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Alfred Abuhamad, MD

Béc si Alfred Abuhamad la gido su trwdng khoa san phu khoa va pho khoa 1dm sang
tai trwong y khoa Eastern Virginia, Norfolk, Virginia. Bac st Abuhamad duoc cho la
chuyén gia hang dau trong linh viec hinh anh hoc san phu khoa va tim thai. Ong
hién 1a chd tich danh du va ch tich cha hiép héi siéu am y khoa M§ nhiém ki vira
qua. Bac si Abuhamad ciing la nguwdi thanh 13p ra uy ban khoa hoc cta hiép héi
siéu am san phu khoa thé gidi (ISUOG) va la ngudi dirng dau nhiéu hoat dong huan
luyén siéu am cho cac qudc gia dang phat trién dang phat trién trén thé gidi.

Emily Walsh

Emily Walsh lam viéc tai trwdng y khoa Eastern Virginia dwgc 7 ndm va cé 3 nam
tai khoa san phu khoa. C6 Emily c6 bang BA (Bachelors of Arts) va bang thac si vé
giao tiép (Masters of Arts in Communications) vdi trong tdm 13 truyén thong.
Emily d3 xuat ban sach Alberta Katherine Magazine out of Jacksonville, Florida va
la déng tac gid cla sach Regent University’s The Daily Runner. Emily cling |a
ngudi dong sang lap cla LE Literary Services, 1a noi chuyén hd tro cho viéc xuat
ban va hiéu chinh cho céc tac gia.




Rabih Chaoui, MD

Bac sT Rabih Chaoui 13 gidm d&c cla trung tdm chan dodan tién san va di truyén
ngudi tai Berlin, Birc. Ong 1a mot chuyén gia dau nganh trén thé gidi vé hinh dnh
chan doan cla thai. Bac sT Chaoui da gop cdng rat I&n trong viéc xuat ban céc tai
liéu giang day vé hinh anh ch3n dodn sdn khoa va tim thai va déng vai trd chinh
trong su nghiép gido duc siéu am trén toan cau. Ong 1a chd tich cla uy ban khoa
hoc clia hiép héi siéu 4m san phu khoa thé gidi ISUOG nhiém ki 2009-2013

Philippe Jeanty, MD

Bac si Philippe Jeanty |a mot bac si rat ndi ti€éng trong Iinh v hinh anh chan
doan cta phu nit. Ong 13 tac gia clia nhiéu sach vé sieu am duoc xuat ban. Ong
cling 13 ngudi sdng 1ap ra The Fetus.net, mot dién dan tw do va mién phi cho cac
ngudi lam siéu 4m san khoa trén khap thé gidi trao d8i hoc hdi. Bac si Jeanty
duoc xem 1a mot chuyén gia ndi tiéng trén thé gidi vé linh vuc siéu dm thai va d3
gilip t6 chirc cac khod dao tao huan luyén nhiéu bac sT & cac nwdc kém phat trién

Dario Paladini, MD

Gido su Dario Paladini mot gido su san phu khoa. Ong hién 1a giam déc cla don
vi y hoc va phau thuat bao thai tai Bénh vién tré em Gaslini & Genoa Italy. Gido su
Paladini 1a mot chuyén gia hang dau thé gidi vé hinh anh thai, tir siéu 4m 3D/4D
cho dén tim, than kinh va siéu 4m thai sém. La tac gid cla hon 150 bai bdo vé
hinh anh thai va siéu &m phu (IOTA trials). Gido suv Paladini cling 1a ddng tac gia
cla sach siéu am bat thudng thai (Ultrasound of Fetal Anomalies), mot cuén
textbook duwoc gidi thwdng & 1an xuat ban th hai. Ong 1a ngudi cé rat nhiéu
ddong goép trong su nghiép hudn luyén siéu am san phu khoa trén toan cau va la
chd tich clia uy ban khoa hoc cta hiép hoi siéu am san phu khoa thé gigi ISOUG
nhiém ki 2004-2009 va 13 chi tich cta hoi siéu &m san phu khoa Y (SIEOG) nhiém
ki 2010-2012.




