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B paGoTte paccMaTpuBaeTCsi IPUHIIMITMAIBHO HOBBIN TTOMXOM K PEIIEHUIO 3a1a4u OTpeAesIeHUs] pa3MepOB
CTPYKTYPHBIX 00pa30BaHU MPU YJIbTPAa3ByKOBOM IUArHOCTUKE, B OCHOBE KOTOPOTO JIEXKUT TEOPETUUECKHU
000CHOBaHHAsI BO3MOXHOCTb OIIEHUBAHUSI Pa3MepOB HEOTHOPOMHOCTEN MCCIeayeMOi cpembl MOCpe-
CTBOM aHaJIM3a CTATUCTUYECKUX XapaKTEPUCTUK PACCETHHOTO Ha 3TUX HEOTHOPOAHOCTSIX YIbTPa3ByKOBO-
rO CUTHaja. DTa BO3BMOXHOCTb OOYCIIOBJIEHA TEM, YTO CTATUCTUUECKOE pacrhpeaesieHrne JaHHbIX, (hOpMH-
PYIOIIMX YABTPa3ByKOBOE N300paKeHNe, BApbUPYeTCs OT pacipeneseHus Panes no pacnpenenenus Paiica
B 3aBUCIMOCTH OT COOTHOIIIEHUSI MEXIY Pa3MepOM 00JIaCTH KOTePEHTHOCTH PACCESTHHOTO CUTHAJIA U IIIH-
puHoii ny4ya. Pabota HampaBieHa Ha pa3BUTUE HOBOTO METO/Ia CTATUCTUYECKOTO aHAJIN3a JaHHbBIX, KOTO-
DBIii TO3BOIUT 3(h(HEKTUBHO BBISIBIISITh 3HAUUTETBHYIO KOT€PEHTHYIO COCTABIISIIONIYIO B 9XO-CUTHAJIE U TEM
caMbIM OyJeT MCIOJIb30BaThCs KaK MaTeMaTUYeCKUil MHCTPYMEHT OlLleHMBaHMS pa3Mepa HeOTHOPOIHO-
CTeli cpelbl MPU YIbTPa3ByKOBOI Bu3yanu3alnu. Takoi TTOAXon K aHAJIN3Y YIbTPa3ByKOBBIX N300paskeHUIA
00eCcneYynT BO3MOXHOCTh KOJIMUECTBEHHOT'O OIIEHUBAHMSI CTPYKTYPHBIX 00Pa30BaHUI U TEM CAMBIM — CYy-
IIeCTBEHHOE TOBBIIIIEeHNE MHOOPMATUBHOCTH YIbTPa3BYKOBON TMArHOCTUKU Y BO3MOXHOCTD BBISIBJICHMST
MMaToOJIOTUi Ha paHHEel cTaguu UX 0Opa3oBaHUs, OTKPbIBas MEePCHEKTUBBI MOBbIIEHUS 3(hdHeKTUBHOCTH

JICUCHMUA.
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1. BBEAEHUE

B nocnenHue ronabl METOABI CTATUCTUYECKON 00-
paboOTKM CUTHAJOB IIMPOKO HCIIOJB3YIOTCSI B pas-
JIMYHBIX OO0JIACTSIX HAayKuW KakK 3((eKTUBHBIII WH-
CTPYMEHT aHAJIM3a CTOXaCTUYECKUX JaHHBIX pa3iny-
Hoii mpupoasl. [Ipu 3ToM cylllecTBEeHHOE 3HaUYeHUe
WMeeT XapakKTep CTaTUCTUYECKOro pacrnpenesieHusl,
KOTOPOMY MOAYUHSIOTCS aHIM3UPyEMbIEe TaHHBIE.
CroxacThueckue JaHHbIe, TToJlydaeMble MpU yJbTpa-
3ByKOBOI BU3yaJlM3allMM B paMKax paccMarpuBae-
MOIi B JaHHOU paboTe 3agauu, aAeKBaTHO OIMMChIBa-
IOTCSI CTaTUCTUYECKOU Mopesbio Paifica [1].
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Pacrnipenenenue Paiica u ero yacTHbIi ciiyyail —
pacnpeneiaeHue Pajest — B yJIbTpa3ByKOBOI BU3yaJll-
3allMi COOTBETCTBYIOT PACHpPENeJICHUIO aMILUIATYIbI
n3obpaxeHus: B pexume B-mode mpu gocraTouyHO
OOHOPOOHOM COCTaB€ OTpaXkaTeJeii U MX BBICOKOM
MJOTHOCTH, TpuYeM H300paxeHne (OopMHUPYETCs
orubarouieit pagnoyactrorHoro curdajia (RF image).
IIpu 3TOM B OTCYTCTBUE KOTE€PEHTHOI KOMITOHEHTEI
CUTrHaja Mbl UMeeM JIeJIO C pacmpenenreHueM Pajes
[2]. Yto kacaeTrcst pacnpeneneHusi Pailica, To oHO
TaKK€ COOTBETCTBYET CJIyYar0 BBICOKOI IIOTHOCTU
CIIyJalfHBIX OoTpaxkareiieil, GopMupyommnx 1uddys-
HYIO COCTaBJISIIONIYIO CUTHAJIa, HO IIPU 3TOM B COCTa-
B€ CUTHAaJIa IIPUCYTCTBYET U 3aMeTHAasl KOTepeHTHAas
cocrapnsgomad [3]. Pacnpenenenne Paiica mmpoko
HCIIOJIb3yeTCsl TIPUMEHUTEIbHO K 3agadaMm yJjbTpa-
3ByKoBoIi Bu3yanuianuu [4]. Tak, B padote [5] pac-
CMaTpPUBAETCS HUCIIOIb30BaHNE OCOOEHHOCTEI 3TOTO
pacnpeneaeHus sl yJAydlleHUs] KayecTBa COHO-
rPaMMEI ITOCPEICTBOM OOPHLOBI C IITyMaMU.

Kakx wm3BecTHO, MPUMEHUMOCTb P3JIEEBCKOTO U
palicoBCKOro pacmnpeaefieHuid K paccesiHHOMY YJlb-
TPa3BYKOBOMY CHUTHaly (3XO-CHUTHAJIy) HMPU3HAETCS
MHOTMMHU aBTopaMu, (CM., Hamp., [7]). OgHako pe-
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IIeHWe 3aJa4Yu KOJMYECTBEHHOIO OLIEHUBAHUS pa3-
Mepa HEOOHOPOJHOCTEM cpeibl HA OCHOBAHWM BbISIB-
JIEHUSI 3aMETHOW KOIEepPEeHTHOM COCTaBJISIIOLIECH B
9X0-CUTHAJIE TIpU Mepexoae pIJIEeBCKOro pacrnpene-
JIEHUS B PaiiCOBCKOE SIBJISIETCS MPUHLUMIMAIBHO HO-
BBIM.

