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MpoueHko OJeHuc Hukonaesuu
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KpaeyronbHblM KaMHEM KayecTBa OKa3aHWsS MeAMUMHCKOM MOMOLLMU
SABNSETCA CKOPOCTb M TOYHOCTb AMATHOCTMKMK, 0CODEHHO Koraa CuTyaums Ka-
CaeTCs XKM3HEeYrpoXatwWwmx COCTOSHUIM Ha Pa3IMYHbIX ee 3Tanax.

Knaccuyeckme meToabl ynbTpa3BykoBon (Y3) AMArHOCTUKM MPOYHO 3a-
HAMM CBOE MEeCTO B CTPYKType cTaumoHapoB. B koHue XX Beka cTaptoBan
TPEHA Ha MHTerpaumio GOKYCHOM Y3-0LEeHKN B MPaKTUKY Bpayen pasnnyHbIX
crneunanbHOCTEN, KOTOpble paHee He MCNONb30BaNN YNbTPa3BYK B CBOEW pa-
6oTe. B nepByl oyepenb AaHHbIM NpoOLECC aKTUBHO pa3BMBAETCS B Hanpas-
NEHWU AHEeCTE3NONOTUMU U MHTEHCMBHOM TEpanuu.

B HacToswee BpeMsa paboTta C naunmeHTaMum C MOJUTPABMOM NO3BONSET
ncnonb3oBatb eFAST-NpoToKON ANg 3KCTPEHHOM OMArHOCTUKWU XKMU3HEeyrpo-
XAKLWNX COCTOSAHUI, HOKYCHas Y3-oueHka cepala MOXeT ObiTb BbiMOMHEHA
MHTEHCMBUCTOM B MOMEHT HEOOXOAMMOCTU NMPUHATUS peLleHuns, A0 BU3MTA
Bpaya yNbTpa3BYKOBOW AMATHOCTUKM, MCNONb30BAHUE YNbTPAa3BYKOBOrO MUC-
cneposaHug (Y3M) nerkux no3sonsieT OTBETUTb HA MHOTME BOMPOChHI Y naum-
€HTOB C pecnMpaTopHOM NaTonoruen.

PasBuTMe nopTaTMBHbIX Y3-CUMCTEM 3HAYUTENbHO paclMpseT BO3-
MOXHOCTU MPUKPOBATHOM OMATHOCTUKM, U yXKe B HacTosiwiee Bpems Y3-ama-
FHOCTMKA MCMNONb3yeTCs Ha AOroCnMTanbHOM 3Tane. bpuragbl CKopon Meaum-
LMHCKOM NMOMOLLM MCNONb3YHT NOPTaTUBHbIE Y3-CKaHepbl ANS AMATHOCTUKM
XM3HEYrpoXatLWwmx COCTOSHUM BO BPeMS OKA3aHMS MeOMLMHCKOM MOMOLLM
BHE MEAMLMHCKUX YUpEeXOEeHUN.

Bo3smoxHa umHTerpaumsa Y3M B npouecc COPTUPOBKM MALMEHTOB Mpw
KPYMHbIX TEXHOTeHHbIX KaTacTpodax. MHTerpaums nopobHbIX peweHui no-
3BOJIIET 3HAYMTENbHO MOBbLICUTb KAYeCTBO OKa3aHWUS MeAMLMHCKOM MOMOLLM
3a cyeT ObICTPbIX AMATHOCTUYECKUX PELLUEHUI U COXPAHEHWS XXM3HU NALMEHTOB.

BHenpeHue MeTonoB Y3-HaBMraumm npu BbINOMHEHUN PA3NUYHbIX UH-
BA3MBHbIX MAaHUNYNSALUN fAeT BO3MOXHOCTb 3HAUYUTENIbHO CHU3UTb KOJUYe-
CTBO ATPOTE€HHbIX OC/IOXKHEHUMN.

KaTteTtepusauma cocynoB nog KOHTPOAEM ynbTpa3BykKa nNpupaBHUBaeT
K PYTMHHOM npouenype TakuMe OnacHble MaHWNYyNauMu, Kak Katetepusauma
NOAKNUYMYHON N IPEMHOM BEH, 3HAYUTENIbHO CHMXXAET KOJIMYECTBO XKMU3HeY-
rPOXaKLWMX OCNOXHEHUIN (MTHEBMOTOPAKC, reMOTOPAKC U Ap.).

YnbTpa3sByK-aCCUCTUPOBAHHAS perMoHapHas aHecte3us CrieTeHuN
M HEPBOB BEPXHEN U HUXKHEN KOHEYHOCTEN B HACTOsILLEE BPEMS MO3BONSET 40~
CTUYb 3HAUUTENBbHOM 3O DEKTUBHOCTM KAXKA0M BbINONHEHHOW B10KaAbl, @ TaKXe
MOBbICMTb Y40BNETBOPEHHOCTb NALMEHTOB B NepuonepaumoHHOM nepuoae.

MNopobHble MeToAMKM Y3-BU3yann3aumMm B HACTOSLLEE BPEMS SBASIOT-
CS «30/10TbIM CTAHOAPTOM» B YCJIOBUSIX MHOTONpOdMAbHOro CTauMoHapa.

