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IMpemioxeH MeTon OMHOMEPHOI JEKOHBOIIOLUM C UCITOJIb30BaHMEM peTyIsipru3aunun TUXOHOBA WIS YIyd-
LIEHUST TPEXMEPHBIX ONTOAKYCTUYECKUX U300paxkeHuii in vivo. MeToa UCITOIb3yeT afalnTUBHYIO caMOKa-
JIMOPOBKY [IJIs1 YCTPAHEHUST YACTOTHO-3aBUCUMbBIX UCKAKEHMIA, CBSI3aHHBIX C pACIIPOCTPAHEHUEM U PErUCTpa-
LIUEl yIbTpa3ByKa. AIanTUPYysSICh K HEOMHOPOIHBIM YACTOTHBIM XapaKTepHUCTUKAM MCCIICAYEMOii Cpelibl, METO,
He TpeOyeT NJOMOIHUTEIBLHBIX KATMOPOBOUYHBIX 9KCIIEPUMEHTOB. BpeMs 00paboTK TpeXMEPHBIX OIITOAKY -
CTUYeCKMX naHHBIX pazMepoM 200 x 200 X 100 Bokceseil cocTaBiisieT MeHee 5 MC, ITO3BOJISIS YaydIlaTh aH-
ruorpaguieckrue n300paxkeHUsI B peXXUMe pPeajbHOr0 BPEMEHU U IOBLIIATH 3(¢GEKTUBHOE MIPOCTPaAH-

CTBEHHOE paspelleHue Ha 6osee uem 50%.
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1. BBEAEHHE

dotoTepmanbHble 3¢h(GEKTH B HACTOSIIIIEE BPEMS
OOBEAVHSIIOT LEJbII Psii HAITpaBJICHUN HAYYHbBIX UC-
clleoBaHWi, OCHOBHBIE OOCTUXXEHUSI B KOTOPBIX
MpuBeAeHBl B 0030pHBIX padortax [1—7]. Haubonee
MONyJSIPHBIM HampaBJeHUEeM MCCAeIOBaHU sIBJISI-
ercst ontoakyctuueckas (OA) BU3yaiusaius XpoMo-
¢dopoB Ouosiornyeckux TKaHeit [3—7], amarHoctuue-
CKMe BO3MOXHOCTHU KOTOPOIi HAIIPSIMYIO 3aBUCST OT
kadyecTBa OA 1300pakeHUI.

3amagya OA BU3yaqM3alliM IIPOCTPAHCTBEHHOTO
pacripeneaeHus XpoModopoB Hepa3phIBHO CBSI3aHA C
YUEeTOM YaCTOTHBIX W T€OMETPUYECKUX XapaKTepH-
CTHK JIAa3epHOTO UCTOYHHKA U YIBTPa3BYKOBOTO TTPH-
eMHHKa, a TaKXKe OCOOEHHOCTEl pacrpocTpaHeHUs
OIITHYECKOTO M aKyCTUIECKOTO M3JIYIeHUS B MCCIIe-
nyemoii cpene [8]. Meromam moctpoenust OA 1306-
paXeHW, OCHOBaHHBIM Ha MOIEJITbHOM OITMCAaHWHU
3(hHEKTOB, COMPOBOXMAIOIMINX PAacIIpOCTpaHEHNE U
peructparnio OA MMITYyJIbCOB, MOCBSIIEHO HEMAJIO
pabor [9—16]. OmHako, moBhIIIeHNe KadecTBa OA
M300pakeHNI MOXeT OBITh OCHOBAHO M Ha (heHOMe-
HOJIOTHYECKOM y4yeTe 3(P(PHEKTOB, COMPOBOXIAIOIINX
MpOIeCcChl pacHpocTpaHeHWsT U peructpamm OA
AMITYJIBCOB. XapaKTepHBIMU MPUMEPaMM SIBJISTIOTCSI

