemoe Npu KOHTaKTe C nepemMeHHbIM TOKOM, Bbi3biBaeT CAaBNEHNE U paspexeHne MoJiekyn
B TeJie yesioBeka

CrasneHue 1 pa3pexxeHne MOJIeKyJ ITPeCTaBseTcs Tpaduiueckyl Kak CHHYCOBast
BOJIHA C TIEPUOINYECKUM MOJOXKUTETbHBIM U OTPULIATEIbHBIM OTKJIOHEHUEM OT UC-
XOJTHOTO YPOBHS. JIJTMHA BOJIHBI OMIpe/ie-
JISIETCS KaK PACCTOSTHUE MEXIY MUKAMU
JIByX cocemHuX BojH. OIWH TTOJTHOCTHIO
TPOUIEHHBIA BOJHOW MYyTh HAa3bIBAETCS
HUKJIOM. ONWH IIMKJI B CEKYHAY COCTaB-
gger 1 I'u. AMIuMTyaa BOJHBI — 3TO
MaKCUMaJbHOE OTKJIOHEHUE B TOJIOXU-
TEJIbHOM WJIM OTPULIATEIbBHOM HallpaBJie-
HUU OT UCXOIHOrO YPOBHS, a MepUoa — _
9TO BpeMsi, HeoOXoaMMoOe UIsl 3aBeplie-
HUSI OHOTO LIMKJIa BOJHBI (puc. 2.2).

CKOpoCTb, C KOTOPOI1 3BYKOBas BOJIHA

OnuHa BonHbl (M)

%MH

Puc. 2.2. XapaKkTepucTviku 3BYKOBOW BOJHbI:
amnInTyAa BOMHbI — 3TO GYHKUMA aKycTuye-
CKOW MOLLHOCTW, NCMOJb3yeMO AnA Co3faHnaA

Amnnutyga
|

MIPOXOAMT Yepe3 TKaHU, 3aBUCUT OT e Ya-
CTOTHI U JJIMHBI BOJHBI. CKOPOCTD 3ByKa
B TKaHU TIOCTOSIHHASI, U, CJIIOBATEIbHO,
MpY M3MEHEHWM YacTOThl NOJDKHA Me-
HATBHCS ITMHA BOJIHBI. CpeiHsIsi CKOPOCTh
3ByKa B TKaHSX YeslloBeKa COCTaBJIsieT
1540 m/c. JInvHa BOJHBI M YacTOTa Ha-
XOIATCSI B 0OPaTHO TMPOTOPIIMOHATEHOMN
3aBucumoctu (puc. 2.3). [1pu ymeHbiie-

MEXaHNYECKOW BOJHbI CKATUA U cpenbl, yepes
KOTOPYIO OHa nepefaeTca

v=f»A
CKopoCTb = YacToTa x AJiMHa BOJSIHbI

Puc. 2.3. [ockonbKy CKOPOCTb 3ByKa B TKaHAX
MOCTOAHHAA, YacToTa U [/IMHA BOJHbI 0OPaTHO
NPONOPLOHaNbHbI

HuM 4acToThl oT 10 mo 1 MI'n mmHa BosHB yBeamuuBaeTcs ot 0,15 mo 1,5 MMm. D10
MMeeT BaXkHOEe 3HaUeHMe MPY BLIOOPE 1aTUMKa B 3aBUCUMOCTH OT MOKa3aHU K uc-

CJICAOBAHUIO.

Co3paHue ynbTPa3sByKOBOro n3obpaxkeHus

M3obpakeHme, co3gaBaeMoe YIBTPa3BYKOBBIM allllapaToM, HAYMHAETCS C JaT-

yuka (aHrI. transducer — <«IpeoOpa3oBartesib»; Jart. transducere — «IIpeoOPa30BbI-
BaTh»). B 3TOM cllydae a/1eKTpriecKre UMITYJIbCHI TTPEBPAIIalOTCsS B MEXaHMIEeCKIE
3BYKOBbIE€ BOJIHbI TOCPEACTBOM Ibe303JEKTPUUECKOT0 (pdeKTa.
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IIpu co3gaHum yabTpa3ByKOBOrO M300pakKeHUs JaTYNK UMEET ABOMHYIO (PyHK-
LIMIO, BBICTYIIAsl B POJIM MCTOYHMKA M IPUEMHMUKA. 3BYKOBbIE BOJIHBI II€PEAAOTCS
B TEJIO MALIMEHTA, Te OHM YACTUYHO WJIM MOJHOCTBIO OTpaxkalorcs. [1be30311eKTpu-
yeckuii 3¢ GeKT BOZHMKAET MPU BO3ACHCTBUM IIEPEMEHHOTO TOKA Ha KPUCTAJLIbL,
conepxamue maumnonu [1]. O6JacT MOMOXUTEIBHOTO M OTPULIATEIBLHOTO 3apsaa
BHYTPU IbE303JICKTPUUECKOTO 3JIEMEHTA pacIipeieieHbl TAKUM 00pa3oM, 4TO OHU
HMMEIOT ceTyaTylo opueHTanuio. [1pyu KOHTaKTe mepeMeHHOrO 3apsiia ¢ IMOBEPXHO-
CTBIO ABYX 3JIEMEHTOB BO3HMKAET OTHOCUTEIBLHOE CXXATHE YIIN YIUTMHEHNE 3apsKeH-
HBIX 00JacTeii, YTO MPUBOAUT K MEXaHMYECKOMY PACHINPECHUIO C TTOCICAYIOIINM
cxxaTueM ajieMeHTa. B pe3yibTrare 3TOro co3maercss MexaHWdeckasl BOJIHa, Tmepea-
BacMag TanueHTy (puc. 2.4).

HelTtpanbHoe PacwmpeHme
Cxatne COCTOsIHME
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HeT namMeHeHus aneKTpryeckKoro 3apaaa

Puc. 2.4. MNbe3oanekTpuuecknin 3podekT. MNog BO3LENCTBNEM NEPEMEHHOIO TOKA 06/1acTK 3apaga
B KpUCTannax paclumpsAoTCa UM CKUMAIOTCS, B pe3ynbTaTe Yero CO3AaeTcsl MexaHnyecKas BosHa.
Korga Bo3BpaTHas BOSIHAa AOCTUTAET KPKCTaa, CO30AETCA SNEKTPUYECKUIA TOK

OTpakeHHBIE MEXaHMYEeCKNEe 3BYKOBBEIC BOJHBI TIPUHUMAIOTCS ITaTYUKOM
1 110 00paTHOMY Mbe303JIeKTpUIecKOMY 3h(MEKTY TTpeBpaIIatOTCs B 3JIEKTPUIECKYIO
9HEPTUIO, KOTOpasi MHTEPIIPETUPYETCST B YJIBTPA3BYKOBOM allmapare, CO3aloiiemM
M300pakeHNne Ha SKpaHe.

B GonpIIMHCTBE PeXXMMOB JATYMK M3JTyJaeT OrpaHMISHHOE KOJTMIECTBO IMKIIOB
BOJIH (0OBIYHO OT 2 110 4), Ha3bIBaeMbIX curHajioM. YacToTa ot 2 10 4 BOJIH B KaX/10M
LMKJIe OOBIYHO HaxoauTcs B auanasoHe 2,5—14 MTI'u. Ilocie 3Toro gatumk nepe-
XOIUT B COCTOSTHUE «ITOKOSI», ITOCKOJIbKY OXKUIaeT BO3BPAIlEHHS OTPaXKeHHBIX BOJTH
(puc. 2.5). JaT4rK HaXOOMTCH B pexXuMe npreMHuka oosnee 99% spemenn. CUrHajbl
HMCIYCKAIOTCS Yepe3 OJMHAKOBBIE MHTEPBaJIbl, KOTOPbIC HA3bIBAIOTCS YaCTOTOM 110~
BTOpEHUSI UMITYJIbCOB U, KaK TpaBuio, coctapisior oT 1 go 10 xI'u. ITo BpeMeHu
OT Ilepefayud 0 MOJy4YeHUs] CUTHaja MOXHO OINPEIC/INTh YIbTPa3BYKOBYIO JIajib-
HOMETPUIO — PACCTOSIHME OT JaT4uKa A0 00beKTa, OTPa3UBIIETO BOJIHY (puc. 2.6).
Takas 1mocJjenoBaTeIbHOCTb Ha3bIBA€TCS UMITYJIbCHBIM YJIBTPa3BYKOM.
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LnutenbHOCTb CUrHana,
wnm Bpems on-curHana
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MOBTOPEHKS UMMyJibca
Bpewms nonyyenus,
unu Bpewms off-curHana

AMHnMTy,qa

Puc. 2.5. Pexxum MMNYJNbCHOTO YNbTpa3ByKa 3aBUCUT OT U3ny4YaemMoro mmnyrnbca 13 2-4 unKnos
BOJIH C nocniefyowm Nepruoaom «MNOKoA», MOCKONIbKY AaTUMK OXMNAAET BO3BPaALLEHNA N3NTyYeEH-
HbIX UMNYyNbCOB

AMILTATYa OTPAXKEHHON BOJIHBI OTMIPENEISIET IPKOCTh MUKCENEi, COOTBETCTBY-
IOIINX OTpakaTeJllo Ha YJIbTPa3ByKOBOM M300paxkeHnu. Yem OoJibIe aMIIUTYyAA
BO3BPATHON BOJIHBI, TEM SIpUE €€ MUKCeNb. Takum o0pa3oM, yIbTpa3ByKOBOH arma-
paT cosfaer «M300paXxeHue» MyTeM M3JIYYEeHMS TaTYUKOM CepUU YIbTPa3ByKOBBIX
BOJIH C OIPENEJIEHHOW YaCTOTOU U MHTEPBalaMu, C ITOCJIEAYIOLIEH MHTEPIIPETALIMEN
JUTUTEIBHOCTH ITYTU U aMIUIUTY/IbI OTPAKEHHBIX 9XOCUTHAJIOB. DTO «M300pakeHME»
OBICTPO OOHOBIISIETCSI HA MOHUTOPE, CO3[aBasi BIeUaTJIeHUe HEMPEPbIBHOTO TBU-
xeHust. Yactora 0OHOBJICHMS M300pakeHNsT OOBIYHO cocTaBisgeT 12—30 kagpos/c.
[TocnenoBaTtebHOCTL COOBITUI, OTOOpaXeHHast Ha puc. 2.7, TIPENCTaBIsIeT CO00it
OCHOBY JIJIST BCEX PEKMMOB YJIbTPa3ByKOBOTO CKAHMPOBAHM S, BKITIOUAs TTPUBBITHBIT
CEPOIIKAJIbHBIA PEXUM.

"eHepaTop
MMMyNbCOB
Yacebl
Oatunk/
NPUEMHUK KomneHncauus
O6bekT ycuneHms
no rny6uHe
Yeunutens
MamaTte
n3obpaxeHus/
KOHBEpTOp
CKaHMPOBaHUA

MoHuTOoD

Puc. 2.6. OnpegeneHvie pacctosHus o oT-  Puc. 2.7. CxemaTtnyeckoe n3obpaxkeHuie nocsne-
paaTens B ynbTPasByKOBOM MOfie OCHOBAHO  [LOBATEbHOCTY CO3AAHUA N300paxeHNs B Yiib-
Ha NMPeANONOXKEHUN CPeLHEeN CKOPOCTY YbTpa- Tpa3ByKOBOM anmnapare
3BYKa B TKaHsX. Bpems, npoluesiiee oT MOMeHTa
nepeaaun Ao NoslyHeHNs 4aTYMKOM TOrO e NM-
nynbca, NO3BOSIAET ONPEAENUTL PACMoNOXKeHVe

[0 OTpaXkaTens B yNbTPa3ByKOBOM rone
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B3aumopgeicrame ynbTpasByKa ¢ 6Monormueckumm
TKaHAMMU

ITo Mepe pacrpocTpaHeHUs YJIbTPa3BYKOBBIX BOJIH Yepe3 TKAHU MPOUCXOIUT
psiI U3MEHEHUI, BKJIIOYasl IIOTEPI0 SHEPruu, U3MEHEHME HAMIPaBJICHUST U YaCTOThI.
11t mojrydeHUsl U300paxkKeHKsSI MaKCUMMAaIbHOIO Ka4eCcTBa U IIPaBUIbHOM MHTEPIIPE-
TalUU Pe3yIbTaTOB HEOOXOAUMO ITIOHUMATh 3TU B3aUMOIEACTBUS.

3aryxaHue ompeaesieTcs Kak IMoTepss KWHeTUIeCKO SHEePTUY MPU B3anMOIeii -
CTBUHU 3BYKOBOU BOJIHBI C TKAHSIMHU M KUIKOCTHIO B Tejie YenoBeKa [2]. Paznuanbie
TKaHU 00JIAmaroT pa3HbIM MOTEHIIMAJIOM K 3aTyxaHuio. Hampumep, KoaddummerT
3aTyxaHus Bombl coctaBmsieT 0,0, moukn — 1,0, a Mpimy — 3,3. B ¢Bs13u B 3TUM
3BYKOBBIC BOJIHBI HAMHOTO OBICTpEE 3aTyXaroT MPHW IPOXOXKICHUU Yepe3 MBITIIIBI
110 CPaBHEHUIO C pacIipocTpaHeHueM depe3 Bomy (puc. 2.8) (koadduiimeHT 3aTyxa-
HUS u3Mmepsercs B 1b/cm/MI).

Moyka 1

JECEETEY 0,94
Msirkne
TKaHu 0,7

XKuposas
KneganKa 0,63

Kposb 0,18

0 1 2 3 4 5 6
nb/cm/MIy,

Puic. 2.8. 3aTyxaHvie BOMH B TKaHsAX (MogudurumposaHo 13 Diagnostic Ultrasound, Third Ed., Vol 1)

onpenenseTca Kak YacTb SHEPruy ybTPa3ByKOBOW BOJHbI, KOTOPasA TePAETCA NP NMPOXOXKAEHUN

TKaHW. Yem Bblille KOIOOULMEHT 3aTyXaHVsA TKaHW, TEM BbilLe NMOTEPA SHEPrN 3BYKOBOW BOJHbI
npu ee NPOXOXKAeHN

Tpy OCHOBHBIX MEXAHM3Ma 3aTyXaHHUsI BKIIOYAIOT MOTJIOIIEHNE, OTPAKEHUE U pac-
cesHue. [lormionieHue BO3HUKAET MPU MPEBPALICHUN MEXaHWYECKONW KMHETUYECKOM
SHEPTUM B TETUIOBYIO SHEPTHUIO B TKaHSX. OHO 3aBUCUT OT YaCTOThI 3ByKOBOI BOJHBI
M XapaKTepUCTUK TKaHU. 3aTyXxaHWe BHICOKOYACTOTHBIX BOJIH ITyTEM TOTJIOIIEHHS TTPO-
HUCXOMUT ObICTpee, YeM HU3KOYACTOTHBIX BOJH. ITOCKOJIBKY 3BYKOBBIE BOJHBI MOCTE-
TIEHHO 3aTyXaloT 110 Mepe pPaclpoCTpaHeHNUsI, NIyOOKHEe CTPYKTYPhI (HAITpUMeEp, MOYKY)
CJIOXHEE BU3YaJIM3UPOBaTh. J{JIs1 KOMIIEHCAIUK TOTEPh aKYCTUYECKOW SHEPTUM 32 CYET
3aTyXaHUsI MOXHO HCITOJIb30BaTh HACTPOUKY YCUJIEHUS (ITOBBIIEHUE YYBCTBUTEIBHO-
CTH JIaTYMKA K OTPaKEHHBIM 3BYKOBBIM BOJIHAM) U BBIOpaTh 00JIee HU3KYIO YaCTOTY.

Ilpenomaenue BOTHBI BO3HWKAET MpPHU €€ MOMANaHWU Ha MOBEPXHOCTh MEXKIY
JBYMsI TKAHSIMU TIOJT YTJIOM, OT/IMYHbIM OT 90°. Korna BosiHa rmagaeT Ha MOBEPXHOCTh
TOJI YIJIOM, YacCTh €€ OTPaXaeTcsl, a YaCTh PACHPOCTPAHSIETCS B TPUJIEXKAIILYIO CPEY.
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Hamnpasienue pacripocTpaHeHUs BOJIHbBL

U3MeHsIeTCs (MIPETOMIISIETCS ), UTO MPH- MNapatowas OtpaxetHas
BOJTHaA BOJ1Ha

BOJUT K II0TEPE 4aCTU UH(POPMALIUU, I10- oi or

CKOJIBKY BOJIHA YACTUYHO HE BO3Bpallla- T\

€TCA K IaTYUKY, ¥ BbI3HIBAET BO3MOXKHBIE

OMOKNA B ONpPENEICHUN JIOKATU3ALNN Tkatb 1

00beKTa M3-3a TMpeIOMJIEHUST (M3MEeHe-
HUST HarpasieHus) BOJHBI. OnTuUMaib-
HBI Yo WHCOHAIMU JJIT MUHUMU3a-
LMW OCJIa0JIEHUST TTyTEM TPETOMIICHUS
cocrabysgeT 90° (puc. 2.9).

Ompadicenue 3ByKOBOI BOJIHBI MPO-
WCXOMWUT TpM TIOTIalaHUM Ha OO0b-
eKT WIM TPaHWIly MeXIy TKaHaMu Puc. 2.9.Ha rpaHule AByx TKaHeli ¢ pasHbim
WU CTPYKTYPAMU. Ecau 00beKT UMEET aKyCTU4eCcknMm conpoTtmeiieHnem 4actb BOJI-
OTHOCUTETLHO 6OJTBHJYPO [IOBEPXHOCTb, Hbl OTPakaeTCA, a YaCTb NPENOMNAETCA, NPO-

[omKaa NPAMONVHeHOe PacnpoCTPaHeHue.
SBYKOBBIC BOJIHBL OTPaxXaioTcst B MPO- g5, oTpakaetca nof yrnom (0r), paBHbIM

THO3MPYEMOM HAlpaBJICHUN B 3aBUCH-  yrjy ynconaumm (0i); Apyras YacTb BOMHbI MPO-
MOCTH OT yIjla MHCOHauuu. Eciv oTpa-  gomkaer pacnpocTpaHeHNe BO BTOPYIO TKaHb
JKaTeJib 3ByKa MMeeT HeOOJIbIIOM pa3Mep noa yrnom npenomnexus (0t)

WJIM HEPOBHBIN KOHTYpP, OH Ha3bIBaeTCs

nuddy3HbIM. Takoit oTpaxkarteab OTHOCUTCS K AIUMP@PY3HBIM paccenBalouM 00b-
eKTaM 1 cO37aeT MOMEXM BOJIHAMM, UIYIIMMU OT Mpuiexkamux 1uddy3HbIX oTpa-
xKateneit. B pesynbrate (opMUpYyeTCsl «IIITHUCTas» CTPYKTYpa, XapaKTepHasl I
COJIUIHBIX OPraHOB (HAIIpUMeEp, SUYKO WU IeueHb) (puc. 2.10).

