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CEFTMEHTALMA VNIbTPA3BYKOBLIX MEANLUWUHCHUX
W306PAKEHNH HA OCHOBE METOJIA HEYETHOH
HAACTEPH3ALUK

Paccmompen 1noeuviii no0xo0d K nogviuenuio 3P @exmueno-
cmu npouedypovl GU3YAILHOZO AHAAU3A YAbMPAIBYKOGHIX Me-
QUUYUHCKUX  IXO-UMNYNbCHUX u300paxenut. IIpedcmasnenvt
pe3yabmamol IKCREPUMEHMALILHOU NPOGEPKU UHPOPMAUUOH-
HbIX 603MOXHOCTEU MEMOOd.

BBEJTEHHE

Y bTpasByKoBas MHTPOCKOINUS OTHOCUTCS K OJTHOMY U3
OCHOBHBIX U PacIPOCTPAHEHHBIX METOI0B MEIUIUHCKOH /iu-
arHoctuku [1], B paMkax KOTOpOil OCHOBHOEe BHUMAHUE yjie-
JIIeTCS TTOBBIIIEHUIO YyBCTBUTEJIbHOCTH U JIOCTOBEP-HOCTH
IIPOIe/lyPbl BU3YAJIU3AIIH YJIbTPA3BYKOBBIX 3XO-UMITYJIbC-
HbIx uzobpaskenuii. B pa6ore [2] paccmarpuBasuch Bo3-
MO’KHOCTHU TIOBBILIEHUSI 4yBCTBUTEJIbHOCTH BBIJEJCHUS I'Pa-
HUI| Pa3/eJI0B HU3KOKOHTPACTHBIX CTPYKTYP ¥ HelTpaJu-
3alMU BJIMSHUSI MHOTOKPATHBIX TIEPEOTPAKEHUI yIbTPa3By-
KOBBIX MMITYJIbCOB, 3aTPY/HSIONINX BU3YaJbHbIH aHAJIU3
9XO-UMITYJIbCHBIX M300paxkeHuii. OJHAKO, C TOUYKKM 3PEHUS
orpe/ie/ieHust OTHOPOJIHOCTH, 1IEPOXOBATOCTH, PEryJISPHO-
cTH, HauGOJIBbIINI MHTEPEC MPECTABJSET MPOLeaypa Cer-
MEHTAIIMU HeroCPe/ICTBEHHO CaMOro yJIbTPa3BYKOBOIO M30-
O6paxxeHus. Bompocpl cerMeHTanuu pasJanyHbIX TUIOB U30-
6paskeHunii OTHOCATCS K 06JIaCTU 3a7a4 KOMIIBIOTEPHOTO
3penud [3], ogHako XapakTepHOil 0COGEHHOCTBIO YJbTpa-
3BYKOBOIl JIMarHOCTUKYU SIBJISIETCS HAJIMYME MOJLYJISIIMOHHBIX
CIEKJI-IIYMOB, TI03TOMY IpUMEHeHHe JI000ro MeToja cer-
MEHTAIlMU yJIbTPa3BYKOBBIX M300PAsKEHUIl JO/LKHO YYHUTDI-
BaTb Hajuyue 3TOro hakTopa U COIPOBOXK/AATHCS MCHOJIb30-
BaHNEM NpoLeypbl (PUIbTPAIKM MOJYJISIIHOHHBIX IIYMOB.

Emte omHOl XapaKTepHON 0COGEHHOCTBIO YJIbTPa3BYKO-
BOIl IMAaTHOCTUKU SBJISIETCS TO OOCTOSITENBCTBO, UYTO HA
VJIbTPa3BYKOBBIX M300PaKEHUSIX TPAHUIIBI AHATOMHYECKUX
o6JlacTell ABJSIOTCS «Pa3MbBITBIMU», TIOCKOJbKY aKyCTH-
YecKyue UMIEJAHCHI COCeJIHUX OGUOCTPYKTYP MOTYT OBbITb
6JN3KUMH 160 IIJIaBHO MU3MEHSOIUMUCSI. ITO 06CTOS-
TEJbCTBO NPUBOJAUT K HEOOXOAMMOCTH MCIIOJIb30BAHUSI
HEYETKNX METOZIOB KJacrepusanuu. Heuyerkas kjacrepusa-
111 BBOJUT IOHSTHE HEUYETKUX KJIACTEPOB M (PYHKIUIO
MIPUHA/IEKHOCTH OOBEKTOB K HUM, U3MEHSIONIYIOCS B UH-
tepBaJjie [0,1], 4To MO3BOJISIET OIEHUTDH CTEIEHb MPUHAJ-
JIeXKHOCTH 06beKTa K ToMy Jn6o uHoMy Kjaccy. OcHoBoOIt
HEYeTKON Kaacrepusanuu cayskut Meroq FCM (Fuzzy C-
Means), umeronuii MHOKecTBO Mopudukaiuil [4]. Merox
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FCM 6asupyercsi Ha UCTOJIB30BAHUY UEil M MaTeMaTH-
YeCKOTO aIlapara HeYeTKOW JIOTUKU M HIMPOKO HMCIOJIb3Y-
€TCsl IPUMEHUTETBHO K 3aJa4aM aHAJIN3a MEJAMIIMHCKIX
paamosiornueckux u3obpaxkenuii [5], ogHako nndopmaiu-
OHHbIe BO3MOJKHOCTH MeTOJ]a IPMMEHHUTEIbHO K aHAIHU3Y
YJIbTPa3BYKOBBIX M300paskeHNil paHee He MUCCJIeOBAJHCD.

