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SU KHAC BIET GIUA HAI CO CHE
TAO ANH X-QUANG VA ANH CONG HUONG TU HAT NHAN
TRONG CHAN POAN HINH ANH

vU BA DUNG'*, PO KIEN CUONG?,
DUONG CONG KIEN!, NGUYEN THANH DUNG!

Tom tit

( j hup X-quang va chup cdt I6p vi tinh déu sir dung mét leong nho birc
xa X tur bén ngoai de tao ra hinh anh. Chup cong huong tir hat nhan
(NMR) khong hoat dong theo cdach nay ma thuc hién theo cach khac

han, dé 1a: cde hat nhan ciia cde nguyén tir trong mau chat tw né phdt ra séng

dién tir @é tao ra hinh énh. Do do, cé su khdc biét co ban gitta anh X-quang va
anh NMR la: quan sat anh X-quang chi nhin bong cua vdt, con quan sdat anh

NMR I nhin triee tiép vao vit. Ngodi ra, vi anh NMR diroc tao ra tir cdc tia

bire xa huynh quang ciia hat nhdn nguyén tir trong mau vt (6 chike co thé),

V6i nhitng tia birc xa ddc trung riéng cho cdc nguyén tir dé va moi lién két

gitta chung voi cac nguyén tu khac. Vi vay, phwong phap NMR khong nhitng

cho biét théng tin vé cdu triic ma con cho biét ca thanh phan ciia mau vit ¢
cdp do phén tir. Trong bdo cdo nay, cdc tdc gia phan tich co ché tao dnh dé
lam vo sw khac biét gitra anh X-quang va anh NMR.

Tuwr khoa: X-quang; Cong hwong tw hat nhin; NMR; Momen tir hat nhan.
Abstract

X-rays and CT Scanner both use a small dose of X- radiation to produce images.
The nuclear magnetic resonance (NMR) doesn t work this way. It emits itself
the radio waves and create the images. Therefore, the difference between X-ray
image and nuclear magnetic resonance image is observing the X-ray image
is seeing the shadow of the object, while observing the NMR image is seeing
the object. In addition, because NMR images are created from fluorescence
radiation of nucleus with characteristic specific for atoms and their chemical
bonds with other atoms. Therefore, the NMR shows not only the structure
but also the composition of the sample at the molecular scale. In this report,
the authors analyze the imaging mechanism to clarify the difference between
X-ray images and NMR images.

Keywords: X-ray; Nuclear magnetic resonance; NMR, Nuclear magnetic
moment.
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1. Mé dau

Chup X-quang (X-ray) va chup cong
hudng tir hat nhan (NMR), thuong goi 1a cong
huong tr (MRI) cung 1a hinh thirc tao anh
cac to chiic, co quan trong co thé bang buc
xa dién tir (song dién tir). Nhung su khac biét
rat co ban vé ban chat ctia tao anh da lam cho
anh cua hai phuong phap 1a khac nhau. Mt
cach hinh anh c¢6 thé vi anh X-quang 13 chi
cho ta thiy bong cua vat, con anh NMR thi
cho ta th:?iy duogc hinh cua vat (hinh 1). Dua

trén cac quy luat vat ly vé blrc xa va tao anh,
nhiing khac biét co ban anh cia hai phuong
phép X-quang va phuong phdp NMR s¢€ dugc
phan tich 1am rd trong ndi dung bai bao nay.
Hon nira, bai bao con chi rd: anh NMR duoc
tao ra tur cac tia blrc xa huynh quang cta hat
nhan nguyén tir cia mau vat (t5 chirc trong co
thé), v6i nhitng tia birc xa dic trung riéng cho
cac nguyén tr d6 va méi lién két cua chung
véi cac nguyén tir khac. Vi vy, phuong phap
NMR khong nhing cho biét cau tric ma con
cho biét ca thanh phan ctia méu vét.

Hinh 1. a) Anh chup ngwoc sing (béng) va b) Anh chup xudi sing (hinh)
clia mot con bdo.

Vi duoc tao ra tir cac tia burc xa duoc
phat ra tr trong hat nhin cta cdc nguyén tir
clia mau vat, nén anh NMR cho phép xac dinh
duoc cu tric va phat hién ra cac khiém khuyét

& cap do phan tur.

1. Nguyén tic tao anh chup X-quang (X-ray)

Chum tia X sau khi truyén qua ving thim
kham cua co thé thi suy giam do bi hap thu
boi cac ciu triic (hinh 2). Sy suy giam nay phu
thudc vao thanh phﬁn, do day, mat do cua céc
cAu triic cua co quan ma né di qua.

