NNabopaTopHa po6oTa Ne 4.
YnbTpa3ByKoBa iHTPOCKOMIA.

MeTta po6otu: O3HanoMnTUCH 3 METOANKaAMU OTPUMAaHHS YNbTpassy-
KOBUX IHTPOCKOMIYHMX 300paXkeHb Ta MOXITMBOCTAMWU perynioBaHHA iH-
dopMaTMBHOCTI YNbTPa3BYKOBUX OAHUX.

3aranbHi BigomocTi

YnbTpasBykoBa cuctema niaTpuMye noTYyXKHICTb aKyCTUYHOIO BUXiOHO-
ro CUrHany Hwxye 3asHadyeHuUX MeX B 3anexHOoCTi Big obracTi 3acTocy-
BaHHSA. Tomy BigNOBIgHO OO KITiHIMHOrO 3aCTOCYBaHHA 4OBOAUTLCA Mpa-
uroBaTu i3 curHanamm 3i 3Ha4HUMM 3MiHaMK MNOTYXKHOCTI.

EnemeHTn onocepeakoBaHOro BMSIMBY Ha iHTEHCUBHICTb aKyCTUYHOIO
CUrHany ue 4actoTa MOBTOPEHHS iMnynbCiB, rmmnbuHa dokyca, Tpusa-
nicTb iMNynbCy Ta BUBIp AaTyumKa.

BubpaHuin Tnn Bidyanisauii BU3Ha4yae popmMy ynbTpasByKOBOro ny4yka.
Pexum OBoBMMIpHOI Bidyarnisauil BUKOPUCTOBYETbLCA ANA CKaHyBaHHA. Y
OOMNMNNepiBCbKOMY pPeXuMi eHeprist yNbTpa3BYyKOBOIro NPOMEHSA KOHLEHT-
PYETLCA B 06M1acTi BUMipIOBAHHS.

YacToTa noBTOPEHHS iMNYNbCIB BU3HAYaE KiNbKICTb iMMYJbCIB yrbTpa-
3BYKOBOI XBWUIi, AKi 306yIKYIOTbCA BNPOAOBX OOMHWYHOMO iHTepBany ya-
cy. YUim BULE YacToTa NOBTOPEHHS iMNYNbCiB, TUM BinbLua KinbKiCTb iM-
NynbCiB NOWMPIOBAaTMMYTbCS B AocnigKkyBaHoMy o6’ekTi. BignosigHo 6i-
nbloto Byae cymapHa eHepria ynbTpasByKoBOI XBUSTi HA LbOMY iHTepBa-
ni Yacy. HYactoTy NOBTOPEHHS iMNYJSIbCIB MOXXHA HacTporBaTK 3a LOMo-
MOrOl0 enemMeHTiB ynpasriHHA. BoHa Gyge 3MmiHOBaTUCA B 3aneXXHOCTI
Bif peryntoBaHHA rmmMbuHn dookyca, rmmnbuHn BigoOGpaXkeHHs, rmmMbuHmn
pocnigxysaHoi oonacrTi (field of interest). Ha yactoTy NnOBTOpEHHS Takox
BNNMBATUMYTb YMOBW BigoOpaXeHHA KPOBOTOKY, 3MiHW LUKanu sckpaBoc-
Ti, BUDIp KiNbKOCTI 0OKanbHUX 30H i LUMPUHN CeKTopa ckaHyBaHHS. Pos-
AinbHa 34aTHICTb 300paXkeHHs 3anexuTb Big (hokyca ynbTpasByKOBOro
nepetsoptoBava. [1ns 36epexeHHsa po3aifibHOT 34aTHOCTI HE3MIHHO MpuU
3MiHi dpokanbHOI BiACTaHiI NOTPIGHO 3MiHOBATU BUXIAHUW curHan. Tomy
NOTY>XHICTb BUXIAHOro curHany € oyHKUieto BKasaHnX HanawTyBaHb i BU-
3HavyaeTbCA Npu ONTMMI3aUil napameTpiB poboTK yNbTpas3ByKOBOI CUCTE-
MMU.