2. TIOCTAHOBKA 3AJIAYY OHEHWBAHUW S
PASMEPA CTPYKTYPHBIX OBPASOBAHUNU
N CYTb [TPENJIATAEMOT O TTOAXOOA
K EE PEIHIEHHIO

B ocHOBe npeajiaraeMoro moaxojaa K OLieHUBaHUIO
pa3sMepoB HEOOHOPOIHOCTEM Cpelbl ITOCPEACTBOM
YJIBTPA3BYKOBOIM BU3yalU3allUU JICXKUT 3aBUCUMOCTD
CTEIEHU KOTepEeHTHOCTU PACCESTHHOTO YIbTPa3BYyKO-
BOIO CHMTHaJIa OT COOTHOILIEHUS T€OMETPUUYECKUX T1a-
paMeTpoOB YJIBTPA3BYKOBOIO JIyda M pacCeUBAIOIINX
HEOTHOPOTHOCTEN. A UMEHHO: MO0 Mepe MPUOIKe-
HUS K (DOKAJIBHOM IUIOCKOCTU M CY>XKEHMSI JTy4da KOJIM-
YeCTBO HEKOPPEIMPOBAHHBIX MEXTy COOOI paccerBa-
TeJielt, TTonagamuX B 00JIacTh Jiyda, YMEHbIIAETCS, U
MpU 3TOM PIJIEEBCKOE paclpencaeHue, XapakKTepusy-
IOLIEE PACCESIHME 3ByKAa MHOTUMU HEKOPPEJIUPOBAH-
HBIMU HEOTHOPOIHOCTSIMM, MEPEXOIUT B pacrpeae-
JneHue Paiica, xapakTepu3symollee 3X0-CUTHaJ CO 3Ha-
YUTEJIbHOW KOTEPEHTHOM COCTABJISIIONIECHA, KOIna B
00J1acTH JTydya OKa3bIBAETCsI MPAKTUYECKU BCETO OAUH
pacceuBaresib. Takoil mepexom OT PaJeeBCKOro pac-
TIpeesIeHUs] 9X0-CUTHaJIa K paiiCOBCKOMY MMEET Me-
CTO Ha TOW NIyOWHE, TAe IUPUHA JTyda COOTBETCTBYET
pa3sMepy pacceuBalolleii HEOMHOPOTHOCTU, U COOT-
BETCTBYET MEPEXOy OT MOJHOCTbIO HEKOTepEeHTHOIO
paccesiHUsI K MOSIBJICHUIO 3HAYUTEJIbHOI KOTEPEeHT-
HOM COCTaBJIAIONIEH B 9X0-curHaje. TakuM oopazoM,
BBISIBJIeHME (pakTa Takoil TpaHcopMaluu OIHOTO
pacrnpenejaeHus B Ipyroe MoxeT crtaTb 3(ddeKTuB-
HBIM MHCTPYMEHTOM OLICHMBAaHWS pa3Mepa CTPyK-
TYPHBIX HEOJHOPOIHOCTEM UCCIIeNYyeMOM Cpeabl Kak
BEJIMYUHBI, COOTHOCUMOI C pa3MepoM 00JIacTH Kore-
PEHTHOCTH MPU paCCESIHUU YJIbTPa3ByKOBOI BOJTHEIL.

TakuMm 06pa3oM, OCHOBOITOJIATAIOIINUM TEOPETU-
YEeCKUM MHCTPYMEHTOM, OTIPEACIISIOIINM CYTh IIPEI-
JlaraeMoro Toaxoja, SIBJsSeTCs aHajlu3 XapakTepa
CTAaTUCTUYECKOrO pacnpeaeiieHUsI 3X0-CUrHana, Ko-
TOPOE OTIPENEIISIETCS CTEIIEHbIO KOTePEHTHOCTH DX0-
CUTHaJIA.

PaccmarpuBaercsi HeomHopoaHass Ouojormye-
cKasl cpelia, B KOTOPOI pacceuBaloliiye YibTpa3ByK
HEOMHOPOJHOCTU HMEIOT MPUMEPHO OIUHAKOBbIN
pa3Mep U ONWUHAKOBYIO TNIOTHOCTb, YTO SIBJISIETCS Xa-
pPaKTEPHOIT 0COOEHHOCTBIO Psifia UCCAEAYEMbIX OMO-
JIOTUYECKUX TKAHEU, TaKUX, HAIPUMED, KaK MeUYEHb.
B pesynbraTte paccesiHus yJabTpa3Byka Ha CTPYKTYp-
HbIX 00pa30BaHUAX HCCAeayeMoii cpeabl GOopMUpy-
eTcsl YJIbTPa3BYKOBOE JIMAarHOCTUYECKOE U300paxe-
Hue. [Ipu 3TOM ucciaenyeMblil MpolecC pacCessHUsI
yJIbTpa3ByKa B OMOJOTMYECKOU cpelie XapaKTepusy-
€TCsl HaJIMUYMEM OOJIbIIIOTrO YKcjia OMHOPOAHBIX pac-
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CCI/IBaTCJIefI, YTO COOTBETCTBYECT YCJIOBUAM PIJICCB-
CKOI'oO 1 paﬁCOBCKOI‘O CTaTUCTUYECCKUX pacCIIpeaciic-
HU aAMITJIMTYAbI 9XO-CUTHaJa.

