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LCfl N O I D A U

Giao trinh “ Co so ky thuat do luong dien tur”  duoc bien soan nhim phuc vu viec 
hoc tap ciia sinh vien dai hoc thuoc cac nganh ky thuat Dien tir - Vi£n thong. Cuon sach 
nay ciing co the dung lam tai lieu tham khao cho cac nganh ky thuat khac co sir dung ky 
thuat Do ludng dien tir nhu la mot phuong phap de nghien curu khoa hoc, sir dung khai 
thac ky thuat cua nganh minh.

Do sir phat trien cua nganh Dien tir - Vi6n thong va su phat trien cua ky thuat Dien 
tir, ky thuat Do luong dien tir cung thay doi va phat trien rat nhieu. Noi ve sir phat trien 
cua ky thuat Do luong dien tu' tru'cfc het phai noi den nhung thay d6i co ban cua cac thiet 
bi do co su dung cac bo vi xir ly (microprocessors). Viec ap dung ky thuat vi xir ly va do 
ludng da lam tang tinh nang va thong so cua thiet bi do len rat nhieu, da mo ra cach giai 
quyet cac van de ma trudc kia chua dat ra duoc. Cac bo vi xir ly da tro thanh mot bo 
phan thiet yeu cua cac thiet bi do. Co bo vi xu ly cac thiet bi do co the da chirc nang hon, 
don gian hoa viec dien khien, tir dong di6u chinh, tir dong lay chuan, tir dong kiem tra, 
lam tang them do tin cay cua cac thong so phep do, cho phep thuc hien tfnh toan, thong 
ke ket qua cua phep do nhanh chong va da dang hon, nhu vay da tao ra duoc thiet bi do 
luong lap trinh tu dong. Mot phan cua cuon sach nay dung de trinh bay nhung nguvcn 
tdc va kha nang ciia cac thiet bi do co bo vi xir ly.

Tuy nhien, trong thuc te nhifiu khi chi can cac thiet bi do don gian hon, nen rat 
nhieu thiet bi do trong ky thuat hien nay van dang dung cac thiet bi do sir dung ky thuat 
tuong tu cung nhu ky thuat so. Cuon sach nay con de cap den ca nhung thiet bi do nhu 
vay va cac nguyen tac truyen thong ciia ky thuat Do luong dien tir.

Ky thuat Do luong dien tir la mot nganh ky thuat co pham vi rat rong ca v i doi 
tuong do, moi truong va dieu kien do cung nhu dai tAn do, lirong trinh do va cau tao 
mach do. Tham vong ciia cac tac gia la lam the nao de co the goi gon duoc ca pham vi 
rong Ion noi tren vao nhung van de rat co ban va cach trinh bay phai the hien duoc cac 
nguyen tile truygn thong cung nhu cap nhat duoc cac nguyen tac moi trong cuon sach 
ciia minh. Mac dii da co ging de cuoii sach dat duoc y tuong noi tren, song chdc chdn 
khong tranh khoi con sai sot, cac tac gia mong duoc sir gop y va chi dftn ciia ban doc.

Moi y kien xin giri ve: Khoa Dien tii-Vien thong, trmmg dai hoc Bach Khoa Ha 
Noi, dien thoai 04.8692242.

L&n xuat ban nay co nhieu chinh ly, sira chua va bo sung so voi lan xuat ban truoc 
(thang 10 nam 2001) do Thac sy Nguyfin Thuy Anh, Thac sy D6 Le Phu, Thac sy 
Nguyfin Ngoc Van, giang vien giang day mon hoc “ Co so kv thuat do luong dien tir”  
ciia Khoa Dien tir - Vi<!n thong, truong Dai hoc Bach Khoa Ha Noi cung thuc hien duoi 
sir chi’ dao ciia tac gia chii bien.