MNepepnaBsaemas
1 NpesiomsieHHas BoSiHa

Puc. 2.10. (a) Anuddy3Hbiii oTpaxkaTenb. Ha n3obpakeHnn npefcraBneHbl ANUKU C HEGOMbLIMMY

CTPYKTYpamy B MapeHx1me, paccenBatoLLMI YnbTPa3ByKOBble BOJSIHbI. XapaKTep Nomex npu Ta-

KOM paccefaHUn Co3AaeT «MATHUCTYI0» KapTUHY CTPYKTYpbl. (6) 3epKanbHblll oTpaxaTenb. OH oT-

parkaeT 3ByKOBYIO BOJIHY MOJ TaKMM »Ke yrinoMm, 6e3 co3haHna nomex 3a cuet pacceaHus. [Npuv Brsy-
anu3aumm NoYKM ee Karncyna BbiCTyrnaeT B posiv 3epKanbHOro oTpaxatens

Korna 3BYKOBas BOJIHA IICPEXOAUT U3 OJTHOU TKaHU B JAPYTyr0, Ha UX 'paHULIC OT-
paxaeTcd onpeacJcHHad 4aCTb OHCPIrum. HpoueHT OTpa)KaCMOﬁ OHECPIuMn 3aBUCUT
oT pa3J'[I/I‘II/II71 B aKyCTHUYCCKOM COITPOTHUBJICHUN TKaHEM. OHO, B CBOIO O4Y€peCab, OT-
HOCHUTCA K XapaKTCpUCTUKaAM TKaHU MU CBA3aHO C 2KECTKOCTbLIO 1 CKOPOCTbIO, C KOTO-
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poii pacpocTpaHsieTcs 3ByKoBasi BosiHa [3]. T1pu HeGonbIIOM pa3nuynum B aKyCTU-
YECKOM COIPOTUBIICHUH IBYX IPWICKALIUX TKAHEH OTpaxkaeTcsi HeOOJIbIIast 4acTh
sHepruu. Pazianyue B akycTu4ecKoM conpotuBieHny nouku (1,63) u neuenu (1,64)
MUHKUMAJIbHO, IT03TOMY IIPY OJIM3KOM PaCIIONIOXEHUU OMPEaeIUTh TPAHULLY MEXIY
HUMMU 3aTPyOIHUTEIBHO (Taou. 2.1).

Ta6nuua 2.1. AKycTYeCckoe CONpOTUBIIEHNE TKaHe

Tans TLroTHoCTs (K1/M) AKycTuyeckoe COMPOTHBIIeHHe
(peidsb1)

Bosnyx v npyrue rasbl 1,2 0,0004
XKuposas TkaHb 952 1,38
Bona u npyrue xunkoctu 1000 1,48
[lquMu (cpenHsist MJIOTHOCTh 1060 1,63
MSITKOM TKaHM )
[Teuens 1060 1,64
MBITIIBI 1080 1,70
Koctu u npyrue KanblyuHu- 1912 7.8
POBAHHBIE CTPYKTYPBI

HUcemounuk. C uameHenusamu u3 Diagnostic Ultrasound, 3rd Ed, Vol. 1. Akyctuyeckoe conpoTtusierue (Z)
3aBUCHUT OT TUIOTHOCTHU Cpelibl (p) U CKOPOCTU paclpoOCTpaHEHUs B Hell 3ByKa (C). AKYCTUYECKHUIA UMIIe-
naHc onpenessiercst o dopmyne: Z (peiiibl)=p (kr/m?)Xc (M/c).

)I(I/Ip JOCTaTOYHO CHUJIBHO OTIMYACTCA I10 aKyCTUYECKOMY COITPOTUBJICHUIO

OT MOYKHU U TIeYeHU, TIOTOMY TPaHUIIbI STUX IBYX OPraHOB XOPOLIO AuphepeHIIM-
PYIOTCS OT >KUPOBOU TKaHU (puc. 2.11).

Puc. 2.11. Korga noyka 1 neyeHb NpunexarT Apyr K Apyry, CJI0XKHO ONpeaenuTb rpaHuly (ctpen-

Ka) Mexay 1x Kancynamu (a). lpaHuua mexxgy Kancynowm neyeHu (CTpenka) 1 >KMpoBoii KneTyaTkom

onpegensetca 6e3 Tpyaa bnarogaps 3HauMTeNIbHO Oonee HU3KOMY aKyCTMYEeCKOMY COMpOTHBIIe-
HUIO XKNPOBOW TKaHM (6)
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Ecau paznuyre akyCTUYECKOIo COIPOTUBICHUS MEXKIY TKAHSIMU OY€Hb BBICOKO,
MOXKET HaOJII0AaThCs MOJIHOE OTPaxKeHHME 3BYKOBBIX BOJH C (DOPMUPOBAHUEM aKy-
cTUYecKoil TeHu (puc. 2.12).

Puc.2.12. B moueBom ny3blpe OTPaXxeHNe 3ByKOBbIX BOJIH MPOUNCXOOUT B pe3ynbrate 60MbLIOro pas-
JINYNA B aKyCTUYECKOM CONPOTUBIIEHNN MeXY MOYOW 1 KAMHEM MOYEBOTO ny3bipAa (TOHKaFl cTpen-
Ka). AKycTI/ILIECKaFl T€Hb CBA3aHa C NPAKTUYECKN MOJIHbIM OTPaKeHWEM 3BYKOBbIX BOJIH (CTpeJ’IKVI)

ApTtedaKTbl

3BYKOBBIC BOJIHBI UCITYCKAIOTCS TaTYUKOM C M3BECTHOM aMILIUTYIOM, HarlpaBie-
HUEM U1 4acTOoToi. B3amMonelicTBre ¢ TKaHSIMU B OpTaHU3Me IPUBOIUT K M3MEHE-
HUIO 3TUX ITapaMeTpoB. OTpaxkeHHBIC 3BYKOBBIC BOJTHBI ITOABEPraloTCS NU3MEHEHUSIM,
COIIACHO OXMIAaeMbIM (PM3WICCKUM MPUHIIATIAM, BKJIFOUAsT OCIabJIeHre Ha PacCTo-
STHUU Y U3MEHEHME YaCTOTHI, B 3aBUCMOCTH OT CKOPOCTH M HAIIPaBJICHUS OOBEKTa,
Ha KOTOPBIIT OHU TToNamaioT. BpeMs Bo3BpalieHnsT BOJTHBI 3aBUCUT OT OXHIaeMOM
CKOPOCTH pacIIpOCTpaHEeHUS 3BYyKa B TKaHSX yesloBeKa. Eciii aTu mapamMeTphI He Co-
OTBETCTBYIOT, TTOJTy9acMble M300pakeHUS U N3MEPEHMST MOTYT He OTpaXkaTh peaib-
HBIX (pr3MUecKnX ycioBuil. Takme MCKaxkeHUs Ha3bIBaloTcs «apTedakTamu». Ecian
MMPaBUJIBHO ONPENEIATh apTeaKThl, OHM MOTYT ITOMOTaTh B TMarHOCTUKE.

Ycunenue nepedauy BOZHUKAET MY TTPOXOXKICHUM 3BYKOBOI BOJTHBI Yepe3 TKaHb C MEHb-
MM KO3(hOUIIMEHTOM 3aTyXaHUs, YeM B OKPY:KaIOIINX TKaHgX. Hampumep, Korma 3ByKoBast
BOJTHA TIPOXOIUT Yepe3 3aMOJTHEHHYIO KUAKOCTIO CTPYKTYPY, TaKyl0 KaK KMCTa MOYKH, OHA
MOABEPraeTcsi OTHOCUTEIbHO MEHBILEMY 3aTyXaHMIO [0 CPABHEHUIO C BOJTHOM, MPOXOASIICH
yepe3 MapeHXUMY Mouku. TakuM o0pa3oM, KOorma BOJHA JOCTUTaeT 3amHel CTeHKU KUCThI
1 TIOYEYHOI TKAHU 32 HEl, OHa HeceT 0OJIbLIYI0 SHEPTHIO (MMEET OOJIbIIYIO aMILTUTYY), YeM
coceIHMe BOJIHbI. Bo3BpaTHbIi aX0cUrHai OyaeT MUMeTh HAMHOTO OOJIbIIYIO aMILTUTYIY, YeM
Y BOJIH, OTPaXKaloIIMXCsl OT MApEHXMMBbI TOM Ke YacTu MOYKU. B cBs3M ¢ 3TUM nuKcenu, co-
OTBETCTBYIOLINE 00JIACTU JTUCTaIbHEE KUCTBI, OYAyT UMETh 00Jiee BHICOKYIO SIPKOCTh. TKaHb
BBITJISIUAT 00Jiee TUIIEPIXOTeHHOI M0 CpaBHEHUIO ¢ ITpUJIeKalleil MapeHXUMOI, XOTsI OHU TH-
CTOJIOTUYECKM MICHTUYHBI (puc. 2.13). s yMeHbIIeHUsI 3TOro apTedakra HeOOXOIUMO
M3MEHUTD yroJl THCOHALIMU MJIX HACTPOMTh KOMIICHCALIUIO YCUICHMSI T10 TIyOUHE.
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Puc. 2.13. lopcanbHoe ycuneHune curHana c ru-
MepaXOreHHOCTblo  (CTpenka), BO3HMKawoLlee
B pe3y/ibTaTe YMeHbLUeHWA 3aTyXaHWA BOJHbI
B KWCTe, 3aMOfIHEHHOW »KUAKOCTbIO. ITOT ap-
TedakT npencTaBnAeT cobo npumep Henpa-
BUJIbHOTO OTOOPAXXEHUNA XapaKTEPUCTUK TKAH,
N O HEM HEeOoOGXOAUMO MOMHUTb, YTOObI 136e-
»KaTb HenpaBWbHOW NHTeprpeTaLmMmn

Puc. 2.14. AkycTnyeckasn TeHb AnCTasibHee Kasb-

UMHaTa B AnYke (KpynHble ctpenku). ViHpop-

MauMA MO 3XOCTPYKType MapeHXUMbl ANYKa,
pacrnonoxeHHoN AncTanbHee, NoTepaHa

MnaBa 2. dPu3nyecKkmne NPUHLMNbI YAbTPa3BYKa

Akycmuyeckas meHb TOSBIISETCSI IIPU
3HAYUTEJILHOM 3aTyXaHUM 3BYKOBBIX
BOJIH Ha ITOBEPXHOCTU TKAHM, IIPUBOJISI-
1Ieil K rorepe MHGOPMALIMK O CTPYKTY-
pax, pacHoJIOXKEHHBIX IUCTalbHEE. DTO
3aTyXaHUE MOXKET ObITh CBSI3aHO C OTpa-
JKEHUEM WIM MOIJIOIIEHUEM U COIpPO-
BOXKIACTCSI TIOSIBICHEM aHA3XOTCHHOM
WJIN TUTIOSXOTCHHOM TeHU. 3HAUNTEITb-
HOE 3aTyXaHWe WU MOTepsT 9XOCUTHAJIOB
OT TKaHe#, pacToI0XeHHBIX TUCTaTbHEe
TTOBEPXHOCTH, MOXET MTPUBECTU K HEeTIpa-
BUJILHBIM BBIBOJIaM T10 X CTpyKType. Ha-
MpUMep, KOrJaa 3BYKOBBIE BOJIHBI TIOTIA-
JAIOT Ha TIOBEPXHOCTb MEXIy TKaHbIO
AMYKa M KaJblIMHaTaMU, OOJIbIIIOE pa3-
JINYME B aKyCTUYECKOM COIPOTHBIICHUU
MIPUBOIUT K BBIPAKCHHOMY 3aTyXaHUIO
U OTPaXKCHUIO, B CBSA3U C YeM TepsIeTCs
WM 3HAYUTEIIBHO YMEHBIIEHO YMCJIO
CUTHAJIOB OT TKaHEi, pacIoJIOKeHHBIX
nucranbHee (puc. 2.14). Takum ob6paszom,
B HEKOTOPBIX cIyvasix cpepuyeckre o0b-
€KThl MOTYT BBIIVISIIETh KakK CEepIIOBUI-
Hble, U MPU 3TOM CJIOXHO OIIPENEIUTh
TOYHBIE pa3Mepbl OOBEMHBIX CTPYKTYP.
Kpome Toro, B 30He aKyCTUYECKOU TEHU
MOTIYT CKpBIBaThCsl HEOOJbILINE AETAJIM.
st yMeHbIIEHUsI aKyCTUYEeCKOl TeHU
HEOOXOIMMO U3MEHMTH YTOJI HHCOHAIIAM.

Apmeghakm kpaeeoii meHu BOZHUKACT
IIpY MOMaJaHUM BOJHBI Ha W30THYTYIO
ITOBEPXHOCTh WJIN IIOBEPXHOCTH C KPUTH -
yecKUM yrioM. Kputudeckuii yron uH-
COHAIIMM OTIpENENsIeTCs] KaK Yrojl, Tpu
KOTOPOM 3BYKOBBIE BOJTHBI paciipocTpa-

HSTIOTCS BIOJIb TIOBEPXHOCTH 0€3 3HAUMMOTO OTPaKEeHUS K JaTINKY. TakmMm obpa3oM,
CHUTHAJIBI OT CTPYKTYD, PACITOJIOKEHHBIX TUCTATbHEE 3TOM IMTOBEPXHOCTH, OTCYTCTBYIOT
WA 3HAYMTEJTBHO CHIDKEHBI. DTO OUEHb PacIipoCTpaHEHHBIN apTedakT B YpOIOTUH,
M MHOTIa OH MOXeT OBITh MOJIe3HBIM. ApTehaKT KpaeBoli TeHU HAa0JII0IaeTCsI BO MHO-
TUX KJIMHUYECKUX CUTYalMsIX, HO Yallle BCEro MpHu McCaeNoBaHUU ssudeK. OH 4acTo
BO3HUKAET B BEPXHEM U HVIKHEM IIOJTIOCAX SIMYKa, MMOCKOJIbKY 3ByKOBBIE BOJHBI I10-
MagaloT Ha KPYIJIble CTPYKTYPhI MO KPUTUYECKUM YIJIOM. DTOT apTedakT MoMoraeT
nuddepeHIpoBaTh roJI0BKY IIpUIATKa M BEPXHUI MMOJIIOC sinuKa. ApTedakT KpaeBoii
TeHU TakKe BcTpevaeTcs pu TPY3U, B 30He, roe e Kpyriabie noau [T2K coenuns-
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I0TCSI 10 CPEeIHEI IMHUU, a IIepeX0IHast 30Ha IPAaHUYUT C ITeprudepudecKoii o 6okam
(puc. 2.15) u Ha ypoBHe J1aTepabHOTO Kpasi camoit I12K. DTo co3maet apredakT, Ko-
TOPBII MOSBIISIETCS B HEIIOCPEICTBEHHOM OJIM30CTU OT YPETPhI U PACIIPOCTPAHSIETCSI
B AMCTAJIbHOM HallpaBieHnU. Ero MoxHo Takske HaOJI101aTh B 1000 CUTYallMK, KOTa
IMajgarolasi BOJIHA ITOIagacT Ha MIOBEPXHOCTh MO KPUTUIECKUM YIJIOM (CM. puc. 2.15).
[ns mpeononeHus apredakTa KpaeBoli TCHM HEOOXOTMMO U3MEHUTD YTOJI MHCOHAIINH.

Puc. 2.15. Ha n3obpaxeHun npeacTaTenbHoO Xxenesbl B MONepeyHoi NpoeKLmmn onpeenaeTca

apTedaKT KpaeBo TeHW (CTPENKM) B pe3ynbTaTe OTPaXXeHUsA 3ByKOBO BOJHbI BAOJb HEPOBHO f1a-

TepasnbHOI MOBEPXHOCTN NePEXOAHON 30HbI (a). ApTedaKT KpaeBOW TeH (CTPenKK), co3aaBaeMmblii
3aKpyrfIeHHbIM BEPXHVM MOJTIOCOM NMOYKM (6)

Apmegaxm peeepbepayuu TOSIBISICTCS,
KOT/Ia YIBTPa3ByKoBasi BOJIHA 110 ouepenu
OoTpaxkaeTcsl MEXIy IBYMsI U Oojiee IIO-
BepxHOCTSIMH  (peBepOepupyer). Korma
3BYKOBAsI BOJTHA TOMANACT HA OTPaKaTellb
1 BO3BpAIAeTCS K JATINKY, (PUKCUPYETCST
omnpeneseHHoe MnojaoxeHue oowvekra. [1pu
BTOPOM TIPOXOXICHUW 3BYKOBOW BOJIHBI
armapar WHTEePIPETUPYET CUTHANl TaKUM
00pa3oM, YTO BTOPOH OOBEKT HAXOMMUTCS
B 2 pasa maiblie, 9eM TiepBhiit. [Ipomon-
Karolleecsl 3aTyxaHuWe 3BYKOBBIX BOJIH
C Kaxmoi mocienyolleil peBepodepalueit
JlaeT HEMHOIO MEHee MHTEHCUBHOE U30-
OpakeHue Ha KpaHe. B cBs3U ¢ 3TUM co3-
JAIOTCSI CUTHAJIbI, KOTOPBIE PACITONIOKEHBI
Ha ONMHAKOBOM PACCTOSSHUM OT AaT4yuKa,
HO TIOCTETNIEHHO TEePSIIOT CBOX MHTEHCUB-
HOCTb (puc. 2.16). 10T 3heKT YacTo Ha-
3bIBAIOT apTe(haKTOM «3aHaBECa».

Puc. 2.16. AptedakT peBepbepaLnv BO3HMKa-
€T NP1 NOBTOPHOM OTPAXXEHNM 3BYKOBOW BOJ-
Hbl MeXZy OTPaKaloWMMN MOBEPXHOCTAMU.
B pe3ynbTaTe 3X0CHrHan BKIOYAET HECKObKO
TMNEeP3XOreHHbIX NCKYCCTBEHHbIX OTPaXeHUi
JuncTanbHee CTPYKTYpPbl C NPOrpeccrBHbIM 3a-
TyXaHVeM 3BYKOBOW BOJIHbI
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ApTtedakT peBepbepaliiy TakxkKe HabJtomaeTcs Mpu MomagaHUuM UCITycKaeMou
BOJIHBI HAa HECKOJIbKO HEOOJIBLINX OTpaxkaTeliell (HalpuMep, CMeCh Ta3a U XKUIKO-
CTU B TOHKOM KUIIEYHUKE), YTO CO3AaeT MHOXKECTBO OTPAXKEHHBIX 3BYKOBBIX BOJIH
C pa3IUYHBIMU YIJIAMU M MHTEHCUBHOCTBIO (puc. 2.17). Takoii Tun peBepOepalu
00BbIYHO HA3bIBAIOT apTe(haKTOM «XBOCTa KOMEThbl». OH MOXET CKPbIBATh BaXKHYIO
aHATOMMYECKYI0 MHGOPMALIMIO U YacTO HAaOJI0OAaeTCs MPU MCCIEIOBAHUM ITOYEK.
71 ero yMeHBIIIEHUST HEOOXOIUMO N3MEHUTD TOJIOKEHUE JaTYNKa W yTOJI MHCOHA-
VN WIN MEXaHUISCKN COABUTDH KUIIEYHUK U €T0O COAEPKUMOE JaTINKOM.

