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Mpeancnosne

C 1988 1., kora ObLIO OMYOIMKOBAHO MEPBOE M3/IaHHUE 3TON KHHTH,
B TeXHOJNOrHMM Y3W mpous30LuIM CyIIECTBEHHbIE U3MEHEHUS. Y Ul-
TBHIBas MHOKECTBO HOBBIX acIICKTOB MCITONB30BaHMsA Y3 u momy-
YEHHBIX JIaHHBIX, IPU paboTe HaJ BTOPHIM M3JaHHWEM MOSBHIIACH
HEOOXOTUMOCTh PA3AeIUTh HAIll MATepHall Ha KHUTH, TOCBSIICHHbIC
npobiieMaM akymepcTBa M IpodjaeMam IMHEKOJIOTHH.

B runekonoruueckoi yactu psii NPUMEHSEMBIX METOAOB OUYECHb
pacIIMpuII CIIEKTP ANATrHOCTHYECKUX BO3MOXKHOCTEH BH3yaln3a-
1wy TpancBaruHamsHOe Y3U, nepuneansHoe Y3U u riccaenoBaHme
IIPY MOJIOKEHNH JaTYMKa B MPEIABEPUHN BIIArajuilia, ylabTpa3ByKo-
BOE HCCIICZIOBAaHHE MOJIOYHOMN jKeJe3bl, TONMIJICPOBCKOE U IIBETHOE
jonmiepoBckoe Y3, sHepreTnueckoe IOMIMIEPOBCKOE HCCIENO-
BaHUE, YJIBTPa3ByKOBasi KOHTPACTHAsl I'MCTEPOCAIBIIMHIOTpadus,
3D- u 4D-ynbrpa3BykoBoe uccienoanue. [Iporpecc B 1uarnoctu-
YECKOM YIBTPa3ByKOBOM HCCIIE0BAHUH 00y CIIOBICH H300peTeHNEM
HOBBIX M YCOBEPIIEHCTBOBAHHEM CYILECTBOBABIINX PAHEE NaTUMKOB
JUIS CTICIIMAIEHOTO UCTIONb30BaHMUS M OBICTPBIM Pa3BUTHEM B cepe
KOMITBIOTEPHBIX TEXHOJIOTHH.

Pazpemienye 1 kauecTBO H300paYKEHNS TAKXKE ObLIN 3HAYUTEIHHO
YCOBEPIIEHCTBOBAHBI, YTO JIAJIO BO3MOXHOCTH OMpENeNsiTh Ooiee
MEJIKHE CTPYKTYPbI B OpraHax IpH yJIbTPa3ByKOBOM HCCICAOBAHUM.
CoBpeMeHHbIE YIBTPA3BYyKOBbIC CKAHEPHI TAKIKE XapaKTePH3YOTCS
CYIIIECTBEHHBIM IIPOIPECCOM B 3PTOHOMHUKE, OHU CTajlM Oosee Jer-
KHMHU U YJOOHBIMU ISl ©KEAHEBHOTO UCIIOIb30BAHUSI.

B cdepe runekonorun Y3U crano BaKHON 4aCThIO JHATHOCTHYC-
CKOTO aJITOPUTMa KaK B CTAIIHOHAPHBIX, TaK M B ITOJUKIMHUIECKUX
yenoBusx. ['maexonorngeckoe Y3 momydmiio 3acaykeHHOE MECTO
B IIPEIONIEPAINOHHOM 00CIIEIOBAaHNH, TaK K€ KaK U B PO HIAKTH-
YECKOW MEAMILIMHE.

VY4uThIBas COBpEMEHHBIN nporpecc B Metonax Y3U, sta kHura
TUTAHUPOBAJIACh IS TIPEJICTaBICHHs KpaTkoro o63opa Y3U B rune-
KOJIOTHH, CIIOIE3yEMOT0 Ha CETOAHSIIHIN 1€Hb.

TpancBarnHansHOe Y3U CyIIecTBEHHO PaCIIMPHIO JHATHOCTHYC-
CKHE BO3MOKHOCTH JJIsl UCCIIEZI0BaHUS Maloro Ta3a. Ilostomy B Ha-
CTOSIIIEM U3JIaHUH OO0JIbIIAsl YACTh KHUIH ITOCBSIIEHA STOMY METO.Y.
Hecwmotpst Ha TO, 4To TpaHcBarnHainbHoe Y3U BeITecHsET TpaHcal-
JomuHanbHOe Y3M BO MHOTMX MOKa3aHUSAX K €ro MPOBEICHHIO, B
JTAaHHOW KHHUTE HE yTBEpXkJIaercst (akT, YTo TpaHCAOIOMUHAIBHOE
V31 yxe yTpaTmiio cBoe 3HadeHHE. UWTarenn, KOTOphIe MMEIOT
HeOOJIBIION OMBIT MCIIOIb30BAHUSI TPAHCBATMHAJIBHOTO HCCIIENO-
BaHMs WM BOOOIIE C HUM HE CTAJKUBAJINCH, MOTYT MOIyYUTh HUH-
(opMarnno 0 HOpMaJIbHBIX M MATOJIOTHYECKUX MPU3HAKAX B MAJIOM
Tazy, KOTOPbIE MOTYT OBITH BBISIBJICHBI IIPU TPaHCAOJOMHHAILHOM
ckanupoBanuu. Kpome toro, TpancabnomunansHoe Y3U BKiIFOYaeT
nccnenoBanue OOIBITNX 00pa30BaHMi B HKHUX OT/IeNIaX OpIOITHOM
MIOJIOCTH M UCCJIEIOBAHUE CPEAHUX M BEPXHUX OTJEJIOB OPIOLIHOM
MOJIOCTH B JMAarHOCTHKE M MOCIEyIolieM HaOlIofeHUH 3a Tali-
SHTKaMHM CO 3JI0Ka4eCTBEHHBIMHU Iporieccamu. [TockonbKy skano0b
CO CTOPOHBI OPIOLIHOM MTOJIOCTH MOTYT OBITH CBSI3aHBI C JKEITYI0OYHO-
KHIIECYHBIMH, TIEYEHOUYHBIMU U YPOJIIOTHYECKUMH HAPYIICHHSIMH, TaK
K€ KaK ¥ C THHEKOJOTHYECKUMH MPOOJIeMaMHt, B KHUT'€ OCBEIICHBI
9TH «IOTIOTHUTENIbHBIE 00JIACTI», C KOTOPBIMU BPa4-TMHEKOIOT MO-
JKET CTAJIKUBATbCA KETHEBHO.

Kpome ToTrO, 3TO M3aHME TaKKe OCBEIIaeT MpoOIeMbl UHTpa-
onepauuonHoro ¥Y3U, nepuneansnoro Y3U u Y3U npu nonoxxeHun
JlaTd9uKa B TPEJUIBEPUH BIIArajfiia, KOHTPACTHONW YIIBTPa3ByKOBOH

THCTepOCaIBITMHIOrpaduy, IOMIUICPOBCKOTO M IIBETHOT'O JIOTILIC-
posckoro Y3U, TpancBaruHanbsHOro 3D- 1 4D-ynbeTpa3BykoBOro
uccaenoBanusa u Y3U mMonounoit sxenessl (2D-, 3D- u 4D).

[BeTHOE mommiepoBckoe Y3U monmydmino 3aciayKEHHOE MECTO
B OIICHKE Mep(y3uu OMmyXoJeil KEHCKOU MMOJIOBOI CHCTEMBI U TUd-
(epeHIMAIBHOM TUarHOCTHKE JI0OPOKaYeCTBEHHBIX M 3JI0Ka4€CTBEH-
HBIX omyxoseil. OHO TakXKe UCIIONb3YeTCs B KaUueCTBE JJOMOJIHUTEIb-
HOTO IMarHOCTHUYECKOTO METO/A B PENPOAYKTUBHON MeauLnHe. Y3U
MOJIOYHOH Kene3bl 3P(GEKTHBHO HE TONBKO B AH(QepeHINATEHON
JUArHOCTHUKE MEXAY KUCTO3HBIMH M CONUIHBIMU OOPa30BaHHAMH,
HO MOXET TaKKe SIBIATHCS JOMOTHEHUEM WM JaXKe aJbTepHAaTHBOM
00bryHON MamMorpaduu. CyniecTBYIOT CiIydau, KOTja J100meparu-
orHoe Y3U o0Opa3oBaHUil MOJOYHOH KeJIe3bI MOXKET OOCCICUUTH
Ooree TOYHYIO TU(PEepeHINATHHYI0 TUATHOCTHKY MEXKIY T00po-
Ka4eCTBCHHBIMH M 3JIOKaYeCTBCHHBIMHU MOPAKCHUSMH, YeM MaM-
morpadus.

Het Hukakux coMHeHHH, 4To ¢ pa3ButueM 3D- u 4D-TexHoI0run
YABTPA3BYKOBOTO UCCIIETOBAHUS 3T METO/bI JOCTUIIN CTAAUHU, KO-
IJ1a OHH HE TOJBKO MOTYT UCIIOIB30BAThCs TIPU PYTUHHOM HCCIICIO-
BaHUM, HO ¥ 00ECIICUNBAIOT N300paKCHNE, KOTOPOE HE MOXKET OBITh
oy4eHo mpu 2D-ynsTpa3BykoBoM HcciienoBaHud. [103ToMy TITaBBI
1o rpobaeme 3D-/4D-yinbTpa3ByKOBOIO HCCIICAOBAHMS B THHEKOJIO-
run ¥ 3D-/4D-ynbTpa3ByKOBOTO MCCIIEI0BAHUSI MOJIOYHOM IKEJIe3bl
BKITIOUCHBI B 3Ty KHUTY.

[IpuHIMITHATBHBIE TUATHOCTHYCCKHUE TpU3HaKH, nuddepeHim-
aJbHAs TUAaTrHOCTHKA ¥ OOBSCHEHHUS B 3TOM KHHUTE PaCCMaTPUBAIOTCS
B CXeMax M TaOJInIax B KOHIE KaXKIOH MIaBbl. DTO HEOOXOIMMO JUTS
MIPEIOCTABICHUS Bpady KPaTKoro 0030pa M MOMOIIH B (hOPMYITHPOB-
ke nuddepeHnanbHOro quartosa. [IprioKeHbl BCe YCHITUS, YTOOBI
NPEACTaBUTh N300pakeHHs (aKTHUECKH UIs JII0OOTro MpHU3HAKa,
KOTOPBIN MOYKET BCTPETUTHCS B MPAKTUKE TUarHoctuyeckoro Y3U.
Kaxk s TpaHcabmoMUHATBEHOTO, TaK U JUISA TpaHCBarmHANBHOTO Y3
TIpeIONePaIIIOHHbIC YIIFTPa3BYKOBEIC MPH3HAKH KOPPETUPYIOT C WH-
Tpa- ¥ MOCJICONEPANNOHHBIMH 110 KOIUYECTBY OPAKCHUH, KOTOPHIC
MOJIKAT XUPYPTUIECKOMY BMEIIATEILCTBY.

XOTs Bce MOM COaBTOPHI CTapaIuCh MPEACTaBUTh CBOM MaTepua
B YETKOM, TIOJIHON U JOCTYIHOU (popme, HeH30EIKHO, 4TO HEKOTOPbIE
BOTIPOCHI PACCMOTPEHBI HE HCYEPIIBIBAOIINM 00pa3oM U OymIyT
MPECTABIATh TPYAHOCTH U PA3NUYHBIX Bpadel. YUHUTHIBas 3TO,
S TIPUIVIAIIAI0 YUTATEIeH CBSI3BIBATHCSA CO MHOI IO JFOOBIM BOIIPO-
cam, KOTOpbIe, BO3MOXKHO, HESICHBI MJIM CIIOPHBI, BBICKa3bIBaTh CBOU
KPUTHUYECKUE 3aMeYaHusl JIs TOBBIILICHNS KAYeCTBA 3TOW KHUTH.

51 GnaroapeH BceM MOMM COaBTOPaM, Yb€ SKCIIEPTHOE CO/ICHCTBHE
OBLTIO TBOPYECKUM HHCTPYMEHTOM CO3[aHHS TaKOW BCECTOPOHHEH
PpaboThI IO YABTPA3BYKOBOMY HCCIICIOBAaHHUIO B THHEKOIOTHH. S Tak-
e O6maromapro Hatrero ororpada, rocoguna F.Feyrer, 3a mactep-
CKy0 paboty u noktopa Slovacek 3a IIEHHYO TOMOIIIb B TIHIATSIEHOM
HCCIIEIOBAaHUU JIMTEpaTyphl. 51 BeIpakaro 0coOyro 01arogapHoOCTb
KOJUICKTHBY H3nareinberBa Thieme 3a Bbliaromieecsi pyKoBOACTBO
U TIOJICPIKKY BO BPEeMs PENAKIIMOHHOTO TUIAHUPOBAHUS U M3IAHUS
9TOH KHHTH, B YaCTHOCTH JokTopy M.Becker 3a paboty Haxm HEMeII-
kuM u3nanueM u nokropy Cliff Bergman, rocnioauny Stephan Kon-
nry u rocnioxke Elisabeth Kurz, koropbie cienanu Bce BO3MOXKHOE ISt
AHTJIMICKOTO U3JIaHUs DTON KHUTH.

FEberhard Merz
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1 Kputepumn ana onucaHna o6beMHbiX 06pa3oBaHUi
npw ynbTpa3ByKOBOM NCC/Ie[0BaHNN

TouHoe onucaHue JaHHBIX, TOAYYeHHBIX pu Y3U, ¢ ucnosnb3osa-
HUEM CTaHAapTHOM HOMEHKJIATYphI [ 1, 2] — ocHOBa JUIsl TILATENBHOM
WHTEpPIpETanN pe3yasTaToB modoro Y3U. OcoGeHHO pu 00heM-
HBIX 00pa30BaHMSIX )KEHCKHUX TOJIOBBIX OPTaHOB HE CIEMyeT Kiac-
CHU(HUIMPOBATh UX KaK MHOMY WJIA KHCTY SIMYHMKA HA OCHOBaHUU
HavyallbHBIX MPU3HAKOB. bosee MpaBUIIbLHO — BBIMIOJIHUTE JI€TaIbHOE
ornucaHue 00pa30BaHUs, OCHOBAHHOC HA OIICHKE PA3JIMYHBIX YIIBT-
pa3ByKoBBIX KpuTepues (Tadm. 1.1). [Tocie paccMoTpeHHs BceX 3THX
KPUTEPHEB Bpad MOXET MEPEXOIUTH K MHTEPIIPETAIIIH TTOTyYSHHBIX
JAHHBIX ¥ TPOBEACHUIO T GepeHIIMATBbHON THarHOCTUKH.

Baxuo yunuteiBath MeTonl Y3, 0CO6EHHO NP NMPOBEACHUH €r0
B TMHEKOJIOTHH, MOTOMY YTO MCHOJB3YeMbI JAOCTYI JJIsl CKaHH-
poBaHUs (a0OMUHAIIGHBIN, BIIATATHUIHBIN, IPIMOKHAIICYHBIN HJIH
MIPOMEKHOCTHBIN ), TaK)Ke KaK M 9acTOTa JAaTUYNKA, O0YCIOBIMBAIOT
BO3MOKHOCTDh W TOYHOCTB OIIPEICIICHHS XapaKTePUCTUK BHYTPCH-
HHUX 3XO-CUTHAJIOB 00BEMHOTO OOpa30BaHMS JKEHCKHX TOJOBBIX
OpTaHoB.

Heo6xonumo Takke IMETh B BUJLY, YTO TOYHAS JUATHOCTHKA TPe-
OyeT ONTHUMAaIBHBIX HACTPOCYHEIX ITapaMeTpoB obopymoBanus. Ha-
TIpUMep, IPE3BBIYANHO TPYIHO OOHAPYKUTH BHYTPEHHHIE IXOBKITIO-
YeHWs, €CITH TapaMeTphl 000PYIOBAHHUS YCTAHOBICHBI CIIHITKOM
HU3KO, TOTA KaK MapaMeTpsl HACTPOHKH, yCTAaHOBICHHBIE CIIUIIKOM
BBICOKO, BBI30OBYT OTPa)KEHHsI, KOTOPbIE UMHUTHUPYIOT BHYTPEHHUE
IXOBKJIFOUCHHSI.

Jlokanusaumna o6bemHoro o6pasoBaHus
B onpefeneHHOM opraHe

B HayanbHOM yacTu uccieoBaHus HE0OOX0MMO YCTAaHOBUTD U yTOY-
HUTH JIOKAJIM3AINIO YJIBTPa3BYKOBOM MATOJIOTHH B ONPENEICHHOM
crieduIeckoM opraHe. JTo JIy4dIle BCEro BHINOIHUTH B COOTBET-
CTBHH C CHCTEMaTH3UPOBAHHBIM IPaBHJIOM, OCHOBAaHHBIM Ha 000-
3HAUEHUH TIOCKOCTEH ceueHusl.

He Bceraa BO3MOKHO HAEHTU(UINPOBATH TOBPEKACHHBIN OpraH.
OTO0 MOXET OBbITh 0COOCHHO 3aTPYIHHUTEIBHO, €CIH MOpaKeHHE
paspyliaeT HopMaJlbHble TPAHHIIBI OPIaHOB WIIM KOIJIa UMEETCs BOC-
TAJIMTEIbHBINA KOHIJIOMEpAT, B KOTOPOM OT/IEJIbHBIE OPraHbl CIIasHbI
JpyT ¢ ApyroM. B apyrux ciydasix cocemHue CTPYKTYphI MOTYT
UMETh CXOTHYIO YIBTPAa3BYKOBYIO CTPYKTYPY, ITO3TOMY HX JIETKO
CIIyTaTh IPYT C APYroM (Harpumep, cyoceposHas JeHoMHOMa MaTKH
Ha HOXKKE U OIYXOJIb SIMUHHKA).

Takoxe MOKeT OBbITh 3aTPYTHUTEIILHO ONPECIUTh PACIIONIOKECHUE
nccieyeMoro o0ObeKTa ¢ mpaBoi MIIH JIeBOi croponbl. Harpumep,
o0BeMHOE 00pa3oBaHMe MPUAATKOB MATKH HE 00s13aTeNILHO TTOpaXka-
€T Ty CTOPOHY, Ha KOTOPOH OHO ONPEJENAeTCs], TaK KaK MTOBIKHbIC
00pa3oBaHMs MPUIATKOB MAaTKW MOTYT CMEIAThCSI Ha MPOTHBOIIO-
JIOKHYIO CTOpOHY. bombiire 00pa3oBaHust MPUIATKOB MAaTKH 4acTo
3aHMMAIOT CPEJUHHOE TTOJIOKEHUE M HE MOTYT OBITh YETKO OTHECEHBI
K TIPaBOil MIIH JIEBOH CTOPOHE, €CIIM HE BU3YaJIM3UPYIOTCS TPOTHBO-
TIOJIO’KHBIE IPUIATKN MaTKH.

Ecmu o6peMHOE 00pa3oBaHre HE MOKET OBITh OTHECEHO K CIICTIN-
¢budeckoMy oprany, OHO JOJDKHO, KAK MUHHMYM, OBITB JIOKQJIM30BaH-
HBIM I10 OTHOIIICHHIO K CIICIU(UISCKOMY PETHOHY (HAIpUMep, K 00-
JIACTH JIEBBIX NMPHUIATKOB MaTKW MJIM K JyIJIaCOBY POCTPAHCTBY).