[laHHOe pyKOBOACTBO MOMOXET CneuuanuctaM LWKMPOKOro CrnekTpa
BpayebHbIX CNeunanbHOCTEN.

N3noxeHHble MaTepuanbl M GopMaT MX NOAAYMN MO3BONSOT B MUHU-
MafibHble CPOKM OCBOWTb AAHHblEe METOAMKM AN CKOpeHnen WMHTerpaumu
B MPAKTMYECKY AesATeIbHOCTb KJIMHULMUCTOB.



JlorsuHoB KOpuii UBaHoBUY

PykoBoauTenb YuebHO-aKKpeaAUTALMOHHOIO LLEHTpa —
MeaMLMHCKOro CUMYNSILMOHHOIO LieHTpa bOTKMHCKOM 6ONbHULbI



B ctpemutenbHo passuBatowemcs obuiectse MegmunHa 6e3 GbicTpon
M KaYeCTBEHHOW AMArHOCTUKM HEBO3MOXHA.

Y3-accucTMpoBaHHbIe MPOTOKOJIbl OLLEHKM MALMEHTOB MPOYHO 3aHSNM
CBOE MEeCTO B CTPYKType OKa3aHua MeAMLMHCKOW MOoMOoWM BO BCEM MUpeE,
B HacTosiLLee BpeMa KOMMYECTBO Hay4vHbIX NybnmMkaumii B HanpaBneHun yp-
reHTHOM Y3-AMarHOCTUKM NOUCTUHE OFPOMHO.

Ncnonb3oBaHne OKYCHbIX YNbTPa3BYKOBbIX MPOTOKOMOB ANd Nauu-
€HTOB C pa3/IMYHbIMKM CMMNTOMOKOMMIEKCaMU NO3BONSET 3HAYUTENbHO MO-
BbICMTb Ka4yeCTBO OKa3aHMA MeOULMHCKOW MOMOLLM 33 CYET CHUXKEHUS Bpe-
MEHHbIX 3aTpaT Ha AMArHoCTuKYy. [lpaBuUNbHOE U CBOEBPEMEHHOE MPUHATUE
peweHnn No KOPpPEeKLMNU, @ B HEKOTOPbLIX CAYYasiX U KapAUMHANbHOM CMeHe
TaKTUKWM BeAEeHWS MaLMEHTOB, MO3BONASET 3KOHOMWUTb AparoueHHOe Bpems,
a cnefoBaTesibHO, M CNAcaTh XXM3HU NALUEHTOB.

Takue npotokonbl, Kak eFAST-npoTOKON ANS OLEHKM MALMEHTOB C NO-
nutpaBMon unm RUSH-npoTokon aAns gMarHOCTUKM NPUYMH LLOKOBbIX COCTOS-
HUMA U TUNOTEH3UU B OTAENEHUAX UHTEHCUBHOW Tepanuu, No3BONAKT CO34aTb
NpeMmyLLecTBO B AMATHOCTUKE M CNACEHUW XM3HEW nauueHToB. [JOnonHu-
TeNbHbIM MOLWHbIM MHCTPYMEHTOM B pYKaX KAMHULMUCTA ABNSETCS yNbTpaco-
Horpadus nerkux. JTOT MeTOA, KOTOpbIM paHee He Obln AOCTYyNeH MHOMMM
cneumanucTam, B Hactosuee BpemMs Bce Gofblue 3aHMMAET MO3ULMI0 KakK
HEeoBXO0AMMbIA MHCTPYMEHT, LOMONHAWMIA KNaccMyeckne MeToabl 0CMOTPa,
nanbnaumu, NepKyccuMm U aycKynbTaLuu.

[laHHOe pyKoBOACTBO npeanaraet 0cobbli B3rNg4 Ha YPreHTHYI0 Yib-
TPa3BYKOBYK AMATHOCTUKY NALMEHTOB B KPUTUUYECKUX COCTOSTHUSIX.

N3paHne nocnenoBaTtenbHO pa3BuBaeT uMae GOKycHoW Y3-accuctu-
POBAaHHOM OLLEHKM MAaLMUEHTOB B PA3/IMYHbIX COCTOAHMAX. ONncaHne oCHOB-
HbIX TOYEK NPUNOXeHMUS Y3-NPOTOKONOB AAeT BO3MOXHOCTb BHEAPSATb AaH-
Hble MEeTOAMKU B PYTUHHY NPAKTUKY KNUHULMCTOB.

B cTpykType u3paHuMa NpUCYTCTBYET MHOXECTBO WMHTEPAKTUBHbIX
QOR-kopoB, KOTOpbIE MO3BONSAOT NOCMOTPETb CONPOBOAUTENbHbIE BUAEOMATe-
puanbl, He OTPbIBASACb OT 03HAKOMJIEHUS C AAHHBIM PYKOBOACTBOM.
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NMPEOUCIIOBUE

[pakTuueckas ynbrpacoHorpacdus, unm npukposaTHoe Y3U, — 310 uc-
Nofib30BaHWe YNbTPa3BYKa KAMHULMCTOM AN peleHns AUArHOCTUYECKUX
BOMpocoB B ¢opMaTe POKYCHbIX NMPOTOKONOB CKAHMPOBAHWMS M HABUraLuu
Npu BbINOJIHEHUM UHBA3UBHbIX MAaHUNYNASALUNA.

