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Ly thuyét ciia cac phép do tir sinh hoc (phan 1)

1 Truong twr sinh hoc

Diéu kién dau

Ngudn:sy phan b ngudn dong dugc dua vao ji(nguén khéi)
B6 dan khdi: hitu han, khong ddng nhat

Mat do dong Jtrong ca mot bo dan khdi dua t6i tir truong duge dua ra
boi cac moi quan hé sau (Stratton, 1941; Jackson, 1975):

_ - 1
drH = LJ X 7 (;) dy(lZ.Ol)

cua lugng dv trong co thé con ngudi, JAvIa mot nguyén td ngudn. va VIa
mot nha dicu hanh véi nguon toa d§. Thay phuong trinh 7.2 duoc 1dp lai
o day,

J= =07 ®+ J (1202

Vao phuong trinh 12.1 va chia b dan khéi khéng dong nhat thanh ving
dong nhat v; vé1 do dan o, ta thu dugc

AmH = fJ‘xv( )du—Zf crjv@xv(f)du

(12.03)

Gio chung ta tao ra cach str dung ctia sy ddng nhat vector sau (Stratton,
1941, p. 604):

fyv x Cdv = —fsC’ X d§(12.04)

Noi bé mit tich phan duogc 1y trén bé mat S bao quang lugng v cua tich
phan khéi. Ap dung 12.4 cho 12.3, sb hang cudi trong biéu thire 12.2, bao
gom ki hiéu cta né, co thé duoc thay thé boi

;L}_thb V4 (%) x dS;

(12.05)

Cubi ciing, &p dung két qua nay cho biéu thirc 12.2 va biéu thi 1an nira cac



vung primed and double-primed ctia do dan bén trong va ngoai duong
bao, lan luot 13, dSjcs huéng tir vung primed dén vung double-primed,
chung ta thu dugc (chi ¥ rang moi giao dién phat dinh hai lan, mot 14 tai
bé mit ctia vj va hai 1a tir bé mit ciia mdi ving xung quanh cua v; )

AnH (r) = fJ‘xv( )dU-I-Zf ‘I"\T"()Xd'gj
(12.06)

Phuong trinh ndy miéu ta tir truong bén ngoai bo dan khéi cb dinh chira

ngudn khéi (dién) bén trong J*va su thiéu ddng nhét (" i~ j). N6 duogc
suy ra lan dau tién boi David Geselowitz (Geselowitz, 1970).

Piéu quan trong la chd )'/ réng s0 hang dau tién bén Vé phai cua biéu thire
12.6, bao gém ca J*, biéu dién sy déng gop cua nguon khéi, va s6 hang
thr hai tac dung cua du:ong bao va su khong d6ng nhat. Ngudn dua Vao
J' nay sinh tu hoat dong té bao va vi thé co gia trl chan doan noi ma sb
hang thir hai c6 thé duoc xem nhu 12 mot bién dang nho vao su khong
d6ng nhit ctia b dan khdi. Nhirng ngudn rat giéng nhau nay dugc nhan
ra som hon khi dién truong duoc phat ra boi no6 dang dugce danh gia (nhin
biéu thirc 7.10). (trong truong hop dién, cac sd hang ndy ciing duoc gan
cho ngudn chinh va ngudn thi cap).

Tuong tu, nhu dugc ban ¢ biéu thuc 7.10, d& dé nhan ra réng néu bd dan

khdi 1a ddng nhat, su chénh Iéch( i ')trong biéu thirc thtr hai 1a bang
0, va n6 dugc rut gon. Sau do biéu thirc giam cho biéu thirc cua tir truong
nho vao sy phéan bo cta nguon khdi trong bo dan khéi khong dong nhat.
Diéu nay dugc gidi thiéu & phan cudi biéu thirc 12.10. Trong viée thiét ké
thiét bi kiém tra tir sinh hoc chat lugng cao, muyc dich 1a loai bo tac dung
ctia ngudn thir cap dén kha ning mé rong.

Tir mot vi du ctia biéu thire 12.6 ¢6 thé khai quat rang sy gién doan trong

tinh dan 12 su twong duwong c6i ngudn thir capfSs vei Ki=\% ~ J no
day @ 14 tiém ning bé mit trén Sj.Chay ring Kjgiéng v6i ngudn dong

thir cp cho dién trudng (biéu thirc 7.10) nhu cho tir trudng.
2 Bdn chit ciia nguén tir sinh hoc
Biéu thirc 12.6 chi ra rang hién tugng sinh 1y cai 1a ngudn cua tin hiéu tir

sinh hoc ]{}1 hoat dong di§n cua mo (dugc mo ta o trén). Vi thé, véi trrong
hop, nguon cho tir tam d6 (MCG) hodc tir ndo d6 (MEG) 1a hoat dong



dién cua co tim hodc té bao than kinh, 1an luot 13, khi nd 12 nguén cia
dién tam do (ECG) va dién ndo do (EEG). Su khac nhau vé& mat Iy thuyét
gitra tin hiéu tir sinh hoc va dién sinh hoc 1a sy khac nhau trong viéc phan
bd d6 nhay cua nhitng phép do ndy. Sy phan bd do nhay ( su tao ra
treong dao trinh) caa phép do dién dugc thao luan chi tiét trong chuong
trede. Sy phan bd d6 nhay cua phép do tir duogce ban chi tiét trong chuong
nay. (nhitng su khac nhau vé ki thuat ctia may do dién va tir gi6i thiéu
thém sy khac nhau. Chiing dugc ban mot cach ngan gon trong phén tir
tam do & chuong 20).

Sy khéc nhau giita tin hiéu dién va tir c6 thé ctng dugc thdy tir dang cla
biéu thtrc toan hoc cua chung. Khi so sanh biéu thuc 12.6 va 7.10, ching
ta cO thé thdy rang tir truong Xudt phat tir sy xody va dién truong XuAt
phat tir sy phn tan cta ngudn. Sy khac nhau nay bao gom ca thanh phan
thir nhat vé bén phai ciia biéu thirc dugc tao ra tir sy phan b dong vao, va

thanh phan tht hai duoc tao ra tir bién cua sy khong ddng nhét cia ngudn
khéi.

N6 dugc chi ra rang trong viéc thiét ké dao trinh tir truong phai nhé dén
ngudn gbc dién cua tin hiéu tir va dang dic tinh cta sy phan bd d6 nhay
ctia phép do tir. Néu dao trinh cua phép do tir khong duogc thiét ké mot
céch can than, thi ¢6 thé sy phan bd do nhay cta dao trinh tir s& giéng voi
dao trinh dién. Trong trudng hop d6 phép do tr truong s€ khong cung cap
bat ki théng tin ma&i ndo tir ngudn ca.

Xin chl y rang tin hiéu tir sinh hoc duoc ban & trén duoc gia st khong
Xuat phat tir vat liéu tir boi vi vat liéu tir khong ton tai trong mé. Co
nhitng truong hop dac biét, tuy nhién, noi ma truong tir sinh hoc dugc tao
ra boi vat liu tir - vi duy, trong treong hop tin hiéu dya vao vat liéu tu
chira trong phoi cua tho han hoic sit tich tu trong gan nguoi c¢6 bénh.
Nhiing truong hop d6 khong dugc thao luan ¢ cuon sach nay.

Trudng tir sinh hoc ¢6 bién d6 rat bé so véi truong nhidu xung quanh va
Vv6i d6 nhay cua dau do. Tong két cac truong duoc biéu dién trong hinh
12.1 (Malmivuo et al., 1987). Hinh nay chi ra ring c6 thé tim thiy MCG
véi tir ké cudn, mic di v6i mot ti s nhiéu tin hiéu thap (S/N). Tuy nhién,
hau hét tir ké cudn xay dung cho muc dich tir sinh hoc (Estola and
Malmivuo, 1982) khong du nhay dé dung cho MEG sir dung trong 1am
sang. Vi thé, Superconducting QUantum Interference Device (SQUID)
chi 1a thiét bi ma du nhay cho phép do tir sinh hoc chat lwgng cao. Thiét



bi cho truong tir sinh hoc dugc do khong dugc ban xa hon trong cudn
sach nay.

— Magnetic flux density [T]

1|:|'4 | —
1 =iatic field of earth
:: Y
3 ‘k\
3 N L aborato !
1074 Geo- l" \\\‘ hojse v :
3 magnelicy N | Line frequency
, 1 noise i N | and harmonic
10% S \ Y I holse .
3 xh \\ I | Commercial
] i . I flux-gate
\
(nT) 102 o Bigh | magnetometer
] \ow | HH l
. —_— LY b |
1010 nasa SN Y IIH;! |
1 flux-gate \ 1:HII| T
- 1 magnetometer 'Hﬂlm:lli. Radio- |
7 Fdlinn frequens
R 3 MOS o i noge yi I
1 NI Rl
Biomagnetic (pT) 1012 - - o hH
- Y '
signals . N ':'hHH
7 - (1
_________ 1|:|-13__ - Jﬂ“ JLLLIL
Noise fields 3N Magnetic n
1014 Thermal noise figld . SQUID
Equivalent in eddy-current shield = magnetometer
input noise 15 Induction-coil
(fr)10 i magnetometer
Tﬂf 13: Thermal noise field of body (at Tampere)
erina, L S S Frequency [Hz]
nDIISEflIEIrdS E I TmTT mTT I mTT I LI | LILBLBL I TTTT I LI I LILILIL I LI I

L1 T I R L 102 108 0% 08 108

hinh 12.1:Tin hiéu tir dugc tao ra boi cac ngudn khac nhau Tin hiéu tir
sinh hoe: MCG = tir tim d6, MMG = magnetomyogram, MEG = tir néo
d6, MOG = tir 46 cdu mat trwdomg nhiéu: trudng tinh cia trai dat, nhiéu
phong lab, nhiéu tan s dong, nhiéu tan sb radio Nhiéu vao twong
dwong: commercial flux-gate magnetometer, ring-core flux-gate
(NASA), tir ké cudn cam, tir ké SQUID. Truwdng nhiéu nhiét: 14 chin
dong xoay, co thé cong ngudi

3ly thuyét bién thién cho tir trwong
Diéu kién dau:

Ngudn:su phan bd cia yéu td ngudn dong duoc dua vao J (ngudn khoi)



Bo dan: hiru han, déng nhét; hodc hitru han, khong déng nhét véi doi xung
tru

3.1 Dang cua trwong dao trinh tir

Plonsey dd mo rong ung dung cua 1y thuyét bién thién cho diéu kién thoi
gian thay doi xay ra trong phép do tir sinh hoc (Plonsey, 1972). Su phat
trién d6 twong tu nhu sy chimg minh ctia thuyét bién thién cho dién
treong va vi thé khong can 1ip lai ¢ day. Chi biéu thirc cho thuyét bién
thién cho phép do tir 1a dugc dé cap. O day, L viét tat cho “dao trinh”,
nhu trong chuong trude, M dugce viét tit cho “dao trinh tir” dya vao dong
bién thién cua dao ham theo thoi gian.