“You give but little when you give of your possessions. It is when you give of yourself that you
truly give”. Khalil Gibran - The Prophet
"Cho ngueoi vt chdt la cho it. Chia sé kién thirc, hiéu biét ciia ban mdi thit sie la cho”
Khalil Gibran- The Prophet

Tbi da din than vao st ménh nay vi mot ¥ chi quyét tim 1a nang cao viéc huin luyén 1y thuyét
cling nhu thyc hanh si€u am cho céc bac si vdi muc dich sau cung la cai thién viéc cham séc suc
khoé cho phu nir trén toan cau. Siéu 4m duoc xem la mot phan quan trong ciia chuyén nganh san
phu khoa, nhim muc dich nhan dién ra cac thai ki nguy co cao hay khao sat phu khoa (tir cung
va budng trimg luc khong mang thai). Dé lam siéu am tot, nguol siéu am can co kién thirc sau vé
ki thuat va ki nang thyc hanh tét dé tao ra cac hinh anh chuén cho chan doan va ca hai vin dé nay
d?;u chua dat & nhiéu noi trén thé gi61. Do vay cudn e-book nay nham muc dich giup cai thién hai
van de trén.

Sach gdm 3 phan chinh: Ba chuong dau tip trung vao cac khia canh vé ki thuét va thyc hanh cia
siéu 4m voi cac van dé nhu nguyén 1y vét 1y hoc cua siéu 4m, hudng dan tiép can sir dung may
siéu Am va cdc ki thudt khi thim kham siéu m. Phn hai tir chuong thir 4 dén chuong 10 la cac
van dé vé san khoa va phan ba tir chwong 11 dén 14 1a cac van dé vé phu khoa. Chu:orng cubi
huéng dan cac yéu cau can co clia mot két qua siéu am, la phan then chdt ciia viéc siéu am.
Chuong 10 va chuong 14 gi6i thiéu su chuin hoa cac budc can thiét khi thuc hién mot siéu 4m
co ban cua san hay phu khoa. Sach c6 day du bang biéu, hinh anh c6 cht thich va cac kinh
nghiém duoc tich luy trong nhidu nam.

C6 rat nhiéu dong gop cho su thanh cong cta cudn sach nay, dau tién va trude nhét 1a cac nguoi
ban than thiét cta t6i nhu Rabih Chaoui, Philippe Jeanty va Dario Paladini, nhimg chuyén gia
hang dau thé gidi vé siéu am trong san phu khoa. Nguoi tiép theo 1a Emily Walsh, nguoi da gitp
thiét ké cudn sach, bién soan hinh anh va bang biéu. Tiép theo phai ké dén khoa tiép thi cua
truong y khoa Eastern Virginia, noi diéu phéi trang web dé hd tro cho cudn sach nay. Va cudi
cung 1a vo t6i, Sharon, ngudi di cho t6i dong vién, ho tro gitip cho toi toan tAm toan y thuc hién
cubn sach nay.

Mot sy cam on dac biét danh cho hiép hoi siéu am san phy khoa the gi61 (ISUOG) vi nhiing ho
trg cho st ménh huan luyén siéu &m & céc quoc gia kém phat trién trén thé gidi ciing nhu cac
tinh nguyén vién ISUOG di gitp thoi gian va tién bac ctia minh cho su nghiép nay.

Nhiéu phu nir trén thé giéi mang thai va di sinh voi sy so hi lo ling vi cac thuong t6n hay tham
chi Ia tor vong. Néu thong qua su gido duc nay, chung ta c6 thé tdc dong dén mot cé thé thi cac nod
luc cua ching ta sau d6 s€ dugc ghi nhan.

- Alfred Abuhamad, MD.
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NGUYEN LY VAT LY CO' BAN CUA

SIEU AM DUNG TRONG Y KHOA
Ngudi dich: BS Nguyén Quang Trong

GIOI THIEU

Khi siéu 4m duge mg dung vao chuyén nganh san — phu khoa, né di tic dong rat 16n dén su
cham s6c bénh nhan vi n6 cho ta hinh anh 13 nét cia thai nhi, bdnh nhau (san khoa), cta tir cung
va phan phu (phu khoa). Nhing diédu d6 gitip ta c6 dugc chan doan chinh xac, ciing nhu hudng
dan ta duong di dé can thiép mot cach an toan cho bénh nhan. Hiéu biét vé nguyén 1y vat 1y cua
siéu 4m 1a thiét yéu cho kién thic co ban dé diéu chinh may. N6 ciing giup ta hiéu duoc sy an
toan va cac tac dong sinh hoc cua k¥ thuat nay. Trong chuong nay, ching toi trinh bay nhitng
khai niém co ban vé nguyén 1y vat Iy cia siéu 4m, dinh nghia nhiing thuét ngit quan trong, 6n lai
tinh an toan, hiéu ung sinh hoc va cac khuyén cdo str dung siéu am trong san khoa trong nudc va
cac td chure quéc té.