Ha noi, ngay 15 thdng 8 nam 2003 
Tac gia chu bien 
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Chiidng I
Gl6l THIEU CHUNG VE KY THUAT ■ ' ■ 

0 0  LUONG DIEN TLf
■

MCf DAU

Trong qua trinh phat trien cua khoa hoc ky thuat ma toan bo the gioi dang clnrng 
kien, dien tu la mot trong nhung nganh phat trien mui nhon. ung dung cua dien tir, tin 
hoc, vien thong dang ngay mot Ion va anh hudng sail sac den cuoc song va cach thuc 
lam viec cua loan xa hoi. De phat triem duoc cac ITnh vuc trong mot tong the cluing la 
nganh dien tir, till van de do luong la mot van de can duoc quail tarn va phat trien. Noi 
dung cua giao trinh “Do lirong dien tir duoc gioi thieu trong tap sach nay co the noi mot 
cach tom tat la: nghien cim cac phuong phap do lirong dien tir co ban, cac bien phap ky 
thuat de thuc hien cac phuong phap do va cac tliao tac ky thuat do luong d6 dat duoc 
nhung yen can can thiet cua phep do.

Cu the!, noi dung nay bao gom cac van de ve cac phuong phap do luong cac thong 
so cua tin hieu va mach dien, cac bien phap cau tao cac mach do cung nhir can true tinh 
nang cua may do, cach nang cao do chfnh xac cua phep do cung nhu cach xac dinh, han 
che sai so cua ket qua do.

Do luong cac thong so dac tmli cua tin hieu nhu la do cac thong so cirong do cua 
tin hieu (Vi du nhu cac thong so dong dien, dien ap, cong suat...), nhu quan sat dang cua 
tin hieu, do tan so, do di pha, phan tich pho cua tin hieu. Do cac thong so cua mach dien 
nhu cac thong so cac linh kien ducfng thing, linh kien khong duong theing (cac linh kien 
co so nhu dien tro, tu dien, den dien tu, den ban dan... den cac linh kien nhir 1C, cac loai 
mach tich hop...), trong cac mach dien co phan tu tap trung, cac thong so cua cac linh 
kien duong thang trong mach sieu cao tan.

Dac diem co ban cuâ  ky thuat do luong dien tu la cac phep do duoc thuc hien 
trong mot dai ph6 rat rong, tir OHz (tin hieu khong bien doi) den 3.10" Hz (song quang). 
Do vay cac phuong phap do, cau true cua may do va ca do cln'nh xac cua phep do cung 
deu tuy thuoc vao dai tin qua, doi tuong do luong. V i du 6 tan so thap thi d6 dang do 
diroc dong dien va dien ap, nhurng (V sieu cao tan thi cac thong so can xac dinh la dong 
dien, dien ap tra nen vd nghTa khi c^n djnh luong thong .6 tren mach, ma phai xac dinh
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chung thong qua cong suat. Hay vi du, cung la dai lirong cin do la tro khang cua mach, 
ma d tan so thap thi co the dung cac thiet bi do la cac loai cau bon nhanh, o tan so cao 
hon thi thiet bi do la cau cong huong dien ap hay dong dien, va d tan so sieu cao tan thi 
thiet bi do phai dung la day do hoac do bang ong din song hay day d6ng true.

Do chinh xac cua phep do thudng phu thuoc nhieu vao sir khu bo cac anh lnrdng 
ghep ky sinh cua cac thong so cua ban than may do toi mach can do, vi du nhu dien 
dung, dien cam, dien tro cua may do, anh hirong nay tang khi tan so cang tang cao. Do 
vay khi do cung mot dai luong ma d tan so khac nhau thi khong nhung can co cac 
phuong phap khac nhau ma may do duoc dung de do cung phai co cau tao khac nhau. 
Khi da chon dung phuong phap do va may do thfch hop roi thi cung can phai chu y toi 
thao tac can thiet, each mac do the nao der nang cao hon do chinh xac cua phep do. Vi du 
nhu can giam toi mire toi thieu dien ap tap tan, dien dung ky sinh cua day noi, cua may 
do. Cac anh huong tren thirong tro nen rat dang k6 trong ITnh vuc do lirong dien tii, vi 
phep do thirong duoc thuc hien d tan so cao, cong suat be va hay duoc tien hanh 6 trang 
thai cong huong.