Dong duoc noéi trong mot bd dan phu thude vao tdc d6 cua su thay ddi
cta thong luong tir ma két nbi voi vong lap dong. Tuong tu trong truong
hop dién trudng ( nhin bicu thirc 11.30 va 11.52), cac dong dugc cép dién
bién thién (thay d6 theo thoi gian) Ir dugc chuin hoa dé dao ham theo
thoi gian ctia n6 thong nhét cho tat ca cac gia tri . Phuong trinh can thiét
cho ly thuyét truong dao trinh cho phép do tir sinh hoc sau d6 c6 thé dat
duoc mot cach dé dang tir phwong trinh twong tng trong cac phép do
dién.

Song dién tm ludng cuc co ban trong phép do tir tinh 1a mot 6ng day
(cudn day) v6i mot 16i va phan cudi tron phang c6 do tir thim xéc dinh,
nhu dugc biéu dién trong hinh 12.2. Néu cudn day duge cung cip dién
véi mot dong dién , mot tr truong duoc tao ra, nd cd thé dugc xem nhu 1a
két qua tir su tich tir (bdng va ddi) tai cudi cia cudn day. Nhirng chd cudi
nay duoc goi 1a tir cuc (Baule and McFee, 1963). ( tir “dién cuc duogc gidi
thiéu boi Michael Faraday(1834).) P9 dan tir ludng cuc co ban nay Ia
twong duong voi d6 dan dién ludng cuc co ban duge trinh bay trong hinh
11.23.

Khi dong bién thién I, dugc dua vao dao trinh tir co ban, no tao ra trong
mot khong gian xac dinh cta do tir thim gidng nhau mot truong thé tir vo
hudng @y Cia trang thai khong gian khac nhau nhu trudng thé dién vo
huong O g trong Mot moi truong vo han cac do dan théng nhét phat sinh
tir dao trinh dién duoc dua dién vao mot cach bién thién, dién cuc cta nd
dugc dit ¢ phia twong tng véi tir cye. Nhu cha y trong phan 11.6.6 , néu
dién cuc hodac tir cuc dugc dat song song va kich thirdc cua ching rong so
V6i su phan chia cua ching, thi ca ® g va Oy 12 giéng nhau trong ving
trung tam.



dr, /d

hinh 12.2 dang co ban cta song tir ludng cuc
o day:

l, = dong dién bién thién

@y = truong thé tir vo hudng

Hpp= tir trudng bién thién

Bru= cam ting tir bién thién

Epy~ dién truong bién thién

Jom= truong dao trinh

Via= dién thé trong truong dao trinh nho vao nguon khoi J ‘trong bo dan
khéi

W = do tir thAm cua mdi truong



6 = do dan cira moi trudong
7= vector ban kinh

Mot moi truong dong nhat khong gi61 han dugc yeu cau cho d6 dan 1a
gap doi cho d6 thdm tir, noi ma diém cudi cung 1a dong nhat trong co thé
va khong gian. Nhu trong cac phép do dién, c6 thé dé tao ra su két hop
dao trinh tir bang cach két ndi bat ki s6 ndo ciia dau do voi nhau.

Bay gi¢ chung ta khao sat ban chit cua truong dao trinh tir JLarduoc tao
ra boi su dua vao dong dién bién thién cua cudn diy cua dau do tir véi
mot dong I,Ir tai mot tan sé goc. Sir dung dinh chuan ki hiéu gidng nhau
gitta dong dién duoc dua vao va dién thé dugc do nhu trong trudng hop
dién, hinh 11.23, ching ta thu duoc tinh hudng twong tng véi phép do ti,
nhu trong hinh 12.2.

Trudng tir bién thién Hpaxuét phat tir @y O dang sau:
Hpy = — v ‘I’LM(12.O7)
Cam Ung tr Brula
Bra = pHear(12.08)

& day P 1a do tir tham ctua moi trudng. Gia sir 1 12 ¢6 dinh, phan xa lai
trrong hop khong dugc giad st cua vat liéu tir ro1i rac.

Cudng do dién truong bién thién Erarxuét phat tir cam tmg tir bién thién
BLM(gay ra tir cuon déy c6 dong dién chay qua) phu thugc vao hé dao
trinh khdi va truong. Véi tir truong 1a ddi xing truc va dong nhat voi mot

s6 ving duoc gidi han (trudng hop ddi xting tru), 2Ty = m ’B, Voi
vung nay (® va z dang ¢ trong hé toa do tru), hoac trong ki hiéu vector:

Ery = =7 X Bpy = E Hpy = ~Erx VP

2 2 2 (12.9)

Trong biéu thirc ndy 714 vector ban kinh trong hé toa d6 tru duoc do tir
truc ddi xting (z) nhu gc. Nhu trudc, diéu kién diéu hoa dugce gia sir dé
tat ca sb lusong truong 1a vector pha phtrc tap. Hon nira, nhu da chu y
truoc do, (W)du:oc diéu chinh dé dai lu:ong cua By 1a doc 1ap voi o. Su
dich pha 90 d6 cua dién truong lién quan dén tir truong, dugc gia su la
duoc chira trong vector pha dién truong. Nhitng gia thiét vé truong dirge



gia str & trén nén 1a mot su xap xi hop 1y véi trudng bién thién thyc té
duogc thiét 1ap boi dau do tr truong.

Két qué trong biéu thire 12.9 twong tmg véi cudng do dién trudong bién
thien Erar = — 7 Pduge tao ra boi dong bién thién caa dao trinh dién
(dugc mo ta trong bicu thirc 11.53 trong chuong trude)

Mat d6 dong tir trudng dao trinh ¢ thé dugc tinh tir cong thirc 12.9. vi
thé:

Jon = UELM(lZ.lO)

Chung ta thu dugc cho truong dao trinh tir Jim

_ T _
Jov = 5 X Bra

Truong dao trinh tir JEarcé céc thude tinh sau:

1.Mat d¢ dong trudng dao trinh JLaé moi noi xoay quanh va dong tim
V61 true doi xuang.

2.D6 16n cua mat @6 dong truong dao trinh Jrati 16 thuan véi khoang
céch tir truc dbi ximg r (du dé cac diém truong van con trong truong Bras
dong nhat)

3. Nhu mot hé qua cua (2), do nhay 14 0 tai truc doi xung. Vi thé, truc ddi
xtng dugc goi 1a duong dd nhay bang 0.

Dua trén biéu thire 11.30 vachay rang cling trong truong hop tir dong
bién thién I, duoc chuin hoa dé n6 thong nhat véi tit ca gia tri o, ching
ta can bang dién thé Vi trong dao trinh tir dugc tao ra béi mot mat do
moment ludng cuc dong J nhu (Plonsey. 1972)

1_- _,
Vise = [ ~Juar- Tidw
L= ), g M (12.12)
Biéu thirc nay gidng v6i biéu thirc 11.30, md ta sy phan bd do nhay cia
dao trinh dién. Sy phan bo d9 nhay cua phép do tir 1a diém khac nhau tir
phép do dién vi truong dao trinh tir JLarcé dang khéc truong dao trinh
dién JLE.



Trong vat liéu ¢ trén, chung ta gia st rang moi truong dao trinh la dong
nhat va hitu han. Viéc thao luan ndy ciing bao gobm moi truong dao trinh
hinh try dong nhét ciia ban kinh x4c dinh néu tir truong c6 dong bién
thién chay qua la ddng nhit va trong huéng cua truc ddi xtimg. bai vi
huéng dong tam cua Jramtrong truong hop khong c6 duoc gidi han khong
bi can thiép khi duong bao hinh tru xac dinh dugc gidi thiéu. Nhu trong
trurong hop moi truong xac dinh, do 16n dong truong dao trinh ti 1€ thuan
v6i khoang cach r tir truc d6i xtng. Trén truc ddi ximg, mat do dong
treong dao trinh 1a bang 0, va vi thé, no duoc goi 1a duong c6 do nhay
bang 0 (Eskola, 1983; Eskola and Malmivuo, 1983).

Dang cua truong dao trinh tir dugc trinh bay chi tiét trong hinh 12.3. Bé
so sanh, trudng dao trinh tir duoc trinh bay trong hinh véi bon cach khac
nhau. Hinh 12.3A chi ra mat do dong truong dao trinh tir trong dang phdi
canh ba chiéu véi dudng strc truong dao trinh dugc dinh hudng mot cach
tiép tuyén xung quang truc d6i xtirmg. Nhu chd ¥ trude, bai vi mat do
dong trudng dao trinh ti 18 thuan véi khoang cach r tir truc dbi xtng, truc
d6i xtng tai thoi diém nay 1a duong co do nhay bang 0. Hinh 12.3B chi ra
dang cua truong dao trinh trong mot mat phang vudng goc véi truc.
Nhitng duong stc thudong duoc vé dé sd lugng khong ddi ciia dong duoc
gia sir chay gitra hai dudng strc. Vi thé, mat do dudng st ti 16 thuan véi
mét d¢ dong. (trong truong hop nay dong truong dao trinh ¢6 mét thanh
phan binh thuong véi mat phang cta hinh minh hoa, cac dudng stic 1a
khong lién tuc, va mot sé khong chinh xac duge dua vao hinh minh hoa,
nhu c6 thé dugc théy trong phan 13.4). Hinh 12.3C minh hoa trudng dao
trinh véi vector mat d¢ dong, duoc dat tai goc ctia ludi déu. Cudi cling,
hinh 12.3D chi ra d6 16n cia mat d6 dong truong dao trinh Jramhu mot
ham caa khoang cach r véi truc ddi xang voi khoang cach tir tir ké h nhu
mot tham sb. Hinh minh hoa ndy khéng chi ra hudng cua mat do dong
truong dao trinh, nhung n6 dugc biét 1a c6 hudng tiép tuyén. Trong hinh
12.3E nhitng duong nét dut tham gia vao diém noi ma mat do dong
truong dao trinh ¢6 gia tri nhu nhau, vi thé chiing dugc goi 1a nhiing
duong dang nhay.