MeHa

Puc. 2.17. AptedakT peBepbepaLiuy co3gaeTca npy nonagaHnm 3ByKOBbIX BOSIH Ha CMECh »KMAKO-

CTU 1 ra3a B KMLWeYyHVKe (a). OToT Tin peBepbepaumn (aptedakT MHOTOYYEBOrO PacnpoCcTpaHe-

HIIAA) XapaKTepur3yeTCs MMNepaXoreHHbIMU 30HaM (3aKpbITble CTPENKN) U AUCTaNbHbIM 3aTyXaHu-
eM nafatoLLer BosHbl (OTKpbITble CTpesiku) (6)

PeXXumbl ynbtpassyka

CepolwKanbHbI, B-pexxum

B cepomkanbHoM, uiu B-pexxume yiabTpa3ByKa (pexkume sipKOCTU) M300paxke-
HUE CO3[aeTCsl JaTYMKOM, KOTOPBIM UCITYCKAEeT yJIbTPa3ByKOBbIE BOJHBI C OINpeae-
JIECHHOI IOCJIeN0BATeIbHOCTBIO (MMITYJIbCHBIC BOJHBI). OTpaxkeHHBbIE BOJHBI I10-
MajgaloT Ha JAaTYMK, MOCJE Yero IMPOMCXOMUT OLIEHKA PACCTOSIHUS WM aMILIATYIbI.
Bpems pacripocTpaHeHUsI BOJIHBI OIpeAesiseT MOJIoXKeHe Ha MOHUTOPE, a MHTEH-
CHBHOCTb — «IPKOCTb» COOTBETCTBYIOLIETro nukcesst. Kaxnoe mocienoBareibHOe
5X0 B M0JIE 3pEHMsI 0TOOpaxKaeTcs OAHO 3a APYTMM C YacTOTOW OOHOBJIEHUS U30-
opaxeHus B 15—40 kagpoB/c. DTO MPUBOIUT K WIIIO3UU HEIPEPHIBHOTO ABIKCHUS
WIA CKAaHUPOBAaHUS B PeXMMe peabHOro BpeMeHU. MIHTeHCMBHOCTh OTpPaXKeHHbIX
3BYKOBBIX BOJH MOXET BapbUpOBaTh B 3aBUCUMOCTH OT dakropa 102 wim 120 nb.
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XoTs JaTYMK MOXKET pearupoBaTh Ha TAKHUE SKCTPEeMalIbHbIe U3MEHEHUSI MHTCHCHUB-
HOCTHU, OOJILIIMHCTBO MOHUTOPOB WJIN AUCILIeeB UMEIOT 3(PMEKTUBHBIN AUAana3oH
Bcero 10° mnu 60 nb. Kaxnpiit u3 512x512 waun 512%640 nukcesneil MOXeT oToopa-
xkatb 2% uian 256 oTTeHKOB ceporo [3]. BobIIMHCTBO YIbTpa3ByKOBBIX allllapaToB
00pabaThIBAIOT U CXXUMAIOT yJIbTPa3BYKOBLIE JaHHBIE IJIS OTOOpaXKEeHUsSI Ha CTaH-
JapTHOM MoHuTOpe. [J1s1 MHTepIIpeTaluy CePOILIKaIbHOIO N300paxKeHuss Heo0X0-
JHUMO pacIio3HaBaThb HOPMAJIbHbIN XapaKTep dXOT€HHOCTU aHATOMMYECKUX CTPYK-
Typ. OTKJIOHEHUST OT OXUAAEMOIl 3XOT€HHOCTH YKa3bIBAalOT Ha M3MEHEHUE aHaTO-
MMU WK GU3NOJIOTUN UM MOTYT MPEACTABISATL CO00i apTedaKThI.

YnbTpa3sByKOBOE UCC/Ief0BaHUeE B peXXume gonnsepa

VY3MU B pexume J0MILIepa OCHOBAHO Ha (DM3MYECKOM IIPUHIIUIIC U3MEHEHUS Ya-
CTOTBI IPU OTPAXKEHUH 3BYKOBBIX BOJIH OT ABMKYIIErocss 00beKTa. OCHOBHOM ITPUH-
LIMIT pexXrMa AOMIUIepa 3aKJI04YaeTCsl B TOM, YTO 3BYKOBBIC BOJIHBI OIpeae/IeHHOMI
YacTOThI OYIYT CABUTAThCS WM U3MEHSIThCS B 3aBUCMMOCTHU OT HaIlpaBJICHUST IBH-
XKyLIerocsl 00beKTa 1 yrjiia MHCOHALIMU. DTOT (peHOMEH MO3BOJISIET OXapaKTepu30-
BaTh IBMKEHUE, Yallle BCEro KPOBU 110 KPOBEHOCHBIM COCYAaM, a TAKKE OIPEIEIUTh
BbIICJICHUE MOYU.

DddexT lonmiepa 3akiodyaeTcs B UBMEHEHUH YacTOTHI TTepeaBacMoli 3ByKOBOIT
BOJIHBI B 3aBUCHMOCTH OT CKOPOCTU 00bEKTa, Ha KOTOPBIil HallpaBjieHbl BOJHbLL. Eciu
00BbEKT HEMOABMXKEH OTHOCUTEJILHO IaTYMKa, TO BO3BpaTHAs 4acTOTa OyIeT paBHa Ie-
penaBaeMoii. Eciu oTpaxaroiiuii 00beKT ABUXKETCS B HAIPAaBICHUM K JaTYMKY, BO3-
BpaTHas yacToTa OyleT Bhille IepeaaBaeMoii. Eciiu oTpaxarolnii 00beKT IBMXKETCS
B HaIIpaBJICHWU OT JaTYMKa, BO3BpaTHAsI 4acTOTa OyIeT HIDKE IepemaBaeMoil. DTo
SIBJICHWE M3BECTHO KaK M3MEHEHME YaCTOTHI, MJIN ITOIIUICPOBCKUIA caBUT (puc. 2.18).

HenopaBuxHbi 06bekT: (F, — F) =0

O6bekT nuxeTcs K patunky: (F, —F.) >0

O6vekT gemxetca oT pgartymka: (F, — F;) <0

Puc. 2.18. 5pdekT Jonnnepa. FT — 310 yactota nepegaBaemoii BonHbl. Korga FT nonagaet Ha He-
MoABMKHbIA 0OBEKT, OHa paBHa YacToTe nonyyaemon BonHbl (FR). Mpu nonaganum FT Ha aBuxKy-
Lmnca o6bekT FR n3MeHAETCA 1 MOXET UMETb 6osiee BbICOKYHO NN HU3KYIO YacToTy
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6 =90°

6=0° KpoBeHocHbI cocyn,
Ocb patuvka

Puc. 2.19. MakcumanbHoe M3MeHeHMe YacToTbl

onpepenseTca Npv yCTaHOBKe AaTumka nmapan-

nenbHO Hanpas/eHwio ABMKeHKA (a). Mpwn ycTa-

HOBKe pJaTuvka nepneHAuKynApHO Hanpasne-

HUIO OBVIXKEHMA M3MEHEHME YacToTbl He UKCK-
pyetcs (6)

S
%s
-
Foi0 O

2xF_ xvxcos@
AF=(FR—FT)=—C

Puc. 2.20. Yron nHcoHauun. PaccuntaHHas cKo-
pocTb obbekTa Npw MCMonb3oBaHUM SdpdeKTa
Jonnnepa 3aBucut or yra pgatuvka (0), roe
AF — yvacToTa cfiBura; v — CKOpOCTb 0ObeKTa
MO OTHOLUEHMIO K AAaTUMKY; C — CKOPOCTb pac-
NpoCTpaHeHUs 3ByKa B TKaHAX. Ecim ocb AaTunka
yCTaHOB/IeHa MepreHAVKYNIAPHO HarpasieHWio
notoka (90°), To yron nHcoHauwuu 0 coctasnset 0.
Ha ocHoBaHuu dopmynbl Ana spdekTa Jonnnepa
M3MeHeHMe YacToTbl cOCTaBUT 0 (C M3MeHeHAMN
n3 Radiographics, 1991.Vol. 11.P. 109-119)

AF=0,0

WM3MeHeHne 4YacTOThI IepenaBaec-
MOIi BOJIHBI TaKXe€ 3aBUCHUT OT yIJia
JaTYMKA TI0 OTHOIIEHUIO K JABUKYIIE-
Mycs 00beKTy. MakcuMallbHOE U3Me-
HEHMe 4YacTOThl HaOIIomaeTcs TIpu
OpUEHTAllMK AaTYUKa BIOJTb OCU JIBU-
XKeHust oobekTa. Takum obpazom, 13-
MEHEHHE YaCTOThl CTAHOBUTCS MaKCH-
MaJIbHbIM TMPU OPHMEHTALMKM daTYMKa
napajuieJIlbHO HamnpaB/eHUIO IBUXE-
Hust (yroa 6 = 0°). Hanpotus, npu
OpUEHTALUMU JaTyuka MepHeHINKY-
JIIPHO HampaBJeHUIO IBUXKEHMUS (YToJl
0 = 90°) uIBMeHeHMe YacTOThI HE OTpe-
nensiercst (puc. 2.19).

B cBs3u ¢ 3TUM TOYHOE ompene-
JICHHE€ CKOPOCTH KPOBOTOKAa 3aBHCHUT
OT yIJIa MHCOHAILIMU MEXIY TaTYNKOM
M OCBIO IBIKeHUS 00beKTa (puc. 2.20).

Peoxcum ysemnoii donnaepoepaguu
TO3BOJISIET OLICHUTH CKOPOCTh M Ha-
mpaBjieHUE OBIDKeHHE oObekTa. s
OLICHKM HAIIPaBJICHUSI MOXHO WC-
MOJIb30BaTh IIBETOBYIO KapTy. Hawm-
OoJylee yacrtasi IIBETOBas KapTa OTO-
OpaxkaeT IBVXKEHUE OT JaT4uKa roJry-
OBIM, a K TaTYNKY — KPACHBIM I[BETOM
(puc. 2.21).

CKOpOCTb IBUXKEHUS OINpenesisi-
eTcsl TI0 MHTEHCUBHOCTH 1IBeTa. Yem
BBIILIE CKOPOCTh, TEM sipye LBeT. Pe-
JKUM LIBETHOM pornrmieporpaduu uc-
MOJB3YIOT UISI OLEHKM KPOBOTOKA
B TIOYKaX, SIMYKE, IMOJOBOM 4YJIEHE
u TT2K. OH Takke MO3BOJISIET OMNpeae-
JIUTh BBIOPOC MOYM U3 YCThsSl MOYETOYU-
HUKOB. [Iis1 TOYHOro OTOOpaxkKeHUs
XapaKTepUCTUK MOTOKA CJIeAyeT yie-
JISTh BHUMaHWE OpUEHTAllMM JaTYMKa
10 OTHOIIEHUIO K IBIKYIIIEMYCSI 00b-

ekTy. B O0JbIIMHCTBE CllydaeB yrojl MexXmy JaTYMKOM M HaIlpaBJICHUEM IBUKCHMUS

JIOJDKEH cocTaBiATh 60° 1 Huxke (puc. 2.22).

ITpu HeBo3MOXHOCTH H0OUTHCS yria 60° 1 MeHee IMyTeM OTKJIOHEHMS JaTdyrKa
MOXHO aBTOMATUYECKM HAKJIIOHUTh YJIbTPA3BYKOBOI JIyd ISl CO30AHUSI HEOOXOMM-

Mmoro yria 0 (puc. 2.23).
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Puc. 2.21. Ha n3o6paxeHnn nokasaHo ABMKEHME KPOBU Yepes 13rnbatoLLytocsa yyeByto ap-

Tepuio 13 Toukn A B Touky C. HanpaBneHuve KpoBOTOKa K AaTuurKy (A) oTobpaxaeTca KpacHbIM

LBeToM. KpOBOTOK B CpefiHelt yacTu cocyna (B) nepneHAVKynapeH ocu fatumka 1 He co3gaet

a¢ddekTa lonnnepa, NO3TOMY OH He OTOOParKkaeTcA LIBETOM, XOTA CKOPOCTb Y MHTEHCMBHOCTb

KPOBOTOKa OAMHAKOBbI BO BCceM cocyfe. KpoBOTOK B HanpasneHuu ot gatumka (C) otobparka-
€TCA CUHUM LiBETOM

B pexcume snepeemuueckoii donnane-
poepaguu 1IBETOBAsT KapTa OTpaxkaeT aM-
IUTATYAY U3MeHeHUs 9acToThl. OH He T10-

3BOJISIET OLIEHUTh CKOPOCTb WJIM HAIPaB- A
JIeHue KpOBOTOKA, HO B MEHbIIIEH CTe- —60° )
MEHU 3aBUCUT OT 0OPATHOTO paccesiHUs 0 2 KpoBeHOCHbI
SHepruu. B cBsi3u ¢ 9TUM pexXuM sHepre- cocyA

TUYECKON morruieporpad®uy MeHbllle 3a-

BUCUT OT yIJIa, YeM LIBETHAs JOMIUIEPO-

rpadusi, 1 06J1a1aeT GONBIICH YYBCTBH - Puc. 2.22. [Ins 6onee TOYHOIO pacyeTa CKOPOCTY

TEIBHOCTBIO B OINPENETCHUN KPOBO- OBVXKEHWA Yyron Hak/ioHa AaTylrKa AOoXKeH CoCTaB-
NATb <60° NO OTHOLLIEHNN K NMOTOKY XUAKOCTU

ToKa [4].

Korna 3BykoBast BojiHa MonanaeT Ha 00beKT BHYTPU OpraHU3Ma, OHa IpeTepIie-
BaeT psi U3MEHEHUI, BKJII0Yas U3MEHEHMEe YaCTOThl U aMILUTUTYIbI (puc. 2.24).

B To BpeMs Kak pexXuM LIBETHOI JoNIieporpacdum mo3BoJIsieT Ipeodpa3oBaTh
M3MEHEHME YaCTOThI B LIBETOBYIO KapTy, PEXKUM dHEPreTUYeCKOl NomIieporpa-
¢duu 1peodpa3oBbIBAET B IIBETOBYIO KapTy U3MEHEHUSI MHTETPUPOBAHHOM aM-
MAUTYIBI (M1 MOIITHOCTH ). C ero MOMOIIbIO HU3KUN YPOBEHB 00PaTHOI'O pacce-
SIHUSI Ipeo0pa3yeTcs B LIBET, KOTOPHI HE BhIIESIETCS sIPKO Ha IIBETOBOI KapTe,
MO3BOJIsISl YBEJIUIUTDH YCUJICHHUE 0e3 CO3MaHMsI IIOMEX OT OOPATHOTO PacCesTHUS
sHepruu (puc. 2.25). Pexxum sHepretudeckoi mormrmieporpadumn 0oyiee 4yB-
CTBUTEJICH B OTIPEACIICHNN HU3KOCKOPOCTHOTO KPOBOTOKA, YeM PEXKIM IIBETHOM
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Puc. 2.23. OTKNOHeHre ynbTPa3ByKOBOrO Jyya: @ — Yrofl UHCOHaLMW COCTaBnAeT 75° (KenTbin

Kpyr) 1 He Mo3BOMIAET TOUHO ONpPefesuTb CKOPOCTb KPOBOTOKA. ITO CBA3AHO C NepreHAnKynap-

HbIM MONIOXEHNEM [laTuMKa MO OTHOLLEHUIO K cocyAly; 6 — OTKMOHeHMe nyya 6e3 3meHeHns no-

NOXEHWA AaTurKa C YoM MHCOHaLmM 55° (kenTbil Kpyr). [Npun Takom yrie pacyeT CKOpoCTW Kpo-
BOTOKa 6oiee TOUHbIN

AmMnnutyga
B amnnutyge

PasHuua

Pas3Huua B 4actote

Bpewmsi

Puc. 2.24. O6paTHOe paccesiHVe onpepenseT-

€A Kak KOMOMHALMSA N3MEHEHWIA YaCTOTbI U aM-

NANTYAbl, KOTOPble BO3HNKAIOT B OTPAXEHHOM
3BYKOBOW BOJTHE NEPBUNYHON YaCTOTbI

nonreporpaguu [4]. B psane ciydaen
LIBETOBAsl KapTa B PEXMME DHEpreTuye-
ckoit nomieporpadun (IMOCKOJBKY OHa
HaKJIaJbIBaeTCsl Ha M300paxkeHue B ce-
POIIKAJIbHOM PEXMME) MOXKET ObITh Ha-
CTOJIBKO SIPKOIi, YTO CKPbhIBA€T aHATOMU-
YEeCKylo KapTUHy (cM. puc. 2.25, 6). Pa3-
pabortaH psa MoaudUKaLMil CTaHIapT-
HOIO peXuMa dHEPreTUYeCKOoi JOIIIe-
porpauu (Tak Ha3bIBacMBbIli Hampas-
JIEHHBII TOIILIEp, WIK JOMIUIEP C BHICO-
KUM pa3pelleHneM) ¢ LeJIblo IIpeogoie-
HUS 3TOoro ¢eHoMeHa U J00aBIeHUS

BO3MOXHOCTU OTOOpaXaTh HAMpaBJIEHHbI KPOBOTOK IMyTeM KOMOWHALIMU psina
acreKTOB pexXrUMa LIBETHOW U 9HEPTETUIECKOM gonTuieporpaduu.
WNnrerpupoBanHas aMmintyna (MOITHOCTb) JOTITIJIEPOBCKOTO CUTHAIA OTpe/e-
JIgeT SIpKOCTh 1iBeTa. [10CKOIbKY B CTaHAAPTHOM PEXMME IHEPTeTUUECKOM JOTITIIe-
porpacduu He OlleHMBAETCS U3MEHEHWE YaCcTOThI, HAIIPaBJIeHUE U CKOPOCTH MO-

TOKA KNIKOCTU HC 0TO6pa)KaIOTCH .
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Puc. 2.25. B pexnme sHepreTnyeckor gonnaeporpadum NMHTEHCMBHOCTb LiBETA CBA3AHa C U3Me-

HeHnem aMnauTyAbl (CUnbl), @ He C U3MeHeHneM YacToTbl (a). MNouka B carMTTanbHOWM NPoeKuumn

B PEXMME SHepreTnyeckon gonnneporpadum (6). ObpaTnTe BHMMaHMe, YTO LIBETOBAA KapTa, Npes-

CTaBfleHHan CrpaBa CBepxy, He MMeeT MacluTaba, MOCKOsbKY B CTaHLAPTHOM peXxrme CKOpOCTb

KPOBOTOKa He 0TOBpa<aeTcsa KonmyecTBeHHO. Takxe cnefyeT OTMETUTb, UTO 0ToGpaKaemas 30Ha
KPOBOTOKa HaMHOro 60oJiblle Mo pa3mepy, YeM cocyabl

Pexcum ysemnoit donnaepoepagpuu co cnekmpatbHbiM U300paxcenuem TPeaCTaBIsIeT
co00if pexkruM, B KOTOPOM OJHOBPEMEHHO OTOOpaxkaeTcsl LIBETHOE M300paxkeHHe
U IMOTOK XXMIKOCTU B BUJIE€ BOJHBI B IMCKPETHOM 30HE 3a11poca. DTOT PEXKUM YaCcTO UC-
MOJIB3YIOT IS OLIEHKM XapaKTepa M CKOPOCTH KPOBOTOKA B MOYKeE U snuKe (puc. 2.26).