Luong trinh cua dai luong can do trong ky thuat dien tu cung kha rong va da dang. 
Vi' du nhu vdi viec do tan so thi phai thuc hien phep do co luong trinh tir OHz den 
10i5Hz. Do cong suat thi tu cac thiet bi co cong suat Ion toi 10* W, dudi cac phuong thuc 
diSu che tin hieu khac nhau nhu: dieu bien, dieu tan, di£u pha va ca dieu xung, voi do 
rong xung toi 10 V

Sir can thiet cua do ludng trong ky thuat dien tu la rat Ion, hiu nhu chung ta phai 
sir dung d moi luc, moi chd. Khi nghien ciru thiet ke, di£u chinh khai thac, lip  dat van 
hanh... cac he thong dien tii, vi£n thong, khong the khong co may do. Cho mot he thong 
lam viec, hay di6u chinh mot thiet bi dien tur, la mot qua trinh do ludng cac che do cong 
tac, lay dac tinh cua tung khoi, tung khau rieng biet hay toan bo. Do vay. chi vdi cac 
may do co do chinh xac cdn thiet thi moi co the didu chinh duoc thiet bi dat duoc cac 
yeu cau mong muon. Khi lip rap, che tao cac thiet bi dien tu, cac thiet bi vien thong, 
cung rat can do lirong. Vi tinh toan thiet ke chi cho duoc cac so lieu so bo. muon co 
duoc che do cong tac thuc te va thong so thich hop nhat thi chi tren co so thuc nghiem 
moi co. Vdi cong tac nghien cuu thi viec xay dung phuong phap do va kien toan thiet bi 
do lai cang quan trong hon. Khong phai chi co so luong cac ket qua, ma sir phan tich 
chat luong cung co ich loi cho cac cong viec lien quan tdi 17nh vuc nghien ciru. Khi khai 
thac cac he thong dien tu, can phai luon luon kiem tra phat hien cac hu hong, thuc hien 
cac qua trinh cong tac, gifr duoc cac chi tieu ky thuat cao trong qua trinh lam viec. xac 
dinh nhanh chong cac nguyen nhan lam mat cac tieu chuan cong tac. Tat ca nhfmg dieu 
do dfiu khong thuc hien duoc neu khong co sir to hop phep do va may do.

4



Cung vdi qua trinh phat trien cua khoa hoc cong nghe, ky thuat dien tu va ky thuat 
viln thong la nhffng qua trinh tien trien gin chat vdi kha nang thuc hien va hoan thien ky 
thuat do ludng. Vf du, nhung thanh tuu cua linh vuc nghien ciru khong gian vu tru nhu 
ve tinh cua trai dat.... la nhung he thong rat phuc tap cua cac may moc do ludng dien tu. 
Qua trinh dieu khien va tu dong bao ham mot so ldn cac phep do cac loai khac nhau vdi 
do chinh xac cao. Tren co sd phat hien nhung doan tan so song mdi, nhung phuong phap 
do mdi cung xuat hien theo, tao ra them cac yeu cau mdi va dac biet ve che tao cho cac 
may do. Ngay nay, vdi sir phat trie'll cua khoa hoc cong nghe ngirdi ta da tir dong hoa 
duoc cac qua trinh san xuat, nhung thanh tuu mdi nay da duoc thfch ung vdi cac phuong 
phap do va thiet bi do mdi cua ky thuat do ludng tir dong.

Do chfnh xac cua phep do phu thudc nhieu vao chu quan cua ngudi do. Muon ket 
qua do chfnh xac, phai chon duoc phep do diing vdi iiliiem vu dat ra, thfch hop vdi doi 
tuong can do. Can phai n&m duoc cac phuong phap do khac nhau, biet duoc tinh nang 
cac may do, xir ly thfch dang duoc cac nguon goc sai sd do. Khong can than trong qua 
trinh do, kh6ng biet day dii dac diem ciia doi tuong do, dac tinh ciia tin hieu can do, kha 
nang ciia may do thi khong the; co ket qua do chfnh xac. Sir thong thao ciia ngudi lam ky 
thuat khi do ludng co the nang cao duoc do chfnh xac cua phep do, va co the thuc hien 
cac phep do mot cach linh hoat. Sir thong thao khong nhung the hien d chd hieu ro cac 
phep do va sir dung thanh thao cac may do, ma con the hien d chd biet van dung de! hieu 
duoc cac nguyen ly do ludng d cac he thong dien tir hien dai. Vf du nhu he thong Radar 
la he thong co yeu cau do klioang thdi gian, co sd ciia mot sd he thong dieu khien la 
phep do di pha rdi rac hoa va chi' thi bang sd.

