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Cnucok 0603Ha4YeHuit Ha K CTpaunax

AK — aopTanbHbI KnanaH

AO - aopTa

AP — aopTanbHas peryprutayms

6p. AO — OpIOLLHOM OTAEeN aopThl

BlNB — BepxHsasa nonagd seHa

BTJIK (LVOT) — BbIHOCSALWMIA TPAKT IEBOrO Xenyao4ka
BTIMK (RVOT) — BbIHOCALLMIA TPAKT NPaBOro Xenyao4ka
FKMI — runepTpoduyeckasn kapgmoMmuonaTus

[TDK — runeptpodus Nesoro xenynoyxka

'K — runepTpodusa npaBoro xenygoyka

OKMIT - annataumoHHas kapgmommonaTums

OMXIT — pedekt mexkenyao4koBOW Neperopoaxkm
OMIIM — pedekT mexxnpeacepnoHoOn neperopoakun
3MK - 3agHemegmanbHas kKomuccypa

3MIM - 3agHeMeaunanbHasa nanMnnapHas Mblllua
3C - 3agHa9 cTBOPKA (TPUKYCNMAANBHOMO KanaHa)
3CJIK — 3aaHS9 CTEHKA IEBOr0 Xenyaoyka

3CMK - 3agHs9 CTBOPKA MUTPASIbHOro KnanaHa
MMJTXK — nHdapkT Mrnokapaa neBoro xenygoyka
MMIMX — nHdapkT Mrokapaa npasoro XeJayanodka
KO — KOHEYHbIN ANacTONNYEeCKMn 06bEM

KC — KOpOHapHBbIN CUHYC

KCO — KOHEYHbIN CUCTONINYECKNI 0OBEM

J1A — neroyHas aptepus

J1B — neroyHas BeHa

JIBJ1A — neBasi BETBb JIEFOYHOW apTepumn

JII' — nero4Has rmnepTeH3ud

JIK — neBbin xxenyaoo4vek

JIK — neroyHbIli kKnanaH (knanaH Iero4Hon aptepun)

JIKC — neBast KOpoHapHasi CTBOpKa (aopTanbHOro
KnanaHa)

JIN — neBoe npegcepane

JINA — neBasi NOAKOYNYHAS apTepud

JIP — nero4yHas peryprutauma

JIC — neroyHbIi CTEHO3 (CTEHO3 kianaHa NIero4yHom
apTepuu)

JICA - neBasi COHHas apTepus

MXIT — mexokenyaoykoBas neperopoaka

MK — MuTpanbHbIf KnanaH

MM - macca mnokapaa

MIT — MmooepaTopHbIN Ny4OK

MMM — mexnpencepnHas neperopoaka
MP — muTpanbHas peryprutayms

MC — MUTpasbHbIN CTEHO3

HKC — HekopoHapHas cTBOpKa (a0pTasibHOro kranaHa)
HIMB — HWXHSa nonasa BeHa

OAIT — OTKpbIThIV apTepuanbHbIii NPOTOK
OO0 - oTKpbITOE OBaSIbHOE OKHO

NMB — neyeHo4Has BeHa

MBJ1A — npaBasi BETBb JIEFOYHOW apTEPUN
MrC — nnevyeronoBHOM CTBO

MK — npaBbIin Xxenynoyek

MNMKA — npaBasi KOpoHapHas apTepus

NMKC — npaBas kopoHapHas CTBOpKa (aopTanbHOro
KnanaHa)

MJIK — nepegHenaTtepanbHasa KOMuceypa

MJINMM — nepegHenartepasibHas nanuiisgpHas MbillLa
MM — nanunagpHas Mblllua

NMMK — nponanc MUTpasnbHOro KianaHa

M - npaBoe npeacepane

MNC - nepeaHsa cTBOpKa (TPUKYCNMAANBHOMO KfianaHa)
MpC (JIK) — npaBas cTBOpKa (N1€ero4YHoro knanaHa)

MNC - nepeaHaa cTBOpkKa (TPUKyCNMAANbLHOMO KnianaHa)
MNCJX — nepeHsasi CTeHKa NeBOro Xenyaoyka

NMCMK — nepeaHsst CTBOpKa MUTPabHOMO KnanaHa
PKMTI1 — pecTpukTrBHasa kapamomumonaTmg

CC - cenTtanbHas cTBOpKa (TPUKYyCNMOANBHOrO Kia-
rnaHa)

TK — TpukycnuaanbHbIn kKnanaH

TP — TpukycnunpgansHas peryprutauus

TC - TpuKycnuaanbHbIn CTEHO3

®B - dppakums BbiGpoca

OBJTK - dppakums Beibpoca IEBOr0 Xenyao4ka
YCC - yacToTa cepaeyHbIx CoKpaLleHUi

CW - Continuouse Wave (HenpepbIBHOBOJIHOBOM J0M-
nnep)

HPRF - High Puls Repetition Frequency (pexum
BbICOKOM 4aCTOTbl MOBTOPEHUSA UMIMYJIbCOB)

N — Hopma

PD — Power Doppler (aHepreTuyeckmin gonrniep)
PG - rpaaneHT gaBneHus

PW — Pulsed Wave (MMnynbCHOBOJIHOBOM aonnnep)
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iIcmopuA ynbmpa3Byka
U 9x0oKapguozpadouu. BapuaHmsl
COBPEMEHH020 3X0Kapguozpaguueckozo

uccrnegoBaHusA

Oxokapamorpads, Unn ynsTpa3BykoBOe UCCenoBa-
HWe cepaua, SBASETCS HUYEM UHBIM, Kak Kapanonormen
C TOYKWM 3peHus ynbTpassByka. He 3Has kapawonoruio,
HEBO3MOXHO  3aHMMaTbCCH  3axokapauorpadpuen.
MeTtoauka cywectyeT 60 neT ¢ TOro MOMeHTa, Koraa
3. Oanepom Obina onybnukoBaHa nepsBas cTatbs 00
onbiTe NPUMEHEHUS YNbTPasByka AJj1si AMAarHOCTUKM Na-
TONOrMN MUTPANBLHONO KianaHa.