Tabnuua 1.1 Kputepun onncaHma o6bemHbIx obpaszoBaHuii npu Y3

1. MopaeHHbI opraH
2. Pasmepbl (B MUIAMMETPaX UAN CaHTUMETPAX)
3. ®Dopma:
- Kpyrnas
— OBaJibHaA
- npopgonrosaras
— 3y6uaTtas
4. BHyTpeHHAA 3XOCTPYKTypa:
— 0OHOpPOAHasA (romoreHHas)
— HeoAHopoAHaA (HeroMmoreHHas)
A. Kucmo3sHoe o6pasoeaHue, KUCMO3HbIl y4acmok
OueHKa BHYTPEHHEeN 3XOCTPYKTYpbl:
* PacrosioXXeHne BHYTPEHHMX SXOCTPYKTYp:
- oTCyTCTBUE
- nepudepuryeckne
— LieHTpanbHble
— NoBcemecTHoe
» pa3mepbl BHYTPEHHVX IXOCTPYKTYp:
— MenKune
— YMepeHHble
- rpy6ble
* VNHTEHCVBHOCTb BHYTPEHHVX SXOCTPYKTYP (3XOreHHOCTb):
— HU3KNI YPOBEHb
— CpefiHU ypoBeHb
— BbICOKMI YPOBEHb
— Uype3BblYaliHO BbICOKMI YPOBEHb (TMepP3XOreHHble)
° PacrosioXeHne OTAENbHbIX IXOCTPYKTYp:
- cBob60ogHO
— YMepPEeHHO NJIOTHO
- NNOTHO
» pacnpeneneHune BHYTPEHHUX SXOCTPYKTYp:
— OfjHOpOAHOE pacnpepenieHne
— HEOJHOPOAHOE pacnpepenieHne
— MHOXECTBO OTAeNEeHUI
— TONLWMHA CTEHKNM (B MUAIMMETPaX)
— TONLWMHA Neperopoaku (B MuanmmeTpax)
B. ConudHoe ob6pa3oeaHue, conuoHbIl y4acmok, CoNuOHbIl 3X0-
KomnJekc:
a) UHTEHCUBHOCTb (3XOreHHOCTb, CM. BbILLE)
b) pacnpeneneHune BHyTpeHHUX 3XOCTPYKTYP (CM. BblLLE)
C) pacnonoxeHue, pasmep, Gopma CONMAHOIO y4acTKa/SXOKOM-
nnekca
5. Kpan:
— rNaaKknmn
— HepOBHbIN
6. KoHtyp:
— YeTKO OTrPaHNYEHHbIN
— NJIOXO OTrPaHMNYEHHbIN
— He OTrpaHNYeHHbI
7. MoaBWXHOCTD:
— OYeHb NOABMKHOE OTHOCUTENIbHO COCEJHNX OPraHOB
— OrpaHVNYeHHoe B MOABUMKHOCTM
— HemoABUXHOe
8. CNoco6HOCTb K CKMMaeMoCTh
9. AKycTU4ecKoe 3aTeHeHue Unu ycuneHume
10. OnpepeneHvie NOABMKHOCTY BHYTPY 06pasoBaHus
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Pasmepbl o6pa3oBaHunA

Bcerna He0O0X0IMMO MOTyYaTh U300pakeHHEe 00BEMHOTO 00pa3oBa-
HUSI ¥ IPOBOJIUTH €r0 U3MEPEHHE B TPEX IIOCKOCTSX, JUIsl TOTO YTO-
OBI ONIPENIETUTH €r0 TOYHBIE pasMepsl. Ero jyrHa, BeICcOTa M IMPHHA
JIOJKHBEI OBITH M3MEPECHBI KaK BHYTPEHHE-BHYTPEHHHE PasMeEpHI,
M B K&KIOM CIyYac U3MEpSeTCss MAKCUMAIBHBIN U3 HUX B KaXKION
IJIOCKOCTH CEYECHHUS.

®opma obpasoBaHuA

O06pa3oBaHme MOKET UMEThH OTHOPOIHYTO MITH HEOTHOPOIHYIO (hop-
my. OnHOpOIHOE 00pa3oBaHWEe MOXKET OBITh OIMHUCAHO KaK KPYT,
OBaJI, TPYLICBUHOE WM TPOAOJITOBATOC, WIM OHO MOXET OBITh
CPaBHEHO C HEKOTOPBIMH JIPYTUMH OJM3KHMH T'€OMETPHUYECKUMHU
¢dopmamu. OOpa3oBaHne HENPABUILHON (DOPMBI OITMCHIBACTCS KaK
«3y0UaToey.

BHyTpeHHAA 3XOCTpYyKTYypa

OO0pazoBaHre MOXXET UMETh MPOCTYIO (OJHOPOAHYIO) MM KOMOU-
HUPOBAHHYIO (HCOJHOPOIHYI0) BHYTPCHHIOK AXOCTPYKTYpY, B 3a-
BHCHMOCTH OT €r0 BHYTpPEHHero coxmepkumoro. [IpocTtoe obpa-
30BaHME MMEET TOJHKO OJHOPOMHBIN, WIIM TOMOTCHHBIN, BHI TpU
V3U. l'omorenHOe 00pa3oBaHUE MOXKET OBITh JIMIIIEHO BHYTPEHHEH
9XOCTPYKTYPHI (OJHOKaMEpHAs KUCTA) HJIK MOXKET COJIEPIKaTh BHYT-
pEHHHE SXOBKIJIIOUEHHMs (KUCTa C IJABAIONIUMHU YacTUIIAMU WIIH
comumHas omyxoib). KoMOMHIpOBaHHOE 00pa3oBaHME, C IPYroit
CTOPOHBI, UMEET HEOTHOPOAHBI, UM HETOMOT€HHBIN, BU 1ipu Y 3.
Heromorennoe o6pa3oBaHme MOXKET OBITH MHOTOKAMEPHON KHCTOM,
CMEIIaHHBIM KHCTO3HO-TKaHEBBIM O0pa30BaHHUEM WM COJHIHOI
OITyXOJIbI0, KOTOPAsk COACPIKUT 00JaCTH pa3IMYHON 3XOTEHHOCTH.

BHyTpeHHMe SXOBKIIIOUEHHUS, OTIpEieIiieMble B IIPEIeIax KUCTO3-
HOTO 00pa30BaHMs, OLICHUBAIOTCS] OTHOCUTEIBHO X PACIIOIOKCHHS,
pa3Mepa U HHTCHCUBHOCTHU. TakKe OLIEHMBAIOTCS WHTEPBAI U Pac-
MIPOCTPAHEHNE SXOBKIIFOYCHAN, OTIPEACTSACTCS YHCIO OTACICHHM,
TOJIIIMHA CTEHKH W MaKCHMAaJbHAs TOJIINHA TIEPETOPOIOK.

B cMmemaHHBIX KHCTO3HO-TKAHEBBIX OOpa30BaHUAX KHUCTO3HAS
4acTh 00pa30BaHUs ONMUCHIBACTCSI, KaK MPEACTaBICHO Bhiiie. Kpome
TOTO, TKAHEBAsI YaCTh 00Pa30BAHUS XapaKTCPU3YETCs KaK HMEIOIIast
MIPaBUIHHYIO WM HETIPABIIBHYIO (POPMY, OIICHUBACTCS €€ IXOTCH-
HOCTh. Takue jke KpUTepHH HCIIONB3YIOTCS B OIICHKE Y3€lIKa B CTCHKE
KHCTHI.

B uckmtounTenbHO COMUIHON (TKAaHEBOM) OMYXOJIH OTMCHIBAIOTCS
9XOCTPYKTypa (MpaBHIbHAs/HEIIPABUIIbHAS) U 3XOTCHHOCTh Opa-
xeHns. Criennpuaeckoe BHUIMAaHUC YICTSICTCS SXOTCHHOCTH, C yKa-
3aHHEM, ONHOPOIHAS OHA WJIM HET BO BCEX YACTSX OITyXOJH, WA
UMEIOTCS 00TaCTH Pa3INIHOMN SXOTeHHOCTH.

M KucmosHoe o6pasoeaHue, KUCMO3HbIl ydyacmok

BHyTpeHHMe 3x0BKN0YeHUA

Ecnm oOpaszoBaHue WM ONpe/IeNIeHHbIN y4acTOK CBOOOJHBI OT BHYT-
PEHHHX SXOBKJIIOYCHUH, OHO ONMCHIBACTCS KaK IXOHETaTHBHOE (MU
aHaxoreHHoe). Ho ecnu onpenenstoTcst BHyTpeHHHE SXOBKIIOUEHNS,
OHU OLICHUBAIOTCS OTHOCUTENIBHO UX PACIIONOXKEHUs, pa3MEPOB, HH-
TEHCHBHOCTH, MHTEpBaJIa MEKIYy HUMH U UX PaclpeelIeHusI.

Pacnonoxkenue BHYTPEHHHUX IXOBKJIIOUeHM . Pacmonoxenne onu-
ChIBACTCs B 3aBHUCHMMOCTH OT TOI'O, I'IC HAXOAATCS 3XOBKJIOUCHUA
B KUCTO3HOM YYaCTKC — OHU MOTYT OBITH 110 HepI/I(l)epI/II/I, LEHTpallb-
HO WJIK MOBCEMECTHO.

Pa3mep oTaenbHbIX 3X0BKIWYeHHi (cM. puc. 1.1). Pazmep sxo-
BKJIFOUEHUH OMMCHIBACTCA ISl TOBEPXHOCTHOTO Y4YacTKa OTHAENb-
HBIX AXOBKITtoueHHi B B-pexume Y3U. HeGounbime 5X0BKITIOUEHUS
OITHCHIBAIOTCS KaK HE)XXHBIC (MEJIKHE) SXOBKIIOUEHHS, CPEAHUX pa3-
MEpOB — KaK YMEPEHHO rpyOble, M KPYITHbIE SXOBKIOUEHHS — KaK
rpyOsIe.

YpoBeHb MHTEGHCHBHOCTH OT/AEJIbHBIX 3XOBKJIYEHHH (CM.
puc. 1.2). YpoBeHb MHTCHCUBHOCTH ITOKa3bIBACT BBHIPAKECHHOCTbD,
WA aMIUTUTYAY, SXOBKIIOUeHUN. HU3KOypOBHEBEIC 3XOBKITFOUCHUS
AMEIOT HU3KYIO aMILTHTYITY, CPeIHEYPOBHEBEIC — YMEPEHHYIO, a BBI-
COKOYPOBHEBBIC SXOBKJIFOUCHHNSI IMEIOT BBICOKYIO aMIUTUTYY; BHYT-
pPEHHHE 3XOBKIIOYEHHUS YPE3BBIYAHO BBHICOKON aMIUTUTYABI MOTYT
OBITh ONKMCaHBI KAK THIIEPIXOTCHHBIE.

HuTepBas pacnpenejieHusi 0TAeIbHBIX IXOBK/IIOYeHH. DXOUH-
TEpBaJl OMMCHIBAETCSI HA OCHOBAHWM TUIOTHOCTH BHYTPEHHHUX 3XO-
BKJIFOUEHHH, T.€. YMCJIE 3XOBKJIIOUCHHH, OIPEENIIEMbIX B CIUHUILIC
TUTOIA 1. DXOBKIIOYECHHUS OMTUCHIBAIOTCS KaK PACCEsTHHBIE, €CITH OHU
pachpesiesieHbl AaleKo ApYyT OT APYra, yMEPEHHO IIOTHBIE — €CH
OHU PACIOJIOKEHbI OTHOCUTEIBHO HEAAIEKO APYT OT APYra, U IUIOT-
HBIE — €CJIM OHU PACIOJIOKEHBI PA3AEIbHO, HO OJIM3KO IPYT K JIPYTY.

PacnpeneieHue oTaeIbHBIX 3XOBKJIOYeHHI (cM. puc. 1.1). Oxo-
BKJTIOUCHHSI OMUCHIBAIOTCS KaK MMEIOIIHE OIHOPOIHOC I HEOJ-
HOPOJIHOE pacrpesiesieHne. DT0 MMEeT OTHOIIEHHE K pa3Mepy 3X0-
BKJIFOYCHUI U K MHTEPBAJIaM MKy HUMH.

KonuuectBo Kamep

KonnuecTBo kamep MOXKET OBbITh OIPEEIICHO JUIi MHOTOKaMEPHOTO
KHCTO3HOTO 0Opa3oBaHusi. KaMepbl MOT'YT ONHUCHIBATHCS OTJIEIBHO
WA COBMECTHO, B 3aBUCMOCTH OT TOT0, UIMEIOTCS JIU Pa3IMUMsl B UX
BHYTpPEHHEU 3XOCTPYKTYpeE.

TonwmHa CTEHKN

TonmuHa CTEHKH MOXKET OBITE N3MCPCHA TOJIBKO JJI KUCTO3HOI'O 00-
pa3oBaHusA U ONPEACIACTCA B MUJJIUMETpPAx. Ecmm TOJIIIIKMHA CTCHKHA
HCOJAMHAKOBA HA Pa3/IMYHbIX Y44CTKAX, ONPECACIAACTCA MaKCUMaJlb-
Has TOJINIMHA CTCHKU.

TonwmHa neperopogKku

TonmuHa neperopoAKy ONpeAesseTcs TEM e MyTeM, YTO U TOJIIH-
Ha cTeHKH. Ecrii HabmrogaeTcs orpaHNueHHBIN yYacTOK YTOJIICHUS
TIEPETOPOJIKH, ONPEACISIETCSI MaKCUMaJIbHAs TOJIIMHA IIEPEropos-
KH.

m  ConudHasA onyxoJb, COMUOHbILU y4acmoK
U COJTUOHBbIL 5XOKOMNJIEKC

BHyTpeHHSS 3XOCTPYKTypa MPEUMYIIECTBEHHO CONHIHBIX (TKa-
HEBBIX) OIYXOJICH OIICHMBACTCS HA OCHOBAHHHM WHTEHCHBHOCTHU
W pacrnpeeneHus 3XOBKIoUeHn. Eciau B cMelaHHoi onmyxomnu
ONpENEAETCs COAEPKAHNE KOMIIEKCHOTO COJIM/IHOTO y4acTKa Uin
M30JIMPOBAHHOTO SXOKOMILICKCA (HAIpUMep, MAMUIIPHBIC CTPYKTY-
PBI CTEHKH), paCIOJIOKEHHE, pa3Mephl H (hopMa CONUIHOTO yIacTKa
JIOJDKHBI OBITH OIICHEHBI B IOMTOJTHEHNE K SXOT€HHOCTH H PacIpesie-
JIEHUIO SXOBKJIIOUEHUH.

Kpan

Kpaii 0O6pa3oBaHus On¥CEIBAETCS KaK IIAJAKHIA WA HEPOBHBIH.
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Pnc. 1.1 lMpocTtpaHcTBEHHaA

NAOTHOCTb M OAHOPOAHOCTb

pacnpepeneHnsa 3X0BKJIIYe-

HUIA.

a OpHopopHas 3XOCTPYKTY-
pa, 9XOHeraTmMBHas.

b OpHopopaHasa aXOCTPYKTY-
pa, paccesHHble IXOBKJIIO-
YyeHus.

¢ OpHOpOAHasA IXOCTPYKTY-
pa, yMmepeHHas MioTHOCTb
IXOBKJIOUYEHUIA.

d OpHopopaHas 3XOCTPYKTY-
pa, NIOTHbIE XOBKIoYe-
HUA.

e HeopHopopgHas axocTpyK-
Typa C 3XOBKOYEHNAMN
paBHbIX Pa3mMepoB.

a b
d e

a. bH
cE dE

f HeopHopopgHas 3xocTpyK-
Typa C 3X0BK/OYEHUAMN
pasfnYHbIX pa3mepoB
(HexHble (Menkune), yme-
peHHO rpybble, rpy6bie).

Pnc. 1.2 YpoBeHb UHTEHCKB-

HOCTW 3XOBKJIIOYEHWI.

a  DXOBK/IOYEHUA HU3KOTO
YPOBHA MHTEHCMBHOCTU.

b 3SxoBkniouyeHua cpepHero
YPOBHA MHTEHCMBHOCTY.

€ DXOBKJ/OYEHUNA BbICOKOIO
YPOBHA NHTEHCMBHOCTU.

d [unepaxoreHHble BKOYe-
HYA.

KoHTyp

KOHTyp 06pa3OBaHI/I${ OIIKMCBIBACTCA HA OCHOBAHUU TOI'0, HACKOJIBKO
YETKO O6pa3OBaHI/I€ OTTPAaHUYCHO OT OKPYKAIOIINX TKaHEeH: Xopomo
OTTPAHUYCHHOC, TUIOXO0 OTTPAaHUYICHHOC U HECOTITPAHUYICHHOEC.

MopBUXXHOCTDb

Hcnionb3yst IaBlICHUE TATYMKOM, BPA4 MOXKET OMPEIEIIUTh, HACKOJb-
KO TIOJIBI)KHO 00pa30BaHKe OTHOCUTEIBHO COCEAHUX opraHoB. O0-
pa3oBaHue MOXET ObITh OYE€Hb MOJABMKHO MO OTHOILICHUIO K OKpPY-
HKAIOLIMM TKaHSIM, MOXKET IMETh OIPAHUYEHHYO OIBUKHOCTh T
OBITh HETIOBMKHBIM ((DUKCHPOBAHHBIM).

Ynpyroctb

[Ipu TpancBarnHanbHOM Y3U BO3MOXKHO OKa3bIBaTh MPSIMOE JaB-
JIeHHE Ha 00pa30BaHUE Yepe3 YHI0BArMHAIBHBINA JaTunK. CTeneHb
CKMMaeMOCTH OyAeT 3aBHUCETh OT TOTO, SBIACTCA JIM HMOPaKCHUE
MSITKHM KHCTO3HBIM 00pa3oBaHneM, HaIPSKEHHBIM KHUCTO3HBIM 00-
pa3oBaHMWEM WJIM IUIOTHOW CONMAHOW ormyxousbto. Takum oOpazom
Bpa4 MOXKET OLICHUTh KOHCHCTEHITHIO 00Pa30BaHMS.

AKyCTVIl-IECKOG 3aTeHeHe N aKycTnyeckoe
ycnuneHmne

i AKycmuyeckoe 3ameHeHue

AKyCTHYECKOE 3aTCHEHHE ONMCHIBACTCSI HA OCHOBAHUM 3aTyXaHUS
3BYKOBOH BOJIHBI, KOTOPOE BO3HUKAET 1103311 00pa30BaHUs B PE3yJIb-
Tate pusndeckux A3PQekToB (abcopOLNY, OTPAKEHHS, PACCCHBAHUS,
mudpaxunu, npenomiienns). OOpa3oBaHHe MOXET AaBaTh NOJIHOE
3ameHeHue, KOTOPOE JTUIICHO JTIOOBIX SXOBKIIOUCHUH, HITH HENOTHOE

3amenenue, TP KOTOPOM ONPEACIIAOTCSI HEKOTOPBIC DXOBKIIOUCHU .
AK}’CTI/I‘-IGCKyIO TEHb Jal0T COJIMIAHBIC YYACTKHU.

m AKycmuuyecKoe ycusieHue

AKyCTHYECKOE YCUIICHUE ONIPEeIseTCsl, KOT/Ia 9X0-CUTHAJI, BEpHYB-
IIiAcs U3 00JacTH M03aau 00pa30BaHMsA, UMEET OOIBIIYI0 aMITIH-
TyZy, 4eM BEepHYBIIHECSA U3 COCENHHUX obnacTell. DTo BeTpeyaercs,
eciy caMo oOpa3oBaHME MOIVIOLIAET MEHbIIE DHEPTUH 3BYKOBOM
BOJIHBI, YeM OKPY’KaroIie TKaHH, WIN (PyHKIMOHUPYET 110 TOMY JKE
MIPUHIHNILY, YTO ¥ cBeTocoOuparomias ymn3a [3]. Hammune akyctu-
YECKOT0 YCHIICHUS BCeTa SIBIACTCS MPU3HAKOM KHUCTO3HOM CTPYK-

TYPBI.