Hinh 2.
Chup dnh
X - quang

mgt phuwong
phdp chin
dodn hinh
anh trong y
hoc.

Phim
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Cu thé 1a: chiéu vao bo phan co thé tur
phia ngoai co thé mot chum tia X, bao gdm cac
tia song dién tir ¢ bude song rat ngan (10 m
dén 10 m) v6i cudng do cac tia gin nhu bang
nhau. Mdi tia s& di qua cac diém khac nhau
doc theo mot dudng thing trong trong co thé
(hinh 1). Céc tia X bi hap thu, phan xa va tan
xa (tai cac t6 chiic co thé no di qua) trude khi
dén phim. Tuy theo cudng do tia X con lai khi

dén phim, hinh anh thu dugc cé trang thai tu
trang sang dén den sdm v4i hang tram sic thai
xam trung gian. Nhitng bd phan c6 mat d6 day,
dac nhu xuong s€ hién 1én mau tréng trén tAm
phim X-quang. Céac bd phan rdng hoic chira
day khong khi khong can tro tia X nén s& 6
mau den. Trong khi d6, co bip va chat béo xuat
hién trén két qua chup c6 mau xam (hinh 2).

Hinh 2. Anh chup long nguwc bang mdy chup X - quang.

Anh X-quang chi ¢6 thé phat hién ra
duoc mot sb ton thuong co ban dé nhan dinh
phuong phap ki thuat tham kham tiép theo. Vi
anh X-quang thong thuong khong hién thi tot
hinh anh (khong chi tiét, khong rd nét) cac
mo va co quan, can sir dung chit can quang
khi mudn chup mach mau, duong tiéu hoa,
budng tir cung - voi trimg. Ly do dan dén sy
han ché anh chup X-quang 1a do su chong
chat anh cta cac t6 chirc ndm trén ciing mot
duong di cua tia X (hinh 3a). Han ché nay ¢
thé duoc khic phuc boi phuong phap chup anh
cit 16p vi tinh (CT Scanner) (hinh 4b). Pay
1a k¥ thuat chan doan hinh anh sir dung tia X
va may tinh dé tao ra hinh anh lat cit ngang
cac vi tri trong co thé. Hinh anh d3 han ché
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sur chéng chét, 1am cho anh chi tiét va sic nét
hon cac phuong phép siéu am hay X-quang
thong thuong. Tuy nhién, anh vi tinh cit 16p
van duoc tao ra boi cac buc xa tir ngoai chiéu
xuyén qua co thé va su chong 14n anh khong
thé loai trir triét dé, nén mot sb ton thuong co
kich thuéc nho hodc cac ton thuong & vi tri
khuét kho thiy rd trén hinh anh chup cit 16p
vi tinh. Nhu vay, du la chup X-quang thong
thuong hay chup cét 16p vi tinh thi anh cia
céc td chie duoc tao ra boi céc tia birc xa (tia
X) tir ngoai chiéu xuyén qua co thé, nén ta chi
thiy duoc cai bong co su chong 14n cia cac t6
chirc co thé ¢ trén phim. Han ché nay s& duoc
khic phuc t6t trong phuwong phap chup cong
hudng tir hat nhan.



Anh cua hinh
tam gidc chdng
14n 1én anh cia

hinh tron va
hinh chir nhat

—

a

\J

I

Anh khong chdng I4n ciia hinh tam giéc,
hinh tron va hinh chir nhat

b

Hinh 3. a)Sw chéng lin ciia anh chup X - quang va b) Chup CT Scanner khdic phuc tot
hién twong chong lim anh.

2. Hién twgng cong hudéng tir hat nhan
(NMR)

Hat nhan nguyén tir dugc ciu tao boi hai
loai hat la: proton va neutron. Hat proton co
dién tich duong (ki hiéu la p') va hat neutron
trung hoa (ki hi¢u ;') (hinh 4). Giéng nhu
cac hat dién tu (electron), cac hat proton va
neutron (goi chung 13 nucleon) déu c6 mét tir
truong nho. Chuyén dong cia céc hat proton
va neutron bén trong hat nhan (goi 1 chuyén
dong noi tai) dugc dac trung boi dai lugng vat
ly goi 1a m6 nen dong lugng hat nhan (con goi

Hinh 4. Cdc hat proton
(dién dwong) va cdc hat
neutron (trung hoa)
trong hat nhan.

