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PA3[IEN 1.
3HAKOMCTBO C YJIbTPA3BYKOM

HecmoTpst Ha TO 4TO yJAbTpPa3BYyK COBCEM HEIaBHO Hayall BHeE-
NPSATBCSI B @aHECTE3UOJOTUYECKYIO MTPAKTUKY, €r0 MPUMEHEHUE B
JIeueOHOM TIpoliecce U HayYHBIX MCCIIeIOBaHUSIX 3aBO€BbIBAET BCE
0O0JIbILYIO TTONYJSIpHOCTDL. Mcrnonb3oBaHMe yIbTPa3ByKOBBIX METO-
UK MpU KaTeTepus3allMy LEeHTPaJbHbIX BEH U BO BpeMs MPOBO-
JMHUKOBBIX 0JI0KAI SIBJISIETCS OTACIBHOM COCTaBIISIONICI 0OyUeHUST
AHECTE3MO0JI0TOB U, OJTHOBPEMEHHO, CTUMYJIOM TEXHUYECKOTO
COBEPIIEHCTBOBAHUS BeAyIIMX TNpousBoauTeseil. OCHOBHON’
LIEJIbI0 BHEAPEHUS YIbTPa3ByKa B aHECTE3MOJIOTUUECKYIO MPaKTH-
Ky TpaaIULIMOHHO OBLJIO MOBBILIEHNE 0€30MMaCHOCTH TTallMeHTa 1
9 hEKTUBHOCTU MHBAa3UBHBIX MAaHUITYJISILMIA. M XOTS Bce aHecTe-
31MOJIOTA OCBEIOMJIEHBI O TTpoOIeMax, CBI3aHHBIX C KaTeTepu3a-
el MeHTPaIbHBIX BeH M IIPOBOJHUKOBOI aHecTe3nelt (0CIoXK-
HEHUSI U Heylauu), JaJeKo He BCeraa BO3ZHHMKAET XKeJaHUe WU
€CTh BO3MOXKHOCTb pa300paThCsl U OTPad0TaTh HABBIKU B MPUHIIU-
MUaJbHO UHOM 00JIaCTU MEIULIMHBI.

IIpy 3TOM MOBEPXHOCTHOE OBJAJAEHUE METOJOM COTJIACHO
AHIJIMCKOM IOrOBOPKE «pa3 yBUIEI, pa3 Ccaejajl, pa3 HayuyuI» B
IIaHHOM ciiydyae HepomnmycTuMmo. OOydeHue yabTpa3ByKOBOM accu-
CTEHIIMM ITOJKHO BKJIIOYATh MOAPOOHOE 1 MOCIeA0BaTeIbHOE pac-
cMOTpeHUue (PU3MIECKUX OCHOB YJIbTpa3ByKa ¢ MOCeAyIolIel oTpa-
0OOTKOI1 HaBBIKOB Iepe/l HauaJoM MCITOJIb30BaHUS B KIMHUYECKUX
yciaoBusix. MMeHHO MOHMMaHuEe CYTU METOAMKM COBMECTHO C
npeacTaBJeHUeM KIMHUYECKOW CUTyalluu, HeXeJr MPOoCToe
HUCIOJIHEHUE Habopa MHCTPYKLMIA 1 aBTOMATUYECKOE BHITIOJIHEHUE
MEXaHUYECKUX OEUCTBUI, NAET BO3MOXHOCTb IIOJHOCTbBIO pac-
KDBITh ITIPEUMYILIECTBA YJIbTPA3BYKOBOM aCCUCTEHLIUU.

ITono6HoO 11060My HAUMHAHUIO, TPUOOPETEHUE HABBIKOB YJIb-
TPa3BYKOBOTO CKAHUPOBAHMUSI COTIPSIKEHO C ONpPeeSIeHHBIMU TPY/I-
HOCTSIMM Kak JIs1 MOJIOJIOTO, TaK M JJ1s1 ONIBITHOTO aHECTEe3U0JIoTa.
HecoMHeHHbIe TperMylecTBa M YHUKAIbHbIE IEPCIIEKTUBBI ITPE-
CTaBJISIET YJbTPa3BYKOBasi aCCUCTEHIIMSI, HE OrpaHUYUBAIOIINECS
BU3yaJIM3allMe aHATOMMYECKUX OCOOEHHOCTEN, HAOMI0AeHEM 3a
MPOJBUXEHUEM MUIJIbl B TKAHSIX U PACIPOCTPAHEHUEM BBOJAUMOTO
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pactBopa. OTHOBPEMEHHO C PA3BUTUEM MEIMIIMHBI PACTYT U OXKU-
JTAaHW$ TIAllMEHTOB, TPEOOBAHUSI XMPYPrOB U PYKOBOJCTBA Jieueo-
HBIX YUpexXaeHUH. YToOb MaKCUMaIbHO 006€30ITacuTh MPOBEICHUE
WHBA3UBHBIX MPOLIETYP, MOTHOCTHIO ONPABAATh JOBEPUE MAlIUECH-
TOB, AaHECTE3MOJIOTY, MTO3HAIOIIEMY YJIbTPa3BYK, MOTpedyeTcs nepe-
CMOTpPETh 00JIaCTh CBOMX KJIMHUYECKUX UHTEPECOB, KPUTUYECKHU
OTHECTUCH K HEOOXOIMMBIM JIJIS 3TOTO HaBBIKAM.

B cnenytomieit riaaBe mpencTtaBiaeHbl (U3NUECKUE OCHOBBI
yAbTPA3BYKOBOU BU3yanu3alUu [IJIsl Bpaueid, XKeJalluX UCHOob-
30BaTh METOJI B TOBCENHEBHOW KIIMHUYECKOW MpakTrke. O0benu-
HEHME OCHOBHBIX BO3MOXHOCTEH yJIbTPa3ByKOBOTO 000PY10BAHUS
C TIOCJIEAHUMU TEXHUYECKUMU JOCTVXKEHUSIMU B 00JIaCTH HAaBUTa-
LIMY UTJI TO3BOJISIET YCKOPUTh OCBOEHNE HEOOXOIUMBbIX MAHUITY-
JuMid y moctenu 6opHOro. JlaHHOE pyKOBOACTBO — JIUIIb (PYyH-
JMAMEHT JUIs1 MOCJENYIOIEro CAMOCTOSITEIbHOTO U3YyYEeHUS METOoAa
4yepe3 KHUTH, XKyPHAJIbl, CEMUHAPDI.

b.A. Iloanapo

MMABA 1. ®U3NKA YIIbTPA3BYKA

YMeHue moaydyaThb, KOPpPEeKTUPOBATh U UHTEPIIPETUPOBATH
YJIbTPa3BYKOBOE U300pakeHue — 00s13aTeIbHOE YCJIOBUE 7151 BHE-
IPEeHUS METOoAa B KIMHUYECKYIO MPakTUKy. [1oaHOe ToHnMaHue
MeXaHM3Ma YJbTPa3BYKOBOIO CKAaHUPOBAHUS JOJKHO OBITH
MOCTUTHYTO Mepe] HayaJloM ero MCIOAb30BaHUs MPU BbIITOJIHE-
HUW WHBAa3UBHEIX Tpolienyp. HeBO3MOXHO TTepeiiTh K BBITIOTHE-
HUIO MaHUITYJISIIWN, He UMesT OIIYIIeHUST pa3HUIIBI MEXKIY TPEX-
MEpHOI aHaTOMMUE ucciaeayeMoro o0beKTa M JIBYXMEpPHOI
KapTUHOU yJIbTPa3ByKOBOI'0 M3o00paxkeHus. axe mpu MaKCcu-
MaJIbHO C3KaTOM ONMCAaHWM OCHOB YJIbTpa3ByKa, MHTEPIIPETUPO-
BaHHBIX C TTO3UIINN KJIIMHUYECKON MPaKTUKN, HAUMHAIOIIEMY CITe-
LIAAIUCTY OyIeT OYeHb HEMPOCTO pa300paThCsi B 3TOM BOIpPOCE C
YYETOM IMOCTOSIHHO TOIOJHSIOIIMXCS KOHLICTILIUA.

YnbTpa3ByKOBOW AaT4YUK — UCTOUHUK IHEPrUM
U 0CHOBA U3006paxeHus

Kaxmpiii yIbTpa3ByKOBOM OTaTYMK OOJKEH M3JIy4aTh dHEp-
TUI0, CIIOCOOHYIO MPU MPUITOXKEHUU €ro K TOBEPXHOCTU KOXU
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0e301acHO MPOHMUKATh B TKAHU, 1 UMETh BO3MOXHOCTb IIPUHU-
MaTh OOpPAaTHO OTPaX€HHYIO TKaHSIMU dHepruto. ng oOpa3zoBa-
HUS yIBTPA3BYKOBBIX BOJIH JIEKTPUYSCKUN TOK MOJKEH BO3ACH-
CTBOBATh Ha KPUCTAAIMYECKUI 3JIEMEHT, PacIOJOXEHHBIN Y
MOBEPXHOCTHU naTuuka. [Iporcxoaut nmpeoOpa3zoBaHUe 3JIEKTPH-
YEeCKOTO 3apsiia B MeXaHW4YeCcKyIo (YJIbTPa3ByKOBYIO) SHEPTUIO,
KOTOpas mepeaaeTcsl TKaHSIM ¢ BBICOKOM (Merarepiibl) 4acTOTOM.
O6pa3zyoluecs yabTpa3ByKOBbIe BOJHBI PACIIPOCTPAHSIIOTCS B
TKaHSIX KaK IyJIbCUPYIOIINEe TTPOAOJIbHBIE MeXaHNIECKHE KOoJie-
OaHMs Cpebl, 3apOXKIAIOIINECS B MECTE KOHTAKTa TpaHCIblocepa
C KOXEW.