Ho Ha camoMm aene UCTopus COBPEMEHHOr0 yNbTpa-
3BYyKa HA4YMHAETCH ropaszo paHbLUE.

B 2013 r. kapanonorunyeckasi o6LecTBEeHHOCTb OTMe-
Tuna 3HameHaTenbHyto aaty: 210 neT co AHSA POXAeHUs
Kpuctnana WoranHa [onnnepa. B aBCTpUINCKOM
3anbubypre xun n padoTan y4yeHblil, MaTeMaTuk, GU3NK,
actpoHoM Kpuctuan Morann Jonnnep (Christian Johann
Doppler) (29.11.1803-17.03.1853) (puc. 1).

OH nadyyan matematunky B BEHCKOM NOIMTEXHUYECKOM
WHCTUTYTE M BbICLLYIO MaTemaTtuky, Guanky 1 acTpoHo-
Muio B BeHckom yHuBepcuTeTe. ocne HeCKObKMX neT
paboTbl MOMyYMn OOMKHOCTb Npodeccopa afemMeHTap-
Holi maTtemaTuku B MNpare. iIMeHHOo 30eck B 1842 1. Bbina
onybnnkoBaHa ero ctatbsl «O LLBETOBOM CBEYEHUWN OBOIA-
HbIX 3BE3[, U, KOHEYHO, OPYrux 3Be3a BceneHHon», KoTo-
pasi 1 BMach rnaBHOM paboTol ero Xn3Hu.

McTopust ero oTkpbITUS O4EHb MPOCTa U NOYyYUTENb-
Ha. Mo nerenge, Jonnnep nNporynnBasncsa B OKPECTHO-
CTAX ropoga B SICHbIA, TUXMIA N OE3BETPEHHbIN AeHb.
BHe3anHo ero BHMMaHWe NpUBMEK KakKoM-TO 3BYK BAA-
neke. OH NoOCMOTpPen Baasb 1 HUYero He ysuaen. Cnycrs
HECKOJIbKO MUHYT 3BYK CTan HapacTtatb, n Jonnnep
yBUOEN NPUONMXKAIOLLMIACA K TOMY MECTY, Fie OH CTOs,
noes3pn, (No apyron nereHae ato Obin annmxaHc). Koroa
noesp nopaeHsncs ¢ Jonnnepom, 3ByK Obl1 Makcmarb-
HbIM, KOrga noesp CTan yaansaTbCd, 3BYK CTal YMEHb-
lwaTbCs 1 coBCceM 3aTux. Kasanocb Obl, 4eNOBEYECTBO

BekamMn Habnoaano 3To SBNEHWE, HO MaTeMaTUYECKM
000CHOBaTh 3TOT PEHOMEH W paccymTatb CKOPOCTb
pacnpocTpaHeHns 3Byka B Cpeae MepBOMYy yAanochb
Jonnnepy.

Jonnnep onybnukosan 60nblIOE KOAMYECTBO Hayy-
HbIX TPYQOB MO MaremMaTtuke, aCTPOHOMUU, MarHeTU3my.
B 3Hak npu3HaHus 3acnyr OH Obi1 M3bpaH YNEeHOM
MmnepaTtopckon akagemum Hayk B BeHe. K coxanenunto,
cam Jlonnnep He OTAnYancs Kpenkmm 340POBLEM U NPO-
XN HeZoNryo Xn3Hb. OH 6onen TyGepkynesom. B 1852 .
€ro 340pOBbE YXYALUNAOCH, & FOA0M MO3XEe OH CKOHYan-
csa B BeHeuun, kyga npuexan Ha nedexHue. Jonnnep no-
XOPOHEeH Ha knaabuue CaH-Muwens okono BeHeuuw.

Ha ogHo cTtoneTtue paHblue, B 1738 ., Benukuii ron-
nanackuin ysenbin . BepHynnau (D. Bernoulli) (1700-
1782) onybnukoBan ceow Tpyn «MaopoanHamuka», TeM
caMblM 3aJ10XMB OCHOBY COBPEMEHHOM GU3NKN rMapaBs-
JIMKN 1 9xokapanorpadum (puc. 2).

C.H. Buys-Ballot (1817-1890) akcnepuMMeHTanbHO
Jokasan npaBuAbHOCTb AOMNMIEPOBCKOro adgdekra ans
pacyeTa caBura 4actoTbl 3BYKOBOIO CUrHana.

B 1953 r. B wiBeackom ropoge JlyHae B kKapamosoru-
4EeCKOM OTAENIEHNWN YHUBEPCUTETCKOro rocnutans pabo-
Tan Bpayom Mure Sanep (Enge Edler) (1911-2001). OH
4acTO UCMbITbIBAN TPYOHOCTU B OLIEHKE OOMbHbIX C PEB-
MaTUYECKMMW NMOPOKaMM CEPALLA, YMCIO0 KOTOPbIX NOCe
BTopoit MMpoBoI BOVHbI 6b110 6obwnM. OH 1 Npensio-
XU NCMONb30BaTb HOBYIO BU3Yann3nPYIOLLYIO HEUHBA-
3UBHYIO TEXHONOrn. danep obpatuncs 3a MOMOLLbO
K cBoemy apyry uHxeHepy Kapny Xenbmyty lepuy
(Helmuth Hertz) (1920-1990) (pwuc. 3).

K.X. Tepy, nonbitanca afantMpoBaTb TEXHUYECKUI
YyNbTPa3BYKOBOW NPUOOP 4S9 Kapanosnormyeckoro mc-
cnepoBaHusa. 3T0 Obll TEXHUYECKWIA YNbTPa3BYKOBOM
npubop — pednektockon Gpupmbl «CnumeHc». C ero no-
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Puc. 1. lNMoptpet K.W. Jonnnepa.