1 METOJ HCCJEJOBAHHAA

B pesyabrate padotpr anroputMa FCM kaxxaoMy muk-
ceJiio n306paXkeHns CTaBUTCS B COOTBETCTBUE BEKTOP M3
QYHKIMI TPUHAAIEKHOCTH K KaXKJIOMYy KJaccy, Ha OCHOBE
KOTOPOTO MOJKHO [IeJIaTh BBIBOJIbI O MIPUPOJIE JAHHOTO 00b-
€KTa, HO JIMIIb IPU HEUTPAJIM3AIUN BJIMSHUS ITyMOBUX
¢axTopoB. B Hacrosuiee BpeMs OTCYTCTBYET €IMHBII T10-
X0/l K pelleHuio atoit 3axaun. B [6] npexnaranocey uc-
MI0JIb30BATh BUHEPOBCKYIO dusbrpanuio, a B [7] agantus-
HYI0 aHu30TpornHyio ¢unbrpanuio. OCHOBHOI Po6IeMOil
3/1eCh SIBJISIETCSI TO OGCTOSITEIBCTBO, YTO JJISI OCYIIECTBJIE-
HUSI OTNITUMAJTBHON (DUIbTPAIIUN HEOOXOJUMO AIPHOPHOE
3HAHUE CHEKTPAJbHBIX XapaKTEePUCTUK KaK IIyMa, Tak M
camoro Hesarmymiernoro (T. e. upeanbHOro) uzobpaxe-
Hug. B aToii cBA3M MHTEpEC IPE/CTaBJsET METO/ CeJleK-
TUBHOTO CHHTYJISIPHOTO Pa3JIO’KeHHS aBTOMOP(HOro oTo-
6paxkeruss (MCCPAQ) [8] samymieHHBIX U306pakeHuii,
He TPeOYIONHI aTPUOPHOTO 3HAHMUSI CIIEKTPAJBHbBIX XapakK-
TEPUCTUK, & JIMIIb MPUOIU3UTETHHOTO 3HAHUST WHTEPBATIA
KOppeJISINNT 1IyMa.

MCCPAO orHocutcs K paMOYHbIM METO/IaM aHAJIn3a
u306paXKeHuil, mpuyeM pa3Mep KBaJAPAaTHOU paMKHU J[0J-
JKE€H COOTBETCTBOBATb MHTEpBasy KoppeJssiuu. Ha ocHose
MCCPAO ¢opmupyercss MHOTOMEPHDBIIT MAacCUB, K KOTO-
POMY HpHUMEHSeTCs NpoleAypa /IeKOPPEeINpPYIONero npe-
o6pasoBanusi ¢ GOPMUPOBAHUEM HOBOIO MACCHBA «CO6-
CTBEHHbIX» M300pakenuii. B kadecTBe OTGUIBTPOBAHHOTO
n300paskeHust IPUHUMAETCsI TIEPBOE «COOCTBEHHOE> HM30-
OpaskeHue, COOTBETCTBYIOINee HAMOOJIbIIEMY CUHTYJISIPHO-
MY YHCJLY.

IIpuBenennnie B [8] akcnepuMeHTaJbHbBIE PE3YJIbTATHI
OTHOCHJIUCH K aHaJn3y u300pakeHuii reopu3anyecKkux mo-
Jieil 1 MHGOPMAIMOHHbIE BO3MOKHOCTU METO/1a NPUMEHH-
TEJbHO K AHAJIU3Y YJIbTPA3BYKOBBIX 3XO-UMITYJIbCHBIX
n300pKEHNIT OCTATUCH HEBBISICHEHHBIMHU.
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[Toatomy anst masbHeiilnero mnopbiieHust 3GeKTUBHO-
CTH MEIUIMHCKON AMAarHOCTUKN HeoOXOAMMO MCCIeI0Ba-
Hue nHpopMarmouHbix Bo3dmoskHocTeii MCCPAO u Heuet-
kot FCM kJacTepusalriiii IpUMeHUTENbHO K 3a7aUaM cerT-
MEHTAIUU MEJUIMHCKUX YJIbTPA3BYKOBBIX 3XO-MMITYJIbC-
HBIX U306paKeHui.