TpaHcaplocep (MU HaTYMK) SIBSIETCS HAMboee TUMUTUPYIO-
LM KOMITOHEHTOM CHCTEeMbI, KaK JIJIsl TTOJIy4eHUsl YIbTPa3ByKO-
BOTO M300paXkeHUs, TaK W [JISI BU3YaJM3allMU BHITTOJTHSIEMOM
WHBa3UBHOI1 TIpolieaypbl. UMEeHHO OH oIpeaesieT XapaKTepuCTH-
KM U3JTydaeMoil, MpUHUMaeMoil 1 oOpabaThiBaeMoOIi JJ1s1 3pUTeb-
HOTO BOCHpUATUS dHepruu (puc. 1.1).

Puc. 1.1. CxematuyHoe u3006paKeHMe [daT4YMKA, TEHEPUPYIOLLEro M BOCMPU-
HUMALOLLIEro OTPAXKEHHYO TKAHAMMW HEPTUto
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I[ToHnMaHue NpUHLMIIA PabOTHl 3TOrO DJIEMEHTA SIBJSIETCS
MMEPBOCTENMEHHBIM, TaK KaK OIIMOKNA BBIOOpA HEOOXOIUMBIX
XapaKTEePUCTUK TPAHCILIOCEPA HEM30EKHO CKAXKYTCS HA KAUECTBE
MOJy4aeMOoro U300paxkxeHusl U, COOTBETCTBEHHO, MOBJIUSIIOT Ha
pe3yJIbTaT MAaHUITYJISILAMN.

Pa3spewwatowias cnoco6HoCTb

Hama cnoco6HOCTh BUIAETh B IIyOMHE, Ha PACCTOSSHUM OT
MECTa HEMOCPEICTBEHHOTO KOHTAKTA AATYMKA C KOXEW, 3aBUCUT
OT MOTEHILIMAJIBHOTO pa3pellIeHUs AJIs1 KaXKI0i uccienyeMoit oojia-
ctu. Pa3pemenne mpencrapisieT co00i 00beM TKaHEH, Yepe3 KOTO-
DPBIl MPOHUKAET U3TydyaeMasi JaTYNKOM PHEPTUsl U, OTpaxkasch,
BOCIIPMHUMAETCS 00paTHO CMOCOOHOI 00eCceYnuTh BO3MOXHOCTD
nuddepeHIMpoBaTh MOAEXKaIMe aHATOMUYECKHUE CTPYKTYPHI.
K coxaneHuto, y1bTpa3ByKoBasi dHEpIus, reHepupyemasi Kpu-
CTAJUIMYECKUM DJIEMEHTOM JaTyMKa, HAUMHAET MPOTPECCUBHO
3aTyXaTh IO Mepe MIPOHMKHOBEHUS B TKaHU. DTO (hDeHOMEH BHIITY-
IIEHHOU 1 «TTOTEPSIHHOM» (He BO3BPATUBILIEICST K TPAHCABIOCEPY)
SHEPIruY Ha3BaH ocjabieHreM (WIn 3aTyXaHUeM) YJIbTPa3ByKOBOM
SHEPIUur. DTO MPOUCXOAUT BCACACTBUE MOTIOIIECHUS, OTPaKEHUS,
paccerMBaHUs U MPEeJOMICHUS YAbTPa3BYKOBBIX BOJH (puc. 1.2).
CrernieHb oca0JIieHUsT BOJH TIPSIMO TPOTIOPLMOHAIbHA YacTOTe
FeHEepUPYeMOii DHEPIrUU U PaCCTOSIHUIO, KOTOPOE HEOOXOIUMO
MPEOOJIETh CUTHALY IO MHTEPECYIOIIE aHATOMUYECKOMN CTPYKTY-
pbl. @eHOMEH ocyiabJieHUsT YAbTPa3BYKOBBIX KOJIEOAHUN MOXKET
0Ka3aTh BJIMSIHME HA KAYECTBO BU3YAJIM3ALIMU UIN CO3[ATh JIOX-
HOE MpencTaBieHre 00 aHATOMUYECKMX B3aMMOOTHOILICHUSIX.

Bo3MoXHOCTH COBpeMEHHOI YJIbTpa3ByKOBOM ammapaTyphl
MO3BOJISIOT pa3indaTh CTPYKTYPbI, PACIIOJOXEHHbIE HA paCCTOS-
HUM MeHee | MuaaMMmeTpa Ipyr OT Apyra, Jaxe HeCMOTps Ha
abdeKT 3aTyxaHusl BOJH. 3aiadya KIUMHUIKMCTA JUIIb MTPaBUJIbHO
noxoopaTh TpaHCAbIOCEP, COOTBETCTBYIOIINM 3a1ayaM MCCIenoBa-
HUSI, U NPEACTaBISITh ce0e BO3MOXHBIC apTe(aKThbl, CBSI3aHHbIE
C paclIpocTpaHEHUEM YJIbTPa3ByKOBOK aHepruu. dusnueckue
CBOICTBA YJbTPa3BYKOBBIX BOJIH, MPOXOASIINX Yepe3 TKaHU, TI03BO-
JIIIOT HE TOJBKO OOHAapyXMBaThb aHATOMMUYECKHUE OOBEKTHI, HO
Take CKpbIBaTh U, B TOM WJIM MHOM CTENIEHU, UCKaxaThb ux. Kpome
TOTO, TIPY MOJIYYEHUU ABYXMEPHOM YJIbTPa3ByKOBOW KAPTHUHBI aHA-
TOMUYECKOTO 00bEKTa pa3pelliecHue MOXET OIpenessiTh CII0co0-
HOCTh IudhepeHINPOBATh IBe OJU3KO PACIIOI0XEHHBIE CTPYKTY-
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Puc. 1.2. CxematnyHoe n306paXeHne: a — MOrMOoLLeHUs; 6 — OTPaXEeHUs; B —
pacceuBaHus; r — npenomeHus

PBI B «X» (TOPU30HTAILHOI) U «Y» (BEepTUKAJIbHOM) TJIOCKOCTSIX.
Hcnosb3ys yabTpa3ByKOBYIO TEPMUHOJIOTUIO, PeUb UIET COOTBET-
CTBEHHO O JIaTepaIbHOM 1 aKCHMAJIbHOM pasperieHnu (puc. 1.3).

JlatepaabHoe pa3pemenue — CrocoOHOCTb pasavyaTh JBa
OJIM3KO PACMOJIOXKEHHBIX 00bEKTa, JeXKallUuX B MIOCKOCTH, Tep-
MEeHAUKYJISPHOW HaMpaBJEHUIO PaCHpOCTpaHEHUSI 3BYKOBOW
BOJIHBI. DTO BO3MOXHOCTh PACCMOTPETH JIBE CTPYKTYPHI HA OTHOM
IIyOMHE OT MeCTa KOHTaKTa YJIbTPa3BYKOBOTO IaTYMKa C KOXei
(pacnoyioxxeHHbIE «00K 0 OOK» Ha 3KpaHe MOHMUTOpPA). 1oOUThCS
YIIYUYLIEHUS JaTepaIbHOTO Pa3pelieHUsI MOXHO JTMOO MOBBIIIIEHU -
€M YacTOTHI YJIbTPAa3BYKOBBIX BOJIH, JTMOO O1aromapst MCIOIb30Ba-
HUIO 00JIee IIMPOKOTO TaTYnKa.