PacnpoctpaHeHue yabTpa3ByKOBOI BOJIHBI B Cpe-
Jie OMMCHIBAETCSI OCHOBHBIM ypaBHEHUEM aKyCTUKMU,
KOHKPETHOE PELIEHUE KOTOPOTO OJHO3HAYHO OMNpe-
JleJisieTcsl CBOMCTBaMuM pacceuBarolleit HeOmHOpO/I -
HOIl cpenbl, B MEPBYIO odepenb — (IYKTyallUssMU
IUIOTHOCTU U CXUMAaeMOCTU. 3alUCcaHHOE OTHOCHU-

TenbHO Pypbe-npeoGpasosanust P (R, ®) mpocTpaH-

CTBEHHO-BpEeMEHHOI (YHKUMU [aBJIEHUS p (R, t),
JTaHHOE ypaBHEHUE NMEET CeAyIonuii Bum [7]:

2
AP +% P +2iy(0,R) P =
c

(D
2
0) A — "~ —
= C—ZB(R)P +V(p(R))VP,

rIe ® — 4acToTa, ! — BpeEMS, ¢ = (pOBO)_V2 — CKO-
POCTh 3ByKa B CpPeJie C IUIOTHOCTBIO Py ¥ CKUMAEMO-
P(R)
Po

B(R)

0 —

MOCTU CpenbI, y(u),R) — npeobpasoBanue Dypobe

CThIO 3, — OTHOCUTEJIbHOE U3MEHEHUE ILIOT-

HOCTH, — OTHOCUTECJIIBHOC NUIBMEHCHMUEC CXKMMAC-

(YHKIIMU TOTIOLIEHHSI 3ByKa B cpefie, R — IPOCTpaH-
CTBEHHasi KOOpAMHATA pacCMaTPUBAaeMOM TOUKM Cpe-
nbl. Kak mpaBuiio, Bbillle TTPUBEICHHOE ypaBHEHUE
JUTSL CTIEKTPabHOU MJIOTHOCTU (DYHKIIMW HABJICHUS

P (R, ®) pewaercsi B GOPHOBCKOM IPHOIMKEHIH.

DyHKIMSA MaBIeHUST KaK OCHOBHAs XapaKTepU-
CTMKa TIpoliecca paclpocTpaHeHUsl 3ByKa B cpele
MpencTaBiisieT co00ii KOMIUIEKCHYIO BEJIMUUHY U Xa-
pakTepu3yeTcs aMIIMTynoil u ¢dasoii. B mpoiecce
pactpoCcTpaHEHUsI 10 HEOTHOPOIHOM Cpeie BEITNYU--
Ha paccessHHOTo CUTHajla HeM30eXHO MCKaxXaeTcs
CHEKJI-IIyMOM, OOpa30BaHHbBIM CYMMUpPOBaHUEM
MHOTUX HE3aBUCUMBIX KOMIIOHEHT OT paccesiHUs
3BYKOBOM BOJIHbI TOYEYHBIMU OTpaxKaTeassMu U T10-
3TOMY 00JafaloIIMM TayCCOBCKOI CTaTUCTUKOM. Pe-
3yIbTUPYIOIIAst GYHKIIUS TaBIE€HUS U, COOTBETCTBEH-
HO, 3HaUE€HUE PXO-CHUTHaJIa MOXET OBITh MpeCcTaBlie-
Ha KakK CyMMa HEKOTOpOH JeTepMUHUPOBAHHOM
BEJIMYMHBI U WCKAXaIE €ero ImrymMoBOW KOMITO-
HEHTBI C rayCCOBCKOM CTaTUCTUKOM.

PaccMoTpyM MCKOMYIO KOMIUICKCHYIO BEJIUUYUHY
IIPOCTPAHCTBEHHO-BPEMEHHOM (PYHKIUMU IaBJICHUS

p (f?, t) B KOHKPETHOI1 TOUKe MPOCTpaHCTBa R U B MO-
MEHT BPEMEHU f: p(R,t) = Pre + P, KaK CITyJaifHYIO

BeJIMYUHY, (pOopMHUPYyEMYI0 HEKOM M3HAYaJIbHO -
TEPMUHUPOBAHHOM COCTaBJISIOLIEHA U TayCCOBCKUM

Lo
mrymMoM ¢ gucnepcueit 6°. O603HAYMM aMILTUTYIY
MeTePMUHMUPOBAHHON KOMITOHEHTHI (bYHKIIMW TaB-
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JICHUSI B KOHKPETHOM TOYKE p (ﬁ,t) Kak A. [Ipu aToM

JNENCTBUTENbHASL pr, U MHUMasL pp,, 4acTU U3Mepsie-
MOTO ¥ aHAJIM3UPYEMOT0 KOMITJIEKCHOTO CUTHaJIa UC-
KaXKaloTCsl TayCCOBCKMM LIYMOM He3aBucuMo. Torma
OEUCTBUTENbHASL pr, MU MHUMAasl pp,, KOMIIOHEHTHI
AHaJIM3UPYEeMON KOMIUIEKCHON BEJIMYMHBI TIpel-
CTaBJISIIOT cO0OI1 He3aBHCUMBIE TayCCOBCKUE BEJIU-

2
YUHBI C OIMHAKOBbIMU JUCIIEPCUAMU O U HCHYJIC-
BbIMU MaTeéMaTN4Y€CKMMM OXMNIAaHUAMMU, B TO BpEMA

[ 2 2
KaK aMIUIATYIA P = 4/ Pre + Pim PE3YJIBTUPYIOLLETO
CUTrHaja, Kak U3BECTHO, IIOMUMHSETCS pacIipeaciie-
. 2
Huto Paiica ¢ mapamerpamu A u 6°. @yHKUUS 10T
HOCTHU BEpOSITHOCTH paciipeneieHus Paiica omnpene-
JIsIeTcs1 BeIpaxkeHueM [1]:

2 2
+A pA
7(pl4, o =£-exp AR (—j 2)
(pl4.%) o 26° ‘o2

O06a mapamMeTpa CTaTMCTHMYECKOTO pacIipeaeie-
Hus Paiica B BeIpaxkeHUU (2) MMEIOT KOHKPETHBIM

GU3NIECKIIT CMBICT: o’ — 310 JIMCIIEPCHS MCKaXKalo-
IIEr0 CHUIHaJI TayCCOBCKOIO IIIlyMa, a ItapameTp A
COBMANAET C BEJIMYMHOM aMIUIUTYIbl UICXOOHOIO Je-
TEPMUHUPOBAHHOTO CUTHAJIa, C YeM CBSI3aHa 3HAUYU-
MOCTb 3a7a4M KaK MOXHO 0oJjiee TOYHOIO OlLIeHUBA-
HUSI 3TOTO ITapaMeTpa IpU aHaju3e JaHHBIX. 3ajadya
COBMECTHOTO OIIpeAeieHUs] 000UX MapaMeTPOB CUT-
Hajla A U IIyMa G Ha OCHOBE BHIOOPOUYHBIX U3MEpE-
Huil p; (i =1,2,...,n) CYMMapHOIO CUTHaJIa p MOXET
OBITH 3(PPEKTUBHO pellicHA METOIaMU AByXITapaMeT -
pudeckoro aHamm3a gaHHBIX [8—11]. UMeHHO 3THM
METOIBI MCITOIB3YIOTCS B KAYECTBE MaTeMaTHUUECKO-
O MHCTPYMEHTA CTaTUCTUYECKOIO aHAIN3a 3XO-CUT-
HaJjla IIpY pelIeHUN MOCTaBASHHOM 3adayM oIIpee-
JIEHUSI pa3Mepa HEOTHOPOIHOCTHU CPEIbL.