3a nocnegHue 10 neT faHHOe HanpaBfieHue CTano TPEHAOM B MPaAKTU-
Ke Bpayen, OKa3blBaKOLWMX IKCTPEHHYIO Y HEOTIOXHYI NOMOLb.

JBONKOUMSA YyNbTPA3BYKOBOM TEXHUKM MO3BONSET CErOAHSA BbIMOMHATbL
Y3W B ntobbIX ycnosusx.

POCUS MOSCOW — rpynna cneumanucros, NnpakTukywwmnx Point-of-
Care Ultrasound (POCUS).

Hawa koMaHpa BKOYaeT Bpavyen pas3iMyHbIX CreumManbHOCTEN, KOTO-
pble paboTakT Ha rOCNUTaNbHOM M AOFOCMNMTANIbHOM 3Tanax OKa3aHMa Meau-
LMHCKOW NOMOLLK. YneHbl KOMaHAbl MCNONb3YT Bo3MoxHocTH POCUS B cBo-
el npakTuyeckon pabore.

Hawa uenb — 370 MakcuManbHoe ocBelweHue Bo3MmoxHocten POCUS
C nocnepywLwen UHTerpaumen B peanbHy NpakTUKy.

[laHHOEe pyKOBOACTBO COAEPXMUT OCHOBHbIE MOKA3aHUS AN UCNONb30-
BaHua POCUS B exxegHeBHOM paboTe Bpayen.

Mpenopasatenu rpynnbl POCUS MOSCOW npoBoasaTt obyueHue ons nc-
nonb3oBaHus POCUS Ha nocTtosHHOM ocHOBe B YyebHO-akKpeaAUTaLMOHHOM
ueHTpe — MeAMUMHCKOM CUMYNSILMOHHOM LeHTpe BOTKMHCKOM 60NbHULbI.

B 6noke «[lpakTnyeckoe obyyeHuMe» OAHHOrO PYKOBOACTBA Copep-
XUTCA MHDOpMaumnsa 06 0COBEHHOCTAX CUMYNALMOHHOIO 0By4yeHns B paMKax
POCUS.

[MepeyncneHbl TakXKe NpoOrpamMmbl, NPOXOAALLME HA NOCTOSAHHOW OCHO-
Be B YuebOHO-aKKpeaAUTALMOHHOM LeHTpe — MeaAnUMHCKOM CUMYNSLMOHHOM
ueHTpe BOTKMHCKOWM 6ONbHULbI, @ TaKXe NpuUBeLEeHbl MeToAMYecKue ykasa-
HUS No 0cobeHHOCTAM POPMMUPOBAHUS NOAOOHBIX KYpCOB.




YACTb 1

BBEOEHWUE B NMPAKTUYECKYIO
YJIbTPACOHOIPA®UIO

B nepBoit yactu nocobus cocpepoToueHa 6asoBas uHPopmauua no ¢Pusuke
yNbTpa3ByKa, 0COOEHHOCTAM pab6oTbli B pasnuuHbix pexumax (2D, M-mode, pexum
aonnnepa), a TaKXKe M3/I0KEHbl OCO6EHHOCTM onTUMM3auUM u3o6paxkeHus. OnucaHbl
OCHOBHble apTedaKTbl, BO3HUKalOWME Npu paboTe ¢ ynbTpasByKOM.

Mpouenko A.H., JlorsuHos 10.U.,
Nbixun B.H., Menaub6aes M.C., ®unasuH P.3., OweHko I.B.



MABA 1.1

®U3UKA YJIbTPA3BYKA

B oTnnume oT cBETOBbLIX BOJIH, KOTOPbIE MOTYT PaCNpOCTPaHATLCS Yepe3 BaKyyM, 3BYKOBbIE
BOJIHbI PACMpPOCTPAHSAKTCSA TONbKO Yepe3 (u3nyecky cpefy. JTa cpeaa MOXeT COCTOSTb U3
nboro BewecTsa, Hanpumep BO34yXa, BOAbl, METANNA UM TKAHU U XMAKOCTU B OpraHusMe
yenoBeka. 3BYKOBble BOJIHbI BO3HMKAIOT, KOrAQ MCTOYHMK 3BYKA FeHepupyeT MexaHuyeckue
KonebaHMsa B YacTMuax cpenpbl. OTM KonebaHMsa MpOAO/MKAT pacnpoCTPaHATLCS B Cpene Co
CKOPOCTbIO 3BYKa, 06pa3ys 3BYKOBYO BOJHY.

3HaKOMbIV MpuMep — 4yenoBeyeckas peub. Jlloam roBopsT, NpMBOAS B ABWXEHUE CBOM
ronocoBble CBA3KWU. Korga ronocosble CBSA3KM BMOPUPYIOT, OHM CO3AAI0T KoebaHUsi B OKpyxa-
lOLLEM BO34yXe, U 3T KonebaHus pacnpoCTPaHAOTCS B BUAE 3BYKOBOW BOJIHbI. ECiv 3ByKOBbIE
BOJIHbI CTAJIKMBAKOTCS C HOBOM CpefoM, HEKOTOpble 3BYKOBbIe BOJIHbI OyayT OTpaxkaTbCs, B TO
BpeMsl Kak Apyrue nepenagyt MeXaHUYeckyl SHepruio (4asfeHue) HOBOM cpene, KoTopas
TaKXXe MOXeT HayaTb BUOpMpOoBaTh.