AKcuajibHoOe pa3pemieHde 1aeT BO3MOXHOCTb pa3inyaTh IBe
CTPYKTYPBI, KOTOPbI€ PACIOJOXEHBI B MJIOCKOCTU, Mapajjieb-
HOM pacIpoCcTpaHEHUIO YJIbTPa3BYKOBOTO JIyda. DTH OOBEKTHI
HaXoIsITCSI Ha pa3HOil IIyOMHEe OTHOCUTEJbHO MOBEPXHOCTU
TpaHcabiocepa (MOXHO cKa3aTb «OOMH Hal IPYTUM» Ha SKpaHe
MOHUTOpA). YIIydllleH!sI aKCUaJIbHOI pa3peliaronieil CmocooHo-
CTH MOXXHO JTOOWTBCS, BEIOPAB 1aTYMK C OOJiee BHICOKOU 4acTo-
TOW U3JIYYECHUS.
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Puc. 1.3. CxemaTnyHoe n306paxeHne akCuanbHOro 1 natepanbHOro paspeLleHns
Ans 65IM3KOPACNONOXEHHbIX 0O6LEKTOB

HecMoTpst Ha To, 9TO M NaTepayibHOE, M aKCHAIBHOE pa3periie-
HUE YJIYYIIaIoTCs C YBEJIUMYECHUEM YaCTOThI, 9HEPIUS YJIbTPa3ByKO-
BOI BOJIHBI IIPOIPECCUBHO CHUKAETCSI 110 Mepe MPOXOXKIACHUS
yepes TKaHU. W 3To cHIDKeHUe (3aTyXaHMe) TeM BhIpakKeHHee, YeM
BBIIIIE YacTOTa TeHepupyeMoit aHeprun. CyliecTBYET IIPaBUIO;
nomepsi 3Hep2UU ULYHeHUs No Mepe yenyoaeHus 6 MKaHu npoucxooum
6 Oonbuell cmeneHu Npu 6bICOKOI yacmome, Hexlceau npu HU3KOIL.
Hezasucumo om wacmomol u3nyveHus KaxK AamepasvHas, mak u
aKcuanbhas paspeuaruias cnocooHocms nadaem no mepe npooeu-
JceHust 6 mxausx (puc. 1.4).

Taxkum oOpa3om, 4TOOBI YAYUYIIUTH pa3pelalollyo Crnocoo-
HOCTb TIPY BU3YaJIu3alliy IIOBEPXHOCTHBIX CTPYKTYP, VJIBTPa3By-
KoBoe nccienoBanne (Y3W) momKHO OBITH BRITIOJTHEHO C TIPUME-
HEHMUEM BBICOKOYACTOTHOTrO natyuka. Ecam HeoOXoammo
paccMOTPETh ITTYOOKO PacIoIOXKEeHHbIE aHATOMUYECKIE OOBEKTHI,
M3Ty4YeHNEe HU3KOYaCTOTHBIX TPAaHCIbIOCEPOB OYIeT MeHee ocia-
0JIEHO TI0O Mepe pacIpOCTpaHECHUS B TKaHM, IIPEITOCTABIISIST BO3-
MOXHOCTh MOJIYUYUTh O0Jjiee perpe3eHTabeIbHOe M300pakeHue.
YT0OB ONTUMU3MPOBATH COOTHOIIEHME <«pa3pelleHne—
MIPOHUKHOBEHME», HEOOXOIMMO TTPAaBWILHO BBIOPATh YJIbTPa3By-
KOBO JAaTYMK, MO3BOJISIONINI HAa HYXKHOU TIIyOMHE MOJTYYUTH
MaKCHUMaJIbHO YeTKYI0 KapTuHy. Pazpewarowas cnocobnocmeo
6 boee eny00K0 PACNONONCEHHBIX MKAHAX NPU UCNOAb306AHUU HU3KO-
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nMry 2nMry

Puc. 1.4. CxematnyHoe n306paXKeHne JaTYNKOB C Pa3HON 4acTOTOM N3Ny4eHus

YacmomuslX 0amuuKo8 He Oydem cOOMEEeMCmME08amb MaKko8oil
8 NOBEPXHOCMHBIX CIPYKMYPAX NPU UCNOAb308AHUU 8bICOKOYACHOM -
Hoix. Tem He meHee yabmpazeyKo08oe uzoodpasiceHue 6yoem Ay4uuM,
YeM ecau nblmamucs paccmompems Smu Jce MKAHU 8bICOKOHACMOM -
HbIM 0amUUuKoM.

Bbi6op yNbTPa3BYKOBOro faT4MKa

YacToTa CIYKUT KITIOUEBBIM CBOMCTBOM JIFOOOTO TpaHCIbIOCE-
pa, BO MHOTOM OIIPEAC/ISIOIINM KadeCTBO ITOJIy4aeMOoro n300pa-
JKEHUS B UCClIelyeMoil aHaToMu4yecKoii oomactu. Kpome yacToT-
HOIl XapaKTePUCTUKM, JaTUMKU OTJIMYAIOTCS 10 KOHGUTYpALIUU
(pacIroI0XeHNIO U3TYJaIOMNX 3JIEMEHTOB) 1 10 (popMe CKaHUPY-
FOIICH TIOBEPXHOCTH.

ITo yacroTe U3IyYeHHsI TPAHCIBIOCEPHI MOTYT OBITH pa3aeIeHBI
Ha BBICOKO-, CpeIHE- M HU3KOYacTOTHbIE. JlaTUMK OOBIYHO OTHO-
CSIT K BBICOKOYACTOTHBIM, €CJIM YaCTOTa FTeHePpUPYEMO SHEPTUM
Haxonutcd B nuarnasode Boime 10 MI'u. OH onTUMaabHO TTOAXO-
IIAT IJ1 paOOTHI ¢ TIOBEPXHOCTHBIMU CTPYKTYPaMHM, PACTIONIOXKEH-
HBIMH Ha PaCCTOSTHUM MeHee 3 CM OT ITOBEPXHOCTHU KOXH, 1 TMEET
MIPEeKPacHYIO pa3pelialollyo CIIOCOOHOCTh IJIs BU3yalu3alluu
HeboJbIIMX oOpazoBaHuii. OnHAKO MpU YrayOJeHUU B TKAHU YeT-
KOCTh KApTUHBI OBICTPO CHUXAETCSI B CBSI3U ¢ 00JIee BhIpaXKeH-
HBIM 0CJIa0JIEHUEM OTPaXXEHHOM SHepruu. JJaTYMKy TaKOro TUIa
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yale BCETO MCITOJb3YIOT IJIs MCCIIeT0BAHUS MTOBEPXHOCTHBIX
CTPYKTYpP, TaKUX KakK IIEUeBOE CIUIETEHHE B MEXJIECTHUYHOM
MPOMEXYTKe, neprudepruyecKre HEPBbl, TOBEPXHOCTHHIE COCY/IbI.

CpemnHeyacTOTHBIC JaTYUKU TeHEPUPYIOT BOJHBI B TMANa30He
5—10 MI'n 1 aeaabHO MOOXONAT VTSI BU3YaIU3allui CTPYKTYp Ha
TJyOMHE OKOJIO 3—6 CM OT IMTOBEPXHOCTH KOXM. XOTSI 9TOT THII I1aT-
YUKOB HE MMeEeT TaKOW pa3pelnalolieil CtocoOOHOCTH, KaK Y BbICO-
KOYaCTOTHBIX TPAHCAbIOCEPOB MPU paboTe Ha MOBEPXHOCTHBIX
CTPYKTYpax, y HUX 3HAUYUTEJIbHO BhIIIE pa3pellieHe B 0003HAYCH-
HOM JIuarna3oHe TyouHbl. X BeIOMpAIoT, eciiu 1eJib UCCIeIoBa~-
HUSI — OoJjee TIy0OKO pacIloOKeHHBIE OOBEKTHI, HATIpUMEP
OCTHUCTBIE OTPOCTKHU, WJIW TIPU paboTe ¢ MallMeHTaMu ¢ U30bITOY-
HOW Macco¥ Tena.

Kondurypanus uznydyamoliux 3J€eMEHTOB OIpeacseT nopsi-
JIOK MX PacIiojioXKeHUsI BAOJb CKaHMPYIOIIE MOBEPXHOCTU AaT-
YHUKa U MOXET OBITh TUHEHHOM MU BBIMYKION (KOHBEKCHOM).

e TpaHcapiocepsl C TMHEHHON KOH(bUTYpalueil XapaKTepu3sy-
f0TCS y3KO# (MeHee | MM) 1LIeTIbIO MTbe302JIEKTPUIECKUX dJie-
MEHTOB, PAaCHOJOXEHHBIX BIOJb CpeAHEN OCH IJIOCKOTPaH-
Horo gatyumka. OTJInYuTeIbHas yepTa Jydya, BbIITYILEHHOTO
TaKUM TPaHCIbIOCEPOM, — OAMHAKOBAs IIMPUHA MOJydaeMo-
ro u300paxkeHUsT Ha BCEM MPOTSKEHUM OT MECTa KOHTaKTa
JaT4YMKa C KOXel o Tpeneia IIyOMHBI BU3YalU3alluyd TKa-
Heil. IupuHa (MacmTabd) yIbTPa3ByKOBOTO M300paskeHUS
MpOINopIHOHATIbHA COOCTBEHHOU IIMPUHE (IMaMeTpy) AaT-
YyuKa U 00ecreynBaeT OJHOPOAHYIO KapTUHY BU3yaau3alluu
Ha BCEM dKpaHe.