1a spin hat nhan) ky hi¢u la I. Déi cac hat nhan
¢6 sb khoi luong A 1¢ thi I ban nguyén (1/2,
3/2...),nhu H' (A=1), C" (A=13), F”
(A=19) va P’ (A =31) co spin hat nhan I
= 1/2. Cac hat nhan c6 A chan thi I nhan cac
gia tri nguyén (0, 1, 2 ...) nhu C" (A = 12)
va 0" (A = 16) ¢6 I = 0. Chuyén dong néi
tai cua hat nhan con tao mdt tur trrong, lam
cho hat nhan gidng nhu mot thanh nam cham
nho (hinh 5a), dac trung cho tir truong cua hat
nhan 1a m6 men tir hat nhan p c6 do 16n ty 1€
thuan vaéi spin 1.

neuton
electon

+
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c)

Hinh 5. a) Sw sdp xép hén loan ciia cdc mé men tiv hat nhan khi khéng cé ti truwong
ngoai B, b) Sw sdp sép cac mé men tiv hat nhén khi co tic truong ngoai B, dit vao. c)
Chuyén dpng dio quanh truc ciia mémen tir \ véi tan s6 Larmor © /e

Déi cac hat nhan c6 s6 khéi luong A 1¢
nhu H', 6(;”, " va P*'1a cac hat nhan c6
tur tinh (giong nhu 1 thanh nam cham) dugc
st dung trong k¥ thuat NMR. Nhitng hat nhan
co sé nucleon chéan (,C"* va 0') c6 moémen
tur bang khong (p = 0) khong c¢o tur tinh, nén
khong thé sir dung trong ky thuat NMR. Hat
nhan nguyén tir hydré 13 lya chon s6 mot cho
ky thudt NMR. Vi no6 co6 chura 1 proton 1a hat
nhan c6 rat nhiéu trong co thé con ngudi va co
mo nem tir p 16n nhét (tht nhi 14 ). Trong

c#mos?mobco»{ I

diéu kién binh thuong, cac hat nhan sip xép
mot cach ngau nhién, hon don (hinh 5a), nén
moémen tir p ciia chiing triét tiéu 1an nhau, do
d6 tir truong cia cac mau vat luon bang khong.

p=g——1I (1)

2m »
¢ day g 1a h¢ s6 tir Larmor, e =1,6.10"" C; m_
1a kho1 lugng hat proton. Nhu vay doi véi cac
hat nhan c6 sé nucleon 1é (H', C", F"”va

P31) thi momen tir khac khong (p # 0).

—Ep

@ —<@—<@>-E

Hinh 6. Khi ddt trong tir truong ngoai B, cdc hat nhdn tach thanh hai nhém cé nang
lwong khac nhau E_va E p voi (E, > E -

Khi ¢ vao trong mot tur trudong ngoai
B,, cac momen tur p sdp x€p song song cung
hudng hodc song song nguoc hudng cuia tur
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truong ngoai ]?0 (hinh 5b). Cac monen tur p
cung chiéu nhi€u hon cac momen tir p nguoc
chiéu. Ngoai ra cac moé men tur p con chuyén
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dong dao (chuyén dong tué sai) quanh truc ctia
tur truong B, (hinh Sc¢) voi tan s6 Lamor (tan
s0 cong huong) o, ty 1€ thuan voi B

2)

Khi chua ¢6 tir truong ngoai cac hat nhan
déu c6 nang luong nhu nhau 14 E,. Nhung khi
dat vao trong tr truong B, do tuong tac gitta
mo men tir pu voi tr truong ngoai B, cac hat
nhan bi tach ra lam hai nhdm co6 nang luong
E, va Eg khac nhau (hinh 6):

w, = gB,

Trong d6 cac hat nhan ning luong thip
E, chinh la cdc hat nhan c6 m6 men tir p cung
chiéu B, va cac hat nhén nang luong cao Eg
1a cac hat nhan ¢6 moé men tir p nguoc chiu
voi B, (hinh 6). Lic nay néu chiéu vao céc
hat nhan mot séng dién tir dang xung c6 tan
s6 bang tan s6 Larmor ®, (vi du: hat nhan
H' tin s6 o, c6 ba gia tri 1a 63,86.10° kHz;
45,57.10° kHz; 21,28.10° kHz) thudc dai tan
s6 séng vo tuyén dién, thi moémen tir p thay

E, = _h gB, (3) d6i trang thai chuyén dong tué sai ctia nd va

4;:' nhan thém ning luong. Chuyén dong nay goi
Ey=+ E gB, (4) 1a chuyén dong céng hwéng (hinh 7).