CAC PAC TiNH VAT LY CUA AM THANH

Am thanh 13 séng co hoc lan truyén trong mot méi trudng & dang doc va dudng thang. Khi am
thanh lan truyén trong mot moi trudng, cac phan tir trong moi trudng dé ludn phién bi nén lai va
gidn ra. Am thanh khong thé lan truyén trong chan khong; no can mot méi trudng dé truyén am,
vi séng am 13 ning luong co hoc duoc truyén tir phan tir ndy t&i phan tir khac. Diéu quan trong
can luu y d6 1a cac phan tir khong chuyén dong khi séng am truyén qua ching, ching chi dao
dong t6i — lui, hinh thanh nhitng ving nén lai va gidn ra trong moi trudng. Bay thong sé duoc
dung dé mo ta dic tinh ctia song am. Bang 1.1 liét ké cac dic tinh nay.

BANG 1.1 Céc dic tinh cda s6ng 4m

- Tan s6 (Frequency)

- Chu ky (Period)

- Bién do (Amplitude)

- Co6ng suat (Power)

- Cuong do (Intensity)

- Do dai budc séng (Wavelength)

- Vantéc truyén am (Propagation speed)

Tén s6 cia song am 1a sé chu ky dién ra trong 1 gidy (Hinh 1.1). Pon vi Hertz 1a 1 chu ky / giy.
Tan s6 1a mot didc tinh quan trong cua song am, vi né quyét dinh d6 xuyén thau cia séng am va
chat lwong hinh anh.
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Chu kp cta song am la thoi gian dé hinh thanh mot budce song di 1én va xudng, va nhu thé lién
quan chat ché véi tan sb. Vi du nhu, song 4m c6 tan sé 10 Hertz s& c¢6 chu ky 1a 1/10 giay.
Bién d3, cong sudt va cuwong do 1a ba dic tinh lién quan dén stc mach cua song Am.
Bién d¢ duoc xac dinh bang su chénh léch gitta dinh (t6i da) hodc 1o6m (tdi thiéu) ctia song am va
gi4 tri trung binh (Hinh 1.2). Pinh hodc chom, biéu thi cho ving nén lai va 1dm biéu thi cho
vung gidn ra (Hinh 1.2). Pon vi cta bién do 1a thong s ap suat (Pascals) va trong hinh anh 1am
sang, don vi la million Pascals (MPa). Bién d¢ ctia song am giam b6t khi am thanh lan truyén
trong co thé. Cong sudt 1a mirc ning lugng chuyén qua song am, don vi 1a Watts. Cong sudt ty 18
thuan voi bién d6 ciia song am. Cong sudt co thé diéu chinh ting hodc giam trén may siéu am.
Cuong do 1a su tap trung ning luong trong song am va nhu thé no phu thudc vao cong suit va
thiét dién cat ngang cua chum song am. Cuong dg cua soéng am duge tinh bang cach chia cong
suit ctiia song am (Watts) cho thiét dién cat ngang cua nd (cm?), don vi 1a W/em?. DG dai buée
song 1a chidu dai cua song duoc xac dinh 1a khoang cach cua 1 chu ky. N6 duge ky hiéu la
lambda (X), don vi tinh 1a mm khi tng dung trong 1am sang (Hinh 1.3), va duoc tinh bang cach
chia vén toc ctia song am cho tan sé cua song am (A = v/f). Vin toc truyén dm 1a khoang cach ma
song am truyén qua mot moi truong dic thu trong thoi gian 1 gidy.

< >

BV UV Vo

Hinh 1.1: Tan s& cla séng am 13 s& chu ky mdi gidy, don vi
tinh 13 Hertz (1 chu ky / gidy). A, tan s6 13 2 chu ky mbi gidy
hodc 2 Hertz. B, tan s& la 3 chu ky moi gidy hodc 3 Hertz. Mili
tén doéi ghi chi do dai buwdc séng duwgc mo6 ta & hinh 1.3.
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Hinh 1.2: Bién d6 (A) duwoc xac dinh bang su chénh léch gitta
dinh (t8i da) hodc Idm (t&i thiéu) cla séng va gid tri trung binh.
Pon vi cda bién dd la million Pascals (MPa).