e KoHBekcHast KOH(GUTYypalus Takxke MpeacTaBisieT co0oit
LIETTh IThe303JICKTPUUCCKUX 3JIEMEHTOB BIOJIb CPEIHEH TUHUN
IMOBEPXHOCTH AaTuyMKa, C TOW JIMIIbL pa3HUIel, 4YTO caMa
TTOBEPXHOCTh MaTUYMKa SIBJISIETCS BBIMYKIJION. Takast KOH(pUTY-
pauus obecreynBaeT Beepoobpa3Hylo KapTUHY U300paxke-
HUS, PACIIUPSIOLIYIOCS ITO Mepe YIayOJeHUsI B TKaHU. DTO
JlaeT BO3MOXHOCTb PAaCCMOTPETh IIyOOKO PaCIIOJIOXEHHYIO
obacTh B 6osee mMpokoMm dpopmare. OUEHUTDH ITPEUMYIIIE-
CTBO TaKOTO CIT0C00a BU3yaJn3allii MOKHO IIPU MCCIICIOBA-
HUU 00BEKTa, MPUKPHITOr0O KaKUM-IMO0 MOBEPXHOCTHBIM
TUTNEePIEHCUTUBHBIM 0O0pa3zoBaHUEM (HaIlpUMep, KOCThIO),
Tak Kak BeepooOpa3zHas dopMa yabTpa3ByKOBOU KapTUHBI
JaeT BO3MOXHOCTh BHIBECTH IIMPOKOE IOJie 0030pa mu3
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HEOOJIBIIIOTO aKYCTUUECKOTO OKHA Y TTOBEPXHOCTH KOXKHU. DTO
OBIBaeT ITOJIE3HO MPU AOCTYIIE K aHATOMUYCCKUM CTPYKTY-
paM, NPUKPBITBIM TAKUMU 00pa30BaHUSIMM, KaK KJIIOYMLA
WJIN OCTUCTBIE OTPOCTKU. Hapsimy ¢ onmMcaHHBIMU TOCTOMH-
CTBAMHU TaKOW KOH(MUTYpallMy M3JIyJaTessT eCTh U OTpHIIa-
TeJIbHbIC MOMEHTBI; 00JIee BEIpAasKkeHHOE CHIKCHME JIaTePajlb-
HOTO pa3pelleHUs MpyU YyIIyOoJIeHUU B TKAaHU B CpaBHEHUM
¢ JIMHEMHOW KOH(MUTYpalreil JaTynKa Mpy paBHBIX YacTOTE
" IaMeTpe.

TpeTbs oTIUUNUTENIBHAS YepTa YIBTPAa3BYKOBOTO JATYMKA, MME-
jo11as 3HaYyeHue JUIsT KIMHALKCTAa, — 3TO OCHOBAaHUE, WX JAua-
METp, U3TyJaTeIsl.

Bribop matumka mo ¢popMe OCHOBaHUS WHIWBHAYaJICH IS
KaXXIOoTo TTalleHTa U TIPOU3BOAUTCS C YIETOM YIOOCTBa BU3YaIH-
3alMU Y MOCJIENYIOLIEro BBEICHUS UIJIbl B HY>KHOM aHATOMUYE-
CKolt obnacTu.

Takum oOpa3om, IS MAEaJbHOTO COYETaHUS (HOPMEI
OCHOBAHWS, KOH(PUTYpALIUN MU3TydaTesIsd U 9aCTOThI U3IYICHUS
HEeo0X0AMMO MPEeACTaBISATh TJYOMHY PaCIIONOXEHUSI aHATOMMU-
YEeCKOM CTPYKTYPHI M TIpeaIiojlaracMylo TPaeKTOPUIO IMTyHKIIVH,
a TakXe YYUTBIBaTh WHIMBUIYaJbHBIE OCOOCHHOCTH TalleHTa
(puc. 1.5).

Puc. 1.5. Mpumepbl 4aTYNKOB C NMNHEAHON U KOHBEKCHOW KOH(UIypaumsammn nany-
yarens
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ApTtecakTbl

PazobpaBminch ¢ OCHOBOI (DpU3MKU YJIbTpa3ByKa, OCOOEHHO-
CTSIMHU BBIOOpA JAaTYMKA W TIPUHIIMIIAME TTOJTYICHUS YIbTPa3ByKO-
BOI'O U300paXkeHus1, HEOOXOAMMO OT/IEIbHO OCTAHOBUTHCS Ha BO3-
MOXHBIX apTeaKTax, KOTOpble CITOCOOHBI BBOAUTH B 3a01y>KIeHUE
HCCIIeIoBaTeIsI, CKpbIBas aHATOMUYeCKUe OOBbEKTHI WK, Ha000-
pOT, co3aaBasl BIieyaTieHEe O HECYIIECTBYIOIIEH CTPYKTYpeE.

AKycTHYECKasi TeHb MOXET HAOJIOMAThCSI B T€X CIyYasiX, KOrma
CTPYKTYPBI, B 3HAYMTEJIbHOM CTEIIEHU MOMIOLIAIOIINE YIbTPa3By-
KOBYIO 9HEPTHIO (HaImprmep, KOCTH), «0TOPaChIBAIOT TEHb» Ha OoJiee
IIIyOOKO pacIToIOKEHHBIC TKaHM, TOTIa KaK YIbTPa3BYK BCe Ke
YACTUYHO IIPOXOIUT Yepe3 Hux. O0 3ToM Bceraa HeoOXOAMMO ITOM-
HWTb, TaK KaK B 30HE aKyCTUYECKOI TEHU MOXKET OKAa3aThCsl KaKOui-
00 aHATOMUYECKUI O0OBEKT, HE BUAMMBINA Ha 3KpaHe (puc. 1.6).

AKycTU4eckas
TeHb

Puc. 1.6. AKyCTYeCKas TeHb, PACnoNiOXKeHHAs 3a KOCTbHO

OO6paTHas cuTyalysi — yCujieHne yJIbTPa3BYKOBOTO H300paxke-
HUSA — BO3HUKAET IPU MTPOXOXKIECHUM YJIBTPA3BYKOBBIX BOJIH YEpPE3
MEHee 9XOTeHHbIe 00pa30BaHMSI MO0 CPABHEHUIO C PACTIONIOXKEHHbI-
MU pSITOM TKaHSIMU. CTPYKTYpbl, JIOKAIU30BAHHbBIE HETIOCPE/I -
CTBEHHO IOJl TUMIOJICHCUTUBHBIMUA 00pa30BaHUSIMU (HAIIpUMeED,
KPOBEHOCHBIMU COCYAaMM), KaxXyTcsl Oojiee TJIOTHBIMU BCJIET -
CTBUE TOrO, YTO CUTHAJI, OTPAXXKaeMbIii OT 3TUX IIOBEPXHOCTEH,
HeceT OTHOCUTEIbHO OoJblliee KOJIu4ecTBO dHeprun. deHomeH
YCUJIEHUS CUTHAJIA MOXET NPUBOJAUTD K UJUTIO3UN HECYIIIECTBYIO-
1eif aHaTOMUYECKOM CTPYKTYphI (puc. 1.7).
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KpoBEHOCHbIN
COCYA

KpoBeHOCHbIN
A cocyq

ApTedakt
yCUneHns

Puc. 1.7. KapTuHa ynsTpassyKoBOro ycunexus

M pyroii Hepeakuii apTehakT — peBepoepamus — BO3HKMKAET IIPU
CTOJIKHOBEHUH YJIBTPa3BYKOBOW BOJIHBI C IIOBEPXHOCTBIO, MEPIIEH-
MUKYJISPHOW HampaBAeHUIO pacpocTpaHeHns Konaebanuii. Kax-
JIBIA MOCJIEIYOIINIA YIBTPA3BYKOBOU UMITYJIBC CO31AET BPEMEHHOE
«3X0», KOTOPOE BBIMJIALAUT KaK CEpUs Mapajule/IbHbIX JIMHUMI, pac-
MOJIOXKEHHBIX Cpa3y Xe BBILIE U HUXE PEAIbHO CYLIECTBYIOLLETO

ApTechakt
peBepbepaumnun

Puc. 1.8. YnbTpa3sykoBas kapTiHa pesepbepauuu
00BbeKTa. DTO SIBJIEHUE YaCTO MOXHO HAOIIOIATh TIPU BU3yaan3a-
LIMM BBICOKO 3XOT€HHBIX IIIMPOKOIPOCBETHBIX UTJ (puc. 1.8).

JlononHuTENbHbIE HACTPONKM

[Tocie Toro Kak yJbTpa3ByKoBasi BOJIHA BO3BPaTUIACh K TPaHC-
Iblocepy, OHa JIOJDKHA OBITH IMpeoOpa3oBaHa B HATJISIIHYIO KapTH-
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HY Ha 9KpaHe MOHMTOpa. M XOTs y KaxXmoro ucciaenoBarTessi CBOU
TIPEATIOYTEHUST B OTHOIIIEHUY KayecTBa N300paXKeHUsI, CYIIECTBY-
I0T KJIIOYEeBbIe MO3UIIUM HACTPOUKMU, KOTOPHIC TOJKHBI OBITH
MOHSATHBI JJs ONTUMaJbHON BU3yaJu3allMu U MoOcaeayouei
MaHunynsiuuu. ITocae npeaBapuTebHON OIIEeHKN MHTEePEeCyoIIei
00J1aCTH U OPUECHTUPOBOYHOTO OIMPEACICHUS UCCACAYEMbIX aHA-
TOMMYECKUX CTPYKTYP dKpPaHHOE M300paxkeHHEe HYXIaeTcs B
JIOTIOJTHUTEIHHOM HACTPOKE TITyOMHBI CKAHUPOBAHUS U KO3 hu-
LIMEeHTa YCUJICHUs] CUTHAaJIA.