OI'IpeFI,GHEHI/Ie noaABNXXHOCTU BHYTPW OMyXoJin

Bonpimoe npenmymectso Y3U 3akirogaercst B TOM, 4TO OHO HE 5IB-
JIIeTCS CTaTHYECKUM HCCIIEJOBAaHUEM: OHO MOXKET OOHapyKHUBaTh
IBIKCHHUE. DTO TOJIE3HO B CITy4asix, KOrga BaykKHO poBecTH Tudde-
PEHLUANIBHYIO JUarHOCTUKY MEX/ly 00pa30BaHHEM KEHCKHX I10JIO0-
BBIX OPTaHOB U, HAIPUMED, PACIIMPEHHBIMU NMETISIMU KUIIEYHUKA.
B To Bpems kak HCTHHHOE TMHEKOJIOTHYECKOe 00pa3oBaHue HE U3-
MEHHT CBOMX YJIBTPA3BYKOBBIX NPH3HAKOB, PACIIMPEHHBIE IETIN
KHIIEYHUKA MOTYT 1aBaTh MPU3HAKHU OTPE/IEIAEMOTO IBUKEHHS NX
COZIEP’KUMOTO HPU JUTUTEIILHOM HAOTIOACHUH.

COMHEeHUA B ONMCaHNN NONYYEHHbIX
Npu3HaKoB

[onmyuennsie qanusie Y3 He Bcerma MOTYT OBITh TOYHO OTIHCAHBI.
Ecmu ecTp Kakue-TO COMHEHHUS B OTIMCAHUH MOPAKEHHS, X HYKHO
OTMETHTH B 3aIMCH, C OTIMCAHUEM MOPAKEHUS KaK «HEOTPEIETICHHO-
T'O» WK «JIBYCMBICIICHHOTO». ECIii OpraH He MOXET ObITh OTYCTIIMBO
BU3yaJIu3upoBaH npu Y3, 3To Hy’)KHO ONIUCATbh, KaK «B HACTOSLIUI
MOMEHT HE ONpEAEIsIeMBbIiD».
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AnddepeHumnanbHana aMarHoCTMKa
[06pOKaueCTBEHHbIX U 3/10KaYeCTBEHHbIX
onyxoneun

[Ipu ompeneneHuy MPENCTABICHHBIX BbIIIE KPUTEPHEB 00pa30-
BaHUE MOXET OBITH KITaCCH(HUIMPOBAHO KaK JTOOpPOKaueCTBEHHOE
WM 3JI0KQYECTBEHHOE C OMNPEICICHHOM CTEIEeHbIO JI0CTOBEPHOCTH
Ha OCHOBaHHH €r0 YJIBTPa3BYKOBBIX 0COOeHHOCTEH. OJJHAKO HYKHO
YUUTHIBaTh, YTO YJIBTPa3BYKOBas OLIEHKA 00pa30BaHUs — MaKpOCKO-
ITMYECKOE HMCCIIE0BAHUE, 2 HE MUKPOCKOIIMUECKUH aHanu3. M3o-
JIUPOBAHHOE, OHO HHUKOIJA HE MOXKET 3aMEHHUTh THCTOJIOTHYECKOTO
HCCIIeIOBAHNSI.

Pexomennyercs TpexcrymeHdaras kinaccuduranus s audde-
peHI.IPIaJ'H;HOﬁ JUArHoCTUKHU }IO6pOKa‘IeCTBeHHLIX U 3JIOKAQYECTBCH-
HbIX 00paszoBanuii npu Y3U: dobpokauecmeenuvie, npomencymou-
Hble U 310KauecmeeHHble.
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2 O6nacTtu NnpuMeHeHNA U TeXHNKA NcciefoBaHns

O6nacTn npuMeHeHus

Paznuunbie MeToIbI MEAUIIMHCKON BU3yalln3alu, Takue Kak Y3U,
KOMIBIOTEPHAs! TOMOTrpadus ¥ MarHUTHO-PE30HAHCHOE HCCIEN0-
BaHME, CTAHOBATCS Bce Oosee M Oosiee BaXKHBIMU B JTMATHOCTHUKE
THHEKOJIOTMYEeCKOH maronoruu. B cpaBHeHHH ¢ 6omnee 10porocTos-
IIMMHU U CJIOKHBIMH KOMITBIOTEpPHOW TOMoOrpadueil ¥ MarHMTHO-
pe30HaHCHBIM HcciienoBanneM Y3U sBisieTcs MpOCTHIM, SKOHO-
MHYHBIM METOJIOM JUTS BU3YaJIN3allMN OPTraHOB OpPIONIHON TOJIOCTH
1 MaJoro Tasa.

CekTopanbHble IaTYNKH B PEKHME PEaJbHOrO BPEMEHH M KOH-
BEKCHBIE JATUYUKH CTAJIM WHCTPYMEHTAaMH BBIOOpA IJIsl TpaHcabIo-
MHHAJILHOTO YJBTPa3BYKOBOTO CKaHUpOBaHUs (cM. puc. 2.1). Yron
Jlyda yKa3aHHBIX JaTYMKOB OOECHeuMBacT JIydllee JlaTepajbHOoe
n300pakeHNEe B MAJIOM Ta3y, YeM JaTYNKH C JIMHEHHOM pa3BepTKOi
B PEXXMME PEaTbHOTO BPEMEHH.

Korzna noHsiTHa HOpMaibHAs YJIBTPa3ByKOBask aHATOMUSI MAJIOTO
Ta3a ¥ OTPaHUYCHUS YIBTPa3BYKOBOil TexHoaoruu, Y3 obecneyn-
BaeT HE TOJBKO IMOJIE3HYIO, JIETKO JOCTYIHYIO MH(OPMAIHIO K OH-
MaHyaJIbHOMY HCCIIEJOBAHMIO, HO M YacTO IPEBAJIHUPYET HaJ HUM
JUISL OIIPEe/IeNICHNs] Pa3MepoB 00pa30BaHMI MAJIOTO Ta3a M PacIioo-
JKeHUsI 00pa30BaHuii B crieniuduaecknx opranax. Ho B To xe BpeMs
V3U B runekonoruu TpeOyeT 3HAUYMTEILHOIO OIbITA Bpaya B CBA3U
C Ype3BbIYalHON M3MEHYMBOCTHIO HOPMAJIbHBIX U TTATOJIOTHYECKHUX
TIPU3HAKOB M BBICOKOH BEPOSITHOCTBIO ONIMOOYHOI HHTEPIIPETALUH.
Kpome toro, abnomunansnoe Y3 He obecrieunBaeT yOBIETBO-
PHUTEIHEHOTO KadyecTBa MCCIEIOBAHUS Y HEKOTOPBIX THHEKOJIOTHYE-
CKHUX MAallMCHTOK B CBS3U C BIMSIHUEM TONIIMHBI OPIOIIHON CTEHKH
Y TKaHEH Ha KauyeCTBO YIBTPa3BYKOBOTO M300pakeHns. OcobeHHO
y TAlMeHTOK C BBIPAXCHHBIM OXMpEHHEeM abnoMuHanbHoe Y3U
MOYKET UMETh CEphE3HbIE OI'PaHUYEHUS] B OTHOLICHWU TIyOMHBI
IIPOHMKHOBEHHMS JTy4a U IJIOXOTO KavdecTBa N300paskeHNSI.

Hecmotpst Ha TO, 4TO B MOCIIETHUE TOABI OTMEUAETCs] TEHICHIINS
K MPENMYIECTBEHHOMY HCIIOIb30BaHNIO TPaHCBarnHajabHOro ¥Y3U
B AMArHOCTHKE U JICYEHNH THHEKOIOTUYECKOH MaTONIOTUH, CyIECT-
ByeT MHOTO 00JIaCTe, B KOTOPHIX BCE €Ille MCIOIb3YeTCsl a00MHU-
HasnpHOe Y3U (Tabm. 2.1, 2.2).

Tabnuua 2.1 Bo3MOXHOCTM ANArHOCTUYECKOro UCMONb30BaHUA
abgomuHanbHoro Y3W B ruHexkonornm

» MoHWTOPUHT pocTa GonauKyna npu AnarHoCTUKe NpuYnH 6ecnno-
ana

» WiccnepoBaHme NOpOKOB Pa3BUTUA MONTOBbIX OPraHOB

» WccneposaHue npyi 60/1€BOM CHAPOME B HVKHVIX OTAENaX »KMBOTa
1 BOCNANUTENbHbIX M3MEHEHMNAX, 0COOEHHO Y NaLMEHTOK C Hanps-
KEHNeM VNV PUTMAHOCTbBIO MbILLLL NepefHeli 6PIOLIHOM CTEHKN

» WiccnepoBaHue Npyi Hanmuuy 06 beMHbIX 06pa3oBaHMii B MONOCTY
Tasa

» YTOUHEeHMe pacnosioXKeHNA BHYTPUMaTOYHOW Cnupanm

» OnpepfeneHne o6bema 0CTaTOYHON MOYM

» OnpepeneHyie BTOPUYHbIX MPU3HAKOB ONyxonu (acLuT, MeTacTasbl
B NeyeHu, 06CTPYKLMNA MOYEBbIAENNTENBHON CUCTEMDbI)

» HabntogeHve 3a coctoaHmem GyHKLMOHANIbHbBIX KACT, MOHUTOPUHF
OTBeTa Ha MeJUKAMEHTO3HYI0 Tepanuio SHAOMETPUO3a, KOHTPOJIb
3¢ PeKTUBHOCTY NIeYeHNA OHKOOrMYecKmx 3aboneBaHui

» WccnepoBaHue B mocnieonepaLioHHOM nepuoge (mocieonepauu-
OHHOe KpOoBOTeYEeHUe, remaToma, MMMdaTryeckas Kucra, abcuecc
AyrnacoBa NpPOCTPaHCTBA, 3afep>Kka MoYm)

YV OOJBIIMHCTBA MALMEHTOK YJIbTPa3BYKOBas OLICHKA OPraHOB
MAJIOTO Ta3a MPOBOIMTCS LIS HCCIICIOBAHUS 00pa30BaHU, KOTOPBIC
OTIPEICTIAIOTCA IPH MaHyaJIbHOM HCCIIeIoBaHUH. [IpH 3TOM cymiecT-
BYyeT HECKOJIBKO 3a/1a4, KOTOphIe pecienyeT Y3U:

° ONpENeNNuTh U YTOUYHUTH PACIIONokKEeHHE 00pa3oBaHus (OJHOCTO-
POHHEE MJIM JIByCTOPOHHEE);

° OIPEAEINTH pa3Mepbl 00pa30BaHMS;

° YTOYHWUTH JIOKATM3AINI0 00pa30BaHUS B CIEIH(PHISCKOM Opra-
HE;

e muddepeHpoBKa 00pa30BaHMs: KHCTO3HOE, COJNMIHOC WU
CMEIIIaHHOE KHUCTO3HO-COJUIHOE; MIAAKUA WIM HEUEeTKUN Kpaii,
OTCYTCTBHE BHYTPEHHHUX SXOBKIJIIOUCHHH, TOMOT'€HHAs! WJIN HETO-
MOT€HHasl BHYTPEHHSIS 9XOCTPYKTYPa;

° OIICHKa MOIBIKHOCTH 00pa30BaHIS,

° BBISBIICHHUC WJIM MCKITIOUCHHE JOTOTHUTEIFHBIX KPUTEPHEB 3710-
KaueCTBCHHOCTH B IOJO3PUTEIBHBIX CIyJasx (HampuMmep, aclur,
METacTa3bl B MIEYECHH).

[Ipn HanuumMu marojoruyeckoro oOpa3oBaHUsI B MajoM Ta3zy ad-
nomuHanepHOe Y3U mo3Bosnsier oOHapy’uTh ero modtd B 90% Ha-
Omronennii [ 1-6], 9TO 3HAYUTENBHO BEIIIE, YeM IIPH OMMaHyaJTbHOM
HccllefoBaHnN Majoro Tasa [3, 6]. C apyroii ctoponsl, nqaxke Y3U
ToNbKO B 60—-70% ciayyaeB TOUYHO yCTAHABIWMBAET PACIIOJIOKECHHE
oOpa3oBaHus B crienupuaeckoM opraue [7].

I'maBHOe npenmymiectBo Y3U 3akirouaercs B CriocoOHOCTH An-
(epeHIMpPOBaTh COMMIHBIE W KHUCTO3HBIE 00pa3oBaHUs. 3a4acTyro
ST Pa3IN4Hsi MOTYT OBITH ONpEAEICHBl MCKIIOYUTEIBHO Ha OC-
HOBaHWMHU 3BYKOINOITIOTUTEIBHBIX XapaKTepUCTUK HopaxeHus. Io-
CKOJIbKY COJIMHBIC OITyXOJIN MOIVIOIIAIOT 3BYKOBBIE BOJIHBI, CTEHKA
00pa3oBaHMsl, PaCHONIOKEHHAsI CO CTOPOHBI IaTYHKa, ONPEACIISIETCS
Oosiee 4eTKO, B TO BpeMsl KaK JAJbHIOI CTEHKY YacTO 3aTEMHSCT
akycmuyeckoe 3amenenue. OgHako aOCOpOIUs 3BYKOBOI BOJHBI
HE BCTPEYAETCS B KHCTO3HOM OOPa30BaHWM B CBSI3U C XOpOIIEH
3BYKOIIPOBOIMMOCTBIO KHCTO3HON XHUIKOCTU. B pesynbrare, nanb-
HA CTCHKa KHMCTbI U TKaHHU IO3aaW MOPAXKCHUA JEMOHCTPUPYIOT
YCUJICHHE 3XOT€HHOCTH OTHOCUTENIBHO OKPYXKAIOIUX TKaHel. DTOT
(eHOMEH Ha3BaH 3a0HUM AKYCIMUYECKUM YCUIEHUEM.

[pu momy4yeHnn M300paxkeHus B macumabde cepoti wikanvl [8, 9]
CTaJla BO3MOXXHOH OIIeHKa BHYTPEHHEW CTPYKTYpHI 0O0pa3oBaHUS.
Ho nasxe mpu MCIIOIb30BAHUH 3TOTO METO/A BCE CILE MOTYT MOSB-
JIATHCA JHATHOCTHUYCCKUC HpOGHeMBI B CBA3U C HCIIPaBUJIBLHBIMU
HacTpOKaMu 000pPYIOBaHHS WM TIPU BU3YaJH3alUH KHCT C IUIOT-
HOW BHYTpeHHEeH 3X0cTpyKTypoil. CoIuIHbIE OIyXOIH C XOPOIIUM
KpPOBOOOpAIEHNEM WIIH OITyXOJIH, TIPETePIIeBAIONINE KHCTO3HYIO JIe-
TeHEePaIio, MOTYT OBITh OIIMOOYHO HHTEPIIPETHPOBAHBI KaK KHCTHI,
€CITH apaMeTPbl yCTaHOBJIEHBI CIMIIKOM HU3KO0. C Ipyroii CTOPOHBI,
KUCTBI C BHYTPEHHUM KPOBOUIJIUAHUEM WUJIM PACIHUPECHHBIC TETINU

Tabnuua 2.2  Bo3MOXKHOCTV NeyebHOro 1CNob30BaHUA
abgomuHanbHoro Y31

» Acnvipauya GonnmnKynoB Nog yibTpa3ByKoBbIM KOHTPOMEM B MPO-
rpamMmax BCroMoraTe/bHbIX PenpoAyKTUBHbIX TEXHONOTNIA

» TlyHKLMA KACT NOA YNbTPa3ByKOBbIM KOHTPOJIEM

» YNbTpa3ByKOBOW KOHTPOJb APEHNPOBaHUA acLmTa

» [ipeHnpoBaHue TMMdaTUYeCKX KICT MOJ, YNIbTPa3ByKOBbIM KOH-
Tponem
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KHIIEYHHUKA MOT'YT MIMETh BHYTPEHHIOIO DXOCTPYKTYPY, HMHUTHPYIO-
LIYI0 COIUJIHYIO OMyX0Jb. YacTO 9TH COMHEHUS Pa3pelaloTcs mpu
MIPOBE/ICHUH OMMaHYalIbHOTO H MAIBIIATOPHOTO UCCIICIOBAHUH, KO-
TOpBIC TAK)KE TIO3BOJISIOT OICHUTh KOHCUCTCHIIUIO OITYXOJH.

VY3U1 He MOXKeT MaKCUMaJIbHO TouHO auddepenuponars 100po-
Ka4eCTBEHHBIC U 3JI0Ka9eCTBEHHBIE TTopakeHUs1. OHAKO OHO MO3BO-
nseT 00HAPYKUTh HEUETKUI KOHTYP U HEOTHOPOIHYIO SXOCTPYKTYPY
00pa30BaHMsl, @ TAKIKC BBIIBUTH BTOPHUYHBIC U3MCHCHUS (ACIIUT,
METaCTa3bl B [ICUYCHU U JIP.), 00YCIOBIHBAIOIINE BHICOKUI WHICKC
TTOJIO3PCHUS Ha 3JI0KAYECTBEHHYIO OITyXOJb.

B nenom, Y3U — nierHOE TOTIONTHEHNE K THHEKOIOTHIECKOMY HC-
CJIEIOBAHHUIO 1 BO MHOTHX CITydasx MOKeT 00eCIeYnTh yCTaHOBJIe-
HHE CIICIU(PHYCSCKOTO TUArH03a, KOTIa HHTEPIPETUPYETCS C YIETOM
aHaAMHEe3a MAIUCHTKH, OMMaHyaJbHOTO MCCIICIOBAHUS U JTAHHBIX
11a00paTOPHOTO UCCIICIOBAHUSI.

TexHUKa nccnepgoBaHus

VYenoBueM i m060ro TuHeKonorudeckoro Y3U aBnsercsa Hamon-
HeHHbII MoveBoil my3sIps [10, 11]. IIpu mycTom ModeBOM my3bIpe
MaTKa ¥ TPHUIATKA 3aTEMHSIOTCS METISMH KUIICYHHUKA, YTO Ipe-
MATCTBYET WX BH3yalu3aruu. [Ipu HATIOMHEHNH MOYEBOTO ITY3bIps
MOYOH KHIIIEYHHUK BBITECHSACTCS M3 MaJIOTO Ta3a, CO3aaBasi aKyCTH-
YECKOEe OKHO U «BOIHYIO TOPOXKKY», 4epe3 KOTOPYIO MOTYT CKaHH-
poBaTbcs OpraHbl Masloro Taza. Ha mpakTuke, naiueHTKa BHIITUBAET
1 11 Hera3upoBaHHOM KHUAKOCTH 32 1 4 10 uccnenoBanus. Mccneno-
BaHME HAYMHACTCS, KOT/[a KCHIIIMHA OLIYIIACT TABICHHE HA MOYCBOU
y3BIPb.

MoueBoii my3bIph HACATHHO HAIOHEH, KOT/Ia OH TIOKPBIBACT IT0JI-
HOCTBIO BCIO JUIMHY MaTKu. [lepenoaHeHHbIi MOYEBOM I1y3bIpb MO-
JKET CMelaTh OpraHbl U3 MAJIOTO Ta3a UM OTTECHSITh UX K CTEHKaM
Tasa, 3aTPyIHsAA UX OLEHKY. [Ipy HeaJeKBaTHOM HAMOJIHEHUU MO-
YEBOTO ITy3bIPsl 00JIACTh THA MATKH W MPHUIATKOB BH3YaJIU3UPYETCS
w1oxo0. B curyarusx, TpeOyronmx ObBICTPON AMATHOCTHKH, TaKUX,
KaK ITOJJ03PEHNE Ha SKTOMMMYECKYI0 OEpEeMEHHOCTh, MOYEBOH ITy3hIPh
MOYKeT OBITh HAIMIOJHEH peTporpaano myreM BBeaeHus 300—400 v
coneBoro pactBopa (0,9% pacTBop XJ0pHaa HATPHUS) Yepe3 KaTeTep
B aCENTUYECKUX YCIOBHUSX.

Kpome nonmHoro moueBoro my3sipst 1151 Y3 Taza BaKHO OMOPOXK-
HEHHE KUIICYHNKA, TaK KaK COMUIHOC FIIH KUIKOCTHOE CONEPKIMOE
KHIITKA MOJKET IMUTHPOBATh KICTO3HOE HIIH COMAHOE 00pa3oBaHme
MIPUIATKOB MAaTKH WJIH TyTacoBa MPOCTPAHCTBA B 3aBUCUMOCTH OT
ero copepkanus. C Ipyroii CTOPOHBI, pa3ayThlie ra30M METIU KUIIey-
HUKa MOTYT oTpaxarb 10 100% 3ByKOBBIX BOJH M MPEMATCTBOBATDH
CKaHMPOBAHUIO MOJIICIKAIINX TKAHCH.