Puc. 2. MNMopTpet [. BepHynnu.

MoLLblo [epLy yaanock Noy4nTb NepBble N306paxeHns
OBVXXEHMS CTEHOK CepALa U CTBOPOK MUTPANBbHOMO Kna-
naHa B M-pexume, 3adurKCMpoBaTb UX C NMOMOLLbIO Ka-
Mepbl 1 0Ny6nMKOBaTb pesynbTaThl CBOEN paboThl. [lata
nyonukaumm 3TO CTaTbM U CYMTAETCS B HacTosliee
BPEMS 0ATOM POXAEHMS axokapanorpadum (puc. 4).
McTopurio passuTtug axokapamorpadum MOXHO pasae-
JINTb Ha HECKOJIbKO 3TaroB, HaNpPsSIMyl0 CBSI3aHHbIX C pas-
BUTUEM NHXEHEPHOM MbICIN 1 TEXHNHECKMM NPOrPECCOM.
MepBbIi 3Tan cnocobcTBOBaN NosBAeHUO M-pexu-
Ma. B koHue 60-x ropos XX Beka X. ®elirenbaym (H. Fei-

Puc. 4. Tak BbIrMaAenv nepeble 9XorpaMmmbl.

genbaum) n3gan nepsbil y4ebHMK MO 3xokapamorpa-
dun, 0OCHOBLIBAsICb HA aHannae aaHHbIX M-pexnma. 3T1a
KHMra ObICTPO cTana MonynspHoli cpean kapamonoros
N cogepxana pekoMeHaauMm no BHEeAPEHMI0O MeToaa
B MPaKTUKY.

BTopoli atan cBfi3aH ¢ nosBneHnem B-pexuma.
[ByxmepHas axokapguorpadua no3eonuna OLEHUTb
COCTOSIHME KJlanaHHOoro annapara, noaknanaHHbIX CTPYK-
TYp, MbllWUpl CEPALA, MarncTpasbHbIX COCYAOB, Nepu-
kapda B peanbHOM BpemeHu. B 70-e rogpl oBaaLaToro
cTonetTnsa Obln HakorneH doratbii OonbIT nccnegoBaHUA
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cepiua B peasibHOM BpPeMeHU, pa3paboTaHbl NnepBble
HOPMAaTUBbI.

TpeTuin 3Tan Ha4MHAETCH C NOSBNEHUS HA PbIHKE YJlb-
Tpa3BYyKOBbIX NMPUOOPOB C MMMYLCHOBOSIHOBBLIM [O0M-
nnepom. Bo3MOXHOCTb OLIEHKM KPOBOTOKA B KOHKPETHOW
TOYKE, U3MEPEHNE CKOPOCTHbIX, BPEMEHHBIX N 0ObEM-
HbIX Moka3aTenen gann HOBbIA MUMMYSIbC Pa3BUTUIO 3XO-
kapamnorpaduu.

HeBO3MOXHOCTb OLIEHUTb BbICOKOCKOPOCTHOWM KpPO-
BOTOK MpWY MOMOLLM MMMNYAbCHOBOJIHOBOrO Aonnniepa
cnocobcTBOBana CO34aHMI0 HENpPepbIBHOBOSIHOBOMO
gonnnepa. 3ToT, YETBEPTHIN, 3Tan Pa3BUTUSA 9XOKapaAMO-
rpadum NO3BONA METOAY 3aHATb OOHY M3 BEAYLUMX MO-
3ULMIA B KApOVONOrn4yeckon npaktuke. bonbLion Bknag,
B CO3[aHMe HOPMATMBOB OLIEHKM CTEMEHU KJlamnaHHbIX
NMOPOKOB CEpALLA 1 FEMOAMHAMMKM Masioro Kpyra KpoBo-
obpawieHus BHecna Jlme Xatn (Liv Hatle).

Matein aTan B uctopmm axokapamorpadun CBSA3aH
C MNosiIBNIEHMEeM LBETOBOro gonnnepa. beicTpas kade-
CTBEHHas! 1 KOIMYECTBEHHAS OLLEHKA KPOBOTOKA C MOMO-
LLb0 3TOro MeToda npuBena K ToMy, 4TO B HacToslLLee
BPEMS BCE axoKapamorpadbl OCHALLEHbI JaHHbIM Bapu-
aHTOM JonnJepa U UMEHHO C HEro Mbl HAYMHaeM A0nM-
NiepoBCKOE UCCNeaoBaHHME KPOBOTOKA.

LLlecton aTan cBsi3aH C BHEOPEHMEM B MPaAKTUKY
COBPEMEHHOM 4YpecnuLLeEBOOHON axokapaunorpaduun.
LaHHbIn MeToq, nccnenoBaHns Noy4Yu LMPOKYIO Nomny-
NAPHOCTb B KApONOXUPYpPruu.

Cenbmoi aTan CcBA3aH C NOSIBNIEHNEM COBPEMEHHbIX
KOHTPACTHbIX MpenapaToB. MccnepoBaHne nepdy3un
MMoOKapaa, OLEeHKa COCTOSIHUS TpaHuLbl «3HOOKapO—
KPOBb» CTa/in BO3MOXHbI Gnarogaps KOHTPACTHLIM Be-
LLlecTBaM, NPOXOASALLMM JIerO4HO-KanUINSPHbIA 6apbep.