BriOpanHast ryouHa ckanupoBanus (kKHorka «Depth» Ha manHe-
JIM yIBTPa3BYKOBOTIO allliapata — npumey. nep.) Ha HadaJbHOM
aTare UCCleI0BaHus HE TOKHA OTpaHUYMBATLCS 00J1aCTblO MHTE-
pecyroIero Hac 00beKTa. Heobxonmmo ee pacimpuTh, YTOOBI MaK-
CUMAaJIbHO MOJIHO OLIEHWUTh OKpPYXKalollee aHaTOMUYECKOe TMoJie,
OTIPEIINTh BOBMOXKHBIE OMTACHOCTHU TIPU BBEIEHUU UTJIBI (COCY/IbI,
TUIeBpaJibHAs TIOJIOCTh U T.11.). JIMIIb MmocIe TIaTeIbHOTO 00CIen0-
BaHMsS COCETHMUX 00JlacTeil MOXXHO CKOHIIEHTPUPOBATh 00JIACTh
(OKyCHMPOBKM Ha LIEIU MPEACTOSIIEeH MAHUITYJISIAN U PACIIONIO-
JKEHHBIX OJIM3KO K Hel o0bekTax. CKaHMpPOBaHME ClIeayeT BbIMOJI-
HSITh TAKMM 00pa30M, YTOOBI HYy>XHasi aHaTOMM4YecKasi CTPYKTypa
ObLTa BUAHA MEXIY JIeBOI W MpaBoOil IrpaHULIAMU U300paXKeHUs C
IyOMHOM IMOJIsl, TOMeLalole! LIeJb B HUXKHEN MOJOBUHE 3KpaHa.

ULTRASONIX MEDICAL CORP. L14-5/38

BegpeHHsii- — . % . benpenHas

HEPB g apTepus
beapeHHas
BEHa

Puc. 1.9. VnbTpasBykoBas KapTMHA aHATOMUYECKOro nons AN Masunynsuuu
11 OLLeHKN 6RVDKALLKX CTPYKTYP
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IIpu 3TOM cllenyeT ocTaBisSITh BO3MOXHOCTh KOHTPOJIUPOBATH
CTPYKTYPbI, PACIIOJIOXKEHHbIE HEMHOTO I1yoxe (puc. 1.9).

BMmecTe ¢ HacTpoiikoil TJyOMHBI (GOKYCUPOBKU YJIyULIEHUIO
BU3yan3allMid aHATOMUYECKUX CTPYKTYpP CITOCOOCTBYET PErysi-
LUl CTENeHU YCUJIEHUsI BO3BPATUBILEICS K JAaTUMKY dHEPruu
(puc. 1.10). BaxxHo OTMETUTH, YTO KO3 (DUIIMEHT yCHIeHHs (KHOTI-
ka «Gain» Ha MmaHeJu yJIbTPa3ByKOBOTO arlrapara — npumet. nep.)
SIBJISIETCSl OJJHOMW 13 (hOPM PEeryisiliuy SIpKOCTU U300paXeHusi 1
MMPOM3BOAUT HACTPOMKY YK€ BO3BPATUBIIETOCS K TaTYMKY CUTHA-
na. Perynupys ycusieHue, Mbl HE MOXXEM U3MEHUTb KOHTPACTHOCTD
MEXIy CTPYKTYpaMM, PacIiojIoXXeHHBIMI Ha OJHOI TIyOUHe, Tak
KakK 3TO OIpeneeHo ux pusnueckumu cBoiictBamu. B cuity Toro,
YTO pa3IMYHbIe TKAaHU TO-Pa3HOMY BU3YaJIM3UPYIOTCS Ha 9KpaHe,
cTerneHb HEOOXOIMMOTO YCUJIEHUSI CUTHajla BO MHOTOM OyjieT
3aBUCETh OT a0COJIOTHON U OTHOCUTENIbHOM 9XOTE€HHOCTHU CTPYK-
Typ uccienyemoii oonactu. Cuia yibTpa3ByKOBOW 3HEpPruu, BO3-
BpaTUBIIENCS K JaTYUKY, HAXOAUT OTPaKeHUe B SPKOCTU KapTH-
Hbl Ha 2KpaHe MoHUTOpa. TkaHu, oTpaxaloliue OoJibliee
KOJIMYECTBO SHEPTUM B CPABHEHUU C OKPYXKAIOIIUMU CTPYKTypa-
MU, SIBJISIIOTCS] TUTIEPIXOT€HHBIMU, MPY 3TOM BBITJISIAAT OHU OoJiee
OesIbIMM Ha dKpaHe. Takue CTPpYKTYphl Ha3bIBalOT 3XOT€HHBIMH.
Ecnu xe TKaHb B MEHbIIIeH CTENEeHU OTpaXxaeT YIbTPa3ByKOBOM
CHUTHAaJ, OHA BBHITJISIUT TEMHEE IO CPABHEHUIO C OKPYKEHUEM U
SIBJISIETCSI TUTIORXOTeHHOM. [MIIepaXOreHHBIMU WJIM 9XOTEHHBIMU

ULTRASONIX MEDICAL CORP. L14-5/38

a

Puc. 1.10. YnbTpa3BykoBas KapTiiHa Pa3HO CTEMNEHN YCUNEBHUS: @ — HU3KOIA
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Puc. 1.10. YnbTpa3BykoBas KapTiHa Pa3Hoii CTENEHN YCUeHus: 6 — cpeaHei; B —
BbICOKOIA

BU3YAIU3UPYIOTCSI KOCTU, CYXOXWUIUS, MJIEBPA, HEPBHBIE CTBOJIbI
MJIEYEBOTO CIIETEHMSI, pACIIOJIOXEHHbIE TTOJ Kitouniamu. ['umo-
9XOT€HHBbIE — KPOBb, XUJIKOCTU, HEPBHBIE CTBOJIBI TLIEYEBOTO
CILIETCHUSI, PACIIOJIOKEHHBIC BBIIIE KIIOUMIL.

MMABA 2. YYUMCA CKAHUPOBATb

IToHumanue TIIPUHIUIIOB ITPABUJIBHOTO BI)IﬁOpa JaTyrKa B 3aBU-
CUMOCTHU OT 3aJa4 UcCCI€JOBaHUsA, YUET BOSMOXKHBIX HETOYHOCTEeH
YHLTpa3BYKOBOfI KapTUHbI IIpU BU3yaJIU3allU aHATOMUYCCKUX
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CTPYKTYp, YMEHHE OTIPEAEIISITh MECTO MPUJIOKEHHS JaTIrMKa U TIPO-
BOJIMTH THIATEIHHYIO OIIEHKY — TIEPBbIE II1ark Ha TTYTH K MPUMEHe-
HMUIO yJIbTpa3ByKa IIPY BBITOJIHEHUN MHBA3UBHBIX ITpoLeayp. OnTu-
MaJIbHOM YJIBTPa3ByKOBOI KapTUHBI MOXHO TOOUTBCSI, UCITOIb3YsI
YeThIPe OCHOBHBIX THMIIA IBMKEHUI MaTYMKa: CKOJIbXeHUe, Kaya-
HUe, BpallleHue 1 HakJIoH. Kaxmoe 13 9Thx NBIKEHUI CITOCOOCTBY-
eT IMOCJIeA0BaTeIbHOMY U3YYEHUIO UCCIIeAYeMOl aHATOMUYECKOM
00J1acTH, BEIOOPY MECTa IIYHKIUK Y TPACKTOPUU IIPOBEACHMS UIJIbL.
Ilepen ckaHMpoBaHUEM HEOOXOIMMO OTPENEIUTHCS C OPUEH-
Taluell MOBePXHOCTU AAaTYMKA OTHOCUTEIBHO YJIbTPa3BYKOBOM
KapTUHBI Ha 9KpaHe MOHMTOpa. 3HauoK U B JIeBOM BEPXHEM YIJIy
9KpaHa COOTBETCTBYET MaJbIIUPYEMOI PUCKE Ha OTHOM CTOPOHE
CKaHUPYIOIIEl MTOBEPXHOCTH AaTUyniKa. B 3TOM MOXHO yOoeauThes,
MpuKacasich MajblieM K OMHOW CTOPOHE AaTynMKa U Habstomas
COOTBETCTBYIOIIME MU3MEHEHMSI Ha dKpaHe. DTO OUYEeHb BaXKHbI
MOMEHT, UMEIOIIMI 3HaYeHUE JIJIsT IPOCTPAHCTBEHHOM OpreHTa-
IIUK TIpU Tepexoje OT IBYXMEPHOU KapTUHBI YIbTPa3ByKOBOTO
n300paXkeHNsI K TPEXMEPHOI cxeMe McciieayeMoit oomactu. TpaHc-
JIbIOCEP HEOOXOMMMO YCTaHABIMBATh TAKMM 00pa30oM, 4TOObI Mpa-
Basl M JieBask CTOPOHBI M300pakeHUsI COOTBETCTBOBAIM IIPABO 1
JIEBO¥ CTOpPOHAM McCCleAyeMoit 00J1acTU U MIOCKOCTh KAPTUHKU
(MoHUTOpA) OBIIA TAapaIIeibHA TUIOCKOCTH AaTunka (puc. 2.1).