[ns KOXHOro Tuny AoChigpKeHHA noTpibHa neBHa rnmMbuHa OKycy-
BaHHSA yNbTpasByKoBOro ny4ka. lNpasunbHuin Bubip rmmbuHm okycy ao-
3Bonde 3abe3neunTn HaurKpally po3ainbHy 34aTtHICTb obnacTi gocni-
MKeHHA. TpmBarnicTb iMNynNbCy — Lie Yac, NPOTAroM AKOro Jie ynotpassy-



KOBWUI iMnynbc. Yum gosule gie imnynbc, TMM Binblle cepegHe 3a YacoMm
3HaYeHHSA IHTEHCUMBHOCTI yrbTpa3ByKoBOro ny4ka. 3i 36inbLUeHHAM cepe-
AHbOro 3HaYeHHSs iIHTEHCUBHOCTI BiADOYBaETLCA 3POCTAHHA TEMNEPaTypU |
30iNbLYETHCA NMOBIPHICTb KaBiTauil. TpuBanicTb iMnynbCy BUXIAHOMO CU-
rHamy TakoX BaXnuBa MNpW 3acTOCyBaHHI AONMNMAEPIBCbKUX pexnmis. 3i
30iNbLUEHHAM CKagoBUX OOMMNNEPIBCbKOro CnekTpy 30ifbLIyeTbCA TpU-
BaniCTb iMMyrbCy.

3MiHa gaTyuka onocepenkoBaHO BMMBAE Ha iIHTEHCUBHICTb. [1pn 3MiHi
4YaCTOTU YIIbTPA3BYKOBOI XBUSi 3MIHIOETLCA KOediLIEHT 3aracaHHA YnbT-
pa3ByKy B TKaHMHaX. TOMy 4yMMm BuLLe poboya yacToTa AgaTtyuka, Tum Oi-
nblUe 3aracaHHsa eHepril ynbTpa3BykoBol xBusi. BignosigHo npu Bukopu-
CTaHHI gaTtymka 3 BUCOKOK poOOYOK 4acTOTOK MOTPIOGHO 36iNbNTK iH-
TEHCUBHICTb BUXiAHOrO curHany Ang ckaHyBaHHS TKaHWH Ha OOHAKOBIN
rMMbuHI. TobTOo, WOO 36INLWNTU TMUONHY CKaHyBaHHS, HE 3MIHIOKYN iH-
TEHCUBHOCTI BUXIAHOrO CUrHany, NoTPiOHO 3MEHLUMTM YacToTy AaTyuka.
TakoX AKLWO npu BinboMy NiACUNEHHI CUrHany BiANYyHHSA Ta NiABULLEHHI
NOTY>XHOCTiI BUWXIiOHOrO CUrHamy He BiAbOyBaeTbCsA BiANOBIAHOMO NiaBM-
LLIEeHHS AKOCTi 306paXkeHHs1, NOTPIOHO 3MeHLyBaTK YacToTy AaTymka abo
X 0bupaTn gaTymK i3 MEHLLOK pob0oYOI YacTOTOlo.

EnemMeHTU KepyBaHHSA Npu NpuMMaHHi curHany

3a JOMNoOMOrol efnemMeHTiB KepyBaHHA MOXHa NiABULLNTU SKICTb OTpuU-
MaHUX YnbTpa3BYKOBUX 300pakeHb. EnemMeHTn kepyBaHHSA npu npwu-
MMaHHI He BNAMBalOTb Ha NapameTpu BMUXIOHOro curHany. 3MiHM Hanaw-
TyBaHb BMNUBAKOTb fuWe Ha Mpouec NpurMoMy YIibTpasBYyKOBUX €XO-
curHanie. Lli enemMeHTn kepyBaHHS OO3BONSAKTbL perynoBaTy NigcumneH-
HS, AMHaMiIYHUA diana3oH i 00pobky 30b6paxeHb. BapTo 3a3HauuTtn, WO
Ans nNigBULLIEHHA SAKOCTI Bidyanisauii nepll Hik 36inbWNTU NOTYXHICTb
BUXiOHOrO CUrHany, HeodxigHO ONTUMI3yBaTW HanawTyBaHHS €NeMEHTIB
KepyBaHHA Npu nNnpurMMaHHi curHany. Hanpuknag, ons noninweHHs SKoCTi
306paxXeHHs1 3aMiCTb NigBULLEHHAM MOTYXXHOCTI BMXiQHOrO curHany on-
TUMI3YNTE BESNIMYNHY NISCUNEHHS NPU NPUMAMaHHI CUrHany.