BocbMmoli aTan cBa3aH ¢ BO3HUKHOBEHNEM M Pa3BUTU-
eM UMDPOBbLIX TEXHONOrMIA. [TosiBNEHNE TKAHEBOrO O0MN-
naepa M ero BapuaHToB, NPOrpamMmm AJs MNpOBeAEHUS
cTpecc-axokapanorpadumn, npnudopoB C BO3SMOXHOCTbIO
TPEX- N YeTbIPEXMEPHOr0 MOLENNPOBaHNS cepaua no-
3BONMNO MosyyaTb O6onblWMA 06bEM MHOOPMALUM
y 60/bHbIX C NAaTONOrMEN Cepaua M yayHLWnTb Ka4eCTBO
ONarHOCTUKW.

bonee 40 net Tomy Haszan B Mockee, B VIHCTUTYTE
npPodUNaKkTMYeCcKon MeamumHbl B [1eTpoBEPUICKOM ne-
peyske OblN yCTaHOBMEH NEPBbI axokapamnorpad, nocne
4ero Ha4yanoCb pa3BUTME OTEYECTBEHHOW 3X0KapOuo-
rpacdun. bonbLuorn BkNag B pa3BuTue SAHHOIMO Hanpas-
nenus BHecam t0.H. Borun, B.A. Cangpukos, O.10. ATb-
koB, MI.H. MutnHa, E.M. 3atnkaH n ap.

OXOKAPANOIPADUSA —
BYHEPA, CEroaHs, SABTPA

Ha npoTsxeHun nocnegHux NeT axokapamorpadus
ABAeTCa Beaywum MeToaoM ANAarHOCTUKMU MaTosiornmn
cepaua. Kak no6oi anmarHoCTUYeCKNin MeTof, axokap-
onorpadus nmeet CBOM OOCTOMHCTBA M HeOoCTaTKu.
LLinpokoe BHeLpeHe MeToAa B NPaKTUKy 0OYCNOBAEHO

Puc. 5. M-pexunm. Npadunk sKCKypCumn KOPHS aopThl.

BbICOKMM YPOBHEM COBPEMEHHOW annapartypbl, OTCYT-
CTBMEM BpPeaHOro BianaHnUA Ha nauneHTa 1 Bpava, OTHO-
CUTENBHO HN3KOW CTOMMOCTbIO MO CPABHEHMIO C OCTaslb-
HbIMW BUOAMW uccnenoBaHuii. Hanuune 60nbLOro
Konm4ecTBa BapunaHTOB MCCneaoBaHUA NMO3BONFAET MNo-
NY4YNTb TOYHYKO aHATOMUYEeCKY0 U reMognHamMmm4eckyto
MHbOopPMaLMIO 0 60JIbHOM N n36exaTb MHBA3UBHbIX BMe-
lwaTenbCTB. HepocTatkoM axokapamorpadun aBnseTcs
BblPaXXEHHAs 3aBUCMMOCTb OT KBanMdukauum Nccnemo-
Batens. Cneunannct, 3aHMMAIOLMNCS YNbTPa3BYKOBOWM
[VarHoCcTUKOM cepaua, AOSKeH OblTb KapAMosiorom,
B COBEPLUEHCTBE 3HATb TOMorpaduyeckyld aHaToOMuIO
rpygoHOM KNeTku, reMoguHamMuky cepiua, MMeTb MNpo-
CTPaHCTBEHHOE MbllUneHne. MNpu oTCYyTCTBUN OOHOrO 13
OaHHbIX KaQ4yeCcTB Yy uccnegoBartens pesko Bo3pacTaeT
MPOLEHT OLIMOOK AnarHoCTUKK. B maHHOM 0630pe Mbl
nocrapaemMcsi OCBETUTb BCE BapWMaHTbl COBPEMEHHOrO
axokapamorpaduyeckoro NCCnefoBaHms.

BAPUAHTbI 3XOKAPANOIrPA®UNYECKOIO
NCCNEOOBAHUSA

M-pexunm

MNMockonbky A-MOAANbHBIN PEXUM He ABNSNCS amar-
HOCTMYECKM BaXXHbIM, NEPBbIM 3TaNOM Pa3BUTUS COBPE-
MEHHOW 3xoKapanorpadumn MoXHO CMEJIO CHMUTATb NOsIB-
neHve M-pexuma. M-pexum (0T aHr1. motion — nsuxe-
HWE) — NepPBbIN PEXMM, UCNOJIb3YEMBI B 9XOKapamorpa-
dum. 910 rpaduryeckoe n3obpaxkeHne ABUKEHNS CTEHOK
cepaua n CTBOPOK KjianaHoB BOOJIb OOHOMO Jy4a, pac-
TAHYTOE BO BPEMeHU (puc. 5).

AHaToMmyeckuin M-pexmnm nosBonseT UISMEHUTb Ha-
npasfieHne Kypcopa W Mnoy4uTb rpaduk ABUXEHUS
CTPYKTYP CepALa B padnnyHbIX NIOCKOCTAX (pUc. 6).
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Puc. 6. AHatomunyeckmnn M-pexum. [1Ba kypcopa M-pe-
XnMma yCTaHOBJIEeHbl OAHOBPEMEHHO nepneHanKynapHoO
CTeHKaM aopThbl U NEBOro xenynoyka. padunku aBnxKeHNs
CTBOPOK MUTPaNbHOrO KfanaHa n KOpHs aopTbl Cnpasa Ha
9KpaHe.

Puc. 7. B-pexunm. AnukanbHas yeTbipexkamepHas nosu-
ums.
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Puc. 8. IMnNy/NbCHOBOJIHOBOW AOMMNJIEP. @ — NOTOK B BbIHOCALLEM TPakTe JIEBOro Xesnyaodka; 6 — NoToK MUTPasbHOM peryp-

rutaumn. MepexnecT NoToka Yepes 6a3oBylo JINHUIO.

AByxmMmepHasa axokapauorpadus,
nnu B-pexum

[OByxmepHaa oaxokapaunorpadusa, wuam  B-pexum
(oT aHr. brightnes — apkocCTb), — n3obpaxeHne cepaua
Nno OJIMHHOW MM KOPOTKOW OCK B peasibHOM BPEMEHN.
Mo3BonsgeT oOueHUTb pa3mepbl NOMOCTEN Cepaua,
TONWWMNHY CTEHOK >XeJlyao4kKoB, COCTOAHME KnanaHHOro
annapara, noAknanaHHbIX CTPYKTYP, rMobanbHyo 1 no-
KanbHYl0 COKPaTUMOCTb XENyAo4yKOB, Hannyine TPOM-
603a nonocten n T.4. (puc. 7).