Puc. 2.1. Tlonoxexue, npu KOTOPOM U306pAXKEHNE NCCNIeaYeMON 061aCTH Ha 3KpaHe
MOHUTOPA COOTBETCTBYET MIOCKOCTM faT4ynKa
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HauwmHatot nccienoBaHue, MMpUKIIaabIBas JaTINK K TTOBEPXHO-
CTH KOXH B ONpeIeIcCHHOM aHATOMUIECKOU TNIOCKOCTHU (Hampu-
Mep, MOMEePEeYHOIi), B TO BpeMsl KaK IBVXKEHUs JaTYMKa IIPOU3BO-
ISIT B OCHOBHOM, OTHOCHUTEJBHO II€JIE€BBIX aHATOMUYECKUX
CTpyKTyp. HauambHOe TOJIOKEHNWE TaTdMKa, YCTAHOBJICHHOE 110
TMOBEPXHOCTHBIM aHATOMMYCCKUM OpHEHTHUPAM, T10 CYTHU, JINIIh
npeaBapuTeIbHAs OIICHKA cpe3a TKaHel, BKITIouarolasl orpeaesie-
HUe TororpacpuuecKuX B3auMOOTHOIIIeHUI. Mcriob3yst HEOaHO-
KpaTHbIE U3MEHEHUS TTOJIOKEHUST TpaHCcIblocepa (CKOJIbXKEHNUE,
TMOKaYMBaHNE, TOBOPOTHI, HAKJIIOHKI), TOOMBAIOTCS YIOBIECTBOPH-
TEJIbHOI'O Ka4eCTBA U300PaKEeHUST HY>KHOM LIeJIN.

[TepBOoe 3HAKOMCTBO C BHIOpAaHHOI 00JIACTBIO MCCIICIOBAHUS
TIPOBOIAT, UCITOJIB3YSI TTOTIEPEUHOE M TTPOTOJIBbHOE CKOIBKEHHUE,
YTOOBI MACHTU(MHUIIMPOBATH U3BECTHBIE OPUEHTHUPHI (puc. 2.2).
[Tocie mpeaBapUTEIBHOIO OCMOTPA UCCIEAYEMO 00JIaCTH MpU-
CTYIIAIOT K 00Jice BHUMATEJIbHOI OlLIEHKE PaCIOJIOKEHMS 1 B3au-
MOOTHOIIECHUI HY>KHBIX 00BEKTOB, IIPUMEHSIST ITPOIOJTBHOE CKOJTh-
JKEeHUe Hall 3aMHTEePECOBABIINMU aHATOMUYECKUMU CTPYKTYPaMU.
ITogo6HOE ckaHMpoOBaHME B TTOTIEPEUHOM Cpe3e BIOJIb TIpearoa-
raeMoro Mecta MaHUITYJISIIKA TTIOMOTAeT OIIPEIEIUThLCSI C BHIOOPOM
TOYKU ITYHKLIWH IJTSI YIOOHOTO 1 0€30TTaCHOTO BBEICHWS UTJIH.

YbTpa3ByKOBYIO KapTUHY TTOMIEPEYHOTO Cpe3a aHATOMUUYECKOU
CTPYKTYPBI Ha3bIBAIOT TaKXKe U300paXkeHueM KOpOTKoit ocu. OueHb
TPYIHO JOOMThCS MICATLHOTO MOJIOXKEHUS TaTYMKa TIPU IIEPBOM 3Ke
00HapyXeHUH IIeJIU, TI0O3TOMY Aajiee, IS YIYJIIeHUsT KauyecTBa
BU3YaJIN3aLlNH, UCITOIb3YIOT TUIABHEIC IBMKCHIST — TTOKAYMBaHUE,
BpallieHMe 1 HAaKJIOHBI TpaHcIplocepa (puc. 2.3).

Puc. 2.2. doTorpacms NpofoNbLHOrO (&) 1 NONepeyHoro (6) CKONbXEeHWs aaryuka
BLOJb OEPEHHOI0 HepBa
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B

Puc. 2.3. ®oTorpadus noka4meanus (a), spaeHus (6) 1 HaknoHOB (B) faTyuKa npu
BU3yanu3auun 6epeHHOr0 HepBa

ViydmeHne n300paxkeHus IpY IMTOKAaYMBaHWHY JaTINKa IIPOUC-
XOIMUT Oyiarogapst 00HapyKeHUIO MO3ULIMK [Jisd 00Jiee IOJIHOTO
OTpaXXeHUSI U3JTydaeMbIX BOJIH IIPU UX PACIIPOCTPAHEHUM CTPOTO
MepHeHANKYIIPHO aHaTOMUYECKOU cTpyKType (puc. 2.4). 310
CBOICTBO TKaHE HEOOWHAKOBO OTpaXkaTh CUTHAJ B 3aBUCUMOCTH
OT yIJIa NafieHUs yJIbTPa3ByKOBOI BOJIHBI HA3BaHO aHU30TPOIIUEIA.

BpamateabHble IBUXXKEHUSI TaTYUKOM OCYINECTBISIOT IS
repexo/a n3 KOpOoTKOi ocH M300paXkeH!sl K JUTMHHOM, YTO IPOKC-
XOIuT TIpu moBopote Ha 90° (puc. 2.5).

HakjoHbl gaTyMKa IpOU3BOISIT JIETKMM HaaaBIMBaHUEM Ha
OJIMH Kpail OCHOBaHMSI JaTUMKa B TOM CJIydae, €ClIM YJIbTPa3BYyKO-
BOI JTyd HEOOXOIMMO HAIIpaBUTh B HATIPABJICHUU HE TIEPIIEHINKY -
JIIPHOM TIJIOCKOCTH KOXXKHO# MoBepXHOCTU. OCTOPOKHOE NaBiie-
HUE Ha TPaHCIObIOCED IOJIE3HO B CUTYaLIMU HEIIOJIHOIO KOHTaKTa
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“~CpeanHHbIit
HepB

Puc. 2.4. YnbTpasBykoBble M306paXeHUs cpe3a B 0611acT CPEAMHHOr0 HepBa,
JEMOHCTPUPYIOLLME aHU30TPONUIO

JlaTyuKa C KOXEeW Mpu uccienoBaHUU YIIyOJeHUN WU Y3KUX
obnacTell, a TakXe MPU XEJIaHUU HAMPABUTh YIbTPA3BYK MOJ
TIOBEPXHOCTHO PACTIONOXEHHOE TUTIEPIEHCUTUBHOE 00pa30BaHUE
(HanpuMep, kocTh). Eciu Takum oOpazoM HOOUTHCS HY>KHOTO
KayecTBa U300paKeHUsI BCe XK€ He ynaeTcs, cenyeT BhIOpaTh Aat-
YUK C MEHBIIIMM OCHOBAaHUEM WJIN KOHBEKCHOW KOH(pUTypauueit
WU3TyJaTessl.

CkaHMpOBaHUE MOXHO TPOBOAUTHL KaK IMPaBoii, TaK 1 JIEBOU
PYKOIA, B 3aBUCUMOCTU OT aHATOMUYECKOTO PACTIONIOKEHUSI UHTEPe-
cyrolero oobekTa. J1ocTaTouHO 0CBOMB CKAaHUPOBAHUE TTPU TTOMO-
M1 06enX PyK, MOKHO MEPEXOIUTh K CAEAYIOIIEeMY 3TaIly BHeIpe-
HUS BU3YAJIU3ALUUU B MPAKTUKY aHECTE3UOJOTa — U3YYEHUIO
TEXHUKW MAHUITYJISILIUU UTJION TTOT YIBTPAa3BYKOBBIM KOHTPOJIEM.
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6
Puc. 2.5. YnbTpa3ByKoBble N306PXEHNA CPE30B B KOPOTKOW U ANHHOI OCK

TNMABA 3. 0CHOBbI MAHUNYNIALMK NI ON

Ilepen TeM Kak MbITaTbCS OBAAAETh TEXHUKON MHBA3MBHBIX
MaHUTTYJISIIAA IO VIIbTPa3BYKOBBEIM KOHTPOJIEM, HEOOXOIMMO
OCHOBATEJIbHO pa3o0paThcs B (hM3UKE yIbTPa3ByKa, €€ POJH B
BbIOOpE HEOOXOAMMOTO O0OPYIOBAHUS U BIUSIHUUA HAa KauyecTBO
U300paKeHusI.