B kauectBe mpumepa mnpusBegeM (GOPMYIbL OIS
BBIUMCJICHUSI MCKOMBIX paiiCOBCKUX IlapaMeTpOB
JIByXmapaMeTpUieCKUM METOIOM MOMEHTOB, OCHO-
BaHHBIM Ha aHaJIM3€ JAHHBIX BEIOOPOYHBIX U3MEpE-
HMIA 2-T0 U 4-Tr0 MOMEHTOB 1 B CUJIY 3TOTO 0003Haya-
eMoro kak MM?24. N3BecTHO, 4TO OJist 2-TO U 4-TO
HavyaJIbHBIX MOMEHTOB CJIy4yaifHOWl BEJIMYMHBI p,
ToauMHsIoNIelics pactipeaeaeHuto Paiica c mapamer-

pamu (A, (52) , CIIpaBEITMBEI CIIeMyroIe (hOpPMYJIbL:

2 2 2
=2-0"+4°,
4 ! 4 2 2 4 ()
p =80 +8-6°-A"+ 4.

DT HOPMYJIBI IPEACTABISAIOT COOOIM ITPOCTYIO CH-
CTEeMY IBYX YpaBHEHWI1 IS IBYX HEU3BECTHBIX A U

2 .
o°. B perieHnn JaHHOM CUCTEMBI M COCTOUT METO
MM24, [9, 10]. dng onpeneaeHUs] MCKOMBIX Tapa-
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2
METPOB A ¥ G JaHHBIM METOJIOM HETPYIHO ITOJTyYUTh
CIIeayIoIINe BhIpaXKEHUS:

A= =1, @
& = (1T

)/2,

— 2
rae T = p4/ (pz) —1. HeTpynHo BUaETh, 4TO IJIsI JIIO-

0011 cyyaitHOI BeJIMYMHBI p B CUITY CTOXaCTUUHOCTU

— =2
2 4 2
BEJIMYUHEI p~ BBIIIOJIIHAETCS YCIOBUE p — ( P ) >0,

—_— 2
4 2
TaK KaK pa3HOCTb p — (p ) OIpeacaIdCT AUCIICPCUIO

Cy4yaitHOU BEJIMUMHBI pz. ITosTOMY BBEHECHHBIH TT1a-
paMeTp T pacTeT C POCTOM CTOXaCTUYHOCTH MpoIIeC-
ca M ygoBiieTBopsieT cooTHomeHuo: 0 < t < 1. IIpe-
JIEJTBHBIN CIy4yail T = 1 COOTBETCTBYET YACTHOMY CITy-
yaro pacrnpeneyieHus Paiica — pacrnipenenenuro Pajes,
KOIJIa IIPUCYTCTBYET TayCCOBCKUIA IITyM, a JETCPMUHU -
pOBaHHAS COCTABJISAIONIAST CHUTHAJIa OTCYTCTBYET
(A=0).

Takum oOpaszom, paccuuThiBast 1o dopmyie (4)
ImapaMeTpbl CTAaTUCTUYECKOTO pacIpenesIeHnsT 2X0-
CHUTHaJla HA OCHOBE €TI0 BLIOOPOYHBIX UBMEPEHUI, U,
MpeX/e BCEro — BEJTMYMHY aMIUTUTY bl A, Ml MOXXEeM
OTIpeNIeTNTh, KaKoe UMEHHO pacrpeneiieHre — Paiica
unu Panes — xapakTepu3syeT 3X0-CUTHaJ, (QOPMUPY-
IO yIbTpa3ByKOBOE M300paXkeHue, U TaKUM 00-
pa3oM BBISIBUTH MOMEHT ITIepexoma OT OTHOTO pac-
npeneneHus K apyromy. CooTBETCTBYIOLINI JaHHO-
My MOMEHTY pa3Mep (HOKaJbHOM TMepeTssKKU OyneT
XapaKTepru30BaTb WMCKOMBIN pa3Mep CTPYKTYPHBIX
HEOOHOPOAHOCTEM UCCIEAYEMOM Cpeabl.

dusnyeckast CylIHOCTD MpemIaraeMoro Mmoaxoaa
COCTOMUT B CJICAYIONIEM. BOIBIIMHCTBO CXEM ITOCTPO-
€HUsI U300pakeHUs B Iprubopax yabTpa3ByKOBOU BU-
3yajau3allii OCHOBAHBI Ha PEeTMCTpalldM UMITYIbCa,
paccessHHOro B 0OpaTHOM HaIlIpaBJIeHUU, IPUYEM B
JIMarHOCTUYECKUX IPpUOOopax, Kak IpaBUJIO, UMEETCSI
BO3MOXHOCTb IepeMelleHUs (POKAIbHOM INIOCKOCTHU
BIIyOb cpenbl. PUCyHOK 1 cxeMaTnmueCKy NILTIOCTPH -
pYyeT Ipoliecc paccessHUsI Ha HEOIHOPOIHOCTSX Cpe-
Ibl. [T10CKOCTh, Ha KOTOPOIi B TaHHBI MOMEHT C(PO-
KyCHMpPOBaHO M3JIyYyeHHe, o0o3HaueHa OykBoii f. [ls
NpruMepa MoKa3aHbl IBE IPYyrye IIOCKOCTH B pacce-
MBamplIleil cpeae, o003HaYeHHbBIe Ludppamu 1 u 2.
OHu HaxomsaTcs BHE (pOKyca, M B 3TUX ILUIOCKOCTSIX
pacdOKyCcUpOBaHHBIN NagaloLInii 1yd UMeeT J0CTa-
TOYHO OOJIBIIYIO IIMPUHY, TaK YTO B IIpeaeiiax Jyda
IMMOMEIIAIOTCS HECKOJIbKO pPacCeuBalONINX HEOMHO-
ponHocteil. [TnockocTh U3NyYeHUs1 U MpueMa yib-
TPa3BYKOBBIX CUTHAJIOB YCJIIOBHO IOKa3aHa B IIPaBOii
JacTU pUCYHKa M 0003Ha4YeHa U poit 3 (KOHCTPYK-
TUBHBIE AETaIM, TAKME KaK JIMH3BI, OTAEJIbHBIC JaT-
YUKW U3JIyYarolleil U IMIpuHUMAaloIIeid CUTHaIbI (pa-
30BOI pelIeTKN B JaHHOM CXeMaTUYHOM WUJIIOCTpa-
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Paccessnnag
BOJIHA -t

[Tanparomias
/ BOJIHA

Puc. 1. CxemMaTtuueckoe mpeacTaBjieHue MpoLeccCoB pac-
cestHUsl YJIbTpa3ByKa OT HEOJAHOPOIHOCTE, HAXOISIIIMX -
cs1 B hokanbHOI f 1 npyrux (1 1 2) TIOCKOCTSIX UCCIIeny-
€MOIi cpenbl.