a(dexkTsl TUdpakIu U 3aTyXaHUs YIbTpa3ByKa
[17], cmocobcTByIONIME TTOAABIEHUIO BBICOKOYACTOT -
HBIX KOMITOHEHT B criekTpax OA umnynbscos [18]. Ha
anruorpadpuyeckux OA n3o6paxeHusIX TaHHbIE 3(h-
(eKTbl MOTYT MPOSIBIISITbCS, HAIIPUMED, KAK OTHOCH -
TeJIbHOE YMEHbIIIEHNE KOHTPACTHOCTU OOBEKTOB Ma-
JIOTO auMaMeTpa, TakKuMx KakK Kanmuwuisipbl. B pamkax
(GeHOMEHOIOTUYECKUX TOIXOMOB, KOMIIEHCAIIUsI
3¢ HEKTOB YaCTOTHO-3aBUCUMOTIO 3aTyXaHUSI MOXKET
OBbITh JOCTUTHYTA 3a CUET MPUMEHEHUS aITOPUTMOB
MalIruHHoro ooydeHus [19, 20], a Takke 3a c4eT IIpu-
MEHEHUSI MeTOOOB 00paTHOIi cBepTKU [21—24]. B ua-
cTr pabot [23, 24] ns HaxoKIeHUS PUIBTpa CBEPTKU
PEKOMEHA0BAJIOCHh UCIOJIb30BaTh TUXOHOBCKYIO pe-
TyJSIprU3aluio.

B Hamieil pabote MbI ucciaeayeM BO3MOXHOCTH
VIIPOIIIEHHOTO MPaKTUYECKOTro MPUMEHEHUSI U3BECT -
HBIX TTOAX0n0B [23, 24], orpaHnuYMBasich h€eHOMEHO-
JIOTUYECKUM OIMMcaHueM 3(PGEeKTOB, BIAUSIONIMUX Ha
CIIEKTPbl ONTOAKYCTUUYECKUX CUTHAJIOB IPU UX pac-
MPOCTPAaHEHUU W U3MEpPEeHUU. BuIUUCIATH (UIbTp
CBEPTKMU MBI TIpejiaraeM ¢ MOMOIIbIO adanTUBHOM
CaMOKaJIMOPOBKHU, UCIOJIb3ysl B KauyecTBe OOyyaro-
1IEr0 OMTOAKYyCTUYECKOTO CUTHaJIa OIUH U3 IKCIIe-
PUMEHTAIBHBIX A-CKAaHOB, YX€ COAEpXKalllUXCs B
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YIy4IIaeMOM  OINTOAKyCTUYECKOM  M300paKeHUU
[25]. B otmaaume ot padot [23, 24], Bce 3KCIIeprUMeH-
TalbHbIE TAHHBIE 15T HaIeid pabOThI OBUTH TTOTYYEHEI C
HCMOL30BaHMEM YIIBTPA3ByKOBOI aHTEHHBI CO CBEPX-
LIMPOKOI Trostocoii ipuema 100 kIi—100 MTir [26].

2. MATEPUAJIBI 1 METOAbI
2.1. Teopus

PaccMoTpuM M30MpOBaHHbBIN KPOBEHOCHbIH CO-
CyJl B TOUKE I, Ha KOTOPbI MTPOU3BOAUTCS UMITYJIbC-
Hoe Jla3epHoe Bo3aelicTBue. B pesynbraTe 10KaabHO-
ro TepMOYNPYroro HarpeBa coaepXkKalllerocsi BHyTpu
cocylla reMOrJIo0rMHa, poXIaeTcs BOJHA NaBleHUS,
KOTOpasi B UeaJIu3upOBaHHOM TPEXMEPHOM cllyyae
[5] sBisieTcst B TOUKE Iy CUMMETPUYHBIM OUMOISIP-
HbIM OA umnyiabcoM IR(ry, f). Pe3ynbTraT uamepeHus
TOM K€ BOJIHBI JABJICHUS YJIbTPa3BYKOBBIM IpUEM-
HUKOM A, (T, 1), PACIIOJIOXEHHBIM B APYroil TOUKe
I, MOXET CYyLIECTBEHHO oTiin4arbcs oT IR(ry, ). Ha
pe3yabTaThl U3MEPEHUS Ay, (T, ) MOTYT BIUATH 3 -
¢eKThl pacHpoCTpaHEHUs YAbTPa3BYKOBBIX BOJIH, a
Takke aHTeHHbIe 3(PGEeKThl — OrpaHUYEHHOCTh
anepTypbl U HEOMHOPOHAsI YYBCTBUTEBHOCTD B Ya-
CcTOTHOI T1os10ce npuema. OcraBasich B pamKax ¢e-
HOMEHOJIOTUYECKOro yuyeTa 3(p¢GEeKTOB cpelibl U aH-
TEHHbI, YAOOHO TMPEAINOJOXUTb, YTO CYLIECTBYET
bunsTp cBepTKU F(f), OTBETCTBEHHBIN 3a IMpeodpa-
30BaHue A, (1}, ) B IR(Ty, 1):