TpaHcabqOMIHATBHOES CKAHHPOBAHHE JKCHCKOTO Ta3a BHIITOTHSICT-
Cs1 B TIOJIOKEHHH TIAITMEHTKH JIe)ka Ha CIiHE. Bpad 00brdHO pacmota-
raeTcs ¢ JIeBOM CTOPOHBI OT MAIMEeHTKH (cM. puc. 2.2). MccnenoBanue
HAUWHAETCS CO CPEIMHHOTO MPOJOIBLHOTO CKAHUPOBAHUS HUKHUX
OTJICJIOB OPFOIIHOW TOJOCTH JUIS TOATBEPIKICHUS aJCKBATHOCTH
HAIOJTHECHUSI MOYCBOTO ITy3bIPST M YCTAHOBJICHHS PACIIOIIOKCHUS
7 pa3MepoB MAaTKH W IyTJIacoBa MPOCTPAHCTBA (IIOCKOCTH CKa-
HupoBaHusA [; cM. puc.2.2, 2.3, 2.7). [latuuk nepemeraercs 6onee
JaTepabHO, MAPAIUIEIHHO TUIOCKOCTH 0 MOTYYCHUS IPOJOIHHOTO
CeYeHHUs SIMYHMKA (TUIOCKOCTh ckanupoBanus II; cMm. puc. 2.2, 2.4,
2.7). IlepBoHayabHOE MPOAOJIBHOE CKAHUPOBAHUC MPOIOJIKACT-
Csl CepHUCH IOIEePEYHBIX CKAHMPOBAHUM, HAYMHAS C HAIIOOKOBOTO
ypoBHs (Tutockoctu ckanupoBanus [II-VIII; em. puc. 2.2, 2.5, 2.8).
JlaT4rk MOXET OTKIOHATHCS MITH TIEPEMENIAaThCS B 3aBUCHIMOCTH OT
HEOOXOANMOCTH JJIsl TIOMYYCHHS aleKBaTHOTO M300paKeHHS pas-
JINYHBIX MJIOCKOCTEHN M CTEHOK Ta3a (cM. puc. 2.7, 2.8). Cinyyaiinbie
KOCBIC TUIOCKOCTH CKaHMPOBAHUSI MOTYT OBITh TaK:KE HEOOXOIUMBI
JUTSL OTITUMAJIPHOW BU3YaTH3aI[UH ONPEICIICHHBIX TOPAXKSHUH (TLTOC-
KOCTb cKaHHMpoBaHus [X; cMm. puc. 2.2, 2.6, 2.7).

Tabnuua 2.3  OpueHTauma n306paxxeHna npu abaoMmHanbHom Y3

CaruttanbHoe CKaHnpoBaHune

BepxHAA yacTb n3obpaxeHna  lepeaHsAs YacTb OPIOLIHON NONOCTH
HWXHAR yacTb M306pakeHUa  3afHAA YacTb GPIOLLIHOW MNONOCTY
MpaBasa cTopoHa n3obpaxe- KaypanbHas yacTb 6pioLLHON

HYA nonocT
JleBas cTopoHa U3obpaxeHna  KpaHuanbHas 4acTb 6PIOLLIHON

nonocTun

lNonepeyHoe cKkaHMpoOBaHNe

BepxHss yacTb M306paxeHns

HwXHAs yacTb N306parkeHUn

MpaBas cTopoHa r306pase-
HUA

JleBas cTopoHa M306paxxeHus

MNepenHAs yacTb GPIOLLIHON NONOCTY
3apHAA YyacTb 6PIOLLIHON NoNoCTA
JleBas cTopoHa 6pIoLIHON NONOCTH

lMpaBas cTOpoHa 6PIOLLIHON MONOCTH

UToOBI MOMYyYUTh CAaHOapmHule YIbmpazgyKogvle Uzoopaice-
Husl, TaTYUK HY)KHO BCETJ]a OPUCHTHPOBATh TAKUM 00pa30M, 4TOOBI
JieBasi CTOPOHA MPOIOJIBHOIO W300paKeHHs COOTBETCTBOBAIA Kpa-
HUAJILHOM 4acTH, a IpaBasi CTOPOHa — Kay#ajbHOU (cM. puc. 2.9).
[Ipu momepeyHOM CKaHWPOBAHWH IIPaBasi CTOPOHA Tea MAICHTKA
JOJDKHA OTPEIEINATHCS C JIEBOM CTOPOHBI M300paXCHHUS, a JieBas
CTOpOHA TeJia MAIUEHTKHU TOJHKHA ONPENEIATHCS C MPABOM CTOPOHBI
U300paKeHHUsI, COTVIACOBBIBASCh C AaHATOMHUCCKUM PACIIOIOKCHUEM
(cM. puc. 2.10, Tadmn. 2.3).

Ecnu VY3U sBrisiercs 4acThio IMarHOCTUYECKOTO aJIFOPUTMa MpU
HAJIMYHH OIYXOJIH, CKAHUPOBAHUE Ta3a HEOOXOIUMO ITPOBOAUTH I10-
CIIe UCCIIeIOBAHUS TIOYEK M MOYESBBIBOISIIETO TPAKTA, TApaa0pTaIb-
HOW 00JIaCTH M TIEYECHU IS BBISIBIICHUS WITH UCKITIOUEHUS BTOPHYHBIX
U3MCHCHHI, TAKUX KaK 00CTPYKIIHMS MOYCBBIBOMISAIICTO TPAKTa, Mapa-
aopTaibHast TuM(OMa, aCIUT U METACTa3bl B TICUCHb.
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Puc.2.1  Jdatumkn gna
ab4OMUHANBHOIO FMHEKOs0-
rnyeckoro Y3W. Cresa: cek-
TopanbHbI fatumk. Cnpasa:
KOHBEKCHbI JaTuuiK.

Puc.2.2 TonoxeHue

npwv abgomuiHanbHom Y3W.
Bpau pacnonaraetca cnesa
OT MAUMNEHTKN, ANA Bpaya

1 NaumneHTKn obecneyeHbl
oTaenbHble MOHUTOPDI. | —
cpefHecarnTTasbHOe CKaHU-
poBaHue; Il - napacarmTTanb-
Hoe ckaHupoBaHue; Il1-VIII
Hafo6KoBOE nonepeyHoe
CKaHupoBaHue; IX — Kocoe
CKaHUpOBaHue.

Puc.2.3 PacnonoxeHune
JaTyvKa npu cpefHecaruT-

TaJibHOM CKaHMPOBaHUN.

Puc.2.4 PacnonoxeHune
JaTunKa Npuv N1eBOCTOPOHHEM
napacaruTTajibHoM CKaHMpPO-
BaHWW.

Puc.2.5 PacnonoxeHune r ‘
JaTunKa npu Hagno6KoBOM
nonepeyHOM CKaHMPOBAHUM.

MoHuTop 2

Puc.2.6 PacnonoxeHune
[aTuMKa Npu KOCOM CKa-
HMPOBaHUY Yepes NpPaByto
CTEHKY Ta3a.
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Puc.2.7 Tlnockoctn cKka-
HUPOBaHUA, NCNOJb3yeMble
B rmHeKonornyeckom Y3,
BUA Cnepeau.

Puc.2.8 Tlnockoctn cKka-
HUPOBaHUA, NCNOJb3yeMble
B r’MHeKonormnyeckom Y31,
VI BU COOKY.
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Pnc.2.9 lMpaBunbHas opu-
€HTaLmA n306paxeHnsa npu
NPOJONbHOM CKaHMPOBaHNM.

Pnc.2.10 TpaBunbHasa opu-
eHTaLuA N306paxxeHuns npu
rornepeyHoOM CKaHMPOBaHNN
(B COOTBETCTBMU C aHaTOMU-
en).

10
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40 TpaHcBarnHanbHoe 3D- n 4D-ynbTpa3ByKoBoOe nccnegoBaHme
N ero npruiMmeHeHune B FTMHEKONOrnn

Pa3BuTne TpaHCBarmHaabHoOro
3D-ynbTpa3ByKOBOro nccinefoBaHna

B T0 Bpems xak B 1980-x romax Obuia moxydeHa tpexmepsas (3D)
BU3YyaIn3alys CTPYKTYp C MCHOJIb30BAHHEM METOOB KOMITBIOTEP-
HOU ToMOrpaduu 1 MarHUTHO-PE30HAHCHOTO HccienoBanus [1-3],
BHeJ[peHHe TpexMepHoro Y31 nponcxoausio 3Ha4uTeNIbHO TPY/THEE.
OT0 OBUIO CBA3aHO C TE€M, YTO B OTIIMYHE OT aBTOMaTU3UPOBAHHBIX
METOJIOB KOMITBIOTEPHOH TOMOTrpaduu ¥ MarHUTHO-PE30HAHCHOTO
HCCIIEIOBaHNSA, PYYHOE CKAaHMPOBAHUE C HCIOIB30BAaHUEM YIIbT-
Pa3ByKOBOI'O JaT4HKa HE 00ECIICYMBACT BO3MOXKHOCTD IIOIYyYHUThH
KOOPJIMHUPOBAHHYIO MOCJICA0BATEILHOCTh CEKIIMOHHBIX H300paxe-
HUI, pa3JelIeHHbIX PaBHBIMHU ITPOMEXyTKaMu. HecMoTpst Ha TO, uTO
niepBbIe coo0IIeHNsT 0 TpexMepHbIX Y3U in vifro 6buH OImyOIHMKO-
BaHBI B 1980-x Tomax [4—6], mpomuio HECKOIBKO JIET JI0 TOTO, KaK B
KIIMHUYECKOH MpaKTHKE BIIEPBBbIE MPUMEHWIN 3D-ynbTpa3ByKoBOE
uccuenoBanue. Ilepsasi KOMMepUeCKH JOCTYIHAs YIbTPa3ByKOBast
cuctema ¢ mexaHudeckuMm 3D-maturkom (Combison 310) Obiia
rpou3BezieHa aBcTpuiickoit pupmoit Kretztechnik B 1989 r. [7].

[Ipn mpoexkTupoBaHNK BHYTpHBIAraaumHoro 3D-narunka HeoO-
XOZMMO OBIJIO CO3JaTh yCTPOWCTBO, KOTOPOE MPAKTHUECKH HE OTIH-
4aoch OBl OT OOBIYHOTO ABYXMEPHOTO (2D) BHYTpHBIATraIUIITHOTO
JlaTduKa. YIpasisoliee yCTPOHCTBO OTKIIOHSET MIIOCKOCTh CKaHU-
pOBaHMsI HAa MEHBIIIEE PACCTOSHHUE, YEM MPU TPEXMEPHOM abJIOMH-
HaJILHOM HccienoBanuu. [lepBoe npuemiiemoe n3oopaxeHue ObLIo
MIOJTYYEHO TIPH UCTIOIB30BAaHMM JJaTdMKa C JIaTepabHBIM HAa0OpOM
obobema (Kretztechnik, ABcTpus), B KOTOpOM INTOCKOCTH B-pesknma
BpaIazack BOKpyT ocu aar4ynka (360° maHopaMHOE CKaHHPOBAHHE)
[8] (cm. puc. 40.1). HegocraTok 3TOro MeTofia B TOM, YTO JAaTYUK
OIpaHMYEH B TOJy4eHUH 00KoBOro oObeMa (cM. puc. 40.2). OnHako
(dpoHTaNEHBIN HAOOpP 00beMa OoJiee OIArONMPHUATEH JJISI CKAaHHPO-
BaHMsI MaJIOTO Ta3a, YTO B IOCIEAYIOIIEM Jajlo Hadauo BHeEIpe-
HUIO TPEXMEPHBIX JATUYMKOB C PACIIONOKEHHEM IpeoOpa3oBaTeis
Ha HaKkoHEeYHHWKe. B pe3ynbrare OBLT MPEIIOKECH CKAHUPYIOIIUI
CeKTopaibHbIi natyuk (cMm. puc. 40.1), B KOTOpOM JABYXMEpHas
IUIOCKOCTh M300paxkeHus Bpaiaercss Ha 180° BOKpYT MpooIbHOM
ocu. DTO MO3BOJISIET MOJIYYNUTh 00BEM B BUJIE YPE3aHHOTO KOHYCa,
pacIioaraionierocst Knepean oT HakoHedYHHKa Jardnka (puc. 40.3)
[9, 11-13]. OmHako HEAOCTATOK ATOW CUCTEMBI 3aKITIOYAETCS B TOM,
YTO TePEeKPhIBaHNE IUNIOCKOCTEH N300pa)KeHNS BIOIb OCH BPAILICHUS
BBI3BIBAET YXY/ILICHNE KauecTBa B LIEHTPpe n300paxkeHus1. B pesyib-
tare ObUI cliesIaH BIOOD B MOJIb3Y Pa3IMuHbIX BHJIOB ()POHTAIBHOM
TeXHUKH. TpexMepHbIe BIIarajuiiHble JaTYMKHA C PACHOIOKEHUEM
npeoOpa3oBaTesst Ha HAKOHEYHHKE B TIOTOYHOM HCIIONB30BaHHUN (CM.
puc. 40.1) mMmeroT ABHraTeNb, KOTOPHI BEepPOMOAOOHO OTKIOHSIET
Jyd, TaK k€ KaK U B TPaHCAOZOMHHAIBHOM TPEXMEPHOM JaT4H-
ke (cM. puc. 40.4). Ha ceromHsmHuA AeHb TOCTUTHYTa CKOPOCTD
CKaHMPOBaHUS 10 35 00bEMOB B CEKYH/Y, UTO JEACT BOZMOXKHBIM
TPEXMEPHOE N300paKEHNE B PEXKUME PeallbHOTO BPEMEHH — YeThI-
pexMepHOe n300pakeHHe.

B nononmuaenne k 3D/4D-cuctemam co crierianbHsIMu 3D-narau-
KaMH IS TTONy9IeHUs] 00beMa ObUTH MPEIIOKEHBI CUCTEMBI C Pyd-
HBIM ympaBienueM [ 14, 15]. B aTux cucreMax 3JIeKTpOMarHUTHBIH
JIaT4MK, PACIOIIOKEHHBI Ha rpeoOpazoBaTesie, MO3BOJISIET TOYHO
OOHapY>KUTh TOJIOKEHHE U JIBH)KEHHE MpeoOpazoBaTesst Ha OCHO-
BE M3MEHEHHUS B MCIOJIB3YEeMOM MarHUTHOM Tosie. CeKIMOHHBIN
Ha0Op M300pa’keHUs! TIPH MCIONB30BAHUM 3TOH TEXHUKH KOODPIH-

HUpYETCs B MAaMATH KOMIIBIOTEpPA C MCHOIb30BaHUEM Ipadrieckoit
porpaMMBI M TIpeodpasyercs B 00beM. [IpemmyrecTBo pydHOU
TEXHUKH 3aKII0YAETCS B TOM, UTO JaTYUK MOKET OBITH PACIIONOKEH
Ha JII000M JJOCTYITHOM TipeoOpa3oBaTesie, UCKIo4Yast HE0OX0IUMOCTh
nprobperenus nopororo 3D-nipeobpazoparens. OHAKO CyLIECTBYET
HEJIOCTaTOK, 3aKJIIOYAIOIIMICS B TOM, YTO Py4YHOE CKaHMPOBaHHE
MIPUBOANT K Habopy o0beMa ¢ HEOIMHAKOBBEIMU MHTEPBAJIAMH Cpe-
30B. KoMmbpIOTepHOMY TIPOTPaMMHOMY OOECIICUCHHUIO TPUXOIUTCS
JIOCTPaMBaTh BOSHUKAIOIIIE IIPOCBETHI, IPUBOJIS K O0llee HU3KOMY
Ka4ecTBYy M300paxeHus. [[pyroil HEIOCTATOK 3aKIIIOYAETCS] B TOM,
YTO py4YHOI Habop 0ObeMa HE COBMECTHM C M300pa)XKCHUEM B pe-
XKHUMe pealibHOro Bpemenu (4D) [16].

TexHnyeckme acneKkrbl
3D-ynbTpa3ByKOBOro nccieaoBaHusA

OcHOBHOM mpuHIUN TpexMmepHoro Y3U 3akimtodaercs B TOM, UTO

HaOHMpaeTcss MHOXKECTBO PACIIONIOKEHHBIX PSAOM JIBYXMEPHBIX ILIOC-

KOCTel cedeHwus1, mpeodpasyeMoe B 00beM U COXpaHseMoe B U(Po-

BOI1 (hopme B AnmekTpoHHOH mamsaTh. [lockombky TpexmepHoe Y3U

OCHOBAHO Ha IBYXMEPHOM, BEICOKOKa4EeCTBEHHOE IByXMEPHOE H30-

OpakeHHe — OCHOBA JIJIsI XOPOIIIETO TPEXMEPHOTO CKAaHUPOBAHHS.
TpexmepHoe Y3 00bIYHO COCTOUT U3 YSTHIPEX OCHOBHBIX I1ar0B

[16, 17]:

° ToNy4YeHne o0beMa;

° PEKOHCTPYKIHUSI 00BEMa;

° MaHUITYJIHPOBaHNE 00BEMOM U 00pabOTKa N300paKEHHIS;

* nupoBoe CoXpaHeHHE 00beMa MM 00pPabOTAHHOIO M300paxKe-
HUSL.

m  [lonyyeHue o6vema

Kak u mpu oOGpr94HOM NBYyXMepHOM BiaramuimHoM Y3U, uccuemno-
BaHHUE MAIEHTKA MOKET IPOBOIUTHCS Ha KYIIETKE MIIH THHEKOJIO-
rudeckom kpecie. Ilepen BBeeHUEM BO BJIarajIdLIe TPEXMEPHBIH
JIaT4YMK TIOMENIaeTcs B pe3epBaruB (0e3 pe3epByapa), Ha KOTOPBIi
BHYTPH U CHApPYXH HAHECCH CICIHATBHBIA YIBTPa3ByKOBOU T'elb.

TparcBarumHaIbHOE TpexMepHoe Y3V HaunHaeTCs TaKuM ke 00-
pa3oM, Kak 0ObIYHOE IBYXMEpHOe uccienoBanue. Korma momydena
ONITUMAaJIbHAS BU3YyaJIM3allUsl UCCIEIYeMOro opraHa, obi1acTh MH-
Tepeca (001acTh, B KOTOPOI OyleT MPOU3BOIUTHCS HA0OP 00beMa)
0YepUYMBACTCSl KOHTYPOM C IPOOHBIM OOBEMOM TIEPEMEHHOTO pas-
Mepa B B-pexxume. HaxxrmaeTcsi KHOTIKa aKTHBH3ANUH TTOTYUYCHUS
obbema. [IpeobpazoBarTens aBTOMATHYCCKH CKAHUPYET OYCPUCHHYIO
KOHTYpoM o0macTb B Tedenue 0,5-2,0 ¢, u pe3ynbTaTsl MOJTy4eHHOTO
obbema B 1(PoBOii HopMe COXPAHSIOTCS C OMOIIBIO CIICIHATLHON
KOAMPOBKH B 00beMHOM mamsitu. Koraa Bce maHHbIC ObUTH 3arpy-
JKCHBI B MaMsITh, OTAEJIbHBIC PACIIOJIIOKECHHBIC PSIIOM IIJIOCKOCTH
JIByXMEPHOTO CKaHHPOBaHMUS ITpeodpasyroTcs B 00beM. Jlatunk Bo
Bpemst Habopa 00beMa HEOOXOIUMO JepKaTh HETIOABIKHO IS IIpe-
IYTIPEKACHUS BOSHUKHOBECHHUS apTe(aKTOB IBUKCHUS.