UM HE AeTaJIU3UPOBAHEI, a YCIOBHO OObEIMHEHBI B
TJIOCKOCTH 3).

OueBUIHO, YTO CTAaTUCTUYECKHE OCOOEHHOCTU
PETUCTPUPYEMOTO TTPUEMHUKOM PACCESTHHOTO CUT-
Haja ompenessioTcsl B3auMoleiicTBUEM CUTHAJIOB,
pPacCCCAHHBIX OTACIIBbHBIMU HECOOJHOPOAHOCTAMM CPE-
JIbl, U UX B3AUMHOM KOT€PEHTHOCTbIO: CUTHAJI, peTU-
CTPUPYEMBIIi C MJIOCKOCTU 1, Haxoaseics Ha 3Ha-
YUTEJIbHOM PacCTOSIHUM OT (pOKaAIbHOI MJIOCKOCTH f,
OynmeT (OpMHUPOBATHCI PACCETIHUEM OT OOJIBIIIOTO
KOJIMYeCcTBa HEOJHOPOMHOCTE, KOTOphIE, KaK IMpa-
BUJIO, SBJISIIOTCS HE3aBUCUMBIMU, paCKOppeanupoBa-
Hbl Mo ¢azaM, U MOATOMY DPe3yIbTaThl pacCesHUS
pa3JIMYHBIMU HEOJHOPOMHOCTSIMHU, HAXOASAIIUMUCS
B IIJIOCKOCTH 1, OyAyT “racuth” IpyT Apyra, v pe3yjib-
TUPYIOLIUI pacCesIHHbINA MU CUTHaJI OyIeT Moauu-
HSAThCA pacrnpeneneHuo Panes. [To Mepe yMeHble-
HUS B 30HE JIy4a KOJIMYECTBA PACCEUBAIOIIMX HEO/I-
HOPOMHOCTel paccesiHUe OT KaXIoil U3 HUX Bce B
MEHBIIIEH CTETIEHN OYIeT “TacuThCSI” pacCesTHUEM OT
COCEMHUX HeomHopomHocTeu. IIpu 3ToM pe3yabTh-
DPYIOLIIMI CUTHAJI U3 paJieeBCKOro Oynet TpaHchop-
MUPOBATbLCSI B PaAiCOBCKU, UMEIOIINN HEHYJIEBYIO
JECTEPMUHUPOBAHHYIO COCTABJIAIOIIYIO aMILJIMTYObI.
M, HakoHel, eciay B 30He Jiyya OyJdeT HaXOAUThCS
TOJIBKO OJlHAa pacceuBarollias HEONHOPOAHOCTDb (UTO
BO3MOXHO JOCTUYb B (DOKAJIBHOM MIOCKOCTU WU Ha
HEKOTOPOM PAaCCTOSIHUM OT Hee, KoTma pa3Mmep Jyda
Cy>XaeTcs 1O pa3Mepa pacceuBarelisi), TO paccessHue
OT 3TOIf HEOAHOPOIHOCTU BOOOIIE HE OYIET “TacuTh-
cs1” COCEeTHMMU pacceuBaTesIsIMU, U SPKOCTh COOTBET-
CTBYIOIIIMX TOYEK Ha M300paxeHUH, GPOpMUPYEMOM
paccessHHbIM W3JTydeHueM, OyleT 3aMeTHO BBIIIIe.
B aToM ciiyyae paccesiHHbIM CUTHalA TIOAYMHSIETCS
CTaTUCTUYECKOMY pacripeneyneHuto Palica kak cur-
HaJjl, UMEIINA OTJINYHYIO OT HYJs ASTePMUHUPO-
BaHHYIO COCTaBJISIIOLIYIO0 aMIUIMTYIbl, MpeBbIlIAI0-
IIIyI0 ypoBeHb (POHOBOTO CIIEKJI-IITyMa, HEN30eXKHO
BO3HMKAIOIIETO B XOJIe PaCIPOCTPAHEHUSI 3TOTO CUT-
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Hajia OT TIOCKOCTU paccesiHUs A0 TUIOCKOCTU TIpU-
eMHUKa. Takoii CrieKJI-1IyM MIPUCYTCTBYET B U3JIy4e-
HUU, pacCesTHHOM U OT APYIUX IJIOCKOCTEei, HO Je-
TEPMUHUPOBAHHAsI COCTABJISIIONIAST OT pacCesTHUST Ha
HEOAHOPOAHOCTU B (DOKAJILHOI TUIOCKOCTU OYyIeT B
HEeM IIpeBajlupoBaTh UMEHHO B CJIydae COOTBETCTBUS
pa3Mepa HEOJHOPOIHOCTU pa3Mepy (hoKabHOI Tie-
PETSIKKM JTy4a.

M3 BbIllIEe TIPEACTAaBICHHOIO CleayeT, YTO YCUIe-
HUE SIPKOCTH M300paxkeHus: B (poKaJbHOII ILIOCKO-
CTH, CBSI3aHHOE C HaAJIMYMEM B OTpPaK€HHOI BOJIHE
CUJIBHOUN KOTEPEHTHOW COCTABJISIOIIECHA, CBUNECTEb-
CTBYET O IIEpEXOle PAJIEEBCKOI0 CTATUCTUYECKOIO
pacrpeneaeHus] aMIUIMTYIbl 9XO-CUTHAajAa B paicoB-
CKO€, M pa3Mep CTPYKTYPHBIX HEOTHOPOIHOCTEM HC-
cJIeAyeMOM Cpeabl IIPU 3TOM MOXHO OLIECHUTh KaK Be-
JIMYUHY (pOKaJbHOIT IIePETSKKHU JIyda, COOTBETCTBY-
IOILLYIO TAKOMY TIEPEXOY.