Puc. 2.26. JlyueBas apTepus B CepoLLKasIbHOM PeXrMe C HalloXeHMeM LiIBETOBOIO KapTypOBaHUA:
A — BopoOTa Aonniepa yCTaHOBJEHbI Haf, COCYAOM UHTepeca. Vx pacnonoxeHue 1 pasmep BbIOU-
patoT TakMm 06pa3om, UToObl OHV MOKPBIBaNV OKONo 75% npocBeTa cocyaa; B — yron nHcoHaumm
NoKa3aH C MOMOLLbIO MOMETKM OpueHTauumn cocyaa Kypcopom; C — Ha cnekTpanbHOM gucnnee
npeacTaB/ieHO KOMYECTBEHHOE onpefeneHne CKopoCTM KPOBOTOKa B cocye
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CnexmpanbHble 604HbI TAIOT WHMOPMALIUIO 110 TepruhepUdecKOM COCYIUCTOMY
COIIPOTUBJICHUIO B TKaHsIX. Yallle BCEro UCIOJIb3YETCs TAKOM I0Ka3aTe/Ib CKOPOCTH,
Kak pe3uctuBHbIN nHAekc (PN) (puc. 2.27).

Puic. 2.27. Pe3UCTVBHbBIN UHAEKC PaBEH OTHOLLEHUIO PAa3HOCTU MUKOBOW cucTonunyeckom (A) n Ko-
HEeUYHO-AMNACTONINYECKON CKOPOCTY (B) K MMKOBOW CUCTONMYECKON ckopocTu (A)

PU paccuuThiBalOT Mpu AMAarHOCTUKE Pa3IMYHbBIX MAaTOJOTUI, BKIIIOUask CTEHO3
MOYEeYHO! apTepu, TPOMOO3 MOUYEUHOM BEHBI U OOCTPYKIIMIO MoueTouHuKa. [l1o-
CKOJIBKY CKOPOCTh MpEeACTaBlIeHa Ha OCU CcKajiepa, HeOOXOOMMO YCTAaHOBUTH IIpa-
BUJIBHBIE TIpeNie]ibl, YTOOBI He co3/aBaTh apTeakThl. B ¢BA3M ¢ 3TUM HEOOXOAUMO
3HATh OXKUIAEMYIO0 CKOPOCTb KPOBOTOKA B COCYIAX, M3y4aeMbIX YPOJIOTroM (Tad. 2.2).
Knunnueckoe nmpumeHenune PU ommicaHo B MOCIEeAyIONINX IIaBax.

Ta6n|n|.|a 2.2, Oxnpgaemas CKOPOCTb KPOBOTOKa B COCyAax, OLeHMBaAEMbIX ypPOJsiorom

Cocyn CkopocTb
[TeHuabHag apTepus >35 cM/c (Tocyie BBeIeHNSI Ba30AMIaTaTopoB) | 5]
[Moueunas apTepust <100 cMm/c [6]
KancynsgpHast apTeprsi MOLLIOHKA 5—14 cm/c [7]

ITpumeuanue. MsMepseMast CKOPOCTb 3aBUCUT OT Pa3IUYHBIX (DU3UONOTMYECKUX M AHATOMUYECKHX (haK-
TOpPOB.

ApTedaKTbl B pexxume gonnaepa

ApredakT MeplaHus TOSIBJSETCS TPU MOMafaHuM YJIbTPa3BYKOBOM BOJHBI
Ha MOBEPXHOCTb, KOTOPAasi OTpaxaeT IHepTrio. B Takux pexxumax, Kak sHepreTuue-
cKasl U 1IBeTHas1 Aonruieporpadusi, 5T0 MOXET MPUBOINUTD K UCKAXKEHUIO BO3BPAT-
HOIi BOJIHBI, CO3/1aBast KAPTUHY IBUKEHMSI AUCTaIbHEe moBepxHocTH. [Tomyyaemblii
JOTITIIEPOBCKUIA CUTHAJ BBIMJISIIAT KaK aKyCcTU4eckasi TeHb pa3InYHON MHTEHCUB-
HOCTHU Y HaTpaBJICHUSI U Ha3bIBaeTcsl apTeakToM MeplaHusi. XOTsl OH MOXET Ha-
OJII0aThCsl B PA3IMYHBIX KIMHUYECKUX CUTYyalMsIX (HarpuMep, Mpu NomnajiaHun
VJBTPa3BYKOBBIX BOJH Ha 6ajioH Katetepa DoJiess B MOYEBOM TTy3bIpe), HAUOOJIb-
1Iee 3HaYeHNEe OH MMeeT B OLIeHKE TUTIEPIXOTEHHBIX CTPYKTYP B mouke. KaMHu ya-
cTo maroT apredakT MepuaHus (puc. 2.28) B oTaIUYME OT AYrooOpa3HBIX COCYI0B
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Puc. 2.28. ApTedakT MepLaHUs: a — KaMeHb B MOYEBOM My3blpe C aKyCTUUYECKOW TEHbIO B CEPOLL-
KaNlbHOM peXume; 6 — apTedakT MepLiaHus, CBA3aHHbI C KAMHEM, B PeXXME LiBETHON AONMepo-
rpadun. ina ycuneHus aptedakta HEOOXOANMO YCTaHOBUTb GOKYCHYIO 30HY AUCTallbHee KaMHsi

U IPYTUX TUIIEPIXOTEHHBIX CTPYKTYpP B Mouke. He Bce KaabLM@UKaThl CO3MaI0T ap-
TedakT MepliaHusi, HO OH MOXeT Ha0II0AaThCs IIPU KalbIM(prKaTax ITOYCYHOM ap-
TepUU U BHYTPU OMYXOJIM UM KUCTHI, a TaKKe B aMUIoMIHbIX Teablax B [T2K [5].
Hanoxcenue — 310 apTedakT, KOTOPHIA BOBHMKAET, KOIIa 4acToTa 3aIipoca Co-
ObITUs (ompenessieMasl YaCTOTOM MOBTOPEHMSI MMITYJIbCa) HEAOCTATOYHA IJISI €ro
TOYHOTO Bocmpou3sBeneHus. [lpu 3ampoce ¢ HeperyIsipHbIMU MHTEPBaJIaMU OTO-
OpakaeTcs TOJbKO 4acTb cOObITUS. HaloxxeHne TogBisieTcsl B TeX ciydasx, Koraa
yacToTa 3alpoca MEHbIIIe YIBOCHHOTO CABUIa YaCTOTHI AomIuiepa (puc. 2.29).

Yacrora 3anpoca

B g —
D R ——
P i —
B R —
I R ——
P R —
P i —
B i —
B g —
B g —
B g —
B P —

LN LA
ALY ALY

S——— (1 111
coGbITHS V V U U

Puc. 2.29. HanoxeHue. Ha prcyHKke, Ha KOTOPOM CMHycoraa — 3To cobbiTue, dopmMupytoLieecs
B peXXMMe peasibHOro BPeMeHU, a BepPTMKaJIbHble CTPENKY B BEPXHEN YacTy IKpaHa NpeacTaBsis-
10T OO0 YaCTOTY 3aMnpocCa, BUAHO, YTO YaCTbli 3aMpoC JaeT TOYHOE BOCNPOU3BEAEHME COOBITMS.
TouHoe onucaHue ynbTPa3BYKOBOIro COObITYS JOMIKHO COOTBETCTBOBATD YC/IOBMIO, U3BECTHOMY Kak
npegen Haiiksucta: fs >2b, rge fs — uactoTa grckpetnsaumm, a 2b — mMakcMmanbHas yacToTa rno-
ne3Horo curHana. MeHblLuas yacToTa AUCKpeTM3auuy (Cnpasa) MPUBOAUT K HEMPABUIIbHOW NHTEP-
npeTauum cobbiTus (Anarpamma B3nTa 13 Diagnostic Ultrasound, 3rd Ed., Figs. 1-40. P. 33)
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HopMmanbHblii TaMUHAPHBII OHOHAIIPABJICHHbII KPOBOTOK IIPU LIBETHOM Kap-
TUPOBAHUU OTOOpaKaeTcsl OMHUM LIBEeTOM. B pexkume crieKTpaabHO Jomieporpa-
¢buu onpenesnsieTcs: moaHas BoiaHa (puc. 2.30). Bo BpeMsi CKaHUPOBaHMS B pEXUMeE
LIBETHOM JoIIieporpaduu HaJloXeHHUe 4Yallle BCEro BBILJISIIUT KaK IICeBIOTYPOY-
JICHTHOCTb 1 U3BMEHEHUE HaIlpaBJIeHUsI KpOBOTOKA B cocyle. B pexkume criekrpaib-
HOW ponruieporpaduu peHOMeH HaJIoXKeHUsI HAOII0JaeTCs MPU YKOPOUYSHUU TT1-
KoBoii cuctonnueckoit ckopoctu (ITCC) Huke ncxomHoro ypoBHs (puc. 2.31). ns
YMEHbIIIEHUSI 3TOTr0 apTedakTa HeOOXOOMMO CHU3UTh YACTOTY MaJarolieil 3ByKO-
BOI1 BOJTHBI, YBEJIUUUTH YTOJI MHCOHAIINM (0) MJIM YacTOTY ITOBTOPEHMS UMITYJILCOB.

Puc. 2.30. CneKTpaanaﬂ ,qonnneporpad)ma: a — Npu UBETHOM KapTUpOBaHUK CO CNeKTpPaJibHbIM
AHANIM30M KPOBOTOK BbIMAANT OAHOHaNpaBJIEHHbIM; 6— CI'IeKTpaHbeII?I aHaJin3 Nno3BONAET TOY-
HO 0TO6pa3VITb KPOBOTOK

Puc. 2.31. Ha n3o6paxeHunn B pexrme LBETHOW fonnieporpadun co CnekTpanbHbIM MOTOKOM Ha-

NOXKeHWe onpefensaeTca no BUAMMbIM U3MEHEHUAM B CKOPOCTU 1 HanpaB/ieHUN LIBETOBOTO Kap-

TUPOBAHNA, COOTBETCTBYIOLMM cocyay (a). HanoxeHue cnekTpanbHOW BOSIHbI BbIFIAAUT Kak YKO-
poyeHrie MMKOBOW CUCTONMYECKOW CKOpOCTH (6) C MpoeKumMen NKa HUXe NCXOQHOTO YPOBHS (B)
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CKaHupoBaHue B pexmme TKaHeBOM rAPpMOHUKUN

CkaHUpOBaHMUE B pPeXMMe TKAaHEBO rapMOHUKHU ITO3BOJISIET MCITOJIB30BaTh OT-
KJIOHEHUSI, CBSI3aHHbIE C HEJIMHEMHBIM PaCIpOCTPpaHEHUEM 3ByKOBOI BOJIHBI B TKA-
HIX. HecuMMeTpUYHO pacrpoCTpaHsIIONINECs BOJHBI CO3/Ial0T MEHbIIIE TApDMOHUK,
HO OHM MMEIOT 00Jiee BHICOKYIO aMILIUTYydy (puc. 2.32).

ITockonbKy TH TApPMOHUKHU peke TTOABEPTaroTCsT paCCeSTHUIO, CBI3aHHOMY C T1a-
JaloIel BOJIHOM, OTpakKeHHBII CUTHAJ MMeeT MeHbIe myma. [lyreM ceieKTuBHOTO
OTOOpPaKEHMSI TADMOHMUYECKUX YaCTOT, KOTOPbIe BOBHUKAIOT B TeJie MallMeHTa 1 BO3-
BpalIaloTCs K NaTYMKY, MOXKHO TTOJIYUYUTh M300paXkeHWe ¢ MEHBIIUM YMCIIOM apTe-
¢axToB 1 00Jiee BLICOKMM pa3pelieHueM.

IIpocmpancmeennoe cmewuganue TPENCTABISIET COOON PEXMM CKaHUPOBAaHUS,
IIpY KOTOPOM TIOCJIEOBATEIbHO aBTOMAaTUYECKU M3MEHSIETCs HaIlpaBJIeHUe MHCO-
HALMK JUIS CO3IaHUS CJIIOXKHOI0 U300paxeHus. JJaHHbIA PeXUM 03BOJISIET YMEHb-
IIUTh KOJIMYECTBO apTe(akToB U IIYMOB U YIYYIIUTh KaueCTBO M300paxeHus [6]
(puc. 2.33).

TpexmepHoe ckanupogaHue TIO3BOJISIET CO3/IaTh Psii M300pakeHUi (HAOboOp maH-
HbBIX), KOTOPBIMM 3aT€M MOXHO YIPABJSATH IJISI CO3MaHUS JOMOJTHUTEIbHBIX M30-
OpaxkeHUi1 oTpeeIeHHOM aHATOMMYECKO 30HBL. TpexMepHOe TOCTPOSHNE NCITOh-
3YIOT [J1s TIJITaHMPOBaHUSI BMelIaTeIbCTBA U TOYHOTO ompeneieHus: oobema [7]. OHo
IIO3BOJISIET OLIEHUTh HEKOTOPbIE XapaKTePUCTUKU TKaHEil, KOTOpble He BU3YaIU3K-
PYIOTCSI B IByXMEPHOM pexxume [8].

JlnHenHoe pacnpocTpaHeHue

s ~

-~ ~—HenunHenHoe
pacnpocTpaHeHue

AN

Haenenve

> CKaHunpoBaHue cMmeLumBaHue

Puc. 2.32. HennHenHoe pacnpocTpaHeHue 3Byko-  Puc. 2.33. TexHOnorma npocTpaHCTBEH-
BbIX BOJIH B TKaHAX NMPUBOAUT K MEHbLUEMY UACITYy  HOTO CMeLMBaHWA MO3BONAET Co3fja-
rapMOHUK, MMeLMX 6onee BbICOKYIO SHEPTMO,  BaTb KOMMO3UTHOE M306pakeHue nyTem
KOTOpble MOXHO CENeKTVBHO OLieHMBaTb B BO3-  KOMOMHAUWMWM [OaHHbIX M3 HECKONbKUX
BpaLLAoLWMXCA SXOCUrHanax YrNIOB CKaHMPOBaHWA, CO3aBaeMbIX My-

TeM aBTOMaTUYECKOro OTKJIOHEHUA lyya.

Monyuyaemoe nsobpakeHe nveet 6onee

BbICOKOE pa3pelleHnie C MeHbLUM YmnC-

nom apTedakToB
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KoHTpacTHble npenapaTtbl ANA YbTPa3ByKOBOro
nuccnefoBaHUA

Hnsa ycuiteHrsI 5XOTeHHOCTH KPOBY M TKaHE# MCITOIb3YIOT BHYTPUBEHHEIC TIpe-
maparbl, conepXaliie MUKpOTy3blpbkin. OHU pacTtipenessiioTcsl B COCYAUCTON CU-
cTeMe U TIpU pa3pylleHU! yJIbTPa3ByKOBBIMU BOJIHAMU CO3MAIOT CHJIBHBIE 9XOTeHU
C TapMOHUKOM. MUKPOMY3bIpbKU OBICTPO Pa3pyIIalOTCs MO/ BO3IECTBUEM YIIbTpa-
3BYKOBBIX BOJIH. 7151 yMEHBIIIEHUs UX Pa3pylIeHUs pEKOMEHIYETCST MCITOIb30BaTh
HACTPOWKHU ¢ HU3KUM MEXaHWIECKUM MHAEeKCOM (cM. miaBy 4). KoHTpacTHBIE TIpe-
napaThl MCcIoNb3yIoT Tipu Y3U TTK 1151 60J1ee TOYHOTO OrpenesiecHUs 30HBI TTOBBI-
IIeHHOTO KpoBoToka [9]. [IprMeHeHre BHYTPUMBEHHBIX KOHTPACTHBIX MpernapaToB
OCTaeTCs MCCIEeN0BAaTEIbCKUM METOAOM, XOTS IMOJIYYEeHBI MePCIEKTUBHbBIC PE3YJIb-
TaThl B PA3TUYHBIX KIMHUYECKUX CUTYaLHSIX.

TexnHomorus paspymenusi/3anonnenus (flash replenishment) ocHoBaHa Ha yiib-
TPa3BYKOBBIX UMITYJIbCAX C BHICOKMM MEXaHMYECKUM WHIEKCOM ISl pa3pylleHUs
MUKPOITY3bIPDbKOB B 30HE MHTEPECA C LIEJbIO OLIEHKW HEOBACKYJISIPU3AIIMU B TKAHSIX,
KOTOpasl 4acTo HaOJI0AAaeTCsl IMPHU 3710KAUECTBEHHBIX OIMYXOJSIX U MOXKET CIYKUTh
B KauecTBe opueHTupa Tipu ouonicuu 12K [13]. Bo3aMOXHOCTb omnmpeaeanTb UH-
TEHCHUBHBII KPOBOTOK 0€3 MCITOJIb30BaHUSI TOKCUMYHBIX KOHTPACTHBIX IpernapaToB
VIV UOHM3UPYIOLIETO MU3nydeHUus1 aeiaer Y3U ¢ KOHTpacTHBIM YCUJIEHUEM Tiep-
CIEKTUBHBIM METOJIOM IMATHOCTUKU B YPOJIOTHU.
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dusmnyeckue NpUHUUNDLI [asa 2
YNbTPa3BYKa

Msm ®. ®yaxam

BsepeHue

Hcronb30BaHNe YIbTpa3ByKa B YPOJIOTMM OTHOCUTCS K (PYHIAMEHTAJBHBIM Me-
TomaM. JIJiT HaWaydInero NMpUMEHEHMST 3TOM TEXHOJIOTMHM Ha OJlaro MalieHTOB He-
00XOIMMO 3HATh (PM3MUYECKWE TPUHIUIIE yIbTpa3ByKa. OTpoMHOE 3HAYCHME IIJIST
3G PEKTUBHOTO MCIONB30BaHusT Y3M mMmeeT MOHMMaHWE TOro, KaK HacTpauBaTh
000pyIOBaHWE W YIPABIATh JATINKOM JUIS TTOJTYIeHUS M300paxkeHNs HAWIYyJIIero
kayecTBa. HeobxonuMmble TeXHUYECKHUE YMEHMS JUTS1 BHITIOJHEHUS M MHTEPIpeTalluu
YJIBTPa3BYKOBOIO M300paXE€HUSI B YPOJIOTMU COYETAIOT MPAKTUYECKUE HABBIKM CKa-
HUPOBAHMS U 3HAHUE MATOJOTMYECKUX MIPOLIECCOB B UCCAEMYyEMbIX OpraHax. ¥ poJjoru
JOJIXKHBI MOHMMATh, KaK yJAbTPa3BYK BIMSET Ha OMOJOrMYECKMe TKaHU, YTOOBI IIPpU-
MEHSITh MeTo 6e30MacHo U 1o noka3zaHusM. [1pu xopoieM MOHUMaHUK (HGU3NYECKUX
MPUHLMIIOB YJAbTPa3ByKa ypoJor OyneT 3HaTh BCE €ro MPeruMyIlecTBa U HETOCTaTKHU.