B 70-e rogbl ABafLATOro CTONETUS OblN HaKOMIEH
6oraTblil ONbIT UCCNEN0BaHUS CepaLa B peanbHOM Bpe-
MeHW, pa3paboTaHbl NepBbIe HOPMATMBBI.

Adonnnepaxokapauorpadpus

Jonnnepaxokapgmorpadua — MeTos, No3BOJISIO-
LM HEMHBA3NBHO OLEHNTL NApaMEeTPbl LEHTPaIbHON
reMoanHamumkn. AKTUBHOE MNPUMEHEHNE METOAVKMW
B MeAMLUMHE MOXHO OTHecTu K Havany 80-x rogos
XX Beka.

UmnynbcHoBosIHOBOVI gonnaep
(Pulsed Wave — PW)

padumyeckas passBepcTka MMMIYAbLCHOBOSHOBOMO
Jonnnepa oTpaxaeT XxapakTep KPOBOTOKA B KOHKPETHOM
TOYKE — B MECTE YCTaHOBKM KOHTPOJSLHOrO ob6bema
(puc. 8, a).

MMnynbCHOBOMHOBOW [OMMAEP MMEET CKOPOCTHOM
npeaen perucTpaumMm KpoBoTOKa, uamM npegen Harik-
BMUCTa (He 6onee 2,5 M/C), NO3TOMY C €ro MOMOLLbIO
Henb3a 3aperucTprmpoBaTb NOTOKN, MMEIOLLME BbICOKYIO
ckopocTb (puc. 8, 6).

Pe>km BbICOKOM 4aCTOTbI MOBTOPEHUS
umnynbcoB (HPRF — High Pulse Repetition
Frequency)

[aHHbIli pexum Obin pa3paboTaH 4ns perncrpaumm
BbICOKOCKOPOCTHbIX MOTOKOB. HECKOIbKO KOHTPOJIbHBIX
06bEMOB pacnonaralTCs OAUH 3a APYrM Ha Pa3/IYHON
rnybuHe (puc. 9). OTO MNO3BOJNSIET PErnCTPUPOBATHL
KPOBOTOK, CKOPOCTb KOTOPOro npeBbiiaeT 2,5 m/c.



Mcmopuna ynbmpasByKka u axokapguozpadpuu. BapuaHmbl coBpeMeHHO20 axoKapguozpaguyeckozo uccrnegoBaHua 25

HPRF [

Y

Puc. 9. Pexunm BbICOKOIM HYaCcTOTbl MOBTOPEHNS MMIMYSIbCOB
(HPRF).

M3HavanbHO npenen perncrpauumn Bo3poc Ao 3,5 m/c.
B HacTosILLee BpeMSs MCMNOJIb3YEeTCA Peako, Tak Kak Cy-
LLEeCTBYET HEMPEPLIBHOBOJIHOBOW A0NMnep.

HenpepbiBHOBO/IHOBOW gonnaep
(Continuous Wave — CW)

HeBO3MOXHOCTb OLEHUTb BbICOKOCKOPOCTHOWM KpPO-
BOTOK MPW MOMOLWM WUMMYAbCHOBOJIHOBOrO Aonniepa
cnocobcTBOBaNia CO34aHUI0  HenpepbiBHOBOHOBOIO
ponnnepa. 3ToT aTan pasBuTus axokapamorpadumn no-
3BOJINT METOAY 3aHATb OAHY U3 BEAYLLMX NO3NLNY B Kap-
ONONOrM4eckom npakTuke.

[aHHbIn BapuaHT gonnnaepa no3BONSET PEerucTpu-
poBaTb BbICOKOCKOPOCTHbIE MOTOKN TEOPETMYECKM 00
12 m/c, XOTs Takass CKOPOCTb KPOBOTOKA Y YeNl0BEKA He-
peanbHa (puc. 10).

HepocTtaTok MeToga cOCTOUT B TOM, 4YTO Ha rpaduke
PErMCTPUPYIOTCH BCE MOTOKK MO xoay nyda. Metoguka
HenpepbLIBHOBOJIHOBOro A0MNMAEPOBCKOro Mccnenosa-
HUS NO3BONSIET MPOU3BECTU pacyeTbl AABNEHUS B MOSO-
CTX Cepaua 1 MarucTpasbHbIX COCydax B Ty WU UHYIO
¢asy cepaeyHoro uunkna, OLeHUTb CTeneHb 3HaYNMMOCTU
CTEeHO3a n T.4.

Bbonbwor Bknag B co3gaHMe HOPMATMBOB OLLEHKMU
CTEMEHN KNanaHHbIX MOPOKOB CepALa YU reMOAMHAMMUKMN
Manoro kpyra kposoobpaiieHns BHecna Jine Xatn (Liv
Hatle).

LiBetoBoii gonnnep (Color Doppler)

BbicTpas kayecTBeHHast 1 KONMYECTBEHHAS OLIEHKA
KPOBOTOKA C MOMOLLIbIO 3TOro MeToa NpuBesa Kk Tomy,
4YTO B HACTOSsILLLEE BPEMS BCe axokapanorpadsl ocHa-
LEHbl AaHHbIM BapuaHTOM gonnniepa.

LiBeToBOWM monnnep — aHanor MMMyJibCHOBOIHOBOIO
jonnnepa, rae HanpasieHne n CKOPOCTb KPOBOTOKA Kap-
TMPYIOTCS PasHbiM LIBETOM. Tak, KPOBOTOK K AATyMKy
NPUHATO KapTUPOBaTb KpacHbIM LIBETOM, OT JaTdmka —
CUHUM. TypOyneHTHbI KPOBOTOK KapTUPYETCS CUHe-3e-
JIEHO-XeNTblM LBeToM (puc. 11).

Puc. 10. HenpepbiBHOBONHOBOV gonnnep. [MoTok 3Havum-
TENbHOM MUTPANbHON peryprutauum.