IIpencraBieHHBIE TEOPETUUECKHE COOOPaAKCHUS
OTHOCHUTEIbHO 3aBUCUMOCTH SIPKOCTH YJIbTPa3BYKO-
BOTO M300paxkeHusI B 00J1acTU (POKAITBbHOM ITIOCKO-
CTH OT CTEIIEH! KOT€PEHTHOCTU OTPaXKeHHOI yIbTpa-
3ByKOBOM BOJIHBI TOATBEPXKIAIOTCS pe3yJibTaTaMu
MIPOBEIEHHOTO TECTOBOIO (DU3MYECKOTO 3KCIIEPHU-
MeHTa. B xome skcriepuMeHTa ¢ MOMOIIBIO yIbTpa-
3ByKoBOoro mpmoopa Medison Sonoace 8000 EX
Prime ¢ mimaeitneiM natTamnkoM L5-9EC 65110 TIpOBE-
JIEHO MCCIIeIOBaHMEe OTpaXkKeHU yIbTpa3ByKa B B-pe-
XnMe Ha Hecymieit gactore 7.5 MITI nipu mimyomHe
3oHaMpoBaHus 10 40 MM 1 HOKaITBHOM PACCTOSTHUM
28 MM. MccnemoBaHme MpoBOIMIIOCH B (paHTOME C OJI-
HOPOIHOI CTPYKTYpOI1 paccenBarelieil pa3MepoM Mpu-
mepHo 0.2 mm. 7151 pacuera o popmyite (4) UCITOAB30-
Bajach 00JIaCTb COHOIPaMMBI, LIEHTP KOTOPOId HaxXo-
Jmics Ha poKabHOM ITyOMHE, paBHOM 28 MM.

Kak BugHO 13 IpencTaBjieHHOro HUXe M300pa-
>KeHus (puc. 2), B 30HE YIbTPa3ByKOBOIO M300paxe-
HYSI, COOTBETCTBYIOIIEH pacCesIHUIO CUTHaJIa OT 00-
JIaCTU, PacIIOJIOXKEHHOM BOJM3U (POKATbHON ILIOC-
KOCTU, ﬂCﬁCTBMTCHbHO Ha6ﬂl0ﬂaeTC${ ITOBBILICHUE
sspkocTtu. [Ipu pacuere mo popmyse (4) 3HaUeHUE Ta-
pameTtpa T coctaisio 0.5. ITpu 3ToM BTOpOIi 1 UeT-
BeprIﬁ MOMCECHTBI aMIIJIUTYAbl BEJIMYMHDBI p paCcCUu-
ThIBAJIUCh KaK CpEIHUE T10 BbIGOpKaM 3HAYECHU CO-
OTBETCTBYIOLLIMX CTEIIEHEU M3MEPEHHbIX 3HAYECHU
9TO# BelMuuHBbI. J1JjIs1 pacdyeTa pazMepa HEOTHOPOI-
HOCTEeI HCIoJib30Bajach HaubOoJiee sipKasi 00JacTh
YJILTPa3ByKOBOTO M300paxkeHUsl KaK COOTBETCTBYIO-
11as1 MOSIBJIEHWIO 3aMETHOM KOT€PEHTHOM COCTaBIISI-
1olIeil curHana. /s mpuBeleHHOro Ha puc. 2 U300-
paXeHus paCCYUuTaHHbIC 3BHAYCHUA OTHOILLICHUS CUT-
HaJla K IIyMY COCTaBJIJIM BCJIWYMHBI B OIMWAIIa30HE
2.5—3.1 ob. IlonyyeHHOE COOTHOILIEHWE CUTHAJNA U
IIIyMa MO3BOJISIET BBISIBUTH (PAKT mepexona paJieeB-
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CKOTO pacIipefie]ieHns B paifiCOBCKOe, KOrma 3HaJe-
HYE CUTHaJIa 3aMEeTHO TIPEBOCXOINUT YPOBEHB IIIyMa.

TeM caMBbIM 3KCITEpUMEHTATBHO MOATBEPKIASTCS
TUTIOTe3a, KOTopast JIEKUT B OCHOBE TIPEIaracéMoro B
paboTe TeOpeTUYEeCKOrOo MeTOoIa XapaKTepH3allnu
paccenBaIIX HEOTHOPOTHOCTeM. Takoe MOBHITIIe-
HUE SIPKOCTH, HECMOTPST Ha YMEHBIIICHE paccenBa-
TeJIel TIPU CY>KeHHNU ITydKa 10 Mepe MPUOIMKEHUS K
dokaabHOI 30HE, HAGIIOAAIOCH VTS OTIPEACIICHHOTO
pa3sMepa paccerBalOIINX HEOTHOPOMHOCTEM, KOTO-
PHIIf COOTBETCTBOBAJ pa3Mepy Jiyda B QOKaILHOM TTe-
peTsKKe, UTO MONTBEPKIaeT BOZMOKHOCTD OIIpeie-
JICHUSI pa3MepoB HEOMHOPOTHOCTE! MpemIaracMbIM
METOIIOM CTATHCTUYECKOTO aHaIN3a 9X0-CUTHAJIA.