2 PE3YJIBTATbHI HCCJIEJOBAHHH

Heuerkas xyractepusaiiusi siBJsieTcsi 0600IIEHHBIM Ba-
PHAHTOM TPAAUIIMOHHOTO ajroputMa K-cpeaHux, mpeomo-
JIEBAIOIINM OTPAHUYEHUST TIPUHAIEKHOCTH BBIGOPOK TOJTb-
KO K OJHOU rpymie. B HeueTKO# KjacTepusaluy MCIOJIb-
3yeTcsl HeYeTKOe MHOJKECTBO JIJIsT 3a/[aHUsI CTETEHU MPH-
HA/IJIeXKHOCTH BBIOOPOK TOJIBKO K OfHON rpyime. UucieH-
HO€ 3HAYeHNe CTEMEHU MPUHAMIEKHOCTH JIEKUT B [Hara-
3oHe [0—1], Tak uTO CyMMa BceX 3HAUEHUI MPUHAJJIEXK-
HOCTH OJHOTO dJ1eMeHTa (IMKces) Ko BCeM IPyIINaM paB-
Ha eJNHHUIIE.

Anroputm FCM kiaacrepusanuu 6a3upyeTcss Ha UC-
TIOJIb30BaHUM TIPOIELYPbI I/ITepaTI/IBHOI';I MHUHHUMHU3AIUN I1e-
JIeBoil (pyHKIMM BHIAQ
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[lns kaxxzoro mHKcess aHcaMO6Js M300pakeHni, 3Ha-
YyeHHe ero GYHKINU PHHAIIEKHOCTH /IS KaXKIOTO KJIac-
Tepa 3aBUCUT OT PACCTOSIHUS /10 COOTBETCTBYIONIETO II€HT-
pa ksacrepa. Ilapamerp daszsudukanum m ymeHbIraeT
BJIUSIHIE HeOOJbIINX 3HAUEHUN (DYHKIMH MPUHAIIEKHOC-
tu. K gocromHcTBaM ajsropurMa HedeTKuX C-cpemHux
MOKHO OTHECTH €r0 TUOKOCTH, TMO3BOJISIONIYI0 paGoTaTh CO
3HayeHUsIMU GYHKIUI npuHAIeskHoCTH. K HepocraTkam
MOKHO OTHECTH HeOOXO/JMMOCTD 3/IaHs AIPUOPHOTO YHC-
JIa KJIACTEPOB M TEOpeTHYecKast HeolpeleJeHHOCTb BbI6OPa
HAYaJIbHBIX 3HAYeHW U mapamerpa (aszzudukaium, Ko-
TOpasi IPUBOJUT K IOJYYEHUIO PA3JUYHBIX Pe3yJIbTaTOB
KJIACTEPU3AIINH, & TAKXKe YYBCTBUTEJNBHOCTD K IIyMY.

Ha puc. 1, a—2 B KoopauHATaX «BpeMsl — IPOCTPAH-
CTBO» HPEJCTAaBJEHO YJIbTPA3BYKOBOE 3XO-UMILYIbCHOE
u306pakenne TOJOBHOTO Mo3ra peGerka (@) u mepBble TpH
«co6cTBenHbIX> n3o6pakenns MCCPAO (6-z). Takue
9XO0-MMITYIbCHbIE N300PaKEHNsT PACCMATPUBAIOTHCS, KaK
paBuyIo, B Buje HabGopa CUTHaJAbHBIX Tpacc (cToa6IOB
nzo6paxkenns). V3 paccMOTpeHUs UCXOHOTO M300pasKe-
HUS Ha puc. 1, @ BUAHO, UTO OHO SBJISETCS 3AIIyMJEH-
HBIM, TOT/Ia KaK Ha MEepBOM «COOGCTBEHHOM» H300pa’keHIH
MCCPAO (puc. 1, 6) BauaHEe MOLYJIAINOHHON OMEXH
(aktnueckn HeifTpasamszoBaHo. PaccMarpuBas aMILTIHTYI-
HO-BpeMeHHbIe cpe3bl (puc. 2, @ n 6) 50-it UMy IbCHOI
tpaccel (50-To cTonbia msobpaxennii puc. 1, a u 6), 3a-
METHO ounmieHne curiana (puc. 2, 6) OT UBJIMITHUX TIy-
MOB (6BICTPOMBMEHSIONIEHCS aMILTUTY/IbI B TTUKAX M CIa-
nax (puc. 2, a)).