Puc. 11. LgeToBoii gonnnep. 3HaumMTenbHas MuUTpasbHas
peryprutauus.

LiBeToBoii M-moganbHbi gonmnaep
(Color M-mode)

ConocTaeneHne M-MoganbHOro pexvma v LIBETOBOro
Jonnnepa npv NpoBefeHnn Kypcopa Yepes Ty UAN UHYH0
NJIOCKOCTb NO3BOSIIET pa3obpaTbes ¢ hasammn cepaeyHo-
ro LyKna 1 naTonormyecknm KpOBOTOKOM (puc. 12).

Auepretunyeckuii gonnnaep (Power Doppler)

OHepreTuyeckuii gonnaep NpuMeEHsEeTCs Ans peru-
CTpaumm HN3KOCKOPOCTHOr0 KPOBOTOKA, MO3TOMY B Kap-
OMONOrMMN OH NOKa He HaxoauT LUMPOKOro NPUMEHEHNS.
Mpun nCnonb30BaHMM SHEPrETUHECKOrO JoMNMaepa MOXET
TEPSATLCSA HanpaB/eHne KPOBOTOKA. B HacTosLLee Bpems
SHEpreTMYecKnii JONnAep UCMonb3yloT B COYETaHWUU
C KOHTPACTHbIMM BeLecTBamu (JIeBOBUCT 1 Ap.) ons ns-
y4eHus nepdy3mm mmokapaa u 6e3 KOHTPacToB — AJis
YAYHLLEHUST BU3yanu3aummy rpaHnLbl «9HA0KapA—KPOBb»
(puc. 13).



26 BBegeHue

Puc. 12. LisetoBon M-moaanbHbIi gonnnep. HopmanbHbIii Puc. 13. SHepretnyecknin gonnnep. YeTko Bn3yannaupy-
KPOBOTOK Ha MUTPAJIbHOM KjlanaHe. eTCs rpaHnLa «dH40Kapa—KPOBb».

Puc. 14. TkaHeBoOli UBETOBOI gonniep. a — B-pexum; 6 — M-pexum.

Puc. 15. a — TkaHeBOW UMNyIbCHOBOJIHOBO Aonmniep; 6 — codeTaHne Ha aKpaHe NMIMYbCHOBOJIHOBOIO M TKAHEBOIO MMMYJbC-
HOBOJIHOBOIO Aonniepa no3sosseT 6osiee TOYHO OLEHUTb HapyLUEeHWe ONAaCTONMMYECKON BYHKLUMM Xenyaoyka.
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Puc. 16. a — TkKaHEBOI HENNHEIHbIN, NN UCKPUBEHHBIN, fonnnep, unm C-pexum; 6 — TKaHeBO HENMHEHbIN, NN UCKPUB-

NeHHbI, ponnnep, unu C-pexmnm, n CTperH-pexmnm.

TkaHeBoOW uBeTOBOM fgonniaep
(Tissue Color Doppler)

MpuHUMN AaHHOrOo MeToda OCHOBAH Ha KapTupOBa-
HAN HanNpPaBNEHUS OBWXEHUS TKaHEW OnpenesieHHbIM
uBeToMm. Taknm 06pa3oMm, KpacHbIM LIBETOM 0603Ha4aoT
OBUXEHMe K AaTiuky, CUHUM — OT gatyuka. Ecnu cko-
POCTb ABWXEHUS TKaHW CYLLECTBEHHO OT/IMYAETCH
B KakoOM-TO y4acTke, TO 3TOT y4aCTOK KOAMPYeTCH
«TYPOYNEHTHbLIM» XENTbIM UM 3e/EHbIM LIBETOM. M3yyas
HanpaBieHNs OBUXEHNS CTEHOK NIEBOMO U NPaBOro Xe-
JIYAL04KOB B CUCTONY 1 AMACTOSY, C MOMOLLbIO TKAHEBOIO
LBETOBOrO AOMNMAePa MOXHO OBHAPYXUTb U YTOYHUTD
HanMyMe 30Hbl HapYLUEHWS IOKaNbHOW COKPaTUMOCTMU.
CoBMelLeHMe OBYXMEPHOrO UCCNELOBAHUS B PeXVMe
TKaHEeBOro LBETOBOro gonnsiepa ¢ M-moganbHbIM yBe-
JIN4NBAET TOYHOCTb AMArHOCTUKM (puc. 14).

TkaHeBOW MMNyJIb.CHOBOJIHOBOJ fAonrsiaep
(Pulsed Wave Tissue Doppler Imaging)

MNo3BonseT oueHUTb rpadmyeckn xapakrtep ABuXKe-
HWS CTEHKM XEeNyO04KOB B KOHKPETHOW To4YKe. BoigensaioT
CUCTONINYECKNIA KOMMOHEHT, PaHHUI 1 NO3OHUI ONacTo-
JINYECKNI KOMNOHEHTbI. [laHHbIV BapuaHT gonnsiepa no-
3BOJIAET NPOBOAUTL KapTUPOBaHMe MroKapaa v yBenn-
YMBAET TOYHOCTb AMArHOCTUKN Y BONbHbIX NLLIEMUNYECKOM
6onesHbio cepaua. CoyeTaHne Ha 3KpaHe UMMYNbCHO-
BOJIHOBOIO M TKAHEBOrO MMMyJIbCHOBOJIHOBOIrO Aonnne-
pa no3BonseT 6ofiee TOYHO OLEHUTb HapylleHue ama-
CTOJINYECKON DYHKUMM Xenyao4ka (puc. 15).

TkaHeBOV HeJIMHEeNHbIN, UJIN UCKPUBJI€HHbI,
aonnnep, nnn C-pexum (C-mode)

3710 rpadumyeckunii pexum. lNMpeacrtaBnset cobo LBe-
TOBOWN rpaduk OBMXEHUS MEXOKENYAO4YKOBOW Mepero-
POLKW, BEPXYLLKN 1 GOKOBOW CTEHKMN IEBOMO UM NPaBO-
ro Xenyaoyka, pacTsaHyThI BO BpEMEHM (puc. 16).