IHTEHCUBHICTb YNbTPa3BYKOBOI XBUNi, 3aracaHHA CUrHany i iHTeH-
CUBHICTb YNbTPa3BYKOBOI XBUNi Yy BOA

BumiptoBaHHS iHTEHCMBHOCTI NpoBOAATb Y BOAi (ogHOpiaHe cepeno-
Buwle). NornnHaHHAa ynbTpasByKy Yy BOAI BigPI3HAETLCS Big npouecy no-
FMWHaHHSA aKyCTUYHOT eHeprii M’ aKnmMmn 6ionoriYHNMM TKaHUHaMW.

PisHi GionoriyHi  TKAHMHM MNOMNMHAKTL  aKYCTUYHY €eHeprito  no-
pisHOMY (Tabn. 4.1). 3Ha4YeHHs1 IHTEHCUBHOCTI YyNbTPa3BYKOBOI XBUIi, AKa
NPOXOAMTb Kpidb TKaHWHY, B KOXHIN Touui 3anexuTb Big ob'emy i Tuny



TKAHVHW Ha LWISXy MNOWWPEHHS, Bid Y4acTOTU YrbTpa3ByKOBOro CUrHany.
[ns OUiHKM 3HAYEeHHSA IHTEHCUBHOCTI B TKAHWUHI BUKOPUCTOBYIOTbL Habnu-

XeHy dpopmyny:
Lyvater * 6_0,23.0['”(

Iin situ
ne:

I, — QINCHE 3HAYEHHSA IHTEHCUBHOCTI yrbTpa3BYKOBOI XBWISTi, sika Npo-

XOOMUTb Kpi3b TKaHUHY';

Lyuer — 3HAYEHHS IHTEHCUBHOCTI YNbTPa3BYKOBOI XBUIi, Ska NPOXOaUTb Y

BOAI;

e=2,7182818284590452353602874713527;

a — paKTop 3aracaHHs iIHTEHCUBHOCTI yNbTPa3BYKOBOI XBUMi Y TKAHWHI.

| — BiACTaHb Bif NOBEpPXHi AaTymka (LLKipn) 4o obnacTi iHTepecy, (CM)2;

/ — poboya yactoTa gartuuka, (Mru)’.

Tabn. 4.1 3gaTHiCTb 6IONOMNYHUX TKAHWH NOTNIMHATU aKyCTUYHY EHEPTrito.

oF

TkaHUHaA a, — MTy
AMHIOTMYHa pignHa 0,006
Mo3ok 0,53
Cepue 0,66
Hupka 0,79
MNevinka 0,43
M'a3n 0,55

Ockinbku nig Yac JocnigXeHHs ynbTpasBykoBa XBUMNA NPOXOANTL KPisb
PI3HOTUMHI TKAHWHW HEOAHAKOBOI TOBLUWHW, OUIHKA ICTUHHOIO 3HAYEHHS
IHTEHCMBHOCTI YNbTPa3BYyKOBOro My4vka B TOYLi BUMIpOBAHHSA yCKnagHe-
Ha. ToMy ONns OTPUMaHHSA 3aranbHUX OLIHOK BUKOPUCTOBYETLCA ycepea-
HeHe 3HadeHHs dhakTopy 3aracaHHs pisHe 0,33 ab/cm MI'y. Taknum ymn-
HOM, BigobpaxyBaHe B BinbLLOCTI 3BiTiB 3HAYEHHS1 IHTEHCUBHOCTI po3pa-

XOBY€TbCA 3a (bopMynom:

—0,069-1-f
Iwater e

Iinsitu:

Ockinbku gaHe 3Ha4YeHHS € nuLie OLIHKOK ICTUHHOI BENMUYUHU iHTEH-
CUBHOCTI yNbTpa3BYKOBOro ny4yka, To Npu BUKOPUCTAHHI OTpUMaHe 3Ha-
YEeHHS 3a3HayaeTbCHA pPas3oM 3 MPUKMETHUKOM «3HWXeHa» (Big aHrn.
derated).