MexaHUKa ynbTpa3BYKOBbIX BOJIH

YabTpa3ByKOBOE M300pakeHUe CO3/1aeTCsl B pe3yibTaTe B3auMOJISHCTBUSI Mexa-
HUYECKUX BOJH C OMOJOTMYECKUMHU TKaHSIMU U MaTepuaiamMu. [T0CKOJIbKY yabTpa-
3BYKOBBIE BOJIHBI UCITYCKAIOTCSI C OTPENeIEHHOM YacTOTOM, a OTPaKeHHbIE BOJTHBI
BOCITPUHUMAIOTCSI TaTYUKOM, MPOUCXOIUT OBICTPOE CO3aHUe U OOHOBIIEHUE U30-
OpakeHUi, YTO MO3BOJISIET MCCIIE0OBATh OPTaHbI B PeXKMME peallbHOTO BPEMEHH.

Y bTpa3BYKOBBIE BOJIHBI — 3TO MEXaHUUYECKME BOJHBI, KOTOPBIM JUJIsl paCIIpOCTpa-
HeHMs HeoOxoauma pusndeckas cpena (HampuMep, TKaHb WIM KUIKOCTh). B menu-
LIMHE UCITOJIb3YETCS YacTOTa YIbTPa3BYKOBBIX BOJIH B MMara3oHe MiaH/c (uiu MI').
B 3aBrcUMOCTH OT TTOKa3aHWii GOJBIIMHCTBO AaTYMKOB, MCIOJIb3yeMbIX B yPOJIO-
MU, UMEIOT YacToTy OT 2,5 10 29 MI'L.

YbTpasByKOBbIe BOJHBI CO3MAIOTCSI TPU BO3NEWCTBUU TIEPEMEHHOIO TOKa
Ha TIbEe303JIEKTPUUYEeCKNEe KpUCTAIbI B nmatuuke. [leprognyeckoe paciivpeHue
U CIaBJIEHUE Mhe303JIEKTPUUECKUX JIEMEHTOB CO3[aeT MEXaHWIECKYIO BOJIHY, KO-
TOpasi TepefaeTcsl Yepe3 KOHTAKTHYI0 cpefy (OOBIYHO Tejib) K KOXe W B TeJIo Ta-
mueHTta. Co3maBaeMble BOJHBI UMEIOT TIPOJIOJIBHBIN XapaKTep, MMOCKOJIbKY JIBUXKE-
HUE YaCTUIl TIPOUCXOIUT B TOM K€ HAIlpaBJIEHUM, YTO U PACTIPOCTPAHEHUE BOJHBI
(puc. 2.1). IlpomoabHbIe BOJHBI CO3JAI0T 30HbI PA3pPEXKEHUS U CAABJICHUS TKaHEH
B HaIlpaBJIeHUU JBUKEHUS YIbTPa3BYKOBOI BOJIHBI.
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PaspexeHune

Puc. 2.1. I'Ipo,qoanble BOJIHbI. PacmmpeHme 1 cAaBneHne Nbe30o3/1IeKTPUYeCKNX KpncTaaios, Co3-
AaBaemoe Npu KOHTaKTe C nepemMeHHbIM TOKOM, Bbi3biBaeT CAaBNEHNE U paspexeHne MoJiekyn
B TeJie yesioBeka

CrasneHue 1 pa3pexxeHne MOJIeKyJ ITPeCTaBseTcs Tpaduiueckyl Kak CHHYCOBast
BOJIHA C TIEPUOINYECKUM MOJOXKUTETbHBIM U OTPULIATEIbHBIM OTKJIOHEHUEM OT UC-
XOJTHOTO YPOBHS. JIJTMHA BOJIHBI OMIpe/ie-
JISIETCS KaK PACCTOSTHUE MEXIY MUKAMU
JIByX cocemHuX BojH. OIWH TTOJTHOCTHIO
TPOUIEHHBIA BOJHOW MYyTh HAa3bIBAETCS
HUKJIOM. ONWH IIMKJI B CEKYHAY COCTaB-
gger 1 I'u. AMIuMTyaa BOJHBI — 3TO
MaKCUMaJbHOE OTKJIOHEHUE B TOJIOXU-
TEJIbHOM WJIM OTPULIATEIbBHOM HallpaBJie-
HUU OT UCXOIHOrO YPOBHS, a MepUoa — _
9TO BpeMsi, HeoOXoaMMoOe UIsl 3aBeplie-
HUSI OHOTO LIMKJIa BOJHBI (puc. 2.2).

CKOpoCTb, C KOTOPOI1 3BYKOBas BOJIHA

OnuHa BonHbl (M)

%MH

Puc. 2.2. XapaKkTepucTviku 3BYKOBOW BOJHbI:
amnInTyAa BOMHbI — 3TO GYHKUMA aKycTuye-
CKOW MOLLHOCTW, NCMOJb3yeMO AnA Co3faHnaA

Amnnutyga
|

MIPOXOAMT Yepe3 TKaHU, 3aBUCUT OT e Ya-
CTOTHI U JJIMHBI BOJHBI. CKOPOCTD 3ByKa
B TKaHU TIOCTOSIHHASI, U, CJIIOBATEIbHO,
MpY M3MEHEHWM YacTOThl NOJDKHA Me-
HATBHCS ITMHA BOJIHBI. CpeiHsIsi CKOPOCTh
3ByKa B TKaHSX YeslloBeKa COCTaBJIsieT
1540 m/c. JInvHa BOJHBI M YacTOTa Ha-
XOIATCSI B 0OPaTHO TMPOTOPIIMOHATEHOMN
3aBucumoctu (puc. 2.3). [1pu ymeHbiie-

MEXaHNYECKOW BOJHbI CKATUA U cpenbl, yepes
KOTOPYIO OHa nepefaeTca

v=f»A
CKopoCTb = YacToTa x AJiMHa BOJSIHbI

Puc. 2.3. [ockonbKy CKOPOCTb 3ByKa B TKaHAX
MOCTOAHHAA, YacToTa U [/IMHA BOJHbI 0OPaTHO
NPONOPLOHaNbHbI

HuM 4acToThl oT 10 mo 1 MI'n mmHa BosHB yBeamuuBaeTcs ot 0,15 mo 1,5 MMm. D10
MMeeT BaXkHOEe 3HaUeHMe MPY BLIOOPE 1aTUMKa B 3aBUCUMOCTH OT MOKa3aHU K uc-

CJICAOBAHUIO.

Co3paHue ynbTPa3sByKOBOro n3obpaxkeHus

M3obpakeHme, co3gaBaeMoe YIBTPa3BYKOBBIM allllapaToM, HAYMHAETCS C JaT-

yuka (aHrI. transducer — <«IpeoOpa3oBartesib»; Jart. transducere — «IIpeoOPa30BbI-
BaTh»). B 3TOM cllydae a/1eKTpriecKre UMITYJIbCHI TTPEBPAIIalOTCsS B MEXaHMIEeCKIE
3BYKOBbIE€ BOJIHbI TOCPEACTBOM Ibe303JEKTPUUECKOT0 (pdeKTa.
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IIpu co3gaHum yabTpa3ByKOBOrO M300pakKeHUs JaTYNK UMEET ABOMHYIO (PyHK-
LIMIO, BBICTYIIAsl B POJIM MCTOYHMKA M IPUEMHMUKA. 3BYKOBbIE BOJIHBI II€PEAAOTCS
B TEJIO MALIMEHTA, Te OHM YACTUYHO WJIM MOJHOCTBIO OTpaxkalorcs. [1be30311eKTpu-
yeckuii 3¢ GeKT BOZHMKAET MPU BO3ACHCTBUM IIEPEMEHHOTO TOKA Ha KPUCTAJLIbL,
conepxamue maumnonu [1]. O6JacT MOMOXUTEIBHOTO M OTPULIATEIBLHOTO 3apsaa
BHYTPU IbE303JICKTPUUECKOTO 3JIEMEHTA pacIipeieieHbl TAKUM 00pa3oM, 4TO OHU
HMMEIOT ceTyaTylo opueHTanuio. [1pyu KOHTaKTe mepeMeHHOrO 3apsiia ¢ IMOBEPXHO-
CTBIO ABYX 3JIEMEHTOB BO3HMKAET OTHOCUTEIBLHOE CXXATHE YIIN YIUTMHEHNE 3apsKeH-
HBIX 00JacTeii, YTO MPUBOAUT K MEXaHMYECKOMY PACHINPECHUIO C TTOCICAYIOIINM
cxxaTueM ajieMeHTa. B pe3yibTrare 3TOro co3maercss MexaHWdeckasl BOJIHa, Tmepea-
BacMag TanueHTy (puc. 2.4).

HelTtpanbHoe PacwmpeHme
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HeT namMeHeHus aneKTpryeckKoro 3apaaa

Puc. 2.4. MNbe3oanekTpuuecknin 3podekT. MNog BO3LENCTBNEM NEPEMEHHOIO TOKA 06/1acTK 3apaga
B KpUCTannax paclumpsAoTCa UM CKUMAIOTCS, B pe3ynbTaTe Yero CO3AaeTcsl MexaHnyecKas BosHa.
Korga Bo3BpaTHas BOSIHAa AOCTUTAET KPKCTaa, CO30AETCA SNEKTPUYECKUIA TOK

OTpakeHHBIE MEXaHMYEeCKNEe 3BYKOBBEIC BOJHBI TIPUHUMAIOTCS ITaTYUKOM
1 110 00paTHOMY Mbe303JIeKTpUIecKOMY 3h(MEKTY TTpeBpaIIatOTCs B 3JIEKTPUIECKYIO
9HEPTUIO, KOTOpasi MHTEPIIPETUPYETCST B YJIBTPA3BYKOBOM allmapare, CO3aloiiemM
M300pakeHNne Ha SKpaHe.

B GonpIIMHCTBE PeXXMMOB JATYMK M3JTyJaeT OrpaHMISHHOE KOJTMIECTBO IMKIIOB
BOJIH (0OBIYHO OT 2 110 4), Ha3bIBaeMbIX curHajioM. YacToTa ot 2 10 4 BOJIH B KaX/10M
LMKJIe OOBIYHO HaxoauTcs B auanasoHe 2,5—14 MTI'u. Ilocie 3Toro gatumk nepe-
XOIUT B COCTOSTHUE «ITOKOSI», ITOCKOJIbKY OXKUIaeT BO3BPAIlEHHS OTPaXKeHHBIX BOJTH
(puc. 2.5). JaT4rK HaXOOMTCH B pexXuMe npreMHuka oosnee 99% spemenn. CUrHajbl
HMCIYCKAIOTCS Yepe3 OJMHAKOBBIE MHTEPBaJIbl, KOTOPbIC HA3bIBAIOTCS YaCTOTOM 110~
BTOpEHUSI UMITYJIbCOB U, KaK TpaBuio, coctapisior oT 1 go 10 xI'u. ITo BpeMeHu
OT Ilepefayud 0 MOJy4YeHUs] CUTHaja MOXHO OINPEIC/INTh YIbTPa3BYKOBYIO JIajib-
HOMETPUIO — PACCTOSIHME OT JaT4uKa A0 00beKTa, OTPa3UBIIETO BOJIHY (puc. 2.6).
Takas 1mocJjenoBaTeIbHOCTb Ha3bIBA€TCS UMITYJIbCHBIM YJIBTPa3BYKOM.
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Puc. 2.5. Pexxum MMNYJNbCHOTO YNbTpa3ByKa 3aBUCUT OT U3ny4YaemMoro mmnyrnbca 13 2-4 unKnos
BOJIH C nocniefyowm Nepruoaom «MNOKoA», MOCKONIbKY AaTUMK OXMNAAET BO3BPaALLEHNA N3NTyYeEH-
HbIX UMNYyNbCOB

AMILTATYa OTPAXKEHHON BOJIHBI OTMIPENEISIET IPKOCTh MUKCENEi, COOTBETCTBY-
IOIINX OTpakaTeJllo Ha YJIbTPa3ByKOBOM M300paxkeHnu. Yem OoJibIe aMIIUTYyAA
BO3BPATHON BOJIHBI, TEM SIpUE €€ MUKCeNb. Takum o0pa3oM, yIbTpa3ByKOBOH arma-
paT cosfaer «M300paXxeHue» MyTeM M3JIYYEeHMS TaTYUKOM CepUU YIbTPa3ByKOBBIX
BOJIH C OIPENEJIEHHOW YaCTOTOU U MHTEPBalaMu, C ITOCJIEAYIOLIEH MHTEPIIPETALIMEN
JUTUTEIBHOCTH ITYTU U aMIUIUTY/IbI OTPAKEHHBIX 9XOCUTHAJIOB. DTO «M300pakeHME»
OBICTPO OOHOBIISIETCSI HA MOHUTOPE, CO3[aBasi BIeUaTJIeHUe HEMPEPbIBHOTO TBU-
xeHust. Yactora 0OHOBJICHMS M300pakeHNsT OOBIYHO cocTaBisgeT 12—30 kagpos/c.
[TocnenoBaTtebHOCTL COOBITUI, OTOOpaXeHHast Ha puc. 2.7, TIPENCTaBIsIeT CO00it
OCHOBY JIJIST BCEX PEKMMOB YJIbTPa3ByKOBOTO CKAHMPOBAHM S, BKITIOUAs TTPUBBITHBIT
CEPOIIKAJIbHBIA PEXUM.

"eHepaTop
MMMyNbCOB
Yacebl
Oatunk/
NPUEMHUK KomneHncauus
O6bekT ycuneHms
no rny6uHe
Yeunutens
MamaTte
n3obpaxeHus/
KOHBEpTOp
CKaHMPOBaHUA

MoHuTOoD

Puc. 2.6. OnpegeneHvie pacctosHus o oT-  Puc. 2.7. CxemaTtnyeckoe n3obpaxkeHuie nocsne-
paaTens B ynbTPasByKOBOM MOfie OCHOBAHO  [LOBATEbHOCTY CO3AAHUA N300paxeHNs B Yiib-
Ha NMPeANONOXKEHUN CPeLHEeN CKOPOCTY YbTpa- Tpa3ByKOBOM anmnapare
3BYKa B TKaHsX. Bpems, npoluesiiee oT MOMeHTa
nepeaaun Ao NoslyHeHNs 4aTYMKOM TOrO e NM-
nynbca, NO3BOSIAET ONPEAENUTL PACMoNOXKeHVe

[0 OTpaXkaTens B yNbTPa3ByKOBOM rone
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B3aumopgeicrame ynbTpasByKa ¢ 6Monormueckumm
TKaHAMMU

ITo Mepe pacrpocTpaHeHUs YJIbTPa3BYKOBBIX BOJIH Yepe3 TKAHU MPOUCXOIUT
psiI U3MEHEHUI, BKJIIOYasl IIOTEPI0 SHEPruu, U3MEHEHME HAMIPaBJICHUST U YaCTOThI.
11t mojrydeHUsl U300paxkKeHKsSI MaKCUMMAaIbHOIO Ka4eCcTBa U IIPaBUIbHOM MHTEPIIPE-
TalUU Pe3yIbTaTOB HEOOXOAUMO ITIOHUMATh 3TU B3aUMOIEACTBUS.

3aryxaHue ompeaesieTcs Kak IMoTepss KWHeTUIeCKO SHEePTUY MPU B3anMOIeii -
CTBUHU 3BYKOBOU BOJIHBI C TKAHSIMHU M KUIKOCTHIO B Tejie YenoBeKa [2]. Paznuanbie
TKaHU 00JIAmaroT pa3HbIM MOTEHIIMAJIOM K 3aTyxaHuio. Hampumep, KoaddummerT
3aTyxaHus Bombl coctaBmsieT 0,0, moukn — 1,0, a Mpimy — 3,3. B ¢Bs13u B 3TUM
3BYKOBBIC BOJIHBI HAMHOTO OBICTpEE 3aTyXaroT MPHW IPOXOXKICHUU Yepe3 MBITIIIBI
110 CPaBHEHUIO C pacIipocTpaHeHueM depe3 Bomy (puc. 2.8) (koadduiimeHT 3aTyxa-
HUS u3Mmepsercs B 1b/cm/MI).

Moyka 1

JECEETEY 0,94
Msirkne
TKaHu 0,7

XKuposas
KneganKa 0,63

Kposb 0,18

0 1 2 3 4 5 6
nb/cm/MIy,

Puic. 2.8. 3aTyxaHvie BOMH B TKaHsAX (MogudurumposaHo 13 Diagnostic Ultrasound, Third Ed., Vol 1)

onpenenseTca Kak YacTb SHEPruy ybTPa3ByKOBOW BOJHbI, KOTOPasA TePAETCA NP NMPOXOXKAEHUN

TKaHW. Yem Bblille KOIOOULMEHT 3aTyXaHVsA TKaHW, TEM BbilLe NMOTEPA SHEPrN 3BYKOBOW BOJHbI
npu ee NPOXOXKAeHN

Tpy OCHOBHBIX MEXAHM3Ma 3aTyXaHHUsI BKIIOYAIOT MOTJIOIIEHNE, OTPAKEHUE U pac-
cesHue. [lormionieHue BO3HUKAET MPU MPEBPALICHUN MEXaHWYECKONW KMHETUYECKOM
SHEPTUM B TETUIOBYIO SHEPTHUIO B TKaHSX. OHO 3aBUCUT OT YaCTOThI 3ByKOBOI BOJHBI
M XapaKTepUCTUK TKaHU. 3aTyXxaHWe BHICOKOYACTOTHBIX BOJIH ITyTEM TOTJIOIIEHHS TTPO-
HUCXOMUT ObICTpee, YeM HU3KOYACTOTHBIX BOJH. ITOCKOJIBKY 3BYKOBBIE BOJHBI MOCTE-
TIEHHO 3aTyXaloT 110 Mepe pPaclpoCTpaHeHNUsI, NIyOOKHEe CTPYKTYPhI (HAITpUMeEp, MOYKY)
CJIOXHEE BU3YaJIM3UPOBaTh. J{JIs1 KOMIIEHCAIUK TOTEPh aKYCTUYECKOW SHEPTUM 32 CYET
3aTyXaHUsI MOXHO HCITOJIb30BaTh HACTPOUKY YCUJIEHUS (ITOBBIIEHUE YYBCTBUTEIBHO-
CTH JIaTYMKA K OTPaKEHHBIM 3BYKOBBIM BOJIHAM) U BBIOpaTh 00JIee HU3KYIO YaCTOTY.

Ilpenomaenue BOTHBI BO3HWKAET MpPHU €€ MOMANaHWU Ha MOBEPXHOCTh MEXKIY
JBYMsI TKAHSIMU TIOJT YTJIOM, OT/IMYHbIM OT 90°. Korna BosiHa rmagaeT Ha MOBEPXHOCTh
TOJI YIJIOM, YacCTh €€ OTPaXaeTcsl, a YaCTh PACHPOCTPAHSIETCS B TPUJIEXKAIILYIO CPEY.
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Hamnpasienue pacripocTpaHeHUs BOJIHbBL

U3MeHsIeTCs (MIPETOMIISIETCS ), UTO MPH- MNapatowas OtpaxetHas
BOJTHaA BOJ1Ha

BOJUT K II0TEPE 4aCTU UH(POPMALIUU, I10- oi or

CKOJIBKY BOJIHA YACTUYHO HE BO3Bpallla- T\

€TCA K IaTYUKY, ¥ BbI3HIBAET BO3MOXKHBIE

OMOKNA B ONpPENEICHUN JIOKATU3ALNN Tkatb 1

00beKTa M3-3a TMpeIOMJIEHUST (M3MEeHe-
HUST HarpasieHus) BOJHBI. OnTuUMaib-
HBI Yo WHCOHAIMU JJIT MUHUMU3a-
LMW OCJIa0JIEHUST TTyTEM TPETOMIICHUS
cocrabysgeT 90° (puc. 2.9).