Puc.1.1

lMpuHyunsl 06pazosaHus, pacnpocmMpaHeHus U O0mMpaxeHus 38yKo8biX 80/H. KpacHele B80/1HbI

ompaxcatom subpayuto 20/10c08bIx €8530K. OMpaxKeHHble 80/1HbI 0003HAYEHbI 3€/1EHbIM UBEMOM.

38yK08bI€ BOJIHbI CMANKUBAKMCS C 00BLEKMOM, NOC/IE 420 00BEKM OMpPaXaem HEKOMOpPbIE 80JHbI
U cam Ha4uHaem subpuposams. Bubpupyrouwuli 06bekm 2eHepupyem Ho8ble 38YK08bIE BOJTHbI.

XoTs 3BYKOBbI€ BOJIHblI nepeMeLwarTcad BO BpeEMEHN U NPOCTPAHCTBE, YaCTULUbl Cpenbl
HE nepemMelarTca BMecTe Co 3ByKOBOl71 BOMHOM. YacTuubl npocTto KonebnTca u nepenakvT
KonebaHusa cocegHMM YacTMUaM B cpene.

MaTeMaTnyeckm 3BYKOBbl€ BOJIHbI MOXHO ONUCATb CMHYCOVILI,OVI. JTa KpuBas
Xapaktepusyetca cieayrowumMmMmn  nepeMeHHbIMU! ANVHOM  BOJIHBI, aMHﬂMTyﬂOﬁ, 4yacToToM,
CKOPOCTbKO U HanpaBieHneM. OCHOBHble MaTeMaTuMyeckme NPpUHUUMbI NPOCTbl U Ba>XHbl AN4
NMOHUMaAHUA.

OnvHa BoAHbI

JnuvHa BoNHbI
— -

A

AmnauTtyaa
AmnauTtyaa

Oma 38yk08as 80/1Ha umeem 60s1ee 8bICOKYO
amnaumyoy u 6osee 8bICOKYH 4acmomy, 4em
38yK080aS 8OJIHA C/1€8A

Mukn n MUHUMYMbI CUMHYCOUObl COOTBETCTBYHOT MaKCMMaJlbHOMY U MUHUMAJIbHOMY
[OaBJIEHNIO MO OTHOLUEHUIO K Cpeae.

Puc. 1.2
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YACTb 1. BBEAEHWE B MPAKTUYECKYHIO YJIbTPACOHOIPADUIO

Bubpayus npu HU3Kol Bubpauyus npu ebicokoli
naomH{ocmu Yacmuy, na0mMHoOCMuU Yacmuy,
JILAuHa BONHDI Puc. 1.3

[lnMHa BONHbI onpeaensieTcs Kak paccTosiHue Mexay ABYMS TOYKaMu (BAO/b 3BYKOBOM
BOJHbI) C OAMHAKOBOM aMNAIUTYAON (TO eCTb AaBneHueM). JIerko n3mepuTb pacctosiHue Mexay
ABYMS MaKCMMaNbHbIMU UM ABYMS MUHUMaNbHbIMK NkamMu. OQHAKO paccTosHUME MeX Ay ABYMS
TOYKAMMU MOXHO M3MepUTb NPU YCII0BUM, YTO MEXY HUMU HET pa3HULbl AaBneHui. Ha puc. 1.2
ANWHA BOJSIHbI U3MEPSETCs KaK pacCTosiHME MeXAyY ABYMS MUKAMMU.

[lnvHa 3BYKOBbIX BOJIH YenoBeyeckon peun coctasngeTt ot 17 mm o 17 M. 1nvHa BonHbI
yKa3blBaeTcs B MeTpax (M) n o6o3Havaetcs byksow A (nambaa). Obpatute BHUMAHUE, YTO B 3TOM
KHUre wmcnonbsyetcs MexayHapogHas cucteMa eamuumy. Cioga Bxoast 6a3oBble eaMHMLbI:
MeTp (&nMHa), KunorpamMm (Macca), cekyHaa (spems), amnep (3NeKTpUYECKUM TOK) U KeNbBUH
(TemnepaTtypa).

AMnnutypa

AMNNnTYyAa ONMUCbIBAET CUY 3BYKOBbIX BOJH, KOTOPAsi COOTBETCTBYET BbICOTE CUHYCOMAbI
(c™. puc. 1.2). Beicokas aMnauTyaa 03HayvaeT rpPOMKUI 3BYK, M HaobopoT. Ha puc. 1.2 nokasaHsl
[.Be 3BYKOBble BOHbI pa3HOM aMnauTyabl. ObpaTnte BHUMaHWe, YTO aMNIMTYAA HA CaMOM aene
OMUCbIBAET pa3HULY AABNEHUI MeXAy CAaMOM BbICOKOW M CaMOM HU3KOM MIOTHOCTbIO YacTUL
BAOMb 3BYKOBOW BOMHbI (puc. 1.3). [poMKMIA 3BYK XapakTepusyetcs 60onblumMMu nepenagamu
LaBNeHns BAONb 3BYKOBOW BOJIHbI, B TO BPeMS KaK HU3KWI 3BYK MMeeT Hebonblune nepenagbl
[LaBNEeHUS BAONb 3BYKOBOM BONHbI. AMNANTYAA yKa3biBaeTcs B aeumbenax (ab).