BuMipun iHTEHCMBHOCTI ynbTpa3ByKOBOI XBUMi, BUKOHAHI Yy BOAi i aHani-
TUYHO 3HWXEHi 3a gornomoroto koediuieHTa 0,3 gb/cm My, iHO4I MOXYTb
BiAPI3HATUCS Bif BESIMYMHUN IHTEHCUBHOCTI aKyCTUYHOI XBWUITi, SKY BUMI-

' 3 nat., Ha CBOEMY MicLj
2 rnGuHa BUMIpIOBaHHS
% komMBiHOBaHa CepeaHs YacToTa CUCTEMN Yy BiANoBIiAHOMY pexumi




PANN NPU NPOXOLKEHHI YNbTPasByKOBOI XBUMi KPidb O4HOPIAHY TKAHUHY 3
KoediuieHToM 3aracaHHsa 0,3 ab/cm MI'u. Taka BigMiIHHICTb BUMIpiB Mo-
ACHIOETLCSA HESTIHIMHUMN CMOTBOPEHHSIMU, PiI3HUMU YaCTOTHUMMU 3anex-
HOCTSIMM MOTTIMHAHHA XBUITb Y cCepeoBULLaXx.

Baarani, ogHakoBe 3HWXeHe 3Ha4YeHHS IHTEHCUBHOCTI yNbTpa3ByKOBOI
XBUSi Ta MakcMMarnbHe 3HaYeHHS IHTEHCUBHOCTI YNbTPa3ByKOBOI XBUi B
TKaHWHI He OTPUMYIOTLCS NPU O4HAKOBUX YMOBax, TOMY BKa3aHi 3Ha4eH-
HA IHTEHCUBHOCTI YNbTpas3BYyKOBOI XBWMi, siki BigobpaxkaloTbCs B 3BiTi,
MOXYTb He cniBnagaTtu i3 3Ha4YeHHAM AOiUCHOI iHTeHcuBHOCTI. [lpuknag,
Ang MaTpUYHOro gatyumka, 9KMM Mae Aekinbka 30H, MakcumaribHe 3Ha-
YEeHHS IHTEHCUMBHOCTI Y BOAi Bignosigae HanrnmoLWin 3oHi. Ane npu Lubomy
HanbinbLUe 3HAYEeHHSA IHTEHCUBHICTb YNbTPa3BYKOBOI XBUAi MOXe Bigno-
BidaTV OAHIN 3 dpOoKanbHMX 30H, WO 3HAXOAUTbLCS Ha MEHLUIA rMNOWuHI,
Onwx4ye 00 NOBEPXHI Tina.

3aBAaHHA.
1. O3HanoMnTUCSA i3 enemMeHTamMu KepyBaHHS Ta HanawTyBaHHAMM

yNbTPa3ByKOBOro ckaHepa.

2. OTpuMaiiTe ynbTpasByKoBe 306paeHHs AOCHioKyBaHOro 06’ekTa’.

3. 3’'cyiTe AKy ponb B YNbTPa3BYKOBWX AOCHIIKEHHSAX BUKOHYE refb>.

4. [ocnigitTe BNAIMB HanawTyBaHHA CKaHepa Ha AKICTb OTPUMaHUX YyIib-
TPa3BYKOBUX 306paxeHb°.

5. BumipanTte poamipn ob’ekta 3a MOro yrbTpasByKOBUM 300pakeH-
Ham.*

6. 3’AcynTe AKi CNOTBOPEHHS BMHUKAKOTb Ha YNbTpa3ByKOBUX 300pa-
XEHHSIX MPU 3MiHi napameTpiB 06’ekTiB."