B urore Tpu Habopa 00beMa MOTYT IMOJHOCTHIO IEPEKPHITH MAJTBIi
ta3 (cm. puc. 40.5). Ecnu onpenensercs MaroJoruyeckoe yBeIu-
YEeHUE MaTKH MJIM BBICOKO PACIIOIOKEHHOE 00pa3oBaHUe STMYHHKA,
II0CJIE TPEXMEPHOTO BIAraJIMITHOTO MCCIIEIOBaHNS HEOOXOAMMO
MIPOBECTH TPEXMEpPHOE a0IOMHHAIBHOE UCCIICTOBAHNE.
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m  PekoHcmpyKkyus o6vema

O0paboTka 00bEeMa MOXKET BKIIOYATh 00paOOTKY M300paKeHHS
TOJIBKO B PEXKHUME CEpOH IMIKaIbI, 00pabOTKy N300paKeHUS TOIBKO
B [[BETHOM PEKUME WIIN COYETAaHNE M300PaKEHUS B PEKIME CEpOit
LIKaJbl U B IIBETHOM PEXHUME, Ha3blBaeMoe 00paboTKOl B pexnMe
CTEKJISIHHOTO Tesia. Huke onrcaHbl OCHOBHBIE METO/bI 00paboTKH,
ncnonb3yemsle npu Y3 B rHHEKOJIOTHH.

MeTox peKOHCTPYKLIMH B pe:kiMe cepoii mkaJbl. [Ipu ucnomnszo-
BaHHMU METOJIA CEPOM IIKAJIbI TOJIHKO HH(OPMAILIUS B pEKUME CEPOit
IIKAJIbl MCTIOB3YETCs JJIsl PEKOHCTPYKIUK n300paxeHust. JlocTymHbI
TPH OCHOBHBIX METO/a: MHOTOIIJIOCKOCTHAs 00paboTKa, TTOBEPXHO-
CTHast 00paboTKa U po3padHasi 00padboTKa.

Mnozonnockocmuas (mpexmepuasn) pexoncmpykyus. Kak Tonb-
Ko 00bEM 3arpykeH B NaMsITh, TPH B3aMMHO MEPHEHINKYISIPHBIX
(opTOTOHANBHBIX) TUIOCKOCTH M300pakKeHHs, KOTOPhIE COAEepKaT
B cebe uccaeayeMyo 00acTb, 00padaThIBAIOTCS M OJHOBPEMCHHO
n300pa)atoTcsi Ha MOHMTOPE (MHOTOIJIOCKOCTHOE M300pakeHHE,
cM. puc. 40.6). CooTBeTCTBYIONIME TUIOCKOCTH CKAaHHMPOBAHMS OT-
MEUArOTCs IMHMSAMHM 0 TPAHUIIAM H300paKeHHUH, B TO BpeMsl Kak
LEHTP BPAIICHHS OIPEACIACTCS KaK TOUKA B IIEHTPE N300pakeHNS.
UeTBepToe n300pakeHre MOKET OBITh MPEACTAaBIEHO B (hopMe Tpa-
(uyeckoit MozeH, IEMOHCTPUPYOIICH PACTIONIOKEHHE OUCPUCHHOMN
IUIOCKOCTH B COXPaHEHHOM 00beMe HJIH Jlaske B (JOpMe TIOBEPXHOCT-
HOTO PEKOHCTPYHUPOBAHHOTO M300pakeHus (cM. puc. 40.6). Jlrobas
13 TPeX IUIOCKOCTEH Takke MOXKET OBITh MOJydeHA OTICIBHO WU
COBMEIIATHCS C APYTUMH JUIS MOJTYyYeHHs N300paKEHHUS METOIOM
Humu (cM. puc. 40.36).

Obvemnasi nOGepXHOCMHAs PEKOHCMPYKYUsi UCTIONB3YETCS, Y4TO-
OBl BOCCTaHOBHTH ITOBEPXHOCTHOE M300pakeHHne 0003HAYECHHBIX
YYacTKOB, TAKUX KaK BHYTPEHHSS TOBEPXHOCTb CTEHKH KHCTHI (CM.
puc. 40.45). OH MOXeT TaK)ke MCIIOIE30BATHCS, YTOOBI BOCCTAHO-
BHTH ITOBEPXHOCTH cpe30B (cM. puc. 40.7-40.15). C sToii nenpro He-
00X0IUMBIH 1TOJJ00BEM NMPUIETCS OUEPTUTH KOHTYPOM BO BCEX TPEX
IUIOCKOCTSIX. PaziuyHble METONbI TOCTYMHBI JJIsl TIOBEPXHOCTHOM
00paboTku, 1 J11000i U3 IBYX APYTUX METOIO0B MOXKET KOMOWHHPO-
BaThCs HA OTHOM M300pa’keHUH.

IIpospaunas pekoncmpyKyus IPEUMYIIIECTBEHHO IEMOHCTPHPYET
9XOTE€HHBIE CTPYKTYPHI, TaKHE KaK KaJIbIIUHATH (cM. puc. 40.16).

MeToabl LBETHOI PEKOHCTPYKUMH. PexoHCmpyKkyus monasko
6 YBEMHOM pedicume. DTOT METOJL PEKOHCTPYKIMH TOJIBKO [[BETHOM
nH(OpMaIyn, MOIyIeHHON ITPX [BETHOM MJIM SHEPreTHYECKOM J0TI-
TUTEPOBCKOM cKaHUpoBaHUH. OH MO3BOISCT H30IMPOBAHHO BH3YaIIH-
3MpPOBaTh KPOBOTOK B IIPOCBETE COCYIIOB.

Pexoncmpyxyus 6 pesicume cmekisnnozo mena. Pexum cTek-
JITHHOTO TeJla KOMOMHUPYET MPO3pavyHyI0 PEKOHCTPYKIHIO C IIBET-
HBIM WJIN SHEPTETHYECKUM JOTIIIIEPOBCKIM H300paKEHHEM ITOTOKa
[18-21] nmst obecTiedeHus IPO3PavyHOTO TPEXMEPHOTO U300 PAKESHHS
cocyaucToi cucteMsl oprana (cM. puc. 40.32, 40.34, 40.38, 40.56,
40.57). Oto nenaeT BO3MOXKHBIM OOHapy>KEHHE TaTOJIOTHYeCKOU
CTPYKTYPBI BACKYIISIPU3ALINH, TAK K€ KaK ¥ COCYAUCTBIX HApYIICHHH,
TaKUX KaK CTEHO3 W JIMJIATalMsl CErMEHTa CoCy/a.

m MaHunynayuu o6semom u o6pabomka uzobpaxeHus

MHoronjiockocTHasi cMmeHa popmara. Mroeoniockocmuas (mpex-
MepHas) peKoHCmpyKyus TO3BOJSET MPOBOAUTh MHTEPAKTUBHOE
MaHUITYJIUPOBaHUE 00BEMOM, O0JIeryas MOyuYeHUE HU300paKCHUS
BO BCEX TpeX M3MEPCHHUSAX (MHOTOIUIOCKOCTHAS CMEHa (opmaTta).
CranmapTHBIC IIOCKOCTH CEUCHUS MOTYT OBITh M300pa)KeHBI TaK

ke, KaKk M IIOCKOCTH, KOTOPbIe HEJOCTYITHBI OOBIYHOMY JIByXMeEp-
Homy Y3MU, Takue Kak Kocble cpe3bl. Bce TpW IIIOCKOCTH MOTYT
OBITH COBMEIIECHBI B Memooe Huuiu, 9TOObI TPOIIEMOHCTPUPOBATH
n300pakeHre BRIPE3aHHOTO ydacTKa (cM. puc. 40.36).

Tomorpadguuyecknii 0630p. MHOTOIIIIOCKOCTHOE H300pakeHHe
TaKXKE MO3BOJISICT MPOBOIUTH TOMOrpadUIeCKUl 0030p COXpaHCH-
HOro o0beMa ¢ MHTepBajoM | MM. Bpau poimkeH rnepBoHadalbHO
MMOKa3aTh OOBEKT B TOJOKEHUH «y4COHUKa» IMepe]] MPOBEICHHEM
o03opa [22].

OTHOCHUTEIHHO HOBAs TEXHOJIOTHS ISl N300PaKCHUS CEPUH IBYX-
MEPHBIX IUIOCKOCTEH M300pakeHUsI — MHOTOCPE30BOE N300pakeHNe
(MSV, Medison) u Tomorpadpuueckoe Y3U (TUI, GE-Kretz) (cm.
puc. 40.31). Moryt ObITh ONpEACICHBI KaK jKeJlacMasl TIOCKOCTh
M300paKCHUS, TAK U MHTEPBAI MEKIY CPe3aMU IIPH HCIIOTb30BAaHUU
9TOTO METO/A.

AHuManus u3oopakenust (KHHOPeKUM). [l omydeHus: O4eHb
YEeTKOro MPOCTPAHCTBEHHOIO M300pa)keHUs1 00bEKTa MHOMKECT-
BEHHbBIE TOCJIEIOBATEIbHbIC WU NEPEKPHIBAIOIINECS TPEXMEPHBIE
n300pakeHHsT MOTYT OBITh PACCUMTAHHBI U MPOJEMOHCTPUPOBAHBI
Ha MOHHUTOpE B ()OpME BpAIIAIONIEHCS TTOCIEA0BATENEHOCTH N300pa-
KEHUH. DTa aHNMMAIMs MOXKET OBITH BHIITOJIHEHA B TOBEPXHOCTHOM
pexuMe, IPO3pavHOM PEKHUME HIIH PEXUME CTEKIITHHOTO Tesa. One-
partop omnpesenseT HayalbHyI0 U KOHEUHYIO TOUKHU MOCIIeI0BaTeb-
HOCTH (Harpumep, OO Yrojl BpaleHus) U Yroll MeX]ly OTAENb-
HBIMH Ka/ipaMu n3o0pakenns (cM. puc. 40.46). [Tocie 3aBepuienns
pacdera TpexMepHOe N300paKeHHE MOXKET OBITH IPECTABICHO KaK
aHMMAaNNOHHAS TTOCJIEI0BATENbHOCTh HA MOHUTOPE. OOBEKT MOXKET
Bpamarsest BOKpYr ocu X ui Y. CKopocTh BpallleHHsl 3aBUCUT OT
0011Iero yIJia BpaleHus! 1 KOJIMUeCcTBa KaJpOB H300paskeHNsI.

DJIeKTPOHHBIN CKaJbIIeJb. DJIEKTPOHHBIN CKalbIenb [23] MOXeT
HCTIONTB30BATHCS, 9TOOBI BEIOOPOYHO MEPEMECTHTD MEPEKPHIBAIOIINEC-
CS CTPYKTYPBI, KOTOPBIE MIPEMATCTBYIOT TOBEPXHOCTHON 00paboTKe.
JUist 9TOH 1eNu JOCTYITHBI pa3inuYHble METOBI MOTYYCHUS CPE30B.
DJEKTPOHHBII CKalbIIEb TAaKXKe UCIIOJIb3YETCs [UIsl ITepeMEeIeHUsI
YacTH OpraHa, HalpuMep MepeaHei i O0KOBOU ITOJIOBUHBI MaTKH
i simaHuka (eM. puc. 40.17-40.30). M306paskenne cepoil mIKabl
¥ [BETHOH PXO-CHUTHAJT B PEKUME CTCKISTHHOTO TEla MOTYT OBITh
TepeMeIIeHBl OTHOCHTENBEHO JPYT IpyTa.

@OunbTpoBaHHe. BHYTpeHHUE SXOBKIFOYCHUS B KMCTO3HBIX MOpa-
JKCHHSX, JAFOIIUC HEXKEIATCIbHBIN 3X0-CUTHAJ, MOTYT BBI3BIBATH
MPOOJIEMBI TIPU MTOBEPXHOCTHON 00paboOTKe. DTH HEeXKeaTeIbHbIC
9XOBKIIFOYCHUsSI MOTYT OBITh yJaJICHbI MyTeM (QHIbTPAIUH TPU
HCIIOJIb30BAHUU HOP0206020 KOHMpOJsi. KOHTPOIb peryinpyercs
JI0 YPOBH:I, HEOOXOANMOTO JUIsl YCTPAHEHHS BHELIHUX HXO-CUTHAJIOB
(cM. puc. 40.49) [16]. ITopor He JOMKEH OBITh YCTAHOBIICH CIIUIIIKOM
BBICOKO, TaK KaK 3TO MOXET TAaKXKe IIEPEMECTHTh YXO-CUTHAI OT HOP-
MaJbHBIX TKAHEW W BBI3BIBATH ATPOreHHBIC aedekTrl. [Toporosiii
(GUIBTP HE HYXKEH B IPO3PATHOM PEKUME.

KonTpacTHOCTL M APKOCTb. SIPKOCTH M KOHTPACTHOCTH H300pa-
YKEHUsI PETYJIUPYIOTCS TIPH BCEX METOJax BU3yallU3allnuy, U JIo0bIe
M3MEHEHHSI HEME/IJIGHHO 0TOOPa)KatoTCsi HA MOHUTOpE. DTO yIpaB-
JIeHHE B MHTEPAKTHBHOM PEXUMeE JIeJIaeT BOSMOKHBIM H300pakeHHe
1r000T0 00BEKTa C ONITHMATBHON IPKOCTHIO H KOHTPACTHOCTEIO [ 16].
[Ipu 06paboTKe B pe’KUME CTEKIITHHOTO Tella MOTYT OBITh OTpery-
JMPOBAHBI HE3aBUCUMO APYT OT Jpyra BETOBOH PEXXUM M PEKUM
Cepoil IKaJIbI.

LBerHoe BhIAeaeHne. Kpome mpocToil BU3yanus3alu B pexXHUMe
CEepOo IIKaJbBI, PA3IMYHBIC METOMBI IIBETHOTO M300pa’KeHHUS MO-
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I'yT ObITh OTOOpaHBI JJIsl TIOJYYEHUS] TPEXMEPHOTO M300paKeHHSI.
B HeKoTOpBIX Cily4asix IaToJIOrHs Ha W300PaKEHUU MOXET OBbITh
IIpe/icTaBieHa Ooyiee YEeTKO TMPH HCIIOIb30BAHUM ClIeH(puIecKoit
okpack# (cuM. puc. 40.10).

HN3mepenusi. MizmMepeHnrne MOXeT OBITh MPOBEICHO BO BCEX TPeX
TUIOCKOCTSIX MHOTOIUIOCKOCTHOTO N300paxeHus. OJJHaKO U3MEPEHHUS
HEJIOCTYIHBI B 00pa00TaHHOM H300paKCHUH.

Omnpenenenue oo0bema. [Ipu HCMIOIB30BAHIM [TPOTPAMMBI BBIYHCIIC-
Hus 00beMa BupTyansHOro KOMIBIOTEpHOTO aHamn3a opranoB (VO-
CAL) (GE-Kretz) o6beM opraHoB mim 00pa30BaHUN MOXET OBbITH
BBIYUCJICH BPYYHYIO WJIM IMOJTYaBTOMATUYCCKU U MPCACTABICH KaK
OTJIETIbHOE TPEXMEPHOE N300pakeHre Ha dKpane (cM. puc. 40.47).

I'icrorpamma. biaronapst 910 0COOCHHOCTH CKaHOTPAMMBI B L[BE-
TOBOM U CEPOMIKAIFHOM PSKUMAaX B TIpesieax 0003HaYeHHOTO 00b-
eMa MOT'YT OBbITh IIPEACTABICHBI KaK OTAENbHbIE TpaduIecKue u3o-
Opaxxenus (cM. puc. 40.54).

B ApxusuposaHue

OOBeMBI Tak ke, Kak ¥ TPEXMEPHbIE N300paXeHUs], MOTYT OBITh 3a-
IIMCaHbI HA BHEIITHEM KECTKOM JHCKE, MATHUTHO-ONTUYIECKOM JICKE
(MO-auck), CD wnu DVD ist ungpoBoro xpaneHusi.

Mpenmyuwectsa 3D-ynbTpa3ByKoBOro
nccnepoBaHmA

ABTOMaTHYECKOE CKAHUPOBAHKE MAJIOTO Ta3a TPEXMEPHBIM YIIBTPa-
3BYKOBBIM JIATYMKOM JIsi HA0Opa U XpaHEeHHs! BBIOpaHHOTO 00beMa
OTKpPBIBAaET HOBBIEC JAMArHOCTHYECKHE BOSMOXKHOCTH B MAJIOM Tazy
(tabm. 40.1) [11, 12, 24, 25]. I'maBHOE PEMMYIIECTBO — CIOCO0-
HOCTb BBITIOJTHATH OTIEPEUHBIC CEUEHHS B JIOTIOIHEHNE K OOBITHOMY
CaruTTAILHOMY M BEHEUHOMY CKaHMPOBAaHUIO. Takxke Bpad MOXKET
TIIATENILHO U3yYUTh COXPAHEHHBII 00bEM MUITTUMETP 38 MUJUIUMET-
POM BO BCEX TPEX MIIOCKOCTAX U UMCCT BO3MOKHOCTH BpalllCHUA 00b-
€Ma BO BCEX TPEX M3MEPEHUSIX. DTO MMO3BOJISICT HE TOJBKO BBISIBUTH
MaKCHMaJbHOE PACIpOCTPAaHEHHE MAaTOJIOTHUECKOTO PU3HAKa, HO U
OIIPEICIINTh TOYHOE TOMOTPaPpUIECKOE PACTIONIOKEHHIE MOPAKECHHS
BO BCEX TpeX MIOCKOCTAX. CITOCOOHOCTh K OHOBPEMEHHOMY OTO-
Opa’keHUIO BCEX TPEX OPTOTOHAIBHBIX IJIOCKOCTEH Ha MOHHTOpPE
TaKKe JaeT BOBMOKHOCTH IPOBECTH TOUHBII aHAIN3 N3MEPSIEMOTO
obObeMa [26, 27]. DTO Upe3BBIYATHO BXKHO B OIpE/IciicHHH 00beMa
omyxouielt [28, 29].

Tabnuua 40.1  TlNpeumylyecTBa TpaHCBarmHanbHoOro TpexmepHoro Y31
Hapg 06blUHbIM ABYXMepHbIM Y3U

» OpgHOBpEeMeHHas BU3yanu3auus BCeX TPEX MI0CKOCTEN n3obpaske-
HYA (carnTTanbHOE, BEHEUHOE 1 NMOoNepeyHoe CKaHNPOBaHKE)

» Cnoco6HOCTb BpalleHrs 06bemMa, B CBA3M C YeM NAToNOrMYeckme
06pa3oBaHNsA MOTYT ObITb 1306PaXKEHbI B ONTUMAbHOW MIIOCKOCTA

» CnocobHOCTb NPOM3BOANTL TOMOrpadurueckoe 0603peHmne opra-
HOB B COXPaHEHHOM V306paXXeHN

» TpexmepHas PeKOHCTPYKLVSA MOBEPXHOCTM 1 MPO3paYHoe n3o6pa-
XeHune

> PeKOHCTPYKLA MOBEPXHOCTY Cpe3a

» TouHoe 13mepeHune obbema

> YMeHbLUEeHMe 06LIero BpeMeHy CKaHMPOBaHUA NaLeHTa

» LUndposoe xpaHeHne obbema 6e3 noTepu AaHHbIX

» Cnoco6HOCTb AOCTYMa U OLIEeHKN COXpPaHeHHOro obbema B nloboe
Bpems

» Wccnepyembiii 06beM MOXHO OLIEHUTb 1 MPOAHANM3MpPoBaTh Npu
NMOBTOPHOM PacCMOTPEHMUM (TenlemeTpus)

> HoBble BO3MOXHOCTU MOBbILIEHUA KBanudrKaLym Bpayen

Kpome Toro, crocoOHOCTh PEKOHCTPYHPOBATh TPEXMEPHOE TO-
BEPXHOCTHOE M300pa)KeHUE WM MPO3pavyHOe M300paKeHUe AaeT
BO3MOKHOCTb MOTYYIHTH IPSMOE H300paKeHUE TAKAX OPTaHOB, KaK
MaTKa WM IPUIATKA MaTKH, TOJJOOHOE X MaKPOCKOITHYECKOMY Pe-
aJbHOMY BUAY. J[ononHNUTENbHBIN LIBETHOM JONIIIIEPOBCKUN CUTHAI
Take obecrneunBaeT TpexMepHoe n3o0paxeHue nepdy3uu oIy-
XOIU. DTU TPHU XapaKTEPUCTUKU OTKPHIBAIOT HOBBIE BO3MOKHOCTHU
B JIMArHOCTHKE THHEKOJIOTUYECKUX 3a001eBaHNH.