De nghien ciru giao trinh “Co sd ky thuat do ludng dien tir” nay, yeu cau ngudi 
doc da dupe nghien ciru cac giao trinh ky thuat co sd ciia nganh ky thuat dien tir. Cac 
giao trinh ky thuat co sd co quan lie true tiep can phai ke den nhu giao trinh dien tir va 
ban din, ly thuyet co sd ve tin hieu va mach dien vo tuyen dien, co sd thiet bi khuech 
dai, ky thuat xung va sd, ly thuyet xac suat va thong ke. Sd dT nhu vay, vi tat ca cac kien 
thire chung cua cac giao trinh tien la ly thuyet co sd can thiet de xay dirng cac phuong 
phap do ludng ve cac thong sd ciia tin hieu cung nhu ciia mach dien tir. Do cung la cac 
ky thuat co sd de xay dung cac bien phap thuc hien cac phuong phap do nay, tire la cau 
true cu the ciia cac mach do va ciia cac may do.

Co sd phat trien ky thuat dien tir la tir ky thuat dien, nen do lirong trong dien tir 
cung xuat phat tir cac co sd ciia ky thuat do ludng dien. Tuy co quan he gin bo nhu vay, 
nhung hai moil hoc nay co quan diem co ban khac nhau. Nhiem vu cua ky thuat dien la 
tao ra, truyen dan va bien doi nang luong dien tir. Con nhiem vu ciia ky thuat dien tir la 
truyen lan va gia cong tin tire nlid dao dong dien tir. Do vay, hai nganh dien va dien tir 
phai dupe nghien ciru theo hai quan diem khac nhau, quan diem nang lupng va quan 
diem thong tin.
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Nhu vay, khi do ludng trong lTnh vuc dien tu. ngudi ta thudng it quan tam tdi khfa 
canh nang luong cua qua trinh. Dieu chu trong nhieu hon la cac thong sd va dac tfnh dac 
trung cho mach va tfn hieu ve mat thong tin, vf du nhu tan sd, pha, tro khang dac tfnli. he 
sd truyen dat va cac thong so dang cua tfn hieu...

Cac phan sau day, chung ta se xem xet tdi cac doi tuong va phuong phap do luong 
dien tu mot cach chi tiet.

1.1 DOI TUONG CUA DO LUONG DIEN TLf

1.1.1 Cac dac tinh va thong so ciia tin hieu

De: mo ta tfn hieu trong linh vuc dien tu, ngudi ta sir dung cac bieiu thuc toan hoc
sau day:

s(t)=s(t, a„ a2,...,a„)

hoac s(f)=s(f, t>,, b2,...,bn)

Tu cac bieiu thuc tren day, ta thay rang, tfn hieu s(t) khong nhung phu thuoc vao 
thdi gian va s(f) khong chi phu thuoc tan sd ma chung con phu thuoc vao nhieu dai 
!uong khac la a,, a2,..., a„ va b,, b:,...,b„. Cac dai luong do duoc goi chung la cac thong so 
cua tfn hieu.

Tfn hieu s co rat nhieu dang khac nhau, tuy theo nine dfch sir dung turc la tuy thuoc 
vao loai tin tufc ma tfn hieu nay phan anh.