BO Bo
i 2K
oL //
Song dién tur
hat nhan hap thu VV\—> ‘
a)

Song dién tir

b)

By
M N
oL //
hat nhan phat ra@wl _
d) c)

Hinh 7. a) Chiéu séng dién tir vao hat nhéan. b) Hat nhin thay déi chuyén dpng tué sai
nhdn thém nding lwong (chuyén dong cong hwéng). c¢) Ngirng chiéu séng dién tiv. d) Hat
nhén tré vé trang thdi ban dau va phdt ra séng dién tir.

Néu ngung chiéu séng dién tir vao hat
nhan, thi mé men tir p trd lai trang thai ban
dau va giai phong nang luong dudi dang séng
dién tir (hinh 7c va 7d). Céc tia song dién tur
phat ra tir hat nhan nay chinh 13 quang phé
phat xa hat nhan.

3. Ung dung NMR trong chéin don
hinh anh

Ung dung NMR trong chan do4n hinh
anh dugc thuc hién nhu sau: st dung mot tir

truong manh B, va mot hé théng phat cac
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xung séng vo tuyén dién dé lam cho cac hat
nhan hydr6 H' trong cac nguyén tir cla to
chtrc trong co thé phat huynh quang. Chum
tia huynh quang nay duoc mot hé théng thu
nhéan va xu 1y dién toan dé tao ra hinh anh
(hinh 8a). Co thé con ngudi ciu tao chu yéu tir
nude (60-70%). Trong thanh phan cua phan tir
nude ludn c6 nguyén tir hydro. Vé mat tir tinh,
nguyén tor hydro 1a mot nguyén tur dac biét vi
hat nhan cua ching chi c6 1 proton va cé mo
men tr p ré}t 16n. Vi thé hat nhan hydro H
1a vu tién s6 1 cho phuong phap cong huong
tur hat nhan (phuong phép cong hudng tir hat
nhén sir dung H' dugc ky hi¢u la 1H-NMR).

M4y phit xung
séng dién tir

Bo xit Iy anh

i Printer

—_

* Piu thu B8

séng dién tir

0

Bénh nhéin

Didu khién
tir tredng ngoai Bo

a)

Phuong phap nay dua vao céc tia song dién tur
ctia pho huynh quang phat ra tir cac hat nhan
hydré H'co trong nude va cac mo trong co
thé. Cac tia nay dugc ghi lai, rdi dwa vao xir Iy
tao ra anh, tir d6 xé4c dinh duoc cac ton thuong
bénh Iy trong co thé.

Trong phuong phdp NMR, céc hat nhan
H' 6 trong céc céu truc khac nhau s& phat xa
cac tia song dién tir khac nhau, dac trung riéng
cho mdi cau triic d6. Trén co sé phan tich phd
phat xa nay, nguoi ta xac dinh dugc ciu trac
va thanh phan cua céc t6 chire co thé & cap do
phan tr v&i do phan giai cao (hinh 9b).

Cudn thu phat
song dién tp

Cudn tao
tl trwong bién thién

Nam cham

b)

Hinh 8. a) So' do nguyén Iy hoat dpng ciia mdy chup NMR. b) So' do mdy chup NMR doi
véi chin dodn hinh dnh trong y hoc.

a)
Hinh 9. a) Anh chup tim bang X-quang. b) Anh chup tim bang NMR.
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Bang 1. Bang so sanh anh X-quang va anh NMR.

Chup X -quang Chup NMR

Tia X Soéng dién tur
(3.10”" kHz + 3.10'° kHz ) (10 kHz = 3.10°kHz )
Duya vao do tuong phan sang-
toi trén phim do tia X truyén
qua mau vat

Bire xa sir dung

Dua vao song dién tur trong

Phuong phap ta0 dnh quang pho phat xa hat nhan

Ban chat dnh Bong ctia mau vat Hinh ctia mau vat

Cho biét chi tiét céu tric,
thanh phan cua mau vat toi
cap do phan tu

Cho biét thong tin co ban vé
hinh dang, kich thudc, do sang
t01 cua mau vat
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Do ban chit cua tao anh trong phuong
phép chup anh cong huong tir hat nhan (NMR)
1a nhén tin hi€u song dién tir phat xa tir cac hat
nhan nguyén tir trong mau vAt, nén anh cia
NMR phan anh chi tiét ciu tric, thanh phan
clia cac t6 chuc trong co thé téi cap do phan
tu. Con do cach tao anh ctia chup X-quang dua
vao su suy giam cuong do cta tia X duoc chiéu
tir ngoai di qua mau, nén anh tao ra chi la cai
bong cua cic to chirc trong co thé, nén no ciing
chi cho biét duoc hinh dang, kich thudc, do
dam dic cua cac to chic trong co thé.
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