M3 BBIIIEN3TI0KEHHOTO CEAYET, UTO Pe3yJbTUPY-
O 3X0-CUTHAI, (DOPMUPYIOIIUN NTUArHOCTHYE-
cKoe n3o0bpaxeHue, MOXKHO paccMaTpUBaTh Kak CyM-
MY HEKOTe€pEeHTHOM COCTaBJISIIOIIE, KOTopast MoaAIU-
HsIETCSl CTaTUCTUUYECKOMY pacripeneyieHuto Panes, u
KOT€PEHTHOI COCTaBJISIIOIIEH, KOTOpasi MOTYMHSIETCS
craTucTiyeckoMy pacnpeneneHuto Paiica. CooTHo-
IIEHWE BTUX ABYX KOMIIOHEHT OIpenessieT CTereHb
KOTrepeHTHOCTU. BBuay Toro, uro pacnpeneneHue Ps>-
Jiest sIBJISIETCSI YaCTHBIM ClydaeM pacripenesieHus Paii-
ca, a TaKXe B CUJIy YCTOWUMBOCTU paclpeaeaeHust
Paiica, ctporo mokazanHoii B padore [11], MoxHO
YTBEPXKAaTh, YTO aMIIUTYyIa PE3YIbTUPYIOIIETO X0~
CUTHaJla, HE3aBUCUMO OT CTEMEHU ero KOrepeHTHO-
CTU, TOAUYMHSIETCS pacrnpeneieHuo Paiica. Oto
O3HavyaeT MPUMEHUMOCTD K PEelIeHUIO 3a1a4l METO-
JIOB aHa/M3a paliCOBCKMUX JAAaHHBIX, HE3aBUCUMO OT
CTEeTIeHU KOTEPEHTHOCTU 3XO-CUTHAja. DTU METOIbI
MO3BOJISIIOT ¢ BHICOKO TOUHOCTBIO pacCUYUTaTh CO-
CTaBJISIIONIME CUTHAJa W IIyMa B aHaJIU3UPYEMbIX
JaHHBIX 0€3 KaKUX-JIM0O arpUOPHBIX MPEINoaoXKe-
HUIA, IUIIIb HA OCHOBAHUU BEIOOPOYHBIX U3MEPEHUIA.

OueBUIHO, YTO, KOTOa IapaMeTp pPaiiCOBCKOIO
pacripenesieHusI, COOTBETCTBYIOIINI BEJTUUYNHE CUT-
HaJla, CpaBHSIETCS C TTapaMeTPOM IIIyMa M MPEBBICUT
€ro, MOXXHO TOBOPUTH O HAJTMYUU 3HAYNUTETLHOMN KO-
TePEHTHOM COCTaBJISIONIEN B PE3YIbTUPYIOIIEM 3X0O-
CHUTHaJle, T.€. O TOM, UTO P3JIEEBCKOE pacmnpeieieHne
MEePEXOIUT B YMCTO PaiicOBCKOE, M, COOTBETCTBEHHO,
pasMep pacceMBalolleil yIbTPa3ByKOBYIO BOJHY He-
OIHOPOIHOCTH CTAHOBUTCS COMOCTABUM C ITUPUHOMN
Jydya. DKCHepUMEHTaIbHbIE HOAHHBIE IPOJAEMOH-
CTPUPOBAJIN MPEBbIIIEHNE CUTHAIIOM YPOBHS IIIYM Ha
2.5-3.1 nb.

Ecam onenuts mmmpnHy GOKaIbHON ITEPETIKKHA,
COOTBETCTBYIOIIYIO YBEJIUYEHUIO SIDKOCTU B BBIIIE-
MPUBEISHHOM BJKCIIEpUMEHTE, 110 M3BECTHOI (op-
MyJie:

_F\
=~ (5)
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Puc. 2. I306paxeHue haHTOMa, ITOJy4eHHOE B TECTOBOM
pexXrMe yJabTpa3ByKOBOI BU3yalu3allMu U WLUTIOCTPUDPY-
o11ee (akT MOBBIIIEHUsT SIPKOCTA 3XO-CUTHaa 3a CYeT
MOSIBJIEHUsI KOTEPEHTHOM cocTaBiIsiiolleii (rmepexoaa pa-
JIEEBCKOT'O pacrnpene/ieHus1 B paiilcoOBCKOE).

rae F'— paccTosiHue OT arepTyphl 10 POKaJIBHOM I10-
3ULIMU, B HALLIEM CIy4yae, paBHOe 28 MM, A — JUTMHA
BOJIHBI, paBHas 0.2 MM, D — ImmpuHa anepTyphl, paB-
Has 37 MM, TO TIOJIydaeM JJISI pa3Mepa CTPYKTYPHBIX
obpa3zoBaHuii, (QOPMHUPYIOIINX YIBTPa3BYKOBOEC
n3ob0paxkeHue, BeJIMInHy rmopsiaka 0.15 mM.

Takum o0OpasoM, U3NIECKUN 3SKCIIESPUMEHT,
NPOBENCHHBIN C 1IEJIbIO anpodaluy IpeaiaraéMoro
noaxoaa K OIPEeaeSIeHUWIO Pa3MepoOB CTPYKTYPHBIX
obOpa3oBaHUIi B cpene, MCCIeayeMoil TTOCPEICTBOM
YIBTPa3BYKOBOI BU3yalu3alui, TOATBEPAN peaiu-
3yeMOCTh JAHHOTO IIOIX0/a.

3. OCHOBHBIE PE3VJIBTATHI
NCCIELOBAHUA

B pabore pa3BuTa KOHUEILMS MPUHUIUIHAIBHO
HOBOTO TIOAXO/Aa K pelleHUI0 3aayd OINpeAcacHUs
pasMepa CTpYKTYPHBIX 00pa30oBaHUii PU YJIbTPa3BY-
KOBOIi Bu3yaiu3aluu. B ocHOBe mJaHHOTO TOaX01a
JIEKUT M3YYeHUE XapaKTepa CTaTUCTUYECKOIo pac-
MpeaeaecHUsT aHaJTU3UPYeMBbIX B 3aj1aue JaHHBIX.

B mipencraBiieHHOM momxoze K KOJIMIeCTBEHHOMY
OILIEHWBAHWIO pa3MEPOB paccenBaTeeii TIpH yabTpa-
3BYKOBOW BU3yalW3allUM OCHOBHBIM MaTeMaThde-
CKMM WHCTPYMEHTOM OTIpeNeICHMST CTeTIeH!U Kore-
PEHTHOCTH 3XO-CHUTHAJIA SIBIISIIOTCS aHAIN3 CTaTUCTH-
YeCKOTO paclipefesieH!sT aMIUIUTYIBl 9XO-CUTHaIa 1
BBISIBJIEHHE MOMEHTA TIepexoma OT P3JIeeBCKOTO pac-
npeneaeHus K paiicoBckoMy. COOTBETCTBYIOIIMIA Ta-
KOMY TepeXoay nuaMeTp (poKaIbHOM MepeTsKKY JTyda
MOXHO CYMTATh COOTBETCTBYIOIIVMM OILIEHUBAEMOMY
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pa3Mepy paccerBalOlIMX YIbTPa3ByK HEOTHOPOIHO-
CTel nccneayemMoii OMoJIOrM4eCcKou cpeapbl.