De nghien cuu nhung bien phap truyen dan va bien doi tfn hieu, chung ta can phai 
tien hanh do ludng cac thong sd cua no. Ngudi ta khong xet tdi thong sd cua tat ca cac 
loai tfn hieu, bdi vl ro rang tren thuc te la khong the lam nhu vay duoc, va thuc ra la 
khong can thiet. Sd luong tfn hieu dupe dung de quy dinh lam doi tuong do ludng la rat 
ft so vdi sd luong tfn hieu tren thuc te va dupe goi la nhung tfn hieu mau. Sd tfn hieu 
mdu nay la tdi thieu nhung ve mat do ludng, chung da thoa man duoc yeu cau la bie’u 
dien dupe mo hlnh don gian cua cac tfn hieu tren thuc te.

Khi do ludng cac thong sd va dac tinh cua cac m;ich dien, ngudi ta cung dun" cac 
tfn hieu mSu nay. Biet dupe phan ung cua mach vdi cac dang cua tin hieu ay. thi cuna co 
the suy ra phan ung cua mach vdi cac dang tfn hieu khac.

Cac tfn hieu trong dien tu thudng dupe bieu dien theo ham ciia thdi gian hoac theo 
ham theo tan sd.

Dang ciia cac tin hieu co ban duoc khao sat thong so, bao gdm:

-Tfn hieu dieu hoa
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-Tfn hieu tiutn hoan 

-Tfn hieu xung 

-Tin hieu so.

1. Cach bieu diin tin hieu theo ham so cua thdi gian va theo ham so cua tan so

a. Ham so theo thdi gian

Ham so theo thdi gian la ham sd dang: 

s=f(t)

Ngoai tham sd la thdi gian ra, nhir da trinh bay d phan tren, con co cac tham sd 
khac trong bi£u thuc cua f(t), nen bidu thuc cua s co the dirpc bi£u di£n thanh dang nhu
sau:

S=f(t, a,, a2,..., a„)

Cac thong sd a,, a2,..., an cua tin hieu se xac dinh dang cua tin hieu, do do vdi mdi 
tin hieu khac nhau, ta se co nhung tham sd khac nhau va cac ham sd khac nhau. Vdi 
nhung loai tin hieu khac nhau do, d£ do cac thong sd tin hieu ciia chung, ngudi ta phai 
co nhung phuong phap phu hop nham dua ra ket qua gdn vdi thuc te nhat.

Vi du khi sir dung O-xi-lo de hi£n thi mot tin hieu theo thdi gian, ta co the thay
dupe cac tham sd v6 dang 
cua tin hieu nhu cudng do, 
chu ky, do di pha.

Cac thiet bi trong do 
ludng cung dupe thiet ke cho 
viec do dac mot vai thong sd 
nao do nen tuy theo thong so 
nao can do, ta phai chon cac 
loai may do thich hop, vf du 

Hinh 1-1 Tin hieu hien thj tren O-xi-lo nhu de do cac thong sd v£
cudng do ta co the dung von-met de do dien ap, ampe-met de do dong dien, oat-met de 
do cong suat. Ngoai ra vdi mdi giai lupng trinh khac nhau, ngirdi ta cung phai sir dung 
nhung phirong phap va thiet bi do phu hop, vi du nhu vdi cac giai tan sd khac nhau, 
ngudi ta phai co nhung phirong phap va thiet bi do khac nhau.

h. Ham so theo tan so

Ham theo tan so la ham co dang

s=cp(f)
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Ham so theo tan so thudng dupe dung de bieu dien cho cac tin hieu tuan hoan 
hoac cho mot tin hieu trong mot khoang thdi gian huu han.

Khi bidu dien mot ham so theo tin sd, iru diem cua no la ngudi ta co the thay duoc 
dai tin cua tin hieu, tu do ngudi ta se co nhung phuong phap phu hop cho viec gia cong

Hinh 1-2 Bieu dien tin hieu
Vf du khi can lay m&u cua mot tin hieu, ngudi ta phai biet dupe dai tan cua no va 

se lay mlu trong cac khoang thdi gian phu hop vdi tin sd cua tin hieu theo dinh ly lay 
mlu:

u

a, Tin hieu tn/dc khi lay mau 

Hinh 1-3 Lay mau tin hieu

b, Tin hieu sau khi lay mau

“ MAX

Vdi T,m la chu ky lay mau;

Fmax la tan so Ion nhat ciia tin hieu.
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