Nhitng hudng lién quan cua tir truong va dong dugc dua vao va tin hiéu
duoc do tim dugc phac hoa trong hinh 12.2. Néu cam tng tir Brarcua
biéu thirc 12.11 1a dong nhat va nam trong hudng toa do 4m, nhu trong
hinh 12.2, dang cua két qua mat do dong trudng dao trinh Jrarla tiép
tuyén va duoc dinh hudng trén huéng duong ciia von tron. Nén nhé rang,
diéu kién diéu hoa da timg dugc gia st dé vi thé chiing ta dang vé& do thi
do 16n dinh cua Bpaddi voidoar, su chon lya ki hiéu cho mdi 16p vector
la chu quan. Méi quan hé tirc thoi c6 thé duge tim thay tir biéu thuc



12.11, néu ki higu vector pha rd rang dugc quay trd lai, bao gdm do léch
pha 90e cta JL .
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hinh 12.3Mat d6 dong dao trinh tir cua treong dao trinh tu: (A) Mat do
dong truong dao trinh_do6 1a, d6 nhay-c6 hudng tiép tuyén, va dolon cua
né ti 1¢ thuan véi khoang cach tir truc ddi xtmg. Chu ¥ rang trong hinh
nay nhitng dudng nét dit biéu dién truc dbi ximg noi ma mat d6 dong
truong dao trinh bang 0

(B) mat do dong trudong dao trinh duoc chi ra trén mot mat phang voi
duodng stc
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(C)mat d6 dong truong dao trinh duoc chi ra trén
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(D) Mat d6 dong truong dao trinh nhu mdt ham cta khoang cach tir truc
doi xing
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Ly thuyét ctia cac phép do tir sinh hoc ( phin 2)

3.2Ngudn ciia tir trueong

Phan nay cung cip mot su mo ta 1an luot nguon cua tur trudong dugce cam
nhan boi cudn day dat trong tur truong (glong v6i truong hop truc dbi
xung). Bang viéc thay biéu thire 12.9 vao biéu thire 12.10, va sau d6 biéu
thirc nay vao 12.12, chung ta thu dugc (chuy réng rtrong hé toa do tru)

Vi = —%L(’F ¥ VQ)LM) . jtldb" = SLWQ)LM (:FX jt')du
(12.13)
Su dung | |
vectorV ((I)LM?: X ji) = Crar V- (?: X jt) + VoM (‘F X T) thu

dugc dang ctua biéu thac 12.3

VLM=§fv-(®mexf)du—gL@LMv-(fx J') dv
’ (12.14)

Ap dung 1y thuyét phan chia cho s hang dau tién bén phai va sir dung
- (fo‘) —J g XTF—F- 7 X J

mMat vector mo rong (i.e., ) vao
s6 hang thir hai ctia biéu thirc 12.4, va cht ¥ ring V - 7 = 0. ta thu duoc

Vi = %fy‘I’LM («ij") 'd§+%L®LM'WXJi(12.15)

ViJh = Otai can cua khong gian, bé mat tich chap bang 0, nén ta co

B e x I
Vim =3 LQ)LMT VXTI g 16

Biéu thirc ndy twong tng vai biéu thirc 11.50 trong phép do dién.,Sé
luong @y la the tir vo huéng trong b dan khoi nhd vao dong bién thién
dugc dua vao cia pickup lead. S6 hang V' X J tdu:(,yc dinh nghia nhu
ngudn xody, fv

Iy = 7 x J' (1217

Trong biéu thtrc 12.16 day 1a d6 16n ctia ngudn tir trudng.



Sur thiét ké ngudn xo0dy cho ngudn nay dién ra nhu 1a két qua cta viée
dinh nghia sy xoay(curl). Cuoi cung la sy khép kin trén moi vung don vi,
do la:

_ 1 o
¥ A= — A-dl
v AS Jas (12.18)

Va tich phan duong duoc 1y xung quanh AS tai tat ca cac diém trén ving
quan tam d¢ nd dugc dinh hudng trong truong dé 1am I6n nhat tich phan
(cai ma tao ra hudng cua vong xoay).

Néu quan tam dén trudng van téc dugc két hop voi mot lugng nudc trong
mot binh chira, sau d6 luvu luong ngudn cua né phai bang 0 néu nude
khong duoc thém vao hoac liy ra. Nhung voi truong, khong can thiét
phai bang 0 trong truong hop khong co ngudn lwu lwong bai vi nude co
thé dugc khudy 1én., do d6 tao ra truong khac 0. Nhung xody do d6 dugc
tao ra dan t&i mot curl khac 0 dén khi co su ton tai 10 rang mot dng khép
kin. Diéu ndy giai thich cach str dung thut ngir “vortex” ciing nhu vai trd
quan trong cua nd nhu 13 ngudn ctua mot truong doc lap cua lwu lugng.

3.3 tong két cac biéu thirc Iy thuyét trwomg dao trinh cho phép do
dién va tir

Nhu dugc tong két trong hinh 12.2, nhu mot két qua cua dong bién thién
dugc dua vao cua tir truong, nam truong bién thién sau dugc tao ra trong
bo dan khoi: truong the tir vo hudng O y(duge minh hoa voi bé méat dang
thé), tir truong HLar(duoc minh hoa véi dong truong), cam g tir BLa
(dugc minh hoa voi duong thong luong), dién truong Ep sm(duoc minh
hoa béi cac dong truong), va trudng dong dién JLar(duoc mo ta voi
thong luong dong va dugc goi la truong dao trinh).

Ngoai nim trudng ndy ching ta ¢ thé dinh nghia thém mat truong thir
sau d6 1a mat phang dang nhay. N6 dugc dinh nghia trong tw nhu dao
trinh dién trong phan 11.6.6. Khi d6 tir tham 13 dang hudng (thudng 1a
trong mo sinh hoc), duong tir tredng trung véi thong lugng cam Gng tur.
Khi bo dan 1a déng huéng, dong dién truong tring voi thong lugng dong.
Vi thé trong phan tom tit, trong mot h¢ thong dao trinh do tim moment
ludng cuc tir ciia mot ngudn khoi (xem phan 12.6) tir sdu trudng da ndi &
trén, dong tur truong trung vai thong lugng tir va dong dién truong trung
voi thong lugng truong dao trinh. Tuong tu nhu trong trueong hop dién
(xem phan 12.6), mit phang dang thé tir vo hudng tring voéi tir dang
truong va mat phang dang thong.



Bang 12.1 tom tit biéu thirc Iy thuyét truong dao trinh cho phép do dién
va tu.

Sy phu thudc khong gian cta thé dién va tir vo hudng dugc tim thay &
biéu thirc cua Laplace. Nhitng truong ndy s& c6 nhitng dang giéng nhau (
Erpys. H L), néu hinh dang va vi tri ctia dién cuc va tir cuc 13 nhu nhau
va néu khong c6 hiéu Gmg cua bo dan khédi khong dong nhit hodc phan
cach voi khong khi. Twong tu, biéu thirc cho tin hiéu dién va tir Ve and
Vi, khi tich phén cua tich v hudng cta truong dao trinh va truong mat
d6 dong duoc dua vao, c6 dang nhu nhau.

Diém khéc nhau trong viéc phan chia d6 nhay cua viéc do tim dién va
trudng ctia mat do dong duge dua vao J *la két qua cta sy khac nhau vé
dang cua trudong dao trinh dién va tir JoEva Jrar. Dang thir nhét c6 dang
cta dién truong bién thién, trong khi dang thir hai 1 dang xody cua tir
treong bién thién.

Ching ta nhin manh 1an nita ring sy thao luin ndy cua tir truong dugc
gioi han cho truong hgp doi xtng truc va dicu kién dong nhat ( nhiing
diéu kién dugc mong doi cho nhitng kha nang ting dung duogc )

Bang 12.1 Nhiing phuong trinh cho dién truong va tir truong

Dai lugng Dién truong Tu truong
Truong nhu mot B

gradientam cia thé Epgp = — 7 ®rp
v6 hudng ctia dong  (11.53)

dua vao bién thién

Cam trng tr do dong

ELM ==V ‘I’LM(12_7)

dién dua vio bién Bru = pHrm(12.8)
thién

Pién trudng bién ELE(= — 7 Prp) P - A

thién*) (11.53) Brar=gm X Bra o,

Truong dao trinh(

treong dong) Jog = 0 Epp(11.54) Jom = o Epp(12.10)

Tin hiéu do dugc 1_ —:'
khi: IRE_lAdIRM/dt f JLE fdb" VLM= _/L:;JLM'J'dU
=1A/s (11 30) (12.12)

*)cha ¥: diém khéac nhau quan trong gila truong dao trinh dién va tu
dugc giai thich nhu sau: dién trudng bién thién cua gradient m cua thé
dién vo hudng (nhu dugc giai thich trong dong dau tién cua bang). Pién



treong bién thién cua dao trinh tir ¢ dang xo4y cua gradient 4m cia thé
tir vo hudng. (trong ca hai truong hop, truong dao trinh, dugc dinh nghia
nhu trudng dong, thu duoc tir dién truong bién thién bai phép nhéan véi
bo dan.) SH lugng cua dau ngodc la so lugng biéu thuc trong bang.