Takum o6pa3oM, MOIXO K OIIPENeISHNIO pa3Me-
pPOB HEOTHOPOMTHOCTE Cpelbl COCTOUT U3 CIEAYIO-
IIUX 3TAITOB:

— Ha OCHOBE BBIOOPOYHBIX UBMEPEHUMN aMILIUTY-
JIbl 9XO-CUTHajJa METOAaMU IByXITapaMeTPUYe€CKOro
aHaJIM3a paiicOBCKUX JaHHbBIX PACCYUTHIBAIOT 3HAUYE-
HUS paliCOBCKMX MapaMeTPOB CUTHAJIA U 1IIyMa;

— OMpEnesIioT TIIyOMHY, KOTOPOIf COOTBETCTBYET
5X0-CUTHAJI C HAanOOJIBIIEH IPKOCTHIO;

— OTIPEIEJISTIOT ITOTIE PEIHBIC pa3Mephl JTyda, COOT-
BETCTBYIOIIIME TaHHOI TTIyOMHE;

— XapaKTepHbIii pa3Mep HEOOHOPOIHOCTEM, pac-
cesTHrEe Ha KOTOPBIX (hOPMUPYET DXO-CUTHAT MaKCH-
MajIbHOIl SIPKOCTH, IIPUHUMAETCSI COOTBETCTBYIO-
IIIMM IIOIIEPeYHOMY pa3Mepy Jiyda Ha IIIyOuHe, C KO-
TOPOM  TIPUXOOMUT BXO-CUTHAJ  MaKCHUMAaJIbHOM
SIPKOCTH.

Pa3zBuBaemblii B paboTe Mogxoa K KOJMYECTBEH-
HOMY aHaJIN3Y CTPYKTYPhI paccenBaloIIeii cpeabl Oy-
JIET CITOCOOCTBOBATh pa3pabOTKe OoJjiee COBEPIICH-
HBIX YJIbTPa3ByKOBBIX MEIMLIMHCKUX OUATHOCTUYEC-
CKMUX MpUOOPOB HOBOIO TOKOJIeHUsI. B wacTtHOCTH,
clieayeT OTMETUTD TEPCIIEKTUBY UCITOJIb30BAHUS pe-
3yJITATOB PabOTHI B pa3BUTHUHU YJIbTPAa3ByKOBOM THa-
THOCTUKM JIETOYHBIX ITATOJIOTHUIA, BHI3BAHHBIX 3200-
neBanreM COVID: kak moka3aHo B paborte [12], yib-
Tpa3BYKOBasl BU3yaIn3alus JIETKUX, He peaau3yemMast
B YCJIOBUSIX Jpyrux 3aboJjieBaHUiA, CTAHOBUTCS BO3-
moxkHoI mpy COVID nmMeHHO BBMAY OCOOEHHOCTEH
MaTOJIOTUI, BBI3BAaHHBIX HAHHBIM 3a0o0JecBaHUEM U
03HAYaeT BO3MOXHOCTb YJbTPa3BYKOBOM AUAarHO-
CTUKU cocTosTHU Jterkux mpu COVID.

4. BAKJITOYEHHUE

B pabote paszBuTa KOHLEHLMS U IIPEICTABICHBI
TEOPETUUYECKUE OCHOBBI TMPUHLUIUAAIBHO HOBOIO
MOIX0Ja K ONpPEIeSIEHUIO pa3Mepa CTPYKTYPHBIX 00-
pa3oBaHUIi TIpU YIBTPA3BYKOBOI BU3yaJlU3alluU T10-
CPEICTBOM CTAaTUCTUYECKOIO aHajn3a 3XO-CUTHaIA.
PazpaboraHHBIil B paMKaX JaHHOIO ITOAXOAAa MaTe-
MaTUdecKuii Meton sBiaseTcss 3(hGEKTUBHBIM WH-
CTPYMEHTOM TIpU PellIeHUU 3a71a4 KOJUYEeCTBEHHOM
YJILTPa3ByKOBOM JMATHOCTUKU, YTO MOATBEPKIAETCS
pe3yJibTaTaMU IPOBEIEHHOM arpodalny rmpejiarae-
MOTO TOAX0Aa MyTeM (PU3NYECKOTO IKCIIEPUMEHTA.

OcHOBOMNOJIATAIOIIUM TEOPETUUYECKUM WHCTPY-
MEHTOM MPU OIpeIeICHUN Pa3MePOB HEOTHOPOIHO-
CTeli B YCJIOBUSIX ITOCTABJICHHOM B pabdoTe 3a1aun 1B~
JIsIeTcsl BBISIBIEHME MOMEHTA Tiepexoaa pacrpeaeie-
HHUSI 9XO-CHUTHAJIa OT P3JIEeBCKOro K pPaiiCOBCKOMY
METOaMM CTaTUCTUUYECKOTO aHajiu3a 3XO-CUTHaja
MPY U3MEHEHUH IVPUHLI Jydya. Kak 060CHOBaHO B
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paborte, TaKoM ITepexo OT paiiCOBCKOTO pacrpeaelie-
HUS K pP2JIEEBCKOMY IIPOMCXOINT, KOTIa pa3Mep pac-
cerBartelis YJIbTPa3ByKOBOIO M3JIyUeHUSI COOTBET-
CTBYET IIIMPUHE JTy4a ¥ MOXKET OBITh BBISIBJIICH ITyTeM
CTAaTHCTUYECKOTO aHAJIM3a aMIUIUTYIbI 3X0-CHUTHaIA.
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ESTIMATION OF THE SIZE OF STRUCTURAL FORMATIONS
IN ULTRASOUND IMAGING THROUGH STATISTICAL
ANALYSIS OF THE ECHO SIGNAL
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The paper considers a fundamentally new approach to solving the problem of determining the size of struc-
tural formations in ultrasonic diagnostics, based on the theoretically justified possibility of estimating the size
of inhomogeneities of the studied medium by analyzing the statistical characteristics of the ultrasonic signal
scattered on these inhomogeneities. This possibility is conditioned by the fact that the statistical distribution
of the ultrasound image data varies from Rayleigh distribution to Reiss distribution depending on the relation
between the coherence area size of the scattered signal and the beamwidth. The work aims at the development
of a new method of statistical data analysis, which will effectively detect a significant coherent component in
the echo signal and thereby be used as a mathematical tool to estimate the size of medium inhomogeneities
in ultrasound imaging. Such approach to the analysis of ultrasound images would provide a possibility of
quantitative estimation of structural formations and thereby would increase significantly the information val-
ue of ultrasound diagnostics and possibility of pathology detection at early stages of its formation that opens
perspectives for treatment efficiency increase.
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