(Ascan ) (@) = IR(2). (1)

Jlas1 HaxoXXOeHUsI Heu3BeCcTHOTo (punbTpa F(7) miu-
Hoit N ymoOHO 3anmcaTh CBEPTKY ABYX BeKTOpoB (1) B
IVCKPETHOI (popMe B BUAE CUCTEMBI JIMHECIHBIX aJl-
reopanyeckux ypaBHeHuii (CJIAY):

N N
D Aan (trn) X F(t)) = D Ay X Fy=1IR | = IR(1),(2)
J=1 Jj=1

roc MaTpuia Alj COoCTaBJICHa M3 KOMIIOHCHT BE€KTOpa

Ay.an () amanoit M mo tiry matpuisl Terumuia. IMo-
CKOMBKY Ha IIpaKTHMKe IJWHa A-CKaHa OOBIYHO
MpeBbIIIAeT IMTEIbHOCTh OA UMITYJBCOB OT OT-
JIeIbHBIX KPOBEHOCHBIX COCYIOB, cucTeMa (2) Kak
IpaBWIO SBJsieTcs TepeomnpeneaeHHoir (M > N) u
JUUTST HAXOXAEHUS ee TIPUOJNKEHHOTO PeIlleHUs XO-
pOIIIO MOAXOASAT METOIbI peryasipu3auuun. B coor-
BETCTBUM C MeTOgoM TuxoHoBa GUIABTP F MOXKET
ObITh HalAeH Kak MMHUMYM (YHKLMOHAJa

lAx F — IRI5 + BIFI5. C yaerom onpenenenmust Hop-
mot |Fl; = FT x F, MOJyYuM cliefylollee BbIpaxke-
HUeE JIJ1 UICKOMOTO (hbuiibTpa:
F=(A"xA+T"xTI)"'x A" x IR, (3)
e ' =B x 7, I — enuHuuyHas Matpuiia, J — napa-

METP pEryJsipu3aluu.
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2.2. Ilpoepammuas peasruzauyus

YucneHHsblid ajqroput™m (puc. 1), mpenHa3Ha4YeH-
HBII IS BRIYUCIIeHUS GuibTpa F, ObLI peaan30oBaH
Hamu B naketre MATLAB® (MathWorksInc., USA) u
MpenocTaBiaeH B OTKPBITOM noctyre [27]. das Ha-
XOXKIeHUs QYHKIIUY PUIIbTpaluy F UCIIoIb30Bajlach
TaK Ha3blBaeMas caMOKaJIMOpOBKa, KOTJla B KAUYECTBE
KaJIMOPOBOUHOTO curHana Ag.,,(r;, f) UCIIOab30BaJICs
oouH M3 A-cKaHOB yaydinaemoro OA m300paxeHuUs
(B cllyyae aHTMOTpaMMBbl — COOTBETCTBYIOIIMI KpO-
BEHOCHOMY COCYAYy MMHUMAaJIbHOTO pa3Mepa, pacro-
JIOXXEHHOMY B (pOKyce IpueMHOI aHTeHHbI). Mmea-
JIM3UPOBAHHBINA OUMOJISIPHBIN UMITYJIbCHBIN OTKJIUK
IR(r,y, 1) bopmupoBajicsi B BUIe BEKTOpa pa3MepHO-
CcTU M, conepKallero 1Be HEeHYJIeBble KOMITOHEHTHI
(£1). ®unkTp cBepTKU F paccuuThIBaiCs IO (hopMy-
J1e (3) 3a KOHeYHOe Y1CJI0 UTepanuii k, B paMKax Ko-
TOPBIX OCYLIECTBJIsIaCh ONTUMMU3ALIMS TapaMeTpa
peryisipuzaiuu npu (UKCUPOBAHHBIX JIMHAX
dunerpa N = 3, 4 u 5. B xauecTBe KpUTepusl OITU-
MaJIbHOCTM UCIIOJIb30BajlaCh OTHOCHUTEJIbHASI CTe-
MeHb cxkaTust GUIbTPOM F MCXOMHOTO CUTHAaIA:

_ FWHM, - FWHM,

C, x100%, (4)
FWHM,

rne metpuka FWHM (Full Width at Half Maxi-
mum) — YKUCJIO OTCYETOB BBIIIIE YPOBHS Y2 OT MaKCH-
myma curHana abs(Hilbert(A.,,(r;, HF(r))), npen-
CTaBJISIOIIETO CcOo00i orudarlinyro 00padoTaHHOIO
A-ckaHa Ha Kaxpou wurepauum k. OnNTUMM3ALMS
cuMTasach JOCTUTHYTOM, €C/Id YBEJIUYECHUE UTepa-
it k IepecTaBaio IPpUBOAUTD K YBEJIMUYECHUIO ITapa-
metpa C,.