4 Moment lwéng cwc tiv ciia nguon khoi

Diéu ki¢n dau:

Nguén: su phan bd cla jt'tao ra mot nguén khoi
Bo dan: hiru han, khong d@)ng nhét

Moment ludng cuc tir cia su phan bd dong khéi J1ién quan téi ngudn bat
Ki dugc dinh nghia nhu (Stratton, 1941):

I N
m=3 ff XJadv ) 1)

o day Tla vector ban kinh tlnh tir gbc. Mo moment lu:ong cuc tir cua mat

dd dong téng J, ma né bao gdm mot ngudn dong khéi duge phan chia J!
va dong dao trinh cta no,

J=J —G“?(I)(7_2)

Suy ra

I Y
m—Efofdu——erJv d(12.20)

Gidsuola cb dinh, chung ta c6 _thé sir dung vector riéng
VXT® =@ 7 X7+ 7P X7 =—TXTP VX =0 yadi s
hang thir hai bén phai cua biéu thire 12.20 thanh dang :

1
- Fod
2 fyv XToRdV 1) 1)

Bay gio chiing ta 4p dung 12.4 vao 12.21 va chi y rang volume va vi thé
tich phan mat phai dugc tinh tirng dong cho mdi ving noi ma o ¢d gia tri
khéc nhau. Tong ctia cac tich phan va chi ra cc gia tri ctia do dan o Véi
primed and double-primed ki hiéu ctia mdi can, cudi ciing tir biéu thirc
12.20 ta thu duoc



TﬁzngdeU— Zf ;) ®F x dS;

"(12.22)

Biéu thirc nay dua dén moment ludng cuc tir cua ngudn khdi J'dwoc dat
trong bo dan khdi khong dong nhét xac dinh. Nhu trong biéu thirc 12.6,
s6 hang thir nhit & vé phai biéu thirc 12.22 biéu dién thanh phan ngudn
khéi, va s6 hang thi hai 1a thanh phan ciia dudng bao giita nhitng viing
khéc nhau cta b din. Biéu thirc nay dwoc tim ra lan dau tién bai David
Geselowitz (Geselowitz, 1970).

5 Trwong dao tvinh |y tuéng ciia mét dau do dao trinh lwong cwc tiv
twong dwong cvuia nguon khoi

Diéu kién dau:
Ngudn: Sy phan b cua J t'tao ra ngudn khéi (tai gdc)
B6 dan: hitu han (hoic hinh cau) déng nhét

Phan ndy phét trién dang ciia trudng dao trinh cho mot may do do tim
moment ludng cuc tir trong dwong cua ngudn khdi da phan chia duoc dit
trong mot bo dan khoi ddng nhét hitu han (hodc hinh cau). Pau tién ching
ta phai chon diém gdc; ching ta chon trung tim cua ngudn 1am géc. (su
lya chon ndy 12 can thiét, bi nhan t6 r trong biéu thirc cia moment ludong
cuc tir, biéu thire 12.22)

Tong moment ludng cuc tir ctia ngudn khéi duoc cin bang trong biéu
thirc 12.20 nhu tich phan khoi. Ching ta chu y rang ham mat o moment
ludng cuc tir dugc lay tur tich phan

1 _.
2" dr‘(12.23)

m =

Biéu thirc 12.14 cung _cép mbi quan h¢ gitra dién thé dao trinh (tir) va su
phan b ngudn dong J*, ¢é dang

| - i, 1[4 FxJ
VLMzEf?‘)(BLM'JdV__EfBLM.TXJdU(]_Z.ZAr)

Thé biéu thtc 12.23 vao biéu thire 12.24 thu duge mbi quan hé mong
muon gitra dién thé dao trinh va mat do moment ludng cuc tir, cu thé 1a

Vir == f Brw-mdv () oo



Biéu thirc ndy c6 thé dugc thé hién trong céac tir nhu sau:

1. Mot thanh phan cia moment tir ludng cuc ciia ngudn khdi dugc 1dy véi
mot dau do, khi co dong dién chay qua, tao ra mét tur tir trudng bién thién
déng nhat BLMtrong phan 4m cua hé toa do trong pham vi cta nguén
khoi.

2. Tir truong bién thién tao ra mot dién truong bién thién Erar=

1 _

— x B . T I - X X

2 EMya trudng dao trinh tir Joar = o Epptrong hudng tiép tuyén
V&1 truc doi xung

3. Ba trudng dao trinh riéng biét truc giao 1an nhau tir ba thanh phan
vuong goc cua hé thong dao trinh hoan toan dugc do tim moment ludng
Ccuc tur ciia nguon dong.

Hinh 12.4 trinh bay nguyén tic co ban cua hé thdng do tim moment
ludng cuc tir ciia nguon khéi. N6 bao gdm mot hé thong cudn day ludng
cuc (hinh 12.4A) cai ma tao ra trong trung tim ctia né ba thanh phan cua

tir truong bién thién BLM(hlnh 12.4B). Cha y rang pham vi noi ma cudn
day ctia hinh 12.4A tao ra tir truong bién thién 1a nho hon vi thé s& duoc
giai thich sau, va do do hinh 12.4A va 12.4B khong theo ti 1¢. Ba thanh
phan tir truong Bthao ra ba thanh phan dién treong bién thién Erarva
trwong dao trinh JLM, duoc minh hoa trong hinh 12.5. Diéu quan trong
can luu Y rang tir truong bién thién c6 dang hinh hoc gidng dién truong
bién thién cia dau do ma do tim moment ludng cuc dién ctia ngudn khoi.
hinh 12.24.

Tuong ty nhu biéu thtrc cua dién trrong cua nguén khdi, biéu thirc 7.9, sb
hang tht hai & vé phai cia biéu thirc 12.22 biéu dién sy dong gop cua
duong bao va sy khong dong nhat véi moment ludng cuc tir. Day 12 su
trong dwong voi hiéu Gmg cua duong bao va sy khong déng nhat trong
dang cua truong dao trinh. N6i chung, mot dau soO tao ra mot truong dao
trinh ly tudng trong pham vi nguodn thay thé cho dudng bao va sy khong
d6ng nhat ctia b dan khdi phat hién ra moment ludng cuc ciia ngudn
khéng bi bién dang.
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Hinh 12.4 nguyén tic co ban ciia hé théng dao trinh do tim moment
ludng cuc tir ciia ngudn khéi (A) Ba cudn day ludng cuc truc giao (B) Ba
thanh phan cua tir trudng bién thién LM trong trung tam ciia hé thong
cudn day ludng cuc. VUng ma cudn day tao ra tir trudng bién thién tuyén
tinh 1a nho hon do d6 hinh 12.4 A va 12.4 B khéng theo ti I¢.
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Hinh:12.5 Ba thanh phan cua truong dao trinh Jrarciia mot hé thong ly
tuong do tim moment ludng cuc tir ctia nguon khoi.

Y nghia sinh Iy hoc ciia ludng cuec tir

Su phan chia d¢ nhay ( vi du.,truong dao trinh), dugc minh hoa trong
hinh 12.5, 1a y nghia sinh 1y cua phép do cua ludng cyce tir (twong duong)
cua mdt ngudn khoi

Tuwong ty nhu trong sy dO tim moment ludng cuc tir cia ngudn khéi, dinh
nghia ctia “y nghia sinh Iy hoc” ¢ thé duoc giai thich trong sy do tim cua
moment ludng cuc tir cia ngudn khdi nhur sau: Khi xem xét cac van dé
phia trudce, truong dao trinh minh hoa nhitng gi 1a thanh phan (hiéu tng )
ctia mdi té bao hoat dong vai tin hiéu cua hé thdng dao trinh. Khi dang
xem xét mot van dé nghich dao, trudng dao trinh minh hoa twong tu hau
hét sy phan b c6 thé xay ra va hudng cua té bao hoat dong khi mot tin
hiéu duoc tim thdy trong mot dao trinh



Ly thuyét ciia cac phép do tir sinh hoc ( phéan 3)

6. Qua trinh dong b trwong dgo trinh ly twdng trong sw do tim moment
lwing cwe tiv ciia nguéon khoi

Piéu kién dau:
Ngudn: ngudn khdi (tai gbc)
B6 dan khdi: hitu han, dong nhét v6i hé toa d6 cau déi xtng

Nhu trong truong hop cia viée do tim moment ludng cuc dién ctia ngudn
khdi, phan 11.6.9, ca dao trinh ludng cuc va dao trinh don cuc c6 thé
duoc sir dung trong su dong bo trudng dao trinh Iy twdng cho viée do tim
moment ludng cuc tir ciia mot ngudn khdi. Trong truong hop ctia mot
moi truong din khéi hitu han va dién truong bién thién dong nhat, dong
treong dao trinh chay hudng tim vé truc d6i ximg, nhu dwgc chi ra trong
hinh 12.3. Sau d6 khong c6 két qua thay doi néu méi trudong dan duoc két
thlic boi duong bao hinh cau (vi duong chay dao trinh nam trong mat
phang tiép tuyén). Mit cAu bao dam dong dao trinh hién tai chay, nhu
hoat dong trong mot moi trudng dong nhat hitu han, khi tir truong bién
thién déng nhat duoc thiét lap theo bat ki hudng tao do x-, y-, va z- nao.

Néu kich thudc ctia ngudn khdi 12 nho trong trong quan hé v6i khoang
cach diém quan sat, chung ta co thé xem xét moment ludng cuc tir nhu 1a
su dong gop tir mot ngudn diém. Vi thé chung ta xem xét moment ludng
cuc tir nhu la mdt vector riéng. Viéc danh gia nhu vay mdt tr truong
ludng cuc c6 thé hoan thanh théng qua phép do don cuc trén mdi truc toa
dd nhu dugc minh hoa trong vé trai ctia hinh 12.6. Néu kich thude cua
ngudn khoi 1a 16n, chét lugng cta hé théng dao trinh nhu d& dugc noi ¢
trén 1a khdng cao. Boi vi tir trudng bién thién giam theo ham khoang
cach, do nhay cua tur ké don la cao hon cho nguyén t6 gan ngudn hon so
Vi cac nguyén té xa ngudn hon. Piéu nay duge minh hoa 0 v¢ phai cua
hinh 12.6A. Trong hinh 12.6 nhitng duong nét dut thé hién éng thong
luong tir truong bién thién. Cac dong tron cirng mong daidién cho duong
chay truong dao trinh. Hoat dong cua truong dao trinh bién thién cua
cudn tir ké don duoc minh hoa mot cach chinh xé4c hon trong hinh 20.14,
20.15, 22.3.