TkaneBoi cnep (Tissure Tracking)

KoauposaHve pasnnyHbIMy LUBeTaMu CKOPOCTU CUC-
TONMYECKOrO CMELLEHMS BONIOKOH M1okapaa (ot 12 mm/c
0o 0). B Hopme kapTuHa HanoMuHaeT paayry. Mpu Hapy-
LUEHUWN CUCTONNYECKON DYHKUMWN XENyaoyKOB KapTuHa
MeHseTcs (puc. 17).

Puc. 17. Tkanesown cneg, (Tissure Tracking), nnu kognpoBa-
HME PasNNYHbIMKN LBETAMM CKOPOCTU CUCTOSINYECKOrO CMe-
LLLleHNs BOJSIOKOH Muokapaa (ot 12 mm/c go 0).
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Puc. 18. a - kpuBas Strain B Hopme; 6 — kprBas Strain rate
B HOPMeE; B — KOJIMYECTBEHHAas OLLeHKa JIoKasibHOV cokpaTu-
MOCTU MMOKapAa Mo CerMeHTaM B pe3ynbTaTe OLEHKU
nedopmaunm mmokapaa.

Hdonnnep oueHkn gedpopmaymum n CKOpocTu
aegopmauunu (Strain, Strain rate)

Strain — oaMH 13 BapuaHTOB gonniepa, No3BoJsito-
WA KOJINYECTBEHHO OLEHUTb AedopMaumio BOJIOKOH
MMokapaa rno OTHOLLEHMIO K Ha4YanbHOM GopMe, T.e. oue-
HUTb B MPOLEHTAX N3MEHEHME ANNHBbI OTHOCUTESNIbHO UC-
XOJHOW BENNYMHBI.

Strain rate oTpaxaeT ckopocTb gedopmaumm Mmo-
KapZa v No3BONSeT paccunTaTb rPAAMEHT MEXAY OBYMS
CKOPOCTAMM CMELLIEHNS TOYeK Mrokapaa. [Mommmo aToro,
MOXHO KOJINYECTBEHHO OLIEHUTb JIOKasIbHYIO COKpaTu-
MOCTb MUOKapA, No cermeHTam (puc. 18).

BekTopHOE CKOpOCTHOE n3obpaxeHue,
WUJIN BEKTOPHbINA aHa/INn3 CKOPOCTU ABVKEHUS
aHpokappaa (Vector Velocity Imaging)

JaHHbIN BapnaHT nccnegoBaHns No3BONSET Npocne-
OVTb 32 HAaNPaB/IEHVMEM U CTEMEHbBIO COKPALLEHUS 1 pac-
cnabneHns BONIOKOH 3HAOKapAa B PasfMyHbIX TOYKax
(puc. 19). [daHHbIA pexum LMPOKO MCMNONb3yeTcs
y 60JIbHBIX NLLIEMUYECKO BONE3HbIo cepaua.

YpecnuwesoaHasa axokapauorpadpus

YpecnuweBoaHasa axokapanorpadums — nccnenosa-
HMe cepaua Yepes NuULLEBOL C MCMNONb30BaHNEM CMELM-
anbHbIX OaT4MKOB (MOHO-, OM- WU MYAbTUMNAHOBLIX).
MHdopmaTMBHOCTL MeTOAa O4YeHb Bbicokas (puc. 20).
MpoTrBONOKa3aHNEM CNYXWUT HanMymMe CTPUKTYPbl Mn-
Liesoaa.

Ctpecc-axokapauorpadus

Ctpecc-axokapguorpadus npoBogUTCS C UCMNOJb30-
BaHMEM OU3NYECKON HArpy3Kkn (YpecrnmLeBoLHOM NeK-
TPOCTUMYNIALMN  UNN  MELUKAMEHTO3HON Harpysku).
LLInpoko npumeHsieTcs y 60JIbHbIX MEMUYECKo 6ones-
Hblo cepaua. [o3BoNAeT oueHUTb BO3MOXHOCTM MWO-
KapAa 1 BblABUTb CKPbITblE 30HbI HAPYLLEHWS JIOKANbHOMN
cokpatumocTu. B HacToswee Bpems CTpecc-axokap-
anorpaduio NPOBOAAT TakKe C MCMNOJIb30BAHNEM TpeXx-
MEPHOr0 UCCNefoBaHNs 1 C aBTOMaTUYECKMM aHaIM30Mm
nokasartesnie CUCTOSIMHECKON (YHKLMM NEeBOro Xesny-
nouka v gepopmMaumm neBoro xenygoyka (puc. 21).

TpexmepHasa axokapauorpadpus
M YeTbipexMepHas PEeKOHCTPYKLUS
cepaua (3D- u 4D-axokapauvorpadpus)

Tpex- 1 YeTblpexMepHoe MoAeNMpoBaHne cepaua —
aHann3 n3006paxeHus U NOCTPoeHMe 06bEMHOro n3obpa-
XEeHUs kamep ceppaua, CTBOPOK KjanaHoB, KPOBOTOKA
N T.A., a TaKke nonyyeHne n3obpaxeHus cepaua B 0obe-
Me B peasibHOM BPEeMEHW W aHann3 reMoanHaMUKK
(punc. 22). Mo nporHo3y psga BedyLmx CheumannucToB
MMpa 3a AaHHbIM HanpaBjeHveM — Oyayliee ynbTpa-
3ByKa.
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Puc. 19. BekTtopHOe ckopocTHOE n3obpaxeHue, Uan Bek- Puc. 21. Crpecc-axokapanorpadua no3BonseT OLEHUTb
TOPHbIN aHanM3 CKOPOCTU ABUXeHWs aHpokappa (Vector BO3MOXHOCTN MMOKapAa U BbIsIBUTb CKPbITbIE 30HbI Hapy-
Velocity Imaging). LIEHUS NOKaJIbHOW COKPaTUMOCTH.