CBepTka paccyuTaHHOro ¢uibtpa F cO BCeMM
OCTaIbHBIMU A-cKaHaMu ncxogHoro OA mn3oodpaxe-
HMsI OblJIa peajin3oBaHa BO BpeMeHHoit ooaactu. [1pu
5TOM BpeMsI BBIYMCIEHUI Ha TpaduieckoM mpoliec-
cope GPU Nvidia RTX 4090 (4 Mc) oka3aioch Ipu-
MEpPHO B 3 pa3a MEHbllIe aHAJIOTUYHbBIX BIYUCICHUN
Ha CPU AMD Threadripper 3970X (12 mc).

2.3. DxcnepumeHmanbHas yCmaHoeKa

OnroakycTU4ecKue JaHHbIe ObLIM MOJyYeHbl Ha
SKCHEPUMEHTAILHONM YCTAaHOBKE, CXeMa KOTOpO
puBeaeHa Ha puc. 2. B kauecTBe UCTOYHMKA 30HIM-
pYIOLLETO M3JydeHUsI MCIIONb30oBajics jasep Wedge
HB (Brignt Solutions, MTanus), paboTaroIunii B ©M-
IMyJIbCHOM peXMMe Ha IUIMHE BOJHBI 532 HM C UIM-
TEJILHOCTBIO 1 HC, MaKCUMaJbHOI 4aCTOTOM ITOBTO-
peHus 2 kI, MaKCUMaJTbHOI SHEprueil B UMITYIbCe
1 MIx. OnTUdecKre MMITYIbChl TOCTaBIISIINChH 1O
00BeKTa Yepe3 MHOTOMOIOBOE OITOBOJIOKHO NA = (.22
(Thorlabs, CIIIA). JIng npoBemeHus in vivo u daH-
TOMHBIX 3KCIIEPUMEHTOB OblIa M3TOTOBJICHA CKAHU-
pyIolasi ONTUKO-aKyCTUYeCKast TOJIOBKA, COCTOSIIIAST U3
cheprueckr-cHOKYCUPOBAHHOTO YILTPa3BYKOBOTO
JaT4yuKa ¢ (POKYCHBIM PACCTOSTHMEM 7.6 MM U amiepTy-
poit 8.6 mm (BARI-NN Ltd., Poccust) u BbIXOna
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Puc. 1. AaroputmM 0o6paboOTKM CUTHAJIOB.

ONTOBOJIOKHA, 3aKPEIUICHHOTO B LIEHTPAJIbHOM OT-
BepcTuu naTyrka. CKaHMpyrolllasi roJ0BKa MPpUBOAM-
JIach B ABUKEHUE ABYMS JMHEWHBIMU IBUTATEISIMUA
M-664 (PI, I'epmaHUsI) BHYTPpY UMMEPCUOHHOM Ka-
MEpHhI, THO KOTOPOI coaepkaao OKHO U3 Mpo3pad-
HOUN MOJIMSTUJICHOBOM IIJIEHKM TOJIIMHOU MEHee
100 MKM, 4epe3 KOTOPOE OCYIIECTBIISIJICS OIITHYEC-
CKUI Y aKyCTUYECKHNIT KOHTAKT C 0OBEKTOM MCCIIEIO-
BaHusg. CuUrHaabl ¢ JaT4MKa CHavaja IIPOXOAUIN
yepe3 BCTPOCHHEBI yCUIIUTENb ¢ KO3 G (PUIIMEHTOM
ycuneHuss K = 30, a 3aTeM moaaBaJIUCh Ha BXOJ,
16-psspsiaHoro ALIIT (GaGe, CILA) u 3anuchiBa-
JIMCh Ha XECTKUHA AMCK KOMIIbIOTEpa C 4aCTOTOM
200 MT1.