Wavelength
M

< iwwnlengih >
I;"‘n. N I_.f’ A
F I!_ !I I'. .’I Il
|I [ | 1

Hinh 1.3: D6 dai budc séng cla séng dm la chiéu dai cia séng, duwoc xac dinh la

khoang cdch ctia mét chu ky. Ky hiéu 1a lambda (), don vi la mm. Trong biéu d6 nay,
3 séng am c6 do dai budc séng ngdn dan tir A téi C.
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BANG 1.2  Téc dd clia séng 4m trong mét s& mdi trudrng

MGi trwong Speed (m/s)
Khi 330
Mo 1.450
Nudc 1.450
M6 mém 1.540
Xuong 3.500
Kim loai |én t&i 7.000

Ngudn phat song 4m (may siéu am va/hodc dau do) quyét dinh tan sd, chu ky, bién do, cong suét
va cuong do cua song am. Do dai bude song dugc xac dinh bang ca ngudn phat song va moi
truong truyén am vi moi truong quyét dinh téc do lan truyén cta song am. Tdc d6 lan truyén cua
song am trong mé mém la mot hang s6, 1.540 m/s. Bang 1.2 cho biét van tdc truyén am trong
mdt s6 moi trudng va vat chat.

SIEU AM LA GI?

Am thanh duoc phan loai dua trén kha ning nghe ctia con nguoi. Tai nguoi tré khoe cam nhan
dugc am thanh c6 tan sé tir 20 Hertz, viét tit 1a Hz, t6i 20.000 Hz, hodc 20 KHz (Kilo Hertz),
dugc goi 1a am thanh nghe duoc (tir 20 — 20.000 Hz). Néu tan s song 4m nho hon 20 Hz, tai
nguoi khong thé nghe dugc va duoc goi 1a ha 4m (infrasonic, infrasound). Néu tan s6 song am
cao hon 20 KHz, tai nguoi ciing khong thé nghe dwoc va dwoc goi la sidu 4m (ultrasonic,
ultrasound). Bing 1.3. Tan s6 thuong dung trong siéu am chan doan 1a 2-10 MHz (mega,
(million), Hertz). Tan sé song siéu am thuong dung trong san — phu khoa thuong giira 3 va 10
MHz.

BANG 1.3 Ph& tan s 4m thanh
S6ng 4m Tan sd
Siéu am Lon hon 20 KHz

Am thanh nghe dwgc 20 Hz t&i 20 KHz

Ha am Nhé hon 20 Hz
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SONG SIEU AM PU'QC TAO THANH NHU THE NAO?

Séng siéu am duoc tao thanh tir nhitng tinh thé ap dién nam trong dau do siéu am (Hinh 1.4).
Khi mot dong dién luan phién dén nhiing tinh thé nay, chung co lai va gidn ra véi ciing mot tan
s6 ma dong dién thay doi chiéu phan cuc va tao thanh tia siéu am. Tia siéu 4m di vao co thé voi
cing mdt tan s6 ma dau do da tao ra. Nguoc lai, khi tia siéu am tré vé dau do, nhimng tinh thé nay
thay dbi hinh dang, va sy thay doi nho bé nay tao ra mot dong dién nho bé rdi duoc khuéch dai
boi may siéu 4m dé tao thanh hinh 4nh siéu 4m trén man hinh. Cac tinh thé 4p dién trong dau do
da chuyén nang luong dién thanh nang luong co (siéu 4m) va nguoc lai. Mot tinh thé 1a khong du
dé tao mot song sidu am cho chan dodn va cac dau do hién dai co rat nhiéu tinh thé sap xép thanh
nhirng hang song song nhau (Hinh 1.4). Tuy vy mdi tinh thé c6 thé duoc kich thich riéng biét.
Céc tinh thé duoc bao vé bai 16p cao su che phu gitp giam bét tré khang song am tir tinh thé dén
co thé. Séng am tan sb cao dugc tao thanh boi dau do khong truyén tot trong khong khi, vi thé,
dé d& truyén tir ddu do téi da ctia bénh nhan, mot chét gel duge dung dé két ndi gitra dau do va
da, gitip song am lan truyén d& dang. Nhu thé, song siéu 4m duoc tao thanh bén trong dau do boi
cac tinh thé chuyén d6i dong dién thanh song Am va nguoc lai, chuyén dbi song siéu am phan hoi
trd vé tir co thé thanh dong dién. Céc dau do hién dai co tinh thé duoc lam tir plumbium
zirconium titanate (PZT) téng hop.