Két qua dugc ning cao rat nhidu néu chung ra st dung cap doi xtng tir ké
tao ra dao trinh ludng cuc, nhu hinh 12.6B. Su sap x&p do s€ tao ra mot



truong dao trinh bién thién ddng nhat hon viing ngudn so véi dugce tao ra
véi cudn don cua hé thong dao trinh ludng cuc (Malmivuo, 1976).

Gidng nhu dbi voi trudng hop dién, chat lugng cua trudng dao trinh tir
ludng cuc trong viéc do ngudn khdi véi kich thude 16n duoc nang 18n xa
hon b1 st dung cudn day 16n hon, kich thudc cua no co thé duoc so sanh
véi kich thude ciia ngudn. Didu nay duoc chirmg minh trong hinh 12.6C.

Infinite, homogeneous  Reciprocal magnetic field
wolume conductor flux tubes, logarithmic division

Small source
Large source

Lead field flow lings
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Hinh 12.6: Nhiing dang dao trinh don cuc va ludng cyc trong viée tim
moment ludng cyc tir trong duong cua mot nguon khdi. Nhiing duong
nét dirt minh hoa duong dang nhay. Puong tron cing mong thé hién
duong chay truong dao trinh.

(A) Néu kich thudc nguon khdi 12 nho so véi khoang cach phép do thi
phuong phap don gian nhat 1a dé tao ra phép do v6i dao trinh diém trén
truc toa do.

(B) Néu ngudn khéi véi kich thude 16n chét lugng cua trudng dao trinh
dugc cai thién mot cach dang ké boi vigée st dung cap doi1 xing cua tur ké
tao ra dao trinh ludng cuc.

(C) Tang kich thudc cua tir ké 1am tang chat luong dao trinh.

Dé md ta hoat dong cua truong dao trinh bién thién va su phan b dd
nhay cua dao trinh ludng cuc nhu mot chirc nang cua sy tach roi cudn
day chign ta minh hoa trong hinh 12.7 nay cho hai cap cufn day voi sy
phan bé khac nhau. (chuy rang, duong dang nhay khong gidng véi
duong tir trudng bién thién). Hinh 12.7A minh hoa tir trudng bién thién
nhu 6ng thong lugng xoay trdn cho cudn Helmholtz, d6 1a mot cap dong
truc cua cudn tron rién biét dugc tach roi bdi ban kinh cudn. Véi su tach
roi cudn nay thanh phan ban kinh ciia tir truong két hop tai mat phang
trung tam ¢ murc toi thiéu ctia nd va va tir truong 14 rat dong nhat. Cudn
Helmholtz khong thé duoc sir dung mét cach dé dang trong viéc do tim
treong tir sinh hoc, nhung ching c6 thé duogc str dung trong phep do do
nhiém tir hodc phép do trd khang. Chung dugc str dung rat tot trong viéc
can bang dung cu do trong sai va cho sy bu trir tir truong tinh cia trai dat
trong phép do méi trudng. Hinh 12.7B minh hoa dng thong lwong tir



truong bién thién cho mot cdp cudn ddy v6i sy phan chia 5r. Hinh 12.7C
va 12.7D minh hoa duong dang nhay cho cudn day giéng nhau.

Cudi cuing trong churong 20, hinh 20.16 minh hoa dudng diang nhay cho
Mot c@p cudn dy voi su phan chia 32r. So sanh hai dao trinh ludng cuc
d6 voi cuon Helmholtz ¢6 thé chu ¥ rang trong chiing viing nhay dong
nhat 12 nho hon so véi trong cudn Helmholtz. Dya vao tryc d6i xtig, tinh
d6ng nhat cta dao trinh ludng cuc 1a tot hon so véi dao trinh don cuc
tuong ung.

Su sdp xép cua dao trinh ludng cuc phai khong duoc 14n véi hé thong do
sai s6 hodc tir ké khac, ma n6 bao gom hai cudén day dong truc trén cling
mot phia ctia ngudn trong huéng dbi dién. Muyc dich cua su sip xép nay la
dé loai bo nhidu moi trudng, khong lam ting chét lugng cta truong dao
trinh. Viéc tim ra hé théng dao trinh lvong cuc véi dung cu do trong sai
duoc minh hoa trong hinh 12.8. Hinh cudi cting 12.20 minh hoa hiéu tng
cua cudn day thur hai trong sy phan chia d§ nhay dung cu do trong sai voi
vai duong co ban.
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Hinh 12.7:Ong thong luong cua tir truong bién thién cua

(A) cuon day Helmholtz c6 mét sy tach roi cudn r

(B) dao trinh ludng cuc véi su tach roi cudn 5r duong dang nhay cho
(C) cudn day Helmholtz c6 mot sy tach roi cudn r

(D) dao trinh ludng cuc véi su tach roi cudn Sr

(chuy rang duong dang nhay khac véi 6ng thong luong cua tir truong
bien thién).



Hinh 12.8:Hé thong dao trinh ludng cuc cho viéc do tim moment ludng
cuc tir cia mot nguon khoi dugce tim ra voi dung cuk do trong sai

7 Sw so sanh trwong dgo trinh ciia dao trinh luwéng cyc ly tuong véi
Viée do tim moment luéng cwe tiv va dién ciia nguon khoi

Diéu kién dau:

Ngudn: moment ludng cuc dién va tir cia ngudn khoi

Bo dan khdi: hitu han, déng nhét

Trong phan tom tat, chiing ta chd ¥ chi tiét sau tir trudong dao trinh cia hé
thong dao trinh ludng cyc 1y tudng cho viéc do tim moment ludng cuc
dién va tir ciia nguon khoi.

7.1 Hé thong dao trinh ludmg cwe cho viée do tim moment ludmg cue
dién

1.Hé théng dao trinh bao gom ba thanh phan

2. Vi mot bo dan khéi ddi xtmg cau, mdi bd duoc tao ra bai mot cip

dién cyc, tryc cua n6 nam trén hudng cia hé truc toa do. Moi dién cuc
nam trén phia d6i dién véi nguon, duoc chi ra trong hinh 11.24.



3. Mbi thanh phan, khi dong duoc dua vao mot cach bién thién, mot dién
trurong dong nhat va tuyén tinh duoc thict 1ap trong pham vi ctia nguon
khoi (xem hinh 11.25).

4.Mbi dién trudng bién thién tao ra mét truong dong twong tu, ma no
duge goi 1a truong dao trinh dién JLE. (ch( ¥ sy tuong ddng trong hinh
11.25, minh hoa dién truong bién thién £LEcta dién trudng, va hinh
12.7, minh hoa tir truong bién thién Brascua tir trudong.)

7.2 Hé théng dao trinh lwdng cwe cho viée do tim moment ludmg cue
tir

1.Hé thong bao gdom ba thanh phan

2. Trong trudng hop d61 xtng cau, mdi thanh phan duoc tao ra boi mot
cap tu: ké (hoac dung cu do trong sai) dugc dat trong hudng cua truc toa
d6 doi dién véi nguon, duge minh hoa trong hinh 12.6C (hoac 12.8).

3. Vi mdi thanh phan, khi don g dugc dua vao mot cach bién thién, tur
truong dong nhat va tuyén tinh dugc thiet 1p trong pham vi cua nguon
khoi, dugc chi ra trong hinh 12.4

4. Moi tir truong bién thién tao ra mot dién truong, nhét thiét tiép tuyén
v6i dudng bao. Nhitng dién truong bién thién nay sinh ra mot dién truong
dong gidng nhau, né duoc goi 1a truong dao trinh tir JLar, duge mé ta
trong hinh 12.5

Nhitng hinh 12.8, 12.4, va 12.5 ¢ trén cho phép ching ta dé dang hon dé
c6 thé nhin thay su tao ra va hinh dang cta truong dao trinh cta tir
truong.



Ly thuyét ciia cac phép do tir sinh hoc (phin 4)

8.D¢ nhay tiép tuyén va ban kinh ciia hé théng dao trinh do tim
moment lué'ng cuc dién va tir clia mgt nguon khoi

Diéu kién dau:

Nguén: moment ludng cuc dién va tur cua nguén khoi
B6 dan khdi: hitu han dong nhat

8.1 D§ nhay ciia dao trinh dién

Do nhay tiép tuyén va ban kinh caa hé thong dao trinh do tim moment
ludng cuc dién cua mot nguon khoi co thé dugce ude luong dé dang cho
trurong hop noi ma mét truong dao trinh ly tuong dé tirng dugc thict 1ap.

Hinh 12.9 m6 ta phan mit cit cia mot ngudn khéi hinh cau trong mot
ngudn khdi ddng nhat dang hudng va hai thanh phan cua trudng dao trinh
cho viéc do tim moment ludong cuc dién. Bat @ la goc gitra duong chay
truong dao trinh dién theo truc hoanh va vector ban kinh 7tir tam cuta
n_guén_hinh cau ti diém tai vi tri ma yéu t6 ngudn tiép tuyén va béan kinh
va i , tuong g, dat tai d6. Dua vao biéu thic 11.30, dién thé dao
trinh Ve ti 1& thuan véi hinh chiéu cua mat dé dong duoc dua vao J'trén
dong chay dudng dao trinh. Do nhay cua truong dao trinh tong 12 téng do

nhay cua hai dao trinh thanh phan; vi thé véi thanh phan ban kinh Jrta co:
Vie (J:) — J!(sin ¢ + cos ¢)(12.26)

Trong khi vé6i thanh phan tiép tuyén ta co
Vie (i) = Ji (sing + cosg) 15 57y

Trong nhiing biéu thirc trén trudng dao trinh thanh phan duoc gia sir 1a
dong nhat va do 16n don vi

Ching ta chi y tur biéu thirc 12.26 va 12.27 d6 nhay tong ctia hai thanh
phan cua dao trinh dién voi thanh phan nguon dong ban kinh va ticp
tuyén J'i 12 bang nhau va khdng phu thudc vao vi tri ciia chung.