Ompadicenue 3ByKOBOI BOJIHBI MPO-
WCXOMWUT TpM TIOTIalaHUM Ha OO0b-
eKT WIM TPaHWIly MeXIy TKaHaMu Puc. 2.9.Ha rpaHule AByx TKaHeli ¢ pasHbim
WU CTPYKTYPAMU. Ecau 00beKT UMEET aKyCTU4eCcknMm conpoTtmeiieHnem 4actb BOJI-
OTHOCUTETLHO 6OJTBHJYPO [IOBEPXHOCTb, Hbl OTPakaeTCA, a YaCTb NPENOMNAETCA, NPO-

[omKaa NPAMONVHeHOe PacnpoCTPaHeHue.
SBYKOBBIC BOJIHBL OTPaxXaioTcst B MPO- g5, oTpakaetca nof yrnom (0r), paBHbIM

THO3MPYEMOM HAlpaBJICHUN B 3aBUCH-  yrjy ynconaumm (0i); Apyras YacTb BOMHbI MPO-
MOCTH OT yIjla MHCOHauuu. Eciv oTpa-  gomkaer pacnpocTpaHeHNe BO BTOPYIO TKaHb
JKaTeJib 3ByKa MMeeT HeOOJIbIIOM pa3Mep noa yrnom npenomnexus (0t)

WJIM HEPOBHBIN KOHTYpP, OH Ha3bIBaeTCs

nuddy3HbIM. Takoit oTpaxkarteab OTHOCUTCS K AIUMP@PY3HBIM paccenBalouM 00b-
eKTaM 1 cO37aeT MOMEXM BOJIHAMM, UIYIIMMU OT Mpuiexkamux 1uddy3HbIX oTpa-
xKateneit. B pesynbrate (opMUpYyeTCsl «IIITHUCTas» CTPYKTYpa, XapaKTepHasl I
COJIUIHBIX OPraHOB (HAIIpUMeEp, SUYKO WU IeueHb) (puc. 2.10).

MNepepnaBsaemas
1 NpesiomsieHHas BoSiHa

Puc. 2.10. (a) Anuddy3Hbiii oTpaxkaTenb. Ha n3obpakeHnn npefcraBneHbl ANUKU C HEGOMbLIMMY

CTPYKTYpamy B MapeHx1me, paccenBatoLLMI YnbTPa3ByKOBble BOJSIHbI. XapaKTep Nomex npu Ta-

KOM paccefaHUn Co3AaeT «MATHUCTYI0» KapTUHY CTPYKTYpbl. (6) 3epKanbHblll oTpaxaTenb. OH oT-

parkaeT 3ByKOBYIO BOJIHY MOJ TaKMM »Ke yrinoMm, 6e3 co3haHna nomex 3a cuet pacceaHus. [Npuv Brsy-
anu3aumm NoYKM ee Karncyna BbiCTyrnaeT B posiv 3epKanbHOro oTpaxatens

Korna 3BYKOBas BOJIHA IICPEXOAUT U3 OJTHOU TKaHU B JAPYTyr0, Ha UX 'paHULIC OT-
paxaeTcd onpeacJcHHad 4aCTb OHCPIrum. HpoueHT OTpa)KaCMOﬁ OHECPIuMn 3aBUCUT
oT pa3J'[I/I‘II/II71 B aKyCTHUYCCKOM COITPOTHUBJICHUN TKaHEM. OHO, B CBOIO O4Y€peCab, OT-
HOCHUTCA K XapaKTCpUCTUKaAM TKaHU MU CBA3aHO C 2KECTKOCTbLIO 1 CKOPOCTbIO, C KOTO-
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poii pacpocTpaHsieTcs 3ByKoBasi BosiHa [3]. T1pu HeGonbIIOM pa3nuynum B aKyCTU-
YECKOM COIPOTUBIICHUH IBYX IPWICKALIUX TKAHEH OTpaxkaeTcsi HeOOJIbIIast 4acTh
sHepruu. Pazianyue B akycTu4ecKoM conpotuBieHny nouku (1,63) u neuenu (1,64)
MUHKUMAJIbHO, IT03TOMY IIPY OJIM3KOM PaCIIONIOXEHUU OMPEaeIUTh TPAHULLY MEXIY
HUMMU 3aTPyOIHUTEIBHO (Taou. 2.1).

Ta6nuua 2.1. AKycTYeCckoe CONpOTUBIIEHNE TKaHe

Tans TLroTHoCTs (K1/M) AKycTuyeckoe COMPOTHBIIeHHe
(peidsb1)

Bosnyx v npyrue rasbl 1,2 0,0004
XKuposas TkaHb 952 1,38
Bona u npyrue xunkoctu 1000 1,48
[lquMu (cpenHsist MJIOTHOCTh 1060 1,63
MSITKOM TKaHM )
[Teuens 1060 1,64
MBITIIBI 1080 1,70
Koctu u npyrue KanblyuHu- 1912 7.8
POBAHHBIE CTPYKTYPBI

HUcemounuk. C uameHenusamu u3 Diagnostic Ultrasound, 3rd Ed, Vol. 1. Akyctuyeckoe conpoTtusierue (Z)
3aBUCHUT OT TUIOTHOCTHU Cpelibl (p) U CKOPOCTU paclpoOCTpaHEHUs B Hell 3ByKa (C). AKYCTUYECKHUIA UMIIe-
naHc onpenessiercst o dopmyne: Z (peiiibl)=p (kr/m?)Xc (M/c).

)I(I/Ip JOCTaTOYHO CHUJIBHO OTIMYACTCA I10 aKyCTUYECKOMY COITPOTUBJICHUIO

OT MOYKHU U TIeYeHU, TIOTOMY TPaHUIIbI STUX IBYX OPraHOB XOPOLIO AuphepeHIIM-
PYIOTCS OT >KUPOBOU TKaHU (puc. 2.11).

Puc. 2.11. Korga noyka 1 neyeHb NpunexarT Apyr K Apyry, CJI0XKHO ONpeaenuTb rpaHuly (ctpen-

Ka) Mexay 1x Kancynamu (a). lpaHuua mexxgy Kancynowm neyeHu (CTpenka) 1 >KMpoBoii KneTyaTkom

onpegensetca 6e3 Tpyaa bnarogaps 3HauMTeNIbHO Oonee HU3KOMY aKyCTMYEeCKOMY COMpOTHBIIe-
HUIO XKNPOBOW TKaHM (6)
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Ecau paznuyre akyCTUYECKOIo COIPOTUBICHUS MEXKIY TKAHSIMU OY€Hb BBICOKO,
MOXKET HaOJII0AaThCs MOJIHOE OTPaxKeHHME 3BYKOBBIX BOJH C (DOPMUPOBAHUEM aKy-
cTUYecKoil TeHu (puc. 2.12).

Puc.2.12. B moueBom ny3blpe OTPaXxeHNe 3ByKOBbIX BOJIH MPOUNCXOOUT B pe3ynbrate 60MbLIOro pas-
JINYNA B aKyCTUYECKOM CONPOTUBIIEHNN MeXY MOYOW 1 KAMHEM MOYEBOTO ny3bipAa (TOHKaFl cTpen-
Ka). AKycTI/ILIECKaFl T€Hb CBA3aHa C NPAKTUYECKN MOJIHbIM OTPaKeHWEM 3BYKOBbIX BOJIH (CTpeJ’IKVI)

ApTtedaKTbl

3BYKOBBIC BOJIHBI UCITYCKAIOTCS TaTYUKOM C M3BECTHOM aMILIUTYIOM, HarlpaBie-
HUEM U1 4acTOoToi. B3amMonelicTBre ¢ TKaHSIMU B OpTaHU3Me IPUBOIUT K M3MEHE-
HUIO 3TUX ITapaMeTpoB. OTpaxkeHHBIC 3BYKOBBIC BOJTHBI ITOABEPraloTCS NU3MEHEHUSIM,
COIIACHO OXMIAaeMbIM (PM3WICCKUM MPUHIIATIAM, BKJIFOUAsT OCIabJIeHre Ha PacCTo-
STHUU Y U3MEHEHME YaCTOTHI, B 3aBUCMOCTH OT CKOPOCTH M HAIIPaBJICHUS OOBEKTa,
Ha KOTOPBIIT OHU TToNamaioT. BpeMs Bo3BpalieHnsT BOJTHBI 3aBUCUT OT OXHIaeMOM
CKOPOCTH pacIIpOCTpaHEeHUS 3BYyKa B TKaHSX yesloBeKa. Eciii aTu mapamMeTphI He Co-
OTBETCTBYIOT, TTOJTy9acMble M300pakeHUS U N3MEPEHMST MOTYT He OTpaXkaTh peaib-
HBIX (pr3MUecKnX ycioBuil. Takme MCKaxkeHUs Ha3bIBaloTcs «apTedakTamu». Ecian
MMPaBUJIBHO ONPENEIATh apTeaKThl, OHM MOTYT ITOMOTaTh B TMarHOCTUKE.

Ycunenue nepedauy BOZHUKAET MY TTPOXOXKICHUM 3BYKOBOI BOJTHBI Yepe3 TKaHb C MEHb-
MM KO3(hOUIIMEHTOM 3aTyXaHUs, YeM B OKPY:KaIOIINX TKaHgX. Hampumep, Korma 3ByKoBast
BOJTHA TIPOXOIUT Yepe3 3aMOJTHEHHYIO KUAKOCTIO CTPYKTYPY, TaKyl0 KaK KMCTa MOYKH, OHA
MOABEPraeTcsi OTHOCUTEIbHO MEHBILEMY 3aTyXaHMIO [0 CPABHEHUIO C BOJTHOM, MPOXOASIICH
yepe3 MapeHXUMY Mouku. TakuM o0pa3oM, KOorma BOJHA JOCTUTaeT 3amHel CTeHKU KUCThI
1 TIOYEYHOI TKAHU 32 HEl, OHa HeceT 0OJIbLIYI0 SHEPTHIO (MMEET OOJIbIIYIO aMILTUTYY), YeM
coceIHMe BOJIHbI. Bo3BpaTHbIi aX0cUrHai OyaeT MUMeTh HAMHOTO OOJIbIIYIO aMILTUTYIY, YeM
Y BOJIH, OTPaXKaloIIMXCsl OT MApEHXMMBbI TOM Ke YacTu MOYKU. B cBs3M ¢ 3TUM nuKcenu, co-
OTBETCTBYIOLINE 00JIACTU JTUCTaIbHEE KUCTBI, OYAyT UMETh 00Jiee BHICOKYIO SIPKOCTh. TKaHb
BBITJISIUAT 00Jiee TUIIEPIXOTeHHOI M0 CpaBHEHUIO ¢ ITpUJIeKalleil MapeHXUMOI, XOTsI OHU TH-
CTOJIOTUYECKM MICHTUYHBI (puc. 2.13). s yMeHbIIeHUsI 3TOro apTedakra HeOOXOIUMO
M3MEHUTD yroJl THCOHALIMU MJIX HACTPOMTh KOMIICHCALIUIO YCUICHMSI T10 TIyOUHE.
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Puc. 2.13. lopcanbHoe ycuneHune curHana c ru-
MepaXOreHHOCTblo  (CTpenka), BO3HMKawoLlee
B pe3y/ibTaTe YMeHbLUeHWA 3aTyXaHWA BOJHbI
B KWCTe, 3aMOfIHEHHOW »KUAKOCTbIO. ITOT ap-
TedakT npencTaBnAeT cobo npumep Henpa-
BUJIbHOTO OTOOPAXXEHUNA XapaKTEPUCTUK TKAH,
N O HEM HEeOoOGXOAUMO MOMHUTb, YTOObI 136e-
»KaTb HenpaBWbHOW NHTeprpeTaLmMmn

Puc. 2.14. AkycTnyeckasn TeHb AnCTasibHee Kasb-

UMHaTa B AnYke (KpynHble ctpenku). ViHpop-

MauMA MO 3XOCTPYKType MapeHXUMbl ANYKa,
pacrnonoxeHHoN AncTanbHee, NoTepaHa

MnaBa 2. dPu3nyecKkmne NPUHLMNbI YAbTPa3BYKa

Akycmuyeckas meHb TOSBIISETCSI IIPU
3HAYUTEJILHOM 3aTyXaHUM 3BYKOBBIX
BOJIH Ha ITOBEPXHOCTU TKAHM, IIPUBOJISI-
1Ieil K rorepe MHGOPMALIMK O CTPYKTY-
pax, pacHoJIOXKEHHBIX IUCTalbHEE. DTO
3aTyXaHUE MOXKET ObITh CBSI3aHO C OTpa-
JKEHUEM WIM MOIJIOIIEHUEM U COIpPO-
BOXKIACTCSI TIOSIBICHEM aHA3XOTCHHOM
WJIN TUTIOSXOTCHHOM TeHU. 3HAUNTEITb-
HOE 3aTyXaHWe WU MOTepsT 9XOCUTHAJIOB
OT TKaHe#, pacToI0XeHHBIX TUCTaTbHEe
TTOBEPXHOCTH, MOXET MTPUBECTU K HEeTIpa-
BUJILHBIM BBIBOJIaM T10 X CTpyKType. Ha-
MpUMep, KOrJaa 3BYKOBBIE BOJIHBI TIOTIA-
JAIOT Ha TIOBEPXHOCTb MEXIy TKaHbIO
AMYKa M KaJblIMHaTaMU, OOJIbIIIOE pa3-
JINYME B aKyCTUYECKOM COIPOTHBIICHUU
MIPUBOIUT K BBIPAKCHHOMY 3aTyXaHUIO
U OTPaXKCHUIO, B CBSA3U C YeM TepsIeTCs
WM 3HAYUTEIIBHO YMEHBIIEHO YMCJIO
CUTHAJIOB OT TKaHEi, pacIoJIOKeHHBIX
nucranbHee (puc. 2.14). Takum ob6paszom,
B HEKOTOPBIX cIyvasix cpepuyeckre o0b-
€KThl MOTYT BBIIVISIIETh KakK CEepIIOBUI-
Hble, U MPU 3TOM CJIOXHO OIIPENEIUTh
TOYHBIE pa3Mepbl OOBEMHBIX CTPYKTYP.
Kpome Toro, B 30He aKyCTUYECKOU TEHU
MOTIYT CKpBIBaThCsl HEOOJbILINE AETAJIM.
st yMeHbIIEHUsI aKyCTUYEeCKOl TeHU
HEOOXOIMMO U3MEHMTH YTOJI HHCOHAIIAM.

Apmeghakm kpaeeoii meHu BOZHUKACT
IIpY MOMaJaHUM BOJHBI Ha W30THYTYIO
ITOBEPXHOCTh WJIN IIOBEPXHOCTH C KPUTH -
yecKUM yrioM. Kputudeckuii yron uH-
COHAIIMM OTIpENENsIeTCs] KaK Yrojl, Tpu
KOTOPOM 3BYKOBBIE BOJTHBI paciipocTpa-

HSTIOTCS BIOJIb TIOBEPXHOCTH 0€3 3HAUMMOTO OTPaKEeHUS K JaTINKY. TakmMm obpa3oM,
CHUTHAJIBI OT CTPYKTYD, PACITOJIOKEHHBIX TUCTATbHEE 3TOM IMTOBEPXHOCTH, OTCYTCTBYIOT
WA 3HAYMTEJTBHO CHIDKEHBI. DTO OUEHb PacIipoCTpaHEHHBIN apTedakT B YpOIOTUH,
M MHOTIa OH MOXeT OBITh MOJIe3HBIM. ApTehaKT KpaeBoli TeHU HAa0JII0IaeTCsI BO MHO-
TUX KJIMHUYECKUX CUTYalMsIX, HO Yallle BCEro MpHu McCaeNoBaHUU ssudeK. OH 4acTo
BO3HUKAET B BEPXHEM U HVIKHEM IIOJTIOCAX SIMYKa, MMOCKOJIbKY 3ByKOBBIE BOJHBI I10-
MagaloT Ha KPYIJIble CTPYKTYPhI MO KPUTUYECKUM YIJIOM. DTOT apTedakT MoMoraeT
nuddepeHIpoBaTh roJI0BKY IIpUIATKa M BEPXHUI MMOJIIOC sinuKa. ApTedakT KpaeBoii
TeHU TakKe BcTpevaeTcs pu TPY3U, B 30He, roe e Kpyriabie noau [T2K coenuns-
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I0TCSI 10 CPEeIHEI IMHUU, a IIepeX0IHast 30Ha IPAaHUYUT C ITeprudepudecKoii o 6okam
(puc. 2.15) u Ha ypoBHe J1aTepabHOTO Kpasi camoit I12K. DTo co3maet apredakT, Ko-
TOPBII MOSBIISIETCS B HEIIOCPEICTBEHHOM OJIM30CTU OT YPETPhI U PACIIPOCTPAHSIETCSI
B AMCTAJIbHOM HallpaBieHnU. Ero MoxHo Takske HaOJI101aTh B 1000 CUTYallMK, KOTa
IMajgarolasi BOJIHA ITOIagacT Ha MIOBEPXHOCTh MO KPUTUIECKUM YIJIOM (CM. puc. 2.15).
[ns mpeononeHus apredakTa KpaeBoli TCHM HEOOXOTMMO U3MEHUTD YTOJI MHCOHAIINH.

Puc. 2.15. Ha n3obpaxeHun npeacTaTenbHoO Xxenesbl B MONepeyHoi NpoeKLmmn onpeenaeTca

apTedaKT KpaeBo TeHW (CTPENKM) B pe3ynbTaTe OTPaXXeHUsA 3ByKOBO BOJHbI BAOJb HEPOBHO f1a-

TepasnbHOI MOBEPXHOCTN NePEXOAHON 30HbI (a). ApTedaKT KpaeBOW TeH (CTPenKK), co3aaBaeMmblii
3aKpyrfIeHHbIM BEPXHVM MOJTIOCOM NMOYKM (6)

Apmegaxm peeepbepayuu TOSIBISICTCS,
KOT/Ia YIBTPa3ByKoBasi BOJIHA 110 ouepenu
OoTpaxkaeTcsl MEXIy IBYMsI U Oojiee IIO-
BepxHOCTSIMH  (peBepOepupyer). Korma
3BYKOBAsI BOJTHA TOMANACT HA OTPaKaTellb
1 BO3BpAIAeTCS K JATINKY, (PUKCUPYETCST
omnpeneseHHoe MnojaoxeHue oowvekra. [1pu
BTOPOM TIPOXOXICHUW 3BYKOBOW BOJIHBI
armapar WHTEePIPETUPYET CUTHANl TaKUM
00pa3oM, YTO BTOPOH OOBEKT HAXOMMUTCS
B 2 pasa maiblie, 9eM TiepBhiit. [Ipomon-
Karolleecsl 3aTyxaHuWe 3BYKOBBIX BOJIH
C Kaxmoi mocienyolleil peBepodepalueit
JlaeT HEMHOIO MEHee MHTEHCUBHOE U30-
OpakeHue Ha KpaHe. B cBs3U ¢ 3TUM co3-
JAIOTCSI CUTHAJIbI, KOTOPBIE PACITONIOKEHBI
Ha ONMHAKOBOM PACCTOSSHUM OT AaT4yuKa,
HO TIOCTETNIEHHO TEePSIIOT CBOX MHTEHCUB-
HOCTb (puc. 2.16). 10T 3heKT YacTo Ha-
3bIBAIOT apTe(haKTOM «3aHaBECa».