Hinh 1.4: CAc tinh thé 4p dién bén trong mot dau do. Luu y su sap x&p ddi xirng cla cac tinh thé. Hinh
nay la so dé minh hoa, vi thyc té céc tinh thé cé kich thudc nhé hon nhiéu. Hinh 1.4 dwoc sira déi vdi sy
cho phép tw Hiép hdi Siéu am trong Gido duc Y khoa (Society of Ultrasound in Medical Education -
SUSME.org).
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HINH SIEU AM DU'Q'C TAO THANH NHU THE NAO?

May siéu 4m hién dai tao ra mot hinh anh siéu &m bang cach giri nhiéu xung song am tir dau do
v6i hudng di khic nhau khong dang ké va phan tich song 4m phan hdi tré vé cac tinh thé. Chi
tiét ciia qua trinh nay nim ngoai muc tiéu ciia cudn sach nay, nhung diéu quan trong can luu y 1a
cac moO phan xa manh séng si€u am nhu xuwong hodc khong khi sé€ tao ra dong dién manh tur cac
tinh thé ap dién va s& cho hinh anh hoi 4m day (hyperechoic) trén man hinh may siéu am. (Hinh
1.5). Noi céach khéac, nhitng phan xa yéu song si€éu am, nhu dich hodc mo mém, sé tao ra dong
dién yéu, cho hinh anh héi 4m kém (hypoechoic) hodc hoi am tréng (anechoic) trén man hinh
(Hinh 1.5). Nhu thé hinh anh siéu am duoc tao thanh tir sy phan tich tinh vi song siéu 4m phan
héi tro vé dé tao thanh hinh anh trén thang d6 xam. Vi rdng song am lan truyén theo truc doc, dé
nhan duge hinh anh tot nhat c6 thé, ta diéu chinh dau do sao cho chum tia siéu 4m phat ra vuong
gdc vai cdu tric can khao sat, vi nhu thé goc tdi bang goc phan xa (Hinh 1.6).

-

Anechoic
Hyperechoic

-
_

Hinh 1.5: Hinh anh siéu am chi cla thai quy Il. Lwu y xuwong dui cé hdi am day, mé
mém cla dui cé héi dm kém, nwdc 6i cd héi dm trong. Do doc khoang 6i I&n nhat
(chuwong 9).
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Femur ﬁ'}
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Hinh 1.6: Hinh anh siéu am chi dwdi cda thai quy Il mé ta hiéu &ng goc cda séng am.
Lwu y rang xwong chay (tibia) thay rd vi chum tia siéu 4m tao véi né mot géc gan 90 do.
Xuong dui (femur) khéng thay rd vi nd gan nhu song song véi chum tia siéu am.

CAC MODE SIEU AM KHAC NHAU ?

A-mode, 12 “mode bién d9”, khong con dugc su dung trong si€u &m san — phu khoa, nhung n6 1a
nén tang cua hinh anh si€u am hién dai. Hinh A-mode, mot biéu dd thé hién song am phan hoi
trd vé véi truc x biéu thi cho do sau trong md va truc y biéu thi cho bién d6 cua song hoi am.
Lich s, A-mode dugc tng dung trong san khoa dé do duong kinh ludng dinh (Hinh 1.7). B-
mode, 1a “mode d6 sang”, con goi 1a hinh anh hai chiéu, thuong duoc dung dé mo ta hinh anh
siéu 4m trén thang do xam. Hinh anh tao thanh duwa trén cuong do cta song hdi 4m, duge phan
anh bang nhiéu sic thai trén thang do xam dé hinh thanh hinh siéu am (Hinh 1.8). Piéu quan
trong can luu y d6 1a B-mode 1a hinh 4nh theo thoi gian thuc (real-time), mot dic tinh quan trong
va co ban cua siéu am. Bang 1.4 cho biét d6 hoi am khac nhau ctia mo thai nhi binh thuong.

Chuong 1: Nguyén ly vat Iy co ban cta Siéu am dung trong Y khoa 11



Antenor Cranium Postenor Cranium
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Hinh 1.7: Siéu 8m A-Mode dau thai nhi. Dinh nhon th& nhat twong &ng vdi
xuong so phia truwdc va dinh nhon thir hai twong &ng vdi xwong so phia sau.
Duwong kinh lwdng dinh (biparietal diameter) la khodng céch giita hai dinh
nhon.