Ha puc. 3a npencrasieHa MMITyJIbCHasl XapakKTe-
pUCTUKA JAaT4YMKa, ITOJIydYeHHAasI IT0C/Ie BO3ACUCTBUS
JIa3epHOro MMITyJIbCa Ha €ro MoBEepXHOCTh. IIpumep
OA-curHaza, IoJIy4YeHHOTO OT COCyda B TKaHM, IO-
KazaH Ha puc. 36. COOTBETCTBYIOIINE CITEKTPHI ITOKA-
3aHbl Ha puc. 3B. CpaBHEHHME JIByX CUTHAJIOB U HUX
CIIEKTPOB I€MOHCTPUPYET, YTO aMILIUTYIHO-4aCTOT-
Hasl XapaKTepUCTUKA aKyCTUYECKOrO HaTYMKa SIBJISI-
eTCsl 3HAaUUTEeJIbHO 00Jiee paBHOMEPHOI1, YeM 4acTOT-
HBIE XapaKTePUCTUKMU Cpeabl B TOM XK€ YaCTOTHOM
nuarasoHe (o 100 MI).

2.4. Danmomubie u in vivo IKCnepuMeHmbl

Db dpexTUBHOCTh paboThl pa3pabOTaHHOTO aJroO-
puTMa OblIa MIPOIEeMOHCTPUPOBaHa KaK Ha (paHTOME,
coliepKallleM CBETOIOMIONIAIINE MUKpPOchephl,
TaK U B in vivo 9KCIIEpUMEHTE M0 BU3yalu3alluu To-
BEPXHOCTHBIX COCYIOB JIafoHU yesioBeka. Kak B (haH-
TOMHOM, TaK U B in Vivo 9KCIIEPUMEHTE MEXIY TIeH-
KOl UMMEPCUOHHOI KaMepbl U 0OBEKTOM HaHOCUJICS
TOHKUIA CJIOU YJIBTPa3BYKOBOIO TeJidl CPEOHEN BA3KOCTU
Menuarenb (OO0 “I'enbrek-Menuka”, Poccust).

®daHTOM, UMUTHUPYIOIIUI TKaHb, ObUI OCHOBAH Ha
reJie, MPUTOTOBJIEHHOM 13 88% MMCTWITUPOBAHHOMN
Bombl, 4% arap-arapa (Sigma Aldrich, CIIIA) u 8%
munodpyaauHa (B. Brown, I'epmanust). Mukpoua-
CTULILI YePHOTO TTOJUCTUPOIIA CO CPEAHUM IUAMET-
poM 15 mxMm (Cospheric LLC, CIIIA) 6bu11 pacchima-
HBI B MOHOCJIONM Ha TOBEPXHOCTHU OTBEPXKIEHHOTO Te-
JIsT, a 3aT€M TTOKPBITBI CJIOEM TOTO XK€ XXUIKOTO Test
TOMUHOM 1 MM. aHTOM MOMENIAJICS HAa TOPU30H-
TaJIbHYIO TJIOCKYIO MOBEPXHOCTh U CKAHUPOBAJICS B
JHUara3oHe 5 X 5 MM ¢ marom 25 MxM. @oKyc yabTpa-
3BYKOBOTO TaTYMKa ITPY 3TOM ObLI HaBeIeH Ha MOHO-
cJIoit MUKpocdep.

In vivo sKciepuMeHT NMPOBOAUICS C ydacTHUEM
26-JIETHETO 3I0POBOTO JOOGPOBOJIBLLIA U3 IPYIIIHI UC-
cnenoBaTesieil. Bo BpeMsi akcrieprMeHTa pyKa pacmo-

AKYCTUYECKMU XYPHAJI  Tom 69 Ne 6 2023
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Puc. 2. Onroakyctuyeckast ycraHoBKa. (a) — Dororpadusi onTUKO-aKyCTUUECKOM TOJIOBKU B MIPOLIECCE CKAHMPOBAHMUS COCY-

IIOB JIaAOHM 4esioBeka. (0) — CxeMa yCTaHOBKHU.

(a) (6)

(B)

—_

200 He
—_—

e W

1200 He 200 Mt

{

Puc. 3. (a) — VimmynbcHas nmepexoaHasi XapakKTepUCTUKa gaTtyuka, (6) — npumep OA-curHazia, IpUHSITOrO OT cocyna u (B) —

COOTBETCTBYIOLIME CIICKTPHLI.

Jlarajiach JaJOHbIO BBEPX TaK, YTOOBLI MccliemyeMast
00J1aCTb BO3BBIIICHUS OOJBIIOrO Hajbla ObLIa Ma-
pajuieabHa IJIOCKOCTH CKaHUpOBaHUs (puc. 2). Yib-
TPa3BYKOBOM aTYMK YCTAHABIWBAJICSI TaK, UYTOOBI
ero reoMeTpu4eCcKuii (poKyc pacrioyarajics Ha NIyou-
He 1 MM OT MOBepXHOCTU TKaHU. O6IacTh pa3MepoM
5 X 5 MM cKaHMpOBaiach ¢ marom 25 MxkM. Jluamna3on
JUaMETPOB UCCIEAYEMbBIX COCYIOB TP 3TOM COCTABJISIT
OT HECKOJIBKHX JAECSTKOB MUKPOMETPOB 10 ~ 100 MKM.