Puc. 2.16. AptedakT peBepbepaLnv BO3HMKa-
€T NP1 NOBTOPHOM OTPAXXEHNM 3BYKOBOW BOJ-
Hbl MeXZy OTPaKaloWMMN MOBEPXHOCTAMU.
B pe3ynbTaTe 3X0CHrHan BKIOYAET HECKObKO
TMNEeP3XOreHHbIX NCKYCCTBEHHbIX OTPaXeHUi
JuncTanbHee CTPYKTYpPbl C NPOrpeccrBHbIM 3a-
TyXaHVeM 3BYKOBOW BOJIHbI
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ApTtedakT peBepbepaliiy TakxkKe HabJtomaeTcs Mpu MomagaHUuM UCITycKaeMou
BOJIHBI HAa HECKOJIbKO HEOOJIBLINX OTpaxkaTeliell (HalpuMep, CMeCh Ta3a U XKUIKO-
CTU B TOHKOM KUIIEYHUKE), YTO CO3AaeT MHOXKECTBO OTPAXKEHHBIX 3BYKOBBIX BOJIH
C pa3IUYHBIMU YIJIAMU M MHTEHCUBHOCTBIO (puc. 2.17). Takoii Tun peBepOepalu
00BbIYHO HA3bIBAIOT apTe(haKTOM «XBOCTa KOMEThbl». OH MOXET CKPbIBATh BaXKHYIO
aHATOMMYECKYI0 MHGOPMALIMIO U YacTO HAaOJI0OAaeTCs MPU MCCIEIOBAHUM ITOYEK.
71 ero yMeHBIIIEHUST HEOOXOIUMO N3MEHUTD TOJIOKEHUE JaTYNKa W yTOJI MHCOHA-
VN WIN MEXaHUISCKN COABUTDH KUIIEYHUK U €T0O COAEPKUMOE JaTINKOM.

MeHa

Puc. 2.17. AptedakT peBepbepaLiuy co3gaeTca npy nonagaHnm 3ByKOBbIX BOSIH Ha CMECh »KMAKO-

CTU 1 ra3a B KMLWeYyHVKe (a). OToT Tin peBepbepaumn (aptedakT MHOTOYYEBOrO PacnpoCcTpaHe-

HIIAA) XapaKTepur3yeTCs MMNepaXoreHHbIMU 30HaM (3aKpbITble CTPENKN) U AUCTaNbHbIM 3aTyXaHu-
eM nafatoLLer BosHbl (OTKpbITble CTpesiku) (6)

PeXXumbl ynbtpassyka

CepolwKanbHbI, B-pexxum

B cepomkanbHoM, uiu B-pexxume yiabTpa3ByKa (pexkume sipKOCTU) M300paxke-
HUE CO3[aeTCsl JaTYMKOM, KOTOPBIM UCITYCKAEeT yJIbTPa3ByKOBbIE BOJHBI C OINpeae-
JIECHHOI IOCJIeN0BATeIbHOCTBIO (MMITYJIbCHBIC BOJHBI). OTpaxkeHHBbIE BOJHBI I10-
MajgaloT Ha JAaTYMK, MOCJE Yero IMPOMCXOMUT OLIEHKA PACCTOSIHUS WM aMILIATYIbI.
Bpems pacripocTpaHeHUsI BOJIHBI OIpeAesiseT MOJIoXKeHe Ha MOHUTOPE, a MHTEH-
CHBHOCTb — «IPKOCTb» COOTBETCTBYIOLIETro nukcesst. Kaxnoe mocienoBareibHOe
5X0 B M0JIE 3pEHMsI 0TOOpaxKaeTcs OAHO 3a APYTMM C YacTOTOW OOHOBJIEHUS U30-
opaxeHus B 15—40 kagpoB/c. DTO MPUBOIUT K WIIIO3UU HEIPEPHIBHOTO ABIKCHUS
WIA CKAaHUPOBAaHUS B PeXMMe peabHOro BpeMeHU. MIHTeHCMBHOCTh OTpPaXKeHHbIX
3BYKOBBIX BOJH MOXET BapbUpOBaTh B 3aBUCUMOCTH OT dakropa 102 wim 120 nb.
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XoTs JaTYMK MOXKET pearupoBaTh Ha TAKHUE SKCTPEeMalIbHbIe U3MEHEHUSI MHTCHCHUB-
HOCTHU, OOJILIIMHCTBO MOHUTOPOB WJIN AUCILIeeB UMEIOT 3(PMEKTUBHBIN AUAana3oH
Bcero 10° mnu 60 nb. Kaxnpiit u3 512x512 waun 512%640 nukcesneil MOXeT oToopa-
xkatb 2% uian 256 oTTeHKOB ceporo [3]. BobIIMHCTBO YIbTpa3ByKOBBIX allllapaToB
00pabaThIBAIOT U CXXUMAIOT yJIbTPa3BYKOBLIE JaHHBIE IJIS OTOOpaXKEeHUsSI Ha CTaH-
JapTHOM MoHuTOpe. [J1s1 MHTepIIpeTaluy CePOILIKaIbHOIO N300paxKeHuss Heo0X0-
JHUMO pacIio3HaBaThb HOPMAJIbHbIN XapaKTep dXOT€HHOCTU aHATOMMYECKUX CTPYK-
Typ. OTKJIOHEHUST OT OXUAAEMOIl 3XOT€HHOCTH YKa3bIBAalOT Ha M3MEHEHUE aHaTO-
MMU WK GU3NOJIOTUN UM MOTYT MPEACTABISATL CO00i apTedaKThI.

YnbTpa3sByKOBOE UCC/Ief0BaHUeE B peXXume gonnsepa

VY3MU B pexume J0MILIepa OCHOBAHO Ha (DM3MYECKOM IIPUHIIUIIC U3MEHEHUS Ya-
CTOTBI IPU OTPAXKEHUH 3BYKOBBIX BOJIH OT ABMKYIIErocss 00beKTa. OCHOBHOM ITPUH-
LIMIT pexXrMa AOMIUIepa 3aKJI04YaeTCsl B TOM, YTO 3BYKOBBIC BOJIHBI OIpeae/IeHHOMI
YacTOThI OYIYT CABUTAThCS WM U3MEHSIThCS B 3aBUCMMOCTHU OT HaIlpaBJICHUST IBH-
XKyLIerocsl 00beKTa 1 yrjiia MHCOHALIMU. DTOT (peHOMEH MO3BOJISIET OXapaKTepu30-
BaTh IBMKEHUE, Yallle BCEro KPOBU 110 KPOBEHOCHBIM COCYAaM, a TAKKE OIPEIEIUTh
BbIICJICHUE MOYU.

DddexT lonmiepa 3akiodyaeTcs B UBMEHEHUH YacTOTHI TTepeaBacMoli 3ByKOBOIT
BOJIHBI B 3aBUCHMOCTH OT CKOPOCTU 00bEKTa, Ha KOTOPBIil HallpaBjieHbl BOJHbLL. Eciu
00BbEKT HEMOABMXKEH OTHOCUTEJILHO IaTYMKa, TO BO3BpaTHAs 4acTOTa OyIeT paBHa Ie-
penaBaeMoii. Eciu oTpaxaroiiuii 00beKT ABUXKETCS B HAIPAaBICHUM K JaTYMKY, BO3-
BpaTHas yacToTa OyleT Bhille IepeaaBaeMoii. Eciiu oTpaxarolnii 00beKT IBMXKETCS
B HaIIpaBJICHWU OT JaTYMKa, BO3BpaTHAsI 4acTOTa OyIeT HIDKE IepemaBaeMoil. DTo
SIBJICHWE M3BECTHO KaK M3MEHEHME YaCTOTHI, MJIN ITOIIUICPOBCKUIA caBUT (puc. 2.18).

HenopaBuxHbi 06bekT: (F, — F) =0

O6bekT nuxeTcs K patunky: (F, —F.) >0

O6vekT gemxetca oT pgartymka: (F, — F;) <0

Puc. 2.18. 5pdekT Jonnnepa. FT — 310 yactota nepegaBaemoii BonHbl. Korga FT nonagaet Ha He-
MoABMKHbIA 0OBEKT, OHa paBHa YacToTe nonyyaemon BonHbl (FR). Mpu nonaganum FT Ha aBuxKy-
Lmnca o6bekT FR n3MeHAETCA 1 MOXET UMETb 6osiee BbICOKYHO NN HU3KYIO YacToTy
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6 =90°

6=0° KpoBeHocHbI cocyn,
Ocb patuvka

Puc. 2.19. MakcumanbHoe M3MeHeHMe YacToTbl

onpepenseTca Npv yCTaHOBKe AaTumka nmapan-

nenbHO Hanpas/eHwio ABMKeHKA (a). Mpwn ycTa-

HOBKe pJaTuvka nepneHAuKynApHO Hanpasne-

HUIO OBVIXKEHMA M3MEHEHME YacToTbl He UKCK-
pyetcs (6)

S
%s
-
Foi0 O

2xF_ xvxcos@
AF=(FR—FT)=—C

Puc. 2.20. Yron nHcoHauun. PaccuntaHHas cKo-
pocTb obbekTa Npw MCMonb3oBaHUM SdpdeKTa
Jonnnepa 3aBucut or yra pgatuvka (0), roe
AF — yvacToTa cfiBura; v — CKOpOCTb 0ObeKTa
MO OTHOLUEHMIO K AAaTUMKY; C — CKOPOCTb pac-
NpoCTpaHeHUs 3ByKa B TKaHAX. Ecim ocb AaTunka
yCTaHOB/IeHa MepreHAVKYNIAPHO HarpasieHWio
notoka (90°), To yron nHcoHauwuu 0 coctasnset 0.
Ha ocHoBaHuu dopmynbl Ana spdekTa Jonnnepa
M3MeHeHMe YacToTbl cOCTaBUT 0 (C M3MeHeHAMN
n3 Radiographics, 1991.Vol. 11.P. 109-119)

AF=0,0

WM3MeHeHne 4YacTOThI IepenaBaec-
MOIi BOJIHBI TaKXe€ 3aBUCHUT OT yIJia
JaTYMKA TI0 OTHOIIEHUIO K JABUKYIIE-
Mycs 00beKTy. MakcuMallbHOE U3Me-
HEHMe 4YacTOThl HaOIIomaeTcs TIpu
OpUEHTAllMK AaTYUKa BIOJTb OCU JIBU-
XKeHust oobekTa. Takum obpazom, 13-
MEHEHHE YaCTOThl CTAHOBUTCS MaKCH-
MaJIbHbIM TMPU OPHMEHTALMKM daTYMKa
napajuieJIlbHO HamnpaB/eHUIO IBUXE-
Hust (yroa 6 = 0°). Hanpotus, npu
OpUEHTALUMU JaTyuka MepHeHINKY-
JIIPHO HampaBJeHUIO IBUXKEHMUS (YToJl
0 = 90°) uIBMeHeHMe YacTOThI HE OTpe-
nensiercst (puc. 2.19).

B cBs3u ¢ 3TUM TOYHOE ompene-
JICHHE€ CKOPOCTH KPOBOTOKAa 3aBHCHUT
OT yIJIa MHCOHAILIMU MEXIY TaTYNKOM
M OCBIO IBIKeHUS 00beKTa (puc. 2.20).

Peoxcum ysemnoii donnaepoepaguu
TO3BOJISIET OLICHUTH CKOPOCTh M Ha-
mpaBjieHUE OBIDKeHHE oObekTa. s
OLICHKM HAIIPaBJICHUSI MOXHO WC-
MOJIb30BaTh IIBETOBYIO KapTy. Hawm-
OoJylee yacrtasi IIBETOBas KapTa OTO-
OpaxkaeT IBVXKEHUE OT JaT4uKa roJry-
OBIM, a K TaTYNKY — KPACHBIM I[BETOM
(puc. 2.21).

CKOpOCTb IBUXKEHUS OINpenesisi-
eTcsl TI0 MHTEHCUBHOCTH 1IBeTa. Yem
BBIILIE CKOPOCTh, TEM sipye LBeT. Pe-
JKUM LIBETHOM pornrmieporpaduu uc-
MOJB3YIOT UISI OLEHKM KPOBOTOKA
B TIOYKaX, SIMYKE, IMOJOBOM 4YJIEHE
u TT2K. OH Takke MO3BOJISIET OMNpeae-
JIUTh BBIOPOC MOYM U3 YCThsSl MOYETOYU-
HUKOB. [Iis1 TOYHOro OTOOpaxkKeHUs
XapaKTepUCTUK MOTOKA CJIeAyeT yie-
JISTh BHUMaHWE OpUEHTAllMM JaTYMKa
10 OTHOIIEHUIO K IBIKYIIIEMYCSI 00b-

ekTy. B O0JbIIMHCTBE CllydaeB yrojl MexXmy JaTYMKOM M HaIlpaBJICHUEM IBUKCHMUS

JIOJDKEH cocTaBiATh 60° 1 Huxke (puc. 2.22).

ITpu HeBo3MOXHOCTH H0OUTHCS yria 60° 1 MeHee IMyTeM OTKJIOHEHMS JaTdyrKa
MOXHO aBTOMATUYECKM HAKJIIOHUTh YJIbTPA3BYKOBOI JIyd ISl CO30AHUSI HEOOXOMM-

Mmoro yria 0 (puc. 2.23).
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Puc. 2.21. Ha n3o6paxeHnn nokasaHo ABMKEHME KPOBU Yepes 13rnbatoLLytocsa yyeByto ap-

Tepuio 13 Toukn A B Touky C. HanpaBneHuve KpoBOTOKa K AaTuurKy (A) oTobpaxaeTca KpacHbIM

LBeToM. KpOBOTOK B CpefiHelt yacTu cocyna (B) nepneHAVKynapeH ocu fatumka 1 He co3gaet

a¢ddekTa lonnnepa, NO3TOMY OH He OTOOParKkaeTcA LIBETOM, XOTA CKOPOCTb Y MHTEHCMBHOCTb

KPOBOTOKa OAMHAKOBbI BO BCceM cocyfe. KpoBOTOK B HanpasneHuu ot gatumka (C) otobparka-
€TCA CUHUM LiBETOM

B pexcume snepeemuueckoii donnane-
poepaguu 1IBETOBAsT KapTa OTpaxkaeT aM-
IUTATYAY U3MeHeHUs 9acToThl. OH He T10-

3BOJISIET OLIEHUTh CKOPOCTb WJIM HAIPaB- A
JIeHue KpOBOTOKA, HO B MEHbIIIEH CTe- —60° )
MEHU 3aBUCUT OT 0OPATHOTO paccesiHUs 0 2 KpoBeHOCHbI
SHepruu. B cBsi3u ¢ 9TUM pexXuM sHepre- cocyA

TUYECKON morruieporpad®uy MeHbllle 3a-

BUCUT OT yIJIa, YeM LIBETHAs JOMIUIEPO-

rpadusi, 1 06J1a1aeT GONBIICH YYBCTBH - Puc. 2.22. [Ins 6onee TOYHOIO pacyeTa CKOPOCTY

TEIBHOCTBIO B OINPENETCHUN KPOBO- OBVXKEHWA Yyron Hak/ioHa AaTylrKa AOoXKeH CoCTaB-
NATb <60° NO OTHOLLIEHNN K NMOTOKY XUAKOCTU

ToKa [4].

Korna 3BykoBast BojiHa MonanaeT Ha 00beKT BHYTPU OpraHU3Ma, OHa IpeTepIie-
BaeT psi U3MEHEHUI, BKJII0Yas U3MEHEHMEe YaCTOThl U aMILUTUTYIbI (puc. 2.24).

B To BpeMs Kak pexXuM LIBETHOI JoNIieporpacdum mo3BoJIsieT Ipeodpa3oBaTh
M3MEHEHME YaCTOThI B LIBETOBYIO KapTy, PEXKUM dHEPreTUYeCKOl NomIieporpa-
¢duu 1peodpa3oBbIBAET B IIBETOBYIO KapTy U3MEHEHUSI MHTETPUPOBAHHOM aM-
MAUTYIBI (M1 MOIITHOCTH ). C ero MOMOIIbIO HU3KUN YPOBEHB 00PaTHOI'O pacce-
SIHUSI Ipeo0pa3yeTcs B LIBET, KOTOPHI HE BhIIESIETCS sIPKO Ha IIBETOBOI KapTe,
MO3BOJIsISl YBEJIUIUTDH YCUJICHHUE 0e3 CO3MaHMsI IIOMEX OT OOPATHOTO PacCesTHUS
sHepruu (puc. 2.25). Pexxum sHepretudeckoi mormrmieporpadumn 0oyiee 4yB-
CTBUTEJICH B OTIPEACIICHNN HU3KOCKOPOCTHOTO KPOBOTOKA, YeM PEXKIM IIBETHOM
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Puc. 2.23. OTKNOHeHre ynbTPa3ByKOBOrO Jyya: @ — Yrofl UHCOHaLMW COCTaBnAeT 75° (KenTbin

Kpyr) 1 He Mo3BOMIAET TOUHO ONpPefesuTb CKOPOCTb KPOBOTOKA. ITO CBA3AHO C NepreHAnKynap-

HbIM MONIOXEHNEM [laTuMKa MO OTHOLLEHUIO K cocyAly; 6 — OTKMOHeHMe nyya 6e3 3meHeHns no-

NOXEHWA AaTurKa C YoM MHCOHaLmM 55° (kenTbil Kpyr). [Npun Takom yrie pacyeT CKOpoCTW Kpo-
BOTOKa 6oiee TOUHbIN

AmMnnutyga
B amnnutyge

PasHuua

Pas3Huua B 4actote

Bpewmsi

Puc. 2.24. O6paTHOe paccesiHVe onpepenseT-

€A Kak KOMOMHALMSA N3MEHEHWIA YaCTOTbI U aM-

NANTYAbl, KOTOPble BO3HNKAIOT B OTPAXEHHOM
3BYKOBOW BOJTHE NEPBUNYHON YaCTOTbI

nonreporpaguu [4]. B psane ciydaen
LIBETOBAsl KapTa B PEXMME DHEpreTuye-
ckoit nomieporpadun (IMOCKOJBKY OHa
HaKJIaJbIBaeTCsl Ha M300paxkeHue B ce-
POIIKAJIbHOM PEXMME) MOXKET ObITh Ha-
CTOJIBKO SIPKOIi, YTO CKPbhIBA€T aHATOMU-
YEeCKylo KapTUHy (cM. puc. 2.25, 6). Pa3-
pabortaH psa MoaudUKaLMil CTaHIapT-
HOIO peXuMa dHEPreTUYeCKOoi JOIIIe-
porpauu (Tak Ha3bIBacMBbIli Hampas-
JIEHHBII TOIILIEp, WIK JOMIUIEP C BHICO-
KUM pa3pelleHneM) ¢ LeJIblo IIpeogoie-
HUS 3TOoro ¢eHoMeHa U J00aBIeHUS

BO3MOXHOCTU OTOOpaXaTh HAMpaBJIEHHbI KPOBOTOK IMyTeM KOMOWHALIMU psina
acreKTOB pexXrUMa LIBETHOW U 9HEPTETUIECKOM gonTuieporpaduu.
WNnrerpupoBanHas aMmintyna (MOITHOCTb) JOTITIJIEPOBCKOTO CUTHAIA OTpe/e-
JIgeT SIpKOCTh 1iBeTa. [10CKOIbKY B CTaHAAPTHOM PEXMME IHEPTeTUUECKOM JOTITIIe-
porpacduu He OlleHMBAETCS U3MEHEHWE YaCcTOThI, HAIIPaBJIeHUE U CKOPOCTH MO-

TOKA KNIKOCTU HC 0TO6pa)KaIOTCH .
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Puc. 2.25. B pexnme sHepreTnyeckor gonnaeporpadum NMHTEHCMBHOCTb LiBETA CBA3AHa C U3Me-

HeHnem aMnauTyAbl (CUnbl), @ He C U3MeHeHneM YacToTbl (a). MNouka B carMTTanbHOWM NPoeKuumn

B PEXMME SHepreTnyeckon gonnneporpadum (6). ObpaTnTe BHMMaHMe, YTO LIBETOBAA KapTa, Npes-

CTaBfleHHan CrpaBa CBepxy, He MMeeT MacluTaba, MOCKOsbKY B CTaHLAPTHOM peXxrme CKOpOCTb

KPOBOTOKa He 0TOBpa<aeTcsa KonmyecTBeHHO. Takxe cnefyeT OTMETUTb, UTO 0ToGpaKaemas 30Ha
KPOBOTOKa HaMHOro 60oJiblle Mo pa3mepy, YeM cocyabl

Pexcum ysemnoit donnaepoepagpuu co cnekmpatbHbiM U300paxcenuem TPeaCTaBIsIeT
co00if pexkruM, B KOTOPOM OJHOBPEMEHHO OTOOpaxkaeTcsl LIBETHOE M300paxkeHHe
U IMOTOK XXMIKOCTU B BUJIE€ BOJHBI B IMCKPETHOM 30HE 3a11poca. DTOT PEXKUM YaCcTO UC-
MOJIB3YIOT IS OLIEHKM XapaKTepa M CKOPOCTH KPOBOTOKA B MOYKeE U snuKe (puc. 2.26).