\

v Umbilical Vein

-

Ribs

Hinh 1.8: Nhitrng khac nhau trén thang d6 xam trong hinh siéu am
2D vung bung thai nhi trong quy Il. Luu y xwong sudn va mé phdi
cé héi am day, gan hdi &m kém va tinh mach rén hdi dm tréng.
Cudng d6 song hoi am quyét dinh dé héi am.
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BANG 1.4

D6 héi &m khac nhau cia mé thai nhi

Co quan H6i 4m tréng H6i 4&m kém Héi am vira | Ho6i am day
Xwong J
Nao J
Phai J
Da day J
Gan J
Rudt non J
Than J
Bang quang J
Banh nhau J
Nuwérc bi J

M-mode, 14 “mode chuyén dong” sir dung khong thudng xuyén trong siéu 4m hién nay nhung
duoc sir dung chuyén biét dé danh gia chuyén dong ciia cac budng tim va van tim thai dé lam
béng chung thai séng va danh gid mot s6 bat thuong tim thai nhu loan nhip tim va bénh tim bam
sinh. M-mode phat ra mot tia song 4m duy nhat xuyén qua co thé véi tan sd lap lai xung cao. Thé
hién trén man hinh chi thot gian cia M-mode trén truc x va dd sau trén truc y (Hinh 1.9).

Hinh 1.9: Hinh M-mode cla tim thai nhi trong quy Il. M-mode thé hién (mau néau)
twong rng vdi tia song am duy nhat (dwdng chdm vang) vdi truc X chi thoi gian va
truc y chi d6 sau. Lwu y hinh anh cla tim trén B-mode va tuong tng véi M-mode
bang cac mi tén doi.
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Mode Doppler mau va Doppler phd phu thudc vao nguyén Iy Doppler (hiéu img). Nguyén 1y
Doppler mé ta sy bién ddi tan sb ctia dnh sang hodc song am khi dén gan hoic ra xa, tuong quan
v6i ngudi quan sat. Mot vi du truyén thong mo ta hién twong vat 1y nay 1a sy bién d6i tan sé cia
am thanh khi xe Itra di vao ga va rdi khoi hanh di khoi ga. Am thanh duwong nhu cao d6 hon khi
vao ga, va duong nhu thip d6 hon khi khoi hanh. Sy thay doi cao d6 4m thanh nay chinh 1a su
thay doi tan s6 4m thanh, twong ung véi téc do chuyén dong ctia ngudn phat séng, trong vi du
nay la xe lra. Piéu quan trong can luu ¥ 14 4m thanh thyuc sy cia xe lira khong thay ddi; do 1a
cam nhan sy thay d6i cia 4m thanh t6i mot nguoi quan sat ding yén, dugc goi 1a “hiéu tmg
Doppler”. Ap dung trong 1am sang, khi song &m dugc phat ra vé1 mot tan s6 cb dinh (fo) to1 mot
mach méu xdc dinh, tan sé song phan hdi (fi) hay sy thay ddi tan sé 1a tuong quan truc tiép toi
van toc cua hong cau dang chuyén dong (van téc dong mau) trong mach mau dé. Sy thay ddi tan
sb cua tin hiéu phan hoi nay dugc thé hién dudi dang dd thi thay ddi theo thoi gian. Trong dd thi
nay, truc doc biéu thi cho su thay ddi tan s6 va truc ngang biéu thi cho thoi gian, khi n6 ghi lai
nhing gi xay ra trong chu ky tim (Hinh 1.10). Sy thay ddi tan sé nay cao nhét trong thi tdm thu,
khi van tbc dong mau nhanh nhét va thap nhét trong thi tim truong, khi van tc dong mau la thap
nhit ¢ tudn hoan ngoai vi (Hinh 1.10). Van téc dong chay trong long mach ty 1 nghich véi tro
khang ctia dong chay ¢ ha luu, vi thé sy thay doi tan s6 cho ta thong tin vé tro khang cta dong
chay ¢ ha luu. Su thay ddi tan s cling phu thudc vao goc Doppler dugc tao thanh bdi tia siéu am
hop voi dong mau (xem cong thirc trong Hinh 1.10). Vi ring goc cua tia t6i kho do trong thuc
hanh lam sang, cac chi sb (index) do duogc béng ty 1€ cua su thay ddi tan sb duoc phat trién dé
dinh luong song Doppler. Cac chi s6 Doppler nay, vi thé, khong phu thudc vao goc Doppler. Cac
chi s6 Doppler thudng duoc ding trong siéu 4m san — phu khoa duoc mo ta (Hinh 1.11).
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