ABromarndeckuii Habop oOo3HaueHHOTO oObeMa 3a 0,5-4,0 ¢
MOYKET 3HAYUTEIHHO YMEHBIIUTH O0IIIee BpeMs, HEOOXOIIMMOe IS
ckaHupoBaHUA. Kak TOTBKO ONTHMAaNbHBIN 00BEM COXpaHEH, OH
MOYXKET OBITh MCCIEOBAaH B PA3IMYHBIX IUIOCKOCTSIX CEUEHHUS Tak
4acTo, KaK 3TO HEOOXOIMMO, JIaXKe TTOCIIe TOTO, KaK MallMeHTKa Y1l
[16, 17, 19]. MoryT OBITh TIPOHM3BEICHBI JIOTIOJIHUTEIBHBIC H3MEPE-
HUSI, 1 PEKOHCTPYHPOBAHO HOBOE TPEXMEpHOE M300paskeHne. ITo
MOYKHO BEITIOJIHUTHh HEMEIJICHHO Tocie Y3 nim B Gornee mo3aHee
Bpems. Bropoii Bpad MOXeT Takke UCCIeI0BAaTh U OIICHUTH 00BEM,
KOTOPBIN COXpaHsieTcsi ¢ (POBBIM KaueCTBOM n300pakeHust. Eciu
HEOOXOIMMO MHEHHME BTOPOTO Bpada, MpOrpaMMa CKaThs MOXKET
HCIIONIb30BATHCS JUIsl Niepejayn JaHHbIX 00bEMOB Yepe3 MHTEPHET
KOHCYJIBTHPYIOIIEMY 9KCIIEPTY, KOTOPBIH MOXKET 3arpy3UTh 3TO 00b-
eMHOe 00pa3oBaHHe B CBOW KommbioTep it oneHKH [30]. Coxpa-
HEHHBIC 00BEMBI TaK)Ke MOTYT OBITh PECYpPCOM ISl MPOIOIDKCHUS
00pa3oBaHusI M 00YYEHHS: MOTYT OBITh BHITIOJTHEHBI MHOXKECTBEHHBIE
KOITUKM BBIOPAHHOTO O0BEMa, Ul TOTO YTOOBI Pa3jMuHbIC BpayH
MOIJIA M3y4aTh Takoi ke 00beMm omHOBpeMeHHO [31]. Hakower,
CIIOCOOHOCTH apXMBHPOBATh 00BEM O€3 MMOTepH JaHHBIX 00eCIIeqH-
BaeT BO3MOXKHOCTB ISl PETPOCIICKTHBHOTO aHan3a o0beMa B Oojee
MTO3THUE CPOKH.

Korna E.Merz u coaBt. (1995) [12] npoBoamiu cpaBHEHHUE IBYX-
MEpHOTO U TpexMmepHoro Y3U 223 rHHEKOJOTHYECKHX OOJBHBIX
C Pa3JIMYHBIMH COCTOSIHUSIMH, OHH OOHAPYKWJIM, YTO TPEXMEPHOE
VY3U naet npeumyliecTsa Haja TPAAULUOHHBIM JByXMepHbIM Y31
B 61% cmyuaes. [Ipenmy1ecTBa cBsi3aHbl ¢ M30MpaATEIBEHON BU3ya-
nr3anrel HeoOX0MUMOH TIOCKOCTH, TOYHBIM H3MEpeHHEeM o0bheMa
00pa3oBaHMl MaJoOro Ta3a M CIOCOOHOCTHIO TOIyYaTh MOBEPXHO-
CTHOE U IpO3payHoe U300pakeHHe, CXOAHOE C X BHEITHUM BHJIOM
B XKH3HH.

Mpo6nembl, cBA3aHHbIe C TPAHCBarnHaabHbIM
3D-ynbTpa3sByKOBbIM UCCNE[0BaHNEM

Kaxxmomy Bpauy, KOTOpBIH MEPEXOAUT C MIPOBEACHHSI ABYXMEPHOTO
TpaHcBarnHasibHOTO Y3U K TpexmMepHOMY, HEOOXOIMM HavalbHBIN
epruoy 00yYeHUs, B TSUCHHE KOTOPOTO €My IIPUICTCS YIUTHCS Ha-
Ouparh BEIOpaHHBIC 00BEMBI, OPHCHTHUPOBATHCS B TIPEIEIax coXpa-
HEHHOTO 00bheMa M PEKOHCTPYHPOBATh TPEXMEPHOE M300paskeHHe.
[ockompKy 00beM MOKET MPOU3BOIBHO BPAIIIATHCS B IPOCTPAHCTRE,
TaKue MOHATHUSA, KAK KpaHUAJIbHbBIN, Kay/1aJIbHbIN, JIEBbII U MPaBBIH,
OosIbIlle HE MMEIOT OTHOILCHHUS K TPaHHULIAM N300pakeHNs1, KaK TIPH
nByxmepHoM Y3U, a OTHOCSATCS CKOpee K HCCIenyeMoMy OObeK-
Ty [12]. B pe3ynerate Bpady mpHACTCS XOPOIIO OPUEHTUPOBATHCS
B IIPOCTPAHCTBE, B KOTOPOM PACIONaraeTcs TPEXMEPHBIH OOBEKT.
B xoHeuHOM cueTe, eAMHCTBEHHAS IIIOCKOCTh CKAaHUPOBAHMUSA, KOTO-
pas BaXxHa JJIs Bpaya, 3TO Ta, KOTopasi MO3BOJISIET BU3YalIU3UPOBaTh
00JIacTh MHTEpECa C CAMOW BBICOKON YE€TKOCTBIO. DTO MOXKET OBITh
MpOJOJIbHAsI, BEHEUHAs, TOPU30HTAIbHAS UM TPOU3BOJIbHAS KOCAs
IIOCKOCTh CEUCHUS.

OnHOBpPEMEHHBII HAOOp CUTHANA B PEKUME CEPOI KBTI 1 IIBET-
HOTO JIOTITJIEPOBCKOTO KapTUPOBAaHUS MOXET 3aHsTh Oonee 10 c,
B TCUCHUE KOTOPBIX MATYHMK JOJDKEH OBITh HEMOABIIKHBIM. JIroOoe
JBIDKCHUE JTaTYUKA BO BPEMsI MOTydCHUsI 00beMa OyleT MPUInHON
HEOJHOPOIHOTO BBOJA 00bEMa B TAMSTh, IPUBOIAIICTO K BO3SHUK-
HOBCHHIO JIBHUTATCIBHBIX apTe(aKTOB.
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1a 1b
1c

2 3
4 5

Pnc.40.1 TpexmepHble

BHYTPUMONOCTHbIE AAaTUUKN.

a [lepBbi TpeXMeEpPHbIN
BHYTPUMONIOCTHOM AaTUNK
C naTepasnbHbIM Habopom
obbema (ncnonbsyetca
npevMyLecTBEHHO ANA
BHYTPUPEKTaNbHOro nc-
CcnefoBaHus).

b TpexmepHblii Bnaranmi-
HbI faTurK ¢ GpoHTanb-
HbIM HAGOPOM obbema.

¢ TpexmepHbl Bnaranuiy-
HbI AaTUMK C BEEepoob-
pasHbIM GPOHTaNIbHBIM
HanpaBneHvem nyua.

Pnc.40.2 Cxematnueckoe
n306paxkeHne BHyTPUNONO-
CTHOTO AaTyrKa C 6OKOBbIM
pacnpegeneHviem nyyva.
Wccnepyembiii 06bem Habu-
paeTca npwv BpaLieHun 6oko-
BOW NJIOCKOCTN B B-pexume
BOKPYr OCM1 AaTuunKa.

Pnc.40.3 Cxematnueckoe
n3obpaxeHue TpaHcBaru-
HanbHOro TPEXMEPHOTO
AaTuuKa C pacnpefeneHnem
Jlyya 13 HakoHe4yHuKa. Ha-
60p nccnegyemoro obbema
MoslyyaioT Npw BpaLleHU
nnockocTv B-pexknma nop
yrnom 180°.

Pnc.40.4 TpuHumnbl
ckaHunpoBaHua 3D/4D-ena-
ranuwHbIM gatynkom. Mpum
NCNonNb30BaHUN AaTunKa

C pacnpepeneHvem nyya us
HaKOHeYHUKa, BpalleHne
[ABYXMEPHOW NNOCKOCTA NPo-
NCXOAUT 13 TOUKM O B TOY-

Ky 1, a 3aTem Bo3BpaLLlaeTca
B TOUKY 2.

Puc.40.5 TMMonyuyeHre 06b-
ema. Tpy o6bema moryT ObiTb
B Masiom Tasy.

O6bem 1: MaTKa.

O6bem 2: NpaBbli ANYHNK.
O6bem 3: NeBblN ANYHUK.
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Pnc.40.6 SHpomeTpun,
n306paxaemblil B Tpex opTo-
rOHasnbHbIX NIOCKOCTAX Ce-
YeHUA 1 NPY NOBEPXHOCTHOM
obpaboTke.

a CarnTTtanbHoe ceyeHune
Yyepes mMaTky.

b TMonepeuHoe ceueHne
yepes mMatky.

¢ BeHeuHoe ckaHMpoBaHuWe
yepes mMaTky.

d W306paxeHne o6bemHoM
PEeKOHCTPYKLMU MOBepX-
HOCTU SHOOMETPUA B MPO-
[ONbHOM CarnTTaibHOM
ceyeHum.

Puc.40.7 VCI-A-u3o6pa-

KEHWE MATKU B MOJSIOKEHUN

aHTepnekcmo ¢ 6onbLIm

MOSIMMOM SHAOMETPYUA.

a OO6bluHOE AByXMepHOe
n3obpaxeHue.

b VCA-A-nsobpaxeHune
ropasgo 6onee
KOHTpacTHoe.
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Pnc.40.8 VCI-C-uzobpa-

XKeHue SHAOMETPUA.

a [iByxmepHoe n3obpaxe-
HVe HOPManbHOWM MaTKM
B MOJIOXKEHUN PETPO-
dneKcmo c poBHbIM SHAO-
MeTprieM.

b Korpa nccnepyemas
YacTb S3HAOMETPYUA bbina
BblfiefieHa 3eNeHOo NMNHN-
en (puc. 40.8a), BeHeuHoe
n306paxeHne sHAOMET-
puA cpasy e NoABUNOCH
C NPaBoWi CTOPOHbI B pas-
pe3e. Cpes B BEHEYHOM
ceyeHumn AaeT xopoluee
n3obpaxeHune obnactn
yrna maTku.

Pnc.40.9 Cxematnyeckoe
n306paxxeHne sHGOMETPYA
B BEHEYHOM CeYeHMM.

Pnc.40.10 [loBepxHOCTHaA
PEKOHCTPYKLUMA SHAOMETPUS
B MaTKe, HaxoZALencaA B no-
NIOXKEHUW aHTedneKkcmo.

Pnc.40.11 [loBepxHOCTHasA
PEKOHCTPYKLMA SHAOMETPUSA
B MaTKe, HaxoZALenca B Nno-
JIOXEHUMN peTpodneKcmo.

Pnc.40.12 PekoHcTpyKuuA
N300pakeHVsA B BEHEYHOMN
nnockocty T-o6pasHoit Mea-
HOW BHYTPMMAaTOYHON Cnn-
panun B MaTke, HaxoAALenca
B MOJIOXKEHWW aHTepneKCMo.

Pnc.40.13 HopmanbHoe
nonoxeHune T-obpasHoi mea-
HOW BHYTPVMMAaTOYHON Cnn-
panu B yBeNMYEHHOWN MaTKe,
HaxoAALeNCs B MONOXKEHUN
peTpodnekcro. O6bemHas
PEKOHCTPYKLMA MOBEPXHOCT-
HOro N306paxxeHus.
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42 yHpra3ByKOBOQ ncanegoBaHme yepes noslioCtb MaTku:

TeEXHUKa N npnmeHeHne

V3U uepes nmosocTh MaTKH, H3BECTHOE TAKIKE KAK THCTEPOCOHOTPa-
¢us [1-5], — mponenypa BU3yalIn3auy, PH KOTOPOH Y3KHHA YIIBT-
Pa3ByKOBOM J1aTUMK BBOAUTCS YEPE3 PACIIMPEHHBIN LEPBUKAJIbHbII
KaHall B mosiocTh MaTku (puc. 42.1). [TockonbKy pacuupenue nep-
BUKAJILHOTO KaHalla 00JIe3HEHHO, UCCie0oBaHne TpeOyeT MEeCTHOM
aHeCTEe3MH WIN KPaTKOBPEMEHHOW 00Ilel aHecTe3nH, TakiuM o0pa-
30M OrpaHMYMBas aMOyJIaTOpPHOE HCIIOIb30BaHUE 3TOW TEXHUKH.
UToObI MPeOTBPATUTH MOBPEKICHNE HICHKH MaTK! U SHIOMETPHS,
BHYTPHIIOJIOCTHON JAATYUK PACIIONAracTcsl BHYyTPH METaJINIECKOM
TpyOKH TaKUM 00pa3oM, YTOOBI TOJIBKO PacCenBAIOIINH HAKOHEYHHK
CBOOO/THO BpaIlacst B TIOJIOCTH MaTKH.

Yacrora, ucnons3yemas rpu Y3 depes mojaocts MaTKH, OOBIYHO
Boimie (7-10 MI'm), yem mpu TpancBarumHansHOM Y3U. Bonee BbI-
COKast 4acTOTa 00eCIeunBaeT IPEBOCXOIHOE Pa3peIICHNE B 00IacTH
0JIM3KOTO TIOJIS, HO OYEHb OIPAaHUYMBACT NIyOHHY MPOHUKHOBEHUS
JTyda, 0COOCHHO KOT/Ia UCTOIB3YeTCsl JaTIMK ¢ yactoto 10 MI1.
B stux ClIydasix MOXET 6I)ITB HCBO3MOXXHO ONPEACINTH BHCIIHIOIO
IPaHMIy MaTKH P YTOJILECHUU SHIOMETPHSL.

Bpamarommuiicst mpeoOpazoBareslb MOHTUPYETCS HAa HaKOHEUHH-
K€ JIaTuYnKa U 00ECIeYMBACT MOINEPEUYHOE CKAaHMPOBAHMUE MATKH
(puc. 42.1-42.4). DHOOMETpPUN, MUOMETPHIA W OKOJIOMATOYHOE
IIPOCTPAHCTBO MOTYT OBITH UETKO BH3yaJH3HpOBaHbI. Tarke Mo-
KeT OBITh MPOJEMOHCTPUPOBAHO MATOYHO-TPYOHOE COCTUHEHUE
(puc. 42.5). JIHO MaTku MOXKET OBITH TOYHO OLIEHEHO TOJIBKO B TOM
clry4ae, €ClIi BHYyTPUMAaTOYHBIN JaTINK HMEET CIIOCOOHOCTh CKaHH-
poBaTh B IIEpeIHEM HAIIPABICHHH.

VY3U1 depe3 moja0CTh MAaTKHM MOJNE3HO IS CIEIU(UIESCKOTO HC-
KIIFOYEHUS] BHYTPUMATOYHOM IaTOJOTMU U AJISl CEJIEKTUBHOTO 00-
HapyKEHHs MEJIKHX CYOMYKO3HBIX MHOMAaTO3HBIX y3JI0B (puc. 42.6)
U IPYyToii maroyioruu sHxoMetpus (puc. 42.7).

Y GOJIBHBIX CO 3T0KaY€CTBEHHBIMH MPOLIECCAMU MAaTKH CKaHUPO-
BaHME Yepe3 MOJOCTh MAaTKW MO3BOJSIET ONpPEACIUTh (hopMy oIry-
XOIlM, HallpaBJIEHUE €€ POCTa W JaTepajabHOE PaclpoCTpaHEHUE
omyxouieBoit nHpuIbTpanuu (puc. 42.8-42.10).

Tabnuua 42.1 MpumeHeHne Y3W uepes NonocTb MaTku

» BblABIeHNEe CyOMYKO3HbIX MMOMATO3HbIX Y3/10B

» ObHapy»KeHWe NoANMOB CIN3UCTON 06ONOUKM MATKM

» OueHKa rny6uHbl MHBa3WUK paka SHAOMETPUA

» OueHKa rny6uHbl MHBa3MY paka LWeKy MaTKu, BKJTloYas 1 pacnpo-
CTpaHeHMe Ha mapameTpun

» [naHnpoBaHMNe BHYTPMNONOCTHON pagmnoTepanmu

Bosmoknble mokazanus K Y3 gepes mosocTh MaTKH Mepeurnciie-
HbI B Tabmuie 42.1.

Y4uTBIBast IOCTOSHHOE COBEPIICHCTBOBAHUE B PA3PCIICHUH BJIa-
TAJIUIIHBIX TAaTYNKOB M HCMHBAa3UBHOCTH TpaHCBaruHaipHOTO Y31,
B HACTOSIIEE BPEMs HET MIPHYNH cYUTaTh ¥ 31 depes monocTs MaTku
Haubosee OIarompuATHONW THAarHOCTUYIECKOH nporeaypoit. Mckiro-
YeHHEe M3 HTOTO MPUHIINIIA BO3HUKAET MPU MPOBEICHUU JTy4eBOU
Tepamuu, PU KOTOPOH MpeBaPUTEIIbHAS OIICHKA PACIIPOCTPAHCHUS
OITyXOJIH MTO3BOJISIET OOJIee TOUHO IIAHUPOBATh BHYTPHUITOIIOCTHYIO
JIy4eBYIO Tepamnuto [2].

Jintepatypa

1 Hétzinger H, Becker H, Becker V. Intrauterine Ultraschalltomographie
(IUT): Vergleich mit makroskopischen Priparateschnitten. Geburtshilfe
Frauenheilkd 1984;44:219-24.

2 Hotzinger H. Durch Intrauterinsonographie optimierte intraka-
vitdre Strahlentherapie bei Korpuskarzinomen. Strahlentherapie
1984;160:600—4.

3 Hotzinger H. Hysterosonography and hysterography in benign and ma-
lignant diseases of the uterus: a comparative in vitro study. J Ultrasound
Med 1991;10:259-63.

4 Popp LW, Lueken RP, Lindemann HJ. Hysterosonographie. Diagn
Intensivther 1982; 4:69-73.

5 Popp LW, Lueken RP, Miiller-Holve W, Lindemann HJ. Gynikologi-
sche Endosonographie: erste Erfahrungen. Ultraschall 1983;4:92-7.

Pnc.42.1 Y3 yepes no-
noctb matku. CxemaTtnyeckoe
n3obpaxeHue.

Pnc.42.2 HopmanbHas
LernKka MaTKu Npu nonepey-
HOM CeYEeHNN.
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Pnc.42.3 HopmanbHoe
TeNno MaTky B nonepeyHom
ceyeHun.

Pnc.42.4 HopmanbHoe nso-
GpakeHvie fHa MaTKu (nto-
6e3HO NpefocTaBneHo Npood.
H.Hotzinger).

Puc.42.5 W3o6paxeHne
MaTOUYHO-TPYOHOro coeanHe-
HMA (yron MaTku) C NpaBon
CTOPOHbI 63 NPU3HaKoB
naTosiormu.

Puc.42.6 Heb6onbLuoi
CyOMyKO3HbII MMOMATO3HbIN
y3en (anametp 6 Mm).

Puc.42.7 ApeHomaTo3Has
runepnnasus.

Prc.42.8 3Sk300uTHBIN pak
SHAOMETPUA B MOSTOKEHUN
Ha 4 yacax (cmpeska) (130-
6paxkeHue nobe3Ho Npefoc-
TaBneHo npoo¢. H.HG6tzinger).