YacTtoTta

YacToTa — 3TO KOIMYECTBO BOMHOBbIX LIMKNOB B CeKyHAyY. EAMHMLEN n3MepeHns 4acToTbl
asnaetca repy (M), o6o3Havaetcs 6ykson f. Ha puc. 1.2 e 3ByKOBble BOMHbI MMEIKOT pasHble
aMNIMTYAbl U pasHble YacToTbl. Ecnn Bbl npaBas 3BykoBas BOMHA Ha puc. 1.2 Bbina 3anucaHa
B TeYeHue CeKyHAbl, TO YacToTa 6bina 6ol 5 ML (Tak Kak 5 BONHOBbIX UMKNOB HabatogatoTcs 3a 1 ¢).
Ecnu 3BykoBag BonHa umeet yactoty 1000 Iu, To kaxayto cekyHay npoxoguT 1000 BonHOBbIX
LMKNOB.

Bocnpuatue 3ByKa 1 ynbTpasByk

YenoBeyeckoe yxo MOXeT BOCMPUMHMMATb 3BYKOBble BOMHbI C 4YactoTamu ot 20
£0 20 000 Iy (20 000 Ty Takke MOXHO 3anucatb Kak 20 KIlu). 3ByKOBble BOJIHbI C YACTOTOM
Boiwe 20 000 Ty (20 klu) He BOCMPUMHMMAKOTCS YENOBEYECKMM YXOM, MU OHWM HA3bIBAKOTCS
ynbTpa3BykoBbiMU. CnegoBaTenbHO, YeN0BeYeCKOe YXO He C/bIWUT YIbTPa3BYK.

CnepyeT OTMETUTb, YTO AMANA30H CNbILLUMMOrO 3BYKa MMeeT 60/bLly BapuaTUBHOCTD.
MNopasnstowee 6ONbIWMHCTBO NIOLEN HE CbIWKT 3BYK € YacTtoToM Bolwe 15 klu. OgHako 6onee
MonofAble NAM MOrYT CAbllaTb OYeHb BbICOKME 4acToTbl (MHorga 20 klu), ocobeHHO ecnu
aMNIMTyaa Benuka. YNbTpasByK, MCMOMb3yeMbl AN KNAMHUYECKOW AMArHOCTUKM, Hanpumep
axokapguorpadum, umeet yactoty ot 2 Ao 10 maH [y (2-10 ML), 4yTo HAMHOro NPEBOCXOAMUT
BOCMPUHMMAEMbIN NI0ABMU 3BYK.
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[TTABA 1.1. ®U3NKA Y/TIbTPA3BYKA

CkopocTb 3BYyKa

CKOpOCTb OMMCBIBAET, HACKONBLKO ObICTPO 3BYKOBbIE BOMHbI PACMpOCTPAHSIOTCA B Cpeae.
JTa CKOpPOCTb 3aBUCUT OT MNOTHOCTM Cpeabl. 3BYKOBbIE BOJIHbI PACMpOCTPaHATCS ObicTpee
B Cpefax C BbICOKOW MIOTHOCTbH. YeM Bbile NAOTHOCTb, TEM Bbille CKOPOCTb. CKOPOCTb 3BYKA
B BO34yLWHOM cpene npumepHo 300 m/c. B Tene yenoBeka CKOpOCTb 3BYKa gocturaet 1540 m/c
(Teno yenoBeka B OCHOBHOM COCTOMT U3 BoAbl). CKOpOCTb 0603HaYaT 6YKBOM C U U3MepSIOT
B MeTpax B CcekyHAay (M/c).

HanpaBneHMe 3BYKOBbIX BOJIH
Onucaxue HanpaB/ieHUA 3BYKOBbIX BOJIH B Cpeae.
MaremaTtnueckue YpaBHEeHUA

CyuiecTByeT NpocTags MaTemMaTUyeckas CBA3b MeXAy CKOpPOCTbo (C), AJAMHOM BOMHbI (A)
n vacrtotom (f):

c=fx)

CornacHo ¢dopMyne, CKOpPOCTb 3BYKOBOM BOJIHbI SIBNSIETCS MPOWM3BELEHMEM YaCTOTbl
W ONMHbI BOAHBI. Mcnonb3ys dopmyny, Mbl MOXXEM paccunTaTh AMHY BOHbI (M) ANS yAbTPpa3ByKa
c yactoton 3 MAH I (3 MIu), KoTopag ucnonb3yeTcs B Y3-ANMarHOCTUKe:

A =1540/3 000 000 = 0,000 513 Mm=0,513 mm.