Hinh 12.9:Mbi quan h¢ do nhay cta hé théng dao trinh dién voi ludng
, , 'i T
cuc dong ban kinh va tiép tuyén Jrva J
8.2 P§ nhay cia dao trinh tw
Tir biéu thirc 12.13 va tir dinh nghia moment tir ludng cuc ciia ngudn
khoi (xem biéu thirc 12.22), né ¢6 thé dugc xem 1a hé thong dao trinh tur
va thanh phan cta n6 chi nhay vdi thanh phan tiép tuyén ctia nguon. Do
I6n cua d6 nhay la, nhu da chu y trude day, ti 1€ thuan véi khoang cach tir
truc doi xang.
9 Thanh phan ddc biét ciia trwong dao trinh tir
Diéu kién dau:
Ngudn:

B6 dan khéi: hitu han. khong dong nhét, ddi xtng tru.



Thanh phan dic biét cua truong dao trinh dién, duoc liét ké & phﬁn
11.6.10, ciing thudc truong dao trinh tir. Truong dao trinh tir cling c6 mot
s0 thanh phan dac biét duogc tong két dudi day.

1.Néu bo dan khdi bi cit hodc dudng bao cua tinh khong ddng nhat duoc
chén vao theo duong chay dong truong dao trinh, hinh dang cta truong
doa trinh khéng thay d6i (malmivuo, 1976). Diéu ndy giai thich tai sao
hodc 12 bo dan ngudn khdi hinh try hodc 1a hinh cau, thi hinh dang cta
treong dao trinh tir d6i xtng 12 khéng bi anh huong. C6 hai hé qua quan
trong sau:

1.1 Bai vi tim ¢6 thé duoc xem nhu ¢6 dang nhu hinh cau, khéi lwong
mau trong tim c6 d6 dan cao, c6 thé duoc coi nhu 13 hinh cau va dong
tam, khong thay d6i hinh dang ciia trudng dao trinh. Piéu nay ¢ nghia 1a
hiéu g Brody khong ton tai trong tir tim d6 (xem chuong 18).

1.2 D6 dan kém cua so khong anh huong dén viéc do tr cua hoat dong
nédo khi nd hoat dong vaéi viée do dién (xem hinh 12.10).

2. Truong dao trinh tir trong bd dan khdi chi ra dbi xing cau ludn ludn c6
hudng tlep tuyen Piéu nay c6 nghia 1a d6 nhay cua dao trinh tir trong
mot bo dan khdi hinh cau véi ludng cuc dién ban kinh 13 ludn bang 0.
Thuc té ndy 6 tam quan trong dic biét trong MEG (xem hinh 12.11).

3. Néu dién cuc cua dao trinh dién ludng cuc dbi xing duoc dat trén truc
d6i xtmg cua dau do tir trudong ludng cuc duge sip xép cho mot bo din
khoi, trudng dao trinh cia dao trinh dién va tir 12 binh thuong vai moi
treong thong qua b dan khéi, nhu minh hoa trong hinh 12.12
(Malmivuo, 1980). (cung gii cho dao trinh don cuc 12 tdt, mic di khong
dugc chi ra trong hinh).

4. Truong dao trinh cia tat ca dao trinh tir bao gom it nhat mot duong
nhay 0, noi ma d6 nhay cta ludng cuc dién bang 0. Pudng nay ton tai
trong tat ca cac bo dan khoi, trir khi ¢ mot 16 trong bo dan khdi trong
vung nay (Eskola, 1979, 1983; Eslola va Malmivuo, 1983). Tu duong
nhay 0 n6 d4 1a mot cong cu trong viée hiéu biét hinh dang cua dao trinh
tir (nhu dugc minh hoa trong hinh 12.13).

5. Ly thuyét bién thién ciing dugc ap dung cho truong hop tuong hd.
Piéu ndy c6 nghia rang trong mot mo hinh bé chira né co thé cung cap
mot dong “twong hd mot cach bién thién” cho ludng cuc trong bd din
khdi va dé do tin hiéu tir dao trinh. Tuy nhién, két qua c6 thé khong duoc
ly giai nhu d4 ting thu dugc bang cach cung cap dong blen thién cho dao
trinh véi tin hiéu duoc do tir ludng cuc. Loi ich cua su sip xép “twong hd



bién thién” 1a vi Iy do ki thut ti s nhidu tin hiéu c6 thé dugc cai thién
trong khi ching ta van c6 1¢i ich cua viéc 1y giai két qua nhu su phan chia
ctua dong truong dao trinh trong b dan khoi (Malmivuo, 1976).

Hinh 12.10:D6 dan kém cta so khong anh hudng dén viéc do tim tir tinh
cua hoat dong dién cua néo.



Hypothetical zero sensitivity line

/

Zero sensitivity line
Hinh 12.11:Truong dao trinh tir trong bd dan khdi chi ra d6i xing cau
ludn ludén c6 hudong tiép tuyén Hinh v& ciing minh hoa dang xap xi ctia
duong nhay 0 trong bo dan khoi. (Buong nhay 0 c6 thé dugc tuong tuwong
ra dé tiép tuc gia thuyét vé cudn day tir ké).

CJE;
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MAGHNETIC LEADS

Hinh 12.12: Néu dién cyc cua dao trinh dién ludng cuc doi xung dugc
dit trong truc d6i xrng cua dau do tir truong ludng cuc duge sip xép cho



bo dan khéi hinh cau , nhitng trudng dao trinh ndy cia dao trinh dién va
tur 1a binh thuong véi moi truong thong qua bd dan khoi.
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Hinh 12.13:. Duong nhay 0 trong bd dan khdi ¢ hinh dang thay doi.
Kich thuéc duge dua dén hang mm (Eskola, 1979, 1983; Eskola and
Malmivuo, 1983). Nhu trong hinh 12.11, duong nhay 0 dugc minh hoa dé
tiép tuc 1y thuyét vé cudn day tir ké.

10 .Sw déc lap cia trwong dién sinh hoc va tir sinh hoc va phép do
10.1 Swr ddc 14p ciia ngudn dong va ngudn xoay

Thuyét ciia Helmholtz (Morse and Feshbach, 1953; Plonsey and Collin,
1961) noi:



“truong vector chung , khong xudt hién & vo cuc, c6 thé duoc biéu dién
hoan toan nhu tong cua hai truong vector riéng biét; mot 1a khong xoay
(curl 0) va mét 1a thudc solenoit (khdng phan ki).”

Mat do dong duoc dua vao 1a truong vector khong xuét hién & vo cuc va,
dua va ly thuyét, c6 thé dugc tinh nhu tong cta hai thanh phan:

J' = Jp + Jy(12.28)

& day F va V viét tit cho dong va xody, twong Gmg. Tir dinh nghia, nhitng
Ti i
trudng vector nay théa méan v/ X Jp =0V X Jy =0

Pau tién ching ta vi du vé tinh doc lap cua tin hiéu dién va trudng trong
truong hop dong nhat hitu han, khi sb hang tht hai ¢ vé phai ciia biéu
thirc 7.10 va 12.6, duoc giy ra boi tinh dong nhét, 1a bang 0. Biéu thirc
nay co thé duoc viét lai cho dién thé:

(Y Faw - [
dnod = ];v(r) Jtdv —j; " du(12.19)

Va cho tu truong:

po [ (L) e [T
At = Lv(f) Sy = f,,, r 1220

Thé bicu thire 12.18 vao biéu thire 12.19 va 12.30 chi ra rang duéi diéu
kién dong nhat 1a khdng can, truong dién sinh hoc sinh ra tir ¥V X Ji F, d6

la nguon dong (biéu thire 7.5), va trudng tir sinh hoc sinh ra tir V' X Jv
do 1a ngudn xoay (bleu thirc 12.17). Ké tir khi phat hién trudng tir sinh
hoc dau tién, tir tim dd, boi Baule va McFee in 1963 (Baule and McFee,
1963), nhitng chirng minh dugc ban ¢ trén dua ra rit nhiéu su lac quan
gitta cac nha khoa hoc. Néu su doc 1ap nay dugc khang dinh, sy do tim tir
tinh ciia hoat dong dién sinh hoc c6 thé mang dén nhiéu thong tin méi ma
khéng thay & phép do dién.

Rush 1a nguoi dau tién nhan théy réng su doc lap cua tin hiéu dién va tu
chi 12 mot kha ning toan hoc va vat 1y han ché xay ra ma nd yéu cau
ngudn dong va ngudn xody, va hau qua 1a truong dién va tir, vé co ban 1a
phu thudc 13n nhau trong b din khdi dong nhat (Rush, 1975). Piéu nay
c6 thé duoc minh hoa mot cach dé dang véi mot vi du duge ghi nhan, vi
du, khi tdm nhi ctia tim co, hoat dong dién sinh hoc ctia n6 tao ra mot
dién truong duoc ghi lai nhu 1a séng P trong ECG. Cung thoi gian do



hoat dong dién cta né tao ra mot tir trudng duge tim thiy nhu song P cua
MCG. Tuong tuy QRS-complexes dién va tir va song T duogc tuong quan
Vv6i nhau, mot cach twong Gmg. Vi thé, su doc 1ap hoan toan giita ECG va
MCG Ia khéng thé.

Trong mot s6 thong tin mdi day, Plonsey (1982) da chi ra rang ngudn té
bao chinh ¢ thé nho so voi nguon té bao thar cap va diéu cudi ciing c6 thé
duoc dic trung nhu mot ngudn hai 16p cho ca thanh phan vector tir va
dién vo hudng.

10.2 Sw giai thich ly thuyét trwdomg dao trinh ciia sw ddc lap cia phép
do trudng

Vén dé vé su doc lap cua dién treong va tir trudng cua ngudn khéi va su
giai thich vé 1y thuyét ctia Helmholtz c6 thé duoc giai thich tot hon viéc
str dung 1y thuyét truong dao trinh. Ching ta ban luan Vén dé nay trong sy
lién két voi ludng cuc dién va tir tuong duong cua ngudn khoi. Tat nhién,
su thao luan ndy c6 thé duoc d& dang ma rong tot voi nhiéu ngudn phirc
tap hon.