Pnc.42.9 PacnpoctpaHeH-
HbIW paK Tena MaTKu, NeHeT-
PYIPYIOLMI BCE C/ION CTEHKMU.

Pnc.42.10 Pak wenkn mat-
K1 ¢ nHdunbTpaymen obonx
napameTpues (0603HaYeHo
3Ha4YKamu ><).
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76

78

Puc. 44.74. VicknioueHue
paspbiBa CTaporo UMMIaHTa
MOJIOYHOM Xene3bl. MHoro-
MIOCKOCTHOE n306paxeHne
1 NOBepPXHOCTHasA 06paboTka
N306paxKeHna [EMOHCTPU-
PYIOT CMATYI0 MOBEPXHOCTb
nmMnnaHTa. Jlerye Ncknountb
pa3pbiB NPU NOBEPXHOCTHOM
06paboTke n3obpaxeHus (d),
YyeM NpY MHOTOMIOCKOCTHOM
n3obpaxeHunn (a—c), Tak Kak
NMOBEPXHOCTHbIN PEXUM
onpepenaeT CTeHKN UMMIaH-
Ta C 6osbLLEN YETKOCTbIO.

Puc.44.75 Tomorpadu-
ueckoe ynbTpasByKoBoe
n3o6paxeHue yBennyeHHoro
noAMbILLEeYHOro nuMdaTu-
yeckoro y3na. CepuiiHoe
nccnefoBaHme BEHEUHbIX
Cpe30B C MHTepBasoM 1 MM
LEMOHCTPUPYET OTCYTCTBUE
OYeBUAHbIX MeTacTa3oB

B MMdaTnyeckom ysne.
lMcTonornyeckoe nccnefosa-
HUe: peakTVBHasa numbaae-
HonaTtus.

Puc.44.76 Tomorpadu-
Yyeckoe ynbTpa3ByKoBOe
N306paxKkeHne rmnosXoreH-
Horo numdaTyeckoro y3na,
nopakeHHOro MeTacTa3om.
MNopaxeHune nccnegoBaHo
B MOnepeyHon nocnefoBa-
TENbHOCTU CPE30B C NHTEP-
Basiom 2,3 Mmm. PaznmyHan
cTeneHb HErOMOreHHOCT
onpepaenaeTca Ha pasHbIX
cpesax.

Pnc.44.77 TpexmepHas
NMoBEPXHOCTHas 06paboTKa
n306paxeHna MeTacTa3oB
B nUMdaTUYECKNI y3en.

Pnc.44.78 Xupypruuecknmn
Makporpenapar, CooTBeT-
CTBYIOLMI PUCYHKY 44.77.



336 YnbTpasByKoBoOe ncciefoBaHne MOJIOYHON Kenesbl

Pnc.44.79 WHcTpymeHTbl
ANA MUHUMaNnbHO-NHBa3NB-
HOW 6roNCK MONOYHOW
xenesbl.

1. ToHKouronbHasa acnu-
paumroHHasa buoncua:
nrna 20G ¢ 06bIYHbIM
wnpuuem.

2. buoncunHbin nuctonet
€O WTNGTOBOW UrON
14G.

3. Wrna pna BbICOKOCKOPO-
CTHOW OTKpbITON 6110-
ncum ¢ cobrpaTtenibHom
Kamepou ganHon 20 mm.

4. buoncuitHoe cBepno, pa-
Hee ucrnonb3yemoe gna
«cnenoro» 3abopa TKa-
Hel 13 nanbnupyembix
06pazoBaHuii MONOYHON
xenesbl.

5. Wrna ana nposepeHuna
BaKyyMHoOW 6rioncun
(11G) ana ncnonb-
30BaHMA C PyYHbIM
MaMMOTOMHbIM anna-
PaToOM — € JMHCTBEHHbIN
MCNOMb3yeMbli UHCTPY-
MEHT, C NPUKPerIeHHON
Tpy6KOW.

Pnc.44.80 PyuHas Bakyym-
Haa 6roMNCcMA MONOYHOM Xe-
ne3bl C TPEXMEPHbIM yNbTpa-
3BYKOBbIM KOHTponem. Mirna
BBOAMWTCA NapasnenbHo no-
BEPXHOCTM AaTUMKa U CTEHKe
rPYAHON KNeTKW.

Pnc.44.81 Yuactok TKaHu,
Mosly4YeHHbIN C UCMNOMb30-
BaHWEM W pasfiyHOro
nvametpa. BakyymHas 6uo-
ncus obecneyrBaeT IyyLmnin
obpasel TKaHel 6rnaropaps
BaKyyMHOMY 3bdeKTy

1 60NbLLIOMY MPOCBETY UTTIbl.
VIHbeKUMOHHas urna ansa
CpaBHeHWA.

79

81

80
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JIO)KEHUE UIJIBI TIEPe/l TIOPKSHUEM MITH 1103311 Hero. Bpau jommkex
pOTUPOBATh AaT4UK 10/ yriioM 90° (3T0 MOXKET OBITh 3aTPYJHEHO TIPH
00IIBIIIOM pa3zMepe IPyIu WK MaJIbIX pa3Mepax MopaykKeHust), YTOObI
OIIPE/ICJIUTH UIITY KaK TOUKY B CArMTTAJIBHON INIOCKOCTH 1 IOKYMEH-
THPOBATh MPABMIIEHOE PACIIONIOKEHHUE UITIbL.

[Ipr MHOTOMIIOCKOCTHOM HM300pa)XCHUU MpH TpexMepHoMm Y3U
MOJIOYHOM JKeJIe3bl Bpay MOXKET HEMOCPEICTBEHHO BU3yaIn3UPOBaTh
WDy BO BCEX TPEX IUIOCKOCTSAX HAa MOHHUTOpE 0e3 HeoOXOAUMOCTHU
N3MEHSTH TTOJIOKECHHE JaTUNKa. DTO 00ecIeunBaeT HETOCPEICTBEH-
HOE MOATBEPXKJICHNE, YTO UIJIA ISl OMOIICHH TIPABUIIBHO pacIioja-
raeTcs BO BCE TPEX INIOCKOCTAX (cM. puc. 44.82—44.86). Dto Taxke
YKa3bIBaeT, KAKO€ KOINYECTBO OMOTICHITHBIX 00pa3IioB HEOOXOIUMO
TIOJIYyYHNTb.

OnHOBpeMeHHas BU3yalln3allys UIVIbl U IOPAsKEHUS BO BCEX TPEX
TUTOCKOCTSIX SIBJISIETCS. BAPUAHTOM TPEXMEPHOTO YJIBTPa3ByKOBOTO
n300paXKEHUST MOJIOYHOMN JKeJe3bl M Ha3BaHA MPUYENIbHbIM Mpex-
meproiv V3.

ITonoxeHue UMbl OTHOCUTEIBHO MOPAXKEHHs OMUCAHO KaK yeH-
mpansHoe, IKCYyeHmpuieckoe, Kpaegoe W 3a npeoeiamu nopaice-
nus (cM. puc. 44.82-44.86).

C.F.Weismann (2000) [21] uccaenoBai poib TPEXMEPHOTO YJIbT-
Pa3ByKOBOT'O KOHTPOJIs B McciienoBaHuU 188 nmpuiienbHbIX U 24 TOH-
KOUTOJBHBIX Onoricuii. [Tocne 3aBeprieHust ONONICHH O] IBYXMep-
HBIM YJIBTPa3BYKOBBIM KOHTPOJIEM HAOHPAJICSl COOTBETCTBYIOIINIA
00bEM M OLICHUBAJICS [TPU TPEXMEPHOM HccieqoBanuu. OH 00Hapy-
JKHJI, 9TO LIEHTPAIBHOE WIIM DKCIEHTPHUYECKOE (YAOBIECTBOPUTEIb-
HBIC) TOJIOKCHHSI UIIIBI OBUIN TOJYyHYCHBI TOJIBKO B 82% cirydaes.
MHOTOIUIOCKOCTHOH TPEXMEpPHBIN aHAJIN3 TI0Ka3all KpaeBoe pacro-
noxerne urbsl B 10% ciaydaes, n B 8% ciydaes uIvia pacronaraiach
3a mpezieNlaMy MOPAXKEHUs. DTO MCCIEA0BAHUE T0KA3AI0 TOIHYIO
4qyBCTBUTEIBHOCTH 98% 1 crierpuanocTsb 100% /151t TpEeXMEpHOTO
YJIBTPa3ByKOBOTO KOHTPOJISI OMOTICHH, ¥ 9TH BBIBOJIbI OBLTH TIOATBEP-
JKICHBI B IPYTUX UCCaeoBaHMsX [22-24].

Bormpoc, ckonbko OHOTICHIHHBIX 00pa3110B HEOOXOIMMO BEIITOIHUTh
JUISL TOYHOTO, OKOHYATEIbHOTO THCTOIOTHYECKOTO ANArHo3a, 00Cyxk-
JaeTCs B HECKOJIBKUX KPYIHBIX HCCIEAOBAaHMAX [25—27]. Boxpumma-
CTBO aBTOPOB PEKOMEHIYIOT B3SITHE TSATH 00pa3ioB TKaHel. [Ipu
TOYHOM KOHTpOJIE TIOJIOKEHHS UTIIBI TpexMepHoe Y3 MoxeT BHe-
CTH CYIIECTBEHHBIH BKJIaJ] B yMEHBIICHHE YKCIIa ITyHKIUH, KOTOPHIE
HEOOXOIUMBI TSl YCTAHOBJICHUS TOYHOTO JHarHo3a [22].

CyIIecTBYIOT CiIydau, B KOTOPBIX HEoOXoamM 3a00p Oolee maTu
00pa3IoB, B 3aBUCHMOCTH OT pa3Mepa U CTPYKTYpbI IOPaKCHHUS.
B Takux cinyuasx upe3BbIYAiiHO BaXKHO 3aJI0KyMEHTHPOBATH 3200
OT/AETHHBIX OMOICHUIHBIX 00pa3loB, TaK KaK Pa3IMYHbIE TUCTO-
JIOTHYECKHE CTPYKTYPBI MOTYT OBITH OOHAapy)KEHbI B OJIHOM I1Opa-
KEHHUH, TTOITOMY HEOOXOIMM 3a00p pa3sIMuHBIX YYacTKOB TKaHEH
(cm. puc. 44.85). B ciydasx, Korma yCTpPOHCTBO I BaKyyMHOI
OMOTICHM HCTIONB3YETCs JJIsl TIOTHOTO yAAJIeHUs! 100pOKaYeCTBEH-
HBIX TOPAXKEHUI, HIVIa Pa3MeIaeTcsl Hudice NOpaxeHus (B OTIn4ne
OT PacIOJIOXKEHHUS UIVIBI JUIsl TIPULIEIEHON OUOTICHH, UCTIONB3YEeMO
IIPY MOJJO3PEHHUN Ha 3JI0KaUeCTBEHHBIN IpOIecC) W TKaHb IOpa-
KEHUsI HCCEKACTCS OJTHUM CJIOEM HPH OJHOM IPOKOJIE KOXHU (CM.
puc. 44.87, 44.88).

Yenex npuiesnbHON OHOTICHH MO TPEXMEPHBIM YIbTPa3ByKOBBIM
KOHTPOJIEM, KaK U TP OUOTICHH MO AByXMEPHBIM YIBTPa3BYKOBBIM
KOHTPOJIEM, TIPHHIUITUAIILHO 3aBUCUT OT ONblmMd 6payd N TEXHUKU
mpoBesieHus mpornenypsl. CaMble dacTblie (hakTopsl, 00yCIOBIN-
BalOIME HEYy/ady NMPUIEITbHOH IyHKIIMHU MO YIBTPAa3ByKOBBIM KOH-
TpOJIEM, BKITIOYAIOT: OPAKEHHE OY€Hb MaJICHEKOE M M309XOTCHHOE
110 OTHOIICHHIO K OKPY’KAIOIIUM TKaHAM (Hampumep, Gpuopoku-
CTO3HBIC Y3€JIKH); LeJb IYHKIMH H/WJIM UITIa PACIIOIOKEHBI 3a Ipe-
JenaMu oOpasiia o0beMa; UIvia He MOXET ObITh BH3YyaJH3HpOBaHa,
MIOTOMY 4TO OHa ObljIa BBEJICHA CIIMIIKOM OBICTPO MIJIM MAaCKHPYETCS
9XOTCHHBIMH CTPYKTYPaMH.

Tabnvua 44.2 OCHOBHOW NPOTOKOJ NPULENBHON GUOMNCKY MOTOYHOW
xenesbl Nof TPeXMEPHbIM YNbTPa3BYKOBbIM KOHTPONIEM

» TNpenBapuUTesNbHbIV aHaIM3 NOPAXXEHNA MPU NPOBEAEHNN TPEXMEP-
Horo Y3W (pacnonoxeHve, mopdonorus, Lo6poKayecTBEHHbIE UK
3/10KayYeCTBEHHblE XapaKTePUCTUKN)

» Nop HempepbIBHBIM ABYXMEPHbIM Y/IbTPa3BYKOBbIM KOHTPOJIEM
(B «yCnIOBHOW» NONEPEYHON NIOCKOCTL) MUr1a BPYYHYIO BBOAUTCA
napannenbHO KOXe 1 MPOoABUraeTcsA B HanpaB/ieHNY NOpaXXeHNA
6e3 BBe[leH/A ee B CaM ovar nopakeHus

» Bblgensetca y3kuii 06bem 0651acTy UCCNeaoBaHus, NosyyaioT
n3006pakeHre MHOTOMIOCKOCTHOTO BrAA AJ1A MPOBEPKY NOnoXe-
HWA UMbl BO B3aMOCBA3M C NOpa)KeHnem (onpeaenaetca AnnHa
BBEAEHVA UMbl B OYare ropakeHus)

» [onoXeHvie Nrbl perynmpyeTca no mepe HeobXoANMOCTH

» Wrna npopBuraeTca B oUar NopaXeHus 1 ocTaeTca Ha MecTe

» Habop obbema 1riibl 1 opakeHUs

> MHOronnockoCTHOW aHain3 NONOXKeHNA UMbl (MCKNoYasA BaKyym-
HyI0 6110MCII0, UTNa BOMXKHA ObITb BBEAEHA BHYTPb NOPaXKeHNs)

» Obbem coxpaHseTcs B LuppoBom dopmaTe Ans 3anvcu NpaBusb-
HOTrO MOMIOKEHUA UMbl

PytunHOe ucnonb3oBanue TpexmepHoro Y3U ams KOHTpods
MUHUMAJIbHO-MHBA3UBHON OMOIICHH MOXKET 00ECHEeYUTh YPOBHHU
YyBCTBUTEIBHOCTH U CHEUU(PUIHOCTH, COIIOCTABUMBIEC C TIOJTydae-
MBIMH HPU OTKPBITOH OMOIICHM MOJIOYHOH kene3bl. OHa sBIsIETCS
HE TOJIBKO 6LICTpBIM U TOYHBIM MCTOAOM JIsI THUCTOJIOTHUYCCKOI'O
HCCIIE/IOBaHHS HEOINPECICHHBIX TOPaKEHUI MOJIOYHOU JKeJe3bl,
HO TaKke MMEET HU3KHH ypOBEHb O0Je3HEHHOCTH. TpexmepHoe
YABTPA3BYKOBOE CKAaHHUPOBAHHE TAKXKe OOCCIECUMBACT MJCATHHYIO
(hopmy 3ammcu poreypsl (MTOTHBIH 010K 00beMa C UIJIOH B ITopa-
KEHHUM), 00€CIIEYNBAIOIILYI0 PETPOCHEKTUBHBIHM ITOBTOPHBIH OCMOTP
MecTa IyHKIUH B TOPaXEHHU. DTO TO3BOJISIET Bpady ObITh Ooliee
YBEPEHHBIM B MHTEPIPETALUH TUCTOJOIMYECKUX JaHHBIX B IPO-
OJIeMHBIX CITy4yasX M B OLICHKE YPE3BBIYANHO MEJIKHX MMOPaKCHUH
(cMm. puc. 44.86).

Tabmuia 44.2 mpencTaBisieT OCHOBHOM MPOTOKON JUIS BBITIOTHE-
HUSl TIPUIETBHON OMOIICHM MOJIOYHOW JKEJNIE3bl MOJ TPEXMEPHBIM
YJIBTPa3ByKOBBIM KOHTPOJIEM.

= YemelipexmepHoe yiempdaseykoeoe uccsiedoeaHue

Uetsipexmeproe Y3U MOIOYHOH Kelle3bl — 3TO TPEeXMEpHOE
Y31 MomouHOH JKele3bl B PeXMME peanbHOr0o BpeMEHH (BIUIOTH
1o 35 06beMOB B cekyHIy). Kpome BO3MOXKHOCTH CENEeKTUBHOM
OLIEHKU CTPYKTYPBI OIYXOJIHM, 3Ta TEXHOJOTHs TaKXKe IO3BOJISIET
MIPOBOAMTH HAOIIOACHUE 332 CKMMAEMOCTBIO OITYXOJIH MOJIOYHOM
JKeJIe3bl B OTBET Ha KOMITPECCHIO JaTIMKOM.

Yetrsipexmeproe Y3U Taxoke MCIONB3YeTCs IUISI KOHTPOIS MPH-
LIENIbHOM OMOTICHN MOJIOYHOM JKele3bl, 00eCneynBasi BU3yaln3annio
MIPOABMIKEHHUS UIJIBI B PEKUME PEATbHOTO BPEMEHH B MHOT'OIIOCKO-
CTHOM HM300pakeHHU W B 00paboTaHHBIX BUaax. HykxHo mcrnoib-
30BaTh OYCHb Y3KOE OKHO 00beMa, YTOOBI rapaHTUPOBATh TOUHYIO
BH3yanu3auio uribl. KpoMe Toro, Uity Hy»KHO BBECTH TOYHO T1a-
panensHO KOKe TaKUM 00pa3oM, 4ToOBI OHa MoTyIa OBITH OTYETIIH-
BO BHU3yaJM3MPOBaHA Ha BCIO JUIMHY. Busyanuzauns MoxeT ObITh
HECKOJILKO 3aTpyJHEeHA ITPH OMOTICUU 0€CCUMITOMHBIX ITOPAKEHUH,
MIOTOMY YTO MIITy HE BCEI/Ia BO3MOXKHO IIPOBECTH MAPAJLIEIBHO KOXKeE.
OpuenrtnpoBanue B Oosnee NIyOOKHX OTJEeNaX MOJOYHOH KeJIe3bl
MOKET BBI3BIBATH 3aTPYAHEHNUS Y Bpada, KOTOPbI HMeeT HeOOIIbIIOH
OITBIT OMOTICHU MOJIOYHOH YKEJe3bl.

Obvemnoe xonmpacmuoe uzobpasxcenue (VCI) — cnennanpHas
YeThIpeXMepHasi TEXHUKA «TOJICTOIO CPe3ay, MPU KOTOPOH OTHOCH-
TENILHO TOHKHE 00beMbI H300paKaroTCsi B OBICTPOI IOCIIEI0BATENb-
HOCTH C YJTy4IICHHBIM KOHTPACTHPOBAHUEM. JTO IPEUMYIIECTBEHHO
N300paXEHUs] CENICKTUBHBIX YIIBTPa3BYKOBBIX CPE30B, B KOTOPBIX
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TOJIIIMHA cpe3oB KonebneTcst oT 3 o 20 mMm. [IpenmyrecTBo 3a-
KIIF0YaeTCsl B TOM, UTO JIATYMKU TAKOTO YK€ TUITA HCIOJIB3YIOTCS IPU
nByxmepHoM Y3U n mzoOpaxkeHHe MMEET CXOJCTBO C OOBIYHBIM
JIByXMEPHBIM JaXe IIPH 0O4eHb TOHKUX Cpe3ax.