Ha puc. 2, 6, 2 mokasaHbl aMILTITY/IHO-BPEMEHHBIE Cpe-
3bI BTOPOTO U TPETHETO «COOGCTBEHHBIX» M300pakeHuUi
MCCPAO (puc. 1, 6, 2), COOTBETCTBYIOIUX NIyMOBBIM
KOMIIOHEHTaM, U UX OTOpacbiBaHUe (PAaKTHUYECKH HKBHUBA-
JIeHTHO 3 PekTy amanTtuBHON (GUAbTPALMH, TTOCKOJIbKY
HUKAKUX TPEJNOJOXKEHNN O CHEeKTPAJbHbIX U CTATUCTH-
YeCKUX XapaKTEPUCTUKAX MOJYJISIMOHHBIX IIYMOB HE HC-
II0JIb30BAJIOCD.

Ha puc. 3 npejcTaBieHbl pPe3yabTaTbl MIPUMEHEHUST Me-
TO/Ia HEYETKON KJIACTEPU3AIUY [IJIST CeTMeHTaInu puc. 1, a
u puc. 1, 6 Ha ceMb KJIaCCOB.

W3 conocrasienus puc. 1, a ¢ puc. 3, @ cjaenyer, 4yTo
NpUMeHeHNe MeTO/Ia HeYyeTKO# KJIacTepU3alliy JAJs Cer-
MEHTAIMK 3AITyMJIEHHOTO N306pakeHnst (GpaKTUIeCKH HU-
Yero He JaeT, TOTJA KaK ero mpuMeHeHUe K OTHUIbTPO-
BaHHOMY u306paskenuio (puc. 3, 6) MO3BOJAET OGJIETYUTD
NpoIeaypy BU3YaJbHOTO aHAJAU3a M WHTEPIIPETANUH
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Pucynox 3 — Pesyavmam npumenenus memood
Heuemxol KAacmepu3ayuu.;

a —puc. 1, a; 6 — puc. 1, 6

pe3yJIbTaTOB AUATrHOCTUKU IIOCPEACTBOM, HAIIpUMEDP, Ba-
PbUPOBaHUA YHCJa KJACCOB.

BbIBO /I bl

HeueTtkas KyacTepu3alus sBJSIETCS JOCTAaTOYHO IIPOC-
TBIM U yIOOHBIM METOJOM TOBBIEHUST 3(DHEKTUBHOCTH
MpOIelyPbl BU3YAJbHOTO aHAJIN3A YJIbTPAa3BYKOBBIX MEJIH-
IIMHCKUX 3XO-MMITYyJIbCHBIX M3006paxkenuii. Heo6xoquMbiM
YCJIOBHEM YCIENIHOTO IPUMEHEHHS MeTo/la HeUeTKOH KJac-
TepU3allN SBJSIETCS HelTpann3alusl BIMSHUS MOIYJISAIN-

YAK 621.382.002

OHHBIX IIYMOB. METO/I CETEKTHBHOTO CHHTYJISIPHOTO PAa3JIo-
JKeHUsI aBTOMOPGHOTO 0TOGpaskeHUs 3aIIyMJIEHHBIX
n3obpaxkeHuil sspasiercss 3PHEKTUBHBIM COCO60M (DUITb-
Tpaluu MOJYJISIHOHHBIX IIYMOB, TIOCKOJIBKY HE TpeGyeT
ATIPHOPHOTO 3HAHWS UX CHEKTPAJIBHBIX U CTATHCTHYECKUX
XapaKTEePUCTHK.
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Hapiitnna 24.03.2008

Poszensinymo nosuit nidxid do nidsuwenns epexmusnocmi
npouedypu 8i3yanivHoz0 AHANI3Y YAbMPAIEYKOBUX MEOUUHUX
exo-iMnyavcHux 306paxens. Ipedcmasaeno pesyarvmamu exc-
nepumenmanvrol nepesipxu iHpoOpMayilinux MOKAUEOCMET
Memody.

A new approach to increasing efficiency of visual analysis
ultrasonic medical pulse-echo image is considered. Results
experimental investigation information possibilities of the
new method are presented.

n. M. lMpoxopeu

MATEMATHYECKHE MOAENKU ANA AHANU3A CTATUYECHHX
XAPARTEPUCTHHR MHOTOJ3JIEMEHTHBIX NONYNPOBOAHNUKOBLIX
NETERTOPOB

Ha ocnosanuu meopuu Hanpasiennvix zpagos paccmom-
penv. mamemamuueckue Modeau cmpun-oemexmopda 01 uame-
peHUs MeKCMPUNOBHIX CONPOMUBLEHUL HA NOCIMOSAHHOM MO~
xe. Ilpueedenv. npumepv. pacuema cOEMECMHbIX JUHEUHBIX
ypasnenuti 015 IAeKMPULECKUX yenell, UCTIONb3YeMbLX 01 U3-
MePEeHUsL MEKCMPUNOBHLY CONPOMUBTLEHULL.
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