HeobxommMo MOMHUTB, 9TO KaK TOJBKO Ha SKpaHe MOHUTOpA
yIaJoCh JOOUTHCS ONTUMAJIBHOI YIIBTPa3BYKOBOI KapTUHBI HYXK-
HOM aHATOMMUYECKOWM CTPYKTYPHhI, IOJIOKEHUE TpaHCAbIOCEPA HE
IOJDKHO M3MEHSITBCS 0 OKOHYAaHMS Mpouenypbl. [lonbimku yab-
Mpa3eyKo6020 NOUCKA uensl nocae Qukcayuy aHamomu4eckKoo 00s-
exma npugedym auuib K nomepe yeau. Credyem uzmeHsms noaodice-
HUe ueavl 045 ee NONAJAHUA 8 NoAe BU3YANU3AUUL, A He NblMAMbCs
CONOCMAasumo ueny U aHamoMu4ecKyr yeab, 08ueas 0am4uKom.
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[MonoxeHne naTymka 0003HAYAIOT KaK IOMEepEeYHOe WIIM TTPO-
TOJIGHOE, €CJTU IMOAPa3yMeBaIOT €T0 OTHOIIIEHHE K TIJIOCKOCTSIM TeJia
(COOTBETCTBEHHO TOTIEPEYHOE WJIM MapacaruTTaJibHOe CKaHUPOBa-
Hue). Ecnm nmerorcs B BUay aHaTOMUYeckue O0beKThI, TO BU3ya-
JIM3alUsl IPOU3BOAUTCS B OCU MOIEPEYHOTO MK IIPOLOJBHOIO
ceueHust. O6a BapuaHTa CKAHUPOBAHUSI HEOOXOIUMBbI J1J1s1 [IPABUIIb-
HOTO OIpeleIicHUs U OLEHKM aHATOMUYECKUX CTPYKTYp B YJIbTpa-
3BYKOBOM M0Ji¢ 3peHus. I1pu BBITOJIHEHUY MHBA3UBHOM IIPOLIETY-
PbI BBOAST €11I€ OJHO MOHATHE — OTHOILECHUE ITOJOXEHUST UIJIbI K
IUIOCKOCTH YJIbTpa3ByKoBoOro jiyda. Eciiu uria roranaer B BU3yasiu-
3aIMOHHOE I10JIE, TO €€ MOJIOXKEHME MOXET OBITh OITMCAHO JIM0O KaK
«Haxongascsa B rockoctu» (In-Plane), nubo Kak «Iepecekaro-
mas riockocTh» (Out-of-Plane).

B nepBom ciygae (In-Plane) Mbl MoxkeM HaOTI01aTh Ha dKpaHe
MOHMUTOpPA 3a MPOJABUXEHUEM UTJIbI OT MECTa MPOKOJIa KOXU 10
AHATOMUYECKOM Ie/IN B peaJIbHOM BpeMeHH (puc. 3.1).

6

Puc.3.1. doTorpadius (a) MynbTpas3BykoBas kKapTuHa (6) Npu nonoXeHWN uribl Tyoxu
In-Plane Ha moaenu n3 cbipa
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besyciioBHOE TTperMMyIIECTBO TaKOTO MPOBEACHUST UTJIbI O]
TOCTOSTHHBIM KOHTPOJIEM 3PEHMST — MCKITIOUECHNE prCKa HeXera-
TEJIbHOI'O €€ OTKJIOHEHUSI OT HY>KHOM TPaeKTOPUU U IIOBPEXICHUS
PACIIOJIOKEHHBIX OJIM3KO CTPYKTYp. OIHAKO TaKOil MOIX01 Tpedy-
€T BBICOKOTO MacTepCTBa MCCIIeN0BaTesI, YTOOBI TIPY MPOIBIKE-
HUM TTOCTOSTHHO yIEPXKMBATh UTJIY B YIBTPAa3BYKOBOM JIy4e TOJI-
IIMHOM MeHee 1 MM. DTO CTAaHOBUTCS TEM CJIOXKHEE, UeM TOHbIIe
WIJIa U YeM L[IIy0XKe HaXOMUTCSI LIeIb IMyHKIIVN.

Cnioco6 BoinosiHenus npouenypel Out-of-Plane He nossonser
TMOCTOSTHHO CJICAWTD 3a TIPOABIDKEHNEM UTJIBI B TKAHAX, a CKOpee
JIaeT BO3MOXHOCTb YBUIETh MECTO, TJIe OHA IIepeCceKaeT IIOCKOCTh
cpesa, BU3yallm3upyemylto Ha akpaHe (puc. 3.2). O0bIYHO MpHY TaKOM
TEXHUKE BBITTOJIHEHNSI MAHUITYJISIIIUU CJIOKHO OTPENEIUTh pealb-
HOE B3aIMOOTHOIIIEHIE aHATOMMYECKNX CTPYKTYP U TeJIa UTJIBI KaK
10, TaK U IIOCJIE €€ MePECeUeHMS C YIbTPAa3BYKOBBIM CPE30M.
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6

Puc. 3.2. ®oTorpachua (a) u ynbTpa3sykoBas KapTuHa (6) Npu NONOXKEHUU UMb
Tyoxu Out-of-Plane Ha mofenu u3 cbipa
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TMABA 4. MAHUNYNALKA UTNONA
noa yNnbTPA3BYKOBbIM KOHTPOJIEM

OO0yyeHue yIbTPa3ByKOBOMY CKAHMPOBAHUIO B PEaTbHBIX KJIM-
HUYECKUX YCIOBUSIX ONMTUMAIBHO IJIs1 HAUMHAIONIMX, TaK KakK
MO3BOJISIET YBUIETh UICTUHHbBIE aHATOMUYECKUE CTPYKTYPHI U IO~
HOCTbIO 0e30MmacHoO 1151 uccienyemMoro. TeM He MeHee Mpu MpoBe-
JNeHUW MaHUITYJISILIMY TTOSIBISIETCSI peajibHasl yrpo3a MOBPeXKASHUs
BaXKHBIX aHATOMMYECKUX 00pa30BaHU U, COOTBETCTBEHHO, BO3-
HUKaeT HEOOXOAMMOCTb MPHUOOPETeHUSI HaBHIKOB HA MOJEIU, HE
CBS3aHHOM C IMAllMEHTOM.

Ceifyac cylIecTByeT JOCTaTOYHOE KOJIMUYECTBO TPEHAXKEPOB,
KaK KOMMEPYECKOTO IMPOM3BOICTBA, TAK U U3TOTOBJISIEMBIX CAMO-
CTOSITEJIbHO, IMMO3BOJISIONINX HAYYUTHCSI MAHUITYJIMPOBATh UIJION
nepen IpoBedeHUEM HacTOsILIel IMpoueaypbl. BeiOpaHnHas
MOJEJIb JOJIXKHA MO3BOJISITH IPOUTU BeCh KypC TPEHUPOBOK C
WTJIaMU pa3HOTO AuameTpa. s Toro 4To0bl 6€30I1acHO MePeUTH
OT TPEHUPOBOK Ha MOMEJSIX K MCIOJIb30BAHUIO METOHA B KIIM-
HUYECKOM TIpaKTUKe, HEOOXOANMMO B COBEPIICHCTBE OBIAIETh
TeXHUKOW OAHOBPEMEHHOTO CKAHMPOBAHUS W MaHUITYJISIIUUN
WUTJION.

Co3spmaBast BO3MOXHOCTb OTpabOTaTh TEXHUKY BBEICHUS UTJIBI,
TpeHaXephl, ONHAKO, HE B COCTOSIHUM TIepeaaTh peajibHbIe OILy-
IIEeHUsI, KApTUHY PacIpOCTPaHEeHUsI XXUIKOCTH, CMEIIEHNE OKPY-
KaloIMX TKaHel, KOTOpble HEN30eXKHO COMMPOBOXKIAIOT MPOIIETY-
py. JIumib mocie o0peTeHusI TOCTaTOUHBIX HABBIKOB MAHUITYJISIIIAI
Ha TpeHaXepe BO3MOXEH OCTOPOXKHBIN Mepexo K paboTe B K-
HUYECKUX ycJoBUsIX. OQHAKO U B 3TOM CJIy4yae TOJbKO MOCTOSIH-
HOe HaOJoeH1e 3a MPOABMXKEHUEM UIJIbI B TKAHSIX, BHUMaHUE K
MOSIBJICHUIO TMapecTe3Uil U MOBBILIEHUIO COMPOTUBICHUS MPU
BBEIEHUU PACTBOPA, BHIIOJHEHNUE acTIMPALIMOHHON MPOOBI CIO-
COOHBI rapaHTUMPOBATh YCIEX MPOLIENYPbl M OE30MIaCHOCTD IMaLU-
eHTa.