B xone skcriepuMeHTOB ¢ TOOPOBOJIbLIEM DHEPTUS
JIa3epHBIX UMITYIbcOB He mpeBbiuaia 100 Mk, a
OCBEIIIEHHOCTh Ha IIOBEPXHOCTU TKaHE He MpPeBbI-
mana 2.5 MJIK/cM?, 4TO HaXOOWJIOCh B GE30IMAaCHbBIX
npenenax (20 m/Ix/cM?) 1o craHgapTaM AMepUKaH-
CKOTO HalIMOHAIBHOTO MHCTUTYTa cTaHAapToB (ANSI).
JvaMeTp ONTUYEeCKOro ISITHA HAa MOBEPXHOCTU TKa-
Hell cocTaBIIsLT opsiaka 2.4 MM TIpU pacCTOSTHUM 10

AKYCTUYECKUM XYPHATT TomM 69 Ne6 2023

IMOBEPXHOCTU 6 MM U IMaMETPE CEPALIEBUHBI BOJIOK-
Ha 400 MKM.

151 06paboTKM ObLUIM MCITOJIb30BaHBI JaHHBIC U3
o0JiacTu BOJIM3U reoMeTpruIeckoro pokyca akyCTH-
yeckoro gatunka (» = 6700 £ 375 mkm). Takum o6pa-
30M, Ha CBOEM IIyTU K AETEKTOPY YIbTPa3BYKOBOI
CUTHAaJI TIPOXOAUI Yepe3 CJIoil (paHTOMa TOJIIMHOM
1 MM, Yepe3 TOHKHUE CJIOM Tejisd M M30JUPYIoIIeid
IUIEHKH, U YePe3 CJIOM BOABI TOJIIMHOMN OKOJIO 6 MM.

3. PESVIIBTATBI U OBCYXIEHUE

Ha puc. 4 mokazansl ucxomusie OA-1300paxe-
HUs cpeprIecKrX BKIIOYEHU B (hpaHTOME OMOJIO-
rudeckoit TKkaHu (puc. 4a, 40) 1 COOTBETCTBYIOIINE UM
OA-n3006paxkeHus IT0ciIe JIeKOHBOIIOIUHN (pUC. 4B, 4T).
IMapameTpsl GMIBTpa, TOTOOPAHHBIE B paMKax IIPO-
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Taomuna 1. KonuuecrBeHHbIe xapakTepucTuku OA-n3o0paxkeHunit haHToOMa OMOTKAHU U TKAaHU PYKU YeJoBeKa 10 U
nocie GuIbTpalun
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OOBEKT UCCIIeIOBAHMS danTtom Pyka
McxonHoe 3HaueHNe MMKOBOTO OTHOIIIEHUSI CUTHAI/1IyM, 1B 66.3 54.5
DddexruBHbBIT pazmep oObekTa 10 oopadotkn (FWHM) 7 16
3HavYeHHe MMKOBOTO OTHOIIEHUSI CUTHAJI/IIIYM MocJie 06paboTku, n1b 66.8 57 56.8 58.3
Db dekTuBHBIN pazMep oobeKkTa rocie oopadorku (FWHM) 5 13 12 4
CreneHb cxaTus u3oopaxeHus uccieayemoro oonekra (C), % 28.6 18.8 25 75
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Puc. 4. OA-u3obpaxeHus cpepruuecKux BKIOYeHUI B (paHToMme (a, 6) — 10 u (B, ) — mociie 06paboTKu (GUIBTPOM CBEPTKH.
Ha uzo6paxkeHusix (6) u (r) MpuBeaeHBl YBEJIMYEHHbIE 00J1aCTU B OKPECTHOCTU OTAEJIbHOTO BKIIIOUEHUSI, BBIIEJIEHHbBIC Ha
uzobpaxkeHusx (a) u (B) pamkoii. [pacduku cripaBa oT M300pakeHUI MPEICTABISIIOT OTMEUEHHBIE B LICHTPE N300pakeHui (0)
U (T) omHOMepHBIe A-CKaHbI (BIOJIb OCU AaTuyrKa) ¥ npoduan OA cCUrHaJIOB B MONEPEYHOM HaNpaBIeHUU.
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Puc. 5. OA-u3o06pakeHus1 COCYIOB JIAIOHU YesioBeKa (a, 6) — 10 u (B, T) — mocie 00padboTku huiIbTpoM cBepTku. Ha nsobpa-
XeHusix (0) u (r) mpuBeleHbl YBeJIMUYEHHbIE 00JIACTU B OKPECTHOCTU BbIOpAaHHOIO oOy4aloliero A-ckaHa, BbIIeJeHHbIE Ha
u3obpaxkeHusx (a) u (B) pamkoii. [paduku cripaBa oT n300paxkeHU MPEACTABISIOT OTMEUYeHHbIE Ha n300paxkeHusx (0) u (T)
OIHOMEpPHBIE A-CKaHbI (BIOJIb OCH AaTunKa) U rpodmwin OA CUTrHajJoOB B IIONIEPEYHOM HAIIpaBIECHUU.