TakuM o06pa3oMm, AAMHA BOMHbLI YAbTPAa3ByKa OYeHb Mana, YTo XenatenbHo Aans Y3U,
MOCKONbKY NO3BOJISET AE€TA/IbHO BU3yann3npoBaTb HEOONbLLME CTPYKTYpPbI (TO €CTb pa3peLleHne
CTQHOBUTCS BbICOKMM).

yﬂpra3BYKOBOﬁ AaTYUK U Nbe303JIEKTPUYECKHUEe KpUCTaaibl

Y3-patumk reHepupyeT Y3-BonHbl. JaTunk yaepmBaeTcs O4HOM PYKOM,a ero NoNoXeHue
M Yron perynvpyrTcs Ans nepepayun Y3-BOoNH uepes CTPYKTypbl, KOTOpble HeobxoaMmo
BM3yaIM3npOBaTh.

[atumk BbICTPO M3nyyaeT Y3-BOMHbI. OTU BOMHbI NPOXOASAT Yepe3 TKAHU U XMOKOCTU.
HekoTopbie 3BYKOBble BOJIHbI OTPAXalTCs OOpPATHO HAa AATYMK. AHANU3MpPYs OTPaAXKEHHble
3BYKOBbIE BOJIHbI, Y/IbTPA3BYKOBOM annapart co3gaeT u3obpaxkeHue TKaHel. TakuM 06pasom,
MPUHLMN YyNbTPA3BYKOBOM BM3yaNnM3auMM MPOCT: 3BYKOBblE BOJIHbI HAMPABAAKTCA B TKaHb,
a OTpaXKeHHble BOJIHbI MCMONb3YHTCA AN CO34AHMUS M3006PAXKEHUS TKAHW.

Y3-BO/HbI AHATU3

HaMpaBAAKTCA K OTPaKEHHbIX Co3zpaHue Y3-
nccneyemoi V3-BONH nsobpaxeHun
THAHU

Puc.1.4

Y3-BONHbI reHepupyTCs KepaMMYEeCKMMWU KPUCTaNaMu, MpOSIBASIOWLMMU  Mbe30-
3N1eKTpUYeCcKne CBOMCTBA (HanpuMep, Nbe303/1eKTPUYecKMMm Kpuctannamu). Teicaum nbeso-
3NeKTPUYECKMX KPUCTANIOB MpUKpPenaeHbl K nepeaHen yactu npeobpasosatens (cm. puc. 1.5).
Kpucrannbl nogknovaotca K Y3-annapaTy Yepes 371eKTpobl.
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YACTb 1. BBEAEHWE B MPAKTUYECKYHIO YJIbTPACOHOIPADUIO

ARYCTUYECHUI U30AATOP ARyCTUYeCKan IMH3a

=y PacnonomeHue

. Nbe303/1eKTPUYECKIX
[ ]

. KpWUCTanios

[ ]

3aaHuii cnoi CornacywLimii cnoi
[be3o3nexkTpuyeckme
KpUCTanibl Puc. 1.5

[be3o3anekTpuyeckme Kpuctanabl 06NafaOT YHWUKANbHBIMU  3N1EKTPOMEXaHUYeCKUMU
csoncrBaMu. Korga 3snekTpuyeckuii TOK MOJAETCS Ha Mbe3031eKTPUYECKMM KPWUCTans, OH
HauMHaeT BMOpPUPOBaTb, M 3TU KonebaHMs reHepupyroT 3BYKOBble BOJIHbI C YacTOTaMW OT
1,5 po 8 ML (TO ecTb ynbTpasByk). TakuM 06pa3oM, Nbe3031eKTPUYeCcKne KpUCTaasibl MOryT
npeobpa3oBbiBaTb 3NeKTpUYeckme TOKM B Y3-BonHbl. Kpuctannbl Takke MOryT pnenatb
MPOTMBOMOMIOXKHOE; KOrAa Ha KpUCTanbl NONALAKT OTPAXKEHHblE Y3-BO/HbI, OHM HAYMHAKT
BMOPUPOBATb, M 3TM MexaHM4eckme KonebaHus npeobpasykoTcs B 31EKTPUYECKMI TOK, KOTOPbIN
otnpasnsetrcs obpatHo B Y3-annapar, roe 3NeKTPUYECKUA CUrHan MHTepnpeTupyeTca u
npeobpasyeTcs B n306paxeHue.

N
4
\ 5
1)) > (|
\‘c: < 'L/
Y3- ~\» . / \ y3- - N
annapar ~\ H ',
Y annapar \
~> 7 S
— )/ I
II ||
J %
Bo3delicmeue 3nekmpuyecko2o moka OmpaxeHHblie Y3-80/IHbI CMANKUBAOMCS
Ha Kpucmann npugodum K subpayuu u C Kpucmanaamu, 3mo 8si3bI8aem ux
2eHepupyem Y3-80/Hebl gubpayur, 4mo npusooUM K 803HUKHOBEHUIO
3/1eKMpuYecKo20 MoKd, Komopbili
aHanusupyemcs Y3-annapamom
Puc. 1.6

YnbTpa3BykoBoi  npeobpa3oBaTeNlb  COCTOUT M3 HECKONbKUX  KOMMOHEHTOB.
MpeobpasoBaTenb COAEPXKMUT aKyCTUMUYECKYH M30MALMI0, KOTOpPas rapaHTUPYET, YTO HUKaKue
ApYrue 3ByKOBbIE BOJIHbI HE BIMAIOT HA AaT4MK. KpUCTanibl MPUKPbITbI 334HUM C/TIOEM, KOTOPbIi
noaaBnsieT KonebaHUs KpUCTANIOB, NO3BONSS NepeaaBaTh 3BYKOBblE BOHbI 60/1e€ KOPOTKUMM
MMMYNbCaMK, YTO YYYLLIAET pa3peLLEHHE.