7. docnignTty BNAvB NigCUITEHHA Ha SIKICTb PEKOHCTPYMOBaHUX yrbTpa-

3BYKOBUX 306paxeHb.°

' Ak OocnigpKyBaHUi 06’ eKT BUKOPUCTaNTe LUMNIHAPUYHY MOCYAMHY, Sika 3anoBHEHa AUCTUIIbOBAHOK BOAOH.

2 HaHeciTb Ha NOBEPXHIO AaTyuMKa refb Ta OTPMManTe NOBTOPHO 306paXKeHHs1 AoChiaxXyBaHoro 06’ekta. 36epexiTb Ta NOPIBHAN-
Te pe3ynbTaTti 060X iHTPOCKONIYHUX AOCHIOKEHD.

® MNinGepiTb NapaMeTpy AN MAKCUMAIbHO YiTKOT Bidyanisaujii rpaHuLb 06’ekTy. Y 3BiTi ONWLWITE NOCMIAOBHICTL Nigbopy napame-
TPIB Ta BKaXiTb OTPUMaHi 3HaYEHHS.

* OuiHiTb nnowly nepepisy BigobpaxyBaHOro o6’ekTa Ha ynbTPa3BYKOBOMY 300pakeHHi 3a JOMOMOrow eninca ta «BigbuTtkar.
BuMipsinTe 3HayeHHs NnoLLi nepepi3dy Ta OuiHiTb NOXMUOKY.

® Ak [ocnigKyBaHWil 06’ekT BUKOPUCTOBYIATE NOCYAMHY 3 Orlielo. 3a JONOMOrOI0 MPOCTUX FEOMETPUYHIX NOBY/AOB BU3HAYTE Be-
TNIMYMHY CNOTBOPEHHS YNbTPa3BYKOBOro 306paxeHHst 06’ekTa.

6 Hocnigntn 3anexHicTb cepeHbOi ACKPABOCTI Ta AMCNepCii ACKPaBOCTi Ha 306pakeHHi AocnimxyBaHoro ob’ekra Big koediuieH-
Ty MIACUINEHHSA Ha Pi3HWMX YacToTax AaTyuka. Y 3BiTi HABECTU OTPMMAaHiI eKCrepuMeHTarnbHi YacTOTHI 3anexHOCTi AN Pi3HUX
3Ha4eHb koedilieHTIB MiAgCUNeHHs (LoHalMeHLLe 4 3HaYeHHS).



8. docnigntn BnnuB pobo4yol YacToTM OaTyMka Ha SIKiICTb PEKOHCTPY-

MIOBaHMX yNbTPa3sByKOBMX 306paxeHsb.’

KOHTpOnbHi 3annTaHHA

1. Aki TN ynbTpa3BYKOBUX OATYMKIB BUKOPUCTOBYIOTLCA ONA MEeAUYHOI
iHTpOcKoNiT (MpUHUMNK Knacudikauii, ocobnmBoCTi KNiHIYHOrO 3acTocy-
BaHHS).

2. [MoscHiTb 3MicT NpuHUMNy alara ans 6e3nevHol giarHocTuKa.

3. Ak BNMBalOTb PeXUMN CKaHyBaHHA Ha iH(pOpMaTUBHICTb 306paXeHb,
SIKi OTPMMaHI B Pi3HMX JOCNigKyBaHNX obnacTtsax.

4.Y pasi BiCYyTHOCTI resnto, sy pe4yoBMHY MOXXHa BUKOPUCTOBYBATU ONS
Noro 3amiHu, aki oisanyHi napameTpn NoTpibHO 3HaTKM onga Bubopy onTu-
ManbHOT PeYOBUHN?

5. Po3noain aknx xapakTepucTuKu PevyoBWHM MOXHa BidyanidyBaTu 3a
[OMOMOrOK0 yrbTPasBYKOBUX iHTPOCKONIYHUX CUCTEM?

6. AKMM YMHOM NPOBOANTLCA NPOCTOPOBE PO3AINEHHS PI3HUX TOYOK [O-
cnigXxyBaHux ob’ekTiB?

' [N BU3HaYeHHs! cepefHbOi AICKPABOCTI Ta AWCMNEPCilo ACKPaBOCTi BUKopUcTaTn Byap-skuid rpadidHnin peaakTop.