LIEAypHl aNalTUBHON CAMOKAIMOpPOBKU, COCTABWIIN:
UIMHA QWIBTpa cBepTKU N = 3, mapaMeTp peryJsipu-
saruu = 0.0194.

Ha puc. 5 nokazanbl ucxomtsie (puc. 5a, 50) 1 06-
paboranHbie (puc. 5B, 5r) OA-1U300paxkeHUsI, MOy~
YeHHBIE B 9KCTIEpUMEHTaX Ha TKaHsIX JIAIOHH YeJIoBeKa
in vivo. AnanTvBHasi KaTMOpOBKa OCYILEeCTBIIsUIACh MO
A-CKaHy, OTMEYECHHOMY B IIeHTpE YBEIMIECHHOMU 00-
JIacTu BU3yaJim3auuu (puc. 50), IIpyu 3TOM I1apameT-
EH TUXOHOBCKOI TeKOHBOJIOINY COCTaBIWIN: N = 3,

= 0.0475.

CorroctaBiaeHre n300paxkeHMit Ha puc. S5a, 50 u
Ha pHC. 5B, 5T, a TaK:Ke MCXOMHBIX (CIIpaBa OT puc. 50)
¥ IIpeoOpa3oBaHHBIX (CIIpaBa OT PUC. ST) OMHOMEP-
HBIX CKAHOB ITOKa3bIBAET, YTO IpemiaraeMasi oopa-
00TKa MO3BOJISIET MOJIYIUTh O0JIee YeTKOe N300pake-
HHUE COCYIOB 3a CUYET CXKATHSI UCXOIHBIX CUTHAJIOB.

B Tabnuiie mpuBeneHBI pe3yabTaThl CpaBHEHUS
pa3IMyHbIX cnoco0oB dunabTpauuu: Fp, u Fy —
GUIBTPHI CBEPTKM, HalIeHHBIE IJISI M300pakeHUt
¢daHTOMa U pYKU in vivo; Fr — QUIBTP BBICOKUX Ya-
CTOT C YacToToit cpe3a 14.4 M1, HalineHHOI MeTOo-
JIOM JIeJICHUS OTpe3Ka IorojiaM B @ypbe-061acTh 110
KPUTEPUIO MAaKCUMAaTBbHOCTH CXKATHS TOTO Xe “00y-
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yawomero” A-ckana. Ha puc. 6 mpencraBieHbl ya-
CTOTHbIE XapaKTEPUCTUKMU HalJeHHBIX (DUILTPOB U
COOTBETCTBYIOIIME UM CTEIEHM CXKATHUSI MCXOTHBIX
CUTHAJIOB.