Nhu duoc giai thich trong phan 11.6.6 truong dao trinh dién dugc dua ra
bi biéu thirc 11.54. Nhu duge trinh bay trong phan 11.6.7, hé thong dao
trinh do tim moment ludng cuc dién cia mot nguon khéi bao gdm ba dién
truong bién thién ELEt_ruc giao, tuyén tinh va déng nhat, sinh ra ba
truong dao trinh dién JrEtruc giao, tuyén tinh va déng nhat. Ba dao trinh
nay 1a doc 1ap véi nhau va chiing do tim ba thanh phan truc giao cua
nguén dong.

Nhu dugc thao luan trong phan 12.3 trudng dao trinh tir dwgc dua ra boi
cong thie 12.11. n6 d4 chi ra trong phan 12.5 rang hé théng dao trinh do
tim moment ludng cuc tir cia mot ngudn khdi bao gom ba tir truong bién
thién Bratruc giao, tuyén tinh va dong nhat, no sinh ra ba trudng dao
trinh tu JLMLM truc giao, tuyen tinh va dong nhét. Ba dao trinh do cling
doc 1ap v6i nhau va chling do tim ba thanh phan tryc giao ciia nguon
X04y.

Trong vi du da dugc dé cép trude day, nho vao thuyét Helmholtz, ba
treong dao trinh dién doc 1ap 1a doc 1ap vadi ba truong dao trinh tir doc
lap. Noi cach khac, khong dao trinh nao trong sau dao trinh trén la sy két
hop tuyen tinh cua nam dao trinh con lai. Tuy nhién, trong truong hop
nguodn khdi sinh 1y, dién trudng va tir truong va ba thanh phan truc giao
cta chiing ma sau dao trinh d6 do ra la khong doc 1ap hoan toan, bai vi
khi nguon hoat dong, no sinh ra tit ca ba phép cong ba thanh phan cua



dién truong va tir trudng trong cach ma két ndi chiing v6i nhau. Vi thé,
trong khi tat ca sau dao trinh ndy cua hé thong dao trinh vector dién tir ¢6
kha nang phat hién sy doc lap ciia mot nguén, kha nang d6 khong can
thiét duoc nhén ra.

NO s& dugc chi ra trong chuong 20 v6i sy thdo luén vé tir tim dd ma khi
do moment ludng cuc dién va tr cia mot nguon ca nhiing phuong phap
bao gom ba dao trinh doc lap va bao gom khdi lugng thong tin giéng
nhau tur nguon Tuy nhién, thong tin cua nhitng phép do nay la khac nhau
va vi thé nhitng nhom bénh nhan khac nhau duoc chan doan pht hop véi
phuong phép khong glong nhau. Néu trong chan doan tin hiéu dién va tir
dugc sir dung mot cach dong thoi, nhém bénh nhan dugc chan doan phu
hop c6 thé dugc két hop va tit ca qua trinh Chan doan sé& giam bét. Dicu
nay ciing c6 thé duoc giai thich boi chuy rang trong phuong phap két
hop chang ta c6 tong dai s6 3 + 3 =6 dao trinh doc lap. Diéu ndy giam
tong khdi lugng thong tin thu duge tir ngudn.



Ly thuyét ciia cac phép do tir sinh hoc ( phéan 5)
11 .Sw phén bé ciia dao trinh tir co bdn

Diéu kién dau:

Nguon: ngudn khdi

B6 dan khdi: hitu han, khong dong nhat, dbi ximg tru

11.1 Biéu thirc ctia phép tinh sy phin b d6 nhay ciia dao trinh tir co
ban

Bai vi trong b dan khdi hiru han dong nhat dudng chay truong dao trinh
tir xoay tron quanh truc déi xtmg, rat dé dé tinh dy phan bd do nhay cta
mot dao trinh tir trong mot bo dan khdi d6i xtimg try, ma truc déi ximg
ctia né trling Véi truc cta tir ké. Sau d6 két qua co thé dugce trinh bay nhu
mot ham cua khoang cach tir truc d6i xtmg véi khoang cach tir dau do
nhu mét tham s6 (Malmivuo, 1976).

Hinh 12.14 minh hoa cudn day tir ké L; va mot duong chay dong truong
dao trinh dugc dat déng truc L,. Tur thong Fyy két ndi vong lap L, nho vao
dong dugc dua vao bién thién I, trong cudn day tir ké duge tinh todn mot
cach d& dang nhit sir dung thé vector tir Atai vong lip Lo(Smythe, 1968,
p. 290).

Pinh luat Faraday phat biéu rang mot tir truong thay doi theo thoi gian
bao gom lyc dién dong ma tich phan duong cua n6 xung quanh mot von
khép kin bang d6 thay doi cua tir thong qua vong mach dién kin.

_ - dF
j{ B-dl= dt (12.31)

¢ day F =f B - nda da Ia tir thong duge danh gia bang tich phan cua
thanh phan binh thuong ciia cam ung tir Bcat qua mat phang cua vong.
V6i mot vong tron tich phan ¢ vé trai cua biéu thire 12.31 bang 2arE, ¢
day r la ban kinh cua vong, va chdng ta thu dugc mat d6 dong

J=ok = 1232)



0 day o 1a do dan cua moi trudng. Mat d6 dong co hudng tlep tuyén. Bay
gio van dé duoc giam bét cho viée xac dinh tir thong két ndi mé von tron
trong moi truong nho vao mot dong dién dugc dua vao mot cach bién
thién trong cudn tir ké duoc dit ddng truc.

L, J
Hinh 12.14:Dang hinh hoc cho phép tinh d6 nhay cau ctia mot tir ké
trong truong hop truc do1 xtig tru

Phuong trinh co ban cho phép tinh thé vector tai diém P dya vao mot
dong | sau trong mot bd dan khoi mong 13
- I di
Ap
471' rp (12.33)

& day p 1a do tir tham ctua moi trudng;
rp 12 khoang cach tir yéu t6 bo dan khéi dén diém P
Biéu thirc ndy co thé dugc str dung dé tinh thé tir vector tai diém P trong
hinh 12.14. Tt truc doi xtmg chung ta bict rang trong toa do cau do 16n

cua la doc 1ap voi goc . Vi the de don gian, ching ta chon diém P sao
cho @ = 0. chl y rang nhitng yéu t6 & khoang cach bang nhau ctia d6 dai

diltal +® va —® duogc ghép thanh cap, két qua 1a binh thuong cho hr. Vi



thé Achi c6 mot thanh phan A¢. Néu biéu dién dletheo thanh phan dly,
sau d6 biéu thire 12.33 ¢6 thé duogc viét lai nhu sau:
A ,uIR}(‘ dly #Iﬂj‘( dlycos¢p  plg f” 71 cOS Qo
? L Ly (

dm Jporp 4w rp 2T r} 4+ 12 4+ h? — 2ryr; cos qf;)%
(12.34)

Tir thong F»1F21 ¢d thé duoc tinh tir thé vector:

I2 =f( A, - dly = 21 A
2= f Aadl 2 ¢(12.35)

Néu thé ¥ = T — 2¢ n6 tro thanh

25111 o — 1) L2

1 — k2sin’ o do = HIR\/h? Hrt ) [(1 R E) )
(12.36)

Fo = HIR\HTIT?f Vi

o day
2 4?‘1 Tra

2+ (r1+ 12)°(12.37)

Va K(k) va E(k) 1a tich phan ellip day du ctua dang thir nhat va thi hai,
Mot cach tuong tng. chung dugc tinh tir biéu thirc 12.38A,B.
(Abramowitz and Stegun, 1964, p. 590) and K(k) and E(K) are complete
elliptic integrals of the first and second kind, respectively. These are
calculated from equations 12.38A,B. (Abramowitz and Stegun, 1964, p.
590)

K (k g) a fj (1 - #*sin’ qb)_%dqb(lz.:assa)
m

E (k E) a f; (1 - #sin’ ¢)%d¢(12.38b)

Gia tri K(k) va E(k) ciing c6 thé duoc tinh bang day sau

()[BT e

(12.39a)



T T 172 3 17 k* 3-5 12k°
Elk,=)==|1-|=| k*- [— — - [ —
(’2) 2[ [2] 2.4) 3 |z.da06) 5 °°°
(12.39Db)
Phép tinh K(k) and E(k) nhanh hon tir ddy, nhung ching cho nhiing két

qua khong chinh xac tai khoang cach nho tir cudn day va vi the viéc st
dung biéu thirc 12.38A, B dugc khuyén dung.

Thé bicu thirc 12.36 vao 12.32 cho mét do dong truong dao trinh nhu mot
ham cua d6 thay doi cua dong cudn day trong tir ké ¢c6 dong dugc dua va

bién thién
A7 - 1077 k2 I
Joa = 20 S ) [(1 - —) K (k) — E(k}] dlr
2?1'?"-2 2
(12.40)

Boi vi ching ta quan tam dén su phan bd do nhay va 'khong chi'y dén do
nhay tuyét ddi voi tan sb trung tdm hodc gia tri do dan, két qua cia biéu
thirc 12.40 c6 thé duoc chuan hoa bang dinh nghia (twong tu nhu 1am véi
phan 12.3.1 trong sy chuyén biéu thic cho truong dao trinh tir)

dlg
dt :
c=1(12.41)

Va ching ta thu dugc biéu thuc tir viéc tinh toan mat d6 dong truong dao
trinh cho mot tir ké cudn day don trong bo dan khoi dong nhat hiru han:

Jont = 0 e 4 ) [(1 - k—?) K (k) - E(k}]

o 2
(12.42)

& day tat ca khoang cach dugc do ra m, va mat do dong trong [A/m?].

Néu khoang cach h 12 16n so véi ban kinh cudn day r; va ban kinh duong
chay dong truong dao trinh r,, cam tng tir bén trong duong strc ¢6 thé
duoc xem nhu 14 khong d6i, va biéu thire 12.42 duoc don gian hoa rat
nhiéu. Gia trj cta tir thong tré thanh 7r’. Thé né vao biéu thuc 12.32, ta

co

Jpa = 2r4B
LM ™79 dt (12.43)



Cam tng tir ¢6 thé dugc tinh trong truong hop nay nhu cho mot ngudn
ludng cuc. Biéu thirc 12.43 chi ra mot cach rd rang rang trong ving cam
mg tir khong d6i va do dan khong d6i, mat do dong truong dao trinh ti 16

thuan voi khoang cach ban kinh tir truc d6i xtng. Chti y rang biéu thirc

nay phu hop véi biéu thirc 12.11.