Mepen KpuUCTannaMM HaXOAMTCA COMNACYHOLLMIA CNOM, KOTOPbIA YMEHbLUAET pasHULY B
MMMeaaHce Mexay KpUCTannaMm U UCCeayemMon TkaHbto. bes 3Toro cnos pasHuua B uMnenaHce
CTaHOBUTCS GOMbLLIOW, YTO NPUBOAMUT K OTPAXKEHMIO C/IMLIKOM GO/bLIOTO KOMIMYECTBA 3BYKOBbIX
BO/MH (B pe3ynbTaTe Yero MeHblle 3BYKOBbIX BOJH MPOHMKAET B TKaHM). B nepegHei yactu
Npeo6pa3oBaTens HAXOAMTCA aKyCTUYeckas NMH3a. OTo TBepAas pesuHa, kotopas GoKycupyert
Y3-BOJHbI, YTO MPUBOAMT K MEHbLIEMY PAaCCEMBAHWMIO BOMIH U, TaKMM 06pa3oM, YBENMYMBAET
paspeLieHne n3obpaxeHus.
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[TTABA 1.1. ®U3NKA Y/TIbTPA3BYKA

M3 patumka Y3-BOAHbI NOCLINAKTCA MMNynbcaMu. KaxKabli UMNYyAbC COCTOUT U3
HECKOJIbKMX 3BYKOBbIX BOJIH, U3/1y4aeMbIX B TedeHue 1-2 MC. DTU 3BYKOBbl€ BOJIHbI MPOXOAST
yepes KOXY, FpyAHYH KNeTKy, nepukapa, MMokapa v T.4. [Tpy nepexone Mexay Kaxaon cpepon
(TKaHb, KPOBb U T.A.) 3HAYMTENIbHAS 4acTb BCEX 3BYKOBbIX BOMH OyAeT oTpaxkaTbCs 06paTHO K
AaTumky. Koraa oTpaXkeHHbIM 3ByK NONAAAET HA Mbe303/1IEKTPUYECKME KPUCTAIbl, OHM HAYMHAKOT
BMOpPMpPOBaTb M rEHEPUPOBATb NTIEKTPUYECKME TOKK, KOTOPbIE NepenatoTcs Ha Y3-annapaT ons
aHanusa.

OTpaxeHHble 3BYKOBbIE€ BOJHbI BYAyT UMETb Ty X€ CKOPOCTb, YTO M M31y4aeMble BOJHbI,
HO aMNAUTYAQ, 4acToTa M Yrofl NafeHUs MOryT OT/IM4aTbCs OT M3/y4aeMblX 3BYKOBbIX BOJIH.
Y3-annapat ucnonb3yeT BapuauMu aMnanTyabl, YacTOTbl MU BPEMEHWU OTPAKEHHbIX 3BYKOBbIX
BOJIH AN19 CO34aHUS M300paxkeHus cpeabl (TKaHM).

TexHu4yeckue acnekmeol y/1empa3eyKoeoco U306pCDK€HUﬂ
(PopmupoBaHue ynbTpasByKOBOro U306paxkeHUs

YnbTpa3ByKOBOM [aTUMK FeHepupyeT KOpOTKMe wMnynbCbl Y3-BonH. OTpaxeHHble
Y3-BOMHbI aHAaNM3MPYIOTCS annapaTtoM BO BpeM$s KOPOTKMX May3 MexAay MMNynbCamu. Takum
obpasom annapaT Y3N aHanusmnpyet («CiyLwaeT») OTpaXeHHble 3BYKOBble BOJIHbI Cpa3y nocne
TOro, Kak reHepupyeT 3ByKOBble BOJHbI.

[nuHa BoNHEI Mepuog NOBTOPEHWSA MMNYILCOB

A

I |

Mepuog Mmnynbca Mepuoa NpocAyWwMBaHMA
SBYKOBbBIX BOAH Bo Bpems 3Torc Nepuoaa annapar aHanusupyer
OTPEHEHHBIE OT TKEHEH BOMHEI

Puc. 1.7

[lng co3zpaHus noaxoasuwero n3obpaxeHms B peasbHOM BpeMeHn annapat Y3U pomxkeH
npeosoneTb cneayrLlwme TeEXHMYEeCKMe NpensaTcTeums.