Puc. 2.26. JlyueBas apTepus B CepoLLKasIbHOM PeXrMe C HalloXeHMeM LiIBETOBOIO KapTypOBaHUA:
A — BopoOTa Aonniepa yCTaHOBJEHbI Haf, COCYAOM UHTepeca. Vx pacnonoxeHue 1 pasmep BbIOU-
patoT TakMm 06pa3om, UToObl OHV MOKPBIBaNV OKONo 75% npocBeTa cocyaa; B — yron nHcoHaumm
NoKa3aH C MOMOLLbIO MOMETKM OpueHTauumn cocyaa Kypcopom; C — Ha cnekTpanbHOM gucnnee
npeacTaB/ieHO KOMYECTBEHHOE onpefeneHne CKopoCTM KPOBOTOKa B cocye
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CnexmpanbHble 604HbI TAIOT WHMOPMALIUIO 110 TepruhepUdecKOM COCYIUCTOMY
COIIPOTUBJICHUIO B TKaHsIX. Yallle BCEro UCIOJIb3YETCs TAKOM I0Ka3aTe/Ib CKOPOCTH,
Kak pe3uctuBHbIN nHAekc (PN) (puc. 2.27).

Puic. 2.27. Pe3UCTVBHbBIN UHAEKC PaBEH OTHOLLEHUIO PAa3HOCTU MUKOBOW cucTonunyeckom (A) n Ko-
HEeUYHO-AMNACTONINYECKON CKOPOCTY (B) K MMKOBOW CUCTONMYECKON ckopocTu (A)

PU paccuuThiBalOT Mpu AMAarHOCTUKE Pa3IMYHbBIX MAaTOJOTUI, BKIIIOUask CTEHO3
MOYEeYHO! apTepu, TPOMOO3 MOUYEUHOM BEHBI U OOCTPYKIIMIO MoueTouHuKa. [l1o-
CKOJIBKY CKOPOCTh MpEeACTaBlIeHa Ha OCU CcKajiepa, HeOOXOOMMO YCTAaHOBUTH IIpa-
BUJIBHBIE TIpeNie]ibl, YTOOBI He co3/aBaTh apTeakThl. B ¢BA3M ¢ 3TUM HEOOXOAUMO
3HATh OXKUIAEMYIO0 CKOPOCTb KPOBOTOKA B COCYIAX, M3y4aeMbIX YPOJIOTroM (Tad. 2.2).
Knunnueckoe nmpumeHenune PU ommicaHo B MOCIEeAyIONINX IIaBax.

Ta6n|n|.|a 2.2, Oxnpgaemas CKOPOCTb KPOBOTOKa B COCyAax, OLeHMBaAEMbIX ypPOJsiorom

Cocyn CkopocTb
[TeHuabHag apTepus >35 cM/c (Tocyie BBeIeHNSI Ba30AMIaTaTopoB) | 5]
[Moueunas apTepust <100 cMm/c [6]
KancynsgpHast apTeprsi MOLLIOHKA 5—14 cm/c [7]

ITpumeuanue. MsMepseMast CKOPOCTb 3aBUCUT OT Pa3IUYHBIX (DU3UONOTMYECKUX M AHATOMUYECKHX (haK-
TOpPOB.

ApTedaKTbl B pexxume gonnaepa

ApredakT MeplaHus TOSIBJSETCS TPU MOMafaHuM YJIbTPa3BYKOBOM BOJHBI
Ha MOBEPXHOCTb, KOTOPAasi OTpaxaeT IHepTrio. B Takux pexxumax, Kak sHepreTuue-
cKasl U 1IBeTHas1 Aonruieporpadusi, 5T0 MOXET MPUBOINUTD K UCKAXKEHUIO BO3BPAT-
HOIi BOJIHBI, CO3/1aBast KAPTUHY IBUKEHMSI AUCTaIbHEe moBepxHocTH. [Tomyyaemblii
JOTITIIEPOBCKUIA CUTHAJ BBIMJISIIAT KaK aKyCcTU4eckasi TeHb pa3InYHON MHTEHCUB-
HOCTHU Y HaTpaBJICHUSI U Ha3bIBaeTcsl apTeakToM MeplaHusi. XOTsl OH MOXET Ha-
OJII0aThCsl B PA3IMYHBIX KIMHUYECKUX CUTYyalMsIX (HarpuMep, Mpu NomnajiaHun
VJBTPa3BYKOBBIX BOJH Ha 6ajioH Katetepa DoJiess B MOYEBOM TTy3bIpe), HAUOOJIb-
1Iee 3HaYeHNEe OH MMeeT B OLIeHKE TUTIEPIXOTEHHBIX CTPYKTYP B mouke. KaMHu ya-
cTo maroT apredakT MepuaHus (puc. 2.28) B oTaIUYME OT AYrooOpa3HBIX COCYI0B
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Puc. 2.28. ApTedakT MepLaHUs: a — KaMeHb B MOYEBOM My3blpe C aKyCTUUYECKOW TEHbIO B CEPOLL-
KaNlbHOM peXume; 6 — apTedakT MepLiaHus, CBA3aHHbI C KAMHEM, B PeXXME LiBETHON AONMepo-
rpadun. ina ycuneHus aptedakta HEOOXOANMO YCTaHOBUTb GOKYCHYIO 30HY AUCTallbHee KaMHsi

U IPYTUX TUIIEPIXOTEHHBIX CTPYKTYpP B Mouke. He Bce KaabLM@UKaThl CO3MaI0T ap-
TedakT MepliaHusi, HO OH MOXeT Ha0II0AaThCs IIPU KalbIM(prKaTax ITOYCYHOM ap-
TepUU U BHYTPU OMYXOJIM UM KUCTHI, a TaKKe B aMUIoMIHbIX Teablax B [T2K [5].
Hanoxcenue — 310 apTedakT, KOTOPHIA BOBHMKAET, KOIIa 4acToTa 3aIipoca Co-
ObITUs (ompenessieMasl YaCTOTOM MOBTOPEHMSI MMITYJIbCa) HEAOCTATOYHA IJISI €ro
TOYHOTO Bocmpou3sBeneHus. [lpu 3ampoce ¢ HeperyIsipHbIMU MHTEPBaJIaMU OTO-
OpakaeTcs TOJbKO 4acTb cOObITUS. HaloxxeHne TogBisieTcsl B TeX ciydasx, Koraa
yacToTa 3alpoca MEHbIIIe YIBOCHHOTO CABUIa YaCTOTHI AomIuiepa (puc. 2.29).

Yacrora 3anpoca
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Puc. 2.29. HanoxeHue. Ha prcyHKke, Ha KOTOPOM CMHycoraa — 3To cobbiTue, dopmMupytoLieecs
B peXXMMe peasibHOro BPeMeHU, a BepPTMKaJIbHble CTPENKY B BEPXHEN YacTy IKpaHa NpeacTaBsis-
10T OO0 YaCTOTY 3aMnpocCa, BUAHO, YTO YaCTbli 3aMpoC JaeT TOYHOE BOCNPOU3BEAEHME COOBITMS.
TouHoe onucaHue ynbTPa3BYKOBOIro COObITYS JOMIKHO COOTBETCTBOBATD YC/IOBMIO, U3BECTHOMY Kak
npegen Haiiksucta: fs >2b, rge fs — uactoTa grckpetnsaumm, a 2b — mMakcMmanbHas yacToTa rno-
ne3Horo curHana. MeHblLuas yacToTa AUCKpeTM3auuy (Cnpasa) MPUBOAUT K HEMPABUIIbHOW NHTEP-
npeTauum cobbiTus (Anarpamma B3nTa 13 Diagnostic Ultrasound, 3rd Ed., Figs. 1-40. P. 33)
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HopMmanbHblii TaMUHAPHBII OHOHAIIPABJICHHbII KPOBOTOK IIPU LIBETHOM Kap-
TUPOBAHUU OTOOpaKaeTcsl OMHUM LIBEeTOM. B pexkume crieKTpaabHO Jomieporpa-
¢buu onpenesnsieTcs: moaHas BoiaHa (puc. 2.30). Bo BpeMsi CKaHUPOBaHMS B pEXUMeE
LIBETHOM JoIIieporpaduu HaJloXeHHUe 4Yallle BCEro BBILJISIIUT KaK IICeBIOTYPOY-
JICHTHOCTb 1 U3BMEHEHUE HaIlpaBJIeHUsI KpOBOTOKA B cocyle. B pexkume criekrpaib-
HOW ponruieporpaduu peHOMeH HaJIoXKeHUsI HAOII0JaeTCs MPU YKOPOUYSHUU TT1-
KoBoii cuctonnueckoit ckopoctu (ITCC) Huke ncxomHoro ypoBHs (puc. 2.31). ns
YMEHbIIIEHUSI 3TOTr0 apTedakTa HeOOXOOMMO CHU3UTh YACTOTY MaJarolieil 3ByKO-
BOI1 BOJTHBI, YBEJIUUUTH YTOJI MHCOHAIINM (0) MJIM YacTOTY ITOBTOPEHMS UMITYJILCOB.

Puc. 2.30. CneKTpaanaﬂ ,qonnneporpad)ma: a — Npu UBETHOM KapTUpOBaHUK CO CNeKTpPaJibHbIM
AHANIM30M KPOBOTOK BbIMAANT OAHOHaNpaBJIEHHbIM; 6— CI'IeKTpaHbeII?I aHaJin3 Nno3BONAET TOY-
HO 0TO6pa3VITb KPOBOTOK

Puc. 2.31. Ha n3o6paxeHunn B pexrme LBETHOW fonnieporpadun co CnekTpanbHbIM MOTOKOM Ha-

NOXKeHWe onpefensaeTca no BUAMMbIM U3MEHEHUAM B CKOPOCTU 1 HanpaB/ieHUN LIBETOBOTO Kap-

TUPOBAHNA, COOTBETCTBYIOLMM cocyay (a). HanoxeHue cnekTpanbHOW BOSIHbI BbIFIAAUT Kak YKO-
poyeHrie MMKOBOW CUCTONMYECKOW CKOpOCTH (6) C MpoeKumMen NKa HUXe NCXOQHOTO YPOBHS (B)
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CKaHupoBaHue B pexmme TKaHeBOM rAPpMOHUKUN

CkaHUpOBaHMUE B pPeXMMe TKAaHEBO rapMOHUKHU ITO3BOJISIET MCITOJIB30BaTh OT-
KJIOHEHUSI, CBSI3aHHbIE C HEJIMHEMHBIM PaCIpOCTPpaHEHUEM 3ByKOBOI BOJIHBI B TKA-
HIX. HecuMMeTpUYHO pacrpoCTpaHsIIONINECs BOJHBI CO3/Ial0T MEHbIIIE TApDMOHUK,
HO OHM MMEIOT 00Jiee BHICOKYIO aMILIUTYydy (puc. 2.32).

ITockonbKy TH TApPMOHUKHU peke TTOABEPTaroTCsT paCCeSTHUIO, CBI3aHHOMY C T1a-
JaloIel BOJIHOM, OTpakKeHHBII CUTHAJ MMeeT MeHbIe myma. [lyreM ceieKTuBHOTO
OTOOpPaKEHMSI TADMOHMUYECKUX YaCTOT, KOTOPbIe BOBHUKAIOT B TeJie MallMeHTa 1 BO3-
BpalIaloTCs K NaTYMKY, MOXKHO TTOJIYUYUTh M300paXkeHWe ¢ MEHBIIUM YMCIIOM apTe-
¢axToB 1 00Jiee BLICOKMM pa3pelieHueM.

IIpocmpancmeennoe cmewuganue TPENCTABISIET COOON PEXMM CKaHUPOBAaHUS,
IIpY KOTOPOM TIOCJIEOBATEIbHO aBTOMAaTUYECKU M3MEHSIETCs HaIlpaBJIeHUe MHCO-
HALMK JUIS CO3IaHUS CJIIOXKHOI0 U300paxeHus. JJaHHbIA PeXUM 03BOJISIET YMEHb-
IIUTh KOJIMYECTBO apTe(akToB U IIYMOB U YIYYIIUTh KaueCTBO M300paxeHus [6]
(puc. 2.33).

TpexmepHoe ckanupogaHue TIO3BOJISIET CO3/IaTh Psii M300pakeHUi (HAOboOp maH-
HbBIX), KOTOPBIMM 3aT€M MOXHO YIPABJSATH IJISI CO3MaHUS JOMOJTHUTEIbHBIX M30-
OpaxkeHUi1 oTpeeIeHHOM aHATOMMYECKO 30HBL. TpexMepHOe TOCTPOSHNE NCITOh-
3YIOT [J1s TIJITaHMPOBaHUSI BMelIaTeIbCTBA U TOYHOTO ompeneieHus: oobema [7]. OHo
IIO3BOJISIET OLIEHUTh HEKOTOPbIE XapaKTePUCTUKU TKaHEil, KOTOpble He BU3YaIU3K-
PYIOTCSI B IByXMEPHOM pexxume [8].

JlnHenHoe pacnpocTpaHeHue
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Puc. 2.32. HennHenHoe pacnpocTpaHeHue 3Byko-  Puc. 2.33. TexHOnorma npocTpaHCTBEH-
BbIX BOJIH B TKaHAX NMPUBOAUT K MEHbLUEMY UACITYy  HOTO CMeLMBaHWA MO3BONAET Co3fja-
rapMOHUK, MMeLMX 6onee BbICOKYIO SHEPTMO,  BaTb KOMMO3UTHOE M306pakeHue nyTem
KOTOpble MOXHO CENeKTVBHO OLieHMBaTb B BO3-  KOMOMHAUWMWM [OaHHbIX M3 HECKONbKUX
BpaLLAoLWMXCA SXOCUrHanax YrNIOB CKaHMPOBaHWA, CO3aBaeMbIX My-

TeM aBTOMaTUYECKOro OTKJIOHEHUA lyya.

Monyuyaemoe nsobpakeHe nveet 6onee

BbICOKOE pa3pelleHnie C MeHbLUM YmnC-

nom apTedakToB
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KoHTpacTHble npenapaTtbl ANA YbTPa3ByKOBOro
nuccnefoBaHUA

Hnsa ycuiteHrsI 5XOTeHHOCTH KPOBY M TKaHE# MCITOIb3YIOT BHYTPUBEHHEIC TIpe-
maparbl, conepXaliie MUKpOTy3blpbkin. OHU pacTtipenessiioTcsl B COCYAUCTON CU-
cTeMe U TIpU pa3pylleHU! yJIbTPa3ByKOBBIMU BOJIHAMU CO3MAIOT CHJIBHBIE 9XOTeHU
C TapMOHUKOM. MUKPOMY3bIpbKU OBICTPO Pa3pyIIalOTCs MO/ BO3IECTBUEM YIIbTpa-
3BYKOBBIX BOJIH. 7151 yMEHBIIIEHUs UX Pa3pylIeHUs pEKOMEHIYETCST MCITOIb30BaTh
HACTPOWKHU ¢ HU3KUM MEXaHWIECKUM MHAEeKCOM (cM. miaBy 4). KoHTpacTHBIE TIpe-
napaThl MCcIoNb3yIoT Tipu Y3U TTK 1151 60J1ee TOYHOTO OrpenesiecHUs 30HBI TTOBBI-
IIeHHOTO KpoBoToka [9]. [IprMeHeHre BHYTPUMBEHHBIX KOHTPACTHBIX MpernapaToB
OCTaeTCs MCCIEeN0BAaTEIbCKUM METOAOM, XOTS IMOJIYYEeHBI MePCIEKTUBHbBIC PE3YJIb-
TaThl B PA3TUYHBIX KIMHUYECKUX CUTYaLHSIX.

TexnHomorus paspymenusi/3anonnenus (flash replenishment) ocHoBaHa Ha yiib-
TPa3BYKOBBIX UMITYJIbCAX C BHICOKMM MEXaHMYECKUM WHIEKCOM ISl pa3pylleHUs
MUKPOITY3bIPDbKOB B 30HE MHTEPECA C LIEJbIO OLIEHKW HEOBACKYJISIPU3AIIMU B TKAHSIX,
KOTOpasl 4acTo HaOJI0AAaeTCsl IMPHU 3710KAUECTBEHHBIX OIMYXOJSIX U MOXKET CIYKUTh
B KauecTBe opueHTupa Tipu ouonicuu 12K [13]. Bo3aMOXHOCTb omnmpeaeanTb UH-
TEHCHUBHBII KPOBOTOK 0€3 MCITOJIb30BaHUSI TOKCUMYHBIX KOHTPACTHBIX IpernapaToB
VIV UOHM3UPYIOLIETO MU3nydeHUus1 aeiaer Y3U ¢ KOHTpacTHBIM YCUJIEHUEM Tiep-
CIEKTUBHBIM METOJIOM IMATHOCTUKU B YPOJIOTHU.

CnucokK antepartypbl
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