11.2 Méat d¢ dong trwong dao trinh ciia mgt trweong dao trinh don
cuc cua tir ké mot cugn day

Do d6i xtng, mat do dong truong dao trinh 1a doc 1ap voi goc @ trong
hinh 12.14. Vi thé, mat d6 dong trudng dao trinh 6 thé duoc dat nhu mot
ham ciia khoang cach ban kinh r tir truc ddi xtng voi khoang cach h tir tir
ké nhu 13 mot tham s6. Hinh 12.15 chi ra sy phan bé mét d6 dong trudng

dao trinh cua dao trinh don cuc dugc tao ra boi tir ké mot cudn day véi
ban kinh cuon day 1a 10mm trong mot bo dan khéi ddi xing tru duge tinh

tir biéu thire 12.42. Mat d6 dong trudng dao trinh c6 hudng tiép tuyén.

(voi thang do ti 18, hinh V& c6 thé dugc st dung cho nghién circ nhiing

khoang cach phép do khac nhau)

Hinh 12.15 chi ra rang trong mot dao trinh don cuc mat d6 dong trudong
dao trinh 1a phy thuéc manh mé& vao khoang cach cudn day tir ké. N6
ciing chi ra rang kich thudc nho cua viing ma mat dé dong truong dao

trinh giam xép xi tuyén tinh nhu mot ham cia khoang cach ban kinh tir

truc ddi xtng, nhat 12 gan cudn day.

DBuong nét dut trong hinh 12.15 1a nhimg duong dang nhay; tham gia céc
diém noi ma mat d6 dong truong dao trinh 1a 100, ZOQ, 300, 400, va
500pA/m? , twong tmg, nhu duoc chi ra béi nhitng s6 in nghiéng.
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Hinh 12.15:Syu phan chia mat d6 dong truong dao trinh cuia mot tir ké
mot cudn day véi ban kinh cudn day 1a 10mm trong mot bo dan khoi ddi
xtng try dugc tinh tir biéu thirc 12.42. Nhimg duong nét dut 1a duong
dang nhay; tham gia cac diém noi ma mat do dong trudong dao trinh Ia
100, 200, 300, 400, va 500pA / m? , twong tmg, nhu dugc chi ra béi nhitng
s6 in nghiéng.

Hinh 12.16 minh hoa dudng dang nhay cho mot tir ké mot cudn day cia
hinh 12.15; ban kinh cudn day 1a 10mm, va b dén khéi 1a dbi ximg cau.
Truc tung chi ra khoang cach h tir tir ké va truc hoanh khoang cach ban
kinh r tir truc dbi xtng. Truc doi xung, dugc veé voi duong nét dat dam, 1a
duong nhay 0. Pudng strc dong trudng dao trinh 1a nhitng vong tron dong
tdm quang truc déi xtng. D& minh hoa diéu ndy, hinh V& chi ra ba duong
stre thé hién mat do dong 100, 200, va 300 pA/m? tai muc h = 125mm,
175mm, va 225mm. Nhu trong hinh trude, gia tri mat d6 dong truong dao
trinh duoc tinh tir dong bién thién cua Iz = 1 A/s.

Hiéu qua cua ban kinh cudn day trong dao trinh don cuc trong mat do
dong truong dao trinh dugc chi ra trong hinh 12.17. Trong hinh nay, mat



d¢ dong truong dao trinh dugc minh hoa cho cudn day vdi ban kinh
1mm, 10mm, 50mm, 100mm. Dong dién dugc dua vao trong cudn day
duoc chuan hoa trong quan h¢ v6i ving cuon day dé thu dugc moment
ludng cuc khong doi. Ban kinh 10mm duoc dua vao véi mot dong dl/dt =

1 [A/s].
hdagnetometer coil
r=10 mm
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Hinh 12.16:Puong dang nhay cho mot tir ké mot cudn day cta hinh
12.15; ban kinh cudn day 1a 10mm, va bo dan khdi 1a d6i xtng truc. Truc
tung chi ra khoang cach h tir tir ké va truc hoanh ban kinh r tir truc di
xtng . Truc dbi ximg duoc vé voi duong nét dut dam 1a duong nhay 0.
Puong nét lién mong biéu dién dudng sic dong trudng dao trinh.
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Hinh 12.17:Mat @6 dong truong dao trinh véi ban kinh cuén day 1a 1mm,

10mm, 50mm, 100mm. Dong dién duoc dwa vao cudn day dugc chuan
hoa trong quan hé véi viing cudn day dé thu duge moment ludng cuc
khong doi.

11.3 Hiéu trng ciia cudn day ¢ xa voéi trweong dao trinh cia dao trinh
diém

Bai vi ti s6 nhiu tin hiéu nho cua tin hiéu tir sinh hoc, phép do thuong
duoc tao ra voi mot trong sai ké thir nhat hodc thr hai. Trong sai ké first-
order 1a mot tir ké bao gdm hai cudn day ddng truc dugc tach nhau boi
khoang cach trung tam, duoc goi 1a dudng co s¢. Cudn day duge cudn
vao hudng ddi dién. Boi vi tir truong cua ngudn & xa (nhidu) dugc tinh
trong ca hai cudn day, chung dugc loai bo. Tu truong ¢ gan v6i mot cudn
day tao ra mot tin hiéu manh trong cudn déy ¢ gan gdc (vi du.,cudn day
gan ngudn) hon 1a voi ngudn ¢ xa (xa ngudn hon), va su khac biét cua
nhitng truong nay duoc tim ra. Do nhay trong sai ké v6i ngudn bi giam
bot boi cudn ddy o xa bai sb lwong 16n ngin hon dudng co s6. Cudn day
O xa cling lam tang hi¢u ing lan can- do 1a, do nhay cua trong sai ké khac
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nhau nhu mét ham cua khoang cach t6i nguoén giam nhanh hon so véi do
nhay cua tir k€ mot cudn day.

Hinh 12.18 minh hoa mat d6 dong truong dao trinh cho dao trinh don cuc
duogc tim ra vai nhiing tur ké khac nhau ( vid du.,trong sai ké). Mat do
dong truong dao trinh J dwrgc minh hoa véi nhitng dwong co ban khdc

nhau nhu mot ham cua khoang cach r tir truc dbi xtng véi khoang cach
tir ké h nhu mot tham sb. Nhirng tir ké khac nhau c6 mét ban kinh cudn
day la 10mm va mot duong co s 1a 300mm, 150mm, 100mm, 50mm..
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Hinh 12.18:Mat do d(‘)ngrtru:(‘mg dao trinh cho nhirng dao trinh don cuc
dugc nhan ra véi cac tir ké khac nhau ban kinh 1a 10mm va véi duong co
s¢ 300mm, 150mm, 100mm, 50mm.

Mat d¢ dong trwong dao trinh caa dao trinh lwéng cuc



Nhu dugc thao luan trong phan 12.7 va dugc minh hoa trong hinh 12.5,
khido tim moment ludng cuc cua mot ngudn khdi vai kich thude 1on hon
s0 véi khoang cach phép do, trudng dao trinh véi viing ngudn 1a Iy tuong

hon nhiéu néu mot dao trinh ludng cyc thay thé cho mét dao trinh don
cuc dugc st dung. Hinh 12.19 chi ra mat d6 dong truong dao trinh cta
mot dao trinh ludng cyuc trong mot bo dan khéi di xtng tru duogc tim ra
Vv6i hai tir ké mot cudn day dong truc 6 ban kinh cudn day la 10mm.
KhOang cach giita cac cudn day 12 340mm. Chu y rang, trong viéc sap
xép truong dao trinh ludng cuc nhitng cudn day duoc cudn cling chidu
v6i nhau va ngudn duoc dit ¢ gitta cac cudn day. Mat do dong trudong
dao trinh nhu mot ham cua khoang cach ban kinh 1a thap nhat trong mat
phang dbi xtng, vi du.,trong mit phing duoc dit & giira hai cudn day.

Béi vi hai cudn day bu trir hiéu ing lan can ctia moi cudn day khac, mat

d6 dong truong dao trinh khdng thay d6i nhiéu nhu mot ham cua khoang
cach tir cuén day trong trong mit phang doi xtng gan. Pidu niy dugc
minh hoa véi dudng dang nhay 500 pA/m2 . Do d6 dao trinh ludng cuc
tao ra mot trudng dao trinh rat Iy twong cho viée do tim moment ludng
cuc ciia ngudn khoi.

Hinh 12.20 minh hoa mat do dong truong dao trinh véi dao trinh ludng
cuc cta hinh 12.9 véi dudng dang nhay. Hinh v& ndy van chi ra 10 rang
hon so voi hinh V& trude hidu tmg bl cia hai cudn day trong mit phang
lan can, nhat 1 voi khoang cach ban kinh ngén. Dong truong dao trinh
chay tiép tuyén xung quanh truc d6i xtmg. Puong strc duoc biéu dién
trong hinh coi dudng 1ién nét manh..
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Hinh 12.19:Su phan chia mat d6 cua truong dao trinh cua dao trinh
ludng cuc trong b din khdi doi xtng truc duge do ra véi hai tir ké mot
cudn day co6 ban kinh 10mm. Khoang cach giira cac cudn day la 340mm.
Nhitng duong nét dut 14 nhing duong dang nhay, tham gia vao nhiing
diém noi ma mat do dong truong dao trinh 12 500 va 1000pA/m2, twong
ing, nhu duogc chi ra véi cac s6 in nghiéng.
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Hinh 12.20:Nhiing duong dang nhay cho dao trinh ludng cuc cua hinh
12.19. Ban kinh cu¢n day 1a 10mm va khoang cach cac cudn day la
340mm. Tryc tung chi khoang cach h tir tir ké dau tién va truc hoanh la
khoang cach ban kinh r tir tryc doi xtng. Truc d6i xtimg duoc vé véi
duong nét dat dam, day la duong nhay 0. Puong stic dong truong dao
trinh tao thanh vong tron khép kin quanh truc doi xtmg va dugc minh hoa
v6i duong lién nét manh.