1. Ynempaseykoeoii annapam 00/eH onpeoensime, KaKue 38yKoable 80/1HbI 0MpaXaomcs
u omkyoa.

MoCKONbKY 3BYKOBbIE BOJHbI M3/1y4AlOTCH UMMYAbCAaMK, @ CKOPOCTb B TKaHW NMOCTOSIHHA
(1540 m/c), annapaT MOXEeT BblYUCNUTb, FAE 3BYKOBbIE BOMHbI OblM OTpaXKeHb! (TO ecTb annapaT
MOXET BbIYMCIUTb TOUKY OTPaXKEHMS). ITO AenaeTcs NyTeM aHanm3a BpeMeHu, KoTopoe TpebyeTcs
3BYKY, 4TOObl BepHYyTbCA K npeobpa3oBaTento, U, TakuM 06pa3oM, BbIYMCIUTL PACCTOSIHUE [0
CTPYKTYpbI, KOTOpas oTpa3una BonHy. CTPYKTypbl, pacnonoxeHHble bavxke K Aatyuky, byayTt
PaHO OTpaXkaTb 3BYKOBble BOJHbI, U, CNeA0BaTENbHO, BDEMEHHOW MHTEpBan OyaeT KOPOTKUM.
CTpyKTypbl, pacnonoXeHHble JaNeKo OT AaTYmMKa, ByayT no3xe oTpaXKaTb 3BYKOBbIE BOJHbI, U N5
LOCTUXKEHUS faTymka notpebyeTcs 6onblue BpeMeHu.

2. YnompaseyKoeble 80J/IHbl, OmMpaxeHHble om O00HOU u moli e cmpyKkmypsi, Mo2ym
docmuzams pasHbIX KpUCManios 8 pasHbie NPOMeXymkKu epeMeHuU.

[ns peweHns 3To npobnemMbl CywecTByeT BCTPOEHHAs (QYHKUMS, Ha3biBaemas
AMHaMU4eckon HOKYCMPOBKOW, KOTOPAs BblYMCASET, Kakme Y3-BOMHbI UCXOAAT U3 OOHOM U TOM
e TOUYKM OTPaXKeHMS.
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YACTb 1. BBEAEHWE B MPAKTUYECKYHIO YJIbTPACOHOIPADUIO

3. OmpaxceHHble ynbmMpa3zeyKoeble 80/IHbI UMEM U3MeHeHHble cgsolicmea (Hanpumep,
U3MeHeHHY amnaumyoy).

ITO MCNoNb3yeTca ANS NPUAAHMUS OTPAKEHHBIM 3BYKOBbIM BOJIHAM B 3aBUCMMOCTM OT UX
aMMAUTYObl PA3IMYHbIX HIOAHCOB Ha ¥Y3-n3006paxeHnn. TkKaHM Ha Y3-n306paxxeHnn oTobpakeHbl
pa3HbIMW OTTEHKAMM OAHOrO LBeTa (06bIYHO Ceporo). OT0 BO3MOXHO, MOTOMY YTO KosiebaHus
B MbE303/1EKTPUYECKMX KPUCTaNaX W, CefOBaTeNbHO, 3NEKTPUYECKUI TOK, KOTOPbIA OHM
MOCbINAT 06paTHO B MALUMHY, U3MEHAKOTCA B 3aBMCUMMOCTU OT aMMNAUTYAbl OTPAXKEHHOTO 3BYKaA.
YeM cunbHee oTpaXkeHUs, TeM Bbille aMNAUTyAa 1 6enee uBeT TKaHM Ha Y3-u3006paxeHuu.

4. Aewxcywuecs cmpykmypbl (MUOKapo, moK Kpoeu 6 cocyde) UsMeHsIlom xapakmepucmuku
y/1bmpaseyKoebix 60/1H (Hanpumep, 4yacmomy).

JT0 (baKTVI‘-IeCKM MCMOJIb3YETCA A4 paCHeTa HarnpaBneHNA U CKOPOCTHU OBUXEHUA TKaHeMn
N XN OKOCTH.

Bce cTpykTypbl B cpefe MoryT oTpaxkatb Y3-BonHbl. O4HaKO MakCMManbHble OTPAXKEHUS
NMPOMUCXOAAT Ha rpaHuLLe AByx cpea. CnenoBatenbHO, NPy Nepexone KPOBU K MUOKApAY MHOTUe
3BYKOBble BOJNHbl OyAyT OTpaXaTbCs, U 3TO NpuUBEAET K YeTKO 00603HA4YeHHOM MOrpaHUYHON
30He MeXAy KPOBbH U MMOKApAOM Ha 3XOKapAuorpamme. ¥Y3-BoNHbl TakxKe ByayT oTpaxaTbCs,
KOraa nNpoXoasT Yepes MMOKApA, HO B MEHbLLEN CTEMEHU, MO3TOMY MUOKApA He TaK OTYETIMBO
BblAENSeTca Ha Y3-n306paxeHnu.

Puc. 1.8

Y3-g0/1Hbl 8 OCHOBHOM ompaxkarmca HA 2paHuye pasdena cped (mkaweli, xuoKocmeli
u m.0.) pasHoli nnomHocmu. Yem 6onbwe pasHuya naomHocmu, mem 6onvuie ompaxaromcs
Y3-80/1Hb1. Mo 06bsICHIeM, noYeMy 2paHuubl mkaHel Ha Y3-u3o06paxeHuu ebian0am Kak 6o/ee
ApKue cmpykmypebl.
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