M3 tabauunl 1 pyuc. 6 BUOAHO, YTO JIIOOOI METOL
00paboTK obOecreyrBacT IOBBILICHUE IIPOCTpPaH-
CTBEHHOTO pa3penieHnsI, Ho 3PP EeKTUBHOCTD CXKaTHsI
n300paxkeHUsI 00BEKTOB OKa3bIBaeTCsl pasHoii. I1pu
dwibTpanuM  M300paxkKeHUsT OINTUMHU3UPOBAHHBIM
Dypbe-PpUILTPOM BLICOKHUX YaCTOT, HAMIEHHBIM 10
CIIeKTpy “oOydaloniero” ckaHa, yaaeTrcsl JOCTUYb
YPOBHS cxKaTus 25% U TIOJIy4UTh YBETUYEHUE OTHO-
meHus curHaii/iyM Ha 2.3 n1b. T1pu nucnonab3oBaHuu
¢dunbTpa CBEPTKHU, NpeaBapuUTeIbHO HaliIeHHOTo Ha
¢aHTOME, MMUTHUPYIOIIEM TKaHb, CTEIICHb CXKaTHUS
1300pakeHUs COCYIOB TKaHell pyKU COCTaBIIsIET BCE-
ro 19%, a oTHOIIEHUE CUTHAJ/IIyM YBEINYNBAETCS
Ha 2.5 nb. Hannydiue pe3yabTaThl TOJIy4aloTCsl, KO-
I1a MCIIOJb3YeTCsl MPEMJIOXKEHHbBI METOI aaalTUuB-
HOM caMOKa/IMOPOBKU, T.€. (PUIETP CBEPTKU OIIpee-
JIIETCSI HEIIOCPEICTBEHHO U3 “o0yyaroliero” A-cka-
Ha MCXOTHOTo n300paxeHus. B aTom ciaydae ynaercs
JIOCTUYb MUKOBOTO CXaTUsI 75-TIPOLIEHTHOTO YPOBHSI
¢ o0t IMPUHOM KA B 4 TAKTOBBIE TOUYKHU (COOT-
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Puc. 6. (a) — YacToTHbIE XapaKTepPUCTUKU HaiIeHHBIX
¢GuIbTPOB U (6) — COOTBETCTBYIOIIME UM CTETIEHU CXKa-
tust. 1 — ounstp Fpy, 2 — dunstp Fg, 3 — uistp Fy.

BETCTBYeT pa3mepy cocyna 30 MUkpoH). OTHoOllIeH1e
CUTHaJI/IIIyM MPU 3TOM yBeanuuBaeTcs Ha 3.8 1b.

4. BBIBO/ZIbI

OnHoMmepHast oOpaTHasl cBepTKa ¢ THMXOHOBCKOI1
peryiaspu3anneil Io3BoJIsIeT KOMIICHCHPOBATh Ya-
CTOTHO-3aBUCUMBbIC 3(PPEKTHI, IIPOSIBIISIIOIIAECS IIPU
pacrpoCcTpaHEHU U PEeTUCTPaALIUM yJIbTpa3ByKa, 00-
Jiee yeM Ha 50% yirydiiasi IpoCTpaHCTBEHHOE pa3pe-
IIIEHUE ONTOAKYCTUYECKMX aHTMOTrpaMM. ANANTUB-
Hasl caMOKaJIMOpOBKa yCTpaHsieT HEOOXOOIUMOCTh B
MpeaBapuUTE/IbHbIX KaAJIMOPOBOYHBIX 3KCIIEPUMEHTAX,
pacimpsisa BO3BMOXHOCTb IIPUMEHEHMS ONTOAKYCTU-
4eCKOl BU3yallM3aluu Ha in vivo TPUJIOKEHUS, TPe-
Oylollre MOBBIIIEHHON TOYHOCTH U3MEPEHUIt B pe-
KHMMe peailbHOro BpeMEHU.

KotekTnB coaBTOpOB BhIpaXkaeT 0JIarOMapHOCTD
COTpyIHUKaM WHcTATyTa TNpUKIATHOW (QUIUKH
PAH 3a nrskeHepHBIi BKJIaI B pa3paboTKy ONTOAKY-
CTUYECKOTO MHWKPOCKOITa, WCIOJB30BAaHHOTO IIpHU
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PaboThl 1Mo MccaemoBaHUIO BO3MOXHOCTEM MeToaa
TuxoHOBCKOII TEKOHBOJIOLIUN C alalTUBHON ca-
MOKAaJIMOPOBKOM M padOTHI IO OTITUMM3ALIUU MPO-
rpaMMHOTO obGecreueHust IIsI obecrieueHUsT BO3-
MOXKHOCTH JI€KOHBOIOLUHN PEaIbHOTO BpeMEHU ObI-
JIV BBITIOJTHEHBI B paMKaX (PMHAHCOBON MOIACPXKKU
MuHucTepcTBa HayKU 1 BhICIIEro oopa3zoBaHust PO
no npoekty HIIMY “Llentp doroHmkm” (IIpoekT
No. 075-15-2022-316). M. Frenz u M. Jaeger BbIpa-
XarT 61arogapHocth IlIBeiimapckomy Harmonans-
HoMy Hayunomy @onny (SNSF) (mpoekt Ne 205320-
179038).
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