Lens Temp: 39.1°C Lens Temp: 40.2° C

25 fps / 120 mm
82 bpm [ Ges '

Puc. 20. a — pgatyvk gns npoBeneHus YpecnumuileBOOHOM Puc. 22. a - TpexmepHas axokapauorpadus npm aoptasnb-
axokapauorpadum; 6 — YpecnuLLLeBOOHOE 9XOKapAuorpa- HOM cTeHO3e; 6 — uYeTbipexMepHas axokapauorpadpus
duryeckoe nccnenoBaHue. B OLIEHKEe KPOBOTOKA Ha MUTPasibHOM KjlanaHe.
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Puc. 24. CneunannanpoBaHHbIii gaT4ymK ons npoBeaeHus
BHYTpMUcepaeyHon oaxokapguorpadpumn. Wcnonbdyertcs
napanienbHO C KapauoXMpypruyeckmmM BMeLlaTeslbCTBOM
1 NO3BOJISET MOHUTOPUPOBATL Pe3ysbTaThl OnepaLnn.

BHyTpucocyauncTbiii ynbTpasBykK

BHyTpucocyancTein ynbTpa3Byk — UCCIEA0BaHME KO-
POHAPHbLIX apTEPUN C MCMOJIb30BAHNEM CMELMANIbHOMO
BHYTPUCOCYOUCTOrO gatynka manoro guametpa. NHea-
3MBHbI YNLTPA3BYKOBOM METOA. Vicnonb3dyeTcsa naparni-
NenbHO ¢ KopoHaporpaduen (puc. 23).

BHyTpucepaeyHblii ynbTpasByK

BHyTpurCepaeYHbIl ybTPasByk — MCCNeA0BaHME Cep-
ua M3 BHYTPUCEPAEYHOro AocTyna (M3 npaBblX Kamep
cepaua).

MccnenoBaHne npoBOAMTCS C MOMOLLLIO crneuunanb-
HbIX BHYTPMCEPAEUHbIX AaTYNKOB. JJaHHbIA MeToA, nccne-
A0BaHUA ABNAETCA MNHBA3UWBHbLIM U Tpe6yeT NyHKUNN
NOAKMOYNYHON BEHbI, MCMOJIb3YETCS B KAPOANOXMPYPIn
(puc. 24).

KoHTpacTHasa axokapauorpadpus

MpumeHsieTca o KOHTPACTMPOBAHUS MpaBbIxX Ka-
Mep cepgua npyv nogo3peHun Ha gedexkT Mexnpen-
CepAHON NMeperopoakn nnn neBbIX kKamep cepgua ang
ncecnenoBanuga nepdysmm muokapaa. MHpopmatms-
HOCTb METOAA KOHTPACTUPOBAHNS IEBbIX KAMEP CepaLa
conocTaBuma Co cuuHTurpadunen mmokapaa. fNonoxm-

Puc. 25. KoHTpacTHas axokapguorpadus. AnukanbHas
yeTblpexkamMmepHad No3numnd. a — Tyroe KOHTpacTtupoBaHue
npaebix kamep ceppua. [NMPOHUMKHOBEHME eaNHUYHbIX
ny3blpbKOB KOHTPACTHOrO npenapara B JfiEeBble Kamepbl
CBUOETeNbCTBYET O Hanuyiuu gedekra MexnpencepnHom
neperopoaku; 6 — Tyroe 3anosiHeHMe KOHTPACTHbLIM npe-
napatoMm COHOBbIO NEBOro xenyaodka. Tpom6 B NonocTu
BEPXYLUKU.

TenbHbIM GakTOPOM SBASIETCA OTCYTCTBUE Ny4eBOW Ha-
rPy3kn Ha 60JIbHOrO, OTPULATENBHLIMA — MHBA3UBHbIA
XapakTep MeToJa W Bbicokasi CTOMMOCTb Mpenapara
(CoHoBblO 1 T.4,.) (puc. 25).

BHyTpuceppeuyHoe koguposaHue
TypOy/IEHTHbIX MOTOKOB

CoBpeMeHHas TEXHOMOIMA OLEHKN cTeneHn Typoy-
JIEHTHOCTU 1 HanpaBJieHVs KPOBOTOKA B Kamepax Cepa-
ua. Metopn Hanbonee nHdopmaTMBeH Y 6OMbHLIX C Anna-
Taunen kamep cepaua. o3BoOSSIET BbISBUTbL CBEXUE
NMPUCTEHOYHbIE TPOMObI U OLIEHUTb PUCK GOPMUPOBAHNS
Tpomb03a bnarogaps LBETOBOMY KOAMPOBAHUIO BUXPE-
BaTbIX NOTOKOB B MOJIOCTAX CEPALLA 1 OLLEHKE MX Hanpas-
nexHns (puc. 26).
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Puc. 26. BHyTprcepaeyHoe KoampoBaHe TypOyneHTHbIX MOTOKOB. PasnnyHbie BapnaHTbl MCMOJIb30BaHWS AAHHOW TeXHO-
JIOTUN.
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Puc. 27. Speckle-Tracking axokapgunorpadwus.

Speckle-Tracking axokapaunorpadus

OTHOCUTENBHO HOBasi METoAMKA KONMYECTBEHHOW
OLeHKN PYHKLMM MuoKapaa nyTeM aHanni3a ABUXEHUS
cnekn-wymMoB 0bbl4HOro B-pexuma. OHa no3BonseT no-
JIYYUTb AaHHbIE O HELOMMIEPOBCKON, YroIHE3aBNCHMMON
1N 0OBLEKTMBHOW KOJIMYECTBEHHOW Aedopmaummn Mmokap-
0a, NpOBECTU aHaiuM3 CUCTONNYECKOM U guacTtonunye-
CKOM OYHKLMIA N1EBOrO Xenyaoyka (puc. 27).
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