B mexnuxe VCI-A nzobpaxaeTcs Takoi ke aHaTOMHYECKHH pe-
THOH, KaK IpU JIByXMEPHOM M300pa)XCHUHU, HO Y3KOE€ Tpexmep-
HOE M300pakeHHe MPHUBOIUT K JIydIleld KOHTPACTHOCTH TKaHEi
(cm. puc. 44.89).

B mexnuxe VCI-C ToHKHI 00beM HaOUPAIOT MEPICHIUKYISIPHO
TUIOCKOCTH JIByXMEpPHOro n3o00paxkeHus. HeoOxonumblii ypoBeHb
Habopa oObeMa BBIOMpAeTCS MPHU MPOBEICHUH MAHUIYIAINN JIH-
HUEH 3eJICHOr0 MHIMKATOPA B IByXMEPHOM M300pakeHnu. TexHnka
VCI-C obecnieurBaeT MOp}oIOrnyecKy0 nHPOPMAIMIO OTHOCH-
TEJILHO TUIOCKOCTEH, KOTOpbIE HEIOCTYITHBI Il OOBIYHOTO JIBYX-
MEpPHOTO CKaHMPOBaHMS. JTO oOieryaet omnpenesiecHHe BEHEUHOMH
IUIOCKOCTH CEYCHUS B MOJIOYHOM Jkenese (cM. puc. 44.90).

ITpn npocmpancmeenno-epemennoii mexuuke KOPPEIALUN H30-
OpakeHus!, KOTOpast UCIIOIb3YETCsl C SHEPIETUUECKUM JOMIIIEPOB-
CKUM CKaHUPOBAaHUEM, Bpa4 MOKET OLUCHNUTH HE TOJILKO HAIIPaBJICHUE
KPOBOTOKA B IIPEEIax OIyXO0JIH, HO U ep(y3HIO OITyXOJIH, BKI0Uas
TYJILCALINIO COCY/IOB.

MpenmywecTsa n npobnembl
3D-ynbTpa3sByKOBOro nccnefoBaHnsA
MOJIOUYHOW Xene3bl

Mpeumyuwecmea mpexmepHo20 ybMmpa3eyKoe8o20
ucc1e008aHuUsA MOJIOYHOU eJle3bl

I'maBHBIEe TpenMyIIecTBa TpexMepHOro Y3U MomouHOM xKene3bl —
CIOCOOHOCTB TIPHOOpETaTh M 3aIIOMUHATh 00bEMbI TKaHEeH 1 HaJIU-
YHe Pa3IMYHbIX METO/IOB, JOCTYIHBIX JUIS JIEMOHCTPAIMU ¥ MaHH-
ITYJINPOBaHMS 00BEKTAMH, KOTOPbIE B IIU(POBOI (hopMe cOXpaHEHBI
B 2JIEKTPOHHON NaMSTH.

B MHOTroImI0ckoCTHOM peKMME, KOTOPBIH JEMOHCTPHPYET BCE TPH
OPTOTOHAJBHBIC TNIOCKOCTH CEYCHUS, TPEThS (BEHEUHAs) INIOCKOCTh
IPE/ICTaBIsIeT 0COOEHHO BaYKHOE JIOMOJIHEHUE B IMATHOCTHKE IOpa-
YKEHUI MOJIOUHOH JKEJIe3bl.

[ToBepxHOCTHast 0OpabOTKa MOAKPEIUIIET CIIOCOOHOCTH Bpada
K «PEKOHCTPYKIIUI» TPEXMEPHOH «YMCTBEHHOI» KapTHHBI IPH
00br9HOM 2D-M300paKeHNHN MOMy4YeHHEM (PaKTHIEeCKOro Tpexmep-
HOTO H300pakeHNs. DTO N300paKeHHEe TOCTYITHO Ui PACCMOTPEHHUS
Ha MOHUTOpE JPYT'MM BPadoM U HEMOCPEACTBEHHO MAIIEHTOM.

BriepBrle TpexmepHOE M300paKeHHE COCY/IOB B PEKHUME CTEK-
JITHHOTO TeJa MO3BOJISIET IPOBOANTH aHAJIN3 CTPYKTYPBI BAaCKYJIs-
pHU3aluy B TPEX M3MEPEHHSIX. DTa TEXHUKA CTAHOBUTCS OCOOCHHO
Ba)XKHOW IJIS1 OLIEHKM HEOBACKYIAPHU3ALMH 3]10KAUECTBEHHBIX OITy-
XOJIEH.

[Tpu ucIoIp30BaHUH TPEXMEPHON TEXHOJIOTUHU B KOHTPOJIE MUHH-
MaJIbHO-MHBA3UBHBIX TPOLEAYP, TAKUX KaK OMOIICHS, 3TO CO3JaeT
BO3MOYKHOCTbH HE TOJIbKO KOHTPOJIMPOBATh U HAIPABJIATH BBEIICHNE
Wbl BO BCEX TPEeX IIOCKOCTSIX, HO M 3aIHCHIBATh M COXPAHATH
TIOJIOKEHUE UIVIBI BO BCEX M3MEPEHHAX MOCIIE TOro, KaKk ura Obuia
pa3MmelieHa B nmpeaeaax MopaKeHusl.

KnuHuyecku cyiecTBeHHbIe IPeuMyIecTBa TpexMepHoro Y3U
MOJIOUHOI1 XKeJIe3bl CyMMHpYIOTCs B Tabnuie 44.3.

Mpo6nemel 8 mpexmepHOM U 4HembipexmepHOM
y/Ibmpa38yKo8oM UCC1e008aHUU MOIOYHOU XKese3bl

TexHuueckue aciekTsl TpexMepHoro ¥Y3U1 Mono4Hoil xemne3sl, 0co-
OeHHO Toy4eHne 00beMa, MOTYT MepBOHAYAILHO MOKA3aThCs HEYK-
moxuMu. Hanpumep, 6071611101 KOpOOOBHUHEIN JATIUK, HCIIOJIB3Ye-

Tabnuua 44.3 TpeumyllectBa TpexmepHoro/yeTbipexmepHoro Y31
ana cneymdunyeckmnx nokasaHuim

— HoBble kputepun ana puddepen-
LanbHOW ANAarHOCTUKMN JOOPpOKa-
YeCTBEHHbIX 11 3/T0KaYeCTBEHHbIX
nopaeHumn

- Jlyywas oueHKa cmctembl NPOTO-
KOB (BHYTPUMPOTOKOBOE Pacmnpo-
CTpaHeHue)

- ®oTopeanvcTMYHoE N306paxeHne
fl06poKayeCcTBEHHbIX MOPaXKeHUIA

- TouyHada Bu3yanu3auma Tpedyemon
N10CKOCTU (MHOrOCpPe30BOE, TOMO-
rpaduryeckoe n3obpaxeHue)

— [leTanbHasA oLeHKa BHYTPUMPOTO-
KOBbIX 1 KMCTO3HbIX CTPYKTYP

- OnpepeneHne MHOroo4aroBbIx
1 MHOTOLIEHTPUYHBIX MOPaXKeHN N

- V1306paxeHne BHyTPEHHUX CTPYK-
TYP KUCTbl 1 NOATBEPXKAEHNE U
UCKIIOYEHVIE KPOLUEYHbBIX NMPOosn-
depaTrBHbIX MOPaXKEHWUI B CTEHKE
KWNCTbI

- OnTManbHasa BU3yanu3aums KOH-
TYPOB OMyX0su

» MonyueHue TpeTben (Be-
HEeYHOoW) MNI0CKOCTN

» Tomorpaduyeckuii ocmoTp
obbema TKaHel

» Busyanusaumsa BHyTpeH-
Hel CTeHKN KNCTbI

» HabnopeHve nopakeHui
MOJIOYHOI XKene3bl Nog,
pa3nnYHbIMM yramu

» TouHOe n3mepeHue obbe-
Ma nopakeHum

» TpexmepHas oLeHKa cocy-
OUCTON CUCTEMDI

- Mocnepytouiee HabnogeHne

— AHanu3 cTpyKTypbl BacKynsapu-
3aL1K, XapakTepuCTK NPOCBETa,
nepdysuu onyxonu

- MakcumanbHasa guarHoctmyeckas
TOYHOCTb

- Manoe KonnuectBo HeahpdeKTnB-
HbIX NYHKLWI

— TOYHbIN, OKOHYATENbHbIN FNCTONO-
rMYecKnin guarHo3

- o3BoNAET NPOBOAUTL MHOMECT-
BEHHbI aHanu3 (peTpocneKTBHasA
1 BTOpUYHas 06paboTKa), BO3MOX-
HOCTb BOCMpOV3BeAeHNA

— HoBble BO3MOXXHOCTY 1Al TPEHU-
POBKM CMELMANNCTOB, 0COOEHHO
B COOTHOLLEHUN C YNbTPa3ByKo-
BbIMU MPY3HAKaM1 MPU Hamumm
naTosiornmu

— OnTManbHasa 3anncb U XpaHeHne
nHdopmaumn

- Yno6cTBO AN1A Bpaya

- YnyylieHne KayecTtsa

— CoKpalleHune BpeMeHu nccneno-
BaHuA

— KoHcynbTaumm n KoHpepeHuumn
C MCNOJb30BaHNEM CPeACTB Tesle-
MEeANLMNHBI

» TOYHDIN KOHTPOJb Npu-
LenbHo 6uoncum c ogHo-
BpeMeHHOoW Bu3yanunsa-
Luein Nopa)keHus 1 Urbl
B TPEX OPTOrOHasbHbIX
NIOCKOCTAX

» CNOCOBGHOCTb NONHOro
coxpaHeHusa obbema 6e3
noTepu AaHHbIX

» MNoBTOpHas oueHKa
1 NOBTOpHas 06paboTka
COXpaHeHHOro obbema
BO3MOXHa B Nito60e Bpems
» CNOCOBHOCTb 3NEeKTPOH-
HOV NepeAayu faHHbIX

MBI 1Ipu TpexmMepHoM Y3U, 3HaYUTENEHO OTIMYAeTCS OT OOBIYHOTO
Y3KOTO JBYXMEPHOTO JTMHEWHOTO Aar4yuka. [Ipyras mpobiema B TOM,
41O Ha0Op 0OBeMa TpebyeT ONpeIeICHHON CTENeHN TNIAHUPOBAHUS,
rapaHTHPYIOIIEro, YT0 00BbEM MOXKET ObITh ONTUMAIBHO COXpaHEH
n o6paboTaH.

Kpowme toro, pazHooOpasue peskuMOB IEMOHCTPAIIH, OPHCHTALINS
B Mpezenax o0beMa, TPAKTOBKa apTe()akToOB W pasziIHyYHBIC JPYTHE
MpoOIEMBI HE MOTYT OBITH PEIICHBI ITyTEM «ITPUKOCHOBEHHS K KHOTI-
ke». Bee atu mpobiemsl pemraer Bpad. O HAKO BCE 3TH NMPOOIEMBI
pemarTcs Ipu 00y4eHNnH, KOTOpoe B OOIIEM-TO HE SIBIISIETCS JUTH-
TEJBHBIM MPOLIECCOM ISl Bpadya, HMEIOIIET0 ONBIT B JIBYyXMEPHOM
V3 MO104HOI Kene3bl, HO KOHEYHO, 3aCIyKUBAeT BHUMAHUs IPU
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Tabnvua 44.4 Bo3moXKHble MPo6eMbl NPU TPEXMEPHOM
1 YyeTbipexmepHoM Y3 monouHom xenesbl

» Bpau npuBbIKaeT K pa3mepy 1 Gopme AaTumka

» YnauHoe ncnonb3oBaHue TpexmepHoro Y3/ MonoyHom xenesbl
TpebyeT cepbe3HOro n3yyeHus AByxmepHoro Y3

» B TeueHue neprioga obyyeHnsa Bpay MOXET MMEeTb NMpobnembl opui-
€HTaLWN B COXPaHEHHOM 06beme

» MpuuenbHasa 6ruoncua He6oNbLUNX MOPAKEHWNIA MOA YeTblpexmep-
HbIM YJIbTPa3BYKOBbIM KOHTPOIEM MOXET ObiTb pe3epBOM AnA
OMbITHOrO Bpaya (oprieHTauus 1 OHOBPEMEHHas BU3yanm3aLms
Wbl Y MOPAXXEHNA B Y3KOM OKHE 06bema MOXET 6blTb B HEKOTO-
pbIX C/ly4anx 3aTpyAHeHa)

» TexHMYecKrie HeoCTaTKM (Hanpumep, yron Habopa obbema
CJIVLLKOM Maf, yCTaHOBKM MOpPOra C/IMLLKOM BbICOKUE MV CIILLKOM
HU3KIE, apTedaKTbl ABKEHNA, HEaAeKBATHOE MCMOJIb30BaHMe
3M1eKTPOHHOTrO CKasbMens) MOryT MPUBOAMUTb K 3aTPYAHEHUAM
UM oWIN6OYHON MHTEPNPeTaLnn N306paxeHus, a ciefoBaTesbHO,
K oLIM6KaM B fUArHOCTVKE

» TpexmepHoe 1 yeTblpexmepHoe Y3/ MonoYHON xenesbl,

KaK 1 06bluHOe fiByxMepHoe Y3/, oueHb 3aBMCAT OT OMnbiTa Bpaya,
HeCMOTPA Ha TO, YTO OHY MOANEXaT PETPOCMEKTNBHON OLIeHKe
(6e3 orpaHnYeHNs BO BPEMEHW U NMPOCTPAHCTBE)

» CNocobHOCTb BbINOHATL TPEXMEPHOE 1 YeTbipexmepHoe Y3
3aBUCUT OT 0O0OPYAOBaHNA

» Heobxoanmo 601blioe KIMHUYECKOE NCCNEe0BaHMeE A8 OLEeHKN
ANarHocTnyeckomn 3¢pPpeKTMBHOCT METOAA.

olieHKe pe3ynbratoB. HeoOXxoanMo 1006aBHUTh, YTO CIOCOOHOCTH
HMHTEPIIPETHPOBATh TPEXMEPHBIE N300pakeHHs B COYETAHNH C TIPO-
CTPAHCTBEHHOM OpUEHTAIINEH TPU MPOBEACHIUH MUHUMALHO-UHBA-
3MBHBIX MPOLEAYP JaeT Bpady OOJIbIIOE TPEUMYIIECTBO.

B Tabnune 44.4 nepeynciieHbl OTEHITMAIBHBIE TIPOOIEMBI, C KO-
TOPBIMH MOKHO CTOJIKHYTBLCA ITPU NPOBCACHUU TPEXMEPHOTO U YC-
TeIpexmMepHoro Y3U.

Kputnueckas oueHKa v nepcneKkTuBbl

B Hacrosiiiee Bpemst caMoii 0OJIbIIO# mpo0IeMoil B Tpex-/4eThI-
pexmeproM Y3U MOIOUHOM JKee3bl SIBISIETCS OTCYTCTBUE KOM-
MIETEHTHBIX CIEIHAJINCTOB ¥ KPYIHBIX MCCIICOBAaHUN. YCIEeX 3TOMH
MHOT000eIIaroNIel TEXHOIOTHH CHIIBHO 3aBHCUT OT HAaBBIKOB Bpada
1 KauecTBa HCIOIh3yeMOro 000pyI0BaHMs. DTO OOBSICHICT H3MCH-
YHBOCTH PE3YIIBTATOB O0JIee METKUX UCCIIEIOBAHNH, KOTOPHIE OBLIN
OTyOJMKOBAHBI K CETOHSIIHEMY JHIO [28].

B 2005 r. B uccnenoBanuu, B koropom D.O.Watermann u coabT.
(2005) [29] uccnenosanu u ouenmwu 100 mopakeHUN MOJIOYHOM Ke-
JIe3bI C UCIOJIB30BAaHHEM TPEXMEPHON CUCTEMBI CTAPOT0 MOKOJIEHHUS
(Voluson 530), aBropsl OombIIeii YacThIO MCIIONB30BAIN JTHATHO-
CTHYECKHE KPUTEPHUH, OCHOBAaHHBIC Ha IByXMEPHOM HCCIICIOBAHUH,
1 UCIIONIB30BAJIM OYCHb MAaJl0 TPEXMEPHBIX KPUTEPHEB, H3BECTHBIX
Ha CETOJHALIHUN ACHb, AJI XapaKTepUCTUKU NopaxeHuid. Harpu-
Mep, CTPYKTypa BTsDKCHHsI nMena crenuduanocts 95%. Takue
rapaMeTphbl, Kak CTPYKTypa KOMIIPECCHH U MepeIoBbIE TPEXMEPHBIS
METO/IBI, TAKHE KaK PEKUM CTEKIISTHHOTO Teja, ObLTH MTPOUTHOPHPO-
BaHbIL. [loaTOMy yOekIeHre, 9TO THAarHOCTHYECKast TOYHOCTD TPEX-
MepHoro Y3U MOJIOUHOH kene3bl He OTIIMYAeTCsl OT ABYXMEPHOTO
Y3U, oueBHAHO MOOUIPSET YCTAPEBIIYIO TEXHOJIOTHIO.

Hame muenwue, uto Tpex-/uetbipexmepHoe Y3U mosouHoi xKe-
JIe36l IMEeT BH3yallbHbIe M JMAarHOCTHYECKUE MPEHMYIIecTBa Hal
00BrgHBIM ABYXMepHBIM Y 3. Hampumep, Tomorpadudeckuii ana-
T3 TIOpaKEHUH MOJOYHOW JKene3bl (BKII0Yast Kpast MOpaKeHHH),
Tororpaduueckasi BU3yajau3anus MOPaKeHUH MOJOYHON IKeJe3bl
1 TPEXMEPHBII aHaJIN3 BaCKyJIsAPU3ALUU OITyXOJIH JaeT HOBBIC BO3-
MOXXHOCTH Ut JudepeHInaibHOi THarHoCTHKNA MeX1y 100po-
KaueCTBEHHBIMU M 3JI0KaYECTBEHHBIMH MOPAKEHUSMH MOJIOYHOMH
JKenesbl. TpexMepHoe YIbTPa3ByKOBOC CKaHHPOBAHUE MOJOYHON

JKeJIe3bl UMeeT MPUHIUMNHNAIbHOE 3HAYCHNE B KOHTPOJIE U YIIpaBJe-
HUH TPEXMEPHOIT OHOTICHEH.

Korzma MbeI cMoTpuM Ha pa3BuTHe TpexMmepHoro ¥Y3MU B Teuenue mo-
cIleIHuX 15 JIeT, cTaHOBHUTCS SCHO, YTO €TO IMPOTPECC CTall BO3MOXK-
HBIM Orarofapsi mporpeccy KOMITBIOTEPHBIX TeXHOJOTHil. bricTpoe
TOJTyYeHUe TaHHBIX, ObICTpast IeMOHCTpaIHs U 00padboTka 00HEMOB
B Pa3IMYHBIX PSKUMaX U AJIEKTPOHHAS Nepeaada JaHHbIX 00bEMOB
y’K€ CTalll pealbHOCThI0. Kornma Mbl OlleHMBaeM HOBOBBEACHUS,
KOTOpbIE TOSIBHJIMCH B Tpex-/deTsipexmepHoM Y3U 3a mocnennne
3 roza, He MOXXET OBITh HUKAKMX COMHEHHH, YTO €T0 Pa3BUTHE OyleT
TIPOJOIKATHCS.

Tem BpeMeHeM, CYIIECTBYET CPOUHAst IOTPEOHOCTH B IPOCIIEKTHB-
HBIX HCCIIEIOBAHUAX, UCIONB3YIOIMIUX COBPEMEHHBIE TPEXMEpHBIC
cucreMbl. Tak Kak Tpex-/4eTsipexmepHoe Y3 Bce mupe BHeApsIET-
Csl B IIPAKTHUKY, Pa3yMHO OXXHJaTh, YTO OyAyT ITPOBEICHBI OOJIbIINE
Hay4YHbIE HCCIJICIOBAHIS, KOTOPBIE TOATBEPAAT KIMHUIECKOE 3Hade-
HHUE 3TON TEXHOJOTUU B IIMPOKOM ITPAKTHKE.
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