JpyruM HeManaoBaxKHBIM 3aJIOTOM yCIexa MeToa CJIy>KaT CHsI-
THE TPEBOTU, MOAPOOHOE pa3bsiCHEHUE MALIMEHTY CYTU MPOMCXO-
ISIIEro M BO3MOXHBIX olnylieHuit. [lociae npeaBapuTenbHOM
Oecennl mis1 obecreyeHUsT KOMMOPTHBIX YCIAOBUIN U CHUXKEHUS
TPEBOI'M MallMeHTa BO3MOXHO OCTOPOXHOE IMTPUMEHEeHUE OeH30-
TINA3eTTMHOB IOl MOHUTOPHBIM KOHTPOJIEM.
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HaBbikn, Heo6X0AMMbIE ANA KaTeTepu3auuu
LlEeHTPaNbHbIX BEH

J171s1 0OTpabOTKM HAaBBIKOB MAHUITYJISIIIUM UIJIOM, HEOOXOIMMBIX
IIJTST KaTeTepU3alliid BEH W BHITIOJTHEHUS IIPOBOIHUKOBOI aHecTe-
3UM, aBTOpPaMW MpPEIJIOXKEHa JIETKO M3TOTOBJsieMast ChIpHas
Monenb. Tak mist Katerepusalu BeH 1o Y31 -kKoHTpoieM TmoHa-
JOOSITCS CAEAYIOIINE TPEAMETBI:

— KYCOK 3KCTPaTBEPIOTO Chipa TOdy;

— IBE THOKWX TPYOOUKH HEOOJBIIIOTO JUAMETpa, MMUTUPYIO-
LIMX COCY/IBL;

— JepeBsSHHas IajJloyKa, MCIob3yeMasl B Ka4YeCTBE ITPOBO-
ITHWKA TIPY TIPOBEICHNH TPyOOUEK uepe3 ChIp;

— TPEXXOIOBBIN MepeKPhIBACMBI KPAaHUK-TIEPEXOTHUK;

— mmpul 06bemMoM 20 cM3 IS CUMYIISINT apTepUATEHOTO
KPOBOTOKA.

ITpumep Takoro mMyJisizka npeacTabiieH Ha puc. 4.1.

ITociie moaroToBKU Takoil Moneaun obe TpyoOKU HEOOXOMUMO
3aTIOJTHUTD BOJIOM, M K OJHOM M3 HUX Yepe3 KPaHUK MOICOSTNHUTH
LIIIpUL,. PUTMMYECKM HagaBIuBasi Ha MOPIIEHb LITIPULIA BO BpeMsl
CKaHUPOBaHUsI, MOXHO TOJIYYMTh IIpeACTaBiIeHUe 00 yJIbTpa3By-
KOBBIX XapaKTepUCTUKAX apTepuagbHOTO KpoBoToka. CBoe 3Ha-
KOMCTBO ¢ addexTom Jlomnmiepa 1 XxapaKTepUCTUKAMU apTepu-
aJIbHOTO M BEHO3HOI'0 KPOBOTOKA CJIeAyeT HauMHATh UIMEHHO Ha
MOJICIIN.

Puc. 4.1. ©oTorpachus cbIpHOM MoZenu 1 Heo6Xo4MMOro Habopa 060pyL0BaHMS
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[lepBoHavanbHass BU3yalu3aiusi UCKYCCTBEHHBIX COCYIOB
MOKeT OBITh BBHITTOJIHEHA B OCH TIOMIEPEUYHOTO WJIM MPOIOTBLHOTO
ceueHus (puc. 4.2).
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Puc. 4.2. YnbTpa3BykoBas KapTuHA UCKYCCTBEHHbIX COCYA0B B NOMNEPEYHOI ocK ()
11 NPOLOSIbHOI ocK (6)

Ha npennaraeMoii MOAeIn ¢ UCIOJb30BAHUEM PUTMUYECKOM
KOMIIPECCUY TOPIIHS IITIPUIIA MOXHO HATJISIIHO IPEACTaBUTh
cebe, Kak OyAyT BBITJISIAECTh COCYIBI MPU CKAHMPOBAHUU B OCHU
MOIMEPEYHOro CeYeHHsI, a TAKXKE pas3Inyust KPOBOTOKA IIPU UCIIOJIb-
30BaHUMU 1IBETOBOI'O JAOIIJIEPOBCKOIro KapTupoBaHus (puc. 4.3).
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Puc. 4.3. YnbTpa3BykoBas KapTuHa COCYAOB C NPUMEHEHWEM LBETOBOro Aommnie-
POBCKOr0 KapTMpOBaHUS

Eiie onmHO pasziuuue COCYA0B BHICOKOIO M HU3KOTO AaBJICHUIA
MOXHO YBUIETh IPU aHaln3e GOpMbI TOMNIIJIEPOBCKON KPUBOIA.
(puc. 4.4).

B koHILIe MOXHO MOIPOOOBaTh BBECTU KATETEP B IIPOCBET
HMCKYCCTBEHHOI'O COCY/a, yaep:KUBas AaTYMK ISl BU3yaTU3aliu
KOPOTKOTO cpe3a (¢ moyioxkeHneM uribl Out-of-Plane) vau rmoBep-

ULTRASONIX MEDICAL CORP. L14-5/38

Puc. 4.4. YnbTpasBykoBas KapTHA COCYL0B 1 OLLEHKA (DOPMbI MYSIbCOBOW BOJIHbI C
npumeHeHnem adpdpekta Jonnnepa
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(& FpoBOAHMK

Puc. 4.5. MonoxeHue ynbTpasBykoBOr0 fartyMka W UMbl NpU NyHKLMW cOcyda
In-Plane (a). YnbTpassykoBas KapTuHa NMPOBOAHMKA U UMbl B NMPOCBETE «COCYyAa»
In-Plane (6)

HYB ero Ha 90 rpaaycoB ajis IIPOAOJbHON BU3yaau3aluy (Urjia B
stoM ciydae In-Plane) (puc. 4.5).

HaBblku, Heo6xoaAUMblE ANA BbINONHEHUSA
NPOBOAHUKOBOW aHECTE3NM

Ha usroroBiieHHe CHIPHOI MOIEIH ISl OTPaOOTKM HaBBIKOB
YIIBTPa3BYKOBOTO KOHTPOJISI TIPOBOIHUKOBBIX OJI0KaI ITOTPEOyeT-
CsI KYCOK 9KCTPaTBEpOTO Chipa Tody, NBe Majgouku (OOIbIIEeTo U
MEHBIIIETO AUaMeTpa, Harpumep, 2 U 8§ MM) IJis UMUTALIUU TUTIO-
BXOTEHHBIX CTPYKTYp U IPOBOJIOKA HEOOJBIIOro araMeTpa s
VMHATAIIAY TUTICPIXOTCHHOM 1IETIH.
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Puc. 4.6. CbipHas moaens U3 cbipa Toddy (noaseneHue urmsl In-Plane K Toncton
LEpeBsHHON Lenn) (a). YnbTpasBykoBas KapTWHa: urna Tyoxu noABedeHa K
rUNO3XO0reHHON aepeBsHHOM Lenn In-Plane (6)

B ympoliieHHOM BapuaHTe ClleayeT MCIO0Jb30BaTh TOJICTYIO
MaJIOYKY M TTPOBOJIOKY, TTPOBEICHHBIE TIEPITEHAMKYIISIPHO MTOBEPX-
HOCTH chipa. JUTss MaHUITYJISIIIAA Ha Ha9aJbHOM JTalle JIyJIire
BCEro BBIOpATh UTJTYy GoJiee KPYITHOTO TMaMeTpa (HarpuMmep, Uy
Tyoxu, puc. 4.6).

ITo Mepe 3aKkpelieHs] HaBBIKOB (yaepKaHKMe MBI B IIOCKO-
CTU CKaHUPOBAHMSI Ha BCEM TIPOTSKEHUU OT MeCTa MyHKIIMU 10
MecTa KOHTaKTa C 1eJIeBOI CTPYKTYPOil, MAaHUTTYJIUPYsT 00euMu
pyKaMiu) HeoOXOIUMO YCIOXKHUTH 3a1ady, HECKOJIbKO BUIOU3MeE-
HMB UCTIOJIb3YeMYI0 MOZIeb. Terephb B KAYeCTBe eJU HYKHO TP -
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Puc. 4.7. ®otorpadpus CnoxHon MOAENU Ha CbIpe TOY C TOHKON LEenbi U UImon
Jnsi NPOBOLHNKOBON 6110Kafbl

MEHUTH 00Jice TOHKHE OOBEKThI, IPOBEACHHBIE Yepe3 ChIp Hau-
ckocok (puc. 4.7). B MakcUManbHO YCIOXHEHHOM BapuaHTe
MOXHO TIPOBECTH Yepe3 ChIP HEOOJIBINYI0 TOHKYIO TTAJIOUKY WU
IIPOBOJIOKY, YTOOBI CHAPYKK ObLIO HEBO3MOXHO OIIPEAEeIUTh UX
pa3Mep, pacloJIOKEHUE ¥ 9XOT€HHOCTh, U IBITAThCS BHIITOJIHUTD
MYHKIIWIO, UCTIONb3Ysl TPAAUIIMOHHYIO UTJTY IUISI IPOBOIHUKOBOM
aHeCTEe3UN.

DTO HEXUTPOE MPUCIIOCOOICHIE TTO3BOJISIET CAMOCTOSITEIbHO
0TpaboTaTh MUHUMAJIbHBIC HABBIKY CKAHUPOBAHUS U MAHUITYJIsI-
MU UTJION TIo Y 3-KOHTPOJIEM, MOJYYUTh ONIYIIEHUST KOHTaKTa
WTJIBI C OOBEKTOM. YCJIOXHSITH MOJIETb, YMEHbIIIAs TMAMETP 1IeIN
U UIJIbI, CJIEAYET 110 Mepe OTPabOTKM HABLIKOB HAa MOJE/IU IIPEeIbl-
JYILIETO YPOBHSI CJI0KHOCTH.





